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Âðåìåííîé ðÿä

y0, y1, . . . , yt , . . . � âðåìåííîé ðÿä, yi ∈ R

ŷt+d (w) = ft,d(y1, . . . , yt ;w) � ìîäåëü âðåìåííîãî ðÿäà,

ãäå d = 1, . . . ,D, D � ãîðèçîíò ïðîãíîçèðîâàíèÿ,

w � âåêòîð ïàðàìåòðîâ ìîäåëè

Ìåòîä íàèìåíüøèõ êâàäðàòîâ:

Qt(w) =
t

∑

i=t0

(

ŷi(w)− yi
)2

→ min
w

Ïðîáëåìû:

ðÿäîâ ìîæåò áûòü î÷åíü ìíîãî

ðåøåíèå çàäà÷è ðåãðåññèè � ýòî äîëãî

ïîâåäåíèå ðÿäîâ ìîæåò íå îïèñûâàòüñÿ îäíîé ìîäåëüþ

�óíêöèÿ ïîòåðü ìîæåò áûòü íåêâàäðàòè÷íîé
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Ýêîíîìåòðèêà � îñíîâíîé èñòî÷íèê çàäà÷ ïðîãíîçèðîâàíèÿ

Ïðèìåðû ýêîíîìåòðè÷åñêèõ âðåìåííûõ ðÿäîâ:

ðûíî÷íûå öåíû

îáú¼ìû ïðîäàæ â òîðãîâûõ ñåòÿõ

îáú¼ìû ïîòðåáëåíèÿ è öåíû ýëåêòðîýíåðãèè

îáú¼ìû ãðóçîâûõ è ïàññàæèðñêèõ ïåðåâîçîê

äîðîæíûé òðà�èê (ïðîãíîçèðîâàíèå ïðîáîê)

Îñíîâíûå ÿâëåíèÿ â ýêîíîìåòðè÷åñêèõ âðåìåííûõ ðÿäàõ:

òðåíäû

ñåçîííîñòè

ðàçëàäêè (ñìåíû ìîäåëè ðÿäà)

Ìàðíî Âåðáèê. Ïóòåâîäèòåëü ïî ñîâðåìåííîé ýêîíîìåòðèêå, 2008.
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Ïðèìåð. Çàäà÷à ïðîãíîçèðîâàíèÿ îáú¼ìîâ ïðîäàæ

Åæåäíåâíûå îáú¼ìû ïðîäàæ òîâàðà

Слайд 1 из 10: Ежедневный спрос, товар №122
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Ïðèìåð. Çàäà÷à ïðîãíîçèðîâàíèÿ öåí ýëåêòðîýíåðãèè

Ïî÷àñîâûå öåíû ýëåêòðîýíåðãèè íà áèðæå NordPool, 2000ã.
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Ëèíåéíàÿ ìîäåëü àâòîðåãðåññèè

Â ðîëè ïðèçíàêîâ � n ïðåäûäóùèõ íàáëþäåíèé ðÿäà:

ŷt+1(w) =
n

∑

j=1

wjyt−j+1, w ∈ R
n

Â ðîëè îáúåêòîâ ℓ = t − n + 1 ìîìåíòîâ â èñòîðèè ðÿäà:

F
ℓ×n

=













yt−1 yt−2 yt−3 . . . yt−n

yt−2 yt−3 yt−4 . . . yt−n−1

. . . . . . . . . . . . . . .
yn yn−1 yn−2 . . . y1
yn−1 yn−2 yn−3 . . . y0













, y
ℓ×1

=













yt
yt−1

. . .
yn+1

yn













Ôóíêöèîíàë êâàäðàòà îøèáêè:

Qt(w ,X ℓ) =

t
∑

i=n

(

ŷi(w)− yi
)2

= ‖Fw − y‖2 → min
w
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Ìîäåëè àâòîðåãðåññèè è ñêîëüçÿùåãî ñðåäíåãî

ARMA, ARIMA, GARCH,...

Íåéðîñåòåâûå ìîäåëè

�óñåíèöà [�îëÿíäèíà, 2003℄

Àäàïòèâíûå ìåòîäû êðàòêîñðî÷íîãî ïðîãíîçèðîâàíèÿ

Àäàïòèâíàÿ àâòîðåãðåññèÿ

Àäàïòèâíàÿ ñåëåêöèÿ ìîäåëåé

Àäàïòèâíàÿ êîìïîçèöèÿ ìîäåëåé

Ïðîãíîçèðîâàíèå ïëîòíîñòè ðàñïðåäåëåíèÿ (density fore
ast)

Êâàíòèëüíàÿ ðåãðåññèÿ

Ëóêàøèí Þ. Ï. Àäàïòèâíûå ìåòîäû êðàòêîñðî÷íîãî ïðîãíîçèðîâàíèÿ

âðåìåííûõ ðÿäîâ. Ôèíàíñû è ñòàòèñòèêà, 2003.
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Ýêñïîíåíöèàëüíîå ñêîëüçÿùåå ñðåäíåå (ÝÑÑ)

Ïðîñòåéøàÿ ðåãðåññèîííàÿ ìîäåëü � êîíñòàíòà ŷt+1 = c ,

íàáëþäåíèÿ ó÷èòûâàþòñÿ ñ âåñàìè, óáûâàþùèìè â ïðîøëîå:

t
∑

i=0

βt−i (yi − c)2 → min
c
, β ∈ (0, 1)

Àíàëèòè÷åñêîå ðåøåíèå � �îðìóëà Íàäàðàÿ-Âàòñîíà:

c ≡ ŷt+1 =

∑t
i=0 β

iyt−i
∑t

i=0 β
i

Çàïèøåì àíàëîãè÷íî ŷt , îöåíèì
t
∑

i=0
βi ≈

∞
∑

i=0
βi = 1

1−β ,

ïîëó÷èì ŷt+1 = ŷtβ + (1− β)yt , çàìåíèì α = 1− β:

ŷt+1 = ŷt + α(yt − ŷt) = αyt + (1− α)ŷt ,

α ∈ (0, 1) íàçûâàåòñÿ ïàðàìåòðîì ñãëàæèâàíèÿ.
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�åêóððåíòíàÿ �îðìóëà äëÿ ñðåäíåãî àðè�ìåòè÷åñêîãî

Ýêñïîíåíöèàëüíîå ñêîëüçÿùåå ñðåäíåå (ÝÑÑ):

ŷt+1 = ŷt + α(yt − ŷt)

Ñðåäíåå àðè�ìåòè÷åñêîå:

ŷt+1 =
1

t + 1

t
∑

i=0

yi = ŷt +
1

t + 1
(yt − ŷt)

Ïðè αt =
1

t+1 èìååì ñðåäíåå àðè�ìåòè÷åñêîå

Ïðè αt = const èìååì ýêñïîíåíöèàëüíîå ñêîëüçÿùåå ñðåäíåå

Óñëîâèå ñõîäèìîñòè ê ñðåäíåìó (äëÿ ñòàöèîíàðíûõ çàäà÷):

∞
∑

t=1
αt = ∞,

∞
∑

t=1
α2
t < ∞

ÝÑÑ ïîäõîäèò òàêæå è äëÿ íåñòàöèîíàðíûõ çàäà÷
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Ïîäáîð ïàðàìåòðà ñãëàæèâàíèÿ

×åì áîëüøå α, òåì áîëüøå âåñ ïîñëåäíèõ òî÷åê,

ïðè α → 1 òðèâèàëüíûé ïðîãíîç ŷt+1 = yt .

×åì ìåíüøå α, òåì ñèëüíåå ñãëàæèâàíèå,

ïðè α → 0 òðèâèàëüíûé ïðîãíîç ŷt+1 = ȳ .

Îïòèìàëüíîå α∗
íàõîäèì ïî ñêîëüçÿùåìó êîíòðîëþ:

Q(α) =

T1
∑

t=T0

(

ŷt(α)− yt
)2

→ min
α

Ýìïèðè÷åñêèå ïðàâèëà:

åñëè α∗ ∈ (0, 0.3), òî ðÿä ñòàöèîíàðåí, ÝÑÑ ðàáîòàåò;

åñëè α∗ ∈ (0.3, 1), òî ðÿä íåñòàöèîíàðåí, íóæíà ìîäåëü òðåíäà.
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Ïðèìåð. Ñî÷åòàíèÿ òðåíäà è ñåçîííîñòè (ìîäåëüíûå äàííûå)

�ÿä 1 � ñåçîííîñòü áåç òðåíäà

�ÿä 2 � ëèíåéíûé òðåíä, àääèòèâíàÿ ñåçîííîñòü

�ÿä 3 � ëèíåéíûé òðåíä, ìóëüòèïëèêàòèâíàÿ ñåçîííîñòü

�ÿä 4 � ýêñïîíåíöèàëüíûé òðåíä, ìóëüòèïëèêàòèâíàÿ ñåçîííîñòü
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Ìîäåëü Õîëüòà

Ëèíåéíûé òðåíä áåç ñåçîííûõ ý��åêòîâ:

ŷt+d = at + btd ,

ãäå at , bt � àäàïòèâíûå êîý��èöèåíòû ëèíåéíîãî òðåíäà

�åêóððåíòíàÿ �îðìóëà:

at = α1yt + (1− α1)(at−1 + bt−1);

bt = α2(at − at−1) + (1− α2)bt−1;

ãäå α1, α2 � ïàðàìåòðû ñãëàæèâàíèÿ.

×àñòíûé ñëó÷àé � ìîäåëü ëèíåéíîãî ðîñòà Áðàóíà:

α1 = 1− β2, α2 = 1.
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Ýêñïîíåíöèàëüíîå ñêîëüçÿùåå ñðåäíåå

Ìîäåëè ñ òðåíäîì è ñåçîííîñòüþ

Àíàëèç àäåêâàòíîñòè àäàïòèâíûõ ìîäåëåé

Ìîäåëü Òåéëà�Âåéäæà

Ëèíåéíûé òðåíä ñ àääèòèâíîé ñåçîííîñòüþ ïåðèîäà s:

ŷt+d = (at + btd) + θt+(d mod s)−s .

at + btd � òðåíä, î÷èùåííûé îò ñåçîííûõ êîëåáàíèé,

θ0, . . . , θs−1 � ñåçîííûé ïðî�èëü ïåðèîäà s, áåç òðåíäà.

�åêóððåíòíàÿ �îðìóëà:

at = α1(yt − θt−s) + (1− α1)(at−1 + bt−1);

bt = α2(at − at−1) + (1− α2)bt−1;

θt = α3(yt − at) + (1− α3)θt−s ;

ãäå α1, α2, α3 � ïàðàìåòðû ñãëàæèâàíèÿ.
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Ìîäåëè ñ òðåíäîì è ñåçîííîñòüþ

Àíàëèç àäåêâàòíîñòè àäàïòèâíûõ ìîäåëåé

Ìîäåëü Óèíòåðñà

Ìóëüòèïëèêàòèâíàÿ ñåçîííîñòü ïåðèîäà s:

ŷt+d = at · θt+(d mod s)−s ,

θ0, . . . , θs−1 � ñåçîííûé ïðî�èëü ïåðèîäà s.

�åêóððåíòíàÿ �îðìóëà:

at = α1(yt/θt−s) + (1− α1)at−1;

θt = α2(yt/at) + (1− α2)θt−s ;

ãäå α1, α2 � ïàðàìåòðû ñãëàæèâàíèÿ.
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Àíàëèç àäåêâàòíîñòè àäàïòèâíûõ ìîäåëåé

Ìîäåëü Óèíòåðñà ñ ëèíåéíûì òðåíäîì

Ìóëüòèïëèêàòèâíàÿ ñåçîííîñòü ïåðèîäà s ñ ëèíåéíûì òðåíäîì:

ŷt+d = (at + btd) · θt+(d mod s)−s ,

at + btd � òðåíä, î÷èùåííûé îò ñåçîííûõ êîëåáàíèé,

θ0, . . . , θs−1 � ñåçîííûé ïðî�èëü ïåðèîäà s.

�åêóððåíòíàÿ �îðìóëà:

at = α1(yt/θt−s) + (1− α1)(at−1 + bt−1);

bt = α2(at − at−1) + (1− α2)bt−1;

θt = α3(yt/at) + (1− α3)θt−s ;

ãäå α1, α2, α3 � ïàðàìåòðû ñãëàæèâàíèÿ.
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Àíàëèç àäåêâàòíîñòè àäàïòèâíûõ ìîäåëåé

Ìîäåëü Óèíòåðñà ñ ýêñïîíåíöèàëüíûì òðåíäîì

Ìóëüòèïëèêàòèâíàÿ ñåçîííîñòü ñ ýêñïîíåíöèàëüíûì òðåíäîì:

ŷt+d = at(rt)
d · θt+(d mod s)−s ,

at(rt)
d
� ýêñïîíåíöèàëüíûé òðåíä, î÷èùåííûé îò ñåçîííîñòè,

θ0, . . . , θs−1 � ñåçîííûé ïðî�èëü ïåðèîäà s.

�åêóððåíòíàÿ �îðìóëà:

at = α1(yt/θt−s) + (1− α1)at−1rt−1;

rt = α2(at/at−1) + (1− α2)rt−1;

θt = α3(yt/at) + (1− α3)θt−s ;

ãäå α1, α2, α3 � ïàðàìåòðû ñãëàæèâàíèÿ.
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Àíàëèç àäåêâàòíîñòè àäàïòèâíûõ ìîäåëåé

Àäàïòèâíàÿ àâòîðåãðåññèîííàÿ ìîäåëü

Ëèíåéíàÿ ìîäåëü àâòîðåãðåññèè (ëèíåéíûé �èëüòð):

ŷt+1(w) =
n

∑

j=1

wjyt−j+1, w ∈ R
n

εt = yt − ŷt � îøèáêà ïðîãíîçà ŷt , ñäåëàííîãî íà øàãå t − 1

Ìåòîä íàèìåíüøèõ êâàäðàòîâ: ε2t → min
w

.

Îäèí øàã ãðàäèåíòíîãî ñïóñêà â êàæäûé ìîìåíò t:

wj := wj + htεtyt−j+1.

�ðàäèåíòíûé øàã â ìåòîäå ñêîðåéøåãî ñïóñêà:

ht =
α

∑n
j=1 y

2
t−j+1

,

ãäå α � àíàëîã ïàðàìåòðà ñãëàæèâàíèÿ.
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Ýêñïîíåíöèàëüíîå ñêîëüçÿùåå ñðåäíåå
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Àíàëèç àäåêâàòíîñòè àäàïòèâíûõ ìîäåëåé

Ñëåäÿùèé êîíòðîëüíûé ñèãíàë

εt = yt − ŷt � îøèáêà ïðîãíîçà ŷt , ñäåëàííîãî íà øàãå t − 1
Ñëåäÿùèé êîíòðîëüíûé ñèãíàë (tra
king signal [Trigg, 1964℄)

Kt =
ε̂t
ε̃t

ε̂t = γεt + (1− γ)ε̂t−1 � ÝÑÑ îøèáêè

ε̃t = γ|εt |+ (1− γ)ε̃t−1 � ÝÑÑ ìîäóëÿ îøèáêè

�åêîìåíäàöèÿ: γ = 0.05 . . . 0.1

Ñòàòèñòè÷åñêèé òåñò àäåêâàòíîñòè (ïðè γ 6 0.1, t → ∞):

ãèïîòåçà H0: Eεt = 0, Eεtεt+d = 0
ïðèíèìàåòñÿ íà óðîâíå çíà÷èìîñòè α, åñëè

|Kt | 6 1.2Φ1−α/2

√

γ/(2− γ),

Φ1−α/2 � êâàíòèëü íîðìàëüíîãî ðàñïðåäåëåíèÿ,

Φ1−α/2 = Φ0.975 = 1.96 ïðè α = 0.05

Ê.Â. Âîðîíöîâ (voron�fore
sys.ru) Ïðîãíîçèðîâàíèå âðåìåííûõ ðÿäîâ 19 / 28



Çàäà÷è ïðîãíîçèðîâàíèÿ
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Àäàïòèâíàÿ ñåëåêöèÿ è êîìïîçèöèÿ

Ýêñïîíåíöèàëüíîå ñêîëüçÿùåå ñðåäíåå

Ìîäåëè ñ òðåíäîì è ñåçîííîñòüþ

Àíàëèç àäåêâàòíîñòè àäàïòèâíûõ ìîäåëåé

Ìîäåëü Òðèããà�Ëè÷à [Trigg, Lea
h, 1967℄

Ïðîáëåìà: àäàïòèâíûå ìîäåëè ïëîõî ïðèñïîñàáëèâàþòñÿ

ê ðåçêèì ñòðóêòóðíûì èçìåíåíèÿì

�åøåíèå: α = |Kt |

Íåäîñòàòêè:

1) ïëîõî ðåàãèðóåò íà îäèíî÷íûå âûáðîñû;

2) òðåáóåò ïîäáîðà γ, ïðè ðåêîìåíäàöèè γ = 0.05 . . . 0.1.
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Àäàïòèâíàÿ ñåëåêöèÿ è êîìïîçèöèÿ

Àäàïòèâíàÿ ñåëåêöèÿ

Àäàïòèâíàÿ êîìïîçèöèÿ

Ýêñïåðèìåíòû ñ àäàïòèâíûìè êîìïîçèöèÿìè

Èäåÿ àäàïòèâíîé ñåëåêöèè ìîäåëåé

Ïðèìåð: Äèíàìèêà ÝÑÑ îøèáîê ïðîãíîçîâ |εt | äëÿ 6 ìîäåëåé

(ïî ðåàëüíûì äàííûì îáú¼ìîâ ïðîäàæ â ñóïåðìàðêåòå):

146 148 150 152 154 156 158 160 162 164 166 168 170 172 174 176 178 180 182 184 186 188

0.5

1.0

1.5

2.0

t

AvrErr

Èäåÿ: êàæåòñÿ, ìîæíî óñïåâàòü âêëþ÷àòü íàèáîëåå óäà÷íûå

ìîäåëè è îòêëþ÷àòü ìåíåå óäà÷íûå...
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Àäàïòèâíàÿ ñåëåêöèÿ è êîìïîçèöèÿ

Àäàïòèâíàÿ ñåëåêöèÿ

Àäàïòèâíàÿ êîìïîçèöèÿ

Ýêñïåðèìåíòû ñ àäàïòèâíûìè êîìïîçèöèÿìè

Àäàïòèâíàÿ ñåëåêòèâíàÿ ìîäåëü

Ïóñòü èìååòñÿ k ìîäåëåé ïðîãíîçèðîâàíèÿ,

ŷj ,t+d � ïðîãíîç j-é ìîäåëè íà ìîìåíò t + d ,

εjt = yt − ŷjt � îøèáêà ïðîãíîçà j-é ìîäåëè â ìîìåíò t,

ε̃jt = γ|εjt |+ (1− γ)ε̃j ,t−1 � ÝÑÑ ìîäóëÿ îøèáêè.

Ëó÷øàÿ ìîäåëü â ìîìåíò âðåìåíè t:

j∗t = argmin
j=1,...,k

ε̃jt

Àäàïòèâíàÿ ñåëåêòèâíàÿ ìîäåëü � ïðîãíîç ïî ëó÷øåé ìîäåëè:

ŷj ,t+d := ŷj∗t ,t+d

Òðåáóåòñÿ ïîäáîð γ, ðåêîìåíäàöèÿ: γ = 0.01 . . . 0.1.
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Àäàïòèâíàÿ ñåëåêöèÿ

Àäàïòèâíàÿ êîìïîçèöèÿ

Ýêñïåðèìåíòû ñ àäàïòèâíûìè êîìïîçèöèÿìè

Àäàïòèâíàÿ êîìïîçèöèÿ ìîäåëåé

Ïóñòü èìååòñÿ k ìîäåëåé ïðîãíîçèðîâàíèÿ,

ŷj ,t+d � ïðîãíîç j-é ìîäåëè íà ìîìåíò t + d ,

εjt = yt − ŷjt � îøèáêà ïðîãíîçà j-é ìîäåëè â ìîìåíò t,

ε̃jt = γ|εjt |+ (1− γ)ε̃j ,t−1 � ÝÑÑ ìîäóëÿ îøèáêè.

Ëèíåéíàÿ (âûïóêëàÿ) êîìáèíàöèÿ ìîäåëåé:

ŷt+d =
k
∑

j=1

wjt ŷj ,t+d ,
k
∑

j=1

wjt = 1, ∀t.

Àäàïòèâíûé ïîäáîð âåñîâ [Ëóêàøèí, 2003℄:

wjt =
(ε̃jt)

−1

∑k
s=1(ε̃st)

−1
.

Òðåáóåòñÿ ïîäáîð γ, ðåêîìåíäàöèÿ: γ = 0.01 . . . 0.1.
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Àäàïòèâíàÿ ñåëåêöèÿ è êîìïîçèöèÿ

Àäàïòèâíàÿ ñåëåêöèÿ

Àäàïòèâíàÿ êîìïîçèöèÿ

Ýêñïåðèìåíòû ñ àäàïòèâíûìè êîìïîçèöèÿìè

ËÀÂ� � Ëîêàëüíàÿ àäàïòàöèÿ âåñîâ ñ ðåãóëÿðèçàöèåé

Íà êàæäîì øàãå t âåñà îïðåäåëÿþòñÿ ïî ÌÍÊ è ñãëàæèâàþòñÿ:











t
∑

i=0

βt−i
( k
∑

j=1

wj ŷj ,i − yi

)2
+ λ

k
∑

j=1

(

wj − wj ,t−1

)2
→ min

w1,...,wk

∑k
j=1 wj = 1.

β ∈ (0, 1) � êîý��èöèåíò ¾çàáûâàíèÿ¿ ïðåäûñòîðèè,

λ � êîý��èöèåíò ðåãóëÿðèçàöèè.

Äîïîëíèòåëüíûå âàðèàíòû:

β → 0 � ëîêàëüíàÿ àäàïòàöèÿ âåñîâ ñ ðåãóëÿðèçàöèåé

(îñòàâëÿåì â �óíêöèîíàëå òîëüêî îäíî ñëàãàåìîå, i = t)

wj > 0 � ìîíîòîííûé êîððåêòîð

Âîðîíöîâ Ê. Â., Åãîðîâà Å. Â. Äèíàìè÷åñêè àäàïòèðóåìûå êîìïîçèöèè

àëãîðèòìîâ ïðîãíîçèðîâàíèÿ // Èñêóññòâåííûé Èíòåëëåêò, 2006.
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Ýêñïåðèìåíòû ñ àäàïòèâíûìè êîìïîçèöèÿìè

Çàäà÷à ïðîãíîçèðîâàíèÿ âðåìåííûõ ðÿäîâ ïðîäàæ

Ñðåäíÿÿ îøèáêà ïðîãíîçîâ íà ñêîëüçÿùåì êîíòðîëå (T = 620)

ЛАВР-М ЛАВР-неМ МНК-[0.7]-М МНК-[0.7]-неМ

-5.0 -4.5 -4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

логарифм параметра регуляризации

ËÀÂ�-Ì � ëó÷øèé ðåçóëüòàò, ïðè÷¼ì ìîæíî áðàòü λ → 0

Îãðàíè÷åíèå ìîíîòîííîñòè � ñèëüíûé ðåãóëÿðèçàòîð
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Ýêñïåðèìåíòû ñ àäàïòèâíûìè êîìïîçèöèÿìè

Ôðàãìåíòû äèíàìèêè âåñîâ wjt áàçîâûõ ìîäåëåé

Áåç îãðàíè÷åíèÿ ìîíîòîííîñòè:
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Çàäà÷è ïðîãíîçèðîâàíèÿ

Àäàïòèâíûå ìåòîäû êðàòêîñðî÷íîãî ïðîãíîçèðîâàíèÿ

Àäàïòèâíàÿ ñåëåêöèÿ è êîìïîçèöèÿ

Àäàïòèâíàÿ ñåëåêöèÿ

Àäàïòèâíàÿ êîìïîçèöèÿ

Ýêñïåðèìåíòû ñ àäàïòèâíûìè êîìïîçèöèÿìè

Ñðàâíåíèå ìîäåëåé

Ñðåäíÿÿ îøèáêà ïðîãíîçîâ íà ñêîëüçÿùåì êîíòðîëå (T = 620)

áàçîâûé-1 0.7142

áàçîâûé-2 0.7294

áàçîâûé-3 0.7534

áàçîâûé-4 0.7624

áàçîâûé-5 0.7624

áàçîâûé-6 0.7664

áàçîâûé-7 0.7793

áàçîâûé-8 0.7793

ËÀÂ�+Ìîíîò 0.5899

ñåëåêöèÿ+ñãëàæèâàíèå, γ
opt

0.5956

ÌÍÊ+Ìîíîò, β=0.7 0.6314

ËÀÂ� áåç Ìîíîò 0.6591

ÌÍÊ áåç Ìîíîò, β=0.7 0.6834

ÌÍÊ ïî âñåì äàííûì 0.7142

ñðåäíåå 0.7294

ñåëåêöèÿ áåç ñãëàæèâàíèÿ 0.9107

Áàçîâûå ìîäåëè, èõ óñðåäíåíèå, íåàäàïòèâíûé ÌÍÊ

ïî âñåì äàííûì � ðàáîòàþò ïëîõî

Àäàïòèâíàÿ ñåëåêöèÿ ðàáîòàåò õîðîøî, åñëè ïîäîáðàòü γ

γ
opt

= 0.2 . . . 0.3 � óñðåäíåíèå ïî 3. . . 5 äíÿì
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Çàäà÷è ïðîãíîçèðîâàíèÿ

Àäàïòèâíûå ìåòîäû êðàòêîñðî÷íîãî ïðîãíîçèðîâàíèÿ

Àäàïòèâíàÿ ñåëåêöèÿ è êîìïîçèöèÿ

�åçþìå

Àäàïòèâíûå ìåòîäû èñïîëüçóþò, êîãäà ðÿäîâ ìíîãî

è ïðîãíîçèðîâàòü èõ íàäî áûñòðî

Ïðîñòûå àäàïòèâíûå ìåòîäû óñèëèâàþòñÿ àäàïòèâíîé

ñåëåêöèåé è êîìïîçèöèåé ìîäåëåé

Ïðîñòûå îñîáåííîñòè ðÿäîâ (òðåíäû, ñåçîííîñòè,

ïðîïóñêè) ìîäåëèðóþòñÿ â áàçîâûõ àëãîðèòìàõ

Áîëåå ñëîæíûå çàâèñèìîñòè ìîäåëèðóþòñÿ àäàïòèâíûìè

àâòîðåãðåññèîííûìè ìîäåëÿìè

Òðåáîâàíèå ìîíîòîííîñòè äëÿ àäàïòèâíîé êîìïîçèöèè �

ìîùíûé ðåãóëÿðèçàòîð

Ëóêàøèí Þ. Ï. Àäàïòèâíûå ìåòîäû êðàòêîñðî÷íîãî ïðîãíîçèðîâàíèÿ

âðåìåííûõ ðÿäîâ. Ôèíàíñû è ñòàòèñòèêà, 2003.
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