Automata and
Formal Languages

Lecture 09

___________________________________________________________________________________________________________________]




COMPUTATION

AN INTRODUCTION

AN INTRODUCTION TO

FORMAL

LANGUAGES anpo
AUTOMATA




PowerPoint

http://www.bu.edu.eg/staff/ahmedaboalatah14-courses/14767

A Benha University staff Sadielsome:Ahmed Hassan Ahmed Abu El Atta (
feko
You are in:Home/Courses/Automata and Formal Languages Back To Courses ;
Benha University . C&x
Ass. Lect. Ahmed Hassan Ahmed Abu El Atta :: Course Details: '_'N
Home Automata And Formal Languages .
& add course | edit coyrse
, o TR e —— RG]
oo i
Level Undergraduate
Courses o
Inlinks(Competition)
Theses
—

Reports
Course password
Published books

Workshops / Conferences -

aad fies

Supervised MSc Course URLs add URLs
.
Supervised Projects T

Course assignments add assignments
Education
Course Exams add exams
Language skills e
e &Model Answers

Academic Positions

e0¢

.

‘ji, .

A
’T
=

_@nE

Administrative Positions




Pumping lemma

PUMPING LEMMA
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Non-regular languages

(PUMPING LEMMA)




L={a"b™: n > 0}
Non-regular languages L={vvR: ve{a, b))

Regular languages
a*b

b*c+a
b+c(a+b)*

etlc...




How can we prove that a language L
is not reqular?

Prove that there is no DFA or NFA or RE
that accepts L

Difficulty: this is not easy to prove

(since there is an infinite humber of them)

Solution: use the Pumping Lemma !l




Take an infinite regular language L
(contains an infinite number of strings)

There exists a DFA that accepts L
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Take string Wwe L with |W| = m

(number of
states of DFA)

then, at least one state is repeated
in the walk of

Walk in DFA of

¥
W=01092:-Ok | |

Repeated state in DFA




There could be many states repeated

Take ( to be the first state repeated

One dimensional projection of walk W:

First Second
occurrence occurrence
Nt %
—~

Unique states




We can write W= XYZ

One dimensional projection of walk W:

First Second
occurrence occurrence
Y Y
X:Gl...ai y:O'I_I_l...GJ Z:O'J+1...O'k




InDFA: W=XY/Z

contains only
y first occurrence of g




Observation: length | X y| £ m number
of states

of DFA

Unique States

Since, in XY nho
\- ~ -/ state is repeated




Observation: length |y]| >1

Since there is at least one transition in loop




Additional string:  The string X Z
IS accepted

Do not follow loop

<




Additional string:  The string XYY Z
IS accepted

Follow loop
2 times




Additional string: Thestring XYYYyZ
IS accepted

Follow loop
3 times




In General: The string X yl /A
is accepted j—0.1 2, ...

Follow loop




Therefore: X yi 7 <L i=012,...

|

Language accepted by the DFA




Pumping lemma(weak)

Let L be an infinite regular language over A.
then there exist strings

X,Y, z € A*, wherey # E,
such that
xy'z € L for all i 2 0. such that



Example 1
L={a"b™: n > 0}

Let L be is regular and suppose L can be
accepted by DFA (M) . Then there exist x, vy,
z€ A", leti=1

By pumping lemmaw = xyz = a

mbm

1. y consists of a's. |xy|=k, y=a”. xy=a®

Mm—1r 427 gM-Kpm_ m+rpm

xy‘z=a™m™ " .a is not

in L



Example 1

2.y consists of b's.
xy?z = a™ .b?".pM KpM=a™mp™* " notin L

3.y consists of one or more a's followed by
one or more b's.

‘m—1’ 7= bm—l

y=ab, x=a
xyz =a™ tapp™m 1!

xy?z = a™ 1 abab b™ 1= a™ ba b™ notin L



Pumping lemma (strong)

Let L be an infinite regular language over A.
and suppose L can be accepted by DFA (M)
with m states. Then for any string w € L such
that |w| 2 m there exist x, vy, z € A"such that

1.w=xyz,yz¢&
2. |xy| £m,
3. |y| =21,

4.w; =xy'z eLforalli=0



Example 1
L={a"b™: n > 0}

Let L be is regular and suppose L can be
accepted by DFA (M) with m states. Then for
any string w € L such that |[w| > m there
exist x, y, z € A"such that

w=aph™ |w|=2m > m

By pumping lemmaw = xyz = a™b™



Example 1

w=abhb™ |w|=2m > m

By pumping lemmaw = xyz = a™b™

y=a" ,r>0, |y|>0

Ixy| =k <m
= ak—r Y= ar’ 7= am—kbm
XyZZ — gk~ " gmkpm=gmt+rpm

not in L, Then L is not regular language



Example 2

L={a™: n is prime} is not regular language

Let L be is regular and suppose L can be
accepted by DFA (M) with m states. Then for
any string w € L such that |[w| > m there
exist x, y, z € A"such that

w=a™, |[w|=mz2>m

By pumping lemma w=xyz = a™



Example 2

w=a™, |w|=m=m

By pumping lemmaw = xyz = a™, mis

prime
y=a’ ,r>0, |y|>0

Ixy| =k <m
x=a® ", y=a",z= a™ "

wy=xy?z = a7 .a?".a™ K=q™m ¥
—yyMm+1 k—ra(m+1)r_am—k

Wiil_ i Z = d



Example 2

m+1

W, 4 1=XY 7 = gk~ TgqMm+tOr ,m—k

—qmrtm —,m(r+1)

r>0then (r+1)>1 and m is prime then
m>1

not in L, because m(r+1) not prime

Then L is not regular language






