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 Leon Sterling, Ehud Shapiro: The Art of Prolog, MIT Press, 1986
 Pierre M. Nugues: An Introduction to Language Processing with
Perl and Prolog, Springer Verlag, 2006, Appendix A, “An
Introduction to Prolog”,
http://www.cs.lth.se/home/Pierre?Nugues/ilppp/chapters/appA.pdf

« WWW: “+prolog +tutorial”
« Ukazkova aplikacia: http://www.zillions-of-games.com
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* Herbrand (1930), Turing (1940), Robinson (1965):
automatické dokazovanie teorém

* Colmerauer (1970): prva implementacia Prologu
* Deransart, ISO standard (1995)

... a mnohi d’alsi

* Logickeé (deklarativhe) programovanie, zalozené na logike
prvého radu
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Zakladné sucasti Prologu: fakty (EDB predikaty)

character(achilles, illiad).
character(menelaus, illiad).
character(helen, illiad).
character(menelaus, odyssey).
character(helen, odyssey).
male(achilles).
male(menelaus).
female(helen).

uinverse(_ ).

predikat / arita.

character/2

male/1

female/1

Atomy su predikaty arity O
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Zakladné sucasti Prologu: vsetky data su termy

role(menelaus, iliad, king(sparta, menelean)).
Na skladanie termov do Strukur sa pouzivaju funkéné symboly
(functor). Predikaty, resp. funktory réznej arity su rézne, aj ked

maju rovnake meno: overloading
Terms

el

Atomic terms Variables Compound terms
(Constants) (Structures)

N

Atoms Numbers

N

Integers Floating poimt
numbers
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Zakladné sucasti Prologu: pravidla (clauses)

HEAD :- GOAL,, GOAL,, ..., GOAL,,.
Prava strana (body) je konjunkciou podcielov

V jednom pravidle sa da zapisat aj disjunkcia, ale nedporucuje sa
(disjunkcia sa zapiSe ako viac pravidiel s rovnakou hlavou):
HEAD :- GOAL,; GOAL,.

Su aj pravidla s prazdnou hlavou, tzv. directives, ktore sa
vykonaju prave raz, pri parsovani, napr.
.- dynamic(dodava / 2).

Dotazy su syntakticky identickeé s pravou stranou pravidiel
(,anonymne pravidla®)
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Interpretacia programov: unifikacia

KlfuCovym algoritmom je unifikacia dvoch termov (Herbrand)
Initialization step
Initialize o to {}
Initialize failure to false
Push the equation 7 = 75 on the stack

Loop
repeat {
pop x = y from the stack
if 7 1s a constant and » == y. Continue.
else if r 1savartable and = does not appear 1n . no-oecurs-check
Replace x with y in the stack-andin 7. Add the substitution {x = y} to
else if x 1s a variable and == y. Continue.

else 1if ¥ 1s a variable and x 1s not a variable.
Push y = « on the stack.

else if x and y are compounds with z = f(xy,....,x,) andy = f(y1, ..., Yn).
Push on the stack #; = y; for ¢ ranging from 1 to 7.

else Set failure to true. and o to {}. Break.

L until (stack # ()
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Interpretacia programov: unifikacia

Absencia occurs-check nie je prilis citelna, ale occurs-check sa da
efektivne implementovat' (aj ked kedysi sa verilo ze nie), takze
tam byt ma. SuCasny Prolog ponuka aj spravnu unifikaciu, no
interne ju nepouziva:

? unify_with_occurs_check(X, f(X)).

No

? unify_with_occurs_check(X, f(a)).

X=f(a)
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Interpretacia programov: SLD rezolucia

Odvadzanie (dokazovanie) faktov: modus ponens
Socrates is a man.
Man is mortal.

Socrates is mortal.
Formal notation Prolog notation

Facts 8" man (' Socrates’) .
Rules a= 3 mortal (X) :- man (X) .
Conclusion f3 mortal (' Socrates’) .

Prolog pouziva modus ponens opacne. Snazi sa dokazat 3, a ked
sa to podari, snazi sa dokazat a. Toto je vzdy konstruktivny
dokaz
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Interpretacia programov: SLD rezolucia

Initialization
Initialize Resolvent to Q, the mitial goal of the resolution algorithm.
Initialize o to {}
Initialize failure to false
Loop with Resolvent = Gy, Gs, ..., G, ..., G,
while (Resolvent # ) {
1. Select the goal G; € Resolvent;

2. If G; == true, delete 1t and continue;

3. SelecttheruleH :- By, ..., B, mthe database such thatG, and H
umity with the MGU 6. If there 1s no such a rule then set failure to
true: break:;

4. Replace G; withBy, ..., B, mResolvent
% Resolvent = Gy, ...,G;—1, By, ...,Bn, Gir1,..., Gn

5. Apply f to Resolvent and to Q;

6. Compose o with ¢ to obtain the new current o
!
J

Tento algoritmus nehovori v akom poradi vyberat podciele, resp.

pravidla. Prolog vzdy ide deterministicky zlava doprava
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Interpretacia programov: SLD rezolucia (4-port model)

2 p(X).
ENTER Call >

p (X)

> Exit NEXT;

Fall < <

P(X) :- a(X), r(X).
p (X)
Call

Fail
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Interpretacia programov: SLD rezolucia (4-port model)

To, €o Prolog predvadza pri zapnutom ,trace”, je 4-port model
dotazu, pricom sa sleduje pohyb z portu do portu

mortal(X) :- man(X).
man(socrates).

2 ?- trace.

Yes

[trace] 2 ?- mortal(socrates).
Call: (7) mortal(socrates) ? creep
Call: (8) man(socrates) ? creep
Exit: (8) man(socrates) ? creep
Exit: (7) mortal(socrates) ? creep

Yes
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Interpretacia programov: cut!

Cut (!) je specialny predikat, ktory je vzdy TRUE, a sp6sobi
odstranenie backtrackingu (redo) zo vsetkych podcielov nalavo
od seba, lokalne v jednom pravidle. Pouziva sa na optimalizaciu
(orezanie vetiev, ktoré urcCite nevedu k vysledku). Pozor, cut je
casto zdrojom programatorskych chyb!

p(X) - q(X), I, r(X).

p(X)
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Interpretacia programov: cut!

Let us suppose that a predicate P consists of three clauses:

P o= ‘-ﬂ‘-lf R A-?'.f !'l Ai—l—l.r . An'
P 1= Bi; -+ Bm-
P :- C1_, .y cp-

Executing the cut i the first clause has the following consequences:

1. All other clauses of the predicate below the clause containing the cut are pruned.
That 1s, here the two remaiing clauses of P will not be tried.
. All the goals to the left of the cut are also pruned. That1s, A, ..., A; will
no longer be tried.

3. However, 1t will be possible to backtrack on goals to the right of the cut.

-2

. 7 :
T 1., ]
i J—J‘l I . g .‘—]ﬁl -
T = i
s "l-rl I = & s g "l—rj‘_] -
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Interpretacia programov: minimum bez cut

min(X, Y, X) - X < Y.
min(X, Y, Y) - X>=Y.

[trace] 3 ?- min(1, 2, X).
Call: (7) min(1, 2, _G443) ? creep
Call: (8) 1<2 ? creep
Exit: (8) 1<2 ? creep
Exit: (7) min(1, 2, 1) ? creep
X=1;
Redo: (7) min(1, 2, G443) ? creep
Call: (8) 1>=2 ? creep
Fail: (8) 1>=2 ? creep
No
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Interpretacia programov: minimum s ,,green” cut

min(X, Y, X) - X <Y, !.
min(X,Y,Y) - X>=Y, .

[trace] 2 ?- min(1, 2, X).
Call: (7) min(1, 2, _G443) ? creep
Call: (8) 1<2 ? creep
Exit: (8) 1<2 ? creep
Exit: (7) min(1, 2, 1) ? creep
X=1;
No
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Interpretacia programov: minimum s ,red” cut

min(X, Y, X) - X<Y, I
min(X, Y, Y).

[trace] 1 ?- min(1,2,X).
Call: (7) min(1, 2, _G431) ? creep
Call: (8) 1<2 ? creep
Exit: (8) 1<2 ? creep
Exit: (7) min(1, 2, 1) ? creep
X=1;
No

Priebeh vypoctu je sice taky isty, ale zavisi nielen od vyberu podcielov zlava
doprava, ale aj od vyberu pravidiel zlava doprava (resp. zhora nadol). Green
cuts sa povazuju za zdravé, red cuts sa treba radsej vyhybat (nie vzdy sa da)
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Negacia s ,red” cut

Aj negacia sa v Prologu chape v ,pozitivnom” zmysle (well-
founded model):

Ak P plati, tak potom neplati \+(P).

Ak P neplati, tak potom plati \+(P).

Toto sa da vyjadrit pomocou cut, ktory musi byt ,red” (fail/O je
predikat, ktory vzdy sposobi fail):

\+(P) :- P, |, falil.

\+(P).
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If-then-else s ,red” cut

If-then-else je predikat ->/3. ->’(condition, action1, action2)
zodpoveda konstrukcii
if condition then action1 else action2

Toto sa da vyjadrit pomocou cut:
'->'(condition, action1, action2) :- condition, !, action1.
‘->’(condition, action1, action2) :- !, actionZ2.
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Zoznamy (lists)

] je prazdny zoznam
a] je zoznam, ktory obsahuje atom a
a, X] je zoznam, ktory obsahuje atom a, a premennu X

[a], [X]] je zoznam, ktory obsahuje 2 zoznamy (je odlisny od
predosSlého zoznamu)

Hoci sa to mozno nezda, zoznam je tiez predikat, ./2,

(HEAD, TAIL). Syntax [a, X] je len skratka pre .(a, X)

Notacia [HEAD | TAIL] je len krajsim (ekvivalentnym) zapisom
.(HEAD, TAIL).
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Zoznamy (lists)

?- [a, b] = [H | T].

H=a, T= [b]

?- [a]l = [H | T].

H=a, T=[]

?- [a, [b]] = [H | T].
H=a, T= [[b]]

°- [a, b, ¢, dl = [X, Y | T].
X =a, Y=Db, T= [c, d]

?- [[a, b, ¢], d, el = [H | T].
H= [a, b, ], T = [d, el

The empty list cannot be split:

?- [1 = [H | T].

No
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Zoznamy (lists)

Priklady predikatov nhad zoznamami:
member(X, [X | _]). % nerekurzivne pravidlo
member(X, [ _| T]) :- member(X, T). % rekurzivne pravidio

append([], L, L). % nerekurzivne pravidlo
append([H | T1], L, [H | T2]) :- append(T1, L, T2). % rekurzia

reverse([], []).

reverse([H | T], R) :- reverse(T, RT), append(RT, [H], R).

Toto funguje, ale je naroéné na pamat’ (hibka stacku je priamo
umerna dizke zoznamu)
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Zoznamy (lists)

Optimalizovany reverse, ktory pouziva akumulator (Casty trik):
reverse(L1, L2) :- reverse(L1, [], L2).

reverse([], L, L).

reverse([H | T], Acc, L) :- reverse(T, [H | Acc], L).
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Dobry programatorsky styl

V Prologovskych helpoch najdete informaciu o tom, ktoré
argumenty predikatu su (obycCajne) vstupné (+), ktoré vystupné (-)
a ktore vstupno-vystupnée, napr. between(+Low, +High, ?Value),
append(?List1, ?List2, ?List3)

Pravidla sa pisu tak, aby kazdy podciel bol v samostatnom riadku:
reverse([H | T], R) :-

reverse(T, RT),

append(RT, [H], R).
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findall, bagof, setof

findall (+Variable, +Goal, ?Solution) umfies Solution with
the list of all the possible values of Variable when querying Goal.

?- findall (X, character (X, i1liad), B).
B = [ulysses, hector, achilles]

?- findall (X, character (X, Y), B).
B = [ulysses, hector, achilles, ulysses, penelope,
telemachus]
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findall, bagof, setof

The predicate bagof (+Variable, +Goal, ?Solution) is sumilar to

findall/ 3. except that it backtracks on the free variables of Goal:

?- bagof (¥, character (X, 1iliad), Bag).
Bag = [ulysses, hecter, achilleg]

?- bagof (¥, character (X, Y), Bag).

Bag =[ ulysses, hecteor, achillesg], ¥ =
[ulysses, penelope, telemachus], ¥

iliad ;
Bag = = odyssey ;

No.

Variables in Goal are not considered free if they are existentially quantified.

The existential quantifier uses the infix operator ™7, Let X be a variable in Goal.
¥ "Goal means that there exists ¥ such that Goal 1s true. bagof /3 does not back-

track on 1t. For example:

?- bagof (X, Y'character(X, ¥), Bag).
Bag = [ulysses, hector, achilles, ulysses,

penelope, telemachus]

?- bagof (X, Y"(character (X, Y), female (X)), Bag).
Bag = [penelope]
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findall, bagof, setof

The predicate setof (+Variable, +Goal, ?Solution) does the same
thing as bagof /3. except that the Solution list 1s sorted and duplicates are re-
moved from it:

?- setof (X, Y"character (X, Y), Bag).
Bag = [achilleg, hector, penelope, telemachus,
ulysses]
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DalSie optimaliza&né techniky: dynamické predikaty

Tato implementacia pouziva dvojitu rekurziu (neefektivne).
fibonacci (1, 1).
fibonacci(2, 1).
fibonacci (M, N) :-
M > 2,
M1 is M - 1, fibonacci (M1, N1),
M2 is M - 2, fibonacci (M2, N2),
N is N1 + N2.

Tato tiez, ale efektivnejsie (dynamicky update relacie fibonacci):
:- dynamic(fibonacci / 2).
fibonacci (1, 1).
fibonacci(2, 1).
fibonacci (M, N) :-
M > 2,
Ml is M - 1, fibonacci(M1l, N1),
M2 is M - 2, fibonacci (M2, N2),
N is N1 + N2,
asserta (fibonacci (M, N)) . G ———————
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DalSie optimalizaéné techniky: tail recursion

Pravidlo je chvostovo rekurzivne, ak sa rekurzia objavuje len v
poslednom podcieli pravidla. Chvostova rekurzia sa da
jednoducho transformovat na iteraciu

Nespravne:

f(X) :- g(X, Y¥), £(Y).

f(X) :- fact (X).

Spravne:

f(X) :- fact(X).

f(X) :- g(X, Y¥), £(Y).

Tiez spravne:

f(X) :- g(X, YY), !, £(Y).

f(X) :- fact (X).
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