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@ EHRFKIR: Regular expressions
© ERRI[LBRA—FT > Regex and FA
© [EHRKIEH S DFA A: From Regex to DFA

Q BRA—FIF U OFIBEEZIERKRFTHEBM: From FA to
Regex
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IEMFRIA: Regular expressions

IFFR3RIF: Regular expressions

o XFFDIFEFEXPEHTHIA: Used for searching and replacing
strings
o FENIZ/\NA— %0k Flexible pattern description
o f5l: Examples
o “000” M#EDIELZZYEL: Contains repetitions of “000”
o BMFENBEYEESTT B: Contains an even number of digits
o HEE LIEXFINDERBICHFHMTVTWVS T 71 )L%: File
names with numbers following a specified string
e ZLD/OVFIVIEREPTFAMNITARTHATES:

Available in many programming languages and text editors
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IEMFRIA: Regular expressions

Bl 1.1: Z71ILEDSBNHERD ZR<

Remove date from file name

import re

fileList=[
'1.1 Introduction_20201010.txt"',
'1.2 SetAndMappings_20211013.txt',
'1.3 Relations_20100401.txt'

]
#ESUAN DI ZE DO HY
p: re.Pattern[str] = re.compile(r'(.*)_\d{8}(\.txt)"')
for f in filelist:
m: re.Match[str] | None = p.match(f)
if m:
filename: str = m.group(1)+m.group(2)
print (filename)

1.1 Introduction.txt
1.2 SetAndMappings.txt
1.3 Relations.txt
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IEMFRIA: Regular expressions

5] 1.2: RXA>%%ZZE: Change domain name

1 mail_address_list:list[str]=I[

2 'brown@example.com', 'page@hoge.com',

3 't20130Qexample.edu', 'kate@hoge.com',

4 's202350@fo0.edu’, 's192200@hoge.com'
5 |1

6 pattern = r' (\S+)@(\S+)'

7 p: re.Pattern[str] = re.compile(pattern)

8 for mail in mail_address_list:

9 m: re.Match[str] | None = p.match(mail)
10 if m:

11 domain = m.group(2)

12 if domain == 'hoge.com':

13 new_mail = m.group(1l)+'@hogehoge.com'
14 print(new_mail)

15
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IEMFRIA: Regular expressions

Python TDIEFRFIR: & < —&B

Regular expressions in Python: A very small part

. BATUAN DEE D F & —: Matches any character

except a newline

\d #F &—3: Matches any digit

\D #FUS & —5: Matches any non-digit

\s AR—ZAPH T, BITHREDEEXF & —: Matches
any whitespace character

\S ZEEXFUIN &—B: Matches any non-whitespace
character

* 0BIAED#EDIRL: 0 or more repetitions
+ 1B ED#EDIEL: 1 or more repetitions
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IEMFRIA: Regular expressions

IERRIDDER: B

Defining Regular Expressions: Fundamentals

e ac NI LT alFIERKRIRTHD. EDEEIL {a} TH5B:
a is a regular expression for {a}
o —XNFH 5% B EFE: alanguage consisting of a single character
o cIREMTHETHD., TOSHEIE () THS:
€ is a regular expression for {e}
o REEODNFIHI 5% B EFE: a language consisting of a
string of length zero
o DIFEMRKATHD. TDEEIX 0V TH3:
@ is a regular expression for ()
o BERZRIAUVWEESE: alanguage with no elements
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IEMFRIA: Regular expressions

ERRBFEOER: Bl

Defining Regular Expressions: Recursion

ealtfh EBLRUVL;ZENETNRIERRKHOLE
Assume « and 3 are regular expressions representing languages
L, and Lg respectively

o a+BIE L ULy ZRIIERRI: a+ B is a regular expression
representing L, U Lg
o af | L,Ls(3E¥#& concatenation) ZR I IEMRKRIA: af is a

regular expression representing L, Lg
LoLg = {uv|u € Ly,v € Lg} (1.1)
o o I& Kleene Bi&: o* is a Kleene closure : LY = (2 LE
L0 ={e}, L} = Lo, LEY = L L (1.2)

o ot IXIERAE:a™ is a positive closure :L} = |2, LF
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IE3RKRM: Regular expressions
5] 13: a,bec X

al3S58 {a} KT a represents the language {a}

bI3E5E (b} Z5RJ: b represents the language {b}

a+bldEFE {a,b} KT : a+ b represents the language {a, b}

ab 3538 {ab} Z5FK T ab represents the language {ab}
a(a+b)b|XEFE {aab,abb} Z&RT: a(a+ b)b represents the

language {aab, abb}

o (a+b)'Ix. akbhH%B. REEOULDOXFINLEDS

7D EE%ZRT: (a+b)" represents the language consisting of

all strings of zero or more characters from a and b
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IEMFRIA: Regular expressions

5 1.4

(0+1)1(0+1)

0(0+1)*0

prCIE eIy 10/36



ERRTMEFRA — T k> Regex and FA

IERRTEBRA—FV >

Regular Expressions and Finite State Automata

o ERDIERRAZRIETE L IZERA—FI M2 ZERT
3O TES: A finite automaton can be constructed for
accepting the language of any regular expression

o FRDEMRA— I MU ORIEBEEEZRITERRAZENT
B D TES: A regular expression can be constructed for
representing the accepting language of any finite automaton

e DXD, ARA—FY FUOFEFHIFERKRIETRINS:
In other words, the accepting language of a finite automaton is
represented by a regular expression
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IERFTIREBRA— T b>: Regex and FA

IEFRIRD 5 FAN: BERERIRIE

From Regex to FA: Basic Representations

o IFMRRINDIEM ZE%ZIE > T FA THRIA: Constructing regular

expressions in order to represent them in finite automata
o B :Fundamentals: a,b € X

0 0 b0
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IERFTIREBRA— T b>: Regex and FA

*u\ EE\ K|eeneEﬁ@

Union, Concatenation, Kleene Closure
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IERFIAHS DFA A: From Regex to DFA

#B31:0+1(0+1)
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IERFIAHS DFA A: From Regex to DFA

DFA ANZE#E: NFA to DFA

(90, q1, q4]

195, Q6 q7, Qo)

[%, q7, 49, 410, C111]
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IERFIAHS DFA A: From Regex to DFA

DFA %Z gz/JME: Minimizing DFA

(90, q1, q4]

a5, G647, Q9] 0,1
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IERFIAHS DFA A: From Regex to DFA

5 3.2: (ab)*aa(a+b)"
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IERFIAHS DFA A: From Regex to DFA

a b a,b
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IERFIAHS DFA A: From Regex to DFA
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BRA— T O OFEEFEZERKRTRTHER: From FA to Regex

ﬁ[‘EZ’— 4 I‘/@giinnn

IE}RFRIRTHEAL: From FA to Regex

o Stepl: MTIC—DDEKRE ¢ ZIEBIML. EhDAHDHEKREL
9 %: Add a new final state ¢; and make it the only final state
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BRA— Y O OFIESHEEERRRTHEM: From FA to Regex

e step2: rulel,2,3 DIEIZEAY 3: Apply rulel,2,3 in order

o rulel: AILREEBZ5|IFEC TANICH LT, ERKRKROM
Z X5 21F3: Correspond a regular expression union for inputs
causing the same state transition

g, @1, 5, Ap—1 a0—|—a1—|—---—|—an_1

O—0Q =——> O—0
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BRA— Y O OFIESHEEERRRTHEM: From FA to Regex

o rule2: IL—TDERZRODEBERDEIIZEET B: Concatenate

the transition of the loop before the next transition

T
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BRA— Y O OFIESHEEERRRTHEM: From FA to Regex

o rule3: Efi T BB Z. BHDREZHIIRL TERETS:
Concatenate the consecutive transitions by removing
intermediate states

ToYo
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BRA— T O OFEEFEZERKRTRTHER: From FA to Regex
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BRA— T O OFEEFEZERKRTRTHER: From FA to Regex

rule 1

FICLERZIEC T ANZIERKRTOMICEHE: Strings that cause

the same transition are combined with a plus sign.
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BRA— T O OFEEFEZERKRTRTHER: From FA to Regex

rule 3

o rule 2 ICHEE T B IL—TFH%: Loops that are equivalent to rule 2
o qo M5 ¢y ZFET. g NRD#E%ZIL—FIZ: Loop from ¢ to
g1 and back to g
o g5 ¢ ZRT. g "NRBIEBZIL—TICTBLEDIC. ay
ANDBEZTRT: Loop from ¢y to g2 and back to go and keep
the transition to ¢y

b(a+b)
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BRA— T O OFEEFEZERKRTRTHER: From FA to Regex

rule 1: 2 [B]H

0 g D2D2DI—TDRADHZ1ES: Combine the

representation of the two loops of ¢

(@a+b)(a+b)
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BRA— T O OFEEFEZERKRTRTHER: From FA to Regex

rule 2

0 gy D2DODIL—TDRIRDM%Z{ED: Combine the

representation of the two loops of ¢
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BRA— T O OFEEFEZERKRTRTHER: From FA to Regex

5 4.2
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BRA— T O OFEEFEZERKRTRTHER: From FA to Regex

rule 1

qr ZEBML. rulel Z&EH
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BRA— T O OFEEFEZERKRTRTHER: From FA to Regex
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BRA— T O OFEEFEZERKRTRTHER: From FA to Regex

rule 3

ab*a

a+b)*b
()

ba*b

(a+b)*b(ab*a + ba*b)
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ERRRICH T 3 R1EMHE

IERRRITICKT T 5 R1EME: Pumping Lemma

o LZIFMREFE/YL T3 Let L be a regular language
o LICRLT. BAIEMnDEFEL. |w|>nBB3EBEDweL
WXL UTFDKSICw =2y ERETE S, : Foranyw € L
with |w| > n, there exists a decomposition w = xyz such that
o yFe
o |zy| <n
o Vk >0, xyfz € L
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ERRRICH T 3 R1EMHE

RIE#HREDEERR: Proof of Pumping Lemma

o LZIEFTFBL L. W TBDFAZ M & T B, : Let L be a
regular language and M be the corresponding DFA

o L=L(M)
o M DIRE%ZE n £ T3 Let n be the number of states in M

w=aag-ay €L, (Mm>n, a; € X)

pi = 5(%,&1&2 - 'ai)a (po = C]o)

@ Do, P1, " s Pn ‘:‘Il)\@< K:E)_oo):lﬁﬁg\b‘\2 E”—XJ:fﬁhé At

least one state appears twice in pg, p1,- - ,Pn

pi=p;, (0<i<j<n)
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ERRRICH T 3 R1EMHE

o w=1xyz CPEY B: Decompose w = wyz

T = a1as- - - a;, Y = Qip1Qi42 - A, Z = Q1420 Ay
|| =1>0, lyl =7 —1i>0, lz|=m—72>0

o xyfz e L (0 <k)

Start s

0 'U F
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ERRRICH T 3 R1EMHE

RAEfEREDISA: Applications of Pumping Lemma

Loy = {0™1™|m > 0} IFIEEREFBTEHLY: Ly = {0m1™|m > 0} is
not a regular language

o Ly MIEREFETH S LIRFE: Assume Lo, is a regular language
o RIEMEICIHNS nICR LT, w=0"1"%&ZEZX%: Consider

w = 0"1" for the n in the pumping lemma
o w=uayz |ry| <n&D. y=0"(1<k<n)

2’z =22 =0"%1" & Ly,

o Lo IXIEREEETALY: Ly is not a regular language
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