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AEBSTRACT

Our rurrose is to rresent the outstanding features of

FROLOG through &3 collection of small rroblems and exercisess
divided in deneral arrlication areas such as deductive reasoning

over data basesy matural landusdey sumbolic calculuss etc.

KEY WORDS AND FHRASES: FROLOG, Logic Frogramminsy

Froblem Solving

SUMARIO

0 rnosso obdectivo consiste em apresentar as caracteristicas
Frroeminentes da lingsuadem de Prosramaggo FROLOGy astravés de uma
colecté&nes de requenos rroblemas e exercicios divididos em 3reas
gerais de arlicacdo, tais c6m0 racioc{nio dedutivo sobre bases

de dadosy lindua maturals cdlculo simbdlicor etc.

FALAVRAS E FRASES CHAVE: FROLOG» Programagéo em Lddicar

Resolugéo de Froblemas
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CHAFTER 1

INTRODUCTION

Over the rast nine vears there has been 3 dHreat desl of
research work in lodic rrodramming (see Ribliograrhw). A
Frogramming landguades FROLOGy based on rredicate calculus was
develoreds and several interrreters and two compilers were
written for the main comruter sustems (see Arrendix 1), A
number of frecticsl working sttems have been imrlemented (see

Arrendix 2.

Our rurrose is to rresent the outstanding features of
FROLOGs arnd of the logic by the clause zarrroachy throudgh s
collection of smzall rroblems and exercisesy divided in  deneral
arrlication areas such 28 deductive reasoning over data basesy
nstueral landuadger theorem srovindgr rlanning and sumbolic
calculus, Our 3im was motivated by +the inexistance of s
document to hels reorle become initiated in FPROLOGy a2nd to learn

it by the examrle.

The rresent text is rot intended to be a comelete and
definite collections zlthoudgh we consider that the maJor
examrlesy taken from literature armd dulye referenced. have been

included, The resrective srograms were adsrted to the FPROLOG



running on the DEC-10 sustems. The srosgrams for the #roblems

and exercises mot referenced were written bs the authors.

All lodic Frograms Were written and tested on the

IECsystem—-10 FROL.OG (warreny1977§Pereira ot 31.91978).,

For sour convenience wWe nave included 3 list of FROLOG
relevant addresses (Asrendix 3)r &% well as & srecification of

sustem rredicates (see Arrendix 4).,

w3

as



CHAFTER 2

A EBRIEF SURVEY OF FROLOG

FROLOG is & simrle but rowerful rrodramming landuade
fournded on sumbolic logicy develored at the University of
Marseille (Roussel»197%)y as a rractical tool for lodic
Frogramming (Kowalshkis197431979) (Colmerasuer»1975) (Emdensy1975),
A mador attraction of the languades from a3 user’s roint of view
is ease of rrodgramming, Cleary reasdsbley concise rrodrams can
be writtern auicklyg with minimum error. Recentlyy an efficient
comriler and an intersrreter were imrlemented on the DNECsustem—-10
(Warren»19773+1979), A user’s dHuide is available (Fereira et

al»1278).

l.ike ILISFy FROLOG 1is an  interactive landuadge designed
erimarily for sumbolic dats rrocessing, Roth are founded on
formal mathematical svstems -~ LISF, on the lambda calculus, 1is
turically used for the definition of functionsy FROLOG, on a3
rowerful subset of classical logic (Tarnlundy»1977)y is turicallwy
used for the definmitiorn of relations. Fure LISF in fact can be

viewed as a srecialization of FROLOG (Warren et 3121977).,



2.1 SYNTAX

Here is & FROLOG srodramy consistindg of two clausess for
specifuing the concatenation relation of two lists?

concatenate(LlsLsL)
concatenate(EX:LI];LQ;CX:L3]):— concatenate(L1yL2sL3).

In denerals 3 FROLOG =rodgram consists of a set of
groceduress where each srocedure comprises a number of clauses.
The srocedure name 18 called a mredicate (*concatenate” ahove);
and has an arils which is the number of its arguments (3 above) .
A clause bedins with s head or srocedure entry Fointy  and
continues with & bads. I1f the bode is not empty it is serarated
from the head b s (2nd clause above). Every clause
terminates with 2 s,*, The head dirlass 8 rossible form of the
arguments to the crocedure’s rredicate. The boduy consists of &
number (rossibly rero) of =Zaals or grocedure callsy which imrose
conditions for the head to be true. If the body is emrtd we

sreak of a3 uoit clause (lst clause above) .

Irn dgenerals all FROLOG ob.Jects are Lerms. A clause 1is 8
termy a8 rredicate or & goal with their resrective ardumentssy and
the arguments themselves are terms. For examrler 3 tree of 5
catedories of & classification sustem is rerresented by the
following termy
t(t(VOidy1in3ui§tiC57VOid)v

‘comruting geiences’y
t(t(voidyai;void)yaPPlicationSrt(voidvsoftwarevvoid)))



A term is either a wariable (distinguished by an initial
carital letter), amn atam (*void® sbove)r or a3 cowmsound terw. A

comround term comrrises a functar (*concatenate® or *t" above)

i

of some arity N > 1r a3nd 5 sequence of N terms a3s its
arduments ("t(voidrairvoid)" asbove). AN atom is treated a3s 3
furnctor of arity O, A term of the form [HIT] stands for the

list .(HyT)y whose head is H andg tail is T. The emety 1list is

dernoted [l and a3 list with exasctly two elements by [AyR],
The second clause asbove is Just infix notation for the term

t—(concatenate([XIL13sL2yCXIL.3])y
concatenate(LisL2HyL3))

where "!-" is 3 binare functor, The functor *:-" takes as
-arSuments the hezad and the body of the clause. If a3 bodw has
more than one go0a3l1 the comma separatins the doals 1is Just
another binary functor used in infix notation. The above term

stands for a2 clause because it figures in the set of clauses for

a8 rrocedure. It is dintinguished by 3 fimal ".".,

Arart from suntax conventionssy the names 3and 3arities of
terms (3nd their number) are arbitrarygsy excert for a rre-defined
set of Frocedures which are built into the imrlementation of the
landuadgey and which achieve inrutsy outruty arithmeticr etec (2

listing of system rrocedures will be fournd in Arrendix 4).

]



2,2 SEMANTICS

FROLOG differs from most srodramming languages in  that
there are two euite distinct waus to undérﬁtand its semantics.
The erocedural or orerational semantics is the more
convertionals =znd describes as wusual the seauence of states
rassed through when executing a3 wrogram. Ir addition & FROLOG

rrogram can be understood 23 8 set of descritive statements (one

for each clsuse) about & rFroblem. The declarative or
dernotationsl gemanticsy which FROLOG inherits from logicy
erovides a formal basis for such &n urdevstanding. Informallygy

orne interrrets terms as shorthandg for natural lsnsuadse hrases
by arrluwing 5 uniform translation of each functaor. esSay
void = "the empty tree®

t(LsNsR) = "the Dinard tree with root N» left
aubtree L and right subtree R°

"4 clause "B - QsBy&. swhere BE.QsR a2nd & are metavarianles

ctanding for termss ie intersrreted as

£if @ and K

bl
2
o
5y

o rlause "B ds intersreted as s+ ja true'.

.

-
2



Each variable inm a clause should be interrreted as some

arbitrary obdect (1.0 variables are universally auantified).

The ture of the obdect convewed by a variable will be
arrroFrTiate to the functor(s) where the variable fidures by

using terms in 38 consistent waw throushout.the Frogram.

The declarative semantics simrly defines (recursively) the
set of terms which are asserted to be true according to a
srogram. A term is true if it is the head of some clause
instance and each of the dosls (if any) of that clause instance
is trues where an insktaoce of a3 clause (or term) is obtained by
substituting, for each of zero or more of its variabless some

term for 211 occurences of the variable.
Thus the only instance of the doal?

concatenate(LalsLblsL).,
is

concatenate(Lalsy[blsLarbl).,

It is the declarative asrect of FROLOG which is resronsible
for sromoting clear, raridy accurate Frodramming. It a3llows 3
rrogram to bte broken down into‘smally inderendently meaningful
units (clauses)y and it allows some understanding of 3 srodram

without looking into the detzils of how it is executed,.



2.3 FROCEDURAL SEMANTICS

It is the srocedursal semantics that describes the waw &
g03l is executed. The obJective of ewecution is to rroduce true
instances of the soal. It then becomes imrortant to krnow that
the ordering of 'clauses in & erograms and of goals within 3
clauser which are irrelevant as far as the declarative semantics
is concernedsy constitute crucial caotraol information for the

erocedural semantics.

To execute s goaly the sustem searches for the first clause
whose head matches or unifies with the doal. The unification
rrocess (Robinsorny1965) finds the most general common instance
of the two termss which is unieue if ;t exists, If a match is
fourndy the matching clause instance is then activated bu
executing in turny from left to rights each of the dgoals of its
podw (if ans)., If at anu time the sustem fails to find a8 match
for a sdoal it backtracksy i.e. it redects the most recently
sctivated clausey undoing any substitutions made by the match
with the head of ihe clause. Next it reconsiders the oridginsl
d03]1 which activated tihe redjected clauser and tries to find &
subseauent clause which slso matches the =oal. Execution
terminates if no dgoals remain to be executed (the sustem has
then found a true instance of the original €o0a3l). Racktrackind
may thern be invoked to find other true instances of the do03).
Evecution fails when no true instances of the original dgoal are
foundsy and terminates if it cannot find any more true instances.

Termination however cannot be suaranteedy even if there are no



more true instances (e.d. if there are infinite branches).

Note that the execution Just defimed is a left to ridht
derth—-first rrocess. Note also that because unification alwsus
rrovides the most dgeneral common instance between a3 dHoal and 3
matching clauser all the most sermeral true instances of a doal

can rotentially be found (i.e. arart from termination issues).

Basicallys esach execution ster is Justified by Robinson’s
Resolutiorn Frincirle (Robinsonsy1965). This rrincirle subsumes
in a2 single inference rule the classical rules of "modus ronens®
and C“deneralizetion® in formulations of first order rredicsate

calculus., For examrler from

FIX)i-a(arX)sT (X)),

and
(Y »f(YyZ))i-s5(as2),

it 3llows to conclude
F(f(8r2))i-5(a8sZ)ryr(T(B322)).

by "execution® of a(arX).

Besides the ordering of clauses and the secuencing of dgosals
within clauses FROLOG rrovides Just one other essential
mechanism for srecifuwing control information. This is the "cut”®
symboly writtern *!°, It is inserted im 2 rrodram .Just like 3
goaly but it is not to be redarded 3s rart of the logic of the
Frogram and should be idnored as far a8s the declarative

semantics is concerned,



The effect of the *enyt* 1is 88 follows: when first
encounteredy 8% a doaly ‘“cut® succeeds immediatelw. If
backtracking should later return to the rcut®s the effect is to
fzil the dgoal which caused the clause containing the ‘cut® to be
activated, In other wordsy the ‘'cut’ oreration commits the
sustem to al1 choices made since execution of the dosal
sctivating the clause heguny i.e. other slternatives for that
goal are not consideredy as well as for all doals occursing in
the matching clause pefore the "cut®. Ey means of a ‘"cut® one
can ensure that some doslsy once #artly evecuted by a3 clause uUF
to 2 "cut's either must continuwe that partial execution or fail.
The ‘cut® renders deterministic the whole rartial execuiion made

py the activated clause ur to it

Examele of the effect of & scut® in the flow of controly

wher #Zoal F failss

where As Ey Cy Dy Ey Fe angd F are metavariables standing for

sredicate instances.

IF F fTailsy hacktracking returns to doal A immediastely

nefore Ky the goal that activated the clause with the "cut'.



2.4 O0OUTSTANDING FEATURES OF FROLOG

Let

us briefly review the combirnation of features which

make FROLOG 3 rowerful but simele to use srodramming lamduadge.

(1)

(2)

(3)

4)

(6)

(7)

(8)

(%)

(10)

(115

A declarative semantics inherited from losgic in addition
to the usual rrocedural semantics.

Identity of form of srodgram and dataz - clauses can be
emr~lovwed for exrressing datar and can bhe mamirulated azs
terms by interrreters written in Frolod,.

The inFut and outrut arduments of 5 srocedure do not
have to be distinguished in sdvancer» but may vary from
one call to anmnother. Frocedures can bhe multi-surrose,

Frocedures may have multirle outruts zs well 3s multirle
inFats.,

Frocedures maw deneratey throush backtrackingy 3
seauence of aslternative resuylts, This asmounts to 3 hish
level form of iteratian.

Terms rrovide derneral record structures with any number
of fields. An unlimited rnumber of record tyres may be
usedy and there are no tyre restrictions on the fields
of 2 record.

Fattern matching rerlsces +the wuse of selector and
constructor functions for orerating on structured data.

Incomrlete data structures msy be returrned (i.e.
structures containing free varizbles) which may later be
filled in by other rrocedures,

Frolog disrenses with dga tor da for and while 100Fsy
assigomenty asnd refereomces (rointers).

The rrocedurasl semantics of 2 suntactically correct
rrodram is totslly defined. It is imrossible for an
error condition to arise or for. an undefined oreration
to be rerformed. This totally defired semantics ensures
that rrodramming errors do not result in bizarre srodgram
behaviour or incomrrehensible error messadges.

No rart of the srodram is concerrned with the detsils of
the underlwing machine or implementation.

11






CHAFTER 3

DOLOGTE PROGRAMS

FROBLEMS AND EXERCT
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1

PEOBLEM 3
Verbal statement?

Check whether U is the intersection of lists L1 and L2 searcﬁ
the_intersectiopuof lists L1 and L2. ’ :

Logic ptrodram?
intersect([HITIsLy[HIUDI - member(H;E),intersect(T,L.u>.
intersect(t_!TJvL,U):— intersect(T;LyU).

intersect(_y_y[])..

member(Hy[HI_1).
member(I,C_ T~ member(IsT).

FEOBLEM 4
Verbal statement:

Write the “rickur the first n members of 3 list’ relation.
Losgic Frogram’ -

Qet_till_n(fjvflv_v_)o .
5et“till_n([X:L]9£XlP]9C9N)Z~ (var(C)sC=1itruedy
C=<NsC1 is C+1l:
. Set_till-n(L9P7C1!N).
Set_till_n(_r[]!_y_).

EEOBLEM O

Verbal statement?

Write the set ecualits relation.
Lodic Pfogram:

set_eaual(X7X3:~ 1,
cet_eaual(X»Y)i- equal_lists(XsY).

i

eaual-lists([]r[]).
eaual;lists(EX:Ll],[Y:LQJ):— delete(XsL2yL3)y
eaual_lists(LlyL3).

delete(XsLXiYIrY). . :
delete(XyEYlLllv[Y{LQJ)2— delete(XsL1sL2),

14



EROBLEM 6

Verbsl statement:

Krite the subtraction relatiorn of two lists,

Lodic srodram?

subtract(LyLIsL)i~ 1,

subtvract(lHITIyLyU) - member(HsL)ylrysubtract(TsLsU).
subtract (CHITILsLHIUD) !~ Tysubtract(TsLU),

subtract(_y_»[1).

member(HyLHI_3).
penber(IyL  1T1){~ member(IsT).

EROBLEM 7

Verbal statement!

Sfrecify the relation arrend (list concatenation) between three
lists which holds if the last one is the result of arrendindg the
first two. Consider the last list as [arbl.

Lodgic rrogram:

arrend(CIsLyl).

arrend(CHITIsLsLHIUDI) - srrend(TsLyU).

Exvecuticni

For the sxamrle rrorocsedy if we execute the dHoal exrressed by
the auection:

P—zererd(MsYrL{arhnl),
vhe firsti solution ist Y=[ayhl and X=L]

I'f this solubtion is radected by the users backtracking will
gernerate the Turther solutions!

X=[a] Y=L1]
Y=Lt X=Larbl
EROBLEM &

Verbal statement!

Check whether T is 3 swublist of Uj search 211 incomrletely
srecified sublists (ratterns).



Lodic Frograms
sublist(T;U)%— aPPend(HvTvU)9aPPend(UyU9U).

aPPend(EJ,LyL). .
aPPend(EH:Tle;[H:UJ):— aPPend(TvLyU).

EROBLEYM 9 [MELUNI;l??é]
Verhbal statement?

This rroblem is F-1 sophisticated arrlication of list
concatenation. It is eretended to buildy oOn basis of & 1ist of
French words (for instancer animal names)y 3 1ist of new wordsy
each oOne obtained from the ancestors by guxtarosition of the
words whose final characters are the first ones of another. For
examrle the words VACHE (cow) and CHEVAL (horse) give the word
VACHEVAL (mutastion sroblem).

Lodgic rrodram

hedint- mutation(X)vname(Nn;X),write(Nn)’nlvfail.
begini— nlvwrite(’Done.');nl. .

mutation(X)i- animal(Y)yname(YyNy)yanimal(Z);name(Z;Nz)y
BPPEHd(YI!YQ!NB)9Y1==[]98PP9hd(Y27227Nz)9
Y2==[]yapPend(erszX).

aprend (L1 XsX).
aPPend(EQlXJer[A}ZJ:— aprend(XsYeZ).

animal(alligator). /% crocodile X/
animal(tortue). /% turtle X/
animal(caribou). /% caribou X/
animal(ours). /% bear X/
animal (cheval). /% horse X/
animal (vache). /¥ cow X/

animal(lapin). /% rabbit X/

Execution?
t-hedin
=llidatortue
caribours
chevallidgator
chevalarin

vacheval

Tone.

16



























































































































































































































































































































































































































































































































































































































