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What i1s Computation?

Why we need Computation?



 Calculation.
* To Solve a problem. — Sequence of steps
* To get a desired result. l

Ex:- Algorithm



* Process of Computation

INPUT

COMPUTATION

—

OUTPUT




INPUT ——> COMPUTATION ——{ OUTPUT

|

What is to be computed?

given problem v
How it should be Computed?
via Calculative Steps
4
Computability How many steps does it take to perform?
. o
Theory ! How much rTiemory space is requm?d.
i.e., Time and Space Complexity
Automata
Theory

Complexity
Theory




« Computability Theory ]

« Automata Theory — Theory of Computation

 Complexity Theory __



Syllabus

UNIT | AUTOMATA FUNDAMENTALS
Introduction to formal proof — Additional
forms of Proof — Inductive Proofs —Finite
Automata — Deterministic Finite Automata —
Non-deterministic Finite Automata — Finite

Automata with Epsilon Transitions



Definition of TOC

It is the branch that deals with “How
efficiently the problems can be solved on a

Model of computation using an Algorithm.”



Definition of Automata

« Automaton or Automation
* Doing something by itself.

|t allows us to understand “How machines

solve problems?



Automata

Set of states and Transitions.

States - Circles O

Transitions - Arrows ——

End of State - Double Circles @



Automata

(O—0O—0



Basic Terminologies

* Symbols
 Alphabet
* String

* Language



Basic Terminologies

« Symbols — alphabet , letters
Ex:- ab,c0,1............

« Alphabet () — Set of symbols, which are always finite.
Ex:- X={0,1.....9}



Basic Terminologies

« Strings(w) — Finite sequence of strings from

some alphabet.

Length of string -|w/|
— Number of symbols in the string.

Ex:- ab,c0l1............



Basic Terminologies

LLanguage(L) — collection of appropriate string.
Finite or Infinite.
Finite
EX:-
1= { set of strings of length 2}

Answer: L1={aa,bb,00,11}
Infinite
EX:-

2= { set of all strings starts with a }
Answer . L2 ={aa,ab,ac,aab,aac,abc...... }



Finite Automata (FA)

* Finite Automata consists of a finite set of states

and a set of transitions from one state to
another state.

* It occurs on Input symbol chosen from an
alphabet (%).



anguage of Finite Automata

» 5 Tuples
M=(Q,2,8,q0, F)
Where ,

Q — Set of States.
> - Input alphabets

o0 - Transition Function
g0 - Start State

F- Final State



Finite Automata

0500



Finite Automata

Two Types
1.DFA
Deterministic Finite Automata
2.NFA

Non — Deterministic Finite Automata



DFA
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NFA
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Basic Terminologies
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 Alphabet
* String

* Language
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Finite Automata

Two Types
1.DFA
Deterministic Finite Automata
2.NFA

Non — Deterministic Finite Automata
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Introduction to Formal Proofs

Two Types
1.Deductive Proof

2.Inductive Proof



Introduction to Formal Proofs

1.Deductive Proof
 Sequence of Statements given in logical order.
* To Prove Initial & Next Statement is True
* If His True the C is also True
* H — Hypothesis

 C - Conclusion



Introduction to Formal Proofs

2.Inductive Proof

» Sequence of Parameterized Statements that uses the
statement by itself.

e IfAIS True the B iIs also True
* A— Hypothesis

* B - Conclusion



Introduction to Formal Proofs

1.Inductive Proof

» Sequence of Parameterized Statements that uses the
statement by itself.

e IfAIS True the B iIs also True
* A— Hypothesis

* B - Conclusion



Three Steps in Inductive Proof

« Basis>n=0orl
* Inductive Hypothesis = n =Kk

* Inductive Step =2 n=k+1



Problem 1

1. Use mathematical induction to prove that
1+2+3+..+n=n(n+1)/2forall positive integers n.

Solution

 Let the statement P (n) be
1+2+3+..+n=n(n+1)/2

« STEP 1: We first show that p (1) Is true.

e LeftSide=1
 RightSide=1(1+1)/2=1

* Both sides of the statement are equal hence p (1) is true.



e STEPZ2:

* We now assume that p (k) Is true
1+2+3+...+k=k(k+1)/2
and show that p (k + 1) Is true



e STEP31+2+3+..+k=k(k+1)/2

* by adding k + 1 to both sides of the above statement

e 1+2+3+...+k+(k+1)=k(k+1)/2+(k+1)
=(kk+1)k/2+1)
=(k+1)k+2)/2
The last statement may be written as
1+2+3+...+k+(k+1)=(k+1)(k+2)/2
Which is the statement p(k + 1).



Additional Forms of Proofs

* Proofs by Sets
 Proofs by Contradiction

 Proofs by Counter Example



Finite Automata

* Finite Automata consists of set of states and

transitions from one state to another state.

* It occurs from an input symbol chosen from

alphabet = .



Formal Definition of FA
or
anguage of FA
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Finite Automata Model

Ty [a]b]e]d]e ]
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Representation of FA

1. Transition Diagram

2. Transition Table



Representation of FA

1. Transition Diagram
— Graph

— Finite set of states, Finite set of symbols and final

states - kot
s@look Qkals
@ = Eht.{' SLQ‘E

—> D " [aonsitleng :me one State (E
Qnothon
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Representation of FA

2. Transition Table
- Tabular representation

— Rows — States & Columns - Inputs



Types of Finite Automata

1. Deterministic Finite Automata (DFA)

2. Non-Deterministic Finite Automata(NFA)



DFA

*In DFA, for each Input symbol, one can
determine the state to which the machine will

move.
» Deterministic Finite Machine (or)

e Deterministic Finite Automaton.



Formal Definition of DFA

~ . X " =
M = ((T,i—'/rg, q / )

I\“\;fﬂ“,
CT — Qek (‘Q\ Qk"(\bﬁ
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Operations of DFA

Initial State
Input Process
For each move, It accepts only one input symbol.

If the Input reaches the final state, then the given

Input will be accepted or rejected



Transition Function

TRANSITION  FUNCTON

S(Q,)LMLB =& (8 (OL)CO, 0)
N"\Ulﬁ W = @Yen (&Eﬁl\vg
O Ptk Jopk Lpnbe)
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DFA Example

1. Design a DFA that accepts only the input 10 over
the set {0,1}.



DFA Example

2. Design a DFA that accepts only the input 101 over
the set {0,1}.

U -»‘(ll-.x-\\ ‘\‘_\l l"'

(k'ﬂ\l‘\":‘\) DA -
e Ly &, o5 G T )
A= (.f Yo, %, % ,}J ) §O’ﬁ3) g / . ]?CLZ?‘ >

STEP2  TRANSITIoN PASRAM
(V% A
A s 46 \
DENGEND)
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STEPS  “TRaANS I TION TAR|
STATE o L SN
e b R A
A E‘:h} ‘E Q.3
*« 9, P P

ZTEp4 TRANSTTION FuNCTION

_S(q wa) > §(3,a) = 8 (6(3,0, )

=fo| (C ven g'i:v‘m,g)

CSC%A.),o:L)
=8 (s(q.L,/ 1)
= (S (CL_,_,_cz),i>

= S(S(Q,),i) l
= 8(8(m 4)) =58(45) $9, //f““ee*e@

AH
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MET hoP 2
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Equivalence of DFA & NFA

EXAMPLE FkQB%ENEi

: NEA
A Constouck IDFA eq/u‘i\/agenk o the

M= (E‘P/q}ﬁ.j) 60113} 8/ P/ %C\,/S(j ).
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| 008 0n

Sropd.
|~ 0
' let ™M= (@, 2, 8,%,F)

M= ({F/Q«ﬂsz{, ﬁo/izl, s, B, {CL,S'_Z[)

Final) Stake = §q,2Y

TRANL | TionN DlASGRAM
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Srep= —
\..::;.:-:— 1 &n
Conalmuct  ~Sihgelbs formula = __/
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@F/.OCI ﬁamfﬁon,g O%D' w
New States

PO g a3, 0)= 154 y
pu] - / -?’/ /
ot - s T 0

Xiy S (fq5y,0)= £33 - New shale

Xiiy ‘\()‘1“‘3 1)= ¥p,9,2) - /Vew&’éa&
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Next Stip = oOvaw Zeanstéior dable
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DECINITION OF NEa Wih &

#* The Dalauade L. QﬁCe_FEed béj Nea with &
c{éno!:e;{ ‘23 M=C°2,2/8/%,F) Can be Ae{sined

| A

lee M= (@,2,8,%,FD bea NFA with £,

Wheze | ,
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™ has b S%er).s,
A0 Fexma) Notakion
oA E{v\ﬂoo & ]o&uxe,q
5 Brtordlad Teanaltion diss epatlsn (8-NFA).
A4 £hwinaing  £- Tsanstton.
1 PR e | GehEAs

lel &£-NFEA Can be ﬁé‘we/senbect as ,
M= (@/é/ g/ %/F)
)&lhe‘é‘e_ g "e\aa ‘H‘)e_ leﬁumenﬁ 5

DA &Sk h@

A New Inpub %m&.& £ ts added t5 the
St 2. g
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2. EPSILonN CLosSURE C{-_‘,-cwsoRe)

* Epgﬂon [e) meang Tresent Sbabé cqnaot; Sthex
Shabe  toithouk Uy tnPuL—..

K Epeilon Closure s Jondng ol the Stabes cohich
Can be  Teached Fworn the ng,&babe_anoheos
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@m0
€- Closane (9= {45, %, 1]

2 €< oy,
e-Clowe (3)= 19),92)
€- Chawe.(12)= {41
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4, ELlMlNATINg &Mmmms.
% 0 % Pesatble b Congbguck DFA D thak

GLCeFt& the &ame 905““3’9 as E-NFA,

Lek s:(c%s,gsﬂo;gﬁ.

#Thr the  aqavalent DFa D=(,5,%,
%, FD) W Cendoucked az folows.

4. Py lethe Auosek & Qg

2.9, = &- Cluwe(95) ta'the Sbast bate iy

D.
5-%%“‘& j:('mD(%*ah that Cootaln ableast
One accepﬁnd Sl ¢} E.
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y Let 2= gPOP--c
S(R)a}:"d,/ﬁ;-...ﬁm]
£- C\osuzse.[ )

N Ct.\m’ml;e (
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ConvERSIoN  ©F NEA with & o D‘Fﬁ ‘

TRemiem  Steps

1. Find E-Closuse .

2. Find Tongtkon Junckon foro e-claguse
of Stopk =tk

3. Find “Twonslton finction fov each ard
Sreny MR STable

4. Dyaw Trancitton —)Otaaxm For DFA .

5. Wetth the Frnal _atates |
CMenlion,)
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™M
! EXAMPLE— %DB\-ﬁ

o : 1=
' ollocnin NEA Lt = {-D eCLU"LVQDen
fl.‘ Convert tthe .t -
| DFA.

|

Slewel

~Selution

Snepa Find &-Clasuses .

€ - Clesuse f%@% ,CLUCLZJ
E- Closuse iq,} = ¥, 9%.]

€ - closure 19,3 19.]

.S“rsg.z' ‘
let us Skt Loy E-Closums dy kot <lste

—

E-Closwe §9,.%= ¥9%,9,,92] - New skats
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SEps
 Find Tenstitene s Ne@%smt % Input A b

DI ({%ﬂ,,/ o J ) = E- Closicse CS Ci%ﬁ’/q"zj JQB

Rin d;aﬁmm =&- clogise CSC%/Q')US_@" La)UEAQ, )Q)J
= &-closune (P ufa v fa,3)
= &£- C[osw:re (Eq,})

ch (E%ﬁ;,. 25,0= {4, ,%\:{J - ’Mﬁ
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€ - Closuse f‘ié_—.—_{j\q,o ,CL,Q«Z_}
E- closuze iq,} = Y9,%2.9

T
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=&- Claswe (1213

| 8(f,3.0,9) ~ L 9]

i

8(%\,%/

a : 2 N\
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- closuwe 923~ {20,992
E- closume iqw} = ¥,92]

—_——

€ - Closwe {9,3- {9.]

5.5 (£9,2s,b) = &-Closume (3,323 )
= £- C\osmse({q" /\33 U {Cb_ ) bﬁ)

= gelesuze (¢ 0 §903 )
=@ closuse C Ty )

[8 (£a.,923 B)= 13, q,,95)

STEP4 Hence, the ae_nezso.\:ed bra B

=l - R | [Ea]s

¢ @) Y942] qu. U, quj
= | gf% 9, l)‘ { ﬂ:ﬂ'; {%,CLV%:‘) * sl ke

Assume T90,%,92 as A
{Q\, qrzj ar B

Il
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