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Êîìïîçèöèîíàëüíîñòü

Â ÿçûêå ïîòåíöèàëüíî íåîãðàíè÷åííîå ÷èñëî ïðåäëîæåíèé
è òåì áîëåå òåêñòîâ.
Îäíàêî íîñèòåëü ÿçûêà ñïîñîáåí âîññòàíîâèòü çíà÷åíèå ýëå-
ìåíòîâ áîëåå âûñîêîãî óðîâíÿ.
Çíà÷åíèå ïðåäëîæåíèé ñâîäèòñÿ ê çíà÷åíèþ ñëîâîñî÷åòà-
íèé, à çíà÷åíèÿ ñëîâîñî÷åòàíèÿ � ê çíà÷åíèþ ñëîâ...
Åñòåñòâåííûé ÿçûê îáëàäàåò êîìïîçèöèîíàëüíîñòüþ:

�Çíà÷åíèå ñëîæíîãî âûðàæåíèÿ åñòü ôóíêöèÿ çíà÷åíèé åãî
÷àñòåé è ñèíòàêñè÷åñêèõ ïðàâèë, ñîåäèíÿþùèõ ýòè ÷àñòè.�
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Ïðèìåð êîìïîçèöèîíàëüíîñòè

Òî åñòü îïðåäåëåíèå äîëæíî åäèíîîáðàçíî ìîäèôèöèðî-
âàòü çíà÷åíèå ñóùåñòâèòåëüíîãî, ê êîòîðîìó îíî îòíîñèòñÿ:

äîì → êðàñíûé äîì,
ñàïîã → êðàñíûé ñàïîã,
êóðòêà → êðàñíàÿ êóðòêà

Îäíàêî íå âñåãäà ñìûñë èçìåíÿåòñÿ îäèíàêîâûì îáðàçîì:

óãîëîê → êðàñíûé óãîëîê,
àðìèÿ → Êðàñíàÿ Àðìèÿ,
êíèãà → Êðàñíàÿ Êíèãà

Òî åñòü êîìïîçèöèîíàëüíîñòü ÷àñòî íàðóøàåòñÿ.
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Íàðóøåíèÿ êîìïîçèöèîíàëüíîñòè

Îñíîâíîé ïðèìåð: èäèîìû è ôðàçåîëîãèçìû.
Êëàññèôèêàöèÿ ïî Â. Â. Âèíîãðàäîâó:

Ôðàçåîëîãè÷åñêèå ñðàùåíèÿ (ñìûñë âûðàæåíèÿ íå âîññòà-
íàâëèâàåòñÿ ïî ñìûñëó åãî êîìïîíåíòîâ):
�íè â çóá íîãîé�, �ñîáàêó ñúåñòü�.
Ôðàçåîëîãè÷åñêèå åäèíñòâà (ñìûñë ÷àñòè÷íî âîññòàíàâëè-
âàåòñÿ ïî çíà÷åíèþ êîìïîíåíòîâ):
�äåëàòü èç ìóõè ñëîíà�, �ïëûòü ïî òå÷åíèþ�, �çâîíèòü â êî-

ëîêîëà�
Ôðàçåîëîãè÷åñêèå ñî÷åòàíèÿ (óñòîé÷èâîå ñî÷åòàíèå ñëîâ,
÷åé ñìûñë âîññòàíîâèì èç çíà÷åíèÿ êîìïîíåíòîâ, îäíî èç
ñëîâ ìåíåå ñâîáîäíî ÷åì äðóãîå):
�ïîòóïèòü âçãëÿä�, �íàíåñòè óðîí�, �îáðåñòè ñïîêîéñòâèå� .
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Íàðóøåíèÿ êîìïîçèöèîíàëüíîñòè

Îñíîâíîé ïðèìåð: èäèîìû è ôðàçåîëîãèçìû.
Êëàññèôèêàöèÿ ïî À. Áàðàíîâó è Ä. Äîáðîâîëüñêîìó:

Èäèîìû (�øèøêà íà ðîâíîì ìåñòå�),
Êîëëîêàöèè (�çëî áåð¼ò �),
Ïîñëîâèöû (�öûïëÿò ïî îñåíè ñ÷èòàþò �),
Ãðàììàòè÷åñêèå ôðàçåîëîãèçìû (�âî ÷òî áû òî íè ñòàëî�),
Ñèíòàêñè÷åñêèå ôðàçåîëîãèçìû (X îí è â Àôðèêå X).

Ñóùåñòâóþò è äðóãèå êëàññèôèêàöèè è îïðåäåëåíèÿ.
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Âàðèàíòû îïðåäåëåíèÿ êîëëîêàöèé

�íåñëó÷àéíîå ñî÷åòàíèå äâóõ è áîëåå ëåêñè÷åñêèõ åäèíèö,
õàðàêòåðíîå êàê äëÿ ÿçûêà â öåëîì, òàê è îïðåäåëåííîãî
òèïà òåêñòîâ�(ßãóíîâà, Ïèâîâàðîâà, 2010).
�ñåìàíòè÷åñêàÿ ôðàçåìà, òàêàÿ ÷òî â ñîñòàâ å¼ îçíà÷àåìîãî
âõîäèò îçíà÷àåìîå îäíîé èç ëåêñåì â êà÷åñòâå ñåìàíòè÷å-
ñêîé äîìèíàíòû è îçíà÷àåìîå âòîðîé ëåêñåìû â êà÷åñòâå
íåêîòîðîãî äîïîëíèòåëüíîãî êîìïîíåíòà, ïðè÷¼ì âòîðàÿ
ëåêñåìà âûáèðàåòñÿ â çàâèñèìîñòè îò ïåðâîé� (Èîðäàíñêàÿ,
Ìåëü÷óê, 2007).
�lexically and/or pragmatically constrained recurrent co-occur-
rences of at least two lexical items which are in a direct syntactic
relation with each other� (Bartsch, 2004).
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Âû÷èñëèòåëüíûé ïîäõîä ê êîëëîêàöèÿì

�Collocations of a given word are statements of the habitual and
customary places of that word.� (Firth, 1957).
�Collocations [ are ] recurrent combinations of words that co-
occur more often than expected by chance and that correspond
to arbitrary word usages� (Smadja, 1993).
�A collocation is a word combination whose semantic and/or
syntactic properties cannot be fully predicted from those of its
components, and which therefore has to be listed in a lexicon.�
(Evert, 2007)
�I use collocation thus as a generic term whose speci�c mean-
ing can be narrowed down according to the requirements of a
particular research question or application.� (Evert, 2004)
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Îñíîâíûå ñâîéñòâà êîëëîêàöèé

Îñíîâíûå ñâîéñòâà êîëëîêàöèé:

Íåêîìïîçèöèîíàëüíîñòü � çíà÷åíèå êîëëîêàöèè íå ñâîäèò-
ñÿ ê çíà÷åíèþ ýëåìåíòîâ:

ñûãðàòü â ÿùèê 6= ñûãðàòü + ÿùèê

Íåðåãóëÿðíîñòü � êîëëîêàöèè íå ïîðîæäàþòñÿ â ñîîòâåò-
ñòâèè ñî ñòàíäàðòíîé ìîäåëüþ.
Óñòîé÷èâîñòü � ýëåìåíòû êîëëîêàöèè íåëüçÿ çàìåíèòü íà
ñèíîíèìè÷íûå.

êðåïêèé ÷àé 6= ñèëüíûé ÷àé

×àñòîòíîñòü.
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Ïðèìåíåíèÿ êîëëîêàöèé

Êàêèå åñòü ïðèìåíåíèÿ ó êîëëîêàöèé?

Ëåêñèêîëîãèÿ (êàê êîìïüþòåðíàÿ, òàê è òðàäèöèîííàÿ).
Ïîäãîòîâêà ñëîâàðåé (êàê äâó-, òàê è îäíîÿçû÷íûõ).
Àâòîìàòè÷åñêèé ïåðåâîä:

A leopard cannot change its spots
m

×¼ðíîãî êîáåëÿ íå îòìîåøü äîáåëà
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Ïðèìåíåíèÿ êîëëîêàöèé

Óòî÷íåíèå ÿçûêîâûõ ìîäåëåé.
Èíôîðìàöèîííûé ïîèñê:

Äóìà íàëîæèëà âåòî . . . ↔ Äóìà îòâåðãëà . . .

Àâòîìàòè÷åñêàÿ ðàçìåòêà (ìîðôîëîãè÷åñêàÿ, ñèíòàêñè÷åñ-
êàÿ è ò.ä):

Êîëëîêàöèè ìîãóò íàðóøàòü ìîðôîëîãè÷åñêèå çàêîíîìåðíîñòè:

çàäàòü ïåðöó, íè â çóá íîãîé, . . .

Ìîæåò èñïîëüçîâàòüñÿ íåñòàíäàðòíûé ïîðÿäîê ñëîâ:

ñïðàâåäëèâîñòè ðàäè, áèë îçíîá.

Ìîðôîëîãèÿ è ñèíòàêñèñ ýëåìåíòîâ êîëëîêàöèè èçâåñòíû:

âî ÷òî áû òî íè ñòàëî, êòî â ëåñ, êòî ïî äðîâà
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Íàø ïîäõîä ê êîëëîêàöèÿì

Ìû ïðèäåðæèâàåìñÿ ñòàòèñòè÷åñêîãî ïîäõîäà ê êîëëîêàöèÿì:

Îïðåäåëåíèå êîëëîêàöèé

Êîëëîêàöèÿ � ýòî ñî÷åòàíèå ñëîâ (âîçìîæíî, ñèíòàêñè÷åñêè
ñâÿçàííûõ), ÷àñòîòíîñòü êîòîðîãî ñóùåñòâåííî âûøå, ÷åì áûëà
áû â ïðåäïîëîæåíèè î íåçàâèñèìîñòè åãî êîìïîíåíò.

Ìàòåìàòè÷åñêè,

c(w1w2)� c(w1)c(w2),

ãäå c(α) � îòíîñèòåëüíàÿ ÷àñòîòà ñåãìåíòà α â êîðïóñå.
Òî åñòü íàäî âû÷èñëÿòü âçàèìíóþ èíôîðìàöèþ ñëîâ w1 è w2:

MI (w1,w2) = log
c(w1w2)

c(w1)c(w2)
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Ýòàï 1: ñîçäàíèå êîíêîðäàíñà

Ñîçäàíèå êîíêîðäàíñà ïðè ïîìîùè SketchEngine:
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Ýòàï 2: âûäåëåíèå êîëëîêàöèé

Âûäåëåíèå êîëëîêàöèé ïðè ïîìîùè SketchEngine:
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Ýòàï 3: ñïèñîê êîëëîêàöèé

Ïîëó÷àåìûé ñïèñîê íàèáîëåå ÷àñòûõ êîëëîêàòîâ:

Ñïèñîê âåñüìà ñòðàííûé...
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Àíàëèç ðåçóëüòàòîâ

Ïóñòü ñëîâîôîðìà X âñòðå÷àåòñÿ òîëüêî âíóòðè áèãðàììû â X ,
òîãäà

MI (â,X ) = log
p(â X )

p(â)p(X )
= − log p(â) = 5.19

Ïîëó÷èëîñü 6.79, ïîòîìó ÷òî �Although it is labeled as standard
"Mutual Information", Sketch Engine actually uses a slightly di�erent
calculation: ¾a scaled version of Dice¿�. (A. Kilgari�)
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Íåäîñòàòêè âçàèìíîé èíôîðìàöèè

Ïóñòü êîðïóñ ñîäåðæèò 1000000 ñëîâ.
Ìèíèìàëüíàÿ íåíóëåâàÿ ÷àñòîòà áèãðàììû: 0.000001.
Çíà÷èò, äëÿ áèãðàììû XY , ãäå êàæäîå ñëîâî èìååò ÷àñòîòó
100, ïîëó÷èì

MI (X ,Y ) = log2
0.000001

0.0001 ∗ 0.0001
= log2 100 = 6.64

Ìåòîä âçàèìíîé èíôîðìàöèè ïðåäïî÷èòàåò ðåäêèå ñëîâà!
Äëÿ íèõ ëþáàÿ ñëó÷àéíàÿ áèãðàììà äà¼ò áîëüøîå çíà÷åíèå
èíôîðìàöèè.
Âûâîä: íàäî ðàññìàòðèâàòü íå àáñîëþòíóþ âåëè÷èíó îòëè-
÷èÿ, à åãî çíà÷èìîñòü.
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Ìàòåìàòè÷åñêîå îòñòóïëåíèå: ïðîâåðêà ãèïîòåç

Ìû áóäåì ïðîâåðÿòü íå òî, íàñêîëüêî ñèëüíî îòêëîíÿåòñÿ
çíà÷åíèå, à íàñêîëüêî íåâåðîÿòíî òàêîå îòêëîíåíèå.
Áóäåì ñ÷èòàòü, ÷òî ñëîâî w ïîÿâëÿåòñÿ ñ âåðîÿòíîñòüþ,
ðàâíîé åãî îòíîñèòåëüíîé ÷àñòîòå:

p(u = w) = c(w) =
n(w)

N
, ãäå N � ðàçìåð êîðïóñà

Ðàññìîòðèì ãèïîòåçó H0, ÷òî ïîÿâëåíèå ñëîâ w1 è w2 íåçà-
âèñèìî (ýòî îçíà÷àåò, ÷òî w1w2 íå îáðàçóåò êîëëîêàöèþ).
Òîãäà áèãðàììà w1w2 ðàñïðåäåëåíà áèíîìèàëüíî ñ âåðîÿò-
íîñòüþ

p0 = p(u1 = w1)p(u2 = w2) = c(w1)c(w2)

Ãèïîòåçà îòñóòñòâèÿ êîëëîêàöèè: H0 : p(w1w2) = p0.
Ãèïîòåçà íàëè÷èÿ ñâÿçè (ïðèñóòñòâèÿ êîëëîêàöèè):
H1 : p(w1w2) > p0.
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Óðîâíè çíà÷èìîñòè

Ïóñòü êîðïóñ ñîäåðæèò N áèãðàìì, à áèãðàììà w1w2 âñòðå-
÷àåòñÿ n ðàç. Íàì òðåáóåòñÿ ïîäîáðàòü ïîðîã ÷àñòîòû h òàê,
÷òîáû âåðîÿòíîñòü îøèáî÷íîãî ïðèíÿòèÿ àëüòåðíàòèâíîé
ãèïîòåçû H1 (�ëîæíîé òðåâîãè�) áûëà íå âûøå íåêîòîðîãî
çíà÷åíèÿ p.
Òî åñòü ïðè ïðèíÿòèè ãèïîòåçû ìû äîëæíû îøèáàòüñÿ ñ
âåðîÿòíîñòüþ íå áîëüøå p.
Ïðåäïîëîæèì, ÷òî H0 âåðíà, òîãäà â êà÷åñòâå ïîðîãîâîãî
çíà÷åíèÿ äëÿ îòíîñèòåëüíîé ÷àñòîòû c(w1w2) íóæíî âçÿòü
òàêîå h, ÷òî

p(c > h|H0) 6 p.

Òîãäà H1 ïðèíèìàåòñÿ åñëè c(w1w2) > h èëè, ÷òî òî æå
ñàìîå,

p(c > c(w1w2)|H0) 6 p.
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Óðîâíè çíà÷èìîñòè

H0 îòâåðãàåòñÿ (ïðèíèìàåòñÿ àëüòåðíàòèâíàÿ ãèïîòåçà î íàëè÷èè
êîëëîêàöèè), åñëè c ïîïàäàåò â ïðîåêöèþ çàøòðèõîâàííîé
îáëàñòè.

p(c > h) = p

h
x

y
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Óðîâíè çíà÷èìîñòè

Íàéä¼ì âåðîÿòíîñòü òîãî, ÷òî p(c > c(w1w2)) ïðè óñëîâèè
H0, òî åñòü ïðè óñëîâèè, ÷òî âåðîÿòíîñòü äàííîé áèãðàììû
ðàâíà p0 = c(w1)c(w2).

Îíà çàäà¼òñÿ ôîðìóëîé
N∑

m=n
Cm
N pn

0
(1−p0)N−n, ãäåm� ÷èñëî

âõîæäåíèé áèãðàììû w1w2 â êîðïóñ.

Åñëè
N∑

m=n
Cm
N pm

0
(1 − p0)

N−m 6 p, òî ãèïîòåçó H0 ìîæíî

îòâåðãàòü ñ ðèñêîì îøèáèòüñÿ íå áîëåå, ÷åì p.
Òî åñòü â êà÷åñòâå ïîêàçàòåëÿ íàëè÷èÿ êîëëîêàöèè ìîæíî
áðàòü âåëè÷èíó

1−
N∑

m=n

Cm
N pm0 (1− p0)

N−m

Íåäîñòàòîê: íåâîçìîæíî ñ÷èòàòü.
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Ñòàòèñòè÷åñêèé ïîäõîä ê èçâëå÷åíèþ êîëëîêàöèé

Îáùàÿ ìåòîäîëîãèÿ: ïîäîáðàòü íåêîòîðóþ ñòàòèñòèêó z ñ
ôóíêöèåé ðàñïðåäåëåíèÿ F , ìîíîòîííî çàâèñÿùóþ îò ÷èñëà
âõîæäåíèé áèãðàììû w1w2.
Òîãäà ïîðîãîì íàëè÷èÿ êîëëîêàöèè ÿâëÿåòñÿ ëèáî ñàìî çíà-
÷åíèå ýòîé ñòàòèñòèêè z0, ëèáî F−1(z0):

z > z0 � ïðèíèìàåì ãèïîòåçó î íàëè÷èè êîëëîêàöèè,
z < z0 îòâåðãàåì ãèïîòåçó

Ëó÷øå âñåãî áðàòü ëåãêî âû÷èñëèìóþ ñòàòèñòèêó ñ èçâåñò-
íîé ôóíêöèåé ðàñïðåäåëåíèÿ (íàïðèìåð, íîðìàëüíûì èëè
χ2).
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Íîðìàëüíîå ïðèáëèæåíèå

Îäíàêî ðàñïðåäåëåíèå íîðìèðîâàííîé ñóììû áîëüøîãî ÷èñ-
ëà íåçàâèñèìûõ áåðíóëëèåâûõ âåëè÷èí î÷åíü íàïîìèíàåò
íîðìàëüíîå. Íåëüçÿ ëè ýòèì âîñïîëüçîâàòüñÿ?
Åñëè ïðåäïîëîæèòü, ÷òî p(w1w2) = p0, òî âåëè÷èíà

z(w1w2) =
c(w1w2)−p0N√

p0N
ñòðåìèòñÿ ïî ðàñïðåäåëåíèþ ê ñòàí-

äàðòíîé íîðìàëüíîé âåëè÷èíå c ïëîòíîñòüþ

p(x) =
1√
2π

exp (−x2

2
)

Ïðîáëåìà â òîì, ÷òî ïðè ìàëûõ p0 ñõîäèìîñòü î÷åíü ìåäëåí-
íàÿ, à çíàìåíàòåëü î÷åíü ìàë, ïîýòîìó ïîëüçîâàòüñÿ ýòèì
ïðèáëèæåíèåì íåëüçÿ.
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Íîðìàëüíîå ïðèáëèæåíèå

Â ðàáîòå [Church, 1991] áûëà ïðåäëîæåíà âåëè÷èíà

t(w1w2) =
c(w1w2)− p0N√

c(w1w2)

Äàííàÿ ñòàòèñòèêà íàçûâàåòñÿ t-ìåðîé äëÿ êîëëîêàöèé
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Èçâëå÷åíèå êîëëîêàöèé ñ ïîìîùüþ t-ìåðû
Ïîëó÷àåìûé ñïèñîê íàèáîëåå ÷àñòûõ êîëëîêàòîâ:
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Íåäîñòàòîê t-ìåðû
t-ìåðà çàâèñèò ëèøü îò c(w1w2) è ïðîèçâåäåíèÿ e(w1w2) = c(w1)c(w2).
Âîîáðàæàåìûé ïðèìåð (Evert, 2007):

C (Iliad) = 10, C (the) = 100000,
C (must) = 1000, C (also) = 1000,

C (the Iliad) = 10, C (must also) = 10
E (the Iliad) = 106, E (must also) = 106

Òî åñòü ñ òî÷êè çðåíèÿ t-ìåðû äàííûå áèãðàììû â îäèíàêîâîé
ñòåïåíè ÿâëÿþòñÿ êîëëîêàöèÿìè.
Ðàçëè÷èå: must è also âñòðå÷àþòñÿ ñî ìíîãèìè äðóãèìè ñëîâàìè,
Iliad � òîëüêî ñ the.
Ñëåäîâàòåëüíî, îäíîé �ïîëîæèòåëüíîé� èíôîðìàöèè íåäîñòàòî÷íî.
Âûõîä: íóæíî ðàññìàòðèâàòü âñþ òàáëèöó ñîïðÿæ¼ííîñòè áèãðàì
w1 è w2.
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Òàáëèöû ñîïðÿæ¼ííîñòè

Òàáëèöà ñîïðÿæ¼ííîñòè ïîêàçûâàåò ñîâìåñòíîå ðàñïðåäåëåíèå
âõîæäåíèé w1 è w2. w2 ¬w2

w1 n11 n12 L1
¬w1 n21 n22 L2

R1 R2 N
n11 = c(w1,w2)
n12 = c(w1, ·)− c(w1,w2) =

∑
w∈T2,w 6=w2

c(w1,w)

n21 = c(·,w2)− c(w1,w2) =
∑

w∈T1,w 6=w1

c(w ,w2)

n22 = c(·, ·)− c(w1, ·)− c(·,w2) + c(w1,w2)
=

∑
u∈T1,v∈T2
u 6=w1,v 6=w2

c(u, v)

Çäåñü T1, T2 � ìíîæåñòâà ñëîâ, îòêóäà áåðóòñÿ w1,w2.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ñòàòèñòè÷åñêèé ïîäõîä ê êîëëîêàöèÿì Òåñòèðîâàíèå âçàèìíîé èíôîðìàöèè äëÿ ïîèñêà êîëëîêàöèé Äðóãèå ñòàòèñòè÷åñêèå ìåðû äëÿ êîëëîêàöèé

Ìåðû êîëëîêàòèâíîñòè äëÿ òàáëèö ñîïðÿæ¼ííîñòè

Ïóñòü e11 = p1p2, e12 = p1p2, e21 = p1p2, e22 = p1p2 �
îæèäàåìûå çíà÷åíèÿ ýëåìåíòîâ òàáëèöû.

MIa(w1,w2) =
∑
i ,j

cij log2
cij

eij
� ñðåäíÿÿ âçàèìíàÿ èíôîðìàöèÿ

χ2(w1,w2) =
∑
i ,j

(cij − eij)
2

eij
� ñòàòèñòèêà χ2

OR(w1,w2) ≈
c11

c21
/
c12

c22
=

(c11 + 0.5)(c22 + 0.5)

(c12 + 0.5)(c21 + 0.5)

D1(w1,w2) = n11
L1

D2(w1,w2) = n11
R1

Dice(w1,w2) =
2D1D2

D1 + D2

=
2n11

L1 + R1

È åù¼ ïðèìåðíî 80 âàðèàíòîâ (Pecina, 2005)

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ñòàòèñòè÷åñêèé ïîäõîä ê êîëëîêàöèÿì Òåñòèðîâàíèå âçàèìíîé èíôîðìàöèè äëÿ ïîèñêà êîëëîêàöèé Äðóãèå ñòàòèñòè÷åñêèå ìåðû äëÿ êîëëîêàöèé

Òàáëèöà ìåð êîëëîêàòèâíîñòè
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Ñðàâíåíèå ðàçëè÷íûõ ìåð

MI � ÷óâñòâèòåëüíà ê ñëó÷àéíûì ñîâïàäåíèÿì, íàõîäèò
òåìàòè÷åñêèå êîëëîêàöèè.
t-ìåðà � ñìåùåíà â ñòîðîíó ÷àñòîòíûõ ïàð, íàõîäèò óñòîé÷è-
âûå ñî÷åòàíèÿ, íî íå èìååò ñòðîãîãî îáîñíîâàíèÿ.
Dice-ìåðà � íàõîäèò ñèììåòðè÷íûå óñòîé÷èâûå ñî÷åòàíèÿ
(w1 è w2 âñòðå÷àþòñÿ òîëüêî âìåñòå).
Îòíîøåíèå âåðîÿòíîñòåé íå îòëè÷àåò ïîëîæèòåëüíóþ è îò-
ðèöàòåëüíóþ àññîöèàöèþ.
Âûáîð îïòèìàëüíîé ìåðû çàâèñèò îò çàäà÷è (íàïðèìåð,
íóæíû ëè ñèììåòðè÷íûå èëè íåñèììåòðè÷íûå êîëëîêàöèè).
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Ìû ñ÷èòàëè ñòàòèñòèêó �ïî ñëîâàì�, èñïîëüçóÿ ñ÷¼ò÷èêè
äëÿ ñëîâîôîðì.
Ìîæíî ñ÷èòàòü �ïî ëåììàì�, èñïîëüçóÿ ñ÷¼ò÷èêè äëÿ ëåêñåì.
Íàïðèìåð, äëÿ áèãðàììû �ïðèäàòü çíà÷åíèå� ýòî ïîçâîëèò
îòñëåäèòü âñå ôîðìû ãëàãîëà:

�ïðèäà¼ò çíà÷åíèå�
�ïðèäàëà çíà÷åíèå�
�ïðèäàäèì çíà÷åíèå�
è äàæå �íå ïðèäà¼ò çíà÷åíèÿ�.
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Ñðàâíåíèå êîëëîêàöèé ïî ñëîâàì è ëåììàì.
Êîëëîêàöèè ãëàãîëà ïðèäàòü �ïî ñëîâàì�.
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Âàðèàíòû îïðåäåëåíèÿ êîëëîêàöèé

Ìû ðàññìàòðèâàëè òîëüêî íåïîñðåäñòâåííûå áèãðàììû, ÷üè
ýëåìåíòû ïðèìûêàþò äðóã ê äðóãó.
Îäíàêî ýòî íå âñåãäà îïðàâäàíî:

ïðèäàòü áîëüøîå çíà÷åíèå,
ïðèäàòü ñóùåñòâåííîå çíà÷åíèå,
íå ïðèäàòü íèêàêîãî çíà÷åíèÿ.

äëÿ íåêîòîðûõ êîëëîêàöèé âåðîÿòíåé �ðàçðûâíàÿ� áèãðàììà:

�âçÿòü X íàçàä�, �ïî Y ñ÷¼òó�

Ìîæíî ðàññìàòðèâàòü íå ïðîñòî áèãðàììû, à áèãðàììû,
íàõîäÿùèåñÿ âíóòðè îêíà ôèêñèðîâàííîé øèðèíû (÷àùå
âñåãî áåðóò w = 5).
Òîãäà ôîðìóëû äëÿ âçàèìíîé èíôîðìàöèè è t-ìåðû ìîæíî
èñïîëüçîâàòü áåç èçìåíåíèÿ.
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Ñðàâíåíèå ðàçëè÷íûõ êîëëîêàöèé.
Êîëëîêàöèè ãëàãîëà ïðèäàòü �ïî ñëîâàì�, d = 1.
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Ñðàâíåíèå ðàçëè÷íûõ êîëëîêàöèé.
Êîëëîêàöèè ãëàãîëà ïðèäàòü �ïî ñëîâàì�, d = 2.
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Ñèíòàêñè÷åñêèå êîëëîêàöèè

×àñòî íàéäåííûå êîëëîêàöèè íå îêàçûâàþòñÿ ñèíòàêñè÷åñêè
ñâÿçàííûìè:
Íåêîòîðûå êîëëîêàöèè, íàéäåííûå íà ìàòåðèàëå ÍÊÐß:

1. ïîòîìó ÷òî
2. ìîæåò áûòü
3. ó ìåíÿ
... ...
8. òîì ÷òî
11. íè÷åãî íå
13. ÿ íå

Âûâîä: íàäî ðàññìàòðèâàòü òîëüêî ïàðû ñëîâ, ñâÿçàííûå
ñèíòàêñè÷åñêîé çàâèñèìîñòüþ.
×òî ïðîèçîéä¼ò ñ âåðîÿòíîñòíîé ìîäåëüþ?
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Óòî÷íåíèå âåðîÿòíîñòíîé ìîäåëè

Íàáëþäåíèå: ïî÷òè äëÿ ëþáîé áèãðàììû
p(w1w2)� p(w1)p(w2).
Ïî÷åìó ýòî òàê?
Ýëåìåíòû áèãðàììû íå ìîãóò îòíîñèòüñÿ ê ïðîèçâîëüíûì
ñèíòàêñè÷åñêèì è ìîðôîëîãè÷åñêèì êàòåãîðèÿì.
×åì ìîæåò áûòü x â ïàðå �ïðèäàòü x�:

Ñóùåñòâèòåëüíûì â âèíèòåëüíîì ïàäåæå (�ïðèäàòü ñìûñë�),
Ïðèëàãàòåëüíûì â âèíèòåëüíîì ïàäåæå (�ïðèäàòü íåîæè-
äàííûé ñìûñë�),
Íàðå÷èåì (�ïðèäàòü äîâîëüíî íåîæèäàííûé ñìûñë�),
Ñóùåñòâèòåëüíûì èëè ïðèëàãàòåëüíûì â äàòåëüíîì ïàäåæå:
�ïðèäàòü ôðàçå äîâîëüíî äâóñìûñëåííîå çâó÷àíèå�
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Ïðè âû÷èñëåíèè îæèäàåìîé âåðîÿòíîñòè ìû ïðåäïîëàãàëè,
÷òî âñå ñëîâà äîïóñòèìû ïîñëå w1.
Íî ýòî íå òàê (äàæå â îòñóòñòâèå êîëëîêàòèâíîñòè).
Íàïðèìåð, çà ïðåäëîãîì íå ìîæåò èäòè ãëàãîë.
Ñîîòâåòñòâåííî, â âûðàæåíèè �ïðèäàòü x� âàðèàíò
x = �çíà÷åíèå� �êîíêóðèðóåò� â îñíîâíîì ñ ñóùåñòâèòåëü-
íûìè è ïðèëàãàòåëüíûìè â âèíèòåëüíîì ïàäåæå.
Åñëè ìû ðàññìàòðèâàåì òîëüêî áèãðàììû, ñîåäèí¼ííûå ñèí-
òàêñè÷åñêîé ñâÿçüþ, òî îíî êîíêóðèðóåò òîëüêî ñ ïðÿìûìè
äîïîëíåíèÿìè ïðè ãëàãîëå �ïðèäàòü�.
Êàê ýòî ó÷åñòü â ìîäåëè?
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Íóæíî ñ÷èòàòü òîëüêî âõîæäåíèÿ w1,w2, íàõîäÿùèåñÿ â
áèãðàììàõ çàäàííîãî òèïà (íàïðèìåð, �ïðåäëîã + ñóùåñòâè-
òåëüíîå�).
Ôîðìàëüíî, ïóñòü c1, c2 � êàòåãîðèè â áèãðàììå w1w2.
Òîãäà ôîðìóëà âçàèìíîé èíôîðìàöèè ïðèìåò âèä:

MI (w1w2|c1c2) = log c(w1w2|c1c2)− log c(w1_|c1c2)
− log c(_w2|c1c2), ãäå

c(w1w2|c1c2) = #(w1w2|c(w1) = c1, c(w2) = c2),
c(w1_|c1c2) =

∑
u2

#(w1u2|c(w1) = c1, c(u2) = c2),

c(_w2|c1c2) =
∑
u1

#(u1w2|c(u1) = c1, c(w2) = c2),

Àíàëîãè÷íî, â ôîðìóëàõ äëÿ t-ìåðû è â òàáëèöàõ ñîïðÿæ¼í-
íîñòè â êà÷åñòâå ñóììàðíîé äëèíû íàäî áðàòü

c(__|c1c2) =
∑
u1,u2

#(u1u2|c(u1) = c1, c(u2) = c2)
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Òàáëèöû ñîïðÿæ¼ííîñòè: íàïîìèíàíèå

w2 ¬w2

w1 n11 n12 L1
¬w1 n21 n22 L2

R1 R2 N

n11 = c(w1,w2) n12 =
∑

w∈T2,
w 6=w2

c(w1,w)

n21 =
∑

w∈T1,
w 6=w1

c(w ,w2) n22 =
∑

u∈T1,v∈T2
u 6=w1,v 6=w2

c(u, v)

Çäåñü T1, T2 � ìíîæåñòâà ñëîâ, îòêóäà áåðóòñÿ w1,w2.
Íàïðèìåð, T1 � ïåðåõîäíûå ãëàãîëû, T2 � ïðÿìûå äîïîëíåíèÿ.
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