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Answer ANY 5 Full Questions
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1 (a) | Design a PDA for the language L={a"b™|n>1 and n<m}. Show the ID for [08] Cco2| L3
the input string w=aabbbb.
3 marks for
. ) Transition
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(b) | Explain why CFG is not closed under Intersection. [02] CO2| L3
The conmtaext-free languagaes are not closed undeaer Example 2
intersection: marks
The proof is by counterexamplke . Let:
I, = {2 ==, me = O Meaegual ="' s and B s.
o= {=2™EA=n e = O) MAMeaegualk’'s and =7 s
Both L, and [ , are context-free, since there exist
straighiforward context-free grammars for them.
But mow consider:
L =0, il
= {a"=""=" = 0}
2(a) | Design a PDA for the language L={a"b™|n,m>1 and n#m}. Show the ID [08]
for the input string w=abbb. PDA 3 marks |CO3| L3
Transition
Function 3
marks ID 2
marks
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(b) | Differentiate Decidable with Semi decidable languages [02] CO5| L3
Definition: for both 1 marks
3. | Using pumping Lemma show that L={a"b"c"|n>0 } is not Context Free [10] CO1| L2
Language. .
-> Assume that L is Context Free Imtla_l
-> L must have a pumping length (say P) Assumption 2
-> Now we take a string S such that S = aPbPcP marks
-> We divide S into parts uvxy z Each case: 3
marks
i P=4 = a*b* c* .
Eg So, S=a'b’c Final
CaseI: v and y each contain only one type of symbol Conclusion:
aagabbbbcccc 2marks
AV < Y 2
Case IT: Either v or y has more than one kind of symbols
aaaabbbbcccc
’f v i\/ A
State and prove pumping lemma for Context Free Language(CFL). Show [10] CO4 &LLI3
that _
L= {ww | w € {a,b}*} is not context free. Pumping
Lemma: 2
marks
Each case with
example:




Pumping Lemma (for CFL) is used to prove that a language is NOT Context Free

If A is a Context Free Language, then, A has a Pumping Length 'P' such that
any string 'S', where |S|>>P may be divided into 5 pieces S = uvxyz such that
the following conditions must be true:

1) u v'i y'z isin A for every i»0

@) Ivyl>0

@) Ilvxyl<P

Show that L = { ww | w € {0,1}*} is NOT Context Free
-> Assume that L is Context Free

-> L must have a pumping length (say P)

-> Now we take a string S such that 5 =017 0P1°
-> We divide S into parts uvxyz

= - 05150515
Case 1: vxy does not straddle a boundary Sy e R

00000'11111'00000"'11111

u VXY Z UviRN Z

uv Ryt
00000\ ([110000D (1| A
5.7 ~5(5
(o) |’\o ( {,i
£
Case 2a: vxy straddles the first boundary

00000'11111'00000'11111
u v xy z

D00 0000 | |11 Q000D (\ I\ |
O’J '7 Ob lb‘

LS
. €L

Case 2b: vxy straddles the third boundary

00000'11111'00900' 11111
u ERE:

D000D | I\ \ 00O 00001 [\ (]

.>|5
o

ot (?
3

Case 3: vxy straddles the midpoint

00000'11111'00000'11111
u vVXxy z

00000 I (110000 000 |||} |

2marks
Conclusion 2
marks

Define a Turing machine. Explain the working of a basic TM with a neat
diagram. Also define the language accepted by TM.

Model with
Diagram: 4
marks,
Operations: 3
marks
Languages
Definitions: 3

[10] CO4

marks

L1




Turing Machine Model TURING MACHINE MODEL

* TM has finite control connected to a RYW (read fwrite) head. In one step TM does following opeartions
# It has one tape which is divided into a number of cells. . a new symbol to be written on the tape in the cell under the R/W
head,
ii. amotion of the R/W head along the tape: either the head moves one
T N 1. ] rA cell left (L). or one cell right (R),
|2 |2 [ble] b -
I 1| l iii. the next state of the automaton, and
AW feard -w'rr Tate divided into calls iv. whether to halt or not.
J and af infinile lenglh Py
! d # "z!"!| o Jele] o 1;\1
7 [
I AW hea -+ ) Tapa dnidad into cals

— L and efinfinits langh
Finite canral -
| E——— |

Fig. 8.1 Turing maching model [ 'w,m |

Fig. 9.1 Turing machine mogel.

Formal definition of TM
Definition 9.1 A Turing machine M is a T-wple. namely (@, I, T, & gy & Fl.

where

O is @ firite nomempty set of stales,

I' is a finite nonempiy set of tape symbols.

e [ is the blank.

Z 15 o nonempty st of input symbols and 15 a subset of Tand b e L

. & 1s the mansition function mapping (g, x) ono (g, v, 20 where D
denotes the direction of movement of B"W head: D= L or B according
as the moversent is o the left or right

LR B ] {_} 15 the mminal srane, and

7. FZ 0 is the sst of final stotes

ad hd —

bhode !

(1) The acceptability of a string is decided by the reachability
from the initial state to some final state. 5o the final states are
also called the accepting states.

{2) & may not be defined for some elements of Q xI

Recursive Language (Decidable) and Recursive Enumerable language
(Semi Decidable) definition required.

Design TM that accepts {1"2"3" | n > 1 }. Write the ID’s for 1223, 1123, [10] CO5

1233 and 112233. o
Transition

Table 3 marks:
Diagram: 3
marks

Ex 4: design a TM to accept L= {1"2"3" :n>=1}

Before designing the required Turing machine M, let us evolve a
procedure for processing the input string mz233. After
processing, we require the I} to be of the form bbbbbbg. The ID for 4 strings
processing is done by using five steps: 4 marks

L]

L]

Step 1@ qu is the initial state. The R/W head scans the lefimost 1,
replaces 1 by b, and moves to the right. M enters gz.

step 21 (On scanning the leftmost 2, the R/W head replaces 2 by
b and mowves to the right. M enters q3.

Step 3 “0n scanning the leftmost 3. the R/W head replaces 3 by
b, and moves to the right. M enters g4.

Srep 4: After scanning the rightmost 3, the B/W heads moves to
the left until it finds the leftmost 1. As a result, the leftmost 1, 2
and 3 are replaced by b.

* Step 5 Steps 1-4 are repeated until all 1's, 2's and 3's are replaced
by blanks.

L]

L]

L]
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TABLE 9.6 Transition Table for Example 9.7
Frecan! shxhe Inout teoe membad
= k| &

q bR HBa,

g 1Rg B [

q I bR, [

i gy Blg-

AL i 2L Blgg

&5,

= Write instantaneous descriptions for for 1223, 1233,

112233 |— bg12233 | — b1g:2233 |— b1bg:233 |— b1b2g:33
— b1b2bgy3 |— blbagsh3 \— blbgs2b3 |— blgsb2b3 |— bgs152h3
— qeb1b2b3 |— bg, 123 |— bby-b2b3 |— bbbg,2b3

| bbbbgsb3 |— bbbbbgs3 |— bbbbbbg.b [— bbbbbg.bb

“Write Short notes on: (@)Linear Bounded Automata (b) Non [2*5=10]  |CO5

Deterministic TM

Concept: 2 marks
Diagram: 2 marks
Difference b/w TM and LBA 1 marks

Design a Turing Machine for L={0"1"|n>1}. Write the transition function [10] CO4
for the same and also indicate the moves made by TM for input string
W=0011.

Ex 3: Design a TM to accept L= {0"1™: n>=1}

* Solution

(a) If the leftmost symbol in the given input string w is o, = m TaD#asn
replace it by x and move right till we encounter a
leftmost 1in w. Change it to y and move backwards.

(b) Repeat (a) with the leftmost o. If we move back and 7o (o
forth and no o or 1 remains, move to a final state.

(c) For strings not in the form ome, the resulting state has
to be nonfinal.

Q011 f— 3,011 |— 2011 |— syl

el wiflly ] = oigyr] el

[
= xevvigsh f— v b

Hence 0011 is ac

P i = g = g0

As fig.. 1) is nor defined, M halts. So 010 is not secepted by M,




