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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
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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



EROBLEYM 10
Verbal statement?

Check whether L1 is the reverse of list Ly search the reverse of
list L.

L.odic prodrams:
/¥ rprodgram 1 X/

reverse(Lly[ 1),
reverse([LHIT1sL) !~ reverse(TyR)sarrernd(Ry[H1,L).,

arrend(CIsLsl).,

arrend (CHITlyLy[HIUI) - arrend{(T L.»U).,

/%X rrogram 2 X/

reverse2(LliyL)?!- reverse_arrend(Li»CIsL).

reverse._arrend(LHITlyLsM) I~ reverse_arrend(TyLHILIM).
reverse._arrend(ClsLoL) .

EBOBLEM 11

Verbazal statement!

Write 3 srodram where the main orerations on sets are defined.
Lodic Frogram?

/% member of a set X/

member{(XLX!i_1).
member(XyL_ L1~ member(XsL).

/X subset %/

subset(CAIX1IyY) !~ member(ArY)rysubset(X,»Y).,
subgset(L1rY) .

/% disdoint X/

disdoint(XsY)i—- member{ZsX)srnot(member(ZsY)).
/¥ intersection X/

intersection(ClyXsL1),

intersection(CXIRI»Y»[XiZ1){~- membher(XsY)s !,
intersectiorn(RyYyZ).

17



intersection(EX:R]yY,Z):— intersection(RvY’Z).
/% unior X/
union([];X;X).

union([X:R]-sz):— member(X,Y)y!yunion(RvY;Z).
lJrliDrl([XiF\‘JvY![X:Z])3" unior-(RyY;Z) .

EFROBLEM 12 CEMDEN?Y rersonal communication]

Verbal statement?

gelit a list with head H and tail [H1:T1] into two lists U1 and
2, where all the elements of Ul are = <Hr all the elements of
U2 are =Ho and the original order 1is rreserved,

Logic rrograms

SPlit(H;[Hl:T1];EH13U1];U2):— H1={Hvsplit(HvT1yU1yU2).

SPlit(HthliTIJvUIy[HllUQ]) - HI}HvSPIit(HlevUIvUE).
SPlit(-r[]vC]v[])o

ERDOEBLEM 13 CEMDEN?Y rersonal communication]
Verbal statement:
liefine 2 quicksort relation using arrend.
Logic Frograms
sort([H:T]vS):— 5P11t(H7T7U19U2)9
sort(U1:,V1)>
asort (U2sV2)
aPPend(Uly[H:UQJvS).
cort(LI»CLI).
BPPEHG([JrLrL)q
aPPend(EH:T]vaEH:UJ):— append(TyLyU).

Execution:

:"Sort(EC!QyvavRvT,Y1UvIvaPyAvSvaF1GvH1J7K1LvaX;C1
UrsEByNsM11sS) write(S).

[AyByCvaEvFvG!HvIinNvL1M7N707?10vR987T7U7UrN7X7YrZ]

i8



EEDBLEM 14 [LEMIOENsy rersonal communicationl

Verbal statement?

llefine the aquicksort relation without arrend (make X=[1 in the
inrut) .,

l.ogic srodgram!

sort2(CHIT1»SyX) i~ srlit(HyTHUL»U2) >y
sort2(U1sSsTHIYD)
csort2(U2,Y9X) .
sort2(L1sXrX),

srlit(HyCHLIT13,CH1IULT,U2) 8- HI<Hysr1it(HyT1sUl,U2),
sPlit (Hy[HL1IT1J,U1,[H1IUR2]) ¢~ H1xHysrlit(HyT1,U1,U2),
srFlit(_»L1,C3yC0) .

EEOBLEM 15 [CEMIDENY rersomal communicationl
Verbal statement:
ADefine the bubble sort relstion.
Lodic rrogram:?
s0rt3(LsS) i~ arrend(UsLAyBIVIsL)y
) - %
arrend(UyLBsyAIVIIM)y
sort3(MeS).
sort3(LyL).,

arrend(CIsbsb),
srrend(CHITIyLsLHIVI) !~ srrend(TsLsU),

EROBLEYM 16 CEMIOENy revrsonal communicationl
Verbal statement:

Write a8 srodram to be comriled which defines the aquicksort
relation.

Arrlyg gour rFrodram to the list of S50 elements ¢ 27y 74y 175 33y
P4, 18, 46y 83y 659 2y 32y 53y 28y 89 999 47y 28y 82y 6y 11+
S5 29y 39y 81y 20y 37y 10y Oy 66y S1y 7y 219 85y 27y 31y 63y
759y 4y 95y 99y 11y 28y 61y 74y 18y 92y 40y 53y 59y 8.
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Lodgic rrogram?

- mode asort(+9—9+).
t—- mode Partition(+;+v—v—).

GSOPt([XiL]rRrRO)%* Partition(LerLlrLQ)v
GSDPt(LQlevRO)v
asort(Llva[X:RIJ).

asort (C1sRIRD

Partition([X:L]:Y;QX:LI],LQJ):— X=4Ysly PBPtitiOh(LvY!leLQ).

Partition([XlL]valeEXlLQJ)X— Partition(LerLlyLQ).

Partition(fjv-![]y[]).

list-50([27974!17!33994718!46783}6592!
32!53128185799’4772893296911!
55929!39!81790737910909669511
7721!85927131163775!47957999
11!28!61174918792740!53v59183).

Execution:

2~list_50(L)9asort(L7Xr£]).

EEOBLEYM 17 CEMDEN?> rersonal communicafion]

Verbal statement?
Lefine the insert sort relation.
Lodgic Frogram;

sorta([H!ITI»S) - SOPt4(T!L)viﬁSQPt(HvaS)o
sorta(Ll,L1).

insept(X;EHlT];[H%L])%— HiXylyinsert(XsTrL)
insert(XsLoLXiLID)

EROBLEM 18
Verbsal statement?

Write a Frogram for sorting 8 l1ist as an ordered rermutation of
that list.

lLodgic srogrami

sort(LsS)i- Permute(LyS)rordered(S).

Permute(E]vEJ).



rermute(LLy[HIS]) !~ delete(HyL/N2)srermute(NL+»S),

delete(HsCHILIsL).,
delete(Xy[HILIy[HINL]) !~ delete(XsLsNL).,

ordered(L1).

ordere([X1). _
ordered(CLXyYIZI)!{- X =< Yy ordered(LY!Z1).

EROBLEM 19 CEMOENsrersonal communicationl
Verbal statement!

lefime combinations of a3 listy where s{(K) indicates the
successor of K. For examrler 3 is written s(s(s(0))).

Logic Frrodgram?

combinations(s(K)y[HITI+[HIUI):- combinations(KyTsU).
combinations(s(K)y[_i1TI1yW)!{- combirnations(s(K)sTsU).
combinations(0y._»L[1).

EROBLEM 20 CEMDENyrersonal communicationl

Verbal statement:

nefine rermutations of 2 list.

lLodic srodgram?

rermutations(LyLHITI) - arrend(VsyLHIUIYL)y
arrend(VsU W),
rermutations(WsT) .,

rermatations(L1yL[L1).

arrend(LClsLsL) .
arrend(LHITIyLyLHIUI) $ - 3rrend(TsLsU).,

EROBLEM 21
Verbasl statement:
Check whether 2 word is 3 ralindromes i.e.9» the same 1if read

backwardss as for examrle *MADAM"., Write a rrogram able to
check 38 ralindrome for each word wvou dgive.



Lodic srogrami
hegin(X)i- read(X)y(X=stop [ test_Palindrome(X)vbesin(Y)).

test_Palindrome(X):— name(Xny)ypalindrome(Nn),write(X)y
write(’ is 3 Palindrome')ynlv!.
test_Palindrome(X):— write(X)y

write(’ is not 38 Palindrome’),nl.
Palindrome(X):~ reverse2(XsX).
reverseQ(LirL)t— reverse_aPPend(Llytle).

reverse_appehd(EH:T],L’M)t- reverse_append(TrEHILJyM).
reverse_aPPend([]yLyL).

Execution?
t—hegin({X).
madame. Johne astuustsa. HoTse. bull. stoF.

‘madam is 3 #alindrome

Jjohn is not 2 ¢alindrome
astyusgtss is 3 palindrome
horse is not a ralindrome
pull is not 3 galindrome

EEORLEM 22
Verbal statement?

Given two listsy where the seqond one is the corncatenation of

thir¢ one with the first ones find this third list arnd build
a ralindrome with it.

Logic erogram?

Palindrome(LlrLQ)t— list(Ler)slist(LQrZ)v
concatenate(X,YrZ)y
write(’Third list? rYyurite(X)enly
reverse(XsW)r
concatenate(qurK),
write(’Palindrome: “yyuwrite(K).

concatenate(ClsLsL).
concatenate([ElR]vLQ;[E:LJ):— concatenate(RyL2sL)

reverse([];[]).
reverse([E%R]vL)t— reverse(RyR1)>»
concatenate(ﬂlv[E]vL).

"
tJ
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list(a3syL1+3+»597+921).
list(bsLarbrcrydresrl1r»r395»7:91).
Execution?

The execution of (-ralindrome(arb).
gives us the following result?

Third list? Casbrscrdre]
Falindrome! ([arbrcrdrererdscrbryal

EEOBLEM 23 CKOWALSKI»1974b3]
Verbal statement?

Write = prdsram for imrlementing the relation ‘admissible’
between two lists a and by

bi=2ai and a(it+1)=3bi for i<n

‘where 3i and bi are the elements number i of 1lists a2 angd b
resrectively.,

Lodgic Frodrams:
/% erogram 1 X/
admissible(XsY) - double(X»Y)strirle(XsY).

double(L1,C1).,
double(CX!IYIyLUIVI)I- U is 2%XXy double(YsV).

trirle(CX1sCUD) . ,
trirle(CXyYiZ)yLUIVII- Y is IxUrtrirledLYiZ1+:V),
/%X rrogram 2 X/

admissible(lLl1yL1) .

admissible([XyYiZI»LUIVI)II—- U is 2%XXsY 1is 3XU»

admissible(LYIZ1,V),
admissible(CLXJsLUII- U is 2XX.

Execution:
The execution of

P-admissible([1!UIyWrwrite(f1iU) rwrite(’s’druwrite(V)rfail.

gives us the following list rairs:?



£r1l.L21
[1:61,02+12]
E116!36]9[2712172]

*

EFEOBLEYM 24
Verbal statement?

Write 8 rFrodram to simrlifuw 3 1ist whose members are listsr and
to transform it into a list of sindle members. Note that each
member is 3 node of a tree and that simplification means to
extract 3ll redundanciesy even those brought ur by domination of
a node over several nodes. In this caser the dominant node 1is
redundant. '

Logic rrogram:

simplifs(LvNL):— compact(LyLl)ysimplifsl(lleB)y
_simplifsE(LQ,NL).

compact(ELytlle).

comeact(CLIsL) . ‘

compact([Ll;[LQ]];L):- concatenate(LlrLQvL).

compact(LlyLQ:LN]yL):— concatenate(LlyLQvX)-
compact([X;LN]yL).

concatenate(EX:LI];LQ,EX:L3J):— concatenate(leL27L3).
concatenate(EJerL).

simpliful([X:L]vNL)t— member(XvL)r!vsimplifsl(LyNL).
simplifsl(EXlL]7EX:NL3)3— simplifsl(LyNL).
simplifsl([]ytl).

simplifu2(LyNL) - simplifs3(L;L1)vsubtract(L;leNL).

simplifs3(EX:L]9NL)3— compare(Lva[J)vsimplifBB(LyNL).
simPlifs3([X:L]vEY=NLJ):— compare(L’X,Y)vsimplifBS(LyNL).
simplifu3([JvEJ).

compare(_,[]vtl):- 1,

compare(EY:L]va[Z:NLJ):— (linked(XvY)vZ=X [ linked(YsX)sZ=Y)y
compare(L:X,NL).

compare(EY:LJvaNL)t— comrarel{LyXsNL) .

compare([]ynvtl).

subtraet(L;[JrL):—_!.

subtract([HtT]rLrU)Z— member(HvL)y!;subtract(T;L;U).
subtract(EHlTJer[HlUJ):— !ySUbtPBCt(TerU)o
subtract(~r_,[]). .



member(AsLCAI_]).
member(AyL_iL1) ¢~ member(AsL).

EROBLEM 25 CTARNLUND, 197601
Verbal statement:?

lefirme 3 srocedure for manirulating stacks. Consider a8 stach

such asry
3 ——-}LQ ———l

Write the goa3l statements for deleting an element from the
stacky and for inserting a2 new element e.

Logic srodram?

stack(s(XsY)sXsY),

Execution:

VThis rrogram rors—ur 3 stack.
The go03l statement for deletind is:

t—stack(s(arss(brys(cr0)))sXrY).,

The result is X=8 and Y=s(brs(cr0))

The doal statement for inserting is?
t-stack(Zrers(ars(brs(cs0)))).

The result ist: Z=s(ers(ars(brs(cry0))))

The -do0al statement for ingertins is obtained by dual

srodgrammings and 1t 1is aschieved by shifting the roles between
inrFut and outrut variables in a3 doal statement.,

EROBLEM 26  [TARNLUNL,1976b1

Verbal statement?

Iefine 8 rrocedure for manirulating queues.
Consider the followindg cueue!

head rear

L)
w



write the goal statements for deleting the head element of 3
aueuey for inserting an element in the rear of 8 aueuey and for
inserting a neuw element into the queue.

Logic srodrams
delete(a(X;Y);XrY).
insert(Y:a(N;Xi)vaY).
insert(Y;a(N;Xl)rU;Xer).
Execution:

The dosl statement for deleting the first element of a@ueue
a(a;a(bva(CyX))) is?

:—delete(a(aya(b,a(c;Z)));XyY).
The result isg?! Y=a(bra(crZ))

The goal statement for inserting an element d in the rear of the
queise 1is!

:—inseft(a(ava(bya(CyX))),Xyd,Z).
The result is? Z=a(ava(b,a(c,a(d7X1)))J

The dgoal statement for inserting a3 new element into the queue
is?t

Z—insert(a(ava(er(CvX)))vX;dyleZ).

EEOBLEYM 27 [T&RNLUND;l??bb]
Verbal statement:

A fundasmental data base oreration is to search for 3 record Ri
(rnode) in a tree given 2 kew Kiv and insert it as 3 new record
if the record is not in the tree. Ilefine an aldorithm for
binary tree search.

Lodgic programs

biﬁarB(t(Xyﬁvz)!Kvt(X7KDZ))o
binars(t(Xvaz)9N7t(X1!Y92))3— riame (KaNK) » rname (YsNY ) NK<NY s
binBPB(X9K9X1).
binaru(t(Xerz)vat(Xvazl))3~ name (KyNK) » rame (YyNY)» NK=NY »
binarg(ZsKrZ1) .
binaru(void,Kyt(voidrKyvoid)). :



EEOBLEM 28 CTARNLUND» 1976b1
Verbal statement?

Surrose we have the followindg binary tree!

e
AN
c’/// Iy
Construct an algorithm able to search for a kew my 3nd 3ble to
insert i1t if it is mot in the tree.
Execution:?
the dHoal statement.
i-binarg(t(t(voidrcrvoidlrest(voidrnesvoid)demrZ),

consists in the call of the rreviowus srogram. The resuult is 3
riew tree Z»

t(t(voidrscrvoidl)rert(t(voidrmrsvoid)snrvoid))

EEOBLEM 29 CTARNLUND, 197601
Verbal statement?

A frecuent data base oreratiorn is to delete 3 nmode in 2 tree.
Nefine an aldgorithm for binary tree deletior.

Logic Frrogram:

delete(t(XsKyvoid)sKsX).,
delete(t(XsyKet(voidyY1sZ1))yKyt(XsY1vZ1)),
delete(L(XyKrt(X1sY1sZ1)) s Kot (X»Yrt(X2yY1sZ1)))2-

successor(X1l,YsyX2),
delete(t(XsYrZIKsyt(X1yYy2Z))i—- Ki¥rdelete(X»KeX1).,
delete(t(XsYsZ)yKrt (XyYsZ1)) 1~ K:Yrdelete(ZsKs+Z1).
delete(voidsKyvoid).

suyccessor(t(void,YesZ)sYeZ).,
successor{t(XsYsZ)sY1st(X1sYrZ))i~ successor{XsY1sX1).

EROBLEM 30 ETARNLUND;I??ébJ
Verhal statement !

Consider the treey



e
c//// \\\n
m
and delete node m.
Execution?
the doazl statement,

3—binars(vavt(t(void1C1void)yeyt(t(voidvmvvoid)ynvvoid))).

consists in the call of the grevious wrodram ‘pinary’. Houwevery
the dual grogramming techniquer shift the role of the input and
outrut arsuments in the dgoal statements does not give a comrlete
solution to the deletion sroblemr 3% the rrodgram ‘delete’ .

EROELEM 31  [TARNLUND,1976b1
Verbal statement?

Write 3n algorithm for inserting a8 new node at its right

rosition in 3 three—dimens1onal tree?
L(Xyr(UsULYU2)»2D)

where X and Z are left and right subtrees resrectively and
r(UsULl»U2) is & root having the attributes U,Ul and U2.

Lodic rrodram?

inSEPt(t(XrP(UleyUQ)rZ)K1N11K27t(X19?(U1U11U2)92):—
K{Uvinsert(XleoKQvNyX1).
insert(t(X!P(U7U17U2),Z)vKrKl7K27t(X!P(U9U11U2)721):—
' KﬁUvinSEPt(ZvKviQ;Ker)o
insert(voidrK;KlvKByt(voidvr(KvKlrKQ)yvoid).
inSEPt(t(XrP(KvKI,KQ)92)7K7K11K2vt(X9P(N7K17K2)72)).

EROBLEYM 32

Verbal statement:

Get a3ll nodes of a3 tree above and below 38 srecified node.
Lodic srogrami

get_node (Xy[MiR1yabove) i~ rode (MyX) s det_node(MsRy_)
get_node(_r»[1r3bove).



dget_node(XsLebelow) t—- (down_nodes(X)j

recorded(c(L)»F)rerase(F)).

down.nodes(X) !~ record(c(L1))rrnode(XyM),
rerlace(c(L)yc(CMILI))yfa1il,

rerlace(Xs»Y) - recorded(XsF)rlyerase(F)yrecord(Y).

rerlace(_sY)!~ record(Y).

ERGBLEM 33
Verbasl statement!
Verify if two modes of 2 tree are cornnected.

Lodic rrodram!

det_branched(X»Y) !~ connected(XsY)iconnected(YsX).,

connected(XsY) !~ rnode(XsY).
connected(XyZ) - rnode(XrY)rsconnected(YsZ).

EROBLEM 34
Verbal statement!

Write a2 term for rerresenting the following
obJect?

line

Foint Foint

SN

X1 Y1 Z X2 Y2

Lodgic srodram?

line(roint(X1yY1sZ)ryroint(X2:Y297)).,

EROBLEM 35 LWARREN» 197701

Verbal statement!

Write 2 term "dictionary" for rerresenting
ordered dictionary Fairindg English wor

eauivalents.

Consider the following examrle!

an
ds

structured data

alrhabetically

with

French



saltisel
mustardtmoutarde vinesar:vinaisre

rerrperiroivre

Write also grocedures ford
~-"look ur" 3 name in a8 dictionars and find it r3ired value
—~*"look ur® 3 pame which is pefore 2 certain name

~*lgok ur" 3 name which is after 3 certain name

and take intd account that those Frocedures maw also serve for
constructing the dictionars.

Lodic Programs

dictionars(void).
dictionara(dic(X;Y;Dl,D2)):— dictionaru(ﬂl);
dictionarg(l2).

dic(saltrselys
dic(mustardymoutardev
voidy
dic(PePPeryPoivrervoidvvoid))y
dic(vineSar,vinaiSPe;voidyvoid)).
lookup(Nameydic(NameyUalue;_y-)anlue):— [ ‘
lookup(Name;dic(Namely_yBefore;_),Ualue)3— Name<Namely
lookup(NameyBefore,Ualue).

lookup(Name,dic(Namel;_,_;After)yUalue):—Name}Namely
1ookup(Name;AfteryUalue).

Execdtion:
:—lookuw(saltvUrXI).

js interrreted as : construct a8 dictionarys I such that *5a3lt”
is raired with X1,

The execution gives?

D=dic(salt!X19D11U2)

2—100kup(mustardyﬂyxz).
gives 58S results

n=dic(salt,x1,dic(mustard,x,n,n4),n2>;
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In this way ‘lookur’ is inserting new entries in a3 rartiasllu

srecified dictionary.,

After executing!

t-lookur(vinegar [y X3)ylookur(rerrerslis X4)ylookur(saltyDsX5) .

I'is instantiated to a3 dictionary which mavy be rictured as!

saltiXl
/ \
T:j}arQiii\ vinegariXx3
’ 7\
n3 rerreriX4 ns né
nz ng

EROBLEM 36

—Uerbal statement?

Surrose wou have an universe of eight animals
U=Lalsy32rrl1sblyb2yhlroly02]

classified in the followindg way!

aauatics! al, a2
animalsl rertiles?: rl

terrestrials {( birds! bly b2
\.

(herbivorest 1

Kmammals{

omnpivores: ols o2

Write 3 data structure rerresenting this classification
build ur 3 rrodgram for answering the following questions!

1) What is the classificastion of animal X 7

and

31



2) What animals have the classification Y 7
Logic rrodramd
classification(AvC):— animal(CrL)vmember(AyL).
animal(animalﬁU);X)t— aquatic(VeX) # terrestrial(VsX).
aauatic(aauatic;[alyaQJ).

terrestrial(terrestrial(v)7X):— rertile(VsX) ¥ bird(V»X) #
’ mammal (Ve XD,

reptile(reptilertrll).
bird(bird,Cbl,023).
mammal(mammal(U)vX):— herbivore(VsX) 7 omnivore(VsX).
herbivore(herbivore;[hl]).
omnivore(omnivorev[oly02]).
Remarkt The rredicate *member (XsY)" is defined 3as in

FRORLEM 1+ and it tests if X is 8 member of list Y.

The auestion *1) What is the classification of animal X 7° where

X is instantiated, corresgonds to the command
':—classification(X;C).‘. The other auestion "2) What animals
have the classification Y ?'y where Y 1is instantiatedy

corresronds to the command ':—animal(Y;X).‘.
Execution?

The execution is tor—-downy 3% rerresented on the tree:

/3 e ar\
aquatic terrestrial
[alya2]
rertile bird mammal
Crld Cblsb2]
herbivore omnivore
thil Colrol2]

Remark! This sroblem was sugdested by [Dhahly1977b3,



EROBLEM 37 CMELONI» 19761
Verbhal statement?

Write 3 prodgram 3bhle to sort 3 list of words bw 3lrhabetic
order.

The list of words obeus the sunta:
wordl.word2,. +++ swordn.stor. o where *stor" means that there
are no more words to sort.,

Sudestion?! Imadine 3 tree having each rnode as a3 function of 3
arguments nd(L+WsyR)y where L rerresents the left
descendent of the rnodey Ry» its right descendent and
Wy the word Just read. The inrut word is read and
comrared to the word associated to the noder bedining
by the root, and afterwards comrared recursivelw to

its left or ridgnt descendent. The whole rrocess
finishes when the descendent is a3 free variable or
when the word slready exists in the tree. Irn the

first case:s a new node rerresentind the word is
createdsy in the rlace of the variable.

Examrle? The list John. mary, James., edward, stor. will
gsenerate the tree!

rno

RN

g John nad

P NN

James 7 U mary

e

X edward Y

Logic rrogram:

order(X) i~ reading(W)rname(WsWl)ryclassife(WlsyXryY)rsorder(Y).,
order(X)i- nlswrite(’ordered words!’ Jdenlrswrite_tree(X)ynlwnl,
write(‘llone.’)ynl.,

reading (W) - read(W)y({(W==story!lyfailstrue).
classifulWsnd(LyWsR)ynad(LsyWsRIII~ I,
classifuy(Wynad(LyWlyR)rnd(UsW1yR))${~ lower(W Wl)y!,
classifu(WsLsUd.,
classifu(Wrnd(LW1yR)ynd(LyWlyU)) i~ lyclassifu(WyRU).

lower([Lly_ 2t 1,
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jower([XiYIs[XiTI) 3~ lylower(YsT).
lower(L[X!iY3IyLZITI) I~ X<Z

write_tree(X):i- var(X)s !,

write_tree(nd(pr;R)):— !,write_tree(L)vname(wlvw)ywrite(wl)y
write(’ . ‘yywrite_tree(R).

Execution?

To run the srodram Just dive the command st—order(X)." followed
by the list of worads.

t—order(X).
helder. antonio. luyis. Jose. fernando, Jordge. carlos. stor.
ordered words:

antonio. carlos. fernando. helder. jordge., Jose. luis.
llone.

EREOBLEY 38
Verbal statement?

Write a8 rrodgram that builds ur 8 tree on a3 given l1ist of
numbersy and then outruts the list in an ordered waY.

The waw of building the tree is?t
1) The root is the first member of the list.
2) The left branch will consist of the less or ecual nodessy
and the right branch will consist of the dreater ov

equal ones.

3) Each node is rerresented b t(LyNsR) where N is the
riodesr L is the jeft subtree and R is the right subtree.

I
I

For examrle?

[3y2y1] will give

34



AFFly gour rFrodgram to the list?
C14+1291692191999909159137693929S¢19v4+7911,1851717.,
Logic rrodgram?

2031 (X))~ make_tree(XyT)ynlrwrite(T)rnlsnlrliste_tree(TsLsy[1)y
write(L)snlernl.,

make_ tree(fHITI »t(T1yHYT2)) !~ srRlit(TyHsU1yU2),
make_tree(U1»T1)y
make_tree(U2,7T2).

make. .tree(CE]yt(C1yE¥[1)).

make_tree(Cl1»L1),

list_tree(t(T1syHsT2)sSsX) ¢ list_trée(T118yEH3YJ)y
list_tree(T2sYsX).
list_tree(LlsyXsX).,

srFlit (CAILIYCyLAIULIIU2) - A=<Crlyselit(LsCrUlsU2),

sFlit(CAILIsCHULYyLAIU2])S— AXCr!lysrerlit(LyCrULyU2).,

srlit(Clsy_»CIsC1).

Execution?
t-=031(L14+,12916+21 9199990915213 969392v1949y75115185171).

tL(t(tC(LI»0st (L (L (L (LD91sCD)r2yLIs39t(LIv4ryL1))sbst(LIy7+L1)))
?yt(C1r11» [J))9129t([]v137[]))7147t(t([]11q7[])rlbrt(t(t(t([]v
17yC3)>918+L139199013)+21501)))

LOr1929394969799911512913514+15916+17y18+19,213

EROBLEM 39 CWARREN et 21, 19771
Verbzal statement!

Generate 2 list of serial rumbers for the items of & givern lists
the members of which are to be numbered in alrhabetical order.,

Logic rrogram:

seriélise(LyR):— Frairlists(LsRryA)rarrange(Ar»T)
numbered(Ts1sN).

Pairlists(EXlLJr[Y:RJ)EPair(XvY):AJ):— rairlist(LsRrA).
Frairlists(LC1sC3yCD).,

arrange(CXilLIstree(T1,X,T2)) i~ rartition(LsX>L1yL2),
arrange(ll,T1),

arrandge(L2,yT2).
arrange(Lls_).,



Partition([X:LJerLivLQ):— Partition(LvaleL2).
Partition(txlLJ;YvCX%LlJpLQ):— hefore(XrY)r
Partition(L:Y;LivLQ).
Partition([X:L];Y;leEX:LQJ)3— hefore(YsX)y
Partition(L,YleyLQ).
Partition(tlv,,tjptl).

before(wair(leYl)rPair(XQyY2)):— X1<X2

numbered(tree(TlvPair(X,Ni)vT2),NOvN)2— numbered(Tl;NO;Nl);
N2 is Nitl»
numbered(TQ;NQ;N).
numbered(voidrNaN).

PREOBLEY 40 EPEREIRAiMONTEIRO-l??B]
Verbal statement?

Construct a rrogram for relating & binary tree with the 1ist of
jts leaves (terminal rnodes)y and another one for testing whether
two birnars trees have the same leaves.

Logic rFrogram:

leaves(t(voidyN:void)v[N:Z]—Z).
leaves(t(STlvN,STr)9L—Z):— leaves(STlsL=X)»
leaves(STryx—Z).

same_leaves(leTz):— leaves(Tle—[J)r
leaves(TQ;L—E]).

Comments$
void="the emrty tree'

t(STl;NvSTr)=‘the binary tree with root N»
left subtree STly and risght
subtree STr*

The term [N!Z1-Z» where *-* is 8 pinary functor, stands for 3
sdifference list®., 1t denotes the 1ist whose sole member is N
obtasined from the list [NiIZJ] *mirms® Z.

The emetw difference list is X-X. pifference lists allow for
easy concatenation of lists. Eecsuse 3 variable stands in rlace
of the usual *nil®y the list maw exrand by unifuing the variable
st the ends which is individuated after the '"minus® signy with
another list. Thusy in the second clauser the (difference) list
L-Z 1is ewrressed 3s 3 concatenation of L-X and X-Z. Since X
terminates with 7y L will 2lso terminate with Z. A call to this
rrocedure 1S

leaves(t(t(voidya;void)ybySTr)v[Avc]-[])
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Notice that the "[1' in the call has the effect of "closing" the
final list obtained.

Execution?

Let us now briefly look a3t how this do3l is actuslly executed,
The <ozl matches only the second clause for *leaves®. The body
of the matching clause instance is
leaves(t(voidrasvoid)s[Ayc1-X)y leaves(ST1yX-[1)., The result of
executindg the first of these two goals against the only clause
which solves it is to instantiste A to 3 arnd X to c. The second

go0al matches the first clauser thereby instantisting ST1 +to
t(voidycrvoid)y becsuse X is alreasads instantiated to c.

EROBLEM 41
Verbal statement:

Find a3 subtree ST in a tree T armd change it by  another subtree
CH. Call R the final tree. Arrly wour srodram to the treel

.1,/)(\Z
U//\\\v V// \\b
v// \\v

which mag be rerresented hyl
T=t(T1ey Xy T2)
ZHE(L(T11sY sy T2) sy Xt (veZrv))
=ttt (velWovdsYrsv)eXst(veZev))
Logitc Frodgram?
chande(CHySTySTCH)
chandge(CHy STyt (T1 Xy T2) ¢yt (R1yXyT2))1i- chanse(CHyST>T1,RK1) .,
Executiont
t—change(CHyYyST»TYR)

where CH stands for the inmitial tree anmd R for the result tree.






3.2 DEDUCTIVE REASONING OVER DATA RASES (nos. 42 to 59)

ERQBLEYM 42 CWARREN et 31,19771

Verbhal statement:

Calculate the rorulation density rer sauare mile and findg
countries of similar rorulation density (differing buy less than
SZ)Q ’

Logic srodgram!

densitu(CsDi) - FOor(CrF)rarea(CrA)»Dl is (FX1000)/A.

answer(Cl,01,C2,02) ¢~ densitu(ClyD11)rydensite(C2y02),
D1>02y, 20%XD1<21%D72,

FOr(china»B825) ., area(china»3380),
FOr(indiar»S5Bé6), area(indiar»1139),
rPOF(UussTy252), areal(ussrs,8709),
FOF(usar212), area(usar»3s609).,

EROEBLEM 43 CEMDEN,19771]
Verbal statement!
Desidn 3 deductive information retrieval suystem concerning some

asrects of the oreration of a university derartmenty such as
those rresented under set rnotation

Takes

M tAdiri Math!129

C.Y.K (Chenk Math!225

T.L. iCook Math!12¢9

T.L., :Coolk. Math!1225
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Teaches

JeF o {Glot=z Math!129

J.F. iGlot= Math!225

c. tTwill Mathi170
Student
M. tadirvi Riologs 1974
N.A. $Buczek Recreation 1976
C.Y.K (Chenk Fhusics 1976
T.L tCook Endineering | 1975
G.C tGiusti Engineering | 1976
A tHammer Child Care 1973
K.L  tMensink Kinesioloss | 1973
Scheduled

Math!129 | Fhu@3009 2.30

Math!301 | Phu@3009 2.30

Lodic rrogram:

t—op (500 furi),

t 0 (300y3fusl),

t—op (3009 fus@).

1—-0or(100sxfureds

takes(XyMath!129) 1~ uear(X:l);Prosram(Xvensineerins).
gear(XryZ) i student(XryYeZ1)»Z is 1977-Z1.
rrogram(XsY) - atudent(XyYeZ),
COUPS&-FTEfiH(X!YvX)o
course_number(X!YvY).

initials(X3iYsrX).

lastrame(X3iYsY).

draduate_course(X) - course_number(XvY)vY}499.
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conflict(X1,X2)!- scheduled(X1sY»Z),
scheduled(X2yYrZ) s
X1=\=X2,
teaches(XsY) !~ takes(Z,Y).
takes(miadirirmath!129).,
takes(c.u.kichenkymath!225),
takes(t.1licookymath!129),
takes(t.licookrmath!225),
teaches(d.fldlotzymath!129),
teasches(d.fidlotzymath!225).
teaches(citwillsmath!170),
student(mi{adirisbiologus,»1974).
student(n.altbuczekrrecreation»1976).
student(c.d.kichenkyrhusicssy19746).,
student(t.,l!lcookrengireering»1975) .
student(d.cigiustirendgineering,s1974) .
student(athammerrchild_carer»1973),
student(k.limensinkskinesiolodyy1973).

scheduled(math! 129yrhyR3009,2,.30) .
scheduled(math!301,»rhu@3009,2.30),

EEOEBLEM 44 CWARREN» 197531
Verbal statement:

The rnumber of daus in a vear is 366 each four wuwears 5 otherwist
is 365, How manw daus have uears 1975, 1976 and 20007

lLogic rrodgram:

t—or (300, sy ‘no_of_days_in’) .,
1—or(500y:fuyy’ IS’ ),

no..of_dagys_in Y ‘IS’ 366:~ 0 is Y mod 4,
, not(0 is Y mod 100), 1!,
no_of_davw_in Y ‘IS’ 365.
=X )IS’ no_of._days_in Yy write(X).
Execution!
i=X IS’ no_of_days_in 1975y write(X).
365
t—-X ‘1S’ no_of_dads_in 19767 write(X).

366
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t-X ‘IS’ no-of-daws—-in 2000y write(X).

365

EROBLEM 45 [WARREN»197521

Verbal statement:

John likes Marg, John likes Jane. Mary likes Fete.
someone and is corresronded 7

Logic rprodgram:

1—op (900 xfuy "&7 ).
t—0r(700y3fuyy ‘likes’ ).

John likes maryg.
Jormh likes Jane.
mary likes rete.
rete likes kate.
Jane likes John.
kate likes _.

t-X likes Ys Y likes Xy write((X8Y))r»fail.

Execution:

John & Jdane
rete & kate
Jane & John
kate & rete
bate & kate
P

EEOEBLEM 46 CWARREN 197521
Uerballstatement:

Surrose we are diven the following famils tree»
rerson’s ade in brackets:

John (57)

Mark (25) Faul (36)

Tom (13)

Fete likes
Kate. Jarne likes John., Kate likes evers one. Who does like

with

each



and we wish to find all solutions to the cuestion "loes Joh
have two descendents whose ades differ by ten wvears?®

Write 3 prodgram to solve this rroblem.

Lodgic rrodgram?

has_descendant(X,Z) - begat(Xs2),

has_descendant(X,Z):— has_descendant(XsY),
bedat(Yy»Z),

bedgat(Johnsmark) .

bedat (Johnsraul),

bedat(raulsytom).

is_aded(dohn,57),

is_aded(mark,y25),

is_aged(ranl,36),

is_aded(tomsy15),

:—has_descendant(dohn;X)y is_aged(XsN),
has_descendant(dohan)y is_aded(YsM)sy M is N+10.

EROBLEM 47 CFEREIRA et 231,19783]

Verbal statement!

Comstruct a small dats base obeving to!

‘the d031 ‘descendant(X,Y)- is true if Y is 3 descendant of X°

Consider that Ishmael and Isaac are descendants of Abraham, and
Esau and Jacob sre descendants of Isaac,

Lodic srogram?

descendant(XsY) !~ offsering(X,Y). ,
descendant (X,7Z)$ - offsprins(XrY);descendant(YvZ).

offsprins(abraham;ishmael).
offsprins(abrahamyisaac).
offsprins(isaac;esau).
offsprins(isaac;dacob).
Execution!
If for examrle the auestion ¢
?—descendant(abraham;X).
is executedy Frolosg‘s backtracking results in different

descendants of Abraham beind returned as successive instances of
the variable Xy i.e.,
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EROBLEM

Verbal s

There we

London

-

Faris

.e

Lisbon

and only
Mornte C3

Which c3a

ishmael
isaac
esau
Jacob

» XK X

pononou

A8
tatement!
re three derartures for 3 Monte Carlo rallyus

John (EBMW)» Tommw (FORDIN » Fred (BMW) » ANNE (FORD) and
Teddy (EMC)

Guy (FIAT)» Claude (FORD)» Jean (FIAT)» arnd PBrigitte
(BMC)

Luis (FIAT)» Carlos (BMW)» Lucas (BMC)y Fedro (FORD)»
and Nuno (FIAT) .

four rFilotsy Tommsr Fred, Fedro and Nunoy arrived to
rlo.

rs did arrive to Morite Carlo?

From where did the rilots that arrived to Monte Carlo leave 7T

Lodgdic FT

rallui-

A4

odram:

rilots(Arlondon):»

eilots(Rslisbon):

PilOtS(CvPariS)r

rilots(Dsbmw)y

rilots(Esfiat)y

rilots(Fsford)y

rilots(Gsbmc)

Pilots(H’monte_carlo)y
intersection(AvHvLon),
intersection(B;HyLis)v-
intersection(CrHvPar)v
intersection(D,Hmew)v
intersection(EvHvFiat)y
intersection(FyHyFord)v
intersection(GvaBmc);nlvnl
write(’Arrived:/)rnlynly

write(/From London$ 7yywrite(Lon)ynly
write(’/From Lisbon? 7yywrite(Lis)rnly
write{(/From Faris? ’)vwrite(Par)ynlvnI,
write(’in BMW? /yyurite(Bmw)ynly
write(’in FIAT? ‘yywrite(Fiat)rnly
write(’in FORD? /yywrite(Ford)snly
write(’in BMC: ryewrite(Bmc) rnle



intersection(ClyX,L1).
intersection(CXiIR)yY»LX!Z):~ member(XsY)y!

intersection(RyY+Z).

intersection(CX!R1yYrZ)!- intersection(RyYsZ).

member(Xy[Xi_1),
member{IsL_IiT1)!{- member(IsT).

rilots(Ldohnytommufredrannestedduel,london).
rilots({Cdgugsclauderdeansbrigittelrraris).
rilots(Cluissrcarlosylucassredrosnunolylisboa).
rilots(Lfredrcarlosydobhnlsbmw) .
Frilots(Lluisynunordeansguwlsyfiat).,
rilots(Lannestommysclauderredrols ford).
rilots(Lteddysbrigitteslucaslrbme).
rilots(Ltommus fredsredrosrmunolsmonte_carlo).

Execution?

The

execution

of P-rallu.

gives us the following results?

Arrived:?

From

From Lisbhon

From

irs

in

in

in

EROBLEM 49

EMW

FIAT

FORI

EMC

London

Faris

4+
+

04
¢

>

+

+
+

04
*

Ctommusfred)

[nunoseredrol

Cl

[fred3

Crasmod

Lrodrostommu

L3

Verbal statement!?

Write 3 rprodgram considering the following Faots

- number(XsN) means that rerson X can be resched by czlling

- visits(XsY)

- at(X,Y)

Fhone number N.
means that rerson X is visiting rerson Y.

means that rerson X is at the residerce of rerzon
Y, :



- phone(XsN) mean that rerson X has ghone number N.
and the followind premises?

1) (¥X) (BY) (vZ) [visits(X»Y) g at(Y,Z) ==% at(X»Z)1]

2y (BU) (V) (N) [at(ursV) 3 rhone(VsN) == number(U;N)]
able to find the way of reaching 8 persony having 8 particular
rhone number base and knowing who visits whom snd where is the

visited rerson.

Logic erOogram

/% Finding Frocess X/

Find(X)s- number(XyN)vurite('Phone H ’)yurite(N)vnl.
fingd() - write('Don"t Nnou.’),nl.

number(XyN):— at(X;Y)vPhone(YyN)v!.
number(X;N):— ghorne(XsN) .

at(XsZ) i~ visits(XvY);at(Y;Z).

/%X FPhone numbers data base X/
Phone(cqlemanv’iooool’).

Phone(sordony’100002').

Phone(waaner,’100003’).

Phone(smith,’100004’).

Execution:

Surrose YOou want to reach Coleman and wou know he 1is visiting
with Wagner and that Wagner 1is at Gordon’s hOUSE:
You Just have to write!l

visits(colemanvwagner).

at(wagnervaordon).

:—find(coleman).

the answer woiuld bel

shone | 100002

remark? This sroblem wWas sugdgested from *The Thinkind Computer®:
pu R. Rarhael.
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EROBLEM S50
Verbal statement?

Consider a8 fact deduction machine whick takes 3 collection of
known facts and makes new conclusionss over 2 domain of asnimals
in 3 Z00.

Surrose the méchine krowleddge is comrosed of 15 recodgnition

*

rroductions ¢

F1 .
If the anmimal has hairy
thern it is 2 mammal.

F2
If the animal dgives milk
then it is a3 mammal.

F3
If the animal has fesathers
then it is 3 birg.,

F4
If the animal fliess
and it lays eddss

then it is a bird,

FS
If the animal is 3 mammazal-.
and it eats meaty

then it is 2 carnivore,

Fé
If  the animal is 3 mammaly
it has rointed teeth
it has clawsy
and its ewes roint Torwards
then it is a carnivore,

F7

If the animal is 3 mammaly
and it has hoofsy

then 1t is am undulate.,
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8
If
and
then
and

Fo
If

and
then

10
If
and

then

F1l
If

and
then

F12
If

and
then

F13
If

and
then

F14
1f

and
then

the animal is 3 mammaly
it chews curds

it is an ungulatey

it is even toed.

the animal is a carnivorer
it has a tawns colory

it has dark srotsy

it is 8 cheetah.

the animal is 38 carnivorey
it has a tawns colory

it hae black striresy

it is a tiser.

the animal igs an ungulater
it has lond ledgs and 3 londg
it has a taunw colory

it hss darhk arotsy

it is @ giraffe.

the animal is 3N ungulater
it nas 8 white colory

it has nlack striresy

it is 3 zebra.

the animal is a birvdy

it does rot fldo

it has lons leds and 3 londg
it is plack and whiter

it is an ostrich.

the animal is a birdy
it does not flus

it swims?y

it is black and whiter
it is 8 rengiline.

neck.y

necky



F15

If the animal is a bird
and it is a dood fluer
then it is an albatross.

Write a2 rFrrodram (simulating that machirne) able to discover 3
certain animal by means of asking its characteristics using the
recogdnition rroductionssy and to describe the rrorerties of any
animal in its knowleddHe base.

Lodic Frodram:

/¥ Knowledde base X/

rule(isanimal rmammalsLcl]).
rule(2yanimal smammal[c2]).
rule(3yanimalybirdylc3]).,
rule(d4yanimalsbirdsLcdrcdH) .
rule(Srymammalrcarnivorerlcédl).,
rule(érmammalycarnivoreylc?7yc8,c?1).
rule(7rmammalyungulaterfcl0l).
rule(8ymammal sunsgulate_toeds[clll).
rule(?vcarnivorescheetahrlcl2ycl13l).,
rule(10scarnivorestiderslcl2yciigl).
rule(lisrungulaterdirafferlclSrclérci2yecl3l).,
rule(i12rundgulaterzebrarlcl?7ryc14l).
rule(13sbirdrostrichylcl8ryciSrclbrcl1?]).
rule(ld4rbhirdyrenguins[ci8ec20yc191).,
rule(iSsybirdyalbatross»y[c211) .,

/X Recodgnition grocess | discover animal’'s name X/

recognition(X) - rule(NesXsYsZ)rsdiscover(Z)r»found(rule),
' conclusion(XsYsN)ry recognition(Y):
retractall(fact(_»_)).,
recodnition(_ )i~ retract(rule)rwrite(‘lone.’)rnl.
recognition(_)!- write(‘lon’’t krnow this animal.’)rnl.

found(X)i— Xs»!.
found(X):— assert(X).

/7% Dliscovering rrocess X/

discover(L[1).
discover([XiY1)!- ask(X)rdiscover(Y).

ask(X):- fact(Xruzes)s!,

ask(X)i—- fact(Xsno)s»!yfail.

ask(cl)i—- write(’has it hair?’Jdnls!ircomrlete(cl).,
ask(c2)t- write(’‘does it dgive milk?’/)synls!scomrlete(c2).
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ask(c3) - write(’ has it feathers?’)vnly!vcomplete(CB).
ask(cd) - write(’does it fls?')onlv!-comwlete(c4).
ask(cH) - write(’does it lay esss?’)vnls!vCOMPlete(CS).
ask(cb) i~ write(‘does it eat meat?’)vnlv!9complete(c6).
ask(c7) i~ write( has it rointed teeth?’)vnly!vcomplete(c7).
ask(cB) - write(’has it claws?’)vnlr!vcomplete(cs). :
ask(c?) i~ write( has it eues rointing forward?’ )
nlv!ycomplete(c9).
ask(cl0) - write(’has it hoofs?');nly!ycomplete(clo).
ask{(cii) - write(’does it chew cud?’)vnlv!9complete(c11).
ask(cl2)i- write(’ has it 8 tawnv color?’)vnlv!vcomplete(clz).
ask(cl3)i- write(’'has it darhk spots?')-nlv!vcomPlete(CIS).
ask(cld)i- write(’has it black stripes?’)rnlv!vcomplete(c14).
ask(cl13)i- write(’ has it long legs?')vnlv!vcomplete(cls).
ask(clé) - write( has it 3 long neck?’)vnlv!rcomplete(clé).
ask(cl7)i- write(’has it a white color?’)ynlv!vcomplete(c17).
ask(clB) - write(’/does it not fls?’)vnlv!vcomplete(ele).
ask(clo)i- write(‘is it black and white?’),nlr!ycomplete(c19).
ask(c20)i- write(’does it swim?’)ynly!vcomPlete(CQO).
ask(c2l)i- write(’is it 3 good flser?’)vnlv!vcomPlete(czl).

complete(X)2~ read(Y)sassert(fact(XvY))rY=ses.
/X Conclusion of the recodnition e TOCess X/

conclusion(XrYyN)t— nlytab(4),urite('——— the ryyurite(X)s
write(’ is 3 ’)9urite(Y)ywrite(' by rule ‘)
write(N)ynlynl.

/X [escrirtion Frocesss discover animal’s srorerties X/

descriPtion(X)2~ rule(NerX9Z)9description1(YvL;[])y
conclusionl(XpLyszyN).
description(ﬁ):— nlywrite('ﬂon”t rnow this animal.')vnl.

descriptionl(Y;LrLs):— rule(,vX;Yy_)ydescriptionl(XyLv[X%Ls]).
descriptioni(_vL,L).

/X Conclusions of the descrirtion e 1rOCess X/

conclusionl(XyLerZ,N):— nlswritec¢’s rysurite(X)y
write(’ is an K
output(L)vurite(Y)y
write(’satisfsing conditions: “Yynly
outPut(Z),nlsurite('bs rule /ypwrite(N)»
writE('.’).

outrut (L1) .
output(EA:BJ)t— write(ﬁ)ytab(i)voutput(B).



Execution?

Whern discovering the animal’s
1) Sucessfull recosgnition
:;recosnition(animal).

has it hair?
! des,

--—the animal is 3 mammal

does it eat meat?

1 UeS.

name

bwe rule 1

~-—-the mammal is 8 carnivore by rule S

has it a tawnwy color?

i "es, :

has it dark srots?
! no.

tias it black strires?
| wes.,

—-——~the carnivore is a3 tider by rule 10

Lone.

2) Unsucessfull recosnition

i~recognition(animal).

tias it hsir?

¢t NO.

does 1t dive milk?
! no.

has it feathers?
i no.

does it fluT
i no.

Ion’t know this animasl.

When discovering the animal’s rrorerties

15 Sucessfull descrirtion

t— descrirtion(tider).

A tider is an animal mammal carnivore satisfuing

cl2 cl4

conditions!



by rule 10
2) unsucessfull description

- descrirtion(horse).
Don’t know this animal.

Remark$

The srodgram answers only with the rnumbers of the conditions for
comodite of the Frogrammer. A rrocedure may be written to
translate these numbers into the sentences of the conditions.

(This rroblem was sudested from rAartificial Intelligence®s b
P, Winston.

EEOBLEYM 51
Verbal statément:

Write a simrle auestion—-answering sustem for the exrloration of
a data base with transistor information (transistor namey
materials rolaritus functiony FOWeTy collector base voltade»
collector emiter voltager amrlification factor and carsula
ture)y and according to the table!

characteristics
mat | ol | fum oW vch vce | hfe car

Transistor Name
2n2219 si i hea 800 60 30| 120 T0S
2n2904 si F hss 300 60 A0 | 120 TOS
2n3055 si n 1ra | 115000 100 70 701 TO03
213904 si n hss 310 . 60 40 | 300 | TO92
2n3906 51 ¥ hss 310 40 40 | 300 | TO9?2

The sustem is recuested to desl with wuser’s chandes of mindy
translation of user’s unitiess and outrut of 211 characteristics
for a given transistory srecified by the user.

Logic srogrami

bedini- write('Characteristics(value)’)rnlrrepeat,nlv
continue(.).,

contirme(L) - write(’~ ')9tt3f1ush;read(C)rprocess(C;L).

&)
rJ



Frocess(’Goodbue’,_),
Frocess(storsl) - ( trans(XyL);nlvurite(trans(X:L));nl;
write(‘llo wou want it(yes or no) 77),
nlyread(S)sS=yesy i,
write(’New characteristics');nl:fail ’
write(‘No transistors available’),nlicontinue(L) )

Frocess(CsL) !~ ¢ subs(Col)rbL=L1 ; rerlace(CsLell) ),
continuec(il),

subst(Cyl )¢~ reduct(C-Cl)ymatch(Cle).

reduct(C;Cl):~C=..[X;N;milinCI=..[X;NJ.
reduct(CrCl):—C=..EX;Nwa;C1=..EX:MJ,M is NX1000,
reduct(C;Cl):—C=..[X7N7_39C1=..EX;NJ.
reduct(CyC),

match(mat(A),CLA!_]),
match(rol(RB)s[_yR!_1),
match(fun(C);[-:-:C:-J).
match(Pow(D)y[~;_v_;D:,J).
match(vcb(E)rE_y_y_;_yE:_J).
match(vce(F)rE_y_o_y_v_yFt_J).
match(hfe(G)r[_v_r_v_r_r_rG:_J)o
match(ear(H) sl s y_y_s_y_y_yHI).

rerlace(CylslL1):~ SUbSt(C'Ll)7P6P18091(LvL1)o

rerlacel (XyX) ! var(x)s i,
rerlacel(LIsyL1)s- 1,

replacel(EH{TJyEHl:TlJ):— !;replacel(HyHl)rreplacel(Tle).
rerlacel(_y_),

/¥ Tramsistor informatiorn %/

trans(t2n2219vEsi;n,hsar800760r307120;’TOS'J).
trans(t2n2904;Esiypvh55v300760v407120y’TOS’J).
trans(t2n3055vfsivnylP87’115000’7100770!70y’T03’J).
trans(t2n3904;Esi;n;hss;310,60y40v3007’TO?Q’J).
trans(t2n3906rESi:P!hSS!310740140’3007’T092'J)o

Execution?

To run the sustemy Jdust rerform the command? ‘${-bhedin,’
‘—-bedin,

Caracteristics(value)

- mat(si),

- Fr0Ol(r).,

=~ furn(hssg) .

- FOL(300ymili).,
- vch(60),



- stLOF.
trans(t2n2904,[sirPrhss’300,60940v120vT05])

[lo wou want it (wes oOF rod) 7T
MO

No transistors available
- fun(hsa).

- gol(n).

- pot(800).

—- gtoF.

trans(t2n2219y[si9n;h539800v60v3091207T05])

[lo wou want it (ges oOT no) T
yes.s
New characteristics

- Goodbse.

PROBLEM S2 [MELLISH;1977]
Verbal statement!

Write a srogram that behaves 35 a travel agent and holds an
interface with an user in order to determine his Fprecise travel
requirements and to rresent him with information enabling him to
choose air flidghts.

Imagine a8 auestion—askins stratedgy determined by the
requirements to fill in slots in 8 sustem of frames in 28
derth—-first manner. 10 erevent unnecessary auestions imadine 8
sustem of default values and 3 mechanism that can avoid askindg
questions whose answers nave heen rrovided either imelicitls on
exrlicitiv at some earlier time.

The #grodraf must also be ahle to core with the client chandind
his mind by means of dealing with the'contradictions arising
from his inputs.

Surrose Bou have the following flight informationy already
written 85 2 FROLOG data base ¢

flisht(edinburshyparis,Janrmornvfl).
flisht(edinburghvparis;Jan:aft;fz).
flisht(edinburshyparisvJanyaftvf3).
flisht(PariSvromeyfebvmornvf4).
flight(Par159nomevfebrmornvfﬁ).
flight(Parisvromevfebyaft,fb). ,
flisht(rcme;edinbursh;marvmornyf7).

where flisht(F,TyDyTi,Fl) means 3 flight from F to T in month D
at time Ti with ruumber Fle.



Lodic rrogram?

t-0Fr(410yxfus’,’),

/% Oversall control of the dialodue %/

talki- default(trip(l)vexists)rdefault(triP(Q)’exists)r
default(homerort(1l)sedinburgh),
rereatsdialogue(X)y nlrnly
disrlau(’trirs booked !’)snlsnly
outruyt(X)enl,

dislodgue(X) !~ nextafter(OsM)ytrirsrecification(MyX).

/% Gathering of trir informatior X%/

tr1pspee1f1cat10n(Nytr(d(A),t(B)yf(C)vto(D)rfl(E)vtr(F)) Tg) -
discover(date(N)s»A), discover(time(N)sR),
discover(homerort(N),C), dlscover(forelsnport(N)vD);
getflidht(CyDyAsRsEWyN)» discover(traveller(N)sF)y !,
contirnue(DsFsNyTs) .

contirwe(DestsTraviNsTs) {— nextafter(NsM)s !y
defaulthomerort(M)sDest),
recall (homerort(i),H)y default(foreignrort(M)yH),
default(traveller(M)sTrav)sl,
trirsrecification(MyTs),

continue(_r_»_»C1),

getflight (FyToDsTisF1sN) ¢~ fact(ok(FisyN)ues),
feasible(FsTsDsTisF1sN) 5 1,

getflight(FrTosDsTisF1yN) ¢~ flight(FsTyDsTirF1l)y
flightok(F1sNsCon)s !y Con = O,

getflight(_r»_s_y_»_y_)!- disrlav(’no flidhts available’),
nlrdiscover(changesZ).

flightok(F1sNyQ) - discover(ok(F1sN)sR)y !y R = ues,
flightok(_»_»1), :

feasible(FyTsDsyTisFlsyN) 2~ flisﬁt(F;T;D:Tinl)r!.
feasible(_r_y_y_s_yN) !~ retract(fact(ok(FsN)sX))ryfail.

/% Manirulation of facts X/

discover(lit,Val){- fact(litsVal), 1,

discover(lit,Val)!- rereatraskclient(lityVal,Condy I
Con = 0, ’

default(lLit,Val)!- fact(LitrNewval), Lo
default(LitsyVal) - assert(fact(LitsVal)), 1,

recall(litsVal)!i- fact(Lit,Val), !,

& ]
4]



/% Communication with user X/

askclient(LitanlyCon):—
disrlau(Lit) disrlas(’ ?/)ynly
read(Inrut) interPret(InPutvCon)r 1y
notaskasain(Litanvaon)y LS

notaskaSain(LitanlyO)z- Ly fact(Litanl).
notaskagain(_s_v_).

intererret(C1s0).
interpret(AvaR):~-dealwith(Avs)y intereret(E»T)y
R is S + T«

dealwith(AsBs0) - fact(AsE)r '

deslwith(AsBr1) - fact(AsC)>» retract(fact(AvC)),
assert(fact(A;B))r 1

dealwith(AsEy_ ) i- sssert(fact(AsB) ).

/X Miscellaneous X/

rnextafter(NsM)i- fact(triP(M)rexists)r N < My
P is N + 1y nonebetueen(Pyﬁ)y [N

nonebetween(X;X)t— i
nonebetween(X:Y):— fact(triP(X)vexists)y.!v fail.
nonebetween(XyY):— Z is X + 1v nonebetween(ZvY).

outrut (AB) - diSPIBB(A)rnlvOUtPUt(B)o

/% Flight information X/

flisht(edinburgh;PariSvJanymornrfl).
flight(edinburshyparis;Janvaftny).
flisht(edinburshyPariSvJan;aftyf3).
flisht(wariSvromerfebrmornvf4).
flisht(PariSvromeyfebrmornva).
fliSht(PBPiS!PDmEvabvaft!fé)o
flisht(romevedinburshymarvmornyf7).

Execution?

t-talk.

date(1)7
:-[triP(B).existSvforeignport(l).Paris,foreiSnPort(E).rome].
date(1)?

! [date(1).Jany traveller(i).mel.

time(i)?

¢ [time(1l).movrnl.
ok(f1:1)7

' [Cok(flsl).nol.

rno flights available
chande?



i [time(l),aftrdate(2),.feb].

ok(f2y,1)7

H [Ok.(f.?!l)orlo:]o

ok (£f3,1)7?

i [ok(f3y1).ues].

time(2)7

H [time(Q).mornvtraveller(Q).fred].
ok{(f4,2)7

i [ok(f4,2),ues],

date(3)7? ‘
b Edate(B).marrtrip(l).notexistSrok(f4v2)noJ.
ok (fS5,2)7

! [time(2).a3ft],

ok (fé6y2)7

i [ok(f692),gyes],

time(3)7

i Ltime(3).mornl.

ok(f7+3)7

H EO".(f793)oBQSJo

trirs bookedt

tr(d(feb)yt(aft)yf(Paris)vto(rome);fl(fé)vtr(fred))
tr(d(mar),t(morn)vf(rome)vto(edinbursh);fl(f?)ytr(fred))

EROBLEM 53 ESILUA&CDTTA:]??BJ
Verbal statement!

In the sreceding Frroblems the rrodram has two waus of achieving
8 situation in which there are "no flight available*.

The first wau corresronds to the inexistance of 3 flisht in the
datsa base for the wuser‘’s srecificationsy and the other
corresronds to 3 disadreement about 2311 the flights the Frogram
kriows for the user’s srecifications.

Write a new version of that rrodram where}thesé situations are
distinduished., For the first situastion outrut the litersls
whose values are Freventing the attainment of 3 flight,

Lodic rrodram?
The rrocedure 'sétflisht' has now the following form!

setflisht(F,T,D:Ti;FlyN):— fact(ok(F1sN)yyes),
feaéible(F;TyDvTiner);!.

getfligsht(FyTyDsyTisF1sN) flight(FyT»DyTisF1l),
flightok (F1sNsCor)ds!, Con=0,



SetfliSht(F.TvaTivFlvN

disrlag(’no
discover(chansevZ)
SEtfliSht(FvTvﬂrTiiFlvN
disrla

aetflisht(_o_,_,_,_,N):

alterations(F;TvDyTi)t—
alterations(FvT,DvTi):—
alterations(FyT,D,Ti):—

alterations(F;TyDrTi):—

alterations(FyTyDyTi):—

alterations(FyT,DrTi)t

alterations(FyTrani):—

first(F)i- F» !
first((FrQ)) 1

PEOELEYM 5S4
Verbal statement?

relat
g fami

Srecify & virtual
Take the followin

more flights available

3(’Possib1e chang

(fliSht(FrTvﬂvTiv_)v
“Yerlely

)i

)
yi- disrlag(’ no flights available');nl;
es:‘)rnl;alterations(FyTrD,Ti).
read(InPut)vinterpret(lnputyCon)yfail.
has the form?

FvTvDr;v_))v
ryynlrfaile

first(flisht(
diSPlas(’time
first(fliﬁht(FrTv_vTiv_))9
displas(’date’)rnlvfail.
first(flisht(Fr_vDyTi,_))9
displas('foreisuport’)ynl;fail.

first((flight(FvT,X9Y9_)yX\==Dy
Y\N==Ti) )y

displag(’/time and date’)ynlyfail.
first((flisht(F;X:Dva_),X\==T,
Y\==Ti))r

displas(’time and foreignport’)pnlvfail.

first((fliSht(F9X1Y9Tiv_)9X\==T7
displas(’date and foreisnport’)ynlyfail.
first((flight(F:X9YyZy,),X\==Ty

y\==Iiy ZA\==Ti) )

displas('timevdate and foreiSnPort’)vnly
fail. '

- Fyfirst(@ sl

jonal data base for the kinshir facts.

1y tree for facts!

Fred——T——-Sue

J——

Henry

Cathy

EKill ERarb

EBob



Logic Pprodgram!

grandrarent(XrZ) - drandfather(XsZ)idrandmother(X,»Z).
grandfather(XsZ) i~ father(Xs»Y)rrarent(Ysy2Z),
grandmother(XsZ):!{- mother(XsY)rrarent(Yy2).
rarent(XyY) - father(XsyY)imother(X,»Y).

brother(X,yY)!{- male(X)srarent(ZsX)srarent(ZsyY) »X\==Y,
sister(X,Y):- femaie(X)rparent(ZyX)rParent(ZyY)rX\==Y.
uncle(XsY)i- male(X)srarent(ZryX)rdrandearent(ZsY).
aunt(XsY) - female(X)srarent(ZsX)rgrandrarent(ZsY).

cousin(XsY)i—- rarent(ZyX)rrarent(TsY)y
(brother(ZyT)isister(Z,T)),

husband(XsY) !~ father(XsZ)ymother(Y,»Z),

wife(XsY) !~ husband(Y,X).

father(fredshenry), mother(suerhenry).

father(fredybill). mother(suer,bill),
father(fredsbarh)., mother(suesbarh).,
father(henruscat). mother(barbsbob).,
male(fred), female(barb),
male(bob)., female(sue).
ma3le(henry)., female(cathy),

male(bill).

EROBLEM 55 LTOWNSHEND 19791
Verbal statement!

Write 3 rFrogram to imrlement = rre-registration arrointmerts
matching scheme. It covers the allocation of the
pre-redistration six-month surgical and medical arrointments
that the 1law reauires (here called Jobss Or *"rosts® with 3
Farticular consultant’s firm) to newly qualified doctors (here
referred to as arrlicants).

A dgeneral rerresentation of a Job migsht be! the ‘dob rnumber’,
the srecizl restrictions on the arrlicants to be zllocated to
this Jobs the numbers of rosts available in the six-month
reriods starting in August and Februaryy the ‘Jjob Freference
list’, the list of the referernce numbers of arrlicants for the
rosts in that Joby ranked by the consultant in charde in the



order of his ereference and the result lists.

The correspondins record for an arplicant might be? the ’dJob
number’y the sexy the seasonr the ereference l1ists and the
corresronding result lists.

The eroblem of assigning the members of two sets to one another
is desalt accordindg to the followindg definition of a ‘stable
marriadge’ . *Consider two distinct sets A and EB. AN assignment
of the members of A to the members of B is s3id to be 8 stable
marriadge if and onle if there exists nNo elements 3 and b
(belonging to A and B respectivels) who are not assigned to each
other but who would both ¢refer each other to their #resent
rartners®. .

lL.odic srodram?

/% FRAMS FART 1 in FROLOG %/

PrOSram:—Jobs(Jobslist)vaPPs(APPslist),
PTEPBPE(JObSliSt)!
allocl(Joblist,APPIist,Jobslist).

allocl([Job:JL]vAPPslisthobslist)2~
offer(JobyAppslist;Jobslist)y
allocc(JLyAPPslisthobslist).

allocl([]vAPPslisthobslist):—show(Jobslist).

offer(Job(J;LimvNAyNF,JprefSyASyAvall)rAPPslist,Jobslist)2—
write(J):»
N is NA+NF»
offeri(JrJPrevaNrOvAllvAPPslidt;Jobslist).

offeri(-:[];-;-y-y,y_).
Offerl(ny-!N7N9_1~9_).
offerl(JvEA:JPrefs]vaKvAllvAPPSlistyJobslist)2—
member(A:All)v
accept(AvJyAPPslist;Jdbslist)y
K1 is K+t1l»
offerl(JrJPref51NvK1’A11yAPPslisthobslist).
offerl(Jr[A:JPrefs];NvaAll,APPslistyJobslist):—
offerl(J;Jprefs;NvK:Allvappslist;Jobslist).

accept(AyJvAPPSlisthobslist)%—

member(aPP(Av_p_;MaprevaXvSaPrefs;Y),Appslist);
BCCEPtl(A!ﬁBPPEfS!SBPPefSDX!Y!J!APFSliStiJObSlist).

acceptl(AyNaPrefSySaprevaX,YyJvAPPslistrJobslist):—
member(J;MaPrefs)r!;
aCCEPtQ(AyJ!NaPFQfSrXrAPPSliSthObSliSt)o

acceptl(A;MaprefSySaPrefSerYrJvﬁppslist,Jobslist):*
member(JrSaPrefs)v!,
acceth(A;J,SaPrefSyYvAPPslist,Jobslist).

60



accert2(_rJdr_s Xy ) t=ronvar(X)sX=Jds !,

accert2(_rsdr_sXy_r ) i=-nonvar(X)slsfail.,

accert2(ArJrFrefssXrArrslisty Jobslist) i~
accert3(ArJsFrefsyXsArrslistyJdobslist).,

accert3(_sJry LI _Jrvdr_v_ ).

accert3(ArJr[JLl!FPrefslsXrsArrslistyJobslist) -
rot(ask(AsJlsXrArrslistsyJobslist))y
accert3(ArJsFrefsyXrArrslistydobslist).,

ask(AyJdrdrArrslistrdobslist) -
member{(Job(JrLimsNAsNFy JrrefssAsrAfsAll)ryJobslist),
N is NA+NF»
askl(ArJdrJderrefsyNrAllsArrslistrdobslist),
aski(AysJrJrrefssNrAllsArrslistsJobslist) -
ismember(AsAll).

askli(ArJrJrrefsyNraAllrArrslistydobslist) -
offerli(JrJrrefssNs0rAllrArrslistyJobslist) sy
ismember(ArAll).

rrerare([Job(NorLimsNANFsyFrefssAssyAfsAll) iJL]L -
makelist(NAY[lrAs).
makelist(NFsL1sAf)>
N is NA+NF»
makelist(N+L[1sA11)y
rrerare(Jl) .
rrerare(Ll).

member(Xy[LXi_ 31,
member(XvE_:LJ):—member(X’L).'

ismember(Xs[Y!_1)¢{-nonvar(Y)sX=Ys!,
ismember(Xy[(_iL1)!-ismember(XslL).

Jobs (L

Job (1509191901999 49692979395+8ly_v_v_)>
Job(290s191+s0392919597269100y_9v_»_)y
Job(3509190r[ 99697159 3r49192]99_7. )
Job(4y0s192yC489791969295939101s v v_)
Job(590r2+2:019498+392959109796)s_ 2.9 )
Job (690939310 991094969S939291d9 v 00y
Job (7905292901 929991096949395v_v_v..)y -
Job(8s0r3509y[ 7981929694935y _rv_9_)>
Job (22091093049 39891059Ts._y_5..)

1.
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arrs (L
BPP(I'mrov[1!2!37431_v[5761718]r_)r
SrF(29Fy0r[194929339 20697989512 )
aPr(3rmelrC19392+41y_9[S598¢7,9219_)>»
3rP(4smrO0rL19324+1919_»L6959897]9_)>»
arp(Syme2sL321949239 . s[S596s8y71s_)>»
aPP(6!f73v[4!1!2!3]1_1[7!57698]!_)9
3PP (7rme0sL2s451931y_+[8y51y_)>»
arr(8imrOsL1]y_»[5:8,919_ )
a3rp(Peyfelsl3921]y_»L697+919_ )
arr(10rmr0s (254909 v [S5+6971r.)

J)o '

Execution!

{—-rrodram,
123456789
RESULTS

1 r1473]

2 £ 35 1

3 L ¢ 3

4 L 76 21

S L1835 1
b L 91042 _ . 1
7 L 6 - . -1
8 c 7z . -1

? £t 10 .. .. 3

EFEOBLEYM 56 [FEREIRA&RFORTO, 19801
Verbal statement:?

Write 3 rrogram for colourindg any rlanar mar with at most four
coloursy such that no two addacent regions have the same colour.

Lodic rrogram:

The erosram consists of a cpmplete list of eairs of different
colourss, taken from a3 collection of form. These constitute the
admissible sairs of colours for redions next to each other.

next(blueryellow).
rnext{(bluerred).

next(bluesdreen) .



next(vellowsblue),

next(gvellowsred).

next(uellowsdreen).
next(redsblue),
next(redryellow).
next(redrdreen).,
next(sreen,blue).
next(greenruwellow).

next(dreenrsrred).,

To obtain 3 colouring of the mar belowr we dive as a3 doal to the
rrogdram 311 the rairs of redions that are rnext to each other.

This can be done sustematically by first eairing region 1
higher rnumbered redions next to it» then redion 2y etc.

031 (R1yR2yR3IsR4+sRSsR6) 1~ next(R1sR2)ynext (R1yR3),
next(R1,RI)ynext(R1yR6)y
next(R2,R3)rsnext (R2yR4)
next(R2sRS) rsrnext (R2yR6)y
next(R3I»R4)rnext (RI»R&6) »
next(RSyR6) .,

EROBLEM 57 CMARKUSZ,19781
Verbal statement!
Write a8 rrodram for desisninsyan architectural unit obeving
the following srecifications!?
- Two rectandgular rooms.
- Each room has 3 window and interior door.
- Rooms are conected by interior door.
- One room a3lso has an exierior door.
= A wall can have only one door or window.
- No window can face north,

- Windows cannot be orn orrosite sides of the unit.

with

to
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Figure 1
gamrle FPlans

Lodgic Frograms

Pan(FD1D1’w1!D21U2):— frontroom(FU;Dlrwl)y
opposite(ﬂlvDQ);
room{D2sW2)
notopPosite(wlywz).

frontroom(Fn,n,U)f— room(DsW) s
direction(FD)y
Fo=\=sFD=\=W,

room{DsW) s~ direction(D)
direction(W)s
D=\=Wr w=\=rorth.

direction(north).
direction(south).
direction(east).
direction(west).

opposite(northvsouth).
OFPosite(south,north)y
OPPosite(east:uest).
opeosite(westveast).
notopposite(D1132):— orrosite(1sD3)y
n2=\=0n3.

Execution?
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Flanning 3 unit entered from the west?

T-rlan(west D1, Wi s012,W2) .,

D1 = easty
Wl = south,
D2 = westy
W2 = south

EROBLEM 58 EPEREfRA&PORTO;l?BOJ
Verbal statement!
Write the following aquery!

*Is there 3 student such that 3 rrofessor teaches him two
different courses in the same room?™"*

for 3 data base of students who take coursesy srofessors who
teach courses, and courses held on certain weekdavus and rooms.

Logic rrodgram?

cuers(SyF) - student(S»Cl),
course(Clyh1sR),
rrofessor(FyCl),
student(SyC2),
course(C2yD2sR)
rrofessor(FyC2)+C1

i
7
i}
)
rJ

student(robertrrrolos).
student (Johnymusic) .
stoudent (Johnrrrolog).,
student (Johrnissurf).,
studernt (marvsscience) .,
student(margyart),
student(marysrhusics).,

Frofessor(luisserolosg).,
rrofessor(luisrsurf),
rrofessor(antoniosrrolodg).
Frrofessor(eurekarsmusic) .
rrofessor(eurekarart).,
rrofessor(eurekasscience),
rrofessor(eurekarrhyusics),

course(rrolodsmondavs rooml) .
course(rrolodg,fridavsrooml).
course(surfrsundagsbeach).

course(mathssytuesdawrrooml).
course(mathsyfridavsroom?),



course(scienceythursdasyrooml).
course(sciencevfridasvroom?).
course(artrtuesdasvrooml).
course(PhssiCSythursdasvroom3).
course(PhssiCSrsaturdasproom2).

EEOBLEYM 59 CDARVAS et 21,19781

Verbal statement?
Write a data base for rredicting drudg interactions.
Lodic Frodrams

/% Facts about chemistry X/

contains(Procainevamino_sroup).

base(X) - contalns(X,amino_Sroup).
/% Dhata on varions drugs X/

insredient(aspirinvsalicyelic_acid).
inSredient(whisksrethanol).

/% General rules about drug interactions X/
interaction(ﬁruslvﬂrugﬁr
increased_absorption_bs_ion_Pair-formation(Asantl,
Agsent2)) -
ingredient(ﬂrugivASQntl)r
inSredient(UrugzvﬁgentQ),
auaternars_ammonium_salt(Agentl)r

anti_arrihsthmic(ﬁgentl)y
salicslate(ASentQ).

Execution:

?~interaction(aspirinvuhisksvwhat).
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3.3 FRORLEM SOLVING <(ros. 60 to 65

EROBLEM 60 CWARREN, 1975b ]
Verbal statement:

Write 2 rrogram that receives 3 scenary a3s inrut and Froguces an
interrretation of the scenary 3s outrut.

Consider a scenarw comrosed by =a certain disrosition of solids.
The inrut for +the Frodgram is 2 descrirtion of the solids in
terms of their eddgessy and the outrut will be an  interrretation
in terms of what solids constitute the scenery and how are their
faces,

Consider only vertical eddes, rositive and nedgative slore eddesy
and that a3 face mav be left, right or horizontsal.

Arrlyg vour rrodram to the sCenary:

Figure 2

Where the eddges and the faces are numbered CELlyso o sE3S  andg
Elsy, sR13Z, resrectivelw) in an srbitrary order,

&7



Sugéstion: 1) When defining the scenary begin by the eddes that
limit its that isy pedin bwy the frontier eddges.,

2) Nefine a set of rules caracterizing the different
kinds of eddes in terms of convexits or concavity
of the resgions thewy establish.

3) Label the contour eddes clochkwise.
Lodic Frodgram?

t— op(500sxfur 37D,
te O (300rxfYs’ )

doalt- solution(X),nlvnlvwrite(X)ynlvnl.

/% Set of intersrretation rules X/

vertical_edse(lefttB;riSht:B,Positive).
vertical_edse(risht:Biyleft:BQvneSative).
vertical_edSe(risht:Bvadoun).
vertical-edse(Xvleft:B;up).

Positive_edSe(horizontaltByrisht:B;Positive).
Positive_edSe(riéhttBlvhorizontal:BEynesative).
Positive_edSe(X;horizontal:Byup).
Positive-edSE(risht:ByX,doun).

neSBtive_edse(leftthhorizontal2vaositive).
neSBtive_edse(horizontal3Blyleft:BQ:nesative).
negative_edSe(horizontal:B;deown).
negative_edge(XrleftiBsur).

/% Defining the scenary x/

solution(Ri6R23R3?R4§R5$R63R73R83R9;R10;R113R12;R13):—

Positive_edSe(backsroundlerEl)y
nesative_edse(RlvbackgroundrE2)r
Positive_edSe(backSroundrRQrE3)v
negative_edse(R29back9round;E4);,
vertical_edSe(R?ybackgroundvES);
Positive_edse(R?vbackSroundva)r
vertical_edSe(RlebacksroundrE7),
Positive_edﬂe(RlQrbaekSroundvEB)y
nesative_edse(backSround,R13;E9)y
vertical_edse(backsroundrR13rElO)y
Positive_edSe(backsroundpR109El1)9
vertical_edse(back9round9R3vE12)y
nedative_edse(R3yR1yE13)
rositive_edge(R1+R4,E14)
nedative_eddge(R6sR1sE1D)
rositive_edge(R1sR7+E16)
negative_edde(R8yR2,E17)
rositive_edge(R2sRP+E18)

vertical _edge(R3»RAsE19) >
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rositive_edge(R4RSYyE20) y
vertical_ _edge(K4rR697E21)
nedgative_edde(RSyR6yE22),
vertical_edde(R6yR7yE23)
negative..edge(R3yR5yE24),
vertical_edge(R3yR7yE25),
rositive_edde(RSyR71E26)»
vertical _edge (R8yRPYE27)
nedative_edge (K10yR3IIE28),y
negative_edge(R13yR10E29)
rositive_edde(R7yR11+E30)
negative_eddge(R11sR8,E31 )y
vertical_edde(R7yR8yE32),
negdative_edde (R13,R11,E33)
vertical_edge(R13yR12yE34),
rositive_edge(R11»R12,E35),

Execution?

1—-<go0z2l.

horizontaliXl ¢ horizomtaliX2 7 leftiXl 5 ridhtiX1i ;
horizontaliXl 7 leftiXl § rightiXl 5 leftiX2 ;
rightiX2 § horizontaliX3 i horizontzl!X3 3 ridghtiX3;
leftiX3

this interrretation corresronds to the scenary!

Figure 3
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EEOBLEM 61 [ROUSSEL 19751

Verbal statement:

There are three redsy AsRy and C» and three disks of different
sizes arby and c. The disks have holes in their centers so that

they can be stacked on the reds.

Initiallw 311 the disks are on red A3 the lardesty disk o> is
orn the bottoms and the smallesty disk as is on the tor.

It is desired to transfer 211 of the disks to red C by movind
disks one at a time. Only the tor disk on a2 red can be movedy
but it can never be #laced on tor of 3 smaller diskhk
(Tower-of—-Hanoi ruz=z=le).

Lodic rrogram?

hamoi(N) - hanoi(NvaEJ)rnlywrite(L)vnlo

haroi(N)--> sut{(Nsasbrc).
#at(Oy_r 9 )—x [
st (NsArEByCY——> {M 1is N-1J»

et (MrAyCrR) smove (AYE) y rut(MesCeEBrA) .,

move(XsY)——i [fromsXstorY1.

EROBLEYM 62 CEMDEN» 19781
Verbhal statement!?

Consider the abstract dgame of Mastermind with 6 colours and 4
rlaces to combine them. Consider thats in the scores a3 blach
keu resg means strong match (right colour in 3 right rlace) and 3
white kew redg means wesakhk match (right colour in a8 wrond ~lace).,
Write @ rrodram able to rerform the Codemaker when wou rlawg the
Codebrezker and vice-versa.

sugestion: Consider that the Codebreaker constructs 3 seauence
£ly.sesrn of rFrobes with ~Fi =/= C for i =/= n and
#n = C» where C means the kes code. The Codemaker
constructs 2 seauence Slye.sersn such that si =
f(risrC) where f is the score function. The selection
of i by the Codebreaker mayw derend on
(Firsidrsssr(ri-1rsi—-1). It is the Codebreaker’s
obJective to make n as small as rossible.
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Logic srodram
/% Frogram for the Mastermind same %/

$—or (300 yefur’ o ’),
1-or(150sfyry’s’),

/% Interactive manager %X/

Flayl—- write(’Masterming at wour service.’)r nly
write(’Enter an arbitrary number betweer O and 1464.7),
nlrread(X)y assert(seed (X)),
write(’'Examrle format for entering code ¢ s
write(/'[yellowsbluerwhitesblackl’ )y nly
write(’Examrle format for the score ! ‘D
write(‘Ls 5 & Ors O3y nly
write(‘'Meaning 3 blacks and 1 white.’)y nls
rereaty rlayl,

Flagli~ write(’'llo wou want to make or to break codes ?’)y nily
write(’Answer make or answer break.’ds nly
read(X)s start(X),.

aski- write(’lo yvou want arother same T’)y nly
write(’Answer 9es or answer rnos.‘)s nls
read(X)s answer(Xx),

answer(wes)i- !,fail.,

answer(nol) - retract(seed(_))s nly
write('Masterming was rlezased to serve you.’)s
nlsnl.

/¥ User rerforms the Codemaker %/

start(make)!- write(’Enter code; I rromise rnot to look.’ )y nly
read(C)s assert(code(C)),
senerate“code(P)y score(FsS),
write{’'My first rrobe is : JVr write(F)y nly
write(’Score ! Yy write(S)y nly
extendable((F.5),[lys 5 5 5 & O)y
retract(code(_))y 'y ask,

extendable((F.(s 5 5 5 _,_))._»_ )i~ write(’'The code must be! ‘).
write(F)y nl.,
extendable(CsyNs) i~ can_code(CsyCo)y

write( My mext srobe is! ‘)y write(Cc)dy rly
write(’'Score “Jy

score(CcrS)y write(S)y nly
extendable((Cc.8).CsyN).

can_code(Llr_), ,
can.code((F1.81).FssFI~ mm(F1,F,S1), can.code(FssyF) .,
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/% User rerforms the Codebhreaker X/

start(break) - dgenerate_code(C)» assert{code(C))y
write(’Enter first erobe.’ )y nly
read(F)y score(FrsS)y contirnue_break(S)»
ly ask.

contimue_break(s 5 &8 5 —._.) ¢~ write(’You dot it.” )y nle»
retract(code(_) ).

corntinue_break(S)i- write(’Your score : )y write(S)» nly
write(‘Enter next rrobe or tyre stors ')y nly
read(X)s reseond_to(X).

resrond_to(stor) - I ywrite(’l assume wou give ey’ )y
write(’ the code isti ’)» v
retract(code(C))s write(C)» nl.

resrond_to(F) - score(F»8)y contirmue_break(8).

/% Score functionm %X/
score(FrobesScore) i~ code(C)y mm{FroberCyScore) .

mm({FyCsS51.,82.L2) 1~ blacks(PsCrF1yC1951) >
whites(F1,C1,52yC1).

blacks(CIsLIy[IsC1:0),

blacks(U.FsU,CsF1sClsys S)2- blacks(FsCsF1sC1ls5).

blacks(U.FyV,CrU.F1sV,C1»5) i~ gdiff(UsV)y
blacks(FsCrF1:C195) .

whites(L[1sCr0sMs) i~ turle(CrMs).

whites(U.FsCss SsMsl.Ms) i~ del(UsCrClrMs)y
whites(FsC1sSsMs),

whites(U.FsCrSeMs) i~ rrornmem(UsCrMs)y whites(FyCrSrMs).

/% Code dgenerator X/

generate_code(U. V. W. X, L1) 2~ random_colour(U)»
random_colour(V)y
random_colour(W)y
random_colour(Xx).

random_colour{Xji- random_number(R)y N is R mod &b
N1 is N+1s colour(N1sX).

random_rumber(R1) - retract(seed(R))y X is RX125,
Y is X+1»y R1 is Y mod 163y
assert(seed(R1)).

colour(lisblack). colour(2srblue).,
colour(3rdreen). colour(4rred).
colour{Sswhite). colour{(ésgellouw).
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/X Miscellarneous X/
/% del(UsYyY1l) is the result of delecting U from list Y %X/

del(UsU.YsYrMs) - turle(YrMs),
del(UsV,.YsV.Y1rMsl.Ms) i~ diff(UsV), del(UsYrY1yMs),

/¥ nonmem(UsV) if U is rot s member of list U x/

riormem(_»LC1sC1).
nonmem(UsV1. VWL, W)~ diff(UsV1), nonmem{UsVY,W) .,

turle(C1sC1),
turle(Ul,UsyV1,U) 1~ colour(_»Ul)y turle(UsV).

diff(C1,C2)!~- colour(_sC1)y colour{(_sC2), rot(C1=C2),

Execution:

i i-rlay,
Mastermindg at wour service.

Enter an arbitrary number between 0 and 164,
123,

Examrle format for entering code ¢ Esellowybluerwhiterblackj
Examrle format for the score ! Ls 5 5 0ys 01
Meaning 3 blacks and 1 white.,

Do wou want to make or to break codes 7

Answer make or answer breatk..

i make.

Ernter codes I rromise not to look.

i [blueswhitesblueswhite],

Ma first srobe is ¢ [bluesredybluerblack]

Score ! [s 5 0,01

My next erobe is ¢ [bluesrredrdreensgreen]
Score ¢ Ls 003

My next srobe is ¢ Cbluesblacksblackshlack)
Score !¢ [s 0,0] '

My mext srobe is ! [bluesbluesbluesbluel
Score ¢ Ls 5 0501

My riext srobe is ¢ [blueywhite;bIUErwhiteJ
Score ¢ [s s 5 5 0,01

The code must be ¢ Eblue;white;blue;white]
Do wou want another dgame 7

Answer 4es or snswer rno.

| wes,

o wou want to make or to break codes 7
Answer make or answer break.,

i bresak.

tErter first erobe.

i [bluesbluerredsredl,

Your score ¢ £Ors 01

Ernter next rrobe or ture stor,

; Ewhiteywhite;white:white].

Your score ¢ Cs s 0,01
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Enter next rrobe or ture stos.
! [whiteswhiterbluerblackl,
Your score [s s Ors O
Enter riext rrobe or ture stor.
! [whiterwhiterdgreenrsbluel.
Your score 3 Le Oys O]

Enter next rrobe or tuwre stor.
! [whiterredswhiterblackl,

You dgot it.

No wou want another dame 7
Ariswer 4es or snswer no.

i no. 4

Mestermind was rlessed to serve <ouU.

EEOBLEYM &3 [EBRUYNOOGHE » 1927811
Verbzl statement:
Write & srosram to solve the n-queens eroblem (where n=4),

Consider 3 chess table 444 and rut four cueens on ity obewindg to
the condition that each of them cannot attack any of the others.

Sugestion! Consider the followins rerresentation of tne

chess tahle where each suUare 1%
‘e(rumber of linesnumber of column)’,

4

3
2
1

4 3 2 1

Fidure 4

Logic srosram 13

Deging - rorm(lAa4r3y2y1debl)eraivr(L4y3s29s10sL Q>
zafe(@ rurite(Q)rnlynl.,

A% Generator of rermutations X/

rarm(CYy L),
corm(EYX T Ty LUV - el (UsLXiIYIsW)srerm(WsV),

Ae )l (X UXIYDeY ),
i Y LIV I del UV sV,




/¥ Fairindg lines with columns %/

Fair(Ll,CL1sL1),
FRIir(LXIYIyLUIVIy[r(Xy W) iWI) I~ ea3ir(YsVUsW),

/% Check if the eueer rositions are comratible %X/

safe([]1).
safe(lFIQ1)!{~- check(FsQ)ysafe(R),

check (FyL1),
check (Fy[QIR1) - diadg(FsQ)ycheck(FsR).

¥ mon.attascking condition on diadonasls X/

diag(r{(XL1sY1)se(X2,Y2))¢— I ic X1-X2,
g is Y1-Y2,
I =\= [y,
D =\= —~-Qig,

Logic erogram 2! (more efficient version)

cueens(Ly[C1IRCIYR) - del(LlsLsRL)ssafe(r(L1sCl)yR)y
aueens(RLyRCYyLCr(L1sC1)R1),
aueens(L1sLI+R),

Execution?

tmaueens(l1+2y3:,40y01929y3v43501),

ERDELEM 44
Verbal statement!

Three missionaries and three cannibals seek to cross 38 river, A
boat 1is available which holds two reorley and which can be
navidgated by any combination of missionaries and cannibals
involving one or two reorle, If the missionaries on either bank
of the rivers or ‘en route’ in the rivers are outrnumbered at any
time by the cannibalsy the cannibals will indulge their
anthrororhadic tendencies and do awaw with the missionaries.
Find the simrlest schedule of crossing that will rermit 21l the
missionaries and cannibals to cross the river safelwy,

Sudestion:! Consider the rerrvesentation of the left side of the
river (for examrle) as s(MyCsE) where M is the rumber
of missionariess C is the number of cannibalsy and E
takes the wvalue O or 1 acordinglwe with the rosition
of the boat (left side or right side resrectivelw).



Logic rrogram?

t—or (300 rfyr=13),
elant- movements(s(3y3;1);?)yPrint(P).

movements(s(0s0s0)sdone).

movements (X X=rY=3Z) i - move(X;Y),move_back(Yle)y
test(XsY1)y
movemenrnts(Y1sZ)

move(XsY) - move(XrYyQ);move(XyYyl)imovell(X;Y).

move-back(s(OrO’O)rs(OvOrO)).
move_back(XsY)i- move_back(XyY;Q);move_back(X,le)G
movebackl1(X»Y) .

move(s(MrCerX)rs(M1sCrY) NI I~ (M=N ¥
MrNy M-N=C)>»
M1 is M—N» M1=<3»
Y is 1-X.
move(S(N7C1X)9S(ﬁvC1!Y)7N)3" Cx=Ny C1 is C-N»
C1=%3s Y is 1-X,

movell(s(ﬁyC,X)vs(MlyClyY))3— Mr=1s Cir=ly
M1 is M-1s C1 is C~1»
Y is 1-X.

move-back(s(ﬁ;CvX)vs(MlyCrY);N):~ N=<3-My M+N=Cy

M1 is M#Ns Y is 1-X.
move_back(s(MvCrX)yS(H;CiyY)9N)2— N==3-C»

(H=0 7 Mx=CitN)>

Ci1 is C+Ns Y is 1-X.

move_backll(s(MvC;X)75(M1;ClyY)):— Me>=1y Cr=1y

M1 is M+ls» C1 is C+1,
Y iS I-X.

test(s(MsCr_Drs(MrCr DI~ lyfail.
test(_»r.).

Frrint(X=xY)i- write(X)snlyrrint(Y).
erint(X)t- nlrwrite(X)snl,
Execution?

{-rlan.

5(39s3s1)

5(3r1,0)
5(3y291)
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5(3+0+,0)
s(3y1s1)
s(1y150)
s(2y2s1)
5(0s2+0)
5(0y3y1)
5(091,0)
s(0y2y1)
5(0y0,0)

done

EEOBLEM &5 "CEMDENy19801]
Verbal statement!

Write a2 rrogram for the dame of Nim defined as follows.

A rosition of the dame of Nim can be visualized 35 a3 set of
hears of matches. Two rlaversy called US and THEM: alternate
making 3 move. AS so0On 35 3 rlavders whose turn it is to mover
is wunable to make 2 mover the dame is over and that rlaver has
losti the other rlaver is said to have won. A move consists of
takindg at least one match from exactly one hear.

Logic srogram?
t= or(300y:frt),
s(XsY)i{- move(XsY)rmot(t(Y »Z)),

t(XsY) i~ move(XsY)ymot(s(YsZ)),

arrend(L1syYsY).
arrend(LUIXIyYy[UIZI) - aerend(XsYsZ).

move(Xy»Y) i~ arrend(U,L[X1!U1sX),
takesome(X1yX2),
arrend(U,y[X21V1,Y),

takesome(X+sX) .
takesome(X+rY)$- takecsome(XsY).
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3.4 THEOREM FROVING (nos. 66 to 70)

EROBLEM 66
Verbhal statement!?

Write 8 simrle Frorositional Calculus Theorem Frover» covering
ecuivalencer imrlications disJunctions condunction and rmedgation.

Lodgic rrogrami?

/X Frorositional Caslculus Theorem Frover %/

1—0F (700 fuseav). /% equivalence ¥/
$1—or (650 fysimr) ., /% imrlication %X/
1~or (600 r:fysor), /X disdunction X/
1—oFr(550yfurand) . /% condunction X/
107 (500sfurniot), /X nedation X/

formulasi- rereatrread(T)s( T==stor 3 theorem(T)r»fzil ).
theorem(T) !~ ttunl,
( false(T)y disrlav(’'not valid’)s! ’
disrlag(’/valid’) )y
ttenlsttunl,
false( “FALSE’ )i-t,
false( not “TRUE’ )!-1t,
false( F eav R )i-false(( F imr Q ) and ¢ Q ime F )).
falsé( Fime Q )i-false( not F or @ ).
false( F or Q )i-false( F )yfalse( @ ).
false( F and Q )i{-(false( F ) 3 false( Q )).
false( rmot not F )i-false( F ).
false( rnot(F eav Q))!-false( not(F imr Q) or rot(Q ime F)),
false( not(F im Q))i-false (not(rot F or Q)).
false( not(F or Q))i-false( riot F and not Q),

false( mot(F and Q))!{-false( rnot F or not Q).



EEOBLEM 67
Verbal statement:

Frodram Wang’s aldorithm for rroving thecrems of rrorpositional
calculus.

The Wang’s aldgorithm consists of writing down a series of linesy
each simrler than the rrevious oner until 23 groof is
comrleted —-— or shown to be imrossible, Each line consists of
ane number of wff’sy serarated bw commassy on each side of an
3rTOW.

Wang’s aldgorithms

1. As the first line» write the rremises to the left of the
arrow and the theorem to the risght of the arrow!
Premisel9Premise2ypremise3 -=> theorem
2, If the esrinciral cornnective of a wff is a rnegations dros
the nedgation sign and move the wff to the other side of
the arrowi for examrler
ev@rt1(PAS) y1QIPVYT ——F S9F
is chandged into

EVRIFVIYF ——F SITASIQ.

3, If the rrinciral connective of a3 wff on the left of the
arrow is A or on the right of the arrow is Vs rerlace
the connective by 3 commay for examrley

FAQIT A (MPVS) —=> @VIT
is changed into
Fr@rTrIFVE ——F IReIT
4. If the rrinmciral connective of 2 wff on the left of the
arrow is VvV or that on the risht of the arrow is A rthen

sroduce two new linesy each with one of the two sub-wff’s
rerlacing the wffs for examrley

Fripvs ——F TRrITAS
TP == @2ITAS TS ——F  @Q1ITAS
Fyap —=3 ARsIT  TriFp —=F QRS rss ~—F TQ@IT rss ——>1QYS

All the resulting lines must be ~roved in order to Frove
the original theorem.
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S

6.

If the same Wwff occurs on both sides of arn arrowe the
line is FroOved.

If no cormectives remain in 3 line and no rrorositional
variable occurs on both sides of the arrowy the line is
rnot rprovable., In facty assidgning all the variabhles on
the left to be TRUE and all the variasbles on the right to
he FALSE will rFrovide an examrle of the falsity of the

" theorem.

Lodgic rrodgram:

/% Orerations X/

+
+
4+
L]
[
¢+
+
*
+
.

~or {700y fay<=2), /X eauivalence X/
-or (6930 xfuy=2), /X imrlication X/
-or(600sxfusV), /% disJdunction %/
~0r (550 xfurl)., /%X conJdunction %X/

~oFr(S500yfyr—-). /X nesiation x/

/¥ Read_in angd try to rrove formulas

write’valid or’ mot valid’accordingly %X/

formulasi— rerestruwrite(’Formula!’ drnly

read(T)y»(T==storstheorem(T)sfail).,

theorem(T)!— nlsnly

(Frove(L1&8L1=CI8LCT1)s!lonly
write(’Formula is valid’)s
nlrwrite(’'Formula is rnot valid’))snlsnl.

to_rrove(T)i- write(’ Frovey drnlrswrite(T)enlinly

rrove(T).

rrove(El1)!- rule(E1yE2sRule)lyliy

write(E2)sbuy_rule(Rule)srily
rrove(E2). '

/% Case for V on lihess X/

rrove(L & [TH V IIT] => RY!{- 1y

first_branchsrsto_prove(l & [HIT] => R)»
branch_rroved,
second_branchrto_rrove(l. & CI!T] == R)y
branch_rroved.

/% Case for & on r.hes. X/

Frrove(l. => R & [H & IiT3)i-1y

first_branchy to_rrove(L => R & [H!TD),
branch_rroved,

second_branch» to_rrovel(l. => R & CI!T1),
tranch_rroved.,
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/% Case for atom %/

rrove(L & [HIT] = R)I- tyrrove([H!IL] &8 T =x R).
erove(l => KR & [HIT) ¢~ lyprovel(L =x [HiRIE T).
/% Finally» check whether tautoloss x/

rrove(T) - tautologu(T)vurite(’Tautoloss.')rnl.
rrove(_):—- write(’This branch is not grovable.’)rfail.,

/X Cases where = arPears in one of the sides ¥/
rule(L & CH =» IiT] =% Koy

L &8 [-HV I!'T] => Ry rule_5).,
rule(L =>» R & [H => TIiT]1»

L => R & [-H V IiTlsrule.b).
/X Cases where <=> arrears in one of the sides X/
rigled(L & CH <=» IiT3 =* Ro»

L & [(H => ID&(I =» HIIT] =+ Ry rule_7).
rule((L =» R & [H <=5 IiTJ»

L =+ R & C(H == I) & (I == HY!Tlrrule_8).
/% Cases where — srrears X/
rule(L & [-H!IT] => R & R2»

L&T =R & [HIR2)rrule.2).,
rule(lLl & L2 => R & [-H & T1»

L1 & [H!L2] => R & Trrule_2).
/¥ Case for & on l.h.s. X/

rule(L & [H & IiT1 => Ro
L & [HyI!T] =% Ryrule_3).

/% Case for V on rt.h.s. X/

rule(L

=> R & CHV I 1T3
L. = R & [HyI!Tlrrule 3).
tautologuw(l & [J = R & CI)i- member(MsL)>»

member(MsR) .,
branch_rroved:- write(’This branch has been Froved.‘)snl.
first_branchi—- nlswrite(’First branchi’).
second_branchi- nlywrite(’Second branchi’).
bu_rule(R)i- write(’ by’ drwrite(R)rnlonl.

member(Hy[HI_1).
member(Iy[_ 'T)i- member(I,T).



Execution:

Formuila?

38 =& 3.

£1 2 C1 =101 & [-3a V al by rule_é
£l &8 0] =x[C] & [-aral , by rule_3
£1 & £31 => [1 & [a3] by rule 2
Tautolos=y

Formula is valid

Formula:

(a =5 b) & (b => ) =% (8 =& ),

L] & £1 =+ 0LC3 & [—-((a => b) & (b =% c)) V (a3 == c)] by rule_é
L1 & C1 =>L[1 & [-((a3 => b) & (b = c))sa => cl by rule.3
L1 & [(a => b) & (b =% )] => L3 & [a =*» c] by rule_2
L] & L(a = b) & (b =% )] => [1 & [-83 V c] by rule_é
L1 & €3 => beb =% ¢l =% [1 & [-3 V cl by rule_3
[l &8 L-83 V bsb =x ] =[] & [-3 V c] by rule_ S
L1 &8 -3 V b => €] => [1 & [-3asyc] by rule_3
[J] & [3y-3 V by = ¢ = [1 & [c] by rule_2
First branchi: sroves

[2] & L-a3y b =» 1 =x [1 & Lcl

L2l & [b = c¢]J => [1 & [ayc] by rule.2
Ca3] & L-p YV cl =>TC1 & Larcl by rule.S
First brancﬁ: Froves i
L2] & [-b] => [1 & [Lasc]

Cal & €1 => [1 & Cbrarc] by rule.2

Tautolodgy.

This branch has been groved.,
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Second branch { Proves

2] & Ccl => €1 & Larc]

Tautolodyu.

This branch has been Froved.

Second branch { Froves

L2l & Cbsb => ¢ =+ [J & [c]

[br3] & [-b V c] = []J & [cl by rule.S
First branch ! Frrover

[byal & [~-b] => [1 & L[cl

Cbral & [] => L1 & Cbyc] by rule. 2
Tautolosy.

This branch has been rroved.

Second branch 3 'Provey

[bral & Ec3 =+ L1 & LCcl

Tautolosy.,

This bramnch has been rroved.

Formuls is valid.

Formula?
(a =» b)) <= (~a3 V b)

L1 & C1=»[1 & [((a=xb)=x-3 V b) & (-a V b=ra=rb)] by rule_8

First branch ¢ Frover

[1 % €1 => L[] & [ a => b) =% -3 V bl

[18C]=>C1%[-(a=>b)V -aV bl | by rule_.é
[]1 & C1=>1L18% [-(a => ble=a V bl by rule_.3
L1 & [38 =+ bl =>» L1 & L~-3 V bl by rule 2
[1 & C~-2V bl =xC18&[-3V bl - by rule_3
1 & C-32 V bl => [1 & [-3rb] by rule_3
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£1 & Lasr-a3 V bl

First branch ¢

Cal & £-21

(a1 & (1]

Tautolosy,

-,
-

=> [1 & Cbl]
Froves
=+ [1 & [b]
£l & Carb]

This branch has

Second branch !

Lal & [b]

Tautolody,

Cl

been rroved.

FTOve:r

& bl

This branch has been sroved.

Second branch !

C1 & C3

L3

L1

L1

C1

£l

L1

3

&

&

&

£l ==

C3

Lar—a

First branch ¢

Lzl & [—-2]

(2] & [] =>-

Tautologyw.

Frover
L] &8[~-aVh =g =
[1&[-(-3 VD)V (a
L] & [~(-3 V b)ya =3
bl => [ % [a => bl
bl =» [1 & [-a V b]
bl =x [1 & [-3sb]
Vbl =101 & Cbl
Frovey
=> [1 & Cb]
C1 & Carhl

This branch has been eroved.

Second branch ¢

(3] & [b]

Tautolos=y,

L3

Frover

& [b]

This branch has beern eroved.

Formula is valid,

b1l

bl

[alp I

)™

by

by

by

by

by

by

by

by rule_2

ryle. 2

rule._é

rule_3

Trule 2

rule_é6

rule. 3

rule_2

rule_2



EROH

LEM 48

Verbal statement!?

The

To

Lodi

Use

Exec

Use

The

-F Y

-a YV

-r U

-3 Y

The

-

86

facts?

The maid said that she saw the butler in the living room.
The living room addoins the kitchen.

The shot was fired in the kitchens and could be heard in 31l
nearby rooms.

The butlers who had dgood hearings sa3id bhe did mot hear the
shot .

rove!

If the maid told the truthy, the butler lied.

c rrogram?

the sreviows rrodgram for Wang’‘s algorithm,

ution?

the following rerresentation?

The maid told the truth

The butler was in the livindg room
The butler was near the kitchen
The butler heard the shot

The butler told the truth

[V B B

nuw

rremises are written!
QR (If the maid told the truthy the butler was in the
living room.)
r (If the butler was irn the living rooms he was near
the kitchen.)
s (If he was nmear the kitchens he heard the shot.)
-5 (If he told the truthy he did not hear the shot.)
theorem is written?

-4 (If the mzid told the truthy the butler did not.,)



The formula inrFut to the Frodram is!

(=Fr V@) & (-aV r) & (-1 Vsg) & (-uV sg) =% (~p U —i)

EEOELEM 69

Verbal statement!

The facts:

The following chemical equations!

MgO0+H2 —-> Mg + H20
€c+02 --> CO2
CO2+4H20 --> H2CO03

The existing comronents?
Mg0yH2y02 3Rd C

To srove?

It is rossible to comrose H2CO03,
Logic Frosgram?

Use any of the rrevious Frorositionsal
Execution:

The rremises are written!

(Mg0 & H2) =& (Mg & H20)
(C &2 02) => CO2
(CO2 & H20) = H2C03

The theorem is written!

¢ ((M=0 & H2) => (Mg & H20))
& ((C & 02) => CO2)
& ((CO2 & H20) => H2C03) & M=0 & H2 % .02 &C) =3

Calculus theorem

H2C03

FTOVers.,
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EEOBLEM 70 CEMDEN» 197631

Verpal statement:

Consider a2 machine defined as 3 set of commandsy each of which
is 3 binarye relation over some surrosedls dgiven set of states.

In the set notat1on for the commands of this examrlers the
variables uwsvrwr’ sy’ are considered to randge over the

rational numbers.

The set of states = {(usrvsw)} U L)y U {(w)}

The commands (Fidgure 5)

setinotation for command "Algo1" notation for command
Cu,vow) s (usv'yw')) s visv-1 & w'=u x w} vow:isv-T,u x w
{((U’VQW)’(ul,V"W)): ul:u x U & Vl:v/2} U,vV:=u x u,V/2

| (E.W. Dijkstra's "parallel assignment")
{((u,v),(u,v,1))} | real w:=

("initializing declaration")
{((u,v,w),(w))} und u,v

("undeclaration")

{((U,O,W),(U,O,W))} v=0
{((uyv,w),(u,v,w)): v=0} v=0
(”guard")
{((u,v,w),(u',v',w)):even(v) & even(v);u,v:=u x u,v/2
u'=u x u & v'=v/2}
{((u,0,w),(w))} v=0;und u,v

("quarded command")

Figure 5

The machine @ come set closed wunder rFroduct containing the
above commands

The rrodgram schema =
(nonterminals? { SyFyQ ¥

rterminals? £ W1yV0,UVyVW 3
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rFroductions? {8 —> W1 F

'Fo—=3 V0
R A2
'Fo—=i VWP
>

rstart sumbol? )

)

The rrodgram is obtasined by the following identifications!

Wl = (real wi=1)

.UD = (v=03 und urv)

UV = (even(v)i wurvi=u 2 uyv/2)
VW = (vywi=v—-1yu 1 W)

Some "comrutations" ¢ (Fidure &)

computation 1 computation 2 computation 3
Tty X Y X t X
0 | -- (2,10) -- (2,10) -- (2,10)
T W (2,10,1) W1 (2,10,1) W1 (2,10,1)
2 | uv (4,5,1) uv (4,5,1) uv (4,5,1)
3 1w (4,4,4) W (4,4,4) W (4,4,4)
4 | uv (16,2,4) uv (16,2,4) uv (16,2,4)
5 | uv (256,1,4) VW (16,1,64) | W (16,1,64)
6 | w (256,0,1024)Y) W (16,0,1024)| VW (16,0,1024)
7 | vo 1024} vo (1024)] wW (16,-1,2-14]
8 VW (16,-1,2-18]
ad _inf
Figure 6

Two rerresentations of this machires the flowsrarh (Fidure 7)
and the flowdiasgram (Fidure 8)y are givern,

89



UWis V=l) UXW

Teven(v);

Fidgure 7

START

{

‘real w:=1

Q¢

—4F
__d<_f__<i—_—jj?—”——:>_l;__

und u,v

A

u,v := uxu, v/2

HALT

?0

Figure 8




Write a Frodram imrlementing this machine.

Logic rrogram:

1—or (600 fiy "0 )

s(X)i— Wwl(XsY)ryr(YsZ)swrite(Z)ynl.
F(XyY)i- vO(XyY).,

#(XyZ)t~ uv{XyY)sr({YsZ).,

F(XesZ) i~ vWw(XeY)er(YyZ).
wli{U.VsU.V,:1),

vo(U.OsWrW) .

even(V)i- V1 is V mod 2y V1==0,
uv(U V. WsUL. V1, W) - evern(V)y
Ul is UxU»
Vi is V/2,

v (U, V. WU V1. W1 - VL i V-1,
Wl is UxW,

Execution:
P-g(2.10).,

1024

?1






3.5 PLANNING (ros. 71 to 79)

EROBLEM 71 CWARRENY197432)
Verbal statement:

Marny sroblem domaihs can naturally be formalised a3s 38 world with
a set of actions which transform that world from one state to
another.

A rarticular sroblem is then srecified bw describing an initial
state and a desired doal states, the rroblem solver is recuired
to denerate a3 Flans 2 simrle seuence of actions which
transforms the world from the initial state to the doal state.

Write a3 rroblem solver (WARFLAN) » inderendent from any
sarticular sroblem a3nd 3ble to dgenerate 3 rlan of actions (in
order to transform an initial state into a doal state) for each
data base (world descrirtion) gou Sive 1it.

Logic rrogram:

1—or (700 fur&).,
1-or (650 rgfxy=r),

+

/¥ Froblem solver entrg ¢ Gerneration and outrut of a rlan X/

~lans(CsT) - not(consistent(Cstruel)s!rynly
write(’imrossible’)ynlsnl.,

rlans(CrT)i~ slam(CrtrueyTyT1)rymlroutrut(T1l)rynlsnl.

outPQt(Xs=}X)t~ tyoutruti(Xs)ywrite(X)rswrite(’, " )rnl,

outerutl (Xs=>X23- lyoutrutl(Xs)rwrite(X)rwrite(’ $ )ynl.

outrutli(X) i~ write(X)ywrite(’ #7)synl.,

/¥ Emtry roint to the main recursive loor X/

=1am(XECyFsTrT2) - lrsolve(XsFsTr»Fl1sT1)rlan(CsF1,T1sT2),
Flan(XsFrT+T1)1~ solve(XsFyTsF1,T1),

/% Waus of solving 3 soal X/
solve(XsFeTyFyT)i- 8lwaws(X) ¥ X

colve(XsFyTsFlsT) i~ holds(XyT)rand(XsFyF1),
solve(XsFrT sy XEF,yT1) 1~ add(XyU)yachieve(XsU,F::T»T1),
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/% Methods of achieving an action %X/
/% Bu extension %/

achieve(XsUsFsTyTi=xU) 1~ rreserves(UsF)
can({UsC)»
consistent(CsF)y
#13n(CsyFsTeT1)y
ereserves{UsF),

/% By insertion X/

achieve(XsUsFyT=xVyT1=xV) 3 rreserved(XsV)y
retrace(FsVsF1)y
achieve(XyUsF1yT»T1)y
creserved{(X»V).

/X Check if a3 fact holds in 3 certain state X/

holds(XyT=>U) i~ add(XsV).

holds(X»T=>V) - tyrreserved(XsVU)y
holds(XsT)y
rreserved(XyV).,

holds(XeT)t-given(TsX),

/¥ Frove that an action rreserves 3 fact %/

rreserves(UyX&C) -~ ereserved(XyU)srreserves(UsC).
rreserves(_strue).

rreserved(XsV) - numbérvars(X&UyO;N),
del(XsV)ytsfail.
rreserved(_rtruel.

/X Retracing a doal aslready aqhieved X/

retrace(FsVsF2) - can(VsC)y
retracel(FsVsCrF1)y
arrend(CrFP1,F2).,

retracel (X&F»VsCrF1) - add(YsW)reauiv(XyY)sly

retracel (FsVsCHrF1).
retracel (XgFyVUsCsF1) i~ elem(YsClreuivi(XsY)r !y

retracel (FyVsCrF1).
retracel(truerVsCrtrue).,

/% Consistency with 2 doal already achieved X/

cornsistent(CsF) i~ numbervars(CE&Fs0sN)»
imross(S)y
rot(rot(intersect(C»S))»
imrlied(SyC&F)s!sfail.,
consistent{_s_).
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/¥ Utility routines X/

angd(XsPyF) - elem(YsF)reauiv(XsY)s!.
and(XsFyXEF).,

arrengd(X&CyFyXEF1) i~ lyarrend(CyFyF1).,
arrend(XsFsX&F) .

elem(XsYEC) - elem(XsY),
elem(XsYEC){-1relem(X:sC).,
elem(XsyX).

imrlied(S18S2yC)i~ lyimerlied(S1yClyimrlied(S2,C).,
imrlied(Xs»C) i~ elem(XsC).,
imrlied(XsC):- X.

intersect(51,»S52)i- elem(XsS1)relem(XsS2).

not_eaual(X,»Y)?!~ rot(X=Y),

not (X="$VAR’" () )y
not{Y="$VAR’ (_)) .,

eativ(XsY)i- not(rnoneauiv(XsY3}).

noneauiv(XyY):—vnumbervars(X&Y;OyN)1X=Yy!yfail.
nornecuiv(_rs_).

Remarks on the lodgical srogram !

0)

1)

Orerators interrretation!

‘X&Y'’ 1is ‘X and Y’
X=xY’ 1is ‘the state after doing Y in X’

The central rredicate is "Flan(CsyFsT»T1)", it haé 4
arguments:

C is 8 conJdunction of do0als to he solved;
T 1is 3 (3lready denerated) rartiasl rlan;s

F is 3 condunction of doals s3lreadw solved by T which must
be rrotecteds

Tl is a8 new rlany which contain T as a3 subrlan and ereserves
the 3slreadw solved dgoals Fy and which 3lso solves the new
goals C.

Esgencialy this rredicate states that 2 £lan can be rroduced
by ‘solve’—ing each doal in the diven order (C»F»T behave as
inFut variables and T1 as outrut variable)., ’



2)

3)

4)

?6

The rFredicate raolvel(XsFrTsF1,T1) has the following
arguments?

X is an atomic goa3ls
T 1is a rartial rlani

F is a conJunction of doals achieved by T»
T1 is a rlany containing T 3s & subplan,'which solves F1y

Fi is a conJdunction comrprising F and Xr where X is not
rereated.

There are three waus in which 8 d03] maz be ‘solve’-d ¢ It
maw be ‘alwavs’ true in the world, It maw be that it alreads
‘holds’ in the state rroduced by the current rartial rlan.
Finally we may¥ look in the database for action U which
‘add’ -5 the dgoal X and then ‘golve’ X by ‘achieve’-ing U
(XyFoT behave as ineut variables and F»T1  2s outrut
variables). ’

The rredicate ‘achieve (X »UsFsT»T1)’ has two clauses
corresronding to two methods of ‘achieve’—ing an action 3
extension and insertion.

The clause for the extension method (the first orne) checks
that the action U ‘rreserves’ (ier does not delete) the
rrotected facts F. Then we lookur the rreconditions C in the
database and check that C is consistent with the rrotected
facts. All beindg wells we call ‘rlan’ recursivelly to modify
the current rlan T to 3 new T1 which rrodices a state in
which C and P are attained, U can then be arrlied in T1»
corresronding to the rlan resulting from this call of
‘achieve’.,

Finallws the check that U srreserves F is rereatedy for the
reason that U and F may mot have been instantiated to ground
terms =t the time of the oridinal check.

The clause for the imsertion method (the second one) follows
the axiom: If the last sction V in the current rartial Flan
does not delete the current dgosal X» we can try to imsert the
action U somewhere before V» rrovided we retrace the set of
rotected facts to the roint before V.

‘holds(XsY)’ follows the method! everuthing that ‘holds’ in
a2 state of the world can be determined from the #lan which
eroduces that state of the world., The susstem chains
backwards through the secuence of actions» so lond as rnone of
these asctions deletes the soudht-for factsr until the fact is
found in the ‘add’-set of an action or was dgiven in the
initisl state.



EROBLEM 72 CWARRENYy 197423
Verbal statement!

Using the rroblem solver WARFLAN» introduced in the rrevious
sroblems write the world descristion and the initial state for
the 3 blocks shown in Figure 9.

C
A B

FLOOR

Figure ¢
Achlieve the doal <state on(asd) &on(byc).

Sudestion?
Use the sredicates

add (X)) with the meanindg fact X is sadded by asction Us
’ ie. X 1s true in any state
resuylting from U (and U is a
rossitble asctiorn in some state in

which X is mot true)

del (XU " fact X i1s deleted by actionm U
1€, it 1is not the case that X
is rFreserved by U, (X is

rreserved by U if and only if X
1s not added by U and X is true
in 2 state resulting from U
whenever X 1s  true in the
Freceding state)

can{lUyCh " the condunction of facts € is
the rrecondition of action Us .
ie. ) is rossible in 3rny stste
in which € is true,

alwaus (X} " fact X is true in any state

1mEoss (XD the condunction of facts X is

imrossible in sny state
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given(TsX) with the meaning fact X is true in the imitisl
state T (but it is not the case
that X is true in 311 states).

Logic srodgram:

Irn order to use WARFLAN we have Just to Wwrite the data base
according to the block situation above.

/% [iatz Rase fTor the three blocks »roblem X/

add(on(UsW) ymove(UrVsrl) ).,
zdd(clear(V)ymove(U,»VslW) ).,

del(on(UsZ)Ysrmove (UsV:rl)) .
del(clear(W)smove(U»VsW)).,

can(move(UyUrfloor):on(U;U)znot_eaual(nyloor)Xclear(U)).
can(move(UyU,w)'clear(U)Zon(va)&not_eaual(UrU)Sclear(U)).

imross(on(XsY)&clear(Y)).
imross(orn(XyY)&orn(XsZ) Eriot .equal(YsZ)) .
imross(on(XsX)).

dgiven(startron(asfloorl).
givern(startron(bsfloor)).
given(startron(ceal)).
dgiven(startrclear(hl).
given(startrclear(c)).

Execution?

After adding this datsbase to WARFLAN sou Just have to dgive the
command?

t—~rlans{on(arb) &onl{brc)rystart).

the solution is?

start ¢

move(cryayfloor)
move(hsfloorsc)
move(asfloorsd)

. w er
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EROEBLEM 73
Verbal statement:

Cornsider the initizl state of % blocks as shown inn Figure 10
belowy arrly the rrogram WARFLAN: rresented in FROBLEM 63s to

+

achieve the doal state !
on(arsb) &on(brc) onlcrd)ion(dre)y

a3s it was done in the rrecedindg rroblem.

C B
E A D

FLOOR

Fidure 10

Lodic Frrogram:

Same facts ‘add’ » ‘del’ y ‘can’ y and ‘imross’ as those in  the
srreceding Froblem.

The descrirtion of the initial state is!
/¥ Ilata Base for the five blocks rroblem %X/

diven(startron(esfloor)).
given(startron(crel).
diven(startscleari(c)).
given(startron{ssfloor).
dgiven(startrclear(a)).
dgiven(startson(dsfloor)).
diven(startron(brgd) ).,
given(startrclezsr(d)),

Execution:
The command *"i- rlans(on{(asb)&on(brc)&on(crd)on(dse)rstart).”
runs the WARFLAN srogram and sroduces:

start ¢

move(bydryfloor)
move(csesyfloor)
move(dsfloorrse)
move(csyflooryd)
move{bsyfloorsc)
move(asfloorsb)

> Wr N> 6> W

-
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EROBLEY 74 CLWARRENy197431
Verbal statement?

Consider a world comeprising two areas ‘imside’ and ‘outside’.
in the aresa ‘inside’ there are four distinct locations» namelw
‘gable’y ‘boxl’ s ‘box2’ » ‘door’ . There is a robot which 1is
able to move about and transrort ob.ects. If the robot attemrts
to Fickur an obJect st a2 locations all that can be ascertained
is that it will be holding one of the obJdectsy if anws at that
location. The robot is onlw allowed to sickur an obdect if 1t
is the only obdect at a3 location, Consider 3 obJects ‘hkeul’ »
‘hewu?2’ and ‘redl’ and two actions ‘do’ and ‘take’. The robot is
only allowed to ‘€0’ or ‘take’ somethins ‘outside’ if hoth the
obJects ‘keul’ and ‘heu?’ are at the ’‘door’,

+

Consider the initial state», diven in Figure 11 1

] ]

kel KE Ren]1

TABLE sox] Box2 DOOR

Figure 11

Use the rrodram WARFLAN to achieve the doal ! to have ‘redl’
outside.

l.ogic srosgram:?

t—0r (300ygfis IS ).
1~or(200sfy ‘st 7).
1-0r (200 iy ‘Flaced 7).
1—or (200 Ty ’Only ).
t—or (100sufy "2t 70,

add(rosition IS Frdol(F)),

add(X ‘IS’ rlaced Qrtake(XsFrQ).

add(set slaced F ‘18° nothingstake(XsFrQ)) .,
add(set mlaced Q@ ‘IS’ only Xrtakel (XyFyQ2)2,



add(Zrtakel (XyFrQ)) i~ add(Zstake(XsFQ)).

del(rosition ‘IS’ Zsg0(F)),

del(X ‘IS’ rlaced Zytake(XsFsQ)),
del(rosition “IS° Zstake(XsyFsQyv)),
del(set rlaced Q "IS’ Zrytakel(X>FyQ)).
del(set rlaced F IS5’ Zrytake(XsFrQ)),

del(Zytakel (XsFsQ)) i~ del(Zytake(X,FyQ)),

can(go(inside at L)strue).
can(take(Xrinside at Llsinside at L2)y
set rlaced inside 3t L1 ‘IS’ only X &
rosition ‘IS’ imside at L1),
can(takel(Xyinside a3t L1y inside at L2)y
set rlaced inside at 1.2 IS’ nmothing 3
set rlaced inside a3t IL1 IS’ onlw ¥ &
rosition ‘IS’ inside at L1).
cen(take(Xyrinside at Lsoutside):s
set rlaced inside a3t L 18’ omlwe ¥ &
rosition ‘IS’ inside at . &
kewl ‘1S’ rlaced inside at door &
kew2 “IS‘ rlaced inside =2t door).

given(startsset rlaced inside at table ‘IS’ nothing),

given(startrset rlaced inside at boxl ‘IS’ only kewl),
diven(startr set rlaced inside at bhox2 ‘IS’ onlw keul).
given(startrsset rlaced inside st door ‘IS’ only redl).

imross(rozition "IS’ F & rosition ‘IS Q % ot __equal(FsQ)),
Execution!

The command "!- rlans(redi 187 slaced owutsiderstart).® runs
WARFLAN sfter having added this data base.

The answer is!
start ;
gol(insice a3t door)
takel(redly inside
go(inside at boxl)
take(kezly inside =
do(inside at howx?)
take(kew2y inside at boxZ, inside st door) 3
do(inside st table) j;
take(redly inside at tables outside) .,

-y

zt doory inside at table)

i

toxly ineide at door)

.y =

Remark. !

The resson for the two versions of ‘take’ iz that an action must
have a wunicue set of sreconditionsy and the effects of ‘tzke’
derend on the set of obhdects at the deztimation. (See olauses
‘can’ in the losgic rrodgram).
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EROBLEM 79 CWARREN?» 197431
Verbal statement?

Consider a8 very simrle comruters comrrising an accumulator and
an unsrecified rnumber of gereral rurrose redisters. There are
Jjust four instructions ‘load’ ‘etore’ s ‘add’ and ‘subtract’.
To axiomatise the domain in order to use the srodram WARFLAN»
rresented in FROBLEM 63y it is necessary to follow each
instruction 1in an assembly landuade rrodram by 3 comment. The
comment is introduced bw '3’ and states the value which will be
in the aecumulatof after the imstruction has been executed.

[lescribe such 3 machine and make it solve!
(1) ace is (cl1-c2) + (c3-c4)
(2) acc is (cl-c2) + (cl-c)

(3) acc is cl + (c2-c3) &
reg? is c2-c3 &
reg3 is c4 + c4

(4) redgl is cl + (c2-c3) &
reg?2 is c2-c3 &
acc is ol

from the initial state ! redl is cl
red? is ©2
red3 is ©3
redd4 is c4

Logic rrOogram:

1-0r (250 sufry "#°) .,

t—or (250s9fs IS ),
t—oF(150s3:2fas "+ ),

1—0r (1509 ufusr ')
t—op(150sfiy "10830d7 )
t—0r (250 Fy ‘3047 )
1—-0p(150sfxy ‘subtract’ ).,
t—-or (150 fy ‘store’ ).
-0 (150 fiiy ‘Ted’ ),

/* Machine code deneration X/

add(zce IS/ V1+V2, a3dd R # vi+V2).
add(ace IS8’ V1-V2y subtract K £ UV1-VU2).,
add(acc ‘IS’ Vy load R * V).

add(reg R ‘1S’ Uy store R #V.

del(acc ‘18° ZyUi- add(scc ‘187 VsU).
del(reg K ‘IS’ Z»U)3i—- add(reg R ‘IS’ VsU).
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can(load R # Vy red R IS V),

can(store R # Vry 3cc 71857 V),

can{add R # V14+V2, reg R “IS* VY2 & acc ‘IS’ V1),
can(subtract R # V1-V2yred R ‘IS’ VY2 & acc ‘IS’ V1),

given(startyregl ‘1S’ cl1).
given(startyregl? ‘IS8’ c2).,
diven{startsred3d ‘1S’ c3).
given(startyredsd 15’ c4).,

Execution?
(1) - rlans(acc ‘IS’ (cl-c2)+(c3-cd)rystart).

Answer?
start »
load 3 # 3
subtract 4 # c3-c4
store X1 # c3-c4
load 1 # c1;
subtract 2 # cl1-c2
add X1 # (cl-c2)+(c3-c4) .,

(2) 1- rlans(scc ‘IS’ (cl-c2)+(cl-c2)ystart),

Answer:$
start »
loadl # c1 .
subtract?2 ¥ cl-c2
store X1 # cl-c2
add X1 % (cl-c2)+(cl-c2) .

(3) ;— rlans(redgl ‘IS’ c1+(c2;c3) &
redg? ‘1S5’ c2-c¢3 32
redg3 ‘IS’ cd4+4cdrstart).,

Answer:
start s
load2 # c2;
subtract 3 # ¢c2-¢c3
store 2 % ¢c2-c3
load 1 # c1
add 2 ¥ cl+(c2-c3)
store 1 # c1+(c2-c3)
load 4 % cA4s
add 4 # c44c4
store 3 # c4+c4 .
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(4) {—- rlans(resl ‘IS’ cltle2-c3) &
reg?2 ‘IS8’ c2-c3 &
sce ‘IS87 clsstart).

Answer:

start 7

load 2 % c2y
subtract 3 % c2-c3
store 2 % c2-03
load 1 % cl 7

ctore X1 & o1 ¥

add 2 # cl4{c2-c3) ¥
store 1 # cl+(c2-¢c3) 9
load X1 % cl1 .

Remark! The first branch in WARFLAN’S search srace for auestion
(4) is infinite. Interactive intervention to block this hranch
resuylted in the above solution beind fournd without anw  further
assistance.,

EFROBLEM 76 [LWARRENY 197431

Verbal statement!

Consider the world rresented in Fidure 12y belonging to STRIFGL.

Room (1) RoomMm (2) Room (3) ROOM(4)
LIGHT SWITCH “){
®
7
Box (1) _ OINT (6)
Bor(2)
& Pox(s)
e ne——— e v
Poor (1) Door(z) Poor(3) Door(4)
room (5)

Figurel?2
llescribe it and use WARFLAN to achieve lhe fozlsi
(1) status(lightswitchi{l)ron)

() mextto(hox(1)ybox(2)) knextto(box(2) »box(3))
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(3) st(robotrroint(s))

(4) nextto(box(2)sb0ox(3))&nextto(box(3)ydoor(1))%
status(lightswitch(1l)son) &nextto(box(1l)rbox(2))%
inroom{robotsyroom(2))

Lodic Frogram?
/% NIlata Base for the STRIFS1 =roblem %/

add(at(robotsF)rg0tol(F)R)).
add(nextto(rpbot;X)ysotOQ(XrR)).
add(nextto(X»Y)rrushto(XyY»R)) .,
add(nextto(Y»X)srushto(XsYs»R)) .
add(status(Syon)rturnon(S)).
add(on(robotsR)syclimbonrn(R)) .,
add(onfloorsyclimboff(K)).
add(inroom{robotsR2) rvdothru(liyR1syR2)).

del(at(XyZ)r»U) - moved(XsU).
del(nextto(Zsyrobot)sU) - lrydel(rextto(robotsZ)sU).
del(nextto(robotsX)ryrushto(X»YsR))¢~ 1y fail.
del(nextto(robotyR)sclimbon(R))i- !yfail.,
del(nextto(robotsyR)yclimboff(RB))!—~ tsyfail.
del (riextto(X»yZ)U) - moved(XsU). '
del(rnextto(ZsX)sU) - moved(Xsl),
del(on(XsZ)»U) - moved(Xs,U).
del(onfloorsclimbon(R)).
del(inroom(robots»Z)ydothru(llyR1,R2)) .,
del(status(SyZ)sturnon(s)).

moved(robhotsdotol(FsR)).,
moved(robotsrgoto2(XsR)).
moved(robotrrushto(XsYyR)).
moved(Xsrushto(XsYsR)) .,
moved(robotseclimbon(R) ).
moved{(robotyclimboff(R)).,
moved{(robotydothru(lisR1R2) ),

can(gotol(FyR)rlocinroom(FsR) &inroom{(robotsR)&onfloor).
can(goto2(XsR)sinroom(XsyR)&irnroom(robotsR) &onfloor).
can(rushto(XsYyR)ryrushable(X)&inroom(YyR)&inroom(XsyR) &
rextto(robotsyX)&onfloor).
can(turnon(lishtswitch(S))oon(robotrbo<(1))8
nextto(box(l)sylightswitch(S))),
can(climbor(box (E))snexto(robotsbox(R))%onfloor).
can(climboff(box(R))rorn(robotsbox(R))).
can{gothru(lsR1R2)yconnects(DyR1yR2)&inroom(robotsR1)%&
nextto(robot:ﬂ)&onf}oor).

alwaus(connects(lIyR1,R2)) - comnectsl(D»R1yR2),
alwavs(connects(IHHYR2yR1)) !~ conrnectsl1(OsR1yR2).,
always(inroom{liyR1)) !~ alwaus(cornnects(lsROYR1}).
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always (rushable(box(N)) ).,
alwass(loc1nroom(Po1nt(6);room(4))).
aluass(lnroom(llshtswztch(l)yroom(l))).
31wass(at(119htsw1tch(1);P01nt(4))).

connectsl(door(N)rroom(N)yroom(S)):— rande(Ns1s4).,

range(MsMsN) .
range(MsLeN) - not_equal(LsN)y L1 is L+1» range(MyleN).

inen(stripslvat(box(N),Point(N)))t— range(Ns1+3) .
siven(stripslvat(robotyPoint(S))).
siven(stripsl;inroom(box(N),room(l))):— rande(Ns1+3).
diven(strirslsinroom(robotsroom(1))).
given(strirslsonfloor).
given(stripslystatus(lishtswitch(l)yoff)).

Execution?

1) - Plans(status(lightswitch(l)’on)ystart).
Arswer:

start 7

goto?2(box(1)rroom(1)) ¥
Pushto(bo"(l)vllghtswltch(l)yroom(l)) 3
climbon(box(1)) 3
turmon(lightswitch(1)) .,

(2) t- rlans(nextto(box(1)sbox(2) &
rexto(box(2)rbox(3))rstart),

Answer:

start

goto2(box(2)sroom(1))
rushto(box(2)rbox(3)ryroom(1)) 7
go0to2(box(1)rroom(1)) &
crushto(box(l)shox(2)syroom(l)) .

(3) !~ rlans(at(robotrroint(é))ystart).
AnswWwer:

start *

dgoto2(door(l)sroom(1)) 3
gothru(door(1l)rroom(1)syroom(3))
goto2(door(4)yroom(5)) 7 ’
gothru(door{(4)sroom(S5)sroom(4))
gotol(roint (&) sroom(4)) .

-
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(4) - rlans(nextto(box(2)sbox(3)) &

Answer:

start

nextto(box(3)rdoor(l1)) &
status(lightswitch(1l)son) &
nextto(hox(1)rbox(2)) &
inroom(robotsrroom(2))ystart).,

»
b4

goto2(box(3)sroom(l))
rushto(box(3)rdoor(l)yroom(l)) 3
goto2(box(2)yroom(1)) ¥
Frushto(bhox(2)ybox(3)syroom(1l)) 3
goto2(box(1)ryroom(1)) 3
rushto(box(l)ylightswitch(l)sroom(1)) 3
climbon(box(1)) ¥+
turnon(lightswitch(1)) »
climboff(box (1)) 3
goto2(box(1)yroom(1l)) 3
rushto(box(l)sbo(2)ryroom(1)) 3
goto2(door(1)sroom(1)) 3
dgothru(door(1l)yroom(1)yroom(S)) 3

doto2(door(2)sroom(S5)) ;

a

gothru(door(2)sroom(S)s»room(2)) .

EROBLEM 77

CWARREN» 197501

Verbal statement:

Consider 2 world consisting of the following obdectssy facts

actions?

Obtlects?

nambersy N = <1y29y+s..etcn

directionss D = <leftyright>

wheelsy W = <wheelly wheel2y...rwheelNx
axlesy A = <a3xlely.ssraxle N>

endofaxlesy E = <Dlendof Al where N1 D and Al A
holesy H = <holels..srhole N

vices V = <vicerx

Facts:

Staticy Il 1is orrosite of D2y where DN1,yN2¢ll
Ienamicy W1 is attached to El, where Wle W and E1 € E
Iunamicy Al is thru Hly where Al e A and H1 e H
Iynamicy E1 roints [l . where El e E and N1 el
Ivynamicy carbody is blocked to Lily where Il eIt

Duyrniamicys carbodye is unblocked to l, where Ole I

Dynamicy W1 + Al is clamred: where Wlie W and Ale A
Duynamicr W1+A1+H14V1 is free: where Wle WAl € ArHL € H
and VieV

and
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actions?

insert E1 into Wly where El1e E and W1 €W

rush W1 from D1 to n? outo E1 irm Hly where W1l e WrH1€ H/ELE E
slide E1 into H1 from It where E1€ EyH1 € H and Nlel
block carboduw to Itly where Il eI

unblock carbods to [1» where N1€ I

clamr Wl where Wle W

unclame W1+Aly where Wie W and Ale A

the actions may be eictured as follows (Figures 13 and 14) :

E

v
/A h-'a
I l INSERT E inTo W

D1 D2
g
-
0
BLOCKCARBODY TO DA
0 UNBLOCKCARBODY To D2
/

Figure 13
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D1 D2

w

PUusH W From D1

mi

suve E

J4

cLamp W

Fisure 14

Descrine

: wWworlo 25 a data

sroblems .,

DEse
solve oar

i ordger

b
T

10 D2 onto £E w H

into H rrom D

@—w—o

uncLtAaMP W

o se

WakFLAN

to

1o



Logic rrograms

/% Drerators definition X/

~or (600 fxy ‘insert’ ).
-oF (600 fity ‘rush’ ).

~op (600 fiy’slide’ ).
~op (600 fiy ‘Clamr’ ).

—op(éooyfx,’block_carmbodswto’).

—or (600 iy ‘unblock_car.
~op(600;fx,’car_bdda_is_unblockedwto’).

*

L]

+*

+

+

*

+*

L[]
2—09(600;fxy’unclamp’).
H

+

+

L]

*

+

+

bogdu._to’ ).

—op(éoorfx,’car*bods_is"blockedwtm’).

~or(600y:fy ‘is_free’).

3—0P(6009xfy’is_clamped’).

~or (500 :fyy “is_thru’).
—or (500 :fyr ‘roints’ ).

»
*
4+
L]
2—09(500vxfsy’is_oppositeuof’).
:—OP(SOnyfsy’ismattachedmto’).

1 —-0r (400yufir 7into’ ).
t—or (400 sufiy ‘from’ ).
t—or (400 rufsty "to” ),
t -0 (400 yufir ‘Oonto’ ).
$or (400 yufis 7in’ )

t—0p (300 :fuy ‘end_of’ ).
—-or (200 Fiiy “wheel ).

+
+
t—ar (200 iy "axle’ )
1—o0r (200 iy “hole’ ),

/% Defimition of the dgoal state %X/

go0al(T) - rlans(axle Al dis_thru holel &
avle A2 is_thru hole2 &

wheel Wl
wheel W2
wheel W3
wheel WA

/% Data base X/

add(W is_attached_to Eo
add(W is_.attached._to E»

add(A is_thru Hy slide i end..

add(wheel W is_clamred.

is_.attached.to
ig_attached_to
is_attached_to
is_attached_to

left endof axle Al i

left end.of
eight end.of
right end.of

insert E into W).
eush W from D1 to D2 onto E im H).
of A into H from D2).
clamer wheel W),

axle
amle

arle

add(axle & is_clamreds insert I end_of axle A into Wi
add(wheel W is._.frees unclame wheel W),
add(axle A isz_frees unclamr axle A).
add(vice is_frees unclamr X).

add(car,bodu_is_blocked_to Iy
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add(car_bodu_is_unblocked_to Iy unblock_car_bodu_to I,

add(ll end_of A roints Iy slide 11 end.of A into H from D2)!-
alwaus(ll is_orrosite_of I2).

add(d end_of A roints D2y clide 1 end_of A into H from L2)¢-
alwaus(Dl is_orrosire_.of 1),

cari(insert I end_of axle A into wheel Wr axle A is_free &
I end_of asxle A is_free §
wheel W is_clamred).
can(rush wheel W from [11 to 2 onto I end_of zxle A in hole Hy
wheel W is _free §
Il end_of axle A is_free &
axle A dis_thru hole H &
I end_of axle A roints Il &
car_bod4_is_unblocked to N1 &
2 is_orrosite_of D1 &
car_bodu._ is._blocked_..to N2),
can(slide 11 end_of axle A into hole H from L2,
axle A is_free &
Il end_of axle A is_free &
hole H is_free §
car_bodu_is_unblocked_to D2),
can(clamr wheel Wy wheel W is_free & vice is_free).
can(unclamre Xy X i1s_.clamred).,
can(block._ car_.bodu_to [y true).
can(unblock_ .car_bhode_to Iytrued.,

del(X is_freesU) - add(X is_clamredyl)),

del(X is_freesyU) !~ add(X is_attached_to Z:U).

del(X is_freesU) - add(? is_attached._to XsU).,

del(A is_freerslide 1 end_of & into H from 02),
del(H is._freeyslide E into H from 2.

del(vice is_freesy clame W),
del(car_body_is_unblocked._ . to I, block._ .car_bodu_to I1),.
del(car_body_is_.blocked_to Iy unblock. car_hodu_to [,
del(Z is_clamredyunclamr Z).

del(W is_clamredy insert E into W),

imross(axle A is_free & aule A is.thru hole H).

imross(ll end_.of A is_free & W is_attached_to I end_of A).
imross(wheel W is_free & wheel W is_attached_to E),
imross(wheel W is_free & wheel W is_clamred).,

imross(hole H is_free & A is_thru hole H),.

imross(axle A is. free & a3xle A is clamred),.

imross({vice is_free & X is_clamred).

imross{car.bodu_ is_blocked_to I' & car_ body_is_unblocked_to ).

3lwaus(true).
alwags(left is_orrosite_of right).
alwavws(rizht is_orrosite_of left),



EROBLEM 78 [WARRENy 197501

Verbal statement!

Consider the initial state of the car assembly rrocess as it is
rictured in Figure 13,

Qe
WHEEL2 WHEELS' WHEEL;
Figure 195
Describe this initial state irn order to use the Freceding

sroblem and the rrodram WARFLAN to solve the rest of the
assembhly Frocess.
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Logic rrodgram:

This state i1s called the "middle state" Just becsuse 3 smzall
rart of the car is zlready assembled when the srocess starts,

/X DNescrirtion of the middle state X/

given{middleswheel W is_free):i—- member(W,f2,3y47).

given(middlesaxle N is_thru hole N)i—- member(Nsy[1+27),

given(middley I end_.of axle A roints )i~
member(Dsy[leftyrighntl),
member(AsL[1,271),

siven(middleyrisht end_of axle A is_freel!- membhoer(Ar,lfi1s21).

diven(middlerleft end_of axle 2 is._.free).

given{middler vice is._free).

given(middlercar_node.is. unblocked_tea L) ¢-
memberi{ly[leftyrigntl).,

member{AyLAl _ 1),
member(AsL_1EI) !~ memher(asyK),

Execution:

To run the rrosram WARFLAN with such an initisl state snid such s
datsa base 1t 1 duet, e to give the command?
*i— doal{middle).".

The answer is?

bhlock_car_bady.to right

fush wheell from left to right onte left srd_of axle
in hole 22

unblock._ car.body to risnht 3

tlock_car._body to left

rush wheel 3 from right to left onto right end_of =2:le 1
in hole 1 =+

#ush wheel 4 from right to left onto right end_of axle 2
in hole 2 .

EROBLEM 79 [LWARRENy 197500
Verbzsl statement!

Now consider the initial state of the car sssembly srocess 59 1M
Figure 16, '



N

_—

) QO

wHeeL1 WheEL2. wHEELS wHeeld

(YierT RIGHT) ({eFr___RIGHT)

AxLE] AALE 2

Fisure 14&

Golve the rreceding sroblem considerins thig inmitial atate and
taking into account the srogram WARFLAN,

Logic rrogram:
/¥ Descrirtion of the atart state ¥/

given(startrwheel W s freed)i- member(WsL[1s223:471),

given(startraxle A je_free)l- member(Aar»[1:21).,

given(start Il end_of axle A dis.free)i- member(DsLleftsright])y
member{Ay L1200,

given(startsnole H is_free)i- member(Hs L1213,

given{startsvice ia_freed.

given(gtartyCarwhodywiswunhlockedwto -
member (s [leftsright]),

member (ALAL 1) .
memher{(fAy[ . IEBI) I~ memper(AsR) .,
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Execution?

Just dive the command:? *iI- dgo0a3l(start).
e

slide left emd_of 3xle 1 into hole 1
slide left end_of axle 2 into hole 2
block_car_bodu_to' left

Fuush wheel 1 from right to left outo
in hole 1 3

Fush wheel 2 from right to left outo
in hole 2 3

unblock_car_bodu_to left ;
block_car.body_to right 3

Frush wheel 3 from left to right outo
in hole 1 5

rush wheel 4 from left to right outo
in hole 2 ,

angd the answer

from left
from left

- ep

léft end_of axle

left end_of auxle

right end_of 3xle

right end_of axle

3

RS

will
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3.6 MACHINE TRANSLATION (nos. 80 to 86)

EROBLEYM 80
Verbal statement!?

Transform 2 natural landuade sentences takernn as a3 strimg of
characteres with some sraces between them» into @ licst whose
elements are its words.

Sugestiont! 1) Consider the following cut marks | ‘srace’ Ty
el TNy’ line.feed’ and ‘CR7.,

2) Surrose the sentences mayg Tinish by Ty 47 or

i

3) Knowing that FROLOG camnot read word iy wordy ol
have to imadgine 3 character by character
transformation. ’

Logic rrogdram:

sentence(F)i~- det(C)rywords(CsF).

words(CsLFPIFs1) - letter(Clyword(CsClyL )y
neme(FyL)rywords(ClsFs).

WwOTHs (4407 » 7 1Fs]) i~ det(Cl)rwords(ClsFs),

words(63y[?1) .,

words(46+yL.1),

words(33sL 1),

words(_sF) i~ det(C)rwords(CrF).

word(CyC1sLCICs1) i~ detO(C2)y(letter(C2)yword(C2yC1sCs)s
C1=C2yCs=0C1).

letter(32):~ 1y fa3il., /X sFpace X/
letter(63):— 1, fa3il. /X 7 X/
letter(4s6):~ 1ty fail. : /X . X/
letter(33):- 1, fail, /X ! ) 94
letter(44):i- 1, fail. /X y X/
letter(10):- 1y fail, /¥ line_feed X/
letter(13)3- 1y fail. Ve CR X/

letter(_),
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FREOBLEY 81
Verbal statement!?

In the rreceding =roblem» make the suitable modificationm 1in
order that carital letters might be transformed into small
lettersy knowing that the intermnal codes of carital letter <o
from 64 to 90 and thst the codes of the corresronding small
letter can be obtained adding 32,

Logic srodrams:
/% Frodgram 1
[lefine two new rredicates ‘et zn "det0d" as follows! X/

get(CrA) I~ et (C)r (C=90sCir=b4rA is [ + 32 5 Aa=0).
get0(CrA) t~ <et0(C) s (C=90,Cr=64+A 18 C+32% A=0).

/¥ Rerlace the ususl calls to et mnd "get0” bz new calls of
the above rredicatesy the resulting rrogram will be (we will
write only the rew clauses): X/
senterce(F) - get{CrA)swords(AsF ).,
words (44 y " 1Fs1) - get(ClyA)rwordsiArFs),
words(_sF) 31— gat (CrA)rwords(AsF) . '
word(C:C1LCiICs1) - §EtO(C29A7(letterfﬁ)!NOTd(ﬁiCl!CS);
Cl=As Cs=0[1J.

/% Frogram 2

Redefime the rredicate "letter' as follows! b 34

letter(32s..01~ lefail, LXK grace . 9

letter(63s_ )t~ tyfail, AK i ¥/

letter{4ér.. 23—~ lsfail. ' g 3 N X/

letter(33-_)3— l+fa3il., 7K ! . 94

letter(44s_ )i~ tyfail, /X y X/

letter(10s_ )t~ tefail. /% line_feed X/

Jetter(13s_ 21— tsfail, 7K CR *x/
letter(LsNLY I~ (L=<90sLx=b4yNL is L+325  L=NLDY.

/% Then we rerlace the czlls of the ald "letter® bw calls to the
new 'letter't X/

words(CyLFIFsl) P~ letter(CoNC) swoard{(NCy»C1sL )y
rame (Pl ) ywords(ClsFs).

word{CeCL1,LCICsT) 1 Get0(C2)y (letter(CR2yNC2) swnrd (NC2,CLsUs) s
Cl = G2y Cs = [,



EROBLEM 82

Verbal statement?

Surrose wou have a list L of atoms: for instance
Outrut that 1list
letter 85 a3 carital

word by wordy

the last one serarate by *and*.

Lodgic rrodgram:

outrut (CN1) i-caritals(NsNI)swrite(N1) ywrite(’,.”).

outrut (CNsN1D) -~

caritals(XsX1):~

caritals(XyX).

Remarks?: 1) the second clause of "caritals® is only needed

caritals(NyN2)surite(N2)ywrite(’

outrat (CN11).,
outrut (ENINsS]) I~ caritals(NsN1)swrite(NI)rswrite(’,

outruyt (Ns) .,

rame(Xsy[LCAIL]I)rAZ=97,
E is A-32yname(X1,[ERILI]).

the word has alreaduy caritzl letter,

Frorer
each of them with the first
and serarate from the rrevious by 3

and

FiQuns .«

cOomms»

when

2) the outrut of the list [dohremarysdames] will be!

*Johny Marve znd Jasmes.*.

EREOBLEYM 83

Verbal statement?

Consider the following ENF dgrammar and

FTOST3m,
CLETOSTam: MM
“statements M
“statement MM
test: MM
exF Tl o
exrr 1 MM
exrr OF M

LCOMP3TLISON OFF: e

1}

il

CWARREN 1927701

write it

“stastements:
“statemenrt:!
“statement>sistatements
Lramer i =denEried

FROLOG

IF <test: THEN <statement: ELSE <statemenrt:|

WHILE <test> DO <statemenrt:!
READ <rnamelx!

WRITE <eMsri!

(<steztements:)
LeMPTIICOMPFATrison OF L eMErs
LexEprrior 2rdexer 151

Lexer 1

Lexrr lx<or 1xdexrr 0|
“exer Q&

Lname |

“inteder|

(Zexpr:)
- ) 1 ] o [ RO

119
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Logic erosgrams:
erogram(Z0syZrX) $~ statements(ZOsZsX).

cstatements (Z0y LX) 1 statement (Z0sZ1+X0)y
restatements(Z1sZsX0s X,

restatements (73 .Z0)yZs X0y (XO3X)) - statementa(Z0» s XD,
restatements(Zy»Zs XX,

statement((u.'2=’.ZO):Zyassign(name(v)sExpr)) HES
atom(V)y exrr(Z0sZsExer).,
statement((if.ZO)yZyif(TestyThenyElse)) HES
test(Z0y (thernZ1)sTest)
atatement(Z1ly(else.Z2)yTher)d s
statement(Z2yZsElse).
cstatement((while .Z0)sZrwhile(Testyla)) MR
test(Z20y(do.Z1)sTest)y
statement(Z1iyZTI0) .,
statement ((read.V.Z2)»Zrread(neme(V))) - atom(V),
statement ((write.Z0)sZsuwrite(exrr)) - exrr{Z0sZsExrr)d,
statement((“(/.20)yZs8) - statemente(Z0s (") 228D,

test(ZOryZrtest (DrsX19X2)) -
exerr(Z0y (0, Z1)1X1)y comrarisonor{(0r)y
exer(Z1,ZyX2).

exEpr(Z20rZ9X) - subexrr(2y209yZ+X),

subexeEr (N»Z0yZeX) 1- N=Qy N1 is N-l»
subexrr (N1 Z0yZ1sX0)
restexprr(NsZ12Z¢X0rX).
cubexErr (0y (X Z)vZyname (X)) - a2tom(X).
subexrr(0s (X .Z)sZrconst (X)) - inteser(X).
cubexrr(0» (7 (7 Z0)sZeX) - asuperE (2970 () 2) XD,

restexerr(Ns (0 200y ZyX1sX) 1= or(NsOr)» N1 is N-1.
subexrr (N1 Z0»71yX2) >
restexr(NyZisZrexerr(Or s X1y X2) X,

restexrr(NyZrZyX»X).,

comearisonor (=),
comrarisonor ().
comrarisonor ().
COmParisonor (=),
comrarisonor (=),
comrarisonoriN=),

or{2yX) ., o={1ls+0.
or{2r /) or(ly).,



EROELEM 84 CFEREIRA et 315197813

Verbal statement!

Construct 3 simrle grammar which rarsec an arithmetic exsrression
comrutes its value.
Consider "-2+43%5+1" as an examrle of an asrithmetic exrression,

(made wur of didgits and orerators) and

Lodgic srogram!

exrr(Z) ——> term(X)s "+ vexrr(Y)s{Z is X+YI¥.

exrr(Z) ——=% term(X)sy"~"yeurr(Y)sy{Z is X-YI.
exrr(Z) —-> term(Z),
term(Z) - rumber(X)y» ¥ yterm(Y)s<{Z ic XXY>.

term(Z) —=> rmumber(X)r"/"sterm(Y)s{Z isc X/Y¥.
term(Z) —-> riumber(Z).

number(C) --> *+*,number(C),
rumber(C) - "—*ypumber(X)sy{C is -XI¥,
rumber(X) —-> [Cly{"0"=<Cy C<"9"y X ic C~"0"7F

Executionr
The auestion? Te@urr (2 " =243%5+1 5[ 1),

will comrute Z2=14

EBROBLEM 85 CWARRENy 1974031
Verbal statement!

Write & rrosram able to translate the
notation inte the usual FROLOG rmotations for

irev(I[XiL1)

= tarr(irev(l.)y[X1) &
trev(Ll) = [1 &

13rr (CXTL1391.2) = [X!itarr(lLlsL2)] &
tarr(L3sL) = |
into

rev(CXiL1d»L) 1~ rev(L1,L2)y are=(L2y[X1:L),
rev(LI1,C1).,

arEllXaL1Id L2y 0XIL3T -~ sredliyL2.L3),
arre(LlsLsL) .

+

functiornal LISFish

€23

amrle trancslate



lLogic srodgrams

t—-0r(300safs&).,
1—or (200yufy=).,
t-or (1009 d) .

/% Translation from furnictional notation into
FROLOG notation X/

let(F)t— leti(F).
let ().

letl(FEQY!— letl(F).

letl1(FRQ):- lyletl ().,

1let1(1TO=VO) I~ TO0=, .[F!A0Tstrans(VOyVsyL1sC) >
arr(A0YL[VIsAl)y T=.,.LF1A1],
write(T)soutrut(Crynlsfail,

trans(TO»yTO»COyCOY I~ vaBT(TOr !,

trans(iTO»VsCOsCII— !>y TO=, .LF!A01stranslist(AOyAYLTICOI+C)>
arr(AYLVIyAl)y T=,,LFIAlD,

trans(T0:T2CO»C) - TOo=,.,[FIAQ]stranslist(A0»A»COC).
T=+.[F1A].

translist(LTOIAO0T,LTIATICOsC) - translist(AOsA»CO>T1) >y

trans(TOsT+ClsC).,
tramslist(L1y»L1,CO+CO).

aPP([XlLIJ;LSZv[XﬁL'S])Iv“- are(L1sL22L.3),
BEP([]yLvL).

outrut(C1) i~ write( .+ denlst,
outrut (X)) - write(’ i~ “Jyoutrutl(X).

outrutl (LAD) - write(A)swrite(’ ./ dsnlst,
outrutl (CA'ED) I~ write(A)suwrite(’y Yyoutrutli (R,

Execution?

To rerform the srogram give the commenrnd *!-let(F).* where F must
be what wou want to translate into FROLOG: for examrle:

i—let( rev([XiL]) = tarr( trev(L)y[X]) &
rev([1) = [1 &

arr([X1L11,L2) = [Xitarr(Ll1 221 &
arr(Cdyl) = L ) I

e S0 s s

rev(EXILIsL1) - rev(LsL2)ryars(L2y[XIsL1),
rev(ClI LD,

aper (EXIL1DyL2y[XIL3D- 3rr(L1sL2yL.3).
arr(LlrLyl).



EROBLEM 86

Verbal statement:

Write a3 Frodram able to translste the FROLOG rnotation into
rseudo-English.

Consider the following defimitions as a8 start roint?

F - Q mesns Foaif Q
F»Q means F ang Q@
F i Q means . F or Q

the srodgram must also be able to achieve new definitions from
the user armd to retrovert Endglish inte FROLOG rnotation.

Lodic Frogram:
1t =0 (300 fFy?),

bedini- asserta(definition(XsX)),
sseserta(definition((FsQ)»[FryorsyQ1)),
ssserta(definition((FI-)s[FPsifsyQ1))
asserta(defirnition((FsQ)yL[FyarndsQ1)),
rereatsnlsnlryreaad(T) s (T=storirrocess(T)yf3il).

rrocess(T-IN) I—- lyassertal(definition(Ty)),
Frrocess(CT1IT217) - retrovert(TyLT1IT2D)y!rynlsuwritel(T).
rrocess(T)!{— translate(TyIDsymlrsoutrut (i),
rrocess(_3t—- mlsywrite(untranslatable)rnl.,

/¥ Retrovertion rrocess X/

retrovert(TyIN - definition(Tly0)s !y T1l=, ., LNIL],
retrovert_ards(ardsyl )y T=,.[MNIATHEs],

retrovert_args([AtArdsls[LiLsl) i~ retrovert{(A»L)y
' retrovert_ards(Ardssls) .,
retrovert_ardgs(L1,[1).

/X Translation srocess X/

translate(XyX)i- var(X)s!,
translate(T Dt~ T=..[NIATrdslrardgs(Argssl )y
Ti=.,.[NiLlsdefinition(T1,0).

args([A!lArds]ylLiILs1) !~ translate(Arl.)ryargds(Ardssls).,
args(L1sL1).

/¥ OQuteut Frocess X/

outrut(LX1S1)I- var(X)rwrite(X)swritel{ “dsoutrut(S).

outrut (CLX118T) 1~ outrut(CXiS51),

outrut (CEXILIIST) - write(’'y “)youtruat (CXIL1)y
write(’s» "Jyoutrut(g).



outrut ([X181) 8- write(X)swrite(’ ‘)routrut(S),
outrut (L),

Execution?

As an examrle of this rrodram we 3re dgoindg to see the
translation of some of its clauses.

(i-LC)

(t~0r(300sxfs7))

erocess(_73-_96) if (! and ssserta(definition(_73y_.96)) )

~rocess([_78:_101137) if (retrovert(_133,0.781.101) and (1! and
(nl and (write(_.133) and et (C46]) D))

#rocess(._.73) if (translate(_.73,.118) and (nl ann (ourFut(_118)
and | )

erocess(_73) if (nl and (write(urntranslatable) and nl ))

retrovert(_73s.73) if (var(.73) and ! )
retrovert(_73y._%94) if (definition(_.124y_94) znid ! and
(_124=,.0_1771_.200] and (retrovert_ardge (228, _200) and

_73=,,0.1771.2281 1))
translate(_73y_73) if (var(.73} andg 1)

translate( . .73,.94) 1f (_73=,,[..1341 1571 and (args(_157,_.201)
and (_222=,,0_134!.2011 snd definition(_222,.94) )))



3.7

NATURAL LANGUAGE (ros. 87 to 95)

ERDBLEM 87

Verbal statement!?

Write a3 simele drammar G1 for analusindg the sentences!

*the diraffe dreams"
*the diraffe eats arrles"

Logic srogram?

sent(X»Y)i—- rr(XsU)svr(UsY).

NP(XsY) i~ det(XsU)rrmoun{U,Y).,

VEF(XsY) i~ diverb(XyY).
vE(XsY) - tverb(XsU)syrmr(UsY).,

det(LtheiYl,yY),

noun(lLgiraffe!YlrY),
roun{larrles!iYlryY).

iverb(LdreamsiYlsY).

tverb(Ldreams!YlsyY).
tverb(Leats!Y1sY),

EEOBLEM 88

Verbal statement!

Reconsider the rrevious drammar Gl in order to deal with the
following context-sensitive asrects?

1)

2)

a

3)

the number of 3 noun rhrase adrees with that of +the
corresronding verbd shrases '

the rumber of 3 roun rhrase reed not be determirned by the
noun onlw (this fish--these fish) and not by the ‘th-word’
only (the diraffe-the diraffes), but number is 3 feature
of the entire rioun rhrases

3 noun rhrase need riot have z determirner (giraffes dream)
Fresumably rrovided that the noun Fhrase is rlural.



Logic Frogram:
sent(XsY) - rE(NsXsU)sve(NsUPYD) .

AE(NsXsY) i th(NsXsW snoun({NsUsY).
e (el X Y) - roun(rlus XY

ve(NsXsY)i— verb(isNsXsY),
ve(NsXrY) - Ver‘b(trNr)(rU)vnF'(M.vUvY);

rioun{sinsCUIYIsY) - ner{UsV),
noun(FlusLVIYIIY) - ner(UrVY) .,

verb(Traeins LUIYIrY) - cornd(TsUsV) .
verb(TrrlusTVIYIrY) - conJd(TrUs\) .,

ner(dgiraffergiraffes).
ner(fishsfish).
fnerr(dreamsdreams) .

cond(Trdreamsrdream) .
conJ(Treatesreat).

th(NsLCthe!YIsY).

thi(simsLthisiYIsY).
th(rlurltheselYdsY2,

EROEBLEY 89

Verbal statement!

Write 2 simrle grammsr asble to rarse sentencess such as
* John ate the cake®

and to comstruct their corressronding deer tree structures.,
Sugdgestion: use the definite clause grammars formalism.
Logic rrogram:

sentence(s(T1:T2)) ——=& fioun_shrase(T1)y
verb_rhrase(T2).,

rioun_rhrase(rnr(T1,T2)) = determiner(T1)y

noun(T2) .,

verb_rhrase(vr(T1,T2)) —=—=* verb(Tl);nodn_Phrase(TQ).
determiner(det(the)) --x Cthel.,
determiner(det(C1)) -+ L1,



roun(n{(John)) —--x LCJohnl.
noun{(n(cake)) ——» Lcakel.

verb(v(ate)) ~-:x [atel.

EROBLEM 90 EFEREIRAZWARREN» 19781
Verbsl statement:?

Write &2 context-free drammar that covers the followinsg
sentences:

*John loves Maru',

*every man that lives loves 3 woman®
ang that formalises the marring between English and formulae of
classical lodic.

Sudgdestion! use the definite clause drammars formalism

lLogic frodram?
-oFr (9200 fiies=2x),

1—or(B800y:furyl).,
1-0r(300y:fiiy i),

sentence(F) --> pourn_.rhrase(X,FlsF)y verh_rhrase(X»Fi).

nogn_rhrase(XsF1sF) —-—>
determiner(XsF2yF1sF)y moun(XsF3)srel_clause(X»F3IsF2).

noun_rhrase(XsFyF) - name(X),

verb_rhrase(XsF) —==> trans_verb(XsY:sFl)» noun_.rhrase(YsF1yF),
verb_rhrase(XsF) —--> intrans._verb(XsF).
rel;clause(X;P1-P18P2) -—= [thatls verb_shrase(XyF2).
rel_clause(_yFsF) —-—-> [,

determiner(Xy»F1yF2y 311(X) I (F1=3F2) )~ [everyl.
determiner(XyF1yF2y exists(X):(F1&F2) ) --= [a].,
rioun(Xsman(X)) --> [manl.

noun(Xswoman (X)) --> Lwomanl,.

name (John) --> [dohnl,

trans._verb(XrYsloves(XsY)) -~ [loves],
intrans_verb(Xslives(X)) --> [lives],



EROBLEYM 91 [FEREIRAWARREN, 19781
Verbal statement:
Write a3 grammar that covers tﬁe following senterncesy
*fred shot John®
*mary was liked by John®
*fred told mary to shot John®
* John was believed to have been shot by fred"

swas John believed to have told mars to tell fred®
Suddestion: use the definite clause drammars formalism.

lLogic srodgram?

sentence(8) -—->-
CWlsy {aux_verh(WsVerbrTensel)l.,
rnoun_rhrase(G_Subd)y
rest_sentence(asG_SubdrVerbrsTenserS) .
sentence(S) -->
rnoun_~hrase (G_Subd)»
[Wly {verb(WsVerbsTenselr
rest_sentence(del,G_SubdirVerbsTenser»S).,

rest_sentence(TureyG_SubdrVerbrTenser
s(TuresL_Subdrtns(Tensel) »VF) ) —--=
rest_verb(VerbrTensesVerblyTensel)
{verbture(VerblyVTure)l,
comrlement (VTuresVerbl »G_SubJdrL_SubisVF).

rest,verb(haveyTenseyUerb,(Teﬁse,Perfect)) -
[Wly {rast_rarticirle(WsVerb)l.
rest_verb(VerbrTenserVerbsTense) ——= Cl,

comrlement{(corularbesObdrSubdy vee(v{Verb)»0Obil) ) —==
[Wly {rast_rarticirlel{WsVerb)r transitive(Verh)>.
rest_obdect(ObdsyVerbyObdl)»
adgent (Subd) .
comrlement(transitivesVerbsSubirSubdr ve(v{Verb)yObdlly ) --=
noun_ehrase(0bd)
rest_obdect(ObJsVerbsObdl) .
comrlement(intransitivesVerbsSubdsSubdy ve(v(Verbh)) > ——= L[],

rest_obdect(ObjrVerbs»s) --=
{s_transitive(Verb)l}y
[tosVerblly {infinitive(Verbl)ly
rest_sentence(del sObJjsVerblrrresentsS).
rest_ob.Ject(0Obdr_»0Obd) --> L[1.



agent(Subd) —--> [Cbyly rnoun_rhrase(Subd)l.
adent(ne(rro{(someone))) —-= [J,

noun_rhrase(ne{lletradi(Adis) rn(Noun))) —-i
[Dhet)y {determiner(liet)l):
ad.Jectives(Adds)y
CNounlsy {moun{(Noun)lX.
noun_rhrase(rnr{(nsr(FN))) —— L[FN]» {rrorer_rnioun{(FN)>.

adJectives([AdJiAdls]) —->
LAdUdy {adiective(Add)}y
adJectives{(Adds).

adJiectives(L]1) —--> [1.

suM._verb(WsVyT)!~ verb(W,sVyT)yauxiliarg(V).,

auxiliarg(be).
aumiliarve(have).

verb(issberrresent).
verb(wasrberrerfect) .
verb(tellstellrrresent).
verb(toldrtellsrerfect).
verb(shootsyshootrrresent).
verb(shotrshootsrerfect).
verb(likesylikersrresent).,
verb(likedslikesrerfect).
verb(believesbelieverrresent).
verb(helievedsbelieverrerfect).

grorer_nound{.Jdohr) .
Frorer_nouni{fred).
Frorer_nouni{mars),

determiner(the).
adJectivel(nice).
rioun{book.} .

verbture(herscorula).
verbture(Vstransitive) (- transitive(V),

*

verbture(Vrintransitive) - intransitive(V).

+

transitive(V) (- s_transitive(V),
transitive(shoot).

s_transitive(tell).
s_tranmsitive(believe).
s_transitive(like).



infinitive(be).
infinitive(shoo).
infinitive(tell).
infinitive(have).
rast_rarticirle(beensbe).
Past_Participle(shotyshoot).
Past_Participle(toldrtel1).
Past_Participle(likedylike).
Past_Participle(believedrbelieve).
EREOBLEM 92 CCOLMERAUER 19771
Verbsal sfatement:

Write @ simrle Fortuduese srammar for analusing sentences such
asi

‘helder habita em cararica" (helder lives at cararica)
*helder e’ mais velho cue luis® (helder is older than luis)

Consider the inrut sentence as 23 list.,

Lodgic rrogram’

t-0p(S500rufyr "= )

/% Dialodue control X/
olat- nlyread(X)yPhrase(RpX;EJ)yanswer(R)ynl.

answer(X)i—- Xyl disrlag(’Sim.  drnlsnl,
answer(X)i- disrlag(’/Nao’dsnlnl.

/% Deductive block X/
angd(XsY)i— X9 Y.

local(X)t— file(_»_»X),
ture(X) - Ffile(Xr_r_).
live_at(XyY)$i- file(Xr..2Y),

older_than(X»¥Y)i- file(XvIlel)!filE(Y!IQ!LQ)!
I2 < I1.

/% Grammar X/

shrase(03) —-—= Ae(Xy02503)yvr(Lsud=-XiL1y01)
comrls(Ly01,02).

130



comrls(L1»0,0) ~——=> 1,
comPls(CK-Xi1L1,01+03) ~~> comrls(Ly01s02)rcase(K)y
nF(Xy02,03).

NnF(Xs02,04) ~—> art(X»01y02,03)rname(Lsui-XiL1,01),
comrls(Ly03,04).
NE(X»0y0) ~=> [XJeLind(X)},

ind(X) - tyure(X).
ind(X)!— local(X).

case(em) --r [eml.

case(que) --> [auel,

case(dir) ~-=» L[],

art(Xy01+y02y3nd(01+02)) === LCuml.
art(Xy01,02yri0t(and(01,02))) —-=> LCrenhuml.
art(Xy01502ynot(and(01l,rnot(02)))) ——== [Ccadal.
rname(lsui-Xlrtuyre(X)) -~ [tirolilressoal.
nsme(lsud—Xlrlocal(X))) —--* Clocallilmoradal.,
vr(Lsud-Xrsem—Ylrlive_at(X»Y)) —-—> Lhabital.
ve(lsud-Xsaue~-Ylrolder_than(XsY)) -~ [‘e’’’ymais velhol,

/¥ DNata base %X/

file(luisy29sycararica).
file(helder»33syrestelo).
file(fernandor2éralvalade).
file(carloss3ésolivais),

EROBLEM 93

Verbal statement!

Write 3 simrle srodram 3ble to derive Fortuguese relative
constructionsy dgiven their sententizl comronents.

Hint?
Consider the following two sentencess
"euy vi o0 raraz"’ (I saw the bow)
o raraz comrrou o livro" (The how bougﬁt the book)

build wur its deer structure and analuse how it may be
transformed to rerresent the corresronding relative sentence.

131



Logic rrodgrams

g0l—- frase(F)rwrite(F)rnl
SEﬂt(TvFv[])vnlvwrite(T)
transrel(TrU)vnlyurite(v)vnlr
sent(UyTRy[]),nlywrite(TR)9n1.

/% Grammar X/

sent(LfreXsYsZ1) —= gl X)raux(Y)rsv(Z).,
sn(lsrnsXl) —== n(X).

sn(lfsnyXryY1) ——3= det (X)rsrdY).

sn(CsryXl) —== rro(X).

sn(lsnyXsY1) —-—= sn(X)ssent(Y).
sv(LsveX) === v(X).

sv(LsveXryY1) ——> cor(X)radd(Y).
av(lsvrXsY1) == viX)ssn(Y),

sv([svsiX1) ——= cor(X)rsn(Y).
aux(CauxyXl) —--= trao(X),

/% lexicon X/

tro(Ltrorrass]) ——» [rassl.
cor(fcorrestarl) —-= [estarl.
cor(Lcorrserl) --> L[serl,
adJ(LadJircontentel) --> Ccontentel.
rro(Crrorquel) -—-> L[auel.
n(Chnveul) ——= L[eul.
n(Crnyrarazl) --% Craraz].
n(Crylivrol) --& [livrol,
det([detsol) ——~+ Lol.
v([vyverl) ——» Lverld
v([vscomerarl) ——= [Lcomrrarl.

/% transformations for the drammar X/

transrel(T,»V) - change(LsnsLsrnyST1IsR],
CsnsCsrmyST11»LfreyST21]y
Ts
V)y

chandge(Lsnslrrorauel ]y

CsrnyST1]
CfreyST2]y
R).

132



/¥ useful rredicates %X/

chandge(CHs T T+CH) ¢~ I,
change(CHySTyLOFTITSI»y[OFYRITS]1) ¢~ change(CHySTyTryR) .,
change(CHsSTHY»LOFsTITSIy[OFyTIR1):~ chandel (CHySTyTSsR) .
changel (CHySTyLTITSI»[RITS1)?! chande(CHsSTyTHYR) .
changel (CHySTyLTITSI»L[TIR]1)!- changel (CHyST»yTSsR) .

/X Sentences X/

frase(leursrasssverroryraras YOy T3R8 yFASSICOMETETYOrivro]l),

EROBLEM <94

Verbal statement!?

Write 2 rFrrodgram able to interrret document titles and to be
included in 23 aquestion—snswering sustems due to imelement zn
automatic library service.,

The rrodgram goal consists of srorosing categories to the user by
reading the document titless 3nd interrreting the role rlaved pu
Frerositions. :

Consider the following title ¢

‘Lodgic for rroblem solving',
Lodic rrodram!

R R SR e T TN S NN S RN NS NN RER
/X TITLE INTERFRETATION */
R R R ST R R B E SRS E NSNSy

t=0r(40093:fys "—~=7),

/% Using the title definitiorn of 3 text for classification
FuUrroses X/

/¥ Grasring meaning for the title entities of a document %/

rarser(T,C) -
title(OutsyTrLD)ssemarnt(OutyC1yC2) .,
outrut (C1syC2)yarrend(Cl1,C2+C) .
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outrut (L1121,
output(£1sC2)¢-disrlay(’l recommend as catedories! oy

print_sh(C2)snly!.,

outrut (C1sC2)¢-disrlaw(’1 recommend as catedories! ‘e

rrint_srh(Cl)disrlag(’andg Yyerint_Fh(C22)rynl.

/%X Basic drammar rules dgoverning the title construction %X/

title(Lrnr(X)sYsZ1) —=> br(XsY)y! title(Z),

title(Cne (X)) —=> ne(X).
br(C1sF) ——> prer(F).

br(CY!LIsF) ——= det(Y)s!lsbr(LsyF).
br(LR(X)IYIsF) ——= [XIrbr(YsF).
rr(CY!ILD)Y -3 det(Y)s!lsnrl(L).
ne({X) ——> nrl(X).

PRl CEn(X) YD) === [XJenrl(Y).,
nerl(Cn(X)l) -—> CX3,

/% Dictionaryg? lexical units X/

rrer(rrer(for)) -=>» L[forl,
det([a])) —-> [al.
det(Lanl) —-» [anl.
det([thel) —-> L[thel.

/% Frerositional cases! ordering rlans for conversation X/

rrer_case(forsX»Y)i-

assert(case(tool-*Xsarrlication—3Y))rnlynls
write(’wour document deals with "’)»
erint_sh(X)rwrite( "7y

write(’ 3s 3 tools’)snly

write(’with the obdJective to contribute to "7)y
erint_rh(Y)rwrite(’ ", drynlrynlshurothesisl(XsY).

hurothesisl(XsY) -
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write(’My first hurothesis for classifuwind it )y -
write(’is to take its nouns as hintss ')y

rnlrwrite(’So * “Drrrint_rh(X)ywrite(’*")y

write(’ will drive usy in order ‘)

write(‘to sttain the maimn catedory, and’)y

nlrwrite(’ * dyrrint_rFh(Y)» .
write(’"’)ywrite(’ towards other catedories.’)rnlsnl.



/% Gathering of cluesrydiven by useryfor classifuindg s
document X/

semant(Cnr(X)JyXeY).

semant(Cner(X)rerer(Y)ylner(Z)Y1JyWsT) 3~
list_nouns(XyZ»UsV),
rre_case(YyUrsV),
drive_in(W,T).,

/X DNriving the conversation asbout title content %X/

grive_in(WsV)i-case(XsY)s

drive(XsUdrdrive(YsyV)stest(XsUrW).,
drive(X-:>YsC)i-move(XsY)rrlan(XsL)ystate(XsLsyCly !,
drive(X->Y+s[1).

move(X:Y)i-write(’'Do wou want to follow the idea that ‘)
Frint_rFrh(Y)swrite(’is an AI ‘).
write(X)rwrite(?)rnlsagreement(ges)y
write(‘'OK.Let us talk sbout this hurothesis’)y
write(’ andg fix the kind of )y
write(X)swrite(!)yrnly!, '

agreement (Inrut) i-read(Inrut).

state(_.yL1y[1)3- 1,

state(ArX»Y) i~
write(‘Iuring our dislodgue I dgrasr the following!‘ )dsrly
Frrint.rh(X)swrite(‘as core torics of wgour teut.’)synl>
under(ArsXrY)rstatel (Y)ynlst.

statel(L1):- V.

statel(Y)!-write(’So I conclude it may be under’)s
write(’ the catedories? ‘>
rrint_sh(Y).

under{Ay[LXILIsININLI) !~-choose(AyXsN)yurnder(_sLyNL).
under(_.»C1sC1),

choose(toolsyXsY)i-d_tool(XsY).,
choose(arrlicatioryX»Y)i-d_arrlication(XsY),
choose(_y_»L1), ,



/% Flan 13 through the tree of tools X%/

rlan(toolsL) i~
trs(t([techniaues;Prosrammins_lansuaseslv
[t([reasoninsyrePresentationalrsearchinsz
tt(Epuzzle_solvinsvauestion-answeringycommon_sense]v
[[JvEJzt([deduction»wlanninsl,[[J,EJJ)J)r
t(CPredicate_calculusysemantic_netslrECJ,EJJ)v
t(Estate_spacevProblem_reductionJ;[EJ;[JJ)])y
t(Enumerical_lan9uaSes,ai_lansuagesjr[[];

t(Elist-tspeyPredicéte_logic_tspe]v[[]9[33)J)])rLrtool);!.

/% Flarn 2% throudh the tree of arrlications X/

rlan(arrlicationsl) -
trs(t([coSnitionrotheP_fields]vCt(Eactivities;abilities]:
[t([intellectual_skills,motoruski1153v
[t([PlBBinQvPPDVinS]v[[J!
t([theoreerPrOSramsJ,E[J,[JJ)]v[]])9
t([13n3uasevvisionlr[[3r[JJ)J)v[]])vLyaPPIication).

trs(t([X'_]r[T'_])vEX:LJrC)2~
reauest(X;C)r!ytrB(TyLyC).

trB(t([-!XN];E_:TN])rLrC)t—trs(t(XNvTN)prC).
tru(_yC1r.D.

reauest (XsC)i-write('Is Yewrite(X)
write(’ an adecuate ‘Yewrite(C)y
write(’ worked out in sour text?’ )rnly
sgreement (ges).,

/X testing return to 8 rrevious conversation X/

test (X==Y»[IeZ) -
write(’As no conclusion was taken sbout core torics of
write(X)rynly
write(’I suddest we restart our conversation! ')y
rlyrwrite( ‘Do wou adree?’)rnly
agreement (zes).

test(_sYsY).

Fuecution?

t—rarser.
Locument title?
[103ic:foryproblemvsolvingl.
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Your document deals with "losgic * s8s 3 tool»
with the obdective to contribute to "rroblem solving *,

Mg first hurothesis for classifuing it is to taske its riouns as
hints.

So " lodic * will drive usy in order to attain the main
catedoryry and

*rroblem solving " towards other catedories.

o wou want to follow the ides that lodgic is an Al tool?

"ues.

Ok..Let us talk asbout this hurothesis and fix the kind of tool!
Is technicues an adecuate tool worked out in your text?

9es .,

Is reasoning an adequate tool worked out in wour text?

2es .,

Is ruzzle_solving an adequate tool worked out inm wvour text?
Nno.

Is question_answering an adequate tool worked out in wour text?
Mo .«

Is common.sense an adecuate tool worked out in vour text?

NoO .

Iuring our dialodgue 1 drase the followindg!

technicues reasoning as core torics of wour text.

So I conclude it mavw be under the catedories: Ll 364

o wou want to follow the idea that #roblem solving is an Al
arrlication?

Ok..Let us talk about this huyrothesis and fix the kind of
arrlication!

Is cognition an adecuate arrlication worked out in wour text?
=2es .,

Is activities an adecuate arrlication worked out in wour text?
Mo«

Is shilities an adecuate arrlication worked out in vour text?
yes,

Is languade an adeguate arrlication worked out in gour text?
wes,

Iuring our dizlogue I drase the followins:

cognition abilities landguage as core torics of uwour text,

So I conclude it maw be under the cstedories? L) 336 365

I recommend as catedories!? C] 364 and [] 336 365

EROBLEM 95
Vertal statement!?

Write a3 rrosram to derierate the deer structure (tree) of a
natural landuade sentence.

Logic rFrodgram:

sentence(s(T1,yT2)) —— rnoun_rhrase(T1),
verb_rhrase(T2).
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noun_Phrase(nP(leTQ)) - determiner(T1)y
noun(T2).

verb_rhrase(ve(T1:,T2)) -2 verb(T1)» roun_rhrase(T2).,

determiner(det(the)) --x Cthel.
determiner{(det(C1)) —-> Ll
roun(n{(John)) -——* CJdohnl.,
noun{n(cake)) --= [cakel.
verb(v(ate)) --» L[atel,
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3.8 GRAFPH THEORY <(nos, 96 to 100)

EROBLEM 96
Verbal statement?

Find a rath from A to Z in the following directed drarh
(Figure 17),

n——m»

e
w\\\\

S N
\ >/

Figure 17

Lodic rrodgramt!

g0{X2Y)?!~- go(XrZ)ruwrite(’'Fath! denlrurite((Xs+2)),
go(ZyY)rwrite((ZsY))ynil

dgo(arb). g0(s2) .,
go0(asc). go0(gsy=) .,
go(bsd). go({urw) .,
dgo(bre). go(vru),

go(eri).,

Executions

1—-do(av=).
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EEOBLEM 97 CEMDEN»1976e]
Verbal statement?
Let the interrretation I be

LG(AIE) yG(AIC) 1G(AsIN) yG(EIF)sG(CyFI»G(EsF)»G(FyCI
//B\\
A | F
§c.&
n

Figure 18

Calculate!

- Q1=6{(x1yx2) A G(glr=2)
~- Q2=6G(xyg) A B(gr=)

- Q3=G(xxr2)

-~ Q4= Ju9.G(xryw)

- Q5= Ju.G(xruy)AG(grz)

lLodic rrodram?

Q1(X1sX2yY1sY2) (- d(X19X2)rgd(Y1yY2),
Q2 (X YrZ) i~ (X9 Y)rd(YrZ),

a3(X) i~ d(XsX)

d4(X) - g(Xr_).

QRS (XsZ) 3~ (X2 Y)rd(YrZ),

dg(arb). g(3rc). d(ard).
S(b’f)o g(cef). g({esf). g(fsC),

answerli— al(X1yX2sX39X4)y
Wwrite((X1sX2yX3sX4))rnl,
answerl,
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EROBLENM 98 [SZERENI »19771
Verbal statement:

Construct a2 rrodram for drawing a ricture (3 drarh)y
Fidgure 19s using a3 continuous line.

D c

Figure 19
Logic rrodram:
1—or(600:ifuyy ' —-7).

draw(GyLFyQ!LI)~ choose(GsF-QyG1l)»
draw(G1,y[QIL1).,
draw(LC1,»[Q1).

choose(LF-Q!GIsF-QsG).
choose([F-QiIG1sQ-F»G).
chioose(LEIGIYyFyLEIG11) !~ choose(GyFsG1l).

Execution?
{-draw(la—bysa-cra3-dsb-crb-drc-drc-erd-elsL )

outrut (L),

The result is outrut on lime-srinter by execution of
outrut to be srecified. :

such as

rrocedure
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EROBLEM 99

Verbhal statement?

It is required 3 grarh dgenerator able to!

1)

2)

-

3)

4)

dernerate all rossible drarhs with one-was eddes from an
imnitial dgiven grarhj

fix some nodes for each denerated grarhy 1., erase the
eddes connecting to those nodes?

determine the end nodes?

determine which nodes (and their number) may 3attain the
rrevious end nodes.

Logic rrogram:

bedin{— disrlau(’list of nodes ?’)vnlyread(L)vrecord(nds(L));

disrlaw(’list of eddes ?/)Yynlryread(X)srecord(ed(X))y
disrlau(’list of relevant origin 7/ )snleread(Y))y
record(or(Y))matrizes.

matrixi- recorded(ed(L);Pt)verase(Pt)ycompact(LrLl)y

calcullLl)rfail.,

matrixi- disrlau(’lone.’dynlsnlrnl,

comract(Ll,L1).
comract (Cm(XsY) {EIsR) I~ irn(m(XyY)»BeI) s !y

(R=[m(XyY):CJ'; R=Lm(YsyX)ICI)>»
comract(yC).

compact([AIRI[AICT) I~ comract(EsC).

in(m(AyEBYyLm(EyA) 1 XDs X))
in(m(AsB)s[LCIX2y[CIR]) - in(m(AsBYsXsR) .

calcul (L1) - Por(Y)rinCAsY)rname(ArsAl)y

X=E78;79r46%ﬁ1]vname(X1;X)ytell(XI),
clash(out_of_list(AsL1,L2))» Prids(L)y
slash(look(LrL27L3))vcalcull(LQvLB).

calcull(L2s,L3) 0~ in(RyL3) >

test(E)scomrlete(L2,R).

comrlete(L2yRB) ¢~ ?nds(L);oris(LQ;B;L;O)ylensth(O;No)yPut(' ")

test (NoYroutrut(0)rrls !,

orig(L2yEBryININsI»[N!IDD) i~ Fa3th(NsEsL2)>

orid(L2sEyCNINsIs[NIOII- #a3th(NsEyL2)»
origd(L2yHByNs+0)., '

oris(LQva[_iNszD):-oris(LQ;B;NSrO).'
orig(_s_y[CIsLD), :
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slash(F)i{- call(F)s!,

r3th(ArsByL) I~ in(m(AYR) L),
rath(AYBsL) - in(m(AsC)sL)sslash(out_of_list(CsLsLi))y
ra3th(CrBsLi).

out_of_list(Ay[m(_sA)IXIrY)!~ out_of_list(ArXsY).
out_of_list(Ay[RIXIsyERIYI)!— out_of_list(ArXsY).
out_of._ list(_»C1:,C1).

look (ENINsJIsL2»Y) - in(m(Ny_)sL.2)y
look (NsyL29Y),

Jook (CNINSIyL2yENIYD) = din(m(_sN)»L2),
look (NsyLL2yY) .,

1ook (CNINslsL2yY)!- look(NssL2yY).

look(L1y_»C1),

in(AyLAI_1).
in(A;E-!BJ)}~ in(AyE) .

outrut (CAI)I- sut(® ®")stest(a).
outrut(CAIR]I) - rut(® *)ytest(A)youtrut(R),

test(A)!- A<10srput(" *)ywrite(A)s !,
test(A)i- write(A) !,

EROBLEM 100
Verbal statement:!
Write 8 Frogram to test connections betweern rodes in a8 dgiven

grarh. Arrly gour Frodram to the dgrarh in Figure 20 in order to
test cornections betweern A and Iy and A z2nd E.

I
E———F

Figure 20

Remark! This rroblem examrlifies the use of ‘ancestors’.Observe
that wour Frrodgram must rFrevent 1loors caused by the
circuits of the dgrarh, Use +the built-in rrocedure
"ancestors".
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Logic rrosgram:

Frodram 1 ¢

/% conmections test X/

connections(XyY) i~ (connected(XsY)icornnected(YsX) )y

nlswrite(’ves.’)rnl,

cornnections{_s._)!~ nlywrite(’mo.’dnl.

connected(XsY) !~ ancestors(L)y
in2(connected(XsY)sL)s» ! sfa1il,

connected(XsY)i—- edde(X»Y).,

connected(XsY) i~ edge(XsZ) rcornnected(Zr»Y).,

in2(AyCA'RD - in(AYR).
in2(AyL_1E1) - in2(AYR).

in(AsCAI D),
in(AYL_IB1):- in(AYE).,

/% Grasrh descrirtion X/

edge(arb) . - edde(bsc), edde(erd) .
edge(dr»a). edde(esf).

Frodram 2 ?

/% connection test %/

connections(X;Y):~(connected(XvY)$connected(YrX))y
nlrwrite(’ves.’dsnl.

connections(_y_)¢- nlywrite(’'no.’)rnl.

conrnnected(X,Y) - edge(Xr»Y).

connected(X,Y)i- edde(X»Z)y
(subgoal_of (connected(ZyY)),!yfails
conriected(ZsY) ).,

/% Grarh descrirtion X/

edde(arb) . eddge(byc)., edge(eyd) .
edge(dr»a) . edge(erb) .

Execﬁtion:
t—connections(ard).
HeS.,
t—connections(are).

no.
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3.9 ALGEBRRA (rios. 101 to 103)

EROQOELEM 101

Verbal statement!

Srecify the differéntiation function.,

Lodic rrodgram!?

$-0r (7009 fy i),

t—oFr(S00sufusC+s—-1),

1-0Fr(400yxfysl Xy /1),

1-0F(300yxfu,s@),
:—09(3001fsyE—yexpylogrsianOSrtSJ).
dvi-rereatrread(T)y( T=stor 3 derive(T)syfail).
derive(TIX)!- T ¢ X, 1,

X 1 [Vl :- X ¢t v,

X CUIVI - d(XyUrW)y simrlifu(WsZ)y 7 HEE VN

X 3 Y :-d(XsYsW)s simrlifu(WsZ),
ttonlrontrut(Z)stturnlryttunl,

d(XsXs1),

d(Ts»X»0)!- 3tom(T) 3 ruumber T.
d(UtVsyXsA+B) I~ d(UsXsA)y d(UyXyB).
G(U-VsXsA+(-R) )i~ d(UrXsA)y d(VsXyE),
d(-TsXr=R){~ d(TsXsR).,

GCRXUy Xy KXW) $~ number Ky c(UsXsW),
S(UXVy Xy BXU+AXV) 1- d(UrsXsA)ry d(VUsXyE),
d(U/VsXsW) - d(UXVB(~1)yXsW),

d(URV s Xy VXWXUR(V+(-1))) ¢~ rumber Vy oS(UsXsW) .,

d(UBYy Xy ZX1log (L) XURVHVXWXUR(V+(~1)) ) ¢ -
Ad(UsXsW)y d(VsXyZ),

d(log TyXsRXTR(~1))!~ d(TsXsR).,
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d(exr TrXsRxexe T)$- d(TsXsR).
d(sin TyXsRXcos T)i- d(Ts»XsR).
d(cos TsXr-RXsin T)i- d(TsXsR)o
d(tg TsXoW)- disin T/cos TsXsW).

simplifue(XsyX) i~ atomic(X).,
simrlifu(X»Y)i- X —oo[OP!Z]!SlmPIIfB(Z!ZI)v rewrite(0OrsyZ1sY) .
simprlifu(XsY)3~ X=¢ . [0ryZsWlrsimrlifu(ZsZ1)y

simrlifu(WsWl)y

rewrite(OrrZ1sWlyY).

rewrite(exrsKXlod XrW)i— binarg(@rXsKsW).
rewrite(—-yA+B,CH+I) - unary(-rA»C)>» uriarg(—yBy[1) .
rewrite(XsYsZ) i~ unarw(XsYrZ),

PENPIte(*erXvW)o~b1ﬁ8PB(@7X9~7U)o

rewrite(Xy=XyXoW)i— binarg(@rX,2 yZ)runaryl{—vyZrUW).,
rewrite (KsXs=XsW)i-binarg(@sX»2ryZ)runarsl(~-sZsW).
rewrite(Xy—YsZ)i— binaru(XesXsYrZ),

rewrite (X Xs=YrW)t— binarg(XsXsYsZ)» unarg(—-rZrW).,
rewrite(Xy-XsYr W) i— binarg(XsXyYsZ)» unary(-sZsW).,
rewrite(X,ARXsARY yW) - Dinarv(+sXryYyZ)y binaru(@rAsZsUW) .
rewrite(XsXCAsYRA W)t~ binary(XsXsYsrZ)y binarg(@sZrArl) .,
rewrite(@sXXYR(-1)r-Z W)~ binarg (@ YXX@(~1)9ZsW).
rewrite(XsYsZsWd)i- binarg(XsYsyZs W),

unary(—s=XrX),
unary(-»yGy0),
unary(~syXsY)i— Y dsr =X,

unarg(logy1,0). unary(lodrexr XsyX).
unarg(exrr0sl)., unary(exrylod XsX),
unare(sins0s0) ., unarg(siny—Xs— sin X).
unary({cos»0r1), unaru(cosr—Xrcos X).

unare(0ryXsY)~ Y =..L0FsX],

binars(+sXs09X) ., binary(+s0y X9 X) .
binarg(+sXy—-X»0). binarg(+r—XrXs0) .
birnaru(++AYR+CIR¥CHII~ R isr A+R,

bimare(+rA4+R»CsR+E) I- R isr A+C.

binare(+y(sin X)B2s(cos X)E2»1).

binaru(+y(cos XIR2y(sin X)B2,1).

binary(+sXsY¥sZ2)i- Z isr X+Y.

binaru(++ArEyEB+A) - number R.

pinarg(XsXs1leX). bimary(Xs1» Xy X).
binary(¥X»0r_»0), birnarg(Xy_»0,0).
binaruy(Xs—1sXy—X), binarg(XyXr—-1r-X),

binarg(Xs Xy X@(-1)+1)., binary(XKyX@(-1)yXs1).
binaru(XsAYBXC,RXC)!:~ R isr AXE. '
binaru(XsAXE,CsRXRB)I- R isr AXC.

binarg(XsXsYeZ)i—- Z isr XXY,

birnarg(XsArEsBXA)I- romber R,
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binary(@sl1y_»1),
binarv(@sXs1sX),
binarg(@s_s0+1),

birnarg(OrsXyYsZ)3- Z =, ., [0rrXsY1,
outrut(X)i- clean(XsY)» write(Y).

clean(X»X) - atom(X) 3 rumber X. 4

clean(XryY)i~- X =,,[0r9Z]y clean(ZsZ1)y Y =44[0rvZ1137.

clean(XsY)i~ X =,,[0rsZyW)y clearn(ZsZ1), clean(WyWl),
U =.,00r»Z15W11y change(UsY).

change(—-1+XsX-1),
change(X+(-Y)sX-Y),
chande (XXYR(-1):X/Y).
change(X@(-1)XY:Y/X) .,
change(XyX),

EBOBLEM 102 CEMIEN,1976c])
Verbal statement?

Iefine the exrorentistion furnction?
o
exr(xsgyz) iff =z

The following rrorerties of intedger exronentiation are takern as
the defining ones!
0
o =1 i.0. He@MP(3y0s1)
and
] R |
M= e i.e, HrgyZ.exP(xyu-lym)=reum(rdrite )

It is taken for dranted that the followind defining rrorerts can
be added without 3ltering the relation defined and wet makins
the definition more "efficient’: '
2y 2 v o 2 w/2
=(x ) 1.0, 2 o=(x ) le€,

HegrZo (P (Xoyw/292) evern(uw))=reup(xKsgyz)
Logic rrodram!
exr(Xy0s1),
exr(XsYyZ)!i- even(Y)y R is Y/2y F is XXXy
exr(FyReZ),
exF(XsYrZ)i- T is Y-1y exr(XsTyZ1), Z is Z71%X.

even(Y):!- R is Y mod 2y R==0,
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Execution?

1~ exr(2y10y2Z)ruwrite(Z)ynl.

1024

EROBLEM 103

Verbal statement?

Write a2 rrogram describing the Fibbonaci function.
Logic Prosrémt

fib(0r1).

fib(1s1).

Fib(XsF)3= Z is X=2» Y is Z+1y Fib(YsY1)yfib(ZsZ1)>
F is Y1+Z1,
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3.10 ARITHMETIC (nos.

EEOBLEM 104

Verbal statement!?

Find the absoclute wvalue
Logic Frodgram!

abs(XsX)3i- X 2= 0s!,
abs(XsY)i- Y is —-X.

EEOBLEM 105
Verbal statement?
Iefine factorial.
Lodic rrodram?

factorial(0y1).

104 to 116)

of an inteder.

factorial(NsF)!- M is.N—lrfactorial(MvG)v
" F 1s NXG.

Execution?

t—factorial(10sY)rwrite(Y)snl.

3628800

EROBLEM 106

Verbal statement!

llefine factoriazal with recursion on the right.

Lodgic rrodgram:

factorial2(N»F) i~ fact(Ns1,F).

fact(OsFryF), A
fact(NsXsF)3- M is N-1»

Y is XXN»y

fact(MryYsF).
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EEOBLEM 107 [CLARKEKOWALSKI 19773
Verhal statement?

Define factorial in & bottom-ur way.

Logic rrogrami
fact(UsFU) i~ bufact(0r1sUrFU).

bufact (XsFXyXs»FX) s
buufact (XsFXsUsFUI$— NX is X+1» FNX is NXXFXy
bufact (NXsFNXsUsFU) .,

EROBLEYM 108 [adarted from EBRUYNOOGHE 19781

Verbal statement!?

Gererate rrimes in first N integers and call them erimes(NsCF).

Lodic srogram?

#rimes(NsLC1ILFI)!- M is N-1»
inteders(2sMsL.I)y
sift(LIyLF).,

integers(NsOsINI1).
integers(NsMsyCNILID)$- R is M-1»
Q is N+1»
intedgers(QsRyLI).

sift(CL1»C1).,
sift(CPILIISCFILFI) - filter(FsLIYNLI)»
sift (NLIYLF).,

filter(F,sL1»C1).
filter(FyCNILIJsININLID) - divide(FsNsfalse)y
filter(FsLIsNLI).

filter(FyINILIJIsNLI) ¢~ divide(FsNrstrue),
filter(FsLI»NLI).,

divide(FsNstrue)i— 0 is N-FX(N/F).
divide(FsNyfalse).

The method is the ‘sieve of Erastosthenes”. It consists in
denerating the 1list of inteders from 2 to My and in deletindg
from that list 311 the inteders multirle of some element in the
list.



EROBLEM 109
Verbal statemént:

Define Euclid’s asldorithm! maximum common divisor andg
common multirle.

Lodic rrogram?

mc3d(NrOYN) .
med(NyMesIN I~ R is N mod My mcd(MyR»IN) .

mem(NIyMyE) $ = mcd(NsMsD)E is (NXM) /I,

EROBLEM 110

Verbal statement3

hefine the roman to arabic number conversion.
Logic rrodram?

converti!— rereatsread(R)y (R==storsroman(R)»fail).,

roman(R)!{—- roman(lyRyC1)s!1ynly
write(I)»nlsynl.,

roman(R) —-> value(X)srvalue(Y)y<{X<Y},
roman(R1)s<{R is Y-X+R13}.

roman(R) —--> value(X)syroman(R1)y{R is X+R1X,
roman(0) - L[]
value(l) —— I,
value(d) -1 YN,
value(10) ——x X",
value(50) —-=> "L".
value(i100) -—--> *C*",
value (500) -—x= "0%,
value(1000) —-—-> "M",

EROBLEM 111

Verbhal statement!?

Comrute the maximum of two numbers.,
Logic rFrodgram?

w3 (X XsX)

max(XsYeY)i~ XY,
max (XY X)i~ YIX,

miromusm
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EEOBLEM 112

Verbal statement!

lefine an arithmetic for rational exrressions.
Lodgic rrosram?

/% Fackade 1 # A and B non nedgative inteders
rinf(AsR) - somreel(Ey-A»C)ssidgnal(Cr1),

rdiff(AsR) - equal (AsR)y!yfail.
rdiff(AsR) .

absdiff(XryYrZ) i~ rinf(XsY)s!rssomreel(Yy—XrZ).,
absdiff(XsYrZ) i~ somreel(Xs-YsZ).

somreel (ArBsC) ¢~ decomr(AYS1sA1sA2)y
decoms (ByS2yE1sR2)y
rrem(A2yB2yFPyAL2yR12)
N1 is AL1XA12sN2 is ER1XR12,
som(S1yN1yS2yN2»SsN)>»
Crpdged(NyFsDsHYK) »
decomr(C»SsHsK) .

som(SrAsS1sALs1»0) - S\==81y!,
som(SsyArSyR»SyCI:~ 1y C is A+tR.
som(SsAYS1+HISIC)E- EZAy!sC is A-H.
som(S»AsS1sRB»yS1,C)i—- C is B-A,

subreel(~-As~EsC) - !ysomreel (~AyEyC) .,
subreel(-AsRsC){—- lysomreel (-Ar»—-RsC).
subreel (As—-EsC):~ lysomreel (AsRsC).,
subreel(AyEsC) i~ !ssomreel (Ay—-R+C) .

rrodreel (AsRsC) i~ decomr(Ar»S1yA1A2)
decom (EyS2yB1yRB2)
sidrrod(S5»S82+»8)y
Cl is A1%E1,C2 is A2%XE2»
rded(Cl1sC2yDC11C12)
decomr(C»S»C11,C12).

divreel(AsERsC) - decomr(Ar»S1yAlsA2)
decomr(RByS2sRB1yR2),
s1grT0d3(5195295)
N1l is A1XE2y D1 is A2%ER1y
rgcd(N1»It1yGeNsLI) »
decomr(CeySyNsD),

sigrrod(SsS5s1) i~ 1,
sigrrod(S,51,-(1)).

FaEcd(AyByCrIsE) I~ BIAslsgcd(AsEYC) oy
I is A/Cy E is RB/C.

x/



recd(AyEByCoDyE) !~ dcd(BrAYC)y
I is A/Cy E is BR/C.

gcd(AyOsA) - 1.
dgcd(AYRByIN - C is A mod Brydcd(KEsCyI1),

rrCcm(AYByFY»yCrE) - rdcd(AYBYyLEYC)y
Q is AXEy F is Q/D.

sidnal(~Ar-(1))i~ lysignal (Arl).
signal(-Ar1):- lyfail.
signal(Ay—-(1)):~ lyfail,

signa3l (0»0) - 1,

signal(0s1):- 1sfail,

signal (Ayl).,

decoms(-Ar-SrA1,A2) - lrydecom=(AISrAL1sA2),
decomr (A\Ry1sAYRB) !~ EB\==1y1!,
decomr(Ay1sArl).

eaual(ArA) - I,

ecual (ArR) i~ somreel (Ay-E»C)»
somreel (Cr—(1N\N1000)sR1)
somreel (Cy1N\N1000,R2)
signal(R1y~(1))
signal (R2y1).

/X Fackade 2 X/

t—or(700yxfrslisrynorms_torsdenorms_tol).,
1—0F (300 fuy ™),

X isr Y - rat(Y,X)s!,

rat(U+V,W) - inteder(U)srinteder(V) W is U+V;
rat(UsX)rrat(VsY)y
X norms_to X1/X2,Y riorms_to Y1/Y2,
lem(X2yY29F e X129sY12)y
Z is X1%XX12+4Y1%xY12,
gcd(ZyFy_2WisW2),
Wi/W2 denorms_to W.
rat(UxVsW) - inteder(U)srsinteder(V)ylW is UxV;s
rat(UsX)rrat(VryY),
X norms_to X1/X2sY rorms_to Y1/Y2,
Z1 is X1XY1,Z2 is X2XY2,
gcd(Z1yZ2y _sW1sW2)y
Wi/W2 derorms_to W.
rat(-UsV)!- inteder(U)»V is -U 3
rat(UsV),
U norms_to U1/U2yV1 is -Ul,
Vi/U2 dernorms_to V. '
rat(U-VsW)i- rat(-VsV1)srsrat(uU+Vi,w).
rat(uU/1,V) - rat(U,V),



rat(U/VsuW) - rat(UrX)srat(VsY),
X norms_.to X1/X2Y norms_to Y1/Y2,
sign(Y1+SrA)
Z1 is X1XY2%S,Z2 is X2XAy
goed(Z1sZ2y_vWisW2)
W1/W2 derorms._.to W.

rat(U"VsW) - rat(VsY)rinteder(Y):
rat(UsyX) X norms_to X1/X2»
sign(Ys_rEdsexrt(X1vEvyZ1)rseurt(X2yE+Z2)y
(Y<O0rsidn(Z1sSrW1)sW2 is SXZ2,W2/W1 derorms_to Wi
Z21/22 denorms_.to W).

rat(U,U)¢- inteder(U),

X rorms_to X/1:- inteder(X)s!l.
X/Y rnorms_to X/Y:- inteder(X)srinteger(Y) »Y:0,

X/1 denorms_to Xi— !,
X denorms_to X.

number(X){- X norms_.to _ .

sign(XsSrA)i— X009 19SS is -1yA is -X.
sign(Xy»1syX).,

lem(AsEByFsCrE) !~ dcd(AYRyDYEYC)»F is AXER/D,

gcd(AsyRyIYE) 1~ sign(Ar_sAl)rysign(By_»R1),
(B1<Alyirygcdi (AL+E1+sC) 5
gcdl(B1sA12C) D>
D is A/CsE is R/C.

gcdl(Ay0sAY - 1 '
gcdi(AsByIN ¢~ C is A mod Regcdl(EsC,IN,

exrt(XslsX)i~- |,
exrt(_»0s1)¢- 1,
exrt(lsr_v1).

exrt(XsEr»Y)i—- even(E)yE1l is EXxrlyexrt(XsE1lyY1)»Y is Y1XY1l;
El is E-lrexrt(XsE1sY1)sY is XXY1.

ERDBLEM 113

Verbal statement!?

Consider Srencer EBrown’s ‘The laws of form’ (Rantam HRooksy»1973)
and write a3 rFrodgram to imrlement his rFrimary arithmetic
(rd.12-24),

Logic srogram:

$~OoF (500 fuysy’ 1),



readi—- reres
(X =

trread(X)y
ernd 5 value(XsYsWhu)y

tturnlsttunlrdisrlag(’‘one has rroved ‘)
value_is(X»YrWhu)

ttuenl

sttunlsttunlsyfail).

value(CL11»0ycancel)i—- 1.

value([1iL1>

value(0:0+0,
value(0!LlyL
value([1:0,L
value(LlyL[1]»
value([0ls[1]
value(0:+0y.)

value(XiYsZy

[Llscondense) - .
D I €T BN

J!.,.):“ !0

Je )t 1,

_:“‘ !0

1_.):" !o

.
-

Di— value(Xs XXrWhe)
value(YsYYsWhu2)y
value(XXi1YYsZs )

sincesysvalue_is(Xs XXsWhw)
andrvalue_is(Yr»YYsWhuy2),

value_is(XiYsZy..).,

value([XJrYry_ )i- value(XsyZyWhy)svalue(L[ZIryYr_)>»
sincersvalue_is(XyZrWhe)svalue_is(LCXIsyYr_ ).

sincet— ttunlsttunlrdisrlavy(’‘since

andi—- ttunly

value_is(XsYsWhu) -

show(Q):i— 1.,
show(X:iY):-
show([X1):i-
show(X) - di

EEOBLEM 114

disrlaw(’and ‘).

).

(Why = not._dgivens

Whye = cancelydisrlag(’by cancellation’);
Why = condemnsesdisrlav(’by condensation’) )
Feytturly

show(X)rdisrlaw(” ‘Jrshow(Y).,

lyshow(X)sdisrlau(’$‘ dsshow(Y),
lydisrlag ('L’ )yshow(X)sdissrlavw(’1’),

srlaw(X).

Verbal statement:

Write an adder for numbers with twenty didgits.

Consider?

(Suddgestion:

34832965 + 12469328,

Consider the rnumbher

348329465 as n(0y0,3483y2963)

)

&



Logic srodram!

deer(n(ﬁerIIC17nl)9ﬁ(A93!C!D)!ﬁ(AQ!BQ!CQ!DQ))%* v
X is (D1 + [) 7/ 100000,02 is (D1+D)mod 100000,
Y is (C1 + C + X) / 100000y C2 is (C14C+X)Imod 100000y
7 is (B1+E+Y) / 100000y E2 is (R1+B+Y) mod 100000y
A2 is Al1+A+Z.

Execution?

The result is 47302293 (that is n(0+0,4730,2293))

EROBLEM 115

Verbal statement:

Write s multirlier for numbers with different number of didits.
Logic Frogrami

Product(n(R17R27R3yR4)thrt(A,B)thyn(ererQer3rNr4)):—
Ni is (FtXRt) mod 100000, N2 is (FPtXRt) / 100000,
Fi is (EXN1) mod 100000y F2 is (EXN1) / 100000,

F3 iz (AXN1) mod 100000y F4 is (AXN1) / 100000y

PS5 is (EXN2) mod 100000y Fé& is (EBXN2) / 100000y

F7 is (AXN2) mod 100000, FB is (AXN2) / 100000,
Nr4 is (F1XR4) mod 100000, T3 is (F1+R4) / 100000,
Nr3 is (T3+F2+4F3+FS+R3) mod 100000,

T2 is (T3+F24F5+R3) / 100000,

NT2 is (T24F4+4F6+F74+R2) mod 100000,

T1 is (T24FP4+4F64F7+R2) 7/ 100000y

Nrl is T1+F8+R1.

EROBLEM 116

Verbal étatement:

Srecify the distribution of "%" bw *"+°.
Logic rrodrami

multirle(X+YsZeX14Y1) - multirlue(XsZyX1)y
maltirlu(YsyZryY1).,

multirle(ZsX+Y e X14Y1) 1~ multirlae(ZsyXsX1)y

multirlue(ZsYyY1).,
multirlg (XY XXY), '
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3.11 MISCELLANEOUS (nos. 117 to 120)

EROBLEM 117 CFEREIRA et 31,19781
Verbal statement!?

Write 3 FROLOG interrreter in PROLOG» armd illustrate the use of
a variable doal.

In this mini-interrretery doazsls and clauses may be rerresented
8s ordinary FROLOG data structures (ie. terms). Terms
rerresenting clauses may be srecified using the unary rFredicate
‘clause’y ed.

clause( (drandrarent(XyZ)i~ sarent(XsY)srarent(YsZ)) ).

A unit clause maw be rerresented by 3 term such asi-

( rarent(dohnsmary)i- true)

Logic rrodgram?

execute(true) i~ I,
execute((FyQ))!- tyerxecute(P)rexecute(l).
execute(F)i~- clause((Fi-Q))rexecute(R).

execute(FP)i- F,

EEOBLEM 118
Verbasl statement!

Extend the mini-interrreter considered in the rrevious sroblems
in order to deal with the "cut"' sumhol.

lLogic rFrodram?

execute(truer..).
execute(lsy_ ).,
execute(!ycut).
execute((FsyQ)yV) i~ trerecute(FyC)y
(C==cutyV=cuts
execute(QsV)).
execute(FyV)i- clause((Fi-Q)),
execute(l,»V),
(V==cutsylsfailitrue).
execute(Fy_ )i~ F.



EFROBLEM 119 [FEREIRA et 231,19781

Verbal statement!?

Illustrate the use of the meta~rredicates ‘var’ angd ‘=..7. The
rrocedure call ‘variables(lercmyL,C1)’ instantiates variable L to
a list of all the variable occurrences in the term Ierwm.

ed. variables(d(U*U’X;DU*U+U*DU)y[U,U;X;DUrUvaDUJ, £Ll1.

Lodgic srodram:

variahles(Xs[XiLIyL) i~ var(Xl)s!l,
variables(TsLOsL) - T =, ,[F!Alsvariablesl1(AsLOsL) .

variablesl([T:A]rLOyL)f— variables(TLLOsL1)yvariablesl(AsL1yl).,
variablesi(L[lsLL).

EROBLEM 120

Verbzl statement:

[lefine conditional.

Logic rrogsram?

t—or (1050 ufe '~ ).

(F -> QRYI—- For!lsQ,

(F ->» QIRY:— 1R,

(Fs@):- F.

(FsQ) - Q.

(FsQ)1~ FoQ.

true.

t-rereatyread(X) s (X=end - trues
' X ~> write((Yesi))sfa3il.

write((nos))sfail)d.

Execution?
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Un Sustéme de Communication Homme—-Machine en Francais
Groure de IA» UER Luming
Univ. d‘aix—-Marseille

COLMERAUER, A, [19743
Frogrammation en Langue Naturelle
Groure de IAy UER Luminw
Univ. d’Aix—Marseille

COLMERAUER, A, L[1975]
Les Grammaires de Metamorrhose
Groure de lar UER Luminyg
Univ. d’Alx—Marseille

COLMERAUERy A. [1977a]
Un Sous-Ensemble Interessant du Francais
 Groure de IAs UER Luming
Univ. d’Aix — Marseille

COLMERAUERy A, [1977b]
A Useful Subset of French )
in Lodic and Diata Rasesr Workshor Toulouse
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COLMERAUERYy A, [19791]
Sur les bases theoricues de Frolosd
Groure de IAy UER Luminw
Univ. d’Aix—-Marseille

COLMERAUERy A. *FIQUEy J. [1979]
About natural lodgic
Groure de IAy UER Luming
Univ. d’Aix-Marseille

COLMERAUERy A. + KANOUI» H. # CANEGHEM, M. [1979]
Etude et Realisation d‘un Systeme Frolod
Groure de 1Ay UER de Luminw
Univ. d’Aix-Marseille

COTTAy J. C. 7 SILVAy A, F. [19781]
Interacg3o com Eases de Dados
LNEC

CoTTAs J. C. [19801 .
Exreriéncia de utilizac3o da 1limgua natural no acesso a
bases de dados
Comunicaggo ao lo. CFI8O

DAHL Y V., 3 SAMEBUCY R. [19761]
Un Suystéme de ERanaue de lornneées en Lodgicue du Fremier Ordre,
en Vue de sa Consultation en Landgue Naturelle
Groure de IAy UER Luminw
Univ, d’Aix—-Marseille

DAHLy V., [197721]
Some Exreriences on Natursl Languadge Question—-Answering
Sustems '
in Lodic and Data Rasesy Workshor Toulouse

DAHLy V. [1977bh1
U Systeme Deductif d/’Interrodgation de Eanaues de Dornrnées en
Esragnol
Groure de IAy UER Luminw
Univ. d’Aix—-Marseille

DARVASy F. % FUTO» I. 7 SZEREDI» F. L[19761
Some 3srrlications of teorem Froving based machine
intelligence in  QASR!? automatic calculastion of molecular
rrorerties and 3sutomatic intersretation of quantitative
structure activity relationshirs
International Conference on QRASKR» Suhly GIR
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DARVAS, F. 5 FUTO, I. # SZEREDI,» F. (19781
Lodgic Rased Frodram Swustem for Fredicting Drud Interactions
Int. J. Rio—-Medical Computing(?)

DELIYANNIs A. 3 KOWALSKI» R. A, [19771]
Lodic and Semantic Networks
lerartment of Comruting and Control
Imrerial Collede
in Lodgic and Data Rases» Workshor Toulouse

DONZy P, [19791]
Une méthode de transformation et d’ortimisation de
rrogrammes Frolog! definitionm et imrlementation
Groure de IAy UER Luming
Univ. d’Aix-Marseille

LWIGGINS, DI, [19791
A knowledde-based automated messade understanding
methodology for an advanced indications sustem
Orerating Sustems

ELERs G, [197631
A FPROLOG-Like Interrreter for norn~Horn Clauses
DAI resort no. 26
Univ. of Edinbursgn

EDERy G, [1976b1]
A Sustem for Cautious Flamning
nAI rerort no. 27
Univ. of Edinburgh

ELEAAMRANI  MOULAY [19791
Sur les eauations asldebriaues
Groure de IAs UER Luminugy DEA
Unive d’Aix-Marseille

EMDEN, M. van [19743]

First—-Order Fredicate Lodic 3s 3 High-Level Frosram Landuade
"NAIy MIFP-R-106
Univ. of Edirnburgh

EMDENs M. van [1974b1]

The Semantics of FPredicate Lodgic as s Frodgramming Landuade
DAI» Memo 73
Univ., of Edinburgh

168



EMDENy M., van [1975]
Frodramming with Resolution Logic
Research rerort C£S-75-30
DCSy Univ. of Waterloor Csnada

EMDENy M. van 7 KOWALSKIy R, [197621
Verification Conditions 3s Rerresentations for Frodrams
Research rerort CS-76-03
DESy Unive. of Waterloos Canads

EMIOENy M., van [1976b1
Unstructured Sustematic Frodramming
Research rerort C5-76-09
[CSy Univ, of Waterloor Canada

EMIODENs M, van [1976c]
A Frorosal for an Imrerative Comrlement to FROLOG
Research rerort CS-76-39
oCSs Univ. of Wsterloor Canads

EMOENs M, van [1974d]
leductive Information Retrieval on Virtual Relational
Ilatabases
Research rerort CS-746-42
LCS» Umiv, of Waterloos Canadsa

EMDENs M. van [1976e1
Logic Frodrams for Querving Relational Databases
Working r=arer
IcCSy Univ. of Waterlooy Csnads

EMDENs M. van L[197731
Comrutation and Deductive Information Retrieval
Research rerort CS-77-16
LICSy Univ. of Waterloos Canads

EMDENy M, van [19781
Relational Frosramming
Research rerort C£S-78-48
LECSy Univ. of Waterloor Canada

EMDENs M. van L[19801]
Chess—enddame advice! a case studwy in comruter utilization
of krnowledde
Research rerort CS$5-80-05
NCSy Unive. of Waterloo
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FUTd; I. 3 SZERELIs F. 3 DARVASy F. [1977]
Some Imrlemented and Flanned FROLOG Arrlications
in Lodic and liatabases
Workshor Toulouse

FUTév 1. 3 DARVASy F. 3 CHOLNOKY, E. [1977]
Fratical Arrlications of an Artificial Intellidence Landuade
Frerrints of the Secound Hundgarian Comruter
Science Conferencer Budarest

GIANNESINI, F., [19781]
Ferresentation du Monde et Linearisation d’un Frobleme en
Robotiue
Groure de IAy UER Luming
Univ. d’Aix-Marseille

GIANNESINIs J, [19781
Generateur de Flans Utilisant une Hierarchie sur un Ernsemble
de Ruts
Groure de IAs UER Luming
Univ. d’Aix-Marseille

GUIZOLs J. [1975]
Sunthése du Francais & rartir d’une Rerresentation en
Lodicue du Fremier Ordre
Groure de IAy UER Luminy
Univ. d’Aix-Marseille

GUIZOLy J. [1974]
Remaraues a Froros de la Sunthése du Francais
Groure de IAy UER Luminy
Univ. d’Aix— Marseille

GUIZOLsy J. 3 MELONIs H., [197613
FROLOG Modulaire
Groure de IAy UER Luminyg
Univ. d’Aix-Marseille

GWIZOLy J. 3 MELONI» H, [19791
Identification d’evenements rseudo-rhonetiaues et des
tradectoires fornmanticues rour 13 reconaissance automaticue
de 13 rarole continue
Groure de IAy UER Luminy
Univ. d’Aix—-Marseille
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HILLy R. [1974]
LUSH - Resolution
IAI» Memo 78
Urniv. of Edinburgh

HOGGERy C. J. [197831
Frodgram Sunthesis in
Imreriazl Collede

HOGGERy C. J. £1978b]
Goal-oriented DNerivation
Imrerial Collese

HOGGERy C. J.
erivation
Fhe I, Thesicsy

Cforthcomingl

Imrerial

HORVATHy K.+ LARADIs K. 3

LAUFER

and its Comrleteness

Fredicate Lodic

of Lodgic Frograms

of Logic Frodrams

Collede

T. [19771

QAL1 2 lodic for cuestion-answering sustems

2ndd ., Hunsgarian

JOURERT,y ™. £19741
Un Susteme de Resolution
Groure de IAy UER Luminyg
Uniiv., d‘Aix - Marseille

KaNoul, H. [1973a1
Some asrects of Ssmbolic
Frogramming
3IJCAl

KANOUTI» H.
Arslication
Manirulations
Ordinateur

L1973b]

de 1a

Groure de 1Ay UER Luminyg
Uriiv. 3’Aix — Marseille
KANDUI s H. £1975]

Rarrort d‘activite du G.I.A.

UER Luming
- Marseille

Groure de IAy
Urniv., G Al

Conference on

Aldgébriaues

Comruting

de Froblemes a8 Tendance Naturelle

Intedration wvia Fredicate Lodic

Iemonstration Automaticue 313
et a2 1’Intedration Formelle sur

(Intedgration Sumboliaue)
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KANOUI» H. 5 EBERGMANs M. C19771
Generalized Substitutions
Groure de IAy UER Lumins
Urniv. d‘Aix — Marseille

KANOUI+ H., # CANEGHEMs M. wvan [1979]
Imrlementing 8 very high level lansuase on 3 verw low cost
comruter
Groure de IAy UER Luming
Univ:. d’Aix—~Marseille

KOMOROWSKIy H, Jan £19791
QLOG interactive envirornment -—- the exrerience from
embedding 3 deneralized Frolog in INTERLISF
Informatics Laboratory Rerort LITH-MAR-R-79-19
Linkoring Univ.

KOWALSKIs R+ # KUEHNER, I, [19711
Limear Resolution with Selection Function
Al Journal 2

KOWALSKIy R, C1973a1]
An imrroved Theorem~Froving System for First-Order Lodic
DAI» Memo 65
Urniv., of Edinbursgh

KOWALSKIs R. L1973b]
Fredicate Lodgic as Frodgramming Landuade
Al y Memo 70
Urmive. of Edinbursgh
and Froc. IFIF 74 North-Holland

KOWALSKIs R. [197421]
A rroof Frocedure using Connection Grarhs
ATy Memo 74
Univ. of Edimburdh
and JACM Vol, 22 rnos. 4 - Oct/197S

KOWALSKI» R. [1974b1]
Logic for Froblem Solvindg
LAI» Memo 75
Univ. of Edinburgh

KOWALSKIy R. L197631]
Algorithm = Lodgic + Control
herartment of Comruting and Control
Imrerizal Collede
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KOWALSKIy» Rs. [1976b1
Logic and Data BRases
Derartment of Comruting and Comntrol
Imrerial Collede

KOWALSKI» R, C[197731]
Logic as Frodgrammindg Landuade
Visit to N. Americar 25 March - 29 Arril 1977
lerartment of Comruting and Control
Imrerial Collede

KOWALSKIs» R. [197701
General laws in data descrirtion
in Lodic and DNatabases
Workshor Toulouse

KOWALSKIy Re [19279]
Lodic for Froblem Solving
North—-Holland

LICHTMAN: B, M. [19731
Features of Verv High Level Frodramming with FROLOG
Ierartment of Comruting and Control
Imrerial Collede

MARKUSZs Z. [19771] v
How to Design Variants of Flats wsind Frodramming Landuadge
FROLOG based on Mathematical Lodgic
Information Frocessingsy B, Gilchrist (ed.)
IFIF - 1977y North-Holland

MELLISHs C. S. [19771]
An Arrroach to the GUS Travel Adent Froblem using FROLOG
DAI '
Univ. of Edinburgh

MELLISHs C. S. [1978a1]
Suntayx ~ Semantics Interaction in Naturel Landuade Farsing
IAIly Working Farer mo. 31
Univ. of Edinburgh

HMELLISHs C, [1978b]
Freliminargy syntactic analysis and interrretation of
Mechanics rroblems stated in Endglish
oAl Working Farer no. 48
Univ. of Edinburgh
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MELONIy H., [19761]
FROLOG ~ mise en route de l’interrreteur et exercices
Groure de IAy UER Luminy
Univ. d’Aix - Marseille

MILNEy R, [1979]
A case for deterministic sarsing usind suntax
DAY Working Farer no. 53
Univ., of Edinburgh

MILNEy» R, [19801]
A framework for deterministic rarsing wusing suntax and
semantics
DAI Working Farer no., 64
Univ, of Edinburdgh

MOOREs J. S, [1973]
Comrutational Logic! Structure Sharindg and Froof of Frodgram
Frorerties - Farts 1 & II
DAl memo &7
Univ. of Edinburdgh

FASEROy R. [1972]
Rerresentation du Frangais en Lodicue du Fremier Ordre en
Vue de [lialoduer avec un Ordinateur
Groure de IAy UER Luming
Unive d‘Aix - Marseille

FASEROY R., [19761]
Un essai de Communication Sensée en Landue Naturelle
Groure de IA» UER Luminw
Uriv, d’Aix - Marseille

FEREIRAyYy F. 3 WARRENy D'y H, [19781
Iefinite Clause Grammars Comrared with Augmented Trarmsition
Network
AT
Univ, of Edinburgh

FEREIRAY F. {19791
Extrarosition Grammars

DAYl Working rarer n.59
Univ. of Edinburgh

FEREIRAY L. M. L19771 )
FROLOGy uma Linduadem de Programaggo em Logica
LNEC
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FEREIRAr L. M. C19781 . )
FROLOG,» Linguadem de Resolugao de Froblemas em Logica (Fart
1 &8 2
in Informéticay Volume 2y rno. 4 1978y Volume 2y no. by
1979

FEREIRAy L. M. [19792]

Calculo da distribuiqgo das familias rortudguesas FOT
escaldes de rendimento
LNEC

FEREIRAs L, M, L[1979b]
Backtracking Intellidently in ANLD/OR trees
Universidade Novas delLisbos

FEREIRAy L. M. 3 MONTEIRO, L. F. [19781
The Semantics of Farallelism and Co-Routining in Lodic
Frograms
LNEC
and Colloguium on Mathematical Lodic in Frodramminss
Saldotardanr» Hunsgary
North~Holland (to be rublished)

FEREIRAy L. M. 3 FEREIRAy F. 3 WARREN, Ii. £19781
User’s Guide to [IECsuystem 10 FROLOG
LNEC

FEREIRAy L. M., ¥ COELHOy H. L1979]
A Légicas Instrumento de Comunicag3o em Fortudués com o
Comrutador
L.NEC

FEREIRAy L. M. 3 FORTOs» A, L[19793
Intelligent Backtracking and sidetracking in Horm clause
rrodrams — the theory
Universidade Nova de Lisboasy Lisbon

FEREIRAs L.M.3 FORTOy A, L[197%]
Intelligent backtracking and sidetracking in Horm clause
rodgrams -~ the imrlementation
Universidade Nova de lLisboas Lisbon

FEREIRA, L., M. » FORTO» A. [19801

Selective bactrackind for lodic rrodgrams
lerartamento de Informaticay CIUNL mno, 1/80
Univ. Nova de Lisbos



FIQUEy J. [£19781
Interrodgation en Frangais g’ une base de dornees
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Groure de ISy UER Luminwy DEA
Uriiv. d4’Aix-Marseille

RORERTSy G.M. £19771
An Imrlementation of FROLOG
pcs, Univ. of Waterlooy Canada

RODRIGUEZy M. £19781
Ur Susteme Fatient d4’Aide a la Concertion? JOE
these de 3eme cucle
Groure de IAs UER Luminyg
Univ. d’Aix - Marseille

ROUSSELy F. [1972]
Definition et Traitement de l'Esalité Formelle en
Demonstration Automaticue
Groure de IA» UER Luming
Urive dfALN - Marseille

ROUSSELy F. [19751
FROLOG - Manuel de rRéference et d’Utilisation
Groure de IA» UER Luming
Unive. d7Aix - Marseille

SARATIER: F. [19781
Ellirsisy grammaire interrretative des constructions
ellirticues du Frangais
Groure de IA» UER Lumingy DEA
Urniv, d’Aix—Marseille

SANTOS, MeJs [1?79]
Interface grafica em Frolodg
LNEC

SILVAyY A.F. 3 COTTA» Jo c, [19781
The Travel Froblem Revisited
LNEC

SIMOESy Co M. D £19801
CARSIM: um rFrOoHrama F3T3 listar encomendas
CTT/TLF
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Transcrirtion de 1a W-Grammaire d’un Langduadge Simrle
Lab, d’'Informaticue et Mathematicue ArrliQues
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SZEREDI, F. [19771
FROLOG - A Verw High Level Landuade Based on Fredicate Lodic
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Conferencey Budapest

TARNLUND, S, [1975]
Logic Information Frocessinsg
Rerort TRITA-IRADE - 1034
[lert.,. of Inf. Frocessindg
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TARNLUNDy S, [197621]
A Lodical Basis for Data HRases
Rerort TRITA - IBADE mo. 1029
OCS - Rouwal Institute of Technolodw Stockholm
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and two scene analysis rroblem
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pAI  (unrublished) ‘
Univ. of Edinbursh
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DAIs rerort no. 44
Univ. of Edinbursh

WARRENy D, H. I, [19791]
Frolod on the LDEC-sustem-10
Al Research Farer no. 127
Univ. of Edinburgh

WARRENy D, 3 FEREIRAs L. M. ¥ FEREIRAy F. [19771]
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LAIly research rerort rno. 14
Uniive. of Edinbursgh
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AFFENDIX 1

FROLOG IMPLEMENTATIONS

-

\

‘H.Kanoui

M.Caneghan

Comeputer |Frodgramming Site or
Suystem Landguade Implementation] Year Authors University
IBM 3460 ALGOL -. W interrreter |1970 P.Roussel Marseille
IEM 360 FORTRAN interrreter |1972 | Battanisy Marseille
' Melloni ‘
ICL-1903/A4 Chl. interesreter |1975 | Szeredi Rudarest
ICL-105/E et zl.
IERM ASSEMEBLER interrreter |1976 | Roberts: Waterloo
370/158- ‘ .
UM/CMS
Solar ASSEﬁBLER interrreter [1976 | F/.Roussel Marseille
|_ Exorciser
FASCAL interrreter |1976 | Brugnoodghe| Lovaina
IBEM 370 CIiL. interrreter |1976 Szeredi Budarest
et 810
ICL 4/70~ * interrreter |1976 |} Szeredi Rudarest
ICL 1903A et al.,
Honevwell * interrreter {1976 Szeredi Rudarest
Bull &6/720 . et al.
EMG 840 . interrreter 1976 | Szeredi Rudarest
‘ et al.
ODRA 1304 . interrreter 1976v Sr-eredi Rudarest
et al.,
RIAD R22 . interrreter (1977 | Szeredi Rudarest
‘ ) et 3l.
NEC~-10/20 MACRO-10 comriler 1977 | D.Warren Edinburgh
and and. F.Fereira and
FROLOG interrreter L .Fereira Lisbon
FIF11/60 ASSEMBLER interrreter |1978 | C.Mellish Edinburdgh
UNIX
EXORCISER Candide interrreter 1979 | Colmerauer| Marseiile
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ICL 4/7% IMF interereter |[1979 |Damas Edinburgh
EMAS

FOF-11 FORTH+ comsiler 1979 | Dwiddgins Los Angel,
SNOEROL
CInC6600
TERM/370 FASCALLLY interrreter |1279 McCabe London
: (1IC)

£1Yy This version differs significently from other suystems in the
control Frimitives.
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AFFENDIX 2

LIST OF FROLOG AFFLICATIONS

FROBLEM DOMAIN AUTHORS YEAR

1) FURE RESEARCH
Flane deometry Welham 1976
Coelho & Fereirsa 1976
Mechanics Funduy et al 1979
Sumbolic calculus Kamoui 1973
BEergman & Kanoui 1975
Kanoui 1975
Natural landguade understanding Colmerauer 1971
Fasero 1972
Colmerauer & Kanowi] 1973
Roussel & Fasero 1973
Colmerauer 1974
Colmerauer 1975
Guizol 1975
Fasero 1976
Liahl 1977
FiQue 1978
Mellish 1978
Fereira & Warren 1979
Milne 1979
Coelho 1979
Sreech understanding Eatanl & Meloni 1975
Learning Erazdil 1978
Krnowleddge endgineering! Chess Emden 1980
Robotics Warren 1974
Giannesini 1978

183



I1I1) FRACTICAL FROGRAMS

Comriler writind

Interrreter writing

Comruter utilities

Travel asgent rFroblem

Comruter catalodue

Flotter srodgrams deneration
Follution control

Festicide information
Statistics

Flat desisdn

Architecture

Civil engineerindg ledislation

Irug interaction
rrediction

Carcinosgenic activity
6GT-42 Ficture book
Distribution of rortudguese
families throudgh

g scale of income

Fre-redistration arrointments

List of ecuirment

Colmerasuer
Warren

Fereira & Forto
Burd

Eattani & Meloni

Mellish
Silva & Cotts

Dahl
Larvas
Darvas
tarvas
Larvas
Markusz
Rodriduez
Cotta & Silvsa

larvas & Futo’
% Sreredi

Iarvas
Santos

Fereira

Townshernd

Simoes

1975
1977

1979
1979

1975

1976
1978

1976

1976
1976

1976
1976
1977
1978
1978

1978

1978

1979

1979

1979

1980
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AFFENDIX 3

FROLOG RELEVANT AIDRESSES

RUDAFPEST

NIM IGUSZI
1363 Budarest
F.UB, 33
Hungarw

EDINRURGH

Derartment of Artificial Intellidgence University of
Edinburgh

8. Hore rerk Sa.r Meadow Lane

Edinburgh EHS8

Scotland

LEUVEN

Arrlied Mathematics and Frogramming lert,
Katholieke Uniwv. '

Leuven

EBeldgium

LISERON

Centro de Informatica

Laboratério Nacional de Endenharia Civil
101 Av, do Erasil

1799 Lisboa Code::

Fortudgal

LISEON

llerartamento de Endenharia Informgtica
Universidade Nova de Lisbos

Semindrio dos Olivais

Quinta do Cabeco

1800 Lisbos

Fortusal
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LONDON

Lerartment of Comrputindg and Control Imrerial Collede
University of London

180 Queens Gate

Londor SW7

Endland

MARSEILLE

Groure d/Intellidence Artificielle UER Scientificue
de Luminy

20 route léon-lachaur

13009 Marseille

France

STOCKHOLM
[terartment of Computer Science Universitw of Stockholm

106 91 Stockholm
Sweden

WATERLOO

Comrputer Science [lerartment University of Waterloo
Waterloos Ontario
Canada
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AFFENDIX 4

FROLOG RUILT-IN FROCEDURES

Ruilt—-in srocedures are also referred to as evaluable

redicates.

4.1 INFUT / OUTFUT

A total of fourteen I/0 streams mavw be oren 3t any one time
for inrut and outrut, An extra stream is availabler for inrut
and outrut to the user’s terminazl, A stream +to a file F is
orened for inpuf by the first "see(F)" executed., F then becomes
the current inrut stream. Similarlyy 3 stream +to file H is
orened for outrut by the first *"tell(H)® executed. H then
becomes the current outrut stream. Subsequent calls to "see(F)"
or to *tell(H)*® make F or H the current inrut or outrut streams
resrectively. Ang inrut or outrut is alwauws to the current

stream.

Whern no inrut or outrut stream has been srecifieds the
standard ersatz file ‘user’y denoting the user’s terminal, is
utilized for inrut and/or outreut, Terminal outrut is only
disrlaved after 2 newline is written or ‘ttuflush’ is called,
When the terminal is waiting for inrut on 3 mew lines the rromet

7

17 is disrlased.



When the current inFut and/or outrut stream is closedy the

user’s terminal becomes the current inrput and/or outrut stream.

No file excert the ersatz file ‘user’ can be simultaneously

oren for ineut and outsut.,

A file is referred to by its names written a3s an atomr» ed,

mufile
71237
‘DATALLST?

‘ITALABC.FL’

Note that referehce to directories other than the user’s is not

rossible at rresent.

consult(F)

Instructs the interrreter to read file F. When a3 directive
is read it is immediatels executed., When a clause is read
. it is eut after any clauses already read by the interrreter
for that rrocedure. The consulted file may define its ouwn
character convention (‘LC’ or /NOLC’) without affecting the

convention rrevailing outside.

reconsult(F)

Like ‘consult’ excert that ans rrocedure defined in  the
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*reconsulted® file erases any clauses for that rrocedure
slready rresent in the interrreter. ‘reconsult’, used 1in
comdunction with ‘save’ and ‘restore’y facilitates the
smendment of a rrodgram without having to consult again from
scratch 211 the files which make ur the rrodram. The file
*reconsulted® is normally 3 temrorary *ratch’ file
containing only the amended rrocedure(s). Note that it is
rossible to call ‘reconsult(user)’ and then enter a ratch
directly on the terminal (endindg with *i-end.® or "Z).

This is only recommended for small, tentative Patches.'

see(F)

File F becomes the current inrut stream.

seeind(F)

seen

F is unified with the rmame of the current inrut file.

Closes current inrFut stream.

tell(F)

File F becomes the current outrut streasm.

telling(F)

F is unified with the name of the current outrut file.

189



told

Closes the current outrut stream.

close(F)

File Fr currently oren for inrut or outruty is closed.,

read (X)
The next termy delimited bhwy & *fullstor" (ie. 8 ‘.7
followed by <crx or 3 srace)r is read from the current

inFut streém and unified with X. The suntax of the term
must accord with current orerator declarations. If a2 call
‘read(X)’ causes the end of the current inrFut stream to be
reached» X is vunified with the term *!-end.®. Further
calls to 'réad’ for the same stream will then cause an

error failure,

write(X)

The term X is written to the current outrut stream

according to current orerator declarations.

nl

A new line is started on the current outrut stream,
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disrlauw(X)

The term X is disrlaved on the terminsal in standard

rarenthesised rrefix rnotation.

ttunl

A new Iine is started on the terminal and the buffer is

flushed.,

ttuflush

Flushes the terminal outrut buffer.

ttudetO(N)

N is the ASCII code of the next character inrut from the

terminzl.

ttudget (N)

N is the ASCII code of the next mon-blank frintable

character from the terminal.

ttyskir (N)

Skirs to Just rast the next ASCII character code N from the

terminal. N maw be an inteder exrressior.
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tturut (N)

The ASCII character code N is outrut to the terminal. N

maw be an inteder eMFTEesS10MN.,

getO(N)

N is the ASCII code of the next character from the current

inFut stream.

get (N)

N is the ASCII code of the next mnon-blank Frrintable

character from the current inFut stream.

shir(N)

Skirs to Just rast the next ASCII character code N from the

current ineput stream. N maw be an inteder exrression.

Ut (N)

ASCII character code N is outrut to the current outrut

stream. N may be an inteder exrression.

tab(N)

N sraces are outrut to the current outrut stream. N mas be

an inteder exrression.



rutatom(X)

The name of atom X is outrut to the current outrut stream.

fileerrors

Urndoes the effect of ‘rnofileerrors’.

nofileerrors

After a ca3ll to this rredicatey the 1/0 error condi?ions
*incorrect file mame..."» °can’t see file..+"y *can’t tell
file+..." and "end of file..." cause & call \tb ‘fail’
instead of the default action» which is to ture an error

messade and then call ‘abort’,

rename (FyN)
If file F ié currently oreny closes it and renames it to N.
If N is L1’y deletes the file.

los -
Ermables the losding of terminal interaction to file
FROLOG.LOG. It is the default.

rnolod

Disables the loddging of terminal interaction.
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4,2 ARITHMETIC

Arithmetic is rerformed by built-in srocedures which take
as arduments inteder exrressions and evaluate them. AR inteder
exrression is a3 term built from evaluable functorss inteders and
variables. A£ the time of evaluations each variable in an
integer exrression must be bound to an inteder» or» for the
interrreter ONLYs to an intedger exrression. Althoush Frolod
inteders must be in the randge -2717 to 2717-1, the inteders in
arguments to arithmetic rrocedures and the intermediate results

of the evaluation may randge from -2735 to 2735-1.

Each evaluable functor stands for am arithmetic oreration.,
The evaluasble functors are as followss where X and Y are intesder

exrressions:

X+Y integer addition

X-Y inteder subtraction
XXy integer multirlication
X/Y inteder division

X mod Y X modulo Y

-X unary minus

X/\Y bitwise condunction
X\/Y bitwise disJunction
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\ X bitwise nedation

X<« bitwise left shift of X by Y rlaces
X=»Y bitwise right shift of X by Y rlaces
1{(X) the number in the rande 0 to 2718-1

which is ecual to X modulo 2718

$ (X ' the number in the range -2~17 to 2°17-1

which is ecual to X modulo 2718

£X1 . evaluates to X if X is an inteder
(therefore ed. A" behaves within arithmetic
exeressions as an inteder constant which is the

ASCII code for letter A)

The arithmetic built-in rrocedures are as followssy where X
and Y stand for arithmetic exsrressions» and Z for some term:
Z is X

Integer exrression X is evaluated and the result, reduced
modulo 2718 +to & number in the range -2717 to 2717-1y is

unified with Z. Fails if X is mot an inteder exrression.

The values of X arnd Y are ecual. .
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4,3 CONVENIENCE
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values of X and Y are not ecual.,

less than the value of Y.

dreater than the value of Y.

less thamn or eaual to the value of Y.

Qreaiervthan or eaual to the value of



true

Always succeeds.

Lefired as if by clause " Z=Z. .

length(LsN) '

L must be instantiated to 8 1list of determinate length.

This lendgth is unified with N.

4.4 EXTRA CONTROL

See Section 2.3,

not (F)

If the doa3l P has a2 solution, faily otherwise succed. It

is defined as if buil

riot(F):—- F»y» ty fail.

rot(_).

Not wet available for comriled code.
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Fo-> Q3R

Analodous to
“if F then Q else R*
je. defined as if bw?

o Q3R - Py by Q.

Not uet available for comriled code.

Whern occuring other thamn as one of the alternatives of 3

disJunctions is equivalent to?
F -> Qsfail.,

Not wet available for comriled codgde.

rereat

Gernerates an infinite secquence of bactracking choices. It
behaves f(pbut doesn’t use store!) as if defined by the

clauses:

rereat.

rereat != rereat.
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fail

Always fails.,

abort

Aborts the current execution.

4,5 META-LOGICAL

var(X)

Tests whether X is currently instantiated to 3 variable.

rnonvar(X)

Tests whether X is currentls instantiated to a mon-~variable

term.

atom(X)

Checks that X is currently imstantiated to anm atom (ie. a

npn—variable term of arity O» other than an inteder).

integer(X)

Checks that X is currentls instantiated to an inteder.

199



atomic(X)

X =

Checks that X is currently instantiated tol an atom or

inteder.

Y

Tests if the terms currently instantiating X and Y are
literally identical (in rarticularsy variables in eauivalent

rositions in the two terms must be identical).

X \== Y
Tests if the terms currently instantiating X and Y are not
literally jdentical.

functor(T»FsN)

The Principéi functor of term T has name F and arity Ny

where F is either an atom oOry wrovided N is O» an intedger.,

Initiallyy either T must be instantiated tor resrectivelyds

- either an atom and a3 non—-nedative integer or an inteder and

0. If these conditions are rot satisfiedy an error messadge
is given., In the case where T is imitislly not
instantiated to a variable: the result of the call is to
instantiate T to the most deneral term havindg the rrinciral

functor indicated.



arg(IsTeX)

Initiallyy I must be instantiated to 2 rositive intesger and
T to 8 comround term. The result of the call is to unify X
with the Ith ardument of term T. (The arduments are
rumbered from 1 urwards.) If the initial conditions are rot

satisfied or I is out of rander the call merely fails.

X=44Y

Y is 2 list whose head is the atom corresronding to the
rrinciral functor of X and whose tail is the ardument list

of that functor in X. e, :

rroduct (OyNsyN~-1) =.. [rroductsOsNsN-11]
N-1 =,, [~sN»13]

Frroduct =.. [rroductl]

If X is instantiasted to & variasbler then Y must be
instantiated to 3 list of determinate length whose head is

atomic (ie. an 3tom or inteder).

name(XyL)

If X is an atom or inteder then L is a list of the ASCII

codes of the characters comerrising the rname of X. edg.!
name(ProductyCIIQr114;111;100;117;99;116])

ie.. name(rroduct, rroduct®)



name(19761E49v57955754])
name($—-+[58+451)
name(C1s"C1")

If X is instantiated to a variabley L‘must be instantiated

to 3 list of ASCII character codes. es.!

?-name(Xy[S58y451) .

P—rmame(Xr"$-"),

call(X)

If X is instantiated to & term which would be accertable as
body of & ciause: the dgoal ‘call(X)’ is executed exactly as
if that term asrreared textuslls in rlace of ‘ca8ll(X)’. In
garticulary  ang cut (717) oceurring in X is interrreted as
if it occured in the body of the clsuse containing
‘eall(X)’sy unless that clause 1is 3 comriled clausey in
which case only the alternatives in the execution of X are
cut. If X is rnot instantiated as described atovery an error

messade is printed and ‘call’ fails.

(where X is a variable) Exactlw the same as ‘call(X)’.
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assert(C)

The current instance of C is interrreted as a clause and is
added to tﬁe current interrreted rrodgram (with new rrivate
variables rerlacing anu uniﬁstantiated variables). The
rosition of the new clause within the.Procedure concerned
is imelementation-defined., C must be instantiated to =

non—-variable.

asserta(C)
Like ‘assert(C)’s» excert that the rew clause becomes the
first clause for the rrocedure concerneqg.

clause(FsQ)

F must be bound to a3 non-variasble terms. a8rnd the current
interrreted rrodram is searched for clauses whose head
matches F, The head and body of those clauses are unified
with F and Q resrectivelu. If one of the clauses is s unit

clauses Q will be unified with ‘true’,

assert=(C)

Like ‘assert(C)’y wecert that the mew clasuse becomes the

last clause for the rrocedure concerned.

retract(C)

The first clasuse in the current interrreted srogram that



matches C is erased. .C must be initially instantiated to 3
rnon-variasble» and becomes unified with the value of the
erased clause. The srace occuried by the erased clause
will be‘recovered when instances of the «clause are no
londger .in use. On  backtracking it will erase the next

clause that matches C.

retractall (F)

All clauses in the current interrreted rrogram whose head
matches F are ‘retract’ed., F must be bound to 2

non—-variasble term.

listing(A)

Lists in the curremt outrut stream all the interrreted
clauses for rredicates with nsome A» where A is bound to an

atom.

listing

Lists in the current outrut stream 2311 the clauses in the
Qurrent_interéreted PPOSrém.
NOTE: If a clause contains ang atom or functor
whoée name has to be written in cuotess the listing
of that clause will be still readablesy - but
suntatically incorrect. Otherwiser clauses listed
to 8 file bw ‘listing(A)’ or ‘listing’ can be

conswulted back.



numbervars(XsNsM)

Unifies each of the variables in term X with 38 srecisal
termy so that write(X) rrints esch of these varisbles as
*'I*y where the Is are consecutive inteders from N to M-1.

N must be instantiated to an intesger. -

ancestors(L)

Unifies L with 3 list of ancestor dHosls for the current
clause., The list starts with the rarent dgozal and ends with
the most recent ancestor coming from a3 ‘call’ in 2 comriled

clause. Not availahle for comriled code.

subgoal_of(S)

The =203l ‘subgosl_of(S) is equivalent to the secuence of

sbals:
ancestors(L)sin(SyL)

where the rsredicate “‘in’ suuccesively matches its first
argument with each of the elements of its second ardgument.

Not avasilable for comriled code.
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4.6 INTERNAL DATABASE

These rredicates remain 1in the sustem rurely for

compatibility reasoms» and will be removed at some future date.

record(X)

The current instarnce of X is ‘"recorded® in the internal
database at some imrlementation-defined rosition in the
seauernce of terms which constitutes the internal database
(with rnew private variables rerlacing anwy uninstantisted

variables)., X must be instantiated to a non-variable.

recordga(X)

Like ‘record{(X)’s excert that the new term is "recorded® at

the *tor" of the internal datasbase.

record=z(X)

Like ’‘record(X)’y excert that the rnew term is "recorded® at

the "bottom® of the internsal database.

?(X)

The internal database is searched for rreviouslwy °recorded®
terms which match the current instarnce of X (which must not

be 3 variable). These terms are successively unified with



X in the order in which theu are recorded in the internsl

database.

recorged(XsF)

The databsse is searched for rreviously ‘“recorded® terms
that matéh the current instance of X (which must not be 3
variabye). These terms are successivels unified with X in
the order in which thew are recorded in the internal
database. Pvis unified with a8 "rointer" which identifies
the ‘'"recorded® term matching X. (A *rointer® is a3 term

whose internsal structure is imrlementation-defined).

instance(FyX)
X is unified with the database term identified bw "rointer"
F.

erase(F)

The database term identified by “rointer” F is erased ‘from
the internal datasbase. The srace occuried by the erased

term will be recovered when instarnces of the term are no

londger in use.

eraseall(X)

All the datsbase terms matching the current instance of X

are "erased"y in the sense of ‘erase(_)’.



4,7 ENVIRONMENTAL

NOLC’

Establishes the *no lower-case’ convention.

ILCI

Establishes the "fiyll character set® convention. It is the

default setting,

trace

Enab;e trace.

notrace

Dissble trace. It is the default setting,

leash

. Enable ‘leashed’ mode for tracind. It is the default

setting.

urleash

Ilisable 'leashedi mode for tracing.



or(rr

bresk

save(

resto

ioritysturername)

Treat riame name as an orerator of the stated +ture and
prioritu. name mav also be a list of names in which case

all 3are to bhe treated as operaiors of the stated ture and

Friority.

Causes the current execution to be interrurted at the next
interrreted srocedure call. Then the messadge ®* % bresk! °
is disélased. The interrreter is then  reads to accert
inFut as thoush it was at tor level. To close the bresk
and resume the execution which was susrended» the command *
t-end. " or Z must be tyred., Execution will be resumed at
the srocedure call where it had been susrended.
Alternativelyy the susrended execution can be sborted bw

dgiving the command " !-abort. "

F)

The sustem saves the current state of the sustem into file

Fe

re{F)

The surerviser is returned to the sustem state rreviously

saved teo file.F‘




maxderth ()

Fositive integer I srecifies the maximum derth, ie.
invocation levels, beuwond which the sustem will induce an
automatic failure., Tor level has =zero derth. This 1is
useful for dguarding against loors iﬁ an untested srodramy

or for curtziling infinite execution branches.

derth ()

Intedger D' will dive irndication of current level of

invocation.

Tdgeguide (N)

gc

nogce

N must be instantiated to an integer from O to 0512y
indicating the desirable threshold of dlobal stachk rades
below which dgarbage collection should be svoided if

roscible. The default is N=6.

Enabhles darbadge collection of the <lobal stack (the

default).

[lisables dgarbade collectiorn of the dglobal stackhk.

trimcore

keduces free srace on the stacks and trsil as wmuch as



rossible andy in virtual memorys Monitors onlur .releases
core no londer neededy thereby reducing the sizé of the low
segment., The intererreter automatically calls ‘trimcore’
after each directive at tor-level, aftef ‘an- ’abort; and

after a3 (re)consult.

statistics

Ilisrlaw on the terminal statistics relating to core wusades

run time, darbade collection of the global staék énd stack

shifts.

statistics(KsV)
This a3llows 3 srogram to gather various execution
statistics. For each of the rossible kews Ky V is unified

with 3 list of valuesy as follows:

Kew Values
core ‘low_segment high.segment
hear size : free
global_stack size free
local_stachk size free
trail size free
runtime ’ since start since Frevious
of FROLOG ‘gstatistics’
garbage_collection rno. of GCs words freed time
‘ srent
stack_shifts no. of local no. of trail time

shifts ’ shifts srent
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Times are in milisecondss sizes of areas in words. If =&

time exceeds 129,071 sec.» it wili be returned as a3 term?
HWwd(T1,T2)

rerresenting?
Ti%2718 + T2 mod 2718

Note thét such a term occurs in an  interrreted arithmetic

expressiory it will be evaluated correctly.
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ERRATA

Where is

tail iH]:T]]

:-sort (Lc....

compact (L1,

u2),Z K
u2),2):-
K2),void).

greater or equal ones

2,{1].3
18, .19

takes (m:adiri

fact (ok (F1,N)yes)
discover (1it,Val)
fact (1it,vVal)
discover (1it,val)
askclient (1it,
interpret (A,B,9)
dealwith (A,B,1)
dealwith (A,B,_)

below
preserved‘(_,true).

retrace 1 (true,V,C,true).

Must be

tail LTI

:=sort ( [c,-q,w,e,r,t,y,u,i »0,P,
a,s,d,f,g,h,j,k,],z,x,c,v,b,n,ﬁ]
sS)»

write (S).

compact ([L] .
linked (X,Y,):-cat (Xo_sYs_)e
Tinked (X,Z,):-cat (X,_,Y,_),

Tinked (Y,Z).

u2),2,K

u2),2)):-

K2),void}).

greater ones

2,03

18,L 1), 19

takes (m.:adiri
fact (ok{(F1,N),yes)
discover (Lit,Val)
fact (Lit,Val)
discover (Lit,Val)
askclient (Lit,
interpret (A.B,9)
dealwith (A.B,1)
deahn' th (A.B,[])
output ( -~ ).

T ©
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above
preserved (_,_)-
‘retrace | (true,V,C,true).
retrace 13(X&P,V,C,X&P1):—
retrace 1 (P,V,C,P1).
np (X,Y): - noun (X,Y).



