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Ïðèìåð 4 ãðàììàòèêè àðèôìåòè÷åñêèõ âûðàæåíèé

Ðàññìîòðèì (îäíîçíà÷íóþ) ãðàììàòèêó G àðèôìåòè÷åñêèõ âûðàæåíèé
(ïðèìåð 2, ëåêöèÿ 3):

S → S + A | A
A→ A ∗ B | B
B → (S) | x

Îíà, î÷åâèäíî, ñîäåðæèò ëåâóþ ðåêóðñèþ (ïî÷åìó?). Óñòðàíèì åå, ïîëó÷èì
ãðàììàòèêó G ′:

S → AS ′

S ′ → +AS ′ | ε
A→ BA′

A′ → ∗BA′ | ε
B → (S) | x
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Ïðèìåð 4 ãðàììàòèêè àðèôìåòè÷åñêèõ âûðàæåíèé
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Ïðèìåð 4 ãðàììàòèêè àðèôìåòè÷åñêèõ âûðàæåíèé
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Ïðèìåð 4. ìíîæåñòâà FIRST è FOLLOW

Íàéäåì ìíîæåñòâà FIRST è FOLLOW äëÿ ãðàììàòèêè G ′ (ôèãóðíûå ñêîáêè,
îáîçíà÷àþùèå ìíîæåñòâà áóäåì îïóñêàòü).

íåòåðìèíàëû FIRST FOLLOW

S (, x ),a
S ′ +, ε ),a
A (, x +, ),a
A′ ∗, ε +, ),a
B (, x ∗

ïðàâûå ÷àñòè ïðàâèë FIRST

AS ′ (, x
+AS ′ +
ε ε
BA′ (, x
∗BA′ ∗
(S) (
x x
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Ïðèìåð 4. Ìíîæåñòâî SELECT äëÿ ãðàììàòèêè G ′

Íàéäåì ìíîæåñòâî SELECT äëÿ ãðàììàòèêè G ′.

A→ γ FIRST (γ) SELECT (A→ γ)

S → AS ′ (, x (, x
S ′ → +AS ′ + +
S ′ → ε ε ),a
A→ BA′ (, x (, x
A→ ∗BA′ ∗ ∗
A′ → ε ε +, ),a
B → (S) ( (
B → x x x
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Ïðèìåð 4. Òàáëèöà ïåðåõîäîâ δ ÌÏ-àâòîìàòàM′

Ïîñòðîèì òàáëèöó íèñõîäÿùåãî àíàëèçàòîðà � òàáëèöó ïåðåõîäîâ δ
ÌÏ-àâòîìàòàM′ (êðóãëûå ñêîáêè ìû îïóñêàåì).

x + * ( ) a
S AS ′,_ AS ′,_
S ′ +AS ′,_ ε,_ ε,_
A BA′,_ BA′,_
A′ ε,_ ∗BA′,_ ε,_ ε,_
B x ,_ (S),_
x ε,→
+ ε,→
∗ ε,→
( ε,→
) ε,→
∇ ∨
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Ïðèìåð 4. Òàáëèöà ïåðåõîäîâ δ′ ÌÏ-àâòîìàòàM′′

Óïðîñòèì ÌÏ-àâòîìàòM′ ïî ëåììå 3 Ëåêöèè 14, ïîëó÷èì ÌÏ-àâòîìàòM′′.

x + * ( ) a
S AS ′,_ AS ′,_
S ′ AS ′,→ ε,_ ε,_
A BA′,_ BA′,_
A′ ε,_ BA′,→ ε,_ ε,_
B ε,→ S),→
) ε,→
∇ ∨
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Ïðèìåð 4. Ïðîòîêîë ðàçáîðà öåïî÷êè íèñõ. àíàëèç.

Ðàññìîòðèì ñíà÷àëà ëåâîñòîðîííèé âûâîä öåïî÷êè ïðàâèëüíîé öåïî÷êè
w = x + x ∗ x â ãðàììàòèêå G :

S ⇒ S + A⇒ A + A⇒ B + A⇒ x + A⇒ x + A ∗ B ⇒ x + B ∗B ⇒ x + x ∗B ⇒
x + x ∗ x

Ïîòîì ðàññìîòðèì ëåâîñòîðîííèé âûâîä öåïî÷êè ýòîé öåïî÷êè w = x + x ∗ x
â ãðàììàòèêå G ′:

S ⇒ AS ′ ⇒ BA′S ′ ⇒ xA′S ′ ⇒ xεS ′ = xS ′ ⇒ x+AS ′ ⇒ x + BA′S ′ ⇒
x + xA′S ′ ⇒ x + x ∗ BA′S ′ ⇒ x + x ∗ xA′S ′ ⇒ x + x ∗ xεS ′ = x + x ∗ xS ′ ⇒
x + x ∗ xε = x + x ∗ x

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 16



Ïðèìåð 4. Ïðîòîêîë ðàçáîðà öåïî÷êè íèñõîäÿùåãî
àíàëèçà

È ðàññìîòðèì ïðîòîêîë âûâîäà ýòîé öåïî÷êè â ãðàììàòèêå G ′:

ñòåê ïîçèöèÿ
óêàçàòåëÿ

1 S∇ �x+x*xa
2 AS ′∇ �x+x*xa
3 BA′S ′∇ �x+x*xa
4 A′S ′∇ x�+x*xa
5 S ′∇ x�+x*xa
6 AS ′∇ x+�x*xa
7 BA′S ′∇ x+�x*xa
8 A′S ′∇ x+x�*xa
9 BA′S ′∇ x+x*�xa
10 A′S ′∇ x+x*x�a
11 S ′∇ x+x*x�a
12 ∇ x+x*x�a ∨
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Îáðàáîòêà ñèíòàêñè÷åñêèõ îøèáîê

Õîðîøèé ñèíòàêñè÷åñêèé àíàëèçàòîð äîëæåí ñîîáùàòü î íàëè÷èè
îøèáêè ñ óêàçàíèåì ìåñòà â ïðîãðàììå, ãäå ýòà îøèáêà áûëà îáíàðóæåíà,
è ïðåäïîëàãàåìîãî òèïà îøèáêè.

Íî ýòîãî íåäîñòàòî÷íî. Àíàëèçàòîð äîëæåí óìåòü èñïðàâèòü îøèáêó òàê,
÷òîáû ñòàëî âîçìîæíûì ïðîäîëæåíèå àíàëèçà âõîäíîé öåïî÷êè äëÿ
îáíàðóæåíèÿ ïîñëåäóþùèõ îøèáîê (èëè óñòàíîâëåíèÿ èõ îòñóòñòâèÿ).

Ðàññìàòðèâàåìûé àíàëèçàòîð îáíàðóæèâàåò îøèáêó â òîò ìîìåíò, êîãäà
íå ìîæåò ïðîäîëæèòü ðàáîòó èç-çà îòñóòñòâèÿ â ÌÏ-àâòîìàòå êîìàíäû,
ëåâàÿ ÷àñòü êîòîðîé åñòü òåêóùàÿ ïàðà (âõîäíîé ñèìâîë, âåðõíèé ñèìâîë
ñòåêà).

Â ñîîòâåòñòâóþùóþ ïóñòóþ êëåòêó óïðàâëÿþùåé òàáëèöû ìîæíî
ïîìåñòèòü ññûëêó íà ïîäïðîãðàììó îáðàáîòêè âîçíèêøåé îøèáêè.
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Îáðàáîòêà ñèíòàêñè÷åñêèõ îøèáîê

Õîðîøèé ñèíòàêñè÷åñêèé àíàëèçàòîð äîëæåí ñîîáùàòü î íàëè÷èè
îøèáêè ñ óêàçàíèåì ìåñòà â ïðîãðàììå, ãäå ýòà îøèáêà áûëà îáíàðóæåíà,
è ïðåäïîëàãàåìîãî òèïà îøèáêè.

Íî ýòîãî íåäîñòàòî÷íî. Àíàëèçàòîð äîëæåí óìåòü èñïðàâèòü îøèáêó òàê,
÷òîáû ñòàëî âîçìîæíûì ïðîäîëæåíèå àíàëèçà âõîäíîé öåïî÷êè äëÿ
îáíàðóæåíèÿ ïîñëåäóþùèõ îøèáîê (èëè óñòàíîâëåíèÿ èõ îòñóòñòâèÿ).

Ðàññìàòðèâàåìûé àíàëèçàòîð îáíàðóæèâàåò îøèáêó â òîò ìîìåíò, êîãäà
íå ìîæåò ïðîäîëæèòü ðàáîòó èç-çà îòñóòñòâèÿ â ÌÏ-àâòîìàòå êîìàíäû,
ëåâàÿ ÷àñòü êîòîðîé åñòü òåêóùàÿ ïàðà (âõîäíîé ñèìâîë, âåðõíèé ñèìâîë
ñòåêà).

Â ñîîòâåòñòâóþùóþ ïóñòóþ êëåòêó óïðàâëÿþùåé òàáëèöû ìîæíî
ïîìåñòèòü ññûëêó íà ïîäïðîãðàììó îáðàáîòêè âîçíèêøåé îøèáêè.
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Îáðàáîòêà ñèíòàêñè÷åñêèõ îøèáîê

Äëÿ ïðèìåðà ðàçáåðåì òèïû ñèíòàêñè÷åñêèõ îøèáîê äëÿ ãðàììàòèêè G ′. Èõ
÷åòûðå:

e1: îòñóòñòâóåò îïåðàíä (íàïðèìåð, äâà îïåðàòîðà ïîäðÿä), âñòàâèòü
îïåðàíä x ;

e2: îòñóòñòâóåò îïåðàòîð (äâà îïåðàíäà ïîäðÿä), âñòàâèòü +;

e3: íåò ), äîáàâèòü );

e4: ëèøíÿÿ ), óäàëèòü å¼.

e5: îæèäàåòñÿ +, çàìåíèòü * íà +.
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Îáðàáîòêà ñèíòàêñè÷åñêèõ îøèáîê
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Îáðàáîòêà ñèíòàêñè÷åñêèõ îøèáîê
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Îáðàáîòêà ñèíòàêñè÷åñêèõ îøèáîê
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e3: íåò ), äîáàâèòü );

e4: ëèøíÿÿ ), óäàëèòü å¼.

e5: îæèäàåòñÿ +, çàìåíèòü * íà +.
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Îáðàáîòêà ñèíòàêñè÷åñêèõ îøèáîê (ïðîäîëæåíèå)

Äëÿ òîãî, ÷òîáû ñäåëàòü îáðàáîò÷èê îøèáîê, äëÿ êàæäîãî íåòåðìèíàëà
ãðàììàòèêè âåäåì ïîíÿòèå ìíîæåñòâà PREVIOUS, äâîéñòâåííîå ê ïîíÿòèþ
FOLLOW.

Ïóñòü A ∈ Γ. Ìíîæåñòâîì PREVIOUS(A) íàçîâåì òàêîå ïîäìíîæåñòâî
ìíîæåñòâà Σ ∪ {`}, ÷òî

1 òåðìèíàë a ∈ Σ ïðèíàäëåæèò ìíîæåñòâó PREVIOUS(A), åñëè è òîëüêî
åñëè S ⇒∗ αaAβ äëÿ íåêîòîðûõ α, β ∈ (Σ ∪ Γ)∗.

2 `∈ PREVIOUS(A), åñëè è òîëüêî åñëè S ⇒∗ Aα.
3 `∈ PREVIOUS(S), ïîñêîëüêó ìîæíî ñ÷èòàòü, ÷òî S ⇒∗ S .

Ðàñïðîñòðàíèì îòîáðàæåíèå PREVIOUS : Γ→ 2Σ (÷òî òàêîå 2Σ) ñ
ìíîæåñòâà Γ íà ìíîæåñòâî Σ ∪ Γ åñòåñòâåííûì îáðàçîì:

1 äëÿ ëþáîãî b ∈ Σ òåðìèíàë a ∈ Σ ïðèíàäëåæèò ìíîæåñòâó PREVIOUS(b),
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Îáðàáîòêà ñèíòàêñè÷åñêèõ îøèáîê. Ïîíÿòèå ìíîæåñòâà

FOLLOW . Ñâÿçü ìíîæåñòâ FOLLOW è PREVIOUS .

Ðàñïðîñòðàíèì àíàëîãè÷íî îòîáðàæåíèå FOLLOW : Γ→ 2Σ ñ ìíîæåñòâà
Γ íà ìíîæåñòâî Σ ∪ Γ:

1 äëÿ ëþáîãî b ∈ Σ òåðìèíàë a ∈ Σ ïðèíàäëåæèò ìíîæåñòâó FOLLOW (b),
åñëè è òîëüêî åñëè S ⇒∗ αbaβ äëÿ íåêîòîðûõ α, β ∈ (Σ ∪ Γ)∗.

2 äëÿ ëþáîãî b ∈ Σ ñèìâîë a∈ FOLLOW (b), åñëè è òîëüêî åñëè S ⇒∗ αb.

×òîáû íå ïóòàòü ïîëó÷åííîå îòîáðàæåíèå ñ îòîáðàæåíèåì FOLLOW,
îïðåäåëåííûì òîëüêî äëÿ íåòåðìèíàëîâ, îáîçíà÷èì ýòî íîâîå
îòîáðàæåíèå ÷åðåç FOLLOW .

Ïîëó÷èòñÿ òîãäà òàêîé àëãîðèòì âû÷èñëåíèÿ FOLLOW (ñì. ñëåä. ñëàéä).
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Îáðàáîòêà ñèíòàêñè÷åñêèõ îøèáîê. Ïîíÿòèå ìíîæåñòâà
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Îáðàáîòêà ñèíòàêñè÷åñêèõ îøèáîê. Ïîíÿòèå ìíîæåñòâà
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Àëãîðèòì ïîñòðîåíèÿ ìíîæåñòâà FOLLOW
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Ðåâåðñ êîíòåêñòíî-ñâîáîäíîãî ÿçûêà

Èç òåîðèè àâòîìàòîâ èçâåñòíî, ÷òî ðåâåðñ (÷òî òàêîå ðåâåðñ?)
ðåãóëÿðíîãî ÿçûêà òîæå ÿâëÿåòñÿ ðåãóëÿðíûì.

Ïóñòü H = (Γ,Σ,P,S) � ïðîèçâîëüíàÿ ÊÑ-ãðàììàòèêà.

Îáîçíà÷èì ÷åðåç H reverse ãðàììàòèêó, êàæäîå ïðàâèëî
A→ XnXn−1 . . .X2X1 êîòîðîé ïîëó÷åíî èç ïðàâèëà A→ X1X2 . . .Xn−1Xn

ãðàììàòèêè H ðåâåðñîì åå ïðàâîé ÷àñòè.
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Ðåâåðñ êîíòåêñòíî-ñâîáîäíîãî ÿçûêà (ïðîäîëæåíèå)

Óòâåðæäåíèå 1 (óïð. 1) (î ÊÑ ãðàììàòèêå ðåâåðñà ÿçûêà)

Äåðåâî âûâîäà ãðàììàòèêè H reverse çåðêàëüíî ñèììåòðè÷íî äåðåâó âûâîäà
ãðàììàòèêè H.

Ëåâîñòîðîííåìó âûâîäó S ⇒∗H w ñëîâà w ∈ L(H) îäíîçíà÷íî
ñîîòâåòñòâóåò ïðàâîñòîðîííèé âûâîä S ⇒∗H reverse w reverse ñëîâà
w reverse ∈ L(H reverse), êîòîðûé ïîëó÷åí ðåâåðñîì êàæäîãî ñëîâà èç âûâîäà
S ⇒∗H w .

ßçûê L(H reverse) ÿâëÿåòñÿ ðåâåðñîì ÿçûêà L(H).

Äîêàçàòåëüñòâî. (1) î÷åâèäíî, (2) ñëåäóåò èç (1), a (3) èç (2).
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Ðåâåðñ êîíòåêñòíî-ñâîáîäíîãî ÿçûêà (ïðîäîëæåíèå)
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Ðåâåðñ êîíòåêñòíî-ñâîáîäíîãî ÿçûêà (ïðîäîëæåíèå)

Óòâåðæäåíèå 1 (óïð. 1) (î ÊÑ ãðàììàòèêå ðåâåðñà ÿçûêà)

Äåðåâî âûâîäà ãðàììàòèêè H reverse çåðêàëüíî ñèììåòðè÷íî äåðåâó âûâîäà
ãðàììàòèêè H.
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Míîæåñòâî PREVIOUS äëÿ ãðàììàòèêè G ′

Óòâåðæäåíèå 2 (óïð. 2) (î ñâÿçè ìíîæåñòâ FOLLOW è PREVIOUS)

Ïóñòü H � LL(1)-ãðàììàòèêà. Òîãäà äëÿ ëþáîãî X ∈ Γ ∪ Σ ìíîæåñòâî
PREVIOUS(X ) â ãðàììàòèêå H ðàâíî ìíîæåñòâó FOLLOW (X ) â ãðàììàòèêå
H reverse ñ ó÷åòîì çàìåíû a íà `.

Óêàçàíèå: Èñïîëüçîâàòü óòâåðæäåíèå 1.

Íàéäåì ìíîæåñòâà PREVIOUS äëÿ âñåõ íåòåðìèíàëîâ è òåðìèíàëà ), êîòîðîå
ïðèñóòñòâóåò â óïðàâëÿþùåé òàáëèöå ÌÏ-àâòîìàòàM′′.
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Míîæåñòâî PREVIOUS äëÿ ãðàììàòèêè G ′
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Míîæåñòâî PREVIOUS äëÿ ãðàììàòèêè G ′
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Míîæåñòâî PREVIOUS äëÿ ãðàììàòèêè G ′

Äëÿ ýòîãî íàéäåì ãðàììàòèêó (G ′)reverse :

S → S ′A

S ′ → S ′A+ | ε
A→ A′B

A′ → A′B∗ | ε
B →)S(| x

Íàéäåì ìíîæåñòâî PREVIOUS(X ) â ãðàììàòèêå (G ′), êîòîðîå ïî
óòâåðæäåíèþ 2 äëÿ ëþáîãî X ∈ Γ ∪ Σ ðàâíî ìíîæåñòâó FOLLOW (X ) â
ãðàììàòèêå (G ′)reverse :
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Míîæåñòâî PREVIOUS äëÿ ãðàììàòèêè G ′
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Míîæåñòâî PREVIOUS äëÿ ãðàììàòèêè G ′

X PREVIOUS(X ) â G ′ ðàâíî
FOLLOW (X ) â ãðàììàòèêå (G ′)reverse

S `, (
S ′ ), x
A `,+, (
A′ ), x
B `, ∗,+, (
) x , )

Çàìåòèì, ÷òî èç äàííûõ íåòåðìèíàëîâ âûâîäÿòñÿ ñëåäóþùèå öåïî÷êè:
S ⇒∗ A + A + . . .+ A
S ′ ⇒∗ +A + . . .+ A | ε
A⇒∗ B ∗ B ∗ . . . ∗ B
A′ ⇒∗ ∗B ∗ . . . ∗ B | ε

B ⇒∗ (S) | x
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Míîæåñòâî PREVIOUS äëÿ ãðàììàòèêè G ′
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S `, (
S ′ ), x
A `,+, (
A′ ), x
B `, ∗,+, (
) x , )

Çàìåòèì, ÷òî èç äàííûõ íåòåðìèíàëîâ âûâîäÿòñÿ ñëåäóþùèå öåïî÷êè:
S ⇒∗ A + A + . . .+ A
S ′ ⇒∗ +A + . . .+ A | ε
A⇒∗ B ∗ B ∗ . . . ∗ B
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Ïîñòðîåíèå îáðàáîò÷èêà îøèáîê äëÿ ãðàììàòèêè G ′

Ïóñòü íàâåðõó ñòåêà ëåæèò íåòåðìèíàë S , òîãäà íà ëåíòå ïðè ïðèìåíåíèè
ñîîòâåòñòâóþùåãî ïðàâèëà S → α îæèäàþòñÿ òåðìèíàëû x , ( (ñì.
òàáëèöó ïåðåõîäîâ ÌÏ-àâòîìàòàM′′).

Ïîñêîëüêó, PREVIOUS(S) = {`, (}, çíà÷èò, íà ëåíòå äî âûâîäà èç S ìîãóò
áûòü òîëüêî ýòè òåðìèíàëû.
Åñëè íà ëåíòå óêàçàòåëü ïîêàçûâàåò íà òåðìèíàë +, òî çíà÷èò, ìû
îêàçûâàåìñÿ â ñèòóàöèè, êîãäà íà ëåíòå äîëæíû áûòü ðÿäîì òåðìèíàëû
` x èëè (( , à íà ñàìîì äåëå ìû èìååì òåðìèíàëû ` +, èëè (+, è, çíà÷èò,
� ýòî îøèáêà e1.

Àíàëîãè÷íî, åñëè íà ëåíòå óêàçàòåëü ïîêàçûâàåò íà òåðìèíàë ∗ � ýòî
îøèáêà e1.

Åñëè íà ëåíòå óêàçàòåëü íà òåðìèíàëå a, çíà÷èò, íà ëåíòå èìååì ïàðó
òåðìèíàëîâ `a èëè (a, è, ñëåäîâàòåëüíî, ìû ñíîâà èìååì îøèáêó e1.

Åñëè íà ëåíòå óêàçàòåëü íà òåðìèíàëå ), çíà÷èò, íà ëåíòå èìååì ïàðó
òåðìèíàëîâ `) èëè (), è, ñëåäîâàòåëüíî, ìû èìååì îøèáêó e4.
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ñîîòâåòñòâóþùåãî ïðàâèëà S → α îæèäàþòñÿ òåðìèíàëû x , ( (ñì.
òàáëèöó ïåðåõîäîâ ÌÏ-àâòîìàòàM′′).
Ïîñêîëüêó, PREVIOUS(S) = {`, (}, çíà÷èò, íà ëåíòå äî âûâîäà èç S ìîãóò
áûòü òîëüêî ýòè òåðìèíàëû.

Åñëè íà ëåíòå óêàçàòåëü ïîêàçûâàåò íà òåðìèíàë +, òî çíà÷èò, ìû
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Ïîñòðîåíèå îáðàáîò÷èêà îøèáîê äëÿ ãðàììàòèêè G ′
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Ïîñòðîåíèå îáðàáîò÷èêà îøèáîê äëÿ ãðàììàòèêè G ′

Ïóñòü íàâåðõó ñòåêà ëåæèò íåòåðìèíàë A′, òîãäà îæèäàþòñÿ òåðìèíàëû
+, ∗, ), a íà ëåíòå ïðè âûâîäå èç A′.
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x , (, òî íà ëåíòå )x , )(, xx , èëè x(. Çäåñü ñèòóàöèÿ ïîëíîñòüþ àíàëîãè÷íà
ñèòóàöèè äëÿ íåòåðìèíàëà S ′, è ýòî îøèáêà e2.

Eñëè íàâåðõó ñòåêà ëåæèò íåòåðìèíàë B, òî îæèäàþòñÿ òåðìèíàëû x , ( íà
ëåíòå ïðè âûâîäå èç B.
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Çíà÷èò, åñëè óêàçàòåëü ïîêàçûâàåò íà òåðìèíàëû +, ∗,a, òî íà ëåíòå ` +,
` ∗, èëè `a, ∗+, ∗∗, ∗ a, ++, +∗, + a, (+, (∗ èëè (a. Ýòî îøèáêà e2.

À åñëè óêàçàòåëü ïîêàçûâàåò íà òåðìèíàë ), òî íà ëåíòå `), ∗), +) èëè ().
Ýòî îøèáêà e4.
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Íàêîíåö, åñëè íàâåðõó ñòåêà ëåæèò òåðìèíàë ), òî îæèäàåòñÿ òîëüêî
òåðìèíàë ).

Åãî íóæíî îáÿçàòåëüíî ïîñòàâèòü, èíà÷å ìû áóäåì èìåòü íåçàêðûòóþ
ïðàâóþ ñêîáêó.

Òàêèì îáðàçîì, èìååì îøèáêó e3 äëÿ âñåõ ïóñòûõ êëåòîê óïðàâëÿþùåé
òàáëèöû â ñòðîêå äëÿ òåðìèíàëà ).
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Ïîñòðîåíèå îáðàáîò÷èêà îøèáîê äëÿ ãðàììàòèêè G ′
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Îáðàáîòêà ñèíòàêñè÷åñêèõ îøèáîê. Ïðèìåð 5
(ïðîäîëæåíèå)

Ðàññìîòðèì ïîëó÷åííûé îáðàáîò÷èê îøèáîê.

x + * ( ) a
S AS ′,_ e1 e1 AS ′,_ e4 e1

S ′ e2 AS ′,→ e6 e2 ε,_ ε,_
A BA′,_ e1 e1 BA′,_ e4 e1

A′ e2 ε,_ BA′,→ e2 ε,_ ε,_
B ε,→ e1 e1 S),→ e4 e1

) e3 e3 e3 e3 ε,→ e3

∇ ∨

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 16



Ïðèìåð 5. Ïðîòîêîë ðàçáîðà îøèáî÷íîé öåïî÷êè

Òåïåðü ðàññìîòðèì ïðîòîêîë ðàçáîðà îøèáî÷íîé öåïî÷êè )xx+a â ãðàììàòèêå
G ′:

ñòåê ïîçèöèÿ
óêàçàòåëÿ îøèáêà

1 S∇ �)xx+a e4

2 S∇ �xx+a
3 AS ′∇ �xx+a
4 BA′S ′∇ �xx+a
5 A′S ′∇ x�x+a e2

6 A′S ′∇ x�+x+a
7 S ′∇ x�+x+a
8 AS ′∇ x+�x+a
9 BA′S ′∇ x+�x+a
10 A′S ′∇ x+x�+a
11 S ′∇ x+x�+a
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Ïðèìåð 5. Ïðîòîêîë ðàçáîðà îøèáî÷íîé öåïî÷êè
(ïðîäîëæåíèå)

ñòåê ïîçèöèÿ
óêàçàòåëÿ îøèáêà
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Çàìåòèì, ÷òî íàøåé çàäà÷åé áûëî íå âîññòàíîâëåíèå öåïî÷êè, à íàõîæäåíèå
ïîçèöèè îøèáêè è õàðàêòåðèçàöèÿ åå!
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Îïðåäåëåíèå ìíîæåñòâà FIRSTk(α)

Êëàññ LL(1)-ãðàììàòèê ìîæíî îáîáùèòü äî êëàññà LL(k)-ãðàììàòèê.

Îïðåäåëåíèå

Ïóñòü G � ÊÑ-ãðàììàòèêà, α ∈ (Σ ∪ Γ)∗, k ∈ N. Òîãäà FIRSTk(α) � ýòî
ïîäìíîæåñòâî ìíîæåñòâà Σ∗, ñîñòîÿùåå èç âñåõ öåïî÷åê u òàêèõ, ÷òî

1 ëèáî |u| = k è α⇒ uβ äëÿ íåêîòîðîãî β ∈ (Σ ∪ Γ)∗,

2 ëèáî |u| < k è α⇒ u.

Èç îïðåäåëåíèÿ ñëåäóåò, ÷òî FIRST1(α) = FIRST (α) äëÿ ëþáîãî
α ∈ (Σ ∪ Γ)∗, ò.å. äåéñòâèòåëüíî FIRSTk(α) ÿâëÿåòñÿ îáîáùåíèåì
ìíîæåñòâà FIRST (α).

Î÷åâèäíî, åñëè α ∈ Σ∗, òî FIRSTk(α) � ýòî ïðåôèêñ äëèíû k ñëîâà α
ïðè |α| ≥ k, è α a ïðè |α| < k .

Ïðèìåð 1. FIRST3(abaa) = {aba}, FIRST3(ab) = {ab a}.
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Îïðåäåëåíèå LL(k)-ãðàììàòèêè

Îïðåäåëåíèå

ÊÑ-ãðàììàòèêà G íàçûâàåòñÿ LL(k)-ãðàììàòèêîé, åñëè èç òîãî, ÷òî

1 S ⇒∗ wAα⇒ wβα⇒∗ wu
2 S ⇒∗ wAα⇒ wγα⇒∗ wv
3 FIRSTk(u) = FIRSTk(v),

ãäå w , u, v ∈ Σ∗, α, β, γ ∈ (Σ ∪ Γ)∗, ñëåäóåò β = γ.

Âñïîìíèì ñâîéñòâî LL(1)-ãðàììàòèê.

Ñâîéñòâî LL(1)-ãðàììàòèêè

Ïóñòü ÊÑ-ãðàììàòèêà G ÿâëÿåòñÿ LL(1)-ãðàììàòèêîé, Òîãäà èç òîãî, ÷òî

1 S ⇒∗ wAα⇒ wβα⇒∗ wu
2 S ⇒∗ wAα⇒ wγα⇒∗ wv
3 FIRST (u) = FIRST (v).

ãäå w , u, v ∈ Σ∗, α, β, γ ∈ (Σ ∪ Γ)∗, ñëåäóåò β = γ.
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Îïðåäåëåíèå LL(k)-ãðàììàòèêè
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Îïðåäåëåíèå LL(k)-ãðàììàòèêè
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Ñâîéñòâà LL(k)-ãðàììàòèê

Îòñþäà ñëåäóåò, ÷òî LL(k)-ãðàììàòèêà äåéñòâèòåëüíî ÿâëÿåòñÿ îáîáùåíèåì
LL(1)-ãðàììàòèêè.

Ëåììà 1 îá LL(k)-ãðàììàòèêè

LL(1) ⊆ LL(2) ⊆ . . . ⊆ LL(k) ⊆ . . .

Äîêàçàòåëüñòâî ñëåäóåò èç îïðåäåëåíèÿ LL(k-1) è LL(k) ãðàììàòèê è òîãî
ïðîñòîãî ôàêòà, ÷òî èç ðàâåíñòâà FIRSTk(u) = FIRSTk(v) äëÿ u, v ∈ (Σ ∪ Γ)∗

ñëåäóåò ðàâåíñòâî FIRSTk−1(u) = FIRSTk−1(v).
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Ñâîéñòâà LL(k)-ãðàììàòèê (ïðîäîëæåíèå))
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LL-ãðàììàòèêè

Îïðåäåëåíèå LL-ãðàììàòèêè

Ãðàììàòèêà íàçûâàåòñÿ LL-ãðàììàòèêîé, åñëè îíà ÿâëÿåòñÿ
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Ïðèìåð 3. Äëÿ ãðàììàòèêè G3 : S → A | B,A→ aAb | 0,B → aBbb | 1
âûïîëíÿåòñÿ
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2 S ⇒∗ S ⇒ B ⇒∗ v = ak1b2k

3 FIRSTk(u) = FIRSTk(v) = {ak}.
È ïðè ýòîì íå β 6= γ.
Òàêèì îáðàçîì, ãðàììàòèêà G3 íå ÿâëÿåòñÿ LL(k) ãðàììàòèêîé íè äëÿ êàêîãî
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ïðàêòèêå.
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LL-ãðàììàòèêè. Èëëþñòðàöèÿ
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Ìåòîä ðåêóðñèâíîãî ñïóñêà

Ðàññìîòðèì îáùèé ìåòîä íèñõîäÿùåãî àíàëèçà, ïîçâîëÿþùèé, â
ïðèíöèïå, èñïîëüçîâàòü ëþáûå íåëåâîðåêóðñèâíûå ãðàììàòèêè.

Îñíîâíàÿ èäåÿ ìåòîäà ðåêóðñèâíîãî ñïóñêà ñîñòîèò â ñëåäóþùåì. Äëÿ
êàæäîãî íåòåðìèíàëà A ïèøåòñÿ ñâîÿ ïðîöåäóðà A, êîòîðàÿ íàïðÿìóþ
ðàáîòàåò ñ âõîäíîé öåïî÷êîé, ðàñïîçíàâàÿ â íåé ôðàãìåíò, âûâîäèìûé èç
A.

Ýòà ïðîöåäóðà îñóùåñòâëÿåò âûáîð ïðàâèëà âûâîäà è îáðàáîòêó ýòîãî
ïðàâèëà, ïðè êîòîðîé, â ÷àñòíîñòè, ðåêóðñèâíî âûçûâàþòñÿ ïðîöåäóðû
äëÿ íåòåðìèíàëîâ â ïðàâîé ÷àñòè ïðàâèëà.

Åñëè îáðàáîòêà çàâåðøåíà óñïåøíî (ïîëó÷åí âûâîä ôðàãìåíòà âõîäíîé
öåïî÷êè), òî ïðîöåäóðà çàâåðøàåòñÿ, ïåðåäàâàÿ óïðàâëåíèå âûçâàâøåé åå
ïðîöåäóðå.
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Ìåòîä ðåêóðñèâíîãî ñïóñêà

Äëÿ LL(1) ãðàììàòèêè â ñëó÷àå óñïåøíîãî ïðèÿòèÿ öåïî÷êè w
ðåêóðñèâíîìó ñïóñêó ñîîòâåòñòâóåò ëåâîñòîðîííèé âûâîä S ⇒∗ w ýòîé
öåïî÷êè, ò.å. îáõîä â ãëóáèíó äåðåâà âûâîäà Tw (ñì. óòâåðæäåíèå î ñâÿçè
âûâîäà è äåðåâà âûâîäà). Â ÷àñòíîñòè, ñòðîèòñÿ äåðåâî âûâîäà.

Ïðè ýòîì åñëè çàïóñêàåòñÿ î÷åðåäíàÿ ðåêóðñèâíàÿ ïðîöåäóðà A(), òî
óêàçàòåëü íà ëåíòå ïîêàçûâàåò íà îäèí èç ýëåìåíòîâ ìíîæåñòâà FIRST (A)
â ñëó÷àå, êîãäà íåòåðìèíàë A � íå àííóëèðóþùèé, è íà îäèí èç
ýëåìåíòîâ ìíîæåñòâà FOLLOW (A) â ïðîòèâíîì ñëó÷àå.

Åñëè íå áóäåò òàêîãî ñîâïàäåíèÿ, òî öåïî÷êà w íå áóäåò ïðèíÿòà.

Ïðèâåäåì àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ LL(1) ãðàììàòèêè. Äëÿ
ïðîñòîòû áóäåì ñ÷èòàòü, ÷òî îíà íå óïðîùåíà, êàê â ëåììå 3 ëåêöèè 14
(ñì., íàïðèìåð, ÌÏ-àâòîìàòM íà ñëàéäå 7).
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Ìåòîä ðåêóðñèâíîãî ñïóñêà
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Ïðè ýòîì åñëè çàïóñêàåòñÿ î÷åðåäíàÿ ðåêóðñèâíàÿ ïðîöåäóðà A(), òî
óêàçàòåëü íà ëåíòå ïîêàçûâàåò íà îäèí èç ýëåìåíòîâ ìíîæåñòâà FIRST (A)
â ñëó÷àå, êîãäà íåòåðìèíàë A � íå àííóëèðóþùèé, è íà îäèí èç
ýëåìåíòîâ ìíîæåñòâà FOLLOW (A) â ïðîòèâíîì ñëó÷àå.

Åñëè íå áóäåò òàêîãî ñîâïàäåíèÿ, òî öåïî÷êà w íå áóäåò ïðèíÿòà.

Ïðèâåäåì àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ LL(1) ãðàììàòèêè. Äëÿ
ïðîñòîòû áóäåì ñ÷èòàòü, ÷òî îíà íå óïðîùåíà, êàê â ëåììå 3 ëåêöèè 14
(ñì., íàïðèìåð, ÌÏ-àâòîìàòM íà ñëàéäå 7).

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 16



Ìåòîä ðåêóðñèâíîãî ñïóñêà

Äëÿ LL(1) ãðàììàòèêè â ñëó÷àå óñïåøíîãî ïðèÿòèÿ öåïî÷êè w
ðåêóðñèâíîìó ñïóñêó ñîîòâåòñòâóåò ëåâîñòîðîííèé âûâîä S ⇒∗ w ýòîé
öåïî÷êè, ò.å. îáõîä â ãëóáèíó äåðåâà âûâîäà Tw (ñì. óòâåðæäåíèå î ñâÿçè
âûâîäà è äåðåâà âûâîäà). Â ÷àñòíîñòè, ñòðîèòñÿ äåðåâî âûâîäà.

Ïðè ýòîì åñëè çàïóñêàåòñÿ î÷åðåäíàÿ ðåêóðñèâíàÿ ïðîöåäóðà A(), òî
óêàçàòåëü íà ëåíòå ïîêàçûâàåò íà îäèí èç ýëåìåíòîâ ìíîæåñòâà FIRST (A)
â ñëó÷àå, êîãäà íåòåðìèíàë A � íå àííóëèðóþùèé, è íà îäèí èç
ýëåìåíòîâ ìíîæåñòâà FOLLOW (A) â ïðîòèâíîì ñëó÷àå.

Åñëè íå áóäåò òàêîãî ñîâïàäåíèÿ, òî öåïî÷êà w íå áóäåò ïðèíÿòà.

Ïðèâåäåì àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ LL(1) ãðàììàòèêè. Äëÿ
ïðîñòîòû áóäåì ñ÷èòàòü, ÷òî îíà íå óïðîùåíà, êàê â ëåììå 3 ëåêöèè 14
(ñì., íàïðèìåð, ÌÏ-àâòîìàòM íà ñëàéäå 7).
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Ìåòîä ðåêóðñèâíîãî ñïóñêà

Äëÿ LL(1) ãðàììàòèêè â ñëó÷àå óñïåøíîãî ïðèÿòèÿ öåïî÷êè w
ðåêóðñèâíîìó ñïóñêó ñîîòâåòñòâóåò ëåâîñòîðîííèé âûâîä S ⇒∗ w ýòîé
öåïî÷êè, ò.å. îáõîä â ãëóáèíó äåðåâà âûâîäà Tw (ñì. óòâåðæäåíèå î ñâÿçè
âûâîäà è äåðåâà âûâîäà). Â ÷àñòíîñòè, ñòðîèòñÿ äåðåâî âûâîäà.

Ïðè ýòîì åñëè çàïóñêàåòñÿ î÷åðåäíàÿ ðåêóðñèâíàÿ ïðîöåäóðà A(), òî
óêàçàòåëü íà ëåíòå ïîêàçûâàåò íà îäèí èç ýëåìåíòîâ ìíîæåñòâà FIRST (A)
â ñëó÷àå, êîãäà íåòåðìèíàë A � íå àííóëèðóþùèé, è íà îäèí èç
ýëåìåíòîâ ìíîæåñòâà FOLLOW (A) â ïðîòèâíîì ñëó÷àå.

Åñëè íå áóäåò òàêîãî ñîâïàäåíèÿ, òî öåïî÷êà w íå áóäåò ïðèíÿòà.

Ïðèâåäåì àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ LL(1) ãðàììàòèêè. Äëÿ
ïðîñòîòû áóäåì ñ÷èòàòü, ÷òî îíà íå óïðîùåíà, êàê â ëåììå 3 ëåêöèè 14
(ñì., íàïðèìåð, ÌÏ-àâòîìàòM íà ñëàéäå 7).
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Àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ LL(1) ãðàììàòèêè

Âõîä: ÊÑ-ãðàììàòèêà G = (Σ, Γ,P,S), öåïî÷êà w ∈ Σ, w = w1w2 . . .wn

Âûõîä: Ñîîáùåíèå î òîì, ÷òî w ∈ L(G ) è äåðåâî âûâîäà T öåïî÷êè w ∈ Σ,
åñëè w ∈ L(G ) è ñîîáùåíèå îá îøèáêå, åñëè w 6∈ L(G )

1 def S() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà S
def A() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà A
def B() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà B . . .
# òåëî àëãîðèòìà

2 lookahead = w1 # âíà÷àëå lookahead=ïåðâûé ñèìâîë ñëîâà w , ãäå
lookahead � òåêóùèé ñèìâîë, êîòîðûé ìû âèäèì íà ëåíòå

3 T = ∅ # âíà÷àëå äåðåâî âûâîäà ïóñòîå

4 S() # çàïóñêàåòñÿ ðåêóðñèâíàÿ ïðîöåäóðà äëÿ àêñèîìû

5 print('w ∈ L(G )') # íå ïðîèçîøëî ïðåæäåâðåìåííîãî âûõîäà è
ïðîãðàììû, öåïî÷êà óñïåøíî ïðèíÿëàñü

6 print('T ') # ïå÷àòü äåðåâà T âûâîäà öåïî÷êè w
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Àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ LL(1) ãðàììàòèêè

Âõîä: ÊÑ-ãðàììàòèêà G = (Σ, Γ,P,S), öåïî÷êà w ∈ Σ, w = w1w2 . . .wn

Âûõîä: Ñîîáùåíèå î òîì, ÷òî w ∈ L(G ) è äåðåâî âûâîäà T öåïî÷êè w ∈ Σ,
åñëè w ∈ L(G ) è ñîîáùåíèå îá îøèáêå, åñëè w 6∈ L(G )

1 def S() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà S

def A() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà A
def B() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà B . . .
# òåëî àëãîðèòìà

2 lookahead = w1 # âíà÷àëå lookahead=ïåðâûé ñèìâîë ñëîâà w , ãäå
lookahead � òåêóùèé ñèìâîë, êîòîðûé ìû âèäèì íà ëåíòå

3 T = ∅ # âíà÷àëå äåðåâî âûâîäà ïóñòîå

4 S() # çàïóñêàåòñÿ ðåêóðñèâíàÿ ïðîöåäóðà äëÿ àêñèîìû

5 print('w ∈ L(G )') # íå ïðîèçîøëî ïðåæäåâðåìåííîãî âûõîäà è
ïðîãðàììû, öåïî÷êà óñïåøíî ïðèíÿëàñü

6 print('T ') # ïå÷àòü äåðåâà T âûâîäà öåïî÷êè w
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Àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ LL(1) ãðàììàòèêè

Âõîä: ÊÑ-ãðàììàòèêà G = (Σ, Γ,P,S), öåïî÷êà w ∈ Σ, w = w1w2 . . .wn

Âûõîä: Ñîîáùåíèå î òîì, ÷òî w ∈ L(G ) è äåðåâî âûâîäà T öåïî÷êè w ∈ Σ,
åñëè w ∈ L(G ) è ñîîáùåíèå îá îøèáêå, åñëè w 6∈ L(G )

1 def S() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà S
def A() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà A
def B() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà B . . .

# òåëî àëãîðèòìà

2 lookahead = w1 # âíà÷àëå lookahead=ïåðâûé ñèìâîë ñëîâà w , ãäå
lookahead � òåêóùèé ñèìâîë, êîòîðûé ìû âèäèì íà ëåíòå

3 T = ∅ # âíà÷àëå äåðåâî âûâîäà ïóñòîå

4 S() # çàïóñêàåòñÿ ðåêóðñèâíàÿ ïðîöåäóðà äëÿ àêñèîìû

5 print('w ∈ L(G )') # íå ïðîèçîøëî ïðåæäåâðåìåííîãî âûõîäà è
ïðîãðàììû, öåïî÷êà óñïåøíî ïðèíÿëàñü

6 print('T ') # ïå÷àòü äåðåâà T âûâîäà öåïî÷êè w
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Àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ LL(1) ãðàììàòèêè

Âõîä: ÊÑ-ãðàììàòèêà G = (Σ, Γ,P,S), öåïî÷êà w ∈ Σ, w = w1w2 . . .wn

Âûõîä: Ñîîáùåíèå î òîì, ÷òî w ∈ L(G ) è äåðåâî âûâîäà T öåïî÷êè w ∈ Σ,
åñëè w ∈ L(G ) è ñîîáùåíèå îá îøèáêå, åñëè w 6∈ L(G )

1 def S() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà S
def A() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà A
def B() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà B . . .
# òåëî àëãîðèòìà

2 lookahead = w1 # âíà÷àëå lookahead=ïåðâûé ñèìâîë ñëîâà w , ãäå
lookahead � òåêóùèé ñèìâîë, êîòîðûé ìû âèäèì íà ëåíòå

3 T = ∅ # âíà÷àëå äåðåâî âûâîäà ïóñòîå

4 S() # çàïóñêàåòñÿ ðåêóðñèâíàÿ ïðîöåäóðà äëÿ àêñèîìû

5 print('w ∈ L(G )') # íå ïðîèçîøëî ïðåæäåâðåìåííîãî âûõîäà è
ïðîãðàììû, öåïî÷êà óñïåøíî ïðèíÿëàñü

6 print('T ') # ïå÷àòü äåðåâà T âûâîäà öåïî÷êè w
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Àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ LL(1) ãðàììàòèêè

Âõîä: ÊÑ-ãðàììàòèêà G = (Σ, Γ,P,S), öåïî÷êà w ∈ Σ, w = w1w2 . . .wn

Âûõîä: Ñîîáùåíèå î òîì, ÷òî w ∈ L(G ) è äåðåâî âûâîäà T öåïî÷êè w ∈ Σ,
åñëè w ∈ L(G ) è ñîîáùåíèå îá îøèáêå, åñëè w 6∈ L(G )

1 def S() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà S
def A() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà A
def B() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà B . . .
# òåëî àëãîðèòìà

2 lookahead = w1 # âíà÷àëå lookahead=ïåðâûé ñèìâîë ñëîâà w , ãäå
lookahead � òåêóùèé ñèìâîë, êîòîðûé ìû âèäèì íà ëåíòå

3 T = ∅ # âíà÷àëå äåðåâî âûâîäà ïóñòîå

4 S() # çàïóñêàåòñÿ ðåêóðñèâíàÿ ïðîöåäóðà äëÿ àêñèîìû

5 print('w ∈ L(G )') # íå ïðîèçîøëî ïðåæäåâðåìåííîãî âûõîäà è
ïðîãðàììû, öåïî÷êà óñïåøíî ïðèíÿëàñü

6 print('T ') # ïå÷àòü äåðåâà T âûâîäà öåïî÷êè w
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Àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ LL(1) ãðàììàòèêè

Âõîä: ÊÑ-ãðàììàòèêà G = (Σ, Γ,P,S), öåïî÷êà w ∈ Σ, w = w1w2 . . .wn

Âûõîä: Ñîîáùåíèå î òîì, ÷òî w ∈ L(G ) è äåðåâî âûâîäà T öåïî÷êè w ∈ Σ,
åñëè w ∈ L(G ) è ñîîáùåíèå îá îøèáêå, åñëè w 6∈ L(G )

1 def S() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà S
def A() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà A
def B() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà B . . .
# òåëî àëãîðèòìà

2 lookahead = w1 # âíà÷àëå lookahead=ïåðâûé ñèìâîë ñëîâà w , ãäå
lookahead � òåêóùèé ñèìâîë, êîòîðûé ìû âèäèì íà ëåíòå

3 T = ∅ # âíà÷àëå äåðåâî âûâîäà ïóñòîå

4 S() # çàïóñêàåòñÿ ðåêóðñèâíàÿ ïðîöåäóðà äëÿ àêñèîìû

5 print('w ∈ L(G )') # íå ïðîèçîøëî ïðåæäåâðåìåííîãî âûõîäà è
ïðîãðàììû, öåïî÷êà óñïåøíî ïðèíÿëàñü

6 print('T ') # ïå÷àòü äåðåâà T âûâîäà öåïî÷êè w
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Àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ LL(1) ãðàììàòèêè

Âõîä: ÊÑ-ãðàììàòèêà G = (Σ, Γ,P,S), öåïî÷êà w ∈ Σ, w = w1w2 . . .wn

Âûõîä: Ñîîáùåíèå î òîì, ÷òî w ∈ L(G ) è äåðåâî âûâîäà T öåïî÷êè w ∈ Σ,
åñëè w ∈ L(G ) è ñîîáùåíèå îá îøèáêå, åñëè w 6∈ L(G )

1 def S() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà S
def A() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà A
def B() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà B . . .
# òåëî àëãîðèòìà

2 lookahead = w1 # âíà÷àëå lookahead=ïåðâûé ñèìâîë ñëîâà w , ãäå
lookahead � òåêóùèé ñèìâîë, êîòîðûé ìû âèäèì íà ëåíòå

3 T = ∅ # âíà÷àëå äåðåâî âûâîäà ïóñòîå

4 S() # çàïóñêàåòñÿ ðåêóðñèâíàÿ ïðîöåäóðà äëÿ àêñèîìû

5 print('w ∈ L(G )') # íå ïðîèçîøëî ïðåæäåâðåìåííîãî âûõîäà è
ïðîãðàììû, öåïî÷êà óñïåøíî ïðèíÿëàñü

6 print('T ') # ïå÷àòü äåðåâà T âûâîäà öåïî÷êè w
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Àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ LL(1) ãðàììàòèêè

Âõîä: ÊÑ-ãðàììàòèêà G = (Σ, Γ,P,S), öåïî÷êà w ∈ Σ, w = w1w2 . . .wn

Âûõîä: Ñîîáùåíèå î òîì, ÷òî w ∈ L(G ) è äåðåâî âûâîäà T öåïî÷êè w ∈ Σ,
åñëè w ∈ L(G ) è ñîîáùåíèå îá îøèáêå, åñëè w 6∈ L(G )

1 def S() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà S
def A() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà A
def B() # ðåêóðñèâíàÿ ôóíêöèÿ äëÿ íåòåðèìèíàëà B . . .
# òåëî àëãîðèòìà

2 lookahead = w1 # âíà÷àëå lookahead=ïåðâûé ñèìâîë ñëîâà w , ãäå
lookahead � òåêóùèé ñèìâîë, êîòîðûé ìû âèäèì íà ëåíòå

3 T = ∅ # âíà÷àëå äåðåâî âûâîäà ïóñòîå

4 S() # çàïóñêàåòñÿ ðåêóðñèâíàÿ ïðîöåäóðà äëÿ àêñèîìû

5 print('w ∈ L(G )') # íå ïðîèçîøëî ïðåæäåâðåìåííîãî âûõîäà è
ïðîãðàììû, öåïî÷êà óñïåøíî ïðèíÿëàñü

6 print('T ') # ïå÷àòü äåðåâà T âûâîäà öåïî÷êè w
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Ðåêóðñèâíàÿ ïðîöåäóðà A() äëÿ íåòåðìèíàëà A äëÿ
LL(1) ãðàììàòèêè
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δ(A, a) = (δ1(A, a), δ2(A, a)), ãäå δ1(A, a) ∈ (Σ ∪ Γ)∗, δ2(A, a) ∈ {_,→}.

(1) str = δ1(A, lookahead) # ñòðîêà α = δ1(A, lookahead) � ïðàâàÿ ÷àñòü
ïðàâèëà A→ α, êîòîðîå âûáèðàåòñÿ ïî ìíîæåñòâó SELECT(A→ α) è
lookahead îäíîçíà÷íî èëè ïóñòàÿ êëåòêà (ñòðîêà)
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� ïðàâàÿ ÷àñòü ïðàâèëà A→ α, ò.å. êëåòêà â òàáëèöå ïåðåõîäîâ ÌÏ
àâòîìàòàM íåïóñòàÿ
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Ðåêóðñèâíàÿ ïðîöåäóðà A() äëÿ íåòåðìèíàëà A äëÿ
LL(1) ãðàììàòèêè (ïðîäîëæåíèå)
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(2.4.1) if X == lookahead :
lookahead=next symbol

(2.4.2) else: # X ! = lookahead
# ÎØÈÁÊÀ
print('w 6∈ L(G)')
exit èç àëãîðèòìà

(2.5) case X = ε: # åñëè X � ïóñòîå ñëîâî
T = T ∪ {(A,X )} # íàðàùèâàåì äåðåâî âûâîäà åùå íà îäíî ðåáðî
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Ðåêóðñèâíàÿ ïðîöåäóðà A() äëÿ íåòåðìèíàëà A äëÿ
LL(1) ãðàììàòèêè
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exit èç ïðîãðàììû
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Ïðîòîêîë ðàáîòû àëãîðèòìà ðåêóðñèâíîãî ñïóñêà äëÿ
öåïî÷êè w = x + x ∗ x

Ðàññìîòðèì ïðîòîêîë ðàáîòû àëãîðèòìà ðåêóðñèâíîãî ñïóñêà äëÿ öåïî÷êè
w = x + x ∗ x â âèäå ñòðîÿùåãîñÿ äåðåâà T âûâîäà w = x + x ∗ x .

strS # ýêðàíèðîâàíèå ïåðåìåííîé str â çàïóñêå ðåêóðñèâíîé ôóíêöèè S()

strA1 # ýêðàíèðîâàíèå ïåðåìåííîé str â ïåðâîì çàïóñêå ðåêóðñèâíîé
ôóíêöèè A()

strA2 # ýêðàíèðîâàíèå ïåðåìåííîé str âî âòîðîì çàïóñêå ðåêóðñèâíîé
ôóíêöèè A()

È ò.ä.

X # î÷åðåäíîé ñèìâîë ñòðîêè α � ïðàâîé ÷àñòè òåêóùåãî ïðàâèëà

Ïðè ýòîì åñëè çàïóñêàåòñÿ î÷åðåäíàÿ ðåêóðñèâíàÿ ïðîöåäóðà A(), òî
óêàçàòåëü íà ëåíòå ïîêàçûâàåò íà îäèí èç ýëåìåíòîâ ìíîæåñòâà FIRST (A)
â ñëó÷àå, êîãäà íåòåðìèíàë A � íå àííóëèðóþùèé, è íà îäèí èç
ýëåìåíòîâ ìíîæåñòâà FOLLOW (A) â ïðîòèâíîì ñëó÷àå.
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w = x + x ∗ x â âèäå ñòðîÿùåãîñÿ äåðåâà T âûâîäà w = x + x ∗ x .
strS # ýêðàíèðîâàíèå ïåðåìåííîé str â çàïóñêå ðåêóðñèâíîé ôóíêöèè S()

strA1 # ýêðàíèðîâàíèå ïåðåìåííîé str â ïåðâîì çàïóñêå ðåêóðñèâíîé
ôóíêöèè A()
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È ò.ä.

X # î÷åðåäíîé ñèìâîë ñòðîêè α � ïðàâîé ÷àñòè òåêóùåãî ïðàâèëà

Ïðè ýòîì åñëè çàïóñêàåòñÿ î÷åðåäíàÿ ðåêóðñèâíàÿ ïðîöåäóðà A(), òî
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â ñëó÷àå, êîãäà íåòåðìèíàë A � íå àííóëèðóþùèé, è íà îäèí èç
ýëåìåíòîâ ìíîæåñòâà FOLLOW (A) â ïðîòèâíîì ñëó÷àå.
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Ìîäèôèêàöèÿ àëãîðèòìà ðåêóðñèâíîãî ñïóñêà äëÿ áîëåå
îáùåãî ñëó÷àÿ

Åñëè ìû õîòèì èñïîëüçîâàòü òàáëèöó ïåðåõîäîâ δ′ ìîäèôèöèðîâàííîãî
ïî ëåììå 3 ÄÌÏÀM′′ (ñì., íàïðèìåð, ñëàéä 8), òî ïîñëå (2)-ãî ïóíêòà
ïåðåä ïîäïóíêòàìè (2.1), (2.2), (2.3) äëÿ ðåêóðñèâíîé ïðîöåäóðû A()
àëãîðèòìà ðåêóðñèâíîãî ñïóñêà íàäî äîáàâèòü

if δ′2(A, lookahead) = →:
lookahead=next symbol

Ïîäóìàòü! Êàê èñïðàâèòü àëãîðèòì ðåêóðñèâíîãî ñïóñêà äëÿ ÄÌÏÀ,
÷òîáû îí ðàáîòàë äëÿ ÍÌÏÀ.
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