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A powerful intuition

e Regular languages #hazgaaaaaInuUmINFINIARALT
l@araniiaaNinnineg

e LAY §8INITINVAINANYALIILANIIUININNG
e Nonregular languages Az8aAARAINUT WM LRINTOUT

lamaniigauinNine

e 219902931 VDINANYDESLUL LUTING

Computer Science, CMU



What is the limit of DFA/NFA/Reg Ex?
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NINANTIUN 2 ﬂ?ﬂ’]ﬁg}

C = {w|w has an equal number of 0’s and 1’s}

D = {w|w has a equal number of occurrences of 01 and 10
as substring}
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Pigeonhole principle




Pigeonhole principle
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LE931N1L 0% non-regular(1)
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LEA9I1N11L 0% non-regular(2)
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LEAIINN BT non-regular(3)
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A3addanannazld: the pumping lemma

e The pumping lemma:

For any regular language, there is a string length, called the pumping
length, such that for any string as long as the pumping length can be

"pumped"”.
String 1@1‘%%}1%3}’11&1 regular Aenn pumping length 3432 pump 1@

"oumped"— string NUTNaUAILFIRNFINITAYNTITIWINLTIN TP LG
luvnefinaawsuas string Mlatindaglunm
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Pumping Lemma

Theorem

If A is a regular language, then there is a number p (the
pumping length) where, if x is any string in A of length at
least p, the x maybe divided into three pieces x = uvw,

satisfying the following conditions:
. Foreachi>0 uviw € A
2. lv| > 0

3. Juv[<p
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Theorem (Pumping Lemma):

— Let L be a regular language, recognized by a DFA with p states.
— Let x € L with |x] 2 p.
— Then x can be written as x = u v w where |v| 2 1, so that for all m 2 0,

uv™w € L
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aUNAd1 x = a3, ... a otlu L, lasfi k 2 p.
131U g, = q, i <j.
sNIndswlddnu=a, ...a,v=a
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coa, kAT w=a, .. a

Computer Science, CMU



Claim this works:
* X = UV W, obviously.
*|v[=]a,, . a| 1 since i <.
N VRVALRVY uu accept Luaomﬂwmu loop m ma (possibly O

times).
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Extra condition

— Let L be a regular language, recognized by a DFA with p states.
— Let x € L with |x] 2 p.

— Then x can be written as x = u v w where |v| 2> 1, so that for all m 2> O,uv™w E L

— In fact, it is possible to subdivide x in a particular way, with the total length of u and v
being at most p: [u v | < p.
Negaul

AN x = a3, ... a adlu L, lapf k 2 p.
i

PROEA BT RLY q, = q; I <j. 971N pigeonhole principle
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A% Juv|<p
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ﬂgﬁ]ﬁ N B luidw regular
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IEINTOULY s beldw s=xyz WaLdnIL i lag xylz € B

Computer Science, CMU



1 B 3w regular

A 6
NRIU
ql

131391 xyz € Bus:xy'z € B (11314 y)

ue y iuazlsldne 13nsed y nauuy

op 1P

X y z

Computer Science, CMU




ﬂgﬁ]ﬁ N B luidw regular

131391 XYz € B usz xy'z € B (maziﬁw y)

ui y iiuarlslatheg tmaes y nauuy

Case 1: 51 y = 0K #930L149A1 k>0, 131921631 xy?z 4 0 11NN
1 aaths case sdlulallaller

Case 2: 11 y = 1¥ §930014961 k>0, 13519216731 xy?z § 1 11nn
0 st case fuilwlalaller

Case 3: 01 y = 0/ 1% §1%I0U1961 >0 Waz k>0, RILNGIN case o
31921890 xy%z = x071%071%2 € B aatew case sindlwlallaller
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ﬂgﬁ]ﬁ N B luidw regular

13591 case 1o 1313z laanawidn lila'le contradiction
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D={ww]|w & {0, 1} }is non-regular.
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D={ww]|w & {0, 1} }is non-regular.

suN@dnd DFA 9 recognize L, 918 p states.

WHU string x b L, N oump 3% b6 contradiction
wiU x = 0°10°1, Taaf) p vTJuiuIn states.
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Pumping Lemma 21992 A v = X,U=w=E&.
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001001001001 Fsfiagilu L,
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FandAINAan1IMBY string 19z pump lAaN
G881 T DULIIRAN x = 010101..., tTwn1vd1vas 01 1Ju
NI U831 pump wa23z la'l@ contradiction.

pumping lemma R x=uvw Iml‘ﬁi v =0101.

Al A 'y o & ] P
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Exercise

E=EQ={w € {0,1}* | w contains the same number of Os

and 1s} is non-regular.
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