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b 2. F'lmf'e Avtomats &«
| @ggu&vr 5<pmsscons

on.

‘ Flmk avhwdla are +he Slmp(bs'f'
modee 4 compwf'a.a‘von : lcompcd' very
Limited vjc:l' very useful h ma'ny d:#
‘areas md compclzr conshuchon , switchi i
'Hneovy , ch(ij , comm. Pro'f'oco&

Gl How Fo model sgskms as,fm:fz—-
- S'fai'o machives 2 |
5( 'H'DW +o describe behawor Sf a C‘ufo"?

BTN

Therc are 3 stafes : haff’ CH) ’
neukal (N), un happ PY u).

~ Twe {3/’“ mPu'I's candy (C) |
and rnuicau& (,M)
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W

o enkame. d

e Des;an 3 +he conivoller for an autom. doeer

door S In one g M 3‘!2!7!6
) QP&M LOSED

. cen!muer senses ;.
| --fronfpad oeew ued ERONT
: NEITHER

_ FRONT REAR BOTH NEITHER

 OPEN  CLOSED OPEN  CLOSED
oPEN  CLOSED OPEN  CLOSED

& What i an initial  ate t
* et [ial sttt

. W%Qf ﬂ#e 55’9 &i 5@? £¢ @A ¢




22 Basic Défm’ﬁans
~ Consider eg +he fo@owmﬁ ‘?‘rmsrhm.
c&a@mm

. M .

. stales are q.,qt qs '?‘lu% 7:E=Q

. inpul s¢ mbol.s are 0,1 : R0, I} =2

 The set o,f ‘Imnschans cons-h'hcfzs +he
Yausition function denoted by S :

‘{ c, s cwr.eu‘f s‘% and a & curcaem+
mPu:(" S(q a) s hext S‘f"at 'Thq‘f’:s




o
() §: GxZT — & s Tansition £t

- ({;.) q, eG is s‘f’a.rt / inifiad S'fq'i
Ex Ccns.de,r FA M,
- Q= 199,af T =t
. q ts stat sf'at -

L(M) denstes Fhe za.,.ﬁ «age acceph
by M.

“we T is accpld M stk

ot S et et L e e
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?’_‘lw_"(”) - serof bin shings <+

 the Clast lgfs emwowmj
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.&-' »fmm Z = { C,l,z,

Ex. counmﬂ moobueo ke, k>t i fixed.
\”0
2_.. $ o,,2,.., k-t <Reser>}

o = ?‘_?h‘iw"»‘lk-.}
- 8(9i.9=9; ,
K] (‘h D = clju mod k

8(7 k') 7:-&&.: moalk
S(ch ) <RESETS) = 9o .
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Desi@m‘gg FAs

. Assuminj You have a ft’m"c aMOun'f' |

© | + come. uf with a
wéf\’a ‘Cﬂlj + accz,’:'f" +he ﬂac/cu (anjuaje.
______ An FA + accq:‘l' bin. S‘Iwnjs

Cowl'zumnj an even number of '
Couvit modulo 2 +he

numM :F I's read (o-.-,evew I= oded)
Q° | c,o o mod 2

a

6" = |m00'2.‘

j aba as Swlosfvmﬂ
K&F Aecwohmj ofor Pa#an

qq £ just seen a
Clab e 4‘9
“qbq = aba alb




Ex, An FA o acce,P'f' sfrwgs over 24, 53
emdmg in_qa

| qb o é w...”m" MOC& # B' o



| EX What 4 L::§ a" b Ivn,m,-k)o}!

As Be,Forc | but we have -I-a?

- make sure dhat 4—0:; blocks are nown-
 enp So we accesl only i we ve
r.ead'-ja‘f' ‘&M_’_ q"ara a a‘fd »a .S_ _

q“ ’ qb
Qre how

tej ech nj

Ex An FA o accept odd. length
skmjs over {a,b} Conhmmj 2 b&

S‘ka-‘eavq We have o maintain 2

‘hapes informahon
(,) Count mod,w(o 2 the number
o“ﬁ s«dmbols readl so:r’ar awel

() Cowit +Hre numbe of b's reucl

(0o orlor & or Mmore)




__ Ex - AnFA ‘!_b Qme ‘t’ skm . b —
nj w’;#ﬁ aa j eﬂ 2
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Ex An FA ’f‘baccap‘f'édd &njﬂv kam?.s

"~ over $a,bj Cowﬁunma ab as subslwna,

 Shadke gy count “"‘J“’ mockdo 2 and
"ot He same +ime Ncarch for
was’wug a,b

| Ex AnFA h acce:,p‘!’ sfnnas over

{ and 3 are e1ww and com be mujul



uman AUB % xe3Z lx&AvxeB}i
Comakmahan AB = %xy !xeA vje 5} _f
~ keene dosure :

o«

oG

LT T - S
= 3% x,. ,,x,@'rwe X,5emy 3 heA}
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23, Nondederministic Finite Autfomata
Inoan FA M=(& X,8,9,,F)
ﬁtvon qe O, aeZ ,+the ne:d" stale
s umc]udﬂ de{crmmeo‘ 5(q,a)
‘gince o : sz —» Q is a funchon.
~ Thus , M is deterministic .
We call it a dederminishc finile
‘autormaton ( DFA for short)

- In a nondelerministic _fihit -
aub maton ( NFA) N, Given qu
 and an -H'l&m, are ! Sevevai choices
{or +he next statz | ie, 5(q,a)
a »ftﬂo swfosd" # ‘
Q.- S(q,a) 2 Piseo Pki cQ
% In an NFA we aJso allow
‘&. fansitions : @—
N an ma.kz a hansi ‘hcm »fmm
! without Comsumtnj anjmf:»ua"




R -.-.,{q,} - &@., a)_, eqsg N
o 5(%9 R !) — %C‘. QQL} S (q3 593 ¢
G. W hcf" is a ¢o mpu"l’a'l—lon on an NFA 2

r eg. input ..s"""ﬂ ws= foto
| P@sscb@ comPcd"a;f'aons ave:

711«4 are ; acafﬁng COMfu'f’q,ﬁo”s

L}#um is an acce,thj c@mfu’hdwn
# NFA N on mpcd* w, wis dcdm

qccgfk;d bg

N QCQ@E’Q b!n sfrmjs
ccsm%ammg Il or !0l as ,




=Y: 2 = 77 Wi AN CD e &

S What does N, acca.P‘f’ 2
ﬁ; Bin. SMWﬂs in which +he 3rd S(dmb. |
from +he hcalrr(; s 1
Q Can we conshuct an equ,iti. DFA
(+o accept e sawme lanﬁuaﬂe)l,
S’M.kga: While proCessinj inpcd' wa’nﬂ
maintain a window 3 size 3 +hat

inthial ' i
edew RO

Thus . inihel window contrins &

b

aud final windew Contming w w

Ne Wy

Conshuction of DFA-.

| Staks are q, where v isa
sln‘nj 4 (@njm < 3 Cerrespomda'uj +
windew couderit : Qe 1 init. state

9iab a,be 30,1} are Ffinal states .




-n.ug , -u.e

Can we constuct a smaller DFA 2
yes We can m“""fw Qece initial

e [Vige.

9
The res»U-mg DFA accept the
Same (,amauaje




Staitecs ava 9ij where :
— i is used v courlt moduble 2
- J -— 3

Observe : 5(q,,a)‘= 9,93
Le,#mj Z = ZU i1,
§: QxS — 28 (= P@)

5"6‘9 g(q,q) = %PN“) P"} < S
Fforqe®, ae 2



-An N F’A IS a 5. -/'up{z,

| M (&z S,q.,FD

N Whm ...............

___________________________________ '_.t.._.._,ftm s s::l(;" gf Z':?'e's

44444444444444 Z s mnpuet

I e Q ’t): m:-l-ﬁff 5y
i (s set o;f :(LMal shites o

| S &x 2, — 2 6 Tansition

b e

44444 ¢ mm

An mou‘f’ S'Irmﬂ ..... we ¥ is acce.pw‘-eol_.__,_w_,_w__M,.

mbﬂ M —if— w-can bc Wro#w as”

T, e@ with

03'3 pm

ol Ty
(M) = iﬂnguaag accepled "ﬂ ™~
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ch va lence ‘41 NFAs ond DFAs
,..,;eor, m. L= L(M) 4or some DFA M
&> L= L(N) for ssme NFA N.
""""""""""""""" ; _-=>¢bvmussmc¢,¢ueor—‘-ncsqn~f=,q
(that has a unique Chotce. —fmr next stdle
and no 2. fawsihows ) :
l! _...u: G’IVM N = (@ z’ g' ?¢' F) sl Waﬁf

4’2) tonstuch au ecfu.w DFA.

Idm Assunie ,fbr the -"vme bemj +hat
N has no &. fausibons . We conshuct
an equ.w DFA

M=(&, =, S,q,, N st

Oon anj mPqu’ wez H’ stores in its
 finik conkol all s‘faﬁ's reached in N

- afde Processing  w , i-e.,




Ex. C(onsider NFA
Qe

,_ mmped@ﬁ ous are:

~4.- ‘h-""'"““is

uono S

e — Y p— g g — o

_____ {m_xm,)a YRS M,qﬁg
S &' (?q. q,;; o) = w.«si
(3941, 1) = £ 99,943
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Conshuchon of M= (e = S’iqg’,FQ

Tak ing e _Yansi hons ink_accouit

- B seQ detine 4he &.closure gr
S by
| E(S) = ?qu, q can be ceacked Fom
some se S by >0 E-'kansiﬁ'ons}

=-{qe& | q ¢an be eached from

Some s€S without Proassin?,
any input Symbel §

s é " c® l Hisis & & Pa.«'Ha’ﬂ

¢ Fowm sowme seS h 9 }
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E (&1&3)
D°*‘";,__

Gapes

seS




8'(22},4) = E(S(z,a)) = E(él, 33) = %2,5}
Co"(renb) = E(EGW) = EG33) = ¢33
- 8"($3},0) = E (§(a) = EQRY) = 34,31
§"(s31,6) = E(eCb) = EC(¢) = ¢
8" (12,33 ,0) = E(5(.a) v iG.)

= E (tua3l) = $uu3d

NQ"‘C, %d Q'l » §'al} unot be veached
"{\vm 20,31 , Gud hence don't appear i M.



S (wm,m }«:E (8(«..»)« 490§ (‘bo"))
=BG = wat
. &"(% q..q‘.q.i,v) EU(% Duig, ) 5@3.'3)
- E(M ‘Iz,‘ld)w 14 ’q"q‘,%}

Cor: L isreqular &5 L= L(N) «Fw
.................. ¥ some NFA N
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24. Regufar Expressions.
_;_:f Let Z 'be an a‘.pha'.bef The reﬂu(ar
exPrcssmns over 2 and +he sdz they

dencle are d4 recursvvzty as »fol«lows
(I)Bascs & is a req. expr. d L) =i&
§ LAyt deebny ey
Van a ‘ L(a) =ta}
(:.) ec.Step, I o {3 are reg. expr dcno-l—ma,
- L) and L (s) , Hhen
| (0(4-/5) 1 a r-ea expr, d-eno{-ma, L(d)UL«)
(2p) - v L) L(@)
(a*) —— ' (L)
G) No-Hnm3 else is a reg. expr. over >,
Note . Prcom‘—v of oPcra,f'ors n decr-easm.j orcler
Ex S = %o, |}
© o*1¢" = NE©M)
dencles set of bm S'Ivmgs Con"'amuj

- exoctly one |
@) (o+Y 1 (o) deﬂéﬁ: set” of bin.AS'kinas
(on‘f‘aim’no at %wst a | (or con'him':c]
| as asubsiing ). |




| Qi'»]—
Gy @+* o0 (o' denstis setef bin. shins
B CO“MH’"V‘& ol0 as subs;‘(’

. .._L@) (@+.)(cm)*’ “or.. (,@«3 )*

f" t of bin. svlvm?s
btgmmnﬂ W"H’l o el’idl WOK’- '

|)o +0 = set a;f bin. s‘l\a‘nas
beafmnm.a, &uvlc MK» 0

(ﬁ\ (O(O‘”)*Q +O) -+ ( ' (O-H) e ()

ending wi 4 dame _"_Symbo' e

o .QO) @-u) ;\g-u) (o-u) et o bin. slm«j.s
* 4 @ 3."‘ 22 = Cond(onf

L') ¢~
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Som'e. wlar Expressions Tdewtihes. |

@) A = | € &% = of
L) o4 = X =
@y A (PeY) = AP XY

&) @((5)*@% = o (px)*
LC) @+(3)* = """
“Ve, make use c;f @) ="

S LE et
= (up)* s @) '

p* = @,+P)*} ¢ e
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- ; , ! eQ . R P ‘> b i

) ‘for some RE
L(,o(
L=

N
4
N) 400’ scmz Ne 's
r
L b Lgn RE’ Ou 3
| e, oa
0(
 let

o(
3
o, or o+

J o oA,

-+ hcwe
+ we
) .

‘ gea LA

) F‘ng
e , 2 % ;)
s dq£¢ s %éf "
L¢]
@ a
A @&
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Case || A= o, +9,

Thea N 15 amsfm&}?a( as :fowws

N= (&u@ U{q,} > S‘qnp’)
F = FuF _
29,9 s}qs . A=t
S(ﬂ,ﬁ’) i o, (q,q,) c} clé&
Then, L(o) = L) U L(o()

= L(N) v L(N,)
= LCN)
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N (&u@“ 4 z‘,)

N EYCIO N .g e,e@.w;:
- 5,(q2) Y qeF aare

8(q,9):= { 3,4y %M 4 qu Adse
o s (sw) ‘E’ s

L(N) L(N) !m(N )
= L (ac) |

. where
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| 2@ '“"""fﬁ,fffffﬁfjﬁ‘4 ‘l"”“:

NGRS . 3 QGFM*&.,‘.
T A (q a)qu'} 4 qeF na=&

N qegenae
1 ¢4 . ;[gl =q. A A% E
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.‘.H__A_‘S""fpme' we dlo ”d adﬂ( anew wu‘f'
Thew we woub

..... L(N) # @ b) S'"Cc ae L ((:;)
buf a ¢ (a"’b)

He above Conshr. e

e Corn; NFA "FW (2,,5)\:2 coleum
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Ex. Comshk. an equiv. NFA for @+b) aba

& AP e i i

P ek s e

a+b
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Ne:d' Comvu"f'a gav.en DFA (NFA)
'Firs't we mkoc(uce. —Hne no‘hon gf Q.

Ex (#ahs:-hons gf a GNFA are
llabeled b% REs )

. Ry 'exa.m?(p.

| Compu'iz'hm c"-——‘-f—aq,—ﬁcl,-ﬁ:q,—-’-’-ﬁq#

g comPu‘faAﬁw q,-———btt, ———-'1,,—-5—"'4.
" Note -that a tans. lnbe-&a‘ @ Mmeans
it does not exisT.

) T‘ﬁus , a GNFA is an NFA in
which ‘anschons are Labelod (og_,
REs . o



L (?’\ S (Q -{‘H}

2.3

Furthermore , a GNFA éaiisf»‘es:

Yx (@-tq1) — R

G =g o t=qy , and
@) Mis ok $Chn) =R A yelR)

2
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] :Q&;h‘lﬁbu !

_jiif*" - ae*—‘ﬁ'? “ 71+

Topt. An NFA N=(Q,Z,5, q,, F)
Outpad . An equw GNFA
<& v {1° :“4} I ‘S ) 9o 44)

' Metheod.
o Add 9. and €. 'knus ;from q,
nad inHal stile q,

) Ad:‘l. dinal state q4 and e frams

from eadh onamd Final s‘hai
: qe F 6t 94
N €)' Rap(aaz 'Imms:ﬁons be‘huew any

poir gf states by a sm Lo frows.

wh se Label is wo%
on;a:d *Msn‘hcnsg" O:.f;

k‘»
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Gral: o shrink a aav‘enGNFA + an
_____________________________________ equ

_ ) 1he (a 6(. qf ‘Hne, ffaus ............. o
e, e C' o "’b q* & +h e d C Si ived RE.

Thus , Hhe desired RE is  a*b(asb)”



) Ia.gwt‘, GNFA N -.-(csz " ,' ] ?(. ,q;;)
e '+'WQ __________ S q‘ ,q.f |

. ,rg.ag,_,;f selet a state qeQ-tq. 44}
,f_o__ a.ﬂ e QA-19, q4§ and
q € & iq QQ} dO
Llabel kausrhon 9. —=9;
b‘J R, R, R +R4 ) where
is (abd gl 9% —9q
R‘ ’ (i—-—oci
R} | 9—9i
- Ry ——— 9 ™9
%b_,_( N/ has on&:’ 2 states 7,,7; @
| -n'lm There is an algon{-hm ‘that
cwsi\*udi"s for an NFA an equiv. RE.
:‘::E#_; Griven an NEA N :

. Transform N + an equiv. GNFA |

ghrmk GNFA + au equiv. GNFA
N’ with oweﬂ two states q,,qq
. Label of 9o =% is Cesired Rt:




Blim. q,

Tlﬂus , desired RE fs:

| o #
[ a(aa +b)* ab +b] [ (ba +a)(aa +bYab *u,] Kbq +a)
- (oa+ b)*+ &.] -+ a(aa )"



v. REs
oo (oantesy




8 b(“) <+ & ;
b(bb)(basa) +a ’

b(bb)" (ba.m) a [b(bb) ‘e
Ll Lt gy
Twus, RE s

[;,(u,) (ba +a) +a] [b(b(a)+ s]
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