IFRISEEDMHE(Q):
(TiFZ ~4.1,4.2)

1. SEMNERTEWLIZEDEERA

—EBET MR ITIRENFREIL MUY,
STHREOKELAZVDER B TELELDLO IER A TELL,
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4. Regular Languages (1):
(Text 4.1,4.2)

4.1. Non-regular language

— Finite automaton has finite states.
— [t cannot distinguish infinite objects.

(Typical) Pigeon Hole Principle:
There are n+1 or more pigeons are in n nests.
Then, there are at least two pigeons in some nest.
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4. IERIEREDMEE(L):
(TH+AR.1,4.2)

4.1. SEEMNER|THEWNZ EDEIEEA
#l: E& L={0"1"|n=1}
e n [FEATIZKELTEHLLY

e DFAAA MIREEES n>m DEZIZ o1 [ZEHLT

1]||||
anh
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4. Regular Languages (1):
(Text 4.1,4.2)

4.1. Non-regular language
Ex: Language L={0"1" | n=1}

* n can be any integer

 When DFA A has m states, what iIf the transition of A
on the input 0"1" for n>m..."?
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f5l: E58 L={0"1" | n=1} [(XIEBITIZZALY,

SERR: L AERITH-1=EREL T, FEEZEL,
LIXIERIZDT, LE2ET 5 DFAANFET D, ADIK
BBEES% 0,0,....q, ETAMITHER) n=m+1DEE, 15/
BIREMNS,

0,00,08,04,...,0"
DOHRIZIE. TANERBLI=EEIZRICKREEIZL S, ESDOEL
BRT IMNFET S, CioFx 0,0 £B5<, 2FY A (F0,00 D
ELbEHARATEEESERILIRGE q (245,
ZZTCANLFEFEZS,iZJHEDT, CNIF L DEEXRTIE
UL LAL AIFAAOLEAAVNLZRXRITEZLY, LT=
MHOT. mMAELFETLIN. MAELFELLGULD, EB5
MU TELD, CNIF AN LEZEZET S, ELVDSRFEICKR
EOR
Lf=M>T L [XIEERITIEARLY,
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Ex: The language L={0"1" | n=1} is not a regular language.

Proof: To derive contradictions, we assume that L is regular.

Since L is regular, there is a DFA A accepting L. Let

d;,9,,---,0,, be the set of states (finite m). Suppose n=m-+1.

Then, by the pigeon hole principle, among the inputs
0,00,03,04,...,0",

there is a pair 0', O) with i#j such that A translates to the same

state, say Q.

Now, consider the input 0'1). Then, since i#j, that is not in L.

However, A cannot distinguish 0'0)$L with 0V L. Therefore,

A has to accept both of them, or reject both of them. This
contradicts that A accepts the language L.

Hence, L Is not a regular language.
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HAHEFEN
4. FRISEEDHEE (L) aumu_a_&
(THRM142) | 2EOSES
EMIERITHAWIEDEER
|1 EEE(Zxt9 4 RE#RE(Pumping Lemma):

— ERIEZEBLIZHL. UTOEEEH-ITTEH n HE
ET S |W2nFiml=-9EEDXFIIweL (X, kD
FHZm-93MEDE D F] w=xyz IZRfETEZS,

1. y#E€
2. xXy|=n 7(0

3. IRTDHK=0I(ZxL. xy<zeL @

ﬂllll
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Basic lemma to

4. Regular Languages (1 = showa
(Text 4.1,4.2) language is not

regular.

4.1. Non-regular language s

Pumping Lemma for a regular language:

— For any regular language L, there Is a constant
n that satisfies the following condition: Any
string we& L with |w|=n can be decomposed to
three substrings w=xyz.

l. y#E€ @“‘:X A

2. |xy|=n G y

3. For all k;O, kaZE L Z
@
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41. SEEMNIER|TEHWN . EDEEEA

% 18 48 78 (Pumping Lemma):

IEAIEEE L ICHL. UTOEEZRE-ITER n BN EFEE
95 |W2nFimE=-9TEEDXFI weL (L. RDOEH
Ziml=-9 EDE D F w= xyz [CHEETES,

(1) y # € (2) [xy|=n (3) xykz€L (k=0)

[ ) .

[REBA] LIZIERI S 4D T, L(A)=LT&HSDFA AN
FHET DA DIREBHZENET D,
RSnEDLIZETAEEDXFS
W=a,a,...a, =B A, (M=n)

A [EXFF aa,...a, ZUWELI=&H &L IREE p, [
H5ET B, (*JJEHH( 2% 0,&9 HEP=1p)
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4.1. Non-regular Languages
Pumping Lemma:

— For any regular language L, there is a constant n that
satisfies the following condition: Any string w& L with
lw|=n can be decomposed to three substrings w=xyz.

1. y#E€
2. [xy|=n
3. Forallk=0, xykzeL

[Proof] Since L is regular, there is a DFA A with
L(A)=L. Let n be the number of states of A.

Let w=a,a,...a be any word in L with m=n.

Let p; be the state of A after reading the substring
a,8,...a; (Py IS the Initial state).
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4.1. EEMNIERITHEWNEDEERA
2 {8 ## %8 (Pumping Lemma):

FRIEEE LIZRL. ULTOEEZFR-T ER n HEHE
95 |W2nFimE=-9TEEDXFI weL (L. RDOEH
Ziml=-9 EDE D F w= xyz [CHEETES,

1)y # € (2) xy|=n (3) xy*zE€L (k=0)
[EEBA] A [X3XFH a.a,...a, ZIBLI=H &, IKEE p,
127245 ET 5, (FERIREEZq,ET D Epy=q,)

&/ RIREIZEKY. pypy,....py PHIZIXRICAR
& P, p; MEFET Do (i) tL,’CJ:L\) @x

o X = al’az ..... a.i X= &€ «bz: E (j: pO . y
° y — ai+1 ----- aJ &JU%%)hﬁ}l# €
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4.1. Non-regular Languages
Pumping Lemma:

— For any regular language L, there is a constant n that
satisfies the following condition: Any string w& L with
lw|=n can be decomposed to three substrings w=xyz.

1. y#E€
2. |xy|=n
3. Forallk=0, xykzeL
[Proof] A is In state p; after reading the substring a,a,...a;

By pigeon hole principle, there is the same states
pi, P; With I<j among pq,py; ---,Pp,- Letting e
@-. x

* X =a3,8y,...,8; It can be [
*Y =it X=¢ [z= €, but ‘Ci y
® 2= Qjyqye0008 we have y# €

A accepts xykz for each k=0. k@ =Py
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l: E3& L={01" | n=1} (XIEBITIXALY,

RIEMREIZLDHEA: L NIER|THAHEMREL T, FEEEL,
LIXIEHIGDT, RIEMRELY., UTOEHEZEI=-T EEH m
MNEFEET D | WZmEB-TEEDOXFI weL L, RDE
HEiET=93MEDE R w=xyz [CHHEETE5,

(1) y # € (2) xy|=m (3) xykzeL (k=0)

CCTXFHw=0m"1"ZZEZ 5, wer LEEDEHZTm-F &5
RN BlxyzIZ R RS Do Xy|=m, y# € 7D T, y=0'
(i=1) &%:5,

xyz = 0M1M 22D T xyyz = 0™i1M TH b, RIEHFEN D, xyyz
€ L ELBN. ERRIZIE xyyz €L THADTFE,

L=M>T L IFIEBITIEGLY,

13/32



Ex: Language L={0"1" | n=1} is not regular.
Proof by Pumping lemma: To derive contradictions, we

suppose that L is regular. Since L is regular, there
exIsts a constant m s.t.

any string w with |w|=m in L can be decomposed three
substrings X,y,z with the following conditions:

D)y # € (2) xy|=m (3) xykzEL (k=0)

We let w=0m1". Then we have three substrings x,y,
and z with the above conditions. Since |xy|=m,
y# €, we have y=0' (i=1).

Since xyz = 0M1M, xyyz = 0M*+1m, By the pumping
lemma, we have xyyz € L. However, xyyz ¢ L,
which is a contradiction.

Hence L is not regular. 14132



4. ERIEEEDHE():
(FFRF4.1,4.2)

42 IEAISEICEAI HF M

— BAEM.. . &ER/EENEFICEALTEHAL

T4 &,

o IFRIEEICHABREIEEZMAT, FHLL
EETEOI-EE. ENAFEH|IZH-
TWA7EL,

— FAISETZFOREELICEALTHLTLS

ELNVD, COMEZFEEEND,
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4. Property of Regular Languages (1):
(Text 4.1,4.2)

4.2. Closure property of regular languages

— A set Is close under an operation:

 |f all regular languages are still regular if
they are changed by an operation, we say

— regular languages are closed under the operation.
That Is called closure property.
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4.2. Closure property of regular languages

— Regular languages are closed under the following
operations:
@ ForanyR.L.L,andL,, L, UL, is regular
@ ForanyR.L.L,andL,, L,NL, is regular
@ The complement of a regular language is regular
@ ForanyR.L.L,andL,, L,—L, is regular
® The reverse of a regular language is regular
® ForanyR.L.L,, L,*isregular
(@ The concatenation of R.L.s L, and L, is regular
A homomorphism of a regular language is regular
@ The inverse of homomorphism of a regular language is

regular
Out of range
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4.2. EAISEICET SRS
@ ERAIEEE L, L, [2DWLWT L, UL, IXEAI

[EEBASFE1] ERIRITEE-=2D
L, LIZIERIEEALA DT, L(E)=L,, L(E,)=L, i
=3 ERRBMNEET S, ((El)+(EZ))(;thIJa=z
HT. A DS L(((E)+E,))=L, U L, A
FILT B,
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4.2. Closure property of R.L.
(D Forany R.L.L;and L,, L, UL, is regular.

[Proof method 1] Using regular expressions

Since L, and L, are regular, there are two regular
expressions E; and E, with L(E,)=L,, L(E,)=L,.
Then ((E,)+(E,)) Is also regular expression, and
clearly, L(((Eq)+(Ep))=L, U L,.
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4.2 IERISFEICE T SFAEE
@ ERBIEEL, L, [TD2WT L UL, [FIEA

[EEBAFE2)A— bbb ZFEo-2 D

Ly, Ly (RIEAIS RGO T, L(M=L,, LMp)=L,%
ﬁiﬁf—a“DFAM M, FET Bo u‘Fl_,@“ﬁ
ETHERLT- € -NFAMIZBSMZ L UL,
92,

(e e,
\<>I\/I1’ ’\ <}
Q@ @
M (my @ y
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4.2. Closure property of R.L.
(D Forany R.L.L;and L,, L, UL, is regular.

[Proof method 2] Using automata
Since L, and L, are regular languages, there are two

~
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DFAs M, and M, with L(M,)=L,, L(M,)=L,. The
€ -NFA M constructed below accepts L, UL,.
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4.2. Closure property of R.L.

3 The complement of a regular language is
regular

[Definition] The complement of a language L:
L ={w|wg L}

[Proof] (Method 2)
Since L is regular, there is a DFA A=(Q, 2,  ,q,F) with
L(A)=L. Then, the DFA A'’=(Q, 2, ,q,Q—F), which is
obtained by swapping F and Q —F, accepts the
complement of L.

24/32



4.2. IERISFEICET 24
@ L, L, [2D2LT L, NL, [XIEA

[GEBH F£3]
K-EILHVDOTEELY,

L1ﬂL2:L1ﬂL2:EUL—2

Li=A>T L, L, NEAIESDQKY.
L,NL, £LIEA
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4.2. Closure property of R.L.
@ Forany R.L. L, and L,, L, NL, is regular

[Proof method 3]
By “De Morgan’s Law”,

L1ﬂL2:L1ﬂL2:EUL—2

Hence , if L, and L, are regular, by 1,3, so
is L, NL,.
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4.2 EBIEEICET BB M

@ L, L, I220TL,—L, [FIEA

(L,—L,=L,NL, HDTF

[REBA FiRA(EIRE ALUE)]

D L,L,22EISDFAZ M, M, T 5,

Z3THOK)

@ L, —LZRETLHDFAMIE. ANEHRALEH DL,
> ZOANITHT B M, DREER
> ZOANIIHT B M, DIREER

Z FIFRFICIRITT B,

T

@ ANEEARAT-FRATM, NZEMND M, N

ZIETELNEL M (T2

— O
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4.2. Closure property of R.L.

@ Forany R.L. L, and L,, L,—L, is regular
(Since L,—L,=L,NL,, method 3 also works.)

[Proof method 4 (product construction)]
@ Let M, and M, be the DFAs that accept L,, L.
(2@ DFA M, which accepts L, —L,, reads the input and

simulates simultaneously
» the transfer of M, for the inpu-
» the transfer of M, for the input

@ When input is end, if M, accepts and M, does not
accept, M accepts.
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4.2.
® 1
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[E%
SR B W=X X, ... X, D ER(Reverse) WR=X,...X,X,
Sia L ORER LR={w|wR € L}

[EEFA]
L =5 3 HDFA A [ZXL.
O ADZEKEE—DITL.
2 ADBHRET N THELL, -
Q@ ZHIRRELEPRREZEANE A T-
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4.2. Closure property of R.L.
B The reverse of a regular language is regular

[Definition]
The reverse of a string W=xX,X,...X, : WR=X,...X,X;.
The reverse of a language L: LR={ w |wR € L}

[Proof]
For the DFA A accepting L,
(D make the accepting state of A unique,—

@ reverse all transfers of A, S
3 exchange the (unique) accepting state and initial
state

€ -NFA AR accepts LR,
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4.2. IERISEEICET AFR M
® L, 22T L* IEIEH]
@ L, L, DERILIER]

L, L, ZzRI|WITHERAREE, E, [TxfL.
® (E)*

@ (E)(E)

TOK.
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4.2. Closure property of R.L.
For regular languages L, and L.,
® L,*isregular.
(@ The concatenation of L, and L, is regular.

For the regular expressions E, and E, for L,
and L.,

® (E)*
@ (E)(E)

guarantee the claims.
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