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CS235 Languages and Automata

Depar t ment  of  Comput er  Science
Wellesley College

Predictive Parsing

Monday, November  19, 2007
and Monday November  26, 2007

Reading: Appel 3.2

 Pr edict ive Par sing 32/ 33-2

Over view

For  some gr ammar s, r eading t he f ir st  t oken (or  f ir st  f ew t okens)
of  input  is suf f icient  f or  det er mining which pr oduct ion t o apply. 

For  such gr ammar s, we can wr it e a so-called pr edict ive par ser . 

Today, we will see how t o det er mine if  a gr ammar  is amendable t o  
pr edict ive par sing and how t o build a pr edict ive par ser  by hand.

We will also lear n some t echniques f or  handling gr ammar s f or  
which pr edict ive par ser s do not  exist . 
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 Pr edict ive Par sing 32/ 33-3

Running Example: SLiP--
As our  r unning example, we will use SLiP--, a subset  of  AppelÕs
st r aight -line pr ogr amming language (SLiP).

The abst r act  synt ax of  SLiP-- is descr ibed by t hese SML dat at ypes:

dat at ype pgm = Pgm of  St m

and  st m = Assign of  st r ing *  exp
           |      Pr int  of  exp
           |      Seq of  st m list

and exp = I d of  st r ing
           |     I nt  of  int
           |     BinApp of  exp *  binop *  exp

and binop = Add |  Sub |  Mul |  Div

We will explor e sever al ver sions of  concr et e synt ax f or  SLiP--

 Pr edict ive Par sing 32/ 33-4

Our  Fir st  Concr et e Synt ax f or  SLiP--

P → S EOF

S → I D(st r ) := E  |  pr int  E  |  begin SL end

SL → % |  S ; SL

E → I D(st r )  |  I NT(int ) |  ( E B E )

B → + |  - |  *  |  /

dat at ype pgm = Pgm of  St m

and st m = Assign of  st r ing *  exp
         |      Pr int  of  exp
         |      Seq of  st m list

and exp = I d of  st r ing
          |     I nt  of  int
          |     BinApp of  exp *  binop *  exp

and binop = Add |  Sub |  Mul |  Div

Pr oduct ions f or  
Concr et e Gr ammar

SML Dat a Types f or  
Abst r act  Gr ammar
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An Example SLiP--  Pr ogr am

begin x := (3+4); pr int  ((x-1)* (x+2)); end

begin I D(ÒxÓ) := ( I NT(3) I NT(4)+ ) ;

pr int ( ( I D(ÒxÓ) I D(ÒxÓ)I NT(1)- ) (*

I NT(2)

+

) ) ; end EOF

Char s:

Tokens:

Par se Tr ee:
(see f ull t r ee
 on next  slide) 

Pgm(Seq [Assign(BinApp(I nt (3),Add,I nt (4))),
                Pr int (BinApp(BinApp(I d(ÒxÓ),Sub,I nt (1)),  
                                     Mul, 
                                     BinApp(I d(ÒxÓ),Add,I nt (2))))])

Abst r act
Synt ax
Tr ee (AST):

P

S EOF

begin endSL

 Pr edict ive Par sing 32/ 33-6

An Example SLiP--  Pr ogr am
Par se
Tr ee: 

P

S EOF

begin endSL

S ; SL

S ; SL

%

I D(ÒxÓ) :=

(

I NT(3) I NT(4)+

) pr int

I D(ÒxÓ) I D(ÒxÓ)I NT(1)-

*

I NT(2)+

E

E EB E

( )E EB

( )E EB ( )E EB
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Pr edict ive Par sing For  SLiP--

P → S EOF

S → I D(st r ) := E  |  pr int  E  |  begin SL end

SL → % |  S ; SL

E → I D(st r )  |  I NT(int ) |  ( E B E )

B → + |  - |  *  |  /

Obser ve t hat :

¥ expr essions (E) must  begin wit h I D(st r ), I NT(int ), or  (

¥ st at ement s (S) must  begin wit h I D(st r ), pr int , or  begin

¥ st at ement  list s (SL) must  begin wit h a st at ement  (S) and so must
  begin wit h I D(st r ), pr in, or  begin .  They must  end wit h end (a t oken
  t hat  is not  par t  of  t he SL t r ee but  one immediat ely f ollowing it ).

¥ pr ogr ams (P) must  begin wit h a st at ement  (S) and so must  begin wit h
  I D(st r ) , pr int  , or  begin

 Pr edict ive Par sing 32/ 33-8

Pr edict ive Par sing Table f or  SLiP--

SL !
S ; SL

S !
begin

SL end

P !
S EOF

begin

SL !  %

end

E !
( E B E )

E !
I NT(num)

E !

I D(st r )

E

B !  OP(b)B

SL !
S ; SL

SL !

S ; SL

SL

S !
pr int  E

S !
I D(st r ) := E

S

P !
S EOF

P !
S EOF

P

pr intOP(b)(I NT(i)I D(s)

Can summar ize obser vat ions on pr evious slide wit h a 
pr edict ive par sing t able of  var iables x t okens in which 
at  most  one pr oduct ion is valid per  ent r y. 

Empt y slot s in t he t able indicat e par sing er r or s. 
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Recur sive Descent  Par sing

Fr om a pr edict ive par sing t able, it  is possible t o const r uct  
a r ecur sive descent  par ser  t hat  par ses t okens accor ding
t o pr oduct ions in t he t able. 

Such a par ser  can eat  (consume) or  ÒpeekÓ at  t he next  t oken.

See Par ser Par ens.sml f or  a r ecur sive descent  par ser  f or  SLiP--
wr it t en in SML.  

 Pr edict ive Par sing 32/ 33-10

NULLABLE, FI RST, and FOLLOW

Par sing t ables ar e const r uct ed using t he f ollowing not ions:

Let  t  r ange over  t er minals, V and W r ange over  var iables, 
!  r ange over  t er minals "  var iables, 
and # r ange over  sequences of  t er minals "  var iables. 

• NULLABLE(#) is t r ue if f  # can der ive t he empt y st r ing (%)

• FI RST(#) is t he set  of  t er minals t hat  can begin st r ings
  der ived f r om #.

• FOLLOW(V) is t he set  of  t er minals t hat  can immediat ely 
  f ollow V in some der ivat ion. 
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Comput ing NULLABLE For  Var iables
A var iable V is NULLABLE if f  

1. Ther e is a pr oduct ion V → %

OR 

2. Ther e is a pr oduct ion V → V1ÉVn  

            and each of  V1, É , Vn is NULLABLE  

 (Case 1 is r eally a special case of  2 wit h n = 0.) 

I n gener al, it  is necessar y t o comput e an it er at ive f ixed point
t o det er mine nullabilit y of  a var iable.

Example (f r om Appel 3.2)

X → a |  Y

Y → % |  c

Z → d |  X Y Z

 Pr edict ive Par sing 32/ 33-12

Comput ing FI RST

FI RST(t ) = t

FI RST(V) = "  {FI RST(#) |  V → #  is a pr oduct ion f or  V}

FI RST(! 0 É ! i É ! n ) = "  {FI RST(! i) |  ! 0, É, ! i-1 ar e all nullable}

Again, t his is det er mined by an it er at ive f ixed point  comput at ion

X → a |  Y

Y → % |  c

Z → d |  X Y Z
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Comput ing FOLLOW

FOLLOW(V) =
    " {FI RST(! j ) |  W → ! 0 É ! i-1 V ! i+1 É ! j  É ! n

                                                         is a pr oduct ion in t he gr ammar
                                     and ! i+1, É, ! j -1 ar e all nullable}
   "   " {FOLLOW(W) |  W → ! 0 É ! i-1 V! i+1É ! n

                                                         is a pr oduct ion in t he gr ammar
                                     and ! i+1, É, ! n ar e all nullable}

Again, t his is det er mined by an it er at ive f ixed point  comput at ion

X → a |  Y

Y → % |  c

Z → d |  X Y Z

 Pr edict ive Par sing 32/ 33-14

Const r uct ing Pr edict ive Par sing Tables

To construct a predictive parsing table, 
do the following for each production V !  #: 

¥ For each t  in FIRST( #), enter V → # in row V, column t . 

¥  If NULLABLE( #), for each t  in FOLLOW( V), 
   enter V → # in row V, column t

P → S EOF

S → I D(st r ) := E  |  pr int  E  |  begin SL end

SL → % |  S ; SL

E → I D(st r )  |  I NT(int ) |  ( E B E )

B → + |  - |  *  |  /
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Mor e Pr act ice

SÕ → S EOF

S → T |  0S1

T → % |  10T

T

S

SÕ

EOF10

Par sing not  pr edict ive since some t able slot s now have
mult iple ent r ies!

T

S

SÕ

FOLLOWFI RSTNULLABLE

 Pr edict ive Par sing 32/ 33-16

Adding Ext r a Lookahead

SÕ → S EOF

S → T |  0S1

T → % |  10T

1110

T

S

SÕ

EOF1 EOF0

Somet imes pr edict ivit y can be r e-est ablished 
by adding ext r a lookahead:
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LL(k) Gr ammar s

An LL(k) gr ammar  is one t hat  has a pr edict ive par sing
t able wit h k symbols of  lookahead.

¥ The SLiP-- gr ammar  is LL(1).

¥ The SÕ/ S/ T gr ammar  is LL(2) but  not  LL(1).

I n LL,

¥  t he f ir st  L means t he t okens ar e consumed lef t -t o-r ight .

¥  t he second L means t hat  t he par se t r ee is const r uct ed
    in t he manner  of  a lef t most  der ivat ion.

 Pr edict ive Par sing 32/ 33-18

SLiP-- Expr essions wit h Pr ef ix Synt ax

E → I D(st r )  |  I NT(int ) |  B E E

begin end

E !  B E EE !  I NT(num)E !  I D(st r )E

B !  OP(b)B

pr intOP(b)I NT(i)I D(s)

Suppose we change Slip-- expr essions t o use pr ef ix synt ax:

Par sing is st ill pr edict ive:
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Post f ix Synt ax f or  Expr essions

E → I D(st r )  |  I NT(int ) |  E E B

begin end

E !  I NT(num)

E !  E E B

E !  I D(st r )

E !  E E B

E

B !  OP(b)B

pr intOP(b)I NT(i)I D(s)

Suppose we change Slip-- expr essions t o use post f ix synt ax:

Par sing is no longer  pr edict ive since some t able slot s now have
mult iple ent r ies:

Post f ix expr essions ar e f undament ally not  pr edict ive (not  LL(k) f or
any k) t her eÕs not hing we can do t o par se t hem pr edict ively.

But  weÕll soon see we can par se t hem wit h a shif t / r educe par ser .

 Pr edict ive Par sing 32/ 33-20

I nf ix Synt ax f or  Expr essions

E → I D(st r )  |  I NT(int ) |  E B E |  ( E )

pr int begin end

E !  ( E )E !  I NT(num)

E !  E B E

E !  I D(st r )

E !  E B E

E

B !  OP(b)B

(OP(b)I NT(i)I D(s)

Suppose we change Slip-- expr essions t o use inf ix synt ax 
wit hout  r equir ed par ens (but  wit h opt ional ones) 

Par sing is no longer  pr edict ive:

This is not  sur pr ising: t his gr ammar  is ambiguous, and
no ambiguous gr ammar  can be uniquely par sed wit h
any det er minist ic par sing algor it hm.
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Removing Ambiguit y May not  Help

E → T |  E + T |  E Ð T                       Expr essions

T → F |  T *  F |  T /  F                      Ter ms

F → I D(st r )  |  I NT(int ) |  ( E )       Fact or s

F !  ( E )F !  I NT(num)F !  I D(st r )F

pr int begin end

E !  T

E !  E + T

E !  E -  T

E !  T

E !  E + T

E !  E -  T

E !  T

E !  E + T

E !  E -  T

E

T !  F

T !  T *  F

T !  T /   F

T !  F

T !  T *  F

T !  T /   F

T !  F

T !  T *  F

T !  T /   F

T

(OP(b)I NT(i)I D(s)

Supppose we use an unambiguous inf ix gr ammar  f or  ar it hmet ic:

Par sing is st ill not  pr edict ive due t o lef t  r ecur sion in E and T: 

 Pr edict ive Par sing 32/ 33-22

Lef t  Recur sion Removal

E → T |  E + T |  E Ð T

T → F |  T *  F |  T /  F

F → I D(st r )  |  I NT(int ) |  ( E )

Somet imes we can t r ansf or m a gr ammar  t o r emove lef t  r ecur sion
(par se t r ees ar e t r ansf or med cor r espondingly).

E → T EÕ

EÕ → % |  + T EÕ |  -  T EÕ

T → F  TÕ

TÕ → % |  *  F TÕ |  /  F TÕ

F → I D(st r )  |  I NT(int ) |  ( E )

See Appel 3.2 f or  a gener al descr ipt ion of  t his t r ansf or mat ion.
You will see an example of  t his in PS5. 
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The Tr ansf or med Gr ammar  is Pr edict ive!
E → T EÕ

EÕ → % |  + T EÕ |  -  T EÕ

T → F  TÕ

TÕ → % |  *  F TÕ |  /  F TÕ

F → I D(st r )  |  I NT(int ) |  ( E )

TÕ !

*  F TÕ

*

TÕ !  %TÕ !  %TÕ !  %TÕ !  %TÕ

EÕ !  %EÕ !  %EÕ !  %EÕ !
+ T EÕ

EÕ

F !  ( E )F !
I NT(num)

F !
I D(st r )

F

) ; EOF

E !  T EÕE !  T EÕE !  T EÕE

T !  F TÕT !  F TÕT !  F TÕT

(+I NT(i)I D(s)

 Pr edict ive Par sing 32/ 33-24

Tr ansf or ming Par se Tr ees

E

E OP(+) T

FT

OP(* ) I NT(4)T

F

I NT(2)

F

I NT(3)

E

T

F

I NT(2)

TÕ

OP(* ) F

I NT(3)

TÕ

%

EÕ

OP(+) T EÕ

%F

I NT(4)

TÕ

%

The par se t r ee f r om t he t r ansf or med gr ammar  can be 
t r ansf or med back t o t he unt r ansf or med gr ammar .  
E.g.  2 *  3 + 4


