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ÏÎÑÒÀÍÎÂÖ² ÇÀÄÀ×²

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ì³í³ì³çàö³¿ íàä³éíîñò³. Ïðîâåäåíî àíàë³ç îäíîãî ³ç ³ñíóþ÷èõ
ï³äõîä³â äî ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³, à ñàìå: bPOE. Âèçíà÷åíî ïåðåâàãè ³ íåäîë³êè öüîãî
ï³äõîäó. Çàçíà÷åíî, ùî ðåçóëüòàòè ì³í³ì³çàö³¿ éìîâ³ðíîñò³ â³äìîâ ó êëàñè÷í³é ïîñòàíîâö³ ³
ì³í³ì³çàö³¿ bPOE ìîæóòü â³äð³çíÿòèñÿ. Çàïðîïîíîâàíî íîâèé ìåòîä îïòèì³çàö³¿ íàä³éíîñò³
â êëàñè÷í³é ïîñòàíîâö³ çàäà÷³. Ïðîâåäåíî ïîð³âíÿëüíèé àíàë³ç ðåçóëüòàò³â ì³í³ì³çàö³¿
íàä³éíîñò³ ç âèêîðèñòàííÿì bPOE ³ç ðåçóëüòàòàìè, îòðèìàíèìè çàïðîïîíîâàíèì ìåòîäîì.

Êëþ÷îâ³ ñëîâà: bPOE, VaR, ì³í³ì³çàö³ÿ éìîâ³ðíîñò³ â³äìîâ, íàä³éí³ñòü, õâ³ñò ôóíêö³¿
ðîçïîä³ëó, ôóíêö³ÿ âòðàò, ïîð³ã.

ÂÑÒÓÏ

Êëàñè÷íà çàäà÷à îïòèì³çàö³¿ íàä³éíîñò³ ïîëÿãàº ó ì³í³ì³çàö³¿ éìîâ³ðíîñò³ òîãî,
ùî âèïàäêîâà âåëè÷èíà X , ÿêà âèêîðèñòîâóºòüñÿ äëÿ ìîäåëþâàííÿ íåáàæàíî¿
ïîä³¿, ïåðåâèùóº äåÿêèé êðèòè÷íèé ïîð³ã h. Ó öüîìó ï³äõîä³ ³ãíîðóºòüñÿ ñòóï³íü
ïåðåâèùåííÿ âèïàäêîâîþ âåëè÷èíîþ X çàäàíîãî ïîðîãà. Òàêà ïîñòàíîâêà çàäà÷³
º àäåêâàòíîþ ó âèïàäêàõ, êîëè çáèòêè â³ä ïåðåâèùåííÿ ïîðîãà h íå º êðèòè÷íè-
ìè ³ íå çàëåæàòü â³ä ñòóïåíþ ïåðåâèùåííÿ. Íàïðèêëàä, ï³ä ÷àñ àíàë³çó ðèçèêó
àâàð³é íà äåÿêèõ âèðîáíè÷èõ îá’ºêòàõ âíàñë³äîê ïåðåâèùåííÿ ìåæ³ îáëàñò³ ïðà-
öåçäàòíèõ ñòàí³â âàæëèâèì º ñàì ôàêò òàêîãî ïåðåâèùåííÿ, à íå éîãî ñòóï³íü.
Îäíàê äëÿ ì³í³ì³çàö³¿ éìîâ³ðíîñò³ â³äìîâ ó òàê³é ïîñòàíîâö³ âèíèêàþòü çíà÷í³
ìàòåìàòè÷í³ òðóäíîù³, çóìîâëåí³ â³äñóòí³ñòþ íåïåðåðâíîñò³ ôóíêö³¿ ðîçïîä³ëó
âèïàäêîâî¿ çì³ííî¿ X [1, 2].

²íîä³ íåâðàõóâàííÿ â ìîäåëÿõ ñòóïåíþ ïåðåâèùåííÿ çàäàíîãî ïîðîãà h

ìîæå ïðèçâåñòè äî ³ãíîðóâàííÿ âåëè÷åçíèõ âòðàò ç ìàëîþ éìîâ³ðí³ñòþ. Öå ñòî-
ñóºòüñÿ, ïåðø çà âñå, ìîäåëåé, ïîâ’ÿçóâàíèõ ç êàòàñòðîô³÷íèìè ïîä³ÿìè, òàêèìè
ÿê óðàãàíè [3], çíà÷í³ âòðàòè âðîæàþ âíàñë³äîê ïîñóõ [4].

Äëÿ ïîäîëàííÿ öèõ âàä ó ðîáîò³ [1] áóëî ðîçðîáëåíî íîâó àëüòåðíàòèâíó ì³ðó
ðèçèêó — áóôåðíó éìîâ³ðí³ñòü â³äìîâè. Öÿ ì³ðà ðèçèêó âðàõîâóº ñòóï³íü ïåðåâè-
ùåííÿ ïîðîãà â³äìîâè h � 0 ³ º á³ëüø êîíñåðâàòèâíîþ, í³æ éìîâ³ðí³ñòü â³äìîâè
â êëàñè÷í³é ïîñòàíîâö³ çàäà÷³. Ó ðîáîò³ [5] çàïðîïîíîâàíî âèêîðèñòîâóâàòè áóôåð-
íó éìîâ³ðí³ñòü ïåðåâèùåííÿ (Buffered Probability of Exceedance, bPOE) ÿê ì³ðó ðè-
çèêó, ùî óçàãàëüíþº áóôåðíó éìîâ³ðí³ñòü â³äìîâè íà âèïàäîê, êîëè ïîð³ã
ôóíêö³îíàëüíî¿ â³äìîâè ñèñòåìè º áóäü-ÿêèì ÷èñëîì (íå ò³ëüêè íóëåì). Öÿ ì³ðà
ðèçèêó ´ðóíòóºòüñÿ íà âëàñòèâîñòÿõ ì³ðè CVaR [6, 7]. Ïðèêëàäè çàñòîñóâàííÿ
CVaR ³ bPOE â ð³çíèõ îïòèì³çàö³éíèõ çàäà÷àõ íàäàíî â ðîáîòàõ [3, 4, 8–14].
Àëüòåðíàòèâí³ ï³äõîäè äî îïòèì³çàö³¿ bPOE çàïðîïîíîâàíî â [8, 12].

Çàóâàæèìî, ùî âèêîðèñòàííÿ ì³ðè ðèçèêó bPOE îð³ºíòîâàíå íà ì³í³ì³çàö³þ
÷àñòêè íàéá³ëüøèõ çíà÷åíü ôóíêö³¿ ðîçïîä³ëó âòðàò, ìàòåìàòè÷íå ñïîä³âàííÿ
ÿêèõ äîð³âíþº ïîðîãó h. Îòæå, ðåçóëüòàòè ì³í³ì³çàö³¿ éìîâ³ðíîñò³ â³äìîâ ó êëà-
ñè÷í³é ïîñòàíîâö³ ³ ì³í³ì³çàö³¿ bPOE ìîæóòü â³äð³çíÿòèñÿ.
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Ó ö³é ðîáîò³ çàïðîïîíîâàíî íîâèé ï³äõ³ä äî îïòèì³çàö³¿ íàä³éíîñò³ â êëà-
ñè÷í³é ïîñòàíîâö³, ÿêèé º ìîäèô³êàö³ºþ ìåòîäó, ðîçðîáëåíîãî â [12]. Äëÿ
³ëþñòðàö³¿ åôåêòèâíîñò³ çàïðîïîíîâàíîãî ï³äõîäó çä³éñíåíî îá÷èñëåííÿ ç âèêî-
ðèñòàííÿì òðüîõ âàð³àíò³â äàíèõ.

ÏÎÑÒÀÍÎÂÊÀ ÇÀÄÀ×²

Íåõàé X x x N� ( , , )1 � — âåêòîð, êîìïîíåíòè ÿêîãî º âèïàäêîâèìè âåëè÷èíà-
ìè. Âèïàäêîâà âåëè÷èíà xn ç îäíàêîâîþ éìîâ³ðí³ñòþ p M�1 / íàáóâàº M

çíà÷åíü x xn Mn1 , ,� , n N�1, ,� . Íåõàé Y y yN� ( , , )1 � — âåêòîð, êîìïîíåí-
òè ÿêîãî çàäîâîëüíÿþòü îáìåæåííÿ
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i
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�
�
� 1

1
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ç îäíàêîâîþ éìîâ³ðí³ñòþ p M�1 / .

Ôóíêö³ÿ ðîçïîä³ëó � X Y(
~

) âèçíà÷àºòüñÿ ÿê F u P Y uX� �( ) { (
~

) }� � . Êâàíòè-

ëåì ð³âíÿ � ( [ , ] )� � 0 1 ö³º¿ ôóíêö³¿ ðîçïîä³ëó º ÷èñëî x� òàêå, ùî
P Y xX{ (

~
) }� ��� � . Ó ïóáë³êàö³ÿõ ç ô³íàíñîâî¿ ³íæåíåð³¿ çàì³ñòü ïîøèðåíîãî

òåðì³íà «êâàíòèëü» âèêîðèñòîâóºòüñÿ òåðì³í VaR, ÿêèé îá÷èñëþºòüñÿ çà
ôîðìóëîþ

VaR u F u� �� �( ) min{ ( ) }� � .

Êëàñè÷íà çàäà÷à îïòèì³çàö³¿ íàä³éíîñò³ ôîðìóëþºòüñÿ ÿê çàäà÷à ì³í³ì³çàö³¿
éìîâ³ðíîñò³ òîãî, ùî âòðàòè ïåðåâèùóâàòèìóòü çàäàíèé ïîð³ã h :

min
, ,y y

i i
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N

N

P b y x h
1 1�
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�

��

� (4)

çà îáìåæåíü (1), (2).

ÌÅÒÎÄ Ì²Í²Ì²ÇÀÖ²¯ ÉÌÎÂ²ÐÍÎÑÒ² Â²ÄÌÎÂ

Íåõàé � — çì³ííà âåëè÷èíà, ÿêà çàäîâîëüíÿº óìîâè 0 1� �� . Äëÿ ðîçâ’ÿçàí-
íÿ çàäà÷³ (4), (1), (2) çàïðîïîíîâàíî òàêó îïòèì³çàö³éíó ìîäåëü.

Çíàéòè ìàêñèìàëüíå çíà÷åííÿ �:

max � , (5)

çà ÿêîãî ³ñíóº âåêòîð Y y yN� ( , , )1 � òàêèé, ùî

VaR b y x hi i
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yi � 0, i N� 1,� , (8)

0 1� �� . (9)
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Äåÿê³ îïòèì³çàö³éí³ ïàêåòè ïðîãðàì íå çàáåçïå÷óþòü ìîæëèâîñò³ ðîçâ’ÿçàí-
íÿ çàäà÷³ â òàê³é ïîñòàíîâö³. Òîìó ìè ââåëè â ö³ëüîâó ôóíêö³þ øòó÷íó çì³ííó t

ç íóëüîâèì êîåô³ö³ºíòîì ³ çâåëè çàäà÷ó (5)–(9) äî íàâåäåíî¿ åêâ³âàëåíòíî¿
äâîð³âíåâî¿ îïòèì³çàö³éíî¿ çàäà÷³.

Çíàéòè ìàêñèìàëüíå çíà÷åííÿ �:

max � , (10)

çà ÿêîãî íàâåäåíà îïòèì³çàö³éíà çàäà÷à ìàº ðîçâ’ÿçîê:

max 0 � t (11)

çà îáìåæåíü

VaR b y x hi i
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� �
�

�

�
�

�

�

�
�

�
�
�

1

, (12)

yi

i

N

�
�
�

1

1, (13)

yi � 0, i N� 1, ,� , (14)

0 1� �� . (15)

Äëÿ ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³ çàïðîïîíîâàíî çàñòîñîâóâàòè íàâåäåíèé ³òåðàòèâ-
íèé äâîð³âíåâèé ìåòîä îïòèì³çàö³¿.

Íà êîæí³é ³òåðàö³¿ íà âåðõíüîìó ð³âí³ âèáèðàºòüñÿ çíà÷åííÿ � � �
~

íà îäíî-

âèì³ðíîìó â³äð³çêó [ , ]0 1 . Íà íèæíüîìó ð³âí³ çà ô³êñîâàíèì çíà÷åííÿì
~
� ðîç-

â’ÿçóºòüñÿ îïòèì³çàö³éíà çàäà÷à (11)–(15). Çàóâàæèìî, ùî VaR � º íåñïàäíîþ
ôóíêö³ºþ �. Òîìó äëÿ ïîøóêó ìàêñèìàëüíîãî çíà÷åííÿ �, çà ÿêîãî
îïòèì³çàö³éíà çàäà÷à (11)–(15) ìàº ðîçâ’ÿçîê, çàïðîïîíîâàíî çàñòîñîâóâàòè
ìåòîä äèõîòîì³¿. Öåé ìåòîä îäíîâèì³ðíî¿ îïòèì³çàö³¿ äàº çìîãó øâèäêî çíàé-
òè ìàêñèìàëüíå çíà÷åííÿ � ç áóäü-ÿêîþ òî÷í³ñòþ.

Ïîð³âíþâàòèìåìî ðåçóëüòàòè âèêîðèñòàííÿ ìîäåë³ (10)–(15) äëÿ ðîçâ’ÿçàí-
íÿ çàäà÷³ (1), (2), (4) ç ðåçóëüòàòàìè ì³í³ì³çàö³¿ bPOE [5]:

min
, ,y y

h i i

i

N

N

bPOE b y x
1 1�

�
	


�

�

��

� . (16)

Ì³ðà ðèçèêó bPOE äëÿ âèïàäêîâî¿ âåëè÷èíè � âèçíà÷àºòüñÿ ó òàêèé ñïîñ³á [5]:

bPOE

h

CVaR h E hh ( )

, sup ;

( ; ), sup ;�
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� � ��

�

� � ��

0

1 1
ÿêùî

ÿêùî
1 iíàêøå,

	



�

�
�

äå âèðàç CVaR h�1 ( ; )� ïîçíà÷àº ôóíêö³þ, îáåðíåíó äî CVaRh ( )� .

ÐÅÇÓËÜÒÀÒÈ ÐÎÇÐÀÕÓÍÊ²Â

Ïîð³âíÿºìî ðåçóëüòàòè îïòèì³çàö³¿ íàä³éíîñò³, ùî îäåðæàí³ ç âèêîðèñòàííÿì
çàïðîïîíîâàíî¿ ìîäåë³ (10)–(15), ç ðåçóëüòàòàìè ì³í³ì³çàö³¿ (16). Äëÿ ïðîâåäåí-
íÿ îá÷èñëåíü âèêîðèñòîâóâàëèñü ïàêåò ïðîãðàì AORDA PSG [15] ³ äàí³
ç á³áë³îòåêè òåñòîâèõ îïòèì³çàö³éíèõ çàäà÷, ðîçì³ùåíèõ íà ñàéò³ AORDA ç ìå-
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òîþ ïîð³âíÿëüíîãî àíàë³çó [16]. ²íôîðìàö³ÿ íà öüîìó ñàéò³ ì³ñòèòü ïîñòàíîâêó
çàäà÷³, âõ³äí³ äàí³ ³ ðåçóëüòàòè îïòèì³çàö³¿. Çà ö³ºþ ³íôîðìàö³ºþ ìè âèêîðèñ-
òîâóâàëè ëèøå äàí³ ùîäî ôîðìóâàííÿ âèïàäêîâîãî âåêòîðà X x x N� ( , , )1 � ,
êîìïîíåíòè ÿêîãî âõîäÿòü äî îáìåæåíü (6), (12). Çíà÷åííÿ ïàðàìåòð³â b ³ h

âèáèðàëèñÿ äîâ³ëüíî. Â³ëüíèé äîñòóï äî äàíèõ íà ñàéò³ AORDA äàº çìîãó ïå-
ðåâ³ðÿòè îòðèìàí³ ðåçóëüòàòè îïòèì³çàö³¿, ÿê³ íàâåäåíî â ö³é ñòàòò³. Ðîçðàõóíêè
çä³éñíþâàëèñÿ äëÿ òðüîõ îïòèì³çàö³éíèõ çàäà÷ [17–19], ðåàë³çîâàíèõ ó ñåðåäî-
âèù³ Run-File. Äàí³ äëÿ êîæíî¿ çàäà÷³ íàâåäåíî â òàáë. 1.

Äàí³ çàäà÷³ Omega áóëè çàâàíòàæåí³ ç ñàéòó Case Study: Omega Portfolio
Rebalancing [17], çàäà÷³ AUC — ç ñàéòó Case Study: Classification by Maximizing
Area Under ROC Curve (AUC) [18], çàäà÷³ Classification — ç ñàéòó Case Study:
Style Classification with Quantile Regression [19].

Ïîçíà÷åííÿ â òàáë. 1: b — êîíñòàíòà äëÿ ôóíêö³¿ âòðàò � X Y( ) ó âèðàç³ (3);
N — ðîçì³ðí³ñòü âèïàäêîâîãî âåêòîðà X ; M – ê³ëüê³ñòü çíà÷åíü, ÿê³ ïðèéìàº êîæ-

íà êîìïîíåíòà âèïàäêîâîãî âåêòîðà X ; h — çàäàíèé ïîð³ã; Y y y
N

0
1
0 0� ( , ..., ) —

âåêòîð ïî÷àòêîâèõ çíà÷åíü çì³ííèõ çàäà÷³.
Ðåçóëüòàòè ðîçðàõóíê³â íàâåäåíî â òàáë. 2 ³ òàáë. 3.
Àíàë³ç ðåçóëüòàò³â ðîçðàõóíê³â, íàâåäåíèõ â òàáë. 2, ñâ³ä÷èòü, ùî ðîçâ’ÿçêè

çàäà÷ (16) òà (10)–(15) (îïòèìàëüí³ òî÷êè) äëÿ äàíèõ Omega ïîâí³ñòþ çá³ãàþòü-
ñÿ, à äëÿ äàíèõ AUC òà Classification — ñóòòºâî â³äð³çíÿþòüñÿ. Á³ëüø äåòàëüíà
³íôîðìàö³ÿ ùîäî îòðèìàíèõ ðåçóëüòàò³â íàâåäåíà â òàáë. 3.

Ïîçíà÷åííÿ â òàáë. 3: opt — îïòèìàëüíå çíà÷åííÿ ôóíêö³¿ ö³ë³ â çàäà÷³ (16);

P 0— éìîâ³ðí³ñòü ïåðåâèùåííÿ ïîðîãà h äëÿ ïî÷àòêîâèõ çíà÷åíü Y 0 ; P * —
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Íîìåð
çàäà÷³

Íàçâà
äàíèõ

Âõ³äí³ äàí³ äëÿ òðüîõ îïòèì³çàö³éíèõ çàäà÷ ç ïàðàìåòðàìè

b N M h Êîìïîíåíòè âåêòîðà Y 0

1 Omega 0.064 9 641 0.0672 y y1
0

8
0 0 1111� � �... . , y9

0 0 1112� .

2 AUC 0.5 6 10000 1.243648 y y1
0

5
0 0 15� � �... . . y6

0 0 25� .

3 Classification 0.46 4 1264 0.56 y y1
0

4
0 0 25� � �... .

Ò à á ë è ö ÿ 1

Âåêòîð

Y
�

Îïòèìàëüí³ çíà÷åííÿ êîìïîíåíò³â âåêòîðà Y y yN
� � �� ( , . . . , )1

äëÿ äàíèõ ³ çàäà÷

Omega AUC Classification

Çàäà÷à (16)
Çàäà÷à

(10)–(15)
Çàäà÷à (16)

Çàäà÷à
(10)–(15)

Çàäà÷à (16)
Çàäà÷à

(10)–(15)

y1
� 7.486645e-2 7.486645e-2 1.972043e-1 1.706503e-1 7.358282e-1 4.309416e-1

y2
� 3.575082e-1 3.575082e-1 0 3.023876e-4 0 2.785902e-2

y3
� 0 0 3.677601e-1 3.547316e-1 2.641718e-1 5.411994e-1

y4
� 0 0 3.559229e-1 3.875104e-1 0 0

y5
� 3.02188e-1 3.02188e-1 7.91127e-2 8.653416e-2 – –

y6
� 5.244932e-2 5.244932e-2 0 2.711551e-4 – –

y7
� 1.943639e-2 1.943639e-2 – – – –

y8
� 1.032006e-1 1.032006e-1 – – – –

y9
� 9.035097e-2 9.035097e-2 – – – –
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éìîâ³ðí³ñòü ïåðåâèùåííÿ ïîðîãà h ï³ñëÿ ðîçâ’ÿçàííÿ çàäà÷ (16) òà (10)–(15);
�P (%) — â³äñîòîê, íà ÿêèé çìåíøèëàñü éìîâ³ðí³ñòü ïåðåâèùåííÿ ïîðîãà h ï³ñëÿ

ðîçâ’ÿçàííÿ çàäà÷ (16) òà (10)–(15); � * — ìàêñèìàëüíå çíà÷åííÿ � , 0 1� �� , çà

ÿêîãî âèêîíóºòüñÿ íåð³âí³ñòü (12) ç òî÷í³ñòþ � � �10 6; îòæå, � * *� �P 1.

Ï³ñëÿ ðîçâ’ÿçàííÿ çàäà÷³ (16) ³ çàäà÷³ (10)–(15) ç âèêîðèñòàííÿì äàíèõ
Omega éìîâ³ðí³ñòü ïåðåâèùåííÿ ïîðîãà h çìåíøóºòüñÿ íà 93.871% äî ïî÷àòêî-
âîãî çíà÷åííÿ. Îòæå, â öüîìó âèïàäêó çàïðîïîíîâàíèé ï³äõ³ä äî îïòèì³çàö³¿
íàä³éíîñò³ â êëàñè÷í³é ïîñòàíîâö³ ìàº òîé ñàìèé ðåçóëüòàò, ùî ³ ó âèïàäêó
ì³í³ì³çàö³¿ bPOE. Ï³ä ÷àñ âèêîðèñòàííÿ äàíèõ AUC ³ äàíèõ Classification çàïðî-
ïîíîâàíèé ìåòîä ì³í³ì³çàö³¿ éìîâ³ðíîñò³ â³äìîâ äàº êðàù³ ðåçóëüòàòè, í³æ ìå-
òîä bPOE. Çîêðåìà, ó ðàç³ âèêîðèñòàííÿ äàíèõ Classification ðîçâ’ÿçàííÿ çàäà÷³
(10)–(15) çàáåçïå÷óº çìåíøåííÿ éìîâ³ðíîñò³ â³äìîâ íà 37.039%, âîäíî÷àñ
ÿê ðîçâ’ÿçàííÿ çàäà÷³ (16) — ëèøå íà 28.717%.

ÂÈÑÍÎÂÊÈ

Éìîâ³ðí³ñòü â³äìîâè º îñíîâíèì ïîêàçíèêîì íàä³éíîñò³ ñêëàäíèõ ñèñòåì òà
¿õí³õ êîìïîíåíò³â. Îïòèì³çàö³ÿ öüîãî ïîêàçíèêà ïîâ’ÿçàíà ³ç çíà÷íèìè ìàòåìà-
òè÷íèìè òðóäíîùàìè, ÿê³ çóìîâëåí³ â³äñóòí³ñòþ íåïåðåðâíîñò³ ôóíêö³¿ ðîç-
ïîä³ëó âèïàäêîâî¿ çì³ííî¿ X , ùî ìîäåëþº âòðàòè. Àëüòåðíàòèâíîþ ì³ðîþ ðèçè-
êó º áóôåðíà éìîâ³ðí³ñòü â³äìîâè bPOE, ÿêà äàº çìîãó óíèêíóòè ö³ òðóäíîù³.
Ó êëàñè÷í³é ïîñòàíîâö³ çàäà÷³ ì³í³ì³çàö³¿ éìîâ³ðíîñò³ â³äìîâ âðàõîâóþòüñÿ
ò³ëüêè ì³í³ìàëüí³ çíà÷åííÿ âèïàäêîâî¿ âåëè÷èíè X , ðîçòàøîâàí³ â õâîñò³ ¿¿
ôóíêö³¿ ðîçïîä³ëó. Äëÿ îïòèì³çàö³¿ bPOE âèêîðèñòîâóºòüñÿ âñÿ ³íôîðìàö³ÿ ïðî
öåé õâ³ñò. Òîìó ðåçóëüòàòè ì³í³ì³çàö³¿ öèõ äâîõ ïîêàçíèê³â íàä³éíîñò³ ìîæóòü
â³äð³çíÿòèñÿ. Ó ðàç³, êîëè âòðàòè â³ä ïåðåâèùåííÿ âèïàäêîâîþ âåëè÷èíîþ X

ïîðîãà h íå º êðèòè÷íèìè àáî íå çàëåæàòü â³ä ñòóïåíþ ïåðåâèùåííÿ, êëàñè÷íà
ïîñòàíîâêà çàäà÷³ ì³í³ì³çàö³¿ éìîâ³ðíîñò³ â³äìîâ º á³ëüø àäåêâàòíîþ.

Ó ö³é ðîáîò³ çàïðîïîíîâàíî íîâèé ï³äõ³ä äî îïòèì³çàö³¿ íàä³éíîñò³ â êëàñè÷í³é
ïîñòàíîâö³. Ðåçóëüòàòè ðîçðàõóíê³â ç âèêîðèñòàííÿì òðüîõ íàáîð³â äàíèõ ïðîäå-
ìîíñòðóâàëè á³ëüøó åôåêòèâí³ñòü çàïðîïîíîâàíîãî ìåòîäó ïîð³âíÿíî ç bPOE.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Rockafellar T., Royset J.O. On buffered failure probability in design and optimization of
structures. Reliability Engineering and System Safety. 2010. Vol. 95, N 5. P. 499–510.
https://doi.org/10.1016/j.ress.2010.01.001.

2. Rockafellar R.T. Convexity and reliability in engineering optimization. Proceedings of the 9th

International Conference on Nonlinear Analysis and Convex Analysis (Chiangrai, Thailand).
2015. P. 1–10. URL: https://sites.math.washington.edu/~rtr/papers/rtr239-Reliability.pdf.

78 ISSN 1019-5262. Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç, 2022, òîì 58, ¹ 6

Ïîêàçíèê

Çíà÷åííÿ ïîêàçíèê³â äëÿ äàíèõ ³ çàäà÷, îòðèìàí³ â ðåçóëüòàò³ îïòèì³çàö³¿

Äàí³: Omega Äàí³: AUC Äàí³: Classification

Çàäà÷à (16)
Çàäà÷à

(10)–(15)
Çàäà÷à (16)

Çàäà÷à
(10)–(15)

Çàäà÷à (16)
Çàäà÷à

(10)–(15)

opt 4.042107E-2 – 1.628014E-1 – 7.703582E-2 –

P0 1.809443E-1 1.809443E-1 1.5E-1 1.5E-1 4.844298E-2 4.844298E-2

P� 1.108994E-2 1.108994E-2 6.559342E-2 6.42E-2 3.453152E-2 3.050042E-2

�P (%) -93.871 -93.871 -56.271 -57.2 -28.717 -37.039

�� – 0.98891 – 0.935702 – 0.969489

Ò à á ë è ö ÿ 3



3. Davis J.R., Uryasev S. Analysis of tropical storm damage using buffered probability of exceedance.
Natural Hazards. 2016. Vol. 83. P. 465–483. https://doi.org/10.1007/s11069-016-2324-y.

4. Pepelyaev V.A., Golodnikov A.N., Golodnikova N.A. Reliability optimization in plant
production. Cybernetics and Systems Analysis. 2022. Vol. 58, N 2. P. 191–196.
https://doi.org/10.1007/s10559-022-00450-5.

5. Mafusalov A., Uryasev S. Buffered probability of exceedance: Mathematical properties and
optimization. SIAM. J. Optim. 2018. Vol. 28. P. 1077–1103. https://doi.org/10.1137/15M1042644.

6. Rockafellar R.T., Uryasev S. Optimization of conditional value-at-risk. The Journal of Risk.
2000. Vol. 2, N 3. P. 21–41. https://doi.org/10.21314/JOR.2000.038.

7. Rockafellar R.T., Uryasev S. Conditional value-at-risk for general loss distributions. Journal

of Banking & Finance. 2002. Vol. 26, N 7. P. 1443–1471. https://doi.org/10.1016/S0378-
4266(02)00271-6.

8. Norton M., Uryasev S. Maximization of AUC and buffered AUC in binary classification.
Mathematical Programming. 2019. Series A and B. Vol. 174, N 1–2. P. 575–612.
https://doi.org/10.1007/s10107-018-1312-2.

9. Rockafellar R.T., Uryasev S. Minimizing buffered probability of exceedance by progressive hedging.
Math. Program. 2020. Vol. 181. P. 453–472. https://doi.org/10.1007/s10107-019-01462-4.

10. Zrazhevsky G.M., Golodnikov A.N., Uryasev S.P., Zrazhevsky A.G. Application of buffered
probability of exceedance in reliability optimization problems. Cybernetics and Systems

Analysis. 2020. Vol. 56, N 3. P. 476–484. https://doi.org/10.1007/s10559-020-00263-4.

11. Golodnikov A., Kuzmenko V., Uryasev S. CVaR regression based on the relation between
CVaR and mixed-quantile quadrangles. Journal of Risk and Financial Management. 2019.
Vol. 12. P. 107. https://doi.org/10.3390/jrfm12030107.

12. Ïåïåëÿºâ Â.À., Ãîëîäí³êîâ Î.Ì., Ãîëîäí³êîâà Í.Î. Ìåòîä îïòèì³çàö³¿ íàä³éíîñò³, àëüòåð-
íàòèâíèé bPOE. Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. T. 58, ¹ 4. Ñ. 112 –116.

13. Pepelyaev V.A., Golodnikova N.A. Mathematical methods for crop losses risk evaluation and
account for sown areas planning. Cybernetics and Systems Analysis. 2014. Vol. 50, N 1.
P. 60–67. https://doi.org/10.1007/s10559-014-9592-x.

14. Golodnikov A.N., Knopov P.S., Pepelyaev V.A. Estimation of reliability parameters under
incomplete primary information. Theor. Decis. 2004. Vol. 57. P. 331–344.
https://doi.org/10.1007/s11238-005-3217-9.

15. Portfolio Safeguard. URL: http://www.aorda.com/index.php/portfolio-safeguard/.

16. Test problems for nonLinear, stochastic, mixed-Integer optimization. URL: http://uryasev.ams.
stonybrook.edu/index.php/research/testproblems/.

17. Omega Portfolio Rebalancing. URL: http://uryasev.ams.stonybrook.edu/index.php/research/
testproblems/financial_engineering/omega-portfolio-rebalancing/.

18. Classification by maximizing area under ROC curve (AUC). URL: http://uryasev.ams.
stonybrook.edu/index.php/research/testproblems/advanced-statistics/classification-by-
maximizing-area-under-curve/.

19. Style classification with quantile regression. URL: http://uryasev.ams.stonybrook.edu//index.php/
research/testproblems/financial_engineering/style-classification-with-quantile-regression/.

V.A. Pepelyaev, A.N. Golodnikov, N.A. Golodnikova
A NEW METHOD OF RELIABILITY OPTIMIZATION
IN THE CLASSICAL PROBLEM STATEMENT

Abstract. The problem of reliability minimization is considered. An analysis of one of the
available approaches to solving this problem, namely bPOE, is carried out. The advantages and
disadvantages of this approach are determined. It is noted that the results of minimizing the
probability of failures in the classical setting and minimizing bPOE may differ. A new method
of reliability optimization in the classical formulation of the problem is proposed.
A comparative analysis of the results of reliability minimization using bPOE and the results
obtained by the proposed method is carried out.

Keywords: bPOE, VaR, failure probability minimization, reliability, tail distribution function,
loss function, threshold.
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