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Attribute Grammars and Semantic Analysis

Semantic Analysis

Input: Abstract Syntax Tree (AST)

Tasks Compiler Module
Name Analysis Attribute Evaluator, Environment

Module
Determine Properties of Program
Entities

Attribute Evaluator, Definition
Module

Type Analysis, Operator Identifi-
cation

Attribute Evaluator, Signature
Module

Detect and report errors Semantic Error Handling

Output: Attributed Abstract Syntax Tree

Semantic Analysis is performed guided by the contexts of the AST:

Computation Model: Dependent Computations in Trees
Specification: Attribute Grammar
Generator: Attribute Evaluator Generator generates a treewalking algorithm that calls
functions of semantic modules in admissible order in the specified tree contexts.

P. Pfahler (upb) PLaC Winter 2016/2017 2 / 53



Attribute Grammars and Semantic Analysis

Section Structure

The section Attribute Grammars and Semantic Analysis will be structured as follows:

1 Attribute Grammars
• Definition
• Constructing Attribute Evaluators
• Generators for Attribute Evaluators
• Advanced Attribute Grammar Features in LIGA

2 Name Analysis
• Fundamental Concepts
• Environment Module
• Name Analysis using Attribute Grammars

3 Type Analysis
• Fundamental Concepts
• Definition Module
• Type Analysis using Attribute Grammars

4 Semantic Error Handling

P. Pfahler (upb) PLaC Winter 2016/2017 3 / 53

Attribute Grammars and Semantic Analysis Attribute Grammars

Basic Concepts of Attribute Grammars (1)
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Basic Concepts of Attribute Grammars (2)
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Attribute Grammar Example (1)

Compute the size of variables

ATTR size: int;

RULE: Defs ::= Defs Def COMPUTE

Defs[1].size = ADD(Defs[2].size,

Def.size);

END;

RULE: Defs ::= Def COMPUTE

Defs.size = Def.size;

END;

RULE: Def ::= Type Ident COMPUTE

Def.size = Type.size;

END;

RULE: Type ::= ’int’ COMPUTE

Type.size = 4;

END;

RULE: Type ::= ’double’ COMPUTE

Type.size = 8;

END;
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Attribute Grammar Example (2)

Compute line numbers

ATTR first, number: int;

RULE: Document ::= lines COMPUTE

lines.first = 1;

END;

RULE: lines ::= line COMPUTE

line.number = lines.first;

END;

RULE: lines ::= line lines COMPUTE

line.number = lines[1].first;

lines[2].first = ADD(lines[1].first,

1);

END;

RULE: line ::= String COMPUTE

printf("%d: %s", line.number,

StringTable(String));

END;
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Definition of Attribute Grammars
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AG Example: Compute Expression Values
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AG Example: Binary Numbers
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An Attributed Tree for AG “Binary Numbers”
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