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Ââåäåíèå

• ×òî òàêîå êîìïîçèöèè è êàêèå îíè áûâàþò?

• Çà÷åì èõ èñïîëüçîâàòü?

• Êàê ïðàâèëüíî ñòðîèòü êîìïîçèöèè?

• Êàê âûáðàòü òèï êîìïîçèöèè?
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Ïðîñòîå ãîëîñîâàíèå

Ïðîñòîå ãîëîñîâàíèå � óñðåäíåíèå îòâåòîâ àëãîðèòìà:

Yanswer = C
(

1

T

T
∑

i=1

bi(x)
)

Ïðèìåðû àëãîðèòìîâ:

• Random Forest

• Ïîëüçîâàòåëüñêàÿ êîìïîçèöèÿ
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Âçâåøåííîå ãîëîñîâàíèå

Âçâåøåííîå ãîëîñîâàíèå � óñðåäíåíèå îòâåòîâ àëãîðèòìà ñ

âåñàìè:

Yanswer = C
(

T
∑

i=1

wibi (x)
)

T
∑

i=1

wi = 1, wi > 0

Ïðèìåðû àëãîðèòìîâ:

• AdaBoost

• Ïîëüçîâàòåëüñêàÿ âåñîâàÿ ñõåìà
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Ñìåñè ýêñïåðòîâ

Ñìåñü ýêñïåðòîâ � çàäàíèå îáëàñòåé ¾óâåðåííîñòè¿

àëãîðèòìîâ:

Yanswer = C
(

T
∑

i=1

wi (x)bi (x)
)

T
∑

i=1

wi (x) = 1, ∀x ∈ X

Â ñëó÷àå âûïóêëîé �óíêöèè ïîòåðü íàñòðàèâàåòñÿ àëãîðèòìîì,

ïîõîæèì íà ÅÌ-àëãîðèòì
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Ôóíêöèè êîìïåòåíòíîñòè

Ôóíêöèÿ êîìïåòåíòíîñòè ìîæåò îïðåäåëÿòüñÿ:

• ïðèçíàêîì f(x)

wi (x ;α, β) = σ(αf (x) + β), α, β ∈ R

• íàïðàâëåíèåì α ∈ R
n
:

wi (x ;α, β) = σ(xTα+ β), α ∈ R
n, β ∈ R

• ðàññòîÿíèåì äî α ∈ R
n

wi (x ;α, β) = exp(−β||x − α||2), α ∈ R
n, β ∈ R

• Áîëåå ñëîæíûìè ñïîñîáàìè (density predi
tion)
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Àëãîðèòì

Èòåðàöèîííûé ïðîöåññ îáó÷åíèÿ, àíàëîãè÷íûé ÅÌ-àëãîðèòìó:

1: Íà÷àëüíîå ïðèáëèæåíèå �óíêöèé êîìïåòåíòíîñòè wt

2: ïîêà çíà÷åíèÿ wt(xi ) íå ñòàáèëèçèðóþòñÿ
3: M-øàã: ïðè �èêñèðîâàííûõ wt îáó÷èòü âñå bt
4: E-øàã: ïðè �èêñèðîâàííûõ bt îöåíèòü âñå wt

Â äàííîì ñëó÷àå ìû çàäàåì ÷èñëî àëãîðèòìîâ T, õîòÿ åãî

ìîæíî è ïîäáèðàòü àâòîìàòè÷åñêè
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Ìåòà-êîìïîçèöèè

Ìåòà-êîìïîçèöèÿ � èñïîëüçîâàíèå îäíîãî èëè íåñêîëüêèõ

àëãîðèòìà â êà÷åñòâå áàçîâîãî óðîâíÿ äëÿ äðóãèõ àëãîðèòìîâ.

Äëÿ îáó÷åíèÿ êëàññè�èêàòîðà âåðõíåãî óðîâíÿ ìîæíî

èñïîëüçîâàòü:

• òîëüêî îòâåòû àëãîðèòìîâ íà âñåé âûáîðêå

• îòâåòû àëãîðèòìîâ íà âñåé âûáîðêå è èñõîäíûå ïðèçíàêè

• òîëüêî îòâåòû àëãîðèòìîâ íà êðîññ-âàëèäàöèè

• îòâåòû àëãîðèòìîâ íà êðîññ-âàëèäàöèè è èñõîäíûå

ïðèçíàêè

• ÷àñòü âûáîðêè è îòâåòû àëãîðèòìîâ, îáó÷åííûå ïî äðóãîé

÷àñòè

• ...

�ûæêîâ Àëåêñàíäð Àíñàìáëèðîâàíèå àëãîðòèìîâ ìàøèííîãî îáó÷åíèÿ



Ââåäåíèå Âèäû êîìïîçèöèé Òåõíîëîãèÿ PLANET Çàäà÷è Çàêëþ÷åíèå

Ïðèìåðû ìåòà-êîìïîçèöèé

Ïðèìåðû äîñòàòî÷íî óñïåøíûõ ìåòà-êîìïîçèöèé:

• äâóõñëîéíûé (è áîëåå) ñëó÷àéíûé ëåñ � TradeShift Text

Classi�
ation

• ëîãèñòè÷åñêàÿ ðåãðåññèÿ íàä îòâåòàìè àëãîðèòìîâ �

Seizure Predi
tion Challenge

• vowpal wabbit íàä îòâåòàìè ðàçëè÷íûõ îíëàéí àëãîðèòìîâ

� Criteo CTR

• ...

�ûæêîâ Àëåêñàíäð Àíñàìáëèðîâàíèå àëãîðòèìîâ ìàøèííîãî îáó÷åíèÿ



Ââåäåíèå Âèäû êîìïîçèöèé Òåõíîëîãèÿ PLANET Çàäà÷è Çàêëþ÷åíèå

Ñîäåðæàíèå

1

Ââåäåíèå

2

Âèäû êîìïîçèöèé

Ïðîñòîå ãîëîñîâàíèå

Âçâåøåííîå ãîëîñîâàíèå

Ñìåñè ýêñïåðòîâ

Ìåòà-êîìïîçèöèè

3

Òåõíîëîãèÿ PLANET

Àðõèòåêòóðà

Êîìïîíåíòû

4

Ïðèìåðû ïðèêëàäíûõ çàäà÷

TradeShift Text Classi�
ation

Seizure Predi
tion Challenge

5

Çàêëþ÷åíèå

Âûâîäû

Ñïèñîê ëèòåðàòóðû

�ûæêîâ Àëåêñàíäð Àíñàìáëèðîâàíèå àëãîðòèìîâ ìàøèííîãî îáó÷åíèÿ



Ââåäåíèå Âèäû êîìïîçèöèé Òåõíîëîãèÿ PLANET Çàäà÷è Çàêëþ÷åíèå

Òåõíîëîãèÿ PLANET

PLANET � Parallel Learner for Assembling Numerous Ensemble

Trees � òåõíîëîãèÿ ïîñòðîåíèÿ ðåøàþùåãî äåðåâà ïðè ïîìîùè

íåñêîëüêèõ ïîñëåäîâàòåëüíûõ çàäà÷ MapRedu
e.

Îãðàíè÷åíèÿ ýêñïåðèìåíòà:

• Òîëüêî ÷èñëîâûå ïðèçíàêè (âåùåñòâåííûå/äèñêðåòíûå)

• Çàäà÷à ðåãðåññèè

• Òîëüêî áíàðíûå ðàçäåëåíèÿ: Xj < v

• Äåðåâüÿ ïîìåùàþòñÿ â ïàìÿòè

• Äàííûå íå ïîìåùàþòñÿ â ïàìÿòè
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Àðõèòåêòóðà îáû÷íîãî MapRedu
e
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Àðõèòåêòóðà PLANET
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Êîìïîíåíòû

• Ñòðîèòñÿ ñðàçó öåëûé óðîâåíü äåðåâà (çà îäèí MapRedu
e)

• Map - ñáîð ñòàòèñòèêè ïî ðàçäåëåíèþ ýëåìåíòîâ 
hunk-à

äëÿ óðîâíÿ ïðèçíàêà V

• Redu
e - îáðàáîòêà ïîëó÷åííûõ ñòàòèñòèê äëÿ âûÿâëåíèÿ

ëó÷øåãî ïîðîãà V ⋆

• Master - äîñòðàèâàåò íîâûé óðîâåíü äåðåâà è ñîõðàíÿåò

ïðîìåæóòî÷íûå ðåçóëüòàòû
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Êîìïîíåíòû

1

Map - çàãðóæàåò ìîäåëü è èí�îðìàöèþ î âîçìîæíûõ

óðîâíÿõ ðàçáèåíèÿ è:

• âèäèò òîëüêî ÷àñòü äàííûõ D⋆

• ïðîïóñêàåò îáúåêò îò êîðíÿ, ÷òîáû íàéòè ïîäõîäÿùèé ëèñò

• äëÿ êàæäîãî ëèñòà ïîìíèò, êòî äîøåë äî íåãî è êàêèå

îáúåêòû ïîøëè íàëåâî/íàïðàâî

2

Redu
e - àãðåãèðóåò ñòàòèñòèêó îò Map è âûÿâëÿåò ëó÷øèé

ïîðîã

3

Master - ìîíèòîðèíã, ñîõðàíåíèå ðåçóëüòàòîâ è çàïóñê

íîâûõ MapRedu
e
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Òðè òèïà èñïîëüçóåìûõ MapRedu
e

1

MapRedu
e Initialization (1 ðàç) � äëÿ êàæäîãî ïðèçíàêà

îïðåäåëÿåò óðîâíè äëÿ ðàçáèåíèÿ

2

MapRedu
e FindBestSplit (ìíîãî ðàç)

3

MapRedu
e InMemoryBuild (1 ðàç) � ñòðîèò ïîääåðåâî äëÿ

äàííûõ, êîòîðûå ïîìåùàþòñÿ â ïàìÿòü
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Ýêñïåðèìåíò

1

Çàäà÷à: ïðåäñêàçàíèå Boun
e Rate (CTR)

2

Äàííûå: AdCorpus îò Google

3

Ïðèçíàêè: 6 êàòåãîðèàëüíûõ (óðîâíè 1-500) è 4

âåùåñòâåííûõ

4

�àçìåðíîñòü çàäà÷è: 314 ìëí. îáúåêòîâ 64�á

5

Âû÷èñëèòåëüíûé êëàñòåð:

• 400 ìàøèí

• 1�Á æåñòêèé äèñê

• 768Ìá îïåðàòèâíîé ïàìÿòè
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�åçóëüòàòû ýêñïåðèìåíòà
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�åçóëüòàòû ýêñïåðèìåíòà
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�åçóëüòàòû ýêñïåðèìåíòà
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Ñîäåðæàíèå

1

Ââåäåíèå

2
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Ñìåñè ýêñïåðòîâ

Ìåòà-êîìïîçèöèè

3

Òåõíîëîãèÿ PLANET

Àðõèòåêòóðà

Êîìïîíåíòû

4
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TradeShift Text Classi�
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Seizure Predi
tion Challenge
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Âûâîäû
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TradeShift Text Classi�
ation
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Äàííûå TradeShift Text Classi�
ation
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Äàííûå TradeShift Text Classi�
ation

• ×èñëî îáúåêòîâ (N): 2.1M (80% training, 20% testing)

• ×èñëî ïðèçíàêîâ (M): 145

• ×èñëî ìåòîê (K): 33

Îïûòíûì ïóòåì â äàííûõ âûÿâëåíî, ÷òî y33 ñîîòâåòñòâóåò

ìåòêå ¾Íè÷òî äðóãîå íå âåðíî¿, òî åñòü:

y
3

3 =
[

32

∑

i=1

yi = 0

]
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Äàííûå TradeShift Text Classi�
ation
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Ìåòîäû ðåøåíèÿ TradeShift Text Classi�
ation

• ×èñëî îáúåêòîâ äîñòàòî÷íî âåëèêî

• Äåëèì âûáîðêó â îòíîøåíèè 60% / 40%

• Îáó÷àåì ïåðâûé ñëîé RF è LinearSVÑ

• Äîáàâëÿåì ïîëó÷åííûå îòâåòû äëÿ âòîðîãî óðîâíÿ ê

èñõîäíûì ïðèçíàêàì

• Îáó÷àåì âòîðîé ñëîé RF

• Îáó÷àåì ñóïåð-ìîùíûé àëãîðèòì äëÿ y33

• Êîððåêòèðóåì ïîëó÷åííûé ïðîãíîç

• Submit!

�ûæêîâ Àëåêñàíäð Àíñàìáëèðîâàíèå àëãîðòèìîâ ìàøèííîãî îáó÷åíèÿ



Ââåäåíèå Âèäû êîìïîçèöèé Òåõíîëîãèÿ PLANET Çàäà÷è Çàêëþ÷åíèå

Seizure Predi
tion Challenge
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Äàííûå Seizure Predi
tion Challenge

• ×èñëî îáúåêòîâ: 5 ñîáàê + 2 ÷åëîâåêà

• ×èñëî �àéëîâ äëÿ êàæäîãî îáúåêòà: îò 200 äî 2000

• ×èñëî êàíàëîâ äëÿ êàæäîãî îáúåêòà: 15, 16, 24

• Îáùèé îáúåì äàííûõ ïîñëå ðàçàðõèâèðîâàíèÿ: 105�á
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Âîçíèêàþùèå ïðîáëåìû

1

Àëãîðèòìè÷åñêèå îãðàíè÷åíèÿ:

• �àçíîå ÷èñëî êàíàëîâ äëÿ îáúåêòîâ

• Âçàèìîäåéñòâèÿ ìåæäó êàíàëàìè

2

Ïðîãðàììíûå îãðàíè÷åíèÿ:

• Çàïðåùåíî èñïîëüçîâàòü êîíñòðóêöèè âèäà:

1: Names = [Dog_1, Dog_2, . . . ,Patient_2];
2: äëÿ êàæäîãî îáúåêòà obj èç Names

3: . . .

Â ýòîì ñîðåâíîâàíèè î�èöèàëüíî ðàçðåøèëè ïîäñòðàèâàòü

èòîãîâûå àëãîðèòìû ïî òåñòîâûì äàííûì
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Ìåòîäû ðåøåíèÿ Seizure Predi
tion Challenge

• Îáúåì äàííûõ áîëåå ÷åì âåëèê, ïîýòîìó åãî íåîáõîäèìî

ðåäóöèðîâàòü

• Âûäåëÿåì ïðèçíàêè èç äàííûõ: abs(�t) è ìíîãîå äðóãîå

• Äåëèì âûáîðêó íà 10 �îëäîâ

• �åíåðèðóåì îòâåòû íà êàæäûé �îëä ïðè ïîìîùè

ðàçëè÷íûõ àëãîðèòìîâ: RF (2 âàðèàíòà), ExtraTrees (2

âàðèàíòà), GBM (3 âàðèàíòà)

• Îáó÷àåì ëîãèñòè÷åñêóþ ðåãðåññèþ íà îòâåòàõ

êëàññè�èêàòîðîâ áàçîâîãî óðîâíÿ

• (Êîððåêòèðóåì ïîëó÷åííûé ïðîãíîç)

• Submit!
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Êîððåêòèðîâêà ïðîãíîçà Seizure Predi
tion Challenge

• Íàïîìèíàíèå:

logit(p) = log(p)− log(1− p)

inv .logit(p) =
ep

ep + 1

• Äåëàåì ïðåîáðàçîâàíèÿ îòâåòîâ, ïîëó÷åííûõ ïðè ïîìîùè

àëãîðèòìîâ:

inv .logit(0.0+ 1.0 ∗ logit(data[, out]))

• Ïðîáóåì åùå 2 âàðèàíòà:

inv .logit(0.5+ 1.0 ∗ logit(data[, out]))

inv .logit(−0.5+ 1.0 ∗ logit(data[, out]))

• Ïðåäïîëàãàÿ, ÷òî ýòî ïàðàáîëà, íàõîäèì òî÷êó ìàêñèìóìà

• Îòïðàâëÿåì â LeaderBoard è êîððåêòèðóåì, åñëè íóæíî
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Ñîäåðæàíèå

1

Ââåäåíèå

2

Âèäû êîìïîçèöèé

Ïðîñòîå ãîëîñîâàíèå

Âçâåøåííîå ãîëîñîâàíèå

Ñìåñè ýêñïåðòîâ

Ìåòà-êîìïîçèöèè

3

Òåõíîëîãèÿ PLANET

Àðõèòåêòóðà

Êîìïîíåíòû

4

Ïðèìåðû ïðèêëàäíûõ çàäà÷

TradeShift Text Classi�
ation

Seizure Predi
tion Challenge

5

Çàêëþ÷åíèå

Âûâîäû

Ñïèñîê ëèòåðàòóðû
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Âûâîäû

Êîìïîçèöèè àëãîðèòìîâ ïîçâîëÿþò:

• ïîâûøàòü óñòîé÷èâîñòü èòîãîâûõ àëãîðèòìîâ

• ïðåîáðàçîâûâàòü ïðèçíàêîâîå ïðîñòðàíñòâî

• âûÿâëÿòü áîëåå ñëîæíûå çàêîíîìåðíîñòè â äàííûõ

• íå ïåðåîáó÷àòüñÿ ñ óâåëè÷åíèåì ñëîæíîñòè ìîäåëè (ðîñò

îáîáùàþùåé ñïîñîáíîñòè)
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Ñïèñîê ëèòåðàòóðû

• B. Panda, J. S. Herba
h, S. Basu, and R. J. Bayardo.

PLANET: Massively parallel learning of tree ensembles with

MapRedu
e.

• http://infolab.stanford.edu/∼ullman/mmds/book.pdf

• http://www.kaggle.
om/
/seizure-predi
tion

• http://www.kaggle.
om/
/tradeshift-text-
lassi�
ation
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Ñïàñèáî çà âíèìàíèå!!
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