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STARTI NG POPLOG ON OPENVMS VAX WTH THI S KI T

Douglas P. Fields, Jr. (synbolics@isp.engineer), 29-SEP-2026. This page is
new, the rest of this manual is Poplog s own docunentation, unchanged.

VHAT YOU HAVE

Popl og 15.53 for OpenVMsS VAX 7.3: Pop-11 with the VED editor, Prolog 3.2,
Conmon Lisp 2.0 and Standard M. 2.1, in one system The kit installs it in
SYS$COMMON: [ SYSLI B. POPLOG. . .]. Nothing systemwi de i s changed, so each
user starts it with one comand.

STARTI NG

$ @BYSSCOVMON: [ SYSLI B. POPLOG] POPLOG_SETUP. COM
Sussex Popl og Version 15.53

(Put that line in your LOGN. COMto have it every tine.) Then:

$ POP11 Pop- 11 pronpt ":" leave with sysexit();

$ PROLOG Pr ol og pronpt "?-" |l eave with halt.

$ CLISP Common Lisp pronpt "==" | eave with (bye)

$ PML Standard M. pronpt "-" |l eave with Systemexit ();

A session | ooks like this (VAX output):
$ POP11

Sussex Popl og (Version 15.53 29- SEP-2026)
Copyright (c) 1982-1999 University of Sussex. Al rights reserved.

Set pop
define fact(n); if n <2 then 1 elsen * fact(n - 1) endif enddefine;
fact (30) =>

** 265252859812191058636308480000000
sysexit();

RUNNI NG A FI LE

$ POP11 \%ort \%oinit MYPROG P (Pop-11; end the file with sysexit();)
$ PROLOG MYPROG PL (end it with :- halt.)

$ CLI SP MYPRCOG. LSP (Lisp returns to DCL after the file)
$ PM. MYPROG. ML (end it with val _ = Systemexit ();)

Anything after the file nanme is in the Pop-11 variable poparglist.

Wite \%ort, not %vort: on VMS, Poplog treats an unescaped %or * in an
argunment as an RVS wildcard. In Prolog, (load "f.lsp") in Lisp and
Conpile.use "f.mM" in M. load a file fromthe interactive pronpt;
consult('f.pl") and reconsult('f.pl"') do it in Prolog.

THE EDI TOR, VED

From Pop- 11: : ved nyfile.p

VED opens in the |lower part of the screen (a VT100/VT200 term nal or an
emul ator of one). Type text as usual. The ENTER key on the numeric keypad
nmoves the cursor to VED s command |ine; there, for exanple:

1 conpile the current line (or |Inm for a marked range)
w wite the file
o} quit the file (VED asks before throwi ng changes away)

help ved VED s own help

PF1 is VED s "gol d" key. The chapters TEACH VED and DOC VEDUSERGUI DE bel ow
describe the rest; some of their key names are for terminals of their day.

ONLINE HELP IN THI S KIT

Starting Poplog on OpenVMS VAX with this kit



The kit includes Poplog's HELP files (in Pop-11 type help sort , which
shows it in VED) and the Prolog, Lisp and M. help files. It does not

i nclude the TEACH, REF and DOC files, to keep the kit small; this manual
prints the nost useful of them Wiere a chapter says "TEACH * sonet hi ng"

or "REF * sonething", that file is in the Poplog source archive, not in the
kit.

THI NGS THAT ARE DI FFERENT ON A VAX

* Decimals are 32-bit VAX F_floats (about 7 digits) unless you say
true -> popdprecision;
then arithmetic on double-length (D float) nunbers stays double.
* Qutput lines are broken at 70 col umms unl ess you say
fal se -> poplinew dth;
* Poplog Prolog 3.2 has no // (use div) and no 0'c character notation
(use the character code, e.g. 65 for A). append/3 and nenber/2 need
:- library(useful).
* Poplog M. 2.1 follows the 1990 Definition of Standard M.: there is no
option type or substring in its library; use List.length, not |ength.
* A logical nane defined fromPop-11 (with the updater of systranslate) is
a user-node name: DCL subprocesses see it, but it goes when Poplog exits.

EXAMPLE PROGRAMS

The exanpl e prograns published with the kit (exanpl es/ popl og/ prograns)
include VT Tetris and a calculator in Pop-11, Sudoku, Life and

a parser for VM5 file nanmes in Prolog, an A* puzzle solver in Lisp and a
smal | typed | anguage in M., each with a DCL test.

HOW THI S MANUAL WAS NMADE

Fromthe files of the Poplog 15.53 VAX/ VM5 source archive, by a Python
program that decodes VED s file format as Poplog's own reader does (bold and
underline kept, VED graphics characters printed as - | +, hidden hypertext
targets left out). The original files are unchanged in the kit and the
archive. The copyright lines at the end of each chapter, and the licence at
the end of this manual, are the authors' own.
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TEACH PRI

MER -- AN OVERVI EW CF POP-11

(Second Edition)
Aaron Sl oman

Sci ence, The University of Birm ngham
Wth help fromthe Popl og devel opnent team
For Poplog V15.01, Jan 1996

Model of Pop-11 added before Chapter 2 on 23 Oct 1997

Preface to Third Edition added 11 Jul 1999

School of Conputer
Updat ed
M ni nmal
CONTENTS
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-- -- The heap: for structures which may change

-- -- The procedure call stack

-- -- The user stack

-- -- Input and output channels

-- -- Conclusion

-- CHAPTER 2: | NTRODUCTI ON TO THE SYNTAX AND SEMANTI CS OF POP-11
-- Internal semantics and external semantics

-- Expressions denote objects. Inperatives denote actions
-- Conpile tinme vs run tine processes

-- How a programm ng | anguage is specified: virtual nachines
-- Sone Pop-11 data-types and their external forns

-- . Two sorts of nunbers

-- . Wrds:

-- . Strings:

-- . Lists:

-- Some Pop-11 actions

-- -- Assignnents in Pop-11 and ot her | anguages.

-- Built in and user-defined procedures

-- Errors and error nessages

-- -- Syntactic and senantic errors

-- Conments in Pop-11 prograns

-- Pop-11 Expressions: sone exanpl es

-- Inperatives: sone exanples

-- -- Printing

-- -- Assignnent

-- . Afew nore exanpl es of assignnents:

-- -- Miltiple assignnent

-- -- Declarations of dynamic and |exical (static) variables.
-- -- Declarations may contain initialisations.

-- -- Variables and constants

-- -- Using mxed case and underscores in variables

-- -- Using undecl ared vari abl es

-- . NOTE on variabl es for experienced conputer scientists:
-- Procedure definitions are initialised identifier declarations
-- G obal and |l ocal procedure definitions

-- Procedure calls in Pop-11

-- -- Inperatives end with separators

-- Using infix operators

-- Procedures which produce results

-- -- Procedure output values and the stack

-- -- Procedures returning nore than one result

-- Exercises

-- Introduction to printing in Pop-11

-- -- Two fornms of print-arrow

-- -- Other printing procedures

-- Conditionals and conditions

-- Predicates and recogni ser procedures

-- Sunmary of syntactic roles in Pop-11 prograns

-- Lexical analysis and the Pop-11 item ser

-- ltem sation rules in Pop-11

-- -- Word formation in Pop-11

-- . Using the underscore to join letters and sign characters
-- . Strings can contain arbitrary characters

-- -- Character quotes and string quotes

-- -- Double quotes with single quotes can formarbitrary words
-- -- Changing Pop-11's "item ser" rules

-- Revision questions

-- Built in Pop-11 data types

-- Procedures associated with data-types

-- -- Generic procedures

-- Data creation, nenory nanagenent and the heap

-- . Note for experts

-- List of Pop-11 Data-types

-- . Poplog built in data types

-- Further information on built in data types

-- -- Wirds

-- . The internal representation of words
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-- . The Pop-11 dictionary

-- -- Strings

-- -- Dstrings

-- -- ldents (identifier records)

-- -- Types of nunmbers in Pop-11

-- -- Integers and Bigi ntegers

-- -- Floating point nunbers: decimals and ddecimals

-- -- Ratios use indefinite precision

-- -- Conpl ex nunbers

-- -- Recogni zers for nunber types: integral, rational, decimal, conplex
-- -- Reading in nunbers relative to a base

-- -- Characters (8 bit integers)

-- -- Booleans (true and false)

-- -- Pairs and lists

-- -- References (single conponent records, consref, cont).
-- -- Types of vectors: strings, full vectors, intvecs, shortvecs
-- . Standard full vectors

-- . Packed integer vectors: intvecs and shortvecs

-- -- Procedures, closures, arrays, properties

-- . closures

-- . arrays

-- . Using newanyarray to create an array froman intvec
-- . properties

-- . 'Destroy properties'

-- -- Declaring a variable to be of type procedure

-- -- Lightweight processes

-- -- undefs

-- -- Keys

-- -- Unique objects: nil, termn, stackmark

-- . The enpty list []

-- . The streamtermnator, termn

-- . The stack mark, popstackmark

-- -- Devices

-- -- External pointers

-- -- Sections

-- -- Prolog variables and terns: prologvars, prologternms
-- -- Data types required for the Poplog X wi ndow interface
-- pjectclass - An object oriented extension to Pop-11
-- -- Further online information

-- Additional information needed to define Pop-11

-- The garbage coll ector

-- Exercises

-- CHAPTER 3: PROCEDURES AND THE STACK

-- Procedures comunicate via the stack

-- The DOT-notation for procedure calls

-- Assignnent as a two stage operation

-- The stack and arithnetic expressions

-- Inplicit uses of the stack

-- Exanple: inplicit uses of the stack when running "perint
-- Exercises on the stack

-- More exanpl es of uses of the stack

-- "->" does not always represent an assignment

-- The print arrow "=>"

-- The pretty print arrow ==>

-- Using assignment to store sonething in a structure

-- I nvoking the updater of a procedure

-- Other updaters: subscrv, subscrs

-- Using a nunerical subscript to access or update a structure
-- updaters, the stack and "expl ode"

-- Defining updaters

-- Non-destructive assignnent "->>"

-- Exercise

-- Miltiple assignnents

-- Some procedures which work on the stack

-- Cearing itens fromthe stack (erase)

-- Renobving unwanted itens fromthe stack

-- Swapping items using the stack
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-- Conditionals and the stack

-- CHAPTER 4: PROCEDURES I N POP-11

-- Procedures as "first class objects"

-- O her |anguages able to mani pul ate procedures

-- Exanple: creating new procedures fromold

-- Using "partial application" to create a closure

-- Using both partial application and procedure conposition
-- Exercises on procedure creation and nmani pul ation

-- Using non-procedures (e.g. lists, vectors) as procedures
-- Arrays are procedures in Pop-11

-- Properties as procedures

-- -- newmappi ng associ ates things conpared using "=
-- . Properties created using newrappi ng behave |ike procedures
-- -- newproperty associ ates things conpared using "=="

-- . Properties can be conposed using <> given to nmaplist, etc.
-- Exercise using properties for the roons database

-- DEFI NI NG PROCEDURES | N POP- 11

-- Using "define <name> = ... enddefine"

-- Specifying the syntactic type of a procedure identifier

-- Executing (calling, running, applying) a procedure

-- Procedures with nore than one output | ocal

-- Qutput locals and the stack

-- Precedence and parentheses

-- -- Precedences of arithnetical operations

-- . Parentheses can override operator precedence

-- . Operators associate to left, unless precedence is negative
-- -- Using identprops to discover precedence

-- Defining new infix procedures

-- Different types of procedures: normal, infix, macros, syntax
-- -- Infix operators have a " precedence"

-- -- Macros and syntax words

-- . . Syntactic operators

-- Sone inportant constructs used in defining procedures

-- Loops: instructions to do sonething repeatedly

-- -- UNTIL <condition> DO <action> ENDUNTI L

-- -- REPEAT <nunber> TI MES <acti on> ENDREPEAT

-- -- WH LE <condition> DO <action> ENDWH LE

-- -- "FOR ... ENDFOR | o0o0ps

-- L FOR X IN LI ST DO <acti on> ENDFOR;

- L. FOR L ON LI ST DO <action> ENDFOR;

-- L FOR X FROM <nunber > BY <nunber> TO <nunber> DO

-- -- There are several fornms of conditionals.

-- . . Exanples of conditionals

-- Using conditionals to junp out of, or re-start a | oop.

-- -- Re-starting a | oop using "nextloop"

-- -- Oher abnormal exit comrands

-- . "return" can be used to term nate execution of a procedure.
-- . Oher abnormal exits.

-- -- Switch statenents

-- Other syntactic constructs

-- Tracing procedures

-- Defining macros and syntax words to extend the |anguage.

-- -- Macros

-- . Macros can be recursive

-- . Macro argunents are text itenms, not expressions

-- -- Using "define :inline" to define the SWAP nacro

-- -- Note on efficiency of nacros

-- -- Syntax procedures

-- -- Exanmple: defining a syntax word: |oop

-- CHAPTER 5: NUMERI CAL AND LOG CAL FACILITIES I N POP-11

-- Mathematical know edge presupposed

-- The machine representati on of nunbers in Poplog

-- -- Sinple itenms in Pop-11: integers and decimals

-- -- Compound itens in Pop-11

-- -- Fixed precision and indefinite precision arithnetic

-- -- Packed integer or deci nal nunbers

-- Types of nunbers in Pop-11

"
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-- -- decimals and ddeci mal s

-- -- Integers, bigintegers, ratios and conpl ex nunbers

-- Form ng nunerical expressions

-- -- Using a radix other than 10 to represent nunbers on input
-- -- Using pop_pr_radix to control radix used in printing

-- . pop_pr_radix, pop_pr_places and pop_pr_exponent

-- Additional facilities for printing nunbers

-- Maxi mum and m ni mum i nt eger sizes: pop_nax_int, pop_m n_int
-- The representation of floating point nunbers: lib float_paraneters
-- Basic arithmetical facilities

-- Arithnetical operators

-- . Exanples of arithnetical expressions

-- . Illlustrating the use of // (which produces two results)

-- -- Binary and unary negation

-- -- WARNING. division of integers using "/" can produce ratios
-- Infix predicates on nunbers

-- Recogni zer predicates for nunmber types

-- Coercing nunbers fromone type to another

-- Oher arithmetic procedures

-- Illustrating popradi ans

-- Ot her global variables controlling arithmetical conputations
-- -- popdprecision

-- -- pop_reduce_ratios

-- M scel l aneous operations on integers, ratios, floats

-- -- checkinteger, gcd_n, lcmn

-- -- destratio, nunerator, denomni nator

-- -- QOperations on floats (decinals and ddeci nal s)

-- -- intof, fracof, float_digits, float_precision

-- -- float_decode, float_scale, float_sign

-- Conpl ex Specific QOperations

-- random and oneof

-- Additional mathematical functions

-- Exercises

-- Testing for equality and inequality

-- Bitwise (Logical) integer operators

-- -- Bit accessing procedures for integers

-- -- Infix and prefix bitwise (logical) operators

-- -- Unary bitw se negation ~~

-- -- Bitwise (logical) shift operators

-- lteration over nunbers

-- -- for numfrom... by ... to ... do ... endfor

-- -- Using fast_for

-- -- lterating over non-arithnetical progressions

-- Using external nmathematical libraries

-- CHAPTER 6: LI ST PROCESSI NG | N POP- 11

-- On knowi ng about lists

-- Wiy use lists?

-- -- Lists can contain a mxture of elenments of any type in Pop-11
-- . Illustrating generality: isinlist

-- Lists vs other representations

-- Lists in Al
-- Constructing lists in Pop-11
-- -- Lists are constructed using [ ]

-- -- List brackets quote their contents

-- -- Unquoting using » and %

-- -- ™M ... ) is equivalent to %.... %

-- -- Loops can occur in unquoted portions of a list

-- WARNING lists in procedures are not "constants"

-- -- Creating a truly constant |ist expression

-- . Using | constant

-- --using # < ... > # to evaluate an expression at conpile tinme
-- -- WARNI NG constant lists can cause strange behavi our

-- Concatenating lists using <>

-- Merging lists using the double up-arrow

-- Lists are a derived data-type

-- . Pairs are the prinmtive datatype used: conspair, front, back
-- -- destpair(pair) -> (pair_front, pair_back)
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-- . Achain of pairs ending in[] is a list

-- -- List expressions are "syntactic sugar"

-- -- Recursively chaining down list |inks

-- -- Recursing down the front and the back of a "tree"
-- -- Nuneric subscripts and lists

-- -- lterating down list Iinks

-- Wiy use "hd" and "tl" instead of "front" and "back" ?
-- . The need to hide inplenmentation details

-- -- using :: instead of conspair

-- -- The difference between :: and <>

-- Diagrams showi ng static lists represented as pairs
-- -- The lack of symetry between hd and t

-- Dynamic lists: generators and pdtoli st

-- -- Generator procedures

-- -- Printing dynamc lists

-- . Using gensymto nmake a dynamic |ist

-- . Note that gensymwi || be replaced after V14.5

-- -- Accessing conponents of dynamic lists: hd, tl, dest
-- . null(list) vs list == []

-- -- The representation of dynamic lists

-- -- The uses of dynamic lists

-- . An exanple of an infinite list of input

-- Sone procedures for manipulating lists

-- -- cons, conslist, initl, sysconslist

-- -- allbutfirst, allbutlast

-- -- dl or explode, destlist

-- -- applist, maplist, ncmaplist

-- -- recursive_front

-- -- expandlist

-- -- rev and ncrev

-- -- setfrontlist

-- -- sort and syssort

-- -- last, lastpair

-- -- oneof, shuffle

-- -- delete, ncdelete

-- -- flatten and flatlistify

-- -- length and listlength

-- -- copy, copylist, copydata, copytree

-- -- subscrl, fast_subscrl

-- Predicates on lists

-- -- atom islist, ispair, islink, nul

-- -- isdynamc

-- -- menber, | nmenber

-- -- user defined predicates

-- lterating on lists

-- Using for ... in... do.... with lists

-- -- Using for inside [%..... % ]

-- lterating over two or nore lists

-- lteration vs Recursion

-- Exercises

-- More exercises on lists

-- Exercises on the neaning of the single and doubl e up-arrows
-- CHAPTER 7: THE POP-11 PATTERN MATCHER AND DATABASE
-- -- The anonynbus segnent pattern elenent: "
-- Using natches to define a procedure
-- Exercise

-- Use of the matcher to extract the contents of a |list
-- The use of "?" variables

-- -- Exanmple: Using the matcher to define next_item
-- -- Exercise: define previous_item

-- The matcher arrow "-->"

-- -- Exampl es of the use of "-->"

-- Findroomrevisited

-- Setting a value ("?") vs Using a value (""")
-- List pattern matching

-- Describing the shape of a list pattern

-- Using variables in a pattern specification

]
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Mat ching a "segnment" of a list
Retrieving details of the target |ist
Using a "restriction" to control or check the match
Sumrary of match notations
MATCHi ng on a corpus of lists - the DATABASE concept
Addi ng and renovi ng dat abase itens
Using "it" to record what was renoved
Finding items in the database
-- How PRESENT wor ks.
Using "it" to record what was matched
Retrieving values fromw thin a matching | TEM
Using LOOKUP to extract information fromthe database
FOREACH: iterates over all itens PRESENT natching a pattern
Checking a set of patterns against the database
Forevery: simultaneously satisfying a collection of patterns
LI B FMATCHES overcones sone linmtations of the nmatcher
CHAPTER 8 AN Al APPL| CATI ON: A GENERAL PROBLEM SOLVER
Procedures to be supplied by users
is_goal _state
next _states
sane_state
insert_state
is_in_list
The definition of solve_problem
Usi ng sol ve_problemto solve a sinple problem
Exer ci ses
CHAPTER 9 RECORDS, VECTORS AND OBJECTCLASS
Records
Defining new record types in Pop-11
-- DEFCLASS and RECORDCLASS
-- An exanple: recordclass point3D
-- Wen shoul d records be used?
Defi ning new vector types in Pop-11
-- Using DEFCLASS and VECTORCLASS
-- Exampl e of creation of a new vector class.
OBJECTCLASS: an Object-Oriented extension to Pop-11
-- Sone exanpl es of the use of Objectclass
-- Defining an objectcl ass nethod
-- Defining a subclass of a class
APPENDI X
-- Additional topics and rel evant docunmentation files
-- Overview of REF files
VMS DCL or UNI X shell commands in Pop-11
ADDI TI ONAL READI NG
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-- | NTRODUCTI ON TO THI RD EDI TI ON (July 1999)
-- -- Poplog distribution and availability

Popl og was originally devel oped at Sussex University, though it has been
marketed by a conmerci al software conpany since 1983. Initially that was
Systens Designers Ltd (which changed its nane several tines), but in
1989, follow ng a nanagenent buy-out by the Poplog sal es and support
staff, the sales and support of Poplog was taken over by Integral
Solutions Ltd (ISL), who subsequently used Pop-11 and Poplog in their
award wi nni ng dat a-m ni ng package C enmentine. For the following ten
years Sussex and | SL continued to collaborate on the devel opnment of

Popl og and the Pop-11 | anguage.

However, as explained in ISL's web page, in Decenber 1998, |SL was taken
over by SPSS in order to conbine ISL's C enentine system and custoner
base with the data-m ning expertise and market of SPSS. See

http://ww.isl.co.uk/
http://ww. spss. com press/isl 2. htm

For information on Cl enmentine (which still makes considerabl e use of
Pop-11) see:

http://ww.isl.co.uk/clementine. htnl

Fol I owi ng the takeover, there was an agreenent between |ISL and Sussex
University that each could do whatever they |liked with Poplog, and
Sussex decided to nmake the systemincluding all the system sources
freely avail abl e.

Shortly after that, Steve Leach (steve@el -epa.conm (previously known as
Steve Kni ght when he was at Hew ett Packard Research Labs, where he
devel oped the Pop-11 bjectclass system) set up a Poplog information
site, which includes a renotely accessi bl e Pop-11 system so that you
can try out pop-11 at a distance. See:

http://ww. popl og. org

This had previously been known as www. popforumorg, but it is expected
that it will be cone the major site for information about Popl og
and Pop-11. O her poplog/ pop-11 information sites are |isted bel ow.

The free version of Poplog that will initially be released in the
sunmer of 1999 is Poplog Version 15.53, which includes sonme recent
changes, including changes required to support RedHat Linux 5.x and 6. Xx.

After that version has been in use for sone time a new version will be
rel eased. For details see the poplog information sites |isted bel ow

It is expected that there will be continuing devel opnent of Popl og and
Pop-11, partly with the help of the expert user community. Sone of the
pl anned changes will support commercial applications using Pop-11,

i ncl udi ng Web-based applications.

-- -- Birm ngham extensions to Pop-11

-- -- . The Pop-11 pattern matcher

The | atest version of Poplog has a new version of the Pop-11 pattern
mat cher integrated with the standard "=" operator and extended to work
on nore than just lists. The details are in the file HELP EQUAL, in the

section on Pattern Matching. See especially the section on the new
"equal s" operator which is nore flexible and handl es repeated vari abl es
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in nested patterns, which the old pattern matcher could not cope with
because it required a back-tracki ng natcher.

Unfortunately converting all the matcher-based teaching naterials

to use the nore powerful and general matcher will take considerable
time. However, there is a package avail abl e at Birm ngham whi ch

extends the old matcher so that it can be used with variables in a
section and also |lexically scoped variables (declared using |vars or
dlvars). For this to work it is necessary to prefix all patterns
containing pattern variables with the prefix "!". | would have liked to
re-write Chapter 7.

-- -- . The RCLIB graphi cal package

Since nmotif is not available on all Iinux systens, | devel oped a
collection of interface devel opment tools which build on the Poplog

W dget set (See REF Xpw, TEACH Xpw) w thout using any Mtif libraries.
These tools can be browsed at

ftp://ftp.cs. bham ac. uk/ pub/di st/ poplog/rclib

and all the code and docunentation are available there and in this
conpressed tar file:

ftp://ftp.cs. bham ac. uk/ pub/di st/ popl og/rctar. gz

-- -- . Poprul ebase and the Sim agent toolKit

To facilitate exploratory devel opnment of cognitively rich software
agents (or possibly also cognitively sophisticated robots) the Sim agent
tool kit was devel oped at the University of Birm ngham and is freely
available fromthe Poplog ftp directory, as described in the READVE
file:

ftp://ftp.cs. bham ac. uk/ pub/ di st/ popl og/ READVE
These tools nmake use of the RCLIB package described above and the
Popr ul ebase forward chai ni ng production systeminterpreter:

ftp://ftp.cs. bham ac. uk/ pub/ di st/ popl og/ prb/
ftp://ftp.cs. bham ac. uk/ pub/ di st/ popl og/ prbtar. gz

The Sim.agent library builds on all of those utilities, meking heavy
use of the bjectclass extension to Pop-11. See

ftp://ftp.cs. bham ac. uk/ pub/di st/ popl og/ si mf
ftp://ftp.cs. bham ac. uk/ pub/di st/ popl og/ sintar. gz

NOTE: A nejor extension to Simagent (Version 5.0) is planned for
August 1999.
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-- | NTRODUCTI ON TO SECOND EDI TI ON (Jan 1996)

(NOTE: the information given bel ow about Integral Solutions Ltd is now
out of date, as expl ai ned above.)

The | anguage Pop-11 changed significantly with the rel ease of Popl og
Version 15.0 in late 1995. In particular the default for undeclared

i nput and output variables in a procedure changed from dynam c scopi ng
to lexical scoping. Thus it is no |onger necessary to use "lvars" to
decl are such variables explicitly. In addition the use of "vars" within
a procedure to sinultaneously declare a variable as global ("permanent")
and nake its value dynamically scoped, generated a warni ng nessage.
After conplaints fromeducational users those warni ng nmessages were

wi t hdrawn in Poplog Version 15.01. This prinmer is geared to V15. 01,
though users of earlier versions should still find it hel pful.

There were several other changes, which are described in the HELP NEWS
file avail able on Popl og systens, and in the rel ease notes provided with
Popl og Version 15.0. Notable anobng these are the introduction of a
socket library, new options for spawni ng sub-processes, and ot her
facilities for interacting with external libraries and the operating
system

In addition Version 15 saw the first rel ease of Poplog for the DEC Al pha
Architecture, both under VMS and under Digital Unix (previously known as
OSF/1). There was also a port of Poplog to run on Intel-based PCs under
the free Linux operating system and a reduced version of Linux Poplog
was made freely available via ftp, so that for the first time an up to
date version of Pop-11 is available free of charge. There is a charge
for the unrestricted Linux Poplog. Al versions of Poplog are available
fromlntegral Solutions Ltd, at the address given in the

Acknow edgenents section.

It is also worth nentioning that Poplog Version 14.5 provided the first
of ficial release of both the Objectclass bhject Oiented Programm ng
extension to Pop-11 and the G aphical Objects library (G0, both in the
"proto" directory

$usepop/ pop/lib/proto

Pop-11 is still being extended. Verstion 15.5 of Popl og provided
a new data-type, a "matchvar" which provides extended pattern matching
facilities integrated with the Pop-11 equality operator "=".

The second edition of this priner had a chapter added on how to define a
general problem solver, and many other mnor changes. It also seened a
good idea to start by illustrating Pop-11 before going on to nore
general matters, so that the reader who is new to Pop-11 has sone idea
of what the language is |ike.

-- -- FOR NEWUSERS: A TASTE OF POP-11
Pop-11 is a rich and conpl ex | anguage with many subtle features. However
it has a very easily learnt subset, which is very close to what can be
found in many ot her progranm ng | anguages.
Readers who have access to a Poplog system and who wi sh to get a feel
for the | anguage shoul d obtain the "TEACH GSTART" file fromthe
Bi r mi ngham Uni versity ftp site

ftp://ftp.cs. bham ac. uk/ pub/di st/ popl og/ t each/ gstart

This provides an introduction to Pop-11 through its graphical facilities
(which do not work in the first release of the FREE version of Linux
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Popl og V15.0, but will work in later versions. It should work in all
ot her versions of Poplog.)

For those who are not able to run Pop-11 here are sone illustrations of
what woul d happen if you coul d.

The synbol "=>", known as the "print arrow' is used to print "results"
left on the stack by precedi ng Pop-11 expressions. Lines starting "**"
are printed out by the print, arrow. In a few cases, the output
overflows to the followi ng |ines. Those cases shoul d be clear.
Everything else is input. ";;;" precedes an end of |ine coment,

i gnored by the conpiler.

The Pop-11 conpiler is increnental (like nost Lisp, Basic, and Prol og
systens) which neans that you can give a succession of comands as
illustrated bel ow. Each command is conpiled to machi ne code then run.
(It is not interpreted.) The commands may either be typed directly to
the conpiler or given to the conpiler through the Poplog editor VED, or
sonme other editor, e.g. Emacs.

Exanpl es fol |l ow.

;,, Put sone integers, decimals, a word, a string and a list on the
;;; Pop-11 stack and print them out.

1, 2, 3, 99.9, 105.0035, "cat", 'a string', [a list] =>

** 1 2 3 99.9 105.0035 cat a string [a |ist]

;;; Declare three variables, one initialised, and do sone cal cul ati ons:
vars radius = 10, circunference, area;

2*pi *radi us -> circunference;

pi *(radi us**2) -> area;

[The circunference is ~circunference and the area is "area] =>

** [The circunference is 62.8319 and the area is 314. 159]

;;, Define a procedure to create a palindrome froma |ist

define palindrome(list) -> result;
77, This procedure takes one input and returns one result
;;; take in a list, append the reverse of the |ist
list <> rev(list) ->result;

enddefi ne;

;s test it
palindrome([a b c d e]) =>
** Jabcdeedchbal

pal i ndrome([[the cat][sat on][the mat]])=>
** [[the cat] [sat on] [the mat] [the mat] [sat on] [the cat]]

;;: Use the Pop-11 pattern matcher to define a procedure to
;;; report associations expressed as "key value" pairs in a |list
;;; of associations.

;;; set up an association |ist
vars person =
[nane fred age 30 job butcher wife sally kids [sue tom];

define association(item list) -> result;
;;, If something follows itemin list, returnit,
;;; otherwise return false. Declare "found" as a pattern variabl e;
vars found;
if list matches [== “item ?found ==] then
found -> result
el se
false -> result
endi f
enddefi ne;
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iy, Test it

associ ation("nanme", person) =>
** fred

associ ation("w fe", person) =>
** sally

associ ation("kids", person) =>
** [sue tom

;5. And, of course, a recursive definition of factorial, show ng
;;, the "functional" programm ng style, w thout output variables
define fact(x);

if x==0then 1

el se

fact(x - 1) * x

endi f

enddefi ne;

i, test it
fact (6) =>
** 720

;33 Pop-11 has unlimited precision integers. A 'small' exanple:
fact (200) =>

** 788657867364790503552363213932185062295135977687173263294742533244359

449963403342920304284011984623904177212138919638830257642790242637105
061926624952829931113462857270763317237396988943922445621451664240254
033291864131227428294853277524242407573903240321257405579568660226031
904170324062351700858796178922222789623703897374720000000000000000000
000000000000000000000000000000

;73 Check that the results are correct (under a second on a Sun |PX)
fact (1000)/fact (999)=>

** 1000

75, And conpl ex nunbers, with a real part and an inmaginary part
vars i =sqrt( -1 );

i =

** 0.0 +:1.0

i x Qo=
** _1.0 +:0.0

;;, cross type equality works:
i 0= -1 =
** o <true>

;75 And ratios, with nunerator and denom nat or

66/ 48 =>
*+ 11 /8

Those exanples illustrate only a small subset of the |anguage. The rest
of this primer introduces sone of the history of Pop-11 and nmany

addi tional features of the |anguage. But several of the nore advanced
features, including mechanisms for interfacing to the operating system
or for interacting with other |anguages, including Prolog and ot her
Popl og | anguages, are not included, though pointers are given to the
online docunentation for those features in the Popl og system
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"POPLOG' is a trade mark of the University of Sussex.

This Introduction to Pop-11 uses material produced over nany years by
col l eagues in the School of Cognitive and Computing Sciences at Sussex
University, including Steve Hardy, Max C owes and John G bson in the
1970s, and since then by coll eagues at Sussex, Integral Solutions Ltd,
The University of Massachusetts at Amherst, and Hew ett Packard
Laboratories, including especially:

Harry Barrow, Ros Barrett, G aham Brown, Julian Cinton, Jonathan

Cunni ngham Chris Dollin, Ben du Boulay, Rob Duncan, Roger Evans, John
G bson, Janmes Goodl et, Tom Khabaza, Rudi Lutz, Steve Knight, Cark
Morton, Chris Mellish, Jon Meyer. Sinon N chols, Robin Popplestone, Ben
Rabau, Allan Ranmsay, |an Rogers, Ben Rubinstein, Mark Rubinstein, Colin
Shearer, M ke Sharples, Chris Slynon, Robert Smith, Chris Thornton, John
W llianms, David Young.

The | anguage Pop-11 woul d not have existed, but for some excellent ideas
of Robin Poppl estone in the |ate 60s, which provided the basis for the
fam |y of "Pop" |anguages.

In recent years much of the devel opnent of Popl og has been done by the
mai n commercial distributors Integral Solutions Ltd (ISL), working in
col l aboration with Sussex University. The chief architect of Poplog and
Pop-11 renmai ns John G bson, at Sussex University, who designed and

i npl emrented the core nmechani sms on which everything el se depends

i ncluding the conpilers, store nanagenent, and interfaces to external

| anguages and the operating system (Uni x and VMS).

I SL should no | onger be contacted regarding the current state of Popl og
Pop-11, and availability for new nachi ne and operating configurations.
However, they can provide conmercial -1 evel support for Poplog users.
The address is

Integral Solutions Limted
Ber k House

Basi ng Vi ew

Basi ngst oke

Hants R&1 4RG WK

Tel . +44 (0)1256 55899
Fax. +44 (0)1256 63467
Email: isl@sl.co.uk
The Al phapop subset of Pop-11 for the Mac was devel oped by
Cognitive Applications Ltd
4 Sillwood Terrace
Bri ghton BN1 2LR,
Engl and

Phone +44 273 821600
However, this no |l onger works, and | have no information about its
avai lability.

-~ POPLOG | NFORMATI ON AND FTP SI TES - - - --=cmscmsmmmmmmmmmaaccmeaaaaon

http://ww. popl og. org/
There are two ot her Poplog WEB sites fromwhich further information and

addi tional software can be obtained. The sites are not identical, though
there is some overl ap.
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-- -- Sussex Wb and FTP addresses

At Sussex University, where Poplog was originally devel oped, starting
around 1976 when pop-11 was first inplenented on a Digital Equi pnent

Cor poration PDP11/40 conputer running an early version of Unix, there is
a Wrld Wde Wb site set up by Adrian Howard, with information about
Popl og and Pop-11. The URLs are, respectively:

http://ww. cogs. susx. ac. uk/ user s/ adri anh/ popl og. ht m
http://ww. cogs. susx. ac. uk/ user s/ adri anh/ popll. htm

lan Rogers created a "Frequently Asked Questions" file, which used to be
at

http://ww. cogs. susx. ac. uk/ users/ianr/ popfaq.txt

But this no | onger works. The contents have been transferred to the

popl og.org site. This includes sone historical notes, with contributions
from Robi n Poppl estone the original inventor of the first of the "Pop"

| anguages (in 1969)

-- -- Availability of free versions of Poplog

For information about free versions of Poplog see

ftp://ftp.cs. bham ac. uk/ pub/di st/ popl og/ popl og. i nfo. ht m
http://ww. popl og. org/

ftp://ftp.cogs. susx. ac. uk/ pub/ popl og/

These sites will also provide information about various packages and
libraries which extend the basis poplog and pop-11 facilities, e.g. the
excel l ent "popvision" library produced by David Young at Sussex, with
tutorial files and interactive denonstration progranms for teaching | ow
| evel image analysis and interpretation, as well as sone very useful

i mge display procedures related to the rc_graphic library.

-- -- The Birm ngham Popl og FTP directory

A lot of Al and Cognitive Science teaching material and utility
libraries, including a rule-based program ng system and the SI M AGENT
tool kit are available fromthe Birm ngham university Popl og FTP
directory, at this address:

ftp://ftp.cs. bham ac. uk/ pub/ di st/ popl og/

The README file gives an overview of contents. These include a
collection of conpressed tar files and several browsable
sub-directories, such as:

ftp://ftp.cs. bham ac. uk/ pub/di st/ popl og/teach
ftp://ftp.cs. bham ac. uk/ pub/di st/ popl og/ hel p
ftp://ftp.cs. bham ac. uk/ pub/ di st/ popl og/ aut o
ftp://ftp.cs.bham ac. uk/ pub/di st/ poplog/lib
ftp://ftp.cs. bham ac. uk/ pub/di st/ popl og/ prb
ftp://ftp.cs. bham ac. uk/ pub/di st/ popl og/sim
ftp://ftp.cs. bham ac. uk/ pub/ di st/ popl og/ menu
ftp://ftp.cs. bham ac. uk/ pub/ di st/ popl og/ pui
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The "teach/" subdirectory includes several files that inprove on the
original Poplog versions (sone of which the author produced before he

| eft Sussex for Birmi nghan). The rclib/ subdirectory includes nmany
extensions to the graphical tools in Pop-11, e.g. new tools for building
graphical control panels, nore flexible than Propsheet.

There is also a browsable HTM. version of this prinmer:
ftp://ftp.cs. bham ac. uk/ pub/ di st/ popl og/ pri mer/ START. ht m
or as a conpressed tar file which can be copied and installed |ocally:

ftp://ftp.cs. bham ac. uk/ pub/di st/ popl og/ primerhtm .tar. gz

-- -- Information at Reading University
Ant hony Worrall's infornation page at Reading University is
http://ww. cvg. cs. readi ng. ac. uk/ popl og/

Thi s includes browsabl e versions of poplog docunentati on and pointers to
further information.

-- PREFACE TO THE FIRST EDI TION (Sept 1994) ---------mmmmmmmm o -
(This preface was slightly revised in Jan 1996)

Pop-11 is the core | anguage of the Sussex University Poplog system
whi ch al so contains Prolog (the |ogic progranmm ng | anguage) Common Li sp,
and Standard M.

This Primer for Pop-11 is based on the "TEACH PRI MER' Popl og file which
| originally produced while at Sussex University in 1984. It was
distributed with Poplog and provided part of the original text for the
book on Pop-11 by Barrett, Ranmsay and Sl oman, published in 1985. In
Poplog V15.0 it was replaced by an earlier version of this Prinmner.

During 1993 and 1994 the primer was re-witten and extended, naking it
consi stent with new versions of Poplog Pop-11 (Version 14.2, Feb 1993,
Version 14.5, md 1994). The second edition was revised for Popl og
Version 15.0, released Autum 1995.

This Priner is not totally conpatible with ol der versions of Poplog
Pop-11. The vast majority of the exanples will work with ol der versions
of Popl og Pop-11 (from about Version 13), though it is likely that nost
versions are no |onger executable owing to operating system changes.

Because the Prinmer is intended primarily for use by people who have an
execut abl e versi on of Poplog Pop-11, there are frequent references to
online Poplog files, which supplenent this text, including TEACH files,
whi ch contain many tutorial exanples, HELP files which contain useful
summari es, and REF files, which provide nore conplete and systematic
docunent ati on.

The versatile Poplog editor VED provides a very conveni ent tool for
browsi ng these files, many of which contain code exanples, which can be
run in the editor. Simlarly exanples in the online version of this
Primer can be run in VED, and the results checked agai nst those given in
the text. For readers |acking Poplog this priner should neverthel ess
give a useful, though inconplete, introduction to Pop-11. For Enacs
users, accessing Poplog online information is not quite so convenient.
The Poplog contrib directory includes sone facilities for custom sing
Emacs for Poplog users. It is hoped to add further inproved Emacs
facilities at the Birm ngham Popl og FTP site
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There are also now many facilities in Poplog Pop-11 concerned with the X
W ndow System interface, supporting graphics and graphical and nmenu
driven interaction. This docunment does not describe those facilities in
any detail.

Popl og now contains an (optional) X-based nenu-driven interface, and
there are many utility progranms for building interfaces and ot her
things. The editor, VED (and its multi-w ndow version, XVED) can be
extended by the user, as it is just a collection of Pop-11 prograns, and
provi des a general purpose, term nal independent, user interface for
screen-based prograns.

The X facilities in Poplog provide a basis for nore sophisticated types
of interaction using graphics, nmenus, etc. See TEACH RC _GRAPHI C and
TEACH PROPSHEET for sonme exanpl es.

Besi des Pop-11, the core |anguage, Poplog includes versions of Lisp,
Prol og and Standard M.. This is made possible by the fact that Pop-11
includes facilities for defining new syntactic forns that are directly
conpi |l ed to machi ne code, unlike other |anguages that would require the
use of nmacros, or an interpreter.

The version of Lisp in Poplog is based on the original definition of
Common Lisp, in the book by GL. Steele, Common Lisp The Language, first
edition. It does not at present (1992) contain all the features of sone
nore widely used Lisp systens and in particular does not (in Poplog
version 15.0) contain an interpreter, though it does, |ike the other
Popl og | anguages, provide an increnental conpiler. For information on
the latest version of Lisp in Poplog see the HELP LI SPNEWS file. (The
Lisp in Version 15.0 of Poplog has been nade nore conpatible with

Steel e's book.)

Pop-11 is simlar in nmany respects to Lisp (though sonme people find it
nore readable) and, like Lisp, it provides a fully fledged research
and devel oprment | anguage whi ch can be used both interactively and in
bat ch node.

Conmon Lisp has features Pop-11 does not have (e.g. an interpreter, in
sone inplenentations of Lisp), and Pop-11 has sone features that Conmobn
Li sp does not have, e.g. a pattern matcher and the conpilation tools.
The "section" nechani smof Pop-11 works rather differently fromthe
"package" nechani smin Common Lisp, though both are useful for
structuring |large prograns. An inportant difference as regards
programm ng style is that Pop-11 has a bool ean data-type so that FALSE
and the enpty list are distinct objects.

Pop-11 al so has several experinental object-oriented extensions
available as library progranms. The npst sophisticated OOP extension,

whi ch has been recently adopted as standard for Poplog, is known as
"Cbjectclass" and is close in spirit to the Conmon Lisp Object System
(CLOS). Objectclass was nmainly designed and inplenented by Steve Knight,
at Hewl ett Packard research | aboratories, Bristol.

Pop-11 is the core of Poplog in that the other |anguages are inplenmented
interns of it. For users of Poplog it is worth knowi ng about Pop-11,
even if they mainly use Prolog, Lisp or M.

Knowl edge of a subset of Pop-11 will nake it possible to take full
advantage of facilities for extending and tailoring the editor VED to
suit your own requirenments. Knowi ng Pop-11 will also facilitate naking
full use of the X interface, though in principle this could be done via
libraries specific to the different |anguages.

Prolog is probably the nost popul ar sub-|anguage of Popl og, and for nmany

types of prograns it provides powerful and elegant facilities.
However, for certain kinds of progranms Pop-11 is nbre conveni ent, and
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nore efficient, than Prolog; e.g. prograns which do a great deal of
arithnetic, string or vector nanipulation, determnistic |ist
processing, or rapidly changing gl obal data-structures

This Pop-11 Primer is illustrative rather than definitive: A nore
conpl ete and rigorous specification of the Pop-11 | anguage is provided
in the Poplog REF files. There is a British Conputer Society working
group designing a new standard for Pop-11.

This Priner will be found easier to follow by those who al ready have
some progranmm ng experience in a conventional programm ng | anguage (e.g
Pascal or C). Such readers nay find some of the explanations regarding
procedures, variables, argunents, results, |oops, stacks, etc.
redundant. However in Pop-11 there are sufficient differences fromnore
conmon | anguages that there will be points of interest in these
sections. Some sections may be found difficult on a first reading and
shoul d be skimed at first, especially by novice programers

-- Advantages of POp-11 ------------mmm oo

Shoul d anyone use Pop-11 as a progranm ng | anguage rather than the
better known | anguages |ike Basic, Fortran, Pascal, C or C++ ? The
answer is that it depends on what you need the | anguage for. In sone
cases the other |anguages are clearly better. For exanple C runs on nore
machi nes, and prograns witten in Cwll often run faster and require

| ess space than the same programwitten in Pop-11

However, Pop-11 is a richer, nore advanced | anguage which enabl es nore
anbi tious prograns to be witten with less effort. For particularly
anbi tious projects, where the problemis very conpl ex and exact nature
of the problemis not well understood in advance, a |anguage |ike
Pop-11 is particularly useful for the follow ng reasons:

(a) It provides a very rich set of facilities, with a varied range of
data-types and control facilities, that can cope with a wi de range of
types of applications (including those requiring object oriented
programm ng facilities).

(b) Its syntax is extendable so that different sub-languages suited to
di fferent sub-problens can easily be inplenented within it and
integrated with Pop-11 itself.

(c) The Popl og version of Pop-11 conmes in an incremental interactive
devel opnent environnent which can enornously speed up the process of
devel opnent, debuggi ng and testing conpared with nost non-Al progranm ng
| anguages. For exanple the increnmental conpiler allows a new procedure
to be conpiled into a systemthat already contains many negabytes of
conpi l ed code, in a fraction of a second. That is because the conpiling
and linking are all done within the system the system does not have to
be re-built.

(d) For certain applications (e.g. like a word processor or other
interactive tool) the devel opnment can be unending in that sone users
will want to be able to produce their own extensions to the origina
application. Such software is never conplete. | call it ““very soft
ware''. Because Pop-11 uses an increnmental conpiler which is part of the
run-tine system it is possible for an application inplenmented in Pop-11
to support indefinite extension and tailoring by end-users. For exanple
the Poplog editor VED is inplenented in Pop-11 and many users have used
that fact to inplement their own extensions for a variety of different
pur poses.

(e) It is available on a variety of Unix platforns and on VAX and Al pha
VM5 systens, and provides a common interface to the file system and many
systemcalls across these platforns. It can be run on PCs under the

Li nux operating system (A port to Wndows NT is in progress.)
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(f) It has a nunmber of unusual features that facilitate certain sorts of
progranmm ng. These features include the use of an "open stack" for
passing argunents and results, which makes it very easy, for exanple, to
write procedures that take variable nunbers of argunents or produce

vari abl e nunbers of results, partial application, which supports the
construction of very efficient "closures" and meno-functions, dynamc
lists, which inmplenment a formof |azy evaluation, the process nmechani sm
whi ch supports the nodelling of concurrent systems, the code-planting
procedures that support the rapid devel opnent of new i mediately
portabl e | anguages, the choice of dynam c or |exical scoping of
variables (a feature shared with Conmon Lisp), and the "dynam c | oca
expression" facility "dlocal", which automatic sw tching of environments
in different contexts, including "exit actions" for procedures. A
feature that Pop-11 shares with Schene and many functional |anguages is
that procedures (functions) are 'first class' objects. That is they can
not only be run, but can also be treated Iike all other data-types
assigned to variables, stored in data structures, and mani pulated in
various ways, including conbining themwith other data to form new
procedures at run tine (sonetines referred to as 'closures'. This
capabil ity makes possible sonme very el egant forns of progranms, such as
are described (using Scheme) in the well known book 'Structure and
Interpretation of Conputer Prograns' by Abel son and Sussman.

(g) The autonmtic store managenent system provi des garbage coll ection of
structures (including conpiled procedures, device records, arrays, etc.)
that are no | onger needed by the running program This both reduces the
task of the programrer in working out which structures are no | onger
needed, and al so prevents erroneous deal | ocati on of menory that is stil
in use. Thus both wasteful "Ieaking" of nenory and obscure bugs due to
deal | ocation errors are avoi ded. The garbage collector in Poplog Pop-11
is particularly fast, so that people using it for interactive purposes
will often not even notice when garbage collections occur. (This depends
on the size of process, the |loading on the machi ne, and whet her

there is enough nmenory to prevent paging.)

(h) The interface to the X window systemis particularly sophisticated
al l owi ng externally devel oped X wi dget sets to be linked in dynamcally,
and providing full support for interaction between Pop-11 and X, via
cal | backs. Also the 'destroy property' nechanismin Pop-11 all ows
special actions to be associated with objects that are to be run if ever
t hose objects becone garbage. That neans that a wi ndow on the screen can
be automatically renpved when an object is no | onger needed, without the
programrer having to wite code to check whether the object is stil
needed.

(i) There are facilities for conpiling stand-alone applications w thout
the full devel opnent environnent. This uses the tool POPC that is also
used for building Poplog itself. For information about this see the
HELP POPC file.

(j) There is an "“autol oadable library'' nechani smbased on search lists
that makes it convenient for groups of users or individual users to have
libraries that extend the facilities in Pop-11 and which are
automatically conpiled when needed. This is particularly useful for
groups of programmers working together on a project and for students
doi ng the sane course

(k) Pop-11 allows frequently used libraries to be pre-conpiled in a
““saved image'' which allows rapid startup and can be shared between
different users. These saved images can even be mapped i nto shared
menory if they contain no witable elements. Further saved i nmages can be
| ayered. In fact the | anguage extensions for Prolog, Conmon Lisp and M.
are inplemented as shareabl e saved i nages. Users can thembuild

addi tional saved inmages on top of those. (Note: Saved inmages cannot be
built in the FREE version of Linux Poplog.)
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These features nake Pop-11 particularly appropriate for many of the
conpl ex problens of Artificial Intelligence, Cognitive Science or
Human- machi ne interaction where it is difficult to be sure in advance
what the nature of the problemis because our understanding of human
beings is too limted and people vary too rmuch, and where the nodelling
work requires rich know edge stores, powerful inference nechanisns,
rapi d construction of conplex tenmporary structures (e.g. during

pl anni ng, or visual perception), and conplex interactions between
concurrent systens.

The cl osest conparabl e | anguage with simlar characteristics is Conmon
Li sp, though many people (not all) find the Pascal -1ike syntax of Pop-11
easier to learn than Lisp's very terse syntax using very few syntax
words. For the sane reason sone people find Pop-11 prograns nore

mai nt ai nabl e. On several occasions | have net commercial programers who
were used to other |anguages, |ike Pascal, Fortran or C, and who had
tried to learn Lisp and disliked its syntax i mensely. By contrast when
they tried to | earn Pop-11 they found that it offered thema snooth
transition fromfamliar progranm ng constructs to nore sophisticated Al
programm ng. After that they found Lisp easier to |earn.

Not everyone agrees on which is easier to learn or use: so it is good
that both Pop-11 and Lisp should be avail abl e.

O her Al | anguages such as Prol og share sone of the features of Pop-11
and Lisp, including autormatic garbage collection and rapid increnmenta
devel opnent and testing, though the | ogic based style of Prolog can for
certain problens be nore clunmsy than the corresponding functional or

i mperative style of Lisp or Pop-11. However Prolog is excellent for
appl i cations where the logical semantics, the unifier and the built in
backt racki ng nechani sns are needed, and often allows very econonical and
powerful solutions to conpl ex problens.

One advantage of Poplog Pop-11 is that its code-planting nmechani sns,
support inplenmentati on of increnental conpilers for the other Al

| anguages so that applications requiring a m xed | anguage style can be
supported easily. These nechanisnms were used to inplenment the other
Popl og | anguages, nanely Prol og, Lisp and Standard M

A user of one of these | anguages can use the interface to Pop-11 to
access additional features of Poplog, or for sub-problens where a
different style of |anguage is nore appropriate. Thus a Prol og
programmer can use calls to Pop-11 for interaction with the X wi ndow
system and graphi cs.

In some cases it is possible to develop a conplex application in Pop-11,
or another rapid-prototyping | anguage, as part of the process of finding
out exactly what the problens are and trying out alternative solutions
in the qui ckest possible way, and then re-inplenent the final version in
a different |anguage that enables prograns to run faster or use nore
space, or be nore easily ported to a variety of nmachi nes and operating

systens. For exanple, | once had to produce a package to control the
direction of printing of a daisy-wheel printer in order to mnimse
print head novenents. | first devel oped and tested the programin

Pop-11, and then rewote it in C. The whol e process woul d have taken far
I onger had | had to use C throughout. Simlarly sone Al researchers
devel op | ow | evel procedures for analysing i nages or speech using Pop-11
and then rewite themin C when they have stabilised.

Li ke LI SP, Pop-11 can be used either as a nmin programm ng | anguage
or as an efficient systens | anguage on which to build higher |evel
tools, such as a |logic programm ng | anguage or an expert-system
shel I .

Popl og all ows prograns in Pop-11 and Prolog to be conbined, where a

m xed style of programming is desirable. Prograns witten in
conventional |anguages (e.g. Pascal, Fortran, or C) may be linked into

TEACH PRIMER: Aaron Sloman's overview of Pop-11 22



Popl og. For details see the online docunentation files HELP EXTERNAL
and REF EXTERNAL, and other files referred to therein.

For sophi sticated programrers, the online file REF PROLOG expl ai ns the
i nterface between Prol og and Pop-11. For others, HELP PLOQd NPOP
describes sone utilities for m xing the | anguages and REF SUBSYSTEM
descri bes a nore general nechani sm

-- Pop-11 as a teaching language ---------------------------~-----------

For teachi ng purposes, Pop-11 enables students to explore a w de range
of programming styles (inperative, functional, object oriented, |ogical,
pattern-based, rul e-based, event driven, concurrent). Having learnt the
various styles supported by Pop-11, they can use the sane environnent to
branch out and | earn the other Poplog | anguages, and |earn how to design
and i npl enent new | anguages, which can then be tested in a rich
supporting environnent.

Mor eover, the online documentation and programlibraries provide a
framework in which students can explore concepts and techniques at a
pace that is nmatched to their own abilities. For absolute beginners the
exi stence of very powerful built in facilities such as automatic garbage
collection, syntax for list structures, a pattern matcher and the

dat abase library, all contribute to an environment in which interesting
and chal | enging projects can be tackled at a nmuch earlier stage than is
possi bl e with npost | anguages

The interface to X also nakes it possible quickly to add powerfu

graphi cal capabilities and nmenu-driven interactions. These features al so
nmake it relatively easy for teachers to produce powerful denonstration
packages with which students can interact in order to gain a good
under st andi ng of a variety of concepts and techni ques. The new "HI P"
system (Hypernedia in Poplog), available fromlIntegral Solutions Ltd
extends these capabilities, by providing tools for devel opi ng

mul ti-nmedia applications, including i mages and sound

Al ready there are powerful teaching libraries devel oped at the
Uni versities of Sussex, Reading, Leeds, Oxford, Birm ngham and possibly
el sewhere. It is expected that these will grow

In particular the "increnental conpiler' and integrated screen editor
VED which is part of the Poplog Pop-11 systemcan not only speed up
program devel opnent and testing tinme, but also provide a convenient
interface to sophisticated online docunentation and browsi ng
facilities, supporting different libraries for different groups of
students.

In some ways Pop-11 in Poplog is similar to the best LISP systens,

t hough many LI SP systens seemto require far nore menory. The richer
nore redundant, syntax seens to nake Pop-11 a nore suitable first
teachi ng | anguage than LI SP. However, this is an issue on which endl ess
di sagreenent is to be expected, since there will always be those who
think that a sinpler syntax is preferable for students. My own viewis
that the syntactic requirenments for ease of conpilation and use by a
conputer are totally different fromthe requirenments for easy | earning
and use by humans. This is why natural |anguages, with all their
complexity, irregularity, and redundancy, are better suited to the human
brain than nost existing progranm ng | anguages. Increasingly we should
devel op | anguages whose syntax is suited to the task and to human users
rather than to designers of conpilers or nachines.

The fact that Pop-11 is not as widely used as other |anguages can

di scourage sone teachers fromusing it. However, | would argue that for
many | earners the nost inportant thing is that they develop their
under st andi ng of conputing concepts and | earn how to think about conplex
i nformation nmani pul ati on processes in as friendly and supportive an
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environnment as possible. After that they can use the ideas better in
nmore primtive | anguages, such as C or C++ than if they had started only
wi th those | anguages. For a short course intended to train conmercia
programmers, for linmted tasks, Pop-11 would not be suitable. For
university level instruction, where the concepts are nore inportant than
the syntax, and where there is scope for a great deal of student
directed | earning and exploration of new ideas, Pop-11 in the Popl og
environment is extremely suitable, including those students who will
subsequently not be witing code but who need to have a deep
under st andi ng of what conputing systens are and what they can and cannot
easily be made to do. This would apply to managers, conputer
journalists, systems anal ysts, people concerned with marketing software
or supporting users, and so on. Programwiters are a relatively small
subset of those involved in the production, distribution, selection and
use of good software systens, a point that is not always understood by
teachers

-- Disadvantages of Pop-11 ---------------mmmmmm o

Argunents about the relative nmerits of different |anguages can get very
heated and are often extrenely subjective. However, just as there are
some objectively testable advantages to Pop-11 there are al so sone

di sadvant ages:

(a) It is not available on PCs, except on relatively powerful PCs
runni ng the Linux operating system (a version of Unix). A port of Poplog
to Wndows NT port has been started but by January 1996 had not been
conpleted. (For up to date information, please contact Integra

Solutions Ltd., address above.) The is a Mac inplenentation of of

Pop- 11, known as Al phapop, previously available from Cognitive
Applications Ltd, does not run under recent versions of the Mac
operating system

(b) Because of its size and the supported nmachi ne types, Pop-11 is not
reconmended for small enbedded systens. However, it can be used to
i mpl enent cross conpilers for enbedded systens.

(c) The conpl ex, user-extendable, syntax makes it extremely difficult to
automate the anal ysis of Pop-11 prograns. For applications where

mat hermat i cal anal ysis of software is a requirement, e.g. flight contro
systens, Pop-11, would not be suitable, though it could be used for

rapi dly devel opi ng prototypes prior to final inplenmentation, and it
coul d support expert-systens acting al ongside the critical software,

e.g. to anal yse data or nmke heuristic suggestions that would not be
adopt ed unl ess checked by a nore rigorous system or a person.

(d) Because of the long history of its devel opnment and our inability in
the early days (e.g. 1970s and early 1980s) to anticipate sone of the
extensi ons that would be required several years later, there were sone
unfortunate choices of identifier nanes that are hard to repair w thout
annoyi ng existing users, and several aspects of the syntax of Pop-11
that are messy. Up to Poplog version 15, the default for procedure
formal paraneters and output variables was, unfortunately, to declare
themas "vars" not "lvars" (lexical variables). This has now been
renedi ed, though a special conpile_node is available to restore earlier
semanti cs.

(e) The undisciplined use of the open stack in Pop-11 can lead to
obscure run-tinme errors, even though it is often very useful

(f) Sone users find the redundant syntax of Pop-11 too verbose
especially users with a strong mat hematical bent, many of whom prefer
t he el egance and econony of Lisp, supported by a powerful editor

(g) The language is not very wi dely used, though there are pockets of
enthusiasmin various countries, both anong academ cs and anong
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commercial users, and the main distributor, Integral Solutions Ltd has
managed to continue growi ng despite the very severe recession in recent
years.

(h) Like Common Lisp, Pop-11 is a very rich and conpl ex | anguage.
Becom ng fluent in the use of all of its capabilities can take a | ong
time (e.g. a year or nore), though many of its users have found the
learning well worth while.

(i) Because Pop-11 has so nmany features it is possible for beginners

i nadvertently to trip over nore advanced features and then be nystified
and di scouraged. This can be a di sadvantage, though in a good teaching
environment it is also a source of inportant new | earning.

(j) Because Pop-11 is conpiled (for speed) rather than interpreted, it
is not possible to produce such sophisticated run-time debugging tools
as for those versions of Lisp that have an interpreter. However, this

di sadvant age has recently been reduced considerably by the devel opnent
of new source-|evel debugging tools, by Sinmobn Nichols and Robert Duncan,
docunented in the online HELP DEBUGGER fil e.

-- Abrief history of Pop-11 ---------mmmmmmm oo

Pop-11 is derived from POP-2, a |anguage originally invented at
Edi nburgh University for research in Artificial Intelligence. POP-2 was
described in

PROGRAMM NG | N POP- 2
R M Burstall, J. S. Collins and R J. Poppl estone
Edi nburgh University Press, 1971

Addi tional information about the history and phil osophy of the POP
fam |y of |anguages can be found in

POP-11 Cones of Age: The Advancerent of an Al Progranm ng Language
ed J. A D.W Anderson,
Ellis Horwood, 1989.

This includes a | ong paper by the author of this Priner on the
devel opnent of Pop-11 at Sussex University.

The original version of POP ran on an Elliot 4130 conputer and i s now
obsolete. A later version was inplenmented on the DEC-10 conputer running
the TOPS-10 operating systemin Edi nburgh. Julian Davies, also at

Edi nburgh at that tine, inplenmented an inproved version, called POP-10,
inthe early seventies. Yet another version for the DEC 10 called

WPOP (Wonder POP), was i nplenmented by Robert Rae, with sonme help from
Al'l an Ransay, and became available in the late seventies. It was al so
transferred to the TOPS-20 operating system and was quite w dely used
for Al research for a while.

Steve Hardy inplenented the first version of Pop-11 in 1975. This was a
smal | system which ran on PDP-11/40 conputers under the UN X operating
system It did not include all of POP-2, but had sone extra features

i nstead, designed to nake it easier to use, especially for teaching
purposes. In particular, the pattern nmatcher, the autol oadable library
mechani smand a |arge collection of help and teaching files made it
especi ally useful for educational purposes, and several Universities and
one school in the UK (Marl borough College) used it for sone tinme in the
late 70s and early 80s. This version of Pop-11 is now obsol ete, and
probably unobtai nable, though for a while the a version for PDP-11
conputers running UNI X version 7 was avail able from Notti ngham

Uni versity Psychol ogy Departnent.

TEACH PRIMER: Aaron Sloman's overview of Pop-11



The second version of Pop-11, available only since Cctober 1981, and
nmostly inplenmented by John G bson, is much |arger and has far nore
facilities. It includes all the features of POP-2 and many nore.
However, it requires a conputer with a large, 'flat' address space, well
over a megabyte in size. Wt correctly predicted in the early 1980s that
as the price of hardware fell, it would soon be possible for conputers
in the home, in the office, and in schools to run prograns of the size
of the Pop-11 system and larger, providing a very powerful tool for
program devel opnent, or for teaching conputing. Unfortunately, the
horrors of MSDCOS and the PC environnent preventing porting, as we |acked
the resources to do that.

The version of Pop-11 described here, which is available only as part of
Popl og, runs on VAX conputers under VMS and a variety of different
conputers running versions of the Unix operating system e.g.
Sun(SPARC), HP, Silicon G aphics, Sequent Symetry, DECStati on,
VAX-ULtrix, MPS, and PC running Unix.

-- The Poplog editor VED ----------mmmmmm oo

Popl og contains a powerful screen editor VED, similar in some respects
to EMACS, an editor developed at MT. Conpared with nost editors VED
consi derably reduces the effort involved in devel opi ng and testing
prograns, nmainly because it is so closely linked in to the Poplog system
and its online docunentation files. Emacs can be set up to be al nbst as
useful, though it is not so closely integrated with Popl og.

Besi des being useful for devel oping and testing software, VED can al so
be used for witing documentation. It includes special facilities for
produci ng online docunentation (like the online version of this

file). Mdreover, it can easily be used for text manipulation. I wote

a fairly sinple VED programto transformthe ascii version of this file
into Latex, to facilitate production of a nobre readable printed version.

(For nore details on online docunentation in VED, see HELP DOCUMENTATI ON)

Details of the use of VED vary according to which termnals are

avail able, so this docunent will not include information about the
editor. If you have access to a conputer running Poplog you shoul d ask
for advice. There should be a ' TEACH file' available which will show you
how to use the editor on the termnals which are in use at your site.
You will alnpbst certainly need a chart showi ng how VED s operations are
mapped onto function keys avail able on your keyboard. At the University
of Birm ngham we al so use the Pop-11 interface to the X wi ndow systemto
provi de an extendabl e nenu-driven interface to VED, available freely to
Popl og users on request.

XVED is a version of VED that supports nultiple windows, one for each
filein the editor, and additional facilities for driving the editor
usi ng nenus and the nouse. (See HELP XVED)

Early versions of VED were often criticised for not including a regular
expression matcher, available in nobst other Unix editors (ed, vi,
emacs). This has been renedi ed since Poplog Version 14.5

-- Interactive programminNg --------------------o oo

An inportant feature of Pop-11 is its inherent ability to be used in
an 'on-line' nmode. This neans that commands in the | anguage can be
given at any tine: there is no division between a phase in which you
specify a programwhich is to be conpiled, and a phase in which your
prograns run. You can interleave additions to the program and
conmands to run the program using the same | anguage and t he sane
runni ng process for both. Thus you can define a procedure, then run
it totest it, then define a new procedure using the first one, then
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run it, then define new procedures, etc. If you find a procedure
needs to be changed you can edit it without |eaving Pop-11 and the
new version will inmediately be available w thout re-conpiling other
procedures or re-linking your program (Reconpilation will be
required if the procedure had been declared as a constant for
efficiency.)

To make all this possible Pop-11 contains an 'increnmental conpiler'
which is part of the systemwhen prograns are running. |n nost

| anguages the conpiler is a separate program which runs to transform
your programfile into a file called an object file, and then you have
to link the object files together with any libraries used, and then
finally you can start running the program Pop-11 (like the other Popl og
| anguages) mekes this multi-stage process unnecessary. You can directly
conpil e and run extensions to your programat any tinme, because the
conpiler renmains a part of the running system

You can al so reconpile a procedure, e.g. after extending it in sonme way.
Except where procedure identifiers have been declared as constant, the
new y conpiled procedure will automatically be accessed by al

previously conpiled code, and the the space taken by the previous
version of the procedure will be reclainmed automatically by the garbage
col l ector.

The use of the increnmental conpiler enables devel opnent and testing to
be far nore rapid than with nost non-Al | anguages, such as such as
Pascal , Fortran, C and C++. Sone |anguages with an interpreter offer a
simlar facility (e.g. BASIC, some versions of LISP). The advantage of
an increnental conpiler over an interpreter is that it produces nmachine
code, so that prograns run faster. The advantage of using an interpreter
is that it reads in prograns faster, and can provide nore flexible

devel oprent ai ds.

Some argue that the interactive nmethod of devel oping prograns is
undi sci plined. They assune that the best way to use a conputer to
solve a problemis to:

(a) specify the problem

(b) devise an algorithmto solve the problem
(c) prepare a program enbodyi ng the algorithm
(d) conpile the program

(e) run the program

(f) go back to b or c to fix 'bugs'

This method of using a conputer is ideal when

(1) the problemis well defined

(2) the information structures required can be designed easily

(3) the algorithnms for operating on themcan be devised easily

(4) the devel oper never makes a programm ng nistake

(5) the devel oper is a perfect typist

(6) the process of devel opnent never leads to a nodification
of the problem

If the last three conditions are not net then a slow and expensive
iteration of steps (c) to (f) nust be perforned. Often even the first
three conditions are not net. The problem nay be well defined but so
conmplex that initial algorithms do not cover all cases, or include

i nconsi stencies or other errors, so that devel opnment and testing
involves a slow iteration through steps (b) to (f). Sonetines even the
problemis not very well defined, for instance where requirenents for a
program can only be devel oped as a result of running a prototype in the
i ntended environnent. In that case the iteration even involves step (a).

Whil st conditions (1) to (6) can be met for sonme cases (such as routine

data processing) they cannot be net for conplex problens, especially
probl ens involving "user-friendly" interfaces for people, since it is
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very difficult to find out what people will find friendly. Asking them
is no good, since people cannot tell in advance what they will find
awkward or convenient. Thus a systemthat allows a prototype to be built
and then rapidly nodified in order to try out variants on real users
can lead to far better designs than those that do not support

i ncremental devel opnent.

I ncremental devel opment can al so be particularly hel pful for beginners
who do not have the experience to understand problens in advance of
doing the design. So the use of testable and nodifiable prototypes can
be a powerful |earning tool

The use of an increnmental conpiler (or interpreter) with an integrated
editor and ot her program devel opnent aids can enornmously speed up the
process of producing and testing initial draft versions of prograns.

Si nce each new portion of programcan be tested quickly before the next
portion is added, w thout a slow process of re-linking, an environnment

i ke that of Poplog can encourage nore thorough testing, leading to nore
reliable programs, as well as saving programer effort. This is why nany
sof tware devel opers now favour 'Rapid Prototyping' for solving conplex
and ill-defined problens.

A consequence of using an increnental conpiler is that there is not
really any such thing as a programin Pop-11. In many |anguages a
program consi sts of a set of procedure or function definitions
(expl ai ned bel ow) together with some comuands to the conmputer, which
make use of those definitions; and the whol e programhas to be specified
conmpl etely before any comands can be obeyed. In an interactive |anguage
i ke Pop-11, you can go on indefinitely interleaving running comands
and defining new procedures or nodifying old ones, usually working
entirely within an editor that conmmunicates with the conpiler. The
conmands and procedure definitions may either be typed in at the
termnal or read in froma previously constructed file

Pop-11 does not require you to separate your data and your prograns.
Dat a-structures such as lists, strings, vectors and arrays can be
created with their contents in the same files as the procedures that use
them For exanple the pattern matching facilities in Pop-11 use lists as
patterns. These pattern lists can be enbedded in procedure definitions,
usi ng expressions |ike

if sentence matches [the ??nounphrasel ?verb the ??nounphrase2] then
As we shall see, this can nmake it easy to wite down conpl ex
instructions and al so makes it possible to mx factual assertions with
ot her kinds of programm ng constructs, e.g. using comands |ike:

add([ boat at ~place])

to store information in a Pop-11 database that other commands can then
mani pul at e.

-- Declarative and procedural |languages ---------------------------

In some | anguages (e.g. Prolog) there are al so ASSERTI ONS, which can
be used to give the conmputer information, e.g. the infornmation

tomis the father of dick or, in Prolog

fat her (tom di ck)
In some | anguages it is possible to store generalisations, or
inference rules, like

a father is a male parent, or
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X is the father of y if x is a parent of y and x is nale,
or, in Prolog:

father (X Y):-parent (X Y), nal e(X).

Such | anguages al so allow the construction of QUESTIONS, such as
who is the father of joe?
or, in Prolog:

?- father(X joe).

These are exanples of the 'declarative' style of progranmm ng.

Pop-11 is not based primarily on declarative progranm ng, but there is a
subset, called the 'database package' which provides sonething |ike
assertions and questions, and uses procedures |like 'add' nentioned above
and others called renmove, |ookup, present, allpresent, foreach and
forevery, all described below (In the Birm ngham Poprul ebase package
the database is re-inplenented in a way that provides nore efficient

i ndexi ng.)

Thi s Pop-11 database package is built on nore primtive facilities
described in the next few chapters. A Prolog-like extension to the

dat abase was i nplenmented by Steve Hardy in the library described in the
online HELP SUPER file.

A system based on the database, designed for building expert systens or
probl em sol vi ng progranms based on "condition-action" rules can be found
in the "newpsys" library (pronounced "newpeesys"), described in the
online file HELP NEWPSYS

NEWPSYS has been nade obsol ete by the POPRULEBASE |ibrary avail able from
the Bi rm ngham Popl og FTP directory, as explained in the 1999 Preface
above.

Finally, the Prolog subsystem of Poplog is available to Pop-11
programrers when needed for a richer style of declarative progranmm ng

-- The need for procedures --------- oo

Sone advocates of declarative | anguages suggest that |ogic progranmm ng
shoul d be used for all tasks. The idea is that one should be able to
state WHAT the problemis and leave it to the conputer to figure out HOW
to solve it. Thus all one needs is assertions general facts, and
guestions, and not inperatives saying what to do when.

It is very natural, however, for people to think in terns of
instructions as well as in terns of assertions and inference rules, and
that is one reason why we have provi ded both in Poplog. For exanple, if
someone asks you the way to the station, you will not usually succeed in
conmuni cating if you give lots of facts about where the station is

| ocated. Instead you will probably give sone instructions:

go down that road until you come to the post office
then turn left and..... etc
O course, if the questioner knows the town very well, it may

suffice for himto be told

the station is two bl ocks north of the post office.
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In order to make use of that information he will have to find sone way
of translating that into a plan for getting fromwhere he is to the post
office. The plan will contain a set of instructions about what to do
when. Simlarly, if you want the conputer to do sonething other than
tell you the answers to factual questions you often need to be able to
give it instructions.

Even if all you are interested in is storing information and getting
answers to questions relating to the information, someone nust first

tell the conputer how to store information, and how to respond to
guestions. Thus instructions of some sort are required as the basis even
for a purely declarative system

o] TR e = R e LR R

Anot her thing mssing fromPop-11 (and many other |anguages) is the
concept of a '"monitor' or 'denobn': a programwhich waits until sone
condi ti on becones true, and then inmedi ately takes control and
carries out its instructions. Thus you cannot say in Pop-11

somet hing |ike

"if ever the value of X beconmes 99 then print out a warning'

It is possible, using advanced facilities in Pop-11, to extend the

| anguage to allow such things. In particular Pop-11's interface to the X
wi ndow system al |l ows such nmonitors, or denbns, know as "event handl ers"
to be attached to graphical w ndows or control panels. It is possible to
attach a Pop-11 "call-back" procedure to a screen object. The procedure
is then run whenever the user performs an action involving that object
with the nobuse, e.g. pointing at the object and clicking a nbuse button.

There are also a few special purpose nonitors built into Pop-11. For
instance there is a procedure which is run whenever an error occurs, and
the user can define that to take appropriate action. Also there is a
user-definable procedure called "interrupt' which is run whenever the
user types an interrupt character at the termnal (usually CTRL-C).

Anot her is the user-definable procedure pop_after_gc which runs whenever
an automatic garbage collection has occurred.

Further, it is possible to attach a nonitor to a variable in Pop-11 by
declaring the variable as "active". This nmeans that a procedure can be
associated with it which is run whenever the value is accessed, and
anot her procedure which is run whenever the value is updated. For nore
information see the online file HELP ACTI VE _VARI ABLES

Anot her feature that nakes it possible to nonitor events is the fact
that access to data-structures goes via procedures rather than via
conpi l ed offsets. This means that by re-defining the procedures for
accessing particular data-structures one can insert "traps" that are
activated whenever the contents are exam ned, or changed. The

user -definabl e "nmet hods" supported by the Objectclass package al so
provide nonitor-like facilities.

-- TEACH files and the VED editor -------------------------------

This docunent is not intended for absol ute begi nners working w thout any
hel p. Having a worki ng Pop-11 system and the VED editor mekes it much
easier to learn the | anguage by trying out the exanples and varying

t hem

Many begi nners do best by working on mini-projects at a conputer
terminal. After a few weeks of practical experience, such peopl e nay
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find this document useful for revision purposes, and as a way of
| earni ng nore about Pop-11 nore quickly than by working through

interactive 'TEACH files'. In case the reader has access to a full
Popl og system brief infornation about the online files is presented
here.

TEACH files are read using the editor, invoked by the TEACH conmand.
Usually the first conmand is

teach teach
whi ch introduces the use of VED reading teach files.

Since the editor allows two (or on sonme terminals nore) files to be
visible at once on the screen it is often convenient to |earn about
programm ng by having a teach file and a user file visible at the
same tine. The teach files give information, exanples of prograns,
and suggestions for practical exercises.

The following interactive ' TEACH files, provided with Popl og
i ntroduce the use of the editor VED, and its role in devel opi ng
prograns.

TEACH TEACH

TEACH VED

TEACH VEDPOP

TEACH MARK

TEACH LMR  (=Load Marked Range)

For an absol ute begi nner, with no experience of progranm ng, the
following TEACH fil es provide a succession of mni-projects which
i ntroduce both Al concepts and Pop-11 progranm ng techni ques:

TEACH RI VER
TEACH RESPOND
TEACH RI VER2
TEACH RI VERCHAT

More general introductions to Pop-11 facilities are provided by

addi tional teach files, many of whose contents overlap considerably with
this primer. An overview of currently available TEACH files is provided
by

TEACH TEACHFI LES

There are usually additional files available from Universities that use
Popl og for teaching, e.g. Sussex and Birm ngham E.g. teach files from
Bi rmi ngham are available via ftp at

ftp://ftp.cs. bham ac. uk/ pub/di st/ popl og/teach

-- The HELP command -------------------m oo

The VED ' hel p' conmand invokes files which nore conpact descriptions of
Pop-11 facilities, without Iengthy tutorial introductions. The
foll ow ng gives an overview of help files:

HELP HELPFI LES

There are many hundreds of help files giving information about error
nmessages, systemutilities, editor procedures, system concepts, syntax,
data structures, arithnetic, the pattern matcher, library facilities
(e.g. expert systemtools), Poplog process initialisation, howto
tailor the system etc. There are also 'news' files summarising the

mai n recent devel opnents.
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For the Prolog and Lisp subsystens there are also collections of help
files, though not as nany.

-- The REF cOMMBNG --------mmmm - -

The VED 'ref' conmand may be used to access Poplog files which give a
definitive description of the Pop-11 | anguage, and its main system
utilities. These files are definitely not intended for beginners, and
many of them define quite sophisticated concepts quite tersely. The file
called

REF REFFI LES

gives an overview of the main REF files for Pop-11, VED and the

external interface. It is sumarised at the end of this priner. There
are additional REF files available for various sub-systens, for instance
REF files for the X interface facilities, REF files for (bjectclass, and
so on.

The rest of this introduction is a summary of the core facilities

in Pop-11. Many references will be given to online docunentation

whi ch descri bes nore advanced features, or which give nore detailed
information for experienced progranmmers. A full description of Pop-11
woul d require a docunent several tinmes the size of this one

We start in the next chapter by describing in sone detai

an exanple which illustrates how to use Pop-11 as a |ist-processing

| anguage with a fairly conventional syntax. Later chapters provide nore
general definitions of the | anguage and sone of its nost usefu
facilities.
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-- CHAPTER 1: | NTRODUCTION --- THE ROOMS EXAMPLE

This chapter presents a sinple Pop-11 program worked out in sone detai
in order to give a feel for sone of the structures in the | anguage
including the definition of procedures, and the use of lists,
conditionals and | oopi ng constructs.

Not all the details will be explained fully in this chapter. Mre
general and conpl ete explanations are given in later chapters. ldeally
the reader should try out the exanple on a conputer running Poplog, but,
for readers with some programm ng experience, it should be intelligible
without that. If some of the exanples use a notation which is hard to
understand, reading |ater chapters should rmake things clearer.

-- POP-11 facilities illustrated in this chapter ----------------------
This chapter will introduce a nunber of concepts, including these

o the difference between "~ declarations'' which define sonething for
future use and " “inperatives'' that instruct sonme action

o declaring variables, both global and | oca

o defining named procedures that perform conplex actions built out of
si npl er actions.

0 accessing val ues of variables and changi ng them
0 constructing lists to store information about the world

0 various operations on lists, including conparing them searching them
and building new lists

o "atom c" data itens which can be stored in lists or assigned to
vari abl es, nanmely words, nunbers and text strings

o arithnmetic operations, e.g. used to conpute areas and vol unes from
di mensi ons of roons

o various fornms of syntax for giving the conputer instructions,
i ncl udi ng

- running a procedure with sone data and getting a result back

- giving a sequence of explicit instructions to make up a conpl ex
action

- using a conditional expression which does a test before acting

- a "loop" instruction which repeats sonme action until a "stopping
condition" is reached

0 The '"lexical' rules that define how Pop-11 breaks up programtext into
separate itens.

o the difference between syntax words, |ike "vars", "define", "if",
"->" "for", "then", "do", "enddefine", and variables which store data

o the difference between procedures that print sonething out for the
user to see, and procedures that produce a result internally to be
assigned to variables or used by other procedures.

o the difference between 'built in'
Pop- 11 | anguage, such as

procedures that are part of the

- the printing procedure "pr", and
- the arithmetical operations "+" (addition) "*" (multiplication)
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and the 'user-defined procedures created out of the built in ones, such
as the procedure display_data, defined bel ow

0 The use of coments in programcode, starting with ";;;"
o "Decl aring variable" warni ng nessages
o Error nessages printed out when a running programfinds a m stake

o Increnmental devel opment and testing of a package of related
procedur es.

If you are an experienced programrer the concepts will be famliar

t hough the syntax nay be new. For novice programers the concepts and
the syntax will be new. Later chapters will introduce concepts that

wi |l be new even for many experienced progranmers.

- The ROOVB DATABASE EX@NPIl @ - - - - -c=msmmmmmmmmimaocaoao oo

Suppose you have the dinmensions of a set of five roons in a building
whose nanmes are "rooml", "roonR", ... "roonb"

For each room you have neasured the | ength, the breadth and the height.

Suppose you want to be able to answer a variety of questions, for
i nst ance

0 questions about individual nanmed rooms, e.g. questions about the
perimeter, the total floor area, or total volune.

0 questions about all the roons

0 questions about all the roons that satisfy a certain condition (e.g
area greater than sonme given nunber).

Those are fairly easy problens to solve in many progranm ng | anguages.
W'l |l show how to do themsinply as a way of introducing the concepts
and techni ques of Pop-11

-- Prelimnary anal ysi s -------mmmmm i

First you have to find a way to represent the initial information, and
then you have to define procedures for operating on that information in
order to answer the questions.

There are nmany ways you can express this sort of information. Bel ow
you' Il see how to give the roomdinmensions to Pop-11 in the formof a
list of lists. The procedures for answering the questions then have to
use operations on lists.

The procedures to be defined in this introduction will each have a
header |ine, which indicates the nane of each procedure, the 'argunents
required by the procedure (i.e. data for it to operate on), and whet her
the procedure produces a 'result' for use by other procedures. The
latter may have an arrow "->" in the header followed by a variable
called an 'output variable' . An exanple is this procedure headi ng, which
wi Il be found bel ow.

define perim(len, breadth) -> total;
It defines a procedure called "perin' which takes in two arguments (the
value of the variable I en and the value of the variable breadth) and

then it returns one result, the value of the variable total. Sone
procedures do not have "->" and a followi ng output variable (result
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vari abl e) .

Sone of the procedures will use other procedures. For instance,

di splay_data will use display_room and display_roomwll use the
procedures perim area, volunme. Al these procedures will be defined
bel ow. If you have access to Poplog with an online version of this
docunent you will be able to mark and | oad the definitions and test out
t he exanpl es.

The procedures to be defined are summari sed thus:

di splay_data(list_of lists)
Gven a list of lists of information about roons print out
general facts about each one

di splay_roon{list)
G ven a list containing information about just one room
print out information about its nanme, its perinmeter, its
area and its vol une.

perim(l en, breadth) -> total

area(len, breadth) -> total

vol une(l en, breadth, height) -> total
The above three take in nunbers corresponding to neasurenents
of a particular room conpute a new nunber, and return it
as a result. (They leave it on the Pop-11 stack, instead of
printing it out.)

findroom(nane, list_of lists) -> data
G ven the nane of a roomand list of information about all roons
find the data about the naned roomand return it as a result.

find_and_show nane, list_of l|ists)
Li ke the previous procedure, but print out the information
instead of returning it as a result.

find_and_show_ al | (nanmelist, list_of_lists)
Do the sane not just for one named room but for the roons
whose nanmes happen to be in the Iist nanelist

-- . Representing roomdinensions using a list of lists

A maj or design decision for any programis (a) which information has to
be represented in the programand (b) how it shoul d be represented.

We assune that for each roomwe have four itens of information, nanely
its nane, in the formof a Pop-11 word, and three nunbers representing
its length its breadth and its height.

We shall represent individual roonms with a four elenent |ist, thus:
[roon2 16 11 8]

i.e.
[ <nanme> <l engt h> <breadt h> <hei ght >]

Note that unlike Prolog and sone ot her |anguages, Pop-11 does not al ways
require items in a list expression to be separated by commas. Later
we'll see contexts where conmas are needed.

Then we can represent all the roons by neans of a list of four el enent
lists of the formshown above. Note that we are using position in the
list to indicate the difference between |ength, breadth and height. W
coul d have used a nore verbose representation, such as

[roon2 [l ength 16] [breadth 11] [height 8]]
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or
[roon?2 [breadth 11] [height 8] [length 16]]

This freer format (called an 'association list') would have all owed the
information to be presented in a nore flexible form w th associations
stored in any order, but would take up nore space and would require nore
conmpl ex processing, so for now we'll use the sinpler representation.

This is how you m ght give Pop-11 information about the set of roons.
First we use the word "vars" to tell Pop-11 to declare a "global"
variable, called "roons". We sonetinmes use the nore accurate word
"identifier" rather than "variable". But for noww'll ignore the

di fference.

gl obal vars roons;

Then we construct a list of lists, giving for each roomits |ength,
breadth and height in feet (or whatever units we have chosen to work
with). Finally we use the assignment arrow "->" to ask Pop-11 to
"assign" the list to the variable "roons".

[[rooml 14 12 8]
[roon2 16 11 8]
[roonB 15 11 8]
[roomd 10 9 9]
[roonb 21 11 9]] -> roons;

In Pop-11 it is possible to conbine the assignment and the declaration
into an '"initialised variable declaration', thus:

gl obal vars roons =
[[rooml 14 12 8]
[roon2 16 11 8]
[roonB8 15 11 8]
[roomd 10 9 9]
[roonb 21 11 9]];

Not e that Pop-11 instructions can go over several lines, and a

sem -colon ";" is used to term nate nost decl arati ons and nost
i mperative instructions.

The above creates a very sinple "database" of information about five
roonms in the formof a list of lists of words and nunbers.

The occurrence of a pair of square brackets [ .... ] tells Pop-11 that a
list is to be constructed. Nesting the brackets tells Pop-11 to nake a
list of lists, as in this exanple.

If you are using VED you could mark that exanple, starting fromthe
"vars" line down to the second seni-colon, then give the "l oad narked
range" (LMR) command. (See TEACH LMR). Nothing visible will happen when
you have done that. But it will enable you to do the exanples that cone
later. You can check that it has been conpiled by giving the command to
print the value of the variable "roons" thus:

roons ==>
Thi s shoul d produce the followi ng printout:
** [[rooml 14 12 8]
[roon2 16 11 8]
[roonB8 15 11 8]

[roomd 10 9 9]
[roonb 21 11 9]]

TEACH PRIMER: Aaron Sloman's overview of Pop-11

36



The two asterisks are printed by the Pop-11 print arrows "==>" and "=>",
the forner being used to produce neater formatting when printing |ong
lists or other structures. "==>" prints only one (possibly conplex) item
at a time, unlike "=>" which can all the itenms that have been left on
the Pop-11 "user stack", described bel ow, and which does not fornmat
lists. This is how "=>" would print out the Iist

roons ==>
** [[rooml 14 12 8] [roonR 16 11 8] [roonB 15 11 8] [roomd 10 9 9]
[roonb 21 11 9]]

-- -- Lexical rules for reading prograns

Pop-11 (like any other textual progranm ng | anguage) has sone built in
"l exi cal analysis" rules, which specify how to anal yse a sequence of
characters into "text itens" or "lexical itenms", fromwhich a programis
constructed. Normally the text itenms are words, nunbers or strings. In
this exanpl e we have:

words |ike "roonl", "roonmR" etc.,
words that are made of a single square bracket, "[" or "]",

and
nunmbers, 10, 12, 8 etc.
The | exical analysis rules of Pop-11 state that a word starting with a

| etter may include a nunber, so that "roonl" is accepted as a single
word, not a word and a nunber, whereas "1roonf would be split into a

nunber and a word, i.e. 1 and "roonf. Many expressions typed without
spaces will be broken into separate text itens. For exanple:

x1+33 will be broken into: x1 + 3

nmenber (x, list) will be broken into: menber ( x, list)

A later chapter will give nore on lexical rules in Pop-11.

-- . Printing out the value of "roons"

We have decl ared "roons" as a GLOBAL variable. That is, it is not
decl ared i nside any procedure, unlike sone of the variables to be

i ntroduced below. This neans that it can be referred to at any tine,
and its value altered, or used, or printed out. E.g. we can give a
command to print it out, using the 'pretty-print' arrow ==>, thus:

roons ==>

If you are using VED you can get that command obeyed by marking the
line and then giving the | oad marked range comrand (or pressing the
LOADLI NE key). The conputer then prints out the value of the variable
"roonms", sonething like this (where the two asterisks are produced by
the print arrow "==>".

** [[rooml 10 12 8]
[roon2 6 11 8]
[roonB8 15 11 8]
[roomd 10 12 9]
[roonb 21 11 9]]

-- . Defining procedure display_data
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Let's start by defining a naster procedure, called "display_data", which
takes in alist of lists |like that above, then for each roomextracts
the nanme and the three nunbers representing the length, the breadth and
the height, and then prints out the nane followed by the perineter, area
and volune. So for roonB it mght print out sonething |ike:

Room 3, length 15, breadth 11, height 8, ..... etc.

If we already had a procedure called "display_room that took in a list
l'i ke

[roon3 15 11 8]

to print out the infornation regarding roonB, then we could repeatedly
use that procedure in display_data to print out information about each
room

Usi ng Pop-11 we could express this as foll ows:

We nmight define define display_data as follows, using two 'local"’
variables '"list_of lists' to hold the conplete list of information,
given as input to the procedure, and 'roomi to refer to the data for
each roomin turn:

define display_data(list_of lists);
| vars room
pr (' ROOM | NFORVATI ON' ) ;
pr(new ine);
;5; Now print information about each roomin the |ist
for roomin list_of lists do
di spl ay_roon(roon)
endf or;
Pr("--rmmrommomsomme e )i
pr(new ine);
enddefi ne;

This tells Pop-11 that a new procedure is to be defined.

1. The first line says that the procedure is to be called
"display_data', and that when it runs it requires as input one object
which, within the procedure, will be called "list_of _lists". The object
can be called anything else in other places: the name, or variable,
list_of lists is private, or 'local' to the procedure.

2. The second line declares the additional variable "roonf as "lvars" (a
speci al kind of local variable called a |lexical variable, explained in a
| ater chapter), The variable "roonmt' will be used to refer in turn to the
list of information about each room Since Poplog version 15 the input
variable "list_of _lists" in the procedure header will be automatically
declared as "lvars". In earlier versions it would default to "vars"”

(expl ai ned below), unless explicitly declared otherw se.

3. The third line says that the string of characters ' ROOM | NFORVATI ON
shoul d be printed out on the termnal.

4. The fourth line says that a "new ine" should be printed. That sinply
means that the next lot of printing will continue on a new line, instead
of to the right of 'INFORVATION .

5. The next line, starting ";;;" is a coment, which is ignored by

Pop- 11.

6. The next three lines give a Pop-11 looping (or iterative) instruction
of the form
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for <variable> in <list> do <actions> endfor

This tells Pop-11 that the <variabl e> should take a succession of val ues
fromthe elements of the <list> For each value it should performthe
<actions> specified. Wien there are no nore values, i.e. when it has got
to the end of the <list> it should continue with the instructions

foll ow ng "endfor".

In the definition above, this "for" instruction uses the local variable
‘room to refer to the first elenent of the list, then the second
element of the list, then the third elenent, etc. It does not matter how
long the list is each element will be referred to in turn, and the
repetition (or "iteration" as it is sometines called) will continue as

| ong as necessary, till every room i.e. every individual list in the
larger list_of lists has been dealt with by display_room

Thus when you design this procedure you do not need to know how nany
rooms wWill be in the list.

The instruction in the niddle of the "for |oop"

di spl ay_roon(roon)
states that the procedure called 'display _room should be applied to
whatever is referred to by 'rooni.

But di splay_room has not yet been defined, and we shall have to define
it later.

7. The next instruction tells Pop-11 to print a string made of a | ot of
hyphens.

8. Finally the word "enddefine" nerely signals the end of the procedure
definition.

Notice how the word "define" starts a procedure definition that ends
with "enddefine" and the word "for" starts a loop instruction that ends
with "endfor". There are many simlar pairs of matching opening and
closing brackets in Pop-11. Mst |anguages have such things but they
differ fromone |anguage to another in their details.
I f you have access to Poplog you can "mark and | oad" the above
procedure. It will conplain that you are using display_room which has
not yet been defined. It will declare the variable automatically for
you, and print out

;7 DECLARI NG VARI ABLE di spl ay_room
You can try to run display_data neverthel ess, giving the comand:

di spl ay_dat a(roons);

Try to mark and do that command. It will start by printing out
ROOM | NFORVATI ON

Then it will try to run the "for |loop" and you will get an error nessage
starting

755 MSHAP - enp: EXECUTI NG NON- PROCEDURE
755 INVOLVING  <undef display_roons

Later you will learn to read error nessages. For now just note that this
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one is produced because you tried to get the procedure display_data
run, but it failed because it used the procedure display_room which you
have not yet defined.

You can give display_rooma tenporary definition, thus, to suppress
t he above nessage:

define display_roon{roomn;
;;; Note "room' is inplicitly declared as "lvars roonm"
75, simply print the list room followed by a new line
pr(room;
pr(new ine);

enddef i ne;

This is not very interesting, but it can be used to test the previous
definition. Note that each line beginning ";;;" is a 'coment' and wll
be ignored by Pop-11.

If you are using VED, then first mark and | oad the above definition of
di splay_data, then re-try:

di spl ay_dat a(roons);

This tine it should print out the follow ng instead of the error
nessage:

ROOM | NFORVATI ON
[roonl 14 12 8]
[roon2 16 11 8]
[roonB8 15 11 8]
[roomd 10 9 9]
[roonb 21 11 9]

-- . Defining the subroutine display_room

We now have to define the procedure display_roomto give nore
interesting information. Look back at the list of information assigned
to the global variable 'roons'. It was a list of lists. Each enbedded
list contained the nane of a roomand three nunmbers, from which we want
to be able to conpute things |ike perineter and area of the room and
print them out.

So we define display roomto cope with such a four-elenent list, as its
i nput .

Using the built in printing procedure 'pr' and three procedures we shall
define later, for conputing perineter, area and volune, we could
re-define the procedure display_roomlike this:

define display_roon{list);
;7. Print out information about the roomgiven in |ist
Ivars list, roomnane, roomlength, roomw dth, room height;
list(1l) -> room nane;
list(2) -> room.length;
list(3) -> roomwidth;
list(4) -> room height;
pr (' 1 NFORMATI ON CONCERNI NG '); pr(room nane);
pr(new ine);
pr(' perimeter is: ');
pr(perimrooml|ength, roomw dth));
pr(new ine);
pr(* areais: ');
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pr(area(roomlength, roomwdth));
pr(new ine);
pr(" volume is: ");
pr (vol une(room.| ength, roomw dth, room height));
pr(new ine);
enddef i ne;

(Note: this could be defined considerably nore conpactly, using nore

powerful facilities, some of which will be explained bel ow. The input
variable "list" has been explicitly included in the Ivars declaration
list, though since Poplog Version 15 that is redundant.)

If you mark and | oad that procedure it will conplain that you have
yet to define perim area, and volune, but it will automatically declare
them for you

;+; DECLARI NG VARI ABLE perim
;;; DECLARI NG VARI ABLE area
;+, DECLARI NG VARI ABLE vol une

Let's look at the definition in detail. The first line says a new
procedure is being defined called 'display room. Wen it runs it nust
be given one thing as input, which will be referred to as 'list' in the
procedure. The second line, starting ";;;" is a comment, ignored by
Pop- 11.

The next line declares the input variable list, and four additional
nanes of local variables to be used in the procedure:

Ivars list, roomnane, roomlength, roomw dth, room height;

The next line is an inperative which says, take the first elenment in
the object called 'list' and assign it to the variable 'roomnane',
whi ch can then be used later in the procedure to refer to it:

list(1) -> room nane;

Notice that the expression '"list(1)' can be used to refer to the
first elenent of alist. Simlarly '"list(2)' refers to the second
el enent, and so on.

To avoi d repeatedly having to extract the second el ement we use the
assignment arrow to store the result in a variable 'roomlength',
which is used several tinmes in the procedure. Simlarly with the
remai ning itens of infornmation.

In a later chapter we will see that there are alternative nethods of
extracting selected elements of a list using the Pop-11 pattern matcher.
In this case, since we want to get all the elements out of the list and
assign themto four variables, we can use a still nobre nore conpact form
based on the nultiple assignnent operation in Poplog, and the "expl ode"
procedure which sinultaneously returns all the elenents of a list on the
Pop- 11 stack:

expl ode(list) -> (roomnanme, roomlength, roomw dth, room height);
Try replacing that line with the four assignments in the definition, and
reconpile it.

Goi ng back to the original definition of display_room we see that Line
8 of the definition has two inperatives,
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pr (' | NFORVATI ON CONCERNI NG '); pr(room nane);

whi ch print information on the screen. The first instruction includes a
string delinmted by the single quote character ', also known as the
string quote character in Pop-11. Al the itenms in the string are
printed by the procedure pr, exactly as they are given.

By contrast the next instruction uses the unquoted variable "room nane".
so instead of printing "roomnane" it prints the VALUE of that variable,
which, if our programis working, will be a word, e.g. "rooml" or
"room", etc., depending on which list is given as input to

t he procedure display_room

The inperative:

pr(new ine);

Causes subsequent printing to be started on a new |ine.

Aline like the following sinply prints out a string, which in this case
al so include several spaces:

pr(' perimeter is: ');

The next inperative:

pr(perimrooml|ength, roomw dth));

This is actually conposed of two instructions. The first is

peri m(room.| ength, roomw dth)
gives the values of "roomlength" and "roomw dth" to a procedure
called "perimi (yet to be defined, since it is not built into
Pop-11), and expects that procedure to produce one RESULT. That is
fol |l owed by

pr{ ... );
whi ch takes the result and prints it. E. g. if roomlength has the val ue
16 and roomw dth has the value 12 then this should print out 44. Here
we are using the expression

peri m(room | ength, room w dth)

to refer to the nunber which is the perineter of the room So when we
define the procedure called "perinf, we have to ensure that it produces
a result which is a nunber, i.e. sonething which will be referred to by
this sort of expression, and printed.
The remnai nder of our procedure uses simlar techniques, first using
the procedure area, which has yet to be defined, then a procedure

vol unme, also to be defined. Note that the |ine:

pr (vol ume(room | ength, roomw dth, room height));

inmplies that VOLUVE will be given three inputs, not two |ike the others.
-- . Defining the procedure perim

Here is how you m ght define perimto calculate the perineter. It
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shoul d take two nunbers, add them then nmultiply by 2 to get the
total perimeter, which is then the result of the procedure.

define perim(len, breadth) -> total;
Ivars len, breadth, total;
(len + breadth) * 2 -> total
enddefi ne;

If you are using VED, mark and | oad that procedure. (If you are using
Popl og version 15 or later, the "lvars" line is not needed.)

The first line has two new features. First we are here defining a
procedure with two input variables 'len' and 'breadth', not just one
as before. (Note: we cannot use 'length' for the first argunent, as
that's already a nanme of a Pop-11 system procedure. |If we used
"length’ we'd get a m shap nessage. Hence 'len'). Secondly the
procedure header ends with '-> total', which inplies that this
procedure is to produce one result. What that result will be will
depend on what is assigned to the variable "total' in the procedure.

The occurrence of '-> total' in the header is not itself an
assignment. It is nmerely an indication of how the variable "total"
is being used in the procedure. |.e. it is an 'output |ocal’

vari abl e, whereas "len" and "breadth" are 'input |ocals'. Al though
the output |ocal declaration |ooks |ike an assignnent, it does not
cause the procedure to assign anything to the variable. Rather it
indicates that after the procedure is used there will be a 'result’
avai |l abl e, and the user nust take care to assign sonmething to the
variable "total" within the procedure, to be used as the result.

We can test the procedure thus, using "==>" to print out the result:
perim5,3) ==>
* % 16

(Mark and load that comand. Try it with different nunbers to nake sure
it always gives the right answer.).

Actual ly, "==>", the 'pretty print' arrow is not needed for printing
out something as sinple as a nunber. It is intended for printing
nore conpl ex structures, like lists of lists. So in this case, we

could use the sinple print arrow "=>", thus:
perim5,3) =>
* % 16

Pop-11 has many built in procedures besides "+" and "*" which can be
used to create either conpl ex expressions or conplex inperatives.
More of themw Il be introduced |ater.
-- . Defining the procedure area
Simlarly we can define AREA, using the multiplication synbol "*":

define area(len, breadth) -> total;

len * breadth -> total;
enddef i ne;

;;, and now test it:

area(18,12) =>
** 216
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Prior to Poplog version 15 the procedure header should be foll owed by

lvars len, breadth, total;

-- . Defining vol une:

define volune(len, breadth, height) -> total;
len * breadth * height -> total;
enddef i ne;

Mark and load that, and test it:

vol ume(5, 5,5) =>
** 125

Havi ng defined all the required subsidiary procedures, we can now test
di splay_room renenbering that it requires a list of information about
one room

di splay_room([rooml7 9 6 7]);

And this conmand causes the following to be printed out:

| NFORMATI ON CONCERNI NG roonil7
perimeter is: 30
area is: 54
volune is: 378

We could arrange 'prettier' formatting, but for now we shall ignore
that. We can now run the master programon the list roons, which we
created above. Just to check, we can print out the contents of the
list:

roons ==>

** [[rooml 14 12 8]
[roon?2 16 11 8]
[roonB8 15 11 8]
[roomd 10 9 9]
[roonb 21 11 9]]

Wiere the asterisks are again produced by "==>". Then run the master
procedure, giving it the list roons as input:

di spl ay_dat a(roons);

mark and | oad that, which produces all the follow ng printout:

ROOM | NFORNMATI ON

| NFORMATI ON CONCERNI NG r oontl
perinmeter is: 52
area is: 168
vol unme is: 1344

| NFORMATI ON CONCERNI NG r oon®?
perimeter is: 54
area is: 176
vol ume is: 1408

| NFORMATI ON CONCERNI NG r oonB
perimeter is: 52
area is: 165
volume is: 1320
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| NFORMATI ON CONCERNI NG roonm#t
perimeter is: 38
area is: 90
volune is: 810

| NFORMATI ON CONCERNI NG r oonb
perineter is: 64
area is: 231
vol une is: 2079

Notice that only two of our procedures do any printing, nanely

di spl ay_data, and display_room The procedures perim area, and vol ume
produce RESULTS which they do not print out thenselves. Instead they

| eave their results on the Pop-11 stack, explained in a |later chapter.
Items left on the stack can then be used by other procedures.

In this case, the results are printed in display_room They could have
been used for other purposes. For instance, we could use area to define
volune, by first conmputing the area, and then multiplying by the height:

define volune(len, breadth, height) -> total;
area(len, breadth) * height -> total;
enddef i ne;

Here 'area(len, breadth)' produces a result, which is then nmultiplied by
the value of 'height' to produce the volunme. This version of volunme
shoul d produce the sane results as the previous version.

-- "Top down" and "Bottomup" design -----------------“------“-----------

The above exanple illustrated the use of "top down" design. W started
with a specification and definition of the main procedure display_data
then defined the procedure used by it, display _room then defined the

| onest | evel procedures used by that one, i.e. area, perim volune.

However, there are sone things that were already defined as part of the
Pop- 11 | anguage, in particular the print procedure "pr" and the
arithnetic procedures for addition and nultiplication: "+" and "*"

A design nethodol ogy that starts by defining the "low | evel" procedures
then noves up towards nore and nore conpl ex procedures using those

al ready defined is called "bottomup design". Mst real life software
devel opment uses a mixture of top down and bottom up design. Top down
design is usually possible only when you start by having a very clear

i dea of the problemand howto solve it.

Whet her you do your programmng top down or bottomup, it is absolutely
essential to be clear about the "ontol ogy" of your problem This

i ncludes the following topics, not all of which will be relevant to
every problem

What ki nds of objects are there?
What sorts of properties can the objects have?
What sorts of relationships can the objects have?
What sorts of events or processes can occur involving those objects?
What sorts of problenms can arise involving those objects?
What al gorithnms, or procedures are required to solve those
probl ens?

Whi ch of these would be relevant to the rooms exanple so far?

-- Exercise on the ROOMS exanple ------------------------------
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The roons exanple illustrates features of Pop-11 which need to be
explained in nore detail later on. The follow ng exercise should test
your understanding so far.

1. Modify the programso that in addition to the information shown above,
the di mensi ons of each roomare printed out, before the perineter.

You will need to work out which procedure should be nodified, and how to
modify it. Al the techniques required have already been denonstrated.

Sone further questions for revision:
2. Explain what the '"for....endfor' form achieves.

3. What is a local variable? Wat is the difference between an input
| ocal and an output |ocal? How are additional |ocal variables declared?
(More on this in later chapters.)

4. In the left half of the inperative:

area(len, breadth) * height -> total;

there are five expressions denoting nunbers. Wat are they? Hint: here
are two of them

breadth, area(len, breadth),

5. Explain the difference between '->' in a procedure heading and in an
assi gnment instruction. One of them causes a value to be copied fromthe
Pop-11 stack to a variable. The other specifies that a value should be
left on the stack when a procedure finishes. Wich is which?

6. What are lexical rules for? How many separate itens would the
Pop-11 lexical rules find in the follow ng line:

[roonB 44hat 999+x ]

Hint: you can find out by printing it out thus:

[roonB 44hat 999+x ] =>

or using listlength, to count the itens, thus:

l'istlength([roonB 44hat 999+x ]) =>

7. Suppose you wanted to be able to answer questions about which roons
were connected to which, and questions about which roons you had to pass
through to get frome.g. roonl to roomd. (This could be essenti al
information for an adventure-ganme program or a route-planning progran).
How mi ght you enrich the ontol ogy of the problen? E. g. what additional
obj ects, properties and relationships mght be involved? How woul d you
represent the additional information in the the "roons database", i.e.
the list of lists of information about roons? (There are several

di fferent ways of doing this. Try to invent one.)

A possi bl e answer: suppose that the roons are all rectangul ar and
aligned with the conpass points. Then a roomthat is connected to

roonb via its eastern wall could have the followi ng information added to
its list:
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[ east roonb]

Try drawi ng a plan of a house, including a corridor and sorme roons, and
then see how you can represent the roons, the corridor, and their
connectivity. Wat about the external doors? Wuld the above
representati on of dinensions as |length, breadth and hei ght adequately
show the configuration of each room or which a different representation
be better?

-- Searching for information in the "roons" database ------------------

In our exanple so far, we have used all the information in the |ist
roons in a rather verbose fashion. If we wanted to find information
about a particular room e.g. roonB3, we could use our know edge of

the order of the items in the list roons, and get the third el enent and
give it to display_room using the expression 'roons(3)' to denote the
third elenent of the list called 'roons', thus:

di spl ay_roon{roons(3));

| NFORMATI ON CONCERNI NG r oon8B
perimeter is: 52
area is: 165
vol unme is: 1320

But if we do not know the order in which information is stored, then
we can define a procedure to search in the list for infornation about
the roomrequired. W want a procedure called findroom which

a. takes two inputs:
a room nanme and
a list of data about all roomns
b. produces the list of data for the named roomas its result

For exanpl e

findroon{"roonB8", roons)

shoul d produce as its result, to be left on the Pop-11 stack, the list
[roon3 15 11 8]

W can do this, using techniques already illustrated, by using a "for"

| oop, and exam ning each piece of roominformation in turn until we find
one whose first elenent is the name of the required room At that point
we can stop the search, using the "return()" command. If we get to the
end of the list without finding the relevant room produce a "m shap"
nmessage.

define findroom nane, list_of lists) -> data;
;;; search list_of _lists for a list starting with name

for data in list_of lists do
if data(l) = nane the
return(); ;;, i.e. stop the procedure
endi f;
endf or;
;. produce a m shap nessage
m shap(' DATA NOT FOUND' , [“nanme ~list_of lists])
enddefi ne;

W have again used the format:
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for <itenr in <list> do <action> endfor

This time instead of the <action> containing a single sinple instruction
that is to be obeyed with every roomit contains a conplex construction,
with a part that is to be applied only if a condition is to be
satisfied. The <action> is a conditional inperative, of the form

i f <condition> then <action> endif
Later we'll neet alternative forns of conditionals. The action in
this case is sinply to 'return', i.e. to junp to the end of the
procedure. Because 'data' is specified as an output local variable in

the procedure header, the value of 'data' which nade the condition

data(l) = nanme

true will be the result of the procedure. In other words the result

will be the list of information about the roomw th the nane
speci fi ed.
We can test findroomas follows using the word-quote synbol '"' to

say that the first input given to findroomis a word, not its val ue.
We use the print arrow '=>" to print out the result produced by
findroomand left on the stack.

findroon("roon8", roons) =>
** [roonB8 15 11 8]

findroon("roonb", roons) =>
** [roonb 21 11 9]
Alternatively the output of findroomcan be given as input to

di splay_room e.g.

di spl ay_roon{ findroonm("roonb", roons) );

(Try that.)

And if we give it a roomwhich can't be found we get a mi shap
nmessage:

findroonm("rooml7", roomns) =>
77, M SHAP - DATA NOT FOUND

755 INVOLVING  rooml7 [[roonl 14 12 8] [roonR 16 11 8] [roonB 15 11
8] [roomd 10 9 9] [roonb 21 11 9]]

vy, FILE : /hone/staff/aaron/priner LI NE NUMBER 2310
7 DO NG : findroom.......
The nessage will contain nore information, and will have a different

file name and |ine nunber for you. The extra information can be ignored
for now, though it may be rel evant when debuggi ng conpl ex prograns.
This 'm shap' nessage is produced by the line in our procedure
definition which invokes the built in procedure called "m shap" (which
is actually re-definable by the user, if different error handling is
required.)

At this stage it may be difficult to understand everything in the

definition of the procedure findroom After reading |later chapters on
i st processing, conditionals, and | ooping constructs, it may be useful
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to I ook back at this chapter, which nay then nake nore sense.

Findroomis sufficiently general to be given different lists of roons on
different occasions. W can use it to define a nobre conpl ex procedure
called 'find_and_show to print out the data concerning a given room
This procedure is to be given the name of a room (a word) and the I|ist
of information about all roons. It uses findroomto dig out the list of
data about the particular room and gives that to display_room for
printing. Here is a possible definition of find_and_show

define find_and_show(name, list_of _lists);
di splay_roonm( findroom(nanme, list_of lists) );
enddef i ne;

Notice that the two itens given as input to find_and_show are sinply
handed on as input to findroom The latter produces a result which is
used as input for display _room The sane thing could be said |ess
conmpactly, though perhaps nore clearly, by using an extra local variable
"room' in the procedure below, to hold the result produced by findroom

define find_and_show(nane, |ist_of_|ists);
| vars room
findroom(nane, list_of lists) -> room
di spl ay_roon{room;

enddefi ne;

To test the procedure, we can type:

find_and_show "roon2", roons);

Wi ch produces the followi ng printout:

| NFORMATI ON CONCERNI NG r oon?
perimeter is: 54
area is: 176
vol ume is: 1408

Note that find _and _show does not produce a result (it has no out put
| ocal variable, and | eaves nothing on the Pop-11 stack). Instead it does
some printing via display_room

Because find_and_show produces no result our test inperative instruction
does not use the print arrow "=>" to print out a result. Instead the
instruction is termnated with a sem -col on.

-- Finding several rooms ------------mmmm o

If we wanted to dig out information about not just one room but

about several, then we could define a procedure to take a list of
the nanes of wanted roons, as well as the nmaster list, and search
for each required roomin turn, using find_and_show

define find_and_show all (nanelist, I|ist_of_lists);
| vars nane;
for name in nanelist do
find_and_show nane, list_of_lists)
endf or
enddef i ne;

We can test it, by giving it a list of two room nanes and our gl obal
list_of _lists:
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find_and_show all ([roon2 roon¥4], roons);

whi ch prints out:

| NFORMATI ON CONCERNI NG r oon®
perimeter is: 54
area is: 176
volume is: 1408

| NFORMATI ON CONCERNI NG r oon#
perinmeter is: 38
area is: 90
vol une is: 810

You may already be able to see that we can define procedures which are
much nore flexible than this. In this exanple we always dig out the sane
sort of information, even though it nay be about different rooms. W
coul d define procedures which produce different sorts of information.
E.g. given a width, find all the roons with that width, or find all the
roons which have a given Iength and height, etc.

Later we shall see that use of the Pop-11 matcher woul d nmake this
sort of flexibility nmuch easier to achieve.

- EXerCiSes ----mmmii i

Bef ore attenpting these exercises, sone readers may find it hel pful
to read the next chapter.

1. Modify the above exanples to define a procedure called

roons_wi th_| ength which instead of being given the name of a roomis
given a length, i.e. a nunber. It should print out the nane of every
roomw th that |ength.

You coul d nodel the definition of rooms_with_length on the definition of
findroom It would use a simlar |ooping structure, but instead of
testing whether the first element of each roomis the required nane, it
woul d test whether the second elenment is the required | ength. And

i nstead of stopping (using return) it would then print the nane and
continue round the | oop.

2. The procedure find_and_show all could be very inefficient. For
each roomnane it initiates a new search down the |ist, using
find_and_show. If the list of roomdata is very long, this could be
very wasteful.

Try defining a new version of find_and_show all which is essentially
like findroom but nodified to take a list of names instead of just one
nanme. Further it would not have a output |ocal variable, since it would
print relevant information instead of producing a result. Two further
nmodi fications of findroomw Il be needed. The call of mshap at the end
shoul d be renoved, and the conditional

if data(l) = nane then
return(); ;;; 1.e. stop the procedure
endif;

will need to be replaced by sonething equivalent to the follow ng,
(which is not Pop-11):
if data(l) is a nenber of the list of nanes then

di spl ay_roon( dat a)
endi f;
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There is a procedure called 'menber' in the Poplog system which
takes an itemand a list and produces the result TRUE if the itemis
in the list, false otherw se. So

nmenber ("roomd", [roonR roomd rooml7])

woul d be an expressi on denoting the object true, whereas

menber ("roonb", [roon2 room# rooml7])
woul d denote the object false. You could use a conditional starting
sonmet hing |ike

i f nenber(data(l1l), namelist) then

3. If the procedure called 'nmenber' did not already exist in Pop-11

you coul d define it using concepts already illustrated. Try defining
a procedure called '"iselenent' which takes an object and a |ist of
obj ects, and searches down the list using "=" to see if the given

object is the same as an elenment of the list. |If so stop searching
and produce the result TRUE, using the inperatives

true -> result

return();
If you get to the end of the list without finding the given object then
the last action would be

false -> result
The search process could use the "for ... endfor' syntax. Wen

tested your procedure should behave |like this:

i selement("cat", [nouse cat dog]) =>
** <true>

1
\Y

i sel ement ("pig", [nouse cat dog])
** <fal se>

iselement(4, [a1lb2c3d4eb5]) =
** <true>

i selement (99, []) =>
** <fal se>

A procedure like iselement that returns a boolean (i.e. true or false
result) is called a "predicate". Pop-11 has nmany built in predicates for
testing individual objects (e.g. isinteger, islist, isword, isstring

i sprocedure, and many nore) and al so 'binary' predicates for testing

rel ations between things, including the arithrmetical relations '<',

"> nenber(item list), issubstring(stringl, string2), and many nore

The nost conmonly used binary predicates are "=" for testing equality of
structures, and "==" for testing strict identity of objects. Two
structures with the same conponents can pass the "=" test and fail the

" "

==" test, for exanple two strings with the sane characters:
"the cat' = "the cat' =>

** <true>
;;; the following returns fal se because they are two distinct strings
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"the cat' == '"the cat' =>
** <fal se>

-- Type-less higher order procedures ----------------------oooooooo
This section is best onitted by begi nners.

Notice that in Pop-11 (like Lisp) a procedure |ike nenber (or iselenent)
can be defined to take any sort of object and any sort of |ist of
objects. In a '"typed' |anguage |ike Pascal you would have to define one
version of the procedure for lists of nunbers, another for |ists of
words, another for lists of lists, etc. This kind of generality is one
of the things that gives Pop-11 its power.

Anot her exanple is the library procedure syssort. This takes a list and
an ordering predicate, and returns a copy of the list that has been
sorted according to the ordering predicate. For exanple, this will sort
a list of words or strings al phabetically:

syssort([the cat sat on the mat], al phabefore) =>

** [cat nmat on sat the the]

One can define a predicate that orders two lists L1 and L2 according to
whet her the second itemof L1 is al phabetically earlier than the second

itemof L2
define second first(listl, list2) -> boole
if list1l(2) < 1list2(2) then true else false endif -> boole
enddefi ne;

or nore concisely

define second first(listl, list2);
al phabefore( list1(2), list2(2) )
enddefi ne;

We can use this ordering predicate to sort a list of lists

syssort([[a d] [c a] [e b] [f c]], second_first) =>
** [[c a] [eb] [f c] [ad]]

syssort is an exanple of a second order procedure, since one of its
argunments is a procedure, which it uses internally. It is very genera
because it can be applied to many different conbinati ons of types of
lists and ordering procedures. syssort is a type-less procedure: it can
only be applied to a list and a procedure, but the list can contain

obj ects of any type, and the procedure can be of any type that is
suitable for the elements of the list. It is even possible to have a
list of elements of different types, provided that the ordering
procedure inmposes a suitable ordering on them

This is a snmall exanple of the sort of power and nodularity that cones
fromusing a | anguage that treats procedures as objects that can be
given to other procedures, and which does not require all type
information to be avail able when a procedure is defined. H gher order
programm ng of this kind can nake software devel opnent and nai ntenance
nore effective because the same procedure can be re-used in many
different contexts

It mght be thought that this freedomfromtype restrictions makes

Pop-11 an unsafe | anguage: the answer is that the types are checked at
run tine instead of conpile tinme. The second argunent that is given to
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syssort will check that the elenments of the list are of the right type
If the types are wong, an error nmessage i s produced.

75, This will nmeke al phabefore conpl ain because it gets a nunber
syssort([ 21 4 3 55 22], al phabefore) =>

77 M SHAP - STRI NG NEEDED
7o TNVOLVING 21
7, DO NG . al phabefore get _run syssort

Sonetimes it is easier to produce bug-free prograns if the type checking
is postponed till run tinme than if very conplex checking is done at
conpile time and then a conpiled programis produced that is ASSUMED to
be safe to run. In sone cases the assunption may turn out wong. Ruling
that out can nmeke a | anguage extrenely restrictive and inflexible to use
for conplex software

In the next chapter we shall give a sonmewhat nore formal introduction to
Pop-11, defining in nore general ternms sonme of the constructs
illustrated here.

First here's a sinplified overview of the Pop-11 virtual nachine

-- POP-11 : A MNIMAL MODEL - - - - mmmmmmmmm o e o e e e e
Added 11 Cct 1997

-- -- Introduction

Under st andi ng Pop-11 requires understanding at |east the syntax and
semantics of Pop-11.

-- -- 1. The syntax of Pop-11.

Chapter 2 of the PRIMER includes a | ot of information about the syntax,
i ncl udi ng:

The " “lexical'' syntax, i.e. how the stream of characters read into
Pop-11 is broken up into ““lexical itens'', or "“text itens'',

i ncluding: words, strings, and nunbers. (See also HELP WORDS,

HELP STRINGS, HELP NUMBERS).

The "“conpositional'' syntax, i.e. howthe text itens can be

conbined in various ways to form nore conpl ex programm ng constructs
e.g. variable declarations, procedure definitions, procedure

i nvocations, |ist expressions, vector expressions, comands, coments,

the use of infix operators like "“+ "', “"-'"" ““<>'!
etc. (Experienced students can try |ooking at REF POPSYNTAX)

-- -- 2. The senmantics of Pop-11

Chapters 2 and 3 of the primer give a lot of information about the
semantics of Pop-11 incl uding:

Sone of the types of structures that can be created and nani pul at ed
by Pop-11 prograns.

Sone of the types of processes that can be generated by running
Pop-11 prograns. (See al so TEACH STACK).

The differences between the ““conpile tinme'' semantics (i.e. the
processes that occur when a programis being read in and transl ated
into machine instructions) and the ““run time'' semantics (i.e. the
processes that occur when your program has al ready been conpiled, and
starts running).
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These notes provide additional information about what happens when
decl arations are conpiled and when procedures are running

-- -- The Pop-11 "“virtual machine'

When Pop-11 starts up space is allocated for it in the conputer. Sone
of the space may be in the main menory of the conputer (RAM, sone in
tenmporary disk files. Where the space is allocated may change while the
programis running. (Sone parts of the Pop-11 systeminclude bits that
your progranms cannot alter, so their space can be shared with

ot her users, saving nmenory in the machine.)

Pop- 11 breaks up the space into different areas which have different
functions. These are parts of the Pop-11 "““virtual nachine''. Wen your
programis conpiled, and when it runs, it causes changes to occur in the
virtual machine

The actual virtual machine is quite conplicated because it is designed
to support a variety of types of |anguages (including Lisp, Prolog and
M), and also interactions with the operating system the file system
the wi ndowi ng system and renote nmachi nes. However, a subset explained in
nore detail belowis fairly easy to understand, consisting of six parts
of the virtual machine

1. The dictionary, containing words (some of which are

vari abl es, sonme Pop-11 syntax words, and some sinply words used as
synbols to be mani pul ated or printed out),

2. The set of ““built-in'' procedures,

3. The " “heap'' where new procedures and structures are created
i ncluding tenporary ones.

4. The procedure-call stack (procedure-activation stack)

5. The user stack (sonetines just called “~“the stack'')

6. | nput and output channels for communicating with the termnal.

Al of these can change, both while progranms are being conpiled and
whil e they are running. However during the running of the programit is
nornmal |y the [ ast four which change.

-- -- The dictionary

The dictionary includes (anong ot her things):

0 Syntax words known to Pop-11, including ““define'', " “enddefine'',

SSPfr, CSfortt, Ctendfor't, Ctvars't, CS(C, )L [, 1t
B T

o0 Procedure names known to Pop-11, including ““readline'', “~“mshap' ',
““vedteach'', ““pr'', “"sqrt'', “"hd'', ““last'', ““randomi', and infix
procedure nanes, like *““+'', "ottt T a0ttt

o Narmes of global variables defined in the Pop-11 system or by your
program

0 G her words which do not have any " “neaning'' for the program but
are used as synbols, e.g. in alist printed out by eliza, or a list of
words typed in by the user in answer to a question. These words do not
have a ““value'' cell associated with them unlike variables, procedure
nanmes, and sone of the syntax words. E.g. the list [the cat]

contains two words which are put in the dictionary, but need not have
any associated value (unless they are |later used as variabl es).
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When the Pop-11 conpiler reads a declaration |like the follow ng,

vars listl, list2;
it adds the words “~“listl'' ““list2'', to the dictionary, specifies (in
the dictionary) that each word is a variable, and associates with it a
default value, i.e. an "~“undefined ' value, which prints as <undef

listl> for exanple. Later an assignment using the format -> listl, may
assign sonething to the variable and that will change the contents of
the value cell for that variable. The picture shows two user variabl es
nunml and nunm? whi ch have been assi gned nunbers as val ues.

-- -- Built-in procedures

When Pop-11 starts up it has many built-in, previously conpiled
procedures, e.g. all the syntax procedures used by the Pop-11 conpiler
and procedures for creating and nmani pul ati ng words, strings, arrays,
lists, vectors, nunbers, buffers in the editor, graphical w ndows, etc.
These are in a "“permanently allocated'' portion of the Pop-11 virtua
machine. |.e. you can't renopve them

-- -- The heap: for structures which may change

When your programcreates a list, e.g. using expressions like these

[the cat sat on the mat]
[ perhaps in your fantasy we .”".list each other]

as an eliza program m ght do, then the list is assenbled using |ocations
in the heap (explained in TEACH WAL).

A ““pointer'' to the list is put on the user stack, i.e. an interna
synmbol with the address of the list (the place in the heap where it
starts) is put on the stack. An assignment or a procedure requiring an

i nput value, nay renove it fromthe stack, while it renmains in the heap
Later, if your programruns out of heap space, a special procedure
called the “~“garbage collector'' is automatically invoked. It may decide
that nothing in your program can access that list any nore (e.g. none of
your variables has the list as its value, and none of the other lists
that your programcan still access includes the list). In that case the
space Wi ll be cleared and can be re-used for something el se

(One source of inefficiency in prograns is creating unnecessary
tenporary structures and giving the garbage collector too nuch to do.)

Besides lists, Pop-11 prograns can create nany other types of objects
sone described in the Priner, Chapter 2. E.g. each Ved buffer is a
““vector'' of strings, stored in the heap

-- -- The procedure call stack

When you have started up Pop-11 and the editor, Ved, there are already

several procedures ““active''. First there are procedures that set up
Pop-11, and find out what you want to do. |If you specify that you want
to run the editor, the setup procedures wll invoke Ved procedures, and

just wait until Ved finishes before they do anything else, such as close
down Ved wi ndows and term nate the Pop-11 process.

I f you have created and conpiled the conversational procedures specified
in TEACH RESPOND, you can then run your procedure called converse

Ved will hand the instruction to Pop-11, which will start the procedure.
Converse may then invoke other procedures, e.g. a procedure to
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find out the user's nane and print a greeting, the readline

procedure to read in a sentence typed by the user. It may then invoke
the respond procedure (defined by you) to work out how to reply.

That procedure might call (i.e. invoke) the system procedure

mat ches to deci de what sort of sentence the user typed in.

At that point several procedures are all active, as shown
(approximately) in the picture of the procedure call stack (in the
printed version of this Priner), where each procedure is waiting for the
one above it (which it invoked) to finish. Only the one at the top is
actual ly doing anything, and as soon as it has finished, it is renoved
fromthe top of the call stack and the one below it continues
imediately with the next instruction. That may call yet another
procedure, which will then go on the call stack.

Thus the contents of the call stack are constantly increasing and
decreasing. For each active procedure (either running, or waiting to
continue) the call stack needs information about which procedure it is,
what its next instruction is, whether it has “~“local'"' variables (lvars)
and if so what their current values are.

If you get a MSHAP, the ""DONG "' line tells you which procedures were
in the procedure call stack (apart from  “system' procedures which are
not printed out).

-- -- The user stack

If a procedure (e.g. readline) creates a list, the list is created

in the heap, and a pointer to it (its address in the heap) is put on top
of the stack. Then another procedure can get the last item constructed,
by examining the top of the stack. E.g. if this command is run, then

readl i ne() -> sentence

the procedure readline pauses while the user types things.

Pressi ng RETURN wakes up readline), so that it reads the

characters fromthe term nal input channel (possibly via the editor),
breaks themup into words, assenbles theminto a list in the heap, and
puts its address on the stack. The assignnent operation noves the
address to the value slot currently associated with the variable
“Tsentence' .

The value slot is in the dictionary if ““sentence'' is a global
variabl e, declared with vars or in the current procedure
activation record if it is a local variable declared with |vars.

"TArgunents'' can be passed to a procedure via the user stack. E.g. if
converse includes the command,

respond(sent ence) =>

that first of all puts the value of the variable sentence on the stack,
t hen suspends converse and runs respond. The latter takes the item off
the stack and then does things with it (e.g. if it's alist, the words
init my be used to decide how to reply). Wen finished respond puts
another itemon the stack, its result. Then the print arrow => procedure
takes it off, prints it through the output channel (a character at a
time), and then converse continues with its next instruction.

TEACH STACK gives a |l ot nore information about how procedures use the
st ack.

-- -- Input and output channels
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These are used for reading in characters typed at the termnal, and for
printing out characters, e.g. in the formof words, or nunbers, or
spaces, newl ines, etc. Pop-11 can also read things in fromfiles stored
on the disc, or send information out to files on disk: Ved uses that
capability to read your files and save them afterwards. So a nore

conmpl ete nodel woul d show additional input and output channels, and

all the program and docunentation libraries.

-- -- Concl usion

This section may make it easier for you to understand some of the

remai ning portions of the primer. Miuch of the explanation here has been
sinplified. However, this nobdel will enable you to do a lot of the
programming required for an introductory course. The rest of the PRI MER
provides a lot nore information. Further information is in REF files,
HELP files and TEACH fil es.
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-- CHAPTER 2: | NTRODUCTI ON TO THE SYNTAX AND SEMANTI CS OF POP-11

A progranmm ng | anguage has two main aspects: (A) the permitted sequences
of synbols making up a program and (B) their neanings. (A) is often
often called the syntax and (B) the semantics of the | anguage. However
the notion of "senmantics" or "neaning" in this context is often

anbi guous as sonetines people who tal k about the neaning of a program
are referring to what objects it creates and mani pul ates in the conputer
and sonetines they are referring to things in the world that the

program nodel s or represents

For exanple, if a program builds a database of information about roons
using a list of lists (like the exanple in Chapter 1), then a portion of
the program has one neaning insofar as it specifies which lists are
constructed or exanmined in the conputer, and a totally different neaning
insofar as the information nmanipulated is about roons and their
measurenments, i.e. things that have nothing to do with the conputer.

-- Internal semantics and external semBnNtics ------------=------~-------

It might be useful to call the first "internal semantics" and the second

"external semantics". The internal semantics will be concerned with
mani pul ati on of synbolic structures in the machine. These, like the
external progranmm ng | anguage, will have a SYNTAX, i.e. there will be

rul es specifying which structures can be built and how they can be
mani pul ated. And these internal structures nay thensel ves have a
semantics, insofar as they refer to things in the world.

In that case prograns have a syntax and internal and external senantics.
The internal structures are the internal semantics of the prograns, but
they too have a syntax and an external semantics.

Cenerally a programm ng | anguage is defined in terns of its syntax and
its internal semantics. It's up to the user to determ ne howto give it
an external semantics, by applying the | anguage to different sorts of
pr obl ens.

-- Expressions denote objects. |nperatives denote actions -------------

In a language |ike Pop-11 the neanings are of different sorts: in
particul ar, EXPRESSIONS refer to OBJECTS, | MPERATIVES to ACTIONS. This
is only a rough and ready distinction and many Pop-11 expressions both
denote objects and specify actions that create those objects and perhaps
al so have other side-effects. For exanple, if the variable, (or
identifier) x has the value 3 and the variable y has the value 4 then

t he expression

(x +y) *(y - x

(externally) denotes the nunber 7. Internally it denotes a machi ne
representation of 7. However it also can be thought of as an inperative
whi ch causes various things to happen in the machine. In particular

it causes the value of x to be added to the value of y and the result
saved on the Pop-11 "stack", then the value of x is subtracted fromthe
value of y and the result saved on the stack. Then the two things on the
stack are nmultiplied and the product left on the stack

Thi s dual aspect of expressions in Pop-11 as al so having an inperative
meaning is quite pervasive and is worth |earning about as it will help
wi th devel opi ng and debuggi ng prograns. In fact 'inperative' is the nore
basic concept in this sort of |anguage.

Some further useful information about the inperative semantics of Pop-11

TEACH PRIMER: Aaron Sloman's overview of Pop-11 58



is found in the online TEACH STACK file, which gives a nore detailed
tutorial introduction to the Pop-11 "virtual" machi ne. Chapter 3, bel ow,
gives further information about the stack.

-- Conpile time vsS run tine ProCeSSEeS -----------mmmmmmm oo

There is another "inperative" aspect of programm ng | anguage constructs.
So far we've nmentioned the internal actions that are produced when the
comands are obeyed by the conputer, i.e. at "run tine". There is an
earlier process that occurs when your instructions are read in by the
Pop-11 system e.g. froma file on the disk, or fromthe editor buffer
or fromwhat you type at a terminal. Pop-11 has a "conpiler" which reads
t he commands, anal yses them and translates theminto "low | evel " nachine
instructions which will |ater be obeyed by the conputer. So the Pop-11
expressi ons cause additional processes to occur BEFORE the programis
run. These processes incl ude:

o Lexical analysis - breaking the "input streamof characters" into
separate synbols, nanmely words, nunbers and strings.

o Syntactic analysis - working out how to anal yse conpl ex sequences
of synbols, like the analysis of (x + y)*(y - x) given above

o Code generation - i.e. production of the conpiled procedure
cont ai ni ng machi ne instructions.

This is a slight oversinplification, but it will suffice for nost

pur poses. These processes happen at "conpile tine", i.e. when the
programtext is being read in, analysed, and translated into a machine
code version. Wen the programis |ater obeyed and the machi ne code
instructions executed, things happen at "run tine". We could think of
the internal semantics of the programas having two aspects: the conpile
time semantics, which determne the processes that translate source code
into machi ne code, and the run tinme semantics whi ch determ ne what
happens | ater when the nachi ne code instructions are executed.

Under st andi ng the di fference between conpile tine and run tine is

i mportant because different things can go wong at those tinmes. E. g. at
conpile time you can get syntactic errors, like |eaving out a closing
bracket or a sem colon. At run tine you get "semantic" errors, like
trying to add a nunber to a string, or trying to exanm ne the 15th
element of a list that has only 14 elenments. Mreover, in |anguages |ike
Li sp and Pop-11 whose syntax users can extend by defining new so-call ed
macros or syntax words, the processes that occur at conpile tine can be
nmodi fied by users, and doing this requires fairly detail ed know edge of
what happens at conpile time. This primer will not go into such details.
Experts who wish to know nmore can read the online docunentation in

REF PROGLI ST, REF | TEM SE, REF POPCOWPI LE, and HELP MACRO.

Sore | anguages have interpreters instead of conpilers, and they do
something different for the last stage, i.e. they build a structure that
does not contain nmachine instructions, but synbols that can later be
interpreted by another program the interpreter, which perforns actions
under the control of the synbols being interpreted. In Pop-11, and nany
wi dely used | anguages, a conpiler is used and the machine itself (the
CPU, or central processing unit) is the interpreter, rather than another
progr am

Understanding all those processes is not essential for understandi ng how
to design and devel op prograns, but it can hel p you design prograns that
are nore efficient, and it can hel p you understand what goes w ong when
there are obscure errors, especially in a |anguage |ike Pop-11 that does
not have a fixed syntax, but allows you to extend it by defining new
forms of expressions and inperatives.
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-- How a programm ng | anguage is specified: virtual machines ----------

Defining a progranm ng | anguage invol ves speci fying which sorts of
objects there are, and what sorts of actions can be performed on them
and |l earning the syntax for creating or referring to objects and for
speci fying or performng actions. In the case of |anguages |ike Pop-11
Li sp and Prol og the conmponents of the |anguage (e.g. words, syntactic
forms, procedure definitions) are thensel ves anong the objects that the
| anguage can be used to manipul ate, which is not the case for a |l anguage
i ke C, or Pascal.

The set of internal objects and the actions that can be performed on
themis sonetimes referred to as a "virtual nachine". The reason is that
the objects (e.g. words, lists, strings, nunbers, arrays) are not
actual Iy physical objects that you can see if you open up the machine
They are abstract objects that only exist as a kind of "interpretation"
of the processes going on at a lower |evel, which usually consist of
turning switches on or off and sending electrical signals through wires,
etc. In fact different virtual machines, corresponding to different
programm ng | anguages, can be nade to run on the sane physical machi ne,
by having conpilers or interpreters for the |anguages. Thus the Prol og
virtual machine is very different fromthe Pop-11 virtual machine

Just to add to the confusion, one virtual machine can be used as a basis
for "inplenmenting" another. So the Pop-11 virtual machi ne can be (and
has been) used to inplenent a Prolog virtual machine. There may be
several |layers of virtual machines all running at the same tinme when
your programruns: but at the bottom |l ayer there's always something
physical. Perhaps that's also a good way to think about how the mnd is
related to the brain.

Sone virtual machine actions are concerned entirely with processes
within the conputer, like re-ordering a |list of nanes, or adding two
numnbers.

G hers may be concerned with information flowing into or out of the
conputer, e.g. text read in fromor printed out to the termnal, or a
file. Most of this introduction is concerned with actions within the
comput er, though you will also have to know sonet hi ng about how to print
results of prograns and how to get files on the disk conpiled, or read
in by your prograns.

Specifying the internal semantics of Pop-11 then invol ves specifying

whi ch sorts of objects, i.e. "which data types" the Pop-11 virtua
machi ne can construct and mani pul ate, and al so which sorts of operations
it can performon various sorts of data. Specifying the syntax is a
separate matter: |languages with different fornms of syntax m ght be able
to operate on the sanme data types in the sane ways. (For exanple there's
a lot in comon between the data types of Lisp and Pop-11, and the
operations available, but their syntax is conpletely different.)

In the next section some of the mbst commonly used data-types are |isted
and exanpl es shown of the syntactic forns that can be used to denote
them Sone of them are basic data-types whose instances do not contain
ot her objects. OQthers are conpl ex data-types, and their instances
contain other objects. An exanple of a conplex object in the previous
chapter was a list of lists of words and nunbers, used as a database

of information about roons. Integers, like 0, 3, 99, -55 and deci nals,
like 1.414, 3.14159, are basic data-types and do not contain other

obj ects as parts. (Chapter 5 introduces a distinction between "sinple"
itens that are represented directly by bit-patterns in the conputer and
"conmpound" itens that are represented indirectly by pointers, or
addresses.)

-- Sone Pop-11 data-types and their external forns
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ojects referred to in Pop-11 include nunbers, words, strings, lists,
and others explained later. These are all things that can exist in the
Pop-11 virtual nachine. There are standard notations in Pop-11 for
referring to such things. A few exanples are presented here, to

i ntroduce ideas used in the followi ng sections. A nore conprehensive
list is given later in this chapter.

-- . Two sorts of nunbers

The two npbst conmonly used types of nunbers are

o] I nt egers:

E. g. 66, 99876789, - 66, 0

o] Deci nmal s:
E.g. 88.532, 1.2345e3 (= 1234.5), 123. 4e-3 (=0.1234), 0.0
O her types of nunbers are described bel ow. Summary and tutori al

information on progranmmng with nunbers in Pop-11 can be found in the
files: HELP MATH, and TEACH ARI TH

-- . Wrds:

E g "cat", "ni nety", "fast_back", "k g o ny
-- . Strings:

E.g. 'cat', "ninety', ' 66", "a string with spaces ++** @aad

Wrds are delimted by double quotes, strings by single quotes. Further
di fferences are described later.

-- . Lists:

E.g. [a list of words] [ [alist] [of lists] [66 77]]

Here is a list containing words, nunbers and |ists:

[nane [joe bloggs] age 33 job [university teacher] sex nal e]
Note that inside a |list expression you do not need to use the "quote"
marks to refer to a word. Qutside a list, if you wish nerely to refer to
the word, then use the double quote synbols, e.g.:

"el ephant "
W thout the context of quote marks or |ist or vector expressions, Pop-11
will take a word to refer to its value, assuming that it has been
declared as a variable. Sonetinmes this will produce an error, because
the word has no suitable value associated with it.
I f matching pairs of square brackets in one of the exanpl es above were
repl aced by braces, the result could be a vector containing words,

nunbers and vectors, i.e.

{nane {j oe bloggs} age 33 job {university teacher} sex nal e}
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Lists are nore flexible and general. Vectors are nore conpact.

Later the differences between vectors and lists will be explained in
nore detail.

Pop-11 al so provi des several other data-types, described |ater, and
allows the user to define new ones. Advanced programrers may find it
hel pful to look at the online REF DATA file, to get a nore conplete

overview of the types of data in Pop-11 and some information about how
they are represented in the nachine.

-- Sone Pop-11 actions
Associ ated with each type of data will be a collection of actions that
can be applied to instances of that type. Some actions can be applied to
several different types, e.g. printing.
The actions, or processes are produced by inperatives in Pop-11. Actions
may create objects, conpare them search for them store themi nside
ot her objects, print themout, etc.
There are many forns of inperatives for different purposes. For
exanmple, here is a command to calculate the sumof two nunbers and print
out the result:

99 + 66 =>
whi ch prints out

** 165

Here is a comand to concatenate two strings and print out the result:

"the cat sat ' >< 'on the mat' =>

whi ch prints out

** the cat sat on the mat

(Pop-11 does not normally print the string quotes, but can be nmde to,
by assigning true to the global variable pop_pr_quotes.)

" "

Here is an inperative that declares the word "vec" to be the nane of a

new vari abl e:

vars vec;
Here is an inperative that creates a vector of four elements and assigns
it to "vec";

{a four elenent vector} -> vec;
Here is a comand that accesses the third el ement of the vector and
prints it out

vec(3) =>
whi ch prints out

** el enent
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The foll ow ng conmand updates the third el ement of vec with the word
"iten', and the next one prints out the vector vec, which has been
changed:

"itenm!' -> vec(3);
vec =>

whi ch prints

** fa four itemvector}

-- -- Assignnents in Pop-11 and other |anguages.

An assignnment is a command to store an itemin a variable (or
identifier). Here is an assignnent of a nunber to a variable

66 -> num

Read '->' as 'goes to'. Unlike npbst |anguages, assignnents in Pop-11 go
fromleft to right: first specify the object to be assigned, then say
where it is to be stored. In Cthis would be witten as

num = 66

In I anguages of the Algol famly (e.g. Pascal) it would be

num : = 66

In Lisp it would be

(setg num 66)

In some | anguages, e.g. Prolog, this sort of thing cannot be expressed.

I n Pop-11 the assignnment syntax using "->" can be used for nore conpl ex
processes than updating a variable. In particular, it can also be used
to invoke the "updater" of a procedure, as will be explained |ater

-- Built in and user-defined procedures --------------mmaooon

Pop-11 has many different sorts of built in instructions, and new ones
can be defined by the user. In Pop-11 these are called 'procedures'. In
sone other |anguages (e.g. LISP) they are called 'functions' rather than
"procedures', but the kinds of entities referred to are the sanme, even
if their definitions |ook different.

(Several lists of built in procedures are provided in the Poplog REF
files, grouped roughly according to their function, or according to the
ki nds of datastructures they operate on.)

Sone | anguages di stinguish functions from procedures. The former are
sets of instructions that take sonme input and return a result, like the
mat hemati cal functions addition, nultiplication. The word "procedure"
woul d then be reserved for sets of instructions that do sonething but
do not have this mathenatical property. Pop-11 acknow edges t hat
under |l ying both concepts is a single unifying notion of a set of
instructions that can be obeyed, and sinply uses the one word
"procedure" to cover all cases. (Lisp uses the one word "function" to
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cover all the cases.)

A procedure is defined in Pop-11 by specifying a nane, and instructions
to be obeyed when the nane is used in an inperative. Having defined a
procedure you can then later use it. In Pop-11 |lots nore can be done

wi th procedures, as explained in chapter 4.

There are different ways of putting instructions together to form
procedures. One common formis just a sequence of things to be done one
after another. Another formis a conditional which specifies that what
is to be done may depend on the result of one or nore tests. Another
conmon formis a loop in which a set of instructions is obeyed
repeatedly, until sone terminating condition is reached.

The ability to use 'conditional instructions' is one of the things that
make it possible for a conmputer to be intelligent, or appear to be
intelligent. Conditionals provide flexibility in the use of
instructions. This is because the program decides at run tinme which
option to choose, rather than the programer. However, the options
available will nornally have been anticipated by the programmer. In a

| anguage |ike Pop-11 that can create new prograns at run tinme there is
nore scope for a conditional instruction whose options were not thought
of by the programmer. (This is also true of Lisp and Prol og.)

The different forms of instructions available in Pop-11 will be
illustrated and explained in this and |later chapters: they are many and
vari ed.

-- Errors and error NMBSSAQEeS ----------=---------s-oo-eoooooooaoo

To err is human, and the nmachine will print out 'mishap' nessages. Sone
of these report conpile tine errors. E.g. if you |l eave out the "+"
bet ween two nunbers:

6 6 =>

75, MSHAP - MSEP: M SSI NG SEPARATCOR (eg seni col on)
;57 INVOLVING 6 6
;55 DANG : conpile ...

The 'code' before the colon in the top line (" MSEP' in this case), is a
key to a help file which will explain in nore detail what this sort of
error message is about. You can exam ne the relevant explanatory file
with the this command in VED, or direct to Pop-11:

hel p nmsep
This will invoke the Pop-11 HELP facility which uses the screen editor
VED and will print out an explanation of the missing separator type of
error. It should only be used after you have learnt to use the screen
editor.
-- -- Syntactic and semantic errors
Sone mi stakes are 'syntactic', or 'conpile tinme' errors: you have not
typed what Pop-11 regards as neani ngful instructions. The 'M SSI NG
SEPARATOR error is an exanple. 'Semantic errors', or 'run tinme' errors
occur when Pop-11 understand the instructions, but discovers in the
course of obeying themthat sonmething is wong, e.g.

"one" + "two" => ;. Pop-11 doesn't understand Engli sh!

773 M SHAP - NUMBER(S) NEEDED
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77 INVOLVING  one two
;55 DANG : + conpile

Pop-11 understood that it was being told to put two objects on the stack
then add themand print out the result. There was no syntactic error

But when it tried to obey the instruction, then at run tinme it asked the
procedure "+" to add the two items on the stack. This procedure (+)
checked what it was given as inputs, and then invoked the error handl er
to print the nessage above nessage. Notice that the DO NG |line nentions
that it was actually doing "+", as well as doing "conpile". In the
previous case it was only doing conpile, so the error occurred at
conpile tine.

In order to do anything Pop-11 has to 'conpile' what you type in, i.e.
transl ate your conmands into nmachine instructions, which are then
obeyed. So Pop-11 invoked conpile, which invoked the "+" procedure to do
sonething. Thus it was in the mddle of doing both the procedure "+" and
the (tenporarily suspended) procedure "conpile", when the error
occurred. So:

Pop-11 runs conpile
conpile calls +
+ calls the error procedure 'prm shap

After the error it goes back to doing whatever it was doing before
you typed the comand which caused the trouble

(Note for experienced progranmers: there is an 'error-break' facility
whi ch enabl es the user to take control when an error or other interrupt
occurs. This is done by re-defining either a procedure called PRM SHAP
or a procedure called | NTERRUPT, or both. The procedure POPREADY can be
used for the latter.)

-- Conments in Pop-11 programs ------------ - oo

You will find that inserting short explanatory passages (usually only a
Iine) helps explain a piece of Pop-11 program To facilitate that Pop-11
ski ps over the remainder of any line that contains three sem colons

t hus

::; This is a conment
3 +5 = 77, Print sumof 3 and 5
* % 8

/*

Longer comments, going over several lines can be encl osed
bet ween the commrent brackets "/*" and "*/", just like this
par agr aph.

*/

Al such text will be conpletely ignored by the Pop-11 conpiler. W
occasionally insert coments in one of these two formats in exanples in
this priner.

C programmers will recogni se the extended conment syntax w th opening
and cl osing brackets "/*" and "*/". The difference is that in Pop-11
such comments can be nested, whereas they cannot in C. Thus in Pop-11
a coment can include a programm ng exanple which itself includes a
conment .

-- Pop-11 Expressions: sone exanples ------------m oo
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Bef ore expl ai ning how to define procedures, we need to explain sone of
the building blocks - expressions and inperatives, already nentioned.

W need expressions to tell Pop-11 which objects to manipul ate.
Anong the objects we can nmanipul ate are nunbers, words and lists

Here are some expressions in Pop-11 which denote nunbers
3
999

999 + 5
(999 + 5) - 666

Here is an inperative which contains an expression '999 + 5' and, using
the so-called '"print arrow, tells Pop-11 to print out what the
expressi on denotes

999 + 5 =>

That will nake the conmputer print out:

** 1004

The two asterisks '**' are produced by the conmand '=>', and are usually
an indication that what follows was printed by the conputer.

Pop-11 can refer to very large nunbers. Here is the nunber 35 raised to
the power 75 and printed out (the result being too long to fit on one
line):

35 ** 75 =>

** 63841535832883895351961209037631851266324737513861914558404806674
345771037686059212745703916880302131175994873046875

Here is an expression denoting a |list of words

[a Iist of five words]

Here is a list of three lists of words and nunbers

[ [a dog 4 5] [a big cat] [66 silly old nen 99] ]

If you want to refer to a list containing a single word in Pop-11
you can do it with the follow ng sort of expression:
[ el ephant]

This denotes a list containing the word "el ephant”. Mre precisely, it
is an instruction to Pop-11 to create a list containing just the word
"el ephant”. If you type the same thing again it will create another
simlar list, with the same word in it.

A program m ght use a |list of words rather than a single word if, for

exanple, it has to store soneone's forenanes, and you cannot tell in
advance whether there will be only one forenane, or several forenanes
E. g.

[ John Jones]
[Mary Sue W Ki ns]
[ Li berace]
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Since a list can contain arbitrarily many words, using lists will be
nmore flexible in that case. Later we shall see nany exanples of the
use of lists to group things together.

To sumup: an expression is a piece of Pop-11 which refers to some
object. It may be an object which always exists, e.g. the nunber 99, or
it my an object created as a result of the use of the expression, e.g.
a lists of numbers. It may be a sinple, or atom c object, such as a
nunber, or it may be a structured object which has other objects as
components, e.g lists, vectors, words and strings.

In order to do sonething to any such object it is necessary to use an
i mperative which tells Pop-11 to perform sone action.

-- Inperatives: some exanples -----------------oo o
-- -- Printing

W have already net the use of "=>" in an inperative to print
sonet hing out. For exanple the following prints out a list of words:

[tomdick harry] =>
** [tomdick harry]

-- -- Assignnent

Anot her very conmon form of inperative is an 'assignnent', using the
assignment arrow '->'. Here is how you assign a nunber to be the
val ue of the variable 'x' and another to the value of y:

99 -> x;
99 + 5 -> vy;

In both cases the left hand side is an expression which denotes a
nunber. The whol e thing says: 'take the thing denoted by the expression
on the left, and make the thing on the right (the variable x or y),
refer to it fromnow on. Thus, in the second exanple y will refer to
104. This can be tested with another inperative:

y =>
** 104

Normal |y an inperative which does not end with the print arrow "=>",
must end with a sem -colon, which is an "inperative separator". Later
we'll see that if an inperative is enbedded in a |larger structure it
does not always need the sem -colon to terminate an inperative or
expr essi on.

-- . Afew nore exanpl es of assignments:
To give the variable x the value 33 do:

33 -> x;

to give the variable y twice the value of x do:

X + X ->y;

(x +x) ->y;
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Notice the difference between using the variable on the left and on the
right of an assignnent. On the left its existing value is USED. On the

right a new value is SET, or assigned. So to assign the value of x toy
do

X ->y;

To assign a list of nunbers to listl do sonmething |ike:

[ 1234571 ->listl;

To assign a list of words to list2:

[cat dog nouse el ephant] -> list2

To assign a list like listl but in reverse order to x, do
rev(listl) ->x

X =>
** [5 4 3 2 1]

Al though what rev does is intuitively clear, stating precisely what it
does is slightly tricky: rev takes as input (off the Pop-11 stack) a
list L1 and creates a new |list L2 containing the sane el enents as L1,
but in the opposite order. L2 is returned as the output of rev.

Notice that rev does NOT reverse the original list: that can renain
totally unchanged, as can be tested:

listl =>

-- -- Miltiple assignment

Pop-11 allows you to assign to several variables at the sanme tine, using
a single assignnent arrow. First we declare three variables, then we
assi gn the nunmbers 111, 222, and 333 to them

vars numl, nun, nunB;
111, 222, 333 -> (nunl, nunR, nunB);

nung =>
** 333

(Mul'tiple assignnents did not work in the earliest versions of Pop-11).

-- -- Declarations of dynam c and |exical (static) variables
Decl arations nay be used to introduce new variabl e nanes. E. g.

vars X, Y;
This 'declares' to Pop-11 that you wish to use the nanmes 'x' and 'y' as
nanes for objects. It is a global and dynam c variabl e declaration. Any
nunber of variables nay be introduced in one declaration. The sane
syntax is used for introducing both global variables and variabl es that

are local to a procedure, explained bel ow

Lexi cal variables are declared using a simlar syntax, but using "lvars"
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i nstead of "vars".

lvars num lista, listb;

decl ares three | exical variables.

The difference between | exical and non-lexical (= dynamic) variables is
rather subtle and will not be explained fully here (but see the Note
below). The nain difference is that a variable declared using "vars" is
dynam ¢ and gl obal and can be potentially accessed by any procedure, no
matter whether it is defined in the sanme file as the "vars" declaration
or sonewhere el se, whereas a lexical variable has a nore restricted
"scope".

Such a variable can usually be accessed only by instructions in the
procedure in which the variable was declared, or by procedures in the
sane file, or by procedures in the sanme conpilation stream as explained
inthe file HELP LEXICAL. The word "lexical" is used to indicate that
the scope of the variable is determined by the textual context in which
it is declared.

For nost purposes prograns will run nore quickly and be less liable to
errors if the variables which are local to a procedure are declared as
| exi cal using "lvars". (However, if variables are to be used in
connection with the Pop-11 pattern matcher, explained in a |ater
chapter, they may need to be declared using "vars", not "lvars".)

In some Poplog inplenentations some of the lvars will allocated to
registers. E.g. on the VAX, the first two lvars in each procedure are
treated as nanmes of registers, for efficiency. On SPARC machines, the
first seven Ivars are held in registers. (These nunbers may change.)

There are, in fact many different sorts of declarations, used for
telling the Pop-11 conpiler that a synbol is to have speci al
properties, but they will not be discussed in detail in this priner.

For nmore information see these online Poplog files:

REF SYNTAX, REF POPSYNTAX, HELP VARS, HELP LEXI CAL

For many purposes it does not matter whether you use "vars" or "lvars"
However using "vars" rather than "lIvars" for |ocal variables can
sonetimes |lead to obscure bugs. Also "lvars" variables are generally
nore efficient and all ow sone nore powerful constructs to be used when
procedures create new procedures while running. (Advanced programrers
can get nore information fromthe HELP LEXI CAL and HELP LVARS fil es.
The latter explains how so-called “|exical closures' can be produced in
Pop-11, as happens in functional |anguages such as Scheme, M., Mranda
and Haskel | .)

Normal Iy, unless you have a special reason for using "vars", such as
wanting to use the Pop-11 pattern matcher (explained in TEACH MATCHES
and in Chapter 7, below), you should al ways use "lvars" for |loca
vari abl es.

For meki ng changes to a Pop-11 gl obal variable constrained to a
particul ar procedure, the |local declaration "dlocal" may be used, as
explained in HELP DLOCAL. This is normally required only for advanced
pr ogr anm ng.

A slightly | ess convenient version of the matcher has been distributed
with Poplog for many years. It is described in HELP FMATCHES and works
with lIvars and sections, and can be used by experi enced progranmers.

However, it has a nunber of restrictions, and it is nore convenient to
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use the "!'" prefix which converts patterns so that pattern variables can
be lexically scoped. This utility is available fromthe Birnm ngham
Popl og FTP directory, as explained in the README fil e:

ftp://ftp.cs. bham ac. uk/ pub/di st/ popl og/
The matcher prefix, along with docunentation, is in the file
patterntar.gz
-- -- Declarations nmay contain initialisations.
It is often convenient to conbine a declaration followed by an
assignment into a single inperative. Thus, instead of witing the

foll ow ng:

vars listl, list2;
| vars numl, nun®;

[abc] ->list];
listl <> [d e f] ->1list2;

33 -> nunt,
nunl * 2 -> nung;

You can wite the nore conpact, and perhaps cl earer version:
vars

listl [a b c],
list2 =listl <> [d e f];

lvars numl = 33, nun2 = numl * 2;

Note that each initialisation consisting of the form

<vari abl e> = <expressi on>

MJUST be followed by a comma, unless it is the final one, in which case
the sem colon ends the list of declarations.

WARNI NG peopl e who are used to using the synbol "=" as an assignnent
synbol may be confused into thinking that it can be used for assignnents
fromright to left in Pop-11, like "=" in C, and ":=" in Pascal. This is
not so. In Pop-11 "=" is used for initialising a variable ONLY in the

scope of a variable declaration, such as "vars" or "lvars" or "dlocal",
etc. In other contents the assignnent arrow "->" should be used, as
shown above.

Programmers who forget this point and wite things |ike

Z =Xty
will in fact not assign a value to z but create an expression which does
a conparison of the two values on the left and right of "=", which wll

result in the value TRUE or the value FALSE being produced. That val ue
is left on the Pop-11 stack, as expl ained above.

-- -- Variables and constants
If you wish an identifier to be given a value once only, which is never
changed thereafter, you can declare it using "constant" or "lconstant",

the forner being used for global constants, to be accessible everywhere,
and latter being used for lexically scoped identifiers, usually
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accessible in only one file or one procedure. Constant declarations may
al so include initialisations.

Exanpl es are
constant nunber_of _roons = 66;

| constant pattern = [ ?subject ?verb ?object];

-- -- Using m xed case and underscores in variables

Note: Pop-11 is a m xed-case | anguage, so that each of the follow ng:
list, LIST, List, lisT

is treated as different, and they can be used as nanes of different

variables (though this is likely to cause confusion). Mst system words

use only | ower case, though many of the identifiers concerned with the X

wi ndow system i ncl ude upper case letters.

Users may decl are vari abl es using upper or | ower
case. So:

| vars cat, Cat;

decl ares two different variables.

Cccasionally we use upper case in our text, to refer to | ower case
identifiers, e.g. IF and ENDIF in order to nake the words stand out.

One issue on which opinions vary is whether to use capital letters or
"underscores" to formlong identifier nanes, e.g. sone people would call
a procedure

transform.input |ist
wher eas ot hers woul d prefer

Transf or m nput Li st
There is no right answer. Many Pop-11 and VED systemidentifiers use

underscores, e.g. procedures used by the conpiler, such as:

popll_conp_constructor popll_conp_decl aration

popll_conp_expr_seq popll_conp_expr_seq_to
popll _defi ne_decl are popll_define_props
popll_exec_stmmt_seq_to popll_l oop_end

popll_| oop_start popll_need_nextitem

On the other hand, nmany of the systemidentifiers concerned with the
interface to the X wi ndow system use m xed case, follow ng the
conventions of the X system e.g.

Xpol AppCont ext Xpt Act i onHookW apper Xpt Acti onLi st

Xpt CheckCacheType Xpt CheckCal | backLi st Xpt CheckKeySynirabl e
Xt W ndowOF Qoj ect Xt UnmapW dget Xt Unreal i zeW dget
XpwSet Font XpwText W dt h Xpt Cal | backLi st

and hundr eds nore!
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-- -- Using undecl ared vari abl es
Vari abl es may be used wi thout being declared. This is equivalent to
decl ari ng them gl obal |y, except that Pop-11 prints out a warning
nessage.
3 -> XX;
;77 DECLARI NG VARI ABLE xx (Printed by Pop-11)
If you attenpt to declare a variable which is already part of the Pop-11

system vocabul ary, for exanpl e:

vars define;

you will get a mishap nessage:

77, MSHAP - IDW | LLEGAL DECLARATI ON OF A WORD

-- . NOTE on variables for experienced conputer scientists:

Li ke many inplenmentations of the |anguage LI SP, Pop-11 has two kinds of
identifiers:

(a) Lexically scoped identifiers (declared using "lvars", "lconstant",
and "dlvars", as explained in HELP LEXI CAL, HELP LVARS), which can
only be accessed within the snallest enclosing text block in which
they are declared. Such a text block may be any of the follow ng:

o] a procedure

o} a lexical block delimted by "lIblock ... endl bl ock"
o] afile

o] a "conpilation streant (See REF PROGLI ST)

(b) Dynam cally scoped or "permanent" identifiers (usually either
decl ared gl obally using "vars" or "constant", or nmade local to a
procedure using "vars" or "dlocal"). Once these have been decl ared,
they can be accessed globally, that is by expressions using those
variabl es in other procedures, other files, etc. (The section
mechani sm descri bed later (and in HELP SECTIONS) can be used to
restrict unwanted access to permanent, dynam cally scoped,
identifiers.)

Dynam cal | y scoped variables can in principle be inplenented using
ei ther "deep binding" or "shallow binding".

0 Deep binding, as used in Interlisp, stores variables and their val ues
inalist, often called "oblist". This has the formof a list of
nane-val ue pairs, so that access to the value of a variable requires
searching along the list to find the "nost recent" binding for the
variable. Starting a new procedure P in which Xis a local variable
merely requires adding a pair of itens to the list, X and its val ue.
While P is active, accessing or updating the value of X will use that
nost recent occurrence, ignoring others further along the list,
representing local variables of other currently active procedures higher
up the calling chain. However if another procedure Qis invoked by P or
by sonething it invokes, and Q uses X as local, then Qw Il add anot her
nane-val ue pair for X to the front of the list, thereby "shadow ng" the
pair added by P. When Q procedure finishes it renmpoves all the nane-val ue
pairs corresponding to its own |ocal variables fromthe list, so that
the previous ones will again be found by searching along it. Simlarly
when P finishes it will renove its nane-value pairs allow ng ol der

bi ndings for X to be accessed.
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o Shal | ow bi ndi ng, by contrast, always stores the value of a variable,
e.g. X, in the sane portion of nmenory. This means that when a procedure
P in which Xis a dynam c |ocal variable starts up, the existing val ue
of X has to be saved somewhere (sonetinmes referred to as the "auxiliary
stack"), so that the value can be restored when P finishes execution
The saved val ues need to be stacked, since whenever a procedure using

X as local finishes, the top of the stack for X is copied back to the
standard | ocation for values of X and the stack shortened by one

Shal | ow bi ndi ng makes accessing val ues nuch faster than deep binding
since no searching along a list is required. However deep bindi ng makes
context switching easier since all that's needed is to add or renpve an
initial segment of oblist, requiring a few pointers to be mani pul ated
wher eas shal l ow binding requires all the values of local variables to
saved (by copying) when a context is entered, and copi ed back when the
context is left. Pop-11, l|like sone, but not all, Lisp systens, uses
shal | ow bi nding for dynam c |ocal variabl es

Lexical variables are nore efficient than both, and introduce fewer bugs
due to unintended interactions between prograns, but they can be |ess
flexible in some ways. O der versions of Pop-11, |ike ol der versions of
Li sp, had ONLY dynamic variables. So the ol der text books for Pop-11 and
ol der TEACH files use only "vars", even in situations where "lvars"
woul d be preferable. This Prinmer uses "lvars" by default, except where
"vars" is needed, e.g. for pattern matcher variables, or globa
vari abl es.

There are some peopl e who dislike |exical scoping and use only "vars".
There are others who think that only |exical scoping should be used, and
who never use "vars" for local variables!

(End NOTE on variabl es for experienced conputer scientists.)

-- Procedure definitions are initialised identifier declarations

The previous chapter gave several exanples of procedure definitions, in
connection with the "roons" database. These are all exanpl es of

i nperatives. Each of those inperatives inplicitly declared a new gl oba
vari abl e, the nanme of the procedure, and assigned a procedure to it.

As an exanple, here is the definition of a silly little procedure called
"silly" which takes one thing as input and then prints it out twce
using the print-arrow

define silly(iten);

item=> item=>
enddef i ne;

This contains an inplicit global declaration of 'silly' as the name

of a variable, whose initial value is the procedure defined here. I.e. a
procedure definition is like a declaration that includes an
initialisation. Just as we can use a declaration to initialise a
variable to refer to a list, as in

vars people = [mary tom suzy di ck]

so we can use the form

vars <nanme> = procedure ..... endpr ocedur e

toinitialise a variable to refer to a procedure. The full syntax for
this will not be explained till later. The main thing for nowis to
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poi nt out that the above definition of "silly" could be re-witten as
follows, using the syntax "procedure ... endprocedure" to form an
expression that refers to a procedure without namng it:

vars silly =
procedure (item;
item=> item=>
endpr ocedur e;

75, Now test it
silly([the cat]);
** [the cat]

** [the cat]

However if silly is defined this way it will not have a nane as part of
the procedure, so printing it will not give its nane:

silly =>
** <procedure>

We can give it a name using the updater of "pdprops", thus

[silly] -> pdprops(silly);
silly =>
** <procedure silly>

Note that the pdprops can be a list in which case only the first item
will be used as the nane. Other information associated with the
procedure can be stored in the list. If no further information is needed
then the nane can sinply be a word:

"silly" -> pdprops(silly);
silly =>
** <procedure silly>

What the "define silly(itenm); ... enddefine" syntax does is equival ent
to the above initialised declaration plus storing the word as the nane
of the procedure. See al so HELP PDPROPS, and REF PDPROPS

-- G obal and | ocal procedure definitions

Wiere a procedure is to be accessible only within another procedure, or
only within a file, its nane can be nade into a lexical identifier, e.g.

define lvars silly(item;
item=> item=>
enddef i ne;

O if there is no requirenent ever to be able to change the val ue of
silly to be another procedure, or anything else, then it can be defined
as a lexical constant, as in:

define lconstant silly(iten);
item=> item=>
enddefi ne;

Warning: If you define a procedure using lvars or |constant like this,
you will not be able to test it by typing in commands using it. You can
invoke it only by calling other global procedures that call these
procedures, and are conpiled in the same "lexical context". E. g.
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define lconstant silly(iten);
item=> item=>
enddefi ne;

define test_silly(item;
[fitemis about to be given to silly] =>
silly(item;

enddef i ne;

If, in the editor, you mark and | oad both of those at the sane tine,
then test_silly can be used to run silly:

test_silly([hello there]);

** [[hello there] is about to be given to silly]
** [hello there]

** [hello there]

But if you redefine silly you will have to reconpile test_silly also, as
they have to be conpiled in the same conpilation streamfor test_silly
to access the lexically scoped silly.

-- Procedure calls in Pop-11 -------mmmmmmmm -

The definition of silly included two inperatives of the form"item =>"
These printing instructions are not obeyed at conpile time, when Pop-11
reads in the definition. Rather, a procedure is then created in which
the instructions are stored for future use (in the same | ogin session -
if you | eave Poplog and then restart it later, it will not renenber your
previously conpil ed procedures, unless you make use of the saved inmage
mechani sm described in HELP SYSSAVE) .

So we need a nmeans of telling Pop-11 to actually obey the instructions
after they have been conpil ed

We also need to tell Pop-11 which object it should give to silly as the
"item to be printed out twice. This is done by witing the nane of the
procedure, followed by parentheses specifying the inputs (argunents) of
t he procedure:

silly([mary had a little lanb]);

G ven the above definition of the procedure silly, this would cause
the following to be printed out:

** [mary had a little | anb]
** [mary had a little |anb]

Term nol ogy varies. W nmay say the conpiled procedure is 'run'
"invoked', 'obeyed', 'executed', or 'applied . These all mean roughly
t he sanme, though sone nay be nore natural in certain contexts. For

i nstance we say the procedure silly was 'applied" to the I|ist

[mary had a little |anb]

Some procedures take no argunments (no inputs). They are run without
bei ng applied to anything, though they still need the parentheses after
the procedure nane to signify that running is required, and not just
reference to the procedure itself. One such procedure is the system
procedure sysdaytinme, which produces a string of information about date
and time. We can run it, with no inputs, and use the print arrowto
print out the resulting string. Note the enpty parentheses signifying
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that the procedure needs no inputs:

sysdaytine() =>
** Sun Feb 27 11:56:11 GMI 1994

Contrast what happens w thout the inperatives:

sysdaytine =>
** <procedure sysdaytime>

-- -- Inperatives end with separators

Notice that all the inperatives requesting that Pop-11 do sonething
ended with either a sem-colon or a print-arrow. Pop-11 will not start
executing the inperative until it finds the sem -colon or the
print-arrow, since until then it is not sure whether the inperative is
conplete or sone additional portion is to be added. This is because
Pop-11 allows a single command to be spread over several |ines.

(I'ndi vidual lines and whol e commands can be as |long as you like:

new i nes and spaces are equivalent in Pop-11).

-- Using infix operators ---------mm oo
In the inperative

3+ 4 =

the synbol "+" acts as the name of a built-in procedure to be applied
to the nunbers 3 and 4. The synbol "+" is called an 'infix operator'
because you can run the procedure by witing the nane between the

i nputs, although the followi ng "parenthesised prefix" syntax would work
just as well:

+(3, 4) =>
* % 7

Just as "+" can be used for addition, so can the asterisk "*" be used as
an infix operator for nultiplication. So:

3 * 5 =

* % 15

999 * 999 =>
** 998001

Pop-11 provides many built in procedures whose names function as infix

operators. Other exanples are the equality predicates "=" (which tests
for the sane type of object with equal conmponents), "==" (which tests
for the very sane object), the STRING concatenator "><", the generic
structure concatenator "<>", the list constructor "::", and other

arithnetic operators for division "/", remainder "renl, subtraction "-"
and exponentiation "**". (That is not a conplete list.)

Infix operators have a nunerical precedence which determ nes how they
shoul d be grouped if conbined in conplex expressions, like "x +y * z",
and this is explained in Chapter 4. Chapter 4 also shows how users can
define their own infix operators.

-- Procedures which produce results ------------------oo--

Just as procedure definitions can extend the range of inperatives in
Pop-11, so can they also be used to extend the range of expressions. For
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exanmpl e, here is a procedure which, when given two nunbers, produces
anot her nunber which is got by doubling the first two then addi ng.

defi ne doubl esum(nunil, nunR) -> total
nunl + nunl + nun2 + nun? -> total
enddef i ne;

Thi s defines a procedure whose nane is "doubl esunt and whi ch has two
i nput (lexical) local variables, nanely nunl and nun, and one out put
(lexical) local variable, nanely total

There are several different formats for procedure definitions, but

we have now seen the two nost common -- one which produces no

results and one which produces a single result. The formats for these
are as follows:

defi ne <nane> (<argunents>);
<decl arations of |ocal variabl es>;
<body of procedure>

enddef i ne;

defi ne <name> (<arguments>) -> <name of result>
<decl arati ons of |ocal variabl es>;
<body of procedure>

enddef i ne;

If the input and output variables are not declared explicitly, they wll
default to lexical variables, as if "lvars" had been used. Before
Popl og version 15, the default was as if "vars" had been used

(Experienced programmers can use a conpil e_node declaration, described
in the file HELP COWI LE_MODE, to control what happens to undecl ared
i nput and out put locals.)

G ven the above definition of doublesum the expression

doubl esun( 2, 3)

i nvokes the procedure, applying it to the nunbers 2 and 3. More
precisely, it first puts the two nunbers on the stack, and then invokes
the procedure. The procedure takes whatever inputs it requires fromthe
Pop-11 stack, and then when finished puts its results on the stack, in
this case the result of evaluating the expression 2 + 2 + 3 + 3, which
gi ves the nunber 10. W can say that the whol e expression

"doubl esun( 2, 3)" 'denotes' the nunmber 10

Simlarly

doubl esum( 4, 5)

i s an expression which denotes the nunber 18. Did you notice that
DOUBLESUM i s effectively the same procedure as PERIM defined in the
roons exanple in chapter 1, even though its name, and the nanmes of the
variables it uses, are different? Convince yourself of the equival ence
by studying themclosely. Although they are different internally, they
take the sane sorts of argunments, and produce the sane sorts of results,
conmputed in the sane way

Cenerally, if a procedure produces a result then its name can be used to
forman expression, by supplying it with appropriate argunent
expr essi ons.

The arithnetic procedures "+" and "*" al so produce results, and so
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by applying themto argunents we can form expressions denoting
numnber s:

3+5

3+5*2

The latter denotes 13, since the nmultiplication is done before the
addition, for reasons which will be explained |ater.

When we define a procedure we specify whether it needs to be given any

i nput and whether it produces any 'results'. For exanple the procedure
silly was defined so as to take one thing as its input. We say it takes
one 'argunent'. Doubl esum was defined to take two argunments, and produce
one result. Silly printed things out, using the print arrow, but that is
not the sane as producing a result.

-- -- Procedure output values and the stack

When a procedure produces a result, the result is available for use by
ot her procedures in the conputer. But if sonmething is printed out on the
screen, this can't be used by other procedures, since the conmputer
cannot see what is on the screen. Instead, results are stored for
internal use in a special portion of the conputer nmenory called the

"stack'. This will be explained in nore detail later. When a result is
produced it can be assigned to a variable, or used as input to another
procedure.

vars Xx;

3+ 4 ->x; ;;; assign the result of + to x.

silly (3 + 4); i, result of +is input to silly.

The word "output" can be anbi guous: referring either to sonething
printed out, or to aresult left by a procedure on the 'stack'. (Later,
in Chapter 3, we explain in nore detail what the stack is and how it
wor ks.) Wien we tal k about a procedure produci ng out put the context
shoul d make clear which is intended: printing something out, or |eaving
a result on the stack. Students often confuse printing sonething out and
leaving a result internally for another procedure to use, because both
can be described using the word "output”. Simlarly the word "input" is
used sonmetimes to refer to information typed in froma term nal or read
infroma file, and sonmetines to refer to the argunents handed to a
procedure by another procedure w thin the nachine

The arithnmetic procedures + and * each take two argunents (two nunbers)
and produce a result, one nunber which is left on the stack. Neither
directly reads anything fromthe term nal nor prints anything out to the
termnal, though they can be made to do so, e.g. the follow ng could be
part of an interactive session with Pop-11

itenread() + itenread() =>
22

: 33
* % 55

Where "itenread()" runs a procedure to read in an itemfromthe
term nal .

-- -- Procedures returning nore than one result

In Pop-11 a procedure can return any nunber of results, 0, 1, 2 or nore
or even a variable nunber. E. g. the procedure expl ode, which takes a
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list or some other structure containing several itens and produces the
contained itenms as results, produces different nunbers of results.

vars listl =[a b c], vectl = {1 2 3 4 5};

expl ode(listl) =>
** abec

expl ode(vectl) =>

** 12345

The procedure "dest" when given a list, returns exactly two itens, the
head of the list (the first item) and the tail of the list (a list of
all other itens).

dest(listl) =>
** a [b c]

The notation for defining a procedure that returns two results is a
slight extension of the notation shown previously. E. g. suppose you
wanted to define a procedure that when given two lists as input,

listl and list2, returned two lists as output, nanely listl concatenated
with list2, and list2 concatenated with list2. You could define the
procedure with two output |ocal variables thus

define join_two(listl, list2) -> (outl, out2);
listl <> list2 -> outl;
list2 <> 1listl -> out2;
enddefi ne;
i Now Test it
join_tw([a bec], [123]) =>
* Tlabcl1l23 [123abc]
The two outputs can be sinultaneously assigned to two vari abl es;

vars newl, newZ;

join_tw([a bc], [1 2 3]) ->(newl, new);

newl =>
** Tabcl2 3]
new2 =>

** [1 23 abc]

The sanme sort of notation can be used for a procedure that produces
three results.

- EXEercCiSes ----mmm i

1. Define a procedure with one input variable and three output |ocals,
that takes a three elenment list of nunbers as input and produces as
out put the squares of those three nunbers (using "x * x" to get the
square of x).

2. Try changing the definition of join_tw to use initialised
declarations for two of its variables, so that it becomes nore conpact,
using the format:

| vars
outl = .... ,
out2 = .... ,
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It will have only four declarations and no additional instructions, but
it will still work

-- Introduction to printing in Pop-11 ---------cmmmmmmmm o
-- -- Two forms of print-arrow

Pop- 11 provi des several means of printing infornmation so that it goes to
the ternminal, into a file, into the editor buffer, or into a
data-structure

One of the nost comonly used is the print-arrow, which we have seen
previously. This cones in two versions.

=> (ordinary print arrow)

This prints everything 'on the stack', preceded by '**', unless
called frominside a procedure, in which case it prints out only
the top itemof the stack, preceded by '**'

The stack is explained bel ow. Roughly think of => as printing
out the 'unused' results of previously executed procedures

==> (pretty-print arrow)

This prints out only ONE object. If the object is a list or a
vector, then if printing it out would take nore than one
line, the object is printed in a special format using
indentation to make its structure clearer.

Exanpl es
33 + 66 =>
;55 print sumof 33 and 66, preceded by two asterisks.
* % 99

234 + 22 > 33 * 66 =>
;;; 1s 234 + 22 bigger than 33 tinmes 66?
** <fal se>

X+5<Y =
;7 is the sumof X and 5 less than Y?
;73 X and Y shoul d have nunbers as val ues.

99 + 5 =95 + 9 => 77, 1s 99 + 5 equal to 95 + 9?
** <true>
X=Y = ;;; does X have the sane value as Y?
X => ;;, print out the value of X
10 // 3 => ;55 prints out remainder and quotient
** 1 3
Compl ex structures, like lists of lists, can print out in a rather nessy

and unr eadabl e manner using "=>"
[a [nested |list of several words] and [another nested Ii st
of several words] too long to print easily] =>

** [Ta [nested |ist of several words] and [another nested |ist of severa
words] too long to print easily]

Conpare how the pretty print arrow prints the sanme |ist:
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[a [nested list of several words] and [another nested I|ist
of several words] too long to print easily] ==>
** [a [nested list of several words]
and
[another nested |ist of several words]
too long to print easily]

Wien lists are deeply nested the printout from=> can be very confusing,
so it is then best to use ==> instead. You can in fact always use '==>',
This is especially useful for a list of several lists of sinmlar format.
E.g.: Make a list of lists of information about people

[

[the mother of mary is suzy]
[the father of mary is joe]
[the npother of joe is miranda]
[the father of joe is fred]

] ==>

Whi ch causes the following to be printed out neatly:

** [[the nmother of mary is suzy]
[the father of mary is joe]
[the nother of joe is mranda]
[the father of joe is fred]]

Wher eas using => woul d have produced:

** [[the nmother of mary is suzy] [the father of mary is joe] [the nother
of joe is miranda] [the father of joe is fred]]

Note that => or ==> can be used to term nate an inperative w thout a
sem -col on. They act as 'separators' for inperatives.

-- -- Oher printing procedures

Pop- 11 provides a nunber of built in procedures for printing things
inanmore controlled format than the print arrows. In particular, the
procedures pr and spr print things without starting a new line, and

Wi thout printing the asterisks '**'. The difference is that spr prints a
space after printing its argunment. So:

pr("cat"); pr("mouse"); spr("hat"); spr("coat"); pr(99);
cat nousehat coat 99

Simlarly npr can be used to print things separated by newlines. It
prints a newmine after printing its argunent.

pr("cat"); pr("nmouse"); spr("hat"); npr("coat"); pr(99);
cat nrousehat coat
99

Using the built in printing procedures, it is fairly easy in Pop-11
to define your own procedures to print things out in whatever fornmat
you like. Mre information about printing can be found in the
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online file HELP PRINT. The REF PRINT file gives nore conplete

i nformati on about printing nechanisnms. There are utilities that sinplify
formatted printing, in particular the procedure printf, described in

REF PRI NT

-- Conditionals and conditions ------------------------------------

One of the things which nakes conputers so versatile is their
ability to decide for thenmselves what to do, instead of always doing
exactly what they are told. This often depends on the use of
conditionals, i.e. commands to do sonething if sonething is true
Pop- 11 includes conditionals, of which a sinple formwould be

if <condition> then <inperative> endif

for exanpl e,

if x =10 then x => endif;

which will print out the value of x, if it is 10, and do not hi ng

ot herwi se. Conditionals nust include a 'condition' between "if" and
"then", and may include any arbitrary Pop-11 inperative (which may be a
sequence of inperatives) after "then". Conditionals are often typed over
several |ines when they are nore conplicated than the above exanple. For
i nst ance:

if x =10 and y > 19

or nmenber(x, list)
t hen

X =>
endi f

A condition is an expression whose value is either the object TRUE
or the object FALSE. These are called 'bool ean' objects, of which
there are exactly two in Pop-11. (They are naned after George Bool e
the logician.) There are two built in system nanes, "true" and

"fal se" which refer to the bool eans. They print out as <true> and
<fal se>.

true =>
** <true>
fal se =>
** <fal se>

In the above conditional, the expression 'x = 10' could serve as a
CONDI TI ON, because its value will be either true or false. E. g

vars X;
99 -> x;
Xx =10 =>

** <fal se>

This in turn is because the infix operation synbol '='" denotes a
procedure which always returns a BOOLEAN. |t conpares its two
argurments, and if they are the sane the result is true, otherw se
false. (Strictly speaking "=" is nore conplex than this, since the

type of conparison it perforns can be nade to depend on the types of

obj ects conpared, as explained in HELP CLASSES and REF KEYS. A nore
detail ed expl anation of how "=" conpares conplex structures is provided
in HELP EQUAL.)

-- Predicates and recogniser procedures -------------------------------
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Any procedure whose result is always a boolean is called a PRED CATE
Besides "=" there are several other predicates which conpare two nunbers
and produce a boolean result, e.g. ">", "<".

vars x = 22
X > 10 =
** <true>

Sone predicates take a single argunent, for instance RECOGNI ZER
predi cates, like isinteger, isword, isprocedure, islist, and severa
nor e

i sinteger(99) =>

** <true>

i sword(99) =>

** <fal se>

i sword("isinteger") =>

** <true>

i sprocedure(isinteger) =>
** <true>

i sprocedure("isinteger") =>
** <fal se>

In Pop-11 there is nothing to stop a procedure being applied to itself:

i sprocedure(isprocedure) =>
** <true>

We have so far said that a condition is an expressi on whose result is a
bool ean. To be nore precise, Pop-11 is defined to treat anything other
than false as if it were true, between "if" and "then" (and in simlar
contexts explained later), so a condition may produce a result other
than true. This is sonetinmes conveni ent, when a procedure is given the
task of finding or creating sonething, in which it may not always
succeed. Then the result false can be used to indicate failure and any
other result will be the object found, which nay need to be used by

ot her procedures. Thus a program could include code |ike the follow ng:

try _create_solution(....) -> found_thing; 7y, may be fal se
if found_thing then
do_sonet hi ng_wi t h(found_t hi ng)
el se
try alternative(....)
endi f

In Pop-11 this can be abbreviated, using the duplicating assi gnment
operator "->>", as follows:

if try create_solution(....) ->> found_thing then
do_sonet hi ng_wi t h(found_t hi ng)

el se
try_alternative(....)

endi f

Simlarly the system predicate | nenber returns either false, or the tai
of a list containing the itemfound

vars colours = [red orange yellow green blue indigo violet];
| menber (" pi nk", colours) =>
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** <fal se>
| menber ("bl ue", colours) =>
** [ blue indigo violet]

The fact that sone predicates return a non-bool ean result instead of
true is used by the Pop-11 pattern matcher, described |ater.

-- Sunmary of syntactic roles in Pop-11 prograns ----------------------
Portions of Pop-11 prograns described so far may be classified as

follows -- the diagramis inconplete, and may be expanded by | ooki ng
back over this chapter

i mper atives
|
| | | etc...
expr essi ons assi gnnment s decl arati ons
| | I
vari abl e decl arations
| | I I I

quot ed wor ds

I
strings |
i st expressions

|

nuner al s | | | conditions procedure definitions
I
|

-- Lexical analysis and the Pop-11 item sSer --------------oommmmomnn

A programfile read in by Pop-11 or a command typed in is basically

a stream of characters. Sonehow the Pop-11 systemhas to break this

i nput streaminto neani ngful conponents which it can recogni se and then
translate into machi ne code instructions of various sorts. This happens
in two stages.

The first stage is called 'lexical analysis' or 'tokenising or
"itemsing'. This breaks the stream of characters into separate 'text
itens that formthe basic building blocks of prograns. These buil ding
bl ocks are

o words, including syntax words, procedure nanes, user variables, etc.

T

0 strings, which are delimted by the string quote synbo
o nunbers, including integers, decimals, ratios and conpl ex nunbers.

The rules for breaking text up into these text itens, are explai ned
fully in REF ITEMSE. Only a subset will be explained here

The second stage of analysis is even nore conplicated and invol ves
grouping these text items into recogni sable syntactic forms, such as
procedure calls, assignnents, |oops, conditionals, declarations,
definitions of procedures, and so on. This is usually called 'parsing'
t hough Pop-11 does not create a parse tree

There is a third stage which involves translating these recogni sabl e
forms into machine code instructions. This is sonetines called
code- pl anting

Al'l the above occur at conpile time. Later on, at run time, the conpiled
instructions can be execut ed.
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The following sections will describe the first stage of conpilation,
i.e. the processes involving the itemser.

-- ltemsation rules in Pop-11 -------mmmmmmmm i

We have so far assuned that we can treat Pop-11 prograns as nade of
nunbers and words which can be conbined to form expressions,

or inperatives, or sequences thereof. But what is actually typed in,
or read in froma file is a sequence of characters. For instance the
following is a sequence of five characters, which has to be broken
up into four items, the nunber 3, the word "+" the nunber 55 and the
word "=>"

3+55=>

The Pop-11 'itenmiser' applies quite conplex rules to decide howto
di vide up the stream of characters into neani ngful chunks. For instance,
if you type:

[alittle |list,and, 6*5]

this is read as 11 itens:

[ a little list , and , 6 * 5 ]

and in fact they will be interpreted as an instruction to build a |ist
containing nine itens: seven words and two nunbers. (Non al phabetic
characters can also be used to formwords, e.g. "+++", "#H#@H#".)

To do this Pop-11 needs 'lexical' rules saying which sorts of characters
can be joined up with which, since you do not have to use spaces to
separate things. Besides things |ike spaces, tabs and new ines, which
are normal ly ignored by Pop-11, there are the follow ng types of
characters:

Nuneri c: 01234567829

Al phabeti c: abcdefg ... z
ABCDEFG ... Z

Si gns: Il #$&+-: <=>2@\ | ~/ *

Under scor e:
Separat or s: S G I I I
String quote: '

Character quote:

-- -- Wrd formation in Pop-11

Unfortunately, Pop-11 has fairly conplex rules for grouping characters
in the text input streaminto words, although words created by prograns
can contain arbitrary characters.

During program conpilation, a letter followed by a series of letters and

nunbers will be formed into a single word, e.g. listl, list2. But if a
text itemstarts with a nunber, then as soon as a non-nunber is reached
(e.g. the "I'" in "1list") Pop-11 assunes that it should insert a break.

|.e. the text is separated into a nunber followed by a word. This can be
shown by typing in the following instructions to create and print out
lists:
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[1ist3] =>
** [list3]

[3list] =>
** [3 list]

The second list is taken to have two el enents, a nunber and a word
The first has a single word "list3".

A nuneric character may be buried in the mddle of a word which starts
with letters, e.g. "list3a". Thus a word that starts with a letter can
be foll owed by any conbinati on of nunbers and letters.

The word quote synmbol """ can be used to tell Pop-11 that you w sh
to refer to a word, instead of using it as the name of sonething el se
(i.e. as variable):

"list3" =>

** |ist3
But if you give it an illegal conbination of characters you will get
an error

"3list" =>

77 M SHAP: | QW | NCORRECT QUOTED WORD

77y INVOLVING 3

You can al so make a word out of certain non-al pha-nuneric
characters, i.e. sign characters

TR\ AT =>
* % *+*+*::\//\

But you cannot mix letters and sign characters
"yt =
i M SHAP ..

and in alist they will be separated into two:
[+x] =>

[+ %]

However, the underscore character can be used to join al phanuneric
type characters to sign characters, e.g. here are two |lists each
containing only one word

[+x] =
* % [ +_X]

[appl e_#@=>] =>
** [appl e_#@=>]

The underscore can al so be used as a conveni ent way of producing
| ong names which are readable. E. g. the following is the name of a
system vari abl e:

pop_readl i ne_pr onpt
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-- . Using the underscore to join letters and sign characters

In general a sequence of characters made of "sign" characters and
letters will be broken at the point where the two sorts of characters

[TRRT]

nmeet, unless they are joined by an underscore synbol " ", e.g.

fast _++ ++ | ists_++

Two of the sign characters “/° and “*° play a special role in that they
can be conbined to formthe 'coment brackets', explained above. So
"“/*" and "*/" cannot be used as ordinary Pop-11 words.

The separator characters cannot be used to join up with anything el se
except for the use of “.° in decimal nunbers (e.g. 66.35). This is
because separators play a special role in the syntax of Pop-11. E.g. the
following is a list of seven itens

The sem col on, though nornally a separator which narks the end of an
i mperative has a special role if repeated three tinmes without anything
between: it marks an 'end of line' conmment as explained previously. E. g.

6 * 6 => ;;; this bit on the right is ignored
* % 36

Sone of the characters have special roles which will not be expl ai ned
fully till later. In particular "% can be used both in creating
procedure closures by 'partial application' and in 'unquoting' part of a
list expression. (The file TEACH PERCENT gives a tutorial introduction
to both.)

-- . Strings can contain arbitrary characters

Strings, created using the string quote character can contain
arbitrary characters

"this is a *+*+*+* string %&$% of rubbish!!!"’
except that if you wish to include the string quote itself in the string
it nust be preceded by the backslash character \ to indicate that it
does not mark the end of the string. Here is a string containing the
string quote:

"isn\'t it' =>

** jsn't it
Note that strings are normally printed without the outer quotes. To nake

t he quotes appear, do

true -> pop_pr_quotes;

-- -- Character quotes and string quotes

Characters thensel ves are represented by positive integers |less than
256. Since it is difficult to renenber whi ch nunber represents which
character (the so called 'ASCI| code'), the character quote can be used
to tell Pop-11 to read a character as representing the nunber. The
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character quote, sonetinmes referred to as the "backquote" is the
backward sl oping single quote character. It should not not be confused
with the forward sl oping (sonetines displayed as vertical) single quote
character used to begin and end string expressions. Depending on the
printer used the string and character quotes in this docunent may have
di fferent appearances.

Here is the character quote synbol:
Here is the string quite synbol:

Unfortunately neither synmbol has a predictable |ocation on keyboards:
they appear in different places on different keyboards.

Here are some exanpl es using the character quote to represent characters
(as integers) w thout renmenbering their integer values. The letter A
has the code 65 and the nunerals start from 48:

‘a = ;;; lower case codes are different

If you wish to include non-printing characters in a string, see the

details in HELP ASCI|. |In particular you can use the follow ng
\'s = a space
\t =atab
\n = a newine
\r = the return character (ascii 13)

"\nA string\n\twith text\n\t\s\son three |ines' =>
* %

A string
with text
on three lines

-- -- Double quotes with single quotes can formarbitrary words

If you really need to have a word containing arbitrary characters you
can create it by putting word quotes around the correspondi ng string.

For exanpl e
vars funny_word = ""A word with spaces and junk: *&=%1[)))"'";

i sword(funny_word) =>
** <true>

funny_word =>
** A word with spaces and junk: *&=%1[)))
However, you would not be able to use such a word as the name of a

vari abl e, since typing sonething |like

vars "A word with spaces and junk:*&=%1[)))' = 999;
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wi || produce an error.

;5y MSHAP - vars STATEMENT: | DENTIFI ER NAME EXPECTED
7o INVOLVING  '"A word with spaces and junk:*&=%[)))"'

-- -- Changing Pop-11's "item ser" rules

To conplicate matters further, it is possible to tell Pop-11 that you
wish to alter its rules, by using the procedure itemchartype. This is
especi al |l y useful when defining a new | anguage in terns of Pop-11.
Details will not be given in this introduction. The on-line
docurmentation file REF | TEM SE gives nore information, as does

HELP | TEM CHARTYPE

-- Revision qUEStIONS ------- o oo oo
Here are some revision questions, answered earlier in this chapter.

1. What is a programmi ng | anguage?

2. What is declarative progranm ng?

3. What are expressions?

4. \What are inperatives?

5. What are declarations? Wiat are initialised declarations?

6. G ve exanples of sone of the sorts of objects Pop-11 expressions
can refer to.

7. Gve exanples of sone of the sorts of inperatives one can
construct in Pop-11 and explain what they do.

8. G ve an exanple of a Pop-11 procedure, and explain howit is used
and what it does.

9. Define a procedure which takes in three nunbers, adds up the
first two, and then multiplies the result by the third. Your
definition could start:

define addmult(x, y, z) -> result;

10. What is the difference between defining a procedure and calling,
runni ng, or invoking it?

11. Explain with exanples what it means to say that a procedure
takes a certain nunber of argunents, and does or does not produce

a result.

12. What is the difference between printing sonmething out and
producing a result?

13. What is the difference between '=>'" and '==>' ?
14. What is a comment, and how are conments expressed in Pop-11?
15. What will the followi ng print:

pr(99); spr(100); pr(101); spr(102);spr(103); npr(66);pr(77);

16. What are predicates and how are they used in conditions?
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17. Wiich of the following words are legal in Pop-11?
"catb5" "bcat" "**+4**" "*cat*" " _bBcat" "*_cat"

You can test each case by typing it in followed by "=>" to see if you
get an error.

18. What are conpile tine processes and run time processes?

-- Built in Pop-11 data types -----------mmm oo

We have seen that a progranm ng | anguage all ows you to construct
expressi ons whi ch denote objects, and we have seen sone exanpl es of
Pop- 11 expressions. Programmi ng | anguages differ in the range of
types of objects they can refer to. Oten there is a fixed set of
"data types" built in to the | anguage, e.g. nunbers, words and
lists.

Sone | anguages, including Pop-11, allow you to extend the set of data
types indefinitely. In Pop-11 this requires using the procedure CONSKEY,
or the DEFCLASS declaration (which is the basis for the RECORDCLASS and
VECTORCLASS decl arations), which will be explained in a |ater section.
The OBJECTCLASS facility, based on these, allows still further extension
by permtting the user to define overlapping hierarchies of types of
objects with associated fam lies of "nmethods" for operating on them
(This is probably the nost inportant feature of what is known as Object
Oriented Progranm ng.)

For now we shall concentrate only on the built-in data-types, which
provide the basis of all other data-types. Mst types of objects are
associated with special data-structures called "keys". For instance, the
key known as integer_key is associated with integers, and the key known
as string_key is associated with strings. The key associated with a
particular type of data is another data-structure of type "key" which
contains information about the type, including howto print it, which
procedures are provided for manipulating its contents (if it has

accessi ble contents), and so on.

Sone data-types do not have keys because they are built-up fromnore
primtive data-types. For exanple there is not a |list_key because lists
are built up fromchains of pairs, so that the pair_key suffices.

-- Procedures associated with data-types --------------c-oommmn

Besi des keys, each data type in Pop-11 has a collection of associated
procedures, some for constructing new i nstances of that type (e.g.
consstring, consvector, consword, conspair) sone for accessing or
updating conmponents of structures (e.g. subscrs, subscrv, subscrw,
front, back), and some for recognising instances (e.g. isstring,

i svector, isword, ispair).

-- -- Generic procedures

There are al so sone "generic" procedures that are applicable to a w de
range of data-structures, including the follow ng:

o the equality and identity test procedures "=" and "==",

pr, the nmain printing procedure

o expl ode which puts all conmponents of a structure onto the Pop-11
st ack,

o datalist, which nakes a |ist of conponents,

o length and datal ength which return the nunber of fields in
a structure.

0 appdata which applies a procedure to all the conponents,

o mapdata which takes a structure and a nappi ng procedure and

o
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produces a copy of the structure with the conponents nmapped

0 copy, which copies a structure at top level, occasionally with
results that surprise users, e.g. when applied to pairs.

0 copydata, which copies recursively

o fill, which transfers items fromthe stack into the fields of
a datastructure

o dat akey, which returns the key associated with an object's type

o dataword, which returns the word that names the object's type

o allbutfirst, a procedure for creating a copy of a list or other
structure mnus the first N elenents

o allbutlast, a procedure for creating a copy of a list or other
structure mnus the last N el enents.

0 <> the concatenator procedure <>, which can join or "conpose"
lists, strings, words, vectors or even two procedures, to form
a new nore conpl ex object of the sane type as its inputs

0 >< the "string concatenator" which takes any two printable objects
and produces a string which conbines their printing forns.

A generic feature of records, vector type objects and lists in Pop-11 is
that if an object O of one of these types is applied to a positive
integer Nthat is smaller than the length of O then Ois treated as if
it were a function and the result of Q(N) is the Nth component of O
Simlarly the formcan be used to update the N th conponent, as in:

-> AN);

The behavi our of a structure applied to an object can be re-defined for
user data types using the class _apply facility, to specify how an object
shoul d behave if treated as a procedure. (See HELP CLASSES, REF KEYS)

O her generic facilities are defined in the followi ng online Poplog
docunentation files:

REF DATA, REF DEFSTRUCT, REF RECORDS, REF VECTCRS, REF KEYS

Yet nore generic procedures can be defined by the user via the
ojectclass library described briefly in Chapter 8, bel ow

The file REF NUMBERS describes generic mathematical operations that can
be applied to all types of nunbers represented in Poplog, integers

bi gi ntegers, rationals, decinals, ddecinals and various kinds of conplex
nunbers. E.g. "+", "-", "*"_ "["  and "sqrt" are generic in this sense

-- Data creation, nenory nanagenent and the heap ----------------------

Every tinme a programcreates a new object sone space nust be allocated
for it in working nmenory. Thereafter it is referred to by a pointer. The
exceptions are small integers and single precision decinmals which need
no nore space than a pointer, so they are sinply copied to wherever they
are needed. They are called 'sinple' objects, whereas the objects that
are referred to via pointers are referred to as 'conpound' objects

The Pop-11 menory manager (in Poplog it's the Popl og nmenory manager,
shared by all the Poplog | anguages) maintains a region of storage in
virtual nenory space, in which conpound objects are created, including

| arge nunbers, strings, words, lists, vectors, and even procedures. This
area is known as the 'heap'.

Every now and again the attenpt to create a new object is hindered by

| ack of space in the heap. At that point an automatic garbage collection
programis invoked whi ch works out which objects are no | onger

accessi ble by any portion of the current program The garbage coll ector
then rearranges the heap so that all the accessible objects are
conpacted together (and all pointers to themare correspondi ngly
changed). This | eaves additional space in the heap free for new objects
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to be created. If there is no free space even after a garbage
collection, the storage manager will try to get nore space fromthe
operating systemin order to enlarge the heap (the limt to such
enl argement is set by the user-assignable variable popmemin.

It is possible that eventually there is no nore space in the nachine
and attenpts to create new structures are foiled and the process has to
be abandoned. This can depend on what el se is happening on the machi ne
at the tine. The Popl og garbage collector is unusually fast for an Al
devel opnent environnent, so nost of the tinme users will not notice when
gar bage col |l ecti on happens

-- . Note for experts

The above is an over sinplification in that the Poplog systemhas to be
able to cope not only with ordinary Poplog structures, but also data
structures linked in via external prograns, which mght have been
witten in C or Fortran. Moreover sonme of the Poplog structures may be
nmade accessible to external procedures. These conplications require the
heap to have a mixture of sub-regions with different characteristics

For exanpl e sonme regions are used by Poplog structures that cannot be
rel ocated by the garbage coll ector because external procedures will then
be confused. Also the heap may include 'holes' corresponding to regions
of menory that are used by external procedures to create structures that
Popl og (and Pop-11) cannot access. Readers who wi sh to know nore should
consult the online files REF EXTERNAL and REF EXTERNAL_DATA

-- List of Pop-11 Data-types ----------------ommm oo

For begi nners nost of the types listed below are irrelevant. It is
possible to achieve a great deal with only the follow ng:

words, strings, integers, decinals bool eans, lists, vectors,
procedures, and arrays

Begi nners can therefore safely skimnost of the rest of this chapter up
to the section on Objectclass.

The procedure datakey can be applied to any object to return its key.
The procedure dataword can be applied to any object to return its
dat aword. E.g.

dat awor d(999) =>

** i nteger

dat awor d( 2**40) =>

** bi gi nteger

dat akey(66. 66) =>

** <key ddeci mal >

dat aword("word") =>
** word

dat awor d( dat aword) =>
** procedure

dat awor d(wor d_key) =>
* % key

dat akey(dat akey) =>
** <key procedure>
dat akey({1 2 3}) =>
** <key vector>

What follows is a list of the data-types available in Pop-11 in Poplog
Version 15.01. For each type we give the name of the key (a specia
record that provides information about the data-type), the dataword, and
the main REF file giving informati on about that type. (Alist simlar to
this can be found in REF DATA, and may be nore up to date, as
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sonetimes new types are added to the system)

-- . Poplog built in data types

KEY NAME DATAVWORD MAI N REF FI LE
Xpt Descri pt or _key " Xpt Descri ptor" REF Xpt Descri ptor
bi gi nt eger _key "bi gi nteger" REF NUMBERS
bool ean_key "bool ean" REF RECORDS/ Bool eans
conpl ex_key "conpl ex" REF NUMBERS
ddeci nal _key "ddeci mal " REF NUMBERS
deci mal _key "deci mal " REF NUMBERS
devi ce_key "devi ce" REF SYSI O
dstring_key "dstring" REF STRI NGS
exptrvec_key "exptrvec" REF EXTERNAL_DATA
external _ptr_key "external ptr" REF EXTERNAL_DATA
i dent _key "ident" REF | DENT
i nt eger _key "integer" REF NUMBERS
i ntvec_key "intvec" REF | NTVEC
key_key "key" REF KEYS
ni | _key "nil" REF LI STS
pai r _key "pair" REF LI STS
procedure_key "procedure"

(procedures and cl osures) REF PROCEDURE

(properties) REF PROPS

(arrays) REF ARRAYS
process_key "process" REF PROCESS
pr ol ogt erm key "prol ogt ernt REF PROLOG
prol ogvar _key "prol ogvar" REF PROLOG
rati o_key "ratio" REF NUMBERS
ref _key "ref" REF RECORDS
secti on_key "section" REF SECTI ONS
shortvec_key "shortvec" REF | NTVEC
st ackmar k_key "stackmar k" REF STACK
string_key "string" REF STRI NGS
term n_key "termn" REF CHARI O
undef _key "undef " REF | DENT
vect or _key "vector" REF VECTORS
wor d_key "wor d" REF WORDS

In several cases there are also HELP files giving nore information, e.g.
HELP UNDEF, HELP SECTI ONS, HELP PROCESS

Future versions may include additional standard data-types, e.g. a
mat chvar data-type for pattern matchers to use. Al so users can extend
the list of types by defining some of their own.

-- Further information on built in data types

The followi ng sections give nore information on the data types |isted
above. Here they are grouped according to their purpose, rather than
bei ng presented al phabetically. Were there is special syntax for
creating instances, this is illustrated. Sonme of the main procedures
associated with the data-type are also |isted. Mdst of the generic
procedures described previously are not nentioned again. Online HELP or
REF files giving further information are listed. In many cases further
information is given in other parts of this priner.

-- -- Wirds

Wirds are structures corresponding to a sequence of characters. They can
be used in one of three main sorts of roles:

o] data, i.e. objects operated on by prograns, e.g. in lists

0 syntax words like "if", "define", "endwhile" which form portions of
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prograns and define the program structure
0 nanes of objects, i.e. variable or constant identifiers

They can occur inplicitly in prograns as part of the code, or they can
be explicitly denoted by quoted word expressions like these

neat”,  "dog", "FEET. o otat. o txxx_yyy", (", "laxaEaln, o me
"*a long mxed character word including spaces %%%3333!)(.;;"

"

Expressi ons denoting words have strict formation rul es sketched
previously. Nornmally quoted words and programtext words such as

vari abl e nanes cannot contain spaces, or mxtures of characters of

di fferent types. However there are procedures which can construct words
with arbitrary conbinations of characters, and arbitrary sequences of
characters can be nmade into a quoted word by enclosing themin string
quotes with surrounding word quotes (as in the | ast exanple above). This
nmechani smis not available for using variable nanes wi th spaces or
illegal mxtures of characters

Words can be thought of as structures that include a string and other
information. In addition they are "standardi sed" in a dictionary, as
descri bed bel ow, unlike strings

-- . The internal representation of words

A word is represented internally by a special record which includes
i nformati on about the characters nmaking up the word (which can be
accessed by applying the procedure word_string to the word).

If the word is being used as a programidentifier (as opposed to nerely
being a data itemin a list, for exanple) then the word record includes
a pointer to an ident record (described below) giving information about
the syntactic properties and associ ated value. This pointer can be
changed dependi ng on what the current section is. If the word has a
syntactic role then the foll ow ng procedures can be applied to it to

di scover what the properties are

i dent props(wor d)
Returns "undef" for word with no syntactic role. Qherw se
returns the numeric precedence, or one of "macro", "syntax",
"syntax N' as described in REF | DENT

full _i dent props(word)
Returns "undef" for an undeclared word, or a list of all the
keywords used in the declaration of word, e.g. "global",
"constant", "protected" etc. See REF | DENT

i dent of (wor d)
Returns or updates the global (permanent) identifier currently
associated with the word (see below). This association wll
vary according to which section is 'current'

-- . The Pop-11 dictionary

Words play a crucial role in Pop-11. Most of the itens in a programtext
stream are words, including syntax words like "if", "define", "lvars"
and al so user-defined variable or procedure nanes, like "list", "roons",
"x_axis", etc. In order to be able to tell quickly whether a word is one
that is already known, Pop-11 keeps all words, including both system
words and words introduced by the user, in a single global dictionary,
whi ch nmakes use of hash-coding on the characters of the word for rapid
access. This makes it very easy to check whether a new sequence of
characters corresponds to a currently known word. If so, the existing
word record is used. If not, a new word record is created and entered in
the dictionary.
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That expl ains why two occurrences of a word expression for the sane word
will return the very sane (i.e. identical word), unlike two occurrences

of a string expression, as shown when the strict equality predicate "=="
is used for conmparison

"cat" == "cat" =>
** o <true>
‘cat' == 'cat' =>

** <fal se>

The dictionary in Pop-11 corresponds roughly to the synbol table of a
conventional progranm ng | anguage, |ike Pascal or C, except that in

t hose | anguages the synbol table is used at conpilation and link tine
but is not normally required during program execution, whereas the
incremental conpiler in Pop-11 requires the dictionary to be avail able
at all times, not nerely during a conpilation phase prior to execution
of progranms. It is also required because running prograns can create
words, e.g. using consword or <>

The dictionary is not a structure that is accessible to users. However
the procedure appdic can be given a procedure which it will apply to
every word in the dictionary. For exanple the follow ng expression wll
create an al phabetically sorted list of all the words in the dictionary,
typically a list of several thousand itens:

sort( [% appdic(identfn) 9% )

Addi ti onal procedures that operate on words include consword, destword,
i sword, subscrw, subword, word_string, sys_current_ident,

and the concatenator <>

See REF WORDS and REF | DENT for further information.

-- -- Strings

Exanpl es of string expressions:

'a', '21385d73::;+*)(&%W, 'string with spaces
A string is a vector of characters (8-bit integers). Relevant procedures
include inits, consstring, deststring, isstring, subscrs, ><, explode.
Non-printing characters can be represented in strings using specia

conventions anal ogous to those used in C string expressions, as
expl ai ned previously e.g.

\'s = a space

\t =atab

\n = a newine

\r = the return character (ascii 13)

A string expression like 'cat' causes a corresponding new string to be
created by the |exical analyser each tine such an expression is read in
whil e prograns are being conpiled. Thus a list like the followi ng wl
contain two strings with simlar contents

['cat' 'cat']
whereas the following list will contain contain two pointers to the very
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sane word record, nanely "cat"

[cat cat]

Mor eover, as shown above, the strict equality test on two strings
created at different times will return false, because the strings wl
be different itens in the machine's nmenory.

In Pop-11 there is no table containing all strings, |like the dictionary
containing all the words

If a string expression occurs inside a procedure, e.g. in an
assignnment like this

"The string' -> string;

then the string will be created only once, at conpile tine, rather than
a new string being created each time the procedure is run. This is

unli ke I'ist expressions and vector expressions which actually plant
instructions to create a new i nstance.

Strings are useful for storing sets of small positive integers (i.e.
requiring no nore than 8 bits per integer). They are also often used to
create text for printing. The string concatenator operator "><" is often
handy for creating a string that includes the characters that woul d
nornmal |y be used for printing sone other object that is not a string.

For exanple if you concatenate the enpty string with a nunber the result
is astring that | ooks |ike the nunber. However, if pop_pr_quotes is
true the concatenated string will include spurious string quote
characters, which can be suppressed by using sys_>< instead of ><, thus:

fal se -> pop_pr_quotes

vars numstring = 12345 >< '’
nunmstring =>

** 12345

true -> pop_pr_quotes;

nunmstring =>

vars newstring = 12345 >< '’
newstring =>

** 112345""

77, Use sys_>< to suppress the effects of pop_pr_quotes true
vars laststring = 12345 sys_>< '';
| aststring =>

** 112345

fal se -> pop_pr_quotes

newstring =>

** 12345

The enpty string is often very useful, so the built in identifier
nullstring is provided with an enpty string as its val ue

The Popl og editor VED represents each file as a vector of strings and
dstrings (described below). Enpty lines are represented by nullstring

For nore information see:

HELP STRI NGS, HELP ASCI |

-- -- Dstrings

Since version 14.2, the Poplog editor VED can use a nore conpl ex

representation for characters in strings. These use a special datatype
known as "dstrings" (or Display Strings) which support characters wth
different attributes, such as bold, italic, or underlining. Utimtely
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dstrings will be able to support nultiple fonts.
These are described in REF STRI NGS/ Dstri ngs

The VED procedure ved_chat, for nmodifying CHaracter ATtributes in a VED
file is described in REF VEDCOWS,

-- -- ldents (identifier records)

Wien a word is used as a syntax word or a variable or constant
identifier, a new structure is associated with it which defines its role
in Pop-11. This structure is a special record, known as an ident (or
identifier). The record contains the follow ng fields:

o] An idval field for holding the value of the identifier if there is one
The procedure val of, applied to a word, accesses this field of the
corresponding ident. So does the any program code that accesses or
updates the val ue of a variable.

o] Type information: the identtype. E.g. an ident nmay be restricted to
take only procedure val ues

o] A flag indicating whether the variable is "active" and if so what
its multiplicity is.

o] The ident props, which determnes the syntactic properties used by
t he Pop-11 conpiler when programtext is being conpiled

o] A flag indicating whether the identifier is |exical or pernmanent

At present the ident does not specify the word that identifies it. So
nmore than one word can share the same identifier, i.e. they can function
as synonyms in prograns.

The syntax word "ident" is available for accessing the ident currently
associ ated with a word, thus:

vars listl =[a b c];
ident listl =>
** <jdent [a b c]>

i dent define =>
** <jdent <procedure define>>

Note that the standard printing routine nerely shows the idval field of
the ident.

A word may be associated with different idents in different sections
This is why not all the information relevant to the role of a word is
held in the word record itself.

Procedures concerned with idents include: consident, isident, idval
i dent props, nonactive_idval, sys_current_ident, word_identifier.

The | ast procedure is used to create words that bypass the section
mechani sm so that they are guaranteed always to have the sanme identifier
associated with them

-- -- Types of nunbers in Pop-11

There are several sorts of nunmbers in Pop-11: integers, big integers
decimals (called floats in sone | anguages), ddecinals (sonetines called
long floats), ratios, and conpl ex nunbers. The formats for typing in
nunbers are fully specified in REF | DENT, and the interna
representation of nunbers of different sorts and procedures avail abl e
for operating on themare described in REF NUMBERS. What foll ows
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provides a summary of this infornmation.
-- -- Integers and Bigintegers

Integers are 'sinple' Pop-11 objects not represented by pointers. They
occupy one machine word, typically a 32 bit word, though 2 bits are
nornmal Iy used for type identification in Pop-11 and therefore only 30
bits are left for the integer value. Exanples are

66, -33, 99999, -12348888, 0

Bi gi ntegers are structures represented in the heap and can be
arbitrarily large. Sone exanples are

12345678900980980911, 2**40, -99999999999999999999999

The only limt to the size of a biginteger is the (virtual) nenory
avail able in the nachine

-- -- Floating point nunbers: decinmals and ddeci mal s

In Pop-11 there are two kinds of floating point nunbers, decimls and
ddecimals, which differ only in their degree of precision. Nornmally the
results of floating point calculations in Pop-11 are decinals (single
precision floats). However, by making the value of the systemvariable
popdpreci sion true, instead of false, which is its default, the rel evant
procedures are changed to return ddecimals. This increases the precision
of floating point conmputations, but can use a |ot of tenporary storage
space in the heap, causing garbage collections to occur (or extra pagi ng
on a machine with a small anmpunt of physical nenory.)

Decimals, like integers, are 'sinple' Pop-11 objects not represented by
poi nters. Each occupies a single nachine word, apart fromthe two bits
needed for type information. Thus decimals in Pop-11 are typically
restricted to 30 bit precision. Exanples are the foll ow ng.

66.0, -33.0, 77.35, 9999.532, -6666.0, O0.0sO, 5.5s-5

The | ast exanple represents

5.5 * (10 ** -5), i.e. 0.000055

Strictly only the last two exanples will create a single precision
decimal if typed in to Pop-11, since normally floating point constants
are read in as ddecimals irrespective of the value of popdprecision. The
|ast two exanples use 's' to force creation of a single precision float.

Exanpl es of expressions denoting ddecimals are
0.0, -9999.5, 12345.678, 0.00000001, 1.5d5, 1. 5d-5, 1.5e5
In the last three exanples the letters "d" and "e" are used

i nterchangeably to indicate the exponent, in contrast with the
single precision floats. For exanple

"

s" of

123. 45d5 is the double precision nunber 12345000.0
123.45d-5 is the double precision nunber 0.0012345

The |l ast exanple may print as '0.001234' because the gl obal variable
pop_pr_pl aces, which controls the nunber of decimal places printed
defaults to 6, as shown here:
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0. 123456789 =>
**0.123457

As expl ai ned above, decinmals and integers use single precision
arithmetic, and are represented entirely within a single word of nmenory,
usual ly using 30 bits, as the remaining two bits are required to

di stinguish pointers, integers and decinmals. By contrast ddecimals use
doubl e precision arithmetic, and will be created when the value of the
gl obal Pop-11 vari abl e popdprecision is non fal se

Al ddecinals take the same anmpunt of nenory space (which depends on the
current inplementation, but is typically three 32 bit words, one word
being used to point to the ddecimal key, and the other two to hold the
nunber.) Thus ddecinals have |limted precision, though it is greater
than the precision of decinals. Bigintegers are nore conplex structures
that are unlimted in size and therefore unlimted in precision. The
sane applies to ratios

-- -- Ratios use indefinite precision

Ratios represent the ratio of two integers or two bigintegers, and can
be used for very high precision arithnetic. Exanples of ways of
representing ratios are

3./4, 12345 /54321, -33 /44

In this forma ratio expression will be read as one item as can be
shown by enclosing themin |list brackets and printing out the list:

[3./4 12345 /54321 -33_/44] =>
** [3 /4 4115 /18107 -3_/ 4]

Unlike this

[3/4 12345/54321 -33/44] =>
** [3/ 4 12345 /| 54321 -33 / 44]

The division of two integers will normally produce either an integer, or
a biginteger, or aratio, in the case where the division is not exact.
E. g.

10/ 3 =>
** 10 /3

Prograns that involve inexact division of integers will produce ratios
and the conputations will be exact, wi thout the |oss of precision
involved in the use of decinals and ddeci nal s. However, high precision
ratios, like bigintegers, can take up a |ot of space, and if nany of
themare created, they will require tenporary storage space, and the
garbage collector may be invoked nore often than expected. Fortunately

t he Popl og garbage collector is very fast. Al so the frequency of garbage
coll ections can be reduced by using the variables popnem i m and

popmi nmenmlimto expand the heap space so that space runs out |less often

The format shown above can make it difficult to take in differences
between different ratios. It is possible to get Pop-11 to print out
ratios as if they were floating point nunbers, which is sonetinmes nore
conveni ent, though potentially msleading. This is done by naking the
gl obal variable pop_pr_ratios fal se

false -> pop_pr_ratios
10/ 3 =>
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** 3.333333

true -> pop_pr_ratios;
10/ 3 =>

** 10 /3

-- -- Conpl ex nunbers

Conpl ex nunbers are represented in Pop-11 by records that hold the rea
part and the imaginary part. The real and inmaginary parts can be

i ntegers, ratios, decimls or ddecinmals, though both nust be of the sane
type. These records can be created using the two infix operators +: and
-:, where users are invited to think of the colon as an approxi nate
depiction of "

"

i", the square root of -1. Thus, for exanple

0+ 1 =>
** 0_+:1

3-: 5=
** 3 -:5

Conpl exes are printed out in a formin which they can be typed in as
single items, using expressions that start with the real part, followed
by an underscore "_", followed by "+:" or "-:" followed by the inmaginary
part. For exanple the following is a list of two conplex nunbers

(notice how the integer values are coerced to floats where necessary)

[ 3+2.0 -3 -:4] =>
** [3.0_+:2.0 -3_-:4]

There are many built in mathematical functions that are capabl e of
taki ng conpl ex nunmbers as argunents and/or returning themas results
E.g. attenpting to conpute the square root of -1, or the logarithmof a
negati ve nunmber produces a conplex result:

sqrt(-1) =>
** 0.0_+:1.0

| og(-22.5) =>
** 3.113515_+: 3.141593

Procedures that are specifically concerned with conpl ex nunbers, include
the two operators nentioned above and, conjugate, destconplex, realpart,
i magpart, isconplex.

For more informati on see REF NUMBERS
-- -- Recogni zers for nunber types: integral, rational, decinmal, conplex
A nunber is described as "integral" if it is an integer or a biginteger.
It is described as "rational" if it is integral or aratio. It is
described as decinal if it is a decimal or a ddecimal. There are various
recogni ser procedures for detecting the different nunber classes:

i sinteger, isbiginteger, isintegral, isratio, isrational

i sdeci mal, issdecinal, isddecimal, isreal, isconplex, isnunber
-- -- Reading in nunbers relative to a base
Nunbers may be represented externally relative to a base, though the

internal representation is not changed thereby. The base is indicated by
an integer followed by a colon, preceding the nunmber itself. Thus,
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bi nary nunbers are represented with the prefix '2:'. So:

2:100 is the sanme as 4

2:1011 is the same as 11

8:101 is the sanme as 65

2:1.1 is the same as 1.5

8:1.1 is the sane as 1.125

16: 1FFA represents 8186 as a hexadeci nal nunber.

Note that the prefix '10:' is redundant. 10:999 = 999
For nore on notations for nunbers see REF | TEM SE, or Chapter 5, bel ow

Addi tional infornmati on about the representation of nunbers inside the
machine is also given in chapter 5, bel ow.

-- -- Characters (8 bit integers)

A character in Pop-11 is represented as a positive 8 bit integer (i.e
an integer between 0 and 255) according to the standard asci
conventions, (except in dstrings where characters have nore information
corresponding to font characteristics.) The printing characters
correspond to the integers between 33 (the exclamation mark character)
and 126 (the tilde character). Users of Pop-11 do not need to renmenber
the mapping fromintegers to characters, since character quote synbols
can be used to represent the integers corresponding to a character
Exanpl es are the followi ng, where the |last two exanples correspond to

t he backsl ash character and the character quote character. (The spacing
in the printed result has been stretched to show the correspondence)

1y tat, B, 0T, 9, (0, Vst ChtT, CAnt, AW, VT =>
** 33 97 66 48 57 40 32 9 10 92 96

The file HELP ASCI| gives full details on character codes, including how
to represent non-printing characters, such as control characters

NOTE: “a’ is a character, whereas 'a' is a string

Characters are not really a distinct Pop-11 datatype, as they are (at
present) sinply 8 bit integers. So they have no key or dataword of their
own.

-- -- Booleans (true and fal se)

In Lisp the enpty list is treated as fal se and everything el se as true
In C and many ot her | anguages the nunber O is treated as fal se and
everything else as true. The original version of Pop2 foll owed the

| atter convention, but when Pop-11 was designed it was decided that the
i ntroduction of a bool ean data type was desirable as too nany obscure
bugs could follow fromtreating the enpty list or 0 as fal se

Two built in identifiers are provided to refer to the two bool ean
val ues:

true, false =>
** <true> <fal se>

Many ot her expressions are capable of denoting bool ean val ues, e.g. the
result of applying a recogniser procedure to an arbitrary object, or the
result of applying an equality test to two objects or an arithmetica
conparison to two nunbers. Here are several exanples of bool ean-val ued
expressi ons:
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true, false, 66 == 66, 66 == 99, 77 < 33, "cat" = "dog",
i sinteger(true), isboolean(99), isword("cat"), isstring('cat'),
nenber (3, [a b c d])

In addition to recogni sers and conparison predicates there are a few
operators designed specifically to operate on bool ean val ues, nanely:

not, and, or

These are used for form ng conplex conditions for conditional and

| ooping instructions. Al of these treat any non-fal se object as if it
were true, and "and" and "or" return false or their |ast non-false
argunment. E.g.

not (99) =>

** <fal se>

not (fal se) =>

** <true>

true and fal se =>
** <fal se>

true and "cat" =>

** cat
false or 99 =>
* % 99
99 or false =>
* % 99

false or not(true) =>
** <fal se>

strictly "and" and "or" are not infix procedure names, but syntax words
as they prevent their second argunent being evaluated if the first
argurment suffices to determine a value. This can nean that the first
argurment can be used as a "guard" against an error in the second, e.g

false and ("cat" + "dog") =>
** <fal se>

Very many procedures return bool eans as results, for use in conditiona
expressi ons and | oop test expressions.

-- -- Pairs and lists

Pairs are records containing two fields, which can contain any type of
Pop-11 item They can be created using the procedure conspair, and have
associ ated procedures destpair, front, back, ispair. In Pop-11 as in
several other |anguages, pairs are used as the basis for a 'derived
data-type nanely lists. Lists are defined recursively as foll ows.

0 The enpty list [] (defined below) is a list.

oApair isalist if its back is a |list.

Lists are described in far nore detail in Chapter 6, below Apart from

the syntax for creating lists, there is no special syntax for creating

pairs, though they can be created using the procedure conspair
conspair (3, 4), conspair([], "cat"), conspair("cat", [])

Only the last of these is a list, since its back is a list, nanely the

enpty list. There is special syntax for creating lists, introduced in

Chapter 1. Since these lists are nade out of pairs, the syntax for
creating lists also creates pairs. For exanple the |ist
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[cat dog 99]
coul d be created using the expression

conspair("cat", conspair("dog", conspair(99, [1)))

Many exanples of lists are given in this introduction. Lists are
strictly speaking a 'derived' data-type in Pop-11, in that they are
constructed out of pairs, and therefore do not have their own key or
dat awor d.

Most of the tine users do not need to think about pairs. The facilities
for building and mani pulating lists, described |later, are designed to
hi de such irrelevant details! See REF LISTS and Chapter 6. An overview
of Popl og docunentation relating to lists is given in HELP LI STS

Later sections of this priner give a ot nore information about Iists,
including the use of the pattern matcher and the Pop-11 database
facility.

Procedures for operating on pairs include conspair, destpair, ispair,
front, back. There is a nuch w der variety of procedures for operating
on lists built out of pairs. See Chapter 6, below.

-- -- References (single conponent records, consref, cont).

A reference is a record with a single field that can contain an
arbitrary Pop-11 object. There is no special syntax for creating
references. They can be created using consref. E. g

consref(0), consref("cat") =>
** <ref 0> <ref cat>

The contents of a reference created by consref can be accessed or
updat ed using the field_accessor procedure cont. E. g

7y, create a reference record rec, containing the number 10
vars rec = consref(10);

rec =>

** <ref 10>

;5 increment the nunmber by 1

cont(rec) + 1 -> cont(rec);

rec =>

** o<ref 11>

The recogniser is isref. References are often used to share variable

i nformati on between different processes. For exanple, a procedure P can
create a reference R which it gives to procedure Q Q may eventual ly
cause the contents of R to change. Then when control returns to P it can
exam ne the contents of Rto find out what has happened. This is
sonmetimes nore conveni ent than passing values via the stack (e.g. in
prograns using parallel co-routines) and safer than using gl oba
vari abl es.

The procedure datalength applied to any pair will always return the same
result:

dat al engt h( conspair(3, 4) ) =>
* % 2

datalength( [a b c de] ) =>

* % 2
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In the second case it does not chain down the elenents of the list. The
procedures length and listlength do that.

dat al ength( conspair (3, 4) ) =>
length( [a bcde] ) =
**5

However, length applied to a pair attenpts to treat it as list, and
this will cause an error

I ength( conspair(3, 4) ) =>

;57 MSHAP - LI ST NEEDED

7o TNVOLVING [ 3] 4]

v, DONG : null listlength length ...

-- -- Types of vectors: strings, full vectors, intvecs, shortvecs

There are several types of vectors in Pop-11. Each vector class has a
fam |y of associated procedures, including the follow ng

o} initiator procedure, e.g. initv, inits, which takes an integer N and
creates a vector with N fields, containing a default value, usually
ei ther undef for full vectors or 0, or 0.0 for others.

o] constructor procedure, e.g. consvector, consstring, which takes N
itens and an integer N and creates a vector containing the Nitens

o] subscriptor procedure, e.g. subscrv, subscrs, which takes an integer
N and a vector, with at least N fields, and returns or updates the
contents of the Nth field

o] recogni ser, e.g. isvector, isstring

o] destructor procedure, e.g. destvector, deststring, which takes a
vector and returns all its itens on the stack, plus an integer N
speci fying the nunber of items. (Thus the results of destvector can
be given to consvector to create a copy of the original.)

In addition various generic procedures nentioned previously can be used
on all classes of vectors including datal ength, appdata, mapdata,
dat al i st, copy, copydata, and the concatenator <>

The equality tester "=" is defined for all vector classes as follows:

V1 =V2is true if and only if V1 are of the sanme vector class (have the
same dat akey) and have the same |length, and if correspondi ng conponents
or V1 and V2 are thenselves = to one anot her

Users can define their own vector classes, though several standard
vector classes are built in to Pop-11, including strings described
above. Strings are byte vectors containing packed 8 bit integers, and
have associ ated procedures inits, consstring, subscrs, isstring, etc

-- . Standard full vectors

One of the standard data types is the class of standard full vectors.
I nstances of this class can contain any nunber of items, including no
itens. The contents of the fields in a vector can be arbitrary Pop-11
itens: i.e. they are "full' fields

There is special syntax for creating vectors. Exanples are

{}, {a bc}, {cat nouse 3 4}, {"a string' in a vector}
{[a vector] {containing sonme} [lists {and} vectors]}
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Vectors are very like lists, but stored nmobre conpactly in the computer
There are several different types of vectors, besides standard ful
vectors. E.g. strings are "byte" vectors.

Procedures for operating on standard vectors include initv, consvector
destvector, subscrv, isvector, and the concatenator, <> and others
descri bed in REF VECTORS

The procedure datal ength can be used to check the length of a vector

datal ength({}) =>

* % 0

datal ength({{a b} {c d} {e f}}) =>
* % 3

-- . Packed integer vectors: intvecs and shortvecs

An intvec is a signed packed-integer vectors (usually with 32 bit
fields). So the fields of these vectors have two nore bits than standard
Pop-11 integers which can use only 30 bits. Intvecs have no specia
syntax, but can be constructed using consintvec, or initintvec. Exanples
are:

initintvec(5) =>

** <intvec 0 0 0 0 0>
consintvec(1, 2, 3, 4, 5 6, 6) =>
** <intvec 1 2 3 45 6>

The associ ated procedures are: consintvec, destintvec, initintvec,
i sintvec, subscrintvec

A shortvec is a signed short packed-integer vectors (usually with 16 bit
fields). They have no special syntax. Associated procedures are
consshortvec, destshortvec, initshortvec, isshortvec, subscrshortvec

For nmore details see the online files: REF INTVEC, REF SHORTVEC
-- -- Procedures, closures, arrays, properties

A great deal has already been said about procedures, and nore
information will be given below. In particular, we have previously
illustrated the special syntax for creating named and anonynous
procedures using the formats:

define Ce enddefi ne;
procedur e ce endpr ocedur e

Procedures are sets of instructions, which tell the conputer to do
sonething. Sonme are built in to the Pop-11 system Ohers are added by
the user. Unlike some | anguages, Pop-11 treats procedures as objects
just like nunbers or words. E.g. procedures can be created by running
procedures, can be stored in lists, or assigned to variables. There are
several procedures associated with procedures

o} i sprocedure: recogni ses procedures

o] pdprops: accesses or updates the pdprops field of a procedure, which
normal Iy contains the name and possi bly other information.

o] updat er: accesses or updates the updater of a procedure.

For exanmple the follow ng two expressions for updating the hd of a |ist
are equivalent: the first is 'syntactic sugar' for the second
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"cat" -> hd(list);
updater(hd) ("cat", list);

The second applies the updater of hd to "cat" and list. The first does
the sanme, though it is easier to read.

There are three nore special kinds of procedures. They are al
functionally equivalent to procedures in that they all have
procedure_key as their datakey, they all use procedure-calling syntax
for accessing or updating their contents they can all be partially
applied to formclosures (defined bel ow), and various other procedure
specific procedures can be applied to them including pdprops and
updat er.

-- . closures

A closure is a conbination of a procedure and sonme data for it to
operate on. A closure may either be created using "partial application”
(see HELP PARTAPPLY, HELP CLOSURES), or nay be a "lexical closure"
created by a procedure containing |local |vars variables. See Chapter 4
bel ow, and HELP LVARS, REF VMCODE

There is special syntax for creating closures using partial application.
E.g. gensymis a procedure that can be applied to a word, to produce new
words with appended nunerals, e.g.

gensyn{"cat") =>
** catl
gensyn{"cat") =>
** cat2

If we wished to partially apply the procedure gensymto the word "cat"
to create a new procedure of no argunments that could be run to get the
effect of applying gensymto "cat" we could do so as follows:

vars cat_gen = gensym( % cat"%;
cat _gen() =>

** cat3

cat_gen() =>

** cat4

The datakey of a closure is the same as the datakey of any other
procedure, i.e. procedure_key:

dat akey(cat _gen) =>
** <key procedure>

-- . arrays

Arrays are N dinensional structures whose conponents are accessed by N

i ntegers, where N can be 0 or nore. E.g. a two dinmensional array m ght
represent a picture, and its conponents could be accessed by giving two
nunbers representing di stance along and di stance up, e.g. picture(3,5).
For every class of vectors there are corresponding types of arrays. Note
that Pop-11 unlike many ot her |anguages, treats arrays as procedures,
for mximumflexibility. For details see REF ARRAYS.

The main procedures for creating arrays are newarray and newanyarray,
and additi onal procedures are, as follows:

array_subscrp, arrayvector, arrayvector_bounds, boundsli st,
i sarray, isarray_by_row.
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The gl obal variabl e poparray_by row has a bool ean val ue whi ch determni nes
the order in which an array stores its values in the underlying vector.

Arrays are treated |ike procedures in that they are applied to the
nunbers representing their subscripts. Every array has an associ at ed
updat er procedure for updating the contents of the array.

An exanpl e of the creation of an array froma vector class foll ows.
-- . Using newanyarray to create an array froman intvec

Vectors of various types can be used to create arrays of various types
usi ng newanyarray. For exanple to create a 2-D array of intvecs with
subscript values going from-5to 5 and -10 to 10 do

vars
intarray = newanyarray([-5 5 -10 10], initintvec, subscrintvec);

This array has 0 as default value at each |ocation. The value at any

| ocation can be accessed by applying the array to two integers that are
wi thin the range of the bounds given. The array can al so be updated

as follows, using two integers as indexes into the array.

intarray(1, 1) =>

* % 0

99 -> intarray(1, 1);
intarray(1, 1) =>

* % 99

Attenpting to update the array with the wong type of itemw | produce
an error"

[99] -> intarray(1, 1);

;.. MSHAP - | NTEGER -2147483648 TO 2147483647 NEEDED
i TNVOLVING [ 99]

;o DA NG . subscrintvec ...

Arrays al so have the procedure_key as their datakey.

dat akey(intarray) == procedure_key =>
** <true>

The procedure newarray is used to create arrays fromordinary ful
vectors. Both newarray and newanyarray all ow several optional forms in
whi ch they can be used. See HELP ARRAYS for an introduction.

-- . properties

The last kind of procedure is a property. A property is a table of
associ ati ons between objects, based on 'hash coding' to speed up access.
A property can function as a sort of nmenory of what is associated with
what. There are several different kinds of properties in Pop-11, and

di fferent procedures for creating them described in REF PROPS

Properties, like closures, arrays, and ordinary procedures are applied
to their argunments in order to access or update the associated val ue
Every property has an associ ated updater for changing the contents of
the property.

The sinplest kind of property is created using newproperty, and exanpl es
are given in the next chapter, and in HELP NEWPROPERTY.
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More sophi sticated types of properties can be created using the rather
conpl ex procedure newanyproperty, described in HELP NEWANYPROPERTY. A
speci al subset of its functionality is provided by the procedure
newnappi ng, whose use is illustrated in the next chapter. See al so
HELP NEWVAPPI NG

Procedures associated with properties include appproperty,
cl earproperty, clearproperty, property default, property_size,
dat al ength, appdata, copy and expl ode, as described in REF PROPS

-- . 'Destroy properties'
A special kind of property which (as far as | know) is unique to Pop-11,

is called a 'destroy property'. A destroy property (described in REF PROPS)

allows us to associate with an object a procedure to be run when the

obj ect becones garbage. This is particularly useful when the object has
associated with it sonme object outside the current Poplog process that
needs to be renpoved if the object is garbage. A typical exanple m ght be
a wi ndow on the screen corresponding to the object: the destroy action
m ght be used to ensure that such wi ndows are renpbved when they are no

| onger needed.

For nore details on properties see REF PROPS
-- -- Declaring a variable to be of type procedure

When you know that the value of a variable is going to be a procedure
and will not ever be anything else you can declare it as being of type
procedure. Thus the declaration of cat_gen above coul d be replaced by
this form

vars procedure cat_gen = gensym % cat"%;

Declaring a variable as of type procedure can cause nore efficient code
containing it to be conpiled, and will also cause extra error checking
when anything is assigned to the variable. Several identifiers can be
declared to be of type procedure if they are enclosed in parentheses
follow ng the word "procedure", e.g.

vars procedure (pl, p2, p3);

-- -- Lightwei ght processes

A process is a structure containing a conbination of procedure and data
and a record of how far the procedure has got in its execution. The
original procedure nay have i nvoked another procedure, which in turn my
have invoked ot her procedures, and so on. Thus a process needs to
include a partial procedure calling stack. It also needs to record the
val ues of any local variables of those procedures.

Each process can be suspended and resunmed as required. These are
sonetimes referred to as "lightweight" processes, because switching

bet ween these processes is far less tine consum ng than switching

bet ween operating system processes on a tinme-shared conputer. Processes
can be used for running sinulations of various kinds, e.g. sinmulating an
operating system

Procedures for operating on processes include consproc, consproc_to,
runproc, resune, suspend, kresume, ksuspend, saveproc, isprocess,
i sliveprocess,

These are described in HELP PROCESS, and in nore detail in REF PROCESS

The timng facilities in Pop-11, such as sys_timer, nake it possible for
processes to be suspended and resuned at regular intervals. Thus a
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time-shared mul tiprocessing systemcan be inplenmented using Popl og
Pop- 11.

-- -- undefs

Undefs are a special type of record used to initialise newy decl ared
gl obal or dynami c |ocal variables that have not been given an initial
val ue.

Nornmal |y when a new variable is created, it is given a default val ue
which is a special object which may print out sonething like:

<undef xx>

Meeting one of these in an error nessage is usually an indication that
you have forgotten to "initialise" a variable with an appropriate val ue
Note that there is a standard Pop-11 variable called "undef" whose val ue
is the word "undef", and which is NOT an exanple of an undef data-type
but is a word. (For historical reasons, the word "undef" itself is stil
used in sone contexts).

An exanpl e foll ows:

vars Xxxxx; ;;; declare a new variable
XXXX =>

** <undef xxxx>

hd(xxxx) =>

73 MSHAP - LI ST NEEDED

757 TNVOLVING  <undef xxxx>

;55 DONG : hd conpile .....

For nore informati on see REF | DENT and HELP UNDEF
-- -- Keys

A key is a record containing information about a class of objects in
Popl og. Each data type has associated with it a key which is a structure
containing information about all objects of that type, such as their

dat aword, how they are to be printed, how nmany el enents they are nade
of , how they are recogni sed, whether it is a vector class, a record
class or sone other kind, and if it is a record or vector class, what is
accessing procedures are, etc.

Procedures associated with keys, and described in REF KEYS, include
conskey, datakey, isvectorclass, isrecordclass, class_=, class_access,
class_apply, class_attribute, class_cons, class_datasize

cl ass_dataword, class_dest, class_fast_subscr, class_field_spec,
class_hash, class_init, class_print, class_recognise, class_subscr

-- -- Unique objects: nil, termn, stackmark
-- . The enpty list []

This unique object is used to indicate the end of a chain of pairs
making up a list. In Pop-11 it is NOT used to denote FALSE as it

does in many |lisp systens that |ack a proper bool ean data type. The
special identifier [] can be used to represent the enpty list. For
conpatibility with other |anguages the word "nil" is also defined as a
Pop-11 identifier that represents the sane object.

nil =>

* % []

nil ==1[] =>
** <true>
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-- . The streamtermnator, termn

Termin is a unique object used to indicate the end of a sequence of
itens, e.g. the end of a sequence of characters read froma file, or the
end of a sequence of itens making a stream or a dynamic list. There is
no special syntax for it, though termin is often produced by typing the
end-of -file character to a programreading fromthe termnal. It is also
the last item produced by a character repeater obtained froma file.
There is no special syntax to represent termin, though a constant
identifier termn is provided, which has termn as its val ue.

termn =>

** <termn>

dat akey(ternmin) =>
** <key term n>

Wien a dynamic list is produced by a generator procedure, the end of the
list is indicated by the procedure producing termn as a result. Dynamc
lists are discussed in Chapter 6.

See REF CHARI O

-- . The stack mark, popstackmark

The unique item which prints as <popstackmark> is used in connection
with Pop-11's "open" stack when building lists or vectors. Users will
nornal Iy only cone across it when they nake errors involving
attenpting to take too many itens off the stack (stack underfl ow
errors)!

Roughl y, whenever an list building expression [ ... ] or a vector

bui I di ng expression of the form{ ... } the object popstackmark is

pl aced on the stack when the construction starts, and the final object
is created by renoving all itens on the stack down to the |ast
occurrence of popstackmark and putting themin a list, or a vector.

See REF STACK

-- -- Devices

These are records associated with files, termnals and other neans of
conmuni cati on between the Pop-11 systemand the rest of the world. There
are al so pseudo-devi ces created using consdevice.

See REF SYSI O

-- -- External pointers

These are pointers to external data or external procedures (functions),
created using another |anguage, e.g. Fortran, C or Pascal and |inked
into the Pop-11 system See REF * EXTERNAL_ DATA

-- -- Sections

Sections are structures that hold information mapping words in the
dictionary to the idents that provide information about how t he words
are currently being used. Because the mapping fromword to ident can be
different in different sections, sections enable different programers
to use the same words for different purposes without risk of clashing
even when their prograns are |ater conbined.

Identifiers in one section can access those in another by using full

section "pathnanes", which are simlar to Unix file path nanes except
that "$-" is used instead if "/". Thus the identifier "bite" in
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subsection "dog" in in sub-section "manmal" in sub-section "alive" of
the top I evel section could be referred to as

$-al i ve$- manmal $- dog$-bite

Code written in the section $-alive$-manmmal $-dog would nerely need to
use "bite".

As inplied by this exanple, sections can contain subsections. For full
details see REF SECTIONS. An introduction can be found in HELP SECTI ONS.

The active variable current_section holds as its value the current
section.

Identifiers associated with sections include:

pop_defaul t _section, pop_section, section_cancel
section_export, section_inport, section_key
secti on_nane, section_pat hname, section_subsect

section_supersect

-- -- Prolog variables and terns: prol ogvars, prologternmnms

A prologvar is a one-elenment record used as a variable for the Prol og
subsystem of Poplog. Various utility procedures are avail able for
mani pul ati ng them

A prologtermis an instance of a special class of vectors used to
i npl emrent terns in Prol og.

Procedures relevant to the prol og sub-mechanisnms in Poplog include:

consprol ogterm destprologterm initprologterm isprologterm
i sprol ogvar, prolog_arg, prolog_args,

See REF PROLOG for nore details.
-- -- Data types required for the Poplog X wi ndow interface

Xpt Descriptors are used for managi ng sone of the rather conpl ex
i nteractions between Poplog and the X wi ndow system which is nostly
witten in C. Additional Pop-11 datatypes are created in the X libraries
in

$usepop/ pop/ x/ *

See especi al |y $usepop/ pop/ x/ pop/ ref/*types*
Further details are provided in: REF XptDescri ptor

The REF files nentioned above give far nore infornmation than begi nners
can possibly cope with, but experts designing sophisticated software
wi |l probably find themindi spensabl e.

Additional built-in data types may be provided in |ater versions of
Poplog, and will be listed in REF DATA

Most begi nners will not need to know about npbst of the data-types
ment i oned above. For very nmany prograns it suffices to know only about
procedures, words, nunbers and |lists. Bool eans are used in conditional
instructions or in tests for termnation of |oops. Strings are useful
for formatted printing, and they are al so used as nanes of files. Arrays
are useful for representing two dinmensional inmage data. This Priner will
be mainly concerned only with the nbst comonly used data types.

-- (bjectclass - An object oriented extension to Pop-11 ---------------
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There is a systemcall ed Objectclass, which extends the Pop-11 data-type
systemwi th object oriented facilities simlar to but nore general than
those in | anguages |ike C++. Objectclass has nobre in comon with the
Conmon Lisp Object System CLCS.

See HELP OBJECTCLASS if you are interested. It is available as part of
Popl og Pop-11 from Version 14.5, as is the GO (G aphical Object) library,
whi ch is based on objectcl ass.

The objectclass library creates sone additional Pop-11 record and vector
cl asses (using the Pop-11 defclass construct, defined i n REF DEFSTRUCT)
and then defines objectclass classes and i nstances and other kinds of
entities in terns of those new classes. It also extends the syntax of
Pop-11 to nake the new facilities convenient to use.

Anot her, ol der, object-oriented extension to Pop-11 is provided in the
FLAVOURS | i brary, described in TEACH FLAVOURS and REF FLAVOURS

More information about Objectclass is provided in a |later chapter.

-- -- Further online information ------------------------- -

As nentioned previously, each datatype has an associated fanmly of
procedures for creating and mani pul ating instances of the datatype.
These are described in the REF files nmentioned above. However there are
also nore "introductory" files in the Poplog HELP directory, and these
can be found by browsing HELP | NDEX, and HELP HELPFI LES.

In particular the follow ng nay be useful

HELP EQUAL, HELP MATH, HELP STRI NGS,
HELP LI STS, HELP ARRAYS,

HELP RECORDCLASS, HELP VECTORCLASS,
HELP NEWPROPERTY, HELP NEWVAPPI NG
HELP CLASSES,

HELP PRI NT, REF PRI NT

-- Additional information needed to define Pop-11 ---------------------

Besi des the information about data-types in the Pop-11 virtual machine,
and procedures provided in the Pop-11 virtual machine for operating on
those data-types, a full description of Pop-11 would specify how users
can define their own data-types, and define their own procedures for
operating on them A brief introduction to sonme aspects of this can be
found in REF DEFSTRUCT. This is probably unsuitable for novices and
the files HELP RECORDCLASS, HELP VECTORCLASS are easier to understand.
Exanpl es are given later, in Chapter 8.

Further information required to conplete the specification of the
| anguage is given in later chapters (and in Poplog's REF files).

In particular, it is necessary to specify how the systemis started up,
how your program s state can be saved so that you can continue on

anot her occasion without having to repeat what you have al ready done,
how Pop-11 can be nmade to interact

- with the termnal (including howto print out various kinds of
dat astructures),

- with disc files,

- wWith the screen and with ot her devices,
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how prograns can be timed or traced or del ayed, how interaction with the
operating systemis provided, how Pop-11 can discover what sort of
machi ne or what operating systemthe programis running on, and how it
can interact with progranms written in other |anguages.

Further information would specify how "error" states can occur, at
conpile tine or run time, how they are detected, how they are reported
how user prograns can vary the standard behavi our.

In addition to all this detailed informati on about the specifics of
Pop-11 it is possible to spend several years |earning how to nake use of
these tools in order to design a wi de range of prograns, achieving such
software engi neering goals as maintainability, extensibility,
efficiency, reliability.

Fortunately, although many of the details are specific to Pop-11, nost
of the concepts and techniques are not, and will be applicable when
usi ng ot her progranm ng | anguages. |ndeed having seen how to do
something in a very sophisticated and flexible | anguage |ike Pop-11 a
programrer may have a better idea howto inplement a simlar technique
i n anot her |anguage that does not provide it directly.

The next chapter returns to sonme details of the Pop-11 virtual machine
Besi des the datastructures that are constructed in the conputer's nenory
when Pop-11 user progranms run, there are several datastructures created
and used by Pop-11 itself, and areas of the menory that are used to
provi de "workspace" for Pop-11. An exanple of a datastructure used by
Pop-11 is a dynamc list known as "proglist", which is used by the
Pop-11 conpiler to represent the stream of characters in the program or
conmand sequence currently being read in and conpil ed

Anyone wi shing to extend the syntax of Pop-11 needs to know how to
mani pul ate the synbols on proglist. Some aspects of how proglist works
are described later. Full details are given in REF PROG.I ST and

REF POPCOWPI LE.

Wien the Pop-11 conpiler, or any other |anguage conpiler in Poplog reads
in prograns it has to tell the Poplog virtual machine how to create new
procedures and structures corresponding to the progranms read in.

Speci fying how to do this includes specifying the set of basic Poplog
virtual machine instructions available, and the procedures for conpiling
instructions to machine code. This is a very conplicated topic
introduced (with sone sinplifications) in TEACH VM and described fully

i n REF VMCODE

A particularly inmportant workspace in the Poplog virtual machine is a
portion of the conputer menory which is referred to as 'the stack'. This
is used as a general 'communication area' by Pop-11. W shall often
refer to it as if it were an object, though strictly speaking it is not.
It cannot be manipul ated |iked an object. For exanple, objects can be
put on the stack, but the stack cannot be put on the stack or stored in
ot her objects. The next chapter el aborates on this.

O her workspaces, which will not be described in this priner are the
procedure calling stack, and the workspace used for inplenenting Prol og
facilities, described in REF PROLOG

-- The garbage collector --------------mmmmmm o

One feature that Pop-11 shares with nmany Al |anguage systens, though it
is lacking in Fortran, Pascal, C, Cobol and other w dely used | anguages
is the "garbage collector", or store nanager. This is a very inportant
feature of Pop-11 which enornously sinplifies the use of prograns that
create |large nunbers of tenporary structures then discard them It is

al so very conplicated because of the need to cope with externally | oaded
prograns using | anguages like C that do not have garbage coll ections
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Some aspects of the store managenent are described in REF SYSTEM
Under st andi ng how to avoi d unnecessary garbage coll ection is one aspect
of designing efficient prograns. There are nmany hints on this and
simlar topics in the file HELP EFFI Cl ENCY

s EXErCiSeS --mmmmm -
1. Explain the difference between syntax and senmantics of a
programm ng | anguage. How do internal semantics and external senmantics

differ?

2. What is the difference between a conpile tine error and a run
tinme error?

3. What is a virtual nachine?

4. \What is the connection between a progranm ng | anguage and a virtua
machi ne?

5. What needs to be described in order to specify a programmi ng
| anguage fully?

6. What are the datatypes built in to Pop-11?

7. What is the difference between a word and a string, in Pop-11?
(You will not be able to answer this fully at this stage.)

8. What is the difference between a word and an ident in Pop-11?

9. There are certain conventions restricting the conbinations of
characters that nornmally can be used to create words using the word
quotes "..." in Pop-11. How can those conventi ons be overcone to produce
words containing arbitrary characters?

10. What is the difference (at first sight) between an expression and
an inperative? Wiy does the distinction break down in Pop-11?

11. Pop-11 contains a garbage collector as described above. Can you
think of reasons why it is sonetinmes necessary to wite prograns that
create |large nunbers of tenporary structures which are then di scarded?
Thi nk of reasons why sone intelligent processes require searching for
solutions to problens or searching for coherent interpretations of

i nformation.

12. List some of the generic procedures, which are applicable to
several data-types?

13. Besides ordinary procedures Pop-11 contains three other types of
structure that are treated as procedures.

14. There is one type of object that has only two instances. Wat is it?

15. List the Pop-11 classes that have only one instance each
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-- CHAPTER 3: PROCEDURES AND THE STACK

A very inportant aspect of the Pop-11 "virtual machine" is the stack
This is a part of the conputer's nmenory used as a communication area in
connection with procedures which take "argunents" (inputs) and return
results, and also in connection with assignnent.

(Note for experts: this is not the sane as the procedure calling stack
which is a different area reserved for keeping track of which procedures
are currently active.)

Consider a statenment in which the value of an arithmetic expression
is printed, for exanple:

2 +2 =>
*% 4

This statement is processed in tw stages; firstly the arithmetic
expression is evaluated and then secondly the result is printed. The
result of evaluating the arithmetic expression is left on the stack,
fromwhere the print routine renoves it

As with a stack of plates, the last thing put on the stack is the first
one you get off. Because the stack can acconmpdate nore than one result,
it is possible to wite several expressions separated by commas, or

sem -col ons, each of which causes sonething to be put on the stack. For
exanpl e:

2+3 10* 2, 5-3-=>

If this instructions is obeyed then three nunbers are put on the stack
with 5 at the bottom then 20 and finally 2 on the top. The print arrow
prints the ENTIRE stack, starting fromthe bottom and enpties it, thus:

** 5 20 2

Note that the top element of the stack is printed |ast.

The stack is in some ways |like a datastructure, e.g. a variable-sized
list or a vector, to which other Pop-11 objects can be added or renoved
at one end only, like a stack of dishes on to which new di shes can be
added, one at a time, and fromwhich the top itemcan be renoved

The stack is inplenented differently froma Pop-11 datastructure, for
efficiency. And it is not itself an object that can be put in a list,
assigned to a variable, or given as input to a procedure. In fact there
is no explicit way of referring to the stack. Rather it is inplicitly
referred to in very many Pop-11 instructions. It is not, what is
sometinmes referred to as a "first-class object".

A | anguage that uses a stack in a simlar way to Pop-11 is Forth. Some
pocket cal culators also use a stack in the same sort of way.

-- Procedures comunicate via the stack -----------------------

Pop- 11 procedures take their paraneters, if any fromthe top of the
stack, and |l eave their results, if any, on the stack. Thus the
procedure SIN renoves the top itemfromthe stack, conputes its

sine, and place this nunber on the stack. Wen we wite:

sin(45) =>
** 0.707107
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Then three things happen:

(1) 45 is put on the stack

(2) SINis called (invoked, applied, run...). SIN renoves the
top item(in this case, 45), conputes its sine (in this case
0.7071), and puts this on the stack

(3) The print arrow, '=>" prints and enpties the stack.

Had we wi shed to be obscure, we could have witten, with exactly the
sanme effect:

45;
sin();
=>

If there is nothing on the stack for a procedure Iike SIN then it
conpl ains and we get a M SHAP nessage.

Whatever is currently on the top of the stack is used by the procedure
SIN. If this expression were executed with the stack enpty, a M SHAP
nessage woul d be printed indicating that the stack had underfl owed,

t hus:

sin() =>
75, MSHAP - STE: STACK EMPTY (missing argunent? missing result?)
5, DONG : sin conpile compile

Provi ded the nunber of paraneters (argunments) put on the stack when a
procedure is called is the sane nunber as taken by the procedure, any
nunbers previously on the stack are unaffected by the transaction.
Note the difference between witing

sin;

whi ch | oads the sin procedure itself onto the stack and

sin();
whi ch actual ly causes the sin procedure to be executed. It may be useful
to think of "()" as the "doit" brackets. If there's anything between
the brackets, that says "doit to...", e.g. sin(45).
-- The DOT-notation for procedure calls --------mmmmmmmmmon
Readers familiar with the | anguage FORTH, you may be interested that
Pop-11 admits an alternative notation for procedure calls, sonetines
described as "postfix" or "reverse polish" notation. This involves
pl aci ng argunents, separated by conmas, before procedure nanes and
precedi ng procedure nanes with a dot "." to indicate that the procedure
is to be applied.
E.g. instead of:

perim3,5) =>

you can use
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3, 5 .perim=>

I.e. the "." can be used to invoke a procedure. Thus Pop-11 all ows,
instead of 'sin(45)', '45.sin', which can be interpreted as put 45
on the stack and then run SIN. Simlarly

sin(sqrt(100))

can be expressed as
100.sqrt.sin

sin(sqrt(100)) =>
** 0.173648

100.sqrt.sin =>
** 0.173648

The dot notation corresponds nore closely to the actual order of
processi ng, though the forner is the nore conventional way of
representing procedure calls. W shall not use this POSTFI X notation
in this introduction, though it is popular with some Pop-11 users.

Note that if infix operators are used in postfix notation, dots are
not required, e.g.

2*3+4*5 =

is equivalent to

2, 3*, 4, 5* + =

The two can be m xed

sqrt(3) + 5

is the sane as

3.sqrt, 5 +
Al t hough sone Pop-11 users like the postfix notation, it can make
prograns obscure if used excessively. A commbn convention is to use it
only for accessing conponents of datastructures, as in the follow ng

expression denoting the second el enent of |ist:

list.tl.hd

-- Assignment as a two stage operation -------------------oo-o---
The statenent:

2 +2 ->X;

takes place in two main stages, viz:

"2 o+ 20
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First the arithnetical expression is evaluated and the result, 4, is
left on the stack. Then the top elenent of the stack is renoved and put
into the variable x.

We can wite a series of statements which put things on the stack
followed by a series which renove than and put themin variabl es,

for exanpl e:

2, 3, ->X; ->Y,;

These four statenments do the foll ow ng:

(1) Put 2 on the stack

(2) Put 3 on the stack

(3) Renpbve the top elenment (i.e. 3) and put it in the variable x

(4) Renove the top elenent (i.e. 2) and put it in the variable y
So, the following will swap the values of x and y.

X5y, ==X ->y,
Expressi ons may be separated by commas, and assignnents need no
separators, so this can be abbreviated to:

X, ¥y ->X->Y,
Notice that '-> x' renpves the top itemfromthe stack, and assigns
it to X, whereas the reverse operation:

X5

Just COPIES the value of x onto the stack, |eaving x unchanged. W
can denonstrate this difference as foll ows.

vars X;
77, 88, 99; ;5 put three things on the stack

-> X ;;; take one off

=>

** 77 88 ;55 two things left

X; X, X; => ;;; copy value of x three tines onto stack
** 99 99 99

-- The stack and arithmetic expressions -------------------------------

The stack is used while evaluating arithmetic expressions so that a
statement such as:

2 + 3 ->X;

actual ly takes place in four steps, thus:

(1) Put 2 on the stack
(2) Put 3 on the stack
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(3) Do the addition, that is renpve the top two itens on the stack

(i.e. 2 and 3) and replace themby their sum (i.e. 5)
(4) Renove the top itemfromthe stack (i.e. 5) and put it in
the variable X

A nore conplicated exanple, such as:

2+3*4-5=

takes place in ElIGHT steps, which are |eft as an exercise for the
reader to describe, some of which are:

(4) Do a nultiplication

(5) Do an addition

(7) Do a subtraction

(8) Print the contents of the stack

-- Inplicit uses of the stack ---------------“-----“-“ -

The Pop-11 stack is inplicitly referred to in the follow ng contexts

1. Any Pop-11 expression which denotes sone object, is inplicitly
an instruction to create or find the object and put it on the
stack. (For nobst types of object this really anbunts to putting a
"pointer" to the object on the stack. The object itself remains
somewhere in nmenory. For integers and single precision decinals,
a copy of the internal representation is put on the stack.)

E. g.
"3 + 5" puts 8 on the stack
"hd(tl ([the black cat]))" puts "bl ack" on the stack
X, Y, Z; puts the values of x, y and z

on the stack, in that order.

2. When a procedure is invoked with sonme argunments, the argunents
are put on the stack and then the procedure is run. E. g.
3+4
Puts 3 on the stack, then 4, then runs +

hd(1ist)
Puts the value of list on the stack then runs hd

3. If a procedure invoked with arguments has sone input variabl es,
then when the procedure is run, the appropriate nunber of itens
is taken off the stack and assigned to the variables within the
procedure. For exanple, consider the procedure perimdefined in
Chapter 1, with the heading

define perin(len, breadth) -> total;

The command to run perim wll cause the itemon top of the stack
to be renpved and assigned to to the input |ocal variable
breadth, then the next itemw |l be renoved fromthe stack and
assigned to len, and then the instructions in the procedure
definition will be obeyed, using these variabl es.

4., |f a procedure is defined to produce any results, then invoking
the procedure will inplicitly cause the results to be put on
the stack when the procedure is finished. For exanple, if the
nunbers 3 and 4 are on the stack, and the addition procedure +
runs, then the procedure, when it has finished, will replace the
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top two itenms on the stack with the single result, the nunber 7.
So the instruction

3+ 4 =
is equivalent to these four instructions
3;
4;
+;
=>

Anot her exanpl e is what happens when the perim procedure
finishes. Because it has an "output" |ocal variable in the header

line, i.e. "total", then Pop-11 will ensure that just before the
procedure finishes the value of the variable will be put on the
st ack.

Exerci se: Explain why case 4 is just a special exanple of case 1.

5. Wen an assignment instruction is run, e.g.
X ->y

the left hand side, in accordance with point 1 above, causes
the value of the expression to be put on the top of the stack
(i.e. the value of the variable x is put on the stack), and then
the rest of the instruction ( "-> y") causes the itemon the top
of the stack to be renpved and stored as the value of the
variable y. (l.e. the value is stored in the area of menory
associated with the variable.)

NOTE: there is a potential point of confusion. Wen the |eft hand
side of such an expression puts the value of x on the stack it
does not renove the value fromx. Thus x still has the sanme val ue
as before and it can be re-used. For exanple the instructions:

cause the value of x to be put on the stack three tines.

By contrast, when the top of the stack is assigned to a variable
it is renmoved fromthe top of the stack. Thus if there is only
one thing on the stack you can obey the instruction to nove it

toy, thus
99; ;55 Put 99 on the stack
==y ;5: move top of stack toy

But attenpting to do the sane again
->y, ;;, nmove top of stack toy
will cause an error nmessage to be printed out if there was

originally only one thing on the stack.
;77 MSHAP - ste: STACK EMPTY (m ssing argunent? nissing result?)

Not e: al though you can assign the top of the stack to a variable, you
cannot assign it to a constant object, such as the nunber 37, or a
string, or a word. If you try any of these:

3 +4 ->7;
"cat" -> 'dog';
33 ->[a b c];

then you will get the follow ng error nessage:
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;7 MSHAP - iue: | MPERM SSI BLE UPDATE EXPRESSI ON (e.g. after -> or ->>)
33 -> 44;

-- Exanmple: inplicit uses of the stack when running "perinl -----------

The previous section listed five ways in which Pop-11 prograns
inmplicitly use the stack. W can now conbine points 1, 2, 3, 4, and 5,
and l ook closely at the inplicit stack instructions when Pop-11 runs the
procedure perim defined in Chapter 1.

First a rem nder of its definition in chapter 1:

define perim(len, breadth) -> result;
(len + breadth) * 2 -> result
enddefi ne;

Assum ng the definition has al ready been conpiled, we can step through
what happens when it is obeyed in the following instruction (declare the
variabl e num conpute the perineter of a 3 by 4 room and assign the
result to num:

vars num

perim 3, 4) -> num

This inplicitly "expands" into the follow ng Pop-11 virtual machine
i nstructions:

STEP What happens VM instruction
(a) put 3 on the stack (i.e. PUSH 3),
(b) put 4 on the stack (i.e. PUSH 4),
(c) run perim (i.e. CALL perim,
this will do various things and | eave a result on the stack
(d) move the top of stack to num (i.e. POP num
We can | ook nore closely at step (c), i.e. what happens when the

procedure runs. Look at the definition, fromchapter 1:

define perim(len, breadth) -> result;
(len + breadth) * 2 -> result
enddefi ne;

Wien this runs, with 3 and 4 on the stack, as in step (c) above it does
the foll ow ng:

STEP What happens VM i nstruction
(ca) nove top of stack (i.e. 4) to breadth (POP breadt h)
(ch) nmove top of stack (i.e. 3) to len (POP | en)
(cc) copy value of len (i.e. 3) to stack (PUSH I en)
(cd) copy value of breadth (i.e. 4) to stack (PUSH breadth)
(ce) run + (CALL +)

(which takes 3 and 4 off the stack and puts back 7)
(cf) put 2 on the stack (PUSH 2)
(cqg) Run the multiplication procedure (CALL *)

(this takes 7 and 2 off and puts back 14)
(ch) Move top of stack (14) to result (POP result)
(ci) Finally, because result is an output

local, its value is put on the stack (PUSH result)
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It is not absolutely essential to understand such details of inplicit
stack mani pul ation on order to devel op Pop-11 prograns, but it will nake
many things clearer and will help with nore advanced progranmm ng. For
practice try the foll owi ng exercises:

-- Exercises on the stack --------------------- oo

1. Relate each of the above steps (a) to (d) and (ca) to (ci) above to
the five types of inplicit uses of the stack.

2. Step through the exanples with different input nunbers, e.g. 4 and 5
instead of 3 and 5, keeping track of which intermediate nunbers are
created.

3. Do the sane with the procedure volune, defined in Chapter 1. (It is
easi er than perim)

4. |f you have found the explanations so far confusing, you may find it
hel pful to work through the online Poplog file TEACH STACK, which
explains these points in nore detail, with nore exanples.
TEACH DEFI NE rmay al so hel p.
-- More exanples of uses of the stack ---------------------------------
Put four things on the stack, two integers and two words.

3, "cat", 99, "blue";
The assi gnment arrow can be used to renove the top of the stack and

store it as the value of x.

-> X;

Now print out what is left on the stack.
=
** 3 cat 99

|.e. only three things left. What was the fourth is now the value of x:
X =>

** bl ue

(The non-destructive assignnent arrow "->>" described |ater, assigns the
top of the stack without removing it.)

-- "->" does not always represent an assignment -----------------------
We have seen that "->" can also be used in the heading of a procedure
definition, to define "output locals". In this context "->" does not
cause anything to be assigned. This is explained nore fully in the
section on defining procedures.

-- The print arrow "=>" - - oo
The print arrowis very comonly used to show what is on the stack. It

has two different uses, one inside procedures and one at "top |evel"
i.e. when you are giving individual commands to Pop-11.
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1. In a procedure "=>" prints only one item the one on top of the
stack, and renmpbves it fromthe stack.

2. At "top level" "=>" prints out everything on the stack, bottom
itemfirst, top itemlast, and clears the stack

The reason for the restriction in (1) is that when procedures are

running there may be several itens on the stack waiting to be dealt

wi th by other procedures than the one that calls =>. So those itens

shoul d not be renmoved. (This restriction can be overconme by using the

popval procedure to simulate top level instructions, in the format:
popval ( [=>] );

But that's recomended only for experienced programers.)

-- The pretty print arrOw ==> - ----- oo

The "pretty print arrow' is simlar to "=>" but will print conplex
lists and vectors out in a nore readable form E.g. using the variable
roons defined in Chapter 1, conpare:

roons =>
** [[roonml 10 12 8] [roonR 6 11 8] [roonB 15 11 8] [room} 10 12 9]
[roonb 21 11 9]]

roons ==>

** [[roonl 10 12 8]
[roon2 6 11 8]
[roonB8 15 11 8]
[roomd 10 12 9]
[roonb 21 11 9]]

Anot her difference is that ==> never prints out nore than ONE item from
the stack.
-- Using assignment to store sonething in a structure -----------------

So far the assignment arrow has been used only with a variable on the
right hand side.

Besi des storing things in variables, assignment can be used to store
sonething in a structure. E.g. we nmay create a list, then use
assignment to alter its third el enent:

vars list = [a b cde€];

list =>

** Ta b cde]

"D' ->list(4); ;;, alter the 4th el enent

list =>
** [a b c Dej

Here the assignment has "updated" the previously existing list, unlike
t he expression

[abcDel =>

which creates a new list. This is an exanple of what is sonetinmes called
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programming with "side effects". |.e. when an instruction is obeyed, it
not only produces results which can be assigned to variables, or used to
construct new datastructures, but it also alters a pre-existing
structure. Side effects are often a source of obscure bugs in prograns,
and there are sone conputer scientists who think they should not be

all owed, so they prefer to use "pure functional" |anguages that permt
no side effects. (An exanple of such a |language is Mranda.) However,
there are many ways of designing useful software that make use of side
effects, so Pop-11 allows them |f you use these facilities you will
need to be very careful

-- Invoking the updater of a procedure --------------------------------

A common way to change an existing structure is to use a procedure that
has an updater. An updater is a procedure that is invoked on the right
side of an assignnent arrow. A procedure and its updater together are
sonetimes referred to as a "doublet”. For exanple, the Pop-11 procedure
for accessing the first element of a list, called "hd" is really a
doubl et, consisting of two procedures: an accessor and an updater. To
illustrate this, first create a list held in the variabl e person, and
create three spare variables for use later

vars
person = [[nane john][sex male][age 27]],
p, X, Yy,

W'l | assign person to p, in order to illustrate sone points later

person -> p;

Notice that p is not a COPY of person. It is the very sane thing
person == p =>
** <true>

The "accessor” of "hd" can be used in many different contexts, e.g

hd( person) =>
** [ name j ohn]

hd( hd( person)) => ;;; get the first elenment of the first el ement
** name

hd( person) ->vy; ;;; assign the first elenent toy

y =>

** [ name j ohn]
hd(hd(person)) -> x;

X =>
** nane

Not e that person is unchanged by this: the original first elenent is
still there:

person =>

** [[name john] [sex male] [age 27]]

p is also unchanged

p =>
** [[name john] [sex male] [age 27]]
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As the previous exanples show, the accessor of hd is invoked on the |eft
hand side of an assignnent arrow. W can invoke its updater on the right
hand side. This will cause the list to be changed. Thus:

[name fred] -> hd(person); ;5 invoke updater of hd

person =>

** [[name fred] [sex male] [age 27]]

The value of pis still the sane as the value of person, so p is also
changed:

p =>

** [[name fred] [sex nmale] [age 27]]

But y has been | eft unchanged
y =>
** [ name j ohn]
We can use y to restore the original hd(person) thus

y -> hd(person);

person =>
** [[nanme john] [sex nmale] [age 27]]
p =>

** [[nanme john] [sex nale] [age 27]]

The next exanple is nore subtle. W are going to change the first

el ement of the first elenent of person. |.e. hd(hd(person)). This neans
that there will be two occurrences of "hd" on the right of the

assi gnment arrow. But one of themw Il not be invoked as an updater,
i.e. the one inside the brackets: that is used access the itemthat wll
be updated by the call of hd outside all the brackets thus:

"forenane" -> hd(hd(person));

Check the result:

person =>
** [[forenane john] [sex nale] [age 27]]

As before this affects p also, because it is still "pointing to" the
very sanme thing as person. Wat about y?

y =>
** [forenane john]

Because y was the very sane thing as the first itemof person, changing
part of the first itemof person also changed part of y, unlike the case
where replacing the whole of the first itemof person |eft y unchanged

One way to think of this is to think of a variable as a | abel attached
to its value by a piece of string. Wen you assign sonething to a

vari abl e, you keep the same | abel, but you attach the string to

somet hing el se. So

hd(person) ->vy;
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Takes the object that was the first el ement of person, and connects it
to the end of y's string. Then an instruction I|ike:

"forenane" -> hd(hd(person));
changes the contents of the first itemof the |list person, and
so that changes the contents of the itemto which y's string is
attached.

By contrast the instruction

[nane fred] -> hd(person);

replaces the thing that was the first el ement of person, but y's string

is still connected to what it was previously connected to, which is
no |onger part of the list person. So this does not change y at all
And if we THEN do

"forenanme" -> hd(hd(person));

it will not affect vy.

Thi s exanpl e should help to show why progranm ng with side-effects can
be confusing, and m stakes can be nade. However, it is also often very
conveni ent, as long as you thing VERY clearly about what you are doing
-- Other updaters: subscrv, SUbSCrsS ----------mmmmm o
The procedures hd and tl are used for accessing and updating the head
of alist or its tail (the sublist containing everything except the

first element). Each is a doublet, i.e. each has an updater.

The procedure subscrv is avail able for accessing and updating a
particul ar el enent of a vector, as illustrated here:

vars vec = {the cat on the mat};

subscrv(3, vec) => ;;, access the third el enent of vec
* % on

"under" -> subscrv(3, vec); ;;, update the third el enent
vec =>

** {the cat under the mat}

For accessing individual conponents of a string, use subscrs. The
conponents of a string are characters, which, in Pop-11 are the 8-bit

ascii character codes, as described in HELP ASCI|I. E.g. the code for
Ais 65 for Bis 66, etc., and these can al so be represented as
A, "B, etc. Thus we can access or nodify characters in a string:

vars string = ' ABCDE' ;

string =>
**  ABCDE

subscrs(3, string) => ;;; get the third character
** 67

Z -> subscrs(3, string); ;;; update the third character
string =>
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**  ABZDE

-- Using a nunmerical subscript to access or update a structure --------

In Pop-11, it is possible to access or update the Nth elenent of a |list
or vector type datastructures sinply by applying the structure to the
nunber N

vars
listl [a Iist of words],
vecl = {contents of vector},
stringl = ' ABCDE ;

In each case we can access the second el enent sinply by applying the
structure to the nunber 2:

listl(2) =>
** |ist

vecl(2) =>
* % Of

stringl(2) =>
* % 66

Simlarly a nunerical subscript can be used for updating:

"set" ->1listl1(2);
listl =>
** [a set of words]

"without" -> vecl(2)
vecl =>
** {contents without vector}

T? -> stringl(2);

stringl =>
** A?CDE

This facility nmakes it easy to wite a programthat will operate
on objects of different types, e.g.:

define iselenent(item structure) -> answer;

| vars num
for numfrom1 to I ength(structure) do
if item== structure(nunm) then
true -> answer;
return();
endi f;
endf or;

fal se -> answer;
enddef i ne;

i selement("set", listl) =>
** <true>

i sel ement ("set", vecl) =>
** <fal se>

I
\

iselement("?°, stringl)
** <true>
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-- updaters, the stack and "explode" ------------------ooooo

Typically an updater procedure, |ike the updater of hd, renoves one item
fromthe top of the stack, and stores it sonmewhere. Pop-11 updaters are
not required to renove exactly one item For exanple, if you have a
three elenment list or vector it can be used to store three itens from
the top of the stack using the updater of the procedure explode, as
expl ai ned bel ow.

Expl ode itself puts all the elenments of a structure on the stack

vars vec = {a b c};

expl ode(vec) => ;5 put all the elenments of vec on the stack

** abc
Thi s | eaves vec unchanged.

vec =>

** fa b c}
We can use the updater of explode to take three things off the top of
the stack and store themin vec

[list 1] , [list 2], [list 3] -> explode(vec);

vec =>

** L[list 1] [list 2] [list 3]}
So vec is now a vector containing three lists instead of three words
The procedure "fill" is simlar to the updater of explode, but also
returns the "filled" datastructure as its result. See HELP FILL)
-- Defining updat ers - ------m oo e
Any Pop-11 procedure is allowed to have an updater associated with it,
whether it is concerned with accessing datastructures or not. Equally,
it is not essential for an updater procedure to take something fromthe
stack. For sophisticated programmers this is often a powerful tool
which allows related pairs of procedures to be closely associated, and
used, for exanple, in connection with Pop-11's "dynam c | oca
expressi on" nechani sm introduced in HELP DLOCAL

The syntax for defining the updater of a procedure is of the form

defi ne updat er of

which is illustrated in HELP DEFINE, and discussed in a |later chapter.

By default a newy created procedure is given an updater that does
not hi ng except produce an error nmessage, like this

66 -> sqrt(4) =>
75, MSHAP - COWPI LI NG CALL TO NON- EXI STENT UPDATER
755 INVOLVING  <procedure sqrt>

HELP UPDATER gi ves nore information. Experts can | ook at REF PROCEDURE
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-- Non-destructive assignnent "->>"

The nor nal

leave it there. This is done with the arrow "->>". For

can be used to assign the sanme thing to several

0 ->> X ->>y -> 7;

This puts 0 on the stack,

-- Exercise

Work out and wite down what happens when the followi ng inperative is

obeyed:

(2 +3) *4+5- 2->subscrv(4 - 2, vecl);

Try it out and conpare the result with what you expect.

-- Multiple assignnents

Al the

(a)
(b)
(c)
(d)

we can repl ace 'expression'
by commas and we can replace '-> variable'

t hi ngs,

follow ng inperatives use the stack:

expression =>

expr essi on;

expression -> vari abl e;
-> vari abl e;

for exanpl e:

1, 2, 3 ->z ->y -> X,

After this inperative has been executed z will
have the value 1. Because the assignnents renove the itens from
the stack in the reverse order fromtheir placenment on the stack,

X Wil

notation can be confusion. So Pop-11 allows a special

instruction is equivalent to:

1, 2, 3->(x, Yy, 2);
X =>

* %

More useful ly, after executing:

X,

y ->x ->y;

or, expressing the same thing nore clearly:

X,

-> (y, X);

the values of x and y will have been swapped.
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Beware of writing prograns which | eave things |ying around on the stack
for later use in a wanton fashion. Sonme people do this for the sake of
efficiency, since stack operations are very fast. However it can nake
prograns hard to understand, debug, or nodify.

-- Sone procedures which work on the stack ---------------mmmnon
STACKLENGTH
can be used to find out how many things are on the stack. Wen
i nvoked it counts the nunber of itens on the stack and then | eaves
that nunmber on the stack, for exanple:
2 +3, 9 -5 stacklength() =>
** 5 4 2

Notice that in Pop-11 a procedure which takes no argunments is invoked
by witing its nane foll owed by two parent heses.
DUP
This procedure nerely duplicates the top elenment of the stack.
1,2,3,4, dup() =>
** 12344
SETSTACKLENGTH
set st ackl engt h( N)
I ncreases or decreases the stack length to N, if necessary by renoving
itens or adding occurrences of [], the enpty list (because the procedure

is used by the Poplog Lisp conpiler). Exanples

1,2,3,4, setstacklength(2), setstacklength(6) =>
** 120101111l

-- Cearing itens fromthe stack (erase) ------------------------------

ERASE
renoves one itemfromthe stack, for exanple

2+ 3, 9- 5 erase() =

* % 5

or
5+ 5, 66, erase(), 8 * 8, 10 - 5, erase() =>
** 10 64

The assignment arrow followed by ";" or "," (or any other expression

terminator) has the same effect as "erase()". Thus
5+5 66, ->, 8* 8, 10 - 5, -> =>
** 10 64

Whet her you use this or "erase" is a matter of taste. (However, "erase"
has to be used when a stack-clearing procedure is referred to
explicitly, e.g. assigned to another procedure as input.)
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ERASENUM
takes an integer and renoves that nunber of
E. g.

1,2,3,4,5,6;, erasenun(2) =>
** 1234

Which is equivalent to: erasenun(l,?2,3,4,5,

SETPOP
clears the stack. For exanple;

2 + 3;

set pop();

stackl ength() =>
* % 0

items fromthe stack

6,2) =>

Set pop does nmany others things besides clear the stack; it also aborts

any running program It also prints a nmessage whenever it

i medi ate call of setpop occurs whenever you type CTRL-C (unless you
have redefined the procedure | NTERRUPT, described |ater).

For nore on procedures that mani pul ate the

-- Renoving unwanted itens fromthe stack -------------------------~----

stack, see REF STACK

The procedure erase sinply renoves one itemfromthe stack, so in:

erase(2 + 2) =>

the expression in the parentheses will be evaluated but no result

will be printed. Erase is sonetinmes usefu
the results of a procedure which produces t

if you want only one of
wo results. E.g. the

operation '//' performs integer division putting the remai nder and

the quotient on the stack:

23 /1 6 =>
*x 5 3

If you wanted to assign only the renainder
erase(23 // 6) -> x;
X =>
* % 5

or, using an extra "assignnent to nothing"
(23 // 6) ->->x;
X =>
* % 5

(Actually the infix operation REM does the
23 rem6 -> X;
X =>

* % 5

)

To assign the divisor first assign the top
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the second result:
erase(23 // 6 -> x);
X =>
* % 3
or, using assignnent to nothing
23 /1 6 ->x ->;
X =>
* % 3

(This can be done instead using the infix operator 'div':

23 div 6 =>
*%x 3

-- Swapping itens using the stack ------------------------------------.

As described earlier, the foll owi ng swaps the values of X and Y:

X,y -> (y, X);

And this is equivalent to

X, Yy -> X ->y;

The statenent:

-> (y, X)X,

has a rather different neaning. Effectively, it swaps the top two
el enents of the stack and as a side-effect stores the top two itens
inx and y. E. g.

1, 2, 3, 4
> (Y, X)5 Xy,

=>
** 1243

X, y =>

** 4 3

If we wanted to swap the first (i.e. top) and third el enents of the
stack we could do:

vars x, Yy, z;
> X ->y ->2Z; X, Y, Z;
or, nore clearly,

-> (z, ¥, X); X, Y, z;

-- Conditionals and the stack -----------mmmmmmmm
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Previously we noticed that the use of a conditional |ike

if x =10 then x=> endif

no_n

depended on the fact that is a predicate, i.e. a procedure
produci ng a boolean result. This result is left on the stack. You
can think of a conditional inperative of the form

if <condition> then <action> endif

as being roughly equivalent to sonething |ike the follow ng:
1. Put value of <condition> on stack

2. If the top element of the stack is true performthe
<action>, otherwise junp to after '"endif'.

This nmeans that if the expression between 'if' and 'then' produces
no result, then an error will occur. For exanple, "3 = x" produces a
bool ean result, whereas the assignnment "3 -> x" is sinply an

i nperative, and does not, so:

if 3 ->xthen x =>endif;

;77 MSHAP - ste: STACK EMPTY (missing argunent? mssing result?)

The portion of Pop-11 between 'if' and 'then' produced no result.

Strictly speaking, Pop-11 is defined so that anything other than
fal se can be used as equivalent to true in a condition:

if 99 then 66 => endif;
* % 66

For this reason it is sonmetines convenient to define a procedure so
that it returns either false or sone object it is discovered. For
exanpl e, a procedure which searches down a list |ooking for a word,
and if it finds it returns that word as its result, otherw se
returns false:

define findword(list) -> result;
lvars item
for itemin list do
if isword(itenm) then
item-> result;

return();
endi f;
endf or;
false -> result;
enddef i ne;

findword([1 2 3 45 6]) =>
** <fal se>

findword([1 2 3 4 five 6]) =>
** five
This m ght be used with the non-destructive assignment arrow thus:

vars w
if findword(list) ->> wthen
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do sonmething with w....
el se
report_failure();
endi f;
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-- CHAPTER 4: PROCEDURES I N POP-11

This chapter reviews sone of the features of procedures in Pop-11,
i ncluding several that are not found in other |anguages, and al so
provi des nore information on how to define procedures.

-- Procedures as "first class objects" --------------------------------

In Pop-11 procedures (which are referred to by Lisp programmers as
functions) are "first class objects". This is a phrase used by sone
conputer scientists to characterise programm ng | anguages with rich
facilities for manipul ating procedures, in contrast w th progranmm ng
| anguages in which you can nerely define procedures and then run

(i nvoke, execute) them but cannot do anything else with them in the
| atter case procedures are not "first class" objects

In Pop-11 you can do several other things with procedures besides
defining themand running them If P is a procedure, then:

0 You can give P as input to another procedure (which is also possible
in several other common | anguages e.g. Pascal). E.g. you can give the
procedure sqrt as input to the procedure maplist, to get the square
roots of a list of nunbers thus:

maplist([4 16 25 36], sqrt) =>
** [2.0 4.0 5.0 6.0]

0 You can assign P to one or nore variables, and use those variables to
i nvoke it:

vars my_sqrt;
sqrt -> ny_sqrt;
nmy_sqrt(16) =>
* % 40

0 you can return P as the result of running another procedure
0 you can store P in a datastructure, like a list or a vector

[~sqrt ~hd “maplist] =>
** [<procedure sqrt> <procedure hd> <procedure mapli st >]

0 you can conbine (or"conpose" P with other procedures to formnore
conpl ex procedures using the Pop-11 concatenation operator <>, as
shown in a later section of this chapter

(See REF * PROCEDURE/' CGeneric Datastructure Procedures')

0 you can conbine P with some data to forma new procedure using
"partial application". (See HELP * CLOSURES). For exanple, the
built in Pop-11 procedure nenber, referred to in Chapter 1, takes
sone itemand a |list and deci des whether the itemis in the list.
So if you have a list of colour words, you can define a procedure
i scol ourword by conbi ning nenber with the list, thus.

vars colours = [red orange yellow green blue indigo violet];
vars iscolourword = nenber (% col ours % ;
After that, iscolourword is a "Pop-11 closure", a conbination of a

procedure with sonme data, which can be treated as a new procedure,
t hus:
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i scol ourword("red") =>
** <true>

i scol ourword("square")=>
** <fal se>

o lIf Pis defined inside another procedure Q and accesses sone | exical
variables of Q then you can (in some cases) forma "lexical closure"
of P which is another procedure with associated data involving the
val ues of the variables in Qat the tine the closure was created.

(See HELP * CLOSURES, HELP * LVARS/'Iexical closures')

0o You can give P a new updater, e.g. using the form

<new_updat er> -> updater (P);

0 You can use P as the updater of another procedure, e.g. using:

P -> updater(Q;

Most of the points nentioned above have either been illustrated in
previous chapters or will be explained bel ow See also REF PROCEDURE

These features nake Pop-11 a very powerful programm ng | anguage. In
particular, the ability to re-use one procedure in a variety of ways to
create new procedures, helps with the design of nodul ar prograns and
also facilitates the creation of relatively conpact, easily naintained,
but very general prograns.

This is closely related to, though distinct fromthe re-use of "methods"
in object oriented programm ng (al so available in Pop-11 in the FLAVOURS
and OBJECTCLASS packages).

In addition to Pop-11 prograns being able to use existing procedures and
conbine themto form new procedures according to the needs of the
occasion, Pop-11 also allows a running programto create new procedures
from procedure definitions. One way of doing this for a running program
to compile a file of procedure definitions which will then extend the
capabilities of the program Another way is for a programto create a
list of text itens then apply the procedure popval to it. Popval is able
to invoke the conpiler to build a new procedure, or obey instructions in
the list. For exanple this will create a new procedure called "greet":

popval ( [ define greet(x); [hello ] => x => enddefine; ]);

Popval can be given lists that have been created by prograns rather than
by the programmer. In this way a programcan extend itself in a way that
depends on the environnent when it runs, rather than on the programer
havi ng deci ded i n advance what the extension should be. This can be a
power ful | earning mechani sm

-- Other |anguages able to manipulate procedures ----------------------

There are not many other | anguages with simlar generality: certainly
none of the npbst commonly used | anguages all ow t hese uses of procedures,
e.g. Pascal, C, Fortran, Cobol.

Sorme of the "functional" |anguages, e.g. M., Mranda and Schenme, cone
close to Pop-11, though they do not have updaters or parti al
application. Sone of them have other powerful features. (E. g. Mranda
has "l azy evaluation", which is only partially mirrored in Pop-11

TEACH PRIMER: Aaron Sloman's overview of Pop-11

136



by "dynamic lists", described in a later chapter.)

-- Exanple: creating new procedures fromold -----------mmommmmmnn

This section illustrates sonme of the ways in which procedures can be
mani pul ated to create new procedures. We'll create a procedure called
doubl e, then show how to conbine it with itself to get a new procedure
that quadruples. W'll also show howto conbine it with a general

|'i st-mani pul ati ng procedure to produce a new specialised procedure for
operating on lists of nunbers.

The exanple will use procedure conposition and partial application.
Suppose you have a procedure that takes a nunber and doubles it:

defi ne doubl e(num -> num
;;; Double numthen return it as a result
num + num -> num

enddef i ne;

doubl e(53) =>
** 106

We can conbine this procedure with itself to produce a procedure that
cal cul at es quadrupl es:

(doubl e <> double)(4) =>
* % 16

We can also illustrate how the procedure (or function) double can be
given as input to a procedure that takes a list and a procedure, applies
the procedure to every element of the list, and returns a list of the
results. We can define such a "list nmapping" procedure thus:

define list_results(list, proc) -> newist;

lvars item
[%;;; start naking a |ist
for itemin list do

proc(itemn ;. apply proc to the item
;;, leaving the result on the stack
endf or
75, now finish naking the list of results
% -> newist
enddef i ne;

(There is actually a built in procedure in Pop-11 called nmaplist, that
does sonething very simlar, except that it includes instructions to
produce an error nessage if the second argunment is not a procedure.)
W can give double as second argunment to list_results, thus:

list results( [1 2 3 4 5], double ) =>
** [2 46 8 10]

-- Using "partial application" to create a closure --------------------
Previously we saw how to define the procedure iscolourword by using

partial application to conmbine menber with a list. W can produce
anot her closure, as foll ows:
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If we often wanted to double all the nunbers in a list, we could create
a new procedure by partially applying list_results to double, and then
re-using the new procedure as needed.

To do this we use the partial application brackets "(%... %" which
have the effect NOT of running a procedure but of creating a NEW
procedure that can be run later on with the data between the brackets.

If Pis a procedure that requires three nunbers to run, then P(% 3, 4 %
is a conbination of P and two nunbers, which can be run later on if the
third nunber is given.

Simlarly the procedure list_results can be partially applied to the
procedure double, to create a new procedure that can be run later on if
alist is given to be provided as the first argunent of |ist_results.
E. g.

vars doubl e _elenments = list_results(% double %;

or, using a better, but equival ent syntax, which shows nore clearly
that we are defining a new procedure:

define double_elenments = list_results(% double %
enddef i ne;

Thi s defines double_elenents to be a procedure made fromthe procedure
list_results by conbining it with the procedure double as its "frozen
argument .

We now have a new procedure:

doubl e_el enents =>
** <procedure doubl e_el enent s>

We can apply double_elenments to lots of different lists:

doubl e_el ements([11 22 33]) =>
** [22 44 66]

doubl e_el enents([66.5 103.45 89 77.002 1000000]) =>
** [133.0 206.9 178 154. 004 2000000]

-- Using both partial application and procedure conposition -----------

Now suppose we wanted to do the sanme using not double, but a procedure
that produces the double of the double, i.e. one that quadruples its
input. W& can create such a procedure by conposing double with itself,
t hus:

(doubl e <> double)(2) =>
* % 8

and we can give that procedure as the second argunent input to
list _results:

list_results([1 2 3 4 5], double <> double)
** [4 8 12 16 20]

1
\%

Now i f we want to nake a procedure that takes a list of nunbers, and
creates a new list containing the quadruples of all those nunbers we can

TEACH PRIMER: Aaron Sloman's overview of Pop-11

138



partially apply list_results to a procedure nade by conposi ng doubl e
with itself, e.g

vars quadrupl e_elements = list_resul ts(% doubl e <> double % ;

or, equivalently

define quadruple_elements = list_results(% doubl e <> double %
enddef i ne;

SO

quadrupl e_elements([1 2 3 4 5]) =>
** [4 8 12 16 20]

Incidentally, this is equivalent to

list results( list results( [1 2 3 4 5], double ), double ) =>
or

[1 23 45], double, list_results(), double, list_results() =>
(as explained in Chapter 3.)

Here we have invoked list_results twice. This creates a |list of doubles,
then a new | ist of doubles of the doubles. This is wasteful because
creating the internediate tenporary |list uses up space that is not
needed again and will have to be reclainmed by the Pop-11 garbage
collector. This is one of nmany exanples of ways in which two

mat henmati cal | y equi val ent net hods of doi ng sonething rmay be very
different in ternms of efficiency. (See al so HELP EFFI Cl ENCY)

-- Exercises on procedure creation and manipulation -------------------

1. Using the notation defined above, use procedure comnposition and
partial application to create a procedure called octuple_el ements which,
when applied to a list of nunbers, creates a new |list containing the
results of multiplying those nunbers by 8, i.e. the double of the double
of the double of each nunber.

2. Note that the built-in Pop-11 procedure maplist can be used instead
of list_results, in nost of the exanples. Check this by changing all the
exanpl es to use maplist instead, and see how they work. If you give a
non- procedure as the second argurment of maplist an error will result.

3. Use procedure conposition and partial application to conbine the
procedures maplist double and sqrt to produce a new procedure called

list_sqrt_doubles that when applied to a |ist of nunbers produces the
square roots of the doubles of those nunbers, and test it thus

list_sqrt_doubles([2 8 12.5]) =>

It should produce

** [2.0 4.0 5.0]

4, Just to test your understanding, in preparation for the next section,
try to work out what the followi ng do, remenbering that a vector, or
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list can be used as a procedure by applying it to a nunber. So when a
list or vector of objects is given as second argunment to naplist, an
error results, whereas list _results is nore generous! For exanple:

list _results([3 4], {cat dog nouse bird rabbit}) =>
** [ nouse bird]

list results([1 3], [abcde]) =>
* % [a C]
What will this one produce?

list results([2 4], [[list 1] [list 2] [list 3] [list 4]]) =>

5. What will be printed out as a result of these instructions:
vars col ourwords = [red orange yellow green blue indigo violet];
define select _colours = list_results(% col ourwords % enddefine
sel ect _colours([2 4]) =>
select_colours([1 3 5]) =>
6. What does it mean to say that a progranm ng | anguage treats
procedures as first class objects? Wiy is this inportant?

7. What sorts of things can Pop-11 progranms do with procedures besides
calling then?

8. In what ways can Pop-11 prograns create new procedures while they
are runni ng? How does the use of popval differ fromthe others

-- Using non-procedures (e.g. lists, vectors) as procedures -----------

So far we have seen how procedures can be used as data, e.g. giving
doubl e as argunment to the conposition operator, and saving the created
procedure in a variable, etc

Not only can nmany different things be done with procedures in Pop-11: it
is also possible to treat certain objects as if they were procedures in
order to obtain general and nodul ar prograns. For exanple, consider a
list of three words:

vars numist = [cat dog nobuse];
Al though this is not actually a procedure, it has, fromthe mathenatica
poi nt of view, sonme of the properties of a procedure (or a function) in
that you can think of it as mapping the first three integers onto three

words. We can define a procedure that does this:

define int_to word(int) -> result;

if int == 1 then "cat" -> result;
elseif int == 2 then "dog" -> result
elseif int == 3 then "nouse" -> result
el se mishap(' NUMBER TOO BIG, [7int])
endi f

enddef i ne;

then we can use the procedure thus
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int_to_word(1l) =>

** cat

int_to wrd(2) =>
* % dOg

int_to word(3) =>
** nmpuse

int_to_word(4) =>

77 M SHAP - NUMBER TOO BI G

;o INVOLVING 4

;7 DO NG : int_to_word conpile ...

However, in Pop-11 you do not need to define such a procedure. You can
use the list itself as a procedure by applying it to integers as if it
were a procedure, or mathematical function, thus

numist(1l) =>

** cat

num ist(3) =>

** nouse

num i st (4) =>

;77 MSHAP - BAD ARGUMENTS FOR | NDEXED LI ST ACCESS
755 INVOLVING 4 [cat dog nouse]

;75 DANG :

Mor eover, because numist is alist, its contents can be changed
altering the behaviour of the procedure or function that it simulates

"snake" -> numist(2);
t hen
numist(2) =>

** snake

Simlarly vectors and strings can be treated as procedures, in Pop-11.

vars
vec = {966 77 88 99},
string = '"the cat';
vec(3) =>
* % 88

string(1l) =>
** 116

string(2) == "h> =>

** <true>
(Renenber that the strings are actually vectors of 8 bit integers,
representing character codes, as described in HELP ASCII, HELP STRI NGS)
(NOTE: This use of integers for indexed access does not work with
records in Pop-11: they are assumed to have conponents that are

accessible only via particular nanmed procedures associated with the
record class.)

-- Arrays are procedures in Pop-11 --------mmmmmmm o
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An array in Pop-11 is sonmething |ike a vector of vectors, or a list of
lists. For exanple, suppose you wi shed to create a 3 by 4 array for
| ater use to store information

You could do this:

vars vecarray =
{ {undef undef undef}
{undef undef undef}
{undef undef undef}

{undef undef undef}};

vecarray ==>

** {{undef undef undef}
{undef undef undef}
{undef undef undef}
{undef undef undef}}

(Note that "undef" is a word that is provided in Pop-11 for use when a
structure has to contain elenments that are not yet defined.) W can
store the word "cat" in the third field of the second vector thus:

" "

cat" -> vecarray(2)(3);
vecarray ==>

** {{undef undef undef}
{undef undef cat}
{undef undef undef}
{undef undef undef}}

or access it thus:
vecarray(2)(3) =>

** cat

Then we can access or update any element of this structure by giving it
two nunmbers, the first between 1 and 4, and the second between 1 and 3.
This is in effect a two dinmensional array with bounds 1 and 4 in the
first dinmension and bounds 1 and 3 in the second di nension

However, Pop-11 provides a nechanismfor creating entities called
arrays which can have any nunber of di nmensions and whose bounds can be
any integers, positive or negative. So we can create a 3D array wth
bounds 2 to 5, 3 to 10, and -5 to +5 thus:

vars array3d = newarray([2 5 3 10 -5 5]);
To access its elenents we can give it three nunbers, one for each
di mensi on, e.g.
array3d(3, 4, -4) =>
** undef
Initially the word "undef" is the value of each field. W can update it

t hus:

[a list] -> array3d(3, 4, -4);

t hen

array3d(3, 4, -4) =>
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** [a list]

This shows that just as a vector or list can be treated as a procedure
applicable to one nunber at a tine, to get at a particular |ocation, so
an N-dinmensional array is an object that can be treated as a procedure
that is applicable to Nintegers to access or update a field in the
array.

Because arrays in Pop-11 are treated as procedures, all the operations
avai |l abl e on procedures can be used with them including parti al
application. Thus if you can partially apply array3d to the nunber -4,
to produce what is effectively a 2d array, which corresponds to one
2-d "plane" in array3d, thus:

vars array2d = array3d(%-4 %;

array2d(3, 4) =>
** [a list]

Again this ability in Pop-11 to abstract fromthe differences between
arrays and real procedures and treat themall as procedures provides
powerful facilities for generalisation and re-use of the sanme mechani sms
in different contexts.

More will be said on arrays in a later chapter.

-- Properties as procedures -----------mm oo

An N di nensional array provides a mapping or association fromsets of N
integers to values stored in the array.

Pop-11 also allows the creation of entities called "properties" that
will map or associate any objects with any others. There are various
ways of creating properties in Pop-11, depending on the particular
sort of mapping that is required.

-- -- newrappi ng associ ates things conpared using "="

A major decision in setting up an association or property is to decide
what to do about two objects that are structurally simlar with

i dentical conponents, but are not the very same object. Should they be
mapped onto the sane thing or not? If so, use newrappi ng, otherw se use
newproperty. (Actually newrapping is based on a nore general procedure,
newanyproperty, which will not be described here.)

Newrappi ng takes four argunents

a. Alist giving an initial mapping. (This list will be enpty
in our exanples here.)

b. An integer indicating the size the mapping is likely to grow to.
This is actually used to decide the amobunt of space initially
al l ocated to store the associations.

c. Adefault item wth which everything is assuned to be
associated. (Oten the Pop-11 object false, or undef is used.)

d. A boolean, i.e. the value true or false, which controls
whet her the space allocated for the mappi ng shoul d be increased

when appropriate, in order to increase the speed with which
val ues are found.

(The second and fourth itenms nerely affect efficiency, in nbst cases,
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and nmake no difference to the logic of the program)

For exanpl e, suppose you were storing information about individuals,
where an individual was always represented by a list |like [john smith],
[maryl ou wal ker], etc.

Then if you store informati on about each individuals by associating it
with the lists, then if you re-created a list [john smith] later on, you
m ght want the new list to be associated with the sane information as
the old list. In that case you shoul d use newnappi ng, not newproperty.

For exanple, here are several nappings created using newrapping, with
tabl e sizes 10, default values 0 or false, and expandability set to
true:

vars
age = newmappi ng([], 10, 0O, true),
spouse = newnappi ng([], 10, false, true),
occupant = newmappi ng([], 10, false, true);

We can then store information about different people, and roons:

33 -> age([john smth]);
27 -> age([maryl ou wal ker]);

[john smth] -> spouse([judy smth]);
[mary | ow wal ker] -> spouse([bob wal ker]);

[john smth] -> occupant([room 3]);
[bob wal ker] -> occupant ([room 5])
[ted bl oggs] -> occupant([room 6]);

We can then ask for information:

age([maryl ou wal ker]) =>
** 27

age(spouse([judy smith])) =>
* % 33

occupant ([room 4]) =>
** <fal se>

occupant ([room 3]) =>
** [john smth]

-- . Properties created using newrappi ng behave |i ke procedures

Notice that the syntax for finding out what each property associ ates
with an object is the sane as the syntax for applying a procedure to an
obj ect. The properties, age, occupant and spouse are all both properties
and procedures. W can test for this using the built in predicates

i sproperty and isprocedure:

i sproperty(age) =>
** <true>

i sprocedure(age) =>

** <true>

Conpar e:
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i sproperty(hd) =>
** <fal se>

i sprocedure(hd) =>
** <true>

Usi ng newmappi ng we created properties that would give the sane result
for lists created at different tines, as long as they had the sane
elements. This is not so for properties created using newproperty: it
requires exactly the sane object as before in order to renenber the
mapping. A nerely simlar object will not do. (See HELP * EQUAL)

" "

-- -- newproperty associates things conpared using "==

Newproperty requires a list, an integer representing the space all ocated
for the association table, the default value with which objects are
associ ated, and a fourth argument that specifies how space will be

recl ai med by the garbage collector, which for now we'll assume nust be
"perm', neaning that space will not be reclained, unless the whole
property is.

For further details (See HELP * NEWPROPERTY and REF * newproperty)

For exanple, here are several nappings created using newproperty, wth
tabl e sizes 10, default values O or false.

vars
salary = newproperty([], 10, undef, "perni),
address = newproperty([], 10, undef, "pernt);

We shall now again use lists to represent individuals, but this tine
we associate each list with a variable, so that later we can get at the
very sane |ist.

vars
j ohn
mary

[john smith],
[maryl ou wal ker];

We can then store salary and address information;

15000 -> sal ary(john);
25000 -> salary(mary);

[room 3] -> address(john);
[room 5] -> address(nary);

Now havi ng set up the mappings we can ask for the information,
using the value of the variable as input to the properties, e.g.:

sal ary(j ohn) =>
** 15000
address(mary) =>
** [room 5]

But if we try to use new copies of the itenms with which the information
is associated, we will not be able to drive the associations, because
properties created with newproperty need the input to be "==" to the
original, not nerely "=" to it. Thus

address([john smith]) =>

** undef
sal ary([maryl ou wal ker]) =>
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** undef

So it does not recognise the new inputs that are nerely sinmlar to the
old. But if it is given exactly the same, identical input, it will be
r ecogni sed

sal ary(mary) =>

** 25000
The difference occurs because, although the following is true

mary = [maryl ou wal ker] =>

** <true>
This one is not:

mary == [maryl ou wal ker] =>

** <fal se>
The difference between properties created by newrappi ng and properties
created by newproperty is that

(a) the fornmer are nore general and flexible in their use

(b) the latter are nuch nore efficient in terms of tine
The reason for (b) is that the use of "==" as a test is generally much
faster than the use of "=".

-- . Properties can be conposed using <> given to maplist, etc.

For exanpl e, using the nmappi ng occupant, defined above, and maplist, we
can find the occupants of roons:

maplist([[room 3][room 4][room 5][room 6]], occupant) =>
** [[john smith] <false> [bob wal ker] [ted bl oggs]]

W can conpose properties to find spouses of occupants

maplist([[room 3][room 4][room 5][room 6]], occupant <> spouse) =>
** [<fal se> <false> [mary | ow wal ker] <fal se>]

So only room5 has an occupant whose spouse has been identified.

-- Exercise using properties for the roons database -------------------

In chapter 1, an exanpl e was devel oped at | ength involving the
di mensi ons of roons, using a list of lists to represent all the
information, in this format:

vars rooms=
[[rooml 10 12 8]
[roon2 6 11 8]
[roonB 15 11 8]
[roomd 10 12 9]
[roonb 21 11 9]];

A di sadvantage of this kind of representation is that if the nunber of
itens in the list is very large, then discovering the infornmation about
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particular roons nmay require |engthy searches down the list. Properties
provide a far nore efficient mechanismin such cases

Try representing all this information using properties. Create a |list of
nanmes of all the roons:

vars roonms = [ rooml roon2 ...];

Then for each aspect of a roomdefine a property or mapping fromthe
roomto its value for that aspect. E.g. roomlength could be a property
associ ating roomnanes (e.g. "rooml") with nunbers (e.g. 10). Simlarly
room breadth, room height. Define these properties and set up their
initial values. Then rewite all the procedures fromchapter 1 that
previously searched through the list roons so that they instead nake use
of these properties.

Anot her approach would be to have a single property called
room features, and associate each roomwi th a list of three nunbers, as
in

[6 11 8] -> roomfeatures("roonk");

Whi ch nmethod is best for which purposes, and why?

- DEFI NI NG PROCEDURES | N POP- 11 - - - - s == mmmmmm o omcaa oo ieeae o

We have al ready seen sone exanples of procedure definitions. Here is a
partial specification of the nbst common format for a procedure
definition:

defi ne
t hen <nane of procedure>
then <formal paraneters in parentheses, separated by commas>
then -> (<output locals>) (if required, separated by commas).
t hen seni -col on
then |l ocal variable declarations, dlocal expressions,
then actions to be perforned
(this may include conditionals, |oops, additiona
| ocal variabl e declarations, |exical blocks,
nested "l ocal" procedure definitions, etc.)
t hen
enddef i ne;

Exanpl e - a procedure, named DOUBLESUM whi ch takes two nunbers, and produces
a new nunber got by doubling the sum of the two.

defi ne doubl esum (numl, nun®);
2 * (numl + nunR)
enddef i ne;

This definition produces a result, even though it does not use an output
local. This is because the procedure calls first '+ (add) then '*'
(multiply), and the latter leaves its result on the stack. So since
DOUBLESUM does not renove the result of '"*', it is left as the result of
DOUBLESUM al so. (See Chapter 3, and TEACH STACK).

We can neke it clearer to ourselves, and readers of our prograns if we
indicate that a procedure is to produce a result, by using an 'output
local' variable in the procedure heading, as we did previously, thus:

defi ne doubl esum (numl, nunR) -> result;
2 * (nunml + nunR) -> result
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enddef i ne;

(NOTE for experts: though clearer this is narginally less efficient,
since it has an extra |local variable, and does an extra assignnent and
stack operation. usually clarity is worth nore than efficiency!)

Anot her exanple - if you already have the POP-11 rc_graphi c package

| oaded, (See TEACH RC GRAPHI C), which includes a procedure called
rc_draw, which takes a nunber and draws a line, and a procedure called
rc_turn, which takes a nunber in degrees representing the angle to turn,
then you can define a procedure named SQUARE which will take a nunber,
and will draw a square of the appropriate size:

define square (side);
repeat 4 tinmes
rc_draw(side); rc_turn(90);
endr epeat ;
enddefi ne;

This procedure produces no result. So there is no need for an output
| ocal .

There are additional forns of procedure definitions, some of which have
al ready been illustrated in previous chapters. E.g. procedures nay
produce multiple results, like the system procedure expl ode and the
procedure join_two defined in Chapter 2.

It is also possible to define procedures whose nanes are used as infix
operators (like rem nod, + * and <>). Mre on this bel ow.

It is also possible to use the "define ... enddefine" syntax to specify
ot her things than procedure definitions. This because the form can be
ext ended by using the define_form mechanism described in the only file
HELP * DEFI NE_FORM

-- Using "define <name> = ... enddefine" ----------ommmmt

There is an alternative syntax that is often useful when existing
procedures are being used to create new procedures. W have
already used it in defining closures, above:

defi ne
t hen <nane of procedure>
then =
then an expression evaluating to a procedure
t hen
enddefi ne;

Exanpl es:
A procedure formed by concatenating two other procedures
define pr_sqrt = sqrt <> pr enddefine;
pr_sqrt(16);
4.0
A procedure fornmed by partial application
define |ist_of_doubles =

mapl i st (%procedure (x); x + x endprocedure%
enddef i ne;
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l'ist_of _doubles([1 2 3 4]) =>

** [2 4 6 8]
A procedure that's actually a property

define father_of =

newproperty([[tomjoe][mary joe][harry dick]], 100, fal se, true)

enddef i ne;

father_of ("mary") =>

* % joe

father_of ("joe") =>

** <fal se>
-- Specifying the syntactic type of a procedure identifier ------------
It is possible to specify that a procedure nane is global, constant, a
procedure identifier, a lexical constant a |lexical variable, or
tenporarily redefined |ocal to a procedure, using fornms |ike

define gl obal <name> ...

define gl obal constant procedure <nane> ...

define gl obal vars procedure <nane> ...

define | constant procedure <name> ...

define dl ocal procedure <name> ...

etc.

In short, the kinds of specifiers that can occur in a variable
decl aration can al so occur in a procedure header.

See HELP VARS, HELP LEXI CAL, REF | DENT, REF SYNTAX

-- Executing (calling, running, applying) a procedure -------------

An inperative telling Pop-11 to run, or invoke, a procedure, is forned
by witing the procedure nane, followed by parentheses, with any
argunents (if any are needed) between the parentheses. E. g.

square(5);
|.e.: execute the procedure square with 5 as argunment. i.e. the input
variabl e, or formal paraneter, used in the procedure definition, nanely
side, gets the value 5. Simlarly, we can invoke doubl esumw th two

argunments, both nunbers:

doubl esun( 3, 99) =>
** 204

|.e.: execute the procedure doubl esum with 3 and 99 as argunents. |.e
nunml gets the value 3 and nun2 the value 99. The result (204) is printed
out by =>

Instead of printing out the result, we can assign it to a variable, e.g.
X, thus:

doubl esum( 4, 60) -> x;
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Alternatively the result of doubl esum can be used as input to another
procedure, such as square, as in

squar e(doubl esun( 4, 60));

Note that this is equival ent to:

4, 60, doublesun(), square();

-- Procedures with nore than one output local ---------------ummnnn

If a procedure is to return one or nore results, it can be given OUTPUT
LOCALS. W have al ready seen exanples of procedures with one out put

| ocal variable, e.g. doublesum above, and several others before that.
Sonetimes it is convenient to have a procedure produce nore than one
result.

For exanmple, here is a procedure which takes a |ist of nunbers and
produces the sumof all the nunbers, and their average, i.e. two
results. The two results are left on the stack when the procedure exits.

define stats(numist) ->(average, sum;
0 -> sum

lvars item

for itemin nunist do
item+ sum-> sum

endf or;

suni |l engt h(num i st) -> average
enddef i ne;

vars s a;
stats([ 1.0 3.5 5.3 9.62]) -> (a, s);
s =>

** 19.42

a =>

** 4,855

NB output locals are like ordinary |local variables in that the val ues
assigned to themduring execution of the procedure are not avail able
after the procedure has finished. E. g. if you try to access the val ues:

sum =>

** <undef sun
aver age =>

** <undef average>

-- CQutput locals and the stack -------------------“---------------

Qut put locals can be assigned to anywhere in the procedure. \Wen the
procedure finishes, the values of the output locals are left on the
stack. In the exanpl e above the values are then taken off the stack
after the procedure STATS has finished, and assigned to A and to S.

It may be useful to remenber the followi ng "symetry" between the "input

variable" numist, and the "output" variables, average and sum in the
definition of stats:
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define stats(numist) ->(average, sun);
etc...

(a) The input variables are used without any assignnment arrow, yet
val ues are ASSI GNED TO THEM from the stack when the procedure starts up

(b) The output variabl es appear to be preceded by an assi gnnment arrow,
yet their values are copied to the stack when the procedure finishes
the reverse of an assignnent.

This is the reverse of what happens when a procedure is invoked with
actual argunents

stats(list) -> (a, s);

Here, before the procedure runs:
(c) a value is taken FROM the variable "list" and copied to the stack,

(d) and when the procedure has finished two itens at the top of the
stack are noved into the variables a and s

So (a) is the reverse of (c) and (b) is the reverse of (d). Neverthel ess
the same syntactic formis used in both the header of a procedure
definition and in a later invocation of the procedure. The procedure
header gives a sort of "tenplate" for using the procedure.

As a rem nder of points nmade in the previous chapter, the procedure
form

define foo(il, i2) ->(rl1, r2);
<i nstructions>
enddef i ne;

can be thought of as roughly neaning

To do sunsgq;
make i1, i2, rl, r2 lexical local variables for the procedure
sunsg.
-> i 2;
-> 01
<do the procedure instructions>
put value of rl1l on stack
put value of r2 on stack

Note that the order in which values for il and i2 are taken off the
stack is the reverse of the order in which they are put on the stack
when the procedure is invoked. This is because it is a stack

-- Precedence and parentheses -----------------------oooooo

There is a syntactic conplication in Pop-11, |ike nost programm ng
| anguages, which we have so far illustrated w thout commenting on.
Sone procedures are run by witing their nanes before the parentheses,
wi th inputs between parentheses as in the inperative 'nenber(x, list)'

By contrast some procedures, such as the arithmetic procedures '+, '*',
'-', are invoked by witing the nanme between the inputs, as in

3 *5 77 +7
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etc. These are known as 'infix' operators. They are nanmes of ordinary
procedures, but have special syntactic properties to sinplify their use.
I f the same expression contains two such infix operators there may be an
anbiguity. For instance: howis 3 + 4 * 5 to be understood? One way is
to use parentheses to indicate whether the addition or the
multiplication is to be done first:

(3 +4) *5=>
* % 35

3+ (4 *5)
*%x 23

1
\Y

Par ent heses are also the principal way that we get round Pop-11's
requi renent that everything be witten 'linearly'. So the 'ordinary'
way of writing a division

7.50 + 19.43

becones

(7.50 + 19.43)/27 =>
¥+ 0.99740741

Each of the infix operations of Pop-11 has a 'precedence' associ ated
with it. A precedence is a nunber which deternines the order in

whi ch the operations are applied. Both '+ and '-' have a precedence
of 5. "*' '/', and '//' however have a precedence of 4, indicating
that these operations are applied before addition and subtraction
where brackets are not used to renove any anbiguity. The concat enator
operator '<>' has a precedence of 5.

Because of the precedence rules, in this exanple:
3+4*5 =
* % 23

the multiplication is done first because its precedence is |ower than
that of '+'.

Cenerally, infix procedures with the LOAEST nunerical precedence are
eval uated first. The precedence of '*' is 4 and that of '+ is 5 so the
above expression is equivalent to '3 + (4 * 5)".

Not e, unli ke nmany ot her progranm ng | anguages Pop-11 uses | arger
precedence to represent |larger scope. |.e operators with small est
precedence bind their argunents "nost tightly" to thenselves. |In many
ot her | anguages the reverse convention is used.

In the case of operators of equal precedence they are applied fromleft
to right, thus, since "*" and "/" have equal precedence:

6/ 2*5 =
** 15
not :

6/ (2* 5) =>
* % 06

TEACH PRIMER: Aaron Sloman's overview of Pop-11

152



-- -- Precedences of arithmetical operations
The precedence table for arithmetic operations is as shown bel ow.

Qperation Precedence
div
rem
nmod

* %

* |l

< >= <=

NoO oA, WNNDN

In v +

Using this table it can be seen that the result of typing the statenent

3-25 *>*2*15/] 3=

will be

** -0.125

The order of evaluation is as follows:

Origi nal expression 3-25**2* 15/ 3
Apply operations of precedence 3 3-6.25* 1.5 /3
Apply operations of precedence 4 3 - 3.125

Apply operations of precedence 5 -0.125

Anot her way of looking at this is to see that the original expression is
transforned into a collection of instructions to Pop-11 that use the
stack. I.e.

3-25**2*15/] 3=

transl ates to:

3, 2.5, 2, ** 1.5, * 3, [, - =>
Notice how the left right order of operators here corresponds to their
nuneri cal precedence.

Pop-11 can be thought of as obeying the above instruction through the
foll owi ng sequence of transformations:

3, 2.5, 2, ** 1.5, * 3, /[, - =>

Procedure ** runs, taking two inputs and producing one result
3, 6.25, 1.5, *, 3, [/, - =>

Procedure * runs, taking two inputs and produci ng one result
3, 9.375, 3, [, - =>

Procedure / runs, taking two inputs and produci ng one result
3, 3.125 - =>

Procedure - runs, taking two inputs and produci ng one result
** .0.125

-- . Parentheses can override operator precedence

The precedence associated with each operation defines an order of
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eval uation of an expression. |f another order is required, parentheses
can be used in the conventional way. For exanple

(3-2.5) **2* 1.5/ 3 =>
** 0.125
The rul es of precedence apply to each expression within a pair of

par ent heses.

Par ent heses may be nested to any depth, the expressions within inner
par ent heses bei ng eval uated first.

-- . Operators associate to left, unless precedence is negative
Were parentheses are not present, and the precedences do not uniquely
define an order of evaluation, then evaluation proceeds fromleft to

right. |.e. operations associate to the left. So

3/ 415

is equivalent to
(37 4) 1/ 5

whi ch denotes 0.15, unlike
3/ (41 5)

whi ch denotes 3. 75.

O herwi se infix procedures with a positive precedence are evaluated |eft
to right.

Thus if +++ were defined as an infix procedure of precedence 3, then

a +++ b +++ c +++ d

woul d be equivalent to

(((a +++ b) +++ c) +++ d)
However, if the precedence is negative, the operation will associate
to the right. So if +++ had precedence -3, then

a +++ b +++ ¢ +++ d

woul d be equival ent to:

(a +++ (b +++ (c +++ d)))

For nore on precedence see HELP DEFI NE

The HELP PRECEDENCE file gives nore information on precedences in
Pop-11. Precedences in Pop-11 nay be positive or negative nunbers in the
range -12.7 to +12.7.

-- -- Using identprops to discover precedence

The procedure called 'identprops' can be used to find out the precedence
of an operator. For an ordinary variable the precedence is 0. For
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exanpl e:

vars xx, list3;

i dent props("xx") =>

* % O

i dentprops("list3") =>
* % 0

For an infix operator it will be sone other nunber. For a syntax word or
macro (see later) identprops produces the word "syntax" or "macro". |If
applied to sonmething which has not been declared by the user or the
system it produces the result undef. Thus

i dent props("+") =>
* % 5
i dent props(">") =>
* % 6

i dentprops("if") =>
** synt ax

i dent props("hel p") =>
** macro

vars Xx;
i dent props("x") =>
* % O

i dent props("xxxxx") =>
** undef

-- Defining new infix procedures ----------ommmmmm o
(Begi nners should omit this section.)

Users may define their own new infix operators by specifying the
precedence after the word 'define'. E.g. to define an operation of
precedence -3.5 /// which divides its first argument by the square of
its second, and associates to the right:

define -3.5 x /1] v;

X! (y *y)
enddef i ne;

37111 4 =>
** 0.1875

4111 5 =>

** 0.16

3111 4111 5 =>
** 117,187

(31711 4) /1] 5 =>
** 0.0075

Infix procedures are available for other purposes besides nunerical
operations. W have already seen that "<>" is an infix operation which
can join two lists or two procedures together, for instance, and
"matches" is an infix operation used for conmparing two lists

i dent props(" matches") =>
* % 8

The equality synbols "=" and "==" are also used as infix operators
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applicable to arbitrary objects.
-- Different types of procedures: normal, infix, macros, syntax -------
(This section may be onitted by begi nners)

Procedures cone in four types: nornal, infix, macros and syntax
(i ncluding syntactic operators, described below.).

Strictly speaking, it is the identifiers that cone in four types - their
values are in all cases sinple procedure records

A normal procedure, with a normal identifier, is one which is invoked by
witing its name, followed by an opening parenthesis, its argunents (if
any) separated by commas and finally a closing parenthesis, for exanple:

foo(x + 1, vy)
This applies the procedure which is the value of the variable FOO to the
results of evaluating the expressions 'X + 1' and 'Y'.
-- -- Infix operators have a " precedence"
I nfix operators were defined and di scussed above.
An infix procedure is invoked by witing its name between its argunments
(Typically, infix procedures have two argunents). For exanple '+ is an
i nfix procedure, thus:

3 +4
Sorme "infix" operators take a single argument. E.g. we could define
"root" as an infix operator of precedence 2, taking one argunent.

define 2 root x -> result;

sqrt(x) -> result;

enddef i ne;

root 16 =>
** 4.0

root 16 + root 25 =>
* % 90

-- -- Macros and syntax words

Macro procedures and syntax procedures can be used to extend the syntax
of Pop-11. They are evaluated at conpile tinme (i.e. when read in by the
conpiler). They are explained in nore detail after further discussion of
forms of expression that can be used in defining ordinary procedures.

A syntax word can be identified by applying the procedure identprops
toit. If the argunent is a syntax word, identprops returns either the
word "syntax" or a special kind of word like "'syntax 2'", "'syntax 5"
whi ch includes a nunber. These are syntactic operators. E. g.

Ordi nary syntax words:

i dentprops("if") =>
** synt ax

i dent props("elseif") =>
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** synt ax

i dent props("endi f") =>
** synt ax

Syntactic operators:

i dentprops("(") =>
** syntax -1

i dent props("and") =>
** syntax 9

i dentprops("or") =>
** syntax 10

-- . . Syntactic operators

As illustrated above, there are sone syntax words, |ike "and" and "or"
and "(" which are not nerely syntax words, but also have an associ at ed
precedence. This hel ps the Pop-11 conpiler sort out the conpl ex

rules for grouping expressions in a text stream

-- Sone inportant constructs used in defining procedures --------------
-- Loops: instructions to do sonething repeatedly -----------cumooonnn
Several | ooping constructs are provided.

For conpatibility with ol der systens, wherever the word DO is used in
t he exanpl es below, the word THEN is al so accepted. Simlarly nost

| oopi ng constructs will accept CLOSE or ENDDO as the closing bracket,
for consistency with POP-2 and earlier versions of Pop-11. It is
probably best to ignore these variant fornms, as they may be wi thdrawn
later.

The exanpl es of | ooping constructs bel ow are anong the nost w dely used

ones. There are others described in HELP LOOPS and HELP FOR. Mbreover,
because Pop-11 is an extendabl e | anguage, users can define new syntax
words and nmacros defining new constructs, as expl ai ned bel ow. Exanpl es
are the library definitions of "foreach", "forevery", and "sw tchon",
each of which has its own help file. In each case the library
definitions can be inspected using the "showib" comrand, e.g.

ENTER show i b foreach

-- -- UNTIL <condition> DO <action> ENDUNTI L

This nmeans, check if the <condition> is true, and if not then do the
action. Then test again to see if the condition is true. And so on.
The condition is tested again each tinme AFTER <action> is done. For
exanmple, to print out all the nunbers from3 to

99 do:

vars num

3 -> num

until num > 99

do num =>
num+ 1 -> num

enduntil;
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The <action> elenent of a loop (like a conditional) may be an
arbitrarily conpl ex pop-11 inperative, or sequence of inperatives.
So to print out the words "THE" "CAT" "SAT" "ON' "THE" "MAT", you
could make a list of the words, then keep printing out elenments of
the list. W use the system procedure TL whi ch, when given a list,
returns a new list containing all except the first elenent of the
original. chop one off. until the list is [], thus:

vars list;
[the cat sat on the mat | -> list;
until list == ]
do
list(1l) => ;.. print first el ement
tlh(list) ->list; i, prepare for next
enduntil;

NB the loop will not be ternminated imediately if the condition

becomes TRUE in the middl e of executing the action. Note al so that

the condition is always tested at | east once BEFORE anything else is
done.

-- -- REPEAT <nunber> TI MES <acti on> ENDREPEAT

After the word REPEAT you can have a nunber, e.g. 4, or a variable whose
value is a nunber, e.g. REPEAT N TIMES. ..

or a nore conpl ex expression which cal cul ates a nunber,

e.g. repeat 66 + 53 tinmes.... endr epeat ;

The <action> will be done the specified nunber of tines.
Exanple: to print out 10 blank lines, do

repeat 10 times pr(new ine) endrepeat;

Make a list of 10 randomy generate nunmbers between 1 and 20
[%repeat 10 times randon(20) endrepeat % =>
** [12 15 19 18 9 5 4 11 17 19]

See al so the definition of procedure SQUARE, above.

For indefinite iteration do

REPEAT <acti on> ENDREPEAT;

r epeat
[you are wonderful] =>
endr epeat ;

You will need to interrupt (e.g. with CTRL-C).

(See HELP LOOPS for nore on interrupting |oops)

-- -- WH LE <condition> DO <action> ENDWH LE
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This neans, test the condition. If it is true, then do the action. Then
test the condition again. And so on. This is simlar to UNTIL, except
that WHI LE does the action each tinme the condition is found to be TRUE
whereas UNTIL does the action each tinme the condition is found to be
FALSE. I n both cases the condition is tested first.

E.g. to find the first integer whose square is greater than 1000, you
coul d do:

vars num

1 -> num

while num* num < 1000 do
num+ 1 -> num

endwhi | e;

The value of numand its square can now be printed out:

num =>
* % 32
num * num =>
** 1024
-- -- "FOR ... ENDFOR | o00ps
We have seen exanples of the use of the '"for ... endfor' construction,

to iterate over lists. In fact there are several different formats.

The following is a very general for |oop, which can be used in many
contexts, although a nore specific version will often be preferred.

FOR <initiate> STEP <step> TILL <condition> DO
<action>
ENDFOR,;
This is equivalent to:
<initiate>
UNTI L <condition> DO <action>; <step> ENDUNTIL;
In other words, do the initialisation, then, until the condition

eval uates to TRUE, repeatedly do the action followed by the step.

For example, to print out all the nunbers fromLO to H, separated by

spaces:
for lo-> x
step x+1 -> x
till  x > hi
do spr(x);
endf or;

N.B. The 'step' is not done until after the 'action'.

Suppose FOO is a procedure of two arguments, a word and a nunber.

If you are given a list of words and a |ist of nunbers and wish to
apply FOO to the first elenent of each, then the second el enent of each,
etc., until either there are no nore words, or no nore nunbers, you

coul d do sonething |ike:

vars w, n;

for words -> w, nunbers -> n;
step tl(w) ->w tl(n) ->n;
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till w=7[] or n =1]]
do foo(hd(w), hd(n));
endf or;

-- L. FOR X I N LI ST DO <acti on> ENDFOR,

Xwll take on as its value the first element of LIST, then the second
elenent, then the third, etc. Each time the <action> is perfornmed the

| atest value of X will be used. E.g. printing out the squares of a |ist
of nunbers

for numin nunbers do
pr('\nThe square of: "); pr(num; pr(' is: "); pr(nuntnunj;
endf or;

(Note: this uses strings. '\n'" in a string causes a new line to be
printed.)

It is also possible to iterate over several lists at the sanme
time, e.g.

for x1, x2, x3, inlistl, list2, list3 do
<sonet hing i nvol ving x1, x2, x3>
endf or;

-- L. FOR L ON LI ST DO <acti on> ENDFOR;

Here, the first tinme the <action>is done L will refer to the whole LIST.

The second tinme it will refer to the TAIL of the list (i.e. a list of all but
the first element). The next time a still shorter list, and so on.
E. g.
for I on[a b c] do |=> endfor;
** [a b c]
* % [b C]
* % [C]
Again this can be done with several lists at once.

-- L. FOR X FROM <nunber > BY <nunber> TO <nunber > DO
FOR X FROM <nunber > BY <nunber> TO <nunber> DO
<action>
ENDFOR;
e.g. to print out nunbers from2 to 20 going up in steps of 7
for x from2 by 7 to 20 do x => endfor;
* % 2
* % 9
* % 16

or goi ng down:

for x from50 by -12.5 to -20 do x => endfor;
* % 50
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** 37.5
** 25.0
** 12.5
* % 00

** -12.5

the ' FROM <nunber>'" and ' BY <nunber>' portions can be onmitted. The
starting value defaults to 1, as does the increnent.

vars Xx;
for x to 6 do pr(x); pr(space) endfor;
123456

-- -- There are several forms of conditionals. ------------------------

Al'l the <conditions> in what foll ows should be expressions which
evaluate to TRUE or FALSE

(1) I'F <condition> THEN <acti on> ENDI F;

(2) I'F <condition> THEN <actionl> ELSE <action2> ENDI F;
if the <condition> is true, then <actionl> will be executed
ot herwi se <action2> will be executed

(3) I'F <conditionl> THEN <actionl>
ELSEI F <condi ti on2> THEN <acti on2>
ELSElI F <condi ti on3> THEN <acti on3>
ELSEUNLESS <condi ti on4> THEN <acti on4>

ELSE <default action>
ENDI F;

This '"multi-branch' conditional says

try <conditionl> then <condition2> etc in turn until an ELSEIF
condition is found which is TRUE, or an ELSEUNLESS condition is
found which is FALSE. If either is found, execute the
correspondi ng <action>. |If none of the conditions cones out
TRUE then do the thing follow ng ELSE, i.e. <default action>

Note that in an inperative you do not have to have the ELSE <defaul t
action> bit. You nust, however, have it in an expression intended to
denote, sonething, for then it should denote sonethi ng under al
conditions. You can include as many ELSEIF clauses as you |ike.

(4) UNLESS <condi ti on> THEN <acti on> ENDUNLESS

this is equivalent to:
I F NOT(<condi tion>) THEN <action> ENDI F;

UNLESS can al so have ELSEUNLESS and ELSEI F and ELSE cl auses.

Note: the words NOT, AND and OR are available for use in fornul ating conpl ex
conditions. E. g.

| F <conditionl> OR (<condition2> AND NOT(<condition3>))

-- . . Exanples of conditionals

To test whether the value of X is bigger than the value of Y, and
print out the bigger val ue do:
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i f X >y
then x =>
else y =>

endi f;
Conpar e
i f X >y
t hen X =>
el sei f y > X
t hen y =>
el se "same" =>
endi f;
if 2 <x and x < 6

then true
else false
endi f =>
Note that the |last exanple is exactly equival ent to:
2<xand x <6 =>

If LIST1 and LIST2 are two lists and you want to print out the one
which is shorter you could do:

i f length(listl) < length(list2)
then listl

else list2

endi f =>

If N and Mare two nunbers, and you wi sh to assign the bigger
one to the variable MAX then do

i f m> n
then m
else n

endi f -> max

-- Using conditionals to junmp out of, or re-start a loop. -------------

Several of the |ooping constructs have their own natural termnating
conditions. E.g. the "until" loop formstops as soon as its condition
eval uates to TRUE.

However, it is sonetines useful to have additional tests for "unusual"
exits within the "body" of a |oop. The syntax words "quitl oop"”,
"quitif", and "quitunless" provide this. They can also be used with an
i nt eger specifying which loop to junp out of. The default is 1, neaning
junp out of the smallest enclosing | oop, whereas quitloop(3) nmeans junp
out of the third enclosing | oop. These expressions are normally used
with conditional tests, e.g

if list == [] then quitloop(2) endif;

Such a test can be abbreviated thus:

quitif(list ==1[])(2);
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Simlarly there is an anal ogue of "unless", i.e.

quitunl ess(x < vy);

is equivalent to

unless x <y then quitloop() endunl ess;

-- -- Re-starting a | oop using "nextloop"

Just as it is sonetimes useful prematurely to terminate action so is it
sometimes useful also to restart a |oop prematurely. For exanple if a

| oop' s body includes a sequence of instructions, then it may be possible
to use a time-saving instruction of this form

if x >y then nextloop(3) endif;
This nmeans that if x >y ever evaluates to true, then the third
encl osing | oop should be re-started. This does not nmean that if it is a
"for" |loop the |oop variable should be reset to its initial value. It
is equivalent to junping to just before the end of the |oop, e.g. just
before "endrepeat", "endwhile", etc., unlike "quitif" and its friends,
which junmp to just after the end.
-- -- Oher abnormal exit commands --------------------o
In addition to the above commands for quitting or re-starting a | oop
there are several procedures that can be used to exit fromthe
current procedure, or sone other procedure that is "“higher up' the
control chain. In particular

-- . "return" can be used to term nate execution of a procedure.

-- . Oher abnormal exits.
The followi ng syntax words can be used to deal with nore conpl ex cases:

chain, chainto, breakto, catch, junpout

See HELP CONTROL for nore information.

.- -- Switch statements ----------mmmm oo
Pop-11 provides a conmand GO _ON which can be used thus

GO _ON <nurmerical expression> TO <l abel 1> <| abel 2> <| abel 3> ... <l abel n>;
The expression nust evaluate to a nunber in the range 1 to N, if N

is the nunber of Iabels. The | abels nmust be repeated el sewhere in

the procedure, followed by colons. For instance, the following wll

transl ate nuneral s:

define trans(nunj;
go_on numto lalb lc Id;

la: "one" ; return;
I b: "two" ; return;
lc: "three" ; return;
I d: "toobig";
enddef i ne;
trans(2) =>
* % tV\D
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A GO ON instruction may end with ELSE <default |abel > See HELP GO _ON.

-- Oher syntactic CONStruCts ---------------mmmmm oo

The preceding sections nerely introduce a subset of the constructs
avai lable in constructing procedure definitions. Additional facilities
are provided for different kinds of |oops, and for transferring contro
bet ween procedure activations (e.g. using exitto). Mreover the Pop-11
"process" mechani sm adds additional facilities not found in many

| anguages.

Further reading can be found in later chapters, and in the follow ng
online help files

HELP CONTRCL
HELP LOOPS
HELP PROCESS

REF SYNTAX
REF POPSYNTAX

-- Tracing Procedures -----------mmmmmm oo

To trace sone procedures, type TRACE, followed by the nanes of the
procedures. exanple:

trace square doubl esum
wi ||l cause the two procedures to be traced whenever they are
executed. UNTRACE is used to undo tracing, e.g

untrace square doubl esun
For nore on this see TEACH TRACE. HELP TRACE gi ves a summary and
explains the tracing nechanisns in nore detail.
-- Defining macros and syntax words to extend the | anguage. -----------
-- -- Macros

Macro procedures can be used to extend the syntax of Pop-11. They are
eval uated at conpile tinme (i.e. when read in by the conpiler).

A macro typically reads in itens (e.g. words, strings, nunbers) fromthe
current programtext input streamand then creates new text itens to
replace those read in. The original itens need not have been | ega
Pop-11. The replaced itenms will be | egal Pop-11, unless they include
macros, which can cause further changes.

An exanpl e woul d be a macro procedure to read in two vari abl e names and
produce instructions to swap their values. It transforns illegal Pop-11
expressions |ike,

swap x y;

swap listl list2;

into |l egal Pop-11 like

X, ¥y ->X ->Y;
listl, list2 ->1listl ->1list2;
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whi ch are equivalent to

X,y -> (Y, X);
listl, list2 -> (list2, listl);

as explained in Chapter 2.
This is how the macro "swap" coul d be defi ned.

define macro swap varl var2;
75, Transform"swap x y" into "x, y ->x, ->y"

"o

varl, , ", var2, "->", varl, "->", var2

enddef i ne;

This could be used as follows:

vars x = 99, y = 66;
X, y =>
** 99 66

swap X y;
X, y =>
** 66 99

The word "nonmac" can precede a macro name to prevent its evaluation, as
in this exanple

nonnac swap =>
** <procedure swap>

For nore details and further exanples see HELP MACRO
-- . Macros can be recursive

Macros can invoke other nmacros (or thenselves) recursively. |If the text
put on the input stream by one macro includes another nmacro, the second
macro's procedure will be invoked when it is read in. This can happen
several tines, causing the programtext to be rearranged several tines,
until all that is left is |egal Pop-11 syntax words and ot her text
itens, whereupon the programwill sinply be translated i nto nmachine
code, i.e. conpiled.

Unl i ke sone | anguages with macros, Pop-11 macros can operate after sone
user progranms have been conpiled, and nmay therefore invoke those
prograns. (In fact a macro is just a user program) This neans that
users can wite macros that do very conpl ex nmanipul ati ons of the text
stream as in Lisp. An exanple of a fairly conplex macro is "sw tchon"
defined in a Pop-11 library programLlIB SWTCHON, and described in HELP
SW TCHON.

-- . Macro arguments are text items, not expressions
NOTE: The arguments of a macro are bound to the individual follow ng
TEXT I TEMS, not the two follow ng EXPRESSIONS: so if the macro swap has

two arguments then the expression

"swap x y' is correct
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but

"swap hd(x) hd(y)' is wong
because the latter would give the next two text itens "hd" and "(" as
argunents to swap. So it would be transforned into:

hd, (, -> hd, -> (, x) hd(y)

which will cause a mshap to occur, in this case:
;53 M SHAP - COWPI LI NG ASSI GNVENT TO PROTECTED | DENTI FI ER
;o7 INVOLVING hd
It would be possible to wite a macro that coped with expressions |ike
swap hd(x) hd(y)
by translating theminto
hd(x), hd(y) -> hd(x) -> hd(y)
This woul d require nmaki ng use of the procedure popll conp_expr and the
vari abl e pop_syntax_only. However this will not be explained here, as
there is a nore powerful facility already avail able, explained in the
next section.

See REF PROGLI ST, REF POPCOWPI LE, REF VMCODE for full details.

-- -- Using "define :inline" to define the SWAP nmacro

It is possible to use a facility described in HELP INLINE to produce the

required version of swap, which accepts arbitrary expressions. The
followi ng defines a new nacro SWAP

define :inline SWAP(exprl, expr2);

exprl, expr2 -> (expr2, exprl)

enddef i ne;

77, check that it is a macro

i dent props(" SWAP") =>

** macro
It can be invoked in the fornat

SWAP( <expr essi onl>, <expressi on2>)

and will cause the values of the two expressions to be exchanged.

We can test this as follows. First the easy case, where the expressions
are individual identifiers.

vars x = 66, y = 88;

X,y =>
** 66 88
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SWAP( X, VY);
X,y =>
** 88 66

The format can al so be used when the expressions are conplex, e.g.

vars list = [cat dog nouse];
SWAP(list(1), list(3));

list =>
** [ npuse dog cat]

Note that SWAP thus defined is a nmacro, not a procedure. It is run at
conmpile tine, i.e. while procedures are being conpiled, not at run tine.
Unl i ke ordinary procedures, it does not evaluate its two argunents and
then do sonmething with the val ues. Rather, during the conpilation
process it creates new code using the expressions to which it has been
applied, not the values. This can be seen by tracing the macro

trace SWAP;

SWAP(1ist (1), list(3));

> SWAP

< SWAP list (1), list (3) ->( list (3), list (1))

Because the "define :inline" form produces nacros, not ordinary
procedures, users are STRONGY advised to use names that give a rem nder
that somet hi ng unusual is involved, e.g. by choosing upper case nanes, as
in the exanpl e above

For more informati on see HELP | NLI NE

-- -- Note on efficiency of nacros

Oten the use of macros produces "inline" code instead of procedure
calls and can therefore be very efficient. However, in some cases the
use of nacros defined as above can be very wasteful as the repetition of
conpl ex expressions may cause the sane thing to be reconputed
unnecessarily.

For exanpl e

vars listl = [cat nouse dog flea], list2 = [red orange yell ow
SWAP( hd(tl(tl(listl))) , hd(tl(tl(list2))) );
listl, list2 =>

** [cat nouse yellow flea] [red orange dog]

To achi eve that exchange, the use of SWAP produces the equival ent of the
foll owi ng Pop-11

hd(tl(t1(list1))), hd(tl(tl(list2)))
-> ( hd(tl(tl(1ist2))), hd(tl(tl(list1))) );

l.e. tlI(tl(listl)) is conputed twice, and tl(tl(list2)) is conputed
twi ce, once before and once after the assignnent arrow |t would have
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been nore efficient to store their values in two variables, tenpl, and
tenmp2, and then produced code to do:

hd(tenpl), hd(tenp2) -> ( hd(tenp2), hd(tenpl) );

Not e, however that it would not do to replace the above with these two
expr essi ons:

hd(tl(tl(listl))) -> tenpl; hd(tl(tl(list2))) -> tenp2;

tenpl, tenp2 -> (tenp2, tenpl);
Wiy not? In order to answer that question, the reader needs a deep

under st andi ng of how expressions are eval uated, how conpl ex structures
are referred to, and what the relationship is between a variable and its

val ue.

If you try all the above you will see that all it does is assign two
values to tenpl and tenp2 and then swap their values, w thout altering
the contents the lists, listl and list2. For that it is essential to run

the updater of the procedure hd, which is done by the expression after
t he assi gnnent arrow here:

hd(tenpl), hd(tenp2) -> ( hd(tenp2), hd(tenpl) );

-- -- Syntax procedures

Synt ax procedures provide even nore powerful facilities for extending
the syntax of Pop-11.

Unl i ke macros they do not take arguments. Like nacros, they too are
executed at conpile tine. System syntax words, such as "if", "define",
"until", "for", etc. correspond to syntax procedures: they typically
read in sone or all of a Pop-11 expression and tell the conpiler how to
understand it.

There are other syntax words that do nothing except flag the end of a
conpl ex syntactic construction. Exanples are ")", "endif", "enddefine"
and ot her closing brackets. Some syntax words, |ike "then", "do",
"elseif" are used to indicate internmedi ate expression boundaries in
conpl ex expressions, as in

if <condition> then <action> elseif <condition> then <action> endif

The difference between syntax words and nmacros is quite subtle. Both
macros and syntax words read itens in fromthe programinput text stream
called "proglist", a dynanmic list, defined in REF PROGLI ST. A nmacro will
rearrange text itens, put them back on the front of proglist, then |et
the conpil er conti nue.

A syntax word will typically invoke a procedure that reads in itens from
proglist, and then gives instructions to the conpiler to create nachine
code corresponding to the text read in. Strictly speaking, the syntax
procedure "plants code" for the Poplog virtual nachine PVM (descri bed
briefly in Chapter 2) rather than the physical nachine on which Pop-11
is running. The virtual nmachine instructions are then translated to real
machi ne code by a VM conpiler.

This nmeans that a MACRO definition can extend Pop-11 syntax only by
i ntroduci ng new constructs that translate into existing |egal Pop-11,
whereas a SYNTAX word can introduce any syntactic extension that is
capabl e of being translated into PYMinstructions. Since the Poplog
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virtual nmachine is extrenely general, syntax words can extend Pop-11 in
enormously varied ways. (For exanple, this is how | anguages |ike M. and
Prol og are defined in Pop-11, |anguages which could not be translated
into Pop-11).

This is both a strength of the |anguage, and a problem it neans on the
one hand that extensions relevant to particular applications are
relatively easily produced, in order to nake prograns easier to devel op
and maintain. But it also neans that the ways in which Pop-11 prograns
can vary syntactically are so great that it is difficult to produce
tools for manipulating themautomatically, e.g. cross reference tools,
programvalidation tools etc. However, to sone extent the power of the
| anguage i s such that users can provide their own tools to suit their
own ext ensi ons.

-- -- Exanple: defining a syntax word: |oop
If we did not already have the construct "repeat <actions> endrepeat”

we coul d define a new syntax format "l oop <actions> endl oop", as
fol | ows.

7, first define the closing bracket to be a syntax word
gl obal constant syntax endl oop;
;7 Now define the main syntax word

define syntax | oop;

;;, First define labels for the beginnings and ends of the | oop.

;3 W need the end | abel for use with "quitl oop”

I vars Lab, Endl ab;
SysNEW LABEL() -> Lab; popll | oop_start(Lab);
sysNEW LABEL() -> Endl ab; popll_I| oop_end( Endl ab);

77, Plant the first |abel
SysLABEL( Lab) ;
;;, read and conpile up to "endl oop"
popll conp_stmt_seq_to([endl oop]) ->;
;53 Now code to junp back to the beginning of the | oop
sysGOT(( Lab) ;
;33 Now plant the send |abel, for clean exits fromthe | oop
sysLABEL( Endl ab) ;
enddef i ne;

;. test it.

vars x = 3;
| oop
X =>
X - 1->x;
if x <0 then quitloop() endif;
endl| oop;
* % 3
* % 2
* % 1
0

* %
More detailed information is provided in the online files: HELP SYNTAX

and REF SYNTAX.

We now gi ve exanpl es of sone of the nore commonly used forns of syntax.
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-- CHAPTER 5: NUMERI CAL AND LOG CAL FACI LI TIES IN POP-11

This chapter outlines the facilities for manipul ati ng nunbers of various
sorts in Pop-11. Mre details can be found in HELP MATH, REF NUMBERS
REF | TEM SE details the conventions for typing in representations

of nunbers in Pop-11 progranms, which are also sunmari sed bel ow.

Pop-11 provides a standard collection of mathematical facilities,

i ncl uding powerful tools for doing very high precision calculations
using "bigintegers" or "ratios". These are not provided in many
programm ng | anguages, partly because they |lead to conplex store
managenent probl ens. These probl ens are solved by the use of an

aut omati c garbage collector in Pop-11. The sanme is true of nodern lisp
systens and sone ot her |anguages, e.g. M. and sone inplenentations of
Prolog. (Al the Poplog | anguages share these facilities.)

-- Mathematical know edge presupposed

It is assuned in what follows that the reader knows enough mathenatics
to understand the distinction between

1. The integers:

o, 1, -1, 2, -2, 3, -3, etc.

2. The ratios (with nunerators and denomi nators):

1/2, -1/2, 1/3, -1/3, 2/3, -2/3, 3/4 etc.

3. Floating point nunbers:

0.135, 1.35, 13.5 -0.135, -1.35, etc

4. Conpl ex nunbers with real and imaginary parts, such as the square
root of -1.

It is also assunmed that readers know that floating point nunbers can be
represented as manti ssa and exponent, and will therefore understand

what is printed out by the follow ng, where each nunber in the first row
is represented as <manti ssa>e<exponent >

1.234e4, 1.234e3, 1.234e2, 1.234el, 1.234e0, 1.234e-1, 1.234e-2 =>
** 12340.0 1234.0 123. 4 12. 34 1.234 0.1234 0.01234

(Extra spaces have been inserted in the printout, to sinplify
conpari sons.)

Readers who do not know all about these topics nay neverthel ess be able
to pick up the information fromthe expl anati ons given bel ow.
Alternatively they can onmt sections on unfamiliar kinds of nunbers,
e.g. conplex nunbers

Note: in Pop-11 conplex nunbers have real and inaginary parts that
t hensel ves can be integral (i.e. positive or negative integers) or
ratios, or floating point nunbers, or any conbination of these.

-- The machine representation of nunbers in Poplog --------------------

In Poplog there is a ngjor division between two kinds of data itens:
sinple itens, and conpound itens. Sinple itens are directly represented
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in the nmachine as bit patterns. Conpound itens are represented
indirectly as bit patterns that are pointers, or addresses, of data
structures that contain the actual information

The sinple itens can all be conpletely represented in a single "machine
word", which is normally 32 bits, but may be | arger on sone nachine
architectures. Conpound itens are larger structures, and each includes
informati on about what TYPE of itemit is, so that run time checks can
be nade. (See al so Chapter 2 and REF DATA). This type information is
represented by another pointer, to a KEY for the type of data in

questi on.

-- -- Sinple itenms in Pop-11: integers and decimals

There are only two sorts of sinple itens in Poplog, integers and
decimals. Both are represented within a single machi ne word. However not
all the bits of the word can be used for this purpose, as two bits in
every word are reserved for specifying whether the itemis a conpound
item an integer, or a decimal. In a 32 bit machine that |eaves 30 bits
for the integer or decimal, of which 1 will be for the sign.

This "direct" representation by bit patterns neans that operations on
integers or decimals do not create new Popl og datastructures, since they
nerely involve operations on bit patterns in machine registers.

-- -- Conpound itens in Pop-11

By contrast, operations that create conpound itens, such as bigintegers,
ddecimal s, ratios and conplexes will require additional records to be
allocated in the storage "heap", and their use can therefore trigger

gar bage coll ections every now and again. (For nore information see HELP
EFFI Cl ENCY. )

Besi des the numerical conmpound itens just nentioned, all other Pop-11
data types besides integers and decimals are conpound itens, including
lists, words, strings, procedures, properties, arrays, etc.

-- -- Fixed precision and indefinite precision arithmetic

Anot her distinction that is inportant is between those itens that have

fixed size in nenory and those that can be as big as needed. |ntegers,

deci mal s, ddecimals, and conpl exes conposed only of integers, decimals

and ddecimals all have fixed sizes. So typically a ddecinmal will occupy
three words, one for the key which identifies the object as a ddeci mal,
and two for the actual nunber.

By contrast bigintegers and ratios, and conpl exes conposed of

bi gi ntegers and ratios provide "infinite" precision arithnetic and can
take up as nmuch store as is available. So the only linit to the size of
a biginteger is the (virtual) menory available in the machine. To
illustrate this try the follow ng:

define factorial (n);
if n==0then 1
else n * factorial (n - 1)
endi f

enddef i ne;

factorial (3) =>

**6

factorial (30) =>

** 265252859812191058636308480000000

factorial (100) =>
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** 933262154439441526816992388562667004907159682643816214685929638
95217599993229915608941463976156518286253697920827223758251185
210916864000000000000000000000000

factorial (1000) =>

The nunber printed out by the |last exanple will take about 37 l|ines
(dependi ng on your screen's w dth).

Simlarly ratios can represent small nunbers very accurately, e.g

237/ factorial (37) =>
** 79_/4587917697075448348771993193860300800000000

1/ (2**150 - 1) =>
** 1 [ 1427247692705959881058285969449495136382746623

-- -- Packed integer or decimal nunbers

Pop-11 provides facilities for creating records and vectors that include
nunbers represented conpactly as bit patterns. Exanples are

bitvectors
(described in HELP BI TVECTORS, )

strings
(which contain packed 8 bit integers, described in REF STRI NGS)

shortvecs
(which contain packed 16 bit integers, described in REF | NTVEC)

i ntvecs
(which contain packed 32 bit integers, described REF | NTVEC)

NOTE: The nunbers of bits per field in shortvecs and intvecs is
i mpl ement ati on dependent.

Using the "defclass" syntax construct users can define new record types
and vector types containing packed integers of various field sizes

Because Pop-11 can tell the types of all these integers fromtheir
occupancy of fields of particular types, it does not need to use 2 bits
per integer to recogni se them However, extraction or insertion of these
field values, e.g. assigning to or froma variable, necessitates
conversion to and fromthe standard Popl og representation. This is
perfornmed automatically by the corresponding record or vector access and
updat e procedures.

It is also possible to have vectors or records with packed floating
poi nt nunbers, and sinmilar remarks apply to them

-- Types of nunbers in POp-11 -------mmmmmm e
We can now |ist the kinds of nunbers that can be created and mani pul at ed
in Pop-11, nanely integers, bigintegers, decinmals, ddecimals, ratios and
conpl exes. Exanpl es of each follow, preceded by the correspondi ng
"dataword", and an indication of whether they are sinple or conpound

-- -- decinals and ddecinals

Deci mal s are single-precision floating point nunbers, whereas ddeci nal s

are doubl e-precision floating point nunbers. They can be typed in
directly or produced as the result of applying procedures.
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DATAWORD EXAMPLES

deci mal (sinple):
Input: 66.0s0 2.54s3 2.54s-3 sqrt(4)
Qutput: 66.0 2540.0 0.00254 2.0

ddeci mal (conpound):
66.0 -33.0 77.35 9999.532 -6666.0
66e0 2.54e5 2.54d3 2.54d-3

The synbols "e", "s" and "d" are used in a representation of floating
poi nt nunbers consisting of manti ssa and exponent. The synbol is
preceded by the mantissa and followed by the exponent. So 2.54e5 is the
sane as 2.54*(10 ** 5), where ** is the "raise to the power" operator.
The notation using "s" followed by an exponent is required to force a
nunber typed in to be a single precision decinal. This is because the
"constant" deci mal nunbers typed in are interpreted by the Pop-11

item ser as double precision decinals, i.e. ddecimals. So, 66.0 will be
read in as a ddecinmal, as will 66.0e0, 66.0d0, whereas 66.0s0 will be a
ddecimal, with the same nunerical value

dat awor d( 3. 5s0) =>
** deci mal

dat awor d( 3. 5d0) =>
** ddeci mal

dat awor d( 3. 5e0) =>
** ddeci mal

Whet her floating point results of arithmetical conputations are single
or double precision is controlled by the global variabl e popdprecision
If it is false (which is the default value) then the results are
decimals. If it is true, then as long as at |east one ddeci nal or non
deci mal nunber is involved initially, floating point conputations will
produce doubl e-precision ddeci mal results. This is described nore fully
bel ow.

-- -- Integers, bigintegers, ratios and conplex nunbers
DATAVWORD EXAVPLES
integer (sinple):
66 -33 99999 -12348888

bi gi nt eger (conpound):
12345678900980980911 2**40 -99999999999999999999999

rati o (conpound):
3 /4 12345 /54321 -33_/44

conpl ex (conpound):
sqrt(-1) 33 +:44 55.3 -:22.5 3 /4 +5/8

The third exanple is a conplex nunber with floating point (ddecinal)
real and imaginary parts (55.3 and -22.5, respectively). The | ast

exanple is a conplex nunber with ratios as its real and inaginary
parts (3/4 and 5/8 respectively).

-- Formng numerical expressions ----------------om oo

Any of the above forns of numerical expression can be used where Pop-11
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requires an expression, e.g. to assign values to variables, or to give
argunments to procedures requiring nunerical argunments. Mathenmati cal
procedures provided by Pop-11 are |listed below including the standard
arithnetical operators (+, -, *, /), trigononetrical functions (sin,
cos, tan) and others.

Starting from expressi ons denoting numbers we can create nore
conpl i cat ed expressions denoting nunbers. E.g.

33 + 44 denotes the nunber 7

sqrt(9) denot es the nunber 3.0

max(4, 77) denotes the nunber 77.
Arithmetic expressions can be enbedded in others. For exanple
t he expression

tan(23 + 22)

cont ai ns sub-expressions 23, 22, and 23 + 22.
Finally

max(m n(66, 33), mn(999, 9))

denotes the nunber 33, as does this:
max( mn(66-5, 33), mn(999, 9+9) ) =>
* % 33

Exer ci se:
How many different expressions does the |ast exanple contain?
-- -- Using a radix other than 10 to represent nunbers on input
Pop-11 will read in binary nunbers if they are preceded by '2:'
2:111 =>
* % 7
Simlarly octal nunbers nmay be preceded by '8:"'
8:111 =>
* % 73
This sort of prefix can be used for non-integer nunbers too:

8:11.11 =>
** 9.140625

10:55.55 =>
** 55.55

The integer base used for reading in non-deci mal nunbers nust be in the
range 2-36. If the base is greater than 10, the letters A-Z (uppercase

only) can be used in the nunber to represent digit values from 10 to 35,
e.g. 16: 1FFA represents 8186 as a hexadeci mal nunber.
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Note: the sane internal representation is used, no matter how the nunber
is read in. So how the nunber prints out is not affected. E. g.

2:111, 7 =
* % 7 7

2:111 == 7 =>
** <true>

-- -- Using pop_pr_radix to control radix used in printing

How nunbers are printed is controlled using pop_pr_radix, which defaults
to 10. By making it 16 nunbers can be printed in hexadecinmal, for

i nst ance:

16 -> pop_pr_radix;
16 =>
* % 10
15 =>
* % F

You can define a procedure to print nunbers in binary formthus:
define pr_binary(nunj;
dl ocal pop_pr_radix = 2;
pr(num
enddef i ne;
vars Xx;

for x from1l to 15 do pr_binary(x); pr(space) endfor
110 11 100 101 110 111 1000 1001 1010 1011 1100 1101 1110 1111

-- . pop_pr_radix, pop_pr_places and pop_pr_exponent

The printing of decimal (floating point) nunbers is also controlled
by pop_pr_radix.

16 -> pop_pr_radix;

15.55 =>
** F. 8CCCCD
Conpar e

pr _bi nary(15.55);
1111. 100011

The nunber of deci nal places shown is controlled by pop_pr_places,
whi ch defaults to 6.

10 -> pop_pr _radi x;
sqrt(2) =>
** 1.41421

2 -> pop_pr_pl aces
sqrt(2) =>
** 1.41

6 -> pop_pr_pl aces
sqrt(2) =>
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** 1.41421

A val ue of 0 causes decimal nunbers to be printed as integers.

| f pop_pr_exponent is nmade true (it defaults to false) then exponent
formis used for printing decimals and ddeci mal s:

true -> pop_pr_exponent;
sqrt (20000) =>

** 1.41421e+2

fal se -> pop_pr_exponent;
sqrt (20000) =>

** 141,421

As expl ai ned above, the exponent notation can also be used for reading
i n decimal s:

1.41421e+2 =>
** 141. 421

-- Additional facilities for printing nunbers

prnum(NUM | NT_PLACES, FRAC_PLACES)

This takes any non-conpl ex nunber NUM and prints it in the form
<pr e>. <post >

I NT_PLACES is an integer specifying the nunmber of character
positions that <pre> should occupy, including |eading spaces, and
m nus sign, if NUMis negative. FRAC PLACES specifies the nunber of
positions the <post> part should occupy, excluding the ".", and
including trailing zeros if necessary. E.g

pr(*|"); proun(-3.52, 4, 5);pr("|");
| -3.5200]

radi x_appl y(1 TEM 1, ITEM2..., ITEMN, P, RAD X)
Runs the procedure P, which should take N arguments, ITEM 1 to
ITEMN, in an environnent in which pop_pr_radix has the integer
val ue RADI X. So any printing done by P uses that val ue of
pop_pr_radix. E. g.

radi x_appl y(45,5, 5, prnum 16) ;
2D. 0000

More sophi sticated general purpose printing procedures are defined in
REF PRI NT, i ncl uding:

printf, nprintf, pr_field, format_print

-- Maxi mum and m ni num i nteger sizes: pop_nmax_int, pop_mn_int

(Alnpbst) all the arithmetic operators in Poplog can be applied to al

the different kinds of nunbers and will produce appropriate kinds of
results. So for exanple if you add or nultiply integers together you'l
get integers until the result is too large to fit into the maxi num space
allowed for integers, and in that case the result will be a biginteger
Where the transition occurs will depend on the word size of your

machi ne. The rel evant information can be obtained by |oading the

| NT_PARAMETERS | i brary:
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lib int_paraneters

This makes avail able two variabl es: pop_nmex_int, which is the |argest
(i.e. nost positive) integer value and pop_min_int, which is the
smal |l est (i.e. nost negative) integer value. On a typical 32 bit machi ne
these give

pop_mex_int, pop_mn_int =>
** 536870911 -536870912

So any integer operation producing a nunber bigger than the first or
smal l er (nore negative) than the second will produce a biginteger, not
an i nteger

i sinteger(pop_mn_int) =>

** <true>

i sinteger(pop_mn_int - 1) =>

** <fal se>

i shiginteger(pop_mn_int - 1) =>
** <true>

-- The representation of floating point nunbers: lib float_paraneters

In order to obtain informati on about decimals and ddecimals in your
version of Pop-11 use the following library

lib float_paraneters

This provides the follow ng inplenmentati on dependent constants, all of
whi ch are explained fully in REF NUVBERS

pop_nost _positive_deci mal
pop_|l east _positive_deci nal
pop_|l east _negative_deci nal
pop_nost _negati ve_deci nal
pop_nost _posi tive_ddeci nal
pop_l east _positive_ddeci ma
pop_| east _negati ve_ddeci mal
pop_nost _negati ve_ddeci nal

pop_pl us_epsi | on_deci nal
pop_pl us_epsi | on_ddeci mal

pop_m nus_epsi |l on_deci ma
pop_m nus_epsi | on_ddeci nal

Addi tional information about the representation of individual floating

poi nt nunbers can be obtained using facilities defined bel ow.

-- Basic arithnmetical facilities --------------cmmm o
There are several procedures for manipul ati ng nunbers of all types. The
nmost commonly used ones are represented by '"infix' identifiers. That is

they can be used to create expressions wthout using parentheses, e.g.

3 +5 77 *09,

although it is legal to wite +(3, 5) or *(77, 9) instead if you prefer

The operations |listed below are avail able for constructing arithnetic
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expressions. They all take nunmbers of every variety in all conbinations.
|.e. they are "overl oaded" or "pol ynorphic" operators. (The exception is
"mod" which cannot be applied to conpl ex nunbers.)

When the result is a floating point nunber, whether it is represented as
a decimal (single precision) or ddecinmal (double precision) will depend
on whet her the gl obal variable popdprecision is false or not, as

expl ai ned bel ow.

In general the rules in Pop-11 for deciding on the type of result to be
produced by a mathematical procedure conformto standard mat hemati cal

expectations. For exanple, a decimal divided by an integer will give a
deci mal, unl ess popdprecision is true, in which case it wll give a
ddecimal. Division of one integer by another may produce a surprise

in the formof a ratio, as described bel ow

-- Arithrmetical operators ----------mm oo

OPERATOR PRECEDENCE DESCRI PTI ON
+ 5 add two nunbers
- 5 subtract two nunbers, or negate one nunber.
(The syntactic context is used to determ ne whether this is
a binary subtraction operator or a unary negation operator)

* 4 multiply two nunbers
** 3 exponenti ati on:
e.g. A** 3 neans A*A*A i.e. A cubed.
4 divide first nunber by second (See note bel ow)
/1 4 di vide first nunber by second, produce
remai nder and quoti ent.
XdivyY 2 returns the nunber of times Y goes into X
XremyY 2 returns the renmai nder on dividing X by Y.
X mod Y 2 returns the remainder on dividing X by Y.
nmod, unlike rem requires both nunbers to be real, i.e.

non-conplex. It always returns a result with the sane sign as Y

-- . Exanples of arithnetical expressions
Here are some expressions formed using arithnmetic operators:

3+5* 2 =>
% 13

(3 +5) * 2 =>
* % 16
The expression:

(X +Y) * (99 - 7/3)

has many sub-expressions, e.g. X, Y, 99, Z 3, X+ Y, Z/3, etc.
Noti ce how parent heses can affect the order in which operations are
appl i ed.

-- . Illustrating the use of // (which produces two results)

The operator // is unusual in that it produces two results. It takes two
i ntegers, and produces two integers, a remainder and a divisor, as in:
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10 // 3 =>
**13

23 /1 10 =>
**32
Thus one can do things like
vars remai nder, quotient; 223 // 10 -> (renminder, quotient);
remai nder, quotient =>
** 3 22

or, conbining the declaration with a multiple initialisation

vars (remai nder, quotient) = 223 // 10

To illustrate the use of // on different kinds of nunbers:
Di viding integers

10 // 3 =>

* % 13

10 // -3 =>

**1_3

-10 // 3 =>

* % _1 _3

-10 // -3 =>

* % _13

Di vi ding decimal s (or ddecinal s)
10.5// -3.2 =>
** 0.9 -3

Div

ding ratios
(7/3) /1 (11/23) =>
** 29 /69 4

Div

di ng conpl exes
(33 + sqrt(-57)) // sqrt(-5) =>
** 1.69505_+:0.841633 3_-:14

-- -- Binary and unary negation

Most of the above are 'binary' operations. That is, they require TWO
argunments. For exanpl e the expression

3 +4

applies the operation + to the two argunents 3 and 4. It denotes the
nunber 7. The argunments may thensel ves be conpl ex expressions, e.g.

(3 +4) + (5 + 6)

The operation - can be binary (two argunents) or unary (one argunent),
and Pop-11 works out fromthe context which it is. Wen it is unary, as
in

or
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- (3 +5)

it produces a nunber by NEGATING its argunent.
When it is a binary operator, as in

3-4
or

(2 +1) - (2 +2)
it subtracts the second argunment fromthe first. So the latter denotes
the nunmber -1.
Roughly, the rule is that if "-" occurs as part of an expression in
which it is imrediately preceded by an expression, and not a conmg,
sem col on, or opening bracket of any kind, then it is treated as binary
and represents a subtraction. Otherwise it is unary and represents a
negation (change of sign).

The following are all binary (i.e. subtractions)

X -y, (33 * x) - sqgrt(y), X+y -2z, x*y-2z-1

The following are all unary (i.e. negation)

-3 + 5, sqrt(- 22), if x >0 then -x else x endif
One consequence of this is that although the other arithnetical
operators can be used as normal functions, e.g.

+(3, 5), *(9, 10) =>

** 8 90
The m nus synbol will nornmally be interpreted as a unary negation synbol
inthis sort of context, producing an unexpected result, e.g.

-(6' 3) =>

* % 6 _3

which is equivalent to

6, -3 =>
or
6, 3, - =>
** 6 -3

However, according to the rule given, the following will work as a
bi nary negation, which may al so be surprising:

When unary negate is required, this can be specified unamnbi guously by
i nvoki ng the procedure negate, e.g.
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3 + negate(4) * 5 =>

Conpared with

3+-4%*5=>

"

Simlarly, because "nonop -" is always taken to refer to the subtraction
procedure, the name "negate" nmust be used when unary minus is to be
given as argunment to a procedure, e.g.

maplist([ 1 2 3 4 5 6], negate) =>
*% [-1 -2 -3 -4 -5 -6]

Conpare using the subtraction operator concatenated with the sqrt
procedur e:

define sqrt_sub = nonop - <> sqgrt enddefi ne;

sqrt_sub(8, 4) =>
* % 20

O the subtraction operator partially applied to 3:
define sub_3 = nonop - (%3 % enddefine;

sub_3(66) =>
* % 63

sub_3(5.4) =>
* % 2 4

-- -- WARNING division of integers using "/" can produce ratios

The division operator "/" when given two integers (or bigintegers) wll
wi Il not produce a decinmal or ddecimal as result, but an integer (or
bi gi nteger) or ratio. Thus

10/5 =>
x%x 9

10/ 6 =>
** 5 /3

The reason for printing out ratios in this way, i.e. with the nunerator
and denomninator joined by "_/" is that this will allowthemto be read
in again as ratios without violating Pop-11's syntactic rules for

I exical itenms, nmentioned briefly in chapter 1, and described fully in
REF | TEM SE

This sort of result of integer division can cause confusion if you are
used to a |l anguage which in which non-integer results of division are
automatically converted (i.e. coerced) to decimals (reals, floats). This
means that if you require such conversion you should ensure that one of
the arguments to "/" is a decimal. e.g.

10/6.0 =>
** 1.66667

or
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10.0/6 =>
** 1.66667

-- Infix predicates on nunbers ----------mmmmm o

Besi des arithnetical operations that take nunbers as argunents and
produce nunbers as results, Pop-11 includes various predicates for
testing properties of nunbers, or relations between nunbers. These
predi cates all have boolean (i.e. true or false) results. The nost
wi dely used infix predicates are:

OPERATOR PRECEDENCE DESCRI PTI ON

> 6 test two nunbers: TRUE if first greater than second.

< 6 test two nunmbers: TRUE if first |less than second.

>= 6 test two nunbers: TRUE if first greater than or
equal to second.

<= 6 test two nunbers: TRUE if first |ess than or equal
to second.

== 7 Exact identity (i.e. the very same object in the
machi ne.)

= 7 Equality: i.e. the sane type of object with
equi val ent contents.

== 7 Not identi cal

= 7 Not equal

== 7 Sane type of nunber and sane nuneric val ue.

(E.g. 8 =8.0is TRUE 8 ==# 8.0 fal se)

no_n

The rules for and "/=" when the two argunents are of different types
are quite conplicated. If X and Y are of different types and are
integers, bigintegers or ratios then they cannot be either "=" or "==".
If floating point nunbers (decinmals and ddeci mals) are conpared with

i ntegers, bigintegers or ratios then they are first converted to

ddeci mal s and then conpared. Further details are given in HELP EQUAL and
REF NUMBERS

What sort of thing is denoted by an arithnetical expression depends on
the "top level" operator. E.g. consider:

99 > (X +Y)
This takes the expression '99' and the expression '(X + Y)' each of
whi ch may denote a nunber, and creates a new expressi on which denotes
true or false, depending on whether the first nunber is greater than or
|l ess than the other. |I.e. > is a binary operator, taking two nunbers and

producing a TRUTH- VALUE, i.e. a BOOLEAN as a result. So

99 > 66 denotes TRUE
66 > 99 denot es FALSE

-- Recogni zer predicates for nunber types -----------------------------

There are recogni ser procedures which can be applied to any object and
will always return a boolean (true or false) result.

i sinteger(lI TEM
Returns <true> if ITEMis a sinple integer, <false> otherwi se.

i shi gi nteger (I TEM
Returns <true> if ITEMis a biginteger, <false> otherw se.
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i sintegral (I TEM
Returns <true> if ITEM is a sinple integer or a biginteger,
<f al se> ot herwi se.

isratio(l TEM
Returns <true> if ITEMis a ratio, <false> otherw se.

i srational (I TEM
Returns <true> if ITEM is a sinple integer, a biginteger or a
ratio, and <fal se> ot herwi se.

i sdeci mal (1 TEM
Returns <true> if ITEM is a decinal or a ddecimal, <false>
ot herwi se.

i ssdeci mal (1 TEM
Returns <true> if |ITEMis a single length decimal, <false>
ot herwi se.

i sddeci mal (1 TEM
Returns <true> if ITEMis a ddecimal, <false> otherw se.

isreal (I TEM
Returns <true> if ITEMis any nunber except a conplex, <false>
ot herwi se.

i sconpl ex(| TEM
Returns <true> if ITEMis a conplex nunber, <false> otherw se.

i snunber (1 TEM
Returns <true> if ITEMis any kind of nunber, <false> otherw se.

-- Coercing nunbers fromone type to another -------------mommon

nunber _coerce(NUML, TO NUM -> NUM2
Produces a nunber NUM2 which is the nunber NUML converted to the
representation class (i.e. rational, single-float deciml or
doubl e-fl oat ddeci mal) of the nunber TO_NUM

number _coerce(3.5, 1) =>
** 7 2

nunber _coerce(3.5, 1./2) =>
*% 7 2

nunber _coerce(1l_/2, 3.5) =>
* % O 5

-- Oher arithmetic procedures -----------mmmmmmm o

O her arithmetic procedures available in Pop-11 include the follow ng,
nost of which can be applied to nunbers of all types.

abs(x) absol ute val ue (modul us) of x

exp(x) exponential of x (e to the power x)

max(x, y) t he bi gger of two nunbers

m n(x,y) the smaller of two nunbers

si gn(x) -1 if x is negative, + 1 if positive, 0if x =0, or 0.0
randont{ x) a randominteger in range 1 to X

round( x) the integer nearest to x, unless x is conplex in which

case the result is a conplex nunber with real part and
i magi nary parts both rounded.
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arccos(x) trigononmetric arc cosine of angle

ar csi n(x) trigononetric arc sine of angle

arct an(x) trigononetric arc tangent of angle

cos(Xx) trigonometric cosine of angle

l og(x) natural |ogarithmof a number - inverse of exp
| 0g10(num returns the base 10 | ogarithm of num

negat e( x) negation of the nunber (i.e. -x)

si n(x) trigononetric sine of angle

sqrt(x) square root of nunber

tan(x) trigononetric tangent of angle
NOTE

The trigononetric procedures use degrees, unless the variabl e popradi ans
is set TRUE. The default is FALSE (i.e. use degrees.) (This is one of a
| arge collection of user definable global variables controlling the
behavi our of Pop-11. See HELP POPVARS).

-- Illustrating popradians -------------cmmmmmmmmm

The vari abl e popradi ans controls whether the trigononmetric procedures
take arguments, or produce results in degrees or radians. W can use the
fact that "pi" is a built in constant thus

true -> popradians;
sin(90) =>
** 0.893997

1
\

sin(pi/2)
* % 10

1
\

arcsin(1)
** 1.5708

fal se -> popradi ans;
sin(90) =>
* % 10

sin(pi/2) =>
** 0.027412

arcsin(l) =>
** 90.0

-- O her global variables controlling arithnetical conputations -------
-- -- popdprecision

The value of this variable controls the production of results from

fl oating-point conputations, in conbination with the types of the
argunments supplied to the relevant procedure. If it is false then only
decimals (single precision floats) are produced. If it is the word
"ddeci mal " then ddecimal results are produced by arithmetic operators
only if at |least one of the argunents is ddecimal. |If the value is
anything else (e.g. true), then a ddecimal result can be forced if at

| east one of the arguments is integral or rational, even if the others
are all decinals.

In NO case is there an increase in precision of floating point
conputations if all argunents are single-float decimal to start
with. The default value of popdprecision is false.

Exanpl es:
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Case 1. Only single precision results
fal se -> popdpreci sion;

dat aword(sqgrt (3.5d0)) =>
** deci mal

1
\

dat awor d(sqrt (3. 5s0))
** deci mal

dat awor d( 3. 5d0 + 3.5s0) =>
** deci mal

dat aword(sqgrt(2)) =>
** deci mal

Case 2: Doubl e precision whenever a ddecinmal is involved initially
"ddeci mal "-> popdpreci si on;

dat aword(sqrt(3.5d0)) =>
** ddeci mal

dat aword(sqrt(3.5s0)) =>
** deci mal

dat awor d(3. 5d0 + 3.5s0) =>
** ddeci mal

dataword(sqrt(2)) =>
** deci mal

Case 3: Doubl e precision produced if either ddeci mal or non-deci mal
nunber is involved initially.

true -> popdprecision

dat aword(sqgrt (3.5d0)) =>
** ddeci mal
dat aword(sqgrt (3.5s0)) =>

** deci mal

dat awor d( 3. 5d0 + 3.5s0) =>
** ddeci nal

dat aword(sqgrt(2)) =>
** ddeci mal

This nmeans that if popdprecision is non false, then the evaluation of
arithnetical expressions in which internediate floating point nunbers
are produced will sonetines create tenporary ddeci mal nunbers that are
then di scarded. As these are conpound itenms (explained above) this can
cause garbage collections, |eading to reduced speed, the price of
greater accuracy.

-- -- pop_reduce_ratios
This is nornmally true. Making it false prevents Pop-11's nornal
behaviour in which a ratio result is always reduced to its | owest conmon

terns (and therefore to an integral result if the denom nator becones
1).
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-- M scel |l aneous operations on integers, ratios, floats
-- -- checkinteger, gcd n, Icmn
checki nteger (I TEM LOW.INT, H _I NT)

Checks I TEMto be an integer within the range specified by |ower bound
LOW I NT and upper bound H _INT (inclusive). Either or both bounds rmay be
<fal se> to indicate no upper or lower limt. If all conditions are
satisfied the procedure returns with no action, otherw se a m shap
occurs.

gcd_n(INT1, INT2, ..., INT_N, N) -> GCD

Conput es the greatest common divisor of the all the N integers |NT1,
INT2, ..., INT_N, where the nunber Nitself (a sinple integer >= 0)
appears as the rightnost argunent. If N=0, then GCD =0; if N=1,
then GCD = | NT1.

lemn(INTL, INT2, ..., INT.N, N) -> LCM

Comput es the | east common nultiple of the all the Nintegers INT1, |INT2,
., INT_N, where the nunber Nitself (a sinple integer >= 0) appears as

the rightnost argunent. If N=0, then LCM=1; if N=1, then LCM=

| NT1.

-- -- destratio, nunerator, denom nator

destrati o( RAT) -> (NUMERATOR, DENOM NATOR)

numner at or ( RAT) - > NUMERATOR

denom nat or (RAT) -> DENOM NATCR
These procedures return (on the stack) the nunerator and denom nator
parts of a rational nunber, either together (-destratio-), or
separately (-nunerator- and -denom nator-). Wen RAT is an integer
or biginteger, then NUMERATOR = RAT, and DENOM NATOR = 1.

-- -- Operations on floats (decinals and ddeci nal s)

-- -- intof, fracof, float _digits, float_precision

fracof (x) fractional part of a deciml nunber
i nt of (x) i nteger part of a decinmal nunber, positive or negative

i ntof (-123.456), fracof(-123.456) =>
** -123 -0.456

float_digits(FLOAT) -> DIG TS
Returns an integer, the nunber of digits represented in the internal
(usual l'y binary) floating-point format of the argunent. (l.e. DIATS
has only two possible val ues, one for decimals and one for
ddecinmals. In all current Poplog inplenentations, b =2 and DIG@ TS
is around 22 for decimals, 53-56 for ddecimals.) On a Sparcstation:

float_digits(1.0e0), float_digits(1.0s0) =>
** B3 22

fl oat _precision(FLOAT) -> SIGDIA TS
Sane as -float_digits-, except that the nunber of significant bits
in the argunment is returned. This will in fact be identical to
float_digits(FLOAT), except that float_precision(0.0) =0
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-- -- float_decode, float_scale, float_sign

fl oat _decode( FLOAT, | NT_MANTI SSA) -> (MANTI SSA, | NT_EXPO, FLOAT SIGN)
This procedure takes a floating-point nunber and splits it into its
conponent parts, i.e. nmantissa, exponent and sign. For full (gory)
detail s see REF NUMBERS

float _scal e(FLOAT1, |NT_EXPO -> FLOAT2

This is equivalent to
FLOAT1 * 2**] NT_EXPO

but is nore efficient and avoids any internedi ate overfl ow or
underflow. If the final result overflows or underflows (i.e. the
absol ute val ue of the exponent is too large for the representation),
then <false> is returned. This procedure can be used in conjunction
with -float_sign- to put back together a floating-point nunber
deconposed with -float_decode-. That is, after

float_sign(FLOAT_SI GN, FLOAT1) -> FLOAT2
Returns a floating-point nunber FLOAT2 of the sanme type and absol ute
val ue as FLOAT1, but which has the sign of the float FLOAT _SIGN. |If

FLOAT1 is false> then FLOAT2 is returned as a 1.0 or -1.0 of the
same type and sign as FLOAT_SI G\

For nore details see REF NUMBERS

-- Conplex Specific Operations --------------ommmmm oo

NUML  +:  NUM2 -> NUMB

NUML -: NUM2 -> NUMB
These two operators are the basic way of creating conpl ex nunbers.
Ef fectively, they both nultiply their second argument by "i" (the

positive square root of -1), and then either add the result to (+:)
or subtract the result from(-:) the first argunent.

+ NUML -> NUM2

-2 NUML  ->  NUM2
As prefix operators, +: and -: are equivalent to unary_+: (NUML) and
unary_-:(NUML) respectively.

unary_+: (NUML) -> NUMmR

unary_-:(NUML) -> NUMR
Si ngl e-argunent versions of +: and -:, which nultiply their argunent
by i and -i respectively.

conj ugat e( NUML) -> NUM2
Returns the conpl ex conjugate of its argunment. The conjugate of a
real number is itself, while for a conplex nunber it is

real part (NUML) -: imagpart ( NUML)
dest conpl ex(NUM -> (REALPART, | MAGPART)
real part ( NUM -> REALPART
i magpart ( NUM -> | MAGPART

These procedures return the real and inaginary parts of a conplex
nunber, either together (-destconplex-), or separately (-realpart-
and -imagpart-). Wien NUMis real, then REALPART = NUM and a zero
of the same type as NUMis returned for | MAGPART.

-- random and oneof --------- oo

Pop- 11 provides a useful (but relatively sophisticated) pseudo-random
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nunber generator, controlled by an integer variabl e ranseed whose val ue
i s changed whenever the generator is called. By re-setting ranseed to
the sane initial value (e.g. 0) one can sure that the sanme sequence of
"randont nunbers will be generated every tinme. If false is assigned to
ranseed then an unpredictable integer value depending on the exact tine
of day will be assigned to it when the next random nunber is generated.

randomO( NUM -> RANDOM

G ven a non-zero positive integer or floating-point nunber, this
procedure generates a random nunber of the sane type, in the range:

0 <= RANDOM < NUM

where the distribution of RANDOM wi || be approximately uniform

random( NUM -> RANDOM

Same as -randonD-, except that whenever the latter would return 0 or
0.0, the original argunent NUMis returned instead. It can thus
be defined as
randomO( NUM -> RANDOM
if RANDOM = 0 then NUM el se RANDOM endi f;
Hence the range of the result is
0 < RANDOM <= NUM
for a float, or
1 <= RANDOM <= NUM
for an integer.

Exanpl es

repeat 10 tinmes random(5) endrepeat =>
** 3521212433

2 -> pop_pr_pl aces;

repeat 10 tines randon(5.0) endrepeat =>
** 0.49 4.3 1.48 3.65 0.52 4.25 2.49 0.14 2.37 3.47

A closely related procedure is oneof, which takes a list and returns
a random y chosen el enent.

repeat 10 times oneof ([1 2 3 4 5]) endrepeat =>
* 5455424533

-- Additional mathematical functions ----------------------------------

Less common mat hemati cal functions defined in REF NUVBERS i ncl ude:

phase( NUM
Returns the conpl ex phase angle of NUM as a fl oating-point
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quantity.

ci s( REALANGLE)
Returns the float-conplex nunber cos(REALANGLE) +: sin( REALANGLE)

arctan2(REAL_X, REAL_Y) -> REALANGLE
Conputes the arctangent of REAL_Y / REAL_X, but using the signs of
the two nunbers to derive quadrant information.

si nh( ANGLE)

cosh( ANGLE)

t anh( ANGLE)
These procedures conpute the hyperbolic sine, hyperbolic cosine and
hyperbolic tangent of ANGLE. The result is a floating-point, or a
float-conplex if ANGLE is conpl ex.

ar csi nh( NUM

ar ccosh( NUM

ar ct anh( NUM
These procedures conpute the hyperbolic arcsine, hyperbolic
arccosi ne and hyperbolic arctangent of NUM For NUM conpl ex, the
result is a float-conplex. For NUMreal, the result will be a real
float, except in the follow ng cases:

arccosh: NUM < 1
ar ct anh: abs(NUM > 1
For -arctanh-, it is an error if NUM= 1 or -1.

linearfit(LIST) -> (MO
The library LIB LINEARFI T nakes avail abl e the procedure linearfit,
which takes a list of pairs of nunbers representing co-ordinates of
poi nts, works out the best straight line through the points, and
returns its slope M and its Y-intercept C

linearfit([% conspair(0,0), conspair(1l.01, 0.98),
conspair(1.85, 2.005), conspair(3.0, 3.0) %4) =>
** 1.015095 0. 009136

For vertical or nearly vertical lines it will produce an error.

-- EXercises -------mmii e e
1. What are the data types of each of the foll owi ng?

33

33.0

8: 777

"cat"

"asdf; | kj 876 *+*++ '
[1 2 3 4]

33 + sqgrt(-5)

123. 45e3

123. 45s-3

2. How woul d the data types of the precedi ng exanpl e change if
popdpreci sion had the value fal se, "ddecinmal" or true ?

3. What do the follow ng expressions denote?

33 + 3
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3+4*5

(3 +4) *5

6 - 3.0

si gn(random(20))
1.5e5

1.5e-5

2:11111

If you have access to a conputer running Pop-11 you can test your answers
using '=>'. E.g.

6 - 3.0 =>

4. What is the effect of the variabl e POPRADI ANS?

5. What variable can be given the value 2 to make pop print nunbers
in binary notation?

6. What happens if that variable is given the value 1?
7. How can you nake pop-11 print in hexadecinmal forn®
8. How woul d you represent the nunbers 16, 21, 30, 35, 40
(a) in binary forn®?
(b) in hexadecimal form (i.e. 16:7?????2?27?)?
9. Define a procedure which produces a random deci mal between -1 and 1

10. Define a procedure which produces a randomratio between -10 and 10

-- Testing for equality and inequality ---------------mmot

It is often necessary to use conditional inperatives, in order to
write flexible progranms which do not always do the sanme thing. This
requires the ability to test certain conditions, to see if they are
true or false. An inportant class of such tests is testing for
equality or simlarity.

== test any two objects. TRUE if they are identical:
i.e. not really two objects but one and the sane.
(Strict equality). In Lispthis is referred to as EQ

= test any two objects. TRUE if they are identical,
ORif they are of the sane type with the sanme el enents,

i.e. if they are "simlar'. In Lisp this is referred to
as EQUAL
E. g.
3 == is TRUE because it's the sane thing, the nunber 3
that's referred to on both sides.
3 == - 2 is also TRUE for the sane reason.
[ABC ==[ABC is FALSE, since they are two lists
Each tine Pop-11 reads in '[ .... ]' it creates a
new list, even if there was a simlar one earlier.
[ABC =[ABC is TRUE since they are two SIMLAR I|ists.
"A STRING == "'A STRI NG is FALSE, because there are two strings
but
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"A STRING = "'A STRING is TRUE, because the two strings are
simlar

Thus it is possible to have two lists or strings with the sanme
conponents, but which are not the very sanme object, e.g. if you type
inthe string "silly' twice.

"silly' = "silly" =>
** <fal se>

If you type in the same nunber twi ce Pop-11 will not treat the two
expressions as denoting two different objects. So 999 will always
refer to the same nunber. Strings and lists are different.

Wirds have to be treated |ike nunbers. Pop-11 has to know about
certain words, e.g. "define", "if", "(" and to be able to recognise
new occurrences of the very same word. So words are entered in a
dictionary when they are first read in, and if an expression
denoting a word with the sanme characters is read in later, then
instead of creating a new object Pop-11 finds the same word in its
dictionary and re-uses that.

Thus, words, unlike strings, are 'standardised' in a dictionary, so
that you cannot have two different words with the sane characters. |f
you attenpt to type in a second one, Pop-11 will find the original in
its dictionary, and assunme you wanted to refer to it. So both the
followi ng are TRUE:

"CAT" == "CAT" and "CAT" = "CAT"

Witing two expressions on either side of an equality operation
produces a new expression, which denotes a truth-value, TRUE or
FALSE. In other words = and == each take two argunents and produce
one BOOLEAN result.

-- Bitwise (Logical) integer operators --------------------------------

Pop-11 provides a collection of operations for nanipulating integers
considered as bit patterns. In order to see which bits are involved in
a positive integer, use the pr_binary procedure defined above, e.g.

pr _bi nary(-100);
1100100

The rightnost bit corresponds to bit O, and if there are N+1 bits the
Nth bit is the leftnost one thus printed, except that negative nunbers
conceptual ly have 1 bits extending indefinitely to the left of the sign
bit representation. In all the follow ng definitions remenber that the
| owest value for Nis 0, not 1.

-- -- Bit accessing procedures for integers

testbit(INT, N -> BOCOL
This procedure tests the bit at position Nin the integer INT
returning true for 1 and false for 0. It has an unusual updater,
which also returns a result:

BOOL -> testbit(INT, N) -> NEWNT
This clears or sets the Nth bit of INT to 1 if BOOL is true or O if
false, and the returns NEWNT as the resulting integer.

integer_leastbit(INT) -> N

TEACH PRIMER: Aaron Sloman's overview of Pop-11

191



Returns the bit position N of the |east-significant bit set in the
integer INT. E. g.

i nteger leastbit(4), integer_leasthit(5) =>

** 20

integer _length(INT) -> N
Returns the length in bits of INT as a two's-conpl enent integer.
That is, Nis the smallest integer such that

INT < (1<<N, if INT >=0
INT >= (-1 << N), if INT < O

Put another way: if INT is non-negative then the representati on of
I NT as an unsigned integer requires a field of at least N bits;
alternatively, a minimumof N+1 bits are required to represent |INT
as a signed integer, regardless of its sign.

i nt eger _bitcount (1 NT)
Counts the number of 1 or O bits in the two' s-conplenent
representation of INT. If INT is non-negative, Nis the nunber of 1
bits; if INT is negative, it is the nunber of 0 bits.

For nore information on any of theses see REF NUVBERS

-- -- Infix and prefix bitwise (logical) operators

OPERATOR PRECEDENCE DESCRI PTI ON

&& 4 Logical and of bits in two integers

&&~~ 4 Logi cal and of first argument and negation of
second. (Useful for clearing bits.)

| 4 Logical "inclusive or" bits in two integers.
|/& 4 Logi cal "exclusive or" of bits in two integers.
&/ =0 6

=0 6

These two operators provide the sane results as the
bool ean expressi ons

INT1 && | NT2 = 0
INT1 && INT2 == 0

but are nore efficient and avoid produci ng internediate
results.

-- -- Unary bitw se negation ~~

The unary operator ~~ has precedence 4
It produces the |logical conplenent of its argunent, i.e. there is a
1inthe result for each bit position for which the argunment has O.
It is always true that ~~ INT = -(INT + 1)

-- -- Bitwise (logical) shift operators

OPERATOR PRECEDENCE DESCRI PTI ON
| << N 4 Shifts the bits in | N places left (or -N places
right if Nis negative).

I >> N 4 Shifts the bits in | N places right (or -N places
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left if Nis negative).

i nteger_field(SlZE, POSITION) -> ACCESS P
This procedure, described fully in REF NUMBERS can be used to create
very efficient procedures for accessing and updating sub-bitfields
within integers, and provides a nore convenient (and nore efficient)
way of manipul ating such fields than by masking and shifting with
the operators && and >>, etc.

-- Iteration over nuUMbErs --------mm oo
-- -- for numfrom... by ... to ... do ... endfor

There are nmany ways of expressing iteration over sets of nunbers in
Pop-11, including using repeat ... endrepeat, while ... endwhile, and
until ... enduntil. However, it is usually "for" |oops that are npst
conveni ent. These allow a variable to take successive values in a series
of nunbers defined by repeatedly adding or subtracting a fixed anpunt.

The basic syntactic formprovided to support this kind of iteration is
the follow ng (where |ine-breaks are equival ent to spaces):

for <variabl e> from <nunber> by <nunber> to <nunber> do

<actions>
endf or;

However the "fronmt' and "by" conponents may be omtted where the nunber
in questionis 1. So the following forns are also permtted:

for <variable> from <nunber> to <nunber> do <actions> endfor
(Default: "by 1")

for <variabl e> by <nunber> to <nunber> do <actions> endf or
(Default: "from1")

for <variable> to <nunber> do <actions> endfor
(Defaults: "from1", "by 1")
Exanpl es of arithnetical for |oops are:
vars Xx;
for x to 10 do spr(x) endfor;

12345678910

for x by 0.5 to 5 do spr(x) endfor;
11.52.0253.0354.0455.0

for x by 1/3 to 5 do spr(x) endfor;
14/35/327/38/3310/311 /3413 /3 14/35

for x from1l to 6 do spr(x) endfor;
23456

for x from19 by -1 to 8 do spr(x) endfor;
19 18 17 16 15 14 13 12 11 10 9 8

for x from-5 by -0.6 to -9 do spr(x) endfor;
-5-5.6 -6.2 -6.8-7.4-8.0-8.6

For | oops may be nested. For exanple, to nake a list of all possible
pairs of nunbers between 3 and 5 do
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vars X, Y;
[%for x from3 to 5 do
for y from3 to 5 do
[*x My]
endf or
endfor % =>
** [[33] [34] [35] [43] [44] [45] [53] [54] [55]]

-- -- Using fast_for

When it is known that the values of the | oop variable and the increnment
or decrenment will all be integers, then it is perm ssible to use the
fast_for instead of for, e.g.

vars Xx;

fast_for x from1 by 300 to 10000 do x endfor =>

** 1 301 601 901 1201 1501 1801 2101 2401 2701 3001 3301 3601 3901
4201 4501 4801 5101 5401 5701 6001 6301 6601 6901 7201 7501 7801
8101 8401 8701 9001 9301 9601 9901

Using this formw Il elimnate sone of the run-tinme checks that are
ot herwi se required. However, it is risky in that errors nmay not be
detected. (See HELP EFFI Cl ENCY) .

-- -- lterating over non-arithmetical progressions

For sequences of nunbers not defined by constant intervals it may be
convenient to use the followi ng form

for <action> step <action> till <condition> do <actions> endfor

For example to produce a list of the powers of 2 |less than 10000 do

vars Xx;
[%for 2 -> x step x * 2 -> x; till x >= 10000 do x endfor% =>
** [2 4 8 16 32 64 128 256 512 1024 2048 4096 8192]

-- Using external mathematical libraries ------------------------------

For sone programs it is desirable to use existing mathematical |ibraries
witten in C or Fortran or other |anguages, e.g. the NAG libraries.

This is possible by externally loading the libraries into Poplog. This
can save work duplicating code, and al so produce faster performance than
rewiting the prograns in Pop-11.

The nmechanisns for linking in external prograns are described in

REF EXTERNAL

REF EXTERNAL_DATA

REF DEFSTRUCT
These files describe the basic mechanisms for |linking in and
conmuni cating with "external" prograns.

HELP EXTERNAL

HELP NEWEXTERNAL

HELP NEWC DEC

HELP FORTRAN_DEC
These files describe higher |evel |anguage-specific tools
for managi ng external prograns.
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-- CHAPTER 6: LI ST PROCESSI NG I N POP-11

In Chapter 1 an exanple of the use of lists to represent a collection of
items of information about roonms was used to introduce a nunber of
features of the |anguage Pop-11. W have occasionally used lists to
illustrate other points in preceding chapters. This chapter explains in
nmore detail why lists are inportant, how they are inplenmented and how
they can be used.

The chapter will provide nore general information on syntax for
constructing lists, together with an overvi ew of the basic procedures
avai l able for operating on lists including the two |list-pattern matchers
provided in Pop-11

-- On knowing about lists ----------mmmmm o
There are several things a Pop-11 user needs to know about lists

What they are used for

How to construct them

How to extract information fromthem

How they are represented in the nmachi ne

How dynamic lists and static lists differ

How to conpare themor test themto see whether they satisfy
certain conditions relevant to deciding what to do

Which facilities are available for manipulating lists

How to design your own facilities for manipulating lists

How to optim se your |ist-processing prograns

A conprehensive overview of all these topics would require a whol e book.
This chapter, introduces the basic ideas and gives sonme exanples of how
to use them

- WAy USe [iStS? ---cmmmm i m e e

For work in Artificial Intelligence, and nany other applications where
we need to represent data in a variety of forms, lists are a very

useful data type, partly because it is possible for two lists to share
common sublists, partly because it is possible for lists to change their
size by being extended in the mddle or at either end, and partly
because there is a way of representing themthat is sinple and flexible.

In Lisp and closely rel ated | anguages, such as Schene and T, it is also
the case the lists can represent interpreted procedures: this is
sonetimes useful, though not as useful as the early inventors of Lisp
supposed it would be. Pop-11 has a different phil osophy regarding
procedures and sonme of the things that a Lisp programer would do by
building a list and interpreting it, a Pop-11 progranmer woul d do by
using partial application to build closures that can be run (as
described in chapter 4).

Al so, the increnmental conpiler provided in Pop-11 allows lists of text
itens representing procedure definitions to be conpiled at run tine.
For exanpl e

vars nane = "silly", func = "last", list =[a b c];

popval ([ defi ne ~name; ~func(”list); enddefine;]);

creates a new COWPI LED procedure called silly, which can be run |ike any
ot her procedure and then applies last to [a b c]

silly() =>
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* % C

This is sonetimes useful, in witing prograns that create new prograns.

However, Pop-11 does not provide the equivalent of Lisp's EVAL, which
interprets Lisp procedure definitions.

Neverthel ess lists play a very inportant role in representing
information in nany Pop-11 prograns.

-- -- Lists can contain a mxture of elements of any type in Pop-11

Li sts can be used to represent or store many kinds of information. In
Pop-11, like nbst Al |anguages, lists can contain any type of object,

i ncludi ng, for instance, nunbers, words, procedures, and other I|ists.
Moreover, the same |list can contain a mixture of itens of different
types. This is inpossible to achieve in strongly typed | anguages

i ncl udi ng even sone | anguages with a pol ynorphic type system(e.g. M).

This generality has a nunber of inplications. First of all it is
possi bl e conveniently to use lists to represent all kinds of information
in a comon format, especially information that changes its structure
while a programis running. Mreover, because one does not need to use
different datastructures for different kinds of information it is
possible to produce a collection of very general re-useable procedures
that work on lists containing different kinds of data. The Pop-11
"pattern matcher", described below, is an exanple of a very powerfu
general purpose utility procedure for operating on many types of lists
Anot her exanple is the Pop-11 dat abase package, based on the matcher

Bei ng able to use such "generic" procedures with lists of different
ki nds can sinplify program devel opnent and | ead to nore conpact and
robust prograns.

-- . Illustrating generality: isinlist

To illustrate here is a sinple exanple. In Pop-11 it is possible to
provide a single "isinlist" procedure, which takes an itemand a |ist
and returns a boolean result, which is true if the itemis in the |ist
otherwi se fal se, as foll ows:

define isinlist(target, list) -> found

lvars item
for itemin list do
if item= target then
true -> found;

return();
endi f
endf or;
false -> found
enddef i ne;

This procedure is very general, insofar as it can then be used on lists
of nunbers, words, strings, lists, etc. in any conbination, as it nakes
no assunptions about the types of the values of the variables "target"
and "list", except that the value of "list" should be a list: if not a

run tinme error will occur, because it uses the list iteration construct.
Al though it assunmes that the second argunment will always be a list, it
makes no assunptions about the contents of the list. In sone | anguages
such as Pascal it would be necessary to produce a different version of
the procedure for each type of list, and it would not be possible to m x
itens of different types in one list.
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The versatile behaviour of isinlist can be illustrated thus:

vars person_data =
[name joe age 23 wife mary salary 20000 children [sue fred]];

isinlist("mary", person_data) =>
** <true>

\

i sinlist(20000, person_data) =
** <true>

isinlist("fred", person_data) =>
** <fal se>

isinlist([sue fred], person_data) =>
** <true>

(In fact the built in Pop-11 procedure "nenber" behaves like isinlist,
so it is not necessary for users to define isinlist. Try replacing
"menber" in all the above exanples.)

There are many ot her exanpl es of re-usabl e general procedures that
operate on lists no matter what their contents. For exanple, applist,
maplist, syssort, the concatenator <> and other procedures described
bel ow.

The library procedure assoc can create an associ ative nmenory made of
two-element lists, no natter what the contents of the lists are

vars person =
assoc([[ name fred]
[ sex mal e]
[age 30]
[kKids [sue tomdick]]]);

;5 person is now an associ ation mechani sm
person("age") =>

* % 30

person("age") + 1 -> person("age");
person("age") =>

* % 31

person("kids") =>

** [sue tom di ck]

-- Lists vs other representations ------------mmmmmm o

How t o choose between the use of lists or other means of representation
is not always obvious: it can take many years of experience to make good
deci si ons, weighing up such criteria as ease of program design, ease of
testing, ease of |long term mai ntenance, conpactness, speed, generality.

Sonetimes the reason for using a particular representation is sinply
that there already exist utilities that do the job one needs and one
does not wish to have to rewite them

Al'though in principle lists can be used for every type of data, it is
sonetimes useful on grounds of conpactness of data, or speed of access,
or nore useful run-tinme checking to use a nore specific data-type for a
particul ar probl em

When nore specialised representations are required, Pop-11 provides

records, vectors, arrays, strings, properties and user defined record
cl asses and vector classes. (See the list of data types in Chapter
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Mor eover, the object-oriented extensions to Pop-11 (Oojectclass and
Fl avours) provide additional means of structuring |arge prograns.
See Chapter 8 below for a brief introduction to Cbjectclass.

- Lists inm Al --mmm i e

A central thesis of much work in Artificial Intelligence is that certain
sorts of conputational processes provide a good way to represent nany of
the processes we call thinking, seeing, reasoning, speaking, |earning.
But what sorts of conputations? Not only the manipul ati on of nunbers
found in much scientific and engi neering conputation, but also a w de
vari ety of non-nunerical synbol nmanipulations. Intelligence seens to

i nvol ve the nani pul ati on of many kinds of synbols that can be used to
store information about many kinds of things and their properties and
rel ati onshi ps.

The rol e of synbolic and non-synbolic processing is the subject of
consi derabl e debate anong those interested in how intelligent systens
work. For now, we shall avoid getting enbroiled in such debates and
merely point out that for many purposes where synbolic manipulation is
useful, lists can provide a powerful and general representation. They
can al so be used for progranms operating on nunerical data, though

in that case sone other representation will often be nore efficient and
nore natural, e.g. arrays or vectors.

-- Constructing lists in Pop-11 --------mmmmmmm oo

The sinplest way to construct a list is to use square brackets. But
there are several others:

-- -- Lists are constructed using | ]
These "list constant brackets" nmay contain text itens, i.e words,
nunbers strings, lists, or anything else. E.g.:

[ ABCD is alist of four words

[1 cat 2 dog 3 pig] is alist of six itens.
[string "a short string' 66]
isalist with a word a string and a nunber.

[1 is the enpty list. There's nore on this bel ow

Li st brackets may al so be used to construct |lists which contain lists,
E. g.:

[ [12] [3] 4]
isalist with two lists of nunbers and one nunber. It contains exactly
three el ements, of which the first contains two el ements.
A list can also contain vectors, signified with the vector brackets { }

whi ch thensel ves can enclose further lists or vectors to any depth:
e.g. (using nore spaces than necessary, for clarity):

[ab{cd[e{f}]}[gh]]

This is a list containing four itens: tw (quoted) words "a" and "b", a
vector { cd[ e{ f } ] } and a two elenment list [ g h].
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-- -- List brackets quote their contents

The words in a list are by default quoted, apart fromthe |ist and
vector brackets, which signify enbedded |ists and vectors.

So even if the words are Pop-11 identifiers, their values are not
inserted in the list, just the words thenselves. (This is unlike the
convention in Lisp, where, by default, the values are inserted.)

Exanpl e:

[true false if + * then sqrt | =>
** [true false if + * then sqrt]

-- -- Unquoting using » and %

In order to get the contents of a list (or vector) expression eval uated,
or unquoted, it is possible to use either ~ or matching pairs of %... %
as in this deliberately confusing exanple

vars x = "cat", cat = "x";

[x cat ~x ~cat] =>
** [x cat cat X]

which is equivalent to each of

[x cat %% %cat¥j =>
[x cat %, cat9g =>
[%"x", "y, x, cat % =>

Anot her exanpl e woul d be

vars nl =5, n2 =7,
[the sumof nl and n2 is %1 + n2% =>
** [the sumof nl and n2 is 12]

So, in order to insert the value of a single variable, it is sinplest to
use “variable, whereas pairs of percents %... % nmay be nore
appropriate for |onger expressions to be eval uated.

NOTE: ~ cannot cannot be used outside a |ist or vector expression.
However, % has an additional use in formng closures, using partial
application, as described in Chapter 4, and HELP PERCENT

Bet ween the percent signs in a list or vector expression the nornal
syntactic rules for Pop-11 apply, so that, for exanple, expressions nust
be separated by conmmas, and in order to quote a word the word quote
synbol '"' nust be used.
-- -- N ... ) is equivalent to %.... %
For historical reasons, the use of the percent synbols is equival ent
to the use of " followed by a parenthesised expression. Thus, the
| ast two exanples could be witten

[ /\( "X ..y..’ X, cat )] =

[the sumof nl and n2 is ~(nl + n2)] =>

There is no difference in nmeaning or efficiency between ~( ... ) and

TEACH PRIMER: Aaron Sloman's overview of Pop-11 199



%... %

I f enbedded |ist or vector expressions are used inside these "unquoted"
portions of a list, then by default they too quote their contents,
unless %or ~ is used to unquote, e.g.

[%[two words], [%nl, "a"%, [%n2 %bc] Y =>
** [[two words] [5 a] [7 b c]]

is alist of three lists, whose contents depend on the val ues of the
identifiers nl and n2, but treats all other words as quoted

The synbol "% can occur anywhere in a |ist expression (or vector
expression). But it must occur in pairs. Roughly speaking, in a list the
first occurrence of each pair means: "switch fromquoting to non-quoting
node", and the second occurrence neans "sw tch from non-quoting to
guoting node". |In non-quoting node variables are replaced by their

val ues and any procedures are run and their values are inserted in the
list instead of the names of the procedures being put in the I|ist.

-- -- Loops can occur in unquoted portions of a |list

There is no restriction at all on the sequence of expressions that can
occur in the unquoted portion of a list. The Pop-11 instructions are
run, and any results produced that are left on the stack will be

i ncorporated in the final Iist.

So for exanple, it is possible to use a |oop between %.. %to create a
l'ist of nunbers.

vars n;

[%for n from1l to 20 do n endfor %] =>
** [1234567 89 10 11 12 13 14 15 16 17 18 19 20]

Simlarly the contents of the list, nay be conditional on sonething
else, as in

[The list was %if n > 15 then "big" else "small" endif %] =>
** [The |list was big]

-- WARNING lists in procedures are not "constants" ---------------o-mn-

An expression using the list (and vector) brackets, and containing no

occurrences of the un-quoters "~", "AM" or "% may LOOK as if it
represents a constant object, in the way that a word expression, e.g
"cat" or a string expression does e.g. 'the cat'. However, in Pop-11 an

expression like

[ab{cd[e{f}]}[gh]]

conpiles into a collection of instructions to CREATE a |ist of words,
vectors and lists. A though the very same words are used each time (they
are are stored in the Pop-11 dictionary for that purpose), the other
structures are recreated each tine the procedure is run. So for exanple
if you define a procedure to return what |ooks like a constant list, it
will return a new copy each tine, thus

define a_list();

[a list] ;;; create a list and | eave on stack
enddef i ne;
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i, Use it to create a list
vars x1 = a_list()

x1l =>

** [a list]

;;; create another list using the sane procedure
vars x2 = a_list();

X2 =>

** [a list]

7., test for equality

X1l = x2 =>

** <true>

;. test for identity

X1 == x2 =>

** <fal se>

So although the different lists returned by the procedure are = to each
other (i.e. they are of the same type and they contain objects that are
= to each other) nevertheless they are not == to each other. They are
not the sane object, even though they have the sanme structure and
contain objects that are = to each other

Simlarly two apparently identical list expressions will create copies
of each other but not identically the same object:

[alist] =[a list] =>
** <true>

[alist] ==Ta list] =>
** <fal se>

Contrast the case of words, which are identical if they |ook the sane:

"list" == "list" =>
** <true>

Simlarly, if alist is assigned to a variable outside a procedure then
as long as nothing new is assigned to the variable, it will always point
to the sanme |ist.

vars x2 = [another list];

X2 == X2 =>
** <true>

For nore on the difference between "=" and "==" see HELP EQUAL

-- -- Creating a truly constant |ist expression

A consequence of all this is that a procedure that uses a |ist
expression will create a new copy each tinme it runs, even though this
may not be strictly necessary, and this can cause nore garbage
collections to occur than the programreal |y needs. (The garbage
collector is described briefly in Chapter 2). This will happen if you
define a procedure that uses the pattern matcher and includes sonething
l'i ke

if list matches [room ?nane ?l en ?w dth ?hei ght] then

In such cases the pattern to the right of "matches" will be recreated
on every execution of the procedure.
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For many prograns where speed is not crucially inportant this will not
matter as the Pop-11 garbage collector is very fast, and the creation of
unnecessary tenporary structures will not nmake very much difference
Where it does nmatter, there are two things you can do to ensure that
exactly one list is created and then re-used

-- . Using | constant

If inside a list you declare a variable using |Iconstant, then you MJST
initialise it, and the expression to initialise it will be eval uated
only once, at conpile tinme, and thereafter the sane result will be used
on every call of the procedure. E. g.

define the_ list();
I constant list = [the list];
I'ist

enddef i ne;

the_ list() =>
** [the list]

the list() ==the_list() =>

** <true>

If "lIvars" or "vars" had been used instead of "lconstant" that |ast
identity conparison woul d have been fal se
-- --using # < ... > # to evaluate an expression at conpile tine
Anot her way to get a truly constant constant list is to use these
brackets which cause their contents to be evaluated once, at conpile
time and then the result is re-used each time the procedure is run

define another_list();

#_< [another list] >_#

enddef i ne;

another_list() =>

** [another |ist]

another_list() == another_list() =>

** <true>
So you can use these brackets in expressions like

if list matches #. < .... >_# then
However this will NOT work properly if the list expression includes
itens whose val ues are not known until the procedure is actually

running, e.g. list or vector expressions containing any of

NN L %
as described above.
-- -- WARNI NG constant |ists can cause strange behavi our
If you use a truly constant |ist, and your program changes that |i st

then the change will be renmenbered between invocations of the procedure,
and the list will then not be a constant.
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Form exanpl e, on each call of this procedure, it will return the val ue
of item which is got fromthe head of the stored I|ist

define counter() -> item
I constant list =[0];

list(l) ->item 75, get the first item
item+ 1 -> list(1); ;;, increment the stored val ue
enddef i ne;

counter() =>

**0

counter(), counter(), counter() =>
** 123

If "lIconstant” were replaced by "lvars" then on every execution the
procedure woul d construct a new list containing [0], and would therefore
al ways print out the sanme result.

If a constant list is returned as a result, and then altered OUTSI DE t he
procedure that produced it, this will change the future behaviour of the
procedur e.

i st;

define announce() ->
= [0 is a nunber];

| constant |ist
enddef i ne;

announce() =>
** [0 is a nunber]

But if the result is tanpered with....

vars X = announce();
999 -> x(1);

X =>

** 1999 is a nunber]

then that "corrupts" the procedure

announce() =>
** 1999 is a nunber]

Sone of the issues relating to constant |lists are described in the
online file HELP EFFI Cl ENCY. The are two dangerous procedures described
in REF sys_grbg_list and sys_grbg_destpair which explains how a |ist
once created can be returned to the "free" store so that it can be
re-used without creating unnecessary garbage collections. These
procedures are dangerous and should only be used by very experienced
programrers who know how to nmake sure when it a list really cannot be
used again, and therefore can safely be returned to the free store

It is precisely because that sort of thing can be very difficult to
determ ne that Pop-11 uses an AUTOVATI C garbage collector, which is very
much safer

-- Concatenating lists using <> ------------mmmmmm o

If two lists are to be joined together, the general -purpose Pop-11
concatenator can be used, as in

vars listl =[a b c], list2 =[d e f];
listl <> list2 =>
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** [abcdef]

listl <> 1list2 <> listl <> 1list2 =>
** Tabcdef abcdef]

-- Merging lists using the double up-arrow ----------------------------
A nore flexible facility than <> is the use of " which allows the
contents of one list to be spliced into another at any |ocation, whereas
<> allows only joining lists "end on". For exanple:

vars listl =[a b c], list2 =[d e f];

[1 2 "Mlistl 3 4 M]ist2] =>

** [12abc34def]
The sanme list can be spliced in at several different points:

[ Mlistl xy z "Mlistl] =>

** Tlabcxyzabc]
It is possible to use an arbitrary Pop-11 expression that evaluates to a
list after " provided that it is enclosed in parentheses.

[a set of nunbers "( [%1 + 2, 3 +4, 5+ 6%)] =>

** [a set of nunbers 3 7 11]
Conpare the use of " without the enbedded |ist brackets and % synbol s:

[a set of nunbers ~( 1 + 2, 3 +4, 5+ 6)] =>

** [a set of nunbers 3 7 11]

So inside a list, the form

AN [% <Pop-11 instructions> 9% )

is exactly equivalent to

A( <Pop-11 instructions> )
except that the forner wastefully creates a tenporary list and then
discards it after its contents have been spliced into the final |ist.
so it is worth using " only when a list already exists, although it may
be necessary to use a conplex expression to access it, e.g.

vars list = [a[bc d] e f];

[another list with : ~*(list(2)) ] =>
** [another list with : b c d]

Here list(2) was used to get at the second el ement of |ist.

If the above had used " instead of ", the result would have been:

[another list with: ~(list(2)) ] =>
** Tanother list with : [b c d]]
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In other words " renoves a |ayer of list brackets that » will |eave
The prefix "~”" can be thought of as nmeaning "renove the |ist brackets".

If the value is not a list, an error will result.

vars x = 99;
[a bc ~x] =>

75, MSHAP - LI ST NEEDED
vy INVOLVING 99

-- Lists are a derived data-type ----------------------------------o
-- . Pairs are the primtive datatype used: conspair, front, back

LI STS in Pop-11 are built out of a data type called PAIRS, which are
two-el ement records. Pairs can be created using the procedure conspair

vars pairl = conspair(3, "cat");

pairl =>
** [3] cat]

Note how pairs are printed alnost like lists, except for the vertica
bar to indicate that they are not two elenent |ists.

The built in system procedures front and back can be used to access or
update their elenents. E. g

front(pairl) =>
* % 3

"dog" -> back(pairl);
pairl =>
** [ 3] dog]

Pairs can be chained together, e.g. by creating a new pair whose back is
the ol d one.

vars pair2 = conspair(2, pairl);
pair2 =>
** [2 3| dog]

Notice how the printing procedure starts printing pair2 as if it were a
list, that is a chain of pairs, then suddenly it finds that the |ist
ends in a pair that has a word as its back, rather than another pair or
the special end of list object [], so it indicates that it's not a
proper list, by using the vertical bar again.

-- -- destpair(pair) -> (pair_front, pair_back)
The procedure destpair, when given a pair, puts both the front and the
back on the stack. So using destpair can sonetines be nore efficient
than first calling front then back

destpair(pairl) =>

** 3 dog

The front and the back of the second pair created above, pair2, can also
be accessed in one Pop-11 instruction, using destpair:
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destpair(pair2) =>
** 2 [3] dog]

For exanple, a |loop doing something to every itemin a chain of pairs
m ght have:

whi | e ispair(chain) do
destpair(chain) -> (item chain);
instructions involving item.....
endwhi | e;

i nstead of

whi | e ispair(chain) do
front(chain) -> item
. instructions involving item.....
back(chain) -> chain;

endwhi | e;

-- . Achain of pairs ending in[] is a list

The chain of two pairs created above involving pairl and pair2 is not
yet a proper list, since every list nmust end with the enpty list [] as
the back of the final pair (except for dynamic |ists, described bel ow.)

vars
pairl
pair?2

conspair("b", "c"),
conspair("a", pairl);

So neither pairl, nor pair2 is a proper list, as is indicated by the way
they are printed, e.g.

pair2 =>
** [a b|c]
I f we now change the back of pairl, by assigning [] toit, we'll get
a proper list:
[T -> back(pairl);
pairl =>
* % [b]
and this has al so changed pair2 into a properly term nated |ist.
pair2 =>
* % [a b]
NOTE: The enpty list [] is a special, unique object, with its own
dataword (like term n and popstacknark).
dataword([]) =>
**onj
The systemidentifier "nil" can also be used to refer to the enpty list:

nil =>

* % []
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nil ==1[] =>
** <true>

conspair (3, conspair(4, nil)) =>
* % [3 4]

-- -- List expressions are "syntactic sugar"

Fromthis, it should be clear that the list expression [a b] is actually
just "syntactic sugar" for the expression:

conspair("a", conspair("b", []))

and [a *x b] is syntactic sugar for

conspair("a", conspair(x, conspair("b", []1)))

and [a % + y%Db] is syntactic sugar for

conspair("a", conspair(x + vy, conspair("b", [])))

So, inside a list expression, words are quoted by default and """ or "%
is used to unquote them whereas outside a |list words are by default not
quoted and """ is used to quote them The sanme applies to vector
expressions using { ... }

Exercise: What is [the cowis brown] syntactic sugar for?

-- -- Recursively chaining down list |inks

Because all lists end in the unique object [], there are many prograns
that chain down a |ist nade of pairs by assigning the first pair to a
vari able, then the second pair, then the third, and so on, stopping only
when it is found that the variable points to [].

For exanmple here is a recursive procedure to copy a list (which could be
written nore conpactly but would be |less clear):

define copy_list(oldlist) -> newist;
lvars newtail ;

if oldlist == 1] then
[T -> newist
elseif ispair(oldlist) then
;;, recursively copy the back of the |ist
copy_list(back(oldlist)) -> newail;
;75 and create a new list using the old front
;5 and the new tai
conspair(front(oldlist), newmtail) -> newist
el se
m shap(' LI ST NEEDED , [“oldlist])
endi f
enddef i ne;

copy_list([a b c d) =>
** [a b c d]

Recursive procedures can often be understood nore easily if traced,
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using the trace nmechani sm described in Chapter 4 (or HELP TRACE). So
try running the previous comand after first doing

trace copy_list

Note that the Pop-11 system procedure copylist does exactly what
copy_list does, so there's no need for the user to define copy_list.

-- -- Recursing down the front and the back of a "tree"

Note also that if there were an enbedded list, it would not be copied
it would reappear in the newlist, as in[a b [c d] e]. Lists like
this have a "tree" structure, as shown by the boxes diagranms bel ow.

Conpl ete copying of a tree can be achieved by a "doubly recursive"
procedure, which copies list elements that are lists as well as copying
the "top level" Ilist.

For exanple, here's a doubly recursive version, which sinply l|eaves its
results on the stack instead of using an output |ocal variable:

define copy_tree(tree);
if ispair(tree) then
;;, copy the front if its a pair, otherw se use it, and
;;; then put the result in a new pair, with a copy of the
;5 old back
conspai r(
if ispair(tree) then copy tree(front(tree))
el se tree endif,
copy_tree(back(tree)) )
el se
;;; just return the itemthat is not a pair
tree
endi f
enddefi ne;

vars tree = [[a 1 2] [b 3 4] [c[xy] 5 6] d];

copy_tree(tree) =>
Runni ng that exanple with copy_tree traced, will show all the recursive
cal | s.
We turn now to showing in nore detail how the static lists are actually
represented
-- -- Nuneric subscripts and lists
W have already seen on nunerous occasions that lists can be treated as
if they were one dinensional arrays, whose elenments can be accessed via
nunerical subscripts, starting from1.

vars list = [a bird in the hand];

list(2) =>
** pird

"fish® -> list(2);
list(2) =>
** fish

list =>
** [a fish in the hand]
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If the nunmber is too small or too large an error will result.
list(8) =>
77, M SHAP - BAD ARGUMENTS FOR | NDEXED LI ST ACCESS

755 INVOLVING 8 [a fish in the hand]
;55 DONG : conpile ....

-- -- lterating down list |inks

Here is a rather different programthat uses iteration rather than

recursion. It searches down the list links until if finds a target
el ement and then returns a copy of the rest of the list, starting from
the target.

define tail _list(target, oldlist) -> newist;

oldlist -> newist;

r epeat
if newist == 1] then
m shap(' TARGET NOT IN LI ST, [~target ~list])

el se
if front(newist) = target then
return(); i result is newi st
el se
;7. get next link in the |ist
back(new ist) -> new i st
endi f
endi f
endr epeat
enddefi ne;
tail _list("cat", [The black cat sat on the mat]) =>

** [cat sat on the mat]

Exercise: re-wite that procedure using the for loop fornmat:

for <var> on list do .... endfor

-- Wiy use "hd" and "tl" instead of "front" and "back" ?
-- . The need to hide inplenentation details

We have seen that a list is actually a chained collection of pairs. But
nost of the time the user does not need to know about this. High |evel
facilities for manipulating lists are provided, which conceal fromthe
user the details of how they are represented in the machi ne. For exanple
Pop-11 provi des special syntax using the Iist brackets [ ... ] together
with "A", "An" and "% for creating lists by specifying what they shoul d
"l ook like", wthout worrying about their inplenmentation at a | ower

| evel .

Addi tional facilities provided that "hide the inplenentation details"
are the follow ng procedures:

mat ches, copylist, applist, maplist, and the |ist concatenator <>.

In addition there are | ooping constructs, e.g. using

for <var> in <list expression> do ... endfor
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foreach <pattern>in <list> do ... endforeach

which al so make it convenient to manipulate lists without know ng how
they are inplenented. (The faster version: "fast_for ... endfast_for"
described in REF FASTPROCS) assunes that there are no dynamc lists
(described below), and therefore does not do as nuch checking.)

For the sake of efficiency it is sonetinmes useful to know how lists are
i mpl enented and to use the procedures conspair, destpair, front and back
as in previous exanples. This would have the disadvantage that if the

i mpl ementati on were ever to change and somet hi ng other than sinple
chained pairs were used for lists, then prograns that used these
procedures woul d stop worki ng

In fact, in sone versions of the Pop | anguage that is already the case
because Pop2, Popl0 and Popl og Pop-11 support what are called "dynamc"
lists, which have a slightly different inplenentation fromthe lists
described so far, which are all "static" lists. These will be described
bel ow.

Meanwhil e, the nain justification for using hd, tl, and dest can be
t hought of as being to "hide the inplenentation details", which allows
the inplenentation to be changed

Note: "hd" and "tl" in Pop-11 correspond to "CAR' and "CDR' in LISP.

-- -- using :: instead of conspair

For this reason it is desirable to use sonething other than conspair
which is guaranteed always to give a list. An infix |list constructor
operator is provided, nanely "::". It's infix precedence is 4. It is
simlar to conspair, except that it will conplain if its second argunent
is clearly not a list.

"a" :: [b c dl =>
** Ta b c d]
conspair("a", "b") =>
** [a] b]
"a' i "b" =
;55 MSHAP - LI ST NEEDED
o7 INVOLVING b
;75 DANG : 11 (etc.)
Vr ni ng:
Unfortunately, for historical reasons, "::" associates to the left

rather than to the right, so parentheses are needed to produce a flat
list, as with conspair:

1:: (2:: (3::11)) =
** 11 2 3]

Wt hout the parentheses, it is equivalent to

((2:: 2 :: 3) ::[] =

And t he enbedded i nvocation of "1 :: 2" wll produce a LI ST NEEDED
error.
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For this reason, when constructing a list froma nunber of known itens
it is usually sinpler and clearer to use the "syntactic sugar" of |ist
expressions than to use nultiple occurrences of "::", e.g

[1 2 a ~x My]

is used instead of

1 (2:: ("a" :: (x:: (y 1D

-- -- The difference between :: and <>

It is inportant to be aware of the difference between the |ist
constructor :: and the list concatenator <>

The procedure :: takes a potential list-head and a potential list-tai
(which must already be a (possibly enpty) list and nakes a new list with
that head and tail (and without copying the tail). Thus the first
argument of :: is the first elenment of the new |list.

By contrast the concatenator <> takes a potential initial segment of a
list and a potential final segnent, and nakes a new |ist containing
those segnents. The first argument of <> is not the first ELEMENT of the
new list: though its elenents are the initial elenents of the newlist.

The difference can be interested with the follow ng two exanpl es, where
both operators are applied to two lists:

[abc] :: [def] =
** [[abc] def]
[abc] <>[def] =>
** [abcdef]

The first exanple produces a list of four items, the second a |ist of
six itemns.

Each could be defined in terns of the other. To illustrate we can use
<> to define an infix operator like :: called :+:, and we can use :: to
define an infix operator like <> called <+>. |In each case we give the
infix precedence as an integer follow ng "define".

define 4 :+: (item list);
[ritem] <> list
enddef i ne;

;o Test it:

nat 4 ("bY 4 []) =>

* % [a b]
This is wasteful because each invocation of :+: creates a tenporary I|ist
to give to <> which is then copied and di scarded
W can al so define a concatenator in ternms of ::, though this time we

use recursion. The idea is that in order to create listl <> list2 we
first create tl(listl) <> 1list2, then use hd(listl) and :: to finish the

job. The recursive call on the tail of listl will, of course, use :
repeatedly. Wien it gets down to listl == [], the concatenator sinply
needs to return list2, since [] <> list2 =1list2
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define 5 <+> (listl, list2);
if listl ==1]] then list2
el se
hd(listl) :: (tl(listl) <+> list2)
endi f
enddef i ne;

;o Test it:

[abc] <+>[d e f] =>
** Tabcdef]

Notice that list2 is used exactly as it is: it is not copied. However,
creates new list links for the elenments of listl

-- Diagrans showing static lists represented as pairs -----------------

This section shows how (non-dynamic) lists are represented as chai ned
collections of pairs linked together. It is based on the Poplog file
TEACH BOXES, originally witten by Steve Hardy.

Consi der the followi ng set of instructions in Pop-11. W first explain
what each one nmeans to a user, and then present a graphica
representation of the effects on the conputers nenory.

vars Xx;
This puts an entry for the word "x" in the Pop-11 dictionary (unless it
was already there), and, in the current section, associates it with an
ordinary identifier record (identprops = 0). The "valof" cell in the
record originally has an <undef x> record as its contents.

x! *-+4----> <undef x>

This creates an entry for the word "a" in the Pop-11 dictionary (unless
it was already there) and stores a pointer to the word in the val of cel
of the identifier record associated with "x"

Di ctionary Identifiers in
Current section

<word v>
<word x>----> |ident * |
—=—===4=
I
<word a> <----------- +
<word if>------ > ...
Here the notation *---->is used to represent a "poi nter" where the "*"

indicates a bit pattern that gives the address in (virtual) nenory of
the itemat the other end of the arrow Wen a nmenory cell contains a
pointer to the word "a" we shall sometinmes abbreviate this by displaying
the word directly in the cell. Also instead of separately representing a
word in the dictionary and its identifier record, we can wite the word
imediately to the left of a box representing its "valof" cell. Thus the
above representation of the effect of "a" -> x can be abbreviated as
foll ows:
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We'll use this sort of abbreviation in subsequent exanples.
[a] -> x;
This is equivalent to

conspair("a", []) -> x;

It creates a new |list, consisting of a single pair record, with a
pointer to the word "a" in its front and a pointer to the enpty list []
inits back.

To sinmplify such exanples, we'll display "[]" in the box, instead of
showing a pointer to it. So the above exanpl e becones

x| *-+--> a [[]]
[ how now brown cow] -> x;

This creates records for the four words "how', "now', "brown" and "cow'
and puts themin the dictionary (so that they' Il be found and re-used if
the words occur somewhere else). It does not create identifier records
for value cells for the words, because they are nerely quoted in the
list, not used as variable nanes. It then creates a four el enent

list, made of four list links, the first containing a pointer to "how'
inits front and a pointer to the second in its back, the second
containing a pointer to "now' in its front, and so on. The fourth |ink
contains a pointer to [] in its back. Wen the |list has been constructed
a pointer to the first pair is put on the stack. Then the assi gnnent
renoves it fromthe stack and puts it in the valof cell for "x", wth
the followi ng result:

X| *-+=->[howl *-+-->[now| *-+-->| brown| *-+--> cowf ]|

This creates a list consisting of a single pair, whose front contains
"a" and whose back contains [], then creates a new |ist whose front
points to the original list and whose back also points to [], thus:

X[ *-+4--> % | []]
===, __+____
| (Note: the backs of both pairs point to the
\Y very sane item not two copies of [].)

| a [l
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[[the man] kicked [a dog]] -> Xx;

This one is easier to show than to describe. It mght be a good idea for
the reader to draw the diagram corresponding to this before | ooking at
the one given here.

Xl *_+__>| * | *-+-->|kiCked| *'+">| * |[]|

. ===, cmHe e e R
| |
v v

[the| *-+-->man|[]] | a] *-+-->|dog|[]]|

[abc] ->x th(x) ->y;

This creates the expected two-elenent |ist containing pointers to the
guoted words "a", "b" and "c" (added to the dictionary if necessary),
and inserts a pointer to the first link into the valof cell for "x".

The procedure "tl" then takes a copy of the pointer in the back of the
first link pointed to by "x" (i.e. its tail, or "tl") and the assignnent
puts it in the valof cell for the word "y", so that "x" and "y" now both
provides route to the second pair in the list, though it can be reached
nmore directly from"y".

X| *-#-->] @ | *ewe>] b | *o4-->] o |[]]

N
=== |
N R *
After the above has been constructed, the expression "y == tl(x)"
evaluates to TRUE. |.e. it is only the pointer that has been copied

across: the list cell pointed to has not been copied. So if we were
to assign sonmething to hd(y) then that woul d al so change hd(tl(x)) and
vi ce versa.

The next exanple illustrates the use of the structure concatenator
"<>" when used with lists. An expression of the formlistl <> list2
creates a new list, which starts with the elenments of listl and
continues with the elements of list2. However although it nekes a
conplete copy of listl, it re-uses the list2, so that we end up with
two lists sharing a conmon "tail", as above.

[ab] ->x; [cd] ->y;, x <>y -> 7z

This creates two two-elenent lists, putting pointers to the first in the
val of cell for "x", the second in the valof cell for "y". It then
creates a third list which starts with a *conplete* copy of the |ist
links in the first list (i.e. x) , and then instead of ending the copy
with [], puts a pointer to the first link of the second list, with the
follow ng overall result:

"

X| *-+--> a| *-+--> b |[]| (Copied to start off z)
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yI *e4=-> o | *ee>] d [

2| %> @ | Feae> b | ¥

Note that the two occurrences of "a" are actually two copies of a
pointer to the very sane word "a" in the dictionary. Simlarly the two
occurrences of "b". So both of the follow ng are true:

hd(x) == hd(z), hd(tl(x)) == hd(tl(y))

Alsoy == tl(tl(z)) is true.

[ab] ->x; [cd ->y; y->tI(tlI(x));

This is simlar except that instead of making a copy of the two pairs in
x and meking the final link of the COPY point to the list iny, it puts
a pointer to the second list in the back of the last |ink of x,

produci ng this:

X| *-4=->] a | *e+e->] b | ¥

yI *e4=-> o | *e->] d (]

-- -- The lack of symmetry between hd and tlI

Notice the lack of symretry between hd and tl. hd(list) is the same
as list(1l). But tlI(list) is not the same as list(2): it is a list of ALL
remai ning elenents, or [] if there are not any nore.

Simlar comments may be namde about front and back when applied to lists.

-- Dynamc lists: generators and pdtolist ------------mmmmmmn

Pop-11 includes nechani snms for creating and using 'dynamc lists', whose
el ements are created as needed by a generator procedure. This is an
exanpl e of what is sonmetimes referred to as "l azy eval uation".

Dynam c lists are created using the (horribly named) pdtolist procedure
(derived from"ProceDure TO LIST"). This procedure takes a "generator
procedure" as argunment and produces a dynamic list as result.

-- -- Generator procedures
A generator procedure is a procedure that can be called repeatedly
wi t hout any argunents and will produce a new result each tinme; and if it

ever produces as its result the unique Pop-11 object termn, that
signifies that there are no nore itenms to be generated.
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Here is a generator procedure that uses a private |list and goes on
forever generating even nunbers, i.e. 0, 2, 4, 6, 8, 10, etc

define gen_evens() -> next;
;;; create a local, constant, private |list containing O
;73 the nunmber will be changed each tine the procedure is run.
| constant store = [O0];

store(1l) -> next;
next + 2 -> store(1);
enddef i ne;

gen_evens() =>

* % 0

gen_evens() =>

* % 2

gen_evens(), gen_evens(), gen_evens() =>
** 4.6 8

We can use a procedure |like gen_evens to create a conceptually
“infinite" list, thus

vars gen_list = pdtolist(gen_evens);

-- -- Printing dynamc lists

If you try to print out gen_list, Pop-11 will only show the part of

the "infinite" Iist that corresponds to how far the generator procedure
has actually got. We can force it to generate the first N additiona
items by accessing the first Nitens of the list:

gen_list =>

LA

The dots indicate an unexpanded dynami c |ist.

gen_list(1l) =>
* % 10
gen_list(2)
* % 12

1
\Y

Now | ook at the list
gen_list =>

** [10 12 ...]

Part of it is "static", or has been "solidified". But part is stil
dynamic, waiting to be expanded, as shown by the three dots. W can nove
t hi ngs on:

gen_list(15) =>
* % 38

gen_list =>
** [10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 ...]

-- . Using gensymto make a dynamc |ist
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The potential of dynamic lists can be illustrated using the procedure
gensym This takes a word as input and each tine it is invoked it
produces a new word got by appending a nunber to the word, e.g

;7 Make the gensymlibrary procedure accessible
uses gensym

gensyn{"cat"), gensyn("dog"), gensyn("cat"), gensyn("dog") =>
** catl dogl cat?2 dog2

By partially applying gensymto a word we can create a generator. By
appl ying pdtolist to the generate we nmake a dynamc |ist.

1 -> gensyn("pig"); ;;; make sure it starts with pigl, pig2,..

vars pig_gen = pdtolist(gensym( % pig"%);
pi g_gen =>
* % []

The three dots show that the dynamic list is still unexpanded

We can force pig_gen to run the generator procedure three tinmes, by
asking for the third element of the list, after which it will print
out as partially expanded:

pig_gen(3) =>
* % pl 93

pi g_gen =>
** [pigl pig2 pig3 ...]

To restart gensym use cl eargensynproperty().
cl eargensynproperty();

;5 This will affect the contents of the dynamic |ist
pi g_gen(4) =>

* % plgl

pi g_gen(10) =>
* % pl g7

pi g_gen =>

** [pigl pig2 pig3 pigl pig2 pig3 pig4 pigd pigé pig7 ...]

-- . Note that gensymwi |l be replaced after V14.5

From Popl og V14.5, the procedure gensymis superseded by the procedure
gen_suffixed_word, with the same functionality, and the action

cl eargensynproperty()
is replaced by by

cl earproperty(gen_suffixed_word_prop)

See REF *gen_suffixed_word, after V14.5

-- -- Accessing conponents of dynamic lists: hd, tl, dest

The procedures front, back and destpair would not work on on a dynam c
list as expected. |Instead we need procedures that can check whether a
list is dynamic or not, and if it is, then run the generator procedure
i f necessary to get another elenent of the list, then create a static
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initial portion of that list, |leaving the generator on the end

The procedures hd, tl and dest are designed to do exactly that.
G herwi se they work |ike front, back, and destpair respectively.

dest([a b c])
** a [b c]

>

So nearly all the general purpose procedures for operating on lists are
i mpl emented using hd and tl and dest rather than front and back and
destpair, so that they can also work on dynamc |ists.

An exanpl e of a procedure that will NOT work on dynamc lists is

mat ches. There are also certain "fast" procedures, described in the
files HELP EFFI Cl ENCY and REF FASTPROCS, that operate on static lists
but not on dynamic lists. Their use can lead to obscure errors if you
suddenly start using dynamic |ists!

-- . null(list) vs list == []

Anot her case that has to be handled is the case of a dynamic list that
is enpty.

Let's define a procedure that produces nothing but termn.

define gen_nothing() -> result;
termin ->result;
enddef i ne;

gen_not hing(), gen_nothing(), gen_nothing() =>
** <termn> <termn> <term n>

If used to create a dynamic list this will effectively create an
enpty list:

vars nothing list = pdtolist(gen_nothing);

nothing_list =>

LA

Now if you try to tell whether this is an enpty list by conparing it
with [], you'll get the wong result:

nothing_list == [] =>
** <fal se>

The procedure null, however, recognises both [], and this dynamc
list as enpty lists:

null ([a b]) =>

** <fal se>

nul 1 ([1) =>

** o <true>

null (nothing_list) =>
** <true>

And it changes the internal representation of the dynamc list to tel
the Pop-11 print routines that the generator is finished, so that nowit
prints ASIF it were the sanme as []

nothing_list =>
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* % []

But it is not

nothing list ==[] =>
** <fal se>

It's a null dynamic |ist.

So if you are going to sonetines use dynamc lists then define all your
procedures to use hd, tl, and null rather than front, back and == [].

-- -- The representation of dynamic lists

Readers interested in knowi ng how dynamc lists are actually represented
shoul d read the Poplog file REF LISTS. Essentially they depend on the
fact that if the final pair in the chain of lists contains as its back a
procedure rather than [], and a non-false front, then the list is taken
to be dynamic. However if the generator procedure has already produced
termin, then the representation is changed by adding a pair whose front
is fal se and whose back is the generator procedure

We can | ook at the contents of nothing_list by using the procedure
destpair, which, when applied to a pair, produces its front and its
back:

destpair(nothing list) =>
** <fal se> <procedure gen_not hi ng>

By contrast, the procedure dest, which works on lists which may be

dynam c, and returns the hd and the tl of the list, will conplain
about an enpty dynamic |ist:

dest (nothing_list) =>

77 M SHAP - NON-EMPTY LI ST NEEDED
Do INVOLVING ]

5, DO NG : dest

-- -- The uses of dynamc lists

Dynam c lists are often useful for mathematical purposes using nunber
generators of various kinds. Another use is to represent a stream of
input to the conputer. In Pop-11 input devices are often "converted" to
generator procedures (sonetinmes called "producers") which, each tine
they are called produce the next itemof input (if it is ready,
otherwi se they usually wait).

The Pop-11 conpiler, called "conpile" (named "popval " in earlier
versions of Pop-11 and Pop-2), is able to take a list of text itens
(consisting of words, strings, nunbers, and possibly other objects) and
cause themto be conpiled into instructions for the conputer

This list is called "proglist"” and is described in detail in the files
REF PROGLI ST and REF POPCOWPILE. It is possible for the list to be a
sinmple static list, as in

conpile([3 + 3 =>1]);
* % 6
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More usefully, when a file is being conpiled the text items in the file
are transforned into a dynamic list, which is then conpiled. It would be
possible in principle to read in the whole file and nmake a huge static
list, then conpile that, but usually that's not sensible as a | ot of
space wWill be wasted while the early parts of the file are being
conpi | ed.

It is also useful when Pop-11 is being used interactively to treat the
termnal as if it were an infinite file of text items. This is done by
creating a dynamic |list containing the itenms that are being typed in.
This is based on a generator procedure that returns an itemat a tine,
which it obtains froma generator procedure (charin) that returns a
character at a time fromthe ternmnal, each time it is applied. You can
test it interactively by giving this comrand:

charin(),charin() =>

It will pronpt you for input. You can type a letter or nunber followed
by the RETURN key. It will then print out two nunbers, one being the
ascii code for the letter or nunber, and the second being the ascii code
for a newine, i.e. 10. (There is a separate character repeater for
'raw nmode interaction used by the editor, which does not wait for you
to type RETURN after typing another character.).

The itemrepeater for interactive Pop-11 is created by applying the
system procedure incharitemto charin, thus:

i nchariten{charin)

This creates a new procedure, which is an itemrepeater. Each tinme the
itemrepeater is run it consunmes enough characters to nake a conpl ete
text item and it returns that item and then the next tine it is run it
returns the next item and so on.

The dynamic list constructor pdtolist, can be applied to this item
repeater, and that will create a dynamic list of programtext itens.
That, in fact, is what proglist is when prograns are being conpiled
either froma file or fromthe termnal. |.e.

pdtolist(incharitem(charin)) -> proglist;

Because proglist is a dynamic list, if the conpiler is reading in an
expression of sonme kind and the user has not finished typing it, the
conpiler sinply waits till nore is typed (every time the user presses
the RETURN key, the itens typed so far are made avail able as an
extension to proglist).

Note that the above is highly nodular: instead of compiling fromthe
current input stream Pop-11 can conpile fromany sequence of characters,
including the characters stored in a string, as illustrated by the

foll owi ng comrand, which uses stringin to turn a string into a
character repeater:

conpi l e(pdtolist(inchariten(stringin('66*33 =>'))));

** 2178
You can experinment with an infinite Iist connected to the current input
stream as foll ows:

vars inputlist = pdtolist(inchariten{charin));

inputlist =>

LA
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-- . An exanple of an infinite list of input
This exanple will work well only in the editor.

The following will prompt for input until you have typed enough for
three full text itens. Suppose you respond by typing "the cat" on one
line, followed by RETURN, followed by "on" on the next line:

inputlist(3) =>
* % On

You can now print out the current state of inputlist:

inputlist =>
** [the cat on ...]

This will now pronpt for two further input itens:

i nputlist(5) =>
inputlist =>

For nmore information on dynamc lists and the conpiler input stream see
REF LI STS, and REF PROGLI ST

For witing interactive prograns it is not usually convenient to use
charin and proglist. Cenerally it is safer for beginners to use the
built in procedure readline, illustrated i n TEACH RESPOND, which ni ght
be defined thus:

gl obal vars pop_readline_pronpt ="'7?";
define readline() -> list;
Ivars item |ist,
procedure rep = incharitem(charin); ;;, itemrepeater

;;; temporarily change two gl obal vari abl es.
dl ocal
popnewl ine = true, ;;; make new ines recogni sable

poppronpt = pop_readline_pronpt;

75, Make a list items to next newine
[Y%until (rep() ->>itenm) == newine do itemenduntil % -> Ilist;

enddef i ne;

v, Test it

readl i ne() =>

? pretty polly pretty polly
** [pretty polly pretty polly]

" Pl ease say sonething: ' -> pop_readline_pronpt;

readline() =>
Pl ease say sonething: how are you today?
** [ how are you today ?]

n.on

In the | ast exanple the words after
list.

were typed in, and nmade into a

-- Sone procedures for manipulating lists -----------mmmmmmmt
We have already nmet some expressions denoting lists. This section

will introduce sone of the procedures used for nmanipulating lists,
i ncl udi ng new procedures for creating new lists, or nodified versions of
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ol d ones.

-- -- cons, conslist, initl, sysconslist

cons(I TEM LIST) -> LIST

This is strictly equivalent to ITEM:: LIST. It is included in Pop-11
nerely as an anal ogue for the function CONS in Lisp.

conslist(ITEML, ITEM2, ..., ITEMN, N) -> LIST

Returns a list constructed fromthe top Nitens on the stack. E. g.

conslist("a", "b", [c d], 3) =>
** [a b [c d]]

conslist(#| vars i; for i from2 to 13 do i*i endfor|#) =>
** [4 9 16 25 36 49 64 81 100 121 144 169]

initl(N) -> LIST
This constructs a list of enpty lists, of length N E. g.

initl(6) =>
** [01 [1 01 01 11 [11

sysconslist() -> LIST
Collects all itens placed on the stack since the |ast stackmark, into a
list. This is used by Pop-11 list constructor syntax. E.g.

[%1, 2, 3, 4%

is equivalent to

popstackmark, 1, 2, 3, 4; sysconslist();

See REF LI STS, for a description of sysconslist_onto(LIST_1), which
is used when " precedes the last itemin a |ist expression.

-- -- allbutfirst, allbutlast

allbutfirst(N, LIST) -> SUB_LIST
all butlast(N, LIST) -> SUB LIST

These two can be used to "chop off" an initial or final segnent of a
list, of length N

allbutfirst(2, [abcde]) =>
** [c d e]
allbutlast(2, [abc de]) =>
** [a b c]
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In the first case, the result will share list links with the input list.

-- -- dl or explode, destlist

The procedure dest (or destpair) when given a list puts its and its tai
on the stack. Sonetimes it is necessary to put all the elenments of a
list on the stack, e.g. in order to use themto nmake a copy of the
original list. The procedure explode will do this.

explode([a b [c d] e f]) =>
** ab[cd ef

However, explode works on a variety of different structures, including
words, strings, vectors and lists. A version specific to lists is also
avai l abl e, known as "dl"

di([a b [cd e f]) =>
**ab[cd ef

destlist is simlar, except that it also returns the nunber of
itens inthe list. It's the reverse of conslist.

destlist([a b [c d] e f]) =>
**ab[cd ef 5

-- -- applist, maplist, ncmapli st

Both of these take a list and a procedure and apply the procedure to
every elenent of the list. The only difference is that maplist nakes
a list of everything put on the stack.

applist([1 2 3 4 5], nonop +(%10 %) =>
** 11 12 13 14 15
maplist([1 2 3 4 5], nonop *(% 10 %) =>

** [10 20 30 40 50]

ncmapl i st, non-constructive maplist, is like maplist, except that it
re-uses the links of its first argunment.

-- -- recursive_front

This procedure can be applied to any object. If it's alist or pair, it
repeatedly applies the procedure front, until a non-pair is found, and
returns that as its result. This is useful for digging out itens deeply

enbedded in lists.

recursive front([[[[[a] b ] c]] d) =>
* % a

-- -- expandli st

expandlist(LIST) -> LIST

Returns LI ST unchanged, unless the list is dynanmic, in which case it
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runs the generator procedure to conpletion and nakes the list static. It
will loop forever if the list is of infinite Iength.

-- -- rev and ncrev

rev(LIST) -> LIST

rev, when given a list, produces a new version which has the sane
el ements in reverse order:

rev([1 2 3 4]) =>
** [4 3 2 1]

The procedure does not alter the order of elenments in the original list:
that is | eft unchanged.

ncrev(LIST) -> LIST

This is like rev, except that it re-uses the list links of the original

list, so that it does not use any new store. This can reduce garbage
collections but is dangerous if there is any risk that something el se

was dependent on the original |ist surviving unchanged.
vars listl =[a b c], list2 = ncrev(listl);
list2 =>
** [c b a]
listl =>
* % [a]

-- -- setfrontlist

setfrontlist(ITEM LIST_1) -> LIST_2

Returns LIST_2 forned by noving the ITEMto the front of LIST_1, or
adding the ITEMif not already present. (This is used by the

editor VED whenever a file in vedbufferlist becones "current".)

-- -- sort and syssort

sort(LIST_1) -> LIST_2

The list should contain either nunbers only or words only or strings
only or a mxture of words and strings. Any other itens will produce an
error. It returns a list of sorted items. If it contains nunbers only,

then the result is equivalent to

syssort (LI ST_1, nonop <)

ot herwi se
syssort (LI ST_1, al phabefore)

sort([the cat sat on the mat]) =>
** [cat mat on sat the the]

sort([ 111 222 33 1) =>
*+ [33 111 222]
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syssort(LIST, P) -> LIST
syssort (LI ST, BOO., P) -> LIST

The first argument is a list, the last argunent is a procedure which
takes two itens and returns a boolean result (e.g., nonop < for nunbers
or -al phabefore- for string and words, etc). The itenms in the list are
conmpared using the procedure and the result is alist with elenents
sorted in accordance with the procedure. If the optional bool ean
argurment is <false> then the sorting is non-copying, and nerely
re-arranges the elenents of the argument list, like ncrev. A nerge sort
algorithmis used. Exanple

syssort([[the] [cat] [sat] [on] [the] [mat]],
procedure(l 1, 12);
al phabefore(hd(12), hd(l1))
endprocedure) =>
** [[the] [the] [sat] [on] [mat] [cat]]

-- -- last, lastpair
| ast finds or updates the final element of a list:

| ast ([ cat dog nobuse]) =>
** nouse

last([[tom brown] [mary green] [suzy white]]) =>
** [suzy white]

Note that in the latter exanple, the procedure LAST was applied to a
list of lists, and produced as its result a list, i.e. the |ast
l'ist.

vars list =[a b c d];
list =>
** Ta b c d]

999 -> last(list);
list =>
** [a b ¢ 999]

NOTE: |ast can also work on words, vectors and strings, though the
updat er cannot be used wi th words.

| astpair(LIST) -> PAIR
PAIR -> | astpai r (LI ST)
Returns or updates the last PAIR of the list LIST, i.e. the last link in
the chain. LIST cannot be null. Having a pointer to the last pair of a
list, instead of the last itemin the list nmakes various things nuch
sinmpler. For exanple, here is one way to define a queue

vars queue = [a b ¢ d], queue_start = | astpair(queue);

queue_start =>

* % [d]
To add sonething to the queue at the far end, do this:

conspair("e", []) -> back(queue_start);

back(queue_start) -> queue_start;
queue =>
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** [abcde]
queue_start =>
* % [e]

Renove sonething at the left end

tl (queue) -> queue
queue =>
** [b c d e]

-- -- oneof, shuffle

oneof applied to a |ist chooses an elenment at random Thus using it
repeatedly on the sane list may or may not produce different results

repeat 4 tinmes
oneof ([ [you are gorgeous]
[everyone | oves you]
[how nasterful you are]
[you are quite stunning]
1) =>

endr epeat ;

** [you are quite stunning]

** [everyone | oves you]

** [you are quite stunning]

** [you are quite stunning]

shuffle(LIST 1) -> LIST 2

Returns a copy of its argunent with the elenents randomy re-ordered
It uses -oneof -

repeat 4 times shuffle([a b c d e]) => endrepeat;
** b d a e]
** [b d c €]
** [b e d a]
** [d c b a]

D0 990

Si nce oneof and shuffle are defined in ternms of random illustrated
previously, (in Chapter 5) their behaviour can be controlled by
assigning to the variable ranseed, as in the case of random

-- -- delete, ncdelete

del ete produces copies of a list which do not contain a certain el enent.
It has several different fornats

del ete(1 TEM LI ST 1) -> LIST 2
delete(I TEM LIST 1, EQP) -> LIST 2
delete(1 TEM LIST 1, N) -> LIST 2

delete(I TEM LIST 1, EQP, N) -> LIST 2

These all del ete occurrences of I TEMfromLIST_1, producing a new
list LIST_2 (which shares the largest possible trailing sublist of
the original).

The paraneter EQP is an optional argunent; if supplied, it nmust be a
procedure of the form

EQ P(I TEM LI ST_ELEMENT) -> BOOL
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EQ P is then used to conpare | TEM agai nst each |ist elenment, and those
for which it returns true are deleted. If not supplied EQP defaults to
nonop = (i.e. structure equality). (See HELP EQUAL)

N is a second optional argunent: if supplied, it is an integer >= 0

whi ch speci fies how many matching el enents shoul d be deleted (e.g, if 1
then only the first occurrence will be renoved). If not supplied, all
occurrences are del eted.

For exanpl e,

delete(1, [1 2345619 8]) =>
** [2 345609 8]

delete(l, [123 456198, 1) =>
** [2345619 8

delete("cat", [nouse cat dog flea], nonop == =>
** [ mouse dog fl ea]

delete('cat', ['nouse' 'cat' 'dog' 'flea'], nonop == =>
** [mpouse cat dog flea]
delete('cat', ['nmouse' 'cat' 'dog' 'flea'], nonop =) =>

** [ mouse dog fl ea]

(The difference between the last two is due to the fact that two strings

can be "=" but never "==").

ncdel ete(I TEM LI ST_1) -> LIST 2
ncdel ete(I TEM LIST 1, EQP) -> LIST 2
ncdel ete(1 TEM LIST_1, N) -> LIST 2

ncdel ete(I TEM LIST 1, EQP, N) -> LIST 2

Non-constructive delete. Sane as delete, but does not copy list pairs
that need to be changed, and thus (nmay) destructively change the
original list. The result LIST 2 will be == to LIST_ 1 unless there are
one or nore |eading matching occurrences of | TEMthat are del eted.

-- -- flatten and flatlistify

flatten(LIST 1) -> LIST 2

Expl odes LIST_1 and all sub-lists in LIST 1. |l.e. it converts a tree
into "flat" list of elements at the "fringe" of the tree.

flatten([ a [
** [abcde

de] [f]] o[ h[i]]]]) =

bc|
f ghi j]

flatlistify(STRUCT) -> LIST

G ven a structure, STRUCT, made of |ists and/or vectors enbedded
arbitrarily, -flatlistify- will return a list, LIST. The result
contains all the words needed to create a list isomorphic with the
original one, if given to conpile.

flatlistify([ a[ bc [de] [f]] g[ h[i]l]1ij]) =>
**lalbcl[de] [ f]]1glh[i]]]jl
NB. That is a 20 itemlist containing "a", "[", "b", etc.
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-- -- length and listlength

These can both be applied to a list and will return the nunber of
el ements. The difference is that I ength can be applied to nmany ot her
types of objects besides lists, e.g. strings, vectors.

listlength([a [ bcd e]) =>
* % 3

listlength({ a bc}) =>

;75 MSHAP - LI ST NEEDED

7o INVOLVING  {a b c}

-- -- copy, copylist, copydata, copytree

The procedure copy when given a Pop-11 data-structure returns a copy
that is =to the original. In the case of lists, it nerely copies the
first link, returning a new pair with the sanme front as the old one and

the sane back as the old one. This neans that the two lists share tails.

vars listl =[a b c d], list2 = copy(listl);
list2 =>

** Ta b c d]

33 -> listl(3);

listl =>

** [a b 33 d]

list2 =>

** [a b 33 d]

An assignment to the first element of a will not affect list2, and
vi ce-versa, but replacing any other element of either will affect the
ot her.

In order to avoid this what is needed is a conplete copy of the origina
list, nmade entirely of new list links. The procedure copylist is

provi ded for that purpose. The above exanple may be tried with copyli st
i nstead of copy.

Even if copylist did not exist, there are several ways it could be
defined by users, including the follow ng:

define copylistl(list);
maplist(list, identfn)
enddefi ne;

define copylist2(list);
[Y% applist(list, identfn) %
enddefi ne;

define copylist3(list);
[% expl ode(list) %
enddef i ne;

define copylist4(list);
conslist(#| explode(list) |#)
enddefi ne;

define copylist5(list);

conslist(destlist(list))
enddefi ne;
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copytree(LIST 1) -> LIST 2

This makes a list, LIST 2, which is a copy of LIST 1. Any el enents of
LI ST_1 which are thenselves lists are recursively copied.

copydata is a generalisation of copytree that works on arbitrary
datastructures. Thus if a |list contains vectors containing |ists, etc.
then, in order to obtain a conpletely new copy use copydata, not
copylist.

-- -- subscrl, fast_subscrl

subscrl (N, LIST) -> | TEM
| TEM - > subscrl (N, LIST)

Returns or updates the N-th element of the list LIST (where the first
el ement is has subscript 1). Because this procedure is the -class_apply-
procedure of pairs, this can also be used in the form

LIST(N) -> | TEM
| TEM -> LI ST(N)

fast_subscrl (N, LIST) -> I TEM
| TEM - > fast_subscrl (N, LIST)

This is like subscrl, but does not check argunent data types, and does
not expand dynamic |ists.

-- Predicates on liSts ---------mmmmm oo

-- -- atom islist, ispair, islink, null

aton(| TEM - > BOOL

This will be true for all itens except pairs, and false for pairs.
This is therefore equivalent to not(ispair(lTEM).

islist(ITEM -> BOOL

This is intended to recognise the enpty list [], dynamc lists, or
ordinary lists. However, for efficiency it does not check that all the
links in the chain have lists in their tail, and so it can be fool ed.

e.g.

islist(conspair(3,4)) =>

** <fal se>

i slist(conspair(2,conspair(3,4))) =>
** <true>

The latter is not really a list because it does not end in []. A "proper"
list recogniser would be sonething like this

define is_really list(iten;
if islist(itenm) then
if null(item then true
elseif atom(iten) then fal se
else is really list(tl(item)
endi f
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el se

fal se
endi f
enddef i ne;

is really list(conspair(2,conspair(3,4))) =>

** <fal se>

is_really_list(conspair(l, conspair(2,conspair(3,4)))) =>
** <fal se>

is_really_list(conspair(1, conspair(2,conspair(3,[])))) =>
** <true>

The above definition could be optimsed slightly by checking for dynam c
lists directly on the basis of the definition of dynamic lists instead
of using islist to do that.
ispair(I TEM -> BOOL
A recogni ser for pair datastructures.
islink(ITEM -> BOOL
This is equivalent to

ispair(item) and not(null(item)
nul I (1 TEM -> BOOL
Thi s recognises enpty lists, including enpty (exhausted) dynamic |ists.
If ITEMis a dynamc list that has not been expanded it will expand it
by one step, so that front and back can be used on that link instead of
hd and tl, in order to avoid repeating the test for a dynamc |ist.
-- -- isdynamc

i sdynam c(I TEM) -> P

Recogni zes dynamic lists. If ITEMis a dynamic list it returns the
generator procedure, otherwise it returns fal se.

-- -- menber, | nmenber
menber (1 TEM LI ST) -> BOOL

This procedure returns true if ITEMis an elenent of the list LIST,
otherwi se false, equality being determ ned with the operator "=".

| menber (1 TEM LIST) -> SUB_LIST
This is |ike menber except that
1. The test for equality is "==" not "="
2. If ITEMis found to be == to an elenent of the list, then the
procedure returns the trailing portion of LIST starting wth
that el enent

| menber ("on", [the cat sat on the black mat]) =>
** [on the black nmat]

-- -- user defined predicates
In a language |like Pop-11 it is very easy to define additional Iist

processi ng procedures. For exanple, a slight variant of maplist would
take a list and two procedures and return a list of two elenent lists:
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define map2list(list, procl, proc2) -> list;

[%
lvars item
for itemin list do [%rocl(iten), proc2(item% endfor
9% -> list
enddef i ne;

map2list([1 -2 3 -4 5 -6], identfn, negate) =>
** [[1-1] [-2 2] [3-3] [-4 4] [5-5] [-6 6]]

A procedure to nerge two lists by interleaving el enents:

define merge(listl, list2) -> list;
lvars itenml, iten®;
[%
for itenml, iten2, in listl, list2 do itenil, iten2, endfor
9% -> list
enddef i ne;

nmerge([1 2 3 4], [a b c d]) =>
** [1a2b3c4d

Note if either list has nore elenents than the other this procedure will
ignore trailing itens in the longer |ist.

The variety of possible user defined |ist manipul ating procedures
is endless. In Poplog Pop-11 several exanples can be found in the
library directories, i.e. $usepop/pop/lib/auto and $usepop/ pop/lib/lib

- Iterating on liStS -----mmmm oo

The main Pop-11 iteration constructs were given in an earlier chapter.
Here we give a nunber of exanples of iteration involving lists. Using
iteration we can easily performa subset of the operations previously
illustrated using recursion. Iteration is sonetinmes easier to

under stand, and can be nore efficient (i.e. easier for the conputer). It
has the di sadvantage that you cannot use TRACE to make explicit what is
happeni ng when the program runs.

There are many different forms of iteration over lists. The sinplest
is a serial scan over the elements of the list. Here is a new
definition of TRAVERSE, using an UNTIL | oop.

define traverse(list);

until list =[] do
hd(l'ist) =>
tlh(list) -> 1list
enduntil;
enddef i ne;
traverse([a b c d]);
* % a
* % b
* % C
* % d
-- Using for ... in ... do .... With lists ------mmmmmmmmii

E.g., to add all the nunbers in a |ist
define addall (list) -> total;

lvars x, total = O;
for x inlist do
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X + total -> total
endf or
enddef i ne;

addal 1 ([3 57 9]) =>
x% 24

-- -- Using for inside [%..... % ]

We could use the FOR construct to define a procedure |ike delete. W use
a local variable, say 'x', to denote successive elenments in a list. If
the elenent is not the sane as the itemto be deleted, then | eave the

el enent on the stack. If all this is done inside the list brackets,
using '%, then the itens left on the stack will be nmade into a |ist.

define new delete(item list) -> result;

| vars x;
[%for x in list do
unless x = itemthen x /* left on stack */ endunl ess;
endf or
% -> result
enddef i ne;

new delete([a b], [[1 2] [3 4] [ab] [c d]]) =>
** [[1 2] [3 4] [cd]]

-- Iterating over two or nDre liStS -------mmmmmmm oo

if listl, list2, list3, ... listN, are lists, then it is possible
to use N variables and iterate over all the NIlists at once, thus:

for iteml, iten2, ... itemNin listl, list2, ... listN do
<instructions using iteml, iten2, ...itenN >
endf or

The instructions will be obeyed N tinmes, each tinme taking one itemfrom
each list. If any lists are shorter than the shortest list, then their
trailing items will be ignored.

E. g.

vars itenml, itenR, itens;

for iteml, itenR, itenB in
[the every each all sone],
[men pig cow cars],
[stank slept fell ate]

do
[~itenl NitenR NitenB] =>

endf or;

** [the men stank]

** [every pig slept]

** [each cow fell]

** Tall cars ate]

-- lteration VS RECUIrSIiON -------mmmmm o

Instead of using FOR, it is always possible to recurse on the TL of
the list. The recursive technique has the great advantage that
successive calls of the procedure can be TRACEd. Constructions
utilising | oops (REPEAT, WHI LE, UNTIL, FOR) do not admit of easy
nmoni tori ng t hrough TRACE.
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Oten, however, it is very quick and easy, using VED, to tenporarily
alter the definition so that each tine round the | oop the procedure
prints sonething (e.g. the value of 'x' in the last exanple). In a
system such as Poplog altering and reconpiling a procedure is so fast
that tenporary changes for debuggi ng purposes can be very nuch nore
useful than in a conventional |anguage.

Moreover, if a looping construct is used, then the list brackets [ ... ]
( or the vector brackets { ..... } ) can be used to collect together

all the itenms left on the stack into a list, if that is desired. (This
is one of the features of Pop-11 not available in LISP, which uses
alternative nechanisns.) Conpare the following two different definitions
of procedures equivalent to naplist.

define maplisti(list, proc);
if null(list) then []
el se
proc(hd(list)) :: maplistl(tl(list), proc)
endi f
enddef i ne;

define maplist2(list, proc);

lvars item

[%or itemin list do proc(item) endfor%
enddefi ne;

The forner uses the so-called "functional" style of programi ng.
However, | have no doubt that the second is easier to understand and
that programmers using the second style will make fewer mi stakes.

Anot her exanple: here are two ways nake a list of all the non-enpty
tails of a list:

define all _tailsl(list);
if null(list) then []
el se
list :: all _tailsl(tl(list))
endi f
enddefi ne;

define all _tails2(list);

Ivars tail;

[%Bor tail on list do tail endfor%
enddefi ne;

all _tailsl([ abcd]) =>
** [[abcd [becd [cd [d]

An advantage of the recursive version is that when it is traced it shows
clearly what is going on, whereas extra printing instructions have to be

put into progranms using for ... endfor to show what is happening on each
iteration.
Try

trace all _tailsl;

then redo the above command. (See TEACH TRACE)
Using the integrated editor VED mekes it very quick and easy to add or

renove printing instructions and reconpile, so the difference in
traceability is not very great.
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What should the follow ng print out? Wich of the expressions produce

words, and which produce |ists? (Wrk out your won answers and wite

Exerci ses

t hem down before running the comuands in Pop-11).

Here are sonme puzzles to test your understanding. If we assign [a b] to

X,

last (hd([[tom brown] [mary green] [suzy white]])) =>

last (last([[tom brown] [mary green] [suzy white]])) =>

hd(hd([[tom brown] [mary green] [suzy white]]))=>

hd(tl ([[tom brown] [mary green] [suzy white]]))=>

tI (hd([[tom brown] [mary green] [suzy white]]))=>

tI(tI([[tombrown] [mary green] [suzy white]]))=>

More exercises Oon liStsS ------mmmmm o

1. Wite down sone exanpl es of expressions denoting:
list of nunbers

list of words

list of nunbers and words

list of lists of words

list of lists of nunbers

Do DD

2. Wat

is denoted by each of the follow ng:

hd( [ once upon a tinme ] )

last( [ mary had a little lanb ] )
hd( [ [mary had] [a little lanb] ]

rev(
last( hd( [ [ mary had ] [ a littlelanb ] ] ) )
delete( "cat", [nmouse pig cat dog cat] )

delete( "cat", [npuse pig cat dog cat], 1)

)
[ mary had a little lanb ] )

3. What does oneof do?
NB. Your answer should take the form
ONEOF is a procedure which takes one argument (or one input
iten) and produces one result. The argunment nust be a ....
The result will be .....

4. \What does del ete do?

(1.e.

how many argunents does it take? What sorts of things

can they be? How many results does it produce? How is the
result related to the argunents?)

5. What do the follow ng denote:

delete(3, rev([ 1 2 3 405]) )

rev( delete( "little", [mary had a little lanb] ) )

Exerci ses on the neaning of the single and doubl e up-arrows

t hus:

[a b]

->

X3
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then the list [“x c] is [a b c] and the list [*x c] is [[a b] c].

What val ues would have to be assigned to x, y etc so that the
following were true (sonme are inpossible - which ones?):

[Arx Ax] = [a b a b] 7y, answer is [a b] -> x;
[Ax Ay] = [[a b] b c] ;;; answer is [a b] ->x; [bc] ->y;
[*x mother ~y] = [i love ny nother]

[the height of steve is “"x] = [the height of steve is 70 inches]

[every "x is a "My] = [every fire man is a civil servant]
[every ~x is a *y] = [every fire man is a civil servant]
[Ax i Ay you] = [sonetines i hate people |ike you]

[[*x ~y] ~z] = [[a b c d]]

[*x [*y] ~z] = [[a b] [c d] [e f]]

[i saw **n ships] = [i saw 3 shi ps]

[i saw ~n ships] = [i saw 3 shi ps]

[i ~x you] =[i hate conputers]

[~x Ay ~z] = [i hate conputers]

Use the conputer to check your answers. For exanple, if you think
the answer to the fourth one is:

[6 feet] -> x;

then try printing the list:

[the height of steve is ""x] =>

Later you will see that the procedure MATCHES coul d be used to find
the answers.
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-- CHAPTER 7: THE POP-11 PATTERN MATCHER AND DATABASE

W have already seen how the equality synbol "=" can be used to
conpare two lists. The operation MATCHES provi des nore sophisticated
facilities for matching lists against a partially specified pattern.

(I'n Poplog version 15.5, the equality operator "=" was extended to
include this matching capability, based on a new ki nd of
mat chvar data-type. See the section on Patterns in HELP EQUAL).

The pattern matcher makes it possible to express sonme conplex ideas in a
way that is both nmuch clearer and easier to read than normal procedural
formul ati ons, and al so easier to get right first time when prograns are
bei ng devel oped. So for many kinds of prograns it can substantially
speed up the devel opnent tinme. There are additional facilities based on
the pattern matcher in the Pop-11 database, and these add to the power
of the language for solving quite conplex problens, including devel oping
expert systens.

The matcher can be used in several different formats. The npbst comon is
an expression of this form which always evaluates to TRUE or FALSE,
dependi ng whether the |ist does or does not match the pattern.

<list> matches <pattern>

75, Sinmple exanples, using the matcher like an equality tester:

[a bcd mtches [a b c d =>
** <true>

I
\

[a b cdl matches [d b c a]
** <fal se>

The use of pattern elenents allows the matcher to perform nore conpl ex
conpari sons. The pattern matcher assumes that information is stored in
lists whose contents can be searched by specifying a pattern (a sort of
tenplate list) containing special pattern el enents described bel ow. Some
of these pattern elenments are used to match individual itens in a l|ist.
O hers can match arbitrarily |ong subsets of lists and are called
"segnent" pattern elements. We illustrate the power of segnent pattern
el ements first.

-- -- The anonynous segnment pattern element: "=="

" "

We start by illustrating the use of the segnment pattern elenent "==" to
create tenplates that can be used to match |ists.

The synbol "==", which we have previously net as an equality synbol
can be used in patterns with an entirely different function, to
represent an unspecified nunber of unknown el ements. For exanple
both the follow ng conpl ex expressions denote TRUE

[who is the father of joe] matches [who is ==

[where is the father of joe] matches [where is ==

The followi ng al so denote TRUE:
[you are ny favourite progranmm ng pupil] matches [== pupil]

[the little dog | aughed to see such fun] matches [== dog ==
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-- Using natches to define a procedure --------------------------------

MATCHES is a Pop-11 procedure which takes two argunents, a list and a

pattern (which is also a list), and produces one result, a boolean, i.e.
either TRUE or FALSE. The name of the procedure "matches" is defined to
be an infix operator (like "=", "+", "<>" and "::") so that it can be

used in the form
list matches pattern

It takes two argunents, both lists, and returns one result, a
bool ean. The first argunent is called the DATUM (what is given) and
the second the PATTERN, agai nst which the datumis to be conpared

The pattern may contain special pattern elenments, of which "==" is a
sinpl e exanple. Other types of pattern elenents are expl ai ned bel ow.
Notice the asymretry: the pattern nmust be the second argunent, never the
first.

To illustrate, here is a procedure which uses MATCHES to deci de
whet her a question requires a person or a place as its answer:

define type_of _answer(list) -> type

i f list matches [who is ==] then
"person" -> type

elseif list matches [where is ==] then
"place" -> type

el se
"undef" -> type

endi f

enddefi ne;

The procedure type_of _answer takes as its input a list, and produces
a word as its result. The word is one of "person" "place" "undef".
Notice the use of the multi-branch conditional form

if conditionl then
actionl

el seif condition2 then
action2

el se
default action

endi f

An expression using "matches" can be used as a condition because it
al ways produces a bool ean result. W can test the above definition thus:

type_of _answer([who is your father]) =>
** person

type_of _answer([where is your father]) =>
** place

type_of _answer([is Joe your father]) =>
** undef
"undef" is a word often used in in Pop-11 to indicate sonething

unknown.

O course, this definition is not at all adequate to recogni sing
requests for infornation about persons or places, e.g.

type_of answer([where was joe born]) =>
** undef
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The matchi ng procedure MATCHES is used by the database procedures

ADD, REMOVE, PRESENT, LOOKUP, and FLUSH and the database | ooping
constructs FOREACH and FOREVERY, about which nore is said below. These
provi de very useful problemsolving tools for both Al programm ng and
ot her kinds of progranm ng requiring manipulation of conplex, changing
structures.

- EXerCiSe ---mmmmiii -

Using the previous definition as a nodel, define a procedure called

FRI ENDLY, which takes a list of words as input, and produces a result
which is TRUE, or FALSE or UNDEF. The result should be TRUE if the |ist
contains the words 'LIKES YOU and FALSE if the list contains the words
"HATES YOU , and UNDEF if it contains neither. The definition can start:

define friendly(list) -> result;

' "

Hint: you'll need to use "==" as a pattern elenent nore than once in
the sanme pattern

You may test your definition with commands |ike:

friendl y([everybody hates you today]) =>
friendly([father christmas likes you ]) =>
friendly([I can not bring nyself to |like you]) =>

What results should these print out?
-- Use of the matcher to extract the contents of a list ---------------

In the previous uses of the matcher with "==" the portion of the |ist
that corresponded to "==" was ignored. W might want to revise the above
procedure so that it extracted that portion and returned it as a result.
For that we use a "segnment variable" pattern element, in which a
variable nane is preceded by "??". The use of "??" indicates that the
vari abl e should match an arbitrary nunber of itens in the datum and if
the whole match is successful a list containing those itens should be
assigned to the variable. Here is an exanple, in which we change the
above procedure to return two results, the type of question, and the
contents of the question. Note that we have to use "vars" to declare a
variable as a pattern variabl e:

define type of answer(list) -> (type, contents);
vars renai nder

i f list matches [who is ??remainder] then
"person" -> type
remai nder -> contents

elseif |list matches [where is ??remainder ] then
"place" -> type
remai nder -> contents

el se
"undef" -> type
[T -> contents;

endi f

enddefi ne;

This can now be tested:

type_of _answer ([why can pigs fly]) =>
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** undef []

type_of answer([who is the nurderer]) =>
** person [the nurderer]

type_of answer([where is the nurderer]) =>
** place [the nmurderer]

NOTE: if you have obtained the Birm ngham university extensions to the
pattern matcher you can use the pattern prefix "!" to convert pattern
variables to work with lexically scoped identifiers. See the 1999
Preface to the Third edition of this Priner. At sonme stage the exanples
inthis chapter using "?" and "??" in patterns should be rewitten to
use the pattern prefix.

-- The use of "?" variables ----------------mm

The vari abl e preceded by "??" in the above exanpl e matched a segnent of
the list. W can also use a variable to match a single elenent of a
list, and have that el enent assigned as its value. For exanple, here is
a way of getting the third element of a |list assigned to the variable
"item. We use "=" as an anonynous pattern elenent to match exactly one
el ement of the datum without saving the value and "?item to match

one el ement and save the value in the variable item

vars item
[ the cat sat on the mat] matches [ = = ?2item ==] =>
** <true>

item=>
** sat

Here we use the matcher to extract the third and fourth el enents of a
list:

vars third, fourth;
[the cat sat on the black mat] matches [= = ?third ?fourth ==] =>
** <true>

third =>
** sat
fourth =>
* % On

-- -- Exanple: Using the matcher to define next_item

Consi der how to define a procedure that searches down a |ist |ooking for
agivenitem and if it finds it returns the next item You could wite
that using normal |ist processing procedures as follows:

define next_iten(item list) -> next;
r epeat

if list =[] then
fal se -> next;
return();

elseif hd(list) = itemthen
;,, found the target, get the next itemand stop
hd(tl (list)) -> next;
return()

el se
;;; nobve one step down the list.
tl(list) -> list;
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endi f
endr epeat
enddef i ne;

Here is a version using the pattern natcher.

define next_iten(item list) -> next;

vars found; ;;; this is to be used as a pattern el enent
if list matches [ == ~item ?found ==] then
found -> next
el se
fal se -> next
endi f
enddefi ne;

Note that we use "“item' as explained previously to insert the val ue of
the variable itemin the pattern. This nmeans that instead of our
prograns always having fixed patterns they can have dynam cally
constructed patterns.

Now t est the procedure

vars person = [nane sue age 30 job teacher hone york];
next _item("age", person) =>

* % 30

next _i tenm("hone", person) =>

** york

next item("height", person) =>

** <fal se>

That exanpl e should illustrate how nuch easier it is to use the matcher

than ordinary list processing in such cases. Progranms using the standard

list processing nethod will run faster, however. |f that is inportant,
program using the matcher can be "transl ated" after they have been
devel oped.

-- -- Exercise: define previous_item

Usi ng the above exanple as a tenplate produce a definition of a
procedure called previous_itemthat behaves thus:

vars person = [nane sue age 30 job teacher hone york];
previous_iten(30, person) =>

* % age

previous_iten("york", person) =>

** home

previous_item"height", person) =>

** <fal se>

-- The matcher arrow "-->" -- -
The matcher arrow is often very useful when you are sure two things
will match, but you want to use the matcher to exami ne the contents
of one of them That way you don't use a conditional expression of the

form

if ... matches ... then ....

I nstead we use the matcher arrow "-->". "-->" should not be confused
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with "->". The latter is the assignment arrow.
The infix operation "-->" could have been defined thus

define 8 datum--> pattern
unl ess datum nmat ches pattern then
m shap(' NON MATCHI NG ARGUMENTS FOR -->', [ %at um pattern%)
endunl ess
enddef i ne;

The '8' in the procedure heading indicates that an infix operation
of precedence 8 is being defined

This definition looks as if it doesn't do anythi ng when the datum
mat ches the pattern. We shall see that, on the contrary, it can be
used to 'deconpose' a list.

-- -- Exanples of the use of "-->"

The sinplest use of '-->' is to check that a list has a certain fornmat:

list --> [junction == ];

checks that LIST starts with "JUNCTION'. If not, an error occurs.
[abcd -->[junction ==];

77 M SHAP - NON MATCHI NG ARGUMENTS FOR -->
75y INVOLVING [a b c d] [junction ==
;55 DANG : --> conpile

The operation --> can also be used to deconpose a list, i.e. to assign
sone of its conponents to vari abl es

vars first, second, rest;
vars list = [dogs |ike wagging their tails];

list --> [?first ?second ??rest];
first =>

** dogs

second =>

** |jke

rest =>

** [wagging their tails]

That woul d have caused an error if LIST had had fewer than two el ements
Since there are at least two elenents, it gives FIRST the first el enent,
as its value, SECOND the second el enent, and REST a |ist containing al
t he renmi nder.
Here' s anot her exanpl e.

vars first, second, rest;

[mary had a little lanmb] --> [?first ?second ??rest];

first =>
* % mary

second =>
** had
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rest =>
** Talittle |anb]

Notice the different effects of "?" and "??". The forner neans, roughly

"match ONE elenment”, the latter neans, roughly "match any nunber of

el enents". The use of "??" and "==" can nean that there are alternative

ways of matching a list against a pattern. In that case the matcher will

find only one of them Wich one it finds is not defined. The Bi rm ngham
ftp directory has a library called "doesmatch" that finds all the

possi bl e mat ches.

-- Findroomrevisited -------------------- oo

We can illustrate the use of the matcher to sinplify the definition
of a searching procedure, by redefining the procedure 'findroom
i ntroduced in chapter 1, and defined thus:

define findroom nane, list_of lists) -> data;
;;; search list_of lists for one starting with name

for data in list_of _lists do
if data(l) = nane then
return(); ;;; 1.e. stop the procedure
endif;
endf or;

', produce a mishap nmessage

m shap(' DATA NOT FOUND' , [“nanme ~list_of lists])
enddef i ne;

Conpare this with the follow ng:

define findroom(nane, list) -> data;
vars len, breadth, height; ;;; pattern variables
if list mtches [ == [”“nane ?len ?breadth ?height] ==
t hen
[*name ~l en "“breadth “~height] -> data;
el se
m shap(' DATA NOT FOUND , [“nanme ~list])
endi f
enddef i ne;
The |ine
if list matches [ == [*nanme ?len ?breadth ?height] ==

runs the operation called 'matches' with two inputs, the value of the
variable '"list', and the pattern on the right, which instructs the
mat cher what to look for in the list. It says, |ook for any nunber of
el ements (matched against "=="), then a list starting with the given
nane and containing three other things, followed by any nunber of

el ements (matched agai nst "==" again).

-- Setting a value ("?") vs Using a value (""")

Notice the difference between "?" and """ here. The searched-for
information is represented by the I|ist

[*name ?l en ?breadth ?hei ght]
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where the synbol "”~" says that the given name nust be found. """ can be
read as 'use the value of', whereas the occurrences of "?" can be read
as 'set the value of'. |.e. the three variables will be given val ues
dependi ng on what nunbers are found after the name, once the list with
the required nane is found. If we had used "?nanme" instead of "“nane",
t hen ANY nane woul d have been accept ed.

I f the MATCHES operation produces the result TRUE, having found what is
required then the instruction after 'then' is obeyed, which ensures that
the output local 'data' has an appropriate value, to be returned as the
result of the procedure.

| f MATCHES cannot find what is required in list, then it produces the
result FALSE, and the instruction after 'else' is obeyed, causing an
error message to be printed out.

Using the fact that "-->" will cause an error when a match fails, we
coul d adopt the even shorter definition:

define findroom(nane, list) -> data;

7., Use vars for pattern variables (with "?")
vars | en, breadth, height;

list -->[ == [“nane ?len ?breadth ?height] == 1;

[*name ~l en ~“breadth “~height] -> data;
enddef i ne;

-- List pattern matching --------------------“-“~----------------

We now provide a nore general notivation for the pattern matcher,
and give a conplete account of its operation.

If we wish to search down a list for an itemwe can use a test sonething
l'i ke

item = hd(list)

to acconplish this. But list representations of nore conplex situations
do not exhibit their significant features in ternms of single itens
considered in isolation. Rather the normis one of a context or
co-occurrence of elements. Thus we are much nore likely to want to know
whether a list contains two designated el ements occurring in a

particul ar order, or even whether it satisfies sone rather nore conpl ex
condition. E.g. does the sentence start with a noun phrase? For now we
consider only the relatively sinple cases.

Supposi ng we have this |ist

[abcde] ->x;
In some problemwe might wish to test mght be to establish whether it
contains "b" and "d" occurring in that order. Now

menber ("b", x) =>

** <true>

menber ("d", x) =>
**<true>

tell us that both are present i.e.
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nmenber ("b", x) and nenber("d",x) =>
** <true>

but we know nothing of their relative positions in x nor indeed of
their intervening or surroundi ng context.

We can capture this ordering of "b" and "d" for exanple:

x(1) == "b" and x(2) == "d"
whi ch specifies that "d" should imrediately follow "b: in the list. In
fact the relationship that does obtain in X has the form

X(2) == "b" and x(4) == "d"
In this way we can specify any arbitrary patterning of elenments in a
list structure. It will however be very tedious to try all possible
conbi nati on of pairs of successive nunbers. The situation gets even
worse if you nmerely want to test whether "d" occurs SOVEWHERE to the
right of "b", although you do not mind where exactly.
This need to be able to give a nobre conpl ex specification of the
structure of a list is met by the procedure MATCHES that tests a given
list for the presence of sone specified pattern.
-- Describing the shape of a list pattern -------------------
The B, D exanple is of course but one of an infinite variety of
patternings that we m ght want to |l ook for. So our specification of
a pattern has to be couched in a suitably descriptive | anguage. The
pattern for 'B inmmediately followed by D would be:

== b d ==
But the 'B foll owed somewhere by D pattern would be specified like

this:

== ph == d ==

Where '=='" denotes any nunber of list elenents (including no
elements). Thus all of these |ists should nmeet that specification:

[a bcde]

[b d]
[baacdf]

To test a given list, say X, for presence of this specified pattern
we'd call MATCHES like this

X matches [== b == d ==] =>

** <true>
What result would you expect fromthe foll ow ng:

X matches [a == e] =>

x matches [a == d == e] =>

The pattern specification we've adopted clearly admts of a |ot of
variation in x - it's a rather sloppy fit: and often that is a useful
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way of representing generality.

There are a nunber of ways in which we can tighten it up, when required
W nmight for exanple want just one intervening el enent between B and D

x matches [== b = d ==] =>
** <true>

These two synbols == and = are basic descriptors of pattern shape
and we may think of themas 'Gobbling up' intervening list itenms. W
can call '='" Gobbl e-one and '=='" Gobbl e-any. (These names were suggested

by the late Max O owes.)

Gobbl e-one and Gobbl e-any hel p us characterise the |linear shape of a
pattern. W nay al so want to characterise its structural organisation.
For example that the first elenent in the target list nust itself be a
list - as it is in CUPBOARD for exanple.

cupboard matches [[==] bl anket ==] =>
** true

And this device may of course be used to dig arbitrarily 'deep' into
a list structure.

The pattern is then a sort of picture with lots of missing details
of the kind of list we are |ooking for.

-- Using variables in a pattern specification ---------------ccomo--

So far we've described our patterns in very literal terns. i.e. that
there needs to be a "B" and a "D', or a list etc. In practice the
itens we want to include in our specification nay have been
constructed by other procedures (and as we shall see by procedures
that use MATCHES). Typically these itens will be the val ue of
vari abl es.

Suppose we have a variable "box" whose value is a list representing the
contents of a box.

vars box = [shoes tins brushes]
And a vari abl e cupboard corresponding to a cupboard that contains the
box and ot her things:

vars cupboard = [[shoes tins brushes] blanket hats coats unbrellas];

If we wite

cupboard matches [box bl anket ==] =>
** <fal se>

The result is fal se because the first el enent of cupboard is not

the word "box" but a list which is the same as the value of the variable
box. W need to enrich the pattern specification | anguage so as to

di stingui sh between words used literally and words used as variable
nanes. We do this with the up-arrow ~ prefix, as explained in the
chapter on lists. Thus

cupboard mat ches [“box bl anket ==] =>
** <true>
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The use of ~ (up-arrow) in the pattern specification here is
the same as that introduced earlier. Thus

[box bl anket ==] =>
** [ box bl anket ==]

But

[~box bl anket ==] =>
** [[shoes tins brushes] blanket ==

And it is of course only this latter version that matches CUPBOARD.

-- Matching a "segnment” of a list ------cmmmmmmmm
Had the val ue of cupboard been

** [shoes tins brushes bl anket pillow]

then that MATCH woul d have fail ed.

We need to 'strip off' the list brackets of the value of BOX if we
are to match this new kind of CUPBOARD, and we can do this by using
a doubl e up-arrow

[*box bl anket ==] =>
** [shoes tins brushes bl anket ==

This uses the value of the variable box to insert a collection of itens
to forma SEGVENT of the list, rather than inserting a single list as an
ELEMENT of the enclosing list.

To illustrate the power of matches and the pattern | anguage, consider
the follow ng definition of the procedure ismenber which could be
compared with the definition of iselement in Chapter 3:

define isnenber(item list) -> trueorfal se;
list matches [== "item==] -> trueorfal se
enddef i ne;

ismenber(3, [ 1 24] ) =>

** <fal se>

ismenber(3, [ 123 4] ) =
** <true>

i snenber("c", [ abcde]) =>
** <true>

This uses the fact that matches returns a 'boolean' result, i.e.
either TRUE or FALSE.

-- Retrieving details of the target list --------ummmommmnoon

In some of our exanples we have merely been concerned to establish

whet her a particular target |list neets sonme pattern specification, where
that specification only cited various list fragments enbedded within a
cont ext whose precise conposition was not germane to the recognition of
this key configuration.

We may however want to know what that context is, when a match is
obt ai ned. For instance, a sentence anal ysi ng program which finds a

TEACH PRIMER: Aaron Sloman's overview of Pop-11

246



verb in a sentence may want to know what cane before and after the
verb. It is also used in prograns which interrogate the Pop-11

dat abase not nerely to see if a particular piece of information is
there, but also to find out exactly what it is. E.g. you may not
merely wish to find out if the database has an itemof the form

[age fred ....]

you may al so want to know what the age is.
Thus in recognising the ordered co-occurrence of "B" and "D' in the |ist

vars x = [a b c d e];

we mght want to be 'told what the value of the intervening |ist
element(s) is (are).

To set a variable say P to take on the value of single Iist elenent
prefix the variable name with "?" Thus

vars p;

x matches [== b ?p d ==] =>
** <true>

p =>

* % C

Simlarly to set the value of the variable to be some SEQUENCE of |i st
el ements use "??" Thus

vars q;

X matches [a ??q d ==] =>
** <true>

q =>

* % [b C]

Think of "?" as "get ONE element"” and "??" as get ANY el enents", by
anal ogy with "=" and "==".

Try the follow ng, which gives LIST a new value, then uses it:

[i Iike talking to you] matches [i ??list you] =>
** <true>

[you AMlist nme?] =>

** [you like talking to ne?]

This is typical of the sort of trick used by Eliza

Whenever the MATCH fails because the |list does not match the pattern the
queried variables may have their values altered in an unpredictable way
as part of the process of determining that the match fails.

[i Iike talking to you] matches [i ??list you alone] =>
** <fal se>

list =>

** [like talking to you]

-- Using a "restriction" to control or check the match ----------------
The basic concept of matching as illustrated so far uses identity

bet ween el enments of the target |ist and correspondi ng el enents of the
pattern specification. W can generalise this by requiring that a target
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el enent have sone specified PROPERTY.

For example in the ELI ZA world, the occurrence of a word indicating
reference to the famly e.g. "son", "sister", "father", "nother", etc.
in an input sentence is an inmportant response-determn ning cue. To detect
that a list element belongs to such a set, rather than being identical
with a given pattern el ement, we can use a "restriction procedure" as an
affix to a queried variable in the pattern specification. Thus if we
have a procedure that produces TRUE when applied to famly word and

fal se otherwise, then we can use it to restrict the value of "x" in the
foll owi ng match:

vars Xx;

[my father |oved ne] matches [== ?x:fam |y ==] =>

** <true>

X =>

** father

[you remind ne of my brother] matches [== ?x:family ==] =>
** <true>

X =>

** prot her

[you remind ne of nmy car] natches [== ?x:famly ==] =>
** <fal se>

where FAMLY is a (previously-defined) procedure that m ght be sonething
like this:
define famly(word) -> result;

menber (word, [son sister father nother brother]) -> result
enddef i ne;

You can gain experience with MATCHES ?, ??, ~, ~*, and variables by
wor ki ng through TEACH RESPOND.

See al so TEACH MATCHES, TEACH ARROW

-- Sunmmary of match notations -------------------------o oo
Basic fornat:

list MATCHES pattern

Pattern specification can contain the follow ng:

1) [cat nouse x 99 'string']
literal words nunbers, strings, and other itenms to be
checked in the target |ist

2) =

The ' Gobbl e-one' spacer
3) ==

The ' Gobbl e-any' spacer
4) "A

Put into the pattern an object which is the value of the
variable A That object will then be conpared with the
corresponding object in the target list.

N(<expressi on>)

Put into the pattern whatever results from eval uati on of
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t he expression

5) ~NA
The variable A MJST have a list as value. Put into the pattern
all the elenments of the list, for conparison with el enents of
the target Iist.

6) ?A
Set the value of the variable Ato be a single element in the
mat ching target Ilist.

7) ??A
Set the value of the variable Ato be a list containing a
sequence of elenments in the target |ist.

8) ?A TEST
Only allow the variable A to match an el ement such that TEST(A)
is not FALSE

9) ??A TEST

Like (8), but the TEST is applied to a LI ST of successive el enents
fromthe target list to be matched against the variable A

(Future versions of Pop-11 with a nore sophisticated matcher will use
addi tional pattern elenent formats.)

NOTE: |f the predicate TEST in the last two cases returns not TRUE
but sone other non-FALSE result, then the result will be assigned to
the variable A instead of the itemor list of itens fromthe target
list. For exanple, define a procedure to recognise a list of colours
and return a list of their initials:

First a procedure to produce a one character word froma word:

define initial (word);
subwor d(1, 1, word)
enddefi ne;

Use that to define a procedure that returns a list of initials if given
a list of colour words:

define all _colours(list) -> result;
;35 given a list of colour words return a list of single
;;; Ccharacter words, using the first character of each word
Ivars item
for itemin list do
unl ess nenber(item [red green blue indigo violet orange])

t hen
false -> result
return();
endunl ess;
endf or;

;;; create list of initials
maplist(list, initial) -> result;
enddef i ne;

all _colours([red square]) =>
** <fal se>
all _colours([green red orange]) =>

** [gr o]

This can be used to transformthe output of the matcher, because it
returns the transforned list rather than sinply true. E. g.
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vars col ours;

[the big green blue red orange thing on the wall]
mat ches [== ??colours:all_colours thing ==] =>

** <true>

col ours =>
** [g br o]

See HELP MATCHES/ RESTRI CTI ONS

-- MATCH ng on a corpus of lists - the DATABASE concept ---------------

The description of sone task situation may take the formof a large
corpus of lists, representing propositions. For instance we m ght
know that Bl1, B2, ... etc are blocks, that each has a colour and a
size, and that sonme are on others. These facts could be represented
as a database consisting of a list of lists:

[[bl isa bl ock]
[size bl big]
[colour bl green]
[on bl b2]

We coul d al so describe the contents of an image in terns of which
objects are in it what their properties are, and how they are
related. The library program SEEPI CTURE builds up just such a list
representation of a PICTURE pattern to provide a basis for
recognition.

-- Adding and renoving database items ---------------------------------

Since this facility is often required, Pop-11 provides a collection
of automatically |loaded |ibrary procedures for manipulating lists of
lists. They all make use of a gl obal variable 'database' which may
contain arbitrary information.

We can build up a DATABASE usi ng ADD
vars dat abase;
[T -> database;
add([a]);
add([b]);
dat abase =>
** [[b] [a]ll
Notice that itens appear in reverse order to the order of ADDi ng.

More concisely we can use ALLADD

alladd([[c] [d]]);
dat abase =>

** [[d] [c] [b] [a]]
Conpl ementi ng ADD and ALLADD we have REMOVE and ALLREMOVE.
remove([c]);

dat abase =>

**[0d] [b] [a]]
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The order of itens in a call of ALLREMOVE is not inportant i.e. it does
not need to reflect the ordering of the DATABASE

allremove([[a] [b] [d]]);
dat abase =>

* % []

The procedure REMOVE will renove at nost one itemfromthe database,
even if it is given a pattern which matches several. Thus REMOVE([==]);

i nstead of renoving everything, renbves just one item Moreover, REMOVE
will generate a MSHAP if it does not find one itemto renpve. Sinmlarly,
ALLREMOVE wi Il generate a mishap if it can't renove sonething for every
el ement of the list of patterns given to it as argunent.

The procedure FLUSH is provided without these restrictions. FLUSH
del etes everything in the database that matches its argunent, but if
there is nothing that matches, then FLUSH does not hi ng!

The argunent given to FLUSH is a pattern specification, that is
FLUSH uses MATCHES to deternmine the list itens that it will DELETE.
It is however very powerful inits action... it renmoves ALL the

mat chi ng DATABASE entries. Thus with the DATABASE [[D] [C] [B] [Al]
the action

flush([=]);

cl ears the DATABASE, thus:

dat abase =>

* % []

Thus in this situation FLUSH([=]) is equival ent to:

allremove([[a] [b] [c] [d]]);

Whenever the database contains only one-elenment |ists, the comuand

flush([=]);
will renove themall.
Simlarly
flush([==]);
will renove all lists fromthe database no natter what is in them It is

therefore equivalent to

[T -> database;

-- Using "it" to record what was removed ------------------------------

After using FLUSH or REMOVE the variable IT will hold the item]| ast
renoved. E.g.

add([dogs like neat]);
remove([dogs like ==1]);
it =>

** [dogs |ike neat]
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The procedure ALLREMOVE, uses the variable THEMinstead. This will
be alist of all the itenms renoved. Simlarly, ADD updates |IT, and
ALLADD records things in THEM

-- Finding items in the database ------------------------------

One of the nobst comonly used procedures is PRESENT, which takes a
pattern and returns true or fal se depending on whether there is
something in the database that nmatches the pattern. If the pattern
contains variables preceded by "?" or "??", and the match is true, then
the val ues of those variables will give informati on about the |ist

that matched the pattern. For exanple:

al I add([
[the big red box] [the long square pole][the tiny blue flea]])
vars x y;

present ([the ?x ?y pole]) =>
** <true>
X, y =>
** | ong square
Exercise: what will the values of x and y be after

present ([the ?x ?y flea]) =>

- -- How PRESENT WOrKS. =-------mmmmm oo
It does this by trying to MATCH the pattern against every itemin the
database. If the match is ever successful then true is returned as the
result of PRESENT, otherwise the result is false

alladd([[a bc d]l [dc ba] [abdc]]);

present([== b ==]) =>
** o <true>

1
\%

present ([== b c])
** <fal se>
Notice that PRESENT finds the 'first' matching item
PRESENT is frequently enployed in a conditional e.g
if present(pattern) then action
The "IF... THEN construction 'uses up' the bool ean val ue returned
before THEN i.e. try:
if present([== b ==]) then => endif;
The "STACK EMPTY" error nessage arises because Pop-11 treats the val ue
returned by PRESENT between "IF" and "THEN' as <TRUE> or <FALSE>. So
the value is no longer there for "=>" to print out, and that produces
the error nmessage
-- Using "it" to record what was matched ------------------------------
The val ue returned by present when successful is TRUE. But that does not

determ ne what exactly matched the pattern in the database. For nany
purposes however we will need to know what the matched itemis for
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exanple to use it in the THEN branch of the conditional. For this
pur pose the DATABASE variable IT is set to have the value of the
mat ching item when PRESENT finds sonething.

alladd([[a bc d [dc ba] [abdc]]);

if present([== b ==]) then
it =>
remove(it);

endi f;

** Ta b c d]

Thus we see that the item matched, and subsequently renoved was the
first itemin the database.

Note that it found only ONE item matching the pattern, and renoved
it. FOREACH, explained bel ow, shows how you can search for ALL itens
mat chi ng sone pattern.

-- Retrieving values fromwithin a matching ITEM ----------cmmmmnoonnn

Since all of the apparatus of MATCHES is utilised in those DATABASE
procedures, PRESENT can be used to set values of appropriately queried
variables in the pattern specification.

vars Xx;

present ([?x b ==]) =>
** <true>

X =>

* % a

it =>

Notice that if "?" or "??" is used before a word in a pattern, then
that word should be declared as a variable nane. Hence the "vars x;"
above.

If the variables in patterns are not declared to be local, to the
procedures which use them then different procedures can ness each other
up. This applies to procedures which use MATCHES or any of the database
operations PRESENT, FLUSH, LOOKUP, REMOVE, etc.

-- Using LOOKUP to extract information fromthe database --------------

We do not always want to know what the matching itemwas. Sonetines we
wi Il know in advance that an item matching the pattern is present in the
DATABASE and want only the value of sone fragnent of the item

For this purpose the procedure LOOKUP is provided. It does not return
<TRUE> or <FALSE> but nerely sets the value of queried pattern variables
when a match is found, and causes an error if no nmatch is found.

alladd([[a bc d] [dc ba] [abdc]]);
| ookup([= ?x b ==]);
X =>
* % C
In the event of no match being found an error will result
| ookup([?x == €e]);
;55 MSHAP - LOOKUP FAI LURE

vi INVOLVING  [? x == €]
o DO NG : sysprmshap mshap |ookup ......
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Note that PRESENT is to MATCHES as LOOKUP is to -->. PRESENT and MATCHES
check a condition and return a true/false result, and may sinultaneously
bind pattern variables. But only PRESENT searches over a |ist. LOOKUP

and --> do not return any result, and only LOOKUP searches.

procedur e returns iterates over m shap on
a bool ean t he dat abase failure

mat ches yes no no

--> no no yes

pr esent yes yes no

| ookup no yes yes

-- FOREACH. iterates over all itens PRESENT natching a pattern --------

There will often be a need to find not just one matching itemin the
DATABASE, (or to set the value of queried pattern variable for just
one matching item) but to find all of them For this purpose the

| oopi ng construct FOREACH is provided, W can use it, for exanple to
find all the itens in the database in which "b" precedes "a":

[[abcd [dcba [abdc] [bdc a]] -> database;

foreach [== b == a ==] do
it =>
endf or each;

** [d c b a]
** [b dc a]

Note that FOREACH is a "syntax" word (like IF and DEFINE), not a
procedure nane, and hence the pattern specification that foll ows
need not be enclosed in round brackets "(' ')".

The general form of FOREACH is

FOREACH <pattern> DO <acti on> ENDFOREACH,

For exanmple, to print out every itemin the database representing
sonet hi ng bl ue:

vars X;

foreach [??x is blue] do
X ==>

endf or each;

I nside the <action> the variable |IT is available to represent the
dat abase item which has matched the pattern. E. g. suppose you have
various database entries of forms:

[pl is a person]
[b3 is a block]
[c5 is a cat]
etc. Then, to print out all the bl ocks do:
foreach [??x isa block] do

X =>
endf or each;
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you can use "[% and "% " to make a list of all the bl ocks:

[% foreach [??x isa block] do
X
endf oreach

% -> bl ocks;

Each time round the value of X is left on the stack and the [%..%
brackets make a list of all of them The variable |IT can be used
each time round the loop to refer to the database entry which was
found to match the pattern given after FOREACH.

FOREACH can be followed by INto specify a |list other than DATABASE to
search in, i.e.

FOREACH <pattern> IN <list> DO <acti on> ENDFOREACH,

If you have access to a working Popl og systemyou can get nore
i nformati on and exanples in:

TEACH MATCHES; TEACH DATABASE; TEACH FOREACH, TEACH RI VERZ;

-- Checking a set of patterns against the database --------------------

Just as ALLADD and ALLREMOVE can be given a list of patterns to add
or renove, simlarly, ALLPRESENT can be given a list of patterns to
look for in the database. If it finds itens for all of themit
returns a list of the found itens (and al so assigns it to the
variable THEM. Oherwise its result is false. E.g. to find a
grandson of TOM

al I add([
[dick father harry]
[tom father jack]
[bill father tom
[jack father dick]]);

vars X, VY;

if allpresent([[tomfather ?x] [?x father ?y]]) then
y =>

endif;

** di ck

t hem =>

** [[tomfather jack] [jack father dick]]

For nmore summary information on the database procedures see:

HELP DATABASE, HELP ADD, HELP PRESENT,
HELP REMOVE, HELP FLUSH, HELP LOOKUP.
HELP FOREACH, HELP FOREVERY

-- Forevery: sinultaneously satisfying a collection of patterns -------

Just as ALLPRESENT is a generalisation of PRESENT, so Pop-11

i ncl udes FOREVERY which is a generalisation of FOREACH, and all ows
sone fairly powerful manipul ations of the database. In particular,
we can find all possible conbinations of a SET of patterns in the

dat abase. E.g. to find all paternal grandfather relations, i.e. all
conbi nati ons of the form
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[?x father ?y][?y father ?z]

Here's an exanpl e

[
[dick father harry]

[tom fat her jack]
[bill father toni
[dick father nmary]
[jack father dick]] -> database;

vars Xx, y, z;

forevery [[?x father ?y] [?y father ?z]] do
[*x is the paternal grandfather of ~z] =>

endf orevery;

** [tomis the paternal grandfather of dick]

** [bill is the paternal grandfather of jack]

** [jack is the paternal grandfather of harry]

** [jack is the paternal grandfather of mary]

Not e that FOREVERY made sure that whatever matched "y" in in the two
patterns was the sane.

The permitted formats of FOREVERY are:
FOREVERY <l i st of patterns> DO <actions> ENDFOREVERY;

FOREVERY <list of patterns> | N <database> DO <acti ons> ENDFOREVERY;

When ' I N <dat abase>' is onitted, then the value of the variabl e DATABASE
is used as the database.

Anot her exanple: find all the blocks and print out their colours:

forevery [[?x isa block] [colour ?x ?col]] do
[*x is a ~col block] =>
endf orevery;

O to find all maternal grandfather relationships:

forevery [[?x father ?y] [?y mother ?z]] do
[~x is grandfather of ~y] =>
endf or every;

In addition to these procedures the Pop-11 library contains sonme nore
power ful procedures SCHECK and SCHOOSE, for matching a whol e dat abase
pattern agai nst a database, and indicating whether the match was
partially successful, what was missing, what was surplus, etc. For
details see TEACH SCHEMATA

A sinple expert system shell based on the matcher is described in

HELP NEWPSYS, and TEACH PSYSRI VER. A nore sophisticated version,

Poprul ebase avail abl e at the Birm ngham Popl og FTP site, is nentioned in
the 1999 preface to this primer, above.

Al t hough the dat abase procedures described here are very powerful
conpared with what npst programm ng | anguages provi de. They are still
not as powerful as the facilities built into the |anguage Prol og. See,
for exanpl e:
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W Cocksin and C.S. Mellish
PROGRAMM NG | N PROLOG, Springer Verl ag.

-- LI B FMATCHES overcones sone limtations of the matcher -------------

The pattern matching facilities have serious restrictions in that they
will not work properly with sections, and they cannot be used with

| exically scoped variables, which is why all pattern variables have to
be declared with "vars", not "lvars". (See HELP LVARS).

There is a nodified version of the matcher described in HELP FMATCHES
whi ch overcones these restrictions, though it is no |Ionger an infix
operator, but a syntax word.

FMATCHES i s superseded by the DOESMATCH |ibrary and the READPATTERN
library, both available fromthe Bi rm ngham FTP directory.

In a later version of Pop-11 both may be superseded.
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-- CHAPTER 8 AN Al APPLI CATI ON: A GENERAL PROBLEM SCOLVER

As explained in many Al text books, it is often necessary to search an
abstract space in order to find a solution to a problem

This chapter, which will be of use only to fairly experienced
programrers, uses a subset of sonme of the contents of a Pop-11 "teach"
file devel oped by the author, to define an illustrative general purpose
pr obl em sol ver which searches for a solution to a variety of problens.

In order to use the procedure solve_probl emyou have to choose a
representation for your problemand the search space it defines. That
requi res choosing a representation for each state, including the initial
state, the goal state or goal states if there are several alternative
ways of solving the problem and other internediate states.

You al so need to define four procedures, as follows:
-- Procedures to be supplied by users
-- . is_goal _state

is_goal _state(state, goal) -> bool ean

This is given a state, and a specification of the current goal and
returns true if the state is acceptable as a goal state, otherw se
false. This procedure will be different for different sorts of problens.

-- . next_states
next _states(state) -> newstates;

The procedure next_states is given a state and returns a list of states
that can be reached in one step fromthat state. The procedure wll be
have to be defined differently for different problens.

-- . Sane_state

same_state(statel, state2) -> bool ean

This procedure is required so that the probl emsolver can tell whether a
particular new state is equivalent to one that has previously been

exam ned, so that time is not wasted exanmning it again and trying to
explore its successors. Since the notion of equivalence will depend on
the kind of problemand how states are represented, this has to be
defined by the user.

If this procedure is provided, then the general problemsolver can keep
a "history" list of the states that have already been examn ned, and
whenever new states are generated it can discard any of themthat are
"the sane" as a state already on the history list.

-- . insert_state
insert_state(state, oldstates) -> newstates

Thi s procedure can enbody sone "heuristic" information. It is given a
new state (e.g. something produced by the procedure next_states) and
list of states waiting to be explored, and it returns a new |ist of
states, with an order which represents the best current guess as to

whi ch one shoul d be exanmined first. For exanple it is often useful to
prune a search space by working first on itens that are going to be nobst
difficult to fit into a conplete solution, so that those that are
unusabl e are quickly elimnated fromfurther conbinations of itens.
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-- . dis_in_list

The probl em sol ver described bel ow needs this utility procedure which
can be applied to a state, a list of states, and the user's procedure
sane_state, to check whether the first state is equivalent to one of
those in the list. It returns a true or false result.

define is_in_list(newitem I|ist, sanmeiten) -> boole;

;7 Return true if and only if the newitemis the same as something in

;;; in the list, as conpared using the procedure saneitem
| vars procedure saneitem ;;, declare it as a procedure, for speed
Ivars ol ditem

for olditemin list do
if saneitemnewitem olditem then
;;; found an olditemwhich is the same, so return with true
true -> bool e;
return();
endi f
endf or;
;;; did not find anything that was the sane
fal se -> boole
enddef i ne;

-- The definition of solve_problem

If the user has defined the above procedures they can be given to the
followi ng general problemsolver. It takes six argunents and produces
a result which is the goal state if one is found and otherw se the
val ue FALSE.

The first argument is a representation of the initial state. The second
is arepresentation of the goal to be achieved. The next four argunents
are procedures, which are the users versions of the four procedures
i sted above: the goal recogniser, the procedure for generating new
states fromold ones, the state equival ence recogni ser, and the
procedure to insert a new state into a list of states.

Here is one of many ways to define such a probl em sol ver:

define sol ve_probl em

(initial, current_goal, isgoal, nextstates, samestate, insert)
-> result;

| vars
initial, ;;; the initial state
current _goal , ;;, the second argunment for isgoal

;3 four procedures defining the problemand a strategy
procedure (isgoal, nextstates, sanestate, insert),

resul t;
| vars

alternatives = [~initial], ;;; the list of alternative states

history =[] ; ;;; the list of previous states
vars current_state, rest; ;;, use "vars" for pattern variables
r epeat

if null(alternatives) then

;o failed
false -> result;
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return();

el se
alternatives --> [?current_state ??rest];
rest -> alternatives;

;;; Check if current_state is a goal state
if isgoal (current_state, current_goal) then
;7. problemsol ved
current_state -> result;
return();
el se
;;; Keep a history list, avoid circles
[ “current_state "“"history ] -> history;

', generate successor states to current_state
| vars states;
nextstates(current_state) -> states;

75, put all the "new' states onto the alternatives |ist
| vars state;
for state in states do
unless is_in_list(state, history, samestate) then
insert(state, alternatives) -> alternatives

endunl ess;
endf or;
;;; now go back to the beginning of the repeat |oop
endi f
endi f
endr epeat

enddef i ne;

-- Using solve problemto solve a sinple problem

Suppose you have a set of parent child relationships stored in a
dat abase (see TEACH * DATABASE).

For exanple you could set up a database |ike this:

define start_famly_tree();

[
[father [tom jones] [dick jones]]
[father [tom jones] [sue smith]]
[ mot her [ginny jones] [dick jones]]
[mother [ginny jones] [sue snmith]]
[father [dick jones] [mary jones]]
[mother [sue smth] [joe smith]]
[mother [sue smith] [fred smith]]
[father [jack smith] [joe smth]]
[father [jack smith] [fred smth]]
[father [fred smith] [angela green]]
[mot her [angela green] [willy green]]

] -> database;

enddef i ne;

Then the following conmand will set up the initial database:

start_famly_ tree();
;;; print out database to check
dat abase ==>

Now suppose you had to find out whether soneone A is an ancestor of
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soneone el se B.

One way you coul
node A, and all
procedure could

d do that is set up a search space consisting of a start

paths from A to descendents of A. Then the sol ve_probl em

be given the task of searching for a path through the

famly tree starting fromA and ending with B. If such a path is found,

it would answer

the question positively: Ais an ancestor of B.

You could represent a state in the search space as consisting of a

list of names representing a path found so far through the famly tree.
For example if we wanted to find out whether [ginny jones] is an
ancestor of [angela green] we would have a succession of states show ng
routes up the tree to ginny jones thus

[[ginny jones]] ;s initial state
[[dick jones] [ginny jones]] ;. a successor state
[[sue smth] [ginny jones]] ;;; another successor state

If we use this representation, then it is easy to tell whether the
probl em has been sol ved: check whether the target person Bis the first
itemof the list.

Thus we can defi

ne the followi ng procedures to use with solve problem

define is_ancestor_goal (state, target) -> bool e;

7, The state is a list of names defining a route up the famly tree

;;, Does it start with target?
Ivars state, target, boole;
state matches [~target == -> bool e

enddef i ne;

However, we al so have to create a procedure for generating new states
froma given state. Remenber that a state is a list of nanmes of people

[ personN ...

person3 person2 personi]

where personl represents a parent of person2, person2 a parent of

person3, and so

on. Personl is the one given as the original alleged

ancestor, and personN is the |atest person found in searching down the
tree from personl.

Then in order to find successors to this state we need to find

i ndi vi dual s who

are i nmedi ate descendants of personN, and form

a set of newroutes up the tree fromeach of them First we need a

procedure to find the i medi ate descendants. W can use the database

searchi ng procedure foreach (described in TEACH FOREACH)

defi ne i medi at e_descendant s(person) -> |ist;
| vars person, list;

vars next; ;;; a pattern variable used with foreach bel ow

;5 start making a list

[ %
;;; first collect all those to whom person is father
foreach [father “person ?next] do
next ; ;5 Jjust leave the next person on the stack
endf or each;
77, now collect all those to whom person is nother
foreach [nother “person ?next] do
next ; ;5 just leave the next person on the stack
endf or each;
9% ->list
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enddef i ne;

You can test this as follows

i medi at e_descendant s([ gi nny jones]) =>
** [[dick jones] [sue smith]]
i medi at e_descendant s([sue_smith]) =>

* % []

Usi ng the procedure inmedi at e_descendants we can define a procedure to
create extensions to a state represented as a route up the tree

define fam |y_next_states(state) -> newstates;
lvars state, states;
;;; make a list of new states that start with one descendant
;;; and the rest of state

| vars next peopl e, person;
i mredi at e_descendant s(hd(state)) -> nextpeopl e;
77, Now nmake a list of the new states
[ %
for person in nextpeople do
;73 make a new state and leave it on the stack, to go into
;7; the list being created by [%... %
[~person "state]
endf or
% -> newstates

enddef i ne;
Now test it
fami ly_next_states([[ginny jones]]) ==>
** [[[dick jones] [ginny jones]] [[sue smith] [ginny jones]]]
Note that the output was a list of TWD |lists.
[[dick jones] [ginny jones]]
and
[[sue smth] [ginny jones]]
Try extending the first list:
fam |y_next _states([[dick jones] [ginny jones]] ) ==>
** [[[mary jones] [dick jones] [ginny jones]]]

This tine there is only one extension, containing three nanmes. You may
of course get a different answer with your database of nanes.

VW now need a test for whether a state is the same as one we have tried
before and for this problemit is easy - just see if the two states are
the same. (It is not always that easy.)

define fam |ly_sanme_state(statel, state2) -> boole;
statel = state2 -> boole
enddef i ne;
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And finally we define the sinplest possible state insertion procedure
for conbing a new state with a list of states: just put it at the front,
so that it will be exam ned next. (This defines a depth first search
strategy).

define fam ly_insert(state, states) -> newstates;
[Astate "states] -> newstates
enddefi ne;

You shoul d now be able to use the sol ve_probl em procedure to see whet her
one person is a descendant of another. W can define a new procedure
cal l ed check_ancestor which does the work, as follows:

defi ne check_ancestor(personl, person2) -> result;
;;; use solve_problemto do the work
sol ve_probl em

([ ~personl], ;;; start state (nust be a list with a nane)
person2, ;5 goal state information
i sS_ancest or_goal , ;;; goal state recogniser
fam |y _next_states, ;;; generator for next states
fam |y_same_state, ;;; circle detector procedure
fam ly_insert ;;, insertion procedure
) ->result
enddefi ne;
i Now test it

check_ancestor ([ ginny jones], [mary jones]) ==>
** [[mary jones] [dick jones] [ginny jones]]

;;; Conpare this case, with a different target descendant
check_ancestor([ginny jones], [tom]jones]) ==>
** <fal se>

Try some other tests using an extended version of the database.
-- Exercises

1. The above strategy is not always the nost efficient. See if there are
ways of inproving it e.g. by re-defining the next states generator or
the insertion procedure.

2. Try using the above problem solver to set up a route finding program
usi ng a database of information about road or rail |inks between towns,
and then trying to find a route between any two towns. |If you want the
shortest route to be found you will have to have distance infornation
and the insert procedure or the next states procedure, or both could use
the di stance neasure to order the states, so that shorter routes are
tried first. Text books on Al define alternative algorithms for doing
this sort of thing.

3. Try using the problem solver to solve the problemof selecting sonme
bl ocks froma pile of blocks to build a tower of exactly a given height.
E.g. you may be given a list of nunbers representing the heights of the
avai | abl e bl ocks:

[3 16 12 22 55 24 14 8 7 22 11]

and the task of finding blocks to nake a tower exactly 30 units high.
4. The above probl em sol ver stops as soon as it finds a solution. If for

sone reason you wish to | ook for another solution to the sane problem
that could be very wasteful. Try extending the procedure so that it not
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only returns the solution, but enough information about what it has done
so far to enable it to be re-started with that information. This will
require a change to the procedure to allowit to be run with infornation
saved froma previous run, which mght default to [].

-- CHAPTER 9 RECORDS, VECTORS AND OBJECTCLASS

This chapter is about different ways in which users can extend the
variety of types of data-structures their progranms use, and al so

about the associated procedures that are created, either automatically
or explicitly.

Records and vectors have been part of the |anguage for many years.
bjectclass is a recent extension providing ~~Object oriented
programming facilities.

-- Records

A recordclass is a class of objects all of the sane general structure,
where each object contains zero or nore fields that can contain data. A
record is an instance of a recordclass. Al instances of the sane cl ass
have the same nunber of data fields.

Exanpl es of recordcl asses that are predefined in Pop-11 are pairs,
created by conspair, which are used for lists, and references, created
by consref. E.g. all pairs have two fields, all refs have one field.

Afield may be "full", i.e. unrestricted in type, and therefore able to
contain any |egal Pop-11 data-type, or restricted, e.g. to 7 bit
integers, or 16 bit decinals, etc.

Each record class has an associated "key" and a fam |y of procedures, as
foll ows:

o

A constructor procedure, for creating new instances (e.g. conspair)

An expl oder (or destructor) which can be applied to an instance

and puts all of its contents on the stack (e.g. destpair)

o0 A recogni ser

0 A collection of accessor/updater procedures, one for each field
in the recordclass. (For instance pairs have front and back, and
their updaters.)

o A class_print procedure for printing instances of the class.
(The class_print procedure for pairs, knows about printing
list structures using "[" and "]")

0 A class_apply procedure for deciding what to do if an instance

is applied to sone other object, as if it were a procedure

(The class_apply procedure for pairs is invoked if you apply

alist to an integer N. It returns the Nt itemof the list.)

o

Each key is itself an instance of a special recordclass data-type called
keys, and its contents provide a lot of infornation about the class and
its instances.

In addition to the class-specific procedures there are generic
procedures that can be applied to instances of nmany different

dat a- t ypes.

-- Defining new record types in Pop-11

The procedure conskey provi des the nost general mechani smfor creating
new record cl asses (and new vector classes). However there are two
syntax words that are generally easier to use.

-- -- DEFCLASS and RECORDCLASS

The defclass construct defined in REF DEFSTRUCT can be used to create
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ot her new record classes or new vector classes (see below for vector
cl asses). The syntax word "defclass" is defined in the autol oadabl e
library, on the basis of conskey.

However, for nmany purposes the ol der recordclass construct can be used
as a sinpler mechanismfor defining new record classes. ("recordcl ass"
is also a library syntax word defined in terns of "conskey").

-- -- An exanpl e: recordcl ass point3D

Suppose it were necessary to represent points in 3-D by neans of four
el ement triples, one for each coordinate of the point and one for the
col our. The correspondi ng recordcl ass coul d be defined thus:

recordcl ass poi nt 3D point_x point_y point_z point_col our

The newer syntax for this, using defclass would appear thus:

def cl ass poi nt 3D {point_x, point_y, point_z, point_colour};

As mentioned above, this automatically creates a famly of new
procedures associated with the new recordcl ass, including conspoint3D
dest poi nt 3D, ispoint3D, point_x, point_y, etc.

An instance of the class can then be created using the procedure
conspoi nt 3D and its conmponents can be accessed or changed using the
field sel ector/updater procedures whose nanes correspond to the field
nanes above. For exanple, create two points, one at the origin:

vars
pointl = conspoi nt3D(0, 0, 0, "green"),
poi nt2 = conspoi nt 3D( 10, 10, 10, "red");

7, print them out
pointl =>
** <point3D 0 O O green>

poi nt2 =>
** <point3D 10 10 10 red>

poi nt _col our (poi nt2) =>
** red

"yel l ow' -> point_col our (point?2);
point2 =>
** <point3D 10 10 10 yel | ow>

-- -- Wen should records be used?

Lists (and vectors, explained below) can be used whenever records are

used. However, records have certain advantages in some contexts. Records

are are used in preference to |ists when:

o Very large nunbers of instances are to be created: records
normal |y take | ess space in nmenory than the corresponding lists

o Elenents of the records need to be accessed and updated rapidly.
Accessing or changing the fourth element of a list normally takes
| onger than accessing or updating the fourth element of a record.
That is because with lists it is necessary to "chain" down the
list links, whereas the Nth conponent of a record can be accessed
in one go. (Using offsets fromthe begi nning of the record.)
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o Run time type-checking is desirable for robustness or debugging.
If you attenpt to access the fourth element of a list it will work
as long as the list has four or nore elenents, even if sonething
has gone wong and the wong sort of list has been found. If you
apply a recordclass field accessor to the wong sort of structure,
even if it has the right nunber of fields, this will produce a
run tinme error nessage. For exanple:

front(pointl) =>

77, MSHAP - PAI R NEEDED

755 ITNVOLVING  <point3D 0 O O green>

7, DO NG . sysprmshap mshap front .....

Lists are particularly useful when you wish to extend a structure by
inserting newitens in the niddle, or when you wish to have a nunber
of structures with shared "tails", as in these exanples:

vars
listl =[a b c],
list2 =[d e f],
list3, list4;
listl =>

** [a b c]

;;; Extend listl by adding a newitemafter "a"
conspair("itenm, tl(listl)) ->tl(listl);
listl =>

** [aitemb c]

;7 Make two new lists that both share list2 as their tail

[apple Mlist2] -> list3;
[orange "list2] -> list4;

list3 =>
** [apple d e f]
list4 =>

** [orange d e f]

;;, they have identical tails, sharing nmenory
tl(list3) ==tl(list4) =>

** <true>

That cannot be done with vectors or records.
-- Defining new vector types in Pop-11
A vector class is a class of data whose instances may be of different
| engt hs, though once an instance is created, its |length cannot be
changed.
Pop-11 includes two main built in vector classes, nanely
strings and vectors. A string is an instance of a vector class that
is constrained to contain an ordered set of characters, i.e. 8-bit
integers. Strings may be of different |engths, but each conponent
of a string nust be an 8-bit character. E. g.

"a tiny string' "a much | onger string of characters'
Ordi nary Pop-11 vectors can also be of different |engths, but their
contents are unconstrained.

{1 2 3} {1 2 3 a vector with nunbers [words and] [I|ists]}
Vectors play a major role in the construction of arrays. See REF ARRAYS

Roughl y speaking a nultidinensional array in Pop-11 is a conbination of
a one di nensional vector and a procedure for mapping between the high
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di mensi onal array and the | ow di nensi onal vector

-- -- Using DEFCLASS and VECTORCLASS

The defcl ass construct described in REF DEFSTRUCT can be used to create
new vector classes as well as new record classes. However it is often
sinpler to use the vectorclass construct.

-- -- Exanple of creation of a new vector class.

This exanple is based on HELP VECTORCLASS. The inperative

vectorcl ass short 16;

decl ares a new vector class called "short" which is restricted to
containing 16 bit integers in its fields. This creates procedures

initshort, consshort, destshort, isshort
subscrshort, fast_subscrshort,

and decl ares the variable
short _key
with the new key as its value
The newer syntax for doing this uses defclass, as foll ows:

defcl ass short :16;

To create an instance of short, with 32 fields do this

vars shortie = initshort(32)

shortie =>

** <short 0000000000000O0OO0OO0OOOOOOOOOOOOOOODO
0 0>

By default the nunber 0 is put into each of the fields of a newy
created short vector. But this can be changed, e.g. by using the updater
of the subscriptor function subscrshort:

99 -> subscrshort (3, shortie);

shortie =>

** <short 0099 000000000000000000O0OOO0COOOOO0DO
00 0>

Because of the use of the nunber "16" in its declaration, vectors of the
class "short" can only contain integers in the range 0 to (2 ** 16) - 1.
Attenpting to assign sonmething else will cause an error. E. g

"cat" -> subscrshort (5, shortie);

775 MSHAP - INTEGER O TO 65535 NEEDED

i1 INVOLVING  cat
7 DO NG :  subscrshort

By contrast, the word "undef" is used as the default value for fields of
unconstrai ned vectors. For exanple, create a five elenent ordinary
vector:

vars vec5 = initv(5)

vec5 =>
** fundef undef undef undef undef}
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Ordi nary vectors have associ ated procedures initv, consvector, isvector
subscrv, destvector. See REF VECTORS

The anonaly that some of the nanes end in "v" and sone in "vector" is a
historical accident. Simlarly for strings the correspondi ng procedures
are inits, consstring, isstring, subscrs, deststring. (See REF STRINGS).

For creating ordinary vectors the 'curly braces' can be used to sinplify
t he synt ax

There are several procedures that apply equally to different sorts of
vectors, notably <> which can be used to join two vectors of the sanme
type, e.g. two strings, or two full vectors:

‘one string ' <> 'and another' =>
** one string and anot her

{one vector} <> {and another} =>
** {one vector and another}

As expl ai ned above, there are other generic procedures that apply
equal ly to vectors and records, e.g. appdata, fill, explode, datalist,
copydat a

-- OBJECTCLASS: an Object-Oriented extension to Pop-11 ----------------

Note: in some versions of Poplog it will not be possible to conpile
bj ectclass directly, with the "lib" or "uses" comand. In that
case try

conpi | e(" $usepop/ pop/ | i b/ prot o/ obj ectcl ass.p');

LI B OBJECTCLASS nakes avail abl e an object-oriented programm ng (OOP)
extension to Pop-11. This provides a natural extension to the notion of
a recordclass with the added features:

o Different classes can share fields, and associ ated procedures.

o Information can be inherited fromone class to other classes (its
sub-classes). In hjectclass "~ "multiple inheritance'' is supported, so
that classes can inherit fromnore than one superclass

0 Procedures (known as nethods) can be defined which behave differently
dependi ng on the classes of their argunents. This is already true of
some built in procedures: e.g. the arithnmetic operators such as + behave
di fferently depending on whether their argunents are integers,

bi gi ntegers, decinals, ratios, etc. Because their behaviour depends on
the classes (or types) of nore than one argument they are sonetines
known as ~"multi-nmethods''. ojectclass includes multi-nethods.

0 hject Oriented programmi ng al so adds an el enent of " “data
encapsulation'' or ““data hiding'' in that details of an inplenentation
of a particular type may be hidden fromthe users of that type. (This is
not unique to OOP: it is an aspect of all good programm ng, and was

al ready an aspect of vectors and records in Pop-11.)

Sone OOP systens, e.g. Smalltalk, are based on the notion of "nessage
passing". This is not used by Objectclass: it follow the Commobn Lisp
bj ect System (CLOS) in using multi-methods instead. All the behaviour
of a nessage passing system can be obtained as a special case

The Objectclass library is remarkable in the way that it neatly nmaps OOP

i deas onto existing Pop-11 ideas. The correspondence of ideas is as
follows :-
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nmet hods:
procedures, which act according to the type of their
argunents.

i nst ances:
records, the instance variables of which are sinply the
fields of the record and are accessed by appropriate nethods

cl asses:
keys, although the keys that play the role of classes are
gi ven sone extra fields (via hidden properties) so that they can
provi de inheritance of behaviour

Because this is a natural napping, the overhead of a method call is
relatively low This nmeans that the objectclass package provides an
efficient nmeans of doing object-oriented progranm ng.

I f your Poplog systemincludes Objectclass, you can get an introduction
by | ooki ng at TEACH OBJECTCLASS EXAMPLE. More detail ed technica
information is provided in REF OBJECTCLASS.

-- -- Some exanples of the use of bjectclass

Here is a sinple definition for an objectclass to represent people. W
assune each person has a nanme, an age and a sex. The class definition
has "slots" for each of these. W can specify default values for

sone of these attributes, as in the follow ng exanpl e:

define :class person
sl ot person_nanme = "no_nane"

sl ot person_age =0
sl ot person_sex;
enddef i ne;
Slots for which no default value is provided will have the word "undef"
as val ue.

You can then use this to create an instance of the class. Various
syntactic forms are available for this. Here is one of them to create
an i nstance of class person, where the variable xxx will have the new
i nstance as its val ue:

define :instance xxx:person;
person_age = 27,
person_sex = "femnal e"
enddefi ne;

;;; look at the val ue of xxx
XXX =>

** <person person_name: no_nane person_age: 27 person_sex: femal e>

7, XXX can be given a nanme, as if it were a record with a field
;;; accessor/updater person_nane

"mary" -> person_nane(xxXx);
XXX =>
** <person person_nane: mary person_age: 27 person_sex: femal e>

-- -- Defining an objectclass method

oj ectcl ass nethods are procedures that act differently depending on the
types (keys) of their argunents. Conpare the way the Pop-11 operator
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"<>" can be applied to words, lists, strings, procedures, etc.

Different definitions of a nethod are needed for each conbination of
obj ectcl asses. For exanple, you could wite a method for giving a person
a birthday.

define :method birthday( p:person );

| vars age;

person_age(p) + 1 -> age;

age -> person_age(p);

[ Happy birthday ~(person_nane(p)) - now aged “age] =>
enddef i ne;

This method can be applied to xxx

per son_age(xxx) =>
** 27

bi rt hday( xxx) ;

** [Happy birthday mary - now aged 28]
per son_age(Xxxx) =>

* % 28

It would be possible to define a different version of the "birthday"

met hod for cars. For exanple, the car version mght print out a rem nder
to get the the car's licence renewed and its insurance reval ued
Simlarly if "child" were a subclass of "person" then a special birthday
met hod coul d be defined for instances of child and it would take
precedence over the default nethod for person. E.g. it might light sone
candl es and sing a song.

-- -- Defining a subclass of a class

We can define a new subcl ass of persons, called adults, with default age
18, who are able to have a spouse, as in the next exanple. The spouse
may be nonexi stent, which we'll neke the default, represented by the
bool ean false. Note that the second line of this definition specifies
that the adult class is a subclass of class "person". That neans that

all the slots and nethods previously defined for persons will
automatically be applicable to adults.

define :class adult;

i s person; ;;; specify superclass

sl ot person_spouse = fal se; ;;; and additional slot

sl ot person_age = 18; 77 A new default age
enddef i ne;

define :instance yyy:adult;
person_sex = "male";
enddefi ne;

Let's give yyy the nane "fred".
"fred" -> person_nane(yyy);
yyy =>

** <adult person_nane:fred person_age: 18 person_sex: nal e
per son_spouse: <f al se>>

The TEACH files referred to give nore information including howto
define a method called marry, that is applicable to two adults and nakes
each of themthe spouse of the other

The Graphical bject library gives many nore exanples, used for
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defining objects that can be useful conponents of graphical interfaces,
some of whose nethods are invoked by actions performed by the user with
a nouse.

[ To be continued]
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-- APPENDI X
-- -- Additional topics and rel evant docunentation files

The previous chapters nerely provide an introduction to the Pop-11
| anguage. A nore conplete definition can be found in the online Poplog
REF files.

The rest of this section provides some pointers to further infornmation
that m ght be useful.

Wrds and identifiers
words, the dictionary, identifiers, cancel, synonyns,
val of , idval, identprops, identtype, sections
(REF * WORDS, REF * | DENT, REF * SECTI ONS))
(HELP * W\ORDS)

Ascii character codes, special graphic codes in VED

HELP * ASCI |, REF * | TEM SE/ G aphics

Dat a structures, classes,
def cl ass, recordclass, vectorclass keys, conskey, class_print,
class_apply, etc.
(REF * DEFSTRUCT, HELP * RECORDCLASS, REF * DATA, REF * KEYS)
Control facilities for use in Pop-11 procedures
chain, chainto, chainfrom breakto, breakfrom catch, junpout, etc.
(REF * PROCEDURE, HELP * CONTROL)
Character and item streans
di scin, discout, charin, charout,
item ser, incharitem proglist
macros, syntax words, and code planting procedures
(REF * CHARIO, REF * | TEM SE)
Fil e handling
syscreate, sysopen, sysread, syswite, sysdelete, pop_file_versions
di scin, discout, discappend
(REF * SYSI O

Pi pes and mail boxes

syspi pe, pipein, pipeout
(REF * SYSI O

Arrays
newarray, newanyarray, arrayvector, boundsli st
(REF * ARRAYS)

I nterrupt handling
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interrupt, vedinterrupt, popready,
signal handling (sys_send_signal, sys_signal_handl er)
(See REF * SYSTEM REF * S| GNALS)

Active variables (with associated procedures that run when the variable
is accessed or updated).
HELP ACTI VE, HELP DLOCAL, REF | DENT

REF * active, * nonactive

Dynam c | ocal expressions (expressions whose values are automatically
accessed and saved on procedure entry and restored via updater
procedures on procedure exit):
HELP DLOCAL
REF VMCODE has two rel evant sections, entitled
-- Dynamic Local Expressions
-- More On Dynamic Local Expressions
Processes ("lightwei ght processes")
consproc, consprocto, runproc, suspend, resume
(REF * PROCESS, HELP * PROCESS,
HELP * ACTOR (may be cal |l ed NEWACTOR))
Li brary nechani sns,
aut o- | oadi ng, search lists, popautolist, popuseslist,
docurment browsing facilities, vedgetsysfile
Di fferent categories of docunentation and libraries
private help (etc) libraries
(REF * LI BRARY)

'fast ' procedures. Efficiency "tips"

See HELP * EFFI Cl ENCY, REF * FASTPROCS

The garbage coll ector and nmenory managenent procedures.
sysgar bage, popgcratio, popnmemim pop_callstack_|lim
(REF * SYSTEM

Error handling and war ni ngs.
prm shap, m shap, prwarning, prautol oadwarn, popwarni ngs
(REF * M SHAPS)

Timng facilities
tinme, profile, tinmediff, sys_tiner,

(See REF * TI MES)
Debuggi ng, tracing and profiling aids

(REF * TRACE, HELP * DEBUGGER, HELP * PROFI LE)

Printing
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pr, Syspr, sys_syspr, =>, ==> pop_pr_quotes, pop_pr_radix
(REF * PRI NT)
VED as a general purpose front end

(REF * VEDPROCS, REF * VEDCOMMS, REF * REGEXP from Version 14.5)

Cal ling external procedures
(HELP * EXTERNAL
REF * EXTERNAL, REF * EXTERNAL_DATA, REF * DEFSTRUCT)
Saved i mages
syssave, sysrestore, sys_|ock_system
(REF * SYSTEM HELP * MKI MAGE, HELP * SYSSAVE)
Initialisation, and startup files.
init.p, vedinit.p vedinitfile, vedfiletypes etc.
(REF * SYSTEM REF * VEDTERM NALS
HELP * INITIAL, HELP * TERM NAL, HELP * VEDFI LETYPES)
Exi ti ng Popl og
sysexit and related procedures, popexit, vedpopexit
ved_xx, ved_qq
(REF * SYSTEM
Syntactic sugar available in Pop-11
swi t chon
form
prefix
Defini ng new define_forns

HELP * DEFI NE_FORM

Defining new | oopi ng constructs

HELP * FOR_FORM

A selection of useful or interesting library packages

dat abase, add, renove, foreach, forevery,

sets
profile
showt r ee

vturtle/turtle
granmar/tparse/facets
f or mat

nsbl ocks

prefix

Programming style in Pop-11
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(TEACH * PROGSTYLE, HELP * EFFI Cl ENCY)

The X window facilities in Poplog Pop-11 are very rich and conpl ex.
You mght start with

HELP * X
REF * X
TEACH * RC_GRAPHI C
TEACH * PROPSHEET
(Warning: up to version 14.2 the latter is inconplete!)

For a nore conplex list of detailed REF files expanding on the
definition of Pop-11 see REF * | NDEX

For a list of Pop-11 ref files concerned with the X interface see

REF * XPOPI NDEX

The file HELP NEWS al ways gi ves informati on on recent changes to Popl og.
It will usually refer you to older versions of the file giving a reverse
chronol ogi cal history of the devel opnent of Pop-11 and Popl og. There are
other news files for Prolog, Lisp, M, and X

-- -- Overview of REF files
The following is an extract from REF * REFFI LES

REF *| NDEX
--- List of REF files

REF * ARRAYS
--- Arrays and array procedures (see al so HELP * ARRAYS)

REF * ASYNC
Descri bes asynchronous traps and signals in Poplog.

REF * CHARI O
--- Character streaminput and output (See also HELP *10O

REF * DATA
--- GCeneral data procedures and datatypes (See also
HELP * PROGRAMM NG

REF * DEFSTRUCT
--- POP11 syntax for defining and accessing structures

$usepop/ pop/ r ef / doc_i ndex
--- This is not aref file, as explained above.

REF * DOCUMENTATI ON
--- The Popl og online docunentation system

REF * ENVI RONMENT_VARI ABLES (Uni x onl y)
--- Environnent variabl es defined by the Popl og system

REF * EXTERNAL
--- Loading & calling external procedures from Poplog (See also
HELP * EXTERNAL, *PROGRAVMM NG)

REF * EXTERNAL_DATA
--- Using external data structures in Poplog

REF * FASTPROCS

TEACH PRIMER: Aaron Sloman's overview of Pop-11 275



--- Fast procedures (See al so HELP *FASTPROCS, LIB *SLOAPRCCS)

REF * FLAVOURS
--- The flavours object oriented |anguage (See also
HELP *FLAVOURS). Made obsol ete by bjectcl ass.

REF *1 DENT
--- ldentifiers (constants and vari abl es)

REF *1 NTVEC
--- Signed integer vectors (See also REF *DATA, *VECTORS,
*STRI NGS, HELP * PROGRAMM NG

REF *1 TEM SE
--- Item sation and | exical syntax. See al so REF *POPCOWPI LE

REF *KEYS
--- Information on classes and keys (see al so HELP * PROGRAMM NG
* CLASSES, * DATASTRUCTURES)

REF *LI BRARY
--- Poplog library nechani snms, including autol oadi ng

REF *LI STS
--- Lists and pairs (see also HELP *LI STS)

REF *LOG CAL_NAMES (VMS onl y)
--- Logi cal nanmes defined by the Popl og system

REF *M SHAP_CODES
--- Some error messages include a "code" abbreviating the
message. This file includes full explanations and Cross-
references to relevant information about the error. (See also
HELP *M SHAP)

REF *M SHAPS
--- Poplog mnmishap (error) handling (See also HELP *M SHAP,
* PROGRAMM NG)

REF * NEWC_DEC
--- Procedures concerned with the "new' interface to externally
| oaded C prograns. See HELP * NEWC DEC for nore details.

REF * NUVBERS
--- Nunmber data types and nunerical procedures (See also HELP
* NUVBERS)

REF * OBSOLETE
--- bsolete  features still support ed for backwar ds
conpatibility

REF *POPCOWPI LE
--- POP11 conpil er procedures

$usepop/ pop/ r ef / popi ndex. *
--- These files (which really should be in another place) are
used by the *POPI NDEX and *VED SOURCEFI LE nechani sns.

REF * POPSYNTAX
--- POP11 syntax in diagramform

REF * PRI NT
--- Printing procedures, etc (See also HELP *I1 O, HELP *PRI NT)

REF * PROCEDURE

--- The nature of procedures and closures, list of predicates
operating on procedures (See al so HELP * PROGRAMM NG, * DEFI NE)
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REF

REF

REF

REF

REF

REF

REF

REF

REF

REF

REF

REF

REF

REF

REF

REF

REF

REF

* PROCESS
--- The Popl og "process" nmechanism (See al so HELP *PROCESS)

*PROGLI ST

--- The input stream used in Poplog by nany system nodules,
including the POP11 conpiler. (See also REF *ITEMSE, REF
*CHARI O, HELP * PROGRAMM NG)

* PROLOG
--- Procedures that support the Prolog systemin Poplog

* PROPS
--- Properties (association tables) (See al so HELP *PROPERTI ES)

* PWM
--- The original Poplog Wndow Manager (now defunct, as it
requires Sunview).

* RECORDS
--- The reference and boolean data types (See also
HELP * RECORDS)

* REFFI LES
--- Overview of REF files, with the information presented here.

* REFFORM

--- Describes the format of REF files, explains the conventions
used to indicate the types of argunents and results of
procedures, and provides sone VED utilities to help creation of
REF files in the proper fornat.

* REGEXP
--- Describes the Pop-11 regul ar expression matcher, used in VED
and other Poplog facilities, for searching in strings.

* SECTI ONS
--- Sections (hierarchies of permanent identifiers) (See also
HELP * SECTI ONS)

* SHADOWCLASS
--- Mechanisns for bridging the gap between Pop-11 data
structures and external structures, e.g. for C prograns.

*S| GNALS
--- Contents now transferred to REF * ASYNC.

* SOCKETS
--- A set of procedures for creating and operating on Unix
socket s.

* STACK
--- The POP1l1l stack and procedures for operating on it (See also
HELP *STACK, TEACH * STACK)

* STRI NGS
--- Strings (See al so HELP *STRI NGS)

* SUBSYSTEM
--- Describes nmechanisns for handling sub-systens |ike Prolog,
Pop-11, Lisp, M. and switching conveniently between them

* SYNTAX
--- Information on POP11 syntax words (See al so * PROGRAMM NG

*SYSI O
--- Device Input & OQutput procedures, including pipes and
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mai | boxes

REF * SYSTEM
--- Various Poplog systemcontrol procedures, including starting
up, interrupts, saving and restoring saved i nages, etc.

REF * SYSUTI L
--- QOperating Systemutility procedures

REF *TI MES
--- Date and Tine and Ti mer procedures

REF * TRACE
--- Information about tracing Pop-11 procedures.

REF *VECTORS
--- Standard full vectors (see also HELP *VECTORS)

REF *VED
--- Overview of REF files about the Poplog editor, VED

REF * VEDCOMVS
--- Summary of VED <ENTER> conmands

REF * VEDPROCS
--- Summary of VED system procedures

REF *VEDTERM NALS
--- Summary of VED termnal types and terminal initialisation
pr ocedur es

REF * VEDVARS
--- Summary of VED s global control variables

REF * VMCODE
--- The Poplog Virtual Machine (See al so TEACH *VM

REF *WORDS
--- Words and the Popl og dictionary nechani sm

REF *W/ED
--- Variables and procedures associ ated with Wndowed VED,
i.e. XVed and PWM

There are additional REF files to be found in

$usepop/ pop/ x/ ved/ r ef
$usepop/ pop/ x/ pop/ r ef

and, at least in Poplog versions 14.5 and 15.0,

$usepop/ pop/ | i b/ prot o/ go/ r ef
--- Information about the graphical objects system

$usepop/ pop/ | i b/ prot o/ obj ect cl ass/ref
--- Information about the objectclass system
In later versions of Poplog those two sets of files nay be noved
somewhere el se.
-- VM5 DCL or UNI X shell commands in Pop-11

(A) For UNI X users:

You can give a UNI X Shell conmmand by typing a dollar as the first synbol
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on the line, followed by the conmand, e.g.

$Is -1 *.p
On UNIX if you use a percent synbol '% instead of the dollar, you'll
get the CSHELL rather than the SHELL. In that case you can use the

character '~ in file names to identify a user's login directory. E. g.
%ls ~fred

will get alisting of fred's directory (if it is readable by you)

wher eas

$I1s ~fred

wi Il produce a nessage about ~fred being "not found".

If you use '!' as the shell "escape" character, then you will get

whi chever shell is the currently value of the Unix environnment

vari abl e $SHELL

To switch tenporarily to a sub-SHELL, so that you can give a series of
conmands, type one of "%, '$ or '!' on its own, at the beginning of a
line. Pop-11 will be tenporarily suspended, and you can give SHELL
conmmands. Later, you can |leave the shell by typing the end of file
character, or typing 'exit', after which you will return to where you
were in POP, or VED.

(B) For VAX VMS users:

DCL commands can be given by typing the dollar as the first synbol on
the line, e.g.

$ show tine

or
$dir *.p

If you type the dollar on its own at the beginning of a line it wll

spawn a new sub-process running DCL. You can type several DCL commands,

and then type "q" to termnate the DCL process and return to Pop-11.

See also the following facilities for invoking a shell or DCL from
a VED w ndow:

ved_i ntcsh ved_i msh ved_i ndcl

<= ADDI TI ONAL READI NG = = = = = - =« x =@ - m ot st ettt e

See
TEACH * TEACHFI LES

HELP * POP
Summary of online docunentation about Pop-11.

REF * REFFI LES
Overview of the online REF files which give the "definitive"
definition of the |anguage.

HELP * OBJECTCLASS
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This gives an overview of the main object oriented extension to
Pop-11, still under devel opnent.
TEACH * OBJECTCLASS EXAMPLE
This can be read after doing:
Iib objectclass

TEACH * FLAVOURS
An ol der object oriented extension to Pop-11, based on nessage
passi ng and nmuch influenced by Smalltal k.

HELP * DOCUMENTATI ON
G ves an overvi ew of online docunentation available in Poplog

See al so the books and articles in
HELP * POPREFS

James Anderson, editor, Pop-11 Conmes of Age
Ellis Horwood, 1989

This is a collection of papers on the history of dialects of Pop, the

features and benefits of the |anguage, and sone applications using
Pop- 11.

This docunent may be freely copied and distributed, as long as the
foll owi ng copyright notice is included. Please send coments and
corrections to

A. Sl oman@s. bham ac. uk

--- $popl ocal /1 ocal / teach/ pri nmer

--- Copyright University of Birm ngham 1999. Al rights reserved. ------
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TEACH VED Revi sed A. Sl oman Sept 1987

Using VED to create your own files

It is assuned that you have al ready worked through TEACH TEACH, and that
you al ready know how to use the SCREENDOMWN key to read a teach file.
This file introduces VED commands that go beyond what you |learnt from
TEACH TEACH. In particular it shows you how to create your own files.

NB - In order to work through this teach file, you will need to nake use
of a keyboard map showi ng where to find the different function keys on
your keyboard. Note that in many of the TEACH files the "angl e brackets"
< ... >are used to indicate a key that has a nane witten on it, e.g.

<ESC> <RETURN> <ENTER> <BACKSPACE> <LI| NEFEED> <LF>

When you see things like that you should not type the "<" and ">"
synbols. Just look for a key with that nanme on it.

It is strongly recommended that you neke short notes as you read on, to
hel p you renenber how VED works.

VED is a programfor creating and altering files. For exanple, all the
teach files were created with VED. Files are |ike docunments in a filing
cabi net, except that they are stored on a magnetic disc attached to the
conputer. In roughly the same way that a filing cabinet has separate
drawers, so the disc is divided into areas called directories. One of
these is your own personal directory, into which VED will put any files
that you create. In this way, your files will not be confused with
anyone el se's. (VED knows which directory to use because you gave your
"l ogi n" name when you | ogged in.)

The disc is the conputer's long termnenory. The conputer also has a
short term nenory which is used when prograns are running. You are now
reading a file which has been copied fromthe long termnmenory to the
short termmenory in order for you to look at it. Wen you create files
using VED you work in the short termnenory. Fromtime to time you wll
need to ensure that your file is copied fromthe short termto the |ong
termnmenory, so that you can access it if you come back again after

| oggi ng out.

Among the things you need to learn is howto start editing a file, how
to finish and save it on the disc, howto nove around the file you are
editing, howto insert text, howto delete text, how to copy or nove
bits fromone part of the file to another. VED has commands for all of
these actions, and many nore. Sone of the commands are done by pressing
a special key. Sone require you to press a sequence of keys. Sone are
done by giving a conmand on the command |ine. The TEACH TEACH fil e that
you started with introduced exanples of all these commands. |f you have
troubl e remenbering them you should go back to that file as follows:

Press: the <ENTER> key
type: teach teach
press: the <RETURN> key

When you have finished with that file you can QUT it with the comand
Press: <ENTER>

type: q
press: <RETURN>
to get back to this file.

Read on using the SCREENDOWN key.
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-~ TEACH AND VED COMVANDS - - - = - - == ==« == @ mm s oms o eoieo e oe oo

VED and TEACH are two ways of calling up the same system- so you are
already partially famliar with VED. The POP-11 conmmand

teach wi ndow

tells the systemthat you want to use VED to | ook at the teach file
call ed WNDOW (Renenber - that was the one that told you about using
<ESC> w to see a larger wi ndow on the screen.)

Simlarly, you can use the POP-11 conmand

ved vednotes
to tell VED you want to work on a file of your own, called 'vednotes'.
There are two inportant differences between the TEACH and VED commands:

1) TEACH |l ooks for files in a special directory of teach files,
whi |l e VED uses your own directory. (It is possible to make VED
| ook el sewhere, but we won't go discuss that here.)

2) VED allows you to put new files, or altered versions of old ones,
into long-termstorage in your directory on the disc. Although
TEACH pernits you to change the copy of the teach file that you
are looking at, it won't store the changed version on disc. So
you don't have to worry about dammgi ng teach files. No matter
what you do to the text displayed on your screen, the copy of a
TEACH file in long-term storage renains intact.

Since VED and TEACH are just different names for the same system the
TEACH conmands | i ke SCREENUP work in VED too. The sane applies to other
conmands t hat you have al ready | earned.

B o 2T

Many term nals now have, besides the normal typewiter keys, additional
keys referred to as "function keys". They nmay have narks on them Iike
F1, F2, F3, etc. O they may have other synbols such as arrows or
letters.

These keys, when pressed, transnmit special signals to the conputer. VED
can be told to respond to such a signal by doing something that woul d
otherwi se require you to press several keys. So pressing a function key
can save you tinme and effort.

You have already learnt fromthe TEACH TEACH file that there are keys
cal | ed SCREENDOM and SCREENUP and ot her keys for noving the cursor
around. Depending on the terminal you are using there may al so be keys
for noving a "word" at a tinme, left or right, deleting chunks of text,
"marki ng" a chunk of text, moving or copying a chunk of text, and
perform ng ot her tasks.

Your system admi nistrator, tutor, or Poplog supplier should provide you
with a keyboard map for the kind of terminal you are using (unless VED
has not been custom sed for your termnal).

Most terminals do not have sufficient function keys for all the tasks
VED has to perform There are two additional ways commands can be given.
One, which you have met fromthe first TEACH file, uses an ENTER
conmand. E.g. <ENTER> 1 junps to the top of the file, and <ENTER> bye
can be used to | eave POPLOG
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In addition sone comrands are based on special sequences of keys. These
wi || depend on how your term nal has been set up. The TEACH files wll
assume certain defaults, but if you have had the editor converted to
ermul ate sone other editor, then these facilities will not work for you,
and you will have to consult the appropriate manual .

B o <l = B Y .Y =¥ = 1

You shoul d al ready know how to nove the cursor about the file, using the
SCREENUP and SCREENDOWN keys and keys that do small noves up, down, |eft
and right: CHARUP, CHARDOMWN, CHARLEFT, CHARRI GHT. On sone term nals
there are al so keys for diagonal noves, or for bigger noves in the eight
di rections.

Near the SCREENUP and SCREENDOWN key there are usually SCREENLEFT and
TEXTRI GHT (or SCREENRI GHT) keys, with arrows.

One key that is often useful, is the <LI NE FEED> key, marked LF on some
terminals. This positions the cursor at the beginning of the next I|ine.
It can therefore sonetines be referred to as the NEXTLINE key. It's
effect is |ike CHARDOM pl us SCREENLEFT.

The WORDLEFT and WORDRI GHT keys are al so useful for noving within a
line. Practice using all those cursor nmovenent keys until you feel very
fam liar with their operation.

<= I NSERTI NG NEW TEXT == -« - ==« -x - s m ot ot m et e oii i

Inserting new text is very sinple. You sinply position the cursor at the
poi nt where you want the new text to appear and then type in the new
text. Try doing that now. Put the cursor

here ->

and type your nanme, or anything else.

If you nake a nmistake, press the CHARDELETE key and see what happens.
CHARDELETE del etes the | ast character you typed, i.e. the character to
the LEFT of the cursor. (On sone keyboards w thout a <DEL> key the
<BACKSPACE> or <BS> key is given this role.)

You can insert text in the mddle of a line, and everything to the right
noves over to nake space for the new text.

Try inserting letters here -> inthe mddle of this line. Everything
noves to the right. If the line gets too big for the screen, it wll
split automatically. Try nmaking that happen. (This automatic splitting
wi || not happen when you use VED to create prograns.)

<= DELETING TEXT - - cm s mm o mm o m s e et ettt

To renpve text, position the cursor directly after the text to be

del eted and press the DELETE key once for each character you want to
remove. Just for practice renpve the asterisks HERE: ***** Noti ce how
things on the right shift left to fill the vacant space. Al so the cursor
keeps noving left as characters are del eted.

-- OTHER DELETE KEYS - - - cm o m s mmmmmome oot o e e ce oo

On many keyboards there is a key given the role of deleting the CURRENT
character i.e. the one the cursor is on. For accidental historical
reasons this is sonmetinmes called the DOTDELETE key (the "dot" character
"." being used in some systens to denote "here".) The keyboard nmap nay
say sonmething |ike "DELETE CHAR HERE"
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If you can find such a key on your keyboard map, put the cursor on the
"1" on the next line and repeatedly press the key:
HERE- > 123456789.

This tine the cursor does not nove |left as characters are del eted, but
things to the right of the cursor still nove leftwards to fill the gap.

You can also delete a whole word at a tinme. Using the WORDLEFTDELETE and
WORDRI GHTDELETE keys. These may be narked on the top of your keyboard,
or on your keyboard map. Put the cursor on the niddle of the line bel ow
and experiment with those two keys.

EXPERI MENT ON THIS LINE W TH THE KEYS FOR DELETI NG WORDS
Noti ce how they sonetinmes delete a space, sonetimes a word and a space.
They do this in a manner that corresponds to the way the WORDLEFT and
WORDRI GHT keys nove the cursor.

Look on your keyboard map for keys | abelled

CLEARHEAD LI NEDELETE CLEARTAI L
or
DELETE LI NE LEFT DELETE WHOLE LI NE DELETE LI NE RI GHT
The first of these will delete the characters to the LEFT of the cursor,

on the same line (the HEAD of the line). The second will delete the
VWHOLE |ine containing the cursor. The third deletes all characters to
the RIGHT of the cursor, |INCLUDING the character at the cursor |ocation
(the TAIL of the line). Experinent with these three keys by putting the
cursor in the mddle of lines a few paragraphs up and pressing them so
that you becone famliar with their action.

Try typing a line of text belowthis line then pressing the CLEARHEAD
key: HERE ->

On many terminals you can use CTRL-u as a CLEARHEAD key (i.e. hold down
the CTRL key, and tap the "U' key).

== BREAKI NG LI NES == - - cm s mm o m s e ettt et

The RETURN key has an effect that at may at first seemodd but is very
useful if you need to alter the layout of sone text. Position the cursor
in the mddl e of sone line and then press the RETURN key. As you w ||
see VED breaks the line into two; the part before the cursor stays where
it is and the part after the cursor is noved to a newy inserted |ine
bel ow the current line. Try it. You can find out bel ow how to join the
lines up again after breaking them

You can al so use the RETURN key to insert a new line in sonme text by
putting the cursor at the end of a line, then pressing RETURN. Try that
met hod of putting a new blank |ine above this one. |.e. go back to the
line (using CHARUP) then to the right hand end (using the TEXTRI GHT key
or CHARRI GHT). Then press RETURN. You'll get a new blank line. You can
renove it by pressing the CHARDELETE key.

== MERGA NG LINES -----m oo e e e e
If you press CHARDELETE (usually the <DEL> key) when the cursor is at the
begi nning of a line, the 'gap between lines' is deleted; that is the

line with the cursor and the |ine above are joined together.

Put the cursor at the beginning of the next |ine
(this line) and press CHARDELETE.

Then press <RETURN> to break the lines again. Practice breaking and
joining lines.
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If you are typing in text and get close to the right hand side of the
screen then VED will insert a new line for you automatically. Try that
now. Position the cursor at the end of the next line and start typing in
words, without pressing the RETURN key. Do it over HERE ->

You'l | see how VED automatically breaks the line.

(It doesn't do this when used for programfiles, whose nanes end with
".p' or '.lsp'" or '.pl' etc.)

<= LONG LINES == - - cm s mm o m e m e ot et e

If aline won't fit on the screen because it is too long, then VED will
display just the first part of the line. However, if you press the
CHARRI GHT key again and again the cursor will nove to the right hand
side of the screen and all the text on the screen will scroll or

junp left in a manner anal ogous to the way it noves up with the CHARDOAN
key.

Put the cursor on THIS very long line and try pressing the CHARRI GHT key | ots of tines.
To bring back the cursor to the beginning of the next line, press LINE

FEED or SCREENLEFT. Notice how a long line is indicated by a mark on the

ri ght of the screen.

-~ INSERTING A NEW LINE IN THE M DDLE OF TEXT ------cmmmmmmmmmomaomanas

Sonetimes you want to go back to a piece of text and add sonet hi ng
starting on a new line. There are two common ways of doing this. One is
to use the <RETURN> key, as described above, and the other uses special
keys (if available on your keyboard map) for LI NEBAOVE and LI NEBELOW

I f you have such keys on your map, try putting the cursor in various

pl aces and pressing the keys to see how they insert lines. The LI NEBELOWV
key does the sanme as TEXTRI GHT fol | owed by RETURN. LI NEABOVE does the
same as CHARUP, TEXTRI GHT, RETURN.

(You can al so use SCREENRI GHT instead of TEXTRI GHT for these.)

-- USING <ESC> X TO SWTCH FILES -------mmm - -
When you start creating your own files you will need to be able to
switch between your own file and the teach file telling you what to do.
You can learn how to do that by |ooking at another TEACH file. Try
<ENTER> teach sw t chwi ndow <RETURN>
You can finish that file with the conmand:
<ENTER> g <RETURN>
Try looking at it now.
The TEACH SW TCHW NDOW fil e shoul d explain to you how you can use the
<ESC> key followed by the X key to switch back and forth between two
files.
More generally, <ESC> x switches to the last file you were editing
before the current one. If that file is not already on the screen, then
it will be inserted in the upper half. You can subsequently use <ESC> x

to nove between the two files on the upper and | ower hal ves of the
screen.

TEACH VED: using the Poplog editor 285



<= REVI SI ON QUESTI ONS == - == === = === s o mm et ot i e oo e e

How do you delete a character to the left of the cursor?

How do you del ete the character under the cursor?

How do you delete the word to the left of the cursor?

How do you delete the word to the right of the cursor?

How do you delete part of a line to the left of the cursor?
How do you break a |line sonewhere in the m ddle?

How does VED indicate that a line is too long to be shown in full?
What does the LF (or Linefeed) key do?

How do you insert sone characters in the mddle of a line?
How do you nmerge two |ines?

How do you insert a new |ine above or below the current |ine?
How i s <ESC> x used?

After you have |l earnt how, by reading on, put the answers to these
questions in a file called VEDNOTES, for future reference.

-- CREATING A FILE OF YOUR OMN - - - - - - oo o - -
At last you are ready to start creating your own files!

Read all of this section carefully before doing any of the exanples in
it. There are inportant instructions towards the end.

So far, all you' ve done is nodify a copy of the teach file for VED. Now
isthe tine to try creating a file of your own. The first thing to do is
think up a name for your file. Filenanes can have a m xture of letters
or digits in them Exactly what sorts of characters can be included in a
file nane depends on the operating system VMS is far nore restrictive
than UNI X, but unless you know exactly what you are doing it is a good
idea to include only letters, nunbers, the dot "." and the underscore

" " (not to be confused with the hyphen ("-"). Sone versions of UN X
(SystemV Unix) allow only 14 or fewer characters in a file name. |If you
don't know the limts on the systemyou are using ask an expert.

WARNI NG On Unix systens you will be allowed to create file nanes
containing special characters, but if you do you may | ater have
great difficulty deleting, copying, or printing the files. The
characters nost likely to cause troubl e include:

question mark "?", asterisk "*", | ess than "<"
greater than ">", exclamation mark "!",
vertical bar "|" a space "

In particular if you include "*" or "?" or a space in your file name on
UNI X, you may have a lot of trouble later trying to delete it without
del eting sonme of your OTHER fil es.

f oobaz This is okay

my_file This is okay

nmy-file This is not reconmended

letter_to_my_num This is too long for sone Uni x systens.

file3 This is okay

3file Sone systens won't allow a nunber first

secr et This is okay, but it's a give away nane

nmyprog. p The 'suffix' tells VED that it is a POP-11 file
program pl The 'suffix' indicates a Prolog file
functions.|sp The 'suffix' indicates a Lisp file

You could give your file a nane based on your own nanme. E.g. if your
nane is Sally you could call the file "sallyl'. (Use |ower case rather
than capitals.) Alternatively if you are going to use your first file to
store notes on the editor, call it 'vednotes'.
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Let's say that you've decided to call your first file sallyl. To tell
VED that you want to work on a file called sallyl you can do the
following. (NB NB Don't do it till you've read up to the line with
asterisks bel ow)

(a) Press: ENTER
(b) Type: ved sallyl (Use DELETE key to correct nistakes)
(c) Press: RETURN

Wien you do this (assuming you don't yet have a file with the nane you

have chosen) VED will tell you that it's starting a new file and cl ear

hal f the screen to give you a window to type in. This teach file (TEACH
VED) will still be visible on the other half of the screen.

(d) You can then type in sonething, eg a summary of the VED
conmands, a poem or any old nonsense.

Use the <ENTER> teach command, or <ESC> x to get back here.

-- SCROLLING THE "OTHER' FILE UP OR DOWN <ESC> LF and <ESC> BS --------

While you are typing in your owm file, the cursor will be in the new
wi ndow and the SCREENUP and SCREENDOWN keys will nove the cursor within
t hat w ndow.

If you wish to read nore of this file you can use <ESC> x (as expl ai ned
in TEACH SWTCHWNDOW to cone back to this file, then press SCREENDOMN
to get nore of this file on the screen, then use <ESC> x to go back.

That can be a bit tedious, so VED has a "shorthand" method of doing
that by neans of the <ESC> <LI NEFEED> (or <ESC> <LF>) sequence.

That is, you can still scroll THISfile in the other w ndow, using <ESC>
<LI NEFEED> to get the effect of SCREENDOMWN. Try it by going to your
other file with <ESC> x then pressing <ESC> <LI NEFEED> a few tines to
read nore of this.

You can also scroll the "other" file UPwards by using <ESC> fol |l owed by
t he <BACKSPACE> key (sonetinmes narked BS).

So
<ESC> <LI NEFEED> i s equivalent to: <ESC> x SCREENUP <ESC> X

whi | e
<ESC> <BACKSPACE> is equival ent to: <ESC> x SCREENDOMN <ESC> x

Having read this far, go back and do the instructions (a), (b), (c),
then use <ESC> <LINEFEED> to read ahead in this file, while you are
writing in the other. To | ook back at an earlier portion of this file do
<ESC> <BACKSPACE> (or <BS>).

<= SUMVARY AND QUESTI ONS - - - - = ===« = m s s m o me e iia e

It's a good idea to use your first file to type in a sunmary of what
you' ve | earnt about using the editor. E.g. call it 'vednotes' and in it
type answers to these questions.

What do the foll ow ng do:
Pressing the ENTER button
Pressing the CHARDELETE key in the middle of a line
Pressing the CHARDELETE key at the beginning of a line
Pressing the RETURN key with the cursor in mddle of aline
Typing ESC then w
Typi ng ESC then x
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Typi ng ESC then pressing the LINE FEED key

Typi ng ESC t hen pressing the BACK SPACE key

Pressing the keypad keys on the right

How do you delete a whole word at a tinme?

How do you insert text?

How do you split a line in the m ddle?

How do you start creating a new file of your own?

Whi ch keys delete whole line, line to left, line to right?
How do you quit a file?

-- SWTCH NG BETWEEN A TEACH FILE AND YOUR OMWN FILE -------------------

You may want to switch back and forth between reading this teach file
and editing your own file. You can get back to this file by:

Press: ENTER
Type: teach
Press: RETURN

You can get back to editing your own file by giving the conmand:
ENTER ved

Just as the TEACH command renenbers what teach file you are working on,
so the VED comrand renmenbers what file of your own you have npst
recently been editing, if you give it no nane.

Alternatively, the <ESC> x (eXchange files) conmand can be used.

<= PRINTING YOUR FI LE === -ccm e e e e e et i

When you have finished putting sonething in your file, you can ask the
computer to print it on the line printer, as foll ows:

ENTER print

If there is a tutor or a denonstrator present ask himor her to show you
how to coll ect your print-out fromthe printer.

-~ WRITING FILES TO THE DI SC : <ENTER> W == --=c--cmmmmmmmmaomaoaamaaon

Cccasionally VED will "beep" and print out a nmessage saying

' VEDAUTOMRI TE' and put a copy of what you have done so far onto the
di sc, so that your work is safely stored if something goes wong, e.g.
there is a power failure and the machi ne suddenly stops.

You can force VED to save all your work so far on the disc, at any tine,
by giving the
<ENTER> w

conmand to "write" your files to the permanent store on the disc.
I f you have only been |l ooking at TEACH files it will do
not hing. But if you have been working on your own files it will see if
any of them have had any changes nmade since |last being "witten", and if
so it will wite them ie. save themon the disc. It is a good idea to
type

<ENTER> w

every time you have made sonme significant changes to your file,
especially if you are tenporarily stopping, e.g. to read sonething or
talk to soneone. \Wen you | eave POPLOG with the ' <ENTER> bye' command it
will wite your files automatically. However, the "quit" conmand

' <ENTER> q' described belowis different.
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<= LEAVING A FILE WTH <ENTER> - - - === mcssmmmmmmaaaaomcaaaoocas

If you have started typing a file in for practice and deci de you don't
want it stored on the disc, then you should put the cursor into the file
concerned and give the command:

ENTER q

(ie.. g for QUT).

I f you have typed or deleted sonething in the file, VED will check that
you really do want to abandon the result of your efforts. VED will say,
on the command |ine sonething |ike:

FILE CHANGED. WRITE IT? Type 'y’ OR'n' OR'c' TO CONTI NUE

You should normally respond by pressing the Y key, i.e. say "YES' you
want VED to wite the file on to the magnetic disc, so that you can get
at it again when you next log in. If the file contains only rubbish that
you don't want saved, You can press the N key to quit wi thout saving the
file.

<ENTER> g

Does not ask for confirnmation when you quit a TEACH file. If you have
made some changes to it they will sinply be ignored, so that next tine
you look at the file it will be inits original state.

However, if you quit a file of your own after you have done something to
it, this could be a slip, and VED checks so that your work is not all
lost. Try the follow ng:

<ENTER> ved junkfile

(or choose a nane of a file that you al ready have, but have not yet
done any work on). Then type in or delete some characters in the file.
Then do

<ENTER> q

Because it is your own file, VED will say, on the command Ii ne:
FILE CHANGED WRITE I T? TYPE 'y' 'n" or 'c' TO CONTI NUE

If you type just 'c¢' VED will abandon the QU T comrand and the cursor
will go back to where it last was. Try that, i.e. <ENTER> q, then press
the C key. Then do <ENTER> q again, and this tinme type just 'n'. The
file will be abandoned and left as it was originally on the disk, if
there was one, or the new file you' ve created will not be stored. You
should only type 'n' when you really want to ABANDON the work you have
done. Normally you should type 'y' and your file will be saved on the
di sk.

Try editing one of your files again, type something into it, do <ENTER>
g, then respond 'y'. You'll see VED say that it is witing the file. If
you then edit it again you will see that your changes are still there.
After quitting your file you can then |eave POP-11 and | og out, or do
sonet hi ng el se.

- LEAVI NG POPLOG W TH <ENTER> BYE - === - ccccmmmmmmaaaaooccaao e

If you've had enough for now and want to | og out then you can | eave VED
wi th the comrand:

ENTER bye
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-- Related TEACH files ---------mmmmmm oo

TEACH BUFFERS shows how you can switch between different files when you
have nore than two files in the editor. You will want to do this once
you begin witing POP-11 prograns, so you should read TEACH BUFFERS
next .

If you want to continue now, then quit this file and try
TEACH MARK - this tells you howto mark ranges in a file.
Then if you want to use the editor for typing in progranms, try

TEACH LMR - this tells you howto COWILE a marked range in a program
file.

TEACH VEDPOP - gives you an introduction to using the editor to create
POP- 11 prograns.

If you are not interested in progranmmng, try:

TEACH MOREVED - it describes sone of the nore advanced editing
facilities, including an introduction to searching commands in VED. |f
you are devel oping progranms it is not as inportant as TEACH MARK, LMR
and VEDPOP.

<o HELP FILES - - - s o s s et ot ot il

There is a command HELP, simlar to TEACH that gives you access to a
directory of help files. Help files give brief descriptions of the
usage of various terns in POP-11, eg. HELP VED is a sunmary of VED
facilities for nore experienced users.

<= USING <ENTER> g A TABLE OF CONTENTS - ----ccsmmmmmmmaaaamcaaaa e

Read on to see how to use the table of contents belowto junp to a
required portion of this file.

CONTENTS OF THI' S FILE

-- | NTRODUCTI ON

-- TEACH AND VED COMVANDS

- - VEDKEYS

-- CURSOR MOVEMENT

-- | NSERTI NG NEW TEXT

-- DELETI NG TEXT

-- OTHER DELETE KEYS

-- BREAKI NG LI NES

-- MERA NG LI NES

-- AUTO BREAK

-- LONG LI NES

-- INSERTING A NEWLINE IN THE M DDLE OF TEXT
-- USING <ESC> x TO SWTCH FI LES

-- REVI SI ON QUESTI ONS

-- CREATING A FILE OF YOUR O\N

-- SCROLLING THE "OTHER' FILE UP OR DOM <ESC> LF and <ESC> BS
-- SUMWARY AND QUESTI ONS

-- SW TCHI NG BETWEEN A TEACH FI LE AND YOUR OMN FI LE
-- PRI NTING YOUR FI LE

-- WRITING FILES TO THE DI SC : <ENTER> w

-- LEAVING A FILE WTH <ENTER> q

-- LEAVI NG POPLOG W TH <ENTER> BYE

-- Related TEACH files

-- HELP FI LES
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-- USING <ENTER> g A TABLE OF CONTENTS
-- USING THE TABLE OF CONTENTS

<= USING THE TABLE OF CONTENTS = - - - - - c s mmmmmao o omcai oo oiee e

Many of POPLOG s teach and help files have an index formatted |ike the
above table of contents. Sometimes the index is at the beginning of the
file, rather than at the end, like this.

If you wish to go direct to a part of the file nentioned in the table,
you can put the cursor on the appropriate line in the table and then
press the key sequence:

<ENTER> g <RETURN>

If you sinply give that command now, then VED will junp to the start of
the index. Try it now, as follows, after you have read down to the row
of asterisks:

Press <ENTER>

Type g
Press <RETURN>

This will take you to the top of the table. Mve the cursor down to the
entry for a section you would like to | ook at again, using using the
CHARDOMN key, and then repeat the command

<ENTER> g <RETURN>

to look at the section. To get back to the table use the sane conmand.
Try all that now

EE R S S R I R R R I R R I I

--- C all/teach/ved
--- Copyright University of Sussex 1987. Al rights reserved. ----------
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DOC VEDUSERGUI DE Rosalind Barrett, 1986

CONTENTS - (Use <ENTER> g to access required sections)

-- PREFACE

-- CHAPTER 1: CETTING GO NG

-- CHAPTER 2: MORE CONCEPTS AND TERM NOLOGY

-- CHAPTER 3: ENTERI NG VED

-- CHAPTER 4: POSI TI ONI NG THE CURSOR AND | NSERTI NG TEXT
-- CHAPTER 5: DELETI NG AND RETRI EVI NG TEXT

-- CHAPTER 6: MJLTI PLE EDI TS

-- CHAPTER 7: MARKI NG A RANGE

-- CHAPTER 8: SEARCHI NG AND SUBSTI TUTI ON I N VED

-- CHAPTER 9: LQADI NG FI LES

-- CHAPTER 10: WVRI TI NG AND QUI TTI NG FI LES

-- CHAPTER 11: FORMATTI NG TEXT

-- APPENDI X 1: TAI LORI NG VED

-- I NDEX: The VED commands described in the user guide
-- GLOSSARY

7 e
P.1 | NTRODUCTI ON

VED is a display-editor devel oped at the University of Sussex as
part of the POPLOG system an advanced progranm ng environnent
whi ch incorporates increnental conpilers for the |anguages POP-
11, Common Lisp and Prolog. Increnental conpilation enornously
speeds up program devel opnent and testing. POPLOG is used exten-
sively for Artificial Intelligence (Al) research, as well as for
nore conventional applications.

VED provides many built-in commands and has links to nobst parts
of the POPLOG environment. It can be used to edit text and pro-
gramfile, and to inspect files that formpart of the system The
latter includes accessing the on-line docunentation as well as
the extensive programlibraries which augment and extend the
basic systemfacilities. Aside fromits use as a straightforward
editor, VED has the capability to pass programtext direct to the
| anguage conpilers, and to pass data to and from user prograns.

VED provides a variety of operations for manipulating program
text, weither at the level of individual syntactic constructs or
within a whole file, including automatic formatting and indenta-
tion, substitution, cut-and-paste, etc. An individual construct
such as a procedure, a range of lines in a file, or indeed a
whole file, can be passed directly froman edit buffer to which-
ever conpiler is currently in use (POP-11, Lisp, Prolog). A pro-
cedure being edited can be conpiled or reconpiled with a single
keystroke.

POPLOG i ncorporates a large nunber of on-line docunentation
files, which fall into categories of HELP, TEACH, REF and DCC.
HELP files are usually short (but detailed) descriptions of a
particular feature of the system such as a single procedure.
TEACH files are longer, tutorial introductions to issues of Al,
POPLOG or programm ng in general, and sone contain exercises. DOC
and REF files docunment the POPLOG system and form a working
manual to the conpilers and systemfacilities.

P.2 THE FOCUS OF THE GUI DE

This guide is intended for those with a POPLOG system W refer-
ence online docunentation files at the end of each chapter. There
is no additional information in these files, though sone do pro-
vide exercises and others nmay provide infornmation about new
devel opnents since this guide was witten.
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Most of the commands in VED work regardless of the subsystem
(POP-11, COMMON LISP or PROLOG from which they were invoked. Un-
| ess otherw se indicated, everything works for all three com
pilers.

At present POPLOG runs under either the UNIX* or VMS operating
systenms. All features described are operating system i ndependent
except where ot herw se stated

* UNNX is a trademark of Bell Laboratories.
P.3 A TERM NAL | NDEPENDENT GUI DE AND "LOG CAL NAMES'

VED can be used on many different termnals wth varying key-
boards. This guide is ternminal independent, that is, instead of
referring to keys by their nunber and position on any particular
keyboard, they are referred to by their "logical nanme". Al ac-
tions in VED are brought about by a key or sequence of keys map-
ping onto a procedure. The "l ogical name" of such keys, is the
nane derived fromthe correspondi ng procedure.

In this guide you may need to read a phrase Ilike "the SCREENUP
key ... " as "the SCREENUP key sequence ..." if your VDU | acks a
SCREENUP key.

To find out where the actual keys are on your keyboard you will
have to | ook up the nmapping of the logical name to a key on your
termnal map. These will be supplied separately.

For nore information on key mappings see HELP VEDKEYS. This file
al so points to other HELP files which contain information on map-
pi ngs for various term nal types.

P. 4 NOTATION USED IN TH S GU DE

This guide uses different notation to distinguish between keys
which are standard to all terminals, and non-standard keys set up
for VED. Standard term nal keys are witten in upper case and
printed between angle brackets, for exanple <RETURN>, <SHI FT> and
<TAB>. The | ogi cal nanmes of keys set up for VED are witten in
upper case w thout the angle brackets, for exanple, the ENTER
CHARUP, SCREENDOVWN and LI NEDELETE keys.

Lower case words inside angle brackets are used to describe the
type of text that should be inserted. For exanple, the follow ng
instruction tells you to type the word "ved" followed by a file
nane and then press the <RETURN> key:

Type:

ved <file name> <RETURN>
You do not type the angle brackets thenselves, but provide a
string of characters capable of nanming a file on your nmchine
Anyt hing not in angle brackets, for exanple "ved", 1is presented
exactly as you would type it.
Nanes of procedures (including "VED'), categories of docunenta-
tion file, and nanmes of progranm ng | anguages are presented in

upper case

When we refer to "the POPLOG system we nean either one, or all
of the POP-11, COWMON LI SP and PROLOG subsystens.

P.5 FUTURE PLANS
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We hope in future to nmake avail abl e additi onal manual s including
an advanced VED users gui de explaining howto drive VED from user
progr ans.
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- CHAPTER 1: GETTING GOING == - - - n-nmmmmmmmmomoomoiaoe oo

1.1 | NTRODUCTI ON

This chapter provides a tutorial introduction to VED. It gives
step by step instructions to do the essentials, nanmely | ook at an
existing file, nake a new VED file, insert and delete text, and
store what you have done. It shows the effect of certain actions
and gives a brief overview of the main features of VED. Most im
portantly, it shows what a VED wi ndow | ooks |ike and explains the
associ ated term nol ogy.

1.2 PUTTING A TEACH FI LE ON THE SCREEN
This section shows one way to put a TEACH file on the screen.
Once inside the file, you can practice using VED to mani pul ate
the text. Any changes you nmeke to a docunentation file will not
be stored so feel free to experinent.
To your operating system pronpt type:

teach ved <RETURN>
The effect:

The TEACH file called "ved" is displayed in a "wi ndow' on the
termnal screen ready for editing.

1.3 VED W NDOWS
The term "window' in VED refers solely to windows into files and
has nothing to do with workstation wi ndows, such as those on a

SUN wor kst ati on.

A windowis a portion of the term nal screen whose size is neas-

ured in terms of "lines" (vertically) and "columms" (horizontal -
ly). The size of a window can be changed during an editing ses-
sion, and is Ilimted only by the line and col um boundaries of

the screen . Across the top of the windowis a line displaying a
number and sone words, in this case "EXAM NING teach ved". This
line is called the "command line". The nunber tells you which
line in the file you are currently on. Inside the windowis a
smal | marker known as the cursor. You nove around the file by

moving the cursor. The Iline the cursor is on indicates the
"current line". The file the cursor is in indicates the "current
file". The location of the cursor determ nes where the next text

nmodi fication (insertion or deletion) will be.

Nornmal |y your first VED window will take up only half the screen
so that previous printout remains visible in the upper half.
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1.4 MOVI NG AROUND THE FI LE

Now t hat you have a VED file on the screen, you can practise nov-
ing the cursor around. Myve it to the bottomof the screen by
pressing the SCREENDOVWN key. Move it back to the top of the
screen by pressing the SCREENUP key. Myve the cursor one place to
the right by pressing the CHARRI GHT key, one place down by press-
ing the CHARDOMN key, one place to the left by pressing the CHAR-
LEFT key, and one place up by pressing the CHARUP key.

As in this case, there are often nore lines in a file than the
wi ndow can display. If the cursor is at the bottom of the screen
and you want to see nore of the file, pressing the SCREENDOM key
noves the wi ndow down the file, forcing the previously displayed
text to scroll up out of the wndow Simlarly, pressing the
SCREENUP key when at the top of the screen forces the wi ndow to
nmove up the file and the previously displayed text to scroll
down.

Press the TOPFILE key to get to the top of the file, and the END
FILE key to get to the bottomof the file. Notice how t he nunber
on the conmand |ine changes as you nove the cursor up and down
t he wi ndow.

1.5 TYPING I N CHARACTERS

Wth the key presses shown above you can nove the cursor to any
position in the window. You are now ready to insert text. Sinply
nove the cursor to where you want to begin inserting text, and
type. Begin by putting the cursor on a blank Iine in TEACH VED.
When you cone to the right hand edge of the window, VED breaks
the Iline at a convenient place and puts the cursor at the begin-
ning of the next line. Try that. Alternatively, if you want to
start a new line before the current one is conplete, press the
<RETURN> key. This takes the cursor to the beginning of the next
line. It may involve shifting the text below the current |ine
down to nake space for a new blank line. Try that.

You may want to insert nore text than the wi ndow can display. The
text in the w ndow scrolls up or down in order for you to edit
files which are larger than the I ength of the w ndow.

If you want to insert words into an existing line of text sinply
position the cursor and type. Put the cursor at the begi nning of
a line of text in TEACH VED and type. This pushes the text to the
right of the cursor along far enough to acconmopdate the new text.
It does not overwite the existing text. VED breaks the |ine when
it becones too long for the w ndow.

1. 6 DELETI NG CHARACTERS

I f you nake a m stake while typing, press the CHARDELETE key to
delete the character imediately to the left of the cursor. Press
the LI NEDELETE key to delete the whole line that the cursor is
currently on. Put the cursor to the right of one of the words in
TEACH VED and press those keys to see the effect.

1.7 MERA NG LI NES

If you press the CHARDELETE key when the cursor is at the begin-
ning of a Iline, the gap between the current Iine and the |ine
above it is deleted. For exanple, insert the following two |ines

i nto TEACH VED:

Put the cursor at the beginning of the next |ine
(this line) and press the CHARDELETE key.
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The result will be: Put the cursor at the beginning of the next
line (this line) and press the CHARDELETE key.

Do as it instructs. Then press the <RETURN> key to break the
lines again. Practise breaking and joining |ines.

1.8 CREATI NG ANOTHER W NDOW

VED al |l ows you to display two windows into different files sinul-
taneously on the screen. Both have their own comand |ine, though
there is only ever one cursor. Follow the instructions below to
make your own VED file and display it on the portion of screen
not being used by TEACH VED:

press: the ENTER key (to put the cursor on the comand
line. Most conmands given to VED
during an edit session are given by
putting the cursor on the conmand
line in this way)

type: ved exanple (to tell VED you wish to access a
file called "exanple".
The command ved <fil enane> is
simlar to the command teach
<fil ename> except that it tells the
system you want to access a file of
your own rather than a TEACH file)

press: the <RETURN> key (to nmake VED do it and take
the cursor off the command |ine
into the new file)

The effect:

VED di splays the file "exanple" in a new window on the screen.
This wi ndow | ooks the sane and can be treated in exactly the sane
way as the existing one. If you already have a file called "exam
pl e" on disk, the npbst recent "version" will be displayed, other-
wise a new file of that name will be created.

1.9 SWTCH NG BETWEEN THE TWO FI LES

Now the cursor is in the file called "exanple". If you want to go
back to TEACH VED, press the SWAPFILES key. Simlarly, to go from
there back to "exanpl e" press the SWAPFILES key again. Practise
nmovi ng the cursor between the two files.

1.10 COPYI NG TEXT BETWEEN FI LES USI NG A MARKED RANGE

VED provides facilities for copying text fromone file to anoth-
er. For exanple, you may want to copy lines 3 to 9 of TEACH VED
into "exanple". This will involve "marking" those lines in TEACH
VED, and then copying the "marked range" into exanple. You wll
often find that you need to mark sections of text for different
reasons. Further details of this are given in chapter 7. For now
try the follow ng:

1. Move the cursor into TEACH VED
2. Put the cursor on line 3

You can do this with either repeated use of the CHARUP or CHAR-
DOMWN keys, or you can:

press: the ENTER key (to put the cursor on the command |ine)
type : 3 (the l'ine nunber you want to go to)
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press: the <RETURN> key (the cursor goes to line 3 of the file)
3. Mrk Iline 3 as the top of the range
press: the MARKLO key

VED displays a small mark to the left of line 3 to indicate where
the top of the marked range is

4. Go to line 9 by pressing the CHARDOM key 6 tines, or by do-
i ng:

ENTER 9 <RETURN>
5. Mark line 9 as the end of the range

press: the MARKH key

VED di spl ays the sanme small mark as before, and then joins the
two marks up

6. Mve the cursor back into "exanple" by pressing the SWAPFI LES
key, and position it on the |Iine above where you want the text be
i nserted.

7.
press: the ENTER key (to put the cursor on the command I|ine)
type: ti (this is the command to Transcribe In fromthe
other file)
press: the <RETURN> key (to carry out the command)

The effect:

The marked range in TEACH VED is copied into "exanple" starting
on the Iline below the last cursor position. Practise marking
ranges and copyi ng pieces of text between files.

1.11 REFRESH NG THE W NDOW

Cccasional ly, the text displayed on the screen will beconme jum
bl ed. One possible cause is a broadcast nessage. |f this happens,
tell the conputer to "refresh” the contents of the screen by do-

i ng:
press: the REFRESH key
1.12 COPYING FILES TO DI SK WHI LE EDI TI NG
It is advisable every twenty minutes or so to copy your files to
di sk. If you do not do this and the machi ne crashes you wll
| ose work. To do this:
press: the ENTER key (to put the cursor onto the conmand |ine)
type: w (which stands for Wite)
press: the <RETURN> key (to nake VED Wite the files)
The effect:
Any files that you are editing will be witten to disk wth the
exception of docunentation files such as TEACH or HELP files. You
can give this command fromeither file, and can continue editing
as normal once the command has been execut ed.

1.13 COPYI NG FI LES TO DI SK WHEN LEAVI NG VED

If you want to copy your files to disk and | eave VED at the sane
time do:
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press: the ENTER key
type: xx
press: the <RETURN> key

This will copy your files onto the disk and term nate the run of
the VED program You should then get the operating system pronpt
on the screen. Try that now. Practise going back into VED from
the operating systemand witing files with and w thout | eaving
VED.

1.14 SUWMARY

You have seen how to nake two VED files and display them sinmul-
taneously on the screen, how to nove the cursor around the w n-
dows and between files, howto insert and delete text, how to
copy text fromone file to another, and how to save your work on
the disk so that you can return to it after you have |left VED
These represent just sone of the very sinple actions in VED. Com
pl ete descriptions of the facilities followin later chapters.

The concepts and term nol ogy expl ained here were specifically to
do with VED wi ndows and i ncl uded

VED wi ndow
screen

cursor

cursor novenent
current |ine
current w ndow
conmand |ine

More general concepts and terminology related to VED are intro-
duced in Chapter 2

-- CHAPTER 2: MORE CONCEPTS AND TERM NOLOGY - --=--snmmmmmaomcomcaaaon

2.1 | NTRODUCTI ON

This section introduces sone of the termnology associated wth
VED files. The keywords and phrases covered here include:

file

di sk

guot a

fil espace
directory
wite to disk
buf fer

read from di sk
VED bufferlist
ver si on

2.2 CONCEPTS AND TERM NOLOGY

Files are stored on a magnetic disk attached to the conputer. The
disk is divided into areas called directories. You have an allo-
cation of area on disk (known as your "quota" or "filespace")
whi ch houses your own personal directory. VED puts any files you
create into your directory (unless told to put them el sewhere). A
directory as a whole is just a special kind of file. It may have
subdirectories containing yet nore files and directories

You can store your files on the disk by "witing them to disk"

They remain there indefinitely and thus the di sk can be regarded
as the conputer's long termnmenory. You cannot edit a file while
it is actually on the disk. Wen you invoke VED to | ook at and
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mani pul ate a file, it creates a tenporary copy of the file. This
tenmporary copy is known as a "buffer", and can be regarded as be-
ing in the conputer's short term nenory.

Buf fers can be created froma file which already exists on disk,
in which case the fileis "read in fromdisk”, or created from
scratch when no file of the specified name exists. In the latter
case the buffer starts off enpty. Changes you make to the buffer
will only be nade permanent by witing it to disk.

The term "VED bufferlist” refers to the collection of file struc-
tures VED currently has tenporary copies of. For nore infornmation
on the bufferlist see chapter 6 sections 1 - 3.

The words "file" and "buffer" may be used synonynously in this
gui de even though, strictly, they are distinct.

You can store nore than the nost recently witten copy of a file
on disk. We refer to these "back copi es" as "versions".

2.3 HELPFUL ONLI NE DOCUMENTATI ON
TEACH TEACH - How to use VED to read TEACH files

TEACH VEDPOP - Swi tching between VED and POP-11 or PROLOG
TEACH FILES - Information about files and directories and purging

-~ CHAPTER 3: ENTERI NG VED - = - - cncmmmmmmmaomeoieoomeoe oo

3.1 | NTRODUCTI ON

This chapter shows both how to nmake your own files and how to ex-
am ne the systenis docunmentation files.

3.2 ENTERI NG VED
3.2.1 Creating a newfile
Type:
ved <new file nane> <RETURN>
3.2.2 Accessing an existing file fromyour directory
Type:
ved <existing file name> <RETURN>
3.2.3 Accessing the systemonline docunentation using VED
POPLOG provi des five major categories of online docunentation -
the TEACH, HELP, REF, DOC and LIB files. You use VED to exam ne
them To invoke them type the nanme of the category of docunenta-

tion followed by the name of the file, for exanple:

teach <file nane> <RETURN>

hel p <file name> <RETURN>
r ef <file nanme> <RETURN>
doc <fil e name> <RETURN>

show ib <file nane> <RETURN>

If you are already running VED, precede the above command with a
press of the ENTER key.

If the file nane you give does not exist in the system VED
refers you to an index file in the appropriate category of docu-
mentation. |If no file name is given, but a file of that category
is currently in the bufferlist, VED accesses that file. O herw se
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it accesses or refers you to the appropriate index file.

Note for VMS users: since a DCL help facility already exists, it
is necessary to use the keyword "hlp" for POPLOG "hel p".

3.3 I NVOKING VED I N DI FFERENT CONTEXTS

VED may be invoked fromeither the nonitor (DCL on VMS; SH or CSH
on UNIX) or fromw thin the POPLOG system

3.3.1 Fromthe nonitor
G ve any of the commands in Section 2 to the nonitor pronpt.
3.3.2 Fromthe POPLOG system

To invoke VED fromthe POP-11 or PROLOG subsystem sinply follow
the pronpt with any of the commands in Section 2.

To invoke VED from COWON LI SP, precede the commands in section 2
with the "at" synbol, @

To invoke VED fromw thin VED, give any of the above conmands
fromthe conmand |ine (See Chapter 4 Section 3.2 for instructions
on how to give a conmand fromthe command |ine).

3.4 FI LE NAMES

The characters that can be used to nane a file are restricted
both by the nonitor and by the POPLOG system These restrictions
need not hinder you yet. Sinply follow the guidelines below to
get goi ng.

A valid file nanme usually contains al phanuneric characters and
underscores - additional characters nmay allowed - consult the
manual .  However, sone operating systenms nmay linmt the nunber of
characters allowed. For exanple, Unix SystemV (and derivatives,
Iike hp-ux) inpose a limt of 14 characters. BSD Unix 4.2/4.3
inpose a limt of 255 characters. VAX/VMS 4.x inpose a limt of
39 al phanuneric characters for the file nane and a limt of 39
al phanuneric characters for the file type. |If you are creating a
programfile, these characters should include a file type exten-
sion so that VED knows whi ch conpiler to invoke. For POP-11 pro-
gramfiles, the required extensionis .p , for PROLOG program
files, .pl , and for COMWON LISP, .lsp Thus, for exanple:

myfilel.p
nmyfile2. pl
nyfile3.Isp

are valid file names for POP-11, PROLOG and COMMON LI SP program
files respectively.

For nore information on file name restrictions consult your
operating system nanual and the appendix in the VED Advanced User
Gui de.

3.5 HELPFUL ONLI NE DOCUMENTATI ON

TEACH VED - Using VED to alter or create files

TEACH MORE - VED exerci ses

TEACH FILES - Information about files and directories

TEACH MOREVED - Follows on from TEACH VED

HELP VED - short annotated list of available online files on VED

-- CHAPTER 4: PCSI TI ONI NG THE CURSOR AND | NSERTI NG TEXT ---------------
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4.1 | NTRODUCTI ON

Chapter 1 showed that positioning the cursor and inserting text
is very sinple. That was a brief overviewto get you going. In
this chapter we give nore details about inserting characters with
VED, and describe all the keys and VED procedures avail able for
noving to any position in a file.

4.2 CHARACTER | NSERTI ON MODES

Ved can be set in either of two nbdes when inserting and del eting
characters - "insert" node or "static" node. VED is initialised
in "insert" node because it is npost conmmonly used. The behaviour
of the character insertion procedures described in Chapter 1 ap-
plies only when VED is in insert node.

You set static node by pressing the SETSTATIC key, which is a
t oggl e. When vyou press this key, VED tells you whether you are
turning static node on or off.

Sections 2.1 and 2.2 describe how characters are inserted when
VED is in each node. Chapter 5 explains how text deletion is af-
fected by node.

4.2.1 Insert Mde

If you are editing a file in insert node and you put the cursor
inthe middle of a line and start typing, everything to the right
nmoves over to make space for the new characters inserted. For ex-
anple, if the cursor in on the "e" in "fred" and you type an "i",
the result is "fried" with the cursor still on the "e" but both
shifted one place to the right. A line break nechani smexists
whi ch, by default, causes the line to break automatically when it
gets too long for the w ndow. This mechanismworks only in text
files (indicated by the file type extension). |In program files
the w ndow scrolls to the left if necessary, to display the end
of the line.

"

Switching the line break nechani smon and off
To switch break node on or off in a text file do:

press: the ENTER key

type: break

press: the <RETURN> key
VED tells you whet her break node is on or off.
4.2.2 Static (or overwite) Mde
When typing in a file with static node on, new characters repl ace
existing characters and the cursor nmoves right. So if the cursor
is on the "d" in "dog" and you type "h", the result is "hog" with
the cursor on the "o".
Static node di sables the <RETURN> key and the |ine break nmechan-
ism and also affects the behaviour of sone of the delete pro-
cedures (see Chapter 5).
Cursor novenent commands function as normal in static node.
4.3 MOVI NG THE CURSOR
There are two ways to nove the cursor around a file - pressing
the keys set up for VED on your terminal (all of which map onto

VED procedures), and calling VED procedures by nane fromthe com
mand | i ne.
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4.3.1 Mwving the cursor around with key presses

The first four key presses presented here are the basic ones that
every termnal nust be set up with. The others are nmade up of
conbi nati ons of these four, and sone of them may not be set up on
your termnal.

Movi ng one character up

The CHARUP key noves the cursor up one character. If you press it
when the cursor is at the top of the wi ndow the text scrolls down
to display the line the cursor has noved to. Think of the cursor
as pushing the window up the file in that case. If the cursor is
at the top of the file and the top of the wi ndow when you press
t he CHARUP key, VED sounds the term nal bell.

Movi ng one character down

CHARDOVWN noves the cursor down one character. Pressing it while
the cursor is at the bottomof the w ndow forces the w ndow down
the file and the text to scroll upwards. If the last line of the
fileis at the top of the window and the cursor is at the bottom
pressing the CHARDOM key causes VED to sound the termnal bell.

N. B The |l ast two keys may be used while the cursor is on the com
mand |ine to exam ne previ ous VED commands.

Movi ng one character to the left

CHARLEFT nmoves the cursor |left one character. If already in the
| eftmost  colum the cursor noves to right of the line above. VED
conplains if there is no |ine above.

Movi ng one character to the right

CHARRI GHT noves the cursor right one character. The screen
scrolls to the left if the cursor is in the rightnost colum of
t he wi ndow.

Moves to the boundaries of the w ndow or text

SCREENUP - nove to the top of the window, or up a window if al-
ready at the top. This key is very useful for reading large files

- it gives you a windowful at a tine.

SCREENDOVWN - nove to the bottom of the window, or down a w ndow
if already at the bottom

SCREENLEFT - nove to the leftnost colum of the w ndow. Scroll
text to the right if colum is not already in the w ndow.

SCREENRI GHT - nove to the rightnost colum of the w ndow.
TEXTLEFT - nove to the beginning of the text on the current |ine.

TEXTRI GHT - nove to the end of the text on the current 1|ine,
scrolling text to the left if necessary.

Moves to the boundaries of a file

TOPFILE - nove to the first line of the file, as opposed to the
first line of the wi ndow.

ENDFILE - nove to the line below the last line of text in the
file, that is, the end of the file.
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NEXTLI NE - nove to the beginning of the next line in the file,
scrolling text up if the cursor is at the bottom of the w ndow

Moves of one word

WORDLEFT - nove left a word or, if there is no word to the left
of the cursor, nove to the right of the preceding |line of text.

WORDRI GHT - nove right a word or to the beginning of next line
of text if there is no word.

The last two keys define word boundaries in a manner that
corresponds to text item boundaries in a progranm ng | anguage.

Di agonal noves of one character

CHARUPLEFT - nove cursor up a character and left a character
CHARUPRI GHT - nove cursor up a character and right a character
CHARDOWALEFT - nove cursor down a character and |eft a character

CHARDOWNRI GHT - nove cursor down a character and right a charac-
ter

Large junps across the w ndow

CHARRI GHTLOTS - nove cursor about a quarter of the current w ndow
width to the right.

CHARLEFTLOTS - nove cursor about a quarter of the current w ndow
width to the left.

SCREENM DDLE - nove cursor to the colum in the mnmiddle of the
screen on the current |ine.

The CHARM DDLE key - nove cursor to character in middle of
current line of text.

CHARDOMWNLOTS - nove cursor down about a third of the current w n-
dow | engt h.

CHARUPLOTS - nove cursor up about a third of the current w ndow
| engt h.

CHARDOMWNRI GHTLOTS - nove cursor down about a third of the w ndow,
and about a quarter of the windowto the right.

CHARDOWNLEFTLOTS - nopbve cursor down about a third of the w ndow,
and about a quarter of the windowto the left.

CHARUPRI GHTLOTS - npve cursor up about a third of the wi ndow and
about a quarter of the windowto the right.

CHARUPLEFTLOTS - npve cursor up about a third of the window, and
about a quarter of the windowto the left.

4.3.2 VED procedures for positioning the cursor

The follow ng procedures nove the cursor. To nake them work you
must call them from the conmmand line. To call a VED comand,
first nmove the cursor to the command |line by pressing the ENTER
key. Then type the nane of the command, and then press the <RE-
TURN> key. VED obeys the comrand.

To nove the cursor off the command |ine w thout giving a command,
press the STATUSSW TCH key. This key can al so be used to put the
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cursor on the command |ine wthout clearing the previous conmmand.
Movi ng the cursor to the beginning of the file
To nove the cursor to the beginning of the file:

press: the ENTER key

type: @

press: the <RETURN> key
From now on we will abbreviate such a sequence of events to:

ENTER @ <RETURN>
Movi ng to the beginning of a marked range

ENTER @n <RETURN>
Moving to the end of a file

ENTER @ <RETURN>
Moving to a specified line in a file

ENTER <l i ne nunber> <RETURN>
4.3.3 Storing and returning to cursor positions
VED all ows you to store a cursor position and return to it later.
This is useful if you are, for exanple, reading or noving bl ocks
of text around large files. To store a cursor position, press the
PUSHKEY Kkey. To return to that place, press the POPKEY. The po-
sition is no |l onger stored.
You can store up to five positions concurrently in this way,
pressing the POPKEY will restore you to the npst recently stored
posi tion.
The EXCHANGEPCSI TI ON key swaps the current position with the |ast
stored position, noving the cursor to the latter. This is very
useful if you are noving back and forth between two parts of a
file.
4.4 HELPFUL ONLI NE DOCUMENTATI ON
TEACH TEACH - How to use VED to read teach files

TEACH VED - Using VED to alter or create files
TEACH MORE - VED exerci ses

-- CHAPTER 5: DELETI NG AND RETRI EVI NG TEXT - - --c-snmcmmmammaoaaaaa

5.1 | NTRODUCTI ON

Everyone nmakes m stakes when typing. Chapter 1 showed how to
delete single characters and whole lines of text using key
presses. This chapter goes into nore detail. It shows how dele-
tion is affected by node, and how it can be achieved with VED
commands as well as key presses. It ends with a section show ng
how to retrieve del eted text.

5.2 DELETI NG CHARACTERS AND TEXT
VED has facilities for deleting single characters, and for delet-
ing larger portions of text with a few key-strokes. These are di-

vided into procedures invoked by special keys, and procedures in-
voked by nane fromthe conmand |ine.
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"Head" refers to text to the left of the cursor on the sanme |ine,
and "tail" refers to the rest of the line, including the charac-
ter under the cursor.

5.2.1 Deleting single characters with key presses

The CHARDELETE key

I nsert node on:

This deletes the character to the left of the cursor and shifts

the tail of theline left to fill the gap. For exanple, if the
cursor is on the "e" in "fried" and you press CHARDELETE, the
result is "fred". |If the cursor is in the |eftnost colum, the

current line is joined to the preceding line. If break nbde is
on, and the resulting line is too long, it will be broken at a
sui tabl e pl ace.

Static node on:

CHARDELETE del etes the character to the left of the cursor but
does not shift the rest of the line to fill the gap. If the cur-
sor is in the leftnost colum, VED sinply conplains.

The DOTDELETE key

I nsert node on:

This del etes the character under the cursor and shifts the tail
of the line left to fill the gap.

Static node on:

DOTDELETE del etes the character under the cursor.

5.2.2 Deleting lines and parts of lines with key presses
The CLEARHEAD key

I nsert node on:

CLEARHEAD del etes the head of the current line and shifts the
tail of the line to the |eftnost side.

Static node on:

CLEARHEAD del etes the head of the current |ine, and noves the
cursor to the far left, leaving the tail where it was.

The CLEARTAIL key
This deletes the tail of the current line.
The LI NEDELETE key

This deletes the current Iine and noves the text bel ow the cursor
up one line to fill the gap.

5.2.3 Deleting words with key presses

The WORDLEFTDELETE key

To delete a word to the left of the cursor put the cursor inmedi-
ately to the right of the word and press the WORDLEFTDELETE key.

It deletes the word and any spaces to the left. If insert node is
on, the tail of the line is shifted left to fill the gap.
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The WORDRI GHTDELETE key
To delete a word to the right of the cursor, put the cursor on
the first character of the word and press the WORDRI GHTDELETE
key. This deletes both the word and any spaces to the right.
5.2.4 ENTER commands for del eting text
Del eting everything fromthe current file
ENTER cl ear <RETURN>
Del eting a whol e procedure (only relevant in a programfile)
To del ete a procedure put the cursor somewhere inside it and do:
ENTER dcp <RETURN>
If you do not put the cursor inside a procedure, VED deletes the
procedure above the «cursor, if one exists. Oherwise it com
pl ai ns.
Deleting fromthe current line to the end of a file
ENTER deof <RETURN>
Del eting a marked range
ENTER d <RETURN>
The text bel ow the marked range noves up to fill the gap.

5.3 RETRI EVI NG TEXT

If you delete informati on by m stake you can save having to re-
type it by giving one of the followi ng comands:

5.3.1 Retrieving deleted lines and parts of |ines

To retrieve the last line of text deleted with the LINEDELETE
key, do:

ENTER yankl <RETURN>

VED inserts the text above the current cursor line. You can do
this several tinmes to make nmultiple copies of the line.

To retrieve the text last deleted with the CLEARHEAD, CLEARTAI L,
WORDLEFTDELETE or WORDRI GHTDELETE key, do:

ENTER yankw <RETURN>

The text is inserted to the right of the cursor. Like YANKL, this
may be repeated.

5.3.2 Retrieving del eted ranges of text

To retrieve the text |ast deleted by any of the commands in sec-
tion 2.4 do:

ENTER yank <RETURN>
or:
ENTER y <RETURN>

5.4 HELPFUL ONLI NE DOCUMENTATI ON
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TEACH TEACH - How to use VED to read teach files
TEACH VED - Using VED to alter or create files
TEACH MORE - VED exerci ses

TEACH YANK - Using ENTER y <RETURN> in VED

HELP VEDCOWS - list of ENTER commands
HELP VEDKEYS - pointers to use of VED on different keyboards
HELP VED - list of HELP files relevant to VED

== CHAPTER 6: MULTIPLE EDI TS - - --cmmmmmmmma o mcm e omee o ee e
6.1 | NTRODUCTI ON

It is possible to have nore than two files in the bufferlist, but
unl ess you have a very large screen with lots of lines, it is not
usual |y possible to display nore than two files sinmultaneously.
This chapter shows how to display one or two files on the screen,
how to access the files in the bufferlist if there are nore than
two, and how to switch between files. A section on the command
line is included because this is a one line window into a special
VED buffer containing the commands you have given. The chapter
ends by describing the procedures available for copying and nov-
ing text between files.

6.1.1 The need for nultiple edits

Multiple edit facilities are useful because it is quicker to ac-
cess files that are already in the VED bufferlist, than to access
themfromthe disk. Also, it is often convenient to display two
files simultaneously. You mght, for exanple, want to conpare
them or have sone online docunentation in one half of the screen
for reference.

6.2 ACCESSI NG MORE THAN ONE FI LE

If you are editing a file and want to access another file, give
any of the commands listed in Chapter 3, Section 2 fromthe com
mand |ine.

VED di pl ays the file asked for in a second wi ndow on the screen.
If the file is already in the bufferlist, VED sinply re-displays
it, otherwise it either fetches the file fromdisk, or, if there
is no file of that nane in your directory, creates a new file.

6.2.1 Changing and finding out the size of the w ndows

By default, the size of a windowis half the size of the screen.
You can change the I ength of a w ndow by doi ng:

ENTER ws <numnber > <RETURN>
fromeither window. The | ower w ndow becomes <nunber> |ines | ong.
The wupper w ndow becones the screen length mnus the | ength of
the | ower w ndow.
To find out the size of the | ower wi ndow, sinply do:

ENTER ws <RETURN>

VED prints the size on the command line. You can work out the
size of the upper window fromthis.

6. 2.2 Changi ng between hal f and whol e screens
When you have two files on the screen you can press the SETW NDOW

key to make the current w ndow take up the whole screen. The oth-
er file remains in the VED bufferlist. The key is a toggle, so
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that pressing it again reduces the windowto its original size

If this key is used to reduce a window fromfull screen when the
cursor is in the lower half of the screen, VED |l eaves the upper
hal f visible on the screen until another VED command fills the
space. This is sonetines useful when you need to see one part of
a file while working on another part.

6.2.3 Mving between two files

To nove the cursor between two wi ndows press the SWAPFILES key.
The cursor junps fromone windowto the last position it was at
in the other.

I f you have only one wi ndow, but there are other files in the
bufferlist, pressing the SWAPFI LES key di splays the last file ac-
cessed in a new wi ndow. Wiether it uses the full screen or not
depends on the default w ndow size (see Section 2.2).

6.2.4 Moving between multiple files

The two easiest ways to nmake files in the bufferlist visible in a
wi ndow are to use the FILESELECT key or the VED command RB. Al -
ternatively, you can give the commands descri bed in Chapter 3

The FI LESELECT key

If you have three or nore files in the bufferlist and cannot
display nore than two sinultaneously, use the FILESELECT key to
access the file you want. Wen you press the key, VED prints out
a nunbered list of the files in the VED bufferlist on the command
line. Sinply press the nunmber corresponding to the file you want.
If the nanes of all the files in the bufferlist will not fit on
the command |ine, VED creates a special w ndow to present the op-
tions. Press the appropriate letter or nunber to get the file on
the screen.

Typi ng anything but a nunber or letter corresponding to a file
leaves you in the file you were editing when you pressed the
FI LESELECT key.

Rotating through the files

If you want to cycle through the files in the bufferlist using
only the current w ndow, do

ENTER rb <RETURN>

RB stands for "rotate buffer". If there are only two files in the
bufferlist RB works in the sane way as the SWAPFI LES key.

6. 3 | NTERROGATI NG THE BUFFER

VED provi des sone procedures to help you find out things about
files in the bufferlist.

6.3.1 Finding out the state of files in the bufferlist

To find out which files you are currently editing, that is, which
ones are in the bufferlist, do:

ENTER fil es <RETURN>
VED tells you the names and directories of the files, how nmany

lines they have, how many changes you have nmade since you | ast
wote themto disk, whether or not you need to wite them to
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di sk, and whether or not they need conpiling.

6.3.2 Finding out the nane of the current file

To find out the name of the current file do:
ENTER nane <RETURN>

VED prints on the command line the full path-nanme of the file. As
soon as you press a key it renoves the infornation.

6.4 THE COMVAND LI NE

Chapter 4 Section 3.2 showed how to nove the cursor on and off
the command |ine and how to give VED commands. |ncluded here is a
section on the command |ine because it is actually a one line
wi ndow into a buffer known as the command file. The conmand file
consi sts of the VED commands you have given, and can be edited
i ke any other file.

The command file only holds thirty lines. Wien these have been
used VED overwites the lines, starting fromthe first one. \Wen
you press the ENTER key to put the cursor on the comand line it
goes to a new blank line at the end of the file. The STATUSSW TCH
key noves the cursor on and off the command |ine without changing
position in the conmmand file.

Though each wi ndow has its own comrand |line, there is only one
conmand file for all files being edited. Thus if you give a VED
conmand and then go to another file, that same VED command ap-
pears on the command line of the new file. The current command
position is retained.

6.4.1 Redoi ng comrands

The nost recent conmand renmins visible on the conmand |ine after
it has been executed. To repeat it, press the REDOCOVMAND key.
This saves having to retype the comand.

6. 4.2 Looking up previous conmands

To | ook back at the commands you have given, nove the cursor to
the command |ine then press the CHARUP or CHARDOM key to scroll
backwards or forwards through the command file. Press the
REDOCOVMMAND or the <RETURN> key to repeat any of the commands
(after editing if necessary). The cursor can be positioned any-
where on the command |ine when you do this.

6.4.3 Miltiple comands

ENTER do <commands> <RETURN>
allows you to give several conmands at once, so that they can
easily be re-done. For exanple, to cycle through the files in the
bufferlist going to the beginning of each one, do:

ENTER do ; rb ; @ <RETURN>
The first non-space character after "do" (in this exanple ";") is
taken as the comuand delimter and is used to separate the com
mands. Pressing the REDOCOMMAND key will then cause all the com
mands given to be repeated.

6.5 MOVI NG AND COPYI NG TEXT BETWEEN FI LES

VED provi des several commands for copying or noving a narked
range of text between the current file and another file. In each

DOC VEDUSERGUIDE: the VED user guide

309



case an optional file nane may be specified to nove the text to
or from If not givenit is assuned to be the last file accessed
(before the current file).

6.5.1 Copying text fromone file to another
Transcri be a marked range of text into the current file

ENTER ti <optional file name> <RETURN>
The file nane is the name of the file that the marked range is
in. A copy of the text is inserted into the current file, start-
ing on the line below the |ast cursor position.
Transcri be a marked range out of the current file

ENTER to <optional file nanme> <RETURN>
The file name is the nane of the file that the marked range is to
be copied to. If you specify a non-existent file name, VED
creates a file of that nane. A copy of the text is inserted in
the target file, starting on the line below the |last cursor posi-
tion, and will not be "marked".

6.5.2 Mving text fromone file to another

Moving text is simlar to copying text, except that once noved,
the text is deleted fromits original place.

Move a marked range of text into the current file
ENTER m <optional file nane> <RETURN>
Move a marked range out of the current file
ENTER no <optional file nanme> <RETURN>
6.6 HELPFUL ONLI NE DOCUMENTATI ON

TEACH VED - Using VED to alter or create files
TEACH W NDOW - Swi t chi ng wi ndow si zes
TEACH SW TCHW NDOW - How to swi tch between two VED
wi ndows
TEACH BUFFERS - How to switch between nore than two VED
files
HELP MARK - Marking and mani pul ati ng ranges
HELP COPY - Copying and retrieving text

-- CHAPTER 7: MARKI NG A RANGE - - - - - == --smmmmmmmmmmmmmma o omea e e

7.1 | NTRODUCTI ON

You will often want to do sonething to only a portion of a file
or a procedure, for exanple nove it somewhere el se, or change all
the words fromupper to | ower case. After sone general informa-
tion about nmarked ranges, this chapter shows the facilities
available for marking different sections of files. A section on
how to nark a range of commands in the cormand file is included.

VED marks a range in a file by drawing a line down the side of
the designated section. You can only have one marked range per
file, but each file in the bufferlist can have its own.

7.2 HOWN TO MARK A RANGE

There are two ways to mark a range - with procedures invoked by
speci al keys, and by invoking procedures by name fromthe conmmand
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l'i ne.

7.2.1 Using keys to mark a range

To mark a range using key presses, put the cursor on the line you
want as the top of the range and press the MARKLO key. VED nekes
a mark on the left of the window next to that Iine. Next place
the cursor on the Iine you want as the end of the range and press
the MARKHI key. VED nmekes a simlar mark by this line, then joins
the two nmarks together. You can nmark any nunber of lines as a
range, fromjust one to the entire length of the file.

If either key is pressed when there is already a marked range,
the range wll be extended, or shortened, as necessary, to make
the current line the new beginning (MARKLO) or end (MARKHI) of
the range. The sane comment applies to commands that invoke these
procedures (described in section 2.2 bel ow).

Notice that MARKLO narks the top of the range. "lo" and "hi"
refer to the line nunbers, not the position on the screen.

7.2.2 Using VED procedures to mark a range

VED provides conmand |ine procedures which mark varying anounts
of files.

Mar ki ng the whole of the current file - "Mark Begi nning to End"
ENTER nbe <RETURN>

Marking the current procedure - "Mark Current Procedure"
ENTER ntp <RETURN>

Mar ki ng the beginning of the file - "Mark Begi nning of File"
ENTER nbf <RETURN>

This invokes MARKLO on line 1 of the file.

Marking the end of a file - "Mark End of File"
ENTER nmef <RETURN>

This invokes MARKH on the last line of the file.

Mar ki ng begi nning of current procedure - "Mark Begi nning of Procedure"

ENTER nbp <RETURN>
This i nvokes MARKLO on the first line of the procedure.
Marking the end of the current procedure - "Mark End of Procedure"
ENTER nep <RETURN>
This i nvokes MARKH on the last |ine of the procedure.
7.3 MARKI NG A RANGE | N THE COWAND FI LE
VED all ows you to mark a range of commands in the comrand file.
Use the CHARUP and CHARDOWN keys while on the command line to
scroll up and down the file and mark the begi nning and end of the
range with the MARKLO and MARKHI keys as described above. To exe-
cute the sequence of marked commands press the LMR key (LMR

stands for Load Marked Range). This is a very useful facility for
mul tiple substitutions (see Chapter 8 "Searching and Substitution
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in VED').
7.4 HELPFUL ONLI NE DOCUMENTATI ON

HELP VED - |ist of HELP files relevant to VED
HELP MARK - Marking and mani pul ati ng ranges

-- CHAPTER 8: SEARCHI NG AND SUBSTI TUTION IN VED ------------mmmmmmmmmm
8.1 | NTRODUCTI ON

VED provides facilities for searching for specified itens in
files and substituting themwith sonething el se. For exanple, if
you have consistently msspelt a word, VED can change all oc-
currences. |If necessary, you can nake it check each one first.
You may al so search for items without doing any substitutions.
This is useful for taking you to headings, or to find out if you
have used a particular word in a file.

8.2 SEARCH COMVANDS

VED all ows you to search both forwards and backwards for itenms in
the current file. You can search for either a single item or a
group of itens.

The itemor itens being searched for are referred to as the
"search string". If VED finds an item matching the search string
it noves the cursor to it, otherwise it prints "(NOT FOUND)" on
the command |ine wthout nmoving the cursor. When searching for-
ward, if VED does not find the itemby searching to the end of
the file it starts looking fromthe top of the file. This "wap-
around" feature is useful but can be confusing.

Wien searching forwards for a single itemyou can | ook for exact
matches only, or for enbedded matches as well. Wen searching
backwards you cannot specify that only exact matches be found.
An "exact" match nmeans that an itemw !l only match the search
string if it shares the sanme boundaries. An enbedded match neans
that an itemw |l match the search string regardless of |eading
or trailing characters surrounding the matching item For exam
ple, if VED is searching for the string "hat on", with an enbed-
ded match it would find "that one", but with an exact match it
would only find "hat on".
Wth the exception of caseless searching described in section
2.7, all the searching procedures described here are case specif-
ic. That is, VEDwll not find "David" if you are searching for
"david" with a |ower case "d".
8.2.1 Searching forwards
Exact matches only

ENTER "<search string> <RETURN>
Enbedded mat ches

To allow the search to include the string enbedded in a |[|arger
string do:

ENTER / <search string> <RETURN>
For exanple if you do:

ENTER /fine <RETURN>
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VED finds "fine" enbedded in such words as "define" and "refined"
as well as occurrences of "fine" itself.

You can "close" the search string with a "/". For exanple:

ENTER /fine / <RETURN>
finds "fine" followed by two spaces, but not by one. It will find
"define" followed by two spaces but it will not find "finesse".
Closing the search string is the only way to neke this search so
speci fic.

8.2.2 @uiding the forwards search

You can restrict the forwards search to specific places in the
file, for exanple the beginning and ends of |ines.

Searching for itens at the beginning of a line

To search for an itemstarting a line, precede the search string
with the characters @. For exanple do:

ENTER " @f red <RETURN>
or:

ENTER / @f red <RETURN>
to find the word "fred" at the beginning of a |ine.
Searching for itens at the end of a line

End the search string with the characters @ to find an item end-
ing a line. For exanple:

ENTER / defi ne@ <RETURN>
| ooks for the word "define" at the end of a line.
The command:

ENTER / fred@ @j oe <RETURN>

searches for "fred" at the end of a line followed by "joe" at the
begi nning of the next line.

8.2.3 Using wild card characters in the search string

VED all ows you to insert wld card characters in the search
string. The characters @ in the search string will match any
single character in the text.For exanple:

ENTER / d@e <RETURN>

finds an itemcontaining "d" and "e" separated by any other char-
acter. Simlarly:

ENTER "d@ @ @ne <RETURN>
finds "define", "dryane" or "debone" etc.
8.2.4 Searching for special characters

Bel ow are the special comands for |ooking for characters natch-
ing the search synmbols used in the search string.

Searching for @
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To find a string containing @ put @@into the search string. For
exanpl e:

ENTER / @@ <RETURN>
mat ches a @
ENTER / @og® <RETURN>
mat ches @O
Searching for delimter characters
A delimter character refers to the synbol you use on the command
line to direct the search (e.g. / or " ). If you are searching
for one of these characters put the character @before it in the
search string. For exanple do:
ENTER / @ <RETURN>
to find the next occurrence of a possibly enbedded /
and do:
ENTER "@ <RETURN>
To find a non-enbedded occurrence of
Searching for control characters
To search for control characters in your file do:

ENTER /\"<nane of control character> <RETURN>

For exanmple, to search for the formfeed character, which is
CTRL-L do:

ENTER /\~L <RETURN>
8. 2.5 Searching backwards

To search for an itemoccurring before the current cursor |oca-
tion do:

ENTER \ <search string> <RETURN>
If a matching itemis not found before the current |ocation, the
backward search mechanism does not "wap around" and continue

fromthe end of the file.

At present you cannot nodify the backwards search to find only
non- enbedded strings, or use pattern elenents like @, @ and @.

8.2.6 Default search strings
If you give an enpty search string, for exanple:
ENTER / <RETURN>
ENTER \ <RETURN>
ENTER " <RETURN>
VED uses the nost recent string used in a search command.

8.2.7 Casel ess searching

VED provides two procedures for caseless searching. Matches
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succeed whatever the case of the letters in the search string and
the text.

ENTER ss <string> <RETURN>
finds enbedded occurrences of the string. For exanple:
ENTER ss ExAnPl e <RETURN>
finds "exanpl es", "Exanple", " EXAMPLE", "eXaMlLe" etc.
ENTER ww <string> <RETURN>
searches for non-enbedded occurrences of the string. For exanple:
ENTER ww ExAm <RETURN>
finds "exan', "Exani, "EXAM', "eXaM', but not "Exanple".
8.3 COWVBI NED SEARCH AND SUBSTI TUTI ON COMMANDS
VED al |l ows you to change the itemit finds. To do this you nust
use the conbined search and substitution comands. W refer to
the item being sought as the "search string" and the itemto re-
place it as the "replacenent" or "substitute" string. The com
ments given in section 2 on searching all apply to the searching
part of these commands.
VED provides both interactive and non-interactive, or global,
search and substitution comrands. The interactive version asks
each time a match is found in the file whether you want to sub-
stitute the matching itemw th the replacenment string. The non-
interactive commands autonatically change all matching itens in a
specified portion of the file.
8.3.1 Interactive substitution
To replace one itemwth another do:
ENTER s/ <search string>/<repl acenent string> <RETURN>
to include enbedded occurrences of the search string,
or:
ENTER s"<search string>"<replacenent string> <RETURN>
to find exact matches only.
For exanmple, to change "deffine" to "define" do:

ENTER s/ def fi ne/ defi ne <RETURN>

VED searches for the next occurrence of "deffine" and w ggles the
cursor to catch your eye. It then gives you four options:

"

press "y" to do the substitution and stop.

press <RETURN> to do the substitution and go on to the next
occurrence.

press <DEL> to |l eave this occurrence and then go on to the next
one.

press "n" to stop without doing the substitution.

As expl ai ned above, the delimter character can be included in
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the search or replacenent string if preceded by @ If @itself
is to be part of either string it nust be represented as @
N.B. |If the substitute string is to include one or nore trailing
spaces, it should be terminated with a final occurrence of the
delimter character. For exanple:

ENTER s/fred/joe [/ <RETURN>

" "

will replace "fred" with "joe" followed by two spaces.

Default search and substitute strings

If an enpty search string is given, the nost recent search string
is wused. If both search and replacenment strings are omtted, the
nost recent search and repl acenent strings are used.

8.3.2 Special synbols in the replacenment strings

The repl acement strings may contain the followng special sym

bol s. @ toinsert a newine @& to insert a copy of
the text matched by the search string @delimter> to insert the
character used as delimter @@ to insert @

Exanpl es: To insert a line break before the next occurrence of
"fool" do:

ENTER s/ f ool / @f ool <RETURN>
To replace "rabbit" with "rabbits", type the command:

ENTER s/ rabbit/ @s <RETURN>
"@" can be very useful when the search string includes "@" so
you cannot tell in advance what is to be substituted. To go to
the end of the current line and insert the delimter character /
do:

ENTER s/ @/ @ <RETURN>
8.3.3 dobal, or non-interactive substitution
The procedures described bel ow should be used if you are sure
that you want to change all the items matching the search string
in the chosen section of the file. As before you can use either
the / or the " delimters.

Changing all itens matching the search string in the whole file

There are two procedures which replace all items matching the
search string in the whole file:

ENTER gs/ <search string>/ <repl acenent string> <RETURN>
and:
ENTER sgs/ <search string>/<replacenent string> <RETURN>

GS stands for "d obal Substitute". Using the conmand line it con-
tinually updates the nunmber of substitutions nade.

SGS stands for "Silent dobal Substitute". It works nuch like the
gl obal substitute command, but does not record the nunber of sus-
titution made. It sinply reports themat the end. This speeds up
the process where the nunber is very |arge.

d obal substitution in a nmarked range
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To replace all items in a marked range of a file do:
ENTER gsr/ <search string>/<replacenent string> <RETURN>
GSR stands for "d obal Substitute in Range".
G obal substitution in the current |line
ENTER gsl / <search string>/<replacenent string> <RETURN>
G obal substitution in the current procedure
ENTER gsp/ <search string>/<repl acenent string> <RETURN>
8.3.4 Default search and substitute strings
If you do not provide a search string, for exanple if you do:
ENTER gs// <repl acenent string> <RETURN>
VED uses the previous search string.

If you provide neither a search string nor a replacenent string
VED uses the |ast search and repl acenent strings.

8.4 HELPFUL ONLI NE DOCUMENTATI ON

TEACH VED - Using VED to alter or create files

TEACH MORE - VED exerci ses

HELP SUBSTI TUTE - sunmary of search and substitution comrands
HELP VEDSEARCH - searching and substitution in VED

HELP ASCI| - character codes

HELP STRINGS - creating and using strings

HELP VEDCOWMMS - al pahabetic list of VED commands

HELP VED - |ist of HELP files relevant to VED

-- CHAPTER 9: LOADING FILES - - -cmmmmmmmmo o ee e eee e

9.1 | NTRODUCTI ON

Thi s chapter shows you how to load or run prograns from wthin
VED. Loading neans the sanme thing as conpiling in VED and we use
the terms synonynously. Conpilation is sinply the translation of
what you type into executabl e machine code. This includes conpil-
ing procedure definitions, and conpiling and executing commands
to run procedures. Program output (including error nessages) may
be inserted into a VED file or sinply printed on the termnal. It
is possible to do all your program devel opnent and testing in
VED, including using a VED buffer for programinput and output.
This nmekes it easy to redo old comands (possibly with slight
variations) and to keep a record of the interaction in a VED file
toinsert into a report later.

VED provides conmands for conpiling different portions of files.
They also differ in where they take you after they have been run.
Sone | eave you in VED while others take you to the conmpiler top
level (i.e. POP-11, COWON LISP or PROLOG . Sone also wite the
file to disk.

Section 9.4 shows how to direct output to a convenient place and
how to deal with it.

9. 2 PROCEDURES FOR LOADI NG PROGRANMS
This section describes VED procedures available for conpiling a

whole file, a section of a file, a single procedure, a file on
disk, and a library program |t begins with the ones which |eave

DOC VEDUSERGUIDE: the VED user guide

317



you in VED and continues with the procedures which load files and
then | eave VED.

9.2.1 Staying in VED
Loading all programfiles in the bufferlist
ENTER | <RETURN>

loads all programfiles in the VED bufferlist and then returns to
the current file.

Loading the current file

ENTER | 1 <RETURN>
conpiles the current file and | eaves you there.
Loadi ng the current procedure

ENTER | cp <RETURN>

LCP stands for Load Current Procedure. Place the cursor at any
point in the procedure to give the conmmand.

Loadi ng a marked range
ENTER | nt <RETURN>

LMR stands for Load Marked Range. VED | oads only the marked range
of the current file.

Loading a library file
ENTER lib <library fil e> <RETURN>

| oads the specified library file.

Loading a file fromthe disk or the bufferlist
ENTER | oad <file nane> <RETURN>

Loads a file fromeither the VED bufferlist or the disk. If you
do not provide a <file name>, VED loads the current file.

9.2.2 Going back to the conpiler "top |level"
Conpiling all programfiles in the bufferlist
ENTER ¢ <RETURN>

conmpiles all programfiles in the bufferlist and takes you back
to the conpiler top |level.

Compiling the current file
ENTER c1 <RETURN>

conpiles the current file and takes you back to the compiler top
level. It conpiles the file even if it is unchanged.

9.3 COWPI LI NG AND WRI TI NG FI LES

This section shows the procedures for witing and conpiling pro-
gram files simultaneously.

9.3.1 All files in VED bufferli st

DOC VEDUSERGUIDE: the VED user guide

318



ENTER x <RETURN>
wites all changed and witeable files, conpiles all program
files in the VED bufferlist and then takes you back to the com
piler top level.
9.3.2 The current file

ENTER x1 <RETURN>

writes and conpiles the current file and returns to the conpiler
top level. It conpiles the file even if it is unchanged.

9.4 HOW TO DI RECT QUTPUT ARI SI NG FROM COWMPI LATI ON

VED puts any printing it produces while trying to conpile code in
the current "output" file. The default file for the POP-11 and
PROLOG conpilers is called "output". The default file for COWON
LI SP users is called "output.lsp" in the current working directo-
ry.

You can change where VED is to print output by giving one of the
foll ow ng comrands:

9.4.1 Directing output to a nanmed file
ENTER out put <file nane> <RETURN>

redirects output to <file name>. Any new output is appended to
the end of the buffer.

9.4.2 Directing output to the current file
ENTER out put . <RETURN>

sends output to the current file. It is inserted after the
current |ine.

9.4.3 Directing output to the screen
ENTER out put * <RETURN>
sends output to the screen, as opposed to a file.
9.4.4 Finding out where your output is going to
ENTER out put <RETURN>

makes VED di splay the name of the output file on the comand
line, or indicates that it will always go to the current file.

9.5 M SHAP AND WARNI NG MESSAGES
If VED cannot conpile a file because it contains mistakes it
prints out a M SHAP nessage in the current output file. If that
file is the current file, VED marks the nessage from the begin-
ning to the end so that you can do:

ENTER d <RETURN>
to delete it.
VED i nserts warning nessages, for exanple nessages about unde-

clared variables, into the file in comment form (i.e. after three
sem col ons) and does not mark them
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9.6 HELPFUL ONLI NE DOCUMENTATI ON

HELP VED - list of HELP files relevant to VED
HELP MARK - Marking and mani pul ati ng ranges
HELP LMR - | oadi ng marked ranges and redirecting output

-~ CHAPTER 10: WRI TING AND QUI TTING FILES - - --mcmmmmmmmmmaaameae e
10. 1 | NTRODUCTI ON

This chapter shows howto wite one or nore files to disk. You
usually want to do this when |eaving VED and POPLOG, but you can
also wite files during an editing session. This safeguards
agai nst losing work. The section "Witing and Quitting Files"
shows how to wite one or all of the files in the VED bufferlist
and | eave VED. The section "Witing Files" shows you howto wite
one or all the files in the bufferlist and remain inside the
current file. It also shows howto use VED s automatic facility
for witing files.

Just as you can wite files without quitting them so you can
quit files without witing them This is useful if a VED file has
been used for sone tenporary purpose such as testing a program or
doing a calculation, or if you are not satisfied with the current
changes and want to start again fromthe last witten version. As
with witing and quitting files, you have the choice of:

remaining in VED if there are nore files in the bufferlist |eav-
ing VED but not POPLOG in order to interact with top-Ilevel |oop
of the current POPLOG | anguage conpiler |eaving POPLOG conpl ete-
ly, in which case the system from which POPLOG was invoked will
resume control, for instance DCL in VM5, or a shell in UNI X

The section "Quitting Files" shows the comrands avail abl e.

Only files that have been altered will be witten. Sone files
cannot be witten at all. None of the HELP or TEACH files, for
exanple, are "witeable". If you ook at another user's files it

is advisable to invoke themusing "pved" (for Protected VED) as
opposed to "ved". This will prevent inadvertent witing. (For in-
formati on on how to protect your own files frombeing witten, or
even read by others, consult your |ocal system expert or operat-
ing system manual ).

10.2 WRI TING AND QUI TTI NG FI LES

Witing a file means that it is copied onto the disk. Quitting a
file means that it is renoved fromthe VED bufferlist.

10.2.1 Wite and quit the current file
Do:
ENTER wgq <RETURN>
to wite and quit the current file. VED reverts to another file
if there is one, otherwise it returns control to the conpiler

from whi ch VED was i nvoked.

10.2.2 Wite and quit the current file, then edit a new specified
file

ENTER wgved <fil e nane> <RETURN>
10.2.3 Wite and quit all VED files and exit from VED and POPLOG

ENTER xXx <RETURN>
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writes all changed and witeable files in the VED bufferlist and
then goes to the operating systemor whatever invoked POPLOG
This is synonynmous with ENTER bye <RETURN>.
10.3 WRI TI NG FI LES
Witing a file nmeans copying it onto the disk and al so keeping it
in the bufferlist. VED provides facilities for witing either
just the current buffer or all the buffers in the bufferlist.
10.3.1 Witing the current file

ENTER wl <RETURN>

wites just the current file. If it is not witeable VED com
pl ai ns.

ENTER w <fil e nanme> <RETURN>
writes a copy of the current file onto disk with the nane given.
It does not alter the nanme of the file ( see section 7 bel ow on
how to do this).
10.3.2 Witing all the files in the bufferlist

ENTER w <RETURN>
writes all the changed and witeable files in the bufferlist.
10.3.3 Witing a file and going to another

ENTER wed <file name> <RETURN>
wites the current file and then invokes the specified file.
10.3.4 Witing a portion of a file into a new disk file

ENTER wr <file name> <RETURN>
creates a new disk file with the given name and copies a nmarked
range fromthe current file intoit. If afile with the new nane
previously existed (and is not protected) it may be over-witten.

10. 4 AUTOVATI C WRI TI NG OF FI LES

It is advisable to wite files regularly during an editing ses-

sion. |If the conputer crashes, for exanple, work will be saved
only up to the last witten version. VED provides an automatic
safety nechanism - after a certain nunber of changes it wites

the current file to disk. Each character added or del eted counts
as one change. Certain other nore conplex operations done by a
single comand or Kkey also count as one change, such as
LI NEDELETE, WORDELETE, or ENTER d <RETURN>. Changes in different
files are counted separately. By default, VED automatically
wites files after 1500 changes. To change this default value do:
ENTER autowite <integer> <RETURN>
To switch off the autowite nechanismin a session do:
ENTER autowite 0 <RETURN>

To find out how many changes the autowite facility is set at do:

ENTER aut owrite <RETURN>
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VED prints out the value on the comrand |ine.

To find out how many changes VED has counted since the current
file was | ast witten do:

ENTER : vedchanged <RETURN>
VED prints the nunber on the conmand |ine.
10.5 QUI TTI NG FI LES
Quitting a file neans that you do not first save it on disk. VED
provides facilities for quitting individual and nultiple files,
either leaving you in VED, or taking you to POPLOG or the operat-
ing system
10.5.1 Commands to quit a single file
Quitting the current file

ENTER g <RETURN>
quits the current file. If the file has been changed, and it is
not a POPLOG docunentation file, VED asks if you want to wite it
first. Respond with "y" (yes), "n" (no), or "c¢" (to continue
editing that file). |If you respond with "y" or "n" editing re-
verts to another file if there is one in the bufferlist, other-
w se it | eaves VED but not POPLOG
Quit current file, then edit a new specified file

ENTER qved <fil e name> <RETURN>
quits the current file and goes to the named file (if you provide
a file nane), or the next nost recently edited file in the buf-
ferlist (if you do not provide a file nane).
Quit current file, then exit VED

ENTER gpop <RETURN>

quits the current file, an enters the current conpiler's top |ev-
el | oop.

Quit current file, then edit a specified HELP file
ENTER ghel p <fil e> <RETURN>
Quit current file, then edit a specified TEACH file
ENTER qt each <fil e> <RETURN>
Quit current file, then edit a specified library file
ENTER gshowl i b <file> <RETURN>
Quitting the current file without witing
ENTER rrg <RETURN>
quits the current file without giving you the option to wite it
first. It is easy to lose work using this command. RRQ stands
for Really Really Quit.

10.5.2 Commands to quit all files and | eave POPLOG

Quitting all files and the editor with a chance to wite them
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ENTER qq <RETURN>
quits all files and the editor. |If you have changed any files VED

asks if you want to first wite them Respond with "y" (yes), "n"
(no), or "c" (to continue editing the current file).

Quitting all files and the editor with no chance to wite them
ENTER rqq <RETURN>

quits all the files and takes you to the operating systemw thout
offering the chance to wite any changed files.

10. 6 TEMPORARI LY LEAVI NG VED W THOUT ALTERI NG THE VED BUFFER

To go to the current POPLOG top-Ilevel subsystem w thout witing
or quitting any files, do:

ENTER pop <RETURN>

This takes you straight to POP-11, PROLOG or COMMON LISP without
altering the VED buffer in any way. To get back to the place in
the file you gave the comand from type:

ved

to the subsystempronpt. (@ed to the COWON LISP subsystem
pronpt.)

10. 7 CHANG NG THE NAME OF A FILE
To change the nane of a file currently being edited, do:
ENTER name <file name> <RETURN>

This affects VED s copy of the file only, and so any copies of
the current file residing on disk will NOT be affected. The name
change becones apparent when VED wites the file to disk, since
the new name is used, not the old. Notice that this will |eave
any copies of the file with the old name untouched. It is by us-
ing NAME that users can nmake private copies of POPLOG docunent a-
tion or library files.

10. 8 HELPFUL ONLI NE DOCUMENTATI ON

TEACH VED - Using VED to alter or create files
HELP VED - list of HELP files relevant to VED

-~ CHAPTER 11: FORMATTING TEXT -« --cnncmmmmmmmmmommmm oo e oo oo

11.1 | NTRODUCTI ON

Thi s chapter exam nes commands for formatting text during and
after insertion.

11. 2 FORMATTI NG TEXT WHI LE INSERTING I T

11.2.1 Setting and finding the values of the left and right nar-
gi ns

To set the left margin do:
ENTER | col <optional nunber> <RETURN>

<optional nunber> becones the | eftnost columm. The default [left-
nost colum is 1. If you do not provide a nunber, VED uses the
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colum which the cursor is in.
Simlarly set the right margin with:

ENTER rcol <optional nunber> <RETURN>
The default colum is 78.

To find out what the |eftnbst and rightnost colums are set at
do:

ENTER | col ? <RETURN>
and:

ENTER rcol ? <RETURN>
respectively. VED prints the information on the comand |i ne.
11.2.2 Controlling the effect of the tab character

By default VED inserts 4 space characters when you press the
<TAB> key. Doi ng:

ENTER i ndent <nunber> <RETURN>

inserts up to <nunber> blank spaces wuntil the current colum
nunber divided by <nunber> | eaves the remainder 1. So if <nunber>
is 8 and the current colum is 11, pressing <TAB> inserts 5
bl ank spaces making the colum 17 which, when divided by 8,
| eaves the renumi nder 1.

11. 3 FORMATTI NG WRI TTEN TEXT

VED provi des various commands for tidying up the left and/or
right hand nargins of text files, and the left hand margi ns of
programfiles. This kind of tidying up is known as "justifica-
tion".

Commands vary according to the anpunt of justification required,
the file type (programor text), and what portion of text is to
be justified.

In text files "full justification" produces text wth both the
first and last characters on each Iline aligned with the respec-
tive margin. "Justifying" a text file, as opposed to "fully jus-
tifying" it places as nany words as possible on each |line, but
does not insert extra spaces in between words to align the |ast
text character wth the right margin. In programfiles VED in-
dents certain lines by inserting extra spaces or tabs at the left
hand side, in order to nake the "nesting" of the programclearer.
This is sonetimes referred to as "pretty-printing" a program Un-
like some pretty printers for programfiles, VED does not break
or nmerge lines in a program

The text to be justified can be either a marked range, the
current paragraph, or the current procedure. The current para-
graph is defined as that body of text containing the cursor that
i s bounded by enpty lines or lines beginning with a full stop.

If the current file is a programfile VED assunes that the text
shoul d be formatted as a program unl ess ot herw se inforned.

11.3.1 Justifying the current procedure - ENTER jcp <RETURN>

VED noves lines left or right, as required, to create indenta-
tions that make the procedure easy to read.
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11.3.2 Justifying both text and programfiles

In a marked range - ENTER j <RETURN>

In non-programfiles this justifies a marked range. |In program
files it works the same as JCP but on the marked range of the
file as opposed to the current procedure

Justifying the current paragraph or procedure - ENTER jp <RETURN>
In text files JP works like J, except it operates on the current
paragraph as opposed to a narked range. In programfiles JP does
the same as JCP

11.3.3 Justifying text only

Justifying text in programfile - ENTER fill <RETURN>

Justifies block of text (like ENTER j) irrespective of the
current file type. i.e It treats a marked range as text even if
the file is a programfile

Justifying text paragraph in programfile - ENTER fp <RETURN>

Justifies current paragraph (like ENTER jp) irrespective of the
current file type.

11.3.4 Fully justifying text

Fully justifying text in a narked range - ENTER jj <RETURN>

VED aligns the first and | ast words on each line (except the |ast
lines of paragraphs) with the Ileftnost and rightnost colums
respectively by inserting spaces where appropriate.

Full'y justifying the current paragraph - ENTER jjp <RETURN>

Works |i ke ENTER JJ <RETURN>, except it operates on the current
par agraph as opposed to a narked range.

11. 3.5 Renovi ng excess spaces from a nmarked range
- ENTER gobbl e <RETURN>

This | eaves a single space between words. Leadi ng spaces at the

beginning of Ilines are left so that paragraph indentations
remai n. The command is intended as an antidote to ENTER JJ <RE-
TURN>. However, it may not return text to exactly the sane form

as it was before the ENTER JJ <RETURN> conmand. |f, for exanple
you are in the habit of inserting two spaces after a full stop
you will | ose one of them

11.3.6 Aligning text
VED can align individual lines in a marked range with either one
of the margins or the centre of the window There are also com
mands to align single lines of text.
Aligning text to the centre of the w ndow
ENTER ac <RETURN>
AC stands for Align Centre.
VED puts the individual |ines

in a marked range centrally between the
| eft rost and ri ght nost wi ndow col ums, as shown here
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ENTER centre <optional itenr <RETURN>

VED puts the itemgiven as argunent in the centre of the current
l'i ne. If you do not provide an argunent VED noves the current
line of text

(for exanple this one) to the centre of the w ndow.

Aligning text with the left or right margins
ENTER al <RETURN>

aligns each line in a marked range with the left margin. Simlar-
ly:

ENTER ar <RETURN>
aligns each line in a marked range with the right margin.
Aligning an itemw th the rightnmost col um

ENTER ri ght <optional itenm <RETURN>

VED puts <item> to the right of the current line. If you do not
provide one VED aligns the current line (for exanple this one)
with the rightnost colum of the w ndow.

11.3.7 Mving bl ocks of text
To the left - ENTER bl <optional nunber> <RETURN>

VED noves a block of text in a marked range <optional nunber>
colums to the left. The conmand all ows you to nove text as far
as the leftnpst edge of the screen even if this exceeds the left-
nmost  wi ndow colum setting. The comand does not work at all if
at | east one of the lines in the narked range is at the screen's
left margin. If a nunber is not given, VED noves the block to the
left by a single colum.

To the right - ENTER br <optional nunber> <RETURN>

Li ke ENTER bl <RETURN> only there is no limt to the nunber of
spaces VED noves the bl ock of text to the right.

To the centre - ENTER bc <RETURN>

BC stands for Block Centre. VED noves a narked block of text so
that the wunit as a whole, as opposed to the individual lines in
the range (see ENTER ac <RETURN>) is centred between the |eftnost
and rightnost col ums.

11. 3.8 Changi ng the case of words
VED provides procedures for changing the case of individual

words, all words in a line, and all words in a marked range. They
| eave non-al phabetic characters unchanged. Below are the pro-

cedures for changing to Ilower case - the "I" in all the nanes
stand for "lower". Substitute this with "u" to change to "upper"
case.

Wrds - ENTER | cw <nunber > <RETURN>

Transforns the next <nunber> of words to | ower case. <nunber> de-
faults to 1.

Lines - ENTER | cl <nunber> <RETURN>
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Transforns the next <nunber> of lines to | ower case. The cursor
nmoves to the next line.

Mar ked range - ENTER | cr <RETURN>

Transforns a marked range to | ower case.

11.3.9 Moving a nmarked range of text - ENTER m <RETURN>

Moves a marked range of text to after the current line in the
same file. See Chapter 6 section 5 for information on how to
nove and copy text between files.

11.3.10 Copying a nmarked range of text - ENTER t <RETURN>

Transcri bes a marked range to after the current line in the sane
file.

11.4 HELPFUL ONLI NE DOCUMENTATI ON
TEACH VED - Using VED to alter or create files

TEACH MORE - VED exerci ses
HELP PAGE - LIB PAGE and LI B RNO conmands for formatted

printing
HELP FORMAT - VED conmands to format text files
HELP VED - list of HELP files relevant to VED

-- APPENDI X 1: TAILORING VED - == --nmmmmmmmammmm e mmea o ee e

I ntroduction

There are many ways in which the editor can be adapted to suit
i ndi vidual needs. Taking full advantage of its flexibility re-
quires a know edge of POP-11 progranmng. Techniques for this
will be explained in detail and illustrated in the VED Advanced
Users Quide and the VED Programmer's @uide. This appendix ex-
plains a subset of the facilities for users who are not POP-11
progr anmers.

Most of these facilities require the creation of a file called
‘vedinit.p' in your login directory, or the directory you have
assigned to the logical nane '$poplib'. This file is conpiled
whenever VED starts up. In it you can give a comrand to conpile a
library file to tailor VED for your terminal, you can set gl obal
variables of various kinds to alter VED s defaults, and you can
define a procedure to be run whenever VED creates a new file, and
a procedure to be run whenever VED nakes a file the current file
i.e. puts it on the screen and puts the cursor in its w ndow.

Exanpl es will be given bel ow which can be copied and nodified as
necessary by soneone who is not a POP-11 programmer, but under-
stands programm ng concepts.

Conpiling a library file for your VDU

Suppose you use a Tel evideo term nal nodel 925. You wll then
want to conpile LIB tvi925. You can do this by inserting into
your vedinit.p file the line

lib tvi925;

This conpiles the file and prints out a nessage saying so. The
followwng alternative will just conpile the file without telling

you:

| oadlib('tvi925");
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If you use a different termnal, then instead of 'tvi925' in ei-
ther command, you wll need a different nane. See HELP VEDKEYS
for options availabl e or ask your |ocal system expert.

Setting dobal Variables in 'vedinit.p'

There are many global variables that control the default
behavi our of VED. Mst have a nunber as value, but sonme have a
string or list. You can alter any of these by including POP-11
assignnment statenments in your vedinit.p file.

For example, VED starts by assum ng that you are wusing a VDU
whose screen holds 24 lines, and 80 colums, and that you want
each new file when it cones onto the screen to have a w ndow of
12 lines, i.e. taking up half the screen. You can change the de-
fault w ndow size to be full screen thus:

24 -> vedstartw ndow,

This makes it inpossible to have two files visible at once, but
is preferred by sone users.

I f your VDU has nore than 24 lines, say 60, |ike the Ann Arbour,
you coul d do:

60 -> vedscreenl ength;
30 -> vedstartw ndow,

VED automatically wites the current file after a certain nunber
of changes, controlled by a variable whose default value is 1500.
You can make it wite after every 500 changes by:

500 -> vedautowite;
or turn off autowriting altogether by:
false -> vedautowite;

The nunber of characters by which the TAB key indents is set to 4
by default. |If you wish it to be 8, the nbre conventional size,
do

8 -> vedi ndent st ep;

On UNI X systens VED normal |y keeps one backup version of each
fileit wites, using the suffix '-' for backup versions. |.e. it
keeps up to two versions. You can increase the number of backup
versions to 4 by doing:

5 -> vedversions;

(5 =4+ 1, the 1 being the current version). The backup versions

will then have suffixes '-', "--", "---" ‘‘'"----

There are sonme VED variables that have lists of directories as
their values. These are used by commands such as HELP and TEACH
and LIB, to indicate where to search for docunentation or library
files. You can also tell the VED command itself about a list of
your own directories in which you keep files, so that it wll
search in those files if it does not find the file you want in
your current directory. This is often convenient if you keep dif-
ferent sorts of files in different directories, but may wish to
access themeasily. This is also useful if two or nbre users w sh
to share the files in a particular directory.

Tell VED where to look for files by assigning a list of directory
nanes to vedsearchlist. The list 1is created by using square

DOC VEDUSERGUIDE: the VED user guide

328



brackets, and each directory nane is enclosed in single string
guotes, e.g. on unix

["nylib" "letters' '"work'] -> vedsearchlist;
or, on VMS:
[ "[.mylib]" "[.letters]" '"[.work]" ] -> vedsearchlist;

If you just give file names like that, VED will treat them as
nanes of sub-directories of the current directory. If they are
subdirectories of your login directory, and you want to access
them no matter which directory you happen to be working in, then
you have to give the full path name for each directory. On UN X
you can use '$HOVE' as your login directory, hence:

[* $HOVE/ nyl i b’ "$HOVE/ | etters’ ' $HOVE/ wor k' ] ->
vedsearchli st ;

On VMS you can assign logical nanes to directories and use them
on full path nanmes, in your search lists. E. g. SYSSLOGA N is a
| ogi cal nane for your login directory. You can therefore do sone-
thing like:

['SYSSLOG N '[FRED.LIB]' 'MLIB ] -> vedsearchlist;

where ' MYLI B' has been defined as a |l ogical nane, for exanple in
your LOG N.COM file.

You can use the file extension to control whether VED starts the
file in 'break' node or not. There is a default list of file ex-
tensions for which VED assunes break node is not wanted, nanely:

[".p" ".com ".Isp" ".pl"] -> vednonbreakfiles;

Suppose you often wite FORTRAN prograns with file names ending
in '.for'" and PASCAL prograns with file-extension '.pas' and you
wi sh |ine-break node to be off for these. You can add these to
the list as foll ows:

['".pas' '.for' A~~rvednonbreakfiles ] -> vednonbreak-
files;

There are several nore VED variabl es described in HELP VEDVARS.
Most of these are best left alone unless you are an experi enced
POP- 11 progranmer.

It is possible to define a procedure called 'vedveddefaults' that
will be run whenever you start up a new ved file. You can use it
to test the sort of file and do one of the above assignnents ac-
cordingly. For exanple, you may wi sh vedindentstep to be 4 for
all files except those with suffix '.for', and you nmay w sh
vedstatic to be set true for files with suffix '.fig' . You can
then put the following POP-11 procedure definition in vyour
vedinit.p file:

def i ne vedveddefaul ts;
if isendstring('.for', vedcurrent) then
8 -> vedi ndent st ep;
el se
4 -> vedi ndent st ep;
endif;

if isendstring('.fig , vedcurrent) then
true -> vedstatic;

el se
false -> vedstatic;
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endi f;
enddef i ne;

Al tering VED key sequences

The built in procedure vedsetkey can be used to tell the editor
that a sequence of characters, which nay either be transmtted by
the user, or by a function key, is to be given a new nmeani ng. The
sinpl est use of this is to define new abbreviations. This is done
by giving vedsetkey two strings, the first being an abbreviation
for the second.

Defi ni ng abbrevi ations

For exanmple, if to indicate that 'df' is to be an abbreviation
for 'define' and 'edf' for 'enddefine' insert the followi ng two
conmands into your vedinit.p file:

vedset key('df', 'define ');
vedset key('edf', 'enddefine;");

This may produce slightly counter-intuitive behaviour, since VED
will no longer '"echo' the initial characters when you type them
inas it has to wait to find out what you will type next. This
neans that it may be best to nmake all abbreviations start with a
character not used for other purposes, e.g.

vedsetkey(' @', 'define ');
vedset key(' @', 'enddefine;");

VED wi || not accept an abbreviation where the first string is a
substring of the second

vedset key(' def', 'define ");

as this would cause the systemto loop indefinitely, replacing
"define' with 'defineine' then 'defineineine etc.

Assigning a procedure to a key sequence

vedset key can al so be used to map a character sequence onto a VED
procedure. The VED Advanced User's Guide will show how to nap key
sequences onto procedures defined by the user. Users can al so map
key sequences onto built-in procedures

This is done by nmaking the first argunent to vedsetkey a string
indicating the character sequence (to be typed by the user, or
transmtted by a function key) and the second argunent the pro-
cedure to be run. Usually, the character sequence will start with
the <ESC> character or a control character, so it is necessary to
show how to represent these special characters in strings in
POP-11. They are indicated by the two 'lead in'" characters

So, CTRL-A is represented by "A', CIRL-B by 'B', etc. <ESC> by
'"['" and the <DEL> key by '?'

The following lines could be used in your vedinit.p file to tel
VED that <ESC> followed by "I" should nove the cursor one word
left, <ESC> followed by "r" should nove it one word right, <ESC
followed by "L" should delete a word to the left of the cursor
and <ESC> followed by "R' should delete a word to the right of
the cursor:

vedsetkey('[I', vedwordleft);
vedsetkey('[r', vedwordright);
vedsetkey('[L', vedwordl eftdel ete);
vedset key(' [ R, vedwordrightdelete);
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In order to make full use of this facility for mapping character
sequences onto procedures users will need to know which built in
procedures are available for wuse as the second argunent to
vedset key.

The files HELP VEDPROCS and HELP VEDCOWS list VED procedures
Many of these can be napped on to editing key sequences. The fol -
lowing are the nost likely to be useful

vedchangecase()
Change chase of current character and nove right one
Default CTRL-N
vedchar downl ef t ()
Move down diagonally to the left. For other directions
replace 'down' with "up' and 'left' with 'right'
For bi gger noves append 'lots', e.qg.:
vedcharupl eftl ots()
Move up diagonally to left, several tines

vedchar upl ot s()
Move up several |ines
vedchar upri ghtl ot s()
Move up diagonally to right, several tines

vedcl ear head()

Delete current line to left of cursor
vedcl eartail ()

Delete current line to right of cursor
vedendfil e()

Go to end of file
vedent er ()

Cl ear comand line, put cursor on conmand |ine
vedl| i neabove()

Insert |line above current line
vedl i nebel ow()

Insert line below current line
vedl i nedel ete()

Del ete current line
ved| oadl i ne()

Loads current line without altering the marked range
vedmar kf i nd()

Move to begi nning of marked range

vedmar khi ()

Make current |ine end of marked range
vednar kl o()

Make current line start of narked range

vedm dw ndow()

Scroll up or down till current line is mddle of w ndow
vednext | ine()

Move to beginning of next line. (like LF button)
vedposi ti onpush()

Push current position onto vedpositionstack.

vedposi ti onpop()
Restore location at top of vedpositionstack. |If there are not
nore than 5 stacked positions, save this one at end of stack
vedr edoconmand
Re-do the comand on the command |ine
vedrefresh()
Refresh screen. Usually mapped to <ESC> V or a function
key
vedscr eendown()
Move cursor to bottom of w ndow or down a w ndow i f
al ready at bottom
vedscreenl eft ()
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Move cursor to left of screen
vedscreenri ght ()
Move cursor to right of w ndow
vedscr eenup()
Move to top of window, or up a window if already at top
vedtext |l eft ()
Move to begi nning of text on current line
vedt extright ()
Move to right of text on current |ine

vedsetstatic()
Switch static node on or off
vedset wi ndow()
Make current wi ndow fill whole screen, or return to half
screen. Usually mapped to <ESC w.
vedswapfil es()
Switch cursor to other file. Usually mapped to <ESC> x
vedst at usswi tch()
Switch cursor fromstatus line to file, or vice versa.
vedt opfil e()
Move to top of file
vedwor dl eft ()
Move cursor one word to |eft
vedwor dl ef t del et e()
Delete word to |eft

vedwor dri ght ()
Move cursor one word right
vedwor dri ght del et e()
Del ete word to right
vedwritefiles()
Wite all witeable and changed files

ved_j
"Justify' marked range. Fills if it is a text file, does
indentation if a programfile.
ved_j cp
Justify current procedure, using ved_tidy
ved_jj
Full'y "Justify' nmarked range. Aligns left and right nargins.
ved_jjp
Fully justify current paragraph.
ved_jp
Justify current paragraph if text file, procedure otherw se.
ved |1
Load current file
ved_Il cp

Load current procedure.

ved_| cw
Transfornms next word to | ower case.
ved_| cl
Lower case line
ved_ucw
Upper Case Word.
ved_ucl
Upper Case Line

ved_I nr

Load (conpile) marked range fromedit buffer.
ved_m

Move marked range to after current |ine.

ved_m

Move marked range from'other' file into current one
ved_no

Move marked range fromthis file to 'other' one
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ved_t
Transcri be nmarked range to after current line.

ved_ti
Transcribe (copy) marked range from'other' file to current
one.

ved_to
Transcri be (copy) marked range fromcurrent file to 'other'
one.

ved_np
Mat ch parenthesis. Mves cursor right to next '(', or ')'.
Then i medi ately noves left or right to matching ')' or '('.
ved_rb
Rotate Buffers in VED. Sanme as <ESC> X if there are only
two files being | ooked at. Uses current w ndow only.
ved_st op (UNILX 4.2 only)
Suspend current process, taking you back to the CSHELL.
Restart by typing '% to CSHELL.
ved_sw
Transpose two characters to to |left of cursor.
ved_sw
Swap current word with word on left. Uses space as
delimter.
ved_swr
Swap current word with word on right. Uses space as
delimter
ved_yankl
"Undel ete' last line deleted with vedlinedelete
ved_yankw
"Undel ete' last portion of line deleted using
vedwor dl eftdel ete, vedwordrightdel ete, vedcl earhead, or
vedcleartail. ved_xdn
Scrol | other w ndow down. Al so done by <ESC> <LF>
but t ons.
ved_xup
Scrol | other wi ndow up. Al so done by <ESC> <BS>
but t ons.
ved_XxX
Wite all altered files, exit fromVED, exit from POP11

Addi ti onal nore conpl ex exanples of things that can be done in
the vedinit.p file are illustrated in the file HELP I NI TI AL. EX

Creating saved i mages

Users may find that conpiling a library file and a vedinit.p file
with a lot of VED tailoring commands can take sonme tinme. POPLOG
allows facilities to 'pre-conpile’ such things and creates a
"saved' inmmge which can then be invoked using the nechanisns
described in HELP I NI TI AL.

Usually it is advisable to create a DCL or SHELL command file
that can be run in order to create your saved inage. Once it is
created it can be started up quickly, and can be nmade to take you
straight into VED as soon as it starts.

Exanpl es of how to do this sort of thing are given in the file
HELP I NI TI AL. EX. However, it is usually wise to get help froman
experienced POP-11 programer when this is first done.

-- INDEX: The VED commands described in the user guide ----------------

ENTER / <RETURN> Search forward (see ved_search)
Can include patterns.
(if no string provided, use |ast search string)
ENTER " <RETURN> Search forward, but only for
conmpl ete word, or nunber, etc.
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(if no string provided use | ast search string)
ENTER \ <RETURN> Search backward. No patterns all owed.
(if no string provided use | ast search string)
ENTER @ <RETURN> Move to beginning of file
ENTER @n <RETURN> Move to begi nning of marked range
ENTER @ <RETURN> Move to end of file
ENTER @9 <RETURN> Move to line 99
ENTER 99 <RETURN> Mbve to line 99
ENTER ac <RETURN>
centres each line in marked range between |eft and
ri ght margins
ENTER al <RETURN>
aligns first character of each line in marked range with
the left margin
ENTER ar <RETURN>
aligns |last character of each line in marked range with
the right margin
ENTER bc <RETURN>
noves the marked range left or right so that the first
line of the range is centred between the two margins
ENTER bl <n> <RETURN>
noves the marked range <n> characters to the left,
n defaults to 1
ENTER br <n> <RETURN>
noves the marked range <n> characters to the right,
n defaults to 1
ENTER br eak <RETURN>
switches the |ine break mechani smon and of f
ENTER ¢ <RETURN>
Conpiles all programfiles and returns to POPLOG
ENTER c1 <RETURN>
Just conpile (load) the current file and return to
POPLOG. Conpiles even if file is unchanged.
ENTER centre <string> <RETURN>
Puts string at centre of current line. If string is enpty
or '.' noves existing line of text to centre.
ENTER cl ear <RETURN>
Del ete everything fromthe current file
ENTER d <RETURN>
Del et e nmarked range
ENTER dcp <RETURN>
Del ete current procedure
ENTER deof <RETURN>
Delete to end of file, fromcurrent line, inclusive.
ENTER doc <file> <RETURN>
Get DOC file
ENTER fil es <RETURN>
Print out information about current files in the editor
ENTER fill <RETURN>
Justify marked range as if in text file (even if not)
See ENTER j, ENTER jcp, ENTER jp, ENTER fp
ENTER fp <RETURN>
Fill current paragraph (even if in a programfile).
See ENTER fill <RETURN>
ENTER gobbl e <RETURN>
renove excess spaces fromthe nmarked range, |eaves a
singl e space between words. See ENTER jj <RETURN>
ENTER gs/stringl/string2 <RETURN>
G obal substitute. If no argunents, then use |ast ones.
Use " as string delimter, to restrict to conplete words.
E.g. ENTER gs"cat"cats will not alter "catch". If stringl
is enpty (i.e. just ENTER gs//string2 <RETURN>)
then use last search string. If no argunent provided
(i.e. just ENTER gs <RETURN>) then use |ast search
string and | ast substitute string.
See ENTER gsr <RETURN>, ENTER gsp <RETURN>,
ENTER sgs <RETURN>
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ENTER gs| <RETURN>
G obal substitute in current line
- like ENTER gs <RETURN> in current |ine.
ENTER gsp <RETURN>
G obal substitute in current procedure. Leaves it marked.
ENTER gsr <RETURN>
G obal substitute in marked range.
Li ke ENTER gs <RETURN>.
ENTER hel p fil e <RETURN>
Get HELP file
ENTER i ndent N <RETURN>
Alter the size of the tab setting.
ENTER j <RETURN>
Justify marked range. Fills if it is a text file, does
indentation if a programfile (ENTER tidy <RETURN>).
See ENTER fill <RETURN>.
ENTER j cp <RETURN>
Justify current procedure, using ENTER tidy <RETURN>
ENTER jj <RETURN>

Ful l'y Justify marked range. Aligns left and right margins

ENTER jjp <RETURN>
Ful l'y justify current paragraph.
ENTER j p <RETURN>

Justify current paragraph if text file, procedure otherw se

ENTER | <RETURN>
Li ke ENTER ¢ <RETURN>, but doesn't return to POPLOG
ENTER | 1 <RETURN>
Li ke ENTER | <RETURN>, but loads only current file
(even if unchanged)
ENTER | col <N> <RETURN>
Set the left margin. |If no nunmber given, then use cursor
posi tion.
ENTER | cp <RETURN>
Load current procedure. Uses ENTER | nt <RETURN>.
ENTER | cw N <RETURN>
Lower case words. Transfornms next N words to | ower
case. N defaults to 1. See ENTER ucw <RETURN>.
ENTER | cl N <RETURN>
Lower case lines. Like lcw, but for lines. Myves to next
l'i ne.
ENTER | cr <RETURN>
Lower case range. Transform nmarked range to | ower case.
ENTER |i b <nane> <RETURN>
Load a library file
ENTER | nt <RETURN>
Load (conpile) marked range fromedit buffer.
ENTER | oad <fil e.p> <RETURN>
Load the file.
ENTER m <RETURN>
Move marked range to after current |ine.
ENTER m <fil e> <RETURN>
Move a narked range of text fromone file into the
current file
ENTER no <file> <RETURN>
Move a narked range of text fromthe current file into
anot her file
ENTER nbe <RETURN>
Mark current file from Beginning to End
ENTER nbf <RETURN>
Mark from begi nning of file
ENTER nbp <RETURN>
Mar k from begi nning of procedure
ENTER ntp <RETURN>
Mar k whol e of current procedure
ENTER nef <RETURN>
Mark to end of file
ENTER nep <RETURN>
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Mark to end of current procedure
ENTER name <new name> <RETURN>
Renarme a file
ENTER nane <RETURN>
Print out nane of current file
ENTER out put <RETURN>
Used to redirect output
ENTER pop <RETURN>
Return to POPLOG
ENTER pved <file> <RETURN>
Call VED in 'protected node. You cannot wite <file>
ENTER g <RETURN>
Quit current file. Conpare ENTER rrq <RETURN>
ENTER ghel p <fil e> <RETURN>
Quit current file and call HELP with new one
ENTER gpop <RETURN>
Quit the current file and return to POPLOG
ENTER gq <RETURN>
Quit from VED and from POP-11, returning to operating
system Asks if you want to wite any changed files
before you quit.
ENTER gshowl i b <file> <RETURN>
Quit current file and call SHOALIB with new one
ENTER qt each <fil e> <RETURN>
Quit current file and call TEACH with new one
ENTER qved <fil e> <RETURN>
Quit current file and start editing new one
ENTER rb <RETURN>
Rotate Buffers in VED. Uses current w ndow only.
ENTER rcol <N> <RETURN>
Make N the right nost colum. |f no nunber given,
then use cursor position.
ENTER ref <file> <RETURN>
Get REF file
ENTER ri ght <string> <RETURN>
Puts the string at right of current line
ENTER rqq <RETURN>
Really Quit from VED and Quit from POPLOG
wi t hout aski ng questions
ENTER rrq <RETURN>
Really Really Quit current file w thout asking questions.
ENTER s/ <search string>/ <substitute string> <RETURN>
Substitute search string with substitute string, repeatedly
if necessary. |If substitution is OK press <RETURN> to
do nore, or Y neaning Yes and stop. If not OK press
<DEL> to search for another, or N neaning No and stop.
If search string is enpty, use last search string. If no
argurment given (i.e. just ENTER s <RETURN>) then use
the last search string and | ast substitute string. String
delimter can be any sign character. If " is used as delimter,
then replace only whole words. See ENTER gs <RETURN>,
ENTER gsr <RETURN>, ENTER gsp <RETURN>.
ENTER sgs <RETURN>
Li ke ENTER gs <RETURN>, but "silent", that is it
doesn't record every substitution on the comrand |ine.
ENTER showl i b <fil e> <RETURN>
Read the library file into VED.
ENTER t <RETURN>
Transcri be narked range to after current line.
ENTER ti <fil e> <RETURN>
Copy a marked range of text fromone file into the
current file
ENTER to <file> <RETURN>
Copy a marked range of text fromthe current file into
anot her file
ENTER t each <file> <RETURN>
Get a TEACH file
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ENTER ucw <n> <RETURN>
Upper Case Words. Transforns next <n> words to
upper case. <n> defaults to 1.

ENTER ucl <n> <RETURN>

Upper Case Lines. Transforns next <n> |ines to upper

case.
ENTER ucr <RETURN>

Upper Case Range. Transform marked range to upper case.

ENTER ved <fil e> <RETURN>

Start or resume editing the file.
ENTER w <RETURN>

Wite ALL changed files to disk
ENTER w <fil e> <RETURN>

Wite the current file to the nane given.
ENTER wl <RETURN>

Wite only current file
ENTER wgq <RETURN>

Wite current file and quit
ENTER wgved <file> <RETURN>

Wite current file, quit it, then call VEDwith new file

ENTER wr <fil e> <RETURN>
Wite marked range to file
ENTER wed <file> <RETURN>

Wite current file, then call VEDwith the newfile

ENTER x <RETURN>

Wite all changed files, then conmpile programfiles,

return to POPLOG

ENTER x1 <RETURN>
Wite and load current file and return to POPLOG
Conpi | es even if unchanged.

ENTER xXx <RETURN>

t hen

Wite all altered files, exit fromVED, exit from POPLOG

ENTER yank <RETURN>
To retrieve text deleted with ENTER d <RETURN>,
ENTER deof <RETURN>, ENTER dcp <RETURN>
and ENTER cl ear <RETURN>

ENTER y <RETURN>
A shorthand for ENTER yank <RETURN>

ENTER yankl <RETURN>
Retrieves the last line of text deleted with the
LI NEDELETE key

ENTER yankw <RETURN>
Retrieves the last line of text deleted with the
CLEARHEAD or CLEARTAIL key, or word deleted with
one of the word del ete keys.

<o GLOBSARY - = - - - - il

A

argunment - paraneter given to a procedure for it to work on
arrow keys - the four keys after the function keys at the top

of the v55, v200, and vt100 keyboards.

B:

break node - if this is on then lines are autonatically
br oken when they reach the rightnost col um.
If it is off, lines are not broken.

C

centre - align a line of text m dway between the |eft and

ri ght nmargins

conmand line - Line at the top of a VED wi ndow from whi ch

to give commands. Qutput is sonetines
di spl ayed here. Tells you the current
and file the cursor is in.

copy - text copied fromone place to another. The original

not renoved.
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conpilation - translating user's input into executable machine
code
current wi ndow - The wi ndow the cursor is in
cursor - snmll synbol, such as a rectangle or underscore
character, showi ng where you are on the screen

D:
delimter character - a character used to separate different
parts of a string. For exanple "/" and
in search and substitute comuands,
and "." in file nanes.
directory nane - a file which lists the files taking up a
particular area on the disk
di sk name - the nane of a disk where directories are kept
E
enmbedded match - two itenms will match if they share the
same characters regardl ess of the
surroundi ng boundari es.
exact match - two items will match only if they share both
the same characters and boundari es.

F
filespace - an allocation of quota on di sk which houses your
directory
footer - text appearing at the bottom of a page
formfeed character - a non-printing character which tells a
printing device to begin a new page
full justification - align the first and the |last characters on each
line with the left and right margins
respectively.
function keys - the keys at the top of the v55 and v200
keyboards marked F1 to F12 and FO to F13
respectively.

G
gl obal substitution - non-interactive substitution

H

header - text appearing at the top of a page

hone key - the key next to the arrow keys at the top of the
vb5 and v200 keyboards

host name - the nane of a conputer e.g. CVAXA or UNX1

I :
incremental conpilation - conpiling without having to re-link
insert nbde - the normal character insertion node.
interactive substitution - commands that wait for confirmation
before replacing the search string
with the substitute string in the
t ext
K
keypad keys - the keys fornming a separate block on the
right-hand side of a keyboard. These usually
have nunbers and nay have synbol s

L
left justified - first character on each line aligned with left
margi n
library procedure - a procedure that is only | oaded when it is
used, or needs to be explicitly | oaded
| oad - the sane as "conpile"

M

M SHAP nessage - a nessage produced by the procedure
M SHAP tel ling you about mstakes in
your prograns.

nonitor - a conmand interpreter e.g DCL, SH, CSH
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nove - text noved fromone place to another elinmnating it
fromthe original place.

N:

non-interactive substitution - commands that replace the search
string with the substitute
string in the text w thout
wai ting for confirmation.

NROFF - UNI X printing program

0

operating system- program e.g. VMS or UNIX, controlling
system resources such as di sk space and
processor tine.

P:

pagi ng - insertion of page breaks, page nunbers, headers and
footers on a printing device

printout - paper version of a file, as produced by a printer

Q

quit - renpbve a buffer fromthe bufferlist

R:
replacement string - an alternative termfor "substitute string".
right justified - last character on each line aligned with right

mar gi n
RUNOFF - VMS printing program

S
search string - the argunent you give to a search procedure to
search for.
static node - character insertion node where existing characters
are over-written, and the <RETURN> key is
di senabl ed.
status line - an alternative word for the "command |ine".
string - POP-11 vectors whose el enents occupy one byte
(i.e. they nust be positive integers |ess than 128)
substitute string - the second argunent you give to a search and
substitute procedure. VED replaces occurrences
of the search string in the text with the
substitute string.

T:
toggl e - successive key presses sw tches the associated
behavi our on and off alternately

V.

VED buffer - VED s tenporary copy of a single file. It is a
vector containing strings representing successive
lines of the current file.

VED bufferlist - a list of the current VED buffers

vedfile - refers to the structure that VED keeps for every file it

is editing which includes the vedbuffer and other
information e.g. where narked ranges are

VED wi ndow - a section on the term nal screen providing a
wi ndow into a VED file

W
wild card - a dummy character used to stand for anything
words - a word is a letter followed by a series of letters or
nunbers. A word can al so be a series of
non- al pha- nuneri c characters
wite - transfer a file fromthe bufferlist to the disk

--- C all/doc/veduserguide -------------mmmmm o
--- Copyright University of Sussex 1987. Al rights reserved. ----------
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TEACH PROLOG JL Cunni ngham 1982, updated AS 1986
CONTENTS - (Use <ENTER> g to access required sections)

-- Introduction to Prolog for POP-11 users
-- Runni ng Prol og

-- Adding to the Prol og database: assert

-- Predicates

-- Constants and variables in Prol og

-- Predicate variables don't work

-- Retract

-- Lists in Prol og

-- Prolog patterns

-- Preparing assertions in a file

-- Running VED from Prol og

-- Inference rules in prol og

-- Reading rules and assertions fromthe termnal
-- Defining a paternal grandfather

-- Defining other relationships

-- Tracing in Prolog: spy

-- Built in predicates

-- ALPHABETI C LI ST OF EVALUABLE PREDI CATES.
-- Rel evant reading

-- Introduction to Prolog for POP-11 users ---------------------------

If you are familiar with the POP-11 database then the easi est approach to
programm ng in PROLOG may be to regard PROLOG as a kind of database, but
a database that can actively work out new facts fromrules you supply it
with, i.e. make specified "inferences".

(I'n PROLOG there is nothing corresponding to the POP vari abl e DATABASE -
the only way to "get at" the database is via the prolog equival ents of
"add", "renove", "lookup", etc..)
- RUNNING Prol0g ------cmmmm oo oo e e
To run PROLOG log in and type
to VM5 or the Unix SHELL

pr ol og
If there are different prolog systens on your machine, then you may
have to give a different conmand to get the POPLOG Prol og, e.g.
on VMS

popll/ prol og

or on unix
popll -prol og

will suffice.

Prolog will respond with a nessage and then will pronpt you with "?-".

(It will also work if you type "prolog" to POP-11, e.g.
prol og

but the prolog systemthen has to be | oaded, and this takes a very |long
time.)

-- Adding to the Prol og database: assert ------------------------------

The equivalent to the POP-11 "add" procedure is called "assert" in
PROLOG but before you can use it you have to know about the syntactic
di fferences between | anguages |ike POP-11 and PROLOG |In PROLOG the
basic data structure is called a "conpound term'. A prolog conpound term
| ooks rather like a POP-11 procedure call, e.g.
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f(x,y)
Run prol og, and after the pronpt type
assert (f(x,y)).
Don't forget the full stop after the conmpound term
This is like the POP "add([f x y]);'. Prolog should respond "yes".
Now try typing (after the pronpt):

f(y,x).

" "

Prol og shoul d respond "no" (notice that x,y and y,x are in a different
order). It is not being argunentative, what you have typed is
equi val ent to the Popll:

if present([f y x]) then "yes" => else "no" => endif;
As you can see, prolog is considerably nore concise than Popll.

Unfortunately, with this version of prolog, it is necessary to have at
| east one piece of information about 'f' before you are allowed to ask
any questions about 'f', which is why it was necessary to 'assert' an
"f' fact to the prol og database before asking the first question. This
is actually a hel pful feature fordebuggi ng purposes |ater on.

EE R S R I R R I R R R
-- Predicates -------cmccmmii e
Al t hough you "can" use lists in prolog, the database is organi sed around

the concept of predicates. A predicate is |ike a natural |anguage
sentence with one or nore "holes", called "places", init, e.g.

"The brother of Cainis ...."

When the place is filled in, e.g. "The brother of Cain is George", we
get a conplete sentence which is either true or false (that is why
procedures which return true or false are called predicates).

In this exanple, of a one-place predicate, it is nore sensible to take
the two-pl ace predicate:

"The brother of .... is ...."

and to say that one of the holes in this two-place predicate has been
filled in by "Cain". In Popll you could represent this with a list:

[ brother cain ?a]

whereas in prolog it |ooks like:
br ot her (cain, A).

-- Constants and variables in Prolog ----------------------------------

"oan

"Cain" nmust begin with a small "c" because of another syntactic
convention of prolog: the equivalent of POP-11 words are "constant

terms", and always begin with a small letter. This is as if POP-11 had
the convention that instead of witing '"cain"' you could wite "cain",
but only for words starting with a small letter. (Nunbers are al so

constant terns in both Prolog and Popll).
Words beginning with a capital letter in Prolog are variable terns

(variables). So, now type (don't include the ?-, and don't forget the
full stop).
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?- assert(brother(cain,abel)).
?- brother(cain,A).

?- brother (A abel).

?- brother(samA).

?- brother(cain,abel).

?- sister(cain,abel).

and so on. On first reading, skip to next row of asterisks.

-- Predicate variables don't work ------------mmmmmmm
Unfortunately, ?- RELN(cain,abel) won't work. It won't work because the
desi gners of the prolog | anguage didn't allow questions with a variable
in the predicate position. This makes prolog prograns nore efficient. If
you needed to find out what predicate is true of two given constants,
then you could have asserted it differently, e.g.

?- assert(fact(brother,cain,abel)).

?- fact (RELN, cai n, abel ).

EE R R S R Rk Sk kO S O O

R =L - o B

"

The opposite of assert is "retract". Retract is |ike Popll "renobve".

EE I S R I I S R R R I R

- Lists in Prolog ------mmmmmm o e e e
As nmentioned above, although the basic prolog data structure is a
conpound term prolog also has lists. Prolog lists are like this:

[the, cat, sat, on,the, mat]

The commas are necessary. There is nothing corresponding to the Popll
percent signs (nor is there ever any need for it, because of the
af orenenti oned syntactic convention about constant and variable terns).
It is not possible to directly assert (add) a list to the database, as
in POP-11, but you can store itens involving lists in the database. For
exanpl e,

assert([this,and,that]).
will cause prolog to protest, but

assert(blat([this,and,that])).
is okay. Again, as in POP-11, you can use "patterns" to search for things
in the prolog database. However Prolog patterns have a very different
syntax from POP-11 patterns.
- Prolog patterns -------mmm oo e
In Prolog the following pattern will match "A" to the head of a list,
and "B" to the tail:

[Al B]
Anot her exanpl e:

[x, ¥Rl
This is a Prolog pattern that matches any list beginning with "x", then

"y"; and "R' matches the rest of the list. So, "|R" is a bit like "??R'
at the end of a list in POP-11. If this pattern is matched to

[x,y, z] then Ris matched to [z]
[X,y,w,v,u] then Ris matched to [w, v, u]
[x,y] then Ris matched to []
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On first reading skip to next row of asterisks.

You coul d assert facts |ike this: assert(fact([brother,cain,abel])).
This is not the sane as before: in the earlier exanple "fact" is a

t hree-pl ace predicate, and each place is filled by a constant. Wth the
l'ist brackets exanple, "fact" is a one-place predicate and the place is
filled by a list.

EE IR o O R O

Lists are useful in prolog for data that m ght be of variable |ength,
but for items of fixed length, like relationships, it is better not to
use |ists.

EE IR O O R O S O O S I S

-- Preparing assertions inafile -------------cmm
It is a nuisance to have to keep typing "assert", so prolog provides a
facility for reading a file, and asserting each fact automatically.
Using VED, prepare a file of famly relationships, sonething |ike:

nmot her (1 ut hi en, di or).

f at her (beren, di or).

not her (ni m ot h, el wi ng) .
father (dior, elwng).

not her (el wi ng, el rond).

not her (el wi ng, el ros) .
father(earendil, el rond).
father(earendil, el ros).

fat her (el rond, arwen).

nmot her (cel ebri an, arwen) .
not her (gal adri el , cel ebri an).
fat her(cel eborn, cel ebri an).

-- Running VED fromProlog ------------mmmm oo

To call VED frominside prolog, you can do
?- ved fam |l ytree.

to mean 'edit the file called fam|lytree'. Leave the editor as usual,
and the file will be read into the prolog database. To read a file
directly into the prolog database type the filename in |ist brackets
(followed by fullstop), e.g.

?- [famlytree].
-- Inference rules in prolog ------------mm oo
Now suppose you want to inform prolog about new rel ationships, e.g.
paternal grandfather? You need a rule saying that if X is the father
of Y, and Y the father of Z, then X is the paternal grandfather of Z
Prolog will be able to use the rule to make an "inference".
To create this rule, you just add a sentence to the database sayi ng what

you nean. Actually, prolog facts and rules, even though they end with
full stops, are called "clauses" (see TEACH CLAUSES if you are running

prol og) .

Since "asserting" is such a nuisance it is easier to put the
clause for this rule in a file.

-- Reading rules and assertions fromthe termnal ---------------------

If you want prolog to read fromyour terminal as if froma file, the
special filename "user" can be used:
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?- [user].

Every clause (fact or rule) typed now will be added to the database
until you type the "end of file" character, usually <CTRL> D on Uni x
machi nes, and <CTRL> Z on VMG.

-- Defining a paternal grandfather ----------cmmmm
The cl ause for making the paternal grandfather inference could be:

pgrand(X,Y) :- father(X 2Z),father(ZzZY).

You can translate that, roughly, as

"pgrand(X,Y) follows fromfather(X Z) and father(ZY)'
l.e. ":-" nmeans "follows from', or "if", and ",
cont ext .

"

can nean "and" in that

Vari abl e nanes used in one clause are conpletely separate fromthose in
any other clause, so X, Y and Z can be used again w thout confusion. They
are like local variables in a Popll procedure.

-- Defining other relationships ---------------------------------
Consi der the follow ng:

aunt (X, Y) :- sister(X, P),parent(P,Y).
What this clause says is "X is an aunt of Y if Xis the sister of some
person, P, and P is a parent of Y". But prolog doesn't know what a
sister is, so lets add the information: "A person, say X, is the sister
of another person, say Y, if she is agirl, and a sibling of Y".
sister(X,Y) :- female(X),sibling(XY).

What do the foll owi ng mean?

sibling(X Y) :- parent(Z X),parent(ZY).
female(X) :- nmother(XY).

In fact the definition of sibling is wong, because it allows soneone to
be their own sibling, we nust change the definition to:

sibling(X Y) :- parent(Z X), parent(Z, Y), not(X=Y).
How do we define a parent? How about:

parent(X,Y) :- nother(XY).
parent (X, Y) :- father(XY).

That says "X is a parent of Yif X is a nother of Y' and
"Xis a parent of Yif Xis a father of Y".

Does this work? Try it!
A nore concise way of witing that could be:
parent (X,Y) :- nmother(X Y);father(XY).
Whereas a "," neans "and", a ";" means "or" (and ":-" means "if").
Qur definition of aunt does not include aunts by marriage. Add another
clause to the database that tells prolog that the wife of an uncle is an

aunt. Tell prolog a clause that will let it infer the w feof
rel ationshi p.

EE R R S R R Rk Sk kO S R S O R O
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-- Tracing in Prolog: SPpYy =-------mm oo e e
Suppose you tell prolog that the wife of an uncle is an aunt, and that
t he husband of an aunt is an uncle, then ask "?- uncle(beren,elrond)",
what do you think will happen? Tell prolog to spy:

?- spy.

then try it. 'spy' is a debugging aid, that causes prolog to tell you
what is happening and ask you what to do next at frequent intervals.

Wien 'spy' pronpts you, type 'h' return for a list of options. It is

al so possible to 'spy' individual relations, rather than everything.

(See bel ow, and HELP * SPY).

EE R S I R I R I R I R R I R

Together with the Iist of "evaluable predicates" below, this is all you
need to know to wite many prolog prograns. The only remaining things
have to be explained in order to explain the "!'" (pronounced "cut") to
be explained in TEACH CUT (not yet witten).

-- Built inpredicates ---------mmmm oo
Below is a list of "evaluable predicates", some of which are "built in"
to the prolog system and sone can be obtained by |oading the prol og

library file called 'useful'. Those marked with a crosshatch ("#") in
the left margin are in that library file and to use any of these you
must first load the "useful' library file, i.e. do

?- library(useful).

Those eval uabl e predicates with an asterisk ("*") in the left margin are
the ones | consider nost likely to be of use to the begi nning prol og
programrer, others can be ignored for now but are included for

conpl et eness.

The built in predicates are described in nore detail in:
HELP * PREDI CATES

-~ ALPHABETI C LI ST OF EVALUABLE PREDI CATES. -=--=---n-camcemmeomcomaaa

* ! Cut choices back as far as the last proper
ancest or
* abort Abort all current executions
*# append( X, Y, 2) List Y appended to list Xis list Z
arg( XV, 2) The Xth argument intermYis Z
* assert (X) Add clause X to the database
asserta(X) Put clause X in the database before
others for the predicate
assertz(X) Put clause X in the database after
others for the predicate
* at om( X) X is an atom
at omi c(X) X is an atomor an integer
br eak Get a new invocation of the top |evel interpreter
call (X) (The goal represented by term X)
clause(XY) There is a clause in the database
with head X and body Y
consul t ( X) Read cl auses and goals fromfile X (atom
* debuggi ng Print the list of currently active spy points
di spl ay(X) Wite X on the current output in prefix format
* fail (A goal that always fails)

functor(X,Y,2Z) X is a termwhose functor is Y and arity Z

get (X) Read characters and return X, the first printing
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*#

*

get 0(X)

hal t
i nt eger (X)

I ength(X,Y)
l'ibrary(X)
l'i sting(X)
menber ( X, Y)
nanme( X, Y)

n
nodebug
nonvar ( X)
nospy
nospy X

not ( X)
once( X)
op( XY, 2)

phrase(X, Y, 2)
print(X)
read( X)
reconsul t ( X)
r epeat

retract (X)
retractal | (X)

see( X)

seei ng( X)
seen

ski p( X)
spy
spy X

tab(X)
tell (X)
telling(X)
told

true

var ( X)

wite(X)

X X
A -
<< =<

char
Read the next character X (integer)
fromthe current input

Exit fromsystemto DCL
X is an integer

Y is the length of the list X
Load prolog library X
List all clauses with atom X as predicate

X is a top-level nmenber of list Y

Y is the list of the characters (integers) of

X's nane
A newine is taken on the current output
Sane as 'nospy' - renove all spy points

X is not a variable

Renove all spy points, See "spy".

Renove any spy points on predicate X (atom
or list)

(A goal that succeeds iff goal X fails)

Defined: once(X) :- X!
Decl are atom Z as an operator of type Y
and precedence X

used in certain prolog parsers
Wite out X suitably, using "portray" if
possi bl e

Read term X (term nated by .) fromcurrent

i nput

Read clauses fromfile X to change existing
ones

(A goal that succeeds in infinitely many

di fferent ways)

Renmove cl ause X fromthe database

Retract all clauses that match X

Switch current input to be fromfile X (atom
X is the current input file (atomn

Close current input file, and switch

back to standard i nput

Read characters until the code X appears

Set spy points on all clauses (see "spy X").
Set a spy point on clauses for X (atomor |ist)

Print X spaces on the current out put

Switch current output to be to file X (atom
X is the current output file (atom

Close current output file, and switch back
to standard out put

(A goal that always succeeds)

X is a variable (uninstantiated)

Wite term X on current output (taking
account of operators)

X and Y

Xor Y

I nt eger expression X evaluates to |ess
than integer expression Y

X and Y are equal

Yis the list of the functor of X and the
argunents of X
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* X ==Y
X=<Y
X=Y

* X ==Y

* X >Y
X>=Y

* XisY

* X\=Y
X \==

* [-X
[X

-- Rel evant

readi ng

I nteger expressions X and Y are equal

I nteger expression X is |less than or
equal to expression Y

X and Y are identical

I nt eger expressions X and Y are not equal
I nteger expression X is greater than

i nteger expression Y

I nteger expression X is greater than

or equal to expression Y

Expression Y is evaluated as POP to give X
(although Y is in prolog syntax)

X and Y are not equal

X and Y are not identical

Equi val ent to "reconsul t(X)"
Equi val ent to "consult(X)"

WS. docksin & C.S. Mellish, Programming in Prol og

R Kowal ski ,

There is a large and growi ng coll ection of additional

--- C.all/teach/prol og
--- Copyri ght

Logi c for Probl em Sol ving

University of Sussex 1989. All rights reserved. ----------
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TEACH WHY Chris Mellish Decenber 1983
Altered A Sl oman

WARNI NG Since the printer can't print funny characters which the -why-
comand you may find that the command proceduces slightly different
"line-drawi ng' characters fromthose shown in this file.

The Prol og system being used for the Conputers and Thought course is
capabl e of giving JUSTI FI CATIONS for the answers it come up with. Wen
Prol og has just answered a question with "yes", you can get an inpression
for WHY Prol og could show this by asking the special question:

?- why.

Prolog draws a picture to show the things it had to show to answer the
guestion with "yes", and what choices it had to nake. Here is an exanple
to explain what the pictures show. Suppose we have a Prol og program as
follows (the facts and rules for each predicate have been nunbered for the
sake of this discussion):

student (j ohn). vie (1)
student (nmary). e (2)
st udent (j ane) . vis (3)
l'i kes(j ohn, fish). vy (1)
li kes(j ane, prol og). v (2)
nodel _student (X) :- student(X), likes(X prolog). vas (1)
model _st udent (fred). v (2)

This is intended to nean that various people are students and that various
peopl e like various things. Soneone is a nodel student if they are a
student and like Prolog. Also, Fred is a nodel student.

You can send those assertions to Prolog by using the VED mark keys to mark
t he whol e range, then type CTRL-D

The question is, who is a nodel student? To find out we ask:
?- nodel _student ( X).

Prol og answers: X = jane

yes (assuming we are content with this answer)

Bef ore you read on, work out for yourself WHY it follow fromthe above
facts and rules that Jane is a nodel student. Wich of the facts and rul es
are needed to show this, and how are they used?

There are two things that would help one to infer that people are nopde
students - the rule about students who |ike Prolog and the fact about

Fred. Obviously, the fact that Fred is a nodel student is not of nuch use
for showing that Jane is one, so Prolog nmust have used the general rule
instead. This is rule (1) about 'nodel _student'. Having chosen this rule
there are two subgoals to be satisfied. This rule will only hel p us decide
that Jane is a nodel student if it is true that Jane is a student and Jane
likes Prolog. To show that Jane is a student, Prolog uses fact (3) about
"student's, and to show that she likes Prolog it uses fact (2) about
"likes'. So that's why it was possible to show that Jane is a npde
student.

That justification, expressed in English, was rather |ong and cunbersone.
Here's how Prolog explains it, if we ask '?- why.'

nodel _st udent (j ane)

\--(1)----\
student (j ane)
\--(3)----\
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Vo= (2)----\
[ /
[ /

For each thing it has to show, Prolog nmust pick a fact or rule fromthe
dat abase. The nunber of the one it picked is shown in brackets under the
fact it helps to prove. So, to prove the 'nodel student' fact it used rule
(1) (the first fact or rule about nodel students). Sonetines using a rule

means that other things (subgoals) nust be shown as well. In this case,
Prolog had to show that Jane is a student and |ikes Prol og. These subgoal s
are shown in a vertical line below and on the right of the goal they

establish. In this case, neither of the subgoals required sub-subgoals to
be shown, and so there are no other goals to the right of the 'student' or
"likes' facts.

Try giving Prolog the above program and understanding the justification it
gives. Try accepting alternative answers and | ooking at the explanations
for them

?- nodel _student (X).

X = jane
?

X = fred
?

yes

?- why.

Finally, look at the justifications that are produced when Prol og answers
guestions for other prograns you have witten.

The Prol og systemthat we have can only justify "yes" answers. It can't

say why it was NOT able to show sonmething. Wiy is is easier for Prolog to
justify a "yes" answer than a "no" answer?
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HELP PROLOG Chris Mellish, July 1983
Rewritten Sinmon Nichols, Septenber 1993

An introduction to the Poplog Prol og subsystem

CONTENTS - (Use <ENTER> g to access required sections)
1 I ntroduction
2 Runni ng Prol og
3 Initialisation
4 Comrand Li ne Argunents
5 Prol og and Pop-11

6 Rel at ed docunentation

Popl og Prolog is an Edi nburgh-style Prolog system nodelled on the "core"
Prol og system described in "Programming in Prol og" by d ocksin and
Mel I'i sh (published by Springer Verlag, 1981). This is broadly simlar to
DEC-10 Prolog in syntax and semantics, though not identical: there are
di fferences both in syntax (described in HELP * SYNTAX) and semantics
(described in HELP * POPL
Note: nost of the docunentation files cross-referenced here are
directly avail abl e only when running the Prol og subsystem To read the
files outside of Prolog, use the "<ENTER> prol og" command from Ved. For
exanpl e:
<ENTER> prol og hel p popl og
<ENTER> prol og hel p syntax
To see a list of the available Prolog help files, use the Ved comand:
<ENTER> prol og hel p pl ogi ndex

For information about using the Poplog editor Ved in conjunction wth
Prol og, see HELP * VED

Prolog is supplied as a Poplog saved-inmage. To run it, give "prolog" as
an argunment to the Pop-11 comand invoked fromthe shell or DCL, as
foll ows:

$ popll +prol og

Most sites should have a conmand abbreviation installed for this which
will allow you to type just:

$ prol og

instead. In either case, Prolog will print up a version banner, followed
by the word "Setprolog" and the interactive top-level query nmode pronpt
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"?-", sonmething like this:

Sussex Popl og (Version 15.03 Thu Jun 20 16:20: 20 BST 1996)
Copyright (c) 1982-1996 University of Sussex. Al rights reserved.
Prol og (Version 3.2)

Set pr ol og
?2-

"Setprolog" is printed whenever the Prolog systemis reset: on start-up,
or after an error or an interrupt. The pronpt indicates that Prolog is
waiting for newinput in guery node (see HELP * COWPILE): you can then
type either a goal to be evaluated or a Prol og comrand.

If you enter a goal which Prolog can prove, it prints out the val ues of
the variables in the instance it proved (assunming that there are
variables in the goal). You can then type ";" and return to ask for
alternatives, or anything else (term nated by <RETURN>) to say that you
are satisfied.

Conmands are not a part of Prolog: they are an addition to Prolog to
all ow access to features of the Poplog system Useful conmands to try
are:

- help <topic>
Di spl ays docunentation on the given topic

- source <predi cate name>
Edits the definition of the naned predicate

- ved <file>
I nvokes the editor on a file

- bye
Exits Prol og

The full set of commands is described in HELP * COMVANDS.

A short Prolog session invoked fromthe operating system nmi ght appear as
foll ows:

$ prol og
Sussex Popl og (Version 15.03 Thu Jun 20 16:20: 20 BST 1996)

Copyright (c) 1982-1996 University of Sussex. Al rights reserved.
Prolog (Version 3.2)

Set prol og

?- [-listpreds]. %reconsult the file '"listpreds.pl'
yes

?- append(X, VY, [a,b,c,d, e]). % a goal for Prolog to prove

X =11

Y=1[a b, ¢c, d e] ?; %";" nmeans "find alternatives"
X = [a]

Y=1[b, ¢c, d, e ? % <RETURN> says "that's enough"
yes

?- bye % "bye" nmeans "exit from Popl og"
$

For detailed informati on about conpiling files in Prolog, both inside
and outside Ved, see HELP * COWPI LE.
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You can tailor the Prolog environment to your own taste by creating a
file called "init.pl" containing code which you woul d |ike executed
every tine you run Prolog. This could involve preconpiling useful
library files, executing directives or queries (see HELP * DI RECTI VES),
or in general anything that is valid when reconsulting a file (see

HELP * COWPILE). Prolog will try to conpile the "init.pl" file each tine
it starts up: the file is sought first in your POPLIB directory, and
then failing that, in the current directory.

This initialisation behaviour is the sane as that of other parts of the
Popl og system and is described nore fully in HELP * INITIAL. Prolog al so
conpiles the "init.p" files described in that file for general Popl og
initialisation, and an "init.pl" file in the POPSYS directory for
site-wi de bug fixes or patches.

The Prolog i mage respects all the standard Popl og conmand-1|ine argunents
described fully in the introduction to REF * SYSTEM O these, the npst
useful to Prolog users are:

A
initialises the X interface (where applicable). Currently there
is no support for driving X directly fromProl og, but the
X-based version of the editor (XVed) does becone avail abl e.
%ort
suppresses run-tinme actions: recommended when naki ng saved
i mages.

ved <file>

im<file>

hel p <topic>
i nvoke the correspondi ng VED (or XVed) conmands.

Exanpl e:

$ prolog % ved nylib.pl
Starts up Prolog and i mediately invokes XVed on the file
"nylib.pl".

Frominside Prol og you can get to the Pop-11 top-level either with the
comand:

?- popll

or by invoking the predicate prolog_|anguage/1 with the atom' popll'
as argunent:

?- prol og_| anguage(popll).
See HELP * PROLOG LANGUAGE for details.

To return, you can invoke the Prol og predicate prol og_| anguage/1 from
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Pop- 11 using the Pop-11 syntax word "?-" which invokes a Prol og goal
a query:

?- prol og_l anguage(top).

See HELP * POPTOPLOG for information about using ":-" and "?-" from
Pop- 11.

You can also return to Prolog from Pop-11 using the Pop-11 syntax word

"prolog":
pr ol og

but this also does a Setprolog, resetting Prolog and aborting any
conputation: thus, it is not to be reconmended except for top-Ievel,
interactive use. Note that if you type "prolog" to the Pop-11 pronpt
a system whi ch does not include Prolog, the Prolog systemw || be
aut omatical |y | oaded.

For help in witing m xed-|anguage prograns in Pop-11 and Prol og see
HELP * M XED LANGUAGES.

HELP * HELPFI LES
An overview of the contents of the Poplog Prolog HELP files

HELP * PLOGJ NDEX
A List of all of the HELP files currently in the Prolog system

HELP * PLOGNEWS
A chronol ogi cal sunmary of changes to the Prol og system

HELP * LI BRARI ES
An overview of Prolog |library packages

HELP * VED
Using the Poplog editor Ved in conjunction with Prol og

HELP * DOCUMENTATI ON
An introduction to Poplog docunentation and how to access it

+-+ C.all/hel p/prolog
+-+ Copyright University of Sussex 1996. Al rights reserved.
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HELP CLI SP John W liams, July 1985
Revi sed June 1995

Popl og contains conpilers for four Al programm ng | anguages: Pop-11,
Prol og, Conmmon Lisp, and Standard M.. A full specification of Conmon
Lisp can be found in Guy Steele's book: Common Lisp: The Language, 2nd
Edition (Digital Press, 1990). This file provides a basic introduction
to using the Popl og Common Lisp subsystem

CONTENTS - (Use <ENTER> g to access required sections)

I nvoki ng Popl og Cormmon Li sp
The Top-Level Loop
Interrupts & Errors

The Ved Editor

Onl i ne docunentation

I nternet Resources

See Al so

~NOoO U~ WN P

On Uni x Poplog systens, first get to the shell, and then type:
%clisp
On VMS systens, go to DCL, and type:
$ clisp
The "c¢" in "clisp" stands for "Common"! After a short pause, Lisp wll
announce its presence by printing a nessage. It is then ready to accept

comands:

Sussex Poplog (Version 14.53 Tue May 30 16:17: 17 BST 1995)
Conmon Lisp (Version 1.6)

Setlisp
"Setlisp" is printed whenever the Lisp systemis "reset" - on start-up
or after aborting froman error. The doubl e-equal sign, "==", is the

Lisp pronpt. It indicates that Lisp is waiting for input fromthe
term nal .

When Lisp is invoked in this way, it looks for two initialisation files:
init.p and jnit.lsp. If present, they are conpiled. The fornmer should
contain Pop-11 code, and the latter Lisp code. This facility allows you
to define utilities that extend your private Poplog Lisp environment.
See HELP * INITIAL for full details.

2 The Top-Level Loop

Once Lisp is invoked, it goes into a top-level loop. This is a process
which repeatedly waits for a Lisp expression to be typed in, evaluates
it, and then prints the result. For exanple:

Setlisp

== (+ 2 3 4)

9

== (cons 'lisp '(is a nice |anguage))
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(LISP 1S A NI CE LANGUAGE)

== (position-if # nunmberp '(nmy cat is 5 years old))
3

== (map 'string # char-downcase "THIS IS A STRING')
this is a string

Notice that words (or synbols to be precise) typed in | owercase are
printed in capital letters. This is because the Lisp reader (the program
responsi bl e for parsing input) converts |owercase |letters into uppercase
when reading a synbol. If you prefer |owercase output, assign the
keyword :downcase to the variable *print-case*. Thus

== (setq *print-case* :downcase)

: downcase

== (append ' (| owercase is nuch) '(easier on the eyes))
(I owercase is nuch easier on the eyes)

To | eave the top-level |oop, type

== (bye)

Typing end-of-file (<SCTRL> d on Uni x machi nes; <CTRL> z on VMS) has the
sane effect.

If you interrupt execution of a Lisp program by typing <CTRL> c, Lisp
enters a break. This is essentially a new top-level loop: it evaluates
and prints the values of Lisp expressions as they are typed in. However,
certain top-level fornms are recogni sed specially and interpreted as
debuggi ng commands. A break is also entered after an error. The file
HELP * BREAK provides full details of the break facility. HELP * M SHAP
explains the format of Lisp error nessages.

To get into Ved fromthe Lisp top-level |oop, type ved followed by the
nane of the file you wish to edit. For exanple

== ved nyfile.lsp

For more details on using the Ved editor for witing and testing Lisp
prograns, see HELP * LI SPVED.

The Popl og Comon Lisp online docunentation conprises two sets of files
the HELP files, and the REF files. The HELP files constitute a Conmmon
Li sp user guide: they describe Poplog specific features such as the
format of error nessages, or how to use the Lisp debugger. The REF files
forman online reference manual ; they contain brief descriptions of al
the core Conmon Lisp | anguage constructs (i.e. those described in
Steele). Each REF file corresponds to a chapter of Steele's book

HELP and REF files are accessed in a simlar manner to Ved files. For
exanpl e
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== hel p news
== ref lists

If the argument to the REF command is a function or variable described
by Steele, then the appropriate REF file entry is |ocated and di spl ayed
automatically. Try typing the followi ng to Ved:

<ENTER> ref dolist <RETURN>

The file REF CONTROL shoul d appear, with the cursor at the description
of the macro DOLI ST.

HELP * HELPFILES and REF * REFFI LES provide general overviews of the

HELP and REF files respectively. HELP * LI SPINDEX and REF * LI SPI NDEX
provi de al phabetically sorted indexes of the HELP and REF files.

There are many interesting and useful Lisp resources available on the
Internet. Good starting points are:

* The Association of Lisp Users
http://ww. cs. rochester.edu/u/miller/ALU hone. ht

* Conmon Lisp the Language, Second Edition
http://ww. mat h. ui 0. no/cltl/cl mnodel. htm

* CMJ Lisp Repository
http://ww. cs. crru. edu/ af s/ cs. cnu. edu/ proj ect/ai -repository/ai/lang/lisp/0.htm

* Lisp “News' Goup
news: conp. |l ang. lisp

* Poplog _News' Goup
news: conp. | ang. pop

7 See Also
HELP * BREAK - The Lisp Debugger
HELP * BUGS - Known Bugs and Onmi ssions
HELP * LI SPVED - Using the Ved editor with Lisp
HELP * M SHAP - Error Message fornat
HELP * HELPFILES - Overview of Lisp HELP files
HELP * LI SPI NDEX - I ndex
REF * LI SPI NDEX - Overview of Lisp REF files
REF * REFFI LES - I ndex

+-+ C all/lisp/help/clisp
+-+ Copyright University of Sussex 1996. All rights reserved.
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HELP POPLI SP John Wllians, May 1986

This file describes howto refer to Pop-11 objects fromLisp prograns,
and vice versa. Please note that only the facilities explicitly
docunment ed here are supported

CONTENTS - (Use <ENTER> g to access required sections)

Pop-11 in Lisp

Lisp in Pop-11

Passing Lisp Functions to Pop-11 Procedures
Truth Values in Lisp and Pop-11

Pop- 11/ Li sp Dat atype Correspondences

b wWwNPF

In Lisp, synbols can denote many things: variables, functions, nanes of
data types, and so on. Nornally, when the conpiler encounters an

"undefi ned" synbol in such a context, a warning or error is signaled
However, if the synbol's hone package is nanmed popll, the conpiler wll
instead interpret this synmbol as a reference to the Pop-11 quantity of
the same nane. This feature nakes it possible for Lisp programs to refer
to Pop-11 procedures, variables, data types, and library packages. Here
are sonme exanpl es:

(popll::last '(a b c)) ; function
(setf (popll::last |) x) ; setf nethod
popll: : popgctrace ; variable
(setqg popll::popgctrace t) ; variable
(typep '(a . b) 'popll::pair) ; type
"#S(popll::pair 1 2) ; type
#S(popll::string 97 98 99 100) ; type
(require 'popll::showtree) ; nmodul e

Notice that, for convenience, case-conversion is performed. Hence the
Li sp synmbol POP11::LAST is napped to the Pop-11 identifier |ast.

Note al so that the substring $- can be used in synbols of the Pop-11
package to indicate Pop-11 sections in the normal manner, e.g.

popll: $-1i sp$- nake_stream

The value of this synbol is the sane as the value of the word
"make_stream! in the Pop-11 section nanmed "lisp".

The mapping created by the conpiler is permanent. Thus assignnments and
references fromeither Pop-11 or Lisp affect the sane identifier. This
link can be broken by applying the Lisp functi on makunbound to the
synbol, or the Pop-11 procedure syscancel to the word.

When Pop-11 procedures are called in this way, they obey the same result
passi ng discipline as Lisp functions. So:

(popll::dest '(a b c))
A
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(B QO

(setg x (popll::dest '(a b c)))
A

(popll::consvector (values-list '"(a b c d)) 1)
#(A)

(rmul tiple-value-call # popll::consvector (values-list '(a b c d)) 4)
#(A B C D)
Norrmal Iy, the debugger will not display Pop-11 procedures in backtraces.
G ving the comrand:
:unhi de popl1l

to the debugger w Il nake Pop-11 procedures visible. See HELP * BREAK
for nmore details.

A macro, @ for notating Lisp synbols in Pop-11 is provided. Characters
following the @up till a separator or whitespace character are

col l ected, and the appropriate Lisp synbol created. Thus @AR denotes
the Lisp synbol CAR Package specifiers may be used; so @ FOO denotes
the keyword : FOO, and @YS: FOO denotes a synbol naned "FOO' accessible
in the system package.

The class_apply nethod for a Lisp synbol executes the functional value
of that symbol. Wen Lisp functions are invoked in this way, they nust
be passed an extra argunent, representing the nunber of argunments they
are being given. Sone exanpl es:

@AR([a b c], 1) =>

* % a

@EMBER([b], [[a] [b] [c]], @TEST, @QUAL, 4) =>
** [[b] [e]]

@(1, 2, 3, 4, 5, 5 =
*%x 15

Li sp functions do not have updaters, so Lisp synbols cannot be invoked

i n update nobde.

To access the values of Lisp synbols as variables or constants, use
syssynonym This will create the same kind of |inkage between the Lisp
synmbol 's value cell and a Pop-11 word as descri bed above. For exanpl e:

syssynonynm("prlen", @ PRI NT-LENGTH");
define prlisplist(list, prlen);

dl ocal prlen;

@RINT(list, 1) ->;
enddef i ne;
prlisplist([a b c de], 3);
(abc...)

See HELP * SYSSYNONYM for nore details.
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The nechani snms outlined above do not enable Lisp functions to be passed
to Pop-11 procedures that take procedures as argunments (e.g. applist).
For example, the following will cause an error

(popll::applist "(a b c) # print)

This is because Lisp functions need to be told how many argunents they
are being applied to, sonething that applist does not do when calling
its procedure argunent.

To solve this problem the (Lisp) function nmake-popll-procedure is
provided. This takes a function and arity, and creates a Pop-11
procedure that will call the Lisp function, telling it that it is being
applied to the specified nunber of argunents. So, the correct version of
t he exanpl e given above is

(popll::applist '"(a b c) (neke-popll-procedure # print 1))

Lisp's two truth values, nil and t, are identical to the Pop-11 objects
[T and <true>. The Pop-11 truth value <false> is not recogni sed by Lisp
and i ndeed nay cause problens if passed as an argunment to a Lisp
function. So, when Lisp predicates are called by Pop-11 procedures, or
Pop-11 predicates are called by Lisp functions, conversions between ni
and <fal se> may be needed. Two Pop-11 procedures are avail able for such

pur poses: pop_true, which turns nil into <false> and |isp_true, which
turns <false>into nil. Some exanples of their use
In Lisp:
(popll::ispair 23)
#<FALSE>
(popll::lisp_true (popll::ispair 23))
NI L
In Pop-11:

@ONSP(23, 1) =>
* % []
pop_true( @ONSP(23, 1)) =>

** <fal se>

Most Lisp datatypes are identical to their conceptual equivalents in
Pop-11. The supported correspondences are:

Li sp type Pop-11 type
fi xnum i nt eger

bi gnum bi gi nt eger

i nt eger i ntegral
ratio ratio
short-fl oat deci mal
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si ngl e-fl oat deci mal

doubl e-f | oat ddeci nal

| ong-f | oat ddeci nal

conpl ex conpl ex

array array or vectorclass object

sinpl e-bit-vector bi tvector (see LIB * BI TVECTORS)

simple-string string

si npl e-vect or vect or

cons pair

nul | ni |

hash-t abl e property

random st at e random state (see LIB * RANDOM STATES
Sone not es:

Li sp expects arrays to be 0-origin, and in row nejor order.

Pop-11 can only handl e sinple, non-adjustable, non-displaced Lisp
arrays and vectors.

Li sp does not treat Pop-11 dynamc lists as such.

Li sp does not handl e Pop-11 active properties correctly

++ Call/lisp/help/poplisp
+-+ Copyright University of Sussex 1991. | rights reserved.
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HELP PML Robert Duncan, March 1990
Revi sed Novenmber 1994

An introduction to the Poplog Standard M. subsystem

CONTENTS - (Use <ENTER> g to access required sections)
1 I ntroduction
2 Runni ng PML
3 Initialisation
4 Conmand Li ne Argunents
5 PML and Pop-11
6 Furt her Docunent ation

7 Ref erences and Further Reading

Poplog M. (PM.) is an inplenmentation of the progranm ng |anguage
Standard M. (SML): a statically-scoped, strict functional |anguage wth
a pol ynorphic, static type system a type-secure exception nechani sm and
a powerful nodule facility for the support of large-scale progranm ng
projects. Both the static and dynamic semantics of SM. are formally
defined: see references [1,2] below. Poplog M. attenpts a faithful
i npl enentation of the fornmal senmantics: known deficiences are docunented
in HELP * BUGS; extensions are described in HELP * EEATURES.

Not e:
nmost of the docunentation files cross-referenced here are directly
avai |l abl e only when running the PML subsystem To read the files outside
of PM., use the <ENTER> pml command. For exanpl e:

<ENTER> pml hel p bugs

<ENTER> pml hel p features

PML is supplied as a Poplog saved-inage. To run it, give +pml as an
argunent to the popll command i nvoked fromthe shell or DCL, as follows:

$ popll +pm
Most sites should have a command abbreviation installed for this which
will allow you to type just:

$ pn

instead. In either case, PM. will print a version banner, followed by
the word Setml and the primary pronpt "-", sonething |ike:

Sussex Poplog (Version 15.03 Thu Jun 20 16:20: 20 BST 1996)

Copyright (c) 1982-1996 University of Sussex. Al rights reserved.
Standard M. (Version 2.1)
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Setm

Setml is printed whenever the PML systemis reset -- on start-up, or
after an error or an interrupt. The primary pronpt indicates that PM. is
waiting for new input: you can then type either a standard top-Ieve
decl aration for evaluation, or a PM command. A secondary pronpt, "=",
wi | | appear whenever the input typed so far is inconplete

Commands are not a part of Standard M.: they are an addition to PM. to
al l ow access to features of the Poplog system Useful conmmands to try
are:

- help topic
Di spl ays docunentation on the given topic

- load file
Conpiles a file

- ved file
I nvokes the editor on a file

- bye
Exits PM

The full set of conmands is described in HELP * COVVANDS

You can tailor the PML environment to your own taste by creating a file
called "init.m" containing code which you would Iike executed every
time you run PM.. This could involve preconpiling useful library files,
openi ng structures, changing conpiler control variables or any other
top-1level declarations. PML will try to conpile the "init.m" file each
time it starts up: the file is sought first in your *poplib directory,
and then failing that, in the current directory.

This initialisation behaviour is the same as that of other parts of the
Popl og systemand is described nore fully in HELP * INNTIAL. PM. also
conpiles the "init.p" files described in that file for general Poplog
initialisation, and an "init.m" filein the popsys directory for
site-wi de bug fixes or patches

The PML inage respects all the standard Popl og conmand-line argunents
described fully in the introduction to REF * SYSTEM O these, the nost
useful to M. users are

X
initialises the X interface (where applicable). Currently there
is no support for driving X directly from M., but the X-based
version of the editor (XVed) does becone avail abl e.

%nort
suppresses run-tine actions: recomrended when nmaking saved
i mages.

ved file

imfile

hel p topic
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i nvoke the correspondi ng Ved (or XVed) commands.
Exanpl e:

$ pml % ved nylib.n
Starts up PM. and immediately invokes XVed on the file
"mylib.m".

In addition, there are a nunber of command-Iine argunments specific to
PM., which work identically for both Unix and VM5. Currently-supported
argunents are:

-load file

-1 file
| oads the nanmed file. This is just like giving a | oad comand to
the top-level pronpt, except that the file is conpiled in quiet
nmode. You can give several load arguments to PM.,, and the files
will be conpiled in order.

-eval exp

-€ exp
eval uates the given expression. This is just like typing an
expression to the top-level pronpt, except that the result 1is
not printed. It will still, however, be available as the value
it in the top-level environnent. You can give several eval
arguments to PM., and the expressions will be evaluated in order
at the point at which they are encountered.

-ved file

-v file
starts up the editor Ved on the nanmed file. The file name can be
omtted, in which case a default name is used. See HELP * M.VED.

starts up in Ved ““inmmediate node'' in the naned file. The file
nane can be omtted, in which case a default name is used. See
HELP * M.VED/ ' | nmedi at e node'.

-nostdin

-ns
suppresses conpilation from the standard input. Wth this
option, the arguments ved and imare ignored, and any errors
resulting from load or eval arguments cause i Mmedi at e
term nation.

-noinit
- ni
suppresses conpilation of the "init.m" and "init.p" files.

- nobanner
-nb
suppresses printing of the banner.

stops conmand- | i ne argunment processing: any argunents follow ng
this are left unread.
Exanpl es:
$ pm -1 nylib
Loads the file "nylib.m" fromthe current directory and then
goes into the usual interactive top-level. Identifiers declared
in the "nylib" file wll be available in the top-Ievel

envi ronnent .

$ pm -ns -l nmylib -e "startup()"
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Loads the file "nylib.mM" as above, but then runs the function
"startup" (which nmust have been defined in that file). The -ns
opti on suppresses any conpilation fromthe standard input, so if
the startup function ever returns the PM. process will term nate
i medi ately.

$ pml -i
Starts up PML in imediate node in the file "output.m".

These extra argunents can be used in conjunction with the Popl og speci al
argunments (i.e. those starting "% ) provided that the Poplog argunents
are given first. For exanple:

$ pml U -i
Starts up PML and then XVed in i medi ate node.

$ pml %ort -1 nylib

Loads the file "nylib.mM" as before, but wth no run-tine
actions performed -- useful if the file makes a saved i mage.

Frominside PML you can get to the Pop-11 top-level with the comand
- popll
To return, use the macro
pm

Experi enced users who wish to build their own saved inages containing
PML can conpile the subsystem from scratch by loading LIB * PM.:

lib pm

The procedures described in REF * SUBSYSTEM can then be wused to
initialise and start up the PM. top-level. To conpile PM. progranms use
the procedure m _conpil e:

m _conpi | e(source) [vars procedure

Conpi |l es an M. program from source which may be a filenane (word
or string), a character repeater, an input device or an M
i nstream

For help in witing m xed-|anguage prograns in Pop-11 and M. see:
HELP * M.l NPOP

6 Further Docunentation

HELP * HELPFI LES
A summary of all the PML help files

HELP * EXAMPLES
Sone sinple exanpl es of progranming in SM.

HELP * M.VED
Ved commands tailored for PML
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HELP EXAMPLES Robert Duncan, March 1990

Sonme sinple exanples of programming in M.

CONTENTS - (Use <ENTER> g to access required sections)

-- An Introduction to the PM. Top Level
-- The Basic Types of M

-- Functions

-- Overl oaded Functions

-- Pattern Matching

-- Defining New Types

-- The Exception Mechani sm

-- Further Reading

-- An Introduction to the PM. Top Level -------------""mmmmmmon

PML is an interactive system It pronpts for input initially with a
si ngl e dash:

but if input spreads over nore than one |ine a secondary pronpt:

is used on lines after the first.

Everything typed to the pronpt is a declaration. For exanple, the nane

nwyn

x" can be declared to have the integer value 3 by typing:

val x = 3;
Note the keyword "val" indicating that this is a value declaration
(rather than a type or exception declaration - see below) and the
term nating sem colon. For each such declaration, PML will respond with
a list of the bindings it has made: the response fromthe above input
woul d be:

val x =3 : int

This confirns the nature of the declaration ("val"), and indicates the
nanme bound, its value and its type.

In the exanpl es which follow, the output produced by PM. will be shown
i medi ately after the exanple input, just as it would appear in a real
session. To make things a little clearer, however, each |ine of output

will be flagged with a ">" in the left margin. Thus:
val x = 3; (* <-- your input ¥*)
>val x =3 : int (* <-- PM."s reply *)

You can confirmthat the output shown is correct by marking and | oadi ng
the exanpl e input using the "l oad marked range" facility provided by VED
(and described in HELP * M.VED).

Once a nane has been bound to a value (such as "x" above) it can then be
used to stand for that value in subsequent declarations. So we coul d
declare the value "y" as being twice that of "x" by doing

2 * X
6 : int

val y
> val y

Oten it is convenient not to have to give explicit nanes to val ues
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computed at top-level, and a shorthand form of declaration is provided
for that: an expression typed in on its own, E say, with no introductory
"val", is interpreted by PML as being short for the declaration
val it = E
or a binding to the name "it". So the input
(x +y) * (x +y);
is exactly equivalent to
val it = (x +y) * (x +y);
produci ng t he out put
>val it =81 : int

A consequence of this is that the name "it" is always bound to the
result of the |last expression eval uated

4;

>val it =4 : int
it *it;

>val it =16 : int
it *it;

>val it =256 : int

-- The Basic Types Oof M. -------mmmmmm oo

Every expression in M. has a type. If the type of sonme expression E is
"ty" say, then we wite

E: ty
The col on synbol (:) is pronounced "has type" (thus: "E has type ty").

We have seen sone exanples of this already in the output fromthe

decl arati ons above, as PM. displays the type of every value it conputes.
The type "int" (short for "integer" of course) is one of the basic (or
primtive) types of ML and is built in to the |anguage. The conplete set
of basic types is as follows:

ok I nt eger nunbers. Exanples are
1 ~1 256 ~300000
The prefix "~" indicates a negative nunber. Integers in PM. can
be of any magnitude.
rea

Real nunbers. Exanples are:
1.0 ~1.0 0.3333 1E5 2.35E-4

Real nunbers are always distinct fromintegers as they nust
include either a decinal point or the exponent synbol "E' (or
both). The two types can't be m xed directly in expressions
either; the built-in functions "real" and "floor" nust be used
to convert between them E. g

floor(22.0 / 7.0);
>val it =3 : int
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real it;
>val it =3.0: rea

string
Character strings. There is no sinple character type in M
single character strings are used instead. Exanples:

nn noan

a "More matter, with less art" "2 + 2 = 4"

Operators on strings include "size", which returns the |length of
a string, and """, which joins two strings:

val nessage "Hell o world\n"
> val message = "Hello world\n" : string

si ze(nmessage ™ nmessage ® nessage);
>val it =36 : int

bool
Bool eans (truth values). There are only two values in this type

true false

Built-in predicates such as "=" (equality) and "<" (less-than
ordering) return values of this type, and there is a conditional
expression formwhich can choose between alternative val ues
based on a bool ean test. For exanple

" "

if x no";

=y then "yes" else
>val it =

"no" : string

uni t
The unit type. This type contains only a single value (hence its
nane) witten as "()":

()

>val it = () : unit

This type is anal ogous to the "void" types which exist in other

| anguages; its principal use is to provide a value in those cases
where no value is really required. For exanple, the built-in
function "output", which prints on an output stream is called
purely for its side-effect and so returns "()" as a result:

out put (std_out, nessage);
Hello world
>val it = () : unit

These are all constant (or "nullary") types, but M. also provides a set
of built-in "type constructors" for building conplex types fromnore
basi c ones.

The first exanple of these is the "list" type constructor. Alist, as a
value, is some arbitrary-length sequence of values of a given type. The
"l'ist" type constructor thus takes a single type as an argunent (the
type "al pha", say) and constructs a new type which is the type of lists
of values of type "al pha".

For every type "alpha" in M, there is a type of lists of al phas. There
are an infinite nunber of such types, but here are sone particul ar

exanpl es:
string list (l'ists of strings)
unit |ist (lists of units)
int list |ist (lists of lists of integers)
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Li st values of known length can be witten with a special syntax using
brackets ("[" and "]") and commas:

[*More", "matter", "with", "less", "art"] : string list
(O, O, O, O] @ unit list
[[1, 2], [3, 4], [5 6, 711 : int list list

Li sts can al so be constructed dynamically using the operator "::"
(pronounced "cons", short for "construct") which adds an itemto the
front of a list. For exanple:

val numli st [3, 4, 5];
>val numist =[3, 4, 5] : int list

1:: 2 :: numist;
>val it =[1, 2, 3, 4, 5] : int list

In fact, if we were to start always with an enpty list, witten as "[]"
(or sonetines called "nil"), then we could construct every list using
i, as in:

“More" :: "matter" :: "with" :: "less" :: "art " :: [];
>val it = ["Mre", "matter", "with", "less", "art "] : string |ist

1:: 2::3::4::5:: nil;
> val it

=1[1, 2, 3, 4, 5] : int list
Just as the type constructor "list" constructs new types from nore basic
ones, the so-called "value constructors" "nil" and "::" construct

conplex lists fromnore basic values. This relationship between type
constructors and val ue constructors becones nore apparent with
user-defined types discussed bel ow

The type of the enpty list is of interest:

[l
>val it =[] : "alist
The identifier ""a" (pronounced "alpha") is a type variable which can
stand for any M. type. Because there are an infinite nunber of types
constructed with "list" but only one enpty list, all the "list" types
nmust share the sane enpty list. The type of the enpty list is thus a
general type which can be instantiated to any particular list type.

For non-enpty lists, every itemin the list nust be of the sane type.
There is no |l egal type which could be attached to an expression such as

[1, "elephant"] : ?2??

Any expression which mxes types in the sane list will cause a type
error:

val bad_list =[1, "elephant"];

> |In file exanples, |ine 254:
Error: in expression
[1, "elephant"]
Not all the list nenbers have the sane type:
1: int
"el ephant" : string
The error nmessage nakes it clear that you can't include an integer and a
string in the sane list. Trying to do so is no less of an error than --
for exanple -- trying to add them together:

val bad_sum= 1 + "el ephant”;
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> In file exanples, line 267
Error: in expression

1 + "el ephant™
Cannot apply function

op +: int * int ->int
to argunent
(1, "elephant") : int * string

To construct aggregates whose conponents are of different types, M
provi des the "tuple" type constructor, witten as an infix "*". This
constructor takes two or nobre types as argunents. For exanpl e:

int * real (a 2-tuple)
int * real * string (a 3-tuple)
int * real * string * bool (a 4-tuple)

The syntax for witing tuple-typed val ues uses parentheses ("(" and ")")
and conmmas

(1, 1.0) : int * rea
(1, 1.0, "a") : int * real * string
(1, 1.0, "a", true) : int * real * string * boo

There is no mechani sm by which tuples can be constructed dynamcally
(i.e. there are no value constructors for tuples): lists can be dynanic
only because they contain objects of a single type; tuples may contain
di fferent types but nust be of fixed |ength.

O her type constructors built into M are

r ef
short for "reference". This type adds the concept of updatable
structures to the | anguage, but won't be considered further in
this file;

| abel l ed record
an extension of the tuple type which allows fields in a
structure to be labelled with identifiers. This type is
described in the section on user-defined types bel ow,

function
this will be discussed in detail in the next section

More information about basic types is given in the file HELP * STDTYPES

The type of a value is normally deduced by the conpiler (as in all the
above exanpl es) without the need for explicit declarations. An exception
to this arises in the case of functions which are "overl oaded" (this
concept is explained later). Were a type declaration is needed, it can
be attached to any expression or binding in the manner we have seen

al ready. For exanple

val pair : bool * int = (true, 0) and n: int = 1,
> val pair = (true, 0) : bool * int
>val n=1: int

Such type declarations (or "constraints" as they are usually called) can
be useful too for docunentation purposes, particularly where expressions
i nvol ve conpl ex, user-defined types. Wl l-placed type constraints can
add useful information for the reader of a program

- FUNCtI ONS - - - oo i e

Functions in M. are sinply values, with the same status as val ues of
ot her types. The npbst general type of a function is

HELP EXAMPLES: simple ML programs

370



'a->"'b

(pronounced "al pha arrow beta"): this represents a function which takes
an argunment of sone type al pha and returns a result of some (possibly
different) type beta. Particular functions will have the type variables
"*a" and "'b" instantiated in different ways. Thus:

real ;
>val it =fn: int -> real

floor;
>val it =fn : real ->int

Because functional val ues have no neaningful printed representation,
they are al ways di splayed by PM.L just as the word "fn".

There are no val ue constructors for function types, so a special syntax
must be used to create new functional values. Here is an exanple of a
function which doubles its argunent: the function has a single fornal
paranmeter "x" and conputes a result which is 2 tinmes the value of "x".

fnx =>27*x;

>val it =fn: int ->int
it 4
>val it =8 : int

We could give this a nane using a standard val ue decl arati on:

val double = fn x => 2 * x;

> val double =fn : int -> int
doubl e 4;
>val it =8 : int

" "

Nanmed functions can be nade recursive by use of the keyword "rec":
val rec fac = fnn=>if n=0then 1 else n * fac(n-1);
>val fac = fn: int ->int

fac 6;
>val it =720 : int

We can see fromthis |ast exanple (and from sone earlier ones) how
function application can be represented sinply by the juxtaposition of
function and argunent. Parentheses aren't necessary except to change the
order of evaluation: function application binds nore tightly than any

ot her expression construct in M. and so will always be evaluated first
unl ess parentheses are used to change this. Conpare:

double 4 + 4;
>val it =12 : int

double (4 + 4);
>val it =16 : int

An inportant point to note about functions is that every function takes
only a single argunent: this is apparent fromthe function type, which
specifies only one argument and one result. Functions which are to
operate on nore than one value may be witten in either of two ways.

Firstly, the two (or nore) val ues needed may be provided to the function
as a tuple. Here, for exanple, is the maxi mum function on integer pairs:

val max : int * int ->int =fn (n, mM =>if n > mthen n else m
>val max = fn : int * int ->int
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max(0, 1);
>val it =1 : int

Thi s concept can cause confusion to those used to progranm ng in other

| anguages, as "max" here | ooks very nmuch |ike a two-argunment function
would if declared in, say, POP-11 or Pascal. However, the follow ng
exanpl e enphasi ses that "max" does indeed take a single argunent, a
tuple, by constructing the tuple separately. This exanple al so
denonstrates the use of a "let" expression which |ocalises a declaration
to an expression; the binding of "arg" is not visible at top-Ievel.

let val arg = (0, 1) in max arg end;
>val it =1: int

Many of the built-in functions we have seen already (such as "+", "*",
"A") are actually defined in this way. Their applications are normally
witten differently however, as they are all declared to be infix
operators which neans that they can be witten between the two
components of their argunents. Such operators can only be witten in the
usual way if the keyword "op" is used to "turn off" their infix status.
For exanpl e:

op "
>val it =fn: string * string -> string

op *(4, 2);
>val it =8 : int

We could declare "max" as infix too if we wi shed:

infix max;
> infix 0 nmax

0 max 1;
>val it =1 : int

An alternative solution for functions which require nmultiple argunents
is to use functions which return new functions as results. Here's a
function which adds an itemto the end of a list ("rev" is a built-in
function which reverses the order of items in a list):

val add_to end = fnitem=>fn list =>rev (item:: (rev list));
> val add_to_end fn: 'a->"alist ->"alist

Note the type: the argunent to "add _to_end" is an al pha-val ue and the
result is a function fromal pha-lists to alpha-lists (the function arrow
"->" associates to the right). Using the function requires two

appl i cations:

add_to_end 4 [1, 2, 3];
>val it =1, 2, 3, 4] : int list

but the advantage of this is that we can apply it just once, and then
save the resulting function for use later.

val add_4 to_end = add_to_end 4;
> val add 4 to end = fn : int list ->int list

add_4 to_end [1, 2, 3];
>val it =1, 2, 3, 4] : int list

add_4 to_end it;
>val it =1, 2, 3, 4, 4 : int list

These exanpl e decl arations are somewhat unwi el dy. Fortunately, M

provi des a nore concise syntax for function declarations, introduced by
the keyword "fun". We would normally define "add_to_end" as follows:
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fun add_to_end itemlist =rev (item:: (rev list));
> val add to end =fn: '"a->"alist ->"a list

The effect is exactly the sane as with the previous definition, but the
declaration is shorter and clearer and the function created will be nore
efficient to run. Also, functions declared with "fun" are inplicitly
recursive, so there is no need for the "rec" keyword.

As a further exanple of a sinple function declaration, we will define
the function "ints" which, when applied to an integer argument "n",
constructs a list of all the integers from1l to "n". The definition
nmakes use of another "let" expression to define a local function
"fromo" which generates the list of integers from"lo" to "hi".

fun ints n =

let fun fromo lo hi =if lo > hi then [] else lo :: fromo(lo+l) hi
in fromo 1 n
end;
>val ints =fn: int ->int |ist
ints 10;
>val it =[1, 2, 3, 4, 5 6, 7, 8 9, 10] : int list

-- Overloaded FUNCELIONS --------mmmmmm oo

A conplexity in the M. type system ari ses when the sanme function nane is
used to stand for functions of different types. This concept is called
"overl oadi ng". Many of the built-in maths functions have this property.
For exanpl e:

2 + 3;

>val it =5 : int
2.0 + 3.0;

>val it =5.0: real

Here the nanme "+" is used for both the integer and real addition
functions. The relational operators are like this too:

"at < b
> val it = true : bool

1< 2;
> val it = true : bool

Such "overl oaded" nanmes nust al ways be used at a particular type, and
type constraints are sonetinmes necessary to indicate which type is
i ntended. For exanple, an alternative definition of "double" m ght be:
fun double x = x + Xx;
but this will fail with the nessage:
> 1In file exanples, line 521:
Error: cannot determine a type for overloaded identifier

val +: "A* "A->"A

as there is no indication of whether the paraneter "x" is nmeant to be
integer or real. A type constraint is necessary:

fun double x : int = x + Xx;
> val double =fn : int -> int

This concept is quite distinct fromthat of "pol ynorphisn, where the
*sane* function may be used on objects of different types. List
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concatenation (witten "@) is an exanple:

fun dup x = x @x;

>val dup =fn: "alist ->"a list
dup [2];

>val it =[2, 2] : int list
dup [2.0];

>val it =[2.0, 2.0] : real list

Pol ynorphismis the rule and overl oading the exception in M

-- Pattern MatChing --------m oo
Function declarations may be witten with nore than one cl ause, where
alternative clauses are separated by the keyword "|". An equival ent
declaration of the factorial function would be:

fun fac 0 = 1
n

| fac =n * fac(n-1);
> val fac fn: int ->int
fac 6;

>val it =720 : int

In any particular application of the function only one of the
alternative clauses can be used; the process by which a particul ar
alternative is chosen is called "pattern matching". The forma
paranmeters in each clause (0 and "n" in this case) are called
"patterns". Patterns mirror the structure of values, and their role is
to deconpose values into their constituent parts. W say that a pattern
"matches" a value if the pattern has the same structure as the val ue
whenever a pattern matches a val ue, the value can be deconposed
according to the pattern

For example, the pattern O matches the integer value 0 only; the pattern
"n" however, being a variable, matches *any* val ue (although in the
context of the definition of "fac", the value nmust be an integer). A
pattern such as (0, n) would match any 2-tuple whose first conponent was
0.

"

Vari abl es which occur in patterns (such as "n" in "fac") are so-called
"bi ndi ng occurrences": the match, if it succeeds, binds the variables in
the pattern to the correspondi ng conponents of the argument val ue, and

t he bindings remain visible throughout the right hand side of the chosen
cl ause. Thus matching "n" against, say, 3, would bind "n" to the val ue
3, as would matching (0, n) against (0, 3).

Applying "fac" to the value 0 we get:

fac O;
>val it =1 : int

The argunent 0 matches the pattern in the first clause of "fac", and so
that clause is chosen. The right hand side of the clause, 1, is returned
strai ght away. Conversely, the application

fac 3;
>val it =6 : int

mat ches the second rule of "fac", which, by the binding rules described
above, expands the right hand side of the clause to

3 * fac(3-1);
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By followi ng through the recursive call (and a further two calls) the
answer

3*2*1*1=6
i s conput ed.
It's not only constants, variables and tuples which can be used to build
patterns: the value constructors of types can be used too. This neans

that we can pattern-match on lists (but not on functions, which have no
val ue constructors).

In a context where we have defi ned

a: 'a
x . 'alist

then we can construct the val ue

(a:: x) : "alist
Conversely, we can use the *pattern* (a :: x) to do the opposite task:
to deconpose any non-enpty list into tw parts "a" and "x", "a" being
the first itemin the list (the "head" of the list) and "x" being the
rest of the list once the first itemhas been renpved (the "tail" of the
list).

The function "length" uses pattern matching on lists to neasure the
length of a list: the length of the enpty list is obviously zero, while
the length of any non-enpty list nust be 1 greater than the length of
its tail.

fun length [] =0
| length (a::x) =1 + length x
> val length = fn: "alist ->int
length [1;
>val it =0 : int

I ength nunlist;
>val it =3 : int

It's inportant that for every function definition, at |east one clause
should match for every possible value to which the function m ght be
applied. If this were not the case, the function would be undefined for
some values and a run-time error could arise. The M. conpiler will give
a warni ng about any declaration which is not conplete in this sense. For
exanple, this definition of "sumists" which adds together two integer
i sts conponent-wi se is inconplete:

fun sumists [] [] : int list =[]
| sumists (n:: ns) (m:: ms) = (n +mnm :: sunmists ns ns;
> 1In file exanples, |ine 654
Warni ng: possible Match exception in function
sum i sts
> val sumists =fn: int list ->int list ->int |ist

The definition | eaves an expression such as
sumists [1] [];
undef i ned.

Addi ti onal constructs are available in patterns which make possible sone
sophi sticated effects. The next function, "renovedups", renoves
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duplicate items froma sorted list; the restriction to sorted lists
allows us to assume that duplicate itenms will always be adjacent to one
another in the list. Two new pattern constructs are used:

the wildcard pattern, witten "_", nmatches any val ue, but creates no
new bi ndi ngs so that the matched value is effectively discarded;

the layered pattern, witten "var as pattern", both binds the
mat ching value to the variable "var", but also matches it agai nst
the subsidiary "pattern" which nay deconpose it further. Wth
this construct, both the whole value and its conponent parts can
be nade accessi bl e.

fun renmovedups (a :: (I as b :: 1)) =
if a=>b then
renovedups |
el se
a :: renovedups |
| removedups | = |;
> val renovedups = fn : ""alist ->"'"a list

removedups [1, 1, 2, 3, 4, 4, 5, 6, 6, 6, 7];
>val it =1, 2, 3, 4, 5, 6, 7] : int list

-- Defining New Types ---------mmmmm e

The type systemof M. is extendible: the keyword "datatype" introduces
decl arations of new types. This single declaration form enconpasses all
the sorts of user defined types found in | anguages such as Pascal -
enuner ated types, records and unions. Here, for exanple, is an
enunerated type representing the days of the week:

datatype day = Sun | Mon | Tue | Wed | Thu | Fri | Sat;
dat at ype day
con Sun : day
con Mon : day
con Tue : day
con Wed : day
con Thu : day
con Fri : day
con Sat : day

VVVVYVYVVYV

This declaration creates a new type "day" together with a set of seven
"val ue constructors", each of which is a value of the new type; these
are in fact the *only* values of the new type. The value constructors
may be used in both patterns and expressions:

fun weekend Sat = true
| weekend Sun true
| weekend _ = fal se;
> val weekend = fn : day -> bool

weekend Wed;
> val it = false : bool

weekend Sun;
> val it = true : bool

Val ue constructors share the sane nanme space as variables, so it's not
al ways clear when |looking at a pattern which identifiers are
constructors to be matched and which are variables to be bound. To

m nimse this confusion, there is a convention anbng some M. programmers
to always start the nanes of value constructors with upper-case letters,
and those of variables with |ower-case. This is the convention followed
inthis file, and it's reconmended for progranmers new to the | anguage.
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Val ue constructors may be declared to take argunments, in which case they

become functions fromtheir argument types to the newy created datatype.

This supports the creation of new "record" types such as conpl ex
nunbers:

dat at ype conpl ex = Conpl ex of (real * real);
> dat at ype conpl ex
> con Conplex : real * real -> conplex

The keyword "of" introduces the argunment type of the constructor; the
resulting function "Conpl ex" converts 2-tuples of real nunbers into
conpl ex nunbers. The "Conpl ex" constructor can be used for pattern
mat chi ng al so:

fun real part (Conplex(r, )) =r

and i magpart (Complex(_, i)) =i;
> val real part fn: conplex -> real
> val inmagpart fn: conplex -> real

real part (Conplex(1.0, 0.0));
>val it =1.0: real

i mgpart (Conplex(~1.5, 0.5));
>val it =0.5: real

For nore sophisticated structures, we mght choose to use a "labelled
record" as the argunent to a value constructor. This is sinmlar to a
tuple, in that it has a fixed nunber of fields of mixed type, but each
field is labelled with an identifier; the |abels are made explicit both
inthe type itself and in every value of the type. Wth |arge structures
this can make programs nmuch clearer, and there is a special pattern

mat chi ng construct available for selecting particular |abelled fields.
Labell ed records are witten inside braces, "{" ... "}"; all the | abels
in a record nust be distinct, but as a consequence the fields may be
written in any order

This next datatype uses a |labelled record to describe a book:

dat at ype book = Book of {
title : string,
aut hor : string,
date coint
H
> dat at ype book
> con Book : {author : string, date : int, title : string} -> book

val good_book = Book {

title = "The Definition of Standard M.",
author = "M Iner et.al.",
date = 1990
b
> val good_book = Book({author = "Mlner et.al.", date = 1990, title =

"The Definition of Standard M."}) : book

Not e how the colon synbol ":" is used in the type specification to

separate field nanes and their types while the equality synbol "=" is

used in expressions to associate values with fields. Fields are sorted
internally into a standard order, so the output doesn't always match the
i nput exactly.

Unwanted fields of the record can be ignored in pattern matches by use
of the "record wildcard" pattern, witten "..." (this is another keyword
of the | anguage):

fun witten_by name (Book {author, ...}) = author = nane;
> val witten_ by = fn : string -> book -> bool
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witten_by "Mlner et.al." good_book;
>val it = true : bool

witten_by "Henry James" good_book;
> val it = false : bool

As a further denonstration of the flexibility of datatype declarations,

here is a declaration of the type of sinple binary trees. W can define
a sinple binary tree as EITHER an enpty (Null) tree OR a Node consisting
of two binary trees:

dat atype tree =
Nul |
| Node of (tree * tree);
> datatype tree
> con Null : tree
> con Node : tree * tree -> tree

An exanpl e tree m ght be:

val tree Node(Node(Null, Null), Null);
> val tree = Node(Node(Null, Null), Null) : tree

The function "height" measures the height of a tree:

fun height Null =0
| hei ght (Node(left, right)) =
let val hl = height left and hr = height right
in (if hl > hr then hl else hr) + 1
end;
> val height = fn : tree -> int

hei ght tree;
> 2 int

It is also possible to create paraneterised type constructors. For
exanpl e, a nore useful binary tree would include sonme kind of

i nformati on, perhaps at each interior node. W can paraneterise the
definition of trees as foll ows:

datatype 'a tree =
Nul |
| Node of ('a tree * 'a * '"a tree);
> datatype 'a tree
> con Null : "a tree
> con Node : 'a tree * '"a * "atree ->"'a tree

Now t he "Node" constructor takes a 3-tuple as an argunment: a pair of
trees plus sonme information of type "alpha". W can instantiate "al pha"
in any way we choose:

Node(MNul I, O, Null);
> Node(Null, O, Null) : int tree

Node(Node(Nul I, "a", Null), "d", Null);
> Node(Node(MNull, "a", Null), "d", Null) : string tree

but, as ever, we cannot mx integers and strings in the sanme tree.

Sone of the built-in types of M. are no nore than datatypes. Lists, for
exanpl e:

(* NB: don't conpile this declaration *)
datatype 'a list = nil | op:: of ("a* "alist);

The "datatype" declaration creates new, unique types which match only
t hensel ves; even if a declaration is repeated word for word, the two
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types thus created are distinct. That's why it's a bad idea to conpile
the "list" declaration above - it would create a conpletely new type
hiding the built-in list type. An alternative declaration form the
"type" declaration, creates what is called a "type synonym or a "type
abbrevi ation", which defines a new nane for sone existing type. This
offers no nore type security, as types with the new name will match
correctly with the original type, but it can be extrenely useful in

al l owi ng nore descriptive names to be given to types for documentation
pur poses.

Thus in geonetry, we might declare

type point = real * real
> eqtype point = real * rea

type line = point * point;
> eqtype line = point * point

(The word "eqtype" output here indicates that these new types adnmit
equality. This issue is not taken further here: the two identifiers can
be t hought of as type constructors just |ike any other.)

There are no val ue constructors associated with such types: the val ues
of type "point" are precisely those values of type "real * real"

Because of this equival ence, the M. conpiler can never deduce for itself
that any particular pair of real nunbers is nmeant to represent a
"point". Values nmust be explicitly constrained with the new types to
show any effect. For exanple

val origin : point = (0.0, 0.0);
> val origin = (0.0, 0.0) : point
val x _axis : line = (origin, (1.0, 0.0))
and y_axis : line = (origin, (0.0, 1.0));
> val x_axis = ((0.0, 0.0), (1.0, 0.0)) l'ine
>val y axis = ((0.0, 0.0), (0.0, 1.0)) l'ine
fun gradient (((x1, yl), (x2, y2)) : line) : real = (y2-yl)/(x2-x1);

> val gradient = fn : line -> rea

gradi ent x_axis;
> 0.0 : real

It's worth stressing again that although a function such as "gradient"
has been typed to take an argunent of type "line", it will in fact work
on any type whose underlying structure is

(real * real) * (real * real)

For exanple, we m ght choose to represent a circle as two points (its
centre, plus an arbitrary point on the circunference):

type circle = point * point;
> eqtype circle = point * point

val unit_circle : circle

= (origin, (1.0, 0.0));
> val unit_circle = ((0.0, 0.0)

, (1.0, 0.0)) : circle
We can now say (w thout getting a type error):
gradient unit_circle
the result of which is probably meaningl ess. This woul d be inpossible
had we defined points, lines and circles as datatypes in a nanner

anal ogous to the definition of conplex nunbers above

A third formof type declaration provided by M, the "abstype"
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declaration, allows the creation of abstract data types, but this wll
not be covered here.

-- The Exception Mechani sm-------------mmmmmmm oo

M. run-tinme errors (those not caught by the type checker) manifest
t hensel ves as exceptions. It's possible to provoke one of these with a
bad usage of a built in operator such as "div":

1 div O
> ;;; Uncaught exception: Div
or, nore realistically, by using the "gradient" function defined above:
gradient y_axis;
> ;;; Uncaught exception: Overflow

The nanme of the exception is printed to give sone clue as to what has
gone wrong: the "Div" exception indicates an attenpt to divide by the

i nteger zero; "Overflow' indicates a real overflow or (as in this case)
division by real zero. There is no definite way of tying up exception
names with the functions that caused them "Overflow' for exanple may be
rai sed by any real arithmetic operator or function which generates a
result too large for the floating-point nunber representation. MNore
often than not however, exceptions are caused by a bad conbi nati on of
argunments given to a function, and in this case, there is a convention
that an exception should be raised which has the same nane as the
function except for an initial upper-case letter. So the function "sqgrt"
rai ses the exception "Sqrt" if applied to a negative nunber:

sqrt ~1.0;
> ;;; Uncaught exception: Sgrt

Even this rule breaks down for synbolic nanmes. If you don't know what's
gone wrong, try the HELP command on t he exception nane: HELP * Overfl ow
for exanple, will give some useful information.

The default effect of an exception is (as above) to abort the current
eval uation, print a message and return to the top-level pronpt. This
need not be the case however, as exceptions may be caught by neans of
the "handl e" construct:

1 div 0 handle Div => 999;
>val it =999 : int

The exception raised by the bad "div" expression is trapped by the
exception handl er

Div => 999
This is just |like an anonynmous function whose argunment is an exception.
When an exception occurs, its name is matched against the pattern in the
handler. If the names match, the value of the handler is returned as the
result of the whol e expression, otherw se the exception passes through
the handl er, stopping either at the next handler or at top-level. This
next exanple tries catching the wong exception, wthout success:

gradient y_axis handle Div => 999. 0;

> ;;; Uncaught exception: Overflow

The "Overflow' exception raised by the application of "gradient" passes
through the "Div" handler and up to top-level. Note how the handl er has
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been changed to return 999.0 (a real) instead of 999 (an integer): this

i s because we have

(gradient y_axis) : rea

and the result returned by an exception handl er nust have the sane type

as that of the expression being handl ed.

New exceptions can be declared with the "exception"

keyword and t hen

"rai sed" to signa

error conditions in user functions.

Here the function

"subscript" picks an indexed itemfroma list, but raises an exception
if the list is not |ong enough

exception Subscri pt
item

subscript (n-1) list
rai se Subscript;

fun subscript 1 (item:: _)
| subscript n (_ :: list)
| subscript n []

> exception Subscri pt
> val subscript =fn: int ->"alist ->"a

val days
> val days

[ Sun, Mon, Tue, Wed, Thu, Fri, Sat];
[ Sun, Mon, Tue, Wed, Thu, Fri, Sat] : day list

subscript 5 days;
> val it = Thu : day

subscript 8 days;
> ;;; Uncaught exception: Subscript

subscri pt 8 days handl e Subscript => Sun
>val it = Sun : day

Exceptions can al so comuni cate informati on between the point at which
they are raised and the point at which they are handled. In this case
the exception has to be declared with an argunent type; when it is
raised, it is raised with a value of that type, and the handler for it
can el aborate the pattern match to choose a course of action depending
on the val ue:

exception ErrCond of string

fun try x =
if x < 10 then raise ErrCond("too |ow")
else if x > 19 then raise ErrCond("too high")
else x * x

and keep_trying x =
try x
handl e
ErrCond("too low') => keep_trying (x+1)
| Err Cond("too high") => keep_trying (x-1);

> exception ErrCond of string
val try = fn : int ->int
> val keep_trying = fn: int -> int

\

keep_trying 15
>val it =225 : int

keep_trying 1;
>val it =100 : int

keep_trying 20
>val it =361 : int
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Exceptions are thensel ves values. There is a type "exn" to which all
exception val ues bel ong; exception nanes are |ike constructors for this
type, and are nore properly referred to as "exception constructors". For
exanpl e:

Subscri pt;
> val it = Subscript : exn

Er r Cond;
>val it =fn: string -> exn

As with value constructors, exceptions are usually declared to start
wi th upper-case letters.

A special built-in exception "Interrupt” is raised by interrupt signals
generated fromthe keyboard. This can be handled in the same way as any
ot her exception, allowing M. prograns to keep control after interrupts.

-- Further Reading ---------mm oo oo

There are many nore advanced constructs available in M. which are not

di scussed at all here. The file HELP * PM. gives sone references to
publications which describe the |anguage nore fully. There are al so
further exanples of M. programs within the PM. system HELP * LI ST gives
equi val ent M. definitions for each of the functions defined in the
built-in structure -List-. Also, try looking at some of the M. library
files provided with PM.: the variable -Conpile.searchpath- contains the
nanes of the directories used for libraries on your system

--- C.all/pm/hel p/ exanpl es
--- Copyright University of Sussex 1991. All rights reserved. ----------
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COPYRI GHT
The following licensing information is based on the XFREE86 |icence.
1. Popl og Copyri ght

Popl og code without an explicit copyright is covered by the
foll owi ng copy-right:

Copyright (C 1981-1999 The University of Sussex. Al Rights
Reser ved.

Permi ssion is hereby granted, free of charge, to any person
obtaining a copy of this software and associ ated docunentation
files (the "Software"), to deal in the Software without
restriction, including without limtation the rights to use,
copy, modify, merge, publish, distribute, sublicense, and/or
sell copies of the Software, and to pernmt persons to whomthe
Software is furnished to do so, subject to the follow ng
condi tions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the
Sof t war e.

THE SOFTWARE | S PROVI DED "AS IS", W THOUT WARRANTY OF ANY
KI'ND, EXPRESS OR | MPLI ED, | NCLUDI NG BUT NOT LI M TED TO THE
WARRANTI ES OF MERCHANTABI LI TY, FI TNESS FOR A PARTI CULAR
PURPOSE AND NONI NFRI NGEMENT. | N NO EVENT SHALL THE UN VERSI TY
OF SUSSEX BE LI ABLE FOR ANY CLAIM DANVAGES CR OTHER LI ABI LI TY,
VHETHER | N AN ACTI ON OF CONTRACT, TORT OR OTHERW SE, ARl SI NG
FROM OUT OF OR | N CONNECTI ON W TH THE SOFTWARE OR THE USE OR
OTHER DEALINGS | N THE SOFTWARE.

Copyright notices in the Poplog code and docunentation files
do not restrict use of those files in accord with this notice,
as the notices remain solely on account of requirenments of the
installation software used by the devel opnent team

This Poplog distribution is based at the University of Birm ngham solely
as a service to users.

THE UNI VERSI TY OF Bl RM NGHAM G VES NO WARRANTY OF ANY

KI'ND, EXPRESS OR | MPLI ED, | NCLUDI NG BUT NOT LI M TED TO THE
WARRANTI ES OF MERCHANTABI LI TY, FI TNESS FOR A PARTI CULAR

PURPOSE AND NONI NFRI NGEMENT. | N NO EVENT SHALL THE UNI VERSI TY

OF BI RM NGHAM BE LI ABLE FOR ANY CLAIM DAMAGES OR OTHER LI ABILITY,
VHETHER I N AN ACTI ON OF CONTRACT, TORT OR OTHERW SE, ARl SI NG
FROM OUT OF OR | N CONNECTI ON W TH THE SOFTWARE OR THE USE OR
OTHER DEALINGS | N THE SOFTWARE.

Copyright notice and licence (the COPYRIGHT section, unchanged) 383



	Starting Poplog on OpenVMS VAX with this kit
	TEACH PRIMER: Aaron Sloman's overview of Pop-11
	TEACH VED: using the Poplog editor
	DOC VEDUSERGUIDE: the VED user guide
	TEACH PROLOG: a first look at Prolog
	PLOGTEACH WHY: why Prolog behaves as it does
	PLOGHELP PROLOG: the Poplog Prolog subsystem
	HELP CLISP: Poplog Common Lisp
	HELP POPLISP: Pop-11 objects from Lisp
	HELP PML: Poplog Standard ML
	HELP EXAMPLES: simple ML programs
	Copyright notice and licence (the COPYRIGHT section, unchanged)

