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Incremental PLSA

Çàäà÷è êîëëàáîðàòèâíîé ôèëüòðàöèè

Ïîñòàíîâêà çàäà÷è

U - ìíîæåñòâî ïîëüçîâàòåëåé (users)
R - ìíîæåñòâî ðåñóðñîâ (items)
Y - ïðîñòðàíñòâî îïèñàíèÿ òðàíçàêöèé
Ïðîòîêîë òðàíçàêöèé D = (ui , ri , yi )

l
i=1
⊂ U × R × Y -

èñõîäíûå äàííûå
Èñõîäíûå äàííûå àãðåãèðóþòñÿ â ìàòðèöó êðîññ-òàáóëÿöèè:

F = ‖fur‖U×R

ãäå fur = aggr{(ui , ri , yi ) ∈ D | ui = u, ri = r}
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Incremental PLSA

Çàäà÷è êîëëàáîðàòèâíîé ôèëüòðàöèè

Îñíîâíûå çàäà÷è

Ïðîãíîçèðîâàíèå íåçàïîëíåííûõ ÿ÷ååê ‖fur‖
Îöåíèâàíèå ôóíêöèè ñõîäñòâà K (u, u′), ,K (r , r ′), K (u, r)

Âûÿâëåíèå ñîäåðæàòåëüíî èíòåðïðåòèðóåìûõ ëàòåíòíûõ
õàðàêòåðèñòèê(ïðîôèëåé) êàê ðåñóðñîâ, òàê è êëèåíòîâ
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Incremental PLSA

Ïðîñòûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Êëàññèôèêàöèÿ àëãîðèòìîâ

Àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Àíàìíåñòè÷åñêèå àëãîðèòìû ñåìåéñòâî àëãîðèòìîâ êîòîðûå
îñíîâàíû íà õðàíåíèè âñåé ìàòðèöû
êðîññ-òàáóëÿöèè F è íåïîñðåäñòâåííîì ïîèñêå â
íåé ñõîæèõ êëèåíòîâ (ñòðîê) è ðåñóðñîâ
(ñòîëáöîâ).

Ìîäåëüíûå àëãîðèòìû àëãîðèòìû ðàáîòà êîòîðûõ îñíîâàíà íà
ñðàâíåíèè âåêòîðíûõ õàðàêòåðèñòèê (ïðîôèëåé)
êëèåíòîâ è ðåñóðñîâ, ò.å íå òðåáóåòñÿ âñÿ ìàòðèöà
êðîññ-òàáóëÿöèè èëè ïðîòîêîë òðàíçàêöèé.
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Ïðîñòûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Latent Semantic Analysis, LSA

Îáîçíà÷åíèÿ

T - ìíîæåñòâî âñåõ âîçìîæíûõ òåì (ëàòåíòíàÿ ïåðåìåííàÿ)

ptu - ñòåïåíü âàæíîñòè òåìû t äëÿ ïîëüçîâàòåëÿ u

(ptu)t∈T - íåèçâåñòíûé ïðîôèëü êëèåíòà u
P = (ptu)|T |×|U| - ìàòðèöà ïðîôèëåé âñåõ ïîëüçîâàòåëåé

qtr - ñïîñîáíîñòü ðåñóðñà r óäîâëåòâîðèòü èíòåðåñ ê òåìå t
(qtr )t∈T - íåèçâåñòíûé ïðîôèëü ðåñóðñà r
Q = (qtr )|T |×|R| - ìàòðèöà ïðîôèëåé âñåõ ðåñóðñîâ

λt - ñòåïåíü âàæíîñòè òåìû t
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Ïðîñòûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Latent Semantic Analysis, LSA

Ïîèñê íåèçâåñòíûõ ïðîôèëåé:

Çà çíà÷åíèå ýëåìåíòîâ ìàòðèöû êðîññ-òàáóëÿöèè åñòåñòâåííî
ïðèíÿòü:

ˆfur =
∑
t∈T

λtptuqrt

èëè â ìàòðè÷íîì âèäå:

F̂ = PΛQT

Äëÿ ïîèñêà P è Q èñïîëüçóåòñÿ ìåòîä íàèìåíüøèõ êâàäðàòîâ:∑
u∈U

∑
r∈R

( ˆfur − fur )
2 = ‖F − PΛQT‖ → min

P,Λ,Q
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Ïðîñòûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Probabilistic Latent Semantic Analysis, PLSA

Âåðîÿòíîñòíûé ëàòåíòíûé ñåìàíòè÷åñêèé àíàëèç

Îñíîâàí íà ÿâíîé âåðîÿòíîñòíîé èíòåðïðåòàöèè âåëè÷èí ptu è
qrt êàê ñîîòâåòñòâóþùèõ óñëîâíûõ âåðîÿòíîñòåé

Ïðîôèëåì êëèåíòà íàçîâåì âåêòîð óñëîâíûõ âåðîÿòíîñòåé
ptu = p(t|u) òîãî, ÷òî êëèåíò u ∈ U èíòåðåñóåòñÿ
òåìîé t ∈ T , ïðè÷åì äîëæíî áûòü âûïîëíåíî

óñëîâèå íîðìèðîâêè
∑
t∈T

ptu = 1

Ïðîôèëåì ðåñóðñà íàçîâåì âåêòîð óñëîâíûõ âåðîÿòíîñòåé
qtr = q(t|r) òîãî, ÷òî ðåñóðñ r ∈ R óäîâëåòâîðÿåò
èíòåðåñ ê òåìå t ∈ T , ïðè÷åì òàêæå äîëæíî áûòü

âûïîëíåíî óñëîâèå íîðìèðîâêè
∑
t∈T

qtr = 1
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Ïðîñòûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Probabilistic Latent Semantic Analysis, PLSA

Âåðîÿòíîñòíàÿ ìîäåëü

p(u, r) =
∑
t∈T

p(t)p(u|t)q(r |t)

p(t) - âåðîÿòíîñòü õàðàêòåðèçóþùàÿ èíòåðåñ ê òåìå t ∈ T

p(u|t) - àïîñòåðèîðíîå ðàñïðåäåëåíèå êëèåíòîâ ïî òåìå t
q(r |t) - àïîñòåðèîðíîå ðàñïðåäåëåíèå ðåñóðñîâ ïî òåìå t

Ïðèíöèï ìàêñèìóìà ïðàâäîïîäîáèÿ:

L = ln
∏
u∈U

∏
r∈R

p(u, r)fur =
∑
u∈U

∑
r∈R

fur ln p(u, r)→ max
p(t),p(u|t),q(r |t)

ãäå fur - çíà÷åíèÿ ýëåìåíòîâ ìàòðèöû êðîññ-òàáóëÿöèè,
êîëè÷åñòâî ïîñåùåíèé êëèåíòîì u ðåñóðñà r .
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Ïðîñòûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Probabilistic Latent Semantic Analysis, PLSA

EM-àëãîðèòì

E-øàã:

p(t|u, r) =
p(t)p(u|t)q(r |t)∑

t′∈T
p(t ′)p(u|t ′)q(r |t ′)

, u ∈ U, r ∈ R, t ∈ T

M-øàã:

p(t) =

∑
u∈U

∑
r∈R

furp(t|u, r)∑
u∈U

∑
r∈R

fur
, t ∈ T ;

q(r |t) =

∑
u∈U

furp(t|u, r)∑
u∈U

∑
r ′∈R

fur ′p(t|u, r ′)
, r ∈ R, t ∈ T

p(u|t) =

∑
r∈R

furp(t|u, r)∑
u′∈U

∑
r∈R

fu′rp(t|u′, r)
, u ∈ U, t ∈ T
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Ïðîñòûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Probabilistic Latent Semantic Analysis, PLSA

Çàìå÷àíèÿ:

Ïðîôèëè êàê óñëîâíûå âåðîÿòíîñòè òåì ñ÷èòàþòñÿ ïî ôîðìóëå
Áàéåñà:

ptu = p(t|u) =
p(t)p(u|t)∑

t′∈T p(t ′)p(u|t ′)
u ∈ U, t ∈ T

qtr = q(t|r) =
p(t)q(r |t)∑

t′∈T p(t ′)q(r |t ′)
r ∈ R, t ∈ T

Âàæíûé ôàêò:

p(u, r) =
∑
t∈T

p(t)p(u|t)q(r |t) =

= q(r)
∑
t∈T

p(u|t)q(t|r) = p(u)
∑
t∈T

q(r |t)p(t|u)
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Èíêðåìåíòàëüíûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Ïîíÿòèå èíêðåìåíòàëüíîñòè

Ïîä èíêðåìåíòàëüíîñòüþ ïîíèìàåòñÿ ñïîñîáíîñòü àëãîðèòìà
ðàñøèðÿòü è èçìåíÿòü ïðîôèëè â ïðîöåññå ïîÿâëåíèÿ íîâûõ
äàííûõ, êëèåíòîâ è/èëè ðåñóðñîâ.
Ðàññìîòðèì íåñêîëüêî âàðèàöèé PLSA äëÿ ñëó÷àÿ
èíêðåìåíòàëüíîñòè:

àëãîðèòì Fold-in

Native IPLSA
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Èíêðåìåíòàëüíûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Fold-in

Äðóãîé âèä ÅÌ-àëãîðèòìà

E-øàã:

p(t|u, r) =
p(u|t)q(t|r)∑

t′∈T
p(u|t ′)q(t ′|r)

, u ∈ U, r ∈ R, t ∈ T (1)

M-øàã:

p(u|t) =

∑
r∈R

furp(t|u, r)∑
u′∈U

∑
r∈R

fu′rp(t|u′, r)
, u ∈ U, t ∈ T

q(t|r) =

∑
u∈U

furp(t|u, r)∑
u∈U

fur
, r ∈ R, t ∈ T (2)
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Èíêðåìåíòàëüíûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Fold-in

Fold-in:

Ïðè äîáàâëåíèè íîâîãî ðåñóðñà óñëîâíûå âåðîÿòíîñòè q(t|rnew )
è p(t|u, rnew ), ãäå rnew íîâûé ðåñóðñ, îöåíèâàþòñÿ, ñ
èñïîëüçîâàíèåì âåðîÿòíîñòåé p(u|t):

E-øàã:

p(t|u, rnew ) =
p(u|t)q(t|rnew )∑

t′∈T
p(u|t ′)q(t ′|rnew )

, u ∈ U, t ∈ T

M-øàã:

q(t|rnew ) =

∑
u∈Urnew

furnewp(t|u, rnew )∑
u∈Urnew

fur
, t ∈ T

Urnew - ìíîæåñòâî êëèåíòîâ ïîñåòèâøèõ íîâûé ðåñóðñ.
Íà ïåðâîé èòåðàöèè q(t|rnew ) âûáèðàåòñÿ ñëó÷àéíî è
íîðìèðóåòñÿ.
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Èíêðåìåíòàëüíûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Fold-in

Íåäîñòàòêè:

Íîâûå äàííûå íå îêàçûâàþò âëèÿíèÿ íà ñòàðûå

Èçìåíÿþòñÿ òîëüêî òå ïàðàìåòðû ïðîôèëåé, êîòîðûå
îòíîñÿòñÿ ê íîâûì äàííûì

Ïðèìåíåíèå ýòîãî àëãîðèòìà ìàëîýôôåêòèâíî â ðåàëüíûõ
ñèòóàöèÿõ.

Âëàäèìèð Ãåðàñèìîâ, 4 êóðñ ÌÃÓ, ÂÌÊ Incremental PLSA



Incremental PLSA

Èíêðåìåíòàëüíûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Native IPLSA

Ñòàíäàðòíûé àëãîðèòì IPLSA

Àëãîðèòì ðàñøèðåíèÿ ïðîôèëåé ñîñòîèò èç òðåõ øàãîâ, íà
êàæäîì èç êîòîðûõ äëÿ âû÷èñëåíèÿ ñîîòâåòñòâóþùèõ
âåðîÿòíîñòåé, çàïóñêàåòñÿ EM-àëãîðèòì. Îí ðàáîòàåò ïîêà
çíà÷åíèÿ âåðîÿòíîñòåé íå ñòàáèëèçèðóþòñÿ.
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Èíêðåìåíòàëüíûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Native IPLSA

1é-øàã Íà ïåðâîì øàãå äîáàâëÿåòñÿ íîâûé ðåñóðñ rnew ,
âåðîÿòíîñòè q(t|rnew) îïðåäåëÿþòñÿ ñëó÷àéíûì îáðàçîì.
p(u|t) íà ýòîì øàãå íå ìåíÿåòñÿ.

E-øàã:

p(t|u, rnew ) =
p(u|t)q(t|rnew )∑

t′∈T p(u|t ′)q(t ′|rnew )
, u ∈ U, t ∈ T

M-øàã:

q(t|rnew ) =

∑
u∈Urnew

furnew p(t|u, rnew )∑
t′∈T

∑
u∈Urnew

furnew p(t ′|u, rnew )
, t ∈ T

q(rnew |t) =

∑
u∈Urnew

furnew p(t|u, rnew )∑
u∈Urnew

∑
r∈R+rnew

furp(t|u, r)
, t ∈ T
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Èíêðåìåíòàëüíûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Native IPLSA

2é-øàã Íà âòîðîì øàãå èçìåíÿþòñÿ ïðîôèëè êëèåíòîâ
ïîëüçîâàâøèõñÿ íîâûìè ðåñóðñàìè.

E-øàã:

p(t|u, rnew ) =
p(t|u)q(rnew |t)∑

t′∈T p(t ′|u)q(rnew |t ′)
, u ∈ Urnew

, t ∈ T

M-øàã:

p(t|u) =
furp(t|u, r)

fu,rnew

, u ∈ Urnew
, t ∈ T
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Èíêðåìåíòàëüíûå àëãîðèòìû êîëëàáîðàòèâíîé ôèëüòðàöèè

Native IPLSA

3é-øàã Íà òðåòüåì øàãå íîðìàëèçóåòñÿ âåðîÿòíîñòü p(u|t):

p(u|t) =

∑
r∈(R+rnew ) furp(t|u, r)∑

r∈(R+rnew )

∑
u′∈U fu′rp(t|u′, r)

, u ∈ U, t ∈ T

Ïîñëå ýòîãî äëÿ êîððåêòèðîâêè çàïóñêàåòñÿ àëãîðèòì
îïèñàííûé ôîðìóëàìè ??-??
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