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A2 ES3STREALCT

CONVERT is a programrming languege tased on the rransformacion
rale format, bur neverthalaszs making Full usz of program specificeticn
and recursive funetion definition. A transfgrmatisn tule coensziscs of
& pettern-sheleten pair, such shat when the pattern matches a given
expression and selecred constiruenrs =re Iselated, they are sudbscirurad
into the skeleten to effect the transformarion. Skeletons contain the
flow of wontrol of a Program, acting In one of thres ways: either s
iut;*mediate rasult may be forned and analysad by further rules, a serias
of program steps may e specified, or a furction nmay be appliaed &o g
series of skeleral arguments. The peper deseribes the matching and
gubstitutional processes in tepns of cquivalent LISP functions, and
then erumerates the primitive patteras and sheletons lech atze awvailable
in the COWVERT language.



INTRCOUCTION

The prografmmlnt experdence wateh has evolved furing the
p2st twa decides has produced sutstanvially thres dirferent atyles
of programaing. Perhaps thne nost widespread iz the iterective
Btyle in which 2 serdes of propranm stess iz deseribed, and these.
are Intersperszed with labels ailewing ome to peEss Irom che pars
of the program to ancther, insludlnz the repsiicicn of some of
its pErts, untll 1%t is finally terminated. The reoursive
style perwiis one Lo deflne & process inductively, and im the
symbclic realm YLISP has been the foremost exampic of such a
denguege. Finally, & third style conszists in the transformesion
rule Terwat, in which ane gives an example of some qrantity,
ard &n cxauple of the way In whish 4% i3 to be medifisd. COMIT
and SKOBOL heve long tyzliicd this styls.

Ezeh style whion has besn ws2lized in practics nas hzd its
fheorevical counterpart, even 17 the irolemsriasicn h=s oftan
arisen Irom sche prastlezl nred erd independertly of the theoretical
fermeoiiidon. Thus one mey se2 in the Turing méchine a oot otyDe
of beih the Zterative and recursive processes, while recuraive
furctlon theory and the lambda calealus of Church was avite expiicitly
the formelative background of LISP. Markov zlzoritkms rmay be
geen a3 the erganizaticnal fromeusyl of COMIT—Lilke lanzaopges
-even though the dsvelozment has bsen more independent and pripapily
motlvated by dntended applications. :

teraiive prozrarming corresponds hote glosely o thne electropic
structure of computers, and 1s very simple &rd Girecs. Racursive
progravning is muen more eiegant and Iin many are2s vermits nuch
more ¢onclse programming. Ins dizadvanbege Ras hecon that the
nEoesElly to continuelly presirve Leémsorary resulits reoulras
a vagt amount of memory, as well &8 prolensing the time of executisn.
Plrzally, transferpation rules find thelr applicetilon in situations
Where 1% 15 sesier to specily 2 complex shrichuse by form or
exémple than by detailling itis asserbly from rrimizive comstitherts,
£nd where 1t iz equelly more convenient to specify a transformpiicn
condiiloned on the Dresance of such foTm.

Meraover, each 3tyle has kad ivs unique advantepes and disadvariaimes,

Iv 15 herdly surorising that thers hsve been wvarious efforts
toward combining tiwree such fundewantal 2nd atbractive stylcs
in a sinmp’e languaie, For sxagsle ore of the carly sdéitlons
£o LISP was the program festurs, and FORLLA AYTSOT hes
endeaveoursd to inecrporates boLn wecursive procadures snd Merleoy
algorlihms. A recent affort Involwving LUSP was the FETRCR
progren of Bebrow, which waz a OOMIT interpreter wrltten in
- LISP. Ise advaniage wes thal it mede uze of LISP's ability
te hondie ilsts, which has alveys been very cumberscems in CONMIT.
A mora exuvenslive sttempt at the synthesis has been tihe program
FLIZ? ol Zolgneinan, :



COMVERT wes devised zs a transformaiion leanfosce which
would Inccrporate the desirahle feabures of 211 these schemes.
Rather than being an extenslorn off 1I5Z7 it undertzlas to be
an Independent langutpge, which rkasz been definsd by means of LISPE
&nd which for the mement 1s dntercreted Wy = LISP procegadr.
Neverthelicas iv embodiss the LISP tochrniques of 1ist p-oceasing
and recursive function delntvicn, permits 2a lteritive program
Tormat, but is bezed on the usz of transformztion rules az Lts
brimzry forvet. In this way all. thres progranming stytes are .
homogenecusly avalleable, the uvility and convenigace of She arrarsensns
chosen being claimsd as the principal advantags of the new languaze,

COMVZRT 43 defined throuzh a seriss ¢of LISF functicons,
and its irplementaticn centers arcund the two funct ons REESENEBLE
and REPLACE. The first, (RESEWMIIE P L E) 12 a pattern
resggniiulion Dunetion which disfinguishes some twenty Mnds of
fundamental natterns and which analyzes mers complex pattoras
bullt up .cut of those patterns. The ssccnd, (FEPIACE D 5),
is used to consbtruct new expreszsions, which ey contazln portlons
of the original emxprassion whlsh nave hesn recognized and collected
by RESEEI=. Tn sdditleon, REPIACE permiis the formaslcon
of & new exzrorolon by several sitages hesause partisl results
may De formed and arnalyzed further.

The riles or thls analysis and the subsequent svathesls
are apnlled by 2 control function (COMVERT M T S R), Trom
wnleh the lanmuage derdves its name and which, tezather with
its szatellites, constitutes the definition of the lenguage.

A= iIndlcatved Dy writing it in the form (CONVERT ¥ I
E R), CONVERT Is 2 funetior of four varishbles. The third,
E, 1s zn expression whilch is to “e trensiormed, Thna transformation
1s effected by consulting rules, whilsh ars grovped irto sets
which cemarize the argumers R, & rule itsel? is =z pair (P 3)
conslzting ol & pattern P ond = s<eleton 5. Patterns &y eXpressions
to be matched apainst the arzument B, while skelzlons are forms
ingo Whlch B WILL be transfiormsd, Patterns ard skaletons sre
generally commesites some have a flxed meanine ard are coastans,
while ofaners are varigble, having meaninz orescribed in the individual
Progran.

The wse of patterns is twofoldy to determing the portions
of E which are to be ldertified and used in constructing the
comverned exprasslon, as weli as Lo amsure $het I hkas a specified
form. The reqiired variables are introduced into each program
by means of tie armuments M and I ool COMVERD, “thosc two arpuments
4150 £110%W tne delilnitlon af corplex patterns a&nd sikeletons Lor
Use farougacut the rute sets and to Introduce the vardable sieletons,



As we noted, the 2rmument 3 of CONUERT s & collaction
of rule seta, each of wnich iz poirsd with an ldensifylog nane.
In cperation the first rule s¢t iz cheosen and vhe natbern of
1gs firss male 15 eompared agsinst the sarpgument £ oy mesans of
tne funotion RESEMEIE. In &0 cci:g use s mede ol = ‘ict'aﬁary
Tormad from the srsunents M oand I owhich indicate the varizbles,
M conteing wvarlsbles wnicn need rode deriritlons, his beinz
the mechanism by which the precise ranner of metching 1z spuc*fied.
T ecntigins fThese varleblses whoss mods 1s the zeperal vndafined
varlablie mode UJAR, slnce it Lz mors camvenlesnt e groud them
separataly. Should a mateh oceur, the function REFLACE 1z then
used To makes apnpspriate auhstitublons Anve thne nalred skelcton
S.

Should the mateh fall, the second rule 1s investigated, and
S0 on. Thne search terminstces wken efthar 2 mabch is found 2nd
the corrssmonding sleletal suhstitution made or when thg rule
et 1s exhausted apd fthe axpressicon 1s lei'c Lrph_nhea. The otner
™Mille ssts, asicde fron the firsy, may be invoied a2t &2 later tLine
becsuse cf a provislon for lﬂvﬂirg inberrediate results whieh
may s furthar analyzed sithar by respplying the ordizgiral male
get, Dy calling on one of the others 1n the se¢t R, or by Inbroducing
a new sct Jlocalliy.

As the foregoing ILntrodaction susgests, there 1s considerable
detall dnvelved in delininz the rmawenlns 2nd the substitubional
processes, &5 Well as a gonsidsrsble ameunt of fechrlcal voeabulary
assoclieted wish the uvse of QUEVERD, Althouzh we do not wish
o glve the 1listlng of the entlre CONVEAT proapam, nevertheless
in 1ts placs we shall inciude & detailed dis cuesion gf gome ol
the nizuorical predesegsers of REESRISI® and IERTACE in ordew
to show the eszeptial features of the orocass o"cunwers:un.

The zrocsssor actuaily in use ~t prasent differs from ons based
on thes Elmﬂ+nﬁfy functleons 1in having a widsr sslesotion of
alter“_t*ves eveilable, as wc11 a2 being writteh wsing the LISE
prozram featurs to malks 1t as duterative as possinla, and other
devails of a similzr nature,



LTSZ PATIZAN RECOGUITLON FURCTIONS

one o the operetlons which ane fa fraguently called upon
to perfora with LISF 15 $o compirs Two exsressicns. The sismlest
funetion waieh 2ccomplishss this puvoess is fhe primitive Juncilcn
EQ, which t2sTe two atome o idencity. Tt will also distinpuish
&n atem foom & 1iz3, and rmay e used to sonstruct the LISE
funaticn EGUAL, which cdnparss twe cxpressions., TWo exorassicns
&re sCuel 1T they are both thes same stom, both empby lists, ar
eliseg ar: Lboth lists made up o the =ame atoms grouned together
in the samz wWay.

_ (ECUAL ¥ ¥} 1= accardirzly & predicate of two variebles,

degioned o cc"p&.:r'q fwWwo exprassions o Se8 1P they arg acual,
irpEsnective of wosther uﬁe arz avams or lists. The formal definition
of ZTHUAL iz

(squay, (LaEpa (X ¥) (oR (50 % v)

AN "1L.._.LJ!{ (UL Y})

AND {weor G )
HOT t ToH Y
NCT 'UIL i
RO \'T.TTT ¥
EEQUU CER XY {oan Y}}
ZOUAL k"DRK ECDF._Y T

noexplalning this dafinition we Dareatheticrlly mentlon
that ﬁh“ Erograims are wrlvtan in MBLISP, 2 LISP élalee: ome
of wncse technlcal Teatures s that 2n 2moty 1ist 1s considered
o De & ‘_SH, non an aliomy NI, Ls rot 20 cexocpiions] aAtom 1n
MELISE, and thus NUID 1s & prisdtive functlon. Weveritansless,
it 45 well nown tbau 2 test for Ghs ccm:*natiau al' either null
cr aton WIlLl simplify the definiticn of meEny 1lsz funcolons and
thet tnis 1= tre Intendad role sepvad Oy the f%&c cate ATOH
in LISP, Arother verdasion bwetwesn LIER and MELISE fsa that
T and F ere not exeeptloral atoms,. Téare, {4ND) of no variables
ls 2 constant funetion assuninz the valuﬂ T, In lilke manner
(0R) zluays takss the constant value P, and {LIST} will
produce &n ewmnty ilst.

Wa often wanh to degoribe more gensral properties of 2 list
than to simply zay it 18 equel to encther, A certein catapary
&f pooneortiss nas Lo do with thz form el 2 ‘ist, indepopdersly
of whe actual atoms which the 12:%€ contiins. For ingfance one
wieht define & LISF predicete SINOGLET, vhoze sursoss 1s oo
recosrize 2 113t having sxassiy chg elsmsnt.
k]

(sIMoLET {iamEoa (E) (MWD (307 (ATQ¥ E)} (X072 (WUin E) (NULL {CDR EJ))1))

—



Lo dzT

Similer prodicztes might oe ned
Llezst ons element, exsctly wwo olemenis,
ard =0 en, Az the ccndﬁtlons w.,;h whe list
mera aps more compliicditad, the constrection
beconzs correspondingly nore comolicated, ¢
& generzl funavicn which will Tess whe Tors

ang

5

foocrdingly, we snall
wWlli recognize more and mor G
The first of these, {SIHILFR XE)
¥} tut wisth the differsnce that cerialinm snec
allowed to &ppear 1n the argument X,
of the correspondéing subsrprzzsions da E. &
may match &nything, corresponding o & bhlan:
X which may be fiiled in any
i much lilks

forine
EnEral

25
pry
=)

e, e,

tripls

E. A grinle sgual, ===, el el
pethematical usage, may be mats
long,
The definltlon of SIMILAR is
{STMITAR (LoMEDA %x )
oR E 0 ¥ (OU0TE ==])
IF ATO W
G X D
IF (WULI X

|

WILL B
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(1% (50

CR ST

§3io!

STRIIAE

™

The SWe varizsbles cen he SIWNILAR In s&v
response ocours, meeaning that tha twWo varish
Af ene of the following s true,

=

1. The vardehle X 413 2 double equal,

2, Zzen variable ceonsicis of only ons
heing idzntical,

3. Both variables 2rs enmiy L48Ls.

X is a }ist commencing with a tpipte
stands Tor 2 fregment of & 13 ok
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sral ways. A brus
les sra SIMI*AQ,
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Equ&l, ===, uhich
srpigrary lanstn,
; wﬁl_ maToh any ilst,

arn nuuﬂ. I the triple
salens, they mess
preceded by arbitrarily

CR ¥ ls

wnieh medily che intersreiatison

had oty & fregment of & 1ist, arbitrsrdly
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SINITER 2llows us to e2sily snacisy lists fEving a fixad
form; for example we could now deriins SIKGIET as

{SIvCI=r (Lt¥epa (L) {sixiras {(ouore {==}) 2}))

o speoify a4 list of at lsass twe glemants, w2 would use
Ehe pattern (a= == ===); a 1zt concIialng fwo Y3 in ome of
183 suberpressicns wenld be desiznzted by (=== (=== X === X
=} ===}, aad so oh.

The predicate SIMILAN %= resv-icizd to the Ture recozottion
o' ferm, &nd gannet requirs eryihing more than the delinite Pesitioning
of these etoms whose preserce iz Joresdy for exopnle we carmob
eveén carenc the presence of the atem == in E, &gince it has Leen
Dreewpted =5 & space Iiller. To wect sush Semands, wWo might alicw
Predicates to be ilnciuded armong tThe elamsnts af ¥, whtch would
then he asplisd to =he cortespoading elements of B,

. & Tuncticon which messs shis requirazent, (ANAIOZOUS §
E) imagires that the patiern € ‘= commosed eniirsly of precicates,
rather tnsa of atoms %o be teated Wy ER, and reaulres thas
T nredicate, when magcked b0 sis corraspending subexpression,
e g value T. Since the slemsncs o AUALLROUS a2 predigates,
ve 2l2o sipect o find thelr Bealoan soobiraticns, AMD, CR,
and NOT, whigh will 2llow *ne onsLituction oFf mare complicated
PRtTerns and predicztes. fnoshes Drovision s o 2lloW sha nami neg
of patierns, allowinz racursive pRbtern dafindition, :

EMRLCECTS 13 2 pradicasz of tuo vardebles, 4, which 13
4 pattera, znd E, whlch 1z zhe comparend, Thme 1ist structupe
el' § and 2 1s inferdsd o be the g&mz, dn that ¢hey aps hoth
Tormed of lizvs of the sam:s Lanzeh havirg correspending subaxpressions,
However the ztons to be found g i 2re pradicatos which are
te Te azplied o the corraspentlag subeXsressiens in B, in the
SXpectation that the walue af tha Frzdicate in cvery éfze will
be T. It is gonvanieat Lo u2ze the Boolemn cperations veo build
up ccmzosite rredieates, s woll 25 ta be BOLE TO NEWE patierns
to defline them resursively. Conzeguenily § may be corstructed
in the foilowing waysse

1. An atomic predicave s ENALOOTUS %o amy sxoression for
which it tales the valus coue,

2, An empty 1ist 1s ANALOCCUS +o An erpty List.

3. (AND 91 Q2 ... Ga) mezns that T 4= slmmltanscusly
ANARLOGOUS to @i, gZ, eeay XA On,

4. (0R QL Q2 ... Qn) msgne thet E is ANALOGCUS to
4t ieast one of ths pabterns g1, 2, wees GF Gl

. {NOT Q) means thet T is nct ANALCOCUS to 2.

v R
-

(=== 02 G2 ... Qn) mears =nes Eny rarher of subsxpressions,
bossibly none, may preccde those ARALCCEIUS to 94,

G2, +eus G,



7. {IEF 7 01 Q2) means thait we comsers the nailson
QE to E, while uginz $The ésfinitvici that ? means
aﬁaloLj Wit respect Lo the patiern QL. Shownld it harpen
that i and 92 &re Lhz sane, we may zbbreviste this

pattern to [(DEF P Q).

8, If § is nob an empty 1ish, ner (&
sEymnsis NCT, AND, oH, ===, DER
E} mast be AMSIOSOLS to (G43 @)
rist b ANALOOUUS Lo (CDE @), waieh sztusss that
G and E willl zossess Lhne same list structure,

4 ane af the
L

3

By incorporsilng OR Within the definiilen of & gaitern,

it dis wosatnle to define patiarns recursively. CR tests lts
arguments cne &t & time, reading Treon lelft o roight, until one

1as fouand whileh matcehes the grarzzsion B, To form suub A pEcursive
definiticn we Mead only Tist soms Wall dafiined Terminal BAVIETRS,
followcd oy ome or more rencililve paiterns, Eo" exaﬂnle 17w

15 written to represent the- Prsdica ts 470M, = binzry tree is
dafinac 2= (D7 2 {cR » (R 2}, ¢ & tree walth branches
oaly ¢ the teft iz (0BT L (0B = {1 w}i).

il EECGCNS 1s defined, by the aid of sewvspal satslllies,
ag foiigvs,
{AMALOZCUS {LaM=ns {@ E) (ameroe ¢ = (2ISTH))

{AHALOG (TAlEDA Eq E ALIST}

COMD ({Wutr @} [wury E)}
RTSH G Eg.ﬂ.ssec § ALIST) E))
EG (gaR @) (Quots xoi) {ﬂC“ (axaroe (capm . B ArzsT)
(EQ (Cak 2} (aucss 0.2 EC ANALOG (CDR Q)B
E EQ ECAE QE {QEDTE ﬁﬁuj ANDANATCG (CDR &
EQ [ca IO
1] 'r!._ Cy )
t A ELEST )

{ANALOS Q- (CZR =) atzsT)))
(canpr @) (caDoza @)

{coms (canh ¢ (coxs (BInD (CADDRE Q)3 anIsTi))
O (ATON R

nNoT 1PJ'T :;1

ANRLOZ [CAZ ) gca gahh }

t:—‘;Nﬂ.-'..OC— lepn o) 1oor E) Arzarhiiny

{ORabeTOs (TAMEDL (L)
AND (307 b
CRANLLCT | C
JRAKALOZ (G

(AXDANALOG [IAMEDA (L) (OR (397LL =
t.n.:m (4NATOG [CAR L) T ALTST) (&MDeNszoe (Co2 5))0)



(BIvp (La=ni (B) (PERSUSS E
GIGTZ B

guoTz (rir=Da (E] (ANALOC (QUOTE Zw) E ALIST))))

{FERSU=2S (LAMBDA Ex Y L

com [(WUir ) L)
xS yj 1)
ATON Ly L)
LT

)

)

Co¥s (FERSUZS X Y (CAR L)) (P2ASUBS X ¥ (CDR L)1}3:)}

(Ass0¢ (LaxEna (x r) (eodo ({wUir n) ¥}
i L L)) [CLDR L

Sy BEER By

ANATGCOUS, as it 1s writtern, wil) not allow the Zncorsorasion
of FAXEDR=statemsnts to define pradigates, =rnd Iinsists that
&Ll LISP predicates entor on Tne asomic lavel.

‘(':i ;

The pattern recoaniticn funections which we hawvoe defiped
g0 fer ell suffer one falling, thoy fhey sannot cowpars swo dilferert
parts of the same axpression. Suspose LHhat in stedving the tronsformaticn

¢f trigonomatris expressions uz to study the ldentity sirns?
X + eesmi X e L, SIMILAR migrt be used to recognize oho orelix
form of the 1eft nand side of this egustion by usinz the paLLern
(+ (X3 828 ==] 2) (mor (008 ==) 2)), out unforuurately SINIIAR,
in such = gasze, would alse mocent simm® X - simpd ¥, since

the couble equal will mateh smything 2t 211, The prablam 1s thas
X must be resognized as 2 bound va-ianle, to Lele the same valus

-

avery time that it is matehed Lo somz subexpression of 2.

For this m»eascn we noW latrocduce fhe function (SINMIFAR:
X L E} wnieh contains zn adéizional argumencs a 11s% of irse
variabies, which are to be bound during ths ssarsh through E,
In a majority of epplisacions, oo widl wami a2lso 5o lmol the
values ol the ound vardadbles which male the twe exuressions
X end I SIFILAA, In the evsat zuch valuss s=xist. For this
reasgn SIMCLARG 18 & 'sapdinredicste! welinag the value § oin
the gwent of laeck of similarity, but fvs valus 1s an aiterpating
dictleonary of velues rather than © in the contrary casa,

L0 ogurmery, the argumznts of ETMTLALTS: sre

X & stepdard patiern which may contaln decigneied bound
warlzbles, V1, V2, ...; V.

L 2 list of these variables in the form (() Vi 72 ...
NI}

E the comparand, an expraession which 1s to be matehad to
X

The value of SINITAR:: iz P 17 no cheics o velues fop
the bound veriables Vi, V2, ..., Vo will mele ¥ sipslas ta
B. Otherwize 133 value i3 & list &,



A= ((Vi EX ... VI EL} V1 Ve ... ).

(CAR A} 1s 2n alternating dietionzry, in which the bound

verlables are Interspersed with theiy vaiuves, while (CDR &
Sonteains any variables specifizd but nos Epnesring 1n X, The
order in whioh the varizhles anpesr inm the dicticnzry deopards
‘on the ordsr in whish they wers cncountcercd iwm searening X.

The definition of SIFITLAR: is

(STMTrzres (ralepa (X o=

IF (2Q X (QUOTE ==))

%&F fazer X
(17 Erzgm ¥ (CDR L})

CONS [COWE X (Covs 2 (c&a LN
FENOVE X O(CDR L}
I7 (ZOUAL (Ass0C ¥ {CAR' L)} E) L (cm)))
NI XD
F (UL E} L (CR}}
AUOE E
CR
IR {NILL 2]
OA } : )
SINIrAR: (CDR X} (SImIvamz (Caz ¥}

(CRR EINIIIN)
(RE¥CVE (1AXEDA gx Lg
TR (EQ (CAR L) %) {CDR L} (CONS {£AR L) (REMOVE X (CD5 L0l

The rules far preparing the peti

T ern X AYc zlmost the same
&5 for tha Munetion SIMILAR,

i+ A double squal matehss any sxDresslon.

2. in atom walen iz & fres verdable matehss T and is then bound,
The wvalue of an 2fom vWrieh 1= 2 bhounc veriabls

1o mest
rALen the expresSsion X, Othariisze an =hem puss match
vhe zame atom.

3. An ermpby list mazches an erpiy lisk,

4. (043 X) 1s compared to (CAR 2) and (CDA X} is
conpared to (CDR =).

(Can =1)



PRELIWINARY ?EESTGh OF RESENZYER

In the lLast sectlon we have sesn ssveril shampes of commlexity
in pattern matehing funeticns, sermsneing with EQ and ZQUAL,
and including SIMITAR, S¥MILLiA:, and «Lﬁﬁc_c:u.
SIMICAR zerved for aosthing @ocr: than aasﬂgnirr 2 Car
list strxuicture o the expression «ith walcn 1t woa cop
Although it would have been poszible to have insiude
within the fremewosrk of SIMILAR to wverily particulsr at
of the suierpreszions to wihlch they wera ma cned Initead nhlsg
mode of oparetilon was used whelsssle by AMALOOOUS. The
113t siruciure of 2 patters used by AMATOCCUS still
determingd the structure of ft: samasrzad, “he pebtery eléments
belng nredicates, 1% was noht oy rasurcel to fo@m Bood aw ceThinaclicns
or patterns whille sbill taiing zdvintaze of {22 information nerdvided
by fheir liet ﬂu“hEuHTEJ b in ddd¢u*0ﬂ the curcrt"ﬁing Erose
Por defining natisras recoralvely., YWe be*'n To sec wWE orincdples
2t work in tha gene“ah_cn of Dzttarms for 11ﬂ“ahcu$
the Torrzation of complex patterns Trom sihn'leh ones by their
RrrengerEny iate ilsts, ard thalr generation By means of the
Boolsan conrectivea.

Another thems made its epossrance 0 the funciicn STHTTAT:
er account of the desirs o ccwuarﬂ diflerant nerts of the comparand
Witn are anothar. For Iinster cing SIMITAR e CCh*' demand
2 ligt oo thres E‘chﬁts by & 2z af tnﬁ ﬂhuEGf“ [am == ==
but we cculd rot say all three Bzd 2o be equdl uatii we Had SIVILRRM
avelletls, wiersupon pattern (¥ X x}, with X u;hlarad %o
be a veriable served the ourpcie,

2 W
'ﬂ& u
-

Thne TwWo functions AMALOOODS amd 2TWMTSAR: both uss &
dictlorzry, althouzn for diifercnt surncses: in ths
Tirst caze GO0 refmember patters dAsfiniticms, =rd in fhe sssond
to retein varlaole b,nd_nas o pernlt compinilsco of drfferent
TaArLS a? an sxpression, Not onliy does LRY:2 sagpeat that the two
modes of coerstion be corpiraed by a commen _L“GL*GE, Lut further
thet the dictionary he 2licwed Lo carey synovymis, £0t Z1S0 ThHLT the
cirgursvansss under waloh mateizs be obitaiqed be genbrulized¢

ive SN & of & 1isy he

= WY) te zneetfy
not iAncerest
geriez af slemants

nte eonsideratlon,

O DY tne Doolasn

"

ard synonyms

Yei &nother sopsideraticn 1z whas
cozperevler Ifor lnstance we oipght weite
a list el wdd Jlengta, whoze 1
s, but winich terminates Wi
with whlch it began, (nce
ene Woult alss wish to aomhi
comnzetlves, as well 25 %o
for frzzrants as well as &




There iz srchably no end to the langth o which

guch desldgrete simht Do 2xta

=

that cur previops examnls, (XX
11st wWhoese reft hall contalas tho same flgments
helfl, wizthout regzrd fo tTheilr oides, O awer wu

we might thing of =2n impliels mEwel,

%) =powid spse

such 2z 1w

& 1ist of
zat whinde

2 WG

as fva »ishi
T“iniilaiiy. Or,

caltiern

n
L

(wavez] (voy) {¥+v=E2)) o mitor & ifst of Shroe nunbers,

ER E C), in wvhish the impiicit eligstréic souaticns Too X Y
end 2 would hewe to be sclved to zge 1f & numsrical rether than
symbolle maich ogouns,

In ordar %o see how the fertares of BQUAL

SINILAT::, ehd ARALOCGOUS mey he sormbiined info o
we nol prezent simple prellimirciy version ol
Elverslizy arnd complexdby Thes this is achiewved
alternatives in she definlticn of FZEENEIE Thi
in the preiiminary werslion, Bat its Lasle surw

gltercd.

{RESEMEZE

E;ﬁﬁﬁuﬂ E

{RESZMETE® (LANELA E

wl

» SIMITAR,

srmerl e Tunction,
RESRMELE, Purther
By dncluding mors
nopay be Tound

sture iz neot Jurther

CHLA

ol
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The “urctiun PRUE] is defined by

(TRUE {L&:aDs () (BESENELE: (CAR ) L {CaR ZE) (T xM) C0R ER))))

erd 12 ussd to exemsine the rizn:
lz flnlzhed, Snould the match Talil,

the 1l&ft part

(Farsz {Leomns () {Quors =wazsz=)]).

A muorber of gtiasr auxildsry fuesticwms are vesd Ir ths nasuiral wWaY,
and a2re not explaired 1in detail.

{R9S3EIZ ¥ L E) is & functicn of thrse warizhles,
respectively a oabtern, & diccionery, and & corsormnd, Its
Lilotlomary 15 mors complex than the one uwszed hy SINITARG,
glnece we now Intend to idenilily the slaments listed by tShe dictionnmy
gccording to their lntendsd use, waick I3 called their moda, Tha
dicticrery has wne oycilesl form (... vErlable nods value daaiti
The walve of & vardable is & paramsier zssosiaied with Lt, 1ts
gnulvalant unon nelinpr bognd, fon examois.

|4r] I:lr

Zince nalther SIMILALE now AMNATSR0US bird variahles,

gnd vlas do not naed inforpatooe Lf*ﬁﬂd In one pErT o 2 list
strmuctare faor vse in anotlher cerbt, ths rejeciiive ccndit cn in
their delinitions was Quite simplse, Loing escenidally {AND
{sxrzziR (CAR X) {CAR E)) (sTuTram {£OR ¥} (OoR
E}V}. in the case of SIH:LFnh z variabls hound fr the on: pEPt

6f & list s5%ill had Lo be cc:::rci with tha zgme vardiable in
anocther pert, and thus the resetiiive conditicn took the Torm
ES-I*"'-_.E:W‘ {CDR ¥) {SIMILSR: (CER ¥) L {can E))

CDOR £, adventare belrng thhhn o the fact shzt the wvalus

of STMITAR: would De & dict- CEry of vhe zame G“F as igs arzument
T, All verisble bindings made in enelyzing (CAR %) ave avellable
for use in the zralysis of (CDA = '

[=4w)
=

However, once the analysis of [CAR Z) is completed, the
dictiorery ﬂa ab alned L& Zirnal, and o2mnot be orevisad L7 B ometch
faile zn {CDR %). This is o7 no imporiance in dealing Wish
fleec exoressions, Dut id ons expecbs Lo conbtinuelly adiust frazzents
until =il posssibility of finding & maboh L smhagsted, iv 1
nesesssary to convert the 1IsT isvs & giring in & reversihle manonsan,
it is for this reagon thes EE82Z0512 ds f427imzd in Terme ol
the zuxslizry fupetion (RESEM2YT: ¥ L 8 ¥Y ER), whcaz
eddlitlional arpuments ¥ &nd EE zre used just for unzbringing
the zrzuzsnts ¥ and &, The ;&patitive comdition for RESENBLEW
talies The form (REEEMELE: {Cok ¥} T {CAR E} (COuS
(CDR X} ¥x) [CONS DR E) "En il Waiie n s meciried
ag needed wnen RESEMELE L& a2pplizd rzoursively.

In this prelie-nary werilon oo RESEMELE, meiones moy De
lformed un‘ = The IolicwWing condliiions, 1n wnooe arUmeratlion We

&r Th
shall use ¥ {0 mean the patbtern argument of HTSSM3IE, and
E to cen unh Its commearand.



1. X 13 the atomn ==, which matchzs 2ny cupressiod.

2. X iz the abom =4T0=, iy wnich ease X wi1ll maseh any
atom. =AT0= 15 The prizitive patisra cc*“*f*ﬂﬁalnu
eTok:

To whe primitive LISD o

3. X 15 an atem deelarsd by the dichbiorary 4o be v nhe
variadle moade VAR, 1n whieh czse its valus st De
.I:.u'.;{. -.-_| UO E--

4. ¥ iz zn ztom declered %o bz in mode UAR, an undafined
variable. It will macoh any suazession, but 1ts dic cwilohzoy
entry 1s chapzsd Lo VAR, raduiring thaoi arny subsequant
goourrasnees be BQUAL to sShe First cocuvrance,

1z an atom deelared To be a pattern by vhe moade PaT,
Tts valLa ruest RESENIIE E,

$. Both X% and £ are empsy 1 .
T. ¥ has the forg (=QU0= P}, and F iz ESTUAL %o E.

8. X nas vha form (=DEP= D Qi B}, in waieh caze 02
st REEEMBLE B, witk the dictierary supnleme ntea
'Lf —_

by the enbry (... P PAT Q4 ...}l Or, X may have
the form {<DEF= P §), in which easc 01 £rd Q2 were
eguel,

9. X has the form {=AKDs P2 22 .., 2n), Ln which casa
&1l the patierns PL, P2, ..., Pn misc RESENDLE

(L

£ the Term [=CR= 21 22 .., Pn}, im which cese

v lzisu cne Of Lhe satherns PL, 22 ..., Pn must
AZSERSLE Z, Ir determining hbuuﬁE“ ore of the patizrns
raeehes, they 2re exenmined #1 crier fron lsaft Lo ripht -
and the search stops when either tha First mateonin
rattern ls found, &r none is found to metch. In de Tining
DATLErNS recursively, The terminel psiiferns rust be
li=ted fipst, belore the repetitive patterns.

0. X

l.'l

1 s
fis

= aeu), In wijch ease CDE x)

must RESEMBELE eltzexw =, (CDR Z), {CDLR X

{CCDDR =}, G“ in gorezzl come |CD...D3 Ej ir

“LQ" ¢xlsva,. Tne shcruest COR ehalin for which & mateh
s poszible will %= megonted,

1. X has the Torm {=

12, X bas the form (300 ..ﬁ}, whers X0 s an atom
appearing In tne dieiioneyy with uﬂaé ViR, In wintech
cESE Lz walus is soconded o (CDR X), and the resultlng
EXSression must RBE 5 S.2 E. Snse 0¥ 4is a2 synonym
Tor an Indvial fpragment of X.




13. ¥ kes the form (XXX ...), where J¥X 1z @n etenm
nnesring 1n tne dicu*“ﬁ*“x winh i

which ¢ase {(CDR X} iz raoutyed o
terpdnal Ieapgmont of B, £rd the gorroconondling iniiial
fropgoent of E ols e“ub;hu 28 the wWElua of XXX 1n

the dicvicnary and its mode s changed oo & Sonditlcnsal

Torm of VAR,

A4, X has the form (v ...), whers ¥¥Y iz &n etcn

to de
Dats
Wers
and A
AL ns

Wnen
rateh
specl

versl

bath

Whicn case L5s valus 15 25ps snded Lo {CDS ¥, and
The mesuloing watern mL Faﬂ"““*ﬂ E.

amnearing 1n che dicclionzry with the mede DAT, 4o

15. X rae the form { (G [0r) (ryv) ... (2Z2))
W], dn whiek ezze st LuaEt sz g the Irapgments
-qrmed by appendinz {o00) to (www), (vyy) to
(W), wuu, [2ZZ)} zo hsm;wusurDSDW#ﬂ =,
Tne froxments from whicn vc chogess gre triad from lefs
to right, &nd the first scbeh pade is accenbtad.

Trng preliminery version ol H
fin& natterns, |nglyze 1ist =140 TES, GoRnEre diffarant

ol aq EXDTEZEI0N, EIA TEsT T &y i +) csr:::“"fnts wnLeh
bozseszed Lo S0Me dssprsc by ELUAL, SCMITAR., STMILER:
NALOOGUS. IT EFNLOYE & s -h 5urat$“y whlsh wlli puarentec,

|.n.-;-‘\_

.atﬂ“ was :Ghld, thet

)
3

L

a uﬁzﬂﬂ is faund, the 1::
Will e 23 =r2ll sz poEsib
fiad by each OR will bs take:

frarﬂcﬁt. zah*ﬁ'y‘nr the

L‘l I—’-"_J o . r

o an
£

The Pinal version of RESENSIE differs frem this pre zlimlinary
on Gniy in the respect thes more alternativass are lizted,
in the possible modes availeble, and tae Lypes of o _a“terna

whaleh ey be admizfed

thus eombines the ability

existas absolutely o compinatlon
for wnich & pateh 18 possitibe.

falsl tne fizet Dossihle altercat

Ly



THE FATTERN RECOCNITICH FUKCTICH (RPSIMRIS 2 o %)

Eaving nockW seesn a var:eay ol matisrn metohing zohemos whteh
allow the speclllodtlen of the form and cowbens o & 1480 o
Well &= the LISP Tupeticns implamenting thsaze FCnemasE, we now
turn our atisntien to The aysispatic areangensnry oF these zchemes

into & Dozl system.

Every pattsrn 1s eonstrucisl Trom paimii iIva patierns so
thet 1t suilices 5o deseribs the primizive paiterns and draw
attention Se the rules by which they are coynoinded into more
complex matterng. The Driasina) gechaniss ig Tdan DTormatlon,
since & Sernes o paﬁtE“rs Kay ne gepgreTaed by blaaks apd enclased
withina *=v“Wtqesis to form & Li=t and hencs a ha-t;rn corresnonding
%0 the indicoted 12st structurs. Eovwevsr there are tWo other
Pripcintes of nahtc“q Comsositicn, substitution ard Boolean
garbInation, A1l thres urinc-pl&s mey e wsed, to form patherns
ol arbitrary complexity. '

By Tne zyinciple of subsiitution we msan thebt a« omiﬂ catfarns
MEY rerresent otaer, llkely more conplicated pabterns, & method
for introducing dellrisions <& then NnacEssAEyY 28 Wall A5 far

guating sudhl pitteras whan ihaiw sﬂust¢uuu,yd iz mob 1nucrdh
?specﬁallj, & delinitien ray rele ute of the Azlined Larm, gﬂd
the existence of recursively dorimed Detierns 1s thereby wossibla,

2¥ the nrinciple of Boolesn ¢cmb1ﬂatian, we mEzn Soolean
COmBOSitss of statements of tihe form “the patisrn P nas matehad
E¥ together with supslementery stafemsnbs about he clrowssiances

of verizthle ﬁe;iriu_qn.

Tha term "primitive patitern fore® 23 reserved for the 1ist
sLructure necssary to describ Loerns generated accarding to
the latizr twe princinles beciuzs such pﬁtternﬂ ire not o be
d¢SBE¢LEd irtd thelr atom: in crdspy o mals = maieny rather they
CONSEin characteristie jdentilZers sush g =0%= wWhich indlea®s
to the processor the necesity of soproniabe tre

»
=
)
|
it

More accurate*y, A pagvers form ls fthe roprzsenislive of
g2 claszs of tteris, since cnl my GEriiin alavwenis of the form

by ery walid paviern. A natt:ﬂw Torm o ig

a
are E“EcifiEE and the rersining cowxnonsnt
=
MeQulrina such substituticn nefors beoonmd

.
3 4or

=5 suus:itdtaa
¥ & skelaton,
ELT

£2 We have noted, meoursive pobtiern dsfiniticn 15 afiorcod
by the 2bility Lo neme entizc pobievns =nd ©p dndicste AliswnAativos
betwaen dilferant patter:g. Im oomien Lo chis & f_n_ke r;c;rs on,

1
Gna mheu silaw & cholee Bstuesn = f2riinsl o
altern, the lsater belne auu vhich refers o e
as one ol 1ts constituents.



Cur dazerintion of REPIACE sonzizhs of a aatepericrl enumeraticon
of the primitive patterns and potsern fovms waieh =t roognizes,
Shernz sre the covstants whkich
ge-inclucee

Pirst enong the orimitive wo
test the type of expressicss. Thes

== w=——————- the universazl pattesn whlioh petohes amy exvressicn.
#ATO= —— & paiiern which we will maton oy atom,

Tae zetuzl list depends unon She CONVERD o
dlseuszsion and could be extendad considerzbly @
the clreumsiances. For excmnlse, 1P thara weeo different linds
el numoer: Lo be distinguiszhed, suek as Floating point or integer,
ene wWoLid wich to introduce éistingtive Brimitlve matuerns. This
ldea could be followed to mare elsbowase dote tyrpes, such as
&rraye. Ths charzciers, blank, left pasromikesis and right peErenthasis,

sor under
inir upon

arg delimiters and ean net be upsd dirasily an chordeters in
the lanzuaze, so that one | . mighs Wish to irirvoduas nathern
&

synonymnas Lor Snar:,
S¥Ll¥= - & pathtern whichk will match Zny mureral,
={5D= -~ & pattern which will mapch ahy ordzred set.
sBlim —w— & pafiern which will mageh 2 Blank sRAnSE,
alPi= —-—— a Dabtern vhich will matel a lert paranthesis.
eRfH= ——— & pattern wihich will mateh 2 rlahs pirenthesis,

IT raM Input is avaiisble in She Fovd of SCD character -
stpings, the processor muszi kove tha a3llity to recesalize celimiters
a5 Well 2z gther charasters,

oiprizes the varisbles,

The npaxt category of mrim
Boin progran By means

These aze indicated in ench
of its arguments ¥ and I, ard :
whien is the zrgument I of AESSIZIE

pariod 3, in whieh we Iind the wspsated confimuraticn (... varieble

mode valle ...). Baeh varizile ‘1z & erimitive patiarn, btut the

wey in which 1% meiches E is zovernad by its mode 2rd almes:

2lweys rzguives a parametar, which is callzd its value, Thus

- ragher than deseribs the varizhles, walch deperd voon the jehalelndche
Wwe dazoprite thelr possible Typas by listing the varicus posaibls

medse, :

X VAR ¢ the variakic nmo
Ligd LU IEQrEsars &R as

X Wwill mateh & 42 the
I= true, but producscs nEe In the ddssionnry I,

Thg variable sods mey uset to introdigs 2 synonr

Tor the atom X, ©o Iix & comsturt in the entipe SOAVERD
poogram, or Lo aveld repestedly writing a lengthy expressico.

Il

wrish the latier ¥ in
LCn, howover gemplicated,
¢
'

Fuacticn (EQUAL G Z)
L]
L+

[N

s

T
[l

£ ek
e

L

ol
o
1.'|'! ;_Iﬂ

|

3w I EULN

o



£ UAR w ——— the wrmdefined vamizsls rode, ¥ w311 ool SRt hline,
oub the entry in L i cnowzed o »eed ... ¥ wam
E (.. £G ThEAT &2 & connaguen ¥ sp;c;rs d= pap
ol a nere commlicated Dentarn iXI ohRave to WEuﬂ15¢ru
the same cuantity sach Lime 1% cocurs, a=d moroove
Lhis eommon valus will ke gresezrved fon ELBEELHL“u
uze be oy REPLACE. To & valug fEsgolited wWish A wvarisble
ir The TAR mofe s of rno Smmopiinces, bub sore vaius
mist he spsecifdled $o ocrezervs the pericdisivy of L.
Tihe prograpare bunea_lly nezd rol confern nimself with
this poirt siace USE variziples sre gamially listed
SenEraiely as tne zrgu* rt I of SONVERT, the other

warlahles with their full meds declersiicsns comprizing
the argzument .

L BAT P the vaviern mode, in whlch the letser ¥ renraserts
En entips nattean, however comnllosted, Thils natsemn
is the walue of the warizble, et GRE couputes (BESENERE
PLE)1n place of (PRSEIZIE X L B

O the foregoing modes, V43 ollots syvcn;riﬁ fcr EEPTEESiDhS;

and ZAT alious syronyens for nziternsg in (he former case masching
taﬁes DlEoe b; B L I, and is tt*gir&l Wnile in +Pe iz ELL-
sching talas 2¢& by BEESLELZR an e

d 1s resetitive, The mod
.
o

URE a2ilows the coﬁn&“iear af dilferent subiuprassions of 2
compereni, again by EAUAL, However it 1= cilzarly possible o
frest wariazble: In other menrers, as rezaris tre seleetlion,

retentlen, znd comperiscns,

L PAYV 2 === the patbern varizble pode which 13 a compination
of the modes PAT &nd ULiR. Not omly muss the mattarn
T maten B, bui the d:ctiauaﬂy L iz albtered to read
o :{ VFLR E LAl I | 5’:} a* 31-'5 ‘:C‘.I:ﬂ .nl".ﬂ 1'1‘11 -De
ayaiisnie to REPIﬁu_J and furtheroore 13 X coour
Several times 231l ity coomerands will e ﬁﬁeuircd
e egual, Stricily spezking, the use of Lhe Gﬂﬂf’?La““tiGﬂ
sve XOPAY == ... in The dicticrsry renders the nod
UAE redundans,

LEWW (P ouo}d ——— the bucket v & mode. T3 13 asmilar
To Tan moCe 2EV, tul mETh i ﬁ “ﬁLﬁﬁriﬂw that tie
Sémz companant BATch Svery o8 rence aff the patsern
VE ,_aa*c wWE slirely mals c1 whese a:p“aﬂﬂ*ans.

Thus ¥ oin the BUV mods ch oamy exprasalon,
ut the dicﬁicﬁ ™y 1a wuh_¢ ud te road (... X AUV

1}-- fra l'lrt_ri

Loy [? V} —— Lhe couniing varizble moda. Tt is similer
To 20V moue, ouv »other thon listing the nasehins
expressions wo simply eount them. Thus b is modiflcd
to read (ti- X oLy iP' :1{":':'-.} I-I'!:I'I




X R0 {xﬁ B L. ¥R) —ee Lho unoriessd worirste mode,
X will sEteh B AT any ame of the poulerns Y1, ¥E,
e-s, AN TALIhes B, Thet helng the ozse, the #ucacssful
pattc-“ 1 reémoved from the vel I 47 15 fesived
uc reaord B L, the ¥'s themszelves e oloood in
el FHV medc. I thz value 22 an awst 1h2ts. the
nauﬂﬁ fells. For *::rglaﬂ 1T wa heve 2 dioticorery (L.,
¥ UNO (& B) ...}, (¥ + ¥, will mateh cither
(& +B) or (B 4 &), which Would e couivalens exnrassicns
on seagunt of the cotmutebiviiy of additdon,

If omz adnmits rumbsrs, it iz nocessary TS male
for the vausl arsthmetic compirlicns, Cne miznd intiroduce patterns
whieh would meten enly strilctly posisive erb—-= or
ruEters or any of A rnuzber of EG”GLnﬂ**CJS EGS:*L‘E Ezre wa
Introducs & mode for the compexizon of relasive moand tude,

la

Pinzlly, we &llow the possibility of imbroduclins rew podes
defined %k PLUEn 2 mule zet as = Cﬂnugqﬂ ITOLTED.

X ETL ¥ ~—— tke striciiy issn mode. X WAX1 maboh any

rumBer, waich is strietly less ﬁhan ¥, wrich mast
e An2Cially speciiied 25 a rowhar, not as fhnathss
Marlzhls,

X BUL R = the rule wodz. E is & ile :
whne conditlon under which ¥ "_11 rELLh with E, Thi
mode ellats the usan of SOETESD =0 daline rovw modes
wipes ol varianlaz, .

Trase are the orincipal wodes Pop maTnching veriablas o
eXpressicns. The list could he hﬁ+e.*uﬂ or pedilicd. £ diversiiy
of mumter EJ g2 ar data fyocs souid paguire she <riroduction
of additicmal arithmetic COEDETLICN nﬂﬁasﬂ cr nodes Ior lexicographic
ordering, Lojieally some of thise might be iriroduced :q?ouuh
the rule mode, but thelir ssooirste introéustion would mapiocsont
& grett cconvenlance,

Sre Lvpe ol mode with whish we Rave expesimented bub not
included in the above 1ist, in the subiet vode ¥ SHR 2, whlch
will wegeh 2n exzression and nooducs as a vv*gu & 1:5: uhﬂﬁh

of 1%5 elements which mater tnc nEttern P
gevarel fipes in 2 lArEpsy pathorh, The g
elemente mest result, slihoush they apr:

in & dilferent orser tud aoyh with diffaraont
variabion of thiz ides, X MSU 2, Ghe mexims?
rasulis in o2 1:st of 211 Lﬁf*g L’”“““ﬁﬁ of

which arpeared 2t cich oocurrencs cf 4k =YW
wraneva an &bod Lle erosuntered in oo T TT faes
Not &ppedr In the dictiocnomy §, thot atom o . oniy Lhecli.
Thus = Ll 2tons are pr;mihiv' nATLornss alr In
the c*cgiaﬁa*y are Lo be sitohsd as Z,
Whlle il sihars mazek o:ly :Fun:c:vezj nless CEuy have flxz

Wesnlns, uon as the abtoms ws or =400=,



{) —— an empby Llist will AESEMEILT only itsell.

There is o gerles of srisitive peioern forms which moteh
exprea:iunﬁ, and which zllicw the _c:::t’a* ol cimplax natierans
By means of the substituticn mrin
{=CUG= P) — & queated z= resgicn P ooust
ne EAVAY, to 2. This a5 two uasez . I
2liszls us %0 uszs the LEPLE Of nEUvern forms
&5 patiterns. For Ins! =8I To match the atom
=G0 we weould write (=0U0- —qUDﬂ} alsg, it ollews
LI o fduote eXpresslons whish sy then e comnawed
L¥ the Simpler LISP function EQUAL zather tham
SEZENRLT.

(=DEF= ML P2 op2 32 .. @) ~— This pabterw fowm Aligws
us %o defllne ﬂahtujﬂﬂn I: 1% & io2il versicn of the
AT mode. Yithin tne Bateern 0, if She symbols M,
N2, 2le. are weed, they reprazonl ths casierns =,
P2, elca. the psttern § iz distinet from i, ‘E,
sae wl' SOER= gonizing an “‘ﬂ nu: gx of
ol iX there is P

patisrn in ‘he 1

defindtion o" mad

=AT0= (B BE)]) iz ik

wree, ¢ [=PREF= (E) ifﬁﬂuﬁ vi (== == 5)}}) ih
I i

’huzF_ B {=CRe
'u_cn o“ & oy bir

ﬂH

The &efin#tion afl 3T of awvan e::t% Tz wsuel
comventlion 1= followed, thet sxpression pames ars
BICMS, Iremment names 2ve enclesed in rarentheses,

A recuriive paitern doliricion *thxl Ivelves A ghoice
between & fovpinal patterm zxd = r“ﬁCE tive n:ucrn, & deoision
w}liCﬂ 1z mate b"' cie of the i Then rlmiz= O,

When frazmeatas are definsd, HIE EIE unaﬁozeﬂ in merentheses,
Since the patberns wishin <he LEPn T feg awasened

in ergsr, the fGermimal patt&rﬁs wist he igted

the ottﬁr Fooledn cormeetives say e used 28 o
the formaiion of complex patiera

-ﬁn-\.q..u.-\. i

I‘-‘l:l-;:ll .-Ou f_,.'u l.'...-:. 2
ard perodt

CED Lonmectlves,

e mhiTerns PL, P2,

wre bhan ove of the patbenas
r =hoIuse mRbeh ohe samo
szoh o Ghe petierns. Sana

{=£XD= PL P2 ... En!}
saa, Pnorast pet
cocntaing the =&rm

o
f..'-.z.,c“"*“e Laion mpoon

tae leftiqﬂu na T LEDLe Lz opivan precedencs

TG OMAatel Bhe zpelicoy SR WRER SEVSTRl Sma ‘“"n'“

VErisbles pooum, thiz snuu*d br borne Iin mind in arranying
i

the arevments af'uﬂxa= Zimoe Its arpuranits mre mlag
exanined in order, frowm lelf po w»ieho,



(=QR= PL P2 ... En) ~—— &% = of the
Pi, P2, wu., Pn omazo @ Ty org
in order, from ieit Go ¥l ara once
none of Yhe others wiil @ 1iarsd.
foomes fnd LhE mesns :;;ﬁ nz fing

e,
Varianlas

macu=giveiy, if P
which mey hove beon
Pi ars [oTpolien WoG
tha variztles which

nELLETh GDpeRr in Lhe velus of RESID

o

.

ot

=t

.
RTRCR D

.
[
E
RNy T

\__
w1
=
o]

b

o
1

L T2 O

{=0o= P} —— the pabiers P musl not watoh B, T 1%
does not mateh, 1t casmet bind eny varlablss, while
if it does not mabeh the varizhles which it binds da
not matter beshuse the owerall maieh fells,

- 2t ogrovp of pattern forms mabch Ioaggns
eaNNOT MELCh avdisy Lhey mast 2l L¥5 EnnEal
pattern. There 15 only one Dixed Iregrant os

1
]
m
i
™
P

am= —= Lhe trndefinite Jrarment which will meitoh any fragnent.
For erample, (ss==) Will wateh ary 1isty (=== == e
WALL meboh any 1det hewdinz at lsest twe elaments, (==
{===; ===; matcenss any list containing &t lezst one
£suDlist, &rd s oa.

nb verizblez, This L3 dons theough
nwy enelosing Lhe variable

: 2F narentheges 1s & Tinguiatic

At cnme neede Lo have coms Rind

Gf felimitsy o Andiesis & e a2nd the onty dziimigerse readily
avatizhle 1n LISP are pmarerchacesz, By znalool

& fragnent Le nEronbhesss we remdcd Curecelves
do not sxZst independentiy of & 1ist of whien

Weg may alsg speelly I
the arzunents ¥ or T of OO

whe name of
nav fraguents
=}

v Ierm & pari.

k=

The way in which 2 Jpasmsns variable i1z to bz pesarded 23
representing the fragment ol & patusza in which it anpesrs anc
thus o e eveniuslly matensa with 2 fragient of =ome SXprassicd
1z alzg speciiied By $he mods desoelzpation, walch fs scoomjaniac
by & wvalus waleh gives nsgesssiyy aarimetrle information To ralke
the meteoh, The po3sitle mades are the follicwing.

% is @an exgrzssion
nt oof . Thos (0%

¥
. £ ™ e . 1
st of EE mabtaon

-~ the verizbhle mode,
ek fs 0 be tialen 25 &2 fragm
J requires that the first el
2 EJ

g
the second mesoh fCADR @
O

L] = 1I o - ;™
(cem E Joand s op, wntil
: 1lows X¥Y must match

flazliy vhatever portion oF X 09

<ne rasulbing (OD...DA T). The elements of IR

Tust match the correapcnding portion o B Wy EQUAL,
not Ty RESEMSLE. For example, with {X¥d} VAR

fo 1), (oo 2) will mesteh the 1isd (01 2) but net
the 1ist {(o 1) 2],



{M} LAk EX e the arndalin gl
s yaluvs EZ i the
uill rRLen whatovss Az

roovor, AF MO0 appears s

at“e“ﬁ iu Kth Eiwaye I

20N SEEINY & 5Lb¢eca;

JKI ore Finds thet ne

not copoasmond Lo UhE onrd ne ey

Tevise the origipal '="“'te By frvrinz & lapger Srefment

for the imdcial ooourrence of D0, Renoe, we SLURyS

LEa TIZ &5 the asvimnte o the Trognent, usuaW‘T

itiz221y the ruil fregmant, ard Loy sucesssively larper
fpegmenis by sddinz zicments to the end ol EE uniil

& sftlzfactory candidete g Zound, i it is at all

sosainle.

d.-.

{000} PAT P ——— The mastern fraghens cde. P mist
me a Zisty Lt i3 wL4wuiuuﬁEd in ?lﬂ o she avom 10X
25 a Ifragment, reivliing in en ahguaruau-eﬁ ¢ the
sebtern in whish X¥Y eccurs By several now cXpIEsslions,
eton of which s & patharns,

ot patiern varizole mode.
kcu only munt she chos satizdy fhe patisrn
B, Tuh for renested ohcmﬁrcnc=s of XY the same
natuern pust 2posar. Thne Tinal dietisosry Will contain
ThE common fregmeni. -

IJ"

Le *& the cegze for atomic H}“bnls unich represcnt exprésslons,
those repres :—..uinD fremgmenss moy indtiate verlous ldnds of concomiier
nodlficaticn of the disticnery.

(X)) BYV B —-- the fragm
It diifers Ifrom 2AV
suitkble fragmsnt senislyling The cazu [Chya P will he
acepbed, and thas the dictlonery &L wWiil eventuzlly
consaln & 1isy nf wne frasments hﬂlﬁﬂ rewched zach

LLEXT

ne meelet varisclce mode.
ofe tn ths respect thas any
i

E
T

instance of the & :{_“-:{o

(3000} CUV P ——= She frepment count varisble mode. To
differs from the mofs 22UV elnely in the respect that
the instonees of ¥¥Y 2rs simply courbted, The prinelipel
usa of such & modes Lz An recursively dedlned pelterns
for which this nusker 2o not nowa in edvanrcs and Lts
determinaetica is desired,

(KKL} 220 {p K) ——- the renest mode. It is expecied
that 0¥ 15 & f-eoment in whien che patbexn F ois
reépaated ¥ tings. For exmimple 2 Lizt of fea olemants
sould te defined by (0¥} in woiieh we dalire (Y]
RZP (== 20).



he remaini attern forms corsist of ouohed and Boolean
camhigatians af_?%hgments. They ate 2lways pgrt of & laprger exprassion.

{%#QUOx P) — B Quoted Iragment P 1s & 1list, which lis
supposed to appear as a fragment of a zatching expresslong
agein At must mateh through equallty.

(AND P4 P2 ... Pn} —— all the patterns Pl P2,

" wews Pn oDMST e fragreents of a larger pattern. Howeverp,
they must all match exactly the.same [ragument E. For
exarmla, {mm= (AND {? wom) [mm ?}i m==) WLl match
Ea.{x ¥} B} but not ix A1 B ¥}), whereses

mmm (A (X wm) (mm Y]] mm=) will meteh both.

{%AD% FA PR ... Pn} ~— when this comblnaticn appears
s a Ifrapment of a larger patitern P, one must regard
PL, B2, ..., Pn in turn 4s Cragments (RAMDE ... ),
ard a1l these patseras mst mateh E. Heowsver the sare
freguent of E which corresponds to PL need not corraspond
to P2, and S0 on. For example, { (#ANDi (X ===)
{cem ¥ wem}) X), when X ig in UAR mode matches
gny 1ist which begins and ends wlih the sams element
and which contains &t least one ¥, not the last element.

{0F2 PL P2 ... Pn) =-— EL least one of the fragments
Pi, B2, wu., Pn, when used in place of (kCA% ...)
st result in & pattern which metches E. For exanpls,
{=DEF= {O) [wORi {) (== == G}} } matches a list
of odd lemgthy (X fnanm fweose} (XX X3} W) will
matoeh 8 118t of four element= of which the first and
1est are squal when X is in UAR mode and the mlddle

two are stays, or else & List of flve ldentlcal elements.

{+NOT% P) === when P is inserted a3 part of the larger
expression containing (wMOTwi B), the resulting excression
aust not wAteh E, Thus, {(xNoT# {1 2 3)) & 5) will
mateh (321 4 5) but not (1 2 3 4 5).

Thi= cempletes the survey of the primltive patterns and
pattern forms. Composites of the primivive patierns or pattern
forms may be formed either in the list, Doolsan, or subatltutional
ganse, Onse & wateh is ohtained to 2 glven pattamrn, & diotlionary
is produced which may then be used to make supstitutions into
& given skeleton.



FRELIMINARY DISCUSSION OF REPLACE

Having completed the matehing process by means of the functlaon
RESEMBLE, one obtains &8s its value the final dictionary on wilch
appears, smong other things, those Intiiakljy undelfined varlables
which have boen bound. They are now availaple for use, whileh
in the context of the fransformatlon rule foreat consists of
aubstituting them inbo ancther expression called 2 skelaton.

As wen tmue of the metching process, 1t 1s possible to ALY
out the substitutional progess with varying degress of complaxity.
r gxample, one of the simplest funetlons of this natura is
{5URs X ¥ L) which substitutes X for the atom ¥ wherever
it oogurs on the llst L. .

VSRS (LB E’ﬁ!(ﬁ%m L} L {(coms %EBEE% % E%g %B}:)L)Scm L}i

On the other hand, SUBS wlll only =ffect ifts substlifution
in the top level of the list L, snd LT one wlshes substitutulon
on al)l levels, he peeds 2 mora powarful funetlon sueh as [PERSURS

Y L) dafined by
PERSURS {LAMEDA EI YL
COND

WIL L) L
EG YL} X
ATOM L) L

cons (PERSUES X ¥ (CAR L)) (PERSUBS X ¥ {C2R L}}}})))

Ehould one wish to meks = simaltansous sunsitution of several
atows, he couwld raplace the srguments X and ¥ of thase functilons
by an alternating distionary and dafine PERSUBST by

{PERSUBST (LAMEDA En L}
cod (INER 1) Hssot 1 o))
AND ) .
CONS (PERSUBST D (CAR L}) {FEASUBST D {CCR L))I)IH

where he has deflined {A5S50C X D) in order to resd the
dictionary, raplacing X by its squivelent 4f such axists, and
leaving it unchanged otherwlse.

(assoc {tayeDa {x D} (coD {{MULL X) X)
{tm X Ifcm L)) (capr LH
Am) {assec X (eoox LiD)))



From these Munetlons it 18 bub & slmpls step to mops complicated
substitutions, For example, more than simply substltuting Bn
expression for an atom found on the dletlonery, ong mlght ragard
the pew expression as one in which further substitutlan sheuld
be made, In this way & single expression could be expgnded recursively
into a very complicated structurs. Morecver, the atom belng substltuted
mipht be taken a5 a Tragment rather than 8n expresslon, 50 that
& single atom would be replaced by a serles of sevaral expraislons,
producing &n expresslon which in turn might heve been left as
it wes or subjected to & further replacement procéss.

With these considerations in mind, we introducee a preliminary
version of the function [REPIACE D §), expecting to see mode
definitions in 1ts distlonery Li sither EXPR to indlecate &
simple replacement, or SKEL indicating thet after replacemant
the resultant expression will be subJected to cnother cyvela of
replagement. The dictlonary antrles ara moreover distimguished
&g expressions or fregments, sccordlng to whethey their na2ne
in enalesed in paventheses or not.

If wWe take for the dioticnary
D= {X E)CPR (x- W
L {X x).
m EXPA
SKEL x x },
We may illustrate the differirg values of (REPLACE D Sl
a to differnet cholges of 5.

X %] will produce tpp e, (Fﬁu 5 e w0 06 )

WX ¥) will producs ,a,z-aaxn,wii,
(¥vy ¥} will produce ( o ) (% % %)),

The deflnltion of this preliminery verslonm is

(REPLACE (ZAMEDA (D 5)
COND {E

*® % %)

B (CAR Y QUOTE SKEL
REPTACE D (QADR ¥)))

. {lam) 8)))

{ASSSDSJ 5 DI}

EQ {cm g !cjlmrﬁ =(li00=)] {(CADR 5})}

mmam E}:‘}
caw ({eq {Ccar ¥) {oQuome E

{{=Q (CAR ¥) (QUOTE SKEL})

{(A

FEPL‘LGE {ooms EREPU.CE D (6Ax &
HEFLACE D (CDR 8
{assscow (CAR S) B

{mmﬁi {r) {com E 20 Ec.e.n ¥ Equm-s F.'.‘-iPRH {CADR Y)

APPEND (GADR Y) {a_-.ﬂmczlr_!. b (C0R 5)))}
H..PLF.GE D (APPEND (CAZR ¥} {CDR $}}]}

{{avp) (coms {Rzmch D {(CAR S8})} (REPLACE D (CDR 5)))))



Mors complicated functions are needed to sszreh the dictlonsry
argument of REPLACE. ASSS0C searchas fop eXPIasslon naires
and refurns 2 list consilsting of the assoclated mods and value
when the name is found, while RES3EQCK zearches for frapghent
nemag,

(Asssoc (zaMaDa (X 1) {co@ ({UIL L) {Quo'SE (MIL NIL}))
QX Emn L} {?zsm (mﬁ{,;g (CADDRE L))}
) {AgssoC'x {coopR L))1)))

(ASssocw (zAMeDA {X 1) (conD ((WUry 1) (QUoTe (NTr mj}s :
CAR L)) (&55s0cw X {¢ppDR 1)))

¥= 1]

%505}1 CAAR L)) {LIST (CADR } (CADDR L))}
AMD) (ASSSOC X (CDDDR I.}}ﬁ }

The dictionary used by REPLACE Bay origlnate from any
doures, bub in ita intended use this soupes 1s the collect lon
el variables identified by RESEMBLE, and accordinsly one has
use of & funetlon to coordinete the operatlion of KESEMBLE gnd
REPLACE. First an expresaion 1s tested to see if it corresvonds
tc a given pattern, and if so, parts of it ape ¢ollectad for
Use in tha constraction of the tranmsfosmed expresslon. This process
may be applied by consulting but a single patiern~skeleton pair,
or 1t may be amplified to include the testing of & seriss of
such paira. In the avent the first transforpsiics is not apnlicabla,
perheps the sscond will be, and i not then the third, and s0
on. I no transformation rule ig applicable, we leave the orlginel
axpressicn unshansed, .

This searceh is carvied out by the funetion CONVERT=, which
is & satellite of COMVERT, Whose ergument 4s 2 mula set. Intermadiary
- functlons hetween CONVERD =nd CONVE sapve to prepare the
dlctionary L from the Erguments M and 7 of QONVERT, bind
tge expressicn E balng transformed, and soms other similap hovgeleeping
thoras, . ’

{convERTe (LAMBDA (T L E} (cONv: T1)

{convse (LaMEDA {U) (cOMDp {(NULL U) E)
: ATCHM {RESEMBLE (CAAR U) L E)
AND)} ({IAMEDA (L} (REPTACE
RESEMELE {CAAR U) L E

{convs (CBR 1))
ﬁﬁ}m} (CADAR U)))

The replacement process 1s oulte siraiphtforward, but in
CONVERT 1t is complicated by $he fact that it alsc ilnvolves
the Tiow of contrsl in the COMVERT Progrem, These complicatlions
fall in three groups, depending upcn tha Prograeming st¥le involwved,
First, one may form an intermsdiate result and specliy that the
transformation process 4s to be epplied once 21y to this new
argument. During the reappliceation one may possibly wish to bind
BOle varlables ... elther as patterns or as skeletons ..., or he
mey wish to start anew with all varisbles in their eriginal statss,
Thus there is both & bipding ard a repatition Process Lo ba consideped,
&4 well as their interaction cne with the other.



Second, one may wish to svall himsalf of functional notatlion,
egpeclially In 1ts preflix form which 15 alrsady closely edaphed
%o the left to right scanning process which REPLACE enploys.
At the sims time that$ we check CAR of & skelsten to ses if
1% is an atdom which should be replaced by & fragment, We could
25 Well check 0 s¢e 1f 1t were a function name. Wers thils sq,
1ts erguments =-— DR of the zleeleton — could be replaced and
that liat used a3 the expression 3o which & sat of transforsation
mules should be applled. Thanls to the ability to reference thila
funetlen wWlthin itz defining rule sedl, by first replacing 1lts
erguments And in turn taking them &5 & new expresslion to be transformed,
ole has procldely the zame capabllity for recursive function
definition that he had in LIS? 1iself. By looking two levels
dasp, at CAAR of a skelston, we can even raoopnlze functions
taldng Iragunents &5 values, and thus funchtions, recursivaly defined
ar otherilse, enjoy & perfectly natural axlstence in any part
of a CONVERT program.,

A third alternative satisfies the dezire to construct an
expraszcion through a serdes of steps, net 41l of which produce
elements of the expression, and which produce the elements in
thelr crder of executleon, rather than thelr wrltten order. Such
nonproductive steps might consist in the storage or ratrieval
of information, or the decislion as to which serlezs of steps o
follew nexty in short one might like to write & prosvam to berform
Bome task, rether than using funeticnsl notatlon or expressing
At a3 & serles of successive transformstions of form. Thus one
way have skeletins whlch are programs, describing in iterative
manner how to transform an expression, which require prmitive
akelotons and akeleton forms corresponding to the iterative procass.

THE SUBSTITUTION FUNSTION (REPLACE D S)

The erguments of the complete functlon REPLACE are still
& dictlonary D and a skeleton 5. The dietlcnery is an edited
version of the value of RESEMELE when & succassful match 1s
ehiained., Tha skeleton is an exoression In which these varddabies
are to¢ be replaced by their equivalents which they matched in
the original expression E.

Thers are several categories of skeletons and skeleton lforms,
by which, we recall, is meant 2n expression which bocomes a skeleton
after apoproprieate substitution of its constiltuents. One of thasa
catepgorles comprises the atomle skelstons, .of which thera are
constants and varlables. The constants are generally synomyTms
for quantities which cannot be written divectiy, such as delimiting
. parenthesss. Tha varizbles telee thair meening Irom the,dicticnary
I, and depend upon the particular CONVERT prosran undsr consideration.
Then there 13 = category of skeleton forms coliprising functions
apd thelr srguments, which permits the usze of a LISP-like fupetioral



pnotation within & skeleton., Another catemory 2llows the intreductlon
ol sinzle symbols ¢ stand for other quantlties, be they expressions
or skelstons. There are szkeleton forma whlch alleow the formatlon

of intermediate resulta and thailr analysis, Finally, other skelatons
ara used for fterative programming.

ALl primitive skﬁletﬁns and skelefton forms may also be regarded
&z frapments, which means that they are to be inserted into a
larger skeleton without their delimiting parentheses,

In order to preserve some systemeatle netation, we have found
it convenlent teo lpntroduce & number of infermal conventions,
which are meaningiess to the CONVERT procasser bub which greatly
improve the legihility of & program and facilitate its interpretatlion.
For example, we choose thres letbter combinaticns as the names
of the primitive patterns and pattern forms [with the exception
of the two lettered OR and the ==} and four letter combinstions
ror primitive skeletons and skeleton forwms, This cholce 1s also
reflected in the cholce of mods nemes, which are zgain ¢f thrae
ietters for patterns and four letters for skeletons. In dealing
with patterns, it wes found ussful to use sipngle cherscters g
stoma, but triple characters such as XX for fragasnts, unless
aQme mere mhemenlc complnatlon ccecuryed in a particular applleatlen.
Again, 1t was useful to distinpulish fragments from expressions,

. apd for this reason we encloss thelr names between egual signs

wher they refer to expressions, as for example =QUOm, or wWith
azterlsks when they refer to fragments, &5 ¥iiDi.

: We now 1lst the possidble skeletons in detail, commencing
wWith the constant skeletons,

mSAMEm —— & skeleton 15 penerally sart of a CONVERT
mails, whose pattern is veing compeEred to some expression
E. =SAME= rafers tc this expression, whatevar Lt
WRE,

=LPARm ~—= & synopymn skelston, which stends for a left
parenthesis,

=FPARm === gynonymn for 2 right parenthssis,
<BLNKs =-= Synonyma for & blank,

As in the case of the atomic patterns, this list could {presumsbly)
be considerably sitended, should the particular appllcatiocn wWarrant,
For instanca a skeletopn such &s =HEAD= could be us=ed to obtaln
one expressicn from some input apparatus, and its value would
ba the resulting expression. Shown in the present list ars two
types of skalatonsy synonyrns for delimiters wWhish cannot bHe
gusted, and referants to objects which exist within 2 CONVERT

progremn, .
¥or the variable aktomic skeletons, there ars only two nedas.



I EXFR § — the expresaion mode. Every dquantity whiosh
" was in the VAR mode or was changad to the VAR mode,

such as those previcusly in the UAR or FAV modas,
iz transformad to the EXPR meds when the value of
RESEMELE. I35 edlted to becoms the value of REPLACE.
In additlon quentlties may be specified inditizlly in
the argument M of CUWVERT %o be in the EXPR moda,
When X, in the EXPR mecde, is encountered, i% 1s
substltuted by itz value, S, without any modification.

X SKEL S === the skeleton mode. The single atcmlc symbol

: L stands for ths antire skelston S, which is placed
instead of X, and then modified {replaced) again using
the funotlon REPLACE.- :

Any atom which 1s not listed in the dictionary T in one
¢f these two modes and 1s not an atomlc constant [sueh as =SAMEw)
1s taken to be-itsell, In other words 1t is copled without change.

Among the skeleton forms, thers 1s & lirge number which
are in reality functions specified In the LISP prafix rform,
(F AL A2 .., An)}, wheve P 15 the name of & function and
Al, A2, ... , An are its arguments., In every case all the
irguments of auch & functlon ars replaced befopre 1t 15 executed.

(«PRNI= 8) — prints its argument, which 12 i1ts valua.

(#RAMD= S1 52) === makes 2 randem choice with probablisity
between 51 and S2, the c¢hosen argument then being
replacad.

(mCGMP= A4 B) w=e— treatz A 2nd B 25 sets and caloulatas
their ralative complement, A - B, consiating of those
elements in A hut not in B. Repesated elements of
A appear in the compliment with thelr original multiplisity.

(mINTS= S85) —— forms the intersection of the skalatons

: comprising the fragment 528 treating them as sots,
"I an element ls repeated n times in the intersection,
1% oeccurred at least n times In each argument, and
A more than n times in &t lsast one of them, SS58
should net be empiy.

(»UNON= S85) — forms the union of the skeletons forming
the argument list SS8. However, no element appeard
more then onee in the undern.

{mCONC= 555) =-= concatinates the argument sheletons.
% iz an alternative to <RON= when one wishes to
Preaarve multiplicity and order,

{=CART= $55) =-- forms the cartesian product of the
argument skeletons, cnce they are repiaced,



(=PLUSw 555) = sums the-argument skeletons after replasing
. then

(=MINSw 53 S2) ~w— computes the giffersnce S1 - £2,
(=IIMS= 555) = multiplics 1ts replacaed Arpumenss.

{-DIVDIfsi 82} = forms the 1ﬁtagar bart of the quotiant
51/52.

(WREMN= S1 52} —=- forms the rezaindsr of 81 after
division Dy =2.

{=INGR= 8) « adds 1 to its argument.

(DECR= 8) — pubtracts L from Sy that is 1ts value.
is E=1.

{wARRY= I ¥ 8) ~= forms an array of dimensicn ¥ whose
Lth element 12 computsd sccording to the skeleton
5 in which I way appear as a verisble. As is true
of all these functlon skeletons, I, i1, 5 are first
replaced before arny of this construction is attempted.
If ¥ is & list 2n not a number, the dimension of the
array ls the length of N, and whose elements depend
upon tha gorresponding 1lst elaments of nn, If 8 is
missing, zerces £4i11 the array, -

All thaese functlon skelstons follow the LIEP conventien
in that their arsuments ara to he eveluated first, in this case
by the function REPLACE which treats them alse as skelatens,
belora the function 15 to be sxecuted.

It 1= clear that some of these functions ave brimt tlive,
in the sense that they could have baen written in mo other way,
while the others are composite, However they haeve all been listed .
&8 & matter of copvenlenca, :

Ancther skeleton form closely related to this ides contalng
the form =ITERw,

{=ITER= I1 Nt IZ2 ¥2 .., §) -—— in this skeleton form, the
Il are variables which serve ag indlees, while Ni
are thelr corresponding ranges. For sach combination
of possible values of the sksleton 3, which msy contain
them as varisbles, 5 i3 evaluzied znd 2 1lst 15 made of
the resulting values. N2 pay depend upon I1 zo that
this skeleton form 1s equivalent £0 (wITERw T4 Nt
(MITERo: I2 N2 {%ITERw .., (%ITERw In Nn s)
+=+J)}. When the range of Ni 1is & numeral, Ii tekes
the values 4, 2, ... ,Ni inelusive, while 1f Ni is
8 seL, Il takes successively the valuas (CAR Ni),
{CADR N1}, ..., . For ezample, we could write {=CARTw
84 52} in the 2lternative £orm [mI78R= T1 S1
12 52 (11 12a)}. %r ? variable 1z cnolosed in
barentheses, as (Ii), 1t 1s talen as representing
a mﬂt-



The next group of three primlitive skeleton forms allows .
the introductlon of temporary definitions of skelétons or expressions.
They accomplish loeally the same results that the modes EXPR and SKEL
do giobally. Again 1t iz clesr that they have eonslderable utility
an allowing us te make recurslve definitions of skeletons.

{mQUOT» N4 S4 N2 82 ... 8) —— makes & replacement

' of the skeleton 5 but after adjfoining to tha dlctionary
D the informatlon M EXPR 51 N2 EXPR 52 ...
in which 581, 82, etc are nct replaced. Rather they
are effestively quoted. A variant of this skeleton
form 15 (=QUOT= 8] in whlch § 1z copied without
replagement, =4 that in this manner primitive skeleton
nawes And primitiva forms names wEY be referred Lo
a5 thamaelvaes.

(=EXPRw N1 81 N2 852 ... §) — mekes & raplicemsnt
of the skedleton & alter edjolning to I the information
HL EXFR 8ir N2 EXBR 82 ..., whare 5%, 82!,
ate¢ dencte the valuss of thesze skelstons after replacemant.

{=SKEL= N1 31 M2 82 .,, §) —— mekes a replacsment
of the zkeleten 5 but after adjoining $6 D the information
NiL SKEL $1' N2 SKEL 82° ..., where by 54!,
821, ..., Wo mean the values of 51 S8, ste. After
replacuent, :

The thres skelston forms «{U0T=, <EXPHa, =SKEl=,
differ with respect to the times =t whieh tha skeletons S are
evaluated. There are actuslly four possible corbinations, zccoriding
o whether 51 ls svaluated before the digcticuary 1s altered,
and eceordlng to whether 1t is svaluated sgain efter 1t is encountered
in the eveluatleon of the skeleton 5. =QUCT= svalumtes tha
skeletons 331 en nelther occeslon, while =SKKI= sveluates thsem
-on both, and =EXFR= svajuates only at the time of dictionary
formatlicn, The fourth possibility 1s missing, but can ba realized
by using =SKEL= togathey with (={U0Te Sii.

For both the skeleton forms {=X¥PRm ,..) and {=SXEls
vve) the evaluaticn of the arguments Si, S2, ..., 15 carried
cut independently sc that in swaluating S2, Ni does not yet
st:gi for the evaluated 51, end thus will retain its previous
ma NE=

There ars thrae skeleton ferms contalning =CONPw, =REPTw,
and =RBEGN=, whith are control skeletons governing the formaticn
an% subsaquent analysls of intermediate results by another mule
F 1y

(=BEGN= §) =— the recursive reentry to the entire program,
The replacement of this skeleton form is effected by
first replacing the skeleton 5, then using this rasuls
as the armusant E and starting the entire CONVERT
Propram over &galn from the beglmning. This lmplies



in particular that all variablaes mast be reatored to
thelr orlpinal UAHR s%atus or to whatever other moda
they criginally had and whlch might have bean alterad
during the course of exacutlcon ¢f the program.-

(=CONT= S K1 RL K2 R2 ...) —=- continue to & new
rule set. Agaln the akelston S 1Is to be replaced and
talken £8 the new argumants E of CONVEAT. However the
rile set to be applied depends upon the arguments X4,
Rl, atc. If these arguments are mlssing and we s8e
only («CONTw S}, we reapply the rula set currently
in us&. The difference with respact to {=BEEGN= §
1s that all variables are retained in their current
form. However, 1f [wCCONTw 5 K} 1s written, we Apply
rale zeat K In the contiruation.

In tha genersl form, we conbtirue with the mule
set K1 which is defined 4= Rl. In additlcocn, there
1=z avallable the convenlence of introducing other named
rule sets at the same timey these are H2 with the
name K2, and so on, These pames talle precedence ovar
any similar names used in the argunent B, because
the original) list of rule sets i3 appended to the end
of this new list. Nemss not usurped in this way refer
to the older list.

The difference between the skeleton forms involving
=CONT= and those involving =BEQNs is that in continuing
to the new rule set, all variables which may have previcusly
arisen are retatned. Thus, in the rule { (¥ JOX)
(=CONT= 3]}, 1Ff X and X were originelly in
the mods UAR they will hava bzen changed to the mode
VAR and eventualy to EXFR whepn & is evaluated.
However, the sscond 'time the rules are anplisd, thay
will no longer he in the UAR wode, bub will retain
thelr new 1deptificatlicn in the VAR and EXPFR modas.

{uREPT= S K1 R1 K2 R2 .,.} ~=- repeat the designated
rule set. The skeleton § ls raeplaced and taken as
the new argpumant E of COMVERT, the rale set Rl
being epplied undert the name Ki. At tha same time
the additional definiticns K2 for R2 and so on are
plaged in effect. If RL is missing, and ocur skelaton
has the form (=REPT= S ¥L) the already defined
rule 6% K1 1s applled In fle case wWe aAbbreviate the
slkeleton to (=REPT= 8}, the current rule set is
reapplied. =REPT= 41flers Ifrom the corresponding
form with a00NT= {n that the new ruls set ls applied
af'ter the variables have bean restored to their original
modes and valuas, AT this point & conflict males 1taelf
apparent, With e«COWDT= 2ll previcusly dsfined variablas
arz retainsd, However, =EECH= wndertakes to restore
&1l varisbles to thelr original condition,



- The coenfllict exlists because the skeleton form
{=EXPRw Ni S1 ... §) guavantees that &t 211 times
within the expression S; the symhol N1 means 810,
the replaced 51. This is présumably true no metter
what rmile sets apd revisions of variables arc enccuntered
due to the skeleton forms using =ECN=, mAEPT=
or =CONT=, A similar situation holds with respect
to »SHEL= and «QUOT= 235 well As For o=ITERe 2nd
wARRYm. On the other hand, «EEGN= provides 2 convenlent
synorym whereby the program ray be reentered resursively,
g0 this demands that the prozram bBe in the same state
avary time 1t 13 reentered, and that it cammot depend
upen a previous hlstory of having bound varlables.

Tha resclution of the di)emms consists simply
in establizhing & hisrarchy of precedence. Thus, in
decyeasing order ol precadence, we haves

mEE (Nm '
=JU0T=, wEiFR=, =3KEl=, =ITERw, =ARRY=
R E Pl '

=0 CHT=

There are a number of skelston fomms which operate the COMIERT
Frogrem feature. A program 1= itself & skeleton form, containing
The ldentifier =PROQ=, 25 wWell &as a seriss of skslotons which
are to Lo repliced one by cne. Such skeletens aye generally cperaior
skolatons, effecting sone input-ocutput cpereticn, modifilcation
of the program varisbles, or other parmapent chenges. Others
dirast the flow of control, or terminats the executlion of the

progranm. .

. (mPROG= {XxX} 5L 82 ... 8a) —-—_ the Ekeleton form which
introduces & program. (XXX) 1s & 1ist of prozram
variables, which are atomie skeletons declaved to he
in the EXPR wode during the execution of the program,
They may be indicated $o reprasent fracments by enclosuras
in parentheses, according to the prevalling convention.

tially thelr values are respectively an emphty list
or an empty fragment, but their values may be modified
by the cperators =SETQ= or HSETQ:.

. 1l a program varlable is already 1n uss as a skeleton,

| 1ts old value ls pushed down upon entrance Lo the Proram

* and sutomatically reastored upon the completion of the

' program. 81, S2, ..., Sn are statements in the program
wWhich consist of skeletons which are to be replaced .
in order, starting with the first. In addition to skeletons
to be replaced, progrem elements may 2lso consist labals,
used as heading or locaticn markers, *Go 7o statemants,
and "RETURNY statements, :

Since a (wPROG= ...} skeleton form mey contain
any permisible skeleton, aPRCG=s irsida «PROGeS
are permisaible to any depth,



(wGOTO S) =~ & "GO TO" statement which causes the
skeletons following the label S to be replaced in
Eequence, rather then these following the GO TO
Statement itself. The label'S is replaced bafors the
transfer of control iz made, meaning that we have allowed
2 "ecomputed GO TO" of arbitrary coxplexity. Should
the computed label not helong to the =PROG= skelston
form in which it ccours, automatic regrassion 15 made
to the next higher level 1f i1t exists, znd the lsbel
is pougnt on that level, I it 1s still net found yet
ansther pregression is made ungll elther 1t 1s found
or else the program will be automatically terminatad
3T ne sueh label exists obh aty higher level,

[wRETNw 5) === the progrem is terminated, the skeleton
5 1s replaced, and returned &5 the value of the program.
If no =RETh= skaleton i1s found and we srrive at the
end of the program, the value off tha (=FROGw ...}
is the value of the last skeleton found.

It ig possible to write [=HETN~ [=G0TO= S)}),
2 return whose armument 1s & G0 TO stotement. S
iz replaced In the current program lsvel, the resulting
30 TO belng returned to the higher lavel, where
it causes the appropriate transfer. This 1s another
sdmlssavle typs of computed &0 TO.

{=SETQ= A S1) males a REPLACEment of the skeleton
81, and its value 1s zssigned to Ay A 15 considered
wiUlTeed, and 1t 1s not REPLACEGE, Tha value of
(=SETQ= A 8) 1s the value of its argument S, suitably
replaced, If A is an atom 1t represents a variabla,
whereas 1f it is an atom enclosed in varentheses it
represents a fragemit and is so treated when it occurs
in & skeleton,

Generally a skeleten requires & certaln amount of declsion
mekdng, in order to kmow whether to repeat a previcusly execubed
partion of the program, or to g0 on $o replace the next skaleton.
"Such decislons can be made by forming the quantity wpon which
the declsion will be bassd and studying it by mezns of & rule
get gontalning approprlate GO TO's among its slkeletons. This
declzlon would normally be made with the help of 2 =REPT= skeleton
form, but there are some simple configurations of such Frequent
- otgurrence that it is convenient to lntroduce their corresponding
sleleton forms dirastly.

(mWHENe § P S1 52) — the skeleton § is replaced
and compared to ths pattern P. If 1t masches, the
skeleton 54 &5 replacedsy 1f.-not S2 1= replaged if
52 1z missing, & 1s retained unzliered. The wHHENw
akeleton form 4s an ebbreviation for

(wCONT= 5 3 ((F 51) (== 52)))



(mGCiD= 5 P 51 52) ~— the skeleton 8 is replaced,
then the variables are restored $o thelr orlginal velucs
and modes, fellowlng which § iz corpared Lo the patiarn
P. ITf 1%t matches 51 Ls replaced, otherwlse S2 s -
replaced unle=zs 1t is missing, in which cise § Is
preserved intict. The «C0MDw sXelston form 1s an
aebraviation for

(=REPT= & 3 {(B 31) (== 52))).

ml0ND= gAflfers Irom MHEEN= 1n this way: when oomparing
& agflinat P, «WHIEMN= uses the most recent dictlonary, &5 «CQONTw
does, and =COND= uses the original dictionary, as =HEF =
doas, It showld be smphaslzed that =PEEMNwe, =REPTe or wCONTm
Eggﬁgn usad direstly rather than the shert forms <WHEN= apnd

iy

Having exhausted the skeletons end skelcton forms whiloh
refer to expressions, let us now conslder those which refer to
fragments. In general there Is 2 series of skeleton fragments
entirely analopous to the expression fregments. OF courss thare
is ne funetion #PLUSH since the value of =PLIJS+ is not &
liat, but there are functilons wINTS®, XINON:x, and so on,

Then there are & few skeletons which malee sense 23 fragments
for whioch no expression analogue aexists, ®ANUL% belng an example.

First wa have the analopus of =SANE=,

¥EAMNER m—= is the expression whiech the curpent rule seb
ls exemining, and presuming that this is a list, is
inserted into the proper place in the skeleteon as a
{ragment.

Atoms mey be used az the nawmes of Iragments as well as funcetion
names, in both of which czsesz they oocur &s CAR of a list,
and are used in the manner specifiad hy their moda declarations
whéan they appear in the dictionary, ' '

(XX} EXPR {EEE} ~— the eupressicn mcde. Ths expressicn
(EEE), assumsd to be a 1ist, 1s inserted ipn place
of XXX &8s & Iragment, bBut ncne of its elements are
replaced,

{xxx) SKEL (888) —— She skeleton mode. The Iragment
355 1s substituted for the symhel XXX in any skeleton
in which XY appeara, before replacement 1s made.

(00() CONT R ——- ths contirnue mods. This 15 the
machanizm by whicsh functions are defined in CONVERT.
R 1z & rle get, If the skeleton contalns the skeleten
form {3000 AL A2 ... An}, a 1list 13 ceonstructed
by replecing (Al A2 ... An) and using it as 2 new
expression E, and evalusting the skeleton form {=CONT=
‘B % R}. The difference betwsen the CONT mede .



and the REPT mode i1i:s in thelr treatment of free
variaolese CONT preserves previously existing vamiable
definitionsy REPT erases them. I the functions

name 1s not enclosed in parentheses 1ts value 1s an
expression, but 1f 1t i=s enclosed in parenthases the
value is treated as & fragzment.

{3XX) REPT R =—— the Tépeat mode. Another mode
which permitzs function defindticns, which 1s the same
ax CONT except that the valuss of any varishles
which have become delined in in tha course of the Program,
are losi, Rather, all such verlisables are restored
Lo thelr original state when the CONVERT program
was firat ehtered, with the exceptlon of those bound
bty =EXPAw O SKSim, .

These skeletan forms corresponding to functlons whose valuss
are Iragments rather than exprrssions ars identified by whs which
form part of thelr nemes,

{(WANUL# 8} —= after repiacement of the skeleton §,
nothing i3 done to the mein skeleton, which 12 eguivalent
to inserting an empty fragasnt in place of [mANULM
5). Cleariy such 2 skeleton only makes sense Lif S
is an Ycperator sksleton"™. By this 1= peant that in
the course of replacement of § some permanent shangas
or auxlliary changes are effestad. For example, S
mlght involve =FRINT= and in this way one could write
¢n the output tape without retaining 2 copy of what
Wag wriltten in the expression being developed.

The following &re prsclss fragment sansloguss of tha earregponding
éxpression-valued skelstons, and consequsntly nesd no further
explaration, -

HPQUOTHE »EXPRe #SKED® »mCOMPe INDS: INCIDE RCONCH
HCARTW M+ITEFoR HOONT® #REFDN RDEGN: WPROGH. w5 HEN®
¥SETQ# 20 OND%



References

CONVERT Adolfe Guzman and Harold V. MeIntosh, Comm. ACM 9,
604616 (1966).

Adglfo Guzman. GONVERT, Professicnal Thesils
(Spanish), Instituto Politecnico Macional, Mexico
City, 1965.

LISF J. McCarthy. Recursive functions of symbolic expressicus
and their computation by machine.
Comm. ACM 3, 184-195 {1960;.

COMIT V. H. ¥ngve et al. An Incroduction to COMIT
programming., The MIT Press, Cambridge, Mass. 1963,

SNOBOL D. J. Farber, R. E. Griswold, and I. P. Polonsky.
Journal ACM 11, 21-30 (1964
SNOBCL, A Strimg Manipulation Language.

Formula ALGOL A, J. Perlis, B. Iturriasga, T. A. Srandish.
A preliminary sketceh of Formula Algol. Carnegie Inst.
of Technology, Pittsburgh, Pa., April 1965, 52 pp.

PANON-1B &. Cavacciolo di Forino, L. Spanedda and
N. Wolkenstein, A pregramming language for Symbol
Manipulation. Comm ACM & (15966).

AXLE K. Cohen and J. H. Wegatein. An axiomatic language
for string transformatlcona. Comm ACM 8, 657-661 (1963).

MAREOV ALGORITHME  Markov, A, A, Theory of Algorithms. Academy of
Sciences of U.3.8.R. (English translation by NSF and US
Bept, of Commerce), Vol. 42, Moscow, 1954.



M. I. T. REPORTS
Adolfe Guzman and Harold V. McIntosh. A program feature for COWVERT.
Project Mac—Memorandum M-305 (A.I. 953); April 1966,

Adolfo Guzman. POLYBRICK: Adventures in the domain of Parallelepipeds.
Project Mac-Memorandum M-308 (4.Y, 96); May 1964,

INSTITUTO POLITECNICO MACLONWAL {Mexice) REPORTS

Ravmunde Segovia and Harold ¥. McIntesh.
Computer Analysis of Finite Groups. Esc. Sup. de Fisica y Mat. (1966)

Danlel Conrad. COMVERT functions for generating figures.
Clencias de la Informacion v la Computacien 1, 1 {April-June 1966},
U, N, A, M. (Mexico)}

Danlel Conrad. LISP functions for gemerating and plotting figures.
Program Note No. 2, Centro Naciomal de Calculo (I. F. H.} August 1964.

John Williams. LISP pattern recognition functions.
Program Note Mo. 1, Centro Nacionasl de Calculo (I. P. N.) August 1964.



APPEKDIX I

Snme'a:amplea of CONVERT programe.

(REVERS L)

(SUBSETS 5)

{FOEMUL L)

{(PATHS A B M)

reverses the order of elemente
on & list.

producea all the subsets of 5.

transforms n-ary infix algebraic
expreasions to the binary prefix

form.

liests all paths between tfhe points
4 gud B in the network whose
primitive links are given by M.



The function (REVERS L) reverses the top level alements of ite argument
L; i. e., if L iz (A B C D), then (REVERS L) is (D C B A).

In this example, the first argument of CONVERT 1z (): the dictionary M
is empty. In the dictionary I, second argument of the function COMVERT, we
declare X and (XXX) to be variables in the UaR mode.

The third argument is L, the expresslon we want to reverse. TFimally,
the fourth argument contains one rule-set named Cl, which containe a single
rule:

{ (2 DX) ((*BEGK* (XXX)) X) )

The left half of this rule fs the pattern (X XXX), which dissects the list
we wani to reverse inte CAR and CDR. If thieg dissection im poamsible,
that is, if (X XRX) matches, we proceed to replace the skeleton
{(*BEGHN* (XXX)} X), which is composed of two pieces, (*BECN* (XXX)) and XK.
The value of (#BEGN* (XNX}} is computed recursively, applying the
entire original CONVERT program to (XXX} -——we gre reversing the ligt (XK)~=-
and then taking the contents of this result as its value.
The value of X 18 the expreselon which matched with it during the pattern
comparisson, that is, the CAR of the list to be reversed.

Having computed the velues of the skeletons (WBEGN* (XXX)) and X, we
gimply put them together, ss the gkeleton ((*RBEGN* (XXX)) X) orders, and thia
is the result of our transformation.

{REVERS (LAMBDA (L} (CONVERT
(LIST)
(QUOTE ( X (XXX) )

L
(QUDTE {Cc1(

;gx XXX} ((+BEGN= (XXX}} X))
)
1)

r convrt

W 208.%

laad {{ravers))}
NIL

revers { () )
NIL .

revers {{1 2))
(2 1)

reavers {({abcef ghl J))
(I HGFECB A)

reversi{ a bed (1 2)efgi(3ayhili i)
(b | H{3 4G FEC{12)DCB A)

stop
R 2.,200+6.700



(SUBSETS 2) preducea all the subseta of the get §.

Cl is a set of two rules, the firat of which gays that the only subset
af an empty set Is an empty set.

The second rale identifiles X with the CAR of 5, and XXX with its CDR;
it then computes (mBEGN= (XIX)) -~the subsets of {XX}-- and binde such
result to the varilsble (AAA); replacement im then made on the skeleton

{AAA {*ITER* (I} (AsA) {X 1))

This skeleton contalns two parts or halves; the first is simply AAA; that is,
the subgets of the CDR are aleo subseta of the whole list; the oter part
(*ITER* {J) {AAA} (X J}) adés X to each element .J of the subsets of the CDR.

(SUBSETS (LAMBDA (S) (COMVERT
(LIST)

((
XKXX) (=SKEL= (AAA) EXPR (=REGN= (XXX))
CAAA (#ITER* (J) (AAAY (X J3) ))

¢ convrt

W 212,.1

load ({(subsat))
HIL

subsats ({))
{NIL)

subsets ({1))
(NEIL (1))

‘subsets ({1 2})
CHIL €23 (1) (1 233

subsets ({1 2 3 4))
(BIL Cw) (33 {3 &) {2) (2 4) (2 3} {2 Iy {1y (1 4) (1 3
{1 3 4) (1 2) (1 2 4) €12 3y €12 3 43)

subsets {({a b ¢ d a))
{HIL CEY (D) (D E} {C) {C E) {Cc D) {Cc 0 E} (B) (B E)
(B NEY(RGC)Y(RCEY (B CDY R CODEY (A (A EY (A
B.EY tACY (A EY A GO} (ACD EY (AN {AB EY LA
{(ABDE)(ARCYy (ABCEY{ABCDY(ABCODE}

D
{

L - ]

(R
ni
"

—

stop
R 5.283+9,633



(FORMUL L)} ims s LISP function defined through COMVERT which will
transform an algebrale formula written in infix netation o the binary
prefix form. The argument L, which 1s the formula to be transformed, may
use any veriables, connected by the aymbols PL {plus), MI (minug), TI
{times), DI {divide) or PG (power), whose binding stremgth increases in.
the order mentioned. Thus the usual conventions for avelding parentheses
in aspociative or distributive configuratioms apply.

The CONVERT function implementing FORMUL ig

{FO RMUL (LAMBDA (L) (CONVERT

{QUOTE ¢ :
LL SKEL (=REPTw {=WHEN= {LLL) (L) L))
5? SKEL (=REPT= (=WHEN= (RRR) (R) R)}
(QUATE (
%JR'{LLLJ {RRR)

L
( QUOTE (=0 ¢
(CLLL PL RRR} (PLU LL RR)}
(CLLL MI RRRY (MIN EL RR))
((LLL TI RRR} (TIM LL RR)) .
((LLL ©1 RRR} {DIV LL RR))
gg%LL PO RRR) {POW LL RR}}
3))

The binding strength hierarchy is determined by the order in which
the rules are written; thus no gttempt will be made to locate a preduct
in any expression which conteins a sum, snd s¢ on. Since CONVERT always
makes leftmoat matching fragments as small as posasibla, association la always
nade to the right; (A PL B PL C) would be trangformed ta (FLU & (FLU B C)).
Any expression not connected by one of the five admissable algebraic connectars
is left unchanged. The cholce of the names of the comnnectors is occasicned
by LISP 1.5'a aversion for the pure algebraic =igns.

The skeletong LL snd RR serve to anelyze the arguments of the glgebraic
connectives further as formulas, sc that formulae may be formed recursively
with formulas as subexpressiona. Moreover, when the fragments LLL or RER
contain only one expression, it is necessary to aveldd endowing them with a
spurious pair of parentheses, wherefore the configuration (=WHEN= (LLL) (L} L).



r convrt

W 2lk,6

load {{formull)}
NIL

formut {({x pl v pl 2z p1 7 t1 x po 2)}
(PLU X (PLU Y (PLU Z (TIM 7 (POW X 2)3))3

formut ({(x ti {y p} z pl 28) po 2))
(TiM X (POW {(PLL ¥ (PLU Z 28)) 2))

formul ({(x p1 2} ti (z pl vy po 3) p1 3 ti t})
(PLU (TIM (PLU X 2) (PLU Z (POW Y 3})) (TIM 3 T))

formul . {{(x p1 2} tf (x pl z po 3) p1 3 tiI t mi 5))
(PLL (TIM (PLU X 2) (PLU ¥ (POW 2 3})) {(MIN (TIM 3 T) 5)]

formul {{ y pl 3})
(PLU Y. .3}

s top
R &,130+7,933



A rat, upen being intrpduced to a new maze, is lomediately interested

in learning all the paths leading between various pairs of points. The
interest of a methematician is more modest and yet more systematic, since once
a program ila given for finding all the paths between one pair of pointa, that
pair being arbitrary, there exist known methods for solving the general case.
-Te find all paths between & pair of points, we may suppose that the points are
in fact fdentical, and that merecver, we are not Interested in loops which lead
from a pelnt to ieself, Such'not being the case, It would be poggible that -
we have a palr of pointe which are directly lin ked, through a primitive path.
Neither being the case, we might consider the image set of our initial pednt,
by which we mean the set of all points linked to the Iinitiel point by a
non-null, primftive path, and the counterimage set of the final point, meaning
the set of points lioked to the final point by & single primitive path.

1f we [orm the carteslan product of the image set and the counterimage set,
énd asuppose known all paths linking those palrs of polnts «==a point in the
image set one step away from the initial point to a point in the counterimage
set, likewise one step away from the fimal point=-—=  we then have a
recursive sclution to the original problem.

For mathematical ---or computer—— conslderation we must have a repre«
sentation of the maze which iz to be studied, and this is convenlently gilven
by a 1ist of the primitive linka, the pair of pointas (X Y) belonging to the
link 1ist L 1if a path 34odns X to ¥. WUWe may suppose this 1s a directed path,
and insist that (Y X) alac appear In the list if the path is bidirectional.

A pair of points is then connected if there exist links (A X1) (X1 X2} ...
woe (XL X441} ... (X B) all belonging to the list L, A and B being the
initial and finsl point respectively. Such & link may exist in one direction
but not the ather,

An effective way to avold loops In emmerating the paths is to remove the
inftial and final pointa from consideratiocn in the inductive step, since any
path arriving eventually at the initial point wust form a leop, as well as
8 path to the final point iniriating from the final point.

In the program (PATES A B M), A is the initial podint, B iz the finzl
point, and ¥ 1s the link list. A and B are variables within the program
enjoying a similar gignificance. {LLL)} and (RER) are fregments retaining the
left and right halves of a 1list which we analyzed. The bucket variables are
respectively A% which collects the alementg of the image set, B* which
colects --the elements of tha counterimage set, and X which collecte links not
originating or terminating from A or B. The fragment pattern ()

((*0R* ({& A®} UU) ((== A} UU) {(B* B) UU) ((B ==} UU) (X UU} (}))

ip used to see the link list decomposed by the bucket wvariables; X will become
the new link list in the recursive subproblem.

The key rule i
((A B (UU)) (=ITER= I A¥ J B* {K) (=REPT= (I .J X))} (A K B))}

which sees the initfal and final point together with the link list decosposed
into the image set, counterimage set, and link list from which the initial

and £inal points have been eliminated. For each palr of elements from A* and
B*, the process 18 repeated, and to the path list -~— a list of points forming
the joining path === ia eppended the otuer points A and 3.



This rule defines the repetitive condition of the CONVERT program; the
terminal conditions arise when we encounter a pair of points which turn
out te be in fact the same, or a pair which are directly linked. In the
lacter case we search for any additional indirect linkse.

Should we eventually exhauset the link list without the ends ioining,

we produce a null fragment which, by producing a wvacucus Index get for =ITER=,
cauvses the tectatively formed chain to be discarded.

print paths 1isp

W 2454
PATHS  LISP 05/0% 0265.5
DEFINE (¢

(PATHS (LAMBDA (A B M} (CONVERT

(QuUaTE ¢ . T

(:U) gﬁ; ({e0R* ({A Aw}UL) ({== AJUU) ((Bw BIUL) ({B w»=)UU) (X UU} (I))
" == '

B= BUY ==

X BUY ==

)

(QUGTE ( A B (LEL) (RRR) ))

{LIST A B M)

{QUOTE { »D {

C (A A w=) ((A)) )

{ (A B (LLL (A B} RRR)) ((A B} («REPT+ (A B {LLL RRR)))) )

( (A ?}{?U}) {=1TER= | A+« J B# (K} {=REPTw (I J X}} (A K B}) }

{ ==

)

)3}

¥)

CSET (TRIAL ({0 1) (0 2) (0 3) (D 4) (1 0} (2 0}
(3 0) {4 0) €1 2) (1 &) (2 3) (4 3

CSET {NET ({A E) (A F) (F A)Y (E K) (£ C) (E F) (K E}

(K P) {K F) (C E) {C M) (C D) (D C) (D P}
(D F) (PK) (PD) (P L} {L P} ¢(L B) (L M) LML) (MY
(M C) (Y M) (Y BY {F A) {F E} {F K) (FD) (BL) (B ¥)))

CSET (MESH ((A C) (C B) (B C) (D E) (D H) (D F)
(E F) (E G} (E H} (F H) (F G) (F D)
(? ?; ;? H} {G E) (H D) (H E) {(H G} (H F)
R 1,633+,616



r convri
W 238.1

load ({paths))

NIL
clock ({})

{paths 1 3 zrial):

clack {t)

0
((1 03) (1023)(10%43)(1203){123)((z20¢83)

(1603)(1¢4

it .

clock ({)) e (paths 3 1 trial) _
n .

({3 01}}
11

clock (t))

2 3 (14 3))

e (paths 2 4 trial)

_ clock (&)

clock {t)

0
({2 Q4) (2014 (23 04) (23014}

17

c;ock ((JJ
C ({A € B))
17

" clock ({)}
;.

NIL

23

clock (())
0

NiL

L1

elock (())
4]

NIL

16

clock {(())
4]
({D F) (D
{DHF))
k11

elock ((})
L]
{{F D) (F
EH D}
3L

clock {())

e (paths {quote 1) {quote g)

e {paths (gquote d) {(guote f)

£EF) {DEHTF) (D

e (paths (quote

HGDY(FHEGD)Y (FHD) (FGD} (FGHD)(FG

e {pa:ﬁs (quote a} (quote b2 mesh}
g {paths {(gquote b) (quotg 2} mesh)

a (paths {quote c) {quote h) mesh)

f) {quote d) mesh)

e (paths {quote h) (quoe"te f)} mesh)

mesh)

mesh}

clock (t:

clock (t}

clock (L)

clock {t)

clock {t}
EGHF)Y{(HETF){DHGTEF?}

clock {t)

clock (t)

0 .
((HF)y (HDFY{HDEFYMHEGDE){HEF){HGDF) {HG

- EFY(HGDEF

bl



1 el
M

Fig. 'TRIAL'.

Vot all the links
are bidirectional.

Fig., 'ME S H' .



APPENDIZX II

Liating of che CONVERT processor.



