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Examples of non-regular languages

® The set of strings over {(, ), @, b, . .., 2} in which the
parentheses ‘(" and ‘)’ occur well-nested.

® The set of strings over {a, b, . . ., 2} which are palindromes,
l.e. which read the same backwards as forwards.

o {ab" | n > 0}
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The Pumping Lemma

For every regular language L, there is a number £ > 1 satisfying the
pumping lemma property.

allw € L with length(w) > £ can be expressed as a concatenation
of three strings, w = wuwjvus, where w1, v and ug satisty:

e length(v) > 1
(i.e. v #~ €)
o length(uiv) < /£

e forallm > 0, ujv"ug € L
(i,e. uyus € L, uqivus € L [but we knew that anyway],

uivvus € L, wuivvvus € L, eto).
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Snppose L 15 LIW) or oo DFA ™
If n > £ = number of states of M, then in

SM=g0£>CI1a—2>CI2'°°ﬂ>q§°°'a—n>Qn€ACCGPtM

N

£-+1 states

do, - - - » ge¢ can’t all be distinct states. So q; = g, for some
0 < 2 < 7 < £. So the above transition sequence looks like

(Y

SM = qo — qi = qj — qn € Acceptl),

where
def def def

U1 = ai...Aa; UV = Q341 ..-.0y U2 = aj41...0an.
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How to use the Pumping Lemma to prove
that a language L is not regular

Foreach £ > 1, find some w € L of length > £ so that

( . .
no matter how w is split into three, w = uwjvus,

(ty  { with length(uiv) < £ and length(v) > 1,

there is some 12 > 0O for which w1 v"™ w2 is not in L.
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Examples

(iy L1 def {a™b™ | n > 0} is not regular.

[Foreach £ > 1, a*b* € L+ is of length > £ and has property (1) on
Slide 31.]

(iy Lo det {w € {a,b}* | w apalindrome} is not regular.

[Foreach £ > 1, a*ba® € L is of length > £ and has property (1).]

def
iiy Lz = {aP | p prime} is not regular

[For each £ > 1, we can find a prime p with p > 2¢€ andthen a? € L3
has length > £ and has property (}).]
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Example of a non-regular language
that satisfies the ‘pumping lemma property’

L ¥ {c™a™b™ | m > 1andn > 0}
U
{a™b"™ | m,n > 0}

satisfies the pumping lemma property on Slide 29 with £ = 1.

[Forany w € L of length > 1, cantake u; = &, v = first letter of w,

U2 = rest of w.]

But L is not regular.

I\
&«ASSMW\L L’:L(M\ »gjw some DFA M
o obtein o Covibvndhiohen

33



Given M, MV\Q A YW NFA N &S '@\\W‘Si

N Swke P\[y.re_
Stakes,, = Swwbeay | _ / &N ‘;:’" fﬁg"”\b
(:) O f nati
AC%@CN = ACCQ@'EM ‘[Z;?‘ SMW\S




Given M, Mvw, A YW NFA N &S '@\\W‘Si

N Swke P\[y.re_

M

S‘\‘U\*C.S N S 9"\7‘"%}‘/\

AC%Q‘:N = ACCQ@'EM

o207,

2 N WS onley, e,
mg< bta'

HanaHons

N(one)

st M

SO L(N) :lga“bhl"\?/l)} ; mvx‘\‘m)’luhvm ‘\‘0 ?\AYV\P;V\}\_MV\W\A.



