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Ñèðîòêèí À.Â. Êîìïëåêñ ïðîãðàìì ëîãèêî-âåðîÿòíîñòíîãî âûâîäà â

áàçàõ ôðàãìåíòîâ çíàíèé: ðåàëèçàöèÿ ôðàãìåíòà çíàíèé.

Àííîòàöèÿ. Â ñòàòüå ðàññìàòðèâàþòñÿ êëþ÷åâûå ýëåìåíòû ïðîãðàìíîé ðå-
àëèçàöèè ôðàãìåíòà çíàíèé àëãåáðàè÷åñêîé áàéåñîâñêîé ñåòè íà ÿçûêå Ñ++.
Ôðàãìåíò çíàíèé ðåàëèçîâàí â âèäå îòäåëüíîãî êëàññà, îáåñïå÷èâàþùåãî õðà-
íåíèå îöåíîê èñòèííîñòè è èìåþùåãî ðÿä ìåòîäîâ ðåàëèçóþùèõ àëãîðèòìû
îáðàáîòêè ôðàãìåíòà çíàíèé, òàêèõ êàê ïîääåðæàíèÿ íåïðîòèâîðå÷èâîñòè è
àïîñòåðèîðíûé âûâîä.
Êëþ÷åâûå ñëîâà: àëãîðèòì, àëãåáðàè÷åñêàÿ áàéåñîâñêàÿ ñåòü, àïîñòåðèîð-
íûé âûâîä, ïðîïàãàöèÿ ñâèäåòåëüñòâ, ôðàãìåíò çíàíèé.

Sirotkin A.V. Program complex for probabilistic logic inference in

knowledge pattern bases: knowledge pattern implementation.

Abstract. The paper describe key points in algebraic bayesian network knowledge
pattern implementation on C++ programming language. Knowledge pattern
implemented as class that handle and store estimation for knowledge pattern
elements. It also provide a couple of methods for processing knowledge pattern
such as consistency update and a posteriori inference.
Keywords: algorithm, algebraic Bayesian network, posteriori inference, events
propagation, knowledge pattern.

1. Ââåäåíèå. Àëãåáðàè÷åñêèå áàéåñîâñêèå ñåòè (ÀÁÑ) ÿâëÿ-
þòñÿ îäíèì èç âàðèàíòîâ ïàðàäèãìû ïðåäñòàâëåíèÿ çíàíèé â âèäå
áàçû ôðàãìåíòîâ çíàíèé. Â òåîðèè ÀÁÑ â êà÷åñòâå ôðàãìåíòîâ
çíàíèé (ÔÇ) âûñòóïàþò èäåàëû êîíúþíêòîâ ñ îöåíêàìè èõ èñ-
òèííîñòè. Áîëåå ïîäðîáíî ñ ÀÁÑ è ÔÇ ÀÁÑ ìîæíî îçíàêîìèòñÿ
â [11,17]. Ìû îñíîâûâàåìñÿ íà îïèñàíèè ìàòåìàòè÷åñêãî àïïàðàòà
ëîãèêî-âåðîÿòíîñòíîãî âûâîäà â àëãåáðàè÷åñêèõ áàéåñîâñêèõ ñå-
òÿõ, äàííîãî â ðàáîòàõ [8, 9, 16, 17]. Â ñòàòüÿõ [2�5] ôîðìàëèçîâàí
è èññëåäîâàí, ñ òî÷êè çðåíèÿ ñëîæíîñòè, ðÿä àëãîðèòìîâ ëîãèêî-
âåðîÿòíîñòíîãî âûâîäà. Åñòåñòâåííûì ïðîäîëæåíèåì ýòèõ èññëå-
äîâàíèé ÿâëÿåòñÿ ðåàëèçàöèÿ îïèñàííûõ â êà÷åñòâå èõ ðåçóëüòà-
òîâ àëãîðèòìîâ. ×àñòè÷íî íàñòîÿùàÿ ðàáîòà îïèðàåòñÿ íà çàðåãè-
ñòðèðîâàííûå ïðîãðàììû äëÿ ÝÂÌ [12�15], ñîñòàâëÿþùèå îñíî-
âó êîìïëåêñà ïðîãðàìì äëÿ ÷èñëåííûõ ýêñïåðèìåíòîâ. Îòäåëüíûå
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àñïåêòû ðåàëèçàöèè óæå ðàññìàòðèâàëèñü â ðàáîòàõ [1, 7]. Ìû æå
îáîáùàåì ñäåëàííîå ðàíåå è äàåì îïèñàíèå ïðîãðàìíîé ðåàëèçà-
öèè ôðàãìåíòà çíàíèé íà ÿçûêå C++.

2. Ñðåäà ðàçðàáîòêè è êîìïîíåíòû êîìïëåêñà.Îñíîâíûì
ÿçûêîì ïðîãðàììèðîâàíèÿ ïðè ñîçäàíèè îïèñûâàåìîãî ïðîòîòèïà
êîìïëåêñà ïðîãðàìì áûë âûáðàí ÿçûê C++. Íà âûáîð ÿçûêà ïî-
âëèÿëî íàëè÷èå áîëüøîãî ÷èñëà Ñ++-îðèåíòèðîâàííûõ áèáëèîòåê
ëèíåéíîãî ïðîãðàììèðîâàíèÿ, êàê ïðîïðèåòàðíûõ, òàê è ðàñïðî-
ñòðàíÿåìûõ ñâîáîäíî (ïî ëèöåíçèÿì GPL [18] è LGPL [19]). Â ÷àñò-
íîñòè, âñå êëþ÷åâûå ìîìåíòû ðåàëèçàöèè, ñâÿçàííûå ñ ðåøåíèåì
çàäà÷ ëèíåéíîãî ïðîãðàììèðîâàíèÿ, ðåàëèçîâàíû â äâóõ âàðèàí-
òàõ: ñ èñïîëüçîâàíèåì áèáëèîòåêè ILOG CPLEX [20] è ñ èñïîëü-
çîâàíèåì lp_solve 5.5 [21]. Îñíîâíàÿ ñðåäà ðàçðàáîòêè � Microsoft
Visual Studio 2010 Express.

3. Ðåàëèçàöèÿ ñòðóêòóðû ôðàãìåíòà çíàíèé. Ïðè ðåàëè-
çàöèè ÔÇ ÀÁÑ ìû ñîçäàëè ñëåäóþùèå òðè êëàññà:

KnowledgePattern � â ýòîì êëàññå îïèñûâàåòñÿ ôðàãìåíò çíà-
íèé, à òàêæå îáúÿâëÿþòñÿ âèðòóàëüíûå ìåòîäû ëîêàëüíîãî
ëîãèêî-âåðîÿòíîñòíîãî âûâîäà, òàêèå êàê ïîääåðæàíèå
íåïðîòèâîðå÷èâîñòè è àïîñòåðèîðíûé âûâîä. Ðåàëèçàöèÿ
ýòèõ âèðòóàëüíûõ ìåòîäîâ ïðèâîäèòñÿ â êëàññàõ IlogKP è
LpsolveKP ñ ïðèìåíåíèåì áèáëèîòåê ILOG CPLEX è lp_solve
5.5 ñîîòâåòñòâåííî;

IlogKP � êëàññ-ïîòîìîê KnowledgePattern, â êîòîðîì ðåàëèçîâà-
íû ìåòîäû ëîêàëüíîãî ëîãèêî-âåðîÿòíîñòíîãî âûâîäà ñ èñ-
ïîëüçîâàíèåì áèáëèîòåêè ILOG CPLEX;

LpsolveKP � êëàññ-ïîòîìîê KnowledgePattern, â êîòîðîì ðåàëè-
çîâàíû ìåòîäû ëîêàëüíîãî ëîãèêî-âåðîÿòíîñòíîãî âûâîäà ñ
èñïîëüçîâàíèåì áèáëèîòåêè lpsolve 5.5;

Ñ òî÷êè çðåíèÿ âû÷èñëåíèé, ôðàãìåíò çíàíèé � ýòî âñåãî ëèøü
íàáîð îöåíîê P−

c è P+
c . Â íàøåì ñëó÷àå äàííûå îöåíêè õðàíÿòñÿ

â äâóõ ìàññèâàõ òèïà double � LowerBound è UpperBound ñîîòâåò-
ñòâåííî. Êðîìå òîãî, èñïîëüçóåòñÿ ïåðåìåííàÿ CardNo � ðàçìåð-
íîñòü ÔÇ (êîëè÷åñòâî àòîìîâ âõîäÿùèõ â ÔÇ) è Size � ðàçìåð (êî-
ëè÷åñòâî êîíúþíêòîâ, âêëþ÷àÿ ïóñòîé). Êîíå÷íî, CardNo è Size

ñâÿçàíû ñîîòíîøåíèåì Size = 2CardNo, íî äëÿ îáëåã÷åíèÿ ÷òåíèÿ

205Труды СПИИРАН. 2013. Вып. 2(25). ISSN 2078-9181 (печ.), ISSN 2078-9599 (онлайн)  
SPIIRAS Proceedings. 2013. Issue 2(25). ISSN 2078-9181 (print), ISSN 2078-9599 (online) 

www.proceedings.spiiras.nw.ru



êîäà óäîáíåå èñïîëüçîâàòü èõ êàê ðàçíûå ïîíÿòèÿ, à íå ïîëüçî-
âàòüñÿ óêàçàííûì ñîîòíîøåíèåì. Ñîîòâåòñòâóþùèå ïîëÿ êëàññà
KnowledgePattern ïðèâåäåíû íà ëèñòèíãå 1.

1 class KnowledgePattern
2 {
3 . . .
4 protected :
5 double ∗UpperBound ;
6 double ∗LowerBound ;
7 int CardNo ;
8 int S i z e ;
9 } ;

Listing 1: Îáúÿâëåíèå ïåðåìåííûõ êëàññà KnowledgePattern.

1 class KnowledgePattern
2 {
3 public :
4 KnowledgePattern ( ) ;
5 KnowledgePattern ( int NewCardNo) ;
6 KnowledgePattern ( int NewCardNo , double ∗NewLowerBound ,
7 double ∗NewUpperBound) ;
8 KnowledgePattern ( KnowledgePattern ∗KP) ;
9 KnowledgePattern ( KnowledgePattern ∗KP, int ∗NewOrder ) ;

10 KnowledgePattern ( KnowledgePattern ∗KP, int SubConjIndex ) ;
11 ~KnowledgePattern (void ) ;
12 . . .
13 } ;

Listing 2: Îáúÿâëåíèå êîíñòðóêòîðîâ è äåñòðóêòîðà êëàññà
KnowledgePattern.

Íà ëèñòèíãå 2 ïðèâåäåíû îáúÿâëåíèÿ êîíñòðóêòîðîâ è äåñòðóê-
òîðà êëàññà KnowledgePattern. Îïèøåì èõ ðîëü â ïîðÿäêå ïîÿâ-
ëåíèÿ â ëèñòèíãå (â ñêîáêàõ óêàçàíû íîìåðà ñòðîê â ëèñòèíãå):

• ñòàíäàðòíûé êîíñòðóêòîð ïî óìîë÷àíèþ (4);

• êîíñòðóêòîð ñîçäàþùèé ÔÇ çàäàííîé ðàçìåðíîñòè (5);

• êîíñòðóêòîð ñîçäàþùèé ÔÇ çàäàííîé ðàçìåðíîñòè è ñ çàäàí-
íûìè îöåíêàìè (6-7);

• êîíñòðóêòîð êëîíèðîâàíèÿ (8);
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• êîíñòðóêòîð êëîíèðîâàíèÿ ñ ïåðåóïîðÿäî÷èâàíèåì àòîìîâ
(9);

• êîíñòðóêòîð, âûäåëÿþùèé ïîäôðàãìåíò çíàíèÿ ñ çàäàííûì
èíäåêñîì (10);

• ñòàíäàðòíûé äåñòðóêòîð (11).

1 class KnowledgePattern
2 {
3 public :
4 . . .
5 void SetBounds ( int ConjIndex , double PointBound ) ;
6 void SetBounds ( int ConjIndex , double LoBound , double

UpBound) ;
7 void GetBounds ( int ConjIndex , double∗ LoBound , double∗

UpBound) ;
8 double GetLowerBound ( int ConjIndex ) ;
9 double GetUpperBound ( int ConjIndex ) ;

10 void SetLowerBound ( int ConjIndex , double LoBound) ;
11 void SetUpperBound ( int ConjIndex , double UpBound) ;
12 int GetCardNo(void ) {return CardNo ; } ;
13 int GetSize (void ) {return S i z e ; } ;
14 . . .
15 } ;

Listing 3: Ôóíêöèè ÷òåíèÿ è çàïèñè ïåðåìåííûõ êëàññà
KnowledgePattern.

Íà ñëåäóþùåì ëèñòèíãå (ëèñòèíã 3) ïðèâåäåíû îáúÿâëå-
íèÿ ìåòîäîâ è ôóíêöèé ÷òåíèÿ è çàïèñè ïåðåìåííûõ êëàññà
KnowledgePattern.

Íà ïîñëåäíåì ëèñòèíãå (ëèñòèíã 4) ñ êîäîì, îïèñûâàþùèì
ñòðóêòóðó êëàññà KnowledgePattern, çàäàþòñÿ ìåòîäû, ðåàëèçó-
þùèå ëîêàëüíûé ëîãèêî-âåðîÿòíîñòíûé âûâîä âî ôðàãìåíòå çíà-
íèé. Â ïîðÿäêå ïåðå÷èñëåíèÿ â ëèñòèíãå ìåòîäû ðåàëèçóþò ñëåäó-
þùóþ ôóíêöèîíàëüíîñòü:

• ïîääåðæèâàåò íåïðîòèâîðå÷èâîñòü ÔÇ. Åñëè ÔÇ ñîãëàñóåì,
òî óòî÷íÿåò îöåíêè äî íåïðîòèâîðå÷èâûõ (5);

• çàìåíÿåò ÷àñòü àòîìîâ íà èõ îòðèöàíèå è ïåðåñ÷èòûâàåò ñî-
îòâåòñòâóþùèå îöåíêè (6);
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1 class KnowledgePattern
2 {
3 public :
4 . . .
5 int Reconc i l e ( ) ;
6 int Reass ign ( int NegativeIndex ) ;
7 int Proce s sDete rmin i s t i cEv idence ( int

Pos i t iveEvidenceIndex ,
8 int NegativeEvidenceIndex ) ;
9 int PropagateKPEvidence ( KnowledgePattern∗ KPEvid , int

Subindex ) ;
10 int PropagateKPEvidence ( KnowledgePattern∗ KPEvid) ;
11 . . .
12 } ;

Listing 4: Ìåòîäû ëîêàëüíîãî ëîãèêî-âåðîÿòíîñòíîãî âûâîäà.

• ïðîèçâîäèò ïðîïàãàöèþ äåòåðìèíèðîâàííîãî ñâèäåòåëüñòâà
(7�8);

• ïðîèçâîäèò ïðîïàãàöèþ ñòîõàñòè÷åñêîãî èëè íåîïðåäåë¼ííî-
ãî ñâèäåòåëüñòâà, çàäàííîãî â âèäå ôðàãìåíòà çíàíèé, íàä
òåìè æå àòîìàìè. Subindex çàäà¼ò, êàêèì àòîìàì áîëüøîãî
ÔÇ (â êîòîðîì ïðîâîäèòñÿ ïðîïàãàöèÿ) ñîîòâåòñòâóþò àòîìû
ÔÇ, êîòîðûé ïðîïàãèðóåòñÿ (9);

• òî æå, ÷òî è ïðåäûäóùèé, íî ïðåäïîëàãàåòñÿ, ÷òî àòîìû ñâè-
äåòåëüñòâà ñîîòâåòñòâóþò ïåðâûì àòîìàì ÔÇ (10).

4. Ðåàëèçàöèÿ àëãîðèòìîâ ëîãèêî-âåðîÿòíîñòíîãî âûâî-

äà.Ìû îïèñàëè ñòðóêòóðó êëàññà, ïðåäíàçíà÷åííîãî äëÿ õðàíåíèÿ
è îáðàáîòêè ÔÇ. Òåïåðü ïåðåéä¼ì ê êëþ÷åâûì ýëåìåíòàì ðåàëè-
çàöèè ïåðå÷èñëåííûõ âûøå ìåòîäîâ. Â êà÷åñòâå áàçû äëÿ èçëîæå-
íèÿ ìû ïîëíîñòüþ ïðèâåä¼ì êîä ìåòîäà Reconcile äëÿ êàæäîãî
èç êëàññîâ IlogKP è LpsolveKP. Ýòî íåîáõîäèìî äëÿ òîãî, ÷òîáû
ïðîäåìîíñòðèðîâàòü ïðèìåíåíèå ñîîòâåòñòâóþùèõ áèáëèîòåê. Òàê
êàê áîëüøèíñòâî ïðîöåññîâ ëîãèêî-âåðîÿòíîñòíîãî âûâîäà ñâîäÿò-
ñÿ ê ðåøåíèþ ñåðèé ÇËÏ, òî äëÿ äðóãèõ ìåòîäîâ ìû áóäåì óêàçû-
âàòü òîëüêî ñóùåñòâåííûå îòëè÷èÿ. Òàê, íàïðèìåð, çàäàíèå îãðà-
íè÷åíèé, âûòåêàþùèõ èç àêñèîìàòèêè òåîðèè âåðîÿòíîñòåé (E),
ôèãóðèðóåò ïî÷òè âî âñåõ ÇËÏ, è ïîâòîðÿòü èõ íåò ñìûñëà. Òàê
êàê ðàçëè÷èÿ â êîäå â çàâèñèìîñòè îò áèáëèîòåêè ÇËÏ íåñóò ÷èñòî
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1 int IlogKP : : Reconc i l e (void ) {
2 I loEnv env ;
3 I loModel model ( env ) ;
4 IloNumVarArray Pc( env ) ;
5 I loRangeArray A( env ) ;
6 int i , j ;
7 Pc . add ( IloNumVar ( env , 1 . 0 , 1 . 0 , "1" ) ) ;
8 for ( i =1; i< S i z e ; i++)
9 Pc . add ( IloNumVar ( env , LowerBound [ i ] , UpperBound [ i ] ) ) ;

10 for ( i = 0 ; i < S i z e ; i++) {
11 A. add ( IloRange ( env , 0 . 0 , I l o I n f i n i t y ) ) ;
12 for ( j = 0 ; j < S i z e ; j++)
13 i f ( ( i & j ) == i ) {
14 i f ( CheckParity ( i ^ j ) ) A[ i ] . s e tCoe f (Pc [ j ] , 1) ;
15 else A[ i ] . s e tCoe f (Pc [ j ] , −1) ;
16 }
17 }
18 I l oOb j e c t i v e obj = IloMaximize ( env ) ;
19 model . add ( obj ) ;
20 I l oCplex cp lex (model ) ;
21 for ( i = 0 ; i < S i z e ; i++) {
22 model . remove ( obj ) ;
23 obj = IloMaximize ( env ) ;
24 obj . s e tCoe f (Pc [ i ] , 1) ;
25 model . add ( obj ) ;
26 model . add (A) ;
27 i f ( ! cp l ex . s o l v e ( ) ) {env . end ( ) ; return 0 ;}
28 else UpperBound [ i ] = cp lex . getObjValue ( ) ;
29 model . remove ( obj ) ;
30 obj = I loMin imize ( env ) ;
31 obj . s e tCoe f (Pc [ i ] , 1) ;
32 model . add ( obj ) ;
33 model . add (A) ;
34 i f ( ! cp l ex . s o l v e ( ) ) {env . end ( ) ; return 0 ;}
35 else LowerBound [ i ] = cp lex . getObjValue ( ) ;
36 }
37 env . end ( ) ;
38 return (1 ) ;
39 }

Listing 5: Ïîääåðæàíèå íåïðîòèâîðå÷èâîñòè â IlogKP.

òåõíè÷åñêîå çíà÷åíèå, òî äëÿ ïðî÷èõ ìåòîäîâ ìû áóäåì ïðèâîäèòü
êëþ÷åâûå ìîìåíòû äëÿ îäíîé èç áèáëèîòåê.

Ëèñòèíã 5 ñîäåðæèò ðåàëèçàöèþ àëãîðèòìà ïîääåðæà-
íèÿ íåïðîòèâîðå÷èâîñòè ÔÇ ñ ïðèìåíåíèåì áèáëèîòåêè ILOG
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CPLEX. Ðàññìîòðèì ïîäðîáíî, èç êàêèõ ýòàïîâ ñîñòîèò ìåòîä
IlogKP::Reconcile.

• Â ñòðîêàõ 2�5 îáúÿâëÿþòñÿ íåîáõîäèìûå äëÿ çàäàíèÿ ÇËÏ
ïåðåìåííûå.

• Ñòðîêè 7�9 ââîäÿò â ÇËÏ ïåðåìåííûå Pc è âíîñÿò îãðàíè÷å-
íèÿ èç ïðåäìåòíîé îáëàñòè (D).

• äàëåå â ñòðîêàõ 10�17 íåïîñðåäñòâåííî çàäàþòñÿ îãðàíè÷åíèÿ
E.

• Ïîñëå ÷åãî ôîðìèðóåòñÿ ÇËÏ (ñòðîêè 18�20).

• Òåïåðü â öèêëå (ñòðîêè 21�36) äëÿ êàæäîãî êîíúþíêòà ñòðî-
èòñÿ è ðåøàåòñÿ çàäà÷à ïîèñêà ìàêñèìóìà âåðîÿòíîñòè èñ-
òèííîñòè (ñòðîêè 22�28) è çàäà÷à ïîèñêà ìèíèìóìà âåðîÿò-
íîñòè èñòèííîñòè (ñòðîêè 29�35).

• Ñòðîêà 37 íåîáõîäèìà äëÿ òîãî, ÷òîáû î÷èñòèòü çàíèìàåìóþ
ïàìÿòü è óäàëèòü ÇËÏ.

Àíàëîãè÷íî ðàçáîðó ëèñòèíãà 5 ðàçáåð¼ì ëèñòèíã 6, ñîäåðæà-
ùèé ðåàëèçàöèþ ñ ïðèìåíåíèåì áèáëèîòåêè lp_solve.

• Â ñòðîêàõ 2�10 îáúÿâëÿþòñÿ íåîáõîäèìûå ïåðåìåííûå, ðå-
çåðâèðóåòñÿ ïàìÿòü è ñîçäà¼òñÿ ÇËÏ.

• Â ñòðîêàõ 11�21 çàäàþòñÿ îãðàíè÷åíèÿ E.

• Äàëåå â ñòðîêàõ 23�25 âíîñÿòñÿ îãðàíè÷åíèÿ èç ïðåäìåòíîé
îáëàñòè (D).

• Ïîñëå ÷åãî ôîðìèðóåòñÿ ÇËÏ (ñòðîêè 18�20).

• Òåïåðü â öèêëå (ñòðîêè 27�37) äëÿ êàæäîãî êîíúþíêòà ñòðî-
èòñÿ è ðåøàåòñÿ çàäà÷à ïîèñêà ìàêñèìóìà âåðîÿòíîñòè èñ-
òèííîñòè (ñòðîêè 31�33) è çàäà÷à ïîèñêà ìèíèìóìà âåðîÿò-
íîñòè èñòèííîñòè (ñòðîêè 34�37).

• Ïîñëå ýòîãî (ñòðîêè 38�40) î÷èùàåì çàíèìàåìóþ ïàìÿòü è
âûõîäèì.
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1 int LpsolveKP : : Reconc i l e (void ) {
2 int ∗ co lno = NULL, i , j , k ;
3 REAL ∗row = NULL;
4 l p r e c ∗ lp ;
5 lp = make_lp (0 , S i z e ) ;
6 i f ( lp == NULL) return 0 ;
7 co lno = ( int ∗) mal loc ( S i z e ∗ s izeof (∗ co lno ) ) ;
8 row = (REAL ∗) mal loc ( S i z e ∗ s izeof (∗ row ) ) ;
9 i f ( ( co lno == NULL) | | ( row == NULL) ) return 0 ;

10 set_add_rowmode ( lp , TRUE) ;
11 for ( i = 0 ; i < S i z e ; i++) {
12 k = 0 ;
13 for ( j = 0 ; j < S i z e ; j++)
14 i f ( ( i & j ) == i ) {
15 co lno [ k ] = j +1;
16 i f ( CheckParity ( i ^ j ) ) row [ k ] = 1 ;
17 else row [ k ] = −1;
18 k++;
19 }
20 i f ( ! add_constraintex ( lp , k , row , colno , GE, 0) ) return

0 ;
21 }
22 set_add_rowmode ( lp , FALSE) ;
23 for ( j = 0 ; j < S i z e ; j++) {
24 set_bounds ( lp , j +1, LowerBound [ j ] , UpperBound [ j ] ) ;
25 }
26 set_verbose ( lp , IMPORTANT) ;
27 for ( i = 1 ; i < S i z e ; i++) {
28 co lno [ 0 ] = i +1;
29 row [ 0 ] = 1 ;
30 i f ( ! set_obj_fnex ( lp , 1 , row , co lno ) ) return 0 ;
31 set_maxim( lp ) ;
32 i f ( s o l v e ( lp ) != OPTIMAL) return 0 ;
33 UpperBound [ i ] = get_objec t ive ( lp ) ;
34 set_minim ( lp ) ;
35 i f ( s o l v e ( lp ) != OPTIMAL) return 0 ;
36 LowerBound [ i ] = get_objec t ive ( lp ) ;
37 }
38 i f ( row != NULL) f r e e ( row ) ;
39 i f ( co lno != NULL) f r e e ( co lno ) ;
40 i f ( lp != NULL) de le te_lp ( lp ) ;
41 return (1 ) ;
42 }

Listing 6: Ïîääåðæàíèå íåïðîòèâîðå÷èâîñòè â LpsolveKP.
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1 int LpsolveKP : : Proce s sDete rmin i s t i cEv idence ( int
Pos i t iveEvidenceIndex , int NegativeEvidenceIndex )

2 {
3 . . .
4 for ( i = 1 ; i < S i z e ; i++) {
5 k = 2 ;
6 row [ 0 ] = −LowerBound [ i ] ; co lno [ 0 ] = 1 ;
7 row [ 1 ] = 1 ; co lno [ 1 ] = i +1;
8 i f ( ! add_constraintex ( lp , k , row , colno , GE, 0) ) return

0 ;
9 k = 2 ;

10 row [ 0 ] = UpperBound [ i ] ; co lno [ 0 ] = 1 ;
11 row [ 1 ] = −1; co lno [ 1 ] = i +1;
12 i f ( ! add_constraintex ( lp , k , row , colno , GE, 0) ) return

0 ;
13 }
14 k =0;
15 for ( j = 0 ; j < S i z e ; j++) {
16 i f ( Tcoe f f (0 , j , Pos i t iveEvidenceIndex ,

Negat iveEvidenceIndex ) !=0){
17 row [ k ] = Tcoe f f (0 , j , Pos i t iveEvidenceIndex ,

Negat iveEvidenceIndex ) ;
18 co lno [ k ] = j +1;
19 k++;
20 }
21 }
22 i f ( ! add_constraintex ( lp , k , row , colno , EQ, 1) ) return 0 ;
23 . . .
24 }

Listing 7: Ïðîïàãàöèÿ äåòåðìèíèðîâàííîãî ñâèäåòåëüñòâà
LpsolveKP: îãðàíè÷åíèÿ.

Ïåðåéä¼ì ê ìåòîäó ProcessDeterministicEvidence, ðåàëèçó-
þùåìó ïðîïàãàöèþ äåòåðìèíèðîâàííîãî ñâèäåòåëüñòâà. Â ðàáî-
òàõ [6,17] ñôîðìóëèðîâàíà ñåðèÿ çàäà÷ ëèíåéíîãî ïðîãðàììèðîâà-
íèÿ, êîòîðóþ ñëåäóåò ðåøèòü. Âàæíî îòìåòèòü, ÷òî â ðåçóëüòàòå
ðàáîòû ýòîãî ìåòîäà ÔÇ ñòàíåò ñîäåðæàòü íîâûå (óñëîâíûå) âåðî-
ÿòíîñòè. Ñóùåñòâåííîå îòëè÷èå îò ïðîöåññà ïîääåðæàíèÿ íåïðî-
òèâîðå÷èâîñòè â òîì, ÷òî îãðàíè÷åíèÿ èç ïðåäìåòíîé îáëàñòè (D)
ïåðåñòàþò áûòü ïðîñòî ãðàíè÷íûìè çíà÷åíèÿìè äëÿ ïåðåìåííûõ,
à ïðåâðàùàþòñÿ â îòäåëüíûå ëèíåéíûå îãðàíè÷åíèÿ (ñì. [17]). Èõ
çàäàíèå ïðîäåìîíñòðèðîâàíî íà ëèñòèíãå 7. Â ñëó÷àå ïðîïàãàöèè
äåòåðìèíèðîâàííîãî ñâèäåòåëüñòâà öåëåâûå ôóíêöèè ÇËÏ èçìå-
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1 int LpsolveKP : : Proce s sDete rmin i s t i cEv idence ( int
Pos i t iveEvidenceIndex , int NegativeEvidenceIndex )

2 {
3 . . .
4 for ( i = 1 ; i < S i z e ; i++) {
5 i f ( i & NegativeEvidenceIndex ) {
6 LowerBound [ i ] = 0 ;
7 UpperBound [ i ] = 0 ;
8 }
9 else {

10 k=0;
11 for ( j = 0 ; j < S i z e ; j++){
12 i f ( Tcoe f f ( i , j , Pos i t iveEvidenceIndex ,

Negat iveEvidenceIndex ) !=0){
13 co lno [ k ] = j +1;
14 row [ k ] = Tcoe f f ( i , j , Pos i t iveEvidenceIndex ,

Negat iveEvidenceIndex ) ;
15 k++;
16 }
17 }
18 i f ( ! set_obj_fnex ( lp , k , row , co lno ) ) return 0 ;
19 set_maxim( lp ) ;
20 i f ( s o l v e ( lp ) != OPTIMAL) return 0 ;
21 UpperBound [ i ] = get_objec t ive ( lp ) ;
22 set_minim ( lp ) ;
23 i f ( s o l v e ( lp ) != OPTIMAL) return 0 ;
24 LowerBound [ i ] = get_objec t ive ( lp ) ;
25 }
26 }
27 . . .
28 }

Listing 8: Ïðîïàãàöèÿ äåòåðìèíèðîâàííîãî ñâèäåòåëüñòâà
LpsolveKP: öåëåâàÿ ôóíêöèÿ.

íÿþòñÿ ïî ñðàâíåíèþ ñ çàäà÷åé ïîääåðæàíèÿ íåïðîòèâîðå÷èâîñòè.
Ýòî èçìåíåíèå îòðàæåíî íà ëèñòèíãå 8.

Äëÿ êëàññà IlogKP ðàññìàòðèâàåòñÿ äðóãîé ïîäõîä, âîçíèêøèé
â òåîðèè ÀÁÑ ðàíüøå [10, 11]. Â íåì ïðåäëàãàåòñÿ ïðîâåñòè ïå-
ðåîçíà÷èâàíèå ïåðåìåííûõ òàêèì îáðàçîì, ÷òîáû ñâèäåòåëüñòâî
ñòàëî ïîëîæèòåëüíûì, ïðîâåñòè ïðîïàãàöèþ ïîëîæèòåëüíîãî ñâè-
äåòåëüñòâà, à ïîòîì ïðîâåñòè îáðàòíîå ïåðåîçíà÷èâàíèå. Ìû íå
áóäåì ïðèâîäèòü ïðèìåð êîäà äëÿ ïðîïàãàöèè ïîëîæèòåëüíîãî
ñâèäåòåëüñòâà â IlogKP, òàê êàê öåëåâûå ôóíêöèè è îãðàíè÷åíèÿ
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ïðåäìåòíîé îáëàñòè â òî÷íîñòè ñîîòâåòñòâóþò îïèñàííûì äëÿ ðå-
àëèçàöèè â LpsolveKP è îòëè÷àþòñÿ òîëüêî ïî ôîðìå çàäàíèÿ.

1 int IlogKP : : Proce s sDete rmin i s t i cEv idence ( int
Pos i t iveEvidenceIndex , int NegativeEvidenceIndex )

2 {
3 i f ( Negat iveEvidenceIndex )
4 i f ( ! Reass ign ( NegativeEvidenceIndex ) ) return 0 ;
5 i f ( ! PropagatePos i t iveEvidence ( Pos i t iveEv idence Index |

Negat iveEvidenceIndex ) ) return 0 ;
6 i f ( Negat iveEvidenceIndex )
7 i f ( ! Reass ign ( NegativeEvidenceIndex ) ) return 0 ;
8 return (1 ) ;
9 }

Listing 9: Ïðîïàãàöèÿ äåòåðìèíèðîâàííîãî ñâèäåòåëüñòâà IlogKP.

1 for ( i = 0 ; i < S i z e ; i++) {
2 i f ( i & NegativeIndex ) {
3 . . .
4 for ( j = 0 ; j < S i z e ; j++)
5 i f ( ( j | i ) ==i ) obj . s e tCoe f (Pc [ j ] , I c o e f f ( i & ~

NegativeIndex , j ) ) ;
6 . . .
7 }
8 }

Listing 10: Ïåðåîçíà÷èâàíèå â IlogKP: öåëåâàÿ ôóíêöèÿ.

1 IlogKP ∗∗ KPArray = new IlogKP ∗ [ EvidenceKP−>GetSize ( ) ] ;
2 for ( i =0; i<EvidenceKP−>GetSize ( ) ; i++)
3 {
4 KPArray [ i ] = new IlogKP ( this ) ;
5 KPArray [ i ]−>Proces sDete rmin i s t i cEv idence (

GlobalFromLocal ( i , Subindex ) , GlobalFromLocal ( (
EvidenceKP−>GetSize ( ) −1)&(~ i ) , Subindex ) ) ;

6 }

Listing 11: Ïðîïàãàöèÿ íåäåòåðìèíèðîâàííîãî ñâèäåòåëüñòâà â
IlogKP: äåòåðìèíèðîâàííûå ñâèäåòåëüñòâà.

Ìåòîä Reassign ïðåäíàçíà÷åí äëÿ ïåðåîçíà÷èâàíèÿ àòîìîâ.
Èíûìè ñëîâàìè, ìû âû÷èñëÿåì îöåíêè äëÿ íîâîãî ôðàãìåíòà çíà-
íèé, êîòîðûé îòëè÷àåòñÿ îò èñõîäíîãî òåì, ÷òî ÷àñòü àòîìîâ çàìå-
íÿþòñÿ íà ñâîå îòðèöàíèå. Ýòîò ïðîöåññ ñâîäèòñÿ ê ðåøåíèþ ñåðèè

214 Труды СПИИРАН. 2013. Вып. 2(25). ISSN 2078-9181 (печ.), ISSN 2078-9599 (онлайн)  
SPIIRAS Proceedings. 2013. Issue 2(25). ISSN 2078-9181 (print), ISSN 2078-9599 (online) 

www.proceedings.spiiras.nw.ru



ÇËÏ ñ îãðàíè÷åíèÿìè D è E, çàäàíèå êîòîðûõ ìû óæå äåìîíñòðè-
ðîâàëè. Öåëåâûå ôóíêöèè ìîãóò áûòü çàäàíû, êàê ýòî ïðîäåìîí-
ñòðèðîâàíî íà ëèñòèíãå 10.

Äëÿ òîãî ÷òîáû çàêîí÷èòü îïèñàíèå ôðàãìåíòà çíàíèé, íàì
ñëåäóåò ïîäðîáíî ðàññìîòðåòü ìåòîä int PropagateKPEvidence

(KnowledgePattern* KPEvid, int Subindex). Äàííûé ìåòîä
ïðîâîäèò ïðîïàãàöèþ íåäåòåðìèíèðîâàííîãî ñâèäåòåëüñòâà, ïðåä-
ñòàâëåííîãî ôðàãìåíòîì çíàíèé. Ïîäîáíóþ ïðîïàãàöèþ ìîæíî
ðàçáèòü íà äâà ýòàïà. Ïåðâûé � ýòî ïðîâåäåíèå ïðîïàãàöèè äåòåð-
ìèíèðîâàííûõ ñâèäåòåëüñòâ (ïðèâåäåíî íà ëèñòèíãå 11). Íà ýòîì
ýòàïå ìû ñòðîèì ìàññèâ ôðàãìåíòîâ çíàíèé, êàæäûé ýëåìåíò
êîòîðîãî � ýòî èñõîäíûé ôðàãìåíò çíàíèé ñ ïðîïàãèðîâàííûì
ñîîòâåòñòâóþùèì äåòåðìèíèðîâàííûì ñâèäåòåëüñòâîì. Îñòà¼òñÿ
òîëüêî ðåøèòü ÇËÏ, îïèñàííûìè â [6]. Çàäàíèå öåëåâûõ ôóíêöèé,
ñîîòâåòñòâóþùèõ óêàçàííûì ÇËÏ, ïðèâåäåíî íà ëèñòèíãå 12.

1

2 for ( Index=0; Index<S i z e ; Index++) {
3 model . remove ( obj ) ;
4 obj = IloMaximize ( env ) ;
5 for ( j = 0 ; j < EvidenceKP−>GetSize ( ) ; j++)
6 obj . s e tCoe f (Pc [ j+EvidenceKP−>GetSize ( ) ] , KPArray [ j ]−>

GetUpperBound ( Index ) ) ;
7 model . add ( obj ) ;
8 model . add (A) ;
9 i f ( ! cp l ex . s o l v e ( ) ) {env . end ( ) ; return (0 ) ; }

10 else UpperBound [ Index ] = cp lex . getObjValue ( ) ;
11 model . remove ( obj ) ;
12 obj = I loMin imize ( env ) ;
13 for ( j = 0 ; j < EvidenceKP−>GetSize ( ) ; j++)
14 obj . s e tCoe f (Pc [ j+EvidenceKP−>GetSize ( ) ] , KPArray [ j ]−>

GetLowerBound ( Index ) ) ;
15 model . add ( obj ) ;
16 model . add (A) ;
17 i f ( ! cp l ex . s o l v e ( ) ) {env . end ( ) ; return (0 ) ; }
18 else LowerBound [ Index ] = cp lex . getObjValue ( ) ;
19 }

Listing 12: Ïðîïàãàöèÿ íåäåòåðìèíèðîâàííîãî ñâèäåòåëüñòâà â
IlogKP: ðåøåíèå ÇËÏ.

5. Çàêëþ÷åíèå. Â ñòàòüå ìû îïèñàëè ïðîòîòèï êîìïëåêñà
ïðîãðàìì, ðåàëèçóþùèé îñíîâíûå àëãîðèòìû ëîêàëüíîãî ëîãèêî-
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âåðîÿòíîñòíîãî âûâîäà. Ïðîäåìîíñòðèðîâàëè êàê ìîæíî ðåàëèçî-
âàòü îñíîâíóþ ôóíêöèîíàëüíîñòü ôðàãìåíòà çíàíèé â âèäå êëàññà.
Îïèñàííûå êëàññû ìîãóò èñïîëüçîâàòüñÿ â ïðîãðàìíûõ ïðîäóêòàõ
ñ áàéåñîâñêîé èíòåëëåêòóàëüíîé êîìïîíåíòîé.
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ÐÅÔÅÐÀÒ

Ñèðîòêèí À.Â. Êîìïëåêñ ïðîãðàìì ëîãèêî-âåðîÿòíîñòíîãî

âûâîäà â áàçàõ ôðàãìåíòîâ çíàíèé: ðåàëèçàöèÿ ôðàãìåíòà

çíàíèé.

Â ñòàòüå ðàññìàòðèâàþòñÿ êëþ÷åâûå ìîìåíòû ðåàëèçàöèè

ôðàãìåíòà çíàíèé íà ÿçûêå C++. Ïðèâåäåíû ôðàãìåíòû êîäà

è äàíû ïîÿñíåíèÿ ê íèì, ïîçâîëÿþùèå ïîíÿòü, êàê íà ïðàêòèêå

ìîãóò áûòü ðåàëèçîâàíû àëãîðèòìû ïîääåðæàíèÿ íåïðîòèâîðå÷è-

âîñòè è àïîñòåðèîðíîãî âûâîäà (ïðîïàãàöèè ñâèäåòåëüñòâà).

Â ñòàòüå ïðîäåìîíñòðèîâàííî, êàê çàäà÷è ëèíåéíîãî ïðî-

ãðàììèðîâàíèÿ, âîçíèêàþùèå ïðè îáðàáîòêå ôðàãìåíòîâ çíàíèé

ÀÁÑ, ìîãóò áûòü çàäàíû è ðåøåíû ñ ïîìîùüþ äâóõ ðàçíûõ

áèáëèîòåê, ïðåäíàçíà÷åííûõ äëÿ ðåøåíèÿ çàäà÷ ëèíåéíîãî

ïðîãðàììèðîâàíèÿ,� ïðîïðèåòàðíàÿ ILOG CPLEX è ñâîáîäíî

ðàñïðîñòðàíÿåìàÿ lp_solve 5.5. Ýòî, â ñâîþ î÷åðåäü, ïîçâîëÿåò

ïðèìåíÿòü ñîçäàííûé êîä â ðàçíûõ óñëîâèÿõ.

Ôðàãìåíò çíàíèé, ðåàëèçîâàííûé â âèäå îòäåëüíîãî êëàññà,

ïîçâîëÿåò äàëåå íàäñòðàèâàòü ñèñòåìó, èñïîëüçóþÿ ðàçðàáîòàííûé

êîä êàê áàçó. Ðåàëèçàöèÿ îñíîâíûõ âèäîâ ëîãèêî-âåðîÿòíñòíîãî

âûâîäà, íå ïðèâëåêàþùèõ âíåøíèõ ïî îòíîøåíèþ ê ÔÇ äàííûõ

â âèäå ìåòîäîâ, ïîçâîëÿåò èíòåãðèðîâàòü äàííûå êëàññû â áîëåå

øèðîêèé ôðåéìâîðê èíòåëëåêòóàëüíûõ ñèñòåì ñ áàéåñîâñêîé èí-

òåëëåêòóàëüíîé êîìïîíåíòîé.

Êëàññû, ðåàëèçóþùèå ðåøåíèå ÇËÏ ñ ïîìîùüþ ðàçíûõ áèáëèî-

òåê, ÿâëÿþòñÿ ïîòîìêàìè áàçîâîãî êëàññà ñ âèðòóàëüíûìè ìåòî-

äàìè. Ýòî ïîçâîëÿåò ïîëüçîâàòåëþ íå çàäóìûâàòüñÿ î êîíêðåòíîé

ðåàëèçàöèè òàêèõ ìåòîäîâ, à ïðîñòî èõ èñïîëüçîâàòü. Íàïðèìåð,

ïðè íàëè÷èè áîëåå ìîùíîé ïðîïðèåòàðíîé áèáëèîòåêè â ïðîöåññå

ðàáîòû ìîãóò ñîçäàâàòüñÿ ýêçåìïëÿðû êëàññîâ, èñïîëüçóþùèå åå,

à ïðè îòñóòñòâèè èëè ïî óìîë÷àíèþ ñâîáîäíî ðàñïðîñòðàíÿåìóþ.
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SUMMARY

Sirotkin A.V. Program complex for probabilistic logic

inference in knowledge pattern bases: knowledge pattern

implementation.

The paper describe the key points in C++ implementation

of algebraic bayesian network knowledge pattern. The couple of

code fragments presented and its description are given. It helps to

understand how local probabilistic logic inference algorithms such as

consistency update and a posteriori inference (evidence propagation)

can be practically implemented.

There are couple types of linear programming problems appears

in processing of algebraic bayesian network knowledge pattern. This

paper shows two variants of linear programming problem solving

implementation based on two di�erent external libraries. One of them

is proprietary ILOG CPLEX and other is freeware (under GNU LGPL

license) lp_solve 5.5. Two di�erent implementation allows user to

chouse between this libraries based on its availability for this user.

Knowledge pattern implemented as speci�c class allows future

implementation of di�erent algorithms that use this class as base.

Consistency update and a posteriori inference implemented as self

contained methods of knowledge pattern class. It will helps to

integrate this class in framework of intellectual systems based on

bayesian intellectual component.

The classes that use di�erent linear programming problem solvers

inherited from one common base class with virtual methods. It helps

to not worry about real implementation when you works on high

level interaction. For example, program may detect proprietary linear

programming problem solver availability and if it can be used create

class exemplars that support it, in other case, for example as default

it may use classes based on freeware solvers.
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