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Öåëü èññëåäîâàíèÿ

Öåëü

Ñòðîèòü ïðåäñêàçàíèå ïåðèîäè÷åñêèõ âðåìåííûõ ðÿäîâ

ìåòîäîì âåêòîðíîé àâòîðåãðåññèè

Ïðîáëåìà

Ëèíåéíàÿ ðåãðåññèÿ äà¼ò íèçêóþ òî÷íîñòü è ïåðåîáó÷àåòñÿ

Ðåøåíèå

Ïîñòðîèòü êîìïîçèöèþ ëèíåéíûõ ìîäåëåé
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Ðàáîòà â îäíîì ñëàéäå
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Ïîñòàíîâêà çàäà÷è

Íàáîð âðåìåííûõ ðÿäîâ:

D = {s1, s2, . . . , sp}

si = {si (∆ti ), si (2∆ti ), . . . si (Li∆ti )} = {s1i , s2i , . . . s
Li
i }

Ïðîãíîç:

f (D) = {ŝL1−r+1
1 , ŝL1−r+2

1 , . . . , ŝL11 }
Ôóíêöèÿ ïîòåðü:

S(f ) =

L1∑
i=L1−r+1

(s i1 − ŝ i1)2

Çàäà÷à ïðîãíîçèðîâàíèÿ:

f ∗ = arg min
f

S(f ,D)
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Ðåøåíèå: ñâåäåíèå ê çàäà÷å ðåãðåññèè

f ∗ = arg min
f

m−1∑
j=1

||f (Xi )− Yi ||22
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Ðåøåíèå

Ëèíåéíàÿ ìîäåëü:

f (x) = xW

W - ìàòðèöà êîýôôèöèåíòîâ:

W = X+Y = (XTX )−1XTY

Ïðîáëåìû:

íèçêàÿ òî÷íîñòü

ïåðåîáó÷åíèå
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Ðåøåíèå

Êîìïîçèöèÿ ìîäåëåé:

f (x) =
K∑
i=1

πi (x)fi (x)

Àëãîðèòìû:

Áýããèíã è ìåòîä ñëó÷àéíûõ ïîäïðîñòðàíñòâ

Àäàïòèâíûé áóñòèíã

Êëàñòåðíàÿ ðåãðåñèèÿ
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Êëàñòåðíàÿ ðåãðåññèÿ

Ãèïîòåçà: îáó÷àþùàÿ âûáîðêà ðàçáèâàåòñÿ íà êëàñòåðû, òàê

÷òî îáúåêòû i-ãî êëàññà îïèñûâàþòñÿ íåêîòîðîé ñâîåé ìîäåëüþ

fi :

1,m =
K⊔
j=1

Cj

Ïðåäëîæåíèå: èñïîëüçîâàòü ýòè ìîäåëè êàê áàçîâûå ìîäåëè

ñìåñè ýêñïåðòîâ.
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Àëãîðèòì êëàñòåðèçàöèè K-means

Öåíòðû → ìîäåëè

Ïîèñê öåíòðîâ → îáó÷åíèå ìîäåëåé

Áëèæàéøèé öåíòð → íàèáîëåå òî÷íî îïèñûâàþùàÿ îáúåêò ìîäåëü
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Êëàñòåðíàÿ ðåãðåññèÿ: îáó÷åíèå

∀j ∈ 1,m Cj = rand(1,m)
äëÿ iter ∈ 1,Nit

äëÿ j ∈ 1,K
Îáó÷àåì ìîäåëü fj íà îáúåêòàõ ñ èíäåêñàìè Cj .

äëÿ i ∈ 1,m
äëÿ j ∈ 1,K
S(i , j) = ||fj(Xi )− Yi ||

äëÿ i ∈ 1,m
äëÿ j ∈ 1,K
Cj = {i ∈ 1,m|argmin

k
(S(i , k)) = j}
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Êëàñòåðíàÿ ðåãðåññèÿ: ïðåäñêàçàíèå

Îáó÷àåì àëãîðèòì f0 íà âñåé âûáîðêå.

Ỹ 0 = f0(X 0) � ïðåäâàðèòåëüíûé îòâåò.

∀ j ∈ 1,K π′j = E(
||fj (X 0)−Y 0||
||Y 0|| ) � âû÷èñëåíèå âåðîÿòíîñòåé.

∀ j ∈ 1,K πj =
π′j∑K
k=1 π

′
k

� íîðìèðîâêà.

Y 0 =
∑K

j=1 πj · fj(X 0) � îòâåò.

Ïðèìåðû âîçìîæíûõ ôóíêöèé E(S): 1
S+ε , e

−S , 1− 1
1+e−S
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Ýêñïåðèìåíò

Òóðöèÿ - ïîòðåáëåíèå ýíåðãèè
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Ãåðìàíèÿ - ðûíî÷íûå öåíû íà ýëåêòðè÷åñòâî

0 100 200 300 400 500 600 700

Hour

0

20

40

60

80

100

120

P
ri
ce

Ôåäîðÿêà Ä.Ñ. Ïðîãíîçèðîâàíèå âðåìåííûõ ðÿäîâ 13 / 16



Îøèáêè ïðåäñêàçàíèé
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Observed values

LinearRegression
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BaggingRegressor
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Òóðöèÿ 1 Òóðöèÿ 2 Ãåðìàíèÿ 1 Ãåðìàíèÿ 2 Ïîëüøà

Ëèí. ðåã. 6.3% 4.0% 30.1% 28.8% 2.0%

Áóñòèíã 3.8% 3.6% 24.1% 23.0% 3.6%

Áýããèíã 3.6% 3.0% 27.5% 26.4% 1.7%

MSE(ŝ) =

√
< (s1 − ŝ1)2 >

< s1 >
=

1
√
r

√∑
i (s

i
1 − ŝ11 )

2∑
i s

i
1
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Çàâèñèìîñòü îøèáêè îò ÷èñëà áàçîâûõ ìîäåëåé
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Çàêëþ÷åíèå

Çàäà÷à ïðîãíîçèðîâàíèÿ âðåìåííûõ ðÿäîâ ñ

ïåðèîäè÷íîñòüþ ñâåäåíà ê çàäà÷å ðåãðåññèè.

Çàäà÷à ðåãðåññèè ðåøàåòñÿ ñ ïîìîùüþ ëèíåéíîé ìîäåëè.

Ïîñòðîåíû êîìïîçèöèè ìîäåëåé (áýããèíã è áóñòèíã),

ïîâûøàþùèå òî÷íîñòü ïðîãíîçà.

Ïðåäëîæåí ýâðèñòè÷åñêèé èòåðàöèîííûé àëãîðèòì

êîìïîçèöèè ìîäåëåé, êîòîðûé íå îêàçàëñÿ ýôôåêòèâíûì â

äàííîé çàäà÷å èç-çà åãî òðåáîâàíèé ê ðàçìåðó îáó÷àþùåé

âûáîðêè è èç-çà ñâîéñòâ âðåìåííûõ ðÿäîâ.
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