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ÑÈÑÒÅÌÛ �ÅËßÖÈÎÍÍÛÕ Ï�ÅÎÁ�ÀÇÎÂÀÍÈÉ: Ï�ÀÂÈËÀ

È Ê�ÈÒÅ�ÈÉ �ÅÀËÈÇÓÅÌÎÑÒÈ

Â ñòàòüå îïðåäåëÿþòñÿ è èññëåäóþòñÿ îñíîâíûå êîíñòðóêöèè è ñåìàíòèêà ÿçûêà îïèñàíèÿ äåéñòâèé

(ation desription language), ïðåäíàçíà÷åííîãî äëÿ îïèñàíèÿ è àíàëèçà ïðåîáðàçîâàíèé îòíîøåíèé

ìîäåëåé ñèòóàöèé (ðåëÿöèîííûõ ïðåîáðàçîâàíèé).

Îñíîâíîå îòëè÷èå îïèñûâàåìîãî ÿçûêà KSL (Knowledge Spei�ation Language) îò òðàäèöèîííûõ

(STRIPS, ADL, PDDL è ò. ï.) � èñïîëüçîâàíèå êðîìå òðàäèöèîííûõ (STRIPS-like) ïðàâèë èõ òåîðåòèêî-

ìíîæåñòâåííûõ êîìïîçèöèé. Ýòî ñóùåñòâåííî ïîâûøàåò âûðàçèòåëüíîñòü ÿçûêà.

Òî÷íàÿ õàðàêòåðèçàöèÿ îñíîâíûõ ñâîéñòâ ðåëÿöèîííûõ ïðåîáðàçîâàíèé íà ÿçûêå ëîãèêè ïðåäèêà-

òîâ ïåðâîãî ïîðÿäêà (FOL), íî áåç èñïîëüçîâàíèÿ äîïîëíèòåëüíûõ êîíñòðóêöèé ñèòóàöèîííîãî èñ÷èñ-

ëåíèÿ, äàåò âîçìîæíîñòü ñ�îðìóëèðîâàòü è äîêàçàòü åñòåñòâåííûé êðèòåðèé ðåàëèçóåìîñòè (íåïðîòè-

âîðå÷èâîñòè) ñèñòåìû ïðàâèë ðåëÿöèîííûõ ïðåîáðàçîâàíèé è, ñîîòâåòñòâåííî, ÿâíî îïèñûâàòü è èñ-

ïðàâëÿòü ëîãè÷åñêèå ïðîòèâîðå÷èÿ ðàññìàòðèâàåìîé ñèñòåìû ïðåîáðàçîâàíèé.

Êëþ÷åâûå ñëîâà: ÿçûêè îïèñàíèÿ äåéñòâèé, STRIPS, ADL, ñèòóàöèîííîå èñ÷èñëåíèå.

Ââåäåíèå

Â ñòàòüå îïðåäåëÿþòñÿ è èññëåäóþòñÿ îñíîâíûå êîíñòðóêöèè è ñåìàíòèêà ÿçûêà îïèñàíèÿ

äåéñòâèé (ation desription language), ïðåäíàçíà÷åííîãî äëÿ îïèñàíèÿ è àíàëèçà ïðåîáðàçîâà-

íèé îòíîøåíèé ìîäåëåé ñèòóàöèé (ðåëÿöèîííûõ ïðåîáðàçîâàíèé). Òðàäèöèîííûå �îðìàëèçìû

îïèñàíèÿ ñèòóàöèé è äåéñòâèé, óïîìèíàåìûå â ñòàòüå, ïîäðîáíî, ñ ïðèìåðàìè îïèñàíû â îá-

çîðå [9℄. Îñíîâíîå îòëè÷èå îïèñûâàåìîãî ÿçûêà ïðåîáðàçîâàíèé KSL (Knowledge Spei�ation

Language) îò òðàäèöèîííûõ, òàêèõ êàê STRIPS [3℄, ADL [7,8℄, PDDL [4,6℄, è èì ïîäîáíûõ ÿçû-

êîâ çàêëþ÷àåòñÿ â òîì, ÷òî ïðàâèëà ïðåîáðàçîâàíèÿ íå îïðåäåëÿþò ïðåîáðàçîâàíèå ìîäåëè

ÿâíî, à ÿâëÿþòñÿ ïðàâèëàìè âû÷èñëåíèÿ ñïåöè�èêàöèè (ìíîæåñòâà ý��åêòîâ) ïðåîáðàçîâà-

íèÿ.

Òàê êàê íà ïðàêòèêå èçìåíåíèÿ ìîäåëè (áàçû �àêòîâ) ñèòóàöèè ìîãóò áûòü âåñüìà äîðîãî-

ñòîÿùèìè èëè äàæå íåîáðàòèìûìè (íàïðèìåð, â ñèñòåìàõ óïðàâëåíèÿ ðåàëüíûìè îáúåêòàìè),

ïðèìåíåíèå ïðàâèëà ïðåîáðàçîâàíèÿ ðàçäåëåíî íà äâå ñòàäèè (�àçû):

1) ìåòàâû÷èñëåíèÿ: ÷òåíèå èí�îðìàöèè, àíàëèç èñõîäíîé ìîäåëè (ñèòóàöèè) è âû÷èñëå-

íèå (ñ ïîìîùüþ íåñëîæíûõ �óíêöèé) ñïåöè�èêàöèè ïðåîáðàçîâàíèÿ ìîäåëè; ñïåöè�èêàöèÿ

ïðåîáðàçîâàíèÿ � ýòî ìíîæåñòâî çàìêíóòûõ ëèòåð (íå îáÿçàòåëüíî íåïðîòèâîðå÷èâîå) îïðå-

äåëÿþùåå, ÷òî óäàëÿåòñÿ èëè äîáàâëÿåòñÿ â ìîäåëü ïðè ïðåîáðàçîâàíèè;

2) èçìåíåíèå ìîäåëè: ïðèìåíåíèå ñïåöè�èêàöèè ïðåîáðàçîâàíèÿ ê ìîäåëè, çàïèñü èí�îð-

ìàöèè.

Îòêàç îò íåïîñðåäñòâåííîãî îïðåäåëåíèÿ ïðåîáðàçîâàíèé ïîçâîëÿåò ñóùåñòâåííî, õîòÿ

è êîíñåðâàòèâíî, ðàñøèðèòü ÿçûê ïðàâèë. Ïîñêîëüêó ïðèìåíåíèþ ïðàâèëà â êîíêðåòíîé ìî-

äåëè ñîîòâåòñòâóåò ïðîñòî ìíîæåñòâî ëèòåð, ëåãêî îïðåäåëÿþòñÿ ïåðåñå÷åíèå, îáúåäèíåíèå,

ðàçíîñòü (èëè äîïîëíåíèå) è èíâåðñèÿ (ñïåöè�èêàöèé) ïðàâèë. Èñïîëüçîâàíèå êðîìå òðàäè-

öèîííûõ (STRIPS-like) ïðàâèë èõ òåîðåòèêî-ìíîæåñòâåííûõ êîìïîçèöèé ñóùåñòâåííî ïîâû-

øàåò âûðàçèòåëüíîñòü ÿçûêà. Îñíîâíîé ðåçóëüòàò � òåîðåìà î íîðìàëüíîé �îðìå ïðàâèëà

ïðåîáðàçîâàíèÿ. Ïðàâèëà îáùåãî âèäà ñâîäÿòñÿ (òðàíñëèðóþòñÿ) ê ïðàâèëàì áåç òåîðåòèêî-

ìíîæåñòâåííûõ îïåðàöèé, êîòîðûå ìîæíî îïèñàòü íà ÿçûêå ADL. Ýòî îçíà÷àåò, ÷òî îïèñàíèÿ

äåéñòâèé íà ÿçûêå KSL ìîãóò áûòü ëåãêî âêëþ÷åíû â óæå ñóùåñòâóþùèå ñèñòåìû ïëàíèðîâà-

íèÿ (ïîèñêà ðåøåíèé).
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Òî÷íàÿ õàðàêòåðèçàöèÿ îñíîâíûõ ñâîéñòâ ðåëÿöèîííûõ ïðåîáðàçîâàíèé íà ÿçûêå ëîãèêè

ïðåäèêàòîâ ïåðâîãî ïîðÿäêà (FOL), íî áåç èñïîëüçîâàíèÿ äîïîëíèòåëüíûõ êîíñòðóêöèé ñèòó-

àöèîííîãî èñ÷èñëåíèÿ, äàåò âîçìîæíîñòü ñ�îðìóëèðîâàòü è äîêàçàòü åñòåñòâåííûé êðèòåðèé

ðåàëèçóåìîñòè (íåïðîòèâîðå÷èâîñòè) ñèñòåìû ïðàâèë ðåëÿöèîííûõ ïðåîáðàçîâàíèé è, ñîîò-

âåòñòâåííî, ÿâíî îïèñûâàòü è èñïðàâëÿòü ëîãè÷åñêèå ïðîòèâîðå÷èÿ ðàññìàòðèâàåìîé ñèñòåìû

ïðåîáðàçîâàíèé.

Äàëåå, èçëîæåíèå ïîñòðîåíî ñëåäóþùèì îáðàçîì.

Â § 1 îïðåäåëÿþòñÿ îñíîâíûå ñåìàíòè÷åñêèå ïîíÿòèÿ � ñïåöè�èêàöèÿ îòíîøåíèé îáúåê-

òîâ (knowledge spei�ation) � ýòî �îðìàëüíîå îïèñàíèå èí�îðìàöèè î ñîñòîÿíèè ìèðà, îá

ý��åêòàõ äåéñòâèé è ò. ï. è îïåðàöèÿ ñóïåðïîçèöèè (updating) ñïåöè�èêàöèé.

Â § 2 îïðåäåëÿþòñÿ ñèíòàêñèñ è ñåìàíòèêà ïðàâèë ïðåîáðàçîâàíèé ñïåöè�èêàöèé � ðåëÿ-

öèîííûõ ïðåîáðàçîâàíèé.

Â § 3 ðàññìàòðèâàþòñÿ îñíîâíûå ñâîéñòâà ðåëÿöèîííûõ ïðåîáðàçîâàíèé. Îíè �îðìóëèðó-

þòñÿ â òåðìèíàõ ëîãèêè ïðåäèêàòîâ ïåðâîãî ïîðÿäêà è äîêàçûâàåòñÿ òåîðåìà î íîðìàëüíîé

�îðìå ïðàâèëà ðåëÿöèîííîãî ïðåîáðàçîâàíèÿ.

Â § 4 îïðåäåëÿåòñÿ ïîíÿòèå ñèñòåìû ðåëÿöèîííûõ ïðåîáðàçîâàíèé = àêñèîìû (FOL-

îãðàíè÷åíèÿ íà ìíîæåñòâà âîçìîæíûõ ñîñòîÿíèé) + ïðàâèëà (îïèñàíèÿ âîçìîæíûõ äåéñòâèé)

è ïîíÿòèå ðåàëèçàöèè ñèñòåìû ïðåîáðàçîâàíèé. Äîêàçûâàþòñÿ êðèòåðèé ðåàëèçóåìîñòè è êîð-

ðåêòíîñòü è ïîëíîòà FOL-õàðàêòåðèçàöèè ñèñòåìû ðåëÿöèîííûõ ïðåîáðàçîâàíèé.

Â § 5 îïèñûâàåòñÿ ïðèìåð, äåìîíñòðèðóþùèé âûðàçèòåëüíûå âîçìîæíîñòè ÿçûêà ðåëÿöè-

îííûõ ïðåîáðàçîâàíèé.

� 1. Ñïåöè�èêàöèè îòíîøåíèé è ïðåîáðàçîâàíèé

Äëÿ îïèñàíèÿ ñèñòåì îòíîøåíèé è èõ ïðåîáðàçîâàíèé èñïîëüçóåì êëàññè÷åñêóþ ëîãèêó

ïðåäèêàòîâ ïåðâîãî ïîðÿäêà (FOL). Îïðåäåëèì îñíîâíûå ïîíÿòèÿ.

Îïðåäåëåíèå 1. Ñèãíàòóðà (àë�àâèò íåëîãè÷åñêèõ ñèìâîëîâ) ÿçûêà ëîãèêè ïåðâîãî ïî-

ðÿäêà � ýòî êîðòåæ Σ = [C,P ], ãäå C � íåïóñòîå ìíîæåñòâî êîíñòàíò, P � íåïóñòîå ìíîæåñòâî

ïðåäèêàòíûõ ñèìâîëîâ (ðàçëè÷íîé àðíîñòè).

Ôîðìóëû ñèãíàòóðû Σ ñòðîÿòñÿ îáû÷íûì îáðàçîì: èç òåðìîâ (êîíñòàíò ci ∈ C è ïåðåìåí-

íûõ), ïðåäèêàòíûõ ñèìâîëîâ pi ∈ P , ïðåäèêàòà ðàâåíñòâà =, ëîãè÷åñêèõ êîíñòàíò (true, false),

ñâÿçîê (∧,∨,¬) è êâàíòîðîâ (∀,∃).
Äàëåå, L(Σ) � ìíîæåñòâî �îðìóë (ÿçûê) ñèãíàòóðû Σ; BA(Σ), F (Σ), BF (Σ) � ìíîæåñòâà

îñíîâíûõ (çàìêíóòûõ) àòîìàðíûõ �îðìóë, ëèòåð (àòîìàðíûõ �îðìóë è èõ îòðèöàíèé) è îñ-

íîâíûõ (çàìêíóòûõ) ëèòåð ñèãíàòóðû Σ ñîîòâåòñòâåííî.

Îïðåäåëåíèå 2. Ñïåöè�èêàöèÿ (ïðåîáðàçîâàíèÿ) îòíîøåíèé ñèãíàòóðû Σ (Σ-ñïåöè�è-
êàöèÿ) � ýòî ìíîæåñòâî α ⊆ BF (Σ) îñíîâíûõ ëèòåð ÿçûêà L(Σ).

Äàëåå, SP (Σ) = 2BF (Σ)
îçíà÷àåò ìíîæåñòâî Σ-ñïåöè�èêàöèé. Íà ñïåöè�èêàöèÿõ êàê ìíî-

æåñòâàõ (ëèòåð) îïðåäåëåíû îáû÷íûå îïåðàöèè ∪ (îáúåäèíåíèå), ∩ (ïåðåñå÷åíèå), \ (ðàçíîñòü),
à òàêæå ñëåäóþùèå îïåðàöèè.

Îïðåäåëåíèå 3. Èíâåðñèÿ Σ-ñïåöè�èêàöèè α ∈ SP (Σ) � ýòî îïåðàöèÿ

−α : SP (Σ) → SP (Σ) = {P ∈ BF (Σ) | ¬P ∈ α} ∪ {¬P ∈ BF (Σ) | P ∈ α}.

Îïðåäåëåíèå 4. Ñóïåðïîçèöèÿ Σ-ñïåöè�èêàöèé α, β ∈ SP (Σ) � ýòî îïåðàöèÿ

α ∗ β : SP (Σ)× SP (Σ) → SP (Σ) = (α \ −β) ∪ β.

Ñòðóêòóðà SP(Σ) = [SP (Σ), ∗, ∅] îáëàäàåò õîðîøèìè àëãåáðàè÷åñêèìè ñâîéñòâàìè: îíà ÿâ-

ëÿåòñÿ ëîêàëüíî-êîíå÷íîé ïîëóãðóïïîé èäåìïîòåíòîâ ñ åäèíèöåé ∅.
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Îïðåäåëåíèå 5. Σ-ñïåöè�èêàöèÿ α ∈ SP (Σ) ñîâìåñòíà iff α ∩ −α = ∅.

Îïðåäåëåíèå 6. Ìîäåëüþ ñèãíàòóðû Σ íàçûâàåòñÿ ìàêñèìàëüíàÿ (ïî îòíîøåíèþ ⊆) ñîâ-
ìåñòíàÿ Σ-ñïåöè�èêàöèÿ.

Äàëåå, M(Σ) � ìíîæåñòâî ìîäåëåé ñèãíàòóðû Σ.
Îòíîøåíèå èñòèííîñòè µ |= φ çàìêíóòîé �îðìóëû φ â ìîäåëè µ ÿçûêà L(Σ) îïðåäåëÿåòñÿ

êàê îáû÷íî.

� 2. Ïðàâèëà ïðåîáðàçîâàíèÿ îòíîøåíèé

Îïèøåì ñèíòàêñèñ è ñåìàíòèêó ïðàâèë îïðåäåëåíèÿ (ñïåöè�èêàöèé) ðåëÿöèîííûõ ïðåîá-

ðàçîâàíèé.

Îïðåäåëåíèå 7. Ìíîæåñòâî R(Σ) ïðàâèë ïðåîáðàçîâàíèÿ îòíîøåíèé ÿçûêà L(Σ) îïðåäå-
ëÿåòñÿ èíäóêòèâíî ñëåäóþùèì îáðàçîì:

1) ∅ � ýòî ïðàâèëî ïðåîáðàçîâàíèÿ;

2) åñëè δ ∈ F (Σ) � ëèòåðà ÿçûêà L(Σ), òî {δ} � ýòî ïðàâèëî ïðåîáðàçîâàíèÿ;

3) åñëè ρ1, ρ2 � ïðàâèëà ïðåîáðàçîâàíèÿ, φ ∈ L(Σ), òî if φ then ρ1 else ρ2 fi� óñëîâíàÿ êîì-

ïîçèöèÿ ïðàâèë ñ óñëîâèåì φ � ýòî ïðàâèëî ïðåîáðàçîâàíèÿ (ïðàâèëà âèäà if φ then ρ1 else ∅ fi
ñîêðàùåííî çàïèñûâàåì if φ then ρ1 fi);

4) åñëè ρ1, ρ2 � ïðàâèëà ïðåîáðàçîâàíèÿ, òî (ρ1 ∪ ρ2) � îáúåäèíåíèå ïðàâèë � ýòî ïðàâèëî

ïðåîáðàçîâàíèÿ;

5) åñëè ρ1, ρ2 � ïðàâèëà ïðåîáðàçîâàíèÿ, òî (ρ1 ∩ ρ2) � ïåðåñå÷åíèå ïðàâèë � ýòî ïðàâèëî

ïðåîáðàçîâàíèÿ;

6) åñëè ρ1, ρ2 � ïðàâèëà ïðåîáðàçîâàíèÿ, òî (ρ1 \ ρ2) � ðàçíîñòü ïðàâèë � ýòî ïðàâèëî

ïðåîáðàçîâàíèÿ;

7) åñëè ρ � ïðàâèëî ïðåîáðàçîâàíèÿ, òî (−ρ) � èíâåðñèÿ ïðàâèëà � ýòî ïðàâèëî ïðåîáðà-

çîâàíèÿ;

8) åñëè ρ1, ρ2 � ïðàâèëà ïðåîáðàçîâàíèÿ, òî (ρ1 ∗ ρ2) � ñóïåðïîçèöèÿ ïðàâèë � ýòî ïðàâèëî

ïðåîáðàçîâàíèÿ;

9) åñëè ρ � ïðàâèëî ïðåîáðàçîâàíèÿ, x � ïåðåìåííàÿ, òî (
⋃

xρ) è (
⋂

xρ) � óíèâåðñàëüíûå

îáúåäèíåíèå è ïåðåñå÷åíèå ïðàâèë ñîîòâåòñòâåííî � ýòî ïðàâèëà ïðåîáðàçîâàíèÿ.

Îáúåäèíåíèå è ïåðåñå÷åíèå ïðàâèë �àêòè÷åñêè (ñì. îïðåäåëåíèå 9 íèæå) ïðåäñòàâëÿþò

ðàçëè÷íûå ñïîñîáû ïàðàëëåëüíîãî èñïîëíåíèÿ äåéñòâèé ρ1 è ρ2; äðóãèì èíòåðåñíûì âàðèàíòîì

ÿâëÿåòñÿ îïåðàöèÿ (ρ1 \ −ρ2) ∪ (ρ2 \ −ρ1).

Îïðåäåëåíèå 8. Ïðèìåð (÷àñòíûé ñëó÷àé) ïðàâèëà ρ(x1, . . . , xk) ∈ R(Σ), ãäå x1, . . . , xk �
âñå ñâîáîäíûå ïåðåìåííûå ïðàâèëà, � ïðàâèëî ρ(c1, . . . , ck), ãäå c1, . . . , ck ∈ C.

Â ìîäåëè µ ∈M(Σ) ïðèìåð ïðàâèëà ρ = ρ(c1, . . . , ck) ∈ R(Σ) îäíîçíà÷íî îïðåäåëÿåò ñïåöè-
�èêàöèþ ïðåîáðàçîâàíèÿ sp

(

µ, ρ(c1, . . . , ck)
)

∈ SP (Σ), à èìåííî, äàäèì ñëåäóþùåå îïðåäåëå-

íèå.

Îïðåäåëåíèå 9. Ñïåöè�èêàöèÿ ïðåîáðàçîâàíèÿ sp(µ, ρ) â ìîäåëè µ ∈ M(Σ) ïî ïðèìåðó

ïðàâèëà ρ = ρ(c1, . . . , ck) ∈ R(Σ) îïðåäåëÿåòñÿ èíäóêòèâíî ñëåäóþùèì îáðàçîì:

1) sp(µ, ∅) = ∅;
2) sp

(

µ,
{

δ(c1, . . . , ck)
})

=
{

δ(c1, . . . , ck)
}

, ãäå δ(c1, . . . , ck) ∈ BF (Σ);
3) sp(µ, if φ then ρ1 else ρ2 fi) = if µ |= φ then sp(µ, ρ1) else sp(µ, ρ2);

4) sp
(

µ, (ρ1 ∪ ρ2)
)

= sp(µ, ρ1) ∪ sp(µ, ρ2);
5) sp

(

µ, (ρ1 ∩ ρ2)
)

= sp(µ, ρ1) ∩ sp(µ, ρ2);
6) sp

(

µ, (ρ1 \ ρ2)
)

= sp(µ, ρ1) \ sp(µ, ρ2);
7) sp

(

µ, (−ρ)
)

= −sp(µ, ρ);
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8) sp
(

µ, (ρ1 ∗ ρ2)
)

= sp(µ, ρ1) ∗ sp(µ, ρ2);

9) sp
(

µ,
(
⋃

xρ(x)
)

)

=
⋃

{

sp
(

µ, ρ(c)
)

| c ∈ C
}

,

sp
(

µ,
(
⋂

xρ(x)
)

)

=
⋂

{

sp
(

µ, ρ(c)
)

| c ∈ C
}

.

Èòàê, ëþáîé ïðèìåð ïðàâèëà ρ = ρ(c1, . . . , ck) ∈ R(Σ) â ëþáîé ìîäåëè µ ∈M(Σ) îäíîçíà÷íî
îïðåäåëÿåò ñïåöè�èêàöèþ ïðåîáðàçîâàíèÿ sp(µ, ρ). Òàêèì îáðàçîì, ìîæíî äàòü ñëåäóþùåå

îïðåäåëåíèå.

Îïðåäåëåíèå 10. Ôóíêöèÿ ïðåîáðàçîâàíèÿ ïðàâèëà ρ(x1, . . . , xk) � ýòî �óíêöèÿ

ρ(x1, . . . , xk)(µ) : C
k ×M(Σ) → SP (Σ) = sp

(

µ, ρ(x1, . . . , xk)
)

.

Îïðåäåëåíèå 11. Ïðàâèëà ρ1, ρ2 ∈ R(Σ) ðàâíû (îáîçíà÷àåòñÿ ρ1 = ρ2) i� ∀µ ∈ M(Σ)
∀ c1, . . . , ck ∈ C ρ1(c1, . . . , ck)(µ) = ρ2(c1, . . . , ck)(µ), òî åñòü ρ1, ρ2 ðàâíû êàê �óíêöèè.

� 3. Ñâîéñòâà è íîðìàëèçàöèÿ ïðàâèë

�àññìîòðèì îñíîâíûå ñâîéñòâà ïðàâèë. Äëÿ ýòîãî èñïîëüçóåì ñëåäóþùèå ïîíÿòèÿ.

Îïðåäåëåíèå 12. Ïîçèòèâíàÿ Φ+
p [ρ] è íåãàòèâíàÿ Φ−

p [ρ] õàðàêòåðèñòè÷åñêèå �îðìó-

ëû n-àðíîãî ïðåäèêàòà p ∈ P ñèãíàòóðû Σ â ïðàâèëå ρ(x1, . . . , xk) ∈ R(Σ) � ýòî �îðìó-

ëû Φ+(x1, . . . , xk, y1, . . . , yn) ∈ L(Σ) è Φ−(x1, . . . , xk, y1, . . . , yn) ∈ L(Σ) òàêèå, ÷òî äëÿ âñåõ

µ ∈M(Σ), äëÿ âñåõ a1, . . . , ak, b1, . . . , bn ∈ C

µ |= Φ+(a1, . . . , ak, b1, . . . , bn) iff p(b1, . . . , bn) ∈ ρ(a1, . . . , ak)(µ)

è

µ |= Φ−(a1, . . . , ak, b1, . . . , bn) iff ¬p(b1, . . . , bn) ∈ ρ(a1, . . . , ak)(µ)

ñîîòâåòñòâåííî.

Õàðàêòåðèñòè÷åñêèå �îðìóëû (õàðàêòåðèñòèêè) ïðàâèë ëåãêî âû÷èñëÿþòñÿ ðåêóðñèâíî â

ñîîòâåòñòâèè ñ ñåìàíòèêîé ïðàâèë (ñì. îïðåäåëåíèå 9), à èìåííî, èìååò ìåñòî ñëåäóþùåå óòâåð-
æäåíèå.

Óòâåðæäåíèå 1 (âû÷èñëåíèå õàðàêòåðèñòè÷åñêèõ �îðìóë ïðàâèë). Äëÿ ëþáîãî n-àðíîãî

ïðåäèêàòà p ∈ P ñèãíàòóðû Σ èìååì

1) Φ+
p [∅] = Φ−

p [∅] = false;

2) Φ+
p

[{

p(t1, . . . , tn)
}]

=
(

(y1 = t1) ∧ . . . ∧ (yn = tn)
)

, Φ−

p

[{

p(t1, . . . , tn)
}]

= false,

Φ+
p

[{

q(t1, . . . , tn)
}]

= Φ−

p

[{

q(t1, . . . , tn)
}]

= false, åñëè p 6= q,

Φ+
p

[{

¬p(t1, . . . , tn)
}]

= false, Φ−

p

[{

¬p(t1, . . . , tn)
}]

=
(

(y1 = t1) ∧ . . . ∧ (yn = tn)
)

,

Φ+
p

[{

¬q(t1, . . . , tn)
}]

= Φ−

p

[{

¬q(t1, . . . , tn)
}]

= false, åñëè p 6= q;

3) Φ+
p [if ϕ then ρ1 else ρ2 fi] =

(

ϕ ∧Φ+
p [ρ1]

)

∨
(

¬ϕ ∧Φ+
p [ρ2]

)

,

Φ−

p [if ϕ then ρ1 else ρ2 fi] =
(

ϕ ∧ Φ−

p [ρ1]
)

∨
(

¬ϕ ∧Φ−

p [ρ2]
)

;

4) Φ+
p [ρ1 ∪ ρ2] = Φ+

p [ρ1] ∨ Φ+
p [ρ2], Φ−

p [ρ1 ∪ ρ2] = Φ−

p [ρ1] ∨ Φ−

p [ρ2];

5) Φ+
p [ρ1 ∩ ρ2] = Φ+

p [ρ1] ∧ Φ+
p [ρ2], Φ−

p [ρ1 ∩ ρ2] = Φ−

p [ρ1] ∧ Φ−

p [ρ2];

6) Φ+
p [ρ1 \ ρ2] = Φ+

p [ρ1] ∧ ¬Φ+
p [ρ2], Φ−

p [ρ1 \ ρ2] = Φ−

p [ρ1] ∧ ¬Φ−

p [ρ2];

7) Φ+
p [−ρ] = Φ−

p [ρ], Φ−

p [−ρ] = Φ+
p [ρ];

8) Φ+
p [ρ1 ∗ ρ2] =

(

Φ+
p [ρ1] ∧ ¬Φ−

p [ρ2]
)

∨ Φ+
p [ρ2], Φ−

p [ρ1 ∗ ρ2] =
(

Φ−

p [ρ1] ∧ ¬Φ+
p [ρ2]

)

∨ Φ−

p [ρ2];

9) Φ+
p [
⋃

xρ] = ∃x Φ+
p [ρ], Φ−

p [
⋃

xρ] = ∃x Φ−

p [ρ],

Φ+
p [
⋂

xρ] = ∀x Φ+
p [ρ], Φ−

p [
⋂

xρ] = ∀x Φ−

p [ρ].
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Èòàê, âàæíåéøèå ñâîéñòâà ïðàâèë ïðåîáðàçîâàíèÿ îïðåäåëÿþòñÿ �îðìóëàìè FOL. Òàêàÿ

òî÷íàÿ è ïîëíàÿ õàðàêòåðèçàöèÿ ïðàâèë ïîçâîëÿåò ìíîãîå. Â ÷àñòíîñòè, íà ÿçûêå FOL îïèñû-

âàåòñÿ òàêîå âàæíîå ñâîéñòâî ïðàâèë ïðåîáðàçîâàíèÿ, êàê

Îïðåäåëåíèå 13. Õàðàêòåðèñòèêà ñîâìåñòíîñòè ïðàâèëà ïðåîáðàçîâàíèÿ

ρ = ρ(x1, . . . , xk) ∈ R(Σ) ïî n-àðíîìó ïðåäèêàòó p ∈ P � ýòî �îðìóëà ÿçûêà L(Σ)

CONS[p, ρ](x1, . . . , xk) = ∀ y1 . . . yn¬
(

Φ+[p, ρ] ∧ Φ−[p, ρ]
)

.

Î÷åâèäíî ñëåäóþùåå óòâåðæäåíèå.

Óòâåðæäåíèå 2 (ñîâìåñòíîñòü ñïåöè�èêàöèè ïðàâèëà). Ïóñòü µ ∈ M(Σ) � ìîäåëü, ρ =
= ρ(x1, . . . , xk) ∈ R(Σ) � ïðàâèëî ïðåîáðàçîâàíèÿ. Òîãäà ñïåöè�èêàöèÿ sp

(

µ, ρ(c1, . . . , ck)
)

ñîâ-

ìåñòíà iff äëÿ ëþáîãî (n-àðíîãî) ïðåäèêàòà p ∈ P µ |= CONS[p, ρ](c1, . . . , ck).

Îñîáî âàæíûì ÿâëÿåòñÿ ñëåäóþùåå ñâîéñòâî ïðàâèë.

Îïðåäåëåíèå 14. (Ñëàáåéøåå) ïðåäóñëîâèå wp
[

ρ(x1, . . . , xk), φ
]

ïðåäëîæåíèÿ (çàìêíóòîé

�îðìóëû) φ ∈ L(Σ) ïî ïðàâèëó ρ(x1, . . . , xk) ∈ R(Σ) � ýòî �îðìóëà ψ(x1, . . . , xk) ∈ L(Σ) òàêàÿ,
÷òî äëÿ âñåõ µ ∈ M(Σ), äëÿ âñåõ c1, . . . , ck ∈ C òàêèõ, ÷òî ρ(c1, . . . , ck)(µ) ñîâìåñòíî (ò. å.

µ ∗ ρ(c1, . . . , ck)(µ) ∈M(Σ)), âûïîëíåíî

µ |= ψ(c1, . . . , ck) iff µ ∗ ρ(c1, . . . , ck)(µ) |= φ.

Ñóòü ïîíÿòèÿ ñëàáåéøåãî ïðåäóñëîâèÿ è åãî èñïîëüçîâàíèå ïîäðîáíî îïèñàíû â óâëåêà-

òåëüíîé êíèãå [2℄. Ïðåäóñëîâèÿ ïðàâèë âû÷èñëÿþòñÿ ðåêóðñèâíî ñ èñïîëüçîâàíèåì èõ õàðàê-

òåðèñòè÷åñêèõ �îðìóë, à èìåííî èìååò ìåñòî ñëåäóþùåå óòâåðæäåíèå.

Óòâåðæäåíèå 3 (âû÷èñëåíèå ïðåäóñëîâèÿ ïðàâèëà ïðåîáðàçîâàíèÿ). Äëÿ ëþáîãî ïðàâèëà

ïðåîáðàçîâàíèÿ ρ ∈ R(Σ) èìååì

1) wp(ρ, true) = true, wp[ρ, false] = false;

2) wp
[

ρ, p(t1, . . . , tn)
]

= Φ+[p, ρ](t1, . . . , tn) ∨
(

p(t1, . . . , tn) ∧ ¬Φ−[p, ρ](t1, . . . , tn)
)

,

ãäå p ∈ P � n-àðíûé ïðåäèêàòíûé ñèìâîë, t1, . . . , tn � òåðìû ñèãíàòóðû Σ;

3) wp[ρ, φ1 ∨ φ2] = wp[ρ, φ1] ∨ wp[ρ, φ2];

4) wp[ρ, φ1 ∧ φ2] = wp[ρ, φ1] ∧ wp[ρ, φ2];

5) wp([ρ,¬φ] = ¬wp[ρ, φ];

6) wp[ρ,∃xφ] = ∃x wp[ρ, φ];

7) wp[ρ,∀xφ] = ∀x wp[ρ, φ].

È íàêîíåö, ñ ïîìîùüþ õàðàêòåðèñòè÷åñêèõ �îðìóë ïðàâèë, ëåãêî îñóùåñòâëÿåòñÿ èõ ïðå-

îáðàçîâàíèå â áîëåå ïðîñòóþ, ¾íîðìàëüíóþ¿ �îðìó.

Îïðåäåëåíèå 15. Àòîìàðíîå ïðàâèëî ρ(x1, . . . , xk) ∈ R(Σ) ñèãíàòóðû Σ � ýòî ïðàâèëî

âèäà

⋃

y1 . . . yn
(

if φ(x1, . . . , xk, y1, . . . , yn) then
{

δ(y1, . . . , yn)
}

fi
)

,

ãäå φ ∈ L(Σ), δ ∈ F (Σ) � n-àðíàÿ ëèòåðà ÿçûêà L(Σ).

Äàëåå, ÷åðåç AR(Σ) îáîçíà÷àåì ìíîæåñòâî àòîìàðíûõ ïðàâèë ñèãíàòóðû Σ.

Ïîäîáíûå (ñ ðàçíûìè îãðàíè÷åíèÿìè) ïðàâèëà ïðåîáðàçîâàíèÿ èñïîëüçóþòñÿ â STRIPS [3℄,

ADL [7, 8℄ è ìíîãèõ äðóãèõ, áîëåå ñîâðåìåííûõ, ñèñòåìàõ ïëàíèðîâàíèÿ äåéñòâèé è ïîèñêà

ðåøåíèé çàäà÷ (ñì., íàïðèìåð, [4�6℄ è ò. ä.).
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Òåîðåìà 1 (íîðìàëüíàÿ �îðìà ïðàâèëà). Äëÿ ëþáîãî ρ(x1, . . . , xk) ∈ R(Σ) ñóùåñòâóþò

è ý��åêòèâíî âû÷èñëÿþòñÿ àòîìàðíûå ïðàâèëà ρ1(x1, . . . , xk), . . . , ρm(x1, . . . , xk) ∈ AR(Σ) òà-
êèå, ÷òî äëÿ âñåõ c1, . . . , ck ∈ C, äëÿ âñåõ µ ∈M(Σ)

ρ(c1, . . . , ck)(µ) = ρ1(c1, . . . , ck)(µ) ∪ . . . ∪ ρm(c1, . . . , ck)(µ).

Òåîðåìà î íîðìàëüíîé �îðìå ïðàâèëà, ñ òî÷íîñòüþ äî îáîçíà÷åíèé, ñîâïàäàåò ñ òåîðåìîé 1

â [1℄ î íîðìàëüíîé �îðìå ADL-ïðàâèë.

Ýòî îçíà÷àåò, ÷òî KSL-ïðàâèëà ïðåîáðàçîâàíèé ñ òåîðåòèêî-ìíîæåñòâåííûìè îïåðàöèÿìè,

êîòîðûå óäîáíî èñïîëüçîâàòü äëÿ îïèñàíèÿ äåéñòâèé, ïðåîáðàçóþòñÿ ïîñðåäñòâîì íîðìàëèçà-

öèè (òðàíñëÿöèè) â ADL-ïðàâèëà è ìîãóò áûòü ëåãêî âêëþ÷åíû â óæå ñóùåñòâóþùèå ñèñòåìû

ïëàíèðîâàíèÿ äåéñòâèé (ïîèñêà ðåøåíèé).

� 4. Ñèñòåìû ðåëÿöèîííûõ ïðåîáðàçîâàíèé

Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ñ�îðìóëèðîâàòü è äîêàçàòü åñòåñòâåííûé êðèòåðèé

íåïðîòèâîðå÷èâîñòè (ðåàëèçóåìîñòè) ñèñòåì ðåëÿöèîííûõ ïðåîáðàçîâàíèé íà ÿçûêå FOL áåç

èñïîëüçîâàíèÿ äîïîëíèòåëüíûõ êîíñòðóêöèé ñèòóàöèîííîãî èñ÷èñëåíèÿ.

Îïðåäåëåíèå 16. Ñèñòåìà ðåëÿöèîííûõ ïðåîáðàçîâàíèé ñèãíàòóðû Σ � ýòî ïàðà

R = [T,A], ãäå T � ìíîæåñòâî ïðåäëîæåíèé (çàìêíóòûõ �îðìóë) ÿçûêà L(Σ) (òåîðèÿ), A �

ìíîæåñòâî (ïðèìåðîâ) ïðàâèë ðåëÿöèîííûõ ïðåîáðàçîâàíèé R(Σ) (ïðàâèëà).

Îïðåäåëåíèå 17. Èíòåðïðåòàöèÿ ñèãíàòóðû Σ = [C,P ] � ýòî �óíêöèÿ J : C → U , ãäå

U � íåïóñòîå ìíîæåñòâî (óíèâåðñóì).

Êàæäàÿ èíòåðïðåòàöèÿ îäíîçíà÷íî ñîïîñòàâëÿåò ñèñòåìå ïðåîáðàçîâàíèé R = [T,A] ñèãíà-
òóðû Σ = [C,P ] ñèñòåìó J(R) = [J(T ), J(A)] ñèãíàòóðû J(Σ) = ΣU = [U,P ], ãäå

J(T ) =
{

φ
(

J(c)
)

| φ(c) ∈ T � �îðìóëà ñ êîíñòàíòàìè c ∈ C
}

,

J(A) =
{

ρ
(

J(c)
)

| ρ(c) ∈ A � ïðàâèëî ñ êîíñòàíòàìè c ∈ C
}

.

Îïðåäåëÿÿ íåêîòîðóþ ñèñòåìó ðåëÿöèîííûõ ïðåîáðàçîâàíèé, ìû ïîäðàçóìåâàåì, ÷òî ñóùå-

ñòâóåò â èäåàëå ðåàëèçàöèÿ ýòîé ñèñòåìû

Îïðåäåëåíèå 18. �åàëèçàöèÿ ñèñòåìû R = [T,A] ðåëÿöèîííûõ ïðåîáðàçîâàíèé ñèãíàòóðû
Σ � ýòî èíòåðïðåòàöèÿ J : C → U òàêàÿ, ÷òî âûïîëíÿþòñÿ ñëåäóþùèå ñâîéñòâà:

1) íåòðèâèàëüíîñòü: ìíîæåñòâî SJ(T ) =
{

µ ∈ M(ΣU ) | ∀φ ∈ J(T ) µ |= φ
}

(âñåõ) ìîäåëåé

òåîðèè J(T ) ñèãíàòóðû ΣU (ïðîñòðàíñòâî ìîäåëåé) íåïóñòîå;

2) çàìêíóòîñòü: ∀µ ∈ SJ(T ) ∀ ρ ∈ A
(

µ ∗ sp(µ, ρ) ∈ SJ(T )
)

.

Î÷åâèäíî, ÷òî íå âñÿêàÿ ñèñòåìà ðåëÿöèîííûõ ïðåîáðàçîâàíèé èìååò ðåàëèçàöèþ.

Îïðåäåëåíèå 19. Õàðàêòåðèçàöèÿ (FOL-òåîðèÿ) ñèñòåìû R = [T,A] ðåëÿöèîííûõ ïðåîá-
ðàçîâàíèé ñèãíàòóðû Σ � ýòî ìíîæåñòâî TA =

⋃

Ti, i ∈ N , ïðåäëîæåíèé ÿçûêà L(Σ), ãäå:
1) T0 = T ∪ TCON , ãäå TCON =

{

∀x1, . . . , xk CONS
[

p, ρ(x1, . . . , xk)
]

| ρ(x1, . . . , xk) ∈ A,

p ∈ P
}

� àêñèîìû ñîâìåñòíîñòè;

2) Ti+1 = Ti ∪ WP (Ti), ãäå WP (Ti) =
{

∀x1, . . . , xk wp
[

ρ(x1, . . . , xk), φ
]

| ρ(x1, . . . , xk) ∈ A,

φ ∈ Ti
}

� àêñèîìû çàìêíóòîñòè.

Îêàçûâàåòñÿ, ýòîãî äîñòàòî÷íî, ÷òîáû îïèñàòü îñíîâíûå ëîãè÷åñêèå ñâîéñòâà ñèñòåì ðåëÿ-

öèîííûõ ïðåîáðàçîâàíèé. Ñëåäóþùèå òåîðåìû ÿâëÿþòñÿ î÷åâèäíûì ñëåäñòâèåì îïðåäåëåíèé

âûøå è òåîðåì î íåïðîòèâîðå÷èâîñòè, êîððåêòíîñòè è ïîëíîòå FOL.

Òåîðåìà 2 (êðèòåðèé ðåàëèçóåìîñòè). Ñèñòåìà ðåëÿöèîííûõ ïðåîáðàçîâàíèé R = [T,A]
ñèãíàòóðû Σ èìååò ðåàëèçàöèþ iff òåîðèÿ TA ñîâìåñòíà, ò. å. èìååò ìîäåëü.
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È íàêîíåö, èìååò ìåñòî ñëåäóþùàÿ òåîðåìà.

Òåîðåìà 3 (êîððåêòíîñòü è ïîëíîòà õàðàêòåðèçàöèè). Ïóñòü R = [T,A] � ñèñòåìà ðåëÿ-

öèîííûõ ïðåîáðàçîâàíèé ñèãíàòóðû Σ. Òîãäà äëÿ ëþáîé çàìêíóòîé �îðìóëû φ ∈ L(Σ) èìåþò
ìåñòî ñëåäóþùèå ñâîéñòâà:

1) êîððåêòíîñòü: åñëè TA |= φ, òî äëÿ ëþáîé ðåàëèçàöèè J(R) ∀µ ∈ SJ(R) µ |= φ;

2) ïîëíîòà: åñëè äëÿ ëþáîé ðåàëèçàöèè J(R) ∀µ ∈ SJ(R) µ |= φ, òî TA |= φ.

Äàííûå ðåçóëüòàòû ìîæíî ïåðå�îðìóëèðîâàòü, èñïîëüçóÿ òåîðåìó ïîëíîòû FOL, â òåðìè-

íàõ îòíîøåíèÿ FOL-âûâîäèìîñòè.

Î÷åâèäíî, ÷òî ñèñòåìû ðåëÿöèîííûõ ïðåîáðàçîâàíèé, íå èìåþùèå ðåàëèçàöèè, ñîäåðæà-

òåëüíîãî ñìûñëà íå èìåþò.

Ñ ïðàêòè÷åñêîé òî÷êè çðåíèÿ êðàéíå æåëàòåëüíî, ÷òîáû ðàññìàòðèâàåìàÿ ñèñòåìà ïðåîá-

ðàçîâàíèé áûëà ¾ñâîáîäíà îò ïðîòèâîðå÷èé¿ â ñëåäóþùåì áîëåå ñèëüíîì ñìûñëå.

Îïðåäåëåíèå 20. (Ëîãè÷åñêè) êîððåêòíàÿ ñèñòåìà R = [T,A] ðåëÿöèîííûõ ïðåîáðàçîâà-

íèé ñèãíàòóðû Σ � ýòî ñèñòåìà ïðåîáðàçîâàíèé òàêàÿ, ÷òî:

1) T � ñîâìåñòíà; 2) T ⊢ TCON ; 3) T ⊢WP (T ).

Õàðàêòåðíûì ñâîéñòâîì ëîãè÷åñêè êîððåêòíûõ ñèñòåì ðåëÿöèîííûõ ïðåîáðàçîâàíèé ÿâëÿ-

åòñÿ ñëåäóþùåå ñâîéñòâî.

Òåîðåìà 4 (óíèâåðñàëüíîñòü ðåàëèçóåìîñòè). Åñëè R = [T,A] � ëîãè÷åñêè êîððåêòíàÿ ñè-

ñòåìà ðåëÿöèîííûõ ïðåîáðàçîâàíèé ñèãíàòóðû Σ è µ |= T � ìîäåëü òåîðèè T ñ óíèâåðñóìîì

U , òî ñîîòâåòñòâóþùàÿ ìîäåëè µ Σ-èíòåðïðåòàöèÿ J : C → U ÿâëÿåòñÿ ðåàëèçàöèåé ñè-

ñòåìû R = [T,A].

Ïðèâåäåííûå ðåçóëüòàòû ïîçâîëÿþò îïèñûâàòü íà ÿçûêå FOL îñíîâíûå ëîãè÷åñêèå ïðîòè-

âîðå÷èÿ ðàññìàòðèâàåìîé ñèñòåìû ïðåîáðàçîâàíèé äëÿ èõ ïîñëåäóþùåãî àíàëèçà è èñïðàâëå-

íèÿ.

� 5. Ïðèìåð: æåëåçíàÿ äîðîãà

Î÷åâèäíûì ñëåäñòâèåì òåîðåìû 1 ÿâëÿåòñÿ òî, ÷òî âñÿêîå ïðîñòîå îïðåäåëåíèå äåéñòâèÿ

âèäà

〈Èìÿ äåéñòâèÿ〉
(

〈Ñïèñîê ïàðàìåòðîâ〉
)

= 〈Ïðàâèëî ðåëÿöèîííîãî ïðåîáðàçîâàíèÿ〉

èìååò ýêâèâàëåíòíîå, õîòÿ è áîëåå äëèííîå, îïðåäåëåíèå íà ÿçûêå ADL. Îäíàêî íàëè÷èå

òåîðåòèêî-ìíîæåñòâåííûõ îïåðàöèé â îïèñûâàåìîì ÿçûêå ïðèíöèïèàëüíî ðàñøèðÿåò âûðà-

çèòåëüíûå âîçìîæíîñòè ÿçûêà, ïîçâîëÿÿ îïðåäåëÿòü äåéñòâèÿ ðåêóðñèâíî. �àññìîòðèì õàðàê-

òåðíûé ïðèìåð ñèñòåìû, äåéñòâèÿ â êîòîðîé íåâîçìîæíî îïèñàòü áåç ðåêóðñèè.

Ñèñòåìà

Èìååòñÿ ëèíåéíûé (áåç ðàçúåçäîâ è ñòðåëîê) æåëåçíîäîðîæíûé ïóòü, íåîãðàíè÷åííûé â îáå

ñòîðîíû. Íà ïóòè íàõîäÿòñÿ òåïëîâîç, êîòîðûé ìîæåò ñàìîñòîÿòåëüíî äâèãàòüñÿ â îáå ñòîðîíû

è n îáû÷íûõ âàãîíîâ, êîòîðûå ìîæíî äâèãàòü � òîëêàòü èëè òÿíóòü (åñëè âàãîí(û) ñöåïëåíû

ñ òåïëîâîçîì).

Îäíî èç âîçìîæíûõ �îðìàëüíûõ îïèñàíèé ýòîé ïðîñòîé ñèñòåìû ñëåäóþùåå.

Âèäû îáúåêòîâ

1. Ó÷àñòêè (ñåêöèè) æåëåçíîäîðîæíîãî ïóòè, çàíóìåðîâàííûå öåëûìè ÷èñëàìè èç Z.

2. Âàãîíû, çàíóìåðîâàííûå ÷èñëàìè: 0 � òåïëîâîç, 1, . . . , n � îáû÷íûå âàãîíû.

Ïðåäèêàòû (òàáëèöû):
1) At(a, x) � òåïëîâîç (èëè âàãîí) a íàõîäèòñÿ íà ó÷àñòêå x;
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2) CON(a, b) � âàãîí (èëè òåïëîâîç) a ñöåïëåí ñ âàãîíîì (òåïëîâîçîì) b.

Àêñèîìû (îãðàíè÷åíèÿ íà ìíîæåñòâî âîçìîæíûõ ñîñòîÿíèé):

1) ∀ a, b, x
(

At(a, x)∧At(b, x) ⊃ a = b
)

� íà êàæäîì ó÷àñòêå ìîæåò íàõîäèòüñÿ 0 èëè 1 âàãîí;

2) ∀ a, b
(

CON(a, b) ≡ CON(b, a)
)

� ñèììåòðè÷íîå îòíîøåíèå;

3) ∀ a, b, x, y
(

CON(a, b)∧At(a, x)∧At(b, y) ⊃ (y = x+1∨ x = y+1)
)

� ñöåïëåííûå âàãîíû

ðàñïîëàãàþòñÿ íà ñîñåäíèõ ó÷àñòêàõ ïóòè.

Äåéñòâèÿ:

1) CONNECT (a, b) = ∀x, y
(

if
(

At(a, x) ∧At(b, y) ∧ (y = x+ 1 ∨ x = y + 1)
)

then
{

CON(a, b), CON(b, a)
}

)

� ñöåïëåíèå âàãîíîâ;

2) DISCONNECT (a, b) = −CONNECT (a, b) � ðàñöåïëåíèå âàãîíîâ, èíâåðñèÿ ñöåïëåíèÿ;

3) SHIFT (a, δ) =
⋃

x
(

(

ifAt(a, x) then
{

¬At(a, x), At(a, x + δ)
})

// ñäâèã âàãîíà

∪
⋃

b
(

ifAt(b, x+ δ) then SHIFT (b, δ)
)

// òîëêàåì � ðåêóðñèÿ

∪
⋃

b
(

if At(b, x− δ) ∧ CON(a, b) then SHIFT (b, δ)
)

)

// òÿíåì � ðåêóðñèÿ

� ñäâèã âàãîíà íà ñîñåäíèé ó÷àñòîê ïóòè, δ ∈ {−1, 1}.

Î÷åâèäíî, äåéñòâèÿ íå íàðóøàþò îãðàíè÷åíèÿ íà ìíîæåñòâî âîçìîæíûõ ñîñòîÿíèé.

Çàêëþ÷åíèå

Èòàê, ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò îïèñûâàòü ñèñòåìû äåéñòâèé êàê ñèñòåìû ðåëÿöè-

îííûõ ïðåîáðàçîâàíèé, èññëåäîâàòü èõ ëîãè÷åñêèå ñâîéñòâà è ÿâíî, íà ÿçûêå FOL, îïèñûâàòü

îñíîâíûå ïðîòèâîðå÷èÿ ðàññìàòðèâàåìîé ñèñòåìû ïðåîáðàçîâàíèé äëÿ èõ ïîñëåäóþùåãî àíà-

ëèçà è èñïðàâëåíèÿ. Ïðèâåäåííûé ïðèìåð ïîêàçûâàåò âîçìîæíîñòü ðåêóðñèâíûõ îïðåäåëåíèé

ðåëÿöèîííûõ ïðåîáðàçîâàíèé. Èõ ñòðîãîå îïðåäåëåíèå è îñíîâíûå ìàòåìàòè÷åñêèå ñâîéñòâà

áóäóò îïèñàíû â ïîñëåäóþùèõ ñòàòüÿõ.

ÑÏÈÑÎÊ ËÈÒÅ�ÀÒÓ�Û

1. Classen J., Lakemeyer G. A Semantis for ADL as progression in the situation alulus // Proeedings

of the 11th Workshop on Nonmonotoni Reasoning. 2006. P. 334�341.

2. Dijkstra E.W. A disipline of programming. 1976.

3. Fikes R., Nilsson N. STRIPS: A new approah to the appliation of theorem proving to problem solving //

Arti�ial Intelligene. 1971. Vol. 2. Issue 3�4. P. 189�208.

4. Ghallab M., Howe A., Knoblok C., MDermott D., Ram A., Veloso M., Weld D., Wilkins D. PDDL �

the planning domain de�nition language. 1998.

ftp://ftp.s.yale.edu/pub/mdermott/software/pddl.tar.gz

5. Gelfond M., Lifshitz V. Ation languages // Eletroni Transations on Arti�ial Intelligene. 1998.

Vol. 2. Issue 3�4. P. 195�210.

6. Gerevini A., Long D. BNF desription of PDDL3.0. 2005.

http://zeus.ing.unibs.it/ip-5/bnf.pdf

7. Pednault E.P.D. ADL: Exploring the middle ground between STRIPS and the situation alulus //

Proeedings of the 1st International Conferene on Priniples of Knowledge Representation and Reasoning

(KR'89). Toronto. Canada. 1989. P. 324�332.

8. Pednault E.P.D. ADL and the state-transition model of ation // Journal of Logi and Computation.

1994. Vol. 4. � 5. P. 467�512.

9. Òðî�èìîâ È.Â. ßçûêè îïèñàíèÿ äîìåíîâ è çàäà÷ ïëàíèðîâàíèÿ. 2006.

http://ai-enter.botik.ru/planning/materials/03languages.htm

Ïîñòóïèëà â ðåäàêöèþ 28.02.2015



Ñèñòåìû ðåëÿöèîííûõ ïðåîáðàçîâàíèé: ïðàâèëà è êðèòåðèé ðåàëèçóåìîñòè 125

ÊÎÌÏÜÞÒÅ�ÍÛÅ ÍÀÓÊÈ 2015. Ò. 25. Âûï. 1

Êó÷óãàíîâ Ìèõàèë Âàëåðüåâè÷, ñ.í.ñ, ëàáîðàòîðèÿ ïàðàëëåëüíûõ âû÷èñëåíèé, Óäìóðòñêèé ãîñóäàð-

ñòâåííûé óíèâåðñèòåò, 426034, �îññèÿ, ã. Èæåâñê, óë. Óíèâåðñèòåòñêàÿ, 1.

E-mail: qmikle3�yandex.ru

M.V. Kuhuganov

Systems of relational transformations: rules and realizability riterion

Keywords: ation desription languages, STRIPS, ADL, situation alulus.

MSC: 03B70, 68T27, 68T30

The paper desribes and investigates basi onstrutions and semantis of an ation desription language

developed to analyze transformations of relations between situation models (relational transformations).

The main di�erene between KSL (Knowledge Spei�ation Language) and traditional languages (STRIPS,

ADL, PDDL, et.) is the exploitation of not only traditional (STRIPS-like) rules but also their set-theoreti

ompositions. This greatly inreases the expressiveness of a language. A lear �rst order logi haraterization

of relational transformations (without using additional onstrutions of a situation alulus) makes it

possible to formulate and prove a natural riterion of realizability (onsisteny) of the system of relational

transformations and, onsequently, to desribe and �x the logial ontraditions of the given system.
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