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25 Jov b7k, Pl s divisivle by (K#) but
K! (14 KR4 1W) §s wmot. )




Theorem:

The set of fr\ﬁv\%s accepi:ed bn(., o FA M with n
states {9:

[i> non-e,mF{\j P e fivite automata accepts a 5-}1'ma

of \e,vxa')‘k <n
(%) inFinite P M accepts Sewe s—hﬁwas of \cv\aﬂ'\ L,

when n el e2n

?’Ioog‘.
(» 't‘f M accep%s o 5‘\'7iv\a of \e_v\a‘Ha\ Zn, Haen M is

on- e,\m'ﬁj
Comvessa\\a,

W M is vxov«»e,mp}ﬂ, let w ¢ LU"\) be a s}v'ma as
S\ort as ony other s—\-ﬁvxa au_epfeo\.

, lwlen , oterwise

.\3 lwl»r\, Then o Uvo’}, 1 ¢lwlign ond u?é‘.h"\)
woheve uy has Swhortey \e,ma'H« o W, a c,on‘}mo\"dia

Then bu Hhe Pumpiv\% L ewivno

(W) M aceepts o string W, when n £ |wl ¢ 2n, then

b\a ?ump'\ma Llewiwma LU"’) 15 mFinite
(lw) YN D w- uvy , 12220 awnd uyiy el, -41'%0)

Covwe'csa\\& ,
i'? LUV') (F) inRwi te , Then d w él—l.m), wohere |wl%n

Nowo, 1§ |w) ¢ 2n , we ave dove

P o werd is of \ev‘z\’h between » ond 2w , et

w e of lenath atleast Zn, but as shoest as any

word n L(")uo\nose \ema’ﬂn 1% > 2n



Aczahn lm:’ Puw\P'w\a lewwae , we coan write
w = u'vca/ wo i HA j 21v) ¢ owd u‘\d e L(_M)

u'j Was sWhoster lcma'\'h Hron W

lu«d\ 'f/ 2n o6 W s e shortest .s’h'iv\a wo i Ha
‘C\naﬂn >

D> ne \uud\ < n- contvadichwng wo uuo-m\ (2%} L(N)
wirA \Qn? between N owd 2n-|

Hewce, the tesult.
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(em.\no«us’dve, seavtdn 2
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O«V\A o?vx -\ )

- ola
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be,ciﬁvwn al%o'r'tﬁmmb '?o-r 're,zu.\e'r 10v‘?ua%es.

. A\zovi‘ﬂnw\ }o decide whwether +wo DFA arfe e.ﬂw'va\eﬂt

o7 not
M, 2 acepts Ly

M. DA, occepte lo

(Ls niz) U (Z, ﬂLz) =y 1e«zu\ev \ana,wage, b\d closure ‘o-ro?er"?
- occep’cecl ba DFA M.
Ms oceepts o 5\‘-ﬁvwa WP oL, # L,

e A\zo-ﬁ'ﬂnw\ +o decide whether a 1e<a,ulor sel s
eW‘P{'ﬂ » finite o7 ‘\V\‘i\'\;'\e—

Theorem:

The set of y}v\'mas au.ep‘:eol loa a fivite oultomoata
M with w olates is

) vewewmpty WE M accepts a ﬁr?mzs o \ena%\ én
(#) ingiv\"ce f M occephs o 53(1',“7 of 1e.n2'HA 1,

where Nl ¢2n



Theorem
The class o-E ‘Tequ‘ar sets is closed under

\ﬂowowwp\n} am S awnad ivverse \nowo\mor?b\iams.

?roo?:
Clo suve undey \noW\ow\o'tP\\'\ sw) j’b“ows frowm

closure under subshkiuhon as every howewor phisw
5 @ substitulon, in whicth Wle) hes owne wiewber .

Closure under nverse howovmor pht 5w
i M: ( &v Zv 8; qb» P.) : bCA OCCePHna L

¢ howomor phi sm Jvom & - i

Construel o DFA,
Ms (B, 6 8,9, £) Heot accepbs
' R wo (L) {qt\h(m'hwel,}
ovd 5 (2. 0) s § (4, wla) Tola) com o ¢ or o
'lovxca 5‘}13\:\3

Claiwa:

5' (4,.2) = 8 ( 2. \n\?«).), e M oceepts N
W M accepts hia)

e LMY e 1 (L)
This can be p'rovea\ b\d indueH.on on \’h]



Be%e-r a%oﬁﬂnm Row cb\eck'\na empﬁness of 'reaular
‘Oncaua?es
* Qiven o WA | the accepting stotes owe ol
sepa-ml:e,o\ Jrow Hae start state, then Hhre \anaqaaz
8 ew\‘ﬁj.
Cyrap\« 're,ac/\r\ab'»\ﬂ\& : Decide whether we con veach
ow occePHn% otate Jrom Hre start state .

0(“‘) W BA s » stoles .
Comstruct fthe set of veachable states jrom 4, , 3
His sel contains an accep}ina stete, ou!Pu{ NO

(i-e. \omaumae, of e fA is l"_?} e,w\p-hJ) otherwise
o\/&'?u& XEs

¢ Given a Tequday enpression of lon uege L., convert
U )
Hhe 're,aau\ow enpression +o S- AFA and apply the
aboue o\zoﬁﬂnm ;

O(V”') ol ‘the Te3u1a7 cmP-re.ssion hos lena*k .

¢ Givewn o 'Ye%v«\GY Enpre ssion K of lanauucaa LL@,
to cweeclh volhetther L(R) s e,mp’ﬂJ or wot 2.

Cose1: R: Ry4R, » LIR) isemphy #f LIR), LK)
both ave Q_Mﬁ'j

CG&&B: Q: Qq Rz > LLK) 15 e.vwﬁj .lrf ey they L(R\ (o1 4
LLR,) is ewply.

CoseT: R: R 5 LIR) wow-ewmply, contoins ¢
C,agc W: R‘ R,’) L(K) 18 CMP‘,U :ff L(RD 'vsc\MP*g




F’!'V\f%ene::s/ﬁm)—ivﬁ{emeas Clnec,kt'vxg

* DFA aceepfs on ')ngivn"';e \szuaae, vf-f He
‘Yebu“"tv\g 'E'raw.s'\Hon o\ima'ram \/\Gb o c_»\d,cje_

c Sawme wetwd works Jor NFAS | but we

wust clhheck Haot Heere is o mdc,\e lobeled Iou
5ow\e,+\/\iv\2 besides £



Ic\evx\i-&'e’f& ‘fo-r 're,a,uler eoLP'r&ass‘ons (‘T-e~).

B 4""1"‘( ) 7T 1o 7T.e,

2. PY¥= rd= P

3 EY = TE = 7

y, € . g ownd 4’*'2

S. TAvs Y

6. Tt .x

ove¥ o g*y

3. (). +*

S+ e v gaqtr

. (r8) 7- 7 (o7)"

v (14 8)” - (7% ) . (v748")"

12.(Tt9) b = Al ast |, Elv+s): tv 4+t



A’(o\ evn's Tlheorem

let T and s be tweo '\*eﬂu\ar eapressions over 2
'”, T o\oes ot cowntain 5) then Hae j-onow'w.a eﬂuqkon K%

has o uvﬁ(Tue_ solutown caivcvv bg X: s¥*

Vroof:
Emistence: s+ (s7*)7 < 5(5 ro%v) + o1”

= X-: S'(* 15 & soluhow of [ 3

Uv\'\a(uene 89

Ze‘;\oc)«na X ba S+Yvy ow KHs. af (J) Hic‘c‘s

X:5e = s+ (5tX+9)7
= Sxord Xy*

: 5% STF S1%4 Ry
)

z 54+ SF+.-.. 4 ST s X7
Thus we have, X 5(5*741”4 .. +'¥‘) -+ X-r‘*\ , 170
L_,__(z)

Cloiwn AV\H solution of (V) is equivalewl +o 517
Note Haal
X sotishes (1)
S X satishies (2)



Then w & 5(54.1.;...&-7.') + X'f“‘

As ¥ doeswnot contain g, 7("':'"

lenath < i4l H w ¢ > ad

has wo s’r‘r’w\j of

Y w e slerr4r4ec.ant)
= we sr¥

¥ K g s (3)

Now consider oy aw € gy *
K
Then e 97 j—or some K»0

D we s{erragte... aa¥)
L4 w & K.H.s. O'r (2)
2 WweX D 1w is a solulon o'? (1)

> s+ 2R (@)

C'TD\M &’5) and ("O , we have

X e sv*



A?Pkcelﬂovxs of Avden's Theorem
(6‘7zozowski's A\ﬂeb-mic Me*hoa\).

The j—bllowh\ﬂ absumF‘Hov\a afe wiade 'reaa'rd'ang YThe
Transition svds’rem :

1. The transiHown ‘J“P\" doeswnol hove £- moves
e It Whas O“\U one wiHod state, :Gj vy

W T weshees are v, ,v,, ..., Vn

iv. Vi the veqular capression rc?-re.scvﬂ-‘a the set of .s'hr‘mas
accepted \md Hhe :»d&'\e\m even —Ho\oua\r\ Viis an
accep’dma stete.

V. o(;j e 7.e. “Ie,‘;'te.‘:evﬁ"\v\cl Hre set of lobels o-?
cc\caes {vom Vi to Y
(o\;j =g ¥ no such e.Jae)

Construct the -}-o\\ ow'nnj set of e,e'uah‘onb M VisVe, s -+ Vi
\J\ . V"(“ S sz;‘ * .- 4+ 'V“ 0(..“ + £

V; e V,kyg ¥ VaKgqg * - - & Vi Any
Vo, = Ry AVaKant -+ -+ Vandpg,

Kc.?e,ake,o“j a?p\a subshitution ond Avden's theorem o

cnpress Vi ' Ferms of u(;:,’.s

Umnion o‘? all ~Ni c,o't'reapomAiV\a Yo j'“no\ stetes
—> the set of .‘;f}'fmab dewc‘jv\'\ zed bu Yhe

Yronsi Fron sd stenmn .



Eﬂamp\e:

a Qb a

* Ve ¢ -woves

. b\n\z 1 iniKal stote s
Construel Havee eﬂuakonb c,o-rreb?ov\o\ina o Havee

VvevtHces 1,, 1, U,

0, : B,a+rBbrg —W
8, - 8,0+ 8,b + Bpa —2)

&3 = &‘La‘ -———(‘5)

(—2) owd %) 3'wes
&2: &10 +S'Lb"- &zﬂq
c &, A + &.,_ (b-\-aa) - &‘ o (b-!- aa)*/ (4)

- usiaa Avdevis theovem

() ond &) gives:
De Bya+ B albraa) b * €
e+ B, (ar albrad)’ b)
£ (a+ albran) b)” - by Aveds Theorem

Thus,
&, z Ql-!- a[b-!-aa')* b)*

&,_ z (04- a lb+ao) lo)* a (b-\-aa)x
*
&3 : (0«-1» ana—ao)’ b) o Uo-raa')y a
Sinee 9Qgis The j—iv\a\ state, the set of sh‘ma> Vccoanizd
by s ca'mp\« Vs 83ven \ov 're.avdaw enpression &3



E')LGAW\PIe: /——\
0 ;@ 1 T1.e. &,4-9,:?
)

Y —
©

O.: 8,4 +8,04 Bad +£ = Boxe
8, : 5,04 Dy + Bylor) s 8,0+ By l04)

By = Byt 4 D,1+ By 0 = B+ 6,

> 8,: 80+ (B148,1) low)
: D, 04 Byt (os) + By (oa)
: B, lo+1 (oxn) + By 1(041)
= B, (o1 (oan) L1e lo-n’)’),F
= (8,0+¢) ( o+ (om)) (1 [o+13)*
= X+ Q,0X

% (ox) .
: ([ oar Loan) (1410 a-t))* ( o lew o) (1 U’*’)y)

&3: &1“‘"91‘
= (BQO*E)‘ +&2’
= 1+ &’_ (D\‘\"X
s 14 A o) lown)

-
wWhere X= (01 loh)) (’(0*‘))



E“law\F\eZ Construet o 71.e. wmg?ovx&v\n Yo H.e state
dﬁaﬂmw\ deseribed by

. >
.

s,y

6\ &\o a £ - ?.4-310
&'L‘ &1‘ “'9;\

8o = B,0* B4 loa1)

1!

77 Q,: £4+8,0
. so*. 0" (Aﬁrdc\n‘} -H«e,onm)
8, : B +8,)
0”1 + 8,1
= (2"
No need 4o solve Jor Osas fiva) stales owe q ond q

%\\“'Sl—= O*-‘- (O*")‘;‘
: 0"+ 0" [(117)
. ot (e+ ")

= 0 |
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