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LR Parsing:

The LR parsing table consists of two parts: Action and Goto. 

We have decided to first generate the Parsing table and then using this table, parse the given input string. 

An Item or LR(0) item :

An Item of a grammar G is a production of G with a dot at some position of the right side. For example, the production AR XYZ yields the following four items: 

A R • XYZ

A R X  • YZ

A R XY • Z

A R XYZ •







***

The Closure Operation:

Assuming I is a set of items, the Closure is defined as follows:

1. Initially, every item in I is added to closure(I)

2. if  A R α • Bβ is in closure(I) and B R γ is a production, then add the item 
B R • γ to I and apply recursively.

Where B is a non terminal.







***

Augmenting the Grammar: 

If G is a grammar with start symbol S, then G’, the Augmented grammar for G, is G with a new start symbol S’ and production S’ R S.







***

Consider the Augmented expression Grammar, to construct the LR parsing table:

0. E’R E

1. E R E + T

2. E R T

3. T R T * F

4. T R F

5. F R (E)

6. F R id

Let us compute the closure:

Start with the new start state, i.e., E’R E

Write its Item, as  E’R•E

Because the production contains a • on the left of a not terminal, take the closure of that non terminal and add to this production. The closure of E is:

E R •E + T

E R •T 

Here in these two productions, we need to write the closure of T because it is a non terminal and there is a • to the left of T. The closure of T is :

T R •T * F

T R •F

Once again, we need to write the closure of F because it is a non terminal and a •is there to the left of it. The closure of F is:

F R•(E)

F R•id

Grouping all these productions yields to a new state:

	I0
	E’R•E

E R •E + T

E R •T 

T R •T * F

T R •F

F R•(E)

F R•id


From this I0 state, if we see E, we should expand the productions having the E on the right side of all these productions: that yields to another state, let it be I1:

	I1
	E’RE•

E R E •+ T
	No need to write the closure because the • is at the end 

No need to write the closure because the • is to the left of a terminal


From the same I0 state, if we see T, we should expand the productions having the T on the right side of all the productions of I0, which gives us another state I2:

	I2
	E R T• 

T R T• * F
	No need to write the closure because the • is at the end 

No need to write the closure because the • is to the left of a terminal


From the I0 state, an F yields to a new state,

	I3
	T R F•
	No need to write the closure because the • is at the end 


From the I0 state, an ( yields to another new state,

	I4
	F R (•E)

E R •E + T

E R •T 

T R •T * F

T R •F

F R•(E)

F R•id


And from the state I0, on id, we get another new state,

I5      F R•id   No need to write the closure because the • is to the left of a terminal

We have finished all the possible moves from I0. Now, consider the possible inputs from the state I1:

From I1, on +,

	I6
	E R E• + T

T R •T * F

T R •F

F R•(E)

F R•id


We have finished the possible moves of I1 too; now consider the possible inputs from the state I2:

From I2, on *,

	I7
	T R T * •F

F R•(E)

F R•id


We have finished the possible moves of I2 too. For the state I3, there are no moves at all. So, consider the state I4 and write all the possible moves:

From I4, on E:

	I8
	F R (E•)

E R E +• T


From I4, on T, we go back to I2.

From I4, on F, we go back to I3.

From I4, on an (, we go that to the same state I4.

Form I4, on id, we go back to I5.

There are no moves from I5.

From I6, on T, 

	I9
	E R E + T•
T R T• * F


From I6, on an F, we go back to I3,

From I6, on an (, we go back to I4,

And on id, we go back to I5. 

From I7, on F, we get a new state, I10:

	I10
	T R T * F•


From I7, on an (, we go back to I4,

From I7, on id, we go back to I5.

From I8, on an (, we get a new state, I11,

	I11
	F R (E) •


From I8, on + we go back to I6.

From I9, on *, we go back to I7.

No moves from I10 and I11. 

From all these 12 new states, we can draw a DFA as follows:


[image: image1]
The FIRST and FOLLOW sets of the grammar are:

FIRST(F) = {id,(}

FIRST(T) = FIRST(T) U FIRST(F) = FIRST(F) = {id, (}

FIRST(E) = FIRST(E) U FIRST(T) = FIRST(T) = {id, (}

FIRST(E’) = FIRST(E) = {id, (}

FOLLOW(E’) = {$}

FOLLOW(E) =  FOLLOW(E’) U {+,)} = {+,),$}

FOLLOW(T) = FOLLOW(E) U {*} = {+,),$,*}

FOLLOW(F) =  FOLLOW(T) U FOLLOW(F) = FOLLOW(T) = {+,),$,*}

The parsing table can be constructed with the help of FIRST sets, FOLLOW sets and the DFA as follows:

	State
	action
	goto

	
	id 
	+
	*
	(
	)
	$
	E
	T
	F

	0
	S5
	
	
	S4
	
	
	1
	2
	3

	1
	
	S6
	
	
	
	ACCEPT
	
	
	

	2
	
	r2
	S7
	
	r2
	r2
	
	
	

	3
	
	
	
	
	r4
	r4
	
	
	

	4
	S5
	
	
	S4
	
	
	8
	2
	3

	5
	
	r6
	r6
	
	r6
	r6
	
	
	

	6
	S5
	
	
	S4
	
	
	
	9
	3

	7
	S5
	
	
	S4
	
	
	
	
	10

	8
	
	S6
	
	
	S11
	
	
	
	

	9
	
	r1
	S7
	
	r1
	r1
	
	
	

	10
	
	r3
	r3
	
	r3
	r3
	
	
	

	11
	
	r5
	r5
	
	r4
	r5
	
	
	


1. Si means shift and stack state i,

2. rj means reduce by production numbered j,

3. ACCEPT means accept the input string,

4. blank means error. 

Parsing an input string id * id + id
On input id * id + id, the stack and input contents are 0 and the input string concatenated with $ respectively. So, the parser is in state 0 with id the first input symbol. The action in row 0 column id of the action field is Shift 5. This means, shift the input symbol id  and push 5 on to the stack. And remove the id in the input. Now, parser is in state 5 with * as the input symbol. So, from the parsing table, we can take the action as ‘reduce by FR id’. Because the modulus of the right side of this production is 1, multiplied by 2 gives 2, Pop 2 symbols off from the stack. And push F which is the non terminal symbol of this production on to the stack. From the parsing table, get the value of 0F which is 3 and push this number on to the stack. 

Now, the parser is in state 3 with the input *. 

Continue this process of shifting or reducing till you get either ACCEPT or a blank from the parsing table. If you get the action as ACCEPT, the input string is accepted otherwise, on a blank, the input is not accepted. 

	Stack
	Input
	Action

	0
	id * id + id$
	Shift

	0 id 5
	* id + id$
	Reduce by F R id 

	0 F 3
	* id + id$
	Reduce by T R F 

	0 T 2
	* id + id$
	Shift

	0 T 2 * 7
	id + id$
	Shift

	0 T 2 * 7 id 5
	+ id$
	Reduce by F R id

	0 T 2 * 7 F 10
	+ id$
	Reduce by T R T * F

	0 T 2
	+ id$
	Reduce by E R T

	0 E 1
	+ id$
	Shift

	0 E 1 + 6
	 id$
	Shift

	0 E 1 + 6 id 5
	$
	Reduce by F R id

	0 E 1 + 6 F 3
	$
	Reduce by T R F

	0 E 1 + 6 T 9
	$
	Reduce by  E R E + T

	0 E 1
	$
	ACCEPT








***

Comparison of LR parsers with Predictive parsers:

	
	LR
	Predictive Parser

	1
	Stack is not empty by the time the input is accepted
	Stack is empty

	2
	Takes less steps to decide whether the input is accepted
	Involves more steps

	3
	Occupies more space because of the larger parser table
	Occupies less space








***

There are two types of conflicts in LR parsing:

· shift/reduce conflict 

· this situation occurs when either a shift or a reduction is valid according to the grammar 

· Bison's default resolution is to shift rather than reduce 

· reduce/reduce conflict 

· this situation occurs if there are two or more rules that apply to the same sequence of input 

· Bison resolves this by choosing to use the rule that appears first in the grammar 

There is no possibility of getting a shift/shift conflict because the parsing table is constructed from a DFA. DFA does not contain more than on transition from one state on an input, so there is no possibility of occurring two shifts from the same state on an input. 
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