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Ãëàâà 1

ÇÀÄÀ×È

1. Êðàéíè Àâòîìàòè

1.1. Êðàéíè äåòåðìèíèðàíè àâòîìàòè.

Çàäà÷à 1.1. Äîêàæåòå, ÷å åçèêúò L å àâòîìàòåí, êúäåòî

(1) L = {anb|n ≥ 0};
(2) L = {anb|n ≥ 1};
(3) L = {anbm|n,m ≥ 0};
(4) L = {anbm|n,m ≥ 1};
(5) L = {anbmck|n,m, k ≥ 0};
(6) L = {w ∈ {0, 1}∗|w çàïî÷âà ñ 01};
(7) L = {w ∈ {0, 1}∗|w çàâúðøâà ñ 01};
(8) L = {w ∈ {0, 1}∗|w ñúäúðæà 101};
(9) L = {w ∈ {0, 1}∗|w ñúäúðæà òî÷íî åäíà 0};
(10) L = {w ∈ {0, 1}∗|lh(w) ≡ 0(mod3)};
(11) L = {w ∈ {0, 1}∗|N0(w) ≡ 0(mod3)};
(12) L = {w ∈ {0, 1}∗|N0(w) ≡ 0(mod3)&N1(w) ≡ 1(mod2)};
(13) L = {w ∈ {0, 1}∗|w çàïî÷âà è çàâúðøâà ñ åäíà è ñúùà áóêâà};
(14) L = {w ∈ {0, 1}∗|w ñúäúðæà ïîíå äâå 0−ëè, ðàçäåëåíè îò íåïðàçíà äóìà

ñ äúëæèíà êðàòíà íà 4};
(15) L = {w ∈ {0, 1}∗|âñåêè ïúò, êîãàòî â w ñå ïîÿâè 0, òî òÿ å

ïîñëåäâàíà îò ïîíå äâå 1};
(16) L = {w ∈ {0, 1}∗|w ñúäúðæà íàé-ìíîãî åäíà ïîääóìà 00};
(17) L = {w ∈ {0, 1}∗|â w âñÿêà äâîéêà îò ñúñåäíî íóëè ñå ñðåùà ïðåäè

âñÿêà äâîéêà îò ñúñåäíè åäèíèöè};
(18) L = {w ∈ {a, b, c}∗‖w íå ñúäúðæà ïîñëåäîâàòåëíè b èëè c};
(19) L = {w ∈ {0, 1}∗|w å ÷èñëî â äâîè÷íà áðîéíà ñèñòåìà è w ≡ 1(mod3)};
(20) L = {w ∈ {a, b}∗|w ñúäúðæà êàòî ïîääóìà bb};
(21) L = {w ∈ {0, 1}∗|w ñúäúðæà íå÷åòåí áðîé 1};
(22) L = {w ∈ {0, 1}∗|w ñúäúðæà íå÷åòåí áðîé 1 è ÷åòåí áðîé 0}.

1.2. Òîòàëíè àâòîìàòè. Äîïúëíåíèå íà àâòîìàòåí åçèê.

Çàäà÷à 1.2. Íàìåðåòå êðàåí äåòåðìèíèðàí òîòàëåí àâòîìàò, åêâè-
âàëåíòåí íà àâòîìàòà:

(α)

δ a b c
→ s p s −
p r − p
∗q q r −
∗r r − −

(β)

δ a b c
→ s r − s
∗p p s −
∗q p q −
r − r −

(γ)

δ a b c
→ s s p −
∗p q − p
q − s r
∗r − r r

(δ)

δ a b c
→ s s − q
p p q p
∗q s − r
∗r − p r
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(ε)

δ a b c
→ s s p −
∗p − q p
∗q s − r
r − r r

(στ)

δ a b c
→ s q s s
∗p r p −
q − − p
r s q −

(ζ)

δ a b c
→ s s − r
∗p − r p
q s − r
∗r q p −

(η)

δ a b c
→ s p q −
p p − p
∗q s − r
∗r − p −

(θ)

δ a b c
→ s s − p
∗p q − p
q − s r
∗r − r −

(ι)

δ a b c
→ s s − q
p p q p
∗q s − r
∗r − p r

(ια)

δ a b c
→ s p q −
p − p q
∗q q − −

Çàäà÷à 1.3. Íàìåðåòå ÊÄÀ A1 ñúñ ñâîéñòâîòî L(A1) = {a, b}∗ \L(A),
êúäåòî A å àâòîìàòà:

(α)

δ a b
→∗ s p r
∗p r p
∗q s q
∗t r q

(β)

δ a b
→ s s p
∗p t q
∗q t p
t s p

(γ)

δ a b
→ s p q
∗p q s
q p q
∗t q t

(δ)

δ a b
→ s p q
∗p t s
∗q q t
∗t q p

(ε)

δ a b
→ s t p
∗p q t
∗q s t
t t s

(στ)

δ a b
→ s p q
p q t
∗q t q
∗t q s

(ζ)

δ a b
→∗ s s q
p t s
q q t
∗t q p

(η)

δ a b
→ s s q
∗p q s
q t p
∗t q t

(θ)

δ a b
→ s p q
∗p t s
∗q q t
∗t q p

(ι)

δ a b
→ s p q
∗p q s
q p q
∗t q t

(ια)

δ a b
→∗ s t p
p q s
q p t
∗t q s

1.3. Íåäåòåðìèíèðàíè êðàéíè àâòîìàòè. Äåòåðìèíèçàöèÿ.

Çàäà÷à 1.4. Íàìåðåòå êðàåí äåòåðìèíèðàí àâòîìàò AD, åêâèâà-
ëåíòåí íà àâòîìàòà:

(α)

∆ a b
→ s {s} {s, p}
p {q} ∅
q {r} {r}
∗r {r} {r}

(β)

∆ a b
→ s {s, p} {s, p}
p {q} ∅
q {r} ∅
∗r {r} {r}

(γ)

∆ a b
→ s {s, q} {s, p}
p ∅ {q}
q ∅ {r}
∗r ∅ {r}

(δ)

∆ a b
→ s {s, p} {s, q}
p {q} ∅
q {r} ∅
∗r {r} ∅

(ε)

∆ a b
→ s {s} {p, q}
p {s} {r}
q {r} {s}
∗r {r} ∅

(στ)

∆ a b
→ s {p, q} {s}
p {r} {s}
q {s} {r}
∗r ∅ {r}
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(ζ)

∆ a b c
→ p ∅ {p} {q, r}
∗q {q, r, s} ∅ {s}
r {p, s} {q} ∅
∗s {r} ∅ ∅

(η)

∆ a b c
→ p {p, r} {q} {q, s}
∗q ∅ ∅ {q}
∗r {p, s} {r, q} ∅
s {r} ∅ {p, r}

1.4. Îïåðàöèè âúðõó àâòîìàòíè åçèöè.

Çàäà÷à 1.5. Íàìåðåòå íåäåòåðìèíèðàí àâòîìàò C ñ L(C) = L(A)∪
L(B), êúäåòî àâòîìàòèòå A è B ñà:

(α) A :

∆ a b
→ t {s, p} {p}
s {s, p} {p}
p {p, r} {s}
∗r {r} {s, p, r}

B :

∆ a b
→∗ v {q} {q, u}
∗q {q} {q, u}
∗u {q} {u}

(β) A :

∆ a b
→∗ t {s, r} {p}
∗s {s, r} {p}
p ∅ {r}
∗r {s, p, r} {s}

B :

∆ a b
→∗ v {q, u} {u}
q {q, u} {u}
u {u} {q, u}

(γ) A :

∆ a b
→ t {s, r} {p}
∗s {s, r} {p}
p ∅ {r}
∗r {s, p, r} {s}

B :

∆ a b
→∗ v {q, u} {u}
∗q {q, u} {q}
u {u} {q, u}

(δ) A :

∆ a b
→∗ v {s, r} {p, r}
∗s {r} {p}
p ∅ {r}
∗r {s, p} {s, r}

B :

∆ a b
→ w {q, u} {u}
∗q {q, u} {q}
u {q} {u}

(ε) A :

∆ a b
→∗ t {s, r} {p}
∗s {s, r} {p}
p ∅ {r}
∗r {s, p, r} {s}

B :

∆ a b
→∗ v {q, u} {u}
∗q {u} {q}
u ∅ {q, u}

(στ) A :

∆ a b
→∗ v {s, r} {p, r}
s {r} {p, s}
p ∅ {r}
∗r {s, p} {s, r}

B :

∆ a b
→ w {q, u} {u}
q {q} {q}
∗u {q, u} {u}

(ζ) A :

δ a b
→ s r p
p r p
q r −
∗r − p

B :

δ a b
→∗ 0 1 2
∗1 1 2
2 1 1
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(η) A :

δ a b
→ s − r
p − r
q r −
∗r p q

B :

δ a b
→∗ 0 2 1
∗1 2 1
2 1 1

Çàäà÷à 1.6. Íàìåðåòå íåäåòåðìèíèðàí àâòîìàò C ñ L(C) = L(A)◦
L(B).

(α) A :

∆ a b
→ t {s, p} {s}
s {s, p} {s}
∗p {p} {p, r}
∗r {s, r} ∅

B :

∆ a b
→∗ v {u} ∅
∗q {u} ∅
u ∅ {q}

(β) A :

∆ a b
→ t {s} {s, r}
s {s} {s, r}
∗p {p} {s, p}
∗r {p, r} ∅

B :

∆ a b
→∗ v ∅ {u}
∗q ∅ {u}
u {u} ∅

(γ) A :

∆ a b
→∗ v {u} ∅
∗q {u} ∅
u ∅ {q}

B :

∆ a b
→∗ t {p} {s, p}
s {s, p} {s}
∗p {p} {p, r}
∗r {s, r} ∅

(δ) A :

∆ a b
→ t {s, p} {s}
s {s, p} {s}
∗p {p, r} {p}
∗r {s, r} {s, p}

B :

∆ a b
→∗ v {u} ∅
q {u} ∅
∗u ∅ {q}

(ε) A :

∆ a b
→∗ v {u} ∅
∗q {u} {u, q}
u ∅ {q}

B :

∆ a b
→ t {p} {s, p}
s {s} {s, r}
∗p {p} {p, r}
∗r {s, r} ∅

(στ) A :

∆ a b
→ t {s, p} {s}
s {s} {s, p}
∗p {p, r} {r}
∗r {s, r} {s, p}

B :

∆ a b
→∗ v {u} ∅
q {u} {q, u}
∗u ∅ {q}

(ζ) A :

δ a b
→ s − r
p − r
q r −
∗r p q

B :

δ a b
→∗ 0 2 1
∗1 2 1
2 1 1
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(η) A :

δ a b
→ s r p
p r p
q r −
∗r − p

B :

δ a b
→∗ 0 1 2
∗1 1 2
2 1 1

Çàäà÷à 1.7. Íàìåðåòå íåäåòåðìèíèðàí àâòîìàò C ñ L(C) = L∗(A),
êúäåòî A e àâòîìàòúò

(α)

∆ 0 1
→∗ t {s} {s, p}
∗s {s} {s, p}
∗p {r} ∅
r ∅ {s, r}

(β)

∆ 0 1
→∗ t {s, p} {s}
∗s {s, p} {s}
p {p} {s, r}
∗r {s, p} ∅

(γ)

∆ 0 1
→ t {p} {s}
∗s {s, p} {s, r}
p {p} {r}
∗r ∅ {s, p}

(δ)

∆ 0 1
→ t {s} {s, p}
∗s {s, r} {s, p}
p {s} {p, r}
∗r {s, p} ∅

(ε)

∆ 0 1
→ t {p, r} {s, p}
∗s {s, p} {s, r}
p {p} {r}
∗r {s} {p}

(στ)

∆ 0 1
→ t {s, r} {s, p}
∗s {s} {s, p}
p {p} {p, r}
∗r {s, p} ∅

(ζ)

δ a b
→ s r p
p r p
q r −
∗r − p

(η)

δ a b
→ s − r
p − r
q r −
∗r p q

(θ)

δ a b c
→ p ∅ {p} {q, r}
∗q {q, r, s} ∅ {s}
r {p, s} {q} ∅
∗s {r} ∅ ∅

Çàäà÷à 1.8. Íàìåðåòå êðàåí äåòåðìèíèðàí àâòîìàò C, çà êîéòî
L(C) = L(A) ∩ L(B), êúäåòî àâòîìàòèòå A è B ñà:

(α) A :

δ a b
→ p p q
q − r
∗r p −

B :
δ a b
→∗ q q r
r q q

(β) A :

δ a b
→ p q p
∗q r −
r − p

B :
δ a b
→ q q r
∗r q q

(γ) A :

δ a b
→ p r p
q r −
∗r − p

B :
δ a b
→∗ q q r
r q q

(δ) A :

δ a b
→ p r −
q − r
∗r q p

B :
δ a b
→∗ q q r
r q q

(ε) A :

δ a b
→∗ p p r
q r −
∗r − p

B :
δ a b
→∗ q q r
r q q

(στ) A :

δ a b
→∗ p r −
q q r
∗r − p

B :
δ a b
→∗ q q r
r q q

(ζ) A :

δ a b
→ s − r
p − r
q r −
∗r p q

B :

δ a b
→∗ 0 2 1
∗1 2 1
2 1 1

(η) A :

δ a b
→ s r p
p r p
q r −
∗r − p

B :

δ a b
→∗ 0 1 2
∗1 1 2
2 1 1
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1.5. Ìèíèìèçàöèÿ.

Çàäà÷à 1.9. Èçïîëçâàéòå îáù àëãîðèòúì, çà äà ìèíèìèçèðàòå àâòî-
ìàòà:

(α)

δ 0 1
→ s p q
p s r
∗q t p
∗r t s
t r s

(β)

δ 0 1
→ s p q
p s r
∗q t p
∗r t s
∗t r s

(γ)

δ 0 1
→ s r q
∗p w s
q p s
∗r w q
∗t p w
w q r

(δ)

δ 0 1
→ s r q
∗p t s
q t s
∗r w q
∗t w s
w q p

(ε)

δ 0 1
→ s s p
p t s
q s r
r u q
∗t u p
∗u t r

(στ)

δ 0 1
→ s p s
p s t
q r s
r q u
∗t p u
∗u r t

(ζ)

δ 0 1
→ s p s
p s t
q r s
r q u
∗t p u
∗u r t

(η)

δ 0 1
→ s s p
p t s
q s r
r u q
∗t u p
∗u t r

(θ)

δ 0 1
→ s p s
p q r
q p t
∗r t s
∗t r s

(ι)

δ a b
→ p u t
q p r
r p u
∗s r t
∗t u t
u p q

2. Êîíòåêñòíî Ñâîáîäíè Ãðàìàòèêè

2.1. Çàòâîðåíîñò îòíîñíî ðåãóëÿðíè îïåðàöèè.

Çàäà÷à 2.1. Èçïîëçâàéòå îáùà êîíñòðóêöèÿ, çà äà ïîñòðîèòå ê.ñâ.ã.
G ñ åçèê L(G) = L(G1) ∪ L(G2), êúäåòî:

(1) G1 = 〈{a, b}, {S1}, S1, {S1 → ε|aS1S1b}〉,
G2 = 〈{a, b}, {S2, T2}, S2, {S2 → aT2T2|aS2b, T2 → ε|bS2b}〉;

(2) G1 = 〈{a, b}, {S1}, S1, {S1 → ε|bbS1|aS1b}〉,
G2 = 〈{a, b}, {S2, T2}, S2, {S2 → T2bS2|aS2b, T2 → ε|aS2a}〉;

(3) G1 = 〈{a, b}, {S1}, S1, {S1 → ε|aS1S1b}〉,
G2 = 〈{a, b}, {S2, T2}, S2, {S2 → T2bS2|aS2b, T2 → ε|aS2a}〉;

(4) G1 = 〈{a, b}, {S1}, S1, {S1 → ε|bbS1|aS1b}〉,
G2 = 〈{a, b}, {S2, T2}, S2, {S2 → aT2T2|aS2b, T2 → ε|bS2b}〉;

(5) G1 = 〈{S1}, {a, b}, S1, {S1 → ε|S1aS1b}〉,
G2 = 〈{S2, T2}, {a, b}, S2, {S2 → aT2bS2|aS2b, T2 → ε|aT2a}〉;

(6) G1 = 〈{S1}, {a, b}, S1, {S1 → ε|bbS1aa|aS1b}〉,
G2 = 〈{S2, T2}, {a, b}, S2, {S2 → aT2bT2|aS2b, T2 → ε|T2bS2b}〉;

(7) G1 = 〈{a, b}, {S1}, S1, {S1 → ε|aS1S1b|S1ab}〉,
G2 = 〈{a, b}, {S2, T2}, S2, {S2 → aT2T2|aS2bb, T2 → ε|bS2b}〉;

(8) G1 = 〈{a, b}, {S1}, S1, {S1 → ε|bS1b|aS1S1b}〉,
G2 = 〈{a, b}, {S2, T2}, S2, {S2 → T2bS2|aS2b|ab, T2 → ε|aS2a}〉;
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(9) G1 = 〈{S1}, {a, b}, S1, {S1 → ε|aaS1baS1ab}〉,
G2 = 〈{S2, T2}, {a, b}, S2, {S2 → aaT2bbbS2ab|bS2a, T2 → ε|bT2b}〉;

(10) G1 = 〈{S1}, {a, b, c}, S1, {S1 → ε|bS1acb|aaS1b}〉,
G2 = 〈{S2, T2}, {a, b, c}, S2, {S2 → bT2T2a|bS2ac, T2 → ε|bS2T2b}〉;

(11) G1 = 〈{a, b}, {A,B, S}, A, {A→ ε|BbS, S → BB|AaS,B → a|aBb}〉
G2 = 〈{a, b}, {C,D, S}, C, {C → ab|aCD,D → SSb, S → CSD|bb}〉

Çàäà÷à 2.2. Èçïîëçâàéòå îáùà êîíñòðóêöèÿ, çà äà ïîñòðîèòå ê.ñâ.ã.
G ñ åçèê L(G) = L(G1) ◦ L(G2), êúäåòî:

(1) G1 = 〈{a, b}, {S1, T1}, S1, {S1 → T1aS1, T1 → T1bS1|aT1b|a|ε}〉,
G2 = 〈{a, b}, {S2}, S2, {S2 → a|aS2b|bbS2a|S2aS2}〉;

(2) G1 = 〈{a, b}, {S1, T1}, S1, {S1 → T1bS1b, T1 → T1S1|bS1aa|a|ε}〉,
G2 = 〈{a, b}, {S2}, S2, {S2 → a|aS2b|S2aS2bS2}〉;

(3) G1 = 〈{a, b}, {S1, T1}, S1, {S1 → T1aS1, T1 → T1bS1|aT1b|a|ε}〉,
G2 = 〈{a, b}, {S2}, S2, {S2 → a|aS2b|S2aS2bS2}〉;

(4) G1 = 〈{a, b}, {S1, T1}, S1, {S1 → T1bS1b, T1 → T1S1|bS1aa|a|ε}〉,
G2 = 〈{a, b}, {S2}, S2, {S2 → a|aS2b|bbS2a|S2aS2}〉;

(5) G1 = 〈{S1, T1}, {a, b}, S1, {S1 → T1aS1, T1 → bS1T1|aT1b|a|ε}〉
G2 = 〈{S2}, {a, b}, S2, {S2 → a|aS2b|S2aS2b}〉;

(6) G1 = 〈{S1, T1}, {a, b}, S1, {S1 → T1bS1b, T1 → T1S1|bS1aT1a|a|ε}〉,
G2 = 〈{S2}, {a, b}, S2, {S2 → a|aS2b|bS2ab|S2aS2S2}〉;

(7) G1 = 〈{a, b}, {S1, T1}, S1, {S1 → T1aS1|ε, T1 → bT1S1|aT1b|a|ε}〉,
G2 = 〈{a, b}, {S2}, S2, {S2 → a|aS2b|bS2a|S2aaS2}〉;

(8) G1 = 〈{a, b}, {S1, T1}, S1, {S1 → T1b|S1T1, T1 → T1S1|bS1aa|a|ε}〉,
G2 = 〈{a, b}, {S2}, S2, {S2 → a|aS2b|S2aS2bS2}〉;

(9) G1 = 〈{S1}, {a, b, c}, S1, {S1 → ε|bS1cab|aaS1b}〉,
G2 = 〈{S2, T2}, {a, b, c}, S2, {S2 → cbT2T2a|bS2aa, T2 → ε|bS2T2b}〉;

(10) G1 = 〈{S1}, {a, b}, S1, {S1 → ε|aaS1bbS1ab}〉,
G2 = 〈{S2, T2}, {a, b}, S2, {S2 → aaT2bbbS2ab|bS2a, T2 → ε|bT2b}〉;

(11) G1 = 〈{a, b}, {A,B, S}, B, {B → AB|SbS, S → AA|aSa|a,A→ a|aBSb}〉,
G2 = 〈{a, b}, {C,D, S}, S, {S → ab|aCD,D → CbC,C → DD|ba}〉;

Çàäà÷à 2.3. Èçïîëçâàéòå îáùà êîíñòðóêöèÿ, çà äà ïîñòðîèòå ê.ñâ.ã.
G ñ åçèê L(G) = (L(G1))

∗, êúäåòî:

(1) G1 = 〈{a, b}, {S1}, S1, {S1 → b|aS1b|S1S1}〉;
(2) G1 = 〈{a, b}, {S1}, S1, {S1 → b|S1S1|S1aS1aS1}〉;
(3) G1 = 〈{a, b}, {S1}, S1, {S1 → b|aaS1|S1S1}〉;
(4) G1 = 〈{a, b}, {S1}, S1, {S1 → a|S1S1|aS1bS1a}〉;
(5) G1 = 〈{S1}, {a, b}, S1, {S1 → b|aS1a|S1bbS1}〉;
(6) G1 = 〈{S1}, {a, b}, S1, {S1 → a|S1bS1|aS1bS1a}〉;
(7) G1 = 〈{a, b}, {S1}, S1, {S1 → b|aS1b|S1abS1}〉;
(8) G1 = 〈{a, b}, {S1}, S1, {S1 → ba|S1bbS1|S1aS1aS1}〉;
(9) G1 = 〈{S1}, {a, b}, S1, {S1 → bb|aS1S1S1|bS1S1}〉;
(10) G1 = 〈{S1}, {a, b}, S1, {S1 → aba|S1S1b|aS1S1S1}〉;
(11) G1 = 〈{a, b}, {A,B, S}, A, {B → AB|bSSb|ε, S → AaA|aBb|a,A →

b|aBSb}〉;
2.2. Ðåãóëÿðíèòå åçèöè êàòî ÊÑÅ.

Çàäà÷à 2.4. Èçïîëçâàéòå îáùà êîíñòðóêöèÿ, çà äà ïîñòðîèòå ê.ñâ.ã.
G ñ åçèê L(G) = L(A), êúäåòî A å àâòîìàòúò:
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(α)

δ a b
→∗ s p q
p p r
∗q q s
r q r

(β)

δ a b
→ s r s
∗p p q
q q s
∗r s q

(γ)

δ a b
→∗ s r s
p s r
∗q s q
r q s

(δ)

δ a b
→ s q s
∗p s r
q s p
∗r r q

(ε)

δ a b
→∗ s r s
p s q
∗q r q
r q s

(στ)

δ a b
→ s q s
∗p r s
q q p
∗r s q

(ζ)

δ a b
→∗ s p q
p p s
q r p
∗r q r

(η)

δ a b
→ s q s
p r q
∗q q p
∗r p s

(θ)

δ a b
→∗ 0 1 0

1 3 0
∗2 0 3
∗3 1 2

(ι)

δ a b
→ 0 1 0
∗1 1 2
∗2 3 0
∗3 0 1

(ια)

δ a b
→∗ s {p, q} ∅
→ p {r, s} {p}
q {s, q} {p, s}
∗r {r, s} {r, p}

2.3. Íîðìàëíà ôîðìà íà ×îìñêè.

Çàäà÷à 2.5. Èçïîëçâàéòå îáùà êîíñòðóêöèÿ, çà äà íàìåðèòå âñè÷êè
íåòåðìèíàëè, îò êîèòî â Γ ñå èçâåæäà ïðàçíàòà äóìà. Ïðèíàäëåæè ëè
ïðàçíàòà äóìà íà åçèêà íà Γ? Îáîñíîâåòå ñå.

(1) Γ = 〈{S,A,B,C,D,E}, {a, b}, S, {S → D,D → AD|b, A→ ACB|BC|a,B →
ABCA|CEC,C → ε|CA|a,E → ε|aEb}〉;

(2) Γ = 〈{S,A,B,C,D,E}, {a, b}, S, {S → aD,D → ε|ABBA|ADD,A→
DEB|a,B → DDD|DC|b, C → CCE|a,E → ε|bEa}〉;

(3) Γ = 〈{S,A,B,C,D,E}, {a, b}, S, {S → D,D → AD|b, A→ AB|BC|a,B →
AB|CC,C → ε|CA|a,E → a|EB}〉;

(4) Γ = 〈{S,A,B,C,D,E}, {a, b}, S, {S → AD|a,D → ε|BB|AD,A →
DB|a,B → DD|DC|b, C → CE|a,E → AB|b|EA}〉;

(5) Γ = 〈{a, b}, {S,A,B,C}, S, {S → AS|SB|SS,B → CA|b, C → AA|a|BA,A→
ε|BS}〉;

(6) Γ = 〈{a, b}, {S,A,B,C}, S, {S → AB|AC,B → ε|BC|b, A→ BB|CC|a, C →
CS|a}〉;

(7) Γ = 〈{S,A,B,C,D,E}, {a, b}, S, {S → DD,D → AD|b, A→ BC|a,B →
AB|CC,C → ε|AC|a,E → a|EB}〉;

(8) Γ = 〈{S,A,B,C,D,E}, {a, b}, S, {S → DA|a,D → ε|BD|AB,A →
DD|a,B → CC|DC|b, C → EC|a,E → BA|b|AE}〉;

Çàäà÷à 2.6. Íåêà ìíîæåñòâîòî îò òåðìèíàëè â Γ, êîåòî èçâåæäà
ïðàçíàòà äóìà å E. Èçïîëçâàéòå îáùà êîíñòðóêöèÿ, çà äà íàìåðèòå ãðà-
ìàòèêà Γ1 áåç ε-ïðàâèëà, çà êîÿòî L(Γ1) = L(Γ) \ {ε}. Ïðèíàäëåæè ëè
ïðàçíàòà äóìà íà L(Γ)? Îáîñíîâåòå ñå!

(1) Γ = 〈{a, b}, {S,A,B,C}, S, {S → AS|SB|SS,B → AC|b, C → A|a|AB,A→
ε|BS}〉, E = {A,B,C};

(2) Γ = 〈{a, b}, {S,A,B,C}, S, {S → BA|CA,B → ε|BC|b, A→ BB|CC|a, C →
CS|a}〉, E = {A,B, S};

(3) Γ = 〈{a, b}, {S,A,B,C}, S, {S → AS|b, A→ AC|BC|a,B → BC|CC,C →
ε|CA|a}〉, E = {A,B,C};
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(4) Γ = 〈{a, b}, {S,A,B,C}, S, {S → ε|BA|AS,A→ SB|a,B → SS|SC|b, C →
CC|a}〉, E = {A,B, S};

(5) Γ = 〈{0, 1}, {S,A,B}, S, {S → SB|AS|SS,A→ ε|0|1, B → AA|SC,C →
AB|1}〉, E = {A,B,C};

Çàäà÷à 2.7. Èçïîëçâàéòå îáùà êîíñòðóêöèÿ, çà äà ïðåìàõíåòå "äúë-
ãèòå"ïðàâèëà (ò.å. ñ äúëæèíà ïîíå 2, êîèòî íå ñà â í.ô. íà ×îìñêè) îò G1

êàòî ïðè òîâà ïîëó÷èòå ê.ñâ. ãðàìàòèêà G ñ åçèê L(G) = L(G1), êúäåòî:

(1) G1 = 〈{S, T}, {a, b}, S, {S → ε|ab|aTba, T → aTTb}〉;
(2) G1 = 〈{S, T}, {a, b}, S, {S → ε|ab|baTb, T → TaTb}〉;
(3) Γ = 〈{a, b}, {A,B,C, S}, S, {A→ BSB|a,B → ba|BC,C → BaSA|a|b, S →

CC|b}〉;
(4) Γ = 〈{a, b}, {A,B,C, S}, S, {A→ BAS,B → CB,C → ab|ABbS, S →

CC|b}〉;
(5) G1 = 〈{S, T}, {a, b}, S, {S → ε|ab|aTba, T → TabTT |a}〉;
(6) G1 = 〈{S, T}, {a, b}, S, {S → ε|ab|bTba, T → aTaTb|b}〉;

Çàäà÷à 2.8. Èçïîëçâàéòå îáùà êîíñòðóêöèÿ, çà äà ïðåìàõíåòå ïðåè-
ìåíóâàùèòå ïðàâèëà îò ãðàìàòèêàòà Γ êàòî ïðè òîâà çàïàçèòå åçèêà.

(1) Γ = 〈{a, b}, {A,B,C, S}, S, {A → B|S,B → C|BC,C → AB|a|b, S →
B|CC|b}〉;

(2) Γ = 〈{a, b}, {A,B,C, S}, S, {A → B,B → S|C|BC,C → a|AB, S →
C|CC|b}〉;

(3) Γ = 〈{a, b}, {A,B,C, S}, S, {A→ B|CC|a,B → S|AB,C → SC|b, S →
A|CC|b}〉;

(4) Γ = 〈{a, b}, {A,B,C, S}, S, {A → BB|b, B → S|SS|b, C → B|a, S →
C|AB|a}〉;

(5) Γ = 〈{a, b}, {A,B, S, C,E}, A, {A→ BS|a, S → BB|A,B → b|CB|A,E →
B|S|AC,C → E|a|AS}〉;

Çàäà÷à 2.9. Ïîñòðîèòå ê. ñâ. ã. G â íîðìàëíà ôîðìà íà ×îìñêè ñ åçèê
L(G) = L(G1), êúäåòî:

(1) G1 = 〈{S, T}, {a, b}, S, {S → ε|ab|aTba, T → aTTb}〉;
(2) G1 = 〈{S, T}, {a, b}, S, {S → ε|ab|baTb, T → TaTb}〉;

2.4. CYK àëãîðèòúì.

Çàäà÷à 2.10. Èçïîëçâàéòå àëãîðèòúìà çà äèíàìè÷íî ïðîãðàìèðàíå
(CYK), çà äà ïðîâåðèòå äàëè äóìàòà α ïðèíàäëåæè íà åçèêà, îïðåäåëåí
îò ãðàìàòèêàòà Γ.

(1) Γ = 〈{a, b}, {S,A,B,C}, S, {S → a|AB|AC,C → SB|AS,A→ a,B →
b}〉, α = aaabb;

(2) Γ = 〈{a, b}, {S,A,B,C}, S, {S → BA|CA|a, C → BS|SA,A→ a,B →
b}〉, α = bbaaa;

(3) Γ = 〈{a, b}, {S,A,B,C}, S, {S → AB|BC,A→ BA|a,B → CC|b, C →
AB|a}〉, α = baaba;

(4) Γ = 〈{a, b}, {S,A,B,C}, S, {S → AB,A → AC|a|b, B → CB|a, C →
a}〉, α = babaa;

(5) Γ = 〈{S,A,B}, {a, b}, S, {S → BA|SS|b, A → SA|a,B → BS|b}〉,
bbbaa;
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(6) Γ = 〈{S,A,B}, {a, b}, S, {S → AB|SS|a,A → AS|a,B → SB|b}〉,
aaabb;

(7) Γ = 〈{a, b}, {S,A,B}, S, {S → AB|BS|b, A → SS|a,B → BA|b}〉,
α = babab;

(8) Γ = 〈{a, b}, {S,A,B}, S, {S → BA|AS|a,A → AB|a,B → SS|b}〉,
α = ababa;

(9) Γ = 〈{a, b}, {S,A,B}, S, {S → AB|a,A → BA|SS|a,B → SS|b}〉,
α = aabba;

(10) Γ = 〈{a, b}, {A,B, S}, A, {A→ BS|a,B → AS|BB|b, S → BS|AB|a}〉,
α = abbab

2.5. Ñòåêîâè àâòîìàòè.

Çàäà÷à 2.11. Èçïîëçâàéòå îáùà êîíñòðóêöèÿ, çà äà ïîñòðîèòå ñòå-
êîâ àâòîìàò A, êîéòî ðàçïîçíàâà ñ ïðàçåí ñòåê è òàêúâ, ÷å L(A) = L(Γ),
êúäåòî:

(1) Γ = 〈{S,A,B,C,D,E}, {a, b}, S,
{S → aD,D → ab|ABBA|ADD,A→ DEB|a,B → DDD|DC|b, C →
CCE|a,E → ba|bEa}〉;

(2) Γ = 〈{S,A,B,C,D,E}, {a, b}, S,
{S → D,D → AD|b, A → ACB|BC|a,B → ABCA|CEC,C →
ε|CA|a,E → ab|aEb}〉;

(3) Γ = 〈{S,A,B,C,D,E}, {a, b}, S,
{S → aD,D → ε|ABBA|ADD,A → DEB|a,B → DDD|DC|b, C →
CCE|a,E → ε|bEa}〉;

(4) Γ = 〈{S,A,B,C,D,E}, {a, b}, S,
{S → D,D → AD|b, A → ACB|BC|a,B → ABCA|CEC,C →
ε|CA|a,E → ε|aEb}〉;

(5) Γ = 〈{a, b}, {S,A,B}, S, {S → SA|ε, A→ BSa|B,B → b|BS|ab}〉;
(6) Γ = 〈{a, b}, {S,A,B}, S, {S → AS|ε, A→ SaBB|A,B → b|BBbS|AA}〉;
(7) Γ = 〈{S,A,B,C,D,E}, {a, b}, S,
{S → DD,D → DDA|b, A→ CAB|a,B → BCA|CCE,C → ε|CA|a,E →
ε|EaE}〉;

(8) Γ = 〈{S,A,B,C,D,E}, {a, b}, S,
{S → DD,D → DA|b, A→ CAB|a,B → BCA|CCE,C → ε|CA|a,E →
ε|EaE}〉;



Ãëàâà 2

ÎÒÃÎÂÎÐÈ

1. Êðàéíè Àâòîìàòè

1.1. Êðàéíè äåòåðìèíèðàíè àâòîìàòè.

Çàäà÷à 1.1.

1.2. Òîòàëíè àâòîìàòè. Äîïúëíåíèå íà àâòîìàòåí åçèê.

Çàäà÷à 1.2.

(α)

δ a b c
→ s p s t
p r t p
∗q q r t
∗r r t t
t t t t

(β)

δ a b c
→ s r t s
∗p p s t
∗q p q t
r t r t
t t t t

(γ)

δ a b c
→ s s p t
∗p q t p
q t s r
∗r t r r
t t t t

(δ)

δ a b c
→ s s t q
p p q p
∗q s t r
∗r t p r
t t t t

(ε)

δ a b c
→ s s p t
∗p t q p
∗q s t r
r t r r
t t t t

(στ)

δ a b c
→ s q s s
∗p r p t
q t t p
r s q t
t t t t

(ζ)

δ a b c
→ s s t r
∗p t r p
q s t r
∗r q p t
t t t t

(η)

δ a b c
→ s p q t
p p t p
∗q s t r
∗r t p t
t t t t

(θ)

δ a b c
→ s s t p
∗p q t p
q t s r
∗r t r t
t t t t

(ι)

δ a b c
→ s s t q
p p q p
∗q s t r
∗r t p r
t t t t

Çàäà÷à 1.3.

(α)

δ a b
→ s p r
p r p
q s q
t r q

(β)

δ a b
→∗ s s p
p t q
q t p
∗t s p

(γ)

δ a b
→∗ s p q
p q s
∗q p q
t q t

(δ)

δ a b
→∗ s p q
p t s
q q t
t q p

(ε)

δ a b
→∗ s t p
p q t
q s t
∗t t s

(στ)

δ a b
→∗ s p q
∗p q t
q t q
t q s

15
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(ζ)

δ a b
→ s s q
∗p t s
∗q q t
t q p

(η)

δ a b
→∗ s s q
p q s
∗q t p
t q t

(θ)

δ a b
→∗ s p q
p t s
q q t
t q p

(ι)

δ a b
→∗ s p q
p q s
∗q p q
t q t

1.3. Íåäåòåðìèíèðàíè êðàéíè àâòîìàòè. Äåòåðìèíèçàöèÿ.

Çàäà÷à 1.4.

(α)

δ a b
→ s s sp
sp sq sp
sq sr spr
∗sr sr spr
∗spr sqr spr
∗sqr sr spr

(β)

δ a b
→ s sp sp
sp spq sp
spq spqr sp
∗spqr spqr spr
∗spr spqr spr

(γ)

δ a b
→ s sq sp
sp sq spq
sq sq spr
∗spr sq spqr
spq sq spqr
∗spqr sq spqr

(δ)

δ a b
→ s sp sq
sp spq sq
sq spr sq
spq spqr sq
∗spr spqr sq
∗spqr spqr sq

(ε)

δ a b
→ s s pq
pq sr sr
∗sr sr pq

(στ)

δ a b
→ s pq s
pq sr sr
∗sr pq sr

(ζ)

δ a b c
→ {p} ∅ {p} {q, r}
∅ ∅ ∅ ∅

∗{q, r} {p, q, r, s} {q} {s}
∗{p, q, r, s} {p, q, r, s} {p, q} {q, r, s}
∗{q} {q, r, s} ∅ {s}
∗{s} {r} ∅ ∅
∗{p, q} {q, r, s} {p} {q, r, s}
∗{q, r, s} {p, q, r, s} {q} {s}

(η)

δ a b c
→ {p} {p, r} {q} {q, s}
∗{p, r} {p, r, s} {q, r} {q, s}
∗{q} ∅ ∅ {q}
∗{q, s} {r} ∅ {p, q, r}
∅ ∅ ∅ ∅
∗{r} {p, s} {q, r} ∅

∗{p, q, r} {p, r, s} {q, r} {q, s}
{p, s} {p, r} {q, r} {q, s}
∗{q, r} {p, s} {q, r} {q}
∗{p, r, s} {p, r, s} {q, r} {p, q, r, s}
{p, q, r, s} {p, r, s} {q, r} {p, q, r, s}



1. ÊÐÀÉÍÈ ÀÂÒÎÌÀÒÈ 17

1.4. Îïåðàöèè âúðõó àâòîìàòíè åçèöè.

Çàäà÷à 1.5.

(α) C :

∆ a b
→∗ n {s, p, q} {p, q, u}
t {s, p} {p}
s {s, p} {p}
p {p, r} {s}
∗r {r} {s, p, r}
∗v {q} {q, u}
∗q {q} {q, u}
∗u {q} {u}

(β) C :

∆ a b
→∗ n {s, r, q, u} {p, u}
∗t {s, r} {p}
∗s {s, r} {p}
p ∅ {r}
∗r {s, p, r} {s}
∗v {q, u} {u}
q {q, u} {u}
u {u} {q, u}

(γ) C :

∆ a b
→∗ n {s, r, q, u} {p, u}
t {s, r} {p}
∗s {s, r} {p}
p ∅ {r}
∗r {s, p, r} {s}
∗v {q, u} {u}
∗q {q, u} {q}
u {u} {q, u}

(δ) C :

∆ a b
→∗ n {s, r, q, u} {p, r, u}
∗v {s, r} {p, r}
∗s {r} {p}
p ∅ {r}
∗r {s, p} {s, r}
w {q, u} {u}
∗q {q, u} {q}
u {q} {u}

(ε) C :

∆ a b
→∗ n {s, r, q, u} {p, u}
∗t {s, r} {p}
∗s {s, r} {p}
p ∅ {r}
∗r {s, p, r} {s}
∗v {q, u} {u}
∗q {u} {q}
u ∅ {q, u}

(στ) C :

∆ a b
→∗ n {s, r, q, u} {p, r, u}
∗v {s, r} {p, r}
s {r} {p, s}
p ∅ {r}
∗r {s, p} {s, r}
w {q, u} {u}
q {q} {q}
∗u {q, u} {u}

(ζ) C :

∆ a b
→∗ n {r, 1} {p, 2}
s {r} {p}
p {r} {p}
q {r} ∅
∗r ∅ {p}
∗0 {1} {2}
∗1 {1} {2}
2 {1} {1}

(η) C :

∆ a b
→∗ n {2} {r, 1}
s ∅ {r}
p ∅ {r}
q {r} ∅
∗r {p} {q}
∗0 {2} {1}
∗1 {2} {1}
2 {1} {1}
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Çàäà÷à 1.6.

(α) C :

∆ a b
→ t {s, p} {s}
s {s, p} {s}
∗p {p, u} {p, r}
∗r {s, r, u} ∅
∗v {u} ∅
∗q {u} ∅
u ∅ {q}

(β) C :

∆ a b
→ t {s} {s, r}
s {s} {s, r}
∗p {p} {s, p, u}
∗r {p, r} {u}
∗v ∅ {u}
∗q ∅ {u}
u {u} ∅

(γ) C :

∆ a b
→∗ v {u, p} {s, p}
∗q {u, p} {s, p}
u ∅ {q}
→∗ t {p} {s, p}
s {s, p} {s}
∗p {p} {p, r}
∗r {s, r} ∅

(δ) C :

∆ a b
→ t {s, p} {s}
s {s, p} {s}
∗p {p, r, u} {p}
∗r {s, r, u} {s, p}
∗v {u} ∅
q {u} ∅
∗u ∅ {q}

(ε) C :

∆ a b
→ v {u, p} {s, p}
q {u, p} {u, q, s, p}
u ∅ {q}
t {p} {s, p}
s {s} {s, r}
∗p {p} {p, r}
∗r {s, r} ∅

(στ) C :

∆ a b
→ t {s, p} {s}
s {s} {s, p}
∗p {p, r, u} {r}
∗r {s, r, u} {s, p}
∗v {u} ∅
q {u} {q, u}
∗u ∅ {q}

(ζ) C :

δ a b
→ s ∅ {r}
p ∅ {r}
q {r} ∅
∗r {p, 2} {q, 1}
∗0 {2} {1}
∗1 {2} {1}
2 {1} {1}

(η) C :

δ a b
→ s {r} {p}
p {r} {p}
q {r} ∅
∗r {1} {p, 2}
∗0 {1} {2}
∗1 {1} {2}
2 {1} {1}

Çàäà÷à 1.7.

(α)

∆ 0 1
→∗ t {s} {s, p}
∗s {s} {s, p}
∗p {r, s} {s, p}
r ∅ {s, r}

(β)

∆ 0 1
→∗ t {s, p} {s}
∗s {s, p} {s}
p {p} {s, r}
∗r {s, p} {s}

(γ)

∆ 0 1
→∗ t {p} {s}
∗s {s, p} {s, r}
p {p} {r}
∗r {p} {s, p}

(δ)

∆ 0 1
→∗ t {s} {s, p}
∗s {s, r} {s, p}
p {s} {p, r}
∗r {s, p} {s, p}

(ε)

∆ 0 1
→∗ t {p, r} {s, p}
∗s {s, p, r} {s, r, p}
p {p} {r}
∗r {s, p, r} {s, p}

(στ)

∆ 0 1
→∗ t {s, r} {s, p}
∗s {s, r} {s, p}
p {p} {p, r}
∗r {s, p, r} {s, p}



1. ÊÐÀÉÍÈ ÀÂÒÎÌÀÒÈ 19

(ζ)

δ a b
→∗ s {r} {p}
p {r} {p}
q {r} ∅
∗r {r} {p}

(η)

δ a b
→∗ s ∅ {r}
p ∅ {r}
q {r} ∅
∗r {p} {q, r}

(θ)

∆ a b c
→∗ t ∅ {p} {q, r}

p ∅ {p} {q, r}
∗q {q, r, s} {p} {q, r, s}
r {p, s} {q} ∅
∗s {r} {p} {q, r}

Çàäà÷à 1.8.

(α) C :

δ a b
→ pq pq qr
qr − rq
∗rq pq −

(β) C :
δ a b
→ p − − (γ) C :

δ a b
→ pq rq pr
∗rq − pr
pr rq pq

(δ) C :

δ a b
→ pq rq −
∗rq qq pr
qq − rr
pr rq −
rr qq pq

(ε) C :
δ a b

→∗ pq pq rr
rr − pq

(στ) C :

δ a b
→∗ pq rq −
∗rq − pr
pr rq −

(ζ) C :

δ a b
→ s0 − r1
∗r1 p2 q1
p2 − r1
q1 r2 −
r2 p1 q1
p1 − r1

(η) C :

δ a b
→ s0 r1 p2
∗r1 − p2
p2 r1 p1
p1 r1 p2

1.5. Ìèíèìèçàöèÿ.

Çàäà÷à 1.9.

(α)

δ 0 1
→ sp sp qr
∗qr t sp
t qr sp

(β)
δ 0 1
→ sp sp qrt
∗qrt qrt sp

(γ)

δ 0 1
→ sq pr sq
∗pr w sq
∗t pr w
w sq pr

(δ)

δ 0 1
→ sq rt sq
∗p rt sq
∗rt w sq
w sq p

(ε)

δ 0 1
→ sq sq pr
pr tu sq
∗tu tu pr

(στ)

δ 0 1
→ sq pr sq
pr sq tu
∗tu pr tu

(ζ)

δ 0 1
→ sq pr sq
pr sq tu
∗t pr tu

(η)

δ 0 1
→ sq sq pr
pr tu sq
∗t tu pr

(ι)

δ a b
Q0 Q2 Q0
∗Q1 Q0 Q1

→ Q2 Q0 Q1
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2. Êîíòåêñòíî Ñâîáîäíè Ãðàìàòèêè

2.1. Çàòâîðåíîñò îòíîñíî ðåãóëÿðíè îïåðàöèè.

Çàäà÷à 2.1. (1) G = 〈{a, b}, {S1, S2, T2, S}, S,
{S → S1|S2, S1 → ε|aS1S1b, S2 → aT2T2|aS2b, T2 → ε|bS2b}〉;

(2) G = 〈{a, b}, {S1, S2, T2, S}, S,
{S → S1|S2, S1 → ε|bbS1|aS1b, S2 → T2bS2|aS2b, T2 → ε|aS2a}〉;

(3) G = 〈{a, b}, {S1, S2, T2, S}, S,
{S → S1|S2, S1 → ε|aS1S1b, S2 → T2bS2|aS2b, T2 → ε|aS2a}〉;

(4) G = 〈{a, b}, {S1, S2, T2, S}, S,
{S → S1|S2, S1 → ε|bbS1|aS1b, S2 → aT2T2|aS2b, T2 → ε|bS2b}〉;

(5) G = 〈{S1, S2, T2, S}, {a, b}, S,
{S → S1|S2, S1 → ε|S1aS1b, S2 → aT2bS2|aS2b, T2 → ε|aT2a}〉;

(6) G = 〈{S1, S2, T2, S}, {a, b}, S,
{S → S1|S2, S1 → ε|bbS1aa|aS1b, S2 → aT2bT2|aS2b, T2 → ε|T2bS2b}〉;

(7) G = 〈{a, b}, {S1, S2, T2, S}, S,
{S → S1|S2, S1 → ε|aS1S1b|S1ab, S2 → aT2T2|aS2bb, T2 → ε|bS2b}〉;

(8) G = 〈{a, b}, {S1, S2, T2, S}, S,
{S → S1|S2, S1 → ε|bS1b|aS1S1b, S2 → T2bS2|aS2b|ab, T2 → ε|aS2a}〉;

(9) G = 〈{S1, S2, T2, S}, {a, b}, S,
{S → S1|S2, S1 → ε|aaS1baS1ab, S2 → aaT2bbbS2ab|bS2a, T2 → ε|bT2b}〉;

(10) G = 〈{S1, S2, T2, S}, {a, b, c}, S,
{S → S1|S2, S1 → ε|bS1acb|aaS1b, S2 → bT2T2a|bS2ac, T2 → ε|bS2T2b}〉;

(11) G = 〈{a, b}, {A,B,C,D, S1, S2, S}, S, {S → A|C,A→ ε|BbS1,
S1 → BB|AaS1, B → a|aBbC → ab|aCD,D → S2S2b, S2 → CS2D|bb}〉

Çàäà÷à 2.2. (1) G = 〈{a, b}, {S1, T1, S2, S}, S,
{S → S1S2, S1 → T1aS1, T1 → T1bS1|aT1b|a|ε, S2 → a|aS2b|bbS2a|S2aS2}〉;

(2) G = 〈{a, b}, {S1, T1, S2, S}, S,
{S → S1S2, S1 → T1bS1b, T1 → T1S1|bS1aa|a|ε, S2 → a|aS2b|S2aS2bS2}〉;

(3) G = 〈{a, b}, {S1, T1, S2, S}, S,
{S → S1S2, S1 → T1aS1, T1 → T1bS1|aT1b|a|ε, S2 → a|aS2b|S2aS2bS2}〉;

(4) G = 〈{a, b}, {S1, T1, S2, S}, S,
{S → S1S2, S1 → T1bS1b, T1 → T1S1|bS1aa|a|ε, S2 → a|aS2b|bbS2a|S2aS2}〉;

(5) G = 〈{S1, T1, S2, S}, {a, b}, S,
{S → S1S2, S1 → T1aS1, T1 → bS1T1|aT1b|a|ε, S2 → a|aS2b|S2aS2b}〉;

(6) G = 〈{S1, T1, S2, S}, {a, b}, S,
{S → S1S2, S1 → T1bS1b, T1 → T1S1|bS1aT1a|a|ε, S2 → a|aS2b|bS2ab|S2aS2S2}〉;

(7) G = 〈{a, b}, {S1, T1, S2, S}, S,
{S → S1S2, S1 → T1aS1|ε, T1 → bT1S1|aT1b|a|ε, S2 → a|aS2b|bS2a|S2aaS2}〉;

(8) G = 〈{a, b}, {S1, T1, S2, S}, S,
{S → S1S2, S1 → T1b|S1T1, T1 → T1S1|bS1aa|a|ε, S2 → a|aS2b|S2aS2bS2}〉;

(9) G = 〈{S1, S2, T2, S}, {a, b, c}, S,
{S → S1S2, S1 → ε|bS1cab|aaS1b, S2 → cbT2T2a|bS2aa, T2 → ε|bS2T2b}〉;

(10) G = 〈{S1, S2, T2, S}, {a, b}, S,
{S → S1S2, S1 → ε|aaS1bbS1ab, S2 → aaT2bbbS2ab|bS2a, T2 → ε|bT2b}〉;

(11) G = 〈{a, b}, {A,B,C,D, S1, S2, S}, S, {S → BS2, B → AB|S1bS1, S1 →
AA|aS1a|a,A→ a|aBS1bS2 → ab|aCD,D → CbC,C → DD|ba}〉

Çàäà÷à 2.3. (1) G = 〈{a, b}, {S1, S}, S, {S → ε|SS1, S1 → b|aS1b|S1S1}〉;



2. ÊÎÍÒÅÊÑÒÍÎ ÑÂÎÁÎÄÍÈ ÃÐÀÌÀÒÈÊÈ 21

(2) G = 〈{a, b}, {S1, S}, S, {S → ε|SS1, S1 → b|S1S1|S1aS1aS1}〉;
(3) G = 〈{a, b}, {S1, S}, S, {S → ε|SS1, S1 → b|aaS1|S1S1}〉;
(4) G = 〈{a, b}, {S1, S}, S, {S → ε|SS1, S1 → a|S1S1|aS1bS1a}〉;
(5) G = 〈{S1, S}, {a, b}, S, {S → ε|SS1, S1 → b|aS1a|S1bbS1}〉;
(6) G = 〈{S1, S}, {a, b}, S, {S → ε|SS1, S1 → a|S1bS1|aS1bS1a}〉;
(7) G = 〈{a, b}, {S1, S}, S, {S → ε|SS1, S1 → b|aS1b|S1abS1}〉;
(8) G = 〈{a, b}, {S1, S}, S, {S → ε|SS1, S1 → ba|S1bbS1|S1aS1aS1}〉;
(9) G = 〈{S1, S}, {a, b}, S, {S → ε|SS1, S1 → bb|aS1S1S1|bS1S1}〉;
(10) G = 〈{S1, S}, {a, b}, S, {S → ε|SS1, S1 → aba|S1S1b|aS1S1S1}〉;
(11) G = 〈{a, b}, {A,B, S, S0}, S0, {S0 → ε|AS0, B → AB|bSSb|ε, S →

AaA|aBb|a,A→ b|aBSb}〉;

2.2. Ðåãóëÿðíèòå åçèöè êàòî ÊÑÅ.

Çàäà÷à 2.4.

(α) G = 〈{a, b}, {s, p, q, r}, s, {s→ ap|bq|ε, p→ ap|br, q → ε|aq|bs, r → aq|br}〉
(β) G = 〈{a, b}, {s, p, q, r}, s, {s→ ar|bs, p→ ap|bq|ε, q → aq|bs, r → as|bq|ε}〉
(γ) G = 〈{a, b}, {s, p, q, r}, s, {s→ ar|bs|ε, p→ as|br, q → ε|as|bq, r → aq|bs}〉
(δ) G = 〈{a, b}, {s, p, q, r}, s, {s→ aq|bs, p→ as|br|ε, q → as|bp, r → ar|bq|ε}〉
(ε) G = 〈{a, b}, {s, p, q, r}, s, {s→ ar|bs|ε, p→ as|bq, q → ε|ar|bq, r → aq|bs}〉
(στ) G = 〈{a, b}, {s, p, q, r}, s, {s→ aq|bs, p→ ar|bs|ε, q → aq|bp, r → as|bq|ε}〉
(ζ) G = 〈{a, b}, {s, p, q, r}, s, {s→ ap|bq|ε, p→ ap|bs, q → ar|bp, r → aq|br|ε}〉
(η) G = 〈{a, b}, {s, p, q, r}, s, {s→ aq|bs, p→ ar|bq, q → ε|aq|bp, r → ap|bs|ε}〉
(θ) G = 〈{a, b}, {0, 1, 2, 3}, 0, {0→ a1|b0|ε, 1→ a3|b0, 2→ ε|a0|b3, 3→ a1|b2|ε}〉
(ι) G = 〈{a, b}, {0, 1, 2, 3}, 0, {0→ a1|b0, 1→ a1|b2|ε, 2→ a3|b0|ε, 3→ a0|b1|ε}〉

(ια) G = 〈{a, b}, {p, q, r, s, t}, t, {t→ s|p, s→ ap|aq|ε, p→ ar|as|bp,
q → as|aq|bp|bs, r → ar|as|br|bp|ε}〉

2.3. Íîðìàëíà ôîðìà íà Õîìñêè. Íàâñÿêúäå â îòãîâîðèòå íà òîçè
ðàçäåë, êîèòî ñúäúðæàò åäèíñòâåíî ïðàâèëàòà íà ãðàìàòèêàòà, ùå èìàìå
ïðåäâèä, ÷å íà÷àëíèÿò íåòåðìèíàëåí ñèìâîë å S.

Çàäà÷à 2.5. (1) E = {A,B,C,E}, ε 6∈ L(Γ);
(2) E = {A,B,D,E}, ε 6∈ L(Γ);
(3) E = {A,B,C}, ε 6∈ L(Γ);
(4) E = {A,B,D,E, S}, ε ∈ L(Γ);
(5) E = {A,B,C}, ε 6∈ L(Γ);
(6) E = {A,B, S}, ε ∈ L(Γ);
(7) E = {A,B,C}, ε 6∈ L(Γ);
(8) E = {A,D, S}, ε ∈ L(Γ);

Çàäà÷à 2.6. (1) Γ = 〈{a, b}, {S,A,B,C}, S, {S → AS|SB|SS,B →
AC|b|A|C,C → A|a|AB|B,A→ BS|S}〉, ε 6∈ L(Γ);

(2) Γ = 〈{a, b}, {S,A,B,C}, S, {S → BA|CA|B|A|C,B → BC|b|C,A →
BB|CC|a|B,C → CS|a|C}〉, ε ∈ L(Γ);

(3) Γ = 〈{a, b}, {S,A,B,C}, S, {S → AS|b, A → AC|BC|a|C|B,B →
BC|CC|C,C → CA|a|C}〉, ε 6∈ L(Γ)

(4) Γ = 〈{a, b}, {S,A,B,C}, S, {S → BA|AS|A|B,A → SB|a|S|B,B →
SS|SC|b|S|C,C → CC|a}〉, ε ∈ L(Γ)



22 2. ÎÒÃÎÂÎÐÈ

(5) Γ1 = 〈{0, 1}, {S,A,B}, S, {S → SB|AS|SS,A→ ε|0|1, B → AA|SC|A|S,C →
AB|A|B|1}〉, ε 6∈ L(Γ);

Çàäà÷à 2.7. (1) S → AB|AS1, S1 → TS2, S2 → BA,A → a,B →
b, T → AT1, T1 → TT2, T2 → TB;

(2) S → AB|BS1, S1 → AS2, S2 → TB,A → a,B → b, T → TT1, T1 →
AT2, T2 → TB;

(3) A→ BA1|a,A1 → SB,B → B′A′|BC,A′ → a,B′ → b, C → BC1|a|b, C1 →
A′C2, C2 → SA, S → CC|b;

(4) A → BA1, A1 → AS,B → CB,C → A′B′|AC1, C1 → BC2, C2 →
B′S, S → CC|b, A′ → a,B′ → b;

(5) S → AB|AS1, S1 → TS2, S2 → BA,B → b, A → a, T → TT1|a, T1 →
AT2, T2 → BT3, T3 → TT ;

(6) S → AB|BS1, S1 → TS2, S2 → BA,B → b, A → a, T → AT1|b, T1 →
TT2, T2 → AT3, T3 → TB;

Çàäà÷à 2.8. (1) Γ = 〈{a, b}, {A,B,C, S}, S, {A→ BC|AB|a|b|CC,B →
BC|AB|a|b, C → AB|a|b, S → CC|b|BC|AB|a}〉;

(2) Γ = 〈{a, b}, {A,B,C, S}, S, {A→ BC|CC|b|a|AB,B → BC|CC|b|a|AB,C →
a|AB, S → CC|b|a|AB}〉;

(3) Γ = 〈{a, b}, {A,B,C, S}, S, {C → SC|b, S → CC|b|a|SS}〉;
(4) Γ = 〈{a, b}, {A,B,C, S}, S, {A→ SS|b, S → AS|a|SS|b}〉;
(5) Γ = 〈{a, b}, {A,B, S, C,E}, A, {A→ BS|a, S → BS|a,B → BS|a, S →

BB,E → BB|BS|a,B → b|CB,E → b|CB,E → AC,C → AC|b|CB|BB|BS|a, C →
AS}〉;

Çàäà÷à 2.9. (1) S → AB|AS1, S1 → TS2, S2 → BA,B → b, A →
a, T → AT1, T1 → TT2, T2 → TB;

(2) S → AB|BS1, S1 → AS2, S2 → TB,A → a,B → b, T → TT1, T1 →
AT2, T2 → TB;

2.4. CYK àëãîðèòúì.

Çàäà÷à 2.10. (1) α = aaabb ∈ L(Γ);
(2) α = bbaaa ∈ L(Γ);
(3) α = baaba ∈ L(Γ);
(4) α = babaa 6∈ L(Γ);
(5) α = bbbaa ∈ L(Γ);
(6) α = aaabb ∈ L(Γ);
(7) α = babab ∈ L(Γ);
(8) α = ababa ∈ L(Γ);
(9) α = aabba ∈ L(Γ);
(10) α = abbab 6∈ L(Γ)
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