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Ìåòîä ãëàâíûõ êîìïîíåíò

Ìåòîä ãëàâíûõ êîìïîíåíò (ÌÃÊ) � îäèí èç íàèáîëåå ïîïóëÿðíûõ
ìåòîäîâ ñîêðàùåíèÿ ðàçìåðíîñòè ïðîñòðàíñòâà ïðèçíàêîâ äëÿ
ðåøåíèÿ çàäà÷ ðàñïîçíàâàíèÿ îáðàçîâ è àíàëèçà äàííûõ.

Ðèñ.: Èëëþñòðàòèâíûé ïðèìåð ÌÃÊÞðèé Öîé ÒÏÓ, ÒÓÑÓÐ, AGILab
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Ìåòîä ãëàâíûõ êîìïîíåíò

â ÌÃÊ òðåáóåòñÿ íàéòè ñîáñòâåííûå çíà÷åíèÿ è âåêòîðû äëÿ
ìàòðèöû àâòîêîâàðèàöèè C = XXT , ãäå X � ìàòðèöà äàííûõ.

Ïëþñû

C ñèììåòðè÷íàÿ, ñóùåñòâóþò ñïåöèàëüíûå õîðîøî
èññëåäîâàííûå ÷èñëåííûå ìåòîäû.

ÌÃÊ èìååò ÿñíóþ ãåîìåòðè÷åñêóþ èíòåðïðåòàöèþ.

Ìèíóñ

ÌÃÊ ñëîæíî ïàðàëëåëèçîâàòü.
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Ìåòîä ãëàâíûõ êîìïîíåíò

Ñóùåñòâóåò íåéðîñåòåâîé ìåòîä äëÿ ïîèñêà ãëàâíûõ êîìïîíåíò,
èñïîëüçóþùèé Õåááîâñêèé ïðèíöèï, à èìåííî ïðàâèëî Îéÿ.

Îáîáùåííûé àëãîðèòì Õåááà (Generalized Hebb Algorithm, GHA)

1 Èíèöèàëèçàöèÿ âåñîâ ëèíåéíîé ÈÍÑ áåç ñêðûòûõ íåéðîíîâ.
Êîëè÷åñòâî âûõîäîâ = òðåáóåìîå êîëè÷åñòâî êîìïîíåíò.

2 Äëÿ êàæäîãî âåêòîðà äàííûõ:

yj(t) =
m∑
i=1

wji (t)xi (t),

∆wji (t) = η

[
yj(t)xi (t)− yj(t)

j∑
k=1

wki (t)yk(t)

]
,

3 Ïðîâåðêà êðèòåðèÿ îñòàíîâà.
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Ìåòîä ãëàâíûõ êîìïîíåíò

Îáîáùåííûé àëãîðèòì Õåááà (Generalized Hebb Algorithm, GHA)
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×òî åñëè . . .

Ìåòîä ãëàâíûõ êîìïîíåíò

Íåîáõîäèìî íàéòè íàèáîëåå çíà÷èìûå ôàêòîðû (ëèíåéíûå
ïîäïðîñòðàíñòâà) äëÿ èìåþùèõñÿ äàííûõ.
Äðóãèìè ñëîâàìè, íóæíî èçáàâèòüñÿ îò íàèìåíåå íåçíà÷èìûõ
ôàêòîðîâ.

?

×òî åñëè îäíî èç ìàëîçíà÷èìûõ ïîäïðîñòðàíñòâ íàéäåíî, ìîæåì ëè
ìû åãî ñðàçó æå îòáðîñèòü? Âäðóã ìû îøèáåìñÿ è íà ïîñëåäóþùèõ
ýòàïàõ îíî ñòàíåò áîëåå çíà÷èìûì?
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Óòâåðæäåíèå

Ìîæíî ëè îòáðàñûâàòü ¾ïðèáëèçèòåëüíûå¿ ñîáñòâåííûå
âåêòîðû?

Äà! Áëàãîäàðÿ ñëåäóþùåìó

Óòâåðæäåíèå

Ïóñòü X = {Xi , i = 1, . . . ,N},Xi ∈ Rn íàáîð òî÷åê äàííûõ è
Q = {qi , i = 1, . . . , n} îðòîãîíàëüíûé áàçèñ â Rn. Îáîçíà÷èì
ïðîåêöèþ òî÷åê äàííûõ èç X íà êîîðäèíàòíûé âåêòîð qi êàê
projqi

(X), à äèñïåðñèþ ïðîåêöèé íà ýòîò âåêòîð ÷åðåç Var(projqi
(X)).

Òîãäà ñóììà ïî âñåì êîîðäèíàòàì∑
i=1,...,n

Var(projqi
(X))

ïîñòîÿííà è íå çàâèñèò îò âûáîðà Q.
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Äðóãèìè ñëîâàìè . . .

Óòâåðæäåíèå ìîæíî òðàêòîâàòü òàê, ÷òî ñóììà äèñïåðñèé ïðîåêöèé
íà êîîðäèíàòíûå âåêòîðû ÿâëÿåòñÿ ïîäîáèåì êîíå÷íîãî ðåñóðñà,
êîòîðûé ¾ðàñïðåäåëÿåòñÿ¿ ïî êîîðäèíàòíûì âåêòîðàì.

Ïóñòü ñòîëáöû Q̂ ÿâëÿþòñÿ îöåíêàìè ñîáñòâåííûõ âåêòîðîâ.
Ìàëîèíôîðìàòèâíûå ñòîëáöû èç Q̂ áóäóò îáëàäàòü åùå ìåíüøèì
âêëàäîì â îïèñàíèå äàííûõ, êîãäà êîîðäèíàòû îöåíîê ¾ãëàâíûõ¿
ñîáñòâåííûõ âåêòîðîâ áóäóò óòî÷íåíû.

Ìîæíî îòáðîñèòü ñîáñòâåííûå âåêòîðû, åñëè ñîîòâåòñòâóþùèå èì
ñîáñòâåííûå çíà÷åíèÿ íå áóäóò óäîâëåòâîðÿòü íåêîòîðîìó êðèòåðèþ,
áåç óùåðáà äëÿ óòî÷íåíèÿ êîîðäèíàò áîëåå ¾âàæíûõ¿ îöåíîê
ñîáñòâåííûõ âåêòîðîâ. Ýôôåêòèâíîñòü!
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Êðèòåðèé?

Ïóñòü îöåíêè ñîáñòâåííûå âåêòîðû îòñîðòèðîâàíû â ïîðÿäêå
óáûâàíèÿ äèñïåðñèè ïðîåêöèé (ò.å. çíà÷èìîñòè).

Êðèòåðèé äëÿ îòáðàñûâàíèÿ îöåíîê ¾ïëîõèõ¿ ñîáñòâåííûõ âåêòîðîâ:

Var(projq̂1(X))

Var(projq̂i
(X))

< τ (1)

ãäå q̂i � îöåíêà i-ãî ñîáñòâåííîãî âåêòîðà, τ � ïîðîã. Òèïè÷íûå
(ýâðèñòè÷åñêèå) çíà÷åíèÿ äëÿ τ : 5, 10, 15, . . . .

Òàê ìîæíî óäàëÿòü ìåëîèíôîðìàòèâíûå ëèíåéíûå ïîäïðîñòðàíñòâà,
íå çíàÿ òî÷íûõ êîîðäèíàò áîëåå çíà÷èìûõ ñîáñòâåííûõ âåêòîðîâ ⇒
ìåòîä ïñåâäîãëàâíûõ êîìïîíåíò, ÌïÃÊ. Ðàáîòàåò è äëÿ GHA!
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Àëãîðèòì (ëèíåéíàÿ ÈÍÑ áåç ñêðûòûõ ñëîåâ)

1 Èíèöèàëèçàöèÿ ñëó÷àéíîé ïîïóëÿöèè, êàæäàÿ îñîáü ÿâëÿåòñÿ
ïîòåíöèàëüíûì ðåøåíèåì äëÿ ÌïÃÊ.

2 Îöåíêà êàæäîé îñîáè:

f = α ∗
∑

i=1,...,n

Var(projq̂i
(X))→ max ,

α = (q̂T1 r)
2, r = Cq̂1/‖Cq̂1‖.

è óäàëåíèå óçëîâ ÈÍÑ, äëÿ êîòîðûõ âûïîëíÿåòñÿ êðèòåðèé (1).

3 Ñåëåêöèÿ

4 Ñêðåùèâàíèå è Ìóòàöèÿ.

5 Åñëè âûïîëíåíû óñëîâèÿ îñòàíîâà àëãîðèòìà, òî ïåðåéòè íà
Øàã 6, èíà÷å ïåðåéòè íà Øàã 2.

6 Âåðíóòü ëó÷øåå íàéäåííîå ðåøåíèå.
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Âû÷èñëåíèå ïðèñïîñîáëåííîñòè

Âû÷èñëåíèå ïðèñïîñîáëåííîñòè

1 Çàäàòü âåñà ÈÍÑ ñ èñïîëüçîâàíèåì ãåíîâ îñîáè.

2 Ïðèìåíèòü îðòîãîíàëèçàöèþ Ãðàìà-Øìèäòà ê âåêòîðàì âåñîâ
âûõîäíûõ íåéðîíîâ ÈÍÑ.

3 Âû÷èñëèòü âûõîäíûå ñèãíàëû ÈÍÑ äëÿ êàæäîãî ïðèìåðà èç
îáó÷àþùåãî ìíîæåñòâà.

4 Âû÷èñëèòü äèñïåðñèþ âûõîäíûõ ñèãíàëîâ ÈÍÑ.

5 Îòñîðòèðîâàòü âûõîäíûå íåéðîíû ÈÍÑ ïî óáûâàíèþ äèñïåðñèè.

6 Ñêîïèðîâàòü ïîëó÷åííûé âåêòîð âåñîâ ÈÍÑ îáðàòíî â
õðîìîñîìó.
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Ñêðåùèâàíèå

Îïåðàòîð êðîññèíãîâåðà

Äâà ðîäèòåëÿ → îäèí ïîòîìîê.
Ñêðåùèâàíèå ïðîèçâîäèòñÿ ¾ïîíåéðîííî¿ ñ èñïîëüçîâàíèåì
ôîðìóëû (äëÿ k-ãî âûõîäíîãî íåéðîíà; i-ÿ îñîáü ïîëàãàåòñÿ ëó÷øå,
÷åì j-ÿ):

c(k) = w
(k)
i +

|v (k)
i − v

(k)
j |

‖w(k)
i −w

(k)
j ‖

(w
(k)
i −w

(k)
j ) (2)

ãäå w
(k)
i � âåêòîð âåñîâ k-ãî íåéðîíà i-é îñîáè, v

(k)
i � äèñïåðñèÿ

ñèãíàëîâ (¾âåñ¿) k-ãî íåéðîíà; ‖· ‖ � Åâêëèäîâà íîðìà.

Âûðàæåíèå (2) ìîæíî èñïîëüçîâàòü êàê àïïðîêñèìàöèþ ãðàäèåíòà

¾êà÷åñòâà¿ k-ãî íåéðîíà, ïðè äâèæåíèè ñ íà÷àëîì â òî÷êå w
(k)
i .
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Öåëè & Òåñòîâûå çàäà÷è

Öåëè

1 Âàæíî îïðåäåëèòü, âîçìîæíî ëè ýôôåêòèâíîå ñîêðàùåíèå
ðàçìåðíîñòè ïðîñòðàíñòâà ïðèçíàêîâ.

2 Ïîñêîëüêó ÌïÃÊ íå íàïðàâëåí íà âû÷èñëåíèå òî÷íûõ êîîðäèíàò
ãëàâíûõ êîìïîíåíò, òî íåîáõîäèìî âûÿñíèòü, êàê ýòîò ôàêò
âëèÿåò íà òî÷íîñòü êëàññèôèêàöèè.

Òåñòîâûå çàäà÷è (Proben1)

cancer1 (9), card1 (51), diabetes1 (8), glass1 (9), heart1 (35), horse1
(58), soybean1 (82), thyroid1 (21).

Íàñòðîéêè

50 ïîêîëåíèé 1000 ýïîõ
Ðàííÿÿ îñòàíîâêà ñ 10 % ïîðîãîì.
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Ñðàâíåíèå

Çàäà÷à τ = 5 τ = 10 τ = 15 τ = 20
cancer1 (9) 2,30 (1) 2,82 (1,2) 1,78 (4,6) 1,84 (6,3)
card1 (51) 16,28 (28,5) 15,41 (50,7) 15,64 (51) 15,76 (51)

diabetes1 (8) 24,95 (7,6) 25,00 (8) 25,00 (8) 25,00 (8)
glass1 (9) 36,23 (5,5) 33,02 (6,7) 32,07 (7,9) 32,26 (8,4)
heart1 (35) 21,13 (22,3) 19,91 (31,5) 20,00 (34,2) 20,04 (35)
horse1 (58) 28,79 (35,3) 29,23 (57,7) 30,66 (58) 29,56 (58)

soybean1 (82) 50,65 (3,3) 20,47 (11,7) 11,94 (26,1) 10,47 (37,3)
thyroid1 (21) 7,19 (8,9) 6,03 (16,3) 5,87 (18) 5,92 (19,8)

Òàáëèöà: Îøèáêè êëàññèôèêàöèè (%) äëÿ ðàçëè÷íûõ çíà÷åíèé τ .
Óñðåäíåíî ïî 10 çàïóñêàì
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Ñðàâíåíèå

Çàäà÷à Proben1 GA Prunning τ = 15
cancer1 (9) 1.38 1.24 1.1 1.78 (4.6)
card1 (51) 14.05 14.27 13.7 15.64 (51)

diabetes1 (8) 24.10 23.70 20.8 25.00 (8)
glass1 (9) 32.7 47.62 30.2 32.07 (7.9)
heart1 (35) 19.72 21.87 18.5 20.00 (34.2)
horse1 (58) 29.19 26.44 26.9 30.66 (58)

soybean1 (82) 9.06 8.47 N/A 11.94 (26.1)
thyroid1 (21) 2.32 6.12 5.7 5.87 (18)

Òàáëèöà: Çíà÷åíèÿ îøèáîê êëàññèôèêàöèè (%), ïîëó÷åííûå äëÿ äðóãèõ
ïîäõîäîâ íà íàáîðå Proben1
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Èçìåíåíèå ðàçìåðíîñòè
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Ðèñ.: Èçìåíåíèå ñðåäíåé ðàçìåðíîñòè ïðîñòðàíñòâà ïðèçíàêîâ äëÿ çàäà÷
cancer1, diabetes1, glass1 è heart1 ïðè τ = 10. Óñðåäíåíî ïî 100 çàïóñêàì.
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Èçìåíåíèå äèñïåðñèè ïðîåêöèé
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Ðèñ.: Èçìåíåíèå ñðåäíåé äèñïåðñèè ïðîåêöèè äàííûõ íà îöåíêè
ñîáñòâåííûõ âåêòîðîâ äëÿ çàäà÷è cancer1, τ = 10. Óñðåäíåíî ïî 100
çàïóñêàì.
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Âû÷èñëèòåëüíàÿ ñëîæíîñòü

Íåéðîýâîëþöèîííûé ÌïÃÊ

Âû÷èñëèòåëüíàÿ ñëîæíîñòü: O(tKNn2),
ãäå t � êîëè÷åñòâî ïîêîëåíèé, K � ðàçìåð ïîïóëÿöèè, N � êîëè÷åñòâî
îáó÷àþùèõ ïðèìåðîâ, n � èñõîäíàÿ ðàçìåðíîñòü ïðîñòðàíñòâà ïðèçíàêîâ.

Òèïè÷íûé ñëó÷àé 1 (cancer1): K ∼ N ∼ t ∼ n2 : O(n8)
Òèïè÷íûé ñëó÷àé 2 (card1 èëè horse1): K ∼ N ∼ t ∼ n : O(n5)
Èäåàëüíîå ðàñïàðàëëåëèâàíèå: K ∼ N ∼ O(1), t ∼ n :≈ O(n3.5) (íà÷èíàþò
âëèÿòü äðóãèå ýòàïû)

Îáîáùåííûé àëãîðèòì Õåááà (GHA)

Âû÷èñëèòåëüíàÿ ñëîæíîñòü: O(tNn2).

Òèïè÷íûé ñëó÷àé 1 (cancer1): N ∼ n2, t ∼ n2 : O(n6)
Òèïè÷íûé ñëó÷àé 2 (card1 èëè horse1): N ∼ n, t ∼ n

√
n : O(n4.5)

Èäåàëüíîå ðàñïàðàëëåëèâàíèå: N ∼ O(1), t ∼ n
√
n :≈ O(n3.5)
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Îáñóæäåíèå

Âûâîä

Ñóùåñòâóþ ñëó÷àè, êîãäà íåò íåîáõîäèìîñòè îïðåäåëÿòü
òî÷íûå êîîðäèíàòû ñîáñòâåííûõ âåêòîðîâ ìàòðèöû
êîâàðèàöèè îáó÷àþùèõ äàííûõ äëÿ ñíèæåíèÿ ðàçìåðíîñòè
ïðîñòðàíñòâà ïðèçíàêîâ â çàäà÷å êëàññèôèêàöèè.

Îòêðûòûé âîïðîñ

Êàêîâà öåíà çà èñïîëüçîâàíèå ïðèáëèæåííûõ ãëàâíûõ êîìïîíåíò?
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Çàêëþ÷åíèå

Ïî ïóíêòàì:

Îðèãèíàëüíûé ìåòîä ñîêðàùåíèÿ ðàçìåðíîñòè ñ èñïîëüçîâàíèåì
íåéðîýâîëþöèîííîãî ÌïÃÊ.

Â ìåòîäå èñïîëüçóþòñÿ ñïåöèàëüíûå ïðîöåäóðû îöåíêè
ïðèñïîñîáëåííîñòè è ñêðåùèâàíèÿ.

Íåñìîòðÿ íà ïîëó÷àåìûå íåòî÷íûå êîîðäèíàòû ñîáñòâåííûõ âåêòîðîâ
òî÷íîñòü êëàññèôèêàöèè ñðàâíèìà ñ îáó÷åíèåì ÈÍÑ ñ
èñïîëüçîâàíèåì áîëåå òðàäèöèîííûõ ìåòîäîâ è ïðè ýòîì
îáåñïå÷èâàåòñÿ ñîêðàùåíèå ðàçìåðíîñòè.

Áóäóùèå èññëåäîâàíèÿ:

1 Ïàðàëëåëèçàöèÿ ÌïÃÊ. Íàèáîëüøèå âðåìåííûå çàòðàòû èäóò íà
âû÷èñëåíèå ïðèñïîñîáëåííîñòè (∼ 75− 80%).

2 Îïðåäåëåíèå îöåíêè, âûçâàííîé íåòî÷íîñòüþ îïðåäåëåíèÿ
ñîáñòâåííûõ âåêòîðîâ.
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Ñïàñèáî çà âíèìàíèå!

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ,

ïðîåêòû � 09-08-00309-à, 11-07-00027-à.
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