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ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Âåðîÿòíîñòü òåêñòà

×àñòî òðåáóåòñÿ îöåíèâàòü âåðîÿòíîñòü òåêñòà:
Àâòîìàòè÷åñêàÿ ãåíåðàöèÿ òåêñòà (÷àòáîòû),

Ìîäåëü êàíàëà ñâÿçè: t̂ = argmax p(t|s) = argmax p(s|t)p(t).

Íàïðèìåð, s � ïðåäëîæåíèå íà èñõîäíîì ÿçûêå, t � íà
öåëåâîì.
Èëè s � ïîñëåäîâàòåëüíîñòü ãðàôåì, t � ïîñëåäîâàòåëüíîñòü
ôîíåì.
s � ïîñëåäîâàòåëüíîñòü ñëîâ, t � ïîñëåäîâàòåëüíîñòü ìîðôî-
ëîãè÷åñêèõ ìåòîê

Âåçäå íóæíî ñ÷èòàòü p(t).
Ôîðìóëà óñëîâíîé âåðîÿòíîñòè:

p(w1 . . .wN) = p(w1)p(w2|w1)p(w3|w1w2) . . . p(wN |w1 . . .wN−1).
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Áàçîâàÿ ýíãðàììíàÿ ìîäåëü

Ïðåäïîëîæåíèå ýíãðàììíîé ìîäåëè: êàæäîå ñëîâî çàâèñèò

òîëüêî îò n − 1 ïðåäûäóùåãî.

p(wN |w1 . . .wN−1) = p(wN |wN−n+1 . . .wN−1)

×àùå âñåãî áåðóò n 6 3 (n = 1 � óíèãðàììû, n = 2 �

áèãðàììû, n = 3 � òðèãðàììû).
Êàê ñ÷èòàòü ýíãðàììíûå âåðîÿòíîñòè?

Íàèâíûé ïîäõîä: p(wn|w1,n−1) =
c(w1,n)

c(w1,n−1)
.

Çäåñü è äàëåå w1,n = w1 . . .wn.
Íåäîñòàòîê: íóëåâûå âåðîÿòíîñòè.
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Ïðèìåð

ÿ ÷èòàë 1864

ÿ ÷èòàë êíèãó 19
19

1864
≈ 0.010

ÿ ÷èòàë ãàçåòó 3
3

1864
≈ 0.002

ÿ ÷èòàë ëåêöèþ 11
11

1864
≈ 0.006

ÿ ÷èòàë äîêëàä 0
0

1864
= 0?

ÿ ÷èòàë èíñòðóêöèþ 0
0

1864
= 0?
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Àääèòèâíîå ñãëàæèâàíèå

Ìîæíî ïðèìåíèòü àääèòèâíîå ñãëàæèâàíèå:

p(tn|t1 . . . tn−1) =
c(t1 . . . tn−1tn) + α

c(t1 . . . tn−1•) + α|D|
,

ãäå D � ñëîâàðü (ìíîæåñòâî âîçìîæíûõ óíèãðàìì),

α > 0 � ñãëàæèâàþùåå ñëàãàåìîå

Òåïåðü óæå íåò íóëåâûõ âåðîÿòíîñòåé. Íî êàê âûáèðàòü

çíà÷åíèå α?
Ìàëåíüêàÿ α� ðèñê ïåðåïîäãîíêè ïîä îáó÷àþùóþ âûáîðêó.
Áîëüøàÿ α � íå ó÷èòûâàåì íàáëþäàåìûå âåðîÿòíîñòè.
Íóæíî ÷òî-òî ñðåäíåå, íà ÷¼ì äîñòèãàåòñÿ íàèëó÷øåå êà÷åñòâî.
Êñòàòè, à êàê ìåðèòü êà÷åñòâî?
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Ïåðïëåêñèÿ
Àëãîðèòì îïðåäåëåíèÿ êà÷åñòâà ÿçûêîâîé ìîäåëè:

Ðàçáèòü äàííûå íà îáó÷àþùóþ è êîíòðîëüíóþ âûáîðêó.

Ïîñòðîèòü ìîäåëü ïî îáó÷àþùåé âûáîðêå.
Ïîñ÷èòàòü ïåðïëåêñèþ íà êîíòðîëüíîé.

Ïåðïëåêñèÿ ìîäåëè M íà âûáîðêå W = [w1, . . . ,wN ]:
PPM(W ) = p(w1 . . .wN)

− 1

N

Äëÿ óíèãðàììíîé ìîäåëè

PPM(W ) = p(w1 . . .wN)
− 1

N = (
N∏
i

p(wi ))
− 1

N = (
|D|∏
j=1

p(w(j))
nj )−

1

N

log
2
PPM(W ) = − 1

N

∑
j=1

nj log2 p(w(j))

w(j) � j-îå ñëîâî â ñëîâàðå

Òî åñòü äëÿ óíèãðàììíîé ìîäåëè log
2
PPM(W ) � ýòî ñðåäíåå

çíà÷åíèå îòðèöàòåëüíîãî ëîãàðèôìà âåðîÿòíîñòè ñëîâà â òåêñòå.
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Èíòåðïîëÿöèÿ è îòêàò
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ðàçìåðà ñëîâàðÿ, ïîðÿäêà ýíãðàìì è ò. ä.)

ìåòîä íåãèáêèé, íå ó÷èòûâàåò èñòîðèþ t1 . . . tn−1.

Îñíîâíàÿ èäåÿ: áóäåì èñïîëüçîâàòü p(tn|t2 . . . tn−1) äëÿ âû-
÷èñëåíèÿ p(tn|t1 . . . tn−1), åñëè c(tn|t1 . . . tn−1) = 0.
Îáùàÿ èíòåðïîëÿöèîííàÿ ôîðìóëà:

pI (tn|t1 . . . tn−1) = λpC (tn|t1,n−1) + (1− λ)pI (tn|t2,n−1)

pC (tn|t1 . . . tn−1) =
c(t1 . . . tn−1tn)

c(t1 . . . tn−1•)
� �êîðïóñíàÿ� âåðîÿòíîñòü,

λ � êîýôôèöèåíò, âîîáùå ãîâîðÿ, çàâèñÿùèé îò t1 . . . tn−1.
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ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ïðèìåð

w1w2 w3 c(w1w2w3) p(w3|w1w2) w2 w3 c(w2w3) p(w3|w2)
ÿ ÷èòàë 1832 ÷èòàë 18149
ÿ ÷èòàë ãàçåòó 3 0.0016 ÷èòàë ãàçåòó 149 0.0082
ÿ ÷èòàë êíèãó 19 0.0103 ÷èòàë êíèãó 138 0.0076
ÿ ÷èòàë ëåêöèþ 11 0.0060 ÷èòàë ëåêöèþ 81 0.0045
ÿ ÷èòàë äîêëàä 0 0 ÷èòàë äîêëàä 22 0.0012

Ïðè λ = 0.5 ïîëó÷àåì

p(ãàçåòó|ÿ ÷èòàë) = 0.5 ∗ 0.0016+ 0.5 ∗ 0.0082 = 0.0049
p(äîêëàä|ÿ ÷èòàë) = 0.5 ∗ 0.0000+ 0.5 ∗ 0.0012 = 0.0006
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ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Èíòåðïîëÿöèÿ è îòêàò

Îáîçíà÷èì ti ,j = ti . . . tj .
Îáùàÿ èíòåðïîëÿöèîííàÿ ôîðìóëà:

pI (tn|t1,n−1) = λpC (tn|t1,n−1) + (1− λ)pI (tn|t2,n−1)

Ôîðìóëà îòêàòà (backo�):

pI (tn|t1 . . . tn−1) =

{
α(t1,n−1)pC (tn|t1,n−1), c(t1,n−1tn) > 0,

β(t1,n−1)pI (tn|t2,n−1), c(t1,n−1tn) = 0

×åì áîëüøå λ (α â ôîðìóëå îòêàòà), òåì áîëüøå ìû äîâåðÿ-

åì èñòîðèè t1,n−1.
Ìíîãî ñëó÷àéíûõ ïðîäîëæåíèé ó t1,n−1 � λ ìàëî.
Ïðîäîëæåíèé ìàëî è îíè ÷àñòîòíûå � λ ≈ 1
β ïîäáèðàþò, ÷òîáû ñóììà âåðîÿòíîñòåé ïîëó÷èëàñü 1.
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Ìåòîä Óèòòåíà-Áåëëà
Ìåòîä Óèòòåíà-Áåëëà:

pI (tn|t1,n−1) = λpc(tn|t1,n−1) + (1− λ)pI (tn|t2,n−1)

λ =
c(t1 . . . tn−1�)

c(t1 . . . tn−1�) + N1+(t1 . . . tn−1)
N1+(t1 . . . tn−1) = |{t|c(t1 . . . tn−1t) > 0}
N1+(t1 . . . tn−1) � �÷èñëî ïðîäîëæåíèé�

Ïðèìåð (áðèòàíñêèé íàöèîíàëüíûé êîðïóñ):

w1 c(w1�)N1+(w1)N3+(w1) λ(w1) 1− λ(w1)

spite 2899 59 15
2899

2899+ 59
= 0.980 0.02

stupid 2898 602 117
2898

2898+ 602
= 0.828 0.172

Óíèãðàììíàÿ ìîäåëü äëÿ stupid â 86 ðàç áîëåå çíà÷èìà, ÷åì äëÿ
spite.
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ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ìåòîä Êíåçåðà-Íåÿ

Ìåòîä Óèòòåíà-Áåëëà ó÷èòûâàåò êîëè÷åñòâî âîçìîæíûõ ïðà-

âûõ ïðîäîëæåíèé.

Ìîæíî ó÷èòûâàòü è ëåâûå:

ïðåäøåñòâåííèêîì ñëîâà York ïðàêòè÷åñêè âñåãäà áóäåò ñëîâî
New .
ñîîòâåòñòâåííî, p(York|w) ≈ 0 ïðè w 6= new.

ïðè ýòîì pUNI (York) =
c(York)

N
äîñòàòî÷íî âåëèêà.

Â ìåòîäå Êíåçåðà-Íåÿ óíèãðàììíàÿ âåðîÿòíîñòü ñ÷èòàåòñÿ

ïî ôîðìóëå

pKN(w) =
N1+(•w)∑

w ′
N1+(•w ′)

N1+(•w) = |{w1|c(w1w) > 0}| � ÷èñëî ëåâûõ

ïðîäîëæåíèé
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Ìåòîä Êíåçåðà-Íåÿ

Äëÿ ïåðåðàñïðåäåëåíèÿ âåðîÿòíîñòåé íà íîâûå ñëîâà èñïîëü-

çóåòñÿ äèñêîíòèðîâàíèå (èç âñåõ ñ÷¼ò÷èêîâ âû÷èòàåòñÿ δ).

p0(tn|t1,n−1) =
c(t1,n−1tn)− δ
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Ìåòîä Êíåçåðà-Íåÿ
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Y =

N1

N1 + 2N2

Çäåñü δi � äèñêîíò äëÿ ñ÷¼ò÷èêîâ, ðàâíûõ i , Ni � ÷èñëî

ýíãðàìì ÷àñòîòû i .
Â ñëó÷àå ëåêñè÷åñêèõ ýíãðàìì ìåòîä Êíåçåðà-Íåÿ íàèáîëåå

ìîùíûé.
Íåäîñòàòîê: ðàáîòàåò òîëüêî â ñëó÷àå N1 > N2 > N3 . . .,
ïîýòîìó ïëîõî ïðèìåíèì ê ñèìâîëüíûì è ìîðôîëîãè÷åñêèì
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Èíòåðïîëÿöèÿ ÷åðåç óäàëåíèå

Â ìîðôîëîãè÷åñêîì àíàëèçàòîðå TnT èñïîëüçóåòñÿ òðèãðàìì-

íàÿ ìîäåëü äëÿ ìîðôîëîãè÷åñêèõ ìåòîê, îñíîâàííàÿ íà èí-

òåðïîëÿöèè ÷åðåç óäàëåíèå:

p(t3|t1t2) = µ3pC (t3|t1t2) + µ2pC (t3|t2) + µ1pC (t3)

Ìåòîä âû÷èñëåíèÿ µ1, µ2, µ3:

Äëÿ êàæäîé òðèãðàììû t1t2t3 â êîðïóñå âû÷èñëèòü âåëè÷èíû

f3 =
c(t1t2t3)− 1

c(t1t2•)
, f2 =

c(t2t3)− 1

c(t2•)
, f1 =

c(t3)− 1

c(•)
.

Óâåëè÷èòü µk , ãäå k = argmaxj fj .

Åñëè íå âû÷èòàòü 1, ìåòîä ïåðåîáó÷àåòñÿ (ñëèøêîì áîëüøîé

âåñ ó òðèãðàìì).
Ýòîò ìåòîä íå ïîçâîëÿåò ó÷èòûâàòü ìåòêè, íå âñòðå÷àâøèåñÿ

â êîðïóñå, ìîæíî äîáàâèòü ê p(t3|t1t2) ñëàãàåìîå µ0 1
|D| .

µ0 óâåëè÷èâàåì, åñëè max
j

fj = 0.
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âåñ ó òðèãðàìì).
Ýòîò ìåòîä íå ïîçâîëÿåò ó÷èòûâàòü ìåòêè, íå âñòðå÷àâøèåñÿ

â êîðïóñå, ìîæíî äîáàâèòü ê p(t3|t1t2) ñëàãàåìîå µ0 1
|D| .

µ0 óâåëè÷èâàåì, åñëè max
j

fj = 0.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Èíòåðïîëÿöèÿ ÷åðåç óäàëåíèå

Â ìîðôîëîãè÷åñêîì àíàëèçàòîðå TnT èñïîëüçóåòñÿ òðèãðàìì-

íàÿ ìîäåëü äëÿ ìîðôîëîãè÷åñêèõ ìåòîê, îñíîâàííàÿ íà èí-

òåðïîëÿöèè ÷åðåç óäàëåíèå:

p(t3|t1t2) = µ3pC (t3|t1t2) + µ2pC (t3|t2) + µ1pC (t3)

Ìåòîä âû÷èñëåíèÿ µ1, µ2, µ3:
Äëÿ êàæäîé òðèãðàììû t1t2t3 â êîðïóñå âû÷èñëèòü âåëè÷èíû

f3 =
c(t1t2t3)− 1

c(t1t2•)
, f2 =

c(t2t3)− 1

c(t2•)
, f1 =

c(t3)− 1

c(•)
.

Óâåëè÷èòü µk , ãäå k = argmaxj fj .

Åñëè íå âû÷èòàòü 1, ìåòîä ïåðåîáó÷àåòñÿ (ñëèøêîì áîëüøîé

âåñ ó òðèãðàìì).
Ýòîò ìåòîä íå ïîçâîëÿåò ó÷èòûâàòü ìåòêè, íå âñòðå÷àâøèåñÿ

â êîðïóñå, ìîæíî äîáàâèòü ê p(t3|t1t2) ñëàãàåìîå µ0 1
|D| .

µ0 óâåëè÷èâàåì, åñëè max
j

fj = 0.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Èíòåðïîëÿöèÿ ÷åðåç óäàëåíèå

Â ìîðôîëîãè÷åñêîì àíàëèçàòîðå TnT èñïîëüçóåòñÿ òðèãðàìì-

íàÿ ìîäåëü äëÿ ìîðôîëîãè÷åñêèõ ìåòîê, îñíîâàííàÿ íà èí-

òåðïîëÿöèè ÷åðåç óäàëåíèå:

p(t3|t1t2) = µ3pC (t3|t1t2) + µ2pC (t3|t2) + µ1pC (t3)

Ìåòîä âû÷èñëåíèÿ µ1, µ2, µ3:
Äëÿ êàæäîé òðèãðàììû t1t2t3 â êîðïóñå âû÷èñëèòü âåëè÷èíû

f3 =
c(t1t2t3)− 1

c(t1t2•)
, f2 =

c(t2t3)− 1

c(t2•)
, f1 =

c(t3)− 1

c(•)
.

Óâåëè÷èòü µk , ãäå k = argmaxj fj .

Åñëè íå âû÷èòàòü 1, ìåòîä ïåðåîáó÷àåòñÿ (ñëèøêîì áîëüøîé

âåñ ó òðèãðàìì).
Ýòîò ìåòîä íå ïîçâîëÿåò ó÷èòûâàòü ìåòêè, íå âñòðå÷àâøèåñÿ

â êîðïóñå, ìîæíî äîáàâèòü ê p(t3|t1t2) ñëàãàåìîå µ0 1
|D| .

µ0 óâåëè÷èâàåì, åñëè max
j

fj = 0.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Èíòåðïîëÿöèÿ ÷åðåç óäàëåíèå

Â ìîðôîëîãè÷åñêîì àíàëèçàòîðå TnT èñïîëüçóåòñÿ òðèãðàìì-

íàÿ ìîäåëü äëÿ ìîðôîëîãè÷åñêèõ ìåòîê, îñíîâàííàÿ íà èí-

òåðïîëÿöèè ÷åðåç óäàëåíèå:

p(t3|t1t2) = µ3pC (t3|t1t2) + µ2pC (t3|t2) + µ1pC (t3)

Ìåòîä âû÷èñëåíèÿ µ1, µ2, µ3:
Äëÿ êàæäîé òðèãðàììû t1t2t3 â êîðïóñå âû÷èñëèòü âåëè÷èíû

f3 =
c(t1t2t3)− 1

c(t1t2•)
, f2 =

c(t2t3)− 1

c(t2•)
, f1 =

c(t3)− 1

c(•)
.

Óâåëè÷èòü µk , ãäå k = argmaxj fj .

Åñëè íå âû÷èòàòü 1, ìåòîä ïåðåîáó÷àåòñÿ (ñëèøêîì áîëüøîé

âåñ ó òðèãðàìì).
Ýòîò ìåòîä íå ïîçâîëÿåò ó÷èòûâàòü ìåòêè, íå âñòðå÷àâøèåñÿ

â êîðïóñå, ìîæíî äîáàâèòü ê p(t3|t1t2) ñëàãàåìîå µ0 1
|D| .

µ0 óâåëè÷èâàåì, åñëè max
j

fj = 0.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ïðàêòè÷åñêàÿ ðåàëèçàöèÿ ýíãðàììíûõ ìîäåëåé

Ââåäåíèå

Ïðîãðàììû äëÿ ïîñòðîåíèÿ ýíãðàììíûõ ìîäåëåé: KenLM

(Linux, åñòü Python-èíòåðôåéñ), SRILM (Linux, Windows, åñòü

Python-èíòåðôåéñ), IRSTLM, MITLM.

Îïòèìàëüíàÿ ñòðóêòóðà � ïðåôèêñíûé áîð.
Áîð äëÿ ñëîâà abcacaba è n = 3:

a
a
b

c
a

c
a

c

a b

b

c a
a
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íèòü â âåðøèíå t1 . . . tn.

Äëÿ íà÷àëà ìîæíî àêêóìóëèðîâàòü ñ÷¼ò÷èêè, à ïîòîì ïîñ÷è-

òàòü âåðîÿòíîñòè ïðîõîäîì ïî äåðåâó îò êîðíÿ ê ëèñòüÿì.
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Ïîñ÷èòàåì âåðîÿòíîñòè ïî ìåòîäó Óèòòåíà-Áåëëà, íà÷èíàÿ

ñ âåðøèí íà ãëóáèíå 1.
Áóäåì ñ÷èòàòü, ÷òî äëÿ óíèãðàìì ñãëàæèâàþùàÿ ôîðìóëà

èìååò âèä:
P(t) = λ

c(t)

c(•)
+ (1− λ)P(ε),

λ =

∑
t
c(t)∑

t
c(t) + N1+(•)

=
c(•)

c(•) + N1+(•)

P(ε) =
1

|D|
=

1

N1+(•)
, |D| � ðàçìåð ñëîâàðÿ

Îêîí÷àòåëüíî ïîëó÷àåì P(t) =
c(t) + 1

c(•) + |D|
,

òî åñòü P(a) =
5+ 1

13+ 3
=

3

8
.
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c(a•)

c(a•) + N1+(a)
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5

8
.

Òîãäà p(a|a) = 5

8

c(aa)

c(a•)
+

3

8
p(a) =

5 · 1
8 · 5

+
3 · 3
8 · 8

≈ 0.2656.

Àíàëîãè÷íî p(b|a) = p(c |a) = 5 · 2
8 · 5

+
3 · 5
8 · 16

≈ 0.3672.
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Ïîäñ÷¼ò âåðîÿòíîñòåé

Äëÿ êàæäîé âñòðåòèâøåéñÿ n-ãðàììû t1 . . . tn â áîðå õðàíèòñÿ
âåðîÿòíîñòü p(tn|t1,n−1).

×òî äåëàòü, åñëè ýíãðàììà t1 . . . tn íå âñòðå÷àëàñü ?
Â ýòîì ñëó÷àå P(tn|t1,n−1) = β(t1,n−1)P(tn|t2,n−1).
Òî åñòü â êàæäîé âåðøèíå íóæíî õðàíèòü è ìíîæèòåëè äëÿ

îòêàòà.
Ïðè ïîäñ÷¼òå âåðîÿòíîñòè ìû ïîñòåïåííî îòðåçàåì íà÷àëü-

íûå ñëîâà ó èñòîðèè t1,n−1. ïîêà íå ïîëó÷èì èñòîðèþ,

êîòîðàÿ äîïóñêàåò tn â êà÷åñòâå ïðîäîëæåíèÿ.
Ïðè ýòîì β � ìóëüòèïëèêàòèâíûé øòðàô çà ïåðåõîä ê áîëåå

êîðîòêîé èñòîðèè.
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Àëãîðèòì âû÷èñëåíèÿ âåðîÿòíîñòåé
1: function getProb(history, word)
2: . íàõîäèì ñàìûé äëèííûé ñóôôèêñ history, èìåþùèéñÿ â äåðåâå
3: history← longest_su�x(history)
4: prob← 1
5: while history 6= [] do
6: if hasChild(history, word) then

7: . Óìíîæàåì íà âåðîÿòíîñòü p(word|history)
8: prob ∗= getChild(history,word).prob
9: return(prob)
10: else

11: history← history[1 :] . Ïåðåõîäèì ê áîëåå êîðîòêîé èñòîðèè
12: prob ∗= history.backo� . Óìíîæàåì íà β(history)
13: end if

14: end while

15: . Òåïåðü èñòîðèÿ ïóñòà
16: if hasChild(history, word) then

17: prob ∗= getChild(history,word).prob
18: else

19: prob ∗= getUnknownWordProb() . Âñòðåòèëè íåèçâåñòíîå ñëîâî
20: end if

21: return(prob)
22: end function
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Ïðèìåíåíèÿ ÿçûêîâûõ ìîäåëåé

Ïðèìåíåíèå ÿçûêîâûõ ìîäåëåé:

Àâòîìàòè÷åñêèé ïåðåâîä
(p(s) â ôîðìóëå t̂ = argmaxt p(s|t)p(t)),

Âû÷èñëèòåëüíàÿ ôîíîëîãèÿ (ðàñïîçíàâàíèå ðå÷è è ò. ä.),
Âû÷èñëèòåëüíàÿ ìîðôîëîãèÿ (âû÷èñëåíèå âåðîÿòíîñòè ïî-
ñëåäîâàòåëüíîñòè ñîñòîÿíèé).

Ñâîéñòâà ÿçûêîâûõ ìîäåëåé:

Áîëüøîå êîëè÷åñòâî ïàðàìåòðîâ (äëÿ ìîäåëåé ãëóáèíû n �
ïîðÿäêà |D|n).
Áîëüøîå êîëè÷åñòâî ðåäêèõ èëè íåèçâåñòíûõ ñëîâ
(äëÿ ëåêñè÷åñêèõ ýíãðàìì).
Áîëüøàÿ ãëóáèíà ìîäåëè (â ìîðôîëîãèè/ôîíîëîãèè, n =
8).
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Íåäîñòàòêè ýíãðàììíûõ ìîäåëåé

Òðóäíîñòè èñïîëüçîâàíèÿ ÿçûêîâûõ ìîäåëåé:

Áîëüøèå çàòðàòû ïàìÿòè, íåîáõîäèìû ýôôåêòèâíûå ñòðóêòó-
ðû äàííûõ.

Â ëåêñè÷åñêèõ ìîäåëÿõ ìíîãî ðåäêèõ ñëîâ (çàêîí Öèïôà),
êîòîðûå íå âëèÿþò íà ñâîéñòâà ìîäåëè, íî çàíèìàþò ìíîãî
ïàìÿòè.
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Íåëüçÿ ó÷åñòü èñòîðèþ áîëüøîé ãëóáèíû (ëåêñè÷åñêèå ìîäåëè).
Íå ó÷èòûâàþòñÿ äèñòàíòíûå è ðàçðûâíûå çàâèñèìîñòè (â
òðèãðàììå PREP ADJ N íå ó÷èòûâàåòñÿ çàâèñèìîñòü ñó-
ùåñòâèòåëüíîãî îò ïðåäëîãà).
Ýëåìåíòû ýíãðàììû ïðåäñòàâëÿþòñÿ êàê åäèíîå öåëîå (íå
ó÷èòûâàþòñÿ ãðàììåìû âíóòðè ìîðôîëîãè÷åñêîé ìåòêè).
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Ìîäèôèêàöèè ýíãðàììíûõ ìîäåëåé

Íåäîñòàòêè ýíãðàììíîãî ìåòîäà:

Â ëåêñè÷åñêèõ ìîäåëÿõ ìíîãî ðåäêèõ ñëîâ.
Ðåøåíèå: ðàçáèâàòü ñëîâà íà êëàññû (íàïðèìåð, âñå ñëîâà
÷àñòîòû 1 ïîïàäóò â 1 êëàññ, Brown et al., 1992).

Íå ó÷èòûâàþòñÿ äèñòàíòíûå è ðàçðûâíûå çàâèñèìîñòè.
Ðåøåíèå: ñêèïãðàììû (ïðè c(w1w2w) = 0 äëÿ âû÷èñëåíèÿ
p(w |w1w2) èñïîëüçóþò c(w1 • w) è c(w2w)).
Ýëåìåíòû ýíãðàììû ïðåäñòàâëÿþòñÿ êàê åäèíîå öåëîå.
Ðåøåíèå: ôàêòîðíûå ìîäåëè (êàæäîå ñëîâî w ïðåäñòàâëÿåòñÿ
êàê ñîâîêóïíîñòü ôàêòîðîâ f1(w), . . . , fm(w), Kirchho�, Blimes,
2003).
Óñëîâíûå âåðîÿòíîñòè îöåíèâàþòñÿ �íàèâíî�.
Ðåøåíèå: èñïîëüçîâàòü ïðè îöåíêå âåðîÿòíîñòåé â ôàêòîðíûõ
ìîäåëÿõ ìàøèííîå îáó÷åíèå.
Ðåøåíèå äëÿ âñåõ ïðîáëåì: ìîäåëè, îñíîâàííûå íà íåéðîííûõ
ñåòÿõ (Mikolov, 2013; Ling et al., 2016; Bojanowski et al., 2016, etc.)

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ìîäèôèêàöèè ýíãðàììíûõ ìîäåëåé

Íåäîñòàòêè ýíãðàììíîãî ìåòîäà:

Â ëåêñè÷åñêèõ ìîäåëÿõ ìíîãî ðåäêèõ ñëîâ.
Ðåøåíèå: ðàçáèâàòü ñëîâà íà êëàññû (íàïðèìåð, âñå ñëîâà
÷àñòîòû 1 ïîïàäóò â 1 êëàññ, Brown et al., 1992).
Íå ó÷èòûâàþòñÿ äèñòàíòíûå è ðàçðûâíûå çàâèñèìîñòè.
Ðåøåíèå: ñêèïãðàììû (ïðè c(w1w2w) = 0 äëÿ âû÷èñëåíèÿ
p(w |w1w2) èñïîëüçóþò c(w1 • w) è c(w2w)).

Ýëåìåíòû ýíãðàììû ïðåäñòàâëÿþòñÿ êàê åäèíîå öåëîå.
Ðåøåíèå: ôàêòîðíûå ìîäåëè (êàæäîå ñëîâî w ïðåäñòàâëÿåòñÿ
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êîíòåêñòíóþ âåðîÿòíîñòü.

p(ïÿòíèöó|ÿ óåçæàþ â) ≈ p(÷åòâåðã|ÿ óåçæàþ â)

Áóäåì ñ÷èòàòü, ÷òî êàæäîå ñëîâî æ¼ñòêî îòíîñèòñÿ ê ñâîåìó

êëàññó.
Äîïîëíèòåëüíî áóäåì ñ÷èòàòü, ÷òî ýíãðàììíûå âåðîÿòíîñòè
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p(cn|c1,n−1) � ýíãðàììíûå âåðîÿòíîñòè äëÿ êëàññîâ (ñ÷èòà-

þòñÿ ñòàíäàðòíûì îáðàçîì).
p(wn|cn) � âåðîÿòíîñòü ñëîâà â ñâî¼ì êëàññå.
Îñíîâíàÿ ïðîáëåìà: êàê äåëèòü íà êëàññû.
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ñâîåìó êëàñòåðó.
Íà êàæäîì øàãå ðàññìàòðèâàòü ñëåäóþùåå ñëîâî èç ñëîâàðÿ
â êà÷åñòâå îäíîýëåìåíòíîãî êëàñòåðà.
Ïîñëå ýòîãî îáúåäèíèòü êàêèå-òî äâà êëàñòåðà îïòèìàëüíûì
îáðàçîì.
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ïóñà áûëà ìàêñèìàëüíîé.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ýíãðàììíûå ìîäåëè, îñíîâàííûå íà êëàññàõ

Ìîæíî èñïîëüçîâàòü çàðàíåå èçâåñòíîå ðàçäåëåíèå íà ñåìàí-

òè÷åñêèå êëàññû.
Ìîæíî ïðîâåñòè êëàñòåðèçàöèþ äèñòðèáóòèâíûõ âåêòîðîâ

è èñïîëüçîâàòü ïîëó÷èâøèåñÿ êëàñòåðû.
Îäíàêî ÷àùå âñåãî êëàññû âû÷èñëÿþòñÿ ïàðàëëåëüíî ñ îáó-

÷åíèåì ìîäåëè.

Àëãîðèòì Áðàóíà äëÿ ðàçäåëåíèÿ íà k êëàñòåðîâ:

Âíà÷àëå îòíåñòè êàæäîå èç k íàèáîëåå ÷àñòîòíûõ ñëîâ ê
ñâîåìó êëàñòåðó.
Íà êàæäîì øàãå ðàññìàòðèâàòü ñëåäóþùåå ñëîâî èç ñëîâàðÿ
â êà÷åñòâå îäíîýëåìåíòíîãî êëàñòåðà.
Ïîñëå ýòîãî îáúåäèíèòü êàêèå-òî äâà êëàñòåðà îïòèìàëüíûì
îáðàçîì.

Îïòèìàëüíî çíà÷èò òàê, ÷òîáû âåðîÿòíîñòü îáó÷àþùåãî êîð-

ïóñà áûëà ìàêñèìàëüíîé.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ýíãðàììíûå ìîäåëè, îñíîâàííûå íà êëàññàõ

Ìîæíî èñïîëüçîâàòü çàðàíåå èçâåñòíîå ðàçäåëåíèå íà ñåìàí-

òè÷åñêèå êëàññû.
Ìîæíî ïðîâåñòè êëàñòåðèçàöèþ äèñòðèáóòèâíûõ âåêòîðîâ

è èñïîëüçîâàòü ïîëó÷èâøèåñÿ êëàñòåðû.
Îäíàêî ÷àùå âñåãî êëàññû âû÷èñëÿþòñÿ ïàðàëëåëüíî ñ îáó-

÷åíèåì ìîäåëè.
Àëãîðèòì Áðàóíà äëÿ ðàçäåëåíèÿ íà k êëàñòåðîâ:

Âíà÷àëå îòíåñòè êàæäîå èç k íàèáîëåå ÷àñòîòíûõ ñëîâ ê
ñâîåìó êëàñòåðó.

Íà êàæäîì øàãå ðàññìàòðèâàòü ñëåäóþùåå ñëîâî èç ñëîâàðÿ
â êà÷åñòâå îäíîýëåìåíòíîãî êëàñòåðà.
Ïîñëå ýòîãî îáúåäèíèòü êàêèå-òî äâà êëàñòåðà îïòèìàëüíûì
îáðàçîì.

Îïòèìàëüíî çíà÷èò òàê, ÷òîáû âåðîÿòíîñòü îáó÷àþùåãî êîð-

ïóñà áûëà ìàêñèìàëüíîé.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ýíãðàììíûå ìîäåëè, îñíîâàííûå íà êëàññàõ

Ìîæíî èñïîëüçîâàòü çàðàíåå èçâåñòíîå ðàçäåëåíèå íà ñåìàí-

òè÷åñêèå êëàññû.
Ìîæíî ïðîâåñòè êëàñòåðèçàöèþ äèñòðèáóòèâíûõ âåêòîðîâ

è èñïîëüçîâàòü ïîëó÷èâøèåñÿ êëàñòåðû.
Îäíàêî ÷àùå âñåãî êëàññû âû÷èñëÿþòñÿ ïàðàëëåëüíî ñ îáó-

÷åíèåì ìîäåëè.
Àëãîðèòì Áðàóíà äëÿ ðàçäåëåíèÿ íà k êëàñòåðîâ:

Âíà÷àëå îòíåñòè êàæäîå èç k íàèáîëåå ÷àñòîòíûõ ñëîâ ê
ñâîåìó êëàñòåðó.
Íà êàæäîì øàãå ðàññìàòðèâàòü ñëåäóþùåå ñëîâî èç ñëîâàðÿ
â êà÷åñòâå îäíîýëåìåíòíîãî êëàñòåðà.

Ïîñëå ýòîãî îáúåäèíèòü êàêèå-òî äâà êëàñòåðà îïòèìàëüíûì
îáðàçîì.

Îïòèìàëüíî çíà÷èò òàê, ÷òîáû âåðîÿòíîñòü îáó÷àþùåãî êîð-

ïóñà áûëà ìàêñèìàëüíîé.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ýíãðàììíûå ìîäåëè, îñíîâàííûå íà êëàññàõ

Ìîæíî èñïîëüçîâàòü çàðàíåå èçâåñòíîå ðàçäåëåíèå íà ñåìàí-

òè÷åñêèå êëàññû.
Ìîæíî ïðîâåñòè êëàñòåðèçàöèþ äèñòðèáóòèâíûõ âåêòîðîâ

è èñïîëüçîâàòü ïîëó÷èâøèåñÿ êëàñòåðû.
Îäíàêî ÷àùå âñåãî êëàññû âû÷èñëÿþòñÿ ïàðàëëåëüíî ñ îáó-

÷åíèåì ìîäåëè.
Àëãîðèòì Áðàóíà äëÿ ðàçäåëåíèÿ íà k êëàñòåðîâ:

Âíà÷àëå îòíåñòè êàæäîå èç k íàèáîëåå ÷àñòîòíûõ ñëîâ ê
ñâîåìó êëàñòåðó.
Íà êàæäîì øàãå ðàññìàòðèâàòü ñëåäóþùåå ñëîâî èç ñëîâàðÿ
â êà÷åñòâå îäíîýëåìåíòíîãî êëàñòåðà.
Ïîñëå ýòîãî îáúåäèíèòü êàêèå-òî äâà êëàñòåðà îïòèìàëüíûì
îáðàçîì.

Îïòèìàëüíî çíà÷èò òàê, ÷òîáû âåðîÿòíîñòü îáó÷àþùåãî êîð-

ïóñà áûëà ìàêñèìàëüíîé.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè

Îáùàÿ ôîðìóëà îòêàòà:

pBO(wn|w1,n−1) =

α(w1,n−1)
c(w1,n−1wn)

c(w1,n−1•)
, c(w1,n−1wn) > 0,

β(w1,n−1)pBO(wn|w2,n−1), c(w1,n−1wn) = 0

Ñõåìàòè÷åñêè ýòî ìîæíî èçîáðàçèòü êàê (n = 2)

w1w2

pML(w3|w1w2)
α, β

w2

pML(w3|w2)
α, β

pML(w3)
α, β

p(w3|w2) p(w3)

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè

Îáùàÿ ôîðìóëà îòêàòà:

pBO(wn|w1,n−1) =

α(w1,n−1)
c(w1,n−1wn)

c(w1,n−1•)
, c(w1,n−1wn) > 0,

β(w1,n−1)pBO(wn|w2,n−1), c(w1,n−1wn) = 0

Ñõåìàòè÷åñêè ýòî ìîæíî èçîáðàçèòü êàê (n = 2)

w1w2

pML(w3|w1w2)
α, β

w2

pML(w3|w2)
α, β

pML(w3)
α, β

p(w3|w2) p(w3)

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè
Îáû÷íàÿ ýíãðàììíàÿ ìîäåëü (n = 2):

w1w2

pML(w3|w1w2)
α, β

w2

pML(w3|w2)
α, β

pML(w3)
α, β

p(w3|w2) p(w3)

Ðàçðåøèì âåðøèíå èìåòü íåñêîëüêî ïðåäêîâ

w1w2

pML(w3|w1w2)
α, β

w2

pML(w3|w2)
α, β

w1

pML(w3|w1•)
α, β

pML(w3)
α, β

p(w3|w2)

p(w
3 |w

1•)

p(w
3)

p(w3)

Êàê îïèñàòü ìàòåìàòè÷åñêè?

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè
Îáû÷íàÿ ýíãðàììíàÿ ìîäåëü (n = 2):

w1w2

pML(w3|w1w2)
α, β

w2

pML(w3|w2)
α, β

pML(w3)
α, β

p(w3|w2) p(w3)

Ðàçðåøèì âåðøèíå èìåòü íåñêîëüêî ïðåäêîâ

w1w2

pML(w3|w1w2)
α, β

w2

pML(w3|w2)
α, β

w1

pML(w3|w1•)
α, β

pML(w3)
α, β

p(w3|w2)

p(w
3 |w

1•)

p(w
3)

p(w3)

Êàê îïèñàòü ìàòåìàòè÷åñêè?

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè
Îáû÷íàÿ ýíãðàììíàÿ ìîäåëü (n = 2):

w1w2

pML(w3|w1w2)
α, β

w2

pML(w3|w2)
α, β

pML(w3)
α, β

p(w3|w2) p(w3)

Ðàçðåøèì âåðøèíå èìåòü íåñêîëüêî ïðåäêîâ

w1w2

pML(w3|w1w2)
α, β

w2

pML(w3|w2)
α, β

w1

pML(w3|w1•)
α, β

pML(w3)
α, β

p(w3|w2)

p(w
3 |w

1•)

p(w
3)

p(w3)

Êàê îïèñàòü ìàòåìàòè÷åñêè?

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè

w1w2

pML(w3|w1w2)
α, β

w2

pML(w3|w2)
α, β

w1

pML(w3|w1•)
α, β

pML(w3)
α, β

p(w3|w2)

p(w
3 | • w

1)

p(w
3)

p(w3)

Â ýòîì ñëó÷àå p(w3|w1w2) çàäà¼òñÿ ôîðìóëîé

p(w3|w1w2) =

α(w1,2)
c(w1,2w3)

c(w1,2•)
, c(w1,2wn) > 0,

β(w1,w2)g(pBO(w3|w2), pBO(w3|w1•)), èíà÷å

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè

Îáùàÿ ôîðìóëà:

p(w3|w1w2) =

α(w1,2)
c(w1,2w3)

c(w1,2•)
, c(w1,2wn) > 0,

β(w1,w2)g(pBO(w3|w2), pBO(w3|w1•)),èíà÷å

α(w1,2) � ñãëàæèâàþùèé ìíîæèòåëü (êàê â îáû÷íûõ ìåòîäàõ),
β(w1,w2)� ïîïðàâî÷íûé ìíîæèòåëü (÷òîáû ñóììà âåðîÿòíîñòåé
ðàâíÿëàñü 1)
g � àãðåãèðóþùàÿ ôóíêöèÿ (ìàêñèìóì, ïðîèçâåäåíèå, âçâåøåí-
íàÿ ñóììà...)

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè

Îáùàÿ ôîðìóëà:

p(w3|w1w2) =

α(w1,2)
c(w1,2w3)

c(w1,2•)
, c(w1,2wn) > 0,

β(w1,w2)g(pBO(w3|w2), pBO(w3|w1•)),èíà÷å

α(w1,2) � ñãëàæèâàþùèé ìíîæèòåëü (êàê â îáû÷íûõ ìåòîäàõ),

β(w1,w2)� ïîïðàâî÷íûé ìíîæèòåëü (÷òîáû ñóììà âåðîÿòíîñòåé
ðàâíÿëàñü 1)
g � àãðåãèðóþùàÿ ôóíêöèÿ (ìàêñèìóì, ïðîèçâåäåíèå, âçâåøåí-
íàÿ ñóììà...)

Àëåêñåé Àíäðååâè÷ Ñîðîêèí
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ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè

Îáùàÿ ôîðìóëà:

p(w3|w1w2) =

α(w1,2)
c(w1,2w3)

c(w1,2•)
, c(w1,2wn) > 0,

β(w1,w2)g(pBO(w3|w2), pBO(w3|w1•)),èíà÷å

α(w1,2) � ñãëàæèâàþùèé ìíîæèòåëü (êàê â îáû÷íûõ ìåòîäàõ),
β(w1,w2)� ïîïðàâî÷íûé ìíîæèòåëü (÷òîáû ñóììà âåðîÿòíîñòåé
ðàâíÿëàñü 1)

g � àãðåãèðóþùàÿ ôóíêöèÿ (ìàêñèìóì, ïðîèçâåäåíèå, âçâåøåí-
íàÿ ñóììà...)

Àëåêñåé Àíäðååâè÷ Ñîðîêèí
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ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè

Îáùàÿ ôîðìóëà:

p(w3|w1w2) =

α(w1,2)
c(w1,2w3)

c(w1,2•)
, c(w1,2wn) > 0,

β(w1,w2)g(pBO(w3|w2), pBO(w3|w1•)),èíà÷å

α(w1,2) � ñãëàæèâàþùèé ìíîæèòåëü (êàê â îáû÷íûõ ìåòîäàõ),
β(w1,w2)� ïîïðàâî÷íûé ìíîæèòåëü (÷òîáû ñóììà âåðîÿòíîñòåé
ðàâíÿëàñü 1)
g � àãðåãèðóþùàÿ ôóíêöèÿ (ìàêñèìóì, ïðîèçâåäåíèå, âçâåøåí-
íàÿ ñóììà...)

Àëåêñåé Àíäðååâè÷ Ñîðîêèí
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ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè

Ñ ïîìîùüþ ôàêòîðîâ ìîæíî çàäàâàòü çàâèñèìîñòü îò ïðî-

èçâîëüíîãî èç ïîñëåäíèõ k ñëîâ.

Îäíàêî ôàêòîðû íåîáÿçàòåëüíî ñîîòâåòñòâóþò îòäåëüíûì

ñëîâàì.
Èìè ìîæíî çàäàâàòü ìîðôîëîãè÷åñêèå êàòåãîðèè èëè îñíî-

âû (äëÿ ñëó÷àÿ ñëîâ), ôîíåòè÷åñêèå êëàññû (äëÿ ôîíåì),

÷àñòü ðå÷è èëè îòäåëüíûå ãðàììåìû (äëÿ ìîðôîëîãè÷åñêèõ

ìåòîê).
Íàïðèìåð, ñëåäóþùàÿ áèãðàììíàÿ ìîäåëü ñíà÷àëà ñìîòðèò

íà ñëîâî w1, ïîòîì íà ìåòêó t1, ïîòîì íà ÷àñòü ðå÷è c1.

w1, t1, c1

pML(w2|w1, t1, c1)
α, β

t1, c1

pML(w2|t1, c1)
α, β

c1

pML(w2|c1)
α, β

pML(w2)
α, β

p(w2|t1, c1) p(w2|c1) p(w2)

Àëåêñåé Àíäðååâè÷ Ñîðîêèí
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ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè

Ñ ïîìîùüþ ôàêòîðîâ ìîæíî çàäàâàòü çàâèñèìîñòü îò ïðî-

èçâîëüíîãî èç ïîñëåäíèõ k ñëîâ.
Îäíàêî ôàêòîðû íåîáÿçàòåëüíî ñîîòâåòñòâóþò îòäåëüíûì

ñëîâàì.

Èìè ìîæíî çàäàâàòü ìîðôîëîãè÷åñêèå êàòåãîðèè èëè îñíî-

âû (äëÿ ñëó÷àÿ ñëîâ), ôîíåòè÷åñêèå êëàññû (äëÿ ôîíåì),

÷àñòü ðå÷è èëè îòäåëüíûå ãðàììåìû (äëÿ ìîðôîëîãè÷åñêèõ

ìåòîê).
Íàïðèìåð, ñëåäóþùàÿ áèãðàììíàÿ ìîäåëü ñíà÷àëà ñìîòðèò

íà ñëîâî w1, ïîòîì íà ìåòêó t1, ïîòîì íà ÷àñòü ðå÷è c1.

w1, t1, c1

pML(w2|w1, t1, c1)
α, β

t1, c1

pML(w2|t1, c1)
α, β

c1

pML(w2|c1)
α, β

pML(w2)
α, β

p(w2|t1, c1) p(w2|c1) p(w2)
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ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè

Ñ ïîìîùüþ ôàêòîðîâ ìîæíî çàäàâàòü çàâèñèìîñòü îò ïðî-

èçâîëüíîãî èç ïîñëåäíèõ k ñëîâ.
Îäíàêî ôàêòîðû íåîáÿçàòåëüíî ñîîòâåòñòâóþò îòäåëüíûì

ñëîâàì.
Èìè ìîæíî çàäàâàòü ìîðôîëîãè÷åñêèå êàòåãîðèè èëè îñíî-

âû (äëÿ ñëó÷àÿ ñëîâ), ôîíåòè÷åñêèå êëàññû (äëÿ ôîíåì),

÷àñòü ðå÷è èëè îòäåëüíûå ãðàììåìû (äëÿ ìîðôîëîãè÷åñêèõ

ìåòîê).

Íàïðèìåð, ñëåäóþùàÿ áèãðàììíàÿ ìîäåëü ñíà÷àëà ñìîòðèò

íà ñëîâî w1, ïîòîì íà ìåòêó t1, ïîòîì íà ÷àñòü ðå÷è c1.

w1, t1, c1

pML(w2|w1, t1, c1)
α, β

t1, c1

pML(w2|t1, c1)
α, β

c1

pML(w2|c1)
α, β

pML(w2)
α, β

p(w2|t1, c1) p(w2|c1) p(w2)
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ßçûêîâûå ìîäåëè Ìîäèôèêàöèè ÿçûêîâûõ ìîäåëåé

Ôàêòîðíûå ýíãðàììíûå ìîäåëè

Ñ ïîìîùüþ ôàêòîðîâ ìîæíî çàäàâàòü çàâèñèìîñòü îò ïðî-

èçâîëüíîãî èç ïîñëåäíèõ k ñëîâ.
Îäíàêî ôàêòîðû íåîáÿçàòåëüíî ñîîòâåòñòâóþò îòäåëüíûì

ñëîâàì.
Èìè ìîæíî çàäàâàòü ìîðôîëîãè÷åñêèå êàòåãîðèè èëè îñíî-

âû (äëÿ ñëó÷àÿ ñëîâ), ôîíåòè÷åñêèå êëàññû (äëÿ ôîíåì),

÷àñòü ðå÷è èëè îòäåëüíûå ãðàììåìû (äëÿ ìîðôîëîãè÷åñêèõ

ìåòîê).
Íàïðèìåð, ñëåäóþùàÿ áèãðàììíàÿ ìîäåëü ñíà÷àëà ñìîòðèò

íà ñëîâî w1, ïîòîì íà ìåòêó t1, ïîòîì íà ÷àñòü ðå÷è c1.

w1, t1, c1

pML(w2|w1, t1, c1)
α, β

t1, c1

pML(w2|t1, c1)
α, β

c1

pML(w2|c1)
α, β

pML(w2)
α, β

p(w2|t1, c1) p(w2|c1) p(w2)
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