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CONTEXT-

GRAMMAR N

(grammar sil)) dalll Lal dslua i) 8 Cha gl addliuu oA

hierarchical structure <l sliy el ¢l gl g el Chuay gadll g

:Jlia

if (expression) statement else statement
(728 s | if 3 sl AUl concatenation Gl (e 3 ke jf daa
oA Alas 5 else B saall Al Alea ) J8 (s | e
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CONTEXT-

FREE Al o gadll

GRAMMAR
= Jliall
if (expression) statement else statement
statement 4eall stmt el 5 expression _wdll expr wrdall alasioly

LSS f Bacld Caia g (S

stmt — if (expr) stmt else stmt
ilaa else Aaa e if JSAN L stmt "form JSEl L 13 — agl
a production ziie; 43 il Acall o2 e
(S Led 5l 33 yia rterminals <l lally e if, (, ), else <la_jiall
Jeslill Lgiie ye :nonterminals <l YL _awi stmt, expr <l il
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CONTEXT-

FREE " < i . L4 oy ?
GRAMMAR laed) 5 4g gadl) 2o gal) iU gSa
HE JOU

terminal symbols 4l jea )l (e 28 1
aall MMY\ Cla yiall Jiad ‘;ﬂ\j tokens lalay) &l SR

syntactic variable =5 ;nonterminals <lé kY (e did 2

ng;_d\ J.uu.d\
ok Dl jie e 4 Jadidelia o iy 4y o

A i) sac 8l a5 it/ slul Caal a5 productions iladiall 3
e left side oY) cilall sl head (o A (oot 438 )Y Ly o
a1 Gashall sl body aall et ld laY 5 cild e Al e

Claiiall 49 fag Wle 5 @ld LY aal a5 :start symbol 4l e 4
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CONTEXT- L. L
I(:EI;{%EEVIMAR éw\ = ‘QJAA.“ Jﬁ\jﬂ\ <l gSa
Gle gaaall o
gl 2% | head dawd I 48 )Y aul (éi Jaad productions <ladie e
S| Sa0lb W pealie o Juady Ao sana 8 Lgabual

‘U};.\o.lc\ﬁ L_imz\sjml_u.ﬂ J&A o

list — list + digit
list — list - digit
list — digit
digii,. -+ 0|1|2|3|4|5]|6|7]|8]|9

(iSS o (S [iSt A ganall e
list — [list + digit | list - digit | digit

ITSE321, Dr. Rudwan Husain, University of Tripoli 437



CONTEXT-

FREE =~ ) 3 4g gadl) o) g8l) il <

=kl nadll 4585 productions Ciladic 1 Al Jha e

(expr) - {(expr) <(op) <(expr)
(expr) — id
(expr) — num

(op) - +

(op) - -

(op) - *

(op) - /

terminals 4kl jsa ) Al o

the terminal symbols are: num, id +- * /

“nonterminals 42kl ¥ jsall Al

The nonterminal symbols are (expr) and (op. ,

and (expr) is the start symbol &k b saclall fas LS
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CONTEXT-

FREE =~ ) 3 4g gadl) o) g8l) il <

==l el 4 a5 productions Ciladie e

(expr) — (expr) <(op) <(expr)
(expr) - id
{(expr) — num

(op) - +

(op) - -

(op) - *

{op) - /

&:ﬂﬁuyqu“‘;ALA .

(expr) - {expr) (op) (expr) | id | num
{op) =+ | - | * |/
de | g8l Qogd HlLalsl o Ole goxoll
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DERIVATION Ay

Aanidacld e e el AU cay 2l padlAdul g e

Claiie 2l hody asas nonterminal @by Jdlaiuly b Sy o

2 RIY s production
start symbol 4l e p Gl aa e
LS (il dlaa oy 28 2 s Jladu¥ dee ) Sy o

terminals <ld yha la palic e ruay Lg\ v
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DERIVATION ALy

productions <laiiall aladiuly rJla e
(expr) - (expr) <(op) <(expr)
(expr) - id
(op) — *

<id, 1> <*> <id, 2> <liladl Alday Jieddl X *Y uadl) Blatd) ga la e

(expr) = (expr) (op ) (expr)
expr op expr == derives &L expr AT
= id (op ) (expr)
= id * {expr)
= 1d * 1d expr &~ id * id GEid) ey @
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DERIVATION ALy

(expr) — (expr) (op) <(expr) productions L_\Bl\.d\ e\ailu\_) dﬁ.ﬁ o
(expr) - 1id

(op) — *
<id, 1> <-><id, 2> Glalladl Jiadl X - Y Jnedll Slatiy) e

(expr) = (GXP]’.') (Op ) (expr)

= id <{(op ) (expr)
= id * {expr)

Error

expr 32l gai e jd - id GULE) (S e
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gAY

productions <laiiall aladiuly :Jla e

(expr) - (expr) (op) (expr) | id | num
{op) =+ | = | * |/

<id, 1> <-> <id, 2> clEladl Jiaadl X - Y nadll Slaily) e
(expr) = (expr) (op ) (expr)

= id {op ) <{expr)
= id - {expr)

= id - 1id

expr (= id—id Blidl a3 e
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(ALY

productions <ladiall aladiuly :Jla

(expr) — {(expr) {op) (expr) | id | num
{op) =+ | - | * | /| =

var=x/y (e 8 A5 <id, 4> <=><id, 1> </><id, 2> <liladl

(expr) = (expr) (op ) (expr)

= id {op ) (expr)

=

=

=

=
=

id
id
id
id
id

(expr)
(expr) {op ) {expr)
id {op ? (expr)

id / {expr)
id / id
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DERIVATION ‘.,é‘.. 1Y) rgalia Ope

p— éMY‘ JAJ o
Oraddl A sleall (e BELEY) Alas | 555
sl g3sha 3 "La" y derives GLE 4 s A=y e
(expr) - {expr) | id | num
if (active) Jieb yidlaa 4 e oy 8 a4 <id, 2> dBUadl o i

(expr) = (expr)

= id
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DERIVATION dﬁ LN roalia ya

Sl ghd ST 6l jia U S B A s A

(term) - id
if (active) Jielbdlen 8 yiaie o i Ay <id, 2> 4A8ladl 5 shad &z sas
(term) = id
A8yl (adi 3ax2ie Gl ghad 8 jay sa
(expr) - (exp) | {expr) {op) (expr) | {(term)
(term) - id | num
{op) >+ | -1 * | /| =
{expr) = (exp)
(expr) = (term)
= id
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DERIVATION L'ﬁﬁ LN roalia ya

. . et i " ol R . - +
a=>0 8L =0 s5a=>pF LS .

(expr) =*> (term) Loal il 1)

(term) = id Ll ¢l 13
(expr) = id B)L
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DERIVATION

Cishan e, Gl ey A 0= 0, S = o, JS

Waie nonterminals <bé by e gsiai ol (Sw o 55 = o g8 1)
sentential dles 4pdy o (oansd
Adaa o ot Wadie nonterminals Sbé kY Ao 83y o oS 1))

.sentence
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DERIVATION L,é‘» - :'Y\ 254‘%'“ d&

E—>EAE|(E)|-E | id
A>+[-1* /T

aalall el ol @ e sentence s & — (id+id) =il e

Y
F—= -F =-(E)=- (EAE) =
- (IdAE) = - (Id+E) =- (id+1d)
E = - (d+id) F ik

E e — (Id+1d) Gleid) ;e
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DERIVATION é‘i LEN &JQA 3

G: grammar il
S: start symbol 4l

L(G): the language generated by G saill (p ciaii 4al

terminal 4k jsay o hid g giat o Lt (Saa | (G) 43l 2 strings gageall

.G i) G 43isa symbols

S QS 13 Jadd | (G) Al e ety aill A5 gSal) il glal) Al

G il ddax camy W gl

"context-free language (3l i 431" aus g8 4y a0 ac) 8 JNA (e it A3 4
.equivalent 4885 4y 923 2o ) 8 et ARl udi 208 G, G, 4dlide 4590 20 ) 8 a9 1)
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PARSE TREE

iy
AMBIGUITY
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PARSE TREE Q) b ad

Sl A sal) B30 Dy)ay Sa oy i Ay A QxS S B
aall) A Las
A-XYZ
interior node 4alala33ie Ll )5S nonterminal A B R @l e Y15 ad o
Spadl A bl e X, Y, and Z Jéhal &3 ae A s

N
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PARSE TREE ‘ebﬁ?‘s &
il ey B palic o

is labeled by the start symbol 42l 3« assl Jexa g root bl 1
48 1% |abeled sl Lgie IS interior nodes 4daly xae 2
Jlakal 3L a2 a5 terminals ©ld k Jabeled 3lews leaves 313l .3

dg gl Baclall cilatia (pe (3l 9-542 il Q) je) a3 gad e
list

Productions <laiia / Ny
list — list + digit list digit
list — list - digit / \, |
: - list digit
list — digit |
digit = 0|1]2|3|4(|5|6[7[8|9  digit |
| |
9 - 5 i 2
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STRING :
PARSING oaill Gl e

string parsing oaill @l _s| e e ail il oY) 3 ad ol Lles
Spadl () Jleal) e gaill B ad (31 g) Auglyl e

Lo &85 X 9,2l 510 i Cpa (il Y g X ilS 1) o

Y S Ao \J.aiﬁxst.hbd&bi e .

Lo Alea iy sad dcld Y bk
A=a+bx*c A-oXYZ /\
X->a+b
Y —-x%

y /N
S Bl LAY e i ) 138 a b

Leftmost derivation
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STRING :
PARSING cadll il e

Tid +id Al R0 & adl) G o) Bk (AL 1 o

- Foor] [ ]

|(expr) - idl

|<op> - + | /exprN
expr op expr
id + id
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STRING
PARSING

Caluadd) (ool patll B &y sadll ko) 5 sadis

Grammar:

(op) ::=

Expression:

X+2*y

(expr)| ::

+

(expr) (Op> (expr) | id | num

| =1 > 1/

Derivation:

(expr) = (expr) (op) (expr)
id {(op) <{expr)

id + [(expr)
id + (expr) {op) (expr)
id + num {op) <{expr)

id + num * {expr)

id + num * id

UUUUUU
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STRING
PARSING

Expression:
X+2*y

Derivation:

(expr) = expr) {op) (expr)

= id (op) (expr)

= id |+ {expr)

= id +|{expr) {op) (expr)

= id +|num {op) <{expr)

= id + num|* {(expr)

= id + num *|id
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expr
expr op expr
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A SECOND
DERIVATION!

Grammatrr:
(expr)| ::= |(expr) (op) (expr)
(op) ::=+ | = | * | /

| id | num

Derivation:

| AJ i

Expression:

X+2*y

=

=

=

=

=

(expr) = |[{expr)| {op) <{expr)
= (expr) (op) (expr) <{op) ({expr)

id {op) <(expr) <{op) (expr)

id + (expr) ({op) (expr)

id + num {op) <{expr)
id + num * {expr)

id + num * id
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TWO PARSING » .
TREES! ls A Qe b s

Expression:
X+2*y
Derivation 2- Parsing tree 2: o
(expr) = (expr) (op) <(expr) / N
= (expr) <(op) (expr) (op) (expr)

= id (op) (expr) <{op) <(expr)
id + (expr) (op) (expr) /N
id + num {op) <{expr)

id + num * {expr)

R I L

id + num * id
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STRING :
PARSING padl) @l 2!
291 eY Sadmd3pndios

Parsing tree 1: Parsing tree 2:

expr expr
expr op expr
expr op expr
expr op expr expr op expr * id
num * id id + num
A A
v id+(numt*id) ¥ (id+num)*id
Grammar:
(expr) ::= {(expr) (op) (expr) | id | num Expression:
{op) ::=+ | - | * | /

X+2*y
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AMBIGUITY U-"“éﬁy‘

s L Adaad Baal g il s ) B QAJAS\C:Hg ¢ Grammar sl .
.ambiguous age/paals [atila gad

Grammar s>ili;
(expr) ::= (expr) (op) <(expr) | id | num
(op) t:=+ | - | * | /

Expression s iley:

X+2*y

% (id+num)*id

V id+(num#id)
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AMBIGUITY - »
LB Jlia
<stmt> :statement daall o Jlicly o

(stmt) = if (expr)then (stmt)
| if (expr)then (stmt)else (stmt)
| other stmts

if | then if E, then S| else 5
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AMBIGUITY - %
(stmt) = if (expr)then (stmt) il M‘ y

| if (expr)then (stmt)else (stmt)

| other stmts if E| then if [» then 5| else $>

stmt =Y stmt 1 Qe .
If /ex then stmt else stmt if exp then stmt
/
E; N \ E, /| \\\\
If exp then stmt if exp then stmt else stmt
E, Sy E, Sy S,

Toml e Y On oalilY) sale o
Lol F, Lol giass £, Jpall et (58a 13) Lo 25§ dleall 11 il oY)
E, boall Giatyaly £, da pill jued (58a5 13) Jadé 2655 ) Alaal) Ll
Lol £, Ll giass £, b pall et (38a 1)) Lot 24w § dlaall 12 il oY)
E, b 8l i gaay ol 13) L 2w 5 dlead) Wl
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ELIMINATING
AMBIGUITY

calida Cgluly Lgd (i) elad) oSay 38 Lgda S dwgilal) 4y gadll ac ) gall

o) A) )

(e i) sl precedence b i sl gl aladi Sia e

Jos¥ o 4 Al U el e A sinall el Gaalaldl & el o gl

precedence <liawy)

(expr) =
Aadi e Cle gana (I ac) gl auds I
ol s el o (term) =
expr e Y term zitel Joai ¥ I
term e Y| factor il Juad ¥ <fac‘[0r> =
|
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ELIMINATING ..
AMBIGUITY bty Cida

leftmost ¢ _bu a8l aal g (L&) Jadd Lt jd + num *id Adaadl oY) .

{expr) = (expr) + (term) /l\
(term) + (term)

-
— (factor) + (term) v ¥ e

= id + {(term) /l\

= id + (term) * {factor) erm erm : factor
— id + (factor) * {(factor) .

= 1id + num * <faCtor> factor factor id

= id + num * id

id num

Grammar:

{(expr) ::= {expr) + (term) | {expr) - <(term) | {(term)
(term) = (term) * (factor) | {(term) / (factor) | {factor)
(factor) = num | id
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ELIMINATING Ve
AMBIGUITY if JLOAY) Jaa cpa el cada

then b else ol o))yl & olaily) sl 4y gail) if Jas 20) 8 Claiie delua sale) o
match else with then sl

unmatched o _site s then el il aaelse ol JS )81 o

|fMMJ§é%\9AJS&G ZJ\.GGAJ.\AM‘U)JJLAJAJ °
<stmnt> ::= <matched> 45 35,

| <unmatched> 45308, jus
<matched> ::= if ( <expr> ) then <matched> else <matched>
| other stmnts bdJdl s J515 31 Jo
<unmatched> ::= if ( <expr> ) then < stmnt > bjall wes Mo
| if ( <expr> ) then <matched> else <unmatched>

oy Syo yus else o>
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ELIMINATING Ve
AMBIGUITY if JLOAY) Jaa cpa el cada

ks pal) puladll 4y (5 jaa el (e 5 5 b

if (x==0)
if (y==0)
Z = m;
else
z = g;
tilaial) Julad aay Lgde Juand Al tokens ciléUay)
if ( id == num ) i1if (id == num) id = id ; else id = id ;
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ELIMINATING .
AMBIGUITY if JLIAY) Jaa pe o) Cida

tladal) Jalad aay Lgde Juand Al tokens ciléUay)

if ( id == num ) if (id == num) id = id ; else id = id ;
(stmt) 2= (matched)
| (unmatched)
stmt (matched) 2= if (expr) then (matched) else (matched)
| other stmts
(unmatched) = if (expr) then (stmt)
unmatched | if (expr) then (matched) else (unmatched)
if ( expr ) stmt
id == num matched
if ( expr ) matched else matched
id == num id = id
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ELIMINATING .
AMBIGUITY if JLIAY) Jaa pe o) Cida

A8l ciliUay) ddede i 2 ¥ 430 matched e cia

if ( id == num ) if (id == num) id = id ; else id = id ;
(stmt) 2= (matched)
stmt | (unmatched)
(matched) 2= if (expr) then (matched) else (matched)
. | other stmts
matched (unmatched) = if (expr) then (stmt)

| if (expr) then (matched) else (unmatched)

\ Error
else matched 7

/N matched

( expr
% matched else matched other stmt
id == num / /
other stmt

other stmt 7
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ELIMINATING "
AMBIGUITY if JLIAY) Jaa pe o) Cida

ks Al puladll 4y (5 jdaa el (e 50 1 AT JUa

if (x==0)
- 0: (stmt) 2= (matched)
z =Y | (unmatched)
(matched) ;= if (expr) then (matched) else (matched)
else | other stmts
z = 1- (unmatched) := if (expr) then (stmt)

| if (expr) then (matched) else (unmatched)

if ( id == num ) id = num ; else id = num ; :tokens ctétadl

stmnt
Qu\){:\}“ 5 ‘_;M.A
matched )
if ( expr ) matched else matched
id == num id = num id = num
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PARSING

Top-down parsing Recursion  [Asle] 313 ele sind

recursion [As] L) S

Left recursion
[osmlall] 13 ela 65 slae
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