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Semantic Analysis: Outline
• What is semantic analysis?
• Some of the questions to ask in semantic analysis
• Building a symbol tables for MiniJava

n Classes
n Methods
n Variables

• Type checking MiniJava
n Populating the symbol table
n Doing the type check
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Semantic Analysis
• The compilation process is driven by the syntactic 

structure or the source program as discovered by the 
parser.

• Semantic routines
n Interpret the meaning of a program based on the syntactic 

structure
n Finish analysis by deriving context sensitive information
n Begin synthesis by generating the intermediate representation 

(or the target code)
n Associate with individual productions of a context-free 

grammar or subtrees of a syntax tree.
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Context-Sensitive Analysis
• Some of the questions to ask

n Does the identifier x refer to a scalar, an array, or a method?
n Is x defined before it is used (must be this in C and Pascal)?
n Are any names declared but not used (can then be eliminated)?
n Is an expression type-consistent?
n Is an array reference within bounds?
n Does function foo return a value?

• These questions cannot be answered with a context-free 
grammar.
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Context-Sensitive Analysis
• Is hard because

n Answers depend on values, not on syntax
n Answers may involve non-local information
n Answers may involve computation
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Symbol Tables
• For compile-time efficiency compilers use symbol tables

n Associate lexical names with their attributes

• The items (or lexical names) entered
n defined constants
n variables names
n procedure and function names
n literal constants and strings
n source text labels
n compiler generated temporaries (will see in next lectures)

• A symbol table is a compile-time structure
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Symbol Table Information
• The information that is needed by a compiler

n Textual name
n Data type
n Declaring procedure
n Lexical level of declaration
n Storage class
n Offset in storage
n Pointer to structure table (for records/structs)
n Call-by-reference/call-by-value (for parameters)
n Number and type of arguments to methods
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Nested Scope: Symbol Table
• When ask about an identifier the most recent declaration 

must be returned.
• The declaration may be from current scope or enclosing 

scope.
• Innermost scope overwrites declarations from outer 

scopes.
• Needs operations to support this

n void put (Symbol key, Object value) binds 
key to value

n Object get(Symbol key) returns value bound to key
n void beginScope() remembers current state of table
n void endScope() restores table to state at most recent 

scope that has not been ended
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Attribute Information
• Attributes are internal representation of declarations
• Symbol table associates names with attributes
• Names may have different attributes depending on their 

meaning:
n Variables: type, procedure level, frame offset
n Types: type descriptor, data size/alignment
n Constants: type, value
n Methods: formals parameter names and types, result type, block 

information (e.g., local declarations), frame size.
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Type Expressions
Type expressions are a textual representation for types
• Basic types: boolean, char, integer, real, etc.
• Type names
• Constructed types (constructors applied to type 

expressions):
n array(I,T) denotes array of elements type T, index type I, e.g., 

array(1…10, integer)
n T1 ×T2 denotes cartesian product of type expressions T1 and T2

n Records: fields have names, 
u e.g., record((a × integer), (b × real))

n pointer(T) denotes the type “pointer to object of type T”
n D → R denotes type of function mapping domain D to range R, 

u e.g., integer × integer × char → integer
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Type Descriptors
• Type descriptors are compile-time structures representing 

type expressions, e.g., char × char → pointer(integer)

→

×

char char integer

pointer

→

×

char integer

pointer
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Type Compatibility: Two Approaches
• Type checking needs to determine type equivalence. 

• Name equivalence: each type name is a distinct type
• Structural equivalence: two types are equivalent if and only if 

(iff) they have the same structure (after substituting type 
expressions for type names)
n s ≡ t iff s and t are the same basic types
n array(s1, s2) ≡ array(t1, t2) iff s1 ≡ t1 and s2 ≡ t2
n s1×s2 ≡ t1 ×t2 iff s1 ≡ t1 and s2 ≡ t2 
n pointer(s) ≡ pointer(t) iff s ≡ t
n s1 → s2 ≡ t1 → t2 iff s1 ≡ t1 and s2 ≡ t2 
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Type Compatibility, Example

• Under name equivalence
n next and last have the same type
n p, q and r have the same type
n p and next have different type

• Under structural equivalence
n all variables have the same type

type link = ↑cell;
var next : link;

last : link;
p : ↑cell;
q, r : ↑cell;
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A Symbol Table for MiniJava
class abstract SymbolTable{
private Hashtable hashtable;
// constructuor
public SymbolTable() {hashtable = new Hashtable();}
// for classes
public boolean addClass(String id, String parent);
public Class getClass(String id);
public boolean containsClass(String id);

// for methods
public Method getMethod(String id, String classScope);
public Type getMethodType(String id, String classScope);

// for variables
public Type getVarType(Class c, Method m, String id)
// for use later in type check
public boolean compareTypes(Type t1, Type t2);

}
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The Class Class Data
class abstract Class{
// attributes
String id;
Hashtable methods; // java.util.Hashtable
Hashtable globals;
String parent; // inherits from
Type type;

// constructuor
public Class(String id, String parent){
this.id = id;
this.parent = parent;
type = new IdentifierType(id);
methods = new Hashtable();
globals = new Hashtable();

}
// snip

}
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The Class Class Methods
class abstract Class {
// snip
// get methods
public String getId();
public Type getType();
public String getParent();

// Method methods
public boolean addMethod(String id, Type type);
public Iterator getMethods();
public Method getMethod(String id);
public boolean containsMethod(String id);

// Variable methods
public boolean addVar(String id, Type type);
public Variable getVar(String id);
public boolean containsVar(String id);

}
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The Method Class Data
class abstract Method {
// attributes
String id;
Type type;
ArrayList parameters; // java.util.ArrayList
Hashtable variabls; // java.util.Hashtable

// constructor
public Method(String id, Type type) {
this.id = id;
this.type = type; // type returned
variabls = new Hashtable();
parameters = new ArrayList();

}
// snip

}    
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The Method Class Methods
class abstract Method {
// snip
// get methods
public String getId();
public Type getType();

// parameter methods
public boolean addParameter(String id, Type type);
public Iterator getParameters();
public Variable getParameter(String id)
public Variable getParameterAt(int i);
public boolean containsParameter(String id);

// variable methods
public boolean addVariable(String id, Type type);
public Variable getVariable(String id);
public boolean containsVariable(String id);

}
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The Variable Class
class Variable {
String id;
Type type;

// constructor
public Variable(String id, Type type){
this.id = id;
this.type = type;

}

// get methods
public String getId() {return id;}
public Type getType() {return type;}

}
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The Type Hierarchy in MiniJava

<<interface>>
Type

+void accept(Visitor v)
+Type accept(TypeVistitor v)

BooleanType IntegerType IntArrayType IdentifierType

• The only types in MiniJava are
n Boolean
n Integer, array of integer
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Type Checking MiniJava
• A two step process

n Build and populate the symbol table
n Do the actual type checking

• Use the Visitors design pattern for both steps
n BuildSymbolTableVisitor
n TypeCheckVisitor
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Populating the Symbol Table
public class BuildSymbolTableVisitor 
extends DepthFirstAdapter {

// the symbol table
SymbolTable symbolTable;
// where are we? 
private Class currClass;
private Method currMethod;

public BuildSymbolTableVisitor(){
symbolTable = new SymbolTable();

}
//snip

}
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Populating the Symbol Table, Classes

// Identifier i; VarDeclList vl; MethodDeclList ml;
public Type visit(ClassDeclSimple n) {
if(!symbolTable.addClass( n.i.toString(), null)){
System.out.println(
"Class " +  n.i.toString()+ "is already defined" ); 
System.exit(-1); // simple error handling

}
currClass =  symbolTable.getClass(n.i.toString());
for ( int i = 0; i < n.vl.size(); i++ ) {
n.vl.elementAt(i).accept(this);

}
for ( int i = 0; i < n.ml.size(); i++ ) {
n.ml.elementAt(i).accept(this);

}
return null;

}
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Populating the Symbol Table, Methods
// Type t; Identifier i; FormalList fl;
// VarDeclList vl; StatementList sl; Exp e;
public Type visit(MethodDecl n) {
Type t = n.t.accept(this);
String id = n.i.toString();
if (!currClass.addMethod(id,t)){

System.out.println("Method " + id + "is already defined in "
+ currClass.getId()); System.exit(-1);

}
currMethod = currClass.getMethod(id);
for ( int i = 0; i < n.fl.size(); i++ ) {

n.fl.elementAt(i).accept(this);
}
for ( int i = 0; i < n.vl.size(); i++ ) {

n.vl.elementAt(i).accept(this);
}
for ( int i = 0; i < n.sl.size(); i++ ) {

n.sl.elementAt(i).accept(this);
}
//snip
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Populating the Symbol Table, Variables
// Type t; // Identifier i; 
public Type visit(Formal n){
Type t = n.t.accept(this);
String id = n.i.toString();

if (!currMethod.addParam(id,t)){
System.out.println(
"Formal" + id + "is already defined in "

+ currClass.getId() + "."
+ currMethod.getId());

System.exit(-1);
}
return null;

}
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Type Checking MiniJava
• Examples of type errors to check for

n 89 && True logical and expression
n 12 < “Hello2” less than operator
n arrayT[“b”] array look up
n foo(“Hello”, 12, 34) method call
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Type Checking MiniJava, Basics
public Type visit(IntegerLiteral n) {
return new IntegerType(); // int i;

}
public Type visit(True n) {
return new BooleanType(); // true keyword

}
public Type visit(False n) {
return new BooleanType(); // false keyword

}
// Identifier
public Type visit(IdentifierExp n) {
// use the symbol table
return TypeCheckVisitor.symbolTable.getVarType(

TypeCheckVisitor.currClass,
TypeCheckVisitor.currMethod,
n.s); // the string itself

}
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Type Checking MiniJava, And

// Exp e1,e2
public Type visit(And n) {
if (!(n.e1.accept(this) instanceof BooleanType)){
System.out.println(
"Left side of And must be of type integer");

System.exit(-1);
}
if (!(n.e2.accept(this) instanceof BooleanType)){
System.out.println(
"Right side of And must be of type integer");

System.exit(-1);
}
return new BooleanType();

}

• Type check expr1 && expr2
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Type Checking MiniJava, Less Than

// Exp e1,e2
public Type visit(LessThan n) {
if (! (n.e1.accept(this) instanceof IntegerType) ) {
System.out.println(
"Left side of LessThan must be of type integer");
System.exit(-1);

}
if (! (n.e2.accept(this) instanceof IntegerType) ) {
System.out.println(
"Right side of LessThan must be of type integer");

System.exit(-1);
}
return new BooleanType();

}

• Type check expr1 < expr2
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Type Checking MiniJava, Array Lookup

// Exp e1,e2
public Type visit(ArrayLookup n) {
if (!(n.e1.accept(this) instanceof IntArrayType)){
System.out.println(
"Left side of lookup must be of type int array");

System.exit(-1);
}
if (!(n.e2.accept(this) instanceof IntegerType)){
System.out.println(
"Right side of lookup must be of type integer");

System.exit(-1);
}
return new IntegerType();

}

• Type check arrayType[expr] (always contains 
integers in MiniJava).
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Type Checking MiniJava, Method Call
// Exp e; Identifier i; ExpList el;
public Type visit(Call n) {
if (! (n.e.accept(this) instanceof IdentifierType)){
System.out.println(”Error in method"); System.exit(-1);
} 
String metName = n.i.toString();    
String clsName = ((IdentifierType) n.e.accept(this)).s;
Method calledMethod = symbolTable.getMethod(clsName, metName);
for (int i = 0; i < n.el.size(); i++){

Type t1 = null;  
Type t2 = null;  
if (calledMethod.getParamAt(i)!=null)

t1 = calledMethod.getParamAt(i).type();

t2 = n.el.elementAt(i).accept(this);
if (!symbolTable.compareTypes(t1, t2)){
System.out.println("Type Error”); System.exit(-1);  

}
}
return symbolTable.getMethodType(clsName, metName);

}
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Summary
• Must build symbol table manually when using 

SableCC/JavaCC
• Type checking cannot be expressed in context-free 

grammar
• Type checking cannot easily be automated

n Must be implemented manually in SableCC/JavaCC

• MiniJava
n Does not need nested symbol tables (makes it much simpler)


