
ΑΣΚΗΣΕΙΣ ΓΙΑ ΑΥΤΟΜΑΤΑ ΣΤΟΙΒΑΣ

Βρείτε τα αυτόματα στοίβας για τις παρακάτω γλώσσες:

(1) L = {aibi: i ≥ 0}.

ε | ε, ε ε | γ, ε

a | γ, δγ
a | δ, δδ b | δ, ε

(2) L = {aib2i: i ≥ 0}.

ε | ε, ε ε | γ, ε

a | γ, δδγ
a | δ, δδδ b | δ, ε

(3) L = {a2ibi: i ≥ 0}.

ε | ε, ε ε | γ, ε

a | γ, δγ
a | δ, δδ a | δ, δ b | δ, ε

(4) L = {a2ib3i: i ≥ 1}.

ε | ε, ε ε | γ, ε

a | γ, δδδγ
a | δ, δδδδ a | δ, δ b | δ, ε
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(5) L = {aibj: i 6= j, i, j ≥ 0}.

a | γ, γ

ε | ε, ε ε | ε, ε

ε | γ, ε

ε | ε, ε

ε | ε, ε b | γ, γ

ε | γ, ε

a | γ, γ
a | γ, δγ
a | δ, δδ b | δ, ε

a | γ, δγ
a | δ, δδ

b | δ, ε b | γ, γ

(6) L = {aibj: 0 ≤ i ≤ j ≤ 2i}.

ε | ε, ε ε | γ, ε

a | γ, δγ
a | γ, δδγ
a | δ, δδ
a | δ, δδδ b | δ, ε

(7) L = {aibi: i 6= 0 mod 3}.

a | γ, δγ
a | δ, δδ

a | δ, δδ

a | δ, δδ

b | δ, ε

b | δ, ε b | δ, ε

ε | γ, ε
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Εναλλακτική λύση:

b | δ0, ε
b | δ1, ε

ε | γ, ε

a | γ, δ0γ
a | δ0, δ1δ0
a | δ1, δ2δ1
a | δ2, δ0δ2

b | δ0, ε
b | δ1, ε
b | δ2, ε

(8) L = {ab(ab)ib(ba)i: i ≥ 0}.

a | γ, γ b | γ, γ
b | γ, γ
b | δ, δ ε | γ, ε

a | ε, εb | γ, δγ
b | δ, δδ b | ε, εa | δ, ε

(9) L = {anw : n ≥ 0, w ∈ (a+ b)∗ και |w| ≤ n}.

ε | ε, ε ε | γ, ε

a | γ, δγ
a | δ, δδ a+ b+ ε | δ, ε

(10) L = {w ∈ (a+ b)∗: |w| άρτιο}.

ε | γ, ε

a+ b | γ, δγ a+ b | δ, ε
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(11) L = {w ∈ (a+ b)∗: |w| περιττό}.

ε | γ, εε | δ, ε

a+ b | γ, δγ a+ b | δ, ε

(12) L = {w1aw2 ∈ (a+ b)∗: |w1| και |w2| άρτια}.

a | γ, γ

a+ b | γ, δγ a+ b | δ, ε

a+ b | γ, δγ a+ b | δ, ε

ε | γ, ε

(13) L = {aibjci: i, j ≥ 0}.

ε | ε, ε ε | ε, ε ε | γ, ε

a | γ, δγ
a | δ, δδ b | ε, ε c | δ, ε

(14) L = {aibjck: i = j + k}.

ε | ε, ε ε | ε, ε ε | γ, ε

a | γ, δγ
a | δ, δδ b | δ, ε c | δ, ε
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(15) L = {aibjck: j = i+ k}.

ε | ε, ε ε | ε, ε ε | γ, ε

a | γ, δγ
a | δ, δδ

b | δ, ε
b | γ, ηγ
b | η, ηη c | η, ε

(16) L = {aibjck: k = i+ j}.

ε | ε, ε ε | ε, ε ε | γ, ε

a | γ, δγ
a | δ, δδ

b | γ, δγ
b | δ, δδ c | δ, ε

(17) L = {a3bici: i ≥ 0}.

a | γ, γ a | γ, γ a | γ, γ ε | ε, ε ε | γ, ε

a | γ, δγ
a | δ, δδ c | δ, ε

(18) L = {aibjck: i = j ή j = k}.

ε | ε, ε

ε | ε, ε ε | ε, ε

ε | γ, ε

ε | ε, ε

ε | ε, ε b | γ, γ

ε | γ, ε

a | γ, δγ
a | δ, δδ b | δ, ε c | γ, γ

a | γ, γ b | γ, δγ
b | δ, δδ

c | δ, ε
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(19) L = {aibjck: j < i ή j < k}.

ε | ε, ε

ε | ε, ε

ε | ε, ε
ε | γ, ε

ε | ε, ε

ε | ε, ε

ε | ε, ε

a | γ, γ

a | γ, δγ
a | δ, δδ b | δ, ε

c | γ, γ

b | γ, δγ
b | δ, δδ

c | δ, ε

(20) L = {aibici: i ≥ 0}.

ε | ε, ε; ε, ε ε | ε, ε; ε, ε ε | γ1, ε; γ2, ε

a | γ1, δ1γ1; γ2, δ2γ2
a | δ1, δ1δ1; δ2, δ2δ2 b | δ1, ε; δ2, δ2 c | γ1, γ1; δ2, ε

(21) L = {aibicidi: i ≥ 0}.

ε | ε, ε; ε, ε ε | ε, ε; ε, ε ε | ε, ε; ε, ε ε | γ1, ε; γ2, ε

a | γ1, δ1γ1; γ2, γ2
a | δ1, δ1δ1; γ2, γ2

b | δ1, ε; γ2, δ2γ2
b | δ1, ε; δ2, δ2δ2

c | γ1, δ1γ1; δ2, ε
c | δ1, δ1δ1; δ2, ε d | δ1, ε; γ2, γ2

(22) L = {aibjcjdi: i, j ≥ 0}.

ε | ε, ε; ε, ε ε | ε, ε; ε, ε ε | ε, ε; ε, ε ε | γ1, ε; γ2, ε

a | γ1, δ1γ1; γ2, γ2
a | δ1, δ1δ1; γ2, γ2

b | δ1, δ1; γ2, δ2γ2
b | δ1, δ1; δ2, δ2δ2 c | δ1, δ1; δ2, ε d | δ1, ε; γ2, γ2
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(23) L = {a3ibjcid2j: i, j ≥ 0}.

ε | ε, ε; ε, ε ε | ε, ε; ε, ε ε | ε, ε; ε, ε ε | γ1, ε; γ2, ε

a3 | γ1, δ1γ1; γ2, γ2
a3 | δ1, δ1δ1; γ2, γ2

b | δ1, δ1; γ2, δ2δ2γ2
b | δ1, δ1; δ2, δ2δ2δ2 c | δ1, ε; δ2, δ2 d | γ1, γ1; δ2, ε

(24) L = {w ∈ (a+ b)?: na(w) = nb(w)}.

ε | γ, ε

a | γ, δaγ
a | δa, δaδa
a | δb, ε

b | γ, δbγ
b | δb, δbδb
b | δa, ε

(25) L = {w ∈ (a+ b)?: na(w) = nb(w) + 1}.

na = nb na = nb
a | γ, γ ε | γ, ε

(26) L = {w ∈ (a+ b)?: na(w) ≥ nb(w) + 1}.

na = nb na = nb
ε | ε, ε a | γ, γ ε | ε, ε ε | ε, ε ε | γ, ε

a | γ, γ a | γ, γ a | γ, γ

(27) L = {w ∈ (a+ b)?: na(w) < nb(w)}.

na = nb na = nb
ε | ε, ε ε | ε, ε ε | ε, ε ε | ε, ε ε | γ, ε

b | γ, γ b | γ, γ b | γ, γ
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(28) L = {w ∈ (a+ b)?: na(w) = 2nb(w)}.

a | γ, δaγ
a | δa, δaδa

a | γ, γ
a | δa, δa

a | δb, ε
b | γ, δbδbγ
b | δb, δbδbδb
b | δa, ε

b | γ, δbδbγ
b | δb, δbδbδb
b | δa, ε

a | δb, ε
b | γ, δbδbγ
b | δb, δbδbδb
b | δa, ε

a | γ, δaγ

ε | γ, ε

ε | γ, ε

ε | γ, ε

(29) L = {w ∈ (a+ b)?: na(w) = 2nb(w) + 1}.

na = 2nb

na = 2nb

na = 2nb

na = 2nb
ε | ε, ε

a | γ, γ

ε | ε, ε

a | γ, γ

ε | γ, ε

ε | γ, ε

a | γ, ε
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(30) L = {w ∈ (a+ b)?: na(w) > 2nb(w)}.

a | γ, δaγ
a | δa, δaδa

a | γ, γ
a | δa, δa

a | δb, ε
b | γ, δbδbγ
b | δb, δbδbδb
b | δa, ε

b | γ, δbδbγ
b | δb, δbδbδb
b | δa, ε

a | δb, ε
b | γ, δbδbγ
b | δb, δbδbδb
b | δa, ε

a | γ, δaγ
ε | δa, ε
ε | γ, ε

ε | δa, ε
ε | γ, ε

ε | δa, ε
ε | γ, ε

ε | γ, ε

ε | δa, ε

΄Η (συμβολικά):

na = 2nb
ε | δa, ε
ε | γ, ε

ε | γ, ε

ε | δa, ε
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(31) L = {w ∈ (a+ b)?: na(w) = 3nb(w)}.

E1

E2

E3

E4

E5

E4

E6

ε | γ, ε

ε | γ, ε

ε | γ, ε

όπου

E1 : a | γ, δaγ
a | δa, δaδa

E2 : a | γ, γ
a | δa, δa

E3 : a | γ, γ
a | δa, δa
ε | ε, ε

E4 : b | γ, δbδbδbγ
b | δb, δbδbδbδb
b | δa, ε
a | δb, ε

E5 : b | γ, δbδbδbγ
b | δb, δbδbδbδb
b | δa, ε

E6 : a | γ, δaγ
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(32) L = {w ∈ (a+ b)?: 2na(w) ≤ nb(w) ≤ 3na(w)}.

E1

E2

E3

E4

E5

E4

E6

ε | γ, ε

ε | γ, ε

ε | γ, ε

όπου

E1 : b | γ, δbγ
b | δb, δbδb

E2 : b | γ, γ
b | δb, δb

E3 : b | γ, γ
b | δb, δb
ε | ε, ε

E6 : b | γ, δbγ

E4 : b | γ, δbδbδbγ
a | γ, δaδaδaδaγ
b | δb, δbδbδbδb
a | δa, δaδaδaδaδa
a | δb, ε
b | δa, ε

E5 : a | γ, δaδaδaγ
a | γ, δaδaδaδaγ
a | δa, δaδaδaδa
a | δa, δaδaδaδaδa
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(33) L = {w ∈ (a+ b)∗: |na(w)− nb(w)| = 2}.

a | γ, δaγ
a | δa, δaδa
a | δb, ε

b | γ, δbγ
b | δb, δbδb
b | δa, ε

a | γ, δaγ
a | δa, δaδa
a | δb, ε

b | γ, δbγ
b | δb, δbδb
b | δa, ε

a | γ, δaγ
a | δa, δaδa
a | δb, ε

b | γ, δbγ
b | δb, δbδb
b | δa, ε

a | γ, γ

b | γ, γ

a | γ, γ

b | γ, γ

ε | γ, ε

(34) L = {w ∈ (a+ b+ c)?: na(w) + nb(w) = nc(w)}.

ε | γ, ε

a | γ, δγ
a | δ, δδ
a | η, ε
b | γ, δγ
b | δ, δδ
b | η, ε

c | δ, ε
c | γ, ηγ
c | η, ηη
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(35) L = {wwR: w ∈ (a+ b)?}.

ε | ε, ε ε | γ, ε

a | γ, δaγ
a | δa, δaδa

b | γ, δbγ
b | δb, δbδb

a | δa, ε

b | δb, ε

(36) L = {wcwR: w ∈ (a+ b)?}.

c | ε, ε ε | γ, ε

a | γ, δaγ
a | δa, δaδa

b | γ, δbγ
b | δb, δbδb

a | δa, ε

b | δb, ε

(37) L = {w ∈ (a+ b)?: w = wR}.
Απ.: Προφανώς, ισχύει ότι w = wR

αν και μόνον αν είτε w = zzR ή w = zσzR, για κάποια λέξη
z ∈ (a+ b)∗ και κάποιο σύμβολο σ = a ή b. Επομένως:

ε | ε, ε

σ | ε, ε
ε | γ, ε

a | γ, δaγ
a | δa, δaδa

b | γ, δbγ
b | δb, δbδb

a | δa, ε

b | δb, ε
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