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 non-deterministic
P, ) with

  )P}
c.
}

 ’.
 is non-deterministic.

* x, x  T*} infinite.
11/18/16 Kwang-Moo Choe

6-B Deterministic Left Parsers
Let G = (N, T, P, S) is a context-free grammar. A
Left Parser LP = ((T*  V*), L, (x, S), {(, )}, 

L =  {(, A) L
A (, )  (T*  V*)2| (A

guess A as : non-deterministi
 {(a, a) L

a (, )  (T*  V*)2| a  
verify a  : deterministic.

Consider two guess actions B   | ’ where  
(, B) L

B (, ) or (, B) L
B’ (, ’)

Consider L() and L(’)!
Def. L: (N  T)*  2T. L() = {x  T*|  
But L() and L(’) may be infinite.
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  T2  ... Tk.

 T*} finite.
d string y and y’
 (y’, ’) y’  Firstk(’)
11/18/16 Kwang-Moo Choe

 Firstk: (N  T)*  2Tk  where Tk  = {}  T1

Firstk() = k:L() = {k:x  Tk|  * x, x 
If Firstk()  Firstk(’) = , then lookahea

(y, B) L (y, ) y  Firstk() and (y’, B) L
 deterministic!
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n.

n) where

rstk(A) :=  od;

stk(A) k Firstk(Xi) od
11/18/16 Kwang-Moo Choe

Computation of Firstk() for   (N  T)*.
Firstk() = Firstk(X1X2...Xn) where  = X1X2...X

Firstk(X1) k Firstk(X2) k ... k Firstk(X
Firstk(a) = {a}, a  T(basis).

k: 2Tk   2Tk   2Tk .

A k B = k:AB = {k:xy  Tk| x  A, y  B}

for a  T do Firstk(a) = {a} od; for A  N do Fi
repeat

for A  N do
for A  X1X2...Xn  P do

for i:=1 to n do Firstk(A) := Fir
od od

until Firstk(A) does not change
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 {(}

 ((, ( E )) deterministic!
, (}

a, F) non-deterministic!
(, F) non-deterministic!
 (}

a, T) non-deterministic!
(, T) non-deterministic!
11/18/16 Kwang-Moo Choe

Example GUexp: E  E + T | T
  T  T * F | F
  F  a | ( E )

F: First1(a)= {a} First1(( E )) =

 (a, F) Fa (a, a) ((, F) F(E)

T: First1(T * F) = {a, (} First1(F) = {a

 (a, T) TT*F (a, T * F) (a, T) TF (
     ((, T) TT*F ((, T * F) ((, T) TF (

E: First1(E + T) = {a, (} First1(T) = {a,

 (a, E) EE*T (a, E + T) (a, E) ET (
     ((, E) EE*T ((, E + T) ((, E) ET (

 Non-deterministic for T and E!
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cursive.
 A    P

irstk(A)  Firstk().
parser is non-determin-

  A’ * *).

  | 
11/18/16 Kwang-Moo Choe

A grammar rule A  A  P is said to be left re
If A  A  P, A * A* does not terminate! 

A  A | , then A * *.
Firstk(A)  Firstk()  , since Firstk(A)  F
 If a grammar has left recursive rule, the left 
istic!

Change the left recursion to right recursion.
A  A |   A  A’, A’  A’ | . (A

GDexp: E   T E’
    E’  + T E’ | 
    T   F T’
    T’  * F T’ | 
    F   a | ( E )

Left factoring A   |   A  A’, A’ 
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deterministic!

T’ (, ) non-deter.!

istic(unique rule)!

E’ (, ) non-deter.!

istic(unique rule)!
11/18/16 Kwang-Moo Choe

F: First1(a) = {a}, First1(( E )) = {(}

(a, F) Fa (a, a), ((, F) F(E) ((, ( E ))
T’: First1(* F T’) = {*} First1() = {}

(*, T’) T’*FT’ (a, * F T’) (, T’) 
T: First1(F T’) = {*}

(*, T) TFT’ (*, F T’) determin
E’: First1(* F T’) = {*} First1() = {}

(*, E’) E’+TE’ (*, + T E’) (, E’) 
E: First1(T E’) = {+}

(+,E) ETE (+, T E’) determin

We are happy except for E’   and T’  .
What can I do?
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the figure!

finite.

o sets are disjoint!

, T’) T’ (, )
deterministic!

o sets are disjoint!

deterministic!
11/18/16 Kwang-Moo Choe

Consider Followk(E’) and Followk(T’) or k:z in 

Followk: N  2Tk .

Followk(A) = {k:z  Tk| S  * Az, z  T*}
Followk(T’) = {+, ), }, Followk(E’) = {), }
T’: First1(* F T’) = {* }

First1() 1 Follow1(T’) = {+, ), } tw

(*, T’) T’*FT’ (*, * F T’)
(+, T’) T’ (+, ), (), T’) T’ (), ), (

E’: First1(+ T E’)={+}
First1() 1 Follow1(E’) = {), } tw

(+, E’) E’+TE’ (+, + T E’)
(), E’) E’ (), ,), (, E’) E’(, )
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 }

, ), }

) ($)

 T E’ E’   E’  

T’   T’  

 deterministic!
11/18/16 Kwang-Moo Choe

Parsing table for GDexp.: SLL1PT[N, T]  2P.
GDexp: E   T E’ {a, (}

    E’  + T E’ |  {+} {),
    T   F T’ {a, (}
    T’  * F T’ |  {} {+
    F   a | ( E ) {a} {(}

a ( * +
E E  T E’ E  T E’
E’ E’  +
T T  F T’ T  F T’
T’ T’  * F T’ T’  
F F  a F  ( E )

Parsing table for GDexp.: SLL1PT[N, T] \ P. 
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) ($)

 E’ E’   E’  

T’   T’  

(a * a + a, F T’ E’)

’) L
(a,F)(a,a) (a + a, a T’ E’)

TE’) (+ a, + T’ E’)
,a) (a, a T’ E’)

.

11/18/16 Kwang-Moo Choe

Ex. a ( * +
E E  T E’ E  T E’
E’ E’  + T
T T  F T’ T  F T’
T’ T’  * F T’ T’  
F F  a F  ( E )
(a * a + a, E)  L

(a,E)(a,TE’) (a * a + a, T E’) L
(a,T)(a,FT’) 

L
(a,F)(a,a) (a * a + a, a T’ E’) L

(a,a)(,) (* a + a, T’ E’)

L
(*,T’)(*,*FT’) (* a + a, * F T’ E’) L

(*,*)(,) (a + a, F T’ E

L
(a,a)(,) (+ a, T’ E’) L

(+,T’)(+,) (+ a, E’) L
(+,E’)(+,+

L
(+,+)(,) (a, T’ E’) L

(a,T’)(a,FT’) (a, F T’ E’) L
(a,F)(a

L
(a,a)(,) (, T’ E’) L

(,T’)(,) (, E’) L
(,E’)(,) (, )

E
T E’

F T’ + T E’

* F T’a

a

F T’

 a 


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as .

r B   P where

th k-lookahead symbols
11/18/16 Kwang-Moo Choe

Adding lookahead string k:yz   T
k
 for guess B 

(x, B) L (x, )  (Tk  V*)  (Tk  V*) fo
 x   Firstk() k Follow(B) = k:yz.

LL(k) Parser
Left-to-right Scan in Leftmost derivation wi

Strong LL(k) Parser(SLL(k) Parser)
SLL(k) grammars  LL(k) grammars

But SLL(1) grammars = LL(1) grammars

S

B

x z

y

S

B

x z
’
y’
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* a
 | T E  T E’

E’  + T E’ | 
| F T  F T’

T’  * F T’ | 
 ) F  a | ( E )

+ is right associative

E
T E
F
a

+ T E’

F
a

+ T E’

F
a



11/18/16 Kwang-Moo Choe

Compare three grammars for a + a + a or a * a 
Gexp: E  E + T | T * F | a | ( E ) E  E + T

  T               T * F | a | ( E ) T  T * F 

 F                           a | ( E ) F  a | ( E

good! unit production
How about right parsers?

E
E + T

E + T

T F

F

F
a

a

a

E
E + T

E + T

a a

a
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