le\Omsky NovmaL F@(m (C,N‘F‘l

% A cf grommar 15 in Chomeky noymal

form  if every  mule s o the foym:

= S — ¢ (S is the Stavt vavicble)
- A — o (A is a vO'ﬁo\O'e,?\_ IS QA

| | tevyminal)
— A — BC (Aa B, C ave ~vomables,

B»,¢C are mot stard \/O\ﬁolo\e)

We vote  the %llow?r\g theorem,

Theorern. E\/evﬂ c.§ roﬂnge, iS  genevated

by o cf gYammay in  +he Chomsky neymal
form,

Hoving the gvommay 10 a “oymal” (je.

Standavdized) Forvam oftern  mmokeg Teoxscmmj

ohout  the grommor  mMove  conveniend.
Ea. 1§  the grvammey s N CN.F  dhen

@ SJ”“\ﬂ o] t¥Minals  of le.’nSJH’\ S




qenevated int  abouwt 2m S#eps: N,
applicatons o}  the Tule o} the Hype A-BC
and  then M applications  of  the Tule
of the type A -G comverting olk vovables |
4o tevyminals .

We will prove  the theorem by giving a
procedure  that tokes a cf. gvammor
and  converts i+ into  an equivalent
gvammat in cN.F We skip the dormal
pme’l ond O'ﬂ\y ilustrate, t‘hm\/\gh an exqule

Suppose  the  given  gvammagr  jg :

G S — AcA | aB3
A — B S
B — b|g¢

The aules o tuype B2E (R F+ stok var)
are COMQC; E’W\QS g_r—\‘o‘_ +hodse m ”"JPC A,)B

are  colled umit Yules. We neoed 4o yemove
tHhem,




We 'Degm by m%md\/&cmg a Mew Stark

vanable S, and O\Olohﬂj The aule So—> S

S%epit Add o new  Stat van oble

Se — S
S — ASA|aB
A — B)S

B — ble

Step 2 ¢ Remove € vules

To  vemove o quwle B>L 0 we delete it

and  veplace every wule
A — uwBv
by A —> uBV | uv.
Thus  yemoving  the yle RB-—E From obove §ives

So —™ S
S——DASA’aB)q
A — Bl | S

B — b

Now removing A—>EL  Jwes




Whenevey  we  have o vule 58 S s

O \/o\ﬁab\e, <|+ S ’YEmO\/‘Qo‘ <Sa§d&,> ‘

S%ePB © Remove unit aules

To  vemove o Tule A—DB delete it and
fox @Vefj vuwle B> U, odd +he Tl A-M.

Thus  vemoving  the aule A>B  gives

Se =2 O

S > abfa | ASA | sA |AS
A — b S

B — b.

Remowr\j e auwle  A-S G veg




S — O
S — aB\a\ASA\SAlAS

A = b)aB)a | Ash |sa |AS
B — b
Removing  the rlle S —=S  gives
5 — aBla|ASA]sSA]|AS
S’%‘O\B]Q)ASA]SA)/\S
A-— bl aB| al asa | 8A|AS
6 — b

Step 4 ¢ Breoking 7qules and Dummy vanables.

We can break o yue Sudh as
S —> ASA
into two ~rudes g AA
A = AS .
Also o wle such as S—>afl can be

Te Pl&CQO‘ \07 S —> XO\ g

Wheve  Xq 1S
Xo. —> O




Qa dummy \fOYiable, that stands POY
the e vminod Q- This  gives
So XQB) a| Ajp | SA | AS

Xo — o

S > XoB | o) A SA | AS
A= b| X8| Aa] SATAS
R —= b

The %m\mmar iS now N ChomS\LY novmad  fovm.




Push- Down Automata (PDA)»
. PDAs , @ ComPLdnHOﬂ&ﬂ mod el

We now study
Jd\o& C)\OYO\C{QTV&QS C¥?o \Qn\cjmqges.

Req ulax Lo\‘\gwam} Contexs Freg, Low\§~

Syntachc Regulay | Contex Freo
Choractenzakion. ¢ K Pressions {’ grammous .
Compﬁmh‘ono& Finde . Push- Dowry
Charactenzohon. Auto mala Automoda - |

— ) N T
sopb R (EEEl b
Cbﬂ‘h'bl | e
[ Contrel |
| X |
- Read lnpwi s\/mbol | Stock

= Enter (possibly) new ShﬂZg' Reod input symbol
and top Stack symbol

= Enter (possibly) new
i ) Stale . |

- Replace or push o
pop top Stack Symhol

- Move input pointer 1o
He TYiaht+ .

- Move mPu:f Pomirer +o
the vight (so input is

f-woy, vead-only)-




Tn both  FA and PD/\/ @ccep+ i e

'mpwt s exhausted and  the
on occ.ePJr state .

mfc  is N

Y‘Qcogﬂ,&e(ﬂ
| = %O% fL / n 1} 1S @CCQPJFQC9
: A |

by o PP Sinpub 00001411
- Keep Push‘d}j Qé onto S]rack{’.

— Aftey Yeodirla 1 pop « \ o bock

0 S£yom the Stock and fe

Example

keep popping a O Fo¥

e —

Q\/@YB 1 Yeod I;from +he }nPuJ;.

—

— When +he met 1S eXhaus’red) acceiﬁ

£ the Stock 1S empw.

NOn- Dete rministic PDA

Emiﬂfle L = % \/\lc\/\lﬂew% ’ W ¢ Qa,b,c}*}

is wecognized by o mon-determunistic PpA.




The PmPosed PPA  Should Inpud abbca}’acbba
- push  w onto +he stack.

Reverse

~ After the stwing
pop +he SvLacL)

Y Y

”begms")
matching  +the +op Stack
Symbol with The inpu‘( Symhol N esvf;/-

when

Stack_

Y

However, how  does  4he  PPA  know

W ends and | Reverse begms?

N on- detey WUY\ISHC% “gue;sg\ +he

AY\SV\)QY:
yvuoLPmrPr of  the Stvmﬁ WWKQVQ%_

The nNon-det PDA 1S then

- Keep PUsing fnpujr Sy mbals onto the
Stack. .

= Non—deiekur\;skc% entey o New State.

- Keep matching inpwk  Symbols  to

top  stack  symbols and  pepping. pj

WCDH' DA olways Mmeans mon-oleter-
% HGV\Ce rh p y iohc DDA, -




Foymmal Dedinition of a  PDA
A PPA IS G 6-tuple N\:(@/zlpjg/q,)@

wWhere
o is a  Finite seb of Stofes -
- T o nnput symbols -
- N stock symbols-

~ 4, 55 the start  stake

~ Fca S the Su bset of &CCQLDJ[ shates:

- Srax Z, x 1 — p(axfp

Cunchon  where

IS

Phe tyomnsition
goe TV iEr, L= Tty dep

The mjrev‘ar\eﬂ’ah’on is  thot if

o( i, @, b) c ontadns

In Stote 0L) ’mpuf Q [jzjr——”,
"’OPo/i Stacle b/ g

the pph  Changes Shake to 9", replaces
Stack  symhbo bwith C.




Note Formoﬁj S(1,a,b) is a set of
possible  moves  Since the PpA IS
non-deterministic. T+ may be +hat S5(,0b)

e
— N

Ar\y of a,b,c can be ¢ as allowed by
Fhe definikion @]  the +vonsikon  funchon.
This  gives YisSe v 8 Posg{ble ﬂpes Ozf
moves) 4 by Teading  an mpuf Symbo)
and b withouwt a ( € & -

M ove

e will  mott down ol  Hhese roves below:
Below, @,b,c  will denole input  symbols

and £ Wil be  wntten e*P"““ﬁ»
L}‘ MO ves b)’ Qeaoblﬂj EVL In}o\d’ S\/mbgl

-

QQEIQCQ S(q,) a,b) COﬂ+O~iDS (q’l/ C) )

—

al | ol ]

f N I

1 [ v %
0 /

J




Push S(1,a, ¢) contains (2, C)

, CY
AT
7
. /

tacle
Us:cmngm [Untouched  6(%,4,€)  contains (€)

o] }QT ]
f @ g

|

QN

p




Ly Moves Without Rwdihj on Inpud—' S\/mbol

o(a ¢ L)  contains (q',¢) -

Reploce
A 7
T 1k
b 2

Pop 5(4, €,b) contoins (1, €)
/i 7/
e L
% A




Untouched g(q, e, Q) contains (OL/,Z) _
|

— ] -/
T - 1

1 % /

Compuﬁﬁor\ st « PDA

A PD/A\ M;(Q)ZI r‘) S/ Cll/]:> on TOPUJ’

we z*

—  Staxfs  in the |

[ W
im%ﬁo{ gn%‘%umﬁon T‘li

-

Where S)fon*eﬁcl;) Stadk  js emm\?)rmk

— Makes moves accoding fo transition xﬁmé.

— Accepts 1f  — input is exhousted and
| — +the State 1S an accep)r
Stake  (ie. In F)-




Keeping 11 mind  +Hhat +he  PDA TS
NON- determﬁniSHC/ +he Iaﬂgwaﬂe Y’CCOﬂn\%EJ

bg the POA M 1S
% | There ewists @ comPu)raHon’

l (M) = s
(M) 5\\/\)@1 OFMOVLWH"C”’
aﬁceP+S~ }

Clanficahonn  — The languoge L (M) Ts defned
only — over the nput OL‘Dhoxbef >
— FOYmaU7) m)ovsr olfhabe} S5 and The
Stacl abp\na\oek r oare deJo;nr How ever

One con  ovgue  as L 3 ¢t sin

fox eNEv) &k 2/ ane can  hove cow@SFodeg

symbol X, € J* that stands for  ae S

PPAs are ‘YePreSenJrecJ by State Ch&%/fotms‘

a b—>c q(eFresenJrs Hhe  move

§(a a, b) contains (9 ¢)



beains by pushing $  symbol onto the
Stack, LoLJreY/ whenewvey the +op 5+&cL
Symbol s it Ewcqfac%‘ve\y amounts 1o

—

tre stock being empty. On mP% 0000111
| Qoad 1’"\ Reod |

1114 #
o —— Accepr.
_/900 - P

O
O
O
K3 El f




Example  State dfaﬁrom for  the  PDA

HMat vecogmzes +Hhe \Qngwge,
Reverse
{ W W / W € {ou} §

0,220 Puslm)

WQ ‘C’€>$ @Q = |

LE/ £¢

non- det
( rnove

£, $>2 |
0 0, 095 (mafch

1,128 and Pop)

22—92
The  Mowe ‘ ; G iS a mon-

deleymirishiiC  mmove  wheve the  POA

" helieves”  thabt the "rmdpom* of the
S{,Ying N Wﬁevem hos beenn veached

Om mpudc 010 Seveyaol Posswlg
)

CO’W\P\MLQ‘HOY\S aye po ssible oS . [O1 O]
T —

(dependig on "3uess” of e midpeiet) 1, | |




v incoyrect

[ o] gues”

o1 10|
T%’ L g
4

:
| > e

1a

JorloJ

1y

o
INcoryeck

[O I+ © J - /COWQCJ’
f k'__ guess”
q Il
S5
5110 5119

o[ 1 © —_Juress”
: i Ty
E

=N

QT/;OJ

1

ol —

Die,

1




