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Ïëàí ëåêöèè

Èñòî÷íèê: Statistical machine translation, Philipp Koehn

Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà.
Ìàòåìàòè÷åñêàÿ ìîäåëü âûðàâíèâàíèÿ.
Ìîäåëü êàíàëà ñâÿçè.
ßçûêîâûå ìîäåëè.
Âîññòàíîâëåíèå îïòèìàëüíîãî ïåðåâîäà.
Èñïîëüçîâàíèå ëèíãâèñòè÷åñêîé èíôîðìàöèè ïðè ïåðåâîäå.
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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà

Ñêîëüêî åñòü âàðèàíòîâ ïåðåâîäà äëÿ
Mary has not attended her classes today.
Âàðèàíòû ïåðåâîäà:

Ñåãîäíÿ Ìàðèè íå áûëî íà çàíÿòèÿõ.
Ñåãîäíÿ Ìàðèÿ îòñóòñòâîâàëà íà çàíÿòèÿõ.
Ñåãîäíÿ Ìàðèÿ ïðîïóñòèëà çàíÿòèÿ.
Ñåãîäíÿ Ìàðèÿ íå ïîñåòèëà çàíÿòèÿ.
Ìàðèè íå áûëî/Ìàðèÿ îòñóòñòâîâàëà íà ñåãîäíÿøíèõ çàíÿòèÿõ.

Êðîìå òîãî, âîçìîæíû âàðèàöèè â çàâèñèìîñòè îò êîíòåêñòà
(Ìàðèÿ/Ìàøà, íà çàíÿòèÿõ / íà óðîêàõ / â êëàññå / íà
ëåêöèÿõ è ò.ä.).
Ñëåäîâàòåëüíî, íåò åäèíñòâåííî ïðàâèëüíîãî ïåðåâîäà, åñòü
íàèáîëåå âåðîÿòíûé.
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Ìàòåìàòè÷åñêèå îáîçíà÷åíèÿ

Íóæåí íàèáîëåå âåðîÿòíûé ïåðåâîä: t̂ = argmaxt p(t|s), ãäå
s � èñõîäíîå ïðåäëîæåíèå, à t � âîçìîæíûé ïåðåâîä.
Íàì áóäóò ïîëåçíû ñëåäóþùèå ôîðìóëû:
Ôîðìóëà ïðîèçâåäåíèÿ âåðîÿòíîñòåé: p(x , y) = p(x)p(y),
åñëè x è y íåçàâèñèìû.
Ôîðìóëà óñëîâíîé âåðîÿòíîñòè:
p(x , y) = p(x)p(y |x) = p(y)p(x |y).
Ôîðìóëà ïîëíîé âåðîÿòíîñòè: åñëè y1, . . . , yn � ïîëíîå ìíî-
æåñòâî âçàèìîèñêëþ÷àþùèõ ñîáûòèé, òî

p(x) =
∑
i

p(x , yi ).

Ôîðìóëà Áàéåñà:
p(x |y) = p(y |x)p(x)

p(y)
.
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Ìîòèâàöèÿ

Ñòàòèñòè÷åñêàÿ ìîäåëü ïåðåâîäà îáó÷àåòñÿ çà ñ÷¼ò áîëüøîãî
ìíîæåñòâà ïàðàëëåëüíûõ òåêñòîâ.
Íàïðèìåð, Europarl(êîðïóñ çàñåäàíèé Åâðîïàðëàìåíòà),
Hansard(ôðàíöóçñêèé/àíãëèéñêèé), EMEA, . . . .
Ïðè ýòîì íåèçâåñòíî, êàêîå ñëîâî êàêîìó ñîîòâåòñòâóåò.
Èíîãäà íåò äàæå ñîîòâåòñòâèÿ ìåæäó ïðåäëîæåíèÿìè, íî
åãî ëåãêî óñòàíîâèòü.
Âîññòàíîâèòü âûðàâíèâàíèå ìåæäó ñëîâàìè âíóòðè ïðåäëî-
æåíèÿ � îòäåëüíàÿ áîëåå ñëîæíàÿ çàäà÷à.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

Íåôîðìàëüíàÿ èäåÿ

Ïðè ïåðåâîäå îòäåëüíûõ ñëîâ èìååò ìåñòî íåîäíîçíà÷íîñòü:

ðóññêèé English p(t|s)

äîì house 0.7
äîì home 0.2
äîì building 0.05
äîì . . . . . .

Íàäî êàê-òî èçâëå÷ü ýòè âåðîÿòíîñòè èç êîðïóñà.
Äðóã äðóãó ñîîòâåòñòâóþò ñëîâà èç îäíîãî ïðåäëîæåíèÿ:

das Haus ↔ the house,
das Buch ↔ the book,
ein Buch ↔ a book

count(Buch, book) = count(das, the) = 2,
count(Haus, house) = count(ein, a) = 1.
Äëÿ íà÷àëà íàäî óñòàíîâèòü ñîîòâåòñòâèå ìåæäó ñëîâàìè.
Òî åñòü ïîñòðîèòü âûðàâíèâàíèå..
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Ïðèìåðû âûðàâíèâàíèé

Òîæäåñòâåííîå âûðàâíèâàíèå:

Ìàøà âñòðåòèëà Ïåòþ â Ìîñêâå

Mary met Peter in Moscow

Îäíî ðóññêîå ñëîâî 7→ äâà àíãëèéñêèõ:

Ìàøà ∅ íåìíîãî âûøå Àíè

Mary is a bit taller than Ann

Äâà ðóññêèõ ñëîâà 7→ îäíî àíãëèéñêîå, îäíî àíãëèéñêîå 7→
äâà ðóññêèõ, èçìåí¼ííûé ïîðÿäîê ñëîâ:

Ëåíà âûèãðàëà òóðíèð ïî òåííèñó

Helen won a tennis tournament
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Âû÷èñëåíèå âåðîÿòíîñòè âûðàâíèâàíèÿ

Âíà÷àëå ìû íå çíàåì âûðàâíèâàíèå, ïîýòîìó ñóììèðóåì
âåðîÿòíîñòü ïî âñåì âûðàâíèâàíèÿì:

p(t|s) =
∑
a

p(t, a|s)

Êàê âû÷èñëèòü p(t, a|s)?
Óïðîùàþùèå ïðåäïîëîæåíèÿ:

Ð¼áðà âûðàâíèâàíèÿ íåçàâèñèìû äðóã îò äðóãà.
Êàæäîìó ñëîâó â s ñîîòâåòñòâóåò 1 èëè 0 ñëîâ â t.

Òîãäà âûðàâíèâàíèå ìîæíî çàäàòü ôóíêöèåé

f : [1, . . . , |s|] 7→ [0, . . . , |t|]

.
f (i) = j ⇔ si ïåðåâîäèòñÿ êàê tj .
f (i) = 0 ⇔ si íè÷åãî íå ñîîòâåòñòâóåò.
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Âåðîÿòíîñòü âûðàâíèâàíèÿ

Âåðîÿòíîñòü âûðàâíèâàíèÿ (ïîìåíÿëè íàïðàâëåíèå ïåðåâîäà):

P(a, s|t) =
|s|∏
i=1

1

|t|+ 1
p(si |tf (i)) =

1

(|t|+ 1)|s|

|s|∏
i=1

p(si |tf (i))

1

|t|+ 1
� âåðîÿòíîñòü òîãî, ÷òî f (i) = j (ðàâíîìåðíîå ðàñïðå-

äåëåíèå íà ìíîæåñòâå âîçìîæíûõ ïîçèöèé ïåðåâîäà).
p(si |tf (i)) � âåðîÿòíîñòü ñëîâà si áûòü ïåðåâîäîì tf (i).
Ïóñòü p(house|äîì) = 0.7, p(is|∅) = 0.1, p(the|ýòîò) = 0.2,
p(rather|äîâîëüíî) = 0.8, p(small|ìàëåíüêèé) = 0.4

the house is rather small

ýòîò äîì äîâîëüíî ìàëåíüêèé
p(the house is rather small, a|ýòîò äîì äîâîëüíî ìàëåíüêèé) =
1

55
0.7 ∗ 0.1 ∗ 0.2 ∗ 0.8 ∗ 0.4 = 0.0000014336.
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EM-àëãîðèòì: ìîòèâàöèÿ

Äëÿ âû÷èñëåíèÿ âåðîÿòíîñòè âûðàâíèâàíèÿ íóæíû âåðîÿòíîñòè
ïåðåâîäà îòäåëüíûõ ñëîâ.
Íî äëÿ èõ èçâëå÷åíèÿ èç êîðïóñà íóæíî âûðàâíèâàíèå (êàêîå
ñëîâî êàêîìó ñîîòâåòñòâóåò).
Íåëüçÿ ëè âû÷èñëÿòü îáå âåðîÿòíîñòè îäíîâðåìåííî?

Âíà÷àëå çàäà¼ì ðàâíîìåðíîå ðàñïðåäåëåíèå íà ìíîæåñòâå
âûðàâíèâàíèé.
Ñëîâà, ÷àñòî âñòðå÷àþùèåñÿ â îäíîì ïðåäëîæåíèè, áóäóò
÷àùå ïåðåõîäèòü äðóã â äðóãà.
Îòäåëüíûå âûðàâíèâàíèÿ ñòàíóò âåðîÿòíåå äðóãèõ.
Ïîñëå ýòîãî âåðîÿòíîñòè ïåðåâîäà òîæå èçìåíÿòñÿ...
Â êîíöå êîíöîâ ïðîöåññ ñîéä¼òñÿ.
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Ïåðåñ÷¼ò âåðîÿòíîñòåé: EM-àëãîðèòì
Åñëè si = u, tj = v , òî â ÷àñòè âûðàâíèâàíèé ìåæäó s è t v
ïåðåõîäèò â u. Ýòî òàêèå a, äëÿ êîòîðûõ a(i) = j .
Âåðîÿòíîñòü òàêèõ âûðàâíèâàíèé:

p(a(i) = j) ∼ p(si |tj) =
p(si |tj)∑

k

p(si |tk)

Îæèäàåìîå êîëè÷åñòâî ïàð (u, v) â âûðàâíèâàíèè ìåæäó s è t:

ns(u)nt(v)
p(u|v)∑

k

p(u|tk)

Ñóììàðíîå êîëè÷åñòâî òàêèõ ïàð ïî âñåì ïðåäëîæåíèÿì:

(u, v) =
∑
(s,t)

ns(u)nt(v)
p(u|v)∑

k

p(u|tk)

Ôîðìóëà ïåðåñ÷¼òà âåðîÿòíîñòåé:

p(u|v) ∼ c(u, v) =
c(u, v)∑

w
c(w , v)
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ßçûêîâûå ìîäåëè: ìîòèâàöèÿ

Èíîãäà âûðàâíèâàíèå íå ïîçâîëÿåò ðàçëè÷èòü ïåðåâîäû:
ìàëåíüêèé øàã 7→ small step èëè little step?

small step � 4680000 âõîæäåíèé,
little step � 620000 âõîæäåíèé.

Òàêèì îáðàçîì, pt(small step)� pt(little step).
Êàê ýòî ó÷åñòü â ìîäåëè?
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Áàéåñîâñêàÿ ìîäåëü ïåðåâîäà

t̂ = argmaxt p(t|s) = argmaxt
p(s|t)p(t)

p(s)
= argmaxt p(s|t)p(t)

p(s|t) � îöåíèâàåò ñòåïåíü ñîîòâåòñòâèÿ ìåæäó s è t,
p(t) � îöåíèâàåò, íàñêîëüêî âåðîÿòåí âûõîäíîé òåêñò.
Íî êàê ìåðèòü p(t)?
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n-ãðàììíàÿ ìîäåëü òåêñòà

Êàê îöåíèòü p(w1 . . .wm)?
Ïðèìåíèì ôîðìóëó óñëîâíîé âåðîÿòíîñòè:

p(w1 . . .wm) = p(w1)p(w2|w1)p(w3|w1w2) . . . p(wm|w1 . . .wm−1)

n-ãðàììíàÿ ìîäåëü ÿçûêà: wm çàâèñèò òîëüêî îò w1, . . . ,wm−1.
Óíèãðàììíàÿ ìîäåëü (n = 1): p(w1 . . .wm) = p(w1) . . . p(wm),
Áèãðàììíàÿ ìîäåëü (n = 2):
p(w1 . . .wm) = p(w1)p(w2|w1) . . . p(wm|wm−1),
Òðèãðàììíàÿ ìîäåëü (n = 3):
p(w1 . . .wm) = p(w1)p(w2|w1)p(w3|w1w2) . . . p(wm|wm−2wm−1),
×åì áîëüøå n, òåì áîëåå äëèííûé êîíòåêñò ìîæíî ó÷åñòü.
Îäíàêî áîëüøèå n ïðèâîäÿò ê áîëüøåé ðàçðåæåííîñòè äàííûõ,
ïîýòîìó áðàòü n > 3 íåöåëåñîîáðàçíî.
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Ïîäñ÷¼ò âåðîÿòíîñòåé ïî êîðïóñó

Êàê ñ÷èòàòü p(wn|w1 . . .wn−1)?

p(wn|w1 . . .wn−1) =
c(w1 . . .wn)∑
w
c(w1 . . .w)

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.
α äîëæíà çàâèñåòü îò ðàçìåðà êîðïóñà, ñëîâàðÿ è äðóãèõ
ïàðàìåòðîâ � ñëèøêîì ñëîæíî ïîäîáðàòü îïòèìàëüíî.
Êðîìå òîãî, õîòåëîñü áû ó÷èòûâàòü ñàìè ýíãðàììû.
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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

Èíòåðïîëÿöèÿ è îòêàò

Íåäîñòàòêè àääèòèâíîãî ñãëàæèâàíèÿ:

íåïîíÿòíî, êàê ïîäáèðàòü α (çàâèñèò îò ðàçìåðà êîðïóñà,
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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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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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

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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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

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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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

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

c(t1,n−1•)
, c(t1,n−1tn) > 0

Â èíòåðïîëÿöèîííîé ôîðìóëå

pKN(tn|t1,n−1) = p0(tn|t1,n−1) + β(t1,n−1)pKN(tn|t2,n−1)

ïîëó÷àåì β =
δN1+(t1,n−1)

c(t1,n−1•)
(âûâåäèòå ýòó ôîðìóëó).

Äëÿ óíèãðàììíûõ âåðîÿòíîñòåé � ôîðìóëà ñ ïðåäûäóùåãî
ñëàéäà.
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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

Ìåòîä Êíåçåðà-Íåÿ
Â èíòåðïîëÿöèîííîé ôîðìóëå

pKN(tn|t1,n−1) = p0(tn|t1,n−1) + β(t1,n−1)pKN(tn|t1,n−2)
Îñíîâíàÿ ïðîáëåìà: ïîèñê îïòèìàëüíîé δ. Â ñòàíäàðòíîé
ðåàëèçàöèè

δ1 = 1− 2Y
N2

N1

δ2 = 1− 3Y
N3

N2

δ>3 = 1− 4Y
N4

N3

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
ýíãðàììàì.
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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

Äåêîäèðîâàíèå

Ìû èñïîëüçîâàëè ôîðìóëó t̂ = argmaxt p(s|t)p(t).
Îäíàêî íåâîçìîæíî ïåðåáðàòü âñå âîçìîæíûå ïåðåâîäû, èõ ñëèøêîì
ìíîãî. Êàê íàéòè ìàêñèìóì?
Ïåðâûé ïîäõîä: ïåðåâîäèòü ñëîâî çà ñëîâîì, ïîäáèðàÿ ëîêàëüíî
îïòèìàëüíûé âàðèàíò äëÿ êàæäîãî ñëîâà/ôðàçû.
Ïðè ëîêàëüíîì âûáîðå ðóêîâîäñòâóåìñÿ ëåêñè÷åñêîé âåðîÿòíîñòüþ
ïåðåâîäà è ÿçûêîâîé ìîäåëüþ.
Ïðè ýòîì ãîðàçäî ëó÷øå ðàáîòàåò ïåðåâîä ïî ôðàçàì:

Ëåíà ↔ Helen
âûèãðàëà ↔ won

òóðíèð ïî òåííèñó ↔ a tennis tournament
Òîãäà ýòè ôðàçû ìîæíî ïðîñòî ñîåäèíèòü â òîì æå ïîðÿäêå:

Ëåíà âûèãðàëà òóðíèð ïî òåííèñó

Helen won a tennis tournament
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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

Ôðàçîâûé ìàøèííûé ïåðåâîä

Íàèáîëåå ïîïóëÿðíûé ïîäõîä ñ ñåðåäèíû 1990-õ ãã.
Ïåðåâîäÿòñÿ íå îòäåëüíûå ñëîâà, à ôðàçû (íåïðåðûâíûå
ó÷àñòêè òåêñòà):

Òîãäà âåðîÿòíîñòü ïåðåâîäà ðàñïàäàåòñÿ íà âåðîÿòíîñòü ïåðåâîäà
ïî ôðàçàì:

p(s|t) =
t∏

i=1

p(si |ti )

p(si |ti ) =
c(si , ti )

c(ti )

p(si |ti ) � äîëÿ si ñðåäè ïåðåâîäîâ ti .
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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

Ôðàçîâûé ìàøèííûé ïåðåâîä

Ëîêàëüíûå èçìåíåíèÿ ïîðÿäêà ñëîâ îòðàæàþòñÿ âíóòðè ôðàç.
Íà óðîâíå ôðàç ïåðåâîä ìîíîòîííûé:

Ëåíà ↔ Helen
âûèãðàëà ↔ won

òóðíèð ïî òåííèñó ↔ a tennis tournament

Ëåíà âûèãðàëà òóðíèð ïî òåííèñó

Helen won a tennis tournament
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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

Ïîèñê íàèëó÷øåãî ïåðåâîäà

Ìû èñêàëè íàèëó÷øèé ïåðåâîä ïî ôîðìóëå:

t∗ = argmaxt p(s|t)p(t)
Â òåðìèíàõ ëîãàðèôìîâ t∗ = argmaxt log p(s|t) + log p(t).
Ìîæíî âçâåøèâàòü âåðîÿòíîñòè ñ ðàçíûìè âåñàìè:

t∗ = argmaxt λ1 log p(s|t) + λ2 log p(t)

.Ìîæíî çàâåñòè íåêîòîðîå êîëè÷åñòâî ïðèçíàêîâ hi (s, t), îïèñû-
âàþùèõ ïåðåâîä èç s â t:

t∗ = argmaxt λihi (s, t)
Äîïîëíèòåëüíûå ïðèçíàêè:

Âåðîÿòíîñòè p(t|s), p(s|t), p(t) (íà ëîãàðèôìè÷åñêîé øêàëå).
Ðàçáðîñ

∑
j

αstart(j+1)−end(j)−1 � íàñêîëüêî äàëåêè äðóã îò

äðóãà ïåðåâîäû ñîñåäíèõ ôðàç.
Êîëè÷åñòâî ôðàç ïðè ïåðåâîäå.
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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

Ïîèñê íàèëó÷øåãî ïåðåâîäà

Ìû èùåì íàèáîëåå âåðîÿòíûé / ìàêñèìèçèðóþùèé ôóíêöèþ
ïîëåçíîñòè ïåðåâîä.
Íî íåâîçìîæíî ïåðåáðàòü âñå ïåðåâîäû: èõ ñëèøêîì ìíîãî.
Êàê èñêàòü íàèëó÷øèé? Ïîðÿäîê ñëîâ ìîæåò ìåíÿòüñÿ...
Áóäåì ïûòàòüñÿ íà êàæäîì øàãå ïåðåâåñòè ïî îäíîé ôðàçå
èñõîäíîãî ïðåäëîæåíèÿ è õðàíèòü ÷àñòè÷íûé ïåðåâîä âìåñòå
ñ îöåíêîé åãî âåðîÿòíîñòè.
Ïðè ýòîì õðàíÿòñÿ òîëüêî K íàèëó÷øèõ ãèïîòåç.
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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

Ïîèñê íàèëó÷øåãî ïåðåâîäà

Ïûòàåìñÿ ïåðåáðàòü âñå ðàçáèåíèÿ íà ôðàçû:
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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

Ïîèñê íàèëó÷øåãî ïåðåâîäà

Ïðè ïåðåáîðå õðàíèì íåñêîëüêî ãèïîòåç è ïûòàåìñÿ èõ ðàñøèðèòü,
ïåðåâîäÿ î÷åðåäíóþ ôðàçó (íåîáÿçàòåëüíî ñàìóþ ëåâóþ).

Ãèïîòåçà âêëþ÷àåò â ñåáÿ:

Ïåðåâåä¼ííûå ñëîâà.
×àñòè÷íûé ïåðåâîä.
×àñòè÷íóþ ñòîèìîñòü (ñ îöåíêîé áóäóùåé ñòîèìîñòè).
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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

Ïðèâëå÷åíèå ëèíãâèñòè÷åñêîé èíôîðìàöèè

Ïîêà ìû íèêàê íå ïðèâëåêàëè ëèíãâèñòè÷åñêóþ èíôîðìàöèþ.
Äëÿ ïîõîæèõ è áëèçêîðîäñòâåííûõ ÿçûêîâ ýòî ðàáîòàåò.
Îäíàêî åñëè â ÿçûêàõ ðàçíûå ñèíòàêñè÷åñêèå/ìîðôîëîãè-
÷åñêèå ñèñòåìû, îäíèõ ñòàòèñòè÷åñêèõ äàííûõ íåäîñòàòî÷íî.
×òî â îäíîì ÿçûêå âûðàæåíî ìîðôîëîãèåé, â äðóãîì âûðàæå-
íî ñèíòàêñèñîì:

ev-ler-imiz-de-ymi�s-ler
house-PL-P1PL-LOC-COP.EV-3PL
they apparently live in our houses

Ìîæíî ðàññìàòðèâàòü òóðåöêèå ñóôôèêñû êàê îòäåëüíûå
ñëîâà.
Ìîæíî îòäåëüíî �ïåðåâîäèòü� ìîðôîëîãè÷åñêèå ïîêàçàòåëè,
îòäåëüíî � ëåêñåìû.
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Âåðîÿòíîñòíàÿ ìîäåëü ïåðåâîäà Âûðàâíèâàíèÿ ßçûêîâûå ìîäåëè

Ïåðåâîä ìîðôîëîãè÷åñêèõ ïîêàçàòåëåé

Ìîæíî îòäåëüíî �ïåðåâîäèòü� ìîðôîëîãè÷åñêèå ïîêàçàòåëè,
îòäåëüíî � ëåêñåìû.

âûèãðàëà = âûèãðûâàòü+Perf+Past+3+Fem
âûèãðûâàòü 7→ win
Perf+Past 7→ +Past

+3 7→ +3
+Fem 7→ ∅

win+Past+3 = won
Âîçíèêàþò òðóäíîñòè, åñëè ÿçûê-àäðåñàò ìîðôîëîãè÷åñêè
áîãà÷å èñõîäíîãî.
Mary won 7→ Ìàøà âûèãðàëà/âûèãðàë?
Íóæíî äåëàòü ïîñòîáðàáîòêó ñ ïîìîùüþ ÿçûêîâîé/ìîðôî-
ëîãè÷åñêîé ìîäåëè.
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