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Introduction: influences from Edinburgh

| first met POP2 early in 1972 when the late Maxn@l® nev best remembered for the "Hofan/Cloves" line la-
belling technique, alleed me to borra his teletype and modem to dial up the Elliot 4130 computer in Edihb
University. This enabled me to play with some elementary list processing programs.

| later got to knew POP2 well when | spent the 1972/3 academic session in the department of Computational Logic
in Edinturgh Unwersity, as a $ience Research Council visiting fellplearning about Al, at the invitation of
Bernard Meltzerfounding editor of the Al Journal, who was then head of the Department of Computational Logic.

| had some wnderful teachers including Bob Ber, J Moore, the late Julian Davies (who subsequently went to
Canada), Jim Stansfield (who latervesdto MIT), and Dang Bobrow (who also happened to be visiting for a year
between leaving BB&N and moving to Xerx PARC). Thaiswthe year work lgen on he nav famous Bg-
er/Moore string searching algorithm and their Lisp theoremgorélarry Barrav also helped me learn to gd ome
graphical utilities he had implemented on a Honeywell comptterand others in Donald Michis’ department

were doing pioneering evrk on Freddie the robot, using POP2 as the main implementation language for both the im-
age interpretation and the motion planning and control.

My first non-trivial POP2 program simulated a vertical two-dimensional world (called "Eden") in which a totally un-
intelligent robot (called "Adam™) could bevgh commands to mee aound, push things, pull things, etc. The pro-
gram made heg use of an analogical representation in the form of a 2-D rectangularErigynade rotation dif

cult!

During that time | learnt LISFPOPLER (Julian Davies’ implementation of Carlyd#t’s Hanner system, a pre-cur

sor of Prolog), and LOGO (implemented in Pop-2 by QaBobrown while visiting Edinturgh). | also had a taste of
Prolog, as Bob Bwdski was then desloping his ideas about Prolog as a language with both a procedural and a
declaratve interpretation. Dad Warren had arvied as a esearch student and kept trying to persuade us all that Al-
gol-68 was the best languagese Something must ha happened to him after | left.

Later, around 1975 when | was back at Sussex, | obtained a research grant for a vision project, ave thatag-
cess for seeral years via a 1200 bd phone line to a DEC-10 computer in &gintniversity. For a while we used
the POP-10 system implemented by Julian Davies, but latezchoato the "WonderPop" system (known as WPOP)
implemented by Robert Rae and Allan Ramsay at Edifbon the DEC-10. Tlyewere employed on a Science Re-
search Council project to provide software support for Al researchers in the UK who hadveeescegss to the
DEC-10. This included people at Sussmiversity and Imperial College.

WPORP introduced a process mechanism, designed in partyeyNizQueen (ne at Bell Labs), and various other
syntactic and semantic extensions to POP2, including typed arithmetic identifiers and procedures. This made some
compile time optimisation possible, ackiiey speeds comparable with PASCAL. The -cayslrocedure was in-
troduced for creating medatatypes. WPOP also used a "caged" store manaigerdifferent data-types stored in
different parts of the address space, making it unnecessary for each recaeladild pointing to the &y.

My impression is that the caged store manager caused more trouble than it was worth - e.g. users had to estimate
cage sizes required for different classes of data, and garbage collection bregsvery difficult to track dan.
Moreover the saving in space in individual records could be outweighed by unused portions of cages.

In the late 1970s John Gibson, who was later to play a major role in thisveisra research student at Suszel

he also made heavy use of WPOP on the DEC-10, for his work on natural language processing, later abandoned
when he decided to concentrate on thesd@ment of Pop-11 and Poplog. He and | spentyntaairs testing ng

facilities in WPOP and communicating with Robert Rae about them via electronic mail.



As | was then chairman of the SRC Special Interest Group for Al, as well as being one of the major users, of WPOP

| was able to influence some aspects of the Eudjbdesign work, including the richer looping syntaxwieeer |

failed to cowince others that provision of interaati cevdopment tools (including an efficient integrated editor)

were at least as important as language extensions. The argument against me was that the limited address space on the
DEC-10 was too limited to be cluttered up with things that were not required for the actual running of Al programs.

The opposite vie was taken at Sussex, as shown by tiweldpment of Poplog, sketched belo

At that time Frank O’Gorman was working as a researchvieNdh Max Clowes on a vision project at Sussex, and
because thewere using Algol68, and finding it very restriaj Frank implemented aersion of POP2 that ran on
the ICL 1906 computer at the Rutherford Laboratofhis was, | beliee, the first version of POP that included
hashed property tables, subsequentlgmaén by WPOP and Pop-11. It included a compiler written in POR&- Ho
eva, the days of the 1906 were numbered and that version of Pop-2 was not used much.

POP dgelopments at Sussex

When | returned to SusséJniversity in October 1973, a group of us, including Max Clowes, by then Professor of
Artificial Intelligence (probably the first in theonld with that title), along with M@aret Boden, Alistair Chalmers,
and seeral other colleagues started up what we called @egnitive Sudies Programme". This was originally
based in theéschool of Social Sciences, but very much later it \as to golve into what is nev a sparateSchool of
Cognitive and Computing Sciences, including a range of undgiraduate and postgraduate studies in Artificial Intelli-
gence, Computer Science, Linguistics, Philogoaid PsychologyOur teaching and research requirements stimu-
lated a varietyof deslopments of POP2 that led to what issnknown as Pop-11, the core language of the Poplog
multi-language system.

From the beginning we felt it was important to teach Al by giving students plenty of pragpealeace designing
and implementing Al systems, so thatytlveuld learn at first hand some of the problems of analysing cartgsks
and making systems that can emulatnerery restricted aspects of human behaviour.

The most powerful languageailable on the SusseComputing Centre machine at that timasiAlgol-68, and for a
while we tried using it for teaching. Me@ver it was totally unsuitable for our students, most of whom were complete
beaginners and quite unused to mathematical formalisms or the kind of rigorous thinking regairéol get a small
Algol-68 program going.

We eventually managed to obtain a version of POP2 for ICL machines frome@aional Software Ltd (e de-

funct) and mounted it on the Susaiversity computing service ICL 1904 computg&he machine was novail-

able for interactie use, so | sat for hours punching cards to transform the POP2 system for use in batch mode: es-
sentially getting the error handler to try to ignoxergthing up to the end of the current procedure definition after
each errarl also punched in various library programs including the first POP turtle, a program thatadamulat-

ed turtle around a 2-D array leag a trail of "paint” that could then later be printed out. This provided a simple
graphics capability that could be used on dumb terminals. It also allowed the students pecidrzs in an array

and then write image interpretation programs that analysed the picture® (thelikOGO turtle, which produced
images on a screen, or sheet of papgrdid not gve the computer the ability to "see" them.

For seveaal years drawing and analysing pictures in a 2-D binary aresyhev we introduced programming and Al
to nawv students. Later we started using list-processing tasks (solwiergariossing puzzles or analysing and generat-
ing sentences) to start students off. | am still uncertain which is better.

Fortunately our students did notyeai use punched cards: théad access to a primig aelitor on a Modular One
computeywhich shipped programsser to the ICL machine. Turn around could be anything fronwarfénutes to a
whole dayor longer!

This was intolerable, so we obtained funds to purchasevaurcomputer Howeve, we had to choose a machine,
and a programming language.



our resources were very limited. At that time, typical introductory computing courseghetseeither simply let
students play with games or packages, or if imroduced programming thieoften used numerical programming
problems, and imperished or unfriendly languages éilBasic or Pascal. LOGOag an attempt to brealvay from
some of the restrictions of such languages, and for a time we seriously considengdaln Interdata computer and
using the LOGO system ddoped by George Coulouris and colleagues at Queen Mary College London.

In order to help mewauate LOGO, Damyn Bobrow arranged for me to ha access to the MAXC computer at Xe-

rox PARC (a micro-coded DEC-10 lookalike), Max Clowes allowed me to use his teletype and modem,vand Uni

sity College London accepted me as a user of their experimental transatlantic network service. | spéioiunsan
sitting in Brighton typing in characters that went via a long round-about route to California and then were echoed
back. What a way to use communications satellites!

These tests enabled me to decide that LO@® meally too impeerished for our purposes. The MAXC version did

not even support list processing, so | had to implement a horrible list-processing package wérgriiselink was
represented by a LOGO "sentence" made of t®@GO "words". Theconcept of a "sentence" in LOGO was very ill
defined, and it was not at all clear what théetifince between a word and a one-word sentence was supposed to be,
especially as the same double quote symbol * was used for both words and sentences.

Moreover, the attempt to reduce the syntactic comipyeby eliminating parentheses and commas had produced a
language in which all but the simplest commands were unreadableth(E reason | was later very surprised to
learn that LOGO was being used to teach Al to undergraduates iruEghirnibniversity, especially when theasked

me to be their externakaminer Howevae, it turned out that thehad little choice because there was no suitable Al
language wailable on the machine their undergraduates had to use.)

Having rejected LOGO at Susswe dill wanted a teaching language thaaswpowerful enough for us to use for our
own research, so that the products of our moreanded work could be madeadable as library programs for
novices to use as building blocks or demonstration programs. Fomgusanity we did not wish to use one lan-
guage for teaching and another for research dé6 hoped that we could use a language that was suitable for abso-
lute beginners but alleed a gradual transition to more and more sophisticated progregopiment during the
course of a studesttegee.

Since neither Max Clowes nor | had computer science qualifications or adequatedgeoand experience, 8te

Hardy, who joined us in October 1974, wavei the task of selecting a machine andvting the programming

tools meeting our criteria. He had pi®usly been a research student at Ed$aiversity, supervised by Mik Brady.

He had met POP2 on the DEC-10 at Kddmiversity, where he used it to implement sophisticated tools on which he

built his PhD project on synthesising Lisp procedures from input/output examples, so he had a deep appreciation of
its paver. He dso knev Lisp well, having built an interpreter for it as part of his post-graduate studies, as well as us-
ing it as the object of study in his thesis.

Steve muld hare wsed Lisp as the implementation language for his thesis wirkebpreferred POP2. One reason, |
think, apart from the greater readability of POPaswhat POP2 provided a useful "state saving" mechanism that al-
lowed him to write routines that attempted to sadvpoblem and then, if things got difficult, suspended thereselv
and only resumed evking later on if ne supporting evidence was turned up by other modules. These "cue-seeking"
routines communicated via a global data-base using pattern-directed procedcation. Later this kind of mecha-
nism, which | suspect was independentlyeimied in a number of places, came to bevkmas a "blackboard”, using
terminology adopted at Carnegie Melon nsity in their speech understanding project.

After coming to Sussex, Ste investigated various computers (including the British machine called the Modular
One). Eventually we decided to buy a PDP11/40. But we still lacked a teaching language.

We onsidered Lisp but decided its syntax was too wepshed for non-mathematical beginners. | still bedighat

a rich redundant syntax, although it requires more rules to be learnt, reduces theedgadtion the useas vell as

enabling the compiler to g nore useful error messages if you rmaknistake. Unfortunatelymary designers of
computer languages think only about more formal properties of the language, such as the parseability by computer
having a well defined semantics, and so on. Computer Scientists are not (or used not to be) concerned about cogni-
tive rocesses in users of computer languages.



Anyhow, we dd not find a Lisp that wasvailable for ary of the machines we had considered.

There were other serious objections to Lisp as a teaching languagzafgieit had no boolean data-type, and us-

ing the empty list to represent false was very confusing for beginners. Worsel isasystems did not produce an

error when CAR or CDR s applied to NIL, but simply returned NIL, making detection of certain kinds of pro-
gram design errors difficult. ®/dso felt that the use of mkinds of values for variables, the function value and the
non-function value, as confusing and made it hard to treat functions in the same way as other objects, e.g. locally
redefining them within another function. Movweq the problem of forming functional closures in Lisp had been
solved by clumsy and inefficient mechanism (funargs) whereas POP2 hadan afel efficient, though less gener

al mechanism, partial application.

Some of the defects that made us reject Lisp were subsequently remedied in the definition of Scheme, and its de-
scendant Tthough not, alas, in Common Lisp.

We thought about Prolog, but felt that ibw/too specialised and would/giitegnners a distorted we of computa-

tion, in addition to presenting them with a number oficlift conceptual problems. E.g. wlban't you have a ule
saying that X is the brother of Y if X is male and Y is the brother of X? In logic there is nothing wrong with this. In
most Prolog implementations it leads to infinite loops, as do other fairly natural constructs.

Eventually after much discussion and heart-searchingy&tlax and | decided that POP2 had madvantages
over al the alternatie languages that werevallable, both for bginners and for their teachers. It also had some
flaws, including thedct that the open stack, while supporting a number gheeonstructs, could lead to obscure
bugs. But we felt that the advantages easily outweighed the disadvantages.

The birth of Pop-11

Having chosen our machine and our language, we tried to get hold of a POP2 for the PDP11 cWarfmutsrim-
plementation projects were unearthed, including one in Indiahky al had unpredictable finishing dates, sovéte

sat down in the Summer of 1975 and by next January we were able to start using his POP system for teaching, under
the RSX-11 operating system. He called it Pop-11 because Julian Davies had called his DEC-10 system POP-10.

The first Pop-11 was written entirely in NO&RO-11, the PDP11 assembly language. It compiled Pop-11 source to
an intermediate language, which was then interpreted. Despite the comepdoatness of an interpreteand the
small size of the machine, this system, and later the Unsion served us very well foraeal years. Unfortunate-

ly the operating system prisled with the machine (RSX11-D) did not provide proper time sharing facilities, so
Steve had to implement those too.

Because the PDP11 had such a small address space (32K 16 bit words) we had to do vétabot ge fcilities

of POP2, especially sections, user-definable data-types, statg-aad jumpout. But most other features of POP2

were there, including (sl floating point arithmetic, mearray (though not nganyarray), updaters, macros and-par

tial application, though not dynamic lists. Access to the operating system was via a vector containing special proce-
dures and other facilities.

Although Stee dd most of the design and implementation there were continuous discussions of required features.
Besides leaving out some POP2 features e gaace, we took the opportunity to introduce various im@rents

to the language. Our objections to Lspse of NIL for false was matched by our objections to POBE of the in-

teger O for false, so we introduced a boolean data-type, though we continuedm@rslloon-false entity to be
equialent to true in conditionals and loop termination tests. (Perhaps that was a mistakaso \ktroduced an
"undef" data type, to be the default value of uninitialised variables, instead of following the POP2 use of a pair con-
taining the veord "undef" to indicate an undefined value. Thi&/ data-type allowed more errors due to uninitialised
variables to be detected immediatedgd helped considerably with debugging.

Although sections were not provided, a library packageigeal a "prefix" mechanism for automatically attaching a
prefix to certain identifiers so that thesould not clash with other uses of those identifiers. This remadilalzle as



Having seen ha useful a pattern matcher was in higroresearch, Ste esily convinced us that it was essential to
extend the language to include a built-in pattern matcher with segment variables, together with extended list syntax
using "™ and "™ for inserting thealue of a variable into a list or splicing in a list of items. He wrote the pattern
matcherlike everything else, in assemblérhis allowed maw list processing programs to be much clearer: a pattern
could often be used tshow what was intended, instead of an obscure looping procedure thed wale much

longer to write and debug. For example the following pattern would match a list of lists containing a list containing
ITEM1 and ITEM2 and wuld assign a (possibly empty) list of all the intervening elements to the variable FOUND
(the symbol "==" will match annumber of items):

== [=="item1 ??found "item2 ==] ==

So if the value of "item1" is "e" and thalue of "item2" is "i" then the abe pattern could be matched against the
list

[labc][defghij[klimn][opaq]
and would bind the list [f g h] to the variable "found".

Writing a program to do this in Lisp or Pascal would require at least three loops and/ a&dritiol structure, and
would be hard to get right first time, and probabkgreharder to understand when read. A Prolog version would al-
so be less clear than the Pop-11 version because the Prolog matcher (i.e. the unifier) does notgsnppbwrse
ables except for the final segment of a list. Using "==" andat?ahle" to match arbitrary list segments simplifies
mary programs.

The use of a pattern matcher made possible a library packagdipgoa simple pattern-directed database mecha-
nism, and this pneed to be a geful core for a variety of library programs and student projects concerned with inter
esting Al tasks, as well as more general introductions to computing techniques.

Another important ension introduced by Ste Hardy was the provision of numerical indexing of lists and other
data-types, so that the expression "item(5)" could be used instead of "subscrv(5, item)" or "subscrs(5,item)" to ac-
cess or update the 5th element of a vector or string and instead of

hd(tl(tl(ti(tl(item)))))
or something lik Lisp’s "CADDDDR", for accessing or updating the fifth element of a list.

This was the pre-cursor of the "class_apply" facility introduced in Poplog Pop-11, which alipwkject of ary

type to be treated as if it were a procedure. Occasionally this use of a data-structure as a procedure causes problems,
but it permits the construction of eJent general purpose utility programs that access or update the N'th element of a
structure, one of mgways in which a language &kRop-11 that lacks typedaviables, but has typed objects, can
facilitate re-use of code.

Other generalised Yerloaded) facilities for a range of data types were introduced, includisigde, which put all
the contents of a data-structure on a stack, and fill which "filled" a data-structure with objects from the stack.

The pattern matcher and numerical ixidg enabled students to learn to use list processing in quite coprple
grams without haing to learn that lists were really binary trees: an iu@ie implementation detail for mgrpur-
poses.

Several other &tensions to Pop-11, some added after the transfer to the VAX 1981, allowed programs to be more
general. Forxample, the original Pop-11 list concatenatioe infix operator "<>", was generalised (by John Gibson

| think) as a concatenator for strings, words, vectors, gau @ocedures. So if procl and proc2 are procedures the
expression

procl <> proc2



denotes the procedure that first applies procl and then applies proc2 (each of whicle whiattaker arguments it
requires from the Pop-11 stack, and put bagkrasults).

The etension of <> to a range o&wtor-like data-types, lik the numerical indexing of structures, makes it possible
to write generic programs that can be re-used in a variety ofxtenféhis generalises the fact that most program-
ming languages alw some "werloaded" procedures, such as the equality operator and the printing function. The
new Pop-11 features introduced later in connection with the class mechanism, also extendegrtbeding" capa-

bility in several directions. The werloaded procedures all use the data-types of thgumaents to select appropriate
procedures to run. The benefit is that it is possible to define generic procedures that can be usedtpfadata-
types, facilitating re-use of well tried and tested software.

On the other hand the numerical irohg could sometimes lead to obscure errors. Thadlfficult trade-of be-

tween language features that increase the chances that you will get your program right first time becawsk high le
general facilities arevailable, and features that malkt easier for the system to help you detect mistakor in-
stance by doing more compile time checking. Strongly typed languages select the second eptieferk¥d the

first.

Another language extension in Pop-14sahe ‘chain’ facility which allowed the implementation of exittatfeom,

the catch and thwe pair, and other useful control structures for dealing with abnormal exits from procedures. This
made it unnecessary to provide the jumpout facility of POP@&igAm, these controldcilities were potential sources

of obscure programming problems, as were the process mechanisms introducedtibfeahn Gibson later intro-

duced "dynamic local expressions" (with thekord "dlocal”) into Poplog Pop-11, making it possible for a proce-

dure alvays to trap abnormal exits so thaegything that had to be tidied up when a procedure finished, was tidied

up. Similarly a procedure that could be resumed and suspended as part of a process was also able to emsure that en
ronments were sad and restored appropriatelysing dlocal.

The problem of limited address space on the PDP11 was patrtially solved by providing an auto-loading library mech-
anism that alleed us to add a host of useful utilities to Pop-11 without requiring themeaaitakbme of the pre-

cious address space for users who did rettwhem. W dso added more and more Al demonstration programs that
students could either run and play with, or incorporate as subroutines invimeprograms, or copand extend.

This helped to makPop-11 very popular for teaching Al.

Another change from POP2 allowed macros to return results on the stack, which were concatenated onto proglist,
the compiler input stream, instead of having to enalist of nev program text items to gé o the macresults proce-

dure. This change made it much easier to trace anujdehcros, as well as making macro definitions easier to un-
derstand. Pop-11 also made it possible to define a macro as a list of text, or a single text item.

| think the main contribtion of Max Clowes at this stage was theeition of highly motvating exercises and
amples, and a style of teaching thatais encouraged students to look beyond the technical niceties to assess their
relevance to understanding the nature of human intelligence. ériseasy to forget about these long term objesti

in teaching programming, especially when some of the studentsleajming about programming tricks.

Before we switched to Unix, there were no text-formatting facilities on the PDP11, so while the students were writ-
ing their noddy Pop-11 programs, @&teHardy and | (mostly Ste) implemented a quite sophisticated formatter in
Pop-11, which we used for producing our teaching documentatierma@/very limited laboratory funds and | can

still remember hav we used to see paper (and trees) by printing teaching documentation on the back of old line-
printer output.

Ever since then we ka mntinued to use Pop-11 for ariety of non-Al purposes. For example one of our research
students built a fouvoice electronic tone generatand John Gibson wrote Pop-11 programs tetmka readable
notation and compile it into instructions towdrithe generatod wrote a Pop-11 program to help with production of
indexes for books, and it has since been used bgrakauthors at Sussever since. Roger Evans, much latesed
Pop-11 to write a TROFF priewer on Sun wrkstations. Pop-11 programs, combined with C programs or shell
scripts, hae been in use by the Poplogwdopment team for manyears for configuration control and distitibn

of library files across a mixed netvk of computers. And so on. The full potential of Pop-11 as a general purpose
programming language for non-Al tasks has yet to be appreciated by the world at large!



The mave © Unix on the PDP11

We were very pleased that we (and our students) no longer had to use the ICL machine, but B&G4 gy
headaches, and the machine crashed on the slightescation. ¢ then heard from George Coulouris that the
Unix(tm) operating system was far more flexible and moreisbif a disk access failed it tried again instead of
crashing).

So with the help of DEC UK we switched to Unix in 1976, and in about 6 weeks Btarote his system in Unix
assemblerUnix made a huge difference to thevdepment environment. Previously we had used a very primiti
editor written in Pop-11, but mowe were able to suspend Pop-11ydke a nore sophisticated editothen resume
Pop-11 and compile the file that had been changed. At first we used the unix 'ed’ then later a screEareaalitor
naive wsers the 'ed’ error messages (usually only "?"), and the bizarre pattern elements for searching (eud "." w
match ag character), wereery confusing, so we had to produce a modified version more suitble for ordinary mor
tals.

| remember a DEC maintenance engineer being amazed by the number of students who were able to use our PDP11
simultaneouslyand get a reasonable response. Thas wainly because the use of an incremental compiler substan-

tially reduced the number of different programs that had to beeagtonce, and reduced the amount of catite

switching between editocompiler, linker, user program and dagger | think we eentually got up to about 20 si-
multaneous users on a PDP11/40 with 256 Kbytes main memory and 15 Mbytes disk space. Users mostly switched
between Pop-11 and ed.

Unix pipes also allowed us to write programs thasrcame the address space limitation by havingraé Pop-11
programs running in parallel and sending messages to eachTtlseewas not popular with other users of the ma-
chine!

One use of Unix facilities was a built in Pop-11 "help" macro thatkied the Unix formatter nrdfto format and

print out a help file. | later introduced a "teach" program written in Pop-11 thateallosers to print out a portion

of a text file, try out some Pop-11 commands, print more of the text file, try more commands, etc. These later
evdved into the Poplog TEACH files.

As Unix was spreading on PDP11s and more and more othersities wanted to teach Al, we started disttibg
Pop-11 on RKO5 disks, for a nominal charge. | toecall hav mary sites obtained it from us, but centres &per-

tise deeloped in a number of uwérsities including Nottingham, Aberdeen, Warwick, Queen Mary College and
Shefield, as well as some places outside the UK.d$ @&lso successfully used at Marlborough College, a "public”
(i.e. private!) school for boys, as an alternatito BASIC.

Further deelopments in the 70s

At Suss&, Pop-11 started spreading into other SchoolsteSiard (nev in Edinburgh) used Pop-11 for teaching
programming and Al to Experimental Psychology students in the School of Biological Sciences, and Jim Hunter
(who later meed to Aberdeen Uniersity) introduced Pop-11 for teaching and research in the School of Engineering
and Applied Sciences. It was $elsard who persuaded us to drop the "function .... end" format for defining proce-
dures, in &vaur of "define ... end".

Around 1978 Jim HunteKeith Baker (nw Professor of Computer Science at Reading) and | set up a project to de-
velop a distributed Pop-11 system. Allan Ramsay and David Owen wereyad@e research fellows on this pro-
ject and a simulated version ran (slowly) on a PDP11/34, but during theviditedle for the project we wer man-

aged to get the Cambridge Ring system to work so that we could distribute the Pop-11 pregraénesn@twork of
LSI-11 microcomputers, as planned.vswer, the project did produce potentially useful programs for specifying
(and then generating) a network of Pop-11 processes, the processors to whéblotlke: be allocated, the commu-
nication channels to be used, etéar instance, it \as possible to assign more than one Pop-11 process to a particu-



were logical names for its communication channels, whether pipes or real communication ports between machines.
This made it possible to reconfigure a nativeasily (though not while running). This was one of ynexamples of
the potential uses of Pop-11 for non-Al tasks.

For teaching purposes, we obtained the PDP11 Prolog that Chris Mellish had implemented whileurgEdarial
Steve Hardy wrote a Lisp system in C, so by around 1980 we were able to teach Pop-11, Lisp and Prolog to our stu-
dents, all on the PDP11/40.

By then Bill Clocksin had implemented a POP2 system for the PDP11/40 irukghiribniversity, and for a while it

was wsed for teaching there. It had more of the DEC-10 POP?2 facilities tharx$agsé 1, including useextend-

able record andector classes, so it was well suited for anyone wanting compatibility with older POP2 systems. But
it lacked some of the extensions we thought essential for our purposes, suchui-ith@ditern matcherand the
boolean and undef data-types. So weenased it.

Jon Cunningham, who had been a reserch student at Beaersity, joined us as an Al lecturer in October 1980.

He had started his PhD work using LISP to implement a program for checking cowysisteawe physics axioms,

but was quickly cowmerted to Pop-11 after coming to Sussand then he played an important part in our design dis-
cussions, and subsequently implemented a humbett@fistons to Pop-11, and some useful library programs and
teaching programs. He later implemented a program that translated LISP into Pop-11, which was useful for teaching
Lisp to students who had learnt Pop-11. This is stiilable as the (unsupported) Poplog library program LIB
OLDLISP.

Later he was to implement the first Poplog LISP compdetibset of Maclisp, subsequently replaced by Poplog
Common Lisp.

Chris Mellish joined us in 1981 and also played an important role in Popletppieent, especially when he wrote
the first Prolog system in Pop-11.

The birth of Poplog Pop-11

In 1981 the SussdJniversity Computing Centre replaced its ICL machine with a group of VAX11/780 computers,
at last providing a good interagdi ®rvice, and the opportunity to vitop programs with a big address space
(though each machine initially had only 2.5Mbytes memory).

By then our courses had gvo and the PDP11/40 was unable to cope, so we desperately needed to transfer our
teaching to the bigger machineseWted John Gibson in the summer of 1981, and by a tortuous route he managed,
at amazing speed, to re-implement Pop-11 on A¥ Mnning VMS, in time for us to start teaching in Octoldére
bootstrapping process made use ofvStelardy’s FDP11 Pop-11 written in Unix assembl@nother Pop-11 he

wrote in C, and finally John GibsenPRop-11 written in Pop-11 to run on the VAX. Programs to translate tve ne
Pop-11 system sources into VAX VMS assembler were written in Pop-11, so a Pop-11 systezquired to run

these programs in order to do the translation. The output files could then be assemblgadnichkun. The full sto-

ry of that extraordinary bootstrapping operation should be told in print some day.

All this would not hae been possible without the co-operation of the Experimental Psychology labovetanty al-
lowed us to use their VAX for some of thevd®pment work before the memachines werewailable in the Com-
puting Centre.

The VAX Pop-11 compiler was not completed until & fours before our first batch of students came into the ter
minal room and attempted to compile and run our "Eliza" demonstration program. Being a first draft comader it w
very slow, and with so mayn students all simultaneously asking it compile a lepdile we almost ground theAX

to a halt. But it wrked, and, once compiled, the Eliza program ran at a reasonable speed, usingesioa of the
pattern matcher written in Pop-11.

Both compilation andxecution speeds la been enormously increased since then.



At that time we decided to enrich the syntax of Pop-11 with a wide range of looping constructs, and also decided
that all syntax closers should be formed by prefixing "end" to the apEnes having played with forms EK‘while

.. do ... enddo" weventually settled for "while..do...endwhile”, "define....enddefine" etavdder, there were still

plenty of POP2 users that we wished toweo) so some of the POP2 (and WPOP) syntax was still accommodated,
including "function.....end" and the use of "close" to terminate loops and conditionals. Alas these contirque to b

some Pop-11 users, for instance because "end" and "close" are syntax words.

There were tw very important changes introduced in VAX Pop-11. The first was that the language no longer used
an interpreted intermediate language. Instead procedures were compiled @i/ ttteemachine code. Secondly the

new VAX Pop-11 system was mostly written in Pop-11 plusvadesembler files. This meant that fromanon de-
velopment work was going to be much easier asymatensions could be tried out interagty in a running
Pop-11 system and then later built in to the system. This enormously speeded up subsegapniee, and al-

lowed maly extensions to the system to be thoroughly tested befoyantaree added.

The editor VED was such an extension.v8teardy wrote a first draft in Pop-11 in about three weeks, around Au-
gust 1981, testing it on the PDP11 as the VAX Pop-11 was not yet te¢hdp took VED wer, moved it onto the
VAX and caveit the ability to handle more than one wimdon the screen. Later this version was built into the
Pop-11 system so that users did notehia recompile it each time. This split-screen version of VED was meant to
be a temporary patch until we had a proper multi-wimaditor (as in the Poplog LIB WINDOWS library)ub
somehwv the temporary patch remained the standard VED axtertintil the Poplog windomanager (PWM) ar
rived in 1986. Even na mary people still use it.(It should be replaced by a multi windanterface on the X \ti-
dows system.)

Released from the 32kwd address space limitation John Gibson was able to restoseaite features of POP2
and WPOPiIncluding dynamic lists, user definable record and vector classes, hashed propertéegmay saved
images, "lightweight processes", sections and other features, some of them descrkedldslof these acilities
were generalised in Pop-11, and some of the generalisations are descritaed belo

The Pop-11 process mechanism provided the main process facilities that were in WPOP on the DEC-10, such as
procedures to create, run, suspend, resume, or Kill a processvédadditional mechanisms extended thaveo of

Pop-11 processes, including consprocto, a facility for creatingvgpraeess from part of the current calling chain,

e.g. forstate-s@ing programs. Dynamic localxpressions also enhanced the process mechanism, as mentioned
above, and discussed further belo

It was also decided to replace the old operating systeman&erivhich in POP2 had used a special function called
"popmess" and in PDP-11 Pop11 had been a vector of special facilities. Instead, we started using a collection of pro-
cedures, such as sysopen, sysread, syswrite, sysspawn, syssleep, and so on. This required more spaae, but was f
more corenient.

He was also able to addvesal nosel mechanisms of which perhaps one of the most important was a collection of
procedures madevailable to users, for planting instructions for the Pop-11 virtual machine, which could then be
compiled to machine code and run. (I think the original idea for doing this kind of thing in Pop-11 cameevia Ste
Hardy, from a language called "CLU", about which | knoothing.)

These code-planting procedures enabled users to defing/nax words that extended the language as required for
different applications. Tlyewere also later used to provide incremental compilers for other languages, first Prolog,
then a teaching Lisp, then Common Lisp, then ML. Users elsewhezanmplemented other languages in Poplog.

The code-planting procedureavgmore paever than the old macratility, snce macros could be used only to de-
fine nav constructs that were translatable intgdePop-11. The same limitation applies to Lisp macros: using
macros in Lisp, you can define onlyweonstructs that are translatable into Lisp. By contrast, with direct access to
the Pop-11 virtual machine, users could defing sgntactic form that could be translated into virtual machine in-
structions, allowing a richer set of possible language extensions than macros do.

Without that power it would W& been hard to implement incremental compilers for Lisp, Prolog, ML, and other
languages, although slower interpreted versions wouwld been possible.



However, the initial set of Pop-11 virtual machine instructions did nov@ralequate for all applications, seep
the years thehad to be extended into what iswsmknown as the Poplog virtual machine, which supports spezial f
cilities for Prolog, provides full lexical scoping, and other features that were not in POP2, WfR&B/ versions
of Pop-11.

While language deslopment went on, we were also able xtead the teaching and programming environment. This
included provision of useaxtendable search lists for program libraries and documentation librargedsd\extend-

ed the editor so that it could be a general purpose interface both for browsing code and documentation and for inter
action with programs: the editoutfer was a data structure that both users and programs could write into and read
from. This made it a suitable interface for a variety of tools including simple graphics tools, an electronic mail front
end, a text formatteend others.

As nev languages were added to Poplog it became necessary to tailor the environment, including tise &ditor

it could provide equal support for all languages, and switch its defaults automatically depending on which language
was aurrently in use. This raised a number of deep problems that t yet been fully resolved, including the
problem of coping elgantly with a file that includes commands in different languages: e.g. it can be a problem for
the editor to decide automatically precisely which language is the "current” one. E.g. if you ask for help file while
editing a prolog file with the cursor currently in a Pop-11 sub-section, should the help file heddtien the

Pop-11 area or the prolog area? Of coursg,aatomatic inference system will get it wrong sometimes, so the user
has to provide the answer.

The addition of Prolog

During 1982, Chris Mellish and Ste Hardy devised a model for implementing Prolog, using Pop-11 closures to
represent Prolog continuations, and Chris implemented a Prolog in Pop-11, whids feamming Pop-11. Itavked,
but was somewhat stocompared with high performance Prolog systems.

One reason for comparedi Jowness was that we decided that @saparticularly useful to enable Prolog to share
data-structures with Pop-11. This meant that it was mayal possible to infer that because a Prolog program could

no longer access some structurey there inaccessible. Thanight still be accessible if tiyghad been handed to a

Pop-11 program and stored somewhere for later use. This meant that structures that could be allocated using a stack
in a stand-alone Prolog, had to be onagbgge collectable heap in Poplog. The use of garbage collections could
slow things down, though the more memory weaailable the less this mattered, sinceving more memory reduced

the frequeng of garbage collections.

There were other inefficiencies in the original implementation, which led John Gibsgtenad ¢he Pop-11 virtual
machine to provide additional mechanisms specifically to support PralogxBmple, instead of Prolog continua-
tions being Pop-11 closures allocated on the heap (and therefore requiring garbage collectonsjethttocated

on a special stack resex for Prolog continuations. Additional changes were made to speed up back-tracking and
unification.

It was as a result of such changes for Prolog that we started referring to the Poplog virtual machine rather than the
Pop-11 virtual machine.

Since the basic facilities argalable as Poplog virtual machine instructions and callsutth im Pop-11 procedures,
it is possible in principle to implement artension to Pop-11 that acts as a dialect of Prolog, using a totddy dif
ent syntax.

We therefore discussed at length whether Pop-11 should be extended to include a logic programmingisubset, b
argued that most usersowld prefer their Prolog programs to be compatible with other versions of Prolog. So we left
Prolog as a quite distinct language, while defining procedures for calling Pop-11 from Prolog and vice versa.

Steve Hardy did implement a simplified version of Prolog using Pop-11 syntax and the Pop-11 database mechanism
and the pattern matcher syntax. It is stithilable as LIB SUPER (for "superdatabase") in the Poplog library.



Another important problem was whether todedbp-11 and Prolog sharing data-structuregmgihe inevitable di-

cieng/ cost. We monsulted a ariety of users and the verdict was clear: people wanted the flexibility of shared data-
structures more than thevanted increasedfefiengy. This choice between flexibility andfieiency has been and al-
ways will be a difficult tradedfin the deeelopment of high leel languages.

The addition of Common Lisp, and its implications

During 1983 it became clear that Common Lisgsvgoing to be some kind of international standard. Merebe

firm that was responsible for commercial netikg of Poplog (then called Systems Designers Ltd, later renamed as
SD, and later still SD-Scicon), decided that the small Lisp system produced by Jon Cunniraghaot adequate

for the market place.

So we arranged to implement a Common Lisp in Poplog under the supervision of Jon Cunningham, partially sup-
ported at first by a grant from Systems Designers and later by a research council grant. One of our recent graduates
John Williams was appointed toovk with Jon, and after some initial help from Jon, gradually toak the main

design and implementation task himself, though some aspects of Common Lisp required John Gibs@n to mak
changes deep in the system, such as the introductiomafategories of numbers (indefinite precision integers, ra-

tios, compl& numbers), and ale dl extensions to the virtual machine to support lexically scoped identifiers, non-

local gotos and the "unwind-protect” mechanism.

Some additional extensions to the Poplog virtual machine were needed because Lisp did adbbkan data-
type and treated the empty list, NIL, as false, and also because of the use ofsRpelogtack for passingdu-
ments and results.

The addition of full arithmeticdcilities meant that another language implemented in Poplog could also use them.
For example, Poplog Prolog immediately acquired indefinite precision arithmetic, ratios and xomplgers. Sim-
ilarly when ML was added.

Useful extensions to the Poplog virtual machine made for the benefit of Common Lisp, generalised in some cases
(e.g. provision of file-local lexical variables), were madeveniently accessible to Pop-11 programmers Xtgred-
ing the Pop-11 syntax. For instancevng/ntax was introduced for declaring variables as lexically scopeargjv
Iconstant, dlvars).
Lexical (static) scoping led to an importanbkition of Pop-11 programming style. In particylby using it in the
Poplog system sources we were able to reduce the frgqathggs. Over the last ¥eyears most of the Pop-11 li-
braries were also transformed to use lexical scoping, or
Lconstant’ed and Ivars’ed

as the Revision notes often put it.
Lexical scoping did not makauite as big a dférence to Pop-11 as to Lisp, since Pop-11 hadyal included par
tial application, which praded a subset of the facilities of lexical closures in a more efficient and compact form.
However, partial application is not as general, and sometimes it can be more obscure, since in orderatoestakl
procedure access the syntactically enclosing value of x lexical scoping allows you to write:

procedure(); ..... X .....endprocedure
whereas using partial application to do the same thing yeeithavrite something like:

procedure(x); ..... X .....endprocedure(%x%)

Moreover, whereas a lexical closure can directly update the enclosiigaleenvironment the partially applied pro-
cedure cannot, unless a reference is explicitly created to hand down to the sub-procedure as the value of x.



One unfortunate consequence of following Common Liap that whereas previously dividingawntegers alvays
produced either an inger or a decimal number (e.g. 10/3 produced a decimal 3.33333) integer division amuld no
produce ratios. Although for some purposes this was an irapent, because tiihad absolute accurgcthey
could also slev programs down: a trap for programmers who are used to integers being coerced to raassoon di

I now think a nev distinct operator should ka keen introduced for the production of ratios. But at least Pop-11 is
no worse than Common Lisp in this respect.

Dynamic local expressions

A very important generalisation of Ligplnwind-protect mechanism provided ‘dynamic local expressions’, which
specify actions to be performed on entry git & a procedure, including abnormal entry (such as resuming a sus-
pended process) and abnormal exit (using chain, exitfrom, or procedure suspension. The syntactic wordddlocal" w
added to Pop-11 to indicate the use of dynamic logalessions. When combined with the use of procedures that
have wpdaters this allows gjent constructs for automatically saving and restoring the contents of data-structures, or
performing other actions. For example, whereas in a procedure definition

dlocal foo, baz;

simply specified that the values of the variables foo and baz shouladoeosaantry to the procedure and restored
on exit, the declaration

dlocal % hd(list) %;

specified that on entry to the procedure (or re-entry in a process) the expression ‘hd(list)’ shealdadbedeand

the result stored, and on exit (normal or abnormal) #peession should bevaluated ‘in update mode’, i.e. as if
‘-> hd(list)’ had been written. This would ensure that whettevas done to the head of the list by the procedure, the
original value would aVvays be restored on exit.

In addition, it was made possible to specifyfatiént actions depending whether the procedure was being entered
normally, left normally left abnormally resumed in a process, or suspended in a process. This enabled the use of
processes to be cleaner and more modutaiucing the frequencof bugs caused by unexpected interactions be-
tween environments, and enabling process resumption and suspension to be traced easily.

The introduction of "actie variables" that could store multiple values, and ran procedures wnehey were ac-
cessed or updated, integrated well with this dlocal mechanism.

This work on dynamic local expressions led to a clarification of the distinction betweeallyeand dynamically
scoped identifiers. John Gibson pointed out that the use ofwHaiiding for dynamic variables essentially meant
that these should best be thought of as "permanent" variablgsatays point to the same memory location,
though the contents of that location could, if required, lsedsand restored on procedure entry and exit. Thisnga
and restoring was sham to be simply a special case of the notion of dynamic local expresgaumted in access
mode on procedure entry (to get values t@sand in update mode (to restore the values) on exit.

This analysis showed that the previous use of "vars" for non-lexical ladables had mixed up twoles: declar

ing a permanent variable, and specifying entry and exit actions. These roles wesepacated in that "dlocal”

could be used for the latter purpose. ttuld be cleaner to force the declaration of permanent variablegsato be

done globallybut this suggestion was resisted on the grounds that it would stop a lot of programs working. So local
"vars" declarations with their dual role were retained.



Other extensions to Pop-11

One by-product of the extensions required for Common Liap tlie introduction of generalised properties which
allowed compl& items to be used as indexingyk to retrieve gored information, unlik the old Pop2 properties,

which indexed on the address of a pointéfhe nev mechanism required the user to provide a hashing function for

the generalised properties, but it soon became clear thauitiwe useful to provide a built in default hashing func-

tion that could be redefined by users for particular data-types, to suit their needs. Thus was born "syshash" and
"newmapping" the simplified version of "wanyproperty”. Thesyshash procedureas one of sgeral "overloaded”
procedures that used the data type of igsiiarent to select an appropriate procedure to run, making thessecia-

tion mechanism very general and modukimce suitable hashing functions could be provided for different data-
types as thewere introduced.

A major generalisation was later introduced by Rogearisv a "destroy" propertwhich could be used to associate
with an object a procedure to be run when the object becoanbagge and is about to be discarded: a ‘dgsito
tion’.

This makes it possible to do thingsdikelling a windav manager that a particular windds no longer needed be-
cause the data-structure with which &isvassociated is wogarbage. Similarly in a network of distributed commu-
nicating processes, it is wapossible for the information that some item has becoatbage to be communicated
automatically to other processes that need tavkh@uspect that a variety of important applications of dgstm
tions will emerge as experience with use of the facility grows.

A Poplog Pop-11 library program showsvhohe generalised association mechanisms can be used to implement a
"views" package, in which different values are associated with objects in differesst Yigoarticular case is associ-
ating different truth values with the same proposition in differgpbthetical contexts, e.g. while exploring alterna-
tive possible plans to sodveome problem.

Classes and object oriented programming

The notion of allowing each data-type tov@as avn hashing function was an instance of a more genacdity,

the Pop-11 "class" mechanism. There axesé built in classes, such as igé ratio, procedure,ector word, pair

reference etc. In addition users can define additional record classescamdclasses. Each class has associated a
collection of information, including specific procedures, for instance procedures for equality testing, for printing, for
accessing and updating components, etc. The information associated with a data-type is encapsulated in a special
type of record, a '"&y". Thereis one ley for each type (andelys havetheir own ley, whose ley is itself).

This notion of a class is an extension of the POP2 data-type mechanism indtataspects of the information as-
sociated with a class can be changed by the fameexample the class_print, class_=, class_hash, and class_apply
the latter being the procedure to beadked wheneer an instance of the class is treated as a procedure, i.e. applied to
something.

This mechanism provides a simple but useful, one-layered, single-inheritance object oriented system.

From 1983 we Igen to experiment with a variety of diérent object oriented extensions to Pop-11, some including
multiple inheritance, meta-classes and mixins. One of them used Pop-11 processes as class instances and the process
variables as slots. Mark Rubinstein, a former student of ours vanked on Poplog for a while, implementedaa f

more sophisticated OOP system. This is known as LIBVWRS, and has been used by marojects.

A more efficient, though possibly less general, OOP system is being designed and will be added later.



Sections and identifiers

Sections in POP2 made it possible teéhdfferent portions of programs dgoped by different programmers, with-
out fear of clashes between identifiers, since only the identifiguerd’ from a section were accessible outside it.
These sections were tree-structured, wntile "package” notion of Common Lisp.

In Poplog Pop-11 the notion of a section was extendedrious ways to makthe mechanism more generally use-

ful. In particular it was made possible for the compiler to re-enter a section, so that, for example, a package defined
in a section could va qotional extensions that were compiled in the same name space. This required the introduc-
tion of section path-names so that a deeply nested section could be entered Winethalso made possible to re-

fer explicitly to an identifier defined in a section by prefixing the section pathname. Thus if foo is defined in subsec-
tion SEC2 of subsection SEC1 section SECQO, then it can be accessed from outside these sections using the format
"$-SECO03$-SEC1$-SEC2%-foo": not particularly pretiyt at least it makes possible what was not previously possi-

ble.

Another extension &s the introduction of a "global" declaration type making it possible to declare that an should be
automatically imported into all lowervel sections.

In fact, some of the need for sectionaswemweed by dlowing "top level" lexically scoped identifiers. Thus global
variables and procedure names defined in a file could be declared todadiyjescoped, meaning that theould be
accessed only by other procedures whose definitions were syntactically nested within that file. This made it possible
in mary cases toweoid the overhead of a section. More precisely the scope of "teg"Iéexical identifiers was made

to be a particular compilation stream, and a facility was provided to enable one file to be "included" in another as
part of the same compilation stream, by analogy with "#include" in C.

This section mechanism made it possible wehao prolog databases within Poplog, running in different sections.

Closely related to the delopment of the section mechanism was the introduction of a clear division betwess; w
which are the globally accessible entries in the Pop-11 dictipaadyidentifiers, which are the entities thavéa
syntactic properties and denotalues. A section is then simply a mapping from words in the dictionary to identi-
fiers. A collection of procedures was provided to enable operations on identifiers e Imehaanner independent

of the current section, unlike, for instancdof(word), which can associate f@ifent values with the word in -

ent sections, causing surprises when programs defined in a secticaisand then run when another section is
current.

In addition, the syntactic properties of identifiers were enriched to cope with a variety tdailties. For @ample
besides ordinary identifiers, macros, and infix operators, aliged in POP2, Pop-11 noallows actve identifiers

with an associated integer (the "multiplicity"), syntagrds, and syntax operators with a numeric precedence. Along
other dimensions, identifiers can be specified dsdeor permanent, constant or variable, global to sections or not,
and of type procedure or not. It may be possible later to introdweedeatifier types, in the interests ofiefency

and impraed compile time checking.

Extensions to the store manager

The extension of Pop-11 to permiternal procedure calls, together with the need for more user comarstore
management led to extensions to the store manBgeexample there are wawo garbage collectors, a faster one
using the technique of cgimg all non-garbage to a wearea then copying it back, and a slower one for use when
not enough space ivalable for the copying version. In addition, users can "lock" the heap when it is known that
evaything in it at a particular point is norathage. This substantially reduces the effort required fromahsage
collector and the space required for the copying version. For example, when compiling ptagram it is possible

to re-lock the heap after each file is compiled, thereby dramatically reducing the total time requiezt&ge gol-
lection.



then build their own seed image relatie © the shared one. On some operating systems (VMS, Dynix, SunOS 4.0)
the shared images will map into shared memeith substantial efficiencgaines on multiprocessing systems.

In order to accommodate externally letk procedures that could dynamically allocate store, the Poplog store man-

ager was generalised to accommodategasated heap, where "holes" in the heap were reserved by external pro-
grams for their own use.

The emergence of a twovig virtual machine

As the demand for Poplog to be ported to more machines ijfgecame clearer that the porting task should be sim-
plified. To achieve this John Gibson devised a mechanism using not just one virtual maaltitepba high leel

Poplog virtual machine (PVM) and andevd Poplog implementation machine (PIM). The PVM provides/@dul

facilities making it a suitable target for compilers for higheldanguages. The PIM is a far more pringfiat a

level similar to the VAX instruction set, and therefore is much easier to translate to a variety of machine languages
for different architectures. A language-independent and machine-independent compiler bridgesbitsvgen the

PVM and the PIM. Because this compiler is both language independent and machine independent a lot of effort can
be put into making it fast and enabling it to do optimisation while compiling.

Thus it is (relatiely) easy to add a melanguage that will run on all architectures supporting the PIM, and it is easy
to port the PIM to a e architecture whereupon all the languages targeted at the PVM are immediaikzlipla
(along with a rich software gelopment environment, integrated screen ed#ophisticated store managéull op-
erating system interface, etc). Furtheew languages added to Poplog using the toolsiged will tend to be more
robust than a stand-alone compiler built from scratch, for which all the design and implementatidmas to be
done speciallyOf course a specially tailored compiler can be more efficient.

This design has kept thewe#opment and maintenance costs of Poplog far lower thgnwbeld have keen for four
separately implemented incrementally compiled languages running on a range of machines, as well as supporting
tightly-coupled mixed-language programming.

The actual mechanism is more compllean | hae indicated as the incremental compilation of user procedures to

machine code ready foxecution requires slightly different mechanisms from the batch compilation of system
sources to produce assembly language files for rebuilding or porting the system.

Miscellaneous delopments

Over the last fer years, under the pressure of requirements from users, a number of futdresians were made,
such as provision of built in mechanisms for vectors of signedarde nev "fast_" procedures for impved effi-
cieng, a generalised signal handling mechanism, impdotracing and debugging facilities, extensions to tktere
nal language interface, more flexible versions of the recordclass and vectorclass data-type dealzligigsn &-
tended string handling, extended printing procedures, a facility to enable a propeviyktanpocedure to simu-
late an association if one is not found in the table, more flexible terminal handling and input/output facilities, ne
cilities to control the behaviour of the compjléor instance so as to allothe user to vary the tradetdfetween
speed and safety.

Fortunately the autoloadable library mechanism reskt possible for some of the extensions to be put into the li-
brary rather than into the main system, so that tlterot add to the werheads of users who do not require them.



Ports to ne machines - back from VMS to Unix

From mid 1984 a VAX running Beetey Unix(tm) became &ilable, so the Poplog system was ported to that, and
subsequently ersions were madevalable on a variety of machines running different kinds of unix, starting with

the Bleasdale, then Sun-2, Sun-3, GEC-63, Hewlet Packard workstations, Apollo, Orion-2 (with Clipper Processor),
Sequent Symmetry (multiple 80386 processor), Sun-4, Sun-386i. Additional portsedyeelik to the Decstation

with MIPS processor.

In order to &cilitate transfer of programs between VMS and Unix, the VMS version of Poplog (and therefore
Pop-11) was altered to permit the use of filenames in Unix format. Singeahtoe same file manipulation proce-
dures areailable in both VMS and Unix Poplog, this means that ynarograms can ne be ported between the

two operating systems without change, provided that glause the Unix format for file names.

In 1987 a subset of Pop-11 kmo as Alphapop was ported to the Apple Macintosh by Cagnipplications Ltd,
and very nicely intgrated with the Mac user interface. This implementation vedei dowing review in Byte May
1988. MostAlphapop programs will run in Poplog Pop-11itlsince Poplog Pop-11 provides a much wider range
of facilities, the cowerse is not generally true. M@ver, a rumber of teaching programs\aoped in Poplog
Pop-11 areailable for use with Alphapop.

Future deelopments

Although it is possible for users to emplBop-115 language extension facilities to produce extensions that are tai-
lored to their requirements, wevsamntinued to try to abstract from commonly required typesctdresions to find
ways of making them easier to integrate with the language and its support environment, including the editor.

For example users ha dways been able to define macros or syntads with their own opening and closing
braclets, for creating rve program or data modules or theiwvo looping constructs for iterating/er special purpose
datatypes. If one introduces thesavrnstructs the use of different words can mask the relationship xgting
constructs, and pvent the existing tools (e.g. editing aids) from working straightforwardly with thefoems.

In order to @ercome this we recently introduced the notion of a syntax form that haslefsssble syntax words to

extend that form. Thus the "define ... enddefine" construct carbeased with a user-specifiable role, by including
a wlon followed by a sub-sytax word after "define”, as in

enddefine;
define :instance ....

enddefine;

The behaviour of define will then be controlled by a user-defined procedure associated wéthwtird. KSimilarly
although Pop-11 comes with a rich collection of looping forms, including:

for <variable> in <list> do <actions> endfor
forV1V2 ..Vnin L1, L2,...,Ln do <actions> endfor
for <variable> on <list> do <actions> endfor

forV1V2..Vnon L1, L2,...,Ln do <actions> endfor



<actions>
endfor

for <variable> from <number> by <number> to <number> do <actions> endfor

for <variable> from <number> to <number> do <actions> endfor
(Default: by 1)

for <variable> by <number> to <number> do <actions> endfor
(Default: from 1)

for <variable> to <number> do <actions> endfor
(Defaults: from 1, by 1)

for <action> step <action> till <condition> do <actions> endfor

it is useful for users to be able to use "for ... endfor" to specify their own viemtastructs tailored to particular
forms of data, for instance iteratingen entries in an association table. lan Rogers designed and implemented an e
tension allowing a user-defineéyvord (a sub-syntax word, l&"in"), following the variable list, to specify the ac-
tion to be taken.

Thus the use of theelyword "for" can continue to be used to indicate an iteeatbntrol structure, while allwing

new versions to be introduced for particular problem types. This is analogous to the change that allowed "define" to
be used as a syntaowd to indicate the general notion of a topeledeclaration of a ne object or type of object,

while allowing a user definable sub-syntax word to indicate a particular specialisation.

There are probably other examples of this general notion waiting to beatstolt appears to be amtension to
syntax of some of the ideas of inheritance previously associated with data and proceduvees:. [Hxpect there is
still work to be done to devise a good clean general form of this idea.

I do not knov how far this kind of attempt to identify and provide useful abstractions can go or should go. The
evdution of Pop-11 needs to be wled down, and the formation of a Pop91 standards committee must keekn e
lent thing, especially as there is no danger that a frozen standard will get iaythaff the mechanisms that aflo
users to define their own highewék application-specific constructs, in order to aid readability and therefore pro-
gram deelopment, testing, and maintenance.

One of the issues that still needs to be addressed is provisiow ¢fpedeclarations to enable more efficient pro-
grams to be written and to enable the compiler to do more checking.

It is possible that some of the need for this is reduced since Robert Duncan and Simon Nichols added Standard ML
to Poplog. Since ML is a strongly typed functional language, in which types can be polymorphic wvehicimes

some of the restrictions of typed languagee Fascal, it vould be possible in principle to use ML to define those
procedures that require the compile time checking and and run-tiitieredy of a typed language. Efficient proce-

dures written in ML could then bevioked as reeded by procedures using the more general and flexible mechanisms

of Pop-11.

However, in order to tale advantage of this it may be necessary to imprie facilities in Poplog for compiling lan-
guages lik ML. For example, it should notwadys be necessary to ogant integers or decimals between their stan-
dard machine representations and the standard Poplog representations, which regpiteetonbe used for type
identification.

Fecilities for fast integer arithmetic on machine integers are already provided in SY 8feQ#tended dialect of
Pop-11 used for Poplog systenvedepment, which also provides C-&kointer manipulation and other facilities re-

quired for very efficient programs. SYSPOP and the POPC compihéch is used to compile the Poplog system
sources, are not at presentitable to users, lt will be shortly (probably early in 1990). This will enable users to
compile and link Pop-11 and SYSPOP programs required for an application, which can then run without unneces-



Modified versions of POPC could be used for cross-compilation for embedded systems, opening up a Wwost of ne
potential applications for Poplog.

Pop-11 and Lisp

It is very interesting for Pop-11 users to note that whereas Common aspupposed to provide the standard that

would eliminate the problems arising from the wideetsity of Lisp systems deloped preiously, in fact a number

of divergent Lisp systems continue to be used, and it looks as if Lisp dialects based on Scheme, such as the language
T, ae graving in popularity There is also a nve © produce a European dialect of Lisp that is smaller and cleaner

than Common Lisp.

The Scheme-based dialects are much closer to Pop-11 than Common Lisp is git@athHanctions as ordinary
values of variables, and this allows more general argbelgrocedures to be written. tever, dl dialects of Lisp
share a major problem, name thery simple and efgant syntax that is very attraeé o computer scientists and
mathematicians, but is often very unattreeto working programmers, and very confusing for some learners.

Sometimes this is simply because the programmers are accustomed to other languages. But some of the resistance to
Lisp can be justified by the fact that a syntactically imgpished language imposes a greater cogmibad on the
user.

For example in Lisp the significance of arpeession will depend on its position in a list structure, requiring the
reader to examine a larger context in order to interpret the expression, wheres in Pop-11 and other languages with a
Pascal-like g/ntax the significance is indicated by localykvords. This is illustrated by the difference in multi-

branch conditionals.

In Pop-11 the form

if ...then ...
elseif ....then ....
elseif ....then ....
elseif ....then ....
elseif ....then ....
else

endif

would correspond, in Lisp, to

(cond
((...)C..)
((...)C..)
((...)0..)
((...)C..)
((...)C..)
((t)(....))

This structure is clear enough when it can all be taken in at a glance, but in a real program one may be confronted
with a line of the form

whose significance can be ascertained only by looking some way up, whereas the corresponding line of Pop-11
would be

elseif ..... then



making it very clear that this is a condition in a multi-branch conditional.

The extra syntactic redunanelso helps the compiler to generate more helpful error messages if, in the course of
writing or altering a program a braekis put in the wrong place, though the likelihood of this is reduced by a good
editor.

This is simply one example to illustrate the point that although syntactic richness may increase the nunfder of dif
ent syntax words that usersvieao learn, and may complicate the tasks of both syntaseiditors and parsing
programs or compilers, it mertheless can play an important role in increasing intelligibility for humans, and this
may be important both for learning to use the language and for production and maintenance of cgeldeanter
where people often ka o read and work on programs written by others.

Of course, these syntactic limitations are not as important as the semantic limitations of some other languages. |
would not, for example, use the more readable syntax of Pascal as a reason for preferring it to Lisp, waich has f
more flexibility and pwer. Howeve, when semantic limits are not the issue, the syntactic differences may be deci-
sive in electing a language.

If the need to write, read, or modify programs disappears in the future because alikhe done at a highervel

of abstraction, with code handled only by programs not people, then these differences between languages will be-
come irrel@ant. However, the need for human programmers will probably remain with us forymears to come,

evan if the proportion of non-programmers using computers continueswo gro

My own conjecture is thatne of the reasons (and there may be othersy Ahprogramming languages and tech-
nigues hae ot been widely accepted by non-Al programmers is simply the syntax of Lisp, the only Al language
mary of them hae looked at. This conjecture is supported by the number of programmers in industry who were put
off by Lisp and yet liked Pop-11 despite its similarity inveo This difference in acceptability was shown by & sur

vey d Alvey-funded projects in the UK conducted by Ken Harti¢ the Rutherford Appleton Laborator®nly

three languages were rated "good"abyusers, on a "good/indifferent/poor" scale: POP-11, PARLOG and C++. Of
these three, POP-11 had the most users. The complete list of languages mentioned included PROLOGakiSP

cal, Fortran, Ada, and others.

By offering programmers familiar with ceentional languages the opportunity to appreciate tharmtdges of Al
tools for rapid prototyping and thorough testing, without the shock afmuififrity that Lisp gves them, Pop-11 has
the potential to maka large diference to the number of programmers willing to use Aldpment emironments.
Many who hare made the transition to Pop-11 can then, if necessiany to Lisp without having to learn so much
all at once.
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