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Abstract The Java Collections Framework supplies four main in-
terfaces: Col | ecti on, Set, Map, andLi st, and a
Recent research in Programming Languages has yieldednumber of more specialized interfaces and classes all ex-
proposals for supporting the concept of “optional” or “con-  tending (implementing) these main interfaces. However,
ditional” methods in a library without sacrificing staticjpe not all data structures support all the methods in their
safety. Specifically, the cJ extension to Java and the Genercorresponding interfaces. Six out of the fifteen meth-
alized Constraints proposal for C# follow technically diff ods of interfaceCol | ecti on in JDK 1.5 are optional
ent avenues, yet both enable specifying methods that are deand may result in run-time errors. A common optional
fined only under specific type conditions. Effectively,éhes concept, for instance, is that of “modifiability”: is the
language features enable a safe analogue of the C/C++ collection modifiable through its public interface or not?
“#i f def ” construct. Using such conditional methods, This concept is not captured via the Java type system
a library designer can support optional functionality, yet in the design of the Java Collections Framework. In-
statically ensure that programmers only use it when do- stead, any code attempt to modify an “unmodifiable” col-
ing so is safe. In this paper, we show how our cJ lan- lection passes compile-time checks, only to result in the
guage enables scalable library design with optional meth- throwing of anUnsupport edOper ati onExcepti on
ods. As a case study, we describe how cJ solves the safefgt run-time Another similar notion is that of size vari-
problems of the Java Collections Framework—the standard ability. Some collections are modifiable, yet their size
Java data structures library—without sacrificing concise- cannot change—arrays are a standard example. An ar-
ness. This addresses a well-known issue with the Java Colvay supports the operations of theé st interface with
lections Framework. the exception ofadd or rermove, which throw an
Unsupport edQper at i onExcepti on.
The above is a well-known issue with Java Collections.

1. Introduction In fact, the very first “frequently asked question” in thedav
Collections API Design FA®is:
2 Librarieswith Optional Methods Why don’t you support immutability directly
in the core collection interfaces so that you
2.1 Back d can do away with optlonal oper.at|ons (and
cJ Backgroun Unsupport edQper ati onExcepti on)?
2.2 c¢J Optional Methods The design rationale reflected in the answer to this FAQ in-
directly offers a compelling argumentfor cJ. The develsper
2.3 “Implicit” Subtyping in cJ note:
Clearly, static (compile time) type checking is
3 Case Study: Java Collections Framework highly desirable, and is the norm in Java. We

would have supported it if we believed it were
The Java Collections Framework is the standard Java  feasible. Unfortunately, attempts to achieve this
data structures library. The design of this library is a goal cause an explosion in the size of the inter-
striking demonstration of the difficulties in maintaining face hierarchy ...
both static type safety and scalability, and the inability ~ 1. /java.sun.com/j2se/1.5.0/docs/guide!
to do so effectively with features available in Java today. collections/designfag.html




The Java Collections API developers proceed to give Set <K> keySet () ;
external testimony from other Java developers (e.g., Doug
Lea’s experience with a collections package) and an ibdstr  }
tion of the kinds of “explosion in size” problems that a type- i nterface Iterator<E> {
safe design would encounter, if concepts such as “modifi- 200! €an hasNext () ;

able”, “variable-size”, and “append-only” are expressed i E next();

the typ? system. S . . interface Listlterator<BE>

The “explosion in size” becomes obvious in the next sec- extends Iterator<E> {
tion, as we show how one would implementa type-safe Java  poo| ean hasPrevi ous();
Collections Framework, in Java. E previous();

}

3.1 A Type-safe Java Collections Frame- }

work — In Java In the original Java Collections Framework, st
and Li stlterator are the only interface with op-
Here, we explore how one would implement a type-safe tional “modifiable” behavior. Thus, we add interfaces
Java Collections Framework, while incorporating three op- Modi fi abl eLi st andModi fi abl eLi stlterator

tional fetaures: modifiability, delete-only, and varialsiee. ~ to our list of interfaces:

Note that there are only tworthogonalvariabilities: modi- i nterface Modifiabl eLi st<E> extends List<E> {
fiability is orthogonal to both delete-only and variableesi E set(int index, E element);

Modifiability indicates the collection (or map)’s ability t Modi fi abl eListlterator<E> |istlterator();

modify the content of a particular cell, while delete-only

(or variable-size) indicates the collection (map)’s dbpitd } o .

remove (or both remove and add) a cell from the collection | Nt er face Modi fiabl eLi stlterator <E>

(map). Delete-only and variable-size, however, are not or- _extends Listlterator<g {

thogonal properties — any variable-size collection(map) i } void set (E o);

also a delete-only collection(map). o .
In this section, we only rewrite the four main interfaces V\’/’e next define interfaces to support the optional “delete-

in the Java Collections Frameworklol | ecti on, Map, only” behavior:

Li st, andSet. Col | ecti on, Li st, andSet alsore- interface DeleteOnlyCollection<E>

turn | terat or andLi stlterator interfaces, where extends Col | ection<E> {

| t er at or supports only forward iteration and removal of bool ean remve(bj ect 0);

the current element, whilei st |t er at or supports bi- void clear(); . )

directional iteration, as well as addition and modificatidn Deletetnl ylterator<E> iterator();

elements. As we will show, these iterator interfaces also}

need to be rewritten to ensure type safety. interface Del et eOnl yLi st <E>

To support optional concepts, we first define a base set extends List<E> {
of |r_1terfaces where all methods are non-optional. The fol- bool ean renove(int index):
lowing are our base interfaces: Del eteOnlylterator<E> iterator();
interface Collection<E> { Del eteOnl yListlterator<E> listlterator();

bool ean cont ai ns(Obj ect 0);

bool ean i sEmpty(); }

Iterator<E> iterator(); interface Del et eOnl ySet <E>

S extends Set<E> {
} bool ean renove(hj ect 0);
interface List<E> extends Coll ection<E> { Del eteOnlylterator iterator();

E get(int index);

Listlterator<E> listlterator(); }

- interface Del et eOnl yMap<K, V>
} ext ends Map<K, V> {
interface Set<E> extends Col |l ection<E> { V renove( bj ect key);

int size();

S }
} interface Del eteOnlylterator<E>
interface Map<K, V> { extends Iterator<E> {

V get (hj ect key); voi d renove();



}
interface Del eteOnlyListlterator<E>

et xends Listlterator<E> {
voi d remove();

We have now defined interfaces to support two optional
features, and we are up to 9 interfaces for the data strugture
and 4 iterators.

To add the optional “variable-size” features, we need to
add the following interfaces:

interface Vari abl eSi zeCol | ecti on<E>
ext ends Del eteOnl yCol | ecti on<E> {
bool ean add(E 0);

}

interface Variabl eSi zeLi st <E>
ext ends Del et eOnl yLi st <E> {
bool ean add(int index, E 0);
Vari abl eSi zeListlterator<E> listlterator();

}

interface Vari abl eSi zeSet <E>
ext ends Del et eOnl ySet <E> {
bool ean add(E o) ;

}

interface Vari abl eSi zeMap<K, V>
ext ends Del et eOnl yMap<K, V> {
V put (K key, V value);

}

interface Vari abl eSi zeLi stlterator<E>
extends Del eteOnl yListlterator<E> {
voi d add(E o);

3.2 cJ Collections Framework — Type-

safe, Concise, and Enhanced

¢J addresses fully and cleanly the above problem with
the Java Collections Framework. In this section, we
show the ¢J implementation of the Collections Framework,
which is both type-safe, and maintains the same num-
ber of interfaces for data structures and iterators. Addi-
tionally, the conditional interfaces feature of cJ allowss u
to enhance the Collections Framework by having a col-
lection of Conpar abl e elements also implementing the
Conpar abl e interface.

First, we define one “marker” interface for each optional
property:
interface Mdifiable {}
interface Del eteOnly {}
interface Variabl eSi ze extends DeleteOnly {}

We then redefin€ol | ecti on, Li st, Set, andMap
with one extra type parametdd, used exclusively for con-
figuring optional features:

interface Coll ection<E, O
<E ext ends Conpar abl e<E>>?
ext ends Conpar abl e<Col | ecti on<E, &> {
bool ean cont ai ns(Obj ect 0);
Iterator<E, G iterator();
<O extends Del et eOnl y>?
< bool ean renmove(Ohj ect 0);
void clear();

>
<O extends Vari abl eSi ze>?
< bool ean add(E 0);

>

We have now defined all interfaces to support three op-y
tional features (two orthogonal ones), and we are already Upj nt er f ace Li st <E, O extends Col | ecti on<E, O> {

to 13 data structure interfaces and 5 iterators. The Java Col
lections Design FAQ specified even more axis of variability
likely to arise in practice, e.g. an “append-only” optional
feature for log-style lists. If we were to add more variabil-
ity, the number of interfaces will quickly become unmain-
tainable.

The Java Collections Design FAQ concludes to support
our observation:

Now we're up to twenty or so interfaces and five
iterators, and it's almost certain that there are still
collections arising in practice that don't fit cleanly
into any of the interfaces.

Thus, the design of the current Java Collections Frame-

work circumvents the static type system in order to avoid a
combinatorial explosion in the number of types specified in
the library.

Listlterator<E, OG> listlterator();
<O extends Mdifi abl e>?

< E set(int index, E elenent);
>

<O extends Del et eOnl y>?

< bool ean renove(int index);

>

<O extends Vari abl eSi ze>?

< bool ean add(int index, E 0);

}

interface Set<E, O extends Col |l ection<E, O {
int size();
<O extends Del et eOnl y>?
< bool ean renmove(Obj ect 0);



4 Related Work

>
<O extends Vari abl eSi ze>? 5 Conclusions
< bool ean add(E o0);

}
interface Map<K, V, & {
V get (Object key);
Set <K, &> keySet ();
<O extends Del et eOnl y>?
< V renove(bject key);

>
<O extends Vari abl eSi ze>?
< V put (K key, V value);

>

Similarly, the iterator interfaces are redefined with the
extra type parameter for optional feature configuration:

interface Iterator<E O {
bool ean hasNext ();
E next();
<O extends Del et eOnl y>?
voi d renmove();

}

interface Listlterator<E, O

extends lterator<E O {

<O extends Del et eOnl y>?
< void renove();

>
<O extends Vari abl eSi ze>?
< void add(E o);

To use these interfaces, a user chooses the flavor
of collection or map she wants, and indicate the fla-
vor through the second type parameter. For example,
Li st <Stri ng, Modi fi abl e> is a modifiableLi st ,
whereaslLi st <Stri ng, Obj ect > is an unmodifiable
Li st (Obj ect is not a subtype olbdi fi abl €). To
combine orthogonal flavors, one can define a new interface
which combines the flavors:

interface Modifiabl eVari abl eSi ze
extends Modifiabl e, Vari abl eSi ze {}
Li st<String, Modi fi abl eVari abl eSi ze> | ;

In the above code segmehtis aLi st thatis both mod-
ifiable and variable in size.



