0
LonTexT Free Grammare

GraMMAR  NoTATION FoR RECURSIVE DEFINITION oF LAN GUAGE
(NEBRAL oR LROGRAMMING )

Exmpe ( Pﬁuwommesv

REALL PALINDROMES ARE STRINGC WHIH READ THE
SAME FORWARNDS AND BAUCWARN S

TS Lpa = { ‘06&:'1+ I ‘*JR:“‘*’E

CRA AR P Bi BASIC €,0,1 ARE
P—> PAUNDROMES
P— |

P— OPO ( nbucrion I PIS A
P— 1P] PA'LLNDIQOMEj THEN SO
IS oPO, IP],

IRPUUT  « AL PAUNDROMES AN BE" ORTAINED RY
MPLYING ROLET RECWRSIvELY

e ONLY PAUND RO MEX CGAN BE SO OBTAINED

EXERLISE™ Prouve ALLlonLy BY INDUCTION  on NUMBER
OF RULES APPLIED.

SAMPLE" APFPLICATIONS
oD p—> OPO —> 0 IPIO — dIID

colen P> ©pO —> OOPOO —> 00[00




EXAMPLE (REGISTRATION [ICT IN XM L) &

SUPPCSE. WE WANTED TO GENERATE LISTS OF
REGISTERED STURNENTS IN THE FORMAT -

<9\m0ﬂ><cw> cS 10 </ Caurng>
< studedn>
hame> < hamey
<none> Fred ddnaened
<1 s>
LR oI5ty </ caunped>
<>
<nane> P < fhame>
< nawne>y B dnane>
<r sfidlinka
i nadd> =

GrAnMAR
ZRAnlis RoLL —=> <xallS  cCLaSseS < InaldS

{CLASS'ES —>  CLASS  CLASSES
CLASSES —>> AASS

CLASS —> UALSNAME STUDENT—UIST
CASENAHME —>  <caumpe> TexXT < cawmaed

SWoEnT-UST—>  <shudah> vames </sthdlodnd

{ NAMES —3>  NAME NAREC
NAMES —> NAME

NArE —> <hored> TEXT <]ham>

TEXT —> AR TTEXT
TEXT —  CHAR

CHAR — o 4. AL ASCIY  CHANAGTS



EMMPLE  (NATURAL LANGUAGE) D

SENTENCE —>  NOUN—PHRASE  VERR—PHRASE

NOUN—DHRASE —= ADSECTIVE NOON—PHRASE
NOON—PHRASE —> NOON

NounN —> baud

ADSECTIVE —> 0480,
ADTECTIVE —~, o ..

ERMPLE [ ge)

Leg = { W 6an‘3* ] W HAS BOOAL # OF 05 app ;’53

GrAMMAR {g@ & {A —> | Q

S—> oA A —7 CAA

S IR B —> O
B — | BR

b oy
(DEA A GENERATES STIRINGS WITH oNE HoRE

L THAN o) write “B generaTes ALL
STRINCS  wWiTH one MORE O THAN |

VERIFY SV CENERATES EXACTLY Lee @UDUCHON) y
APPUIGETION
S—> OA—> AN —> OO ISA —>00[5) ¢

— 00| |¢
3 oolll A

> OOIIB—>00l1] o¢



FORMALY  crammaR  é= (V,T; P,S)

TERMINALS T BASIcALLY T=S

VARIAR LES NON —TERMINAL SYHBOLS “THAT

REPRESENT SETS OF STRINGS BREING
DEF-INED RECUR SWELY

STaRT SymeoL S SeU 1S THE SPECAL VARIARLE
THAT GENERATES THE DESIRED LANGUALE

C PRODUCTION RULES P RECORS|VE DEFIN ITIONS

NOTE. T; U, AND P ARE ALWANS FINITE SETS

Lee EMPLE e GrAMMAR  Gea = (VT B S)
T= {018
V= {5, A, B
P = { S—> élo»r[lrs)

A—> ISIOAAJ
B— os | ugg,}’

NOTATON R SET OF ROULES
A’“—_b o(l) A—#aozl) o=y A"'ﬂ"(i

SHORT—CUT
A—> o, \.OJ'.LI - )ogl?.




E

CONTEXT—FREE_GRAMIMR (CFGY  ARE ONLY  ALLOWED -TD

HAVE PRDPUCTION ROLES TOR. SORSTITOTION oOF
e VoM

A—> oy
WHeERrRe LHS. A e V
RuS o € VUT , FoR AL o

NON—CONTEX-FREE { RULES MIGHT SPECIFY CONTEXT IN
WHICH T ROLE'S SUBSTITUTION CGAN BE PERFORMEN

6. OAl —> O djody--- Lp |

pro——
- -
A e—— i

*rﬂcg ROLES TANNOT RE APPUED IN oTHER CONTEXTS

EERNPFHDI\S

——o——
p—

Sivele STEP FOR CFG G, ¥ «,B,¥ ¢ C\lu"ﬂ*; NAE

WE SR oL AR == AFR (orEry DERIVE
IFE THE RULE A—>Y¥ & IN G,

MEANS AN DERWVE- ¥ R FRrRoMm  dAAR

DERIVATION  SERUENCE
SuPPOSE” d\m> 08'2__,"_‘—-"’“:5 Dz,sﬂ:_—:__,_,"i _._‘_"“_".::_.,"‘5 O(—g']

WE SAY o, = o

HEMS o/, PERIVES o, IN & OR FoRG
DERIVATION) STERS.




*—— @
EBERVE =5 18 REFLEXWVE| TRANSITNE D SORE oF =

REFIEXNE o 255 o
S
- TRANSTWE A E5 B DY mpuss 4 ¥

EXPlE Leg s—=> e|\on| 1B
& iA-—b 1S |oAA
B— 0S8 | 188
a) OISA = 001818 (LSING A—> 1S)
b) oo6lslE => oollg (LSING  S—> €)
) ooisA =5, oolig ( vsing C«,lo)

“) S 2 ooillo

LANGUAGE oF Ccre 6 — CV;T, P, S) & DEFRNED AS
L(®=fve TF| S%w}

Convtext—Free bamwcunc 8 (CFL)  ANY LAMCOREGET WHILGH
HAS N CFG G-

_TERHINOLOGY |
. ENCE  ANY LOG:—['*_ SUCKH THAT S_:..g %) G.E WeL

Savmnta ForM ANY o e (v U—r\:l_ QUG T AT

s o

TERMINMS  aybse, ..,
VARIARLES AR, G-
TERNINAL STRINGS - .. UV %,y 2

Vo ... XY, 2
Cor e s | E.'\ﬂlhf ()2- R-.YT_--




(2,

EXMPLE (ARITHMETIC EXPRESSIONS)
- — (_\J ’T1 P) S>
-v= § 5]
=

-~ b——

- T= {29,%) 4% C 8

. £ E%I\(Eﬁ\“\z-\—e\ E+E

APPLY E=>E+ 5 = E+ CxlE = T Exb
= Xt ExE = Xt T¥E = :c_—t-%*E

NON—BETERMINGM

Consiver,. BT E 4+ EXE
NOW  POSSIBUS DER\UNTION STERS
- EXPAND  ANY ONE OF THREE ES
- USE ANY ONE OF FOUR RULES FORE

NON—ODETERMINISN . DELIDE

. WHIH VARIARLE (
 WHIcH ROLES

CRSERVE DETIDING WHICH RULE O APBLY 1S | MPORTANS
NON~DETERMINISH WHICH GIUES 6 1TS
POWER. & FLEXIRIUTY

~ BUT DECDING. WHICH VARIARLE ONLY SERUES TO
CONFUCE™ U< /AR. THE PARSETR .




&

leFmnosT DERWATION ALLLAYS SURSTITUTES THe LEFETHOoS
VARIABLE™ RY A PRODUCTION RULE |N SeNTENTIAL
FORMS ARISING IN COURSE™ OF A DERIUNTION

NOTATION _

—————

LA

EXAMPLE E — EYE = T +E = 2+ E
L Qu [/JTPN

-——> > E;—*E—_QB X+ LT+E ) - -
Wy

SIHILARLY a0 PEFINE RIGHTHMOST OETUVATIONS

E=— E4E = E«+ BExE = E+ExT1- _
- leg) v v

NOW wWE AN TAUK AROUT “CANomeal DERVUASTION)

k- .
SEQUENCES —=> oR. /™
Qun_ vy

DERVWATION "TREES,
ALSD cALLEDd PARSE TTREES IN COMPULETRS
\IDERA.  REPRESENT DERIANTIONS CLCTORIALLY

/\ ~
/}%_\E

/

T

->c/ :L‘{, \I )
! \



AROVE TREE REPRESENTS THE OERWATION)

IN GENERAL & REPRESENT A —=> ol

RIOT WABEWED A
LERNES W LEFT—TO—R\GHT ORDER GAVES o

INTERNAL  NODES ARE ARELED \WITH UARIARLE
AMID THEIR. CHUWDREN SpEURY TRE
PRODUCTION RUOULE" APPLIED TO THEM,

PLE =

AR, COMES FRroM E— EXE
E T =

A-TREE TREE ROOTED AT UARINRILE A

BUT CunPLY cALL PARCE TTREE™ &= pooT & §

VEWD|FRONTIER  oF A TREE & THE SEQUENGE O
LEAFE LARELS \WN EFT—TOo—R\GYKT OQ.(BEFQ

THERREN o 16 THE MEWN o AN A—TRE:
< AE o

,E&(&E" — INDUCTION ON "TREE WEIGHT
—  QEET TEXTROOY



o
OBSERVE  pREWEDING PARSE "TREE DCES NOT @
SPEUFY A UNIGUE WAY 71D DERWVE o TROM A

INFACT VT REMVES NON—DET OF wHitk ROULES
10 HPPL,\}’ BUT ORDER & \EFT UNSPEUTIEN

LeetrosT DERWATION] 1S ORTNMNED (BN TRANIERSING -
THE TREE N DEPTH—FRST ORDER, ALWAMNS
GOWG  INTD WEFT SURTREES REYBRE™ RIGHT oONE

E—=> E+E = T +E =D xpE = XAERE

SINWARLY RIGHT HOST DERIVATIONS COME FR20MH DEPTH-
FNST TRAVERSA( COING INTO RIGHT SOBTREES FIRS

E=> E+E = E+ExE =D ErET = -
2NN T~ Ed LN n

THEDREY  FoLlowiNG. ANE AL EOUINALENT STATEMENT(
FoR CFL 6= (UTiPS) AND  STRING w &T¥

@ vel(s) (& sHDW)
B ¢ X5 w
@m
e ¢Huw
D im
@ THERE ENSTS AN S—TREE WIiTH MIEWYD W

PROOE. CBVIOL S
~“REMARY HMNMNCENFEN I 1.7 1 DENIAAr— ™S A CONIT  r—sn



Q,
OF COURSE™ = coLLD ALWAYS USE Quy DERIWATION ~TDO

SPECIFY A CGANDNIGRL WAY "0 DERIVE ANY e LG
ol CONVENT PARSE TTREE TTO UNIQUE DERIVATION
— SIMPLIFYING “TASK OF PARSETRS

BUT WHAT IF Sohne we L) HAS Two DISTINGT
PARSE TREES A HENCE TWO DISTINCT Luy
DERIUATIONS (

EXAWPCE -t g * =

= ="
VAR PARN
et /E\\ E ¥ &
“}‘__. € ¥ E‘: E’/J‘“\E 'él—__
\ \ \
d z %y

L H. DERWATIONS

- Qo Qwn, [0JVN Qi

TREE QU —> E¥E = EEXE = ...
Cwn Qi Qi



NOTE™ Tiig NoT SusT A SYNTACTIC PROBLET), AS WE &
CGET TwO DIFFERENT SEHANTIC INTERPNE ATIONS

TREE] o + (¢4* 2
TREE 2 (Xty) *Z.

DEFN A CFG G IS _AMBIGLOUS = 1oR SOHE W e L(6)
THERE EXICT TwoO DISTINCT PARSE TREES ‘

IN COMDILERS PARSE TREE DETERWVINE INTERDPRETATION

AND WE CANNOT AlLow AHBIGOUITY

OF COURSE W AN EIx PRORLEM BY TFORUNG \WLSE OF
PARENTHES IS, BUT WE SHOLW REALLY RE—
DESILN "TTHE GrAMALR TO BE _UNAMWBIL QOOS

BY ENCODING PRELEDENCE OF ORENRNTONR |
( SEE TEXTROOK FOR. RE-DESILNED GRAMM AR

WHILE™ ABOVE GRAMHAR N RBE Re=DES\GNED T
REMOVE" AMBISLIT, THIS (g NOT AURNS POSSIRU

DEEN H GHFL. \S salD o RE ANHERENTLY AMRNLO0LS

= ALL 1T_S aaﬁhmm AREE AMARLGL0O]

¢

gYAaelE L= {a"‘ h\mcuncy“\\ NS \z { aN " he}“\ Wz,

)

Comsier STRINCE ©F THE FoRHM O Rpk kR

— CGARNNOT TELL WrETHER ™IS (OHMES +ROM
FRST oR SEWND TNPE oF STRINCS N L
AND ANY  CFG HWOST Mlobw RoTH OF
THESE ™ PoSSIRVWUTIES,



