
1 Ñåìèíèðñêîå çàíÿòèå. Ôîðìàëüíûå ãðàììàòèêè. ×àñòü 2.

Çàäà÷à 1. Ïîñòðîéòå äåòåðìèíèðîâàííûé ìàãàçèííûé àâòîìàò, êîòîðûé ðàñïîçíàåò êîíòåêñòíî-

ñâîáîäíûé ÿçûê, îïèñàííûé ãðàììàòèêîé ñ ìíîæåñòâîì ïðàâèë

S → aB|bA A→ aS|bAA|a B → bS|aBB|b,

Çàäà÷à 2. Ïðèìåíèòå àëãîðèòì Êîêà-Êàñàìè-ßíãåðà äëÿ ïðîâåðêè ïðèíàäëåæíîñòè ñëî-

âà ÿçûêó ïîðîæäåííîìó ÊÑ-ãðàììàòèêîé ñî ñëåäóþùèìè ïðàâèëàìè:

1. w = aab, Γ = {S → AB, A→ a, B → AB|b}.

2. w = abababa, Γ = {S → ST |a, T → BS, B → b}.

Çàäà÷à 3. Âûÿñíèòå, ïðèâåäÿ ãðàììàòèêó ê íîðìàëüíîé ôîðìå Õîìñêîãî è ïðèìåíÿÿ

àëãîðèòì Êîêà-Êàñàìè-ßíãåðà, êàêèå èç ïðèâåäåííûõ íèæå ñëîâ

1. aabaab,

2. aaaaba,

3. aabbaa,

4. abaaba

ïðèíàäëåæàò ÿçûêó, êîòîðûé ïîðîæäàåòñÿ ñëåäóþùåé ÊÑ-ãðàììàòèêîé

S → ABS|AB A→ aA|a B → bA .

Çàäà÷à 4. Äîêàæèòå, ÷òî ÊÑ-ãðàììàòèêà ñ ìíîæåñòâîì ïðàâèë S → bS|Sa|aSb|ε ïîðîæ-
äàåò ðåãóëÿðíûé ÿçûê.

Çàäà÷à 5. Êàêèå èç ïðèâåäåííûõ íèæå ÿçûêîâ ÿâëÿþòñÿ à) ðåãóëÿðíûìè, á) êîíòåêñòíî-

ñâîáîäíûìè, ñ) ðåêóðñèâíûìè.

1. {w : w ∈ {a, b, c}∗, w èìååò îäèíàêîâîå ÷èñëî âõîæäåíèé êàæäîé áóêâû};

2. {anbm : n 6= m};

3. {an : n = 2m,m ≥ 0};

4. {w : w − äâîè÷íîå ïðåäñòàâëåíèå ÷èñëà 2m,m ≥ 0};

5. {anbmck : (n,m, k ≥ 1) ∧ (2n = 3k ∨ 5k = 7m)};

6. {anbmck : (n,m, k ≥ 1) ∧ 2n = 3k ∧ 5k = 7m};

7. {anbmck : n,m, k ≥ 1, n + k = m};

8. {anbmck : n ≥ m ≥ k ≥ 0};
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9. {anbmckd` : n,m, k.` ≥ 1, n = m, k = `};

10. {anbmckd` : n,m, k.` ≥ 1m,n = k,m = `};

11. {anbmckd` : n,m, k.` ≥ 1, n = `, k = m};

12. {anbmckd` : n,m, k.` ≥ 1, 2n = 3k, 5k = 7`};

13. {anbmckd` : n,m, k.` ≥ 1, 2n = 3`, 5k = 7m};

14. {anbm : n,m ≥ 0, 5n + 3m = 24};

15. {anbm : n,m ≥ 0, 5n− 3m = 24}.

Çàäà÷à 6. Äîêàæèòå, ÷òî åñëè R � ðåãóëÿðíûé ÿçûê, à C � ÊÑ-ÿçûê, òî C ∩ R � ÊÑ-

ÿçûê.

Çàäà÷à 7. Êàêèå èç ïðèâåäåííûõ íèæå óòâåðæäåíèé âåðíû äëÿ ëþáûõ R è C, à êàêèå �
íåò?

1. Åñëè R � ðåãóëÿðíûé ÿçûê, òî {ww : w ∈ R} � òàêæå ðåãóëÿðíûé ÿçûê.

2. Åñëè R � ðåãóëÿðíûé ÿçûê, òî {w : ww ∈ R} � òàêæå ðåãóëÿðíûé ÿçûê.

3. Åñëè C � ÊÑ-ÿçûê, òî {ww : w ∈ } � òàêæå ÊÑ-ÿçûê.

4. Åñëè C � ÊÑ-ÿçûê, òî {w : ww ∈ } � òàêæå ÊÑ-ÿçûê.
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Çàäà÷à 2. Ïðèìåíèòå àëãîðèòì Êîêà-Êàñàìè-ßíãåðà äëÿ ïðîâåðêè ïðèíàäëåæíîñòè ñëî-

âà ÿçûêó, ïîðîæäåííîìó ÊÑ-ãðàììàòèêîé ñî ñëåäóþùèìè ïðàâèëàìè: w = abababa, Γ =
{S → ST |a, T → BS, B → b}.

Ðåøåíèå. Òàáëèöà, êîòîðóþ ïîñòðîèò àëãîðèòì Êîêà-Êàñàìè-ßíãåðà, èìååò âèä

S ∅ S ∅ S ∅ S
B T ∅ T ∅ T

S ∅ S ∅ S
B T ∅ T

S ∅ S
B T

S

Çàäà÷à 4.

2. Êîíòåêñòíî-ñâîáîäíûé, íåðåãóëÿðíûé:

• {anbm : n 6= m} = {akambm : k ≥ 1,m ≥ 0} ∪ {anbnbk : k ≥ 1, n ≥ 0}, è îáà ÿçûêà

èç îáúåäèíåíèÿ, î÷åâèäíî, êîíòåêñòíî-ñâîáîäíûå;

• åñëè áû ÿçûê {anbm : n 6= m} áûë áû ðåãóëÿðíûì, òî ðåãóëÿðíûì áûë áû è ÿçûê

{anbn : n ≥ 0} = a∗b∗ \ {anbm : n 6= m}.

4. Ðåãóëÿðíûé.

6. Ðåêóðñèâíûé, íî íå êîíòåêñòíî-ñâîáîäíûé.

• Ðåêóðñèâíîñòü î÷åâèäíà.

• {anbmck : (n,m, k ≥ 1) ∧ 2n = 3k ∧ 5k = 7m} = {a21`b10`c14` : ` ≥ 0}; êàê ñëåäóåò

èç òåîðåìû î ðàçðàñòàíèè ýòîò ÿçûê íå ÿâëÿåòñÿ êîíòåêñòíî-ñâîáîäíûì.

8. Åñëè áû ýòîò ÿçûê áûë êîíòåêñòíî-ñâîáîäíûì, òî ñîãëàñíî òåîðåìå î ðàçðàñòàíèè äëÿ

äîñòàòî÷íî áîëüøèõ n ýòîé òåîðåìå äîëæíû áûëè áû óäîâëåòâîðÿòü ñëîâà anbncn. Îä-
íàêî åñëè ïîäñëîâî uyv, ãäå |uv| = i > 0, óêàçàííîå â òåîðåìå î ðàçðàñòàíèè, öåëèêîì
ñîäåðæèòñÿ â ïðåôèêñå an èëè bn, òî è ñëîâà an−ibncn è anbn−icn òàêæå äîëæíû áûëè

áû ïðèíàäëåæàòü óêàçàííîìó ÿçûêó (÷òî, î÷åâèäíî, íåâåðíî), à åñëè ïîäñëîâî uyv,
öåëèêîì ñîäåðæèòñÿ â ñóôôèêñå cn, òî è ñëîâî anbncn−i òàêæå äîëæíî áûëî áû ïðè-

íàäëåæàòü óêàçàííîìó ÿçûêó (÷òî, î÷åâèäíî, òàêæå íåâåðíî). Àíàëîãè÷íûé ýôôåêò

èìååò ìåñòî è â òåõ ñëó÷àÿõ, êîãäà ïîäñëîâî uyv ðàñïîëàãàåòñÿ íà ãðàíèöå ìåæäó

ïîäñëîâàìè an è bn èëè íà ãðàíèöå ìåæäó ïîäñëîâàìè bn è cn.

10. Ðåêóðñèâíûé, íî íå êîíòåêñòíî-ñâîáîäíûé.

12. Ðåêóðñèâíûé, íî íå êîíòåêñòíî-ñâîáîäíûé.

14. Ðåãóëÿðíûé.
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