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Ââåäåíèå

Ëàáîðàòîðíàÿ �3 çàêëþ÷àåòñÿ â ïîñòðîåíèè êîíòåêñíî-ñâîáîäíîé ãðàììàòèêè
ïîäìíîæåñòâà åñòåñòâåííîãî ÿçûêà è íàïèñàíèè ïðîãðàììû äëÿ ãåíåðàöèè ïðåäëî-
æåíèé ÿçûêà è ïðîâåðêè ïðåäëîæåíèé íà ïðèíàäëåæíîñòü ÿçûêó. Â äàííîì âàðèàíòå
ðàññìàòðèâàåòñÿ ãðàììàòèêà ïðîñòîãî ïðîøåäøåãî âðåìåíè íåìåöêîãî ÿçûêà.

Ïðîñòîå ïðîøåäøåå âðåìÿ â íåìåöêîì ÿçûêå íàçûâàåòñÿ Ïðåòåðèò èëè Ïðå-

òåðèòóì (íåì. Pr�ateritum èëè íåì. Imperfekt). Ýòî âðåìÿ íå òðåáóåò îáðàçîâàíèÿ
ñëîæíûõ êîíñòðóêöèé, ÷òî ïîçâîëÿåò îòíîñèòü åãî ê ïðîñòûì ôîðìàì.
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1 Ãðàììàòèêà íåìåöêîãî ïðåòåðèòóìà

1.1 Îáùàÿ õàðàêòåðèñòèêà ïðåòåðèòóìà

Ïðåòåðèòóì (Pr�ateritum, Imperfekt) ÿâëÿåòñÿ îäíîé èç äâóõ îñíîâíûõ ôîðì ïðî-
øåäøåãî âðåìåíè â íåìåöêîì ÿçûêå, íàðÿäó ñ ïåðôåêòîì (Perfekt). Â îòëè÷èå îò ïåð-
ôåêòà, ïðåòåðèòóì ïðåäñòàâëÿåò ñîáîé ïðîñòóþ (ñèíòåòè÷åñêóþ) ôîðìó, îáðàçóåìóþ
áåç âñïîìîãàòåëüíûõ ãëàãîëîâ, ïóò¼ì èçìåíåíèÿ îñíîâíîé ôîðìû ãëàãîëà.

Ïðåòåðèòóì èñïîëüçóåòñÿ ïðåèìóùåñòâåííî â ïèñüìåííîé ðå÷è, îñîáåííî â õó-
äîæåñòâåííîé ëèòåðàòóðå, èñòîðè÷åñêèõ òåêñòàõ è ôîðìàëüíûõ äîêóìåíòàõ. Â ðàç-
ãîâîðíîé ðå÷è îí âñòðå÷àåòñÿ ðåäêî, çà èñêëþ÷åíèåì ãëàãîëîâ sein (áûòü), haben
(èìåòü), ìîäàëüíûõ ãëàãîëîâ, à òàêæå â íåêîòîðûõ äèàëåêòàõ ñåâåðíîé Ãåðìàíèè.

1.2 Ñòðóêòóðà ïðåäëîæåíèé â ïðåòåðèòóìå

Ñòðóêòóðà ïðåäëîæåíèé â ïðåòåðèòóìå ñîîòâåòñòâóåò îáùèì ïðàâèëàì ïîñòðî-
åíèÿ íåìåöêèõ ïðåäëîæåíèé. Îñíîâíûå òèïû ñòðóêòóð:

1. Ïðÿìîé ïîðÿäîê ñëîâ (ãëàâíîå ïðåäëîæåíèå):

Ïîäëåæàùåå + ãëàãîë â ïðåòåðèòóìå + äîïîëíåíèÿ è îáñòîÿòåëüñòâà

Íàïðèìåð: Der Mann las ein Buch. (Ìóæ÷èíà ÷èòàë êíèãó.)

2. Îáðàòíûé ïîðÿäîê ñëîâ (èíâåðñèÿ):

Îáñòîÿòåëüñòâî + ãëàãîë â ïðåòåðèòóìå + ïîäëåæàùåå + äðóãèå ÷ëåíû

ïðåäëîæåíèÿ

Íàïðèìåð: Gestern las der Mann ein Buch. (Â÷åðà ìóæ÷èíà ÷èòàë êíèãó.)

3. Ïðèäàòî÷íîå ïðåäëîæåíèå:

..., ñîþç + ïîäëåæàùåå + âòîðîñòåïåííûå ÷ëåíû + ãëàãîë â ïðåòåðèòóìå

Íàïðèìåð: Ich wusste, dass der Mann ein Buch las. (ß çíàë, ÷òî ìóæ÷èíà ÷èòàë
êíèãó.)

1.3 Îáðàçîâàíèå ôîðì ïðåòåðèòóìà

1.3.1 Ñëàáûå (ïðàâèëüíûå) ãëàãîëû

Îáðàçóþòñÿ ïî ôîðìóëå: îñíîâà ãëàãîëà + ñóôôèêñ -te + ëè÷íîå îêîí÷àíèå:
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Ëèöî Îêîí÷àíèå (machen - äåëàòü)

ich machte

du machtest

er/sie/es machte

wir machten

ihr machtet

sie/Sie machten

1.3.2 Ñèëüíûå (íåïðàâèëüíûå) ãëàãîëû

Îáðàçóþòñÿ ïóò¼ì èçìåíåíèÿ êîðíåâîé ãëàñíîé áåç äîáàâëåíèÿ ñóôôèêñà -te:

Ëèöî Îêîí÷àíèå (lesen - ÷èòàòü)

ich las

du lasst

er/sie/es las

wir lasen

ihr last

sie/Sie lasen

1.3.3 Ñìåøàííûå ãëàãîëû

Ñî÷åòàþò îñîáåííîñòè ñèëüíûõ è ñëàáûõ ãëàãîëîâ: ìåíÿþò êîðíåâóþ ãëàñíóþ
è ïîëó÷àþò ñóôôèêñ -te. Íàïðèìåð: bringen (ïðèíîñèòü) � brachte, kennen (çíàòü) �
kannte.

1.4 Îòðèöàíèå â ïðåòåðèòóìå

Îòðèöàíèå â ïðåäëîæåíèÿõ ñ ïðåòåðèòîì îáðàçóåòñÿ ñ ïîìîùüþ îòðèöàòåëüíîé
÷àñòèöû nicht, êîòîðàÿ îáû÷íî ñòàâèòñÿ ïîñëå ãëàãîëà è ïåðåä äîïîëíåíèÿìè:

Der Mann las nicht ein Buch. (Ìóæ÷èíà íå ÷èòàë êíèãó.)

Ïðè îòðèöàíèè âñåãî ïðåäëîæåíèÿ nicht ñòàâèòñÿ â êîíöå:

Der Mann las ein Buch nicht. (Ìóæ÷èíà íå ÷èòàë êíèãó [à ÷òî-òî äðóãîå].)

Ðàçìåùåíèå nicht â êîíöå ïðåäëîæåíèÿ òàêæå ÷àñòî èñïîëüçóåòñÿ â ðàçãîâîðíîé
ðå÷è è ìîæåò óêàçûâàòü íà îòðèöàíèå âñåãî äåéñòâèÿ èëè ñèòóàöèè â öåëîì:

Er kam gestern nicht. (Îí â÷åðà íå ïðèõîäèë.)

Das Kind spielte draußen nicht. (Ðåáåíîê íå èãðàë íà óëèöå.)
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1.5 Îñîáåííîñòè èñïîëüçîâàíèÿ ïðåòåðèòóìà

Â íåìåöêîì ÿçûêå âûáîð ìåæäó ïðåòåðèòóìîì è ïåðôåêòîì ÷àñòî îïðåäåëÿåòñÿ:

� Ñòèëåì ïîâåñòâîâàíèÿ: ïðåòåðèòóì áîëåå õàðàêòåðåí äëÿ ëèòåðàòóðíîãî
ñòèëÿ

� Òèïîì òåêñòà: â áèîãðàôèÿõ, èñòîðè÷åñêèõ òåêñòàõ, ñêàçêàõ ïðåèìóùåñòâåí-
íî èñïîëüçóåòñÿ ïðåòåðèòóì

� Ðåãèîíàëüíûìè îñîáåííîñòÿìè: â Ñåâåðíîé Ãåðìàíèè ïðåòåðèòóì èñïîëü-
çóåòñÿ ÷àùå

� Òèïîì ãëàãîëà: äëÿ ãëàãîëîâ sein, haben è ìîäàëüíûõ ãëàãîëîâ ïðåòåðèòóì
èñïîëüçóåòñÿ äàæå â ðàçãîâîðíîé ðå÷è

Â ðàìêàõ äàííîé ðàáîòû ìû ðàññìàòðèâàåì ôîðìàëèçîâàííóþ ãðàììàòèêó, ó÷è-
òûâàþùóþ îñíîâíûå ñòðóêòóðíûå îñîáåííîñòè ïðåäëîæåíèé â ïðåòåðèòóìå, áåç ïîë-
íîãî îïèñàíèÿ âñåõ ëåêñè÷åñêèõ è ìîðôîëîãè÷åñêèõ îñîáåííîñòåé íåìåöêîãî ÿçûêà.
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2 Ìàòåìàòè÷åñêîå îïèñàíèå

2.1 Îñîáåííîñòè ãðàììàòèêè

Ãðàììàòèêà, ðàññìàòðèâàåìàÿ â ðàìêàõ äàííîé ëàáîðàòîðíîé ðàáîòû, èìååò
ñëåäóþùèå îñîáåííîñòè:

� Ðàññìàòðèâàþòñÿ òîëüêî ïîâåñòâîâàòåëüíûå è ïîâåñòâîâàòåëüíûå îòðèöàòåëü-
íûå ïðåäëîæåíèÿ.

� Ó÷òåíû äâà âîçìîæíûõ ïîðÿäêà ÷ëåíîâ ïðåäëîæåíèÿ: ïðÿìîé è îáðàòíûé. Â
ïðÿìîì ïîðÿäêå ñíà÷àëà èäåò ïîäëåæàùåå, ïîòîì ñêàçóåìîå, à çàòåì âòîðî-
ñòåïåííûå ÷ëåíû ïðåäëîæåíèÿ. Â îáðàòíîì ïîðÿäêå íà ïåðâîì ìåñòå ñòîèò
îáñòîÿòåëüñòâî, íà âòîðîì ñêàçóåìîå, íà òðåòüåì ïîäëåæàùåå, à çàòåì âòî-
ðîñòåïåííûå ÷ëåíû ïðåäëîæåíèÿ. Â Ïðåòåðèòóìå ñêàçóåìîå âñåãäà ñòîèò íà
âòîðîì ìåñòå.

� Ïðèäàòî÷íûå ïðåäëîæåíèÿ ìîãóò îòíîñèòñÿ òîëüêî ê ïîäëåæàùåìó è íà÷è-
íàòüñÿ ñ ñîþçîâ welcher (êîòîðûé), welche (êîòîðàÿ), welches (êîòîðîå). Ïðè
ýòîì âëîæåííîñòü ïðèäàòî÷íûõ ïðåäëîæåíèé íå îãðàíè÷åíà.

� Ïîðÿäîê âòîðîñòåïåíííûõ ÷ëåíîâ íå ôèêñèðîâàí. Íåñìîòðÿ íà òî, ÷òî â íåìåö-
êîì ÿçûêå ñóùåñòâóåò ïðåäïî÷òèòåëüíûé ïîðÿäîê ñëîâ, â äàííîé ãðàììàòèêå
îí íå ó÷èòûâàåòñÿ, ïîòîìó ÷òî ïîðÿäîê íå ÿâëåòñÿ ñòðîãèì è ðåàëüíûå ïðåä-
ëîæåíèÿ ÿçûêà äàëåêî íå âñåãäà åìó ñîîòâåòñòâóþò.

� Ðàññìàòðèâàþòñÿ òîëüêî ïðîñòûå ñêàçóåìûå, íå ñîäåðæàùèå âñïîìîãàòåëüíûõ
ãëàãîëîâ.

� Ðàññìàòðèâàþòñÿ òðè âèäà îáñòîÿòåëüñòâ: îáñòîÿòåëüñòâà âðåìåíè, ìåñòà è
îáðàçà äåéñòâèÿ. Â ðåàëüíûõ ïðåäëîæåíèÿõ ÿçûêà ìîãóò âñòðå÷àòüñÿ è äðóãèå
âèäû, íî ïåðå÷èñëåííûå ÿâëÿþòñÿ íàèáîëåå ÷àñòî âñòðå÷àþùèìèñÿ.

2.2 Ïîðàæäàþùàÿ ãðàììàòèêà Õîìñêîãî

Ôîðìàëüíî ïîðàæäàþùóþ ãðàììàòèêó Õîìñêîãî ìîæíî çàäàòü ñïèñêîì ïðî-
äóêöèé:

Ïðåäëîæåíèå -> Ïîâåñòâîâàòåëüíîå "."
Ïîâåñòâîâàòåëüíîå -> ÏðÿìîéÏîðÿäîê | Èíâåðñèÿ
ÏðÿìîéÏîðÿäîê -> Ïîäëåæàùåå ÄîïîëíåíèåÊÏîäëåæàùåìó Ãëàãîë

Âòîðîñòåïåííûå×ëåíû Îòðèöàíèå
Èíâåðñèÿ -> Îáñòîÿòåëüñòâî Ãëàãîë Ïîäëåæàùåå

Âòîðîñòåïåííûå×ëåíû Îòðèöàíèå
Ïîäëåæàùåå -> ÈìåííàÿÃðóïïà Ïðèäàòî÷íîåÏðåäëîæåíèå | Ìåñòîèìåíèå
Ïðèäàòî÷íîåÏðåäëîæåíèå -> "," Ñîþç Ïîäëåæàùåå Ãëàãîë Îòðèöàíèå "," |

epsilon
Âòîðîñòåïåííûå×ëåíû -> Âòîðîñòåïåííûé×ëåí Âòîðîñòåïåííûå×ëåíû |
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epsilon
Âòîðîñòåïåííûé×ëåí -> Îáñòîÿòåëüñòâî | Äîïîëíåíèå
Îáñòîÿòåëüñòâî -> ÎáñòîÿòåëüñòâîÂðåìåíè | ÎáñòîÿòåëüñòâîÌåñòà |

ÎáñòîÿòåëüñòâîÎáðàçàÄåéñòâèÿ
ÈìåííàÿÃðóïïà -> ÀðòèêëüËèáîÌåñòîèìåíèå Ïðèëàãàòåëüíûå

Ñóùåñòâèòåëüíîå
ÀðòèêëüËèáîÌåñòîèìåíèå -> Àðòèêëü | ÏðèòÿæàòåëüíîåÌåñòîèìåíèå |

epsilon
Ïðèëàãàòåëüíûå -> Ïðèëàãàòåëüíîå Ïðèëàãàòåëüíûå | epsilon
ÄîïîëíåíèåÊÏîäëåæàùåìó -> Ïðåäëîã Ñóùåñòâèòåëüíîå | epsilon
Äîïîëíåíèå -> ÀðòèêëüËèáîÌåñòîèìåíèå Ïðèëàãàòåëüíûå Ñóùåñòâèòåëüíîå
ÎáñòîÿòåëüñòâîÌåñòà -> Ïðåäëîã ÀðòèêëüËèáîÌåñòîèìåíèå Ñóùåñòâèòåëüíîå
Ñîþç -> "welcher" | "welche" | "welches"
Îòðèöàíèå -> "nicht" | epsilon
Ìåñòîèìåíèå -> "ich" | "du" | "er" | "sie" | "es" | "wir" |

"ihr" | "Sie"
ÏðèòÿæàòåëüíîåÌåñòîèìåíèå -> "mein" | "dein" | "sein" |

"unser" | "euer" | "ihre"
Àðòèêëü -> "der" | "die" | "das" | "ein" | "eine" | "einen" |

"einem" | "einer"
Ïðèëàãàòåëüíîå -> "alt" | "jung" | "groß" | "klein" | "sch�on" |

"freundlich" | "s�uß" | "ruhig"
Ñóùåñòâèòåëüíîå -> "Mann" | "Frau" | "Kind" | "Buch" | "Brief" |

"Freund" | "Abendessen" | "Suppe"
Ïðåäëîã -> "in" | "auf" | "unter" | "aus" | "mit" | "f�ur" |

"zu" | "am"
ÎáñòîÿòåëüñòâîÂðåìåíè -> "gestern" | "heute" | "morgen" | "damals" |

"jetzt" | "fr�uh" | "sp�at" | "immer"
ÎáñòîÿòåëüñòâîÎáðàçàÄåéñòâèÿ -> "schnell" | "langsam" | "gut" |

"schlecht" | "laut" | "leise" |
"gern" | "fleißig"

Ãëàãîë -> "las" | "schrieb" | "kochte" | "aß" | "ging" |
"kam" | "sagte" | "machte"

Òåðìèíàëüíûìè ÿâëÿþòñÿ âñå ñèìâîëû â êàâû÷êàõ, âñå îñòàëüíûå ñèìâîëû ÿâ-
ëÿþòñÿ íåòåðìèíàëüíûìè.

ßçûê, ïîðàæäàåìûé äàííîé ãðàììàòèêîé, êàê è ñàìà ãðàììàòèêà, ÿâëÿåòñÿ
êîíòåêñòíî-ñâîáîäíûì, òàê êàê:

� Â ëåâûõ ÷àñòÿõ âñåõ ïðîäóêöèé ïðèñóòñòâóåò òîëüêî îäèí íåòåðìèíàëüíûé
ñèìâîë, à çíà÷èò ÿçûê íå ÿâëÿåòñÿ êîíòåêñòíî-çàâèñèìûì.

� ßçûê íå ÿâëÿåòñÿ àâòîìàòíûì èç-çà íàëè÷èÿ ïðèäàòî÷íûõ ïðåäëîæåíèé
íåîãðàíè÷åííîé âëîæåííîñòè. Ïðèäàòî÷íûå ïðåäëîæåíèÿ ÿâëÿþòñÿ àíàëîãîì
ñêîáî÷íîé ñòðóêòóðû, êîòîðàÿ íå ìîæåò áûòü îïèñàíà êîíå÷íûì àâòîìàòîì.

Òàêæå ýòà ãðàììàòèêà ÿâëÿåòñÿ LL(1)-ãðàììàòèêîé. Ìíîæåñòâà FIRST è
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FOLLOW äëÿ âñåõ íåòåðìèíàëüíûõ ñèìâîëîâ íå ïåðåñåêàþòñÿ. Â äàëüíåéøåì ýòî
îñîáåííîñòü èñïîëüçóåòñÿ äëÿ ðàñïîçíàâàíèÿ ïðåäëîæåíèé ÿçûêà.

2.3 Ãðàììàòèêà â ÁÍÔ

Ãðàììàòèêà â ÁÍÔ èìååò ñëåäóþùèé âèä:

<Ïðåäëîæåíèå> ::= <Ïîâåñòâîâàòåëüíîå> "."
<Ïîâåñòâîâàòåëüíîå> ::= <ÏðÿìîéÏîðÿäîê> | <Èíâåðñèÿ>
<ÏðÿìîéÏîðÿäîê> ::= <Ïîäëåæàùåå> [ÄîïîëíåíèåÊÏîäëåæàùåìó] <Ãëàãîë>

{Âòîðîñòåïåííûé×ëåí} [Îòðèöàíèå]
<Èíâåðñèÿ> ::= <Îáñòîÿòåëüñòâî> <Ãëàãîë> <Ïîäëåæàùåå>

{Âòîðîñòåïåííûé×ëåí} [Îòðèöàíèå]
<Ïîäëåæàùåå> ::= <ÈìåííàÿÃðóïïà> [Ïðèäàòî÷íîåÏðåäëîæåíèå] | Ìåñòîèìåíèå
<Ïðèäàòî÷íîåÏðåäëîæåíèå> ::= "," <Ñîþç> <Ïîäëåæàùåå> <Ãëàãîë> [Îòðèöàíèå] ","
<Âòîðîñòåïåííûé×ëåí> ::= <Îáñòîÿòåëüñòâî> | <Äîïîëíåíèå>
<Îáñòîÿòåëüñòâî> ::= <ÎáñòîÿòåëüñòâîÂðåìåíè> | <ÎáñòîÿòåëüñòâîÌåñòà> |

<ÎáñòîÿòåëüñòâîÎáðàçàÄåéñòâèÿ>
<ÈìåííàÿÃðóïïà> ::= [Àðòèêëü | ÏðèòÿæàòåëüíîåÌåñòîèìåíèå]

{Ïðèëàãàòåëüíîå} <Ñóùåñòâèòåëüíîå>
<ÄîïîëíåíèåÊÏîäëåæàùåìó> ::= <Ïðåäëîã> <Ñóùåñòâèòåëüíîå>
<Äîïîëíåíèå> ::= [Àðòèêëü | ÏðèòÿæàòåëüíîåÌåñòîèìåíèå]

{Ïðèëàãàòåëüíîå} <Ñóùåñòâèòåëüíîå>
<ÎáñòîÿòåëüñòâîÌåñòà> ::= <Ïðåäëîã>

[Àðòèêëü | ÏðèòÿæàòåëüíîåÌåñòîèìåíèå] <Ñóùåñòâèòåëüíîå>
<Ñîþç> ::= "welcher" | "welche" | "welches"
<Îòðèöàíèå> ::= "nicht"
<Ìåñòîèìåíèå> ::= "ich" | "du" | "er" | "sie" | "es" | "wir" |

"ihr" | "Sie"
<ÏðèòÿæàòåëüíîåÌåñòîèìåíèå> ::= "mein" | "dein" | "sein" |

"unser" | "euer" | "ihre"
<Àðòèêëü> ::= "der" | "die" | "das" | "ein" | "eine" | "einen" |

"einem" | "einer"
<Ïðèëàãàòåëüíîå> ::= "alt" | "jung" | "groß" | "klein" | "sch�on" |

"freundlich" | "s�uß" | "ruhig"
<Ñóùåñòâèòåëüíîå> ::= "Mann" | "Frau" | "Kind" | "Buch" | "Brief" |

"Freund" | "Abendessen" | "Suppe"
<Ïðåäëîã> ::= "in" | "auf" | "unter" | "aus" | "mit" | "f�ur" |

"zu" | "am"
<ÎáñòîÿòåëüñòâîÂðåìåíè> ::= "gestern" | "heute" | "morgen" |

"damals" | "jetzt" | "fr�uh" | "sp�at" | "immer"
<ÎáñòîÿòåëüñòâîÎáðàçàÄåéñòâèÿ> ::= "schnell" | "langsam" | "gut" |

"schlecht" | "laut" | "leise" |
"gern" | "fleißig"

<Ãëàãîë> ::= "las" | "schrieb" | "kochte" | "aß" | "ging" |
"kam" | "sagte" | "machte" | "liebte"
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2.4 Ïðèìåð âûâîäà ïðåäëîæåíèÿ

Íà Ðèñ. 1 ïðåäñòàâëåíî äåðåâî âûâîäà ïðåäëîæåíèÿ ¾Mein alt Freund, welcher

ich liebte, schrieb gestern einen sch�on Brief.¿
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<Предложение>

<Повествовательное>

.

<ПрямойПорядок>

<Подлежащее> <Глагол> <ВторостепенныеЧлены>

<ИменнаяГруппа> <ПридаточноеПредложение>

<АртикльЛибоМестоимение>

<Прилагательные>

<Существительное>

<ПритяжательноеМестоимение>

Mein

<Прилагательное>

alt Freund

<Союз> <Подлежащее> <Глагол>

welcher

<Местоимение>

ich liebte schrieb

<ВторостепенныйЧлен>

<Обстоятельство>

<ВторостепенныеЧлены>

<ОбстоятельствоВремени>

gestern

<ВторостепенныйЧлен>

<Дополнение>

<АртикльЛибоМестоимение> <Прилагательные> <Существительное>

<Артикль>

einen

<Прилагательное>

schön Brief, ,

Ðèñ 1. Ïðèìåð äåðåâà âûâîäà ïðåäëîæåíèÿ.



2.5 Àëãîðèòì ïîñòðîåíèÿ LL(1) òàáëèöû ñèíòàêñè-

÷åñêîãî àíàëèçà

×òîáû çàïîëíèòü òàáëèöó ñèíòàêñè÷åñêîãî àíàëèçà, íåîáõîäèìî óñòàíîâèòü, êà-
êîå ïðàâèëî ãðàììàòèêè ñèíòàêñè÷åñêèé àíàëèçàòîð äîëæåí âûáðàòü, åñëè íåòåðìè-
íàëüíîå A íàõîäèòñÿ íà âåðøèíå åãî ñòåêà è ñèìâîë a � âî âõîäíîì ïîòîêå. Ëåãêî
çàìåòèòü, ÷òî òàêîå ïðàâèëî äîëæíî èìåòü ôîðìó A → w è ÷òî ó ÿçûêà, ñîîòâåò-
ñòâóþùåãî w, äîëæíà áûòü ïî êðàéíåé ìåðå îäíà ñòðîêà, íà÷èíàþùàÿñÿ ñ a.

Ñ ýòîé öåëüþ ìû îïðåäåëÿåì ìíîæåñòâî FIRST() äëÿ w, îáîçíà÷åííîå êàê
FIRST(w), êàê ìíîæåñòâî òåðìèíàëîâ, êîòîðûå ìîãóò áûòü íàéäåíû â íà÷àëå ëþáîé
ñòðîêè â w, è ε, åñëè ïóñòàÿ ñòðîêà òàêæå ïðèíàäëåæèò w.

Ó÷èòûâàÿ ãðàììàòèêó ñ ïðàâèëàìè A1 → w1, . . . , An → wn, ìîæíî âû÷èñëèòü
FIRST(wi) è FIRST(Ai) äëÿ êàæäîãî ïðàâèëà ñëåäóþùèì îáðàçîì:

1. Èíèöèàëèçèðîâàòü êàæäîå ìíîæåñòâî FIRST(Ai) ïóñòûì ìíîæåñòâîì.

2. Äîáàâèòü FIRST(wi) ê FIRST(Ai) äëÿ êàæäîãî ïðàâèëà Ai → wi, ãäå FIRST(wi)
îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì:

� FIRST(aw′) = {a} äëÿ êàæäîãî òåðìèíàëà a

� FIRST(Aw′) = FIRST(A) äëÿ êàæäîãî íåòåðìèíàëüíîãî A ñ ε /∈ FIRST(A)

� FIRST(Aw′) = (FIRST(A) \ {ε})∪ FIRST(w′) äëÿ êàæäîãî íåòåðìèíàëüíî-
ãî A ñ ε ∈ FIRST(A), âêëþ÷àÿ ñëó÷àé Ai → A, òî åñòü w′ = ε, â ýòîì
ñëó÷àå FIRST(Aw′) = FIRST(A)

� FIRST(ε) = {ε}

3. Ïîâòîðÿòü øàã 2, ïîêà â ìíîæåñòâàõ FIRST ïðîèñõîäÿò èçìåíåíèÿ.

Îäíàêî ìíîæåñòâ FIRST() íåäîñòàòî÷íî, ÷òîáû ïîñòðîèòü òàáëèöó ñèíòàêñè-
÷åñêîãî àíàëèçà. Òàê ïðîèñõîäèò, ïîòîìó ÷òî ïðàâàÿ ñòîðîíà w ïðàâèëà ìîãëà áû â
êîíå÷íîì ñ÷¼òå áûòü ïðèâåäåíà ê ïóñòîé ñòðîêå. Òàêèì îáðàçîì ñèíòàêñè÷åñêèé àíà-
ëèçàòîð äîëæåí òàêæå èñïîëüçîâàòü ïðàâèëî A → w, åñëè ε ∈ FIRST(w) è âî âõîäíîì
ïîòîêå ñèìâîë, êîòîðûé ìîæåò ñëåäîâàòü çà A. Ïîýòîìó òàêæå íåîáõîäèìî ïîñòðî-
èòü ìíîæåñòâî FOLLOW() äëÿ A, êîòîðîå îïðåäåëÿåòñÿ êàê ìíîæåñòâî òåðìèíàëîâ
a, òàêèõ ÷òî ñóùåñòâóåò ñòðîêà ñèìâîëîâ αAaβ, êîòîðàÿ ìîæåò áûòü ïîëó÷åíà èç
íà÷àëüíîãî ñèìâîëà.

Âû÷èñëåíèå ìíîæåñòâ FOLLOW() äëÿ íåòåðìèíàëîâ â ãðàììàòèêå âûïîëíÿåòñÿ
ñëåäóþùèì îáðàçîì:

1. Èíèöèàëèçèðîâàòü FOLLOW(S) = {$}, à âñå îñòàëüíûå ìíîæåñòâà FOLLOW(Ai)
ïóñòûìè.

2. Åñëè åñòü ïðàâèëî ôîðìû Aj → wAiw
′, òîãäà:

� Åñëè òåðìèíàë a ∈ FIRST(w′), òî äîáàâèòü a â FOLLOW(Ai)

� Åñëè ε ∈ FIRST(w′), òî äîáàâèòü FOLLOW(Aj) â FOLLOW(Ai)
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� Åñëè w′ èìååò äëèíó 0, òî äîáàâèòü FOLLOW(Aj) â FOLLOW(Ai)

3. Ïîâòîðÿòü øàã 2, ïîêà â ìíîæåñòâàõ FOLLOW() ïðîèñõîäÿò èçìåíåíèÿ.

Òåïåðü ìîæíî òî÷íî îïðåäåëèòü, êàêèå ïðàâèëà áóäóò ñîäåðæàòüñÿ â òàáëèöå
ñèíòàêñè÷åñêîãî àíàëèçà. Åñëè T [A, a] îáîçíà÷àåò ÿ÷åéêó â òàáëèöå äëÿ íåòåðìè-
íàëüíîãî A è òåðìèíàëà a, òî:

� T [A, a] ñîäåðæèò ïðàâèëî A → w òîãäà è òîëüêî òîãäà, êîãäà:

� a ∈ FIRST(w) ïðè ïðîõîäå ïðàâèëà A → w, èëè

� ε ∈ FIRST(w) è a ∈ FOLLOW(A)

Åñëè òàáëèöà áóäåò ñîäåðæàòü íå áîëåå îäíîãî ïðàâèëà â êàæäîé ÿ÷åéêå, òî ñèí-
òàêñè÷åñêèé àíàëèçàòîð ñìîæåò îäíîçíà÷íî îïðåäåëèòü, êàêîå ïðàâèëî íåîáõîäèìî
ïðèìåíèòü íà êàæäîì øàãå ðàçáîðà. Â ýòîì ñëó÷àå ãðàììàòèêó ÿâëÿåòñÿ LL(1)
ãðàììàòèêîé.

2.6 Àëãîðèòì ðàçáîðà ïðåäëîæåíèé

Ïåðåä çàïóñêîì àëãîðèòìà ðàçáîðà â ñòåê ïîìåùàþòñÿ äâà ñèìâîëà:

� Ñïåöèàëüíûé ñèìâîë $ � ïðèçíàê êîíöà âõîäíîé öåïî÷êè.

� Íà÷àëüíûé ñèìâîë ãðàììàòèêè (íà âåðøèíó ñòåêà).

Cèíòàêñè÷åñêèé àíàëèçàòîð âûïîëíÿåò òðè ðàçëè÷íûõ âèäà äåéñòâèé â çàâèñè-
ìîñòè îò òîãî, íàõîäèòñÿ ëè íà âåðøèíå ñòåêà íåòåðìèíàë, òåðìèíàë èëè ñïåöèàëü-
íûé ñèìâîë $.

1. Åñëè íà âåðøèíå ñòåêà � íåòåðìèíàë, òî â òàáëèöå ñèíòàêñè÷åñêîãî
àíàëèçà èùåòñÿ ïðàâèëî ãðàììàòèêè, íàõîäÿùååñÿ íà ïåðåñå÷åíèè ñòðîêè è
ñòîëáöà, ñîîòâåòñòâóþùèõ ýòîìó íåòåðìèíàëó íà âåðøèíå ñòåêà è òåêóùåìó
âõîäíîìó ñèìâîëó. Åñëè æå â óêàçàííîé ÿ÷åéêå òàáëèöû ïðàâèëî îòñóòñòâóåò
� ñèíòàêñè÷åñêèé àíàëèçàòîð îñòàíàâëèâàåòñÿ è ñîîáùàåò îá îøèáêå.

2. Åñëè íà âåðøèíå ñòåêà � òåðìèíàë, òî ñèíòàêñè÷åñêèé àíàëèçàòîð ñðàâ-
íèâàåò åãî ñ òåêóùèì âõîäíûì ñèìâîëîì. Åñëè îíè ðàâíû, òî âõîäíîé ñèìâîë
ñ÷èòûâàåòñÿ, à ñîîòâåòñòâóþùèé ñèìâîë èç âåðøèíû ñòåêà � óäàëÿåòñÿ.

3. Åñëè íà âåðøèíå ñòåêà � ñïåöèàëüíûé ñèìâîë $, è òåêóùèé ñèìâîë
íà ëåíòå òàêæå ðàâåí $, òî ñèíòàêñè÷åñêèé àíàëèçàòîð ñîîáùàåò îá óñïåøíîì
ðàñïîçíàâàíèè öåïî÷êè. Â ïðîòèâíîì ñëó÷àå � ñîîáùàåò îá îøèáêå. Â îáîèõ
ñëó÷àÿõ ïðîèñõîäèò îñòàíîâ àíàëèçàòîðà.

Ýòè øàãè ïîâòîðÿþòñÿ äî òåõ ïîð, ïîêà íå ïðîèçîéä¼ò îñòàíîâ. Ïîñëå îñòàíîâà
ìû ïîëó÷àåì ëèáî ñîîáùåíèå îá îøèáêå, ëèáî ñîîáùåíèå îá óñïåøíîì ðàñïîçíàâàíèè
öåïî÷êè.
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2.7 Àëãîðèòì ãåíåðàöèè ïðåäëîæåíèÿ

Ãåíåðàöèÿ ïðåäëîæåíèÿ ïðîèñõîäèò ñëåäóþùèì îáðàçîì:

1. Â ñïèñîê ïîìåùàåòñÿ íà÷àëüíûé ñèìâîë ãðàììàòèêè.

2. Îñóùåñòâëÿåòñÿ ïðîõîä ïî ñïèñêó. Ïåðâûé âñòðå÷åííûé íåòåðìèíàë çàìåíÿ-
åòñÿ íà åãî ñëó÷àéíî âûáðàííóþ ïðîäóêöèþ, ïîñëå ÷åãî ïðîõîä íà÷èíàåòñÿ
çàíîâî.

3. Àëãîðèòì çàâåðøàåòñÿ, êîãäà â ñïèñêå íå îñòàëîñü íåòåðìèíàëîâ.

Ýòîò àëãîðèòì íå ïîçâîëÿåò êîíòðîëèðîâàòü äëèíó ïðåäëîæåíèÿ. Òàêæå àëãî-
ðèòì ìîæåò íå ñõîäèòüñÿ â îáùåì ñëó÷àå. Íî âåðîÿòíîñòü òîãî, ÷òî àëãîðèòì ïîïàäåò
â ïåòëþ óáûâàåò ãåîìåòðè÷åñêè ñ ðîñòîì äëèíû öåïî÷êè, òàê ÷òî íà ïðàêòèêå ýòîò
ìåòîä ðàáîòàåò.

15



3 Îñîáåííîñòè ðåàëèçàöèè

3.1 Çàäàíèå ïðàâèë ãðàììàòèêè

Ãðàììàòèêà çàäà¼òñÿ â âèäå òåêñòîâîãî ôàéëà, â êîòîðîì êàæäàÿ ñòðîêà ñîîò-
âåòñòâóåò îäíîé ïðîäóêöèè. Ñèíòàêñèñ çàäàíèÿ ïðîäóêöèé ñîîòâåòñòâóåò îáùåïðèíÿ-
òîìó, çà èñêëþ÷åíèåì òîãî, ÷òî âìåñòî ε èñïîëüçóåòñÿ ñëîâî ¾epsilon¿. Òåðìèíàëû
çàïèñûâàþòñÿ â êàâû÷êàõ, íåòåðìèíàëû � áåç êàâû÷åê. Ëåâàÿ è ïðàâàÿ ÷àñòè ïðî-
äóêöèè ðàçäåëÿþòñÿ äâóìÿ ñèìâîëàìè � ¾->¿. Òàêèì îáðàçîì ñîäåðæèìîå ôàéëà,
ñîîòâåòñòâóåò òåêñòó îïèñàíèÿ ãðàììàòèêè â ðàçäåëå 2.2.

3.2 Êëàññ Grammar

Êëàññ Grammar ñîäåðæèò â ñåáå âñþ èíôîðìàöèþ î ãðàììàòèêå, à òàêæå ìåòîäû
äëÿ ðàáîòû ñ íåé. Êîä êîíñòðóêòîðà êëàññà ïðåäñòàâëåí â ëèñòèíãå 1. Êîíñòðóê-
òîð êëàññà ïðèíèìàåò íà âõîä ñòðîêó, ñîäåðæàùóþ îïèñàíèå ãðàììàòèêè. Âûçûâà-
åò ìåòîäû äëÿ ïàðñèíãà ïðîäóêöèé, íàõîæäåíèÿ òåðìèíàëîâ, âû÷èñëåíèÿ ìíîæåñòâ
FIRST è FOLLOW, çàïîëíåíèÿ òàáëèöû ñèíòàêñè÷åñêîãî àíàëèçà.

Ëèñòèíã 1. Êîä êîíñòðóêòîðà êëàññà Grammar.

1 class Grammar:
2 EPSILON: str = "epsilon"
3
4 def __init__(self, text: str):
5 self.productions: OrderedDict[str, list[list[str]]] = OrderedDict()
6 self.start_symbol: str = ""
7 self._parse_productions(text)
8
9 self.terminals: set[str] = set()
10 self._�nd_terminals()
11
12 self.�rst_sets: dict[str, set[str]] = {}
13 self._calculate_�rst_sets()
14
15 self.follow_sets: dict[str, set[str]] = {}
16 self._calculate_follow_sets()
17
18 self.lookup_table: dict[str, dict[str, list[str]]] = {}
19 self._�ll_lookup_table()
20
21 # Ñîïîñòîâëÿåì óíèêàëüíûé íîìåð ñ êàæäûì ïðàâèëîì
22 self.rule_numbers = {}
23 rule_idx = 1
24 for nt, rules in self.productions.items():
25 for rule in rules:
26 self.rule_numbers[(nt, tuple(rule))] = rule_idx
27 rule_idx += 1
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3.2.1 Ìåòîä _parse_productions

Ìåòîä _parse_productions âûïîëíÿåò ðàçáîð òåêñòîâîãî îïèñàíèÿ ãðàììàòèêè
è ñîçäà¼ò âíóòðåííåå ïðåäñòàâëåíèå ïðîäóêöèé. Êîä ìåòîäà ïðåäñòàâëåí â ëèñòèí-
ãå 2.

Ìåòîä ïðèíèìàåò ññûëêó íà îáúåêò êëàññà Grammar è ñòðîêó text òèïà str,
ñîäåðæàùóþ òåêñòîâîå ïðåäñòàâëåíèå ãðàììàòèêè.

Ìåòîä íå âîçâðàùàåò çíà÷åíèé ÿâíî, íî çàïîëíÿåò ñëîâàðü productions è óñòà-
íàâëèâàåò ïåðåìåííóþ start_symbol â îáúåêòå êëàññà.

Ëèñòèíã 2. Êîä ìåòîäà _parse_productions.

1 def _parse_productions(self, text: str):
2 for line in text.splitlines():
3 line = line.strip()
4 if not line:
5 continue
6
7 non_terminal, rule = line.split("=>")
8 if self.start_symbol == "":
9 self.start_symbol = non_terminal.strip()
10
11 non_terminal = non_terminal.strip()
12 rules = [
13 [
14 symbol.strip('"')
15 for symbol in re.�ndall(r"\".*?\"|\S+", rule.strip())
16 if symbol.strip('"') != self.EPSILON
17 ]
18 for rule in rule.split("|")
19 ]
20
21 if non_terminal not in self.productions:
22 self.productions[non_terminal] = []
23
24 self.productions[non_terminal].extend(rules)

3.2.2 Ìåòîä _calculate_first_sets

Ìåòîä _calculate_first_sets âû÷èñëÿåò ìíîæåñòâà FIRST äëÿ âñåõ ñèìâîëîâ
ãðàììàòèêè. Êîä ìåòîäà ïðåäñòàâëåí â ëèñòèíãå 3.

Ìåòîä ïðèíèìàåò ññûëêó íà îáúåêò êëàññà Grammar.

Ìåòîä íå âîçâðàùàåò çíà÷åíèé ÿâíî, íî çàïîëíÿåò ñëîâàðü �rst_sets â îáúåêòå
êëàññà.

Ëèñòèíã 3. Êîä ìåòîäà _calculate_first_sets.

1 def _calculate_�rst_sets(self):
2 # Èíèöèàëèçàöèÿ FIRST äëÿ âñåõ ñèìâîëîâ
3 for non_terminal in self.productions:
4 self.�rst_sets[non_terminal] = set()
5
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6 # Äëÿ òåðìèíàëîâ FIRST ñîäåðæèò òîëüêî ñàì òåðìèíàë
7 for terminal in self.terminals:
8 self.�rst_sets[terminal] = {terminal}
9
10 # Âû÷èñëåíèå FIRST äëÿ íåòåðìèíàëîâ
11 changed = True
12 while changed:
13 changed = False
14 for non_terminal, rules in self.productions.items():
15 for rule in rules:
16 if not rule: # Ïóñòîå ïðàâèëî ýïñèëîí()
17 if "" not in self.�rst_sets[non_terminal]:
18 self.�rst_sets[non_terminal].add("")
19 changed = True
20 else:
21 all_can_derive_epsilon = True
22 for i, symbol in enumerate(rule):
23 # Äîáàâëÿåì âñå ñèìâîëû èç FIRST(symbol) êðîìå ýïñèëîí
24 �rst_without_epsilon = self.�rst_sets[symbol] = {""}
25 old_size = len(self.�rst_sets[non_terminal])
26 self.�rst_sets[non_terminal].update(�rst_without_epsilon)
27 if len(self.�rst_sets[non_terminal]) > old_size:
28 changed = True
29
30 # Åñëè symbol íå ìîæåò ïîðîæäàòü ýïñèëîí, ïðåðûâàåì
31 if "" not in self.�rst_sets[symbol]:
32 all_can_derive_epsilon = False
33 break
34
35 # Åñëè âñå ñèìâîëû â ïðàâèëå ìîãóò ïîðîæäàòü ýïñèëîí,
36 # òî è íåòåðìèíàë ìîæåò ïîðîæäàòü ýïñèëîí
37 if (
38 all_can_derive_epsilon
39 and "" not in self.�rst_sets[non_terminal]
40 ):
41 self.�rst_sets[non_terminal].add("")
42 changed = True

3.2.3 Ìåòîä _calculate_follow_sets

Ìåòîä _calculate_follow_sets âû÷èñëÿåò ìíîæåñòâà FOLLOW äëÿ íåòåðìè-
íàëüíûõ ñèìâîëîâ ãðàììàòèêè. Êîä ìåòîäà ïðåäñòàâëåí â ëèñòèíãå 4.

Ìåòîä ïðèíèìàåò ññûëêó íà îáúåêò êëàññà Grammar.

Ìåòîä íå âîçâðàùàåò çíà÷åíèé ÿâíî, íî çàïîëíÿåò ñëîâàðü follow_sets â îáúåêòå
êëàññà.

Ëèñòèíã 4. Êîä ìåòîäà _calculate_follow_sets.

1 def _calculate_follow_sets(self):
2 # èíèöèàëèçèðîâàòü Fo(S) = { $ }, à âñå îñòàëüíûå Fo(Ai) ïóñòûìè ìíîæåñòâàìè
3 for non_terminal in self.productions:
4 self.follow_sets[non_terminal] = set()
5
6 # Äîáàâëÿåì ñèìâîë êîíöà ñòðîêè $ äëÿ íà÷àëüíîãî ñèìâîëà
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7 self.follow_sets[self.start_symbol].add("$")
8
9 # Ïîâòîðÿåì, ïîêà â íàáîðàõ Follow ïðîèñõîäÿò èçìåíåíèÿ
10 changed = True
11 while changed:
12 changed = False
13
14 # Äëÿ êàæäîãî íåòåðìèíàëà Aj â ãðàììàòèêå
15 for non_terminal_j, rules in self.productions.items():
16
17 # Äëÿ êàæäîãî ïðàâèëà Aj � w
18 for rule in rules:
19
20 # Äëÿ êàæäîãî ñèìâîëà â ïðàâèëå
21 for i, symbol in enumerate(rule):
22
23 # Åñëè ñèìâîë = íåòåðìèíàë Ai
24 if symbol in self.productions:
25 # w' = îñòàòîê ïðàâèëà ïîñëå Ai
26 remainder = rule[i + 1 :] if i + 1 < len(rule) else []
27
28 # Åñëè åñòü òåðìèíàëû ïîñëå Ai (w' íå ïóñòî)
29 if remainder:
30 # Âû÷èñëÿåì First(w')
31 �rst_of_remainder = self._�rst_of_sequence(remainder)
32
33 # Åñëè òåðìèíàë a íàõîäèòñÿ â First(w'), òî äîáàâëÿåì a ê Follow(Ai)
34 for terminal in �rst_of_remainder = {""}:
35 if terminal not in self.follow_sets[symbol]:
36 self.follow_sets[symbol].add(terminal)
37 changed = True
38
39 # Åñëè epsilon íàõîäèòñÿ â First(w'), òî äîáàâëÿåì Follow(Aj) ê Follow(Ai)
40 if "" in �rst_of_remainder:
41 old_size = len(self.follow_sets[symbol])
42 self.follow_sets[symbol].update(
43 self.follow_sets[non_terminal_j]
44 )
45 if len(self.follow_sets[symbol]) > old_size:
46 changed = True
47
48 # Åñëè w' ïóñòî (Ai â êîíöå ïðàâèëà), òî äîáàâëÿåì Follow(Aj) ê Follow(Ai)
49 else:
50 old_size = len(self.follow_sets[symbol])
51 self.follow_sets[symbol].update(
52 self.follow_sets[non_terminal_j]
53 )
54 if len(self.follow_sets[symbol]) > old_size:
55 changed = True

3.2.4 Ìåòîä _first_of_sequence

Ìåòîä _first_of_sequence âû÷èñëÿåò ìíîæåñòâî FIRST äëÿ ïîñëåäîâàòåëüíî-
ñòè ñèìâîëîâ. Êîä ìåòîäà ïðåäñòàâëåí â ëèñòèíãå 5.
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Ìåòîä ïðèíèìàåò ññûëêó íà îáúåêò êëàññà Grammar è ñïèñîê ñèìâîëîâ sequence.

Ìåòîä âîçâðàùàåò ìíîæåñòâî (set) ñòðîê, ïðåäñòàâëÿþùèõ FIRST äëÿ çàäàííîé
ïîñëåäîâàòåëüíîñòè.

Ëèñòèíã 5. Êîä ìåòîäà _first_of_sequence.

1 def _�rst_of_sequence(self, sequence):
2 """Âû÷èñëÿåò ìíîæåñòâî FIRST äëÿ ïîñëåäîâàòåëüíîñòè ñèìâîëîâ"""
3 if not sequence:
4 return {""}
5
6 result = set()
7 all_can_derive_epsilon = True
8
9 for symbol in sequence:
10 # Äîáàâëÿåì First(symbol) áåç ýïñèëîí ê ðåçóëüòàòó
11 result.update(self.�rst_sets[symbol] = {""})
12
13 # Åñëè symbol íå ìîæåò ïîðîæäàòü ýïñèëîí, îñòàíàâëèâàåìñÿ
14 if "" not in self.�rst_sets[symbol]:
15 all_can_derive_epsilon = False
16 break
17
18 # Åñëè âñå ñèìâîëû ìîãóò ïîðîæäàòü ýïñèëîí, äîáàâëÿåì ýïñèëîí ê ðåçóëüòàòó
19 if all_can_derive_epsilon:
20 result.add("")
21
22 return result

3.2.5 Ìåòîä _fill_lookup_table

Ìåòîä _fill_lookup_table çàïîëíÿåò òàáëèöó ñèíòàêñè÷åñêîãî àíàëèçà äëÿ
LL(1)-ãðàììàòèêè. Êîä ìåòîäà ïðåäñòàâëåí â ëèñòèíãå 6.

Ìåòîä ïðèíèìàåò ññûëêó íà îáúåêò êëàññà Grammar.

Ìåòîä íå âîçâðàùàåò çíà÷åíèé ÿâíî, íî çàïîëíÿåò ñëîâàðü lookup_table â îáú-
åêòå êëàññà èëè âûçûâàåò èñêëþ÷åíèå, åñëè ãðàììàòèêà íå ÿâëÿåòñÿ LL(1).

Ëèñòèíã 6. Êîä ìåòîäà _fill_lookup_table.

1 def _�ll_lookup_table(self):
2 # Äëÿ êàæäîãî íåòåðìèíàëà A
3 for non_terminal, rules in self.productions.items():
4 # Ôîðìèðóåì òàáëèöó ñèíòàêñè÷åñêîãî àíàëèçà
5 self.lookup_table[non_terminal] = {}
6
7 # Äëÿ êàæäîãî ïðàâèëà A � w
8 for rule in rules:
9 # Âû÷èñëÿåì First(w)
10 �rst_of_rule = self._�rst_of_sequence(rule)
11
12 # Äëÿ êàæäîãî òåðìèíàëà a â First(w)
13 for terminal in �rst_of_rule = {""}:
14 # Åñëè T[A,a] óæå ñîäåðæèò ïðàâèëî, ãðàììàòèêà íå LL(1)
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15 if terminal in self.lookup_table[non_terminal]:
16 raise ValueError(
17 "Ãðàììàòèêà íå ÿâëÿåòñÿ LL(1)ãðàììàòèêîé=.\n"
18 f"Êîíôëèêò â ÿ÷åéêå [{non_terminal}, {terminal}]\n"
19 f"Íîâîå ïðàâèëî: {non_terminal} => {' '.join(rule)};\n"
20 f"Ñóùåñòâóþùåå ïðàâèëî: {non_terminal} => {self.lookup_table[non_terminal][

terminal]}"
21 )
22
23 # Äîáàâëÿåì ïðàâèëî â òàáëèöó
24 self.lookup_table[non_terminal][terminal] = rule
25
26 # Åñëè ýïñèëîí â First(w), òî äëÿ êàæäîãî b â Follow(A)
27 if "" in �rst_of_rule:
28 for terminal in self.follow_sets[non_terminal]:
29 # Åñëè T[A,b] óæå ñîäåðæèò ïðàâèëî, ãðàììàòèêà íå LL(1)
30 if terminal in self.lookup_table[non_terminal]:
31 raise ValueError(
32 "Ãðàììàòèêà íå ÿâëÿåòñÿ LL(1)ãðàììàòèêîé=.\n"
33 f"Êîíôëèêò â ÿ÷åéêå [{non_terminal}, {terminal}]\n"
34 f"Íîâîå ïðàâèëî: {non_terminal} => {' '.join(rule)};\n"
35 f"Ñóùåñòâóþùåå ïðàâèëî: {non_terminal} => {self.lookup_table[

non_terminal][terminal]}"
36 )
37
38 # Äîáàâëÿåì ïðàâèëî â òàáëèöó
39 self.lookup_table[non_terminal][terminal] = rule

3.2.6 Ìåòîä format_rules

Ìåòîä format_rules ôîðìàòèðóåò âñå ïðàâèëà ãðàììàòèêè äëÿ óäîáíîãî ïðåä-
ñòàâëåíèÿ. Êîä ìåòîäà ïðåäñòàâëåí â ëèñòèíãå 7.

Ìåòîä ïðèíèìàåò ññûëêó íà îáúåêò êëàññà Grammar.

Ìåòîä âîçâðàùàåò ñòðîêó (str), ñîäåðæàùóþ âñå ïðàâèëà ãðàììàòèêè ñ èõ íî-
ìåðàìè.

Ëèñòèíã 7. Êîä ìåòîäà format_rules.

1 def format_rules(self) => str:
2 result = []
3 sorted_rules = sorted(self.rule_numbers.items(), key=lambda x: x[1])
4
5 for rule, number in sorted_rules:
6 non_terminal, symbols = rule
7 rule_text = f"{number}: {non_terminal} => {' '.join(symbols)}"
8 result.append(rule_text)
9
10 return "\n".join(result)
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3.2.7 Ìåòîä format_lookup_table

Ìåòîä format_lookup_tableôîðìàòèðóåò òàáëèöó ñèíòàêñè÷åñêîãî àíàëèçà äëÿ
óäîáíîãî ïðåäñòàâëåíèÿ. Êîä ìåòîäà ïðåäñòàâëåí â ëèñòèíãå 8.

Ìåòîä ïðèíèìàåò ññûëêó íà îáúåêò êëàññà Grammar.

Ìåòîä âîçâðàùàåò ñòðîêó (str), ñîäåðæàùóþ òàáëèöó ñèíòàêñè÷åñêîãî àíàëèçà
â âèäå òàáëèöû ñ èñïîëüçîâàíèåì áèáëèîòåêè PrettyTable.

Ëèñòèíã 8. Êîä ìåòîäà format_lookup_table.

1 def format_lookup_table(self) => str:
2 table = PrettyTable()
3 terminals = list(self.terminals)
4 table.�eld_names = [""] + terminals + ["$"]
5
6 for non_terminal in self.productions:
7 row = [non_terminal]
8 for terminal in terminals + ["$"]:
9 if terminal in self.lookup_table[non_terminal]:
10 rule = self.lookup_table[non_terminal][terminal]
11 rule_num = self.rule_numbers.get((non_terminal, tuple(rule)), "")
12 row.append(f"{rule_num}: {' '.join(rule)}")
13 else:
14 row.append(" = ")
15 table.add_row(row)
16 return str(table)

3.2.8 Ìåòîä format_first_sets

Ìåòîä format_first_sets ôîðìàòèðóåò ìíîæåñòâà FIRST äëÿ óäîáíîãî ïðåä-
ñòàâëåíèÿ. Êîä ìåòîäà ïðåäñòàâëåí â ëèñòèíãå 9.

Ìåòîä ïðèíèìàåò ññûëêó íà îáúåêò êëàññà Grammar.

Ìåòîä âîçâðàùàåò ñòðîêó (str), ñîäåðæàùóþ ìíîæåñòâà FIRST äëÿ âñåõ ñèìâî-
ëîâ ãðàììàòèêè.

Ëèñòèíã 9. Êîä ìåòîäà format_first_sets.

1 def format_�rst_sets(self) => str:
2 """Ôîðìàòèðóåò ìíîæåñòâà FIRST â ÷èòàåìûé âèä."""
3 result = []
4 result.append("Ìíîæåñòâà FIRST:")
5 result.append("=" * 40)
6
7 # Ñîðòèðóåì äëÿ ãàðàíòèè ïîðÿäêà âûâîäà
8 for symbol in sorted(self.�rst_sets.keys()):
9 # Çàìåíÿåì ïóñòóþ ñòðîêó íà ýïñèëîí äëÿ ëó÷øåé ÷èòàåìîñòè
10 �rst_set = {
11 self.EPSILON if item == "" else item for item in self.�rst_sets[symbol]
12 }
13 result.append(f"FIRST({symbol}) = {{{', '.join(sorted(�rst_set))}}}")
14
15 return "\n".join(result)
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3.2.9 Ìåòîä format_follow_sets

Ìåòîä format_follow_sets ôîðìàòèðóåò ìíîæåñòâà FOLLOW äëÿ óäîáíîãî
ïðåäñòàâëåíèÿ. Êîä ìåòîäà ïðåäñòàâëåí â ëèñòèíãå 10.

Ìåòîä ïðèíèìàåò ññûëêó íà îáúåêò êëàññà Grammar.

Ìåòîä âîçâðàùàåò ñòðîêó (str), ñîäåðæàùóþ ìíîæåñòâà FOLLOW äëÿ âñåõ
íåòåðìèíàëîâ ãðàììàòèêè.

Ëèñòèíã 10. Êîä ìåòîäà format_follow_sets.

1 def format_follow_sets(self) => str:
2 """Ôîðìàòèðóåò ìíîæåñòâà FOLLOW â ÷èòàåìûé âèä."""
3 result = []
4 result.append("Ìíîæåñòâà FOLLOW:")
5 result.append("=" * 40)
6
7 # Îáðàáàòûâàåì òîëüêî íåòåðìèíàëû
8 for non_terminal in sorted(self.productions.keys()):
9 follow_set = self.follow_sets.get(non_terminal, set())
10 result.append(
11 f"FOLLOW({non_terminal}) = {{{', '.join(sorted(follow_set))}}}"
12 )
13
14 return "\n".join(result)

3.2.10 Ìåòîä analyze

Ìåòîä analyze âûïîëíÿåò ñèíòàêñè÷åñêèé àíàëèç âõîäíîé ïîñëåäîâàòåëüíîñòè
òîêåíîâ ñ èñïîëüçîâàíèåì LL(1)-àëãîðèòìà. Êîä ìåòîäà ïðåäñòàâëåí â ëèñòèíãå 11.

Ìåòîä ïðèíèìàåò ññûëêó íà îáúåêò êëàññà Grammar è ñïèñîê input_tokens òèïà
list[str], ïðåäñòàâëÿþùèé ïîñëåäîâàòåëüíîñòü âõîäíûõ òîêåíîâ.

Ìåòîä âîçâðàùàåò ñïèñîê (list) öåëûõ ÷èñåë, ñîäåðæàùèé íîìåðà ïðèìåí¼ííûõ
ïðàâèë â ïðîöåññå àíàëèçà.

Ëèñòèíã 11. Êîä ìåòîäà analyze.

1 def analyze(self, input_tokens: list[str]) => list[int]:
2 input_tokens = input_tokens.copy()
3 input_tokens += ["$"]
4 input_pos = 0
5
6 # Èíèöèàëèçèðóåì ñòåê ñ òåðìèíàëüíûì ñèìâîëîì è íà÷àëüíûì ñèìâîëîì
7 stack = ["$", self.start_symbol]
8
9 rules_applied = []
10
11 while stack:
12 top = stack[=1]
13
14 current_symbol = (
15 input_tokens[input_pos] if input_pos < len(input_tokens) else "$"
16 )
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17
18 # Ñëó÷àé 1: Âåðõíèé ñèìâîë ñòåêà = íåòåðìèíàë
19 if top in self.productions:
20 # Èùåì ïðàâèëî â òàáëèöå ñèíòàêñè÷åñêîãî àíàëèçà
21 if current_symbol in self.lookup_table[top]:
22 # Ïîëó÷àåì ïðàâèëî
23 production = self.lookup_table[top][current_symbol]
24
25 # Óäàëÿåì íåòåðìèíàë èç ñòåêà
26 stack.pop()
27
28 # Äîáàâëÿåì ïðàâèëî â rules_applied
29 rule_number = self.rule_numbers[(top, tuple(production))]
30 rules_applied.append(rule_number)
31
32 # Äîáàâëÿåì ïðàâèëî â ñòåê â îáðàòíîì ïîðÿäêå
33 for symbol in reversed(production):
34 stack.append(symbol)
35 else:
36 expected_symbols = list(self.lookup_table[top].keys())
37 raise ValueError(
38 f"Syntax error: expected one of {expected_symbols}, got '{current_symbol}'"
39 )
40
41 # Ñëó÷àé 2: Âåðõíèé ñèìâîë ñòåêà = òåðìèíàë
42 elif top != "$":
43 if top == current_symbol:
44 # Óäàëÿåì òåðìèíàë èç ñòåêà
45 stack.pop()
46 # Ïåðåõîäèì ê ñëåäóþùåìó ñèìâîëó ââîäà
47 input_pos += 1
48 else:
49 raise ValueError(
50 f"Syntax error: expected '{top}', got '{current_symbol}'"
51 )
52
53 # Ñëó÷àé 3: Âåðõíèé ñèìâîë ñòåêà = $
54 else: # top == "$"
55 if current_symbol == "$":
56 # Óñïåøíûé ñèíòàêñè÷åñêèé àíàëèç
57 stack.pop() # Óäàëÿåì $ èç ñòåêà
58 else:
59 raise ValueError(
60 f"Syntax error: unexpected symbols at end of input: '{current_symbol}'"
61 )
62
63 return rules_applied

3.2.11 Ìåòîä generate

Ìåòîä generate ãåíåðèðóåò ñëó÷àéíîå ïðåäëîæåíèå ïî çàäàííîé ãðàììàòèêå.
Êîä ìåòîäà ïðåäñòàâëåí â ëèñòèíãå 12.

Ìåòîä ïðèíèìàåò ññûëêó íà îáúåêò êëàññà Grammar è íåîáÿçàòåëüíûé ïàðàìåòð
symbol òèïà str èëè None, óêàçûâàþùèé íà÷àëüíûé ñèìâîë äëÿ ãåíåðàöèè.
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Ìåòîä âîçâðàùàåò êîðòåæ (tuple), ñîäåðæàùèé ñïèñîê òåðìèíàëîâ è ñïèñîê íî-
ìåðîâ ïðèìåí¼ííûõ ïðàâèë.

Ëèñòèíã 12. Êîä ìåòîäà generate.

1 def generate(self, symbol: str | None = None) => tuple[list[str], list[int]]:
2 """Ãåíåðèðóåò ïðåäëîæåíèå ïî çàäàííîé ãðàììàòèêå. Âîçâðàùàåò ñïèñîê òåðìèíàëîâ
3 è ñïèñîê íîìåðîâ ïðèìåí¼ííûõ ïðàâèë."""
4
5 if symbol is None:
6 return self.generate(self.start_symbol)
7
8 # Åñëè ñèìâîë = òåðìèíàë, âîçâðàùàåì åãî
9 if symbol not in self.productions:
10 return [symbol], []
11
12 # Âûáèðàåì ñëó÷àéíîå ïðàâèëî äëÿ íåòåðìèíàëà
13 rules = self.productions[symbol]
14 chosen_rule = random.choice(rules)
15
16 # Ïîëó÷àåì íîìåð âûáðàííîãî ïðàâèëà
17 rule_number = self.rule_numbers[(symbol, tuple(chosen_rule))]
18
19 # Èíèöèàëèçèðóåì ðåçóëüòàòû
20 terminals = []
21 rule_numbers = [rule_number]
22
23 # Ðàçâîðà÷èâàåì êàæäûé ñèìâîë â ïðàâîé ÷àñòè ïðàâèëà
24 for s in chosen_rule:
25 sub_terminals, sub_rules = self.generate(s)
26 terminals.extend(sub_terminals)
27 rule_numbers.extend(sub_rules)
28
29 return terminals, rule_numbers

3.2.12 Ìåòîä generate_derivation_steps

Ìåòîä generate_derivation_steps ïðåîáðàçóåò ñïèñîê íîìåðîâ ïðàâèë â ïîñëå-
äîâàòåëüíîñòü øàãîâ âûâîäà. Êîä ìåòîäà ïðåäñòàâëåí â ëèñòèíãå 13.

Ìåòîä ïðèíèìàåò ññûëêó íà îáúåêò êëàññà Grammar è ñïèñîê rule_numbers òèïà
list[int], ñîäåðæàùèé íîìåðà ïðàâèë äëÿ ïðèìåíåíèÿ.

Ìåòîä âîçâðàùàåò ñïèñîê (list) ñòðîê, ïðåäñòàâëÿþùèé êàæäûé øàã âûâîäà
ïðåäëîæåíèÿ.

Ëèñòèíã 13. Êîä ìåòîäà generate_derivation_steps.

1 def generate_derivation_steps(self, rule_numbers: list[int]) => list[str]:
2 """Ïðåîáðàçóåò ñïèñîê íîìåðîâ ïðàâèë â ïîñëåäîâàòåëüíîñòü øàãîâ âûâîäà.
3 Âîçâðàùàåò ñïèñîê ñòðîê, ïðåäñòàâëÿþùèõ êàæäûé øàã âûâîäà."""
4
5 # Ïîëó÷àåì ñîîòâåòñòâèå ìåæäó íîìåðàìè ïðàâèë è ñàìèìè ïðàâèëàìè
6 rule_details = {num: rule for rule, num in self.rule_numbers.items()}
7
8 # Íà÷èíàåì ñ íà÷àëüíîãî ñèìâîëà
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9 current = self.start_symbol
10 steps = [current]
11
12 # Ïðèìåíÿåì êàæäîå ïðàâèëî ïî ïîðÿäêó
13 for rule_num in rule_numbers:
14 if rule_num in rule_details:
15 non_terminal, replacement = rule_details[rule_num]
16
17 # Íàõîäèì ïåðâîå âõîæäåíèå íåòåðìèíàëà è çàìåíÿåì åãî
18 words = current.split()
19 for i, word in enumerate(words):
20 if word == non_terminal:
21 words[i : i + 1] = replacement
22 break
23
24 current = " ".join(words)
25 steps.append(current)
26
27 return steps

3.3 Ôóíêöèÿ main

Ôóíêöèÿ main ðåàëèçóåò èíòåðàêòèâíóþ êîíñîëüíóþ îáîëî÷êó äëÿ âçàèìîäåé-
ñòâèÿ ñ ïîëüçîâàòåëåì. Êîä ôóíêöèè ïðåäñòàâëåí â ëèñòèíãå 14.

Ëèñòèíã 14. Êîä ôóíêöèè main.

1 def main():
2 print("Ïðîãðàììà äëÿ ðàáîòû ñ LL(1)ãðàììàòèêàìè=")
3 print("=" * 60)
4 print("Âàðèàíòû êîìàíä:")
5 print(" = load ôàéë<> = çàãðóçèòü ãðàììàòèêó èç ôàéëà ïî( óìîë÷àíèþ grammar.txt)")
6 print(" = check ñòðîêà<> = ïðîâåðèòü, ñîîòâåòñòâóåò ëè ñòðîêà ãðàììàòèêå")
7 print(" = generate = ñãåíåðèðîâàòü ñëó÷àéíóþ ñòðîêó ïî ãðàììàòèêå")
8 print(" = exit = âûõîä èç ïðîãðàììû")
9 print("=" * 60)
10
11 # Çàãðóæàåì ãðàììàòèêó ïî óìîë÷àíèþ ïðè ñòàðòå
12 grammar = load_grammar()
13
14 while True:
15 command = input("\Ââåäèòån êîìàíäó: ").strip()
16
17 if not command:
18 continue
19
20 parts = command.split(maxsplit=1)
21 cmd = parts[0].lower()
22
23 if cmd == "exit":
24 print("Âûõîä èç ïðîãðàììû.")
25 break
26
27 elif cmd == "load":

26



28 �lename = "grammar.txt"
29 if len(parts) > 1:
30 �lename = parts[1].strip()
31 grammar = load_grammar(�lename)
32
33 elif cmd == "check":
34 input_string = ""
35 if len(parts) > 1:
36 input_string = parts[1].strip()
37 check_string(grammar, input_string)
38
39 elif cmd == "generate":
40 generate_string(grammar)
41
42 else:
43 print(f"Íåèçâåñòíàÿ êîìàíäà: {cmd}")
44 print("Äîñòóïíûå êîìàíäû: load, check, generate, exit")
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4 Ðåçóëüòàòû ðàáîòû ïðîãðàììû

Ðåçóëüòàòû ðàáîòû ïðîãðàììû ïðåäñòàâëåíû íà Ðèñ. 2.

Ðèñ. 2. Ðåçóëüòàòû ðàáîòû ïðîãðàììû.

Ðèñ. 3. Ðåàêöèÿ ïðîãðàììû íà íåêîððåêòíûé ïîëüçîâàòåëüñêèé ââîä.

Íà Ðèñ. 3 ïðåäñòàâëåíà ðåàêöèÿ ïðîãðàììû íà íåêîððåêòíûé ïîëüçîâàòåëüñêèé
ââîä.
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Çàêëþ÷åíèå

Â õîäå âûïîëíåíèÿ ëàáîðàòîðíîé ðàáîòû áûëà ïîñòðîåíà êîíòåêñòíî-ñâîáîäíàÿ
ãðàììàòèêà äëÿ ïîäìíîæåñòâà íåìåöêîãî ÿçûêà, îïèñûâàþùàÿ ïðîñòîå ïðîøåäøåå
âðåìÿ Ïðåòåðèò. Íà îñíîâå ðàçðàáîòàííîé ãðàììàòèêè áûëà ðåàëèçîâàíà ïðîãðàììà,
êîòîðàÿ ïðîâåðÿåò ïðèíàäëåæíîñòü âõîäíîé ñòðîêè çàäàííîìó ÿçûêó è ãåíåðèðóåò
ñëó÷àéíûå êîððåêòíûå ïðåäëîæåíèÿ. Äëÿ àíàëèçà ïðåäëîæåíèé èñïîëüçîâàëñÿ àë-
ãîðèòì LL(1)-ðàçáîðà, îñíîâàííûé íà ïîñòðîåíèè ìíîæåñòâ FIRST è FOLLOW äëÿ
âñåõ íåòåðìèíàëîâ ãðàììàòèêè è ñîçäàíèè òàáëèöû ñèíòàêñè÷åñêîãî àíàëèçà.

Èç äîñòîèíñòâ âûïîëíåíèÿ ëàáîðàòîðíîé ðàáîòû ìîæíî âûäåëèòü âîçìîæíîñòü
çàäàíèÿ ãðàììàòèêè â îòäåëüíîì òåêñòîâîì ôàéëå, ÷òî ïîçâîëÿåò ëåãêî èçìåíÿòü è
ðàñøèðÿòü å¼ áåç ìîäèôèêàöèè ïðîãðàììíîãî êîäà. Òàêæå ïðîãðàììà àâòîìàòè÷å-
ñêè ïðîâåðÿåò, ÷òî ââåäåííàÿ ãðàììàòèêà ÿâëÿåòñÿ LL(1)-ãðàììàòèêîé. Â ïðîòèâíîì
ñëó÷àå, ïðîãðàììà âûâîäèò ñîîáùåíèå îá îøèáêå, â óêàçûâàåòñÿ íà êîíêðåòíûå ïðà-
âèëà ãðàììàòèêè, ìåæäó âûáîðîì êîòîðûõ âîçíèêàåò íåîäíîçíà÷íîñòü.

Ê íåäîñòàòêàì òåêóùåé ðåàëèçàöèè ìîæíî îòíåñòè îãðàíè÷åííîñòü ñëîâàðíî-
ãî çàïàñà, ÷òî ñóæàåò ðàçíîîáðàçèå ãåíåðèðóåìûõ ïðåäëîæåíèé. Òàêæå àëãîðèòì
ãåíåðàöèè íå êîíòðîëèðóåò äëèíó ïðåäëîæåíèé, ÷òî ìîæåò ïðèâîäèòü ê èçáûòî÷-
íî äëèííûì èëè êîðîòêèì êîíñòðóêöèÿì. Â òåêóùåé âåðñèè ñèñòåìà íå ó÷èòûâàåò
íåêîòîðûå ãðàììàòè÷åñêèå îñîáåííîñòè íåìåöêîãî ÿçûêà, íàïðèìåð, ñêëîíåíèå ïðè-
ëàãàòåëüíûõ è ñîãëàñîâàíèå àðòèêëåé ñ ðîäîì ñóùåñòâèòåëüíûõ.

Ôóíêöèîíàë ïðîãðàììû íåñëîæíî ìàñøòàáèðîâàòü. Ãðàììàòèêó ëåãêî ðàñøè-
ðÿòü, äîáàâëÿÿ íîâûå ñëîâà è ïðàâèëà â òåêñòîâûé ôàéë áåç íåîáõîäèìîñòè èçìå-
íåíèÿ ïðîãðàììíîãî êîäà. Êëàññ Grammar ìîæåò ñëóæèòü õîðîøåé îñíîâîé äëÿ
ñîçäàíèÿ ïîëíîöåííîãî LL(k) àíàëèçàòîðà.

Íà âûïîëíåíèå ëàáîðàòîðíîé ðàáîòû óøëî îêîëî 12 ÷àñîâ. Ðàáîòà áûëà âûïîë-
íåíà â ñðåäå ðàçðàáîòêè Visual Studio Code. Ïðîãðàììà íàïèñàíà íà Python âåðñèè
3.13.
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