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Logick é programov ánı́

• logický program: libovolná konečná množina programových Hornových

klauzulı́

• odvozovánı́ (dokazovánı́) cı́lů založeno na SLD-rezoluci

• deklarativnı́ (specifikace programu je přı́mo programem)

• teoretický model, zachovává úplnost
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Prolog

• konkrétnı́ implementace logického programovacı́ho jazyka

• strategie prohledávánı́ stavového prostoru (SLD-stromu) do hloubky (výběr

programové klauzule shora dolů, výběr podcı́le zleva doprava)

• dı́ky prohledávánı́ do hloubky ztráta úplnosti (uváznutı́ v nekonečné větvi

SLD-stromu)

• vhodný k řešenı́ problémů týkajı́cı́ch se objektů a vztahů mezi nimi

• do značné mı́ry využı́vá rekurzi

• historie: 70. l. 20. stol. – Colmerauer, Kowalski; D.H.D. Warren (WAM)
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Syntax jazyka Prolog I

Datové objekty

• termy (konstanty, proměnné, složené termy)

• konstanty:

– celá čı́sla (0, 123, -12 ),

– desetinná čı́sla (1.0, 4.5E7, -0.12e+8 ),

– atomy (’Petr Parl éř’, [], s1, ==, ’je žek’, atom )

• proměnné (N, VYSLEDEK, Hodnota, A1, 12 ),

anonymnı́ proměnná ( )

• složené termy: funktor (jméno, arita) a argumenty (bod(X,Y,Z),

tree(Value,tree(LV,LL,LR),tree(RV,RL,RR)) )

poznámka: funktory jako operátory – použitı́ infixového zápisu ( X < Y

mı́sto <(X,Y) apod. )
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Syntax jazyka Prolog II

Program

• množina programových klauzulı́ (pravidla, fakta)

• proměnné lokálnı́ v klauzuli, kde se vyskytujı́

• pravidla: hlava, tělo

date(D,M,Y):- day(D), month(M), year(R).

• fakta: pravidla s prázdným tělem

date(14,’February’,2001).

• cı́le: klauzule bez hlavy, reprezentuj́ı dotazy – spuštěnı́ výpočtu

?- date(29,’January’,2001).

Explicitnı́ unifikace: operátor =

Př:. X=Y, f(g(a,X))=f(Y)
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SLD-strom pro prologovský program: srovn ánı́

1. p(X,Y) :- q(X,Z), r(Z,Y). 5. q(X,a) :- r(a,X). 9. s(X) :- t(X,X).

2. p(X,X) :- s(X). 6. r(b,a). 10. t(a,b).

3. q(X,b). 7. s(X) :- t(X,a). 11. t(b,a).

4. q(b,a). 8. s(X) :- t(X,b). ?- p(X,X).

?- p(X,X).

?- q(X,Z), r(Z,X). ?- s(X).

?- r(b,X). ?- r(a,b). ?- r(a,X), r(a,X). ?- t(X,a). ?- t(X,b). ?- t(X,X).

2[X=a] fail fail 2[X=b] 2[X=a] fail

...............................................................................................
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SLD-odvozenı́ pro prologovský program

Přı́klad: odvozenı́ cı́lů pro program:

num(0). ?- num(0).

num(s(X)):- num(X). ?- num(s(s(0))).

¬ num(0) num(0)

2

.....................................................................................

.....................................................................................

¬ num(s(s(0)) num(s(X)),¬ num(X)

¬ num(s(0)) num(s(X)),¬ num(X)

¬ num(0) num(0)

2

..................................................................................
X/s(0)

..................................................................................
X/s(0)

..................................................................................
X/0

..................................................................................
X/0

.....................................................................................

.....................................................................................
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Přı́klad: uk ázka neúplnosti syst ému

1. equal(X,Y):- equal(Y,X).

2. equal(3+2,5).

?- equal(3+2,5).

?- equal(3+2,5).

?- equal(5,3+2). 2

?- equal(3+2,5).

?- equal(5,3+2). 2

..............................................
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Seznam

• rekurzivnı́ datová struktura

• uspořádaná posloupnost prvků (libovolných termů včetně seznamů)

• funktor ./2 ; prázdný seznam []

• .(Hlava,T ělo) , alternativně [Hlava|T ělo] , Tělo je seznam

.(a,[]) [a] [a|[]]

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

[a|[b,c]] [a,b,c|[]]

[a|[b,c|[]]] [a|[b|[c|[]]]]

• možnost reprezentace pomocı́ stromů
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Operace se seznamy: ,být prvkem‘ I

možné různé varianty:

1) pomocı́ unifikace:

member(X,[X|_]).

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

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

Yes

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

X=a

Yes
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Operace se seznamy: ,být prvkem‘ II

2) pomocı́ identity:

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

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

?- member(a,[X,b,c]). % No

?- member(a,[a,b,a]),write(ok),nl,fail.

ok

ok

No

3) bez vı́cenásobných výskytů:

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

member(X,[Y|T]):- X \== Y, member(X,T).

?- member(a,[a,b,a]),write(ok),nl,fail.

ok

No
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Spojenı́ dvou seznamů
append([],L,L).

append([H|T1],L2,[H|T]):- append(T1,L2,T).

------------------------------------------

?- append([a,b],[c,d],L).

L = [a, b, c, d]

Yes

?- append(X,[c,d],[a,b,c,d]).

X = [a, b]

Yes

?- append(X,Y,[a,b,c]).

X = [] Y = [a, b, c];

X = [a] Y = [b, c];

X = [a, b] Y = [c];

X = [a, b, c] Y = [];

No
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Seznamy: obr ácenı́ po řadı́ prvků

reverse([],[]).

reverse([H|T],L):- reverse(T,L1), append(L1,[H],L).

---------------------------------------------------

?- reverse([a,b,c],L).

L = [c, b, a]

Yes

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

Yes

?- reverse(L,[a,b,c]).

L = [c, b, a]

Yes

Dalšı́ operace se seznamy: permutace, prefix, postfix, podseznam, třı́děnı́. . .
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Seznamy: t řı́d ěnı́ I

0) naivnı́ třı́děnı́: strategie generuj a testuj (pokud možno nepoužı́vat)

naive_sort(L,S):- perm(L,S), sorted(S).

% perm vrac ı́ postupn ě v šechny permutace seznamu

sorted([]).

sorted([_]).

sorted([X,Y|T]):- X=<Y, sorted([Y|T]).

1) třı́děnı́ vkádánı́m (insert sort)

insert(X,[],[X]).

insert(X,[Y|T1],[Y|T2]):- X>Y, insert(X,T1,T2).

insert(X,[Y|T1],[X,Y|T1]):- X=<Y.

isort([],[]).

isort([X|L],S):- isort(L,Y), insert(X,Y,S).
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Seznamy: t řı́d ěnı́ II

2) přı́stup ,rozděl a panuj‘: quick sort

qsort([],[]).

qsort([H],[H]).

qsort([H|T],L):-

divide(H,T,M,V),

qsort(M,M1),

qsort(V,V1),

append(M1,[H|V1],L).

divide(_,[],[],[]).

divide(H,[K|T],[K|M],V):- K=<H, divide(H,T,M,V).

divide(H,[K|T],M,[K|V]):- K>H, divide(H,T,M,V).

popel, glum & nepil 14/18



semestr jaro 2003 IB101, log. programovánı́, Prolog

Aritmetika v Prologu

• funkčnı́ operátory: + - * / mod (a dalšı́: ˆ // sqrt() )

• vyhodnocenı́ výrazů: is

?- A is 3*(4+2).

A=18

Yes

?- A is 3*(B+2).

chyba

• relačnı́ operátory: < > >= =<

?- 3*4 > 2.

Yes

?- B =< 14.

chyba
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Přı́klad: symbolick é derivace
derive(X,V):- d(X,A), simpl(A,V).

d(x, 1).

d(N, 0) :- number(N).

d(-X, -A) :- d(X,A).

d(X + Y, A + B) :- d(X,A), d(Y,B).

d(X - Y, A - B) :- d(X,A), d(Y,B).

d(X * Y, A*Y + B*X):- d(X,A), d(Y,B).

d(X / Y, (A*Y - X*B) / Yˆ2):- d(X,A), d(Y,B).

d(X ˆ N, N*XˆM * C):- number(N), M is N-1, d(X, C).

d(FˆG, FˆG*(B*log(F) + A*G/F)) :- d(G, B), d(F, A).

d(log(X), 1/X * Y) :- d(X,Y).

d(exp(X), exp(X)*Y):- d(X,Y).

d(sin(X), cos(X)*Y):- d(X,Y).

d(cos(X), -sin(X)*Y):- d(X,Y).

d(arctg(X), 1/(1+Xˆ2)*Y):- d(X,Y).
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Programov ánı́: užite čn é predik áty

• načtenı́ programu:

consult(’program.pl’).

[’program.pl’].

[’program.pl’,program2].

reconsult(program).

• interaktivnı́ zadánı́ programu (ukončenı́ ctrl+D ):

[user].

• výpis interaktivně zadaného kódu:

listing.

• ukončenı́ práce:

halt.
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Prology na FI

• SICStus Prolog (module add sicstus; sicstus) – komerčnı́

• ECLiPSe (module add eclipse; eclipse) – komerčnı́

• SWI (module add pl; pl) – volně šiřitelný

• unixové stroje aisa, erinys, oreias, nymfe

• sicstus pod Windows (lze nainstalovat i jiné)

• dalšı́ volně šiřitelné Prology (yap), možnost instalace na různé platformy
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