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Öåëü èññëåäîâàíèÿ

Çàäà÷à

Ïîñòðîèòü ñóïåðïîçèöèþ ìîäåëåé äëÿ ïîâûøåíèÿ

ýôôåêòèâíîñòè òðàíñïîðòèðîâêè ãðóçîâ

Ïðîáëåìà

Îòñóòñòâèå åäèíîé ïðîãíîñòè÷åñêîé ìîäåëè

Áîëüøàÿ âîëàòèëüíîñòü âðåìåííûõ ðÿäîâ

Íàëè÷èå íóëåâûõ îáúåìîâ ïåðåâîçîê

Òðåáîâàíèÿ ê ìîäåëÿì

Îáîñíîâàííîñòü (ñîîòâåòñòâèå öåëè ïðîãíîçà)

Âàëèäíîñòü (ñïîñîáíîñòü ó÷èòûâàòü èçìåíåíèå ðÿäà)

Òî÷íîñòü (ñïîñîáíîñòü äàâàòü îöåíêó ïàðàìåòðîâ,

ìèíèìàëüíî îòëè÷àþùóþñÿ îò èõ ôàêòè÷åñêîãî çíà÷åíèÿ.)
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Ôîðìàò äàííûõ

äàòà

ïîãðóçêè

êîä ñòàíöèè

îòïðàâëå-

íèÿ

êîä ñòàíöèè

íàçíà÷åíèÿ

êîä ãðó-

çà

ñóììàðíûé

âåñ ãðóçà

2007-01-01 14605 831504 1 56

2007-01-01 135602 165504 18 63

2007-01-01 830304 814208 13 246

Äàòà ïîãðóçêè: ãîäîâàÿ èñòîðèÿ ïåðåâîçîê

Êîäû ñòàíöèé îòïðàâëåíèÿ è íàçíà÷åíèÿ: 78 ðåãèîíîâ,
îêîëî 4000 ñòàíöèé

Êîä ãðóçà:43 íàèìåíîâàíèÿ - íåôòü, ðóäà, òîðô,
àâòîìîáèëè, õëîïîê, ñàõàð, çåðíî, . . .
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Çàäà÷à ïîñòðîåíèÿ îïòèìàëüíîé ñóïåðïîçèöèè

Ðàññìîòðèì âðåìåííîé ðÿä x = {xi}Ti=1 èç ñèñòåìû âðåìåííûõ

ðÿäîâ.

Ïóñòü f è g - äâå áàçîâûå ôóíêöèè ïðîãíîçèðîâàíèÿ, ïðè÷åì

ôóíêöèÿ f ïðîãíîçèðóåò ðÿä, à g � åãî îñòàòêè

f : xt → x̂ ft+1, g : x ft+1 → x̂ f ,gt+1.

Ïðåäïîëîæèì, ÷òî çíà÷åíèÿ âðåìåííîãî ðÿäà, ìîæíî

ïðèáëèçèòü ñóïåðïîçèöèåé ñ äîïóñòèìîé òî÷íîñòüþ

xt+1 = f ◦ g(xt , xt−1, . . . , x1) + εt+1.

Òðåáóåòñÿ ïîñòðîèòü ïðîãíîç

x̂T+1 = f ◦ g(ŵ, xT , xT−1, . . . , x1)

è ðåòðîñïåêòèâíûé ïðîãíîç ñ ãîðèçîíòîì ïðîãíîçèðîâàíèÿ h

x̂t+h = f ◦ g(ŵ, xt , xt−1, . . . , x1).
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Êà÷åñòâî ïðîãíîçà

Ôóíêöèÿ îøèáêè S(w|F ,D) � ôóíêöèÿ, çíà÷åíèå êîòîðîé

òðåáóåòñÿ ìèíèìèçèðîâàòü äëÿ ïîëó÷åíèÿ îöåíîê ïàðàìåòðîâ

ŵ ìîäåëè

ŵ = argmin
w∈W

∑
t∈T

S(w, xt),

ε = xt − x̂t ,

ãäå x̂t = f ◦ g(ŵ, xt , xt−1, . . . , x1).

MAE = 1
n

∑n
i=1 |εi | MSE = 1

n

∑n
i=1 ε

2
i

MAPE = 1
n

∑n
i=1

∣∣∣ εixi ∣∣∣ RMSE = 1√
n

√∑n
i=1 ε

2
i

PMAD =
∑n

i=1 |εi | (
∑n

i=1 |xi |)(−1) SS = 1− MSEforecast
MSEhistory
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Ìîäåëè

Ðàññìîòðèì ôóíêöèè èç äîïóñòèìîãî ñåìåéñòâà ìîäåëåé F .

Íàèâíûé ïðîãíîç
x̂T+1 = xT .

Ïðîãíîç ñðåäíèì çíà÷åíèåì çà ïîñëåäíèå k îòñ÷åòîâ

x̂T+1 =
T∑

t=T−k+1

xt .

Ñêîëüçÿùåå ñðåäíåå

zt =
xt + xt+1 + . . .+ xt+n−1

n
=

n−1∑
i=0

xt+i ,

ãäå n � øèðèíà îêíà,

x̂T+h = zT .
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Ìîäåëè

Ýêñïîíåíöèàëüíîå ñãëàæèâàíèå

zt = αxt + (1− α)zt−1,

ãäå x � èñõîäíûé ðÿä, z � ñãëàæåííûé ðÿä, α � ïàðàìåòð

ñãëàæèâàíèÿ ðÿäà, α ∈ (0, 1),

x̂T+h = zT .

Ìåòîä Êðîñòåíà
d = {dt}Tt=1 � íåíóëåâîé ñïðîñ èñõîäíîãî âðåìåííîãî ðÿäà x,
q = {qt}Tt=1 � èíòåðâàëû ìåæäó íåíóëåâûì ñïðîñîì ðÿäà x.
Ýêñïîíåíöèàëüíîå ñãëàæèâàíèÿ îáîèõ ðÿäîâ

zt = αdt + (1− α)zt−1,

pt = αqt + (1− α)pt−1,

x̂T+h =
zT
pT
.
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Ìîäåëè

Ìîäåëü ARIMA(p, d, q)

∇dxt = c +

p∑
i=1

ai∇dxt−i +

q∑
j=1

bjεt−j + εt ,

ãäå εt � ñòàöèîíàðíûé âðåìåííîé ðÿä,

c, ai , bj � ïàðàìåòðû ìîäåëè,

∇d � îïåðàòîð ðàçíîñòè âðåìåííîãî ðÿäà ïîðÿäêà d .
Ìîäåëü VAR

Y = XW,

ãäå ìàòðèöà X � ìàòðèöà îáúåêò-ïðèçíàê, W � ìàòðèöà

âåñîâ, Y � ìàòðèöà îòâåòîâ

W = (XTX)−1XTY,

òîãäà âåêòîð ïðîãíîçîâ

x̂ = xW.
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Ñðàâíåíèå ìîäåëåé

Ñîïîñòàâëåíèå ðàçëè÷íûõ ïðîãíîñòè÷åñêèõ ìîäåëåé ñâîéñòâàì

âðåìåííûõ ðÿäîâ

Àëãîðèòìû Ñâîéñòâà âðåìåííûõ ðÿäîâ

ñåçîííîñòü òðåíä íåñòàö.

íóëåâûå

çíà÷å-

íèÿ

âíåøíèå

ôàêòî-

ðû

Ñðåäíåå - - - + -

Ñêîëüçÿùåå

ñðåäíåå
- - - + -

Cãëàæèâàíèå. - - - + -

Ìåòîä Êðî-

ñòîíà
- - - + -

ARIMA + + + - -

VAR + + - - +
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Ñóïåðïîçèöèÿ ïðè ðåòðîñïåêòèâíîì ïðîãíîçå. Âàðèàíò 1

1 Ñ ïîìîùüþ áàçîâîé ôóíêöèè f âû÷èñëÿåòñÿ n ïðîãíîçîâ

êîíöà èñòîðèè x̂ ft , ..., x̂
f
t−n+1 íà îäíó òî÷êó.

2 Âû÷èñëÿåòñÿ n îñòàòêîâ ε̂t , ..., ε̂t−n+1 â âèäå ðàçíèöû

ε̂t−k = xt−k − x̂ ft−k .

3 Ñ ïîìîùüþ ôóíêöèè g ïðîãíîçèðóþòñÿ îñòàòêè ε̂t+i íà

ãîðèçîíò ïðîãíîçèðîâàíèÿ h.

4 Âûïîëíÿåòñÿ èòåðàòèâíûé ïîäñ÷åò êîíå÷íûõ ïðîãíîçîâ

x̂ f ,gt+i = x̂ ft+i + ε̂t+i

ñ ïîñëåäîâàòåëüíûì ïîäñ÷åòîì ïðîãíîçà áàçîâîé

ôóíêöèåé f íà îäíó òî÷êó x̂ ft+i .
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Äèàãðàììà ïðîãíîçèðîâàíèÿ èñõîäíîãî ðÿäà è åãî

îñòàòêîâ. Âàðèàíò 1

Äâèíñêèõ Äàðèíà Ìèõàéëîâíà Âûáîð ñóïåðïîçèöèè ìîäåëåé 12 / 19



Ñóïåðïîçèöèÿ ïðè ðåòðîñïåêòèâíîì ïðîãíîçå. Âàðèàíò 2

1 Ñ ïîìîùüþ áàçîâîé ôóíêöèè f âû÷èñëÿåòñÿ

ðåòðîñïåêòèâíûé ïðîãíîç x̂
f ,(1)
t+1 , ..., x̂

f ,(i)
t+i ñ ãîðèçîíòîì

ïðîãíîçèðîâàíèÿ i , êàæäûé � íà ãëóáèíå i .
2 Ñ ïîìîùüþ áàçîâîé ôóíêöèè f âû÷èñëÿåòñÿ h íàáîðîâ

ïðîãíîçîâ êîíöà èñòîðèè, x̂
f ,(i)
t , ..., x̂

f ,(i)
t−n+1, êàæäûé

íàáîð � íà ãëóáèíå i , i = 1, ..., h.

3 Âû÷èñëÿåòñÿ h íàáîðîâ îñòàòêîâ ε̂
(i)
t , ..., ε̂

(i)
t−n+1

ε̂
(i)
t−k = xt−k − x̂

f ,(i)
t−k , i = 1, ..., h.

4 Ñ ïîìîùüþ ôóíêöèè g ïðîãíîçèðóþòñÿ îñòàòêè ε̂
(i)
t+i ,

êàæäûé ïðîãíîç âûïîëíÿåòñÿ íà îäíó òî÷êó è èñïîëüçóåò

âû÷èñëåííóþ ïîñëåäîâàòåëüíîñòü ε̂
(i)
t , ..., ε̂

(i)
t−n+1.

5 Âûïîëíÿåòñÿ ïîäñ÷åò êîíå÷íûõ ïðîãíîçîâ

x̂ f ,gt+i = x̂
f ,(i)
t+i + ε̂

(i)
t+i .
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Äèàãðàììà ïðîãíîçèðîâàíèÿ èñõîäíîãî ðÿäà è åãî

îñòàòêîâ. Âàðèàíò 2
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Öåëü ýêñïåðèìåíòà

Öåëü

Ïðîâåðèòü öåëåñîîáðàçíîñòü èñïîëüçîâàíèÿ ñóïåðïîçèöèè äëÿ

ïðîãíîçèðîâàíèÿ âðåìåííûõ ðÿäîâ

Ñðåäñòâà - èñïîëüçóåìûå ìîäåëè

Ñðåäíåå çíà÷åíèå, MA, ýêñïîíåíöèàëüíîå ñãëàæèâàíèå, ìåòîä

Êðîñòîíà, ARIMA, VAR

Äàííûå

Âðåìåííûå ðÿäû
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Âû÷èñëèòåëüíûé ýêñïåðèìåíò. Ïîëó÷åíèå âðåìåííûõ

ðÿäîâ

Ïðîâåäåíà äîïîëíèòåëüíàÿ àãðåãàöèÿ âðåìåííûõ ðÿäîâ.

Òîâàðû, îòïðàâëåííûå ñ 83-ãî ðåãèîíà: êàìåííûé óãîëü, êîêñ,

íåôòü, ìåòèçû, ëîì ÷åðíûõ ìåòàëëîâ, ñòðîèòåëüíûå ãðóçû,

çåðíî è áóìàãà.

Ðèñ.: Òîâàðû � 1, 2, 3, 12, 13, 15, 19, 30 è 34, îòðàâëåíííûå ñ 83

ðåãèîíà
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Âû÷èñëèòåëüíûé ýêñïåðèìåíò. Ñðàâíåíèå îøèáîê

Êàìåííûé óãîëü Íåôòü

Äâèíñêèõ Äàðèíà Ìèõàéëîâíà Âûáîð ñóïåðïîçèöèè ìîäåëåé 17 / 19



Âû÷èñëèòåëüíûé ýêñïåðèìåíò. Ñðàâíåíèå îøèáîê

Ìåòèçû Ëîì ÷åðíûõ ìåòàëëîâ

Äâèíñêèõ Äàðèíà Ìèõàéëîâíà Âûáîð ñóïåðïîçèöèè ìîäåëåé 18 / 19



Çàêëþ÷åíèå

Âûáðàíû áàçîâûå ìîäåëè äëÿ ïðîãíîçèðîâàíèÿ ñ ó÷åòîì

ñïåöèôèêè âðåìåííûõ ðÿäîâ: ñðåäíåå çíà÷åíèå, MA,

ARIMA, VAR, ýêñïîíåíöèàëüíîå ñãëàæèâàíèå, ìåòîä

Êðîñòîíà

Ïîñòðîåíû ñóïåðïîçèöèè ìîäåëåé: âñåâîçìîæíûå

êîìáèíàöèè áàçîâûõ ìîäåëåé

Ïðîâåäåí âû÷èñëèòåëüíûé ýêñïåðèìåíò, ñðàâíèâàþùèé

êà÷åñòâî áàçîâûõ ìîäåëåé è ïîñòðîåííûõ ñóïåðïîçèöèé

Ïðîäåìîíñòðèðîâàíà öåëåñîîáðàçíîñòü èñïîëüçîâàíèÿ

ñóïåðïîçèöèè äëÿ ïðîãíîçèðîâàíèÿ âðåìåííûõ ðÿäîâ
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