
Context-free Grammars and Syntactic Analysis Bottom-Up Parsing

LR Parsing

LR(k) parsing (Knuth, 1965) stands for reading from L eft-to-Right, constructing a
R ightmost derivation in reverse using k input symbols of lookahead.

Only the cases k=0 and k=1 are of practical interest.

{ def Id ; Id = Id }      <==    p5
{ Decl ; Id = Id }        <==    p4
{ Decl ; Decls Id = Id }  <==    p3
{ Decls Id = Id }         <==    p9
{ Decls Stmt }            <==    p7
{ Decls Stmts }           <==    p2
Block                     <==    p1
Prog                       

Bottom-Up, Reverse Rightmost  Derivation
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The class of grammars that can be parsed using LR grammars is a proper superset of the
class of grammars that can be parsed with LL methods.

Usually LR parsers are not constructed by hand but by using LR parser generators.
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Context-free Grammars and Syntactic Analysis Bottom-Up Parsing

LR(1) items

LR parsers are also called Shift-Reduce Parsers :

• they shift input symbols by pushing states onto the stack

• they reduce symbol sequences uv to Nonterminals A , according to productions
A ::= uv

This process continues until an error is detected or the parser reduces to the start symbol
and the input is empty.

LR states are represented by sets of so-called items
consisting of

• a production.

• an analysis position, marked by a dot. If the dot is at the right
end, the item is called reduce item .

• a right context R, a set of terminals which may follow in the input
when the complete production is accepted.

A ::= u.v R

An item indicates how much has been seen of a production at a given point in the
parsing process.
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LR(1) States and Operations
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Example LR(1) automaton
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Operations of LR(1) Automata
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Context-free Grammars and Syntactic Analysis Bottom-Up Parsing

Table-driven Implementation of LR automata

LR Parser Tables

• Terminal Table ”Action”
• shift : si means shift and

stack state i
• reduce : rj means reduce by

production j
• accept : acc
• error : blank entry

• Nonterminal Table ”Goto”
• n means push state n onto

the stack

LR Parser for Expression Grammar (taken from ALSU, Compilers)

p1: E ::= E ’+’ T p4: T ::= F

p2: E ::= T p5: F ::= ’(’ E ’)’

p3: T ::= T ’*’ F p6: F ::= id
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Construction of LR(1) Automata

P. Pfahler (upb) PLaC Winter 2016/2017 29 / 42

Context-free Grammars and Syntactic Analysis Bottom-Up Parsing

LR Conflicts
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Shift-Reduce Conflict for “Dangling Else” Ambiguity
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Decision of Ambiguity

P. Pfahler (upb) PLaC Winter 2016/2017 32 / 42



Context-free Grammars and Syntactic Analysis Bottom-Up Parsing

Simplified LR Grammar Classes

P. Pfahler (upb) PLaC Winter 2016/2017 33 / 42

Context-free Grammars and Syntactic Analysis Bottom-Up Parsing

LALR(1) Automaton for Nested Block Language

S0
S : block. {#}

S5

S : .block {#}
block : .x {#}
block : .{ block } {#}

block : { .block } {#,}}
block : .x {}}
block : .{ block } {}} 

block : x. {#,}}

block : { block .} {#,}}

block : { block }. {#,}}

S1

S3

S4

S2

block

x

x

block

{

}
LALR(1)

LALR(1)
{

LALR(1)

LALR(1)
 States marked „LALR(1)“ show merged lookahead sets.
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Grammar Class Hierarchy
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Reasons for LALR(1) Conflicts
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LR(1) but not LALR(1)
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Syntax Error Handling
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Error position
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Error recovery
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Generating the Structuring Phase
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Context-free Grammars and Syntactic Analysis Generating Parsers

Parser Generators

Parser generators generate the central function of syntax analysis from the concrete
syntax specification and support structure tree construction according to the abstract
syntax, e.g. by adding Semantic Actions :

p9: Stmt ::= Id ’=’ Id &’mknode(p9)’

• YACC / Bison
• standard Unix tool and its improved GNU version
• LALR(1) parsers implemented in C/C++
• Arbitrary C-Code as semantic actions

• PGS / Cola (Generator for Lexical Analysis)
• University of Karlsruhe / Paderborn
• Part of the Eli system, interfaces with other components
• LALR(1) parsers implemented in C/C++
• AST construction automatically provided by Eli

• Coco/R
• University of Linz
• LL(1) recursive descent parsers in C, Java, Pascal, Python, ...

• ANTLR v3/v4
• University of San Francisco
• LL(*), Adaptive LL(*) parsers in (mainly) Java

• Many, many others
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