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Ïîñòàíîâêà çàäà÷è

Äàí òåêñò íà åñòåñòâåííîì ÿçûêå, òðåáóåòñÿ àâòîìàòè÷åñêè
ïðîèçâåñòè ìîðôîîëîãè÷åñêèé àíàëèç âõîäÿùèõ â íåãî ñëîâ.

Åãî DET
ðåøåíèå NOUN, gender=Neut, case=Nom, number=Plur
çàäà÷è NOUN, gender=Fem, case=Gen, number=Sing
áûëî AUX, tense=Past, aspect=Imp,

number=Sing, gender=Neut
íåïðàâèëüíûì ADJ, number=Sing, gender=Neut, case=Ins
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Ïîñòàíîâêà çàäà÷è

×àñòî íóæíî äîïîëíèòåëüíî âîññòàíîâèòü íà÷àëüíûå ôîðìû
(ëåììû) âõîäÿùèõ â òåêñò ñëîâîôîðì.

Åãî DET åãî
ðåøåíèå NOUN, gender=Neut, ðåøåíèå

case=Nom, number=Plur
çàäà÷è NOUN, gender=Fem, çàäà÷à

case=Gen, number=Sing
áûëî AUX, tense=Past, aspect=Imp, áûòü

number=Sing, gender=Neut
íåïðàâèëüíûì ADJ, number=Sing, íåïðàâèëüíûé

gender=Neut, case=Ins
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Ïðèìåíåíèå

Ïåðåõîä ê áîëåå ãëóáèííîìó ïðåäñòàâëåíèþ òåêñòà.
Èçâëå÷åíèå èíôîðìàöèè èç òåêñòà (íóæíû ëåêñåìû, à íå
ñëîâîôîðìû).

Ïîäãîòîâêà òåêñòà äëÿ äàëüíåéøåãî àíàëèçà
(èçâëå÷åíèå ñóùíîñòåé→ íóæíû èìåííûå ãðóïïû→ íóæíî
çíàòü ìîðôîëîãè÷åñêèå ìåòêè).
Óòî÷íåíèå âåðîÿòíîñòíîé ìîäåëè òåêñòà, ñíèæåíèå ðàçðå-
æåííîñòè (ëåêñåì ìåíüøå, ÷åì ñëîâîôîðì).
Àâòîìàòè÷åñêîå ïîïîëíåíèå, ñîçäàíèå è âåðèôèêàöèÿ ëåê-
ñè÷åñêèõ ðåñóðñîâ (êîðïóñà, ñëîâàðè è ò. ä.).
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Çàäà÷è âû÷èñëèòåëüíîé ìîðôîëîãèè

Ìîðôîëîãè÷åñêèé àíàëèç (íà óðîâíå ïðåäëîæåíèé).

Ëåììàòèçàöèÿ (íà óðîâíå ïðåäëîæåíèé/îòäåëüíûõ ñëîâ).
Ìîðôîëîãè÷åñêèé ñèíòåç.
Àâòîìàòè÷åñêîå ïîñòðîåíèå è ïîïîëíåíèå ïàðàäèãì.
Àâòîìàòè÷åñêîå äåëåíèå íà ìîðôåìû.
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Íåèçáåæíîå íàëè÷èå íåñëîâàðíûõ ôîðì.
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Âîçìîæíûå ñïîñîáû îïèñàíèÿ
Äëÿ àíãëèéñêîãî êàòåãîðèè ìîæíî çàäàòü ñïèñêîì:
https://www.ling.upenn.edu/courses/Fall_2003/ling001/penn_
treebank_pos.html:

12. NN Noun, singular or mass
13. NNS Noun, plural
14. NNP Proper noun, singular
15. NNPS Proper noun, plural

Äëÿ (ïîëè-)ñèíòåòè÷åñêèõ ÿçûêîâ íå ãîäèòñÿ: ñëèøêîì ìíîãî
êàòåãîðèé.
Ê òîìó æå íóæíî îòðàçèòü âíóòðåíþþ ñòðóêòóðó ãðàììàòè÷åñêîãî
çíà÷åíèÿ.
Îñíîâíûå ïîäõîäû:

Ïîçèöèîííûé (ïðîåêò Multext-East äëÿ ñëàâÿíñêèõ ÿçûêîâ).
Ïðèçíàêîâûé (Universal dependencies).
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Âîçìîæíûå ñïîñîáû îïèñàíèÿ
Äëÿ àíãëèéñêîãî êàòåãîðèè ìîæíî çàäàòü ñïèñêîì:
https://www.ling.upenn.edu/courses/Fall_2003/ling001/penn_
treebank_pos.html:

12. NN Noun, singular or mass
13. NNS Noun, plural
14. NNP Proper noun, singular
15. NNPS Proper noun, plural

Äëÿ (ïîëè-)ñèíòåòè÷åñêèõ ÿçûêîâ íå ãîäèòñÿ: ñëèøêîì ìíîãî
êàòåãîðèé.

Ê òîìó æå íóæíî îòðàçèòü âíóòðåíþþ ñòðóêòóðó ãðàììàòè÷åñêîãî
çíà÷åíèÿ.
Îñíîâíûå ïîäõîäû:

Ïîçèöèîííûé (ïðîåêò Multext-East äëÿ ñëàâÿíñêèõ ÿçûêîâ).
Ïðèçíàêîâûé (Universal dependencies).

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé

https://www.ling.upenn.edu/courses/Fall_2003/ling001/penn_treebank_pos.html
https://www.ling.upenn.edu/courses/Fall_2003/ling001/penn_treebank_pos.html


Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Âîçìîæíûå ñïîñîáû îïèñàíèÿ
Äëÿ àíãëèéñêîãî êàòåãîðèè ìîæíî çàäàòü ñïèñêîì:
https://www.ling.upenn.edu/courses/Fall_2003/ling001/penn_
treebank_pos.html:

12. NN Noun, singular or mass
13. NNS Noun, plural
14. NNP Proper noun, singular
15. NNPS Proper noun, plural

Äëÿ (ïîëè-)ñèíòåòè÷åñêèõ ÿçûêîâ íå ãîäèòñÿ: ñëèøêîì ìíîãî
êàòåãîðèé.
Ê òîìó æå íóæíî îòðàçèòü âíóòðåíþþ ñòðóêòóðó ãðàììàòè÷åñêîãî
çíà÷åíèÿ.

Îñíîâíûå ïîäõîäû:

Ïîçèöèîííûé (ïðîåêò Multext-East äëÿ ñëàâÿíñêèõ ÿçûêîâ).
Ïðèçíàêîâûé (Universal dependencies).

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé

https://www.ling.upenn.edu/courses/Fall_2003/ling001/penn_treebank_pos.html
https://www.ling.upenn.edu/courses/Fall_2003/ling001/penn_treebank_pos.html


Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Âîçìîæíûå ñïîñîáû îïèñàíèÿ
Äëÿ àíãëèéñêîãî êàòåãîðèè ìîæíî çàäàòü ñïèñêîì:
https://www.ling.upenn.edu/courses/Fall_2003/ling001/penn_
treebank_pos.html:

12. NN Noun, singular or mass
13. NNS Noun, plural
14. NNP Proper noun, singular
15. NNPS Proper noun, plural

Äëÿ (ïîëè-)ñèíòåòè÷åñêèõ ÿçûêîâ íå ãîäèòñÿ: ñëèøêîì ìíîãî
êàòåãîðèé.
Ê òîìó æå íóæíî îòðàçèòü âíóòðåíþþ ñòðóêòóðó ãðàììàòè÷åñêîãî
çíà÷åíèÿ.
Îñíîâíûå ïîäõîäû:

Ïîçèöèîííûé (ïðîåêò Multext-East äëÿ ñëàâÿíñêèõ ÿçûêîâ).
Ïðèçíàêîâûé (Universal dependencies).
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https://www.ling.upenn.edu/courses/Fall_2003/ling001/penn_treebank_pos.html


Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ïîçèöèîííûé ïîäõîä

Èñïîëüçóåòñÿ â ïðîåêòå Multext-East äëÿ âîñòî÷íîåâðîïåéñêèõ
ÿçûêîâ (http://nl.ijs.si/ME/).
Ìåòêà � ïîñëåäîâàòåëüíîñòü áóêâ.

Ïåðâàÿ áîëüøàÿ áóêâà � ÷àñòü ðå÷è
(N � ñóùåñòâ., V � ãëàãîë, è ò. ä.).
Äëÿ áîëüøèíñòâà ñëàâÿíñêèõ ÿçûêîâ 13 áàçîâûõ ÷àñòåé ðå÷è.
Îñòàëüíûå áóêâû îòðàæàþò ïðèçíàêè:

÷åëîâåê Ncmsny common noun, masculine, singular,
nominative, animate (yes).

âûèãðàëà Vmis-sfa-e- main verb, indicative, past(s), singular,
feminine, active voice, perfect (e)

Íåäîñòàòîê: ìåòêè ñèëüíî çàâèñÿò îò ÿçûêà è ñòàíäàðòà.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé

http://nl.ijs.si/ME/
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Ïîçèöèîííûé ïîäõîä

Èñïîëüçóåòñÿ â ïðîåêòå Multext-East äëÿ âîñòî÷íîåâðîïåéñêèõ
ÿçûêîâ (http://nl.ijs.si/ME/).
Ìåòêà � ïîñëåäîâàòåëüíîñòü áóêâ.
Ïåðâàÿ áîëüøàÿ áóêâà � ÷àñòü ðå÷è
(N � ñóùåñòâ., V � ãëàãîë, è ò. ä.).
Äëÿ áîëüøèíñòâà ñëàâÿíñêèõ ÿçûêîâ 13 áàçîâûõ ÷àñòåé ðå÷è.

Îñòàëüíûå áóêâû îòðàæàþò ïðèçíàêè:

÷åëîâåê Ncmsny common noun, masculine, singular,
nominative, animate (yes).

âûèãðàëà Vmis-sfa-e- main verb, indicative, past(s), singular,
feminine, active voice, perfect (e)

Íåäîñòàòîê: ìåòêè ñèëüíî çàâèñÿò îò ÿçûêà è ñòàíäàðòà.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ïîçèöèîííûé ïîäõîä

Èñïîëüçóåòñÿ â ïðîåêòå Multext-East äëÿ âîñòî÷íîåâðîïåéñêèõ
ÿçûêîâ (http://nl.ijs.si/ME/).
Ìåòêà � ïîñëåäîâàòåëüíîñòü áóêâ.
Ïåðâàÿ áîëüøàÿ áóêâà � ÷àñòü ðå÷è
(N � ñóùåñòâ., V � ãëàãîë, è ò. ä.).
Äëÿ áîëüøèíñòâà ñëàâÿíñêèõ ÿçûêîâ 13 áàçîâûõ ÷àñòåé ðå÷è.
Îñòàëüíûå áóêâû îòðàæàþò ïðèçíàêè:

÷åëîâåê Ncmsny common noun, masculine, singular,
nominative, animate (yes).

âûèãðàëà Vmis-sfa-e- main verb, indicative, past(s), singular,
feminine, active voice, perfect (e)

Íåäîñòàòîê: ìåòêè ñèëüíî çàâèñÿò îò ÿçûêà è ñòàíäàðòà.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé

http://nl.ijs.si/ME/
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Ïîçèöèîííûé ïîäõîä

Èñïîëüçóåòñÿ â ïðîåêòå Multext-East äëÿ âîñòî÷íîåâðîïåéñêèõ
ÿçûêîâ (http://nl.ijs.si/ME/).
Ìåòêà � ïîñëåäîâàòåëüíîñòü áóêâ.
Ïåðâàÿ áîëüøàÿ áóêâà � ÷àñòü ðå÷è
(N � ñóùåñòâ., V � ãëàãîë, è ò. ä.).
Äëÿ áîëüøèíñòâà ñëàâÿíñêèõ ÿçûêîâ 13 áàçîâûõ ÷àñòåé ðå÷è.
Îñòàëüíûå áóêâû îòðàæàþò ïðèçíàêè:

÷åëîâåê Ncmsny common noun, masculine, singular,
nominative, animate (yes).

âûèãðàëà Vmis-sfa-e- main verb, indicative, past(s), singular,
feminine, active voice, perfect (e)

Íåäîñòàòîê: ìåòêè ñèëüíî çàâèñÿò îò ÿçûêà è ñòàíäàðòà.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé

http://nl.ijs.si/ME/


Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ïðèçíàêîâûå îïèñàíèÿ
Îñíîâíîé ïðèìåð: ïðîåêò Universal Dependencies
http://universaldependencies.org.

Öåëü: ñîçäàòü óíèâåðñàëüíûé ôîðìàò ñèíòàêñè÷åñêîé è ìîðôî-
ëîãè÷åñêîé ðàçìåòêè, äîïóñêàþùèé ðàñøèðåíèå íà íîâûå ÿçûêè
è êîðïóñà.
Â îñíîâíîì àâòîìàòè÷åñêàÿ ðàçìåòêà ñ ðó÷íîé âåðèôèêàöèåé.
Íà ìàðò 2017 ãîäà � 50 ÿçûêîâ (âåðñèÿ 2.0).
Ìåòêè çàäàþòñÿ â ôîðìàòå CONLL-U
http://universaldependencies.org/format.html.
Äâå ÷àñòè ó êàæäîé ìåòêè: óíèâåðñàëüíàÿ ÷àñòü ðå÷è (UPOSTAG)
è ïðèçíàêîâîå îïèñàíèå (FEATS).
17 óíèâåðñàëüíûõ ÷àñòåé ðå÷è:
ADJ adjective INTJ interjection PUNCT punctuation

ADP adposition NOUN noun SCONJ subordinating
conjunction

ADV adverb NUM numeral SYM symbol

AUX auxiliary PART particle VERB verb

CCONJ coordinating PRON pronoun X other
conjunction

DET determiner PROPN proper noun

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé

http://universaldependencies.org
http://universaldependencies.org/format.html
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Ïðèçíàêîâûå îïèñàíèÿ
Îñíîâíîé ïðèìåð: ïðîåêò Universal Dependencies
http://universaldependencies.org.
Öåëü: ñîçäàòü óíèâåðñàëüíûé ôîðìàò ñèíòàêñè÷åñêîé è ìîðôî-
ëîãè÷åñêîé ðàçìåòêè, äîïóñêàþùèé ðàñøèðåíèå íà íîâûå ÿçûêè
è êîðïóñà.

Â îñíîâíîì àâòîìàòè÷åñêàÿ ðàçìåòêà ñ ðó÷íîé âåðèôèêàöèåé.
Íà ìàðò 2017 ãîäà � 50 ÿçûêîâ (âåðñèÿ 2.0).
Ìåòêè çàäàþòñÿ â ôîðìàòå CONLL-U
http://universaldependencies.org/format.html.
Äâå ÷àñòè ó êàæäîé ìåòêè: óíèâåðñàëüíàÿ ÷àñòü ðå÷è (UPOSTAG)
è ïðèçíàêîâîå îïèñàíèå (FEATS).
17 óíèâåðñàëüíûõ ÷àñòåé ðå÷è:
ADJ adjective INTJ interjection PUNCT punctuation

ADP adposition NOUN noun SCONJ subordinating
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Ïðèçíàêîâûå îïèñàíèÿ
Îñíîâíîé ïðèìåð: ïðîåêò Universal Dependencies
http://universaldependencies.org.
Öåëü: ñîçäàòü óíèâåðñàëüíûé ôîðìàò ñèíòàêñè÷åñêîé è ìîðôî-
ëîãè÷åñêîé ðàçìåòêè, äîïóñêàþùèé ðàñøèðåíèå íà íîâûå ÿçûêè
è êîðïóñà.
Â îñíîâíîì àâòîìàòè÷åñêàÿ ðàçìåòêà ñ ðó÷íîé âåðèôèêàöèåé.

Íà ìàðò 2017 ãîäà � 50 ÿçûêîâ (âåðñèÿ 2.0).
Ìåòêè çàäàþòñÿ â ôîðìàòå CONLL-U
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Ïðèçíàêîâûå îïèñàíèÿ
Îñíîâíîé ïðèìåð: ïðîåêò Universal Dependencies
http://universaldependencies.org.
Öåëü: ñîçäàòü óíèâåðñàëüíûé ôîðìàò ñèíòàêñè÷åñêîé è ìîðôî-
ëîãè÷åñêîé ðàçìåòêè, äîïóñêàþùèé ðàñøèðåíèå íà íîâûå ÿçûêè
è êîðïóñà.
Â îñíîâíîì àâòîìàòè÷åñêàÿ ðàçìåòêà ñ ðó÷íîé âåðèôèêàöèåé.
Íà ìàðò 2017 ãîäà � 50 ÿçûêîâ (âåðñèÿ 2.0).

Ìåòêè çàäàþòñÿ â ôîðìàòå CONLL-U
http://universaldependencies.org/format.html.
Äâå ÷àñòè ó êàæäîé ìåòêè: óíèâåðñàëüíàÿ ÷àñòü ðå÷è (UPOSTAG)
è ïðèçíàêîâîå îïèñàíèå (FEATS).
17 óíèâåðñàëüíûõ ÷àñòåé ðå÷è:
ADJ adjective INTJ interjection PUNCT punctuation

ADP adposition NOUN noun SCONJ subordinating
conjunction

ADV adverb NUM numeral SYM symbol

AUX auxiliary PART particle VERB verb

CCONJ coordinating PRON pronoun X other
conjunction

DET determiner PROPN proper noun

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé

http://universaldependencies.org
http://universaldependencies.org/format.html
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Ïðèçíàêîâûå îïèñàíèÿ
Îñíîâíîé ïðèìåð: ïðîåêò Universal Dependencies
http://universaldependencies.org.
Öåëü: ñîçäàòü óíèâåðñàëüíûé ôîðìàò ñèíòàêñè÷åñêîé è ìîðôî-
ëîãè÷åñêîé ðàçìåòêè, äîïóñêàþùèé ðàñøèðåíèå íà íîâûå ÿçûêè
è êîðïóñà.
Â îñíîâíîì àâòîìàòè÷åñêàÿ ðàçìåòêà ñ ðó÷íîé âåðèôèêàöèåé.
Íà ìàðò 2017 ãîäà � 50 ÿçûêîâ (âåðñèÿ 2.0).
Ìåòêè çàäàþòñÿ â ôîðìàòå CONLL-U
http://universaldependencies.org/format.html.

Äâå ÷àñòè ó êàæäîé ìåòêè: óíèâåðñàëüíàÿ ÷àñòü ðå÷è (UPOSTAG)
è ïðèçíàêîâîå îïèñàíèå (FEATS).
17 óíèâåðñàëüíûõ ÷àñòåé ðå÷è:
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Ïðèçíàêîâûå îïèñàíèÿ
Îñíîâíîé ïðèìåð: ïðîåêò Universal Dependencies
http://universaldependencies.org.
Öåëü: ñîçäàòü óíèâåðñàëüíûé ôîðìàò ñèíòàêñè÷åñêîé è ìîðôî-
ëîãè÷åñêîé ðàçìåòêè, äîïóñêàþùèé ðàñøèðåíèå íà íîâûå ÿçûêè
è êîðïóñà.
Â îñíîâíîì àâòîìàòè÷åñêàÿ ðàçìåòêà ñ ðó÷íîé âåðèôèêàöèåé.
Íà ìàðò 2017 ãîäà � 50 ÿçûêîâ (âåðñèÿ 2.0).
Ìåòêè çàäàþòñÿ â ôîðìàòå CONLL-U
http://universaldependencies.org/format.html.
Äâå ÷àñòè ó êàæäîé ìåòêè: óíèâåðñàëüíàÿ ÷àñòü ðå÷è (UPOSTAG)
è ïðèçíàêîâîå îïèñàíèå (FEATS).
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ADJ adjective INTJ interjection PUNCT punctuation

ADP adposition NOUN noun SCONJ subordinating
conjunction

ADV adverb NUM numeral SYM symbol

AUX auxiliary PART particle VERB verb

CCONJ coordinating PRON pronoun X other
conjunction

DET determiner PROPN proper noun

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé

http://universaldependencies.org
http://universaldependencies.org/format.html


Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ïðèçíàêîâûå îïèñàíèÿ
Îñíîâíîé ïðèìåð: ïðîåêò Universal Dependencies
http://universaldependencies.org.
Öåëü: ñîçäàòü óíèâåðñàëüíûé ôîðìàò ñèíòàêñè÷åñêîé è ìîðôî-
ëîãè÷åñêîé ðàçìåòêè, äîïóñêàþùèé ðàñøèðåíèå íà íîâûå ÿçûêè
è êîðïóñà.
Â îñíîâíîì àâòîìàòè÷åñêàÿ ðàçìåòêà ñ ðó÷íîé âåðèôèêàöèåé.
Íà ìàðò 2017 ãîäà � 50 ÿçûêîâ (âåðñèÿ 2.0).
Ìåòêè çàäàþòñÿ â ôîðìàòå CONLL-U
http://universaldependencies.org/format.html.
Äâå ÷àñòè ó êàæäîé ìåòêè: óíèâåðñàëüíàÿ ÷àñòü ðå÷è (UPOSTAG)
è ïðèçíàêîâîå îïèñàíèå (FEATS).
17 óíèâåðñàëüíûõ ÷àñòåé ðå÷è:
ADJ adjective INTJ interjection PUNCT punctuation

ADP adposition NOUN noun SCONJ subordinating
conjunction

ADV adverb NUM numeral SYM symbol

AUX auxiliary PART particle VERB verb

CCONJ coordinating PRON pronoun X other
conjunction

DET determiner PROPN proper noun

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé

http://universaldependencies.org
http://universaldependencies.org/format.html


Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ïðèçíàêîâûå îïèñàíèÿ

21 ïðèçíàê: 6 ëåêñè÷åñêèõ è 15 ìîðôîëîãè÷åñêèõ.

Ëåêñè÷åñêèå ïðèçíàêè: PronType, NumType, Poss, Re�ex,
Foreign, Abbr.
Ìîðôîëîãè÷åñêèå ïðèçíàêè:

Èìåííûå: Gender, Animacy, Number, Case, Degree, De�nite.
Ãëàãîëüíûå: VerbForm, Mood, Tense, Aspect, Voice, Evident,
Polarity, Person, Polite.

Åñëè â ÿçûêå íåò êàòåãîðèè, ñîîòâåòñòâóþùåìó ïðèçíàêó
ïðîñòî íå ïðèñâàèâàåòñÿ çíà÷åíèå
Çíà÷åíèÿ êàòåãîðèé çàâèñÿò îò ÿçûêà, íî ñòàíäàðòèçèðîâàíû.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ïðèçíàêîâûå îïèñàíèÿ

21 ïðèçíàê: 6 ëåêñè÷åñêèõ è 15 ìîðôîëîãè÷åñêèõ.
Ëåêñè÷åñêèå ïðèçíàêè: PronType, NumType, Poss, Re�ex,
Foreign, Abbr.

Ìîðôîëîãè÷åñêèå ïðèçíàêè:

Èìåííûå: Gender, Animacy, Number, Case, Degree, De�nite.
Ãëàãîëüíûå: VerbForm, Mood, Tense, Aspect, Voice, Evident,
Polarity, Person, Polite.

Åñëè â ÿçûêå íåò êàòåãîðèè, ñîîòâåòñòâóþùåìó ïðèçíàêó
ïðîñòî íå ïðèñâàèâàåòñÿ çíà÷åíèå
Çíà÷åíèÿ êàòåãîðèé çàâèñÿò îò ÿçûêà, íî ñòàíäàðòèçèðîâàíû.
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ïðèçíàêîâûå îïèñàíèÿ

21 ïðèçíàê: 6 ëåêñè÷åñêèõ è 15 ìîðôîëîãè÷åñêèõ.
Ëåêñè÷åñêèå ïðèçíàêè: PronType, NumType, Poss, Re�ex,
Foreign, Abbr.
Ìîðôîëîãè÷åñêèå ïðèçíàêè:

Èìåííûå: Gender, Animacy, Number, Case, Degree, De�nite.

Ãëàãîëüíûå: VerbForm, Mood, Tense, Aspect, Voice, Evident,
Polarity, Person, Polite.

Åñëè â ÿçûêå íåò êàòåãîðèè, ñîîòâåòñòâóþùåìó ïðèçíàêó
ïðîñòî íå ïðèñâàèâàåòñÿ çíà÷åíèå
Çíà÷åíèÿ êàòåãîðèé çàâèñÿò îò ÿçûêà, íî ñòàíäàðòèçèðîâàíû.
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ïðèçíàêîâûå îïèñàíèÿ

21 ïðèçíàê: 6 ëåêñè÷åñêèõ è 15 ìîðôîëîãè÷åñêèõ.
Ëåêñè÷åñêèå ïðèçíàêè: PronType, NumType, Poss, Re�ex,
Foreign, Abbr.
Ìîðôîëîãè÷åñêèå ïðèçíàêè:

Èìåííûå: Gender, Animacy, Number, Case, Degree, De�nite.
Ãëàãîëüíûå: VerbForm, Mood, Tense, Aspect, Voice, Evident,
Polarity, Person, Polite.

Åñëè â ÿçûêå íåò êàòåãîðèè, ñîîòâåòñòâóþùåìó ïðèçíàêó
ïðîñòî íå ïðèñâàèâàåòñÿ çíà÷åíèå
Çíà÷åíèÿ êàòåãîðèé çàâèñÿò îò ÿçûêà, íî ñòàíäàðòèçèðîâàíû.
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ïðèçíàêîâûå îïèñàíèÿ

21 ïðèçíàê: 6 ëåêñè÷åñêèõ è 15 ìîðôîëîãè÷åñêèõ.
Ëåêñè÷åñêèå ïðèçíàêè: PronType, NumType, Poss, Re�ex,
Foreign, Abbr.
Ìîðôîëîãè÷åñêèå ïðèçíàêè:

Èìåííûå: Gender, Animacy, Number, Case, Degree, De�nite.
Ãëàãîëüíûå: VerbForm, Mood, Tense, Aspect, Voice, Evident,
Polarity, Person, Polite.

Åñëè â ÿçûêå íåò êàòåãîðèè, ñîîòâåòñòâóþùåìó ïðèçíàêó
ïðîñòî íå ïðèñâàèâàåòñÿ çíà÷åíèå

Çíà÷åíèÿ êàòåãîðèé çàâèñÿò îò ÿçûêà, íî ñòàíäàðòèçèðîâàíû.
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ïðèçíàêîâûå îïèñàíèÿ

21 ïðèçíàê: 6 ëåêñè÷åñêèõ è 15 ìîðôîëîãè÷åñêèõ.
Ëåêñè÷åñêèå ïðèçíàêè: PronType, NumType, Poss, Re�ex,
Foreign, Abbr.
Ìîðôîëîãè÷åñêèå ïðèçíàêè:

Èìåííûå: Gender, Animacy, Number, Case, Degree, De�nite.
Ãëàãîëüíûå: VerbForm, Mood, Tense, Aspect, Voice, Evident,
Polarity, Person, Polite.

Åñëè â ÿçûêå íåò êàòåãîðèè, ñîîòâåòñòâóþùåìó ïðèçíàêó
ïðîñòî íå ïðèñâàèâàåòñÿ çíà÷åíèå
Çíà÷åíèÿ êàòåãîðèé çàâèñÿò îò ÿçûêà, íî ñòàíäàðòèçèðîâàíû.
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îñîáåííîñòè ðóññêîãî ÿçûêà

Áîëüøîå êîëè÷åñòâî íåýêâèâàëåíòíûõ ôîðìàòîâ: Universal
Dependencies, ÍÊÐß, OpenCorpora, ÃÈÊÐß (âàðèàíò MSD),
MSD, MyStem (âàðèàíò ÍÊÐß).

Ïðèçíàêîâûå îïèñàíèÿ áîëåå óäîáíû.
Ïîãðàíè÷íûå êàòåãîðèè:

Ïðè÷àñòèÿ: ïðèëàãàòåëüíîå èëè ôîðìà ãëàãîëà.
Ïðåäèêàòèâû vs íàðå÷èÿ vs êðàòêèå ïðèëàãàòåëüíûå � ãäå
ãðàíèöà.
Âèä � ñëîâîèçìåíèòåëüíàÿ èëè êëàññèôèöèðóþùàÿ êàòåãîðèÿ.
Äâóâèäîâûå ãëàãîëû.
Êëàññèôèêàöèÿ ìåñòîèìåíèé.

Ïîïûòêà óíèôèêàöèè: MorphoRuEval-2017 (Sorokin et al.,
2017).

Àëåêñåé Àíäðååâè÷ Ñîðîêèí
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îñîáåííîñòè ðóññêîãî ÿçûêà

Áîëüøîå êîëè÷åñòâî íåýêâèâàëåíòíûõ ôîðìàòîâ: Universal
Dependencies, ÍÊÐß, OpenCorpora, ÃÈÊÐß (âàðèàíò MSD),
MSD, MyStem (âàðèàíò ÍÊÐß).
Ïðèçíàêîâûå îïèñàíèÿ áîëåå óäîáíû.
Ïîãðàíè÷íûå êàòåãîðèè:

Ïðè÷àñòèÿ: ïðèëàãàòåëüíîå èëè ôîðìà ãëàãîëà.

Ïðåäèêàòèâû vs íàðå÷èÿ vs êðàòêèå ïðèëàãàòåëüíûå � ãäå
ãðàíèöà.
Âèä � ñëîâîèçìåíèòåëüíàÿ èëè êëàññèôèöèðóþùàÿ êàòåãîðèÿ.
Äâóâèäîâûå ãëàãîëû.
Êëàññèôèêàöèÿ ìåñòîèìåíèé.

Ïîïûòêà óíèôèêàöèè: MorphoRuEval-2017 (Sorokin et al.,
2017).

Àëåêñåé Àíäðååâè÷ Ñîðîêèí
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îñîáåííîñòè ðóññêîãî ÿçûêà

Áîëüøîå êîëè÷åñòâî íåýêâèâàëåíòíûõ ôîðìàòîâ: Universal
Dependencies, ÍÊÐß, OpenCorpora, ÃÈÊÐß (âàðèàíò MSD),
MSD, MyStem (âàðèàíò ÍÊÐß).
Ïðèçíàêîâûå îïèñàíèÿ áîëåå óäîáíû.
Ïîãðàíè÷íûå êàòåãîðèè:

Ïðè÷àñòèÿ: ïðèëàãàòåëüíîå èëè ôîðìà ãëàãîëà.
Ïðåäèêàòèâû vs íàðå÷èÿ vs êðàòêèå ïðèëàãàòåëüíûå � ãäå
ãðàíèöà.

Âèä � ñëîâîèçìåíèòåëüíàÿ èëè êëàññèôèöèðóþùàÿ êàòåãîðèÿ.
Äâóâèäîâûå ãëàãîëû.
Êëàññèôèêàöèÿ ìåñòîèìåíèé.

Ïîïûòêà óíèôèêàöèè: MorphoRuEval-2017 (Sorokin et al.,
2017).
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îñîáåííîñòè ðóññêîãî ÿçûêà

Áîëüøîå êîëè÷åñòâî íåýêâèâàëåíòíûõ ôîðìàòîâ: Universal
Dependencies, ÍÊÐß, OpenCorpora, ÃÈÊÐß (âàðèàíò MSD),
MSD, MyStem (âàðèàíò ÍÊÐß).
Ïðèçíàêîâûå îïèñàíèÿ áîëåå óäîáíû.
Ïîãðàíè÷íûå êàòåãîðèè:

Ïðè÷àñòèÿ: ïðèëàãàòåëüíîå èëè ôîðìà ãëàãîëà.
Ïðåäèêàòèâû vs íàðå÷èÿ vs êðàòêèå ïðèëàãàòåëüíûå � ãäå
ãðàíèöà.
Âèä � ñëîâîèçìåíèòåëüíàÿ èëè êëàññèôèöèðóþùàÿ êàòåãîðèÿ.

Äâóâèäîâûå ãëàãîëû.
Êëàññèôèêàöèÿ ìåñòîèìåíèé.

Ïîïûòêà óíèôèêàöèè: MorphoRuEval-2017 (Sorokin et al.,
2017).

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îñîáåííîñòè ðóññêîãî ÿçûêà

Áîëüøîå êîëè÷åñòâî íåýêâèâàëåíòíûõ ôîðìàòîâ: Universal
Dependencies, ÍÊÐß, OpenCorpora, ÃÈÊÐß (âàðèàíò MSD),
MSD, MyStem (âàðèàíò ÍÊÐß).
Ïðèçíàêîâûå îïèñàíèÿ áîëåå óäîáíû.
Ïîãðàíè÷íûå êàòåãîðèè:

Ïðè÷àñòèÿ: ïðèëàãàòåëüíîå èëè ôîðìà ãëàãîëà.
Ïðåäèêàòèâû vs íàðå÷èÿ vs êðàòêèå ïðèëàãàòåëüíûå � ãäå
ãðàíèöà.
Âèä � ñëîâîèçìåíèòåëüíàÿ èëè êëàññèôèöèðóþùàÿ êàòåãîðèÿ.
Äâóâèäîâûå ãëàãîëû.
Êëàññèôèêàöèÿ ìåñòîèìåíèé.

Ïîïûòêà óíèôèêàöèè: MorphoRuEval-2017 (Sorokin et al.,
2017).
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îñîáåííîñòè ðóññêîãî ÿçûêà

Áîëüøîå êîëè÷åñòâî íåýêâèâàëåíòíûõ ôîðìàòîâ: Universal
Dependencies, ÍÊÐß, OpenCorpora, ÃÈÊÐß (âàðèàíò MSD),
MSD, MyStem (âàðèàíò ÍÊÐß).
Ïðèçíàêîâûå îïèñàíèÿ áîëåå óäîáíû.
Ïîãðàíè÷íûå êàòåãîðèè:

Ïðè÷àñòèÿ: ïðèëàãàòåëüíîå èëè ôîðìà ãëàãîëà.
Ïðåäèêàòèâû vs íàðå÷èÿ vs êðàòêèå ïðèëàãàòåëüíûå � ãäå
ãðàíèöà.
Âèä � ñëîâîèçìåíèòåëüíàÿ èëè êëàññèôèöèðóþùàÿ êàòåãîðèÿ.
Äâóâèäîâûå ãëàãîëû.
Êëàññèôèêàöèÿ ìåñòîèìåíèé.

Ïîïûòêà óíèôèêàöèè: MorphoRuEval-2017 (Sorokin et al.,
2017).
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ïîñòàíîâêà çàäà÷è

Äàíà ïîñëåäîâàòåëüíîñòü ñëîâ (òîêåíîâ) w1,n = w1 . . .wn.
Òðåáóåòñÿ íàéòè ñîîòâåòñòâóþùóþ ïîñëåäîâàòåëëüíîñòü
ìîðôîëîãè÷åñêèõ ìåòîê t1,n = t1 . . . tn.

Èùåòñÿ íàèáîëåå âåðîÿòíàÿ ïîñëåäîâàòåëüíîñòü:

t = t1 . . . tn = argmax
t
p(t1 . . . tn|w1 . . .wn)

Ìåòêè âûáèðàþòñÿ èç çàðàíåå èçâåñòíîãî ìíîæåñòâà T
(îáû÷íî |T | ≈ 100− 1000).
Âñïîìîãàòåëüíûå ðåñóðñû:

Ìîðôîëîãè÷åñêèå ñëîâàðè.
Êîðïóñà ñ ìîðôîëîãè÷åñêîé ðàçìåòêîé.
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ïîñòàíîâêà çàäà÷è

Äàíà ïîñëåäîâàòåëüíîñòü ñëîâ (òîêåíîâ) w1,n = w1 . . .wn.
Òðåáóåòñÿ íàéòè ñîîòâåòñòâóþùóþ ïîñëåäîâàòåëëüíîñòü
ìîðôîëîãè÷åñêèõ ìåòîê t1,n = t1 . . . tn.
Èùåòñÿ íàèáîëåå âåðîÿòíàÿ ïîñëåäîâàòåëüíîñòü:

t = t1 . . . tn = argmax
t
p(t1 . . . tn|w1 . . .wn)

Ìåòêè âûáèðàþòñÿ èç çàðàíåå èçâåñòíîãî ìíîæåñòâà T
(îáû÷íî |T | ≈ 100− 1000).
Âñïîìîãàòåëüíûå ðåñóðñû:

Ìîðôîëîãè÷åñêèå ñëîâàðè.
Êîðïóñà ñ ìîðôîëîãè÷åñêîé ðàçìåòêîé.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ïîñòàíîâêà çàäà÷è

Äàíà ïîñëåäîâàòåëüíîñòü ñëîâ (òîêåíîâ) w1,n = w1 . . .wn.
Òðåáóåòñÿ íàéòè ñîîòâåòñòâóþùóþ ïîñëåäîâàòåëëüíîñòü
ìîðôîëîãè÷åñêèõ ìåòîê t1,n = t1 . . . tn.
Èùåòñÿ íàèáîëåå âåðîÿòíàÿ ïîñëåäîâàòåëüíîñòü:

t = t1 . . . tn = argmax
t
p(t1 . . . tn|w1 . . .wn)

Ìåòêè âûáèðàþòñÿ èç çàðàíåå èçâåñòíîãî ìíîæåñòâà T
(îáû÷íî |T | ≈ 100− 1000).

Âñïîìîãàòåëüíûå ðåñóðñû:

Ìîðôîëîãè÷åñêèå ñëîâàðè.
Êîðïóñà ñ ìîðôîëîãè÷åñêîé ðàçìåòêîé.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ïîñòàíîâêà çàäà÷è

Äàíà ïîñëåäîâàòåëüíîñòü ñëîâ (òîêåíîâ) w1,n = w1 . . .wn.
Òðåáóåòñÿ íàéòè ñîîòâåòñòâóþùóþ ïîñëåäîâàòåëëüíîñòü
ìîðôîëîãè÷åñêèõ ìåòîê t1,n = t1 . . . tn.
Èùåòñÿ íàèáîëåå âåðîÿòíàÿ ïîñëåäîâàòåëüíîñòü:

t = t1 . . . tn = argmax
t
p(t1 . . . tn|w1 . . .wn)

Ìåòêè âûáèðàþòñÿ èç çàðàíåå èçâåñòíîãî ìíîæåñòâà T
(îáû÷íî |T | ≈ 100− 1000).
Âñïîìîãàòåëüíûå ðåñóðñû:

Ìîðôîëîãè÷åñêèå ñëîâàðè.
Êîðïóñà ñ ìîðôîëîãè÷åñêîé ðàçìåòêîé.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ìîäåëü �êàíàëà ñâÿçè�

Ôîðìàëüíî,

t = t1 . . . tn = argmax
t
p(t1 . . . tn|w1 . . .wn)

Ïðåîáðàçóåì ïî ôîðìóëå Áàéåñà:

t = argmax
t
p(t|w) = argmax

t

p(w|t)p(t)

p(w)

w çàðàíåå äàíà � òî÷êà ìàêñèìóìà íå çàâèñèò îò p(w).

t = p(w|t)p(t)

p(t) � âåðîÿòíîñòü ïîñëåäîâàòåëüíîñòè ìåòîê
(ìîæíî ñ÷èòàòü ïî ýíãðàììíîé ìîäåëè).
p(w|t) � âåðîÿòíîñòü �ïîðîäèòü� äàííóþ ïîñëåäîâàòåëüíîñòü
ñëîâ w.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ìîäåëü �êàíàëà ñâÿçè�

Ôîðìàëüíî,

t = t1 . . . tn = argmax
t
p(t1 . . . tn|w1 . . .wn)

Ïðåîáðàçóåì ïî ôîðìóëå Áàéåñà:

t = argmax
t
p(t|w) = argmax

t

p(w|t)p(t)

p(w)

w çàðàíåå äàíà � òî÷êà ìàêñèìóìà íå çàâèñèò îò p(w).

t = p(w|t)p(t)

p(t) � âåðîÿòíîñòü ïîñëåäîâàòåëüíîñòè ìåòîê
(ìîæíî ñ÷èòàòü ïî ýíãðàììíîé ìîäåëè).
p(w|t) � âåðîÿòíîñòü �ïîðîäèòü� äàííóþ ïîñëåäîâàòåëüíîñòü
ñëîâ w.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ìîäåëü �êàíàëà ñâÿçè�

Ôîðìàëüíî,

t = t1 . . . tn = argmax
t
p(t1 . . . tn|w1 . . .wn)

Ïðåîáðàçóåì ïî ôîðìóëå Áàéåñà:

t = argmax
t
p(t|w) = argmax

t

p(w|t)p(t)

p(w)

w çàðàíåå äàíà � òî÷êà ìàêñèìóìà íå çàâèñèò îò p(w).

t = p(w|t)p(t)

p(t) � âåðîÿòíîñòü ïîñëåäîâàòåëüíîñòè ìåòîê
(ìîæíî ñ÷èòàòü ïî ýíãðàììíîé ìîäåëè).
p(w|t) � âåðîÿòíîñòü �ïîðîäèòü� äàííóþ ïîñëåäîâàòåëüíîñòü
ñëîâ w.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ìîäåëü �êàíàëà ñâÿçè�

Ôîðìàëüíî,

t = t1 . . . tn = argmax
t
p(t1 . . . tn|w1 . . .wn)

Ïðåîáðàçóåì ïî ôîðìóëå Áàéåñà:

t = argmax
t
p(t|w) = argmax

t

p(w|t)p(t)

p(w)

w çàðàíåå äàíà � òî÷êà ìàêñèìóìà íå çàâèñèò îò p(w).

t = p(w|t)p(t)

p(t) � âåðîÿòíîñòü ïîñëåäîâàòåëüíîñòè ìåòîê
(ìîæíî ñ÷èòàòü ïî ýíãðàììíîé ìîäåëè).

p(w|t) � âåðîÿòíîñòü �ïîðîäèòü� äàííóþ ïîñëåäîâàòåëüíîñòü
ñëîâ w.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ìîäåëü �êàíàëà ñâÿçè�

Ôîðìàëüíî,

t = t1 . . . tn = argmax
t
p(t1 . . . tn|w1 . . .wn)

Ïðåîáðàçóåì ïî ôîðìóëå Áàéåñà:

t = argmax
t
p(t|w) = argmax

t

p(w|t)p(t)

p(w)

w çàðàíåå äàíà � òî÷êà ìàêñèìóìà íå çàâèñèò îò p(w).

t = p(w|t)p(t)

p(t) � âåðîÿòíîñòü ïîñëåäîâàòåëüíîñòè ìåòîê
(ìîæíî ñ÷èòàòü ïî ýíãðàììíîé ìîäåëè).
p(w|t) � âåðîÿòíîñòü �ïîðîäèòü� äàííóþ ïîñëåäîâàòåëüíîñòü
ñëîâ w.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ìîäåëü êàíàëà ñâÿçè: îáúÿñíåíèå

p(t) îòâå÷àåò çà ãðàììàòèêó (ñ ïîìîùüþ êîíòåêñòà):

îí ðåøèë ïðèìåð çà 5 ìèíóò
Âåðîÿòíîñòü ïîñëåäîâàòåëüíîñòè pron verb noun,case=Acc
âûøå, ÷åì àëüòåðíàòèâíûõ âàðèàíòîâ.
Íåïîñðåäñòâåííûé êîíòåêñò íå âñåãäà ïîìîãàåò:

Ïîìåùåíèå áûëî íàáèòî áèòêîì
Îäíàêî áèòêîì � ñêîðåå âñåãî íàðå÷èå.
Ôîðìàëüíî, p(ADV|áèòêîì)� p(NOUN|áèòêîì).
Êàê ñëåäñòâèå, p(áèòêîì|ADV) > p(áèòêîì|NOUN).

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ìîäåëü êàíàëà ñâÿçè: îáúÿñíåíèå

p(t) îòâå÷àåò çà ãðàììàòèêó (ñ ïîìîùüþ êîíòåêñòà):
îí ðåøèë ïðèìåð çà 5 ìèíóò

Âåðîÿòíîñòü ïîñëåäîâàòåëüíîñòè pron verb noun,case=Acc
âûøå, ÷åì àëüòåðíàòèâíûõ âàðèàíòîâ.

Íåïîñðåäñòâåííûé êîíòåêñò íå âñåãäà ïîìîãàåò:
Ïîìåùåíèå áûëî íàáèòî áèòêîì

Îäíàêî áèòêîì � ñêîðåå âñåãî íàðå÷èå.
Ôîðìàëüíî, p(ADV|áèòêîì)� p(NOUN|áèòêîì).
Êàê ñëåäñòâèå, p(áèòêîì|ADV) > p(áèòêîì|NOUN).

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ìîäåëü êàíàëà ñâÿçè: îáúÿñíåíèå

p(t) îòâå÷àåò çà ãðàììàòèêó (ñ ïîìîùüþ êîíòåêñòà):
îí ðåøèë ïðèìåð çà 5 ìèíóò

Âåðîÿòíîñòü ïîñëåäîâàòåëüíîñòè pron verb noun,case=Acc
âûøå, ÷åì àëüòåðíàòèâíûõ âàðèàíòîâ.
Íåïîñðåäñòâåííûé êîíòåêñò íå âñåãäà ïîìîãàåò:

Ïîìåùåíèå áûëî íàáèòî áèòêîì

Îäíàêî áèòêîì � ñêîðåå âñåãî íàðå÷èå.
Ôîðìàëüíî, p(ADV|áèòêîì)� p(NOUN|áèòêîì).
Êàê ñëåäñòâèå, p(áèòêîì|ADV) > p(áèòêîì|NOUN).

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ìîäåëü êàíàëà ñâÿçè: îáúÿñíåíèå

p(t) îòâå÷àåò çà ãðàììàòèêó (ñ ïîìîùüþ êîíòåêñòà):
îí ðåøèë ïðèìåð çà 5 ìèíóò

Âåðîÿòíîñòü ïîñëåäîâàòåëüíîñòè pron verb noun,case=Acc
âûøå, ÷åì àëüòåðíàòèâíûõ âàðèàíòîâ.
Íåïîñðåäñòâåííûé êîíòåêñò íå âñåãäà ïîìîãàåò:

Ïîìåùåíèå áûëî íàáèòî áèòêîì
Îäíàêî áèòêîì � ñêîðåå âñåãî íàðå÷èå.

Ôîðìàëüíî, p(ADV|áèòêîì)� p(NOUN|áèòêîì).
Êàê ñëåäñòâèå, p(áèòêîì|ADV) > p(áèòêîì|NOUN).

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ìîäåëü êàíàëà ñâÿçè: îáúÿñíåíèå

p(t) îòâå÷àåò çà ãðàììàòèêó (ñ ïîìîùüþ êîíòåêñòà):
îí ðåøèë ïðèìåð çà 5 ìèíóò

Âåðîÿòíîñòü ïîñëåäîâàòåëüíîñòè pron verb noun,case=Acc
âûøå, ÷åì àëüòåðíàòèâíûõ âàðèàíòîâ.
Íåïîñðåäñòâåííûé êîíòåêñò íå âñåãäà ïîìîãàåò:

Ïîìåùåíèå áûëî íàáèòî áèòêîì
Îäíàêî áèòêîì � ñêîðåå âñåãî íàðå÷èå.
Ôîðìàëüíî, p(ADV|áèòêîì)� p(NOUN|áèòêîì).

Êàê ñëåäñòâèå, p(áèòêîì|ADV) > p(áèòêîì|NOUN).

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ìîäåëü êàíàëà ñâÿçè: îáúÿñíåíèå

p(t) îòâå÷àåò çà ãðàììàòèêó (ñ ïîìîùüþ êîíòåêñòà):
îí ðåøèë ïðèìåð çà 5 ìèíóò

Âåðîÿòíîñòü ïîñëåäîâàòåëüíîñòè pron verb noun,case=Acc
âûøå, ÷åì àëüòåðíàòèâíûõ âàðèàíòîâ.
Íåïîñðåäñòâåííûé êîíòåêñò íå âñåãäà ïîìîãàåò:

Ïîìåùåíèå áûëî íàáèòî áèòêîì
Îäíàêî áèòêîì � ñêîðåå âñåãî íàðå÷èå.
Ôîðìàëüíî, p(ADV|áèòêîì)� p(NOUN|áèòêîì).
Êàê ñëåäñòâèå, p(áèòêîì|ADV) > p(áèòêîì|NOUN).

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ìàðêîâñêàÿ ìîäåëü: ïîñòàíîâêà çàäà÷è

Íàì íóæíî îöåíèòü p(w|t).
Ïðåäïîëîæåíèå î íåçàâèñèìîñòè: wi íå çàâèñèò îò äðóãèõ
ìåòîê, êðîìå ti .

Ïîëó÷àåì:

p(w|t) = p(w1 . . .wn|t1 . . . tn) = p(w1|t1) . . . p(wn|tn)

Òåïåðü íóæíî îöåíèòü p(w |t) (ëåêñè÷åñêàÿ âåðîÿòíîñòü).
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p(t|w)p(w)

p(t)
∼ p(t|w)

p(t)

p(t) � àïðèîðíàÿ âåðîÿòíîñòü ìåòêè t
(å¼ äîëÿ â êîðïóñå/ñëîâàðå).
p(t|w) � âåðîÿòíîñòü ìåòêè t äëÿ äàííîãî ñëîâà w .

Ìîæíî ïîëîæèòü p(t|w) ≈ c(t,w)

c(w)
. Äëÿ w = áèòêîì:

t c(t,w) c(t) c(t,áèòêîì)
c(áèòêîì) p(w |t) ∼ p(t|w)

p(t)

adv 20 10000 20

21
0.8 ∼ 20

21·10000

noun, case = Acc , . . . 1 2000 1

21
0.2 ∼ 1

21·2000

Ñíîâà íå ó÷èòûâàåòñÿ ñëîâàðíàÿ èíôîðìàöèÿ!
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Îïðåäåëåíèå ïàðàìåòðîâ ìîäåëè

Ëåêñè÷åñêèå âåðîÿòíîñòè

Áóäåì ñ÷èòàòü, ÷òî âñå ñëîâàðíûå ìåòêè ñëîâà w äîïîëíè-
òåëüíî âõîäÿò â êîðïóñ α ðàç (íàïðèìåð, α = 0.5)

Òîãäà ïîëó÷èì:

p(t|w) =
c(t,w) + α

c(w) + α|T (w)
|

T (w) � ìíîæåñòâî ñëîâàðíûõ ìåòîê ñëîâà w .
Äëÿ íåñëîâàðíûõ ñëîâ p(t|w) ñ÷èòàåòñÿ íåïîñðåäñòâåííî
(ìàøèííîå îáó÷åíèå).
Âîçìîæíûå ïðèçíàêè: ñóôôèêñû ñëîâà, ñèìâîëüíûå ýí-
ãðàììû, êàïèòàëèçàöèÿ.
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Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ïîèñê íàèëó÷øåé ïîñëåäîâàòåëüíîñòè

Ïåðåáîðíûé àëãîðèòì
×èñëî âàðèàíòîâ áûñòðî ðàñò¼ò ñ äëèíîé ïðåäëîæåíèÿ:

Åãî DET

PRON,gender=Masc,case=Gen

PRON,gender=Masc,case=Acc

PRON,gender=Neut,case=Gen

PRON,gender=Neut,case=Acc

ðåøåíèå NOUN,case=Nom

NOUN,case=Acc

çàäà÷è NOUN,number=Sing,case=Gen

NOUN,number=Plur,case=Nom

NOUN,number=Plur,case=Acc

áûëî AUX

PART

íåïðàâèëüíûì ADJ,number=Sing,case=Ins,gender=Masc

ADJ,number=Sing,case=Ins,gender=Neut

ADJ,number=Plur,case=Dat

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ïîèñê íàèëó÷øåé ïîñëåäîâàòåëüíîñòè

Ïåðåáîðíûé àëãîðèòì

Äëÿ ïðåäëîæåíèÿ äëèíû 5 ïîëó÷àåòñÿ 5 ∗ 2 ∗ 3 ∗ 2 ∗ 3 = 180
âàðèàíòîâ ðàçáîðà.

Åãî ðåøåíèå çàäà÷è áûëî íåïðàâèëüíûì
5 2 3 2 3

Ðîñò ÷èñëà âàðèàíòîâ ýêñïîíåíöèàëüíûé, ò. å. äëÿ äëèíû
10 âîçìîæíî äî ∼ 10000 âàðèàíòîâ.
Ïåðåáîðíûé àëãîðèòì íåïðèìåíèì!
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Ìàðêîâñêàÿ ìîäåëü

Ïóñòü p(t) çàäà¼òñÿ òðèãðàììíîé ìîäåëüþ, ò. å.

p(t1 . . . tn) = p(t1)p(t2|t1)p(t3|t1t2) . . . p(tn|tn−2tn−1)

Ïåðåïèøåì âåðîÿòíîñòü p(t|w) ∼ p(w|t)p(t):

p(t|w) ∼ p(w|t)p(t) =
n∏

i=1
p(wi |ti )

n∏
i=1

p(ti |ti−2ti−1)

=
n∏

i=1
p(wi |ti )p(ti |ti−2ti−1)

Ãðàôè÷åñêè (〈s〉 � ìàðêåð íà÷àëà ñòðîêè)

〈s〉t1

w1

t1t2

w2

t2t3

w3

. . . tn−1tn

wn

p(t1|〈s〉) p(t2|〈s〉t1)

p(w1|t1)

p(t3|t1t2)

p(w2|t2) p(w3|t3) p(wn|tn)
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Ñîñòîÿíèå ìîäåëè â ìîìåíò âðåìåíè i : äâå ïîñëåäíèõ ìåòêè

q(i) = ti−1ti .

Â êàæäûé ìîìåíò âðåìåíè âûäà¼òñÿ ñëîâî wi ñ âåðîÿòíîñòüþ
p(wi |q(i)) = p(wi |ti ).
Ïåðåõîä â ñëåäóþùåå ñîñòîÿíèå q(i +1) = ti ti+1 ïðîèñõîäèò
ñ âåðîÿòíîñòüþ p(ti+1|ti−1ti ).
Â íà÷àëüíûé ìîìåíò âðåìåíè íè÷åãî íå âûäà¼òñÿ (âûäà¼òñÿ
ôèêòèâíûé ìàðêåð 〈s〉).
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Ñêðûòûå ìàðêîâñêèå ìîäåëè

Ñêðûòûå ìàðêîâñêèå ìîäåëè

Îïðåäåëåíèå

Ñêðûòàÿ ìàðêîâñêàÿ ìîäåëüM = 〈Q,Σ, q0,A,B〉.

Q = [q1, . . . , qN ] � ìíîæåñòâî ñîñòîÿíèé,
Σ = [s1, . . . , sM ] � âûõîäíîé àëôàâèò,
π = [π1, . . . , πN ] � íà÷àëüíîå ðàñïðåäåëåíèå ñîñòîÿíèé,

A ∈ RN×N � âåðîÿòíîñòè ïåðåõîäà,
aij = p(q(t) = qj |q(t − 1) = qi )

B ∈ RN×M � âûõîäíûå âåðîÿòíîñòè,
bik = p(X (t) = sk |q(t) = qi )

X (1), . . . ,X (t) � íàáëþäàåìàÿ ïîñëåäîâàòåëüíîñòü,
q(0), . . . , q(t) � ïîñëåäîâàòåëüíîñòü ñîñòîÿíèé.
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Ñêðûòûå ìàðêîâñêèå ìîäåëè

P(qi0 , . . . , qiT ; sk0 , . . . , skT−1
) = πi0

T∏
t=1

ait−1itbitkt

qi0

sk0

qi1

sk1

qi2

sk2

. . . qiT−1

skT−1

qiT
πi0 ai0 i1 ai1 i2

bi0k0 bi1k1 bi2k2 biT−1kT−1

aiT−1 iT
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Íàõîæäåíèå íàèáîëåå âåðîÿòíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé

Ñîñòîÿíèÿ ìàðêîâñêîé ìîäåëè � ïàðû ìîðôîëîãè÷åñêèõ
ìåòîê (â òðèãðàììíîé ìîäåëè).

Ìîðôîëîãè÷åñêèé àíàëèç ñâîäèòñÿ ê íàõîæäåíèþ íàèáîëåå
âåðîÿòíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé:

qi0 . . . qin = argmaxq(0),...,q(n) p(q(0), . . . , q(n)|X (1) . . .X (n))

Îñíîâíàÿ èäåÿ: åñëè çàôèêñèðîâàòü ïðåäïîñëåäíåå ñîñòîÿíèå
îïòèìàëüíîãî ïóòè, òî ó÷àñòîê ïóòè äî íåãî òîæå äîëæåí
áûòü îïòèìàëåí.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ñêðûòûå ìàðêîâñêèå ìîäåëè

Íàõîæäåíèå íàèáîëåå âåðîÿòíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé

Ñîñòîÿíèÿ ìàðêîâñêîé ìîäåëè � ïàðû ìîðôîëîãè÷åñêèõ
ìåòîê (â òðèãðàììíîé ìîäåëè).
Ìîðôîëîãè÷åñêèé àíàëèç ñâîäèòñÿ ê íàõîæäåíèþ íàèáîëåå
âåðîÿòíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé:

qi0 . . . qin = argmaxq(0),...,q(n) p(q(0), . . . , q(n)|X (1) . . .X (n))

Îñíîâíàÿ èäåÿ: åñëè çàôèêñèðîâàòü ïðåäïîñëåäíåå ñîñòîÿíèå
îïòèìàëüíîãî ïóòè, òî ó÷àñòîê ïóòè äî íåãî òîæå äîëæåí
áûòü îïòèìàëåí.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ñêðûòûå ìàðêîâñêèå ìîäåëè

Íàõîæäåíèå íàèáîëåå âåðîÿòíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé

Ñîñòîÿíèÿ ìàðêîâñêîé ìîäåëè � ïàðû ìîðôîëîãè÷åñêèõ
ìåòîê (â òðèãðàììíîé ìîäåëè).
Ìîðôîëîãè÷åñêèé àíàëèç ñâîäèòñÿ ê íàõîæäåíèþ íàèáîëåå
âåðîÿòíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé:

qi0 . . . qin = argmaxq(0),...,q(n) p(q(0), . . . , q(n)|X (1) . . .X (n))

Îñíîâíàÿ èäåÿ: åñëè çàôèêñèðîâàòü ïðåäïîñëåäíåå ñîñòîÿíèå
îïòèìàëüíîãî ïóòè, òî ó÷àñòîê ïóòè äî íåãî òîæå äîëæåí
áûòü îïòèìàëåí.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ñêðûòûå ìàðêîâñêèå ìîäåëè

Âåðîÿòíîñòü îïòèìàëüíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé

Çàïîìíèì ìàêñèìàëüíóþ âåðîÿòíîñòü ïóòè ñ q(n) = i :

An,i = max
q(0),...,q(n−1),q(n)=i

p(q(0), . . . , q(n)|X (1) . . .X (n))

Òîãäà ïîëó÷àåì:

An,i = max
j

An−1,jajibi ,kn

kn � íîìåð n-ãî âûõîäíîãî ñèìâîëà (ò. å. X (n) = skn).
Â íà÷àëüíûé ìîìåíò âðåìåíè A0,i = πi .
Äëÿ ìîðôîëîãè÷åñêîé ìàðêîâñêîé ìîäåëè

πi = 1, åñëè qi = 〈s〉, èíà÷å pi = 0.

Òàê çà âðåìÿ∼ n|Q|2 ìîæíî íàéòè âåðîÿòíîñòü îïòèìàëüíîé
ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé.
Íî íàì íóæíû ñàìè ñîñòîÿíèÿ!

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ñêðûòûå ìàðêîâñêèå ìîäåëè

Âåðîÿòíîñòü îïòèìàëüíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé

Çàïîìíèì ìàêñèìàëüíóþ âåðîÿòíîñòü ïóòè ñ q(n) = i :

An,i = max
q(0),...,q(n−1),q(n)=i

p(q(0), . . . , q(n)|X (1) . . .X (n))

Òîãäà ïîëó÷àåì:

An,i = max
j

An−1,jajibi ,kn

kn � íîìåð n-ãî âûõîäíîãî ñèìâîëà (ò. å. X (n) = skn).

Â íà÷àëüíûé ìîìåíò âðåìåíè A0,i = πi .
Äëÿ ìîðôîëîãè÷åñêîé ìàðêîâñêîé ìîäåëè

πi = 1, åñëè qi = 〈s〉, èíà÷å pi = 0.

Òàê çà âðåìÿ∼ n|Q|2 ìîæíî íàéòè âåðîÿòíîñòü îïòèìàëüíîé
ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé.
Íî íàì íóæíû ñàìè ñîñòîÿíèÿ!

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ñêðûòûå ìàðêîâñêèå ìîäåëè

Âåðîÿòíîñòü îïòèìàëüíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé

Çàïîìíèì ìàêñèìàëüíóþ âåðîÿòíîñòü ïóòè ñ q(n) = i :

An,i = max
q(0),...,q(n−1),q(n)=i

p(q(0), . . . , q(n)|X (1) . . .X (n))

Òîãäà ïîëó÷àåì:

An,i = max
j

An−1,jajibi ,kn

kn � íîìåð n-ãî âûõîäíîãî ñèìâîëà (ò. å. X (n) = skn).
Â íà÷àëüíûé ìîìåíò âðåìåíè A0,i = πi .
Äëÿ ìîðôîëîãè÷åñêîé ìàðêîâñêîé ìîäåëè

πi = 1, åñëè qi = 〈s〉, èíà÷å pi = 0.

Òàê çà âðåìÿ∼ n|Q|2 ìîæíî íàéòè âåðîÿòíîñòü îïòèìàëüíîé
ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé.
Íî íàì íóæíû ñàìè ñîñòîÿíèÿ!

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ñêðûòûå ìàðêîâñêèå ìîäåëè

Âåðîÿòíîñòü îïòèìàëüíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé

Çàïîìíèì ìàêñèìàëüíóþ âåðîÿòíîñòü ïóòè ñ q(n) = i :

An,i = max
q(0),...,q(n−1),q(n)=i

p(q(0), . . . , q(n)|X (1) . . .X (n))

Òîãäà ïîëó÷àåì:

An,i = max
j

An−1,jajibi ,kn

kn � íîìåð n-ãî âûõîäíîãî ñèìâîëà (ò. å. X (n) = skn).
Â íà÷àëüíûé ìîìåíò âðåìåíè A0,i = πi .
Äëÿ ìîðôîëîãè÷åñêîé ìàðêîâñêîé ìîäåëè

πi = 1, åñëè qi = 〈s〉, èíà÷å pi = 0.

Òàê çà âðåìÿ∼ n|Q|2 ìîæíî íàéòè âåðîÿòíîñòü îïòèìàëüíîé
ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé.

Íî íàì íóæíû ñàìè ñîñòîÿíèÿ!

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ñêðûòûå ìàðêîâñêèå ìîäåëè

Âåðîÿòíîñòü îïòèìàëüíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé

Çàïîìíèì ìàêñèìàëüíóþ âåðîÿòíîñòü ïóòè ñ q(n) = i :

An,i = max
q(0),...,q(n−1),q(n)=i

p(q(0), . . . , q(n)|X (1) . . .X (n))

Òîãäà ïîëó÷àåì:

An,i = max
j

An−1,jajibi ,kn

kn � íîìåð n-ãî âûõîäíîãî ñèìâîëà (ò. å. X (n) = skn).
Â íà÷àëüíûé ìîìåíò âðåìåíè A0,i = πi .
Äëÿ ìîðôîëîãè÷åñêîé ìàðêîâñêîé ìîäåëè

πi = 1, åñëè qi = 〈s〉, èíà÷å pi = 0.

Òàê çà âðåìÿ∼ n|Q|2 ìîæíî íàéòè âåðîÿòíîñòü îïòèìàëüíîé
ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé.
Íî íàì íóæíû ñàìè ñîñòîÿíèÿ!

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ñêðûòûå ìàðêîâñêèå ìîäåëè

Íàõîæäåíèå îïòèìàëüíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé

Ïðè âû÷èñëåíèè At,i ìîæíî çàïîìíèòü ïðåäûäóùåå îïòèìàëü-
íîå ñîñòîÿíèå:

δt,i = argmaxj At−1,jajibi ,kt

Òîãäà îïòèìàëüíûå ñîñòîÿíèÿ âîññòàíàâëèâàþòñÿ �îáðàòíûì
ïðîõîäîì� (backtracing):

q(n) = argmaxi An,i

q(t − 1) = δt,q(t)

Ïî ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé âîññòàíàâëèâàþòñÿ îïòè-
ìàëüíûå ìîðôîëîãè÷åñêèå ìåòêè.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ñêðûòûå ìàðêîâñêèå ìîäåëè

Íàõîæäåíèå îïòèìàëüíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé

Ïðè âû÷èñëåíèè At,i ìîæíî çàïîìíèòü ïðåäûäóùåå îïòèìàëü-
íîå ñîñòîÿíèå:

δt,i = argmaxj At−1,jajibi ,kt

Òîãäà îïòèìàëüíûå ñîñòîÿíèÿ âîññòàíàâëèâàþòñÿ �îáðàòíûì
ïðîõîäîì� (backtracing):

q(n) = argmaxi An,i

q(t − 1) = δt,q(t)

Ïî ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé âîññòàíàâëèâàþòñÿ îïòè-
ìàëüíûå ìîðôîëîãè÷åñêèå ìåòêè.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Ñêðûòûå ìàðêîâñêèå ìîäåëè

Íàõîæäåíèå îïòèìàëüíîé ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé

Ïðè âû÷èñëåíèè At,i ìîæíî çàïîìíèòü ïðåäûäóùåå îïòèìàëü-
íîå ñîñòîÿíèå:

δt,i = argmaxj At−1,jajibi ,kt

Òîãäà îïòèìàëüíûå ñîñòîÿíèÿ âîññòàíàâëèâàþòñÿ �îáðàòíûì
ïðîõîäîì� (backtracing):

q(n) = argmaxi An,i

q(t − 1) = δt,q(t)

Ïî ïîñëåäîâàòåëüíîñòè ñîñòîÿíèé âîññòàíàâëèâàþòñÿ îïòè-
ìàëüíûå ìîðôîëîãè÷åñêèå ìåòêè.

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Íåäîñòàòêè ìàðêîâñêèõ ìîäåëåé

Ìåòêè ðàññìàòðèâàþòñÿ êàê åäèíîå öåëîå, íåâîçìîæíî èç-
âëå÷ü îòäåëüíûå ïðèçíàêè.
Ñëîæíåå âûäåëèòü øàáëîíû ñîãëàñîâàíèÿ (âìåñòî ñîãëàñî-
âàíèÿ ïî ðîäó-÷èñëó-ïàäåæó � 3∗2∗6 îòäåëüíûõ ñîãëàñîâàíèé
ïî êàæäîìó íàáîðó ãðàììåì).

Îãðàíè÷åííàÿ ïàìÿòü (÷àùå âñåãî ñîñòîÿíèÿ � áèãðàììû
ìåòîê, òðèãðàìì óæå ñëèøêîì ìíîãî).
Ñëåäñòâèå: íå ó÷èòûâàþòñÿ äèñòàíòíûå çàâèñèìîñòè.
tn çàâèñèò òîëüêî îò wn, tn−1, tn−2, íî íå îò wn−1.
Îäíàêî ëåêñåìû âëèÿþò íà ìîðôîëîãè÷åñêèå ïîêàçàòåëè
ñîñåäíèõ:

îáìàíóòü äðóãà vs ñîâðàòü äðóãó

case=Gen case=Dat

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Íåäîñòàòêè ìàðêîâñêèõ ìîäåëåé

Ìåòêè ðàññìàòðèâàþòñÿ êàê åäèíîå öåëîå, íåâîçìîæíî èç-
âëå÷ü îòäåëüíûå ïðèçíàêè.
Ñëîæíåå âûäåëèòü øàáëîíû ñîãëàñîâàíèÿ (âìåñòî ñîãëàñî-
âàíèÿ ïî ðîäó-÷èñëó-ïàäåæó � 3∗2∗6 îòäåëüíûõ ñîãëàñîâàíèé
ïî êàæäîìó íàáîðó ãðàììåì).
Îãðàíè÷åííàÿ ïàìÿòü (÷àùå âñåãî ñîñòîÿíèÿ � áèãðàììû
ìåòîê, òðèãðàìì óæå ñëèøêîì ìíîãî).
Ñëåäñòâèå: íå ó÷èòûâàþòñÿ äèñòàíòíûå çàâèñèìîñòè.

tn çàâèñèò òîëüêî îò wn, tn−1, tn−2, íî íå îò wn−1.
Îäíàêî ëåêñåìû âëèÿþò íà ìîðôîëîãè÷åñêèå ïîêàçàòåëè
ñîñåäíèõ:

îáìàíóòü äðóãà vs ñîâðàòü äðóãó

case=Gen case=Dat

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Íåäîñòàòêè ìàðêîâñêèõ ìîäåëåé

Ìåòêè ðàññìàòðèâàþòñÿ êàê åäèíîå öåëîå, íåâîçìîæíî èç-
âëå÷ü îòäåëüíûå ïðèçíàêè.
Ñëîæíåå âûäåëèòü øàáëîíû ñîãëàñîâàíèÿ (âìåñòî ñîãëàñî-
âàíèÿ ïî ðîäó-÷èñëó-ïàäåæó � 3∗2∗6 îòäåëüíûõ ñîãëàñîâàíèé
ïî êàæäîìó íàáîðó ãðàììåì).
Îãðàíè÷åííàÿ ïàìÿòü (÷àùå âñåãî ñîñòîÿíèÿ � áèãðàììû
ìåòîê, òðèãðàìì óæå ñëèøêîì ìíîãî).
Ñëåäñòâèå: íå ó÷èòûâàþòñÿ äèñòàíòíûå çàâèñèìîñòè.
tn çàâèñèò òîëüêî îò wn, tn−1, tn−2, íî íå îò wn−1.

Îäíàêî ëåêñåìû âëèÿþò íà ìîðôîëîãè÷åñêèå ïîêàçàòåëè
ñîñåäíèõ:

îáìàíóòü äðóãà vs ñîâðàòü äðóãó

case=Gen case=Dat

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ëèíãâèñòè÷åñêèå àñïåêòû íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé



Ââåäåíèå Ìàðêîâñêàÿ ìîäåëü ìîðôîëîãèè Óñëîâíûå ñëó÷àéíûå ïîëÿ

Íåäîñòàòêè ìàðêîâñêèõ ìîäåëåé

Ìåòêè ðàññìàòðèâàþòñÿ êàê åäèíîå öåëîå, íåâîçìîæíî èç-
âëå÷ü îòäåëüíûå ïðèçíàêè.
Ñëîæíåå âûäåëèòü øàáëîíû ñîãëàñîâàíèÿ (âìåñòî ñîãëàñî-
âàíèÿ ïî ðîäó-÷èñëó-ïàäåæó � 3∗2∗6 îòäåëüíûõ ñîãëàñîâàíèé
ïî êàæäîìó íàáîðó ãðàììåì).
Îãðàíè÷åííàÿ ïàìÿòü (÷àùå âñåãî ñîñòîÿíèÿ � áèãðàììû
ìåòîê, òðèãðàìì óæå ñëèøêîì ìíîãî).
Ñëåäñòâèå: íå ó÷èòûâàþòñÿ äèñòàíòíûå çàâèñèìîñòè.
tn çàâèñèò òîëüêî îò wn, tn−1, tn−2, íî íå îò wn−1.
Îäíàêî ëåêñåìû âëèÿþò íà ìîðôîëîãè÷åñêèå ïîêàçàòåëè
ñîñåäíèõ:

îáìàíóòü äðóãà vs ñîâðàòü äðóãó

case=Gen case=Dat
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