Automata and Grammars

SS 2018

Assignment 4: Solutions to Selected Problems

Problem 4.1 [NFAs]

Let A = (Q,{a,b},d,S, F) be the NFA that is given by the following table, where < indicates
an initial state and — indicates a final state:

Y C_Ié_ q1 q2 q3 q4 | 95 | 96— " | @ q9 q10 qgi1 | 912 | 913
a | qo,q1 | 42 — q3 g5 | 46 | 46 qr q9 | 910,911,912 | 910,911 | 912 | — q13
bl q |—|a,q|q3,q|—|—| g |a97,a8| — - q10 — | q13| qi3

Determine the sets §(P, x) for the following sets P; C @ and the words 2 € {aaba, baaa, baba}:
Py ={q}, P> ={q7}, 3 = {q2, q10}-

Solution. For P, = {qp} we obtain the following sets:

qo | 90,91 | 490,491,492 | 90,493,494 | 40,91,43, 45
a a b a
qo | 90 | 90,91 | 90,491,492 | 90,41, 92
bl a a a
qgo | 90 | 90,91 | 90 | 90,41
b | a b a
For P, = {q7} we obtain the following sets:
qr | 97 | 97 | 97,48 | 47,49
alalbd a
q7 | 97,98 | 97,99 | 97,910,911, 412 | 97,410, 411, 412
b a a a
q7 | 97,498 | 97,99 | 97,498 | 47,99
b a b a
For Ps = {q2,q10} we obtain the following sets:
42,410 | 410,911 | 910,911,412 | 410,913 | 410, 911, 413
a a b a
42,410 | 93,494,410 | 43, 45,410,911 | 43,496,410, 411,412 | 43,96, 410, 411, 412
a a a
q2,410 | 43,494,410 | 43,45, 410,911 | 43,44, 410 | 93,95, 410, 411
b a b a




Problem 4.2 [NFAs]

Construct nondeterministic finite-state automata for the following languages:

Ly = {we{a,b}*||w|=(3k+2) for some k > 0 or w ends with b} and
Ly = {we{a,b}* | w contains the factor abb or the factor bab }.
Solution.

(a) The following NFA Ay = (Q1,{a, b}, 01,51, F1) accepts the language Lj:

M| @ |¢|ec|a| u | 6o
a | q1,44 | 92 | 43 | q1 qa -
b lanags || @3 | |quq5 | —

(b) The following NFA As = (Q2,{a, b}, d2,S2, F3) accepts the language Lo:

| q |@1|@ | |ala]| w

a 4,91 | — | — | 9 |4 | — | g6
b g, qsa |9 |a3] 93 | — |46 | Gs
O
Problem 4.3 [Power Set Construction]
Use the so-called ‘lazy power set construction’ to turn the following NFAs into DFAs:
(a) A1 = (Q1,{a,b},d1,S51, F1) is given by the following table:
0| a0 | @ |92 |3 qac
a 40 — 14| -] —
bl || —|qa| —
(b) Ay = (Q2,{a, b}, da, Sa, F») is given by the following table:
b2 @ | @ | @ | Be ||| B
a 140,91 | — | — — g5 | — -
blgoqa| @ |a| — | —]ew| —
Solution.
(a) The ‘lazy’ power set construction yields the following DFA B; from A;:
| 4w {e0, 1} | {90,91,92} | {g0,a3} | {90, 01,94}«
al| q ‘0 {90, 93} ‘0 ‘0
b {CIO7(]1} {QO7(]1:(J2} {QO7(I1aCI2} {CIO7QI7Q4} {QO7QI7QQ}
(b) The ‘lazy’ power set construction yields the following DFA Bj from Aj:
5| 4 fao. a1} | {a0.q1,95} | {a0,aa} | {q0.92, 94} | {9093, qa} | {90, 92,94, 06}
a {QO>Q1} {QOaQ1} {QO>Q1} {QO7Q17q5} {QOaQ17Q5} {quQI7q5} {QOaQ17q5}
b {QO>Q4} {QO;QQaCM} {QOaQQ7Q4>qG} {QOa(M} {QOaQ37q4} {QO7Q4} {q07Q37Q4}

a




Problem 4.4 [NFAs and Regular Grammars|
Construct NFAs from the following right regular grammars (see the proof of Theorem 2.16):

(a) G =({S,A,B},{a,b},S, P), where P contains the following productions:

S — bS, S — dA, S — &
A — DA, A — aB,
B — bB, B — aS.

(b) G =({S,A,B,C},{a,b},S, P), where P contains the following productions:

S — bA,

A — aB, A — bB, A — b,

B — aC, B — bC, B — ab,

C — dA, C — bA, C — bB.

Solution.
(b) The NFA Ay = ({S, A, B,C, X},{a,b},d2,{S},{X}) looks as follows:

do|S| A B C | X
a|—| B |BC| A |-
b |A|B,X| C |AB| -

Problem 4.5 [e-NFA]
Let A = (Q,{a,b},0,S, F) be the e-NFA that is described by the following table:

00| 1]2|3|4|5(6]7|8|9 (10|11,
el 1 | 4| —=|7|8|—=|7T|11|—|—=| 7| —
al 0 | 2| —=|3|—=|—=16]7|9|—|—-| —
bl O | —=[3|3|5]6(|6|7|—|10—| —

Determine the set e-closure(F;) for the following subsets P; of Q = {0,1,2,...,11}:
(a) Py ={0}, (b) P2 = {3}, (¢) P3 = {6}, (d) Pr={1,9}.

Hint: See the definition of e-closure(P) in the proof of Theorem 2.20!

Problem 4.6 [Power Set Construction for e-NFA]

Determine an equivalent DFA by the ‘lazy power set construction’ (see the proof of Theorem
2.20) from the e-NFA A that is given by the following table:
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Solution. The lazy power set construction yields the following DFA By = (Q', {a, b}, 01, {q0}, {{q9}})

from Aj:
1 0 | {90,905} | {an} | {ae} | {90} | {q4,95} |0
a| {qa} [{g,a}| 0 0 {ao} [0},
b | {g} 0 {e} | 0 {ge} |0

as e-closure({q1}) = {q1,¢2, g3} and e-closure({qs, 3}) = {qu, g5, 97, s}




