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Çàäà÷à òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Äàíî: êîëëåêöèÿ òåêñòîâûõ äîêóìåíòîâ, p(w |d) = ndw
nd

Âåðîÿòíîñòíàÿ òåìàòè÷åñêàÿ ìîäåëü:

p(w |d) =
∑

t∈T

p(w |t)p(t|d) =
∑

t∈T

φwtθtd

Íàéòè: ïàðàìåòðû ìîäåëè φwt=p(w |t), θtd =p(t|d)

Ýòî çàäà÷à ñòîõàñòè÷åñêîãî ìàòðè÷íîãî ðàçëîæåíèÿ:

Hofmann T. Probabilisti Latent Semanti Indexing. ACM SIGIR, 1999.

Blei D., Ng A., Jordan M. Latent Dirihlet Alloation. JMLR, 2003.
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ARTM � àääèòèâíàÿ ðåãóëÿðèçàöèÿ

Ìàêñèìèçàöèÿ log ïðàâäîïîäîáèÿ ñ ðåãóëÿðèçàòîðîì R :
∑

d,w

ndw ln
∑

t

φwtθtd + R(Φ,Θ) → max
Φ,Θ

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:























ptdw ≡ p(t|d ,w) = norm
t∈T

(

φwtθtd
)

φwt = norm
w∈W

(

nwt + φwt
∂R
∂φwt

)

, nwt =
∑

d∈D

ndwptdw

θtd = norm
t∈T

(

ntd + θtd
∂R
∂θtd

)

, ntd =
∑

w∈d

ndwptdw

ãäå norm
t∈T

(xt) =
max{xt ,0}∑

s∈T

max{xs ,0}
� îïåðàöèÿ íîðìèðîâàíèÿ âåêòîðà.

Âîðîíöîâ Ê. Â. Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé êîëëåêöèé

òåêñòîâûõ äîêóìåíòîâ. Äîêëàäû �ÀÍ, 2014.
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Êîìáèíèðîâàíèå ðåãóëÿðèçàòîðîâ â ARTM

Ìàêñèìèçàöèÿ log ïðàâäîïîäîáèÿ ñ k ðåãóëÿðèçàòîðàìè Ri :

∑

d,w

ndw ln
∑

t

φwtθtd +

k
∑

i=1

τiRi(Φ,Θ) → max
Φ,Θ

,

ãäå τi � êîý��èöèåíòû ðåãóëÿðèçàöèè.

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:































ptdw = norm
t∈T

(

φwtθtd
)

φwt = norm
w∈W

(

∑

d∈D

ndwptdw + φwt

k
∑

i=1

τi
∂Ri

∂φwt

)

θtd = norm
t∈T

(

∑

w∈d

ndwptdw + θtd
k
∑

i=1

τi
∂Ri

∂θtd

)

Vorontsov K., Potapenko A. Additive regularization of topi models.

Mahine Learning, 2015.
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Ìóëüòèìîäàëüíàÿ ARTM

Wm
� ñëîâàðü òåðìîâ m-é ìîäàëüíîñòè, m ∈ M

Ìàêñèìèçàöèÿ ñóììû log-ïðàâäîïîäîáèé ñ ðåãóëÿðèçàöèåé:

∑

m∈M

τm
∑

d∈D

∑

w∈Wm

ndw ln
∑

t∈T

φwtθtd + R(Φ,Θ) → max
Φ,Θ

EM-àëãîðèòì: ìåòîä ïðîñòîé èòåðàöèè äëÿ ñèñòåìû óðàâíåíèé

E-øàã:

M-øàã:



























ptdw = norm
t∈T

(

φwtθtd
)

φwt = norm
w∈Wm

(

∑

d∈D

τm(w)ndwptdw + φwt
∂R
∂φwt

)

θtd = norm
t∈T

(

∑

w∈d

τm(w)ndwptdw + θtd
∂R
∂θtd

)

K.Vorontsov, O.Frei, M.Apishev et al. Non-Bayesian additive regularization for

multimodal topi modeling of large olletions. CIKM TM workshop, 2015.
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�àöèîíàëüíûé ÅÌ-àëãîðèòì

Èäåÿ: E-øàã âñòðàèâàåòñÿ âíóòðü Ì-øàãà äëÿ êàæäîãî d ∈ D,

÷òîáû íå õðàíèòü òð¼õìåðíûé ìàññèâ çíà÷åíèé ndwt .

Âõîä: êîëëåêöèÿ D, ÷èñëî òåì |T |, ÷èñëî èòåðàöèé imax;

Âûõîä: ìàòðèöû òåðìîâ òåì Θ è òåì äîêóìåíòîâ Φ;

èíèöèàëèçàöèÿ φwt , θtd äëÿ âñåõ d∈D, w ∈Wm
, m∈M, t∈T ;

äëÿ âñåõ èòåðàöèé i = 1, . . . , imax

nwt , ntd := 0 äëÿ âñåõ d ∈D, w ∈Wm
, m∈M, t∈T ;

äëÿ âñåõ äîêóìåíòîâ d ∈D è âñåõ òåðìîâ w ∈d

ntdw := τm(w)ndw norm
t∈T

(

φwtθtd
)

äëÿ âñåõ t∈T ;

nwt += ntdw ; ntd += ntdw äëÿ âñåõ t∈T ;

φwt := norm
w∈Wm

(

nwt + φwt
∂R
∂φwt

)

äëÿ âñåõ w ∈Wm
, m∈M, t∈T ;

θtd := norm
t∈T

(

ntd + θtd
∂R
∂θtd

)

äëÿ âñåõ d∈D, t∈T ;
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Îíëàéíîâûé EM-àëãîðèòì

Âõîä: êîëëåêöèÿ D, ÷èñëî òåì |T |, ïàðàìåòðû jmax, γ;

Âûõîä: ìàòðèöû òåðìîâ òåì Θ è òåì äîêóìåíòîâ Φ;

èíèöèàëèçèðîâàòü nwt := 0; ñwt := 0; φwt := random;
äëÿ âñåõ äîêóìåíòîâ d ∈ D

èíèöèàëèçèðîâàòü θtd := 1
|T | ;

äëÿ âñåõ j = 1, . . . , jmax (èòåðàöèè ïî äîêóìåíòó)

ntdw := τm(w)ndw norm
t∈T

(

φwtθtd
)

äëÿ âñåõ w ∈ d ;

θtd := norm
t∈T

(

∑

w ntdw + θtd
∂R
∂θtd

)

;

ñwt := ñwt + ntdw äëÿ âñåõ w ∈ d ;

åñëè ïîðà îáíîâèòü ìàòðèöó Φ òî

nwt := γnwt + ñwt ; ñwt := 0;

φwt := norm
w∈Wm

(

nwt + φwt
∂R
∂φwt

)

;
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Ïàêåòíûé îíëàéíîâûé EM-àëãîðèòì â BigARTM

Êîëëåêöèÿ D ðàçáèâàåòñÿ íà ïàêåòû Db, b = 1, . . . ,B , êîòîðûå
ìîãóò îáðàáàòûâàòüñÿ ïàðàëëåëüíî è/èëè ðàñïðåäåë¼ííî.

Âõîä: êîëëåêöèÿ äîêóìåíòîâ D, ÷èñëî òåì |T |,
ïàðàìåòðû δ ≡ deay_weight, α ≡ apply_weight;

Âûõîä: ìàòðèöà Φ;

èíèöèàëèçèðîâàòü nwt := 0, ñwt := 0, φwt := random;
äëÿ âñåõ ïàêåòîâ Db, b = 1, . . . ,B

(ñwt) := (ñwt) + ProcessBatch(Db,Φ);
åñëè ïîðà îáíîâèòü ìàòðèöó Φ òî

nwt := δnwt + αñwt , ñwt := 0;

φwt := norm
w∈Wm

(

nwt + φwt
∂R
∂φwt

)

;

Oleksandr Frei, Murat Apishev. Parallel non-bloking deterministi algorithm for

online topi modeling. AIST 2016.
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Ïàêåòíûé îíëàéíîâûé EM-àëãîðèòì: �óíêöèÿ ProessBath

Ôóíêöèÿ ProessBath îáðàáàòûâàåò ïàêåò äîêóìåíòîâ Db,

íå ìåíÿÿ ìàòðèöó Φ, è âûäà¼ò ñ÷¼ò÷èêè òåðìîâ â òåìàõ ñwt .

Âõîä: ïàêåò Db, ìàòðèöà Φ = (φwt), ïàðàìåòð jmax;

Âûõîä: ìàòðèöà ñ÷¼ò÷èêîâ (ñwt)W×T ;

èíèöèàëèçèðîâàòü ñwt := 0;
äëÿ âñåõ d ∈ Db

èíèöèàëèçèðîâàòü θtd := 1
|T | ;

äëÿ âñåõ j = 1, . . . , jmax (èòåðàöèè ïî äîêóìåíòó)

ptdw := norm
t∈T

(

φwtθtd
)

;

θtd := norm
t∈T

(

∑

w∈d

τm(w)ndwptdw + θtd
∂R
∂θtd

)

;

ñwt := ñwt + τm(w)ndwptdw ;
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Áèáëèîòåêè BigARTM è TopiNet

Ñðàâíåíèå î��ëàéíîâîãî è îíëàéíîâîãî àëãîðèòìîâ

Î��ëàéí ÅÌ-àëãîðèòì:

1

ìíîãîêðàòíîå èòåðèðîâàíèå ïî êîëëåêöèè

2

îäíîêðàòíûé ïðîõîä ïî äîêóìåíòó

3

õðàíåíèå ìàòðèöû Θ

4

îáíîâëåíèå Φ â êîíöå êàæäîãî ïðîõîäà ïî êîëëåêöèè

5

ïðèìåíÿåòñÿ ïðè îáðàáîòêå íåáîëüøèõ êîëëåêöèé

Îíëàéí ÅÌ-àëãîðèòì:

1

îäíîêðàòíûé ïðîõîä ïî êîëëåêöèè

2

ìíîãîêðàòíîå èòåðèðîâàíèå ïî êàæäîìó äîêóìåíòó

3

íåò íåîáõîäèìîñòè õðàíèòü ìàòðèöó Θ

4

îáíîâëåíèå Φ ÷åðåç çàäàííîå ÷èñëî ïàêåòîâ

5

ïðèìåíÿåòñÿ ïðè ïîòîêîâîé îáðàáîòêå áîëüøèõ êîëëåêöèé
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Áèáëèîòåêè BigARTM è TopiNet

Êàê ïîäáèðàòü êîý��èöèåíòû ðåãóëÿðèçàöèè (îäèí èç ñïîñîáîâ)

1

çàäàòü äèàïàçîí è ñåòêó çíà÷åíèé êàæäîãî τi
(óäîáíî èñïîëüçîâàòü îòíîñèòåëüíûå êîý��èöèåíòû τ̃i )

2

çàäàòü ïîñëåäîâàòåëüíîñòü ïîäêëþ÷åíèÿ ðåãóëÿðèçàòîðîâ

(èìåþòñÿ ýìïèðè÷åñêèå ðåêîìåíäàöèè)

3

âèçóàëèçèðîâàòü íåñêîëüêî êðèòåðèåâ êà÷åñòâà (ñïîéëåð):
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

Òåìàòè÷åñêèå ìîäåëè è ðåãóëÿðèçàöèÿ (íàïîìèíàíèÿ)

�àöèîíàëüíûé è îíëàéíîâûé ÅÌ-àëãîðèòì

Áèáëèîòåêè BigARTM è TopiNet

Îòíîñèòåëüíûå êîý��èöèåíòû ðåãóëÿðèçàöèè

Ôîðìóëà Ì-øàãà ñî âçâåøåííîé ñóììîé ðåãóëÿðèçàòîðîâ Ri :

φwt = norm
w∈W

(

nwt +

k
∑

i=1

τiφwt

∂Ri

∂φwt

)

.

Ñóììàðíîå âîçäåéñòâèå rit ðåãóëÿðèçàòîðà Ri íà òåìó t è

ñóììàðíîå âîçäåéñòâèå ri ðåãóëÿðèçàòîðà Ri íà âñå òåìû:

rit =
∑

w∈W

∣

∣

∣

∣

φwt

∂Ri

∂φwt

∣

∣

∣

∣

, ri =
∑

t∈T

rit .

Îòíîñèòåëüíûé êîý��èöèåíò ðåãóëÿðèçàöèè τ̃i :

τi = τ̃i

(

γi
nt

rit
+ (1− γi)

n

ri

)

,

ãäå γi � èíäèâèäóàëèçàöèÿ âîçäåéñòâèÿ Ri íà òåìû.
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

Òåìàòè÷åñêèå ìîäåëè è ðåãóëÿðèçàöèÿ (íàïîìèíàíèÿ)

�àöèîíàëüíûé è îíëàéíîâûé ÅÌ-àëãîðèòì

Áèáëèîòåêè BigARTM è TopiNet

BigARTM: áèáëèîòåêà òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

Êëþ÷åâûå âîçìîæíîñòè:

Áîëüøèå äàííûå: êîëëåêöèÿ íå õðàíèòñÿ â ïàìÿòè

Îíëàéíîâûé ïàðàëëåëüíûé ìóëüòèìîäàëüíûé ARTM

Âñòðîåííàÿ áèáëèîòåêà ðåãóëÿðèçàòîðîâ è ìåð êà÷åñòâà

Ñîîáùåñòâî:

Îòêðûòûé êîä https://github.om/bigartm

(disussion group, issue traker, pull requests)

Äîêóìåíòàöèÿ http://bigartm.org

Ëèöåíçèÿ è ñðåäà ðàçðàáîòêè:

Ñâîáîäíàÿ êîììåð÷åñêàÿ ëèöåíçèÿ (BSD 3-Clause)

Êðîññ-ïëàò�îðìåííîñòü: Windows, Linux, MaOS (32/64 bit)

Èíòåð�åéñû API: ommand-line, C++, and Python
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

Òåìàòè÷åñêèå ìîäåëè è ðåãóëÿðèçàöèÿ (íàïîìèíàíèÿ)

�àöèîíàëüíûé è îíëàéíîâûé ÅÌ-àëãîðèòì

Áèáëèîòåêè BigARTM è TopiNet

Êëþ÷åâûå âîçìîæíîñòè áèáëèîòåê BigARTM è TopiNet

BigARTM

áèáëèîòåêà ðåãóëÿðèçàòîðîâ

ìóëüòèìîäàëüíûå ìîäåëè

èåðàðõè÷åñêèå ìîäåëè

ãèïåðãðà�îâûå ìîäåëè

ìîäåëè ñâÿçíîñòè òåêñòà

TopiNet

Ïåðåáîð ñöåíàðèåâ ðåãóëÿðèçàöèè äëÿ âûáîðà ìîäåëåé

Àâòîìàòè÷åñêîå ïðîòîêîëèðîâàíèå ýêñïåðèìåíòîâ

Ïîñòðîåíèå ¾áàíêà òåì¿ èç ìíîæåñòâà ìîäåëåé

Âèçóàëèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé

V.Bulatov, E.Egorov, E.Veselova,D.Polyudova,V.Alekseev, A.Gonharov, K.Vorontsov.

TopiNet: making additive regularisation for topi modelling aessible. LREC-2020
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

Òåìàòè÷åñêèå ìîäåëè è ðåãóëÿðèçàöèÿ (íàïîìèíàíèÿ)

�àöèîíàëüíûé è îíëàéíîâûé ÅÌ-àëãîðèòì

Áèáëèîòåêè BigARTM è TopiNet

Êà÷åñòâî è ñêîðîñòü: BigARTM vs Gensim è Vowpal Wabbit

3.7M ñòàòåé Âèêèïåäèè, 100K ñëîâ: âðåìÿ min (ïåðïëåêñèÿ)

ïðîö. |T | Gensim Vowpal BigARTM BigARTM

Wabbit àñèíõðîí

1 50 142m (4945) 50m (5413) 42m (5117) 25m (5131)

1 100 287m (3969) 91m (4592) 52m (4093) 32m (4133)

1 200 637m (3241) 154m (3960) 83m (3347) 53m (3362)

2 50 89m (5056) 22m (5092) 13m (5160)

2 100 143m (4012) 29m (4107) 19m (4144)

2 200 325m (3297) 47m (3347) 28m (3380)

4 50 88m (5311) 12m (5216) 7m (5353)

4 100 104m (4338) 16m (4233) 10m (4357)

4 200 315m (3583) 26m (3520) 16m (3634)

8 50 88m (6344) 8m (5648) 5m (6220)

8 100 107m (5380) 10m (4660) 6m (5119)

8 200 288m (4263) 15m (3929) 10m (4309)

D.Kohedykov, M.Apishev, L.Golitsyn, K.Vorontsov.

Fast and Modular Regularized Topi Modelling. FRUCT ISMW, 2017.
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

Ñãëàæèâàíèå è ðàçðåæèâàíèå

×àñòè÷íîå îáó÷åíèå

Äåêîððåëèðîâàíèå

Äèâåðãåíöèÿ Êóëüáàêà�Ëåéáëåðà è å¼ ñâîéñòâà

Ôóíêöèÿ ðàññòîÿíèÿ ìåæäó ðàñïðåäåëåíèÿìè P = (pi)
n
i=1 è Q = (qi)

n
i=1:

KL(P‖Q) ≡ KLi (pi‖qi ) =

n∑

i=1

pi ln
pi

qi
.

1. KL(P‖Q) > 0; KL(P‖Q) = 0 ⇔ P = Q;

2. Ìèíèìèçàöèÿ KL ýêâèâàëåíòíà ìàêñèìèçàöèè ïðàâäîïîäîáèÿ:

KL(P‖Q(α)) =
n∑

i=1

pi ln
pi

qi (α)
→ min

α

⇐⇒
n∑

i=1

pi ln qi(α) → max
α

.

3. Åñëè KL(P‖Q) < KL(Q‖P), òî P ñèëüíåå âëîæåíî â Q, ÷åì Q â P:

0 50 100 150 200

0

0.01

0.02

0.03

0.04

0 50 100 150 200

0

0.005

0.010

0.015

0.020
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0

0.005
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P PP

Q

Q Q

KL(P‖Q) = 0.44 KL(P‖Q) = 0.44 KL(P‖Q) = 2.97
KL(Q‖P) = 2.97 KL(Q‖P) = 0.44 KL(Q‖P) = 2.97
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

Ñãëàæèâàíèå è ðàçðåæèâàíèå

×àñòè÷íîå îáó÷åíèå

Äåêîððåëèðîâàíèå

�åãóëÿðèçàòîð ñãëàæèâàíèÿ

�èïîòåçà ñãëàæåííîñòè:

ðàñïðåäåëåíèÿ φwt áëèçêè ê çàäàííîìó ðàñïðåäåëåíèþ βw ;

ðàñïðåäåëåíèÿ θtd áëèçêè ê çàäàííîìó ðàñïðåäåëåíèþ αt .

∑

t∈T

KL(βw‖φwt) → min
Φ

;
∑

d∈D

KL(αt‖θtd ) → min
Θ

.

Ìàêñèìèçèðóåì ñóììó ðåãóëÿðèçàòîðîâ:

R(Φ,Θ) = β0
∑

t∈T

∑

w∈W

βw lnφwt + α0

∑

d∈D

∑

t∈T

αt ln θtd → max .

Ïîäñòàâëÿåì, ïîëó÷àåì �îðìóëû Ì-øàãà, ïîõîæèå íà LDA:

φwt = norm
w∈W

(nwt + β0βw ), θtd = norm
t∈T

(ntd + α0αt).

Blei D., Ng A., Jordan M. Latent Dirihlet Alloation. JMLR, 2003.
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

Ñãëàæèâàíèå è ðàçðåæèâàíèå

×àñòè÷íîå îáó÷åíèå

Äåêîððåëèðîâàíèå

�åãóëÿðèçàòîð ðàçðåæèâàíèÿ

�èïîòåçà ðàçðåæåííîñòè: ñðåäè φwt , θtd ìíîãî íóëåé;

ðàñïðåäåëåíèÿ φwt äàëåêè îò çàäàííîãî ðàñïðåäåëåíèÿ βw ;

ðàñïðåäåëåíèÿ θtd äàëåêè îò çàäàííîãî ðàñïðåäåëåíèÿ αt .

∑

t∈T

KL(βw‖φwt) → max
Φ

;
∑

d∈D

KL(αt‖θtd ) → max
Θ

.

Ìàêñèìèçèðóåì ñóììó ðåãóëÿðèçàòîðîâ:

R(Φ,Θ) = −β0
∑

t∈T

∑

w∈W

βw lnφwt − α0

∑

d∈D

∑

t∈T

αt ln θtd → max .

Ïîëó÷àåì ¾àíòè-LDA¿ (â LDA âñå α0, αt , β0, βt ïîëîæèòåëüíû):

φwt = norm
w∈W

(

nwt − β0βw
)

, θtd = norm
t∈T

(

ntd − α0αt

)

.

Varadarajan J., Emonet R., Odobez J.-M. A sparsity onstraint for topi models �

appliation to temporal ativity mining. NIPS-2010.
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

Ñãëàæèâàíèå è ðàçðåæèâàíèå

×àñòè÷íîå îáó÷åíèå

Äåêîððåëèðîâàíèå

Îáúåäèíåíèå ñãëàæèâàíèÿ è ðàçðåæèâàíèÿ

Îáùèé âèä ðåãóëÿðèçàòîðîâ ñãëàæèâàíèÿ è ðàçðåæèâàíèÿ:

R(Φ,Θ) = β0
∑

t∈T

∑

w∈W

βwt lnφwt + α0

∑

d∈D

∑

t∈T

αtd ln θtd → max,

ãäå β0 > 0, α0 > 0 � êîý��èöèåíòû ðåãóëÿðèçàöèè,

βwt , αtd � ïàðàìåòðû, çàäàâàåìûå ïîëüçîâàòåëåì:

βwt > 0, αtd > 0 � ñãëàæèâàíèå

βwt < 0, αtd < 0 � ðàçðåæèâàíèå

Âîçìîæíûå ïðèìåíåíèÿ ñãëàæèâàíèÿ è ðàçðåæèâàíèÿ:

ñêîððåêòèðîâàòü ñîñòàâ òåðìîâ è äîêóìåíòîâ òåìû

çàäàòü ïñåâäî-äîêóìåíò ñ êëþ÷åâûìè òåðìàìè òåìû

çàäàòü �îíîâûå òåìû ñ îáùåé ëåêñèêîé ÿçûêà

çàäàòü øóìîâóþ òåìó äëÿ íåòåìàòè÷íûõ òåðìîâ
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

Ñãëàæèâàíèå è ðàçðåæèâàíèå

×àñòè÷íîå îáó÷åíèå

Äåêîððåëèðîâàíèå

×àñòè÷íîå îáó÷åíèå (semi-supervised learning)

Îáùèé âèä ðåãóëÿðèçàòîðîâ ñãëàæèâàíèÿ è ðàçðåæèâàíèÿ:

R(Φ,Θ) = β0
∑

t∈T

∑

w∈W

βwt lnφwt + α0

∑

d∈D

∑

t∈T

αtd ln θtd → max,

Èäåÿ: â ïîñòðîåííîé ìîäåëè ìîæíî ñêîððåêòèðîâàòü òåìû,

äîáàâëÿÿ è óäàëÿÿ â íèõ òåðìû è äîêóìåíòû.

�àçðåæèâàíèå ïî ¾÷¼ðíûì ñïèñêàì¿:

βwt = − 1
|Wt |

[

w ∈ Wt

]

� òåðìîâ èç Wt íå äîëæíî áûòü â t

αtd = − 1
|Td |

[

t ∈ Td

]

� òåì èç Td íå äîëæíî áûòü â d

Ñãëàæèâàíèå ïî ¾áåëûì ñïèñêàì¿:

βwt =
1

|Wt |

[

w ∈ Wt

]

� òåðìû èç Wt äîëæíû áûòü â t

αtd = 1
|Td |

[

t ∈ Td

]

� òåìû èç Td äîëæíû áûòü â d
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

Ñãëàæèâàíèå è ðàçðåæèâàíèå

×àñòè÷íîå îáó÷åíèå

Äåêîððåëèðîâàíèå

Ïðîáëåìà ln 0 â äèâåðãåíöèè Êóëüáàêà�Ëåéáëåðà

Ïî÷åìó â ðåãóëÿðèçàòîðå ñãëàæèâàíèÿ/ðàçðåæèâàíèÿ

R(Φ) = β0
∑

t∈S

∑

w∈W

βw lnφwt → max

íå âîçíèêàåò ëè ïðîáëåìà ñ lnφwt ïðè φwt = 0 èëè φwt → 0?

Ïîäïðàâèì ðåãóëÿðèçàòîð, ïðè ñêîëü óãîäíî ìàëîì ε:

R(Φ) = β0
∑

t∈S

∑

w∈W

βw ln(φwt + ε) → max .

Ïîäñòàâèâ â �îðìóëó Ì-øàãà, ïîëó÷èì äëÿ âñåõ t ∈ S :

φwt = norm
w∈W

(

nwt + β0βw
φwt

φwt+ε

)

.

Åñëè φwt = 0, òî ðàçðåæèâàíèÿ íå áóäåò, íî îíî è íå íóæíî.
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

Ñãëàæèâàíèå è ðàçðåæèâàíèå

×àñòè÷íîå îáó÷åíèå

Äåêîððåëèðîâàíèå

�àçäåëåíèå òåì íà ïðåäìåòíûå è �îíîâûå

Ïðåäìåòíûå òåìû S ñîäåðæàò òåðìèíû ïðåäìåòíîé îáëàñòè,

p(w |t), p(t|d), t ∈ S � ðàçðåæåííûå, ñóùåñòâåííî ðàçëè÷íûå

Ôîíîâûå òåìû B ñîäåðæàò ñëîâà îáùåé ëåêñèêè,

p(w |t), p(t|d), t ∈ B � ñóùåñòâåííî îòëè÷íûå îò íóëÿ

ΦW×T ΘT×D
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

Ñãëàæèâàíèå è ðàçðåæèâàíèå

×àñòè÷íîå îáó÷åíèå

Äåêîððåëèðîâàíèå

�åãóëÿðèçàòîð äåêîððåëèðîâàíèÿ òåì

Öåëü: ñäåëàòü òåìû êàê ìîæíî áîëåå ðàçëè÷íûìè,

âûäåëèòü äëÿ êàæäîé òåìû ëåêñè÷åñêîå ÿäðî � íàáîð òåðìîâ,

îòëè÷àþùèé å¼ îò äðóãèõ òåì.

Ìèíèìèçèðóåì êîâàðèàöèè ìåæäó âåêòîð-ñòîëáöàìè φt :

R(Φ) = −
τ

2

∑

t∈T

∑

s∈T\t

∑

w∈W

φwtφws → max .

Ïîäñòàâëÿåì â �îðìóëû Ì-øàãà, ïîëó÷àåì åù¼ îäèí âàðèàíò

ðàçðåæèâàíèÿ � êîíòðàñòèðîâàíèå ñòðîê ìàòðèöû Φ
(ìàëûå âåðîÿòíîñòè φwt â ñòðîêå ñòàíîâÿòñÿ åù¼ ìåíüøå):

φwt = norm
w∈W

(

nwt − τφwt

∑

s∈T\t

φws

)

.

Tan Y., Ou Z. Topi-weak-orrelated latent Dirihlet alloation. 2010.
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

�àçðåæèâàþùèé ðåãóëÿðèçàòîð äëÿ îòáîðà òåì

Ýêñïåðèìåíòû íà ñèíòåòè÷åñêèõ äàííûõ

Ñðàâíåíèå ñ ìîäåëüþ HDP

�àçðåæèâàþùèé ðåãóëÿðèçàòîð äëÿ îòáîðà òåì

Öåëü: èçáàâèòüñÿ îò íåçíà÷èìûõ òåì (topi seletion).

�àçðåæèâàåì ðàñïðåäåëåíèå p(t) =
∑

d p(d)θtd , ìàêñèìèçèðóÿ
êðîññ-ýíòðîïèþ ìåæäó p(t) è ðàâíîìåðíûì ðàñïðåäåëåíèåì:

R(Θ) = −τ
∑

t∈T

ln
∑

d∈D

p(d)θtd → max .

Ïîäñòàâëÿåì, ïîëó÷àåì:

θtd = norm
t∈T

(

ntd − τ
nd

nt
θtd

)

, âàðèàíò: θtd = norm
t∈T

(

ntd

(

1−
τ

nt

))

.

Ý��åêò: îáíóëÿþòñÿ ñòðîêè ìàòðèöû Θ ñ ìàëûìè nt , çàîäíî

(íåîæèäàííî) óäàëÿþòñÿ çàâèñèìûå è ðàñùåïë¼ííûå òåìû.

Vorontsov K. V., Potapenko A.A., Plavin A.V. Additive regularization of topi models

for topi seletion and sparse fatorization. SLDS 2015.
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

�àçðåæèâàþùèé ðåãóëÿðèçàòîð äëÿ îòáîðà òåì

Ýêñïåðèìåíòû íà ñèíòåòè÷åñêèõ äàííûõ

Ñðàâíåíèå ñ ìîäåëüþ HDP

Ýêñïåðèìåíòû ñ ðåãóëÿðèçàòîðîì îòáîðà òåì

Êîëëåêöèÿ ñòàòåé NIPS (Neural Information Proessing System)

|D| = 1566 îáó÷àþùèõ äîêóìåíòîâ; |D ′| = 174 òåñòîâûõ

|W | = 13K � ìîùíîñòü ñëîâàðÿ

Ñèíòåòè÷åñêàÿ êîëëåêöèÿ:

ñòðîèì PLSA çà 500 èòåðàöèé, |T0| = 50 òåì íà NIPS

ãåíåðèðóåì êîëëåêöèþ (n0
dw

) èç ïîëó÷åííûõ Φ è Θ:

n0dw = nd
∑

t∈T0

φwtθtd

Ïàðàìåòðè÷åñêîå ñåìåéñòâî ïîëóñèíòåòè÷åñêèõ äàííûõ:

nα
dw

� ñìåñü ñèíòåòè÷åñêèõ äàííûõ n0
dw

è ðåàëüíûõ ndw :

nαdw = αndw + (1− α)n0dw
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

�àçðåæèâàþùèé ðåãóëÿðèçàòîð äëÿ îòáîðà òåì

Ýêñïåðèìåíòû íà ñèíòåòè÷åñêèõ äàííûõ

Ñðàâíåíèå ñ ìîäåëüþ HDP

Ïîïûòêà îïðåäåëåíèÿ ÷èñëà òåì
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íà ñèíòåòè÷åñêèõ äàííûõ íàä¼æíî íàõîäèì |T | = 50

ïðè÷¼ì â øèðîêîì èíòåðâàëå çíà÷åíèé êîý��èöèåíòà τ

îäíàêî íà ðåàëüíûõ äàííûõ ÷¼òêîãî èíòåðâàëà íåò
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

�àçðåæèâàþùèé ðåãóëÿðèçàòîð äëÿ îòáîðà òåì

Ýêñïåðèìåíòû íà ñèíòåòè÷åñêèõ äàííûõ

Ñðàâíåíèå ñ ìîäåëüþ HDP

Ñðàâíåíèå ñ áàéåñîâñêîé òåìàòè÷åñêîé ìîäåëüþ HDP

HDP, Hierarhial Dirihlet Proess [Teh et.al, 2006℄ �

¾state-of-the-art¿ áàéåñîâñêèé ïîäõîä ê îïðåäåëåíèþ ÷èñëà òåì
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Êîý��èöèåíò êîíöåíòðàöèè γ â HDP âëèÿåò íà |T |
òàê æå ñèëüíî, êàê âûáîð êîý��èöèåíòà τ â ARTM.

Y.W.Teh, M.Jordan, M.Beal, D.Blei. Hierarhial Dirihlet Proesses. 2005.
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

�àçðåæèâàþùèé ðåãóëÿðèçàòîð äëÿ îòáîðà òåì

Ýêñïåðèìåíòû íà ñèíòåòè÷åñêèõ äàííûõ

Ñðàâíåíèå ñ ìîäåëüþ HDP

Ñðàâíåíèå ARTM è HDP ïî óñòîé÷èâîñòè

Çàïóñê ARTM è HDP ìíîãî ðàç èç ñëó÷àéíûõ èíèöèàëèçàöèé:

ARTM HDP
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HDP ìåíåå óñòîé÷èâ, ïðè÷¼ì â äâóõ ñìûñëàõ:

÷èñëî òåì ñèëüíåå �ëóêòóèðóåò îò èòåðàöèè ê èòåðàöèè;

ðåçóëüòàòû íåñêîëüêèõ çàïóñêîâ ðàçëè÷àþòñÿ ñèëüíåå.

¾�åêîìåíäóåìûå¿ çíà÷åíèÿ ïàðàìåòðîâ γ â HDP

è τ â ARTM äàþò ïðèìåðíî ðàâíîå ÷èñëî òåì |T | ≈ 60
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

�àçðåæèâàþùèé ðåãóëÿðèçàòîð äëÿ îòáîðà òåì

Ýêñïåðèìåíòû íà ñèíòåòè÷åñêèõ äàííûõ

Ñðàâíåíèå ñ ìîäåëüþ HDP

Ñðàâíåíèå ARTM è HDP ïî âðåìåíè âû÷èñëåíèé

Ñðàâíåíèå âðåìåíè îäíîãî ïðîõîäà êîëëåêöèè (se)

ARTM â 100 ðàç áûñòðåå!

Vorontsov K. V., Potapenko A. A., Plavin A. V. Additive regularization of topi

models for topi seletion and sparse fatorization. SLDS 2015.
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

�àçðåæèâàþùèé ðåãóëÿðèçàòîð äëÿ îòáîðà òåì

Ýêñïåðèìåíòû íà ñèíòåòè÷åñêèõ äàííûõ

Ñðàâíåíèå ñ ìîäåëüþ HDP

Óäàëåíèå ëèíåéíî çàâèñèìûõ è ðàñùåïë¼ííûõ òåì

Äîáàâèëè 50 ëèíåéíûõ êîìáèíàöèé òåì â ìîäåëüíóþ Φ.
�àñùåïèëè 50 òåì, êàæäóþ íà äâå ïîäòåìû â ìîäåëüíîé Φ.

Óäàëÿþòñÿ ëèíåéíî çàâèñèìûå è ðàñùåïë¼ííûå òåìû

Îñòàþòñÿ íàèáîëåå ðàçëè÷íûå òåìû èñõîäíîé ìîäåëè.

Vorontsov K. V., Potapenko A. A., Plavin A. V. Additive regularization of topi

models for topi seletion and sparse fatorization. SLDS 2015.
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Îíëàéíîâûé ÅÌ-àëãîðèòì

×àñòî èñïîëüçóåìûå ðåãóëÿðèçàòîðû

Ïðîáëåìà îïòèìèçàöèè ÷èñëà òåì

�àçðåæèâàþùèé ðåãóëÿðèçàòîð äëÿ îòáîðà òåì

Ýêñïåðèìåíòû íà ñèíòåòè÷åñêèõ äàííûõ

Ñðàâíåíèå ñ ìîäåëüþ HDP

Âûâîäû ïî ðåçóëüòàòàì ýêñïåðèìåíòîâ

�åãóëÿðèçàòîð îòáîðà òåì óäàëÿåò íåçíà÷èìûå òåìû è

îïðåäåëÿåò îïòèìàëüíîå ÷èñëî òåì, åñëè îíî ñóùåñòâóåò

Óâû, â ðåàëüíûõ äàííûõ åãî íå ñóùåñòâóåò!

Îíî çàäà¼òñÿ èñõîäÿ èç öåëåé ìîäåëèðîâàíèÿ.

Çíà÷èò, íàäî èåðàðõè÷åñêè äðîáèòü òåìû íà ïîäòåìû,

ïóñòü ïîëüçîâàòåëü âûáèðàåò íóæíóþ åìó äåòàëèçàöèþ

Åñòü ïðîñòîé ìåòîä äëÿ óäàëåíèÿ ëèøíèõ òåì, íî

êàê äîáàâëÿòü òåìû â ARTM � ïîêà îòêðûòàÿ ïðîáëåìà

�åãóëÿðèçàòîð îòáîðà òåì èìååò ïîëåçíûé ïîáî÷íûé

ý��åêò, óäàëÿÿ ëèíåéíî çàâèñèìûå è ðàñùåïë¼ííûå òåìû

Ïî÷åìó ýòî ïðîèñõîäèò � îòêðûòàÿ ïðîáëåìà
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�åçþìå

�åãóëÿðèçàöèÿ � ñòàíäàðòíûé ïðè¼ì äëÿ ðåøåíèÿ

íåêîððåêòíî ïîñòàâëåííûõ çàäà÷

ARTM ïîçâîëÿåò êîìáèíèðîâàòü ðåãóëÿðèçàòîðû è

ñòðîèòü òåìàòè÷åñêèå ìîäåëè ñ òðåáóåìûìè ñâîéñòâàìè

Îíëàéíîâûé EM-àëãîðèòì ñïîñîáåí îáðàáàòûâàòü

áîëüøóþ êîëëåêöèþ çà îäèí ïðîõîä

BigARTM � ý��åêòèâíàÿ ðåàëèçàöèÿ ARTM

TopiNet � îá¼ðòêà íàä BigARTM äëÿ ýêñïåðèìåíòîâ

Ñãëàæèâàíèå + ðàçðåæèâàíèå + äåêîððåëèðîâàíèå �

íàèáîëåå ÷àñòî èñïîëüçóåìàÿ êîìáèíàöèÿ ðåãóëÿðèçàòîðîâ

Îïòèìàëüíîãî ÷èñëà òåì, ïîõîæå, íå ñóùåñòâóåò

Äðóãèå ðåãóëÿðèçàòîðû � â ñëåäóþùèõ ëåêöèÿõ
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