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PARSER

•

Parsing: determining if a string of tokens can be generated by a

grammar or not

• Parser / Syntax Analyser :
- input : grammar G , string w

- output : parse tree for w if it belongs to the language , otherwise
error

• Input : left to right

Role of the Parser
• Validate syntax and report syntax errors

• construct parse tree and pass to semantic analyser
. Store info in symbol table about received tokens

Error messages
→
localise

, pinpoint line ,
no duplicates /redandance



Error Recovery strategies

1. Panic mode recovery
2. Phrase level recovery
3. Error Productions

4. Global corrections

1. Panic Mode Recovery
• On discovering error , parser discards input symbols one at a

time

• Until a synchronizing token is found
-

Usually delimiters : ; ,
}

- Based on source language
• Often skips amount of input and may miss additional errors
• Simplicity , guaranteed not to go in infinite loop

2. Phrase Level Recovery
• On discovery

, parser performs local correction on the remaining
input to make it syntactically correct

• Parser continues after that
•

Typical corrections :
-

replace , with ;
- delete extraneous ;
- insert missing ;

-

Weary of infinite loops
- insert something on the input ahead of the current

•

Used in error- repairing compilers
•

Require intelligent behaviour
•

compiler must suggest



3. Error Productions
• Anticipate common errors and augment grammar with

productions that generate errors

•

Eg

s > if Ccond) {S} else {s} valid if-else

S > fi Ccond) IS} else IS} error production

•

complicates the grammar

4. Global correction
• Theoretic concept every hard to implement)
• Given an incorrect sequence x and a grammar G , find a

parse tree for a string y such that x can be changed to

y with minimal changes
•

May not be what programmer intended

TYPES of PARERS

AFLL Ctoo complex)
^

from scratch Table Driven

Recursive Parsers

Descent Parsers explicit stack



TOP DOWN PARSING

• start from root and create nodes in preorder (find leftmost

derivation)

• Alternatively , finding left most derivation for an input string

. Types
1. With backtracking tread input multiple times)
2. without backtracking Ino going back>

°

key problem: determine production to be applied for the non- terminal

Implementation of TDP
implementation

Recursive Non- recursive

CRDP) (table -driven)

use OS stack explicit stack

TDP with Backtracking

1- Try out all alternatives in the order in which they are listed

2. RDP implementation - Recursive descent parsing
- write a function for each non-terminal

3 . No TDP works with left recursive grammars Ldirect or

indirect / circular)



Q: Parse with TDP with backtracking

s → CAD w= Cad

A → ab / a

⑤ ④
' Ild e Hd

C

④ ④ true

I
/ :S a

a

'

b unread a

Problem

s→cAd w -_ cab will give parsing unsuccessful

D- → alab

④↑ ↑
,
119

false

order swapped
↑ b≠d
④ true

↓
unread a



Q: E-→ ETT IT

1- → 1- * id lid

write pseudocode for E and parse id * id

E- C) I ④
1

if CEC)) I ⑤
1

if ( inputsymbol + + == '
t
') {

Ep
if / TL)) {

return true;

'

:

} infinite loop

}
}

Left- recursive grammars

else if CTC)) { A → AX

return true;
}

}
return false;

-

Top-down parsers do not work with left recursive grammars



Q: Perform RDP with backtracking

s→ rxdlrzd w -- read
✗ → oalea

z → ai

③ ⑤ •true
111

r

/ I 'd
r

④
d ④

e

/ 19
true

falseµ
a

e -1-0

Q :
s→ asalaa vs s → aalasa

T

have to specify W-- aaaa

as this

⑤

✓ untrue
input not empty

w=aa
a parse error

①
③ ② ⑤ false

11 119
a ⑤ false a ⑤

or as :
no a

⑤
i

noa ③ ③
all

a

very long process



Q: ↳ : S→aSa / aa
, accepts LCG)={a

"

,
n >_ I }

aaaa aaaaa a aaaaaaaa

⑤ ⑤ ⑤
11
a
⑤ alto %
" " "
a ⑤ a ⑤ a ⑤
" "

a

"
a ⑤ false

a ⑤ ⑤
1 " "

a

"
a ⑤ a ⑤ ⑤
i all all

non ⑤ ⑤

afyqfalse
a

/ \
① ⑤ ⑤
a ⑤ i

'

all
⑤

a

/
⑤

ma

ayygfalse
ayygrfalse / \ ⑤

⑤
a ⑤ ;

'

II noa

✓ "noa a ③ ⑤
11 all⑦ false a ⑤ ⑤

" ""noa a ⑤ a ⑤
yygfalse / \

alla a ⑤ a ⑤

a

/ "
'

noa

11
a ⑤ a

all
⑤

all
⑤

÷



⑤
"
a ⑤
"
a ⑤
"
a ⑤

a

/ \ ) false
⑤ ⑤-

⑤ / \
a

/ I
-
-

ma

a

/ Ta a ⑤ ③
⑤ 11

a

/ !
a

/ la a ⑤
/ 1) false
a ⑤
/I "noaaaaa accepted
a ⑤

a

/ '
a

⑤
a

⑤ /Ta
a

/ ! false a ⑤
⑤ /Na
a

/ I '' nor a ⑤
⑤
Na al!
a ⑤

÷
Na
a ⑤
"
a a

only aaaa parsed
aaaaaa not accepted



Drawbacks of RDP with Backtracking

1. Parser may not accept valid inputs because of the order of

productions

2. No left recursive grammars Cinfinite loop)

3. Reversing semantic actions during parsing is an overhead

TDP Without Backtracking

1. Eliminate left recursion

2. Left factor grammar
(common prefix)

s → ab A / ac A lad Alby
A-→ nly

d
s → aml by
M→ b.AICAIDA
A → my

Q: Left factor the grammar

s→ icts / ictses la
c → b

s→ ictsx / a
✗ → ✗ les
c → b



Eliminate Left Recursion

(1) Direct / Immediate

A → A ✗

✗ C- (V UT)* → terminals

to
non terminals

- Eg : E → E + T

T → T * F

(2) Indirect

s → Aa

A → Sd Ic

• Recursion in one or more steps

Eliminating Direct Left Recursion

A → Ad
, I Ah, I . . . I Adn t pi / pal . . - 1ps

A

1 1

A &
,

I 1
A Ln
/

!
string looks like pig. . . . dude1

needs to end in
a f eventually



same language as

A → P, A
'

/ fz A
'

/ . . . / ps A
'

A'→ X
,
A
'

/ ✗z A
'

/ . . . / 2nA
'

/ ✗

A

/ \

Pi A
'

II
✗
,

A
'

0: Eliminate left recursion and derive id * id with both

grammars

E-→ Ett / T
1- → T * Fl F

F → idlnuml (E)

① E-→ E -1T I T ② 1-→ 1- * F IF
A- A-I F A- IT is

d
E → TE

'

T → FT
'

E'→ +TE
'

/ X T
'
→ * FT

'

/ ✗

③ f-→ idlnuml (E)



Grammar 1 Grammar 2

E E

I 1 '
T T E

'

1/1 11 I

1- * I I i '
f- id id * T'

F ll
l

id
id X

Q : Is the grammar suitable for TDP ?

s→aAcB

A → Ablblbc
B → d

No
,
:
'

rule # 2 is left recursive ⇒ grammar is left recursive

we also want to avoid backtracking , no common prefix should

exist ( but here the grammar is not left factored)

No sequence of eliminating left recursion and left factoring

(a) Left factor

s → a ACB

A-→ Ab / bxl
✗ → Eli
B → d



(b) Eliminate left recursion

s→aAcB

A → b. ✗ A
'

A' → b. A
'

/ X
✗→ CIX
B→d

Eliminating Indirect Left Recursion

s → Aa lb

A- → act Sd / e

① s ⇒ Aa⇒ Sda

② A ⇒ Sd ⇒ Aad

°

Algorithm to eliminate left recursion requires that the non- terminals

be ordered

• Use order in which they are listed

•

If a production includes a non-terminal that has already
been seen

, replace it with its productions

① s → Aal b ✓

② A → Act Sd / e
T
seen before

A → Act Aad / bd / e
2
, I, ÑÑ



• Next step , eliminate left recursion for direct recursive grammars

① s→ Aalb

② A → bd A
'

/ e A
'

A' → CA
'

/ ad A
'

/ X

Algorithm

1 . Order NT's

Al
, Az, . . -

,
An

2. for i. =L ton

for j=1 to i-1

Replace each prod of the form

Ai → Aj 8

By
Ai → or / hot . . . / our

where

Aj → 8,1821 .
. - torn

3. Eliminate immediate LR

A-→ Ah
,
I Atzl - -

- l Adn / Pi / Pal - - . / Ps

Replace with

A → P , A
'

lpz A
'

/ .
. . / PSA

'

A'→ 2
,
A
'

I dz A
' I . . . / 4nA

'

/ X



Q: Eliminate left recursion

A → Bay In
B→ CD

c → A 1 c
D → d

l . Order NT 's

A
, B , C , D

2. Replace indirect recursion

① A → Bay In
② B → CD

③ c → Bxylselc
c→cDxy Into

④ D → d

3. Replace direct

① A → Bxy Ix
② B → CD

③ C → ebay In / c
This

.

c→xc
'

/ cc'

C'→ Dxyc
'

/ X

④ D→d

A- → Bay Ix
B -7 CD

c. → ✗ c
'
/ cc
'

e ? → Dxyc
'

/ A
D→d



#include <stdio.h>
#include <string.h>
#include <ctype.h>
#include <stdlib.h>

char input[10];
int i, error;

void E();
void Edash();
void T();
void Tdash();
void F();

void fail()
{
    printf("Error\n");
    exit(0);
}

int main()
{
    i = 0;
    error = 0;
    printf("Enter an arithmetic expression:  "); // Eg: a+a*a$
    scanf("%s", input);
    E();
    if (input[i] == '$' && error == 0)
        printf("\nAccepted..!!!\n");
    else
        printf("\nRejected..!!!\n");
}

Implementing a Parser

1 . RDP implementation - each NT is a function

2. table - driven parser / predictive paring

1. RDP Implementation in C

consider the grammar

E → TE
'

E'→ +TE
'

/ X
T → F T

'

1-
'
→ * FT

'

/ ✗
f-→ id / num / (E)

$ marks end of string



// E -> TE'
void E()
{
    T();
    Edash();
}

// E' -> +TE' | epsilon
void Edash()
{
    if (input[i] == '+')
    {
        i++;
        T();
        Edash();
    }
}

// T -> FT'
void T()
{
    F();
    Tdash();
}

// T' -> *FT' | epsilon
void Tdash()
{
    if (input[i] == '*')
    {
        i++;
        F();
        Tdash();
    }
}

// F -> id|num|(E)
void F()
{
    if (isalnum(input[i]))
        i++;
    else if (input[i] == '(')
    {
        i++;
        E();
        if (input[i] == ')')
            i++;
        else
            fail();
    }
    else
        fail();
}

• Go through the code



PREDICTIVE PARSING

- Parsers that choose between productions by looking K Symbols ahead
in the input - LLCK) class of grammars

[I -↳ lookahead
leftmost symbolsleft to right derivation

reading of of stringinput
• If k not specified , LLCD assumed

• Lookahead pointer points to next input symbols

• Uses explicit stack and end symbol $ for bottom of stack and

end of input

FIRST and FOLLOW

• Functions associated with a grammar ↳ that allow parser to

choose what production to apply

FIRST (d)

°

FIRST (2) where ✗ C- set of non- terminals : set of terminals

that begin strings derived from non- terminal ✗

- FIRST ( t) where t is a terminal : It }

• Rules for computing FIRST (2)

1 . If ✗ is a terminal
,
FIRST (2) = {✗ }

2 . If ✗ → X
,
then add × to FIRST (2)



3 . If ✗ → Y
, Yz Yz

- FIRST (2) = FIRSTLY
,)

- If ✗ c- FIRSTLY
,
)
,
then FIRST (d)=/ FIRSTLY,) - X} U { FIRSTLY,) }

- If ✗ C- FIRSTLY;) for all I Ei En
,
then add ✗ to FIRST (d)

Q: For the grammar, compute FIRST of all NTS

E- → TE
'

E'→ +TE
'

/ X
T → FT

)

1-
'
→ * FT

'

1 X

F → id / numl (E)

- FIRST (E) = { id
,
num

,
c }

• FIRST CE' ) = {+ , X}
• FIRST (T) = { id

,
num

,
l }

• FIRST LT' ) = {H
,
X}

• FIRST (F) = lid
,
num

,
l }

FOLLOW (A)

• FOLLOW (A) where A is a non- terminal : set of terminals a that

appear immediately to the right of A in some sentential form

• Set of terminals a such that there exists a derivation of

the form

s→ ✗ Aap

• Useful when there are nullable non- terminals



• Rules to compute FOLLOW (A)

1. FOLLOW (5) = { $} where s= start symbol

2 . If A-→ ✗ Bp where ✗ C- FIRST(B) , then FOLLOW (B) = { FIRST ( p)
- X } U { FOLLOW CA)}

3 . If A→ ✗ B
,
FOLLOW(B) = FOLLOW (A)

D: Compute FOLLOW(E)
,
FOLLOWLE' )

,
FOLLOW LT)

,
FOLLOW LT ')

,
FOLLOW (F)

for each production

E- → TE
'

E'→ +TE
'

/ X
T → FT

)

1-
'
→ * FT

'

I ✗

f- → id / numl (E)

FOLLOW(E) = { $ } 1$}

E- → TE
'

FOLLOW4) = {t] U FOLLOW (E) {+, $ }
FOLLOW CE

' ) = FOLLOW (E) { $ }
E'→ +TE

'
/ ✗ FOLLOW LT ) = {t} U FOLLOW CE' ) ft , $ }

FOLLOW LE
' ) = FOLLOW LE

') ($}

1-→ FT
' FOLLOW (F) = {*} {*}

FOLLOW CT' ) = FOLLOW CT) ft , $}

1-
'
→ * FT' FOLLOW (F) = {*} {* }

FOLLOW LT ' ) = FOLLOWCT ' ) {+ ,$ }
f- → (E) FOLLOW (E) = { ) } { ) }



steps to construct LLCD Passing Table
• Eliminate left recursion and left factor the grammar

• calculate FIRST and FOLLOW sets of all non- terminals

• Draw a table where first row contains the terminals and the

first column contains the non- terminals

• All the null productions will go under the elements of FOLLOWCLHS)

- For each production A-→ ✗

1. For each terminal in FIRST (d)
, make the entry A → ✗ in the

table

2. If FIRST (d) contains X
,
then for each terminal in FOLLOW CA)

,

make an entry A→ ✗ in the table

3 . If the FIRST(d) contains ✗ and FOLLOW (A) contains $ , then
make an entry A → ✗ in the table under $

Q: construct LLCD parsing table Cuse FIRST 9 FOLLOW)

E- → TE
' > add under all elements in FIRST (T)

E'→ +TE
'

/ ✗ 7 look at rule 2 for ✗
T → FT

)

1-
'
→ * FT

'

1 X

F → id / numl (E)



FIRST (E) = { id
,
num

,
c } FOLLOW(E) = { $ }

FIRST CE' ) = {til} FOLLOW CE
' ) =/ $ }

FIRST (T) = lid
,
num

,
l } FOLLOW CT ) = {+ , $ }

FIRST LT' ) = {H
,
X} FOLLOW CT' ) = {t >$ }

FIRST (F) = lid
,
num

,
l } FOLLOW (F) = {* }

• To check if grammar belongs to LLCD
,
each box in LLCD parser

table should have at most one production

Q: show LLCD parsing table for the grammar



Parsing using an LLCD Parsing Table

• Given: parsing table ; need to parse input string

• stack contains start symbol S

Input buffer contains input string w

Stack Input Buffer Action

s$ w$

• If string accepted , stack and input buffer contain $

Stack Input Buffer Action

$ $ accept



Parsing Algorithm

• Let a = current input symbol
' let M= parsing table
• Let w= input string
• Let ip= pointer to first symbol of w
• Let ✗ = top of stack

→ top of stack =
→ top of stack input symbol

specified ← does not match
error entry → if table entry is

production

Q: Given the following parsing table
, parse the input string

w = id + id * id
← table M



Stack Input Buffer Action

top

1.
"
E$ idtid * ids

Find MIE ,id ] : action for current input symbol

E$ id+id*id$ E→TE'

pop E

push TE
'

2. TE'$ idtid * ids 1-→ FT
'

pop T

push FT
'

3. FT
>E'$ idtid * ids F- → id

pop F

push id

4. idt
> E' $ idtid * ids id==id

pop id

advance ip

5. 1-
'E' $ 1- id * ids 1-

'
→ ✗

pop T
'

6 . E'$ + id*id$ E'→ + TE'

pop E
'

push + TE
'

7. +TE'$ + id*id$ + ==+

pop -1

advance ip



8- TE'$ idkid $ 1-→ FT
'

pop T

push FT
'

9. FT'E'$ id*id$ f-→ id

pop F

push id

10 . idt
' E' $ id * ids id==id

popid
advance ip

11 . 1-
' E'$ * ids 1-

'

→ ☒ FT
'

12. * Ft 'É$ * ids * ==*

13 . Ft'É$ ids f-→ id

14. idt 'É$ ids id==id

15 . 1-
' E'$ $ 1-

'
→ ×

16 . E'$ $ E'→✗

17. $ $ Accept

Q: construct t.LU) parsing table for the grammar

s→ al LL)

L → L
,
SIS

Parse W= la
>
a)



Left recursion

① s → a 1cL )

② L→ L
,
S / a / CL)

A → Ax
, I Adzl . . - I Atmlp , / Bat . - . / Pn
t

A → P , A
'

1Pa A't - - . / Pn A
'

A'→ ✗
, A
'

/ dz A' I . . -14mA
'

/ X

① s → al LL)

② <→ al
' / ( L) L'

③ L' → .si/x

FIRST (5) = {a ,C } FOLLOW(5) = { $ , > , ) }
FIRST (L) = { a,l } FOLLOW ( L) = { 7 }

FIRST (d) = { , , X} FOLLOW (d) = 1)}

a ( ) , $
s s → a s-7cL)

L L →ai ↳Chi

i i-xi-i.si



Stack Input Buffer Action

s$ Ca
,a) $ s -7cL)

a)$ ca
>a) $ ( ==C

↳$ a> a) $ ↳al'

al
' )$ a

>
a) $ a==a

L' 7$ >
a) $ L'→ .si

>
si > $ >

a)$ ,
==
,

si )$ a) $ s -sa

al
' )$ a) $ a==a

L' 1$ 7$ L' → ✗

7$ 7$ 7-- =)

$ $ Accept

Identify whether a Grammar Belongs to LLCD

• If not left factored or is left recursive , not LLCD

• If LLCD table has > 1 entry per cell , not LLCD grammar



• Check without table : a grammar is NOT LLCD if :

1. For A → a
, / azl . . . Ian ,

n 22 alternatives

If FIRST (a) A FIRST last =/ Of

C something in common)

2. A → a /✗

If FIRST (a) A FOLLOW (A) =/ Of

D: Is the given grammar LLCD ? Compute FIRST 4 FOLLOW sets also

s → AaAbl Bb Ba

A → ✗

B → X

FIRST(5) = {a,b} FOLLOW(5) = { $}

FIRST (A) = { ×} FOLLOW(A) = { a ,b}
FIRST (B) = { X} FOLLOW (B) = { a,b}

FIRST (AaAb) A FIRST (BbBa) = {a} n {b} = 0

i. it is LLCI)

D: Is the grammar in LLCD ? If not
, modify and re- check

s → ictslictses / a

c. → b



FIRST (icts) A FIRST Cictses ) A FIRST(a)

{i} A { i} = { i} =/ ¢

i. not LLCD

Modification : left factor

s → ictsxla

✗ → eslx
c. → b

FIRSTCictsx> A FIRST(a) = {i} A {a} =p

FIRSTles) n FOLLOWCX) = {e} A 1$ , e } = {e} =/ 0

.

'

. not LLCI)

LLCK) Grammars

• a> 1 : read K input characters to choose production

• LLCZ) :

s → abl act ad

• If LLCK) table has > k entries in a cell
, grammar not LLCK)

D: Is the grammar LLCU) ? What is k ?

S → icts I ictses la

c → b

No : not left factored



Q: Is the grammar LLCU) ? What is k ?

S → AaB / aac
B → b

C. → c

FIRST(5) = a FOLLOW(5) = $
FIRST(B) = b FOLLOW(B) = $
FIRST (C) = c FOLLOW CC) = $

a b c $

s s→aaB

s→aac

B B→b

C c→c

• K 22

• K =3 I 3 input symbols to be read

Q: construct LLCI) parsing table , parse w=x

s → AB

A → a / X

B → blx

FIRST(5) = {a ,b,X} FOLLOW (5) = { $ }
FIRST (A) = {9)×} FOLLOW (A) = { b , $}
FIRST (B) = { bit} FOLLOW (B) = 1$}



a b $
s s→AB s→AB STAB

A A-→ a A-→ ✗ A-7,1

B B→b B→t

Stack Input Buffer Action

s$ $ s→AB

pops
push AB

AB$ $ A → t

13$ $ B→x

$ $ Accept

Q: Is the grammar LLCD ? Compute FIRST and FOLLOW . Parse w=cde

S→ ABCDE FIRST(5) = {a ,b,C } FOLLOW(5) = 1$}
A-→ alt FIRST (A) = 19,4} FOLLOW (A) = {b,c}

B→blX FIRST (B) = {bi} FOLLOW (B) = {c}

(→ c FIRST (C) = {c } FOLLOW (C) = {d.e}

D → d / ✗ FIRST (D) = {d. X } FOLLOW (D) = {5$ }

E → e. It FIRST (E) = le} FOLLOW (E) = { $}



a b c d e $
S f)ABCDE f)ABIDE f) ABCDE

A A-→a Atl A→×

B B→b B→X

c c→c

D D→d ☐ → ✗ ☐→ t

E E→e E- → t

stack Input Buffer Action

5$ cde$ s→ABCDE

ABCDESI cde$ AH

BCDESI cde$ B-7,1

cDE$ cde$ c→c

cDE$ cde$ c==c

DESI def ☐→ d

dE$ de$ d==d

Est est e- → e

est est e==e

$ $ Accept



D: Are the grammars in LLCK) ? Find K

1. S→ Abbx / Bbby 2 . S → 2

A → x 2 → amal bmblakbl bra

B → x M-7C

R→c

1 . LLC4)

2 . LLC3)

Error Recovery in LLCD Parser

• If an entry mail] is blank in the parsing table
,
if it is

encountered while parsing → syntax error

• Panic Mode Recovery : discard all following input symbols until
delimiter found

,
then restart parsing

- Delimiters : synchronizing tokens

- For non-terminal ✗ in the parsing table , add synch token under

the elements of FOLLOW CX) (if blank)

•

Parsing procedure

if MCX
, a] = = blank : ✗ syntax error

ignore input symbol a

if MCX
,
a) = : synch :

if ✗ is the only symbol in the stack:

ignore input symbol a
else :

pop ✗ from stack



Q: Implement parsing table with panic mode recovery . Parse w=)id*+id

E- → TE
'

E'→ +TE
'

It

1- → FT
'

1-
'
→ * FT

'

/ ✗
f- → numlidl (E)

FIRST FOLLOW

E num , id , ( )
, $

E
'

+
, ✗ 7

,
$

T

y
,

num , id , l t
>
$
,
)

*
, ✗ t

, $ , ?
F num

,
id
,
I *

, -1,4,)

+ * num id C ) $
E E→TE' E→TE

'

E-→TE
' synch synch

E
' E'→ +TE' E'→ t E'→ ✗
T synch 1-→ FT

'
1-→ FT

'
1-→ FT> synch synch

T
'

1-
'
→ ✗ 1-↳ * FT' T' -7,1 T

'
-7,1

F synch synch f-→num f-→ id f-→ (E) Synch Synch

Stack Input Buffer Action

E$ )id*+id$ synch → only
el

EIS id # + ids e-→ TÉ
in

TEH id * + ids 1-→ ft
)

stack

FT > E' $ id # + ids f-→ id
idt'E'$ idxtids id==id

1-
' E' $ * + ids T* FT

'

* FT'É$ * + ids * = :*

FT'É$ tidy synch →
P°Pt°P
of stack

1-
'
E'$ + ids 1-

'
→ ✗

E'$ + ids E'→ + TE
'

+TE'$ + ids + ==t



TÉS ids 1-→ Ft
'

FTE '$ ids f-→ id
idt 'É$ ids id==id

it's 4 1-
'
→ ✗

E' $ $ E'→✗

$ $ Accept

D: Parse idlt> id using above tables and grammar

stack Input Buffer Action

E$ idlt)id$ E- → TE
'

TÉS Idc -1)id$ 1-→ FT
'

FT'É$ idlt)id$ f-→ id

idt'E'$ idct)id$ id==id
1-
' E'$ 4) id $ ignore (

T'É$ t)id$ 1-' → ✗

E'$ +7 ids E)→ + TE>

+TE
> $ t)id$ + ==+

TE'$ > ids synch
E'$ lids E)→ ✗

$ )id$ Restart estop]

Restart

E$ 7id$ synch
E$ ids e-→ TE

'

TEH ids 1-→ FT)

FT'E$ ids f-→ id
idt'É$ ids id==id
1- ' E'$ $ T'→X
E' $ $ E'→ t

$ $ Accept



RDP without Backtracking vs Predictive Parsers

• RDP without BT is more powerful

Q: Implement PT for grammar with PMR
.
Parse w= aca)

s → a 1cL?

L → ail Chi

u→
,
SL' It

FIRST FOLLOW

s a c $
,

7

L a C )

L
'

, d 7

a ( 7
, $

s s→a s→CL) synch synch synch
L (→ al

'
↳a)L

'

synch

L
' L'→xi-i.si



Stack Input Buffer Action

5$ aca> $ s→a

a$ aca)$ a==a

$ (a) $ Restart estop)

s$ (a) $ s→CL)

4)$ (a) $ ( ==C

C) $ a) $ ↳ al'

ai > $ a) $ a==a

d) $ 3$ L'→ ✗

3$ 7$ ) -- =)
$ $ Accept

Q: Parse C > a >a)

Stack Input Buffer Action

5$ C) a) a)$ s→CL)

(C) $ c) a > a) $ ( = =L

↳ $
, a >
a) § blank

1) $ a) a) a ↳ al
'

ai )$ a.a) $ a==a

d) $ ,
a)$ L' →

>
si

,
si > $ ,

a) $ ,
==

,

so )$ a) $ s→a

ails a) $ a==a

l
'

)$ 3$ L'→ ×

7$ 3$ ) -- =)

$ $ Accept



BOTTOM UP PARSER

• start with input string cleaves) and derive start symbol Croot)

- Reads Ltor and provides rightmost derivation

• No requirement of left factoring or free of left recursion

1. Shift - Reduce Parsee

• Process of reducing a string w to the start symbol of the

grammar

• Reduction step : specific substring matching the body of a production
is replaced by the non-terminal at the head of that production

-

Key decisions : when to reduce and what to reduce

• Constructs rightmost derivation in reverse



HANDLE PRUNING

• Handle : substring on stack that matches the body of a production
whose reduction represents one step along the reverse of a

rightmost derivation

- The leftmost substring that matches the body of some

production need not be a handle

is not a

handle as ←

E-→ E * id is

not valid

• Formally , if S ⇒ ✗ AW In ✗ pwrm

- Production A→ p is a handle of ✗ pw
- For convenience

,
the body p of A → p is referred to as a

handle
-

Grammar could be ambiguous with more than one RMD

of ✗pw and each right- sentential form may have multiple

possible handles

• RMD in reverse can be obtained by handle pruning

• Suppose w is a string of terminals that needs to be reverse-

derived such that w=gn where rn is the nth right sentential

form



• To reconstruct
,
we locate a handle pn in rn and replace

pn with the head of the production An→ pn to get the

previous right sentential form rn-,

i

Repeat until start symbol is reached

SHIFT- REDUCE

• stack holds grammar symbols and input buffer holds rest of

string to be parsed

• Handle appears at top of the stack before it is identified

as handle

• $ : bottom of stack
, right end of input

• convention for BUP : top of stack shown on the right (unlike

TDP)

• Left - to- right scan of input string ; parser shifts 0 or more

input symbols onto stack called shift)

u Once ready to, a string p of grammar symbols at the

top of the stack is reduced to the head of the appropriate
production

- Repeat until stack contains start symbol or error



• Steps of shift - Reduce parser

Possible Actions of shift - Reduce Parser

conflicts in shift- Reduce Parsing
• For some grammars , shift

- reduce parsers fail
- cannot decide whether to shift or reduce (shift/ reduce conflict)
- cannot decide which reduction to make (reduce/ reduce conflict)

• Syntactic constructs that give rise to such grammars
- such grammars not in the LRCK) class of grammars Chon- LR

grammars)



•

can resolve on else in favour of shifting , as there is an else

associated with the previously animated then

C Pseudocode with SIR conflict



Q: Parse id # id using SR parser and the given grammar

E- → E -1T IT
1- → 1- * 5- IF W= idxid

f- → id

stack Input Buffer Action

$ id*id$ shift id
slid * ids reduce f- → id

SIF * ids reduce 1-→ F

SIT * ids reduce e- → T or

shift *

(conflict)

choose : shift *

$T* ids shift id

$t*id $ reduce f- → id

$T*F $ reduce 1-→ 1- * F

SIT $ reduce e- →T

$ E $ Accept

a: For 5-7051/01 , indicate handle for the following
right sentential forms and parse

(a) 000111

Stack Input Buffer Action

$ 000111$ shift

$0 00111$ Shift
$00 0111$ shift

$000 111$ shift



$0001 11$ reduce
handle

$005 11$ shift

$0051 1$ reduce
Janelle

$0S is shift

$051 $ reduce

Janelle

Iss $ Accept

(b) 00511

Stack Input Buffer Action

$ 00511$ shift

$0 0511$ shift

$00 511$ Shift

$005 11$ shift

$001 1$ reduce

handle

$0S 1$ shift
$051 $ reduce
Thandie

$5 $ Accept



2. Table - Driven LR Parsers

• Most prevalent bottom-up parser : LRCK) parser

• L : left-to-right scan of input
R: rightmost derivation in reverse

k: no . of input tokens of lookahead used in making parsing
decisions

• If K is omitted
,
LRCI) is assumed (practically , only LRLK)

where KEI are considered)

TYPES of LR PARSERS

• Power of a parser : how quickly it can catch errors

- power increases from 4210) < SLRCD CLALRCD < CLRCI)

• Number of states required : narco,
= nsLR= NLALR £ NCLR

• All 4 use DFAS

- LRLO) and SLRCI) - LRIO) automata
- LALRLD and CLRLD - LRCD automata



Items

• How to decide between shifting and reducing? How to decide
if handle exists?

• Item: production with a dot in the RHS

• Dot indicates where we are in the production

• If . at end of prod, it is called final item or kernel item;
indicates that handle is on Tos and can perform reduce

• A → ✗ -42 means ✗ is seen and Yz is expected to be

seen next

1. LRIO) Automaton

• Canonical LRLO) collection : collection of set of items

•

Augmented grammar : if G is a grammar with start symbol
S
,
G
'
is an augmented grammar with new start symbol s

'

and production s
'

→ s

- Accept only when reducing S to S
'

• Two functions : CLOSURE and GOTO

* see page 57



CLOSURECI)

• I : set of items for grammar ↳

• CLOSURE CI) : set of items constructed from I by the two rules:

1. Add every item in I to CLOSURE CI)

2 . If A → d. Bp is in CLOSURE CI) and B -18 is a prod ,
then add B→ • 8 to CLOSURE (I)

In simple words
,
if there is a non-terminal after the • in

any of the items in CLOSURECI)
,
add all prod of that

non - terminal

GOTO (I ,X)

• Closure of all set of items [ A→ ✗ X-p ] such that I A- → d. ✗B) is

in I

• Used to define transition for each symbol after the dot



D: Examine whether grammar is in 4210) or not

S→ AA

A → aAlb

steps

1. Augment grammar
2. Number prod in original grammar
3. Follow 4210) parsing algorithm
4. create parsing table

1. Augment grammar

s
'
→ s

s → AA

A → aA

A → b

2. Number prods from original grammar

s
'
→s

1. S→ AA

2- A→ AA

3. A → b

Initial item: s
'

→ ☐
S

3- Follow 42107 parsing algorithm

step 1: start with initial item

S
'

→ . S



Step 2 : Adding prods of Nts after dot

s'→ .
S

s → . AA

A → . aA

A → . b

step 3 : make the prods a closure l put it in a box and

name it)

state Io

s
>
→

• S

S → . AA

A → . aA

A → • b

step 4 : Transitions using goto

GOTOCI, X) : define trans from state I; on every symbol ✗
after the dot

state Io S
,

S
>
→ S

.

S
>
→

. s A
,

S → A. A

s → . AA

A → . AA 9
,

A → a. A

A → • b

b

> A → b.



Step 5 : Repeat steps 2-4 until no more states can be added

Io s
,
I,

s
>
→

• S S
>
→ S

.

S → . AA

A → . aA

A → • b A

b a >
Iz A

,
Is

L V

14 Iz S → A. A S → AA .

a A →
.
AA

A-→ b. A → a. A
<

A → . b

A → - AA
^^

A →
• b b

b

① A

a
✓

Is

A→aA .

Canonical collection of 4210) items : C. = { Io
,
Ii > Iz >I} ,Iy , Is , Io}

s
>
→ S

.
: special final item



4. Create 42107 parsing- table

. Three parts :
(a) State : state numbers from automaton

(b) Action: sub-columns for each terminal and $

(c) Goto : sub - columns for each non - terminal

• structure

• Io -53 I, ⇒ goto of S for 0 is 1

Io →A Iz ⇒ goto of A for 0 is 2
So on

. state I
,
contains special final item ⇒ Accept should go under $

° Trans on a symbol [terminal) is shift , denoted by s× Where ✗ is

the next state

• When state has a final item
,
reduce ; denoted by r✗ where ✗ is the

rule no . that the prod corresponds to - r× placed in entire row

state Action Goto

a b $ S A

0 S3 S4 I 2 Iy : A → b. prod 3
I accept Is : s→ AA

. prod I

2 Sz Sy 5 I
,
: A → aA- prod 2

3 53 Sy 6

4 83 53 53
5 r

,
r
, r

,

6 ra ra I



• If more than one entry per cell
,
not LRLO)

-
.

'

. grammar is 42107

Q: Use the above PT to parse w -- abb - LRIO)

state Action Goto

a b $ S A s
'
→ S

O Sz Sy I 2 1. S→ AA

I accept 2. A→aA

2 Sz 54 5 3
.
A → b

3 Sz Sy 6

4 83 53 53
5 r

,
r
, r

,

6 ra ra I

stack Input Buffer Action

$0 abb$ Ss

push a
push 3

read a

$Oa3 6b$ S4

push b

push 4

readb

$093b 4 b$ rz : reduce prev
sym using 3rd prod
pop 2x sym off

stack ; ✗ = size of

RHS of prod 3
✗=L

2x=2



pop
4

pop b

push A

TOS is state }

Goto (3. A) = 6

push 6

$Oa3A6 b$ rz
reduce prev
sym using 2nd
prod A→aA

pop 6

POPA
pop

3

Popa
push A

Tos is state 0

goto CO >A)=3

push 2
$0A2 b$ Sy

$0A2b4 $ rz : reduce prev
symtoprod 3

A- → b

pop 4

popb
push A

goto (2)A) =5

push 5
$0A2A5 $ r

,

s→AA

pop 4 items

push s
pushgotoco,s)=l



$051 $ accept

classes of Items

4210) - No lookahead

Q: Is the grammar 42107 ?

S→ Ala

A → a

• Is the grammar ambiguous ? can a string be derived in multiple
ways?

W = a



① s A s → A
rm

s ⇒ a A-→ a

rm

② s ⇒ a s→a

Yes ,
it is ambiguous

.

'

. not LRLO)

• Full solution :

1. Augment grammar

s
'
→ s

s → A

s → a

A → a

2- Number prods
s'→s

1. s→ A

2. s → a

3. A → a

3. Apply parsing algorithm

initial item : S
'
→

•
S



Io s Ii
> special

s
'

-7.5 S
'
-7s .

final

s →
• A prod

s→.a
A

A → • a

s

Iz
a

v s -7A .

I3

s→a
.

A- → a .

4- Table

state Action Goto

a $ S A

0 53 I 2

I accept

2 8
,

r
,

3 62 / rz 82/83

2hr conflicts



Q: Is this 42107?

s→AaAblBbBa

A → ✗

B→ ✗

1. Aug 4 num

s
'
→ s

1. s→ Aa Ab

2. s → Bb Ba

3. A → ✗

4. B → ✗

2. Algo

Io

conflict : rzlr , in state 0

s
>
→

•
S

S → • AaAb -

'

- not LRLO)

s -7
. Bb Ba

A →
. even though not ambiguous

B → .

- i no lookahead

Q: Is the grammar 42107 ?

E-→ 1- +El T

1- → id

1 . Aug { num



S
'
→ E

1. E- → Tt E

2. E- → T

3. 1- → id

2. Algo

Io E
,

Il

s
>
→ • E S

'
→ E

.

E → • Tt E

E → .
T

1- → . id T

Iz
]

id
E-→ To 1- E t

E- →T
.

V

J
r

I3 T I
4

1- → id
.

<

id E →THE
E- → • 1- + E

L
E E → it

Is 1- →
. id

e-→Ttt
.



3. Table

state Action Goto

+ id $ E T

O Sz l 2

I accept
2 54 /rz 52 rz

3 Tz V3 53

4 Ss 5 2

5 r, r
,
r
,

Slr conflict - can be resolved with lookahead

2. SLRCD

• Difference : one lookahead for actions

• Places reduce move in FOLLOW ( LHS) only , not entire row

Q: E'→ E

i. E- → T+E FOLLOW (E) = {$}
2- E-→ T FOLLOWa) = {+ ,$}
3. 1- → id

state Action Goto

+ id $ E T

O Sz l 2

I accept blank __ error

2 54 rz

3 rz 53
4 Ss 5 2

5 8
,



SLR detects errors faster

i. SLRCD grammar

D: Parse w -- idtid using SLRCD table above

stack Input Buffer Action

$0 idtid $ S3

push id

push 3

$Oid3 + ids r}

1-→ id

pop 3

pop id

push T

push goto(0,1-1=2
$ 01-2 + ids sy

push -1

push 4
$ 01-2+4 ids Sz

push id
push 3

$0T2t4id3 $ r
,

1-→ id
pop 3

pop id
push T

goto 14,1-3=2
$ 01-2+41-2 $ rz

E- → T

pop 2 items



push E

goto (4)E)=5
$ 01-2+46-5 $ r

,
E →Ttt

pop 6 items

push E
gotolo, E) =/

$ OEI $ accept

SLRLI) vs LRLO)

viable Prefixes prefix of the
handle

t



D: Provide a production with shortest RHS that will intro Slr conflict

in SLRCD parser for the grammar

i. S → Ab

2. A → cbAd

3. A → CAD

4. A → ✗

A → b

Io I , Iz

A

S
'
-i. S g
- s→ A. b

s → . Ab → S→
. Ab

A → • CbAd A -7
- cbad Jb

A →
• CAD A- → - CAD I

}

A → .
A → .

s→Ab
.A

b

l't k1.
Is

Iy
FOLLOW (5)=$

A→ c. bad FOLLOW (A) =b,d
A → c. Ad

A -7 .cbAd i. a prod from A-→ bord
A -7 .

Cad
A →

.

state Action Goto

a b c d S A

0 Sg / ro 54 To



i. intro prod A → b

Q: Identify if LLCD
,
LRIO) or SLRCD ?

✗ → Yzl a
Y → BZIX
2. → ×

FIRSTCX) = b
,
2
,
a FOLLOW(X) = §

FIRST (Y) = b
, ✗ FOLLOW (4) = 2

FIRST (2) = A FOLLOW (2) = z

LLCI) table

a b z $
✗ ✗→ a ✗→ Yz ✗ → Yz

Y y→b2 Y→X

2 2 → ✗

i. grammar is LLCD

LRIO)

1. Augment 4 number

s
'
→ ✗

1. ✗→ Yz

2. ✗→ a

3. Y -762

4. Y → ✗

5. 2 -7,1



2- Algorithm

Io ✗ I , final
> special

S
'
→ . ✗ s

'
→ X.

✗ → . Yz
✗ → . a

✗ → .bz Y

Y → .

a
> I2 2- Is

b ✗ → Y.z ✗→Yz .

v

1=4
J

Y→ b.2 Is
2→ .

✗→ a .

12
I 6

y→ b2 .



LRIO) table

state Actions Goto

a b 2 $ ✗ Y 2

0 Szlry 54/4 Ry Ry

Slr conflicts ⇒ not LRCO?

NO GRAMMAR WITH X PROD IS LRLO)

SLRCD table

state Actions Goto

a b 2 $ ✗ Y 2

O Sz 54 64 I 2

I accept
2 55
3 02
4 85 6
5 r

,

6 rz

i. SLRLD



3. CLRCD

• Modify SLRCD to use LRCD items

-

eg: A → ✗
. YZ
,
{ a ,b}
T lookahead symbols

• Place reduce moves in LA symbols instead of entire row - LRIO) -

or FOLLOW (LHS) - SLR

•

Using LRLO) : start with

s
'
→ .

S →S s
'

→ s
.

•

Using LRLD or CLR : start with

s
'
→

.
s
, $ →S s

'
→ So

,
$

• LRLI) is powerful ; 42107 C LRCD
,
LLCDC LRCD

'

Huge automata

calculating the lookahead (the set after the comma)

° Let an LRLD item be

A-→ ✗ . BP , a

• NT B after . ⇒ add B prods



• Let B→ . J
, something

• How to find the lookahead for B ?

- Lookahead = FIRST (Ba)

0: consider grammar

s→ L -- RI R

L→ * R lid
R→ L ⇒ R→ *Rlid

1. Augment q number

s
'
→ s

1. s→L=R FIRST(5) = * , id

2. s → R FIRST ( L) = K , id

3. L→ * R FIRST CR) = * , id

4 . L → id

5. R -7L

2. Algorithm

Io s
,
I ,

s
'
→ •

S
, $ s

'

-75
.
> $

s → • L=R
, $

s→ . R
, $

L→ • * R
>
f- , $} L Iz

L→ . id
, f- ,$} >

R→
. L
,
$ s → 1. = R

, $
R * I expand again 9

id
R→L . > $

add $+0 LA



V

Iy s

✓ Is

I}
↳ * - R

,
{ =
, $}

R→ . L
, $ L→ id

.

,
/ =
,
$]

s→R .

>
$ ↳ • * R

,
{ = ,$}

L→ . id
,
{ = ,$ }

:
e 1

I

1 ,

:

complete DFA

•

Parsing 4 table : same algorithm



4- LALRLD

• In CLR automata
,
there will be some states with same

LRIO) itemsets but diff lookaheads

° Merge the lookaheads Canion)

• watch out for rlr conflicts (weaker than CLR parsers)
-

upon merge , only rlr conflicts possible
- CLR states may have slr or rlr conflicts

• Reduce no
.
of states

• Yacc is LALR parser

D: create automaton and table for

s→AaAb1BbBa

A → ×

B→ ×

1. Augment 6 no .

s
>
→s

1. s→ AaAb

2. S→BbBa

3. A → ✗

4. B → ✗



2. Algorithm

Il

Io
s 's>

→ S
.

, $ 1--4

a

^

S
'
→

.
S
, $ f) Aa- Ab > $

s→.AaAb , $ A A -3 . ,
b

5-7 . BbBa
>
$

, A
A -7 .

>
a Iz v

B -7
.

>
b Is

5. → A. aAb
> $

B s→AaA
-b. $

ub
> Iz Is

-1-6
c
b

s→ B. bBa
>
$

S-in-an-b.gs/s-Bb.Ba,$B-
-

>
a

B

,
a Iq

I> →
s→BbBa .

> $
s→BbB - a

> $



3. Parsing table CCLR)

state Actions Goto

a b $ S A B

O 83 84 I 2 3

I accept
2 54
3 56

4 rz 5

5

6 ry
-

%
7

7 Sg
s r

,

9 rz

i. CLR grammar

D: Is the grammar CLR and LALR?

S → Aal bae 1 Bc I b Ba

A → d

B → d

l . Aug q num

s
>
→ s

1. s→ Aa

2. 5-7 BAC

3 . S -7 Bc

4. S→bBa

5- A→ d

6. B → d



2 . Algorithm
s

Io 7

s
>
→

.
S
, $

s -7 - Aa
, $

s →
. BAC , $

s→ . Bc
, $

s → . bBa,$
A → - d

,
a

B → . d
,
C

:

SUMMARY OF TD- BUP


