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Theory of computation

Lecture 4: Regular expression
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Regular expression
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R 1Tw regular expression 0N R &

1. a for some a € 2,

N
3 0
+ (R{UR,) o R, #az R, Lilu regular expression
5. (R1 ° Rz) o R, 82 R, 1Tl regular expression

6. (Rik) 18 R, .11 regular expression
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Precedence
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Equivalence

A language is regular iff some regular expression describes it.

Iff iadn1n if and only if
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A language is regular iff some regular expression describes it.

mawgalimguisaduduaiaiasnndy iff AdasNgaaa

114

1 If a language is described by a regular expression, then
it is regular.

2. If a language is regular, then it can be described by a

regular expression.
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Muruali T = {0,1)

3911 FA M, 7 recognize 017
W FA M, 7 recognize (10)"
9% FA M, fi recognize (01*) U (10)*

W FA M, 7 recognize 17 o ((01%) U (10)*)
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A regular expression describes a regular language

If a language is described by a regular expression, then it is

regular.

UURANILAINUINDN regular expression LIIFINITDRIN finite

automaton L9927 recognize AENTU LG

lunsfgan 131azu997 regular expression anasIuTlal

2819 L3
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R 1Tw regular expression 0N R &

1. a for some a € 2,

N
3 0
+ (R{UR,) o R, #az R, Lilu regular expression
5. (R1 ° Rz) o R, 82 R, 1Tl regular expression

6. (Rik) 18 R, .11 regular expression
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R9LNAI11N13839 regular expression 935lun158579 6 35

1 [ U QU Aad ~ = U dl
L6 LI RIN19G 83D LAWAGNN =3 finite automaton 7
recognize wwuvlﬁaéljﬁ
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R is a regular expression if R is a for some a € X

What is a DFA that recognizes R?
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R is a regular expression if R is &

What is a DFA that recognizes R?
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R is a regular expression if R is Q)

What is a DFA that recognizes R?
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R is a regular expression if Ris (R{ U R,) o R, W8z

R, 1w regular expression

Muua NFA N, uaz N, 1 recognize R, kaz R, W& NFA i

recognize R Aoazly
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R is a regular expression if R is (Rl o Rz) 4o R, W&

R, 1w regular expression

Muua NFA N, uaz N, 1 recognize R, kaz R, W& NFA i

recognize R Aoazly
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R is a regular expression if R is (R;) i R, . regular

expression

MHua NFA N, N recognize R, L83 NFA 9 recognize R h
a3
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e FILNGTI LIUTUINNNRUILLAN 9 (Base case, 3 case LLIN)
LANABL ¢ Y1 LTWABE € union Aagl € concate N

a 6 1 .
o lunIAFaIR 13192UaAI971 NFA U84 regular expression
L UarNUe NFAs U89 subexpression 1M

e RILNAINUWLTW induction!!!
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Inductive proof

luu19a39 inductive proofs 22138N737 structural induction

UNATIWINLAN & | WRINK i+1
waitd Ry Ry usnaiil Ry U Ry, Ryo Ry, R]
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Inductive hypothesis: (Lﬁaﬁmﬁmw expression R)
1 o Q/ . ’ ’
assume MRIAIUNN ) smaller regular expression R ) R

A YK, !/
fuInadu1e laens NFA N

wsnaialay assume i My M, fddssseananle
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2997 NFA 7 recognize (01 U 0)*

v lalalaasrintdw DFA

Computer Science, CMU



2991 NFA 7 recognize (0 U 1)*010
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A language is regular iff some regular expression describes it.

Aa 6 1 A v % ] a A & . < Y Aa 6
ﬂ'ﬁWiﬁ"ﬂ%'J'W]f]E’Q?l'N(ﬂ%Lﬂ%ﬁ]?ﬂL%@x‘]'ﬂﬂ']ﬂlallu iff ﬂ@laawgﬁmaaama

1. If a language is described by a regular expression, then it is
regular. (9393910 1Uua7 lasRansaanIn regular expression an
831907 L@ e b3)

2. If a language is regular, then it can be described by a regular

expression.(1ag3da 1)
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Any regular expression can be described with a regular expression

Yinoeing bsa
A0y b3bRE3119
A is a regular language
LianeaNnesls (aienw)

4 DFA “71' recognize A
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Regular expression NaTU18NIBN recognize 2eH Mﬁaazvlj

=
aaauﬂaawag
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e 2z 30T loop A¥LTw *

e 2z l5tduLguLTaun lasian

0*11*0(0U1)*
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Regular expression NaTU18NIBN recognize 2eH Mzﬁaazvlj

AaA o Q/ )

UUSNH DI regular expression 148 09AnIT#1MILRI19 DFA
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o AALWLEWNINLGLINDW

e 11*0(0U1)* NU 00*1(0U1)*

URINIIA union

e (11*0 U 00%1)(0U1)*
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Regular expression NaTU18NIBN recognize 2eH Mﬁaazvlj

AaA o Q/ )

UUSNH DI regular expression 148 09AnIT#1MILRI19 DFA
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e 1InaIe a9t lny
e LNARIMINzLAW bR accept state wa

° Waaoﬁﬂéi”aﬂ’jﬂﬁ’wuﬁﬂﬂugﬂquﬁ’avl,ﬂﬁmﬁﬂuazmvlj
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Regular expression NaTU18NIBN recognize 2eH Mﬁaazvlj

AaA o Q/ )

UUSNH DI regular expression 148 09AnIT#1MILRI19 DFA
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Regular expression NaTU18NIBN recognize 2eH Mﬁaazvlj

AaA o Q/ )

UUSNH DI regular expression 148 09AnIT#1MILRI19 DFA
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NNz Ua9 DFA NInue buili regular expression b

LAY 1319139926890 08 ¢ YNz

MLENsarinuaIdaNuauniGes 9 sy ldinaulald
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Finite Automaton N8YNFAFRIRILNIIRIN regular expression

q

DFA N4 2 states: start state NU accept state ANV bA U

regular expression U8IL51A00% b3

maaﬁa&iumﬁm%aw!!!
LALIIYIN 089 1S

LIIWEIYINNALRG state

LAz step NRANAZ 1 state
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9607 q, AT

VU & YV

zanganie ndadgin dezladhihe nneg dndmneg dneen
da93ugnuld

wUaauaa bl DFA vuldwdanin bl string S * et
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L3N BINITNTLUIBNIINITAG state L‘J’]akméﬂﬂlﬁ) transition

edge W regular expression

136 13l DFA NFA 182 t51asienuinedu

generalized nondeterministic finite automata
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Generalized nondeterministic finite automata fa
nondeterministic finite automata ﬁLS’]Q‘%QJ’WIlﬁ regular

expression .4 label VAIANET transition 1@

GNFA sua u13nene lled state s lann block a4 input

symbols NTUN1H% match NU regular expression U%Qﬂﬂiffu

Computer Science, CMU



<C
LL
Z
O
Qﬂ
C
"
@
ﬁlo
CS

Q/



Special form

Qi 1

1316184M17 GNFA fidlaauu@ungaeng (suuuuibidfomd

regular expression 1@d18)

Y

= Start state ﬁ@ﬂm"ﬂﬂﬂ/ﬁﬂﬂ state LL@ivlajﬁQﬂﬂT‘Timﬁ start
state 371N state 5%6]

« { accept state aULAL WAZNN state UaNATTNINNL Lo
5107l Dw uaz aceept state haliw start state

= %aNIN start LLAZ accept state nn state "ﬂzﬁ@ﬂﬂi%%’]ﬂv%
Lazlianasaiiadens
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LUWINIINLIIEHN

189371 language A SipN regular 151928 DFA M 7 recognize A
10 M 179zaswiu GNFA G (Part 1)

01 G JWINNIN 2 states 311 GNFA G' Ml state Nkagay (Part 2)
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Part 1 DFA-> GNFA

L3RR Wa DFA 3114 191928379 GNFA G

ISUGIULINLLNY start state LLAT accept state Nk
a o 1 A

LSINANTILA

anasiiu 1)

gﬂmﬁl,fu €
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e LG start NU accept bd
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o N @ nynlnualy accept uas VlﬂI‘Iﬁ%@ﬁjx‘JW}fﬁb

e 311 O a1 luTu @ concatazls wiawue
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DFA->GNFA NNI&I

wnald M = (Q, %, 0, qq, F)
. AW start state bAal Oy WRELNNANATIN q_ 14 dq

: N accept state 1A% g LRZLANANATINN NN
accept ql q
state ¢ € F U89 q

accept

. Lﬁwgﬂmﬁmﬁa label @28 @
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Part 2 GNFA-> Regular expression

1 GNFA G § 2 state $1¢ 1apuleass g 1ae

1 GNFA G Ju1NAIN 2 states:

Ll8and 1 state (rjp & {Gstart: Qaccept}

v ' dl v Q/
GRANEE waa@ﬂaaaﬂﬂ@ﬂﬂ’mm qu'p gan

kil
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(1010 U 0)01*0 U 1)

@ (1010 U 0)(01%0 U 1)U(11)
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Definition [GNFA]

A generalized nondeterministic finite automata is a 5-

tuple, (Q: 2,0, Astart Qaccept) where

. is the finite set of states

. 2 is the input alphabet

. O: (Q — {Qaccept}) X (Q — {qstart}) = Ris the
transition function

. (g is the start state

. F is the accept state
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ABWRUNT transition function Wad DFA NFA alduwanawh
JU current state NU iInput symbol LR b6 output aanyLdu
state 18 U380 set 104 state MLl e

11 DFA NFA 37841377 transition function Uan3 312z lun

T
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L6l GNFA 1371 L laawladnazrinauadnalys tsawlanadisn
ﬁ]ﬂ‘*ﬁﬁ'uﬁluﬂ'ﬁqu

ANzLY WNAANULATLAY regular expression niaLdn
281913 vz betan ldda be hida L31aulawedn regular

expression 82 [30UUANAT
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0: (Q — {Qaccept}) X (Q — {QStart}) - R

(o>

qqﬂgﬁ 3 bl lT accept @naT Ll start

accept laiglavnlas

start 13 et ldwnsn

1IN ¢) § regular expression azvlﬁa%iuu@vmwu
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3N G = (Q, 2,8, Gstarts Qaccept) bINIERIN equivalent G’ =
(Q" Z’ 5,’ qStClT't’ Qaccept)

Lqan Qrip Q' =0Q — {Qrip}
E%’]V\%TU q; € QI — {Qaccept} Lz g (S Q’ — {CIstart}
£

5'(671': Clj) = (R1)(R2)"(R3) U (Ry)

Hh R, = 6(%» Qm'p) R, = 5(611"1'19» CIrip) R3 = 5(Qrip» Qj) Ry =
5(611'»611')
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