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Quiz Questions mya

e

* Ql: for grammar E 2 E-E | E+E | a | b, and input b-a+b,
give one rightmost derivation.
E>E-E>E-E+E>E-E+b>E-a+b>b-a+b E
E>E+E>E+b>E-E+b>E-a+b>b-asb £ |

E E

* Q2: plot parse tree of the derivation in Q1. N tI)
E - E
* Q3: briefly describe top-down parsing. I:|> ;L

Mimics leftmost derivation, expand the start symbol to input string.
* Q4: why top-down parsing cannot handle left recursive

grammars?
Repeatedly expanding without consuming any input symbol.

e Q5:isgrammar S 2> T al| a, T = S left recursive? Why?
YES.S = T a =2 S a (indirect left-recursive).
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Predictive Parsers[#iiil 4> #7

* In recursive descent with backtracking[ & [ali#]:

— At each step, many choices of production to use
- Backtracking used to undo bad choices

* A parser with no backtracking[Jz[=li#]: predict correct

next production given next input terminal(s) [LA T T — &%
AR

— If first terminal of every alternative production is unique, then
parsing requires no backtracking[ i r= 4= 2 I 4G 75 5 ME—]
- If not unique, grammar cannot use predictive parsers[fHE—]
A->aBD | bBB
B—>c | bce
D->d

parsing input “abced” requires no backtracking
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Predictive Parsers[#iiil 4> #7

* In recursive descent with backtracking[& [=]3#]:

— At each step, many choices of production to use
- Backtracking used to undo bad choices

* A parser with no backtrackmg[?ﬁlﬁlﬁﬂ] predlct correct

next production given next input terminal(s)’[LL T [ —£5%
N SR

— If first terminal of every alternative production is unique, then
parsing requires no backtracking[ i r= 4= 2 I 4G 75 5 ME—]
- If not unique, grammar cannot use predictive parsers[fHE—]
A->aBD | bBB
B—>c | bce
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parsing input “abced” requires no backtracking
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Predictive Parsers[#iiil 4> #7

* In recursive descent with backtracking[& [=]3#]:

— At each step, many choices of production to use
- Backtracking used to undo bad choices

* A parser with no backtracking[Jz[li#]: predict correct

next production given next input terminal(s)’[LL T [ — L& %
KT

— If first terminal of every alternative production is unique, then
parsing requires no backtracking[ i r= 4= 2 I 4G 75 5 ME—]
- If not unique, grammar cannot use predictive parsers[fHE—]
A->aBD | bBB
B—>c | bce
D->d

parsing input “abced” requires no backtracking

2 MR HAEETE—A, 4 next terminal 525k & current terminal, B[l
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Predictive Parsers (cont.)

* A predictive parser chooses the production to apply solely
on the basis of [ H ™A A ik i)
— Next input symbol(s)[ F —#i N\ 5 /44555
— Current nonterminal being processed|47ij IF 4L (1) JE £ 45 7]

e Patterns in grammars that prevent predictive parsing[3f3F
JE A2 RE TN 73]
— Common prefix[3L[FFT43]:
A->af | ay
Given input terminal(s) a, cannot choose between two rules
— Left recursion[ /i 4]:
A->AB | a
Lookahead symbol changes only when a terminal is matched
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Predictive Parsers (cont.)

* A predictive parser chooses the production to apply solely
on the basis of [1 B 4 A K FE]
- Next input symbol(s)[ | —Hi A fF 5 /2 2577
— Current nonterminal being processed[ 24 /i IF 4L HH 1 JE 2% 45 7F]
e Patterns in grammars that prevent predictive parsing[3f3F
JE A2 RE TN 73]
— Common prefix[3L[FFT43]:
A->af | ay
Given input terminal(s) a, cannot choose between two rules
— Left recursion[ /i 4]:
A->AB | a
Lookahead symbol changes only when a terminal is matched

What is the language of the grammar?
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Predictive Parsers (cont.)

* A predictive parser chooses the production to apply solely
on the basis of [1 B 4 A K FE]
- Next input symbol(s)[ | —Hi A fF 5 /2 2577
— Current nonterminal being processed[ 24 /i IF 4L HH 1 JE 2% 45 7F]
e Patterns in grammars that prevent predictive parsing[3f3F
JE A2 RE TN 73]
— Common prefix[3L[FFT43]:
A->af | ay
Given input terminal(s) a, cannot choose between two rules
— Left recursion[ /i 4]:
A->AB | a
Lookahead symbol changes only when a terminal is matched

What is the language of the grammar? of*
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Rewrite Grammars for Prediction[#E]

o Left factoring[ = A KT #2HX]: removes common left prefix
— In previous example: A= af | ay
— can be changed to
A->aA
AN->By
— After processing a, A’ can can choose between B ory
(assuming B or y do not start with a)
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Rewrite Grammars for Prediction[#E]

o Left factoring[ = A KT #2HX]: removes common left prefix
— In previous example: A= af | ay
- can be changed to  stmt - if expr then stmt else stmt | if expr then stmt
A->aA
AN->By
— After processing a, A’ can can choose between B ory
(assuming B or y do not start with a)
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Rewrite Grammars for Prediction[#E]

o Left factoring[ = A KT #2HX]: removes common left prefix
— In previous example: A= af | ay
- can be changed to simt - if expr then stmt else stmt | if expr then stmt

A->aA 1€ stmt = if expr then stmt S’
A->B1y S’ > else stmt | €

— After processing a, A’ can can choose between B ory
(assuming B or y do not start with a)
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Rewrite Grammars for Prediction[#E]

o Left factoring[ = A KT #2HX]: removes common left prefix
— In previous example: A= af | ay
- can be changed to simt - if expr then stmt else stmt | if expr then stmt

A->aA 1€ stmt = if expr then stmt S’
A->B1y S’ > else stmt | €

— After processing a, A’ can can choose between 3 ory

(assuming B or y do not start with a) HEIRIEFE, EHIBIP X5
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Rewrite Grammars for Prediction[#E]

o Left factoring[ = A KT #2HX]: removes common left prefix
— In previous example: A= af | ay
- can be changed to simt - if expr then stmt else stmt | if expr then stmt

A->aA 1€ stmt = if expr then stmt S’
A->B1y S’ > else stmt | €

— After processing a, A’ can can choose between 3 ory
(assuming B or y do not start with a) HEIRIEFE, EHIBIP X5

* Left-recursion removal[ /= i# 975 ER]: same as recursive
descent

> B




Rewrite Grammars for Prediction[#E]

o Left factoring[ = A KT #2HX]: removes common left prefix
— In previous example: A= af | ay
- can be changed to simt - if expr then stmt else stmt | if expr then stmt

A->aA 1€ stmt = if expr then stmt S’
A->B1y S’ > else stmt | €

— After processing a, A’ can can choose between 3 ory
(assuming B or y do not start with a) HEIRIEFE, EHIBIP X5
* Left-recursion removal[ /= i# 975 ER]: same as recursive
descent
— In previous example: A>AB | a
— can be changed to
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Rewrite Grammars for Prediction[#E]

o Left factoring[ = A KT #2HX]: removes common left prefix
— In previous example: A= af | ay
- can be changed to simt - if expr then stmt else stmt | if expr then stmt

A->aA 1€ stmt = if expr then stmt S’
A->B1y S’ > else stmt | €

— After processing a, A’ can can choose between 3 ory
(assuming B or y do not start with a) HEIRIEFE, EHIBIP X5
* Left-recursion removal[ /= i# 975 ER]: same as recursive
descent
— In previous example: A>AB | a

— can be changed to
A->aA
AN->BA | €
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Rewrite Grammars for Prediction[#E]

o Left factoring[ = A KT #2HX]: removes common left prefix
— In previous example: A= af | ay
- can be changed to simt - if expr then stmt else stmt | if expr then stmt

A->aA 1€ stmt = if expr then stmt S’
A->B1y S’ > else stmt | €

— After processing a, A’ can can choose between 3 ory
(assuming B or y do not start with a) HEIRIEFE, EHIBIP X5
* Left-recursion removal[ /= i# 975 ER]: same as recursive
descent
— In previous example: A>AB | a
— can be changed to
A->aA
A —>BA | €
— After processing a, A’ can can choose between B or €
(assuming B doesn’t start with o or A’ isn’t followed by a)
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LL(k) Parser / Grammar / Language

 LL(k) Parser

— A predictive parser that uses k lookahead tokens
— L: scans the input from left to right[ )\ 2 4E 4]
— L: produces a leftmost derivation[4: il fx /£ #E 5]

- k: using k input symbols of lookahead at each step to decide[[
HIES S EREY
e LL(k) Grammar
- A grammar that can be parsed using an LL(k) parser
- LL(k) < CFG
o Some CFGs are not LL(k): common prefix or left-recursion
* LL(k) Language
- A language that can be expressed as an LL(k) grammar

 Many languages are LL(k) ...
- In fact many are LL(1)!
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LL(k) Parser Implementation[szi]

* Implemented in a recursive or non-recursive fashion[i# 7/
EIStE)
— Recursive: recursive descent (recursive function calls, implicit
stack)

— Non-recursive: explicit stack to keep track of recursion[#k]

* Recursive LL(1) parser for: A>B | C, B=>b, C—>c

— Parser consists of small functions, one for each non-terminal

void A() {
token = peekNext(); // lookahead token
switch(token) {
case 'b’: //’B’ starts with 'b’
B(); // call procedure B()
case’c’: //’'C’ starts with ’c’
C(); // call procedure C()
default: // Reject
return;

} Ditge




LL(k) Parser Implementation (cont.)

* Recursive LL(1) parser for: A->B | C, B—>b, C—>c

void A() {
token = peekNext(); // lookahead token
switch(token) {
case 'b’: //’B’ starts with 'b’
B(); // call procedure B()
case’c’: //’'C’ starts with ’c’
C(); // call procedure C()
default: // Reject
return;

}
* |s there a way to express above code more concisely?[ 4]

- Non-recursive LL(k) parsers use a state transition table (just like
finite automata)[ R A F]

— Easier to automatically generate a non-recursive parser[H z1t]
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LL(1) Parser(dki® A

* Table-driven parser[#5K3))]: amenable to automatic code
generation (just like lexers)
— Input buffer: contains the string to be parsed, followed by S

— Stack: holds unmatched portion of derivation string, S marks
the stack end

— Parse table M[A, b]: an entry containing rule “A->...” or error
— Parser driver (a.k.a., predictive parsing program): next action

2
based on <stack top, current token> T TS
o Reject on reaching error state . I
o Accept on end of input & empty stack | X/\
. ¢ Predictive Parsing
4 ngrumI - pt
\i
Parsing Table
M
I
? i

?: The current token is treated as lookahead token.



LL(1) Parser(dki® A

* Table-driven parser[#5K3))]: amenable to automatic code
generation (just like lexers)
— Input buffer: contains the string to be parsed, followed by S

— Stack: holds unmatched portion of derivation string, S marks
the stack end

— Parse table M[A, b]: an entry containing rule “A->...” or error

— Parser driver (a.k.a., predictive parsing program): next action
based on <stack top, current tokerf>

Input al+|b|$

o Reject on reaching error state I

o Accept on end of input & empty stack /\

S Predictive Parsing
Program

= Output

A stack records frontier of parse tree
o Non-terminals that have yet to be expanded
o Terminals that have yet to matched against !
the input Parsing Table
o Top of stack = leftmost pending terminal or i
non-terminal

oA N| =<| X

?: The current token is treated as lookahead token. MG



LL(1) Parse Table: Example

table int * - ( ) S
E | E>TE E-> TE Ez TE |
+ €
E’ E' > +E EE2>¢e | EE>c¢
: : T - intT’ | (E)
T T2>*T| T >¢ T—2>¢e | T2>c¢

* Implementation with 2D parse table

10 Dhige



LL(1) Parse Table: Example

table int * = ( ) S

L E 1| EDTE ES>TE E:Til
g ! E D +F e | e fE1E

] ' 5 e T - intT" | (E)
LT I TD>intT T (E ;s

| ;I ’ * ’ ’ ’ Te TlE
IT : T2*T| T 2>¢ T2 | T=2>c¢

* Implementation with 2D parse table
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LL(1) Parse Table: Example

table int * = ( ) S

L E 1| EDTE ES>TE E:Til
g ! E D +F e | e fE1E

] ' 5 e T - intT" | (E)
LT I TD>intT T (E s

| ;I ’ * ’ ’ ’ Te TlE
IT : T2*T| T 2>¢ T2 | T=2>c¢

* Implementation with 2D parse table

— First column lists all non-terminals in the grammar
o l.e., leftmost non-terminal in derivation

©tuxt 10 IR




LL(1) Parse Table: Example

table int * + ( ) S
E E—>TE E—>TE
E’ E' > +E E>e | EDe
T T=2intT T -2 (E)
T T2>*T| T >¢ T2>e | T2c¢

* Implementation with 2D parse table

— First column lists all non-terminals in the grammar

o l.e., leftmost non-terminal in derivation

10

E->TE

E'> +E | €
T intT’ | (E)
T->*T| €

B



LL(1) Parse Table: Example

table E: int * + ( ) S
E E—>TE E—>TE
E’ E' > +E E>e | EDe
T T=2intT T -2 (E)
T T2>*T| T >¢ T2>e | T2c¢

* Implementation with 2D parse table

o l.e., leftmost non-terminal in derivation

10

— First column lists all non-terminals in the grammar

E->TE

E'> +E | €
T intT’ | (E)
T->*T| €

B



LL(1) Parse Table: Example

table E: int * + ( ) S
E E—>TE E—>TE
E’ E' > +E E>e | EDe
T T=2intT T -2 (E)
T T2>*T| T >¢ T2>e | T2c¢

* Implementation with 2D parse table

o l.e., leftmost non-terminal in derivation

o l.e., next input token

10

— First column lists all non-terminals in the grammar

E->TE

E'> +E | €
T intT’ | (E)
T->*T| €

— First row lists all possible terminals in the grammar and $

B



LL(1) Parse Table: Example

table int * + ( ) S
E E—>TE E—>TE
E’ E' > +E E e | EDe
T T=2intT T -2 (E)
T T2>*T| T >¢ T2>e | T2c¢

* Implementation with 2D parse table

— First column lists all non-terminals in the grammar

o l.e., leftmost non-terminal in derivation
— First row lists all possible terminals in the grammar and $

o l.e., next input token

10

E->TE

E'> +E | €
T intT’ | (E)
T->*T| €
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LL(1) Parse Table: Example

table int * + ( ) S
E I_E_Q_TE' I E_Q_TE I
E | E' > +E E' > ¢ E' > ¢
T [T>intT T (E)
T | T2*T| T 2>¢ T>e | T2>c¢

* Implementation with 2D parse table

— First column lists all non-terminals in the grammar
o l.e., leftmost non-terminal in derivation
— First row lists all possible terminals in the grammar and $

o l.e., next input token

10

E->TE

E'> +E | €
T intT’ | (E)
T->*T| €

B



LL(1) Parse Table: Example

table int * + ( ) S
E I_E_Q_TE' I E_Q_TE I
E | E' > +E E' > ¢ E' > ¢
T [T>intT T (E)
T | T2*T| T 2>¢ T>e | T2>c¢

* Implementation with 2D parse table

— First column lists all non-terminals in the grammar

o l.e., leftmost non-terminal in derivation

E->TE

E'> +E | €
T intT’ | (E)
T->*T| €

— First row lists all possible terminals in the grammar and $

o l.e., next input token
— A table entry contains one production

o One action for each <non-terminal, input> combination
o It “predicts” the correct action based on one lookahead

o No backtracking required
10
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LL(1) Parse Table: Example

table int * - ( ) S
E | E>TE E> TE E->TE
>+
E F' > +E e >e |p>e |- EIE
— T = intT’ | (E)
T T2>*T| T >¢ T2>e | T'2c¢

* Implementation with 2D parse table
— First column lists all non-terminals in the grammar
o l.e., leftmost non-terminal in derivation
— First row lists all possible terminals in the grammar and $
o l.e., next input token

— A table entry contains one production
o One action for each <non-terminal, input> combination
o It “predicts” the correct action based on one lookahead

o No backtracking required
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LL(1) Parsing Algorithm[&#] e

* |nitial state[WIEE&]
— Input tape: input tokens followed by 'S’
— Stack: start symbol followed by 'S’ at bottom [

* General idea[ /2 1&H#%]: repeat one of two actions
- Expand symbol at top of stack by applying a production
— Match terminal symbol at top of stack with input token

* Step-by-step[H: P #:1E] parsing based on <X, a>

2arsing
CEAsng | o Output
ram

@A N| =<
i
b=
=%
=)
=
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LL(1) Parsing Algorithm[&#] e

* |nitial state[WIEE&]
— Input tape: input tokens followed by 'S’
— Stack: start symbol followed by 'S’ at bottom [

* General idea[ /2 1&H#%]: repeat one of two actions
- Expand symbol at top of stack by applying a production
— Match terminal symbol at top of stack with input token

* Step-by-step[H: P #:1E] parsing based on <X, a>
- X: symbol at the top of the stack

ve Parsing
1;1 € le Output
)

@A N| =<
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LL(1) Parsing Algorithm[&#] e
AN

Predictive Parsing
3 = Output
Program

e |nitial state[WILE4S]
— Input tape: input tokens followed by 'S’
— Stack: start symbol followed by 'S’ at bottom [

* General idea[ /2 1&H#%]: repeat one of two actions
- Expand symbol at top of stack by applying a production
— Match terminal symbol at top of stack with input token

* Step-by-step[H: P #:1E] parsing based on <X, a>
- X: symbol at the top of the stack
- a: current input token

& N| =<| X
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LL(1) Parsing Algorithm[&#] e
AN

Predictive Parsing
3 = Output
Program

e |nitial state[WILE4S]
— Input tape: input tokens followed by 'S’
— Stack: start symbol followed by 'S’ at bottom [

* General idea[ /2 1&H#%]: repeat one of two actions
- Expand symbol at top of stack by applying a production
— Match terminal symbol at top of stack with input token

* Step-by-step[H: P #:1E] parsing based on <X, a>
- X: symbol at the top of the stack

— a: current input token
o If X €T, then

& N| =<| X
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LL(1) Parsing Algorithm[&#] e
AN

Predictive Parsing
3 = Output
Program

e |nitial state[WILE4S]
— Input tape: input tokens followed by 'S’
— Stack: start symbol followed by 'S’ at bottom [

* General idea[ /2 1&H#%]: repeat one of two actions
- Expand symbol at top of stack by applying a production
— Match terminal symbol at top of stack with input token

* Step-by-step[H: P #:1E] parsing based on <X, a>
- X: symbol at the top of the stack

— a: current input token
o If X €ET, then
o If X==a==S3, parser halts with “success”

& N| =<| X
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LL(1) Parsing Algorithm&i%] e

e |nitial state[WILE4S]

— Input tape: input tokens followed by 'S’
— Stack: start symbol followed by ’S’ at bottom

* General idea[ /2 1&H#%]: repeat one of two actions
- Expand symbol at top of stack by applying a production
— Match terminal symbol at top of stack with input token

* Step-by-step[H: P #:1E] parsing based on <X, a>
- X: symbol at the top of the stack

— a: current input token
o If X €T, then

o If X==a==S3, parser halts with “success”
* |f X==a!l=S5, successful match, pop X from stack and advance input head

ve Parsing
1;1 € le Output
)

& N| =<| X

() A
‘\J‘ ivﬂnl\‘ﬁnﬁ }b QG LZ



LL(1) Parsing Algorithm&i%] e

e |nitial state[WILE4S]

— Input tape: input tokens followed by 'S’
— Stack: start symbol followed by ’S’ at bottom

* General idea[ /2 1&H#%]: repeat one of two actions
- Expand symbol at top of stack by applying a production
— Match terminal symbol at top of stack with input token

* Step-by-step[H: P #:1E] parsing based on <X, a>
- X: symbol at the top of the stack
- a: current input token

o If XET, then

o If X==a==S3, parser halts with “success”
* |f X==a!l=S5, successful match, pop X from stack and advance input head
e |f X I=a, parser halts and input is rejected

ve Parsing
1;1 € le Output
)

& N| =<| X
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LL(1) Parsing Algorithm&i%] e

e |nitial state[WILE4S]

— Input tape: input tokens followed by 'S’
— Stack: start symbol followed by ’S’ at bottom

* General idea[ /2 1&H#%]: repeat one of two actions
- Expand symbol at top of stack by applying a production
— Match terminal symbol at top of stack with input token

* Step-by-step[H: P #:1E] parsing based on <X, a>
- X: symbol at the top of the stack

— a: current input token
o If XET, then
o If X==a==S3, parser halts with “success”
* |f X==a!l=S5, successful match, pop X from stack and advance input head

e |f X I=a, parser halts and input is rejected
o If XEN, then

ve Parsing
1;1 € le Output
)

& N| =<| X
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LL(1) Parsing Algorithm&i%] e

e |nitial state[WILE4S]

— Input tape: input tokens followed by 'S’
— Stack: start symbol followed by ’S’ at bottom

* General idea[ /2 1&H#%]: repeat one of two actions
- Expand symbol at top of stack by applying a production
— Match terminal symbol at top of stack with input token

* Step-by-step[H: P #:1E] parsing based on <X, a>
- X: symbol at the top of the stack

— a: current input token
o If XET, then
o If X==a==S3, parser halts with “success”
* |f X==a!l=S5, successful match, pop X from stack and advance input head
e |f X I=a, parser halts and input is rejected
o If XEN, then

e If M[X,a] == ‘X->RHS”, pop X and push RHS to stack

ve Parsing
1;1 € le Output
)

& N| =<| X
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LL(1) Parsing Algorithm&i%] e

e |nitial state[WILE4S]

— Input tape: input tokens followed by 'S’
— Stack: start symbol followed by ’S’ at bottom

* General idea[ /2 1&H#%]: repeat one of two actions
- Expand symbol at top of stack by applying a production
— Match terminal symbol at top of stack with input token

* Step-by-step[H: P #:1E] parsing based on <X, a>
- X: symbol at the top of the stack

— a: current input token

o If XET, then
o If X==a==S3, parser halts with “success”
* |f X==a!l=S5, successful match, pop X from stack and advance input head
e |f X I=a, parser halts and input is rejected

o If XEN, then
e If M[X,a] == ‘X->RHS”, pop X and push RHS to stack
* If M[X,a] == empty, parser halts and input is rejected

& N| =<| X

)‘ <l.' y
]:Nni“ = Output
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Push RHS in Reverse Order[ii £ A8

* For <X, a>
- X: symbol at the top of the stack
- a: current input token

* If M[X,a] = “X - BcD”

= B

c

X D
$ $

* Performs the leftmost derivation: a X = a BcD
— a.: string that has already been matched with input
- B: string yet to be matched, corresponding to the ... above

‘  2 f
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Apply LL(1) Parsing to Grammar[ H]

* Consider the grammar
E—> T+E|T
T - int*T | int | (E)

(&) T X2 13 Dud:




Apply LL(1) Parsing to Grammar[ H]

* Consider the grammar
E—> T+E|T
T - int*T | int | (E)

— Left recursion?
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Apply LL(1) Parsing to Grammar[ H]

* Consider the grammar
E—> T+E|T
T = int*T | int | (E)

— Left recursion? NO!
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Apply LL(1) Parsing to Grammar[ H]

* Consider the grammar
E—> T+E|T
T = int*T | int | (E)

— Left recursion? NO!
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Use the Parse Table

* To recognize “int * int” E->TE
E'> +E | €
int * int T - intT" | (E)
— T'>*T | ¢
+/ parser driver
E —
table int * + ( ) S
E E->TE E->TE
E’ E' > +E EE>e | FF>e¢
T |[T2>intT T-> (E)
L T2>*T| T >¢ T—2>e | T2>¢
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Use the Parse Table
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stack

E->TE
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Use the Parse Table

* To recognize “int * int” E->TE
input E'> +E | €
int * int T - intT" | (E)
_— T>*T | €
. ACCEPT!
parser driver
g / D —
table int * + ( ) S
stack
E | EDTFE E->TE
E’ E' > +E E>e | EDe
T T2intT T - (E)
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Recognize Sequence[fitrid 2]

Matched Stack Input Action
ES| int*intS|E->TFE
TE'S| int*intS|T->intT
int| intT"E’'S| int*intS|match
int TES *intS | T > *T
int *TE'S *int S | match
int * TE'S intS|(T->intT
int*| intT'E'S int S | match
int * int TES S|T >¢
int * int E'S S|E>¢
int * int S S | Halt and accept

E>TE

E'> +E | €

T = intT’ | (E)
T *T | €

Input: int * int

 ‘Matched + Stack’ constructs the sentential form[)#!]

* Actions correspond to productions in leftmost derivation
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