CS 4330
Th eory of Compulro\l'l'ovl

Homework 2. Soluhons

‘u ‘O 0\)
LG b) L= {w | w contains ob lemst +hree 1’51

= Let N be the NFA Hhat recognizes ||

. o o o)l
bbb
Wont 1o bulld an NFA that recoanizss L* using Thearem 149

= Ac” o new S*‘N“L stote -Hnw‘ is also o inm' S*‘m“‘e.

= Drow ePs(‘on +ransitions ‘crom all gim‘ states 4o old 54‘“‘"{ state
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\llo B) "(.f,)) L-_ { w \ W contains ot ‘&0&‘}' +wo O’s an‘! ot most one i%

= Let N bLe the NFA that ruo%ﬂf:a! l_

\@ #
1
4 )—2

Wont 3o build s NFA dhod r‘ecoani‘ae‘s L* wﬂna Theorem L #9

= AN o new start ghote dhat s also o Linal stote
= Draw er(lon Yransi Hions Lrom. all final shates to old start state
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| C) 1. G m) L= The emp"y set

= \_—.¢

= Let N be the NFA +hat recogni‘zes L

(Please see Lemma M55 on poge Co‘?, #3)

Want }o b ld an NFA hat recognizes L using  Theorem 149

= Al « new stark state thal is also o -V“n“[ state

=> Draw epsilon dronsihions from all Linal shodes 4o ol stact shate
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RE= b(bb)* (acd



- stade NFA  Sor _i;
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Want }o convert the Qo“ow\'wa NFA 1o on e.qufv&\eﬂ' DFA U“'na Theorem 139

b

NFA N = (Q,i,é‘, C\o’F>

Yo Sebof shates for N Q={ \, 1.)5
L. Inpud alpthe-l- ! i: {o\l ‘;\s

2, Troansition  Fupction S

§ | a b
i {‘113 ?1)5 =4 8(1/“\:{\/1-)5 ) 8(1/\’\:{9’%

g (3 > S, $an-

L. Stact shate for Nt qo=1

5. Set of Sinal stades for Nt F= {1)5

+ on QQuiValen‘l'

US"Wj NFA N= (Q,i, 8, %o, F) wan‘l' lo constrac
DFA M= (Q,, Z, g/, ‘\oll Fl) U\Sin(a Theorem 1,39 on page 55



l' lC’ 0\\ Conh’nuecl
For  DFA M= (a’,Z, 8, 9, F")

. Set of chates for M:

Q' = P(Q)
= P(),23)
= {61,233, £23, {3}
L. Transithon Function 8/:

g/<R,cQ= U S(r,m)
reR
= S’({\,:L%,o:):S(\,«)US('-‘L,CQ
= {\,13 U{%
= {1,2}

= S$/7(6,23,1)= SO, U S(a,b)
{23 U {13
= {1,23

= S}, a) " $Q, a)
= {123

= §U0L L) = S0,b)
= {Q_%

= g/({‘ﬂs,og)= S(’L,O\)
= 3

=> 8/({').%,\:): 8(1/l\7>
=44



l‘ lc’ 0“) Conl-l'nue.J

Transikion table Lor DF A

S’ ] N b

{'l% {\:1')5 ‘(L')A

(3l

{\,Q}) {\,7..}) i\l Q‘)s

SHEE {3 (Teop State)

3. Start S\-o\\'e gor M

C\o/:gtp)j
= {t_\_% -

4, Set of final states Loe M
F= {03, a3

= SQtate g\karam Qor‘ DFA M
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W17 o) R= (01u 001 u010)

NFA 'tor R‘—O (Lammo\ 1.SS #ﬂ)
—O>Q)
NFA ’cot‘ R’—q (Lemmm 1.55 #i)
—O>0
NFA £°f R= 0:[ (T‘w_ora.. \.'*rl ) Fiswe \n"}%)
o & 1
O—0—-0—0O
NFA [on R=00 (T)\eore,m 147, Fique Lt8)
0 £ 0]
O—0—0—=0
NFA -CQP R: 004 (T‘seorem 147 , Figwre l"*?)
o ¢ o & 1
—O0—0O—0O—0—0-0)
NFA Sor R=0L0  (Theorsw 41, Figwe %)
) e ] e 0
O—0O—0—0O0—0—0

NFA £Or R'-'- (01 V] 001 UOlO) (The"rcm \-‘*5, F(ﬂuf& \-49)




NFA foc R= (c1u001U010)  (Theoren 149, Fique 1.50) an
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LY ) R- (0v ) 000 (oua)

NFA T R=0  (Lewma 155, # 1)
—~0%0)
NFA or R= 4 (Lowma 1S3, 1)

—-O0=0)

NFA 'Qor R= (OUﬂ) (-n\eoram 45, Fn’ﬁm& |u‘|‘¢2)

NFA -CQr R-_-_ (0 01)* (Tkeore.m l.‘*"‘\, Fc.aufe ’.50)

NFA for R=QO0 (Theorem |47, Figue |:‘*5')



|' lq 0“) Comln’nu&c’ @

NFA tor R= 0Q0 (Theorem W41, ,Fiw.ue |.‘1‘%’)

“90—1908 COi=.|o .

NFA for  R= (0uD)* 000  (thewem 147, Figwe 14%)




1. 19 05 Conh'mk&J

NFA $or R= (ou)* 000 (ou1)*

(Tkeorem ||‘+‘], Ffau(e l-"‘l‘g)




119 L) R= ( (oY) uo ) ©

NFA 'to(‘ R=0 (Lemmcx 1SS # 1)

—00)

NFA for Rz=00 (Thearem L47, Fiqwe L4%)
C Q : 13 O o} 3

NFA Qor R= (003* (Theorem |-‘Hl Fiﬂme |-50)

o

£

NFA Dor Re4  (Lerma 1SS #1)
—0—0)
NFA Jor Re 11 (Theorem 141, Figue 104%)

e !

Vg WNgANgLI'g)

jqure. 145)
NFA for R= (00Y(11)  (Theormn 14T, Fiy




\‘ ‘ (‘ h\ Con ll.nue_J

NFA for R=01 (Theorem 147, F(«bwe. 1438)
O-0=-050)

NFA for R= (oo () U o ) - (Thaawms 15, Figuae h46)

NEA Qor R= ((00)* (\\) v ob* (Theorem 149, Figue |‘50>




LHC) R= ¢Jﬁ | @

NFA -Cor R= ¢ (Lemm«lass; #3)
NFA ‘For R = ¢‘ A Theotam l."’tql .Fisure. \-50)

—0)r-0
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L2l o) 'e L QO

Woat do covert the fonow'ha DFA to an RE (P\P(’\‘r Lemma 1,GO)

Fiest  converd dhe 'fonawl;\s DFA Wk an egw'\m,en“' GNFA:
'
L [N
G @
L

E'l'mlhail"na shade 1:
) For the (m“‘l $S=21-92"% Creale an eéje. feom s 4o 2 labelled eo¥b= ob

2) For the pw\h 192514 Creade an eJag 'crom L 4o L \m\n"e':l ‘bol*L

D For the pm’fh 2->2: Combise both eres Ly hh}na fhe umon = o U botb

ol boSL
¢ (X ¢
) ®

Elmfml.'n% state A

\) For the pm”r\ c>2-54: Creale an &336 \os\ae“ewl o¥b (mUEm"‘ LYE_ = o¥b (mU [303\‘,3*

2 (aUbo bY
—{3)-

=> o¥b (mU 50\"'\’\*




.21 b)

Wom-l» 1o Conver“l- the Qo“owfns DFA 40 o RE (App‘\, Lewmmon \-(}0)
Firsd converd the Co“own'ns DFA inlo an tquu\/qlen'l' GNFA:

Next , eliminate states of GNFA one ot a hime wnhl

we are lefd with the
Stact stabe and $inal state.

E ||'m|'nmll'n<a state 3

D For -H\e, Pw\'h L35 1 Cremle. on e«l3e l:rom L to 1 \m‘n“el \;o\

Q-) For the FN“” 253> 2 Create an &Jae -Yrom Lo X \m\aelleJ bb
3) For $he paqu 25328 Creade an eJae, Lrom L o ¢ lo\LelleJ be=|




|2l b) Continued

D For 4he P“"h 2L L Cole'de. both e‘)aer Ly '}mku‘na {the wnion =S a UH,

Eh’minah’qj state 1
D For the pk‘H\ S=51-> ‘P Creade an e.)ge. onm S {0 ": lo\\ve“eA ge=£
'2-3 For 4he P°~‘Hﬁ S 412> Crem’re on eéae 's'rom s to A IALe“eJ &(mU L) = mUB

-5) \-:or %e_ Po:H\ L= 1'5-(‘- C—req.+&, on exlae, $rom L 4o J; \o.Le.”eJ \30\8 = l:)a\

"“) For ‘H1€. PQ‘H\ L=> 41> 2 Cred-e, on e,glae ‘CT‘OM Lt L \m\)e”QJ ‘)o\ (O\UL)
albb

Combining botly edges Srom 2 %o & wilh wilon => b Uba

aUbb
bm(&UL)




1.1 L) Con"fnueJ

Combining both eaaes Leom L 4o L with wnion =S (ou bb) U (bu(muLB)

(O.U BL) U(bm(mUL))

aUb »
S 2

@ b U ba

e

E limin o\l'l'n‘j state U

¥
\) Tor Pm‘\’\ﬂ S>> ‘l—?";, draw on e:\&e. 'trom ¢ 1o £ \mLe\‘eJ (aULB ((&UBL\)U(bo‘(o‘UL%\ (\’UL“B

(aUb) ((M)Lw u (lﬂk(mUb))‘)’e (\9 V) Lo\)

£

Combiniag both edges from s 4o 4 using union => €U ((mUL)((AULL)L)(\,,\(O\U\,))Y (\,um\

XV ((o.u!zb( (aubb) U (\m(auhﬂy (bu LQ)

—- @)

= YEU ((wg((wmu(uo\(o\um\*(sum\ \




)2 /\Hernakve %olmjn'ans (?rohces Jisre(enjr cmswef;)

o

\-l‘o) g N
'o

b

; _ , oK
Usina subs}ilution of /’equo.l I’Y ec,u«al“ and the soludion Q'Y' X=X 4+t is X =85+

Deline: X,= aX, t \’XL

XL= 0\)('1_-*\))(‘ + e_

= Xa= & (bx ¥ E)

= of \DxI 1 oX

= X = o X, +b&*\>x| + box

= X,= (atbor bY ba*



2] b)

Usiﬂj SMLSL%\HOY} 0¥ le‘iual L)' 31(«0\,“ o.nJ the ‘0,“4"0” °f X = SX"'.é is x:Sx‘é

De"fne: xl = (0\"’ LB xz,'l' t

Xy=oXi +by 4 ¢

=> Xz aXe t b (ox, 4 by )
= (O&BL)XL{' l>o\>(| b

=% Xl..: (O\*LL))(.(\)Q)("}L‘)

= (abb) bow, + (abbb) b

D %= () ((abbbY bk, + (abb)¥p) H€
= (atb)(adbb)* bax, + (atb) (ot bb)* | } £

= X1 = ((arb) (a bEY* b’ (a1 (arbb) b 4 &)



