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Quiz Questions

* Q1: main differences between LL and LR parse table?

LL: row — nonterminal, column — terminal + S, cell — rule or empty
LR: action + goto, row — state, column — T+S/N, cell — action/state

* Q2: for a sentential form bbAa: S =% bBa = bbAa,
suppose bA is the handle, list the viable prefix.

b, bb, bbA
e Q3: for the grammar, get FIRST(S) and FOLLOW(A).
FIRST(S) = {a, b}, FOLLOW(A) = {b}

S>AB|a
* Q4:is the grammar a LL(1)? A>ale
NO. FIRST(AB) N FIRST(a) # @. B> b

* Q5: augment the grammar, and give the initial state (S;).
{S>.5,S>.AB,S> .a,A> .3, A—>.}
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Example

(0)S">S (1)S - BB (2) B> aB (3)B—>b

Initial item S - -BB B—> -aB E——
S 5 S S = BB B a-B B = b educe item
S > S. S > BB B - aB- B> b-
Accept item

* Closure: the action of adding equivalent items to a set
- Example: S’ - S S— ‘BB B->-aB B->-b

* Intuitively, A - o-Bp means that we might next see a
substring derivable from BB (_sub) as input. The _sub will
have a prefix derivable from B by applying one of the B-
productions[HfF & L]

— Thus, we add items for all the B-productions, i.e., if B> yisa
production, we add B - -y in the closure
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Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db
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Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo:

SI

>



Example

Grammar: N

’ (0h
(0)S">S S’ .S
(1) S —> BB S - -BB
(2) B> aB
(3)B—>b

’ IR



Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

SS=>-S
S—- ‘BB
B—> -aB
B->:b



Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo: S g
S-S S >S5
S—>-BB

B> -aB

B->-b



Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo: S i

S’ > S S > S
S-> BB

B > -aB o

B- b B,S—->BB



Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo: S i

S"=> S S"->S-

S—> BB

B > -aB o

B- b B,S—->BB
B> -aB
B—>:b



Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo: S g

"> S >S5S

S -BB

B > -aB o

B- b B _S->BB
B> -aB
B->-b

a

l5:
B—>aB
B> -aB
B->-b



Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo: S i
S"=>-S >S5
S—> BB
B> -aB !
B- b B,S—->BB
B> -aB
b B—>-b
|,
d B> b-
l5:
B—->aB
B -aB
B->-b



Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo: S i
S"=>-S >S5
S—> BB
B> -aB !
B- b B,S—->BB
B> -aB
b B—>-b
|,
d B> b-
l5:
B—->aB
B -aB
B->-b

B

S - BB:



Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo: S i
S"—> S S"->S-
S— ‘BB
B> -aB |22 —B,|5:
B> b B, S->BB S - BB-
B> -aB
b B->-b
|, d
d B->b-
l5:
B—->aB
B -aB
B->-b



Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo: S g
S"=>-S >S5S
S— -BB
B > -aB ly: - B
B>.p B,S>BB S - BB:
B> -aB
B->-b
.
|, d
d B> b:
l5:
B—>aB
B> -aB
B->-b



Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo: S g

S"=>-S >S5S

S—> BB

B > -aB ly: - B

B>.p B,S>BB S - BB:
B> -aB
B->-b

N
|, d
d B> b:
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B>aB — ~B-aB
B> -aB
B->-b
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Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo: S g

S"=>-S >S5S

S—> BB
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Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo: S g
S"=>-S >S5S
S—> BB
B > -aB ly: - B
B>.p B,S>BB S - BB:
B> -aB
B->-b
N
|, d
d B> b:
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B>aB — ~B-aB
B> -aB
B->-b



Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

lo: S i
S"—> S S"->S-
S - BB \/
B> -aB |22 —B,|5:
B -b B,S—>BB S - BB-
B—>-aB
B->:b
b b
|4: \/ a
d B- b

'b
l5: 3 lg: \/
B—>aB  *B- aB:
B—> -aB

B->-b



Example (cont.)

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

a "Bo>b.

State ACTION GOTO
a b S B
0 s3 s4
1 acc
2 s3 s4 5
3 s3 s4 6
£ r3 r3 r3
5 rl rl rl
6 r2 r2 r2

“state j” refers to the state corresponding to
the set of items /;
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Example (cont.)

Grammar: ACTION GOTO
, State

(0)S >S a b $ S B

(1) S - BB 0 s3 s4 1

(2) B> aB 1 acc

(3)B—>b 2 53 54 5
3 s3 s4 6
a | 3 | 3 | r3 !
5 : rl rl rl :
6 :__r_2_____r2 ______ r g__:

“state j” refers to the state corresponding to
the set of items /;




Example (cont.)

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

a "Bo>b.

State ACTION GOTO
a b S B
0 s3 s4
1 acc
2 s3 s4 5
3 s3 s4 6
£ r3 r3 r3
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the set of items /;
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Example (cont.)

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

— = =— =

IIo: L S i
|S'9.SI 5'95.
1S - .BBI ———
IB-> .aB 12 I
IB%.bI B K- B.BI

=T B > .aB!

‘ |
. B=2b]

. I4: -
a B->b.
b

1B—>a.B
IB - .aBI

B>b I

B ls:

S - BB.

'a

8 lg:

a

State ACTION GOTO
a b S B

0 | s3 | s4 !

1 acc

2 | s3 | sa 5

3 ii s3 s4 6

L. r3 r3 r3

5 rl rl rl

6 r2 r2 r2

B - aB.

“state j” refers to the state corresponding to
the set of items /;




Example (cont.)
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Example (cont.)

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

ls:

% ‘ [
_B—>aB g B - aB.

B> .aB
B—>.b .

S - BB.

State ACTION GOTO
a b S B
0 s3 s4
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2 s3 s4 5
3 s3 s4 6
£ r3 r3 r3
5 rl rl rl
6 r2 r2 r2

“state j” refers to the state corresponding to
the set of items /;




Example (cont.)

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

a "Bo>b.

State ACTION GOTO
a b S B
0 s3 s4
1 acc
2 s3 s4 5
3 s3 s4 6
£ r3 r3 r3
5 rl rl rl
6 r2 r2 r2

“state j” refers to the state corresponding to
the set of items /;

B




CLOSURE() (4]

* Closure of item sets: if / is a set of items for a grammar G,
then closure(l) is the set of items constructed from [ by
the two rules:

— Initially, add every item in / to CLOSURE(|)

- If A= a-BB is in CLOSURE(I) and B = vy is a production, then add
item B > -y to CLOSURE(I), if it is not already there[}}ifB]

o Apply this rule until no more new items can be added to CLOSURE(I)

Grammar: ,

0)S =S Z:BSB
(1) S —> BB "> S B .aB
(2) B> aB B b
(3) B> Db

© Dhige



goto() Bk

e goto(/, X): returns state (i.e., set of items) that can be
reached by advancing X

— Where |/ is a set of items and X is a grammar symbol

— The closure of the set of all items [A - aX:B] such that [A &
o XBlis in [[RF: o] 1 /AL BIX)E Bitem F 1AL

— Used to define the transitions in the LR(0) automaton[5g X Tk
PNGIREEZIY

o The states of the automaton correspond to sets of items, and goto(l, X)
specifies the transition from the state for / under input X

Grammar: ly:
(0)S"=>S S = .S
(1)S > BB S -> BB
(2) B> aB B> -aB
(3)B—>b B> b

/ Dhige



goto() Bk

e goto(/, X): returns state (i.e., set of items) that can be
reached by advancing X

— Where |/ is a set of items and X is a grammar symbol

— The closure of the set of all items [A - aX:B] such that [A &
o XBlis in [[RF: o] 1 /AL BIX)E Bitem F 1AL

— Used to define the transitions in the LR(0) automaton[5g X Tk
PNGIREEZIY

o The states of the automaton correspond to sets of items, and goto(l, X)
specifies the transition from the state for / under input X

Grammar: ly:

(0)S"=>S S = .S B
(1)S > BB S -> BB

(2) B> aB B> -aB

(3)B—>b B> b

/ Dhige



goto() Bk

e goto(/, X): returns state (i.e., set of items) that can be
reached by advancing X

— Where |/ is a set of items and X is a grammar symbol

— The closure of the set of all items [A - aX:B] such that [A &
o XBlis in [[RF: o] 1 /AL BIX)E Bitem F 1AL

— Used to define the transitions in the LR(0) automaton[5g X Tk
PNGIREEZIY

o The states of the automaton correspond to sets of items, and goto(l, X)
specifies the transition from the state for / under input X

Grammar: ly:

(0)S' > S S’ > S 3
(1) S -> BB

(2) B> aB B> -aB

(3)B—>b B> b

/ Dhige



goto() Bk

e goto(/, X): returns state (i.e., set of items) that can be
reached by advancing X

— Where |/ is a set of items and X is a grammar symbol

— The closure of the set of all items [A - aX:B] such that [A &
o XBlis in [[RF: o] 1 /AL BIX)E Bitem F 1AL

— Used to define the transitions in the LR(0) automaton[5g X Tk
PNGIREEZIY

o The states of the automaton correspond to sets of items, and goto(l, X)
specifies the transition from the state for / under input X

Grammar: ly: :
(0)S' > S S’ > S 3

(1) S—-> BB

(2) B> aB B> -aB

(3)B—>b B> b
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goto() Bk

e goto(/, X): returns state (i.e., set of items) that can be
reached by advancing X

— Where |/ is a set of items and X is a grammar symbol

— The closure of the set of all items [A - aX:B] such that [A &
o XBlis in [[RF: o] 1 /AL BIX)E Bitem F 1AL

— Used to define the transitions in the LR(0) automaton[5g X Tk
PNGIREEZIY

o The states of the automaton correspond to sets of items, and goto(l, X)
specifies the transition from the state for / under input X

Grammar: ly: :
(0)S' > S S’ > S 3

(1) S - BB B -aB
(2) B> aB B> -aB B->b
(3)B—>b B> b

/ Dhige



Construct LR(O) States

e [ :]Create augmented grammar G’ for G
- GivenG:S> a | B,createG:S >SS S>a | B
— Creates a single rule S = S that when reduced, signals acceptance

o [WIUEIRZS]Create 15t state by performing a closure on initial
item S'=> S
— Closure(l): creates state from an initial set of items |
— Closure({S’=> :S})={S'> S,S > o, S = B}
e [#IMRZ]Create additional states by performing a goto on
each symbol
— Goto(l, X): creates state that can be reached from | by advancing X
- If o was single symbol, the following new state would be created:
Goto({S'> :S5,S—> a, S > B}, a) =
Closure({S - a:}) ={S = a-}

- [EEE#1F1Repeatedly perform gotos until there are no more
states to add

MG‘Z




Construct DFA

* Compute canonical LR(0) collection[}EJELR(0)T£EE, C],
i.e., set of all states in DFA

— One collection of sets of LR(0) items provides the basis for
constructing a DFA that is used to make parsing decisions

— Such an automaton is called an LR(0) automaton(LR(0) B /j#1]
o Each state of the LR(0) automaton represents a set of items in the C

* All new states are added through goto(l, X)
— State transitions are done on symbol X

void items(G’) { // G’: the augmented grammar
C = { CLOSURE({{[S’ = -S]}) }; // C: the canonical collection of sets of LR(0) items
repeat

for ( each state lin C)
for ( each grammar symbol X))
if ( goto(l, X) is not empty and not in C)
add goto(l, X) to C;
until no new states are added to C




LR(0) Automaton[& zh#l]

* The LR(0) automaton: each time we perform a shift we
are following a transition to a new state[f2 \: ZIFDIRE]

— States: the sets of items in C

o Start state: CLOSURE({[S’ = -S]})
o State j refers to the state corresponding to the set of items /;

- Transitions are given by the goto() function

* How can the automaton help with shift-reduce decisions?

— Suppose that the string y of grammar symbols takes the LR(0)
automaton from the start state O to some state

— Then, shift on next input symbol a if state j has a transition on a

— Otherwise, we choose to reduce

o The items in state j tell us which production to use (e.g., E 2 a)

o E 2 a: pop states for a, bringing state x to the top and look for a
transition on E to state y (i.e., state x has a transition on E to state y),

which is then pushed to stack |




The Example

Grammar:
(0)S"=>S
(1) S - BB
(2) B> aB
(3)B->b
* Sy = Closure({s’ = .S})
={S' >.5,5 >.BB, B > .aB, B > .b}
* Goto(S,, B) = closure({> = B.B})
S, ={S -B.B, B - .aB, B - .b}
?oto(SO, a) = closure({B > a. B})

={B ->a.B,B - .aB, B
§ioto(SO, b) = cIosure({% g b })

={B->b.}

() (0}




The Example

Grammar: o s Iy:
(0)S"=>S $>5  §-s.
(1)S > BB o= B B,
(2) B> aB gj:ZBiéee.B 5> BB,
(3) B>b B> .aB
* S, = Closure({S’ = .S}) S ;
- {S' >.5,5 -.BB, B> .aB, B > .b} , e
* Goto(S,, B) = closure({> = B-B}) LI
>2 ={S >B.B, B -> .aB, Bk} _IBBZea.B 8 ¥ s
?oto(SO, a) = closure({ ) Ej'gB
= {B =>a.B, B = .aB, Bng '
§ioto(SO, b) = closure({ 1)
={B > b.}

@ Tux% 1 IR




Build Parse Table from DFA

lo: S i

* ACTION: [state, terminal symbol s3s Ss
* GOTO: [state, non-terminal symbol] 20 B i'_é;BB: .
aBl
o ACTION[ZI1E] , bl
- If [A—>a-aP] isin S;and goto(S, a) = S, TR
where “@” is a termlnal then ACTIONIS, a] = IB—}"’J
shift (S_/) Iy . B
- If [A=>a]isin S;and A->a is rule numbered N
j, then ACTION(S;, a] = reduce j (r)) B->.b
—If [S" =>S:]isin S, then ACTIONIS, S] = accept
— If no conflicts among ‘shift” and ‘reduce’
(the first two ‘if’s), then this parser is able_— ACTION coto
to parse the given grammar | = b s s |
e GOTO[Bk#5] ERCEES ==
- if goto(S;, A) = S; then GOTO[S,, A] = B e o 6
* All entries not filled are rejects P o ln

(&) T X2 12 TR



The Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

S->.5 S"->S.

S—- .BB

B> .aB ly: B g

B> b B»S%B.B S - BB.

State ACTION GOTO
a b S B
0 s3 s4
1 acc
2 s3 s4 5
3 s3 s4 6
4 r3 r3 r3
5 rl rl rl
6 r2 r2 r2
13 ICH




The Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

S
S .BB
B - .aB l:

B->.b

State ACTION GOTO
a b S B
0 s3 s4
1 acc
2 s3 s4 5
3 s3 s4 6
4 r3 r3 r3
5 rl rl rl
6 r2 r2 r2
String: bab
13 ICH




The Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
(3)B—>Db

State ACTION GOTO
a b S B
0 s3 s4 2
1 acc
2 s3 s4 5
3 s3 s4 6
4 r3 r3 r3
5 rl rl rl
6 r2 r2 r2
String: bab

#babs => b#ab$ => B#abs => Ba#bs

=> Bab#S => BaB#S => BB#S => S#S

13

B




The Example

Grammar:
(0)S" = S

(1) S - BB
(2) B—> aB
(3)B—=>b

s
S>s §s.

1S - .BB!

|B$.aB: l5:

B—> .aB
B->.b

— B Ll
S - BB.

e

b

State ACTION GOTO
a b S B
0 s3 s4 2
1 acc
2 s3 s4 5
3 s3 s4 6
4 r3 r3 r3
5 rl rl rl
6 r2 r2 r2
String: bab

#babs => b#ab$ => B#abs => Ba#bs

=> Bab#S => BaB#S => BB#S => S#S

13

B
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The Example

Grammar:
(0)S" > S
(1) S - BB
(2) B—> aB
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1 acc
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3 s3 s4 6
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String: bab
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0

04

=> Bab#S => BaB#S => BB#S => S#S
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The Example

Grammar:
(0)S" > S
(1) S > BB
(2) B—> aB
(3)B—=>b
57_155Jf
1> .51 S ->S.
1S - .88

|B$.aB: l5:

Ig>b, 2.5S>BB

| PR —

ls:
S - BB.

B—> .aB

b B->.b

State ACTION GOTO
a b S B
0 s3 s4 2
1 acc
2 s3 s4 5
3 s3 s4 6
4 r3 r3 r3
5 rl rl rl
6 r2 r2 r2
String: bab

#babs => b#ab$ => B#abs => Ba#bs

0 04

=> Bab#S => BaB#S => BB#S => S#S

13

B
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The Example

Grammar:
(0)S"=>S
(1) S - BB
(2) B—> aB
(3)B—>b
lo: S I
§->.5 >S5
S- .BB
B>.aB L B
B>p B.S>BB S BB
| B->.aB
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b b |,
l4: )
a B->b.
'b
l5: lg:
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¥ 7=LR(0), ¥*&F {E{Tlookahead ¥x

o state HPEWRTE T &shift/reduce, FAFEEMAKT S
o #Areduce, HIALTT MEE N input bufferi% A L2824t
o fishift, FIASF = Minput bufferfs Astack
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LR(O) Parsing

* Construct LR(0) automaton from the Grammar[ /i 3CiE) %

H ZAL]

e |dea: assume

- Input buffer contains a[fHbuffer A~ 1L af
— Next input is t[a)5 /&t]
— DFA on input a terminates in state s
o oaAbE e EE 5 AL TR s
* Next: reduce by X = B if[lHZ]]
— s contains item X = B-
* Or, shift if[(#2 7]

— s contains item X - B-tw

§S->.5
S—- .BB
B> .aB
B->.b

- Equivalent to saying s has a transition labeled t

‘l’ b K 'E'

15 ﬂ
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