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Ðàññìàòðèâàþòñÿ íåéðîííûå ñåòè ñëîèñòîé ñòðóêòóðû, ñîñòîÿùèå èç ñëîåâ ñòàíäàðòíûõ íåéðîíîâ. Èçó÷àþòñÿ îøèáêè, âîçíèêàþùèå ïðè òåõíè÷åñêîé ðåàëèçàöèè ñåòåé, à òàêæå ïðè øóìàõ è ïîâðåæäåíèÿõ.


Îïðåäåëåíû ìàêñèìàëüíî äîïóñòèìûå ïîãðåøíîñòè, âîçìîæíûå äëÿ ñèãíàëîâ è ïàðàìåòðîâ êàæäîãî ýëåìåíòà ñåòè, èñõîäÿ èç óñëîâèÿ, ÷òî âåêòîð âûõîäíûõ ñèãíàëîâ ñåòè äîëæåí âû÷èñëÿòüñÿ ñ çàäàííîé òî÷íîñòüþ. Èñïîëüçóþòñÿ äâà òèïà îöåíîê ïîãðåøíîñòè:  ãàðàíòèðîâàííûå èíòåðâàëüíûå îöåíêè è ñðåäíåêâàäðàòè÷åñêèå îöåíêè ïîãðåøíîñòåé. 


Ïîêàçàíî, ÷òî îöåíêè äîïóñòèìûõ ïîãðåøíîñòåé ìîæíî ïîëó÷èòü â õîäå ñïåöèàëüíîãî ïðîöåññà “îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè”. Îí ñîñòîèò â ôóíêöèîíèðîâàíèè ñåòè ñ òîé æå ñèñòåìîé ñâÿçåé, íî îò âûõîäîâ ê âõîäàì è ñ çàìåíîé ýëåìåíòîâ íà äâîéñòâåííûå. Ýòà äâîéñòâåííîñòü ïðèíöèïèàëüíî îòëè÷àåòñÿ îò òîé, êîòîðàÿ èñïîëüçóåòñÿ â êëàññè÷åñêîì ìåòîäå âû÷èñëåíèÿ ãðàäèåíòîâ îöåíêè ñ ïîìîùüþ îáðàòíîãî ðàñïðîñòðàíåíèÿ îøèáîê (back propagation of errors). 


Ñ ïîìîùüþ ïîëó÷åííûõ ðåçóëüòàòîâ îáúÿñíÿåòñÿ íàáëþäàåìàÿ âûñîêàÿ óñòîé÷èâîñòü íåéðîííûõ ñåòåé ê øóìàì è ðàçðóøåíèÿì.





1. Ââåäåíèå


Â íàñòîÿùåå âðåìÿ ñóùåñòâóþò ðàçëè÷íûå òåõíè÷åñêèå ðåàëèçàöèè íåéðîííûõ ñåòåé, â òîì ÷èñëå íåéðîèìèòàòîðû, òî åñòü êîìïüþòåðíûå ìîäåëè íåéðîííûõ ñåòåé. Íåéðîèìèòàòîðû ÿâëÿþòñÿ ãèáêèìè ñðåäñòâàìè äëÿ èçó÷åíèÿ ñåòåé è ðàáîòû ñ íèìè. Ñ íåéðîèìèòàòîðàìè ìîæíî âûïîëíÿòü ðàçëè÷íûå îïåðàöèè – îáó÷àòü, îïðåäåëÿòü íàèáîëåå è íàèìåíåå çíà÷èìûå ñâÿçè, êîíòðàñòèðîâàòü, òî åñòü óäàëÿòü íàèìåíåå çíà÷èìûå ñâÿçè è ò. ä. 


Ñóùåñòâóåò ïîäõîä, ïîëó÷àþùèé âñå áîëüøåå ðàñïðîñòðàíåíèå, ïðè êîòîðîì ñíà÷àëà êîíñòðóèðóåòñÿ è îáó÷àåòñÿ íåéðîèìèòàòîð, à çàòåì ñîçäàåòñÿ òåõíè÷åñêàÿ ðåàëèçàöèÿ ïîëó÷åííîé íåéðîñåòè ñ óæå âû÷èñëåííûìè âåñàìè ñèíàïñîâ. 


Íåéðîèìèòàòîð, ðàáîòàþùèé íà óíèâåðñàëüíûõ öèôðîâûõ ÝÂÌ, ïîçâîëÿåò âû÷èñëÿòü âåñà ñèíàïñîâ ñ áîëüøîé òî÷íîñòüþ, êîòîðóþ òðóäíî ïîëó÷èòü ïðè äðóãèõ òåõíè÷åñêèõ ðåàëèçàöèÿõ ñåòè (â ïåðâóþ î÷åðåäü – àíàëîãîâûõ) â ñèëó îãðàíè÷åííîé òî÷íîñòè òåõíè÷åñêèõ óñòðîéñòâ. Ïîýòîìó âîçíèêàåò çàäà÷à ïðèâåäåíèÿ âåñîâ ñèíàïñîâ ê íåêîòîðîìó íàáîðó êîíêðåòíûõ çíà÷åíèé. Åå ÷àñòíûé ñëó÷àé � çàäà÷à áèíàðèçàöèè, òî åñòü çàäà÷à ïðèâåäåíèÿ âåñîâ ñèíàïñîâ ê çíà÷åíèÿì 0 èëè 1 (ñâÿçü ëèáî åñòü, ëèáî íåò � áåç âñÿêèõ âåñîâ ñèíàïñîâ). 


Ïðè àíàëîãîâûõ ðåàëèçàöèÿõ, ðàçëè÷íûõ óïðîùåíèÿõ àðõèòåêòóðû (â òîì ÷èñëå � áèíàðèçàöèè) òåõíè÷åñêè ñëîæíî ïîëó÷èòü ðåçóëüòàò ðàáîòû ñåòè òîé æå òî÷íîñòè, ÷òî è ðåçóëüòàò ðàáîòû íåéðîèìèòàòîðà [3-5]. Ïîýòîìó ñëåäóåò îãðàíè÷èòñÿ íåêîòîðîé òî÷íîñòüþ, ñ êîòîðîé ìîæåò ðàáîòàòü ñåòü, òî åñòü âûáðàòü èíòåðâàë, â êîòîðîì ìîãóò èçìåíÿòüñÿ çíà÷åíèÿ âåêòîðà âûõîäíûõ ñèãíàëîâ ñåòè.


Îöåíêà ïîãðåøíîñòåé ñèãíàëîâ ñåòè î÷åíü ïîëåçíà ïðè ðåøåíèè çàäà÷è óïðîùåíèÿ íåéðîííîé ñåòè. Çíàÿ äîïóñòèìóþ  ïîãðåøíîñòü  âûõîäíîãî ñèãíàëà êàêîãî-ëèáî ýëåìåíòà ñåòè, ìû ìîæåì çàìåíÿòü åãî áîëåå ïðîñòûìè, íî ìåíåå òî÷íûìè ýëåìåíòàìè òàê, ÷òîáû â èòîãå îøèáêà íå ïðåâûøàëà çàäàííóþ. 


Õîðîøî èçâåñòíî, ÷òî íåéðîííûå ñåòè ìîãóò ïðîÿâëÿòü èñêëþ÷èòåëüíóþ óñòîé÷èâîñòü ê ïîìåõàì è ðàçðóøåíèÿì. Èíîãäà ýòè ýôôåêòû íàçûâàþò ãîëîãðàôè÷åñêèìè ñâîéñòâàìè íåéðîííûõ ñåòåé, ïîäðàçóìåâàÿ, ÷òî ïîëåçíûå íàâûêè ðàñïðåäåëåíû ïî ñåòè ïðèìåðíî òàê æå, êàê èçîáðàæåíèå � ïî ãîëîãðàôè÷åñêîé ïëàñòèíêå, è ìîãóò ñîõðàíÿòüñÿ ïðè çíà÷èòåëüíûõ ðàçðóøåíèÿõ. 


Êàê áóäåò ïîêàçàíî íèæå, ïðè ïðÿìîì ïðîõîæäåíèè ñèãíàëîâ ïî äîñòàòî÷íî áîëüøîé ñåòè ïîãðåøíîñòè ãàñÿòñÿ: ïðè áîëüøèõ ïîãðåøíîñòÿõ âõîäíûõ ñèãíàëîâ  âûõîäíûå ñèãíàëû ñåòè ìîãóò èìåòü ñðàâíèòåëüíî ìàëûå ïîãðåøíîñòè.  Ýòî îáúÿñíÿåò óñòîé÷èâîñòü íåéðîííûõ ñåòåé ê øóìàì è ïîâðåæäåíèÿì.





2. Äâà áàçîâûõ ïîäõîäà ê îöåíêàì ïîãðåøíîñòè


Ðàññìîòðèì äâà ïîäõîäà ê ðåøåíèþ çàäà÷è âû÷èñëåíèÿ ïîãðåøíîñòåé ñèãíàëîâ ñåòè. Ïðè ïåðâîì ïîäõîäå (ãàðàíòèðîâàííûå èíòåðâàëüíûå îöåíêè) âû÷èñëÿþòñÿ äîïóñòèìûå èíòåðâàëû äëÿ ïîãðåøíîñòåé ñèãíàëîâ ñåòè òàêèå, ÷òî ïîãðåøíîñòü âåêòîðà âûõîäíûõ ñèãíàëîâ ãàðàíòèðîâàííî (ñ âåðîÿòíîñòüþ 1) íå ïðåâûøàåò çàäàííóþ. Ïðè âòîðîì ïîäõîäå (ñðåäíåêâàäðàòè÷åñêèå îöåíêè ïîãðåøíîñòåé) âû÷èñëÿþòñÿ ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé ñèãíàëîâ. Ïðè ýòîì ÷àñòî  èñïîëüçóåòñÿ ïðåäïîëîæåíèå î òîì, ÷òî ïîãðåøíîñòè ðàçëè÷íûõ ñèãíàëîâ ÿâëÿþòñÿ íåçàâèñèìûìè ñëó÷àéíûìè âåëè÷èíàìè.


Ñóùåñòâóåò ïðèíöèïèàëüíîå ðàçëè÷èå ìåæäó ýòèìè äâóìÿ òèïàìè îöåíîê. Ãàðàíòèðîâàííûå èíòåðâàëüíûå îöåíêè èñõîäÿò èç ðàññìîòðåíèÿ íàèõóäøèõ âîçìîæíûõ ñëó÷àåâ, ñêîëü áû ìàëîé íå áûëà èõ âåðîÿòíîñòü. Ïîýòîìó îíè, êàê ïðàâèëî, çàâûøàþò ðåàëüíî èìåþùóþ ìåñòî îøèáêó è ñëèøêîì ïåññèìèñòè÷íû ñ ïðàêòè÷åñêîé òî÷êè çðåíèÿ. Ñðåäíåêâàäðàòè÷íûå îöåíêè, íàîáîðîò, ñòèðàþò âîçìîæíûå áîëüøèå óêëîíåíèÿ è ìîãóò îêàçàòüñÿ ñëèøêîì îïòèìèñòè÷íûìè.


Âàæíîå ðàçëè÷èå ìåæäó äâóìÿ òèïàìè îöåíîê äåìîíñòðèðóþò ñëåäóþùèå ôîðìóëû ñëîæåíèÿ.


1. Ôîðìóëà ñëîæåíèÿ äëÿ èíòåðâàëüíûõ îöåíîê. Ïóñòü äëÿ äâóõ âåëè÷èí x, y îïðåäåëåíû ãàðàíòèðîâàííûå èíòåðâàëû çíà÷åíèé x=x0((x, y=y0((y . Òîãäà äëÿ èõ ñóììû èìååì ãàðàíòèðîâàííóþ îöåíêó: x+y= x0+y0 (((x+(y), òî åñòü (x+y=(x+(y .


2. Ôîðìóëà ñëîæåíèÿ äëÿ ñðåäíåêâàäðàòè÷íûõ óêëîíåíèé. Ïóñòü äëÿ äâóõ íåçàâèñèìûõ âåëè÷èí x, y îïðåäåëåíû ñðåäíåêâàäðàòè÷íûå óêëîíåíèÿ  (x , (y . Òîãäà (x+y= ((x2 +(y2)1/2 .





3. Ñòðóêòóðà ñåòè


Ïðåäïîëàãàåì, ÷òî ñåòü èìååò ñëîèñòóþ ñòðóêòóðó. Ýòî ñàìîîãðàíè÷åíèå ïîçâîëèò íåñêîëüêî ñîêðàòèòü èçëîæåíèå, íî íå âëèÿåò íà îáùíîñòü ðàññìîòðåíèÿ � èññëåäîâàíèå ëþáîé ñåòè ìîæåò áûòü ôîðìàëüíî ñâåäåíî ê èçó÷åíèþ ñëîèñòûõ ñåòåé.


Ñåòü ñëîèñòîé ñòðóêòóðû ñîñòîèò èç ñëîåâ ñòàíäàðòíûõ íåéðîíîâ, ñâÿçàííûõ ìåæäó ñîáîé ñèíàïñàìè ñ âåñàìè, ïîëó÷åííûìè ïðè îáó÷åíèè. Ïðè÷åì ñèãíàëû ïåðåäàþòñÿ òîëüêî â îäíîì íàïðàâëåíèè, ñ ïðåäûäóùåãî ñëîÿ íà ñëåäóþùèé. Ïîä ñòàíäàðòíûì íåéðîíîì [1,2] ïîíèìàåòñÿ íàáîð ýëåìåíòîâ, ñîñòîÿùèé èç àäàïòèâíîãî ñóììàòîðà, íåëèíåéíîãî ïðåîáðàçîâàòåëÿ è òî÷êè âåòâëåíèÿ (ðèñ.1). Òî÷êà âåòâëåíèÿ – ýòî ýëåìåíò, ïîñûëàþùèé âûõîäíîé ñèãíàë íåëèíåéíîãî ïðåîáðàçîâàòåëÿ íà âõîä íåñêîëüêèõ ñòàíäàðòíûõ íåéðîíîâ ñëåäóþùåãî ñëîÿ.





 �EMBED Word.Picture.8���





Òàê êàê ìû èìååì äåëî ñ ñåòÿìè ñëîèñòîé ñòðóêòóðû, ñîñòîÿùèìè èç ñëîåâ ñòàíäàðòíûõ íåéðîíîâ, òî âûõîäíûå ñèãíàëû îäíîãî ñëîÿ ÿâëÿþòñÿ âõîäíûìè ñèãíàëàìè äðóãîãî ñëîÿ. Â ñâîþ î÷åðåäü, âíóòðè ñàìîãî ñòàíäàðòíîãî íåéðîíà âûõîäíîé ñèãíàë îäíîãî ýëåìåíòà (íàïðèìåð, ñóììàòîðà) ÿâëÿåòñÿ âõîäíûì ñèãíàëîì äðóãîãî ýëåìåíòà (íàïðèìåð, íåëèíåéíîãî ïðåîáðàçîâàòåëÿ). Òàêèì îáðàçîì, ìîæíî ïðîñëåäèòü, íà÷èíàÿ ñ âûõîäíûõ ñèãíàëîâ ñåòè, îò êàêîãî ýëåìåíòà ñåòè ïðèøåë ñèãíàë ê äàííîìó ýëåìåíòó.


Ñòàíäàðòíûé íåéðîí ÿâëÿåòñÿ òèïè÷íûì ó÷àñòêîì ëþáîé íåéðîííîé ñåòè. Ïîýòîìó äîñòàòî÷íî âûÿñíèòü, êàê âû÷èñëÿþòñÿ äîïóñòèìûå ïîãðåøíîñòè äëÿ ýëåìåíòîâ ñòàíäàðòíîãî íåéðîíà. Â ðåçóëüòàòå ïîëó÷èì âîçìîæíîñòü âû÷èñëèòü äîïóñòèìûå ïîãðåøíîñòè äëÿ ëþáîãî ó÷àñòêà ñåòè, äâèãàÿñü ïî ñåòè îò íåéðîíà ê íåéðîíó.





Ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè 


äëÿ ãàðàíòèðîâàííûõ èíòåðâàëüíûõ îöåíîê


Ïóñòü íàì çàäàíû äîïóñòèìûå ïîãðåøíîñòè âû÷èñëåíèé äëÿ âûõîäíûõ ñèãíàëîâ ñåòè. Äëÿ êàæäîãî ýëåìåíòà ðåøèì çàäà÷ó: îïðåäåëèòü äîïóñòèìûå ïîãðåøíîñòè íà âõîäàõ ýëåìåíòà ïî çàäàííûì ìàêñèìàëüíî äîïóñòèìûì ïîãðåøíîñòÿì íà åãî âûõîäå. Åñëè ýòó çàäà÷ó ðåøèòü äëÿ êàæäîãî ýëåìåíòà ñåòè, òî ìîæíî îöåíèòü äîïóñòèìûå ïîãðåøíîñòè äëÿ âñåõ ñèãíàëîâ, ïðîõîäÿùèõ ÷åðåç ñåòü, ïåðåõîäÿ ïî ñåòè îò ýëåìåíòà ê ýëåìåíòó â îáðàòíîì íàïðàâëåíèè (îò âûõîäîâ ñåòè ê åå âõîäàì). Ýòîò ïðîöåññ ìû íàçîâåì îáðàòíûì ðàñïðîñòðàíåíèåì òî÷íîñòè. Â õîäå íåãî äâèæåíèå ñèãíàëîâ ïðîèñõîäèò îò âûõîäîâ êî âõîäàì, ñèãíàë, ïðîõîäÿùèé ïî ñâÿçè â îáðàòíîì íàïðàâëåíèè, ÿâëÿåòñÿ äîïóñòèìîé ïîãðåøíîñòüþ ñèãíàëà, ïðîõîäÿùåãî ïî ýòîé ñâÿçè â ïðÿìîì íàïðàâëåíèè.


Ïîñëåäíèì ýëåìåíòîì ñòàíäàðòíîãî íåéðîíà ÿâëÿåòñÿ òî÷êà âåòâëåíèÿ, ïîýòîìó íà÷èíàåì ðàññìîòðåíèå ìåòîäà îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè èìåííî ñ íåå.


Òî÷êà âåòâëåíèÿ èìååò íåñêîëüêî âûõîäîâ. Ïóñòü äëÿ êàæäîãî åå âûõîäà çàäàíà äîïóñòèìàÿ ïîãðåøíîñòü �EMBED Equation.3��� (i - íîìåð âûõîäà). Äëÿ òîãî, ÷òîáû óäîâëåòâîðèòü âñåì ýòèì îãðàíè÷åíèÿì ïîãðåøíîñòè, íåîáõîäèìî è äîñòàòî÷íî, ÷òîáû âõîäíîé ñèãíàë òî÷êè âåòâëåíèÿ èìåë ïîãðåøíîñòü �EMBED Equation.3���. Òàêèì îáðàçîì, ïðè îáðàòíîì ðàñïðîñòðàíåíèè òî÷íîñòè òîêà âåòâëåíèÿ çàìåíÿåòñÿ íà äâîéñòâåííûé ýëåìåíò, âûáèðàþùèé èç ïîñòóïàþùèõ ñèãíàëîâ  �EMBED Equation.3��� (ò.å. ïîãðåøíîñòåé) ìèíèìàëüíûé.


Ñëåäóþùèì ýëåìåíòîì ñòàíäàðòíîãî íåéðîíà ÿâëÿåòñÿ íåëèíåéíûé ïðåîáðàçîâàòåëü. Ïóñòü âõîäíîé ñèãíàë íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ðàâåí �EMBED Equation.3���, �EMBED Equation.3��� – åãî ôóíêöèÿ àêòèâàöèè, �EMBED Equation.3��� – âûõîäíîé ñèãíàë è �EMBED Equation.3��� – äîïóñòèìàÿ ïîãðåøíîñòü âûõîäíîãî ñèãíàëà. Âû÷èñëèì ìàêñèìàëüíóþ ïîãðåøíîñòü �EMBED Equation.3��� âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ, òî åñòü íàéäåì îòðåçîê �EMBED Equation.3��� òàêîé, ÷òî äëÿ ëþáîãî �EMBED Equation.3��� �EMBED Equation.3��� îòëè÷àåòñÿ îò �EMBED Equation.3��� íå áîëåå, ÷åì íà  �EMBED Equation.3���: �EMBED Equation.3���.


Ââèäó íåïðåðûâíîñòè è äèôôåðåíöèðóåìîñòè ôóíêöèè àêòèâàöèè íåëèíåéíîãî ïðåîáðàçîâàòåëÿ î÷åâèäíî, ÷òî �EMBED Equation.3���, ãäå �EMBED Equation.3���.


Ïîéäåì òðàäèöèîííûì ïóòåì, îöåíèâàÿ äîïóñòèìóþ ïîãðåøíîñòü â ëèíåéíîì ïðèáëèæåíèè: �EMBED Equation.3���. Ïî óñëîâèþ 


�EMBED Equation.3���. 


Ïîëüçóÿñü ýòèì íåðàâåíñòâîì, ïîäáåðåì �EMBED Equation.3��� ñëåäóþùèì îáðàçîì: �EMBED Equation.3���. Â ýòîì ñëó÷àå ôîðìóëà äëÿ âû÷èñëåíèÿ äîïóñòèìîé ïîãðåøíîñòè áîëåå ïðîñòàÿ, íî ìåíåå òî÷íàÿ. 


Ïîëó÷èëè ïîãðåøíîñòü, äîïóñòèìóþ äëÿ âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ, êîòîðàÿ îäíîâðåìåííî ÿâëÿåòñÿ äîïóñòèìîé ïîãðåøíîñòüþ äëÿ âûõîäíîãî ñèãíàëà ñóììàòîðà. Àíàëîãè÷íî ìîæåì âû÷èñëèòü ïîãðåøíîñòü âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ëþáîãî ñòàíäàðòíîãî íåéðîíà, åñëè èçâåñòíà ïîãðåøíîñòü åãî âûõîäíîãî ñèãíàëà.


Äâîéñòâåííûé ê íåëèíåéíîìó ïðåîáðàçîâàòåëþ ýëåìåíò � ïðîñòî ëèíåéíàÿ ñâÿçü! Åå âåñ ðàâåí �EMBED Equation.3��� äëÿ ëèíåéíîãî ïðèáëèæåíèÿ â ôîðìóëå îøèáêè èëè  �EMBED Equation.3��� � â áîëåå  îáùåì ñëó÷àå (â ïîñëåäíåé ôîðìóëå ìàêñèìóì áåðåòñÿ ïî îòðåçêó �EMBED Equation.3��� � òàê ÷òî ëèíåéíîñòü çäåñü óæå êàæóùàÿñÿ).


Ïåðåéäåì ê ñëåäóþùåìó ýëåìåíòó ñòàíäàðòíîãî íåéðîíà – àäàïòèâíîìó ñóììàòîðó ñ �EMBED Equation.3��� ñèíàïñàìè, ÿâëÿþùèìèñÿ åãî âõîäàìè. Àäàïòèâíûé ñóììàòîð – ýòî ñóììàòîð, â êîòîðîì âõîäíûå ñèãíàëû �EMBED Equation.3��� ñóììèðóþòñÿ ñ âåñàìè �EMBED Equation.3���.


Êàæäûé  âõîä  �EMBED Equation.3���  ñóììàòîðà  �EMBED Equation.3���  èìååò  íåêîòîðóþ ïîãðåøíîñòü �EMBED Equation.3���, êîòîðàÿ âíîñèò ñâîé âêëàä â äîïóñòèìóþ ïîãðåøíîñòü âûõîäíîãî ñèãíàëà ñóììàòîðà. Ýòè ïîãðåøíîñòè ìîãóò èìåòü ðàçëè÷íûå âåëè÷èíû â çàâèñèìîñòè îò òîãî, êàêîé ñïîñîá ðàñïðåäåëåíèÿ äîïóñòèìîé ïîãðåøíîñòè âûõîäíîãî ñèãíàëà ïî âõîäàì ñóììàòîðà ìû âûáåðåì.  Ïîãðåøíîñòè ïî âõîäàì ñóììàòîðà ìîãóò ðàñïðåäåëÿòüñÿ ðàâíîìåðíî, ïðîïîðöèîíàëüíî è ïðèîðèòåòíî.


Ðàññìîòðèì ñíà÷àëà ðàâíîìåðíîå ðàñïðåäåëåíèå. Äëÿ ýòîãî ïîëàãàåì, ÷òî íà âñåõ âõîäàõ ïîãðåøíîñòè ðàâíû ìåæäó ñîáîé �EMBED Equation.3���.Ïóñòü �EMBED Equation.3��� – âûõîäíîé ñèãíàë ñóììàòîðà áåç ïîãðåøíîñòåé. Òîãäà �EMBED Equation.3��� – ìíîæåñòâî âûõîäíûõ ñèãíàëîâ ñóììàòîðà, ïîëó÷àþùèõñÿ, êîãäà âåêòîð âõîäíûõ ñèãíàëîâ ñóììàòîðà ïðîáåãàåò âåðøèíû �EMBED Equation.3���-ìåðíîãî êóáà ñ öåíòðîì â òî÷êå �EMBED Equation.3��� è ðåáðîì äëèíû �EMBED Equation.3���: �EMBED Equation.3��� = �EMBED Equation.3��� +�EMBED Equation.3���=�EMBED Equation.3���+�EMBED Equation.3���, ãäå �EMBED Equation.3���. Íàì òðåáóåòñÿ, ÷òîáû âñå ìíîæåñòâî  çíà÷åíèé �EMBED Equation.3��� ïîïàëî â èíòåðâàë �EMBED Equation.3���. Äëÿ ýòîãî íåîáõîäèìî, ÷òîáû �EMBED Equation.3���= �EMBED Equation.3��� �EMBED Equation.3���, ãäå ìàêñèìóì áåðåòñÿ ïî âñåì �EMBED Equation.3���. Èç ýòîãî íåðàâåíñòâà è ñäåëàííîãî âûøå ïðåäïîëîæåíèÿ î �EMBED Equation.3��� ïîëó÷àåì òðåáóåìóþ îöåíêó äëÿ ðàâíîìåðíîãî ðàñïðåäåëåíèÿ �EMBED Equation.3��� ïî âõîäàì ñóììàòîðà: �EMBED Equation.3����EMBED Equation.3��� �EMBED Equation.3���/�EMBED Equation.3���.


Ïðè ïðîïîðöèîíàëüíîì ðàñïðåäåëåíèè ïîãðåøíîñòåé äîïóñòèìàÿ ïîãðåøíîñòü âûõîäíîãî ñèãíàëà ñóììàòîðà äåëèòñÿ ñíà÷àëà íà ÷èñëî âõîäîâ, à çàòåì äëÿ êàæäîãî âõîäà äåëèòñÿ íà ñîîòâåòñòâóþùèé âåñ ñèíàïñà. Òî åñòü ïîãðåøíîñòè ðàñïðåäåëÿþòñÿ ïðîïîðöèîíàëüíî âåñàì ñîîòâåòñòâóþùèõ ñèíàïñîâ. Ôîðìóëà ðàñ÷åòà äîïóñòèìîé ïîãðåøíîñòè äëÿ êàæäîãî âõîäà ñóììàòîðà èìååò âèä: �EMBED Equation.3���, ãäå �EMBED Equation.3��� – äîïóñòèìàÿ ïîãðåøíîñòü âûõîäíîãî ñèãíàëà ñóììàòîðà, �EMBED Equation.3��� – ÷èñëî âõîäîâ ñóììàòîðà, �EMBED Equation.3���– âåñà ñèíàïñîâ ñîîòâåòñòâóþùèõ âõîäîâ ñóììàòîðà.


Ïðè ïðèîðèòåòíîì ðàñïðåäåëåíèè ïîãðåøíîñòåé ñíà÷àëà íàçíà÷àþòñÿ ïîãðåøíîñòè äëÿ òåõ âõîäîâ, êîòîðûå íàèáîëåå çíà÷èìû ïî êàêîìó-ëèáî ïðèçíàêó, à çàòåì îñòàâøóþñÿ ÷àñòü äîïóñòèìîé ïîãðåøíîñòè  âûõîäíîãî ñèãíàëà ñóììàòîðà ðàñïðåäåëÿþò ìåæäó îñòàâøèìèñÿ âõîäàìè ðàâíîìåðíî èëè ïðîïîðöèîíàëüíî.


Àíàëîãè÷íî ìîæíî âû÷èñëèòü äîïóñòèìûå ïîãðåøíîñòè äëÿ âõîäíûõ ñèãíàëîâ ñóììàòîðà ëþáîãî ñòàíäàðòíîãî íåéðîíà, åñëè èçâåñòíû ïîãðåøíîñòè äëÿ âûõîäíîãî ñèãíàëà ñóììàòîðà.


Äëÿ àäàïòèâíîãî ñóììàòîðà ìîæíî âû÷èñëÿòü êàê äîïóñòèìûå ïîãðåøíîñòè âõîäíûõ ñèãíàëîâ ñóììàòîðà, òàê è äîïóñòèìûå ïîãðåøíîñòè âåñîâ ñèíàïñîâ. Äëÿ âû÷èñëåíèÿ äîïóñòèìûõ ïîãðåøíîñòåé âåñîâ ñèíàïñîâ òàêæå ìîæíî èñïîëüçîâàòü ðàâíîìåðíîå, ïðîïîðöèîíàëüíîå è ïðèîðèòåòíîå ðàñïðåäåëåíèå ïîãðåøíîñòåé. Ïðè ðàâíîìåðíîì ðàñïðåäåëåíèè äîïóñòèìûå ïîãðåøíîñòè äëÿ âåñîâ ñèíàïñîâ âû÷èñëÿþòñÿ ïî ôîðìóëå: �EMBED Equation.3����EMBED Equation.3���, ãäå �EMBED Equation.3��� – âõîäíûå ñèãíàëû ñóììàòîðà.


Ïðè ïðîïîðöèîíàëüíîì ðàñïðåäåëåíèè äîïóñòèìûå ïîãðåøíîñòè äëÿ âåñîâ ñèíàïñîâ âû÷èñëÿþòñÿ ïî ôîðìóëå: �EMBED Equation.3���, ãäå �EMBED Equation.3��� – ÷èñëî âõîäîâ ñóììàòîðà, �EMBED Equation.3��� – âõîäíûå ñèãíàëû ñóììàòîðà.


Ïðè ïðèîðèòåòíîì ðàñïðåäåëåíèè ñíà÷àëà íàçíà÷àþòñÿ äîïóñòèìûå ïîãðåøíîñòè äëÿ òåõ âåñîâ ñèíàïñîâ, êîòîðûå íàèáîëåå çíà÷èìû ïî êàêîìó-ëèáî ïðèçíàêó, à çàòåì îñòàâøóþñÿ ÷àñòü äîïóñòèìîé ïîãðåøíîñòè äëÿ âûõîäíîãî ñèãíàëà ñóììàòîðà ðàñïðåäåëÿþò ìåæäó îñòàâøèìèñÿ âåñàìè ñèíàïñîâ ðàâíîìåðíî èëè ïðîïîðöèîíàëüíî.


Ïðè îáðàòíîì ðàñïðîñòðàíåíèè òî÷íîñòè èìååò ìåñòî ñïåöèôè÷åñêàÿ äâîéñòâåííîñòü � ýëåìåíòû ñåòè çàìåíÿþòñÿ íà äâîéñòâåííûå èì. Îäíàêî, ýòà äâîéñòâåííîñòü îòëè÷àåòñÿ îò òîé, ñ êîòîðîé ìû âñòðå÷àåìñÿ ïðè èçó÷åíèè îáðàòíîãî ðàñïðîñòðàíåíèÿ îøèáêè äëÿ âû÷èñëåíèÿ ãðàäèåíòîâ ôóíêöèè îöåíêè. Òàê, åñëè â îáû÷íîì îáðàòíîì ðàñïðîñòðàíåíèè äâîéñòâåííûì ýëåìåíòîì ê òî÷êå âåòâëåíèÿ ÿâëÿåòñÿ ïðîñòîé ñóììàòîð, òî ïðè îáðàòíîì ðàñïðîñòðàíåíèè òî÷íîñòè âìåñòî íåãî, êàê áûëî ïîêàçàíî,  ïîÿâëÿåòñÿ ýëåìåíò, âû÷èñëÿþùèé ìèíèìóì ïðèõîäÿùèõ íà íåãî ñèãíàëîâ. Íåëèíåéíûé ïðåîáðàçîâàòåëü ïðè îáðàòíîì ðàñïðîñòðàíåíèè òî÷íîñòè çàìåíÿåòñÿ äâîéñòâåííûì åìó ýëåìåíòîì, óìíîæàþùèì ñèãíàë íà ÷èñëî. Íî åñëè ïðè îáðàòíîì ðàñïðîñòðàíåíèè îøèáêè ìíîæèòåëåì ÿâëÿåòñÿ çíà÷åíèå ãðàäèåíòà, òî â íàøåì ñëó÷àå ñèãíàë óìíîæàåòñÿ íà âåëè÷èíó îáðàòíóþ ïðîèçâîäíîé îò âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ. Àäàïòèâíûé ñóììàòîð òàêæå çàìåíÿåòñÿ äâîéñòâåííûì åìó ýëåìåíòîì. Ýòîò ýëåìåíò ÿâëÿåòñÿ ñâîåîáðàçíîé òî÷êîé âåòâëåíèÿ. Íî, â îòëè÷èè îò ïðîñòîé òî÷êè âåòâëåíèÿ, îí ñíà÷àëà ïðåîáðàçóåò ïðèõîäÿùèé ê íåìó ñèãíàë â ñîîòâåòñòâèè ñ âûáðàííûì ðàñïðåäåëåíèåì ïîãðåøíîñòåé ïî âõîäàì àäàïòèâíîãî ñóììàòîðà, à çàòåì ïåðåäàåò ïîëó÷åííûå ñèãíàëû äàëüøå.





Òåïåðü ìû çíàåì, êàêèì îáðàçîì âû÷èñëÿòü ãàðàíòèðîâàííóþ èíòåðâàëüíóþ îöåíêó ïîãðåøíîñòè äëÿ ëþáîãî ýëåìåíòà ñòàíäàðòíîãî íåéðîíà ìåòîäîì îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè.


1) Òî÷êà âåòâëåíèÿ. Åñëè äîïóñòèìûå ïîãðåøíîñòè âûõîäíûõ ñèãíàëîâ òî÷êè âåòâëåíèÿ ðàâíû �EMBED Equation.3���, òî â êà÷åñòâå ïîãðåøíîñòè âõîäíîãî ñèãíàëà  òî÷êè âåòâëåíèÿ âûáèðàåòñÿ �EMBED Equation.3��� (ðèñ.2).
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2) Íåëèíåéíûé ïðåîáðàçîâàòåëü. Ïóñòü ïðè ïðÿìîì ôóíêöèîíèðîâàíèè âõîäíîé ñèãíàë íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ðàâåí �EMBED Equation.3���, åãî âûõîäíîé ñèãíàë ðàâåí �EMBED Equation.3��� è íåëèíåéíûé ïðåîáðàçîâàòåëü èìååò ôóíêöèþ àêòèâàöèè �EMBED Equation.3���. Åñëè äîïóñòèìàÿ ïîãðåøíîñòü âûõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ðàâíÿåòñÿ �EMBED Equation.3���, òî ïîãðåøíîñòü åãî âõîäíîãî ñèãíàëà íå äîëæíà ïðåâûøàòü �EMBED Equation.3���, ãäå �EMBED Equation.3��� èëè â ëèíåéíîì ïðèáëèæåíèè �EMBED Equation.3��� (ðèñ.3).
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3) Àäàïòèâíûé ñóììàòîð. Åñëè ïðè îáðàòíîì ðàñïðîñòðàíåíèè äîïóñòèìàÿ ïîãðåøíîñòü âûõîäíîãî ñèãíàëà àäàïòèâíîãî ñóììàòîðà ðàâíÿåòñÿ �EMBED Equation.3���, òî ïîãðåøíîñòü êàæäîãî âõîäà ñóììàòîðà íå äîëæíà ïðåâûøàòü �EMBED Equation.3���, ãäå  �EMBED Equation.3��� äëÿ ðàâíîìåðíîãî ðàñïðåäåëåíèÿ è �EMBED Equation.3��� äëÿ ïðîïîðöèîíàëüíîãî ðàñïðåäåëåíèÿ (ðèñ.4).
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Çíàÿ, êàê âû÷èñëÿþòñÿ äîïóñòèìûå ïîãðåøíîñòè äëÿ âñåõ ýëåìåíòîâ ñòàíäàðòíîãî íåéðîíà, ìîæíî âû÷èñëèòü äîïóñòèìûå ïîãðåøíîñòè ñèãíàëîâ äëÿ âñåé ñåòè. Ðàññìîòðèì ó÷àñòîê ñåòè, ñîñòîÿùèé èç ñóììàòîðà �EMBED Equation.3��� è íåëèíåéíîãî ïðåîáðàçîâàòåëÿ, ðåçóëüòàòîì ðàáîòû êîòîðîãî ÿâëÿåòñÿ âûõîäíîé ñèãíàë �EMBED Equation.3���, à òàêæå èç ñóììàòîðîâ �EMBED Equation.3��� è íåëèíåéíûõ ïðåîáðàçîâàòåëåé, âûõîäíûå ñèãíàëû êîòîðûõ ÿâëÿþòñÿ âõîäíûìè ñèãíàëàìè ñóììàòîðà �EMBED Equation.3��� (ðèñ.5). Òî åñòü ìû ðàññìàòðèâàåì äâà ïîñëåäíèõ ñëîÿ íåéðîííîé ñåòè, ñîñòîÿùèå èç ñòàíäàðòíûõ íåéðîíîâ.
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Åñëè çàäàíû äîïóñòèìûå ïîãðåøíîñòè äëÿ âûõîäíûõ ñèãíàëîâ ñåòè, ìîæíî âû÷èñëèòü äîïóñòèìûå ïîãðåøíîñòè äëÿ ïîñëåäíåãî ñëîÿ ñåòè. Êîãäà âû÷èñëåíû äîïóñòèìûå ïîãðåøíîñòè âñåõ âõîäíûõ ñèãíàëîâ ïîñëåäíåãî ñëîÿ ñåòè, ïåðåõîäèì ê âû÷èñëåíèþ äîïóñòèìûõ ïîãðåøíîñòåé ïðåäïîñëåäíåãî ñëîÿ è òàê äàëåå. Ïåðåõîäÿ ïî ñåòè â îáðàòíîì íàïðàâëåíèè îò ñëîÿ ê ñëîþ, ìû ìîæåì âû÷èñëèòü äîïóñòèìûå ïîãðåøíîñòè âñåõ ñèãíàëîâ ñåòè, â òîì ÷èñëå äîïóñòèìûå ïîãðåøíîñòè âõîäíûõ ñèãíàëîâ.


Ìû ðàññìîòðåëè, êàê èçìåíÿþòñÿ ïîãðåøíîñòè ñèãíàëîâ  ïðè ïðîõîæäåíèè ÷åðåç ýëåìåíòû ñåòè. Ïðåäïîëîæèì òåïåðü, ÷òî íå òîëüêî ñèãíàëû èìåþò ïîãðåøíîñòè, íî è âñå ýëåìåíòû ñåòè ïåðåäàþò ïðèõîäÿùèå ê íèì ñèãíàëû ñ íåêîòîðûìè ïîãðåøíîñòÿìè. Ïóñòü ñîáñòâåííûå  ïîãðåøíîñòè ýëåìåíòîâ èçâåñòíû è ôèêñèðîâàíû. Âûÿñíèì, êàê âëèÿþò ñîáñòâåííûå ïîãðåøíîñòè ýëåìåíòîâ íà ïîãðåøíîñòè ñèãíàëîâ. 


Bûÿñíèì, êàê äåéñòâóþò ýëåìåíòû ñåòè, èìåþùèå ñîáñòâåííûå ïîãðåøíîñòè, ïðè ïðÿìîé ðàáîòå ñåòè.


Òî÷êà âåòâëåíèÿ ìîæåò ëèáî âîîáùå íå èìåòü ïîãðåøíîñòè, ëèáî îíà èìååò ñîáñòâåííóþ ïîãðåøíîñòü �EMBED Equation.3���. Â ïîñëåäíåì ñëó÷àå ñèãíàë �EMBED Equation.3��� ïðè ïðîõîæäåíèè ÷åðåç òî÷êó âåòâëåíèÿ áóäåò èçìåíÿòüñÿ, îñòàâàÿñü â èíòåðâàëå �EMBED Equation.3��� (ðèñ.6).
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Ïðåäïîëîæèì, ÷òî ñóììàòîð èìååò ñîáñòâåííóþ ïîãðåøíîñòü �EMBED Equation.3���. Òîãäà âîçìîæíû ñëåäóþùèå âàðèàíòû:


1) ïîãðåøíîñòü ïðèáàâëÿåòñÿ ê âûõîäíîìó ñèãíàëó ñóììàòîðà, ò.å. ïðè ïðîõîæäåíèè ñèãíàëîâ �EMBED Equation.3��� ÷åðåç ñóììàòîð âûõîäíîé ñèãíàë ñóììàòîðà áóäåò èìåòü âèä: �EMBED Equation.3���;


2) ïîãðåøíîñòü ñóììàòîðà äåéñòâóåò ïî êàæäîìó âõîäó  ïðîïîðöèîíàëüíî�EMBED Equation.3��� (ðèñ.7).
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Ñ÷èòàåì ïðè ýòîì, ÷òî ïîãðåøíîñòè �EMBED Equation.3��� ðàâíû ìåæäó ñîáîé è ðàâíû �EMBED Equation.3���/�EMBED Equation.3���, ãäå �EMBED Equation.3��� – ÷èñëî âõîäîâ ñóììàòîðà.


Ïóñòü ñîáñòâåííàÿ ïîãðåøíîñòü íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ðàâíà �EMBED Equation.3���, �EMBED Equation.3��� – âõîäíîé ñèãíàë íåëèíåéíîãî ïðåîáðàçîâàòåëÿ, �EMBED Equation.3��� – åãî ôóíêöèÿ àêòèâàöèè. Ñîáñòâåííàÿ ïîãðåøíîñòü ìîæåò äîáàâëÿòüñÿ èëè ê âõîäíîìó ñèãíàëó �EMBED Equation.3���: �EMBED Equation.3���, èëè ê âûõîäíîìó ñèãíàëó íåëèíåéíîãî ïðåîáðàçîâàòåëÿ: �EMBED Equation.3��� (ðèñ.8).
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Ìû âûÿñíèëè êàê âû÷èñëÿþòñÿ äîïóñòèìûå ïîãðåøíîñòè ñèãíàëîâ ñåòè. Ïðè ýòîì ìû íå âûäåëÿëè îñîáî òîò âêëàä, êîòîðûé âíîñÿò â ïîãðåøíîñòü ñèãíàëà ñàìè ýëåìåíòû. Ðàññìîòðèì òåïåðü, êàê âû÷èñëÿþòñÿ äîïóñòèìûå ïîãðåøíîñòè ñèãíàëîâ ñåòè ïðè îáðàòíîì ðàñïðîñòðàíåíèè òî÷íîñòè ñ ó÷åòîì ñîáñòâåííûõ ïîãðåøíîñòåé ýëåìåíòîâ ñòàíäàðòíîãî íåéðîíà.


Íà÷íåì âû÷èñëåíèå äîïóñòèìûõ ïîãðåøíîñòåé ñèãíàëîâ ñåòè ñ ó÷åòîì ñîáñòâåííûõ ïîãðåøíîñòåé ýëåìåíòîâ ñ òî÷êè âåòâëåíèÿ. Ïóñòü òî÷êà âåòâëåíèÿ èìååò ñîáñòâåííóþ ïîãðåøíîñòü �EMBED Equation.3���. Ïðåäïîëîæèì, ÷òî äîïóñòèìûå ïîãðåøíîñòè âûõîäíûõ ñèãíàëîâ òî÷êè âåòâëåíèÿ ðàâíû �EMBED Equation.3���. Äëÿ óâåëè÷åíèÿ òî÷íîñòè âû÷èñëåíèé íåîáõîäèìî íàêëàäûâàòü íà äîïóñòèìûå ïîãðåøíîñòè íàèáîëåå æåñòêèå òðåáîâàíèÿ. Ïîýòîìó â êà÷åñòâå äîïóñòèìîé ïîãðåøíîñòè âõîäíîãî ñèãíàëà  òî÷êè âåòâëåíèÿ ïðè îáðàòíîì ðàñïðîñòðàíåíèè ñëåäóåò âûáèðàòü ïîãðåøíîñòü �EMBED Equation.3���.


Ñëåäóþùèé ýëåìåíò ñòàíäàðòíîãî íåéðîíà – íåëèíåéíûé ïðåîáðàçîâàòåëü. Åñëè íåëèíåéíûé ïðåîáðàçîâàòåëü èìååò ñîáñòâåííóþ ïîãðåøíîñòü �EMBED Equation.3���, êîòîðàÿ äîáàâëÿåòñÿ ê åãî âûõîäíîìó ñèãíàëó, è ïîãðåøíîñòü åãî âûõîäíîãî ñèãíàëà ðàâíÿåòñÿ �EMBED Equation.3���, òî äîïóñòèìàÿ ïîãðåøíîñòü âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ðàâíÿåòñÿ �EMBED Equation.3���, ãäå �EMBED Equation.3��� èëè â ëèíåéíîì ïðèáëèæåíèè �EMBED Equation.3���.


Ïðåäïîëîæèì òåïåðü, ÷òî ñîáñòâåííàÿ ïîãðåøíîñòü íåëèíåéíîãî ïðåîáðàçîâàòåëÿ �EMBED Equation.3��� äîáàâëÿåòñÿ ê åãî âõîäíîìó ñèãíàëó �EMBED Equation.3���, è ïðè îáðàòíîì ðàñïðîñòðàíåíèè òî÷íîñòè ïîãðåøíîñòü âûõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ðàâíÿåòñÿ �EMBED Equation.3���. Ðàññìîòðèì íàèõóäøèé âàðèàíò, êîãäà âõîäíîé ñèãíàë íåëèíåéíîãî ïðåîáðàçîâàòåëÿ íàõîäèòñÿ â èíòåðâàëå �EMBED Equation.3���. Â ýòîì ñëó÷àå äîïóñòèìàÿ ïîãðåøíîñòü âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ âû÷èñëÿåòñÿ ñëåäóþùèì îáðàçîì:


�EMBED Equation.3���, ãäå �EMBED Equation.3���.


Ðàññìîòðèì äîïóñòèìóþ ïîãðåøíîñòü â ëèíåéíîì ïðèáëèæåíèè: �EMBED Equation.3���. Ïî óñëîâèþ


�EMBED Equation.3���.


Ïîëó÷àåì: �EMBED Equation.3��� èëè �EMBED Equation.3���.


È, íàêîíåö, ïåðåéäåì ê âû÷èñëåíèþ äîïóñòèìûõ ïîãðåøíîñòåé âõîäíûõ ñèãíàëîâ ñóììàòîðà. Ðàññìîòðèì âàðèàíò, ïðè êîòîðîì ñîáñòâåííàÿ ïîãðåøíîñòü ñóììàòîðà �EMBED Equation.3��� äîáàâëÿåòñÿ ê åãî âûõîäíîìó ñèãíàëó,  è äîïóñòèìàÿ ïîãðåøíîñòü âûõîäíîãî ñèãíàëà ñóììàòîðà ðàâíÿåòñÿ �EMBED Equation.3���. Ïðè îáðàòíîì ðàñïðîñòðàíåíèè òî÷íîñòè ïîëó÷àåì, ÷òî ðàâíîìåðíî, ïðîïîðöèîíàëüíî è ïðèîðèòåòíî ïî âûøå ïîëó÷åííûì ôîðìóëàì ðàñïðåäåëÿåòñÿ ïîãðåøíîñòü �EMBED Equation.3���-�EMBED Equation.3���.


Åñëè æå ñîáñòâåííàÿ ïîãðåøíîñòü ñóììàòîðà ïðîïîðöèîíàëüíî ðàñïðåäåëÿåòñÿ ïî åãî âõîäàì, è äîïóñòèìàÿ ïîãðåøíîñòü âûõîäíîãî ñèãíàëà ñóììàòîðà ðàâíÿåòñÿ �EMBED Equation.3���, òî äîïóñòèìûå ïîãðåøíîñòè äëÿ âõîäîâ ñóììàòîðà âû÷èñëÿþòñÿ ñëåäóþùèì îáðàçîì. Ïóñòü �EMBED Equation.3��� –âûõîäíîé ñèãíàë ñóììàòîðà áåç ïîãðåøíîñòåé. Òîãäà �EMBED Equation.3��� – âûõîäíûå ñèãíàëû ñóììàòîðà ñ ó÷åòîì ñîáñòâåííûõ ïîãðåøíîñòåé ñóììàòîðà �EMBED Equation.3��� è ïîãðåøíîñòåé âõîäíûõ ñèãíàëîâ �EMBED Equation.3���:


�EMBED Equation.3��� = �EMBED Equation.3���= �EMBED Equation.3���+�EMBED Equation.3���+�EMBED Equation.3���=


                           = �EMBED Equation.3��� + �EMBED Equation.3��� + �EMBED Equation.3���,


ãäå �EMBED Equation.3��� ({ -1,1 }. Äëÿ òîãî, ÷òîáû âñå ìíîæåñòâî �EMBED Equation.3��� ïîïàëî â èíòåðâàë �EMBED Equation.3��� íåîáõîäèìî, ÷òîáû


       �EMBED Equation.3���|�EMBED Equation.3��� +�EMBED Equation.3���| = �EMBED Equation.3��� + �EMBED Equation.3����EMBED Equation.3���,


                  ãäå ìàêñèìóì áåðåòñÿ ïî âñåì �EMBED Equation.3���. Èç ýòîãî íåðàâåíñòâà, ïðåäïîëàãàÿ ÷òî �EMBED Equation.3��� ðàâíû ìåæäó ñîáîé, ïîëó÷àåì òðåáóåìóþ îöåíêó äëÿ �EMBED Equation.3���:


                          �EMBED Equation.3���(�EMBED Equation.3��� - �EMBED Equation.3����EMBED Equation.3����EMBED Equation.3���)/�EMBED Equation.3���.


Ìû ïîëó÷èëè ôîðìóëû äëÿ âû÷èñëåíèÿ äîïóñòèìûõ ïîãðåøíîñòåé ñèãíàëîâ äëÿ ëþáîãî ó÷àñòêà ñåòè ñ ó÷åòîì òîãî, ÷òî âñå ýëåìåíòû èìåþò ñîáñòâåííûå ïîãðåøíîñòè, êîòîðûå âíîñÿò ñâîé âêëàä â ïîãðåøíîñòü âûõîäíîãî ñèãíàëà ýòèõ ýëåìåíòîâ.





5. Ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè äëÿ àíàëèçà ðåàëèçóåìîñòè ñåòåé ñ ñîáñòâåííûìè ïîãðåøíîñòÿìè ýëåìåíòîâ


Ðàíåå áûë ðàññìîòðåí ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè ñ ó÷åòîì ñîáñòâåííûõ ïîãðåøíîñòåé ýëåìåíòîâ ñåòè. Íî ýòîò ìåòîä ìîæåò áûòü èñïîëüçîâàí íå äëÿ âñåõ ñåòåé. Ïðè ïðèìåíåíèè ìåòîäà ìîæåò âîçíèêíóòü ñèòóàöèÿ, êîãäà ñîáñòâåííàÿ ïîãðåøíîñòü ýëåìåíòà ïðåâûøàåò ïîãðåøíîñòü ñèãíàëà, êîòîðûé äîëæåí âûõîäèòü èç ýòîãî ýëåìåíòà. Íàïðèìåð, åñëè ñîáñòâåííàÿ ïîãðåøíîñòü íåéðîíà �EMBED Equation.3���, êîòîðàÿ äîáàâëÿåòñÿ ê âûõîäíîìó ñèãíàëó íåéðîíà, ïðåâûøàåò äîïóñòèìóþ ïîãðåøíîñòü åãî âûõîäíîãî ñèãíàëà �EMBED Equation.3���, òî ïî ôîðìóëå �EMBED Equation.3���, ãäå �EMBED Equation.3��� – ïîãðåøíîñòü âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ, ïîëó÷àåì îòðèöàòåëüíóþ ïîãðåøíîñòü. Îòðèöàòåëüíûå ïîãðåøíîñòè â ìåòîäå îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè íå èìåþò ñìûñëà, òàê êàê ìû ðàññìàòðèâàåì äîïóñòèìóþ ïîãðåøíîñòü êàê âåëè÷èíó èíòåðâàëà, â êîòîðîì ìîæåò èçìåíÿòüñÿ ïîãðåøíîñòü. Òî æå ñàìîå ìîæíî ñêàçàòü îòíîñèòåëüíî òî÷êè âåòâëåíèÿ è ñóììàòîðà. Â ñëó÷àå ïîëó÷åíèÿ îòðèöàòåëüíîé ïîãðåøíîñòè ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè íå ìîæåò ïðèìåíÿòüñÿ. Â òàêîé ñèòóàöèè äîïóñòèìûå ïîãðåøíîñòè íóæíî ðàñïðåäåëÿòü ñïåöèàëüíûì îáðàçîì.


Ðàññìîòðèì êîíêðåòíóþ ñåòü ñ çàäàííûìè ñîáñòâåííûìè ïîãðåøíîñòÿìè ýëåìåíòîâ. Íóæíî îïðåäåëèòü, âîçìîæíî ëè ïðîâåñòè âû÷èñëåíèÿ äîïóñòèìûõ ïîãðåøíîñòåé ìåòîäîì îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè ñ ó÷åòîì ñîáñòâåííûõ ïîãðåøíîñòåé ýëåìåíòîâ äëÿ âñåõ ñèãíàëîâ ñåòè, íà÷èíàÿ ñ âûõîäíûõ  è êîí÷àÿ âõîäíûìè ñèãíàëàìè. Äëÿ ýòîãî íóæíî âûïîëíèòü ïðÿìîå ôóíêöèîíèðîâàíèå ñåòè ñ çàäàííûìè ñîáñòâåííûìè ïîãðåøíîñòÿìè ýëåìåíòîâ è ñ òî÷íûì âåêòîðîì âõîäíûõ ñèãíàëîâ ñåòè. Åñëè ïîëó÷åííûé âåêòîð âûõîäíûõ ñèãíàëîâ ïðè ýòîì áóäåò îòëè÷àòüñÿ îò òî÷íîãî âåêòîðà âûõîäíûõ ñèãíàëîâ áîëåå, ÷åì íà �EMBED Equation.3��� (äîïóñòèìóþ ïîãðåøíîñòü âûõîäíûõ ñèãíàëîâ ñåòè), òî ñ òàêèìè ñîáñòâåííûìè ïîãðåøíîñòÿìè ýëåìåíòîâ äëÿ äàííîé ñåòè ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè íåâûïîëíèì. Â ýòîì ñëó÷àå ìîæíî ëèáî óâåëè÷èòü äîïóñòèìóþ ïîãðåøíîñòü âûõîäíûõ ñèãíàëîâ �EMBED Equation.3���, ëèáî óìåíüøèòü ñîáñòâåííûå ïîãðåøíîñòè ýëåìåíòîâ.


Íàì íóæíî îïðåäåëèòü, êàê âû÷èñëÿòü äîïóñòèìûå ïîãðåøíîñòè ñèãíàëîâ, åñëè ýòî íåâîçìîæíî ñäåëàòü ìåòîäîì îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè. Âûÿñíèì, âñåãäà ëè  âîçìîæíî ðàñïðåäåëèòü èõ òàê, ÷òîáû ñîáñòâåííûå ïîãðåøíîñòè ýëåìåíòîâ íå ïðåâûøàëè äîïóñòèìûõ ïîãðåøíîñòåé âûõîäíûõ ñèãíàëîâ ýòèõ ýëåìåíòîâ, è ïðè ýòîì ïîãðåøíîñòü âûõîäíûõ ñèãíàëîâ ñåòè  íå ïðåâûøàëà �EMBED Equation.3���.


Äëÿ òî÷êè âåòâëåíèÿ è íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ôîðìóëû âû÷èñëåíèÿ äîïóñòèìûõ ïîãðåøíîñòåé ñèãíàëîâ ìåòîäîì îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè çàäàíû æåñòêî. Åäèíñòâåííûì ýëåìåíòîì ñåòè, êîòîðûé ïîçâîëÿåò âëèÿòü íà ñèòóàöèþ, ÿâëÿåòñÿ ñóììàòîð. Äëÿ ñóììàòîðà âîçìîæíû òðè âàðèàíòà ðàñïðåäåëåíèÿ äîïóñòèìûõ ïîãðåøíîñòåé ïî åãî âõîäàì, â òîì ÷èñëå ïðèîðèòåòíîå. Ïðè ïðèîðèòåòíîì ðàñïðåäåëåíèè ìîæíî íàçíà÷àòü ïîãðåøíîñòè äëÿ òåõ âõîäîâ, äëÿ êîòîðûõ ñîáñòâåííàÿ ïîãðåøíîñòü ýëåìåíòà ïðåâûøàåò ïîãðåøíîñòü âûõîäíîãî ñèãíàëà.


Åñëè íà êàêîì-òî èç ýëåìåíòîâ (íåëèíåéíûé ïðåîáðàçîâàòåëü, òî÷êà âåòâëåíèÿ èëè ñóììàòîð) ñîáñòâåííàÿ ïîãðåøíîñòü ýëåìåíòà ïðåâûøàåò äîïóñòèìóþ ïîãðåøíîñòü åãî âûõîäíîãî ñèãíàëà, òî âîçâðàùàåìñÿ ê òîìó ñóììàòîðó, ÷üèì âõîäíûì ñèãíàëîì ÿâëÿåòñÿ âûõîäíîé ñèãíàë äàííîãî ýëåìåíòà. Äëÿ ýòîãî ñóììàòîðà ðàñïðåäåëÿåì äîïóñòèìûå ïîãðåøíîñòè ïî åãî âõîäàì òàêèì îáðàçîì, ÷òîáû ìîæíî áûëî âû÷èñëèòü äîïóñòèìóþ ïîãðåøíîñòü âõîäíîãî ñèãíàëà òîãî ýëåìåíòà, êîòîðûé íàñ èíòåðåñóåò.


Åñòü ñèòóàöèè, íà êîòîðûå âëèÿòü íåâîçìîæíî. Ê íèì îòíîñÿòñÿ ñëåäóþùèå:


1) åñëè ñîáñòâåííûå ïîãðåøíîñòè íåëèíåéíîãî ïðåîáðàçîâàòåëÿ èëè ñóììàòîðà ñòàíäàðòíûõ íåéðîíîâ âûõîäíîãî ñëîÿ ñåòè ïðåâûøàþò ïîãðåøíîñòè èõ âûõîäíûõ ñèãíàëîâ;


2) åñëè â âûõîäíîì ñëîå ñóììà ñ êîýôôèöèåíòàìè �EMBED Equation.3��� ñîáñòâåííûõ ïîãðåøíîñòåé ýëåìåíòîâ �EMBED Equation.3���, âûõîäíûå ñèãíàëû êîòîðûõ ÿâëÿþòñÿ âõîäíûìè ñèãíàëàìè ñóììàòîðà, ïðåâûøàåò äîïóñòèìóþ ïîãðåøíîñòü �EMBED Equation.3��� âûõîäíîãî ñèãíàëà ñóììàòîðà: �EMBED Equation.3���.


Åñëè ñîáñòâåííàÿ ïîãðåøíîñòü  ïðåâûøàåò äîïóñòèìóþ ïîãðåøíîñòü âûõîäíîãî ñèãíàëà  ó ýëåìåíòà  ñêðûòîãî èëè âõîäíîãî ñëîÿ, òî ìîæíî ïîïûòàòüñÿ ðàñïðåäåëèòü  äîïóñòèìûå ïîãðåøíîñòè òàê, ÷òîáû ïðîäîëæèòü âû÷èñëåíèÿ.


Íàì íåîáõîäèìî îïòèìàëüíî ðàñïðåäåëèòü äîïóñòèìûå ïîãðåøíîñòè ïî âõîäàì ñóììàòîðà, òî åñòü ðàñïðåäåëèòü èõ òàêèì îáðàçîì, ÷òîáû ïî êàæäîìó âõîäó äîïóñòèìûå ïîãðåøíîñòè âõîäíûõ ñèãíàëîâ ìàêñèìàëüíî ïðåâûøàëè ñîáñòâåííûå ïîãðåøíîñòè ýëåìåíòîâ, ÷üè âûõîäíûå ñèãíàëû ÿâëÿþòñÿ âõîäíûìè ñèãíàëàìè ñóììàòîðà.


Ðàññìîòðèì ó÷àñòîê ñåòè ìåæäó äâóìÿ ñóììàòîðàìè �EMBED Equation.3��� è �EMBED Equation.3��� (ðèñ.9). Ïóñòü �EMBED Equation.3��� – ýòî ïîãðåøíîñòü âûõîäíîãî ñèãíàëà ñóììàòîðà �EMBED Equation.3���, A – òî÷íûé âûõîäíîé ñèãíàë íåëèíåéíîãî ïðåîáðàçîâàòåëÿ.
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Ïðåäïîëîæèì ñíà÷àëà, ÷òî ñîáñòâåííûå ïîãðåøíîñòè ýëåìåíòîâ äîáàâëÿþòñÿ ê âûõîäíûì ñèãíàëàì ýòèõ ýëåìåíòîâ. Òî åñòü ïîãðåøíîñòü âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ âû÷èñëÿåòñÿ ïî ôîðìóëå �EMBED Equation.3���, à äëÿ òî÷êè âåòâëåíèÿ ïîãðåøíîñòü âõîäíîãî ñèãíàëà îïðåäåëÿåòñÿ êàê �EMBED Equation.3���.


Äëÿ êàæäîãî âõîäà ñóììàòîðà �EMBED Equation.3��� íàì íåîáõîäèìî âû÷èñëèòü òàêèå äîïóñòèìûå ïîãðåøíîñòè, êîòîðûå ïîçâîëèëè áû ïðîâåñòè âû÷èñëåíèÿ äîïóñòèìûõ ïîãðåøíîñòåé äëÿ òî÷êè âåòâëåíèÿ, íåëèíåéíîãî ïðåîáðàçîâàòåëÿ è ñóììàòîðà �EMBED Equation.3��� ïðåäûäóùåãî ñëîÿ. Ïðè ýòîì äîïóñòèìàÿ ïîãðåøíîñòü âûõîäíîãî ñèãíàëà ñóììàòîðà �EMBED Equation.3��� äîëæíà ïðåâûøàòü åãî ñîáñòâåííóþ ïîãðåøíîñòü. Ýòî ãàðàíòèðóåò âû÷èñëåíèå äîïóñòèìûõ ïîãðåøíîñòåé äëÿ ñëîÿ, ïðåäøåñòâóþùåãî ñóììàòîðó �EMBED Equation.3���.


Ïóñòü ñóììàòîð �EMBED Equation.3��� èìååò ñîáñòâåííóþ ïîãðåøíîñòü �EMBED Equation.3���, íåëèíåéíûé ïðåîáðàçîâàòåëü èìååò ñîáñòâåííóþ ïîãðåøíîñòü �EMBED Equation.3��� è �EMBED Equation.3��� – ñîáñòâåííàÿ ïîãðåøíîñòü òî÷êè âåòâëåíèÿ.


Âû÷èñëèì ïîãðåøíîñòü �EMBED Equation.3���, êîòîðàÿ ïðèäåò ê âõîäó ñóììàòîðà �EMBED Equation.3��� ïðè ïðÿìîì ôóíêöèîíèðîâàíèè ñåòè, íà÷èíàÿ îò âûõîäíîãî ñèãíàëà ñóììàòîðà �EMBED Equation.3���.


�EMBED Equation.3��� = �EMBED Equation.3����EMBED Equation.3���.


Âû÷èñëÿåì äîïóñòèìûå ïîãðåøíîñòè �EMBED Equation.3��� äëÿ âõîäîâ ñóììàòîðà �EMBED Equation.3��� ïðè ïðîïîðöèîíàëüíîì è ðàâíîìåðíîì ðàñïðåäåëåíèè. Åñëè õîòÿ áû äëÿ îäíîãî ðàñïðåäåëåíèÿ ïî êàæäîìó âõîäó �EMBED Equation.3��� < �EMBED Equation.3���, òî ìîæíî ïðîäîëæàòü âû÷èñëåíèÿ, èñïîëüçóÿ ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè ñ ó÷åòîì ñîáñòâåííûõ ïîãðåøíîñòåé ýëåìåíòîâ ñåòè. Åñëè æå äëÿ îáîèõ ðàñïðåäåëåíèé õîòÿ áû ïî îäíîìó âõîäó �EMBED Equation.3��� > �EMBED Equation.3���, òî íåîáõîäèìî ðàñïðåäåëÿòü äîïóñòèìûå ïîãðåøíîñòè ïî âõîäàì ñóììàòîðà �EMBED Equation.3��� ñëåäóþùèì îáðàçîì.


Åñëè ñóììà ñ êîýôôèöèåíòàìè �EMBED Equation.3��� ïîãðåøíîñòåé �EMBED Equation.3���ìåíüøå äîïóñòèìîé ïîãðåøíîñòè âûõîäíîãî ñèãíàëà (�EMBED Equation.3���), òî âû÷èñëÿåì ðàçíîñòü �EMBED Equation.3���. Îñòàâøóþñÿ ÷àñòü äîïóñòèìîé ïîãðåøíîñòè âûõîäíîãî ñèãíàëà ñóììàòîðà �EMBED Equation.3��� ðàñïðåäåëÿåì ðàâíîìåðíî ïî âñåì âõîäàì, ÷òîáû äîïóñòèìûå ïîãðåøíîñòè âõîäîâ ïðåâûøàëè ïîãðåøíîñòè ýëåìåíòîâ íà îäíó è òó æå âåëè÷èíó �EMBED Equation.3��� . Òîãäà


�EMBED Equation.3����EMBED Equation.3���.


Äîïóñòèìûå ïîãðåøíîñòè âõîäíûõ ñèãíàëîâ ñóììàòîðà áóäóò ðàâíû �EMBED Equation.3���. 


Ïóñòü òåïåðü ñîáñòâåííûå ïîãðåøíîñòè ýëåìåíòîâ äîáàâëÿþòñÿ ê èõ âõîäíûì ñèãíàëàì. Äîïóñòèìàÿ ïîãðåøíîñòü âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ïðè ýòîì âû÷èñëÿåòñÿ ñëåäóþùèì îáðàçîì: �EMBED Equation.3���. Ñîáñòâåííàÿ ïîãðåøíîñòü ñóììàòîðà �EMBED Equation.3��� ðàâíà �EMBED Equation.3��� . Äîïóñòèìàÿ ïîãðåøíîñòü òî÷êè âåòâëåíèÿ âû÷èñëÿåòñÿ êàê áûëî îïèñàíî âûøå.


Â ýòîì ñëó÷àå ïîãðåøíîñòè �EMBED Equation.3��� âû÷èñëÿþòñÿ ïî ôîðìóëå:


�EMBED Equation.3��� = (�EMBED Equation.3����EMBED Equation.3���– �EMBED Equation.3���)�EMBED Equation.3���+ �EMBED Equation.3���.


Îñòàëüíûå âû÷èñëåíèÿ äëÿ äîïóñòèìûõ ïîãðåøíîñòåé �EMBED Equation.3��� âõîäíûõ ñèãíàëîâ ñóììàòîðà �EMBED Equation.3��� ïðîâîäÿòñÿ àíàëîãè÷íî.


Âîçìîæåí äðóãîé ïîäõîä. Ìîæíî âû÷èñëÿòü ïîãðåøíîñòè �EMBED Equation.3��� äëÿ âñåé ñåòè ñðàçó. Ïîãðåøíîñòè �EMBED Equation.3���, âû÷èñëåííûå äëÿ îäíîãî ñëîÿ ñåòè, ñóììèðóþòñÿ ñ êîýôôèöèåíòàìè �EMBED Equation.3��� òîãî ñóììàòîðà, ÷åðåç êîòîðûé îíè äîëæíû ïðîõîäèòü. Ïîëó÷åííàÿ ïîãðåøíîñòü èñïîëüçóåòñÿ äàëüøå äëÿ âû÷èñëåíèÿ ïîãðåøíîñòè �EMBED Equation.3��� ñëåäóþùåãî ñëîÿ. Ïðè îáðàòíîì ïðîõîæäåíèè ñåòè äëÿ âõîäîâ êàæäîãî ñóììàòîðà áóäåò èçâåñòíî, êàêèå ïîãðåøíîñòè �EMBED Equation.3��� ïðèõîäÿò ïî êàæäîìó âõîäó, è êàê ñëåäóåò ðàñïðåäåëÿòü äîïóñòèìûå ïîãðåøíîñòè ñèãíàëîâ. Ïðè ýòîì ïîãðåøíîñòè �EMBED Equation.3��� âû÷èñëÿþòñÿ îäèí ðàç è íå òðåáóåòñÿ äåëàòü ïåðåñ÷åò.


Òàêèì îáðàçîì, ìû ðàññìîòðåëè êàê ðàñïðåäåëÿþòñÿ äîïóñòèìûå ïîãðåøíîñòè ñèãíàëîâ äëÿ ñåòåé ñ ñîáñòâåííûìè ïîãðåøíîñòÿìè ýëåìåíòîâ. Èñïîëüçóåòñÿ âñòðå÷íîå ðàñïðîñòðàíåíèå ïîãðåøíîñòåé �EMBED Equation.3���, êîòîðûå íàñ÷èòûâàþòñÿ ïðè ïðÿìîì ôóíêöèîíèðîâàíèè ñåòè, è äîïóñòèìûõ ïîãðåøíîñòåé ñèãíàëîâ, êîòîðûå âû÷èñëÿþòñÿ â îáðàòíîì íàïðàâëåíèè.





6. Ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè äëÿ îöåíêè ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé


Ðàññìîòðèì îáó÷åííóþ íåéðîñåòü ñ âû÷èñëåííûìè âåñàìè ñèíàïñîâ �EMBED Equation.3���. Ñ÷èòàåì, ÷òî ïîãðåøíîñòè âõîäíûõ ñèãíàëîâ, âíóòðåííèõ ñèãíàëîâ ñåòè è ýëåìåíòîâ îòñóòñòâóþò. Ïðè âåêòîðå âõîäíûõ ñèãíàëîâ �EMBED Equation.3��� ïîëó÷àåì âåêòîð âûõîäíûõ ñèãíàëîâ �EMBED Equation.3���. Âåêòîð �EMBED Equation.3��� è âíóòðåííèå ñèãíàëû ñåòè �EMBED Equation.3��� áóäåì ñ÷èòàòü òî÷íûì âåêòîðîì âûõîäíûõ ñèãíàëîâ è òî÷íûìè ñèãíàëàìè ñåòè.


Ðàññìîòðèì òåïåðü ýòó æå ñåòü, íî ïðåäïîëîæèì, ÷òî âñå ñèãíàëû ñåòè èìåþò íåêîòîðûå ïîãðåøíîñòè. Ïóñòü �EMBED Equation.3��� – âåêòîð âûõîäíûõ ñèãíàëîâ, ïîëó÷åííûé ïðè òîì æå âåêòîðå âõîäíûõ ñèãíàëîâ�EMBED Equation.3���, íî ñ ïîãðåøíîñòÿìè âíóòðåííèõ ñèãíàëîâ ñåòè.


Ïðåäïîëàãàåì, ÷òî âíóòðè êàæäîãî ñëîÿ ïîãðåøíîñòè ñèãíàëîâ �EMBED Equation.3����EMBED Equation.3���ÿâëÿþòñÿ íåçàâèñèìûìè ñëó÷àéíûìè âåëè÷èíàìè. Ýòî ïðåäïîëîæåíèå ïîçâîëÿåò íàëàãàòü ìåíåå æåñòêèå òðåáîâàíèÿ ïðè âû÷èñëåíèè ïîãðåøíîñòåé ñèãíàëîâ.


Ïóñòü íàì çàäàíà �EMBED Equation.3��� – äîïóñòèìàÿ ïîãðåøíîñòü âûõîäíûõ ñèãíàëîâ ñåòè. Òî åñòü âåêòîð �EMBED Equation.3��� ìîæåò îòëè÷àòüñÿ îò âåêòîðà �EMBED Equation.3��� íå áîëåå, ÷åì íà  �EMBED Equation.3���. Áóäåì ñ÷èòàòü �EMBED Equation.3��� âåëè÷èíîé ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ �EMBED Equation.3��� âûõîäíûõ ñèãíàëîâ ñåòè �EMBED Equation.3���.


Íàì íóæíî âûÿñíèòü, êàêèì îáðàçîì ìîãóò ðàñïðåäåëÿòüñÿ äèñïåðñèè ñèãíàëîâ ïðè çàäàííîì �EMBED Equation.3��� è âû÷èñëèòü ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ �EMBED Equation.3��� äëÿ âñåõ ñèãíàëîâ ñåòè òàêèå, ÷òîáû ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå âåêòîðà âûõîäíûõ ñèãíàëîâ �EMBED Equation.3��� ðàâíÿëîñü �EMBED Equation.3���.


Çíàÿ ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå âûõîäíûõ ñèãíàëîâ, ìîæåì âû÷èñëèòü äèñïåðñèþ âûõîäíûõ ñèãíàëîâ �EMBED Equation.3���, à çàòåì, ïåðåõîäÿ îò ýëåìåíòà ê ýëåìåíòó â îáðàòíîì ïîðÿäêå, âû÷èñëèì äèñïåðñèè �EMBED Equation.3��� è ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ �EMBED Equation.3��� äëÿ âñåõ ñèãíàëîâ ñåòè.


Òèïè÷íûì ó÷àñòêîì ñåòè ÿâëÿåòñÿ ñòàíäàðòíûé íåéðîí. Èç ñòàíäàðòíûõ íåéðîíîâ ñîñòîèò ëþáàÿ íåéðîííàÿ ñåòü. Ïîýòîìó íàì äîñòàòî÷íî îïðåäåëèòü, êàê âû÷èñëÿþòñÿ ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ  ñèãíàëîâ äëÿ ýëåìåíòîâ ñòàíäàðòíîãî íåéðîíà. Òîãäà ìû áóäåì èìåòü âîçìîæíîñòü âû÷èñëèòü ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ äëÿ ëþáîãî ó÷àñòêà ñåòè.


Âûÿñíèì, êàê âû÷èñëÿþòñÿ ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ äëÿ âõîäíûõ ñèãíàëîâ òî÷êè âåòâëåíèÿ, íåëèíåéíîãî ïðåîáðàçîâàòåëÿ è  ñóììàòîðà, åñëè íàì áóäóò èçâåñòíû ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ âûõîäíûõ ñèãíàëîâ ýòèõ ýëåìåíòîâ.


Åñëè äèñïåðñèè âûõîäíûõ ñèãíàëîâ òî÷êè âåòâëåíèÿ �EMBED Equation.3��� ïðè îáðàòíîì ðàñïðîñòðàíåíèè íå ðàâíû ìåæäó ñîáîé, òî â êà÷åñòâå äèñïåðñèè âõîäíîãî ñèãíàëà òî÷êè âåòâëåíèÿ âûáèðàåòñÿ �EMBED Equation.3���.


Ïóñòü �EMBED Equation.3��� – ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè âûõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ. Ïóñòü ñëó÷àéíàÿ âåëè÷èíà �EMBED Equation.3��� (ïîãðåøíîñòü âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ) èìååò íåêîòîðóþ ïëîòíîñòü ðàñïðåäåëåíèÿ �EMBED Equation.3���. Ñ÷èòàåì, ÷òî ìàòåìàòè÷åñêîå îæèäàíèå ïîãðåøíîñòè âõîäíîãî ñèãíàëà �EMBED Equation.3��� è äèñïåðñèÿ �EMBED Equation.3���.


Ïóñòü íåëèíåéíûé ïðåîáðàçîâàòåëü èìååò ôóíêöèþ àêòèâàöèè �EMBED Equation.3��� è òî÷íûé âõîäíîé ñèãíàë �EMBED Equation.3���. Ðàññìîòðèì ëèíåéíîå ïðèáëèæåíèå ôóíêöèè àêòèâàöèè �EMBED Equation.3��� â òî÷êå �EMBED Equation.3���. Ëèíåéíîå ïðèáëèæåíèå èìååò âèä: �EMBED Equation.3���. Íàéäåì ìàòåìàòè÷åñêîå îæèäàíèå è äèñïåðñèþ âåëè÷èíû �EMBED Equation.3���.


�EMBED Equation.3���.


�EMBED Equation.3���.





Ñ äðóãîé ñòîðîíû, íàì èçâåñòíî, ÷òî äèñïåðñèÿ âûõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ðàâíà �EMBED Equation.3���. Îòñþäà ïîëó÷àåì


�EMBED Equation.3���=�EMBED Equation.3����EMBED Equation.3����EMBED Equation.3����EMBED Equation.3����EMBED Equation.3���.


Òàêèì îáðàçîì, ìû âû÷èñëèëè ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ äëÿ ëþáîãî ðàñïðåäåëåíèÿ ïîãðåøíîñòè âõîäíîãî ñèãíàëà �EMBED Equation.3���.


Ìû ïîëó÷èëè ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ �EMBED Equation.3���, êîòîðîå îäíîâðåìåííî ÿâëÿåòñÿ ñðåäíåêâàäðàòè÷åñêèì îòêëîíåíèåì âûõîäíîãî ñèãíàëà ñóììàòîðà ñ ïîãðåøíîñòÿìè âõîäíûõ ñèãíàëîâ �EMBED Equation.3���. Ïîãðåøíîñòü âûõîäíîãî ñèãíàëà ñóììàòîðà ðàâíÿåòñÿ �EMBED Equation.3���-�EMBED Equation.3��� = =�EMBED Equation.3���, ãäå �EMBED Equation.3���– òî÷íûé âûõîäíîé ñèãíàë ñóììàòîðà.


Âû÷èñëèì ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ �EMBED Equation.3��� âõîäíûõ ñèãíàëîâ ñóììàòîðà. Ðàññìîòðèì äëÿ ýòîãî äèñïåðñèþ ïîãðåøíîñòè âûõîäíîãî ñèãíàëà ñóììàòîðà �EMBED Equation.3���(�EMBED Equation.3���) =�EMBED Equation.3���.


Ïðåäïîëîæèì äîïîëíèòåëüíî, ÷òî �EMBED Equation.3��� ðàâíû ìåæäó ñîáîé.


�EMBED Equation.3��� = �EMBED Equation.3���(�EMBED Equation.3���) = �EMBED Equation.3��� = �EMBED Equation.3���=


=�EMBED Equation.3����EMBED Equation.3��� �EMBED Equation.3��� = �EMBED Equation.3���.


Ïîëó÷èëè ôîðìóëó äëÿ ðàâíîìåðíîãî ðàñïðåäåëåíèÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé �EMBED Equation.3��� ïî âõîäàì ñóììàòîðà. Åñëè â êà÷åñòâå ïîãðåøíîñòè êàæäîãî âõîäà ðàññìàòðèâàòü íå �EMBED Equation.3���, à �EMBED Equation.3���, òî ïîëó÷èì ôîðìóëó äëÿ ïðîïîðöèîíàëüíîãî ðàñïðåäåëåíèÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé �EMBED Equation.3��� ïî âõîäàì ñóììàòîðà.


�EMBED Equation.3���= �EMBED Equation.3���(�EMBED Equation.3���) = �EMBED Equation.3���= �EMBED Equation.3����EMBED Equation.3����EMBED Equation.3���=�EMBED Equation.3���.





Êðîìå ðàâíîìåðíîãî è ïðîïîðöèîíàëüíîãî ðàñïðåäåëåíèÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïîãðåøíîñòåé ïî âõîäàì ñóììàòîðà, ìîæåò áûòü èñïîëüçîâàíî ïðèîðèòåòíîå ðàñïðåäåëåíèå ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé. Ïðè ýòîì ñíà÷àëà íàçíà÷àþòñÿ ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé äëÿ òåõ âõîäîâ ñóììàòîðà, êîòîðûå íàèáîëåå çíà÷èìû ïî êàêîìó-ëèáî ïðèçíàêó, à çàòåì îñòàâøàÿñÿ ÷àñòü ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ ïîãðåøíîñòè âûõîäíîãî ñèãíàëà ñóììàòîðà ðàñïðåäåëÿåòñÿ ïî îñòàëüíûì âõîäàì ðàâíîìåðíî èëè ïðîïîðöèîíàëüíî.


Ìû ðàññìîòðåëè, êàê èçìåíÿþòñÿ ïîãðåøíîñòè ñèãíàëîâ  ïðè ïðîõîæäåíèè ÷åðåç ýëåìåíòû ñåòè. Ïðåäïîëîæèì òåïåðü, ÷òî íå òîëüêî ñèãíàëû èìåþò ïîãðåøíîñòè, íî è âñå ýëåìåíòû ñåòè ïåðåäàþò ïðèõîäÿùèå ê íèì ñèãíàëû ñ íåêîòîðûìè ïîãðåøíîñòÿìè. Ïóñòü ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé ýëåìåíòîâ èçâåñòíû è ôèêñèðîâàíû. Âûÿñíèì, êàê âëèÿþò ñîáñòâåííûå ïîãðåøíîñòè ýëåìåíòîâ íà ïîãðåøíîñòè ñèãíàëîâ. 


Âû÷èñëèì ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ âõîäíûõ ñèãíàëîâ òî÷êè âåòâëåíèÿ, íåëèíåéíîãî ïðåîáðàçîâàòåëÿ è ñóììàòîðà, åñëè èçâåñòíû ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ âûõîäíûõ ñèãíàëîâ è ñîáñòâåííûå ïîãðåøíîñòè ýòèõ ýëåìåíòîâ.


Ïóñòü òî÷êà âåòâëåíèÿ èìååò ñîáñòâåííóþ ïîãðåøíîñòü �EMBED Equation.3��� è ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ñîáñòâåííîé ïîãðåøíîñòè ðàâíî �EMBED Equation.3���. Ñîáñòâåííàÿ ïîãðåøíîñòü �EMBED Equation.3��� äîáàâëÿåòñÿ ê êàæäîìó ñèãíàëó, âûõîäÿùåìó èç òî÷êè âåòâëåíèÿ.


Åñëè ïðè îáðàòíîì ðàñïðîñòðàíåíèè ïîëó÷àåì äèñïåðñèè âûõîäíûõ ñèãíàëîâ òî÷êè âåòâëåíèÿ �EMBED Equation.3��� íå ðàâíûå ìåæäó ñîáîé, òî â êà÷åñòâå äèñïåðñèè âõîäíîãî ñèãíàëà òî÷êè âåòâëåíèÿ, ñ ó÷åòîì ñîáñòâåííîé ïîãðåøíîñòè, âûáèðàåòñÿ �EMBED Equation.3���.


Ïóñòü ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ñîáñòâåííîé ïîãðåøíîñòè íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ðàâíî �EMBED Equation.3���, à ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå âûõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ðàâíî �EMBED Equation.3���. Ñîáñòâåííàÿ ïîãðåøíîñòü íåëèíåéíîãî ïðåîáðàçîâàòåëÿ �EMBED Equation.3��� ìîæåò äîáàâëÿòüñÿ ëèáî ê ðåçóëüòàòó ðàáîòû íåëèíåéíîãî ïðåîáðàçîâàòåëÿ: �EMBED Equation.3���, ëèáî ê âõîäíîìó ñèãíàëó íåëèíåéíîãî ïðåîáðàçîâàòåëÿ: �EMBED Equation.3���.


Ðàññìîòðèì îáà âàðèàíòà.


Ïóñòü ïîãðåøíîñòü �EMBED Equation.3��� äîáàâëÿåòñÿ ê ðåçóëüòàòó ðàáîòû íåëèíåéíîãî ïðåîáðàçîâàòåëÿ. Ðàññìîòðèì äèñïåðñèþ


�EMBED Equation.3���(�EMBED Equation.3���) = �EMBED Equation.3���(�EMBED Equation.3���) + �EMBED Equation.3��� = �EMBED Equation.3��� + �EMBED Equation.3��� = �EMBED Equation.3���.


Îòñþäà ïîëó÷àåì, ÷òî äèñïåðñèÿ íåïîñðåäñòâåííî âûõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ðàâíà �EMBED Equation.3��� = �EMBED Equation.3���- �EMBED Equation.3���.


Ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå äëÿ âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ âû÷èñëÿåòñÿ êàê óêàçàíî âûøå. Â êà÷åñòâå äèñïåðñèè âûõîäíîãî ñèãíàëà â ôîðìóëå èñïîëüçóåòñÿ âû÷èñëåííàÿ äèñïåðñèÿ �EMBED Equation.3���=�EMBED Equation.3���-�EMBED Equation.3���. Ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ áóäåò ðàâíÿòüñÿ �EMBED Equation.3���.


Ïóñòü òåïåðü ñîáñòâåííàÿ ïîãðåøíîñòü íåëèíåéíîãî ïðåîáðàçîâàòåëÿ äîáàâëÿåòñÿ ê åãî âõîäíîìó ñèãíàëó: �EMBED Equation.3���.Â ýòîì ñëó÷àå ïîãðåøíîñòü âõîäíîãî ñèãíàëà èìååò ìàòåìàòè÷åñêîå îæèäàíèå �EMBED Equation.3��� è äèñïåðñèþ


�EMBED Equation.3���.


Âû÷èñëèì ìàòåìàòè÷åñêîå îæèäàíèå è äèñïåðñèþ âûõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ, ðàññìàòðèâàÿ ëèíåéíîå ïðèáëèæåíèå �EMBED Equation.3���.


�EMBED Equation.3���.


�EMBED Equation.3���Îòñþäà ïîëó÷àåì �EMBED Equation.3���=�EMBED Equation.3����EMBED Equation.3���.


Ïåðåéäåì ê âû÷èñëåíèþ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé âõîäíûõ ñèãíàëîâ ñóììàòîðà. Ïóñòü ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå âûõîäíîãî ñèãíàëà ñóììàòîðà ðàâíî �EMBED Equation.3���, ñîáñòâåííîå ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè ñóììàòîðà ðàâíî �EMBED Equation.3���.


Ñîáñòâåííàÿ ïîãðåøíîñòü ñóììàòîðà ìîæåò äîáàâëÿòüñÿ ëèáî ê âûõîäíîìó ñèãíàëó ñóììàòîðà: �EMBED Equation.3���, ëèáî ê êàæäîìó âõîäó ñóììàòîðà: �EMBED Equation.3���, ãäå �EMBED Equation.3���.


Ïóñòü ñîáñòâåííàÿ ïîãðåøíîñòü äîáàâëÿåòñÿ ê âûõîäíîìó ñèãíàëó ñóììàòîðà. Âû÷èñëèì ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòåé äëÿ âõîäíûõ ñèãíàëîâ ñóììàòîðà. Ðàññìîòðèì äëÿ ýòîãî äèñïåðñèþ


�EMBED Equation.3���(�EMBED Equation.3���)=�EMBED Equation.3���.


Äëÿ ðàâíîìåðíîãî ðàñïðåäåëåíèÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïðåäïîëàãàåì, ÷òî �EMBED Equation.3��� ðàâíû ìåæäó ñîáîé.


�EMBED Equation.3���(�EMBED Equation.3���) = �EMBED Equation.3���(�EMBED Equation.3���) +�EMBED Equation.3���(�EMBED Equation.3���) =


= �EMBED Equation.3���+ �EMBED Equation.3��� �EMBED Equation.3����EMBED Equation.3���= �EMBED Equation.3���.


Åñëè áóäåì ðàññìàòðèâàòü ïðîïîðöèîíàëüíîå ðàñïðåäåëåíèå ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé âõîäíûõ ñèãíàëîâ ñóììàòîðà, òî ïîëó÷èì


�EMBED Equation.3��� = �EMBED Equation.3���(�EMBED Equation.3���) = �EMBED Equation.3��� + �EMBED Equation.3��� �EMBED Equation.3��� �EMBED Equation.3��� = �EMBED Equation.3���.


Ïóñòü òåïåðü ñîáñòâåííîå ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ñóììàòîðà äîáàâëÿåòñÿ ê êàæäîìó âõîäó ñóììàòîðà: �EMBED Equation.3���.


Âû÷èñëèì ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòåé äëÿ âõîäíûõ ñèãíàëîâ ñóììàòîðà. Ðàññìîòðèì äëÿ ýòîãî äèñïåðñèþ �EMBED Equation.3���(�EMBED Equation.3���) =�EMBED Equation.3���.


Äëÿ ðàâíîìåðíîãî ðàñïðåäåëåíèÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïðåäïîëàãàåì, ÷òî �EMBED Equation.3��� ðàâíû ìåæäó ñîáîé.





�EMBED Equation.3���(�EMBED Equation.3���) = �EMBED Equation.3���(�EMBED Equation.3���) + �EMBED Equation.3���(�EMBED Equation.3���) = �EMBED Equation.3��� +


+ �EMBED Equation.3����EMBED Equation.3��� �EMBED Equation.3��� = �EMBED Equation.3���.


Åñëè áóäåì ðàññìàòðèâàòü ïðîïîðöèîíàëüíîå ðàñïðåäåëåíèå ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé âõîäíûõ ñèãíàëîâ ñóììàòîðà, òî ïîëó÷èì �EMBED Equation.3���= �EMBED Equation.3���(�EMBED Equation.3���) = �EMBED Equation.3���+ �EMBED Equation.3����EMBED Equation.3���


�EMBED Equation.3���=�EMBED Equation.3���





Çíàÿ, êàê âû÷èñëÿþòñÿ ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé äëÿ âñåõ ýëåìåíòîâ ñòàíäàðòíîãî íåéðîíà, ìîæíî âû÷èñëèòü ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé ñèãíàëîâ äëÿ âñåé ñåòè. Åñëè çàäàíû ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé äëÿ âûõîäíûõ ñèãíàëîâ ñåòè, ìîæíî âû÷èñëèòü ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé äëÿ ïîñëåäíåãî ñëîÿ ñåòè. Êîãäà âû÷èñëåíû ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé âñåõ âõîäíûõ ñèãíàëîâ ïîñëåäíåãî ñëîÿ ñåòè, ïåðåõîäèì ê âû÷èñëåíèþ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïîãðåøíîñòåé ïðåäïîñëåäíåãî ñëîÿ è òàê äàëåå.


Ðàññìîòðèì ïðèìåð íà ðèñ.10. Ïóñòü äàíà ñåòü ñ òðåìÿ íåéðîíàìè âõîäíîãî ñëîÿ, äâóìÿ íåéðîíàìè ñêðûòîãî ñëîÿ è îäíèì âûõîäíûì íåéðîíîì. Íà ðèñóíêå ïîêàçàíû ñèãíàëû, ïðîõîäÿùèå ïî ñåòè ïðè äàííîì âåêòîðå âõîäíûõ ñèãíàëîâ, è âåñà ñâÿçåé. Â äàííîì ïðèìåðå ýëåìåíòû ñåòè íå èìåþò ñîáñòâåííûõ ïîãðåøíîñòåé. Õàðàêòåðèñòè÷åñêàÿ ôóíêöèÿ íåëèíåéíûõ ïðåîáðàçîâàòåëåé èìååò âèä: �EMBED Equation.3���, ãäå �EMBED Equation.3��� – âõîäíîé ñèãíàë íåëèíåéíîãî ïðåîáðàçîâàòåëÿ. Ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå âåêòîðà âûõîäíûõ ñèãíàëîâ ñåòè �EMBED Equation.3��� ðàâíÿåòñÿ 0.01. Ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé ïî âõîäàì ñóììàòîðà âû÷èñëÿþòñÿ ñ èñïîëüçîâàíèåì ôîðìóëû äëÿ ðàâíîìåðíîãî ðàñïðåäåëåíèÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé.


�EMBED Word.Picture.8���Âû÷èñëèì ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ äëÿ âñåõ ñèãíàëîâ ñåòè ïðè äàííîì âåêòîðå âõîäíûõ ñèãíàëîâ. Âñå âû÷èñëåííûå çíà÷åíèÿ â ýòîì ïðèìåðå îêðóãëÿþòñÿ äî äâóõ çíàêîâ ïîñëå çàïÿòîé. Íà ðèñ.11 ïîêàçàíû âû÷èñëåííûå ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ äëÿ äàííîãî ïðèìåðà.





Çíàÿ, êàê âû÷èñëÿþòñÿ ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé äëÿ âñåõ ýëåìåíòîâ ñòàíäàðòíîãî íåéðîíà, ìîæíî âû÷èñëèòü ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé ñèãíàëîâ äëÿ âñåé ñåòè. Åñëè çàäàíû ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé äëÿ âûõîäíûõ ñèãíàëîâ ñåòè, ìîæíî âû÷èñëèòü ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé äëÿ ïîñëåäíåãî ñëîÿ ñåòè. Êîãäà âû÷èñëåíû ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé âñåõ âõîäíûõ ñèãíàëîâ ïîñëåäíåãî ñëîÿ ñåòè, ïåðåõîäèì ê âû÷èñëåíèþ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïîãðåøíîñòåé ïðåäïîñëåäíåãî ñëîÿ è òàê äàëåå.


Ðàññìîòðèì ïðèìåð íà ðèñ.10. Ïóñòü äàíà ñåòü ñ òðåìÿ íåéðîíàìè âõîäíîãî ñëîÿ, äâóìÿ íåéðîíàìè ñêðûòîãî ñëîÿ è îäíèì âûõîäíûì íåéðîíîì. Íà ðèñóíêå ïîêàçàíû ñèãíàëû, ïðîõîäÿùèå ïî ñåòè ïðè äàííîì âåêòîðå âõîäíûõ ñèãíàëîâ, è âåñà ñâÿçåé. Â äàííîì ïðèìåðå ýëåìåíòû ñåòè íå èìåþò ñîáñòâåííûõ ïîãðåøíîñòåé. Õàðàêòåðèñòè÷åñêàÿ ôóíêöèÿ íåëèíåéíûõ ïðåîáðàçîâàòåëåé èìååò âèä: �EMBED Equation.3���, ãäå �EMBED Equation.3��� – âõîäíîé ñèãíàë íåëèíåéíîãî ïðåîáðàçîâàòåëÿ. Ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå âåêòîðà âûõîäíûõ ñèãíàëîâ ñåòè �EMBED Equation.3��� ðàâíÿåòñÿ 0.01. Ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé ïî âõîäàì ñóììàòîðà âû÷èñëÿþòñÿ ñ èñïîëüçîâàíèåì ôîðìóëû äëÿ ðàâíîìåðíîãî ðàñïðåäåëåíèÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé.


�EMBED Word.Picture.8���Âû÷èñëèì ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ äëÿ âñåõ ñèãíàëîâ ñåòè ïðè äàííîì âåêòîðå âõîäíûõ ñèãíàëîâ. Âñå âû÷èñëåííûå çíà÷åíèÿ â ýòîì ïðèìåðå îêðóãëÿþòñÿ äî äâóõ çíàêîâ ïîñëå çàïÿòîé. Íà ðèñ.11 ïîêàçàíû âû÷èñëåííûå ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ äëÿ äàííîãî ïðèìåðà.





�EMBED Word.Picture.8����EMBED Equation.3���;�EMBED Equation.3���;�EMBED Equation.3���;�EMBED Equation.3���;


�EMBED Equation.3���;


�EMBED Equation.3���;


�EMBED Equation.3���; �EMBED Equation.3���; �EMBED Equation.3���;�EMBED Equation.3���;


�EMBED Equation.3���;�EMBED Equation.3���;


�EMBED Equation.3���;





Òàêèì îáðàçîì, ïîëó÷åíû ôîðìóëû äëÿ âû÷èñëåíèÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïîãðåøíîñòåé ñèãíàëîâ ñåòè, â ïðåäïîëîæåíèè, ÷òî ïîãðåøíîñòè ÿâëÿþòñÿ íåçàâèñèìûìè ñëó÷àéíûìè âåëè÷èíàìè.








7. Àíàëèç ðåàëèçóåìîñòè ñåòåé ñ ñîáñòâåííûìè ïîãðåøíîñòÿìè ýëåìåíòîâ  ìåòîäîì îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè äëÿ îöåíêè ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé 





Âñå èçëîæåííûå âûøå ñîîáðàæåíèÿ î âûïîëíèìîñòè ìåòîäà îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè ñïðàâåäëèâû è äëÿ ìåòîäà îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè äëÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïîãðåøíîñòåé ñ ó÷åòîì ñîáñòâåííûõ ïîãðåøíîñòåé ýëåìåíòîâ. Îòëè÷èå ñîñòîèò â ñïîñîáå âû÷èñëåíèÿ ïðîìåæóòî÷íûõ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïîãðåøíîñòåé.


Êàê è âûøå, ðàññìîòðèì ó÷àñòîê ñåòè, èçîáðàæåííûé íà ðèñ.9. Äëÿ ýòîãî ó÷àñòêà íàì íåîáõîäèìî âû÷èñëèòü ïðîìåæóòî÷íîå ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè �EMBED Equation.3���.


Ïóñòü ñîáñòâåííîå ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè ñóììàòîðà �EMBED Equation.3��� ðàâíî �EMBED Equation.3���, ñîáñòâåííîå ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè íåëèíåéíîãî ïðåîáðàçîâàòåëÿ ðàâíî �EMBED Equation.3��� è �EMBED Equation.3��� – ñîáñòâåííîå ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè òî÷êè âåòâëåíèÿ.


Ðàññìîòðèì ñíà÷àëà âàðèàíò, êîãäà ñîáñòâåííûå ïîãðåøíîñòè ýëåìåíòîâ äîáàâëÿþòñÿ ê âûõîäíûì ñèãíàëàì ýòèõ ýëåìåíòîâ. Â ýòîì ñëó÷àå ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ âû÷èñëÿåòñÿ ïî ôîðìóëå �EMBED Equation.3���, ãäå �EMBED Equation.3���= �EMBED Equation.3���, �EMBED Equation.3���– îáùàÿ ïîãðåøíîñòü âûõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ. Äëÿ òî÷êè âåòâëåíèÿ ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè âõîäíîãî ñèãíàëà îïðåäåëÿåòñÿ êàê �EMBED Equation.3���.


Ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè �EMBED Equation.3���, êîòîðîå ïðèäåò ê âõîäó ñóììàòîðà �EMBED Equation.3��� ïðè ïðÿìîì ôóíêöèîíèðîâàíèè ñåòè, íà÷èíàÿ îò âûõîäíîãî ñèãíàëà ñóììàòîðà �EMBED Equation.3��� (ðèñ.9), ðàâíî


�EMBED Equation.3���.


Ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé �EMBED Equation.3��� ïðèäóò ê êàæäîìó âõîäó ñóììàòîðà �EMBED Equation.3���. Åñëè ñóììà êâàäðàòîâ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé �EMBED Equation.3��� ñ êîýôôèöèåíòàìè �EMBED Equation.3��� ìåíüøå êâàäðàòà ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ ïîãðåøíîñòè âûõîäíîãî ñèãíàëà ñóììàòîðà (�EMBED Equation.3���), òî âû÷èñëÿåì ðàçíîñòü �EMBED Equation.3���. Îñòàâøóþñÿ ÷àñòü êâàäðàòà ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ ïîãðåøíîñòè âûõîäíîãî ñèãíàëà ñóììàòîðà �EMBED Equation.3��� ðàñïðåäåëÿåì ðàâíîìåðíî ïî âñåì âõîäàì, ÷òîáû ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé âõîäîâ ïðåâûøàëè ñîáñòâåííûå ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé ýëåìåíòîâ íà îäíó è òó æå âåëè÷èíó �EMBED Equation.3���. Òîãäà ïîëó÷àåì ñëåäóþùóþ ôîðìóëó


�EMBED Equation.3���.


Ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé ïî âõîäàì ñóììàòîðà áóäóò ðàâíû �EMBED Equation.3��� = �EMBED Equation.3���.


Ïóñòü òåïåðü ñîáñòâåííûå ïîãðåøíîñòè ýëåìåíòîâ äîáàâëÿþòñÿ ê âõîäíûì ñèãíàëàì ýòèõ ýëåìåíòîâ. Â ýòîì ñëó÷àå ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ âû÷èñëÿåòñÿ ïî ôîðìóëå �EMBED Equation.3���, ãäå �EMBED Equation.3��� – ïîãðåøíîñòü âûõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ. Äëÿ òî÷êè âåòâëåíèÿ ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè âõîäíîãî ñèãíàëà îïðåäåëÿåòñÿ êàê áûëî óêàçàíî âûøå.


Ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåøíîñòè �EMBED Equation.3��� â ýòîì ñëó÷àå ðàâíî


�EMBED Equation.3���.


Âåëè÷èíû �EMBED Equation.3��� äëÿ âû÷èñëåíèÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïîãðåøíîñòåé âõîäíûõ ñèãíàëîâ �EMBED Equation.3��� âû÷èñëÿþòñÿ êàê áûëî ïîêàçàíî âûøå.


Ïðîìåæóòî÷íûå ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé �EMBED Equation.3���ìîæíî âû÷èñëÿòü êàê äëÿ ó÷àñòêîâ ñåòè, òàê è äëÿ ñåòè â öåëîì.


Òàêèì îáðàçîì, ìû ïîëó÷èëè ôîðìóëû äëÿ âû÷èñëåíèÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïîãðåøíîñòåé ñèãíàëîâ íåéðîííîé ñåòè ñ ñîáñòâåííûìè ïîãðåøíîñòÿìè ýëåìåíòîâ.








Òèïû ïîãðåøíîñòåé





  Â ìåòîäå îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè ïðèâåäåíû ôîðìóëû äëÿ âû÷èñëåíèÿ ïîãðåøíîñòåé ñèãíàëîâ ñåòè. Ýòè ôîðìóëû ðàññ÷èòàíû äëÿ ñèãíàëîâ, ïîëó÷åííûõ ïðè ïðÿìîì ôóíêöèîíèðîâàíèè ñåòè ñ îäíèì ïðèìåðîì èç îáó÷àþùåé âûáîðêè â êà÷åñòâå âõîäíûõ ñèãíàëîâ ñåòè. Âîîáùå ãîâîðÿ, äîïóñòèìûå ïîãðåøíîñòè ñèãíàëîâ çàâèñÿò îò âèäà âõîäíûõ ñèãíàëîâ ñåòè. Èñõîäÿ èç ýòîãî, äëÿ ìåòîäà îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè ìîæíî âûäåëèòü ÷åòûðå òèïà äîïóñòèìûõ ïîãðåøíîñòåé: 


1) ïîãðåøíîñòè, âû÷èñëåííûå  äëÿ îäíîãî ïðèìåðà;


2) ïîãðåøíîñòè, âû÷èñëåííûå äëÿ âñåé îáó÷àþùåé âûáîðêè;


3) ïîãðåøíîñòè, âû÷èñëåííûå äëÿ ïðèìåðîâ, êîìïîíåíòû êîòîðûõ ïðèíàäëåæàò îáëàñòè �EMBED Equation.3���, ãäå �EMBED Equation.3���– ðàçìåðíîñòü îáëàñòè, �EMBED Equation.3���– äåéñòâèòåëüíûå ÷èñëà;


4) ïîãðåøíîñòè, âû÷èñëåííûå äëÿ ïðèìåðîâ, êîìïîíåíòû êîòîðûõ ïðèíàäëåæàò îáëàñòè �EMBED Equation.3���, ãäå R – äåéñòâèòåëüíîå ÷èñëî.


  Ïîãðåøíîñòè ïåðâîãî òèïà âû÷èñëÿþòñÿ ïî ôîðìóëàì, îïèñàííûì â ìåòîäå îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè.


  Äëÿ òîãî, ÷òîáû âû÷èñëèòü ïîãðåøíîñòè âòîðîãî òèïà, âû÷èñëÿåì ïîãðåøíîñòè äëÿ êàæäîãî ïðèìåðà èç îáó÷àþùåé âûáîðêè. Çàòåì â êà÷åñòâå äîïóñòèìîé ïîãðåøíîñòè äëÿ êàæäîãî ýëåìåíòà ñåòè âûáèðàåòñÿ ìèíèìóì äîïóñòèìûõ ïîãðåøíîñòåé ýòîãî ýëåìåíòà, âû÷èñëåííûõ äëÿ êàæäîãî ïðèìåðà èç îáó÷àþùåé âûáîðêè.


  Ðàññìîòðèì, êàê âû÷èñëÿþòñÿ äîïóñòèìûå ïîãðåøíîñòè òðåòüåãî è ÷åòâåðòîãî òèïîâ. Â ôîðìóëàõ äëÿ âû÷èñëåíèÿ äîïóñòèìûõ ïîãðåøíîñòåé âõîäíîé ñèãíàë èñïîëüçóåòñÿ òîëüêî ó íåëèíåéíîãî ïðåîáðàçîâàòåëÿ. Äîïóñòèìûå ïîãðåøíîñòè îñòàëüíûõ ýëåìåíòîâ ñåòè îò âõîäíûõ ñèãíàëîâ íå çàâèñÿò. Ïîýòîìó äëÿ âû÷èñëåíèÿ ýòèõ òèïîâ ïîãðåøíîñòåé ñëåäóåò âûÿñíèòü, êàêèå ñèãíàëû áóäóò âõîäíûìè äëÿ íåëèíåéíûõ ïðåîáðàçîâàòåëåé, åñëè âõîäíûå ñèãíàëû ñåòè ïðèíàäëåæàò îáëàñòè, êîòîðàÿ ÿâëÿåòñÿ ïðÿìîóãîëüíèêîì èëè øàðîì.


  Äëÿ íà÷àëà ðàññìîòðèì äîïóñòèìûå ïîãðåøíîñòè òðåòüåãî òèïà, òî åñòü òå äîïóñòèìûå ïîãðåøíîñòè ýëåìåíòîâ ñåòè, êîòîðûå ïîëó÷àþòñÿ ïðè âõîäíûõ ñèãíàëàõ, ïðèíàäëåæàùèõ ïðÿìîóãîëüíîé îáëàñòè. Íàì èçâåñòíû èíòåðâàëû, â êîòîðûõ èçìåíÿþòñÿ âõîäíûå ñèãíàëû ñåòè. Òðåáóåòñÿ âû÷èñëèòü èíòåðâàëû äëÿ âõîäíûõ ñèãíàëîâ êàæäîãî ýëåìåíòà ñåòè. Áóäåì âû÷èñëÿòü èõ ñëåäóþùèì îáðàçîì. Ïðè ïðîõîæäåíèè èíòåðâàëîâ ÷åðåç ñóììàòîð êîíöû èíòåðâàëîâ ñîîòâåòñòâóþùèõ âõîäîâ óìíîæàþòñÿ íà âåñà ñèíàïñîâ �EMBED Equation.3��� è çàòåì ñêëàäûâàþòñÿ. Ïðåäïîëîæèì, ÷òî ôóíêöèÿ àêòèâàöèè íåëèíåéíîãî ïðåîáðàçîâàòåëÿ íåïðåðûâíà è ìîíîòîííà. Òîãäà â êà÷åñòâå êîíöîâ èíòåðâàëà åãî âûõîäíîãî ñèãíàëà áåðóòñÿ çíà÷åíèÿ õàðàêòåðèñòè÷åñêîé ôóíêöèè íåëèíåéíîãî ïðåîáðàçîâàòåëÿ îò êîíöîâ èíòåðâàëà âõîäíîãî ñèãíàëà. Òî÷êà âåòâëåíèÿ ïîñûëàåò ïðèõîäÿùèé ê íåé èíòåðâàë íà âõîäû ñëåäóþùèõ ýëåìåíòîâ. Òàêèì îáðàçîì, äëÿ êàæäîãî ýëåìåíòà ñåòè ìû ìîæåì âû÷èñëèòü èíòåðâàë, â êîòîðîì èçìåíÿþòñÿ åãî âõîäíûå ñèãíàëû. Íàñ èíòåðåñóþò èíòåðâàëû, â êîòîðûõ èçìåíÿþòñÿ âõîäíûå ñèãíàëû íåëèíåéíûõ ïðåîáðàçîâàòåëåé. Äëÿ òîãî, ÷òîáû âû÷èñëèòü äîïóñòèìûå ïîãðåøíîñòè âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ, íåîáõîäèìî âû÷èñëèòü ìàêñèìóì ïðîèçâîäíîé ôóíêöèè àêòèâàöèè íåëèíåéíîãî ïðåîáðàçîâàòåëÿ íà èíòåðâàëå èçìåíåíèÿ åãî âõîäíûõ ñèãíàëîâ è çàòåì ðàçäåëèòü íà ýòó âåëè÷èíó äîïóñòèìóþ ïîãðåøíîñòü âûõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ.


Òàêèì îáðàçîì âû÷èñëÿþòñÿ äîïóñòèìûå ïîãðåøíîñòè ñèãíàëîâ ñåòè äëÿ ïðÿìîóãîëüíîé îáëàñòè âõîäíûõ ñèãíàëîâ ñåòè.


Ðàññìîòðèì ïðèìåð, â êîòîðîì áóäåì âû÷èñëÿòü ïîãðåøíîñòè òðåòüåãî òèïà. Âîñïîëüçóåìñÿ íåéðîñåòüþ, èçîáðàæåííîé íà ðèñ.9. Íåéðîñåòü èìååò òàêèå æå âåñà ñèíàïñîâ, íî âõîäíûå ñèãíàëû ïðèíàäëåæàò ïðÿìîóãîëüíîé îáëàñòè:


             �EMBED Equation.3���=[-2,6];�EMBED Equation.3���=[3,11];�EMBED Equation.3���=[1.5,4];�EMBED Equation.3���=[2,7];�EMBED Equation.3���=[4,10];�EMBED Equation.3���=[-5,5];


                                            �EMBED Equation.3���=[1,8];�EMBED Equation.3���=[-4,6].





�EMBED Word.Picture.8���


  Ñèãíàëû ñåòè èçìåíÿþòñÿ â ñëåäóþùèõ èíòåðâàëàõ:


�EMBED Equation.3���=[-0.6,3.6];�EMBED Equation.3���=[2.85,10.45];�EMBED Equation.3���=[0.96,2.56];�EMBED Equation.3���=[0.56,1.96];


�EMBED Equation.3���=[3,7.5];�EMBED Equation.3���=[-2.7,2.7];�EMBED Equation.3���=[0.41,3.28];�EMBED Equation.3���=[-1.12,1.68];


�EMBED Equation.3���=[3.21,16.61];�EMBED Equation.3���=[3.56,9.46];�EMBED Equation.3���=[-3.41,7.66];�EMBED Equation.3���=[0.62,0.89];


�EMBED Equation.3���=[0.64,0.83]; �EMBED Equation.3���=[-0.63,0.79]; �EMBED Equation.3���=[0.07,0.1]; �EMBED Equation.3���=[0.45,0.65];


�EMBED Equation.3���=[0.39,0.51]; �EMBED Equation.3���=[0.34,0.44; �EMBED Equation.3���=[-0.2,0.26]; �EMBED Equation.3���=[-0.55,0.69];


�EMBED Equation.3���=[0.26,0.86]; �EMBED Equation.3���=[0.24,1.78]; �EMBED Equation.3���=[0.12,0.3]; �EMBED Equation.3���=[0.1,0.47];


�EMBED Equation.3���=[0.04,0.1]; �EMBED Equation.3���=[0.07,0.32]; �EMBED Equation.3���=[0.11,0.42]; �EMBED Equation.3���=[0.05,0.17].


  Ìû ìîæåì âû÷èñëèòü ìàêñèìóì ïðîèçâîäíîé ôóíêöèè àêòèâàöèè íà èíòåðâàëå èçìåíåíèÿ âõîäíîãî ñèãíàëà íåëèíåéíîãî ïðåîáðàçîâàòåëÿ.          �EMBED Equation.3���;�EMBED Equation.3���;�EMBED Equation.3���;�EMBED Equation.3���;


�EMBED Equation.3���;�EMBED Equation.3���.


Çíàÿ ýòè âåëè÷èíû, ìîæíî âû÷èñëèòü äîïóñòèìûå ïîãðåøíîñòè òðåòüåãî òèïà.


Âûÿñíèì òåïåðü, êàê âû÷èñëÿþòñÿ äîïóñòèìûå ïîãðåøíîñòè ñèãíàëîâ ÷åòâåðòîãî òèïà, òî åñòü ïîãðåøíîñòè, ïîëó÷àþùèåñÿ, êîãäà îáëàñòü âõîäíûõ ñèãíàëîâ ñåòè ÿâëÿåòñÿ øàðîì.


Ðàññóæäåíèÿ, ïðèâåäåííûå âûøå äëÿ äîïóñòèìûõ ïîãðåøíîñòåé òðåòüåãî òèïà, ñïðàâåäëèâû è äëÿ äîïóñòèìûõ ïîãðåøíîñòåé ÷åòâåðòîãî òèïà. Îòëè÷èå ñîñòîèò â òîì, ÷òî íàì íåîáõîäèìî "ðàçâåðíóòü" øàðîâóþ îáëàñòü òàêèì îáðàçîì, ÷òîáû ïîëó÷èòü èíòåðâàëû, â êîòîðûõ èçìåíÿþòñÿ âõîäíûå ñèãíàëû ýëåìåíòîâ.


Ðàññìîòðèì äëÿ ýòîãî êâàäðàòû âûõîäíûõ ñèãíàëîâ ñóììàòîðîâ âõîäíîãî ñëîÿ ñåòè. Èñïîëüçóÿ íåðàâåíñòâî Êîøè, ïîëó÷àåì �EMBED Equation.3���,


ãäå �EMBED Equation.3��� – ÷èñëî âõîäíûõ ñèãíàëîâ ñóììàòîðà. Ïîëó÷èëè èíòåðâàëû, â êîòîðûõ èçìåíÿþòñÿ âûõîäíûå ñèãíàëû ñóììàòîðîâ âõîäíîãî ñëîÿ íåéðîííîé ñåòè. Èñïîëüçóÿ ýòè èíòåðâàëû, ìîæåì âû÷èñëèòü èíòåðâàëû, â êîòîðûõ èçìåíÿþòñÿ âõîäíûå ñèãíàëû ýëåìåíòîâ ñåòè. Çàòåì, êàê óæå áûëî îïèñàíî âûøå, âû÷èñëÿåì äîïóñòèìûå ïîãðåøíîñòè âõîäíûõ ñèãíàëîâ íåëèíåéíûõ ïðåîáðàçîâàòåëåé.





8. Îáñóæäåíèå


Êàê ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè, òàê è ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïîãðåøíîñòåé ìîæíî ïðèìåíÿòü ê ñåòÿì íå òîëüêî ñëîèñòîé ñòðóêòóðû, íî òàêæå ê öèêëè÷åñêèì è ïîëíîñâÿçíûì ñåòÿì. Ðàññìàòðèâàÿ òàêò ôóíêöèîíèðîâàíèÿ ñåòè êàê ñëîé, "ðàçâîðà÷èâàåì" öèêëè÷åñêèå è ïîëíîñâÿçíûå ñåòè â ñåòè ñëîèñòîé ñòðóêòóðû. Âû÷èñëÿåì äîïóñòèìûå ïîãðåøíîñòè (ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé) äëÿ ñèãíàëîâ ñòàíäàðòíûõ íåéðîíîâ êàæäîãî ñëîÿ. Çàòåì "ñâîðà÷èâàåì" ñëîèñòóþ ñåòü â èñõîäíóþ. Òàê êàê êàæäûé ñëîé ïîëó÷åííîé ñåòè íà ñàìîì äåëå ÿâëÿåòñÿ òàêòîì ôóíêöèîíèðîâàíèÿ, òî äëÿ êàæäîãî ñèãíàëà ñåòè íà ðàçíûõ òàêòàõ ïîëó÷àåì ðàçíûå äîïóñòèìûå ïîãðåøíîñòè (ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé). Â êà÷åñòâå äîïóñòèìîé ïîãðåøíîñòè (ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ ïîãðåøíîñòè) äëÿ êàæäîãî ñèãíàëà ñåòè âûáèðàåòñÿ ìèíèìóì ýòèõ âåëè÷èí ïî âñåì òàêòàì.


Èäåÿ ýòèõ ìåòîäîâ âîçíèêëà ïðè ðåøåíèè çàäà÷è áèíàðèçàöèè íåéðîííîé ñåòè. Áèíàðèçàöèÿ ñîñòîèò â ïîñòðîåíèè òàêîé ñåòè, êîòîðàÿ ôóíêöèîíèðóåò òàê æå, êàê è èñõîäíàÿ, íî èìååò âåñà ñèíàïñîâ, ðàâíûå 0 èëè 1 (âàðèàíò: +1 èëè �1).


Íî ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè è ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïîãðåøíîñòåé ñèãíàëîâ ñåòè èíòåðåñåí íå òîëüêî è íå ñòîëüêî â ïðèëîæåíèè ê çàäà÷å áèíàðèçàöèè. Èõ ìîæíî ïðèìåíÿòü ïðè ðåøåíèè ðÿäà äðóãèõ çàäà÷. Íàïðèìåð, âû÷èñëèâ äîïóñòèìûå ïîãðåøíîñòè (ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ïîãðåøíîñòåé) äëÿ âñåé ñåòè, ìîæíî âûÿñíèòü, â êàêèõ ïðåäåëàõ ìîæíî âàðüèðîâàòü âõîäíûå äàííûå è ñèãíàëû íà ëþáîì ó÷àñòêå ñåòè, ÷òîáû âåêòîð âûõîäíûõ ñèãíàëîâ ïðè ýòîì èçìåíèëñÿ íå áîëåå, ÷åì íà çàäàííóþ âåëè÷èíó.


Ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè äëÿ ñðåäíåêâàäðàòè÷åñêèõ îöåíîê ïîãðåøíîñòè ïîçâîëÿåò ïîëó÷àòü ôîðìóëû äëÿ âû÷èñëåíèÿ ïîãðåøíîñòåé ñèãíàëîâ ñåòè, íàëàãàþùèå ìåíåå æåñòêèå îãðàíè÷åíèÿ íà âåëè÷èíó ïîãðåøíîñòåé ïî ñðàâíåíèþ ñ ãàðàíòèðîâàííûìè èíòåðâàëüíûìè îöåíêàìè ïîãðåøíîñòÿìè. Åñëè äëÿ ãàðàíòèðîâàííûõ èíòåðâàëüíûõ îöåíîê ïðè îáðàòíîì ïðîõîæäåíèè ñëîåâ äîïóñòèìûå ïîãðåøíîñòè ñèãíàëîâ óìåíüøàþòñÿ, òî äëÿ ñðåäíåêâàäðàòè÷åñêèõ îöåíîê ïîãðåøíîñòåé åñòü ñèòóàöèè, êîãäà ïîãðåøíîñòè óâåëè÷èâàþòñÿ îò ïîñëåäíåãî ñëîÿ ê ïåðâîìó. Åñëè ïîãðåøíîñòè ñèãíàëîâ ÿâëÿþòñÿ íåçàâèñèìûìè ñëó÷àéíûìè âåëè÷èíàìè, òî, êàê ïîêàçàíî â ïðèìåðå, äàæå ïðè áîëüøèõ ïîãðåøíîñòÿõ âõîäíûõ ñèãíàëîâ ïîëó÷àþòñÿ äîñòàòî÷íî òî÷íûå âûõîäíûå ñèãíàëû.





9. Çàêëþ÷åíèå.





Òàêèì îáðàçîì, ðåøåíèå çàäà÷è âû÷èñëåíèÿ äîïóñòèìûõ ïîãðåøíîñòåé (ñðåäíåêâàäðàòè÷åñêèõ îòêëîíåíèé ïîãðåøíîñòåé) äëÿ êàæäîãî ñèãíàëà ñåòè ìåòîäîì îáðàòíîãî ðàñïðîñòðàíåíèÿ òî÷íîñòè óäèâèòåëüíî ïîõîæå íà ìåòîä îáðàòíîãî ðàñïðîñòðàíåíèÿ îøèáêè, íî ñ äðóãèìè ïðàâèëàìè ïðîõîæäåíèÿ ýëåìåíòîâ. Ìåòîä ïîçâîëÿåò ôîðìóëèðîâàòü òðåáîâàíèÿ ê òî÷íîñòè âû÷èñëåíèÿ è ðåàëèçàöèè òåõíè÷åñêèõ óñòðîéñòâ, åñëè èçâåñòíû òðåáîâàíèÿ ê òî÷íîñòè âûõîäíûõ ñèãíàëîâ ñåòè.
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