a
Posri-Down  AuTomaTA

PDA  CLASS OF MACHINES ORRESPONDING D (FG'S (ACEDTING
EXACTLY THE ONTEXT- FREE uwso;\c-,gg\ —— OSEFUL IN
DESIGNING PARSER'S RACED ON CFé&.

CLEARLY WE MUST GWE PDA'S UNROONDED MHEMORY - ALLOW IT
To HANDGE NON—REGLOLAR LANGOAGES.

HOWEVER WE WILL RESTRICT ITS ACERS Tb THE MEHOEV.’

SET-UPP INPOT W

!

FINITE -
STATE (&2 STACK

CDONTIROL

Lo\
YES ND
(&L (v § L)

Finme StaTe (ontro Lf_ ESSENTIALLY AN €-NFA
STACK NGTATION ™ ROTTOM %
\J A B
GNTENTS ABRAC 2

POP  RETURNS g NEW CONTENT BRAC

pPusrt (xvyz) NEW CONTENT XVYERRAC,

TRANSIVTIONS « \WNPOT oR. &€—MOVE
~ STACK “TOP

. NEW STATE
ETFECT - POP

» DINcyk NFL) LTRINCG- .




FeRMALY  PDA M= (®,%,T",§, %o, Zo, F) @

-Q sTATES — P )V,9,S,....
cenepally Z & T!

BUT KEep THE TW
- 1 smee AHABET — HB/G.--- SEPARKTE IN MIND,

RaTE

- S INPUT ALDHARET — a,b,¢).-..
SETS —_

sTaRT STATE (4, e @)

y J2

e Zo START STACK—SYMBDL (2p€ W)
FinAL STATES (F £ Q@)

I |

TRANSITIONS P $(9,a, X) = { LR AY }

WHERE CU,PJ:. c @
aeT OR a=E€
X €11
oA, € N¥

ACTON  FIRST PDA  ‘popg” STACR —TOP TO DETERMINE X 5
RERDS WBUT —To BETERMNE a (ONLESS (T 15
AN é—TRﬁNSlTTDM)} THEN  KNOWING 9,a,X IT
SELECTS NON— DETERMINISTICALLY ONE oF THE
POSSiBILITLES (b}, o))

Fiwaty STATE GOES FROM q) TO p¢
INPOT SCANS PAST o (UNESS a=¢€)

STACK  oses oub “Top” synroL X
BOT HAS o, “pocuEn) ONTD IT

NOTE WE NEEDh Zp INIMALLY ON STRAK To ALLOW THE
IR eT Ty Oi-rinal TN pND T CTACC K




* 3
CONVENTION] < sSTRINGS W 22T W, X, 4,2 G

%
STRINGS IN T od,B)¥)---.

LXAMPLE L= {onm | n=1}

man z=fofl r={xed o= fuwv,9] F= {4

TRANSITIONS
S(‘-‘\Ja ,D,EA:: {(%)X%Cﬂ ON tNPOT O,
ADD A T STACK
SGVo) 0} X‘) = {(C\JO)X}QE

OoN INPOT |, SWITeH T
, )
%CCUDJ\’ X) = {CCU"’e{} } q), & ONSOME X

ON INPUT \, YEEP
& (g, 4 X) = { (s, eﬂ 1 e ) s

—_— WHEN Zo 1S EXDOSED
S @, e 7)) = {(%,eﬂ immw&_ 0

To FINAL STATE 9,

TRANSTDON DIAG &kﬂl

(, X|e S\HILAR. TD
o, %b/x%o ! e NEA W
|, x[e 6) &, 2o/€ @ STACK 'S
TN — 7 ’© CHANGES
ADBED IN)
o, X/xx

REMARKS 1) wiLL RESECT INPUTS NOT OF THE FORMAT OF*

~ AT Sol
@Y NOT HAUNG A TRANSTION dEFNE (o

\
) IF Too FEW 19, WILL NEVER GO TO Yy

i
) IF Too MANY 15, Wil GET STucK IN S
WITHOLUT REACHING END OF INPUT,



INSTANTAN ECUS DESCRIPTIONS (D) &

\DEA  SUCCINCT NOTATION FOR DESRIRING THE ENTIRE
CONFA\GORNTIDN oF A PDA HMID-STREAM 1N AN

execwToN  ( HenapsroT" oR  “CoRE dDuHP" )

CORRENT STATE ONREAD INPUT STACK CONTENTS
(e (x e 5% (e Y

TRANSITION 1N TD.

soprost (bi,%) € S(%)4,%)

THEN) WE CGAN  SKY

o ax, XB> F— ki x, 4GB

L
"“GCoes To" IN IGONE TRANSITION

IN GENERAL (AN SAV  ITD, = ED,, W

TO, = T, = Id; b --s = Ib,

EXAMPLE PREVIOLS PDA AN INPLT 0O I}
INITIAL D Dy = < Yo, Ooll,Za>
EXELOTION  <9p 001,250 +— <, 0!, X2oy

<o, 1) XXZp )y +— <9, !, XZp ’r—~<cu.,e)%0:
— <CUz)€)E>

THOS <o, 0011, Zo> +FC Lq, ¢ e



&)
ReMaARK AT END THE STACK WAS E‘HD'TYJ BUOT THIS CANNOT

HAPPEN ANYWHERE IN BETWEEN AS THE PDA HOUST
(4 Y}

POP  BEFDORE DOING A TRANSITION — IN FACT,
THIS 1S PRECUSELY WHY WE INITIAUZE STACKL TO Zp

THOS WHWLE THERE AN RE AN E—MOVE WHICH 16NORES
THE INPUT, SAME S NOT TRUOE FOR STACK—TOP.

Accep-mmce?. PDA ACLCEPTS INPLT W IF THERE IS AT

LEAST ONE EXECOTION TRACE wHiIcH LEADS T A
FINAL STATE WHEN INPUT—END 'S REACHED,

RETE"CHDMP IF No TRANSITION 18 Possiere  ((“sTOCk™

INPOT NOT CJ\JERI BUT STACK 1S -EPIPT'\/
( - IF INPUT D\JTEE, BOT INN NoN—-FINAL STATE
COORSE THIS HMDST HAPPEN ON BEJERY

EXECOTION TRACE TO REITECT W

Lancoace  oF PDA M= (@, 2, T §, Vo, Zo, =)

LCM) = {w € 'Z*\ <C\JO)L0}'2-D> Bl < b€, &>
For Pe—‘F—"’) AND ANY & &FT¥

* —_
ORSERVE F— 30ST SAV¢ {90,W, 25>  CAN POSSIRLY

teAD TO <P €, oe>) BOT THAT 1S ONLY ONE
O MANY  POSSIRLE EXECOTION TRACES.

¥
REMARIC THAT 1S GALLEDY  FINAL STAETE (ANGOAGE" SNCE
THERE 1S ANOTHER KIND OF (ANGUAGE

NETTOaERN EAD PNANAC




(¢
EMPTY STACK LANGOAGE (N(W)

—

N (H) = {wez*‘)Q%)w Zoy t— (b,e,e> F‘oRﬁNVﬂ

IDEAR IN N(H) WE [6NORE FINAL STATEL COHPLETELY AND
CONSIDER THE STACK BEING EMPTY AS A SIGN OF
A CCEPTANCE —— OF COURSE, AS USLAL WE SAY THAT
W 1§ ACETTED IF FOR AT LEAST ONE EXE(OTION
TRACE, WHEN W IS CONSUMED THE STACK 1S EMPTY

RESECTION ¢ ALONG EVERY EXECUTION TRACE, ONE OF THE
FOLLOWING HAPPERNS

e BEFORE W IS O\R?RJ PDA GETS STUCK

- BEFORE w 1S OVER, STACK (S EMPTY
= WHEN W 1S DR, STACK 1S NON—EMPT)

EXAMPLE L= {wwra { e {Ql;&*i

AN o= fu9 ) Fe g
Z"—-:{Q,b'}) M= {A‘B,%%
GoAL RCEDPT BY ENFTY  STAU CN (mml_)
a, 2o [AZo

c( A | AA , A’le
QJB{AB

€, &l
' <) 8lB
b ?:o’B%D € 2ole

o, & [ BA-
o A2

L9 >

by B|€



@)

SBERA ) 4, PUSHES W ONTo STACK ONE—RY—ONE
z) GOESS MID—POINT AND HMOVE TD Y, (e—umue)
3) IN W, MATCGH WDPUT wWITH STACK ONE—RY—ONE

Lb AT E_ND) Zo SHOOLD BE ON TOP <o REMOVE I'T
0 HALT AND HCCEPT.

KEY IN STEP 3) STACK POPS W IN REVERSE OREERZ

EXAMP LE iNPUT = aabbaq
<o, aacbbaa , Zo )

EXECUTION TRACE

— < Qp, abbaa, AZp D
— < s, bbao, AAZoD
b < U, baa, BAAZ2)

Guess
enooFw T - — < v, baa, BMZ2D
AND START Y )
OF R — <=, aa, AhZ0o>

\"~ <q}\l O(, A20>

}_' <CU|\ G-) %D>
— s, €, €D ACCEPT By TMPTY STAC

REMARK SINCE POA \S NDM—MDET) DTHET; EXECUTION
TRACES ARt PLSSIBLE:

<Cﬁja, aqbbaq) '2-D> | <CUDI beaq, A%b

7 b <a abbaa, AZ5>

BAD Gugss — <, bbaa, o>
ONLY poss;g;_‘t»—-—-—-@ — <au“ bbaa, &>

LA LA an o L s g N s

LG



EQUIVALEN CE OF ULANGOAGE DEWVNITIONS

THEREM L= L (M) FOR SOME POA M, &>
L= N (M;) For SOME PDA My,

Proor C_':-")) Gwen M= (@,%,7, g, ‘VO)%Q)F)
ConsTRUCT My SOCH THAT
N(Hb —_ L(H\) ‘

lbea Ma= (@2, F, M, 8, o, Xo, @)
_\:)_L.—E ©2_:'—- (D 9 {PO)S'\'B

a {OER
) START IN bo WITH X ON STALK
) MOVE To qe WITH 26X, ©N STACK
?) SIMULNTE M,
4) FROM ANV FINaL STATE (OF M) ADD

TRANSYTION —TD 9¢ AWHIWCH wdinu SOST
EMPTY  THE STRACK.

X6l PREVENTS “AccibenNTAL) ACCEPTANCE RBY M-
WHEN ™, EMPTNES ITS STACK A RESECTS

PA\CTORE °




PRODE (&= - N
R_: (_._ B GwenN M, = CQ)E)F,S')GUOJ—ZTO) ¢)

(oneTROCT M, sSodt THAT \_LHB: N(H,,)

IDEA - M = ((Q\)i)r\' Jg\,PO)x"J Fn)

wid Q= 0 U {bo,gl
T =0 v {Xo}

m o= {8}

S, \DEA

V) OSTART IN bp WITH ¥y N STACK

2) MOVE To q o WITH ZoXp ©N STALK

3) S\MULATE M,

W) WHEN M, BMPTIES TS STACK, IT EXPOSES Xo

S) FROM ALL STATES, ADD AN E-HOVE TO
WHENEVER X5 1S ON TTOP oF STACK.

PACTORTE
G,Xolzox/
__.3@_ ~

@
/%“____18

€, Xo[Xe,

DONE

REMARIC IN SIMULATING CFGICFI. ON Ppp ¢ ) 1T 18 MOcH MoRe-
ONVENENT TO OSE N(H) THAN LL )
HENCE THE NEW DEFRINITION.




{
EQOIVALENCE OF CFG's AND PDA'S. &

ctm power (POR) = CFL

PN {- BEVERY CFL 1S ACCEPTED RY SOHE PDA
o EVERY PDA ACCEPTS SoHE CFL.
Tueorem | L 1s CFL => L= N(M) FoR SOHE PDA M.
E,E__Q__.?f Suppose G IS A CFG fFor L.
oUR. GOAL  CONSTROCT A PDA M SUH THAT
L(6) = N(M).

IDEA  PDA M SIMULATES L.-M. DERIVATIONS IN G FOR
INPOT W SUCH THAT AT ANY STEP THE DERWATIOA
SENTENTIAL FORM 'S REPRESENTED RY:-

d) SEOUENCE OF SYMROLS “CONSUMEN FRrROM
INPOT W BY H,

b) FOUDWED BY (ONTENTS oF M'S STACKC.

THOS IN G Sf———@ abh XYcZ ——*—‘—_y ab xXye
e L-H

IN M <Wo’0l>=ctac%]s> -@
‘-—t‘ <°Uo) DCtac"a—) XVC:'-?:>
R <o, € €

NOTE WE OSE ACCEPTANCE RY EMPTY STACK,



GnstrocT  PDA M= (@, £, 7,8 edo,%oj Q)
urm @ = {qﬂs ap=

=1
M= Vo'V
Zs= S

DEFINING £ £  Twd TYPES
a) IF TERMINAL a S ON STACK——TOP) THEN EXPECT TO
see AN q IN INPUT AND (ONSUHE BOTH ——
NOTE ND CHANGE IN SENTENTIAL FORA

D) IF WRIABLE A IS ON STACK—TDP, THEN REPLAG BY
R.H.S. OF ANY PRODUCTION ROLE IN P —
NSTE N CHANGE N INPUT CONSUMED.

THUS 2 TYPES oF TRANSITIONS,

) ¥ A€V %Ccv,e,A)w-{(‘U,*D, (%"’Q)'“J@’J"”D}

WHERE A—> «, {ae.,,,__, (.(h ARE IN P

2) MHae T 8(‘%},0,“):{(0‘])6}3.

—E;x___—&ﬂ—__-______BLE- (onsipER Q,_
S—> 'AS[ €

A—> OAl /m/o)




PDA M= ({‘qj'}) {o,ﬂ){on,A,ﬂ)S,w,S, ﬂ)

= s (¥,6,9)= { (@,A9), @)}
(9,6, A = {(cu,o.q\} ) Cauy Ay, (‘U)OD]
> (4,00 = §(,8)
SWY) = {(‘-1}3&31

EXECOTION T  CONSIBER W = Ol
O]

IN G S=> AS—> AlS = oll S =
L+ LM LM+ tn

<g,0n, 8> T <Y 01, AS

IN M
= <q,o1,A8>
- <gy,on, 0N s>
— ey, v, hsD
\——— <CV’ \) “S>
— <~ €, s>
— <q,e,e>  hEPT
OBSERVE |-\ CORRES PONDENCE BETWEEN L.-M. DERIVATION AN

EXECOTION TRACE.

OF COoLRSE.  THERE ARE MANY OTHER EXE(OTION TRACES
POCSIRLE — EACH CORRES PONDING TO A
DISTINCT OER| VATIONS,

ASIDE ORSERVE I Twd DISTINCT EXECUTIONS ACCEDT WO
= 9 3 DISTINCT (M. DERIVATION

=N DA n | -A-Hkl(,()a()("




NEED To SHOW N (M) =L (6)

@

INTUIMON PDA M SusT YGOESSESY BACH STEP IN L.M.

DERINVATION OF W  AND SIMOWATES —THE DERIVATTION
STEP —RY— STEP.

.ae"r*'

*
Lerma | = N &, S=> 5'3 WITH

LM -« B BEEINS WiTH

MANARWKERLE
TN IN M, For MY xeTH

dap, 94,8 V- <qx ) B

ROOF  SIMPLE INDUCTION ON) DERIVATION (ENGTH (S_‘-“_EE R2O!

LEHHA’?__ I IN H) <"'V’laxj S> "':-*:" <CU)'I) B>

TEN NG, ST 9B

PRoOF  SiHILAR. INDUOCTION !

(DNSEQUENTLY  FDR  ANY g el ey |
-

S"—@'a.

M

wHicH mpues (BRY tEMMA :)

<V)'a) s> ‘—i—_‘ <‘VJ’5)€‘>

ONVERSE FolLlowWS FROM LEMMA- 2.

THOS

e —————

yells) <= 4 &N (M)




@
M L-:N(H) FOR PDA M —> L IS C(FL.
ProoF  —— 10ERA  ONSTROCT CFG WHICH SIMOWNTES M
— HOWEVER SINCE - HAVE NEVER FIGORED OUT A
GOOD WAY TO EXPLAIN —mns, T WON/T EVEN
TRNY TO COVER THIS IN CLASS.

IN THEOREM | LR CONSTRUCTION HEAVILY RELIED ON TRHE

FOWER OF NON-DETER HMINISM —To AUOW THE MACHINE
© YeuEssY THE C(ORRECT CERIWATION

BT IN REAL UFE (OR, IN PARSERS NACC) WE CONMT HAVE
NON—DET. POWER

SO AN WE (ONVERT PDAs TO DETERHINISTIC PDAS CDPBA)J

DEFN DPDA ISAPDA WITH 2 RESTRICTIONS -

———

") SCcv,q,%\ HAS <1 TDoSSiRILITY
D \F 8(9,6F) IS SERINEDN, THEN FOR AL «€2
S(«,a,2) 1S EMPTY,

REHARK PRDGRANMMING LANGUOAGE SYNTAX CAN RE
EFFICENTLY PARSED ONLY IF CORRESPONDIN G

LANGOAGE HAS A DPDA-.

OUESTION]  1¢ DPDA AS POWERFUL AS PDAS
L= {ULJR} we S*] GANNOT HAVUE A DPDA

INTOITWELY BECGAUSE T IS IMPOSSIBLE TO GUESS
WHERE W ENDS AND WK BEGING

nvo |

——————




®

DCFL — CLASS OF LANGUAGES ACCEPTED BY DPDAg

DEFN

FACT REGOLAR < DL < CFL..

apmM IR LIS A DCFL, THEN 1T CANNOT BRBE INHERENTLY
ﬁhBlGDOQS

WHY ¢ BECAOSE IN CONNERTING PhAg O CFC-.;) DPDAg AUWAYS
NIELD AN UNAMRBIGOOOS  GRAMMAR

THUS  IN PROGRAMMING LANGUAGES WE USOALLY TTRY TO TEFWN

LANGUAGES | GRAMMARS  WHICH VIELD DGRy —— WE &
EFFICENT PARSING AS WELL AS NON—AMBILOITY

(SEE NOTION OF LR—GRAMMARS [PARING IN BOOKS)

(wrioos FacT

PREFIX PROPERTY LANGUAGE L HAS PREFIX PROPENRTY -+

THERTE 12 NO STRING IN L WHICH

Muwe L_,)
HAS W AS A PREFIX.

(ONSIDERR ~ DPDA M

(’omcqz IT EMPTIES STACK ON W, 1T DIES AND
CANNOT  ACGEDT ANY EXTENSION OF W),

RUT PARSERS “TYPIGALLY ©Ob ACCEPT BY EMPTY STARCK.
wE ARTIFICALLY  INSERT  “BND—or— INpuTY  CHARACTER ¢

THOS
AD ASK  PARRSERS T ACCEPT W WHeN wE

ARE REALLY INTERESTED N W oNwy,



ug
SimpuEYING GRAMMARS

GoAl REMDUE CONSTROCTS FROM GRAMMARS WHICH SwbW MW
PARSERS — THERERY ESTARLISH A NORMAL TORM.

_USEFUL _SYMBOLS  ANY X € VO T SucH THAT

%
ST oxp=> W
Wi weT* AND fa(llge_:(\lu’r)"p

THOS USELESS SYMBROLS ARE ONES WHICH DONT PARTICIPATE
IN DERIVATIONS OF STRINGS (N LANG UAGES —— CAN

SAFELY ELIMNATE WITHOUT CHANGING THE WANGUAGE,

DEFN Xe VUT IS CENERATING IF X >w FOR We T

DERN X e VUT IS REACHABLE I s axE, FOR 436@”‘5\‘

CLEARLY USEFUL. X IS BOTH GENERATING A REACHARLE .

IDEA_ IDENTIFY USELESS SYMBOLS BY REMOVING 3

CTEP | NON—GENERATING X € 3

N ALL THER
CEP D  UNREACHARUE X3 AND.

PRODLCTIONS.

ORSERUE MOST DO 1T N THIS ORDER

EXARPLE S —> AB\G\
A—> b

SVPPOSE. WE- DO STEP 2 FIRST — AW SYMRDLS ARE"
RCACHARLE . So WHEN WE DO STER | NEXT

)
WE EUMINATE R AS BEING NON—GEN.

BUT 1+ W& 0o 1T IN THEP RIGHT ORMER, WE
FIRST EUMINATE B IN STEbD l) AND ALLD

THE PRODOCTION  (—> AR.



(7

NOW N STEP R, WE NOW FIND THAT A I NOT REMGHABLE
AND HENCE ALLO EURINATE A

N GENERAL WE PERFORM RoTH STEPS RECURSIVELY

sTER | TEUMINATE NON—GENERATING SYMBoLS|

BASIS AREL ALL TERMINALS IN T AS GENERATING.
iNbLCTION

_for ALL  PRODUCTIONS  X—2 X Xp.-- Xy
JE. BAcH X, oN RHS 1§ GENERATING
THEN LAREL X AS GEWERATING.

TTERMINATE WwHEN NO NEW GENERATING SYMROLS ARE FOOND

STEP Y [EUMINATE NON—REACHARLE SVHBOLS]

BASIC S IS REARHARLE

e ——

INDOCTION = g proboCTIONS X X -+ Xp

= X 1S REA CHARLE
THEN LAREL XI} X})---)Xhﬁs BENG REACGHARLE

ARPL S— A& [ac [cd
A—> BB
G ) B—> Acab
cC—> Cq}CC
D—> Bc (b} el
STEP | WWNG? REMOVE < AnD ALL THE-
EASE {a:0,d] PRODUCTIONS THHAT
{“)“"’\’BJB’} CONTHIN C ORN EITHER
{a.b4d, prﬂq“j SIDE™ ’

Ta,b,d, 8.0 4. ¢<



OB TN 5 AR )
T
—. B —
D> 5|4

STEP RQ%CH-A&L'E?
— VE AND ALL
BASE {S”S _E_"EZ__H_Q—-——- b } CS\

| {s,méﬁ PRODUCTIONS OSING THEM.
{81“18101‘93

F’iNALLy ' S AB

_—— —>

G3 A —> BR
R —aalb

REMARY 1= WEDID STEPS (£2 IN REVERSE ORDE

S—scd (b REAUHARE)
D—> b (D GE%‘:‘RH-TIMG}

THOS  REMOUING C FIRST HELPED US REMOVE D LARER

Rerioving €—PRODUCTIONS |

€~ PRODUCTION A—>€&  SLowsS DOWN  PARSERS,

DEFN xeV IS NOLLARLE I+ xé)e.

IDEA NS NULLABLE SYMROLS REcorsSIvELY
BASLS I1F P CoNTAINS A—> €, THEN LAREL A NOUAB

INGUCTION 41 PRODOLTIONS X=X, X5 -~ Xk
1E BACH X IS NOUWARLE
THEN CAREL X NOUWABLE

TENHINATE (WHEN NO NEW NOLLABLE SYMBOLL FOOM.




EYAMPLE S—> ARC l BCR
A-ﬂ—D.a'qu
B—> cclb
c—> sle

¢,

FINDING NOUARLE BASE {c}

SUPRDSE  WE EUMINATE (&
G ——

omg___ﬂx_u&uﬁ wE <coLLD DERWE
s & Beg, s B, s RC,
s e, 3B, sDw
BOT Now We canT So we mMosT AN N
ALL THESE e©FFECTS VIA DIRECT  PRODUCTIONS

OVERALL ALGORITHM oy \nenmiey AUl NOLLARLE SYMROLS
b) REPWACE ANY BROD. X—2 X Xp--- Xy
BY "SET OF PRODUCTIONS OF FORN
X—> o oy - L}y

WHERE
SEEES ) dy=X0 IF X; NON—NOLLABL

D) of=X; OR & I X; NOUABLE

¢) REMBVE ALL €—PRODULTIONS.

TN _EXAHDLE N ABa[AB}Aa}A}BCB]Bc/cB[ BB /B/c [ &

A — QBIG} l’

e cclc |elb FINALLY REMOVE
s s:rﬁ_{ | ALL €— PRODS.



SO

6uTEH  GRIGINALY S & WAS POSSIBLE] BUT AFTER
FINAL STEP wWE DD eSE & FROM L(6D
. THIS 1S UNAVOIDABLE.

UNIT PRODUCTIO NS‘

DEFN  UNIT PRODUCTIONS A—>R (St DOWN MQSEI&S)

ALLORITHM erep | REMOVE €~ PRODUCTIONS

sepd M-X,Y eV
JE Xi-—-by AND Y—> of & NOT ONIT
THEN ADD XD

SEP3  EURINATE ALL UNIT PRO DUCTIONS

Fuoine X3 Y 7

SINCE. ND £~PRObUCTIOM£) xié\/ oNLYy 1+
X ¥, =D V== »»» .-—;->\/h==>\’
WiImH AL Y BEING DISTINCT

THos R o< VI
CAN DSE  REACHABIUTY IN DIRELTED GRADPHS

EXAMPLE s—> B

1 Y A—> Sa |4
B—> S|b

+
Alcorrmity o Foy S?B
-
R=>S, B=2A




£ET "S> Sala|b|s]alB &

A—D Salq
B> Su|alb [/

(CETIOV IN 6 UNIT  PROD.

S;%Sala)b CBSERVE A, B ARE
A—> Sa |9 Now USELESS AS NOT
B—> Salalb REACHARLE .

QUECTION O REHOVE  QSELELS 26-—~PROD } UNIT=PRrOD ALUL
TOGETMER, DDES ORDER. HATTER €

_QBQEE\)I:— a) REMO UING VSELESS ONLY REMOUING STUFF, SO
CANNOT ADD  E—PROD | UNT-PROD

) REHOVING €-PROD <OOLD ADD  UNIE-PROD

c) EMOVING UNIT—PROD
NEED TD REMOVE € PROD FLRST
DO CREATE WSTLESS @ SYHROS BOT

NOT~ £—PROD.

THUS  USE FoOUOWING DRDER

A €— PRODLCTIONS

e r——"

R ONIT PRODOCTIONS (NO €—PREDS ANSED)

£ userss SYHRBOLS (NO PRODUCTIONS -ADSED)



. ool
Criomgiey  Normar Form C

Deen CFe G 1S IN cromery NoRMAL TForRM (CNFY
ALL VTS PRODUDCTIONS ARTE o THE ForM:

- A—> 4 WHERE A, Y eV

THeoREM Gwen  ANY CFG 6, WUTH € ¢ (&)
CAn FinDd  CNE GRAMMAR G o Suekl TTRKT

L(Gg — LCGB )

GusTrRucnoN 3 Step Process

Step | EURINATE  UNIT—PROD R e-PROD.

s A 4
o A—-—":? X\ Xz_ P'Xk Ch; D\)

Srepd  REMOVE  “HMixed BOMES’
FoR ErCH a &€V ADD NBEW VARIARLE Vo AND >4

IN EACH PROD A X . --Xp  REPLACE B RY Vg

NoW  ALL  PRODUCTIONS OF TTHE FORM
A— a
A—> A A (e=72)

WATH Ay Ay Ap e\ .

STEPS “"EACTORY LONG PROD UCTIONS
ADD  NEW VARIARLES By By ... RBr_on



REPLACT A l\“\»*-’-\\{

B\"“—‘B A)_ B:‘}_

L+ ]
w
-

3

NER\FY « GET ONFE GRAMMAR
-« LANGUOAGE 1S PRESTERNED,

EXAMBPLE

S—s ABR |ab
A—> Ra l b o
R—> ahbB

(&

STEP o> 9
Np— b
g —> ARR|NaVp
A—> BN, \\lb\lq

RB—> N ANy i3

STep 3 N —>
Ny, — b

{S —> A X[ l\)ﬂ \J_b
X—> 8B
A — B8Ve [VyVg
R —> '\\u\/;
N A Yo
Vo> Vp B




