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Ïëàí ëåêöèé

1 Ïîñòàíîâêà ïðîáëåìû îáó÷åíèÿ, îáó÷åíèå ñ ó÷èòåëåì, ýôôåêò

ïåðåîáó÷åíèÿ, îáó÷åíèå áåç ó÷èòåëÿ

2 Ââåäåíèå â êëàñòåðèçàöèþ, àëãîðèòì k-ñðåäíèõ, EM àëãîðèòì

3 Ñïåêòðàëüíàÿ êëàñòåðèçàöèÿ, àëãîðèòì Ng-Jordan-Weiss (NJW)

4 Óñòîé÷èâîñòü êëàñòåðèçàöèè, êðèòåðèè óñòîé÷èâîñòè,

âåðîÿòíîñòíûå ìåòðèêè

5 ßäåðíûå ðàññòîÿíèÿ

6 Ìèíèìàëüíîå îñòîâíîå äåðåâî, ìåòîä áëèæàéøèõ ñîñåäåé

7 Ìåòðèêè Õîòòåëèíãà, óñòîé÷èâîñòü êëàñòåðèçàöèè ñ òî÷êè çðåíèÿ

çàäà÷è îïòèìèçàöèè

8 Çàêëþ÷åíèå, ïðèìåíåíèå àëãîðèòìîâ êëàñòåðèçàöèè â ðàçëè÷íûõ

ïðîåêòàõ
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Çàäà÷è ïî êóðñó

clusterization@mail.ru

Äàííûå â òåêñòîâîì ôîðìàòå, îïèñàíèå çàäàíèÿ

Ëþáîé ÿçûê ïðîãðàììèðîâàíèÿ (Python, R, Matlab (Octave))

Îòâåò ñîäåðæèò ðåçóëüòàò (ãðàôèê, ðàçáèåíèå íà êëàñòåðû),

êðàòêîå îïèñàíèå, êîä

Ëèíåéíàÿ ðåãðåññèÿ, ñ 19.02 ïî 12.03

Òåñò χ2, ñ 12.03 ïî 9.04

Êëàñòåðèçàöèÿ k-means, ñ 9.04 ïî 30.04

Óñòîé÷èâîñòü êëàñòåðèçàöèè, ñ 30.04 ïî 21.05
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Ïðèìåðû

Äàííûå î ðàêå ïðîñòàòû (Stamey et al. (1989))
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Ïðèìåðû

Ðàñïîçíàâàíèå ðóêîïèñíûõ öèôð
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Ïðèìåðû

Òåïëîêàðòà óðîâíåé ýêñïðåññèè ãåíîâ
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Ïðèìåðû

Ðåêîìåíäàòåëüíûå ñèñòåìû
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Ïðèìåðû

Ìàøèííîå çðåíèå, ðîáîòîòåõíèêà (Google car)
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Ïðèìåðû

Îáðàáîòêà åñòåñòâåííîãî ÿçûêà:

Ðèñ. : Ïàðñèíã ïðåäëîæåíèé

Ðèñ. : Ìàøèííûé ïåðåâîä
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Ïðèìåðû

Ðàñïîçíàâàíèå ÷åëîâå÷åñêîé ðå÷è: Google (Android), Siri
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Ìàøèííîå îáó÷åíèå

Ìåòîäû ìàøèííîãî îáó÷åíèÿ ïðèìåíÿþòñÿ, êîãäà

Ñóùåñòâóåò íåêîòîðàÿ çàêîíîìåðíîñòü

Íåâîçìîæíî îïðåäåëèòü å¼ ìàòåìàòè÷åñêè

Äëÿ å¼ àïïðîêñèìàöèè èñïîëüçóþòñÿ äàííûå
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Îáùèé àëãîðèòì îáó÷åíèÿ

Целевая функция 
или распределение

Алгоритм обучения

Финальная гипотеза 

Тренировочная выборка

Множество гипотез
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Âèäû îáó÷åíèÿ

w = (w1, . . . ,wd ) � âõîäíîé ñèãíàë, x � ïàðàìåòðû, y � âûõîäíîå

çíà÷åíèå

Ñ ó÷èòåëåì: (w, y) (ðåãðåññèÿ, êëàññèôèêàöèÿ)
Áåç ó÷èòåëÿ: w (êëàñòåðèçàöèÿ)

Îáó÷åíèå ñ ïîäêðåïëåíèåì, êîëëàáîðàòèâíàÿ ôèëüòðàöèÿ

Ðèñ. : Ðåãðåññèÿ

Ðèñ. : Êëàññèôèêàöèÿ Ðèñ. : Êëàñòåðèçàöèÿ
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Îáó÷åíèå ñ ó÷èòåëåì

Íà âõîä ïîäàåòñÿ ñèãíàë w

Âûõîäíîå çíà÷åíèå: y

Èñêîìàÿ ôóíêöèÿ: ft : W→ Y

Òðåíèðîâî÷íàÿ âûáîðêà: (w1, y1), (w2, y2), . . . , (wN , yN)

Ðåçóëüòàò ðàáîòû àëãîðèòìà: ãèïîòåçà g : W→ Y
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Ïåðöåïòðîí

1 s(x,w) =
∑d

i=0 xiwi = xTw, w0 = 1 � ïîðîã

2 X1(x) = {w : s(x,w) > 0},X2(x) = {w : s(x,w) < 0}
3 h(w) = sign(xTw)

4 Íà êàæäîé èòåðàöèè àëãîðèòìà âûáèðàåì îøèáî÷íî

êëàññèôèöèðîâàííóþ òî÷êó äàííûõ (wk , yk): sign(xTwk) 6= yk .

Äëÿ íå¼ ïåðåñ÷èòûâàåì ïàðàìåòðû: x = x+ ykwk
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Ëèíåéíàÿ ðåãðåññèÿ

Äàííûå: (w1, y1), (w2, y2), . . . , (wN , yN), yk ∈ R, k ∈ 1, . . . ,N

h(w) = xTw, F (x) = 1
N

∑N
i=1(h(wi )− yi )

2 → minw

Ãðàäèåíòíûé ñïóñê (¾ïàêåòíûé¿, ¾batch¿): t = 0, 1, 2, . . .
x̂t+1 = x̂t − α∇F

Ìàòðèöà âõîäíûõ äàííûõ è âåêòîð âûõîäíûõ äàííûõ:

W =


−wT1−
−wT2−
. . .
−wTN−

 , y =


y1
y2
. . .
yN


F (x) = 1

N
||Wx− y||2, W† = (WTW)−1WT, x = W†y

Ãðàäèåíòíûé ñïóñê: èòåðàöèè, α, õîðîøî ðàáîòàåò ïðè áîëüøîì N

Ïñåâäîîáðàòíàÿ ìàòðèöà: ìíîãî âû÷èñëåíèé ïðè áîëüøîì N
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Ëîãèñòè÷åñêàÿ ðåãðåññèÿ

s(x,w) =
∑d

i=0 xiwi , h(w) = θ(s) = es

1+es � ñèãìîèäà

h(w) = θ(s) èíòåðïðåòèðóåòñÿ, êàê âåðîÿòíîñòü äëÿ äàííûõ (w, y)

P(y |w) =

{
h(w), äëÿ y = +1;

1− h(w), äëÿ y = −1.

θ(−s) = 1− θ(s), ïîýòîìó P(y |w) = θ(yxTw)

Ïîñòðîèì îöåíêó ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ äëÿ äàííûõ

(w1, y1), (w2, y2), . . . , (wN , yN):
∏N

i=1 P(yi |wi ) =
∏N

i=1 θ(yix
Twi )

F (x) = 1
N

∑N
i=1 log(1 + e−yix

T
wi ), F (x)→ minx
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Ïðåîáðàçîâàíèå êîîðäèíàò

s(x,w) =
∑d

i=0 xiwi � ãðàíèöà ïðèíÿòèÿ ðåøåíèÿ

Φ : w = (w1, . . . ,wd )→ z = (z1, . . . , zp), zi = φi (w) äëÿ âñåõ

i = 1, . . . , p

Íàïðèìåð: w = (w1,w2), òîãäà z = (1,w1,w2,w1w2,w
2
1 ,w

2
2 )

Íàõîäèì ðåøåíèå â íîâîì ïðîñòðàíñòâå: x̃, òîãäà

g(w) = sign(x̃TΦ(w))
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Íåéðîííûå ñåòè

Àíàëîãèè ñ áèîëîãè÷åñêîé ñåòüþ

Êîìáèíèðîâàíèå ïåðöåïòðîíîâ äëÿ ðåøåíèÿ çàäà÷, êîòîðûå íå

ìîãóò áûòü ðåøåíû îáû÷íûì ïåðöåïòðîíîì

Èñêóññòâåííàÿ íåðîííàÿ ñåòü:
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Íåéðîííûå ñåòè (ìîäåëü)

w � íà âõîä, 1 ≤ l < L � ñêðûòûå óðîâíè, l = L � âûõîäíîé

óðîâåíü

Ïàðàìåòðû:

x
(l)
ij =


1 ≤ l ≤ L óðîâíè

0 ≤ i ≤ d (l−1) âõîäíûå äàííûå

1 ≤ j ≤ d (l), âûõîäíûå äàííûå

θ(s) = th(s) = es−e−s

es+e−s

w
(l)
j = θ(s

(l)
j ) = θ(

∑d (l−1)

i=0 x
(l)
ij w

(l−1)
i )

Âõîäíûå äàííûå: w = (w
(0)
1 , . . . ,w

(0)

d (0))→ w
(L)
1 = h(w)
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Íåéðîííûå ñåòè (îáó÷åíèå)

Ñòîõàñòè÷åñêèé ãðàäèåíòíûé ñïóñê: íà êàæäîì øàãå âûáèðàåòñÿ

îäèí ýêçåìïëÿð âûáîðêè (wk , yk)

Îøèáêà íà ýòîì ýêçåìïëÿðå: f (x). Íåîáõîäèìî âû÷èñëèòü ∇f (x):
∂f

∂x
(l)
ij

äëÿ âñåõ i , j , l

∂f

∂x
(l)
ij

= ∂f

∂s
(l)
j

∂s
(l)
j

∂x
(l)
ij

= w
(l−1)
i δ

(l)
j , ãäå δ

(l)
j = ∂f

∂s
(l)
j

δ
(l−1)
i = (1− (w

(l−1)
i )2)

∑d (l)

j=1 x
(l)
ij δ

(l)
j

Àëãîðèòì îáðàòíîãî ðàñïðîñòðàíåíèÿ îøèáêè:

1 Èíèöèàëèçèðóåì x̂
(l)
ij ñëó÷àéíûì îáðàçîì

2 Íà êàæäîé èòåðàöèè:
Âûáèðàåì ýêçåìïëÿð (wk , yk)

Âû÷èñëÿåì âñå w
(l)
j ; Âû÷èñëÿåì âñå δ

(l)
j

x̂
(l)
ij = x̂

(l)
ij − αw

(l−1)
i δ

(l)
j

3 Âîçâðàùàåì âåñà x̂
(l)
ij
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