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Ìàðêîâñêèå öåïè: îïðåäåëåíèå

Öåïü Ìàðêîâà ñ äèñêðåòíûì âðåìåíåì � ñëó÷àéíûé
ïðîöåññ {Xn}n≥0:

P(Xn+1 = in+1|Xn = in, . . . , X0 = i0) =

P(Xn+1 = in+1|Xn = in).

Îäíîðîäíàÿ: P(Xn+1 = j|Xn = i) = P(X1 = j|X0 = i).

Öåïü Ìàðêîâà ñ íåïðåðûâíûì âðåìåíåì � ñëó÷àéíûé
ïðîöåññ {Xt}t≥0:

P(Xt+h = xt+h|Xs = xs, 0 < s ≤ t) =

P(Xt+h = xt+h|Xt = xt).

Îäíîðîäíàÿ:
P(Xt+h = xt+h|Xt = xt) = P(Xh = xh|X0 = x0).

4/10 Ìàðêîâñêèå öåïè â çàäà÷å ðàíæèðîâàíèÿ



Ìàðêîâñêèå öåïè: îïðåäåëåíèå

Öåïü Ìàðêîâà ñ äèñêðåòíûì âðåìåíåì � ñëó÷àéíûé
ïðîöåññ {Xn}n≥0:

P(Xn+1 = in+1|Xn = in, . . . , X0 = i0) =

P(Xn+1 = in+1|Xn = in).

Îäíîðîäíàÿ: P(Xn+1 = j|Xn = i) = P(X1 = j|X0 = i).

Öåïü Ìàðêîâà ñ íåïðåðûâíûì âðåìåíåì � ñëó÷àéíûé
ïðîöåññ {Xt}t≥0:

P(Xt+h = xt+h|Xs = xs, 0 < s ≤ t) =

P(Xt+h = xt+h|Xt = xt).

Îäíîðîäíàÿ:
P(Xt+h = xt+h|Xt = xt) = P(Xh = xh|X0 = x0).

4/10 Ìàðêîâñêèå öåïè â çàäà÷å ðàíæèðîâàíèÿ



Çàäà÷à ðàíæèðîâàíèÿ

Q � ìíîæåñòâî çàïðîñîâ, D � ìíîæåñòâî äîêóìåíòîâ.

Äëÿ íåêîòîðîãî ïîäìíîæåñòâà X ⊂ Q×D èçâåñòíî
èäåàëüíîå ðàíæèðîâàíèå:

q1 : d11 > d12 > . . . > d1i1 ;

q2 : d21 > d22 > . . . > d2i2 ;

. . .

qn : dn1 > dn2 > . . . > dnin .

Çàäà÷à: îòðàíæèðîâàòü âñå îñòàëüíûå ïàðû èç Q×D.
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Èäåÿ PageRank
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Îïðåäåëåíèå PageRank

Ïóñòü N � êîëè÷åñòâî ñòðàíèö â èíòåðíåòå.

PR(p) =
0.15

N
+ 0.85

∑
p̃→p

1

#{p′ : p̃→ p′}
PR(p̃).
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Àëãîðèòìû âû÷èñëåíèÿ PageRank

Ñòåïåííîé ìåòîä

πi+1 = Aπi,

A = (ai,j), ai,j =
0.15

N
+

0.85

outdegree(i)
;

Ìåòîä Íåìèðîâñêîãî�Íåñòåðîâà

πN =
0.15

1− 0.85N+1

N∑
i=0

0.85iÃiπ0,

Ã = (ãi,j), ãi,j =
0.85

outdegree(i)
,

π0(i) =
0.15

N
.
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PageRank â çàäà÷å ðàíæèðîâàíèÿ

Ñòðàíèöû ðàíæèðóþòñÿ (îò ñàìîé àâòîðèòåòíîé) ïî
óáûâàíèþ PageRank

Ïëþñû

Çàâèñèò îò ëèíêîâîé ñòðóêòóðû Èíòåðíåòà

Ñîãëàñóåòñÿ ñ èíòóèöèåé î áëóæäàíèè ïîëüçîâàòåëÿ íà
âåáãðàôå

Êîððåëèðóåò ñ ïîïóëÿðíîñòüþ ñàéòîâ

Ìèíóñû

Íå çàâèñèò îò ïîëüçîâàòåëüñêèõ çàïðîñîâ

Äèñêðåòíîå âðåìÿ

Íå ó÷èòûâàåò íèêàêèõ ñâîéñòâ Èíòåðíåòà êðîìå
ëèíêîâîé ñòðóêòóðû

Íå çàâèñèò îò ïîëüçîâàòåëüñêîãî ïîâåäåíèÿ
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Äðóãèå ñïîñîáû ðàíæèðîâàíèÿ ñ ïîìîùüþ ìàðêîâñêèõ öåïåé

Personalised PageRank
Çàâèñèò îò ïîëüçîâàòåëüñêèõ çàïðîñîâ

Äèñêðåòíîå âðåìÿ

Íå ó÷èòûâàåò íèêàêèõ ñâîéñòâ Èíòåðíåòà êðîìå ëèíêîâîé ñòðóêòóðû

Íå çàâèñèò îò ïîëüçîâàòåëüñêîãî ïîâåäåíèÿ

BrowseRank
Çàâèñèò îò ïîëüçîâàòåëüñêîãî ïîâåäåíèÿ

Íåïåðûâíîå âðåìÿ

Íå çàâèñèò îò ïîëüçîâàòåëüñêèõ çàïðîñîâ

Íå çàâèñèò îò èñòîðèè ïîëüçîâàòåëüñêîãî ïîâåäåíèÿ

Íå ó÷èòûâàåò íèêàêèõ ñâîéñòâ Èíòåðíåòà êðîìå ëèíêîâîé ñòðóêòóðû è

ïîëüçîâàòåëüñêîãî ïîâåäåíèÿ

High-Order PageRank
Çàâèñèò îò èñòîðèè ïîëüçîâàòåëüñêîãî ïîâåäåíèÿ

Íå çàâèñèò îò ïîëüçîâàòåëüñêèõ çàïðîñîâ

Äèñêðåòíîå âðåìÿ

Íå ó÷èòûâàåò íèêàêèõ ñâîéñòâ Èíòåðíåòà êðîìå ëèíêîâîé ñòðóêòóðû è

ïîëüçîâàòåëüñêîãî ïîâåäåíèÿ

Supervised PageRank
Ó÷èòûâàåò ëþáûå ñâîéñòâà ñòðàíèö è ññûëîê â Èíòåðíåòå

Äèñêðåòíîå âðåìÿ

Íå çàâèñèò îò ïîëüçîâàòåëüñêèõ çàïðîñîâ

Íå çàâèñèò îò èñòîðèè ïîëüçîâàòåëüñêîãî ïîâåäåíèÿ
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