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Ðàçäåëû ëèíãâèñòèêè

Ðàçäåëû ëèíãâèñòèêè:
Ìîðôîëîãèÿ,
Ñèíòàêñèñ,
Ôîíåòèêà,
Ñåìàíòèêà,
Êîðïóñíàÿ ëèíãâèñòèêà,
. . .,

Êàê â íèõ ïðèìåíÿåòñÿ ìàòåìàòèêà?
È çà÷åì íóæíû îíè ñàìè â íåëèíãâèñòè÷åñêèõ çàäà÷àõ?

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Òåêñòîâàÿ êëàññèôèêàöèÿ

Èíôîðìàöèîííûé ïîèñê

Îäíî èç ïðèìåíåíèé ìàòåìàòè÷åñêîé ëèíãâèñòèêè � èíòåðíåò-

ïîèñê.
Êàçàëîñü áû, ëèíãâèñòèêà â ïîèñêå íå íóæíà (ïðîñòî èùåì

ñîâïàäåíèå...),
Îäíàêî âñ¼ íå òàê ïðîñòî:

Íóæíû íå ïðîñòî ñîâïàäåíèÿ, à ñîâïàäåíèÿ ñëîâ,
Ñëîâà ìîãóò èçìåíÿòüñÿ ïî ãðàììàòè÷åñêèì êàòåãîðèÿì,
Ïîëüçîâàòåëü ìîæåò äåëàòü îïå÷àòêè,
Èíîãäà ïîëüçîâàòåëü íå ñîâñåì çíàåò, ÷òî åìó íóæíî (ñòîèò
âûäàâàòü ñèíîíèìû...),
Ñëîâà ìîãóò áûòü ìíîãîçíà÷íû.
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Ïðèìåð ïîèñêîâîãî çàïðîñà
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Âûâîäû èç ïðèìåðà

Ìîæåò áûòü íàéäåíî íå òîëüêî ñëîâî, íî åãî ôîðìà(ìåòîä 7→
ìåòîäà),
Ìîæåò áûòü íàéäåíî áëèçêîå ïî ñìûñëó ñëîâî (ìåòîä 7→
ìåòîäèêà),
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Âûâîäû èç ïðèìåðà

Ìîæåò áûòü íàéäåíî íå òîëüêî ñëîâî, íî åãî ôîðìà(ìåòîä 7→
ìåòîäà),
Ìîæåò áûòü íàéäåíî áëèçêîå ïî ñìûñëó ñëîâî (ìåòîä 7→
ìåòîäèêà),
Ìîæåò áûòü èñïðàâëåíà îïå÷àòêà (íåäîñòàðîê 7→ íåäîñòàòîê),
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Âû÷èñëèòåëüíàÿ ìîðôîëîãèÿ

Îäíà èç çàäà÷ âû÷èñëèòåëüíîé ìîðôîëîãèè: âîññòàíîâëåíèå

ôîðì ñëîâà ïî áàçîâîé ôîðìå,

word+Pl 7→ words,
state+Pl 7→ ?,

word+Pl 7→ words,
state+Pl 7→ states,

Îäíàêî íå âñ¼ òàê ïðîñòî:

torch+Pl 7→ torches,
daisy+Pl 7→ daisies,
array+Pl 7→ arrays,

mouse+Pl 7→ mice,
goose+Pl 7→ geese,
cactus+Pl 7→ cacti, cactuses,
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Êîä äëÿ àíãëèéñêîãî ÿçûêà
### en g l i s h . foma ###

read l e x c i r r e g u l a r . l e x c
d e f i n e I r r e g u l a rN o u nP l u r a l ;

d e f i n e Vowel [ a | i | e | o | u | y ] ;
d e f i n e Consonant [ b | c | d | f | g | h | j | k | l | m | n | p | q | r | s | t |

v | w | x | z ] ;
d e f i n e L e t t e r [ Vowel | Consonant ] ;
d e f i n e Word [ L e t t e r ]+;
d e f i n e NounMark "+N" ;
d e f i n e NounNumber "+Sg" | "+Pl " ;
d e f i n e Noun Word NounMark NounNumber ;

d e f i n e NounA f f i x a t i o n "+N" "+Sg" −> "^" | | _ .#. , "+N" "+Pl " −> "^" s | | _ .# . ;
d e f i n e yReplacement y −> i e | | Consonant _ "^" s .# . ;
d e f i n e s i bE x c e p t i o n [ L e t t e r ]+ a r c h "^" s ;
d e f i n e S i b i l a n t [ x | s | z | c h | s h ] ;
d e f i n e e I n s e r t i o n [ . . ] −> e | | S i b i l a n t _ "^" s .# . ;
d e f i n e c h e c k S i b i l a n t [ s i b E x c e p t i o n .P . e I n s e r t i o n ] ;
d e f i n e Cleanup "^" −> [ ] | | _ ;
d e f i n e RegularNoun [ NounA f f i x a t i on . o . yReplacement . o . c h e c k S i b i l a n t . o . Cleanup

] ;
d e f i n e Grammar Noun . o . [ I r r e g u l a rN o u nP l u r a l .P . RegularNoun ] ;

push Grammar
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Ðóññêàÿ ãëàãîëüíàÿ ìîðôîëîãèÿ

Äëÿ ðóññêîãî âñ¼ êóäà õóæå:

èãðàòü 7→ èãðàåò

ïèñàòü 7→ ïèøåò

ñïàòü 7→ ñïèò

ãðåòü 7→ ãðååò

õðèïåòü 7→ õðèïèò

ïåòü 7→ ïî¼ò

öåëîâàòü 7→ öåëóåò
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Ãëàãîëüíûå ôîðìû â ÿçûêå éîóëóìíè

îñíîâà ãåðóíäèé äóðàòèâ

caw �êðè÷àòü� caw-inay cawaa-Paa-n
cuum �ðàçðóøàòü� cum-inay cumuu-Paa-n
hoyoo �íàçûâàòü� hoy-inay hoyoo-Paa-n
diiyl �îõðàíÿòü� diyl-inay diyiil-Paa-n
Pilk �ïåòü� Pilk-inay Piliik-Paa-n
hiwiit �ãóëÿòü� hiwt-inay hiwiit-Paa-n

Ãëàãîëüíûå ôîðìû â ÿçûêå éîóëóìíè

Åñëè îñíîâà èìåëà âèä α1V (V )α2(V )(V )α3, ãäå α1, α2, α3
∈ {C , ε}, òî îñíîâà ãåðóíäèÿ èìååò âèä α1Vα2α3, à îñíîâà

äóðàòèâà � α1Vα2VVα3.
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Ïðåîáðàçîâàòåëè äëÿ ãëàãîëüíûõ ôîðì â ÿçûêå éîóëóìíè

Îñíîâà ãåðóíäèÿ:

C

a

u

i

o

a:ε

u:ε

i:ε

o:ε

C

C

C

C

C

C

C

C

a:ε

u:ε

i:ε

o:ε

ε

ε

ε

ε

(a|ε) : ε

(u|ε) : ε

(i |ε) : ε

(o|ε)
: ε

C
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Ïîñòàíîâêà çàäà÷è

Òåêñòîâàÿ êëàññèôèêàöèÿ � çàäà÷à àâòîìàòè÷åñêîãî ðàñïðåäå-

ëåíèÿ òåêñòîâ ïî êëàññàì.
Êëàññû çàâèñÿò îò çàäà÷è:

Àíàëèç òîíàëüíîñòè: ïîëîæèòåëüíûå, îòðèöàòåëüíûå
è íåéòðàëüíûå îòçûâû.
Æàíðîâàÿ êëàññèôèêàöèÿ: òåêñòû ðàçëè÷íûõ æàíðîâ (íîâîñò-
íûå, ýíöèêëîïåäè÷åñêèå, õóäîæåñòâåííûå...).
Òåìàòè÷åñêàÿ êëàññèôèêàöèÿ: ðàñïðåäåëåíèå òåêñòîâ ïî òåìàì.
ßçûêîâàÿ êëàññèôèêàöèÿ: àâòîìàòè÷åñêèé àíàëèç ÿçûêà.
Ìîæíî êëàññèôèöèðîâàòü ïî ïîëó, âîçðàñòó, ñîöèàëüíîìó
ïîëîæåíèþ àâòîðà...

Ïðèìåíåíèÿ:

Èíôîðìàöèîííûé ïîèñê,
Àâòîìàòè÷åñêàÿ ðóáðèêàöèÿ,
Ðåêîìåíäàöèîííûå ñèñòåìû.
Àâòîìàòè÷åñêîå îïðåäåëåíèå àâòîðñòâà.
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Ìîäåëü �ìåøêà ñëîâ�

Äëÿ êàæäîãî ñëîâà ó÷èòûâàåòñÿ òîëüêî ÷èñëî åãî âõîæäåíèé

â òåêñò.
Ïîðÿäîê ñëîâ íå èãðàåò ðîëè.
Ïîëó÷àåì ìàòðèöó (òàáëèöó) �îáúåêòû-ïðèçíàêè�.
Äîêóìåíò � ñòðîêà ìàòðèöû (âåêòîð çíà÷åíèé ïðèçíàêîâ).

äîêóìåíò o�ce web . . . learn ìåòêà êëàññà

1 2 2 . . . 0 student

5 0 2 . . . 3 project

48 2 4 . . . 1 course

Ïðèìåð ìàòðèöû �îáúåêòû-ïðèçíàêè� (WebKB corpus,
McCallum, 1998)

Ìåòîä ïðîñòîé, íî îí ðàáîòàåò âî ìíîãèõ çàäà÷àõ.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Òåêñòîâàÿ êëàññèôèêàöèÿ

Îñîáåííîñòè òåêñòîâîé êëàññèôèêàöèè

Ðàçäåëÿþùàÿ ïîâåðõíîñòü � ãèïåðïëîñêîñòü

êëàññ 1

êëàññ 2

Êëàññèôèêàòîð ìîæíî çàäàòü ôîðìóëîé:

h(x) = sgn (
n∑

i=1

wixi − w0), xi� êîìïîíåíòû âåêòîðà x

Âåñà w0,w1, . . . ,wn ïîäáèðàþòñÿ àâòîìàòè÷åñêè ïî îáó÷à-

þùåé âûáîðêå (òåêñòàì, äëÿ êîòîðûõ èçâåñòíà ìåòêà êëàññà).
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Îñîáåííîñòè òåêñòîâîé êëàññèôèêàöèè

Ïðèçíàêè ìîãóò ó÷èòûâàòü êîíòåêñò (áèãðàììû, òðèãðàììû

è ò.ä.),
Â êà÷åñòâå ïðèçíàêîâ ìîæíî èñïîëüçîâàòü äëèíó ïðåäëîæåíèÿ,

ñòàòèñòèêó ïî ãðàììàòè÷åñêèì êàòåãîðèÿì, ñèíòàêñè÷åñêèå

ïîêàçàòåëè...
Ïîäáîð ïðèçíàêîâ � çàäà÷à ëèíãâèñòà.
Îïòèìàëüíàÿ êëàññèôèêàöèÿ ïðèçíàêîâ � çàäà÷à ìàòåìàòèêà.
Òðóäíîñòè: áîëüøîé îáú¼ì äàííûõ, íåñáàëàíñèðîâàííàÿ

âûáîðêà, áîëüøàÿ ðàçìåðíîñòü äàííûõ, áîëüøîå êîëè÷åñòâî

êëàññîâ.
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Íåéðîííûå ñåòè

Îäèí èç îñíîâíûõ ïîäõîäîâ: íåéðîííûå ñåòè.
Ñòðóêòóðà íåéðîíà:

x1 x2 . . . xn

a =
∑

wixi

w1 w2 wi
wn

z = f (a)

Íåéðîí ïîëó÷àåò íåñêîëüêî ñèãíàëîâ x1, . . . , xn è âû÷èñëÿåò èõ
âçâåøåííóþ ñóììó.
Ýòà ñóììà ïîñòóïàåò â ôóíêöèþ àêòèâàöèè f .
Âàðèàíòû äëÿ ôóíêöèè f :

f (x) = x (òîæäåñòâåííàÿ).
f (x) = sgn (x) (ïðåîäîë¼í ëè ïîðîã àêòèâàöèè).

f (x) =
1

1+ e−kx
(ïðåîáðàçóåò (−∞;∞) â [0; 1]).

f (x) = max(x−b, 0) (ReLU, ñìåñü òîæäåñòâåííîé è ïîðîãîâîé).
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Íåéðîííûå ñåòè

Ðåàëüíûå íåéðîííûå ñåòè: äåñÿòêè òûñÿ÷ íåéðîíîâ,

îðãàíè-çîâàííûõ â ñëîè.

Ñòðóêòóðà ñåòè è ïðèçíàêè çàâèñÿò îò ëèíãâèñòè÷åñêîé çàäà÷è

(íî íå òàê ñèëüíî, êàê ïðè êëàññèôèêàöèè).
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