/. Implementace zakladnich prohledavacich
algoritmu v jazyku PROLOG



PROLOG — PROgramming in LOGIc

Syntax jazyka:

atom:

konstanta:
promeénna;

term:
argumenty:
seznam:

retéz:

posloupnost alfanumerickych znakl zacinajici malym
pismenem

¢islo (integer / real) | atom

posloupnost alfanumerickych znakt zacinajici velkym
pismenem nebo znakem _

konstanta | promeénna | seznam | fetéz | predikat

term [, argumenty]

[ 1| [argumenty] | [argumenty | proménna] |
[argumenty | seznam]

posloupnost znakt uzaviena apostrofy (nebo znaky $)

Pozn.: Posloupnost znakill uzaviena uvozovkami je ekvivalentni
seznamu ordinalnich Cisel téchto znaki.
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predikat:
jméno:
operator:
predikaty:
pravidlo:
hlava:
télo:

fakt:
klauzule:
databaze:
otazka/cil:
poznamka:

jméno(argumenty) | [term] operator [term] | jméno
atom

definovana posloupnost znaki

[not] predikat [, predikaty] | [not] predikat [; predikaty]
hlava :- télo.

predikat

predikaty

predikat.

fakt | pravidlo

mnozina klauzuli

predikaty:.

% libovolny fetéz znaku na zbytku radku

Pozn.: Pomocné symboly (kulaté a hranaté zavorky, Carka, stfednik, tecka) nejsou
v ptedchozim vypisu syntaxe uvedeny samostatné¢, ale pfimo na mistech,
kde se mohou pouzivat. Mezery jsou nevyznamne.
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Interpret PROLOGuU vyzve uzivatele dvojici znaki ?- k zadani
cile/otazky. Pak odpovi slovy Yes nebo True, nebo dvojici znakt —>,
pokud zadany cil splni (najde kladnou odpovéd’ na zadanou otazku),
v opacném piipadé odpovi slovy No nebo False. Pokud PROLOG
odpovi znaky —>, je mozné plnéni cile bud’ ukoncit (stiskem klavesy
ENTER), nebo vyvolat dalsi plnéni cile (stiskem znaku ;).

Je nutné si uvédomit, Ze nesplnéni cile neznamena jeho negaci, ale pouze
skuteCnost, Ze z dané databaze nelze zadany cil splnit/dokazat !!!
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Postup pri plnéni cile:

1. Cilem Je predikat:

PROLOG se snazi ztotoznit cil s faktem nebo s hlavou pravidla

(stejné ymeno, stejny pocet argumentl a stejné argumenty, volna

promeénnd se muze vazat na libovolny term).

Cil je splnén, jestlize se ztotozni:

a) s faktem,

b) s hlavou pravidla a soucasne lze splnit télo pravidla (télo
pravidla je chapano jako novy cil, databaze se prohledava
vzdy od pocatku).

5/49



2. Cilem je konjunkce predikati

Jestlize je cilem konjunkce predikatu, snazi se PROLOG
postupné (zleva doprava) splnit vSechny tyto predikaty — kazdy
predstavuje novy cil a vazané proménné jsou globalni.

Pi1 prvnim pokusu o plnéni kazdého cile C; (prochazi se zleva

doprava) se databaze prochazi od pocatku:

* Pokud se cil C; nesplni, vrati se PROLOG k predchazejicimu cili
C,_; a pokousi se tento cil splnit jinym zptusobem (pokracuje
v prohleddvani databaze od aktualniho mista pro tento cil).

* Pokud se cil C; ; splni, prechazi PROLOG opét k cili C; (databazi pro
tento cil za¢ne prochazet znovu od zacatku).

* Pokud se cil C;_; nesplni, vraci se PROLOG k predchazejicimu cili
Ci.,, neuspéje-li cil C;_,, vraci se PROLOG k cili C, ; atd. Jde o
typickou aplikaci metody zpétného navraceni — Backtracking.

Pokud jsou splnény vSechny cile, je ptivodni cil dany konjunkci

predikati splnén, v opa¢ném piipad¢ je nesplnén.
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3. Cilem je disjunkce predikatii
Jestlize je cilem disjunkce predikatu, snazi se PROLOG postupné
(zleva doprava) splnit néktery z nich. Databazi prochazi pro kazdy
predikat od pocatku a proménné jsou pro kazdy predikat lokalni.
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1. priklad
*rkhkkkkkkhkhkikikkkkkhhkikikikkkikk
girl(susan).

girl(ann).

boy(john).

boy(george).
boy(bob).

pair(B, G) :- boy(B), girl(G).

*Ahkkhkkkkkkkkkhkkhkkhkiikkhkkkikkkkikx

?- boy(bob).

Yes

?- boy(james).

NO

?- pair(john, ann).
Yes

?- pair(ann, john).
NoO

?- boy(X).

X = john ->;
X = george ->;
X =bob ->;
No

?- boy(X).

X = john ->
Yes

?2- girl(Girl).
Girl = susan ->
Yes

?- pair(X,Y).
X = john

Y =susan ->;

X =john

Y =ann ->;
X = george
Y = susan ->;
X = george
Y =ann ->;
X =bob

Y = susan ->;
X =bob

Y =ann ->;
No

-

8/49



2. priklad
kEkEIrkEIrkErkkkirkkhkkikkhkkikkhkkhkkhkkhkkiikk
likes(Everybody, juice).
likes(john, beer).

AR R P R P P S e e B P P P P R P P e e P P 3

?-likes(mary, juice). ?- likes(X, Y).
Yes X = 0038
?-likes(john, X). BLice > ;
X = juice ->; X = john
X = beer -> Y = beer ->;
Yes No
?- not likes(ann, beer).
Yes
?-

9/49



3. priklad

likes(kate, roastbeef).
likes(kate, budgie).
likes(jane, juice).
likes(jack, jane).
likes(john, kate).

KEEIEEIEEIEXAARAAAIAEAEIETIAAARAALALALARAEX

?- likes(X, Y), likes(Y, budgie).

X = john
Y = kate ->:
NoO

?- likes(X, Y); likes(Y, budgie).

X = kate
Y = roastbeef ->:

X = kate

Y = budgie ->;
X = jane

Y = juice ->;
X = jack

Y = jane ->;
X = john

Y = kate ->;
X = 0038

Y = kate ->;

No
?-
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Sezhamy

?-L=[a,b,c,d,1,2,3].

L =[a,b,c,d,1,2,3] ->;

No

?- L=[susan,fred,[jane,jim,jack]].
L = [susan,fred,[jane,jim,jack]] ->
Yes

(=[]

L=[]—>

Yes

?- L=[a,1,X,b(c,d),[5,6,7],"hallo"].
L =[a,1, 004C,b(c,d),[5,6,7],[104,97,108,108,111]] ->
Yes

?-abc = ‘abc’

Yes
2
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?- [a,b,c,d]=[H|T].
H=a

T =[b,c,d] ->;

No

?-[a,b,c] = [H1,H2[T].
Hl=a

H2=D

T=[c] >

Yes

2-[a,b,c] = [H1,H2,H3[T].

Hl=a
H2 =D
H3=c
T=[]->
Yes

?- [a,b,c] = [H1,H2,H3,H4|T].
No

?-T=[b,c,d], L=[a|T].
T = [b,c,d]

L =[a,b,c,d] ->

Yes
?2-[a,b,cd]l=[_|T]

T =[b,c,d] ->

Yes

?-[a,b,c,d] =[H| _].
H=a->;

No

?- [a,b,c,d] = [H| _A].
H=a

_A=[b,c,d] >

Yes
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Definice novych klauzuli — programovani v PROLOGuU

member(X,[X | _]).
member(X,[ _[T]) :- member(X,T).
kkhkkkkhkhkhkkhkkhkkhkkkkkhhkrhkrhkhkkhkkikkkihirirkrkikkikkikkkihhhkikikikkk*k
append([ J.L,L).
append([H|T1],L2,[H|T3]) :- append(T1,L2,T3).
kkhkkhkkkhkhkhkkhkkhkkhkkkkkhhkrrkrkkikkkirirErTErTrIrTrkikixkxhhhkikikikkkkx
write_list([ ]).
write_list([H|T]) :- write(H), nl, write_list(T).
kkhkkkkhkhkhkkhkkhkkhkkkkkrhrhkrrkhkkikkkikirErErrrkikkikixhhhkikikikk*k
reverse_write_list([ ]).
reverse_write_list([H|T]) :-

reverse_write_list(T), write(H), nl.
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?- member(3,[1,2,3,4,5]).
Yes

?- member(X,[a,b,c]).
X=a->;

X=Db->;

X=C->;

No

?- append([a,b,c],[d,e,f,g],L).
L =[a,b,c,d,e,f,g] >

Yes

?- append(L,[e,f,g],[1,2,e,f,0]).
L=1[1,2] >

Yes

?-
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ancestor(X,Y) :- father(X,Y).
ancestor(X,Y) :- mother(X,Y).
ancestor(X,Y) :- father(X,2),

ancestor(Z,Y).

ancestor(X,Y) :- mother(X,2),

ancestor(Z,Y).

father(george,charles).
father(charles,robert).
father(robert,john).
father(eve,paul).
mother(george,eve).
mother(charles,jane).
mother(robert,mary).
mother(eve,ann).

?- ancestor(george, X).
X = charles ->;

X =eve ->;

X =robert ->;
X = jane ->;
X = john ->;
X =mary ->;
X = paul ->;
X =ann ->;
No

?- ancestor(eve,Y).
Y = paul ->;
Y =ann ->;
No

?-
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Neéktere dulezit€é zabudované predikaty

Konvence zapisli argument:

+ARG

—ARG

?ARG

Argument musi byt navazan na term, ktery
splhuje poZzadavky na typ tohoto argumentu
(,,vstupni*® argument).

Argumentem musi byt volna proménna
(,,vystupni‘ argument).

Argumentem musi byt term prisluSneho typu
(bud’ ,,vstupni®, nebo ,,vystupni‘ argument).
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Predikaty pro praci s databazi

consult(+Filename)

assert(+Clause)
asserta(+Clause)
retract(+Clause)

retractall(+Clause)

listing

Cte klauzule ze souboru a piidava je
na konec databaze

Prida klauzuli na konec databaze
Prida klauzuli na zacatek databaze

Odstrani prvni vyskyt klauzule
z databaze

Odstrani vSechny vyskyty klauzule
z databaze

VypiSe aktualni databazi
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Priklad pouziti
?- assert(a(b)).
Yes

?- asserta(a(z)).
Yes

?- assert(c(d)).
Yes

?-assert ((a(X):- c(X))).
X =_0038 ->
Yes

?- listing.

c(d).

a(z).

a(b).

a(A) :- c(A).
Yes
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|/O predikaty

tell(+Filename)
told
write(+Term)

nl
see(+Filename)
seen
read(—Term)

Otevira soubor pro zapis
Uzavira soubor otevieny pro zapis

Zapise term do souboru oteviencho
pro zapis (standardné€ na obrazovku)

Prejde na novy radek (v zapisu!)
Otevira soubor pro ¢teni
Uzavira soubor otevieny pro Cteni

Cte term ze souboru otevieného pro
cteni (standardn¢ z klavesnice)
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Predikaty — Operatory (infixova a prefixova notace)

2- (15 - 6) ='-'(15,6).
Yes

2- (15 - 6).

No

2.

XIsE Vyhodnoti vyraz E a vysledek priradi X
IS(X, E) (akceptuje operatory +,-,*,/,//, mod)

KEXEEEEEEXEKEXEEAEIEIEIETETETEXEXEXEXEXEXIEXIEIEXEXEXEXXRKXXALAAAEIAEIAEAEAAAAkAkAAAAihix

?2- X =5+ 2, write(X). ?2- XIS 5 + 2, write(X).
5+ 2 7

X=5+2-> X=7->

Yes Yes

2-
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?- Xis '+'(4,5).
X=9->

Yes

2

KEXEXEIEEIEEEEEXEXAXKXAIIEIEITEIETLERRAALAIIEIAEIATEITAAAAkAkAAA)hiX

Porovnani hodnot S vyhodnocenim vyrazu E1 a E2

El1<E2
El=<E2
El1>E2
El>=E2
[SR== E2
El=\=E2
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Ztotoznéni a porovnani termu

T1=T2 Uspéje, jde-li termy ztotoznit
(volné proménne¢ se navazi)

T1==T2 Uspéje, jsou-li termy stejné

T1\= T2 Uspéje, pokud termy nelze ztotoznit

T1\==T2 Uspéje, pokud termy nejsou stejné

AR R B R B B P B B R B B R R B B R B R e e S S e e B S S S S B S S S e S g

?2-L =[ab,c], L==08

No

?-L=[ab,c], L=X.

L = [a,b,c]

X =]a,b,c] ->

Yes

9
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Dalsi uziteCné predikaty

bagof(?T,+G,-B) Vraci seznam B vSech instanci
termu T, pro ktere uspéje cil G

KEXEXEEEEXKXAXXAXAEIEIETEIETEIETLXTLXAXAALAAEIEIETEIETAETIAXRARAAAAAAEAAAAAAkAAX X

ma(karel,marit).

ma(honza,evu).

ma(karel,alika).

ma(jiri,zeryka).

ma(karel,nuz).

ma(honza,sirky).

ma(karel,zizen).

co_ma(X,S):- bagof(Y,ma(X,Y),S).
Akhkkkkkkkkkkhkkkhkkhkikkhkikkirkirkikikikikirkirikikiiixx
?- co_ma(karel,S).

S = [marii,alika,nuz,zizen] ->

Yes
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| Rez - uspdje, ale nepovoli navrat.

AR AR T S B S S S B S S S S W S A S S S S S S S S S S S S S S S S S W S S S S S S S S S e
girl(susan).

girl(ann).

boy(john).

boy(george).

pair(B,G) :- boy(B), !, girl(G).

AEhkkAkArkkkkrkihkkkkhkkhkkkikikkkkikikikkikkiix

?-pair(X,Y).

X = john

Y =susan ->;

X =john

Y =ann ->;

NoO

?- halt. Ukoncuje ¢innost PROLOGuU
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ADT v Prologu (zasobnik, fronta, mnozina)

empty(][ ]). vytvoreni prazdného seznamu / test na
prdzdny seznam (stejné pro zasobnik, frontu
I mnozinu,)

kkhkkkkkkhkhkhkkikikkkkkkihkikikikk

?- empty(L).

L=[]->

Yes

?- empty([a,b,c]).

No

L

Pozn.: V nasledujicich predikatech pro vlozeni a vybér prvku je prvnim
argumentem predikatu vkladany/vybirany prvek (E - element), druhym
argumentem aktualni seznam (zasobnik, fronta, mnozina) a tfetim argumentem
novy seznam po provedene¢ operaci.
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Zasobnik (Stack)

push(E, T,[E|T]). viozZeni prvku

pop(E,[E|T],T). vyber prvku
Fronta (Queue)

enqueue(E,[ ],[E]). viozeni prvku

enqueue(E,[H|T2],[H|T3]) :- enqueue(E,T2,T3).

dequeue(E,[E[T],T). vybeér prvku

Fronta s prioritou (Priority Queue)

insert(E,[ ],[E]). viozeni prvku
insert(E,[H|T],[E,H|T]) :- precedes(E,H).
insert(E,[H|T2],[H|T3]) :- precedes(H,E), insert(E,T2,T3).

precedes(A,B) :- A<B. pro cisla (jako priklad)
dequeue(E,[E|T],T). vybér prvku
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Mnozina (Set)

add(E,S,S) :- member(E,S), !. viozZeni prvku
add(E,S,[E|S]).
delete(E,[ ].[ ). vyber prvku

delete(E,[E[T],T) :- .
delete(E,[H|T2],[H|T3]) :- delete(E, T2, T3).

Sjednoceni dvou mnoZin

union([ 1,S,S).
union([H|T],52,S3) :- union(T,S2,54), add(H,S4,S3).

Prunik dvou mnozin:

Intersection([ ],_,[ D).

Intersection([H|T1],S,[H|T3]) :- member(H,S),!,
Intersection(T1,S,T3]).

Intersection([H|T1],S2,S3]) :- intersection(T1,52,S3).
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Rozdil dvou mnoZin:

difference(
difference(
difference(

1D
[H|T 1,52,S3) :- member(H,S2), difference(T,S2,S3).

[H|T1],S,[H|T3]) :- not(member(H,S)),
difference(T1,S,T3).

Porovnani dvou mnozin:

subset([ ], ).
subset([H|T],S) :- member(H,S), subset(T,S).

equal(S1,S2) :- subset(S1,S2), subset(S2,S1).
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Depth First Search in PROLOG

dfs(Start,Goals) :- path([[Start]],Goals). % path(Open,Goals)
path([ ],_) :- write('No solution was found."),!.
path(Open,Goals) :- % node: [State|Parents]

pop([State|Ancestors],Open, ),

member(State,Goals),

write('Solution has been found! ),

write('The path 1s:"),1,nl,

print_solution([State|Ancestors}).
path(Open,Goals) :-

pop([State|Ancestors],Open,Rest_open),

get_children(State,Ancestors,Rest_open,Children),

append(Children,Rest_open,New_open),

path(New open,Goals).
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pop(Top,[Top|Stack],Stack).

get_children(State,Ancestors,Rest_open,Children) :-
bagof(Child,moves(State,Ancestors,Rest_open,Child),Children).

get_children(State,Ancestors,Rest_open,[]).

moves(State,Ancestors,Rest_open,[Next,State|Ancestors]) :-
move(State,Next),

not(member(Next,Ancestors)),
not(member(Next,Rest_open)).

member(E,[E|_D.
member(E,[H|_]) :- member(E,H).
member(E,[ |T]) :- member(E,T).
append(] ],S,S).

append([H|T1],T2,[H|T3]) :- append(T1,T2,T3).
print_solution([State]) :- write(State), nl.

% plati pro obecny seznam

print_solution([State|T]) :- print_solution(T), write(State), nl.
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% clauses for 4-3 Jugs Problem

move(
move(
move(
move(
move(
move(
move(
move(

V.M
V.M
V.M
V.M
V.M
V.M
V,M]

V.M,

4,M]) .-V < 4.

V,3]) .- M < 3.

0,M]) -V >0.

V,0]) :- M > 0.

O,MN]) -V>0,M<3,3—-M>=V,MNiIsM + V.
VN,3]) -V>0,M<3,3-M<V,VNiIsV-3+M.
VN,O]) -M>0,V<4,4-V>=M,VNISM + V.

4MN]) -M>0V<44- V<M MNisM-4+V

31/49



?- dfs([0,01,[[0,2],[2,0]]).
Solution has been found! The path is:
0,0
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Breadth First Search in PROLOG
bfs(Start,Goals) :- path([[Start,nil]],[ ].Goals). %path(Open,Closed,Goals)

path([ ],_, ) :- write('"No solution was found."),!.
path(Open,Closed,Goals) :- % node: [State,Parent]
dequeue([State,Parent],Open,_),
member(State,Goals),
write(‘The best solution has been found - the path is:"), nl,
print_solution([State,Parent],Closed).
path(Open,Closed,Goals) :-
dequeue([State,Parent],Open,Rest_open),
get_children(State,Rest_open,Closed,Children),
append(Rest_open,Children,New_open),
append([[State,Parent]],Closed,New_closed),
path(New_open,New _closed,Goals).
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dequeue(E,[E[T],T).

get_children(State,Rest_open,Closed,Children) :-
bagof(Child,moves(State,Rest_open,Closed,Child),Children).
get_children(State,Rest_open,Closed,] ]).

member(H,[H|_]).
member(H,[ |T]) :- member(H,T).

append([ 1,S,S).
append([H|T1],T2,[H|T3]) :- append(T1,T2,T3).

print_solution([State,nil], ) :-
write(State), nl.
print_solution([State,Parent],Closed) :-
member([Parent,Grandparent],Closed),
print_solution([Parent,Grandparent],Closed),
write(State), nl.
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moves(State,Rest_open,Closed,[Next,State]):-
move(State,Next),
not(member([Next, ],Rest_open)),
not(member([Next, ],Closed)).

% clauses for 8 - puzzle

move(State,Next) :- N=3, % move up
find_pos(State,SP), % SP — actual space position
SP >N,
NP is SP — N, % NP - new space position
change(State,NP,SP,Next).

move(State,Next) :- N=3, % move right
find_pos(State,SP),
R i1s SP mod N,
R\=0,
NP is SP + 1,
change(State,NP,SP,Next).
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move(State,Next) :- N=3,
find_pos(State,SP),
NNisN*(N-1)+1,
SP < NN,
NP is SP + N,

change(State, NP,SP,Next).

move(State,Next) :- N=3,
find_pos(State,SP),
R i1s SP mod N,
R\=1,
NP is SP -1,

change(State, NP,SP,Next).

find_pos([o|_],1).

find_pos([H|T],SP) :-
H\=o,
find_pos(T,SPM1),
SP is SPM1 + 1.

% move down

% move left

% find space position
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change(State,NP,SP,Next) :-
move_sp(State,NP,Piece, Temp_State),
move_piece(Temp_State,SP,Piece,Next).

move_sp([H|T],1,H,[o[T]).
move_sp([H|T],N,Piece,[H|TN]) :-
N>1,
NM1lis N -1,
move_sp(T,NM1,Piece, TN).

move_piece([ |T],1,H,[H|T]).
move_piece([H|T],N,Piece,[H|TN]) :-
N>1,
NM1lis N -1,
move_piece(T,NM1,Piece, TN).
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?- bfs([1,4,2,7,8,3,0,6,5],[[1,2,3,8,0,4,7,6,5]]).
Solution has been found! The path is:

142
783
065

142
083
765

142
303
765

102
843
765

120
843
765

123
340
765

123
304
765

Yes
?_
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Best First Search (A*) in PROLOG

a_star(Start,Goal) :- % one goal, only !
estimate(Start,Goal,0, ,H), % estimation of H
path([[Start,nil,0,H,H]],[ ].Goal). % [State,Parent,G,H,F]

path([ ], , ) :- % path(Open,Closed,Goal)

write('No solution was found."), !.
path(Open,Closed,Goal) :-

dequeue([Goal,Parent|_],0Open, ),

write(‘The best solution has been found - the path is:'), nl,

print_solution([Goal,Parent | _],Closed).
path(Open,Closed,Goal) :-

dequeue([State,Parent,G,H,F],Open,Rest_open),

get_children(State,G,F,Rest_open,Closed,Goal,[ ],Children),

Insert_to_open(Rest_open,Children,New_open),

append([[State,Parent,G,H,F]],Closed,New _closed),

path(New open,New closed,Goal).
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dequeue(E,[E[T],T).

get_children(State,G,F,Rest_open,Closed,Goal, Temp,Children) :-
move(State,Next),
not(member([Next|_],Closed)),
not(member([Next|_], Temp)),
estimate(Next,Goal,G,Gnew,H),
Ftemp is Gnew + H,
max(F,Ftemp,Fnew),
get_children(State,G,F,Rest_open,Closed,Goal,

[[Next,State,Gnew,H,Fnew]| Temp],Children),!.

max(A,B,A) :- A>=B.
max(A,B,B) - A<B.
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Insert_to_open(Open,[ ],Open).

Insert_to_open(Open,[H|T],Open_new) :-
Insert(Open,H, Temp_open),
Insert_to_open(Temp_open,T,Open_new).

insert([ ],H,[H]).
Insert(Open,[Next,P,G,H,F],New_open) :-
member([Next, , , , ],0Open), !,
Insert_change(Open,[Next,P,G,H,F],New open).
insert([[S1,P1,G1,H1,F1]|T1],[S2,P2,G2,H2,F2],
[[S2,P2,G2,H2,F2],[S1,P1,G1,H1,F1]|T1]) :-

El-- F2
insert([[S1,P1,G1,H1,F1][T1],[S2,P2,G2,H2,F2],[[S1,P1,G1,H1,F1]|T3]) :-
F1<F2,
insert(T1,[S2,P2,G2,H2,F2],T3).
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%insert_change(Open,Child,Open_new)

Insert_change(Open,[Node,Pnew,Gnew,Hnew,Fnew],Open) :-
remove(Open,[Node,Pnew,Gnew,Hnew,Fnew],
[Node, , , ,Fold], ),
Fold =< Fnew.
Insert_change(Open,[Node,Pnew,Gnew,Hnew,Fnew],Open_new) :-
remove(Open,[Node,Pnew,Gnew,Hnew,Fnew],
[Node, , , ,Fold],Open_temp),
Fold > Fnew,
Insert(Open_temp,[Node,Pnew,Gnew,Hnew,Fnew],Open_new).

remove([[Node,Pold,Gold,Hold,Fold]|T],[Node, , , , 1,

[Node,Pold,Gold,Hold,Fold],T).

remove([H|T],[Node, , , , ],[Node,Pold,Gold,Hold,Fold],[H|Ttemp]) :-
remove(T,[Node, , , , ],[Node,Pold,Gold,Hold,Fold], Ttemp).
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member(H,[H|_]).
member(H,[_|T]) :- member(H,T).

append([ 1,S,S).
append([H|T1],T2,[H|T3]) :- append(T1,T2,T3).

print_solution([State,nil| ], ) :-
writel(State),nl.
print_solution([State,Parent| |, Closed)
member([Parent,Grandparent| ],Closed),
print_solution([Parent,Grandparent| ],Closed),
writel(State), nl.

writel(] ]).
writel(L) :- size(N), write2(L,N).

write2([H|T],M) :- M > 0, write(H), MM1 is M - 1, write2(T,MM1).
write2(L,M) :- nl, writel1(L).
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% clauses for (n-n-1) — puzzle,n=34,...

estimate(State,Goal,G,Gnew,H)
size(N), NN is N * N,
evaluate(State,Goal,OK),
His NN -1 - OK,
Gnew is G+1.

evaluate([ ],[ 1,0).

% OK ... number of pieces
% In right positions
% h1 heuristic

evaluate([o|TState],[o|TGoal],OK) :-

evaluate(TState, TGoal, OK).

evaluate([A|TState],[B|TGoal],OK) :- A\= B,

evaluate(TState, TGoal, OK).

evaluate([H|TState],[H|TGoal],OK) :- H \= o,

evaluate(TState, TGoal, TOK),
OKis TOK + 1.
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move(State,Next) :- size(N), % up
find_pos(State,SP),
SP >N,
NP is SP — N,
change(State,NP,SP,Next).
move(State,Next) :- size(N), % right
find_pos(State,SP),
R 1s SP mod N,
R\=0,
NP is SP + 1,
change(State,NP,SP,Next).
move(State,Next) :- size(N), % down
find_pos(State,SP),
NNisN*(N-1)+1,
SP < NN,
NP is SP + N,
change(State,NP,SP,Next).
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move(State,Next) :- size(N), % left
find_pos(State,SP),
R is SP mod N,
R\=1,
NP is SP -1,
change(State,NP,SP,Next).

find_pos([o|_],1). % space position
find_pos([H|T],SP) :-

H\=o,

find_pos(T,SPM1),

SPis SPM1 + 1.

change(State,NP,SP,Next) :-
move_sp(State,NP,Piece, Temp_State),
move_piece(Temp_State,SP,Piece,Next).
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move_sp([H|T],1,H,[o[T]).
move_sp([H|T],N,Piece,[H|TN]) :-
N>1,
NMZ1isN -1,
move_sp(T,NM1,Piece, TN).

move_piece([ |T],1,H,[H[T]).
move_piece([H|T],N,Piece,[H|TN]) :
N>1,
NM1lis N -1,
move_piece(T,NM1,Piece, TN).
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?- assert(size(0)), retractall(size(N)), assert(size(4)),
a_star([o,1,2,4,5,6,3,8,9,a,7,b,d,e,f,c],[1,2,3,4,5,6,7,8,9,a,b,c,d,e,f,0]).

Solution was found. The path is:

0124 1234 1234
5638 5608 5678
9a’7b 9a7b 9abc
defc defc defo
Yes

1024 1234 ?-
5638 5678

9a7b 9aob

defc defc

1204 1234

5638 5678

9a7b 9abo

defc defc
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Pocet stavii v Open a Closed (8 — puzzle)

Hloubka Breadth First Search Best First Search — A*
resSeni

Open Closed Open Closed
0 1 0 1 0
1 3 3 3 1
2 4 4 3 2
3 10 10 4 3
4 16 22 6 4
5 30 42 7 5
6 41 60 7 6
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