
Theory of Computation — CSE105

Regular Languages
StudyGuideandHomework I

Homework I: Solutionsto thefollowing problemsshouldbeturnedin classon July 12,1999.

Instructions:� Write your answersclearly and completely. Pleaseuse8.5 � 11 inchespaper. Use a
stapleror aclip to attachtheindividual pages.Write yourname.� When presentingany construction,for example,an algorithm or an automaton,please
give anoverview of themainideasandthenpresenttheconstruction.Alwayssupportthe
correctnessof yourconstructionwith ashortinformal proof.

1. Foreachof thelanguagesgivenbelow, designfinite stateautomataandregularexpressions
to recognizethem.In all casesthealphabetis

�������
	
.

(a) ���� ����� �
doesnot containthesubstring110

	
(b) ���� ����� �

containsanevennumberof 0’s,or exactly two 1’s
	

2. Problem1.26,Page88.

3. Problem1.42,Page90. Provideashortproofof thecorrectnessof yourconstruction.

4. Prove thefollowing languagesnon-regular:

(a) ������������� �� 
!"� #
is aprime

	
;

(b) Let $ � � %'& ��)( � & � �*( � & ��+( � & ��,(.-'/
Here,

$ � containsall columnsof 0’s and1’s of heighttwo. A stringof symbolsin
$ � givestwo rows of 0’s and1’s. Considereachrow to beabinarynumberandlet�0� ����1 $ � � thebottomrow of

�
is thereverseof thetop row of

��	 /
1



Study Guide: In the following, the materialon regular languages(chapter1) is broken down
into a numberof shorttopics.For eachtopic,a list of specificitemsandproblemsareprovided.
If youunderstandtheseitemsandsolve theproblems,you woulddovery well in thecourse.

1 Deterministic Finite Automata (DFA)

Topics: The notion and definition of DFA, presentationof DFA by transitiondiagrams,the
notionof acceptanceby a DFA, theclassof regular languages,techniquesfor designingDFAs,
andclosureoperations.

DesigningDFAs

1. 1.1,1.2,and1.3,pages83and84.

2. Exercise1.4,Page84.

3. For eachof the following regular expressions,draw a DFA recognizingthe corre-
spondinglanguage.

(a) 2 �435��6879�9�:�;7
(b) 2 �9�<3+�:��6 7
(c) 2 �<35�9�:��6 7 �

4. Draw a DFA thatrecognizesthe languageof all stringsof 0’s and1’s of length = �
that, if they wereinterpretedasbinary representationsof integers,would represent
integersevenlydivisible by 3. Leading0’s arepermissible.

5. Show thatif � is a regularlanguageand > is finite language,then � 3 > , �@?�> , and�BAB> areregular.

6. Show thatif � is a non–regular languageand > is afinite language,then � 3 > and�BAB> arenon–regular.

7. Problems1.25and1.27,Page88.

8. 1.29,1.30,1.41

Closure Propertiesof Regular Languages

1. For eachstatementbelow, decidewhetherit is trueor false,If it is true,prove it; if
not,give acounterexample.All partsreferto languagesover

�� "�DC�	
.

(a) If �E�EFG��� and �E� is not regular, then �H� is not regular.

(b) If �E�EFG��� is not regular, then �� is regular.

(c) If � � and � � arenonregular, then � � 3 � � is nonregular.



(d) If � � and � � arenonregular, then � � ?I� � is nonregular.

(e) If � is not regular, then J� , thecomplementof � , is not regular.

(f) If �E� is regularand �H� is nonregular, then �� 3 �H� is nonregular.

(g) If �E� is regular, �H� is nonregular, and �E��?5�H� is nonregular, then �E� 3 ��� is
nonregular.

(h) If �E� � ��� �:K:K:K areregular, then
3.LMON � � M is regular.

2. Problem1.24,1.42

2 Nondeterministic Finite Automata (NFA)

Topics: The notion of nondeterminism,definition of acceptancefor NFAs, economyof states
by usingNFA, equivalenceof DFAs andNFAs, andexamplesthatillustratetheconversionof an
NFA to anequivalentDFA.

Notion of Nondeterminism 1.9,1.10,page85

Practice in DesigningNFAs 1.5,1.6,1.7,1.8,pages84and85.

Practice in converting an NFA to an equivalent DFA 1.12,page85.

3 Regular Expressions(RE)

Topics: The definition of regular expressions,writing regular expressions,equivalencewith
finite automata:every regular expressionhasanequivalentfinite automataandevery finite au-
tomatahasanequivalentregularexpression.

Basicsof Regular Expressions

1. What is the shorteststring of
 
’s and

C
’s not in the languagecorrespondingto the

regularexpression
CP7 2  QCPCP7�687P �7 ?

2. Considerthefollowing two regularexpressions�R���  �7TS5CP7 and �U�V�  �CP7TS5CW �7XSC 7  �S 2  7 C:6 7 .
(a) Findastringcorrespondingto �R� but not to �U� .
(b) Findastringcorrespondingto � � but not to � � .
(c) Findastringcorrespondingto both �R� and �U� .
(d) Findastringcorrespondingto neither�R� nor �U� .

3. Simplify thefollowing regularexpressions:



(a) 2 �Y�<3+�:�Z3,�Y�9�:�U3+�:�9�Y��687
(b) 2 � 2 �43+��6 7 68[
(c)

�Y� 2\2 �Y��6 7 �Y��3 2 �Y��6 7 6]3 2 �Y��6 7
(d) 2 �Y�<3,^
6 7
(e) 2 �:�43,�Y��6 7 �:�9�Y� 2 �:�_3,�Y��6 7 3 2 �Y��6 7 2 �:��6 7

4. What is true of the languagecorrespondingto a regular expressionthat doesnot
involve theoperators̀ or

S
? Why?

DesigningRegular Expressions

1. 1.13,page86

2. Find regularexpressionscorrespondingto eachof thelanguagesdefinedrecursively
below.

(a)
^�1 � ; if a 1 � , then

 b �C a and a CPC areelementsof � ; nothingis in � unlessit
canbeobtainedfrom thesetwo statements.

(b)
 +1 � ; if a 1 � , then

 Q QC a , a  Q QC , and a CPC areelementsof � ; nothingis in �
unlessit canbeobtainedfrom thesetwo statements.

3. Finda regularexpressioncorrespondingto eachof thefollowing subsetsof
�������
	 7

.

(a) Thelanguageof stringscontainingexactly two 0’s.

(b) Thelanguageof stringscontainingat leasttwo 0’s.

(c) Thelanguageof stringsthatdo notendwith 01.

(d) Thelanguageof stringsthatbegin or endwith 00 or 11.

(e) The languageof stringscontainingno morethanoneoccurrenceof the string
00. (Thestring000shouldbeviewedascontainingtwo occurrencesof 00.)

(f) Thelanguageof stringsin which thenumberof 0’s is even.

(g) Thelanguageof stringsin whichevery 0 is immediatelyfollowedby 11.

(h) Thelanguageof stringsthatdo not containthesubstring110.

(i) The languageof stringsthatdo containboth thesubstring11 andthesubstring
010.

Inter preting Regular ExpressionsDescribeassimply aspossiblethelanguagecorresponding
to eachof thefollowing regularexpressions.

1.
� 7 � 2 � 7 �:� 7 ��6 7 � 7

2. 2\2 �43+��6dc�6 7 2 ^e3I�43+��6



3. 2 �<3I�Y��687 2 �Z3,�Y��687
4. 2 �435��687 2 � [ � [ � [ 35� [ � [ � [ 6 2 �43+��687

Practice the Translation Algorithm from REs to NFAs 1.14,page86

Practice the Translation Algorithm from DFAs to REs 1.16,page86

4 Non–regular Languages

Topics: Pumpinglemma,examplesof nonregularlanguagesandapplicationsof pumpinglemma.

Application of Pumping Lemma

1. UsingthePumpingLemmashow thateachof theselanguagesis not regular.

(a) �f� �� M CW � M � g = �Q	
(b) �f� �� bhiC8j�kPlY� m,npoqS�r�	
(c) �s� � a 1t�� X�DC�	u7;� v�w 2xa 6�y{zOv�| 2xa 6D	 where

v�w 2xa 6 (
v�| 2xa 6 ) is thenumberof

occurrencesof theletter
 

(
C
) in a .

(d) �f� � a 1��� "�DC�	 7 � no initial substringof a hasmore
C
’s than

 
’s
	

(e) �f� � a 1��� "�DC�	 7 � a is apalindrome
	

(f) �f� ���V�}� �s1)�� "�DC�	u7
	
2. Hereis a ‘proof’ usingthepumpinglemma,thatthelanguage� of all stringsof

 
’s

and
C
’s of length100is not regular. Sincetheresultbeing‘proved’ is false(all finite

languagesareregular),theproof cannotbecorrect.Whatis theflaw in theproof?

Assumethat � is regular. By thepumpinglemma,if wechooseanelementof � , say� �  � �9� , therearestring a �\~ , and � , with
� ~]��n��

, sothatevery stringof theforma ~Ql � (where
m = � ) is in � . Sincethereareinfinitely many differentstringsof this

form, thiscontradictsthefactthat � is finite. Therefore,� is not regular.

3. 1.17,page86.

4. 1.23,1.28,1.33,1.36,pages88 and89

5. 1.38,page90

6. 1.40,1.43,page90

Regular or Nonregular Below area numberof languagesover
�� "�DC�	

. In eachcase,decide
whetherthelanguageis regularor not,andprove thatyour answeris correct.



1. � is thesetof strings� beginningwith anon-nullstringof theform
�Z�

.

2. � is thesetof all stringsa having somenon–nullstringof theform
�V�

.

3. � is thesetof stringsa having somenon–nullsubstringof theform
�Z�V�

.

4. �f� � a 1��� "�DC�	 7 � a is notapalindrome
	

5. �f� � a 1��� "�DC�	 7 � a beginswith apalindromeof length = 3
	

6. �f� � a 1��� "�DC�	u7��Uv w 2xa 6 is aperfectsquare
	

7. �f� � a 1��� "�DC�	u7�� in every initial stringof a � thenumberof
 
’s and

thenumberof
C
’s differ by nomorethan2

	
8. �f� � a 1��� "�DC�	u7�� in every substringof a , thenumberof

 
’s

andthenumberof
C
’s differ by no morethan2

	
9. �f� � a 1��� "�DC�	 7 � v�w 2xa 6 and

v�| 2xa 6 arebothdivisible by 5
	

10. �f� � a 1��� "�DC�	u7�� thereis someinteger
m,n��

sothat
v�w 2xa 6 and

v�| 2xa 6
arebothdivisible by

m�	
5 DecisionAlgorithms

Describedecisionalgorithmsto answereachof thefollowing questions.

1. Giventwo DFAs � � and � � , arethereany stringsthatareacceptedby neither?

2. GivenanNFA � andastring a , does� accepta ?

3. Giventwo NFAs, do they acceptthesamelanguage?

4. Given an NFA � and a string a , is theremore than one sequenceof transitions
correspondingto a thatcauses� to accepta ?

6 MiscellaneousProblems

1. 1.31

2. Myhill-Ner odeTheorem: 1.34and1.35

3. Number of states:1.39and1.44

4. Transducers:1.19,120,1.21and1.22


