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from the editors

Welly the (LISF BULLETIN) is back adain., It was inventeds a
long  time adoy bw Daniel G, Robrowy and 2 first issue wass
sublished in SIGFLANY  Septembér 19869, The bulletin has
excertionnally  deer roolts srd cammot bhe rulled free, So now
nere is the second issue (which exrlains the #2 on the cover).
We think that the main surrose of the (LISP BULLETIN) is to
make easier the commumicastion betweern members of the LISF
communits.

We welcome contriobutions. The following Losics are
rarticularly encourssed :

=~ arnnourncements for new books

= bhook and rarer reviews

= amall Lechrnical rarers

- useful furctions

- comments

- paeles

= arrnouncements Tor new LISFE sustoms
- tars of silver

-~ Fretious Jowelrw

As wou maw notice we have not changed our - supscerirtion rote
(free)ry asckrnowleddging the frequerncy of sublicatiorn. We will

try to stick to 8 more resulsar schedisler so  our subgscrirtion
#olicy maw be changed im the future.

Im the meantimer erdow it.
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(LISF PUZZLES

from F. GREUSSAY
This is the fusction SKE. What is she doing?

(DE ske (L )
CCOND
(CATOM 1) NILD
((MEMR 1L r) T
((slke (CAR 1) (CONE 1L r2) T
(T (shke (CDR 1) (CONS 1 r)))))

from J. ALLEN
This is the furnction FOO., What is she doing?

(DE foo (1)
(COND

CONULL 1) NILD
CONULL (CDR 1)) 1)

(T (CONS (CAR (foo (CDR 1))
(Too (CONS (Cark 1)
(foo (CIOR (foo (COR 133232302

from H. SAMET :
This is the function BAR. What is she doing?

(OE bar (x w)
(IF (< ¢ 2) (AL w)
(bhar (SURL 2> (bar (~ x 2) w))))

Trom e GOOSSENS
T This ie the fumctiorn MOBY. Whalt is she doins?

(NE moby (1)
(IF (NULL (CIR 1))
(Cak 1)
(mobe (CODER (CAPPFENDT L CCCAR Y1)

from H. BOLEY
Write a LISE function NOTHING without rarameter  such
that the call (NOTHING) does ‘nmothing’y i.e. no value
Circluding MILY is  returned and no effect on the
further dnteraction with LISF is noticed, So in LISH
1.6 for.examrle NOTHING should enable the fTollowindg

*

interaction @
¥ (S5ETQ X 2
b

* O CNOTHING)
* X

f SN Furbher normal LISPE 1.6 interaction «.e.

SEND MORE PUZZILES)
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(L.LISF ROOKS

ALLEN J.» The Anatomy of LISFy McGraw Hills New York 1977

BERKELEY E.C, & BOBROW XN.G.» (ed)y The Frogrammirs Langusde
LISk ¢ Tts Oreration and Arelicationsy Information
International Inc.y The M.1.T. Fressy Cambridges
Mass.s 1964

FRIEIMAN DeFsr The little lissery Scierce Research Associates
Inc.sy 1974

MAURER W.Dey The Frogrammer’s Introduction to LISFy Maco
Lonald / American Elsevier Comruter Monograrhsy 1972

Me CARTHY J. & TALCOTT C.» LISF Frogramming and Frovings
Starford Universityy march 1978

Mo CARTHY J. \ei aly LISP 1.5 Frodgrammer’s Manusls The MeT T
FPressy Cambricdger Mass.r 1962

NAKANISHI M.» Initiatiom to LISPy Modern Science Co.» Tokuos
Jarany 1977 .

PETER Ryr Rekursive Funktiornern in der Komsruter-Theariey
Akademiai Risdor Budaresty 19746

RIEBENS Tiey Prbﬁrammation nor-numeriaue ISP 143y Dunocds
Faris, 1969

SIKLOSSY L.y Let’s Tallk LISFy Frentice Hslly Englewood Cliffy
T New Jersews 1976

STOYAN H.» LISP Frogrammier-Hardbuchs Akademie Verladgs Herliry
DIRy 1978

WEISSMAN Coy LISF 1.5 Primery Dickenson Fublishing Comranyg
‘ Incey Belmonts Calitorrmiay 1967

WINSTON FuoH.vy Artificial Intelligernces Addison Weslewy 1977

WRITE MORE LISF BOOKS)
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Book review

JOHN ALLEN, The Anatomy of LISP,

McGRAW HILL, New York, 1977.

At last there exists a textbook for the computer scientist
that gives a self-contained and in-depth treatment of "LISP"
in its broadest sense. ALLEN's exposition of LISP serves as
a manifestation for fundamental ideas such as: structured-
programing and step-wise refinement, abstract programs and
abstract data, data-driven programing, proving properties
of algorithms, programing language semantics, translator
implementation etc. This text will enable the student to re-
gain the perspective he possibly lost in studying isolated
topics or never gained incther so-called "introductions”.
Augmented by projects, "The Anatomy of LISP" is the best
introduction to computer science I have seen.

After introducing symbolic expressions and a few LISP appli-
cations (mainly in algebraic mahipulation), a series of lan-
guages together with their evaluators is built. ALLEN starts
out with the language of polynomials, and a function to com-
pute their value, and then proceeds step by step adding all the
features usually found in programing languages, until advanced
constructs like Label, closures and non-recursive control-
structures. Each time the language is altered, so is its
evaluator. The evaluatoré are rather concise and leave imple-
mentation issues for refinement to a special chapter. The se-
mantics of a newly introduced construct is precisely defined

by the new interpreter/evaluator. ALLEN's presentation strategy
breaks the habit by which we acquire natural language constructs,
namely through perceiving their usage in context. Breaking this
habit is a healthy first step towards understanding the creation
of new or more general language constructs. The working of these
evaluators is clearly visualized using a representation of en-

vironments also known from WEIZENBAUM's explanation of FUNARGs
[WEI].
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The chapter on implementation covers solutions to the common
problems and pitfalls encountered when implementing high-
level programing languages. The discussion of binding is very
profound and can be recommended as a first reading before
studying more specialized papers such as [B&W], [STE] etc..
Most of this chapter discusses topics also relevant to other
areas of software engineering: symbol-tables, table-searching,
storage management and syntax-directed Input/Output.

The book ends with a series of interesting projects for stu-~
dents. This collection could be augmented by more typical
AI-problems which would provide motivation for applying the

idea of language and evaluator design as a means for problem-
solving.

[Baw] Bobrow, D. and Wegbreit, B. A model and stack implemen-
tation of multiple environments, CACM, 16, 591-603.

[STE] Steele, G.L. Jr., Macaroni is better than spaghetti,
Proc, of the Symposium on Artificial Intelligence and
Programing Languages, ACM, 1977, 60-66.

[WEI] Weizenbaum, J. The Funarg problem explained, Intern.
Seminar on Adv. Progr. Syst., Jerusalem, 1968.

(reviewed by: Joachim Laubsch)
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(CURRENT LIGF THESIS

CARTWRIGHT R. Jry Formal Semsntics of LISF with Arplications
to Frogram Correctnessy Starmtord Uniiversituy
Artiticial Intelligdence Laboratorws ATM~257, Jaruary
197%

GREUSSAY P.r~Contribution a ls definition intérwr@tative el, a
Limelementation des lambds~lansases These d’Etaty
Universite Faris 7y Novembre 1977, Rasport LLoI.T.FF %7

LECOUFFE F.y Etude et Definitiorn d/une Machire Langade LISk
These de JIeme Cucler Universite de Lilley Decembre
1977 .

LUX A Etude o’ uan modele ahsbrait Four _une mechine LISP et de
son  dmelementationy  These de 3eme -Cucles Universite
de Grenobley Mavs 197%

NEWEY M., C.r Formal Semantics of LI&F with Arrlications to
Frodgram Correctnesss Stanford Universitus Artificial
Intelligence Laboratorwy AIM~257, Jarnuasre 1975

SAMET Her - Automsticsllw Frovirs the Correctrness of
Translations Involvins Ortimized Coder Starnford
Universitw, Artificial Intelligence Lahoratoruy
AIM~-259y Maw 1975

TERABHIMA M.y Algorithms Used im an Twelemertation of HLISF,
Information Sciernce Laboratorus Facullw of Sciencery
Urndiversity of Tokaeoy Jareiaes 1975

WERTZ Hes Un Susteme de Comerenhensiony o Amelioration et de

Correction de Frosrammes Incorrectss These de Jeme
Cucley Universite FParis 6y Juillet 1978

WRITE MORE LISF THESIS
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(CANNOUNCEMENTS FOR LISF SYSTEMS

RelRe  JOMNSON

Dert. of Comsuter Science
University of Kertbuchky
Ledingtorny Kerntucks 40504

We are rubtting together a8 LISP-swstem on our Varian
74 mini-comeuter, OQur rrimary interest is to use
the micro~rrogramming carabilities of the machine to
imelement some of the most used rarts of the
LISP-sustem,

SefBe MUCHNICK

Nert of Comruter Scierce
The University of Ransas
lLawrencey Karnses 66045

A imwlammnhatian_ effort Tor LISF 1.5 is now
urderwswy  on an Interdata 8%, The interrreter is
being writter im  PL/Z8S, ) locally. develored
structured sesaemly languasge ., Thoush the

imelementation is being dorne on a model 8% it isg
comatible with other Interdats 1é-bit FrOCESS0TS .

The besic interrretery storsge marnssgementy and
ineut/outrut racksges sre comrlete and we are
currently extending our collection of SURRs . We
intend to imelemert the modified intersreter

described in P. Brodssswyy ITterative Intersretstion
of Tail-Recursive LISF Procedures s well,
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Announcement

A New LISP System for IBM System 360/370

Over the last eighteen months we have developed in Cambridge, England
a new IBM specific LISP system, with a number of advanced features. These
include a built-in pretty printer for echoing of the input, which is also
available to the user to print list structures. It has extensive and
comprehensive tracing, backtrace and error recovery facilities, and is
designed to be safe. Errors such as taking the car of an atom are trapped
immediately, a feature which is also available in compiled functions.

The system has extensive numerical features, such as arbitrary
precision integers and rational numbers, as well as double precision
floating point numbers and finite field functions, (arithmetic modoulo a
prime).

The compiler is a version of the Griss and Hearn portable LISP
compiler, which produces compiled functions as a normal LISP object held
in the heap. To manage this there is an efficient compacting garbage
collector. '

The system is value cell LISP, and is implemented in a high level
language, (BCPL). It runs interpretively in 150Kbytes, and with the
compiler in about 220Kbytes. Measurements have shown it to be efficient,
(a little slower than Stanford LISP/360 when interpreted, faster when
compiled) and it has been running successfully under 0S in Cambridge for
nine months. For further information contact one of:

Dr. John Fitch and Dr. Arthur Norman,
The Computer Laboratory,

University of Cambridge,

Corn Exchange Street,

Cambridge,

England.

14,1,77 . JPF, ACN.
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LISP for Interdata M85, 7/32

G. Persch, Gg. Winterstein -

At the University of Kaiserslautern we have designed and implemented a LISP-system
ID-LISP which runs on Interdata M85 and 7/32 minicomputers.

The Interdata M85 machine is a byte-oriented minicomputer with 64 K-byte working
storage. It has 16 registers & 16 bit. The average time for an executable instruc-
tion is about 1 us. The machine configuration at Kaiserslautern is for interactive
use only and consists of a Hewlett Packard 264cA terminal and a Diabolo 1620 for
I/0, 4 disks and an Intertape Cassette unit. ID-LISP was designed in a way that it
can run under the primitive operation system BOSS. .

ID-LISP contains LISP 1.5 as a subset and has special features from MACLISP and
INTERLISP as well. ID-LISP has its own EDITOR, PRETTYPRINT, file-handling (LOAD-
SAVE) and various TRACE- and BREAK-functions. In the current version there is no
paging.

The storage allocation is as follows:

hex.address contents - size .
oooo -~ 1700 operating system BOSS 5.75 K-byte
1700 - 2EQO programm~code 5.75 K-byte
2Eoco - 3800 I1/0-Buffer Hash-tables 2.5 K-byte
3800 - EBoo 11 K—LLSP—cells 44. K-pyte
EBoo -~ FFFF stack , 6. K-byte

64. K-byte

4 bytes form a LISP-cell. Both pointers are absolute addreséés. All parts of a
symbol are represented in LISP-cells. For every symbocl we have

(<list of bindings><function-definition><Pname><property>...)

Symbols are respresented only once. They are identified through a hash-table with
Add-the-Hash-Rehash. Numbers are also stored within the LISP-storage. Small ,
numbers {14 bit) are directly represented in the pointer. The garbage-collection-
algorithm is a modification of P. Deutsch's pointer-chasing-algorithm.

At the time being the system is only available on cassettes. There is also

a manual available which is written in German. For more details and further
informations contact the autors at

Universitat Kaisegslautern
Fachbereich Informatik
Pfaffenbergstr. 95

D-6750 Kaiserslautern, FRG
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The use of LISP at computer centers in Western Germany

(A summary of G.GURZ "Die Verwendung von LISP an wissenschaft-

1ichen Rechenzentren in der BRD", IAB Nr 63, Universitdt Erlangen-

Nirnberg, Rechenzentrum, Dez. 76).

LISP-systems as used on various computer systems

Computer LISF~-System Installation
Burroughs B679¢ LISP B 6799 Inf., Karlsruhe
cbC : CD 33¢¢  LISP 1.5 U Erlangen
LISP FINT U Erlangen
LISP F 1.1 U GieSen
- U Tibingen
CDC : CYBER LISP 1.5.6 TU Berlin
bzw. 6¢pP RRZN Hamburg
’ LISP 1.5.9 U K81ln
; UTLISP 4.0 TU Berlin
! v U Stuttgart
CGK : TR449 B&LISP (1973) GMD Darmstadt
U ERlangen
Inf. Minchen
U Saarbriicken
U fiibingen
U Ulm
" B&LISP (1976) GRZ, Berlin
LISPSYSTEM Inf. Minchen
b LISP 449 IMMD Erlangen
. MACLISP U Bielefeld
én U Bochum
¢ U Erlangen
U Kaiserslautern
Inf. Stuttgart
DEC : SYSTEM 18 LISP 1.6 (II) Inf. Hamburg
Lise 1.6 (28.7.) U Kiel
IBM 369, 379 LISP/36¢p (Stanford) U Bielefeld
U Bonn
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Interdata M85, 7/32

Philips Electro-
logica X8
Siemens 4¢@4
(BS19¢98)

Siemens 4¢@4/151
(BS2¢009)

Univac 11¢8

http://www.artinfo-musinfo.org Lisp Bulletin # 2, July 1978, page 15/ 52

-11-

LISP/36@ (Stanford/36,

Utah-Mod.)

LISP 1.5/CMS
(Grenoble)

‘LISP (bits)

LISP FINT
LISP F2
ID-LISP

LISP-X8

LISP
LISP F2

INTERLISP

1199 LISP

GfK, Karlsruhe
U Minster

Inf.,TU Berlin

GMD, St. Augustin
U Bonn

U Heidelberg

U Kaiserslautern

U Kiel

U Regensburg
I4s, Mannheim

Ids Mannheim
U Freiburg

GWD, G8ttingen
U Karlaruhe



-]2-

Applications

thebrem-proving

GRZ-Berlin, U. Kaiserslautern
program~manipulation

GMD-St. Augustin, Informatik-Karlsruhe
natural-language processing

Inf.~Hamburg, U-Heidelberg, U-K31ln,

Inst. f. deutsche Sprache (IdS), Inf. Stuttgart
cognitive psychology

Phychol. Inst. Uni Hamburg, Inf. Stuftgart
others: Computer-aided instruction, REDUCE, nuclear physics.

The report contains a brief description of each LISP-system

and contact addresses for further reference. To obtain it

write to G.Go6rz, RZ 4 Uni. Erlangen-Nurnberg, INFRA, Martenstr, 1,
8520 Erlangen.

LISP-Reference Manuals (in german)

(1) INTERLISP - Programmierhandbuch
Institut fir deutsche Sprache
Abt. Linguistische DV,

Postfach 5409, D6800 MANNHEIM 1

(2) MACLISP -~ Reference Manual
J. Laubsch, Inst. f£. Informatik
Azenbergstr. 12, D7000 Stuttgart 1
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Jerome CHATLLOUX

Universite de Faris VIII - Yincennes
Route de la Tourelle

73571 Paris Cedsx 12 (Framoe)

A VLISF Swustem for
8-phit words micro~comeuters.,

A new version of the VLISF sustems VLISFE 8 has heen
imelemented on the 8-bit micro-comeuters

- Intel 8080

-~ Zilodg 80

VLIGF 8 is available for the following swustems ¢
~ MDS ISIS 1 and 2 (2 8080 based sustem)y with the minimasl
confidguration $

- X2l RAM

- 8 teloture

= one floreswy disk
-~ MOSTEK DOTBO (a2 ZBO hased sustem)s with the minimsl
confidguration ’

- 1&k RAM

- 8k REFROM

- 8 teleture

The interrreter occouries 8k butes. Srecial attention hass
bear raid to sreed wur  Lhe  evalustion of forms, In
Farticulars the intersreter does nolt  serform any dntermal
CONSes .

Naturalluy this sustem owns a3ll the new features recentlu
irtroduced into the other VLIS systemss like ESCAME LESCAFE
SELF .. v as well as the iterstive irtersrretation of
tail-recursive functions calls.

This swstem is alreadwy used to introduce childrern Lo srodram
in VLISFE and & LOGO-like lsnsusde.

SENIN MORE ANNOUMCEMENTS FOR LISF SYSTEMS)
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(CURRENT LISF MaANUALS

CHATLLOUX  Ja» VILISF-10 Maruel e References
Informaticuers Uriversite Paris-8 Vincennesy

1776y L9274

DURTELX Je-ley TLISHF RIS 80y Universite FPaul
Toulousey 1977

GREUSSAY F.» LISF T-1400 Marnuel de Reference
Universite Paris—8 Vincermesy RT 10-73y

Sabatiers

Frovisoirey

Uerrsala

HARALDSON A.» LISP-details INTERLISF / 360-370»

Universitwe 1975

P LAUBRSCH JeH.ry MACLISE HMaernuals CUU-Memo-3y
Stuttdarty 1976

Universitaset

. LUX A.r LISF IRIS-80 Msnuel d’Utilisatimnv febiruary

s Universite de OGrermobles LA CNRS no 7

MOON ItsAsy MACLIGH Ref@r@nce Marmgalsy MoleTo Frodect Macy

Cambhriddgey Mass.r 1974

FStanford

QuaM L.M. & DIFFIE W.e Stanfordg LIGF 1.6 Marmualy
AL Frodect Orerating Note 28.7y Comruter Science

ltert.sy Stanford Umiversituy 1972

TEITELMAN W,y INTERLISF Reference Mamnualsy XERQOX
Research Centery Palo Altor Ca.r 1974

i )
. e

3 G
{v.
£
L
2
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INTERLISP ~ Programmierhandbuch

In deutscher Sprache liegt auf 340 Seiten

~ ein bewdhrtes Lehr- und Ausbildungswerk .vor, das besonders
zum Selbststudium geeignet ist und das

-~ ein Nachschlagewerk darstellt, das fiir alle, die INTERLISP
benutzen, unentbehrlich ist.

Inhalt:

0. LISP und INTERLISP
1. Die Syntax von LISP
2. Die Arbeitsweise von INTERLISP
3. Grundfunktionen
4. Funktionen und Programme
5. Funktionen mit funktionalen Argumenten
6. Ein/Ausgabe in LISP
7. Datentypen und zugehdrige Funktionen
8. Spezielle Leistungen
Anhang A: EDIT
Anhang B: BREAK
Anhang C: Verzeichnis de; beschriebenen Funktionen

Kontaktadresse: Institut fiir deutsche Sprache
Abteilung Linguistische Datenverarbeitung
Forschung und Entwicklung
Friedrich—-Karl-Str. 12, Postf. 5409

6800 Mannheim 1
BRD
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(USEFUL FUNCTIONS

A DEFINITION OF THE INVERSE QUOTE FUNCTION ¢ @

Joachim LAURSCH

Institut fur Informatik
Universitat Stuttsgart
Azenbergstr, 12
7000 Stuttgart 1

It frecuently harrens that a8 LISFE srogrammer wants 8 function
tg rroduce a data-structure or function cortsining cormstant
and variable substructures. The wusuzal solution is to - erogram
a8 form containing 8 lot of data-structure comrosing functions
(like LISTy CONS and AFFENIDD. The resulting exrression ig
hard to decirher for humans unless more mrenoric
constructor-functions are defined. A simrle way out is to
Wwrite the resulting structure with its variable substructures
wesrecially marked,

For exameles return 3 lambvds-exrression which will evaluaste
amny form in an envirorment where X and Y are bound to
successive elements of Ly and F receives the result

(list ‘lawmbda ‘(form) ‘
(agrreng (list (list ‘lambdaes (X Y)
(list F “(eval form)))
Ly))

Comrare this with the inverse auote versiom ¢

ellambda (form) i R is inverse auote macro
((lambda (X Y)

(=F (eval form))) i = means eval the following
¥y element
) ] y is as = but wuses all
¢ elements of the value asg
i elements in the current list

As a second exemnrler consider how WOONS could have returned
structures withouwt wsing BUILLIQ

(5 =TYPE =SURJ (TNS= TNS) (UF (U= U)))

The following is  the MACLISFE code fTor € (with the quXl

norrowed and imeroved from 3 trace rackade of the MIT-ATI-Lab).
The function RFLACO rerlaces a CONS., Feel free +to include

other mscros wsing REAIMAC.
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(READMAC MACRO
CNLAMEIA (F)
§ TURNS MACRO-CHARS ON WHILE DOING THINGS
i (READMAC <A-LISTH> <YTHING-TO-DO>)
i CA-LIST: HAS PAIRS OF CHAR AND {QUOTED) FUNCTIONS

(COND
((CAR F)
(LET
(CHAR (CAMADR F) FN (CDAATR F))
(RFLACO
F
‘LET
@
((SYNTAX (STATUS SYNTAX =CHAR)
FNTYF
(FNTYF “=CHAR)
oL

(GET “=CHAR FNTYF))
(FROG2 (8STATUS MACRO =CHAR =FN)
(REAIMAC = (CHAUR F) « (CODOR F))
(FUNCALL “8STATUS ‘SYNTAX ‘=CHAR SYNTAX)
CAND FNTYP (PUTFROF /=CHAR QLD FNTYP))
i SET STATUS AND RESET AFTERWARDG:)))))
§ D0 THING WITH READ OR REALLISTS
((RFLACO F (CAADDR F) (CDARDR F)))H)))

(LET MACRO
(NLAMEDA (F)
(COND (CCAIR F) (RFLACA F “LET1))
CCDOLR F)Y (RFPLACO F “PFROGN (CDIR F)))
C(RFLACO F (CAARDR F) (CRDATDR F)))))

(LET1 MACRO
(NLAMBDA (F)
COLAMEDA (V)
(COND
CONULL (CDDIR V))
(REFLACO F ‘
(CONS “LAMEDA (CONS (LIST (CAR V)) (CROR F)Y))
(LIST (CADR V)Y))) -
(V. (RFLACO
F
(CONS “LAMEDA
(CONS (LIST (CAR V)
(LIST
(CONS 7LET1L (CONS (CRDR V) (CRUR F))))))
(LIST (CADR VY )I) )
(CARR F) D))
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(QUX MACRO
(NLAMBDA (X)
5 LISTS WITH EV OR EVX ARE EVALUATEDS
i AND THEIR RESULTS WILL RE CONSELS
# OR APFENDED RESFECTIVELYS
CCLAMEDA (Y)Y (RPLACO X (CAR Y)Y (COR YD) (QUx1 (CADR X)))))

(QUxL1 EXFR
(LAaMBRA (X3
(COND
CORULL X)) NI
CCATOM X)) QLIST "QUOTE X))
(CEQ (CaR X) 7EVY (Callk X))
((OFTIM
(COND
(CATOM (CaR X))
(LIST CCONS (LIST “QUOTE (CaRr X)) (QUXT (CDR X))
CCEQ (CAAR X)) TEVXD
(LIST “AFPEND (CADAR X (QU¥1 (COR X))
((LIST ‘CONS (QUk1 (CAR X))y (QUXL (CDR X3¥31)230)0))

COFTIM EXFR
(LAMEDA (XD
3 ELIMINATES UNNECESSARY FN-CALLSS
(SELECTQ (CAR X)
(CONS
i (CONS X (LIST ~—-)) =i (LIGT X ===)j
(COND
CCCADTIR XD
(AND (EQ (CAADDR X) ‘LIST)
(SETQ X (CONS ‘LIST (CONS (CADR X) (COADDR X))))))
(CSETQ X (LIST ‘LIST (CADR X))))))
(APPENY
5 (AFFEND X (AFFEND —=-)) =3 C(APFEND X ~==)}
(COND
CCCADDR X))
(ANII (EQ (CAADIR X) /AFFENDD
(GETA X (CONS ‘AFFEND (CONS (CADK X (CDADDR X))))))
C(BETQ X (CARR X)) -
NIL)
(AND (CATCH (MAFC ‘ (LAMBDA (ARG)
(COND' ¢ (ATOM ARG) (THROW NIL)Y)
(CED (CAR ARG) ‘QUOTEY)
COTHROW NIL)Y) DY)
(COR X))
(SETQ X (LIST ‘QUOTE (EVAL X)))
P F IS-IN (APFEND CONS LIST)S
5 (F ‘A ‘R =) =3 UALUESG
$ WHERE VALUE = (EVAL (F ‘A ‘B ===))3)

SEND MORE USEFUL. FUNCTIONS)
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(TECHNICAL NOTES

A VLISk
the

%101

Jerome

Universite

VEMCL is a virtuasl
the behaviour
entirels simulated
descrirtion of the
listing of the code
interrreter

tail—~recursion

inr

function

Basicallw VOMCL is a
Ones twosy  three or
orFerands.. Each orerand

1é

There are two formats
3 orervands instructions
Coe. code » latl
#* ity 18 .. 12 11
2 orerands instructions
Lor,. code

its 13

srecitication
AX regdister Q.
instructions
redister

-

Al
a2
A3
A4
AT
Y3

regisloer
ragistenr
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A

a VLISE Interrreter orn the YOMOID Machine

LINK register 7.

PG redister 8, Ia tne srogeasm courter.
ST register 9. Is the stack rointer.

ST the tor of the stachk.

+T6T tihe tor of the stsck sfter incrementstion of  the
stack wointer.

TET~ the toe of the staclk. The stack sointer i
decremnented after She comeutation of the effecltive
adiiress.

(value) a 18 bits value encilased in ssrenthesis. This value
14 stored in T Wik Gust following  the
instructicn.

(@ . address) the value contained in the location srecified,
Used to denote irddirecition. The address is sltored
in the word Ffollowing the dinstruactiorn. ’

NIL the stom NIL itself.

Trhese orerands allow several binds of addressins

- gdirect on registars A} AL 60 42 A4 ab &6 LINK POOST
- dindirect on SF

- auto-~increment orn SF and PO
- aguto-decremnent on SF

- aguto-increment ingdirect omn PO

Terminolosy and notstion

rl affective addvress of the lst orerand

re effective adidre oo e Zoed oseratd

™3 aeffective address of the 3th orerand

T = opf move the content of bhe effecltive address o

u into the word of effecltive asddress r’’

: p’ owen pfY exchange bthe cormtents of the effective
addreszes v’ and 7

(CAR 12 the CaR of the effective address v

(CIIR ) the COFR of the effective address v

actl & scl? denotes the overlas of the two actions

R S

N

The instruction setl

Instructions desceribed are only those sead ¥ the
intersrater listed Delow,

The effective addre 2 of the two  or  three orerasmncls are
comeuted hetfore bLhe execution of the instructionsy excest din
the case of conditional Juanss.

trarnsfers of

(MOVE v1L r23 rad -k orl
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A VLISF Interereter on bthe VOMCL Maschine

(EXCH r1 »2) r2 weropl

(MOVD vl v2 ¢3) vl -5 r2 & 2 - 3
(CAR rl1 r2) (CAR r2) ~& ri

(COR vl r2) (COR r2) ~> rl
(RPLACA r1 v2) 2 -~ (CAR ri)
(RELACD vl ¢2)  r2 -5 (CDR rl)

(MFUSH 1 r2) vl TET & Af »2 & NILy v2 -~ $TST
(MPOF r1 r2) TET~ => vl % if r2 & NILy TET~ = 2

Transfers and branches

(MOVR r1 v2) r2 ~3F rl & 78T~ ~» FC
(MOVY r1 v2 ¢£22) 22 «~= r1 & +3 = PO ,

' (MOVC vl r2 v3) r2 -5 rl & PC ~> +7T8T & 3 - PC
(CARR ri1 r2) (Calk r2) =~ v1 & TET- -~ FC
(CDRR ri r2) (COR r2) == 1 & TST~ - PC
(RFLACAR r1 v2) v2 -~ (CAR rl1) & TST- «= PC
(RFELACIHR v1 »2) r2 -~ (CDOR rl) & T8T~ 2> FC

Uneconditional branches

: CAUMFP r1) B AR =

I CIJUMFX ri »2) 105 B S LA R .
(CALL ¥1) FC o~ +T6T & rl =3 PO
(RETURN) TST~ =2 PG

Corditional branches

(JEQ 1 2 v3)  if vl = 2 thern ¢3 ~> PC
CIUNER vl r2 v3) if vl % r2 then r3 -3 PO
CUTNIL vl 29 it el o= NIL then v2 -3 PG
COTHTL vl r2) it el & MNIL then 2 =% PC

{JITLIST ri rd) daf vl ods s roinler on oa list them r2 - PO
CHFLIST vl 23 if vl is not & s=ointer omn 2 list
then r2 ~»> PO

CJTNUME r1 r2 if vl is a rointer or a8 number them r2 -> FC
CJFNUME v1 v2)  df vl dis not 2 rointer on 2 number
Lhern 2 ~F PC

g i i o

A ' Other instructions

(UNCONS r1 r2 »3) (CAR rl) -> 2 & (COR rl -> r3)
(CONS r1 rd r3 (r2 »  v3) - ri
(GEY r1 »2) - CGET r1 v23 - AX

Surtax of the sssembler

The VLISF simulstor handles lists of VOMCL imstructionsy in
which  stomic elemernts are lsbels. It dis rossible lo
abhbreviate inmstructions which look like

(orod ol ord (label))
irnto (ored orl ol o label)d
In order to decreasse the size of such a list.
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(FPROGN
(SETQ

TOPLEVEL

FRINTAL

GETFN

GETFN1

GETFN3

GETFNS

GETFNG
GETFN7

GETFNG

EVALCAR
EvaL

QUOTE

EVisll

22w

3 TOP-LEVEL function

(MOVC Al (' TOFLEVEL)
(CaLL . REAID
(CALL + EVAL)
(MOVJ HTST (TOFLEVEL)

# PRINTALl ¢

(CONS Al Al NIL)

-
1]

o« PRINTAL) § (WHILE T

L]
i
+ FRINTAL1)}

(JUMF « PRINT)

§ —————————
i functions of the interrreter
<, __________________ - 3
# GETFN ¢

§ call : (MOVJ A6 FC . GETFN) i.e.
$ result in AX 3

FAX <= 1 if

# AX <—- 2 if 28UBR .

# AX <— J if NSUER d

i AX <~ 4 if FSUER *

F AX <- 5 if LAMBDA ((lvar) ..
¥ AX <= 6 if FLAMRDA . ‘
P AX 4= 7 if GAMMA .

i don’t destrow a1 1

(JTLIST A2 . GETFNS)

(GET A2 (‘EXFR))

(JTNIL AX + GETFN1)

(MOVJ A2 AX + GETFN)
(GET A2 ('TYFFN))
(JTHIL AX « GETFN3)

(MOVJ +TST (XVALX £A21) A6)

(CAR AZ A2)
CJUMP « GETFN)

(UNCONS A2 aX +T8T)
CJINEQ AX (/LAMRDA)Y
(MOVJ AX (’5) Ad)
(JNEQ AX (“FLAMBLA)
(MOVJ AX (76) As)
(JNEQ AX (/GAMMA)Y
MOV AX (7)) Ab)
(MOVE. TST A6)

(MFUSH AL)

(MOUC ALl A2 . EVaAL)
MOV A2 A1 TST-)
(MOVJ A6 TST- + GE

v EvAal ¢ ISuer
i APFRFLY § 28UBR
¥

(CAR Al AL)
CITLIST AL
{JTHUME
(CARKR Al

« EVALL)
Al TET-)
Al)
(UNCONS Al A2 AL

(JEQ Al (QUATE)

(MOVJ A6 FC o GETFN)

CIUMPX AX ((hUAlChR)(CVAL")(EULIQ) TST~ (EVAL3) (AFFLYF) (EVAL4)))
FSULR LAMBDA FLAMEDA GAMMA 3

i 15UBRR

GETENG )Y

o GETFN?)

GETFNE)

TFN)

Al
At
S Az

« QUOTE)

Q[UER
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NP W es W W We W we

s ws W W Wy W wr er

- ar

e the
- the
LI RXTET

- e wr W

2
’

3

NSUER

(PRINT
CPRINT
(EVAL (REAIN)))

P TOFLEVEL)

because FRINT is s swystem NSUER

return_address in Aé

bodyw eee) is stacked
. a

~INTERFRETER ¢

i —— - e o ———————— e o e o e H
H venMCe 1 H
i B ]
’ .

H VLISP interrreter 3
- - -
§ binding of arduments for standard functions #
i ¥
i 1SUBR ¢ A1l <~ value of the 1st ardument ]
§ 2S5URR ¢ A2 <~ value of the 1st ardument ! 3
3 Al <= value of the 2nd ardunent | H
i NSUBR ¢ Al «— list of values of 3ll the ardguments H
i FSUBR ! Al <~ list of all the arduments non-evaluated

- w W e

1SUBR the address of the functlon is stacked

recodgnizes the ture of the function stored in A2

the function is an atom 3

is it an EXFR 7

Nna oy
ves

no 4
ves

the function is a8 list §

{Clvar)
a8 LAMBIA 7 3§
value = 5
a FLAIMRDA
value = 6
a3 GAMMA 7§
valua = 7

staok
is it
ses o
is it
yes §
is it
des §
in others cases
re-evaluate the

forme to be evaluate
list of values readu
Liove to arely

(EVAL (CAR A1)
in case of 3 list
numbers

the value of an atowm is

its C-value (i.e. its CAR)

Al <~ the functiony

A2 <~ the list of arduments 3

special case for the QUOTE function
find the ture of the function

oo DOdw

- or ws

00’) ;

$nd return
$

and return

and return

function

are not evaluated

»
’

¥

v

W W W W W WP W W W W

retry with the new exrraession i
is it & standard function 7

stack the address and return §
indirection on the value of the atom §

Py
’



i Ay

#
e

EVAL 2

EVal3
Evat. 4

AFFLYE
AFFLY

AFFLY2
APFLYG

AFFLYF

AFPLYIL

REBIND
REBINID

RERIND2

AFPLYN
BINGL

BIND2

BINDGE

RTR%

UHEIND
IR I,
UNTIHLD

-23~-

i for the 28U6KRs 3
(UNCONS A1 a1l 18T

LOALL . Eval) §
(EXCH AL TST)

(CALL +« EvALCAR) - §
(MOVR A2 T6T~-)

ioevalustion of LAMEDA-exrressions
(MOVY +TST (AFPLYL) o EVLID)

ioevaluation of GAMMA-amr ros
(MOVY +78T (AFPLYG)Y o BV T

(CONS AL Al NIy

(MOVY a6 FC O,

CJUMFX AX ((CAR) CAFPLYR)
i 1SUBR 2SURR

-y e

T8T- T8

GURIL FEY

i

LUNCONS AL A2 Al
(CARR Al A1}
(CaR N1 Aty
CJUMP o aPFrLYL)
(CONS A1 a1 NIL)

§
i ogonerasi Vor LAaMBNS FLanube AN
Fosusrosse §AL <= list of vslues r
i TST < ({lvar) .., bodu
(UNCONS TST- A2 a3 ¥

i test of tail-vecursien i

(JINER (6,
CUNER (8 .

TSTH { &TRxR)Y
LINKY 63 .

AFELYHY
AFFLYN)

# srecial binding for tail-recurai

CIFLIST A2 o RERIND2) H
(UNCONS A2 A5 a) i
(UNCONS A1 (@ v A%) AL) H
CJTLEIST A2 . REBINDL) ;
(JTNIL A2 . PROGNAT) 5
(MOVJ (B . AZ) AL . PROGRAI: H

Ponormal binding witn sreservetion

CCHMPOSH LINK {MARKER?) ¥

CIFLIST AZ . BINL2Y

(UNCONS A1 A4 Al H
{UNCONS A2 A% A ¥

(MOVD +TST (B . A5 a4)

MOV +TST A% o DINDL)

CUTNIL A2 o RIMLDZ) H
MOV HTST (B . a2)y &)

CHPUSH a2)

CHRPUSBH A3

§oexecation of the body of the fun

(MOVE LIHK 8T +« FROGHAZ
(MOYJ aé FCoo UNBINDD
CRETURN

Foumbire! the sreviows Bindgloss 3

[§518 PTG 0 UNGLE

(R GOLTINRND

MPOI A5 LMK

CIHER AS CMARKERY . UNEIMDT)
CHUMP fg) '
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evaluato the lst srdgument &

aevaluaste the 2mnd arvdument 3

-

used by marrind functions §

get the ture of the function }
CAPPLYL)Y (AFPLYGY (AEPILLYG) ) )

BROLAMBIA FLAMERLA GCAMMA 3

AFFLYL must follow ... 3§
¥
oacfy
vesd §

A2 = lvary AZ <~ baodu. §

i it dis not in terminal rositior
it is not 8 recursive funchtiom

ve furnction
lard is atomic §

A3 <~ new variable §
force the new value 3
varishlies left ?
real end of lvar
in case of LEXER

. me ‘ar

of the old velues &
srecial mark in stack
A4 - next value $
A% O~ newt variable §

real end of lvar

ction i



contral functions

- e e
- e w

-24-
i FROGN 3 FSURBRey EFPROGN ¢ 1SURR §
i allows to handle the tsil-recursive furictions 3§
FROGNAZ (MOVE Al A3) §odirternal (FROGN A3) 3
EFROGN
PROGN (UNCONS a1l Al A2) i next element §
{(JFLIBT A2 . EVAL) i there is one element ¥
FROGNL  (MOVEC +TST A2 . EVAL)
(UNCONS TST~ At A2) i next element §
(JTLIST A2 .+ FPROGNL) i it is not the lost element &
CJUMP .+ EVAL) P it is the last element i
# LIST ¢ FSUBRy EVLIS ¢ 1SUBR 3
LYIST
EVLIS (JFLIST AL TST-) # rnothing to oo 3
(CONS A2 NIL NIL» i rrerare the head of the result
(MFUSH A2) i which is saved in the stack 3
# A2 is also the address aof the
last CONS-cell
EVLIS2 (UNCONS A1 Al +TST» i next element 3§
(MOVC +TST A2 .+ EVAL) i save the remainder and
evaluate the element j
(CONS A2 Al NIL) i CONS the value 3
(MFOF A3 Al) i restore. last and the remasinder j
(RFLACDE A3 A2)
(JTLIST At + EVLISL) 3 list not exhasusted i}
(CDRR Al TST-)
i LESCAFE ! FSUBRR
w § 2llows to force a tail recursion §
LESCAPE (MOVJ +TST (XTR¥) + PROGN)
# IF I FSUER, The most simrle conditionnal function §
? 8llows to handle the tsil-recursive Punctions i
IF (UNCONS A1 Al +7T8T) )
(CALL + EVaL) i evaluate the predicate
(UNCONS TST- A2 A3)
(JTNIL Al . FROGNAZ) i else clauses i
(MOVJ AL a2 . EVaL) i then clause i
y COND ¢ FSUBR. The most famous CONDitiormal function i
$ allows to handle Lhe tail-recursive functions §
(COND (MOVE A2 A1)
CONDY (JFLIST A2 TST-) i no more clauses §
(UNCONS A2 Al +TST) i Al <~ next clsuse }
45 CUNCONS A1 Al $T8T) i Al <~ the predicate §
¥ (CALL . EVAL) ° i evaluate it §_
(MPOP A3 A2)
(JTNIL a1l . CONDL) # the eredicate is false #
(JFNIL A3 . FROGNAZ: i evaluate the clause §
(RETURN} F the clause is emprty 3
i OR AND ! FSUBRR, lostical cornectors #
i allows to handle the teil-recursive furctions 7
0OR (UNCONS A1 AL AZ)
(JFLIST a2 . EvaL) i the last element j
(MOVC +TST A2 . EVAL)
(JFNIL Al . FRET)
(MOVJ Al T8T- . OR)
AN (JFLIST a1 . TRUE) 5 (ANDD) ~> T 3§
AN (UNCONS a1 ALl A2)
CJFLIST A2 « EVAL) P the last element
(MDVEC +TST A2 + EVaL)
(JTNIL AL v PRET)
(MOVJ AL TST~ « AND1)
FRET (MOVR A2 THT-) i mor and return §
3 WHILE ¢ FSUBR #
WHILE (MHOVJ +TST A1 . WHILER? # atack the whole exrression
WHILEYL (CiR Al T8
(CaLtl , FROGMN)
UHILER (MOVC AL TST « EVALCAR) i evaluate the test j
(JFNIL AL« WHILEL) v it is ready for an other turn §
(MOVR A2 THT-) P Pindish 5
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“2b5u

bmmmm -3
" 3 predicates and searches :
it e ———

# NULL NOT ATOM NUMBF LISTF ¢ 1SUER

NuULL

NOT (JTNIL A1l . TRUE)
(MOVR A1 NIL)

ATOM (JFLIST A1 . TRUE)
(MOVR A1 NIL)

NUMBF (JTNUME Al . TRUE)
(MOVR A1 NIL)

LISTF CJTLIST A1 o TRUE)
(MOVR A1 NIL)

$ EQ NEQ ! 2SUBR

EQ (JEQ A1 A2 . TRUE)
(MOVR Al NIL)
NEQ (JNEQ A1 A2 . TRUE)

(MOVR A1 NIL)
# EQUAL NEQUAL ¢ 2SUER 3

NEQUAL (MPUSH . NOT) :

EQuUAL (MOVC A8 ST . EQUAL2) } rrerare A6 for fast return j
(HOVR A1l (T))

EQUALLL  (JFLIST A2 . NAN) '
(UNCONS A1 Al +T8T) i cdr down Al §

(UNCONS A2 A2 +TST) $ cdr down A2
(CALL . EQUAL2) # recurse on CAR 3
(MFOF A2 A1)

EQUAL2 (JTLIST Al . EQUAL1) $ iterate on CDR
(JEQ A1 A2 TST-) . o

NAN (MOV.J ST A6 . FALSE) t fast veturn #

TRUE - (MOVR AL ('T))
FALSE (MOVR A1 NIL)

# CAR CDR ¢ 1SUBR »

CAR (CARR A1 A1)
CER (CORR Al A1)

'3 GET t 2SUBR $

GET (GET A2 Al)
(MOVR A1 AX)

# MEMO $ 2SUBR ;

MEMQ1L (JEQ (@ . A1) A2 T8T-)
(CDR Al Al

MEMQ  (JTLIST A1 , MEMGL) b the list is emrtu §
(RETURN) :
P e i

i create and modifu §
F oo o e o i v ]

.

PoMAFC 3 28UBK, the rosition of the ardgumerits is non-standard j

MAFC (EXCH AL A2) P Al - list of arguments
A2 <~ function §

(JFLIST A1 TST-) P notiling to do j
MAFCL (UNCONS A1 Al +T1ST)

MOV +TST A2 . ARPLYD)

(MPOF A2 AL)

(JTLIST Al . MaFC1)

(RETURN)
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i MAPCAR ¢ 2SUBR &

HAFCAR  (EXCH A1 aA2) Al

-

(CONS A3 NIL NIL)

(MOVJ FTST A3 . MAFCAR2)
(MPUSH AZ)

(UNCONS Al Al +TST)
(MOVUC +TST A2 . APPLYD)
(CONS AZ AL NIL)

(MFOF A2 A1)

(RFLACD TST- A3)

(JTLIST AL . MARCAR1)
(CORR AL TST-)

MAFCAR1L

- .

MAPCARR

i RPLACA RFLACD $ 2GURR

RFLACA_ (RFLACA A2 AL)
(MOUR ALl A2)
(RPLACD A2 A1)
(MOVR A1 A2)

RFLACD

¥ SETQ ¢ FSUEBR §

SETR (UNCONS A1l +TST A2)
(UNCONS A2 Al +TST)
(CALL .+ EVAL)

(MPOP A2 A3)
(RFLACA A3 Al)
(JFLIST A2 TST-)
(MOVJ AL A2 . SETQ)

.o e

s .

no

# SET ! NSURKs» SETRQ ! FSUBR $
SETRA
SET “(UNCONS Al A2 ALy
(UNCONS A1 (@ . A2) al)
(JTLIST a1l . SET)

(MOVE AL (2 . a2

§ NEXTL ¢ FSUBR
(CAR A2 AL)

(CAR A3 A

CUNCONS 63 Al A3
(RPLACAR A2 A3

A2

NEXTL
. A3

-

§ CONB 1 2BURR

(CONS 5L A2 AL
(RETURN)

CONS

i REVERSE t 2BUBR 3§

CUNCONS

A2 A3 A2}
a3
I

and of the SETQ ~INTERFRETER § )

A2 -

next arvdument §
save the functior ¥

evaluate the value §

-26~-

<~ list of ardumentsy
- furction §

»

stack the name §
stack the remasirder §

set the new value 3

mare courle |

- atom 3
<= its value §

iodmitialisation of the indicetors of the standard functions §

(MAFC
‘{ATOM Calr COR EFROGN EVAL EVLIS
LISTE NULL NUMEF)
FCLAMEDA (X)) (FUT X 1 “TYPFN)))
(MAFC .
CAPFLY CONS EQ EGUAL GET MAFC MAFCAR
MEMI NEQ NEQUAL REVERSE RFLACA RPLACTH
CCLAMEDG (XY (FUT X 2 “TYRFNYY)

{MAFC

C(FRINT PRINL TERFRI READ SET)

SCLAMBOA (X)) (PUT X 3 “TYFFNI 1)
(MOPC
CCAND COND IF LESCAFE LIST NEXTL OR

FROGN QUOTE SETR SETQR WHILE)
CCLAMBDRA (X)) (FUT X 4 ‘TYPFNY M)

. , /-INTERFRETER)
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A SYSTEM TO UNDERSTAND INCORRECT FPROGRAMS

Harald Werts

Undversite de Paris VIIT (Vincennes)
rogte e la tourelle
2671 Paris

Abstract ¢ 3

This rarer rresents & swsbtem  (FHENARETE)
which wndershands and imsrove incomrletely
defined LISF srodgramsy such as Lhose written
bw  students bedinning  to erogram in LISE,
This swstem bakesy 8%  diredts  the esrodgram
without anw  additional dinformatiarn. In
order to understand the mrogramy the sustem
meta-evalustes ity using a8 librarwy  of
rraugmatic rules®y describhing the
construction arcl correction of derneral
FrOETam cormatructsy anel a sel af
*greclalists"y cdescribing  the suntax  andg
semantics of the standard LISPF furctions.
The swstem can dse its understanding of the
srodgram to detect errors in ity to debug
tivem aricly eventuallay to  dustifw  its
rrorosed modifications, This rarer dgives a
brief survew of the working of the sustems
emrhasizing on some commented sxamrles.

3
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A lot of effort ig asctually srent om the develosrement of
tools to hely srodgrammers i constructingy  debudding and

verifuing rrodrams.  Unforturstely most of these tools
-~ dmrose  too much constraints o the  dintuitions  of
programmer Lof DIUKSTRA 19761y

- are working only  on &8 verwy limited subset of sossible

wrograms Lef RUTH 192741y
-~ are only working o correct erograms Cof ARSAC
IGARAGEBHTI et &1 19751,

Our aim is two-Folag @

=t b make eyelicit the lrnowl edsde irnvolved
constructing and debusging srosgrams andg

~@d- ho verify - mot bhe  corvecthness  of  srodrams
thedr "oonsiatancu ared  to  erovide "hints®
imeroving  end  corrvecting  thedr srodrams to
R W LR T THTCR LN

To this end we have build our swstem on four main  corcerts
Loen slsgorilbhm of sete-svalustion Uof GUOBHEENS 19781 to helwr

the gwstenm Lo undevatand wach of bthe wosesible waths of
FroEramsy

2 a set of ‘"epecialiste®s 16 a wsel af rrocedural
gracifications of the swuntax sand the orerational semantics of

the staermdsrd LISPE functionss

exancle ¥ erecialisth

oAk Tor the

LoAR-1 (X)) =k .
v (& atom (CAR X)
& ture (X)) = LISTE)
v (& S—exurression (CAR X)
& ture {val (X)) = LIGTM

'S

elge
modify X ountil CaAk-1 (X)) = T1

wararhirasing ¢

CAaR exeeclts bhiat dts arsument is
- an atom
ard the ture of the value of ‘the
argument is a list
- & S-exrression
sored e oof o the vl

of  that

v
eurression s g List

o lae
CAR has to modifw the srgument wuntil
one of these two corditions is true

arici e serecialist CAR for the semantics
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CCAR-N =3

ardg ¢ (X (meta-eval X))
test ! (ture (val (X)) = LISTF) &
(ture (val (X)) = 7)
~+ hurothesize (Xy ture LISTRF)
T == comelain (Xe tuwere ¢ LISTF)
action ¢ if C(existe (CAR X)) - (CAR XD

elee (creaste (CARy X)) -3 (CAR X1

or in rararhrasing
CAR-N

has an ardument namned Xy which must be evaluated
orme must verify
if .
the ture of value of the argument is 3
listy all is ok
else
if the twre of value of the ardgument isn’t
kLrowrny  one  has bto creste 3 hurothetical
value of twre LIST for X
else »
ane has to ask the debusider Lo change the
text of bthe rrogram i such 2 waw that the
value of X becomes a list

the value of CAR is
if
there exists already 3 CAR of Xy this CAR
else
one has to creste a8 sumbolic value for Xy
the CAR of which will be the desired value

These srecialists are the agents of the meta-evaluastion

and

thew rerresent the sustem’s knowledse sboul the rrodramming

landguade used,.

3 38 set of “"rragmatic rules” describing dgereral
constructs arnd methods to rerair irnconsistencies
examele ¢

ritle of the derendernce of 8 loo# of the

rradicate =i

if no variasble of the exit-test is modified inside
the loorsy then the loor is irnderendent of the
exit-test andy its executiorn is mon-terminating or
the loor will never be executed.

The selt of these rules exrresses the sustem’s

Frodram

deneral

knowledse shoult the well-formedrness of srodrams and about the

correction of ervorss
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4 during the analusis of & rrogramy PHENARETE contruets some
descrirtion - an  internal resresentation -~ of  the srosgram
under the form of "cognitive atoms®. These maw be considered
as  the nodes of &8 network-like resresentstion of the rrogram
actually analused,

The swstem asccerts everw LISE srogram  conforming to  the
following restrictions @

- partitioning of the names of varisbhlesr» furntions asnd
labelssd

= #ll fTurtion calls must be *call by rmasme”s

the umiaue funcltiomal  arguments  admitted are exelicit
Lombhada-oxer ress ions .

We call this subset of LISEF 2 externded Tirvst order LISF.

To uwee FHENARETEy the user has to give Lo the sustem omly  the
text of the drafl version of the srosram he wants Lo writes
without iy additional irrformation like it/ outrut
assertionsy commentariesy #lams etes, The sustem will try to
understarnd what the uvser wanted to  doy ards it necessarys
moadify the text of Lthe srodgrsmm.

To dive some feeling of the working of the sustems let us
axamine some exameles in detsil ¢

Our first examele is & (verw) erroneous version of the well
krown  REVERSE  function. Here is the actual inrut to the

+

suastem
TP C(DE REV L1 L2 COND ULL L22 Al T RVE Al ONS CRA Al A2))
FHENARETE will first correct the srelling evrrors

ERREUR $

NOM ~=3 (P ULL ~=3 NULL)
ERREUR ¢

NOM == (P 122 -~ L2)
ERREUR

NOM ==3 (P AL == L1)
ERREUR

NOM == (P AL ==& L1)
ERREUR

NOM ~=3 (7 RVE -3 REV)
ERREUR ¢

NOM =~ (P RVE =~-3 REV)
ERREUR

NOM —=3 (P AL ==3 L1)
ERREUR

NOM —=3 (7 ON§ -3 CONS)
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ERREUR ¢
NOM -2 (F CRA == CAR)
ERREUR
NOM =2 (F Al == 1)
ERREUR ¢
NOM == (P A2 -3 L2)
After having very well corrected the srellind Errorsy

FHENARETE mroceeds Lo a firest srnaslusis where she uses only her
suntactic knowledse., The result of this firet asraslusis is o
"surntacthicallw correct® LISF  wrodram  {(i.@. 8 rrodgramm
accerted by anwy smart LISPE interrreter or comriler) ¢

FROFOSITION 1 2

(DE REV (L1 L2
(COND
CONULL L2 LD
(T (REV L1 (CONS (CakR L1)Y L2Y))y)»)

These Tirst imerovements have eliminated all the suntactic
errors.  Antwawy there subsist two semantic errors ¢

-1 im the recursive call of revs the first asrdgument L1 is
rot modified. This crestes arn infinit recursion.

-2 eaver with a8 modification of L1 in the recursive callyr the
recursion won’t stor either since the stor-test has as
arument L2y 3 lisltl which sgrows longer and londger in  the
run of the succesive recursive calls.

FHENARETE can not disambiguste this furnction - she does not
know anuething  of  the intentions of the srogrammer - so she
dives two different srorositions ¢

FROFOSITION 2 ¢

(IE REV (L1 L2)
(COND '
CONULL L2)Y L)
CONULL 1) L2)
(T (REV (COR L1) (CONS (CAR L1) L2))))»)

AT LEAST YOUR FUNCTION SEEMS OK TO ME.

In this first rrorositiony PHENARETE surrosed the stor-test
given to be truer but that the user omitted a second stor~-test
for the case where the second arsgument i not NULL a3t  the
inditial call of REV., '

http://lwww.artinfo-musinfo.org Lisp Bulletin # 2, July 1978, page 35/ 52



-32-

FROFOSITIORN:?

(DE REV (L1 L3
(COND
CONULLL 1) LD
(T (REV (CDR L1) (CONS (CAR L1) 1L.2)))))

AT LEAST YOUR FUNCTION SEEMS OK TO ME.

In this second srorositiony FHENARETE surerosed that the user
inadvertently dinverted the arvsguments of the stor-testy so she
irnverts the two arguments L1 and L2.

Of the two corrected versions of the initisl draft-srodram
FHENARETE is assured that thew will stor and deliver a3 result
whern runrins,

Dur second exasmrle is am extremly "simelified® versiomn of the
@mualls well krnown furmctiorn FACTORIAL. Here she is ¢
P O(DE FAUT N TIMES N FACT N»

As in the rrevious examrler FHENARETE will first translate
this unrarentesired exwression into an well rarentesized one ¢

FROFOSITION 1 3
(HE FACT (N) (TIMES N (FACT N)))

This first sprorosition is 38 suntactically correct rrogramy but
semantically it is not verw correct ¢

~1 8t the recursive call N is not modified. This is the
game kind of error s8a in the rrevious examrley exert the
ardument here is of rumeric ture,

-2 there is no stor-test at 81l s0 there are +two (1)
reasons Lo maske the recursion infinit,

Remember that FHENARETE doesn’t krow the intentions of the
prodrammery s0  she must detect these errors without any
additional irformstion 3 a8ll she can wse in the further
analusis are the semantic srecialists and the rragmstic rules.
So let us look at her srorosition

FROFPOSITION:
(DE FACT (N) - (COND
((LE N O) 1)
(T (TIMES N (FACT (SUR1 NI

AT LEAST YOUR FUNCTION SEEMS OK TO ME.

http://lwww.artinfo-musinfo.org Lisp Bulletin # 2, July 1978, page 36 / 52



33~

This_corrected version is actuallw 8 correct version of the
Tactorial—-rrodgram,. The rerformance i6  really sstonishing
knowing that +the swstem works comeletelw sutomatically

whithout asking anw uestion to the user and withoult any

information about the surrosed interntior.

One last (uncommenrted) examerle 3

T O(DE ADDIT M N ((ZEROF N)Y M)
(T CADDIT SURL M ADDL N

FROFOSTITION 1 ¢

(DE AINDIT (M N)
(COND
CCZEROF N)Y M)
(T (ADDIT (SURL M) (ADDL NJ)Y)Y )

FROPFPOSITION:?
(DE ADBDIT (M N) :
{COND

((ZEROF N)Y ™M)
(CLE M 0) N)
(T (ADRDIT (SURL M) (ALDL NYI)D)

AT LEAST YOUR FUNCTION SEEMS OK TO ME.

Fresently we are working on some extensions as

to find

automatically the irntentions amd the d#oals of diven rieces of

code. We would also like to addoin ta FHENARETE

moduule

rermitting to exerlain the ressoning of the swstem. This would

the a3 dreat helr to the user.
The swstem is running on PIF-10y uses about 25k word

memorsy

is  dimelemented in VLISP LCHATILLOUX 1976+ GREUSSAY 19771y and

is used by sbhout 1000 studernts in our uriversitu.

A more detsiled descrirtion may be found in CWERTZ 19781.
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ITERATIVE INTERPRETATION OF TAIL-RECURSIVE LISP PROCEDURES

Patrick GREUSSAY

Departement d' Informatique

University of Vincennes

September 1976

ABSTRACT

The design of a LISP interpreter that allows tail-recursive procedures to be
interpreted iteratively is presented at the machine-language level.
Iterative interpretation means that, without any program transformations, no
environments and continuations will be stacked unless necessary.

We apply a specific modification within a traditional stack-oriented version
of LISP interpreter, without any non-recursive control structure. The design
is compatible with value-cells as well as a-lists LISP processors.

We present a complete modified interpreter written itself in LISP and an
informal proof that it meets its requirements.

http://lwww.artinfo-musinfo.org Lisp Bulletin # 2, July 1978, page 39/ 52



-36-

1.0 INTRODUCTION

It is well-known that tail-recursive procedures (TR for short) are formally
equivalent to iterative procedures (1]. Unfortunately, when interpreted,
TR code behaves as ordinary recursive code, and we do not obtain the benefit

of the formal equxvalence. We need a way to make the formal equivalence also
a practical one.

The problem of the computation of TR procedures can be stated in terms of

program transformations, or in terms of interpreters specially designed to
handle them properly.

Static program transformations [A,IO] from TR to iterative programs are mainly
used on compiler-oriented LISP systems, and therefore do not allow full access
to interpreter—oriented tools of debugging, breaks, traces etc. Moreover, as
they are name-sensitive, they cannot handle procedures with circular types.

Interpreter—orlented process1ng of TR procedures uses non-recursive control
structures like message-passing as in Hewitt's ACTORS system(? 8 | or generalized
FUNARG devices with static a-lists, as in Sussman's SCHEME [12]. Also delayed
evaluation of CONS [6 has been proposed in-which partial building of a struc-

ture is triggered by invocations to the decomposition primitives CAR and CDR
applied to this virtual structure.

As interesting as they are, there do not seem to be any evxdent ways to adapt
such methods to ordlnaty recursive stack-oriented LISP interpreters.

In contrast, we propose a simple way to process TR procedures iteratively,
without any program transformations or non-recursive control structures. Our
scheme can be used with a-lists as well as value-cells stack-oriented LISP
interpreters.

2.0 TAIL RECURSIVE SCHEMATA

In {l], a TR schema in iterative form is defined as a recursion equation
f(x!,...,xn) = g(f,xl,...,xn,hl,...,hm)

where g is a conditional expression defining f in terms of the functionms
ht,...,hm; g is said to be iterative if f occurs exactly in terms of g in
the form THEN f(...) or ELSE f£(...).

For example, this is the recursive form of the well-known program for
addition (NOTE 1)

(de plus (x y) (if (= x0) ¥y
(add! (plus (subl x) y))))

and this is the corresponding iterative form
(de plus (x y) (if (=x 0) y
(plus (subl x) (addl y))))

NOTE | : (if c el e2 ... en) is the LISP equivalent to the form

if ¢ then el else e2; ... ; en fi .
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We must generalize the previous definition of iterative schema to any named
A-expression such that '

(1Y f = ( A(xl...xn) ... (f al...an)) ‘ (NOTE 2)
i.e. the last term of the A-expression body is a call of this A-expression.

(2) £ = ( A(xl...xn) ... (if ¢ (f ai...an) ...))
and
f = { A{el...xn) ... (if ¢ el 22 ... (£ al...an)))

i.e. the THEN-part or the last term of the ELSE-part of an if-form is ‘2 call
of this A-expression.
Hested if-forms are valid under this schema, e.g.

£ = ( A(xl...xn) ... (if el (if €2 ... (if em (£ al...an) ...) ...)))

(3) £ = (Axl...xn} ... (cond ... (c e! ... em-! (f al...an)) ...))

Note that the condition ¢, even if it cousists solely of the constant T, must

pe mentionned explicitely, in contrast with for example INTERLISP {23] style
of writing CONDs. R

3.0 RETURN CONTINUATIONS

We notice that these schemata share a common property: all of them are instances
of forms interpreted by the LISP system internal function PROGN.

These forms will be interpreted recursively if PROGN is defined as follows.

P Let us suppose the variable EXP is the name of a register which contains the

' form to be evaluated and the result after the evaluation. TEMP is a working
register, SAVE and RESTORE push and pop respectively their argument onto a
stack, REC pushes a return continuation (NOTE 3), and UNREC restores the current
continuation from the stack.

PROGN = tempvexp;
while not(null(temp))
do save(temp); expwcar(temp)};
rec EVAL; temperestore();

temp+cdr {temp)
od
unrec();
& NOTE 2: This part of the definition means that we allow non-terminating
i procedures.
i
& NOTE 3: Here we use the continuation concept [ll] the same way as in {9 , where

a continuation is just a list of instructions to be executed,

http://www.artinfo-musinfo.org Lisp Bulletin # 2, July 1978, page 41 / 52



-38-

On the coatrary no return continuation will be stacked at an instance of a
TR call of our iterative A-expressions if PROGN is designed as:

PROGN = while not(null(cdr(exp)))
do save(exp); exp+car(temp);
rec EVAL; exp<«restore();
exp+cdr(exp)
od
exp+car(exp); jumpTo EVAL;

The last clause of a PROGN argument (a list of expressions to be evaluated)
will be passed directly to EVAL, which obtains the definitive control of the
continuation.

1f LISé TR procedures had no arguments, the interpreter would automatically
handle calls of forms like .

£ = (A (if c el e2 ... en—1 (£)))

as

while not ¢ do eval(e2); ...; eval(en-1) od;
eval(el);

Then the program writer could design its procedures in the most natural way,
without paying attention to what are necessary or unnecessary recursions [14].
But, as LISP procedures generally use argument passing, we need a way to omit
unnecessary saving of environments (NOTE 4) by the internal LISP system function
APPLY, in the case of TR procedures.

4,0 THE HANDLING OF ENVIRONMENTS

A redundant enviromment is defined as a new anvironment caused by the call of
a TR procedure, the old environment being unnecessarily saved, in spite of the
fact that it will be never used again.

To avoid redundant environments, we have to modify APPLY in the following
manner. _

When APPLY has discovered that it must handle a A-expression, first it examines
the stack at a definite place to see if the same A-expression has been called
before. If this is the case, it does not save the current environment onto the
stack, and just binds every variable of its formal arguments list to its value,
then gives the body of the X-expression to PROGN. If this is not the case,

then APPLY saves the current environment (which means that the A-expression is
called for the first time, as far as APPLY can see) onto the stack, then saves
the list which represents the A-expression being called, then builds-a new
environment as before, and finally saves a return continuation to a part of
APPLY which restores environments. The control is then given to PROGN.
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The definite element which APPLY examines is then the next-to-last item saved

in the stack.

This part of APPLY can be designed in the following manner (the field CVAL being

the value~cell of LISP variables) :

PART-OF-APPLY = 7f car(exp)=A tken

NOTE 4: By environment is meant an as

if STACK[TOP-1] =exp then
for—each x in cadr(exp) do
X.CVAL+car(arglist);
arglist«cdr(arglist)
od :
exp<cddr (exp); jumpTo PROGN
else
save(sentinel);
for—each x in cadr(exp) do
save(x.CVAL); save(x);
x.CVAL«car(arglist)
arglist+cdr(arglist)
od ’
save(exp); exp<«cddr(exp); rec PROGN;
restore(); .
while STACK[TOé]# sentinel do
. xerestore();
X.EVAL+restore()
od

restore(); unrec()

sociation of variables with values.

In LISP, saved envivonments can take the form of a-lists, where the
value of every variable is found (with the possibility of multiple
instances of the same variable), or can take the form of value-cells,
in which case the value associated with the variable is unique and
immediately accessible, old associations being saved on the stack.
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5.0 EXAMPLES OF TR-PROCEDURES

Here are some examples to illustrate programming in TR style, with the
modified interpreter.

(1) An iterative Ackermann function :

(de ack (x y) (a x y nil))

(de a (x y p) (cond

((= x 0) (if p (a (car p) (addl y) (cdr p))
(add! y)))
((=y 0) (a (subl x) 1 p))
(T (a x (subl y) (cons (subl x) p)))))
(2) Building a list of factorials :
(de factlist (n) (g n | (list 1)))
(de g (n x 1)
(if (= xn) r -

(g n (add! x)
(cons (times (addl x) (car r)) M)
(3) Building a factorial procedure with circular type :
(setq g '((X (xy D)
(if (= x 0) y
((car f) (subl x) (times x y) £)))))

"to obtain factorial n we call ((car g) n 1 g)

Our modified interpreter appears to be “name-insensitive' and can

run this example iteratively, which cannot be handled by program
transformations.

(4) Notice that forms like
(O () (x %)) "(A (x) (x x)))

being run iteratively do not cause overflow of the stack.
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Here is the complete modified LISP interpreter (NOTE 5). It is written
itself in LISP in the machine language style of Sussman's SCHEME [12‘.
We use a global environment and we do not use any recursive features.

(de run () (setq pc 'toplevei) (Zéop))

(de loop () (while t {apply pe nill)))

We use a non-terminating control loop which runs the 'next'" procedure,

in which the non-modified LISP internal function apply is called over and
over again. The variable pc plays the role of a program counter.

Here is the top~level loop @ ~

(de toplevel () (setq link nil stack nil) (save 'topl)
(setq exp (read) pc ‘evall)

(de topl () (print exp) (setq pc 'toplevell)
Here are the “pipe-lined" procedures eval, evlis and apply :

(de eval () (cond
{ (numberp exp) (unrec))
((atom exp) (setq exp (car exp)) (unrec))
(T (setq hdexp (car exp) exp (cdr exp) pc 'evalll)))

(de evall () (cond
((listp hdexp) (save hdexp) (setq pe 'evliis))
{(or (get hdexp 'expr) (get hdexp 'subr))
(sqve hdexp) (setq pe 'evlis))
((setq temp (get hdexp 'fexpr))
(setq arglist (list exp) exp temp pe 'apply))
((get hdexp 'fsubr) (setq pc hdexp))
(T (setq hdexp (car hdexp)))))

(de evlis () (setq built nil pe 'evlisl))

(de eviisl () (if (null exp) ,

(setq arglist (reverse built) exp (restore) pe 'applyf
(save exp) (save built) (save 'evlis2)
(setq exp (car exp) pe 'evall)))

(de evlis2 ()~ -
(setq built (cons exp (restore)) exp (cdr (restore)) pc 'evltsl))

NOTE 5 : This interpreter is in fact a simplification of the one rumning
under the name of VLISP at the University of Vincennes [2,5] on
a PDP 10 and a T1600 computer.
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(de apply () (cond
{(atom exp) (cond ,
((setq temp (or (get exp 'expr) (get exp 'fexpr)))
(setq exp temp))
((or (get exp 'subr) (get exp 'fsubr))
(setq pc exp))
(T (setq exp (car expl))))
((or (eq (car exp) (setq temp '\))
(eq (car exp) (setq temp 'v)))
(setq A\-y—exp exp) A
(if (eq temp 'y} (setq arglist (car arglist)))
(Xf (eq (cadr stack) \~y-exp) ‘
(rebind (cadr A~y-exp) arglist)
(bind (cadr A\-y-exp) arglist) (save A-y-exp) (save 'applys))
(setq exp (eddr A-y-exp) pc 'progn))
(T (save arglist) (save 'apply2) (setq pe 'evalll))

A form (y(xl...xn) el e2 ... en) is like a A-expression but when applied
to an argument which is a list, it distributes the elements of this list
over the formal arguments x!...xn . This is"very efficient for handling
multiple values recursive procedures.
(de apply? () (setq arglist (restore) pc 'apply))

. .
(de apply3 () (restore) (unbind) (unrec))
The internal procedure unbind restores old environments, rebind simply

builds a new environment without saving the current one in contrast to
bind which saves the old environment.

Next we come to the "sequencer" procedure progn :

(de progn () (if (cdr exp) nil (save exp) (save 'prognl))
(setq exp (car exp) pc 'eval))

(de progn1>() (setq exp (edr (restore)) pe 'prognl)

Finally, as an illustration of control procedure of FSUBR type, we give the
code for if :

(df if () (save exp) (save 'tfl) (setq exp (car exp) pe 'evall)

(de if1 () (if exp (setq exp (cadr (restore)) pc teval)
(setq exp (cddr (restore)) pe 'progn)))
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7.0 CHECKING-RULES

-

We must now devise a means of insuring that our interpreter meets its
requirements. We shall use “checking-rules' of the form

Si{P1}P2:852

where S! is the state of the stack when entering procedure Pl, S2 is the state

of the stack when leaving procedure P!, and P2 is the name of the next procedure
to enter. When P2 is the label "retcont! it means that Pl has no next procedure

to enter, so a recursive return to the head of the stack has to be performed.

Examination of the interpreter yields the following rules, which constitute
in a sense an abstract version of the interpreter, the enter and exit states of
the stack playing the role of an history [3].

a{evall}retcont:ay evall:a

a{evallilevlis:hdexp:o y applyia v fsubriovevall:ia

hdexp:af{evlisl}evlisi:thdexp:a
hdexp:a{evlisl}evalzevlisZ:built:exp:hdéxp:ay.apply:a
built:exp:hdexp:a{evlis2}evlisl:hdexp:a
a{applylapply:ay subr:ay fsubr:a

\Iprogn:a\rprogn:applyB:A—y—exp:oldbindings:a
veval:apply2:arglist:a

arglist:a{apply2}apply:a
y-y-exp:oldbindings:a{apply3}retcont:«
8{prognleval:prognl:exp:Bwveval:8

exp:B{prognl}progn:B

g{ifleval:ifl:exp:8 (NOTE 6)
exp:B{iflleval:Bv progn:3

Using the checking-rules, we can show that the interpreter handles TR programs
correctly.

let foo = (A (x] ... xn) el ... em)

with em = (foo al ... an)

First of all we must show that the stare of the stack is the same when evaluating
em and when entering progn with exp = (el ... em)

NOTE 6 : Recall that Zf is of FSUBR type.
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Let exp = (el ... em) with a{progn}.

Suppose m = 1, we have’

a{prognlevalia and therefore afevall.
If m> 1 we have

a{progn}eval:proguliexp:a

and if the evaluation of the head of exp does not enter into an infinite
loop, we shall obtain

exp:a{prognl}progn:a
followed by
o{progn} , now with the length of exp being m=I .

Further, we must show that when
apply3:foo:oldbindings:af{eval}l

then exp = em , i.e. it is only when evaluating em that we can find foo
as the next-to-top .item in the stack.

Suppose exp = ek with k # m. The state of the stack when entering eval
will be - -

prognl:(ek ... em):8{eval}

and {(ek ... em) being a tail of foo cannot be equal to foo .

Finally we must show that, if there is not an infinite loop when evaluating
one of the ei , 1 ¢ i ¢ m, the old bindings will be restored.

As before, if exp = em, with
apply3:foo:oldbindings:a{eval}

when eval returas, the state of the stack is
foo:oldbindings:a{apply3iretcont:a

and apply3 restores the environment immediately preceding the first call of

foo [:1.
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8.0 CONCLUDING REMARKS

We have proposed a LISP interpreter in which TR code behaves at run—time
as efficiently as well-written iterative code, with the extra benefit of
avoiding explicit side-effects as well as manual or automatic program
transformations.

Another advantage is that it is insensible to renaming, e.g. if we have

(de foo (x) ... (foo (g x)))

and we perform
(put 'fie (get 'foo 'expr) 'expr)

then the call (fie a) will be interpreted exactly the same way as a call
of foo.

The modificaticn we have proposed does not depend on particular implemen-
tations of environments. This one more encouragement to write programs in
recursive style, particularly since our modification can be applied very
easily with no apparent drawbacks to any LISP interpreter.

Note! The whole thing has been imrroved since 1976, It can
g bhe same waw mufua] Comrecursive sroceduresy and
gluo what I call "envelored® tail-recursionsy 89 in

(OE foo (o
CLIF CZERDP wy O
G ox {TFao (5UBL 232 ))

ACKNOWLEDGEMENTS

Many discussions and advices from J. CHAILLOUX have been very helpful,

as well as the material help he provided during the preparation of this
report.

http://www.artinfo-musinfo.org Lisp Bulletin # 2, July 1978, page 49 / 52



http://lwww.artinfo-musinfo.org Lisp Bulletin # 2, July 1978, page 50 / 52



REFERENCES ~46-

1. J. McCARTHY : "Toward a mathematical science of computation."
Proc. IFIP 1962 21-28

2. CHAILLOUX J. : "VLISP 10" RT 17-76
Computer Sc Dept. University of Vincennes. France.

3. M., CLINT : "Program Proving : Coroutinés’
Acta Informatica 2, 50-63 (1973)

4.  DARLINGTON J., BURSTALL R.M. : "A system which automatically improves
programs."d (1973)

Proc. of 3 International Joint Conference on Artificial Intelligence.
Stanford. 537-542

S. GREUSSAY P. : "Descriptionscompactesd’interprétes implémentables."

Programmiug Symposium. Paris, Avril 1976.
B. Robinet ed. 281-297

6. FRIEDMAN D.P., WISE D.S. : "Output Driven Interpretation of Recursive
Programs."

TR n°50. Indiana University. July 1976,

7. C. HEWITT : "Behavioral semantics of nodrecursive control structures"
Proc. Programming Symposium. Paris. 1974,
B. Robinet ed. Springer-Verlag. 385-407

8. C. HEWITT : "Viewing control structures as patterns of passing messages'
Working Paper 92. April 1976. MIT AI Lab.

9. REYNOLDS J.C. : '"Definitional interpreters for higher-order programming
languages."
Proc of 1972 ACM Nat. Conf. Boston. 1972. 717-740

10.  RISCH T.: "REMREC : A Program for automatic recursion removal in LISP."
" Uppsala University. 1973

1. STRACHEY C. : "A mathematical semantics which can deal with full jumps"
‘ Séminaires IRIA "Théorie des algorithmes, des langages et de la
programmation” ed. M. NIVAT. Mai 1973. 175-19]
12, SUSSMAN G.J., STEELE Jr G.L. : "SCHEME : An interpreter for extended
lambda-calculus."

MIT AI Lab. AI Memo n° 349. Dec 1975

13, TEITELMAN W. : “Interlisp Reference Manual."
XEROX Palo Alto Research Center. 1974

14. WIRTH N. : "Algorithms + Data Structures = Programs"
Prentice Hall. 1976

SEND MOKRE TECHMICAL NOTES)

http://www.artinfo-musinfo.org Lisp Bulletin # 2, July 1978, page 51 / 52



http://lwww.artinfo-musinfo.org Lisp Bulletin # 2, July 1978, page 52 / 52



