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BIBLIOGRAPHIC NOTES

The idon of strustore sharing comes from Heyer and Moore (1972). 1t
s wied in the arginal Mrsdiesincespreer (Harani and Mébond 1973,
Raustl 1875, which, acually, was preceded b an earfcr, experimenial
version IColmerauer ¢ a. 1972). Thatintersreler 0 nct. have snyihing.
ke Tl it recods. Though sarishles wire shocated on » separte
stk contral lmes were also— # oke—popyesl only un brskirick.
g, Chusifiation of vanables ink ol and ol s i rluced with
the DCFrodog compiles. Wanen (19778 i the arigral wefereace, se¢
also Warren er . (1977 and Warren (13406). A pelimiaary reporton the
et NSS implemertation s Brusnooghe (1976)

“The idea of il recursin optimisaon is wel knows. Bruynooghe
s e sl L s TR in Polog, while Warcen used diffvent method
25 an aherthough sec Warpea (15604)

A oned el aplamtion o the mplementation pinrpls i Hruy-
nooghe (ISK20). N siresacs hoth the imilaty of Srucre sharme o
Camveriional handling of procedu insuances and.he similrty of Pro-
Iog's control siructures 10 a proaf iree. Van Emsien (1S&2) contains &
disciplined derivation of the control ko, sring from searchtree
traversal

Most implementations merge fail ofa recorts asd coairol fraes
0 a singl type of record. To our knowlsdgs. hey were st semaated
Dz (1979). 3 carly apevoach 10 lobal optiision. where they were:
talked of as the and-nudes and or-nodes of 2 search ree. We like he
seprion bcaus - ing 10 Yo L ot e buckscin s e
mented almost exacty as proposed—in a more general seting—i
o e 73, e e e o emetaton T o
ventions! comrol sructures.

4 comparison of NS5 ad sircture sharing can b found in Mellsh
£19R2), ith some comments in Braynaoghe (19610}

Mellsh (1381 i an sary approsch s utomate productian of mode
deciarations by means of globl fiow analyss. Other papers conrned
wilh giobal suslysis. Togh wut for 1he aake of eciency, are Bruy-
mooghe (19122 d Myeiofand QPRecte (198

At the time of this writng we know of 1w pew Compiers being
developed The references are Bowen et al. (1983) and Ballcu (983,

See al% Section 2.5 for reercaces on Prlog implementations il
corautining and pardleism.

" i of naresl, e shatl meniio, 1, papers describing impie-
mertations of Polog done by embedding i in snother progsmming an-
euage: Lisp (Komorowski 1982) o POP-11 Micllish and Hardy 19831
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s well 5 an okjest of the type

timeotday = record
Tour, minute - integer
exd

The complee descrilion ot compound obect mustinclude  defni-
om of s structure. Slucture is e principally by describing the sy
i which the object ard it components e iterreed. Desciiting hese:
tcreoatinasips ol eansists m mply EMIAg 3 Type came 103 A4Ee.
gate of Componears (65 n the example above. I s the programeaer’s
Fesponibilty e interpret tus name i terms of real-world elaions be-
Cween enties being modelled b the program,

In conventional programiming nguages. the sructare o3 compound
obect is usully descrived in 4 delacalon ssociatiog the object with s
type dofiaition. The type defnion Tt the name of the Ghject-campo.
nent rlatonship ype rame? and, possily. adatons! intormatoa about
£he siructure (i) of the corponents. The okyect 15 descebed by s
‘name {or he Rame of s ponier. The name's defaicion i extualy emote
trom it occurences.

A Fillrent agorossh s taken in Prokog. Here, the Iypc name is an
egeal part of all e Gceurences of (h ebjoet's Gescripion. The woia.
o i very simple:  desarptin of » corpound ahjec ¢ 1he ype Rame.
follawed by  parenheszed seauence of deseriptians of s camponsats,
scparsted by Commas. We vnte cither

rectanglel 19.24)

imeotday( 19. 24,

The notation i sl o tht ved fr weitng Bactions n mathematis
Termincingy rellets his oy, Th 1 po-nacn s alleda Retor and the
comporenis sre called arguasuts, There (s more (0 1 than superiaal
Aty of L. mplesymacic convenios Omecan orainly egard yps
such s rectongie 253 funcion mapping components o compouRd Objrts
Frar i pin of siowt s it Surprisng hat e con ave onctors i
arautent, hes ave mply constani, Sometimesi s S weful L havs o,
arguestfUnctors. o aample, theinicgee 2 cao e epresentcd by he et
suvesortsuccssorzetof (e fac that 2 | >0 % evdent from s st
ey

Fraom the discunsion e, i shuuld be obvious at the importont
steihanes of a unetos aee hoth i mame and it aey 5. the vmber of
arguments. i akas). Tn Prelog, we can i both

timoadsy( 17, 11)
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rences of x bave been replaced by oocurrences of ferm -. An sxample of
he Tl applcaten i

from ¥ D(S(Z), x. 802 ) p derive
DOS(Z0S(SCZD. SU(S(Z)))

“The subsitrion rle i Valid, of course. [n every madel of WK a(n), s
s or amy oot 1 Gl s who! the quaniibe say38: heae, st For
any pasticulr object,

1 shoutd now be clea that

“from ¥ a( ) 09 Wy & ¥ Yerive ¥z a5 1/ K2

i o w i e . It o b okl on s 1 goliedion of the
subaacion ale 1 1l models of W af¥) and Yy Q0. ot and flo) sic
truefor any r, hevce by The deBiton of conmcton 71 A Bt s troc
Gor any 7, and Wbeefore ¥ o(2) A\ Az in .

“The subsiation ule allaws us to malch difecen formula by using
approprine varisble subsiutians. Far exampl, we an sily shaw hat
=D y,2) s Incomisten: itk DIZ, 2, 7), because we can derive
= D27, 2) rom the Bt formula by Subituting 2 for %,y and z. We
shall gt uch sbatulons by

xeZyezacZ

o atilty fo match formulae allows us to agply o the problem al
fund implictions which express scnera s, Thi is best lustcated
with OuF ruzning exampls. (W, s, aposisaphes o disingush hetweeen

bl sinlly mamed, but antiod in Affercal scages or wed in
ifeccar sppications of a Tormula.)

L Match & DOS(Z), =, (S22
nd DS, ¥ (2D & W ¥, 2)
oy subetiuting x - 7,y o 1. 7 < S0
2 From & DXG(Z). x. SN
and DISEZ, ¥, SOZN & DXZ, %, SZ)
derive < DIZ. %, $42) bv the rul of resluton.
3. Match & DIZ, . S and DIZ 2", 5 &
by substi x xS
4 From = DIZ. S(2), SCZ) and DIZ. $(2). S(2)) &
derive £ e omply resolveny) by he ik of resoltion
& noteworchy featur f this examplc s tht the term 32, fally
subaiured fo the xin

EnSZLNANTIN
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Prolog. and anly a subsec of the usual system (bullin procedures. The
il s ncectace and Wovary i impleme nied in Prolog e Sccten 7 —
s approach was take n the ongina Marselles mplementaton. and in
o mmber of implementations sace. A short program calied the “hoot-
Scrapper™ (see Scetlan 7.4.1), writie in Toy-Prolg, v v L0 fsmits
o Toy-Fioiop ober parts of he user nterace. which we wrtlen & u
ighly estricted frm of the Usual syriax. Nei, vasious interfce pro
rams b bouded during inilation see Section 7.3,

"A Prolog program called ibe " moniior” suppocts 1 intesacive pro-
rarmming regime (s Section 7.4.2). Full Prdog- 1 sumia can be used
e sectons 7.43-7.4 1. A programs saled the “tramlator”cun be ured
o convers Prolcge 10 progeass nlo Tay-Prolo ute Section 744), The
Gansor shares 1ost of Th MmoROr" Foutioes. It can be used fr urge
interacticely debuggedy programs which ar 1o be oaded quickly, with-
ol repeac syntactc amalysis by he rather slow parses i the maritor
S Appenlis A fo & o crumpls of uch peograms.

W shallfinish this scstion it an cxaenrlo of Toy-Drolog symtan
“There ix o poiat in proiding 3 prceie descriiion of his lnguage. 1 t
s very simple and the recurcva-dascent parker (s feagmens sk the
READER. e e READER.PAS orthe diskets) s 1 strightforward that
it can ensly be usd 1o seslve all dubts. Ove cxample it

pTa el d [ XLY)g(Y,Xhna¥),
A1)

T0 ke it disely ucceplube 10 he READER, we write

ParnellLd 0 1) g 01 ST, ) 1)
B, ()0

See Appendix A2 Tor furher extoapks, The syotas s not sice, bt 8
Very sloce 0 the intaral epessentation o clascs.

73, THE To¥-

ROLOC INTERFRETER
71, The rinceal Storage Aress

Toy uses several disjint areas of memory Tor s dara structues (see
Fig. .1) They are hiced beiow.

~—<CT charmter sbl), used to store scings: print narmes of Protog unc.
1ors and predicase symbols:

—AT (com tabl), nod I sioe wotes. Tn i shapier “soms” docs not
demote » forctor Wil b0 acguara. T 3 1h enerc name of & reoard
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a3, 11,
et . L), atomi L, 31 ).
o3, L. awm( L, 11

s Lot
atom 10,11,
lexer 16, 1)
006, 10

The method of specfying the il graph isrther awkward, even for
his vl esaomple. Moreover, J Tequifes (hat terminal symbels be coly
caiies ey ungtors)—the resrcton s unnatural b, fortunately.
wnnesecary. We shall sow describe 3 slightly difren: snd uch hancier

Names o acds need na be conseculive integers. On he contras, it
s much beta 10 deive (unique) nams from the orginal sequince o
ectinsl syazbals than 1o nroduos avother, compltcly independent no-
meaclaure, We skall exploft the oné-one comcspandence beweea &
ol and th sequence of (comlvows) odges Following . Ax Chs rame of
o we shall ke the s f ferminal ssmbols Labellng he comespend-
I sequence. For example, the eftmost node uf the graph {3.1) il bs
o

A by e

2
a0 the e of e righmostun—corcspundin  the ety sequence
of nodes—will be

il
Withshi nolasion. 1be (ipici) clause desaribing the atom 9x becomes

ran.

Nolice how the nderlying sequence of temminal symbels can
without fesoring 0 soparal claviesfor @ ond x- s stmply the
ance” of the irt and the second node names, 3 md x I oot case, Fora
torminal symbol tis diffrence is guarantecd 1o consist of the symbcl
sl 2, 387, in

atoml 015 1.0}

xrrn v
nother words.  an eda comnects he nods X. Y andislubelled with e
\exminal symbol T, then

X-TY
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132 ¢ imple Programing Tk

@B roversel Toil, T) A aisch T, &, TA) 3
reverset [ 4178l ), TA )
@n el

These 1w Formule are sxasly The logialitexpretation o the followina
procedurs
reverse( [ 4| Tal | TA ) -
Teversel Tall, T), atach( T, &, TA )
reversec (1113,

T procedure attach c3a b derived In 3 smir way.

“h  Owma=IA]
@ UBITall wih A = LB ICTall with 4]

From (4.9) we con
@ T
and this fogether uith (6.

) ausch( Tail, A, TA 1 wiaeh([ B) Tail ) A, (B TAT)
@I atech (Ol A 1A

These dervaions e by o s uaique, Het i anDHNeF tessoning.
ol tars, it 14.2), We it stroduce TA s dene e | Tl od
P

@3 TA et LA | Tal 1] TA = rewt il wich A

which i cquivalnt t (4.21. Now we ntioduse T:

B (TA = el (ATl DIAT = ov(Tail 1) >
TA= Tuith A

rewiten us

LU T—

AGh(T, A TA) -
roverse(| A, Tull ], TA ) reverse{ Tail, T).

Inshort: e managod 1 define uiach by euerse. butth defnionts only
seful f we can Gefine reverse independants of aiach

Asolher methad of cevarsing st stems o s nlerpretation s &
stk tsee Secion &.2.1). I we mave the s of e stack cate natker.
they willcame up i reversed order Let tacki and Sack? dencee the
ks b 1his roversal. The in) sonient of he second atack il be

o Prulo:

Rl Siacki } - 4 Stk
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The busic buibding blocks of such formulae e predicaes. & predicate
canssts of u predicste spmkol (.. DI optonally folkowed by argu-
meats—a s oF e i parcathoscs,scrarated hy comarss. A
Varishe (e %, 9, 1, o & fonetor (&8, 7, 5) uith an opi
argunens, which ore tecrs. Telms decolé objets fn some niverse
more on tis presenily) and predicates scand for elarions berween these
obyecs.

‘A siale predicat i a formuly. & Jarger formula can be buik from.
smpler oncs by means of Igheal connactives. Th commonly used enn
nextive, fitcd i ondes of dasreasing priorty. s5c

—tbe ncgation 001"}, wrthea a5 <
—the comjacction €and ™. wrlie ax A
b daumcion (°0r), weiten ¥, v
b implicafon, witen a5 %
Paicatheres can b used ta incredse caity o overids pricey.

A formula .. also 2 subformula) can e prefived by a pumber of
quamifers, whase piarit slwer than it ofthe comectives. A quand:-
e can b

—h caltental quasitbor, it a5 3% and read s there xists u
e nversal quantier, writien a5 ¥ and read as oz all - of loF
any 1™

“The Formula prefncd by & quactier s called i ssape, and he quancfiod
variable isocal o chis scape (an oceurrence of s name babde the e
does not denote he sams ofject. [n h chapter we shall deal only with
fully yeuniiBed formule; .. our orlie w0l no conain nquanifcd
vartbles,

Our sxample Tormutus cum b rd as

o any object—cul it x—tbe objoet Z s inreluion D with x andx”
ol

for amy three (nt necessacly discint) objcts—call them x,y and.
= itn,yand 2 aro i relsion D, then 50 are obucts (4 ), ¥ 404
Sey

{n prscice, it s more onvenicn 9 vse & lghly shbresiaied resding. in

which the recond formia i

o

Ky and 2. R(x, .2 3 implics I $( 1), 7. S0 62"
Formalac of his kind a: purcly formal sstements, One cannot dis-
s whether they arc e o fals, beeauss my proticuler mevming i1
autibuted o the funetors and predicu ool Ttk sboul  formy
B4 meaning, we mast give i an Iterpretatie. An Imsspretion is o
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ous ara of MT. Accessing a charastr protatype zequires only the
addiio of i ordial mumber o this arca’s address.

(Certain tber okects o have cepresentations o aidcases knovwn 1o
the interprcier. Apart eum “pupulur” integers, characters and the
Auramy Sarisble, There s also » prcatype of th atc [| (s (he begi
ning of ihe lob variale declararars for & stng ofallchese addresses)
‘Adresses of aorys sequirng special ratment are Kep n he table STD.
e e deiuion of Wpe sdaromd), These s also the protocspe of u
dummy clause, whost boly consits of 4 singe call 1 e, located at
adivess emcalseq

Prosedues. for handing tomm represeniations ure quie SIIRNIOY
ward. Daly prototype Gresion might aa bt imme ditely obvious. The
methead i qule sisil 0 tha uscd o reating entrcs inthe dctionay.
A prototype i alocared hy inveking inhpror st inforraton abaut the
main funélor. Arguments ae then Alled n by riewpary and newpIGE,
and the process (s termizatod by wragprot. This procedure checks {f sl
he arguments are groumd—s e ths i thecase, the prototype i moved
0 he ground prototype aea. Mot hat the process is ibherenly recur
sive, 13 sgument profulgpes may b crasted befors hei paent 161's
rovarype 5 rapped up. T 1 swhy inipoor must be used: plecemesl
locatins weald pot preserve couciguity.

A short comaent bt termins, Lo rovedurs usualy veed o reate
Serms o che copy stack. Non-yarisbl argumentsuce represenled mot by
diree paitters, but by negativ values, a5 i they were all Tomed by
insantiaring pré-existng varables. Thy s ocessry becuuse e o
dune orgument (uhich Rllows chaias of variable bindings fo ocate the
fiml instentation) cxpects variabke wgumeats diectly iside the repe.
semtali of hei parea ecms, A recurive call o senist a1 reiam &
variable and treaiag the uarabie as 3 norml argumeni—by Inseting &
posiive poiner L —would breas e chain of refernces. (Such thisgs
are nul cusly seen, and the exronsots SWAlons ace rathr insequene
This g s he bt 10 locuer)

734, Cantral

In Toy, clause bodies are represenied 3 rototypes uf st The I
elements are protetypes of salls, and auee of then Is an ileger or 3
variabde, Wiile not direlly relitod fo the eatemal form of clauses ia
Prokag-I0, tis representnion is very regular and coy 1o bandlc

"I rheehod of reprasaning conrol sate i almost exacily ke thal
described i Chapter . Theprincipel differnoe s vl The varable part o
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13 Opcrtions 15

Here, again, we have & compite deiniion of this procedure. Bl
‘et ho the order of parameters s 10 meaning i tsl, o we gt
s well ave decided 10 pass 1he consructed st {rough the At o
cans bject Another, Obyec, Anotber ).
Vaciable names hyve s isherant mesning eithr, 50 cons is redly the
sorve us carcdr, Indeed, when we read out the specifcion of carcr, we
cheated  litde: “he porameter musl be.” or the raramclcr i o he-
come’—these distinctans were nol present inthe spoxifcation.
While both carcdr and cons suul] be s0 named 1 reflesc chei i
teaded use, they aro both realy a single procedsre

e Tail),

Thi i nac very swrising s vors i the eeverse of the coin of which
carcdr s the fce.
MNow the cal

conscarcdt 123(1. £.T1
nstacvites 110 1 264 T t0 23] and che call
ol

insantiates L taa b1, Bt howis it don? We shall come 10 a5 00m
25 e have cleared up a point of symtas.

conscaredr Head Tl

comcarcii L.

122, Dirstives

In versions of Proog deriving from Prolo:10, he st of a simple
Brocodre definion 1uch as our ronscarsds sxample need 1ok nicessarly
i Erom th of o proceduwe call. The meacing is defioed by coniest
"Such ol syatems Nnciion i o mdes the command mode and
ehe defmtion mode. Commana mode s he defoul
In command mede, the system reads and exscutes dirsetees, The
irstives aue v i rom the ar's hermiael o from s Sl Each dirc:
e i erminated by » Tllbtop b horieree manedinely followed by &
whits space Character, incloing newine), and & ther  ywmy of 4
commund. 4 qucry s § proccdurc call o 3 sequence of proceue calis
<oparatod by Gommas. Roughly, s cocution comsists o eneulin 1 call
nd pinina the resulling varlabls insaniytions (e the el uf Section
123 for a more precise descriplionl. For example. i conscarca s been
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¥x sl

48 ¥a studenst x . 11 neguion—io be praved by reductlo 3d b
dumeis

% = studenti x)

Thisdiccepancy wascommentesupon. oresampie, by Clarkand MeCabe
15b1a 13806] s Dabl {19801 InCProleg (Clork el (9626) e probs
was.solved by renting o el With variables < eevanecus. Thic e o 525,
neaation in hei system is oy applicable 1o ground predicates.

acept for nr,forced ailure 12 used primarily for ffcicocy. Many
Prelog implementaions have na garbage colection. bul upon backisack.
ing almost 3 of thom very offcionly eeover some Sorage holding <on.
Ieolnlormation sl term insanccs xcs Chapter 1. We Sau fake sdvon.
¢ of (a3 it e Ui eTociu i One of chem
libte ror”

O the ace of i the tick is pintiers: the cal

v nor €

suxceeds i and oy i C does, We shall (s the xecuton of this cal o
show s hidden offect. Avsume frst 1h1 C susceeds; hens are successive
snapatots

ot g0t
noLC, 2 il
.1 Gl
S, it

% the cut will commit the iniemal acn
i, ! gl

% RECOVER the \erage usod by C

75 und huckirack in the external o
success
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43, SOME PROGRAMMING HINTS

W have cllected here some dou0-3rth suggestons which may
ough syle i arely 2

mater f e, some of the hirgs we have 10 5ay Rave long been presat

in ProtogFolKlare, nd e el Tty caniden (i 2re warth presen .

433, Uing

Ot Procadurs

Fescntaly, Ihe eut commits the currenlly SxESIing BHOCEALNS 10
whatever i might have dane sine s azivation. This i precicly what
mokes the cuf # conoversl fealuc: tha ic £an anly be iterpreted
dynamically. On the othe hand. he variec o lsses and ifs power ke
it an impurtantFoior i the cmgencs of Prolg s 4 practval peogram:
ming Jarguage.

I Chaplers 1 and 2 w discunsthe eot—in  very geoeral manner—
both 35, cxtrogical meclaniam and o 8 ook fo impraving éMciency.
Here, e shall cancentrsic on s applcations

Tespite Proog’s isheren noadsterminir 1% usual sompuiacan is
moetly detrminishc: fhe mayority of prosadrs are xpected 0 produce.
& single, welldeind respansc 1o any particular s of irpul dla. Most
procesdutes are siriely detceministi % most anc clause of 4 prosedure
applis, egardless of th sciual dan.

Wik he procedoral interpreafion of Prolag in mind. clauses are
communly wilen s

head st actions.

A cluuse is oxecuted or s actions which can be performed f and ualy i
nead matches the call and ll st succecd. This conforms (0 the Fanda.
merial notion of guardd commands (DY [975). Sore Pralog dis-
s, . - Pralop (Clrk ¢ o 1201, e provide seciol synta. for

' 3 determisistic computaton, feris have succeeded. 2 o1
execuied immediatly Rlar ess cammits our chasce of The clause. The
cul saves us fothermunnecessary—HCipLS 0 EXeEUe the procedire n
he cae o  ilucs ateron. 46 2o sxsample of s Gy eplca husion,
Sonsder the [ollowng:

5 Reurieve feich ) the grammalicaldeseriphon o & ward,
5% 23l f there 1 10 euch word In the dictionary.
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s of 5 dferenc Ls scrving s 4 ingul 4nd ovtpat paramete (sce
Section 311

7.4 Orveevie of the Monitor

“The core of the manior i an implemtation o s ilin rocedure
read Tkt s vsed v vscr prograsms (sce Seclion 7471 The user
Communicaes with Pralog Vi n neraciive "drver” which operaics 1 &
oopterminated by exee tingthe procedure siop. T each cycl the dives
prompts the urer with

and then reads and exccutes 2 directive, The symbol tabl reumed by
Uhe tworparomeler read: e the ead of Uhe X cction) s sourcs
mames of varables it variables pruper. Afle succesfil <xcouion,
the s9mbol 1ble i used Lo display rl istans o thes visbics, wnd
the driver awails & priiable character. IF I 15 3 semicnlon, execuon
Lesues widh forced falure, el prcescig of s directive erminals.

" dirszive can be prefised with - (we call such 2 directive 3 com
mond, a0dThaL wilhout ihe prefx s guery). 1L will hen b exceuted deer-
‘ministcally, and varible nstances will ol be prinled. However, nither
2 non-unit lause nor & gramms rule ke sense when read dicely by
The diver: 2 Gwo-parameter procedure - o - (presumably undchned)
wauld be clled. User procedures can he defised by callng the bulltin
peocdur. consals or reconsulr; both ar Inplemented In he diver. In
eanuult e, term L K. ened 350 ity e i ransied
by the e feamsl e Gsce Sectinn 7.44). A one-gaameter 1
C i nestod s 2 comnruand and executed. Gt terms are reated 24
program clases.

“Themonitr is el in Appendia 4.3

743, Resder

The syatax o Prolog-10 is only deceptisely siple, 0 Che reader is
Eatner Involved. One wonders wheiher 3 simpler syta wouk! necessar-
iy s e Fendly

“Th main compona o he realer s » parsee which produces il
seprscntatons: of terme ou input {Append A3, Tt %0 332). Transly
G of . inlecul sepreseataion o 3 erm proper i quis SIRIAIOR
word llok ol the listgg ol the provelure oaketerm, lines TE-357. afle
Feaching the end of s secilon).
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3¢ The word may be given a5 st
find String, Deserplion -
teticrring Sinng ). % yes, 2 sring
poume( Word, Stiog ), Fechi Ward, Description ).
%0 33.0 word, . oullary fntor:
St Wore, Deseription )
cword; Word 1. % yes. 3 word
feich( Word, Descriplion .
98 Rejeet ol dai:
find(Bad, 1=
o onenringl Had ).
noi fword(Bad 1, % yes. bad dats
Sl Bad 1.l

I his procedure, cuts may besafely place afer lests. Notive, however.
hat a cut Insered earler Changes the procedure’s behaviour, and a cut
altet frich does not workif 4 word is bseat fram he dctincary. (1 woukd
als have rinous effcts i fech wete & pondetermiaistic gencrator of
Synonyms.)

b we w15 he " guurded cammund- syt o prograTIMIng.
he Dillin proneciure aot s Tesquenily used (o inver (sts (ut see e
gianing of the mext section fo s riefdiscussio af o's poculiaries)
Haweser, we would not e 10 Perfon eXpensive fess wie. a5 in his
Suample

ddunique e, List )

prasertinalonghs{ Hem. List . ignal gt iem )
adduriquel T, Lise )
ot presentinaongli len, 13t ). addiemt tem, Lt .

We can replace the inverid teat with s cul ater the ariginal et

adduciue em, List) -
erencacinalongli Jem, List ), 1
gt dupl liem 1.

adduniquel lim. List 1= 5% not presen._( e, List)
“addtem trem, List 1.

This procedure can be inerprered as

I present..{ lem, Lis ) then signa.dupk Item )
e addbiemt Em, List

i i, perhape, the mest frequent pplication of fhe cul. 1L must be
remembered. tNough. halChis use of the sut 5 Exralogica: & clause vith
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metbod we adopt here leads 1o an clegaat ormulstion of 1he parsing.
problem in Prolo.
e shal depict  sequéne o terminal ymbols in 2 rsph (1.2

L e I
Every ot nhis raph conesponds o boundary betweer (w0 conse:
utive termieat sVmbol; every edge comnesting two nodes comresponds to
o terminal symbal it s Jabelled with, Two g aee comigaous  thy
SRS TOdE 3 5E QU ..o oF s comliguons e, amd ot ¢
Conliguons ot = 1. . .. | Forcxampie, t dges Wbcled b 1. &
are comiiguous, The labels of camtigous cdges ae alvo conigucus.

X sequénce of contgtos bk mey consiuie 8 whee whic is
mearinglul 1 thai i comesponds o th rghrhand sid of @ production
For extmple. he only) label of the one-clement sequense of edses

onsitunes a et he bl of 1 sequence

consiate an stom.
We shall descrive such meaningil comtinalions by connesing the
extreme nodes of 2 contguaus sequerice by an cdge. The edge wil be
fabilted with the name.of an appiopeiate nontsmminal symbel, 3¢ for
example in Fig. 3.1
“Tobe abie L6 fepresent raphs i  program, we mustgive each node
nique name. Tor example, we tan oame nodes vith mumbers:

We can sepresent such 3 graph as 3 set of udges. cvery cdge ex
pressed By a. lause? Tha specifes the labed of the gt and the names
OFthe nodes it conazets. Peshaps Lae most compect way 1 1ause dh lae!
2 the clauee name, =,

atom( 9,11}
Jouert s, 101
s 10

I T RO —
a5,
*Fac s s of o s o o s Stors 2.4 443,
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TERM =:= TERM
'PAKI and PARZ are tzaced os nteger expressions and exsivsted.
e prosedure suceseds orly if bolRFarameters e proper nogrr
expressions {sce 12 and thee values are cquol. Deinel in Pl

TERM . TERM
3 abave, but ests whether (he values e monesual

TERM < TERM
‘s above, but exts whether the valoe of PARY s less than that of
PARL

TERM < TERM
a5 hwe, but e whether th vslue of PAR| s ol rester U hat
of PAR

TERM > TERM
a5 shave, bt ests wheih Lhe value of PAR i grenet han ihat o
FaRl

TERM - TRAM
i hewe, hut fescs whether the value of PARI s ot Iess tun thatof
PaRY

NAME @ NAME
succeeds anly when PARI precedes PAR inth [exicugraphic ondr
s defined by the undertying ASCL collring sequence).

NAME @ - NAME
ke <. bul Lests whether PAR? doss mat prosed PARI. Defined in
Puotog

NAME Gi> NAME
like <, bultects whetber PAR2 precedss PAR . Defined i Prolo.

NAME v NAME
like 5., bt ests whether PAR dovs ot preceds PAR2, Defined in

Prolo.
56, TESTING TERM EQUALITY
TERM - TEAM
i 0 uaify PAR and PAR2. Definc in Proeg:
X=x.

gy AR VAR)
‘Suszeds only when he parameters ars L wtcurences o the same
ondummy variabl. Mot in Frolog 10,
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133, Ha 1o Use Backirucking

Wb s procoduce inslamaz s baeKTaeked 1o, i behaves as i mose
secently aotivated. clause did not TGN i <all, We san therefore use
eekiescking o implement cxtended ype chesking.

Recall fom Section 1.1 thal we found it impossibl 1o urite terms
‘which could deseribe Eroetics such 45 "Whc OBjce s & panter's aame”™
o b (il 3  propely cumstrustol [t In iher words, while acher
porwerl in certain respects. his bind of type specifeation is weak i
others. Thia san be remeed by using procedures which do adgiconal
ype checking and cithe Tl o suecessflly erminate, depending on (e
aicame. 1 we want pracedure g to accepl only properly consctod
tepresentations of painings. we cas wrte

af it paier, Name }
apainter Painier ), process! pintingt Pantor Name 1 1.

spainie rembranat .
painier velaquez ).

Here, the rete ofisgaoter i smilar 10 the delarstion of n cmumeration
ype in Pascal

Prolug s severa tuifin procedures which can be used o vheck.
propertles of objects. For exampl, on can chccke whEther Ihe et
denoied by Something i an nieger, by seeing wherher he call

nteger Sumcibing )
succeds or

‘A rumbor of builin procdues implemcat compuriaon apertions.
Like s, poccdures for comparing ieger values evaluate torms tesee.
bing conventions arthmeic expressiams. The procedures an: <

tequality, =1= (nequalit), = and >. Ther munes ate prede.

clred 34 inx pecdica symbals. For caample he <l

(ST R
will be el Ther are sl procecures comparog noninteger con-
st acconding 10 ther eicagropbis ordering: G, (=, o= @5,
For cxample.

aioha @ bein

s 8 itng ol
Bty of consiants can b determined by means of the prosedure —
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sighthand_side — alemativos,
alicmatives — altrmatve ©

alcrmative, | ' |, ahomics
sllemative — L1]) : al._ems,
Pl e — o.rem { Rle. et | 1, . cems.

uleiiem — norferminal ; erminals : Sondidn 15
€1 aematives. | 51
monterminl — name ;
came. [ ].lst_of.terms, ¥ 1
termins — LT 11t of terme, Y | ; sving,
candifon — [ "], procede. bedy. ¥ |
st o terme— term rerm, [ 1, ot fere.

Defiriions of mae, term, suing and piosedure_body ar Ief a5 3

i should be aacd thal b riginal ppeararice of grammar rulinthe
Marseiles interprtee of Prolog | (Raussel 1375} was lighty diffrent. In
purtcular, no alematves were allwed, and erminalsymbals and condi.
tions could ot be combined. 1110 g the favour o, we shll rerite
o Marsells alan. o of the granmar rls for saiements (Section
243,

STATEMENTS( +5TS )
‘OTHERST( »ST, »STS ).
OTHERST(-STi, SEQ( -S4, +5T5 )}
. SSTATEMENT! 45T2 ) -DTHERST{ +5T2, «STS )
OTHERST( ST, <57 ) #eDELIM
#DELIM _STSDELIM( -DELIM ).
OTHERST, “DUMMY1, *DUMMY2 )
#+T ERRONEOUS{ «T .
-OTHERSTL ST, #5T ) == .
“THIS FOR THE AST STATEMENT.

STATEMENT( »ST)

35. PROGRAMMING HINTS

s,

. Bifency Comsiderstons

Metamecphosis gmmars <omespond o Prolog progtacss whieh -
plemesd 1 very general parsing sraley; nondelerministicop dowa ars-
{rg it bacidracking (Aho aad Uliran 1977 Grice 19713 The pery

costal i stctegy s axpomenial. Thic s e disadvantage ofche gane.
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SUBIVAR, INTEGER, INTEGHEY
‘Succesds after unifyng PARY wrh the value of PARY = PAR2

The Tolloeing ane comre macstion Fatoms for pro4 (it in Pro-
log-1m)
pewIONTEGER, INTEGER, INTEGER, INTEGER)
cusceeds oaly i PART 4 PAR3 + PAK3 = PARS
eA(INTEGER, INTEGER, INTEGER, VAR)
succeeds aflcr anifying PARS with he value of PAKL + PAR? +
PaR3
PeoUINTEGER, INTEGER, VAR, INTEGER)
sncceeds afte waifying PARY with the value of PAR4 - PARL =
PAR2
ProdlINTLGER, VAR, VAR, INTEGEH)
succeeds afier unifying PAR wichthe value of PARd div PART ard
PARS with the value of PARS mod PART
Br(VAR. INTEGER. VAR, INTEGER)
ik the peevieus one. bul with PARI und PAR? exchanged
prwdINTEGER. VAR, INTEGER, INTEGER)
Talls i (PARS — PARY) mod PARI i mo 2cr0; thorwise succosds
afer uniying PARD ih the valuo o (PARA - PAR) div PARI
prod(VAR. INTEGER, INTEGER, INTEGER)
Tike 0o previous ame, tut with FAR) and PAR? exchang=d

TERM s TERM
the procedureis sesares PAKD s n i expresion, 2. 2 teem
omposed of nteders by means of standard arthmetic unciors: +
Ciary and umacy), — (i and unay). +, 1 mon. The procedure
il f PAR? s o an imeger expression. Oierwise it evalustes the
exprescion and s 16 Ul (he value wih FARI. According 10
Prolag-10 conveations, i can sho cratuate a It

| INTEGER |

s this INTEGER: .. 51 5] succeds. (This 5 necded in Prolog.
1D maunly for evahuting single charscter weings 19 ASCI oodes.)
Defined in Prolg.

5.5, COMPARING INTEGERS AND NAMES

JessINTEGER. INTEGER)
cucceeds only if PARI = PARZ, Not in Brolog 10
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luses e curreat wput e s becomes current, Has 1o efect if

the currem e i user
(FU ENAME)

he spesifiedfle becomes ihe urent autut il h terminal' zame.
clling TERM)

ees w iy the parameter wi
ot

lokes the curin outpt ie; aser becams curent. Hs no st f

h currem Mo 1 mes

e mame of the curreot cutput ke

822, stng Gootrol

he Toy-Prolog intrprete enctains a lsting swich. If the svitch s
on, cach ling read i fom thecurren inpu s sied o th user’s il
hi s sl when ne wants Lo see whal i b read from o i k.

coho
‘Succeeds afle urning the It swilch o s 10 offe T the swich
i lready on. Mot in Polog 10

aecho,
succeeils aflr tursiag the living swich off: has 20 oflect if ihe
Swich i cudy off. Mol in Prlag. 0.

573 Torms

dsplay(TRRM)
“writestheTerm ont the cus cutpyt ThG tom i wrtien i -
el ol (pecix Wil parentbese) and dentifees re ot quotod
“ven f ey narmally sbaud be. Varisbies are witen os -, where.
s an ddrec. There & no gussaniee that a variale will be peined
a5 the same address o dTerent invocations of lspias. 12 Frolog-10.
aispls s & finle Gflcrent it sbwys. wries on the user's tenminal.

Wit TERM)
‘orite the terta o the curren output. T erm s written accard-
i1 1 operator declarations cumondy n foce, No ideatifcs are
qUeied Variablosare wrifin as X1, X2 ete. Foch invacation of e
beglns numbering iam 1. 51 thal ¢ 5. the el

writh X ), witel (¥, X))
will produce
X0
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anable rame i shifled 1o repkce the ancestor Yarisbl rame, nd the
conteol sack is popped 5o that the anceslor cuntnlframe besomes top-
Mo the most recenly acivated uhuse s sillacessble trough cprocs
“The algorithm is made » Bl complicatd by the Tl (ut he shited
aristlex may be insiontalcd e S of o the desteopsd (avertoid)
Curiabies. Bolh cases e lhsrated in Fig 1.5

Th 2t procedure simply remaves s many backirack poin: resords
a5 necessary (possibly Tone) 10 ensure th the allnvoking he proscdure.
contaoing the cul—and al subsequent cals—uil ot be eried. (The
e excepions o s rule: notce thal 11, 2. cal| ur leunsouren 1o
he cut. Aflr porcing off backirock poiats, T iderprete it pASE
he (opmeat ection o fh 11 o semoue eferences o varables which
e s lomger fozen. Thi i necessary, because such varibles can be.
‘Popped of, o shited, during TRO, Nokce hatthsmethod of TROappied.

o

IEEEY)

i e o e, i e 5 ¢ AR £ o k57
ittt o, 1o Rt a5 s ¢ a5 ot 50 The
e of e s e () e s e o P 4 ST v
7ttt 5. Ths it o ol v s 2 5
el he s a5 The U e o 1o e i
g 55 1) S v 3 s S e i e
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consist of alsbute values, <.

< 38, Whiee, 1, 30,35
Tuples belong o the se1 deser b b relon whems which species
ey, doming and ordes of asibtes, €.

EMP < intoger empro, vicing mume,inge dno.

incges salary,ineger mgEmo >

DEPT - integer oo, siing same, Integer ogrno >
oo tuples may shar the valur of xn attribue, ard thos implicily F4
it ome group: for cxample, Brewan asd Thors ore both suhol i
& mansser whose nomber i 21.

“A relation can b chonged by inseiing, deering or updoting some of
15 uples. Thess operatons are eferred 15 s data csmipelatios

A query o the daia base i answered by enumcrating uples of the

age o “tolal" over these uples). Most queriesur Crpressibk s s
of she ollowing primilve operations va relions.

—Selecton chases uples for which 3 given condition hokl; or Cram-
Dl we can aeect (om EMP thnse empinytcs of depuriment 1 who
s aer 30 there e thre i rapcs).

— Projecrin neglect some atrbutes xnd fpoml) recedr e remain-
g one: o cxampl, we <an progecd EMP Gver nume, e, and
s, 10 461

< Miller, 1, 1500 >

0 seven other rpies.

—lain of two rlations A. B forms  ncw relation. 1 ousists of hose.
consaicastions of tupks from A with tples o B, for which.a given
condiion holds. Far cxamgis, the join of EMP and DEPT, such that
department rumbers coineide, coasists of he ple

221, Joncs, 1 1000, 13, 1, BublicReloions.

s six lbor B-upden

—Uisconeiions i ix & prodet: For EMP and DEPT the product con-

o of sitsen R

—Finaly, set operations. namely walom, Wterssction and differeace. can
b nppicd 10 uns relaions whow cartespanding arhutes belong 1o
he some domain, L. whave schemata differ ol n rames

Much of this conceptual Ganework is naturally Gansased o Bro-
Vg, A relation it modelled 4 ¢ procedure made of unic clauses which
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member phons( keull, Nurr 1,
Phonsl mann 1 Vghonst hesse,S ) phuaet knll 1 11}

Snsamistes Number (3 11

ther i nformation.setieving cffot i coupled with bucktruekieg,
the result i rather uiking. Consider he procodure

mersectt L1, 12 - mambert B. LI . momber B, 2.
‘Wheo given o seis represented b lss, the procedure terminates s
Sessfully it st otrsoctand Flsif ey ave Uisiont. Her s (e ol
What hagpens when we call it
e 4], cdl]). wiie( ok 1, ol
1. intrsectiab 401 £ ), weietok). .

s Acivates the procedres

Li—abedl) 2o edll
2. member(E .51 1), membt.c. 41, wrle(oky, .

Tactivates Ui st elaase of mernbar:

B e e

3. memberts.c.41)), write), ol

fonl the sccond clause maiches the call
4. memberta,d[1, wiletokl.

Goaly he sctond clause matches the call
5. memberia (1. wrictok). .

o cal 10 remmhee Jil, nearcst “harler* s i the procedurs cti-

vaied n sep 2, 85 we Rackiracl o Tl silustion)
5. member(E, b.c.4 (1), membertF,¢ A1), wrilok), ol

he second clause now:

s B, Tl = bicd £
7. member(Eb.c. 40, membertE,c A1, weieiok),
e s clouse:

BevBULE )
ermberth ¢4, writeiok. il
membertb d{D. wrieiok), .
memberf,| 1. wreloKl, ol
wsiure, Eackieacking to step 7)
1. member(lb.c A1), membertE. .4 L1, weiciok,
(the secom) clause ow:

B ew b7, T 1)
It 4., wrttokl, ol

12, membert
the rst

Ew EI B )
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timeakiayd 1713 )
in the same program. Even If the ixtendod Interprcalon 15 the same,
these e I diffeen: cbject: one has Lo componepts, and the ather
s one, There are also cwo diffrent functors. bosh named timeofdsy.
Whenever s speak o a foclor it conteat which s na ndicalon of s
iy, dhe arity mustbe given aplcil. The suslnotationis o st aflra
slash: iseoftay or imeofdy;
he lexical rles For forming functor names are he sare for ol i
o, bt inegers can paly be constancs. Thus
k)
is Incorrect, but
nyiab

i perecty ol ight. Ao, 1 i rly 3 constant.

Ouscr Descermons

Descrptions of cunstanls and compoued ahects ae reforsd te s
verma, Usaally. the objects themaelees are o callcd erms: i canses
0 confusian n practce, hut n s chupier e sbull ey o cisinguish
Retween the twa meanings

“The arguments of  ferm are arbirary (erms. For cxample, one can
Whte 2 term descriing o ecord”

ustomert namet yohn, smich ),
adoresst sl nomh_ave ), rumber (173)1).

07 the varous fanstors in his example, the cutermost, ustomerd, can
e 52 10 efne the encral ieiune of the lem. I i called the o
Rencto. o pracipa fancon. Similaty, came’2 i the main fuacior of the
i sraumens.

Hiors s another cxample of 2 comnmen daa silciure. A it cao be
defined s cither the empry s, or o ist constrocied of aoy ot & heads
a0 8 ls (o i) A st of the st thze eters i the aiphabet could fhen
be deseribod by the term

Sonst a. cons( b, soust <. cmptslis ) .

“The following tren would be 3 descripion of he two-clement s <one
nicted of the abov et and a st conlioing, he integer zers

const et a.cons( b.cons{ c.eepiylst  coms{ .empiylist) )
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432, Faibme a5 8 Progranning Took

e procedune nor, used 1o invert tsts, owes s poseer and concise-
ness 0 the combuned efectof three extriogical mecharisms i Prolog:
varible call, the cat, wnd Foroed o, Recal the defintion:

otk X

ool
Oberve tht the second clause performs no instantiations, and any fo-
aniasions in X st Fas b undanc i Catrs. I o e, s
parametce will remain intact. Therefore, af il vetun snyihing. For
exanmie, the cal

not sudent( X )
wih uiostanisted X wil o fnd & panstudent (33 might have been
cxpected). Tniesd, it will ll f Uere s 2t feasc one studem. e.g.

studeattim 1. student( i )
checwise i will succeed with X st a sarisble. If we nsis on Grving
Bonstudents. we c lock for them among NewYorkers

aesyorkeet tis ). newyotkertjim ).

aewgorkertjil ). newyorkerl amy )

Now the command
- mewyocker{ X ), ot studea X ),
wete( X 3., fal.

il prin.

amy

It s b cmphasized hat o cale with aterm contale variables
doss ot implement neglion properly (< Clark 1976). 1 th all not
tadomiX) tusceeds, then we hal

— B sudenti x4
which iscauivalent 10
Ya - vuden(x )

0 the e end, soppese ot e —. The command
o studenic X ).
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2 PROLOG AND LOGIC

24, ITRODUCTION

Prolog” stands for “Programmation en logque’” (programmiag in
Togie). St inerpretation of precdurus (s Sectian 1340 & pomsible
becaise Prokog can alin be viewed a5 3 system for proving heorems
expreviod in ogic. Adopeing This iewpalnt can uovide the programmer
will v insights sbous he vture o b ask

T (s chapter we alempt 10 nlrduce (he fundamenals of s a3
pect of Prolog i an inuiive masme. Tull appercistion of the subjecl
possiblc only for pcasle ih 1 s0id backeround i mathematical ogic,
and wcassume sour knowlage of i ey camuntary. Conwaucnly the
preentation ot lldantly e, wod s nes (e eminclogy 1
o R unconventionsl: we 17 sievest i rolog racher han lge. The
chapter s a shortcu, <0 i some plces you will ind i hary going. & more
decad, butsoll noctchrical reameaccam be found i Kowaki 19790).
Anoescelovant ks Robinson {1979) Seca o van Emden and Kowalski
ooy

22 FORMULAE AND THETR
INTERPRETATIONS

Belw i uie of ormulae witen i he langage of redicae logic:
fso haown a5 Trst-ondee ogic r preficae cakcolus!
2 vEZ )
@2 VxWyVeDix 2 P DSy, 8(2)).
o
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3 METAMORPHOSIS GRAMMARS:
A POWERFUL EXTENSION

31, PROLOG REFRESENTATION
¥ THE PARSING PROBLEM.

We shllbegin il  very simpte formultion of the parsing prablem:
Siven 3 sequence of e, fnd aut whether i has sarme precupposed
siucture. The probici SPBeaTS .5, in Deogramming languages when we
AT 10 make sare i somes (! s symiactcaly vk statement, Ad
misite sinictures are usually deseribed by & contexvee grartmar. Ax
an example we shall onsider the following srall rachnar i Backus—
Naur-Form, which describes sumple ls sxpressions:

< suam > e e | < ltter < stom >
Slettr e x| ble[a elElgInIin(k1m]
nlofelalrisii ulviwixly|z

Terminalsymbob. o hi grarsmae s sl lttors, round bracket.
and 2 comma. For sxampls. the Tt

Gatigon)
cosists of 12 terminal symbols.

“There are sover) commonty used meihods of describing the sirusture
of alistfor, mor generally, f a valid sequence o terminl senbols. The
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I versions of rolog escribed e, na s oo and e pro-
e symbol i reseclared s 4 pef syl Eagaring e n e, e
wonld it the dicetiv of Section 13,645

- writer X ), ot female( X 1. et X ), ol ail

Variable cals c3n be used o deine many usefl procedures. We shall
e by showing two coraparions af "nol": “and™ and "or." The frst (s
it 25 3 camma and the second 3% o semicoloa; the G succeeds
when boih s parameters—laken # calli—succeed, ad he second suc
ceads when ciher o 15 garameters succceds (ot ¢siablishes il oinl i€
it he fse o). Thear Gefekions are

RIS IEr
A A

‘Comma snd semicalon are predoelared as nbx symbals. Aftor defn
ing do. we could wrie the directive above 35

do{ {wnlert X ). not femaiel X ), weitef X, i, 1))

“The xtra parcatheses arc ncded to avoid confusion with s call (o duf.
erioriis e chosen 0 (it

artworki X, ¥ ) uintingl X, Y ), i ¥ 1
cichiagl X, Y ), brass ¥ .

s equnalentto

artwark( X, Y ) -

£ priningl XY )G Y 1),
X stchingt X, Vbrassl Y )]

To make e comms and semicolan appear  par of Prog's sycax,
Prolog.10 and some o 1s ffprings mule the <ot Shave somershat Gt
fezenty for thoss prosedures: hey are *lransparenc” o . Thut

artwork{ X, ¥ ) paltingt X. Y9, 0 ¥ ). ¢
ciching! X, ¥ ) bass{ ¥ )

‘avads checking the second aheratve I the first uccends.
A similer <xception spple Lo shisbic all. I he proced

*x)
)

bx
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4 SIMPLE PROGRAMMING
TECHNIQUES

41, INTRODUCTION

Programming in Prolo Uil from prograsiin inclassical (Prosal-
tyle) langusges pimaily o1 e levelof i widoal prosedurs. The 3rger
e prugram, the more suilble he genel ecomnendations of prageam:
ming methodolosy. The avantages of sysematic op down design of
Progrsen, modulariy,clean imrface, 1., ars cenily independent o
e progsamoing langusge used. Design and <oding lechniques specfc 1o
Prolog sz due o s dogeal oriin

I Section 13 ¢ Chapter 3 we discussed fogical—staic -
pretation of proceduses. Ths Interpretation makes it pussble o design
gt Wikt paging AE Dl s nlay—lo Ao 1 cumpu
Harion will praceed. O anly recds 10 adizae whot wil b compuled
Kowalsi (1374 1979a) colacd an " equation”

Algorchn = Logi: 1 Cantrol
whish helps clarily The disincivr festoce of logic programming. T iy
‘dorsined har gl programming relieves che peogrammer o (he bundea
of specifing sontrol information or hr program. One would Bke 1o say:
compleely relieves, but onforturare {1 exst in Prolag) this i not the
Gov Moy sl Bull-in s, st an (he . ittt and
peogram wodfcaion procedies faeer, te xee Section .11, eanol
be nterprted sttially. As: reslt, 3 pracical pogeam ray o usually
b desipned withaut paying resard to contral sformation.

T —————
exghony
.
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Al these operaions e nealy explaned in ferms o stai inerprera
ion_ of procedutes (ry for Yourself). Sel operaicns are even mare
straghtforsard. LetofX, - X,) and b, . X,} denols generalor of
wpies. such as "DEPT'CB, R. 3 yor f M. B §3. We have.
AUNIGNACX,, ]
A KK Ko
ANTURSEETIONS X, %, ]
AN Xy WK X
ADIFFERERCEM X,. %, )
PENNEER AN

Queries which invalve only wiilve opersions can be inswered
withoalaclaally ceatingthe resulcg eflion. s oples c30 b generatel
by  fallure diven loop aud isplayed immediael. To compute 0 aggrs-
gate Function, however, w necd the Wk flnbole colnton) & once. We.
o conStet 0 by means of the procedure g (see Section 4241 Tor
exampte:
- bogoll Salary, EMPL_, _, _, Salary, |, Salaics b,

ot Salaie, baxSal ), wrel MixSal ), .
Sometimes we can alsa use bagef fo effiicncy. For cxumple, we fock
orcmployees uf dcparlmenl | whisarc 60 Mot than 1000 ond wha are
FTU merbers sace s lest 1980
EMP(E.N. L5, ). § =< 1000,
FTUYE, . Diteloined ). Darsoined =< 1980,

et (LN 1), il Bl
ith thoss implementaions of Prolog which 6o 2ot support clause ndes:
0§, he <ol claion FTL would b scanned mony timés. Iasteod. we
636 precomput the nocssary set

- begoR Empao, (‘T Banpr,

Daeloined ),
). FTUMembers )

EMP(B.N. 1.8, 1. § =< 000,
meamberd E. FTUMmbers ). sritef ( £, N 1), i

There are quesics which cannut be cKpretSd 38 8 COMPION OF
seections, rejections.Join and agaregoe functions. A classcal exam-
i Tnd guery employee who cams mare thon ol kast one of herhis
Soperiors T relaton "is 4 superi of - I aberently rapsive, bt we.
cah only express the relatons " an immediake mangge of”, S an.
nmedinte WAREST of 4 immediste Manager of - ¢1c. In Prolo, hows
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1565 Sy of Sy e ko st

=t cle operator s mixed, the ncw—binary tanary); the By
type in he mited functor decluration 13 repiaced with

Defncd m Froog,
atopATOM)
theaperator dechralon with heram given by PARI s deltcd. T
ame hould be quoted (0 prevect i o bing fcalod s an (e ons-
ous) operator with missing anguments. Defced n Prolog. Not in
Pratog 10

52.4. Single Charasters

‘The Tay intecpreler ontains asingle-charactee gt buffr alled the
cxment haracte. nialy, i contains  blank and s themrefllod by cach
eeadiag operaton. Inthe prescnlod versian, cach line cad i Iread a5 1
cic (ol bty 10, e the puocedons ivoin).
of eroffle depeni va the corrent i 10
g0l Is ter (.. the termiall. Polag s termimled; stherwise wn
Satamati sen i perced and he reading opernion s Tsiartsd
T aperacian preseotad her tescept ] et from (hose In rola
16. 0 Toy,the argumcis of nput/output opersions ar sharacters, and
the it buffcrca be used @ sescan the carren ioput characir. In
Prokog: 0 there s m such buler and he cgumeals of the operatins re
imegers, L. chunscier culus. Thess operitions coull e denrd 4
Tolors:

8600 Ord 1 - roh, lstchf Ch ), ondohr Ol Ch).
e Dnd )+ roh, sipbl. st Ch ),
e Ord, Ch )
Skipl X e repeul, gell X ), |
Pt Ore ) - ordche Ord, Ch ), weh( Ch

“This woukdnoc azre camplete compatiiliy. Jowever. Trvoncous call
wauld b Randled @ e diffremly 3o so woull lne cuds. S o the
deseriplion of stings.
reh
succxes after fling catrent choentar ith Ihe nex! sharacer From
Curent input (5t 35 fhe niroduztary remarks o effectsof e end
or endor e
shpt]
Succeeds afer cnsuring thal copnent chamater

 prining chacacter
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Atoms are located by the READER in a two-phase process. Firt,
budmame 8n wrapname 8t Used o 610 THE st tom i s mame:
hn 3 sogle sckn throughs the vl st chais feds . atom. Wik (he
comest ity or detecs s absence and criaes i (proccaure fidaiom)
Coversion between atoms of diffeent privrites, needed W Implement
Juncto, equire invocation of the Yash algorithm (5 locate the begining
of the spprepriate hash chain (procedure ranename).

“Procede descriglors are allacaed inthe Pasca heap. Descripiors
are ormed oflsts of recesds, each of them with:

s puier 1 the next loment n the s

e ourmber of variables n an sctivaton secord;

Zeither the number o asysiem procedue, o po
o clause’s head and body.

A sysicm procedure descrplor i formed of a single such record, The
descriplor o  Prolog procedure i s of ecords, uge o each vk,
“The hea predicat’s stom alvays podats at. the s cemeo of s .

Actause body I epresented by I pratotype of a Proko st comin-
gt calls Figee 7.2 dhustrotes the eyout recal i s inary dot s
the Prolog st omsucioe.

ors o the protocypes

7

. Prototypen amd Term Lstunces

The main cable, M, hokds 2 variety of cbjects whivh ace distis-
suished partly by theiF addreses and parly by their conenis. Adlresses
ot uaed (o disinpuih between prointypes 4nd lerm instances (felds
dencting varisbles conaia varsble offet in grototypes, and vasablc
bindings inberm instaasea, rotolypes of raind terms, which coman oo
variabics, ar alo used 25 nstances: i helps heep down e siae o the
capy stk

Instances of noregruul termas ar hept i he stack ar. s divdzd
intq the sopy tsck und the eurable cach. The variable stack hoids a
vatiamsscord veriables and is separaled oM the copy SIack because it
can shriek o procedure retamm ond ot oty upon backirackiog (e
Chageer 8

Object contents are usci to distinguish berween iategers, varisbles,
and “normal™ lerms with funclors.

integers are tra word abjects. The second word bolds he ntcger and

the st spocil marker INT. which prevents he inerpreto from
Ireaing imegees xs painiers.
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3 Mearapbuss G
344, Syotux of Granmar Rules; Sammary

W sl € G MECANOMPOS Rrammas thal describes ul syo
. of grammma ruls supporied by Prolog.10. The principles of magping
i ol underhyng couses have bren dicuised 3t legth in the e
Viows secians, sa e chgse 1oL o overburden the grammar with parem
elrs that el take csréofthe amltion, HOWEYcr, S SnGourage you (o
ey anid augmenl the grsavmar shong Ihee lincs A Binl: mos. of 8¢ noes
il symbois shodd be gvea thve parseciers, e varables (o
ounstnut a ngu and OuTpal araseten) i & e NG huld e parial
amlation). For exaniple:

apuoae_rle( (Te_oLIeR - Tr_o_Aigh . In_var, OuL_var 1
" tefihand_sidet Tr_ol_lef, To_var. G var 1, |
ighthand_sidt Tr_of_righ, In_var. Out varl, (.
rule.emst { Tr.of.fem, Te_al_wems ), Core_in var, Ouk_tar }
i, Curr_in_var, Mid_vat ) [ 1.
1ok Remst T o _items, Mud_var, Gut_var .

L he aefal Loesltion e might liminatethe calls s the praceduce

terminal, Since esminaiT, &, 1) mexns ihar X = 1., e can substifutc
imsdvanos T.L o K elsewh it th clause. For xampl, in he lauso
(K, N

TerminalC, K, L. femst L. O 3. eeminall 7, M. N 1
L and M= ¥R, and ofe regcing K a1 M wc obsin
FCCL N el L)

“This s, i act, what i done i oy iplemeniations (ste, 6., Sechon
7,491, As e ave exccued borh calls on teearne) belorehasd, cvery
ompuigion sssted by 5 call o i will be 3 feast 1w scps shorer.
et ace some ciher examples of ek an improved racsiion of .
mar rales:

et Lett, LewL L) - isecer Lett ).
UTLTZ M, T3E2 M) - (s T T2
Zetoest QL. DX ) 2eraes( L, BN ). digi( D 1.
e shal ow present the grammas irhat porsmetees (it 15, wally,
squivalent t0 8 BNE deliition)
mr-cule: - lfthund_side, [ =1,
righthund_sde. 1" I
efthand_side » cooterminal, coment,
conte s tecminals 1|

wetave K.
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he venex. For examplc, b in cur graph is  vertx of depeee 4, and & oF
degree s

“The Ihesrem scaes hat & rsph is on Euler graph i and only | it
is conmeciud and contuins either ms vtices of wn odd degree. or ety
o Such vertces. [n the ater case. the bvo odd-degree vertces are
ferminal verdces o each Bute cath. T the former ces. c4ch Bukr path
53 cycle. .. & pach that eiwans 10 he striog pan. 1 oor Sxampte. 4
and o are he anly vesices o ad degre,

i graph s Known 1 b& 3 bilr grigh. an Baler pathcon be ound
inime proportansl 10 the numbee of edges. Dnce remoed, e edge can
e Sltached t the pai far good. You may i amusing 1 madly the
above program in his direction.
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APPENDIX 0.3 Conmrts
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- apper Eront, End. a .|} ).
it Front ), wriel* & ).
aited 5 ). , ol

hen he st serion of append will prodhce et suscessive huret

avel &l
arliac
altabe(]
(i&abell

and the secand versian

& aver
atraell
arnacll
abel &l

T differenceis mot wery imporiant. Bt when we wrte
appendL1.al). 1)

e eagua thal append il sussoesd, afe i taniating Lo, Germs o tt
L3 x ppenisd L1 Thesscand version doesjus (i L~ 1] sad
3/ nA]then, i we buckinusk, L1+ X1{1wnd L3 o X1 (T, hen, f
we backtrack sgain, 11+~ XLX2U] d 13— X1X2 81|, ol 30 o
thereare infinitSly many uch solutons.

The o procedure, bawever. Arst 160Ks or e fus: soluion i
e sl nd i causes endless recursion

Meveriaelss, with carcul programaing. consderaions of this sort
ars needed only to obaan refinemcis of he xraeral meaning of proce:
s gien by iheirsatie Ineroration. Maroovcr. e oder f all and
clasee i usually 8 Ioca thing, seldom requriag Iooking beyond  smgle
procedure.

136, The O

e shall s pass on o sualled sxialogial featarss of Frolg.
These aec shnple ard powecrfl mechanius which play  [s2 part in
maxing Prolag a procics programming Engiage, bt camnol he under.
Hood 1 terms of statc ntrprelation, as eulined in Sacxon 1.3.¢.
Since e have generators, e mist be able o stop (hem, Suppose
ha ¢ have o methods or hnding e sousion of & problen described
i ar 1 sets. At oneof here mechads s s gnifcantly cheapet
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B4 Two Cre suin

The program begins wnh a conpnction of Al . the descrption of
& desied final stae) 20d the emp; lan. [ cach Siep, the conjunction
sheinks andior he DI Qrows: SUCCRIEvE inlermediate SGIES APPIUX.
male e nal sta, Roughly sperking, The plea s curstructed bachowacds
e foul or precondilions o scdions hat schisve the Sl s, then or
procodiinm of actwas het achicve thuse precondilms, 1, Uniess u
Fac R 1 a1, mtermedte stae, the program chooses an actan hat
ks thisfuct,inserts the acton nta the curvent partial pln, removes the
fach from the current conjunciion and 3dds to It the accon's precondi
s

A partal plam sl contsins variables. For cxampl, 1o achieve 3
o b e use he sction moveta, V. bl whose preconditon icludes the
Fiol2an (I 4o unkmos V1. Such vamubles resuae spme care: o fat
Unn ¢ may. ingencal, dfes Froma.an V, even though Ihe twolerms are
uniable. We can eher e fhe hlin pracedice. 4 compars tacls,
or temporacly nstanUate Theic varibles by the bultin proseatre o
eruars) prio Lo the compacison.

I addilion 1o Th cursent cocjuncton and pta, L peogram i
ims u conjunction of Jesicubl Cala ircudy plamned for, No ety
sered actio can desiroy auy o these preserued Tcls.

e program is aaszingly concse. In Warcen's orgaal paper
accompanied by many pagas of detale consideriions. Herce, he ab.
sence of proper commenis inth program tex. Delz we shllpreeat. in
our owen words. some indispeansabl technicalcxplacations.

‘T main lanning routine. plaa, i calied anly I the fnal stae de.
serpton f not inconsisient lnes 10-13). .. i1 docs notmply on of
the imoonsible combinations o Fels. olan ha Trco fapt paramelcrs—
Fars (0 be ackiewed. e iy achioved rical ree sec e 131200
he COTeN: plin—una. srie Ouipin parameter che ol plan. The proce-
ure solv 5 caled Tor ah Fac o e nitslgos s 56 fincs 30-32). 1.
e o parameters: 3 et by asihished. preserve fats, the surrent
Plan, reseeved sty fce ol s iceeeded d the e plan.

Fery clane of sl et for 3 diffsent seaus of the fat loes
35-39). 1 may b slways trus; i may be tru by virtus of gencral e
exicrnal 16 "werkls” (o5 cqualy e incquality af atjocts will be
heckod by this clausel e may held e sate described by the curemt
Blan (10 preserve iL, we 30 i o the ac planned for xee lnes 4380
otherwise (e last lausel we chosse an scton and call achicue

T provedune achicee Uines 4139 tie>to apply v aiion. i
i Iy e umeot plan (s he fast action, ar (e st har one,
1c). The aetion U i appikable if | deletes nore o the proserved fxcts,
3 s preconditon is camsisien wich these fcts a0d If 4 9lsa for
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Siructure Sharing fexls o bo isier b4t 5 more complieated. There
s he problem of snalysing causes. ulsing tode doctarations ond o
nipullim term el A of ingle ponters. Morecer, system o
hies uch of clause ace hardes (0 WGk becsuse o clause can conlin
eferences  Iocal varisbles and s istance is 2ot berefce 3 comect
L. [F You wast 19 write 3 simple memory-<ticient incecpeter, use
Non-Structure Sharing.

6. CONTROL

O of the Keys 1o the sucsess of & Prolog implementatn is the
efciency of bucrkcking. Wheneves & Tal point s cxablished (e See.
G 10.2), the Computition's site mast be saved. so ha i can be
restoed upan falute, Borh the saving and th resioration of 3 sale <
Frequent events, which must (ake place s rapdly 1> posste.

"The siate of 3 campuration can be reduced 1o the wwntents of the
control sack snd the eap. Obviously. Proleg's specal rquirements
ol ol shexkpailig (16, dunping soemory Coateatal 3 a means of
Saving the sstc Logging (6. recording chasges mad o the state) s 2
mcne hupelut tovtnigoe, s differenges etwiaen succaseive siats af iner.
st 3¢ bsually minate 1 comparison L the amauni of nformalion con
ained n's ite. The techaique i panicularly suilable—snd umiverslly
‘used—for dealng wichthe evolution of variableinsaniatios. Orly vain-
Stanisied variables csn be madifed. 50 he ol valus meed b
mermbered and il ix caough I recod x mifed variahl's addeces.

Whie loggng is Ak 8 vishe merhod af hendling stivaion recard
raffcan the dontot sack, i vasld ot b able 1o ake advanizge of the
iscplied manner in uhich procedure insiances e crested and de-
Siraye. A better methad, well known since the sppearince o Gobeow
and Wegbrelt 1973, can roughly b described ws using the log el 10
i & now sate,

A 8 fal paint I esablished. a fail pomt record s pushed onto 3
cprcral stack. e are intrested in # concegtunl descrition [n ractice.
his stace s ulin implerented By a chain of polners threaded throvgh
aifvation records.J The al poin reord sores nformation b current
szes of memory sveas 19 & plter tothe s o untied clauses el (>
‘match the curcenlcal Inother words, i contains informaton essenla 1o
Brolog's abiliy 1o recommenes <umpatations from 1his al pain. T

g s e st 1 mghes .l dc v e o S
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In WARPLAN, 2 world dessspion is sepnrsed fom the plauning
procedure (s Leing &, pp. 21 32, 1 1 76 o Lo dsription of s
<ube worid). Ot are s implcly, o deseiplonsofoeionsand facts.
Actons ae deked by three procedures. The two-prameser pocedne

can Actos, Precondition )

serves s cutaloge—one elause per aetion; Presondiin s a corjuss-
0 offacts that mast hld for Astion to 6= appicable. A conjonelion s
either  act, or a aie of conjunetians comstrocte b the nfx funclor &,
g conzdaont.

“Two ather peocedurss,

add( Fact. Acton )
el B, Acton )

sive focts added and dekrsd by avaiablc actions (and, comversly.
actons which can sdd or dlete a oct). Impossble combinations o Bcts
are Tsted i the procedure

imposst Conuncrion )
Tothese our procadures, we cxa use wwisbis i of wertd ohjcts to
exprecs general laws, 5. "a slear cuhe U i Giing on 2 cobo V!

e ¥ & nstequall . Roar } & cleart U}

For eficioncy, facts ha hold n the inilfsl site. and ave unafected by
‘any sction, ¢ ited in the procedure

alsapst Fact )
Other faces that b i the inial st are supplied hy the procedure
ivend IniaSteteNamnc. Fast )

The initl st s denoed. by s aame, e.p. siar. A state Qeived
Erom . by actions Al . An s denoled by ihe teem

InrisStareRame : AL: - A,
e

£ move 2.1, foor | : movet o. floor, b ) ; move, for. a)
‘The planning program (Listing 5.2, pp. 224-226) operates indepees

ety O specific swold e scrpions. 1 asbemss (1 hescie of i appre-

princ dai b whove sohérense i 1he espaneibty of the s
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210 1Ty Ao Bucr i etmenaion

The next six clauses of p s 211-222) rake case of e six noncon-
iting sots in Tuble 7.2, The proce ure esbice (ines 263-2713 i used €0
et and possibly disambiguate the type of & factor_The procedure -
Torms el abiraction for sets given st 1t il il i the iference &
s cmly et

‘N st st I reslve 3 confct i the emaining sfo. A closer
ook a the grammar allows  refigzment o is st e Tuble 731 The
12th and T3ih causes of p (ines 235238 st responsibe fo siustions
when the prioslios difler. Again, we aso allempl & disanitiguation of
e

“The t0h clase flines 225-277) applies o functors with equalerii
s, Table 7.6 shows The preccdemce relaton in this case. We allow all
combioulions that san be disarbiguated without auaysing broades con-
fext to the Ift o 1 the right o the (o funciocs. For examgle, an afy
Eunclar s weaker than an < fuaclor  becass ihe torm

Atmpc
cannot b interpred 33

iatB)gc
' o argument would have, incorrecly, the sam priorty s 3.

e elation of Table .4 i implemsaled by he procedute £ ines
3USK32, which rerums s, g o or. Confic resoluion s performed by
e procedure res_conf lines 273-201). wkich s eturms e, 1  err
e i lter rejecied by drels called n p). 1 sl et disamb
usted—somelimes unchasged—fonciors,

I orly ome of the terminals is & mixed functor, we choose 3 uon-
canlcing interpestation by comparing slots n Table 2.4, This s dons by

Tamens

A Rt for Tog Dparn

T o e poais
P I
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1 AN INTRODUCTION TO PROLOG

Prologis an unconveasions!lasguege. 1a partcular, s dat sructores sre
it differen rom those ound n ol programing langages. As 1 1y
GTeal 15 ok abonl & computalion wichout understanding The sor of
s that by processed, we shall disvuss du struclores at Some
lengih before caing 10 the question of how 16 4o saything wib them.
Hove paticnce.

11, DATA STRUCTURES

(11, Constants

Comarets e the peimiive hulding Hies oF dsu sinatures. Con-
St s 0 srTars, 0 iy e an called "aloms.” They repre-
“cat anly themsehves—ihey can he taght of a8 dented) with their

I Basic or Fortran, 1951 is 3 consant. The inegee varible J s not,
beciusg il veprscnls boxh & menwory <l g cortaio Goexts—s
Vidue. The velue i someching Qune diffrca: fom the Varkble gl

‘One s ccustomed 10eailg 1351 2 @ purber greace an 194, bus.
his s because in programming languages consanis. usually belons (>
certain types The usual propertes of inlegec conants Ut ordecing,
abilty o b used n arithnecc aperations. #c.) e taken for granied by
Vinue of heir belonin 1o the fype Ineger, just 35 in Pascal bue 1s 3
Successor of 1ed When one writes

colour = ( red, b, groen )
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24 Smse grnming Tetnivtes

tasent Node, Tree, Nowree | ==
omeni Nods ), ', Il Nede, Tree. Newicee )
nson Nods, -, ) - slnal-emor( Node .

Howeves, such delensive progmming is seldom necessicy in praciice
‘e insertion proccdure us s rather straightforand. We musi only
Iake car 10 preservs he ordecing relaion:

“The procedurs il whenit ties (o duplicatea ey (bothslls  precedes
i) T the ey nee w1 b unique, e st el onc of (o 65ts, .5
by chunging

ercccdes(Root, Node)
o
it precades(Node, Rowt)

A BST can e il by successve inserions. We shal act dscuss
nlaoced rccs. Ty present problems of their ow, which con b sbved
by for in the same way 2 in classical programming Ingusges (ses =..
Sedgewick 1989 but which can cause memory problems wih some Pro-
Togimlementations. Onc exomplo is an AVL Hree nscrton rogram (1an
Emden 1981, Vasey 1982)

e eed some hough 1o delte 2 vode sven from an unbalanced ire.
IF sither of the subirses o the deketed Rose i cmpty, th ather sutaree
moves wp 4nd rorlaces the node. For cxample. delting adams - from.
The ez o Fig. 4.3 gves fhe tree n Fig. 4. Supposc now hat both
subiree are pamempy; we shal proserva the orderin i we Teplace the
dletad mode by tht with he Trgest Ky in the it subire (o el Shat
with the smallest key. in (b righl sublre], For example, deleing
thompson ;- in Fig. 4.3 gives the tee i ig. 45,
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5 SUMMARY OF SYNTAX
AND BUILT.IN PROCEDURES

This shapler describes Proiog a3 defined by Toy. the implemcatuion
prcsenced n Chipier . The supparied ialct i very il to Projop-10
{Pereia ot a1 1978, Bowan 1381, Clocksin and Mellsh 961):sume. but
ot al, diferénces are nated, Other standard"” vecsons wilbe smela
use e appropriale reference wnucls.

The wser comauricates wih Top thi
face Sections 122 4 .43)

an interactive mecface

51, PROLOG SYNTAX.

A progrn an he rogardod raughls) ¢ & sequence ofelauses. Dol
Vioms A gramaras etk i the sequence ae grouped inprocedurcs Thete
06 e Fo princplen thad govern comling” - feconrultiog” 0d
ynamicalt assertngreleacting causes (it he redcfnition S¥ilch on
o fF). Thereforea lormal deiniion of procedures sould be unnecessar.
ity bovolved: it shoud accuunt far he T that procedure chang

"Th lstion used s extonded BN, Non termical symbol will be
haldiaced, and same of tem subssripled (s is he st extersion). &
BHE rte takes the generatform

snanterm -~ rhe, .| th,

e R
Fach rhe i & seqpienc of Roncrminals 3n3 erminals. The second
extemsion: zer3 or mase occurrances af 8 sequence s are denaled 3 )
To avoid confuson. terming) symbols | ) will e bokace. Tasoughou
he dessripion, e 359ume staadacd operator dectartions re i fore.
Many specil form, auch a5 mcger cxpressions.ta b cesluaced by ,
0
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T make pareatheses even fess requent, prefe, postfx snd i
Tunstars are givea peorites. Funciors wih fower proriy luke prece.
dence over those with 2 higher prcrity (z Polog- 10 Senvenlos, dferent
from (hl used in cther programming langusges and roarhematics). For
example I the peioeity o€+ 3 lowsr than 1t of +. then

3edis amd 5i3ee
derore

AMBALS) M0
We can use parenthesee b seces e override priniics, by wing

Gedns w dean s

Py, postix und nfe uaciors are usuallyreerred (o by the seceric
e operator. Remcmher that hes Arc nof Operlors  any coven.
tioeal scn: thy are oo » ayniscic canvcricncs

‘Operaex names may i he quoted, 1 an opersior s o be wektes in
standard form of whh 3 ferent nambes of Steument.  ust be qucid.
1€+ i an infn Funclor,

atb. aby e Crtabie)

ars comoet erms, bt
Sl sk

i aso possibte 1o declare mixed aperatoe, .. Tnclors xh a5 dhe
‘minus sga. uch is bth prefia and i n ordinary ariumetk. Detals
bt declaring peefs. posifn and A funclors an be found o Sections
Stand 373

Far the time being. we shall valy use iafx untors 1 vere terms
tepresening Hists, Howexer. insioad of

3 cons b s o sapiytt

‘we shl use a more voncise notatian, modoled aftr Lisp. Tho cmpis st
Wil be denated by theGonstant [} (oncunced “nil"), and the consiract-
iag functor — by the nght asociatie inx funcior /3 D Lo ists are
then willr 35

abe)
and

favedijon
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516 Asssang e Simenve o Tems 139

oI TERM)
et Whether the piramer is & NUNVARINT (acither 2 varable
o an meger not  Prokog 10

SiOmTERM)

Tess whether he parameter is a2 aom (2 NONVARINT without
aguments)

£10. ACCRSSING THE STRUCTUIRE OF TERMS

The prccedures pnae and prame ars it in Proleg 10, They replace
namel2, wiich s similar. b which s st of imegers (ASCAI codeshin
Biace f aur lisis of charscrers (ee Section 5 7.9)

PramoNAME, TERN)
s a5 of chorscles forming (he s am ties o iy it with
aR2

prame(VAR, CHARLIST)

Succresds alter unifying the variable Wirh s NAME formed of the
churactens on the Tt (Note hal prame(X. 1. 2. 3) tids X to the
e 123, i ot 10 e Integer 133,

pruma(INTEGER, TERM)
ikl st of ol g charscers consttuing he watten form
of ths inager) wnd 1l 0 unify it th term; he niper s 1ot
be negaive.

preme{VAR, DIGITLIST)

‘Succends afir unifyog the varisble with an ineger whuse wiiden
form is given by the digi charciens un he al, Even when 1he
paramelers sre onmally somea, an ceror may b caised i the spe.
e nncger i o largs.

(unctce(VAR. INTFGER. 1)
PAR s the inicger 7o succeeds afer wnitying the arisbl with
PAR2 i venicn i dlowed for compleiness, se elow fo e
bl wss of i)

fonciodVAR, NAMF, INTEGER)

“nccceds e uriying ih verisble with & tecm whose main functor

has th name and aiy defioed by PAR 0 PARS. and whote argu-

ments are diffrent variobles; PAR must nak be negitive
functonlINTEGER. TERM. TERM)

s fo unfy PARE #ith PARY and PARS with the iteger 2670
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“This prucess i called backircklng, and & call which does mot maich
any clause hoading & suid fo all. Backicucking closely reserbles our
behoviour insystematically searching for & scition o & prablem. IF we
nd w8 ind aey, me et back o the neacest pont t whuc we could
ave applid snacher approuch, and apply i, If 10 approach seems o be
‘werkg Bt thal poia. e FetU 0t Drvious posatin which we sppar-
ently mad 3 wrong choice, and 50 on

Tnimplemeatation erns. cach ime a selected claus i ok the s
ts pocelue, & recaeis pushed oo & spectl tock of Tl poas 2150
cald chaice palan). The recond coutoles all ltormation necestary 10
Testore the el of the compuation. Wihen 3 procedurs Fad, the opmosl
il pain 5 popped off the stack.Ihe stad descrbed by i i rstored 3o
the compurarion proceeds vith the next clause.

It mportast o note th oot alleffcts of s computaion re onier-
ated on backtrucking. Sume system procedures dohéngs which cannot e
‘dons, such s g infmnation on 3 teemina siredn, We 48y thal
hene peocedures have deceMris

"Uting eor descripion o backiracking, iy fo follow the execulion of
srocsdurs b Inche following exaropl:

Ba0X . wete Cuying( X1), o,

Temaief X ), wrte ok ), .

B - wikel SOyt 1, l.

) et X0,

AT et o more writes. ), 8l

it hesse )

wate o ).

it grass )

femadel ausien 1.

temale sund ).

Vo should gct the FoBowing prinout:

eying hesse |

rying( mann )

ryingl geass )

Nomaie wrtes

ing( 73

Somy!

“You may hase notized rom this exampls tht rvor handlng I some.
what nadequate as 3 mxtaphor for hckracking, Thisis th subject o e
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Noties tha if we trea bath the call and the procedurs heading 15
s, then the process of matehing successive pairs of purameters is
subsumed by the loop in UNIEY. We extend our terminclogy aceard-
ingly.and s that—lke i of fens—a call and  procedure headicg
syt ool match. Altcrmativty, we 52y ha they do or do o ke (are
o 41 no mifabe) The algor b wnien matzhing ferms. Unied terms
are indistinguisnabie, so hey dcserbe the same Gbject

¥ both Formal and Actval describe varAbles, chen unifcation bids
heon gether. Variabis wich are bound together sso represent the
same otpect: b ther raames el 1o the same varisbe. (1L poinless o
sk whether the formal beccmes sn instanalion of the sceus r the ccher
way.round. Our sgorithm implements the Inter csse, but s i ol
nbscrvable (am the outside. You can envissge 8 st of bound-together
Variahics a5 & chain of nvisibe pointers )

“Time for 3 uery detaled nalysis of a simgle exanple: he proceduce

AbeAD)
caled with the query
BUXBX.Y))

Figure 1.2 shows the siuion imneditely befure unifiion. The
Hortzaatal e sepuraces objects ol 10 the Bnesive and objects o 1

SN

nERS;

FIB 11 Unifatin o e
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ehe procedure. Noce that chyects—ineludic
ot directly through dheir tames and 35 camponents af oher objects.

“The s pair of parameters is maiched by bindiag X and A (oge(her
The varables will behave 5 I hey hod mecged o s simple ubjeci
Tsomesut ke 30 Urops of water. This bjectis accessibe under o
it names (Fig. 13

e secand paie o paramelers s uniied i two phases. Kist, ¢ be-
cames th instanation of he " amalgarated” variobles X and A. They
eease 1 exit a5 variables, bu ¢ is now alaccessibe throush the name
‘A Tnside he proceriure an (rough the name X cutsde (Fig 1.4]

In e secund phase ¥ i intntisted o the instentsion of A, The
biect s o accessible us <, A, X ad ¥ (Fig. 1.9

e procedce e erminaie, bl s o ot  remain, being.
accessbi from the oulside 25 X or Y. The stantalion o6 X, ¥ ) i
bz, ) (. 1)

it s convenicnt to use a spockl noiation for showing the effcts of
wnifcrion, We shall it

P

insead of A I instantnted to BT
AnE

instesd of " 3nd B are bound tosethe

/\

—
T

FIO. 1.3 Unbouors e s e ofpramers s e,
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processicg. Comiguous sequences o clauses vath the same predicate
Symbol In their basds are tealed a5 couplete denions of proc.
dures and supersede previous defions.

stmg(NONVARINT}
"PARI nust be o ATOM. of @ erm ofth formt ATOM/INTEGER or
st of such terns possibly mullevel. Bach lo s freared us ¢
procedure’s came, each ilegen 25 # procesure's aiy. Al feevant
procedures are lised v the cuceent Quipu, Dellned 5 Prolog.

iing
s above, Bt o ot dfined procedures (incliding procedusts de.
fined T the monicor sad Ubrasy, buc excluding bull-n system prace
dires,

512, CONTROL

Whenever  prosedurs call activoles a clause Which i not e lsst
clanse in i procodure, we sa cha 2 il point s avsosated with th cal.
A all pointis sometting lo backirack o: it saues information necessary
o recsiabishing the Stte of the sompatation and proseeding #ith th
e chause.

“The imimediate descendants o  call € ar he clls i the poced
which C activate. The immediate ancestor of & call C i the call which
actiated the procedure coatainiag C. An ancestor is the nmedisi an
cetor o an nsesior o the immeciate anceslor A descentant s delined
arly,

he cul proscdure; succesds after nding the oessest ancestor which
10 i cuti L, . 72 o 32 and removing llcxistog (ul points
associae with this ancesor 20d a1 s descendants

repent
an endles “generator of sucessoes” fac Seston 4.1.21. Defned in
Prolog:

mpeal
repenl - repeat

SKCALLY
ehaves ety s 1 parameter were i s place, Wich the excep-
tion tha an incorect parmete (un nleger o unilantated vari
bic s detcced at run tme rlher tha at clause-defoition fe. Tn
1op-evel syntas, oge can s  variable nsiead o 3 predicate—ihls
i comvertd tn on veation o cul.






OEBPS/Images/index-1_1.jpg
APIC STUDIES IN DATA PROCESSING NO. 24

PROLOG FOR
PROGRAMMERS

Feliks Kluzniak
Stanislaw Szpakowicz
With a contribution by
Janusz S. Bien






OEBPS/Images/index-285_1.png
ADPENOI A3 Coant)

e -
i . b 8, s v, v
i
Sk 4. .1 s, v
ey
A, .01, ke, .0,V

8, s Vo, A,

o, A, 5, oS, Vil A
a1 B
AL 1 o s,
N indpat
Sbhtn 1ot

- EUALUATE M ARIMETIS RELATION

2wy g, wavn

o w1,

T B Sty et

S e e, )

e i, e, T v
H T et

e may s

(11,72 Ve vadTa, I, e, T8
ST e,

T T, T

%

—anm .
e, e, 1 w1, )
R
‘e, o,
e\ Bl e a2, Fon, A
a1, 0

T T, A
b T A, et T2

ks g i & rst
L il g S 1 Rocturn).
o 2. Neknoe

O,

%

o, maams. s s, e

el o, o, B, |





OEBPS/Images/index-288_1.png
e er—y

i
K % i

15 -

5 o) o SoocaipamariTam, o)

BI7 95w 4kt 0 s i gt s,
a8 L o o kg o o
32 vl - 2 e 4

AT e p——
plzoerid

B3 (101 mmbanor. 1. 3 T L., 0

838 3 hg el b . o e
7 a1 g, L wen. dpans

e KR TTONG e ookt Vitagmy
355 ontiram 1 agerTom, degipar). .

350 5t et et pachme o T
3005t et et ke o ot oo

G2 5 00 or s o i 1 e armt

5 A o 6y

0 e e g,

S ummmime age. cakra, 01

57 % -oupt aurctorsem,

H R
32 % nin
o1 o, L parg )
a1e " Sy Bk 3
T % s oo
StE sttine g 0 =
s, 0, s, .

e ot s P, sy v
oo pa a1 1 2
nont e o

PPN Ty, P, T SR,
ot 0 e N

RN, Ty, P, T, K. A

o ¢ ) oo Ut
i DigEImpe! | Ao orayys. s,
g v e s Kl )
L ool K3 3o e Ko st

et

IS Pp—





OEBPS/Images/index-151_1.png
4 Vol o e D141

oty way of passing  set oF s a5 1 parameter 1o  pa fndig proce-
ey

“The formulae (441 4nd 4.£20 must be anatormed 10 g 6d o the
compticaled expression inide padi for cxampl, (.41} becomes

@4 EI=E\UVIe V2] A pal EL V2] ResufPath 1] 3
ooty B V1, V2| Restarvah 11

With the se (V1 o0 V) represenied as the list [VI <> V2], ang
WA (akeoutX, ¥, 7) dencing the cqualty X 1 ¥} = 7. we san srite
o the proedurs path

Pl (Y1 <> V20TV1, V21,
P LV2 = VL TVE ¥2] 0.
PuthT .| V1, V2| RestolPudh 11 -

wksoutt E, V1 =5 V2, KL ), path( E1.1 V2 | RestofPath 1)
paih( [ VI, V2| ResiorPath |} -

Takoout B, V2 - VI, EI . path( £1, [ V2| RestotPath ) ).

ot that detlls uf s represeotaton uns ramspurent W the resursive
elanes.

Al verson af ok can b defined i a sunightforsord manner,
<0 we shall skip » duiled derivation

Okeuu([ Vi <> V2| EI1, Vi < » ¥2,E1}
akenut( | Edge ! Bges 1, Toekis, | Bige | Reuinder 1)
keout badges, Thekidge, Remainder ).

“This pengram i seving ot or ptimisation: inthe worst caacs we €
ravers the T F twice before ncating The edge fo e taken aul me
Solrion, ALY presented m Szeredi 11973, 10 make ket tlher
han park, sensalve 10 1 onder of vertees, Ths can be essuy dckeved
by adding another base clause t fakeort

fabenat | V2 <=3 V1. 1), VI <=3 VI Ki L

0 dfting any o ch i recunsiv claasssof gath.
“The praccdure. parh s be wscd o detcrmiitialy,fo produce sl
Euler paths in a given saph, or widh &<t o ieck whether th graph i
an Evlle raph (and ind an instance of Euer path. 1 eanalso be ied he
ofhor way ownd: iven & palh i camaica it 1t repecscats the Euler
raph wih this pah or s such st hut this wauld  awerseaku).
e sl need a few more defnitios to Trmulae Euk's fadarnsn:
taltheorem on Euler graphs. A Goph i conmected i fo each (0 ver(ices
V1. V2 hereis o path from ¥ 0 V2. For exantol, he gragh of Fi. .15
s Sommecied. The degree o7 vere s che number o edges which contain
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e actveted because of frced faio caming afer  successul pursing
ot big as fems.

“Recall 1w thal the paramete of o rolog procedure can, i principle.
e bidirctional, he diretian —input or utpul—dependig o the orm
of the conesponding scral parsmstes. This also spples o calls ol
it paring. I e st paramcier 1 » caisbl, it weaskis whetter
there cxists 2 sequence of erminl symbol (het s a parcula Sirc.
o, For exampic, toe call

st AList, 11
should nstaniate ALIst 0 any valid 1t of terminl symbols: in afher
words, some s should be consiructe, or syn heszed. One example of
such Bt i e ecpty it

Howeyer, the sitution is col flly symmetris. Foc aay given s
uence o termia symbels, # <all on s ciher succends or fals, L.
cucry sequencs can b Slasifed s & It o & non-Ii—<an b syniact
cally smalgned. Nt o wilh ynthesis_ I s cast 20 sce hat the 1o calls

s ALis, £, il
Wil a5 25 generator of onclement Hols:
0 G600 (b . o () o)

Morsover, i we reorder the two elausesfor e, the call an flem with a
varble s prasmeer woukd el in infinie recursian

32 THE SIMPLEST FORM
GF GRAMMAR RULES

“The ot and ounp purameters of the s thit constite  pars
g pragram, such as £3.3, ars the bnci of yt ancther nterprotatin of
those clases: in terta of opeeaions o1 sequencs of ermindl ymbal,
Take the chauee

emst K, N - ool K, L), terminall ', L, B, ems( M, N ).

I can be zend as follows: (an mstance of) s can be "chopped o
frccogized at the beginning of) K. leaving N, i (an intance o) rom can
b loppe aff K, Iesving L, snd hn & commp, can be chapped off L.
eaving M. and Rl (xnottr nrlunce of) et can he chopped off 3.
eaving N. Nov the escence of sl this s cha frens consit of an lers, o
comma, snd it Tha otha inforatian can ba routnely added 10 s
Tundumcntal fset. A1l e noed is [our varisblcs 10 tand for suecessive
remainders of the fndlal sequence of terminal symbos
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“The ast sorting algorihm we are going 1o program in Prolog is he
wellknown quicksort (Hoare 1962). For a iven sequence £ and s s
ment A, et smalliL, A) demde the substquence conssting of all ftems
nales than A, and argelL. A) hose larges Uhan A, Tinscqul 0 A will
6, 53y, i smalkL, A, The fllowing formulss desarbe 1 possible
siustons:

@30 sonedt | AIL)

sortedtswall( L, A)) ++ & ++
sored: amges L4 )
@ soneat 113 = 11
The usual transtormations o (.31 give, or exampe,
(I s LA D ~ LAS A lags(L &)= LAIA
soried( LAt ) = SLAs 7 soredt LAty = STAI 3
ondd [ AJL1) SLAS ++ 1 A]++ SLAL

When implementing quicksort, & stadard practie ix fo compute
smallL A) and lnge(l, A] simalaneuusly. i . o incrodue

partiont L. A, LAs. 1A1}

st of the s v equalities in (433), Here s the Prolog sl for
panti . cun b dertve i u strighTorwurd wayY:

partiont | X | Tail | A, £ Small ). Lurge ) -+
X =< A, yartion Tall, &, Smal, Larg: ).
pattian | ) Tul J, A, S
X5 4. pactiont Tai, A, Small, Large ).
porticant 11, 11,11}

“The formula (4,33} should be tsnsformed in he ususl vay:

@30 paniiont 1. A, Las. LA A
Sorted{ 1A%} = SLAS 7 sored LAl )
SLas -+ [AISLAI] = Soned
ortcal [A] 1)1~ Sorted

“This 5 divety expressihle in Brelog,with yuick._son(X, ) decoting the
equality soriedrX) = Y:

quck_sort [A| L. Sored ) -
partioni L, A, LAs, LAD),
quik_sort LS, SLAS ), quiclsort LAL SLA 1,
append( SLAS.I'A [ SLAI 1. Soried ).
quettsont (1. 1)
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Some versions of Prolog—including thuse desceibel in his bouk—
enry i nffocmity s the ot of alkowing th USer 1o 8 G, X
v i agiion for predicaic symbols (such symbols st alse called
“aperaiors”) This is acheved cxactly 23 for functars, bat 2 pumher f
freyueaty sed sybols are usually predechared 1o aive ihe language o
more conventionl Mol 4 case in point s the bulin procedure is.
‘whose zame i uiieaIn nfx netation I cxpects issecond parameter (0
e an “cxpresion™ @ term represcnting the absiract synta tee of an
intcger anihmetie ¢xpretsion: the (e i cyaluatcd and the resul s -
fumed through the il pacameler. The (uvarginen fusclors .~ o,/
v mod wre prechred s i Tonclons wich comuntion! erlies and
asanclativiy, 0 on can wire

VX T YeZmedi2eX)

10 instantiste ¥ 10 an integer pravided the instsnizions of X. ¥ and 2
areinleers o “cspressions” 1

Sequences of procedure calls use commes foc scpartors, or ex-
ampe:

- byt pituretrembravdt Thle), Price ),

NewPrice i Price » 135100,
sell pcturclcaabeandt Tite, NewPrice ),
drinkt beer )

e shallentarge on his in Sections 122 amd L1.1)

v shall eed (e bl prosedres foe gur examples-

- 0O terminates an owtpuc inc;
Z~ oriti) outpuns 3 term (saristes sre wrilien ws X1, X2, et ) for
example. it A sad B sre animsanttod. e

whle a0 i 1A BT AY), ol

Tlan @, &0 X1, X21,7, X0

Maore precise. desoriptions of system procedurts can be Tound in
Chapte 1. W shal o see how 1o deine wser procedurcs

121, The Simples Form of 2 Procedure

“Try o hink of a procedare which computes the bead and the 1 of &
st e shall cat it carcdr, Wt shouid is specification be ike?

L] te st b the st prramete et thesccon] and hid parame.
13 retur cs hse and i i, Hoad and il s defined only fo pon.
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5.2, REPRESENTATION OF TERMS

1w diseegard vh. possbiiry o forming eyelic scrcrures (see See.
o 1.2.3, e 22n see tha ll terms are irected acyelc asphs (DACS)
They are ot pecessonly e, becavse dfereal branches cin cumverc
0% common companent; n inear notation e express Lhi phemomenon
by Feperlion, 3 in 0. Q600 V).

Tns Prolos srotram, severd enteal oceirrcs of  term withn
single chaue deaore (be same object. Properly spesking, i is not an
bt bl fescriptor, o templae. AL exeSulon fme, i comasponds 10
@ifceent objocts in iferen insances o the lause. 5 (s and (he nexl
chapter we shal eserve the unadored word “term'” for form imlanees.
Torms writen in » pragram Wil be refered 1o 25 term descriplors. A
desenpion caa have several ozcurences; My, 50 InInGe Gan Tave
severol parens i 3 DAG,

There are many possile reprvsentaions of s DAG. For aur pecsco!
purposes hey ure ul equivale, provite (ha il s poseble 0 isinguish
hodes somesponding 15 Peolog VAHSBIES. On & more abeiactleve, how-
ever. twa very diferent metherds are used & implement fem imtances.
‘Accordingy, al exising implemenitions of Prolog can be chssifd 2
siher Sirustre Sharing or No-Siructure Sharing (NSS).

Inprncipl, o form a new tem istance in & Non-Structute Shaving.
535tEm, one st Sreale 3 ow DAG. We are lking abown creating new
tances thet coCspond I tem déserilons (present  Ihe program
T, o1 i Cliacs Bisered sher having been conscted By & program);
ervaion of 10w (61ms 5 & rsult of unfication i diffrent. Yanables arc
Duued by beicg associted with oiaters Grecisd st thelr nsiantations.
These posntes are nvisible, & automaically dersfecenced. whencrer
e DAG s lraversed. Figure 6. Mhlrstes—in A epsessniation-indegen.
dem manoer—two s, before and sher wnificarion

A Sirucrure Staring tysiem tahes advarlage of (he sttt different
instances of th same ferm differ ony I their variabe Bindngs. Whereas
oo inchnces of

KX atp(X ) YD)
cante

WesLatpsdrr and
LR T E R P

respectivey, thie GEACHN SEUCIC remains the same. The main funclor
must be & § o G ARAMGAS, €5 Ars argument must 2o be he frt
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TMPLEMENTATION

2. WTRODUCTION

Ths chapter is & case study of Toy—s smple bl faily compheic
implomentstins o€ Frolog. Oaly lae mosl important or feast obvious)
information i presented here. and i should be re3d Jogesher wish the
owee fexts vl o the ket pelosed it tis ook (some of these
aretised n e appeodiocs).

While desigping Tay, we actempted 15 sirke 3 compromise berween
several conticting godls. We warted 1 wrle:

—A elean, eadobie oterpreter which you could fnd usetul ot getting 3
see” of what i Involved i implementing a  fe-ize” Prolog syslem:

A uszble inacprates, which we coulduse totes al e programming
‘exames in this book towr extant implemenisions were quie invam:
‘Datile with Proog-10) 13 hich you Mighl usc 10 Expariment with
Prolag f you have a kol of e BUt 10 AcGess & machine ranning one
of the sommerially weallabl Frolog svsiems:

—A lres fragment of the implemeciarion n Prolog itsel. o provide 3
‘szable exaraple of using e Janguage for soving well-4aown bt nox.
completly Iiial progeamming raks L« ellely low vl

A Imerpreter which, Though usefu, would have Tlte commercial
e

S0 Wil o use Pasal, because i s eosy W e, well Known

and gemsrily avaiable. The Brogramis ol Wrien 10 e very efficieat:

<oncen Fo readabilty 0 concisencss almost abrays peevaike. 1t s

ot partiulacly shor #md elezant cither, 5 we wapted i to SUppoT 3
e
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—frosenheap s  painter o the st e Locaton below the frozen part of
the copy stk

—frozencars s pointer 0 tho it free locaion above th frozen par <€
he variahle siack.

ExecuiGon ol 4 Brelog program is driven by the prosedure resalue.

Each tum o s Iogp s a atiempt Lo match  cal agaiot 2 clause e or

102%5ule  3ysiem rocadure. AL (h: begining of s uop he siuation

5.2 shown In Fis, 7.4-a conto] rame forthe curto call < on op af the.

Stack, bt the clase s 1 yeLinvokcd a0 the asocatcd variahi frame

{5 emapty. 1 Ihe <all wns 3n erroneans system prosedurs cal, e emor

Randie s acivated (see below.

I the step is unsucessul (the head did nol match the coll. o the
system procedure faled), the imtcrpreer backtrucks. Otheruise i eniers
he procedure or—il t 9353 syslom prosecure or 3 Uit clausc—cails
Entaring & procdure <onssls I scitng up he ool tae s that the
et cll 0 be execored will b e fre cal i the ey actiated gl
Earing s the process of icing (e next pending, cal eiher the one
mmedistely following e successiul cumeaccall or s was the astin
ts clause) 2 call Fllowing the neares! ncestac which i o e ast cllin
it clause

“To stop the execution, Ll siop mustbe s, Thisf don cithar by
he syslem prosedure huth, ot by bucinack when thers ¢ ho fall pints
el . when the dikecive uled) ar b exit when i cannct find & pend
g gall .. uhen the diective succesdoat.

T ausliary vansbles plsy the ol of 3 program coumer:

—ccul comtains @ piner 1 the protutype o the cursent call Gt Is the
Prototype ofEhe fst elestent i i s ndicaed by The currenl comiol
Frome's s fed, unless. thau clersco i xn invacaton of call or g
il Then the Gutermost argument which is i of hese)

—pros contains 3 poIntr (o (he Sescripir ofth pracedure invoked by
ceall o Prodog procodures, his s th frst clwse’s doseritar when in
Torward sxecutan. and a poivier recovered fam a backieack peint
recard's esume held when immadisiely SRer a Fdure)

Notice hat a fail painis vesume Aeld poincs st the prodessssor of the
clause which s to be retred, Thi 0 o rake refrar coneer

The algorithm used for lail recursien optimission (procedure
troueeiar) ekt some explaion. We cmplay (he naive meihod s
pested hy Fi. £.3. Alter oniiation is ver, provedaro sondora checks
‘whether e curent <ol s an unvagged il cal and whether 1 ancestor
frame s n0t rozen. 1F 50, eithec th callnoc he vaciable fame aisocs
ated with the rncestor frame sl cver be needed sgoin. The curent
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only the et delimier. The frst true terminal becomes the current
inpet terminal, I each step,the cumentfnpwtterminal s compaved 1 the
1opraost termind on the stack. Three stualions ar porstle

1. The input s eroneous-—the parser slops “"with eror”";

2. The topmost trminal s atoager—there must b  produciion wichthe
Fighand side Somsling o a araber of opaaos il o the 1k
e reducs he stack by replacing ll these 55mbols Wth 2 comespand.
iag leftand s,

3. The 0prmos: leamiaa s not stienger, . 10 Tighthand side s been
completod—we shfl the current JnpuL terminal onto (he stack a6d
make the neat terminal cuneet

Our operater grammar of Prlog-10 lerms assomes seven chases. of
Geruials ind one cla5s of noateTmital, | Gor terms). Parameters of
symbols ar used 1o baik th interal opresentation f 2 given term

Termmnal syribos are tead by 3 satmer (s Appendin A3, fines
361-480. The procedure gbsorbioken incs 315-409) roads and con:
ructs 2 2w oken:

—liamesioima) From wards, symibals, unid sclo-dhareers:
aidiNamesivingl  from quoced tames:

arNamcSing  Com verables;

—m(NumberSinng)  from ilegers;

—isrring) from strings:

Tt eigh, Type) o brackets (Leflught s ) v,
Typeis 0 [) o {15

—bar fromI;

“iol o« Full sop.

Nest. the procedure materoken tines 457-480) comsiructs
symnal:

terminal

—onVarible} Fiom vartNuemeSiring);.
onsiurmber i nu(NumberStringl:
ZemiStringl from seSirng):

e, Types. Priority) (oo l{MameStings (nben this funciar
is an operatory

—dNaey fom dNameStrngh (whee, 1 Functor
s mulan operatue) and fram qd(Rame.
Suing) .. quotcd came never de.
notes an ogeraiony.

bk T from WL, Th
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Prokog b« non-consentiona progzamming langurys o a side specirum
of appfications,including anguage proceting, dats bse modeling nd i
plesentation,symboliccompula, caper 5, comprer-aded (g,
imulation, s1¥arG prototyping s g, A vrsktof Prolog s b
chosen 1. s pregrsrwing anguage Tor so-chlcd Ntk nraton cam.
DuLes experimens WIh 3675 DIOZFATTIOR 210 COREUITEN: programeung
anein progress

Prolog,devised by Alin Colmeraues, s 2 Ioge programming anguse.
Lows programming s  new dicpline which ends 3 oaying e (o many
domalnsof compuner sciene. Prolog can be classitied 352 dexcripve 510
araroming Iarguige, 8 ppossd 1o grserplive tor mpertie) langis s sch
5 Pascal, € and Ada, T-pricipl, (h programemer i oaly cupposed 10
Specity what i o be dos by s o Rer program, withou bornsring wh
o i should e hiéved. Rotert A. Kowa ki b coined the “Cquation™

Alorithey = Lo + Conted,

‘which mphasiesth dsincion bewsen he wh (g1 Ihe hom (con-
o0, The progesmunes nced ac aluaysspafy the contsol compor. Tn
pracice, howeer, Prolag ¢an be tated 1 3 procedurl anguge
Prolog « uor sandaraized, and I coios in many ffesent Tavours.
The most sadespreat aaietof Proig s Broko. 10, ogingily mplemeried
oy David H. D. Warren for DEC- 0 competers. W deeribe 3 eariant of
i Gl b o 2 mirprecr writen s Bl pecialy For thikhook.
The mam part of the book is Chapwrs 1-3. Chapiees | and 3
are an intcoduction 1o Prolog, intended for those who use peescicive
Janguages i their everyday prasice. Bath etuiions and th presentation

progranmming experince and sophisisaton. Chapte 2 explins Prolog in
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cmply lists, s the st paraoeters tyge is deseribod by the erm
Head Tl 1912 would Uojow as well ut L Dele (o s memmingfl
e, Thi type sperificuion s mos naturly e i he procedure
heading, thus

carods Heal Tal, oy )

1 & it is denated by Head. Tl Ihen Head denates it head and Tal
denotes i tal. We can therelore write

caned] Head Tu, Hes

T

The flltop temicates e specifiction. [ s rathcr conciss, bl i con-
{ains 2 e nacousrs incrnaion; 1h procadune s cale ko andk ot
huce parumeters; th r puramELc st b 3 aeamcropty i, e sccand
pararoear I o became (he head, and the third i 0 hecome the ol o
i,

1 tars ottt whit we have wilen s alss the complete defiidnn
of hi procedure i Prolog. The call

carcdst 12301, B, T)

inscantsles H o 1 a0d T 10 1311 (Rocall thac 13341 I really
i T

Actualy. ouF definiton i somehat more genral, bedause—ss we
ave aleady poinied oul—Head Tal ncd o b a it 25 w0 eonditions
are mposed o the form of it ai. Butthis does sl mater thre Is o
misundecstanding ubias the s Tt o, ey

curedetimeofdayt 12, 30).aey( Objest."at ", F. $ 1.

Whst v have bere is 3 general procedure for gecing af the first and
sa<ond argaments of aterm v hose i functor 15 2.

W shall now spesily the feverse of casdr: 4 procedure which se-
tums, vl 1 (hird pacamecr, s st onsiraeted of & st and secomd
patataeers. We shal call it cons,

We do not relly mind  the s (i paramelers ae not s, 50 there
are w0 resectons on thei (wpes

o Ok, Amother. . )

1#Dbject describes an objectand Another describes an ohjct, then apply-
ing e It comsiruclor  th tws gives us  thivd object. whose descrpe
Vion i Object Another This exm i suffient . spesiition of the
hird parametes, 50 we g6t

onst Orfeet, Azci

Oeject Azoih
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- rom bar;
— o dat

The torminal symbol doe i used as th righimost delimiter of he iogut.
The Icfimost delmiter and he seventn terminal) is bowon. [ 1 neves
cerurmed by the scaner. the passer’s main procedure, geti, pushes it
oo te initaly emply stack. Both dalmilers nevsr sppear in produs:

The Types. argument af £ i 8 st of Functor types: [Rinaryl, or
(Unary), or (Binary, Unary) {see he definion of the bullin sroseire
ap lines 656-718).

& symbl able i ant o v is sed (0 relate 5 warable’s e 10
Pretoy varable

The grammar undsetying the parses is given i e ftag flines 99—
107). The defiicon of edeenal scpreseniaan can be read of he redce
procedure (lines 158+ 79) [ncidentally, e procedure can be para-
‘Phrase 243 MemOrTe grammar.For xumpl, e il it lawse
ol be ewrien g5

1 Type, X)) (b1, Tope )L X
(b

Type))
KBt X, ¥ b~ [BeCL T}t bar
UL L

Nosioe howeer, hat Lop-down anaysis based o sich 2 grarunar would
ot be determinitic
There are fse types of nteml repmescataions:

e fur X vasiahle, name, string, or nullary fancior;

ZieiiName,X) fara prefs or pesth ferm (X i the representa-
ion of the acgumenty;

—eXName, X, Y1 for an i emmegX, ¥ av the epresentations of
the arguments,in ek, e Corama s an I
A funcuor, 5o ~commalist” of erms e repre.
seied with (¢2—for example, the represeatation
o

abs

g g,
R, S0, S5G € 1))
—harx, ¥) for bt ith froat X und tih ¥; X s oo the
represemiation of 1 comm bt






OEBPS/Images/index-129_1.png
42 ErumpleofOue S 119
am produc i (mermedisc) representation
(001 (ILLELVE o kILY]

wilh uninsastiaked V. (Try Lo weite 1is seading sragram:  symbol ttle
such a5 those escribed in Section 4.3.2 st b Used 10 handle variable
imes property ) Now we can slue ihe iatscmedlace represenation 1o
wother

“The procedure i should b called with the sscand paramete uninsian
lited

I ionplectientutions hat st sugport ivexing (e Sextion 42,91
ani helps seold Hincar seareh of maiching, chanes. Cansider, o cxam:
Pl & natural anguags appiceton piopram which mainialts a dctonsry
ehbse eniies an ook 15 folows:

e prozrem, noun inanim ) o vesbd inirans ) ).
i modular. 34}
pretpepentp R
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‘with ardinal rumber grater than 3. P nathing i i aveady i such.
3 charaster; athenwise tepeatedly invoes .
LasthTERKO
(ris o ity s parsmeler ith cment chmaser
wehiCHAR)
‘writes the characler o commeal output it s Sharcler
preied 4 line termirator)

o
erminutes the el Gucpul ine. Detined m Proiog:

- O 10, Ch ). sserte ol - sehi O 1.

ranTERM)
et he et charactr from current ingut by invoking k). Makos
@y of curend hasacte, rating s non pRnting charsc i including
line end) 2 s bl ties o unify the copy Wil ts paramecs. T~
fined in Prolog

SRS TERM)
same 2 shove, bul proseded by a call n bl

Onen

These procedures are not really cane e with iopulioutpun.but the
only effectof Hatar o wrlc samebiog, oy i most usekl when
realing o wrting - prinkog sharactess. They all e oot in Prolog 0.

ordchrINTEGER, CHAR)
Suoseadsonty when PAR | i theordiral maniber (ASCTI cok) of PARY
orIchIVAR, CHAR]
cesody ser urifying the varisble with the srdiacl rumber of the
e
orlBINTEGER, VaR)
suceeeds afterunitying the variable Wit the sharseter whos: ondinal
cumiber s he valve of PART mod 128
seoluTERM)
Wies 0 bnlfy PART i th erof line charactr. Dafoed in Prolo:

rdehe 10, Ch ). sseri ixecln Ch ).
writes memory uilisation infarmation on the curren aulgat

S sl camubil, recomsut], Ftngl and listngit 1o Section 5.1
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Al imerpretatons are models of tauologis. Inconsistent formulse
e 1o models

Wien we want 1 gk sbouL 4 paricuar modk, we prfer 10 Use
oty which have some: rmaemanic valus. The frula
@5 a1 consearcde (), b1}
can bt inecpreted 35

o sl integers . and 1. th diffronce botwen B and B s

bl his i beter voiion a4

B ¥t diferense( 3B b U
“The siculaity s inerestng. hough: looking for other models of our
Matement of problem ofln provides luminaling insighs o 1 natue.

Nutice (hat (he " utural” terpeelation of formbla (2.3) s very
dowmo-varh, 4 st comstrucor cun b thoughtof s onction mappin
e ohjcta s hiad and 3181} ot £ object: he niverso can b 2551
of dat structures

FORMAL REASONING.

“The mution o logfeul convequeace slicoes st performfarmlreasom:
i, .. easoning which akes o sccount only the syntxci form of
oyl e dseugands (e rprecaions. W sy thit formula & s 2
\ogical sonsequcnce of et offormula . @, .. ll models of he et
o ..t s models of . I & umtarmeatal foct o g hatthere
s nterence rules, which are corrostrecipes for derving logial orse-
apicnces tconcliions) of athe formla: (peemises), provided Ihe lsier
B centin form, The infercnce s are asually Qe mgle, but we
<an use them 33 elementary sicps in long demvations. This i the back.
o of mathematics: s of formulzc (vloms)deines & heory. which s
the s il formulac (el theosems) e i all mdels of I sxjoms: &
formal drivation of s new thcore s called s preat (The name picms
s ofen seserucd lor & sl s of heores speciting the Theory of
{ntetes, We find it more conversent 2 use he name for any ~given” el
of theorems necepted without procts

Some inferunes rlca e chlively Vvl appfications f the i
ioms oflogies] cambeives. A willKnw XA 1 1 s pomens.

from sy formula o od fiom sa ormila o the ot cr >, derive
e Tormui 5
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I ceder  allow aetimary terms 9 ferminal spmbols, we can wlte,
e
terminall o, K. 1.)
mstead of o, L) Moreover, rat thes wriing

eminal( 0, 0.5 1Y 11, % Y-Y-{))
enminall 7Y L)),

e shall use the genaral parposs, ome <lause auxiary procedre
terminal( T, Y, ¥ ).

Howeues, now we neel some uther way ofspecilying e it ecpence
oF torminal Symbols, which fn 1 pesvious formaltion cuuh be. reud
rom the assertions (1.4). Beors we explain this, we shall rwrite (3 3%

Tttt K. 1. 5 tarminal( o, K. 1. ).
Tt KL L o termina . K. 1.1
tom(K, 1.} L ettn K, ).
stom( 16, M3 ettarl K, L), stomt L, M.
torminal T, T.Y, ¥ 1
T computation analogan 0 1he! shown i 3.5) ould now ok as
ollones:
atomCax T[T D,
lettert 0.y [1L1.) atom L, !
termial( o, 0% {1, LY, o L, VY11
Lewa i
@ alostx T 0L YY)
Tttert VL YYD
terminalx, %V PV

e neceseary informatin about che sl graph was suppled by the
st sl What is more, he grah sel 5 row implcis: we anly pei—and
maniptite—the Eva scateness f erminal ymbols.

We are nowin 00 position i restte each insiance of the parsrg.
problem in terms of Prolag. A gramear i given i che form of Frolog
clauses, exch clause comesponding Lo soms sirociunl elsianskip bo-
wecanswnit s s immidite conporents (n catguls,ina WP vl
For cxampe,

K N) =
e K, 1), terminal( ", 1., M ) tcmal M, N






OEBPS/Images/index-273_1.png
APPENDIX A3 (Coninnty

I
k9

Lot or 1) 08 ()
=i

+ 23 it e

=

b2 et

5 Soaoes S e ot by comras - n o 5.6 -l
5 o o o s i, sy
SO T e e a1 st ek,
R e i s T i st 2
5 Gtk T ey et
X ey s s ol Lo e o e 04
oo 3353 . Thaan et it 1)
T 8 e s ) oo s Gins
2 eiabon  goments- sy s o e

= e oy o,

Ly e —
B aieannen e v
R i
i, 1 e
Al iy o 3 Sy Seo
Ea ks farm ean

vever

%
I

5% - e st pesoraon ot 1o
i Sy
RGN, Sy . A, . 5, Sy

014130 101 pyamae 0 conotlch P o hen
5 o e s s b o o s
5150 o, o Skl s 0011001
Gt b . 3 L
PR, o, S ey

e, T2, o

ermion iop: it Pos, o, Ao, A,

o oo, T, S, K.

R e, Dt enich b, B b

PR R e, . Sy

o st i il coars g st v ol
e e g g« sk o . ek
il ool & Ton 3+ 1

osinm iz s

% chanaoe s o oo g o)
e pto Top S, Sy

o B |V e 10 1
o AT, 15 O 151

. priam oy tp: S [k b curar k) ek
EARA g ko o
e, o
e e Sl el .

e, New, |






OEBPS/Images/index-65_1.png
S 2 mekceand gk

T

o

i fis Aimos lea fsee Fig. 241, Backuusciing Lo 1he neares chuice
Pt in the search spuce may reupen an atlempl to prove a pode in 3
Boished branch of the quashproof e, .. 10 reacivae 2 terminated
‘roedus (Iis would happen i D bad 8 secund luuss e our oNampl)
Obvicusly. thiz cannol b dane with o sngl simple stock: he matier =
discusaed in Chpter b

The word sregy refers 1o the way in which 3 theorem-prover
{whelhor sulomalic or bumaat inds its ey \hrough # sarch space. In
Togic programiming iterature th prferred tem i coatrl. I 5 no
quesian of choasing the onder of <auses and lfterals. Some Iogie pro-
‘Sramming sysems employ 1 buckisacking., chasiog to aver th seaich
space in 2 breadtrrt manncr. This helps avold peobloms caused by
misepplcd genaratora and f rccursion sce Fig. 2.5 and Sectinn 1.5.2)
Therc &, of couese, the problem af potearaly exponciial memary re.
auirements. Prolog's sppeie for memory is 8t mosk roughly lineac in
Rumber of atiempled desvarion siepe. This is paid for wih the cost of
backtrosking: the e sty a3
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. appeond(a.. (1,64, Resul. srte(Rsulty. o,
appsal®11.c 4 LTIANILisT). wricis TAoGLis) o
. appendil} .01 TiARdLiSC™, writ(a b TIARAL ), .
- witetz 0.2 4.1,
ol

Whers a0 clls remain, the directve s exminated.

s i theprocecae  find th n th element of afit. 1% it parsm:
eter 8 1 and the second  lis, The third parameter rowms (e ik
element of the lst; I the element doss ol xist,lhe constact Tis retomed
0d 1 error mersags s prined. 1 1 sssumee 1t ¢ st paramerer s
a1 negacive (we il leam how (o cheek his in the next secton. The
prosedure s

O, 7Y - w177 )
AN ), ) el bl _igo stor, 177 ) o
bl 1 EE i

aoh( N .Tail, L - M is N = L., Tail, B .

Do Imce s execucion or  few examples

132, Backracking

B what i call matches nam of the claucs beadinge? An exampl s
he el

SomGasa ntalst, somethiog, athes }

This suggests he amswer. 1€ non of the lases fis he call, then
vienly the cul s weong: 1 st o satul parimeters does et etz
T any of the ype specifications desenbiog parmettrs acceptable a the
procedure.

‘s in othcr modern progrurming Wruages, s0ch on ervonsos col
does ot sbrormaly (erminalc 8 program's csécution but aetvaies 3a
crvo-nandling mechanism. In conrus 10 otber laguages, hower, The
err i o necessarly handled by un active proceure piesent on the
actvalion sack. Prolgg uses 4 mure weneru methud and ISkes i s
count gven hese procectures which etummed (@ theis uler ae success-
Follicrmination Procedure estances ae looked a, ane by one,incveese
onder f ther etvation. The nearestsuch procedure insance—call it p—
which contains as-yeLAmactvaled clauses matching s all s ossomed (>
4816 10 handle the siation. The compuiaLon 1t wedon: ls Sae Is
@ade 10:appear as  th brading oF 's mosl recenty activated clause il
o mate 1 cal, an p s iven 2 chance i cxezate olber ciauses,






OEBPS/Images/index-244_1.png
32, g Rl B s 235

will b ooked forin he folowing symbol 1able see Hnes 208-223, nd
So-iaz)

1EMP 1w nae, sieing, NomeEMP ).
Al slay, nteger, SaIyEMP),
it oo, inicger, DuuEMP 11,
“Mer" ;L st aame. scin, NameMyr ).
S by, iteger, Slary Mg ).
alt dno, nfegs. DooMe 1 1.
“DEPT" [ atn doo, nlcger, DuaDFPT ).
e maaager, sing. ManagerDEFT 111

Nestud el expresslons would push heir awn fraaes onk ts stock—
see aw 3773

“The prode o hess heerelations will b enerated by he olloving
calis remeved from the catalogar:

EMP{ NameEMP, SalaryEMP. DaEMP ).
EMP'Y NameMg, SaAryM, Do ),

* DEFT( DroDEPT, ManaperDEFT )
The contitan willbe icamlaed o Frologpoal (0 lnes 136-337, 29—
362). The gl will b cxeguted Emmediasely aller the guneracors (ines
166-168), Atlfiwtc mames i the conditon w0l he Translatod i varia-
bl from th 3ol 1ble. Thas,

salay > Myr_sabary
will besame

SebryEMP > Salaryer
The "oqpalies™

DooEMP = DaoDEPT. Marage/DEPT = NameMy-
will b pracesced ac complle e, by binding vartabis ogetber (ine 316).
s b sctually vl si et varisbles vl o i The geoeeaiors.

T e patiern Rines 225-234) will sl contain vaishis from the
£paubol able:

| NameEMP, Drobs, MunsgerDEPT |
One stch aple ill b displayed i svery st of the fire-driven foop.
tines 106160

A consruction that wouKl certanly benef fom 2 mars defaled e
planaton 15 pdate. We shall comment on the cxsmple shown in the
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The urighnal reference 10 Prolog Lis Roussel 1973); some historical
nformaion i be found in Batini and Melom (1373 and Kiuiak
1954) The syniax of the language is lusrated below by the sample
Sl

+APPENDI NIL, #X, X }.

VABPENTI sX.3Y, 42, 1X 4V } ~APPENDY £Y. 0Z, 4V ).
This shoukd b preceded by the declaration of fhe infix dot.

—ATOPU LXK N
A0 a sumple Girecive (SORT means wriey

~APPEND( A B NIL, C.NIL, ¢X ) ~SORT! #X ) ~LIGNE!
Posiivelnerls fsee Chapier 2)are precedd with +, negative with —:the
notatien allours repraséniaion of nonHorn clausc. This was a naiural
requirement,because the caly versions o Prolog were inerdod  imple-
menit 3 general theprem.peaving method kuown as near reselion with
seletion funeion (Kowaliki and Kuehner 1971, Program causes were
itingaished from direfives by a Uillernt lerminalor. The syntax sue:
Viced it original morivation and s sl Used in some venvions of the
Targuage (uziak nd Sapohowicz 1983,

93, PROLOG It

Afer Prolog 1 was reloased, Cobmeraucr's team oxpecimented with
various matations of the anguage: some of them have becn desctibed in
Gzl and Mélon (1976}, Colaierauer 1 t. (1979)a0d Kanowd a0 Van
‘Cancghem (1980). Fmaly i was announced haf the ol f creating “the
imale Prolog” was achicved (Coleneraict e of. 1981, The new lan-
guage was cated Pralog 11 by it suhors. (Colmsroues (582, Van
Capeghem 1382, Kanaui 1982

“Thc most important nnovstion of Prlg I s he rekiment of cyclic
s sructuecs s Scston |.2.3). They e ioply wolid epresentations
of ininie rees, which can be manfpelated In  selar way 1 other o
(Colmeruocr 1979, 1962), Bonwever, the same infivite tres €an be repre.
Sented by differen daia strctures: 1 et them b matched comecty it
pprared necesaary 1 teat funclrs i the sume way o argumonts (il
gkl 1982). Az resul - Mnctor cun be « variable cr  compoud term
In Prolog 1. T siandard for of e is sonsideced usk  dhortund
Retatn tor b more penerat form caied tuple, For exactpl, #0) stands
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734, Jaalsstion

Iniilisaton i done i three phases. Firs, most of the vaciables are
501 by rocedue infaars. Then iwo portions ol duia st fead rom (e -
caled kel le”. One potion el e names sad i of standard
stoms whoge scircses mas be kown 1 the nterpreter. They ur cr-
ated nd the addesses 31 sared in abie STD. Ths cther portion de
nes he pames snd i of sstem procedures: 2 Ihe atoms ae crc.
ated, they are asosiored it systam procedure descripars. The number
nd order o l these aloms s ko 1 e nirpreter, Aibes reimgor-
Iant, bot prainsmes are arirary and con be charged o vil

“The astphase ofinalsaion consissincreaing » oumber of stand.
ard ofzcts, Their addresaesare known 0 he nirpreter but hey camnol
e created befor the addresses of tandrd stoms are faed. The otiects

—The prototype of (1.
—The prototypes of charscers:
—The prototypes ofthe ntegers ~1. 0. ... 10
The dummy cluse body used 9 vake error (1 i the prootspe of
ferrorcX).
—The prokDLype ofuser, e by Ihe stream siching PIocedires (see
Section 5311
ARer intalisation, th interpreter begins normal Xecution, reading
the curent . This 5 socmally the kernel e, coniaining some usclul
iary procedurcs, Oue can alu> append the boocszapper o e trans:
ated monita (505 ko,

74, INTERPRETATION OF FROLOG10
N TOY-PROLOG

741, Tutermedate Lanpusge

Evena modsst programn Toy-Prolog <an be unmanagcabie, Towrit:
he meritor, i Use  subset of (ullProog. Withoul operstors d grams
atar 1Vl poation, Commas ond the symbol - are realed 5 separators.
Listnotation i llowed, ilh o0 resiricaon: anX ... Xl mustbe s
ariabi, This subseCis transsted ilo Toy-Polog by 3 ~booisirrper
wriien in Toy-Pralog. Debogging and esting the mamitor requicd fre
Quent retranlations af s mel pioes, b he g inreadabity wes wonb
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8 TWO CASE STUDIES

. PLANNING

We shall consider plarning with respes @ a finice, usually smal set.
o ajecs 0 which simpl aetions from 2 S, und ulso smll, 51 aee
anplicable. hicetsconitic ol “warld” The stte of the “world
5, by defation, the e of sl reanshlps (hat hold betieen s ojects
e 2l cull thece relytiomibipe laet sbout objects. A% & reult of an
actinn. somé reltianshipe euse o begin 0 hod: we Say thal an ciion
deletes or ads acts. A act esablishe by an acion i as culled 2 goal
schieved by this acton. Fyery acion Irnforms une KAt ins Znother.
Plenning canssis In inding a seauence of ot tha lewd from 4 given

il sl 10 givin Fool e
“Aa'an cxampl, we shal describe an of the swcalled cune world.

There ace three b, o, . . ) . ATl we c3n dn it them i sack:
<t on cubesar anthe flor, There e tio (ypes of ls cancerning
cube ) and an ckpec W- U s siving an ., and U i clear Lhis meas that
‘thing s itng an L. Th sctof possble sates i determined by naming
ll meseingles .c. impossibs or forbiddon) om binions of et

—A cube X sting on . cleor cube Y-

8 b siing on v illrent et

o difterent cubes siing on the e cube;

Z An object situng on self

here s one Kind of acton: move o single clear bioak,cilhr from
‘ancthier block onto e flcor, or fom an obect onto anathe clear block
e otject st 6ler {rom bt Hosks). ASa resull oEmoving X fram ¥
ol 2, X s sting n 7 nicad of ¥. Y s clar unlgss 1 s 1 oo, Z s
o clar (uiess 1 s the floon.
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Comiguous sonditions can be ombined n  single it of brackets, and n
seneral condiion can sl containallcmalives conjined by scmicalns,
By

phanum( Char ) —» | Char ), | ittt Char ) st Char >

Ste shall now presen  snal Fragihcat of  metamorphosis garmms,
mesnt primariy for symhesis {ut applicable both ways, although nei
‘without reservation). We want o take  structve compuled by the gram-
‘AP For Stkements (ec the previous section) e reoduce ts Irsnslakon
o & machine-arcaled symbulic leaguage We shall only give 4 Kin of
he Targe Taaguage by shawiag schemiti wonslaions of WhlC, S)nd
#C, 31, 52,

et amd Bbe the transielons of € and 5. The evalatlon of T sersx.
fag usedimpicity by a onitional jump instricton. Let 1. €2 beunique
Tabel. The transtaton of el 3) il be

labelc 1)
e
Jumpiluel 22}
s

jumg €13
label 22
The transaton of G, 51, S2) will be

T
i ¢1)
]

jumg £2)

labelt 61

s

labek 22}

The e genentor” can be writin s » gramar of the et
Tanguige. By way of explanatlon, we <hall show these of the rles that
belong t the ppermtostJevl of the defniton:

codef scat 5. DiterS 1 codel § 1, codet OtherS )
odel while( €. §))—+
T ewiabok LI 1, (1abel L1 ) |, codeeond( a0 C ),
{newiabek L2) | [jumpitraet L2 1. cote( ),
Liowpt L1 ), labei L2) 1
codeskip Y= [1
The sction newlabel <an penessi s ov,unie obel, T deiiton
of codcond willbe given Lelow. The tirg ule Husraies ¥ mes featurs of
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In Seetion 4.2, we shal efine  more useulsorting procedore bosed
o BT, 1 il consteuet the surcd pecmiation of  given st

St i i e progITIT VRS, ks ore used in Prolog i
morly o epresen sequences and ses. They can aso be used 1 3 tand:
ey 0 epresen rees o unspecifd degree. For example, Th lree of
Fig. 46 might be represeated by t it

a0 eI L4 7, Le]]]

Lists arbest ulced when ems ars prossed sequectily Fom ol
1o right, o when allprosesing Lakes place a the beginning o he . In

et can the It wied 5. stack. The basic state operatans. pesh
a0 s, can be el wriien in one procedia, o5

aek_opl Top, Rest. o, sk, | Top | Rest_of-tack ||
wih the call

sack.opt Newiap. Suuck, Newstack )
serving s push, and the cal

sack_opd T, Nowsiack, Stk )

toexscutepop. Howe er inpractice we woukrather cpecaic on the stack
implicilly by using ppropriafe ferms i cluuse heads, Qne example i the:
procedure reduce (sco Sortion 743) with Uil snd new stasks ws
Forsmcices The slwsc

s 0 KL bR L L DS

R SHEIE

desribes an ackuon that consiss o four pops fllowed by one push.

‘Nonseaquential access (0 it equires, 4 might be snpeccd, e
‘peportion! Lo the s lemg, To ikl o 1 i Tngur rine, we

FIG. 45 & ey .
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allda vasable nare (thE is s Usually alld  sarinie: 55 it ceams.
‘and objects, e snal ry o it th distioction Incovghout charer 1
A varioble ame is wrien a2 an identer staning with an Upger case
ecer or n underscore (e g. 9, Nomber_5, _man).

A varabl s a0 obiec) whose Strcwre is toally unknown, As 3
computaion progresses, the variable may become Insumiated. . &
more precise deseriplion of the object may be deteruined. The term
catbualing this descripton fs Clled he vashie's isantation, AN ine
Stanlated voraie is enical Wity the D3ect dctibed bY s istunta-
tion, 501t coases o b 2 varioble, aBOUgh the bt <on ull B referced
@ tirough the variabe's rame. o genera, s varible may b intantiated
ais0 5 another variable—we shallso0n see the mesning of Wis.|

“There is also an sllemative terminology. Gine says that ¢ Iee (or
mbound) varable besomes boand o another term and is benceforlh in-
istinguishsble from tht ters (which s called i, binding). T tarioble
ceames grousd i 1 binding conriins no vanables, Thi termnelogy
bringa 1o mind e process o binding formal parameter o clual parame..
Cer. IF the formst parameters were ot sllowed to change dher value (a1
T ite Lisp, sa5). the simiaity ould b very close ndoed, except it
binding need not be grouad.

Intuitively. Profog varfabes acc someseha Ik he variables used i
mathematis. When ve say thak

LR
s 5 funcrion of ono varsble, e mean that the eqution sTlaws us (o
deterasine the ncton's vl for any (ane) 5% arguméne. The variubie
desoles  singie (it abiteasy| ubsition and s ot sl an oblect
o which eaes con b assigned.

Vo can slso tegard » rolog varisbl a.an sl polner. Whon
not e, he pointer i automatialy detefercnced n flSontoxt. 9 5
impossibe o distinpuis it froca he referenced obiect: It paeuir, i
impossibl o cxchange the objec for something i

L, Term

H one ks of 3 1ype A4 4 3et of abiects, then & term is wsa &
dcaition of a type. The term Vasiabes descrines the setof all objecs,
ecaunea vamable can be Insantated o anvtking. On ineoibor e, onc
can have s very precioe rpe speciasion. For exogl, Melermah.c.|
descrbes e containing oy ane ahjecr: the st of Iength 3, whose st
Clemen t 5. whose second slenient i b acd whse thind eemor s ¢
There is & wite range of choiezs between these Catreres.
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When X I stch that femae svozocds, (h sccond clause of e i cu oft-
and the whale procedure fails, When female Ral. the second clause
Takes ovet st the procedure sucgeeds, The ik i iy, bul very usell,
One mast be careul, bowever: i e consizat chrisic s ol lsted arang.

132, Vaslabie Catr

“The negatin scherma shown i h previous sestion s of quic general
wilty. For cxampls. e could wrte  peocedure For Shesking (i 190
set (epresenicd as ists) do nol nlricci

i 51, S21 5 ntesectd 81,82, 1

St

Prolug provides a very cunvenient extension which allows us 10 s
such sehcanas without goine 10 the rouble of rowriing them aRia and
Sgsin. 4 sarble cal s 8 varinbl occHpyTg the pasition of 8 all it &
classe o direcive. When the 1um comes fo exscute the all ocupying
his posiion, the variable’s curen! nstamition is aker s (he call, by
Ireatiag is main funcior a5  predicale symbol and i TUEns 35 p.
rametets. (e defte

4w X) X
et th call
sarsdn eld). 2,13
s exactly equivalent 1o
o curcdit L1 4.0 )
ol dof carede w11, A, B11)
We can use this fature to define

POl X ) X, 4l
ot

and write

male X - ot fomalel X ).
s $1, 821 o erser( $1, $21).

The ity ek s now aicely packagee
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In 2 conteat grammar ruk, the eRhand sde s supplemented by &
-l some (ermim sybols, preceding b i . For oa-
ample:

othersi( 5. 3). [ Delin 1~ [ Defim 1. £ stseia Deim .
o, nor' 1 domt.

The cutput paramete i the b of an underlying clauseis wppended fo

the comlent. As clauses, the sbave rules are

atheret . 5, X, Delim L)
serminal{ Delim. K. L), stadeim( Detm )

oK, "ot L - donli K, L1
The first e can be Interpreted without s€soring (0 the comesponding
clause: e shallgve e ntecprtalion below. The second cuk, huwever.
an only b explined in s of munipalatiuns on sequences of taminal
Symbets: 8w Icrminal syl appcars aflr recogoizing an instance of
dint, and only then i an instance of 4o cocopzed v well. We shall
Slaharate on thit exampe 4 (13e, <on.

First we come back 10 the grammar for sitements, 1y s present
shape i pertorms raihor poorly o incorress nguts. T [all withou givice
any message or dagaosies. We shal ry 10 imprcve he deflton of
Suatements, leaving the ocher ules 35 on <xercve, We uberva that &
‘staemeni ocher than the fst) may be delimited by 3 sntolon G -
e tht there sre other staemens in fhis sequenez, by cli, 0 or 0.
‘Oter deimitecs ae erraneaus. I cece of rmrs. oo mesningful siruclare
may be found for the whole sequemce of sisfemenis, bat we elect 10
conlinue the anslyss, At skipoiag a porion s snpat up {0 the st
secticolon. Here ace some rukes oF 3 gramiaar Gat implenants these
aens,

satcmentst $1s ) statementt S ). siherstC St S ).
omersi S, seat 1. $13)

1) statement 312 ). cthers{ 2, Sta ).
otherst 88 S0, [ Detim | =+

[ Dol 1. { stdolim Dol |
ethersit = | T}, erranaoas T .
otherst St 50 -+ 11, % ths or e last stsiement
omoneousd T ) —s { sritl badl T J. L), skapped.
skipped. [ 1> 1

R e WA corman 4o s 0l it rer il s 3
ool . e 8 e SR st . e
jrithspecamireay
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transpositian sor. & variation of “bubble sort Both huve g time
‘peoportional o ke square of s ength Bt both seen passable because
Lo Prolog spplictions reuire fus srtng proveduces). The tid proce.
ut. i h smplestquicksurt, i Lakes Les (e bl s ore pace
b o jusiication applics)

Lo ¥ into ¥ demaes the s that esals from insartiag the integer X
ot the ordored kit ¥. For example.

Sinel 4.7 = |4.5.7.00]
A possie defniten o insertion consists of the formuds
@ Amof=1al
@z A>BDaiNG(B|Tall=[B](AmMOTal)]
@7)  A=<B3 Alca[B| Tal] = (A BITal]
The formula (4221 can be rewrien o
@) A BAAT= Ao Tal> Aina B Talh=(B]AT)
and then we san use faser(N. V. 2) inlcad of X inio ¥ - 710 g6t the
fnlawing procedure:

ier( &, L1 1A 1),

nsert A, [BI Tall1, (B AT]1:x & B, inser A, Tall AT ).

inser &, (BITal ] £, BITasl ) 4 == R

o, Je soredu) dencne the sorsed permutation of he st K. We:
can deme surted n e Folowng way:
@1 soned 13- 1
@26 soned A Tail|) - Ao soriedt Tal)
The laer formula can be repliced by
AT ST = sonted( Tail A AT = A o ST

sonea( [ A1 Tal |1 = AST

To zxpress tin Prolo, we shall i sorclX) = ¥ asins wetfX. Y.
0 g0 s s Shuses:

nsort [1.4))
5o [A | T |, AST)
an-s0n( TAL 5T ), inser{ A, ST, 4ST )

The orde ofcall inthe second lawse s ot acelepal: the st st
i ull nstatizied parametcr, 5 1h proccdure woukd ot wek if
et cane !

Transposion soring Tesults o the cbsecvation that a sequence s
‘snordered I contains an unordered pair of ontiguns oms (€. 3. B
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Wil X ¢ ¥ denoing the iesul of appending Y 10 X. The flloving two
equallles defne rev ecursvy:
A1) el 1) Stack = Stk
A8 revt{A I Tail |} >+ Stack2 = (o Tail ) w4 [4)) 4
Stack2
Now, 44 is asociative, and [A] + - Seack
can transform (516 nta
WD (1A Tal 1) +5 Sk = res( Tal) +- { A| Stack2 |
et we introduce a new varisble Final.
1B Binsl - res{ Tail) = + [ A| Sack? &
Final = v [ A Tal 1) 4+ Suck2
Lot reverseat, ¥, 2) demite the Tormols Z = rewit) 5+ Y. Prom
1A15) and (418) we gt
@19 reversed [, Sk Sack2 )
G20 cevenedl Tul [ A] Suack?). Firal ) >
reversed [ A Tal |, Suack2, Final )

. accordingly. thesame n Prolog).For Y =[] roverse20X. ¥, Z)reads
2% 16wX), 5010 ket the rouersel of L we mest all

seversedt L[], Lieversed |
—indeea, S10ck2 ms be fnbially empty

Notice tht in going from 14 17 1o (d.8) ansther direcion of the
mpliation could Rave been chasen. Ihischoice woukd lead Io the rolog.
daie

A1 Sack?), s that we

reverse2al Tail, | A| Sk | Finat
esverse2et [ | Tah ), Stk Pt 1.
Which dofinc th sharter s in terms f che Ionger, Even Ihaugh I s
logiclly comece, operutionaly it i unvealtie: hexher ths 50r (419}
would malch e imtal all ith scn-emply L.
\his seetion it un ovon less formal deivlion of
Lot the lis 10 be reversed be L - 2, whete L =
VA1, An |71, We can e
RML-Z) =14 XDo¥
WKV = roullAr Ay | W] - Wi Since W s an ebitrary term,
we can resume W~ 14, 7], 50

P R PNEN
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i am example of Buler path. I remove the e b, th cesuliog graph
Wil i e an Eler geaph (£0u sy wish 1o check ().

e shll devehap sy i program, acpending anly on the most
innvcive prapetis, which Ingks soucwhal Hindly for Faler pachs. &
e elfent slgurithe aiss rom 0 theoren hat choracteizes il
grophs. We shall quore the theocem at the end of this secton

A st we mus choose 2 metho of represenlicg raphs. We can
assume that T graph contains no sclated vertice (verties which da ol
belonz 0 any edgel; theraic. f s cerainly o . Fulerarph. 4 graph
wihoul el erlies can b epresealed by x5 of cdge e A
g s anncrdeced pir, . 4 161 0T vrkLex. Since we have 1 eis
i rolog (a5 in most programm locauages), e shall represent edges
it ondered paies

View
fevis & mumassouiative nf functoe, and we shall 1y o ke th pro-
gram acccunt forthe cummutativiy <f v,

Euler graphs hav the fllowing,two propertics:

i A scaph with one ede i an Euler graph.

2, Suppase-we iake out anedss. 0 WA, remaie i » Enl grarh with
an Evlee path sarliog ith one of i clye’s vetics: then the whole:
&raph i an Buler graph (snd we happened to have remored a terarinal
cdge of an Fule porh.

Lot ot b egrcsentod wilhfiss of vertox ramcs, am I parE.F)

mea "I is Ihe st of e of an Euler sraph, and P s an Euler plh in

his praph'™. The Fist propeny 3bave can be fewmich as two ormulie

W (VI V2LV V2]

WA g (V2= VAL (VEV2T)

In other s, both rrangements of verices sre equally satsfactory.
Hore i how The second praperty e be formized [ dencies set

subtracton):

QA panEL VI V2), 1 V] Restoffaih )3
paiki . [ V1, V2| RestofPuth 13

@) b FA (VI VO V2] ResiolPath )
path{ E. [ V1. V2] BestofPath )

Before we ewrite (4.39-4.42) into Prolog. we must aally decide how
10 represent sets. We can use any strucurs capable of heding ritarm
it to keop things sl we shal use st (Anather possiily would
e 0 epresnt ¢4ch odge 355 separale clause, but then we would have o
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produces by che former, the program’s hohaviour compares uery (o
VOURELY wih Lhat ShOA WHEn each permulation s be completed
before ordered is called. When the il sequence of » pecmutatcn is
efected, all aer permacations siring with Ine sume sequence cun al
anse be refecied a well esuling i a signicantredastion uf th search
space

‘Sction 9.2 cuntsins (s shor examigles o coroutining Peclog pro-
srams. Corouiining comes (v many favnurs: some of the refrcares are
{CKI ov al. 1979, Clark e a, 1982, Porto 1982, Colmerauer e o, 1583
Unfortunately, mos! of hese schees are of resiicted uilty (Kiuzrink
1941, The problem i thal coroutncs o ot mesr wll with b rscking.
We commen on his at greater ength i {Kluiisk und Sepkoic 584),
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Besome aiscursive dynamicsly, after having s remaining clauses cul
off Eor example:

% Recognioe 2 sequence of tiersHligis
1801 ChI Chs 19— [ Ch . {Teter €0 . 1.l £,
18C1.Cb Chs 1)~ [ €1 1. { digid Ch) . 116 Chs .
1 11

(Here. the culs may provect s against deep recutsion, efecivly chang.
g i et eraton. )
Someimes the wse of cuts shoutd be recommended for clariy. We.
shall preset two versions of the proccdare tht racslacs the lerm (A1,
+ Al the s A1, A 9 the ferm A (other thn cummrerm)
o (AT Fis th: version with 1ol guards

ol AR [AR]) - var{ A ).
SICAATA A} -

ol it AAJ. AR = (AL AN
it AR TAR )i

it vart AR ) AR =

C ARTal, As).

And e vecsion with cuts thee dhe orer ofclauses 1 crueill

SRIAR, [ AA )5 usi( AR 1
I (AL ARTS L[ A| A6 115
ikl AAT, As ).

Gtitl A8, AN,

L st minisific posedures culs should b used cutiousy. fwe.
o nul wan (0 atvertenty ks some solutocs. In paricuar. prose-
Ut Ch compute LK ple wnswers (01 25 el shodla. 00t contain
<us, A o ater & call 513 generaior mabes 1t ek only s st satista.
oy answer, a5 in tis smalleammple:

o),

g NextN ) -l N ), NewtN is N + 1

X, sutctony! X ) 1

s after et in 3 procedure written sccording o the “guanled com-
mard™ syl implomont Dijra’s dor'-care nonderermirise o sl
s any—exasily ane—of the branches with trus uards s chasen i
Prolog, the fes anc).

Special care must be exercsed when adding cuis o procedures fa-
fened 10 be scd in More han Gne way (sueh 8 grammAr s itended
bolh fo asalysis wnd ythesh).
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Such s defiitions impose  ceraln siruccne an the thersase undifer
antiated univere: of iacivstil sybolc constants, each of which has
only sne atiibule: s name.

"The intciprecation of & sanstaot rests slely wilh the progmmmer.
1951 can b th price o a Somputer, e weightof & iruck, he time of ay
- year o e, One canalstys mulily i by . b his scldam mskes
Sence when L repcesents s car's egiiation auber. The cossiant boe s
s burdened with nadoguate inerprecaions, b onc might wish no ta
have the. colours orderca. Constants e (he prenives, s colectng
hem into typés shovd only be done when hecesiary.

In Prolop, se in ofhar svmbalic anguages such a Lisg) thers is 10
necd 1o delare constanis of group ihem into 1ypss. Onic can use them
feely, simply by wring doren theis nomes

A legal canstaat mame s one of the olleving

— 4 sequence of digts, possily prefied by 3 minws sig: by sonvention,
Such Sonstants are caled lnceges s 2.0, -3, 1351
—An ieatier, which may contain leter, digits and underscores but
st e with 2 lower case It (.8 4, aName, number_;
—A syrbal which i oneatpey equesce of any oF Ine followiag char
[ 758w e~
—Any ons of the chatscrers

—The symbl (| (pecsionnend "y,

A guoted name, writien aceording o the Pasca comvention for sirings:
' sebirary sequence of characlers enclsed fn Apusruphes, an
Sposircphe being represeatel by wa comeautive SpeaIaphs (€.
“Cut o b wits of 18 Churscters)

i of s constams are prel symbalic and have n iuherent -

Drutution. Mowsver, some primiive operatlons i Polog.do treat hem in

2 specil way

—Arthmetie operatans interpret integers 3 represenctions of ineger.
Valucs (1hey can sl create new Sniegers

—Comparison aperations icerpre integers 2 fnteger values. xad ol
lber cansians 4 represeniatons of e ssquences of characers orm-
g ther rames (1hee are leicographicaly ardered by the Undeflying
enlating sequence)

— Inputnutpul peraions nterpee all syembols 2 seuences of charace
ers forming thcr names.
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Norml  terms srs comtguaus sequences of words. Ths first word
holds 8 pointer 1o the. s Eonctor's o (i iy fek dofoes the
Iength of he sequencs). Oiher words repucsentsiguments For visble
argiments see 3bove; alher wgents ae eprssental by poiniers (o
approprite abjecs (ce procedures getarty 4. griarg i the fsing.

Figure 7.3 ilustates hese comventions. Figurs 725 shows e com-
Pt intcpualrepresantaion of a prooeduce

A3 explned in Chagcer 6, term nstances are pusked ontothe copy
sack only when absoluiely decessary (When Ihey become varisbi bind-
ings) and are othersize represented 2 n Sruclue Sharng 1 I herefore
comvenieat (o represeat allinstaaces by o poie of poiners. I the Arst.
pointr addeesaes s prototype. the second wirch we shllcall he proto-
Iye"s enviranment i  boile 050 aea n he variabe sack, I he it
Pointer aciesses  trm nstance, (e second is disegacded. Nole hal—
nlke in Stpuctore Shiciag Implemenlaioas—the envitonment 11l
never change a6 erm arguments are coessed: variable bindingsare never
nenground profotype: and require 5o environmen.

"The mormal mecharivens of okjec! recogniion and creation ar cie-
umsented 1 O o et (26 procelors deyiternet,

o aveid creasion in the capy stack of oo cuan inteps chjext regee-
senting intermedise reulis, o ange of the s heduenty uoed ire.
ers (~1..101a this verdion) is malntaned Intheform of nique ground
protutzpes

o svad the yverhad o locating chaructr atoms, checking whether
fUnGeors mgresen chucasters, und dupicuting Charictr prolotypes or
instances, g1ound prosotypes of ASCLL characters aré et n & contig-
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leavesi( s, .t = udent 2 ).
Teavest( a1 .0 )~ enit 2 leaves L u )
Teavesl( (43 1. 0) — leavesI( A6 1. 4 1t
it i1~
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“The second exaraple is 3 procedurs ths generates 3 st o digis 1, 2,
sueh that b hrce Sements are derenl

permd x.g.zil ) alldiMerent .z
aldigis .20l

gy

adigis{ 1)~ dght x ) ldigns( 1

digit 1) —: dgh 23+ dight 31—

aderenu i)

ifersnt 1.1 ) — outside 5.1 alliferent )

e x. il

e, ¥.)— 6l x, y ) ouneidet x, 1 )¢

Protot U supparts a Kind of modsrisation implémentod by so-saled
words”, eseh wath & unique name. Worlds sre Graaniscd 10  hice
eucture. The root ks the world “anigne”, which hus two subworlds
“ordinaire” and ", Subworlds of “ordinsire” (which i the de.
il cam e created by the user i can walk up and doven he e, s0d
D cresi aud discard workin. 37512 conains the Prlog 1T supersor
and comnt b used 33 the curecnl world. Buery procs e same 5 ssoci-
a1cd ith the world i1 which it way frst mentioned (dechred”, 1 ix
acecssibi i 1his world s it desocan s ot by sbiings. More:
aver, s name N and he <ame name N daclired i 2 Saperuorh (rer o
Pefr e difizen procedures.

‘Cltses re sl forall manipulatons chading inta desition)
only in the world wher the proccBuce dame has been declared aod in 15
iret subworlss For exaMmple, Stancard procedis pames are araduced
i orikine" i <lauses defned in 1?71 and Used 1 “ardh
o So. the uses cannot shange a stomdand procedure defition.
Clause indesing s proided, or e tuple indesing. The leimon aame.
e uple s e 5 4 Xey

I purpore of Toy's fa. ageit . (seo Secton 5,12 s served in
Protog 1l by'a pai of builn procedures ior, fn-thoc. 1n e call e,
(1.3 the call o be exccte nthe block. When, duricg the executicn of
£l of he form in-blouif) i smoeunicred, the mest recent all an
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ensurng tha the same varisble becores  partof all th currespon
terms associutcd with 2 clauge imtance. Wik Structur: Sharing, this s
done by sllacating a single frame for al the varisbles sopeacing io 3
Clause. 1 the momeat of it activation. All becurrences of » wirblc
within s clause’s prolotypes are crooded s 1he sume offet i the
Gammon variahle rar (hi i just an spplcaton of the lghnigue ders.
onrared n Fig. 6.4

In raciice. mast NSS irplementations use 3 very smilas approach
1o it the problem (desplc 15 name. it i 4 hybrid method). Term
fotacces ane s eneded  pralstypes, w5t vaishes sepcencnled by
ffirs i & chise’s varible frame. (ne difercnce is that sarisbic
rame locations hald anly siogle poiners raber har ferm haseles. The
Sther—mors important—iffesence i 131 erms formed in Ihis way src
only irual” intances. This o s ha they may e uscd only 85 data
seleccors, direeing Unipaation 1o insiantisie variables. in che vansblc
frame. Whepecer one o there R i (0 breavie 2 variable’s nsiania.
tion, & “real” insance a new DAG) must be bull. € this new intance.
conisis  viriable. s varisbl e beoomes 5 ¢opy of he sppropralc
locatio inthe riahe frame, whie he location i made o b & pipier
10 the node. This ensures 1t all fuare references 1o the arisble sl e
up i the node.

“The process is shown i Fig 6.5, Noke thal here, 00, prolotypes an
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Even in this microscopsc wocld, planming may requie som: sophist
catlon, s reasonable to postulat.that 3 dsicable ac, boce added, will

e delled {otherwize we risk an iite loopl. However. et the
state be that of Fig ., described By & confunction aF ve fats

a en Hor. b on oo, € on . leart). cleare,

Letth fnal state b ot of Fig. 3.1, desoribed by 3 conjunciion of o
goal: < 0n 3, 3 o . The s gl . crivially wehisved. T puca on b,
Though, e mus remve < Fiom 8, ¢ destoy on already achieved goal.
The simpl sratcey of chisving goalt ane by one (and feexing ll el
an facs) wauld ot wark in ns case.

o' more ermwded “world" & sk migh! comrse 30 many fits
ha s diret represemation (s i fs_s45) woul be impractical. Mre-
over, even 5 small change might cequire copyng large data scucaures.
Clausal represcalalion i fro o This cisadvaniage U IL s unwieldy
when a chanp: mus b wndone, w1d of course plaoning s  rial a8
error proces What we need is 2 mettod of ncremenclly descriing
insreaaanial changss, a0 making them casily undozhle

& atate and am alion eIGEmRS he nEK! SLae. | S assume Shal e
scton o not lTec facts ot mantioned explicly i the desriplon of
e sctons elfects 1 oddsc o deleed. Given an iniil st o » lsn.
i » sequence of Sctions, We can Sheck whether & a1 hOIdS i the
resuting R sate. To undo 4n action. we remove b eor he plan (in
pracice, ths may be lightly more complicated).

For uny partcoiar phiing problem, e il st can be consid:
ered e, The Bl sate should be gien mplclly, s « coryonction of
e ta be extablished by  phn i av ging 1> ind. THs pprosch was
aken by D. F. D. Wamen i hix remarable planning program, WAR-
PLAN
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In Sostion 4.3 wo shal riBy consider Ihe odvantagss and dusadvan
g of 0m ide-efccts i Prolog; we shall also present several simple
ks 1 el ncrease (heeffiiency of rokig rogeams (aspcialy the
5pase requirements) in many exiting implementatans. Earler, in Sction
42, we sl ive 2 fow examples of Prtog implementation of commonly
used doa structures, in particular binary (res and inear st We shall
show bsic opcralions o those structares 2 (e 2¢ical appliations.
Seetion 4.4 contains small examples of program desga.

42 EXAMPLES OF DATA STRUCTURES

We have chasen unbalanced binary seacch trees (BST) and one.way
linear fics a6 an illsration of melhcs of implemenling recursive data
irazutes in Prolog. We assume you are familiar with basic GeAniions
amd algorithens  decuile. Bough racher elementar presentaion can bo
found, Tor crample. in Wit (1579 o Sedyewcek (1383, Hre. we shall
Fefor caly tu sammon incuisrs. and v STal concenicale on problems
Speeific ko Prolag,

We shall sl heifly discuss represeniaion of data suctures by
clanges—in paiculze, Prolog counterparts of araye

Siaple Troas and Liss

Terws can waally be regarded a5 tecs: he main funcior ibels the
root, subtees comespond to argumcnt. This s sighly imprecse. be-
ause muliple cccurrences of barshs epresent more goncral sinue.
torci—direeted acyclc graphs (DAGH. Howswer. he 1eem fEA, A1
which shauld b depleied 3%

7

(

N

can e though of as
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Shat ane may necd 1o alleuiats hat by introducing arical olres i 3
fow wellhosen places fsee Section 43,2

In the simglen form of Stracture Staring, 3 varisble frame Is an
integral par of the representation of 1 number of term intanses, sd
cannol—in principle—be deallocated 50 long A5 any of these terms is
aessibke. 1t st e llocalcd on  varable stach, which closely esem:
Bles the copy ek of NS5 (excep hat  garbuge ¢ollector. f e, i
harder o imolemen). The acifvaion stk i smaller, 4 1t anly hoids
Cantol infarmaton.

Tha most impoctast agvaniage of NSS i ha retenion pastth -
et of prcedur termination conoecns only those terms which becam.
variabl inetanatons. With simple Sructure Shsring. on the oher haad,
all erms are ctained. As i lums our,terms sre cfen used 2s selciors
Falber than constructors. anl lauses feequenly propel a compulation
g withwut creatiog many long ved bjeuts. The wopy sl is .
forc usaly smaler that 1 variabl S1ack, 2nd the cects of memary
sequirements being 2 funclion of fime are much 16 pronounced with
N

‘Siartng with DECPrelagI0. many Strsture Sharing implemenss
Gl ake alvastuge of G dilfeeace belween teems which must live
oger than theie charses nd thase ehich e 2oL, A chause s readin
s anayd 1o dtcet varisbles which canaut, e any CHEUTSIARCCS,
b s 10 Corm nstistions o varishen ouisie th cause. These sré
clasined a5 loal varsbles, whereas e cehers axe caled glkal The
Vartabl names ave sl ocal 1 he cause,of covrse the vninclagy 10
onvey that lobal variables are long-fved, while local vaciables oy be
llocated e dealloated) with theclauses stivlion frame. Toe actiar
T stack s ccarlingly refemed 1o as e loalsack, e plobabstaek
i bl variales.

& impl, thaugh ot nessssarly he most suble, classifcalon exte
Flon is whetber a variabk appears insie 2 e6m (1. 15 ho aaly 3 proce-
dine’s paramecer). For example.

AKX 1) X, & 2D
Wt o X i ol The role sbou diecetng varisble=to-varisble
efarepoes iowards (he bttom of e sack suffice 1o ensure hat i .
allcation will o lesve dangling pointrs. The variabe ¥ is obuously
lobal 23 the chue can "eport t alee having been activated by

o Something. Variae ).

“The stus of 2 uncerran. It can be bound (0 a varizbl i , bt we are
redlly nteresied ol n thowe outside varidbles which autlve a. I o
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$5. TESTING CHARACTERS

Each of these proceduces fi o susseeds depending on whether ity
paramele isu characicr belonging 0.3 particalorcloss. They are designed
a help the user nteface (s Sectian 1.6) o resding Pralog tarms, tul
same of them areof general iy The procsdures e and ondehri?
(e Sevtivn .1.9 are ahesuse I st characlers,
smalltien TERM)

ests whether the parameter is 2 lowee case leclr
Hilesor TERM)

ests whother he parsmetc s on upper case letor
IenerTERM)

ects whecher the parameter s an wpper of lower crse lefer
TR

ests whether the parameer s s decimal digh
alphanum(TER3M)

ests whethe the psramete e a ke  digit a am underscore char-

setor
brackedTERM)

ects whecher he pavanmete s one of the folloving characters:

oa

“aloctar(TER3)
ests whecher the parameer s one ofthe fllowing charsccers:
symeTERMY
et whother the parameer s one of the ollowing sharacters:
EERIEL T SRR

59, TESTING TYFES

These procedures fal or succeed depending o3 e fomm of theic
arguments.
ATERM)

1S whether (he paratete i an uninsiantiawd varlabie
integer(TERM)

Tests whelher the parscueer s an ineger
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25 tfthand side. Consequenty the e
aslplbilale
mustbe cranstaed a5

X7 dumy (X (1Y BV, Z)
“dummy L V1Y eV Z)

For simpllciry, i has been appiied 10 &l rles with lermatves

745, Uy

“The Rbrars tAppeatix A3 ines 385 1002) conains defniions of about
20 il procalars ot tatseveral impe procature e s defiatin
the keoel S, sppendin AT). Thele dfiniions in Clupicr  tan
b treated a5 desian documcristion. Their implementaton s lasgely
rwightorwsrd. We shall coroment an & e o quit ohaiows passages.

"Th procelures causeiHoad, Busdy) und retret(Clanee) ar “back.
trackable", 16 ¢an be used in ulure drven Inogs that genersie o ce.
move alt matching clauses. Hee ds o description of e geueralo (lbe
other gracedine is progrunmed similry). We are going 1o visit ul
clauses of a procedure and suspond execution cach tims we g (a
matching o Thi s achicved by seting upa recursive luop with s step
isribated betmeen two clayses (see the. procelure remelst. ines B4
322). The frot st docs the matching Upon mismotch, we rediely
rocced wih Ihe sscond clause, ic. sonctude the sizp. I he malching
uecceds. the generacor sucecers, oo, bot with & pending aiernative. A
el later on esumes the second halfof che siep.

“The pracedures wric 3a8 writeq both encapsuisie the prosedure vt
termi(Term, With_orwithoul_quotes) which st uses mumbercars Tinss
17652 1 bind all variablesin Term, and ne calls

ot Term._afienumbervars, Context, Wilh_or_withoul_guoes J.

Context specifes the essental fenlures of < Sanctor whose argument s
“Tecm. it ot an operor,or ther s o cxtermal fnciur, then Context
ST, ). Oherwis, Cantext i JARPrirty, ASSUCTEIIVCE). (3. Term
may b i the RIL D — 1) or o the sght (it — ) aF th forcicr Assosi-
vty sy e 0 0 ) o e and ight-associ v functors, and o,
01, o o) for onssociative Gunclos, Conteat s esied by the pro-
cedute ouaS (ines 833-535) L0 decide whether Torm shauld be paren
Thesized to avcid snbiputy i the case oF equel prioniie. AcTull, the
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ity snd ease of programming with metamorphasis grmmars. Wel.
Known prsing alporihms for esticted lases of onlext Tee gramaars
a1 b quit convenients programmed in Proiog Wilhou! meiamorphosis
grarmars. S for exarple the opecator prcedeace parsr described in
Sction 743 04 Appendis A.5. However, (s sequires explict hadling.
oF the persing siack, alribtcs oi.. uhiko memoDhasis ERTMATS by
therselves arc s powertul a3 suhule sramesars (Kauih 1968)or 1o
vl grammars (van Wijngantden 1976)—scc the discussion n (Percira
and Waszen 19601 Parametecs and conditions/aclions make & pussite 10
esnstract an inuiiely oppeaing, concise and readable meramorphosis
prammac of any casling programning lingutge (aud o reasonabe sub
5613 of natra] lngsges) captoring seuantics i ll 35 syntws—see .5
1Moss (979 Al hc samc ime. such a gramm can usually be used a5 3
Wamslalor of tis Janguage. wihout adaiionsl <ot on the part f Lhe
progumese, bat there i often 2 cecaln prke 1 be paid in eliciency

One source o inehcency 1s cepethuco, Consider Lo rules from the
rammar or statements (Section 331

et e £1. £2)) >
xpression 11 . ['="), expression £2 )
reation I B, 02 1)
‘exprossion( E1 ), <", axpression( B2 ),

I3 given retaion s ot an equeliy, e résogrize this st of staes anly
aher parsing the firt exprossion and faing to find on equas sig. We
atandon the rule and choose the ocxs but then e mus ance mare pirse
e st oxprossian {which ay be it sge. The problem emains i we
change the order o the s

"To avoid his ineticicasy., we may apply factafzaion—the tchuique
Siteady used i Secton 3.4

etation( R ) » exprassuon( K1 ), 0p and expet K1 R 1.
op-and. exprl Bl, eal E4, B2 11— ('~ ], expression 62 )
op and_expr{ EI, W( BL, B2 ) ~ "< . expresson E2 |.

ancther solucion i to combine the original ruls o sl cule by
replcing Uhe lexminsl symbols with » wrisbe lermind. and abding 3
e conditon:

elutiont R ) expressiont E1 ), [ Op 1,
Tiskeson( Opu EL EL R )
expresaont 12).

mukestruclt =", E1 B2 cat EL 7)),

makestruci( < EY. EL. I £1. B2 1)
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xecutivn of users' commasds. recovery afle hardware Euures, cic.,
et There are o rely sojatons in Prolog but pesumably they can b6
programmee im0 1.

Surprisiagly. Prolog i, n 2 seme; Lou trong, 00 nrestcicied, For
xaripe, o easure the Conformmance of s tple wilhthe reltion chezs,
some form of Lype chesking is requird, presumably ax Explic tess
Uncesrained use of ssseruretract may als uin the loegrity of » dats
e i ofher ways. Consequently, Pralog shavld rather b considered &
ool for implemening more restrccd et imerfaces: gusries and com:
mands i o s Ingusge are lyScd (e checked. gy ensured.
£1c). 829 o then tramlaed inlo Prolg,

A pacticatanty atrctive option wwld be to query the data buse in v
mtoralYangusge. Severa encauraging smll cxermen b hecn car-
Fled cul. A e moment. iheagh, s s much more 2 esearch prablem i
it coen right than 5 generaly svasbie programming iechnique

Relsconal ¢ata languages, 1otably Sequel and Query-by.Example,
v symtactic sugor urrelalion schema e itons.dats monioubtion
md queries linwolving Boulean cspresions wod composiions ol paimitiv:
reatioms aperatoms), by conteue with tursl hgusgs nlefices, s P
og implemaatvon of a relatioral data age . programmin lask of
moderate compiexiy.

We stall now present Toy-Seque, s selsionsl dia laaguage pai-
temed st Ssquet and inpieuenied i Prolo (see Liting 8.4). Wit the
cxception o agercgale unctions, expressions a tple specifcations and
Soms exoic atures, t supports ol tat s essendisln Sequel. Extensions
are relaivsly sy 1 niroduce qws B them out 16 make che program
shorte. To v the lvoue of 1 langiage, b s an amotated conver:
saon with our progran. Iniited by the cal

- foyscque.

To begin wish, we spocty o tew relaion schems:

crvaic EMP < stomg rame, incger sy ileger ino >

create DEPT < intcper dnc, iriag macigec >

creale Hoardbsembers. < ssing name. sineg posilion,

nseger srioriy

Now we insert ome toples:

i EME insert < “Brown”, 10001 >, < “While". 00, | >
< MR, 80, § >, < "Bamy”, 0,2 >,
< “Thomas", 850, 1 >, < "Morgan”, 050 |

ot DEPT insrt < 1, “Jomes” >, 2. Sewih” >
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aca, 1))

hem the it will comst al shoiccs mads by @ and b s 2—1he proce.

A0 ) il without execuling ¢

O shuuld avoid taking, advantage of his pesuliar property of the
. T s doubtful whether 1 cecessars.
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FIG3 | Mok ombimian of g

e mow obseree L luuses which eprese odges lsbeld with
nan-erminal symbols might be derved from thost. carespending 1o o1
‘minalsymbals, by vietus ofgzneralstructurl eatanship i jn b
rarmmar. The reasoning would be roughy 2 folln

ertert 9, 10) becuuse o1 5, 10 ) 25  Jttrs

et 1, 11} g xC 9, 1 % x i  etter

atomd 10, 11 ) because fettrt 10, 111  eter makes an siom;

atomq 3, 11) becouse eter(, 10) and atom( 10,11 ): 2 lecer and
" alom ke 30 atom,

Relsionships of tis kind can be generalized in & susghtforvant
manmer, ..

e K. L} o( K, L)
e K1} (K1)

ON o Ryt K1)
Ao, M) - lear( K. 1) otom{ 1, M ).

Cortiguity of sdiges i assur by using Lae santc ez [vArible rame) 15
denote every inermediate node” cuce at the end of an o3 and ane a1
the begioning ofthe next on.

Given fe chnoses lhat doscihe edges with terminal syoubols, €2

o AT
LR

e might o deriv ll he remuleing relevan ces. Sirely sposking,
they woukdbe presenl only implicaly. For sxampie, 0 confirm the pres:
ence f the cdge

aom(9, 11
we wouldissue the command.

- atom( 8, 11).
From shich Ik following compuition mighl cosu
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arc made detstministc by the cut, We shall ot exer nt the derals of
his and ofsogeuths Is 3 sple excrcse.

“The 1t g wosth mentioning i the handing of eronsous.c:
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successvely push iscoming iers, but the original sequence il be re-
s, Alemalivsly, wo.can Wi appead e vEacrye I orgina orderof
iterns, but this would sguare The runeing ime. Mascover. cach call o
apend s mut oy 1rasersal o (he i fs. but s reation ofits
‘cupy. Strstly speaking.  series of variablex s produced and Instamtaced
o wuccessive tails. When excculing the call

append({ 1, 121, (16 1. X)

e alloing instaniatans take place:

X o= (1L Thind-aif |
Thied 1l o116 | Thind_sir |
Thied_wir o {1011

Asuresult, only the top-level stcueture s copied. The ststionis soughly
510 Fig. 4.3 the b st share all ems bt he st

We had  similar sitution it the iexe inserion procodurs. Check
thet ¥ig. 4 propety illstrates the picture afer nserting crnar + &K1
010 the Iree of Fig. 4.3 we £pY (he top-evel siucture of he whole
branch,

Snale L1 ond 1, e may wish t prcserve on Snaenditid 111 we win
destruciive modfcation. opersions, we must exgeess this desve
ot

——————————10)

16,41 To ot ofspning s,
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423, Difference L

14 the appication docs ot requirs shartening a s, apen lsts can he
construcied with no copying Whatsoever. Successiv nsiances of the
avigicaly ey lii—s varable—are louger and lonaer open sl (ss:
suming, o course, that e are caref o Istandate fral variabtesoppre-
prstey). Howewer. each ime we add 30 e, the it must be aversed

R thc S variable. To avoid this, e can heep i varible read for
inantiaton

B2 = | Newliem | Newknd ]

d make NewEnd svaiible for farher processing.

‘The pair consatn of 3 list 4ad I inal varable can be considered
anathe cepresentation of te lisl—s e redundant for the sake of eI
ciency. 1 reusomible ko represent the erm 33 4 single tem. W shal

OpenLis - iFinalVarizble

with 3 nenssociaive infis unelor, For example:
lablx)-x

To ud e an the £nd of st we vse the prosedure
altiten (e, Lis = (1| NewEnul, List - Newnd)

The catt

ldierf 4,1,2.3 X ) X, NewList )
imaanites, 55 expecied.
NewList o= [1.2,3,4, NewRod ] - NewFnd
bocause
X 4 Newbnd )
Consequenty.
[1,2,3.41 NewEnd | - L4 | NewEnd |

To ge1 3 new i, we had to desioy Ihe old one.
Fortunately. the destrveton is apparcal. The pa ca sil be re
aanicd a3 & reresemaiion of the sequence 1, 2, 3. Natico O |

I ol st besornes

s e o) were by ok 14 P (9
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This version is yoad for didaciic purposes. Actully, we know that
th folowing nstarinions ke rlace
LFGaE o= (Rool | X1, A o LFlat
XCRFat  Flol o LFlat - RFRE
We can cemovc b cal
of he sesond cleuse:
Raien( i L. Roat, R, 1 Fal ~ REte )
Aaren( 1, Lt .. [ Roac | Ritat |},
Hatcent B, Kl - RFBIE )
We might similary decie a " shor cu” clause forkeves. We begin with
attont i i, Roat. il . LIt - RFAlE )1+
faten i, LFiol [ Root | RFIaC 1),
fasen( i, EFlat ~ Bt |
hen make LFIut = (Root | RFls] and RFfat = RFIUE, awd omave the
recursive call. The specil casc bogames:
Satten W i, Root, i} . [ Root | RFtE ] -~ RFIa(E ).
a5 xpecteds
“Afer he call
Aten( Teee, Lt - ListEnd )
s shall ve List imtantiated ax
[ Node,, .. Node, | Listind 1
nd ll e shall ccd 1o get Sarcdl.s ischoe List by bioding LitEnd to
LI This i ety achisved by defining
bl Trve, SoedLc |
‘aien Tree, SoiedList— {1 1.

or replucing the il call in irve_sor.for ik i)
See Sechion 7.4, or  litle mrd sophisicaled sppleaton of aifer
e st

x

424, Clousal Ruprseotstion of Date Siustuess

A Prlog pracedure bl ofuril louses i & ataral representation of
st and vesences, Under he sewe Incrpreition of prograns, ch &





OEBPS/Images/index-211_1.png
27 o A s i

s exra effon. Of course, once the manitor works, the boatsirapper is
no Jonger needed.

“The bomcapper is Jisted in Appendsx A2, Cammenes taring <ith
7% associate maemonics with variable numbers. The main procedure s
ransate (s -13), i b pAFAAS 1 Bame's o 1 sowrce and
output les. Theurit processed Wi <3ch 1 of he afue driecnlogp s
5 singl clase or  commen. The oop s1ops wpon encounterng » € in
ploce uf the fst non sk charactr o  uni. The ranlaton of 3 clause
5.2 oing which < buif 00 the By on  aiference st of charaelers: the.
it i represented by the 4o parametes chriiensd tesmrepr and rest_
of_tarmreqe, Mete is how the cliuse in lines 54-55 vould look ater
rewritieg 1 into Fll Prolos and cambising (hose paramelers:

crstausg Frerm Sesch, Termreps - Rest_of_tectept,

Sym_tah )
erm{ Fieon_firstch. Fucems Restch,
Termueps - [1, " Middietormeepe . Symab ),
erms¢ Frms. frsizh. Middletarmresr — Resc.of lemrsor,
Sum b ),

Ferm. isich s the st on-blank following a functortetm; i » soreect
lause, it <an oy ke 5 dot, o1 & et 36 lines 366,

Comments embecded i a clouse are copaed a aace (lines =551
Morcover, the siriog contains end-ot-ie and blark chacacter, which
mprove the spparsae of e isnsiaion.

Fiior i » slause carscs  mcssage (0 b prinded and he inpul up Lo
he st dat 10 be reprinced and skipped (e ines 15-21). The prograrm
assomes the dala are correct, and Protests vpon Encounlring he st
unexpecied character,

chclause with ariables s followsd by 2 commect that

5 215.226). The bl i an opem il of names. Thess
‘posions e used a vanable aumbersin ihe rasaton. Lip 1299 varia
bles can ocea i clause, The munber-name pairs are weilen 5x i o
i ine 2201

“Thers are some: ol mizor paints worth ooy, For exumgle, he
output strng gets chsed sventially dus o he || n th inkial zall on
Clase Uine 14;trsaslotions offsts wihe lts are parchesized, s che
0 parameres of erm (ines 131, 136, 137 ideavifers v enclosed in
Quotcs by fram lnes $9-70), tc. etc. Howsver, g res of U progrom
3 b Selt-xplansicry. A Dt s &30 Be viewed 35 & metamorphoss
Brarmar used for synlaesis, driven by 1oput da, vath he to compo
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and o

ot Swheh ) - reract Swich ).
% bl If Switch s off
acsotf ) S alrenly o

We can st revent the site of 1 suich on — off, of — on):

i Switoh )  rerac Soeh |
i Switel ) - assen Switsh .

Suilchen e el cumber e 10 peogram wihout lausal das. T s
ot dilfull 1 reweits mpvsos

messagef Code, ter ) - shorl_mest Corke ).l
messagel Cod, wordy ) - lomg_mest Cod . .

bt the Terseness parameter ooght o be caricd cveryhers throughout
the program; and dynamic reversal cf @ switch can be yomewhl mersy

Our aal exampl demonstrates how ssserions can b usc 10 o~
iz rauls of expansive computatons for fotre use. Lot he proculurs
tegraie portorm syrabali ineseaton of  given Formula (nd fail 1
Cannatbe doneh J e 51 oing 10 s 1his gracedure requeatly, we may
Wi 0 aveid reconmaning vegrals. To this end, w shrld store overy
tegeal. ance computed, and siways 1y to hod a feady answer before
Saupching accual integraton. Here s 8 possibe saution

iotegral Expr. IEXDr - sorcd inegral Expr, TEapr 1
incegali Expr, (Expe )

e Enpr, 1Kvpr ),

asert stored.iniegrall xpr, IDApr 1)

e e Thus fursished our prograr with » Srimtve leamming

44 EXAMPLES UF PROGRAM DESIEN

In his soction we laok ol sevérl tiny pragrammicg problems wnd
\hcie sclutions which cesult from more o ess formal aoalyss. s i not
& realexesclse in dervaton of programs from forod sprciications (.
Hagor 1979: Gregory I980: Bursiall and Darlinglon 157 This i, at
st an siation of suh derivaton. not very igoreuwd ih Tormu-
e Kept o5 gl pessible

These partcolar prublems presect mo difficulty 10 wsperienced pro-






OEBPS/Images/index-139_1.png
43 Somn Prpnmiv s 120
The cxccution of

gfall ocp )

cxminates the oop: tegtoop] . and the second <lause of ru promply
Succeeds. With a sep defined 13

st 2 coad €1, e )
08 loop reeined 35
g - epee, g s ) i
we san also ol one 31cp by calling
tataill step 3

432 Clses & Glowel Dt

‘The prosram auodiication procc duces—asseri, resraet Rad 1 ke
are st of al used @ mainiain Prolos doa buses e Secun .31 They
can sl be used in slomodilying procodurss, those whach 3ssen of
etract hei wn chses: i s 2 exiremely dubious prograuning rick,
and s ol recommended, spesily i S4ch rOgTamS led o be Fber
Cublly implementaton-dependent

Whodifiation procedurcsare l50 uscd e stoe se-called lobol data.
I Piclog implemeatations tha do ot support medularisation. the data
Keptin program clauses Inoably Uni clauses)arc ocesSBk o al proce-
dures, e global. Such dale aresigfcun i Proiog becausc (hey arc 1ok
affcied by backtracking—see with qc i the previows section. Alo, they
415 somlimos e comsenient t undl han afurmatin passed arcunnd
i paramerces. ORe Cxample i 8 swich”—a paramelerless il cause
whs prevence o1 absenes provides  simple yesing tes. For nsance,
we can supply lerse o Wordy err messages:

messaget Coe )i erse, short_mes( Code ., .

messaged Code ) - ang. mest Code ), o, .

short_mes(symd 3 3= displayt “ym 1. oyt 5.

Tongmest symi 571 5=
aispay.“Unixpesied syro) o ingat:
dispay( §). o,
dispiayt * The rempiades of the command wil b fgnored |

A switch can be easly turned on

twman( Soitch - Swiich, 1. 9% aleeady on
wmong Switch - assen( Switch )
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Such a mulisie approsimation 3 desied desciption s very charace
Ierltc i Proton,

e Rave proposed 0 regard a e s 3 1ype deftion, .. o descrip-
Vion o 3 clais of abjects,or alterolively 25 8 description oF & singl, a5
vei unefned obiect. These are wo sides of the some cob. A sitgle
obiect whose formis knosin nly in general cutinecan b Ihought of 3 3
representtive of the class uCall otjects having thatfrm._A tem demues.
2 s by virtue of fenuting any ons of s pussble instatiivns.

A cumment on the ol of Yariable mumes. They are ubed us hundes
o the bjects They denote. Thraugh s name we can, st 2oy Tomeat,look
¢ what we have acuually learmed about {he shape of The ebject. For
‘eaample, oo maer what e instaniaion o Head Tall, 1 varable name
i denotesthe st element of s ist, Th term X.X.Tai il uite
g in Polog 2 denoles st whose st and secosd elements are the
sume ubjest

Notie tha w said *he samc nbject,” notidentica bjects.” 1 v
oA 1 Agu that derent cous o et <2 thave componeats
To ners, Prolog ters dessrihe data sractures which can be repee.
sented as directed acysUc graphs (DAGS). I we use a0 arrow o denste
T relaton of “being buill " X — ¥ means that ¥ i compoment of
X1 then Fig, 1.1 Musirates the oect deaoted by

e el A8 ), Throst A 6. T B

Somerimes one s ot nlerestcd i cetaim objects und needs 0 nae
10 efor  them. Sucherts an b¢ denoicd by anomginous sarabis, exch
of which s wrlcn 5 an undesscorc. For cxamplc

Bl

descibes 3 st ofYemgth Fowr whose st and 1t lements Sté 3 and b.
The socond and thed sleménts can he sny two dieeent ojects, or the
sam abjet: we dom' cue

1.2, OPERATIONS

The majoriy of operaiions in a Prolog pragram are calls 10 procedures
deline by the user. Standard aperations —sddition, corgarisons, aput!
outpurexc—are used relavely Soleauenty For uniformy,every oper-
fulonis wrircen s 1 were 2 rocedre call, i e grncipal peoperty of
Sl standsed aperations is only har hey nead ol (216 must noO be de-
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selct rom EMP. DEPT tuples < EMP.». manager >
“where EMP. ino = DRPT_dno.
(G- uples < narne, salary. EMP_de, manager > ).

And gl foncticns, .5
slect from EMP aserage of < slary >

An cxample o lesa sraightTorward madificaions is query oplimisa-
tion, Cansider the command:

seiec from FMP, DEFT huples < oame, satary >
“where dno = DEPT_deo vud meager = lones”

“The answer willbe gencrated by the calls
EMP( Name, Salary, Dno }, DPT', Do, “Jones” )

which scves coery EMP fugle. sven thaugh oely oae depsstmen i e
valved. The same el f luples would be wenrased by fhe ealls

* DEPT Dro, “Toncx'" ), EMP Nume, Selory, Do)
butoow othe deparument” ugles woukdnever berceved. Tis optim
sifon ool wpecd things up consderahl for Proiog Impmentatons
with lause Tndcring.

B tacaanc Nowss

Th bioboaragh on dta bays i cacrmoos. W shal sl pams &
Tow positions relovant o our presentation which (of nocossiy) has anly
Tauched o bsic ucts. Tug sidely acacpted intrducenry excbooks o
awa base in geneealare Ullmon (19 and Dare 11962). The eftionat
model of data was inwoduced by Codd (1970 wnd further elaborated by
many,including Codd bipsel (197). Trs must popolar elatiomal o
languages are probatly Quel, used in the du base sysiem INGRES
(Sioacbraker &7 ol 1976), Sequcl, crsated for b sysom R {Avszhan.
1576; Chambertin et al. 197€) and Query-by-Exarmple (Zloaf 1977

I the proceedings of conforencz: on logi in dua bases (Gl und
Miker 1978, Gallaire e of 1981 the ar, i pasicubar, papecs on the
ok o Iogic prugramming i dala b theory and sppiicetions. The s
Vantages of Prolog (an logic programming 21 lrge}for ora bescs have
b, advacated by qute 3 few auhars, < 8. Kowalsk (178, Galla
41983)and Liogd (1982). A prsctical demonstraion of Polog's powes s
Cha (Waren und Percira 195 Warren 1381, & systema Wik 2 sacural
Languags interace. Querics in Englih ar transatod (no Prokg calls
ey are imiler 1 those produced by Toy.Sequel bt Chats pertomns






OEBPS/Images/index-287_1.png
APPENO A3 (o)

T ——r

o o e s T 1 S )
Qe . Vo B

i oy, N o W,

Concim Ao, . N s, e . o, e

TNt s et st

B Th ody o doe . e By

o N e S, B 5
i Loy,

FIEEEIZZEARREAREEE

% e pochrn b by o e { 0L}
2 T e e g
g
ections, spoiran, . 11k
g cron o e 1 e 796

A < pomER. | e,
iy

seaonig
Tzl nomsp
i, Citateare.

5 a0ococng wo s s
i >

SEEESBELALSIBERAREERARE
z
e
3;
t
B
3

2 o0 pocass
gy

o e s,

% rksdaaiont Bad, w, L
S8 ) % et

0 iz, o) -

75 ™ ot <iiad . 1w
00 s, B - R A B





OEBPS/Images/index-190_1.png
Wt e e
e sz, a2y

frhai
) o e i o

16, 4 it Sack ragonen 1 T e o, ) Gl 10
v, e 5 ol r 1 et L1 s i S
g Ak ok s s e o sk T Ukt
NS ot e, i iy 16 e, ) ARer st e 51 . Q>
ooy of L exeing vt ol The e 2 o aered e 1 ot e
Dot saxi b O et k] 4 ke, it vocdion o s
Tl 5 8 1 el i 1 seel






OEBPS/Images/index-115_1.png
43 Bl of s il 105

NewEnd)isaail of (1, 2,3.4 | NewEind, The sequence conssts of ihosc
e e U pop off e AU i 10 St s i, .. of s by which he
o its dffer—heace.the mame of i s suctore: SMereme Sk
s or shart.

‘Actualy. a it consisting ofun opsn s und s it s unty w rpecial
case:  difdrence Tixt it dofined 26,3 pair X o Y such that X = ¥ or X
TAro— A Yot s0me n 2 L Inganera, 5 restrcions naed be plced
onche fort of Y, alhough the most neresting spplcacons of diference
st a0t those where ¥ it n open Ut

[Difierence liss can be used o advaniage whencver actoily is ex
pected at beth ends ofth squsnee. 5. whe L s uacd 55  qucue, The
Procadure arifitem saueues a et To dEqUEU an e, we can Use the
ey

emitem e, { lem | Cist ] -~ B, List - End ).

but the bebavicur o
ean

s procedure i unsatisfactory for crply kst The

seitem( e, B - E. NewList )
instaniates NewListas List - [lem | Listl. .. s 8 “negatve diffeence.
IS A progedure which fll, gived 3n empty Us, may be wrilen as
folws:

removeitem lem. Lis( -+ Bnd, NewLis - End) -

‘ot List = Ead, List = { ftem | NewList .

Anothor ice 5aloF of difrenee [t s the wa hey Gan be concat
‘maid. Suppose we have o it

LablX]-X  am edelYI-Y

nd we want 15 compune & s hoding the sequeacea, b,
assare that

e trwecan

X=leaelvl
wo skl have In, b | X1 = o b, o, d, | Y1 and.
labIx|-v

il b soluion. This s seadily gonoratized 55 procadurs:
8 _cone( List1 -- Tal1, Tail - Tail2, List ~ Tail2).

0 e e ey et 1 o xS 5650, e ]
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‘The procedurt rerminal e ot b explcly given Gt ught 1 b -
vided by the implementaton)

“Thi grasmr daserves ts nams. It i bés understond independenly
OF th. Pesio proam f has been used fo conceal, Every ruk reiects che

‘consstof”felatonship beteen a whol and s Gonsuents. exacly 35

he original BNF grarmar does. However it should be remecibered kat
the gremmar i alsu a program i disguie, and i execwable mmedarey.
without any addiional elfrt o the programuner’s part!

Parsing can b il in e waps. Fit, we Can simply call une of
e undertying procodures, 5.

LaCCa

Big S OXT LU

Sezond, we can use the bl pracctuse plase Wb 5 paremelzs
he nonteemioal symbal and the sequence of erminl symbols (Which 5
UDrOscd fo b un nstance of the nerminal. For exeanpe:

big oYL

ohrasellst, '/

1 shovld e pointed out thal the fst way beings out he routine inform-
o we Just mansged v ik On he Gther hand, he second w3y is less
Tenible. e.¢. we coanct wse pdrose o perform clls such as (3.8,

33. PARAMETERS OF NON-TERMINAL
SYMBOLS

Grammars ofthe kind described s far aee o e pracical use. We
schlom parse anything jus 0 accept or et 1, More ofen than o, e
e 1o compie e Tepresentiion of i sructur oF o irazsior il
somehon,und we w1 o chis hle aceping th nput. The represery
o af the structure Wil b buil iep by siep. with th fcrminal ssmbots
Laken into aceount n suesession.

“We shal ive ar expriple. Soppose e want in bl a pare s
Prolog term—for very vald sequence of tecminal symbls that ot
e bt see i, 1.3, To s and, e sl give cazh of e procurres
3.7 an adiional parameler o hald 1 sopresantaion o€ a rusure) o
b consrucied upon i Foms e procedure. We must aot seddle with
inpul nd oulput paraeters: her 0l remains e same 35 before. Here
s the prog.

i B, 7 ) K M)
TerminaIC . L L . el 7, L. M
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7.42). I datnsre incorecs, the potser wll stop on the s had symbol
I nearesc il st afer s symbol

TAd. Cramenw Prepeoccssot

Uhe grammar ol preprocssor nes 435831 Appendia A3) aperates
according o the princiles preseed in Chaguce 3. The i o I chaod e
\erials ysrslly Spty) € eonected 0 The e varihl of the ethand
ide now-terminul. Cal on the procadare rennil Secton 3.1 are “prs-
exceuted™ For ffiency. By way of xplaction.bor st o wamples. The
e

4 siphblarle
is ransated o

AUPIXLZIEB X g T |Y 1Y 2
The rule

ATEIRA N
is wancated imo

WX, Z) WX g | Y] elY, 51201
(The traaslation of & st o Germioals s rur, absocbe by th et en's
ranslation; sct combine.lnes JA-392).

Condisionsfctions Gxher han a singe cud are paseed 12 the prepro-
cessor 35 () st the procedure makererm In the reader. iows 345
348, The fanctor {1 is strpped of by the procedure trans-ier, e
.

‘Rihihang sides separaied by serucolons ase preceded by @ non
temminal defined 85

* dumey 11
Thi is nscsssary when sltomatives start wih differenl terminals. For
cxample, the rules

s=lplh et aela
scld be (st with

SPIYLE) e #(1alY12)
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then we are in touble, First, X - VK them ¥ - X, thal Is © sav
Vo V), A5 # resalt, F becons s own component and the pnatout
Wil b porcatally nfle:

P

Such cyelc sructures can lso cause trouble during unificaton. 1 we
e

amef V3,V ) samet 0 W 3, W ), seme V. W ).

hen the unificarion algorihm il not teminace for the ird procedure
<all (this il prakably mssifest iuelf 35 recursion Stack overfowy: £
matshes . Their st acguments v both £ and shew fesl arguements are
both £ and s0.00

Al s coukt be gvsided €3 variate vere not uniBab wnth 3 tem i
wbich that sariable oocars, The arifation slgortim is borrowsd from.
uscomate tboren proiag (ee Chapter ). The oipral slgorich contairs.
s oecwr check, bt st verions of Frolog o aar, 8 i consiterably
inersses the slgorch’s fime complekily. Forunued, eycc struzures
sekiom ocoui pracie, avl on ko o Bve it the knosledge tht s
ave 01 always DAGs Hone burders badly. One versicn ofProlog ProfogIT.
sec Secton 5.2) b buil 1 ake svacruge of ol data Sractorss. They are
calld ks ras 4nd sre ested o5 bona fle rpresenations o gesphs
‘ciring 1 ¢ s workd. T o i sarcul, gne ca use such ELTes el
horeConveculonal Pl ens: a exsple thecall e peogram ted .

Appeodia 4.4

124, Cimses

0-we wnt & procedare which ot the furth elermant of a s,

fourth{ . B4, B4 ).
Bl his melhod is wseless F we want he ah (or even the humdrecth)
lement

"Aftar parametars ace gased, 3 peocedure can— st 34 Ut
‘suages—execute 3 sequence of Spertions. Tor sxsmple, 3 procedure
“which prins the Fonrth lemea of  fist would b

fourth( - _._ B4 )2 wrtet B4 ).l
s body 1. sequence ofcalls,separaced by zoramas and pefixed by 3
As ou see, ncommand i ke 3 provedure withool a hesding.
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b this nformalion suffciens, slack and beap arcas below the levcls

idicated by 2 ] point record ar reated 2 froven, e under special
protecton.

Binding s frozen varablo i lowod, bl st o logged by pushing
addtessonte Tourth sk, calledshe trll s sic by Al remeabercd in
a ful oint record). The conirol stack, however, i fozea, quite Hecaly
SWheniever & erminatng procediae weld cause control 1a b returned 15
an activalion record LAK) within the Trosen arca. 3 copy of the AR is
created ust above she proteste gar ofthe sack. The copy defaes he
cument DroceSury's ensironmert: an accslar ik prgwidos sooeis 1a the
foten AR f the procedure™ calkr. To avoid capying hat partof an AR
hichconcai varibles’,the aiabiesofa s s ascelared ith he 4 Rof
it valler s hon s s o AR, A AR oy will e sed 10 prforaa
Rewcal: the oignaldescbes e prvious cal s s variablesar Irelevan
Al i = lutrted i Fig 65.

Witk these prosautions, bucktrucking eonsists in undeia bindings
ek afior creaing e mast rosen fall et rocoed FR o simgle matlr
of rescting Tocations ecfeaed f Ihe Top-most fragrent of the (el
papping all tacks to th levels. indicated by FR. rabbing the unzed
clause it and popping FR ise. This s ragid crough; the unescaabie
peraltyis thal of manlaoin (Vs copis of) Fozen substucks which
werld sormlly disppear vilh the shorening of call chias. Or: o the
reasons wh judicious uso of the.cu 1 o imporant soe Seetion 3.1
Tt it dlows Prolo 1 reslaimsluch storage Toinwiohe Th Gul 16 0 8
umber of il puin recards. thereby unficezing s of memary.

4. TAIL RECURSION OPTIMISATION

Many programming fasks 3rc inherenly feraties, For cxample. to
fest srheiher an item is present in  lss, we must Jook el successive
elements ol either the fs is exhausted or e lrem s found. But in
Prckog wc an anly define member s s recursive procedure, Recumsion s
hore expensive than et in Thet i e ot iy (e bot o
Suck scoesge which graws finearly ith the aumber of G, Storake i
oftena scarce resource, and it would be very unsadifactoy i cuch deci
sion o lraverse - st K to be acompanid by speculations aboul lbe
‘otenialleagth af e s, [n Prolog, sina evursion sead oferutions
i more sénous becauie hestck sy subsequenty heve 10 be rosn

L e of S S, "o e senes o K55
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In prasti. static nterpreation 18 X slways SuFcent o explow
program's behaviour. It sausol acccunt forhe erder of cals i 3 cause
i the crder f classes i 0 procedure, because " 303 ¥ meas lhe
same as "y and 5. Yet this order i bmporiant, for three principal

“The fist reasom i (ha socue procedures. sush as wit and il Bave:
sitelloct, e heir conl are wox ouly il Insianiations, The.
e i which s veral hings e weitien has a0 obviousefect 00 he forn
of the primout

Another impartan reason s efficiency. Here is 2 famaus example
Kowalsl 19741 of a naive naive sor

Sam( 11, Sorled } - permate( 1t Samed ),

ordersa Sorted ).

The procedure generales successive permulaions of [ unil i finda
e tha i ordered. I permuic ad ordered can be vsed horh to check
he parametars and a5 Rencrators, Lhe this CaUld 450 be expressed as

ot L, Sored ) - ordered: Saricd).

permute List, Sorid 1

Here, secetsive ondered lists e geoeated undl & permutation of the
st garamesc i found. Bolh procedurs express he same Geiiion of &
sonod Nt bt whilsthe it only ver Sy, he econd & shsohuely
ks,

i seasun s tha all omputations shoud be Re. We wil lus-
et hispaintwith h procedars wppond, whish can be written itber as

append HT, L HTL) - append( T, 1., TL ).

appena [ L. L
or, apparenty cuuivalenly. 23

sgpendk1).1. L)

Sppend( KT, 1. HTL Y- append Ty L. TL )
Dath versions sre squivalent when append i used fo sppending. But
s hat s precise Faading (o secton 1.3.4 allows for seher uses. For
cxample the second clause. "BLTL is L sppended 1o A.Tf TL is L
apnentedto 1. defines H.TL a tecos of T anc L, bocalso B Tsnd L
s o 11TL. ndecd. append s lten used fur g a . 1 ane
cavcutes
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A1 s g, i seems we can mprove Ihe siuatian by applag e of
he techriques shown i the previous sectian. For cxample, the secend
lechnique gives the following s

expresson E 1+ add expil k).

expressionl B | — expressiont Ei 1, [0p }
{makesum Op. T1, B2 B,
adlexpri B3 ).

makesumy “+*, E1 B2, E1 + B2

makesum *— EI, B2, E1 - E2)

Nou: correct axpressions wil be porsed successfully.sltbough am sxpres
sion Composed of n add-<xpressions Wil oquies 1| backiracks before
eaching the solution. Bl the grammar will il 1l o It recursko
o uny neareGe InpUt o0 Dy ik locheck s an 2+ 1 Thi mears hat
05 of no pracical vatie A3 0 ol op-355 FATANg methads, v must
eiminat et ecursion 10 v lroubl,

Soppuse we reverse nonterminal symbols in the recursice ules in
o

expression BL + E2) = add_sagr E1 ), [ =" ], sxpressiont 52 )
expressionl L - 2] — add_exprd E1 ), [, expressiont B2 |

Now incorrect inpu cases he gEaMAF 1a (i (ThOuE a0y erfor mes
sage, bul this a0 be xed). However, this grammar intcprets operators
su rightavsaciasive. The instantstion o it parsmetar for the oxpression
33 - Swilbe -2 0. S rather than +1-(2. 31 ). Here 53 poss
i soloian s new prohlem:

cxpression{ B) — al_expr( E1 . rest_of_expeession( B1. B ).
Fest_of_expressiont ENL E )~
137, add_expr 2 1. rst_oF_expresson K1 + £, .
rest_of_expression( L1, E )+
U777 wi_eape E2 ). ret_ol_sapressond E1 - E2.E .
roxt Sf_enpressiont K1, E 1 1
When e paree a expression, the paameret i iniflly uniesian:
il T s pusied Unchanged ond insiuntated siec rsachi e end of
he expresion. (in he tertinology of ANFbute grammars s s 3 ynihe:
sized altmbule. ] The fnal Aructare is accomulaled sep by step. For ex
S, during the parsing of he cxprossion 2 - 3 + 4 - 5. resiaf_ex.
precsion il e ativsied ot times, WINZ, 2 — (2 3) + 4 3004Q
34 31- 5 36 the St porameter. (1Ris porameter is an inherted
Stcbute.) Eventualy the tird ule il be chosen sl B instentisied to
WE-n a3
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for <IT, >, uhile <3,y and <<, 4> ae also legalterms sigle-
et maus dmoic variaes, 17 & caritant). laseed o ueiying T
ipes, Prolag 1L consieuets asystem o€ qiations. For Example, matehing
3 with <> carresponds ta sabving o x e equation

x=2),

The solution of his cquation is the it res A
Fepresented by an appropriao cyclc dala VS,

The bhavioeof Prokg grograms i deseribed 1 Incremental solving
of the system of scuations ircduced by program clauses, Whieh &1 also
e scen a5 rewritng rules. The execation o 3 all is e s the opers.
Ton of erasiu H by 5pplyia he rules und solving the appropriat cqua-
o, Thisviepotol manifets sl in b syntax of clauses by 3 arzow
eading rom 1 e ( the (osbly Smpty) body. 0.8

), which it

wppeml(nlx, b ;
Sppend 3.5, 7. A% )+ appORd( . 2. ¥ )¢

“This approach makes  possible Lo desecibethe princples of bralog 11 i &
compast and se-containod way, e rom the eferences 1o heorem
proving teshniques and relying only on the moss Fundamenial and i
ive notions of ogic (Colmeraver 1583)

Prolcg 11 offers a simple yel povertul corauliniog mechanism (sce
Chapter 21, A cull may eguive s parameter o be insantited. Given &
variahi, i it e it hecome bound. This
procedure gate “recze”™. whose A< arumen
Varishle ta be bound) and fhe second 4.
or” isaeady bound, geer simply enscuies th call.

Another corutinng primitive A which suckeeds i its pramlses
arc 20t “pertelly™ equad (e the builin proedue - Section 34)
I Juring the eaceulion of i “dovn the ez’ it 3 warsble s
encauniered, df waitswnlit  becomes bound s anly then resumes the

The coroutiing mechumsm will be lusiated by two samples
apied from Colmeruer et . (1983, The lirst sxample s 4 procedure
thalakes 1 s represeated 4 desply nested dored st Sructares, 1t
succeeds whe both stnuctures can be Satiene to the same lnser lsl, A
builin procedure idens s wsed ta check whether the argumeat i 8

samclcaves(a, b) — leaves( . ) Teswer( b, v) Bt )
TeavesC o, 1) —» geerC . eovesiC 1] )0
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be frcs, aud more gezersl DAGS are knplecented by varizbl bindigs.
Ingeneral. theprocess o texm creatiancan give i o several apies of
Singe erm WSene (B4) i the cxample) but (R 3 inlslinguishable.

“The process af capying an uninsantised variablo migh scem 2 e
roundabau: why dart all copics simply contais posnies 1 the varisble
frame lacatian” Indeed, why are thve a0y copies st al i not Streture
‘Sharing alusys better?

Rocal from chapte | {1ce Fig. L6} thl »tea's it ray hav 1o
xceed tht fthe rcompassing auae insanes. Vet K Isobwicas that we
Wl like 0 regard  variable frame— which 1 creted whe 2 o fs
acifvated—o » pae of the lause’s etivation record.If e are arefll 1o
Foprcsent varible-o-varieble ioings -0 thal oungee varables pofat sl
efer onesesthr than he othe way round, ot cories conesia 00
Painiers ntp variable frames, then there is o fisk of lasing dangliog
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and resume a tis pain). Finally, retam contrl L5 Pruog:
sop.

We shal ot ol sl ofths Toy-Suel ierpreter. The ation:
slofor s doxign waspiven Above; the progrum i dmost) self-documen.
g The Tollwing e acoout for afew central ectakal decisiors.

The i procedure. doyrequel Cines 47 i the lsing), repcsicdly
s nf Gxccuics commands. The proccdure getconmand (ines 9-1 1
teturos b Froiog goak, which s he transition of 2 comman, and .
“The A resaics ninlanrited 1 (h Sommand i surect, otherwive i 5
ntantisied st eror. The procedure docummond (ines 1-1d) executes &
coreect command's ransltion, wnd docs muthin i T case of etors.

A commandis procesed i thce phases Th sl tecminated with 3
a0, is e in incs 32-43) and then osscd Uhough o scanner. ingle
Mente 4 § melomarphosi grammar fines 45-82) It classiics(okens a5
‘ames,stlags, egers and single non-iphanumr charseicrs. A lst of
tokens goes @ Ihe command compir. . mefarorphosis gamiar which
i the core of the nterpretr. The grammar consista o 11 pars, one for
ah Tos-Secquel command (se fses 1131231

A comunals, eXcent i a1t stop. maripulst the relation cata
togue. The caulogue s inplemenicd » A hrce-paramerer procedre
e T, with s unitclasse Tor euch rlion scherms, A schema stores the
e o »reltian. & ganezator o tis relthon's wples and a “frame” of
Symbol tabe cacries linking atribute names acd {ypes o variles n Ihe
Renerslr (sseTnes 131-141. For exarupie, the commind

creste EMP< swing name, integer salary, nteger doo -
ks the chame

e 11 TMP,* BAP( Name, Salary. Dno ).
(8 vame, sring, Name ), e sulory, iveger,
aus dn, imeger, Do 11

Blunks wr added 10 selation maes it gencratars 10 makc conicts ith
other prosedores fes pansble

The command processors fo selec inser. deese and update main-
tsin a symbol tablo—a stack of frrres taken from the calalogue. For
exampl, airitute aames in the command

selet fom EMP. Mgr = EMP, DEPT
tugis < name. Mer_dno, manager >
wheze dns = DEPT_dno and maneger = Mie_mome
and slary  Mar_salary.
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skipped = [ ], shigped.
Skipped — 1], if e ure ugping (e lst istement
o che ). ssdelim( ). stsdehin 003

The context ruls can be interpreted in the fllowing s “the
remminder of 4 xequence of sseents s empty e have encuuntercd 3
proper ehmier; s debanler is retained . Notic Ut we huve seumlly
€fftted one-tem Jookahead on @ s af Tormnai symbol. 1n geoenl
we can have lookahead for aay fixed mumber of termical symbols, lor
Cxample

PITLTH = [TLT2 ) {1, T

This tracalaes o

MK TIT2M)
lermingl( T1, K, L), crmina T2, L, M i, tesC T1, T2 .

We can s p 10 make the ssis 4. in
apbe

 consumes i inpa, 30 Gt the rle s stcoctunlly cuivalent To
st

b il anly b applicd 1€ o Seflmost iepsinl ol o the curssot
sequence s the est.

“The secand example s a very simplifed lite gramar that rocog-
nices auxilary "da el locs o, o (" This paticutar
problem can. casily be subved differenly. the way we have chosen is
nendod 2 an Hlugiration 1F contoat grammur rules:

aue = do, [ noc' ]

o Lo’ - di,

oo dol

do~s [dors ]

doni = 'gon™C | e, dom't

dont — [ ‘docsa™T 1. e, doesn't
The folowing compataton showld explin how this grammas s used:

au doesm ke ], Tl ).

o “decan” ke 11, T4 ) erminal “not, T, Tal 1.

T aor L
dont docsn tike i [], L),
Terminall ‘eot, matL, Tail
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HAKATOM)
stops e inerprecer afer wriig the atom. Net in Proog-10.
sop.
sops t et Not in Peolog 0. Pefoed n Pruiog.

The fallowing peocedares are no in Prolog-10. They sce usefl fr eor
handling, butsca iy and should b used sparingly.

CALL)
his i orm of calt] which i be eferred 10 by faufil e 28,
tageint? amd ancesiorf2. The paremcter o trg i calld  “lagged
anccsior™ o s descemtants L  never remowt from th stk e o
et of 13 recarsion opsimisation (sce Seations .4 and
NOTE: atog i ecognized anly wheo explicitly wniten n s clause.
I partcular eal(agiC)) i equrvalen 1o caMeal(C).

ancesionTERM)
scarches for the nearest Lol ancestor il il the parameler
e if 20 such azcesior i found, crheredss unifes and suceceds,

fageuTERM)
Searches o the oarsttaggsd ancosior unifablo wih e parsmoter
Fais f 1 such ancescor 15 found: aihcrose s, removes a8
exining il poinis assaciated wih the aneestor and i dacendanis
amd succesds.

‘agfalTERM)
exuivalent
fageut PARI ) fu1

. i (b spproptiace tagpsd ancestor i found, fhe ancesior fals
Immedintly: omervise rage fas

TageNitTERM}
searches for Lhe nearest lngge ancestor il ith th parameiur:
e e such ancesior s found. theriiss o and pasios conte
T st shigh seseds b

S3. DEBUGGING

The buil-in debugging e of Toy are very primive. Thers s
oty a wall-paper racs which displays ail sl with a plus o u minus 10
ndicale success or fllure respestvel fe £ f  cal s 1o mlch twe.
Chauses and wctvatesthe third, i 3 shown ice with 2 mins and ance
with u pls
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For simpicly, we sssame th code will At consin excermalreerences
ok shall s ot attempt any oplitisatons)

The code geaerator's owpul should be st of “symbalic” insinc.
tions—terms described shematically 55

Opeoter Adress )
Bsch Address is an uninstantaled variable. There showld be 2 unique
‘Agaress for every addremsable symbol of the source program fvarisbi,

‘constnt, abel). and for every labl cecaed by the code generalor. By
way af cxplunation, we give 3 posstie transdaion of e sysgnment

Kimxtyey a2
—most ogeuos have obvivs mesning

Lam(AL
store( 47,

Toad( A3,

mub( A3,

addc ad),

aau a2)

acrel A1)

o1

AT, data ). %ox

Libell 82 ), datat 1), % tmporary
Dol 43 datw ), By

el A¢) datat 11 % comstam 2
1

i wal the same Prolog variabe forall occarionces of  source variabe
o exaumple, Al always sands for x.

“To ssectble s section of cade, we shauld aeteine the base al
s and g9 down the B, counling byt Or other U0IS of sorage)
Esch execulabl imstructon wouhl be ssigned » rabaldess. The pacu
Aomoruction fuhel would be Hecslcd difersatly. We would insiandate
‘Address s the currsat value of the location counter (withaut sdvarcing
he cousteny this would iostantste all cuTCnces of AUrESs (or of
variables biind o L, if e wants such e disfinclions). Assumicg cach
nsicucton Takes Four bytes wnd the Tragment of code starts at location
1000, ve wauld obiain

1000: loady 10321,
1001 - tore( 1036,
106 - oad 1030 )
1012 malf 1020
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The wrms appearing in e clume describe thess instances. Befure an
et wmly 1 cll Wit 2 clause heading ean be e, i nstance
ofthe clause Iscrésted. When uaicaton fals, he instanco s desiroyed.
Armed wilh (s knoswlodge, we can now waich the ffcis of callng
append in the avery
append( 1], ¢ 4], Resuit).
For Clarity, we shall use X', X", €1c. © denoie dileret instances of 2
arisole named %.

“The oriinal call wil successally 3rivite the st clatse, aner the
folloviag mtantialions:

A0 Wb, List e e,
Besul = 2 TiAndLisC (because Hd' i now 2.

This clanse witl exscuee rhe cal
agpend b, ¢ A1, TiAmsLise 3,
activating  second instance of he frs clavse:

b |, L e,
TiAndList b TIANLi
Inchis nstance, the body s
appeadt (1. <0, TAndLis™
“This calt does aot match he irst claues's hesding, 5o the second cluse s
used:
Lisc™ o 2.1 TALIS" - 040}
“The third instance of append b 20 cls © exAcute, 50 ft eturas 0 the
sesond instance, The second inance is doue with s body 50 el
lo L et inslance. which aso terminates. The varisbe Result
stntiated to 3 TlAndLar, aad TiAndLic 1o bTiAwLE
TIAROLIS" s .11, Therefor, The queey can be anseired with
Resolt = ubicd )
s sometimes usell o represer the siate of 2 corputation by the
soapence of all which must b easeutcs, The sequenc s oten oalsd

the carrent resoivat free Section 2.0, If we use cur proccdurs in the
direcive

and

- append(5.51, .41, Besult ). wntel Resul ). ol
e the suceestive rescivents aré s folows:
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In pacticuar, we can repeesent it in (his way:

it b, e
Wicem y, it
Witem, ¢ e ).
itemd, K. vem3
head tem1 .

In generl. cvery grsph can b expressod as @ unit chuse procerkre. By
‘way oF explanaton. hee i 3 pOssHC represenistion ofth graoh of Fig.
411 see sl F. 3.1

el 2.0
edge el &2, Ttter .
el ol 3’ o).
g o2, 3, x).
g o7,

An

epresentation of the graph of Fig. 4,15 (Section 44,31

amcah) angae) an(hoe)  an(hd)

axbe)  anted)  wstee) an(del

Clausal repeuseatain of e, s ik s ruthes ess chmven-
ient than represenistions described i previaus secdans. 1l cannot e
ested ¢ an acival parameter, s fhat i s on only be respmmended
‘b the bulk ot data remains nchanged see Secton 8.0 foeanorvitvial
xample). Since variables ae local i chuses. clever techniques shown in
Sectin 422 re hdly applicabis hec. To bild snd modiy cata dynan
caly (e 5dd a ook 10 3 tee), e must agply "esraloped buiein
wocodares sz, eac, ., 10 the deirment of stalc intrpreatin of

. rect scctss 16 Gompansts can b pssi-
bl adcrtmg consisls in fnding malching clauses by hashing rtber than
by incar search, 5 (hl e.g. 3 mode it 3 “Uec” with m s can be
bocied in consant ime ither than in ogon sieps (on the averaker.

FIG.at Asnon
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Here s » possble solution

We could s differencelss o decease the <ostof miple sppend-
s, bt Ihe o dures sould ecuLe even s eadubl tbul ry —Thin
woukd be am applicetion of 1he "fattc” schema, hough a lide i

wieds bocuuse of1he sakaun ovmhet of rguments. However, o ad.

Shle verson would 1ot iy bo much longer, an 2sg 1ess fexive:

revpolc A + B, RevEagr
revpok A, RevA ). oipalt B, Rev ),
appenk Reva. RevD. Aux ). appendi Aus, |+ 1, Reverge |

cevpolt st A 1. RevExpr )
cevpols A, Reva 1.
append(Reva, | sin ). RevEapr )

rovpolt Atom, | Atom |1

“Thi s e schema: s b bl 0 resngaize w e Sunetion ar upers
or, s sl dd s ranch o Tis e statement”

Perhape o of the mact impartant spphcaions of uni (a0 celfed
builinprocedures i n bootirapped Implcmertations of Praog. A busic
interoretr Gsee Chapter 6 and Section 7.3) may upron Polag (wilh 4
very soditentary s9ntsx) (ornishod with Bl procedures anlogoii >
culf i, Vacous user iesaces can then be omiien n this simpled
Prolog tsee Secion 7.4, provided e can GORVER s 1o L.

“Assume we i he et

oot et X, ok, X
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A call o ane ofthese chuses (ar,to be more precise, on the procedre 0
which i belongs) (alyspecifies two Fts of erminal symbols, 1he second
being che il f the it As 3 matior of sanventon. the lause name wil
s b he e uTa ol ymbol .. il el s what rvsture
i eant 0 atebuls s e undenying s o ermins symbels, Fur
exareple, the cal

ems(big " ox

FALTID
st b0 iverpre1d s the queston: n he graph detcrmined by the param
A6, can i edge fabetled with e be uaidly i between the e
eme nodec? O riey: 1t iteos the voll srusture of » iven sequnce
OF lerminal symbols. bi.ox 1 ur case?”

Th answer (o ths question is YES i he call succeeds, and NO
otbsrwise. Esamples of unsuceestTl Aemets 10 parse are:

temat xS PP D)
trems cannol begin with & comma/

atemt 0. Y 01, A1)
Tetom cannot end with s bexckets

Procelusal inerpsetaion canbe expressed i tervs ofthe successive
‘augmeration of tho orginal sraph. Every successl call implicly adds
an g Parsing swoscods f wo < comne the exireme e wilh 3
simle e This constnucton proce=ds bortom-vp: we can fmagine an
2dge being addc oy afes the Aueceslul ermination o urresponding,
<l

We sillllsiate Usis by a cumplic program for pasinglss.

K, M) - termimall K, L. Gl Y, L MO
WK, N)
erminall ¢, K, L 3, it L, M . ermlask . M, N 1.

e KL ), cermina ', L. M3, st M, N )
fem( X L 3 atom( ., L

tem( 1, L) st K, 1)

atom( X, L) ktter( K, L ),

atom( K, M.} - fetert X, L, som( L, M ).

Tetter( K, L ) - tecminal 8, €, L 1.

an

e K. 1) ormival 2, K, L.
Lerminl( T, TX ¥ ).
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sueh that A > B, If we consider The ascending order). Fash scp of x
Snting sl should inerease he “ardercdnges” of he scquence, .6
by sw3pping A 2nd b.
“The Rllowing formuia characterzes thes srting methoes
A L= X4+IABIYIAA>BALT=X+= (B, AJY)
3 soned( L] < soredf L)

where X 11 ¥ denotes ¥ sppended 1o X. We shoukd dacetbe cxpliciy
the “Towsardered:” Sequence by the “aace orlered” 5., ks

@ LKt IABIYIARSBALT=X—+ (M AIY]
ASL = smel( LT 15 SL = sorted £

Ui trans_con(X, ¥) fo sartedt¥) — ¥, and appendiX, ¥, 7] or
X4+ ¥ = 2, we can rewsile (4.29 nto Prog

frns_sortt L. SL)
ppead(XTA B YI.L)A > B,
append X, 1B, A| ¥ 1, LT, tans_sori LT, SL ).

Suppase o i for o X, A, B, ¥ we have L= X+ 4,8 Y]
AN B, b lhat Lis cither ardered o tan short (and asn evdered)
Mare azmaly:

@0 ~CL=Xr(ADIV)AASBISL=soned L)
$¥hen we rewrte hi in rolog, we shull drop he pramise and lace the
eculting claus afir the recursive oac. The First o calls in tht clase
can be regurded a5 ests: does L contin a e subseuuence, and s
hE sucuencs unurderzd? The cluuse Guls o This s 001 the e, ard
he promise of (1.30) becomes iialy rue. We ase s with he clase

trans_son(L. L),

which & wewely the eoupired b clae: we proceed from “less or-
derd™ sequences, . that ceentally e must el um ordere permu
"The arrangemen f calls i fhe e cluse s cruciu. To begin with,
we ety olsic ans 1w contiguous ems (tis fuls I th It i 0
ahart). and we Jock at hci oxdeving. The frst improperly ordercd pair
termintes his process, and we cscursively son e “improved” se.
quence. The peacedure s autributed 10 vat Eden (Contho e al. 1950
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FIG. 414 Creao o hmiin e

‘would stand for the BST of Fig. 4.1 We shall muw show an inseriin
ronce for suchrees. The bui-inproedure =.. (urh) 5 sed 1 S
Vet the prabiem aiced Ly the potental iversicy of the flactoes.

“Thi appicarion o an is far from typical. As 8 more realsic cnum-

. consider the problem of tramlaing 41 ArbMetc Sxpression into
Teverse Polch form, .5,

¥ osansa(x)+ R 1y))
o

[y Ly 6= san v |
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 NONVARINT. The fst maching chuse is retracted and s 6l

poit created (see Soction 5.13). O Fulue, the acl matching chuse
i b retractod. Note:if PARI b the form monvarint-cor T i
s paly auen wilh a singie <allin her bodic, Deed in
Frolog,

Slause(NONVAKINT, TERM)
e T ocate the sl procadure whose bead risiches PARI and whose
body maiches PARD: the body ol un claust s the tcrm e Afer
successful unifcation,establishes a 4l point 4 succends: e next
maiching shuss is SoUEhi on Tl Diehned in Frolog. Not in
Prctogel0.

cadetne
i, procsdure i e 1o implement reconsul und shatld nuc be
wsed diecty. I modifcs he effcts of asser: o the procedure ta
which 3 clauge is added s dilfeent from cha afected by the lat
aSacrtion. an sotamatc abofsh i invoked before the st The nex!
inocation of redfine restores. he orginal i tion

potest
el afer ensuring th ] procedures alrndy defined, except
Thass whoss heads re siagle characters wilh oo arguments (this
resiriction i imposed b 2 minor techaical dffculy),are rolected.
An atemps t0 ity 2 prolected proceduce (b7 means of assers
retase. aholish. canseh. reconsuh) I ieested 55 an eraneous favo-
calion uf Ihe sysiem procedus in quesion. (The user nterace in
Toy protects all s procedures.) Not in Palog-1D.

SbulH(NAME, INTEGER)

AR musi not b negative- PARI and PARZ e reated as (b name
aud arity o predicae syuibol. Al e cluses of s procedure atc
lagicaly removea reracted) 2ad whotich uccesds.

Prodcine (NAME. INTEGERH
PARZ must not b megalive PARY nd PARZ are (st s he name
vty o s« predione symbel. I he procedee asoeiaied with this
Syibot i 2 tystom peocedura, prodkfiwd succseds: eherwire
il Kot i Prokoge 10

wonsullFILENAME)
sers the amed fle and coters program defnition mede: successive
Lerms are readin snd siored in apretz (s the comvention for
attorta's parameters) and. asseried (but see profeel, Thece are (4o,
exceplons: the term. end cuses he e 10 be closed amd defition
modk 10 be exicd terms with the unacy -~ 2 3 mai fonctor are
rvatcd 35 commands, and mmeliaely exeeuied. Defiaed in Belog

escomsueFI ENAME)
a5 showe, bt redfn i callod 1

by and at the end of
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comespond 1o uples,for cxampls
EMP 13, “Milker” 0, 1500, 19,
EMPT21, Joner', 1, 1008, 13 ).
e

e s quoten 1o prevent captalized ages from bing created 3 varia
bles) To change & rlarion. we use the buslin procecues assert sl
Primitive aperations on relaions s oxpressed i leems o procedure
s For cxample. the prowedre
& Empao, Name, Do Salary, Mgno ) i-
ME'| Lpno, Name. Drs, Slary, Mgmo ).
Do = 1, Stary > 90,
an e ured o anerate all ple for employees ofdepartment | ko exrn
aver 900, o implemant selecion);
HCE N, D, S M), wrie( (£, N, D. $, M b3, il
Buter s, we can subs
SCE N1 8, M 1o EMECE, N, 1,8, M), 5 500,
The procedie p can be e o implemen projectian:

S p———

Pl Name, Emony, Sabry 1 -
EP( Fmpno, Name, _. Salay, - .

“The composition of these s gperations can b apecssed in rolog e

succinly

s then_p Name. Brpno, Sases -
"EMP{ Eompio, Name, 1. Salary, 3, Salary > %0,
0w put i dieely ato 8 querye
+BMPE N, LS. ), > 50,
weitel (N, E, S ol B
Fiaaly. here i the Join of EMP and DEPT over colnciling deparimeat
aumber
I Empoo, NaeseF, Do
Mgrme) -
EMP'( Empno. Name€. Dpof, Salary. Mgmo ),
“DEPT( Do, NewneD, Mgznal ).

rv. MymoE. DroF. SameD.
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e shall it this with  procedore tha reads i a sequence of
Teters (up [0 the st norwlsler) snd puls e 0 a s

seadleuersi [ 1| Tail 1)
Jasten L ). Tetent L), !, 168, read_lekess Tall 1
read ieterst 11).
See Section 5.7 for the dexcrition ofstch sm rch.)

“The ast il variable can i 1 ninstamlated. Akhaugh the resuking
tucture will ot b proper s, il be squally good 35 3 representa.
oD of sequences, We shal cll Such strucures open e and to avcid
<onfusion we shal call poper lt, with U] 1 the cnd. cosed i Emply
‘open Tsts il be uniostuctinted varibls.

"We mus exereive some care i we teal wilh o lists. Consider the
procedure thal exteas  given s by insantiating et varable:

extend Lit, Ext ) - v List ), Lint = Ext.
ealenaC [Tl . B ) - extonch Tall, ¥ |

For cxample. i the all
extend(] MV T, d| W)

he frs parsmecer bocomes 1. . ¢, d | Wi

1t i sssentis Grat. the instoniation of the (sl variabe be delayed.
‘Cansides what would happen i we changed the frs clause 10 spprenly
equivalen)

xtendt Ext, Ext ),
The resule of th cat

evtend( 1 X, ¥, 2 Eoai || a5 ] a1
.5 the firt pursmetersestanaion) weuld be [, b, 7 End] resd of the
espaced X, Y, Z, 3, b | Enai)

roesdure cuiend e estonabi b wed only in sircy deterministc
Fashion. Failue alee s succenlol compatution cwses dumm chamenls (0 b
nsoricd afler th it Tt For xarmpe, th

catend( | B .1 b] E2)). il
imstantile B1 as[b| E2L1_,b E2L.[_..b | E2], elc. Thereforea more
reasumable version woull b Gt ith s et he cn of the frt sl

“The rcasoning Dt har e s 10 open st can alse b plis Ices,
Uniostantiated vonaties represent empty open frees. Noncugty opes
ees will b represented ss efore. Kor sxample, he fallawing e tep
reseats the 158 o Fig. 4.1 EL, . B8 450 diine varisblest
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We sl now present  gramar o expresions, ommplete witheror
harling, It s he rachar o sateznens G Secians 3.3 a0 3.42).
The deillion of eroneaus was gives n Section 1.42.

expessson! €] — ofd_enpi 1 ), rest_of_exprassiom E1, )
Fest_of_expresslon E1, £ )+

L3, addexprd 12 ). cest_of expressiont €1 + 2.8
Festof_expression E1, B ) v

1= ). add-cxpet £2), rost of_expressiont Bt - E2, B3,
et of expeossion( EL. E1 ). | Tevmia |

1 Termin |.{ expr cenui Terni |}
e of expressiont ) [T |, eransaus T,
cestof_expressiont £, E1 } )
expeterin then ). enpr.tecin oo ).
expeseumin do . expe_texmil o .
exn_toimin 7 ) g rerman 1
add_expr( £ )—» mul_capr( Bl )15t of add expud . K.
resof_a0d_expi A £)—

T 1, MUICoxpi B2 resc.of-add-expr( EISE2, E 1.
restof_add_expn E1,E)

7 | maltexpel B2 ). cost ol ackd_caprl E1VE2, E
sest-of-add-expr B1. 513 ( Terrin ) —

[ Terein 1, § add_cxpr_temmin Termin .
restof_add-exp .. ) (T J,ertoncous( T ).
res ol add_expug E1, E1)— |1
Al expe_ il Teriia ) - SXpr(enuiat Tecnin )
dd_expe_terming 4" 1.
add_expr_tarmin] = ).
molt_ e E > variabel £ ).
ot exee( E )= constan E ).
ol expr( E 1= 1 C I, expression £, }

To make the grammar sealy complete, we should also defne vark
ables and constants. Wo choose ot to do I, because varibes Tequire
symbol table andiing—s shall discuss R in Section 4.2.2.

“The lechnigues descried abovt e only revessy if we waat t
geform aealyais with o rctamorthonis ranmar. Even mars: (e irunse
foimed grumitas i ot good for syathesis, e, or comsiructing the s
quence o termical symbols giveD o (comectY) siucture. Specifcally, for
syathestaiog expresions, the oy eeasonable soulion woull be the orig-
ol ggarmnar (3,10,
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sumbervansTERM, INTEGER, TERM)

ngraiates PAR I's vaisbics s V0L, VA4 1) Vi where Lk L
e comxcutie inleger, and e vouc o PARY. VariablesBound
oaherarcof churi inuaniated 5 the same VYKl A3 esu PARI
Devumes ground fobvously, i wadone ypon backracking) Thesthe
arocdur tes to nily PARY wih 1. For sxasple, e cal
umbervas(| X, Y, X |6, Next)
where Nect s nimstamited, il fasanate
X V8], YoV, Hoxl o8

Toe e

Jersnes [ X, ¥, X 1.6, hor_a_namber )

i i
member(TEM, THHI)
establishes the relatonsbip: PAR) is a member of the liy PARZ
Defned in Prolo:
member( X, [X|¥ 1)
membert X, [~ Y ] - cemberd X, ¥ ).
BagoHTERM, CALL, TERW)
e 10 iy PARY with the s of PARI's insaatiaions i l
pussibic computations of PAR? (se¢ Section 4.2.4 or detais). Pro-
1210 Ras  mre sophislicated yersion o his procedre. Defined in
P,
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10 sugaest the eading

10 prove A, prove Pand €

ecallng it oue reseloencs b s o ieals, s can muw
wrie the resulution cole 21

from < A and from o &y deve &y A
whete 8, 7 o b ay e empey i that case we e wete /). This
s 3 rather mecbaaicl prescripion: 10 ge 8 of . id an impicaion
whose consesuent is 3 repice  wih s promises. This i clealy
ol since 1 cun b proven by proving . b 8 . [ oan be praven by
priving ~ f.

‘A chuie being always preied with universal quanifies ar each of
its variabie, il i converienl not to ¥mite the quanifier. Our Farmulac
trom Section 2.2 are twa Hom chuses. wntien 45

XZ g

BESIE 193201 Mg 7)

Lot s see whecher thse clusser s <omseien with

EBSZLX ST
The clase can be Biought of 25 query whetherthersexisis an x which s
i relation D wich SIZ) ane S(S1Z). It squivalent to

YO DS LR S0
il since this 5 i negarion of what e are teing b prove, our demvcd
Tormular it we sucesed—il be

WS4 SHED)

s nor
o)

“The el of sesoluion, I the form preseated above, i useess for tis
xample. In fac, it could anly be used fo llay predicaes, becase the
‘guiment fo 1 veldiy docs ot apply to promises auch 35

WAV BR) sd W AZIVACY)

Fortunatly, we ean also employ 2 simpls inference rle called the
exbotitaion rae. s 5373

“Erom ¥ af %) derive a, Whare 14 an arierary ferm
Hlre, o(x} means (at he FOrmMuI3 v comains oscurrences of vasable x.
) sands For o formuta whikh tooks exaaly ke sxeept thst allsccur

e ol , hon thers must B st anc A e which a iy
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1085 Contrans)

peinters a3 sstivation records are deslloated upo procedur completion
Gaecording t the nommal stack rogime.

“The ituation s uite simlar 0 tha moountersd in Pescal, sy
bject which s Lo e longer tha the peocedure which hay creved i s
ko i the hewp, . memury brew distinen Fom the sivation
stak. The NSS heop s cclied a copy k. T1 s atruestack, becaiseteem
upies can ubviously be discunicd when he program bickicacks puit
“helr point of creaton. They cun bevuane imacseavible mavh carlcr, 5.
ani s g callector cowld be very Usefol, bt 1 i ol csseril 1o
Prolag £ L s Io Lisp. One must remember, howaver, thal wilhaut gar-
bage collecon the copy stack's size is roughty proporiiomal o the
amoust o time speal i forward exceution (wibout Sacktrcking). 35

i 21 b i o e s
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4 1est removed means somerhing <he, and 1 cannol he undersiood fn
separston from e rest of the prcSadure. Sl 1 procedre as 2 whole
is usualy sufcendy readable. f we view i 5 3 poseibly Cested)

W hen . el F .. them elc.

Sometines cuts isife  peoceducs e undesirable. Dne oxwmple s
rocedure thet holds deis, © .
frhert ack, tom ).

St il John .

it empny sests und acrions) Witk a cut incach clause this would not
iy fook Ugly. the praceducs would he ol o use 4 » genertor! Insicnl,
e shoul Comunit the ol o Jurhor, 2 1o i procedorc

i5_ather berson ) - Taher Ferson, ) .

The et s s Arcwal sgs! unwanicd bakircking.
‘Another example. Casider this group of grammar ey
commandi Cind ) — stop{ Ca ).

Command; Cmd )  dumpt Cand
command €md | [oad( Crnd ).
command {md ) — creste{ Cod |.
P

A Sk Such 35 vomrand i3 st commiled by e wat ulter 3 G,

DhbraseC commandi Cmd ), Tokens ), !

This cctnique, hawever, h3s  disadvaniags. The “Sommiting ”cut
feets nod only th call bt also the coling procedue, T the call heng
cammitied Happens (o b (he fast cst in 3 lause, then (he < pls Cwo
oles . ane. Otherise e should muke i Inviste to e vomouading
lauge. To achieve 1is, wo can use this genershpurpose "call-and-come
i pracedure

ancet Call - Call,

Qthcr arguments ngsiw) “cuning igh' are implemencaton-depen-
dem. Fist of sl in many implementations memory roquirements arc
smler when there ave fewerfi poits, 501U may be esicabl t pectorm
U1 85 300 up posaibe. Some mplementuions 50 Optims STorage
et ool fogursies prcedurcs (s Secion 6.4). & procedute may.
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The marker enables us o us the prossdure bag within Cone
Ao cxample of such acsicd computation s the following pair of calls
Grogh 1 to be 4 it of “Cahes'—lits o ancs cmtering o lonving «
iven verte the conditon n tho st cul i 4 lermutive, n he embed-
ded one & sonjunciion

Rapeiitions in & bag may be undesited. For exampl, the frst cal
above should raiher fnd & set of all vexices—as i siands, Gragh i

contain oumeraus duplcais. The procedure serof woukd call hagef and
then e he reslling beg. 1n Frofog. 10nd some saher implementalons
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742, The Dictonary Atoms md Procedaee Deseriptions

The characier an atum tables orm the dcfivnary: & dta strctuce
e pricarity o an ai i Lcanscng Derween the extetual g mernal
Forms of Prog forms and elauses. I Al upgEets Sccess 1o precedires
king it eacer 10 implement variabl calls and claure panipulton.
Am asom i & ecord soniaining nforation 3bout 3 funcior and/or 3
prodicate symbol. The diffrence berwean 3 ferm 3nd a procedure de-
pends only on contenl aud s not lwaps recogniaed. Predical symbols
o dreted by Cumetors when dluses ure (reated 3 ers e 11 cazer);
omveracly, a Funetos may be uskd fo invoke o procedure (3 call).
ThC airbates of n 2t0m are

—lis printcame (a pointer 152 srcg i CT;

s ariy:

ko prosedur: of tis me and iy o piter o procedue deserp.
tor o b

Atoms are acceased ihrough direet poiatcr ar through 8 hashing proce-
. Ditect poitersare present in che representatio ofterms fncloding
clauses; see he next secton). The poincers ase uied for

—Prning a fonctor,
—Gecermining
Finding 2 procedure.

Inpartcula, the represcration of  call conias a oiat o an alomas.
the rl kanle on is procecure. Addiion and deltion of chases n the.
procedure dos na thoretre require modifcation of s ol

Hashing i sed tn localo apprnprin aiom during convarsion fiom
extemal represcotation. Such camersian akes place when e are rad
o1 when they ae creaied by funcior and paane. Fos syaplisiy, lneac
Fohash s used It Ui curtont version: you g wioh (0 improve .

Prin names aro roresntod n CT by con(gucus equences of char-
actes erminaled with EOS charociees (zeco BYs). Ax 8 ame i creaed.
oy prane o tbe READER, ischaractrs are pushed o top o th srig
s n CT tprocelues buiidname). O erminaion of the ring. wrip-
me it invoked 1 Jocate an atom with be same printrate. I such an
atom i Gund, e aiingis lcrated; oherise & new tomn i created
and recumed. Since dhisatom's arityis uokaowa. th arty fld is set 1o
ihe special value of moart (procedure fednamed
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We can ask what reatins the data buse contans; Toy-Seauel s
Plays hei mames it eespanses are lafcizedl:

reatons

Boardtemers

DEPT

P

Whatis the schema of EMPT

relsion Exgp.

nieger sy

teger dio

A select expression detarmines 3 sat of uples. Toey may be dis.
‘layed. For examphs, who in epsrumeats other han 2 earms st s (000"

sees trom EMP tpls < name. saay >
whare duo <> 2 and salary >~ (000,

Srown 100
Morgan 1030
O they may b insarid elsewhere:
ko EMP imsert
selutfrom DEPT luples < ranager, 1000, d
I e wbnsnss of “whore ., he Gondition i aken 8 trc,

Bt mansgors have e salary 1000, We can given Smith 8 aise:
e EMP s et o
Fire Bamy:
from EMP delete tuples whero name = “Barry’

U several relulans e involved, e, n ajin, strbute rames oy be
ambigous. To disambiguate. QU3 (hem with rlation names. For 2
ampl

seeet rom EMP. DEPT toples < name, FMF o, managc

‘wheze EMP_dno = DEFT_d,

CActally. EMP_don may be replscol with dno: an unqualied aticbiute

atane is ualfed with th etrmost APPCOTIAR Teakon mame.)

"Aelion may be accesied n severalplces at onze, For sxampie. 1o
‘compare salaries of diferent employees w need th produst of EMP by
EMP. We must give one ufthe occureences an alas oame sad 50 allow

¥ = 1200 whery vame = itk
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Termlnal symbols of ou grammac are (ks (cxical unis of fhe
angusgel ... 1, +. . Voriabkes and expressions are inientonaly e
ndefied: we Want i a50id 00 many deculs, A gramma for expressans.
will e discuesed in Sction 3.5.2. Th following fen e take care ofthe
e oflanguage constrction.

satements( § ) = statement % ).
atemenis( seaf %, Oxbers ) )

satemett$ ), [ 1. stements{ Qthers .
statemeni( asigni V. £ 1)+

wacibley ¥ ), [ = ], oxpression E ).
stemen( i C. 31.521)

(31, condiionl € [ then |, scasements( S1 ),

Lele ) sttements( $2). 1

watement( while{ C. $1) =+

Twhile 1, condiion! €1, do |, satemencs S, [ od |
sotoment( sip )~ | sip |
comilliont R.)—» clation( R )
omlion aal( R )1 | "o’ |, el R |
elationt et E1, £2))—>

expressionl B3 ), (1=, expressiont 02 )
relationt I T, T )}

‘expression E1 ). [ <" ] sxprossion( B2,

“This grammar woukl probsby b activaled by calls such a5

el o tokeost LT ).
phrsel taterents( Stcture ), Lie ) .

‘which anayse LisT and tostantate Siructure sppropritely. o il LisT
is ot 3 valid squence of satements. Anether possbiity ot abeays
prsical, Though 16 buib—ssnibessz, i yuu preter—s s o Tokens
staring rom & given structos:

ke

ructue( § ), phras siatemenist 3, Tokens 3

Here. Tokons will be instaniated If only S is & proper struetive. The
grommor cxablishes cne-one correspoadence heween s and
st f okens, and provides eansformation both ways

A mors realisis caample of synihesis baicd on @ metamorphasis
spamanar wil bo given b the ackl ection. Here s anly obserre (i in
Bolt cases (analyss and syathess) selar compuisnons cnsuc. They
e beca, on unatyss, T Sequence of tmiaalsyasbuls “conruls”
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S now cxpeess e lomeer ls by the shorter Isce reveseda abovel)

[
RALIZ) - AR Y

nd remrite it in Prolo, with rovscse_d(X, ¥) imsend of cevX) = Y.

Rverse L -2 (A1| X1~ Y1
reverse & U TAnIZ1 XY )
The base cianse
reverse A Z -4, ¥ - Y
s come 1.6 b i) s, bocause oberwiss ach eal with  varihle
sexand parametcr Sl fll in iafnie rcurion (s may wish 10 check
i more horougbly) Thi s where the pec sitis. of Praiog some nta
play, 300 obacure The sa-far clean defvalion. I is even warse: we have
missed one weakness of smost all Prolog mplementaions:the abscree
af so-cllad occurcheck duriog uoifcaton (se Section L2.3). Therefore,
the base clause matches calls wilh a con-emptyfst 1 the frs porameter,
iFoaly the Fist onds with & sariatl, Far exame. the cal
Reverse_di (3,512 1+ 2. Rev )
islantates £ + 18, 6. 7] ond Rew -~ ¥ - Y. comeary 1o our expesis
ians. One pasable emedy s o instantae h Bl vaiabke 24 (] before
going o, but 0 1his ond balh clauses of evesse.f muse be duplicaied
The complee proseaure follaws,

el

Check that aven this imeroved verzion loops for “hesative” iss sch os
6J- L5, b, As ynasee, diference bt ace useful bl can b rther ricky.

4. Soring

e shall deise (bree procedures o sort a closed st of integees i
rder. The frs owo cplement inserton sort and 1 very Simple
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Some query optimisation. Several other das basc apelicatons with aal:
Fal Tanguage tatertucs are Uesciibed i Dl (1977), Coclho (1583), snd
Filgocias and Feceira (1983

“Another example o da s spplication o Pralog 1 an mplemesta
o of Query.by-Examp (Nevox and Willeais 1385, Neves ot af 1963
Chamicki wnd Grulsifaki {1963) fescribe 3 sylem, based on cstendiblc
hashing, Ihat manigolates tuples stored on disk. The system has becn
csigned o suppor dats hase-oniented implemeniations of Proky

"The Toy.Sequel inrprele was rewriicn as a sized-duuen vorion of
'SPOQUEL, 3 program which ws hid wriicn with Wiodeh Gratzitskin
caly 1921 hetped us thruugh x il wintr.
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identcal, ainough mpeactical f s nave more than  few branches)
X it empty nce will b Fepresented ax

1 Valve, Lo, Middls, Right )

né an empy ree as 3 variabl. Explct sbels are umesessary. 35 we.
may simply seloct Lo or Midile, or Right upon encooniring 0, 1 017,
sespectively.

A Drocedure s ids u valv, giveea ermary subscrp! anda e, is
auite sirightforward. We sssume. tha) subscrpts ane represeated 35
closed lscs of dgle:

The proce duce i i e it paramete <ot & orreettemary subscript,
o i the secand paramee s o an open temary ree. However, il dues
201 al when 2 nomenisien item s teferred to. We shal dcusy this
phetiomencn presenlly.

N for 4 procedore hal repcca o0 fem. T lee parameters e
sequiced, amd thenew tee s copy ok nld e, exceptfor the replocad
Hem. The amours of sopyiag i Amila 1o Uat iistated o Fig. 43,






OEBPS/Images/index-84_1.png
I e——

the computation i . deiemines e choice o rule) whereas, on synthe-
s, 15 contslled” by he indal o erminal symbol's parameter

34, EXTENSIONS

. Contitions

(Grammar e described o fr comespand o clauses in which every
call marupulaes the sequence of erminad symtols, L5 evory cal has sn
ingul and an oulput parameics, Otber cals Gould be iserte in between
el alTecigthe icanler T serminal sy, The yoesion s Woukd
b2 Usefu, and hore Colld 1 be mtepreted?

a5 2 siuple posbully, coneder he eut I the s csuse af it

i s ) K M)

cerminal (. K. L} teemival{ 7, 1, M1

“The cut furus he somputation bused an e fis procedure ino a " deter-
miniatic™ pevcess: it bl <idr the capty it cr norcanpty lists 1
does mok coatter Whem we i (v excugtize 4 B However, 1L s now
impossile to genseate Fst. The command

(L, T, 1), witt 1.3, weite( T, L. G
willoaly write one instance of L aad T, namely

ECCOYT sed ]

“The g frm the cu s sl i his e, iy, s wewld b of
much greetcr use, tay. i the program that paries. walcmcris (i the
revicussecti), where ang and deep compuiations may sceur

‘Ancier ¢sample: Supgose w want Io <hange the program o pars:
ing st 5o that or an atem It produces  Prolog atom insiead o 2 parse
ree, .. reloms

BNICC, ems{ et i .. e it 08 1)), ' )

o e st (iox). O ey 0.0 105 0 ke L procedure for atoms
Tebum a Pl st of etisrs. s ply the il precedns paame (see
Secton 5,10 o this st

e item ATOM ), K, L}

siom( LETTERS, K, L }, puams( ATOM, LETTERS .
e e LIST 1, X, L) - s LIST, &, L)
atom( LETTER], K, L)  lelle{ LETTER, K, L)
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crsonsus ystem procedurs all, An eaplistcall o eroris b posSIe
error s« Pl procedunc the stamland Rorary conbiny e vrsion
which uutputs s messoge and s Th user 62 ugEian. (NS privedie
1 i iking, passbty prsiding diferent Slauses us rror handlers” 1or
ifferent syvlem procedures. RedcAion of srr e remavin i
rom the slandand ibrary see Scciion 7453 the present version it is
protected together with the whok: library. Some preoeincd procedures
inwok creor, nd s can the user’s programs,

ervor i not in Prooge 1

The ollwing are comvertians neryd Ioughout this chapir. 3
aionalconwentionsor xplanatnds xppess wider some gons headings )

Wheneutr we a3 (hat 2 procede “res o uaify” we oeon tha1 i
i xuc s depening o che ouleoue. Success e that wnifa:
tian is performed.

When e xay Uhal 2 procedue “lests” sumelking, e mean that il
it o succecs serording ta he resul

‘Accortatles parmneloes o indicated hy consentionsl names listed
below:

KMoy teem will do

INTEGERan integer

VAR—a varisble

NONVARINTa nc-variable. morvinloger lecm

CALLsamo us NONVARINT

ATUM—s NORVARINT ikl agumeris

NAME—same a5 ATON

CHAR & NAME consstng of a siegle character

TILENAME—2 NAME conforming (o fhe implemeniation-dependen
<omventions for specifing fles

CALLIST—3 I 1posibly enpty) of CALLs

(CHARLISTa st tpossibly enpy) of CHARS

DIGITLIST —a CHAKLIST bullt of diil characters

I scriptons, PAR I, PAR et stand for sctus et n the bl
i procedure call.

Hote that 1251 e, and 123 an g, 51 the mcger ine, atd
i the digi (characte). Tre output procedures do not lways ditin-
soish between the 1w fsiteq docsh,

“Tog ntroduces a number of pecdefnsd opertars. Some f them are
wied 32 infixar prefe procedure Rames. Table 5. i the It of predeined
operators:
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n

procese_fss. There is + Foncamentsl discrepancy between these wo
Modes, because backifasKIng destrys varsble InstnGaions Which are
essenil (@ racursive operaions on daia struclues, Considr Ih task. of
compuling s of ares culng veriex. bof the praph i Vi 4 15. Arcsare
avilabi one a a1 0 3 oune hat “backicacks IFough™ the rose-
dure ar, I we wan them {0 sureive bacracking. we must "pul aside”

iie ssvrl, thuse which contaa b

Such operations are usually cat i lerme of 2 ganeral-pacpose proce.
duretha inds 3 st of a iems or which. iven condidn hods. In our

example. iems would b CX. Y). #nd the condiion
AKX ). has(B.X, YD)

The set is represcmed by  list, passlbly with sepethions, o that T

caled hag in the folklre, Here i bur veskan ofthe peocedure;
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The parser s  classic oparalor proscdence passoe: those pacsers
clons 10 he shifleducc” clasi—they s berionip and deveminis
e Grie 1971, ARo aad Ullawn 1977

ezall hat, reughly,  aperacor préosgense grammar s s produs
tion with bwo canscculve non terminals, acd al  prodvctians e such
thot 3 sifl-redves parser cen dclemine the haadle by comparing
noighbouring erminals i & sentcaial form. Thisis Posice when each.
pei o erinel 1911 31 most o of the thios <ltions dencted by <. =,
. The relations are definzd as Tllws 9, 4 ar tenninals, U, ¥, W non.
termitalsh

—p=q Cthese cnsis 2 preducion of the omm

Vg
o Dy

—pea il there ovst o preduction of fhe Form

U~
where g

—piq i thers enisls  praduction of the form

b V-
where - p or - 3 W can be darived rom ¥

A passar shill . acans 3 sententl form from I 20 cight) i it
detects & puiraf vl rlted by >. 1 then seans backwards ki he
nesrest i of erminals reted by <. The < and > are assumed o be
brsckets defimting the hundle i 6 cononie porse: the handle is reduced
and Ihe proces samiinuss

et tho <. = and > have octhing to d ith the vomunon nurbe
i etations. Havwever, i ecmah arc optistors 2 in arihmet
Enpresions, Ihese roliuns relect operuor prioriy: the gramar is
Strustured so that higher prorcy operators (snth operands) ar reduosd
rst. The siuation s simslar 1 the case cf Pralog ~opersiors (even
though in Prulog.ID wedher operatoes e give the bigher prioety) We.
Shall say_—sery inlormully_tha s woher than g i < g r g » . Bat

For cxample, + < (= b and + ).

e shall now retum 1o ur progm. We assume tha the faput i
delimited by rwo aditonal operators. The rightmost dlimice s weaker
ran any opecalor 0 s ef: e efumOst i weshor han any Oporor 0 s
FIh (eXcept Whe aiher deimicr). Notice thal 30 smply inpul is oo~

“The parser malaains 2 stack of symbals. Inlialy the stack contains
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11 A nsaution 1 ok

eowd. en aler seading the aery

wamscurelet 12310, H.T),
he system writex

-y

21

(The nctual rintont might b In the specia synas used for st see
Section4.2.1)

A commaod has the form af 2 query prefued by the symbal - Tis
all are cxasuted but he varible astaniations are nat wriken oul uto-
matically. To gt the same printout il connand. one woull wrte

conscarcde 123(1, 8. T
wrlef = write( ). o
weiel'T = ') weiet T

The terminology is somewhat fac: direcives are often calld susl
staemeats, while queties and commands are nolaays recognized under
hose games. (Sametimes loere ar 2o Slight synaclc differences. We
ey 1o follow the original dehaiion of Prolog-19. bul in this bock the
siandard s st by 1he vrsion of Proog descred in Cpior 7)

Difmition mode s chcerd upon exssuting the 53346 prosodure com-
wulf ur recomsuld1. The segument i the mam of the He Fom which
procedure definitins are o e vl e i the ame uf the wer's (e
Ral. The deisls are i Secton .11, In this mode, he system accepts
procodure tefions. which are ko ferminated by Talllops. Out defini
Viom oF cmscarclris an cxampte, bul see Secion 1.3.1 for the complete
syntax. Commndsare allowst and propery sxecute i this mode. but
e et Defion e ol i ool

letridon

end.

A ol abuut comicats in roks. A conuent stcts wilh % charac-
Lo ot contalied n & £1rin or quored name) and extends il he end of
line. Be carefl ot (0 place o commant imodiiely afer 3 dot hai
eeminates a clause: u ultop is eauired.

“Axa goint of intereat, all directves and the busic biding blosks of
rocedures fealledclauses—we wildescribe ther induerime e simply
Single v, Standard aperator dectaraions include 152 inia ncior s
fcamme) and e prefx Fuetor - s0 e directive.

B2 X ) watet X .1
s realy the term
R0, e X0 L
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—Varkibbos b values e orcaual o VARLIM tooch INT and pointers.
M ur AT ufeets have values greaies than VARLIM), VARLIM [s
Kepe enly nside the dutomy varable { ) prolotyype, whose whces s
DUMVARX—this prosocype s recaied se ground The value
FREEVAR (oqusl to VARLIM - 1)6ls ree varabe Instances. Vs
below FREEVAR are negatve: in prototypes heis absoluts vahes
denute offscts i variabhe rumes, s i ostances e abaolo: vabies
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(0T et o 1) The i st il e el by ol 30,
2.1 bt dene e e





OEBPS/Images/index-218_1.png
24, et of oy 1 T P 209
by 3 canterminal, and laput asight brackes
$tem]

hon 3 conaily canmot be & posifx Rnctar. nsuch shuations, we can
fisambiguate” the ixed funcior by remaving the ioconipatile type
from s epresentation. For exarpke. We replace (. [uy. (1. Brior-
i) with B8 i), Prioiy).

The reation [0 Table 7.1 is implamenied by the procediae es-
ablish_ orecedence Tmes 195-200). which ke the s rminals o the
posiion of Top. 1 il given am incorre! comingion,cthersise i -
Soeds withthe fourth parameter instunitod us g1 (Top s stonger)or e
Top ot iranger). When bl trminals s mises fanelor, I proce.
e ics 1o disambiguate he types. THE 25 o paremetees ar istan-
tined 2 he vew top and new inast fermnl 1 he used i the et 8p
usualy hey remain nchaned).

T realjobis done by L procedure  which returns i e fscg, ot
when Tunclors are invulsed—piCleocTap, NewTnpul) o Iocy(RewTop.
NeveTngut). 1 fufs givea an ercsneios psi of Lermieuls

“Tatke 7.1 hae B-dd nqmeraply caris, hut i can b saslly impBfie.
Firs of 4, we can (1t it and 4ot separatcly, s e it 1w,
clauses o (ines 40-241) Neat, we conskler slats it e fse
ol clausds (ines 206_209)Lake care ofthis, and the reminder ot p can.
operste with the s slots cleared, Now we are Ich wih & 10 x 10 zble
wih three diffaent rows aad three cclumns. T 7.2 epicts the sia.
ton ater sombiniog Kentical o and columas

‘St Precdese Belsdons:

T mEt L
i > [
il = E

[ T————
Top o5+ pot Rator
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N / ﬂ\\

P

3 e of P, 4t desig o
The st bosic operation on BSTs i the search wsel:

Again, we can encapsulie 1ypicsl clls—"nd informeticn sssociaied
il given key’

v Tree. Key. Duta )

searchd ey 5 Duta, Tree ).
binary rses cunsists fn

forteaves, nsiead of i, Nede, ). Howener. wilh (b epresentation
we wnuld hsve to diinguish smpty rees from leases ol moempLy
rots. For example, two mare chuses woul by necessary in (e proce-
Ao For tee insertian

‘Aw' very specia ease we cun conside teesof degree . that i, ists
Recalthic  widespead comemion Gatroduced n Chapler D s todeole.
empiy s by the aiom
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eyt
COMMENT 1 i one of f, . 2. 36,3, .
str, N is i the vange . 120, 320
2l mote 1
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{iertom | et | 1e7m |
COMMPNT torms wih priorty 99 csn be afely
canjined by commas which are inkx
unciars i prorty 1000

Sanctar 1= woed | quame |
bl | mbochar
word = weednart{ phmum |

mordstart ;= smallet
Siphanmn - smalicter | igeter |
i

o -
‘nangquote
COMMENT monquote s aay chanter o (han "
smen | g }
varlabl ::~ varsart { siphomum |

COMMENT in Toy  srn is capivalen . s
Charscter amer, n Prolog 1, 0 fot
of theic ASCII codes

stem = | mondquote

COMMENT sosdguoi i any sharscier olier han

smlltier = 2 b <[4 el [T

Pk tim nlelp alrl
Sitlu viwlxlvle
Waleter = AR CIDIE|E G K|1]
% Cowsolrlolel
SIT U viwixIYiz
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6 PRINCIPLES OF PROLOG
TMPLEMENTATION

6.1. INTRODUCTION

“This chapter is but a bid's-eye view on implemenialon fechaiques
specific o Prolas. Wo wssume you hrw v conveational block struc-
\ae laguages are implemepled: 4 competent programiRr could Bagly
estape. framing thso tinks. The discussiun s kel AC o fevel e of
represcalnion delss. Chapkor ? provides 2 raber detoled and complete
‘Cove iy ol one o 150 mkay ways in which fhe basc principles can b
Rpplied i procrie

Twa loics ar¢ mising: complation and garbage collcton. To com-
ile Prolog programsi 0 apply e peneralprinciples insuch a was thal s
Pragram i executed partculrly efcieatly. Thi s donc panly by taking
A vantage of La undirlying mac i (.. By using mushine code msiead
O i mors ormpaet represcalion of rograets. (AR §ped (ar rasmary)

a0 panly by peforming specan ase analyssto dteet opertions which
can b simplibed (eg. unification with 3 variabls which s known 1> be
uninstaniad). We dokicd hat compilton 1 beyond th scops o 16
book (which aicady discusses mplemealation jsiues more traroughly
hamthe sl ntoduction 1o o programing onguagd). T problem and

indegendenly of  particular ragramiming snpse (hovgh you will g
that in Prolog cne has to 4o ith G of The harder variants of the
problcm)

w
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WCEL fow. (€1 E2. languges, E3 ). many. E4),
pecple, d ES, speak, ES 1)}

Again, we shall efe 1 tres discussed before 25 loved frmes.

Wi noed ot copy snything 1 inseet & e el un spen . W cun
o koen the pruprpte branch. locace B sutable ity Ire, 6.8 90F-
ble. and imamite £ o 5 b el

I we resite the fst huse 33
st Mode, o EI, Node, 2 ).

 suble chanst in the procedurc's behavione il . Th procedas
il insert mcthin i this Ninl s lrsdy presend i T e, Swrpris.
ngly i will s b idantical o the procedure search feom the previoss
soction, and (o ight he cxpocicd) will erve amost T samne parmase.
The aweral ffect of this inscriondsearch procnduns e h doseibed 23
follones. ook for 3 given Node and uzceads ar indicg . However,
5 1 matching node in he ees. Ihe prosedure nsers Node and
b it 15 el
“Thcre s same wikingly ciegan applicaions of thi. A well-known
example i e of symbl tsbles To eomeltor s witen i Proi,
Hthe translazsd nnguge is nablosk strucaired, & s7mbi table usualy
cannot contain dupficate enlics, and it narmally oaly prows, 50 hat
Kecping it in aa open tre will rqire o opying at all,

"I example We e ging t peesent 5, of nccsssty,rathor nvolves
efors we proceed, ol might Snd L NIl 0 feturn o Sections 1.3 and
341, where we discribed o simple Aol ke Lingusge and skeiched 5
paceer e # o genecalor,

Wentan 10 produce e code o single address target machine.

T ol i i sty e s ol oplrataton. oy
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erammess, who can readily solve Lhem withoul cesrling t sophislicaled
fashniques, Simpi a5 they are. they help demonurate how lugic Tormr
1, hich end Justficaion o3 progsam designed in & Initional was.
o als b viriel 5 Che. e e C'module” Some cean canstor
mitions). Implicatiums of this drcreadan T logic programming ar 1
Feaching umd avgely urunvesligate; see Shapito (19832 fo foscinating
xamples of Proleg programs which ace bul 3 by-produt of theoretical
Sonsiterariors.

‘Some ol he prace uces discussed below san be b dire tional, but we
imemuonaly neglect such possiiifes. As an excreie, 1Y [0 discover
Some ofthec s obvious applications.

Formulae will be writien according 1 the conwscuions of PrologeL0:
varable mames are capialized, functor mames o wilh swal e,

4. Ust Reveral

Lt re) denste the voverss of Tt %, ki wiih A denote b it
of allacling A st the.csd ot X (0. [P, 3l w1 = 1, 8P LetX -
mean: X matches ¥

‘Assuming i X i 1 s ateady besn deinrd, possible defiiion
ol i
@n o oeiy=(
wn ATl
Now, rcall thl in Prolug e cun comforlably eapress reations sch 1z
*the revecsal of X is ¥ twhich implicily defines ¥ 3x rewr X without
Fesaring o h foion of cqually. To re-cxpeess (.2} ccurdingly, we
egin wich the inpodcton of & new vriabl tn dencie rev i
@3 T ruTall ) rew {4 I Tul ) = T with A
“This tocmula s equivalent 0 (43). Another new ariable will denote T
wilh 4:

we T=

oo Tl with A

o Tull) 3 (TA T wil A >
e [AITa 3= TAY

which s cquivale 10
@5 1T

TATA=Twih4) 3
(A Tail)) = TA
W shull it (s implication. and the formula (.11 using re-
carselX. ¥ insiesd of reul) = F. and wiacINX. Y. 2V nstead o 2 = &
wih ¥:
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Defined o Prolog. CAUTION: in Toy. wrte uses aumberuars fsce
Secion 515 which binds variables n e et ta V'R or N — 1
2, etc. Honse, wrte canos Quipwr any te1m "V (INTEGER) prop-
iy

wrtealTERM)
“ame a5 i, bt quotes identibes that are ok proper words or
symbols, and alo those identifers thal coiacide wilh operstor
ames; &2, 2 parameler b would be quoted. However. 3 quole
within 3 quoted nume il 2o be doubled (1his i « g, actslly)
Otherwiss, s term it by witeq cun 0 reud bush by e,

readTERS)
e from the curren nput & tesm, tcrminated with o Al scp.
Suceseds oly when PAR e ith this erm. Operstor declars
ioms eutrestly n force are Taken nto accounl, Recdl hat & auoled
namecamol b an operator. I he text un inpl s 2o a corect term.
rad prints the messshs

44+ Bad term on ingat. Tex skipped:

skips nd reprots (he i il the s sl unprocesced Full 1.
and uries Lo unify PART wih "¢ £ 7. (O the erroneous line does 1ot
<otmin ull siop. yoi shovld inputcn befon: Prolog resumes.) Sec
the next sestion for hehaviour n e end deractng. Dekaed in
Prolat n terms of singl-eharaster nput (ace th ekt section).

OpINTEGER. TERM , ATOM)
dectares 2 operaior with PARI—the name. PARI—ihe peioity
L=< PARL = 200, and FAKI_the Iype. PAKI ix illy lese
han 000, 1o avewd confcts sath clause <onsireting operalors Isze
he bl in Secton 3] operators wih lowe prorly (ake prece:
dence over those with ahighe prority. PARZ mst be 2 proger word
or symbol. Admissibe types of operaors are . Ty Iy PEfin):
AL f . postfe: b, iy, Y imary. o). The lypes . .
A0 e on-aspociative; [, 7, ausociaive: x. vighbmouciive:
Y18 Tehassocutie, Any wihet PARE Causes an enor
1 an operator dectaration with fhis came but another pririly s ol
ready in force, the procedure replaces the ol devhration with the
e oo, 1 2 declration with the s same amd priunty Xy,

—both operstars are binary or boih unay; the okd defiion s re-
placed:

—ethe okt operator s unary thiaary). the new—binary fumery): 5
ot famrar i detues
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“This dta strucure s nterpreid s dirctiv, 50 you need ot wurry
ahaut hese hings unioss you ar e acvanced Prolog hacker.

“There i ume iportent poi, thatgh probably you will B it b
s, The scual parameters ofprocedors Galls e the curiem i
i o tern diseely writen in e cal. Thus

= consearea b H. T ), comsearedt L, W, T ), write( L o,
willpiat o0
bl

123, Unttoaton

Sincs we susceeded i packing the whole defnilin of conscarcds nto
it hoadifig—1he st specifying s rane and ommal paraetecs—we can
exer that i execuiion hils down (0 3ppiying 3 Sufienty putervl
and general parameter.assing meshanism. This machanism 1 gt
‘mesied by a term- matching operolion callcd mufication.

W vill describe b opeation by a pidgn—Pascal agerim, The
Tuneiion UNIEY i appio o  eichformal and 3cua| prameer ol
571 retrmstre forall such pir of erms, we sy (at nificaton’ smceefl
for wccends; theraise uniRcaion fal, UniRcaton fals when the teems
descibing the prametcs o ol matcs. L  very ganeral see 13 means
1t the e of tunlparormetes e iccongatibe ith roseaf the Erml
Furamers

funcron UNTEY ( var Acusal, Formal : erm ) - boglean;
var success : boolesn;
begin succeni= truc;
F Farml s vorinble thom
Formsh i insontnied (o Actual
e
f Actual i 3 varable them
‘Acwal i imteatined (o Forml
o
sz i unctors of Pormal and Actual have
Cillereat names or aitie them suczesn:— flse
-
mhlls success amd uAmaLChed animents e do
suzcessr= UNIPY( next argument of Actal,
el angomeat of Forml ):
CNIEY:= succen
ot
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Now the defntion ofimplicaton can be siated s follows: if o and  are
arbiteuryCormuluc, I, iy erpretainn, &= 13 (15 1 and Oni
i teue and 4l i that mtcrreration. Hence, any model ofboth o
2> st 130 b  snodel o1

Two ouer smple rves wre

a3 s equivent 1~ a ' 6,
e, one san be derivad fram the othen)”

and onc of the De Morgen laws

= (e equivaent fo - 2y ~
Do camincs yourself o thei vality—s sl e hera. sl

‘Anried with & muber f rference rlcs, we can AUEmp o deive 2
focmula tireclly o by meas of 8 echnigue known 25 reducio 84 bz,
dwm. o devive. formda.a feom .50 of sxioms, avsvme AL —~ & 15 4
hoorsm: i the 1csling hcory is inconsisiat, T o v 3 theocem. A
houryis econsitent il comains 1 inconsistnt Rl t thismathod
o proaf we oen show incomsistency by Mnding ol sach that we
<on derive

An-g

I 5 worth noting that al formulse are sheorems of sn inconsistent
theory. This is because,thetebeing mo monel o G ecory. oo formua s
e in amy ot models. (This might ot havv svured 100 comincing,
ot notice s i we can dorive ulse, them we cun dervw uny forrula o
sing motas panens and fale > a. For any e, he formua falee > a & 2
nutnlngy. beeanse i Equivalen o — e v . it 510 58y e /o).
Consequently, € the set af fomulae

2
8

isincansistel, thena s ceraioy  theorem,reguxdiss of whether the st
B . is comssient o1 ot

24, RESOLUTION AND HORN LLAUSES

We sl benterested in an nfereace rle which we shall call e e
OF eseition (Rabinscn 19653, I 5313
“from e v/ from & derive 6y
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TERM == TERM
ucoceds only when he paratieers an (oo occumcaes o the same
term, For exacnple, if A B arc uninstantiaed.

pa - R
b, even though

A

sm
succoeds. Deficdin Prolog.

TERM == TERM
Succesds anly when the parmeters e i fwo aceurmences of the
<ame term. Define in Prolag.

2. INPUTOUTPUT

s,

. Switching Srcame

“This set o procedurss ran be used [0 dynamicsly change 1 Hlex
e or written by the inpitioutput procedues. The user's feeminal s
\rcated ke any other i 15 name i ser both for nput and owtpun: the
caminal i 7ead from ad wricen on by defaul,

Tocaly. o shouk bs bl 10 0pen & e wih et o see. 510p sing i
Wil U 1 o8 see. U W 1 10 (ke <urrcat positon afce s
second et . und hose 1 ath 1 o seen. There should be no s
on (e nteteaving ncodkced by Usi a e i he middle of wsing a le n
the middle .

The proccdures arc deseribed es Ifthis suation wore real, In prac-
tic. hings ac very implemeniation-depcndent. The Yorion of Toy prc-
seno in Ciptes 7 s unly b npat and o outpu. ieams: e o Ihe
\ermi] wnd e for & ik Ale i each direction. ARG Toy bas no cod for
dealng wi ncoreet e aasus. nonistent s anu th e, AD (hiss (o0
depernien on thr evviconentin Whicht s mlescniod.

seaFILENAML)
thespecrfed ik becormes the curent opu . he terminals name
socing(TERM)
i 13 ity he paramater Witk the name of the curTent inpul e
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25, STRATEGY

Difunetion being coumutalive, w3 spply he ulé ofresaurion 1o
any fteralin e curreat resobvent: in var cxamples, we shvays chose the
lefimost e, The choice does not afes ous aily 1o s the proof 35
we st be ahls (o cancel all e Iiorls beforc abisining the ety
resalvent As it s oud, he desirable prapertes of uniScarion mecs
tioned In the previons section exaure Tl (b order in which the cancel
Hing o Ierals s pertormed doss ot ioance he ial outcome o the
Proof, The lengid of @ rodt, hewever, can be affcted by the chaice of
neets very strongly indeed. We skal discuss his matier 2¢ he and of s
soston.

I aur cxameles. 1 most e clause could be e tacancet aliarain
each sep. Ingeners, s umber oflavses con be ppiiable {after sille
matching} o given el Choasing he ight cae cauld b porton,
bocause o of heescan ead into bl alleys™. Afer masy steps. we
may G up with a resalvent 1 which lhe rele of resolaion canoi be
applied (becase there are no molching clauses for s Iterls). even
hough anotherchoice ofslause i an eaersizp might bave speedily sd
o he cmpiy resolven.

e sicuaion is ilsirsied by Fg. 2.1b, which shows part of the
seareh rpsce For the probiem lsed 1t Fig .13, The space s Tee-shaped:
each path rom the oat 10  leaf cepruients 3 posdble derivation se
quence; tscodes are abeled with the successiveresalvents. Some of the
paths s successful, some end n falure.

Notice thatseveralsubirees occur mare than once. Thi efoct would
beless pronounced i che resolvents reffcted the history of subsiulon,
bt we dbd not feel up o creaing such a drawing for predicates with
gomeats. Try i or the applicatin of iversees tracod n Sectoa 13,3,
(Figute 25 will show yau bow 1o do it)

Frolag always tis ta use the leftmos lteral, 50 s scarch space is
cousidaraly smaller, 25 llsirated i Fig. 2.1c. Wherver tis posensed
i number of spplcabl lausts, he sysiom luays atempis e st
ane frst. When f chcounters e, t backiracks s tnes anathe path
I el i execules sn onderly preorder scarch of he scatch space (ee.

Figure 2.1c alo lhstraies the cfect of 3 cul: 2 part of the search
space i Shom off, but one must be aware Thal s pan may contaln
soluionsl Whik i 3 o important i th Example (f e expest & o8
5 answer), in gener) diferom olarions may representesseatally il
et ostantations {.c. subsUblons) of variabes in th root of he ez

“This 5 ot in comtragieton Lo our carler sajements abaul “the i
abie propertis of uificaion”. As eviderod hy Fig. 22. by choasing
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. 6., orlits ofsingle characiers, il po b descrbed. See Section
2 st on o anpliation, u thee G0 i bl prosedures

Some somaicals in plain Eagish will e interspersed In the BNF
descripion. See o the e ofthe end of ths secion

clume = defaiton | scnmarrule | direstve
defaiion = momuniciause | michuse
ewd - hady
vy
COMMENT ihe main Tanceor of hewd i nat &
bivary

Body ::= badgal | ; odyt}
bodyat = call . call |
el o= nanvasid | rieble | (b §

TOMMENT got & sl e s e vl
defilion would b siesigbitorwerd bat
cumbersone]

grammarule 1~ taide — ide
COMMENT th: srrow is wicn 5 -

i = mostemirel cotaxt | unierminal
Bovlerminl = somurint
curteat - trinal
e~ 2hermttvn
eraies - ahemriv (- ahemar
siternaive - rlsem | rstem |
rdcilen .~ nonicrnal  erinals |

Gondiion || aldermaives )
e, sing

teeminale
‘COMMENT onfy closed liss ase allowsd
cnoitan -~ curlylern
Girective == conmand | query
commaod ;= 1 bosy
auery 1= body
COMMENT bedy's s
oo = oo
e = O 14| 0B e |
ferm opa | et o
ermi, 0P termi |
e opay s torm |
terma iy oy | orm

 Fanetoc i wet & wnry
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s ar im the rlation phone, .. sueceed if ey ae i the relaion, or
ngtantiate them 5o hk they b i he eltion and succaod, orFal
Somewhat less vy, the uoi cluse
conscaredrt Head Tl fead. Tail ),

can be used o establih whether the st parimete - i ormed of the
serond and thind parammetes. ¢ s sellexident that
1. conscarcai( 3, b, € i, becase the oot ae corainly mot in the
retation;
2. conscansdh A2.B. 1. C1)) suceeeds, bocause here does axis  list
f atleas 1Wo elemest whose se60n lemenl s 2, such tht s head
i 1 s 0 e lement it (he L 5.1.2[] 20 the al 2.1,
3. conseascdit A, H, B[] succeads, becaus thers do exist objecis A
and B such thot A 13 8.shconstructed of B and B.(}— i B.8.J] snd
B can be an; otfec
Nonurs clauses s indirect definiions of claions. Thus.
appeai (1,1, L)
appeadt H.EUL, HTL - append T, L, TL 1

can b read

"L s L appended 1o [1,” 30d
HLTL s L appended 10 KT 4 TL is L. smended 1o T

i sty comsenicnt ta evour this il WA the nieoded mesning,

i ls L appoaded 1o an cmpiy Tst s 1. st " and
st L oppendad 103 anempey st W.T s formed o e head of
th e, . and he resul of sppending L (0 s fal, T.

A, mostspeciacutaty.
fatersectt L1, 12 ) - memberf E.L ), meabert EL2),
soads:

18l 12 ntersec i am boct i 2 member af 1 id 2 member
oL

o other vords

e T incrsect I hey have 3 comnon merber.

Yo will it more sbout his in Chpler 2. BUt aote here that this
imexpretion does wax fully explain procedurcs such sy process of Ses-
Ton §.3.3this is urther ciscussed i Section 4.3.1.
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IDEC10 Prol s the sl Lo ffcr s possibiicy. I absenl. il can b
mimicked by means of the builin procedure =.. et the next section).

‘Gl vepresontaion somtimes lps reduct he problea i hand
o e Gosanee. A s s point s 0 nozingly comiss sl fo
map colouring problem; we quote i after Perirs and Poris (19806). A
Planar i o be colouced with ¢ st our calouts 50 hat onigueus
resions ar coloured differeaty. Fss we define the contiey relaion for
colours:

“The oriinal 3 of ereir and Porto (1SWOb) i shown n Fig. 412, &
fegion s represented by s <olour—tiis decision makes the soution
Deautiullylerse. Ta ind 2 colouring {f ) af the map. we must anly ¢l

Strutures sepreseatod by terrs are wpaly trversed and macip-

lated by recursive procedures. Clauses me wavereed by backiracking,
sithar implct (cg. in the cal bove, or explit {sg. 0 he procalure
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*

rROLOGE

e ldea o g programming emerged in Marseles i the Ot Rl
f 1972 st Rabert Kowalsky was visitng he arfcial iseligence ez
Younded by Alin Calmeranerat the Univarsty o Mrsiles. Colmerauer
‘ith s team prepared ihe design specifiation of e programming lan-
auage Frolog (Colmerauer ol 1972). The ingungs resembled o (heatem.
prover rther closely, but it already possersed Ihe essential gropecties of
Sontemporary Prolog. and even same features veintroduced qite te-
Senlly. 5. elaying ol ll appropriate instantation f helr sreuments
Aimost a1 the same Ume Kowalski advacated precicate calcun as 3
formalisn for expressing agorithms without commitment 1o 2 specifc
stalegy ofIheir xecution; e short e (1972) was ier expended 13 3
arges paper (1973). Heace the two pioneers of logic progeamming look.
from the outsct diferem approaches ( th peoblem o changing the dca
WD eality. Altsough developed i close iaeracton, thest difcent s
s Sll arlest theprclves i gl programming rscarch.

“The Tanguage described in Colmeraner e o (1772 was implomented
1 Aol W on 1414 36067 by Phlippe Rousse) and used 3l once in seversl
acpikalicns (Colmersue ef al 1973, Pasero 1973. Kanoul 1873 Jouber:
1574; Beruman and Kanoai (973, 1975 Battant and M&loni 1975 Guizol
1575, I ums ikly replaced by an iapraved version coded gartly in
Fortran by Bt and Melonl 1973) and prtly in broiog by Colmerauer
‘and Rousaet This was the st version of brolog used outide Marseiles.
‘Abthough o chnstened so by its autbcs, i desceves the name of Prlog
1, expocaly as s comuponly wsed name - Marsell Prlog'” hus becoms
mbigous
T S s ot by s . B, e o e, i
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I the wots case, the cost of apperding sorted ragreats s piopor-
oral 1@ 7 for u st of engih n. Wo can wvuil appending ahogether
uClly a3 WE A i rriere? i the revious Seclion. We ake The cnpry
ack, sont lvge(L. A aod psh soriedlacge(L, AF) oo th stac. Next.
we sack A. and fnal? somedismaliL. A,

“The formulze cortesgonding 1o (43>, {4 301—and similar o (015,
@16—are a5 fllows:

M) somedh (AL} ae Stck =
sortedt smalif L A)) ++ 1 & )4+
soried(lrge( L, A) | ++ Siack2
36 soncd( 113 ++ Suack? = Stackz
We can o repea the same rearoning snd scplac: (4,35 with
@I purtion( . A, LAs, La1) A
Soredl LAs) £+ [ X +-+ rortd LAL ) o+ + Stack
> sened({ AL 1+ Suucke = Sorted

Th Ienand side equalny in [4.12) st b rewricen as

) sorted LAL) ++ Sexk? = LargeStacked A
sored{ LAs) + ¢ [A ) ++ Lugestacked = Somed

We incroduce q_son(X, Y. Z)fos the squalty seried(X) +1 Y = 7. snd
et the ellowing prosedure

azson| A 111, Sackz, Soried )
‘Fortiion L, . LAs, LAY,
qosort{ LA Stack2, LangeStacked ).
ot LS. | A LargeStacked 1. Sorted )
asor(I], Sk, Stack2 ).

Andwp itin

ik son_ 3 Lis, Soried ) - q.son List, 1], Sored .

Thi version of quicksort i s alrbuted 12 van Emden (Coclho 1
. 1580,

Notice il the recursive <all on y_surt can be inlrchangad. A
parly uninstaniiated stack will be sppanded 1o soredtsmallL. AY: the
other cal will hen flly Insantl th ek, Actualy. he pirs Soried
141 LargeStackod] and LargeStacked, Siack2 can be imerpreied o il
fereace Ists. Try 1o detive mors formly 3 version of quisksor with
afterence lises,
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anbiguous efecences o atsibute values. The following qucry s the
eluions EMP, DEFT ard EMP alias Mgr, 1 i crplayees who cam
more thia theis (immediste) monager:

seiec rom EMP. DEPT. Mar - EMP twplos < EMP_came >
‘wheze EMP_dno ~ DEPT_dno
and DEPT. mannget = Mar_name
and Mg siary < EMP_salay.

Morzan

Agan, the quliication ith EMP i superfluous, a5 well a3 the quelfca-
ion of manoger.

A simila condiion san b used 0 @ve & rise of helfthe difere s n
sloris to hose who o over 100 e thn thie munager.

updats EBIP usiog DEPT. Mys = EMP
S0 that saary — EMP_salary + ( Mar salary ~ FMP sulry 2

where ENP.dno = DEET_dno
and manager = Mgr_name
and Mgs_salary > EBP.salary + 100
Two miscefaneous. queries. Find employees. whice names n ot
bein with M
Selest from EMP tuples < name >
where name < "M" or name > — "K'
e of them). And fnd EMP tugles with 8 aonecistent depsrtment s
vt 14 kinl o tmanval . } ncegrity shecking

seloct from EMP tuples < name,salay. o > where
01 < s > i sl From DEPT toples < d =

i lnotes set mesmbership. The mame 4o n e nesced seloct expreseian
pertin 1s DEPT.

“Time 1o fiish. The rlaicn Roarcembers will ot be necsisary,
st

cancel RosrdMembers

Stcre the data base in a S
durap 0 AAA.

(nent time e shall hegin with
Jond Fom AAA.
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v, he problean is casly solved. Fox caampe. we con defne & proce
dare 10 generate managers elarics

Mgy sl Marme. Solary - EMP Mgmo. . . Salary,
mgs sall Mgrma. Sabary 3+
MM, -, Marhgmo ),
mgr_ Mgrdgrmo. Salury ).
ey 10 it €50 1510 avid e repeatod pass heough TMP) Erom I

andgeint of e callr, i penecators ndiinguishabl from thessmade of
it cgner. The gucry can b weicn a follovs:

. EMP( Fevpne, -, Salay, Marno)

ace ( mer_salt Mgeno, MgrSal ). MgrSal < Salary )},
wetel Smpao ), l, fail.

A velaton whichi computed rchs than stored (¢5. ., 5_then—p. |
ahowe) s calle u v The relfonal dats base terminalogs. A view
sl from primilve operalions o sored Felations—also tScdy, vis
other views.— and  changesas hose rlations change und converscy,
Change in & view might inflacnco those reatumu—but his poses quite
enirivial b, The celtion e sal, however. can unly be Ob-
ained by cmbeddig primitivs operstons in 3 host programing lon
piage. urnished with recursion o teration. An imporant adantepc ol
Brolog i s ity to expeess Spics, visws. and specia prorams i the
san aoguage. In paricular, 1 lfrs 2 poxsbilty ofenforin laegriy
constalat—ppicacion.specifle condiuons of the coheroace. of data.
Camtrains shauld b (eted pror o any chang 10 a rkition. For exam:
ple, we can se this procedure 1o nsert only corTot e

asert g =
comert_inser Tuple ) ! asectzt Tuple ).

o Tupte ) - signal_vioiation Tupl .
comecLinserlt EMPI(E. . D. M) }ic

", E=t= M, DEPT(D, .- ). % there s such a dept
corect_inseric ). % otbers are OK

O the whole, Prolog i pow e ol fru dats Sase appiiatins.
Admitely, (here. s mote 1o dats hase syaems than our prescnlacion
Supgesl. Lo one Ihi, che size o 4 real data bese may far excesd the
Capacty of any existing Prelog implecaiation. The miode descrbed n
‘Chipicr § aught Lo b sugmeoted: viauscs would b siored on disk and
hanclicd by sndard o specilizedacesss methods. Second, cvery pracii-
aldata buse implementaion £hould address poblems such s concurrent
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@fcren erals we change oty e arder in which tings are proved, bur
e genecal siructure of 1he proof is not changed. [ 15 Convetienl 1o
Feptesent the structur ofa proal by means o  proot e (do nat confuse
imith b search space),osllustratedn Fig. 2.3. The et tee shows the
proofs of the preceding fgure, which all uscd B and € 10 prove A, and
1o uacc B. The other roaf trcs rprseat casses of roofs obtainel
haough a dfcrent choiee of clauses The proals are <armied ow quite
aiercnly.

Structaraly different proofs use diferent subsets of ihe avaigble
clauses for performing Suriovs svbproofs, o Ihe “Counierexampies” of
Sestim 2 4=—shich are descriptions of sets of objects for which the
elames oeadcanaot e euemay furn out o be diflrent, Therefore.not
A Sotuinns are the sume

Prack trzs are iniresting alio hecsuse they reies the vocatian
ree when cluuses are tresiad 5 [vocedure. As long 35 Were are no
ailures, che conveninsl procedure acivation sack <an be regarded as
am equall convenlional siack sl for preorder tcaversal of (ke proo
x, emit e 5 immincatoeof 2 quasiproof roe sbic s 2 e

e 2o L

FIG.L1_ s e e swoe . 10 e e
e chngis e Vo o et S o s, s o e
e o, o e et s 1 chics e St a0 e e

ekt bcrcking | e e st e bl by S
e et he ot et e
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Hewd Tal
The period ix used o build feaes of degres 2, which are 2 converient
Fepeesentaton of st « plays the same rals a5t i our BST example. In
Prolog: 10 s special notulion bes beea invented 3 yel anothe spplication
of syrtactic sugar. L & very commonly used, even though 1 advantages
over ol nulution ure d<bwable. osieed of Heod Tail we sl it

(Hed | Tal |
helst 3..0.Till i b e s

Lo boe | Tail)
il e Bt 2 b {26

[
o make sure yuu buve mastered this atation, check that f | €] i the
same us e, 40

“Wehal smiad ot bk aipolating prosedures o Choplr 1

Mermbership:

member e, [ e (T 1)

meambeat tem, [ [ Tal 1) = member hem, Tall .
Al conctenalion:

appendy [, Second, Second )
appen [ Ilead | Fine_13 ], Second, | Head | Thira_cal | 5=
‘append Fiest i, Secaoa, Thard-ail ).
Here is anoiher smal cxamplo of oparntions on lss. Conside the
ollowing simple-minded sorting agorit: given a s, put al s mem.
bers in s BST 8ad then upply ¢ procedure e aoied, dehad sbove.

S . ot oo Bt e 3, i it il
e
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The procedure def merit & comment. It i suppased (o deece mors
han L shoukd—we count an add to saightcn ihe stuion out, For
example, the aclon fumon{S) removes whatever starut of S may be fe.
corded Cine 50 moment e i aéds the spproprise et (i 391
The clauses in lines 4950 say thal o maved abjecc X is no fonger “"aext
0" anyting. Towsver, his does pol 2piy t the robod manipulatng 2
o fines 46_48)—e Fis, .. e achic o delicd.

For sampte resls, see Uiing 6.3, p. 21

Allhough WARPLAN is 2 eal of ingeriiey, here s moch move (0
planming than it doss accauat for. For ons thing, the B i peneraces
e b b oplma, . conta 1 Iast possbic mumber of actions. For
Example, scion U in whicue (it 37 a excetled when it preserves
V' preconditon P: i we checked that U csiahlshes P, we might delte
sctions which had been. planned (o esablish it & much mae profaund
prablem: in gonra, 1L Tkely tha corditionalor eraiv. plans will b
Fequised, rather thao soquenial (The b cxplres the work)

B wit thes (ardcther) iwianlons, and desplc exponcnial e
complexiy, WARPLAN i an excallen 150 far experiments wlh igor.
ous werld Gescrpiions, One example i The warld of 3 robo that asser.
bics cars. Warron s s demonunted how s program can b sed (o
compilearthmelic cxpressions o machin sade the code b fresed 14
plan or placing some values i some regiters.
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i ot opc. 1 rquive w0 daep knowledg of madhematis nd i osendad
ara countrpoint o Chapter 1 bl c b kippedon' i rcmfin. Clger
¥ Contaims some wseful prograsaming techabgues and by, Chapie 3 1 1
selmence manual for (e srsion u Prulag deserbed n s book. Tn adt.
ian, Chapter § i & disewsion of two ather luminsing appictions.

For hse Who wieh 10 gain more inight it the ingrags and 1 mnce
workings, Chapter & incoduces b prndile of Proog implementaion.
An mpieeniason of the dalst desrrbed 0 this book [+ prienied i
Chapir 7. We usd i ioplementation o (et our xanpes, ncludng the
cas sedies of Chaper 3.

Chapte 9, writen by Janusz S
ograpty), hricty outines the most
Prolog idssts.

“The disketé enclossd wilh this baok soncains soures text of all the
programs fised 1o Chapter A and in the appendices, and of the Tay-Prctcg.
terotter dicusd n Chapir 2. The nprest i witen in TURBO
Pucal. You can ose b dhskete on any (BM PC compable compater
cunviag MS.DOS 2 10 0e 3 0

“Thc maerisl n s book.surplemsnied b some additcnal resding and
o peegramiag aisunment can be veed for s (e semester <ot 2 the
esdl bl v st siee majo. Re-implemetaion of o exen-
o 1 che ntrprete of Chupte 3 might mahe ilcrstng assgments for
& aoslatn-witing course,

While working on hic bock, we e the computing fclies of the
It offnformats, Warae Liversy. We wonkd e 1o hank Past
Gz snd Krsysatof Kimbler, who hefped us sl slmost palesly
10 8 diflrent machiae when the one we orgially used troke down for &
protractd peiod of time. We nark David H. D. Warren for peemicting st
{nclue o isings of WARPLAY. We arals grasef ol hase i have
prvidd w withlgic prgssnin, Hceaturs o fhe past 10 penes,

e (k> 250 €10 mest of the b
rsctarii feaares of seveal other
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We must anly remember that the two sublrees willsemaln identca, 50
insantiting varigbles in one will afec the other, Anather diffiult is
ha s posable 1o compute torms which are 1ot ven DAGE. ¢0d which
shoull thersfors b reganled s areesponing ( innite eoes e Sec-
tion L2.33 All he same, an ordinany tes - 92 inuition o the (gere
el e,

“Terms ae s convenient and cancse representation ofrees with e
ular siruchure, where (e information in the nades determines borh (e
shape of the tre and the reperiory of applcable opertions. The sbsiaci
syatax tree of Fig. 3., Section 1.3, s typical exampo. Hower, ro-
sl macipulae such ieplas sirictures as sl groblkin-de-
Penn, in tha cvery princpal foncto i svery Iype of mde may
Tt et cumptationn),

“There are other siuations, typifcd by hary searchIres, when we
need 3 mone uniform reprezanlation, bacause e s [ree for canlents
ralher than for siuciurs. Suppose e reptesem:the BST of Fig. 4.1 25 the

Geutpeoplelmumplangsiges), peakd

Exen f we tisrepand the ambipuls (s “languages” the et o rght de
scendant ol “may”D), i functurs and thei srgureats mus be iso-
Tated. tha i, e mostuse he bl procedurs =. univ " sve Section
5.10), To modity th v, & 5, by 34 ¢ node., e anut rchulld it omn.
pitly. sl ming i, This 1y ot oy kgt . fnclficient 35 well
Toul s Section 5.2 fur & discussion of anch rachniques)

We shall (herefor represeat empdy binary rees by (he stom

AN

LA TpYE—"—
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s vty is ot han 15 explan, n 4ty model of = ar\y f and @\ 5.
either o i e or s s false. 10 he et case st B e ar o
=i\ A would not b tru), o he second y mestbe i, 1£n model of
= S and u y y must sl be  1rodel of 8 or  model o . then—by
deiion ofdignction—it I a model of 4/ .

There are o iteresting special cases of his rue. One ix

Trom oy snd from a derive £,
and the other s
from = and from &« dorive (1"

Here [ st (ot the emply formuls, which mis be ceated s quiva:
ot toJalse f tis form of i nle s to be vald.

“The rule o resoluron s seful fo reductc ad absurcum proafs wbea
ourformulse are wriien in 3 resiricted form called chusal form. A clase.
x4 dijunction of Meral. A [iera s either 3 prodicat fcalled poriive
a1 3 negated predicte (called segave fera. All cuses 3rc
Drefived by unisersal quentfers, e o €ach varible  he cse.

"We shll i our atetion 1o Hom cpuse, which have &1 most one
oitve lteral each. Here 6.3 et of s Hom cisuses (th predicals ate
2l )

Ay BY-C
ey

<

o

Nk, e want (0 prove that & can be derive G these cluses, we
Can e The ule o resoltion t sheve hat by ding o Hum clause

4

our sef ormulse. we abtsia an neonslsien st of clausés, The poc.
3 be carried ut inthe (llowing foursips we use parcnies 1o make
rings moe clear

1 from = Aand fiom A’y (= By ~ € derive > 4y
2 from ~ B 7 = € aud from By ~ D derive  C v D
5 fom = 7 = B and from C dorive —~ D

3. from — 3 and rom 0 derive 0

Natice tha this ype of raduclo ad abeurdio proof s svecesstul
Whery e derive the ematy clause "1 L. le), The specil ases of the
Fesoltion ok ar.used 1 shorten formulo, whileth seacral e s used
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an scivation record ¥ ke on 3 separste stack. Figure 7.4 i a detalied
sersion of Fig. 6.6, We shall comment orly on Ihe sarabcs uscd 35
“eonteotregisters”

“The crucil varisbles e

—fop/, u puintes 10 e curent comtrl frame . wctvaion record,
which s alwys o t0p of he

—tagh, & poier 10 the current
which is ways on t0p of the

—ehor, & poiner b che st fee locaion belaw the capy stack in MT
(i stack grows dowewards);

—utap, apoiat o e fis e Iacaion above the varahl siak In MT;

o, a poiner o the st frc Iocarion above the crat stack v '

Five ouxilary variabies contais copies of information avsilae elsc-

whets They are uced for eficiency

—oncfis a piner @ the curent conrol Frame's parens ame:

opensixa pinter t the rent varishe fame (asociated with /)

—ensenvis 3 pointer o the variable frame associated With ancf:
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Srocedurs modcls  raon. ¢ 3 5 of ies for which & certain el
ionship holds, For canple

name phened thompaon, 2452 )
name phoned adams, 3433 )
Rame_phone( white, 2032 1.
aame_phoned mebride, 1741 )

In practice. unit elauss prOGEAUTC ar squcnes rate Uian 1ets.
Sha they e aceessed sequentially. 11 IRrEforc possitle (@ oprescel &
s by s peovedure, &,

)

st ).

list q)

iy ).
e ca

it X
ests membership o instaniated X, 2nd scrves 2 & genertor or uein-
stanisied X. The shole fstcan be processed this:

procese. it i Isi X ), process e X ), fail.

procsss s
In generst, sauses may b used o eprescnt mulidimensdnal arioes—
we shall dscus this biely I the next sction.

The resriction Io uni clausas s not essential. The elause

name phansl X, 4396 ) - office( X, (oomI19 .
Wil gt ruplex o time, exactly s the othe fowr chuses do.
1 Sworth emphasizing thal explicc nd generaied don are Rncioaly
inistnguishatie. [€1ve people sil in room 119, we can sét up o T
namo- thone paies, withow cvet becoming svare of the “indirection' in
o of the clauscs

AAmy steuctursexpressibe nferms ofrelatians ¢ be suturalty cusin
clsses. For example, 3 iree can be described o follows:

1 a0, e, thomgson : 32, pde3 |
W e, adoms © 88, noded )

0 nades. nil, hie : 2632, mil).

1 nodo, i, webrids : 1781. i) .

footl wode
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theses. For exampie
et (4B,

s whay. bt
asseriCa - b,c)

i1 coll on aaser 2 T v versions of Prolog, &ven
assentazb)

assl(NONVARINT, CALLIST, INTEGER)
PARis frcacd 23 8 cluusc’s e, PARZ a s bady. The clause s
oxsecied inmociatety alfer then-th clau of s preceduce (v
i PARD I & clause with thi number exists. and the Jast lause's
pusilvn f PARS is (00 large f the puredc 5 emipty or PARD < |
the cluse s asseted s> st Not i Prooge10

RrNAME. INTEGER, INTEGER)
PAR? push oot ho negative. PAKL and AL deioe e name and
vty of 2 predicale symbol_ I the associated procedure docs rol
ot cluse whoss aumber i gven by PARS (e st clause has.
‘b 1), retact G, 1 the chause docs exst, i is Iogicall re.
meved from the procedurc and reiruct Succoeds. A Ti0sGd CIse
oes at disappear fom storage o s active Jnsanses can sl 1
o completion ot in Prolog 10

clauseNAME. INTEGFR, INTEGER, TERM, TENM)
PARE s nof be negative. PAR| snd PARZarc
md iy of  pedicate symbol. 17 the 2sacated proceire has nio
clause whase mmber is given by PAR 51 particuar, (1 5 3 3y46ms.
coutin) then clane fals, Olberwis i tries o uniy PARS wilh the
e of the clauso and PARS with i body. No in Prlog: 1D

asserta(NONVARINT
Lreats the parameter v clous Lnon it i i i Fontar s 12
o okhireh, A crron i s i e st axgumen! o1 5 ik 3
NONVARINT. Assets th clause s th beginoing of s procedire.
creating th, proccdur: i 1 Gocs not cxst. Dot n Proios.

serlolNGNVARINTY
‘S s have, DA the assecion i o the end afthe procedare.

255 INONVARINT)
equialent 1o asseriatPARD,

retrac(NONVARINT)
he pramete s ested 2 & clausc (o 14 marn uncioris -7
a0 LT atherwie]. AR 0L i ased (e 13 argament of - i 1ok

e
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A more useful—selecive—uaser is sed In Appendi AL,

Thire 55 s 2 st whieh may calse the Lecpeler 16 cutput
warping messages apan cncouatering el on 1on-exwtent prozedures. Il
5 00 prctioe 10 fam it an when debugging 8 program.

Al thes procesires are ot in Prolog-10. which has a more sophisti
coted sel of debugsing aids,
aomg.

‘uocceds aier turning tacing v (no efect i aiready ony
nodebig

suceesds aier tarving acing of no efist i lready o)
nomesisient

succeeds afte turing un warning about alls on HORSKSIEN proce-
ot (20 offot i€ sty o)

nonenssistent
‘suscces 3 fuevion off arning ahout call an nonexsent proce.
dures 0o effst i€ alread off)

514, GRAMMAR PROCESSING

PhrassiCALL, TRRM)
reats CALL 2t 2 nomerminal symbel of  garmer ule, scheonat-
caly

4 ARG, .. ARGn )

and iniaien grammar processing—sth his il symbol—by
ealing

W TERM, [}, ARGL. .. ARG )
Defined in Prolog s6¢ Sestion 4.6

15, MISCELLANEOUS

JeAgINNONVARINT. TERM)
PARE must by closedlst. Computes he ength of his it and ris
o unily 1he relling integer with PARY. Defined i Prolog.
isclosedlUTERM)
succeeds only when th termisw cosed 1t efast m Prokog. Not
in Prologe 10
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Suppose ow it steps of a 1op have o commue terms (WHch
wonld vt b passed down th Tud). Thus euns (a2 step Is exe
Cuted only for s sde-cffcts. For cxampie, considec e problem of
ceading in & Prclog program up 0 The clause end.. Let the procedure
st perfom. e siep csd ashause snd ssser s unless K s e or
Incorsect). The following procedure repestedly calts on clause_in. and
recovers storage afler cuch sep:

Selprog - chuse._in( Cleo J Clause = end, ¢
getprog - getprog.
“This Joop can be mde even more Conclse if we use & “failre

scrson”“This i & procedue (hat A1¥ays sucseeds nondecermisisically.
e eaves room for yet snalher surcess

repeat
Fepeal - repeal,

it sandendinsome Pralog implementation). The loop s be cxpressed

Eutprug - repest, cluuss inf €, € = end,

Afer € = end succceds, th cutwill eowe e pending choics i ropet
nd o it e loop.

Far this eshnique o ek, he e ofhe oap must be determinitic,
28 otherwite  Fallfe of C - £ wokdcvoke anather ailempt 1o €xecrc
‘an iy exscured step. Usully i suffices ta snclose the callfor s 5p.
in oo

etpeog - repent. oncel clamsa_int C)). € = end.

A specia fonn o forced Rilure s caused by rag e, This bilin
Procedute 13 described in Section 5,12, tagether wilh cther 3sosiied
procedures. They are l primaily 15ed fo eror haaling, 3 they sl
Eypassing ofLrge fogments of & computarion. Hce we hall grecent an
anpliatinof tag and sagfl fr esiing lodgs.

“Anextcemely smplifed interactive xeculor of Prolog cammands c1n
be pruggammed s fallows:

car - tagt oop .
Toop - repest, read €, onee( € .

15l el o st St .3, g o i« e or
[Pt pms i A ettt
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the procedure march.rels fines 297-000). Far (9 mired functors we
extructasublableofrelations for cach possibe pir ofinlcrpedations; sce
“Table 7.5t lnes 286-289), The sicuation s clear ll our st are the
Same, Giherwise there 4% cnly our palcens Which ean he Comrets whon
e of 1 rows or e f the Solums Sontains e e slts, Detils—in
he procedons sex.mised (ines M2,

The procedure readTerm, SymbolTable performs the owo phases of
the reader—see lnes 63-69. 1 relums the yombol table with veriabies
From this term. The tsble 15 used by hs inlractive drver {sce Seclon

TanLE s

The Subas Toaplefor T b Pt
e iy ey Topes A Compur i
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T | wete | wioo
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The canvenlion s ssbitrory, 1 hal any cantand and twe-argument func-
tor would do in place o ) and the dl. I s more sonenient fan ohers,
becatse these are (e symbols expected by seversl buil-in procedures.
¥ou con it such terms st Feeding Prolog with
- opC B0, 6y, ).

Hamever, » mioor technical dffcully makes W impnsinie to use the
period a1 a functor when i i immediately fllowed by 2 white spoce
character, such 25 blank, b or e ine, Ths is 2 naisaoee, and Frokog
provides specil synacti sugarfor isl: 1 somewhat confusing, o we
will put it off unti] Chagter 43

St

Characters e constants whose naes consist of sioge characers,
O can use quoted nars for characters wiich ace ot correet dentfers
(€8 %, T. V. and i guivalent 10%),

Stings s (s of churacters One Gan s e them in double
auotes, For example

snd

stnd for

B and g
(Astualy, the convension adopted n iis buok fs 5Trent rom that
o Priog- 0. There, a siring denotes 2 s o ASCH codes and 50( it of
Shacarters, 5o “tring” sands for
S G405 11011
Similaty, i Prolog. 10 opeesions o eding and wring characiers desl
disecly with ASC'1) codas. We refice 0 accept theva canventions )

L2, Varshies

Dbjects disussed o for e sl i » sene, constent, Their sirocture
i e, we b cveryhing ahont hém a3 cannon E6rh anfchiry nc.
A programruing laaguage in which one cauld speciy only such Ry de.
ined ojcts weculd Rary b (aeresfing, One st be bk 10 use objexcs
whose complete Torn s defe yaamicly during 3 computation

o ok, the splcs s0¢h -yetnkaown abjoet are calld arl.
e (60 ol confiie hem even foc  momem with the varahes of
‘converiional programming langusges?. The term denoung  varabke Is
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bt bigof a0 setaf sre builn procedures: seiof even rtumns it output
soried. An implementaton of seif in Proiog was presenved by Prrcira
and Py (1981

425, Amy Analogues in Prolog

There is no addressiag rechanism in Froog. 1o memory cell di-
ety availbl 10 th progiammer—(or most appications thi i simply
unnecessary. Consequently, ihere ae b0 arays nerpreted os contig
ous. sddressasl areas. From 3 malkematical stedpoinl. arraps come.
5pond o fnie matrices. L. to mappings rom fni sets of sublcripts 1o
Sets of values. 18 (ieory. there are nD CEsections on th form of sut-
scrpts, although inleyecs are most commonly used

Tn Prolog we cun repeesent such mapings s procedures consiting of
it lauses, ane clavse for £a¢h sequEnce of subscrpts and (he corre.
spanding vluc. Thisisbuta specialczs afrelaian nche reaconsl model
of daun (e Section 82,

Ll clauses are particularty converient s a represeniation of sparse
matrices, proviled hut cuse indexing i supported by the Polog -

‘Angibir possiilty i 1o represent u mupping 25 I of nwples
Gsubserits, ). wnd 1o use 1t manipulation proceduccs, As 8 special
ot 3 st SubacripIed by consectiive integecs may b represented
1l of s, Thix apgeoach may work or short lnt, bt i gneral i
is prabibiively metfcion.

We shall now present an alicrative way of storing infogersub
scrpted requences. which is rather kel 1o outperform Poooy et
‘s (wth IndCxit), but may bo reusonab: fr sequeies of mulerste
s, The mcthod makcs e of dgial scarch troc (30 ., Sedowick
83,

Branching n gl sech iree i based on th valies.f successive
it of h ey being locked for. Keys samnot e negative, Th arder of
‘overy nols s qual i th base of e digilal system. .. 10 L0 Keys src
‘xpréssed n deciml, 1 Fig 4 13 e $how Ewo.(ecs, cach comsining 13
Rets bmere D Ehiavgh 14. A, ds0otes the .ch e, e 1oat 1 ety
s, contans 3 dummg valueh, snd branches ae lbelied with 0ighs. To
S v the bumary Irce, we take (11, he biniey code of 1. and go
Ao electing branches labeled wih 17 1,0 408 1. Ta fid Ay in the
tertary tree, we use 111, 1< feroay cose af 13,

Dtgtal careh rses are st implemerted in Polog by open rses. We
shall demonstate it i he cuse of ermary roes [other vasesae basically
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suxeceds i binding ¥ o ane. Thes hasu natural esplunation. Since ¥ is
unknaun, we canno say Thl the sets do nol intrscct. bu by binding ¥
we ensuse hat the compuation wil {4 i the suppasion I ¥ is ame
will 10w ol  be unacceptable. We shall then s hat X 1 that X
and ¥ are the same abjet, elc . e

134, Staic Intepretatan of Procedires

Detalcd simultion o  programs ot a very sttciive way ofleam:
ing its meaning. We insvc un uing (< help you understznd whal
huppens insile the compuier and to introduce techmiques which can
sametimes b uselul o cbugging. when things arc not MapCT the
vy hey shauld Hut it s aflen quite clar whal should Ragpen, a5 many
Prolog peocedures can he. read withest @ing 5 thought o deiil of

A s whish hao n0 boly is calld  wnt clewse I is 2 diect
deaion of a sltion tetweca ila parsmcters, The cltse

phonc berman, 5

Says that hermann and 5 are n the rebation phone. Other Slauses can
extend The realhun t othes oicets:

phone mane, 11 )
honel hasse, 5 )
ohoned kel 11 ).

Unaty relationscan be thought ofas expressing properties of biects:

e hrreg ).
o square )

Noltcy reations cac dencte general firs

e
dcbugging.

A ook ut the s of phame 1l 1ht th call
shonel siddhartha, N1

wil il and the cll
ghonet Who, 5)

il nundetscrinisticaly producs hermann and (fle n falure) hesse
Note that the call cum b reac s “cnablish whether th sctue] sacame-
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e, assume (hat each word on input is kere through his dictionary

impul_o_wurd[ W, Features -
ead . sork W),
Calc W, Festuter ), 1 signal uakooun{ W)

Wihoutindesing, dickiomry kv reauies ime propontianal o e
b of caries, AGten % procedi, 1. 10 i st cha, usially
Feapires spprosimaloly comstant ime (some oreeof aching s sed). We
can have our ditionary o the form

srogran{ aoun inanim | o vesb inrans ) ).

odular(54)).

aaf el ndef 1)
and defne i a3

e W, Featwes )+
Fotry .| W, Festues |, Entey.

or—equivalently—as

e W, Featwes )=
Tancion Entry, W, 1), Eetry, aeg{ L, Eeery, Featuees )

A portiulacly simple dictionary is  1ble of Keywords for & s
of, say, Pascal
ey recon.

W begn,  do.
etc. To crate the reprevcntation of 8 SUURCE program e, we can wic
Wi procedure:

Key-ar-ick Name, heywordk Name 1) - Nare, |

Key_or i Name. itont Nacae 11,

As 2 fnal cxample, here i the crucial part of 4 definiion of the
procenure plase which iiates prosessing based on @ metamorphosis
rammr:

phvase InialNanierminl, Termicals )

IntiaiNantcrminal = [ Name | Parameters |
Inis.Call =.. { Mame. Terminal, )| Parsmetee 1.
TeiaiCall

Note (el input n st paracters are auded.athe beginning of the
pasameter it tather thon  fhe sad. a5 suggsstod I Secion 3.3,
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FEATer e pe—

while—go—od. s ski. The sequcnsing operator is he semlcolon. The
coreliion is lher an arahmetic reltian (= or <) o & rlaion negAtEe”

“The intended meaniop o & sequence of satements & he ierm that
Shows s structure. We shall no go ntp detalf;instead, we shall give 3n
example which ought o exphin the ida. Given the (one slement) -
aueace of slatemens

10 < 0 e hip ete

il ot =
e

It + o
-
"
we shouid fiain the aberace syntax trec (» Protog termy:

1t .0, sp. seaf

am whie bl m, (4L 1131+, 011,
sasfan(d, "L 19))7)

The same tee is shown in Fig. 3.0,

ant 1,0,

B prts of i o bere i St 1 emcdelied o e b
n Comesar s il g 155,
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dfiniion o« univeese che set of bjects which can b denoxed by tors)
aml u deeisian G I prediane syembols ond uncirs tencte Taricar
Feations and Funcions defnsd in thi ivers.

A concrene merpreiation mapa a (flly quanifed) formalaio  sa.
ment which is Irue or flse. dependicg on What I ssys Sbout elations
between oteccs, Somewhat imprecisely. we sHallsay thal o formul Is
e Gor i) I Inenpreftion. O course. some ocmlae are rue i all.
erprorations Ghe formla s is # Vivial cxample, and & v = A s
anather) ihers are (ale i Al ierpretaians (e g. e, A A = 4). The
st kind of formula ore call2d auteloges: fosmuiae of he seeond kind
are called ncoaricens.

45 50 example, consider th Following (w0 inierpreationsof omu-
tae {2,010 2.2). The frst inlrpretation s the ollowing:

e universs s he setof aatural numbers (pesiive inegerel;
2 stands far the nomber | tonc);

5 sands for the fuaction SO = 23;

.y, 23 e € end oy 13y = 2.

Our formulae move besome the Iru saements
“for auy nateral mumber 3, 1 © ¥
ot

for al ntars] masbers x. v ad 7, Ay = & impliss Iy = 22
Ancther ieterpretaton i

—ihe universe s he set of nomnegative ntegers;
—Z stands ot the number 0 Gerol.
5 stands for the successer funciion 500 = 4+1:
ZD5..2) i true i and only i x- = 2.

The formulae are sow
“for any non-negpiiv inger x, 0+x
and

“for af imegers 3, and 2, 5+

1 an intepretation paps « Tormuk it 3 (e scatement, then his
inermectation s callod & sl s el W gl Spesk wbout 3
Il of  m of formulat—sm nterprettion n which al f hem s e

‘Our two interpreations are models of the cxample formule. 1f 2
st00d Tor Lin he second intezpreution, then it woukd oL be 3 model
¥De an InleFAr1A00 nteests s 95 & 0de], Cormilac which ar True
forfalse m hat incrpeetaton will b refecred o i rue (or Fise] I fhe
ol

= mpls 1x+ 12y
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Sornng 1 he sum cunsLact bl O conse we are 110 1o ks pe1 ¢ach
scparaiely

112, Componmd Ovjects

Aa importan aspect of the expressive power of a programming Ian-
suage i s abilit 1o drecdly dessribe various data siruciures. OF the
‘pomlar and wely vsed languages. Pescal s the most powerful in his
Sespect. Mt i has sl sharomings. (This s not a crtcismof Pascl:
our point of sk dous o fuke Int0 sccvunt impertaot desgn obicetives
sush s sule type Echusm )

Finsly, type defiions in Poseatare overspeeified. s impostle to
orogram general algorithms which peocess sacks o trees segardlss of
the t9pe of their kermerus. (Resonds with varant ace only 3 rough p-
Prosimutios lo genecc dea 1rpes found in some more recenl progra.
ming langusges.)

Sccondly, thos daty strctares vbich chungs theirfoem dyamisally
an el b il with pointess. One must therefere deal with th sirs.
{ares st very low levet. the leue of reprserftion rther han th con-
ceptal level st which many acher hings are done in Pascal. Programs
‘wsing painiers are srrorprone and hard to understand, becaise opers.
o on such data steucturs ane rcoded ather han dircclly expressed.

"The third shortcoming has » simiar efect. Iroicaly. Pascal types
aresleo wndeespeciiced. it st here s way o direchs express cert
e atural OnSITSINIS o the BTEUTIGS f GpCTSIoNs. O cantt 5y
that b furtion POP.<an only b applled 0.2 soivernpiy stack; one can
only wit 3 pisce of code (opeRuly corractwhieh chacks Lhe rgument

It nter ingthat these shortcomings are not shaced by Prolcg das.
rpes for athee by (hei counterport. since “type" s o really a Prolog
oncepd) And yet Proloy dula siructures ae vecy simple. Let s ook at
he g

Forcrons

To descrite a compaund object, i is Rt enaugh t ls ts comps
nents. The ordered pai (1. 24 can be an object of the tyse

rectangie - eecond
eighe, width  nteger
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fusclor{NONVARINT, TERM. TERMI
tries to uify PR uod FARD with the name and arity of the raic
funcior in PART

arg(INTEGER, NONVARINT, TERM)

Tuls I e g b smaller han 1 o greates has he arty o the
main functer in PARZ. Otherwise i 10 uoify PARD wilh th arg
men of PAR? whose nuber s given by PAR]

“The felawing e comeeet invacatian parierns fo the procedure
Apronouneed unts ), whieh i defied in Prlog,

VAR = [INTEGER]
sl e ueilying Ihe voisble wilh 1 nteper

VAR =.. INAME | TERM]
i Ihe term s ot a coedlst, a ervor in he pracedure Jengthi2 s
rised (-, Usts icneth), Olherwise 3 term wilh NAME 33 is name
and TERM s i argumeat st i crealed and unifed with VAR.

INTHGEK = . TERM
it 1o wrify the term with (EARL)

NONVARINT ~.. TERM
onsiuces st »ith PARY's s Pincor a 1 head snd e st of
PARI' crgumments s th tal. Tries o unily the st with PARZ.

511, ACCESSING PROCEDURES

The Tay-Prolog nkcpreter spports wszerf3., rtract’s and viatseiS
Those ok Inedeve, hul quite poweetl procedures fsee the edilor in
Appenis A ). Paraneices repesienting daue bodics have e foom of
St of calls (an exnpty by i

“Th Erolg librars uacs thes lolevel roulines o deine Prologc10
procedures maertl, wsertall. asserisil reirart? a0 lunserd, Unlke
st othe Ml i procedurcs. reiraci | and clauset? are non delerms:
e Paramaters represeniing chause bodies have he form ufterms used in
Che enternl represenation, .. seauences Bl wilh cogmmas tan ety
body is e

A actmp t pply g of these procedures o sysiem cautins de.
Sl by the benpetar < Teeatd a5 om erronceus callSo s n aterp lo
modity protecied peocedures, (TRIC 3 disgnasiic piviout which can-
e suppressl by redelning rccr 1.

Cautivn: Remumber (e standand aperator decaradons isied i Sco-
o 5.2, To b safe, fays enclse A Cluse-Tepresenting term Iy aren.
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system procedures. T invalves pushing & Gunn varabk Tame. with
 single varabl Instanialed (0 che srroneaus cal, The current comtol
frame i which the call wes invOked) s Sssaciated with Ihis variable
rame. and bocomes the ancestr cf evrorl. Ax » reall, e purameter of
erro1 s the righ insance of the crroncous cal, The process s e
rated n Fig. 7.

“The progra maintins several important insarints. such ss *there
are 0 utaide references o ooz variabl lrames except fom varl
ablesbigher in Lhe varisbie sack ™, We deckdd To It you have e fun f
atsnavering them for youssel ar all, these ae the res) ade seceets)

725, System Procedres

We sall a1 give 1 detailed descrption ofthesystem coudnes. There
aretoo many of them, and the Lsting is more orless sef-caplanaory. The.
enerl princies ar as ollows:

Al sysiem procedures sre invoked thraugh procedure sysroureat;
isiroutcal els up peintes 0 thely parumelers iu wbie SPAR (fhe
values f Iteger paramaters are aso passed through table SPARV;
—Systom procedures thal can il r succced indicac the resu hy Sccing
a Boolean parsmeter (success) assed by sysrovicull;

—Whenever s sysem procedure detects an eror,  sis the global ot
syserror, which forces the interprels o imsuke erroil (s the end of
he pevious secion).

Trere are i tricks, cxcept nthe procedur concermed with sreating
e clames, It s important that sever) occumences of 4 varible be
Feptesanted by oocurrences of the same offel »hen 3 er s anslaied
1o 3 prototype. To achieve hi. addresses of variables &npearin i an
aeried clause are stacked in Ihe Iree arcs abore the toprmost varsble
rame. With oach varsble ccurrence, dis \emporsry variable dictiomary

Search Tincarly and, pusebly, augrmented. The posion of 3 vasable
i this letionary i ireated 2 s ot

o atd a e system procedure, one must

i 1 code:

ot 1 dentibe n ype syaroutd A lace hese defies s position;

e its call in procedure syseoutcal(n he same pusition’;

Zlsert s vame and aicy i the kernel At (i the sume postion e
he next section.
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Bt 0 il J wifable with ¥ i sought. ¥ none is found. an error
candiion i rised, eie this call o bloe succeeds Scerminiscall. This
Testure is e o eror haadling and or exking loops.

‘e have prescnted here only some of the Prolog /| eatures, wed the
inceresed seader s refered 1o Colerauoe of o A1), 1 meresting
hat the il mplementation of Proog 1 which u Ueserined hirs vas.
e on'an Agple 11 mictocompuler Using saftware paging on Hopey
ks,

5.3, MICRO-PROLOG AND MPROLOG

miceo-Prolo s the dilet uscd by Kowalski's tcam s tmperal Col-
lege of Seience.and Technology in Loadon. micro-Prolog was developed
and implecented by McCabe (1981 is main pal was g aslall Proiog on
' s -t microsumputer mieu-Prolos wes it 10 repeesent erms,
ool and chaeas, ..

¢ Aopend) x5 1)
€ Appemd 12 1K) Y €21 21) Campund X Y 203
‘The ist nation s severaladvantages: pedicates nd fanclors need ol
e a fixed rucsber of amuments (1. the whole aruenl st can be
bound toasinge varisblsy; thei nsmes can b arbitary s tructuses for
echniel reasans this i ol sllowed for predicate). miceoFonlog o
supports . simple orm of modulariy: wodules are cieded dypsmically
and he accessiitity of names s determn by crprtaport i,
A typical user i not xpected 1o neract divectly with e rafog,
because » special font.end ealed Suope is povided 10 conceal he ow.
Ievet30guage fecures. Here i the append exarphe in the Smple otox:

Aprendt 1 xx)
ABRENI( (XX Y (X Z))1 Append( X Y 2
Sicaple wax sl ¢ compuier Sagioge for chldreas atber nioiesiog,
applications are expert systems. Th linguage s susiect o varous eager.
Ml and extensions. siuh s ceplasation scly or 40 orgina form.
of inpu/ontpot operatony talkd qury=the-uscr (Sergot 19825 Simple
st exemsioms are ol writen i icro-Fuclog. Both mico-Prkog,
and some of is upplications are extensively documenisd In Eonals 1983)
and Clurk and McCabe (1980
MPROLOG was evelopediat the Insitutefor Covonlinaton of Com-
e Techraques, in Budugest (Bl e ol 1990, S2K1 1962), uicg 1he
programming lngusge CDL2 (Koster 1¥78). MPAULOG 1s 3h upward.
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P02~ mprsertion of he e o i 4.1

and monermpty Iess by theee-rgument tscms

T Lam_suburee, Node_info. Right_subires
For cxampls, the BST of Fig. 4.1 will b represented b the term

P, fosw, 1 i, angunges, el ), many, i )

peogte, i, spesk, il 1))
The term e b drasn I s Fig. 4.1, This mathod of represent.
ing by teex canbe reoly bl o e of s lfTeren facddegiee,
3, non-empty ermary 1ees can be eprescnied by four argument Ierms
¢ Node o, 1 2R_cub, Middle_subt, Right_cubt }

In Fig. 4 the contenrs f cach node s oy & key. hul af course in
prvcicat apllcaions nodes contais ochr infarmarion a5 wel. Th tree
Shown In Fis. 4.3 hokiz nazes and phons numbers of ssvers persons—
mames are ey in leicopraphic order, We use 5 RoRASaSRIVG infx
Tunctor " to separme key' rom oher cato.

‘A ot tcaverial of & BST viirs e nodes In increasing oefer,
aceoraing 1o the ordering relaton in he sei of Keys Tor exampl, the
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5. The syatax. of dirctives conforms 10 the couvenion adopted n Toy.
See Secrion 7.4.2 for detalls.

. Comuments and whilespace can be (recly inseried befoee and aflr
(oken, 20 caunotbe insered in che midls of 3 token. Remmbes that
& comment extends Hll end-o e,

7. Whitespace ruet be insered betwezs ar unsigned incger and » minus
which f o be eeated s 4 funeio. & s imanediseel peceding &
seaucnc o cigin s taken a8 & par o th iveger

B, ¥ curly brackets are ot avaiable, the ustal pracic 1 0 use “decs-
Eated brackers { and 51 This reguires scmme core i the (reament
of comments.

3. Aterm an gt must be (erminated with 3 full top s embedded i 8
Quated name, sinng or comment.

2 BUILTN PROCRDURRS:
‘GENERAL INFORMATION

Far tho purpose of ths shapter, bultin procedues fal nla 1o
groups. System procedures are amplemented n the itcrpretr descrived
n Secton 7. Fredefined pocedares are witen n Polog: they brlong 1o
the user ntetace deceribed in Section 7.4, Topether these two groups
cover the basic et of Prolog 10 procedurcs. DiTerences anl extensions
7 noted whare appeopriate but this i 3 descrpron of Tay aad is %01
intended 3 3 replpement for the Brolog 10 mumual. The proceiles sre
{oughly classied sscording 1 hew pirposz.

"Asysiem pencodure eall may fai, suceeed o rarse an rrar Faluse or
suecess s equivalen (o @ fatre or success of  normal procedure il
“The only diflerence is hal suosess is usually accompanicd by 3 e
effet. such as weiting a charactr. sling & swsth . A llingsystem
proculuce dves ot sl ceuse say X-cTSote Gapit grosedurca are o
nolable encagtion).

'An emor Is aised when a system procedure delecs A0 icomect
paramele tor pacameters). i he descriplion of s rocedre meciions the
form o expecod purameters, parametrs of ueliscd ors Wil caust an

ermor w be e, Trere i no guarantee ths the ewror will be ralsed
etare sny astisns are performed. though 1N s usually s0
Raisingan cror consists ininvoking procedure eror 1, with s singhe

paracier nstaniated 1o o offending sysem prosedure cll. [n eneral,
crvor behaves o8 F i call were prence 0 the progrum nsicad of 1he
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CALL, CALL
Uhe and pruessure: succees aaly whea both argunens succed.
Defioed in Prolog:

AB-AB

S slsa the descripton of the cul.
CALL ; CALL
ihe or” procedure: succerds only i eithec of the parametors suc-
coads, Defoed in Proog:

Ai_nA

See also the descrtplion of the cut.
e CALL)
“ucceeds only when he parameler suocerds, bl instaites no ari-
ables—only sde-efects of CALL veaain. Defned in Prlog:
eheckq Cal
Notn Prolog 10
side_effectslCALL)
‘cly equivalent 2 checkiCal), but used whe the paramei is 0
e exceuted Tot s side-efect ruher tian o e Somelhzg, Nt in
Frolog 10
once(CALL)
‘exeeutés CALL determinstically. Defned in Proog.
once( Call} - Call, |
Not n Prelog- 10,

i not Call,

§4. ARITHMETIC

Tt dusuripons, iy ands o ntegerdrisiun, | o Ko sking
the remander of ieger diision,

The following are correc invocation patcerns for cun (o1 n ro-
g0

Sum(NTEGER, INTEGER. INTEGER)
succeeds only f PAR - PARY
SOmINTEGER, INTEGER, VAR)

suceeds afer uniying PARS withthe valoc of PARL + PARY
Sum(INTEGER, VAR, INTFGFR)
susceeds after unifing PR

ARy

he vlue of PARS = PAR1
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can b thaught oF 3 s comteransmpl 1 (h Ssproved DypOess 1hat
ihis for mla s consistentwiththe oehers. We leamea i efect tat . ny
mode] of the o lauses playing Ihe role of anoms,

“icis nottrue that ¥x = DY S{Z . 3. SO Z)) ). hesause
" DS(71, . SUSZ D) ) e when x 15 2.1

Bt ks s the same as saying thal our question
‘docs thee existan % such that DU U2, x, S S(Z 1))
is ansuered with
“yes, S(7.)is such 2™
Rocall oor o imterprettions from Secton 22. In the first we asked
‘whelher there s x such that 2 = 4, nd the aniwe s h 2 1ch n
. 18 (he sezond iterpreiaion, the question Whether tere 5 an % sush
that ]+ £ = 2 was anewered by 1

“The various substiulons were used 1o narcow the set of iiaresing
obieets o those obicctafor which e formula being diaproved i ol (o,
Indeod, it s cvidors (ha for 4l x other then 2K the foramls
~ DISCZ). x. SIS(Zyiv cwein bt erpretaions. L s Ll models of
the o orioral formolse, bt we shal A1 EApY Lo sty i diecstly.
Our exomple mould i on Pndipest” justifcaion I we sauld be certsin
ha the substutions 61 nat “ose'" alher ebjects splistying the dis
proved formus. Such caranty wioukd b of practiea vaue, becanse the
SSUEF Lo GUF GUETY ¢, SUr COURTErEXAMBIE) cas be  lerm contalning
varisbls. i want 1 0 b s general us possble. o the scnse halthe set
OF el teems cbrainable by subsituting somethin foe s varisbles shauld
e the et o il unswers

I I 3 undamental act of resautin 1neory that the olgorithm of
uriicaio (as presend in Section 123, bul exended with the occur
check) fiads (he mos yenerl st of subsiotloms nedod 1o maich Lwo
Tirer Mot general” meems Tt i conteined by l el of substitu
tlons which mabe 1he terals cuich, When we match Ab) and ~ Aly),
bt - yond y o 3 are possible—ve frat them s indistngursbable
In vemse, thi i the. minimal ecessary st of subslitions,

W s unllatin m our crample, s L T oss any soutums,
Notice, however, that our fiscusain is cancemed wih tne feci of the
substiution rule: a5 we shall sce, difforeat peoafs can came wp with
ierent soluions. Try he conmearcds nd append cxsmmpls from Chap-
1811 10 et 2 feeting for s ind of roof. You nay use int notation tor
funciors—t does nox mater, The (wersection exatple might b 3 hnle
more dilficul: read on
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SARPLAN i describedin Warren (1574) Oum pescntaion has born
srealy infuenced by this excellen paper. The progzam we publsh here s
& sighty cleaned-up veesion of he leat.given it Coalho f af, (1380),
where all the meniioned examies of words can sl be. ound, The ro-
Do's world wes incodueed by Eikes and Nilsson (1971) s s case or
el system STAIES; Warren (1974) used It 0 compare the performancs
OFthe two systems. An extenzion of WARPLA, ntended for sensraing
‘condhional pians, was described in Warren (1570,

82, FROLOG AND RELATIONAL DATA DASES

I tbissecton, we shall b peimarly concermed with datu bascs i the
Vit senve:  data ase s & purposchuly siruehred colccton of sared
s, oen pertiniog o an organiaton (cg. 2 bark, Tactry, oelversny.
warehou). 1n 2 reatlonsl data hase 3l dra are conceptualy grocped
o rlatons, which e usualy depicted os restangular abis a¢ n Fi.
8.3, A colums i th tabe 5 called a0 atboteand refrre fo by maoe,
g dno. Allvalues of an atribane belong (0 2 carmon doma, .8 each
suley belongy 1o incgsrs. A rtio s & 5o of tuplen (ble rows) which

EMP (B [ To [l »
[N -

PO

oo I B I

o e
CaPT T 3
oy 3

LR ————————





OEBPS/Images/index-32_1.png
2

Here are sorme example calls 10 0ur procesire
vascorcdig Howd Tal, Heod, T ).

1. camscarsdr hement 1, Cac, Clr)
o+ clement, Tal 11,
Care_demem, Car o (1.
2. comsearcat L, etwo ], 3450
L+ Head Tal, Head < ane iwo.l).
Tall 3451
Vience the instlistion of L is
Tonctuo.[])3.451)
5. conscarcart A3, 2,211
A < tesd, B o Tl
Flead 3 {and hencealso A +—2),
Tail - 21] (and hence also B 2.1 )
The instantition of AB i e
2240
4 comcuradt AB.C, 10,11
A< Hoad, Tal — B.C.
Fiead o 16, aire.
Unifcaion fails. Thi is o surpeising, <& the st actushparsmeter
describes  lstof st leat two elements. whilethe lstconsructed of
the second s third ackuad parameers would have enly oaz clemeal.

W shal wind this up with four general remarks.

First, we want o iressch the unificaton algerithm et acual nd.
formal parameters absalutely ssmmetricaly. This resull in 3 very shar-
actetsic property of Proo iee is na dfrence beiwecn forml pa-
Fumeters usod to tring informitio inty + procedure ol those used (o
carey nfocmation ot of u prosedure. The licecion of infoamtion flow
changes from call o call. a in cxaciples 1 and Z abave. We can cven
make  parametes serve B fo input and Forculput. An exemple i the
ey

consearct A2E). LB ).

Here, Hend — A nd Taid = 21
then Head — | and theretere A -~ 1)
and B e 2(]
The result i tha the st ormal porametcr was used. both or obtalaing
nformatian, (hat 2.1 and or vieldig inforaton {val 1.

This mult-way Aucuioning of peocedure parameers sometimes
makes i possble 1o use procedures m uncapecied ways. Whenever e
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The call o fs in e command

wm.
el i Uhe implicit corstrucion of the gragh shown n Fig 3.2 Notice
the similrie of s graph 1 2 coventiona parse ree (ig. 3.9,

Thc parametars of 3 call Rt nilisis (1 parSing srve 5 a0 input
and an output poramcter. The former conthin 5 given It of terminal
Symbols. Some sl segment of this st is supposcd o consente the
unitunder consideration. Far example,

om0 LT Y TN
e expest tha some inidal part of th lsk

axdl
coniiutes an acom. Should tha be the case. the compularion suceeeds
provided the second parameter marches thetll o he s which recvains.
ates "chopying o™ (he imtialscement. Por example. )" L| rewalns.
e chopping o and x it the ist 9.1 {]. In most cases the second
paramercr i variabl, 50 hat i scivally behaves ke an oupul parame-
ter. A5 on exampi. the ol
B8 som(oa T T

Instantates Tal s Y71 }—compre this with (3.6
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s i ¢ ITEMS, ' ) K, e
ominall (K, L ). iems (TEMS. L, 8},
teeminall ) M, N1

Herms icmat ITERL), K. L ) - lem TTEM, K L),

et it ITEM, ° TTEMS ), &, N ) =
em( TTEM. K, L), termial( ", L, M),
tems( ITEMS, M K ).

fem{ lemq ATOM ), K, L = atom{ ATO. K, L)

fem e LIST ). X, 1. - st LIST. X, L)

atom{ alomt LETTFR ) K. L1 - ettt LETTER, K. L |

oo siom; UETTER, ATOM ), &, M)
leter( LETTER. &, L, siom¢ ATOM, L, M)

leter eter{a), K L3> terminal( 3, K, L )

et eter(2 ), K. L) - terminal{ 2, K, L)

Again, we shal supsvess Th rowtine infoemation, i<, leave out he
inpot nd oulpud parameler. The ccailing grammar Wil be 35 follows:

Tt s €7 ) T )
il sy ' ITEMS, 7 1)~
LC 1, demst 1TEMS 1.7 |
tems(ieras ITEM ) )~ fiera(ITB .
itemst iers( TTEM, ', TTENAS 1)+
ftemt ITEM ). {1, ilema( ITEMS .
it it ATOM ) )= atom ATOM )
e it LIST ) ) = it LIST 1.
aiomf atom{ LETTER ) )= leter{ LETTER ).
arom atom LETTEE, ATON )} lecer{ LETTER ),
alom{ ATOM )
et leftet 833 a1

Sciarlttert 7)) (7.

To compute the pars (e f Fig. 3.3, sl

Phrasel i T . big'tox

The caonciscness snd porwet of metamorphos
e appreciated n this ay cxample. We shall show a grammar that de.
cerbes tand parscs) sequences of statments of 3 s programming
Ianpuage. The admissiblc sticments are: avsigement, I€-then-c)
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Notice the s ofthe condiion: f we placed i ot the crd oftherule,
‘we would Tun the sk of discovering an impoper fstance of Op anly
afer parsing the sehols [nput, say.

(A+bizie bahbih 20— 1%+ y)

In 1t presen pusitin the cundition tals s sen 35 ¢ sces an invalld

B e s o he gl ramna elinale possie et
tions. Both,chough,seem to decresse the readabilty sud slegance of tbe
orsital soution. and we recommend th they be applid 6 1 3l eces:
a5y onky i th e sages of proyram debugging

352, Elmiaation of Let Recursian

We sl nov s  pecblem which requerily ueses with ncapert
1t of metamarhoss grammars. As an caample, w: shll cumsder the
%k F writing 8 workahle grammar of simple arthmetic Sxpresians sce
Section 3 1. Here i Ihe deimion in BN (or simphciry, we Kont nur
seives 10 two opersors onlyy:

= expression » = < ubl_ekpr >
< expression > 1 < i cxpe > |
< expresawn > — = o0d_axpr

<add_expe > 2= < consant >

W moww give an obvious transcription of this defiion o a mta-
morphosis ramMAT, PARAICISts 3£ Used 1 U the scuelure of 2 given
xpresian—sce (9.
expressiond E ) — d_expr( ).
expressionl EJ + 21+
expressionl E1 5,17+ . s9d_cupet 12).
expeesiont 1 ~ E1)
expression( 11 1, {

10 caprt B2

“The efimition of addcxpr will be it oul G can be simply an inteser
consta

Unfortunaely, s grasmcaai—as a peograan—is 5ot orly neficient
ot alsoincormec. 14 goss o infiite (et ecursion whenever we give i
an expression thal contains » minis Tey 0 analyos he expression? -
'S represented by 273747151
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body of 2 were
ErE

hew 2 cautd conceivably be classifed 3 local (aecording 10 our sxper
ence, though. allowing sich ases could complicaie the implemeniation)
Bt 26 the cizuse stands, e need 1o analyse b Gastuming 1 Wil ot
subsequertly be modifed! (g check whether §Z)can be mde an nsten-
aion of a varable ta which X is bound. For xumple. with b deined 2

Bv.VL
el

wrQ)
ol insamiate P o 2) snd Q — AY)—boh ¥ and Z sould be “ex-
ported.™ Variables i do not appear in ez can oy be vsed 1 arry
Tnformmaian s1ound the clause; t 5 safsc (o ssume that all ot il be
sz 10 form erucwores.

Ihis assuraplion does o yel sllow Structure Shring 10 be really
competiive with NSS. To achieve thi, e must dech our nlentions by
proviing so-called mode declratcas. In Polog-10.are wites

mode membert?, +)

1o inform Prlg that the sevond parsmctee of member will never be 3
eriabl, though s T4 poraweier neght be one, This eans thac e
proscduee

membert B, [ L)
meambert F, [ X |1 [} memhe £, 1.

ill ot beinvoked a ¢ gencetor o, 5o thecompound erms wil only be
ol 13 slectors and all the variablescven thase glotel by the genecal
ererionGan be st ac ocal

Provising Mods declaraions may seem 3 auisanes, bul hey are 3ood
documentatin tand ae nor compalzory). The dechralions ae skt and
Mast necessarily e lessinformaive Than the duaamie specid-casc analy-
i of NSS. Jn common case, however, he difsrence is not detectable
an this ocm of Sructute Sharing e, i et 25 200d 25 NSS wih regard
o memory ullsation. This does ot mswn L the v brbase identt
ey, Pragrams cun b wilen which make any ane cthorl amo s
Garly worse (han the ofher (how Weoukl you 0 abust devisiog such &
prograan?.

A compir a2 n o 1o e G e
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cest—performed hy agree (s 939-431—ix riher crule fse the prc-
Vious ection).sametimes we overgarenthesize. Tbe paramstes uf nu bss
‘only been added for Nomogenciy. bul i cuukd be used it & more suble
detection of o ambiguus s

746, Temslator

The tranlator of Prokoa-0ato Toy-Prokea (Appentix A3, lincs 1004
1008 s voked by the call.

tramidaed SourceFleNan, CutputEieName |

Commands e Tl and sl exccuted fdsterministicaly) 4 hat,
Sor exwmple,  deslaration ofon s fanctor afects subsequent parts of
theinput prigmm, The eyashaar ferminates and succeeds) afte reacing
i the orary clause

end,

“The progeam is quit casy 1u nderstund. Only the procedhe lookup
may require s <aplnstion. The fahl peirs vaiables of the csuse with
Comsecutiv ilegess, A ram 0. A varabe s 2 key, 50 we st s
hg builin pruvedure squar 1n keale varisbles iseady present in the
table, Tho hird paramete of the procedure foakup indicaes the lsst
awmber encounicred (iitally, -1, 5 that only & new varioble cequires
oneuddison. & more simple-inded soution would beta keep ualy varia.
Bl i the tabe, and count them during Ioaku. This wrwld evyuic 1
Jeasn — 1~ addrionsCo s claws: with n sarsblen. Ul Toy irtegers.
e implemeated in 2 panicululy simple ey, o 138 ight B ihe copy
stack with aany desd inegers. Ancehes pussibily i 0 3y he procecre
Mumberar—inside pu—t Headl and Holy joinl.

“The transisor putputs buce transations. 1 wauld be blpful t have
Source comments ransfcrad o e ransatin, and 0 gt souice arisblc
names paired ith mumbirs oee Secthon 7.4.1), Try this exercse for
yovesll
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folowing procedure can e used 1o wite out rame-ghane
aipraberically by mames:

In 10l procedure, we need ot tes the actual odeing of nkes; tis
Wolld 1o b the case f v kanted, Sa¥. L03oco 4 oG i 3 5es. Le he
al

precedes Nodet, Node2 )
sueeed 1Y Nodel comes before Node2. For our name-number pairs the
peccodore caa be defioed simgly s

precedest Named -, Nare2 )+ Namel < Name2

s reasonsile Lo expect tha nodes ars correcily bU .. Tt sach
Key i name, o other aformation # cummber. A good pacotacheck this
wauld be 3 procedure Fo imserting a node nto 3 e






OEBPS/Images/index-179_1.png
e —

[ oz &

ANEVAN

A @ |

FIG, 14 Tae Non-Stnnses Shoring rereenaen f s 1l 4 ik, YD
nd e B s T 1. A, Py ot AL 5 st 1 )

argument o the nwo-argument g ohich s s second argument:and su on
‘Cansequenty, o nsances of th ferm ma share this stcturd inform.
tion. i ol car i ke t0 el then have iffrn! varibics. Thit i
ol achicvel by rsociaing €xch imstanc wilh o Gifcren vurlable
framy: o shtink of ioryge haldrg variabl instances. The imernal repre.
seatalon of a sem description——ve stal call  prolotype-—is 3 DAG ia
which cach varible e b eprescricd by infoemalion 4hout (e ofsetof
he varkbie kocation in # arfable faenc. A tems.—focluding varisble
bindings—ure now represcrid ok by sngle poiairs. by to-poinier
tarm huadiest

< pratotype, varable frame >

| Asober iy todtad by W 1711113 2 e iom.
end s ks e 4ot e I e TN
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‘Once again, t must e stessed that modiflcation of such fss i destrucs
e, ¥Or cxampl, e secand oul below Fats. becatse e, 3, | V) oes
act masch Ip 2],

decouel 18,61 X |~ X, L6.d, ¢, ¥] - Y, ABCDE )
eouclLa,b] X1 X, Lp| 210 Z, ABF

‘We nuw rtun (0 he scxting algoeit based on BSTs [sce Sectan
420 Tosteal o raversing the teee, bl of 2 given [, and meely
wrting ol nodes, e woullrulber nsvere i n Grde 1 strac the
sovted permutation o the Uit

trse_sont Lit, SortedList)
hullducel List, il Tréc
bullhoa( Treo, SoriedLis ).

The procedure buiklis “fauiens” the ise sec Fig. 4.10for anexam:
e The general ullne o he lgvithm i calher obvhous: we Tatea the
Subreer recursivly) md comcuicnate the revubing st ogether with the
oo hecwesn. Dierence st uan b s (0 avcid numerous appents.
L the resulis o recursive sals b dematad by

LPW - UPaF and Rl RFWE

‘The algorithm s progracmed as fllows:

lten( i, X - X ).
Ratten( L, koot R | M
Ratten{ L, U¥iar - Liack }
At K, RFlat -~ RELS(E ).
d_canet Lol - LFIS(E. [ Root | X 1~ X. A,
concl A, BFla - RFWE. Flal |

FIG 400 et A . 04 The v ko
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dige = 0] 112131415 6]718]3
s =< S
LTRSSl # -l
COMMENT a Tone s ollowed by Wwhi space is ik a symch
bur's lsop
satoshar = . |t
Token ;= functor | saciable | utegee ¢
irng  bracksthar
‘COMMENT tokens ars sted 1o expi
brackeabar = 113 (]1 141
cxpmmert - % | mainoend } iscad
COMMENT Bneend is an exdoffine ¢ lneied |
character; mosBinsend is sy other
ctaraster. Toy converts linc-ends 10
single Fineleeds

aste s below

hesgace = { Inyeatchar |
COMMENT leyostchar i bl or (s o1 Bneend
a any nanprintabl characier
M these ace charactess with codes
2y

Notes:

1. Muked fancrars ave 2t been described, but chee iclusion i tcight
forwar:

e = oprayax ferm 1

and 11 axher combinarions, 10 Toy. 2 mixed functor <a only have ane
bicary um une wnry type. both with e same riorily

2. herc are cumerous amhiguos Sombinations of ontiguous operators.
“This grammir e foc acconnt for ther. Soe Secion 743 (0d AP
ek A3 for & cather cetaed desclptin in Felon

3. Not al Gactors can be iechred x5 operalors. Quoted memes are o
wa taken a ngrmal” uoctons.

4. Jo e defilion of ody, sowamas and senvicalon oed bt have heery
actually singled ut. because Lhey are regular infi unclors. The defin:-

ndy = oms ol

wrauld no, howreer, emphisizs the (o5t common sructars of bedy
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ned by the user Standard operutans wre scconbingly clked bl pru.
cedares (o system procedsres).

Procedie cals ars writen according 1o the wsual praccice. The pro-
cadure name s ollowed by an optona] s of teres—aceual parameters,
enciosed n pareniheses and separaicd by commas, o

Show paiatingirembrands, X), tchingrembrinat X) .

The "procedure naime™ s ofiencalcd 3 predicate ymbol (sometines
shartened lo predicat). Lik 0nciors. » preicats symbol has 1o i
butes: 5 namd £1d an arty. Two disinct proceducs <an shase (he same
e, provided one hes & Gerem mumber o parameters tham he other.

Fuacedure cals (and, 2 we shal see. procedurs defiiions) have e
same syntax 3 (erms. Ths notalional unormily s sciul when pgrams
are dynamicaly modibed {usis rormalt The cuse during an ineraciive
Seesion), bt it may be confusing fr (e uninisated. We <hall iy o elp
By reseiving 1he word “srgument” for componeni of ters prosedures
Wil b ssid 1o have raramerers.






OEBPS/Images/index-231_1.png
[ —

ot vty
e . . )

b 1 o b ) & ot

S e R et o, ) 5
St oD 1 e e .88
ol Sy TS D |
Sl St B o | Seeeert 0 50 1
prapreth

St B e e | e W18 3
St ke o o) |

S EAR T
b,
ot o, R |+ i WS
g b

i et

pai L Py
Il WYY HX2) 8 k20

g st A por ) o 033
it )

S S S S o 3 e 41,8 1
o o

30 G T R o |

81 B et et

8 sy,

B R o 1w

e e oy

11 By e
ey oo

98ERRRERRIE RS RN RS I KA I ECRTLER

W e i et





OEBPS/Images/index-48_1.png
[y
Semale awsten ).
fomale s ).
IF e insert 2 cut o the ist el of writer:
writer hesse
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e Insert ¢ nto @ ostead:
QX il X

rying( nesse |
ryingt man )
trvingl grass )
Sumyt

But i we choos
QX1 s e X, 1

he program will urice

yingt besse )
Sorry?

a8 e e uT i cluose

By inscring the cut alter s cll 1 4 it st chse uf p, s would
aain anly

rsingt besse )

s svidenced by thse axamples, Lhe i & powerfl (ool A single
et an deastcaly aler the bl of 5 program. 1 mus b voed very
aefully: Secuion 431 comainy yome wiefol i

AR parant propery afthe cu I that i can b ased 0 pleny
sort of magalioa. When e wani 12 lis all male witers, e can write

wece X ). maled X 3, watet X ), , i
1, Bowecuer. e progeam cantan only descripions o emate pesans 3.
0 var xsmple e must Seine mae I terns f female

mule X ) femalet X). 1. il
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Since “dauble o docs ot insaniite o
it stuatogs. Eiher we wa & peefui 2 GonIpHoL " es/0u” 16
it il nkresting varisies ltcady instantiated), or e are only e
ested i some sideusfects of C but we want 10 recoves sioroge ofer 15
xccution, For resabiy, we wally dchne 1o procedures

eheck( Cond } - not ot Cond.
Side_efTcts( Ciass ) - not ot Goals

e crample should sufce
prectyprind Term ) - nde_efects( dopecttyprntingl Term )|

Suppese now (at e need nstantaions produced hen executng &
ol and that space il maiters. To preservethe results .. the appropri-
ate ems) over backlracking, we sl “put ther aside” Dely stored
Clauses are immune to flure’ The foliowing gonocal-purpose prosedure”
eccules 3 call an al the st tne “garhage colets” the storags used
by dhe call
whlh_ger Call -
nee Call , assen “ASIDE{ Cal 1), fl.
with_gef Call -
et "ASIDEY Call 13,1 5 commit repac

“This method makes sense whe asser reqies Less Storag than Call, ar
when ihe implamentation has no geperal gurbage collctur bul rcluims
storage [t by retacted cluses,

“eth_ee o be eruployed i oo optimisatian. hich isan mpsrtant
pplication of foroed Gailre. Essenall. rocursion is the mess natursl
‘Prlog counterpar of Pascaltike ieewion, Consider  program tha tokas
arge chunks of an even laser (e, exiracts some data fom them, and
puts these it ot 22 open tre. The sioraps for 3 tep s worl econc.
g Lo sep assert basa. afer having sncouoteee the fral chonk. The.
Toop can be ritton 4 fllows:

huduel ) - retcact basa ).

buiduret Trec |

it _gel step Tree ). buldie( Tree

¢Eind o s

hing. it cancnly be wsed

5 remove the ignal

solion fo closed rees.

v conmgus s by . . Ko 1h ) pc g Bock
o 0 Debene, Horgar 190
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I the notation we sl use hencefoni, hls Fowine information is
suppressal. The ot resecbies BNE produciions. The eRland side
' Prolog geommar ruls names he continucice, and th Fgtahand side
Enumersies s constients. For examle:

[

The symbol — s rendered in Frolog #s > (it must he writen withou
imervening blanks). There -2 ple onvention 0 distingsh nomvermi-
‘2 und ermindh symOoHs: he late are enclosed in square Draces. .5

iaems — . 1, ). e

‘Contiguons terminal symbels can b enclosed i  sigle i of bravkets
For exampke, the rle for empty 1sis can e wrilen 5

L= (6T

il erminal symbels a chacaceers (e character nulry functors1. we.
con use suing notation

=70

Such gramear rules ace wcrely syatactic sugar for (he undsrlyng.
haunes. Thetransaion s el righiforesed, the gan n clarity g,
canl Howevsr, some Frolog implemmentaons. especially on smollcom
s, o suppoet gramimar ale TR, KveN the i seems worth
while 10 wate. 3 prepracessar i Prolog (we. ahill deseribe such
praprocesor in Secton 7.4.4)

"The courterpare of  pasing progrem, wridcn dusen s a colection o
aremmac ruls, vil be calod 8 etarcrpbocis rammar’, or grammar for
Short Here s he gractaac o i, corespanding to the program (1.7

Bl [T
it 1 1, ome, 1)
items— iem

tems — ftem. |, ). .
fiom — stomn.

itom — Lt

stom — lutee,

stom — lete, .

et = (],

e 121
ot e e by ol 157,18, The g it cys

sy e et b o and waten | P o e e
e e e e
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There have been atempts o decreast s cost by means of 4 more.
SOphiIXaIEd bavkiravking sraegy (Bruynooghe 1975, Ferea snd Porto
1980, 1912, Bruynooghe snd Periia 19R1)

"The more amhitans scheme, approprsily called “intllinent ke
stacking”, attewpts 10 retin subproofs (Which wauld otberwise bave
bcen dlscinded) In ordér Lo avold secomputig the agaln and tgain, In
ther wunls, i siempts ' take alvanage of he mulipcity of entical
sublrecs n 2 search spuce fcompare Fig. 215

A sunpler agproach, culkea selective backIeKing ', Sonsiss in ana:
Iysing Which varable insanciations coused the faiure. I i then possible
o backtrack irecly o the neares! point where ooe of hese instantiations
was made or where che computaiion would take an cnirly different
curs. n samo case i <an S8V S 4t of thrusing abou in e
infested rcgion of the lee’s cown

Unforturaiely, thes iniezesing ideas have it inlueiced Polog -
plomentatons. They require  urther somplision of ts alrcady com.-
plox runtime s sirstures and ths o ol mish well with side-efscts
of systec procedures The [xct thit Prolog con be ascd 35 % prectieal
langage s sl igely due o our denteriy n Rghting expomental com-
ity it fhe cuc

Aticmps 1o modify Prolog's sracgy 50 thal it would incorparate
paralllism or coroutining have been 2 ille more succussul. Paraltalism.
Consists In groving virious branches of 3 prosf ree (or even seversl
ree)simllaneousy s dfcul ol only because il ases icky tech-
ical problems, but becsuse we 31 ack soliciem wnderstanding of it
effeison both ime/space comploxity sed the rumer ofsohtios gained
ot o, Soveral very dificsent approashes have becn documenied, but
RO of them sccms 5 answer it pernent questions. Some of the refer-
ences e {Clrk and Gregory 1583, Shapic 19830, Conery 204 Kibler
1583, Wise 1984, Bisinger <t al. 1965

Coroutinin i just ha: ssching contrul bt wven sexers aclve oro-
etz Of out raw g, curuliniog T 4 nan i (rvversal o
oo ree- Kavghly, 1 2°3 Wtte ofchutwin 3 lTrent arder o ierslx
{2 diferest path 1o Tig. 22). I s possible (o demonstsale spectacular
improvemcais in the performunce of sume prgras ~hon thes e oxe.
canedin coroutining eshiun A simple ¢xample i he asive nnic sort eee
Secion 1351

e Lis. Soned ) - pesamte! List, Smted ),
ordered( Sortsa ).

When the execarion of pecmuie i nteleaved i hat of i 50 hat
tho ltir ean cause falure a5 soan 3 the ) QaLAFoRde clemens is
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ferminal “doesn ", dossnY ke
‘erminal( "not”"nor" L. Tl )
L kel

tcrminal ‘mot . ‘not" ke ), Tall ).
"Tait - ki)

0Ly

Our last cxumple s » smalt grammastha dscacls Leding zesoes from
an tcger represcated s st of digits

e |8 101 v, [ D1, (4iC 1))
Vo ray wih 1o tace h execution of the dirctives

- 2wt 03.1), Tl ).
- zcoest 0.0.), Tal ).

343, Alervetives

T o riots grammar rules with fhe same lefthand side fincluding
contex] ang parameters of the narderminal syl can b combined i
s singe rule with the common Lefihand side and with the ighthand side
{aking the form o alternutives—a sequence of snginal ighthand sides
separated by semicolons. For cxample

items — item ; fem, [
ifem > atom  list.
atom — leter  llfe. o,
e = 111, {ilolen( L)),

Natice how—al lasi—we manageil to come back rather closely 10 the
original BNF gramanar 5.1

"Tus randlation of  rule with an alteenaive into 3 underying lause
s sraighiforuan. O caampl sboukd be slficient

et KN - e KN )¢
et K L), ecmiaal ", L, B1), ierus M, N 3.
e notaian with aliernatives s, srkily speaking, 8 “canvenience ™
e e a real exiension, nd—Tke aiematives in ordinssy clauses
e Sectian £3.7)— can somerimes adversely afect the grammars
readabily
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iy comptete version of rciog modelled ftr the Prokog 10 dulect
There are twe pincipal reasons why we cll it 7o:

e ucer imefaca e urivten i Brolag, and his makes i achr s

Zhere is no garbage collctor, and moteover, paritisting storsse
il scverat difoit ixed gt arcas raskes . xsier 1o ncouster &
memory overflow condion.

18 you decic o use Toy, you wil quickly nd that the ime taken to
read and write ems requires some patisce. We ad to cousit read.
i 30 0p it Pascalfor ur purmass. and i f bin & moderately UL
1ok A rather stesightlorward implercuiaion resulied in soother 1000
Tines O o, bt ot of f s dedheated 1 haodling mived Rncors (66
Section 743}

We used Toy an 1o misicomputess: PP 140 lock-alike runring
RSXUIM, xod  Polish computer cultel Mera 300, The PDP has a0 3d-
dreos space of GKB we wsed i 1o bring he sy st up, bt was . tght
Saucere. Yo wight dn hellr with & Péode system cher 1han i &
oativede comple ol Paset, <uch s the onc we had 1 052 The Mer
a3 120K B adaress space and o faily goad natve-cole compilr (out
‘Wit o aitempl at gobal opimisation: we coukdsasly load a0d enecwte
both the whule Prolog inlerface aod proprams such 3 WARLAN o
Toy-Saqoel (ses Chapler ). We tested all ouc programs and had quite &
bis of memory to spar. runtin i » IAKB space.

Theorginal implemenation wassutoequentl porid altncs painlsly
inco Berkeley Pasca (om the VAX,7HD ruaning 42 BSD UNEX) aad nto
‘TUREO Pasca (03 the 158 PC runming MS.DOS 2.10). You can ind the
TURBO varion on th dikect enlosed aith hs book. Fiks READ ME,
CONTENTS, INSTALT sl TURRO PAT conlsin encral iformmion
bt he ket I mpleroeition The e Tl ummaries cranges
Tocradutad I ths arigloat Mera Pote which s oo in hs hordawin
ditlon of e ek,

Feel e toun Toy and oy wilh . bul cemembe 5 copyrighted. No
vesian ol this mplementation ey be e o disabured orgin, o gt
st omaln our capyrght worice, and the heading prodocsd by icar et
Section 5.7.3) must contal sh extsToy-Proiog” s1d “TUW Warszsa”.
Dthe o b, s e welcome o modily . i il 10 e, e, 1 o
ey cormment lo sk, e ahall e heppy ta e e 100,

7.2, GENERAL INFORMATION

‘Tay s 1 Non-Structuce Sharin iterpreter see Chapter 6, The peo-
ram it in Pascsl spports i sy, wehih e shllcll Toy-
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Prcfx uneior, and when Snput s stranger, Top canmot b ostix) i Top.
Anctinpat have aqual prioeies, thei ypes must be xamined (st below)

Mived® fusciars require spesial treatment. In mow conteats, helr
inherent smbiguiy i3 acparent: only cme of & Tunclor's Types can be.
proporty aurlbuted o 1. For example, et Input b &, a [y, fy] Funcror.
i Top 3 et parenthesis no soverad by 3 noo-terminal

€3

Surdy. & can ualy be 3 prefix vacialion of tis mixed functor—an iafix
‘xclided, Likewise, I Top s S, an b, o fancto, coversd.

our s o P o s e bl o sy
e 5y, 1 e s PO
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atom LETTER LETTERS. K. M ) =
leter{ LETTEE, K, L}, stors LETTERS, L, M.
Tectert s, 6, L) - terminai(a, K, 1 )

Sl 2, K, 1) terminall 2, K, 1.
O i cxample: in the program sbove we shall eplice the 26
Clasics hat e Ietiens by  single Shue:

fetiert LETTER, K. L)
Terminol( LETTRR, K. ).
il st Sefned, 1, 85
isltiert LETT ) -2 @= LETT, LETT
This nows chuse can be used s ko
letten( Lett A1, T ).
eominal Lt ) 501 Tait 3, leter Lett )
ot s Tal—y.VA]

isacert ).

cten LETTER )

The vuriable in the all o ferminal mches every termina symbol. 1
the comminal syebal s e 8 Ieicr 3 call on serer ol Fail and 3 letot
will it b acagnized. We eall such dcrmicalsymols varisble termbuale
he first (sl unprocessed) symbol s selecied and i the eithr accepted
or rejcted, ¢.g. accanding (o {he esult of a tes such as sener

Extra call st do nol comprise ingul and oulput paramettrs have
‘oecn known s condinions, but he aame 5 lighily misicading. Only i the
Jast oxampis (lrtenLen ean b inernecte 2 » conditon: he clause
ill any he spplcd i itz succeeds. The call on prarne in he second
example i cather an action performad on the pararelers of noe terminal
symbols. Finaly, the u can b reasondbky ntepreied exacile 2 in any
Diher ause. s pragmatc eformaton o he Culae wic of thi clouse

‘Condiions in metsmorphosis grarumars are enclased e corly brack.
et 5o that they il not be confused with tecminal and non-terminal
symbals. Bxarples:

B C, Y Y = 6T L4

e item( ATOM ) atom{ LETTERS J,

{ pracneC ATOM, LETTERY ) )

eter{ TETTER ) me [ I ETTER |, | isletiert | FTTER } 1

A8 an exceplon. the cut need Aot b placed within urly brackers, ¢4

BB, = [0 YL
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than he pther, it  ncsessary—hough o suffcient—condition Cr it
SppAicabilty i 1hat the problenslsiing sets imersest. We might urite
someihing lke

eyt Sel, Setz, Saluion) +

intersed Seul, B2 ),
mcthod( Sl Set2, Solutin 1.

1 See, Sert., Soiwion ) -+

merhod2( Set, Set2, Sohtian ).

Mo iFmethod) fal, we wani 0 1ry method2, Butf e sets ar lrge
s0d have: many clements in sqmmon, we are cifctively siopped by o
searator. BackiracKing ftom method | i cause hersert o ind anctber
way of showing it he ets do indeed inlorsec; tis changes norti. s0
method will b atlempted sgan and agin unil et ¢numeralcs il
tbe clemont in the ftersecton of Serl wnd Set2. I terme of procersing
Vime, this migh i nchaurer, And okt e ae ucky he yosratu i
oot i,

" el in such cascs, Prolog provides i commiz operaton, wrice as
+and called he sus procedure Cold Prolog haods end (@ cll e slask,
et thecharrers, which was 1 name inthe orginal Marselcs Polog)
Wk procelure g execules i cul, evsrything Thal wes dome by p up lo
bt momeni—inclaling o <heicr o cutrent cse—is eken 4 fired
and e 1o b econsidored on bickiracking. In implemniation rsrms, |
cutssway the top setian of the Ful point teck, Ieaving ony fall points
cregted batare p was calld.

Our problem can b solved by modifying ersecs

intersect LU L2 - member( E. L1).

membert £, 12,
“The st il 1he generator of elements from L1

A more (volved oxample might b useful n claring up doubls about
he elfcts of acut. We willry 10 fove & single 1t round 1 our exemple
of section 1.3

P LX), wrle ryingt ) p, o,

Somale( X ). omtel ok ).

il Sorrs™ 1.

X o e X ).

i 212 wiet "o mone witers.” . ol

it hesse )
wrert mom )
et rase
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hall say that » procedure does this and his, e shall not worry abouc
‘WAGL it does afler an “uneasonable” cal. BUl you mught M thinking
oot these things « selul excrcise,

“The seeund remick: el of vniieation such us merging two varis:
bl ur gl comitent with he nrpretatin uf erm s dosripions of
types. We shal iustrate this whth @ very simple exempls. The allowing
owa procedurcs acceps anly thiee-fekdrecards whose relgbbouring elds
arcidential

e esord( Fled2, Fetd12, Fields 1.
osth{ recrd( Pild1, Field?3, Fiek ) ).

Fach af these procedures can be hough ofasimpasing  siesin on &
deseripicn ofthe tecord type. The constranis ar not etualy nsantis.
eat, 50 the directive

- s recork FLE2F3 ).
02 recordl FUFLE) 1),
wrke record( FIF2FY) ), ol

wrtes ol the deseription of  wcurd whese thce ekl ure entical
seeordl X1, X1, X1 1

simiany, the query
st cocanll FLLF2fld ) e Itk recondt F1LELfek ) )

s snswersd with

F1 = feld
F2= et

“THIN, the comventian that oat the ot imicreting aspecis of un
wbject ¢ caplired in B type deseription tumed oat 10 be qule usetl
Exariple $ould o have worked ifthe tpe o the s formal parameter
had speciTled tha the al must be 2 propes . The ter A.B would not
Rae been acceped

“The fourth, and lst, remark. I yau follow the unifiasion slgonthm
carelily, you il nodks Cha il Gan create cyelc daca strccanes. For
exampie, i he procedure

somel X, X 1
s imvckod with
AmeL V), V), sl V),
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3, CONVENIENCE

atvoys suceerds.
il
alvays it
mol CALL
the "nor” procedure (but see Secton 43,21 succeeds only when
the parameter fals. Oeined 1o Frolog:

ROt €2 €, 1 il
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nvosations of p and g (hey were not extablished or were removed by 2
et This msam that bots scivaton cecords re nol frozen, and ae ok
Separated hy bocations contaising Lseful information. Ko, If 1o act-
Vated classe of i known o be the las clause malching i call. Gen
some of he information n the 1o actvation reconds cleurly bosomes
redundane, The younger fams's contralinformstian s longer needed,
because the ool thing psan do sfer '3 termination s retor immedintely
witscaller Ty retorne 0 the colle ofp,the affct weuld be the same
Simiarly. the cider rame's varisbls lcal or “virual”) el 30t be
needed by p. TRO s the tcchnical torm for replacing 1he two—sither
doring or ftr q's insocalon—by oné AcGYRIon secord. with s varia.
blecand with contrl inormation ieedsd 1o exit rom p. 1F.q's the same as
2 far contains 2 af ecursive <all an p, o the like). Ty cals may be
xceuted without icreosing the szt o the controtseck, (THG heap oy
e, though, fthe computation consrutts xome longived objecia )

Severalmethods ofimslesnenting TRO sré escribed n e erature,
and e aball ot i them b AR imprtani gt ofsome f them i5
Th ey e dlaped TRO. . mergiog o our 0 acivtion cords afet g
Petforms % s, sen hugh s iial mvocarin s G0t deermiisic In
Section 734 ou ¥l ind e such mthod. which e fuvour for
smplicit.
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422, Open Lir sad Tress

e wani to build lstsefciily, e mustavold copying onger
oraet Il seattents ofth Rl I, Recal how append exteads the st
Ficce by picce. ARer he call

appendl (11, 12, 1101, X)
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achisving i procoadtion can b constructed. Nooc that passbl sddi-
tions 10 P prescrved Lacts) wade by the reuursivs atlun plan rinvisile
© uchieoe hey o only needed “Toculy” duing e constructivn of the
otermeciate plen T1. The addiional esll on prerurs (e §5) i nssete
sary becaus ol variabica inthe plan. For cxampie, the action meveld,
) nocd ot delte he faccclear(c). 5o preserverleis i toough: however,
i may isiantale W 35 . and lis ought 10 cause s alur.

. Turany o tese reasons e actiom U canmul be e al thecnd ol
the pla, achiewe will iy 10 undo the st acion ¥ and rsert U carlcrinto
the plan. Tis is only poasiti i ¥ s o deete the et o b aided by
U T procedust rovace ines 65731 removes from the set of preserved
facrs al fact that may be establshed by ¥ but are differnt from V's
sreconditions. Specicals tremoes the facts added by V lioes €865
and the Fats Ihat constituc . prcconttion of ¥ Qines T0-71)—the.
Tatler octs il be rensericd by append {56 incs 66, BS—AIY.

A Tew commens 0a the naiing procaderes. A fict holds afer
excuting s lven pian fnes 5235, I i i gven or added by one of he
actions, aad preserved by all subsequent acisns G amy). Two conjine.
tions, € and P, arc inconsisint lines T6-78. 9157 if C&P contams all.
futs of an impossble combination S. except thase which—fke nor-
eguai—ers (cted "etaphysicaly” (s o 55). Far digoi C. S this
cannoe be the case—hence U ol on it wich I relavely chesp.
Two bt desoriptions X s ¥, with vorishles inruarnted by marmbi
vass i miground fime 101, may 1efer 1 the same obiectif X = ¥ or
X = V' jor¥ = Vi I—see ne 9. The procedure clen (ines 1951}
xteacs single fctsfrom nesied conjunction; i can be used both 1o fese
membership, and 10 generaic fscs.

Now that you have acauwiated yourscll with (he planing program,
ey it on - richer workd, Hece i the workd of # ubat that walks sround
Several rooms, moves sume boxes, et (sce Listing 3.1, ey 33-101).
Figire 8.2 depicts an it sate of thie world, There are i peinte, e
rosms, four doors, thice bores, & light <wiich, nd the rahes. Nice iypes
of fats are comsidered: a@bject, Foler), nObject, Box. nexizalOh.
jectl, Object), pushatie(Objcet), incoomiDbiect, Koo Jocioroom
oirt. Koom), conects(Dosr, Roaml, Foom2), sausiLightswitch,
‘OuORf), onflocr—{he Tt chavasterzes th rabat. Onty the robt per-
Sorms scivns—there e seven of hem (e lines 64-7.

| The el it o Vs o ey o s i S84 Bt
o wag ek oron. e gl LtV et P
e o bt he T s ek ot e st by U s st
o ich s Tocah o e cod Rl e seped 1t T
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1o generate ormulae which can be shoxtened. Now, f i ansoplic
the zesoluion rle both In prenises Jave one posive Hieral each, hen
the contlusion must a have ane ppsive fieral (o you sec why?)
Hencs. the proof canmot be successful untess o east one of the claues
T o posioe erals. Flwewer, I one of (he precaes Ras oaly negaive
ral,che 0 hasthe couctsion. £ anl one of e il s s this
o, thenthe proofcar be made partidarly simple [Kowalsi nd Kuchner
1S71; Bl 1924, On of e premise i Lo sl scp s the slaus: wihout
positive lcras. [ thi i canrot derve the snpty Shesc, e The ccond
e st usethe oy thseclscuevichout o e, . e onclusion
o preeding i, and 30 0. Ir—sa i he exarmpleall oursndoms hve
positielierh,Thor the negoled thearem st heve nome and th il proof
hasth e o an onddty chain, n hhachstcp provides a premise for che
mmedately succeodig one. T each sep. e shal cal I prsmie withont
posities lerasthe cursmt eclrnt,

Each sfop conssts in camcelag a negaive leral = in the curreat
resolevnt, by replacing i wilh the negative ilerals afa clouse having has
it unly posiive sl The resdvent shrinks wher,ome o i lerals s
cuncelled wih < mlt e, which bas orly a sngle pasive Lieral,

Becaure a clouse s & dighnelian of eral, 1 can be wriien a5 an
amplcaian. Ry the De Morgan la (st Scctlon 23) Ay { = By  C )
i equialent o Ay - (B AC) This, in tm, i equialent o
BACS A

By analogy. we can wire

PY
to denote B v1 °C Gis. a Hom chause with o pwilv fitera). The
empiy Gunsequent represents alse, sincs fie {0 s cquivalent i the
only formui & such that e\ (= B\ = C) i cquivaent 13~ By = €.
Tor il B and C.

Similasy, we shall dencte 4. 8 Horn clause with a0 ncgative iterls,
by

E2S
Flere, thc empiy promise fepresencs e A ls equivalent e  A. An
ey clause ha no Wierals 204 can be wrten

»

. rue 3 fle, which is cquivalent 10 flse
11 préterube to wrie e implicaton fom righ o lf
Acmic






OEBPS/Images/index-216_1.png
74 rpeion o Pt 0 T rag 207

—ewName, X) for all otber valid sivations:

0, X1 is cuisalent 0 X,

). ) represeats 2 s ol defile lengthy, X
sall represeats 2 commacierm

GO, %) represents ihe tevm (Cond)} wher
Cond s The term represeated by X (s is
wsedin grammor et

tvame, X) with Name ocher than a bracket
(5pe (and X_usually the representation of 3
Commaterm) cgresents 3 nomal lerm; for
cxampl, th term

5
s represemed by
rtfoo. et ", g Lp1). ame 5)))

The parser's eniry point s he procedure gecr (ines 125-177, andt
he v loop i implemented a the procedure e Uines 125 137) The
onp terminses sucoessRily when the orginl foput horiom ad dor
ncluded) reduces o the sequense

fout

botom 4 IntermalReprescaration ) dot
“The parser fals in wo sitations:

—when e prosedure riabish. precedeace fail,ic. when the 1oprecs
Lecmiaal on the stk und the CurToRL input Lecminal 00 801 compore;

—when he procedureredce a1, - the 10p scgment of the sisek 806
ot malch n production.

“The praceaure toprenminal dines Mi-La3) rewrns Top, W sopmast
stuckterminl.und tspositon: | meass Top s L top e, 2 means it 5
covered by 2 ).

“The precedntce refsions are summarized in Tuble 7. We freat al
operatars ol withrespectfoctherlermals. Binply 515 Sgaity emo-
necus combioations of conigucus lermimls.

A functor functar relstimhip f the only poienilly conflcting
e 1o esablish the procedomce elalon fur  iven Tap aod Inpu, we
ms consider thie pricetes and (ypes (sometumes ¢ven fome rosder
ontextshiou be considered but this mght requie hanges [ th ot
‘vise Geterministc algonithm) IF the prorites difr, th functor with
owar prionit & ke £ snger, crueding 10 e convertias of Fro-
g0 (Natie, howaver, thal when Top 15 tiongsr, Inpt lanot be 2
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Even this smaf) example dememstrates i nested parcnheses can be
eyl t read. Prolag herefre ravides syniacts sugar o hide this
stamlnrd o cxsomk for uf s Tasieod of weling

successor successord z0mu 1)
one cun choose 1o use succestor i o pretx fctor and Weke
Armtivly. sercesson can be made » prse nctne:
Punctors sith two rguments can be deciared s ik fmcoms. &5,
aran)
can be writen ss
agb,
The teem
atbac

‘wauld be ambiguous, <0 an inl funcio s ither e asocieiveor -
estociive (or non associlive,in which case th termis ncorrect. I &+
el sssociative, th fecm's andand form is

ata&tn o
1 Tfassoeiaie, then the Lo stands for
araga e

We can use parenthoses o
associaive, then

asnac
is cavivalent 1o
sabac)
bt qan o
(samiae
hich srands for
&&a b))

regariless of apsociatiiy,

s o gverride associtivity. If & i right
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(o is predestared s i, The procedure s most casly expeessed fa
Frots

X=X
L can e s for any I tems, b of course it does more than checking

caualiy. W may cause s parameters o became €qusl, 6 1t Semps ta
uniy them. For ciample,

b, X1 =a(Y,0)
il susceed afer nsiaminiog

Xeav—b

Noto that 7=7 sucesds, but 2= 2+5 s, us Lhese e differen ferms.

Remembes hat all these prosedures do 1ot sield 3 Boolean resok;
hey only succesd or sl

When weare interested i he strucire of compouni object we can
e recursive procedore which does noring bul “accepting” (¢ objec
Fire s a vruen of corcds Which orks only o Lrue sts ad i for
jects such 30 out it For GBS With arisbe s, which maich
i

arods¢ Hod Tal, Bead, Tal ) - isisg Tai ).

s 1),
s L) s L)

Such lype checking can be auile general. For cxampl. we can pro-
e bjects diffcentl sconding o wehether they ae o are not merbers
O sel represeatal by a -

process( O, So1 - member{ O, Set 1,
yen-actiont O} 1.

eroccsst O, ) - o action Of )

membert E1, ELTeiL 1

membert 1, Tal} - member k1, Ta )

Tey to race the exceutinn of prurees for & couple of simple calls, and
alice how: mombes . called with successively shorter tail. of he list,
w1 finds 3 Gt whae head i uniSatle with the s parameter.

“The fact thal the i clause oF membher expresoes uniahilty rather
ha equality s very neresting consoqucaces. The mos abviaus s that
the pracadure can be sed (o reircye informatian from adictonary repre
sented by a s, The cul
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‘compatine exteasion o Prolog 10, intenkes forcresing producion sof
wore for cralframe cormpulers. The crucial extension Cunsists n into-
ucing 2 form of modlarity, based on the weas of Seered (1582} 3l
Simiar in spiic 0 1t founs i mans otber fanguages. The st are
SymIacic S and CoMAID xpGH ExpariAmpant o determining (e
visbily G.. the socessilly) of sames: a WS rame can serve 35 &
Sunenor or us s predicae aate. Whet n propram i exered, oy the main
module i loaded and execuled; other modules must be loaded explcily
by calling agpoprite bultia procedures.

MPROLUG 1  large sysiem which inclues several componcnls,
“The pretraslaor produces an inerrs form of 3 program modulc; the
Gonscidatorlnks The Modulcs 1ot PROGESRL: he RICrpretcs Sxcoulc
The program development support sslem (PDSS) provides 2 dedicaed
editr and debugging sids. A compile and sn optimizer ate under devel-
pment. The laguage offrs  multitd of bl in proceurcs (prabably
Mo than g rber Prolog sysiem) and nterfaces 0 usr-supplied roce-
Auies wrinen In CDLZ 6 Focca,
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13 membertc,d1 ), wi
e st clused

14, wefoxl, ol

15

Sweess.

Nalice how the s esl o mambr [n nterscct s used as 2 “back-
rack driv” gewermbor f succcssive clements on the st A Lorminaled
procodurc can be reactivakad if theeffcts of s ckecution prove sl
actory, 11 <2 secar several resulc—or behate inseveral ways—and s
l ffee I determined 1o caly by is actual aramcess, bt also by
‘what happens 10 the computationater on. I s this uliliciy o pesslble
behaviours Ihat v have In mind when we sey sl in benerat, 2 Prolog
proccdurs is mendeterminfsti. (This docs nok mean tht s bhaviour
caanol be predkted o the snallet detsily

I ane ants 20 see 0l he resuls produced by & sondeenninistic
procadure, ons can force Prlog to backuack by Zallng an undefiasd
procodare (he call wll il because there s no matching causel. I s
Fustomasy (o use the came fal both for adabiily and because Prokog
makes it impossilo  drclacs  progcdurs with this muzs. To prin the
clments of & s, ane con wilc

- membert €, 0.hc.0)p, wrte( % ). l,

Aliemsiively, one can use 3 query. Alter sassering o query. the
system accepls  singl priting chaructr Som the terminl. I (¢ char.
acter is » somicolon, t backiracks; ctheroise it eerminates the query.
When all he poseitliics are exhausie, the sord 10 is primed and the
systen reads anather directive. For exampl,

usecfematel %),
sysem: W = susien
sysiem: W = sand

sysiem:

B successtl query contaiea no o anany mous vsrables (¢ no tan.
fons ta show, the ancwer i o

‘Our intemect xample does more than ¢heck ot common elemeats, 1t

the lemert are ot ground, he sed are modifod, For Ssemets,

mersect one X dree], LY.AT}
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What happens when unifation

Fartof the answer is hat 4 procedure can cansist o a umber of
clauses. Al these clauses must hove beadiogs with the same predicale
ymbal, bt he garsmere specfcations may iffe. hen uification of 3
<all wilh he 511 <lauso's heading is sueccasful, he s chame excoultss
St by G ) Wher Unificaton ks, s fcts are undome: all vais
bl which wers nstanished by e akeimpe & Goificarion e restored o
e arizal, unhound sate. The cal i en malched 3gains the beading
fthe sacond clause. I this 5 suceesels the second claus i executed:
athervic the third clause is atempled and so un. To exccute a pocedure
55 10 exccule the st of 1 chuses whose head maiches the callout
352 The ext secion for 4 refremeal o Ihis ststement). Roughly. e
matching chausc conins cod For Tt partioular cambinarion of parame.
e s

An slementary cxamp is provided by un ealenled version of he
pracedure carcdr of Sechon 121

carcdr Head Tai, Head, Tl ).

careds 11,1 wief ‘eun"t eack smpty it 3, .

Hiere s  someshat Tss vl cxample, An immortal chasi offro-
ductory Prolog courses. J I & prozedie which appeads b s at the ¢nd.
of anseher 1

append( HUTI, List, Hd TiARILis. ) -

appen T1, List, TlAnIList )

append 1. List List 1.

Al s wrten i chusso ar local o that slase. Both oscurreaces.
or Uistin e st claus refr o the sams varisble, which 1k norhing 1o
@0 it the vaioble ramed 1t inthe socond lause. The sogomd lease
‘might as well have been

appenal 1), Q14,014 .

A in alher pragracaming lanpsss with recarsion, aclivation of a
el i nccompaied by cecaion of new mntancey of l i ocalutjects
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containing useful information aboul % symbol {a functor or predicate
symbol n our ol

—MT (ain tabe], used 10 store tem instances and pralotypes. There
are 1w subareas hore.

" Prototype storage. which is furthe divided int dioint storge
areas for ground trarabledre) peotoypes and for hose th con-
i vaiables. The cussfcaton is imporcan because 3 ground
FHOHDLYe can he used 0 ceprasem al e nstances, aad need ot
be cariod oalo th capy sack:

—Stuck storage, which i forher civided into disoint sreas or the
‘opy stac and the varible stack (he varible sack flokis varke-
bles from actiation records: Pascal's type mechanism mod it
o convenient (0 keeg: Contral ifrrmatinn Teom actvston ve-
condsIn 8 separate able P,

¥ drame 1o, used a3 the ascivaion recond stk (bt variobls axe
stacked in M1,

BT {oackicuch t4bl). vsed s the fokpoin stack (here called bock-
rack-poin stack—we Jus neaded s diflerens lttr o abel the table),

I il table), used 36 he rai siack;

Pascal's heap, used o stoe procelurc descripor;

ZPascal' stuck. used for rechrsion lnunifcation nd femm-copying aper-

L what flloes, we shall usethe word poler,or addese, 1o denote
Suth Pascl puiners and lndices o 1o tabis.





