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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Îáùàÿ ïîñòàíîâêà çàäà÷è (äèñêðåòíîå âðåìÿ)

Ïðåäïîëàãàåòñÿ, ÷òî íàáëþäàåìûå äàííûå îïèñûâàþòñÿ
÷èñëîâîé ïîñëåäîâàòåëüíîñòüþ

X1,X2, . . . ,Xθ−1,Xθ, . . . ,

� ýòî ðåçóëüòàòû íàáëþäåíèé íàä ñëó÷àéíûìè
âåëè÷èíàìè

ξ1, ξ2, . . . , ξθ−1, ξθ, . . .

Ðàñïðåäåëåíèå ïðîöåññà ξ = (ξt)t>0):

äî ìîìåíòà θ � P∞
ïîñëå ìîìåíòà θ � P0

Ìîìåíò ðàçëàäêè θ çàðàíåå íåèçâåñòåí
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Îáùàÿ ïîñòàíîâêà çàäà÷è (äèñêðåòíîå âðåìÿ)

Âàðèàíòû ïîñòàíîâîê çàäà÷:

o�ine ïðîâåðêà ãèïîòåçû î íàëè÷èè èçìåíåíèÿ
o�ine îáíàðóæåíèå èçìåíåíèÿ (ñåãìåíòàöèÿ)
online îáíàðóæåíèå èçìåíåíèÿ

�nite horizon: 0 6 t 6 T < ∞
in�nite horizon: 0 6 t 6 ∞

Ìîìåíò ðàçëàäêè θ ìîæåò áûòü:

ñëó÷àéíîé âåëè÷èíîé ñ íåêîòîðûì ðàñïðåäåëåíèåì
ïðîñòî íåèçâåñòíûì ïàðàìåòðîì

Ñóùåñòâóåò ìíîæåñòâî ðàçëè÷íûõ êðèòåðèåâ
îïòèìàëüíîñòè ìåòîäîâ ñêîðåéøåãî îáíàðóæåíèÿ
(= ïîñòàíîâîê çàäà÷)
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Îáùàÿ ïîñòàíîâêà çàäà÷è (äèñêðåòíîå âðåìÿ)

Ìîæíî èñïîëüçîâàòü ñâîéñòâà íàáëþäåíèé

çàâèñèìîñòü è íåçàâèñèìîñòü
ñêàëÿðíîñòü è âåêòîðíîñòü
ðàñïðåäåëåíèå

Áûâàåò íåîáõîäèìî ó÷èòûâàòü, ÷òî

ðàçëàäêà ìîæåò ïîÿâëÿòüñÿ áîëåå îäíîãî ðàçà
â òå÷åíèå íàáëþäåíèé
ïàðàìåòðû ïðîöåññà ïîñëå ðàçëàäêè,
êàê ïðàâèëî, íåèçâåñòíû

...è âñ¼ ýòî òîëüêî äëÿ ñòàöèîíàðíûõ ïðîöåññîâ
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Èç ýòîãî äîêëàäà âû íå óçíàåòå

Ââèäó îáúåìà ìàòåðèàëà, ñëîæíîñòè èçëîæåíèÿ,
ðåëåâàíòíîñòè ïîñòàâëåííûì çàäà÷àì, à òàêæå
ëè÷íîãî îïûòà äîêëàä÷èêà îïóùåíû:

ñëó÷àé �nite horizon

ñåãìåíòàöèÿ âðåìåííîãî ðÿäà îñâåùàåòñÿ îãðàíè÷åííî

îöåíèâàíèå çíà÷åíèÿ âðåìåííîãî ðÿäà

ñëó÷àé çàâèñèìûõ íàáëþäåíèé

âåêòîðíûé ñëó÷àé
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ïîíÿòèå ðàçëàäêè

Ñâîéñòâà äàííûõ âñþäó ïðåäïîëàãàþòñÿ ëèáî
ïîñòîÿííûìè, ëèáî ìåäëåííî ìåíÿþùèìèñÿ

Ìíîãèå àäàïòèâíûå àëãîðèòìû îöåíèâàíèÿ õîðîøî
ðàáîòàþò äëÿ ìåäëåííûõ èçìåíåíèé

Ðàçëàäêà � ýòî áûñòðîå ïî ñðàâíåíèþ ñ øàãîì
äèñêðåòèçàöèè èçìåíåíèå
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Îáùèå îáîçíà÷åíèÿ

θ ∈ {0, 1, . . . ,∞} � ìîìåíò ðàçëàäêè

Pθ � ðàñïðåäåëåíèå ïðîöåññà ξ â ïðåäïîëîæåíèè,
÷òî ðàçëàäêà ïðîèñõîäèò â ìîìåíò θ

P0 � ðàñïðåäåëåíèå ïðîöåññà ξ â ïðåäïîëîæåíèè,
÷òî ðàçëàäêà ïðîèçîøëà ñ ñàìîãî íà÷àëà (θ = 0)

P∞ � ðàñïðåäåëåíèå ïðîöåññà ξ â ïðåäïîëîæåíèè,
÷òî ðàçëàäêà íå ïðîèñõîäèò íèêîãäà (θ =∞)

fθ(·), f0(·), f∞(·) � ïëîòíîñòè ìåð Pθ,P0,P∞

Eθ,E0,E∞ � ñðåäíèå ïî ìåðàì Pθ,P0,P∞
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ìåòîä Íåéìàíà-Ïèðñîíà

Ðàçëè÷åíèå äâóõ ãèïîòåç ïî ôèêñèðîâàííîìó ÷èñëó
íàáëþäåíèé

Òðåáóåòñÿ ïðèíÿòü îäíó èç ãèïîòåç
H0(θ = 0) èëè H∞(θ =∞)

Ðåøàþùåå ïðàâèëî d = d(X1, . . . ,Xn) õàðàêòåðèçóåòñÿ
âåðîÿòíîñòÿìè îøèáîê I è II ðîäà α(d) = P∞(H0),
β(d) = P0(H∞),

Âîçìîæíûå ïîñòàíîâêè çàäà÷:
α(d) + β(d) ∼ inf

d

β(d) ∼ inf
d∈Dα

, Dα = {d : α(d) 6 α}

Ñòàòèñòèêà � îòíîøåíèå ïðàâäîïîäîáèÿ

Ln =
f0(X1, . . . ,Xn)

f∞(X1, . . . ,Xn)
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ìåòîä Íåéìàíà-Ïèðñîíà

Åñëè Ln > hα, òî ïðèíèìàåòñÿ H0. Èíà÷å � H∞.

Óäîáíî òàêæå èñïîëüçîâàòü ñòàòèñòèêó Zn = log Ln
Ïðèìåð. Ïóñòü ξ1, . . . , ξn � íîðìàëüíûå i.i.d.r.v., ïðè÷åì

f0(x) =
1√

2πσ2
e−

(x−r0)
2

2σ2 , f∞(x) =
1√

2πσ2
e−

(x−r∞)2

2σ2

Òîãäà

Zn =
r0 − r∞
σ2

[
Xn −

r0 + r∞
2

n
]

Îïòèìàëüíîå ðåøàþùåå ïðàâèëî:

d(X1, . . . ,Xn) =

{
H0 åñëè Zn > h

H∞ åñëè Zn < h.

Âåëè÷èíà h âûáèðàåòñÿ èñõîäÿ èç çàäàííûõ âåëè÷èí
îøèáîê I è II ðîäà
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Êîíòðîëüíûå êàðòû Øóõàðòà

Íàáëþäåíèÿ X1,X2, . . . ðàçáèâàþòñÿ íà ãðóïïû ðàçìåðà N

Äëÿ êàæäîé ãðóïïû XK = (X(K−1)N+1, . . .XKN),
K = 1, 2, . . . ñòàâèòñÿ çàäà÷à ðàçëè÷åíèÿ äâóõ ãèïîòåç:

H0 : θ 6 (j − 1)N + 1 è H∞ : θ 6 (j − 1)N + 1

Ðåøàþùåå ïðàâèëî dK = d(XK ) ñëåäóåò
èç ëåììû Íåéìàíà-Ïèðñîíà

Ìîìåíò îñòàíîâêè � ïåðâûé ìîìåíò ïðèíÿòèÿ
ãèïîòåçû H0

τ = N ·min{K : dK = H0}
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ïðèìåð [Basseville et al., 1993]
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ïîñëåäîâàòåëüíîå ðàçëè÷åíèå ãèïîòåç

Ïîñëåäîâàòåëüíûé òåñò � ïàðà (τ, ϕ):
τ = τ(X ) ∈ {0, 1, . . . ,∞} � ìîìåíò îñòàíîâêè
îòíîñèòåëüíî {Fn, n > 1}
ϕ = ϕ(X ) ∈ [0, 1] � ðåøàþùàÿ ôóíêöèÿ

Îñòàíàâëèâàåì íàáëþäåíèÿ â ìîìåíò τ è ïðèíèìàåì
ãèïîòåçó H0 ñ âåðîÿòíîñòüþ ϕ(X1, . . . ,Xτ )

Õàðàêòåðèñòèêè � ñðåäíèå äëèòåëüíîñòè íàáëþäåíèé
E0τ è E∞τ , à òàêæå âåðîÿòíîñòè îøèáîê I è II ðîäà

α(ϕ) = E∞ϕ è β(ϕ) = E0(1− ϕ)

Ïóñòü çàäàíû äâà ÷èñëà α è β è êëàññ òåñòîâ

∆(α, β) =
{
δ = (τ, ϕ) : α(ϕ) 6 α, β(ϕ) 6 β,E0τ 6 0,E∞τ 6∞

}
Êðèòåðèé îïòèìàëüíîñòè òåñòà δ∗ = (τ∗, ϕ∗) ∈ ∆(α, β):

∀(τ, ϕ) ∈ ∆(α, β) E0τ
∗ 6 E0τ, E∞τ

∗ 6 E∞τ
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ìåòîä Âàëüäà

Âûáèðàþòñÿ äâå êîíñòàíòû A < 0 è B > 0 è ìîìåíò

τA,B = inf{n > 1 : Zn /∈ (A,B)}

Ðåøàþùåå ïðàâèëî

ϕA,B =

{
1 åñëè ZτA,B > B,

0 åñëè ZτA,B 6 A.

Ïîðîãè A,B ñâÿçàíû ñ çàäàííûìè âåðîÿòíîñòÿìè
îøèáîê I è II ðîäà α, β ñîîòíîøåíèÿìè

A = log
β

1− α, B = log
1− β
α
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ïðèìåð [Øèðÿåâ, 2011]
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ãåîìåòðè÷åñêîå ñðåäíåå (EWMA)

Ïîäõîäèò äëÿ îáíàðóæåíèÿ èçìåíåíèÿ ñðåäíåãî çíà÷åíèÿ
èëè äèñïåðñèè âðåìåííîãî ðÿäà

Èäåÿ â ðåêóðñèâíîé îöåíêå ñðåäíåãî âèäà

m̂k = (1− λ)m̂k−1 + λXk , k = 1, 2, . . . ,

ãäå λ (¾âåñ¿ íîâûõ äàííûõ) � ïàðàìåòð àëãîðèòìà.

Ìîìåíò îñòàíîâêè � ìîìåíò ïåðâîãî âûõîäà
ñòàòèñòèêè m̂k íà çàäàííûé óðîâåíü h:

τ = min{k > 1 : m̂k > h}
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ïðèìåð [Basseville et al., 1993]
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Îïòèìàëüíûå àëãîðèòìû

Ðàññìîòðèì íåêîòîðûå ïîñòàíîâêè çàäà÷ ñêîðåéøåãî
îáíàðóæåíèÿ â ðåæèìå online

Îáû÷íî ñòàâÿòñÿ äëÿ äåòåêòèðîâàíèÿ ïîÿâëåíèÿ ñíîñà ó
áðîóíîâñêîãî äâèæåíèÿ (â íåïðåðûâíîì âðåìåíè):

ξt =

{
Wt åñëè 0 6 t < θ

µt + Wt åñëè t > θ.

Äëÿ äèñêðåòíîãî âðåìåíè âîçìîæíà ïîñòàíîâêà:

ξt =

{
Zt åñëè 0 6 t < θ

µ+ Zt åñëè t > θ,

ãäå Zt , t = 1, 2, . . . � íîðìàëüíûå i.i.d.r.v.
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Êóìóëÿòèâíûå ñóììû

Î ïàðàìåòðå θ íå äåëàåòñÿ íèêàêèõ ïðåäïîëîæåíèé

Ôèêñèðóåòñÿ íåêîòîðîå ÷èñëî T > 0 è çàäàåòñÿ êëàññ

MT = {τ : E∞τ > T}

òåõ ìîìåíòîâ îñòàíîâêè, äëÿ êîòîðûõ ñðåäíåå âðåìÿ
äî ëîæíîé òðåâîãè íå ìåíüøå T .

Êà÷åñòâî àëãîðèòìà çàäàåòñÿ âåëè÷èíîé

D(T ) = sup
θ>0

ess sup
ω

Eθ
(
(τ − θ)+

∣∣Fθ)(ω)︸ ︷︷ ︸
ñðåäíåå âðåìÿ

îáíàðóæåíèÿ ðàçëàäêè︸ ︷︷ ︸
íàèõóäøåå ñðåäè âñåõ òðàåêòîðèé︸ ︷︷ ︸

è âñåõ ìîìåíòîâ θ ïîÿâëåíèÿ ðàçëàäêè

∼ inf
τ∈MT
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Êóìóëÿòèâíûå ñóììû

Ââîäÿòñÿ ñòàòèñòèêè

γn = sup
θ>0

fθ(X1, . . . ,Xn)

f∞(X1, . . . ,Xn)
è Tn = log γn

Åñëè ñëó÷àéíûå âåëè÷èíû ξ1, . . . , ξn íåçàâèñèìû, òî

γn = max
{

1, max
16θ6n

n∏
k=θ

f0(Xk)

f∞(Xk)

}
,

Tn = max
{

0, max
16θ6n

n∑
k=θ

log
f0(Xk)

f∞(Xk)

}
= max

{
0, max

16θ6n

n∑
k=θ

ζk

}
,

Ñòàòèñòèêà Tn îáëàäàåò ñâîéñòâîì Tn = max(0,Tn−1 + ζn)
è íàçûâàåòñÿ ñòàòèñòèêîé êóìóëÿòèâíûõ ñóìì (CUmulative
SUMs, CUSUM).
Îñòàíîâêà â ìîìåíò τCUSUM ìèíèìèçèðóåò âåëè÷èíó D(T )

τCUSUM = inf{n > 0 : Tn > h}
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ïðèìåð 1 [Razladki]

00:00:00 00:01:00 00:02:00 00:03:00 00:04:00 00:05:00
Data Xk, k = 1, 2, . . .
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ïðèìåð 2 [Razladki]
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Data Xk, k = 1, 2, . . .
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Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ïðèìåð 3 [Razladki]
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Data Xk, k = 1, 2, . . .
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Ñòàòèñòèêà Øèðÿåâà-Ðîáåðòñà

Óñëîâèÿ äëÿ ìîìåíòîâ îñòàíîâêè è ïàðàìåòðà θ â òî÷íîñòè
ñîâïàäàþò ñ óñëîâèÿìè äëÿ ïðîöåäóðû êóìóëÿòèâíûõ ñóìì

Êà÷åñòâî àëãîðèòìà çàäàåòñÿ âåëè÷èíîé

C(T ) = sup
θ>0

Eθ
(
(τ − θ)+

∣∣τ > θ
)︸ ︷︷ ︸

(óñëîâíîå) ñðåäíåå âðåìÿ
îáíàðóæåíèÿ ðàçëàäêè︸ ︷︷ ︸

íàèõóäøåå ñðåäè âñåõ
ìîìåíòîâ θ ïîÿâëåíèÿ ðàçëàäêè

∼ inf
τ∈MT

23 / 41



Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ñòàòèñòèêà Øèðÿåâà-Ðîáåðòñà

Ââîäèòñÿ ñòàòèñòèêà

Rn =
n∑
θ=1

fθ(X1, . . . ,Xn)

f∞(X1, . . . ,Xn)

Åñëè ñëó÷àéíûå âåëè÷èíû ξ1, . . . , ξn íåçàâèñèìû, òî

Rn =
n∑
θ=1

n∏
k=θ

f0(Xk)

f∞(Xk)
=

n∑
θ=1

n∏
k=θ

lk .

Ñòàòèñòèêà Rn îáëàäàåò ñâîéñòâîì Rn = (1 + Rn−1)lk
è íàçûâàåòñÿ ñòàòèñòèêîé Øèðÿåâà-Ðîáåðòñà
(Shiryaev-Roberts, SR).

Îñòàíîâêà â ìîìåíò τSR ìèíèìèçèðóåò âåëè÷èíó C(T )

τSR = inf{n > 0 : Rn > h}
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Ñòàòèñòèêà πt

Ïóñòü θ = θ(ω) � ñëó÷àéíàÿ âåëè÷èíà, θ ⊥ Zt , èìåþùàÿ
(ãåîìåòðè÷åñêîå) ðàñïðåäåëåíèå

P(θ = 0) = π, P(θ = n
∣∣θ > 0) = pqn−1,

ïðè÷åì π ∈ [0, 1) è p ∈ (0, 1) èçâåñòíû, q = 1− p.

Ôèêñèðóåòñÿ íåêîòîðîå ÷èñëî α ∈ (0, 1] è çàäàåòñÿ êëàññ

Mα = {τ : P(τ < θ) 6 α}

òåõ ìîìåíòîâ îñòàíîâêè, äëÿ êîòîðûõ âåðîÿòíîñòü ëîæíîé
òðåâîãè íå âûøå α.
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Ñòàòèñòèêà àïîñòåðèîðíîé âåðîÿòíîñòè

Êà÷åñòâî àëãîðèòìà çàäàåòñÿ âåëè÷èíîé

E(τ − θ
∣∣τ > θ) ∼ inf

τ∈Mα

Ýòîò êðèòåðèé ýêâèâàëåíòåí óñëîâíî-áàéåñîâñêîìó
êðèòåðèþ

A(c) = P(τ < θ)︸ ︷︷ ︸
âåðîÿòíîñòü

ëîæíîé òðåâîãè

+ cE(τ − θ
∣∣τ > θ)︸ ︷︷ ︸

(óñëîâíîå) ñðåäíåå âðåìÿ
îáíàðóæåíèÿ ðàçëàäêè

∼ inf
τ∈Mα
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Ñòàòèñòèêà àïîñòåðèîðíîé âåðîÿòíîñòè

Ââîäèòñÿ ñòàòèñòèêà

πn =
ϕn

1 + ϕn
,

ãäå äëÿ ϕn ñïðàâåäëèâî ðåêóððåíòíîå ñîîòíîøåíèå

ϕn+1 = (p + ϕn)
f0(Xn)

qf∞(Xn)
.

Îñòàíîâêà â ìîìåíò τπ ìèíèìèçèðóåò âåëè÷èíó A(c):

τπ = inf{n > 0 : πn > h}

Çíà÷åíèå πn � àïîñòåðèîðíàÿ âåðîÿòíîñòü ïîÿâëåíèÿ
ðàçëàäêè äî ìîìåíòà âðåìåíè n â ïðåäïîëîæåíèè,
÷òî ïîëó÷åíû íàáëþäåíèÿ {Xk , k = 1, n}.
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Îáùàÿ ëèòåðàòóðà

Áàçîâàÿ ëèòåðàòóðà ïî òåîðèè îïòèìàëüíîé îñòàíîâêè

Îáçîð ìåòîäîâ íåîïòèìàëüíîé è îïòèìàëüíîé îñòàíîâêè
ñ ïðèìåðàìè è îáñóæäåíèåì [Basseville et al., 1993]

Îáçîð ìåòîäîâ îïòèìàëüíîé îñòàíîâêè
ñ äîêàçàòåëüñòâàìè è âûâîäîì ôîðìóë [Øèðÿåâ, 2011]
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Ëèòåðàòóðà ïî îïòèìàëüíûì ìåòîäàì

Êóìóëÿòèâíûå ñóììû

Ââåäåíû â [Page, 1954]

Êðèòåðèé îïòèìàëüíîñòè � [Lorden et al., 1971]

Îïòèìàëüíîñòü äëÿ äèñêðåòíîãî ñëó÷àÿ � [Moustakides
et al., 1986], [Ritov, 1990]

Îïòèìàëüíîñòü äëÿ íåïðåðûâíîãî ñëó÷àÿ � [Øèðÿåâ,
1996]

Ñòàòèñòèêà Øèðÿåâà-Ðîáåðòñà

Ââåäåíà íåçàâèñèìî â [Øèðÿåâ, 1961] è [Roberts, 1966]

Ñòàòèñòèêà àïîñòåðèîðíûõ âåðîÿòíîñòåé

Ââåäåíà â [Øèðÿåâ, 1969]

39 / 41



Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ëèòåðàòóðà I

Mich�ele Basseville, Igor V Nikiforov, et al. Detection of abrupt

changes: theory and application, volume 104. Prentice Hall
Englewood Cli�s, 1993.

Gary Lorden et al. Procedures for reacting to a change in
distribution. The Annals of Mathematical Statistics, 42(6):
1897�1908, 1971.

George V Moustakides et al. Optimal stopping times for detecting
changes in distributions. The Annals of Statistics, 14(4):
1379�1387, 1986.

ES Page. Continuous inspection schemes. Biometrika, pages
100�115, 1954.

Ya'acov Ritov. Decision theoretic optimality of the cusum
procedure. The Annals of Statistics, pages 1464�1469, 1990.

40 / 41



Ââåäåíèå Ýëåìåíòàðíûå àëãîðèòìû Îïòèìàëüíûå àëãîðèòìû Îáîáùåíèÿ Ñïèñîê ëèòåðàòóðû

Ëèòåðàòóðà II

SW Roberts. A comparison of some control chart procedures.
Technometrics, 8(3):411�430, 1966.

Àëüáåðò Íèêîëàåâè÷ Øèðÿåâ. Çàäà÷à ñêîðåéøåãî îáíàðóæåíèÿ
íàðóøåíèÿ ñòàöèîíàðíîãî ðåæèìà. In Äîêë. ÀÍ ÑÑÑÐ,
volume 138, pages 1039�1042, 1961.

Àëüáåðò Íèêîëàåâè÷ Øèðÿåâ. Ñòàòèñòè÷åñêèé
ïîñëåäîâàòåëíûé àíàëèç: Îïòèìàëúíûå ïðàâèëà îñòàíîâêè.
Íàóêà, 1969.

Àëüáåðò Íèêîëàåâè÷ Øèðÿåâ. Ìèíèìàêñíàÿ îïòèìàëüíîñòü
ìåòîäà êóìóëÿòèâíûõ ñóìì (cusum) â ñëó÷àå íåïðåðûâíîãî
âðåìåíè. Óñïåõè ìàòåìàòè÷åñêèõ íàóê, 51(4 (310)):173�174,
1996.

Àëüáåðò Íèêîëàåâè÷ Øèðÿåâ. Âåðîÿòíîñòíî-ñòàòèñòè÷åñêèå
ìåòîäû â òåîðèè ïðèíÿòèÿ ðåøåíèé, volume 144. ÌÖÍÌÎ,
2011.

41 / 41


	
	 
	

	 
	
	 -
	  
	  
	 

	 
	 
	 -
	  

	

