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] Basic Concept & Automata Theory

| What do you'understand by term alphabets and string
a theory ? Explain, ‘

An alphabet is a finite, non-empty set of a symbol.

2. Asaconvention we use the & symbol torepresent an alphabet, It contains

the first lower letters of the Latin alphabet (a, b ...) or digit such as 0, 1
to represent symbols.

For example :

I ={a,b,c} § ’
It is the alphabet composed by the symbols a, b and c.
String : y
1. A string (or word) is a sequence of symbols from some alphabets or
digits.
2. For example, given the alphabet
© Z={a,b,c)
We can build several strings using the symbolsa, b and ¢ :
o .
abe
aa
abcabceabeabeabe
Quel2.

Explain the term language in reference to automata
theory with example.

‘Answer .
l Alanguage is set of all strings chosen from some % where Zis particular
habet. )
2. ?g: iasban alphabet and L ¢ £*, then L i.s a lan_guage over alphabet .
3. Alanguage over X need not include strings with all the symbols of =. So
once we have established that Lisa langqage over Z, we also know that
it is a language over any alphabet which is superset of Z.
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4. 'The only important constraint that can be on language is all strings
should be finite. ) tedto
5. Although they can have an infinite pumber of strings, but restricte
strings drawn from one fixed and finite alphabets.
For example : el
1 English words are a set of strings over the alphabets that consist o
the letters.

2. The language of all strings consisting of n. 0's followed by n 1’s for some
n20is
(e,01,0011,000111, ...).

3. The set of strings over 0's and 1’s with equal number of 0 and tis
{¢, 01, 10, 0011, 1010, 0101, 1100, ....}.

‘| Explain arithmetic expression with example.

‘Answer -

Y :Xn ’=.a:i>tilmetic expression (AE) is valid combination of input symbols .
that are read by computer or human being and able to answer a desired

result.
2. The recursive definition may be defined for validity of an arithmetic
expression. The definition includes
a  Anynumber (positive, negative or zero) is in AE.
b. If‘a’isin AE then
i.(a)is also in AE.
ii.—ais alsoin AE.
c. If‘a’and ‘b’ are in AE, then the following will also be in AE.
i a+bd
a-b
a*b
a/b
v. aTbora** b (Exponentiation) .
For example : If T is set of alphabets for a language i.e.
£=1{0,1,2,3,4,5,6,7,8,9,+,—*,/,(,)}
Then (4 +3) * 2 is a valid expression but
4 +3) *2isnot.

TR

A grammar or phrase-structured grammar is combination of four tuples and
can be represented as G (V, T, P, S). Where,

1. Vis finite non-empty set of variables/non-terminals. Generally non-
terminals are represented by capital letterslike A, B, C,..... ,X,Y,Z.

S/AT-Sem-4 0
14 A (C ) Basic Concept & Automata Theory

2. Tisfinite non-empty set of terminals, Sometim
or V. Generally terminals are Tepresented by
3. Pisfinite set whose elements are in the form
strings, made up by combination of Vand Ti

one symbol from V. Elements of P are called
rule or rewriting rules,

es also represented by =
a,b,¢,x,y,2,0,B, yetc.
a— B. Where a and g are
., (VUT). o has at least
productions or production
4. Sisspecial variable/non-terminal known as starting symbol.

i Dete(m .s?ic Firvz’it'e Autémdton (DFA) Deﬁmtwn, 9 2

- Representation, Acceptability of a String and Language.~ -

i Qﬁésiiopé;Ansﬁers s

Quel.5. | What do you understand by Deterministic Finite
Automata (DFA) and how it is represented ?
OR
Define Deterministic Finite Automata (DFA).
Answer
1. AFinite Automata (FA)is said to be deterministic, if corresponding to an
input symbol, there is single resultant state i.e., there is only one
transition.
2. Adeterministic finite automatais set of five tuples and represented as
M=1(Q,%,8,q, F)

‘Where,
Q@ : A non-empty finite set of states present in the finite control
(94 9y Gy --)-

Z: Anon-empty finite set of input symbols.
8: Itisatransition functionthat takes two arguments, a state and an
input symbol, it returns a single state. The & is represented as
5:Q*X->Q

q,: Itis starting state, one of the state in Q.
F: It is non-empty set of final states/accepting states from the set
belonging to Q.

3. Let‘q is the state and ‘@’ be the input symbol passed to the transition
function.
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Theory of Al

e or new state.

sg,a) =9 . . 1 nay be sam
ction, which 0¥ as followrs :

q' is the output of fun D netion =
The graphical representation of trans
; "
i tarting state.
' is final state and ¢ 15 the s .
The state g is fin guage that contains the

—__—IQue 16, | Construct a DFA for the lan

strings ending with 0.

Let M= @38 dp FIbea DFA
g, = initialstate = lgo!
T= (0, 1}

F = final state = {7

Que 1.7, I Define Deterministic Finite Automata (DFA) and design
a DFA that accepts the binary number whose equivalent is divisibie

by 5.
Answer

DFA : Refer Q. 1.5, Page 1-4A, Unit-1.
Numerical :

[AETU 2017-18, Marks 07|

Que 1.8, I Draw DFA for following over set ¥, = {0, 1)

L L={(w:|w|mod3=0} :
ii. L={w:|w|mod3s>1}

Basic Concept & Automata Theory

1-6 A (CS/IT-Sem-4)

Design a FA which accepts set of strings containing

exactly four U’s in every string over Z = {0, 1}.

[AKTU 2014-15, Marks 05 |

DFA shoul& accept the strings such as 1111, 0101011, 011011000.....
Let DFA be M=(Q,%,3,q,F)

1450 3
Q =1gy 91, 95 95 94 s}
. F=1q}
In this g is dead state.
‘Que 1.10..| Design a DFA for the language

L={w: every run of ’s has either two three}. ;

The transition diagram for language
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which accept all the strings

[1. | Draw the finite automata

L The set of strings for the language is 110101, 1100101, 101011, ...

2. The string will be accepted by the DFAif both the sub-sequence 11 and
010 are present.

Both 11 and 010 can follow each other in the language.

So, the DFA corresponding to the given language can be represented by
the following transition diagram :

o

1-8 A (CS/IT-Sem-4)

Basic Concept & Automata Theory

A
?

1. We know that if L is regular than complement of L that is L is also
regular. That is

M=(Q, %, 8, q, F) be a DFA that accepts language L; then DFA that
accepts language Lis
_ M=@Q,%,5,4q,Q-P
2. DFA which accepts the complement of language L is given by changing

every non-final state to final state and every final state to non-final.
3. Thus, the required DFA is
aY y

‘Que 1.13.
i. All strings with even number of 0’s and even number of 1’s.
ii. All strings of length at most 5.

Draw DFA of following over {0, 1} :

i. DFA should accept the strings such as 11, 00, 1010, 0101, 1111, 101101,
... etc. The transition diagram is given by

{Fig.1.13.1, Transition diagram. |
ii. DFA should accept the string of length 5 such as 10110, 00000, 11111,

01101, ... etc. The transition diagram is given by
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Theory of Automata &

Fig. 1.18.2. Transition diagram.| 0,1
Que 1.14. | What do you mean by language of a DFA ?

A

{Answer
1 ;l‘hé\set of all strings that result in a se
start state to an accepting state. )
Now we can define the language ofa DFAM = (@, %, §, q,, F). This
language is denoted by L(M), and defined by

quence of state transition from

Lo = {w/8(g,, w)isin F}

3. The language of M is the set of strings (w) that take the start state g, to

one of the accepting states. )
4. If Lis L(M) for some deterministic finite automata, then we say Lisa

* regullar language.
: 0 [ParT3] :

Non-Deterministic Finite Automaton (NFA).

" Questions-Answers

 Long Answer Type and Medium Answer Type Questions

Que 1.15. I What do you understand by Non-Deterministic Finite
Automata (NFA/NDFA) ? How is it represented ?

Answer

1. Afinite automata ]S said to be non-deterministic, if there is more than
one possible transition from one state on the same input symbol.
2. A Non-Deterministic Finite Auto:

repesentil mata is also a set of five tuples and

M=1{Q,35,
g : ﬁse: og non-empty finite sta%:evs}.?] where,
* Aset of non-empty finite in ut :
9 Initial state of NFA and mefnbesry:flz)ls.

[

1-10 A (CS/IT-Sem-4) Basic Concept & Automata Theory

F: Anpon-empty finite set of final states and member of @.
§: It is transition function that takes a state from @ and an input
symbol from I and returns a subset of Q. The & is represented as
5:Qx (zuleho 20
3. The graphical representation of § is as follows :
8(q,a) %

Fig.1.15.1.] _
Que 1.16. | Construct a NFA for the language L which accept all the
strings in which the third symbol from right end is always a over

z=1{a,b). : [AETU 2015-16, Marks 10 |
;\nswer 2 |
Let NFA be

M=@,%3,q,F)
The & is defined as follows :

‘Fig. 1.16.1.

Que 1.17. I Design a NFA for the language L which accepts all
strings over {0, 1} that have at least two consecutive 0’s or 1’s.

Answer I

By the analysis it is clear that NFA will accept the strings of the patterns like
00, 11, 101000, 101100, .....
The transition diagram is given by

Fig. 1.17.1.
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What do you understand by language of aNFA ?
1 a .

’gngwgr‘ tring w if it 15 possible to make any sequence of
1. An NFAf Bc;ipst:a ::;v:ﬁg reading the characters of w, an.d g0 from the
choice of ne: R
start state to any accepting state. F)is defined by

NFA M =(@, %5,
L = w]dgywn F#d)
v* such that 3 (g, w) contains at least one

9. The language of

3 L(M)isthesetof strings win
accepting state.

Wit PART-4
uivalence of DFA and NFA, NFA w
o d withou

" Equivalence of NFA with an

 Long Answer Type and M

" '‘Que 1.19. | What do you mean by NFA with e-transition ? Why we

needit?

:Aiisvs"e; <
If a finite automata is modified to permit transition without input symbols,
along with zero, one or more transitions on input symbols, then we get NFA
with e-transitions.
We need it to concatenate two different languages.
For example : We have design NFA for accepting language

L = {(ab)* U aa*)
To solve this problem first divide the language

_ L=L UL,  WhereL, =(ab)* and L,=aa*
First construct NFA for L, :

a @ b

ITRET
Secondly, we construct NFA for L, )

1-12 A (CS/IT-Sem-4) Basic Concept & Automata Theory

1. ‘A string w in T* will be accepted by NFA with e-transition, if there exists
at least one path corresponding ‘w’ which starts from initial state and
ends at final state.

2. Since, this path may or may not contain e-transition.

3. If the path contains e-moves, then we need to define a function
e-closure (q)_, where ‘¢’ is state of automata.
4. The function e-closure is defined as follows :

g-closure (g) = set of all those states of automata which can be reached from

‘g’ on a path _labeled by ¢i.e., without consuming any input symbol. Consider
the NFA

QL A :
(o) ——()—
Fig. 1.20.1.

e-closure (g,) = {g,, 9,, q,)
e-closure (gq,) = {g,, 9,)

e-closure (g,) = {g,}
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s
Theory of Automata & Formal Langusg®
_ points of difference

various
| Defi NFA_Whatsl'e )
Quel2l l efine ] 2018-19, Marks 10
between NFA and DFA?
NFA : Refer Q. 1.15, Page 1-9A, Umti/—/-";FX’
S.No. DFA ; St
It stands for non—determim'stxc finite

L |1t stands for deterministic
finite automata.

2. |Only one transitionis possible
from one state to another on

automata.

re than one transition is possible

Mo:
from one state to another on same

same input symbol. input symbol. .
iti i is | Transition function 3is writtenas:
3. ::tlt:esll]t;:l function & 1s R 5
5:Qxz—>Q .
; In DFA, & transition is not | InNFA, ¢-transitionis possible.
possible.

NFA can be converted into DFA.

5. |DFA cannot be cx;nverted
into NFA.
Que 1.22. | Can we convert a NFA into a DFA?

Answer

1. Yes, we can convert a NFA into DFA. For every NFA there exists an
equivalent DFA.

2. The equivalence is defined in terms of language acceptance. Since NFA
is nothing but a finite automatain which zero, one or more transition on
an input symbols are permitted. .

3. We can always construct finite automata which will simulate all moves
of NFA on a particular input symbol in parallel, then get a finite
automata in which there will be exactly one transition on every input
symbol.

Que 1.23, I Explain the procedure for converting NFA to equivalent
DFA. '

‘Answer I

Procedure for converting NFA to equivalent DFA :
L LetM,={Q,2,q', 8, F) be NFA that recognizes the languages L. Then

the DFAM = 1Q % 3
et 1Q, %, q;, 8, F} that satisfies the following conditions

.

1-14 A (CS/IT-Sem-4)

Basic Concept & Automata Theory

Q = 2%, i.e., is the set of all subsets of @,
q,=1q'y

3(g, a) = U, 8(p, a) for each state ¢ in @ and each symbola in T and
F=lgeQ| gnF,= ¢k

To chtaina DFAM =1{Q, %, 8, q,, F) which accepts the same language as
given NFAM, ={Q,, %, ¢, 5, F,} does, we may proceed as follows :

Step1: Initially @ = ¢.
Step 2 : Put l¢';} into Q. l¢',} is the initial state of the DFA M.
Step 3 : Then for each state g in @ do the following :

a. add thisnew state.

b. add &g, @)= Uy, 8(p, a) to, where the S on the right hand side

is that of NFA M,.
Step 4 : Repeat step 3 till new states are there to add in @, if there is new
state found to add in Q, the process terminates. All the states of @ that
contain accepting states of M, are accepting states of M.

Que 1.24. | Construct DFA equivalent to NFA where § is defined in
the following table : i

Q 3(g,a) 3(q, b)

A A,B C

B A B
C*(final state) C- A,B

[AKTU 201516, Marks 10|

Answer. . |

54, a) = (A, B)

-8(A, b) = {C)
8({A, B),a) = 8(A, a) UXB, a) = {A, Bl U {A} = {4, B}
3(14, BY, b) = 8(4, b) L 3B, b) = {Cl U {B} = (B, C)

8(C, a} = {¢}
§(C, b} = (A, B)
8({B, C}, a) = 8B, a) U 3(C, a) = A} U (¢}
= (A}
5(IB, C}, b) = &B, b) L (C, b) =Bl L (A, B}
=1{A,B)
Let, A—q,
C-oq,
A,B) > q,
(B,C}—>gq,
Transition table for DFA,
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Therefore, transition table for DFA after relabeling and tuples will be :

5/% 0| 1

1 SA E B
| *B c F
| c D A
| 0 | - | 4
| *E c H
‘. *F G H
i *G D | A
: *H I H
#7 G H

| Q=(4,B,C,D,EF,G,H,1I
ST | z=(0,1)
EELL \ g = (4]
interpreted as if there is a input ‘a’ on state g, | : 0
[
i
|
|

is nothing but
Here (¢} state is nothing d machine will be in dead stage.

then there is no path for it an
Que 1.35. I Convert the following NFA (p, g, 13 51, 10,1}, 3, p, {g, s} into

F=(B,D,E,F,G,H,1}

. Transition diagram will be :

DFA where § is given by
S0 .1:
-p |as |4
*qi r lger
r s | p.
K KR

| AKTU 2018-19, Marks 10 |

‘Answer |

The transition table for DFA will be :

— . ; Que126 Construct a NFA without e-x;xoves corresponding to
following &-N¥A. Explain each step.
p lg, s} () Now let,p > A : |
g ir} lg,r} g—B ]
: s} g) rsC
g } s—>D
o | wn (B | waoE |
tr.s) o "’13; " g1 >F | [Answer
:.Z. trl g]) (?, r }s) (b,q,r) 0 (; i ii :g ! Transition table for ¢-NFA
Ty r,s 4] |
\\W’\”J S larsiol

|
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Step1:Find the sta;tes of NFA without ¢-transition including initial state and
epl: _

final states as follows : + i the pames €20 e cnitrusied
i i he same number of states buf .

) gser::ﬁ:egt tehe state name S the set of states in the

il tI:;lciltC;:lu:z;ate will be e-closure of initial state of NFA with e-transition in ‘
Fig. 1.26.1as } (New initial state for NFA,

e-closure (gy) = (qp 41 92 without e-transition)

f the states are
Rest of l:c aure (@)= s 2 (New statg)
e-closure (g,) = {g,) (New state)
i 'The final states of NFA without e-transition are all those new states
which contain final state of NFA with e-transition as member.
So lgy, 9y 25)- {9, 05} and {g,) all are final states.
So if NFA without e-transition is
M=(@Q,%38,q,,F)
Q = (g, 9, 3} g, 45h {tR)]
9, = 19 9, ;)
F =gy, ah gy o) la)
Step 2 : Now we have to decide & to find out the transitions as follows :
§ (lg,, 9, 5}, @) = e-closure (8(¢,, ,, ¢,), @)
= g-closure (8(g,, @) U 8(g,, @), @) L 8(g,, @)
= g-closure (g, VoL ¢)
= e-closure (g,
Similarly 12 2,2,
&' (lg, 9,5 9,), b) = e-closure (5(q, qv. ,),b)
= e-closure (3(q,, b) U 8g,, b) L 8(g,, b))
= e-closure (p U q,U9)
= e-closure (g,)
=g, g}
&' (g, 91> 95, ©) = e-closure (g, g, g,),¢)
j e-closure (8(g,, ¢) U d(g,, c) U 8(g, )
= e-closure (hu U a,)
= e-closure (g,)
=1g,} )

1-18 A (CS/1T-Sem-4)

Basic Concept & Automata Theory

Similarly we can write,
g, q,),a)=1¢
8 (g, .0, 0) =g, q,}
& ({q,, g, ) = {g,}
8 (gpa)=¢
8(g,b)=¢
8 (g, ) = {g,} }
So transition table for NFA without e-transition will be as following :

SRR b riaeny
- *{g, ¢, q,) {qm a1y ;) (g, 9,) {g,}
*{q,, q,) o lg,, q,) (g,}
*lg,) ¢ ¢ lg,)
Letussay {g,q,,q,} asq, )
lg,,q,) asgq,
and {g,} asq,

So transition diagram is as follows :

Start ‘a b
¢ :
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Theory of Automata i ethod for testing equivalence of 1-20 A (CS/IT-Sem-4) . Basic Concept & Aut- mata Theory
= m 3 =

i, Check with the compariso?
two FA given below-

‘Fig.1.27.3.
il Language accepted by both FAs
= {wela)/string with even number cfa)
So, both, FAs are eqmvalemt as they accept same set of string.

Compute the epsilon-closure for the given NFA. Convert

it into DFA.

Answer |

i  First we convert NFA-¢to NFA.

Transition table for NFA-e:
81z |
0 e ;
1 [AKTU 2016:17, Marks 7.5
2
e-closure of (0) = {0} - ' e-closure of (1) = {1, 2, 4) )
e-closure of (1) = {1, 2} ‘ e-closure of (2) = {2}
e-closure of (2) = (2) E-c%osure og (3; = {(2,) 3,4)
.o . T e-closure of (4) = {4
Transition table for NFA: S Transition table for e-NFA :
5IT el e —
hotiih SOIT e €
{0) {1,2) {2} Let {0}as A : 1 - 2.4
L2 | w2 | @ (1,2} asB ) ‘; 4]
@ | 02 0 2} as C 3 ; [44’2’
Transition table for NFA : 4 ¢ ¢
8/ .| a b Transition table for NFA :
Let {1,2,4) asA
.; B c {2,3,4) asB
B C T : -
C 3 1 DA L
Txansition table for DFA {1,2,4) (2,3, 4)
ransition table for will be same as NF. i ' ) :
! transition from A with i mput 5 'Abecause there is only one . (2} (2,3, 4)
3] So DFA is given as ) : A (2:(3»} 4 (2,3, 4}
¢
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Finite Autom_a‘tc; Wlth Quipu
Machine, Equivale

i Dote Answer Type

Que 11.29;‘| Explain Moore machine with example.

{Answer *

L

2.

Moore machine is a finite automata in which output is associated with

each state. ’

The output symbol at a given time depends only upon the present state

of machine. ‘

Mathematically, Moore machine is a six tuple machine and defined as
M=1(Q,%,A3814q,)

where,

Q : A non-empty finite set of states. .

Z : A non-empty finite set of input symbol.

A: Anon-empty finite set of outputs.

8: A transition function which takes two arguments as in finite
automata, one is input state and another is input symbol. The output
of this function is a single state and represented by

8:Q*X»Q |
It is a mapping function, which maps @ to A, giving the output
2 mappi , : pu
associated with each state. It is represented by g;» : Qg—> A
q,: Initial state of machine.
‘When machine is in a particular state, it

produces th i ive
of what was the input on which trans y Output, BEEESPECEy

tion is made.

Representation of Moore machine :

Moore machine can be represented by
diagram same as finite automata.

Let M be Moore machine having following transition table wi tﬁ 5=

transition table as well as transition

0,1 -

1-22 A (CS/IT-Sem-4) Basic Concept & Automata Theory
Present state ‘Next state at Input - Output
‘ ey a=0 | a=l A
-4 . q; q, 0
a a q, 1
q, q, A 0
(A 9, 9, Y

M=(Q,%,A81,q)
Q= 19y 9,9, 9]
£=1{0,1)
A=1{0,1}
Mgy = 0, Mg,) =1, Mg,) = 0,Mg,) =0

q,is theinitial state.

i /| Design a Moore machine which determines the residue
Mod-3 for each binary string treated as binary integer.

We have to design a Moore machine which prints the remainder, when
decimal equivalent is divided by 3.

A=1(0,1,2) : .
Since, 0, 1 and 2 are possible remainder, when a decimal number is divided by

Therefore,

_ the 3. .

Therefore, we need three states in Moore machine.

Let Moore machine M=1{Q,Z,A,8,q,)
Q =gy 9,, 9}
N z =70, 1}
' A=1{0,1,2}
Mgy = 0, Mg)=1,Mg,)=2
g, isinitial state.
The transition table is
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1 -
IFig. 1.30.L. . .
e input string is ufﬁc'imédl‘equivalent is7.7/3=1 (renr.la;nder)
1n] 4 - i
when e, sase 111 to M, it onds at g, and Ag,) = 1, which is remainder of

/3.
.31. | Explain Mealy machine with example.

Answer

Mealy machine : Bt . .

1 I{is finite automata in which output is associated with each transition.
2. In Mealy machine, every transition for a particular input symbol has a

fixed output. . )
3. Mathematically, Mealy machine is a six tuple machine and defined as
Where, M=1{@,2,4,381,q) :

Q: Anon-empty finite set of state in M.

Z: Anon-empty finite set of input symbol.

A: Anon-empty finite set of outputs.

g, Initial state of M.

8: A transition function which takes two arguments, one is input

state and another is input symbol. The output of this functionis a
single state and represented as § : R*Z->Q

A: It is mapping/machine function which maps @ * I to A, giving the
output associated with each transition. It isre

presented by
AoQ*Ioa '
Thus, fo.r this type of machine output depends on both current state and the
current input symbol. .

Representation of Mealy machine :
Mealy machin iti iti
B 'y machine can be representeq by transition table as well ag transltlor}

LetMbea Mealy machine having folloﬁng transition table with % = {0, 1.
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 Present state For inputa=0 ‘Forinputa=1 -
% State | Output | State | Output
q q 0 q, 0
% 9 1 a s
Q3 qz l ql 1
q, a, 1 q, 0
M=1(Q,%,4,32,4q,)
@=1q,9,9;,4q})
£=1{0,1)
A={0,1}
1(g,,00=0 A, D=0
A(g,0)=1 Mg, 1=0
A(g,0=1 Mg, D=1
Ag,0=1 Ag,1=0

The transition diagram

‘Fig/ L3LL;

Here the output is associated with each input.

Quel32 Design a Mealy machine, which prints 1’s complement
of input bit string over alphabet % = {o,1}.

Answer

Ifinput string is 101110 then ¥’s complements of 101110 will be 010001, so,

we have to design a Mealy machine which will point output 010001 for input
string 101110.
Le

M,=@Q75,4381,q)

Q={q,)
Z = {0, 1} given
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Qn{S also initial state.

Letuspassinpu"—“”mle‘

q, Wy g— %
= 0 K tof w=01L1
t string is w’ 100 which 1's complemen
Qutput s f

rtin|
-———"l.Q“,e. 133, | Write the procedure for conve

a Mealy machine with an examplé

_ g,

g a Moore machine t,

Ansyer .
1. Draw the tabular format .
fthe
9. Put the present states 0L i€
of constructing Mealy machine. e
3. Put the next states of Moore machine

of Mealy machine-
Moore machine in the present state colump

orresponding present stateg
A e xt state columns of the constructing
and input combination, in the z:ent tates and input combination,

Mealy machine for the same pr'
4. For t}};e output, look into the present state column and output column of

the Moore machine. The output for Qyex: (Next state for present state

Q and input UP of the constructing l\_rlealy n}achme) will be .the

ogﬁem that state (Qy.y) 25 apresent state in the given Moore machine,
Example : Conversion of Moore machine to Mealy machine.

Given Moore machine:

Present state Next state orp
vP=0 | I/P=1
) % 9 0
'} 4 gy 1
9 ') : q3 0
9 3 a3 0
Mealy machine:
Present state P=0 TP=1
2500 |Next state OP |Nextstate | O/P
—4q, % 0 % 1
% q 1 7 0
% % 0 % 0
% 93 0 4 0

In the Moore !;achine for g, as a pre i
! S : the
constructing Mealy machjnelf Rt o o, putia 1. So fn

0T g; a5 a next state the output will be 1.
In the Moore machine, for 9, 3s a present staf

- i te the output is 0. Hence in the
t: putis 0.
constructing Mealy Machine for 9,35 a next state the output will be 0.
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Que 1,34;/ What are various points of difference between Moore

and Mealy machine ? Explain the procedure to convert a Moore

machine into Mealy machine. [ARTU 2018-19, Marks 10 |
Answer

Difference between Moore and Mealy machine :

S.No. Moore machine Mealy machine

1. | Its output depends only on
present state.

Its output depends on the

transition (input) and present
state. :

2. | Its transition function is | Its transition function is excess

excess into @ (finite set of | into D (output alphabet).
states).

3. | If input string is of length n | If input stringis of length n then

the output string is of length | the output string is of length n.
n+1.

4. | At the different input on the | At the different input on the
same state, its outputis same. | same state, its output is
) different.

Procedure to convert a Moore machine into Mealy machine : Refer
Q. 1.33, Page 1-25A, Unit-1. !

Que 1.35; I Write the procedure for converting Mealy machine to
Moore machine with example.

1. Draw the tabular format of Mealy machine.

2. Check the next state and output columns of the given Mealy machine.

3. Iffor same next state in the next state column, the output differsin the
output column, break the state g, into different number of states. The
number is equal to the number of different outputs associated with g,.

4. Put the states of the present state column in the new table. The states
which are broken into number of different states put the broken states
in the place of those states.

5. Changs the next states in the next state columns according to the new
set of states.

6.

Put the output from the output column of the original Mealy machine
in the new machine.

7. Draw the tabular format of Moore machine.
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{ates from the
tes and nexts e
Put the present sta re machine.
) machine to the constructe? i\'l ::ate and output column of the ney,

k the nex let g; as a next state in the
9. For output check 1€ % e the state let g,
constructed l\gegl K;[::;}ﬁﬁhine if output is 0 then for g, as a present
new constructe

i ill be 0.
i hine; the output wi
i tructing Moore mach e e

state in the C"n;ine the output depends only on the z:t:l outputeﬁ;rt};]ls
10. For Moore mac! beginning state for e-input w.e cang 20 oufpu 1 .

meanst fr‘);l 1:§‘eeney§l constructed Moore mach;ne c:;x h;ii:ie D ength

sl, ¢ a -

0: t}:lu :vhich was not accepted by given Mealy e sva o

Tom he Moore machine does not accept e-string, . dan
11. To mmkett x (new beginning state), whose state transacttm? vz)lu be

'eg::iz::i(t]}b\ those of the existing beginning state but 0}111. putis 0.

lE:mmple : Conversion of Mealy machine to Moore machine.

Given Mealy machine i B ——
A =0 =
Present state P :
By " |Next statey O/P Next state | O/P
0
—q, [ 1 q,

9, 4 i g, 1
q, q, 1 q, 1
- 93 9 0 4, 1

Check the next state and output columns of the given Mealy machine.
For I/P 0 for g, as a next state output is 1. For /P 1 for ¢, as a next state
output is 0. Same thing happens for g, as a next state for input 0 ar}d
input 1. So the state g, will be broken as g, and I and the state g, v.wll
be broken as g, and g,,. After breaking the modified Mealy machin

will be :
Present state /P=0 I/P=1
Next state | O/P Next state | O/P
e 9 1 0 0
[ q, 1, q, 1
M q, 1 q, 1
95 a9, 1 a5 1
95 q,, 1 qy, 1
% 9% 0 q, 1
= e

?‘or present state g for input 1 the next
is no g, in the modified Mealy machine.
q,, depending on th

state will be g, because there

It has been broken into ¢,, and
eoutput 0and 1, respectively.
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From this the Moore machine will be

- Present state Next state
g IP=0 | /P=1|. oOP

-q, g, 95 0
%10 q 9 1
[N 9, 9 1
0y %, 9 1
/%) ' 93 1
[N (- 9 1

For Moore machine beginning states ¢, and the output is 1. That means
with null length input (no input) we are getting an output 1. Therefore,
the Moore machine accepts 0 length sequence which is not acceptable
for mealy machine. To overcome this situation we must add a new
beginning state q, with same transactions as g, but output 0. By
including the new state the Moore machine will be :
Moore machine :

Present state Next state
/P=0 /P=1 oP

—q, 9 9y 0

9 0 . 10 1

%0 % % 0

Lt 9, 2, 1

(2% q, o 0

I n I 1

' 4 93 % 1

Que 1,‘36' I Describe Mealy and Moore machines with example.

Convert the given Meal

y machine as shown in Fig. 1.36.1 into Moore
machine.
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= mac s, Unit-1
hine : Refer Q. 131, Page 1-23 ‘m_t-
ﬁ machine : Refer Q. 1.29, Page 1-214, Unit-1.
Numerical : -
1 Let os convert the trensition diagram into the transition Table 1.36.1.
associated with any output; g, is

5 Fer the given problem : g, is not any out 1
sssociated with two different outputs Z,and Z: gl associated with
two different outputs Z, andZ,. .

3 Thus we must splitg,intog,, =nd g, with outputs Z,andZ, respectively

and g into gy, and g, with outputs Z,andZ,, respectively. Table 1.36.1
m.ay-be reconstructed as Table 1.36.2.
Table 1.36.1. Transition table

Present state Next state
a=0 a=1
state output state output
—-gq, q. Z, q, Z,
9 9, Z, g3 Z,
93 9. Z 93 Z,
Table 1.36.2. Transition table of Moore machine
Present state Next state Output
z=0 a=1
—q, 5 a5
Q5 95, 93 Zl
g, 29 95, Z,
3 Lo 93 Z,
952 9n 932 z,
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Fig. 1.36.1 gives the transition diagram of the required Moore
machine.

Fig. 1.36.1. Moore machine.

PART-6 N o v
Minimization of Finite Automata, Myhill-Nerode
Theorem, Simulation of DFA and NFA.

Questions-Ahswers

Long Answer Type and Medium Answer Type Questions

Que 1.37. | What is the need of minimization of finite automata ?

Answer :

1. Thelanguage (regular expression) produced by a DFA is always unique.

2. However, the reverse, i.e., a language produces a unique DFA is not
true.

3. Hence for a given language there may be different DFAs.

4. By minimizing we can get a minimized DFA with minimum number of

states and transitions which produces that particular language.

DFA determines how computers manipulate regular languages

(expressions). DFA size determines space/time efficiency.

6. Hence from a DFA with minimized states need less time to manipulate
aregular expression.

Que 1.37. | Define dead state, inaccessible state, equivalent state,

distinguishable state and k-equivalence in case of finite automata.

Answer

1. Dead state: A state g, is called dead state if ¢, is not a final state and for
all the inputs to this state the transitions confined to that state. In
mathematical notation, we can denote ¢, ¢ F and (g, ¥) —>q,

o
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2 Inaccessible state : The states which can never be reached from the

initial state are called in accessible state.

Fig. 1.38.1.

Here g, is dead state and g, is inaccessible state.

3. Equivalent state: Twostatesg, andg; of a finite automata M are called

- equivalent if §g,, x) and Mg, x) both produces final Stfltes or both of

them produces non-final states for all x e E¥. It is denoted by
9,=9-

4 Disting'uishable state : Two states ¢, and q; of a finite automata M are
called distinguishable if for a minimum length string x, for &(q,, x) and
Mg, x) one produces final state and another produces non-final state or
vice versa for all x € I¥,

S k-equivalent : Two states ¢, and g; of a finite automata M are called
k-equivalent (k > 0) if &(g,, x) and S(ql, x) both produces final states or
both of them produces non-final states for all x € =¥ of length & or less.

ng 1.3_9.1 Construct a minimum state automaton from the
transition table given below.
PS - NS

~
N
/]

(-}

I/P=1

B ECTICTRINGY B S
ISR TR R K
Q| o|m|alr|lo|w

—

A is initial state and C is final state

Answer l

L Inthe finite automata the states are (A, B, C
S,:.B C.D.E.F,G, H), i B G

1-32 A (CSIT-Sem-4) Basic Concept & Automata Theory
2. Allof the states in S are 0-equivalent.
8. Inthe finite automata there are two types of states final state and non-

N

final states.

Hence divide the set of states into two parts @, and @,.
Q,=10),Q,=1A,B,D,E, F, G, H),

S,:UCV(A,B,D,E, F,G, Hl).

States belong to same subset are 1-equivalent because they are in the
same set for string length 1.

States belong to different subsets are 1-distinguishable.

The C is single state, hence it cannot be divided. Among the states
{A,B,D,E,F, G, H) for B, D, F, H) for input either 0 or 1, the next state
belong to (C) which is different subset. So,

S,:{IC}, (A, E, G}, (B, D, F, H)).

Similarly if we divide further, g

S, :{(C}, (A, E), (G}, {B, H}, {D, F}).

The subsets cannot be divided further. Hence these are the states of
minimized DFA.

. Let (C} > q,, 14, E} > q,, (G} > ¢, {B,Hl > g5, {D,F) —>q,
. Initial state was A, hence here initial states is (A, E}, i.e.,q,.
. Final state was C, hence here final state is (C}, i.e., q,.

. The tabular representation of minimized DFAis

NS
PS
. I/P=0 IP=1;

% %
—>aq; qy q3

9y 23} 9

4} 9 9,

gy /) 9

Que 1.4Q.7| State and prove Myhill-Nerode theorem.

‘Answer

The Myhill-Nerode Theorem : Let L < =* be a language. The following
three staterents are equivalent :

1
2.

3.

L c I* is regular, that is, L = L(A) for some DFA A.

L is the union of some of the equivalent classes of a right-invariant
equivalence relation on all strings taken from I* of finite index.

Let an equivalence relation R, on £* be defined by :

uRvifandonly ifforallw e S*;uw e Lo uv e L

Then R, is of finite index.
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Proof:

1

o

acterization of regular

. ' char:
The Myhill-Nerode theorem g1ves yet another f minimal automata,

languages. Its proof involves the construction 0

which is an important technique.in its own right.

i i fi
Any equivalence relation R satisfying 9 could be shownisare inement

p i irely contained in

some equivalence class of R i mfwgi;ttz el L

i f R and therefore; 1t 15 .
ﬁnug;ii:z :hat uRv. Since Risright invarignt, then fOI“ every ;” ; Z,we
have uwRvw, and therefore, uR,v. Thus, R is a refinement o }L; LU}%‘
We first prove that R is right invariant. Let us assume that uf . For
any y € Z* we must show that uyRvy, that means, f(I’; any
2 € $* uyz e Lo vyz e L. But this follows from the definition of &£, in 3,
if we put w =yz. . . .
We n:w constiuct aDFAA,, accepting L. The .basic @ech_mque istouse
states as the equivalence classes of B, (of which there is only a finite
number). So, .
An=1Q,%,8,9, A= Ulwly |w e %), Gor Sy F,,) we put
i gy=lely
i Forallwe=* aeXandd,, (wly,a = [way
il Fy=wly, |well .
We first have to show that this is well-defined, especially that (i) makes
sense, that is, the definition of 8, is independent of the choice of
representative w of the equivalence class [w],,. So we have to show
that if wR, v, then (wlp, =8y (wl gy, @) = 8y [V]g, @) = [val,,. But if
wR v, then waR va because R, is right-invariant, therefore
[wal,, = valy,. So 8y is well-defined.
Finally, we have to show that L = L(A,,). This follows from
E, ([el, w) = [wl,, where E(g, x) =€ - closure (8(g, x)) and & — closure (g)
is set of all states reachable from g oninput &.

Que 1.41.| How Myhill-Nerode theorem can be applied in
minimizing a DFA ?

Answer l

Step 1 : Build a two-dimensional matrix labelled by the states of the given

DFA at the left and bottom side. The major diagonal'and the upper triangular
part will be put dash.

Step 2 : One of the three symbols, X, x or 0 will be put in the locations where
is no dash.

a.  Mark {atp, g inlower triangular part such that p is final state and Q is

b.

non-final state. .

Make (::stinfguished pair combination of the non-final states, If there are
n number of non-final i istingui

e inal states there will be nC, number of distinguished
Take a pair (p, ¢) and find (r, 5), such that r = &(p,a)ands =

the place of (r, s) there is X or x, in the place of (p .

q) there will be x.
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¢. If(r,s)is neither X nor x, then {p, q) will be 0.

d. Repeat b and c for final states also.

Step 3 : The combination of states where thereis 0, they will be the states of
the minimized machine.

‘Que 1,42. | Minimize the automata given below

— . 0
/Fig. 1.42.1.
[AKTU 2016-17, Marks 7.5
Answer
DFA minimization using equivalence theorem :
Transition takle of DFA :

q 8(q,0) 3(q,1)

a b c

b a d

c e if

d e f

e e f

f f f

Let us apply the equivalence theorem to the given DFA :
P,={(c,d,e),(a, b,
P, ={(c,d,e),(a,b), )
P,=((c,d,e), (a,b), (N

Hence, P =P,
There are three states in the reduced DFA. The reduced DFA is as
follows :
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Transition table of DFA:

‘ [ARTU 2018-19, Marks 1
Answer
Transition table of DFA :
B |k b
> do 96 92
9 % 92
92 q3 gy
93 T 95 qy
94 9 ‘ g5
95 q Coqy
96 L6} qs

Let us apply equivalence theorem #o the given DFA :

PO = [(qo. 91,9293, 94 q5), (qs)]

Pl = [lqo], Iq,. 92939y q5). lqs)]

Py=llgoh {q,}, (@5, 950 94 q51, lgg))

Py=llgoh gy}, la,), lg, g4, g5, lgg))

P =llgol, gy}, lay), lgg), lg,, gg), {gg)]

P‘S = llgo) lgy) lg,), lgg), (Q(]- IQ5L (qs”
By using equivalence theorem the 5-equivalent states contain all the
states without pairing with other states.
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So the given DFA is already minimized. So minimized DFA is

VERY IMPORTANT QUESTIONS

Following questions are very important. These questions

may be asked in your SESSIONALS as well as
: UNIVERSITY EXAMINATION.

Q.1. What do you understand by Deterministic Finite Automata
(DFA) and how it is represented ?

Ans: Refer Q. 1.5.

Q. 2. Design a FA which accepts set of strings containing exactly
four 1’s in every string over X = {0, 1}.

Ans. Refer Q. 1.9.

Q.3. What do you understand by Non-Deterministic Finite

AN

Q.5.

Q.6.

Automata (NFA/NDFA) ? How is it represented ?
Refer Q. 1.15.

. Draw DFA of following over {0, 1} :
. All strings with even number of 0’s and even number of 1’s.
. All strings of length at most 5.

Refer Q. 1.13.

Define NFA. What are various points of difference between
NFA and DFA?

Refer Q. 1.21.

Convert the following NFA {p, q, r, s}, {0, 1}, §, p, {q, s} into
DFA where § is given by
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e —

o |0 1
i QN {

»

q r q.r
r N p
*s i p

Ans Refer Q. 1.25.

Q.7. Describe Mealy and Moore machines with example. Convert

the given Mealy machine as shown in Fig. 1 into Moore
machine.

—(1 UL » (1210 /2,

1/2,

Fig. 1.
Ans: Refer Q. 1.36.

Q. 8. Minimize the automata given below

Ans. Refer Q. 1.42.
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