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ïðèïèñûâàíèå): u · v = uv ,
Óíàðíàÿ îïåðàöèÿ ∗ (èòåðàöèÿ, âçÿòü ëþáîå êîëè÷åñòâî ðàç):
L∗ ñîñòîèò èç ñëîâ âèäà u1 . . . ur , ãäå r ∈ N, u1, . . . , ur ∈ L.
Åñëè α � ðåãóëÿðíîå âûðàæåíèå, òî L(α) � çàäàâàåìûé èì
ÿçûê.
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Îïðåäåëåíèå êîíå÷íîãî àâòîìàòà

Ïóñòü Σ � êîíå÷íûé àëôàâèò.

Îïðåäåëåíèå êîíå÷íîãî àâòîìàòà

Êîíå÷íûé àâòîìàò: ïîìå÷åííûé ãðàô M = 〈Q,Σ,∆, q0,F 〉, ãäå

Q � êîíå÷íîå ìíîæåñòâî ñîñòîÿíèé (âåðøèí ãðàôà),
∆ � êîíå÷íîå ìíîæåñòâî ïåðåõîäîâ (ð¼áåð ñ ìåòêàìè) âèäà
〈q1,w〉 → q2, q1, q2 ∈ Q, w ∈ Σ∗.
q0 ∈ Q � ñòàðòîâîå ñîñòîÿíèå
F ⊆ Q � çàâåðøàþùèå ñîñòîÿíèÿ.

Ìåòêà ïóòè � êîíêàòåíàöèÿ âñåõ ìåòîê íà âõîäÿùèõ â íåãî ð¼áðàõ.

ßçûê L(M) � ìåòêè ïóòåé èç íà÷àëüíîãî ñîñòîÿíèÿ â çàâåðøàþùèå.
ßçûê � àâòîìàòíûé, åñëè çàäà¼òñÿ íåêîòîðûì êîíå÷íûì àâòîìàòîì.
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Îïðåäåëåíèå êîíå÷íîãî àâòîìàòà
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F ⊆ Q � çàâåðøàþùèå ñîñòîÿíèÿ.

Ìåòêà ïóòè � êîíêàòåíàöèÿ âñåõ ìåòîê íà âõîäÿùèõ â íåãî ð¼áðàõ.

ßçûê L(M) � ìåòêè ïóòåé èç íà÷àëüíîãî ñîñòîÿíèÿ â çàâåðøàþùèå.
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Òåîðåìà

Ëþáîé àâòîìàòíûé ÿçûê ðàñïîçíà¼òñÿ àâòîìàòîì ñ
îäíîáóêâåííûìè ïåðåõîäàìè.

Îïðåäåëåíèå

Àâòîìàò ñ îäíîáóêâåííûìè ïåðåõîäàìè � äåòåðìèíèðîâàííûé,
åñëè íè èç êàêîãî ñîñòîÿíèÿ íåò äâóõ ïåðåõîäîâ ïî îäíîé è òîé
æå áóêâå.

Òåîðåìà

Ëþáîé àâòîìàòíûé ÿçûê ðàñïîçíà¼òñÿ äåòåðìèíèðîâàííûì
êîíå÷íûì àâòîìàòîì.

Òåîðåìà (Êëèíè, 1956)

Êëàññû àâòîìàòíûõ è ðåãóëÿðíûõ ÿçûêîâ ñîâïàäàþò.
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Òåîðåìà

Ïóñòü íàéä¼òñÿ áåñêîíå÷íîå ìíîæåñòâî ñëîâ u1, v1, . . . , un, vn, . . .
òàêèõ, ÷òî ∀i(uivi ∈ L), åñëè i 6= j , òî uivj /∈ L. Òîãäà ÿçûê L
� íå àâòîìàòíûé.

Ïðèìåð

ßçûê L={anbn |n ∈ N} � íå àâòîìàòíûé.

Òåîðåìà (Ëåììà î ðàçðàñòàíèè)

Äëÿ âñÿêîãî àâòîìàòíîãî ÿçûêà L íàéä¼òñÿ ÷èñëî p, òàêîå ÷òî
äëÿ âñÿêîãî w ∈ L, òàêîãî ÷òî |w | > p, âåðíî ÷òî ∃x , y , z (w =
xyz , |xy | 6 p, |y | > 0) è ∀k ∈ N(xykz ∈ L).

Óïðàæíåíèå

Äîêàçàòü, ÷òî L = {anbn | n ∈ N} � íå àâòîìàòíûé ÿçûê, ñ
ïîìîùüþ ëåììû î ðàçðàñòàíèè.
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ßçûê L={anbn |n ∈ N} � íå àâòîìàòíûé.

Òåîðåìà (Ëåììà î ðàçðàñòàíèè)

Äëÿ âñÿêîãî àâòîìàòíîãî ÿçûêà L íàéä¼òñÿ ÷èñëî p, òàêîå ÷òî
äëÿ âñÿêîãî w ∈ L, òàêîãî ÷òî |w | > p, âåðíî ÷òî ∃x , y , z (w =
xyz , |xy | 6 p, |y | > 0) è ∀k ∈ N(xykz ∈ L).

Óïðàæíåíèå

Äîêàçàòü, ÷òî L = {anbn | n ∈ N} � íå àâòîìàòíûé ÿçûê, ñ
ïîìîùüþ ëåììû î ðàçðàñòàíèè.

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Íåàâòîìàòíîñòü åñòåñòâåííûõ ÿçûêîâ
Çàìå÷àíèå: åñòåñòâåííûå ÿçûêè íåàâòîìàòíû.

The dog chases the cat.
The dog whom a dog chases chases the cat.
The dog whom a dog whom a dog chases chases the cat.
. . .
The dog (whom a dog)m chasesm+1 the cat.

Òîò æå øàáëîí, ÷òî â anbn.
Íà ñàìîì äåëå ðåãóëÿðíûõ ÿçûêîâ íå õâàòèò äàæå äëÿ ïîëíîãî
îïèñàíèÿ ìîðôîëîãèè (ðåäóïëèêàöèÿ):

Ïðèìåð (Ðåäóïëèêàöèÿ â ÿçûêå áàìáàðà, ñåìüÿ ìàíäå)

wulu �ñîáàêà�
wulu-o-wulu �ëþáàÿ ñîáàêà�
wulunyinina �âèäÿùèé ñîáàêó�
wulunyinina-o-wulunyinina �ëþáîé, êòî âèäèò ñîáàêó�

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Íåàâòîìàòíîñòü åñòåñòâåííûõ ÿçûêîâ
Çàìå÷àíèå: åñòåñòâåííûå ÿçûêè íåàâòîìàòíû.

The dog chases the cat.

The dog whom a dog chases chases the cat.
The dog whom a dog whom a dog chases chases the cat.
. . .
The dog (whom a dog)m chasesm+1 the cat.

Òîò æå øàáëîí, ÷òî â anbn.
Íà ñàìîì äåëå ðåãóëÿðíûõ ÿçûêîâ íå õâàòèò äàæå äëÿ ïîëíîãî
îïèñàíèÿ ìîðôîëîãèè (ðåäóïëèêàöèÿ):

Ïðèìåð (Ðåäóïëèêàöèÿ â ÿçûêå áàìáàðà, ñåìüÿ ìàíäå)

wulu �ñîáàêà�
wulu-o-wulu �ëþáàÿ ñîáàêà�
wulunyinina �âèäÿùèé ñîáàêó�
wulunyinina-o-wulunyinina �ëþáîé, êòî âèäèò ñîáàêó�

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Íåàâòîìàòíîñòü åñòåñòâåííûõ ÿçûêîâ
Çàìå÷àíèå: åñòåñòâåííûå ÿçûêè íåàâòîìàòíû.

The dog chases the cat.
The dog whom a dog chases chases the cat.

The dog whom a dog whom a dog chases chases the cat.
. . .
The dog (whom a dog)m chasesm+1 the cat.

Òîò æå øàáëîí, ÷òî â anbn.
Íà ñàìîì äåëå ðåãóëÿðíûõ ÿçûêîâ íå õâàòèò äàæå äëÿ ïîëíîãî
îïèñàíèÿ ìîðôîëîãèè (ðåäóïëèêàöèÿ):

Ïðèìåð (Ðåäóïëèêàöèÿ â ÿçûêå áàìáàðà, ñåìüÿ ìàíäå)

wulu �ñîáàêà�
wulu-o-wulu �ëþáàÿ ñîáàêà�
wulunyinina �âèäÿùèé ñîáàêó�
wulunyinina-o-wulunyinina �ëþáîé, êòî âèäèò ñîáàêó�

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Íåàâòîìàòíîñòü åñòåñòâåííûõ ÿçûêîâ
Çàìå÷àíèå: åñòåñòâåííûå ÿçûêè íåàâòîìàòíû.

The dog chases the cat.
The dog whom a dog chases chases the cat.
The dog whom a dog whom a dog chases chases the cat.

. . .
The dog (whom a dog)m chasesm+1 the cat.

Òîò æå øàáëîí, ÷òî â anbn.
Íà ñàìîì äåëå ðåãóëÿðíûõ ÿçûêîâ íå õâàòèò äàæå äëÿ ïîëíîãî
îïèñàíèÿ ìîðôîëîãèè (ðåäóïëèêàöèÿ):

Ïðèìåð (Ðåäóïëèêàöèÿ â ÿçûêå áàìáàðà, ñåìüÿ ìàíäå)

wulu �ñîáàêà�
wulu-o-wulu �ëþáàÿ ñîáàêà�
wulunyinina �âèäÿùèé ñîáàêó�
wulunyinina-o-wulunyinina �ëþáîé, êòî âèäèò ñîáàêó�

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Íåàâòîìàòíîñòü åñòåñòâåííûõ ÿçûêîâ
Çàìå÷àíèå: åñòåñòâåííûå ÿçûêè íåàâòîìàòíû.

The dog chases the cat.
The dog whom a dog chases chases the cat.
The dog whom a dog whom a dog chases chases the cat.
. . .
The dog (whom a dog)m chasesm+1 the cat.

Òîò æå øàáëîí, ÷òî â anbn.
Íà ñàìîì äåëå ðåãóëÿðíûõ ÿçûêîâ íå õâàòèò äàæå äëÿ ïîëíîãî
îïèñàíèÿ ìîðôîëîãèè (ðåäóïëèêàöèÿ):

Ïðèìåð (Ðåäóïëèêàöèÿ â ÿçûêå áàìáàðà, ñåìüÿ ìàíäå)

wulu �ñîáàêà�
wulu-o-wulu �ëþáàÿ ñîáàêà�
wulunyinina �âèäÿùèé ñîáàêó�
wulunyinina-o-wulunyinina �ëþáîé, êòî âèäèò ñîáàêó�

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Íåàâòîìàòíîñòü åñòåñòâåííûõ ÿçûêîâ
Çàìå÷àíèå: åñòåñòâåííûå ÿçûêè íåàâòîìàòíû.

The dog chases the cat.
The dog whom a dog chases chases the cat.
The dog whom a dog whom a dog chases chases the cat.
. . .
The dog (whom a dog)m chasesm+1 the cat.

Òîò æå øàáëîí, ÷òî â anbn.

Íà ñàìîì äåëå ðåãóëÿðíûõ ÿçûêîâ íå õâàòèò äàæå äëÿ ïîëíîãî
îïèñàíèÿ ìîðôîëîãèè (ðåäóïëèêàöèÿ):

Ïðèìåð (Ðåäóïëèêàöèÿ â ÿçûêå áàìáàðà, ñåìüÿ ìàíäå)

wulu �ñîáàêà�
wulu-o-wulu �ëþáàÿ ñîáàêà�
wulunyinina �âèäÿùèé ñîáàêó�
wulunyinina-o-wulunyinina �ëþáîé, êòî âèäèò ñîáàêó�

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Íåàâòîìàòíîñòü åñòåñòâåííûõ ÿçûêîâ
Çàìå÷àíèå: åñòåñòâåííûå ÿçûêè íåàâòîìàòíû.

The dog chases the cat.
The dog whom a dog chases chases the cat.
The dog whom a dog whom a dog chases chases the cat.
. . .
The dog (whom a dog)m chasesm+1 the cat.

Òîò æå øàáëîí, ÷òî â anbn.
Íà ñàìîì äåëå ðåãóëÿðíûõ ÿçûêîâ íå õâàòèò äàæå äëÿ ïîëíîãî
îïèñàíèÿ ìîðôîëîãèè (ðåäóïëèêàöèÿ):

Ïðèìåð (Ðåäóïëèêàöèÿ â ÿçûêå áàìáàðà, ñåìüÿ ìàíäå)

wulu �ñîáàêà�
wulu-o-wulu �ëþáàÿ ñîáàêà�
wulunyinina �âèäÿùèé ñîáàêó�
wulunyinina-o-wulunyinina �ëþáîé, êòî âèäèò ñîáàêó�

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Êîíòåêñòíî-ñâîáîäíûå ãðàììàòèêè

Êîíòåêñòíî-ñâîáîäíûå ãðàììàòèêè

Îïðåäåëåíèå

Êîíòåêñòíî-ñâîáîäíàÿ ãðàììàòèêà: G = 〈N,Σ,P,S〉, ãäå
Σ � àëôàâèò,
N � ìíîæåñòâî âñïîìîãàòåëüíûõ ñèìâîëîâ,
P � ìíîæåñòâî ïðàâèë A→ α, A ∈ N, α ∈ (Σ ∪ N)∗,
S ∈ N � ñòàðòîâûé ñèìâîë.

Îòíîøåíèå ïåðåõîäà `′ íà ìíîæåñòâå (Σ ∪ N)∗ � íàèìåíüøåå
îòíîøåíèå, òàêîå ÷òî

(A→ α ∈ P)⇔ ∀γ, η ∈ (Σ ∪ N)∗ (γAη `′ γαη)

(α ` β)↔ (∃α1, . . . , αm (α `′ α1 . . . α2 . . . αm `′ β))

L(G ) = {w ∈ Σ∗ | S ` w} � ÿçûê, ïîðîæäàåìûé ãðàììàòèêîé.

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Êîíòåêñòíî-ñâîáîäíûå ãðàììàòèêè

Êîíòåêñòíî-ñâîáîäíûå ãðàììàòèêè

Îïðåäåëåíèå

Êîíòåêñòíî-ñâîáîäíàÿ ãðàììàòèêà: G = 〈N,Σ,P,S〉, ãäå
Σ � àëôàâèò,
N � ìíîæåñòâî âñïîìîãàòåëüíûõ ñèìâîëîâ,
P � ìíîæåñòâî ïðàâèë A→ α, A ∈ N, α ∈ (Σ ∪ N)∗,
S ∈ N � ñòàðòîâûé ñèìâîë.

Îòíîøåíèå ïåðåõîäà `′ íà ìíîæåñòâå (Σ ∪ N)∗ � íàèìåíüøåå
îòíîøåíèå, òàêîå ÷òî

(A→ α ∈ P)⇔ ∀γ, η ∈ (Σ ∪ N)∗ (γAη `′ γαη)

(α ` β)↔ (∃α1, . . . , αm (α `′ α1 . . . α2 . . . αm `′ β))

L(G ) = {w ∈ Σ∗ | S ` w} � ÿçûê, ïîðîæäàåìûé ãðàììàòèêîé.

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Êîíòåêñòíî-ñâîáîäíûå ãðàììàòèêè

Êîíòåêñòíî-ñâîáîäíûå ãðàììàòèêè

Îïðåäåëåíèå

Êîíòåêñòíî-ñâîáîäíàÿ ãðàììàòèêà: G = 〈N,Σ,P,S〉, ãäå
Σ � àëôàâèò,
N � ìíîæåñòâî âñïîìîãàòåëüíûõ ñèìâîëîâ,
P � ìíîæåñòâî ïðàâèë A→ α, A ∈ N, α ∈ (Σ ∪ N)∗,
S ∈ N � ñòàðòîâûé ñèìâîë.

Îòíîøåíèå ïåðåõîäà `′ íà ìíîæåñòâå (Σ ∪ N)∗ � íàèìåíüøåå
îòíîøåíèå, òàêîå ÷òî

(A→ α ∈ P)⇔ ∀γ, η ∈ (Σ ∪ N)∗ (γAη `′ γαη)

(α ` β)↔ (∃α1, . . . , αm (α `′ α1 . . . α2 . . . αm `′ β))

L(G ) = {w ∈ Σ∗ | S ` w} � ÿçûê, ïîðîæäàåìûé ãðàììàòèêîé.

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Êîíòåêñòíî-ñâîáîäíûå ãðàììàòèêè

Êîíòåêñòíî-ñâîáîäíûå ãðàììàòèêè

Îïðåäåëåíèå

Êîíòåêñòíî-ñâîáîäíàÿ ãðàììàòèêà: G = 〈N,Σ,P,S〉, ãäå
Σ � àëôàâèò,
N � ìíîæåñòâî âñïîìîãàòåëüíûõ ñèìâîëîâ,
P � ìíîæåñòâî ïðàâèë A→ α, A ∈ N, α ∈ (Σ ∪ N)∗,
S ∈ N � ñòàðòîâûé ñèìâîë.

Îòíîøåíèå ïåðåõîäà `′ íà ìíîæåñòâå (Σ ∪ N)∗ � íàèìåíüøåå
îòíîøåíèå, òàêîå ÷òî

(A→ α ∈ P)⇔ ∀γ, η ∈ (Σ ∪ N)∗ (γAη `′ γαη)

(α ` β)↔ (∃α1, . . . , αm (α `′ α1 . . . α2 . . . αm `′ β))

L(G ) = {w ∈ Σ∗ | S ` w} � ÿçûê, ïîðîæäàåìûé ãðàììàòèêîé.

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Êîíòåêñòíî-ñâîáîäíûå ãðàììàòèêè

Ïðèìåðû êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Ïðèìåð

L(G ) = {anbn | n ∈ N}: S → aSb, S → ε.

Ïðèìåð (Äåðåâî âûâîäà)

S

a S

a S

a S

ε

b

b

b

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Êîíòåêñòíî-ñâîáîäíûå ãðàììàòèêè

Ïðèìåðû êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Ïðèìåð

S → NP VP NP → Det CN NP → John
VP → VTrans NP VTrans → reads Det → a
CN → Adj CN Adj → black CN → book

S

NP

John

VP

VTrans

reads

NP

Det

a

CN

Adj

black

CN

book

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Êîíòåêñòíî-ñâîáîäíûå ãðàììàòèêè

Ïðèìåðû êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Ïðèìåð

S → NP VP NP → Det CN NP → John
VP → VTrans NP VTrans → reads Det → a
CN → Adj CN Adj → black CN → book

S

NP

John

VP

VTrans

reads

NP

Det

a

CN

Adj

black

CN

book

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí

Êàòåãîðèàëüíûå ãðàììàòèêè



Ðåãóëÿðíûå âûðàæåíèÿ è êîíå÷íûå àâòîìàòû Ñåìàíòèêà äëÿ êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

Êîíòåêñòíî-ñâîáîäíûå ãðàììàòèêè

Ïðèìåðû êîíòåêñòíî-ñâîáîäíûõ ãðàììàòèê

The girl whom John loves

NP

Det

the

CN

CN

girl
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Âñÿêèé àâòîìàòíûé ÿçûê ÿâëÿåòñÿ êîíòåêñòíî-ñâîáîäíûì.

Èäåÿ äîêàçàòåëüñòâà

Ïîëîæèòü N = Q, S = q0, çàìåíèòü ïåðåõîäû 〈q1, a〉 → q2 íà
ïðàâèëà q1 → aq2, à äëÿ âñåõ çàâåðøàþùèõ ñîñòîÿíèé q ∈ F
äîáàâèòü ïðàâèëà q → ε.

âñÿêèé êîíòåêñòíî-ñâîáîäíûé ÿçûê ïîðîæäàåòñÿ ãðàììàòèêîé
òîëüêî ñ ïðàâèëàìè âèäà A→ BC , A→ a è S → ε, ïðè÷¼ì
S íå ñîäåðæèòñÿ â ïðàâîé ÷àñòè ïðàâèë (íîðìàëüíàÿ ôîðìà
Õîìñêîãî).
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Åñëè îòîáðàæåíèå φ çàìåíÿåò áóêâó a íà íåêîòîðîå ôèêñè-
ðîâàííîå ñëîâî wa, òî èç òîãî, ÷òî L� êîíòåêñòíî-ñâîáîäíûé
ÿçûê, ñëåäóåò, ÷òî φ(L) � òîæå êîíòåêòñíî-ñâîáîäíûé ÿçûê.
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òàêîå ÷òî äëÿ âñÿêîãî w ∈ L, òàêîãî ÷òî |w | > p, âåðíî ÷òî ∃x , u,
y , v , z (w = xuyvz , |uyv | 6 p, |uv | > 0) è ∀k ∈ N(xukyvkz ∈ L).
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Ðàññìîòðèì ãðàììàòèêó â íîðìàëüíîé ôîðìå Õîìñêîãî.
Òîãäà ãëóáèíà äåðåâà âûâîäà äëÿ w íå ìåíüøå log2 |w |+ 1.
Çíà÷èò, åñëè âçÿòü ñëîâî c |w | > 2|N|, òî â ñàìîé äëèííîé
âåòâè åñòü ïîâòîðÿùèåñÿ âñïîìîãàòåëüíûå ñèìâîëû.
Ìîæíî íåîãðàíè÷åííî äóáëèðîâàòü ïîääåðåâî ìåæäó íèìè.
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Ïðèìåðû íåêîíòåêñòíî-ñâîáîäíûõ ÿçûêîâ

Ïðèìåð

ßçûê L = {ambnambn | m, n ∈ N} íå ÿâëÿåòñÿ
êîíòåêñòíî-ñâîáîäíûì.

Ñõåìà äîêàçàòåëüñòâà

Âîçüì¼ì w = apbpapbp è ïðåäñòàâèì åãî â âèäå w = xuyvz
èç ëåììû î ðàçðàñòàíèè.
Áåç îãðàíè÷åíèÿ îáùíîñòè u ñîäåðæèò áóêâó a, ïóñòü îíà
èç ïåðâîãî ñåãìåíòà.
×òîáû ñëîâî xu2yv2z èìåëî òðåáóåìûé âèä, íóæíî, ÷òîáû
u èëè v ñîäåðæàëî a èç âòîðîãî ñåãìåíòà.
Íî òîãäà |uyv | > p + 2. Ïðîòèâîðå÷èå.

Ïðèìåð

ßçûê L = {ww | w ∈ Σ∗} íå ÿâëÿåòñÿ êîíòåêñòíî-ñâîáîäíûì
äëÿ ëþáîãî àëôàâèòà Σ, ñîäåðæàùåãî õîòÿ áû 2 áóêâû.
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Äîñòàòî÷íî ëè êîíòåêñòíî-ñâîáîäíûõ ÿçûêîâ äëÿ ìîäåëè-
ðîâàíèÿ ñèíòàêñèñà è ñåìàíòèêè?

Âîçìîæíî, íåäîñòàòî÷íî äàæå äëÿ ìîðôîëîãèè:

Ïðèìåð (Ðåäóïëèêàöèÿ â ÿçûêå áàìáàðà, ñåìüÿ ìàíäå)

wulu �ñîáàêà�
wulu-o-wulu �ëþáàÿ ñîáàêà�
wulunyinina �âèäÿùèé ñîáàêó�
wulunyinina-o-wulunyinina �ëþáîé, êòî âèäèò ñîáàêó�

Äëÿ ñèíòàêñèñà çàâåäîìî íåäîñòàòî÷íî.
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Ðàññìîòðèì ïðåäëîæåíèÿ âèäà
Ìàøà, Ïåòÿ, Âàñÿ ïðèøëè ê ôèíèøó ïåðâîé, ñåäüìûì,
÷åòâ¼ðòûì, ñîîòâåòñòâåííî.

Îíè âñå ïîäõîäÿò ïîä ðåãóëÿðíûé øàáëîí R
Name

+ ïðèøëè ê ôèíèøó Num
+ ñîîòâåòñòâåííî.

ÇäåñüName � ìíîæåñòâî èì¼í, Num � ìíîæåñòâî ïîðÿäêîâûõ
÷èñëèòåëüíûõ â åäèíñòâåííîì ÷èñëå è òâîðèòåëüíîì ïàäåæå.
Åñëè ìíîæåñòâî êîððåêòíûõ ïðåäëîæåíèé L êîíòåêñòíî-ñâî-
áîäíî, òî è L ∩ L(R) � êîíòåêñòíî-ñâîáîäíûé ÿçûê.
Òàê ëè ýòî?
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Êîíòåêñòíî-ñâîáîäíû ëè åñòåñòâåííûå ÿçûêè

×òîáû ïðåäëîæåíèå âèäà
Ìàøà, Ïåòÿ, Âàñÿ, ... ïðèøëè ê ôèíèøó ïåðâîé, ñåäüìûì,
÷åòâ¼ðòûì, ..., ñîîòâåòñòâåííî.
áûëî êîððåêòíî, òðåáóåòñÿ âûïîëíåíèå ñëåäóþùèõ óñëîâèé:

×èñëî ñóùåñòâèòåëüíûõ è ÷èñëèòåëüíûõ ñîâïàäàåò.
Ðîä i-ãî ñëåâà ñóùåñòâèòåëüíîãî ñîâïàäàåò ñ ðîäîì i-ãî ñëåâà
÷èñëèòåëüíîãî.

Ïîñòðîèì ñëåäóþùåå îòîáðàæåíèå φ:

φ(ìóæñêîå èìÿ) = a, φ(æåíñêîå èìÿ) = b,
φ(÷èñëèòåëüíîå ìóæñêîãî ðîäà) = a,
φ(÷èñëèòåëüíîå æåíñêîãî ðîäà) = b,
φ(ïðèøëè ê ôèíèøó) = φ(ñîîòâåòñòâåííî) = ε.

Òîãäà φ(L ∩ L(R)) = {ww | w ∈ {a, b}+} � íå êîíòåêñòíî-
ñâîáîäíûé.

Çíà÷èò, è ñàìè ÿçûêè L ∩ L(R) íå êîíòåêñòíî-ñâîáîäíû.

Ñòåïàí Êóçíåöîâ, Ìàòè Ïåíòóñ, Àëåêñåé Ñîðîêèí
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Ïî êðàéíåé ìåðå, ðóññêèé ÿçûê íå êîíòåêñòíî-ñâîáîäíûé.

Àíàëîãè÷íûå êîíñòðóêöèè åñòü â ãîëëàíäñêîì, íåìåöêîì
(øâåéöàðñêèé äèàëåêò) è ò.ä.
Äàæå åñëè ìíîæåñòâî ñëîâ îêàçûâàåòñÿ êîíòåêñòíî-ñâîáîäíûì,
ÊÑ-ãðàììàòèêè íåàäåêâàòíî ìîäåëèðóþò ïðîöåññ ïîðîæäåíèÿ.
Êðîìå òîãî, âîçíèêàþò ïðîáëåìû ñ ñåìàíòèêîé.
Êñòàòè, à êàê å¼ âîîáùå ìîäåëèðîâàòü?
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