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DFA (DETERMINISTIC FINITE AUTOMATA)

o DFA rfes to deerminisic finie awomaa Deerminsic refes 1o the uniqueness of thecomputaion. The finfe automda are calld deierminisic finie
altomaa if the miachine is read an input sting one symbol & a fime.

o In DFA there is only one paih for speciic input fiom the curent sie fo the next siae
o DFA does not accept the nul move, ie, the DFA cannoi change s wvihout any inpuicharacter.

o DFA can contain mutiple final siaes. s used in Lexical Analyss in Compler

In the folowing diagram, e can see thal fom siae g0 for input & there is only one pah which isgoing to gL Sirmilady, fom g0, there & only ong pah for input b

going 10 g2
o) 2
b
Fig:- DFA

Formal Definiion of DFA

A DFA is a collction of Suples same & we descibed in the definiion of FA.

L Q: finite set of laes

LY finie sel of the input symbol
U q0:initial state

L Ffinal s

i & Transiion funcion

Transtion funcion can be defined as
L &QxY—-Q
Graphical Represeniaion of DFA
A DFA can be represented by digraphs caled siae diagramn. In which:
L Thestate is represented by vertices,
L The ac labeled wilh an input characer showv the iansiions

Y The iniial state is marked with an arow,

L Thefinal state is denoted by a double circle.
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Example :
1.Q={00, a1, g2}
2.y={0.1}
3.90={q0}

4. F={q2}

Solution:

Transiion Diagrarn;

0 1 0,1

Start @ ! =@ 9 @
Transition Table:
Present State Next state for Input 0 Next State of Input 1
—q0 q ql
gl 2 gl
2 2 2
Example :

DFA wih Y. = {0, 1} acceps al saring wih 0.

Solution:

Explanation:

o Inthe above diagram, we can see thal on given 0 & input to DFA in siaie g0 the DFA changessiae fo g1 and always go to final sale gl on sating
input 0. & can accept 00, 01, 000,
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001 .....ec It cant accept any § fing which dlars wih 1 because it will never go to final siae on
a ding saring wilh 1

Example :

DFA wih Y = {0 1} accepis 4l ending wih 0.

Solution:

Explanation:
In the above diagram, we can see thal on given 0 & input o DFA in saie g0, the DFA changes sale loqL I can accepl any sting which ends wih 0 ke 00 10
110, 100.e. & cant accept any sting which ends wih L hecause it will never go to the final siie g on 1 input $0 the sting ending with 1

will not be accepted or wil be reect d
¢

Examples of DFA

Example :
Design'a FA wih " = {0, 1} acceps hose sting which siats with 1 and ends wih 0
Solution:

The FA wil have a st se q0 fio m which only the edge wih input 1 wil go o the next sie

In sae qL if we read 1, we wil be in siae gL, but if we read 0 & sae gL we wil reach fo side g2
which s the final siae In sae g i we read eiher @ or L we wil go o g2 sa or gl sae
fespeciively. Note thal if the input ends wih 0, it wil be in the fingl e

Example :

Design a FA wih " = {0, 1} acceps the only input 101

Solution:
S\ 1
"E)
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In the given soluion, we can see that only input 101 wil be accepled Hence, for input 101, there is no other path shown for other input.
Example :

Design FA wilh > = {0, 1} acceps even number of 05 and even number of 15

Solution:

This FA wil consider four dfferent sages for input 0 and input L The siages could be;

Hee o0 s a sat sée and the final sie dso Nole-caefuly thd a symmety of 05 and 1sismanianed Ve can associe meanings o, each sige a:
q Slie of eveN number of 0s ang BveN numbe of Lsql: Slae of

odd number of 0s and even number of 152 Shle of odd number of
0s and odd number of 15.03: site of even number of 05 and odd number of 15

Example 4:
Design FA wilh " = {0, 1} accepis the set of all stings wih three consecuive 05
Solution:

The stings that wil be geneiaed for this paricular anguages are 000, 0001 2000, 20001, o.vevvevveeveeresie ettt e e n
which 0 always appeass in a clurnp of 3 The ransiion graph s & folows:
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Note that the sequence of triple zeros is maintained to reach the final state.
Example 5:

Design a DFA L(M) = {w | w € {0, 1}*} and VW is a sing that does not coniain consecuive 15,

Solution:

When three consecuive 15 occur the DFA. wil be:
1 1 1

Here two consecuive L5 or single 1 is acceptable, hence

0 0,1

H————F—&

The sages 00, gl 02 ae the final saes The DFA wil generde the stings thal do not contain consecutve 15 ke 10, 110, 101, e

Example 6:
Design a FA wih Y’ = {0, 1} acceps e stings wilh an even nurmber of 05 folowved by sine 1

Solution:

The DFA can be shown by a ransiion diagram &
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FINITE AUTOMATA WITH ¢ -TRANSITIONS

An informal treatment of €-NFA’s, using transition diagrams with f allowed as a label. In the
examples to follow, think of the automaton as accepting those sequences of labels along paths from
the start state to an accepting state. However, each e along a path is “invisible” j i.e., it contributes
nothing to the string along the path.

01.9 0.1..9

St ; \ /
art o \ n { -

(g } —a={ 4y } - -( s} -

0,1,.9
.~
%

[Source: “J.E.Hopcroft, R. Motwani and J.D Ullman, Introduction to Automata Theory, Languages

and Computations, Second Edition, Pearson Education, 2003]

In Fig. is an €-NFAthat Accepts decimal numbers consisting of:2. A string of digits,

1. An optional + or —sign,

3. A decimal point,and

4. Another string of digits. Either this string of digits, or the string (2) can be empty, but at least one of
the two strings of digits must be nonempty.

Nondeterministic Finite Automata with ¢ transitions (e-NFA)
» A Non-Deterministic Finite Automata with ¢ transitions is a 5-tuple (Q, X, qo, 3, F)
where — Q is a finite set (of states)
¥ is a finite alphabet of symbols
go € Qs the start state
F € Q is the set of accepting states

d is a function from Q x (X U {g}) to 2Q (transition function)

Transition function — & is a function from
Qx (v {&e})to2Q

d (q, a) = subset of Q (possibly empty)
In our example

*3(ql, 0) = {ql, g4}

*d(ql, ) ={ql}
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*3(ql,H=0
*5(q0, &) = {ql}

Transition function on a string
It is a function from Q x Z* to 2Q — (g, X) = subset of Q (possibly empty)
It Set of all states that the machine can be in, upon following all possible paths on input x

Here we need to consider all paths that include the use of ¢ transitions

E CLOSURE

— Before defining the transition function on a string ( (g,x)), it is useful to first define what is known
as the € closure.

— Given a set of states S, the € closure will give the set of states reachable from each state in S using
only ¢ transitions

€ closure: Recursive definition

—LetM=(Q, %, qo, d, F) be ae-NFA

— Let S be a subset of Q

—~ The ¢ closure, denotes ECLOSE(S) is defined:

* For each state p €S, p € ECLOSE(S)

* For any g € ECLOSE(S), every element of (q, €) € ECLOSE(S)
* No other elements of Q are in ECLOSE(S)

g-Closure

* ¢-Closure : Algorithm

— Since we know that ECLOSE(S) is finite, we can convert the recursive definition to an algorithm.
—To find ECLOSE(S) where S is a subset of Q

—Let T =S — While (T does not change) do

* Add all elements of d(q, €) where q € T—ECLOSE(S) =T
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FINITE AUTOMATA

o Finie aufornaia are used 1o recognize patems
o It iakes the siing of symbol & input and changes i siae accordingly. \A/hen the desiied symbol is found, then the fanstion occurs
o At the img of tanstion the awloma can ether move 0 the next saie or siay in the samestate.

o Finie aomaa have two sas Accept state o Reject state When the inpul sting isprocessed successfuly, and the automnaia
reached Is final sae, then it wil accept

Formal Definiion of FA

A finie auormaion is a collecion of 5uple (Q, ¥, 6, 90, F), where

L Q: finie set of sies

LY fnie set of the input symbol
b g0 initial state

L Ffinal s

5§ Transiion funcion

Finte Autornaa Mode.
Finiie automaa can be represenied by input tape and fine contol,
Input tape: I1is a inear iape having some number of cels. Each input symbol & placed in each cell

Finite control: The finie contol decides the next siaie on receiving paricular input frorn input tape. The tape reader reads the cells one by one fiom lef to right and &l a
fime only one input symbol is read.

a|b|lc|lal|b| bl a Input tape
Tape reader
reading the
input symbol
Finite Control

Fig - Finite automata model
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[Source: “J.E.Hopcroft, R. Motwani and J.D Ullman, Introduction to Automata Theory, Languages
and Computations, Second Edition,Rarson Education, 2003]

Types of Aulomda

There are two types of finie auomal

L DFAdeerminisic finie auoma)

L NFAnon-deerminisic finie automala)

Finilte Automata

7

Deterministic N‘OI'] deterministic
Finite Automata (DFA) Finite Automata (NFA)
1. DFA

characer. DFA does not acceptihe nul move
2. NFA
NFA sands for non-deierminisic finfe aulornaia I &5 used 1o tiansil any number of siaes for a paricular input It can accept the nul move,

Some important points about DFA and NFA:

l Every DFA s NFA, but NFA s not DFA
L Thee can be muliple final siaes in boh NFA and DFA.
! DFA s used in Lexical Analyss in Compler,

L NFA i mare of a theorgical concept
Tianstion Diagiam

A tansion diag)am or sidle fansiion diagiam is a diecied graph which  can followws: be constructed as

o Thee i a node for each sate in Q. which is represented by the cick.
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o There is a drecied edge fiom node g o node p labeled a i §(g, &) = p.
o Inthe s sie, there i an arow wih no source.

o Acceping siles or final Sales are indicaing by a double circle

Some Noiations that are used in the ransiion diagram;

State

Transition from one
state to another

o

Start .
or

Start state

Fig:- Notations

Final state
or

There is a description of how a DFA operates:
1 In DFA, the input to the automata can be any sting, Now, put a poinier to the st siate q and read

the input sting w fom eft fo right and move the poinier according fo the tansiion funcion, 8 Ve

can read one symbol & a time. If the next symbol of sting w s a and the pointer is on Sale p, movethe poinier o 8(p, & VAVhen the end of the input Siing w s
encourtered, then the poinier is on somesiae F.

2 ThestringwissaidtobeacceptedbytheDFAifre Fthatmeanstheinputstringwisprocessed successfully and the autornala reached s final saie. The sting is said to be rejected by
DFAirg F

Example :
DFA wih Y. = {0 1} acceps al stings siring with 1.

Solution:
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Fig: Transition diagram

The finie aulomda can be represented using a tansiion graph. In the above dia ram, the machine g
iniiall is in start tate g0 then on receiving 0, the maching changes eceiving input 1 the maching changes i Saie to gL From g0 onae (o g2 which is the dead siae From gl
fs on receiving input 0,
1 the machine changes is siie to q generated are 10, 11, 110,101 wwhich & the final saie The possile input $ trings that can be
1. . hat means al sting sis wih L
Example :
NFA wih Y = {0 1} acceps al stin 05 Siring with L
Solution:
0,

1

The NFA can be represenied using a tansfion giaph. In the above diagram, the ma hine iniially is in siat siae g0 then on receiving input Lcthe maching changes s sale [0
qL. From gL on receving input0, 1 the michine changes s ae fo gL The possble input sting that can be generaed s 10, 11 110201, 111 that means &l sting sers
wih 1

Transiion Table

The tanstion @bl s basicaly a fabular represeniaion of the tansion funcion I takes two
arguments (a saie and a symibol) and reiums a Saie (e "mext sie’).

A fiansiion table is represented by the folowing tings

o Columns corespond fo input symibols

o Rows correspond to states.

o Enties corespond o the next siae

o The sat sale is denoted by an arow wih no source.

o Theacceptstateis denoted b astar.
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Example 1:

Solution:

Transiion table of given DFA s as folows

Present State Next state for Input 0 Next State of Input 1
—q0 ql 02
gl q0 92
*q2 q2 92

Explanation:

o Inthe above table, the fist columin indicaes all the curent siaes. Under columin 0 and 1 the next saes e shown.

o The fist row of the tansiion table can be read a5, when the curent siate is g0, on input O the next siae will be g1 and on input 1 the next sile wil be g2
o Inthe second row, when the curent sie 5 gL on input 0, the next siaie wil be O, and on Linput the next sie will be g2

o Inthe third row, when the curent sae 5 o2 on input 0, the next Saie wil be g2 and on Linput the next siae wil be g2

o The arow matked fo g0 indicaes thai it s a sirt saie and cidle marked fo g2 indicates that i

is afinal state.

Example 2:
0 0
1 R 0,1 1
o G ‘/f;z\ ]
0 0,1
Solution:
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Transiion able of given NFA s as folows

Present State

—q0

ql

0

3

Next state for Input 0

q

0l 2

i

02

Download Binils Android App in Playstore
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02

03
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INTRODUCTION TO FORMAL PROOF & ADDITIONAL FORMS OF PROOF

The formal proof can use
1.Inductive proof
2.Deductive proof
Inductive proof

It is a recursive kind of proof which consist of sequence of parameterized ststements that use the

statement ,itself with lower values of its parameter
Deductive proof

It consist of sequence of statements given with logical reasoning ,in order to prove the first statement

is called hypothesis.

Various forms of Proof

The additional forms of proof can be explained with the help of examples
1)Proof about sets

2)Proof by contracdiction

3)Proof by counter example

Proof aboutsets

The set is a collection of elements or items .By giving proof about the set we try to prove certain

properties of the sets .
For example :
If there are two expressions A& B and we want to prove that both expressions A&B are equivalent
Let
PUQ = QUP
(A) (B)

Then prove A=B ,we need to prove
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PUQ=QUP
That means an element x isin A ifand only if itisin B
Proving LHS
1.xisinPUQ
2xisinPorxisinQ
3.xisinQor XisinP
4.xisin QUP
Like that we can prove RHS
1xisinQor XisinP
2.X is inQUP
3.xisinPUQ
4.xisinPorxisinQ
Hence

PUQ=QUP ,Thus A=Bis true as element x is in B if and only if x is in A

Proof by contradiction

In this type of proof ,for the statement of the form is A & B ,we start with statement A is not true and

thus by assuming false A.We try to get the conclusion of statement B .

When it becomes impossible to reach statement B ,we contradict ourself and accept that A is true
Example :

Prove that PUQ=QUP

Proof

Initially we assume that PUQ=QUP is not true.

Now consider that x is in Q or x is in PUQ

But this also implies that x is in QUP according to definition of union

Hence the assumption which are made initailly is false
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Thus

PUQ=QUP is proved

Proof by counter Example

In order to prove certain statements ,we need to see all possible conditions in which that statement

remains true .There are some situations in which that statement cannot be true
Example

A mod B =B mod A

Proof

Consider A=2 and B=3

2 mod 3 is not equal to 3 mod 2
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NFA (NON-DETERMINISTIC FINITE AUTOMATA)

o The finie auomaia ae clled NFA when there exiss many paths for specfic input fom the current state to the next state.
o Every NFA s not DFA, but each NFA can be tandaed inio DFA

o NFA is defined in the same way as DFA but wih te folowing two excepions, i coniains muliple next sites, and it coniins & tiansiion.

In the following image, we can see tha fom sale g0 for input & there are twio next siaes gL and g2 simiaty, fom O for input b, the next sides are g0 and gL Thus i &

Fig:- NDFA

Formal definiion of NFA:
NFA also has five sates same as DFA, but wih different riansiion funcion, & showvn folows;
0:Qx) —2°
where
L Q: finite set of stes
Ly fnie set of the input symbol
b q0:initial state

I Ffinal sae
5§ Transtion functon

Graphical Represeniaion of an NFA

An NFA can be represented by digraphs called side diagiam. In which:

L Thestate is represented by vertices.
L The ac labeled wilh an input characer showv the iansiions

Y The iniial state is marked with an arow,
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L The final state is denoted by the double circle.

Example 1:
1.Q={q0, o1, 02}
2.3={0.1}
3.90={q0}
4.F={q2}

Solution:

Transtion diagram:

Transtion Tabl

Present State Next state for Input 0 Next State of Input 1
~q0 90,91 ql
gl 2 q0
*2 2 qL g2

In the above diag'am, e can see thal when the curent sile i o0, on input 0, the next siae wil be g0 or g1 and on L input the next sae wil be gL VA/hen the curenl
sae 5 g1, on input 0 the nex! siae wil be g2 and on 1 input the next siae wil be g0 VAhen the curent sia s g2 on O input the next
state 592, andon Linputthe next s e wil be gL or g2

3

Example :

NFA wih Y, = {0 1} accepis al stings with 01

Solution:
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0,1
0
o %) o) W @ 5
N/ 4
Fig: NFA

Transtion Tabl
Present State Next state for Input 0 Next State of Input 1

—q0 ql €

ql € q2

2 q2 92

Example :

NFA wih Y. = {0 1} and accept all sting of engih aleast 2

Solution:
0,1 0,1
O @) @
N N
Fig: NFA
FIQRWVIT 1 auic,
Present State Next state for Input 0 Next State of Input 1
—q0 gl

L

qt 02
*q2

Examples of NFA

Example :

Design a NFA for the ransiion (able s given below.
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Present State 0 1
—q0 0,0l 10,02
! (8 &
v 0.6 0
—-q3 ® 0
Solution:

The tianstion diagram can be driawn by using the mapping funcion as given in the table

ol

Here

1 B(00.0)= g0, ot}
2 B(a0, 1)= {o0, 02}
3 Then d01, 0) = {g3}
4 Then §02 0) = {q2 03}
5 (g2, 1)={a3}
6. Then 63 0) = {g3}
1 (63, 1) ={aB}
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Example 2:

Design an NFA wih Y, = {0 1} accepts l sting ending wih 01

Solution:

Anything either O or 1 0 1

Hence NFA would be

0,1
O
) (@)
Example 3:

|

Design an NFA wih > = {0, 1} in which double '1'is folowved by double 0.

Solution:

The FA wih double 1 is & followvs:

Then

It should be immedately folowed b y double 0.
1 1 0 0

Now before double 1, there can be string of 0 and L.

Hence the NFA becomes:

any sting of 0 and 1. Simiaty, afer double 0, there can be any

Now considering the string 0110001
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LP—-ql-@R-oPBo@d->pYoqgd—qd
Example 4:
Design an NFA in which all the sting contain a substing 1110,
Solution:

The language consiss of al the sting coniaining substing 1010, The partal tansiion diagramn can be:

Now a5 1020 could be the substing Hence we wil add the inpus Os and 15 so that the substing 1010 of the language can be mainiained. Hence the NFA
becomes;

0,1 0,1

Transtion table for the above tansiion diagram can be given below:

b

Present State 0 1
—ql q 0, q2
g2 03
W i
g4 B
9 i3 05
Consider a sting 111010,

1.5(ql, 111010)=3(ql, 1100)
2 =3(ql, 100)
3 =3(q2, 00)

Got suck! As there is no pah fom g2 for input symbol 0. VAVe can process sting 111010 in- another way.
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1. (g1, 111010)= (2, 1100)
2 = 3(3, 100)
3 = 3(4, 00)
4 =3(65,0)

5 = 05 &)

As sie g5 is the accept sae Ve get the compleie scanned, and we reached o the fi nal state.
Example 5:
Design an NFA wih Y = {0, 1} acaways 0 cepis al sting in which the thid symbol fio m the right end is

Solution:

Anything

0 Oorl Oorl
eitherOor 1

Thus we get the thid symbol fom the right end a5 0 always The NFA can be

The above image is an NFA because in siae g0 with input 0, we can eifer go fo sae g0 or gl
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