
University of Victoria

CSC 320 - Spring 2023

Foundations of Computer Science

Tutorial 03

Teaching Team

Learning Outcomes:

• Design a regular expression for a language.

• Convert a regular expression to an NFA.
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Question 01

Design a regular expression for the following languages over...

⌃ = {0, 1}

(a) L1 = {w | every odd position of w is a 1}

(b) L2 = {w | w is a string of length at most 5}

(c) L3 = {w | w contains an even number of 0’s or exactly two 1’s}
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Note:20,13 =(0U1)

We can startby determining whatis andisn'tincluded.
NOT:0,2,000,00, etc.

IN i 1, 11, 101, 10, etc.

so, we can observe the following pattern:

!130, 13, 131, 110,13190,13, etc.

R =(IC0U1118 !
Note:Remember to formalize your answer, dontforget!

We want th option ofhaving 0,1,2,3,4, and5 "characters"in our string w.
so, we will need 3 tobe an optive.

(32) (3V2)(3V2) (3V2) (3V2) =R

Remember:30,13= {

We couldalso view itas (SUE)" where n =0 andn=5.

since we have an or we will ue union to create our regular expressions.
we will begin with

exactly two 1s:
an even number ofos: Not:1, 111, 81, 1011,
No; 10,0, 110, 011,

IN:11, 110, 181,011,
IN: 1, 11, 111,00, 1010, 10101,

180(1018014)
* 1098909

We can have any number
of D.s in between

We can any number ofI's,butcan our 1'6.

only have an even number ofos so

each 0 musthave another.

Note:Here we observe R =18V (101801440 (09890%
zero Os as an even

number ofOrs.



Question 02

Convert the following regular expression to an NFA...

R1 = (a [ b⇤)a
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Note:The formalization ofth

Step 1 regular expression.

We can draw an NF thataccepts a single a:

A

Nextwe can draw an NFA thataccepts a single b:

b

Step 2

An NFAthataccepts 0 or more bs:

E
b

E

Andan NFA thataccepts aUb*:

A Note, we can have

E
a single a or 0 or more bs.

butnotas andbi

E E
b in the same string.

E

step 3
combine our a andarb (i.e., laubilal

A E
a

E

E E
b

E

NFA R
E

E

Note:We remove the acceptstates andnow only
have a single accept state.



DFA to Regular Expression

If a language is regular, then there exists some regular expression that describes it...

q1Start q2

a
b

b

a

Figure 1: DFA
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Remember R
9i >4j

8z(q,,R) =9;

step 1

Transform our DFAinto a GNFAi
b

a b V
v

E ↓ E

S 9, 92 7 F

I a

Step 2

We begin by "ripping"out92:
Note:When removing grip We

preserve
all regular expressions.

Transitions

9,,92, F 9,92, 91
Remember

9.,92,9.192. F 92,92

9i 39;
We can do th following: (R. Rc)
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(R)W (R-)
b

9, 3 Grip
a

7 41 and

-b T
RT :RR8RU0=R, Rs =R

and

a R4

S

R. Rrip Rs URy=bb a Va 9, 9;

Next: -

R3

9,
b

↳ Grip
E

7 F
R, ↳

Grip
M

92
-b T

⑪

=bb30
=bl

Note:Simplify when possible!
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Step 3

We can now observe the following:
9, 50 4. will be a selfloop andwe "gain"the transition a, to F.

bb
*

E

-S ↳ 9, 7 F

-

bbaUa

Step 4

We now can "rip" outstate
qu

Transitions

91,9, 9,9, F

9,, F

We can do the following:

bb
*

E

-S ↳ Grip 7 F

-

1

bbaUa

⑧

=E(bbava)*bb 00

=Ibba Valobb

Step 5

Thus we endup with a regular expression as follows:

jbbaUa)*bb*

> S 7 F

so we now have some language regular described as some regular
expression by definition.

M

Remember our concluding centences!
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