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Paraicx?): AemMinin& f a s)m'mé of tokent Caw be genroted by o
8mmwmr or not

Parser}&wﬁax M\o\\gser:

- input: grammar G, String, w

- oufpui: parge 4tree fw w ik it belengs o +he lawpuoge , otherwise
ereoy
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Figure 4.1: Position of parser in compiler model

Valtdate syntox awd repert fyntax ecrevs
Construct parse 4vee and poss to cemantic owaluger
Stove wndo in %M\oo\ toble about received Yolens

Erreoy  Mess aqses

e Report the presence of errors clearly and accurately.
e Recover from each error quickly enough to detect subsequent errors.

e Add minimal overhead to the processing of correct programs.



I Panic wode recovery
2. Phvnge \evel reco
8. Ermyy  Produthons
k. OLlobal Correchions

On discovering exver, parser disards  input  symboolc ene ot o
time

Until o s“v\chronisiag tolen & found

Vsually delimiters: ,1

Bosed on  source lanpuage

Often skipt amount input and may mist addifimal errere
Simplicity, guaranteed wot to op in infinive loop

On discovery, parter performe lowal torredim on the emaining
inputr ‘o make if s“nhc’dm\\a torvect

Parser continues ofter Hnok

TxA?im\ wrveckims:

- replace , with

- delete extvaneows |

- inSert m'\m%)

Weacy of infinte loops

- intert something on Yhe nput ahead of Hae curcewt
Used in evvoy- repairic\a compilers

Reguire intellipent benaviour
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fwkicipate commm  ervovs and  Qugment  grammar  with
productions  fhat generate erreve

& — if Cond) 187 elce £51 vand if-elge

§ —— £i Ceond) 131 ebe ST e production

Lomv\{ca’ce( fhe  groamwmar

Theoretic  tontepr Cvery hard +o  implement)
" biven 0n intovvet Sequence t owd o arawmwmar G, fnd o
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with  mina)  daas
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TO? DOWN PARSING

Start fom root ond creare wodes W presvder (find (eftwiost
derivahim)

Alternatrively, Px‘l\dil\g lef+ w0tk derivaim  fr an  inpur gy

Types
(read input naultiple +imes)

(no 3""\6 vach)

" ley problem: oetermine production 4o be applied fv  the  non-termina)

implementation
Reuarsive Nown- fecursive
(ROP) (tol\e -driven)
vee 0€ syack exP\l‘cH- stacw

I Try owt ol oltematives in ¥he ovder in which ey are  lisked

2 ROP  implemomtotion - Recurgive degcent  parting
- Write & functim &y eadw non-terminal

3. No TDP werks WA  left  recurtive grammare Ldicect o
indiredt [cicewar)



8. Parte with TDP with otk tracking

S = cAd
A— oabla

c /(T)\o\
/@ "

O

S - cAd

A — ab]a
S(){
if(inputSymbol++ == ‘c’)
{
if(A()
{
if(inputSymbol++ == ‘d’)
{
return true;
}
}
}
return false;
}
Prob lema
S cnd
F = alab

Rt
i

w= cod

A
P
o

unread o

c

d

A(){

isave = inputPointer();
if(inputSymbol++ == ‘a’)
{

if(inputSymbol++ == ‘b’) {

return true;

}
}
inputSymbol = isave;
if(inputSymbol++ == ‘@’) {

return true;

}

return false;

}

w=cab Wil pive Par:%nﬁ untuccesefn

\\\ false

b+d

o
wnread o



Q: E-o €«T |T
T->Txid\id

Write pendocode for € omd porte W id
e) {
i e

if (inpw\—&dm‘oo\u— zz ) {

- —O—O—@

wiTeD ¢
retum hme',
1 3 twfinite loop
3 Left- recurtive grommare
ese it (TON Y A AN
refuen  tywe,
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return  false,

§

" Top-down partere do not wevi with lebt recurtive promware



0: Pecferm  ROP  with \ommcu%
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Drowboneks of  ROP  wih  Badttradding

I Parger may nok oaccept Volid inpwie  betrute of the ovder of
productione

2. No lefHt recursive ptammart  Unfinite loop)

L

Reversivg semontic  achong du\riné ?arsima is an overhead

“

Eliminate (efr recuvsion

2. Left factsy vamar
Ccommm Preﬁx)

S>abh|ach | adh) by
‘\'—-7'!.\%
|

C> aMm)\ b
M— bi\chAR

) 1\;/\\
6. lebr Gty the S(ammar

s iCts]|ickgeS |a
C— b

8 — iCksX | a
X 3 A eS8
cC =

o >



A= A X
o € (V UTY - terminale
V

non terminnls

€y €2 E+T
T T*F

- Ao
A= td le

Retursion ' one oy meve steps

Elim'\vxah‘t\@ Dicect Left Recurtivy

A Ad, | Ad, | ... \kdnlﬁ.)(s,l---lf’s

sh'ina loo\s \ile

neede 4o end in
o % everdwally

Bit e %y 4y



Sowe la“b““ﬂe as
A gA [pd ] ”,f\'

N— o) °(1P‘\) \e(“l\'] A

O Climnake left vecurtin  and  derive id ¥ A with ‘ot
HPrammAare

e erT | T
T T*E|F
F- id| num| (€)

® e=2E+T | T © T T=F|¥f
, l
te—=>TE T ¢71’
e’ +Te’ | X T2 w677 | 2

@ Fa idlnum\ €)



brommar 4 Grommar 2

€ €
| /N
T T 3
/ )\ /\ \
1 4 4 £ R N
i | AN
2 id I T
F
| -
1) ¥ A
6: Ik the grommar  Suitable foc TDP?
£ afcB
A-> &blb|lkc
B—=4d
No, ' vule 2 ¢ lebr rewurtive = gramwar is leftr cecursive

We alte woant to avoid bact fracking, N0 tommm ?u@:x tWould
oRitt Cbut here 4he Qrammor i€ not lekt fo. chvved)

No suquenie of eliminating left vecursin awh lebr fackving
(0> Left facker

- ahch

A-> Ak bx|
X ¢lA

t-d



) Eliminmte  tef+  recursim
S afck
A=> bX A’
R’ bA | A
X=> ¢l
62 d

$-2 Ralb
A3 Be) td]e

D ¢ Ar> Sda

® P =43 aad

Aaorithm o tliminate left recurtion requives ¥aok Yhe won-rerminds
be  ovdered

Use ovder in  which +hea ore litted

# o produciim includes 0 non-terminal  thatr  has  already
been seen, replace it with e produchimg

O ¢=halb

® r-> Ac|Sd|e

Ao Ac| Pad] bi)e



Noxt trep, tliminake 1ef+ recursim for  direck  vecursive grommare
O 8-> Ralb
® A bdN |ed

N> ch | ad A |



B: tliminate left recursion

N> oa‘lua\'x.
B> (D
C— Kl
D =4

Ocder NT's
h&,(,D

7. er\ace indircect rewrsion

©

A— G'xa 12
58— ¢cO

@ [ 31&6)%](‘.

- Cbxb 1x]e

® 0-d

3. n?\ace. direck

@ [ &185 1x
® &~
® C->coup 2] e
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2.

ROP im?\emen-\-w\%m — each N1

Tovle - driven parter l predichive

tongider the grommar

$

e>Te

e’ +Te’ | N
T-> F7T’

T2 w67 2
F5 id)num | (€)

wmarks ond  of ch"u\a

char input[10];

i

nt i, error;

oid E();

{

}

i
{

oid Edash();
oid T();
oid Tdash();
oid F();

oid fail()

printf("Error\n");
exit(0);

1t main()

i=0;

error = 0;

printf("Enter an arithmetic expression: ");

scanf("%s", input);

EQ);

if (inputli] == ' & error == 0)
printf("\nAccepted..!!!\n");

else
printf("\nRejected..!!!\n");

© o funcim

?arir\é



Edash();

void Edash()
if (input[i] ==
i++;

TO;
Edash();

oid Tdash()

if (input[i] ==
{

it+;
FO);
Tdash();

oid F()

if (isalnum(input[il))
it+;
if (inputl[il

i++;
EQ);
if (inputl[il]
it+;
else
fail();
b
else

fail();

+ (o &V\fou&k e  (ode

Enter an arithmetic expression: (a)+(ax(a))$

Accepted..!!!



© farters  Yaat choote between productions by looking & Sywisok ohead
in the input- LL(W class of yrammars

left t» right
f‘tad'ub of
ir\Yu.y
If & not specified, LLLD ossumed

Lookohead Poin\'er points Yo wnext invw‘r sambo\s

" Uses explicit stack and  end symbol § for  borom of stk and
end of inpur

© Funckions  Ossociated with o grammar b aab allow farser Yo
Unoose  what producion Yo apply

* ARST() where o € Ser of non-terminals - Ser of terminals
Mok bepin  Strings derived  From  non- terminal

© FIRSTC4) where & i o Yerminal @ (+1
Rues  for Compwhing  FIRST (%))
L TE o 0 terming), FIRSTGD: {e]

2. If ol A) then odd A o FIRST (&0



3 If £V, Y,
= FIRST () = FIRST CY)
- TE X € FIRSTCY) then FIRSTLO:= [FIRSTO) -XF U § FIRST LYY
- IF XA EFIRSTLY) fov all L&itn, fnen odd A 4o PIRST(D)

8: Foy Yhe arammar, tompute FIRST of all NTs

E-> 1€

€= +T€° | )

T -

T %67 | )

¢ > id)| num) LED

FIRST (E) = §id, num, (3
FIRST () = {+, A
© BIRST (T = {id, vum, C}
©RRsT ) = (v 0
©HRSTE) = {id, num, (]

* FOLLOW (A where A i o non-4erminal: set of terminalk O that
appear immea\iu\—e\a Yo the right of A in tome Senkentiol ferm

Set of terminalc o such Hagt Were  exisye o derivation of
the fsem
8o w ka%

S
/A/ \ax
a / i Ié)
c
5
Figure 4.15: Terminal c is in FIRST(A) and a is in FOLLOW(A)

Useful when +Hiere are nullakle non- recninale



Rules o Compute FOLLOW (R)
I FoLLow (8) = 143 where S= short $ymbol

2. o A o(&f where A\ & FIRST(R), ¥hen FOLLOWLB) = {Fmqus)
-2} L {rortow Y

3. TF A—> o« , PoLow(®) = FoLLOW LK)

- (ompute FoLLOW(E) , FoLom(e'), Fouow (TD, FoLwow (T?), FoLLowLF)
for euch productim

E-> T€

€—=> +7TE€"° | )\

T = ¢7

T 61T | A

£ id)| num) LED

toLLowCe) = {41 {41
€E-> TE" FoLLOWCT) = f\_‘l’} U ¢olLlow(E) {"';#l
FOLLOW (E") = FOLLOW CE) {43
€' +Te | X | FOLLow (D) = {+3 U fouow (e [ {+,§3
FOLLOW (€7)= FOLLOW (ED {43
T— T FoLLow ($) = {+} {x}
fowow CT?) = foLlow €T 1+ 41
T = %67 Fotow () = {¥} {=1
Eollow LT') = FOLLOW(T?) 1+,41
Fo CE) FoLlowCeed = 1)1 1




W 1o Cowabwet LLLD) ?W TJable
Eliminate left recursion and left facter Hae grawwar
Calcwlate FIRST and FOLLOW Setc of all non-terminals

Drow o toble Where Hret row  tontaime Yhe Terminaly  and the
fictk column  tontainge the  non-erminalc

AL the null produckione will Qo under ¥ae clewentc of FoLLow(LHS)
for eadh production A2

- For eadn Yermingl in  FIRST() , mate +he ety A->d in he
Yab\e

2. € FICTID  tomtaine N, then for each Yerminal n  FouowcAd,
Mmoke oan mhra A2 in  the toble

3. TC the FIRST(A) conkaing A and FOLLOWLR) tontaint $, vhen
Mmake on entry R W in e Yoble wuwnder &

& Comstruck  LLLO parting table  (use FIRST % Follow)

E-> T€ — 0dd  under all elewents T HIST(T)
€= +7€’ ) » — 2 lool at rule 2 Fye )
T -7

T % 6T | A
¢ > id)| num) LED



FIRST(E) = §id, num, (Y roLLowle) = 41

FIRST (€ = {+, A FoLLow teM = {43
FIRST (1) = {id, wum, C} FoLlow C1) = {+,43
FRST U7 = f¥.0\) Fouow CT7) = 34,41
FIRSTLE) = {id, vum, C } FoLLOw (F) = {1
id + * num ( ) S

E E->TFE E->TE |E->TF

E’ E’->+TE’ E'->A |E'->A

T |T>FT T->F' |T->FT

T T->h | T->*FT T->A | T->A

F |F->id F->num |F->(E)

© To chel ¥ grammar belmpc fo LLLD, each box in LLLD) goarser
toble should wave ot most one Pproduttiown

Q. Show LLLD) parting tmble £oc ¥he ravmar

S — iEtSS'|a

S = eS|e
E > b
NON - INPUT SYMBOL
TERMINAL a b . i : $
S S—a S = iEtSS'
Sl SI — € Sl — €
S’ — eS
E E—>b




mput [ [ [ [ falt[o]s]
/4

S Predictive
Stack }X ] Parsing —  Output
v Program
Parsing
Table
M

Figure 4.19: Model of a table-driven predictive parser

Given: parting table jneed fo parte inputr  String

Stae containg  Story s&mbo\ §
Tnpud buffer wntaing  input sheingy w

Stace Tnpur  Bubfer Atiom

4 wi
IF string occepred , ttack and nput ouffer  comtain §

Stace Tnput pubfer ARchon
$ $ accep



Let o = wurrent input Mool

ey M= ?amin% ‘oole

ey w-= inwa— s’cﬁ;\a
let ip= pointer 4o first symbol of w
Lt X= top of ek

set ip to point to the first symbol of w;
set X to the top stack symbol;
while ( X # 8 ) { /* stack is not empty */
if ( X is a ) pop the stack and advance ip;
else if ( X is a terminal ) error(); = +op of stack
else if ( M[X,a] is an error entry ) error(); ¢o€s not matdh .
else if ( M[X,a]=X - V1Ys--- Y ) { = if table entvy \S
output the production X = Y1Y5 - Yi; 9\’00\(& thon
pop the stack;
push Y%, Yi—1,...,Y7 onto the stack, with Y; on top;

}

set X to the top stack symbol;
Figure 4.20: Predictive parsing algorithm

6. (iven e Followiv% porsing folde, porte He inpwt skving

ws= id + id ¥ id < tal\e M
NON - INPUT SYMBOL
TERMINAL id + N ( ) $

E E—TE E—TE '
E E - +TF' E - ¢e|E —e¢
T T — FT' T — FT'
T T e |T —«FT' T »e|T —e¢
F Foid F > (E)




. \E $

find M[E,id]
e$

9. TE'$

3. pTe'd

idTe¢

s. Te$

6. €4

17 +1€$

top

id+id xid §

avhm for  curveny inpuir

id+id+id $

idxid ¥ id §

id+id +id $

id+id*id$

rid«id$

+ided $

tidwidd

ssdmbo\

t->TE’
pop 13
?u\s\n T¢

T=3 FT
poP T
?us\r\ T’

Foid
pop F
Yus\r\ id
Wd==1d
pop id
advownce ip
T= )
pop
£ +T€’
pop (A
push + TE

=54

pop +

odvance ip



8.

lo-

.

1%

iS.

€.

TE'$ ideid § T fT

pop T
puth FT’
FT'e'$ id*id § F-id
pop 3
puchh id
iaTE€Y id%id 4 =z id
pop id
advance ip
T4 ¥»id $ TS  FT?
ve0¢'$ rid§ X =Tk
FTE'$ id § F-id
A T4 d § id == id
' ¢ T -
€4 $ e’ x
$ $ hceept

Construck  LLLD parting toble for #ne gramwar

8§ — ol (L)
L L,sl%

Porse W= (a,a)



Leftr  rewursion
O s—=alcL)

® L>L,¢ a] L)

P> fa,\ f\-dz\---\kdﬁ\‘h\f’m’--- “m

l

> R BN | [ fa R
AT o A ol AL | ea B | 2

O s- al )

® L=2al’l L

@ V>,80 A
FIRST ($) = {a,(} FoLLow(s) = {4,553
FIRST(LY = {a, (] Fotow(L) = {2}
FIRST(L) = 15,23 Foutow (1) = DY
& ( D) ) ¢

8| S$-oa |S=CL)

LlLaql (L2

?
V C=>x [Ua,80



s (a,0> ¢ §-o CL)

(s Ca,004 L==C
L} (WY Loal’
a4 a,004 az=a
KDY ;a0 RER SR
6024 oL} 5 2%,
oy a4 $5a
aL$ o % ST
L4 )¢ L=
% )4 )=2)
b $ Recept

© TF wnot \eft factored or is left recursive, not LLLY)

I LLLD Yabe wae > éntry  per tell, not LLLD ogrammar



Uhet  without folbole = o grammar i« NOoT LuD) if-
LoFar Ao a\a,llan o n22 aleratives

It FIRST(a) O FRsTLa) 9

Csomething in  common)
2. A -3&\)\

IE FIRST(D N FOUOW IR # ¢

« Ty the gyven grammar LU 2 Compute FIRST ¢ FoLlow seke also

¢ Aahb) @,8a

WY
B> A

FIRSTCS) = fa,b} FoLLOW(S) = 143
ElRST (M= {2 FoLLow(m) = $a,b)
FIRSTCBY = A} FoLLow (B) = {a,b}

FIRST(Rakk) O CRST (BbBa) = (ad N $bl = ¢
Soik s LLeD)
» Is the ofammar in LLID? TE wot, mod'\{’“ ond ve-onede

S ickd |iCtSes)a
L= b



FIRST LiCtS) N FIRST (ickSeS) N FIRSTIR)
iy - {1 ¢ ¢
Soonor LLLYD
Modificokion - lek+ factor
8- ickSXla

X esix
L9 b

FIRSTCICESXD A FIRSTLA) = (A Nfad = ¢

FIRsT(eS) N FoLLow() = fe3n (4,e1: (el 24

Sonok LAULLY)

W71l vead K input charactert tp  thoose  produckion

LLiL) -
$ = oab)laclad

- If LUW) toble has W entries in o cell, rowwar wot  LLCW)
Q: Tg the grawwmar LUW)? What & 2

¢ = iCkS |iCkgeS \a
C—2b

No - not \eft foctored



8: Tc the grammar LI What & L2

$- oanBloal

B2 b

C>e

FIRST(S) = & FoLLowes)= §
FIRSTLB) = b POLLOWCR) = §
FIRSTLD) = ¢ foLLoww) = §

o b C $
S [$920ab
$9aa(

Y e-b

C C->c
wz2

=% - % ir\‘wr\' s\AM\oo\s o be vead

8: Comstrwet LLLD P”“'\@ Take, parte w= A

$> Ko

A= alA

L2 blAa
FIRSTCS) = {a,byad FoLLow ($) = 41
FIRSTLM = §a2] FoLtow () = fb, §}

PIRST (8) = tb2} Fouow () = {43



[N b $
S | SonB | 3508 [ Sant
A | Roa [ AN | A
® gob | 62
Sl Input  Buffer
s§ ¢
AR $
24 $
% i

Action
SH5np
pop S
Qw.\\ KB
P
B—=A

Accept

8: T¢ the A OmMaYT Luen? (omvvd'e FIRST and FOLLOW . Parse w:= cde

Q- ARCDE
A= al )

- bla
Coe

D>d[)
€ el

FRsTeS) = oo e
FIRSTCA) = {a)ad
FIRST() = {b,M\
FIRSTCO = L}
FlRSTCP) = {d,A}
FIRST (€Y = el

FOLLOW(S) = {43
FoLLow (R = fb,cd
FoLlow (B = {ci

FoLLow cO): 1d,el
FoLLow (D) = fe,43

FoLLOW LE) = §43%



[ b c d e $
S [sanecoe | $apRcpe | S Pecoe
A |A2a | Aa) | R
8 B2b |82\
c C-oec
0 024 [DaX | D)
€ Eae | E2A
St Tnput  Buffer Prckion
s$ cdet S- RBCDE
reue S cded A
Bcoed eded B2\
coed cded Y
cDed cded cs=¢
oe$ ded b->d
ded de § =z4
e4 ed gde
e ed e=:=¢
¢ ¢ Accept



Q: Kre Hne grammare MmO ? find L

L S Abbx | Buoy 9. 8§12
a7 75 aMa | bMb) akbl bRA
B> Mc
R=>c
1. LLLW)
2. wwe®)

Erroy Recovery w LLLI) Parser

IF an entry MKV i blank  the parcing tovle, i i I
encountered  while parting > syntax erroy

discard o\ #o\\owin& input Symbok  wnrl
delimirer found | then vesvark parsing
- Delimiters:

For non-terminal X W fhe parting tade, 0dd spnch  token under
Yne clements of  FOLLOWEX) (if blank)

?ars'\«\a Pmcedurc



§. Twplement parsing toble with panic rode recovery. Parse w=)ide +id

€2 TE

£ - +16 | )

T2 FT

T 5 %fT7 | A

F=> num)idl CED

FIRST FOLLDW
€ num 5 id, ), ¢
€ | +, X ), $
T | ram, 4, ( +,4%,)
T *3 A +, {’,7
¢ (UNRT W( ¥,4,4)
+ % AU iA ( ) $
4 ga1e’ | eate | eaTte?
e |¢'>+Te go) [
T T260 | TF0 | TP
' T'an |toxe? Tan [1'-9)
€ Foanum | > ()
Stock Taput  Buffer Ackion
€e$ did*+14 ¢ 55¥\Lk - only €
et i e ik €>T8 e
T€°§ idx+id$ T
FUE id +idg F0d
tAT'€’ ihetid$ Wh==id
11E‘$ ¢ tid To ¥ ¢
*FTEY % «id4 Xk
FTEY +1d 4 sanch - (o,
e £idg > A
€' +id $ e 2 ¢ 1€’
+T€ <14y + ==k




Te' d § T pr’
FTe'§ id § ¢ id

MT’f"i id g ih~=1d
Ted 1 T
@4 4 €

% ¢ Accep

0. Pave 4 (#)id “m\ﬁ above +obles ownd rammar

33 1d L+)id4 €>Te
1€ 4 id (+)id § T p1)
FTE'$ id (+)7d § £ id
in1'e'd id (+)id ¢ id=2id
e'd () id § ignore
7¢'§ +) o § TaX
&4 +) id § e r1€’
+1e’$ +)id$ t==4
T€'¢ Did$ Stonc\n
e’y )d ¢ o)\
b Yid$ Rethonek (s¥op)
Restacy
ed Didg sgneh
€$ idd E>TE"
¢4 idd THET?
FEH id4 Foid
A T¢ $ idd td >2id
17@* & )
¢4 ) 6 =)

§ b Fece gt



RDP  withour Backivracking ve Predictive Pavsers

RDP without Backtracking

Predictive Parsers

It uses mutually recursive
procedures for every non-terminal
entity to parse strings.

It uses a lookahead pointer which
points to next k input symbols.
This places a constraint on the
grammar.

It accepts all grammars.

It accepts only a LL(k) grammars.

ROP withour 2T it more Vowev’?u\
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BOTTOM UP PARSER

Srark  with  inpwt stringy Cleaves) owd derive start Symbol  Croot)
Reads LtoR and provides figntmost  derivation

No requirement of lebt factoving o free of teft cecurtion

E - E+T|T
T - TsxF | F
F - (E) | id
id * id F x id T * id T % F T E
| | | | / I\ |
id F F id T x F T
| | | | / I\
id id i id f|Z’* i
id 1|*" id
id
Figure 4.25: A bottom-up parse for id * id
L Maidk - Reduce  Panaer
Process of reducing o skring o the thart  tymbol  of  he
8MMN\N‘

. specfic substring watching Hae body of o productim
s reflaced by e non-terwinal ot Hhe  head of b produchon

Key decisions: when Yo reduce awd what o reduce

Construtie riav\kw\os\— derivafion in  vevevse



Substring on statk ¥ank wodithes +he body of o productin
whhose veduchim reprumh me  step A\W\a e rvoverte of a
rc‘g\mvxoﬂ— decivatim

Twe leftwmost cubsh\‘aa Mot wmatdhes  Hae  body of some
produthion need wot e o handle

RIGHT SENTENTIAL FORM | HANDLE | REDUCING PRODUCTION

id; * id, id; F—id
F xid, F T F
TxF TxF E->T x F

Figure 4.26: Handles during a parse of id; * ids
Formally, ¥ & =9 o Aw = o (sw

- froduckion A— B is o handle of Lpw

- Fof  convenience , H#ae ‘oody %o(—‘ Fop i veferved to ac e
Whandle

tramwar cowld be ambiguous  with wore Yaan owe RMD

of X@w and eodh  rignt-Sententisl fovm may have  muttiple

?ossi\ole howd\es

AMD n reverte cowm e obrained \o\(o) wondle pmv\iv\a

Suppose w i o s’hrina of Jerminalc +wotr weedc o  be veverte-

derived sudn ot weyp, where I, e the n* right sentential
fovm

S=M=>MmM=>71"=> "= V1= VTn=W
rm rm rm rm rm



To reumthyuct, we locate o handle ¢, W ¥, ond replace
Bo with e head of the produthm AN, fo ger e
previous  right senbewhal form Y,

Repeat wwhl start s\dmbo\ W reathned

Stock wolde  grammar symbok owd input  buffer Wolds rett of
tring 4o be pavsed

Hawdle appeavt ok +top of Hae totlk  befure i+ idenWfied
as wWowdle

#: bottom 0‘.' !‘\'&C\L, ﬂaV\\’ ewd of 'W\P\L\'

Convention fur  BUP: +top of ok shown o Mae ﬁbm- (untive
TDP)

STACK INPUT
$ w$

Left - fo- clgwr Sean  of  input $rring 5 parser thiffe 0 o move
npur  tymbols mio  thack

One ready to, o siring f of growmmar fymbolc ot the
fop of +he ok © veduted o the wead of tne oppropriare

pro dwction

Repeat wnhil thad cowtming  start tbm\oo\ o eeawy

STACK INPUT
$S $



Steps of  Swibt-

Reduce parser

STACK INPUT  ACTION

$ id; xido $  shift

$id, xids $§ reduce by F — id

$ F xidy $ reduce by T — F
$T xid2 §  shift

$T % ido $  shift

$T * id, $ reduce by F — id
$T* F $ reduceby T T« F
$T $ reduceby E—T
$E $ accept

Figure 4.28: Configurations of a shift-reduce parser on input id; *ids

1. Shift. Shift the next input symbol onto the top of the stack.

2. Reduce. The right end of the string to be reduced must be at the top of
the stack. Locate the left end of the string within the stack and decide
with what nonterminal to replace the string.

3. Accept. Announce successful completion of parsing.

4. Error. Discover a syntax error and call an error recovery routine.

Conflicks 'm  Swibt- Reduce Pavsine

For Some grommers, shift-veduce pavters fail
- Cownot decide wwether 40 Swift oy veduce
- Conwnot  decide whidh reductm Yo wale

Sbn’mc\'ic nttrucke Yok gve rite to Such pfowwmare

- tuth brmmwmw nt n We

of aammert



Example 4.38: An ambiguous grammar can never be LR. For example, con-
sider the dangling-else grammar (4.14) of Section 4.3:

stmt — if expr then stmt
| if ezpr then stmt else stmt
| other

If we have a shift-reduce parser in configuration

STACK INPUT
- if expr then stmt else ---§

we cannot tell whether if ezpr then stmt is the handle, no matter what appears
below it on the stack. Here there is a shift/reduce conflict. Depending on what
follows the else on the input, it might be correct to reduce if expr then stint
to stmt, or it might be correct to shift else and then to look for another stmt
to complete the alternative if expr then stmt else stmt.

Can vetole ™ ele in fovour of shifting, 06 Were i on dte
associored WA e  previoudy unwored then

C Psepdowde with S|R  Conflitk

1. inta=10, b =20, c=30;
2. if (a>b)

3. if (a>c)

4. printf(“%d”, a);

5. else if (c>=a)

6. printf(“%d”, c);

7. else if (b>c)

8. printf(“%d”, b);

9. else

10. printf(“%d”, c);

The else if on line 7 will be considered as a part of the inner if
statement because the compiler shifts it rather than reducing
lines 2 to 6 together.
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shift id
reduce Foid
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Shift id
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. Toble - Driven LR farseve

Most  prevalent botkom-up parser: LRIL) parter

leﬂ'—hfﬁ&h\' Som of input
ri@\*mo& derivavion i revevse

no. of input tolens of lookahesd wsed in waking parsing
decisiong

IF w i omited, LRID i oassumed Cprachically, omly LRLC
where k2| are concidered)

T™NPES of LR PRRSERS

LR Parsers
SLR (1) or SLR LALR (1) or LALR CLR (1) or CLR
simple LR LookAhead LR or LR(1) or LR

Canonical LR

Power of o  paveer: Wow quithly i cam Cath erreve
- power intreases Pruwn  LRU0) < SLRED L LALRLD & CLRLY)

Number of stores regmired: W, = Nge= N S Nep

kU & wse DFAs
= LRL0) and SLRLD — Lrl0o) awrowmata
= LALLLD) ond CLRLD = LRLD awrowata



How Yo decide ‘oetween &\/\'\Hiv\e awnd red,uc'\wb? How Yo decide
# avdle sy

Trewy. Vroduchm Wit & dor \n e QMg

Thus, production A - XYZ yields the four items

A= -XYZ
A= XYZ
A—> XY-Z
A— XYZ.

Doxr indicaYes wWhere we Ore W Wae ymduc—\'im

" TR . of end of proA, Wt s taved or
indicotes Hhot wawdle & on ToS and tan perferw  veduce

A> X-YZ weans X % seen ond V1 i expected Yo e
teen  next

Canonical LRLD) tollecrion : collection of set of items

¥ &6 o Grammar with start Sywioo)
8, G & on aubmem'ui ﬁ(‘o.mmu with new start Symiool g
oand  productim §' — §
= Auept only  whew redudna ¢ xo ¢

- Two functims: CLOSURE  onmd  LOTD



Input [al’-n aiL- 1an|$ l
LR
Stack Sm [* Parsing —— = QOutput
s Program
m—1

2 A

ACTION | GOTO

Figure 4.35: Model of an LR parser

T: set of itemt for grammar )
CLOSURE (TY: Set of itemic towttvucted from I by the 4wo vules:
. Add every item in T 4o CLOSURE (D)

2. If Ko B ¥ tn CLOSURELD) and B->Y

is & prod,
Hen odd B>°Y 4o (LOSURE (T)

In simple wovds, i€ Hhere & o non-rewinal ofter e . in

any of ¥he Uewms 0 CLORE), add all  prod of Hrat
non-ferminal

Closure of all set of items CA—-M(X-F} suth that [ po ot XB] i
in T

Vied +o define rranmcibon fox eadn \bm\oo\ ofter Hae dot



6. exomine whether pgrammar s n

S KM
A= alhl\lb

Steps

1. Pm@\o\en\' Camwmor
2. Nuwloer ?rod " sria‘\m\ QraWMAS
2. Follow LR(0) ?ats\n& a\bor'\-\r\nm

k. Crente ymsi(\a Falde

§—>4

Sohnk
A-af
A3

¢’ ¢
. S$SOnp
2 ADabh
3% Ab

Tnibal tem: $'—>.$

Snp 4: start with inifal  item

LR(O) o not



Step 2.: Ao\a\'m% yrodso(‘ NTe afrer dot

g— . 8
$ —.AA
A —.ah
A—.b

S+ep %3+ Mmake the Frods o cdofure Lpur t in o bvox and
nawme W

State T,

L’—=>.4
S = . AR
.0k
k& 2.b

Step 't: Tramsitioms using  goto

GOTOLL, X) - dekine tYoms from  Stoe L, on every  Symbol X
offec Yhe dot

State To s, 8-
’=>.4 | K | ¢ A.A
S“"’)nﬁh

AR [ a _ poak
A 2.0




S\—n.? S: Repent steps 2-4  unhl no wmore Stutes wan be odded

S AR,

C- &to, xnttwt‘s NN IS‘)I(»"s

T, —_—— o
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8 . AR
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Twree Yaﬂ’t:

@ Stode: stare nuwvers from awtomatmn

(o) Action: Suwb-tolumng for eath rerwanal and 4
@) Goto: Sub- columng for each nON-Yerminal

Styu tture
State Action Goto
a b S S A
0

L5 1, = polo of S Fv 0 s
IQ-L*T_.,_ = Qotv of & dov 0 w 2
So on

Stove I, cowtnine special final Ttewm = decept thowld oo under §

Trams on o Symbol Crerwinal) @ sWift, denoted by 8, where X
e netr  ctode

When stode Wat O Final item, reduce § denoted by r where X ¢ dhe
vwle  no. tatr Yhe prod correspnds tv- ¥, placed in  eatire vow

S+ote hcbhon Goto
S $ | S| A
S2 | 84 V| 2

o~ n £ W S -—-0
v
v
ve
o
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W more than one ewiry per el ned \R(O)

pramwmay $  LR(D)

Q: LVse the above PT 4o parse

w=0abo - LR(D)

S+ate Achomn GoYo
Al | $] S| A ' ¢
O | Sy | S 1| 2 Ry
| accept 2 K-Dah
2 ]S | Sy S 3. A-b
38 | 84 b
$ 16 [ |
Cle | |1
6 €y . \
stotl Trnput Ruffer &cHon
%0 oob § g,
?us\n (1Y
Pus\n 3
e0d &
*0@3 ‘obﬁ; Sy
push b
push ¢
rend o
$0Q3\°(\, \oQ ‘fs : vedute fm\l
€

prod

C\AW\ usias T

K=(
2x=7



4002n6

4 oAL

4 OA2ZL Y

$onaKS

o4

o

pop ¥
pop b
pushh A

TOS ¢ stafe 3
Qoto (3,m =6
push 6
LS
reduce prev
SN UEINA 2
?('00\ fA-2ad
pop &
pop A
pop *
?0‘7 0N
push &

TO8 is state p
goto (0,8)=2
Fusk 2

%

0y reduce prev
sy 10 prod 2
&-2b
2
op o
push (3
%0‘\’0 CL7P\'3 =5
Fv..S\r\ Y
'}

S —|5 Ak
op U i¥ems
;m\:\\ Q



$ ol ¢ aceept

Aasses of  Trows

1. Kernel items: the initial item, S’ — -S, and all items whose dots are not
at the left end.

2. Nonkernel items: all items with their dots at the left end, except for
S’ —.S.

Whenever there is a final item, we put the reduce move in the
entire row corresponding to the state that contains the final

item.
Considering the string,
abb Being at this position, we decide to reduce the
L previous ‘b’
reduced Hence, we replace ‘b’ by ‘A’ using A — b
to
aAb Irrespective of the symbol we have here, we

r .
always reduce previous ‘b’ to ‘A’.
This behaviour can be erroneous

Q: Ts the 6mmv\ar LR(0)?

8> Ala
Roa

*© T e amvnw\ar umu&uous? tan & skri\'\g be derwed in wulriple
ways?

W=



® ¢>n S R
S N A>oa

L3
> S=2a Soa

Ves  ir i auebipnous

noY  LRLD)

Full Solutiom:
l mﬁmew\— frommay

§’—= 4
SO M
S >5a
Ao

2- Nuwboer Ymo\s

o9
. SoOK
Lt §Da
3% A OSo

7. ﬁ??‘» yarsine algerithm

iniHal  tem: ¢ .8



To Q T,
’ special
S\-—-'# .S S\___) Q. ‘Fl‘(\o.\
L5.A [’rOA
S—> 'O\
A .4
lm
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$-5a
LY a
4 Table
9‘\'0\'\'@ kXion Goto
A $ < Y
o Sq, I 2
) mcccp+
2 v, T,
3 [faley [ fas

& xx  conklicks



Q: Ts +his LALOD?

3= hakb | BbRa
A= A
2= X\

(. Ruy § num

S’—>g
1. S Aakb
L SHBRLRA
3. KA )
. B>\

1. Moo

To
onflict: 1, (7, n Stwre ©
¢’—>. 8
S - . fabb - nod LRI

$? .BbBa
ko, even +thowmW wor AW\b\'O\AouS

. - no lookahead

Q: Iy +he grammar LR(0)?

E2T~e\T
T 214

i ﬁuai num



soe
. T2T+¢€
2. €T
3. Toid

L Ao

To

8’5

. B
€S .T+F€
E>.T
T,

id
\ —

T 1i4d.




3. Table

stoke e m toto
+ id $ 7 T
0 $q [ 2
{ acee P\-
z Sy ['(‘-,_ €q Vo
3 Vo, £ e

s(r wonflict — can be resolved with  lookahead

Diffecence : one \ookawead Fir actions

Places reduce move in FOLoW (LMD owly, not entire row

Q: E)—aE
1. €TrE FoLLOw(E) = L4}
1. € T FoLLow(T) = {+.$%
3.1 21id
s*—a‘—t A'C‘Hm Cﬁb‘l’b
+ id $ € T
0 Sy | 2
\ accept blank = errar
z Sy ALS
3 \’\g f}
S 6‘|




SU  detedrs vvre  fasyer

S 8LRIY) Qrovana ™

&: Parse w=idtrid wsingy  SLRLD taple  above

$0 id+id ¢ 8,
push i
push 3
$01d2 +id$ G
T2l
fop ?
pop id
push T
h ooto(0,T) =2
$oT2 +id § P il
push +
ush
$ 0T id § ?93
Fu.t\v\ v
weh 2
$0TLx41d2 $ ?Q

oy
por id
push T
gots (},T) =2
boTa+éTL ¢ '
E-=27T
pop 2 itewms



4 0TL*GES

o€y

SLRID v LRW)

SLR

push 12
goto L4, €)=S
9

E»TxE

Pop { Yems
fusk (2
4010 (0,€0=]
accept

prefix of +he

/ handle
Rightmost derivation of | Set of prefixes of a right Viable Prefixes
id*id sentential form

E-T T T

—ST*F TT* T*F T,T*T*F

—T*id T,T* T*id T,T* T*id

—F*id F,F* F*id F

—id *id id, id *, id * id id




O: Provide o ?mducﬂtm with  Shorkest RHS ot Wil intro SIv  conflict
in SLRLD  parser for 4he grommar

1. S22 Kb
2. Kk cbhd
q. A= cthd
. & S )
A b
Ie I, I‘L
A
.8 Q ——— | $—2h. L
¢ 9 .~b 5| 8> . Kb Jb
A . Cbhd A-.chbhd
M. chd k=>.chd I,
P Ao
A S %
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¢ T,
FOLLOWID = $
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Ao .cbhd - A prod fom A berd
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A
sho-e At hoto
[N b C d S A
o WA~ Sy Y




Soinyo prod A3 b

6. I—deW“‘Fa WL, LRIO) er SLRED?

X-=Y2| a
Y- b2] A
1)
FIRSTOX) = b2, o FoLlow(x) = $
FIRST(Y) = b, A FoLLOW (YD = 2
FIRST(2) = A FoLlow(2) = 2z
LLLr) toable
| & | 6 | 2 | ¢
X | X2 | X2Y2 x> Y~
Y Vbl | Yo M
Z 29\

grammar is LLCOD
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LR(0) +oble

state KOHMS Gotv
[N b 7 $ X b
O | Slv | sufv | W K
s[e conflicks =0 o+ LRIO)
SLRCY)  +able
sfate RS Gotv
X b 2 $ X Y
o | s Sy 2 l 2
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Moa\i% SLRLY) +v wse  LR(D emg

- K3 X.¥2, {a,b}
look ahead sambols

Place reduce moves n LA tambo\s instead of enhre row — LRI(0) -
of FoLlow (LHS) — SLR

USiI\B. LRLD): Start wHh

S 2

g —. 8 F— | S — 8.

\)s'ma LRLD s CLR: shtart with

S

f—> ., 4[— |[§— 3. , 4

LRLD & powerful; LR(6) € LRLD, LLID < RN
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et an LRID Hem be
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NT & ofter . = odd B prods



Let R—. Y , something

* How Yo find ¥he lookaheod £ B2

- Lookahead - FIRST(FA)

1 Cowmsider

SNMMMf

S>> L=RIR
LS #pR ‘;d
D R ¥Rlid

R=> L

I Pugment  § number

A F W

g
. 83> L=R
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Lo ¥R
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R L
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R-=.L,$ L- id., (= 4]
s> R._4 L - ¥R, L ,$1
L= . \A )i—i
Complete  DFA
s — .S,S$ S s’ — .S,$ o TR
S —  .L=R,$ 11 - =.R,
S — -R;S S — L =R'$ IR = .|*.,{=,$}
L -  .*R,{s$} L IR oL, L - -_R.{=.$}
L = .id » {=, S} 12 L =2 .id ’ {=l s}
R - .L,$ R 16 ]
10 S — R.,S R
“ 13 S - L=R.,$
N id 19
. L - id., {=, $} id
L —  *.R,{s$}] _id 15 = S s L
R — -L'{=I$} L |10"
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7 s 18
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h L = id.,s L R - L:s
R L CH
L = *R., {58 L -~ *RrR.,$ | R |t - .id,$ C )
17 i 113 L b

Ym'sit\o g table: same a\bwi-\hm




In LR auntomatn, there will be Some States with Same
LR(0) iemgete bur AiFf lookaheads

Merse e |ookaheads (unim)
Wakth out for v (onflicks (weaker +haan CLR  parsers)

= upon  mempe, only 1)y condlics possible
— CR  shates way wove sy & v)Y onflicks

Reduce no. of stotes
“ Yacc & LALR parser
Q: Create owtomarpn and  +ale Fuy

S hakb) RbRa
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v &ubmen\' f no.
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1. $- hahb
2. S5 BbRa
3. A A
y. BoA
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3. (’ars'\fxé fable CCLRD

stote A onS Ootv
N b $ s A 2
o | ¢ € \ 1 3
\ occept
2 Sy
3 S
4 A J
S | S
6 €y 1
7 Sq
8 T
A 2
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. (LR Scamrmf
8: Te¢ +he Brom may CLR and LALR?
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9. R\%ori‘\'hm

Io |

.8, %
S .Pa, 4§
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S .B¢, §
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SUMMARY OF TD-BUP

Parser

Reduce Move
Placement in
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table
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