
Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà

ïðè ïîäñ÷åòå PageRank

Ìàêñèì Æóêîâñêèé

MSU, MIPT, Yandex

18 ñåíòÿáðÿ 2013

1/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Ïëàí äîêëàäà

Ìîòèâàöèÿ

Àëãîðèòì PageRank

Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí

Àëãîðèòì Semi-Supervised PageRank

Àëãîðèòì BrowseRank

Àëãîðèòì Semi-Supervised BrowseRank

Àëãîðèòì Nested Semi-Supervised PageRank

Ïðèìåíåíèÿ è ýêñïåðèìåíòû

2/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Ïëàí äîêëàäà

Ìîòèâàöèÿ

Àëãîðèòì PageRank

Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí

Àëãîðèòì Semi-Supervised PageRank

Àëãîðèòì BrowseRank

Àëãîðèòì Semi-Supervised BrowseRank

Àëãîðèòì Nested Semi-Supervised PageRank

Ïðèìåíåíèÿ è ýêñïåðèìåíòû

2/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Ïëàí äîêëàäà

Ìîòèâàöèÿ

Àëãîðèòì PageRank

Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí

Àëãîðèòì Semi-Supervised PageRank

Àëãîðèòì BrowseRank

Àëãîðèòì Semi-Supervised BrowseRank

Àëãîðèòì Nested Semi-Supervised PageRank

Ïðèìåíåíèÿ è ýêñïåðèìåíòû

2/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Ïëàí äîêëàäà

Ìîòèâàöèÿ

Àëãîðèòì PageRank

Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí

Àëãîðèòì Semi-Supervised PageRank

Àëãîðèòì BrowseRank

Àëãîðèòì Semi-Supervised BrowseRank

Àëãîðèòì Nested Semi-Supervised PageRank

Ïðèìåíåíèÿ è ýêñïåðèìåíòû

2/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Ïëàí äîêëàäà

Ìîòèâàöèÿ

Àëãîðèòì PageRank

Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí

Àëãîðèòì Semi-Supervised PageRank

Àëãîðèòì BrowseRank

Àëãîðèòì Semi-Supervised BrowseRank

Àëãîðèòì Nested Semi-Supervised PageRank

Ïðèìåíåíèÿ è ýêñïåðèìåíòû

2/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Ïëàí äîêëàäà

Ìîòèâàöèÿ

Àëãîðèòì PageRank

Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí

Àëãîðèòì Semi-Supervised PageRank

Àëãîðèòì BrowseRank

Àëãîðèòì Semi-Supervised BrowseRank

Àëãîðèòì Nested Semi-Supervised PageRank

Ïðèìåíåíèÿ è ýêñïåðèìåíòû

2/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Ïëàí äîêëàäà

Ìîòèâàöèÿ

Àëãîðèòì PageRank

Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí

Àëãîðèòì Semi-Supervised PageRank

Àëãîðèòì BrowseRank

Àëãîðèòì Semi-Supervised BrowseRank

Àëãîðèòì Nested Semi-Supervised PageRank

Ïðèìåíåíèÿ è ýêñïåðèìåíòû

2/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Ïëàí äîêëàäà

Ìîòèâàöèÿ

Àëãîðèòì PageRank

Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí

Àëãîðèòì Semi-Supervised PageRank

Àëãîðèòì BrowseRank

Àëãîðèòì Semi-Supervised BrowseRank

Àëãîðèòì Nested Semi-Supervised PageRank

Ïðèìåíåíèÿ è ýêñïåðèìåíòû

2/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Âåá ïîèñê

Ðàíæèðîâàíèå ñòðàíèö. Äàííûå: âûáîðêà ñòðàíèö,
ðàçìå÷åííûõ ïî çàïðîñàì.

Ôàêòîðû:

Îñíîâàííûå íà ãðàôîâîé ñòðóêòóðå âåáà.

PageRank

Çàïðîñî-çàâèñèìûå.

Çàïðîñî-çàâèñèìûé PageRank

Íàõîæäåíèå ñïàìà. Äàííûå: ïðî íåêîòîðûå ñòðàíèöû
òî÷íî èçâåñòíî, ÷òî îíè ÿâëÿþòñÿ ñïàìîì, ïðî äðóãèå
� ÷òî îíè íå ÿâëÿþòñÿ ñïàìîì.

PageRank � îäèí èç ôàêòîðîâ.

3/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Âåá ïîèñê

Ðàíæèðîâàíèå ñòðàíèö. Äàííûå: âûáîðêà ñòðàíèö,
ðàçìå÷åííûõ ïî çàïðîñàì.

Ôàêòîðû:

Îñíîâàííûå íà ãðàôîâîé ñòðóêòóðå âåáà.

PageRank

Çàïðîñî-çàâèñèìûå.

Çàïðîñî-çàâèñèìûé PageRank

Íàõîæäåíèå ñïàìà. Äàííûå: ïðî íåêîòîðûå ñòðàíèöû
òî÷íî èçâåñòíî, ÷òî îíè ÿâëÿþòñÿ ñïàìîì, ïðî äðóãèå
� ÷òî îíè íå ÿâëÿþòñÿ ñïàìîì.

PageRank � îäèí èç ôàêòîðîâ.

3/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Âåá ïîèñê

Ðàíæèðîâàíèå ñòðàíèö. Äàííûå: âûáîðêà ñòðàíèö,
ðàçìå÷åííûõ ïî çàïðîñàì.

Ôàêòîðû:

Îñíîâàííûå íà ãðàôîâîé ñòðóêòóðå âåáà.

PageRank

Çàïðîñî-çàâèñèìûå.

Çàïðîñî-çàâèñèìûé PageRank

Íàõîæäåíèå ñïàìà. Äàííûå: ïðî íåêîòîðûå ñòðàíèöû
òî÷íî èçâåñòíî, ÷òî îíè ÿâëÿþòñÿ ñïàìîì, ïðî äðóãèå
� ÷òî îíè íå ÿâëÿþòñÿ ñïàìîì.

PageRank � îäèí èç ôàêòîðîâ.

3/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Âåá ïîèñê

Ðàíæèðîâàíèå ñòðàíèö. Äàííûå: âûáîðêà ñòðàíèö,
ðàçìå÷åííûõ ïî çàïðîñàì.

Ôàêòîðû:

Îñíîâàííûå íà ãðàôîâîé ñòðóêòóðå âåáà.

PageRank

Çàïðîñî-çàâèñèìûå.

Çàïðîñî-çàâèñèìûé PageRank

Íàõîæäåíèå ñïàìà. Äàííûå: ïðî íåêîòîðûå ñòðàíèöû
òî÷íî èçâåñòíî, ÷òî îíè ÿâëÿþòñÿ ñïàìîì, ïðî äðóãèå
� ÷òî îíè íå ÿâëÿþòñÿ ñïàìîì.

PageRank � îäèí èç ôàêòîðîâ.

3/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Âåá ïîèñê

Ðàíæèðîâàíèå ñòðàíèö. Äàííûå: âûáîðêà ñòðàíèö,
ðàçìå÷åííûõ ïî çàïðîñàì.

Ôàêòîðû:

Îñíîâàííûå íà ãðàôîâîé ñòðóêòóðå âåáà.

PageRank

Çàïðîñî-çàâèñèìûå.

Çàïðîñî-çàâèñèìûé PageRank

Íàõîæäåíèå ñïàìà. Äàííûå: ïðî íåêîòîðûå ñòðàíèöû
òî÷íî èçâåñòíî, ÷òî îíè ÿâëÿþòñÿ ñïàìîì, ïðî äðóãèå
� ÷òî îíè íå ÿâëÿþòñÿ ñïàìîì.

PageRank � îäèí èç ôàêòîðîâ.

3/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Âåá ïîèñê

Ðàíæèðîâàíèå ñòðàíèö. Äàííûå: âûáîðêà ñòðàíèö,
ðàçìå÷åííûõ ïî çàïðîñàì.

Ôàêòîðû:

Îñíîâàííûå íà ãðàôîâîé ñòðóêòóðå âåáà.

PageRank

Çàïðîñî-çàâèñèìûå.

Çàïðîñî-çàâèñèìûé PageRank

Íàõîæäåíèå ñïàìà. Äàííûå: ïðî íåêîòîðûå ñòðàíèöû
òî÷íî èçâåñòíî, ÷òî îíè ÿâëÿþòñÿ ñïàìîì, ïðî äðóãèå
� ÷òî îíè íå ÿâëÿþòñÿ ñïàìîì.

PageRank � îäèí èç ôàêòîðîâ.

3/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Âåá ïîèñê

Ðàíæèðîâàíèå ñòðàíèö. Äàííûå: âûáîðêà ñòðàíèö,
ðàçìå÷åííûõ ïî çàïðîñàì.

Ôàêòîðû:

Îñíîâàííûå íà ãðàôîâîé ñòðóêòóðå âåáà.

PageRank

Çàïðîñî-çàâèñèìûå.

Çàïðîñî-çàâèñèìûé PageRank

Íàõîæäåíèå ñïàìà. Äàííûå: ïðî íåêîòîðûå ñòðàíèöû
òî÷íî èçâåñòíî, ÷òî îíè ÿâëÿþòñÿ ñïàìîì, ïðî äðóãèå
� ÷òî îíè íå ÿâëÿþòñÿ ñïàìîì.

PageRank � îäèí èç ôàêòîðîâ.

3/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Âåá ïîèñê

Ðàíæèðîâàíèå ñòðàíèö. Äàííûå: âûáîðêà ñòðàíèö,
ðàçìå÷åííûõ ïî çàïðîñàì.

Ôàêòîðû:

Îñíîâàííûå íà ãðàôîâîé ñòðóêòóðå âåáà.

PageRank

Çàïðîñî-çàâèñèìûå.

Çàïðîñî-çàâèñèìûé PageRank

Íàõîæäåíèå ñïàìà. Äàííûå: ïðî íåêîòîðûå ñòðàíèöû
òî÷íî èçâåñòíî, ÷òî îíè ÿâëÿþòñÿ ñïàìîì, ïðî äðóãèå
� ÷òî îíè íå ÿâëÿþòñÿ ñïàìîì.

PageRank � îäèí èç ôàêòîðîâ.

3/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



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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Àëãîðèòì

πi+1 = Aπi,

A = (ai,j), ai,j = p(i→ j),

p(i→ j) =
α

N
+

1− α
outdegree(i)

,

α = 0.15.
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Ó÷åò êîíòåíòà, Semi-Supervised PageRank

V � ìíîæåñòâî âåðøèí, E � ìíîæåñòâî ðåáåð;

V = (Vi, i ∈ V ) � ôàêòîðû âåðøèí, E = (Eij , i, j ∈ V ) �
ôàêòîðû ðåáåð,
Vi � l-ìåðíûé âåêòîð, ñîäåðæàùèé ôàêòîðû âåðøèíû i,
Eij � h-ìåðíûé âåêòîð, ñîäåðæàùèé ôàêòîðû ðåáðà i→ j;

f(ω, i) � âåñ âåðøèíû i, g(φ, i→ j) � âåñ ðåáðà i→ j.

Semi-Supervised PageRank [B. Gao, T.-Y. Liu, W. Wei, T. Wang,
H. Li, Semi-Supervised Ranking on Very Large Graphs with Rich

Metadata, KDD'11]:

π(i) = α
f(ω, i)∑
h∈V f(ω, h)

+(1−α)
∑

ĩ: ĩ→i∈E

g(ϕ, ĩ→ i)∑
j: ĩ→j∈E g(ϕ, ĩ→ j)

π(̃i).

f(ω, i) = 〈ω,Vi〉, g(ϕ, i→ j) = 〈ϕ,Eij〉.
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Àëãîðèòì

πi+1 = Aπi,

A = (ai,j), ai,j = p(i→ j),

p(i→ j) = α
f(ω, j)∑
h∈V f(ω, h)

+ (1− α) g(ϕ, i→ j)∑
j̃: i→j̃∈E g(ϕ, i→ j̃)

.
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Îáó÷åíèå

fq(p) � çíà÷åíèå ôàêòîðà âåðøèíû p äëÿ çàïðîñà q.

Îáó÷àþùåå ìíîæåñòâî: ìíîæåñòâà âåðøèí
V 1
q , V

2
q , ..., V

k
q (óïîðÿäî÷åííûå îò íàèáîëåå ðåëåâàíòíûõ

äî íàèìåíåå ðåëåâàíòíûõ âåðøèí).

h(i, j, fq(p2)− fq(p1)), p1 ∈ V i
q , p2 ∈ V j

q , � çíà÷åíèå
øòðàôà, ãäå bij > 0, 1 ≤ i < j ≤ k,
h(i, j, x) = max{x+ bij, 0}2.

Îïòèìèçàöèîííàÿ çàäà÷à:

F (ω) =
∑
q

∑
1≤i<j≤k

∑
p1∈V i

q ,p2∈V
j
q

h(i, j, fq(p2)− fq(p1))→ min .
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Îáó÷åíèå, ãðàäèåíòíûé ñïóñê

πi+1 = Aπi,

(
∂π

∂χ

)
i+1

=
∂A

∂χ
πi + A

(
π

χ

)
i

.
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BrowseRank [Liu et al., SIGIR 2008.]

Ñåññèè.

Ïðîäîëæèòåëüíîñòü ïðåáûâàíèÿ íà ñòðàíèöå.

Âåñ ñòðàíèöû, âåñ ðåáðà.

Ñðåäíåå âðåìÿ ïðåáûâàíèÿ íà ñòðàíèöå âû÷èñëÿåòñÿ
èñõîäÿ èç òîãî, ÷òî âðåìÿ ïðåáûâàíèÿ ðàâíî ñóììå øóìà,
èìåþùåãî ðàñïðåäåëåíèå χ-êâàäðàò, è ýêñïîíåíöèàëüíîãî
ðàñïðåäåëåíèÿ.

πi � ñòàöèîíàðíîå ðàñïðåäåëåíèå â íåïðåðûâíîì ñëó÷àå,
π̃i � ñòàöèîíàðíîå ðàñïðåäåëåíèå â äèñêðåòíîì ñëó÷àå,
p(i→ j) � âåðîÿòíîñòè ïåðåõîäîâ â äèñêðåòíîé öåïè,
Q(i) � ñðåäíåå âðåìÿ ïðåáûâàíèÿ íà ñòðàíèöå.

p(i→ j) = (1− α)σj + α
wij∑N+1
k=1 wik

, i ∈ V, p(N + 1→ j) = σj ,

πi = π̃iQ(i)/

 N∑
j=1

πjQ(j)

 .
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BrowseRank [Liu et al., SIGIR 2008.]
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Semi-Supervised BrowseRank

pSSP(i→ j) = (1− α)σSSP
j + α

wSSP
ij∑N+1

k=1 w
SSP
ik

, i ∈ V,

pSSP(N + 1→ j) = σSSP
j ,

σSSP
j = σjf(ωi), w

SSP
ij = wijg(ϕ, i→ j),

f(ω, i) = 〈ω,Vi〉, g(ϕ, i→ j) = 〈ϕ,Eij〉.
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Nested Semi-Supervised PageRank

ω = (ω1, ..., ωl, ω̃1, ..., ω̃l), ϕ = (ϕ1, ..., ϕh, ϕ̃1, ..., ϕ̃h).

ω = (ω1, ..., ωl), ω̃ = (ω̃1, ..., ω̃l),

ϕ = (ϕ1, ..., ϕh), ϕ̃ = (ϕ̃1, ..., ϕ̃h);

F 1
1 (i) = 〈ω,Vi〉, F 1

2 (i, j) = 〈ω̃,Eij〉,
F 2
1 (i) = 〈ϕ,Vi〉, F 2

2 (i, j) = 〈ϕ̃,Eij〉.

F k1 (i), F k2 (i, j), k ∈ {1, 2}, � íà÷àëüíûå çíà÷åíèÿ âåñîâ.

Gk(i) = µ
Fk1(i)∑
j∈V F

k
1 (j)

+ (1− µ)
∑

ĩ: ĩ→i∈E

F k2 (̃i, i)∑
j: ĩ→j∈E

F k2 (̃i, j)
Gk (̃i),

G1(i), G2(i) � îêîí÷àòåëüíûå çíà÷åíèÿ âåñîâ.

f(ω, i) = G1(i), g(ϕ, i→ j) = G2(j).
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Àëãîðèòì

Gki+1 = AkG
k
i , k ∈ {1, 2},

Ak = (aki,j), a
k
i,j = pk(i→ j),

pk(i→ j) = µ
F k1 (j)∑
h∈V F

k
1 (h)

+ (1− µ)
F k2 (i, j)∑

j̃: i→j̃∈E F
k
2 (i, j̃)

.

πi+1 = Aπi,

A = (ai,j), ai,j = p(i→ j),

p(i→ j) = α
G1(j)∑
h∈V G

1(h)
+ (1− α)

G2(j)∑
j̃: i→j̃∈E(G2(j̃))

.
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Îáó÷åíèå

πi+1 = Aπi,

Gk
i+1 = AkG

k
i , k ∈ {1, 2}.

(
∂π

∂χ

)
i+1

=
∂A

∂χ
πi + A

(
π

χ

)
i

,(
∂Gk

∂χ

)
i+1

=
∂Ak
∂χ

πi + A

(
Gk

χ

)
i

.

14/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Îáó÷åíèå

πi+1 = Aπi,

Gk
i+1 = AkG

k
i , k ∈ {1, 2}.

(
∂π

∂χ

)
i+1

=
∂A

∂χ
πi + A

(
π

χ

)
i

,(
∂Gk

∂χ

)
i+1

=
∂Ak
∂χ

πi + A

(
Gk

χ

)
i

.

14/21 Ìàêñèì Æóêîâñêèé Ñïîñîáû ó÷åòà ñâîéñòâ âåðøèí ãðàôà ïðè ïîäñ÷åòå PageRank



Ïðèìåíåíèå

Ñâåæåñòü

Çàâèñèìîñòü îò çàïðîñîâ

Áèíàðíûå ôàêòîðû

Ðàçëè÷íûå ãðàôû
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PageRank è ñâåæåñòü

Îòðèöàòåëüíàÿ êîððåëÿöèÿ classic PageRank ñ äàòîé
ïîñëåäíåé àêòèâíîñòè íà ñòðàíèöå [Yusuke Yanbe,
Adam Jatowt, Satoshi Nakamura, Katsumi Tanaka , proc. of
JCDL'07, pp. 107�116, 2007].
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Ñâåæèé PageRank, óñëîâèÿ

Çàâèñèìîñòü îò in-degree ñòðàíèöû. Çíà÷åíèå ôàêòîðà
w(p) ðàñòåò ñ ðîñòîì êîëè÷åñòâà ññûëîê íà ñòðàíèöó p.

Çàâèñèìîñòü îò ñâåæåñòè ñòðàíèöû. Çíà÷åíèå ôàêòîðà
w(p) óìåíüøàåòñÿ ïî ìåðå óñòàðåâàíèÿ ñòðàíèöû p.

Çàâèñèìîñòü îò ñâåæåñòè ññûëîê. Ïðè ïðî÷èõ ðàâíûõ
óñëîâèÿõ ñòðàíèöà ñ ìåíüøèì êîëè÷åñòâîì ñâåæèõ
âõîäÿùèõ è èñõîäÿùèõ ññûëîê äîëæíà ïîëó÷àòü
ìåíüøåå w(p).

Çàâèñèìîñòü îò ñâåæåñòè ñîñåäåé. Ïðè ïðî÷èõ ðàâíûõ
óñëîâèÿõ ñòàíèöà ñ áîëüøèì êîëè÷åñòâîì óñòàðåâøèõ
ñîñåäåé ïîëó÷àåò ìåíüøåå w(p).
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Ñâåæèé PageRank, ìîäåëè
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Actual PageRank

Ïåðèîä âðåìåíè [τ, T ], êîëè÷åñòâî ñðåçîâ K,
[ti−1, ti], i ∈ {1, . . . ,K}, t0 = τ , ti − ti−1 = T−τ

K ,
Gi � ñðåç ãðàôà â ìîìåíò âðåìåíè ti, Ni = v(Gi).
1) Àêòóàëüíîñòü ∆Fi(p) äëÿ ãðàôà Gi.

Activity Type Features

Creation of the page p, t(p) = i n1(i) + +
Creation of a link p̃→ p, t(p̃→ p) = i

max(t(p), t(p̃)) < i n2(i) + +
max(t(p), t(p̃)) = i n3(i) + +

Creation of a link p→ p̃, t(p̃→ p) = i
max(t(p), t(p̃)) < i n4(i) + +
max(t(p), t(p̃)) = i n5(i) + +

2) Îïðåäåëåíèå îêîí÷àòåëüíîãî çíà÷åíèÿ àêòóàëüíîñòè.

Fi(p) = βFi−1(p) + ∆Fi(p).

K = 1 ⇒ APR = NSSP.
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Fresh BrowseRank

Parameter Description

[τ, T ] the considered period of time
K the number of time intervals
a1 the gain F1

1(p, i) receives if t(p) = i
b1 the gain F1

2(p, i) receives if t(p) = i
c1 the gain F2

1(p, i) receives if t(p) = i
d1 the gain F2

2(p, i) receives if t(p) = i
a2 the gain F1

1(p, i) receives if
a user clicks to p in the i-th period

b2 the gain F1
2(p, i) receives if

a user clicks to p in the i-th period
c2 the gain F2

1(p, i) receives if
a user clicks to p in the i-th period

d2 the gain F2
2(p, i) receives if

a user clicks to p in the i-th period
a3 the gain F1

1(p, i) receives if
a user clicks to p in the i-th period

... ...
α, µ1, µ2 damping factors

β the rate of decreasing of Fi(p)
Òàáëèöà : Parameters of Fresh BrowseRank.
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Ñðàâíåíèå àëãîðèòìîâ

Iteration Method NDCG@3,@5
SSP 0.90367, 0.92194

First NSSP 0.89904, 0.91828
SSP 0.90377, 0.922

Last NSSP 0.93267, 0.94588

Òàáëèöà : Performance of SSP and NSSP.

Method NDCG@3,@5
SSP 0.8951, 0.9215
NSSP 0.8991, 0.9182

Òàáëèöà : Performance of the algorithms with α = 0.15.
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