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Öåëè è ìåòîäû èññëåäîâàíèÿ

Öåëü: ðàçðàáîòàòü ìåòîä ïîñòðîåíèÿ ïðîãíîñòè÷åñêèõ ìîäåëåé,

îïèñûâàþùèõ ïåðèîäè÷åñêèå âðåìåííûõ ðÿäû è âêëþ÷àþùèå

èíâàðèàíòíûå ïðåîáðàçîâàíèÿ.

Ïðåäìåò èññëåäîâàíèÿ: ïó÷êè âðåìåííûõ ðÿäîâ.

Ìåòîäû èññëåäîâàíèÿ: àâòîðåãðåññèîííîå ïðîãíîçèðîâàíèå,

ïîëóïàðàìåòðè÷åñêîå è èåðàðõè÷åñêîå ìîäåëèðîâàíèå.
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Îáçîð ëèòåðàòóðû (1)

Lawton, Sylvestre, Maggio (1972):

Self modeling nonlinear regression �

ìîäåëü SEMOR, Shape-Invariant Model.

Kneip, Engel (1995):

Model estimation in nonlinear regression under shape

invariance.

Gamboa, Loubes (2007):

Semi-parametric estimation of shifts.

Hurtgen, Gervini (2008):

Semiparametric shape-invariant models for periodic data.

Vimond (2010):

E�cient estimation for a subclass of shape invariant models.

Bertrand, Fhima, Guillin (2010):

O�-line detection of multiple change points with the Filtered

Derivative with p-Value method.
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Ïîòðåáëåíèå ýëåêòðîýíåðãèè, íåäåëÿ
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Ïîòðåáëåíèå ýëåêòðîýíåðãèè, áóäíè
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Ãèïîòåçà ïîðîæäåíèÿ äàííûõ (1)

Ðàññìàòðèâàþòñÿ N âðåìåííûõ ðÿäîâ äëèíû n:

xi = (xi1, xi2, . . . , xin), i = 1, . . . ,N.

Ïóñòü

xi = f(z0,αi ) + εi , z0 ∈ Rn,αi ∈ Rm, εi ∼ N (0,Enσ
2),

ãäå f : Rn → Rn � ïàðàìåòðè÷åñêîå ñåìåéñòâî ïðåîáðàçîâàíèé,

z0 � ôîðìà, ñîîòâåòñòâóþùàÿ âûáîðêå xi .

Ïóñòü ïðåîáðàçîâàíèå f îïðåäåëÿåò â Rn îòíîøåíèå

ýêâèâàëåíòíîñòè:

xi ∼ xj ⇐⇒ ∃α : xj = f(xi ,α).
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Ãèïîòåçà ïîðîæäåíèÿ äàííûõ (2)

Îïðåäåëÿåòñÿ ìíîæåñòâî Z ⊂ Rn òàê, ÷òî îíî ñîäåðæèò ðîâíî

ïî îäíîìó ïðåäñòàâèòåëþ îò êàæäîãî êëàññà ýêâèâàëåíòíîñòè.

Óñëîâèå

z0 ∈ Z

îäíîçíà÷íî îïðåäåëÿåò ôîðìó z0 è ïàðàìåòðû αi .

Ëþáîé âåêòîð xi ∈ Rn îäíîçíà÷íî ïðåäñòàâèì â âèäå

xi = f(zi ,αi ), zi ∈ Z,

÷òî ïîçâîëÿåò ââåñòè ïðåîáðàçîâàíèÿ u : Rn → Rn,

v : Rn → Rm, òàêèå, ÷òî

xi = f(u(x), v(x)), u(x) ∈ Z.

u(x) � ôîðìà âåêòîðà x � èíâàðèàíò îòíîñèòåëüíî

ïðåîáðàçîâàíèÿ f.
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Ïðèìåðû ñåìåéñòâ ïðåîáðàçîâàíèé

Ïðèáàâëåíèå ïîëèíîìà:

fj(x,α) = xj +
k∑

m=0

αmj
m, j = 1, . . . , n,

v(x) = argmin
α

n∑
j=1

(
k∑

m=0

αmj
m − xj

)2

,

uj(x) = xj −
k∑

m=0

vm(x)jm.

Ðàñòÿæåíèå:

fj(x,α) = g(xj ,α), j = 1, . . . , n,

ãäå g � ñåìåéñòâî ìîíîòîííûõ ôóíêöèé; íàïðèìåð,

fj(x,α) = α0x
α1
j , j = 1, . . . , n.
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Îöåíêà ôîðìû ïîëóïàðàìåòðè÷åñêîé ìîäåëè (1)

Ïóñòü

ẑ0 =
1

N

N∑
i=1

u(xi ). (1)

Òåîðåìà 1. Ïóñòü ïðåîáðàçîâàíèå u óäîâëåòâîðÿåò óñëîâèþ

Ëèïøèöà ñ êîíñòàíòîé L, ò. å. äëÿ ëþáûõ xi , xj

||u(xi )− u(xj)|| ≤ L||xi − xj ||.

Òîãäà ïî÷òè íàâåðíî ñóùåñòâóåò ìèíèìàëüíûé ðàçìåð

âûáîðêè N0 òàêîé, ÷òî

||ẑ0 − z0|| < Lσn + ε0, ∀N : N > N0,

ãäå ẑ0 � îöåíêà (1), ε0 � ëþáîå ïîëîæèòåëüíîå ÷èñëî.
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Îöåíêà ôîðìû ïîëóïàðàìåòðè÷åñêîé ìîäåëè (2)

Ïóñòü

ẑ0 = argmin
u(xj )

N∑
i=1

||u(xi )− u(xj)||2. (2)

Òåîðåìà 2. Ïóñòü ïðåîáðàçîâàíèå u óäîâëåòâîðÿåò óñëîâèþ

Ëèïøèöà ñ êîíñòàíòîé L, ò. å. äëÿ ëþáûõ xi , xj

||u(xi )− u(xj)|| ≤ L||xi − xj ||.

Òîãäà ïî÷òè íàâåðíî ñóùåñòâóåò ìèíèìàëüíûé ðàçìåð

âûáîðêè N0 òàêîé, ÷òî

||ẑ0 − z0|| <
31

2
Lσ
√
n + ε0, ∀N : N > N0,

ãäå ẑ0 � îöåíêà (2), ε0 � ëþáîå ïîëîæèòåëüíîå ÷èñëî.
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Ôîðìà ñåãìåíòîâ â ìîäåëè ñäâèãà
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Ïîòðåáëåíèå ýëåêòðîýíåðãèè, áóäíè è âûõîäíûå
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Êëàñòåðèçàöèÿ âûáîðêè

Ïóñòü ñóùåñòâóåò ðàçáèåíèå èíäåêñîâ

I = {1, . . . ,N} = I1 ∪ . . . ∪ Is òàêîå, ÷òî

xi = f(z0k ,αi ) + εi , i ∈ Ik , z0k ∈ Z, k = 1, . . . , s.

Äëÿ íàõîæäåíèÿ ðàçáèåíèÿ âûïîëíÿåì êëàñòåðèçàöèþ,

îïðåäåëèâ ôóíêöèþ ðàññòîÿíèÿ

ρij = ||u(xi )− u(xj)||, i , j ∈ I.
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Ïðèìåð êëàñòåðèçàöèè
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Ôîðìû ñåãìåíòîâ, áóäíè è âûõîäíûå
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Êðèòåðèé ðàçëè÷èìîñòè ôîðì íà ïîäãðóïïàõ (1)

Ïóñòü ñóùåñòâóåò àïðèîðíîå ðàçáèåíèå èíäåêñîâ

I = Ĩ1 ∪ Ĩ2.

Íóëåâàÿ ãèïîòåçà:

E [ρij |i , j ∈ Ĩ1] + E [ρij |i , j ∈ Ĩ2]

2
= E [ρij |i ∈ Ĩ1, j ∈ Ĩ2],

D = E12 −
E11 + E22

2
= 0.

Àëüòåðíàòèâà:

D > 0.

Îöåíêè ìàòîæèäàíèé

Ê12 =

∑
i∈Ĩ1,j∈Ĩ2 ρij

|I1||I2|
,

Ê11 =

∑
i ,j∈Ĩ1,i<j ρij

|I1|(|I1| − 1)/2
, Ê22 =

∑
i ,j∈Ĩ2,i<j ρij

|I2|(|I2| − 1)/2
.
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Êðèòåðèé ðàçëè÷èìîñòè ôîðì íà ïîäãðóïïàõ (2)

Äèñïåðñèè îöåíîê

V̂E 12 =
V̂ [ρij |Ĩ1, j ∈ Ĩ2]

|I1||I2|
=

∑
i∈Ĩ1,j∈Ĩ2(ρij − Ê12)2

|I1|2|I2|2
,

V̂E 11 =

∑
i ,j∈Ĩ1,i<j(ρij − Ê11)2

|I1|2(|I1| − 1)2/4
, V̂E 22 =

∑
i ,j∈Ĩ2,i<j(ρij − Ê22)2

|I2|2(|I2| − 1)2/4
,

ŝeD =

√
V̂E 12 +

1

4
(V̂E 11 + V̂E 22).

Èñïîëüçóÿ öåíòðàëüíóþ ïðåäåëüíóþ òåîðåìó

D̂ = Ê12 − (Ê11 + Ê22)/2 ∼ N (0, ŝe2D),

íàõîäèì äîñòèæèìûé óðîâåíü çíà÷èìîñòè

p-value = 1− Φ

(
D̂

ŝeD

)
äëÿ íóëåâîé ãèïîòåçû D = 0 ïðîòèâ àëüòåðíàòèâû D > 0.
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Êðèòåðèé ðàçëè÷èìîñòè ôîðì íà ïîäãðóïïàõ (3)
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Êðèòåðèé êà÷åñòâà ñåìåéñòâà ïðåîáðàçîâàíèé

Ïóñòü ñóùåñòâóåò àïðèîðíîå ðàçáèåíèå èíäåêñîâ

I = {1, . . . ,N} = I1 ∪ . . . ∪ Is .

Íåîáõîäèìî âûáðàòü ïðåîáðàçîâàíèå f è ìíîæåñòâî Z òàê,

÷òîáû ìèíèìèçèðîâàòü ñðåäíåå âíóòðèêëàññîâîå ðàññòîÿíèå

F1 =

∑
i<j [J(i) = J(j)]ρij∑
i<j [J(i) = J(j)]

è ìàêñèìèçèðîâàòü ñðåäíåå ìåæêëàññîâîå

F2 =

∑
i<j [J(i) = J(j)]ρij∑
i<j [J(i) = J(j)]

,

ãäå J(i) = k ⇐⇒ i ∈ Ik .
Ïðåäëàãàåòñÿ êðèòåðèé êà÷åñòâà

S(f) =
F2

F1
.
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Äâóìåðíîå øêàëèðîâàíèå ñåãìåíòîâ
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Ïîèñê ìîìåíòîâ èçìåíåíèÿ ôîðìû (1)

Àëãîðèòì ïîèñêà ðàçëàäîê ñ ïîìîùüþ äèñêðåòíîé ïðîèçâîäíîé

è âû÷èñëåíèÿ äîñòèæèìûõ óðîâíåé çíà÷èìîñòè:

1) Âû÷èñëåíèå äèñêðåòíîé ïðîèçâîäíîé

D(t,A) = ẑ0(t,A)− ẑ0(t − A,A),

ãäå ẑ0(t,A) � îöåíêà ôîðìû ïî âûáîðêå {xi : t < i ≤ t + A}.
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Ïîèñê ìîìåíòîâ èçìåíåíèÿ ôîðìû (2)

2) Âûáîð ïîòåíöèàëüíûõ òî÷åê ðàçëàäêè τk êàê ëîêàëüíûõ

ìàêñèìóì ôóíêöèè ||D(t,A)||, ëåæàùèõ âûøå ïîðîãà λ:

||D(τk ,A)|| > λ

.

λ âûáèðàåòñÿ òàê, ÷òîáû ïðè óñëîâèè îòñóòñòâèÿ ðàçëàäêè

âûïîëíÿëîñü

P(maxt ||D(t,A)||) > λ) = p1.

Çíà÷åíèå λ îöåíèâàåòñÿ áóòñòðåïîì.
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Ïîèñê ìîìåíòîâ èçìåíåíèÿ ôîðìû (3)

3) Èñêëþ÷åíèå èç òî÷åê τk ëîæíûõ òðåâîã ñ ïîìîùüþ êðèòåðèÿ

ðàçëè÷èìîñòè ôîðì íà ïîäâûáîðêàõ.
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Ïðîãíîçèðîâàíèå
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Çàêëþ÷åíèå

Ïðåäëîæåí ìåòîä îöåíêè ôîðìû è ïàðàìåòðîâ â

ïîëóïàðàìåòðè÷åñêîé ðåãðåññèîííîé ìîäåëè. Äîêàçàíà

óñòîé÷èâîñòü îöåíêè ôîðìû.

Ðàññìîòðåíà çàäà÷à êëàñòåðèçàöèè ñåãìåíòîâ âðåìåííûõ

ðÿäîâ ñõîæåé ôîðìû íà ïðèìåðå ïîòðåáëåíèÿ

ýëåêòðîýíåðãèè.

Àäàïòèðîâàí àëãîðèòì îáíàðóæåíèÿ ðàçëàäêè ñ ïîìîùüþ

äèñêðåòíîé ïðîèçâîäíîé äëÿ ðàáîòû ñ

ïîñëåäîâàòåëüíîñòüþ âðåìåííûõ ðÿäîâ.

Ïðåäëîæåíà äâóõóðîâíåâàÿ èåðàðõè÷åñêàÿ ìîäåëü

ïðîãíîçèðîâàíèÿ ïîòðåáëåíèÿ ýëåêòðîýíåðãèè.
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