
CSCI 3163 - Assignment 2 - Sample solution
- .

(a) This language is not regular .

The proof is very similar
to the one given

for the language 901 " I n 703 given in class .

Assume it is regular .
Then

, by the Pumping Lemma ,
there exists

an integer na such that any string red with Gans can be

written as the concatenation of three strings a
, p , r

- G = xp r -

suck that la Pl s na ,
Ipl > 0 ,

and any string apkr for kxo
is also in h

.

Consider the string 0kt K
E L

.

Since Kpl e na
,

we have

a = Oa and B = Ob
,
where b - O

. By the Pumping Lemma
,
the

string appp = Ok + b Ma is also in L
, a contradiction because

na t b t na
,
that is

, appr does not have the same number

of Os and Is .

(b) This language is regular .
A regular expression that describes it is

⑥ He ) lol He ) ( 0111 e) I 1011000 ) * ( El to *)

A corresponding NFA is

③ ④ EE ⑤

→ ① o

→ -
g

② to
¥

o



Conversion to DFA :

DFA state O 1 state number

start→*{1,2,3,4,5,6}{3,4,5,6}{3,4,5,7
* { 3,415,63 { 4.5.63 { 4,5, 7,103 2

* { 3,415,7103 { 4,5, 8,103 { 4,53 3

* { 4,5163 { 5,63 { 5. 7,103 4

* { 4,517,103 { 5,8 , 103 { 53 5

* { 4,518,103 { 5,9 , 103 { 53 6

* { 4,53 { 53 { 53 7

* { 5,63 { 63 { 7,103 8

* { 5,7103 { 8,103 0 9

* { 518,103 { 9,103 0 to

* { 53 0 0 a

* { 519,103 { 6,103 0 ez

* { 63 {63 { 7,103 13

* { 7,103 { 8,103 0 14

* { 8,103 { 9,103 0 15

0 0 0 16

* { 9,103 { 6,103 0 17

* { 6,103 { 6,103 { 7,103 18

This
gives

the following table with each state represented by
the number in the rightmost column above



Equivalence classes
H

- 1 Target class H2
. Target class H

.

3 Target class It .4 Target class Final

stateoclasssocassocassodas.se
→ * 1 2 3 y l l l l l l l l l 2 3 1

* 2 4 5 7 1 1 1 1 7 1 2 3 2 4 5 2

* 3 G 7 1 r 1 1 1 1 1 3 4 3 6 7 3

* 4 89 1 1 7 7 1 2 2 2 5 4 4 8 4
* 5 2011 1 1 1 1 2 3 3 5 6 5 9 10 5

¥

:*

:÷f÷÷÷÷ff÷ff÷f÷f÷f÷f÷f÷f :f÷f÷
.

* 12 1816 1 1 Z Z 1 4 7 2 8 11 4 12 it

* 13 1314 l l l l l Z Z Z 5 4 4 8 4
* 14 1516 1 1 Z Z 2 4 5 5 8 8 9 12 8

* 15 1716 1 1 z z 2 4 5 7 8 9 11 12 9

16 1616 2 2 2 4 4 4 8 8 8 12 12 12 12

* 17 1816 1 1 2 2 1 4 7 2 8 11 4 12 11

* 18 1814 1 1 7 1 1 Z Z Z 5 4 4 8 4

The corresponding DFA looks as follows :

start-s@o-ozoOo-sI8-sqO-srQaonitoosE-ofoaootl1.l

.

El ' t ' ol
.

V

⑧ ⑧ ⑧ -



(c) This language is regular .
The regular expression is

Cal told l l l r ) * ( bad I bald I ball 1 bard ) Cal b Id l l Ir) *

An NFA that accepts this language is

µ②b→③a→④d→
a a. bed , er

stat → ① Is ⑥ ¥ ⑧ to a. bid, e. r

a.
bike

, r
E)

⑦ b→⑤a→③ d_o@sDa.4d.e.r

The conversion to a DFA is on the next
page

:



staccato #

→ { 146,113 { 446,113 91,216,143,7123 942,9113 { 446,113 9446,113 r

{ 446,143,7123 9446,11 , 48,133 { 446,143,7123 { 446,113 { 446,113 { 446,113 2

{ 446,144,8133 { 1,216,113 9449143,7123 { 4491453 { 446,993 { 446,14143 3

* { 446,1153 942,611,53 94491113,71453 9446,1453 9446,1453 { 446,1453 4

{ 446,1493 { 146,113 9449143,7123 9446,14103 { 446,14103 { 446,113 5

{ 446,14143 9446,113 9449143,7123 544914153 5446,113 9446,113 G

* 91,216,143,712,53 { 446,144,813,53 9446,11 , 3,412,53 9446,115 } { 446,1453 9446,1453 7

* 9446,14103 { 146,14103 { 446,143,712,103 { 446,14103 944914103 9436,14103 8

* 9446,14153 { 1. 46,11 , 153 { 446,143,712,153 9446,14153 9446,14153 { 446,14153 9

* 91,216,144,913,53 { 446,1453 { 446,143,712,53 9446,1453 { 446,149,53 { 4391414,53 to

* 31,216,143,712,103 942,944,913,103 94491437,14103 9446,14103 9446,14103 { 446,14103 n

* { 446,143,712,153 { 446,144,913,153 { 446,143,412,153 { 446,14153 944911,153 9446,14153 ez

* 91,216,149,53 { 1,441,53 944911,371453 { 4491410,53 5446,141953 944911,53 13

* 9446,1414153 9446,1453 94491113,71453 94491415,53 { 42,911,53 { 446,1453 14

* 91,216,144,913,103 9446,14103 { 446,143,712,103 { 449145,103 { 446,149,103 54491414,103 is

* { 446,144,913,153 942,911,153 { 446,143,712,153 9449145,153 9449149,153 94491414,153 a

* 91,216,11
,
10,53 {446,11/10,5} 944911,37141953 { 4491410,53 {446,140,53 94491410,53 17

* 944611415,53 94441,1553 { 446,143,712,1553 94491415,53 942,911,1553 { 446,145,53 18

* { 446,149,103 { 42,911,103 9449143,714103 944914103 8446,14103 9446,14103 re

* 94491414,103 9446,14103 { 446,143,712,103 94491415,103 944911,103 { 446,14103 20



* 91,46
,
er

,
9,153 944911,153 9446,11/3,712,153 { 446,11, 10,153 912,911,19153 8446,14153 21

* 91,46
,
1414,153 91,216,111153 9446,11, 3,712,153 942,911,153 942,911,153 9446,14153 22

* 9449143,7441953 91,216,144,913,1953942 , 6,143,712,1953 942,911,1953 942,911,195} 9446,141953 23

* 91,216,143,112,1553 942,911,418,13155394461137141953 94491415,53 942,411,1553 { 4491415,53 24

A 944611415,103 91,216,11 , 15,103 94461143,71419103 9446,11 , 15,103 54491415,103 94491415,103 25

* 91,216,144,813,1953 942,911,1953 { 446,143,712,1953 942,911,1953 91,216,149,1953 9446,14-14,1953 26

* 91,216,144,813,1553 9446,11 , 15,53 { 4491113,7141553 94491415,52, 9446,1491553 9436,14141553 27

* 9446143,7%15,103944911 ,
4,913,19103944914371415103 94491415,103 942,911,15103 9446,14ns, 28

* 91,216,149,1953 91,216,140,53 9449143,7141953 { 4491410,53 9446,141953 9446,141953 29

* 944911,141953 944911,1953 9449143712,1953 9446,11
,
15,1953 944911,1953 5446,141953 30

* 9449149,15153 942,6M , 15,53 942,911,317,141953 942,911,191553 9446,14191553 94491415,53 31

* 9446,141411553 9446,11,
is ,53 91,216,143,712,1553 942,911,1553 942,911,1553 9449141953 32

* 944611448113,151103 912,6,n, 15,103 942,911,3714951103 9449145115,103 944914915,103 8449141415,103 33

* 942,6
, 1415,1953 9446,149953 944911,31714151953 94491415,1953 9449111570,53 944414151953 34

* 942pm , 9,15103 9446,11/15,103 9449143171415,103 344911,15103 94491415,103 94491415,103 35

* 942,911,14151103 9446,11
,
15,103 9446,14371415103 9446,14151103 94491415,103 942,911,15103 36

* { 446,143,745,1953 94491448,13ps
,
1953944614371415,1953 9446,145853 94491415,1953 94491415,1953 37

* 9446,1448/13115,1953944914191953 944411,3414151953 94491415,1953 942,911,915,1953 9446,1419, es
, 53 38

* 9446,14911511953 94491415,1953 { 446,143,712,151953 94491415,1953 944914151953 942,6.ee, 15,1953 39

* 94491414,1519539446in , 15,053 9449143,714%9539446,141549539449%5,1953 944911,151953 40

By numbering the states , we obtain the following transition table :



Equivalence classes
H1 Target classes H2 Target class v. 3 Target class Final

state a b d l rdassabder class abdlr class abder class

-311211in
2 3 21 7 1 1 11171 1 21111 2 32111 2

3 1 2 4 56 1 -11211 2 11342 3 12456 3

* 4 4 7 4 44 2 22222 3 22222 4 44444 4

5 1 2 88 1 1 11221 4 11331 5 72441 5

6 1 2 9 11 1 rn 271 2 11311 6 12411 6

* 7 107 444 2 22222 3 33333 4 44444 4
* 8 871 888 2 22222 3 33333 4 44444 4
* 9 9129 9 9 2 22222 3 33333 4 44444 4

* 10 4 74 1314 2 22222 3 33333 4 44444 4
* 11 1511 8 8 8 2 22222 3 33333 4 44444 4

* 12 1612999 2 22222 3 33333 4 44444 4

* 13 4717174 2 22222 3 33333 4 44444 4

* 14 4 7184 4 2 22222 3 33333 4 44444 4

* 15 8 1917 1920 2 22222 3 33333 4 44444 4
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* 24 2724181818 2 22222 3 33333 4 44444 4
* 25 2528252525 2 22222 3 33333 4 44444 4
* 26 1723172930 2 22222 3 33333 4 44444 4

* 27 1824183132 2 22222 3 33333 4 44444 4

* 28 3328252525 2 22222 3 33333 4 44444 4

* 29 1723171717 2 22222 3 33333 4 44444 4
* 30 1723341717 2 22222 3 33333 4 44444 4
* 37 1824343418 2 22222 3 33333 4 44444 4
* 32 1824181818 2 22222 3 33333 4 44444 4

* 33 2528343536 2 22222 3 33333 4 44444 4

* 34 3437343434 2 22222 3 33333 4 44444 4
* 35 2528252525 2 22222 3 33333 4 44444 4

* 36 2528252525 2 22222 3 33333 4 44444 4

* 37 3837343434 2 22222 3 33333 4 44444 4

* 38 3437343940 2 22222 3 33333 4 44444 4

439 3437343434 2 22222 3 33333 4 44444 4

* 40 3437343434 2 222223 33333 4 44444 4



The corresponding DFA is :

b'

:
" e .


