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Ìåðû êà÷åñòâà òî÷å÷íîãî ïðîãíîçà
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ŷT+d|T − yT+d

yT+d

∣

∣

∣

∣

.

Mean absolute saled error:

MASE =
1

D

D
∑

d=1

∣
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Èí�îðìàöèîííûå êðèòåðèè

AIC � èí�îðìàöèîííûé êðèòåðèé Àêàèêå:
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(

1

n

n
∑

t=1

(yt − ŷt)
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,

ãäå k � ÷èñëî ïàðàìåòðîâ ìîäåëè;

AICc � îí æå ñ ïîïðàâêîé íà ñëó÷àé íåáîëüøîãî ðàçìåðà âûáîðêè:
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BIC (SIC) � áàéåñîâñêèé (Øâàðöà) èí�îðìàöèîííûé êðèòåðèé:
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Îòíîñèòåëüíîå êà÷åñòâî ïðîãíîçà

U-êîý��èöèåíò Òåéëà îöåíèâàåò êà÷åñòâî ïðîãíîçà îòíîñèòåëüíî

ïðîãíîçà ïîñëåäíèì çíà÷åíèåì:

U (d) =

√

√

√

√

√

√
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√

T−d
∑

t=R
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ŷt+d|t − yt+d

)2

T−d
∑
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(yt − yt+d)
2

, d = 1, . . . , D.

Åñëè U(d) = 1, òî ïðîãíîç ŷt+d|t òàê æå õîðîø, êàê ¾íàèâíûé ïðîãíîç¿

ïîñëåäíèì çíà÷åíèåì; åñëè U(d) < 1, ïðîãíîç ŷt+d|t ëó÷øå íàèâíîãî,

U(d) > 1 � õóæå.
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Ñðàâíåíèå êà÷åñòâà äâóõ ïðîãíîçîâ

y1, . . . , yT � âðåìåííîé ðÿä,

ŷ1R, . . . , ŷ1T � ïðîãíîç íà ïåðèîä R, . . . , T ïåðâûì ìåòîäîì,

ε̂1R, . . . , ε̂1T � îñòàòêè ïåðâîãî ïðîãíîçà,

ŷ2R, . . . , ŷ2T � ïðîãíîç íà ïåðèîä R, . . . , T âòîðûì ìåòîäîì,

ε̂2R, . . . , ε̂2T � îñòàòêè âòîðîãî ïðîãíîçà;

g (yt, ŷit) � ïðîèçâîëüíàÿ �óíêöèÿ ïîòåðü,

dt = g (yt, ŷ1t)− g (yt, ŷ2t) .

H0 : ñðåäíåå dt = 0,

H1 : ñðåäíåå dt < 6=> 0.
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Íåïàðàìåòðè÷åñêèå êðèòåðèè

H0 : med dt = 0,

H1 : med dt < 6=> 0.

Êðèòåðèé çíàêîâ:

T =
T
∑

t=R

[dt > 0] .

Êðèòåðèé çíàêîâûõ ðàíãîâ Óèëêîêñîíà:

W =
T
∑

t=R

r (|dt|) sign (dt) .
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Êðèòåðèé Äèáîëäà-Ìàðèàíî

Áóäåì äëÿ ïðîñòîòû ñ÷èòàòü, ÷òî R = 1.

Ïóñòü d1, . . . , dT � âûáîðî÷íàÿ òðàåêòîðèÿ ñëàáî ñòàöèîíàðíîãî

ñëó÷àéíîãî ïðîöåññà, òîãäà

√
T
(

d̄− µ
) d−→ N (0, f) ,

ãäå d̄ = 1
T

T
∑

t=1

dt, µ � íåèçâåñòíîå ñðåäíåå çíà÷åíèå ïðîöåññà, f � åãî

äèñïåðñèÿ.
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Êðèòåðèé Äèáîëäà-Ìàðèàíî

íóëåâàÿ ãèïîòåçà: H0 : Edt = 0;
àëüòåðíàòèâà: H1 : Edt < 6=> 0;

ñòàòèñòèêà: B = d̄√
f̂/T

, f̂ =
M
∑

τ=−M

r̂τ , M = T 1/3;

B ∼ N(0, 1) ïðè H0;
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äîñòèãàåìûé óðîâåíü çíà÷èìîñòè:

p (b) =











1− ncdf(b, 0, 1), H1 : Edt > 0,

ncdf(b, 0, 1), H1 : Edt < 0,

2 (1− ncdf(|b|, 0, 1)) , H1 : Edt 6= 0.
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Êðèòåðèé Äèáîëäà-Ìàðèàíî

Ìîäè�èêàöèÿ äëÿ êîðîòêèõ ðÿäîâ (Harvey, Leybourne, Newbold):

B∗ =
B

√

T+1−2d+
d(d−1)

T

T

,

ãäå d � îòñðî÷êà ïðîãíîçà.
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Ñðàâíåíèå êà÷åñòâà íåñêîëüêèõ ïðîãíîçîâ

Ïóñòü èìååòñÿ ýòàëîííûé ïðîãíîç ðÿäà (íàïðèìåð, ¾íàèâíûì¿ ìåòîäîì)

è k äðóãèõ ïðîãíîçîâ,

ŷt+d = {ŷj,t+d}kj=0 .

Êàê ïðîâåðèòü, ÷òî õîòÿ áû îäèí ïðîãíîç ëó÷øå ýòàëîííîãî?

Ïóñòü f � ìåðà êà÷åñòâà ïðîãíîçà îòíîñèòåëüíî ýòàëîíà, òàêàÿ, ÷òî

f > 0, êîãäà êà÷åñòâî ýòàëîíà íèæå, è f < 0, êîãäà êà÷åñòâî ýòàëîíà

âûøå. Ïðèìåð:

f = LL (ŷj,t+1)− LL (ŷ0,t+1)

(ìîæíî äîáàâèòü åù¼ øòðà� çà ÷èñëî ïàðàìåòðîâ àëãîðèòìà).

f̂t+d = f
(

Zt+d, ŷt+d, β̂t

)

∈ R
k
� âåêòîð îöåíîê êà÷åñòâà ïðîãíîçà,

Zt+d ñîäåðæèò çíà÷åíèÿ yt+d è äîïîëíèòåëüíûå ïðåäèêòîðû xt+d,

β̂t � âåêòîð îöåíîê ïàðàìåòðîâ âñåõ ïðîãíîçèðóþùèõ àëãîðèòìîâ.
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Êðèòåðèé reality hek Óàéòà

íóëåâàÿ ãèïîòåçà: H0 : max
j=1,...,k

Ef∗
j ≤ 0,

Ef∗
j = Ef (Zt+d, ŷt+d, β

∗) , β∗ = plim β̂t,
àëüòåðíàòèâà: H1 : H0 íåâåðíà.

Ïðè âûïîëíåíèè ðÿäà òåîðåòè÷åñêèõ ïðåäïîëîæåíèé

√
n
(

f̄ − Ef∗) d−→ N (0,Ω) ,

f̄ = 1
n

T−d
∑

t=R

f̂t+d � ñðåäíåå îòíîñèòåëüíîå êà÷åñòâî ïðîãíîçîâ,

n = T − d−R + 1.

Äëÿ îöåíêè Ω è âû÷èñëåíèÿ äîñòèãàåìîãî óðîâíÿ çíà÷èìîñòè

èñïîëüçóåòñÿ áóòñòðåï èëè Ìîíòå-Êàðëî.
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Êðèòåðèé reality hek Óàéòà

Ïðèìåð (Sullivan, Timmermann, White, 1999, 2001): ê ðÿäó ïðîìûøëåííîãî

èíäåêñà Äîó-Äæîíñà ñ 1 ÿíâàðÿ 1897 ïî 30 èþíÿ 1998 (27447 îòñ÷¼òîâ)

áûëî ïðèìåíåíî áîëüøîå êîëè÷åñòâî ìîäåëåé � 7846 ìîäåëåé

òåõíè÷åñêîãî àíàëèçà è 9452 êàëåíäàðíûõ. Â êà÷åñòâå ýòàëîíà

ðàññìàòðèâàëàñü ñòðàòåãèÿ äîëãîñðî÷íîãî èíâåñòèðîâàíèÿ. Êðèòåðèé

êà÷åñòâà � ñðåäíèé îæèäàåìûé äîõîä ïî âñåì èíâåñòèöèÿì.

Êðèòåðèé Óàéòà ïîêàçàë, ÷òî ëó÷øèé ìåòîä òåõíè÷åñêîãî àíàëèçà

âûèãðûâàåò ó ýòàëîíà, â òî âðåìÿ êàê ëó÷øèé êàëåíäàðíûé ìåòîä, ïî âñåé

âèäèìîñòè, ïåðåîáó÷åí � îí ñóùåñòâåííî ëó÷øå ýòàëîíà ïî êðèòåðèþ

Äèáîëäà-Ìàðèàíî, íî íå ëó÷øå ïî êðèòåðèþ Óàéòà.
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Ìîäè�èêàöèÿ �îìàíî-Âîëü�à

Ïîñòðîèâ íà îñíîâå êðèòåðèÿ Óàéòà íèñõîäÿùóþ ïðîöåäóðó, ìîæíî íàéòè

âñå ìåòîäû, äàþùèå ïðîãíîç ëó÷øå ýòàëîíà, àñèìïòîòè÷åñêè êîíòðîëèðóÿ

ïðè ýòîì FWER � ãðóïïîâóþ âåðîÿòíîñòü îøèáêè (Romano, Wolf, 2005).
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Ïðè÷èííîñòü ïî �ðåéíäæåðó

Ìåæäó ðÿäàìè x1, . . . , xT è y1, . . . , yT ñóùåñòâóåò ïðè÷èííàÿ ñâÿçü

�ðåéíäæåðà xt → yt, åñëè äèñïåðñèÿ îøèáêè îïòèìàëüíîãî ïðîãíîçà ŷt+1

ïî y1, . . . , yt, x1, . . . , xt ìåíüøå, ÷åì òîëüêî ïî y1, . . . , yt.

Ïðè÷èííîñòü ïî �ðåéíäæåðó ÿâëÿåòñÿ íåîáõîäèìûì, íî íå äîñòàòî÷íûì

óñëîâèåì ïðè÷èííî-ñëåäñòâåííîé ñâÿçè.

x1, . . . , xT è y1, . . . , yT âçàèìîñâÿçàíû, åñëè xt → yt è yt → xt.
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Êðèòåðèé �ðåéíäæåðà

yt = α+

k1
∑

i=1

φ1iyt−i +

k2
∑

i=1

φ2ixt−i + εt.

k1 è k2 âûáèðàåòñÿ ïî èí�îðìàöèîííîìó êðèòåðèþ.

xt → yt ⇒ ∃φ2i 6= 0.

íóëåâàÿ ãèïîòåçà: H0 : φ21 = · · · = φ2k2 = 0;
àëüòåðíàòèâà: H1 : H0 íåâåðíà;

ñòàòèñòèêà: F = (RSSr−RSSur)/k2

RSSur/(T−k1−k2−1)
;

F ∼ F (k1, T − k1 − k2 − 1) ïðè H0;
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F

p(
F

)

äîñòèãàåìûé óðîâåíü çíà÷èìîñòè:

p (f) = fcdf(1/f, T − k1 − k2 − 1, k1).
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Êðèòåðèé �ðåéíäæåðà

Ìàðæà ñâåðõ ïðîöåíòíîé ñòàâêè è ðîñò ÂÂÏ, Ô��:
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Êðèòåðèé �ðåéíäæåðà

y x k1 k2 F (y → x) F (y → x)

△4 lnGDPr △4 lnM1r 4 4 6.087∗∗∗ 1.918
8 8 3.561∗∗ 1.443

△4 lnGDPr GLR −GSR 4 4 3.160∗ 3.835∗∗

8 8 1.927(∗) 2.077∗

△4 lnM1r GLR −GSR 4 4 5.615∗∗∗ 1.489
8 8 2.521∗ 1.178

△4 lnGDPr � ãîäîâîé ïðèðîñò ÂÂÏ â ïðîöåíòàõ, △4 lnM1r � ãîäîâîé

ïðèðîñò �àêòè÷åñêîãî êîëè÷åñòâà äåíåã â ïðîöåíòàõ, GLR � ðîñò

ãîñóäàðñòâåííûõ îáëèãàöèé, GSR � òð¼õìåñÿ÷íàÿ ñòàâêà äåíåæíîãî

ðûíêà âî Ôðàíê�óðòå.

(*), *, **, *** � çíà÷èìîñòü íà óðîâíå 0.1, 0.05, 0.01 è 0.001.
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Ìíîãîìåðíûé êðèòåðèé �ðåéíäæåðà

Çàâèñèìîñòü ìåæäó ïðèçíàêàìè x è y ìîæåò îöåíèâàòüñÿ ñ ó÷¼òîì

âîçìîæíîé çàâèñèìîñòè îò âñåõ îñòàëüíûõ ïðèçíàêîâ:

yt = α+

k1
∑

i=1

φ1iyt−i +

k2
∑

i=1

φ2ixt−i +

m
∑

j=1

kj+2
∑

i=1

φ(j+2)iz
j
t−i + εt.

Äëÿ çàäà÷ ñ áîëüøèì êîëè÷åñòâîì ïðèçíàêîâ ìîãóò èñïîëüçîâàòüñÿ

ðåãóëÿðèçàòîðû (ëàññî, ðèäæ).

ÏÑ-13. Àíàëèç âðåìåííûõ ðÿäîâ.



Îöåíêà êà÷åñòâà ïðîãíîçîâ Ìíîæåñòâà ðÿäîâ

�ðà� ïðè÷èííîñòè ïî �ðåéíäæåðó

Êðèòåðèé �ðåéíäæåðà + ïîïðàâêà íà ìíîæåñòâåííóþ ïðîâåðêó ãèïîòåç
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Ïðèìåð

Äèíàìèêà ñðåäíèõ îøèáîê ïðîãíîçîâ äëÿ 6 ìîäåëåé (ïî ðåàëüíûì äàííûì

îáú¼ìîâ ïðîäàæ â ñóïåðìàðêåòå):
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AvrErr

Èäåÿ: êàæåòñÿ, ìîæíî óñïåòü âêëþ÷èòü íàèáîëåå óäà÷íûå ìîäåëè

è îòêëþ÷èòü ìåíåå óäà÷íûå...
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Àäàïòèâíàÿ ñåëåêòèâíàÿ ìîäåëü

Ïóñòü èìååòñÿ k ìîäåëåé ïðîãíîçèðîâàíèÿ,

ŷj,t+d � ïðîãíîç j-é ìîäåëè íà ìîìåíò t+ d,
εjt = yt − ŷjt � îøèáêà ïðîãíîçà â ìîìåíò t,
ε̃jt := γ|εjt|+ (1− γ)ε̃jt � ýêñïîíåíöèàëüíî ñãëàæåííàÿ îøèáêà.

Ëó÷øàÿ ìîäåëü â ìîìåíò âðåìåíè t:

j∗t = argmin

j=1,...,k
ε̃jt.

Àäàïòèâíàÿ ñåëåêòèâíàÿ ìîäåëü:

ŷj,t+d := ŷj∗t ,t+d

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

Ïóñòü èìååòñÿ k ìîäåëåé ïðîãíîçèðîâàíèÿ,

ŷj,t+d � ïðîãíîç j-é ìîäåëè íà ìîìåíò t+ d,
εjt = yt − ŷjt � îøèáêà ïðîãíîçà â ìîìåíò t,
ε̃jt := γ|εjt|+ (1− γ)ε̃jt � ýêñïîíåíöèàëüíî ñãëàæåííàÿ îøèáêà.

Ëèíåéíàÿ (âûïóêëàÿ) êîìáèíàöèÿ ìîäåëåé:

ŷt+d =

k
∑

j=1

wjtŷj,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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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
wj ,j=1,...,k

∑k
j=1 wj = 1.

β � 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, Äîíåöê, 2006. �2. Ñ. 277�280.
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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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Ôðàãìåíòû äèíàìèêè âåñîâ áàçîâûõ ìîäåëåé

Áåç îãðàíè÷åíèÿ ìîíîòîííîñòè:

305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395
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Ñ îãðàíè÷åíèåì ìîíîòîííîñòè:
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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

ÏÑ-13. Àíàëèç âðåìåííûõ ðÿäîâ.



Îöåíêà êà÷åñòâà ïðîãíîçîâ Ìíîæåñòâà ðÿäîâ
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