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Ó ñòàòò³ ðîçãëÿäàþòüñÿ ³ àíàë³çóþòüñÿ ³ñíóþ÷³ ìåòîäè ïðîãíîçóâàííÿ ïðèáóòêó ³íòåð-
íåò-ìàãàçèíó. Â ñó÷àñí³é åëåêòðîíí³é êîìåðö³¿ º ïðîáëåìà íåäîñòàòíüî¿ åôåêòèâ-
íîñò³ àâòîìàòèçàö³¿ á³çíåñ-ïðîöåñ³â ³íòåðíåò-ìàãàçèíó. ¥ðóíòóþ÷èñü íà îñíîâíèõ
ïåðåâàãàõ ³ íåäîë³êàõ, ðîçðîáëåíî ³ âïðîâàäæåíî ìåòîä íåéðîííî¿ ìåðåæ³ ïðîãíî-
çóâàííÿ ïðèáóòêó ³íòåðíåò-ìàãàçèíó. Ïðîöåñ çì³íè ê³ëüêîñò³ òîâàð³â, ùî ïðîäà-
þòüñÿ îíëàéí-ìàãàçèíîì, ÿê ïðàâèëî, íåë³í³éíèé, ìîäåëü ïðîãíîçó ïîâèííà àäàï-
òóâàòèñÿ äî ïðîãíîçó ê³ëüêîñò³ ïðîäàæ³â ð³çíèõ òîâàð³â, ³ â öüîìó âèïàäêó ìàº ñåíñ
âèêîðèñòîâóâàòè øòó÷í³ íåéðîíí³ ìåðåæ³. Ìåòîä çàñíîâàíèé íà íåéðîíí³é ìåðåæ³
íåë³í³éíî¿ àâòîðåãðåñ³¿ (NAR). Íàâ÷àííÿ NAR çàñíîâàíå íà êîðåêö³¿ ïîìèëîê (íà-
â÷àííÿ ç âèêëàäà÷åì), ïðè÷îìó íàéá³ëüø ÷àñòî âèêîðèñòîâóâàíèé àëãîðèòì – öå
çâîðîòíå ïîøèðåííÿ. NAR – óí³âåðñàëüíèé àïïðîêñ³ìàòîð, â³í çàáåçïå÷óº ãëî-
áàëüíó àïðîêñèìàö³þ íåë³í³éíîãî â³äîáðàæåííÿ âõ³äíîãî ñèãíàëó íà âèõîä³, çàáåç-
ïå÷óº õîðîøó ÿê³ñòü óçàãàëüíåííÿ, àâòîìàòè÷íî âèçíà÷àº ê³ëüê³ñòü ïðèõîâàíèõ øàð³â.
NAR íàéêðàùå ï³äõîäèòü äëÿ ðîçïàðàëåëþâàííÿ; öÿ ìåðåæà îáðàíà äëÿ âèð³øåííÿ
çàâäàíü ïðîãíîçóâàííÿ. Â ÿêîñò³ âõ³äíèõ äàíèõ íàâ÷àííÿ NAR âèêîðèñòîâóâàëàñÿ
âèá³ðêà çíà÷åíü ïðèáóòêó â³ä ïðîäàæ³â. Êðèòåð³ºì âèáîðó ñòðóêòóðè ìåðåæåâî¿
ìîäåë³ áóëà ì³í³ìàëüíà ñåðåäíüîêâàäðàòè÷íà ïîìèëêà ïðîãíîçó. Ï³ñëÿ åêñïåðè-
ìåíòó áóëî âèÿâëåíî, ùî ç³ çá³ëüøåííÿì ÷èñëà ïðèõîâàíèõ íåéðîí³â âåëè÷èíà
ïîìèëêè çìåíøóºòüñÿ. Ùîá ïðîãíîçóâàòè ïðèáóòîê ³íòåðíåò-ìàãàçèíó, äîñèòü
âèêîðèñòîâóâàòè 10 ïðèõîâàíèõ íåéðîí³â, òàê ÿê ïðè ïîäàëüøîìó çá³ëüøåíí³
ê³ëüêîñò³ ïðèõîâàíèõ íåéðîí³â çì³íà çíà÷åííÿ ïîìèëêè íåçíà÷íà. Äëÿ ïðèñêîðå-
íîãî íàâ÷àííÿ ïðîïîíóºòüñÿ ïàêåòíèé ðåæèì. Âèêîðèñòàííÿ ðåæèìó ïàêåòíîãî
íàâ÷àííÿ äëÿ NAR íà ãðàô³÷í³é êàðò³ GeForce 920M äîçâîëèëî ïðèñêîðèòè
øâèäê³ñòü ïðÿìîãî õîäó ïðèáëèçíî â P(N(1)+1) ðàç³â, à çâîðîòíîãî – ïðèáëèçíî â
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log P
   ðàç, ïðè öüîìó çâîðîòíà ðåäóêö³ÿ âèêîðèñòîâóºòüñÿ äëÿ ðå-

âåðñóâàííÿ çá³ðêè ïî âñ³é ìíîæèí³, ùî íàâ÷àºòüñÿ. Äëÿ îö³íêè åôåêòèâíîñò³ çàï-
ðîïîíîâàíîãî ìåòîäó áóëè çä³éñíåí³ ÷èñëåíí³ äîñë³äæåííÿ, ùîá äîâåñòè åôåê-
òèâí³ñòü îáðàíî¿ ìåðåæ³ òà ¿¿ àðõ³òåêòóðè.

Êëþ÷îâ³ ñëîâà: ïðîãíîç, ïðèáóòîê ³íòåðíåò-ìàãàçèíó, øòó÷íà íåéðîííà ìåðåæà,
NAR, ïàêåòíèé ðåæèì íàâ÷àííÿ.

Çàãàëüíà ïîñòàíîâêà ïðîáëåìè

Â äàíèé ÷àñ îäí³ºþ ç íàéâàæëèâ³øèõ ïðî-
áëåì, ç ÿêîþ ñòèêàþòüñÿ ñó÷àñí³ ³íòåðíåò ìàãà-
çèíè º â³äñóòí³ñòü âáóäîâàíèõ ìåõàí³çì³â, ÿê³
äîçâîëÿþòü âèêîíóâàòè àíàë³ç ³ ïîäàëüøå ïðî-
ãíîçóâàííÿ ðåçóëüòàò³â ãîñïîäàðñüêî¿ ä³ÿëüíîñò³,
ñïðÿìîâàíèõ íà ï³äâèùåííÿ ïðèáóòêó. Öå ïðè-
çâîäèòü äî òîãî, ùî ãîñïîäàðñüêà ä³ÿëüí³ñòü âëàñ-
íèêà ³íòåðíåò ìàãàçèíó, ñïðÿìîâàíà íà çá³ëüøåí-
íÿ ïðèáóòêó, ìîæå áóòè íååôåêòèâíîþ. Òîìó

ðîçðîáêà ñïîñîá³â ïðîãíîçó ïðèáóòêó ³íòåðíåò-
ìàãàçèíó º àêòóàëüíîþ.

Àíàë³ç îñòàíí³õ äîñë³äæåíü ³ ïóáë³êàö³é

Ïðîáëåìàì, ïîâ’ÿçàíèì ç ï³äâèùåííÿì
åôåêòèâíîñò³ ôóíêö³îíóâàííÿ êîìï’þòåðíèõ
ñèñòåì çà ðàõóíîê ¿õ ³íòåëåêòóàë³çàö³¿, ïðèñâÿ-
÷åíà âåëèêà ê³ëüê³ñòü äîñë³äæåíü ³ ïóáë³êàö³é.
Çîêðåìà, ìîæíà âèä³ëèòè ðîáîòè, ùî ïðîâîäÿòü-
ñÿ â Íàö³îíàëüíîìó òåõí³÷íîìó óí³âåðñèòåò³
Óêðà¿íè «Êè¿âñüêèé ïîë³òåõí³÷íèé ³íñòèòóò», â
²íñòèòóò³ ê³áåðíåòèêè Íàö³îíàëüíî¿ àêàäåì³¿
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íàóê Óêðà¿íè, â Õàðê³âñüêîìó íàö³îíàëüíîìó
óí³âåðñèòåò³ ðàä³îåëåêòðîí³êè ³ â ³íøèõ óí³âåð-
ñèòåòàõ Óêðà¿íè. Îñíîâîïîëîæí³ ïðèíöèïè â
îáëàñò³ ñòâîðåííÿ ìåòîä³â ³äåíòèô³êàö³¿ çîáðà-
æåíü, ìåòîä³â ïðîãíîçó, ïîøóêîâèõ ìåòîä³â,
ìóëüòèàãåíòíèõ ñèñòåì çàïðîïîíîâàí³ Â.². Âà-
ñèëüºâèì, Ì. Âóëäð³äæ, Þ.Â. Êðàêîì,
Äæ.Ô. Ëþãåðîì, Þ.À. Ñêîáöîâèì, Â.². Ñêóðè-
õ³íà, Ñ.À. Ñóááîò³íèì, Ñ. Õàéê³íèì, Ì.². Øëå-
ç³íãåðîì òà ³í.

Ó çâ’ÿçêó ç âèùåïåðåë³÷åíèì àêòóàëüíèì º
ïðîâåäåííÿ äîñë³äæåíü, ñïðÿìîâàíèõ íà ðîçðîá-
êó çàñîá³â ³íòåëåêòóàë³çàö³¿ äëÿ ï³äâèùåííÿ
ÿêîñò³ àâòîìàòèçàö³¿ á³çíåñ-ïðîöåñ³â ³íòåðíåò-
ìàãàçèíó, îñîáëèâî öå ñòîñóºòüñÿ ïðîãíîçóâàí-
íÿ ïðèáóòê³â.

Ïîñòàíîâêà çàâäàííÿ äîñë³äæåííÿ

Ìåòîþ ðîáîòè º ðîçðîáêà ìåòîäó äîñë³-
äæåííÿ âèñîêî äèíàì³÷íîãî ïðîöåñó çì³íè ïðè-
áóòêó ³íòåðíåò-ìàãàçèíó. Äëÿ äîñÿãíåííÿ ìåòè
áóëè ïîñòàâëåí³ ³ âèð³øåí³ íàñòóïí³ çàâäàííÿ:

– ïðîâåñòè àíàë³ç ³ñíóþ÷èõ ìåòîä³â ïðî-
ãíîçó;

– âèáðàòè øòó÷íó íåéðîííó ìåðåæó ïðî-
ãíîçó;

– âèçíà÷èòè ñòðóêòóðè ìîäåë³ øòó÷íî¿ íåé-
ðîííî¿ ìåðåæ³;

– âèáðàòè êðèòåð³é îö³íþâàííÿ åôåêòèâ-
íîñò³ íåéðîìåðåæåâî¿ ìîäåë³ ïðîãíîçó;

– íàâ÷èòè ìîäåë³ øòó÷íî¿ íåéðîííî¿ ìå-
ðåæ³;

– âèêîíàòè ÷èñåëüí³ äîñë³äæåííÿ.
Ðåçóëüòàòè ðîçðîáêè òà äîñë³äæåíü

Íà ñüîãîäí³øí³é äåíü â ÿêîñò³ ³íñòðóìåíòó
äëÿ ïðîãíîçó â³äîìî áåçë³÷ ï³äõîä³â, ñåðåä ÿêèõ
ìîæíà âèä³ëèòè:

– ðåãðåñèâí³ ³ àâòîðåãðåñ³éí³ ìåòîäè ïðî-
ãíîçóâàííÿ;

– ìåòîäè, çàñíîâàí³ íà åêñïîíåíö³éíîìó
çãëàäæóâàíí³;

– ìåòîäè íà áàç³ ëàíöþã³â Ìàðêîâà;
– íà áàç³ êëàñèô³êàö³éíî-ðåãðåñ³éíèõ äåðåâ;
– íåéðîìåðåæåâ³ ìåòîäè ïðîãíîçó.
Â ðîáîò³ [1] íàâåäåíî ïîð³âíÿëüíó õàðàêòå-

ðèñòèêó ïåðåðàõîâàíèõ ñïîñîá³â.
Îñê³ëüêè âèêîðèñòàííÿ íåéðîííèõ ìåðåæ

ïðè ïðîãíîçóâàíí³ äàº â³ä÷óòíó ïåðåâàãó, ÿêå

ïîëÿãàº â òîìó, ùî: âçàºìîçâ’ÿçêè ì³æ ôàêòîðà-
ìè äîñë³äæóþòüñÿ íà ãîòîâèõ ìîäåëÿõ; íå
ïîòð³áí³ í³ÿê³ ïðèïóùåííÿ ùîäî ðîçïîä³ëó ôàê-
òîð³â; àïð³îðíà ³íôîðìàö³ÿ ïðî ôàêòîðè ìîæå
áóòè â³äñóòí³ì; âèõ³äí³ äàí³ ìîæóòü ñèëüíî êî-
ðåëþâàòè, áóòè íåïîâíèìè àáî çàøóìëåíèìè;
ìîæëèâèé àíàë³ç ñèñòåì ç âèñîêîþ ñòóïåíåì íå
ë³í³éíîñò³; øâèäêà ðîçðîáêà ìîäåë³; âèñîêà àäàï-
òèâí³ñòü; ìîæëèâèé àíàë³ç ñèñòåì ç âåëèêîþ
ê³ëüê³ñòþ ÷èííèê³â; íå âèìàãàºòüñÿ ïîâíèé ïå-
ðåá³ð âñ³õ ìîæëèâèõ ìîäåëåé; ìîæëèâèé àíàë³ç
ñèñòåì ç íåîäíîð³äíèìè ôàêòîðàìè. Â ñòàòò³ áóäå
âèêîðèñòîâóâàòèñÿ íåéðîìåðåæåâèé ñïîñ³á ïðî-
ãíîçó.

Îñê³ëüêè ïðèáóòîê ³íòåðíåò-ìàãàçèíó
çì³íþºòüñÿ ç ïëèíîì ÷àñó, òî ïðîãíîç çä³éñíþºòü-
ñÿ íà îñíîâ³ äèíàì³÷íèõ (ç òèì÷àñîâîþ çàòðèì-
êîþ) øòó÷íèõ íåéðîííèõ ìåðåæ. Â ÿêîñò³ òàêèõ
ìåðåæ íàé÷àñò³øå âèêîðèñòîâóþòüñÿ:

– íåéðîìåðåæà Äæîðäîíà (JNN) [2,3], ÿêà
º äèíàì³÷íîþ ðåêóðåíòíîþ äâîøàðîâîþ ìåðå-
æåþ ³ ïîáóäîâàíà íà áàç³ MLP;

– íåéðîìåðåæà Åëìàíà (ENN) àáî ïðîñòà
ðåêóðåíòíà ìåðåæà (SRN) [4,5], ÿêà º äèíàì³÷-
íîþ ðåêóðåíòíîþ äâîøàðîâîþ ìåðåæåþ ³ ïîáó-
äîâàíà íà áàç³ MLP;

– ðåêóðåíòíèé áàãàòîøàðîâèé ïåðñåïòðîí
(RMLP) [6,7], ÿêèé º äèíàì³÷íîþ ðåêóðåíòíîþ
áàãàòîøàðîâîþ ìåðåæåþ ³ ïîáóäîâàíèé íà áàç³
MLP;

– ìîäåëü íåë³í³éíî¿ àâòîðåãðåñ³¿ (NAR)
[8,9], ÿêà º äèíàì³÷íîþ íåðåêóðåíòíîþ äâîøà-
ðîâîþ ìåðåæåþ ³ ïîáóäîâàíà íà áàç³ MLP;

– ìîäåëü íåë³í³éíî¿ àâòîðåãðåñ³¿-êîâçíîãî
ñåðåäíüîãî (NARMA) [10], ÿêà º äèíàì³÷íîþ
ðåêóðåíòíîþ äâîøàðîâîþ ìåðåæåþ ³ ïîáóäîâà-
íà íà áàç³ MLP.

Ó òàáëèö³ íàâåäåí³ ïîð³âíÿëüí³ õàðàêòåðè-
ñòèêè äèíàì³÷íèõ ìåðåæ.

Îñê³ëüêè NAR íàéêðàùå ï³ääàºòüñÿ ðîçïà-
ðàëåëþâàííþ, öÿ ìåðåæà îáèðàºòüñÿ äëÿ âèð³-
øåííÿ çàâäàíü ïðîãíîçóâàííÿ.

Ñòðóêòóðà NAR ç òèì÷àñîâèìè çàòðèìêà-
ìè ó âõ³äíîìó øàð³ çîáðàæåíà íà ðèñ. 1.

Îá÷èñëåííÿ âèõ³äíîãî ñèãíàëó äëÿ êîæíî-
ãî øàðó ìåðåæ³ NAR âèçíà÷àºòüñÿ íàñòóïíèì
÷èíîì:

Ðåçóëüòàòè åêñïåðèìåíòàëüíèõ äîñë³äæåíü íåéðîííèõ ìåðåæ

Мережа 
Критерій 

RLMP JNN ENN (SRN) NAR NARMA FC-LSTM 

Наявність зворотного зв’язку + + + – + + 

Затримка у вхідному шарі – – – + + + 

Висока ступень паралелізму – – – + – – 
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y(0)(n)=x1;

(0 )M
(1) (1) (1) (1) (0)

j lj

l 0

y (n) f (b w y (n l))


   ,

(1)j 1, N ;

(1)N
(2) (2) (2) (2) (1)

i i

i 1

y (n) f (b w y (n))


  ,

äå N(1) – ÷èñëî íåéðîí³â â ïåðøîìó øàð³, (1)

lj
w (n)  –

âàãà çâ’ÿçêó â³ä âõ³äíîãî íåéðîíà äî ìîìåíòó ÷àñó
n–1 äî j-ìó íåéðîíà â ïåðøîìó øàð³ â ìîìåíò
÷àñó n, (2)

iw (n)  – âàãà çâ’ÿçêó â³ä i-ãî íåéðîíó äî
âèõ³äíîãî íåéðîíà â ìîìåíò ÷àñó n, (1)

jy (n)  –
âèõ³ä  j-ãî íåéðîíà â ïåðøîìó øàð³, y(2)(n) –
âèõ³ä íåéðîíà â äðóãîìó øàð³, f(k) – ôóíêö³ÿ àê-
òèâàö³¿ íåéðîí³â k-ãî øàðó.

Ðèñ. 1. Íåéðîìåðåæà íåë³í³éíî¿ àâòîðåãðåñ³¿

Äëÿ âèçíà÷åííÿ ñòðóêòóðè ìîäåë³ NAR
(âèçíà÷åííÿ ê³ëüêîñò³ ïðèõîâàíèõ íåéðîí³â) áóëà
çä³éñíåíà íèçêà åêñïåðèìåíò³â, ðåçóëüòàòè ÿêèõ
íàäàíî íà ðèñ. 2.

Ðèñ. 2. Ã³ñòîãðàìà çàëåæíîñò³ çíà÷åííÿ ñåðåäíüîêâàäðà-

òè÷íî¿ ïîìèëêè â³ä ê³ëüêîñò³ íåéðîí³â ó ñêðèòîìó øàð³

Â ÿêîñò³ âõ³äíèõ äàíèõ äëÿ íàâ÷àííÿ NAR
áóëè âèêîðèñòàíà âèá³ðêà çíà÷åíü îòðèìàíîãî
ïðèáóòêó â³ä ïðîäàæ³â. Êðèòåð³ºì âèáîðó ñòðóê-
òóðè ìîäåë³ ìåðåæ³ áóëî ì³í³ìàëüíà ñåðåäíüî-
êâàäðàòè÷íà ïîìèëêà ïðîãíîçó. ßê âèäíî ç ðèñ. 2,

ç³ çá³ëüøåííÿì ê³ëüêîñò³ ïðèõîâàíèõ íåéðîí³â
çíà÷åííÿ ïîìèëêè çìåíøóºòüñÿ. Äëÿ ïðîãíîçó
ïðèáóòêó ³íòåðíåò-ìàãàçèíó äîñèòü âèêîðèñòî-
âóâàòè 10 ïðèõîâàíèõ íåéðîí³â, îñê³ëüêè ïðè
ïîäàëüøîìó çá³ëüøåíí³ ê³ëüêîñò³ ïðèõîâàíèõ
íåéðîí³â çì³íà çíà÷åííÿ ïîìèëêè íåçíà÷íà.

Â ðîáîò³ äëÿ íàâ÷àííÿ ìîäåë³ NAR îáðà-
íèé êðèòåð³é àäåêâàòíîñò³ ìîäåë³, ÿêèé îçíà÷àº
âèá³ð òàêèõ çíà÷åíü ïàðàìåòð³â (1) (2)

ij iW {w ,  w } ,
ÿê³ äîñòàâëÿþòü ì³í³ìóì ñåðåäíüîêâàäðàòè÷íî¿
ïîìèëêè (ð³çíèöÿ âèõîäó çà ìîäåëëþ ³ áàæàíî-
ãî âèõîäó):

P
2

p p
W

p 1

1
F (y d ) min

P 

   .

Íàâ÷àííÿ ìîäåë³ NAR ï³äïîðÿäêîâàíå êðè-
òåð³ºì (1), äëÿ ÷îãî â ñòàòò³ ïðîïîíóºòüñÿ ïà-
êåòíèé ðåæèì, ÿêèé ïîëÿãàº â íàñòóïíîìó:

1. Íîìåð ³òåðàö³¿ íàâ÷àííÿ n=1, ³í³ö³àë³çà-
ö³ÿ çì³ùåíü (ïîðîã³â) b(1)(n), b(2)(n) òà âàã (1)

ljw (n) ,
(2)

iw (n) , (1) (0)
i, j 1, N ,  l 0,M  , äå N(1) – ê³ëüê³ñòü

íåéðîí³â ó ïåðøîìó øàð³, M(0) – çàòðèìêà â
âõ³äíîìó øàð³.

2. Çàäàºòüñÿ íàâ÷àëüíà ìíîæèíà
{(x ,d ) | x R,  d R}     , 1,P , äå xm – m-å íà-
â÷àëüíå âõ³äíå çíà÷åííÿ, dm – m-å íàâ÷àëüíå
âèõ³äíå çíà÷åííÿ, P – ïîòóæí³ñòü íàâ÷àëüíî¿
ìíîæèíè. Íîìåð ïîòî÷íî¿ ïàðè ³ç íàâ÷àëüíî¿
ìíîæèíè m=1.

3. Ïî÷àòêîâå îá÷èñëåííÿ âèõ³äíîãî ñèãíà-
ëó äëÿ âõ³äíîãî øàðó

(0)

1 vy (n v) 0,    (0)v 1, M .

4. Îá÷èñëåííÿ âèõ³äíîãî ñèãíàëó äëÿ êîæ-
íîãî øàðó (ïðÿìèé õ³ä)

(0)y (n) x  , 1, P ;

(1) (1) (1)

j jy (n) f (s (n)), 

 

(0)M
(1) (1) (1) (0)

j j lj l

l 0

s (n) b w (n)y (n l),  


  

(1)j 1, N ,  1,P ;

(2) (2) (2)y (n) f (s (n)), 

(1)N
(2) (2) (1)

i i

i 0

s (n) w (n)y (n), 


  1,P ,
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äå N(1) – ÷èñëî íåéðîí³â â ïåðøîìó øàð³, (1)

ljw (n)  –
âàãà çâ’ÿçêó â³ä âõ³äíîãî íåéðîíà äî ìîìåíòó ÷àñó
n–1 äî j-ãî íåéðîíà â ïåðøîìó øàð³ â ìîìåíò
÷àñó n, (2)

i
w (n)  – âàãà çâ’ÿçêó â³ä i-ãî íåéðîíà äî

âèõ³äíîãî íåéðîíà â ìîìåíò ÷àñó n, (1)

j
y (n)  –

âèõ³ä  j-ãî íåéðîíà â ïåðøîìó øàð³, y(2)(n) –
âèõ³ä íåéðîíà â äðóãîìó øàð³, f(k) – ôóíêö³ÿ àê-
òèâàö³¿ íåéðîí³â k-ãî øàðó.

Ââàæàºòüñÿ, ùî (2) (2) (1)

0 0w (n) b (n),  y (n) 1. 

5. Îá÷èñëåííÿ åíåðã³¿ ïîìèëêè øòó÷íî¿
íåéðîííî¿ ìåðåæ³

P
2

1

1
E(n) e (n);

2P




   
(2)e (n) y (n) d .   

6. Íàëàøòóâàííÿ ñ³íàïòè÷íèõ âàã íà îñíîâ³
óçàãàëüíåíîãî äåëüòà ïðàâèëà (çâîðîòíèé õ³ä)

(2) (2)

i i (2)

i

E(n)
w (n 1) w (n) ;

w (n)


  



(1) (1)

lj lj (1)

lj

E(n)
w (n 1) w (n) ;

w (n)


  



P
(1) (2)

i(2)
1i

E(n) 1
y (n)g (n),

w (n) P
 







  (1)i 0, N ;

P
(0) (1)

l j(1)
1lj

E(n) 1
y (n l)g (n),

w (n) P
 




 




(1)j 1, N ,  (0)l 0, M ;

P
(1)

j(1)
1j

E(n) 1
g (n),

b (n) P










(2) (2) (2) (2)g (n) f (s (n))(y (n) d );   
 

(1) (1) (1) (2) (2)

j j j jg (n) f (s (n))w (n)g (n).   


7. Ïåðåâ³ðêà óìîâè çàâåðøåííÿ:
ÿêùî E(n)<, òî çàâåðøóºòüñÿ, ³íàêøå

n=n+1, ïåðåõ³ä äî ï.2.
Âèêîðèñòàííÿ ïàêåòíîãî ðåæèìó íàâ÷àí-

íÿ äëÿ NAR íà â³äåîêàðò³ GeForce 920M äîçâî-
ëèëî çðîáèòè ïðèñêîðåííÿ ïðÿìîãî õîäó ïðè-
áëèçíî â P(P(1)+1) ðàçè, à çâîðîòíîãî õîäó ïðè-

áëèçíî â  (1) (0)

2

P
N (M 2)

log P
   ðàç³â, ïðè öüîìó

äëÿ çâîðîòíîãî õîäó ïðè ñêëàäàíí³ ïî óñ³é íà-
â÷àëüí³é ìíîæèí³ âèêîðèñòîâóâàëàñü ðåäóêö³ÿ.

Âèñíîâêè

1. Äëÿ âèð³øåííÿ ïðîáëåìè ï³äâèùåííÿ
ïðèáóòêó ³íòåðíåò-ìàãàçèíó äîñë³äæåí³ ³ñíóþ÷³
ìåòîäè ïðîãíîçó. Äàí³ äîñë³äæåííÿ ïîêàçàëè, ùî
íà ñüîãîäí³øí³é äåíü íàéá³ëüø åôåêòèâíèì º
âèêîðèñòàííÿ øòó÷íèõ íåéðîííèõ ìåðåæ.

2. Äëÿ ï³äâèùåííÿ ÿêîñò³ ïðîãíîçó áóëà
îáðàíà íåéðîìåðåæà NAR ³ âèçíà÷åíà ñòðóêòó-
ðà ¿¿ ìîäåë³. Âèêîíàí³ åêñïåðèìåíòè ïîêàçàëè,
ùî ïðè äåñÿòè ïðèõîâàíèõ íåéðîíàõ, çíà÷åííÿ
ñåðåäíüîêâàäðàòè÷íî¿ ïîìèëêè ³ñòîòíî íå
çì³íþºòüñÿ, ³ îáðàíà ìåðåæà äàº ðåçóëüòàòè ïðî-
ãíîçó ç ì³í³ìàëüíèì â³äõèëåííÿì.

4. Âèêîðèñòàííÿ ïàêåòíîãî ðåæèìó íàâ÷àí-
íÿ äëÿ NAR íà â³äåîêàðò³ GeForce 920M äîçâî-
ëèëî çðîáèòè ïðèñêîðåííÿ ïðÿìîãî õîäó ïðè-
áëèçíî â P(N(1)+1) ðàç, à çâîðîòíîãî õîäó ïðè-

áëèçíî â  (1) (0)

2

P
N (M 2)

log P
   ðàçè, ïðè öüîìó

äëÿ çâîðîòíîãî õîäó ïðè äîäàâàíí³ ïî âñüîìó
íàâ÷àëüíîìó áåçë³÷³ âèêîðèñòîâóâàëàñÿ ðåäóê-
ö³ÿ.
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ÌÅÒÎÄ ÏÀÊÅÒÍÎÃÎ ÎÁÓ×ÅÍÈß ÍÅÉÐÎÑÅÒÈ
ÍÅËÈÍÅÉÍÎÉ ÀÂÒÎÐÅÃÐÅÑÑÈÈ ÄËß
ÏÐÎÃÍÎÇÈÐÎÂÀÍÈß ÄÎÕÎÄÀ ÈÍÒÅÐÍÅÒ-
ÌÀÃÀÇÈÍÀ

Ïàòðóøåâ Â.À., Ïàòðóøåâà Î.È.

ÃÂÓÇ «Äîíåöêèé íàöèîíàëüíûé òåõíè÷åñêèé óíèâåðñèòåò»

Â ñòàòüå ðàññìàòðèâàþòñÿ è àíàëèçèðóþòñÿ ñóùåñòâó-
þùèå ìåòîäû ïðîãíîçèðîâàíèÿ ïðèáûëè èíòåðíåò-ìàãàçèíà. Â
ñîâðåìåííîé ýëåêòðîííîé êîììåðöèè ñóùåñòâóåò ïðîáëåìà
íåäîñòàòî÷íîé ýôôåêòèâíîñòè àâòîìàòèçàöèè áèçíåñ-ïðî-
öåññîâ èíòåðíåò-ìàãàçèíà. Îñíîâûâàÿñü íà îñíîâíûõ ïðåèìó-
ùåñòâàõ è íåäîñòàòêàõ, ðàçðàáîòàí è âíåäðåí ìåòîä íåéðîí-
íîé ñåòè ïðîãíîçèðîâàíèÿ ïðèáûëè èíòåðíåò-ìàãàçèíà. Ïðî-
öåññ èçìåíåíèÿ êîëè÷åñòâà òîâàðîâ, ïðîäàâàåìûõ îíëàéí-ìà-
ãàçèíîì, êàê ïðàâèëî, íåëèíåéíûé, ìîäåëü ïðîãíîçà äîëæíà
àäàïòèðîâàòüñÿ ê ïðîãíîçó êîëè÷åñòâà ïðîäàæ ðàçëè÷íûõ
òîâàðîâ, è â ýòîì ñëó÷àå èìååò ñìûñë èñïîëüçîâàòü èñêóñ-
ñòâåííûå íåéðîííûå ñåòè. Ìåòîä îñíîâàí íà íåéðîííîé ñåòè íå-
ëèíåéíîé àâòîðåãðåññèè (NAR). Îáó÷åíèå NAR îñíîâàíî íà êîð-
ðåêöèè îøèáîê (îáó÷åíèå ñ ïðåïîäàâàòåëåì), ïðè÷åì íàèáîëåå
÷àñòî èñïîëüçóåìûé àëãîðèòì – ýòî îáðàòíîå ðàñïðîñòðàíå-
íèå. NAR – óíèâåðñàëüíûé àïïðîêñèìàòîð, îáåñïå÷èâàåò ãëî-
áàëüíóþ àïïðîêñèìàöèþ íåëèíåéíîãî îòîáðàæåíèÿ âõîäíîãî ñèã-
íàëà íà âûõîäå, îáåñïå÷èâàåò õîðîøåå êà÷åñòâî îáîáùåíèÿ,
àâòîìàòè÷åñêè îïðåäåëÿåò êîëè÷åñòâî ñêðûòûõ ñëîåâ. NAR
ëó÷øå âñåãî ïîäõîäèò äëÿ ðàñïàðàëëåëèâàíèÿ; ýòà ñåòü âûáðà-
íà äëÿ ðåøåíèÿ çàäà÷ ïðîãíîçèðîâàíèÿ. Â êà÷åñòâå âõîäíûõ äàí-
íûõ îáó÷åíèÿ NAR èñïîëüçîâàëàñü âûáîðêà çíà÷åíèé ïðèáûëè
îò ïðîäàæ. Êðèòåðèåì âûáîðà ñòðóêòóðû ñåòåâîé ìîäåëè áûëà
ìèíèìàëüíàÿ ñðåäíåêâàäðàòè÷íàÿ îøèáêà ïðîãíîçà. Ïîñëå ýê-
ñïåðèìåíòà áûëî îáíàðóæåíî, ÷òî ñ óâåëè÷åíèåì ÷èñëà ñêðû-
òûõ íåéðîíîâ âåëè÷èíà îøèáêè óìåíüøàåòñÿ. ×òîáû ïðîãíî-
çèðîâàòü ïðèáûëü èíòåðíåò-ìàãàçèíà, äîñòàòî÷íî èñïîëüçî-
âàòü 10 ñêðûòûõ íåéðîíîâ, òàê êàê ïðè äàëüíåéøåì óâåëè÷å-
íèè êîëè÷åñòâà ñêðûòûõ íåéðîíîâ èçìåíåíèå çíà÷åíèÿ îøèáêè
íåçíà÷èòåëüíî. Äëÿ óñêîðåííîãî îáó÷åíèÿ ïðåäëàãàåòñÿ ïàêåò-
íûé ðåæèì. Èñïîëüçîâàíèå ðåæèìà ïàêåòíîãî îáó÷åíèÿ äëÿ
NAR íà ãðàôè÷åñêîé êàðòå GeForce 920M ïîçâîëèëî óñêîðèòü
ñêîðîñòü ïðÿìîãî õîäà ïðèìåðíî â P(N(1)+1) ðàç, à îáðàòíîãî –

ïðèìåðíî â  (1) (0)

2

P
N (M 2)

log P
   ðàç, ïðè ýòîì îáðàòíàÿ

ðåäóêöèÿ èñïîëüçóåòñÿ äëÿ ðåâåðñèðîâàíèÿ ñáîðêè ïî âñåìó îáó-
÷àåìîìó ìíîæåñòâó. Äëÿ îöåíêè ýôôåêòèâíîñòè ïðåäëàãà-
åìîãî ìåòîäà áûëè ïðîâåäåíû ìíîãî÷èñëåííûå èññëåäîâàíèÿ,
÷òîáû äîêàçàòü ýôôåêòèâíîñòü âûáðàííîé ñåòè è åå àðõè-
òåêòóðû.

Êëþ÷åâûå ñëîâà: ïðîãíîç, ïðèáûëü èíòåðíåò-ìàãàçèíà,
èñêóññòâåííàÿ íåéðîííàÿ ñåòü, NAR, ïàêåòíûé ðåæèì
îáó÷åíèÿ.

METHOD OF BATCH TRAINING FOR THE NEURAL
NETWORK OF NONLINEAR AUTOREGRESSION FOR
THE FORECASTING OF INTERNET-SHOPPING
OPERATION

Patrushev V.A., Patrusheva O.I.

Donetsk National Technical University, Pokrovsk, Ukraine

The article examines and analyzes the existing methods of
forecasting the profit of an online store. In modern e-commerce
there is a problem of insufficient efficiency of automation of business
processes for an online store. Based on the main advantages and
disadvantages, the neural network method of forecasting the profit of
an online store is developed and implemente. The process of changing

the number of goods sold by the online store is generally nonlinear,
the forecast model must adapt to the forecast of the number of sales
of various goods, in which case it makes sense to use artificial neural
networks. The method is based on the neural network of nonlinear
autoregression (NAR). For NAR learning is based on error correction
(training with the teacher). The most commonly used algorithm is
backward propagation (BP). NAR is a universal approximator, it
provides a global approximation of the nonlinear mapping of the
input signal to the output, provides a good generalization quality,
automatically determines the number of hidden layers. NAR is best
suited for parallelization; this network is selected to solve prediction
tasks.  As a input to the NAR training, a sample of the profit values
generated from sales was used. The criterion for choosing the structure
of a network model was the minimum mean square forecast error.
After the experiment, it was discovered that with the increase in the
number of hidden neurons the value of the error decreases. To predict
the profit of an online store it is enough to use 10 hidden neurons,
since with a further increase in the number of hidden neurons, the
change in the error value is insignificant. Batch mode is offered for
accelerated training. Using the batch training mode for the NAR on
the GeForce 920M graphics card allowed to accelerate the forward
pass speed about P(N(1)+1) times, and to accelerate the backward

pass speed in roughly  (1) (0)

2

P
N (M 2)

log P
   times, with the

reciprocal reduction being used for reversing the assembly throughout
the training set. To assess the effectiveness of the proposed method,
numerous studies have been carried out to prove the effectiveness of
the chosen network and its architecture.

Keywords: forecast, profit of the online store, artificial neural
network, NAR, batch mode of training.
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