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Îáùàÿ ñõåìà
General Framework

Â êíèãå ïðåäëàãàåòñÿ îáùèé ïîäõîä (îáùàÿ ñõåìà) äëÿ
èññëåäîâàíèÿ êîãíèòèâíûõ ðàññóæäåíèé. Ýòîò ïîäõîä
ðàññìàòðèâàåòñÿ â êíèãå íà òðåõ óðîâíÿõ àáñòðàêöèè:

1 êîíöåïòóàëüíîì,

2 ôîðìàëüíîì,

3 ðåàëèçàöèîííîì.
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Ñõåìà êîãíèòèâíûõ ðàññóæäåíèé
Cognitive Reasoning Framework
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Ïîçíàþùèé àãåíò
Cognizing Agent
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Îòêðûòàÿ êîãíèòèâíàÿ òåîðèÿ
Open Cognitive Theories
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Îòêðûòàÿ êîãíèòèâíàÿ òåîðèÿ
Open Cognitive Theories
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Ôîðìàëüíàÿ ñõåìà êîãíèòèâíûõ ðàññóæäåíèé

Ôîðìàëüíàÿ ñõåìà êîãíèòèâíûõ ðàññóæäåíèé

îïèñûâàåò ìàòåìàòè÷åñêóþ ìîäåëü ðàáîòû áëîêà
ðàññóæäåíèé, íà÷èíàÿ îò çàïóñêà ðàññóæäàòåëÿ äî åãî
îñòàíîâêè.

Ýòà ìàòåìàòè÷åñêàÿ ìîäåëü îñíîâàíà íà íåêëàññè÷åñêèõ
ëîãèêàõ, íàçâàííûõ ÷èñòûìè J-ëîãèêàìè (pure J logics) èëè
PJ-ëîãèêàìè. Êëàññ PJ-ëîãèê ÿâëÿåòñÿ ïîäêëàññîì êëàññà
J-îïðåäåëèìûõ J-êîìïàêòíûõ ëîãèê, ðàññìîòðåííûõ â ðàáîòå

Anshakov O.M., Finn V.K., Skvortsov D.P. On axiomatization of
many-valued logics associated with formalization of plausible
reasoning. Studia Logica. 1989. Vol. 48. N 4. P. 423�447.
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PJ-ëîãèêè
PJ Logics

Â êíèãå îïðåäåëåíû èñ÷èñëåíèÿ äëÿ äâóõ âàæíûõ ïîäêëàññîâ
êëàññà PJ-ëîãèê: êëàññà êîíå÷íûõ (êîíå÷íîçíà÷íûõ) PJ-ëîãèê
(FPJ-ëîãèê) è êëàññà èõ (áåñêîíå÷íîçíà÷íûõ) èòåðàòèâíûõ
âåðñèé. Äëÿ çòèõ èñ÷èñëåíèé â êíèãå äîêàçàíû òåîðåìû î

êîððåêòíîñòè è î ïîëíîòå.
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PJ-ëîãèêè
PJ Logics

Âàæíîé îñîáåííîñòüþ PJ-ëîãèê ÿâëÿåòñÿ èõ äâóñîðòíîñòü.
Ýòè ëîãèêè èìåþò äâà ñîðòà èñòèííîñòíûõ çíà÷åíèé:

• âíåøíèå èñòèííîñòíûå çíà÷åíèÿ (îáû÷íûå �èñòèíà� è
�ëîæü�), êîòîðûå èñïîëüçóþòñÿ ïðè îïèñàíèè
�òåîðåòè÷åñêîãî óðîâíÿ çíàíèé�,

• âíóòðåííèå èñòèííîñòíûå çíà÷åíèÿ � çíà÷åíèÿ äëÿ
�ýìïèðè÷åñêîãî óðîâíÿ çíàíèé�, êîòîðûìè îçíà÷èâàþò
ðåçóëüòàòû íàáëþäåíèé, ýêñïåðèìåíòîâ è íåäîñòîâåðíûõ
ðàññóæäåíèé.
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PJ-ëîãèêè
PJ Logics

PJ-ëîãèêè íå ñîäåðæàò ëîãè÷åñêèõ ñâÿçîê, îòíîñèòåëüíî
êîòîðûõ ìíîæåñòâî âíóòðåííèõ èñòèííîñòíûõ çíà÷åíèé V I

áûëî áû çàìêíóòûì.

Àëãåáðà PJ-ëîãèêè ñîäåðæèò òîëüêî êëàññè÷åñêèå ëîãè÷åñêèå
ñâÿçêè íà ìíîæåñòâå âíåøíèõ èñòèííîñòíûõ çíà÷åíèé

VE = {t, f}

è J-îïåðàòîðû. Êàæäûé J-îïåðàòîð � ýòî îòîáðàæåíèå

J : V I → VE.
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Ìîäèôèêàöèîííûå èñ÷èñëåíèÿ è òåîðèè
Modi�cation Calculi and Theories

Â ðàìêàõ ôîðìàëüíîé ñõåìû êîãíèòèâíûõ ðàññóæäåíèé
îïðåäåëÿåòñÿ íåêîòîðûé òèï èñ÷èñëåíèé, íàçâàííûõ â êíèãå
ìîäèôèêàöèîííûìè. Ãëàâíîé îñîáåííîñòüþ ìîäèôèêàöèîííûõ
èñ÷èñëåíèé ÿâëÿåòñÿ íàëè÷èå ïðàâèë ìîäèôèêàöèè. Ýòè
ïðàâèëà íå òîëüêî äîáàâëÿþò çàêëþ÷åíèÿ, íî è èçìåíÿþò
(ìîäèôèöèðóþò) ïîñûëêè.

Èíòåðåñíûì ýôôåêòîì ìîäèôèêàöèîííûõ èñ÷èñëåíèé
ÿâëÿåòñÿ âîçìîæíîñòü âðåìåííîé ïðîòèâîðå÷èâîñòè. Èç-çà
ïðèìåíåíèÿ íåäîñòîâåðíûõ ïðàâèë â ïðîöåññå âûâîäà ìîæåò
âîçíèêíóòü ïðîòèâîðå÷èå, êîòîðîå çàòåì ñ ïîìîùüþ
ìîäèôèêàöèè ïîñûëîê ìîæåò áûòü óñòðàíåíî.
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Ìîäèôèêàöèîííûå èñ÷èñëåíèÿ è òåîðèè
Modi�cation Calculi and Theories

Äîáàâëÿÿ ê ìîäèôèêàöèîííûì èñ÷èñëåíèÿì íåëîãè÷åñêèå
àêñèîìû ìîæíî ïîëó÷èòü òàê íàçûâàåìûå ìîäèôèêàöèîííûå
òåîðèè.

Â êà÷åñòâå ïðèìåðîâ ìîäèôèêàöèîííûõ òåîðèé â êíèãå
ðàññìàòðèâàþòñÿ ÄÑÌ-òåîðèè (JSM theories), êîòîðûå
ÿâëÿþòñÿ íåñòàíäàðòíûìè èíòåðïðåòàöèÿìè ðàçëè÷íûõ
âàðèàíòîâ ÄÑÌ-ìåòîäà.
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Ìîäèôèêàöèîííûå èñ÷èñëåíèÿ è òåîðèè
Modi�cation Calculi and Theories
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Ïðîñòåéøàÿ ëîãèêà
Èñòèííîñòíûå çíà÷åíèÿ è J-îïåðàòîðû

Ìíîæåñòâà èñòèííîñòíûõ çíà÷åíèé

VE = {t, f} ; V I = {?, !} .

J-îïåðàòîðû

?α =

{
t, α = ?,
f , α 6= ?,

!α =

{
t, α = !,
f , α 6= !.
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Ïðîñòåéøàÿ ëîãèêà
Èíòóèòèâíûé ñìûñë âíóòðåííèõ èñòèííîñòíûõ çíà÷åíèé

? � íåèçâåñòíî (íåîïðåäåëåíî),

! � èçâåñòíî (îïðåäåëåíî).
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Ïåðâûé ôðàãìåíò áàçû ôàêòîâ ðîáîòà Ìèêà
Ïðåäèêàò: â äåíü . . . ñîáûòèå . . . ïðîèçîøëî

. . . occurred
Date Phenomenon Truth value

08.01 Purple clouds !

08.01 Storm !

08.02 Large moon !

08.02 Rising tide !

08.04 Purple clouds !

08.04 Storm !

08.05 Large moon !

08.05 Rising tide !

08.07 Purple clouds !

08.07 Storm ?
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Âòîðîé ôðàãìåíò áàçû ôàêòîâ ðîáîòà Ìèêà
Ïðåäèêàò: â äåíü . . . ñîáûòèå . . . ïðîèçîøëî ïîñëå ñîáûòèÿ . . . â òå÷åíèè 30
ìèíóò

. . . occurred following . . . within a short time interval
Date Phenomenon Phenomenon Truth value

08.01 Purple clouds Storm !

08.02 Large moon Rising tide !

08.04 Purple clouds Storm !

08.05 Large moon Rising tide !

08.07 Purple clouds Storm ?
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Îáîçíà÷åíèÿ

Íàëè÷èå ñîáûòèé

A(d, e) � �Â äåíü d ïðîèçîøëî ñîáûòèå e�.

Ïîñëåäîâàòåëüíîñòü ñîáûòèé

F (d, e1, e2) � �Â äåíü d â òå÷åíèè 30 ìèíóò ïîñëå ñîáûòèÿ e1
ïðîèçîøëî ñîáûòèå e2�.

Âîçìîæíàÿ ïðè÷èíà

C (e1, e2) � �e1 åñòü ôåíîìåíîëîãè÷åñêàÿ ïðè÷èíà e2�.
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Ïðàâèëà ìîäèôèêàöèè

Èíäóêöèÿ
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Ôðàãìåíò áàçû çíàíèé ðîáîòà Ìèêà
Ïðåäèêàò: ñîáûòèå . . . åñòü ôåíîìåíîëîãè÷åñêàÿ ïðè÷èíà ñîáûòèÿ . . .

. . . is the phenomenological cause of . . .
Phenomenon Phenomenon Truth value

Purple clouds Storm ?

Large moon Rising tide ?
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Ñîêðàùåííàÿ çàïèñü ìîäèôèêàöèîííîãî âûâîäà

# Formula R S M N

1 08.01 6= 08.04 Axiom 0 0

2 08.02 6= 08.05 Axiom 0 0

3 ?C (P,S) Axiom 0 1

12

4 ?C (L,R) Axiom 0 1

13

5 ! F (08.01,P,S) , ! F (08.04,P,S) Axiom 0 2

6 ! F (08.02,L,R) , ! F (08.05,L,R) Axiom 0 2

7 ?F (08.07,P,S) Axiom 0 2

15

8 ! A (08.07,P) Axiom 0 3

9 ?A (08.07,S) Axiom 0 3

16

10 ∃d1∃d2 (d1 6= d2∧! F (d1,P,S)∧! F (d2,P,S)) 1, 5, D 1 0

11 ∃d1∃d2 (d1 6= d2∧! F (d1,L,R)∧! F (d2,L,R)) 2, 6, D 1 0

12 ! C (P,S) 3, 10, I 1 1

13 ! C (L,R) 4, 11, I 1 1

14 ! A (08.07,P)∧! C (P,S) 8, 12, D 1 1

15 ! F (08.07,P,S) 7, 14, P 1 2

16 ! A (08.07,S) 9, 14, P 1 3
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10 ∃d1∃d2 (d1 6= d2∧! F (d1,P,S)∧! F (d2,P,S)) 1, 5, D 1 0

11 ∃d1∃d2 (d1 6= d2∧! F (d1,L,R)∧! F (d2,L,R)) 2, 6, D 1 0

12 ! C (P,S) 3, 10, I 1 1

13 ! C (L,R) 4, 11, I 1 1

14 ! A (08.07,P)∧! C (P,S) 8, 12, D 1 1

15 ! F (08.07,P,S) 7, 14, P 1 2

16 ! A (08.07,S) 9, 14, P 1 3
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Íåëîãè÷åñêàÿ àêñèîìà
(âåäåò ê ïîÿâëåíèþ ïðîòèâîðå÷èÿ)

Íåëîãè÷åñêàÿ àêñèîìà

! F (D7,P, S)∧! A (D7,P)→! A (D7, S)
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# Formula R S M N

1 D1 6= D4 Axiom 0 0

2 D2 6= D5 Axiom 0 0

3 ?C (P,S) Axiom 0 1

13

4 ?C (L,R) Axiom 0 1

14

5 ! F (D1,P,S) , ! F (D4,P,S) Axiom 0 2

6 ! F (D2,L,R) , ! F (D5,L,R) Axiom 0 2

7 ?F (D7,P,S) Axiom 0 2

16

8 ! A (D7,P) Axiom 0 3

9 ?A (D7,S) Axiom 0 3

19

10 ! F (D7,P,S)∧! A (D7,P)→! A (D7,S) QAxiom 0 3

11 ∃d1∃d2 (d1 6= d2∧! F (d1,P,S)∧! F (d2,P,S)) 1, 5, D 1 0

12 ∃d1∃d2 (d1 6= d2∧! F (d1,L,R)∧! F (d2,L,R)) 2, 6, D 1 0

13 ! C (P,S) 3, 11, I 1 1

14 ! C (L,R) 4, 12, I 1 1

15 ! A (D7,P)∧! C (P,S) 8, 13, D 1 1

16 ! F (D7,P,S) 7, 15, P 1 2

17 ! A (D7,S) 8,10,16,D 1 2

18 ?A (D7,S)∧! A (D7,S) 9, 17, D 1 2

19

19 ! A (D7,S) 9, 15, P 1 3
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# Formula R S M N

1 D1 6= D4 Axiom 0 0

2 D2 6= D5 Axiom 0 0

3 ?C (P,S) Axiom 0 1

13

4 ?C (L,R) Axiom 0 1

14

5 ! F (D1,P,S) , ! F (D4,P,S) Axiom 0 2

6 ! F (D2,L,R) , ! F (D5,L,R) Axiom 0 2

7 ?F (D7,P,S) Axiom 0 2

16

8 ! A (D7,P) Axiom 0 3

9 ?A (D7,S) Axiom 0 3

19
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12 ∃d1∃d2 (d1 6= d2∧! F (d1,L,R)∧! F (d2,L,R)) 2, 6, D 1 0

13 ! C (P,S) 3, 11, I 1 1

14 ! C (L,R) 4, 12, I 1 1

15 ! A (D7,P)∧! C (P,S) 8, 13, D 1 1

16 ! F (D7,P,S) 7, 15, P 1 2

17 ! A (D7,S) 8,10,16,D 1 2

18 ?A (D7,S)∧! A (D7,S) 9, 17, D 1 2

19

19 ! A (D7,S) 9, 15, P 1 3
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Îòêðûòûå ïðîáëåìû

Äàëüíåéøåå ðàçâèòèå ìîäèôèêàöèîííûõ èñ÷èñëåíèé ñ

öåëüþ óñèëåíèÿ èõ íåìîíîòîííîñòè

1 Îïðåäåëèòü ìîäèôèêàöèîííûå èñ÷èñëåíèÿ ñ áîëåå
øèðîêèìè âîçìîæíîñòÿìè èçìåíåíèÿ èñòèííîñòíûõ
çíà÷åíèé âíóòðåííèõ ïðåäèêàòîâ.

2 Èññëåäîâàòü òåîðåòèêî-ìîäåëüíûå è
òåîðåòèêî-äîêàçàòåëüñòâåííûå ñâîéñòâà ýòèõ èñ÷èñëåíèé.

3 Èññëåäîâàòü âîçìîæíîñòü ïðàêòè÷åñêîãî ïðèìåíåíèÿ ýòèõ
èñ÷èñëåíèé äëÿ ïîñòðîåíèÿ ïîçíàþùèõ àãåíòîâ.
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Îòêðûòûå ïðîáëåìû

Ðàçâèòèå ëîãèê ñ äâóìÿ èëè áîëåå ñîðòàìè

èñòèííîñòíûõ çíà÷åíèé

1 Îïðåäåëèòü ëîãèêè ñ áîëåå ÷åì äâóìÿ ñîðòàìè
èñòèííîñòíûõ çíà÷åíèé, ÷òîáû ðàññìîòðåòü ðàçëè÷íûå
òèïû íåîïðåäåëåííîñòåé.

2 Îïðåäåëèòü è èññëåäîâàòü êîíòèíóóì-çíà÷íûå ëîãèêè äëÿ
ïðåäñòàâëåíèÿ ñòàòèñòè÷åñêèõ ñîîáðàæåíèé è
ìîäåëèðîâàíèÿ íå÷åòêîñòåé.

3
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Ñïàñèáî çà âíèìàíèå!
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