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Ïðåäëîæåíû òðè ìîäåëè âû÷èñëåíèÿ ñâåðòêè: îñíîâàííàÿ íà íàõîæäåíèè ðå-
øåíèÿ íåêîòîðîé ëèíåéíîé àëãåáðàè÷åñêîé ñèñòåìû; ñîäåðæàùàÿ ñäâèãè; îñíî-
âàííàÿ íà áèëèíåéíûõ ôîðìàõ. Ïðèâåäåíà âû÷èñëèòåëüíàÿ ýôôåêòèâíîñòü ýòèõ
ìîäåëåé ïî ñðàâíåíèþ ñ èìåþùèìèñÿ ìîäåëÿìè.

Êëþ÷åâûå ñëîâà: ñâåðòêà, ÷èñëî îòñ÷åòîâ ñèãíàëà.

Ââåäåíèå
Ýôôåêòèâíîñòü âû÷èñëåíèÿ ñâåðòêè äëÿ êîíêðåòíîé çàäà÷è çàâèñèò îò

âûáðàííîé ìîäåëè. Ñóùåñòâóåò ìíîæåñòâî òàêèõ ìîäåëåé, îòëè÷àþùèõñÿ
äðóã îò äðóãà, â òîì ÷èñëå, ÷èñëîì îòñ÷åòîâ ñèãíàëà. Óíèâåðñàëüíûõ ìî-
äåëåé çíà÷èòåëüíî ìåíüøå, è èõ âû÷èñëèòåëüíûå çàòðàòû ïî-ïðåæíåìó
âûñîêè. Â ðàáîòå ïðåäëîæåíû òðè óíèâåðñàëüíûå ìîäåëè, ïåðâûå äâå äà-
þò âû÷èñëèòåëüíóþ âûãîäó îòíîñèòåëüíî èìåþùèõñÿ óíèâåðñàëüíûõ ìî-
äåëåé.

Ëèíåéíàÿ àëãåáðàè÷åñêàÿ ñèñòåìà
Ïóñòü y � ñâåðòêà ôóíêöèè x = (x0, x1, . . . , xn−1) ñ èìïóëüñíîé õà-

ðàêòåðèñòèêîé h = (h0, h1, . . . , hn−1) ÿâëÿåòñÿ ðåøåíèåì íåêîòîðîé àëãåá-
ðàè÷åñêîé ñèñòåìû Ay = b. Áóäåì âûáèðàòü ñèñòåìó òàêèì îáðàçîì, ÷òî-
áû âû÷èñëèòåëüíûå çàòðàòû áûëè ìèíèìàëüíû. Ýòî âîçìîæíî äîñòè÷ü
â ñëó÷àÿõ, êîãäà ïðè ðåøåíèè ñèñòåìû ïðîâîäÿòñÿ îïåðàöèè ñ ÷èñëàìè
±1, ±0.5, ±2 , òàê êàê â ýòèõ ñëó÷àÿõ îïåðàöèè óìíîæåíèÿ ôàêòè÷å-
ñêè íå âûïîëíÿþòñÿ. Äàííûì óñëîâèÿì óäîâëåòâîðÿåò ñèñòåìà ñ ìàòðèöåé
A = (aij)n−1

0 è âåêòîðîì b = (bj)n−1
0 , ãäå ïðè i = 0, n− 1, j = 0, n− 1

aij = 1− 2(1− δi0)δij (δij � ñèìâîë Êðîíåêåðà),

bj =

(
n−1∑

i=0

xi

)(
n−1∑

i=0

hi

)
δ0j +

n−1∑

i=0

(
xi

(
n−1∑

k=0

(−1)δ(i+k) mod n,jhk

))
(1− δ0j).

Îöåíêà ÷èñëà óìíîæåíèé ïðè ðåøåíèè ñèñòåìû ìåòîäîì Ãàóññà äàåò íóëå-
âîå ÷èñëî ñóùåñòâåííûõ óìíîæåíèé. Ñîñòàâëÿåòñÿ ñèñòåìà çà k = n2−n+1
óìíîæåíèé, òî åñòü íà âû÷èñëåíèå ñâåðòêè òðåáóåòñÿ k óìíîæåíèé.
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Ñäâèãè
Ïðèìåíÿåì òîëüêî îïåðàöèþ ñäâèãà. Äëÿ ýòîãî ÷èñëî 2 âîçâîäèòñÿ â

ñòåïåíü ñâåðòêè:

2yk = 2

n−1P
i=0

xk−ihi

=
n−1∏

i=0

2xk−ihi =
n−1∏

i=0

(2xk−i)hi .

Ðåçóëüòàòîì ýòîé ïðîöåäóðû ÿâëÿåòñÿ ÷èñëî âèäà 2B, ãäå B � èñêîìàÿ
ñâåðòêà. Êîëè÷åñòâî ñäâèãîâ â äàííîì ìåòîäå ìîæåò áûòü îöåíåíî ÷èñëîì

n

(
n−1∑

i=0

xi +
n−1∑

i=0

hi + max
i,j=0,n−1

xihj

)
.

Áèëèíåéíûå ôîðìû
Ïðåäñòàâèì ñâåðòêó â âèäå áèëèíåéíîé ôîðìû yk = xSkh , ãäå Sk �

ñèììåòðè÷åñêàÿ ìàòðèöà. Òîãäà ïðè êàæäîì k = 0, n− 1 ýëåìåíòû ìàò-
ðèö Sk áóäóò èìåòü âèä:

sk
mi =

{
1, åñëè m = (k − i)modn,
0, èíà÷å, m = 0, n− 1, i = 0, n− 1.

Ìàòðèöà Sk ìîæåò áûòü ïðèâåäåíà ê êàíîíè÷åñêîìó âèäó â ïîëå âå-
ùåñòâåííûõ ÷èñåë ìåòîäîì îðòîãîíàëüíûõ ïðåîáðàçîâàíèé èëè ìåòîäîì
Ëàãðàíæà. Ïðè ýòîì ÷èñëî óìíîæåíèé íå èçìåíèòñÿ îòíîñèòåëüíî âû÷èñ-
ëåíèÿ ñâåðòêè ïî îïðåäåëåíèþ. Ñâåðòêà ÿâëÿåòñÿ ñêàëÿðíûì ïðîèçâåäå-
íèåì ôóíêöèé x è h , à Sk � âåñîâîé ôóíêöèåé. Îòìåòèì, ÷òî â äàííîì
ñëó÷àå ìåòîä ßêîáè íå ïðèìåíèì.

Ïîñòóïèëà â ðåäàêöèþ 08.02.08

T.M. Spichkina
Some models of convolution calculation

For calculation of convolution three models are o�ered: based on a �nding the solution
of some linear algebraic system; containing shifts; based on bilinear forms. Computing
e�ciency of these models is given in comparison with the available models.
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