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ABSTRACT

With the introduction of Java 5.0 [9] the type system has
been extended by parameterized types, type variables, type
terms, and wildcards. As a result very complex types can
arise. The term

Vector<Vector<AbstractList<Integer>>>

is for example a correct type in Java 5.0.

Considering all that, it is often rather difficult for a pro-
grammer to recognize whether such a complex type is the
correct one for a given method or not. Furthermore there are
methods whose principle types would be intersection types.
But intersection types are not implemented in Java 5.0. This
means that Java 5.0 methods often don’t have the principle
type which is contradictive to the OOP-Principle of writing
re-usable code.

This has caused us to develop a Java 5.0 type inference
system which assists the programmer by calculating types
automatically. This type inference system allows us, to de-
clare method parameters and local variables without type
annotations. The type inference algorithm calculates the
appropriate and principle types.

We implement the algorithm in Java using the observer
design pattern.

Categories and Subject Descriptors

D.1.5 [Programming Techniques|: Object-oriented Pro-
gramming; D.2.2 [Software Engineering]: Design Tools
and Techniques—modules and interfaces; D.3.3 [Program-
ming Languages|: Language Constructs and Features—
data types and structures
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class Matrix extends Vector<Vector<Integer>> {
Matrix mul(Matrix m){

Matrix ret = new Matrix();
int i = 0;
while(i <size()) {

Vector<Integer> vl = this.elementAt(i);
Vector<Integer> v2 = new Vector<Integer>();
int j = 0;
while(j < vi.size()) {

int erg = 0;

int k = 0;

while(k < vi.size()) {

erg = erg + vl.elementAt (k)
* m.elementAt (k) .elementAt(j);

k++; }
v2.addElement (new Integer(erg));
i+
ret.addElement (v2) ;
i++; }
return ret; }

Figure 1: The class Matrix

plementation, type inference, type system

1. INTRODUCTION

In this paper we present a type inference algorithm for a
core language of Java 5.0. Type inference means that we can
implement Java 5.0 programs without type annotations of
method parameters and return types and of local variables.
The type inference system calculates them automatically.

Let us consider an example. The class Matrix (fig. 1) ex-
tends Vector<Vector<Integer>>. Matrix has the method
mul, which implements the multiplication of matrices. The
parameters, the return type, and the local variables are ex-
plictly typed (underlined in fig. 1). If we consider the
type annotations more accurately, we will observe that there
is more than one possibility to give correct type annota-
tions. The return type, the type annotation of m, and the
type annotation of ret are not unambiguous. The type
Vector<Vector<Integer>> would also be a correct type an-
notation. This means, considering the type of the method
mul, that it has beside the type Matrix — Matrix, the type
Vector<Vector<Integer>> — Vector<Vector<Integer>>,
and all mixtures. The fact that a method has more than
one type is called intersection type. In Java 5.0 no annota-
tions of intersection types are allowed.



The idea of Java 5.0 type inference is to omit these type
annotations. The system automatically calculates the prin-
ciple intersection type of the methods.

The type inference discipline arose in functional program-
ming languages (e.g. Haskell [10] or SML [14]). A basic paper
for type inference including an algorithm and the definition
of principle types is given by [3]. A method’s principle type
is a type, where all correct types of the method are derivable
from. In section 4.3 we give a detailed definition.

Many papers on type inference have been published. Some
papers consider type inference in object—oriented languages.
In [15, 11] type inference systems for a language oriented
at Smalltalk [8] are given. In this approach the idea is to
collect type constraints, build a uniform set, and solve them
by a fixed point derivation. In [5] similar as in [1] types are
defined as a pair of a conventional type and a set of type
constraints. Finally, the constraints are satisfied, if possible.
These type systems differ from the Java 5.0 type system.

In [4] and [6] a refactoring is presented that replaces raw
references to generic library classes with parametrized refer-
ences. For this the type parameters of the raw type annota-
tions must be inferred. The main difference to our approach
is, that in our approach no type annotation, must be given
and the algorithm infers the whole type.

The type system of polymorphically order-sorted types,
which is considered for a logical language [18] and for a func-
tional object—oriented language OBJ-P [16], is very similar
to the Java 5.0 type system. Therefore our approach is ori-
ented at polymorphically order-sorted types.

The paper is organized as follows. In the second section
we formally describe the Java 5.0 type system. In the third
section, we give a unification algorithm for a subset of the
Java 5.0 types. The unification algorithm is the base of the
type inference algorithm. In the fourth section we present
the type inference algorithm itself, illustrate the algorithm
by an example, and consider the properties of the algorithm.
Finally in the sixth section we present the implementation.
We have done the implementation in Java using the observer
design pattern. We close the paper with a conclusion and
an outlook.

2. JAVA 5.0 TYPE SYSTEM

As a base for the type inference algorithm we have to
give a formal definition of the Java 5.0 type system. First
we introduce the simple types. Fields, method parameters,
return types of methods, and local variables are annotated
by simple types. Then, from the extends relation we derive
the subtyping relation. Furthermore, we define a relation fi-
nite closure, which is necessary for the unification algorithm
(section 3). Finally, we introduce function types, which rep-
resent the types of methods.

The simple types are built as a set of terms over a fi-
nite rank alphabet of the class/interface names, a set of
unbounded respectively bounded type variables, and un-
bounded respectively bounded wildcards.

Definition 1. Let JC be a set of declared Java 5.0 classes
and © = (©0™),,cn the finite rank alphabet of class/interface
names indexed by its respective number of parameters. Let
TV be a set of unbounded type variables. Furthermore, let
To(TV) be the set of (type) terms over © and T'V.

Then, the set of simple types STypeo ( BTV ) is the small-
est set satisfying the following conditions:

e To(TV ) C STypeo(BTV)
e For each intersection of simple types ty = ty1 & . . . &tyn
BTV C STypeo( BTV )

where BTV ™) contains all type variables, bounded
by ty. A bounded type variable is denoted by alty.

e For 6; € STypee(BTV )
u{7}
U{?extends 7 | T € STypeo( BTV ) }
U{ ?super 7 | 7 € STypeo( BTV )}
and C € ™ : C<b,...,0,> € STypeo( BTV ).

The inheritance hierarchy consists of two different rela-
tions: The “extends relation” (in sign <) is explicitly de-
fined in Java 5.0 programs by the extends respectively the
implements declarations. The “subtyping relation” is then
built as the reflexive, transitive, and instantiating closure of
the extends relation.

Definition 2. Let JC be a set of declared Java 5.0 classes,
STypeo( BTV') the corresponding set of simple types, and
< the corresponding extends relation. The subtyping re-
lation <™ is given as the smallest ordering satisfying the
following conditions:

e if (0,0') € STypeo( BTV ) x STypeo( BTV ) is an ele-
ment of the reflexive and transitive closure of <then
0<*0".

e if 01 <* 05 then o1(01) <" 02(62) for all substitutions
o1, o2, which satisfy for each type variable a of 62 one
of the following conditions:

—o1(a) =02(a)

ci(a)=0and o2(a)="7

— o01(a) =0 and 02(a) = 7extends ' and 6 <* 0’
g1 a)

(a) = 7super 0 and 02(a) =0 and  <* ¢’

e a<*0 for a € BTV 01&-&0n) where 39, : 0, <* 0’

It is surprising that the condition for o1 and o3 in the first
subitem is not o1(a)<*o2(a), but o1(a) = o2(a). This
is necessary to get a sound type system (cp. [9]).

Furthermore, we declare an ordering on the set of type
terms which we call the finite closure of the extends relation.
This ordering is necessary for the type unification algorithm
(section 3).

Definition 3. The finite closure FC( <) is the reflexive
and transitive closure of pairs in the extends relation
C(ai...an)<D(01,...,0n), where the a; are type vari-
ables and the 0; are real type terms.

Now we give an example to illustrate the abstract defini-
tions.

Ezample 1. Let the following Java 5.0 program be given.

abstract class AbstractList<a> implements List<a>{.}

class Vector<a> extends AbstractList<a> {.}

class Matrix<a> extends Vector<Vector<a>> {.}



- / /
(reducel) EqU{C<by,...,0,><D<0},...,0,>)} (reduce?) gqu{gﬁlb}..?en; _;00791,...797»}
EqU{0x(1) =01, On(n) =0, } qU{01=01,...,00,=0,}
where <
e C<ay,...,an><" D<a7r(1)7~--»a7r(n)> (erase) W =29
e {a1,...,an } CTV
Equ{f=a
e 7 is a permutation (swap) ﬁ 0gTV, aceTV
EqU {D<6,...,0,>< D'<0,...,0,,>} Equ{a=0}
(adapt) EqU{D'<0,,...,0,,>[a; — 0; | 1<i<n] < D'<61,...,0,,>} (subst) Eqa— 0]U{a=07}
where there are 0;,...,0,, with where
o (D<ay,...,an><*D'<0;,...,0,,>) € FC( <) e a occurs in Egq but not in 6

Figure 2: Java 5.0 type unification

The following type term pairs are elements of the subtyp-
ing relation <*:

Vector<Vector<a>> <* Vector<Vector<a>>,
Vector<Vector<a>> <" AbstractList<Vector<a>>,
Matrix<a> <* Vector<Vector<a>>,
Matrix<a> <* AbstractList<Vector<a>>.

But Vector<Vector<a>> £* Vector<AbstractList<a>> which
follows from the soundness of the Java 5.0 type system.

The finite closure FC( <) is given as the reflexive and
transitive closure of {Matrix<a> <* Vector<Vector<a>>
<* AbstractList<Vector<a>> <* List<Vector<a>>}.

We complete the Java 5.0 type system with the following
definition.

Definition 4. Let STypeo( BTV ) be a set of simple types
of given Java 5.0 classes. The respective set of Java 5.0 types
Type(STypeo( BTV )) is the smallest set with the following
properties:

1. For the considered base types holds
{ Integer,Boolean, Char } C Type(STypee(BTV)).

2. STypee( BTV ) C Type(STypeo(BTV))
(simple type).

3. If for 0<i<n: 6; € (STypeo( BTV ) U basetype) then
01 X ...X 0, — 0 € Type(STypeo( BTV )) (function
type).

4. If tyi, tys € Type(STypeo( BTV )), then ty:1&tys €
Type(STypeo( BTV )) (intersection type).

The base types and the simple types describe types of
fields, types of methods’ parameters, return types of meth-
ods, and types of local variables. Finally the types of the
methods are given as intersections of function types. The
intersections are necessary to describe the principle type of
a method. If a method has an intersection type, this means
that more than one type is inferable for the code.

We do not consider raw types as they are only necessary
to use older Java programs (Version < 1.4). The behavior
of raw types can be simulated by using the corresponding
parameterized types, where all arguments are instantiated
by Object.

3. TYPE UNIFICATION

The basis of the type inference algorithm is the type uni-
fication. The type unification problem is given as: For two
type terms 61, 0> a substitution is demanded, such that

a(Gl)g*a(eg).

o is called a unifier of 1 and 62. In the following we denote
6 < 0’ for two type terms, which should be type unified.

Our type unification algorithm is based on the unifica-
tion algorithm of Martelli and Montanari [13]. The main
difference is, that in the original unification a unifier is de-
manded, such that o(61) = o(62). This means that a pair
a = 0 determines that the unifier substitutes a by the term
0. In contrast a pair a < 0 respectively 0 < a leads to multi-
ple correct substitutions. All type terms smaller than 6 and
greater than 0 respectively are correct substitutions for a.
This means that there are multiple unifiers.

Now, we give the type unification algorithm. We re-
strict the type terms to terms without bounded type vari-
ables and without wildcards. We denoted this subset of
STypee( BT'V') in definition 1 by Te(TV).

The algorithm itself is given in seven steps:

1. For each pair a< a set of pairs is built, which contains
for all substypes 0 of 6 the pair a = 6.

2. For each pair 8 <a a set of pairs is built, which contains
for all supertypes 6’ of 6 the pair a = ¢’.

The cartesian product of the sets from step 1 and 2 is
built.

Repeated application of the rules reducel, reduce2, erase,
swap, and adapt (fig. 2) to each set of type term pairs.

5. Application of the rule subst (fig. 2) to each set of type
term pairs.

For all changed sets of type terms start again with step
1.
7. Summerize all results

For more details about the Java 5.0 type unification see
in [17].

Ezample 2. Let the subtyping relation and the finite clo-
sure be given as in example 1.



Source = (class | interface)x*

class = Class(stype, [ extends( stype ),] [ implements( stype+ ),]IVarDeclx, Methodx)

interface := interface(stype, [extends( stype ),| MHeaderx)

IVarDecl := InstVarDecl( stype, var)

MHeader := MethodHeader( mname, stype, (var, stype)x*)

Method  := Method( mname, [stype], (var], stype])*, block )

block := Block( stmix)

stmt := block | Return(ezpr) | while( ezpr,block) | LocalVarDecl( var[, stype]) | If( expr, block[, block])
| stmtexpr

stmtexpr = Assign(var,expr) | New( stype, exprx) | NewArray( stype, ezpr) | MethodCall( [expr,]f, expr*)

expr := stmtezpr | this | super | LocalOrFieldVar(wvar) | InstVar( expr,var) | ArrayAcc( expr,expr)
| Add(expr,expr) | Minus(expr,expr) | Mul(expr,expr) | Div(expr,expr) | Mod(expr,expr)
| Not(expr) | And(expr,expr) | Or(expr,expr)

Figure 3: The Java 5.0 core language

We apply the unification algorithm to

{Matrix<b> < Vector<Vector<List<Object>>>,
a<b}

In the first three steps nothing happens.
In step 4 we get by the adapt rule

{{Vector<Vector<b>>
= Vector<Vector<List<Object>>>,
a<b}},

as (Matrix<a> <* Vector<Vector<a>>) € FC( < ). Then the
reduce? rule leads to: {{b = List<Object> a<b}}. In step
5 the subst rule leads to

{{b = List<0Object>,
a < List<Object>}}

With the again application of the first three steps we get
finally:

{{b =List<Object>,a = List<Object>},
{b = List<0Object>, a = AbstractList<0Object> },
{b = List<0Object> a = Vector<Object> } }

This means that this type unification has three unifiers as
its results.

4. TYPE INFERENCE

The language for our type inference algorithm is given in
figure 3. It is an abstract representation of a core of Java 5.0.
The input of the type inference algorithm is a set of abstract
syntax trees representing Java 5.0 classes, where the param-
eters, return types, and local variables of the methods are
not necessarily type annotated (underlined in figure 3). The
type inference algorithm infers the absent type annotations.
The result of the algorithm contains for each method an in-
tersection of function types and the corresponding typings
for the local variables. The intersection of function types of
the methods describes the different possible typings of its
parameters and its return types.

4.1 The Algorithm

The basic idea of the algorithm is that each expression,
each statement and each block is typed by simple types and
that each method is typed by function types. These types
are determined step by step during the run of the algorithm.

Type assumptions: First, we assume for each expression,
for each statement, and for each block a type variable
as a type—placeholder. The types of the methods are
assumed as function types, which consists also of type—
placeholders for each argument and the return type.

Run over the abstract syntax tree: During a run over
the abstract syntax tree, the types of each expression,
each statement, and each block are determined. This is
done step by step. At each position of the abstract syn-
tax tree there are type assumptions of the expressions,
the statements, and the blocks, respectively, and there
are conditions for these types given by the Java 5.0
type system. The type assumptions are unified by type
unification as the respective type—conditions define.

For example if we determine the type of Assign( a, expr )
(a = expr), we have type assumptions ty, and tYezpr
for a respective expr. The type—condition for Assign
defines, that it holds tYezpr <* tya. This means that
the type unification algorithm is applied to { tyezpr <
tys }. After that the resulting unifiers are applied to
the respective type assumptions.

There are rules for each Java 5.0 construct, which de-
fine the type—conditions for the corresponding types.

Multiplying the assumptions: In two cases the set of
type assumptions is multiplied:

e If the result of the type unification contains more
than one unifier, for each unifier a new set of type
assumptions is generated.

e If during a method call there are different re-
ceivers, which can invoke the method, for each
receiver a new set of type assumptions is gener-
ated.

In both cases the algorithm is continued on both sets
of type assumptions.

Erase type assumptions: If the type unification fails, the
corresponding set of type assumptions is erased.

New method type parameters: If at the end, there are
type—placeholders contained in type assumptions, these
type—placeholders are replaced by new introduced me-
thod type parameters.



Intersection types: If at the end, there is more than one
set of type assumptions for a method, this method has
an intersection type, which is then generated.

4.2 Type Inference Example

We consider again the matrices example from the intro-
duction. We apply the algorithm to the corresponding ab-
stract syntax tree of the class Matrix (fig. 1), where the un-
derlined type annotations are erased. In the first step type
assumptions all expressions, statements, and the block are
typed by type—placeholders. In the following we consider
some steps of the run over the abstract syntax tree.

First, the New—statement New(Matrix, ()) (in concrete
syntax: new Matrix();) gets the type Matrix as its type
assumption.

Then, the statement Assign(ret, New(Matrix,())) (ret
= new Matrix();) should be typed. For this the type as-
sumption of ret is also necessary. The type assumption of
ret is the type—placeholder 3. The type—condition for As-
sign—statements, leads to the condition Matrix < (3. The
type unification gives two unifiers: {8 — Matrix} and
{8 — Vector<Vector<Integer>>}. This means that the
algorithm’s step, multiplying the assumptions, is ap-
plied and we get two sets of type assumptions. In the first
one the type of ret is assumed as Matrix and in the second
one it is assumed as Vector<Vector<Integer>>.

Next, we consider the type calculation of the statement
MethodCall( MethodCall( m, elementAt, k ), elementAt, j )
(m.elementAt (k) .elementAt(j)) in the innermost while-
loop. First, the type of MethodCall(m, elementAt,k) is de-
termined. The type assumption of m is the type—placeholder
a. Now all types are considered, which can invoke a method
elementAt. In our context it is Vector<T> with elementAt :
Vector<T> — T. The type—condition of the methodcall-
rule defines that for a new type—placeholder ¢, it holds o <
Vector<d>. There are two unifiers: { & — Vector<d>} and
{a +— Matrix,d — Vector<Integer>}. This means that
we get, by the algorithm’s step multiplying the assump-
tions, two different type assumptions 6 and Vector<Integer>
for MethodCall(m, elementAt, k ). This expression is simulta-
neously the receiver of the second method call. This means
that on the one hand for ¢ all types are considered, which
can invoke a method elementAt. This is again Vector<T>.
On the other hand it is determined wether Vector<Integer>
can invoke elementAt. This is also possible. This means fol-
lowing the type—condition of the methodcall-rule, that for a
new type—placeholder e it must hold ¢ < Vector<e> and for a
further type-placeholder € it must hold Vector<Integer> <
Vector<e’>. The first unification again gives the unifiers
{é — Vector<e> } and { § — Matrix, e — Vector<Integer> }.
The second unification gives { ¢ — Integer }. This means,
that we get for MethodCall( MethodCall(m, elementAt, k),
elementAt, j) =: (*) three type assumptions Integer, ¢,
and Vector<Integer> and for the parameter m we get the
type assumptions Vector<Vector<e>>, Vector<Matrix>, and
Matrix.

Then the type for Add(..., (*)) is determined. The
type—condition for the addition demands that its arguments
are subtypes of Integer. The means, that it must holds
Integer < Integer, ¢ < Integer, and Vector<Integer> <
Integer. It is obvious, that the last unification fails. This
means that the algorithm’s step erase type assumptions
is applied and the corresponding set of type assumptions is

erased. From this, it follows, that for m there remains two
adapted type assumptions Vector<Vector<Integer>> and
Matrix.

During the rest of the running nothing happens to the
type assumptions of the parameter m.

The statement Return(ret ) (return ret;) determines the
return type of this presently considered method mul. As the
type assumptions of the local variable ret are Matrix and
Vector<Vector<Integer>>, these two are the type assump-
tions for the return type.

In the last step of the algorithm, intersection types,
this leads to the following inferred type for mul:

mul : Vector<Vector<Integer>> — Matrix
& Matrix — Matrix
& Vector<Vector<Integer>>
— Vector<Vector<Integer>>
& Matrix — Vector<Vector<Integer>>

This is the result which we expected in the first section.

4.3 Principle Type Property

First, we will give a definition of a principle Java 5.0 type.
The definition is a generalization of the corresponding defi-
nition in functional programming languages [3].

Definition 5. An intersection type of a method m in a class
C

m . (0171X.,,X61,n—>6‘1)
&... &
(Om,1 X oo X Oy — O)

is called principle if for any type annotated method decla-
ration

., tyn an) { ...}

there is an element (0;,1 X ... X 0;.n,— 0;) of the intersec-
tion type and there is a substitution o, such that

rty m(tyl al ,

o(0;)=rty,o(6;1) =tyl,...,0(0;in) = tyn

THEOREM 1. If we consider only simple types with un-
bounded type variables and without wildcards, the type infer-
ence algorithm calculates a principle type.

4.4 Resolving Intersection Types

In conventional Java no intersection types for methods
are allowed. This means that the compiler cannot trans-
late them. Therefore, we need an approach to deal with
intersection types after they are inferred. There are three
possibilities.

The first one is to present the user with all inferred types
and the user has to select one of them. Subsequently code
is generated for that type. At the moment we have imple-
mented this approach.

Another approach would be to generate code for each ele-
ment of the intersection type. This approach would have the
advantage, that later on all inferred types for the method
would be usable. The disadvantage is, that the same code
appears several times in the byte—code file.

The third idea is to generate the code for each method
only once. However, for each type of the intersection type
an entry in the constant—pool is built. This means that the
same executable code is referenced by different entries in
the constant—pool. For this approach we have to do further
investigations.



S. IMPLEMENTATION

In order to present a proof of concept, we have integrated
the type inference system in a Java compiler. The compiler
itself has been implemented in Java by using the tools JLex
[2] and jay [12].

In its analysis phase the compiler parses a Java program
and creates an Abstract Syntax Tree (subsequently called
AST). This AST forms, together with some other basic data
structures, the input data for the Type Inference Algorithm
(subsequently called TIA) described in section 4. The TIA
calculates the missing type annotations and performs a gen-
eral type checking. In doing so, it replaces the common
semantic check.

5.1 Basic Data Structures

5.1.1 TypePlaceholder

All the types of the Java program to be compiled are rep-
resented in the AST by instances of subclasses of the ab-
stract class Type. In order to allow programmers to omit
type annotations for method declarations and local variable
declarations, we have to extend the type hierarchy by intro-
ducing another subclass of Type.

This subclass is an auxiliary data structure for the TIA. Its
instances act as placeholders for the individual declaration
types. The class is therefore called TypePlaceholder.

5.1.2 TypeAssumption

The implementation of the type assumptions described in
section 4 is realized by the abstract class TypeAssumption.
This class is, besides the AST, the main data structure for
the TIA. It basically maps an identifier onto an assumed
type by storing a String instance and a Type instance.

At the beginning of the TIA an initial set of TypeAssump-
tion instances is created for all field declarations (field vari-
ables and methods). During the processing of the TIA when
more and more knowledge about the types is gained, this set
is extended by adding new TypeAssumption instances or by
modifying old ones.

5.1.3  Substitution

While TypeAssumption is the implementation for map-
ping an identifier onto a type, the class Substitution maps
a type placeholder onto a calculated type. A Substitution
instance stores a TypePlaceholder reference and the corre-
sponding Type instance which the placeholder will be re-
placed with. Normally for each unifier provided by the uni-
fication algorithm (see section 3) a Substitution instance is
created.

Through the method Substitution.ezecute() the type re-
placement for this particular placeholder in the AST can be
invoked (see section 5.2).

5.2 Substitution Based Approach

The TIA theoretically described in section 4 follows an
approach which is mainly based on type assumptions. The
algorithm cyclically collects type information and unifica-
tion results in order to extend and specify existing sets of
type assumptions.

Type substitutions however play a minor role in this ap-
proach and are only used as an auxiliary means. The unifiers
provided by the unification algorithm are usually discarded
after their type substitution has been applied on the sets of

type assumptions.

The TIA’s output data structure consists of multiple sets
of type assumptions which represent a theoretical image of
the Java program’s type configuration. Type unifiers or type
substitutions are not part of the output data structure.

This assumption based approach is very difficult to imple-
ment as such a set of type assumptions as a whole cannot be
applied to the AST. The type information must be broken
down into small, executable instructions. These instructions
are identical to the type substitutions, though. For the im-
plementation it is crucial to add all type substitutions as
Substitution instances to the TIA’s output data!

The implementation still uses, according to the TIA’s
specification, type assumptions for calculating types, but
in terms of modifying the AST, type substitutions are more
important.

Therefore the implemented TTA returns a data structure
consisting of multiple tuples of TypeAssumption sets and
Substitution sets. Each tuple represents a possible type con-
figuration for the Java program.

5.3 Applying the Output Data

The question facing our implementation is, how to apply
such a set of type substitutions returned by the TIA to the
AST.

The most obvious solution would be to use the set of type
substitutions as input data for a second algorithm which
is responsible for applying them to the AST. Considering
that the whole AST would have to be traversed again, the
performance of this solution would not be very good.

Therefore we choose a totally different approach which
is based on the Observer Design Pattern [7]. According to
this design pattern, many observers (also called listeners)
register themselves at an object they are interested in, so
that they can be notified about its state changes.

In our case the observers are all the AST components
which store a TypePlaceholder object. Such a component
registers itself as an observer at the TypePlaceholder whose
state changes it is interested in. The state changes are
the type replacements and substitutions respectively. Such
an observer is represented by the interface ITypeReplace-
mentListener and is notified by a method call to its interface
method replace Type(Replace Type Event e). The observer can
then replace its TypePlaceholder with the new type it re-
ceives via the Replace TypeEvent.

Each TypePlaceholder stores its ITypeReplacementListen-
ers in a Vector called m_ReplacementListeners and notifies
all registered observers when the method fireReplace Type-
Event() is called (see figure 4).

As all observers are stored in a field variable of TypePlace-
holder, it is important that all observers who are interested
in a type placeholder A register at the same TypePlaceholder
instance representing A. This means that within the AST
there must not be more than one instance for the type place-
holder A.

In order to achieve this, we prohibit the creation of Type-
Placeholder objects by defining its constructor private. In-
stead we provide the static Factory Method [7] TypePlace-
holder.fresh() which creates a new TypePlaceholder object
and stores it in a central registry. An existing TypePlace-
holder can be retrieved from the registry by the static method
TypePlaceholder.getInstance(String name).

So the following happens after the TIA has finished. The
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Figure 4: Implemented Observer Pattern

programmer has to choose between the possible type config-
uration returned by the TIA. On each Substitution object
of the selected configurations the method ezecute() is called.
This method requests the unique TypePlaceholder instance
of its type placeholder from the registry and passes its cal-
culated type to TypePlaceholder.replace With(Type newType)
which triggers TypePlaceholder.fire Replace Type Event(). Sub-
sequently all registered ITypeReplacementListeners are no-
tified and replace their TypePlaceholder with the calculated
type.

6. CONCLUSION AND OUTLOOK

We gave a type inference algorithm for Java 5.0. The algo-
rithm calculates a method’s parameter types and its return
type. For type terms without bounded type variables and
without wildcards a principle type is inferred. The type in-
ference algorithm is based on the type unification algorithm.
It is possible to consider the type inference algorithm as
a generic algorithm parameterized by the type unification
algorithm. At the moment we gave a type unification al-
gorithm, which calculates unifiers for type terms without
bounded type variables and without wildcards.

For the introduction of bounded type variables step 4 of
the type unification algorithm (section 3) must be extended.
The pairs of the form a < tyl and a < ty2, where the types
tyl and ty2 are not unifiable, should be transformed to a <
tyl&ty2. Furthermore we aim to discover wether such a
strategy leads to a principle type or not.

The introduction of wildcards leads to a problem if the
type unification is computable. This is marked as open in
[18]. There is an idea to solve this problem by extending
our type unification algorithm.

Furthermore, we are working at a translation function for
the byte—code to integrate intersection types as discussed in
section 4.4.
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