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Ïîñòàíîâêà çàäà÷è
Åñòü ïàðàìåòðè÷åñêàÿ äèñêðåòíàÿ ìîäåëü Pθ äàííûõ ñ ïàðàìåòðàìè
θ = (θ1, . . . , θr), çàäàâàåìàÿ âåðîÿòíîñòÿìè ñîñòîÿíèé êàê {pk(θ)},
k = 1, . . . , s.Çàäà÷à: ïðîâåðèòü ïî êðèòåðèþ χ2 ñîãëàñèå äàííûõ ñ ìîäåëüþ.Ïðîáëåìû:Ïîëó÷åíèå î.ì.ï. (èëè àñèìïòîòè÷åñêè ýêâèâàëåíòíûõ èì) äëÿïàðàìåòðîâ ìîäåëè θ.Êàê äîñòè÷ü âûïîëíåíèÿ óñëîâèÿ npk(θ) ≥ 5 ïðè ôèêñèðîâàííîì n.
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Ñõåìà ðåøåíèÿ
1 Ðàçâèòèå áèáëèîòåêè íà C++, ñ ïîìîùüþ êîòîðîé ìîæíî ÷èñëåííîïîëó÷àòü îöåíêè àñèìïòîòè÷åñêè ýêâèâàëåíòíûå î.ì.ï. äëÿäèñêðåòíîé ìîäåëè.2 Äëÿ êîíêðåòíîé ìîäåëè, ìîäåëè äâóõýòàïíîãî îïðîñà,ðàññìàòðèâàþòñÿ ðàçíûå ñïîñîáû îáúåäèíåíèÿ ñîñòîÿíèé èðåàëèçóåòñÿ ñïîñîá ïîñòðîåíèÿ êðèòåðèÿ.
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Îäíîøàãîâûå îöåíêèÏóñòü X = (X1, . . . , Xn) = (n1, . . . , ns) � ïîâòîðíàÿ âûáîðêà èçðàñïðåäåëåíèÿ Pθ0 .Ëîãàðèôì ôóíêöèè ïðàâäîïîäîáèÿ:
l(θ, X) =

∑

nk ln pk(θ).Ïðåäïîëàãàåì: âûïîëíåíû óñëîâèÿ ðåãóëÿðíîñòè îöåíîê ìàêñèìàëüíîãîïðàâäîïîäîáèÿ.Èíôîðìàöèîííàÿ ìàòðèöà c ýëåìåíòàìè
Iij(θ) =

s
∑

k=1

1

pk(θ)

∂pk(θ)

∂θi

∂pk(θ)

∂θj

, i, j = 1, . . . , r.Îäíîøàãîâûå îöåíêè:
θ̂ = θ̄ +

1

n
I
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Ïîñòðîåíèå îöåíîê à.ý.î.ì.ï.Îäíîøàãîâûå îöåíêè:
θ̂ = θ̄ +

1

n
I
−1(θ̄) · l̇(θ̄).Õîòèì: L(√

n(θ̂ − θ0)
)

⇒ N (0, I−1(θ0)).Äîñòàòî÷íîå óñëîâèå íà íà÷àëüíûå îöåíêè:
θ̂ � à.ý.î.ì.ï. îöåíêà, åñëè θ̄ òàêàÿ, ÷òî

L
(√

n(θ̄ − θ
0)

)

⇒ N (0, Σ),ãäå Σ � íåâûðîæäåííàÿ êîâàðèàöèîííàÿ ìàòðèöà.
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Ìîäåëü äâóõýòàïíîãî îïðîñàÏàðàìåòðû
p0 � äîëÿ ðåêëàìèðóåìîãî ïðîäóêòà íà ðûíêå,
pi, i = 1, . . . , m − 2 � äîëè îñòàëüíûõ ïðîäóêòîâ,
(pm−1 = 1 − ∑m−2

i=0 pi),

pch � âåðîÿòíîñòü õàîòè÷íîãî âûáîðà ïîñëå ðåêëàìû,
padv � âåðîÿòíîñòü ýôôåêòèâíîñòè ðåêëàìû.

p00(θ) = p0(padv + (1 − padv)(1 − pch + pchp0))

pii(θ) = pi(1 − padv)(1 − pch + pchpi), i = 1, . . . , m − 1

pi0(θ) = pi(padv + (1 − padv)pchp0), i = 1, . . . , m − 1

pij(θ) = pi(1 − padv)pchpj , i = 0, . . . , m − 1, j = 1, . . . , m − 1, i 6= jÂ êà÷åñòâå ïàðàìåòðè÷åñêîãî ìíîæåñòâà áóäåì áðàòü
{θ = (p0, . . . , pm−2, padv, pch) ∈ Θ ⊂ R

r}, ãäå r = m + 1. Ïðè ýòîì áóäåìïðåäïîëàãàòü, ÷òî èñòèííîå çíà÷åíèå ïàðàìåòðà θ0 ñ íåêîòîðîéîêðåñòíîñòüþ ëåæèò â Θ.6/12 Êîêîðèí Ñåðãåé Âëàäèìèðîâè÷, ãð 522 Ðåàëèçàöèÿ êðèòåðèÿ õè-êâàäðàò



Ïåðâûé ñïîñîá ãðóïïèðîâêèÄëÿ ïðîâåðêè ãèïîòåçû ñîãëàñèÿ ìîäåëè èñïîëüçóåì ìåòîä χ2.

X
2 =

m−1
∑

i,j=0

(nij − npij(θ̂))
2

npij(θ̂)
, L

(

X
2) ⇒ χ

2(m2 − (m + 1) − 1).Ãðóïïèðîâêà ïî ñîñòîÿíèÿì:Ïóñòü ∪t−1
i=0It = {(0, 0), . . . , (m − 1, m − 1)}, òîãäà íîâûå ñîñòîÿíèÿ

qk(θ) =
∑

(i,j)∈Ik

pij(θ), k = 0, . . . , t − 1.Íàáîð ïàðàìåòðîâ íå ìåíÿåòñÿ.×èñëî ñîñòîÿíèé óìåíüøàåòñÿ: t ≤ m2.Â êà÷åñòâå íà÷àëüíûõ îöåíîê θ̄ ãðóïïèðîâàííîé ìîäåëè áåðóòñÿíà÷àëüíûå îöåíêè èñõîäíîé ìîäåëè.
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Âòîðîé ñïîñîá ãðóïïèðîâêèÃðóïïèðîâêà ïî ïðîäóêòàì:
m ïðîäóêòîâ −→ w ñîñòàâíûõ ïðîäóêòîâ.Ñâîéñòâî ìîäåëè:Ïóñòü ∪w−1

u=0 Ju = {0, . . . , m − 1}, Ju ∩ Jv = ∅, u 6= v, òîãäà
p
′

uv(θ) =
∑

i∈Ju,j∈Jv

pij(θ), u, v = 0, . . . , w − 1ÿâëÿþòñÿ âåðîÿòíîñòÿìè äëÿ ìîäåëè äâóõýòàïíîãî îïðîñà ñ ïàðàìåòðàìè
θ′ = ({ ∑

i∈Jk

pi : k = 0, . . . , t − 1}, pch, padv)Êîëè÷åñòâî ïàðàìåòðîâ óìåíüøàåòñÿ c m + 1 äî w + 1.×èñëî ñîñòîÿíèé óìåíüøàåòñÿ ñ m2 äî w2.
X2 ïðèáëèæ¼ííî ðàñïðåäåëåíà êàê χ2(w2 − (w + 1) − 1), w ≤ m.Ñëåäîâàòåëüíî, w äîëæíî áûòü íå ìåíüøå 3.8/12 Êîêîðèí Ñåðãåé Âëàäèìèðîâè÷, ãð 522 Ðåàëèçàöèÿ êðèòåðèÿ õè-êâàäðàò



Ìàêñèìàëüíàÿ ãðóïïèðîâêà
Ìàêñèìàëüíàÿ ãðóïïèðîâêà:1 Ãðóïïèðîâêà ïî ïðîäóêòàì �3 �íîâûõ� ïðîäóêòà ïî ñõåìå

(0, 1, 2, 1, 2, . . .)2 Ãðóïïèðîâêà ïî ñîñòîÿíèÿì.Ïîñëåäîâàòåëüíîå ïðèìåíåíèå ãðóïïèðîâêè ïî ïðîäóêòàì è ãðóïïèðîâêèïî ñîñòîÿíèÿì ïîçâîëÿåò ñâåñòè ìîäåëü ê âàðèàíòó:3 ïðîäóêòà, 6 ñîñòîÿíèé, 4 ïàðàìåòðà ñ ðàñïðåäåëåíèåì ñòàòèñòèêèêðèòåðèÿ χ2(1).
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Èññëåäîâàíèå ðîëè ãðóïïèðîâêèÎòêëîíåíèå îò çàäàííîãî óðîâíÿ çíà÷èìîñòè:
155 èíäèâèäîâ, ðàçíîå ÷èñëî ïðîäóêòîâ 5 ïðîäóêòîâ, ðàçíîå ÷èñëî èíäèâèäîâ
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Îáðàáîòêà ðåàëüíûõ äàííûõ

Ñîãëàñèå ðåàëüíûõ äàííûõ ñ ìîäåëüþ
26 òàáëèö.
p0 ∈ [0.01; 0.7],
pch ∈ [0.15; 0.4],
padv ∈ [0; 0.1].Êîëè÷åñòâî èíäèâèäîâ îò 170 äî
330.Êîëè÷åñòâî ïðîäóêòîâ îò 7 äî 18.
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Ñõåìà ðåàëèçîâàííîé áèáëèîòåêè
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