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Âîñõîäÿùèé àíàëèç. Îñíîâíûå ïîíÿòèÿ

Ïóñòü G = (Σ, Γ,P,S) � ÊÑ, ïðèâåäåííàÿ, ε-ñâîáîäíàÿ, îäíîçíà÷íàÿ
ãðàììàòèêà.

Ïóñòü S = α1 ⇒ α2 . . .⇒ αn = w � ïðàâîñòîðîííèé âûâîä â ãðàììàòèêå
G . Öåïî÷êà αi íàçûâàåòñÿ r -ôîðìîé.

Íàïîìíèì, ÷òî îñíîâîé r -ôîðìû íàçâàåòñÿ ïîäñëîâî ýòîé r -ôîðìû,
ÿâëÿþùååñÿ ïðàâîé ÷àñòüþ íåêîòîðîãî ïðàâèëà ãðàììàòèêè, à èìåííî:
αi = αAβ, αi+1 = αγβ, (A→ γ) ∈ P. Ââèäó îäíîçíà÷íîñòè ãðàììàòèêè
îñíîâà r -ôîðìû îïðåäåëÿåòñÿ åäèíñòâåííûì îáðàçîì (óâèäèì íèæå).

Ïóñòü T � ñîîòâåòñòâóþùåå äåðåâî âûâîäà.

Ïîääåðåâî K äåðåâà T íàçûâàåòñÿ êóñòîì, åñëè îíî âåðøèííî ïîðîæäåíî
(÷òî ýòî îçíà÷àåò?) îòöîì f íåêîòðîãî ëèñòà s, ó êîòîðîãî âñå áðàòüÿ
ÿâëÿþòñÿ ëèñòüÿìè, è âñåìè ýòèìè áðàòüÿìè âåðøèíû s.

Óïîðÿäî÷èì âñå óçëû äåðåâà T ïðè ïîìîùè ïîèñêà â ãëóáèíó ñ âûáîðîì
ñàìîãî ëåâîãî ñûíà. Ýòîò ïîðÿäîê � íà óçëàõ ïîðîäèò ñîîòâåòñòâåííî
ïîðÿäîê � íà êîðíÿõ êóñòîâ, ò.å. íà êóñòàõ (ñì. ðèñ.1).
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Êóñò. Èëëþñòðàöèÿ

Ðèñ. 1

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Âîñõîäÿùèé àíàëèç. Îñíîâíûå ïîíÿòèÿ

Ïóñòü ïîääåðåâî Ti äåðåâà T âåðøèííî ïîðîæäåíî âñåìè ñèìâîëàìè
ôîðìû αi . Äåðåâî Ti íàçîâåì ñòàíäàðòíûì.

Òîãäà äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1 óäàëåíèåì âñåõ ëèñòüåâ ñàìîãî ëåâîãî
êóñòà (ïî÷åìó?).

Ýòî çíà÷èò, ÷òî íà ëèñòüÿõ ñàìîãî ëåâîãî êóñòà ñòàíäàðòíîãî ïîääåðåâà
ñëåâà íàïðàâî íàïèñàíà îñíîâà r -ôîðìû, ïðåäñòàâëåííîé ýòèì
ïîääåðåâîì (ïî÷åìó?) (ñì. ðèñ. 11).

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Âîñõîäÿùèé àíàëèç. Îñíîâíûå ïîíÿòèÿ

Ïóñòü ïîääåðåâî Ti äåðåâà T âåðøèííî ïîðîæäåíî âñåìè ñèìâîëàìè
ôîðìû αi . Äåðåâî Ti íàçîâåì ñòàíäàðòíûì.

Òîãäà äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1 óäàëåíèåì âñåõ ëèñòüåâ ñàìîãî ëåâîãî
êóñòà (ïî÷åìó?).

Ýòî çíà÷èò, ÷òî íà ëèñòüÿõ ñàìîãî ëåâîãî êóñòà ñòàíäàðòíîãî ïîääåðåâà
ñëåâà íàïðàâî íàïèñàíà îñíîâà r -ôîðìû, ïðåäñòàâëåííîé ýòèì
ïîääåðåâîì (ïî÷åìó?) (ñì. ðèñ. 11).

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Âîñõîäÿùèé àíàëèç. Îñíîâíûå ïîíÿòèÿ

Ïóñòü ïîääåðåâî Ti äåðåâà T âåðøèííî ïîðîæäåíî âñåìè ñèìâîëàìè
ôîðìû αi . Äåðåâî Ti íàçîâåì ñòàíäàðòíûì.

Òîãäà äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1 óäàëåíèåì âñåõ ëèñòüåâ ñàìîãî ëåâîãî
êóñòà (ïî÷åìó?).

Ýòî çíà÷èò, ÷òî íà ëèñòüÿõ ñàìîãî ëåâîãî êóñòà ñòàíäàðòíîãî ïîääåðåâà
ñëåâà íàïðàâî íàïèñàíà îñíîâà r -ôîðìû, ïðåäñòàâëåííîé ýòèì
ïîääåðåâîì (ïî÷åìó?) (ñì. ðèñ. 11).

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Ïîëó÷åíèå äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1. Èëëþñòðàöèÿ

Ðèñ. 2

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Ïîëó÷åíèå äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1. Èëëþñòðàöèÿ

Ðèñ. 3

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Ïîëó÷åíèå äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1. Èëëþñòðàöèÿ

Ðèñ. 4

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Ïîëó÷åíèå äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1. Èëëþñòðàöèÿ

Ðèñ. 5

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Ïîëó÷åíèå äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1. Èëëþñòðàöèÿ

Ðèñ. 6

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Ïîëó÷åíèå äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1. Èëëþñòðàöèÿ

Ðèñ. 7

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Ïîëó÷åíèå äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1. Èëëþñòðàöèÿ

Ðèñ. 8

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Ïîëó÷åíèå äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1. Èëëþñòðàöèÿ

Ðèñ. 9

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Ïîëó÷åíèå äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1. Èëëþñòðàöèÿ

Ðèñ. 10

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Ïîëó÷åíèå äåðåâî Ti ïîëó÷àåòñÿ èç Ti+1. Èëëþñòðàöèÿ

Ðèñ. 11

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17
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Âîñõîäÿùèé àíàëèç. Îñíîâíûå ïîíÿòèÿ. Ïðèìåð 1

Ïðèìåð 1 Äàíà ïðèâåäåííàÿ, ε-ñâîáîäíàÿ, îäíîçíà÷íàÿ ãðàììàòèêà.

S→aFSd | c
F→Fb | b

Ðàññìîòðèì âûâîä
S ⇒ aFSd ⇒ aFcd ⇒ aFbcd ⇒ aFbbcd ⇒ abbbcd

α1 = S ,

α2 = aFSd , γ2 = aFSd � îñíîâà
α3 = aF c d , γ3 = c � îñíîâà

α4 = a Fb cd , γ4 = Fb � îñíîâà

α5 = a Fb bcd γ5 = Fb � îñíîâà

α6 = a b bbcd γ6 = b � îñíîâà

Äåðåâî âûâîäà öåïî÷êè w ïðèâåäåíî íà ðèñ.13�19. Ïðîöåññ
"ñâîðà÷èâàíèÿ" öåïî÷êè â àêñèîìó ñîîòâåòñòâóåò ïîñëåäîâàòåëüíîé
"îáðåçêå" êóñòîâ K1 − K5 (ïîääåðåâî K2 ñòàíîâèòñÿ êóñòîì ïîñëå
"îáðåçêè" K1 è ò. ä.).
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Âîñõîäÿùèé àíàëèç. Îñíîâíûå ïîíÿòèÿ. Ïðèìåð 1.
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Èëëþñòðàöèÿ
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Âîñõîäÿùèé àíàëèç. Îñíîâíûå ïîíÿòèÿ. Ïðèìåð 1.
Èëëþñòðàöèÿ

Ðèñ. 18

Þ. Â. Íàãðåáåöêàÿ Ëèíãâèñòè÷åñêèå îñíîâû èíôîðìàòèêè. Ëåêöèÿ 17



Îáùàÿ èäåÿ âîñõîäÿùåãî àíàëèçà

Âîñõîäÿùèå ìåòîäû ðåàëèçóþòñÿ ïðè ïîìîùè ñòåêà.

Âíà÷àëå ñòåê ïóñò.

Öåïî÷êà, çàïèñàííàÿ íà âõîäíîé ëåíòå, ïîñèìâîëüíî ïåðåíîñèòñÿ â ñòåê
äî òåõ ïîð, ïîêà íàâåðõó ñòåêà íå îêàæåòñÿ îñíîâà öåïî÷êè.

Òîãäà äåëàåì ñâåðòêó ïî ñîîòâåòñòâóþùåìó ïðàâèëó.

Êîãäà äåëàåì ñâåðòêó, ïî ëåíòå íå ñäâèãàåìñÿ.

Ïðîöåäóðà ïîâòîðÿåòñÿ, ïîêà íå ïðîñìîòðåíà âñÿ öåïî÷êà.

Âñå ýòè äåéñòâèÿ ìoæíî îðãàíèçîâàòü ïðè ïîìîùè îáû÷íîãî
ÌÏ-àâòîìàòà (êàê?). Â òå÷åíèå ýòîé è ñëåäóþùåé ãëàâ ïðè çàïèñè
ñîäåðæèìîãî ñòåêà ìû ïèøåì ñèìâîë äíà ñëåâà, à âåðõóøêó � ñïðàâà,
ñ÷èòàÿ åå ïîñëåäíèì ñèìâîëîì ñòåêîâîé öåïî÷êè, à íå ïåðâûì, êàê äî ñèõ
ïîð.

Ïðîèçâåäåíèå ñîäåðæèìîãî ñòåêà ζi íà íåîáðàáîòàííóþ ÷àñòü vi öåïî÷êè
w åñòü r -ôîðìà αi .
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ÌÏ-àâòîìàòà (êàê?). Â òå÷åíèå ýòîé è ñëåäóþùåé ãëàâ ïðè çàïèñè
ñîäåðæèìîãî ñòåêà ìû ïèøåì ñèìâîë äíà ñëåâà, à âåðõóøêó � ñïðàâà,
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w åñòü r -ôîðìà αi .
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Îáùàÿ èäåÿ âîñõîäÿùåãî àíàëèçà. Îáîñíîâàíèå

1 Äåéñòâèòåëüíî, åñëè íàâåðõó ñòåêà ëåæèò îñíîâà γi r -ôîðìû αi , òî îíà
ñîîòâåòñòâóåò ñàìîìó ëåâîìó êóñòó Kn−j+1 äåðåâà Ti .

2 Òîãäà íà ëèñòüÿõ ïîääåðåâà T ′i äåðåâà Ti , âåðøèííî ïîðîæäåííîãî âñåìè
âåðøèíàìè, ìåíüøèìè ñàìîé áîëüøîé âåðøèíû êóñòà Kn−j+1, íàïèñàíî
ñîäåðæèìîå ζi ñòåêà ñëåâà-íàïðàâî. Òî åñòü ïîääåðåâî T ′i äåðåâà Ti

ÿâëÿåòñÿ äåðåâîì âûâîäà öåïî÷êè ζi (ñì. ðèñ. 19).

3 À íà âñåõ îñòàëüíûõ ëèñòüÿõ äåðåâà Ti íàïèñàíà íåîáðàáîòàííàÿ ÷àñòü vi
öåïî÷êè w (ñì. ðèñ. 20).

4 Åñëè íà âåðøèíå ñòåêà ëåæèò òîëüêî ÷àñòü γ′i îñíîâû γi , ò.å. ζi = ζ ′i γ
′
i ,

(ñì. ðèñ. 21), òî îñòàâøàÿñÿ ÷àñòü γ′′i îñíîâû ÿâëÿåòñÿ ïðåôèêñîì
íåîáðàáîòàííîé ÷àñòè vi öåïî÷êè, ò.å. vi = γ′′i v

′
i , γ
′′
i 6= ε. Òîãäà ÷åðåç

íåñêîëüêî øàãîâ γ′′i ïåðåíåñåòñÿ â ñòåê, è â ñòåêå áóäåò ñëîâî ζ ′i γi , à íà
ëåíòå áóäåò íàïèñàíà öåïî÷êà v ′i . Òîãäà ïî (3) öåïî÷êà
ζ ′i γiv

′
i = ζ ′i γ

′
i γ
′′
i v
′
i = ζivi áóäåò r -ôîðìîé, è òàêèì îáðàçîì âñå äîêàçàíî.
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Îáùàÿ èäåÿ âîñõîäÿùåãî àíàëèçà. Îáîñíîâàíèå.
Èëëþñòðàöèÿ
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Ïðîòîêîë äëÿ îáðàáîòêè öåïî÷êè â ïðèìåðå 1

Ðàññìîòðèì ïðîòîêîë îáðàáîòêè öåïî÷êè w = abbbcd â ïðèìåðå 1.
� òàêòà ñîäåðæèìîå ñòåêà ïîçèöèÿ óêàçàòåëÿ

1 ∇ �abbbcda
2 ∇a a�bbbcda
3 ∇ab ab�bbcda
4 ∇aF ab�bbcda
5 ∇aFb abb�bcda
6 ∇aF abb�bcda
7 ∇aFb abbb�cda
8 ∇aF abbb�cda
9 ∇aFc abbbc�da
10 ∇aFS abbbc�da
11 ∇aFSd abbbcd�a
12 ∇S abbbcd�a

Âîññòàíàâëèâàåì âûâîä ñíèçó ââåðõ
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Ïðîòîêîë äëÿ îáðàáîòêè öåïî÷êè â ïðèìåðå 1
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11 ∇aFSd abbbcd�a
12 ∇S abbbcd�a

Âîññòàíàâëèâàåì âûâîä ñíèçó ââåðõ
S ⇒ aFSd ⇒ aFSd ⇒ aFcd ⇒ aFbcd ⇒ aFbcd ⇒ aFbbcd ⇒ abbbcd ⇒ abbbcd
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Àêòèâíûé ïðåôèêñ

Àêòèâíûì ïðåôèêñîì r -ôîðìû íàçûâàåòñÿ åå ïðåôèêñ, êîòîðûé íå
âûõîäèò çà ïðàâóþ ãðàíèöó îñíîâû.

Íàïðìåð, äëÿ r -ôîðìû α4 = aFbcd àêòèâíûì ïðåôèêñîì ÿâëÿþòñÿ
ñëåäóþùèå ñëîâà ε, a, aF , aFb, aFbc, aFbcd .

Èç îáîñíîâàíèÿ âîñõîäÿùåãî àíàëèçà (ñì. âûøå) ñëåäóåò

Ëåììà îá àêòèâíîì ïðåôèêñå

Ïðè âîñõîäÿùåì àíàëèçå ê ïðè ïîìîùè ñòåêà â ñòåêå âñåãäà ëåæèò òîëüêî
àêòèâíûé ïðåôèêñ.
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Íàïðìåð, äëÿ r -ôîðìû α4 = aFbcd àêòèâíûì ïðåôèêñîì ÿâëÿþòñÿ
ñëåäóþùèå ñëîâà ε, a, aF , aFb, aFbc, aFbcd .

Èç îáîñíîâàíèÿ âîñõîäÿùåãî àíàëèçà (ñì. âûøå) ñëåäóåò

Ëåììà îá àêòèâíîì ïðåôèêñå

Ïðè âîñõîäÿùåì àíàëèçå ê ïðè ïîìîùè ñòåêà â ñòåêå âñåãäà ëåæèò òîëüêî
àêòèâíûé ïðåôèêñ.
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Îòíîøåíèÿ ïðåäøåñòâîâàíèÿ. Çàìå÷àíèå 1

Ïóñòü G = (Σ, Γ,P,S) � ÊÑ-ãðàììàòèêà è M = Σ ∪ Γ ∪ {a} ∪ {`}.

Çàäàäèì íà ìíîæåñòâå M áèíàðíûå îòíîøåíèÿìè ïðîñòîãî
ïðåäøåñòâîâàíèÿ

.
=, <·, ·> (ñì.ðèñ.22):

1 X
.
= Y ò. è ò.ò.ê. åñëè XY ñîäåðæèòñÿ â îñíîâå íåêîòîðîé r-ôîðìû;

2 X<·Y ò. è ò.ò.ê. åñëè îñíîâà íåêîòîðîé r-ôîðìû íà÷èíàåòñÿ c ñèìâîëà Y ,
ïåðåä êîòîðûì ñòîèò ñèìâîë X ;

3 X ·>Y ò. è ò.ò.ê. îñíîâà íåêîòîðîé r-ôîðìû çàêàí÷èâàåòñÿ cèìâîëîì X ,
ïîñëå êîòîðîãî ñòîèò ñèìâîë Y .

4 X ·>a ò. è ò.ò.ê. íà X çàêàí÷èâàåòñÿ êàêàÿ-ëèáî r-ôîðìà

Çàìå÷àíèå 1

Ïîñêîëüêó ìû ðàññìàòðèâàåì òîëüêî r-ôîðìû, â ñëó÷àå îòíîøåíèÿ ·> ìîæíî
ñ÷èòàòü, ÷òî Y � òåðìèíàë.
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Îáùàÿ èäåÿ âîñõîäÿùåãî àíàëèçà. Îáîñíîâàíèå.
Èëëþñòðàöèÿ

Ðèñ. 22
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Òåîðåìà îá îòíîøåíèÿõ ïðåäøåñòâîâàíèÿ

Òåîðåìà îá îòíîøåíèÿõ ïðåäøåñòâîâàíèÿ

Äëÿ ëþáûõ X ,Y ∈ Σ ∪ Γ (ñì.ðèñ.24).

1 X
.

= Y ò. è ò.ò.ê. (A→ αXY β) ∈ P;

2 X<·Y ò. è ò.ò.ê. (A→ αXZβ) ∈ P è Z ⇒+ Y γ;

3 X ·>Y ò. è ò.ò.ê. ëèáî (A→ αZY β) ∈ P, Z ⇒+ γX , Y ∈ Σ, ëèáî
(A→ αZ1Z2β) ∈ P è Z1 ⇒+ γ1X , Z2 ⇒∗ Y γ2.

Çàìå÷àíèå 2 (óïð.)

Îòíîøåíèÿ ·>, <· íåîáÿçàòåëüíî àíòèñèììåòðè÷íû è òðàíçèòèâíû, à
îòíîøåíèå

.
= íåîáÿçàòåëüíî ýêâèâàëåíòíîñòü.
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Òåîðåìà îá îòíîøåíèÿõ ïðåäøåñòâîâàíèÿ. Èëëþñòðàöèÿ

Ðèñ. 23
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Òåîðåìà îá îòíîøåíèÿõ ïðåäøåñòâîâàíèÿ

Äîêàçàòåëüñòâî.

(1) cëåäóåò èç îïðåäåëåíèÿ îòíîøåíèÿ X
.

= Y (ñì. ðèñ.23à).

(2) Ïóñòü X<·Y , A � áëèæàéøèé ïðåäîê X è Y â äåðåâå âûâîäà T . Òîãäà
X � îáÿçàòåëüíî ñûí A (ñì. ðèñ.23á). Åñëè òî íå òàê, ñóùåñòâîâàë áû
êóñò K ′, ó êîòîðîãî X � ñàìûé ïðàâûé ñûí, è òîò êóñò áûë áû ëåâåå
êóñòà K ′′, ó êîòîðîãî Y � ñàìûé ëåâûé ñûí. Ïîñêîëüêó ïðè âîñõîäÿùåì
àíàëèçå "îáðûâàåòñÿ" ñàìûé ëåâûé êóñò, òî X îêàçàëñÿ áû ñàìûì
ïðàâûì ñèìâîëîì îñíîâû íåêîòîðîé r -ôîðìû, êîòîðàÿ áû ñâåðíóëàñü
ðàíüøå, ÷åì îñíîâà, â êîòîðîé íàõîäèòñÿ Y , ò.å. îêàçàëîñü áû, ÷òî X ·>Y ,
÷òî ïðîòèâîðå÷èâî.

Èòàê, X � îáÿçàòåëüíî ñûí A, ïðè÷åì ó X åùå åñòü íåêîòîðûé ïðàâûé
áðàò Z , ò.å. (A→ αXZβ) ∈ P. Òàê êàê íå âûïîëíÿåòñÿ X

.
= Y , òî Z 6= Y ,

íî Z ⇒+ Y γ, ïîñêîëüêó X<·Y .
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Òåîðåìà 1 îá îòíîøåíèÿõ ïðåäøåñòâîâàíèÿ

Ïîêàæåì (3). Ïóñòü X ·>Y . Óçëû X è Y íå ìîãóò áûòü áðàòüÿìè, èíà÷å
X

.
= Y (ñì. ðèñ. ), X íå ìîæåò áûòü ñûíîì îáùåãî ïðåäêà A ñèìâîëîâ X

è Y (ñì. ðèñ. 23), èíà÷å ïî äîêàçàííîìó X
.

= Y . Ñëåäîâàòåëüíî,
âîçìîæíû òîëüêî äâà ñëó÷àÿ:

1 Îáùèé ïðåäîê X è Y � îòåö Y . Òîãäà (A→ αZYβ) ∈ P è Z ⇒+ γX (ñì.
ðèñ.23â)

2 Îáùèé ïðåäîê X è Y � íå îòåö íè X , íè Y . Òîãäà (A→ αZ1Z2β) ∈ P è
Z1 ⇒+ γ1X , Z2 ⇒∗ Y γ2 (ñì. ðèñ.23ã)
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Ìíîæåñòâà FIRST ′, LAST ′

Îïðåäåëèì ìíîæåñòâà FIRST ′ è LAST ′.

Îïðåäåëåíèå

Ïóñòü Y ∈ (Σ ∪ Γ)∗.

FIRST ′(Y ) = {X ∈ Σ ∪ Γ | Y ⇒+ Xγ, γ ∈ (Σ ∪ Γ)∗} (ñì.ðèñ.24);

LAST ′(Y ) = {X ∈ Σ ∪ Γ | Y ⇒+ γX , γ ∈ (Σ ∪ Γ)∗} (ñì.ðèñ.25).
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Ìíîæåñòâà FIRST ′, LAST ′

Ïî òåîðåìå îá îòíîøåíèÿõ ïðåäøåñòâîâàíèÿ, à êîíêðåòíî èç ðèñ.26-27 ñëåäóåò

Òåîðåìà 2 îá îòíîøåíèÿõ ïðåäøåñòâîâàíèÿ ÷åðåç FIRST ′ è LAST ′

1 X
.

= Y ò. è ò.ò.ê. (A→ αXY β) ∈ P;

2 X<·Y ò. è ò.ò.ê. ñóùåñòâóåò Z ∈ Γ ò.÷. X
.

= Z è Y ∈ FIRST ′(Z ) äëÿ
íåêîòîðîãî Z ∈ Γ;

3 X ·>Y ò. è ò.ò.ê. ëèáî Z
.

= Y è X ∈ LAST ′(Z ) äëÿ íåêîòîðûõ Z ∈ Γ è
Y ∈ Σ, ëèáî Z1

.
= Z2 è X ∈ LAST ′(Z1), Y ∈ FIRST ′(Z2) äëÿ íåêîòîðûõ

Z1,Z2 ∈ Γ.

4 `<·X ò. è ò.ò.ê. X ∈ FIRST ′(S) ∪ {S}.
5 X ·>a ò. è ò.ò.ê. X ∈ LAST ′(S) ∪ {S}.
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Îïðåäåëåíèå ìíîæåñòâà FIRST'. Èëëþñòðàöèÿ

Ðèñ. 24
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Îïðåäåëåíèå ìíîæåñòâà LAST'. Èëëþñòðàöèÿ

Ðèñ. 25
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Òåîðåìà 2 îá îòíîøåíèÿõ ïðåäøåñòâîâàíèÿ ÷åðåç
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(ñì. ðèñ. 24).

Äëÿ íàõîæäåíèÿ LAST ′ äëÿ íåòåðìèíàëîâ è ïðîèçâîëüíûõ öåïî÷åê
ìîæíî èñïîëüçîâàòü àëãîðèòì, ÷òî LAST ′(β) = FIRST ′(revers(β)) (÷òî
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Àëãîðèòì ïîñòðîåíèÿ ìíîæåñòâ FIRST' äëÿ
íåòåðìèíàëîâ

Âõîä: ÊÑ-ãðàììàòèêà G = (Σ, Γ,P,S).
Âûõîä: Íàáîð ìíîæåñòâ FIRST ′(Y ) äëÿ âñåõ òåðìèíàëîâ è íåòåðìèíàëîâ Y

for a ∈ Σ:
FIRST ′(a) = {a}

for A ∈ Γ:
FIRST ′(A) = ∅

while (âñå ìíîæåñòâà FIRST ′(A) äëÿ âñåõ A ∈ Γ íå ñòàáèëèçèðîâàëèñü):
for (A→ X1X2 . . .Xn) ∈ P:

FIRST ′(A) = FIRST ′(A) ∪ FIRST ′(X1)
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Âîñõîäÿùèé àíàëèç. Îñíîâíûå ïîíÿòèÿ. Ïðèìåð 2

Ïðèìåð 2

Äàíà ãðàììàòèêà S→aSSb | c

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

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

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

FIRST ′ LAST ′

S a, c b, c
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Âîñõîäÿùèé àíàëèç. Îñíîâíûå ïîíÿòèÿ. Ïðèìåð 2
(ïðîäîëæåíèå)
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= S
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= b
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Âîñõîäÿùèé àíàëèç. Îñíîâíûå ïîíÿòèÿ. Ïðèìåð 2

Ïîëó÷èì òàáëèöó:
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Ãðàììàòèêà ïðîñòîãî ïðåäøåñòâîâàíèÿ

Çàìå÷àíèå 2

Ëþáûå ñèìâîëû X ,Y ∈ Σ ∪ Γ íàõîäÿòñÿ â íåêîòîðîé r -ôîðìå ò.è.ò.ê. ìåæäó
íèìè ñòîèò êàêîé-íèáóäü çíàê.

Äîêàçàòåëüñòâî ñëåäóåò ìîæåò áûòü òîëüêî ñèòóàöèÿ, èçîáðàæåííàÿ ðèñ.24-25,
à ñèòóàöèé êàê íà ðèñ.26 áûòü íå ìîæåò.

Îïðåäåëåíèå

Ãðàììàòèêà íàçûâàåòñÿ ãðàììàòèêîé ïðîñòîãî ïðåäøåñòâîâàíèÿ (ÏÏ), åñëè
ìåæäó ëþáûìè äâóìÿ ñèìâîëàìè íå áîëåå îäíîãî îòíîøåíèÿ.

Ïðèìåð 1 Ãðàììàòèêà â ïðèìåðå 2 ÿâëÿåòñÿ ãðàììàòèêîé ïðîñòîãî
ïðåäøåñòâîâàíèÿ.
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Äîêàçàòåëüñòâî çàìå÷àíèÿ 2. Èëëþñòðàöèÿ

Ðèñ. 26
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Ãðàììàòèêà ïðîñòîãî ïðåäøåñòâîâàíèÿ. Òåîðåìà 3

Òåîðåìà 3

Ïóñòü G � ÏÏ-ãðàììàòèêà, γ � åå r -ôîðìà è ` γ a= X0X1...XnXn+1. Òîãäà
îñíîâîé ôîðìû γ ÿâëÿåòñÿ öåïî÷êà XkXk+1 . . .Xl−1Xl òàêàÿ, ÷òî l ��
ìèíèìàëüíûé íîìåð, äëÿ êîòîðîãî âûïîëíåíî Xl ·>Xl+1, 1 ≤ k ≤ l ≤ n,
Xk−1<·Xk

.
= Xk+1

.
= . . .

.
= Xl−1

.
= Xl ·>Xl+1.

Äîêàçàòåëüñòâî îò ïðîòèâíîãî. Ïóñòü XrXr+1 . . .Xs−1Xs � ðåàëüíàÿ
îñíîâà äàííîé r -ôîðìû, 1 ≤ r ≤ s ≤ n è
XrXr+1 . . .Xs−1Xs 6= XkXk+1 . . .Xl−1Xl .

Òîãäà ïî îïðåäåëåíèþ îòíîøåíèé ïðåäøåñòâîâàíèÿ
Xr−1<·Xr

.
= Xr+1

.
= . . . = Xs−1

.
= Xs ·>Xs+1.

Ïîñêîëüêó ìû èìååì äåëî ñ ãðàììàòèêîé ÏÏ, îñíîâû XrXr+1 . . .Xs−1Xs è
XkXk+1 . . .Xl−1Xl íå ïåðåêðûâàþòñÿ, ò.å. ëèáî s < k, ëèáî r > l .
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Ãðàììàòèêà ïðîñòîãî ïðåäøåñòâîâàíèÿ. Òåîðåìà 3

Íàïðèìåð, íå ìîæåò áûòü, íè òàêîé ñèòóàöèè
Xk−1<·Xk

.
= Xk+1

.
= . . .

.
= Xl−1

.
= Xl ·>Xl+1

Xr−1<·Xr
.

= Xr+1
.

= . . .
.

= Xs−1
.

= Xs ·>Xs+1

íè òàêîé �
Xr−1<·Xr
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= Xr+1
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= . . .

.
= Xs−1

.
= Xs ·>Xs+1

Xk−1<·Xk
.

= Xk+1
.

= . . .
.

= Xl−1
.

= Xl ·>Xl+1

Òàêèì îáðàçîì, s < k ëèáî r > l . Íî ïî óñëîâèþ ñëó÷àÿ s < k íå ìîæåò
áûòü. Çíà÷èò, r > l , è îñíîâà XrXr+1 . . .Xs−1Xs íàõîäèòñÿ ñòðîãî ïðàâåå
îñíîâû XkXk+1 . . .Xl−1Xl . Íî ýòî ïðîòèâîðå÷èò òîìó, ÷òî ïðè âîñõîäÿùåì
àíàëèçå "îáðûâàåòñÿ" ñàìûé ëåâûé êóñò, è îñíîâîé r -ôîðìû γ áûëà áû
îñíîâà XkXk+1 . . .Xl−1Xl 6= XrXr+1 . . .Xs−1Xs .
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Âîñõîäÿùèé àíàëèç äëÿ ÏÏ-ãðàììàòèêè

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

γ =` w a (çàìåòèì, ÷òî ëèáî X0<·X1 ëèáî X0 ◦ X1)
(γ � òåêóùàÿ r -ôîðìà)
while (γ 6=` S a): (ïîêà íå íàéäåí âåñü âûâîä)
n =äëèíà γ
γ = X0X1X2 . . .XnXn+1

print(γ)
(γ � òåêóùàÿ r -ôîðìà) (ïå÷àòü òåêóùåé r -ôîðìû)
i = 0 k = 0 l = 0
while (i ≤ n) and (l = 0): (ïîêà íå íàéäåíû ëåâûé Xk è ïðàâûé Xl êîíåö îñíîâû Xk . . .Xl)
case (Xi ◦ Xi+1): (äâà ñîñåäíèõ ñèìâîëà íå ñðàâíèìû)
print('w 6∈ L(G )')

case (Xi<·Xi+1): (íàéäåì ëåâûé êîíåö Xk = Xi+1 îñíîâû Xk . . .Xl )
k = i + 1

case (Xi ·>Xi+1): (íàéäåì ïðàâûé êîíåö Xl = Xi îñíîâû Xk . . .Xl)
l = i

else: (Xi
.

= Xi+1)
i = +1 (äâèãàåìñÿ äàëüøå, ïîêà íå äîéäåì äî êîíöà îñíîâû)

if (l = 0) or (�∃A: A→ Xk . . .Xl): (íå íàéäåí ïðàâûé êîíåö îñíîâû èëè íå ñóùåñòâóåò
ñîîòâåòñòâóþùåãî ïðàâèëà äëÿ îñíîâû)

print('w 6∈ L(G )')
else: (êîãäà íàøëè îñíîâó, ïðîèçâåëè ñâåðòêó ïî ñîîòâåòñòâóþùåìó ïðàâèëó A→ Xk . . .Xl)
γ = X0X1 . . .Xk−1AXl+1 . . .XnXn+1
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Ïðèìåð 4. Òåïåðü ðàññìîòðèì âîñõîäÿùèé àíàëèç äëÿ ñëîâà u = acb äëÿ òîé
æå ãðàììàòèêè èç ïðèìåðà 2.

`<·a<· c ·>b·>a
`<·a<·S ·>b·>a

Ïîäñëîâî aSb íå ÿâëÿåòñÿ îñíîâîé, ñëåäîâàòåëüíî, ñëîâî u = acb íå
ïðèíàäëåæèò ÿçûêó, ïîðîæäàåìîìó ãðàììàòèêîé.
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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
.

= Y .

Âòîðîå óñëîâèå ãîâîðèò îò òîì, ÷òî íèêàêàÿ îñíîâà β, ÿâëÿþùàÿñÿ ñóôôèêñîì
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Ãðàììàòèêà ñëàáîãî ïðåäøåñòâîâàíèÿ

Äîêàçàòåëüñòâî. Ïóñòü G � ÏÏ-ãðàììàòèêà. Äîñòàòî÷íî ïðîâåðèòü (2)-å
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Âîçìîæíû äâà ñëó÷àÿ.
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= Y .
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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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ÑÏ-ãðàììàòèêè Ïðèìåð 5

Ïîëó÷èì òàáëèöó ïðèîðèòåòîâ:

S A B x + ∗ ( ) a
S

.
=

.
= ·>

A ·>
.

= ·> ·>

B ·> ·> ·> ·>

( <· <· <· <·

x ·> ·> ·> ·>

+ <·,
.

= <· <· <· ·>

∗ .
= <· <·

( <·,
.
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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). Òîãäà ïðàâèëî âèäà B → β ïðèìåíÿëîñü ïîñëåäíèì â
äàííîì âûâîäå ò. è ò.ò.ê. â G íåò ïðàâèëà âèäà A→ αXβ.
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.
= Y , 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 Îñíîâà r -ôîðìû β íàõîäèòñÿ íåïîñðåäñòâåííî ñïðàâà îò öåïî÷êè w . Íî
òîãäà ïðåäûäóùàÿ öåïî÷êà â ïðàâîì âûâîäå íå ìîãëà áû çàêàí÷èâàòüñÿ íà
Cw (ñì.ðèñ. 28-29). Ïðèõîäèì ê ïðîòèâîðå÷èþ.

2 Îñíîâà r -ôîðìû ÿâëÿåòñÿ ñîáñòâåííûì ñóôôèêñîì νXβw , ò.e.,
β = β′Yβ′′, β′′ � îñíîâà r -ôîðìû νXβw = νXβ′Yβ′′w , à çíà÷èò
νXβ′YBw � òîæå r -ôîðìà (ñì.ðèñ. 30). Òàê êàê B � íåòåðìèíàë, èìååì
Y<·B èëè Y

.
= B. Òàê êàê β′′ � ñàìàÿ ïðàâàÿ ïåðåä w îñíîâà r -ôîðìû

νXβw = νXβ′Yβ′′w , ñëåäîâàòåëüíî â ðàññìàòðèâàåìîì âûâîäå
µCw ⇒ νXβw ïðèìåíÿëîñü ïðàâèëî C → . . .Yβ′′, íî òîãäà ýòî
ïðîòèâîðå÷èò òîìó â ÑÏ-ãðàììàòèêå åñòü ïðàâèëî B → β′′.

3 Îñíîâà èìååò ñóôôèêñ Xβ, ò.å. β = αXβ, íî ñ îäíîé ñòîðîíû, â
ãðàììàòèêå åñòü ïðàâèëî B → β, à ñ äðóãîé ñòîðîíû, â íåé íåò ïðàâèë
âèäà A→ αXβ.

Ñëåäîâàòåëüíî, ýòà îñíîâà ðàâíà β.

Çàìå÷àíèå äîêàçàíî.
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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 )')

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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Àëãîðèòì âîñõîäÿùåãî àíàëèçà äëÿ ÑÏ-ãðàììàòèêè
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= . . .
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Àëãîðèòì âîñõîäÿùåãî àíàëèçà äëÿ ÑÏ-ãðàììàòèêè
(ïðîäîëæåíèå)
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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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Îïåðàòîðíûå ãðàììàòèêè. Îïðåäåëåíèå

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.
Ýòà ãðàììàòèêà, êàê äîêàçàíî â ëåêöèè 3, ÿâëÿåòñÿ îäíîçíà÷íîé.

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 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).
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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
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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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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.
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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 +

Ðàññòàâèì ïðèîðèòåòû äëÿ òåðìèíàëà +, ïðåäïîëàãàÿ
ëåâîàññîöèàòèâíîñòü ýòîé îïåðàöèè.

1 +<·x , ïîñêîëüêó îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå îïåðàòîðà +, à
ñëîâî +Sx íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

2 +·>+ òàê êàê ââèäó ëåâîàññîöèàòèâíîñòè + â ñëîâå +S+ ïðåôèêñ +S
ñâîðà÷èâàåòñÿ ðàíüøå ñóôôèêñà +, à ñëîâî ++ íå âñòðå÷àåòñÿ íè â îäíîé
ôîðìå.

3 +<·∗, ïîñêîëüêó ïðèîðèòåò ∗ âûøå +: â ñëîâå +S∗ ñóôôèêñ S∗
ñâîðà÷èâàåòñÿ ðàíüøå ïðåôèêñà +S , à ñëîâî +∗ íå âñòðå÷àåòñÿ íè â îäíîé
ôîðìå.

4 +<·(, ïîñêîëüêó ïðèîðèòåò ñêîáêè ( âûøå âñåõ îïåðàòîðîâ: â ñëîâå +(
ñóôôèêñ ( ñâîðà÷èâàåòñÿ ðàíüøå ïðåôèêñà +, à ñëîâî +S( íå âñòðå÷àåòñÿ
íè â îäíîé ôîðìå.

5 +·>): â ñëîâå +S) ïðåôèêñ +S ñâîðà÷èâàåòñÿ ðàíüøå ñêîáêè ), à ñëîâî +)
íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

6 +·>a, ïîñêîëüêó àðèôìåòè÷åñêîå âûðàæåíèå ìîæåò çàêàí÷èâàòüñÿ íà +S ,
ò.å. ìîæåò áûòü ñèòóàöèÿ +S a, íî íå íà +, ò.å. íå ìîæåò áûòü ñèòóàöèè
+ a.
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Ïðèìåð 8. Ïðèîðèòåòû äëÿ òåðìèíàëà +

Ðàññòàâèì ïðèîðèòåòû äëÿ òåðìèíàëà +, ïðåäïîëàãàÿ
ëåâîàññîöèàòèâíîñòü ýòîé îïåðàöèè.

1 +<·x , ïîñêîëüêó îñíîâà-îïåðàíä x ñâîðà÷èâàåòñÿ ðàíüøå îïåðàòîðà +, à
ñëîâî +Sx íå âñòðå÷àåòñÿ íè â îäíîé ôîðìå.

2 +·>+ òàê êàê ââèäó ëåâîàññîöèàòèâíîñòè + â ñëîâå +S+ ïðåôèêñ +S
ñâîðà÷èâàåòñÿ ðàíüøå ñóôôèêñà +, à ñëîâî ++ íå âñòðå÷àåòñÿ íè â îäíîé
ôîðìå.

3 +<·∗, ïîñêîëüêó ïðèîðèòåò ∗ âûøå +: â ñëîâå +S∗ ñóôôèêñ S∗
ñâîðà÷èâàåòñÿ ðàíüøå ïðåôèêñà +S , à ñëîâî +∗ íå âñòðå÷àåòñÿ íè â îäíîé
ôîðìå.

4 +<·(, ïîñêîëüêó ïðèîðèòåò ñêîáêè ( âûøå âñåõ îïåðàòîðîâ: â ñëîâå +(
ñóôôèêñ ( ñâîðà÷èâàåòñÿ ðàíüøå ïðåôèêñà +, à ñëîâî +S( íå âñòðå÷àåòñÿ
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x ·> ·> ·> ·>

+ <· ·> <· <· ·> ·>

∗ <· ·> ·> <· ·> ·>

( <· <· <· <·
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=

) ·> ·> ·> ·>

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

` <·s + ·>s a
` S a
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S ⇒ S + S ⇒ S + S ∗ S ⇒ S + S ∗ x ⇒ S + x ∗ x ⇒ x + x ∗ x
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Îáðàáîò÷èê îøèáîê äëÿ ãðàììàòèêè èç ïðèìåðà 8
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Èìååì ñëåäóþùèå òèïû ñèíòàêñè÷åñêèõ îøèáîê äëÿ ýòîé ãðàììàòèêè. Èõ òðè:

e1: îòñóòñòâóåò îïåðàòîð (äâà îïåðàíäà ïîäðÿä), âñòàâèòü +;

e2: ëèøíÿÿ (, óäàëèòü å¼;

e3: ëèøíÿÿ ), óäàëèòü å¼.

Èìååì ñëåäóþùèé îáðàáîò÷èê îøèáîê.

x + ∗ ( ) a
x e1 ·> ·> ·> ·>

+ <· ·> <· <· ·> ·>

∗ <· ·> ·> <· ·> ·>

( <· <· <· <·

.
= e2

) e1 ·> ·> e2 ·> ·>

` <· <· <· <· e3
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Ïðèìåð 10. Îáðàáîòêà îøèáî÷íîé öåïî÷êè w =)xx+
äëÿ ãðàììàòèêè èç ïðèìåðà 8

Ïðèìåð 10. Ðàññìîòðèì îáðàáîòêó îøèáî÷íîé öåïî÷êè w =)xx+ äëÿ
îïåðàòîðíîé ãðàììàòèêè èç ïðèìåðà 8.

`e3)·>x x ·>+·>a îøèáêà e3 â ïîçèöèè 1 ècõîäíîé öåïî÷êè

`<·xe1x ·>+·>a îøèáêà e1 â ïîçèöèè 3 ècõîäíîé öåïî÷êè

`<· x ·>+·> x ·>+·>a
` <·s+<· x ·>+·>a
` <·s + ·>s +·>a
` <·s + ·> a íåò ïîäõîäÿùåé îñíîâû � íåèçâåñòíàÿ îøèáêà â ïîçèöèè 4
ècõîäíîé öåïî÷êè

Ìû âèäèì, ÷òî íàø îáðàáîò÷èê îøèáîê íå ñìîã ñïàðâèòüñÿ ñ äàííîé
öåïî÷êîé è íå íàøåë ïîñëåäíþþ îøèáêó.
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