Introduction to Prolog

AT.YIH AN
MAINAAINTINABNRILADT

aINIalamIngse

Two Family Trees

Christopher = Penelope Andrew = Christine

Margaret = Arthur Victoria = James Jannifer = Charles

Colin Charlotte

Roberto = Maria Pierro = Francesca

Gina = Emilio Lucia = Macro Angela = Tomaso

Alfonso Sophia
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1. Basic Construct

Prolog --- description Ianguage"l‘fi’@%‘uwobjects

WwazrelationshipssE13190objects U 9

TdsunsuPrologilsznaumas

« factsNtNEINLIobjectsiazrelationsiiu )

* rulesiLNeaNLobjectsiiazrelationsidid °)

J queriesﬁLﬁmfT‘LlobjectsLLazrelationsﬁu 9

1.1 Fact

parent(christopher,arthur). male(christopher).
parent(christopher,victoria).  male(james).

parent(penelope,arthur). male(colin).
parent(penelope,victoria).
parent(victoria,colin). female(penelope).
parent(victoria,chalotte). female(mar garet).

parent(james,colin).
parent(james,chalotte).

female(victoria).




parent(christopher,arthur)
- predicate name : parent

— arguments : christopher, arthur

1.2 Constant

e atom : christopher arthur
e number : 123 99.99

1.4 Variable, Term, Substitution

variablelunusingle entity, lsildstorage location

°lu memory

ex) 7?- parent(christopher,X).
X =arthur;
X =victoria;
no

) a [ v o ai
° Lﬂutﬂiﬂﬁ‘m&l'\ﬂﬂ\ﬂ,ﬁprObgﬂ'\ﬂ'] ARAUBY
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1.3 Query

I ai
o ?2- lHULATAIRNNALAAIquery

ex)

?- parent(christopher,arthur).
yes

?- parent(andrew,james).
no

Term

. I
e constants, variables 1111 terms

[~
e compound terms (structures) t1lu terms

Compound term 1sznauaas

e functor

= @
e arguments @4Lilu terms

Substitution AaLERURIARIAL { X =t }

X : variable, t : term




@ . v o e
A 11U instance 1249 B 91N substitution ©

UNNAMA LA A =B O

ex)

A = parent(penelope,arthur)

B = parent(X,Y)

0 ={ X =penelope, Y = arthur }
A=B6

X is instantiated to penelope

1.6 Rule (Clause)

H:-B1,B2, ..., Bn.

@ =i .
o - Lﬂul,ﬂiﬂﬁ‘vi&l’]ill,l,’dﬂﬁ'lf'

grandparent(X,Y) :- parent(X,Z),parent(Z,Y).

Head of the clause :  grandparent(X,Y)

Body of the clause : parent(X,Z),
parent(Z,Y)

1.5 Conjunction

, 1HuAsasnanaLand logical and

ex)

?- parent(penelope, X), parent(X,Y).
U X uaz 'Y %d X ﬁparentlﬂupenelope

[~
Lae X L‘]Juparentﬂl'm Y
* 1 queryanaisznaunag goal LAAIUSD
wael goalsnle

AMNUNIEURdrule 'P - Q, R

(1) declarative meaning : interpreting the rule as
a logical axiom

e Pis true if Q and R are true

* grandfather(X,Y) is true if parent(X,Z) and
parent(Z,Y) are true.

e forall X, Y and Z, X is a grandparent of Y

if X is a parent of Z and Z is a parent of Y




(2) procedural meaning:
e To solve problem P, first solve the subproblem Q

and then the subproblem R

* To answer a query Is X a grandparent of Y,

answer the query Is X a parent of Z and

Is Z a parent of Y

nnd1nsumatch X AU Y

e [f X is an uninstantiated variable and Y is
instantiated to any term, then X and Y are

equal and X is instantiated to that term

¢ Integers and atoms are equal to themselves

e Two structures are equal if they have the

same functor and number of arguments,

and all corresponding arguments are equal

13-16

2. Matching and Backtracking

2.1 Equality and matching

?-X=Y.
match X waz Y Taawenenndinli X equal Y
A1d15auane3n X match Y 1o

% 10 < 1 1 %
o laidsaudanedn X match Y laila

) iriangle(point(L1) A, point(2.3)) =
triangle(X,point(4,Y),point(2,2))
triangle /trila%

point A  point X poi\nt point

1 1 2 3 4 Y 2 Z
X =point(1,1)

A =poaint(4,Y)
Z=3




WARINFANNUAD LUPrologazdimechanism¥itaenan
2.2 backtracking backtracking

« lu conventional language, e Bi lagunsn

Clause 'A:-B1, B2, ..., Bn/ processﬁi'a‘lﬂ‘lﬁ '%Lﬁﬂerror

m&I']';'mumalugﬂ‘llmaonventional IanguageL"ﬂu LLm“luProlog, computationazgin undone 17';
ProcedureA: Bi wazdifferent computation pathazgn
call B1, execute
call B2, * backtracking ﬁﬁ'ﬂmechanism‘ﬁ:

ANFINMUAINAINEN|NN satisfy goal Taeinn
call Bn.

alternationﬁ'%satisfy goaIﬂJu

ex) Find X who is a child of 'christopher’

and a parent of 'colin’ Execution of Prolog program
?- parent(christopher,X), parent(X,colin). To execute a list of goals G1,G2,...,Gn ,the procedure
. 'execute’ does:
1 —<— parent(christopher,arthur).
2—— parent(christopher,victoria). (1) If the goal list is empty then terminate with success
parent(penelope,arthur). (2) If the goal list is not empty then continue
parent(penelope,victoria). (3) Scan the clauses in the program from top to bottom

parent(v!ctor!a,colln). until the first clause C ( H :- B1,...,Bm ) is found such
parent(victoria,chalotte).

par ent(james,colin). that the head of C matches G1.
parent(james,chalotte). If no such clause then terminate with failure.
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Find substitution® such that H9 = G10 .
Replace G1 in the goal list with B19,....Bm@ ,
obtaining the new goal list

B19,..., Bm@ ,G20...., G
(If C is a fact then the new goal list is shorter than the
original one)

(4) Execute (recursively with this procedure) this new goal
list. If the execution of the new goal list terminates with
success then the execution of the original list also term-
inates with success. If not, then abandon this new goal

and go back to (3). Continue scanning the next clause.

dl‘iffpredicate statelldma

1. Aumisnasas 2. AdBunuiundanaa

3. fumsiinaasnsat 4. Adindaaudalal
state@:NLL‘iﬂ : state(atdoor,onfloor,atwindow,hasnot)
stateﬁﬁ"mmi : state(_, , ,has)

V4hpredicate moven@nanisilasuannstateniialilanstate
move(State1,MoveOp,State2)

1nef MoveOp anaiflu

1 grasp banana 2 climb box 3 push box 4 walk around
L1 move(state(middle,onbox,middle,hasnot),

grasp, state(middle,onbox,middle,has))
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2.3 Example

su

Avsuiliaglszaluias nansiasindasuay
agMwany Asdiaannuazasnllvdunaaausiiy
gelainafiazidanda Aumirsndluiasiindas quils
aamnansaiuuuiy lunaas kannaaslilunsay
nauazuEunalEaInaadaglanady

ANDNY

awmtunadalavsala

IWipredicate cangetugnsinfistatenile qasudunaselauials

canget(state(_, , ,has))

canget(S1) :- move(S1,M,S2), canget(S2).

move(state(middle,onbox,middle,hasnot), grasp,
state(middle,onbox,middle,has)).

move(state(P,onfloor,P,H), climb, state(P,onbox,P,H)).

move(state(P1,onfloor,P1,H), push(P1,P2),
state(P2,onfloor,P2,H)).

move(state(P1,onfloor,B,H), walk(P1,P2),

state(P2,onfloor,B,H)).

?- canget(state(atdoor,onfloor,atwindow,hasnot)).
yes




canget(state(atdoor,onfloor,atwindow,hasnot))

move(state(atdoor,onfloor,atwindow,hasnot), walk(door,P2),
state(P2,onfloor,atwindow,hasnot))

canget(state(P2,onfloor,atwindow,hasnot))

- move(state(atwindow,onfloor,atwindow,hasnot),climb,

state(atwindow,onbox,atwindow,hasnot))

L= canget(state(atwindow,onbox,atwindow, hasnot))

= move(state(atwindow,onfloor,atwindow,hasnot),push(atwindow,P3),

state(P3,onfloor,P3,hasnot))

L= canget(state(P3,onfloor,P3,hasnot))

|:move(state(P3,onfloor, P3,hasnot),climb,

backtrack

state(P3,onbox,P3,hasnot))
canget(state(P3,onbox,P3,hasnot))
move(state(middle,onbox,middle,hasnot),grasp,
|: state(middle,onbox,middle,has))
canget(state(middle,onbox,middle,has))

3.1 Arithmetic

Natural Number

« Natural numberia@nalalasldconstant '0'was
successor function 's'
0, s(0), s(s(0)), . ..
Taed '(0) waneda n

Program:

natural_number (0).

natural_number (s(X)) :- natural_number (X).
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3. Recursive Programming

* Recursive programming Lﬂum?mﬁm&"]ﬁﬁ
ﬂluﬂﬁ‘ilfil'zluProlog programs
ex) predesessor(X,Y) :- parent(X,Y).
predesessor (X,Y) :- parent(X,Z), parent(Z,Y).
predesessor (X,Y) :- parent(X,2),
parent(Z,W),
parent(W,Y).

— predessessor (X,Y) :- parent(X,Y).
predessessor (X,Y) :- parent(X,Z), predesessor (Z,Y).

Addition

plus(X,Y,Z) <--- Z WunauIneag X wag Y
Program:

plus(0,X,X) :- natural_number (X).
plus(s(X),Y,s(2)) :- plus(X,Y,2).

Multiplication

times(X,Y,Z) < Z \flunannuas X uaz Y
Program:

times(0,X,0).

times(s(X),Y,Z) :- times(X,Y,W), plus(W,Y,Z).




3.2 List

. @) alo @
o List tiludata structureﬂﬂ’lﬂﬂuProlog

list head tail formal object

[a] a I (a,[l)

[a,b,c] a [b,c] (a,.(b,.(c,[)))

I - - I

[[a,bl.c]  [a,b] [c] (.(a,.(b,),.(c,[)
[XIY] X Y (X)Y)

[X,Y|Z] X [Y|Z] (X,.(Y,2))

membership of a list - nagaudttermuiia il

AxnBnuadistinnuuslivial
Program:
member (X,[X[_]).
member (X,[_|Y]) :- member (X,Y).
Query:
?- member (c,[a,b,c,d]).
yes
member (c,[a,b,c,d]).
member (c,[b,c,d])

member (c,[c,d])
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ex)
auyAitdsunsaniu
p((1.2.3)).

wazquerytTlu '2- p(IX|Y]) waa 151azlaan

?- p([X]Y]).
X =1,
Y =[2,3]

append - AA2 listtANAILNY

Program:

append([].L.L).
append([A|L1],L2,[AIL3]) :- append(L1,L2,L3).

Query:

?- append([a,b],[1,2] ,X).

X =[ab,12]
append([a,b],[1,2],X)

X =[alY]
append([b],[1,2],Y)
Y =[b|Z]
append([].[1,2],2)
Z=[1.2]




4. Negation and Cut

4.1 Negation

« Tsunsuisenausasruleswazfactsaagungdn
azlsuiannudnnusla 1uass

o not ‘I dmInegation

o not(G) azitluazennGlatluasemuldsunsy
(negation as failure)

o not(G) azlaiitluasaaGitluasemullsunsy

D 4 ensausnsiag \+ (G)

4.2 Cut

 ldinNatdasunilasaraunisiieuaaaldsungsy

Preventing Backtracking

« Prologazbacktrackimeid nlusin e fiazsatisfy
goalvinlvig b Laisaanszyinbacktrackiasagingexplicit

« WALN9ASIbacktrackingyilwlUsunsnanatlseAns-
NN

. Lﬁ"amuQuu?m’]mﬁ’ubacktrackingLs'f’l%’cut(!)
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ex) X wasaunu Y laan X v v 'lsildfdasniy
Wae X dau Y

Program:

can_marry(X,Y) :- not(silbing(X,Y)), like(X,Y).

silbing(X,Y) :- parent(Z,X), parent(Z,Y), X \=Y.

like(arthur,mar gar et).

Query:

?- can_marry(arthur,margaret).
yes

H:-B1,B2, ..,Bm,! Bm+l, ..., Bn.
~_

backtrack backtrack

vlsjl,ﬁmbacktrack

e NAUN control AzkiNWcut backtrack a1atAAn1aly
B1,....Bm

[ % a o 0o 4 3 ai
Ua9ANNNNR1 B1.,... Bn d11FaUaLARINISWUIAIADLIAY
* AmavauazilalaabacktrackingnaluBm+1,....Bn

« backtrackingli@unsatnanneluB1,....Bm laan




« backtrackinglsignansaiinaulawsidnaziicluase
auldu
H:-C1,C2 ..,Cp
» waganicontroltinucutlluaaAmavauynsa

ananndulnagoalnincutiazlneclausedulugn-
NFONTLIN LA

4.3 Cut-Fail Combination

« fail \ilubuild-in predicate@avinutinAAanenot
(Lwifailvlsiﬁargument)
o Y a & 4 . o Y a

o Uil ugoaldeasfaill@naiazin LuLnm
backtracking

1 Q

» daldanucut
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a(xX,W) :- p(X,Y), q(Y,2), !, r(Z,W), s(W).
a(xX,W) :- t(X,W).

p(1,2).
q(2,4). query: a(1,w) :-
q25).| ?-a(L,Ww). -e-p(1,2)
r(4,6). W =6; L »-q(2,4)
r(4,8). no | |
7).
;((Z) ) > 1(4,6) X»1(4,8)
S(?) —>S(6)
t(1,9). W=6;

ex) Marygaudninnsianbaildg

like(mary,X) :- snake(X), !, falil.
like(mary,X) :- animal (X).
snake(small_snake).
snake(big_snake).

?- like(mary,small_snake).
—snake(small_snake)

— |

— fail




4.4 Green Cut : Expressing Determinism

* NTOINABINTWAAINIStestitLLIdeterministic
. cuttlszLnniiBandn green cut FeazlaliAau
AMNUNIEURALUTILNTH
ex) minimum(X,Y,Z) <-- Z +31A1 minimum
289 X WAz Y
minimum(X,Y,Z) ;- X <Y, !, Z=X.

minimum(X,Y,Z) .- X =Y, !, Z=X.
minimum(X,Y,Z) :-X>Y,Z =Y,

4.5 Red Cut : Omitting Explicit Condition

- neBINARIN1gATCcondition
e cuttlsELnNULFaN9 red cut daazilasu
ANUNIg1a9lUTL NN
ex) if_then_else(P,Q,R) <--- if P then Q else R
if then dse(PQ,R):-P,!, Q.
if then else(PQ.R) :- R.
— + if_then_else(PQ.R) - P, Q.
if then_else(P,Q,R) :- not(P), R.
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ex) insert(X,Ys,Zs) <--- the list Zs is the result of
inserting the element X into
the list Ys
Tnafl A > B uanefie A 11nndn B
A =< B 11804 A Uaanqn B

insert(X,[],[X]).
insert(X,[Y|YS],[Y]|Z9]) ;- X > Y, !, insert(X,Ys,Zs).
insert(X,[Y]Ys],[X,Y]Yq]) :- X =<Y.

ex) delete(Xs,X,Ys) <--- Ys is the result of deleting
all occurrences of X from
the list Xs

delete([ X|Y5],X,Z9) :- !, delete(Y s, X,Z59).
delete([Y|Y ], X,[Y]Z9]) :- !, delete(Y s, X,Z5).
delete([].X,[]).




4.4 Example : logic puzzle

AusALT il ausudTAsd wsiunsdaullsunsalng
anazaulainsaniy ynauidaseiu Taufiviauszlszin
LAz NASTRA19NY
Clue 1: MichaeltaubasketballuazyinazuuulanninArAmerican
Clue 2: SimondasilunulsraelivazuuulamninauLautennis

Clue 3: AULAUCricketNNANATAULSTN

Queries: AUATTIRAustralianAalAs? Richardiaunwazls?

solve_puzzle(Puzzle,Solution) :-
structure(Puzzle,Structure),
clues(Puzzle,Structure,Clues),
solve(Clues),
queries(Puzzle,Structure,Queries, Solution),
solve(Queries).

solve([Clue|Clues]) :- Clue, solve(Clues).
solve([]).

structure(threeMen,[friend(N1,C1,S1),friend(N2,C2,S2),friend(N3,C3,S3)]).

clues(test,Friends,
[ ( did_better(Man1Clue1,Man2Clue1,Friends), hasName(Man1Clue1,michael),
sport(Man1Clue1,basketball), nationality(Man2Clue1,american) ),
( did_better(Man1Clue2,Man2Clue2,Friends), hasName(Man1Clue2,simon),
nationality(Man1Clue2,israeli), sport(Man2Clue2,tennis) ),
( first(Friends,ManClue3), sport(ManClue3,cricket) )
1)
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[Nclue 1:
did_better(Man1,Man2,Friends), hasName(Man1,michael)
sport(Man1,basketball), nationality(Man2,american)
[Nclue 2:
did_better(Man1,Man2,Friends), hasName(Man1,simon)
nationality(Man1,israeli), sport(Man2,tennis)
[Nclue 3:
first(Friends,Man), sport(Man,cricket)
« JiManunufriend(Name,Country, Sport) Tau&AIANMNANNUE AT
Name N&5415CountryuasdauLau Sport”
o LsiFriendsibni [friend(Name1,Country1,Sport1),
friend(Name2,Country2,Sport2),
friend(Name3,Country3,Sport3)]

queries(threeMen,Friends,
[ member(Q1,Friends), hasName(Q1,Name), nationality(Q1,australian),
member(Q2,Friends), hasName(Q2,richard),  sport(Q2,Sport)
I
[['The Australian is ',Name],['Richard plays ',Sport]] ).

did_better(A,B,[A,B,C]).
did_better(A,C,[A,B,C]).
did_better(B,C,[A,B,C]).

hasName(friend(A,B,C),A).
nationality(friend(A,B,C),B).
sport(friend(A,B,C),C).
first([X|Xs],X).

member(X,[X|_]).

member(X,[_|Ys]) :- member(X,Ys).

query:
?- solve_puzzle(threeMen,Sol).
Sol =[['The Australian is',michael],['Richard play ' ,tennis]]




