S \]«mLax ond
Semonfies
Motivation

Concige Yet vnderstanclable de scriphon
of o 'P*nog'ﬂo\mminﬁ lomguage is difficold

_4&%@%%

HO‘Lnf]‘UqgQis Success

Fow instances,  ALGOL 60 and ALGOL 68
Were using concise Jormod descriptions.

g But descriphons were not
eosi [\/ vndercstondable
CPCU'U“V becavse aoch usedl.

o New no%mn)

l

As a vesolt, the Lan:guaﬂ%
hove ;ufje)zo(l

G ot Lofo((;ly aeceploble
Thewe arne othe languages that have

simple bub informal and imprecise
defirition. [ |

. Movru]r c{osely Srmi loue al:'alufls



5

Tscvgs of’escwfbfng o, fan3UQjef

Df’vo_nshly of *the people  who must unolerstand
the olescwiption. |
o Trnihod evalvofors } Jeaskbo ek

eles vequuu
o Implernenhv‘s for the design

o Users J prroeess.

Sveeess of Suvch  feedback
c.yc,le,s he,owik/ o(epenp@m

the c(art.if-—(,{ of Hhe
o(ese;\m'Pﬁm.

Pro yrmw'@ Han@wje ?wlmn}ows must
sndezstond how the

gxpress oS

S—f—afe:me,nﬁ oond
pYogrredmn  onuts

0)C a 'lanﬂuouae_ ate  JormeL.
Also, nteorded efieet-

when. thone expmss}mqs,
stodermendn  andl Progem

onite are oxecutdel,

pfnodly, Usets must be oble to deloemfne. The

Wwows to e,n,wv(e_ softiooe, solutions USing Tefornanse.
Mo



[Fj LANGUAGE ANb  $YNTAX

Honguages, be it nafwial | anﬁuage oY Cmﬁfcuaf
Lwﬁuagga N O ‘S’Q«f OJ(‘-_-

steings of chanasters fram'n
some a]phabuﬂs

5\/rv{%xx rules of o longuage spedfy thu stefnes
ofdwmﬂm H’LWF wﬁuwrnp fjmgwaﬁej

5
Waﬁ» :

For example, in nafvnal loviguages, sveh o in
English, thew ane o lo\nqe ond  CruplK
Colletion of voples

C Fore 5peufym9 the 'syhfux of ity

Senfences

In Comparison, |
Fven the wost complex meﬂ PN g

W«gw\je is not 5x/n/mﬁ1c0~l oty
- étwle



SyNTAX

/
In netwed [(}hﬁuﬂﬂe, Mhe torom Su/n,fax eoar)s

* OU‘U'(ﬂ_ngén’\.val of wovds ov thases
to  pyodure wellformed soenkencen.

Fovy fnsbnf_a.., conaidet He belpry —

the
1. NSU is yenkdpne privefe Urﬁvansfh/ I

" Bo«n&io\desh

2. NsU In Banglo\c:?esh Prﬁv’afe Um'ue)wify ‘s
the vanked-one

Tn the obove Two examples, |
boHh have some

nombet of words and HlU/ o Soume.
Yericol Informadion.
Buf we prefer stovedure AL

Another exarnple :
1. Stdanks finished cSEW2E happily
.9\, Stodents Fwnppfl\f Fnished csEL2E
3. H'apf)il(/, studonts Frished csgy2s
B‘/ ’Teowmr@fnﬂ "h_ctpp‘il\/"; we obfodn WQ,H@-(MHVQ

opi—"to—ns.
s Thwee Liffount 6yn/fzax



@] Syr\f‘a\x N PwoﬁY’ammrmg ’MgW&f]QS

For o p\raogrtmu'n}ﬁ lcuanﬁe, Synfax vefors b

a sef of voles and g

> Gowwdly, Hese sof of rols are

Suffiienf fo 3%@«{[ vodi ol eodes
S0, We Gan S thef —

SVW vefou \f? gyazfve}s Oﬁage}u'n&_
Mwﬁ& ,;J :stfgc oA Sels. -

R Diffonent for difforenf
prmﬁ r(amnﬂm:ﬂ |
P M%wﬁa
Fote msf‘ar)de,, SRR SHWW{L Y Jvl.Io'ws

o Qroamm

the (fU“”Wlhﬂ , roles
<while-statement> vs = Iwh‘fle (< >) <5WMM2

1]
e OHHJVD
W le% Cern <§7nﬁax
SM; |
{ “




g A few definitions s needed to describe Synjﬁx

Nexemes
& In nodorot la,mjuc«ges such on in
| 0% Ehﬁ”sh
‘ go:o“ oD " Refeons Fo a e W?H’)
o5 O of’tshnuﬂlve meamtmj

o« Example: Man, Studunt, Food
In pwogrcammfng 'Icmguaﬂe:

¥ Lexeme means o Sh’al of chaators that
one. the  bowedd-lovel s\/nmﬁc vt

v In o p\no\cpﬂca/p pwogmmwuyﬁ !angvaﬁe, |
Yhere oy tnfinite nvmber of Jexernes

(posgfbho
W ERRS T medie Tifendl
& 'OPWIP'O}"iﬁ
Given thaf o sowwe code 15
= 3,
then, hetemes  ane
N TS

o



B Tekens

Nexemes oMe 8erwcaﬂy pwdlfﬁbma? into
gHovps —

names of varobles
mekbods
clemes  ofe.

-}

= Fach lexeme group g
DRQH Y’epvesenfe% b§ O hamd. .

S0, token s Hhe cafeﬁcrr’y of l@xemes_

W ToKens of o pw03wamwdnﬁ Ianjua\ﬂe AL
finide ™ number. | |
W Somebimes,  token cant have sfngle lexeme,

@ + o\rd%meﬁe operwgvr 16 the
only lexeme for  the onding
ooy corowpon i

w  So, Tokens hove collechve mu.nxfnﬁ



(B E.xAMPLE ! TOKENS in C

Thow one  Six a?iffefuﬂ/( fypes of Tokens In

C.

@ ¢ KQVWOY'JS P Can't o vseo(o\n varu able or
constant break, for, while, do
'f; QlSQ,. Io%a?nt9 '

D) e Jiaﬁerv{n—iffms‘.
Geho)mﬂ{’y, - sequente o&’ v i ea]
6&3/‘/(3’ Tt also neludes sequente
of alpha\bd@.

nome of VM@\HQS, foneHoms, efe.
M. exounples,

User-defined  names msisﬁ"nﬁ of
e-standond chortadder sob and

IDENTI FIERS
C}‘ identifies  parhevhn

some of the. ¢ standond: clement in 6. program
| o No Re\fwomg com be on idenkifivn ~ |
Fivel chatador must be o aﬂphaba;fl/vndmm
Fach idenkifivr chovld be vmgue

No wWhifespoee charaddot |

Noume should be. meaningful

L 4



% Discussion on

RESERVED WORDS/KEYWORDS
Vs,

IDENTIFTERS

o This is often confusing tor difforenfiate bebween

Hese tvo,

Gnreally,
Tf Resowved wards / Key words ot
namea(, the Some name  coniofl be used

by OO I'Oe@/%fl'm C; Choveou Lert Sm“n?
o, Jor instane, the Jollowing Tdentifioc

nome cannot  be wed in (P
double ?Jc
<> a if is o vasowed

| word.
Prede fined Tdendifione
L) Given on  fribaod mamfnﬂ for
oMl progruams in the language
example :  prind, vound
G T v Hhon
With these sels of informodion —

How do we diffountiofe befween
doif
do if



This c&mbi\qudﬁ/ s elfrainaled Usfng-——
Pm"mfple of lvongq,s% subsﬁwfhﬁ

§

At eath poinf, the longest
possible stmlng of nomn-blank

choratbors 15 spmadued an o

(sfnﬂle token
su\q\c]%f
in do if, thew are two
vosowed wopds —
do
if
ond 1t is not on Identifien

[ ConcEPTS OF  FREE- FORMAT LIANGUAGE



(7 CONSTANTS (3)
Constants dont change  duning the e ufion
of Hhe program.

Consfants e of clifforent +ypes —
o Ihfeﬂe)c con stontn

10, 18, 25
o Covld be Bdad / Hoxadecimal

o Chotothr tonstant
v enclosed b)’ single guote
AL B e
0 SJrrf?mj trnstant
W Sequene of charoafons encled
v$ing drable quotes.

“Hello ", ¥ World *

[H) Read Constants

. Fop tstonee, Pr= 214 ;

include <steoshy , |
#"mc o The code 8@(@1&%
\ﬂ/{l Mo C )
i eHHOIt, o Cond
comst dovble PL= % | cannet be Inoremented
peinty (V%f Y, PI); | ) o
PLtt, | |




[ VariaBLE ()
e Gives name and olloeafe Ne sty

mamowy 5p0Lc’Q.

» ‘Ma)y Vary dofe Cunfnﬂ the oxertidion
0f the progtom

* Vaniable | gmmaﬂfy Stores valve

Q W con c}mnﬂe it valve
Mﬂj exeetion; that s,
valve “vpdafe is possible

Im (“)'J ' ¢
voriable names must follow  eobain
vroles —

Valid nawies Tivalid vawes
Oge, —age 18g¢, agge
H STRING @)

o Sequence of chartachyes,
A vepresenfed by druble queter.

“["{Q”C) I , W Nova[jh’

m opowdors (@) .
o Adn e Wnupzfr’; and  Aoeidss hfpa
of opowd ons to be carvled. oud.
o Porr bama ¢ MW WW\SM;
_mﬂpmuﬂﬁﬂlbm DO



lg] Exomple of Uexemes and Tokeruzahion
let vs considoe the bedow  stodement —

FVWPQX = 2 % counf + 1%,

T = 1 = 7

lexeme s Tokens

Inelex idenk fior. 4(9‘9/
= Qquafﬂs}gn Qj—G"ﬁ
2 ind_ Iiteral A (.

* mult_op

Counk i dent froc

+ plus —op

17 int _ liteeaf

) semicolon

Ihy TAVA Tokens
. There one o\bovJF" six. Tokens Java

1. Tdenkifiens
Nowmwes  thonen by P AL

N

A kaWUWO{)S pred
Nowner Hhad ove ajmﬁ\cgy M

pro 3Y=Mnm7n3 languede N



3, Sepmmﬂcms

O‘J’)Oa KﬂD‘WVl AN PUHJ‘UC\}LDT"S
Generally, punchuodors

. HTJ( PS: NUF)’)@'LL',L,HIUI’L{)' ond dpuble
- Hogfcaf ~» boolean

Textval — Chon and <tein

RCJLQJ'(UMQ-—) Nuvl| 3
6. Crmments -

L“one,, BloeK

% whifespoee helps o Hovidde Hokans
é end, of a fokes

Sﬁm/fl 0j* onothert
Joken .



i In mm\j olcf({)z, anﬂuaﬂes Iofenﬁflms Ienan rs
Sived— Thot is, identifiors have maximum

~ength.

I'n com&ﬂasﬂ
—%HWW

‘,W NOC of 1dentifio,

j/ Howevert

often, the fiyrst i or ot
chorodos ave 8unwu‘ ﬁ‘r’ be.

6xgmﬁw«nﬂfz

Problem aruises for vwabl@—}@ng% Token such an oan

Iof'@nﬂ'flfm |
How to dedide the endl 7
- g NQeessay Yo
Zggif'{ c?xéhnﬂwsh bce?w(/aa,n
XI mg\ﬂﬂ* ldenf]ﬂfrms ond Yesowe
words,
QX 19 |
\
ki constoant

blark spare



[ C-example : ‘Woxernes ond Tekens

Consiclee  the “ while " stadement belsug

wWhi [e (')c = 5>
K= "~
Hexeme loKens 1
whele WHILE ' Task of «
C LW PAREN Lioxical c‘mal\/zem
% IDENTIFIER, | 1¢ T0 CHeske
povus of
.- COMPARISON | loxemes owd
tokeans.
5 IDENTIFIER.
3 R.PAREN ~
o IDENTIFIER,
_ ASSIGNMENT
— ARITHMETIC
A INTEGER. i
i
o SEMICOLON J



® Considerc o Jova assfgnmén/p steternent

assign > Z—) Qvardy> = <e><pwzss:'on>

LHL S v AoH:S
Hue |
< Text  fo the left of orrgiy—t s LS
Toxt to f-h@_‘_m‘gh{ of o | RHS
Consists of
Represenfs | o s
Rbsf«r,%p-{m e Mix Of Tokens
being defined . thare
iXaiple: - s sign’y - Y‘e‘]{w oo
PO | obstrodiong

Alfogeﬂrw-c,
This deffrution is called
vole or production

W/ Tha obove vule SPQ/u'ﬁ:es

obstracton <assi gn>

l defined an
‘ Jollowed b Jollowed b
aobstradtton vy i y_} le.xeme = &ﬁy |
o ‘instones of ab%mf-fﬁ
<lexpyestior
EXamplQ ’ b

Sum = sublotal]1 + SubYodal

S [ S Ry

Vet Lexeme eXPYesnd o




B FormaL METHODS oOF
DESCRIBING 5YNTA><

Humonn braun s blolg:ca!{y proJmmmed fo leann
1omguage

S0 Icm\gbmge jaculfy is lnnafe.

J/ in addi Fon

Minel  ronks 0fvru°m3 the IQM@
of o lcmguﬂe.

Ac)wmﬂ{nﬁ fo Chomlsk\/,
Humans can kwun & [anﬁuan

Jor Hhe lmﬁwshﬁ fLLLUH"/ with which
a humon child is born with,

6(‘084 Thas is the Tnna}é pw& of }rwmobn_

Univeusad gnammoﬂ (UG)

00 |

e :
M%thausaof lanquage.

/@029"}:‘& < Jor an aduls s mo:ﬁ ;ﬁ
A o a mendzf exereice

_ /



Precisely,
Y Noam Chomsky pmvid’ed’ Soure elagses
of gHOMmMATS,

@ Also. known ap gene}mﬁva devices

TVYO ij H\OSQ, gl'ulmmow C[a&ges —
0)  Confext-free
b) Regular

oM vseful Jor describing the syntax
of programmiing Lcm\(ju%e,

X/ S\fnjw( of phogramwu"mj con be deseribed

by eonfert-free. granmons. m%nfy.mf&pﬂ?ns
CFG |

LA Shorcﬂy affer Chamsky’s worK

# John BaeKus, in one of his seminal
popet, intwodveed
o hew formad notahon fors
SPQC—EJC‘]’M\@ the pwagmmm?@
| longuage synfax.
@ The new notheon  won lofur modified

slightly b\/ Peferr Nawrc



S0
John Backus's new Jt/mLax nototon

l modifed by

Potert  Nawuvrc

\U/
Bockus—Navre  Form (BNF)

Tt 16 the noturad notation
for descrafbf’nﬂ symt'ax.

BNE s hemly idends eod o
@homsk\/’s

[ A few Fundamendals

Co n}ex‘?—fm grammast

Metalanaoge ¢
39 A language thot is veed o deseribe

onpotherc lanﬁ uage.

Fov ingtanee,
BNFE 15 a meﬁlanjwﬁe

Jor pvmjmmrm"r\)g [argucgé

W DONE uses obstrackion for syn}m}l?c
strocfures,.



[y Torrminod Vs, non-terumimed S\Iﬂmbolg

) 9

lvexemes ond Tokens Abstradkitrns tn - BNF
of any vole e, description o
Totminad symbo[« | nn-fenminal.

BNF destription ¢ |
o Also, KMWI’) N 8““”"“’(5\“

s, known < Tt 5 o -tolleckign of voles
e 3H6\MMN’(

l
% Non ’}QILWHV)O\X é\jl/HbO‘S Co  have }Lwo or more

O@shnvf ofeﬁmhmas |
g Two o mave symacdk ]%‘wm |

W Moulhple ofeﬁmhtms con  be mem o)
0 single vole.

G Altotnabive defickons orw seporafed -

by The m})o! | (0R
Y 67 COL):)[oarcai OR_



[B1  Mefasymbols : usefulness

W Sometimun ,ﬁrrzmafﬁ’rﬁ is pof  avaulable

[% Text
( 3 ham(wwdﬂen texd

Melas yrabol 1s mpve

vsefuf

As ornaw (vsed for * fefiined 00") s not always
ovedloble, it b ofkn veplated by |
mefaxsymbo! =

S0 b alo pure fext
| nstfunee | |
Fov [nsfunee, sentonee —s rown-phudse. yorb phase

l meﬁwy mbol

<senten t@> i (noun-phrmsé> <vmb-—beca59-



1 Context-free groammare CFG

When ol Hhe 5ynfw( rUles apply

reﬁmofless of the symbolﬁ before op
aftot the vules l

| Condext- Freg.
Lief:s consiclue the below example — [1]

@) Senfence = noun-phynse _v%ifggiﬁse
@  noun-phrase = qubiel, hoUN

@ orbiele = | o | the
&  nouvn = boy | 3i°.m{]C0uH dog

E) voib-phase = | .

€ vob = sees | pefs| biles -

HQ}-(_Q9 -fho_'kmm?na/f SymbOIS .
Q5 T the! tboy) it sees pets’ bifes!

]:4] Notes  fromu Pr?éf. Tervuy R, Paupe

¢ [}
Uf).f.i]d)ﬂ"—';i"‘h (‘i'lc l_nowﬂ\‘?'i’)hﬂ‘

vertb  noun-phyase



F1 why s it confext- fitee P

t

* Non- fmwn&frs a.ppesit s;rgl}/ on the
Weft Homop Sicle (LHS) of Phoafucho‘ns

» Foch nen-fouminal can be mplmeof by

oany Yaighf hond  ehojee

No maollore wohute Hae
| nqw-’fmmfn_g‘,( appeates,

Fssenee. of context - sesfﬁufjryf

Tn obowe example, we have two voths —

1) Sees i) Pafs

So, o»c,wwo&“ng b the ghammar definedd, the
{ voubs — sees ongl pets — will moke wnse in

the sendenee 1If ”fhﬂ/ o Used with  the 5ub\)'u/?
3?%1.

Could be wmsiduied on an instanee of
 eonfext sensitivity.

W Cordet - sensitve | SMWM asn bo welthn oddi
b mM&msnhve 6fmn‘3é b e of Hu,nﬂ

gmmw Fules.

Con{exb-c@mu‘rrmfy is also treated. oo

svnfac e 1ssue



% Exc«mple © Context Sens?ﬁvﬁty
Cohs{d’er the case obtaaned in vule 4

= %e 8”‘0' veotb-phitase  vule 4

First  letor should be.

copitalized

L

Context- se,nsfHuhLy
We con define o cordext- sepsitive ol o !
beg?nn?ng oithiele — The jA

The Fivyst Tule__'ts de fined o !

sen/{ze_nca ~—> beg?nru:mg NOUNY phyase, Wnbph(&
T o frele noun
Finally, the dovuvation looks on follorys -

5ch€ —> begfi’ﬁng houn-phiuase wrb-phrease
— .beﬁgmjhﬂ article noun vertb-phrase.

—> The noun V@’Tb*Ph:mse] trnfed

sensibive,
— 8 hule,
&



Any senfente thaf madehes Hee provduations  on
/ o ,
Usted tn D@ 18 a wlid syn}ax.

4 97\0! sas o boy

: All amx valid
o givl sees a gind

dym‘ﬁx.

7 37Y=! 3008 Huafoc]
@C_y@oju/_; bifes Hhy o@]

e

the, dog p@%ﬁmﬁi’h[ |
aof’oj pefn M bm/_ f

&

4 o @,[r"mfmafe

o Uhionfed  senfonces withouf
Mposing  confext sensitive gribmmort, we speu fy

o somankie vules —
_ _ Y boy mmy/_ ot .,bf%e 7\ d% i .



[ Confext-free greammorts and BNFs

() Senknee —> noun-phvase  verth-phase.
@)  noun-phrase —  ontHele  noun

3 ortele — QA ] The.

@ WTh 5 givl | dog

&) vob-phae —S  vertb  mpun. phyase

©  vodo —> sees | pefs

Frowe the above Yul, e obtus homber
altoinative  opfions : o o of

A 8%]_ sees e 0?03

A givl s A g Productions

The girl  dees a olog
' The dog pefs  the  girl

LI
0 and w0 om

’Am}’ sonforee  Huf modthes e  above pr'ms
| s VALID |
In ﬂfmw’ oy condense. whith 15 olouvedd Usi’nj
orodvetion vule 15 saad f be

oynﬂmb@r'ca[(y oot



{7 Duvvetion +frmm  BNF
Sentenee = rouvn-phrase verb-phriase  pule 1

= onhele novn veb-phitase Hule 2

= the noun vetb-phiriase. e, 3

= the gikl verub-ph zase Made y
= the gl vef;b noun-phicase ruuk &
= the girl  sees NOUN-phrase Hule, ¢
= qgitd  $ees  ardele  poun rede 2.

He
= e g‘iw{’ s A nooun rade 3
= te gid ses o 0(03. Hude, L

W/ Heve, i
Seven Touminals

S non-toumimals
St Produehions
As we see, thaw are fnife nombet of senfenees

Hhod codd be moole oud of the giteummare witen

obove..
J/ However,

lmgwﬁ@ defined by CFG o not fiite



Grammons  ond
Derivations
A grammar ER ﬁemno/tafuq detuce  for Of)eﬁm"rg

nguﬁ.ge,

Senfonees of any longuages ovte ﬁQJ’UULO«/FQCV Fhirough a
sequente of &PPLLCC«J‘{UVIS of the yules.

)

non-tetminol beging  with a lseeu'c\f
g Abstroddions in o hontemunal of the greamiman,
BNFE descripHon stood- S\/mbol
‘f'@)'cmfna_(.g

C> Lexemes and fokene of Hhe vuke are callecdd ferminals

BNF descripton = Gvammar
QGOHQCJ’{O‘H of vules

P

}_(o,ssxgn>’-—> <volt> = .m<e.xp“r'essfcm>
. .5 R.-H.s o

Lieft-hand Side (LHS) :
RLﬂthmd’ Sicle

Absteofion bemﬁ ole fined
(Rit5) : Text fo the w'ﬂ}mg

e tokens
e loxemes

o Yeferenets to olthox obstrauion ¢

of the MO, (prsists of

LHS ondl RHS, altogethor,, makes o role, 1t s also
KNOWN OV szfu on.



Considor 6 Grammar
L programy = begin <stmi_list> end
stmt-listy = <stmth [ sty | <stont_list )
(st _/——> Qov) = (expression)
ywey =5 ABfT
{expression = Lvorey + Vared | varey - Cvard

lenguage desevibed by above greammart

¢ has ordy one swmefv{z form
* Progrom consists of le specrad s
beg:n |
d Followed b7
Vst of 5‘&9«an;& separcated by semcalons
J/ fo llowed b)’
end

{pregyom) =5 begin <Stmi_list\ end

~>  begin <5+mic> <SJcm'E L:sf)

- begm <vafth = <epress:a'h> <Stmte L|ch>md
7  begin = <€xPY’e551crn>J <stmt_list? end
> begin A = Jvartd + vardy | <Stmit_listy end
T obegin A= B+ qvany <stmt_lisly end
> begin A = B + € <stmt s ond

- begin A = & e ; o) = {expyession end



— bg_gfn A= [ +c, B = <exp’r'é.§63m> eno(
= beg?m A= B+C, B = <vorey end

> begin A= B+e; B= @ end .o (D)
All the afmivov@fahs, such as this ong, be_guons With a
stouch 5ymbol — In the above case, It is
PP og¥am

How i we dodve Hie ecr"? @ ?

Wwe. Qﬂaglmedzl nonfecmnals  one .by one.

C} Dfmc‘ﬂ'ow/wm/s o veplase creatfes
twve altertnative derivotion 13,3@5,

(1) Heftmost  dertivatdions
@ nghfmost deri vations

In the previouvs derivation

Y‘eplcuteog nonferminad e a/wmfs fhe.
[ Weftmost nonferminaf.

Devvetismns Fhot vse s prdon of
"mplmmema are callel
Leftmost dovuvals ong

Douvakions continve wnkil’ the
5@!),Een,p—|0cﬂ j’O’hm coWns no T)OhfeJtmfn&’\/

5.

1 Deduchion oy be Mghﬁmosf OP WL s prder
thot s neibher 'h'aﬁhimost noy Leftmost



@1 BNF example 1§ stedement  (Tave)

Cif=stol 5 — if (Clegie _exprd) <stmis

< \‘f-—5+mjl> —> ff<< !ogfc_ e;qu>> <s+mt>
else  stmit >

As weses |
Ih Z wrilten in

! o0
two diffownt forms.

The o forms of If stafement can be
Written Usfng !o\c}icaf OR,
_ . | | OR
<ife S+mf> - tf <<103Ic..e)<pw>> <stmt > ‘

 f (< 108:C~€)<PY’>> <lStmty
else <S+*mf:)

, USQ’OQ'
@ Summamf; BNE > \7

NP
me,hmsvmbols ‘ 7
= defned on

T ‘ --
< > Mﬂ le braekKet-s svhhounaf)
non-fereminal symbc)ls
seporodes  altonabives |
- <oddop> iz o+ B



B Anothere Example ;

Consider a grrammare for

St mple Assfgn menf sfa/fefmnps

<o\'§.518n> <|A> s <€XPY’> 0}(\{(\05(}

S S>——AtBlc | &
expry = D> + Lexpyd |
A4S % <expv>]
(Kexpvd) |
) iy
Considor the stofement
A= B¥(A+ e)

Lassigny = <idd = Lexpvy

> A= axpr)
A = <idpx lexprd
A= Bk (Cexprd)
A= Bx ((fa() + (exw>>
A= Bax (A+ <ex,r>w=>)
A = Bx (A+ )
A = Bx (4 +e>



[ AdctiHornald exoumple

Construet
U A= Ax (B+ (exA)) using  the
GHOMMAH of}eﬁ%za(
previously.

<oxssi8n> — LA = Cexprd
A= id> <expr)
= A % ((@(pY*})
A X (<t'0<’ >+ <€><p~r=>>

—
N

N

> = Ax (p+ @-XPY‘>>>.
VA= AR (B (idy *expd))
> A
- A

}

A
A
A

) A*<B+Ce*<taﬂc>>>
= A% <B+Q@+¢-—A>)



A
TOPARSE L p e

A fo points fo be nofed—

W Syntox  establighes struefure of o senfenes
0 & progyroam
]

L% It doeg not 56\)/ abou! the me,anfng

v Insted, Meaning

1S deolf by Mo

of o Senfence. ov o Program

SEMANTICS CONCEPTS

in ;
For sfance, In English serufm(:es,

W Two Pc\rc;}s — subjec} cmo@ PY’eof:'ca7Le~
Delocmine Hhe mamu'ng of
o Senfence. ‘

”5 U bo'ecjc Py’ e caf (2
C a.choy </ othorn Hone -by the axtor
Noun-phrase Yorb-phrase

So, o houn phrase 18 plecced trst oo senfanee
ond s ascociated with o 5ubjeef’.



B Consider o greemmar for expression ~——
QXPV? —> expy + expy

g AofaC"nﬁ two vight- hond
WO E?d\ﬂ CX Q)CPYQSSI'U‘Y) 1o obfzujn Hhe
hejt~hmo( expression.

So, we omrtiafe owrt desived semonfics ko
His constpuef:
g Defined on |
Syntox-divecled  semantres
To mokKe use of Ha synfuu@l‘c structue.
of o program to defeumine its wemantics

we need o wok)  to deséwFB&
He. synﬁ\x obtoune by dovivelion

\L A standor A way '

PARSE TREE

s howkehead Syn}a.uaic sfrucfure,

| mp[mmm{z Jj -o\ d@duaﬁ'mn
b‘_> 0:" cS'ynJU.X‘




& Example : Co nfext- frec gapmart
Consider, o Simple dem ouethmebie gromumast
eXPY —y  QXPY + ewa’ expFexp [ ]nvmb@t
number — numMber opl:gf{[c’f@i’{

digit—o =i wfste 7 &5

Obsevation

¢ Reeuvrcsive naﬁwm .

Q expression can be the sum on
preoduef  of two expressions

¢oth of which con bqa‘um%@c
sums of prodvels.

Exormple of reewtsion
qu_f‘lm o ob)ebp n Toums Of
tself |s KNOWN O YQUHSIOT

o Cun be wed fo define sequente, o

sefs. |
Crnsidor 6 Sequenet of powors of two
| An = 20 Joe = Uy 1) 2 e
D: ’
Qo= 2 =1 e Ser
qp_:"" QE:H .';‘\)LQ/
' 13}
a’b-: 2-?) 28 Q“Q} "DQ;S .



(e Reeumélbm axomple : |
SE>=32, Sh+i)= 2F0)+3

| Fibonaceei number ; sequence of numberzs

Where,

FeRet

Fh: Fh-i + Fﬂ"‘?. |

ond conventionally, FE =0

Iy comning bock to the wuthmelle exomple —

v The Yeawtsive pw»d—ew) sbps by
Sde,e}-f’ng the odtercnative. 'numbet”

’ Agou'n, o Hus yule, ‘numbat’ ts
vsed to genoxafe o sequirite of
digits — -

o instanea, |
numbat 2234 con be

consteuided an  follows:
numbat — - number Oﬂfﬂfﬁ ,d{gff '
numbere gt
numbot mit
o(.ig‘i% Ougit-djgif

0 0@‘3}{ obﬁlf‘
23 oligit | § Ty 2345

2% 4

1e b Ly




(] PARSE TREE
Example

leds  considoc the English senfenes
the 8i’rvf sas o oy,

SQJ"HﬂQﬂ(;'Q
/
NOLIY PhYese verb- phyase
Y VN
antrele noun noun- phrcase.
| "/
the girel 5008 ofiliale Ao

|

Qo dog

¥ ponforminds are of fn}enm nodes.

G node with af least |
. one. cheldA
w Jomnale ae of  eaves.

G nodes with mo childyen.

| W E;vv)u{ subtree of o pase Frae destiribes tme
- instante of abstraetion.



Sl'mz'lc\rdy, free for the numbeot 2314 s o follows ¢

Number
/hU§ o@@ff |
. |
nuTbm digrt i
O(’l;o,H: {o,
|
2.

W Sevdure of a parse tree i (rwplefely ‘SP“U("”(
b)’ e graummar vules. of M langusge. ond o
dodvotion of a pasefiewlen Sequense

< of founinals. |
Grovwsor Yoles speeify the struefwne. of
ath infedor mﬁ{%:y
( ;’m.pln’ai
Steps in Hu dvivakion frr 234 owd

M,Wtbw—{ of ?YL?MM,F rwd’e.s in M
@mnmsﬁah/fnﬂ | |



'F1 Porse Tree for 3+ 4#5

Given QﬁamMAaw.__

xpr > expr 1 ey

P+
(expr) |
NUMbek

hYmbgr —> NUmMber dﬂ:ﬁ){{

it
O"/CP'Y‘
CRPY—> expr ¥ ex py | prr‘ Qx Y
7 @XPYHEADPY k eXPY
S rumbat + expr k expr numb@ﬂ prY’ QXPP
-~ numbyt + numbar + expr
- Number + numbur ¥ Y?UV”b‘md'(ﬁ‘£ numban numbeﬂ;

= o&gtf +  numben + numban J

- 0@31{ + c@cgif + humMbek g 0(;3:{ ’cff'gﬂl-

- d@n F d@d,*fﬂT{ Cg
A 3 d@}% ¥ oligit |

’> 3 + L % Cplﬁi{
> J o+ 45



1 Anotherr Parse Heee
A= B¢ <A-f—@>

{assigny

TN

Lid> = <expy>

SN

<idS ;"{; <€_x pY’

PN

s ¢ &

N

Kid> + <ex P"Y‘>

| |

A ZIdS

| ¢

7 Condansed  parse free

(9 Abstroct

v Al towanals om&( MVJ"MM'V\OJS

n a dovvabtn oare  Included /L‘

in Hu panse Tree | /’b
wo e, ot ol Foaminals 2

and  nonfuum nals ane
b ddowung the sym
Stevedune.,



L—Eh SH’UJWL@ of _H)e OXPYESSIon) 44 ¥ 5
Can be eomp/efe!y Aeforndd ned from e

belots e
+
/N Conolensed Parse
3 ¥ Tree
VRN
7 3
All  these trees oo known  an

Abs#aa#éyhmx;aes, oy o‘f’mply
Syn/fw trees

I Abstract Syntax Trees (AST)

e Abstrad the essentio Sfmc}vmbof the ?QMSQ
| tree. |

o Remoue the dwminals fed e Yo,cf?unafan/@_
G onee the stroetore of the treeis ,

abveady  ofederumind.

M 15, w - - |
AST  vefouns the asgenﬂfa/p stro fue of
the  parue free bt |

elingncdes  Hhe  oxtraneous node

EXG.EM..PIQ: G¥2 + O%x2% b _’__' '

x~ -\-x
N
O\/> o



H How o oblodn AST  frow eemtpfa»p@_ Pmse
Tree.

W Choun of &?hgfe prodvelions  should collapse
ond  the opoakors  mgvg bp fo fhe
pmuam& nodes. '

EXQMPle Gor/;sfopejt a - pae H’QQ W b@PUD\J—“

/' +

(J[E l ¢ Chaun collopses
) ’\J ™ y +
; } E*: j i 15 / \
| ’, ! * 'd3
T =

1 2.

(‘ J = | 00;40((2!15@0( PMSQ i‘rﬂi
RNy ) Abstradt  syntax free
G @ 50 cSynﬁax W&Y | -



[y Discussion on  AST

o Of fen confusfmﬁ S
M '"SJFOJ@W)UJ —> QxPressiOn sbfqmenﬂf' staterment

.Hm's s not what s dore 1

outvaf PYOgTam
R Impowfan;ﬁ o the oPesijmerz ond tra slatop wyltor

Deccwse, o ! |
It exprosses !anﬁuaﬁe's assenfiaf

stroefore |

Twmslafbw il offen onstroef AST becouse
it 1s concise.

}~—) H&hy compilens and ?nf@xpmfms vse
AST.

% PARSE Treo 3 Syntox Tyee

o fosse tree: &ePlacemUJ PO edss QWPMF Jorm of o fmmeme

in a dodvotion pshn
8rmph¥cal’ representadion

o Infwuor rode mpm@r& o Foch infeuor node yopresents
rammon vole. o opeatoy |
reof nodle fmpmm% o Rosh laf node is for an opeand
toumunol

o Provides evety choswsfostie Dot _pv’oufcfje okt | fayual
mrfg_z;novﬂ%tm frone yeof |
Sy



[H1 AsT - Example if - statemend

Consider Mg GHamualt yole

ugf*Sertemewg AN ?f (expwess:'on> éfa}mm)fzil_fg St

| # Mo need +o  ~veeord

‘I](*S)fﬂ)’&meﬂ} keywords oy

punctuation. So,

else,1f, (), ane
Yomeued

Jf ('express‘non.' ) 5@@(@,};}? e)s¢ SWM
| Condlense pwse free
Absfho\op éyn-ﬁax tree
'lf~ S1L aJer de
/ \
KOV essiony stafemont shafamont
L)—EI] RUIQS LfU?" CtbSILF’(U,P Synqux

" on ke written in - GNP spylo

;f ”STLO‘W@% — €><PYQ&S{DV) &fafemew@ 51Lafemenf



@1 Move examples on  AST

Considot the gramwar: £ — T

T ! TokKens
,__[__% T*F—(F ,:f ;:GLC{_OY'S
F— () |id
Construed id = id s id
Forse Troo AS
T
/“\
1 X




[ Amb?guﬁy

Two  diffount dpuvabions  can have same pavtse

W Gyiommal eAPY —> expr + expr z expy’ % e%PY( CQ’QCPY;) l

NuMbor
NUMbet— " 1y por Ofig?% | oﬁfgif

5 Constoved 231, dligit = of1]2[aju)5]6]7]2]0

NUMbOT > numbey 0!8}% @

NUMber —s NuUMbH dfﬁ?%

—> Nvumbore 4
&»ﬂ‘m_

- numboﬂ of}ﬁl'{ gﬁfg}-&

— d?gi% dll_c}if dfgi{ = Numbaox c?r'gﬁ L
- __,Qﬁ)Offg’E d{gi{ —5 nNumbex 3
2 diai digi
> A 3 digit — git 2 4
> A 4 — 2. 3 A4

Hera OFBH nonfotminal E

SIOW-} {O\H veploced fyst
number Parise numbest
T
' huwﬁ \a({?i{ % nu@ \cbéﬂ
.nurnb/éﬂ \ou‘g“ri i | num{ >3‘L i
0@1’31{ . 3) cﬂrﬁjmjr £

- |

- .



ol ffocnd doi vedions oo also lead to
cif {erent parse trees .

Consideot 314 w5 for the growmar given

OXPY —> expy + expy ]J UMb —3 pom
Q’X}DY’ % prr] O%{J[
gt — of1)2]s[u|z|
C@xp)”) | ’ 617129
NUmberc l

Derivehion + ®
0Py — eXPY + expy

= expr pr# expr,
Yeplaur}g LY INPUL Y expr

I ”Umb@ﬂl+ EXPY ¥ expy
— a’g:% T Numbat x expys
— 3+ dlgﬁ ¥ NUNbet
- 3+ 4 ¥ d:\'gf'{

— 3+t 4 % I

/\

LxXpy’ + expy
: NUmbe Rrpy X xpY
i f (
t ) i
! pl(,g&’{ ' f
L ! ;ﬂ



I Deruvatiom @

EXPY =  XpY % exXpY’
45 &Py
> EXPY + eUPY # QXPY
Teplmf_e:f by

—> nhumbor + expy * expy’

Farcse Tyeq

AST version ° -

Devvation 1 | DerdivaHorn 2.

N /\g
NN



30, -
Jor o grammar i Hwa dishined poIse o

AST o possible  fors o 31‘\/@4 \Sf’bfohj, the.
greummnt 1's Known  os

AMBTGUOUS

Altocnolve  yggl ‘zadHom

AL | T o

At;nb:iﬂuouse M wh afsy o explasned
Using doruwvotong

m deivations  thaf an nstroeted

N a gpacin] oreder do - corvespond to
Unique povtse fiegs

< Neftrost denivadion
leffmost \r*emaimfn\q non-
toeminad js  singled ouf
fov veplowerent  af
eoch elep.
% Fack: Ecch povtse froe hows o um‘qm‘
leftmost  duuvolion.

- C‘ Carn be vsed to o@i}_}a}t@ﬂ{a/& N
beltsgen  on cmubfgum oundl - mmgum



5639 a 3mmmam‘ Jor »\)M Two  VPees o

possible  for the  some string [tonstruct s koo

o .
ﬁ“g?'_@uo% Qrammalt
bwwc |

L

Gor e desenibigh T ferms of
o vakions

OQUuUAﬂTlO‘ns m
| s pa C'OHMASPWOQ o the same pavise
L!thm%{ C?Pmuc‘jlr(m trae, byt

codain speeaf
\{/ — douvedions  thod fvlﬁ)vw special

 leftmost Yemcumrg prder 00%’68,00“&( fo uru,qve paa

norn-foeminad 16 fras.

St%ldﬁu} for yeplowwment

of  couh sfep.

| Womplet - example )
QAPY T EXPY" 4 GXpY / | prwb —> expy ¥ expr

—>  Numbt +eAPY - —> expY Fexpr ¥ OPY
— ;@8?{ + €DV | 1 s rumbor + XY AT
> 3 + exXpr | —> Ougif + Py ¥ expr
5 B4 eXpr X oy

— 2+ NUmbYL % expr

9



C . |
Yy o for the construet of the desived Shﬂ°n39
if two diffoent Jeftmost doivadions exist

then the  graummar must be am%gua‘us.

heftmest 4 i leftrmost 2
Q’X-PY) — expy + Q.‘)CIDY’ | QXPY)._> CYpY expe
—> numbert + expy? TV QXPY F expy ¥ expYe
— digit + expr 7 PembeTE - expy: & expr
‘ — digit + expryex expr
— 2+ Q’)CPY‘
TV D+ Bxpry ¥ expy

-S> B+ humbot ¥ expr

—> >3-+ exXpY & expy’
2+ c:(h'g?% ¥ epy

—> 2+-humbm*expr N

> B+&Ggr‘f*&xp\ﬂ —> R L X expr
2+ 4L ¥ numbet

— 24+ 4 % expr N
:34—L¢ *O&r?u‘r;bm = 3+ ¥ digit
3+ 4% digi -
| N — [B+ 4% 5
T pravg | Erar e
!

obtoined Uéf’mg Hoft most
deM%m |
Thuy nave di Hound ponge
Tree b

Jor HudmwadWMﬁ

2ty%5



[ Problems with ambigvm5 0 Mo AN

Stneg o a,mh'\cjwow 9Havmmal dpesrt cjwy
express oy strvefune , it pv‘e.sm{% diffiudbion,

J/% moke 11T useful
Rernove f’rwvbl‘\cd,u;%y o,

e need Dfsmbiguahhﬁ Youle

to detoimine the  gtrueduse mw\mp‘

T comantics e considere £ —

+ X
5 /\
| 3 4
ond then  odd | Mhen mu!‘h"ply wifh &

with 3. pputaons ae .
20+3 =23 @%ad i dw t¥5 =25
redyts

Resolied Sencantios ome  quite diffexon?

g1 Soluton Usved  preteclne of oPme
* Progedenee ocvere addilHer

How do we obtaan it 9



@ we  coold —
v Stafe o O(Esmbfguajﬂ"mj vule Sgpma+el)/

]LTBOT’Y? fhe 3l—cam Yo

iy

w  Revise the gharamort T

<\ 1 J'\...JJ-/: e T Al pra
o> WY 18y Q'j'twn

S50, CXPY*—> exp’?f’-pe'xp*r/'}mm Hhof estoablishes o PWG@OPQWC&
. N ]L I coscode. .
¥ TeJtm 0 ¢
ot = Term G 3 Jorees mafehing of

(expy) | numbert v of o lwer PmMﬂ

N2 Qﬂmoummodz
Yule

y%‘ 15 G\iz O loar PO_TV\/F

@1 JWQU%” The amb'rgu/}h/ problem 5 not
| Qomgﬂdd_\f solvedl,

P insfinee,  the assodaHva problem
A4+

/
B+ +s  OR 34 (ps)

dhy s b o problem 9 _
ITn cose of ocolition, Hus does not

noke any di{forawnee




But, for cubtrcactiorn, Mus can create.

Pyeoblem
1 wwsetatve.
Fov menceo S Lieft -(4560(,#(»\
g '_Z—f‘“ 2. _ ﬁ
| could be L—9 = 9
s could be 82— ¢
. ' b?ghi‘ ossoticHve.
S50,  the pvoblern moakes o concot

ond neade to be adAdvessed. For
3+L+5 ‘o\-gsocfc\;fl{uH—y PYouides

/Q %PT | (—prv-
E‘_’X,PY - Q,%P"‘o" expr | | €7¢|PY
: / \ / | \ |
{
’; | eF‘K»PY' + evlcp"r’ Q_,TPY A e”’?PY 5_]'_
3 ; : | :
| } : ’l
H 5 2 . |
Qlﬁh/f*—agsocfoie lieft— associattve.

It We veplase the vule ——
oxXpY —> QANPY + QXPT

expy —5 expy + feumn | expy — fotm + expy

6

et - yeewsive ' Righf-ve eutsive.
. _ A



I Weft-veevresive Right—recursive

| !

Couses Coasses
Left-assaciate. right- associate.

So, the modidied  vevsion of Fe O rernrmart
M ot ?ncovpmﬂo\fe_s

Pvecedenee
Ascoci oy H‘(/
gﬁooﬂﬁd GrearmnniaT

oXpY ~y  expy + ’reﬂmJ torum
fomn — Tetm % fackor | Sodor

numborc —  Numbore oLrgthcﬂgH; |
Ligl —> ol1l2]2(u]5]6|7]2]9

@OmmﬂvPE :

o Cometlwus, graman beowes  Grplex T the
proees of a,rﬂbi;cju,d'y _e,{frninaHCﬂ’)
Tn <such. cane, wae use.

djgmb‘@uﬂ—y wule..



ey Ambigula‘—yf Al el example .

Avmbfg Lous grammat

A= B+ ¥
<aseig > — id) = exprd
&idy = AlBle Lassign> @
<€>§P’Y‘> —> {expYy> 1—<€pr> s / { AN
! Q> — ExpYD

lexpyy> # exp¥d> } / l \

C<€><F’Y>> I expt> - <exp

o SN

<y <ely
< 0\9515 n> CI l |
@ <1‘K l::z\éxp‘r’>
P RN
j@w e <LexpY> M*{\OXL )
| ¢
exprr 4 Lexp> A ) OSP 40){;; \,M
‘ ‘ . uﬂo Q)'ZO«”L’
<l A A W\O\% 55“)4\0/\0"/ CQJ}S\S ’12/0/[7'
| | ke



] A= B+c %A

Given grammare
<assigny —> <idy = <exprd

Gy = AlBle

lexprd —r Lexprd +<e,xpv>,l,<expx~> RCTAN
| (<exprd) [Kd>
Sl/rﬂ'abﬁr'c P’QPY’QWM‘WL Oj( A= R+C %A has dwo distinef

pocYse tree.
Purse Tree 1 Fotse Tree 2.
(assignd Lossigny
. =4 e <&x Y’\/’
Gddp = Lexpr> N L

} /]\ <@¢m@w’>

A e pry + <expr)

l 7 \\ <e><p%">/}>?’f> <[,°d¢>

Gy <PV % Lprd \

|

c <y Ay \ \

| |

e A & ¢

¥  Tho obouve S(mmmod—( ollows the pocse "!'YQQ %j OxL
| expyession to gqrow on both the jt W(mﬁht

SynMc | /\mbiecju;fy



(& Syh«ffwﬁc Ambfjbuzﬁ/
Syndeihie ambigu of ¢ strockunas
Lj o pmblem\j W wﬁw\ﬂ

Becavse ,

"V(/cw‘ilms often bose Hu semandies of
those strodures on Har Syrvfla_bﬁ?'c

Jorm.

v @mpi’leﬁ choses the code to bo 3wmfd
for o stafoment by emmfnfnﬂ s patse
tree.

Y As o. vesolt, {’]( o Ianguaﬁe sfroucjwm has

more than ohe porte tree, then the
meanjnﬂ of the strockvree  cannet be
ddmmi YLQD@ L ruci u«a’y,

Ieh AL’CQJIWFNQ,\{J equi’\mfmf, notorn. of Amb"ﬂ“j’ty

ol If a grammout a@ﬂﬂﬂafés o senfente with mmﬂe_.
than one left-most deduakion

2. I o groammoc amwm}es o senfenee with

move than one  wigh{most dew vadion,

Ma%mo%’@au\/ L ie tmpossible b dederirmdne
whehot an mtb?”rr»o\mf grarmmar s amb@uows



'F1 Example: Op@mpvr Procedenca

T the FY‘QUIOUS amammcm If % hoyn beern
assnﬁaea( hAShQJZ precedones thaop “4 ¢ rnw i plicates
will be Aoree Jiwst.

g Regano@eag OJL Hhe O‘raaeefc of appgmqm

of the tvo OPQJ‘WJZUY’S_
H H‘!’ﬂl’w-c, P“o"eﬁeé@mm O]( . |
C) will be pwouided by Hhe
fa.nﬂuagg o?esf\c]nﬂ]t.

H Posnhm/appwmw of on oPQJ-ca:f]-Uh
o a lower lwved of the povtse tree
lVlC(J@a}é’é H’Lﬂ)?: the C)PQ)-Q:U#U,Q o h‘:ﬂh@‘(,
pyecedansa .
Mooﬁﬁep@ greommore

(assf@n>'—§ <1'd.> = <expr>

S = Algle

<e-xp‘7r'> — lexpr> + <+9J‘cm> 1 <vjmm>

Keud = Hetm) ¥ faddor | < faudord
Fackod =5 (Cexpwd) | <l



<&5§Egﬂ> = S = Lexpy> L ieftmost

—> A = <€XPT>
= <€.9¢PT{‘> + <'|"e;—¢m>
= <+Qrc,m> + <+ercm>

> A
- A
—> A
- A= <id> + <towmd
—5 A = B + <totmd
—7 A = B o+ Jloem>y <3’_a—f/1&?ﬂ”>
—> A = B+ JHoddord # Lraddord
> A E Bt LD Saddor)
—> A = B+ ¢ x <:(—adc'h>
—> A = B+ ¢ x 5
—> A = B+ C* A

. - | Qfgfw{tmog{
aseigny, — Id> = <expr)>

LAY = Lexpwd + Jtoem)

<gd> = <expy> + leotm) % <.fa_dc_,ﬂ>
> = <exprd + Jtermd ok A
Gy = Lexpvd + forwmp ¥ A
<> = Lexpr) + <faddory ¥ A
= <y = <ePTS o+ ik w A

= A>T <expry> + %A

—> <1\’ﬂ(> = teoumd + ok A

—7 LAy = <fodord + CHA

— Ay = o> + kA4

S LAY = B+ O

—> A = B+ C¥A

Ll vy



Both the leftmest and ~mighfmost derelvotion
ofu. Te)[:rresemﬁeo@ usfna soumne  potse tree —

Lase) q n>
< £> — Ex >
| P N
| _— ! \
a xpry  F <terum
<tord <t <Houdor>
1
< :'0(.> < I&(> A




L Example
Consider  Hhe gHam:rnm

$—y AS|¢ Io(mpff'y/dhm if the grammon
A—> Ail OAi]Oi 'S ambtgbtcrus. |

Frnswer: helts considor T shvi’nj

heflmost 1 oottt Leftmost 2.
57 AS -y AS
— 0A1S - ALS
— 0A11S5
™ 043 = 001115
— 0081115 | | > 00111

— 00111



gl

Unmblgums vercelorn of  He
f’rmb}ﬁuo—us g Rarmmayt

{asgsign> \-><|0€> = <expv>
<d> — Alee

(EREY> == Exprd & o | o

JFeowrd — Jfotm> # {factord | Gordor
{Sodorss — C<exp‘wﬂ>>/ IS



1P Anofhm_.éxdmpf@ : A__mbiﬂuous Greammart

iven, S oAl Cbeck if Hu gHammalt
A > aAblob s @mb:gvm)s
B> ebdled
¢ — old|abd
D—> b_De | b_e |

To :'d’mﬁfy if a ghammm s ombﬁuous We can Use

eftmost dovvakion.
| Tf two o&shnd 1eftmost dorkvoton
Qxfs’[ Jor aru]/ sfbmg He Qmmmaﬂ

19 ambgugug; )
Considot tha Sﬁvfng oabbeedd |
| - | Fasese T‘&.@.
S— AB FNTSE Y€
—> aAbB [A=Ab] / \
—» 00bbB[A=ab] /)\\ /I\

~> aabbepd [B=ced] N /\
= oobbcedd LB=CC(J ) v

Anonm lej“cmos.{ oféruuahm | |
6*? o | | Fange Tree
- acd ?
- aoaddd ~ [e=aDd] o
- aabpeld '[D:ch] | O\/CI:\OQ
> aabbeedd [p=1be] I
' o
D ¢
b,

COUrEl ? ‘f’f{g.acofn



[ Example ¢ cFG |
| For given alpho\b@f Y = %a, bg, lefis idenfify the

Confex f*ﬁ”ee—gmammwz —

o .
Ao AL nonenmply gfpt starfing ownsl enda
ith same lyminl J s
5> aXa|bXb|alb
a X = ax | bX | ¢
for msfam’@;

S axa S—y axo

= AbXQ = AOX @

- A bao -5 A0bx;
- aabo

2. Veru/ s?m”wc o number 1 — ol r)mn@_m{?{'y
S-ﬁ?fnjg@f ?wﬂfh Q[jwlm Han m) writh Somne
5-%5%}\:10{’ ending  symbol.

S~ aXa | bxb
X=s aX lbxlé

2. ALl padindromes
| S —s QSQ{bSbIQIb}g |

sovree . stoanforol. edu



| @ - Given Mo greamman — G

A= Ba | be (&) |
B> d | eBf ch ¢ with
¢> 3¢9 Mﬁﬁ q

MMGW#W@—

bg, bffd, bggga edf, cedffo foae  defp

Answert ¢

From  Hhe giver gramamar, it is can thal
h(&) must end in either Np” rm‘g’.’

S0, the sheings b fove] canmel be i
Hhe language,

Al -
o the Onfy SWOQ Sfaﬂﬁ’nﬁ with 4 s ola
A —> O%a
— da
©0)  dofa

15 not in H lanﬁuage,



Extended
Bockus - Nauvre  Form
Consider  the rule —
numben —> Number ‘d)@;{
—> number digit diit

@ ' = numb@r d it %icjilc O@}i

Anothet vole drne previoushy —
| expy —> E%PY’ + teum I torum
genureeds | |
XPY = expy + tortm

— expy + 'I"e}'c,m + tortm

@ > eXPY + totm + ferun 4+ forim

¢ o o

N QKPY"'—'erm ee. + Tt

- torerm ..,_. 200 oa, + 'IL'QJ‘Cm

Such  vepetitve strodures oeeur ﬁruruanﬂy andl
dtrmodive  nokHor Resmes  more vseful —

@  nombor —s 4@?% {Gfglf}

(2) expy —  tetm § + Jf?ﬂfﬂ}



(g1 Here, the eunly brackels { | stand for

VZero or more vepeH Hons of

So

4

numbon — digit - £ digit{

(.

s T0fe expreses ol NUmMbest
1$ o sequente of one op mepe

d:gn‘s

expy — toum §+ 'fe;tm}

G

expression is o fowm  followed by
2o o1t mpre vepeliHons of o +”
owmd  onother forum.

- 50, how |t wrdy bra.cKefs %3 oML m}“’lﬁ M)
N mef&Symbolsg ‘

hvmbert
NotoHons — shown absve Jom expy

G RNhoWhn  on '
Exfenofezf 8ackus~NauW Frm (EBNF>

(

0ften provides  simploe version
of He gramumart,



—T

L= Example,ﬁ EONF

&/ Another situaion comf be  the OpﬁO)’)aF Pcmlr N

Moy s‘rPuJUM -

Fov- insfonee, ff—s{'afe-m'w 1% C

Slf STJUHUJ —> rf Cexpmssm@ SWWJ/
2‘ . If ez(pvv_ssnom) spfement else stofement

moye simply ond expressively by
EBNF

f-stofement —> if e‘ﬂp\m&&:bn) 6{&{?%1%){2 else sfm{lemw[j
hQ)‘LQ, [J 15 He new MdaSYmbo(s Hq_aufz
vmﬁw}a e opf‘foﬂof Po\m? of the 5f-wu_MLv¢f—e.

w EBNF fov multple choice oPH(Th

roumy — <teem> * <fadm’*>{
<terum > / {Suelor> }
<toum> %, (Souctor)

l E BN

oy — ey (%[ / |14) Sacherd




(g1 Some confusions — EGBNF
lexpyy — <e><}>Y‘> +<JrQer>
| EnnE
COPYy = lexpr) f+ ferm ]

A o

L \—"\._lg

A veefion of moq‘aﬁﬂ"u:’ﬁf s missfnﬁ.

e

A Synﬁux ana/?\/zerc besed on

EBNF. \L
by enfording the conract
(&ssociah”uh‘y.
S04, by o\mumnamﬁ thoof ony

opvador Tnvelved in o |
brothef vepelhon ie  lef{-assounbve.

[ Example. ¢ EBNF
| BNF -
. <Q&P~p> - <eKPy,> + ot m>l <ExpYY> > <ty %C+ ] —> <+Q51m>_%
-7 <expv>~<+wim>[ <totm) — <fadhor) {(* |/ ><f“d7"”>? ”
> {feowm) <TMJPD?>—% <exp> %*—* <e)<‘P>] |
o) — Joem) % (focdor | <erpy v (Kexprd) | id
towmy [/ <factory |
o <tackory
{addory — <exp) X % faddory
Lexp)
lexpy —y (Kexpr>) | id




I BNF and EBNF EBNF

BNF
GXPY —y exXpY + Jro_;unl toim Xpr —> forum {1‘ 1Lo_xm}

dokor—  (expr) | number faekor — (expr) | number

g, | PombuT > dugit (digit
b g gt g R T < €] 714l

digt = 0[4]2J3[u]s]s 7|2

BNF oand. EGNF  vules for Sfmple (I)Y\/J-Q_ﬁ@'t,
outlhh mele, expressions,
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