Required Exercises

Exercise 1

Design NFAs and DFAs to recognize each of the following regular languages:
1. L((a|b)*b)[10 points]
2. L(((e]a)*b)*)110 points]
3. L((a|b)*a(alb)(a|b))[10 points]
4. L(a*ba*ba*ba*)[10 points]
1. L((alb)*b)
NFA:

start

DFA:

2. L(((e[a)*b)")
NFA:

DFA:


af://n0
af://n2

start

3. L((alb)*a(a|b)(a|b))
NFA:

DFA:

start

4. L(a*ba*ba*ba*)

NFA:

€ € € €
start

€ € € €
DFA:

Exercise 2

Convert the following regular expressions to NFAs using the Thompson’s Construction
Algorithm (Algorithm 3.23 in the dragon book). Please put down the detailed steps.


af://n41

1. ((€|@)*b)*110 points]
2. (alb)*a(alb)(a|b)[10 points]
3. a*ba*ba*ba*[10 points]
1. ((e|a)*b)*
NFA for the first e:
start o ¢ @
NFA for the first a:

start

O——0@

NFA for (€] a):

NFA for (e|a) *:

NFA for b:

start b

NFA for ((€]a) * b):




NFA for (((e|a) * b) *):

a5
2. (a|b)*a(alb)(alb)

NFA for a:
start a —~
@ ®

NFA for b:

start

—O0—0

NFA for (a|b):



https://cyberzhg.github.io/toolbox/regex2nfa?regex=KCjPtXxhKSpiKSo=

NFA for (a|b) *a(a|b)(a|b):

ELTUE

3. a*ba*ba*ba*

NFA for a:

start

NFA for b:

start b

NFA for a *:

start

NFA for a * b:

start



https://cyberzhg.github.io/toolbox/regex2nfa?regex=KGF8YikqYShhfGIpKGF8Yik=

NFA fora *ba * ba *ba *:
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Exercise 3

Convert the NFAs in Exercise 2 to DFAs using the Subset Construction Algorithm (Algorithm
3.20 in the dragon book). Please put down the detailed steps. [30 points in total; 10 points
for each correct conversion]

1. ((€|a)*b)*

NFA:

e-closure({0})={0, 1, 10, 2, 3,4, 5, 7, 8}

A={0,1,10,2,3,4,5,7, 8}

Dtran[A, a] = e-closure(move(A, a)) = e-closure({6}) = {6, 7, 2, 8, 3, 4, 5}
B={6,7,228,3,4,5}

Dtran[A, b] = e-closure(move(A, b)) = e-closure({9}) = {9, 10, 1, 2, 3,4, 5, 7, 8}
C={9,10,1,2,3,4,5,7,8}

Dtran[B, a] = e-closure(move(B, a)) = e-closure({6}) ={6,7, 2,8, 3,4,5}=B
Dtran[B, b] = e-closure(move(B, b)) = e-closure({9}) ={9, 10, 1, 2, 3,4, 5,7,8}=C
Dtran[C, a] = e-closure(move(C, a)) = e-closure({6}) ={6, 7, 2, 8,3, 4,5} =B
Dtran[C, b] = e-closure(move(C, b)) = e-closure({9}) ={9, 10, 1, 2, 3,4,5, 7,8} =C

NFA State DFA State a b
{0,1,10,2,3,4,5,7,8} A B C
{6,7,2,8,3,4,5} B B C
{9,10,1,2,3,4,5,7,8} C B C

DFA:


https://cyberzhg.github.io/toolbox/regex2nfa?regex=YSpiYSpiYSpiYSo=
af://n104

start

TELEEOIE
2. (alb)*a(alb)(a|b)

NFA:

e-closure({0})={0,1,2,3,7}

A={0,1,2,3,7}

Dtran[A, a] = e-closure(move(A, a)) = e-closure({4, 8})=1{4,8,6,1,7,2,3,9,10}
B=1{4,861,7,23,910}

Dtran[A, b] = e-closure(move(A, b)) = e-closure({5}) = {5, 6, 7, 1, 2, 3}
C={56,7,1,273}

Dtran[B, a] = e-closure(move(B, a)) = e-closure({4, 8, 11})={4, 8, 11,6, 1,7, 2,3,9, 10, 13, 14,
15}=D

Dtran[B, b] = e-closure(move(B, b)) = e-closure({5, 12})={5, 12, 6,7,1,2,3,13, 14, 15} = E
Dtran[C, a] = e-closure(move(C, a)) = e-closure({4,8})=1{4,8,6,1,7,2,3,9,10}=B
Dtran[C, b] = e-closure(move(C, b)) = e-closure({5}) ={5, 6,7, 1, 2,3}=C

Dtran[D, a] = e-closure(move(D, a)) = e-closure({4,8,11, 16})={4, 8, 11,16,6, 1,7, 2,3, 9, 10, 13,
14,15,18}=F

Dtran[D, b] = e-closure(move(D, b)) = e-closure({5,12,17}) = {5, 12,17, 6,7, 1, 2,3, 13, 14, 15,
18}=G

Dtran[E, a] = e-closure(move(E, a)) = e-closure({4, 8 ,16}) ={4, 8,16,6,1,7,2,3,9, 10,18} =H
Dtran[E, b] = e-closure(move(E, b)) = e-closure({5, 17}) ={5,17,6,7,1,2,3,18} =1

Dtran[F, a] = e-closure(move(F, a)) = e-closure({4,8,11,16}) = {4, 8, 11,16,6, 1,7, 2, 3,9, 10, 13,
14,15,18}=F

Dtran[F, b] = e-closure(move(F, b)) = e-closure({5,12,17}) ={5, 12,17, 6,7, 1, 2,3, 13, 14, 15, 18}
=G

Dtran[G, a] = e-closure(move(G, a)) = e-closure({4,8,16}) ={4, 8, 16,6, 1,7,2,3,9, 10, 18} =H
Dtran[G, b] = e-closure(move(G, b)) = e-closure({5,17})={5,17,6,7,1, 2,3, 18} = |


https://cyberzhg.github.io/toolbox/nfa2dfa?regex=KCjPtXxhKSpiKSo

Dtran[H, a] = e-closure(move(H, a)) = e-closure({4, 8, 11}) ={4, 8, 11,6, 1,7, 2,3, 9, 10, 13, 14,
15} =D

Dtran[H, b] = e-closure(move(H, b)) = e-closure({5, 12}) ={5, 12, 6,7, 1, 2,3, 13,14, 15} =E
Dtran[l, a] = e-closure(move(l, a)) = e-closure({4, 8})={4,8,6,1,7,2,3,9,10} =B

Dtran[l, b] = e-closure(move(l, b)) = e-closure({5}) = {5, 6,7, 1, 2,3} =C

NFA State DFA State a b
{0,1,2,3,7} A B C
{1,2,3,4,6,7,8,9,10} B D E
{1,2,3,5,6,7} C B C
{1,2,3,4,6,7,8,9,10,13,14,15} D k= G
{1,2,3,5,6,7,12,13,14,15} E H I

{1,2,3,4,6,7,89,10,11,13,14,15,16,18} F F G
{1,2,3,5,6,7,12,13,14,15,17,18} G H I

{1,2,3,4,6,7,8,9,10,16,18} H D E
{1,2,3,5,6,7,17,18} I B C

DFA:

start

ELI0T
3. a*ba*ba*ba*

NFA:

€ € € €
start
€ €
€ €

e-closure({0}) =40, 1, 3}
A={0,1, 3}
Dtran[A, a] = e-closure(move(A, a)) = e-closure({2}) = {1, 2, 3}

B={1,2 3}


https://cyberzhg.github.io/toolbox/nfa2dfa?regex=KGF8YikqYShhfGIpKGF8Yik=

Dtran[A, b] = e-closure(move(A, b)) = e-closure({4}) = {4, 5, 7}
C={4,57}

Dtran[B, a] = e-closure(move(B, a)) = e-closure({2}) ={1,2,3}=B
Dtran[B, b] = e-closure(move(B, b)) = e-closure({4}) ={4, 5, 7} = C
Dtran[C, a] = e-closure(move(C, a)) = e-closure({6}) = {6, 5, 7} =D
Dtran[C, b] = e-closure(move(C, b)) = e-closure({8}) ={8,9, 11} =E
Dtran[D, a] = e-closure(move(D, a)) = e-closure({6}) = {6, 5, 7} =D
Dtran[D, b] = e-closure(move(D, b)) = e-closure({8}) ={8,9, 11} =E
Dtran[E, a] = e-closure(move(E, a)) = e-closure({10}) = {10, 9, 11} =F
Dtran[E, b] = e-closure(move(E, b)) = e-closure({12}) = {12, 13, 15} =G
Dtran[F, a] = e-closure(move(F, a)) = e-closure({10}) ={10, 9, 11} =F
Dtran[F, b] = e-closure(move(F, b)) = e-closure({12}) = {12, 13, 15} = G
Dtran[G, a] = e-closure(move(G, a)) = e-closure({14}) = {13, 14, 15} = H
Dtran[H, a] = e-closure(move(H, a)) = e-closure({14}) ={13, 14, 15} =H

NFA State DFA State a b
{0, 1, 3} A B C
{1,2,3} B B C
{4,5,7} C D E
{6,5, 7} D D E
{8,9, 11} E F G
{10,9, 11} E k= G
{12,13, 15} G H

{13, 14, 15}} H H

DFA:

g25Ema)
Optional Exercises

Exercise 1

Exercise 1: Minimize the number of states of the DFAs you have built for regular expressions
2 and 3 in Exercise 2 using the State-Minimization Algorithm (Algorithm 3.39 in the dragon
book). Please put down the detailed steps. [10 points for each correct minimization process]


https://cyberzhg.github.io/toolbox/nfa2dfa?regex=YSpiYSpiYSpiYSo=
af://n300
af://n301

1. (a[b)"a(alb)(alb)
#I9ADFA:

MTFEMT, BAa, eSS TR

State a b
A B C

B D E

C B C

D F G

E H |

F F G

G H |

H D E

I B C

1.%{A B, C, D, E, F, G, H, IHEZIFERUESHIHERES D /9{A, B, C, D, EYFF, G, H, I}, TI new = {A,
B.C.D. E}FGHI}

2.3F{A B, C, D, E}, EMIAbLE, IRTSA, B, CEREEREIA, B, C, D, EYENRR L, K7D, E
EREERBRIF, G, H, NRIEN R £, #UX—%eIl new ={A, B, C} {D, E} {F, G, H, I}

3.33FHF G H, Iy, EBIAbL, IKZSF, GEEEBENF, G, H, NRIEADAR £, IREHERED, E}
BIBKREL, |#REHA, B, CHRIBLRCLE, BUX—4#II new ={A, B, C} {D, E} {F, G} {H} {I}

4. 33FHA, B, C}, FEBIAD L, IREA, CEREERBEA, B, CIURRERC L, IRSBEERBEND, EMIRIRE
£, BX—8II new = {A C} {B}{D, E} {F, G} {H} {I}

5. 337D, B}, fEIAbLE, KESDEBENF, GIFHRIMARGLE, IWEEEBEHNINRIL, #uixX—
#II new = {A, C} {B} {D} {E} {F, G} {H} {I}

6. XTF{F, G}, fEiANaL, IRSFERENF, GHPIRRFLE, REGEBINHNKRHL, )
IT final = {A, C} {B} {D} {E} {F} {G} {H} {I}

HRAELL final = {A, C} {B} {D} {E} {F} {G} {H} {IHIKTSA CEFF, 1BEMATSE/IMLAIDFA



DFA State Min-DFA State a b

A, C 1 2 1
B 2 3 4
D 3 5 6
E 4 7 8
F 5 5 6
G 6 7 8
H 7 3 4
| 8 2 1

RSER/IMEDFA:

28
gZD
—~

av)
Y
[h*]
[}

EEIeIE

2. a*ba*ba*ba*

HIIRDFA:

start

MTFEMT, Ba, bEEBERASN TR

State a b
A B C
B B C
C D E
D D E
E F G


https://cyberzhg.github.io/toolbox/min_dfa?regex=KGF8YikqYShhfGIpKGF8Yik=

State a b

1.%{A B, C, D, E, F, G, HYZARRICSAIRIGS S 79{A, B, C, D, E, F} #I{G, H}, Il new={A B,
C, D, E, F}{G, H}

2.%F{A, B, C, D, E, F}, ERIAbL, IKZSA B, C, DERFEFEENA, B, C, D, E, FIIEANRR L, K
E, FEREEREEING, HIRORRRG E, #uX—4#II new = {A, B, C, D} {E, F} {G, H}

3. 33FHA B, C, D}y, fEHBINb L, JRTSA, BEBEEFRZEA, B, C, DYRLRC L, JRZSC, DERERSEINE,
FHIRRELE, BII final = {A B}{C, D}{E, F}{G, H}

HRIELL final = {A B} {C, D} {E, F} {G, HHIREEF, BEPRSER/IMLAIDFA

DFA State Min-DFA State a b
A B 1 1 2
G D 2 2 3
E F 3 3 4
G H 4 4

a

a a a
CEN I
b 2 )—5>3)5>@



https://cyberzhg.github.io/toolbox/min_dfa?regex=YSpiYSpiYSpiYSo=
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