Theory of Computation — CSE 105

Regular Languages
StudyGuideandHomework |

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

¢ Write your answersclearly and completely Pleaseuse8.5 x 11 inchespaper Usea
stapleror a clip to attachtheindividual pagesWrite your name.

¢ When presentingary construction,for example, an algorithm or an automaton please
give anoverview of the mainideasandthenpresenthe construction Alwayssupportthe
correctnessf your constructiorwith a shortinformal proof.

1. Foreachof thelanguagegivenbelow, designfinite stateautomatandregularexpressions
to recognizehem.In all caseghealphabeis {0,1}.

(@) L; = {w|w doesnot containthe substringl 10}
(b) Ly = {w|w containsanevennumberof 0's, or exactlytwo 1's }

2. Probleml.26,Page88.
3. Problem1.42,Page90. Provide a shortproof of the correctnessf your construction.
4. Provethefollowing languagesion-reyular:

(@) PRIMES = {aP|p is aprime};

(b) Let EQZ{HHHHH”}

Here,) ", containsall columnsof 0’'s and1'’s of heighttwo. A string of symbolsin
>, givestwo rows of 0’'sand1l’s. Considereachrow to beabinarynumberandlet

E = {w € Y, |thebottomrow of w is thereverseof thetop row of w}.



Study Guide: In the following, the materialon regular languagegchapterl) is broken down
into a numberof shorttopics. For eachtopic, alist of specificitemsandproblemsareprovided.
If youunderstandhesetemsandsolve the problemsyouwould do very well in the course.

1 Deterministic Finite Automata (DFA)

Topics: The notion and definition of DFA, presentatiorof DFA by transitiondiagrams,the
notion of acceptancéy a DFA, the classof regularlanguagestechniquedor designingDFAS,
andclosureoperations.

DesigningDFAs

1.

1.1,1.2,and1.3,pagesB33 and84.

2. Exercisel.4,Page84.

For eachof the following regular expressionsdrav a DFA recognizingthe corre-
spondinganguage.

(@) (0u1)*110*

(b) (11U 10)*

(c) (1u110)*0

Draw a DFA thatrecognizeghe languageof all stringsof 0's and1’s of length> 1

that, if they wereinterpretedasbinary representationsf integers,would represent
integersevenly divisible by 3. Leading0’s arepermissible.

Shaw thatif L is aregularlanguageandF' is finite languagethenL U F, LN F', and
L — F areregular

. Shaw thatif L is anon—rgularlanguageand F' is afinite languagethenl U F and

L — F arenon—r@ular
Problemsl.25and1.27,Page88.

8. 1.29,1.30,1.41

Closure Propertiesof Regular Languages

1.

For eachstatemenbelow, decidewhetherit is true or false,If it is true, prove it; if
not, give acounterexample.All partsreferto languagesver {a, b}.

(@) If Ly C Ly andLL; is notregular, thenLs is notregular

(b) If Ly C Lo is notregular, thenL is regular

(c) If Ly andLs arenonreyular, thenLq U Lo is nonrgular



(d) If Ly andLs arenonreyular, thenLy N Lo is nonrgular

(e) If L is notregular, thenL, thecomplemenbf L, is notregular

(H If Ly isregularand L, is nonrgyular thenL; U Loy is nonrgular

(9) If Ly isregular Ly is nonrgular, and Ly N Ly is nonrgular, thenL; U Lo is
nonreyular

(h) If Ly, Lo, - - - areregular thenUy2 ; Ly, is regulat

2. Probleml1.24,1.42

2 Nondeterministic Finite Automata (NFA)

Topics: The notion of nondeterminismgefinition of acceptancéor NFAs, economyof states
by usingNFA, equvalenceof DFAs andNFAs, andexampleghatillustratethe corversionof an
NFA to anequivalentDFA.

Notion of Nondeterminism 1.9,1.10,page85
Practicein DesigningNFAs 1.5,1.6,1.7,1.8,pages84 and85.

Practicein corverting an NFA to an equivalent DFA 1.12,page85.

3 Regular ExpressiongRE)

Topics: The definition of regular expressionswriting regular expressions gquvalencewith
finite automata:every regular expressiorhasan equialentfinite automataandevery finite au-
tomatahasan equialentregularexpression.

Basicsof Regular Expressions

1. Whatis the shorteststring of a’s andb’s not in the languagecorrespondingo the
regularexpressiorb* (abb*)*a*?

2. Considetthefollowing two regularexpressions?; = a* + b* andR, = ab* + ba* +
b*a + (a*b)*.
(a) Findastringcorrespondindgo R; but notto Rs.
(b) Findastringcorrespondingo R, but notto R;.
(c) Findastringcorrespondingo both R; andR;.
(d) Findastringcorrespondingo neitherR; nor R,.

3. Simplify thefollowing regularexpressions:



(@ (01 U10U0110 U 1001)*
(b) (00U 1)")*
(c) 01((01)*01 U (01)*) U (01)*
(d) (01uUe)*
(e) (10 U01)*1001(10 U01)* U (01)*(10)*
4. Whatis true of the languagecorrespondingo a regular expressionthat doesnot
involve the operators: or +7? Why?

DesigningRegular Expressions

1. 1.13,page86

2. Findregularexpressionsorrespondingo eachof the languagesiefinedrecursvely
belaw.

(@) € € L; if z € L, thenaabr andxbb areelementof L; nothingis in L unlessit
canbe obtainedirom thesetwo statements.
(b) a € L; if z € L, thenaabz, xaab, andzbb areelementof L; nothingis in L
unlesdt canbeobtainedrom thesetwo statements.
3. Find aregularexpressiorcorrespondingo eachof thefollowing subset®f {0, 1}*.

(a) Thelanguageof stringscontainingexactly two 0’s.

(b) Thelanguageof stringscontainingatleasttwo 0's.

(c) Thelanguageof stringsthatdo notendwith 01.

(d) Thelanguageof stringsthatbegin or endwith 00 or 11.

(e) Thelanguageof stringscontainingno morethanone occurrenceof the string
00. (The string000shouldbe viewed ascontainingtwo occurrencesf 00.)

() Thelanguageof stringsin whichthenumberof 0’'sis even.
(9) Thelanguageof stringsin which every 0 is immediatelyfollowed by 11.
(h) Thelanguageof stringsthatdo not containthe substringl10.

(i) Thelanguageof stringsthatdo containboththe substringl1 andthe substring
010.

Inter preting Regular Expressions Describeassimply aspossiblethelanguagecorresponding
to eachof thefollowing regularexpressions.

1. 0*1(0*10*1)*0*
2. (bu)3)*(euoUl)



3. (1uol)*(ouo01)*

4. (Ou)*(Or1rotu1tort1t)(OU1)*

Practice the Translation Algorithm from REsto NFAs 1.14,page86
Practice the Translation Algorithm from DFAsto REs 1.16,page86

4 Non-regular Languages
Topics: Pumpindemma,examplesof nonrgyularlanguagesndapplication®f pumpinglemma.

Application of Pumping Lemma

1. Usingthe PumpingLemmashaw thateachof thesdanguagess notregular
(@) L = {a"ba’*"|n > 0}
(b) L = {a'bc*|k > i+ 5}
(¢) L = {z € {a,b}*|Ny(z) < 2Ny(z)} whereN,(z) (Np(z)) is the numberof
occurrencesf thelettera (b) in .
(d) L = {z € {a,b}*| noinitial substringof z hasmored’s thana’s}
(e) L ={z € {a,b}*| z isapalindromg
() L ={ww|lw € {a,b}*}
2. Hereis a‘proof’ usingthe pumpinglemma,thatthe languagel. of all stringsof a’s

andb’s of length100is notregular Sincetheresultbeing‘proved’ is false(all finite
languagesreregular),the proof cannotbe correct.Whatis theflaw in the proof?

Assumethat L is regular. By the pumpinglemma,if we chooseanelemeniwf L, say
w = a*00, therearestringz,y, andz, with |y| > 0, sothatevery string of theform
zy*z (wherek > 0) isin L. Sincethereareinfinitely mary differentstringsof this
form, this contradictghefactthat L is finite. Therefore,L is notregular

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 languagesver {a,b}. In eachcase,decide
whetherthelanguages regularor not, andprove thatyour answelis correct.



L isthesetof stringsX beginningwith anon-nullstringof theform ww.
L isthesetof all stringsz having somenon—nullstring of theform ww.
L is thesetof stringsz having somenon—nullsubstringof the form www.
L = {z € {a,b}*|z isnotapalindromé

L = {z € {a,b}*|z beginswith apalindromeof length> 3 }

L = {z € {a,b}*| N,(x) isaperfectsquare

N o ok~ owdE

L = {z € {a,b}*| in everyinitial stringof =, thenumberof a’sand
thenumberof b’s differ by nomorethan2}

8. L = {z € {a,b}*| in every substringof z, thenumberof a’s
andthenumberof b’s differ by no morethan2}

9. L = {z € {a,b}*|N,(z) and N, (z) arebothdivisible by 5}

10. L = {z € {a, b}*| thereis someintegerk > 1 sothat N,(z) andN,(z)
arebothdivisible by & }

5 DecisionAlgorithms

Describedecisionalgorithmsto answereachof the following questions.

1. Giventwo DFAs M; andM,, arethereary stringsthatareacceptedy neither?
2. GivenanNFA M andastringz, doesM acceptz?

3. Giventwo NFAs, do they accepthesameanguage?
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. Givenan NFA M anda string z, is theremore than one sequencef transitions
correspondingo x thatcausedV to acceptz?

6 MiscellaneousProblems

1.31

. Myhill-Ner ode Theorem: 1.34and1.35
. Number of states:1.39and1.44

. Transducers: 1.19,120,1.21and1.22
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