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2Static Type Checking

The Type Checker

ÁThe type checker has several tasks:

Ådetermine the types of all expressions

Åcheck that values and variables are used correctly

Åresolve certain ambiguities by transformations

ÁSome languages have no type checker

Åno compile-time guarantees

Åruntime tagging and checking become necessary
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Types Describe Possible Values

ÁThe Joos types are:

Åvoid (the empty set of values)

Åbyte

Åshort 

Åint 

Åchar

Åboolean

ÅC (objects of class C or any subclass)

Ånull (the polymorphic null constant)

Åů[] (for any type ů)
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Type Annotations

ÁType annotations:

int x;

Foo y;

specify invariants about the runtime behavior:

Åx will always contain an integer value

Åy will always contain null or an object of class Foo or 

any subclass thereof

ÁJava-like Type annotations are (arguably) not 

very expressive viewed as invariants

ÅOther type systems are more expressive
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ÁA program is type correct if the type annotations 

are valid invariants

ÁType correctness is trivially undecidable:

int x = 0;

TM(j);

x = false;

ÁThe program is type correct iff the j 'th Turing 

machine does not halt on empty input

Type Correctness
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Static Type Correctness

ÁA program is statically type correct if it satisfies 

some type rules

ÁThe rules are chosen to be:

Åsimple to understand

Åefficient to decide

Åconservative with respect to type correctness

ÁType systems are not canonical

ÁThey are designed like the rest of the language
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Slack

ÁStatic type systems are necessarily flawed:

ÁThere is always slack: programs that are unfairly 

rejected by the type checker

statically type correcttype correct

slack
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Examples of Slack

ÁTrivial example:

x = 87;

if (false) x = true;

ÁUseful example:

Map m = new Hashmap();

m.put("bar","foo");

String x = m.get("bar");

ÁJava 1.5 was designed to pick up some slack
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Specifying Type Rules

ÁProse:

"The argument of the sqrt function must be of type 
int, the result is of type double"

ÁLogical rules:

C |- x : int

C |- sqrt(x) : double
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The Shortcomings of Prose

The first expression must be of type boolean, or a compile-time error occurs. The conditional operator 

may be used to choose between second and third operands of numeric type, or second and third 

operands of type boolean, or second and third operands that are each of either reference type or the null 

type. All other cases result in a compile-time error. Note that it is not permitted for either the second or 

the third operand expression to be an invocation of a void method. In fact, it is not permitted for a 

conditional expression to appear in any context where an invocation of a void method could appear. The 

type of a conditional expression is determined as follows: If the second and third operands have the 

same type (which may be the null type), then that is the type of the conditional expression. Otherwise, if 

the second and third operands have numeric type, then there are several cases:If one of the operands is 

of type byte and the other is of type short, then the type of the conditional expression is short. If one of 

the operands is of type T where T is byte, short, or char, and the other operand is a constant expression 

of type int whose value is representable in type T, then the type of the conditional expression is T. 

Otherwise, binary numeric promotion is applied to the operand types, and the type of the conditional 

expression is the promoted type of the second and third operands. Note that binary numeric promotion 

performs value set conversion. If one of the second and third operands is of the null type and the type of 

the other is a reference type, then the type of the conditional expression is that reference type. If the 

second and third operands are of different reference types, then it must be possible to convert one of the 

types to the other type (call this latter type T) by assignment conversion; the type of the conditional 

expression is T. It is a compile-time error if neither type is assignment compatible with the other type. 
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Three Kinds of Type Rules

ÁDeclarations:

this variable is declared to have this type

ÁPropagations:

if the argument is of this type, then the result is of 

that type

ÁRestrictions:

the argument must be of this type or that type

ÁThe logical notation handles all three uniformly
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Judging Expressions

ÁThe judgment:

C, L, X, ů|- E: Ű

means that the expression E is statically type 

correct and has type Űin a context where:

ÅC is the current class

ÅL is the current local environment

ÅX is the current set of exceptions

Åůis the return type of the current method
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Judging Statements

ÁThe judgment:

C, L, X, ů|- S

means that the statement S is statically type 

correct in a context where:

ÅC is the current class

ÅL is the current local environment

ÅX is the current set of exceptions

Åůis the return type of the current method
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ÁThe class environment is implicitly available

ÁThe notation DÒC means that D is a subclass of C

ÁWe can query a class C:

ÅC |- extends D (super class)

ÅC |- ůf (fields)

ÅC |- static ůf (static fields)

ÅC |- (ů1,..., ůk) X (constructors)

ÅC |- ům (ů1,..., ůk) X (methods)

ÅC |- static ům (ů1,..., ůk) X (static methods)

Class Environments

return type

name argument types
thrown exceptions



15Static Type Checking

Assignment Compatibility

ÁThe relation ů:= Űmeans that values of type Ű

may be assigned to variables of type ů:

ů:= ů short := byte ů:- ů

int := byte int := short ů[] :- Ű[] ,  if ů:- Ű

int := char C := null java.lang.Cloneable :- ů[]

ů[] := null Object := ů[] java.io.Serializable :- ů[]

java.lang.Cloneable := ů[] Object :- ů[]

java.io.Serializable := ů[] C :- D,  if D Ò C

ů[] := Ű[] ,  if ů:- Ű

C := D,  if D Ò C

ÁIt is reflexive, transitive, and anti-symmetric
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Statements

C,L,X,ů|- S1 C,L,X,ů|- S2

C, L, X, ů|- S1 S2

C, L[nŸ Ű], X, ů|- S  

C, L, X, ů|- { Űn; S }

C, L, X, ů|- E: Ű

C, L, X, ů|- E;
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Control Statements

C,L,X,ů|- E: boolean C,L,X,ů|- S 

C, L, X, ů|- if ( E) S

C,L,X,ů|- E: boolean C,L,X,ů|- Si

C, L, X, ů|- if ( E) S1 else S2

C,L,X,ů|- E: boolean C,L,X,ů|- S 

C, L, X, ů|- while ( E) S
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Return Statements

ů= void

C, L, X, ů|- return

C, L, X, ů|- E: Ű ů:= Ű

C, L, X, ů|- return E
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Throw Statement

C,L,X, ů|- E: Ű throwok({Ű},X)

C, L, X, ů|- throw E

throwok(A,B) ſ 
"ŬÍA: Error := ŬÙ

RuntimeException := ŬÙ

$ɓÍB: ɓ:=Ŭ
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Locals

L(n) = Ű

C, L, X, ů|- n: Ű
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Fields

C,L,X,ů|- this: C

D |- static Űf 

C,L,X,ů|- D. f: Ű

C,L,X,ů|- E: D      D |- Űf 

C, L, X, ů|- E. f: Ű
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Assignments

C,L,X,ů|- E: Ű2 L(n)=Ű1       Ű1:=Ű2

C, L, X, ů|- n = E: Ű1

C,L,X,ů|- E: Ű2 D |- static Ű1 f      Ű1:=Ű2

C, L, X, ů|- D. f = E: Ű1

C,L,X,ů|- E2: Ű2 C,L,X,ů|- E1: D     D |-Ű1 f     Ű1:=Ű2

C, L, X, ů|- E1. f = E2: Ű1
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Arrays

C,L,X,ů|- E1: Ű1[] C,L,X,ů|- E2: Ű2 num(Ű2)

C, L, X, ů|- E1[ E2] : Ű1

C, L, X, ů|- E1: Ű1[] C, L, X, ů|- E2: Ű2

C, L, X, ů|- E3: Ű3 num(Ű2)       Ű1:= Ű3

C, L, X, ů|- E1[ E2]= E3: Ű1

num(ů) ſ ůÍ{ byte , short , int , char }
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Array Operations

C,L,X,ů|- E: Ű[]

C,L,X,ů|- E.length : int

C,L,X,ů|- E: Ű[]

C,L,X,ů|- E.clone() : Object

C,L,X,ů|- E: Ű2 num(Ű2)

C,L,X,ů|- newŰ1[ E] : Ű1[]
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Operators

C,L,X,ů|- E: boolean

C,L,X,ů|- ! E: boolean

C,L,X,ů|- E1: Ű1 C,L,X,ů|- E2: Ű2 num(Ű1)   num(Ű2)

C, L, X, ů|- E1* E2: int
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Literals

C,L,X,ů|- true : boolean

C,L,X,ů|- "abc" : String

C,L,X,ů|- null : null C,L,X,ů|- '@' : char

C,L,X,ů|- 42 : int



27Static Type Checking

Plus

C,L,X,ů|- E1: Ű1 C,L,X,ů|- E2: Ű2 num(Ű1)   num(Ű2)

C, L, X, ů|- E1+E2: int

C,L,X,ů|- E1: String C,L,X,ů|- E2: Ű2 Ű2Ívoid

C, L, X, ů|- E1+E2: String

C,L,X,ů|- E1: Ű1 C,L,X,ů|- E2: String  Ű1Ívoid

C, L, X, ů|- E1+E2: String
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Equality

C,L,X,ů|- E1: Ű1 C,L,X,ů|- E2: Ű2

(num(Ű1)Ønum(Ű2)) ÙŰ1:=Ű2ÙŰ2:=Ű1

C, L, X, ů|- E1==E2: boolean
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Casts and Instanceof

C,L,X,ů|- E: Ű1 (num(Ű1)Ønum(Ű2)) ÙŰ1:=Ű2 ÙŰ2:=Ű1

C, L, X, ů|- (Ű2) E: Ű2

C,L,X,ů|- E: Ű Ű:=DÙD:=Ű

C, L, X, ů|- E instanceof D: boolean
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Why Restrict Casts?

Ű1

Ű2

Ű2

Ű1

Ű1Ű2

Alway succeeds, but upcasting is 

useful for selecting different methods

Ű2 := Ű1

Really useful, the object may or may 

not by a subclass of Ű2

Ű1 := Ű2

Always fails, don't bother to execute

Ű1:Í Ű2 ØŰ1:Í Ű2
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Method Invocation in Joos1

C,L,X,ů|- E: D C,L,X,ů|- Ei: Űi

D |- Űm(Ű1,...,Űk) Y         

C, L, X, ů|- E. m( E1, ..., Ek) : Ű

C,L,X,ů|- Ei: Űi

D |- static Űm(Ű1,...,Űk) Y

C, L, X, ů|- D. m( E1, ..., Ek) : Ű

(we add exception handling machinery later)
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Constructor Invocation

C,L,X,ů|- Ei: Űi

D |- (Ű1,...,Űk) Y         throwok(Y,X)

C, L, X, ů|- new D( E1, ..., Ek) : D

C,L,X,ů|- Ei: Űi C |- extends D

D |- (Ű1,...,Űk) Y         throwok(Y,X)

C, L, X, ů|- super( E1, ..., Ek)
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Method Invocation in Joos2

C,L,X,ů|- E: D C,L,X,ů|- Ei: ůi

D |- Űm(Ű1,...,Űk) Y        Űi:= ůi

"D |- ɔm(ɔ1,..., ɔk) Z : ("i: ɔi:= ůi) Ý ("i: ɔi:= Űi) 

C, L, X, ů|- E. m( E1, ..., Ek) : Ű

ÅThis rule does not describe access modifiers

Åsupports overloading (closest match) and 

subtype polymorphim in the arguments
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C,L,X,ů|- E: D C,L,X,ů|- Ei: Űi

D |- Űm(Ű1,...,Űk) Y       

throwok(Ã{Yi| D |- Űm(Ű1,...,Űk) Yi }, X)  

C, L, X, ů|- E. m( E1, ..., Ek) : Ű

Checking Exceptions in Joos1

where

YÃZ = Y®Z ÇZ ®Y

Y®Z = { yÍY | throwok({y},Z) }

Intuitively: check the intersection of all possible exceptions 



Exceptions - why so complicated?
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class X extends Throwable {}

class Y extends Throwable {}

abstract class A {

public abstract void m() throws X;

}

interface B {

void m() throws Y;

}

class Test {

void foo(C c) {                // no throws clause required!

c.m();

}

}
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class X extends Throwable {}

class Y extends X {}

abstract class A {

public abstract void m() throws X;

}

interface B {

void m() throws Y;

}

class Test {

void foo(C c) throws Y { // no throws X clause required!

c.m();

}

}
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Judging Methods and Constructors

C, [aiŸ ůi], { Xi }, ů|- S        Throwable := Xi

C |- ům(ů1 a1, ..., ůk ak)throws X1, ..., Xn { S }

C, [aiŸ ůi], { Xi }, void |- S        Throwable := Xi

C |- C(ů1 a1, ..., ůk ak)throws X1, ..., Xn { S }


