
Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè
Ëåêöèÿ 17, ÷àñòü 2

Ãðàììàòèê ñëàáîãî ïðåäøåñòâîâàíèÿ.

Îïåðàòîðíûå ãðàììàòèêè

Þ. Â. Íàãðåáåöêàÿ

Óðàëüñêèé ôåäåðàëüíûé óíèâåðñèòåò
Èíñòèòóò åñòåñòâåííûõ íàóê è ìàòåìàòèêè

Äåïàðòàìåíò ìàòåìàòèêè, ìåõàíèêè è êîìïüþòåðíûõ íàóê
Íàïðàâëåíèÿ: Ìàòåìàòèêà è êîìïüþòåðíûå íàóêè

Êîìïüþòåðíàÿ áåçîïàñíîñòü
(6 ñåìåñòð)

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17, ÷àñòü 2



Ãðàììàòèêà ñëàáîãî ïðåäøåñòâîâàíèÿ

Îïðåäåëåíèå

Ãðàììàòèêà íàçûâàåòñÿ ãðàììàòèêîé ñëàáîãî ïðåäøåñòâîâàíèÿ (ÑÏ), åñëè

1 íå ñóùåñòâóåò ñèìâîëîâ X è Y òàêèõ, ÷òî (X<·Y èëè X
.

= Y ) è X ·>Y ;

2 íå ñóùåñòâóåò ïðàâèë A→ αXβ è B → β òàêèõ, ÷òî X<·B èëè X
.

= B.

Âòîðîå óñëîâèå ãîâîðèò îò òîì, ÷òî íèêàêàÿ îñíîâà β, ÿâëÿþùàÿñÿ ñóôôèêñîì
äðóãîé îñíîâû αXβ, íå ìîæåò áûòü ñâåðíóòà ðàíüøå îñíîâû αXβ.

Òåîðåìà 4 (î ñâÿçè ÏÏ è ÑÏ ãðàììàòèê)

Ëþáàÿ ÏÏ-ãðàììàòèêà ÿâëÿåòñÿ ÑÏ-ãðàììàòèêîé.
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Ãðàììàòèêà ñëàáîãî ïðåäøåñòâîâàíèÿ

Äîêàçàòåëüñòâî. Ïóñòü G � ÏÏ-ãðàììàòèêà. Äîñòàòî÷íî ïðîâåðèòü (2)-å
óñëîâèå èç îïðåäåëåíèÿ ÑÏ-ãðàììàòèêè. Îò ïðîòèâíîãî Ïóñòü ÏÏ-ãðàììàòèêà
G èìååò ïðàâèëà âûâîäà A→ αXβ è B → β è ïðè ýòîì X

.
= B èëè X<·B. Òàê

êàê G ε-ñâîáîäíà, β 6= ε, ïîýòîìó β = Y γ äëÿ íåêîòîðîãî ñèìâîëà Y . Òîãäà
X

.
= Y , ïîñêîëüêó ïðàâèëî âûâîäà A→ αXβ ìîæíî çàïèñàòü êàê A→ αXY γ

(ñì. ðèñ. 1).

1 Ïóñòü X
.

= B, òîãäà ñóùåñòâóåò ïðàâèëî âûâîäà C → µXBν, ïîñêîëüêó
Y ∈ FIRST ′(B), ïîëó÷àåì X<·Y , ÷òî ïðîòèâîðå÷èò X

.
= Y (ñì. ðèñ. 2à).

2 Ïóñòü X<·B. Òîãäà íàéäåòñÿ ïðàâèëî âûâîäà C → µXZν òàêîå, ÷òî
B ∈ FIRST ′(Z ), íî Y ∈ FIRST ′(B), ïîýòîìó Y ∈ FIRST ′(Z ).
Ñëåäîâàòåëüíî, X<·Y , ÷òî ñíîâà ïðîòèâîðå÷èò òîìó, ÷òî X

.
= Y (ñì. ðèñ.

2á).
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Äîêàçàòåëüñòâî òåîðåìû 4. Èëëþñòðàöèÿ

Ðèñ. 1
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Äîêàçàòåëüñòâî òåîðåìû 4. Èëëþñòðàöèÿ

Ðèñ. 2
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Ïðèìåð 5 ÑÏ-ãðàììàòèêè

Èòàê, êëàññ ÏÏ-ãðàììàòèê ñîäåðæèòñÿ â êëàññå ÑÏ-ãðàììàòèê. Ïðè÷åì ýòî
âêëþ÷åíèå ñòðîãîå, ïðèâåäåì ïðèìåð 3 ÑÏ-ãðàììàòèêè, êîòîðàÿ íå ÿâëÿåòñÿ
ÏÏ-ãðàììàòèêîé.

Ïðèìåð 5

Äàíà ãðàììàòèêà S→S + A | A, A→A ∗ B | B, B→x | (S),

Îíà, î÷åâèäíî, ïðèâåäåííàÿ, ε-ñâîáîäíàÿ, îäíîçíà÷íàÿ.

Âû÷èñëèì ìíîæåñòâà FIRST ′, LAST ′ è îïðåäåëèì îòíîøåíèÿ
.

=, <·, ·>
íà ìíîæåñòâå Σ ∪ {a} ∪ {`} îïðåäåëåíèþ.

FIRST ′ LAST ′

S S ,A,B, x , ( A,B, x , )
A A,B, x , ( B, x , )
B x , ( x , )
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Âîñõîäÿùèé àíàëèç. Îñíîâíûå ïîíÿòèÿ. Ïðèìåð 5
(ïðîäîëæåíèå)

S+A : S
.

= +
A,B, x , ) ∈ LAST ′(S)⇒ A·>+, B ·>+, x ·>+, )·>+,

S+A : +
.

= A
A,B, x , (∈ FIRST ′(A)⇒ +<·A, +<·B, +<·x , +<·(

A∗B : A
.

= ∗
B, x , ) ∈ LAST ′(A)⇒ B ·>∗, x ·>∗, )·>∗
A∗B : ∗ .= B
x , (∈ FIRST ′(B)⇒ ∗<·x , ∗<·(

(S) : (
.

= S

S ,A,B, x , (∈ FIRST ′(S)⇒ (<·S , (<·A, (<·B, (<·x , (<·(,

(S) : S
.

=)

A,B, x , ) ∈ LAST ′(S)⇒ A·>), B ·>), x ·>), )·>)
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Âîñõîäÿùèé àíàëèç. Îñíîâíûå ïîíÿòèÿ. Ïðèìåð 5
(ïðîäîëæåíèå)
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ÑÏ-ãðàììàòèêè Ïðèìåð 5
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ÑÏ-ãðàììàòèêè. Ïðèìåð 5

Ïðîâåðèì âûïîëíåíèå âòîðîãî óñëîâèÿ îïðåäåëåíèÿ ÑÏ-ãðàìàòèêè: íå
ñóùåñòâóåò ïðàâèë A→ αXβ è B → β òàêèõ, ÷òî X<·B èëè X

.
= B.

Ñóùåñòâóþò òîëüêî äâå ïàðû ïðàâèë, êîòîðûå èìåþò âèä A→ αXβ è
B → β.

Ïåðâàÿ ïàðà: S → S + A, S → A. Çäåñü A = S , α = S , X = +, β = A,
B = S , B → β = S → A. Íî + è S íåñðàâíèìû.

Âòîðàÿ ïàðà: A→ A ∗ B, A→ B. Çäåñü A = A, α = A, X = ∗, β = B,
B = A, B → β = A→ B. Íî ∗ è A íåñðàâíèìû.
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Ñâîéñòâî ÑÏ-ãðàììàòèê (Çàìå÷àíèå 3)

Çàìå÷àíèå 3

Ïóñòü S ⇒+ µCw ⇒ νXβw � ôðàãìåíò ïðàâîãî âûâîäà â ÑÏ-ãðàììàòèêå G
(çäåñü S � àêñèîìà, X � ñèìâîë, C � íåòåðìèíàë, w � öåïî÷êà òåðìèíàëîâ, µ,
ν è β � öåïî÷êè ãðàììàòè÷åñêè ñèìâîëîâ) (ñì. ðèñ. 3). Òîãäà ïðàâèëî âèäà
B → β ïðèìåíÿëîñü ïîñëåäíèì â äàííîì âûâîäå ò. è ò.ò.ê. â G íåò ïðàâèëà
âèäà A→ αXβ.

Ïóñòü ïîñëåäíèì â ôðàãìåíòå âûâîäà S ⇒+ µCw ⇒ νXβw ïðèìåíÿëîñü
ïðàâèëî B → β. Òîãäà öåïî÷êà νXBw ÿâëÿåòñÿ r -ôîðìîé (ïî÷åìó?) è
ìåæäó ñèìâîëàìè X è B ïî çàìå÷àíèþ 2 âûïîëíåíî õîòÿ áû îäíî èç
îòíîøåíèé ïðåäøåñòâîâàíèÿ. Îòíîøåíèå X ·>B âûïîëíÿòüñÿ íå ìîæåò,
òàê êàê B � íåòåðìèíàë (çàìå÷àíèå 1). Çíà÷èò, X<·B èëè X

.
= B, íî òîãäà

ïðàâèëà âèäà A→ αXβ íå ñóùåñòâóåò ïî îïðåäåëåíèþ ÑÏ-ãðàììàòèêè.
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Ñâîéñòâî ÑÏ-ãðàììàòèê (Çàìå÷àíèå 3)

Çàìå÷àíèå 3
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ïðàâèëî B → β. Òîãäà öåïî÷êà νXBw ÿâëÿåòñÿ r -ôîðìîé (ïî÷åìó?) è
ìåæäó ñèìâîëàìè X è B ïî çàìå÷àíèþ 2 âûïîëíåíî õîòÿ áû îäíî èç
îòíîøåíèé ïðåäøåñòâîâàíèÿ. Îòíîøåíèå X ·>B âûïîëíÿòüñÿ íå ìîæåò,
òàê êàê B � íåòåðìèíàë (çàìå÷àíèå 1). Çíà÷èò, X<·B èëè X

.
= B, íî òîãäà

ïðàâèëà âèäà A→ αXβ íå ñóùåñòâóåò ïî îïðåäåëåíèþ ÑÏ-ãðàììàòèêè.
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Äîêàçàòåëüñòâî çàìå÷àíèÿ 3

Îáðàòíî, ïóñòü â G íåò ïðàâèëà âèäà A→ αXβ. Äîêàæåì, ÷òî β �
îñíîâà r -ôîðìû νXβw . Îò ïðîòèâíîãî: ïóñòü ýòî íå òàê. Ðàññìîòðèì
âñåâîçìîæíûå ñëó÷àè.

1 Ïóñòü ïðàâûé êîíåö îñíîâû β′′ r -ôîðìû νXβw íàõîäèòñÿ íåïîñðåäñòâåííî
ñïðàâà èëè ñëåâà îò ëåâîãî êîíöà öåïî÷êè w , òîãäà ïðåäûäóùàÿ r -ôîðìà â
ïðàâîì âûâîäå íå ìîãëà áû çàêàí÷èâàòüñÿ íà Cw (ñì.ðèñ. 4-5). Ïðèõîäèì
ê ïðîòèâîðå÷èþ.

2 Ïóñòü îñíîâà r -ôîðìû ÿâëÿåòñÿ ñîáñòâåííûì ñóôôèêñîì νXβ, ò.e.,
β = β′Yβ′′, β′′ � îñíîâà r -ôîðìû νXβw = νXβ′Yβ′′w , à çíà÷èò
νXβ′YDw � òîæå r -ôîðìà (ñì. ðèñ.6), ãäå D → β′′ � íåêîòîðîå ïðàâèëî.
Òàê êàê D � íåòåðìèíàë, èìååì Y<·D èëè Y

.
= D. Òàê êàê β′′ � ñàìàÿ

ïðàâàÿ ïåðåä w îñíîâà r -ôîðìû νXβw = νXβ′Yβ′′w , ñëåäîâàòåëüíî â
ðàññìàòðèâàåìîì âûâîäå µCw ⇒ νXβw ïðèìåíÿëîñü ïðàâèëî C → δYβ′′,
íî òîãäà ýòî ïðîòèâîðå÷èò òîìó â ÑÏ-ãðàììàòèêå åñòü ïðàâèëî D → β′′.

3 Îñíîâà β′′ èìååò ñóôôèêñ Xβ (ñì. ðèñ.7), ò.å. β′′ = αXβ, íî ñ îäíîé
ñòîðîíû, â ãðàììàòèêå åñòü ïðàâèëà B → β è (D → β′′) = (D → αXβ), à ñ
äðóãîé ñòîðîíû, â íåé íåò ïðàâèë âèäà A→ αXβ. Ïðîòèâîðå÷èå.

Ñëåäîâàòåëüíî, îñíîâà β′′ = β. À â ñèëó îäíîçíà÷íîñòè ãðàììàòèêè
èìååì (D → β′′) = (B → β). Çàìå÷àíèå äîêàçàíî.
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Ãðàììàòèêà ñëàáîãî ïðåäøåñòâîâàíèÿ. Òåîðåìà 4

È çàìå÷àíèÿ 3 íåïîñðåäñòâåííî ñëåäóåò

Òåîðåìà 4

Ïóñòü G � CÏ-ãðàììàòèêà, γ � åå r -ôîðìà è ` γ a= X0X1...XnXn+1. Òîãäà
îñíîâîé ôîðìû γ ÿâëÿåòñÿ öåïî÷êà âèäà Xk1Xk1+1 . . .Xl−1Xl òàêàÿ, ÷òî

1 l �� ìèíèìàëüíûé íîìåð, äëÿ êîòîðîãî Xl ·>Xl+1, 1 ≤ k1 ≤ l ≤ n;

2 èìååò ìåñòî ñëåäóþùèå îòíîøåíèÿ

. . . < ·Xk1
.

= . . .
.

= Xk2−1
<·.
=
Xk2

.
= . . .

.
= <·.

=
Xks

.
= . . .

.
= Xl · > Xl+1 . . .

3 k1 � ìèíèìàëüíîå òàêîå, ÷òî Xk1Xk1+1 . . .Xl−1Xl � îñíîâà. Ò.å.
Xk1Xk1+1 . . .Xl−1Xl � ìàêñèìàëüíàÿ îñíîâà ñðåäè îñíîâ âèäà
XkiXki+1 . . .Xl−1Xl , 1 ≤ ki ≤ l ≤ n.

Èç òåîðåìû 3 èìååì ñëåäóþùèé àëãîðèòì (ñì. ñëåäóùèé ñëàéä).
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Àëãîðèòì âîñõîäÿùåãî àíàëèçà äëÿ ÑÏ-ãðàììàòèêè

Âõîä: ÑÏ-ãðàììàòèêà G = (Σ, Γ,P,S) è öåïî÷êà w ∈ Σ∗.
Âûõîä: Ïðàâîëèíåéíûé âûâîä ñëîâà w

γ =` w a: (γ � òåêóùàÿ r -ôîðìà)
while (γ 6=` S a): (ïîêà íå íàéäåí âåñü âûâîä)
n =äëèíà γ
γ = X0X1X2 . . .XnXn+1 (X0 < ·X1)
print(γ) (ïå÷àòàåì òåêóùóþ r -ôîðìó âûâîäà)
i = 0 k = 0 l = 0
while (i ≤ n) and (l = 0): (ïîêà íå íàéäåíû ëåâ. Xk = Xk1 è ïðàâûé Xl êîíåö öåïî÷êè

Xk . . .Xl = Xk1 . . .Xl òàêîé, ÷òî
. . . < ·Xk1

.
= . . .

.
= Xk2−1

<·.
=
Xk2

.
= . . .

.
= <·.

=
Xks

.
= . . .

.
= Xl · > Xl+1 . . . )

case (Xi ◦ Xi+1): (äâà ñîñåäíèõ ñèìâîëà íå ñðàâíèìû)
print('w 6∈ L(G )') exit

case (Xi<·Xi+1) and not(Xi
.

= Xi+1): (íàéäåì ëåâûé êîíåö Xk = Xi+1 öåïî÷êè
Xk . . .Xl = Xk1 . . .Xl)

k = i + 1
case (Xi ·>Xi+1) and not(Xi

.
= Xi+1): (íàéäåì ïðàâûé êîíåö Xl = Xi öåïî÷êè

Xk . . .Xl = Xk1 . . .Xl

l = i
(else: Xi

.
= Xi+1 or <·.

=
)

i = +1 (äâèãàåìñÿ äàëüøå, ïîêà íå íàéäåì ïðàâûé è ëåâûé êîíåö öåïî÷êè
Xk . . .Xl = Xk1 . . .Xl)
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Xk . . .Xl = Xk1 . . .Xl)

k = i + 1
case (Xi ·>Xi+1) and not(Xi

.
= Xi+1): (íàéäåì ïðàâûé êîíåö Xl = Xi öåïî÷êè

Xk . . .Xl = Xk1 . . .Xl

l = i
(else: Xi

.
= Xi+1 or <·.

=
)

i = +1 (äâèãàåìñÿ äàëüøå, ïîêà íå íàéäåì ïðàâûé è ëåâûé êîíåö öåïî÷êè
Xk . . .Xl = Xk1 . . .Xl)

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17, ÷àñòü 2



Àëãîðèòì âîñõîäÿùåãî àíàëèçà äëÿ ÑÏ-ãðàììàòèêè

Âõîä: ÑÏ-ãðàììàòèêà G = (Σ, Γ,P,S) è öåïî÷êà w ∈ Σ∗.
Âûõîä: Ïðàâîëèíåéíûé âûâîä ñëîâà w
γ =` w a: (γ � òåêóùàÿ r -ôîðìà)
while (γ 6=` S a): (ïîêà íå íàéäåí âåñü âûâîä)
n =äëèíà γ
γ = X0X1X2 . . .XnXn+1 (X0 < ·X1)
print(γ) (ïå÷àòàåì òåêóùóþ r -ôîðìó âûâîäà)

i = 0 k = 0 l = 0
while (i ≤ n) and (l = 0): (ïîêà íå íàéäåíû ëåâ. Xk = Xk1 è ïðàâûé Xl êîíåö öåïî÷êè

Xk . . .Xl = Xk1 . . .Xl òàêîé, ÷òî
. . . < ·Xk1

.
= . . .

.
= Xk2−1

<·.
=
Xk2

.
= . . .

.
= <·.

=
Xks

.
= . . .

.
= Xl · > Xl+1 . . . )

case (Xi ◦ Xi+1): (äâà ñîñåäíèõ ñèìâîëà íå ñðàâíèìû)
print('w 6∈ L(G )') exit

case (Xi<·Xi+1) and not(Xi
.

= Xi+1): (íàéäåì ëåâûé êîíåö Xk = Xi+1 öåïî÷êè
Xk . . .Xl = Xk1 . . .Xl)

k = i + 1
case (Xi ·>Xi+1) and not(Xi

.
= Xi+1): (íàéäåì ïðàâûé êîíåö Xl = Xi öåïî÷êè

Xk . . .Xl = Xk1 . . .Xl

l = i
(else: Xi

.
= Xi+1 or <·.

=
)

i = +1 (äâèãàåìñÿ äàëüøå, ïîêà íå íàéäåì ïðàâûé è ëåâûé êîíåö öåïî÷êè
Xk . . .Xl = Xk1 . . .Xl)

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17, ÷àñòü 2



Àëãîðèòì âîñõîäÿùåãî àíàëèçà äëÿ ÑÏ-ãðàììàòèêè

Âõîä: ÑÏ-ãðàììàòèêà G = (Σ, Γ,P,S) è öåïî÷êà w ∈ Σ∗.
Âûõîä: Ïðàâîëèíåéíûé âûâîä ñëîâà w
γ =` w a: (γ � òåêóùàÿ r -ôîðìà)
while (γ 6=` S a): (ïîêà íå íàéäåí âåñü âûâîä)
n =äëèíà γ
γ = X0X1X2 . . .XnXn+1 (X0 < ·X1)
print(γ) (ïå÷àòàåì òåêóùóþ r -ôîðìó âûâîäà)
i = 0

k = 0 l = 0
while (i ≤ n) and (l = 0): (ïîêà íå íàéäåíû ëåâ. Xk = Xk1 è ïðàâûé Xl êîíåö öåïî÷êè

Xk . . .Xl = Xk1 . . .Xl òàêîé, ÷òî
. . . < ·Xk1

.
= . . .

.
= Xk2−1

<·.
=
Xk2

.
= . . .

.
= <·.

=
Xks

.
= . . .

.
= Xl · > Xl+1 . . . )

case (Xi ◦ Xi+1): (äâà ñîñåäíèõ ñèìâîëà íå ñðàâíèìû)
print('w 6∈ L(G )') exit

case (Xi<·Xi+1) and not(Xi
.

= Xi+1): (íàéäåì ëåâûé êîíåö Xk = Xi+1 öåïî÷êè
Xk . . .Xl = Xk1 . . .Xl)

k = i + 1
case (Xi ·>Xi+1) and not(Xi

.
= Xi+1): (íàéäåì ïðàâûé êîíåö Xl = Xi öåïî÷êè

Xk . . .Xl = Xk1 . . .Xl

l = i
(else: Xi

.
= Xi+1 or <·.

=
)

i = +1 (äâèãàåìñÿ äàëüøå, ïîêà íå íàéäåì ïðàâûé è ëåâûé êîíåö öåïî÷êè
Xk . . .Xl = Xk1 . . .Xl)

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17, ÷àñòü 2



Àëãîðèòì âîñõîäÿùåãî àíàëèçà äëÿ ÑÏ-ãðàììàòèêè

Âõîä: ÑÏ-ãðàììàòèêà G = (Σ, Γ,P,S) è öåïî÷êà w ∈ Σ∗.
Âûõîä: Ïðàâîëèíåéíûé âûâîä ñëîâà w
γ =` w a: (γ � òåêóùàÿ r -ôîðìà)
while (γ 6=` S a): (ïîêà íå íàéäåí âåñü âûâîä)
n =äëèíà γ
γ = X0X1X2 . . .XnXn+1 (X0 < ·X1)
print(γ) (ïå÷àòàåì òåêóùóþ r -ôîðìó âûâîäà)
i = 0 k = 0

l = 0
while (i ≤ n) and (l = 0): (ïîêà íå íàéäåíû ëåâ. Xk = Xk1 è ïðàâûé Xl êîíåö öåïî÷êè

Xk . . .Xl = Xk1 . . .Xl òàêîé, ÷òî
. . . < ·Xk1

.
= . . .

.
= Xk2−1

<·.
=
Xk2

.
= . . .

.
= <·.

=
Xks

.
= . . .

.
= Xl · > Xl+1 . . . )

case (Xi ◦ Xi+1): (äâà ñîñåäíèõ ñèìâîëà íå ñðàâíèìû)
print('w 6∈ L(G )') exit

case (Xi<·Xi+1) and not(Xi
.

= Xi+1): (íàéäåì ëåâûé êîíåö Xk = Xi+1 öåïî÷êè
Xk . . .Xl = Xk1 . . .Xl)

k = i + 1
case (Xi ·>Xi+1) and not(Xi

.
= Xi+1): (íàéäåì ïðàâûé êîíåö Xl = Xi öåïî÷êè

Xk . . .Xl = Xk1 . . .Xl

l = i
(else: Xi

.
= Xi+1 or <·.

=
)

i = +1 (äâèãàåìñÿ äàëüøå, ïîêà íå íàéäåì ïðàâûé è ëåâûé êîíåö öåïî÷êè
Xk . . .Xl = Xk1 . . .Xl)

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17, ÷àñòü 2



Àëãîðèòì âîñõîäÿùåãî àíàëèçà äëÿ ÑÏ-ãðàììàòèêè

Âõîä: ÑÏ-ãðàììàòèêà G = (Σ, Γ,P,S) è öåïî÷êà w ∈ Σ∗.
Âûõîä: Ïðàâîëèíåéíûé âûâîä ñëîâà w
γ =` w a: (γ � òåêóùàÿ r -ôîðìà)
while (γ 6=` S a): (ïîêà íå íàéäåí âåñü âûâîä)
n =äëèíà γ
γ = X0X1X2 . . .XnXn+1 (X0 < ·X1)
print(γ) (ïå÷àòàåì òåêóùóþ r -ôîðìó âûâîäà)
i = 0 k = 0 l = 0

while (i ≤ n) and (l = 0): (ïîêà íå íàéäåíû ëåâ. Xk = Xk1 è ïðàâûé Xl êîíåö öåïî÷êè
Xk . . .Xl = Xk1 . . .Xl òàêîé, ÷òî
. . . < ·Xk1

.
= . . .

.
= Xk2−1

<·.
=
Xk2

.
= . . .

.
= <·.

=
Xks

.
= . . .

.
= Xl · > Xl+1 . . . )

case (Xi ◦ Xi+1): (äâà ñîñåäíèõ ñèìâîëà íå ñðàâíèìû)
print('w 6∈ L(G )') exit

case (Xi<·Xi+1) and not(Xi
.

= Xi+1): (íàéäåì ëåâûé êîíåö Xk = Xi+1 öåïî÷êè
Xk . . .Xl = Xk1 . . .Xl)

k = i + 1
case (Xi ·>Xi+1) and not(Xi

.
= Xi+1): (íàéäåì ïðàâûé êîíåö Xl = Xi öåïî÷êè

Xk . . .Xl = Xk1 . . .Xl

l = i
(else: Xi

.
= Xi+1 or <·.

=
)

i = +1 (äâèãàåìñÿ äàëüøå, ïîêà íå íàéäåì ïðàâûé è ëåâûé êîíåö öåïî÷êè
Xk . . .Xl = Xk1 . . .Xl)

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17, ÷àñòü 2



Àëãîðèòì âîñõîäÿùåãî àíàëèçà äëÿ ÑÏ-ãðàììàòèêè

Âõîä: ÑÏ-ãðàììàòèêà G = (Σ, Γ,P,S) è öåïî÷êà w ∈ Σ∗.
Âûõîä: Ïðàâîëèíåéíûé âûâîä ñëîâà w
γ =` w a: (γ � òåêóùàÿ r -ôîðìà)
while (γ 6=` S a): (ïîêà íå íàéäåí âåñü âûâîä)
n =äëèíà γ
γ = X0X1X2 . . .XnXn+1 (X0 < ·X1)
print(γ) (ïå÷àòàåì òåêóùóþ r -ôîðìó âûâîäà)
i = 0 k = 0 l = 0
while (i ≤ n) and (l = 0): (ïîêà íå íàéäåíû ëåâ. Xk = Xk1 è ïðàâûé Xl êîíåö öåïî÷êè

Xk . . .Xl = Xk1 . . .Xl òàêîé, ÷òî
. . . < ·Xk1

.
= . . .

.
= Xk2−1

<·.
=
Xk2

.
= . . .

.
= <·.

=
Xks

.
= . . .

.
= Xl · > Xl+1 . . . )

case (Xi ◦ Xi+1): (äâà ñîñåäíèõ ñèìâîëà íå ñðàâíèìû)
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= . . .
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Àëãîðèòì âîñõîäÿùåãî àíàëèçà äëÿ ÑÏ-ãðàììàòèêè
(ïðîäîëæåíèå)

if l = 0 (íå íàéäåí ïðàâûé êîíåö îñíîâû)
print('w 6∈ L(G )') exit

else: (l > 0: íàéäåí ïðàâûé êîíåö îñíîâû )
j = k
while (j < l) and (Xj

.
= Xj+1) and (�∃A: A→ Xj . . .Xl):

j+ = 1 (äâèãàåìñÿ äàëüøå, ïîêà íå íàéäåì ïðàâûé êîíåö Xk = Xkt îñíîâû
Xk . . .Xl = Xkt . . .Xl)

if (j = l) or not(Xj−1 < ·Xj):
(j = l) � äîøëè äî êîíöà öåïî÷êè Xk . . .Xl = Xk1 . . .Xl , íî íå íàøëè îñíîâó Xkt . . .Xl ;
not(Xj−1 < ·Xj): Xj . . .Xl = Xkt . . .Xl � îñíîâà, íî íå âûïîëíÿåòñÿ Xj < ·Xj+1, à

âûïîëíÿåòñÿ òîëüêî ðàâåíñòâî Xj
.

= Xj+1

print('w 6∈ L(G )') exit

else: ((j < l) and (Xj < ·Xj+1): êîãäà íàøëè îñíîâó, ïðîèçâîäèì ñâåðòêó ïî ñîîòâ.
ïðàâèëó A→ Xk . . .Xl)

k = j
γ = X0X1 . . .Xk−1AXl+1 . . .XnXn+1

(âîçâðàùàåìñÿ â öèêë while (γ 6=` S a))
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Ïðèìåð 6

Ïðèìåð 6. Ðàññìîòðèì âîñõîäÿùèé àíàëèç äëÿ öåïî÷êè w = x + x ∗ x äëÿ CÏ
ãðàììàòèêè èç ïðèìåðà 3, îïèðàÿñü íà òåîðåìó 4, îñíîâûâàÿñü íà àëãîðèòìå
âîñõîäÿùåãî àíàëèçà äëÿ CÏ-ãðàììàòèê.

`<· x ·>+<·x ·>∗<·x ·>a
` <· B ·>+<·x ·> ∗<·x ·> a
` <· A ·>+<·x ·> ∗<·x ·> a
` <·S

.
= +<· x ·> ∗<·x ·> a íåò îñíîâû S+x , çàòî åñòü îñíîâà x

` <·S
.

= +<· B ·> ∗<·x ·> a íåò îñíîâû S+B, çàòî åñòü îñíîâà B
` <·S

.
= +<·A

.
= ∗<· x ·> a íåò îñíîâ S+A ∗ x , A∗x , íî åñòü îñíîâà x

` <·S
.

= +<· A
.

= ∗<·B ·> a íåò îñíîâû S+A ∗ B, íî åñòü îñíîâà A∗B
` <· S

.
= +<·A ·> a

` <·S ·> a
È âîññòàíîâèì ñîîòâåòñòâóþùèé ïðàâîñòîðîííèé âûâîä äëÿ ãðàììàòèêè

S ⇒ S + A⇒ S + A ∗ B ⇒ S + A ∗ x ⇒ S + B ∗ x ⇒ S + x ∗ x ⇒ A + x ∗ x ⇒
B + x ∗ x ⇒ x + x ∗ x
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Îïðåäåëåíèå îïåðàòîðíîé ãðàììàòèêè

ε-ñâîáîäíàÿ ÊÑ-ãðàììàòèêà G íàçûâàåòñÿ îïåðàòîðíûé, åñëè â ïðàâûõ ÷àñòÿõ
ïðàâèë âûâîäà íåò íåòåðìèíàëîâ, ñòîÿùèõ ðÿäîì.

Ãðàììàòèêà G èç ïðèìåðà 5
S→S + A | A, A→A ∗ B | B, B→x | (S) ÿâëÿåòñÿ îïåðàòîðíîé.
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Ãðàììàòèêà èç ñëåäóþùåãî ïðèìåðà íå ÿâëÿåòñÿ îäíîçíà÷íîé (ïî÷åìó?), íî
òîæå ÿâëÿåòñÿ îïåðàòîðíîé.

Ïðèìåð 7
S→S + S | S ∗ S | (S) | x
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Îïåðàòîðíûå ãðàììàòèêè. Ñâîéñòâà

Çàìå÷àíèå 3

Åñëè íåêîòîðàÿ r -ôîðìà ãðàììàòèêè âûðàæåíèé ñîäåðæèò öåïî÷êó aSb, è
ðîâíî îäèí èç òåðìèíàëîâ a, b ïðèíàäëåæèò îñíîâå ýòîé ôîðìû, òî S òàêæå
ïðèíàäëåæèò îñíîâå.

Äîêàçàòåëüñòâî.

Ïóñòü S = α1 ⇒ α2 . . .⇒ αn = w � ïðàâîñòîðîííèé âûâîä.

È ïóñòü áåç îãðàíè÷åíèÿ îáùíîñòè òåðìèíàë a ïhèíàäëåæèò íåêîòîðîé
îñíîâå γ, ò.å. αi = uaSbv äëÿ íåêîòîðûõ u, v ∈ (Σ ∪ Γ)∗, ïðè÷åì u = u1u2,
γ = u2a � íåêîòîðàÿ îñíîâà, ò.å. åñòü ïðàâèëî A→ γ.

Òîãäà äëÿ íåêîòîðîãî 1 ≤ j < i èìååì αj = u1ASbv , ÷òî íåâîçìîæíî äëÿ
îïåðàòîðíîé ãðàììàòèêè (ïî÷åìó).

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17, ÷àñòü 2



Îïåðàòîðíûå ãðàììàòèêè. Ñâîéñòâà

Çàìå÷àíèå 3

Åñëè íåêîòîðàÿ r -ôîðìà ãðàììàòèêè âûðàæåíèé ñîäåðæèò öåïî÷êó aSb, è
ðîâíî îäèí èç òåðìèíàëîâ a, b ïðèíàäëåæèò îñíîâå ýòîé ôîðìû, òî S òàêæå
ïðèíàäëåæèò îñíîâå.

Äîêàçàòåëüñòâî.

Ïóñòü S = α1 ⇒ α2 . . .⇒ αn = w � ïðàâîñòîðîííèé âûâîä.

È ïóñòü áåç îãðàíè÷åíèÿ îáùíîñòè òåðìèíàë a ïhèíàäëåæèò íåêîòîðîé
îñíîâå γ, ò.å. αi = uaSbv äëÿ íåêîòîðûõ u, v ∈ (Σ ∪ Γ)∗, ïðè÷åì u = u1u2,
γ = u2a � íåêîòîðàÿ îñíîâà, ò.å. åñòü ïðàâèëî A→ γ.

Òîãäà äëÿ íåêîòîðîãî 1 ≤ j < i èìååì αj = u1ASbv , ÷òî íåâîçìîæíî äëÿ
îïåðàòîðíîé ãðàììàòèêè (ïî÷åìó).

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17, ÷àñòü 2



Îïåðàòîðíûå ãðàììàòèêè. Ñâîéñòâà

Çàìå÷àíèå 3

Åñëè íåêîòîðàÿ r -ôîðìà ãðàììàòèêè âûðàæåíèé ñîäåðæèò öåïî÷êó aSb, è
ðîâíî îäèí èç òåðìèíàëîâ a, b ïðèíàäëåæèò îñíîâå ýòîé ôîðìû, òî S òàêæå
ïðèíàäëåæèò îñíîâå.

Äîêàçàòåëüñòâî.

Ïóñòü S = α1 ⇒ α2 . . .⇒ αn = w � ïðàâîñòîðîííèé âûâîä.

È ïóñòü áåç îãðàíè÷åíèÿ îáùíîñòè òåðìèíàë a ïhèíàäëåæèò íåêîòîðîé
îñíîâå γ, ò.å. αi = uaSbv äëÿ íåêîòîðûõ u, v ∈ (Σ ∪ Γ)∗, ïðè÷åì u = u1u2,
γ = u2a � íåêîòîðàÿ îñíîâà, ò.å. åñòü ïðàâèëî A→ γ.

Òîãäà äëÿ íåêîòîðîãî 1 ≤ j < i èìååì αj = u1ASbv , ÷òî íåâîçìîæíî äëÿ
îïåðàòîðíîé ãðàììàòèêè (ïî÷åìó).

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17, ÷àñòü 2



Îïåðàòîðíûå ãðàììàòèêè. Ñâîéñòâà

Çàìå÷àíèå 3

Åñëè íåêîòîðàÿ r -ôîðìà ãðàììàòèêè âûðàæåíèé ñîäåðæèò öåïî÷êó aSb, è
ðîâíî îäèí èç òåðìèíàëîâ a, b ïðèíàäëåæèò îñíîâå ýòîé ôîðìû, òî S òàêæå
ïðèíàäëåæèò îñíîâå.

Äîêàçàòåëüñòâî.

Ïóñòü S = α1 ⇒ α2 . . .⇒ αn = w � ïðàâîñòîðîííèé âûâîä.

È ïóñòü áåç îãðàíè÷åíèÿ îáùíîñòè òåðìèíàë a ïhèíàäëåæèò íåêîòîðîé
îñíîâå γ, ò.å. αi = uaSbv äëÿ íåêîòîðûõ u, v ∈ (Σ ∪ Γ)∗, ïðè÷åì u = u1u2,
γ = u2a � íåêîòîðàÿ îñíîâà, ò.å. åñòü ïðàâèëî A→ γ.

Òîãäà äëÿ íåêîòîðîãî 1 ≤ j < i èìååì αj = u1ASbv , ÷òî íåâîçìîæíî äëÿ
îïåðàòîðíîé ãðàììàòèêè (ïî÷åìó).

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17, ÷àñòü 2



Îïåðàòîðíûå ãðàììàòèêè. Îòíîøåíèå ïðèîðèòåòà

Äâà òåðìèíàëà òàêîé ôîðìû íàçîâåì ñîñåäíèìè, åñëè ìåæäó íèìè íåò
äðóãèõ òåðìèíàëîâ.

Èç çàìå÷àíèÿ 3 ñëåäóåò, ÷òî ìåæäó ñîñåäíèìè òåðìèíàëàìè â ôîðìå
íàõîäèòñÿ ëèáî îäèíî÷íûé íåòåðìèíàë, ëèáî íå íàõîäèòñÿ íè÷åãî.

Âûðàæåíèå ñîñòîèò èç îïåðàíäîâ, îïåðàòîðîâ è ñêîáîê. Ìû áóäåì
ðàññìàòðèâàòü îïåðàòîðíûå ãðàììàòèêè, ïîðîæäàþùèå ÿçûê, ñîñòîÿùèé
èç âûðàæåíèé.

Äëÿ ïàð ñîñåäíèõ òåðìèíàëîâ r âûðàæåíèÿ îïðåäåëèì îòíîøåíèÿ
ïðèîðèòåòà ñëåäóþùèì îáðàçîì:

1 a
.
= b, åñëè a è b äîëæíû áûòü ñâåðíóòû íà îäíîì øàãå;

2 a < ·b, åñëè b äîëæåí áûòü ñâåðíóò ðàíüøå a;
3 a· > b, åñëè a äîëæåí áûòü ñâåðíóò ðàíüøå b;
4 `< ·b, åñëè b ìîæåò áûòü ïåðâûì òåðìèíàëîì âûðàæåíèÿ;
5 a· >a, åñëè a ìîæåò áûòü ïîñëåäíèì òåðìèíàëîì âûðàæåíèÿ.
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2 a < ·b, åñëè b äîëæåí áûòü ñâåðíóò ðàíüøå a;
3 a· > b, åñëè a äîëæåí áûòü ñâåðíóò ðàíüøå b;
4 `< ·b, åñëè b ìîæåò áûòü ïåðâûì òåðìèíàëîì âûðàæåíèÿ;

5 a· >a, åñëè a ìîæåò áûòü ïîñëåäíèì òåðìèíàëîì âûðàæåíèÿ.
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Îïåðàòîðíûå ãðàììàòèêè. Îòíîøåíèå ïðèîðèòåòà

Äâà òåðìèíàëà òàêîé ôîðìû íàçîâåì ñîñåäíèìè, åñëè ìåæäó íèìè íåò
äðóãèõ òåðìèíàëîâ.

Èç çàìå÷àíèÿ 3 ñëåäóåò, ÷òî ìåæäó ñîñåäíèìè òåðìèíàëàìè â ôîðìå
íàõîäèòñÿ ëèáî îäèíî÷íûé íåòåðìèíàë, ëèáî íå íàõîäèòñÿ íè÷åãî.

Âûðàæåíèå ñîñòîèò èç îïåðàíäîâ, îïåðàòîðîâ è ñêîáîê. Ìû áóäåì
ðàññìàòðèâàòü îïåðàòîðíûå ãðàììàòèêè, ïîðîæäàþùèå ÿçûê, ñîñòîÿùèé
èç âûðàæåíèé.

Äëÿ ïàð ñîñåäíèõ òåðìèíàëîâ r âûðàæåíèÿ îïðåäåëèì îòíîøåíèÿ
ïðèîðèòåòà ñëåäóþùèì îáðàçîì:

1 a
.
= b, åñëè a è b äîëæíû áûòü ñâåðíóòû íà îäíîì øàãå;

2 a < ·b, åñëè b äîëæåí áûòü ñâåðíóò ðàíüøå a;
3 a· > b, åñëè a äîëæåí áûòü ñâåðíóò ðàíüøå b;
4 `< ·b, åñëè b ìîæåò áûòü ïåðâûì òåðìèíàëîì âûðàæåíèÿ;
5 a· >a, åñëè a ìîæåò áûòü ïîñëåäíèì òåðìèíàëîì âûðàæåíèÿ.
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Îïåðàòîðíûå ãðàììàòèêè. Ïðèîðèòåò îïåðàöèé

Äëÿ îïðåäåëåíèÿ ïðèîðèòåòîâ íåîáÿçàòåëüíî, ÷òîáû ãðàììàòèêà áûëà
îäíîçíà÷íîé. Áîëåå òîãî, äëÿ íåîäíîçíà÷íûõ ãðàììàòèê ëåã÷å
ðàññòàâëÿòü ïðèîðèòåòû, ïîñêîëüêó îíè ïðîùå è ëîãè÷íåå âûãëÿäÿò, ÷åì
òå îäíîçíà÷íûå, ïî êîòîðûì îíè ïîñòðîåíû.

Ïðèîðèòåò îïåðàöèé òàêèõ ãðàììàòèê, òàì ãäå îí íå óêàçàí ÿâíî ïðè
ïîìîùè ñêîáîê, îñíîâàí íà ñîãëàøåíèÿõ î ïðèîðèòåòå îïåðàòîðîâ è èõ
àññîöèàòèâíîñòè, ò.å. ïîðÿäêå âûïîëíåíèÿ îäíîèìåííûõ îïåðàòîðîâ.
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Îïåðàòîðíûå ãðàììàòèêè. Ïðèîðèòåò îïåðàöèé

Äëÿ îïðåäåëåíèÿ ïðèîðèòåòîâ íåîáÿçàòåëüíî, ÷òîáû ãðàììàòèêà áûëà
îäíîçíà÷íîé. Áîëåå òîãî, äëÿ íåîäíîçíà÷íûõ ãðàììàòèê ëåã÷å
ðàññòàâëÿòü ïðèîðèòåòû, ïîñêîëüêó îíè ïðîùå è ëîãè÷íåå âûãëÿäÿò, ÷åì
òå îäíîçíà÷íûå, ïî êîòîðûì îíè ïîñòðîåíû.

Ïðèîðèòåò îïåðàöèé òàêèõ ãðàììàòèê, òàì ãäå îí íå óêàçàí ÿâíî ïðè
ïîìîùè ñêîáîê, îñíîâàí íà ñîãëàøåíèÿõ î ïðèîðèòåòå îïåðàòîðîâ è èõ
àññîöèàòèâíîñòè, ò.å. ïîðÿäêå âûïîëíåíèÿ îäíîèìåííûõ îïåðàòîðîâ.
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Îïåðàòîðíûå ãðàììàòèêè. Ïðèîðèòåò îïåðàöèé

Ðàññòàâèòü îòíîøåíèÿ ïðèîðèòåòà äëÿ ïðî÷èõ ïàð òåðìèíàëîâ ïîìîãàþò
ñëåäóþùèå çàìå÷àíèÿ. Âî-ïåðâûõ, àòîìàðíûå îïåðàíäû ñâîðà÷èâàþòñÿ â
ïåðâóþ î÷åðåäü. Äàëåå, ñîäåðæèìîå ñêîáîê ñâîðà÷èâàåòñÿ ðàíüøå òîãî,
÷òî çà ñêîáêàìè; ïðè âëîæåííûõ ñêîáêàõ âíà÷àëå ñâîðà÷èâàåòñÿ
ñîäåðæèìîå âíóòðåííèõ ñêîáîê. Ïàðíûå ñêîáêè ñâîðà÷èâàþòñÿ íà îäíîì
øàãå, òàê æå êàê è ôóíêöèîíàëüíûå êîíñòðóêöèè òèïà min(E ;E ).

Ïðèìåð 7 Ïðèîðèòåò âîçâåäåíèÿ â ñòåïåíü âûøå ïðèîðèòåòà óìíîæåíèÿ,
êîòîðûé, â ñâîþ î÷åðåäü, âûøå ïðèîðèòåòà ñëîæåíèÿ. Îïåðàòîð
âîçâåäåíèÿ â ñòåïåíü ïðàâîàññîöèàòèâåí : xy

z

= x (y
z ), à óìíîæåíèÿ è

ñëîæåíèÿ �� ëåâîàññîöèàòèâåí: x + y + z = (x + y) + z è
x ∗ y ∗ z = (x ∗ y) ∗ z .
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Îïåðàòîðíûå ãðàììàòèêè. Ïðèîðèòåò îïåðàöèé

Ðàññòàâèòü îòíîøåíèÿ ïðèîðèòåòà äëÿ ïðî÷èõ ïàð òåðìèíàëîâ ïîìîãàþò
ñëåäóþùèå çàìå÷àíèÿ. Âî-ïåðâûõ, àòîìàðíûå îïåðàíäû ñâîðà÷èâàþòñÿ â
ïåðâóþ î÷åðåäü. Äàëåå, ñîäåðæèìîå ñêîáîê ñâîðà÷èâàåòñÿ ðàíüøå òîãî,
÷òî çà ñêîáêàìè; ïðè âëîæåííûõ ñêîáêàõ âíà÷àëå ñâîðà÷èâàåòñÿ
ñîäåðæèìîå âíóòðåííèõ ñêîáîê. Ïàðíûå ñêîáêè ñâîðà÷èâàþòñÿ íà îäíîì
øàãå, òàê æå êàê è ôóíêöèîíàëüíûå êîíñòðóêöèè òèïà min(E ;E ).

Ïðèìåð 7 Ïðèîðèòåò âîçâåäåíèÿ â ñòåïåíü âûøå ïðèîðèòåòà óìíîæåíèÿ,
êîòîðûé, â ñâîþ î÷åðåäü, âûøå ïðèîðèòåòà ñëîæåíèÿ. Îïåðàòîð
âîçâåäåíèÿ â ñòåïåíü ïðàâîàññîöèàòèâåí : xy

z

= x (y
z ), à óìíîæåíèÿ è

ñëîæåíèÿ �� ëåâîàññîöèàòèâåí: x + y + z = (x + y) + z è
x ∗ y ∗ z = (x ∗ y) ∗ z .
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Ðàññòàíîâêà ïðèîðèòåòîâ â ãðàììàòèêå àðèôìåòè÷åñêèõ
îïåðàöèé. Ïðèìåð 8

Ïðèìåð 8 Ðàññòàâèì ïðèîðèòåòû â ãðàììàòèêå àðèôìåòè÷åñêèõ îïåðàöèé
èç ïðèìåðà 7

S→S + S | S ∗ S | (S) | x

Íàïîìíèì, ÷òî ïðèîðèòåòû ðàññòàâëÿþòñÿ òîëüêî äëÿ òåðìèíàëîâ èç
Σ = {x ,+, ∗, (, )} è çíà÷êîâ `, a.
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Ðàññòàíîâêà ïðèîðèòåòîâ â ãðàììàòèêå àðèôìåòè÷åñêèõ
îïåðàöèé. Ïðèìåð 8

Ïðèìåð 8 Ðàññòàâèì ïðèîðèòåòû â ãðàììàòèêå àðèôìåòè÷åñêèõ îïåðàöèé
èç ïðèìåðà 7

S→S + S | S ∗ S | (S) | x

Íàïîìíèì, ÷òî ïðèîðèòåòû ðàññòàâëÿþòñÿ òîëüêî äëÿ òåðìèíàëîâ èç
Σ = {x ,+, ∗, (, )} è çíà÷êîâ `, a.
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Ïðèìåð 8. Ïðèîðèòåòû äëÿ òåðìèíàëà x

Ðàññòàâèì ïðèîðèòåòû äëÿ òåðìèíàëà x .

1 Ìåæäó òåðìèíàëàìè x è x íåâîçìîæíî ðàññòàâèòü ïðèîðèòåò, ïîñêîëüêó
ñëîâî xx íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå, è ñëîâî xSx íå âñòðå÷àåòñÿ íè
â îäíîé ôîðìå.

2 x ·>+, ïîñêîëüêó â ñëîâå x+ îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå
îïåðàòîðà +, à ñëîâî xS+ íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

3 x ·>∗ � àíàëîãè÷íî
4 Ìåæäó òåðìèíàëàìè x è ( íåâîçìîæíî ðàññòàâèòü ïðèîðèòåò, ïîñêîëüêó

ïîñêîëüêó íè ñëîâî x(, íè ñëîâî xS( íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.
5 x ·>), ïîñêîëüêó îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå ñêîáêè ), à ñëîâî

xS) íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.
6 x ·>a, ïîñêîëüêó àðèôìåòè÷åñêîå âûðàæåíèå ìîæåò çàêàí÷èâàòüñÿ íà

îñíîâó-îïåðàíä x , à ñëîâî xS a íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.
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Ïðèìåð 8. Ïðèîðèòåòû äëÿ òåðìèíàëà x

Ðàññòàâèì ïðèîðèòåòû äëÿ òåðìèíàëà x .
1 Ìåæäó òåðìèíàëàìè x è x íåâîçìîæíî ðàññòàâèòü ïðèîðèòåò, ïîñêîëüêó

ñëîâî xx íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå, è ñëîâî xSx íå âñòðå÷àåòñÿ íè
â îäíîé ôîðìå.

2 x ·>+, ïîñêîëüêó â ñëîâå x+ îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå
îïåðàòîðà +, à ñëîâî xS+ íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

3 x ·>∗ � àíàëîãè÷íî
4 Ìåæäó òåðìèíàëàìè x è ( íåâîçìîæíî ðàññòàâèòü ïðèîðèòåò, ïîñêîëüêó

ïîñêîëüêó íè ñëîâî x(, íè ñëîâî xS( íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.
5 x ·>), ïîñêîëüêó îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå ñêîáêè ), à ñëîâî

xS) íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.
6 x ·>a, ïîñêîëüêó àðèôìåòè÷åñêîå âûðàæåíèå ìîæåò çàêàí÷èâàòüñÿ íà

îñíîâó-îïåðàíä x , à ñëîâî xS a íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.
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Ïðèìåð 8. Ïðèîðèòåòû äëÿ òåðìèíàëà x

Ðàññòàâèì ïðèîðèòåòû äëÿ òåðìèíàëà x .
1 Ìåæäó òåðìèíàëàìè x è x íåâîçìîæíî ðàññòàâèòü ïðèîðèòåò, ïîñêîëüêó

ñëîâî xx íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå, è ñëîâî xSx íå âñòðå÷àåòñÿ íè
â îäíîé ôîðìå.

2 x ·>+, ïîñêîëüêó â ñëîâå x+ îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå
îïåðàòîðà +, à ñëîâî xS+ íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

3 x ·>∗ � àíàëîãè÷íî
4 Ìåæäó òåðìèíàëàìè x è ( íåâîçìîæíî ðàññòàâèòü ïðèîðèòåò, ïîñêîëüêó

ïîñêîëüêó íè ñëîâî x(, íè ñëîâî xS( íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.
5 x ·>), ïîñêîëüêó îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå ñêîáêè ), à ñëîâî

xS) íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.
6 x ·>a, ïîñêîëüêó àðèôìåòè÷åñêîå âûðàæåíèå ìîæåò çàêàí÷èâàòüñÿ íà

îñíîâó-îïåðàíä x , à ñëîâî xS a íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.
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Ïðèìåð 8. Ïðèîðèòåòû äëÿ òåðìèíàëà x

Ðàññòàâèì ïðèîðèòåòû äëÿ òåðìèíàëà x .
1 Ìåæäó òåðìèíàëàìè x è x íåâîçìîæíî ðàññòàâèòü ïðèîðèòåò, ïîñêîëüêó

ñëîâî xx íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå, è ñëîâî xSx íå âñòðå÷àåòñÿ íè
â îäíîé ôîðìå.

2 x ·>+, ïîñêîëüêó â ñëîâå x+ îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå
îïåðàòîðà +, à ñëîâî xS+ íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

3 x ·>∗ � àíàëîãè÷íî

4 Ìåæäó òåðìèíàëàìè x è ( íåâîçìîæíî ðàññòàâèòü ïðèîðèòåò, ïîñêîëüêó
ïîñêîëüêó íè ñëîâî x(, íè ñëîâî xS( íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

5 x ·>), ïîñêîëüêó îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå ñêîáêè ), à ñëîâî
xS) íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

6 x ·>a, ïîñêîëüêó àðèôìåòè÷åñêîå âûðàæåíèå ìîæåò çàêàí÷èâàòüñÿ íà
îñíîâó-îïåðàíä x , à ñëîâî xS a íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.
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Ïðèìåð 8. Ïðèîðèòåòû äëÿ òåðìèíàëà x

Ðàññòàâèì ïðèîðèòåòû äëÿ òåðìèíàëà x .
1 Ìåæäó òåðìèíàëàìè x è x íåâîçìîæíî ðàññòàâèòü ïðèîðèòåò, ïîñêîëüêó

ñëîâî xx íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå, è ñëîâî xSx íå âñòðå÷àåòñÿ íè
â îäíîé ôîðìå.

2 x ·>+, ïîñêîëüêó â ñëîâå x+ îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå
îïåðàòîðà +, à ñëîâî xS+ íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

3 x ·>∗ � àíàëîãè÷íî
4 Ìåæäó òåðìèíàëàìè x è ( íåâîçìîæíî ðàññòàâèòü ïðèîðèòåò, ïîñêîëüêó

ïîñêîëüêó íè ñëîâî x(, íè ñëîâî xS( íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

5 x ·>), ïîñêîëüêó îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå ñêîáêè ), à ñëîâî
xS) íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

6 x ·>a, ïîñêîëüêó àðèôìåòè÷åñêîå âûðàæåíèå ìîæåò çàêàí÷èâàòüñÿ íà
îñíîâó-îïåðàíä x , à ñëîâî xS a íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17, ÷àñòü 2



Ïðèìåð 8. Ïðèîðèòåòû äëÿ òåðìèíàëà x

Ðàññòàâèì ïðèîðèòåòû äëÿ òåðìèíàëà x .
1 Ìåæäó òåðìèíàëàìè x è x íåâîçìîæíî ðàññòàâèòü ïðèîðèòåò, ïîñêîëüêó

ñëîâî xx íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå, è ñëîâî xSx íå âñòðå÷àåòñÿ íè
â îäíîé ôîðìå.

2 x ·>+, ïîñêîëüêó â ñëîâå x+ îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå
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Ïðèìåð 8. Ïðèîðèòåòû äëÿ òåðìèíàëà +
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ñâîðà÷èâàåòñÿ ðàíüøå ñóôôèêñà +, à ñëîâî ++ íå âñòðå÷àåòñÿ íè â îäíîé
ôîðìå.

3 +<·∗, ïîñêîëüêó ïðèîðèòåò ∗ âûøå +: â ñëîâå +S∗ ñóôôèêñ S∗
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Ïðèìåð 8. Ïðèîðèòåòû äëÿ òåðìèíàëîâ ) è `. Òàáëèöà
ïðèîðèòåòîâ

Ïðèîðèòåòû äëÿ òåðìèíàëà ñêîáêà ) ðàññòàâëÿþòñÿ àíàëîãè÷íî:
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Àðèôìåòè÷åñêîå âûðàæåíèå ìîæåò íà÷èíàòüñÿ òîëüêî ñ x , S+, S∗, (S ,
ïîýòîìó èìååì
`<·x , `<·+, `<·∗.
Ìåæäó ( è äðóãèìè òåðìèíàëàìè íåëüçÿ ðàññòàâèòü ïðèîðèòåòû.

Èìååì ñëåäóþùóþ òàáëèöó ïðèîðèòåòîâ.

x + ∗ ( ) a
x ·> ·> ·> ·>

+ <· ·> <· <· ·> ·>

∗ <· ·> ·> <· ·> ·>

( <· <· <· <·

.
=

) ·> ·> ·> ·>

` <· <· <· <·
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Ïðèìåð 9. Îáðàáîòêà è âûâîä ïðàâèëüíîé öåïî÷êè äëÿ
ãðàììàòèêè èç ïðèìåðà 8

Ïðèìåð 9. Ðàññìîòðèì âîñõîäÿùèé àíàëèç äëÿ öåïî÷êè w = x + x ∗ x äëÿ
îïåðàòîðíîé ãðàììàòèêè èç ïðèìåðà 8.

`<· x ·>+<·x ·>∗<·x ·>a
` <·s+<· x ·>∗<·x ·>a
` <·s + <·s ∗ x ·>a
` <·s + <·s ∗ ·>s a

` <·s + ·>s a
` S a

È âîññòàíîâèì ñîîòâåòñòâóþùèé ïðàâîñòîðîííèé âûâîä äëÿ ãðàììàòèêè

S ⇒ S + S ⇒ S + S ∗ S ⇒ S + S ∗ x ⇒ S + x ∗ x ⇒ x + x ∗ x
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Èìååì ñëåäóþùèé îáðàáîò÷èê îøèáîê.
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` <· <· <· <· e3
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