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UNIT-II 

2.2 Bottom up parsing: - A bottom-up parsing builds the parse tree for an input string beginning 
at the leaves (the bottom) and working up towards the root (the top). The sequence of tree 
snapshots shown in Fig. illustrates a bottom-up parsing of the token stream id * id, with respect 
to the expression grammar 

                 

Fig:-  A Bottom-up parsing for the string id * id 

Reduction: 

We can think of bottom-up parsing as the process of “reducing” a string w to the start symbol of the 
grammar. At each reduction step, a specific substring matching the body of a production is replaced 
by the nonterminal at the head of that production. 
The key decision during bottom-up parsing is about when to reduce and about what production to 
apply, as the parse proceeds. The sequence stars with the input string id*id. 
First Reduction produces F*id [F->id] 
Second Reduction produces T*id [F->T] 
Now we have a choice between reducing ET and the string consisting of second id, which is the 
body of Fid rather than reducing T to E, id is reduced to T. The parse completes with the 
reduction of T to the start symbol E. 
The goal of bottom-up parsing is to construct a derivation in reverse order. 

E T T*F T*id F*id id*id 

This derivation is in fact a Right Most Derivation. 
The bottom-up parsing can be implemented by using the following techniques. 

1. Shift-reduce parsing 
2. Operator Precedence parsing 
3. SLR parsing 
4. Canonical LR(1) parsing 
5. LALR(1) parsing 
 

2.2.1. Shift Reduce parsing: - Shift-reduce parsing is a form of bottom-up parsing in which a 
stack holds grammar symbols and an input buffer holds the rest of the string to be parsed. 
As we shall see, the handle always appears at the top of the stack just before it is identified 
as the handle. A "handle" is a substring that matches the body of a production, and whose 
reduction represents one-step along the reverse of a rightmost derivation.  
We use $ to mark the bottom of the stack and also the right end of the input. Conventionally, 

 when discussing bottom-up parsing, we show the top of the stack on the right, rather than 
 on the left as we did for top-down parsing. Initially, the stack is empty, and the string w is on 
 the input, as follows: 
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During a left-to-right scan of the input string, the parser shifts zero or more input symbols 
 onto the stack, until it is ready to reduce a string β of grammar symbols on top of the stack. 
 It then reduces β to the head of the appropriate production. The parser repeats this cycle 
 until it has detected an error or until the stack contains the start symbol and the input is 
 empty: 

                                   

 Upon entering this configuration, the parser halts and announces successful completion of 
 parsing. 
 There are actually four possible actions a shift-reduce parser can make:  

            (1) Shift, (2) reduce, (3) accept, and (4) error. 
i. Shift:-  Shift the next input symbol onto the top of the stack. 

ii. Reduce:-  The right end of the string to be reduced must be at the top of the stack.  
Locate the left end of the string within the stack and decide with what nonterminal to 
replace the string. 

iii. Accept:- Announce successful completion of parsing. 
iv. Error:- Discover a syntax error and call an error recovery routine. 

  

Example: - List out the actions of a shift-reduce parser to parse the input string idl *id2 according to 
the expression grammar 

 

 

Example:- List out the actions of a shift-reduce parser to parse the input string id *id+id according 
to the following grammar          

E  E + E | E * E | ( E ) | id 
 

Stack Contents Input Buffer Action Taken 

$ id*id+id$ Shift id 

$id *id+id$ Reduce E id 

$E *id+id$ Shift * 

$E* id+id$ Shift id 
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$E*id +id$ Reduce E id 

$E*E +id$ Shift + 

$E*E+ id$ Shift id 

$E*E+id $ Reduce E id 

$E*E+ E $ Reduce EE+E 

$E*E $ Reduce EE*E 

$E $ Accept 

 
 Conflicts During Shift-Reduce Parsing:- There are context-free grammars for which shift-
 reduce parsing cannot be used. Every shift-reduce parser for such a grammar can reach a 
 configuration in which the parser, knowing the entire stack contents and the next input 
 symbol, cannot decide whether to shift or to reduce (a shift/reduce conflict), or cannot 
 decide which of several reductions to make (a reduce/reduce conflict). That is the shift-
 reduce parser has two conflicts. They are, 

i. Shift/reduce conflict 
ii. Reduce/reduce conflict 

 
For the following grammar          
         E  E + E | E * E | ( E ) | id 
Shift/reduce conflict: - When the stack and the input buffer contains the contents as shown below. 

Stack Contents Input Buffer Action Taken 

$E*E +id$  

The parser can take the action “Shift +” or “Reduce E  E*E “. So it known as Shift/Reduce conflict. 
To Solve this problem it gives first preference to “Shift + “.  
Reduce/reduce conflict: - When the stack and the input buffer contains the contents as shown 
below 

Stack Contents Input Buffer Action Taken 

 $E*E+ E $  

The parser can take the action “Reduce E  E+E” or “Reduce E  E*E “. So it known as 
Reduce/Reduce conflict. As Bottom-up parsing uses right most derivation it gives first preference to “Reduce E  E+E “.  
Shift/reduce conflict or Reduce/reduce conflict will be encountered for those grammars which are 
not LR or they are ambiguous. However compilers use LR grammars. Thus Shift/reduce conflict or 
Reduce/reduce conflict will not occur during compilation process. But Shift-Reduce Parser can’t be 
constructed for a non LR Grammar or ambiguous grammar.  
 
2.3. LR(k) Parsing 

The most important  type of bottom-up parser is based on a concept called LR(k) parsing; the 
"L" is for left-to-right scanning of the input, the "R" for constructing a rightmost derivation in 
reverse, and the k for the number of input symbols of lookahead that are used in making 
parsing decisions. The cases k = 0 or k = 1 are of practical interest, and we shall only consider 
LR parsers with k<= 1 here. When (k) is omitted, k is assumed to be 1. There are 3 different 
types of LR parsers. They are 

1. Simple LR(SLR) 
2. Canonical LR(CLR) 
3. Lookhead LR(LALR) 
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2.3.1. LR Parsers:-LR parsers are table-driven, much like the nonrecursive LL parsers. A grammar 
for which we can construct a parsing table is said to be an LR grammar. A grammar to be LR, 
it is sufficient that a left-to-right shift-reduce parser be able to recognize handles of right-
sentential forms when they appear on top of the stack.  

 Advantages of LR parsers:- 

i. LR parsers can be constructed to recognize all programming language constructs for 
which context-free grammars can be written.  

ii. The LR-parsing method is the most general Non backtracking shift-reduce parsing 
method known, yet it can be implemented as efficiently as other shift-reduce methods. 

iii. The class of grammars that can be parsed using LR methods is a superset of the class of 
grammars that can be parsed with the predictive or LL methods. 

iv. It can detect a syntactic error as soon as possible to do so on a left-to-right scan of the 
input.   

 Disadvantages of LR parsers:- 

i. This method involves too much of work to construct a parser by hand: one needs a 
specialized tool – an LR parser Generator. 

2.3.2. The LR-Parsing Algorithm LR parser consists of an input, an output, a stack, a driver 
program, and a parsing table that has two parts (ACTION and GOTO). The driver program is 
the same for all LR parsers; only the parsing table changes from one parser to another.  

 
2.3.3. Behavior of the LR Parser: - The next move of the parser from the configuration above is 

determined by reading ai, the current input symbol, and SM, the state on top of the stack, and 
then consulting the entry ACTION[SM, ai ]in the parsing action table. The configurations 
resulting after each of the four types of move are as follows 
1. If ACTION[SM, ai ]= shift s, the parser executes a shift move; it shifts the next state s onto 

the stack, The current input symbol is now ai+l. 
2. If ACTION[SM, ai ]= reduce A  β, then the parser executes a reduce move using the 

production A  β. If β has r symbols, then the parser first popped 2r (only r symbols if 
we have only states in stack) symbols off the stack and parser then pushed s, the entry 
for GOTO[SM-r, A], onto the stack.  

3. If ACTION[SM, ai ]= accept, parsing is completed. 
4. If ACTION[SM, ai ]=  error, the parser has discovered an error and calls an error recovery 

routine. 
 

2.4. SLR Parsing or SLR (1) Parsing: 

 An LR parser makes shift-reduce decisions by maintaining states to keep track of where we 
 are in a parse. States represent sets of "items." An LR(0) item (item for short) of a grammar 
 G is a production of G with a dot at some position of the body. 
To perform SLR parsing, take grammar as input and do the following: 
1. Find LR(0) items. 

2. Completing the closure. 

3. Compute goto(I,X), where, I is set of items and X is grammar symbol. 

 

 LR(0) items: 
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An LR(0) item of a grammar G is a production of G with a dot at some position of the right side. For example, production A → XYZ yields the four items: A → . XYZ A → X . YZ A → XY . Z A → XYZ . 
One collection of sets of LR(0) items, called the canonical LR(0) collection, provides the  basis 
for constructing a deterministic finite automaton that is used to make parsing decisions. Such 
an automaton is called an LR(0) automaton. In particular, each state of the LR(0) automaton 
represents a set of items in the canonical LR(0) collection.  
To construct the canonical LR(0) collection for a grammar, we define an augmented grammar 
and two functions, CLOSURE and GOTO. 

 

 Closure operation: 
If I is a set of items for a grammar G, then closure(I) is the set of items constructed from I by the 
two rules: 
1. Initially, every item in I is added to closure(I). 
2. If A → α . Bβ is in closure (I) and B → γ is a production, then add the item B → . γ to I , if it is 
not already there. We apply this rule until no more new items can be added to closure(I). 

 

 Goto operation: 
Goto(I, X) is defined to be the closure of the set of all items [A→ αX . β] such that [A→ α . Xβ] is 
in I. 

 

Steps to construct SLR parsing table for grammar G are: 

1. Augment G and produce G’ 
2. Construct the canonical collection of set of items C for G’ 
3. Construct the parsing action function action and goto using the following algorithm that 

requires FOLLOW(A) for each non-terminal of grammar. 
 
Construction of SLR tables: - The SLR method for constructing parsing tables is a good starting 
point for studying LR parsing. The parsing table constructed by this method is an SLR table, and an 
LR parser using an SLR-parsing table is an SLR parser. The SLR method begins with LR(0) items 
and LR(0) automata. That is, given a grammar, G, we produce augmented grammar G’, with a new 
start symbol S’. From G', we construct C, the canonical collection of sets of items for G’ together with 
the GOT0 function. 
The ACTION and GOTO entries in the parsing table are then constructed using the FOLLOW(A) for 
each nonterminal A of a grammar. 
1. Construct C = {I0, I1, . . . ,In), the collection of sets of LR(0) items for G’. 
2. State i is constructed from Ii, . The parsing actions for state i are determined as follows: 

(a) If [A α.aβ] is in Ii, and GOTO(Ii ,a ) = Ij , t hen set ACTION[i , a] to "shift j."   
       Here a must be a terminal. 
(b) If [A α.] is in Ii, then set ACTION[i, a] to "reduce A  a" for all a in FOLLOW(A) here A    
       may not be S’. 
(c) If [S’  S.] is in Ii ,then set ACTION[i, $1] to "accept ." 

3. The goto transitions for state i are constructed for all nonterminals A using the rule: If       
     GOTO(Ii , A) = Ij, then GO TO[i, A] = j. 
4. All entries not defined by rules (2) and (3) are made "error." 
5. The initial state of the parser is constructed from the set containing   [S’S.]. 
 
Example for SLR parsing: 
Construct SLR parsing for the following grammar: 
G : E → E + T | T 
T → T * F | F 
F → (E) | id 
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The given grammar is: 
G : E → E + T ------ (1) 
E →T ------ (2) 
T → T * F ------ (3) 
T → F ------ (4) 
F → (E) ------ (5) 
F → id ------ (6) 
 
Step 1 : Convert given grammar into augmented grammar. 
Augmented grammar : 
E’ → E 
E → E + T 
E → T 
T → T * F 
T → F 
F → (E) 
F → id 
 
Step 2 : Find LR (0) items. 
I0 : E’ → . E E → . E + T E → . T T → . T * F T → . F F → . (E) F → . id 
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Example: Check whether the input id*id+id is valid or not?. 
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LR Parsing Algorithm: 

Let ‘a’ be the first symbol of w$ 
while(1) { /* Repeat Forever */ 
Let ‘s’ be the state on the top of the stack; 
if(ACTION[s,a]==shift j)  
{ 
push j on to the stack; 
a be the next input symbol;   
 
else if(ACTION[s,a]==A->β)  
{ 
pop |β| symbols from the stack; 
let ‘t’ be the top of the stack; 
push GOTO[t,A] on to the stack; 
Ouput the production A->β;    
} 
else if(ACTION[s,a]==Accept) break;  
else  
call error recovery routine;  
} 

 

Differences between LR and LL Parsers: 

 

S.No LR Parsers LL Parsers 

1. These are bottom up parsers. These are top down parsers. 

2. This is complex to implement. This is simple to implement. 

3. LR Grammar is context-free-grammar that may 

not be free from ambiguity. 

LL Grammar is context-free-grammar that is 

free from left-recursion and ambiguity. 

4. LR parser has ‘k’ lookahead symbol. LL parser has only one lookahead symbol. 

5. LR parsers perform two actions shift and reduce 

to construct parsing table. 

LL parsers performs two actions namely first() 

and follow() to construct parsing table. 

6. LR parsing is  difficult to implement LL parsers are easier to implement. 

7. These are efficient parsers. These are less efficient parsers. 

8. It is applied to a large class of programming 

languages. 

It is applied to small class of languages. 

 

 

































Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner


	R19-I.T-CD-UNIT-2
	CD-UNIT-II-PART-I

