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| Answer any five questions.
! All questions carry equal marks.
i

1. (a) Define grammar, derivation, sentential forms and give one example of cach.
| ' (6 marks)

(b) Write a grammar for generating language
L= {w/n,a w) =n(w)xwe la, b}*},

where n (w) = number of ¢’s in w and 1, (w) = number of b’s in w.

i (5 marks)
. (c) Define DFA and write a DFA, which will accept set of all strings having substring abb
over X = {a, b). _ L . '

(9 marks)

| 2. (a) Write a procedure to convert an NFA toa = DFA and convert the following NFA to DFA

i Z = {CL, b} : V ' ; . ‘

|

|

\‘ .

) (12 marks)

(b) Define a regular expression and find a regular expression for the language
l L= {w/ we(0,1)" and w has no pair of cons'ecutivevz'eros}. A

(8 marks)
(a) Show that the regular Janguages are closed under complementation. (6 marks)
i (b) Construct an NFA that accepts the following languages :—.
(i) L(aa*+aba’d").
(ii) L (ab (a + ab)* (a + aa)).

. . (8 marks)
(¢) Define right quotient and find a DFA to accept right quotient of Ly /Ly, where

L= {a”b"'ln 21l,mz 0} U {ba}
Loy = {b'”‘m. 2 1}
(6 marks):

Turn over
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4. (a) Define context free grammar and show derivation tree, right xrsxo.st.'deri'vatio
(a + b) * ¢ for the following grammar : . T

R Qrinivas tnstitute

Librasy, Mangalore 0

E—>E+T|T, T — T« F|F,F— (E)|a|b]c.
S :(6 mar
(b) Give procedure to eliminate uscless symbols and eliminate A-productions, \H
productions and useless symbols from the following grammar :— .
S— ajeA|B|C, A—aB|A, B— Aa i
C—eCD,Dd ;
(14 mark
5. (n) Define Greibach and Chomsky normal forms and convert the following grammar

Chomsky normal form :—
E— E+E|E*E|E)|a]b|c
: (10 mark:
ES)

]
(b) Define non-deterministic PDA and write PDA for L= {a"bmc'”'" nz0,mz 0} shot
by instantaneous description how string bbcec is accepted. y
‘ (10 marks
6. (a) Write a NPDA for L = {wwRIw € (0, 1}*}. (10 marks

(b) Find a context free grammar that generates the language accepted by NPDA
M = ({90, 91), {a, b}, (A, Z}, 3, 90, Z, {91})
with transitions

5 (90, a, Z) = {(90, AZ))

8 (90, b, A) = {(90, AA))
5 (90, a,A) = (91, 1)
. (10 marks)
7. (a) State and prove pumping lemma for context-free languages. : (8 marks).
(b) Define turing machine and construct turing machine for T w
L= {a"b“c"ln 2 1}. -

AETER N

(12 markf‘;s
8. Write short notes on :

(a) Linecar bounded automata.

(b) Unrestricted grammars.

(¢) The Chomsky hierarchy.
'(d) ' The post-correspondence problem.

AT IR E RN

(4 x 5 = 20 marks) -
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Answer any five full questlons .............
All questions carry equal marks.
._\ v
(n) Definc the terms alphabet, string, prefix, suffix and language, gwe\cxn}}}plcs to _
cach. S
(5 marks)

(b) Define a DFA. Write a DFA which will recognize all strings except those containing

the substring 00 over the z ="{0, 1}. -
(c) Explain Chomskian hierarchy.

DFA for the following DFA.

(b) Define Regular expression. Prove that for all languages defined
expression there exists an equivalent, NFA which accents exac

language.

(10 marks)
(5 marks)

1. (a) Give a procedure to find the minimal state DFA. Use it to find minimal state

(12 marks)

by a regular
tly the same

(8 marks)

3. (a) State and prove pumping lemma for regular languages. Use it, to prove that

L = {a" b" \n > 0} is not regular.

(b) S.T. the regular 1nnguﬁgcs are closed under comp]cmentation.

(15 marks)
(5 marks)

Turn over
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4. (a)' What are CFG's ? Give a CFG for the language L = {a" b2 |n 2 0 }

N LA (8 marks)

""".(b) Convert the following CFG into CNF :—

S - bA|aB
A - bAAlaS|a
B — oBB | 6S|b
(6 marks)

(c) Given the grammar G as follows :

S - aAS|a
A — shA|SS| ba

find the (i) Left most derivation ; (ii) Right most derivation ; and (iii) Parse tree,
for the string aabbaa. .

(6 marks)

5. (a) Define PDA. Describe the acceptance by “final state” and the acceptance by
“empty stack”.

(8 marks)

(b) Design a PDA for the language L = {a” "
the i/p aaabbd.

n 2 0}. Give the trace for

(12 marks)

6. (a) Prove that the family of CFL's are not closed under intersection and
complementation.

(10 marks)

(b) What are ambiguous grammars and inherently ambiguous grammars, give an
example for each ?

(5 marks)
(c) Distinguish between DPDA and NPDA. (5 marks

-

7. (a) Define a Turiug machine. Give a Turing machine to implement, the total recursive

function “multiplication”. The Turing machine starts with, O™ O" on its tape

and ends with O™ surrounded by blanks.
(15 marks)
(b) What are Recursive and recursively enumerable languages ? Are they same ?
(6 marks)
- 8. Write short notes on :

(a) Halting problem of Turing machine.
(b) Application of CFG.
(¢) Multi-tape Turing machines.
(d) Post-correspondence problem.
(4 x 5 = 20 marks)
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Note: Answer any FIVE questions.
}

All questions carry equal marks

(5 Marks)

(a) Design an automato: ‘or serial binary adder.
anguage generated by the grammer with

X.
(b) Give a simple description of the ]
productions
S — aA/X
A — bS
. (56 Marks)
(¢} Describe the procedure to convert a NFA to DFA and convert the NFA in
Fig. (1) to DFA.
. 1 Q
- "“WSVW-’.’;{:‘\A'“’“”'”“—‘\ ,‘k\‘j F'a @
———hn \' BN , _ "'_._’JV"(.‘?_‘}J; '
—— 1 ,'\....‘)- —o“' ‘:)/ i
¢ ) _ . (10 Marks)
2. (a) Describe the method to minimize (he states ol a DFA and do the same for
l {he DFA of Fig. (2) .
4
3 ///_./’ :

(10 Marks)

any regular expression.
(4 Marks)

(b) Define Regular Expression and language denoted by
{6 Marks)

() Find a regular cxpression for the languagce
{ive zeros }

L = {w € {0,1}": w has no pairs of consecu

Contd.... 2
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3." (a) Find the NFA (hat aceepts the language

L(ab’aa + bba ab)
() Constmct nght and lcft linear g,rammcl for lhe lan[,uage

g K. 2 CS145

(56 Marks)
HEE RN

P I
. R AR

‘ -
i

‘(; . : ! L — {a b"l :" 2 > 2 771 > 3} “. (7 Marks)
& Lel L, = L(a’baa’) and Ly = L(aba®) find LjL, (8 Marks)

4. (a) Wrile a leftmost derivation, a rightmost dLrlvahon and a deuvatlon tree for
llu string «*0" with the granuner '

- /1]}//\
\ - alf .
B — 5b .. .. . [(9Marks

{h) Show that the grammer given below is amblguous

E — E+ E/E* E|(E)|I | o

I — a/b/c © 7 (8 Marks)
(c) Define S—grammer and find S—grammer for

L{aaa™b + b) (5 Marks)

5. (a) Removc A\, unit, useles productions from the grammer
S — al/aA/B/C
A — aBI/\
B — Aa

C — cCD
D — ddd

(b) Construct an rpda for thé language

L = {w € {a" b}* :na(w) ;. nb((d)} T

and write the moves that it makes for processing the string abba.(10 Marks)

6. (a) Construct an npda that accepts the language generated by the grammer
S — aABB/aAA , e T TR
A — aBB/a ' o T
L — BB/A (10 Marks)
(b) Show that the language

L = {ww tw € {a,b}'}

is not context Free . B (5 Marks) _
(c) Define Linear context Free grammer and Write the pumpmg Lemma for~
Linear Languages (6 Marks)
7. (a) D( fine a Turing machine. Design a ’I‘uung machmc that accepts
{a"b“ n > 1} RS ~ . (10 Marks)
(b) Show that the class of Turing machines thh stay option is equivalent to’
the class of standard Turing Machines. (10 Marks)
8. Write short notes on: ST T e

(a) Context Sensitive Grammer & Lang,uages

(L) Post correspondence Problem - R O

(c) Chomsky Hierarchy . ‘ ' ‘

(1) Pumping Lemma for Regular Languades (5 X 4 Marks)
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Mote: Answer any FPIVE full questions.

(@)
(b)

()

{a)

Finite Automata & Formal Languages

\ <

N -t

ks @ 10
\, ~ . LT
\f\ v =
All questions carry equal marks

Define the ters - prelix and suifix of a string, produclions, sentential form.
{4 Marks)

Wrile a grammar for the following language

7o {(aby i O
{4 Marks)
Cowmipare deterministic and non-deterministic finite automata. (4 Murks)
Design a DFA that accepts only the Janguage of all strings with ‘b as the
sccond letter on & = {a, b}
Draw also the transition {able and show that the string abaaly is accepted hy

DFA. {8 Marks)

Convert the following NFA into an equivalent DFA and minimize the number
ol staies in the DFA . (12 Marks) .

o, O, 1
—(@y)—>Cz

Deline regular exXpression. Conslruct an NFA for the regular ctq)rcssion
O:t 4+ 14: 4 21. " (5 Marks)

Give a regular expression Lo denote all strings of O's and 1's wilh atleast two
co: cuna O's. {3 Marks)

State and prove puniping lemma for regular languages. (8 Macks)

Show that the family of regular languages is closed under intersection and
(fon\p\cn\m'nm fon. (6 Marks)
Show that L = {'u;wR . weD'} where T = {a,b} is not regular. (6 Marks)

TLel G be the grammar

G all \ hA.

A —ralaS | hAA,

B —b|0S ol
For the string anabbabbba find a (i) leftmost derivation (i) rightimost
derivation (i) parse tree (G Marks)

(h) i Gis ihe grapumal § — 5LS \ a. show that G is anbignous. (4 Maiks)

Contel.... 2
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() ",El.lgﬁl;r{atc uscless symbols and productions 10 the following gramuniar.
'S — ada,A - SH|bCC | DaA,C — abb | DD, E — aC,D — aDA.

(O Maiks)

¢ )
‘ (d) Pefine unit productions and X productions wilh examples. {4 Marks)
S e i P

'5\55'._"(51); Define CNF and GNF. Convert the following grammar to CNF.
S —~ S|[SDS]Iplq(Sbeing the only variable). (10 Marks)
(L) Obtaln NPDA for the language
L = {wwR cwin(0 4-1)*}.
Show the accessible instantancous descriptions for the string 001100.

{10 Marks)
6. (a) Construct an -NPDA corresponding to the grammar
S — aA,
A — aABC | bB | a.
3 b,
C —ec, . .
Derive a string for is grammar and show the sequence of moves made by NPDA
~ in processing the same string. {10 Marks)
{b) Show that the language.
L = {a™b"c™ : n > O} is nol context-free. (5 Marks)

(c) Show that the family of context free languages is not closed under intersection
and complementation. (5 Marks)

7. (a) Define a tuning machine. For & = {a, b} design a tuning machine that accepts

L = {a™b" : n > 1}. Give the computation sequence for the input aabb.
(12 Marks)

(b) Define a multitape tuning machine.. Show how it can be simulated using single
tape tuning machine. (8 Marks)

8. Write short notes on the following:
i)  Applications of finite automata.
ii) Linear bounded automata.
i) Tuning machine Halting problem.
iv).. Chomsky Hierarchy. (20 Mnrks)

¥k %k kk
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Noter Answer any IFIVIE full questions,
All questions carry equal marks

. (a) Define the terms - string, empty string, reverse of a string and concatenation

of two strings with an example for each. (4 Marks)

(b lzeﬁno the lunguage nceepted by DFA. Whon is the langunge called regular?
Show that the language L = {awa : w € {a,b}*} is regular. (8 Marks)

(¢) Find grammar for the language I = {w : ng(w) = np(w) + 1}. Assume
> = {a,b} and let ng(w) and ny(w) denote the number of a’s and b’s in the

slring w rospectively. (5 Markn)
(d) Give an application of finite automata. (3 Marks)
. (a) Define nondeterministic finite automata.. Convert the following NFA into DFA.
What is the language accepted by this automaton? (10 Marks) .
.

@‘@ 2
(b) Define regular expression. Give a regular expression for .
L={a"":n>4,m<3} (6 Marks)

(c) For the following generalised transition graph, find an equivalent generalised
transition graph with only two states. What is the language accepted by this
graph? (5 Marks) .

(n) Show that the family of regular lnnguages are closed under intersection. -
(6 Marks)

(b) Define homomorphism and homomorphic image. Let Y. = {a,b} and
T = {a,b,c} and h is defined by h(a) = ab, h(b) = bbc. If w = aba, what is
h(w)? and if I, = {aa,aba}, What is W(L)? (6 Marks)

Contd.... 2
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(¢) Define, Right-Linear Grammar and Left-Linear Grammar, Construct a DFA
that .accepts the 1apguage generated by the grammar S — abA, A — baB,
B — aA|bb. What is the language accepted by this automation? (10 Marks)

4. (a) Let G be the grammar § — aAS|a|SS, A — SbA|ba. For the string aabaa,

find a (i) leftmost derivation (ii) rightmost derivation (iii) derivation tree.
S Y - (8 Marks)

(b) Déﬁne )\ — productions. Eliminate all )\ —productions from
S — AaBlaaB, A — A, B — bbA|). " (8 Marks)

(¢) Define Greibach Normsal Form. Convert the following grammar.
S = ADblit; A = aaA|H, B — bAb Into Urolbneh Normal Form, (0 Marha)

5. (a) Eliminate all ussless symbols and productions from the grammar
S — AS|CD|bB#, A — aAla, B — bB|bC, C — eB, D — dD|d. (10 Marks)

(b) Define Nondeterministic Pushdown Automata. Design a PDA for the language

L = {a™?" :n 2 1} and give ti configuration of PDA for the string aabbbb.
‘ . (10 Marks)

6. (a) Construct an NPDA correspending to the grammar § — a4, A — aABC|bBla,
B — b, C — c. Derive'a string for this gramrar and show the sequence of

rmoves made by NPDA in"procedsing the same string. (8 Marks)
(b) State and prove pumping letnma fr context-frae languages. (R Marks)

P
" (¢) Show that the CFL's are not clesed undef interaection. (4 Marks)

7. (a) Define a Turifiz Machine. Design a Turing ‘Machine that accepts
L= {a™"c":n>1} E (10 Markn)

b. Define non-deterministic TM. show that the clazs of determisinistic Turing
Machines and the ciass of nonAterministic Turing Miochines are equivalent.

(10 Marks)
8. Write short notes on: ,
{) Liweor Bounded Automata
ii) Chomsky Hisrarshy
iii) Poat-correspondence problem ' :
iv) Multidimentional Tlu'ring Machines. : &% 462 Morks)

dok ok ok
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Note: Answer any FIVE full questions. ‘

1. (a) Define a DFA. Construct a DIFA which accepts strings of a's and b’s with atleast
one a. (10 Niovks?

(1 Define an NFA. Convert the following NFA to an equivalent DFA. Minimize
1t. (10 Manrita) .

2. (a) Define a regular expression and languages denoted by a regular expression.
(4 Marks)

(b) Let r be a regular expression. Show that there exists some NFFA that accepts
L(1). : (8 Marks)

(¢) Let G=(V;T,S,P) be a right linear grammar, prove that I(G) is a regular
language. (8 dMarks)

3. (a) Define pumping Lemma fcr regular ]anguages Show that the following lan-
guages are not 1egu1ax

’ ) L={a™™ : n>0} i) L= {a®bF etk n > 0k < 0. (10 Marka)

) , (b) Define a CFG. Construct a CFG for the language with n > 0, m > 0,
' L = {@*™c*  : k = n+ m} Show the left most denvatlon for an
emmple_ : (10 Marks)

4. (a) Explain the steps involved in simplification of CFGs. Convert the following
grammar into Chomsky normal from

S—abAB - A—bAB/N B - BAa/A/)
' (12 Mairks)

(b) Define Greibach normal form. Convert the following grammar into GNF

S — ADBa/B A—ad/B/a B — aAb

(8 Marks)

7. (a) Define an NPDA. Design an NPDA for the language

I = {a™b M > 0,m > 0} : (12 Marks)

Contd.... 2
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(b) Construct an NPDA that accepts the language generated by the grammar
Ag"*aSBB'aAB A—o(l B--'b, ) -
Derive a string and show the moves made by tho NPDA, (f Maris)
6. (n) Show that the family of context free languages is closed under unior,
concatenation and star closure, (10 Maris.
(b) Define a Turing machine. Desipn a TM which copies a string of I's given. Thc
given string and its copy must be separated by a blank. (10 Maris.
7. (a) Define a universal Turing machine. Show its basic configuration. Explain b«
is it equivalent to digital compuler. . (12 daris

(b) Define a context sensitive and unrestricted grammar. Discuss about Chonisxy
hierarchy. (8 Marko

8.  Write detailed note on :
(a) Post correspondence problemn
(b) Halting problem
'((i) Application of finite automata

(d) Multitape Turing machine. (436220 Marics:

B I
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Note: Answer any FIVE full questions.

1. (a) Define the terms :
i) alphabet ii) power of an alphabet iii) Strings 1iv) Languages (4 Marks)

(b) Define a DFA and a NFA with examples. (8 Marks)
" (c) Design a DFA to accept the language

L = {W|W has both an even number of O's and an even number of 1's }
. (8 Marks)

2. (a) Define a regular expression. Give a regular expression for the following
languages: {8 Marks)

i) a string of O's and 1's with no consecutive O's in it.

i) a strmg of O's and 1's endlng with 001.

(b) Prove that for every language defined by a regular expression there exists a

finite automata for it. (8 Marks)
(c) Write a detailed note on applications of regular expfession. {4 Marks)
3. (a) State and prove the pumping Lemma of a regular language. (6 Marks)

(b) Prove that the following languages are not regular.
i) {a™bd™|n>1}
il {a"b™|n <m} (6 Marks)

(c) What is meant by homomorphism 2 IfLis a regular language over an alphabet
' Y,and hisa homomorphism on 5, prove that h(L) is regular. (8 Marks)

4. (a) Define a context free grammar. Design a context free grammar to accept
palindrome over a string of 0'sand I's. (8 Marks)

(b) Define leftmost and rightmost derivations. Give an example for each. (6 Marks)

(c) How context freee grammars are used in parsers and markup languages ?
{6 Marks)

5. (a) With a neat diagram, show the working of a pushdown automata. Define the
languages accepted by a PDA. (12 Marks)

(b) Design a PDA to accept the languages IL = {aibjck t14 7=k}
i1>0,7>0.
(8 Marks)

6. (a) With examples, explain the steps to simplify a CFG. (12 Marks)

Contd.... 2
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(h) Define CNF and GNF. Convert the following granunar inio CME.
S—-*ASB/E A—*aAS/d B——oSbS]Albb (8 Marks)
7. (a) Define o Turing machine. Design a TM toaccept the language {a* " C™ jn > 1}
: © {12 Marks)
(b) With diagrams, show the working of multitape and non deterministic turing
machines. {8 Marks)
8. (a) With a diagram, show how a turing machine can simulate the instruction cycle
of a computer. (12 Marks)
(b)

Write a note on post correspondence problem. (8 Marks)

kk kX kk
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1. (a) Define grammar, proof techniques, language. (7 Marks)

(b) Give a simple description of the language generated by the grammar with
productions.

S wad
A — bs,
"S- A (3 Marks)

(c) Design DFA to accept even number of zeros and even number of 1’s. (1¢ Marks)

2. (a) Define NFA, DFA and write down differences between them. (6 Marks)

(b) Obtain DFA from the following NFA defined by

) 0 1 2

— qo {9091, 92} {9192} {q2}
a1 ® {q192} {g2}

@ & % {a)
(8 Marks)

(c) Define regular expression. Construct an NFA for the L ((a + b)*abb) (6 Marks)

3. (a) Show thatif|__isa regular language on alphabet ) then there exists a right

linear grammar G = (V, 3}, 5, P) such that L = L(G). (8 Marks)
(b) Find 7’% for L, = L(a*baa*), Ly'= L(ab*) (5 Marks)

(c) State pumping lemma & show that L = {a,f) /P is a prime } is not regular
using pumping lemma.

. [L consists of all strings of a’s whose length is a prime] (7 Marks)
4. (a) Consider C whose productions are
S —aAS|a

A-— SbA|SS |ba

Show that § X aabbaa using LMD & RMD and construct derivation tree whose
yield is aabbaa. (5 Marks)

(b) Define passing with an example. Show ambiguity in context free grammar.
(5 Marks)

Contd.... 2
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(c)

(a)

(b)

(a)

(b)
(c)
(a)
(b)

(c)

a)
b)
c)
d)

Srinivas Institute O fecnnoiogy

CSI45
Eliminate useless symbols and productions from the following grammar.

S — ABa| BC

A — aC | BCC
C —a
B bee
D—r
L —d
.F — €
(10 Marks)
Define CNF and GNF and cenvert following grammar to CNF.
S — abAB
A —bAB|A

B — BAa|A|A
(12 Marks)

Obtain PDA to accept the language
L = {a™b?" | n > 1} by final state. (8 Marks)
Show that family of CFL is closed under union, concatenation and star closure.
(6 Marks)
Show that the language L = {a”™b"c™ | n > 1} is not a CFL. (7 Marks)
State and prove pumping lemma for CFL. (7 Marks)
Define Turing machine. (4 Marks)

Design Turing machine that copies strings of 1's i.e. find a machine that
performs the computation

qow;‘_‘qfww for any w e {1}* (8 Marks)
What are multitape and multi dimensional Turing machines? (8 Marks)

Write shortnotes on the following:
Chomsky hierarchy

Unrestricted grammar
Post correspondence problem

Linear bounded automata (4 X 5=20 Marks)
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Note: Answer any FIVE full questions.

. (a) Define the terms prefix, suffix and sentential form and give one example for

each. (6 Marks)

(b) Draw deterministic finite automata (DFA) for following languages. > ={a,b}
1) L= {wbab |we {a,b}*} ’

i) L,= {w(ab + ba) |w € {a, b}*j} (8 Marks)
(c) Describe two applications of automata (DFA) with transition diagrams
(6 Marks)

(a) Define regular expression and give regular expression for
L ={a™b"cP|n<4,m>2,p<2} (6 Marks)

(b) Convert the following NFA to DFA.

o,! ;
) ) C:D, ! ‘ 0,/
G W=t
(8 Marks)
(c) State and prove pumping lemma for regular languages. (6 Marks)
(a) Discuss the properties of regular languages with examples: (6 Marks)

(b) Define right quotient, context - free grammar, derivation tree and S-grammar
and give one example for each. - (8 Marks)

(¢) Define ambiguous grammar and show that the grammar. § — § +S5|S+«S|a
is ambiguous and give an equivalent unambiguous grammar. (6 Marks)

(a) Describe the procedure to eliminate useless variables and productions and |
explain with examples. (6 Marks)

(b) Eliminate )\, unit, and useless productions
S—alaA|B|C,A—aB |\, B — Aa, C—cCD, D — add. (8 Marks)

(c) Define Chomsky and Greibach normal forms and convert the following grammar
to Chomsky normal form S — AS | AAAS, A — SA |aa|b (6 Marks)

. (a) Define non-deterministic pushdown automata and deterministic pushdown

automata. - (6 Marks)

Contd.... 2
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(b) Write a pushdown automata to accept by final state, 4
L={wwl|we {a,b}*} and list all transitions. (8 Marks)

(c) State pumping lemma for context free languages and show that
L = {a™b™c™ | n > 0} is not a context free language. (6 Marks)

6. (a) Show that context free languages are closed under
1) Union 1i) Concatenation: (6 Marks)

(b) Construct NPDA for the grammar

S — a4, A — aABC |bB |a,B — b,C — c and show that aaabc is accepted
by it. (8 Marks)

(c) Define Turing machine and explain the various forms of turing machines.
. (6 Marks)

7. (a) Define linear bounded automata, unrestricted grammar and context - sensitive
grammar. (6 Marks)

(b) Write a turing machine to recognize. _
L ={a™b"™|n>1} (8 Marks)
(c) Write a context - sensitive grammar for

L = {a™b"c™} | n > 1} and show that a®b%c3 is generated by that grammar.

(6 Marks)
8. ' Write detailed note on :
a) Multitape turing machine
b) Turing thesis
¢) Post - corrospondence problem
d) Chemistry Hierarchy (5% 4=20 Marks)
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Computer Science and Information Science Engineering

Finite Automata and Formal Languages
Time: 3 hrs.] _ [Max.Marks : 100
Note: Answer any FIVE full questions.

1. (a) Define a DFA. Construct a DFA to accept a string of 0’s and I's containing two
consecutive Qs in'it. (10 Marks)

(b) Define an NFA. Convert the following NFA to an equivalent minimized DFA.
(10 Marks)

0,1

ey

9. (a) Define a regular expression. Find regular expression for the following languages
on {a,b}

a) L= {a?™b?™; n>0,m> 0}

b) L={w:w| mod3 =0} (10 Marks)

(b) Prove that a language is regular if and only if it is accepted by a finite automata.

- (10 Marks)
3. (a) State and prove pumping Lemma for regular languages. Show that the language
L = {ww? : w € {a,b}*} is not regular. (10 Marks)

(b) Explain the table filling method used to minimize the states of a DEA. Find
the minimized DFA for the following.

(10 Marks)
" 0 1
— A B A
B A C
C D B
« D D A
E D F
F G E
G F G
H G D

Contd.... 2



institute O fecnnoiody

ivas v
Page No... 2 srntt T.'\brarv. nMaggalore CS44
4. (a) Define a context free grammar. Construct a CFG for the language
L = {a"wwllpn : v ¢ {a,b}*} (10 Marks)
(b) Define leftmost and rightmost derivations. Give examples. (6 Marks)

(c) What is meant by ambiguity ? How to test the ambigﬁity of a grammar ?
(4 Marks)

5. (a) Give the formal definition of a PDA. Discuss about the languages accepted by
a push down automata. Design an NPDA for the language L = {w : a”}?™}
(12 Marks)

(b) Construct an NPDA that accepts the language accepted by the grammar

S -—051/A4 A —1A4A0/S/¢ (8 Marks)
6. (a) Define Chomsky Normal Form. Simplify the following CFG and convert it to

CNF.

S —ASBle A-—aAS|a B — SbS|A|bb (12 Marks)

(b) Prove that the family of context free languages are closed under union,
concatenation and reversal operations. (8 Marks)

7. (a) With a diagram, explain the working of a basic turing machine. DNesign a
turing machine that accepts the language L = {0 1" : n > 0} (10 Marks)

(b) Explain the general structure of multi-tape and non-deterministic turing ma-
chines and show that those are equivalent to basic turing machine.

(10 Marks)
8. Write detailed note on :
i)  Applications of CFGs
ii) Multistack machines
iii) Homomorphism '
iv) Post correspondence problem (35X 4=20 Marks)
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Finite Automata and Formal Languages

Time: 3 hrs.] [Max.Marks : 100
Note: Answer any FIVE full questions.

1. (a) Give DFA’s accepting the following languages over the alphabet {0,1}
i) The set of all strings ending in 00.
ii) The set of all strings with three consecutive 0’s (not necessarily at the
end).

(4 Marks)
(b) Write an algorithm to convert any €-NFA E to a DFA D such that L(E) =

L(D). Prove that the running time of this algorithm is 0(n?2") where n is the
number of status in E.

(9 Marks)
(c) Consider the following € -NFA.
€ a|b c
—pl{g, 7} @ {{g}| {n}
q | @ |{p}{r}|{p,q}
sr| ® || D] @
Convert the automaton to a DFA. (7 Marks)

9. (a) Convert the following DFA to a regular expression using state-elemination
technique. : (7 Marks)

- i
e o

Fig. 2(a)
(b) Prove that the language L = {Oi2 . i is an integer, i > 1} is not regular.
(6 Marks)
(¢) Show that if the language L is regular, than | R is also regular. (7 Marks)

3. (a) Prove that if the language L is regular over a alphabet }, and h is a
homomorphism on 3, then h(L) is regular. (10 Marks)

(b) Suppose M= (@, 6,40, F') be a DFA, and we are interested in the language
L of all strings w € Z* such that 8(gg,w) is in F, and also for every state q

in Q there is some prefix z¢4 of w such that 8(qg,zq) = ¢. Is L regular? Prove
your answer. (10 Marks)

$ Contd.... 2
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4. (2)"Consider the grammer G=-(V,'I‘,P,S‘) where
V={5)
T ={()}

P=1{S—-(S)S/E}

Prove that the grammer gencrates all strings of balanced parenthesin, and

- only such strings. (10 Marks)
(b Consider the grammer G

S S5+851S=51(S)la

Show that the string a 4 a + a has two

i) Parse trees ii) Left most derivations

Find an unambiguous grammer G equivalent to G and show that L(Q) =
L(G) and G is unambiguous. (10 Marks)

5. (a) Design PDA’s to accept each of the following languages by final state and by
empty stack. (12 Marks)

i) {071 :n > 1}
ii) The set of all strings of 0’s and 1’s with an equal number of 0’s and 1’s .
(b) Prove that if L is a regular lanaguage, then L=L(P) for some DPDA P.
(8 Marks)

6. (a) Let L be a CFL and R be a regular language. Prove that the language L n R
is a CFL.

(12 Marks)
(b) Use part(a) to show that the language A={W : W ¢ {a,b,c}’ and contains
equal number of a's,b's and c's} is not a CFL. (8 Marks)

7. (a) Define a turing maching (TM). Design a TM to accept the lanugage
{0, 1" :n>1}

(10 Marks)

(b) Let L be the language accepted by a TM. Prove that L is accepted by a two-stack
machine. :

(10 Marks)
8. (a) Define the following:
i) Recursively enumerable (RE) language.
ii) Recursive language.
iii) Universal language. (6 Marks)
(b) Prove that if L is recursive language then L is also recursive language.
(6 Marks)
(b) Prove that universal language is RE but not recursive. (8 Marks)
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Finite Automata and Formal Languag §z4, 0\1
e Py IV

Time 3 hrs)

Note: Answer any FIVE tull questions.

1. (a) Prove that the language Lis accepted by DFAMiff Lis accepted byane ~-NF 4N,
(8 Marks)

(b) Obtain a DFA fo accept binary numbers over the alphabet {0, 1} such that t~ey
are divisible by 5 and start with 1. For example, 101, 1010, 1111 etc are in *~e

=

language and 0,0101, 111 etc are not. (6 Marks)

(c) Obtain a DFA to accept the following language
L = {w such that|w | mod 3 >} w | mod 2 where w € Z* and 3" = {a,b}}
(6 Marks)
2. (@) Whatis a regular expression? Prove thal a language L is accepied by c DFA if
and only if L is regular. (8 Marks)

(b) Give the regular expressions for the following :
) strings of a's and b’s ending with ab or ba.

. 1) strings of a’s and b’s such that fourth symbol from tne right end is a and fitih
' symbol from the right end is b.

iy strings of a’s and b’s containing no more than three a’s

iv) strings of a’s and b’s ,whoéei lengths are multiples of 3. . (4 Marks)
() Obtain an NFA to acceptistrings of a’s and b’s ending with ab or bd., From this
NFA obtain an equivalent DFA using subset construction. 7 (8 Marks)
3. (e) State and prove bumping lemma for regular longuages. (8 Matks)
(b) What are disﬁnguiéhdble and ihdisﬁnguishoble states? (2 Marks)
(c) Minimize the following DFA using table-filling algorithm where A is the start state.
_ 'The states C, F and | are final states (10 Marks}

| 0 1

A B E

B C F

C D H

D E H

E | F |

‘F G ‘B

G H B

H I C

| Al E

Contd = 2
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Obtain the grammar for the languages shown below :

N L={a"b"c"d™ |n>1, m>1} u {a® MY |n>1,m>1}

i) L ={wsuchthatl |w|mod 3 #|w |mod2 where w e T* ond 1" = {a,b}}
(8 Marks)

Show that the following grammar G is ambiguous. Also obtain the unambiguous

grammar G for the following grammar

E-FE4E

E--E+E

E-IL/E

E-F I

E — (E) | a I I)

Prove that L(G) = L(G").

Note : Assume the operators + and - are left associative and + and / as right

associative with normal precedence. (12 Marks)

Show that for any grammar G, there is a PDA M such that L(G)=L(M). (6 Marks)

Obtain a PDA to accept the language L = {a™b™|n > 0} by a final state. Give the
graphical representation for PDA obtained. Show the moves made by the PDA

for the string aaabbb. (10 Marks)
Obtain a PDA equivalent to the following grammar :
S —adA '
A — aAdl|bAlalb. ' : (4 Marks)
: ‘What are useless symbols? Explain with an example. (4 Marks)
:Elir'hinote unit productions from the following grammar :
"S5 Aa|B|Ca
B —-aB|b
C—-Db|D
D—-E\|d
E — ab. (6 Marks)
Prove that if L is regular, then L=L(P) for some DPDA P. (10 Marks)

(©)

7. (a) Whatis aTuring machine and o multi-tape Turing machine? Show that the language

®)

8. (a).

accepted by these machines are same. . (8 Marks)

Design a ijring machine fo accept the language
L = {a™b"c™ |n > 1}

. Give the graphical represen‘roﬂ'orj for the Turing machine obtained.  (10+2 Marks)

Define the followihg :

) Post’s cbrrespondence‘ pro.bl'em

i) Rec,Ursively enumerable languages
iy Recursive language
iv) Universal language - : (4x 3 Marks)

(b) Prove thatif L is recursive then I is also recursive. . (8 Marks)
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Fourth Semester B.E. Degree Examination, July 2006

CS /IS
Finite Automata and Formal Languages
Time: 3 hrs.] [Max. Marks:100
Note: Auswer any FIVE full questions.

1 a. Define grammar and language. Explain same with example. (06 Marks)
b. Define DFA. Find DFA that accepts all strings on { 0,1 }, except those containing
001. (08 Marks)
c. Show that the language L = {awa: WE {a,b}} is regular. (06 Marks)

2 a. Give the procedure to convert NFA to DFA. Convert the NFA shown below to its
equivalent DFA.

’i@; o 0.1 gq’z
o Fig. 2(a) (10 Marks)
Explain Chomskian hierarchy. (06 Marks) -
c. Explain with example how you reduce the number of states in finite automata.
(04 Marks)
3  a. Defineregular exp1ession and regular languages. | (06 Marks)
b. Find the regular expressmn for the language
= {WE {0,1 1" : W has no pair of consecutive zeros} (08 Marks)
c. Find an NFA which accepts L (1) wherer = (a+bb ) ( ba’ + ) (06 Marks)
4 a. State and explain pumping lemma for regular languages. (04 Marks)
b. Show that, 2.= {a,b} the language.
L={WE X " na (W) <ny (W) } is not regular. (10 Marks)
c. Define and explain with example the context free grammars. (06 Marks)
5 a Findthe CFG forL={a"b™:n=2m} withnm > 0. (06 Marks)

b. Show a derivation tree for the string aabbbb with grammar
S—>AB/AL ; A—>aB ; B—>5Sb

Give a verbal description of the 1anguage generated by this grammar. (08 Marks)
a. Show that the language L= {a"b"c™}u {a"b"c" } withnand m being non -
negative, is an inherently ambiguous context - free language. (06 Marks)

6 b. Convert the grammar with productions
S—>ABA ; A —»>ab ; B> Ac to Chomsky normal form. (06 Marks)
Contd...2
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c. Define and explain with example PDA. (06 Marks)

d. Construct a npda for accepting the language
L={WW': WE{ab}"} (08 Marks)
7 a. Define pumping Lemma for context {ree language. (06 Marks)
b. Define and explain turing machine. (07 Marks)
c. Design a turing machine that accepts the language denoted by the regular expression
00 for » {0, 1] (07 Marks)

8  Write short noteson:

Ambiguous grammar

b. Multitape turing machine

¢. Unrestricted grammar

d. Eliminations of A- productions. (20 Marks)

®
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Fourth Semester B.E. Degree Examination, Dec. 06 / Jan. 07
CS/1IS

Finite Automata of Formal Language
Time: 3 hrs.| [Max. Marks:100

Note : Answer any FIVE full questions.

1 a. Mention the differences between DFA, NFA and € - NFA. (04 Marks)
b. Obtain a DFA to acccpt the language L={w l we (a+b) ;Ny(w)ymod 3=2 and
Np(w)mod2=1} (08 Marks)

c. Obtain a DFA to accept the following languages i
L = { w such that lwrmod 3 l w | mod 2 wherew € £ and Z= {a,b}} (08 Marks)

2 a. Prove that there exists a finite automata to accept the language L(R) corresponding 1o

the regular expression R. (06 Marks)
b. Obtain an NFA to accept the language consisting of 2’s and b’s ending with string ab
or ba and convert it into equivalent DFA. (08 Marks)
c. Provethat L ={ a” |n > 0} is not regular. (06 Marks)
3 a. State and prove pumping lemuma for regular languages. . (08 Marks’
b. Write the algorithm or the procedure to minimize a DFA using table filling algorithn
and use this procedure to minimize the following FA. (12 Marks

d 0 1

> A B F

B G C

*C A C

D C G

E H F

F C G

G G E

H G C

4 a. Obtain the grammar for the languages shown below :
) L={a"b"c"|n+2m=kforn=0 andm=>0}

*

i)y L={xy|we(a+tb) andye (ab or ba) }. Show the RMD for the strir

aabbba along with derivation tree. (12 Mark
b. Is the following grammar ambiguous?

E—->E+E

E—>E*E

E—>E/E

E->E-E

E-—>(E)|alb
If the grammar is ambiguous obtain the unambiguous grammar assuming nomnt
precedence and associativity. (08 Mar}

‘. Contd....
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What is deterministic PDA and non-deterministic PDA? (04 Marks)
Obtain a PDA to accept the language 1. = { WI|We(a+ b )*. NLOW Y =Nt W
by a final state. Draw the graphical rcprCSCmation of PDA. Also show the mores
made by the PDA for the string abbbaa. (12 Marks)
Obtain a PDA equivalent to the following grammar.

E—->E+E :

E—->E*E

E—-E/E

E—->E-E

E—>(E)]alb (04 Marks)

What are useless symbols? Eliminate useless symbols and productions from th-
following grammar: ’

S — abA | bB

A—aAld

B—bB

D —ab|Ea .

E—aCla (10 Marks)
What is CNF and GNF? Obtain the following grammar in CNF :

S — a Ba | abba

A — ab| AA

B—aBla (10 Marks)
Define Turing machine and instantaneous description of T™M. ' (04 Marks)
Design a Turing machine to accept L={ wwriWwe(a+b) }. Show the sequence
of moves made by the Turing machine for the string abba. (16 Marks)

Write short notes :

a.
b.
C.
d.

Post’s correspondence problem.

Chomsky hierarchy.

Multi-tape Turing machine

Inherently ambiguous language. (20 Ma )
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Fourth Semester B.E. Degree Examination, July 2007
Computer Science and Engineering
Finite Automata and Formal Languages
Time: 3 hrs!] [Max. Marks:100
Note : Answer any FIVE full questions.

n . o}
1 a Prove that Ziz = l(}l—:l—)—(“—nil«)

by induction. (05 Marks)
i=1 6
b. Decfine language. erammar. and automata. ' (05 Marks)
¢. Find the grammar for the following:

L= {co o/ mod3 # |/ mod 2} on T =1a}. (05 Marks)
d. Find DFA to generate strings with atleast one ‘a’ and exactly two b’s. (05 Marks)
2 a. Distinguish between NFA and DFA. (04 Marks)
b. Give the formal definition of a regular expression. Find the regular expression for a
language consisting of strings over {0. 1} which has at most two zeros. (08 Marks)
¢. Let ‘r’ be a regular expression. Then prove that there exists some NFA that accepts
L(r). Find NFA that accepts the language L(ab*aa + bbaab) (08 Marks)
3 a. Prove that the regular expression: (a+b)¥ = a* (ba*)*. (05 Marks)
b. What do you mean by homomorphism, homomorphic image. Prove that the family of
reguiar languages is closed under arbitrary homomorphism. (10 Marks)
c. Obtain the right quotient of language L; with Ly, where [.; = L(a*baa*), L, = L(ab*).
(05 Marks)
4 a. State and prove the pumping lemma for regular languages. (08 Marks)
b. Show that L = {apz P is prime} is not regular using pumping lemma. (06 Marks)
c. Define context free grammar. Find CFG for L = {a"b™: n # 2m}. ' (06 Marks)
5 a. What do you mean by an ambiguous grammar? The grammar G = (V, T, E, P) with
V={EI},T={ab,c, + * (,)}and production E - L E - E+E,E— E *E,
E — (E). and [ — a|blc. Test whether the above grammar is ambiguous. If so resolve
the ambiguity. (10 Marks)
b. What do you mean by a useless production? Remove useless productions from the
following: S - AB|CA,B - BC|AB,A—a,C—aB|b. (06 Marks)
Define Greibach and Chomsky normal forms. (04 Marks)

6 a. Define npda. Construct an npda corresponding to the following grammar:
S — aABB |aAA, A — aBB|a, B — bBB|A. (08 Marks)
b. Show that the language L = {ww: we {a, b}*} is not context free using pumping
lemma. (06 Marks)
¢. Prove that the family of CFGs is closed under intersection and complementation.
(06 Marks)
7 a. Define Turing machine. Construct a Turing machine for L {a (a+ b}*}. (08 Marks)
b. Given two positive integers x and y. Use unary notation in which any positive integer
x is represented by w(x) € {1}+, such that jw(x)| = x. (06 Marks)

c. What is the language accepted by M = ({qo. qi1. 92, 93}, {a. b}, {a, b, 3}, 6, qu. [,
{qs}) with 8(qo, a) = (qi. a, R), 8(qo, b) = (g2, b, R), 8(q1, b) = (g1, b. R). &(qs. ) =
(a3, 3, R), 8(qa2, b) = (g2, b, R). 8(q2, @) = (gsz. a, R). (06 Marks)
8  Write short notes on following:
a) Universal Turing machine  b) Nondcterministic Turing machine
¢) Lincar bounded automata d) The Chomsky hicrarchy. (20 Marks)
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Fourth Semester B.E. Degree Examination, Dec. 07/ Jan. 08

Finite Automata and Formal Languages

3 hrs. Max. Marks:100
Note : Answer any FIVE full questions.

Definc the following terms:

i) Alphabets and power of an alphabet

i1) Language '

iii) DFA, NFA and € - NFA. (10 Marks)
Construct DFAs that accept the following languages on the alphabet £ = {a, b}:

i) All strings with exactly one a

ii) All strings with atleast one a

iii) All strings except those which end with ‘abb’. (10 Marks)

Convert the following NFA to DFA using ‘LAZY’ evaluation scheme:
} 0 1
Start — Jo qi1 (l)

* qr Qo  qi9
Q@ ¢ qi
(08 Marks)
Let r be a regular expression, show that there exists some NFA that accepts L(r). (06 Marks)
Obtain the regular expression for the following automata shown in fig.2(c) using state

elimination method. (06 Marks)
C‘, I C , O, i = (v} , ] (
e ,3}—9@— "‘”“@ — \\-/D)
Fig.2(c)

State pumping lemma and discuss the strategy to apply pumping lemma for regular
expression. Prove that the following language is not regular:

L= {(ab)" a®: n>k, k>=0 } (08 Marks)
If L, and L3 are regular languages, then prove that regular languages are closed under
difference and reversal. (04 Marks)
Consider the DFA:

0 1
- A B A
B A C
C D B
* D D A
E D F B
F G E .
G F G 7
H G D
i) Draw the table of distinguishabilitics for the DFA.
ii) Construct the minimum state equivalent DFFA. (08 Marks)

1of2
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Define the following terms: _
i) Grammar ii) CFG iii) Leftmost derivation iv) Rightmost derivation v) Derivation tree.

(05 Marks)
What is ambiguous grammar? Prove that the following grammar is ambiguous:

S — aS‘aSbSE € (05 Marks)
Consider the following grammar:
E - +EE* EE| - EE[x|y
Find leftmost and rightmost derivations and a derivation tree for the string +*-xyxy.
(10 Marks)

With neat diagram show the working of a pushdown automata and define the language
accepted by a pushdown automata. (06 Marks)
Design a PDA to accept the language

L= {a"b”" | n>=1}

Give the graphical representation for PDA obtained. Show the moves made by the P& for
the string aabbbb. (101 ks)
Obtain a PDA equivalent to the following grammar:

S—aA

A — aAlbAjajb. (04 Marks)

Find a CFG, without X productions, unit production and useless productions equivalent to
the grammar defined by

S — ABaC

A —BC

B — b/A

C — D/

D—d. (12 Marks;
What are CNF and GNF of context free grammar? Give examples. (04 Marks’
Obtain the following CFG in GNF-notations: :

S -— AB

A — aAlbBJb

B—b. (04 Marks)

What is turing machine? With neat sketch, explain the working of turing machine.

(08 Marks)
Design the turing machine for the following language. Write transition diagram and give
ID on input aaab.

L= {0) / \O)l isevenm € (a + b)*} (12 Marks)

Write short notes on the following:

P

b
C.
d

Multitape turing machine

Application of CFGs

Recursively enumerable languages

Post’s correspondence problem. (20 Marks)
kxRxkx
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Fifth Semester B.E. Degree Examination, Dec.08/Jan.090

Formal Languages and Automata Theory
Time: 3 hrs. Max. Marks:100
Note : Answer any FIVE full questions selecting at least Two
questions from each part.

PART - A
1 a. Whatis Automata? Discuss why study automata. (06 Marks)
b. Define DFA and design the DFA for the following languages on X = {a, b}.
i) The set of all strings that either begings or ends or both with substring ‘ab’.
ii) The set of all strings that ends with substring ‘abb’.

iii) L={W: [W| mod5< >0} (08 Marks)
¢. Define € — NFA and design the E — NFA or NFA for the following languages.

i) abc,abd, and aacd {AssumeX =a,b,c,d}

ii) {ab,abc}* {Assume X = {a, b, c}. (06 Marks)

* a. Convert the following € I NFA to DFA using “Subset Construction scheme”. (08 Marks)
o-9

b. Define Regular expression and write Regular expression for the following languages.
) L={a"b™':m=20,n>0}.

ii) L= {a"b™:(m+n)is even}.
i) L={a"b":n>=4,m<=3} (06 Marks)
¢. Prove that every language defined by a Regular expression is also defined by Finite
automata. (06 Marks)

3 a If L, and L; are regular languages then prove that family of regular language are closed

under Ly —E2. (06 Marks)
b. State and prove pumping lemma for regular languages. Apply pumping lemma for
following languages and prove that it is not Regular L = {a” : n is prime}. (08 Marks)
c. Consider the DFA , ’
d 0 1
—>q |92 ¢
qQ2 {493 Gs
* Q3 g @
Q4 |93 G5
* 959 G5
i) Draw the table of distinguishable and Indistinguishable states for the automata.
ii) Construct minimum state equivalent of automata. (06 Marks)
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Define context-free grammer and write context free grammer for the following languages.
i) L={a'bc:i+j=k,i>=0,j>=0).

ii) L={a"b"c*:n+2m=k}. (07 Marks)
. Consider the grammer.

E—+EE [* EE|- EE[x|y

Find leftmost and rightmost derivation for the string +*—xyxy and write parse tree.

(08 Marks)
.- What is ambigous grammer? Prove that the following grammer is ambigous on the string
“aab” S — as[asbsle . (05 Marks)

PART -B
Define PDA and construct a PDA that accepts the following languages.
L ={w : we (a + b)* and n,(w) = ny(w)}. Write the instantaneous description for the
string “aababb”. (12 Marks’
. For the following grammer construct a PDA.
S — aABB |aAA
A > aBBla
B —bBB|A

C—oa (08 Marks)

Consider the grammer.

S — ABC | BaB

A — aA|BaC| aaa

B —bBblalD

C— CAJAC

D-e

i) Eliminate t — productions.

if) Eliminate Unit productions in the resulting grammer.

i1i) Eliminate Useless production in the resulting grammer. (09 Marks)
. What is Chomsky normal form? Convert the following grammer b Chomsky normal form.
S — ABa

A — aab

B — Ac. (05 Marks,
. If L, and L, are context free languages then prove that family of Context—free— languag

are closed under Union and concatenation operations. (06 Marks)

Explain with neat diagram, the working of a Turning machine model. (06 Marks)
. Design a Turing Machine to accept all set of palindromes over {0, 1}*. Also write its

transition diagram and Instantaneous description on the string “1 0 1 0 17, (14Marks)

Write short notes on following:

i) Post’s correspondence problem.

ii) Recursive languages.

i) Universal Turning Machine.

iv) Pumping lemma for CFL. (20 Marks)

kkkkx

20f2



v’

NP Con
/A% A2 .
ANV I < Mg

4 h'*"’"’ﬁn: Ty

USN : 4 | 06CS56

Fifth Semester B.E. Degi‘ee Examination, June-July 2009 @,
Formal Languages and Automata Theory

Time: 3 hrs. Max. Marks:100

Note : 1. Answer any FIVE full questions, selecting atleast
TWO questions from each part.
2. Assume missing data if any.

PART - A
1 a. Define i) Powers of an alphabet ii)) NFA. (04 Marks)
b. Design a DFA to accept the following language over the alphabet { 0, 1}.
) L={o |  is a even number} ii) L= {(01) 7] ix1,j=1)
iii) The set of strings either start with 01 or end with O1. (10 Marks)
c. Consider the following € — NFA. (06 Marks)

| € a b c
—>p| ¢ ({p}|{a}| {1}

q | {p}yi{a}|{tt| ¢
* si{q}|{r}| ¢ |{p}

i) Compute the € — closure of each state ii) Convert the automation to a DFA.

2 a. Define Regular Expression. Write the regular expression for the following languages:
i) Language of all strings @ such that @ contains exactly one 1 an even number of 0’s
ii) Set of strings over {0, 1, 2} containing atleast one 0 and atleastone 1. (10 Marks)
b. Convert the following DFA to a regular expression using the state elimination
/  technique. (06 Marks)

S~ o
c. Prove that if R be a regular expression then there exists some £ - NFA that accepts

L(R). (04 Marks)
a. i) State and prove pumping Lemma for regular languages.

ii) Prove that the following language is not regular : L= {0" 1" n> 0}.

iii) Prove that if L is a regular language over alphabet Y. - then L isalso aregular

language. (12 Marks)
b. Minimize the following DFA using Table filling algorithm. (08 Marks)

011

—>A|BJA

B|A|C

C|D|B

*D|{DJ|A

E|D|F

F|G|E

G|F|G
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a. Construct the CFG for the following Languages
) L={"b™|n>0,m>0} i) L={0" 1 2|i=jorj=k} and Generate left
most derivation for the string 0 1 12 2. (10 Marks)
b. Define Ambiguous Grammar. Prove that the following grammar is Ambiguous. Find
an unambiguous grammar. S—>aS|aSbS |e (10 Marks)
PART - B
a. Discuss the languages accepted by a PDA. Design a PDA for the language that accepts
the strings with ny(w) < ny (w) [number of a’s less than number of b’s]. Where
w e (a+ b)* and show the instantaneous descriptions of the PDA oninputabbab.
(14 Marks)
b. Convert the following grammar to a PDA that accepts the same language by empty
sack. S—> 0ST1|A ; A—>1A0]|s|¢. (06 Marks)
a. What are Useless Productions? Remove all useless productions, unit productions and
all € — productions from the grammar : (10 Marks)
S>aA|aB ; A—>aaA|[Ble ; B->b|bB ; D —B
b. Define CNF. Convert the follwing CFG to CNF.
S— ASB{s ;o A—> aAS{a ; B— SbS}AEbb. (10 Marks)
a. What is Turing Machine and Multi tape Turing Machine? Show that the language
accepted by these machines are same. (08 Marks)
b. Design a Turing Machine for the language to accept the set of strings with equal
number of 0’s and 1°s and also give the instantaneous description for the input 110100.
(12 Marks)
Write short notes on:
a. Applications of CFG.
b. Homomorphism.
c. Recursive Languages.
d. Post’s correspondence problem. (20 Marks)

kkkkk
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Important Note : 1. On completing your answers, <~ .apulsorily draw diagonal cross lines on the remainiiig blank pages.

57 will be treated as malpractice.

2. Any revealing of identifizatio 2ppeal to evaluator and /or equations written eg, 42+8
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Fifth Semester B.E. Degree Examination, Dec.09/Jan.10
Formal Languages and Automata Theory

Time: 3 hrs. Max. Marks:100
Note: Answer any FIVE full questions, selecting
at least TWO questions from each part.
PART - A
1 a. Define the following terms : ,
i) Alphabets i1) Strings iii) Power of an alphabet iv) Language. (06 Marks)
b. Define DFA. Design a DFA to accept the binary numbers which are divisible by 5.(06 Marks)
c. Convert the following NFA to its equivalent DFA using subset construction :
0 1
.l .9} | {p}
q {r} {r}
r {s} )
*s {s} {s}
(08 Marks)
2 a. Design an NFA that accepts the language L(aa*(a+b)). (04 Marks)
b. Consider the following e-NFA :
€ a b c
>p ¢ {p} qp | {1
q {p} {q} i} | ¢
tr {9} {r} ¢ | {p}
i) Compute the e-closure of each state. '
ii) Give all the strings of length 3 or less accepted by the automation
iii) Convert the automation to a DFA. (10 Marks)
C.  Write the regular expressions for the following languages :
i) The set of all strings over 2 : {a, b, ¢} containing atleast one a and atleast one b.
i) L={w : |w| mod 3 =0} Assume Y. :{a, b}
iii) The set of strings of 0’s and 1’s whose 10™ symbol from the rightend is 1. (06 Marks)
3 a. Convert the regular expression (0 + 1)‘1(0 + 1) to an e-NFA. (04 Marks)
b. State and prove the pumping lemma for regular languages. (06 Marks)
¢. Consider the transition table Q3(c), of DFA given below :
0 1
—»>A| B A
B| A C
C| D B
*D| D A
E| D F
FI G E
G| F G
H{ G D
i) Draw the table of distinguishabilities of this automaton
if) Construct the minimum-state equivalent DFA using table filling algorithm. (10 Marks)
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Define CFG. Write CFG for the language L = {0"1"| n > 1}, i.e. the set of all strings of one
or more 0’s followed by an equal number of 1’s. (08 Marks)
Consider the grammar —

S — aS|aSbS§j e
Is the above grammar ambiguous? Show in particular that the strings aab has two :
i) Parse trees
ii) Leftmost derivation

iii) Rightmost derivations. - - (12 Marks)
PART - B

Define a PDA. Discuss about the languages accepted by a PDA. Design a nondeterministic
PDA for the language L = {0"1"{n > 1} (12 Marks)
Convert the following grammar '

S—>0S1|A

A—>|A0|S]|e
to a PDA that accepts the same language by empty stack. (08 Marks)
State and prove pumping lemma for context free languages. (08 Marks)
What are CNF and GNF of context free grammar? Give examples. (06 Marks)
Using the CFL pumpmg lemma, show that the following language is not context free.

L={a'bc"|i<j<k}. (06 Marks)

With a neat diagram, explain the working of a basic turing machine. Design a turing
machine to accept L = {(wwh|we @+ b)'} (12 Marks)
Explain the general structure of multi-tape and non deterministic turing machines and show
that these are equivalent to basic turing machine. E (08 Marks)

Write short notes on :

Recursive languages and holting problem

Post’s correspondence problem

Chomsky hierarchy

Applications of CFG’s ' (20 Marks)

* % k %k %
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.pulsorily draw diagonal cross lines on the remaining bk

2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

Important Note : 1. On completing your answers,

USN ;..z..'»,,ui,A..-':";;.w;c Giweinne,,  06CS56
LiDialy, Manyaiore
Fifth Semester B.E. Degree Examination, May/June 2010
Formal Languages and Automata Theory
Time: 3 hrs. Max. Marks:100
Note: Answer any FIVE full questions, selecting
at least TWO questions from each part.
PART - A
1 Define the following terms, with an example for each:
i) String ii) Alphabet iii) Powerset iv) Language. (08 Marks)
Mention the differences between DFA, NFA and e-NFA. (04 Marks)
Convert the following €-NFA to DFA. [Refer Fig.Q1(c)]. (08 Marks)

Fig.Ql(c)
Define a regular expression. Find regular expression for the following languages on {a, b}:
HL={a™b™:n>0, m>0} ii)L={w:|w|mod3=0}, we{a, b}* (08 Marks)
Prove that if L and M are regular languages, thensoisL"M. (06 Marks)
Convert the regular expression (01 + 1)‘ to an e-NFA. (06 Marks)

State pumping lemma for regular languages. Prove that the language {a" b" | n 21} is
non-regular. : (10 Marks)
Define distinguishable and indistinguishable states. Minimize the following DFA usmg table
filling algorithm. -

TOoOmmuaOw >~
QiQlalmiol» Qlwio
QImQI™ QIO Y] =

(10 Marks)

Define CFG. Obtain CFG for the following languages:
HL={ww"|we{a, b} )}, wisthe reversal of w} i) L ={ w: w has a substring ab}
(10 Marks)
What is an ambiguous grammar? Show that the following grammar is ambiguous.
E->E+E|E-E|E*E|E/E|(E)]|a
where E is the start symbol. Find the unambiguous grammar. (10 Marks)
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PART - B

Define PDA. Design PDA to accept the following language by final state.

L={w|we{a, b} ,Ny(w)=Nyw)}
Draw the graphical representation of PDA. Also, show the moves made by the PDA for the
string abbaba. (12 Marks)

Convert the following CFG to PDA.
S —» aABB |aAA
A —>aBB|a
B—->bBB|A
Coa (08 Marks)

What are useless symbols? Eliminate €, unit and useless productions from the following
grammar:

S—> AaA|CA|BaB

A — aaBa | CDA |aa|DC

B — bB | bAB | bb | aS

C—->CalbC|D

Do>bD|e , (10 Marks)
What is CNF and GNF? Obtain the following grammar in CNF:

S — aBa | abba

A —>ab|AA

B-—>aB]a (10 Marks)

Prove that the context free languages are closed under union, concatenation and reversal.
(10 Marks)

Design a turning machine that performs the following function:
q,WF q,ww forany w € ay (10 Marks)

Write short notes on:
Multitape TM

Post correspondence problem
Chomsky hierarchy
Applications of regular expressions. (20 Marks)
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