West F: Lecture Alotes

Mivimizakon of FA
. M: (&) 5, 8' cl, F)

4 %1 312 'r g(‘l,;ﬂ), é\(cll"x') ot ec quz”

67 both +’:
* not possible 1o check Yor ol xe s¥as s has

iv\-?\‘ni-le nuwber o-f elements
. k-eﬂfu%vale,mt
q"’ql afte k- equ“va‘eﬂk (K7/0)
% A v all styin
f 6(q,,2), 8(%,2) both €f e B 7=
07 boHa ¢c og lﬁﬂ?'H’\ ¢ K
N e 2" with (a] ¢ K

?'ropeﬂiee»
eTui valence K- ea‘uivaleuce — looth etruiva\ence
pa'vl-ih'on partition of velahion
of 2
8 —> ‘wduced POVHOV\ 040
T X &

k> clements in"m” aye K-
equivalence classes

Gm—

e 4,,17, K- ec[uiva\en!: v K»o —T}‘L,ﬂl ove equivalenf

v Y, (K*")-e—quivﬁ)b\'\t = 'ﬂnez @re k- equivalent

* T = T g —)m some M, where M, s Hhe sel of

c«[uivcle,vxce clesses undey
- e?u“ua'ence )




Theovewm
Twe states 9,,2, ove (Kﬂ)-equivale\n{: i
Ie 'ﬂ\e,a ave K-edtuivalem{'

i 5(9,,a), §(9,,a) ove also k-ca,u'uvaleni: jcr cuera

ae >
P‘Yooj )

We prove this bvj contradichon .
Let 9.1, ove vot (K*\) ec,uivalwl'

23 w: aw, ¢ Sx, lwl = k4 , Jwl=K such Hrat
g(‘t.,w) ép, but g(?,,w) ¢éF

€. g (SLQ,,Q), w,) ép but g (8(‘!,.“),'00 ¢p
tUa * Uy
:'} 615 < 8(2’70) ) QQ' " 8(’&; a) ore V\Ot K- e¢7u.lva‘€n}
as w, is a s-h'inj of 'e.vxz‘ﬁn K.

Which % @ coniradictHion.



Cowﬁ'\mc{—iovx O-f Miniwuwm Auwtomata (bCA)

. Construckon o-e K, —> bz deﬁv\i’&on O-? o"ﬁ?uiua)encc
o = i&,". 9:} wheve

&.o = ‘Hhe sel of acceph'mg states of DA
M: (8,2, 5, 9., F)
3, - B-8/’
l. Construchon O'P P —]"rovv\ T

et 6 € x,
* B, By E B',_K ove (K-t!)—&t?u'walenl' V¥

5{?.,0) , 8l 1, 8) ove in Hie same equivc!ence,

class of Ty j-ov eve‘ra acl

- if se, @f i jurther divided into (ka1)—

eﬂuivalwce, classes.

K
. Repeat s Jov every B, €7, Yo %cl: all Hie
elements of Tt 41

3. Construel =, Jo¥r wn=1:2,... unkl Zn= a4y
4. Cownsiruction of Wivimuw autowmata
o state +able States are e1uivalemce classes
obtained n $+eP 3, i-e. Hre elements

Og T

ve,Place, 9 b'ﬂ she, e,a,u'walence. class (21

« nuwmber o'? eTuiva\e\/\Le, lasses < I&]

Q. - set of Hhe siates of F



[a]= 49, 4,.. Te] = an equivalence class
* let 9, is veached wwli Woces.s‘m? Hre .5‘[‘7‘"“3
wiw, €LLM) with &(%,w)) - 9,
Then (3, w,) € F

7 5(%,w) ef for te 9,... .,k

ab 4, --. e € [qo]
.e. ‘1'.’ is veached on P-roceas'mg w £ L(M) 5 te hi,...

it 9, is veached on P-roc.essing w .

e g, of [2,7- ZQ,,...,QRJ can P’ag Hie role o#

1% .- 1"
Fﬂample ( 3- states)
& 0 )
9, q, % % slates DFA
% 1 1. l
% T 1, 5 states wiivii mum
T 1 1, DFfA
Uy i) U
1 1, %
%4 i 7 %
s 1 1,

¢ 7{.0: Z 2ql«3, {10’ q" qﬁ’ q‘!l qf! 1‘0 13 }} - 0- equu'valence

e T,z {{q,}, {90, Ta, ‘1&}, ;qn%}, is, 7:3}

-] - c?m-valev\ce



s (UL {00, fa, 0, fa, 03, 19,1

- 2- e,a,u\iva!encc

LI, 1, ge, 0,0 g Ay



Tl/\e. mv’v{tm??,a'l'ion P-rocess cons sts O’P two S*Gaeb
1 Gel ~id of inacce ssible states |, Haat is stote for
whichh theve enists wno 5§ﬂv\8 % € S¥* sueh that

g(‘l-. ) q | 9. being Hre start stote

[vf5 wmay be used o Jind such inaccessible
d S'?'arle&)

2. Col‘oPse “aa[ui-valen{" states

(chxov%vxﬂ ‘naccess ble stetes doeswot ckomae Hae sel
of accepled stotes)

. Co\lo?siv\j velakon = de&heJ over O '0\3
det®

P=q <._j_.> —V«ez*(g(m)ef@ gl?ﬂ”)

P9 oave indish \ng,uﬁ shable

e = i5 en ealu'walence velaion on  that induces
o paw-H'Hon of inYo olisjoinf ectuivalence classes

dej>

Lpl = i%é&)ﬂs P |

B eve‘r} element Pé& is contained in evtad’)y one

e<1u't valence class LF] ond

Pzq & [pl-[1]



Buokient Automation Construction from DFA M
- M- (8,2 5 9, F)
using collapsing yelakion = on &, define DFA
M:(8,¢, 9, 9, ¢)
wheve Q- s ZFJIPG&K
5 (rp1, @)= [ 5Lpoo)]
% = [%]
F'e f ] pef]

o« LMY = LIM)
This s easy Yo establisw.

fov ony L& sk
xellm)
= 5 (%.2) ef’
= 8 (%], 2) eF’

> [ §(q.0] ef
= §(2.2) €F
= 2« eltlM)
. Buctient autowmation M’ cawnol be j’U’('HAeT collapsed

« A\ states in an equiva\ ence class ore
{V\o‘isﬁnguisb\a\o\e

« Two states j-tows +woo diPfevent e,cluﬁvalence classes
ere olisﬁmau‘. shable



Minimizak on Alaorithm
CCOW\PU'HV\? ‘Hre c,ollapsiv\g relation o
M with wo acce ssible 5+a¥es>
Table d—il\ima al%or)ﬁnm:
I Write dowmn o table of
un may K edl

2. Merk z}?,qf if _Pepamd 3¢£ ond vice-versa

=3 RePea{ Hae j—o“ow'wxg uh! ho more C,L\Gm?es bcleur
i€ Hheve exishs on unmarked pari ¥ {praf suech Hoat

iﬁ(}’»ﬂ),é(‘t,a)} 'S war ked Jo'r Some ac¢ Z,
‘H«en w\ark {Pij

4 When dov\e,

for @ 8iven DFA

all paivs {pq}, miKally

P 1593 is ol wasked
Ruvm'nn? Hwe _ OLV)")
Note-

* 1Pt 1s morked jn Step 2, Hhen p
not e<1u‘1va\ent

Pxgq ( unmas ked Pﬂi')
dejx

=i amez:*(é (p2)ef & §lanrer)

.9 oare Suzelg

814107 languoaes.
Two DFA owe ea'mva\enk 14 Hieir starl states

ove ea,uivaleni: uen'vxa te above +able )-:'nima
a\ﬂoﬁ'\‘h\mi
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(;nomp‘e
Show Haot the DPA M, and M, de

e,Tuivo\en-l: (lc
[2 €

@) —@)
f d

Qe

l /‘/“‘/ipa

&“d below are wot

@)
e

. c

|
N
e Seve A“:e-rvmkve]j
5 e A ' o a B
”
% % |
s : (qn qu) LQ"Q‘Q) (qtptg)
q’_ q5 ‘{.,
RN R
»
—_sq;, q»q q? G“&P’i'ﬂ {
9e 1’ 1‘ Stote L
WOWw -
% 1 1 M, M, ove wot s!—o%eP "
% % P, equi valent:
L owparison MeHod
v |
= aq
= 9,
A
= ¥F E O£ %
iR C A AR QU
v v ¥ Y ¥ < q
e =% , 1, :f: XL = ?ivem PLA'S eave not

eﬂuu‘valevn{f



Fivd Hae wiiv) muwm state FA
eclu'cva\ev\{ Yo Hhe j—ol\owims

1vansiHon +able.
OR

Find Hhe auntomation oblained
b\d collapsing equi valent states

owa ~e Mo\.img ivaccessible
states.




Emample: ’
Clheck Hre e,qu}ve‘ev\ce of Hre ?,iven beAS

’ Q' .
; :(%%o/

!

1 >

R sl

>
v ¢
v

AaNNa®?® -~

o
Al A
| A
c| b
- = B Dl
" - ] G| ¢

Aze, A=bd

, C=Dd, B2

S Hae Fwo DFAS  ove e,a’uivalewf

Note 1t 3 Lp,qﬁ 15 warked i Step2, Hien p,3 ave suvely

notl equ.'wadenl'- TakKe A2 £ ;n the de.r\'MHOn
of

Note 2: \We wiay Wave Yo look at Hre sawme paiv XA
wmany Hwes in Step 3, siwnce ony c,\navuae, m the

+able way suddenly allow {p.q9} +o e warked.

We stop owly aiter we have wasrked all or we
wake an elre pase ‘ﬂm’ouzl« Hre table with

N0 mew waarks.




The M‘alni”'- Nerode Theovew owd Minimization of FA

*M = (&,Z,S,%,P§ a DFPA
‘Detine & velation Ky as fellows

For ry € 2*, ')lgn*d VPP ‘é(‘!o"‘) » g(q"j)

QM-' edlu%vale,nce class on ¥ induced bd bra M

Z*
indea of Ry ///7(/// 1 c,1u'\v¢\enc¢ classes
#* of A\
uivalence —jF- \ sek 0'? :v\'ﬁv\as overy 2 wwhwichh
casses . > veaches ‘o Hhe sawme sStete

Frowm 9.
Claim: 'MQ,,% =) ’)LZR”UZ v 2z S_*
[wimts 3 20,m2) = B3 (90m),2) « 3 (B a0),2) < blowss))

R.\%l’\t ivuariant relalion: Awn eﬂu;valence relation R I
'ﬁahl weriant 2 )Lﬂn S Az sz ¥ 2.
o R o\ez]-iv\uJ above s ﬂa\n{ invariant.

The Ma\nm - Nerode T heorem
The youm'mg Hrayee sratewents are equiw«lemk
i. The set Lcs™ 4, auep’eé b” sSome Jinite outometa

- L i the uwnion o-f sowme of Hie cauivalence classes

of o -ﬁak% mwvariant e.a[uivale.nce telation of Biwite
inden ‘

w. Let ea[uivo.lev\ce_ 1elotion Q\. ve defined by

"%IQ” 11 XV zef_"'; Az isin L e'xach when

Jz s in L”
Then & is of j—iw‘%c indea




P'rooj:
W =(2)

Assume L is accepted by some DEA M: (8,5, S.q.,F)
Bej—cne, (ﬁa\nt invariant equiva\e\nce) velste o RM P

ARy 5 (4m) = 5 (4ny)

Twdex of RI“\ s ‘)""“ite < |8) 6dluivalehl.e class
—  of Sf\'vinab x ot

@@

¥
L is Hae union of +Hhese 2 |
ecluiualcnce, clesses tHhat

inelude b'}'r'w\g A such Haat

" o cowespo\nob Yo o state
6 L%ov "‘) E P qge 8B
ie. Hae ea‘mvale\nu classes | . axelLit qecf
& di +o tine) . |
:"‘;G:?OV\ '“3 d““ ;> Lz U i equalenu_ c,lGQSCS
SRS \ of >Q-n‘v\%b X covr. 4o
BLQDO 9‘) - % é P

(R) = (3)

claime A\nn cﬂuivale,nce 7elakion E SOH‘*j\d;“j L’O 15 @
1cj-iv\e.w~&v\¥ of QL

l.e. every e,elu\'va\eme cleass of s emHmly conteined

in some equivalence class of 'QL

’rcg\'vxe,b RL
7,8 \J W\oaé

€N Y wod ?

Thus inden of K cannot e ca'cea&ev Hian Hae
hwdex of E and s0 is j—i\nﬂe.



Assume 7.612
Sinee £ s 'r‘\a\nt iwariant for each zes”, Ole_\Jz
> mzél =7 yzel
4 "L(L"(j

Hewce e,quivalemce. dasvs of A in £ s Hee e,aluiva\ence_
class of 2 in R

=y each e,quiva‘ev\ce class of £ is contained within
Sowe &quivale\nca class of R,

Hewnce Hae Tesult:

(2 =
Let R, be an ea‘uava\ence. velation defived by
xRy i vzes®
Az isinl evuar,-l—)z when y2z is in L
ond let R has jinite inden

Claimwr: RL s 'ﬁah’( iwvariont .
Let fnRL‘j ond we S* ve any srh‘w\j

We wust prove that xw Royw, i-e- prove Hrat
Mz e Z", ’)t#_}},_ is n L e'}(ac:Hvd when 7% 19 n L.

“KL‘J = Jor any V¢ i*) AV 18 in L &'N‘L'HJ
whewn «Jv is in L

Take V= W2
> Awz el cmao-H\J wwnen UWZ el

% Uw QL H w .
This proves Hre daiwm



* Consider e eﬁuiva’ev\ce classes induced '03 Hre 'r’lo{—

invavionce telakon K

&' . j—iv\ite sel o-f equivalev\ce

dasses of R,

Ny —.>\ (2]

Lt ] 1> 4e class of 8' contains Hae
string

Construckion of FA Hiat occepts L
M: (8,2, 8,1,, f)
1, = [el
F' e ftad|aisin L
s ([ql, a) = [aal

5’ e taell debined o5 K is 'riawc invariant

5 ([x3,0) = Iyal, y e [a]
Put

\

’)tkuj = az el e'nac-Hj when yzél Jor
ony zé Z*

Teke z: a2z
Then vom get naz' el cmac‘H\a when yaz’ &l
jor amy 2z'e &*
= }LGR‘,vﬁa
> [na) -—[7GJ
The FAM accepts L since

6' (3, ,2): [221-121 and Hen

nel (™) i [alef
re. i e L.



- L= a 'reju‘aw hnauaje acceyﬁeol b\d DFA ™M

Construeton 02 uvn‘que_ wiini waa! DA Jer L. ubinj
(*13h=l\— Nevode RelaHon QL —;o'v L on s¥

’Lena 6—'«‘) g (%-ﬂ) o 6 (10!’))’ 9o - Start stote
oe ™.

‘)e}—iv‘ikom:
Awn cqu\}va\emce velakon Z jor L is said o bea
M‘d\m‘ll— Nevode Relaton Jor L f it setisiies

\. -ria\n{ LonaTuence
pb'l’ &\?\3 ”’\v\Jéi—* O‘V\J ae 2

%;? =>-”M£~Ja

X. 'fe‘l—v'.v\eb L

for any
nXzy > (neL <=>'Je">

(é(‘i..%).—. :‘3(3.,3) 3W\Ph‘e5 eithey both 2 and Y ave
ncccp-l-eol or boHA anve qe)e¢¥cd)

g Fi\m‘*e ind e
Tt Was onla j-inuelz weny equivalence classes

(3 e/xau"\wj ewvne e,qu'nvaleme c\ass ‘{”(65—" ]§ (?.,mh?}
c,o-nreg\pomoh‘wz o each state g of M\)



« A valural One o owne covves\mdence (upb {soworphism

of Avio wa h\&) vet ween

- DPA M 1or L woita input a\phabet Z oand wit

o inatcessible states

ond - M'd\niﬂ Nerode teloHowns J‘DTL on 2*

Define DPA M- (8,5, g 4. P') wonere

4
Hinimea! 12 Q- { [n] lme Z”}
constyucted
using Hre ‘I'p = [e]
equivalence : A
velation R F . § (al|ael]

R is the g ([,.J,a) < [a]

Coarsest possible

H‘an ~-Nevode relakon Jor L

Rej"'-\'\ew\enf betweemn eﬁuwalence velatons
> s a Fovh‘a\ ovder
i-e. . 7eHenive . tvansi kve . onh‘svmmeht

<> A reRwes G ‘,nrla‘es Ais d-(v\e,al ond 15is coarser
“E-Otevnple (Mv\m'"— Nevode Re’ahon)
A A O S

RL ARy & ¥z (2ze L & yzer)
P?’bvideci L is o ‘reaulav set.
R

M Telines RL and RL has swmaller index +Hian Q"



E-O\aw\‘)‘e: " "
Let L ke the \anaua%c 010

L is occ,e,p{:eal b‘d Hhe j@l\owivs% dPEA

gqm‘v alence velation Ky

ARy 5 (q0m) = 6 (20)

‘As all states of M eve reschalble Jrom q,: @ there ave

sin equivalence classes induced by R

Co = (OO)* Cd - (_OD)”O\
%
Cp - (OO) 6 Ce = O* | 0o*
*
C = (00) ) ¢y » 0" 10 lo+1)
" L= CcUCdUC¢"‘9 Slaya) - e
14 aec,
Slam)z ¢ sta,2):d
Yyate, VNne &
Note: Co, Cor---+ Gy ea,u" valence classes oe s\ﬁmaj

erqu\va\ev\ce. velation KL; Uees indean Hron R,,)

ZQL\J £ »ze St ()Lz el e'uac,Ha when «dzeL)

. RM % G 7e£i“emgy\{ oP ‘QL , 1-e. inden of kL< ind em of fn



¢ L=@1g"
xR‘\d W fP either
b ’)Lawdlj Wave wo %
L. n and y have one |
07 3. & anJ\d have waove Hhan one |
F&omrle:
a. Letl 9:=010, y= 1000

Then x«z el i ze0 |
yz el olso, undery He sewe condiHon.

b. Let m=01,y=00 )
Then 3 2z=o0, sudrthat azs 0WEL but 32:000{

Equivo\ence classes of RL

C">O*

¢, = 010" ,
Cs » 071071 04N

. L CONnSI &S o@ ovx\ﬂ one o-? Fnesée classes V\owrel& Cz

R Tetines Ry

a]eTe] :

CJ\Ce\Ci—\

L‘ Cc,UCcUCd L—- CL

————)@___—)@_—b@ i
C,= [£] woy's

[1] one 1's
Cx= [N] +we J'S

C, | Co




anb\m- Nevode Theorem
Let Le ™, The jollow‘:ng statevments are

e,qui valent
a- L s 'regula'r

> 3 e Mywi- Alevede relation jor R
¢.  Hre welation RL o\ej-ivxed loy
mQ,,U > Nze s* (m.z el <-:>57,eL)
is of finite inden
A application
The Mawl\- Nerode theovem can be used Yo
determine whwetrer o set K is maula-r o0r Nown-—
‘1:3u10w "o'a c\e":e'rm?n'mj e number of eauivalence
classes induced by R,
Eaamp)e:
Consider Hhe set [ = {0“ b’ 1“7/0}
if Kén, then a“0 el , but o™u* ¢L
2> a"R, o™ does not hold
= an, 6™ aw indiffevent equi valence classes of A,
Tlnevezj-o-re, Hreve ave inj-imil:elg wany eguivalence
clesses of Ry , otleast ome Jor eachh ", k%0

6\d Ade M-j\n'al) — Nevode Theorem, L 1s wnot -re?ular

Injact , one can show thet Hae equ’waleme classes of

. ove emacH
Qe = {Ok} , k%o
He = §a™™ " 112w, k%o
Fy - f Z*U(GKUHK) . B fo™ 1" |b< nsm}



-

o b-‘n-inzb in

Qi all and ovﬂ& Hre .s*'n‘v\ab i
iew bVH‘K lV\7r

4) cov e appended to obtain & String

in L
¢ for 9\'71‘9\35 in He ovﬂg He .‘x}'n'ng b con be appended +o
ocbtain @ 9-}ﬂvxa, n L
* No 5*ﬂvxa cen be appended 4o o b’l—r'ahz in £ to
obtain o ‘b""r'imz in L
Eommple:
DFA ™

Ob,c. nb, ¢ -
S @S

= M accepts set of s’hinas lﬂavimz atleast one a

£ dei, 00" i porFitoned by Ry in D equivalence
classes:

¥
Co s ib:cj
C,

"

set 09 547‘W\%s ovev 5,* \navhna on odd
no. o¢ a’s

3 »
5471&'\?5 ovey S havivsa on
even wnp. o-? e's

"

Cg 5&{: OE

L = LLM) 3 C'U('l_



l;::lw‘va\evxce, classes o-? RL

o Lo, C, ‘connot be me-r%ec\ since

if A€lo, y ey then ao ¢l but Hbél—
s (o, C; cownol be W\e'raed siviee
AEClo, YElo Then b ¢ L butybel
* C,»(, cown be wxerg,e,d since
f awec,, Yyel, then
2z &Ll e'xac;Hz when vzeL Yze Z*; {a.b,c}u
o= [¢] strinas with wo a

C,v¢, = [a] s\-‘riv\?s witthh aHeast one &

_é@ Qa bie.

e




State Kemoval Me+Hnod
P (L
t\d_/@&c_’/
Desired Pa"f#evn j—oa' state 7emvoval (‘1 o be removed)

Oe'd(l 00* b

(Deetto
A ®

ce*b

A]ZOT{%M (Lin z)

Step 1: 1} the stote (5"’010 is an acceph na stete or has
tvansiHon jm, add @ wnew - y\a'\-aa,e,p‘)'in? start state
anwd add on £- ansiHon between the new start
state and Hne Jormer start state.

Step 2. I} theve is wwove Hhan one ac.c,ep’-in? state,

ox ¥ the binak. occepHv«z slate has Tronsition
out , 0dd a new acce,pHv\g-y\—a-be. M™Make al)

other states Y\bn—acceph'v\a , Gwa add an
€-transiHown jrom esach Jormer accepHma stote
o wew GCcepHV\Z state .

Stepd: For eacin now - acceph’ng sStete v furn,

eliminate e state and update Fransitons

ocu'roUV\cz o Hae p'rocec\uve above.



f”ub-h'ahon .

o Qs ~C

Q=0 AN
Ny =\

e o
o @ i

5‘1&;’3
K&W\W& z

o[b‘l- aa) £

bb*\‘}h\ (wf
b,y \’. ¢ +la+ ba){b +aa)* s
@

5,,%”
issrep %

LRewmove 2

@' a (b+aa'\’ A ‘)

(s albsas)'a) (b0 + (a+0a) (bran)toi)*
(& + (a+ba) Lb+aa)")




Two wa\d FA

DFA: o contrel unil that veads o tape wwv'ma one
ﬂucve Tia\f\’( ot each wove

AFA : nondeleymini svn is added ‘o He wiodel
mo\mz copies of Hhe contvel unit o enist
ond scan Hae h\pe bimu\taneoub\j

E- NFA : Cb\amae, He state without 'rcadin? e ivput
53m\oo1 oY W\o\f\vxz Hre tope heod

d-way FA: tape head woves lejt as well as ﬂaht

s These gw\em]izal-ionb does wot increase ‘He powoer
of FA — all accepts ovx\'é vegulov sets.

2-DFA ('huo—wav determini shic j—‘m'\%e aulo miata)
ﬂuim-\—qr;)e M : (&, g, s, %0, ¢> ownal

6: Axs — B x i, RY
) @*a—’@ 5(9,a) = L[P.R)
1) @‘e"@ 5(9,a) ¢ (P, L)

Iw [ stete 9, sm.m;y\ﬂ ’mPut 5‘6‘“\09) a, Hhe &L-DFA

entev > state P oand mvviv\g its heod 758ln2' one squore.

siwﬁla'r\\d n @) :

Fatended }ranai Hown juvwh'av\-. o @xz*

Concept 15 insujHeient jo¥ A-DPA as it can wmove
leit



Instantoneous Deseription [1B) of o 2-deA
M- (B2 8.9, F) = 2-bra
e g7 s”

o veloblon on IN's —5

Iv tr—,“ I,_ 1?‘? M cown 30 j'rom e instantaneous

dcsc'r'vph'ov\ I, 4o I, in one wove

When M is understvod , we sey 5L 1l

Ib Wcim. y L, A& S*; 1éQ

- w2 15 He 3V\Pu‘: 5‘\"”.""3
" 2 is Hie cuwent state
m. the ivx‘;u\ Wheod is scavw\'w\a Hre 31‘76"'. svwbo,

of

. Ij’ nN= 5, then Hre ‘W\?u\: Wead hoeo woved o££
e 'r'aa\n¥ end of Hae 'w\?ut'



Kelokion l’_n'_'

b Oaa q i an [~ diay - ac @i P o - a
if  s(9,a:)- (p.R)

Re OOy« . Oy Oy 9 ai--. an f= 002--. Bpoy POiaa;-.. ay
if S{q,a): (pil) ond it

. L2 P-revevﬂ:s any @chion in the event Haot the tope
head would wove off Hae e}t end o} Hhae tape.

e MO WOove 1S Pog,s;b\e, '.2 cEwn+) , j.e. 18 Hae hpe

head Was wmoved off Hae wia\n’t end.

‘["L LYe/ﬂe'nive, +ransy hve closure o? }’__3
l.e. I P_—I » j«b’b I ¢ 2*&2.

" ,,i‘“ IK when evey I, l—-T,)'"" D
- fov sowme 1, ... p SO
We define
LM = f w] 9ge P wh Jor some pef |

'\n?u{) tape oovx+aiu3nj We QRy8y- -+ Ay

E\ 01 aQ
T

lej{ end of w




Erom P\e:
[ o :
Db | @e,R) (%, R)

1, (3,R)  ,L)

‘11 (QQ.R) (q’», L)

tTo\v \o\o{il 9, 101060! ]—"l——lo!cw'l>

whew \'J ¢ F

q, 101001 }— 1¢,0100])

- 104, o0)
+ 19,0100)

— 109,100)
— 1b19,00]
- 1010 ¢, 0]
— oo,
— 1oi1pg,0]

— Iblooq,)

— lotloe1 9,



Cross) V\% Secyuevxce,:

List of states below each boundavj between st,uare.s

« A c,'robt'tmz, sequence- q .9, ... 1, is valid if it is ot
0dd len%'ﬂx, and wno hwo odd and wo +wo even—vmmbcveJ

clements ove idenkical.

4 t
(“I;) qt-) Aol valid

10‘) q jo'nmhp\a \DOP (69 2-DFA s
1, ’ delex miniske ) ond could

nevey Joll oft the m’a"*
end o} ¥nae tape.

e In e c,-ros-s'wxn S-Cﬂuent_e PN PEIRTISE 19

s P ‘7;?\«*« woves

Ve, Yy, == —> lejt woves

input accep-}ca] - all c-rossh\? 5ec7uent:b of odd leny‘l’k
# oj C‘wbb'ma 5e7uemc¢ —-% 1—\'“{{:6

-
| heorem:

)5 L is accepted b\d a 2-dFA, Hhen L is a 'reaulm set.

?’rooj:

constymct

J- DFA —> NFEA \nawiw:‘ valid Crossinz sea,uemes
M M’ o M as its shate

LMY= LMY



F?w’{e, aulomata  wiHA ou{Pu’c
« FA — oulzpu{ E iacaepl, ",je,d}

Othex o\Pkabet Jov ou%yu{ of FA

N

Mooﬂre machine Mealy wmachive
(OU“’P“t associated (oulzpu'l associated with
with Hie QMC) He +ransy Hpﬂ)

Mooxe Machives

¢ Siam +up\& (&aZrAr S»Ao 103
}

Ouipul; allp\"ﬁ"“»'eE

A: B> A 3§v'w\j Oul:?ut associated with each
state.

1) @) (1) -

5(‘1;-. »ﬂt) ) , 18v en, w0

'\u‘)ut: Q,2y...0Qn ‘\“P“E . i
Output: M) M- Ae,) output : >L1'>
; ‘Cma'HA n+) -

DFA s o .5Pe,ciaﬂ cose of Moove wmachivne

output alphabet a: fo,1]

9 is an acaepﬁng state _n_ﬁ'_ )(‘1)=’



[;')Lample . A Moore wachine

6(2,0) 5Le,1) output
a= O o =) »(9)
Lo 1s 8 o
2 % 1. '
1 1, Qa 0
1 s Lo

Nput'. oM ('enﬂ% Y)

q"“ ° >1"5 ' }QD '—iq’ ! ’qz
OutPub
" (9.) > (24) 2l2.) 22D al9,) = ooot0

(lev\caHn 5)

| fzo
YR
Dl
\—,—~



™M ea('a. Machine

. S &MP’& (&’ 2; &, s: A» 10)

A2 Qx2 —- A

6§ (2m ai )= q; 1¢l ¢n

iw?uh QA\0y ... Op
OULfUh >\(10, G.) >l(t: ""z) LI | (ih-’ ’a")
wheve  §(9.,, oy):=9;

input: &
oud:}w!t g
EMMPI&
a:z: 0O as=\
State output siate output
5(9,q) »(q,0) 3(9,0) »(v,0)
4L PN [/ : (o]
q’t q' ! q" lo)
q$ q‘, \ q’ )
L 1 ’ 1s °
|
impuk‘- oo

q, olo 1, & a, /o 9, 1 [o 94
oukpuh

)\(Q., v°)A(q$.°) )\(1;,’)'}(1“,1) = b\oO



Eeruivalence of Moore ond Meah:( Moachines

@ T‘:,tW) ”OU{PU*' F')’OJUCGJ !03 M on fV\FUt w UDL\E.V)
M s a Machine_

» M- T’leale wmacdhine M- Moore machine
Tm lm) __#: TN' lw) as lTH[w’)\ E lT ,(uo'))")

. I\le.a\ect e re5pon He of @ Moore wachine Mon ¢
(i-e. o\iscavdinﬂ )\(1,)7mws ou‘:Pu{ string

M) Ma) - - Al jor iV\Pu'\: shi\na Ay .. Oy

Qa
wheve ‘I,, —J'bq"——-b & i 9—*91“3

*
e M, M e eﬂuq’vmlemf Tt 2 ivs?u\"_b wé 2
bTH LW7 = TH'IW.)

where b is Hae outpu’c ot M' yor ifs inrHe)
sState q.

—rlr\eo-fe/m Lqunijwmfwg o Moore Mechine into 6
Mea?a ﬂo«chNe}

1’.‘ M‘ - Le.z, o, 6: A 10) i 6 Moore V\hodﬁivxc’%ey\

Hhere is a T’\ea\d wachine My equivalent o M,
P'/ooj-.

Given Moore wiachine ™, : (&,2, 8, 6> %)
consitnet Q& Me,elv machinve M, = (&rz, Sy 8,)’,‘!,)

where

X (g,a)= » [stg,m)



-
bqamP)e: vae\n Moore wachine

5(q,a) ax0 az) >la)
QD 13 1, (v
M, Q. q’ q'z )
q; qv; ‘1.5 (o)
q’ 1‘) 1-0 o

E?u\'va\ev\t Mm‘lj Machi ne

5(¢,a" 0:O » (2,0) ozl > (e,
1. 9, 2> © R T
1z 1, 2 1. @

T 2, 2 0 1 o
1 9, 253 o 9, o

wmeut: O ™M, 9, 2s ‘15-—’—-’ 1’...’_. 1, —‘yqz

™, - q._o_.”.'__.q. "_’1","1;

output: M T)212) Ale) alae,) = o010

e M, My enter e sawme sequence of states own the

sewme iaput , ownd with eaclh trensition My emids

e oul'Fv\t ( ) (‘1{;60) Haot M associates with the
state ewtered | &(4i,9))

)——@

M, ~ X (9,8)
? = [3(‘!.‘,0))
M, » A(‘h)



Theorem LT'mwaj-own;v\ﬂ a T’\ea\-j wachine inh o
Moore wvachine)

14 ™M, (B, , 4, 8 R, ‘1,) ' o P’lea‘j wmachine | Hhen

Hreve i» o Moove wachine M: equiv-\en’c o M,
roo:
Given Mealy Hochine
M, : [8, 5,2, 5 %9,
cConstrucl @ Moore wvachine
My * (axa, g, &, 8’, » {“!.,bﬂ)

wlhere be > on o:b-\ha'r%lj celected element of A

c 5 (120}, 0) = § 8(20), alg,a) ] € 8xo

bea,ae s, qebd, » 8xZ2 2

o« M (fe,0))- b



(mamp\ei

Given Mealy Machine M,
5lq,a) | a0 >(3,0) o :) A2,0)
Q, q'L 2, q“B 2
q,‘ q‘?— 21 qs Z,
q's \ Q«z 2‘ q'b ZL
é:lu«hmle,vxt Moorye NMachine (T’);)
out put
S'IQ.a) \ a: D o] >.’p
{28 {9, 2. 194.2,} z,
{79’2"& {qtlz!} fC!,gZza 2,
{qﬂ-lzv} {‘t,,z,'s {Q‘). 21] Z,
zq“)v 'zz} {qz:zvi 215, 213 ZL
iqu zs'i { U, 11} iﬂ,, 2'3 Z2

¢« 2, — wnot :F\;Hea\

" qt; 15’ 5?)\‘)’"&&



. {czl:: zj} - iiJ

— @ - ‘l\ﬁz-]zv

Movre wraclwne
construe Led 1vom Hhe

Mea\j wadchivne 3iven velow

oz, _7‘/2

1/3,
'/7—7 olz,

U

VE2y

2]z

P’lea\j wrachine



!

Fmam p\e 1

2 w -
lnz (a+b) alask) - Wt symbo) frewm the vioht is ‘a’

NFA LV\-H states)

_,i;‘l‘;i:
(28"

E?uiva\evxt bFfa — 9" siates

L- DPA  (mestates)

First scan Hhe inpul Yrom Hre lejt Jo wvight to
veach Hhe vight ewnd

Then scan oﬁa\.\{ ) \eji: " ?Ob')h'bnb ownd j'(ku“j

c\neckinj whether oy not Hae veached ihpul‘
cell contains Hae 579\!\1’00’ Qa

Note: ?o»ib'»\{-}j of W\oviv\j Hre iV\Pu{ head in both
o\i'red-iov\b cawn dmeaHL@“& 1edu¢e Hnhe size o‘@ DPA

In Hhis case, one 7eversal is emouah Yo veduce
own automaton o-f e'npov\enh‘a) 512 nn Yo

on automaton of lineay size

Fm@wP\ez L- CO-*b)*a [ G#-b)h-,a (a-r‘o)n

NE Af_,i":. - @)

U‘a.b
(;’?uiva!ewl dA. 27 states

d-DEA: dn+  states



Fﬂamp\e:

Given Nea\u Mechine (.Mu)

slq,a) a:0 > (¢,0) | a= A19,1)
Q' Qz 'Z, Q3 2
.7 . Z, s Z,
1 1 2, U 2,
quw’va\wt Moore wiethine (Mz)
ou\-pu\'
8,(%.03 o0 XA A’
3‘[,,'2,} ZQ;,'ZJ {q!" Z’] 2‘
{qﬁtzl‘ iqzv Z,B
Zq‘hzl} Zqz,zﬁ
{9,, 2.3 $
iq$- 22—3

$ 9., zs—j



