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ÏÐÈËÎÆÅÍÈÅ A

ßÇÛÊ ËÎÃÈ×ÅÑÊÎÃÎ

ÏÐÎÃÐÀÌÌÈÐÎÂÀÍÈß ÏÐÎËÎÃ

Ìåòîä ðåçîëþöèé â ëîãèêå ïðåäèêàòîâ ëåæèò â îñíîâå äåêëàðàòèâíîãî ÿçû-
êà ëîãè÷åñêîãî ïðîãðàììèðîâàíèÿ ÏÐÎËÎÃ (PROLOG, ôðàíö. PROgrammation
en LOGique). ÏÐÎËÎÃ ïîÿâèëñÿ â 1973 ãîäó, êîãäà ãðóïïà èññëåäîâàòåëåé èç
Ìàðñåëüñêîãî óíèâåðñèòåòà ïîä ðóêîâîäñòâîì Àëàíà Êîëìåðîý ñîçäàëà ïðî-
ãðàììó äëÿ äîêàçàòåëüñòâà òåîðåì, êîòîðàÿ áûëà ðåàëèçîâàíà íà ÿçûêå Ôîð-
òðàí. Âïîñëåäñòâèè ýòîò ïðîäóêò è ïîëó÷èë íàçâàíèå ÏÐÎËÎÃ. Ïåðâûå ãîäû
ÏÐÎËÎÃ íå íàõîäèë øèðîêîãî ïðàêòè÷åñêîãî ïðèìåíåíèÿ. Îäíàêî â 1981 ã.
áûëî îáúÿâëåíî î ÿïîíñêîì ïðîåêòå ñîçäàíèÿ ÝÂÌ ïÿòîãî ïîêîëåíèÿ, â îñíî-
âå ïðîãðàììíîãî îáåñïå÷åíèÿ êîòîðûõ ïðåäïîëàãàëîñü èñïîëüçîâàòü ëîãè÷åñêîå
ïðîãðàììèðîâàíèå. Ýòîò ïðîåêò ñîçäàíèÿ ÝÂÌ äëÿ îáðàáîòêè çíàíèé âûçâàë
áîëüøîé ðåçîíàíñ âî âñ¼ì ìèðå. Ïîÿâèëèñü êîììåð÷åñêèå ðåàëèçàöèè ÏÐÎËÎ-
Ãà, òàêèå êàê CProlog, Quintus Prolog, Silogic Knowledge Workbench, Òurbo Prolog
è äð. Íàèáîëüøóþ ïîïóëÿðíîñòü â íàøåé ñòðàíå ïîëó÷èëà ñèñòåìà ïðîãðàììè-
ðîâàíèÿ Turbo Prolog � îäèí èç ïðîäóêòîâ èçâåñòíîé ôèðìû Borland.

Íå áóäåì ñòàâèòü öåëü èçó÷èòü âñå âîçìîæíîñòè ýòîãî ÿçûêà. Äàäèì ëèøü
åãî êðàòêèé îáçîð.

Ïðîãðàììà íà ÿçûêå ÏÐÎËÎÃ âêëþ÷àåò ñëåäóþùèå îñíîâíûå ðàçäåëû:
� îïèñàíèå èì¼í è ñòðóêòóð îáúåêòîâ (domains);
� îïèñàíèå ôàêòîâ � ñòðóêòóðà óòâåðæäåíèé áàçû çíàíèé (class facts);
� îïèñàíèå ïðåäèêàòîâ � ñòðóêòóðà îòíîøåíèé, ñóùåñòâóþùèõ ìåæäó îáú-

åêòàìè (class predicates);
� ðàçäåë öåëåâûõ óòâåðæäåíèé (goal); ýòîò ðàçäåë ìîæåò îòñóòñòâîâàòü, â

ýòîì ñëó÷àå ïðîãðàììà áóäåò çàïðàøèâàòü öåëåâîå óòâåðæäåíèå ïðè çàïóñêå;
� îïèñàíèå ôàêòîâ è ïðàâèë, îïèñûâàþùèõ îòíîøåíèÿ (clauses).
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Èìåíà îáúåêòîâ (êîíñòàíò) â ÏÐÎËÎÃå ïèøóòñÿ ñ ìàëåíüêîé áóêâû, à ïå-
ðåìåííûõ � ñ áîëüøîé.

Ðàññìîòðèì, êàê ìîæíî îïèñàòü íà ÏÐÎËÎÃå çàäà÷ó èç íåêîòîðîé ïðåä-
ìåòíîé îáëàñòè, íàïðèìåð ãåîãðàôèè.

1 implement main
2 open core , con so l e
3

4 domains
5 gorod = symbol .
6 s t rana = symbol .
7

8 c l a s s p r ed i c a t e s
9 s i t u : ( gorod , s t rana ) nondeterm anyflow .

10 c l a u s e s
11 s i t u ( "Ëîíäîí" , "Àíãëèÿ" ) .
12 s i t u ( "Êèåâ" , "Óêðàèíà" ) .
13 s i t u ( "Ïåêèí" , "Êèòàé" ) .
14 s i t u ( "Âàðøàâà" , "Ïîëüøà" ) .
15 s i t u (X, "Åâðîïà" ) :=
16 s i t u (X, "Ïîëüøà" ) .
17 s i t u (X, "Àçèÿ" ) :=
18 s i t u (X, "Êèòàé" ) .
19

20 run ( ) :=
21 f o r each s i t u (X, Y) do
22 wr i t e (X) ,
23 wr i t e ( " = " ) ,
24 wr i t e (Y) ,
25 nl
26 end foreach ,
27 _ = readLine ( ) .
28

29 end implement main
30

31 goa l
32 mainExe : : run (main : : run ) .

Âûðàæåíèå situ("Ëîíäîí", "Àíãëèÿ") îïèñûâàåò òîò ôàêò, ÷òî ãîðîä Ëîí-
äîí íàõîäèòñÿ â Àíãëèè. Ðàíåå â ïðîãðàììå áûë ââåä¼í ñîîòâåòñòâóþùèé ïðå-
äèêàò, ðàáîòàþùèé ñ îáúåêòàìè ñèìâîëüíîãî òèïà. Âìåñòî áëîêà îïðåäåëåíèé

4 domains
5 gorod = symbol .
6 s t rana = symbol .
7

8 c l a s s p r ed i c a t e s
9 s i t u : ( gorod , s t rana ) nondeterm anyflow .
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ìîæíî áûëî ïðîñòî îïèñàòü ïðåäèêàò

4 c l a s s p r ed i c a t e s
5 s i t u : ( symbol , symbol ) nondeterm anyflow .

Ïåðâûé âàðèàíò ïðåäïî÷òèòåëüíåå, ïîñêîëüêó ïîçâîëÿåò îöåíèâàòü ñåìàíòè-
÷åñêèé ñìûñë àðãóìåíòîâ ïðåäèêàòà íà ýòàïå ñîçäàíèÿ ïðîãðàììû è ïðè å¼
îòëàäêå.

Â ñåðåäèíå ðàçäåëà clauses îïèñàíû äâà ïðàâèëà. Ïðàâèëî çàäà¼ò íîâûé
ïðåäèêàò ÷åðåç ïðåäèêàòû, îïðåäåë¼ííûå ðàíåå. Ïðàâèëî ñîñòîèò èç ãîëîâû

(ïðåäèêàòà) è òåëà (ïîñëåäîâàòåëüíîñòè ïðåäèêàòîâ). Ãîëîâà îòäåëÿåòñÿ îò òå-
ëà çíà÷êîì :-, êîòîðûé ìîæíî èíòåðïðåòèðîâàòü êàê ñëîâî ¾åñëè¿. Òàêèì îá-
ðàçîì, çàêëþ÷åíèå ÿâëÿåòñÿ ãîëîâîé ïðàâèëà, à òåëî ïðàâèëà ñîñòîèò èç íàáîðà
ïîñûëîê.

Èñïîëüçîâàíèå ïðàâèë ÿâëÿåòñÿ îñíîâíûì ñïîñîáîì ïðåäñòàâëåíèÿ çíàíèé
â èíòåëëåêòóàëüíûõ ñèñòåìàõ. Ñìûñë ïðàâèëà ñîñòîèò â òîì, ÷òî öåëü, ÿâëÿ-
þùàÿñÿ ãîëîâîé, áóäåò èñòèííîé, åñëè èíòåðïðåòàòîð ÏÐÎËÎÃà ñìîæåò ïî-
êàçàòü, ÷òî âñå âûðàæåíèÿ (ïîäöåëè) â òåëå ïðàâèëà ÿâëÿþòñÿ èñòèííûìè. Â
ïðàâèëàõ áóêâà X (èëè ëþáàÿ äðóãàÿ çàãëàâíàÿ áóêâà, èëè ëþáîå ñëîâî, íà÷èíà-
þùååñÿ ñ çàãëàâíîé áóêâû) îáîçíà÷àåò ïåðåìåííóþ, êîòîðàÿ ìîæåò ïðèíèìàòü
ðàçíûå çíà÷åíèÿ. Òàê, ïðàâèëî

15 s i t u (X, "Åâðîïà" ) :=
16 s i t u (X, "Ïîëüøà" ) .

îçíà÷àåò, ÷òî ëþáîé ïîëüñêèé ãîðîä ÿâëÿåòñÿ îäíîâðåìåííî åâðîïåéñêèì ãîðî-
äîì. Äîáàâëåíèåì íîâûõ ïðàâèë ìîæíî ïîïîëíÿòü è ìîäèôèöèðîâàòü îïèñàíèå
çàäà÷è. Åñëè ìû õîòèì îïèñàòü òîò ôàêò, ÷òî âñå ãîðîäà Ôðàíöèè ÿâëÿþòñÿ
îäíîâðåìåííî åâðîïåéñêèìè ãîðîäàìè, òî äîñòàòî÷íî äîáàâèòü âñåãî îäíî ïðà-
âèëî

19 s i t u (X, "Åâðîïà" ) :=
20 s i t u (X, "Ôðàíöèÿ" ) .

è ìîæíî áóäåò ïî-ïðåæíåìó èñïîëüçîâàòü âñå îñòàëüíûå ôàêòû î ãîðîäàõ Åâ-
ðîïû.

Â ÏÐÎËÎÃå ìîæíî èñïîëüçîâàòü ñîñòàâíûå îáúåêòû. Ñîñòàâíûå îáúåê-
òû ïîçâîëÿþò îïèñûâàòü èåðàðõè÷åñêèå ñòðóêòóðû, â êîòîðûõ îïèñàíèå îäíîãî
ïðåäèêàòà âêëþ÷àåò â ñåáÿ îïèñàíèå äðóãèõ ïðåäèêàòîâ. Íàïðèìåð,

1 implement main
2 open core , con so l e
3

4 domains
5 pe r sona l_ l ib ra ry = book ( t i t l e , author , pub l i c a t i on ) .
6 pub l i c a t i on = pub l i c a t i on ( pub l i she r , year ) .
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7 c o l l e c t o r , t i t l e , author , pub l i s h e r = symbol .
8 year = in t e g e r .
9

10 c l a s s p r ed i c a t e s
11 c o l l e c t i o n : ( c o l l e c t o r , p e r sona l_ l ib ra ry ) nondeterm anyflow .
12 c l a u s e s
13 c o l l e c t i o n ( "Èâàíîâ" , book ( "Âîéíà è ìèð" , "Ëåâ Òîëñòîé" , pub l i c a t i on

( "Ïðîñâåùåíèå" , 1990) ) ) .

Ïðè îïèñàíèè ïðàâèë ÷àñòî âîçíèêàåò íåîáõîäèìîñòü èñïîëüçîâàòü ëîãè÷å-
ñêèå ñâÿçêè È è ÈËÈ. Â êà÷åñòâå ñâÿçêè È òðàäèöèîííî èñïîëüçóåòñÿ çàïÿòàÿ,
à â êà÷åñòâå ñâÿçêè ÈËÈ � òî÷êà ñ çàïÿòîé. Íàïðèìåð,

g igant (X) := r o s t (X, Y) , Y>200.
star_or_mlad (X) := X>70; X<10.

ÏÐÎËÎÃ èìååò áîëüøîå êîëè÷åñòâî âñòðîåííûõ ïðåäèêàòîâ, ò.å. ïðåäèêà-
òîâ, îïðåäåëÿåìûõ àâòîìàòè÷åñêè. Íàïðèìåð, âñòðîåííûé ïðåäèêàò nl âûçûâà-
åò ïåðåâîä ñòðîêè, à âñòðîåííûé ïðåäèêàò write ïðèìåíÿåòñÿ äëÿ âûâîäà èí-
ôîðìàöèè íà ýêðàí. Âñòðîåííûå ïðåäèêàòû èñïîëüçóþòñÿ òàê æå, êàê è îïðåäå-
ëÿåìûå ïîëüçîâàòåëåì ïðåäèêàòû, íî âñòðîåííûé ïðåäèêàò íå ìîæåò ÿâëÿòüñÿ
ãîëîâîé ïðàâèëà èëè ïîÿâëÿòüñÿ â ôàêòå. ×àñòî èñïîëüçóåìûìè âñòðîåííûìè
ïðåäèêàòàìè ÿâëÿþòñÿ = (óíèôèêàöèÿ) è ëîãè÷åñêîå îòðèöàíèå not. Íàïðèìåð,

student (X) := X="Ïåòðîâ" ; X="Èâàíîâ" .
xor_student (X) := not (X="Ïåòðîâ" ) , not (X="Èâàíîâ" ) .
p laneta (X) := X<>"Ñîëíöå" .

Èíîãäà áûâàåò ïîëåçíî èñïîëüçîâàòü ïðåäèêàòû, ïðî êîòîðûå çàðàíåå èç-
âåñòíî, èñòèííû îíè èëè ëîæíû. Äëÿ ýòèõ öåëåé èñïîëüçóþò ïðåäèêàòû true

è fail. Ïðåäèêàò true âñåãäà èñòèíåí, â òî âðåìÿ êàê fail âñåãäà ëîæåí. Ïî-
ñëåäíèé ïðåäèêàò èñïîëüçóåòñÿ äëÿ óïðàâëåíèÿ ïðîöåññîì ðåøåíèÿ çàäà÷è íà
ÏÐÎËÎÃå.

Ðàññìîòðèì, êàêèì îáðàçîì íà ÏÐÎËÎÃå ìîæíî îïèñàòü çàäà÷ó î ñåìåé-
íûõ îòíîøåíèÿõ. Ïóñòü èìåþòñÿ ñëåäóþùèå ôàêòû:

� Èâàí � îòåö Èãîðÿ.
� Èâàí � îòåö Ñåì¼íà.
� Ñåì¼í � îòåö Ëèçû.
Ñîñòàâèì ïðîãðàììó äëÿ îòâåòà íà âîïðîñ ¾Åñòü ëè áðàòüÿ ó Èãîðÿ?¿.
Ôîðìàëèçóåì èìåþùèåñÿ äàííûå. Äëÿ ýòîé öåëè ââåä¼ì Òðè ïðåäèêàòà:
� father(x, y), îçíà÷àþùèé, ÷òî x � îòåö y,
� man(x), îçíà÷àþùèé, ÷òî x � ìóæ÷èíà,
� brother(x, y), îçíà÷àþùèé, ÷òî x � áðàò y.
Ñïðàâåäëèâû, î÷åâèäíî, ñëåäóþùèå ïðàâèëà:
� Âñå îòöû � ìóæ÷èíû.
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� Åñëè ó äåòåé îäèí îòåö, òî îíè åäèíîêðîâíû.
� Áðàò � ýòî åäèíîêðîâíûé ìóæ÷èíà.
Ñîñòàâèì ïðîãðàììó íà ÿçûêå ÏÐÎËÎÃ:

1 implement main
2 open core , con so l e
3

4 domains
5 person = symbol .
6

7 c l a s s p r ed i c a t e s
8 f a t h e r : ( person , person ) nondeterm anyflow .
9 man : ( person ) nondeterm anyflow .

10 brother : ( person , person ) nondeterm anyflow .
11

12 c l a u s e s
13 f a t h e r ( "Èâàí" , "Èãîðü" ) .
14 f a t h e r ( "Èâàí" , "Ñåì�eí" ) .
15 f a t h e r ( "Ñåì�eí" , "Ëèçà" ) .
16 man(X) :=
17 f a t h e r (X, _) .
18 brother (X, Y) :=
19 f a t h e r (Z , Y) ,
20 f a t h e r (Z , X) ,
21 man(X) ,
22 X <> Y.
23 run ( ) :=
24 f o r each brother ( "Èãîðü" , X) do
25 wr i t e (X) ,
26 nl
27 end foreach ,
28 _ = readLine ( ) .
29

30 end implement main
31

32 goa l
33 mainExe : : run (main : : run ) .

Ïîñëå èñïîëíåíèÿ ñèñòåìà âûäàñò X = "Ñåì¼í". Ýòî îòâå÷àåò íàøèì ïðåä-
ñòàâëåíèÿì î ïðàâèëüíîì ðåøåíèè.

Ïðèâåä¼ííûå ïðèìåðû ïðèìèòèâíû, íî îíè ïîçâîëÿþò ïðåäñòàâèòü ïîëåç-
íîñòü ðåøåíèé, êîòîðûå ìîæåò ñãåíåðèðîâàòü ÏÐÎËÎÃ ïðè áîëüøîì êîëè÷å-
ñòâå ôàêòîâ è ïðàâèë â ñëîæíîé ïðåäìåòíîé îáëàñòè. Ïîìèìî ðàññìîòðåííûõ
âîçìîæíîñòåé â ÏÐÎËÎÃå òàêæå ìîæíî îñóùåñòâëÿòü àðèôìåòè÷åñêèå äåé-
ñòâèÿ, îðãàíèçîâûâàòü ðåêóðñèþ, ñîçäàâàòü äèíàìè÷åñêóþ áàçó çíàíèé è äð.
Çàèíòåðåñîâàâøèìñÿ ÷èòàòåëÿì, à òàêæå òåì, êòî ïëàíèðóåò ïîñâÿòèòü ñâîþ
æèçíü ñôåðå èñêóññòâåííîãî èíòåëëåêòà, ðåêîìåíäóåòñÿ èçó÷èòü ýòîò ÿçûê áî-
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ëåå ïîäðîáíî.
Óïðàæíåíèå 1. Èìååòñÿ ñëåäóþùàÿ ïðîãðàììà íà ÏÐÎËÎÃ'å:

1 % Efremov Evgeni i
2

3 implement main
4 open core , con so l e
5

6 domains
7 name = s t r i n g .
8 counter = i n t e g e r .
9

10 c l a s s f a c t s
11 çàêóñêà : (name) .
12 ìÿñî : (name) .
13 ðûáà : (name) .
14 äå ñ åðò : (name) .
15 êàëîðèè : (name , counter ) .
16

17 c l a s s p r ed i c a t e s
18 áëþäî : (name) nondeterm anyflow .
19 îáåä : (name , name , name) nondeterm anyflow .
20 êàëîðèéíîñòü : (name , name , name , counter ) nondeterm anyflow .
21 ñáàëàíñèðîâàííûé_îáåä : (name , name , name) nondeterm anyflow .
22

23 c l a u s e s
24 çàêóñêà ( "àðòèøîêè â áåëîì ñîóñ å" ) .
25 çàêóñêà ( "òðþôåëè â øàìïàíñêîì" ) .
26 çàêóñêà ( "ñàëàò ñ ÿéöîì" ) .
27 ìÿñî ( "ãîâÿæüå æàðêîå" ) .
28 ìÿñî ( "öûïë�eíîê â ëèïîâîì öâåòå" ) .
29 ðûáà ( "îêóíü âî ôðèòþðå" ) .
30 ðûáà ( "ôàðøèðîâàííûé ñóäàê" ) .
31 äå ñ åðò ( "ãðóøåâîå ìîðîæåíîå" ) .
32 äå ñ åðò ( "êëóáíèêà ñî âçáèòûìè ñëèâêàìè" ) .
33 äå ñ åðò ( "äûíÿ=ñþðïðèç" ) .
34 êàëîðèè( "àðòèøîêè â áåëîì ñîóñ å" , 150) .
35 êàëîðèè( "òðþôåëè â øàìïàíñêîì" , 212) .
36 êàëîðèè( "ñàëàò ñ ÿéöîì" , 202) .
37 êàëîðèè( "ãîâÿæüå æàðêîå" , 532) .
38 êàëîðèè( "öûïë�eíîê â ëèïîâîì öâåòå" , 400) .
39 êàëîðèè( "îêóíü âî ôðèòþðå" , 270) .
40 êàëîðèè( "ôàðøèðîâàííûé ñóäàê" , 254) .
41 êàëîðèè( "ãðóøåâîå ìîðîæåíîå" , 223) .
42 êàëîðèè( "êëóáíèêà ñî âçáèòûìè ñëèâêàìè" , 289) .
43 êàëîðèè( "äûíÿ=ñþðïðèç" , 122) .
44 áëþäî (Y) :=
45 ìÿñî (Y)
46 or
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47 ðûáà (Y) .
48 îáåä(X, Y, Z) :=
49 çàêóñêà (X) ,
50 áëþäî (Y) ,
51 äå ñ åðò (Z) .
52 êàëîðèéíîñòü (X, Y, Z , S) :=
53 êàëîðèè(X, SX) ,
54 êàëîðèè(Y, SY) ,
55 êàëîðèè(Z , SZ) ,
56 S = SX + SY + SZ .
57 ñáàëàíñèðîâàííûé_îáåä(X, Y, Z) :=
58 îáåä(X, Y, Z) ,
59 êàëîðèéíîñòü (X, Y, Z , S) ,
60 S < 800 .
61

62 end implement main
63

64 goa l
65 mainExe : : run (main : : run ) .

Îïðåäåëèòå, íà êàêîé âîïðîñ îòâå÷àåò ïðîãðàììà, åñëè çàäàíû ñëåäóþùèå
öåëè:

run ( ) :=
ñáàëàíñèðîâàííûé_îáåä( "àðòèøîêè â áåëîì ñîóñ å" , "ôàðøèðîâàííûé

ñóäàê" , "êëóáíèêà ñî âçáèòûìè ñëèâêàìè" ) ,
f a i l .

run ( ) :=
_ = readLine ( ) .

run ( ) :=
ñáàëàíñèðîâàííûé_îáåä(X, Y, Z) ,
wr i t e (X, " " , Y, " " , Z) ,
nl ,
nl ,
f a i l .

run ( ) :=
_ = readLine ( ) .

run ( ) :=
ñáàëàíñèðîâàííûé_îáåä(X, Y, Z) ,
X = "àðòèøîêè â áåëîì ñîóñ å" ,
Y = "ãîâÿæüå æàðêîå" ,
Z = "ãðóøåâîå ìîðîæåíîå" ,
_ = readLine ( ) .


	Язык логического программирования ПРОЛОГ

