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ABSTRACT

Java has, undouledly, recaved unpecalented hype. This article examines Java in light of the
Objea-Oriented (OO for short) paradigm. We investigate whether the hype or part of it is due to the
OO feaures, or due to aher feaures of the language. For that purpose, we @wmpare Java with ather
major OO languages sich as C++, Eiffel and Smalltalk. Furthermore, we evaluate Javato arrive & an
unhiased judgement regarding its expressve power of the OO paradigm. We outli ne some of the new
interesting feaures of Javathat we hope will be adopted by the OO community as new charaderistics
of OO languages. Finally, we present some recommendations that we hope will be wnsidered in new

releases of Java



1. Introduction

Asthere ae nowadays a plethora of Objed-Oriented Programming Languages (OOPLs for short), we
believe it is imperative and wseful to compare Java with ather important OOPLs in an unbased way.
In the white paper [1] as well as in other literature, Java is defined as the language that is sSmple,
object-oriented, robust, seaure, architecture neutral, distributed, threaded, etc. We know that Java has
borrowed its g/ntax from C++ to make it famili ar to programmers. But what abou the OO concepts of
Java, are they borrowed from C++ too? Did Java introduce new (or improved arealy existing)
concepts that can be wmnsidered as major shifts in the OO perspedive? This article will answer this
guestion oljedively and withou any prejudices. To dothat we cmpare Java with two well-known
and widely used languages C++ and Eiffel. However, where it is appropriate we use other languages
such as Smalltalk and Beta. Our evaluation d Javais based onthe language fedures offered by Java
and the languages we cnsider (other ways for languages comparison exist [14]). We will follow the
evaluation methoddogy proposed by Edward Berard [15] in his essay entitled “ Evaluating An Objed-
Oriented Programming Language”. As such we will consider the common, missng, and rew feaures
of Java with resped to the other languages. We want to emphasize that this approach dces not mean
that the language with more feaures wins, and that with lessfeaures loses. We will mainly ill ustrate
similarities and dfferences between Java and the other languages with resped to the basic
mechanisms of the OO paradigm, that are common to and suppated by all OO programming
languages. These mechanisms include the cncepts of objed and class message and method,
inheritance and subclass as well as related isaues like encgpsulation, pdymorphism, and dynamic
binding.

This article is organized as follows: sedion 2, the largest, includes basic medianisms and central
concepts asciated with the OO paradigm. In ead of its subsedions we discuss compare, and
evaluate Java with the other OOPLs with resped to ore asped of the paradigm. Sedion 2 dscusses
desirable properties of the OO paradigm such as generic dasses and multiple inheritance which are
missng in Java. Sedion 3 dscusses additional properties which are becoming increasingly associated
with the OO paradigm such as persistency, concurrency, distribution and ather isaues. Sedion 5gives
an overall summary of the comparison and the evaluation. Finally, section 6 gives some conclusions.

2. Common Features of OOPLSs

Although there is no consensus on the basic charaderistics a language must possessto be cdled
OOPL, most OOPLs offer suppat for the foll owing concepts. We will seethat all the languages we
consider possess these characteristics, but differ in the way they view and implement them.

2.1. Notion of Object

Any OOPL includes the nation d an oljed. An oljed is an abstrad entity which understands and
exeautes a set of operations (methods, fedures) [4]. However, classbased OO programs do nd ded
with single objeds, rather they ded with groups of objeds. A classis a description d a group d
objeds with common charaderistics and behavior. Clases and oheds are the most important
buil ding blocks of the OO paradigm. Java & the other OOPL s fully suppats the ancept of classand
objed. In the following subsedions we look closely at the language @nstructs and mecdhanisms
suppating objed representation, ojed behavior, oljed encepsulation, and oljed construction and



destruction. We mmpare the amncepts of Java with ather OOPLs and evaluate the gproach adoped
by Java.

2.1.1. Object Representation

In principle, ead of the charaderistics ascribed to the objeds of a given classis expressed in terms of

arelationship of the objed with oljeds of other classes. There ae adually two kinds of relationships

between classes :

* The"is-a" relationship - anew classis derived from existing classes due to common charaderistics
and behavior between these classes. We will look at this type in the section on inheritance.

* The"has-a" relationship - the implementation d a new classuses existing classes. That a dass sy
B uses one or more operations of ancther classA to implement its behavior. The way the that the
behavior of A is implemented is hidden from B.

Objed representation thus deds with the second type of relationship. Java uses instance variables
(data members in C++ and attributes in Eiffel) to store daraderistics of objeds of a dass
Establi shing a proper relationship between oljeds of different classes leals to a cdhoice between value
semantics or reference semantics. In arepresentation based onvalue semantics, ead oljed will retain
a private copy of an oljed of the related class On the other hand wsing reference semantics implies
that ead ojed retains areferenceto an oljed of the related class Java foll owed the lines of Eiffel
and removed the pointer concept of C++. Thisis regarded as one of the reasons why Java and Eiffel
are better than C++. Figure 1 shows a simplified representation for objeds of the dassof personsin
Java and C++.

class PERSON { class PERSON {
private int Length; private :
private String LastName; int Length;
private final DATE BirthDate; char LastName[20];
private PERSON Spouse; const DATE BirthDate;
/I remaining instance variables PERSON* Spouse;
} /l remaining data members
}

Figure 1: Java and C++ representation for the class PERSON.

In Java, simple types auch as int, float, byte, etc. adopt value semantics whereas class types adopt
reference semantics. Like in C++, arrays and strings in Java adopt reference semantics. The major
differences between Java and other OOPLs in view of object representation are:

« Asmentioned before, Java has removed the pointer concept of C++. Thisimplies that the user of a
class no longer deddes on hawv to approadh oljeds. Java has drawn the line between classes
adopting value semantics and classes adopting reference semantics. In Eiffel on the other hand, the
designer of a dasschoases between value semantics (expanded classes) and reference semantics
(ordinary classes). Expanded classes turn ou to be very useful in deding with ojeds sich as
dates, complex numbers, etc.

e Java is a pure OO language, and urike C++, it does not suppat global variables: al data is
dedared within the context of a dass This is considered as a plus paint in favour of Java &t is
more objected-oriented.



Our conclusion with resped to oljed representation is that Java did na adually bring new concepts
to expressthe “has-a” relationships. Java does things in a different way, i.e., the decoration d classes
is dore in another way, bu the ingredients are the same like in other languages. Java is better than
C++ in that it removed the nation d pointer, but it is lessexpressve than Eiffel in that it ladks the
notion d expanded classes. Note that in the original definition o Java there was no suppat for
immutable (constant) instance variables as in C++. Fortunately thisis correded in the new release of
Java where the final modifier can now be used with them as shown in figure 1.

2.1.2. Object Behavior

Now we turn to the issues related to the spedficaion d operations applicable to instances of a dass
These ae cdled instance methods in Java, member functions in C++, and routines (part of the
feaures) in Eiffel. In the OO paradigm, oljeds interad with eat ather by sending messages. While a
C++ program could be written withou creaing objeds and sending messages to them, Java expresses
the message paradigm in a better way, thereby moving a step further towards pure OOPL. Some
facilities offered by Java and C++ for specifying operations are given in figure 2.

class PERSON { class PERSON {
public void ChangelLength (float newl) { public :
Length = newl; void ChangeLength (float newl)Length = newl;}
} bool IsMarried () const {return Spouse != null;}
public boolean IsMarried () { PERSON& Link (PERSON partner){
return Spouse != null; Spouse = partner; return *this;
}
public void Link (PERSON partner){ /I rest of member functions omitted
Spouse = partner; }
}
}

Figure 2: Partial behavior for the class PERSON in Java and C++.

Figure 3 illustrates how methods in Java and member functions in C++ can be applied to objects of
the class PERSON.

PERSON P1, P2; PERSON P1, *P2;
P1.ChangelLength(1.65); P1.ChangelLength(1.65);
P1.Link(P2); P2->Link(&P1);

if \P1.IsMarried()) ... ; if ({P1.IsMarried()) ...

Figure 3: Manipulation of the state of objects in Java and C++.

We can see from figure 2 that C++ and Java offer the same facilities but differ in some points :

* The mnst-quaificaion at the end d a member function signature in C++ isremoved in Java. This
const-qualification spedfies that the state of the objed recaving the message can na be changed
by the member function. This interesting feature is removed by Java.

« Unlike Eiffel fedures, Java methods do nd spedfy assertions (expressed in precmndtions and
postcondtions). We believe that the spedfication d operations applicable to oljeds of a dass
should be accompanied by the semantics of the operations.



Our conclusion with resped to oljed behavior is that Java did na bring new faaliti es for describing
operations. Eiffel has aplus point over Java & it provides extra fadliti es for expresgng the semantics
of operations. In C++ one can prevent undesired changes to the adual arguments by a member
function by qualifying the agument with const like in f (const PERSON& p). Again this fedure is
also added to the new release of Java. We believe that an adequate OOPL shoud dfer decent
concepts for restricting possible manipulations to information passed by clients.

2.1.3. Object Encapsulation

All OOPLs adually adopt the principle of information hding. Important in this issuie ae the nations
of :

« Class interface- specification of operations applicable to instances of a class.

» Class implementation- actual representation of objects plus algorithms for operations.

Classesintroduce data and code and shoud proted them from other classes. Languages differ in their
approad to thisissue. In Smalltalk all i nstance variables are hidden from al clients, and all messages
in a dass definition are available to al potential clients. Java and C++ define different levels of
access rights : pulic, private, proteded, and friend. The friend modifier in C++ is a flexible
mechanism which enhances efficiency by providing certain functions, or all member functions of a
class accessto all the sedions of a dass It is not suppated by Java, bu a similar behavior could be
achieved by Java' s proteded statement in combination with padages. In Eiffel, attributes can only be
gueried (read-only) and the seledive export construct caters for controlli ng accessrights of feaures.
The seledive export medhanism of Eiffel isfiner in the sense that accessis granted just to feaures of
interest rather than to everything like in the friend mecdhanism of C++. Padages in Java provide asort
of seledive export- all nonprivate variables and methods of a dassare visible to al other classsin
the same package.

Separation d interface ad implementation, as in C++, hampers maintenance of header files,
espedally when the system grows in size. One neals to make sure that they match the implementation
and are kept with the @rred version d the compiled classlibraries. Therefore, the natural placefor
information abou what isin a compiled classis in the same file. This approadc is adopted by Java,
Eiffel, and Smalltalk. These languages provide todls (like short in Eiffel) to extrad the spedfication
of the dass Both the include dause of C++ and the import statement of Java cder for class
dependencies. In Java however classs are avail able by their fully qualified names and thus the use of
the import statement is not a must. In languages like Eiffel and Smalltalk, the system seaches for the
classs. Thus there is no reed to spedfy classdependencies, thereby making the issuie more flexible
than in Java and C++. However, when viewing Java in a network context, the eplicit class
dependencies beames essential, since dasses can be loaded aaoss the network, and the scope of
classes to load could be the entire network.

We can nav conclude that Java is better than C++ with resped to the isaue of separate interface ad
implementation, bu in a sense less expressve than Eiffel with resped to the issue of accessrights.
Java s padkage is an interesting concept as it helps dividing classes that coll aborate dosely into urits.
This has many advantages as statdd 6h



2.1.4. Object Construction and Destruction

Constructors offer the aility to creae new instances of a dass whereas destructors offer the &bility
to destroy existing objeds of a dass Constructors in C++, Eiffel and Java ae restricted to
initialization d new objeds. Only Smalltalk fully satisfies the semantics of constructors in the sense
that instance aedion methods are resporsible for the aedion and the initiaization d new objeds.
Explicit destructors are suppated ony by C++ and their main usage is for clean up pupaoses.
Constructors in these threelanguages have several aspedsin common. For example, if no constructor
is defined then default initiali zation rules apply (in C++ no default values). They al allow multiple
constructors to be defined for the same dass The Eiffel constructor mecdhanism has ssme advantages
over Java and C++, however:

« they have different names to suggest the purpose of each of them

* they can be exported as normal routines so that they can be called to reinitialize an object

The finalize method in Java provides smilar functionality as destructors in C++ (releasing system
resources before it gets colleded). A finalize methodis a useful concept which is, acording to Java
Language Specification 1.1, guaranteed to be invoked before the object is collected.

Java, Eiffel, and aher languages sich as Smalltalk and Beta gped to garbage wlledion for
redaiming memory occupied by objeds no longer referenced. Garbage wlledion is considered
another reason why these languages are better than C++. In ather words, programmers are relieved
from the miseries related to memory management issues.

We onclude this dion by saying that Java has advantage over C++ with resped to oljed
destruction, since it uses garbage mlledion techniques to achieve it. As mentioned above however,
Java is nat the only language to provide such fadlity. The finalize method d Java is an attradive
mechanism, bu it is not clea that Java ensures its invocation aways. With resped to oljed
construction, Java is equivalent to C++ and Eiffel. However, the gproach adopted by Smalltalk is
purer in the sense that the anstruction d a new objed confirms to the message paradigm. It is also
more cnsistent in the sense that a anstructor redly creaes a new objed and kelong to the metadass
An interesting property of ajava @nstructor is that it can cdl another constructor of the dassor the
superclass using the this and super references with appropriate aguments to seled the desired
constructor.

2.2. Inheritance

Inheritance is the adility to creae anew classfrom aready existing clasges). Inheritance is used to
expressthe "is-a" relationship between classes. A subclass(derived classin C++, heir classin Eiffel)
inherits representation and behavior from the superclass(base dassin C++, parent classin Eiffel). In
faa all the languages deserving the description OOPLSs offer suppat for inheritance However, they
differ in their approaches regarding the relationship between the subclassand its superclasqges). They
differ in, among other things, constructor invocation, accessrights, access to superclass version o
operations, name conflicts resolution, modification of inherited operations (redefinition), etc.

There ae two kinds of inheritance, namely, single inheritance whereby the subclassinherits from only
one superclass and multiple inheritance (subjed of sedion 3.2 whereby the subclassinherits from
more than ore superclass There ae several forms of inheritance [17]. In extension inheritance for
example, the subclassintroduces new data and/or operations nat present in the superclass At times



the subclassneeds to keep the dfed of inherited feaures, bu wants to add extra adions applicable to
its instances. All languages tend to suppat this type of inheritance in aimost similar ways. However,
they failed to truly meed the requirements of extension inheritance in its full meaning. The Beta
language went a step further and all owed the implementation d an extended operation in the subclass
to be combined with that of the superclass By so ddng, Beta beames the first language to partialy
fulfil the requirements of extensioninheritance[12]. Thisis adually the reason why we compare Java
with Beta with resped to this matter. Note that not all operations or implementations are given in
figures 4 and 5.

class POINT {
private float x;
private float y;
public void move (float dx, float dy) {x += dx;y +=dy; }
public void clear () {x=0.0;y=0.0}
}
class POINT3D extends POINT {
private float z;
public void move3D (float dx, float dy, float dzs{iper.move (dx, dy); z += dz;}
public void clear () { super.clear (x, y); z=0.0; }

}

Figure 4: Etension inheritance in Java.

Theinner construct in Betais the mechanism that caters for the extension d behavior (combination o
implementation). Whenever the procedure pattern move, for example, isinvoked onan oljea of type
POINT3D, the exeaution starts with move & defined in the super-pattern POINT. Then inner transfers
control to the do-part (body) of the move in the sub-pattern to exeaute the extra adions. Note that, in
Java, the use of super to cdl the version d a methodin superclassis cleaner than the scope operator
(:1) in C++ which has many other purposes. Eiffel uses the rename dause to give accesto the parent
class’s version.

Related isaues to inheritance, among others, are: First, status of an operationin asuperclass that isan

operation may be:

« abstract: must be effected by a subclass. This is supported by Java, Eiffel, and C++.

« final: shodd na be further redefined by subclass Explicitly mentioned in Java using the keyword
final. In Eiffel a routine that is qualified as frozen has the same dfed. In C++ a nonvirtua
function implies a final one.

¢ extensible: may be extended (redefined) in subclass. This is supported by all languages.

POINT : (# X,y : @real;
move : < (# dx, dy : @real enter (dx, dy)
do x + dx->x; y + dy->y; inner
#);
clear :<(# 0.0->x; 0.0->y; inner #);
#),
POINT3D : POINT (# z : @real;
move ::< (# dz : @real enter dzdo z+dz->z; inner #);
clear ::< (# do 0.0->z; inner #);
#),

Figure 5: Extension inheritance in Beta.




Second, the constructor relationship:

» Eiffel: subclasses shoud na invoke superclass constructors (default initiali zation applies). If they
want to do that, then they should rename the constructors of the parent class.

¢ Java and C++: constructors should be explicitly called (default constructor otherwise).

Unlike C++, Eiffel, and Smalltalk, Java dlowsfinal classesthat can na be further spedalized. Thisis
a limitation onthe use of the dass bu is useful in some situations. Beta suppats this for virtual
patterns.

Third, the access rights in a superclass can be changed in a subclass:

« Java asubclasscan change the accesrights of a superclasss methods, bu only if it provides more
access, i.e., from protected to public.

» C++: functions and data members can be changed from public to private or protected.

« Eiffel: hidden features can be exported to be publicly available.

Fourth, redefinition o operation signature: Eiffel offers suppat for covariant signatures which means
that the signatures of heir classdo nd have to match bu to conform to those of the parent class Java
and C++ do not permit this, though it is a useful mechanism.

2.3. Polymor phism and Dynamic Binding

In fad poymorphism and dynamic binding are two concepts related to inheritance. The adility to
asciate with avariable objeds of different typesis cdled pdymorphism. Thisis however restricted,
in almost all 1anguages, to types which are subtypes of the static type. Suppcse we have the dass
hierarchy: PERSON<-EMPLOYEE<-MANAGER, then the next assgnments in Java aad C++ are
legal: PERSON P; EMPLOYEE E; MANAGER M; P = M; E = M;

Assgnments in the oppasite diredion (reverse polymorphism) are usudly illega: E = P, M = E;
unless as in Beta and in Java using a cat, at runtime P refers to an employee and E refers to a
manager respectively. The dynamic_cast function of C++ can be used to in achieve similar effect.
Dynamic binding is the &bility to associate mde with operation rame & run-time. It is used to invoke
the corred version d redefined operations. All the languages used in this article for the comparison
include the notions of polymorphism and dynamic binding.

In fad, inheritance, pdymorphism and dynamic binding are powerful tods suppating the OO
paradigm. Like Eiffel and Smalltalk all nonfinal methods in Java ae virtual, which gives Java an
advantage over C++. By so dang, the dedsion as to whether or nat a nonfina method may be
redefined in subclasses is left to the designers of subclasses. We believe that all these OOPLs ded
with this issue in a similar way.

2.4. Abstract Classes

An abstrad class is a dass that does not have objeds of its own. It contains adualy general
information common to several other (concrete) classes. For example figure 7 shows the
Closed_Figure dasswhich is abstrad. Clases like POLYGON and ELLIPSE could be aoncrete ones
specializing CLOSED_FIGURE.



abstract class CLOSED_FIGURE { class CLOSED_FIGURE {
abstract public void Perimeter (); public
abstract public void Surface (); void Perimeter () = 0;
} void Surface () = 0;
}

Figure 7 : Abstract classes in Java and C++.

Abstrad classesin Java ae more readable and nea than in C++, though there is overhead in repeding
the keyword abstrad in the dassandthe astrad methods. Note that a fully implemented classin Java
may neverthelessbe dedared abstrac, what gives the designer some interesting design passhiliti es.
Eiffel also suppats the nation d abstrad class (cdled deferred clasg. Conceptualy, there is no
difference in the support for abstract classes in C++, Eiffel, and Java.

2.5. Exception Handling

Although exception handiing is not a required feaure of OOPLSs, we include it here because it is
bewming a charaderistic of OOPLs for which they provide severa language cnstructs. Now all the
threelanguages Java, C++, and Eiffel offer somehow similar built-in suppat for exception handling.
The language nstructs provided for exception handing are: the try/cach/finaly in Java, the
try/catch in C++, and the rescue/retry construct in Eiffel.

In principle, the try/catch statement of Javais smilar to that of C++. Java alded the finally block that
contains clean-up code (close files, release resources, etc.). The finaly block is guaranteed to be
exeauted after the try clause which makes it a useful addendum to the try/catch construct of C++. The
rescue dause of Eiffel can be compared to the cdch statement of Java and C++ (bath are referred to
as an exception handler). The retry instruction within a rescue dause in an Eiffel routine dlows the
do clause of the routine to be exeauted again after some adions have been dore. It is a useful fedure
that enables the implementation d the so-cdled aternative strategies. Both Java and Eiffel have a
library class which includes information about an exception and can be inherited by any subclass.
We mnclude that the three languages have dmost similar suppat for exception handing. However,
Java has a plus paoint over C++ by introducing the finaly block, and a plus point over Eiffel by
enabling the programmer to spedfy posdble exceptions. It also distiguishes between compil er
chedked (general) exceptions and nonchedked (runtime) exceptions. Exception handliing in Javais a
more fine-grain mechanism than in C++.

3. Missing Desirable Features of OOPLs

3.1 Genericity

C++ and Eiffel provide the aility to define parameterized classs. The nation o a generic dassisjust
ancther means for reusability. Java does not include such a cncept as the template of C++ or the
generic classes of Eiffel. Figure 8 illustrates this concept as supported by C++ and Eiffel.



class QUEUE[ITEM] creation make template<class ITEM>

feature class QUEUE {
make (n : INTEGER) is public
front : ITEM is QUEUE(int n);
add(i : ITEM) is ITEM front ();
..... void add (ITEM i);
end -- class QUEUE h
g : QUEUE[INTEGERY]; QUEUE<int> q;

Figure 8: Eiffel and C++ generic classes.

Genericity can be simulated to some extent in Java using the Objed class In Beta virtual (clas9
patterns cater for genericity. Figure 9 ill ustrates these ideas in Java and Beta. In Beta, the type of the
elements to be placal in a queue is dedared as a virtual pattern extending the most general pattern
Objed. The problem with the queue of Javaisthat it can na hold primitive types (int, bodean, float,
and such). However, Java offers wrapper classes (Integer, Bodean Float) that can be used in any
context where an oljed reference is neaded. The Beta solution is surely more degant than that of
Java. Thus with this resped Java has nat provided good suppat asin aher languages. In the ontext
of typed languages however, the goproach of C++ and Eiffel isto be preferred. It has the advantage of
eliminating a number of possible errors at compile-time.

class QUEUE { QUEUE: (# Item : < Object;{type of elements}
public QUEUE(int n); Init : < (# n : @integer enter n do ...#);
public Object front (); Front : (# Result : @ltem
public void add (Object i); do..... exit Result #);
} Add: (#i: @Iltem enterido ...#);
QUEUE g = QUEUE (10); #)
PERSON p = new PERSON(); PERSON_QUEUE : QUEUE (# Item ::< Person; ..{#)
g.add(P); PERSON P1 = (PERSON) q.fron{; pg : "PERSON_QUEUE;

Figure 9: Generic classes in Java and Beta.

3.2. MultipleInheritance

Unlike single inheritance, multiple inheritance (MI) is a cntroversial issue and there has been a
considerable anourt of discusgon onits value. A thorough study of M1 onits usefulness difficulties
and aher related isaues is given in [18]. Multiple inheritance, despite its complications, does add
expressve power to andis a desirable property of the OO paradigm. It is also ore of the most misused
feaures of OO paradigm. There ae several difficulties associated with M1 one of which is the cae
when superclasses used for the derivation d the new class $iare common ancestor class This of
course leads to redundancy in representation.

OOPLs tend to avoid MI becaise of the extra difficulty in implementing it. C++ and Eiffel have
offered suppat for Ml to resolve redundancy and reme dashes. It is not our objedive in this article to
explain the mechanisms offered by C++ and Eiffel to ded with this problem. Inheritance is mainly
used for code reuse purposes, and Ml can surely enhance reusability of code.

It is claimed that interfaces add MI to Java, whereby multiple interfaces may be inherited. In ou
opinion interfaces are similar to abstrad classes that define a set of operations with no
implementation. One can argue that the same dfed of MI can be adieved with interfaces. The major
problem with interfaces, however, is that they defea the purpose of inheritance & a means for
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reusability. This is becaise an interface provides no implementation, bu must be implemented by
ead classthat wantsto useit. Thisis nat to say that the nation d interfaceis completely uselessand
must be removed from the language. It isjust to say that it is not as powerful as Ml. We have not seen
until now an example in literature that shows the usefulnessof the nation d interface @ a substitute
for MI.

4. Additional Featuresof OOPLs

The rapid paceof tedindogy evolution and thus the need for more complex software have led to an
increasing interest in the incorporation d isaues related to persistency, concurrency, and dstribution
into OOPLs. These mncepts are not yet accepted as necessary requirements of OOPLs. However, we
do hop that they will be acceted by the OO community, since these isaes are beaming
requirements of many types of applicaions. After all the OO techndogy is claimed to closely model
the real world, and our world is persistent, concurrent, and distributed.

Java has dore a pioneaing work in these aeas, espedally the fadliti es offered to program the
Internet. Java is adually unique in its suppat for distributed network-based applications. However,
Javawas nat the first language to introduce such concepts. Beta ,for example, suppats concurrency at
the language and the programming environment levels. Several extensions to C++ were propased to
incorporate such isaues in C++. Recently proposals are made to incorporate @ncurrency and
distribution iswues at language level in Eiffel [19]. A comparison d the language @nstructs and
mechanisms off ered by these languages is beyondthe scope of this article. The solutions they provide
are considerable improvements in these aeas and form the building blocks for final solutions. It is
possible that additional work is still required for a complete support, however.

5. Summary

The table given in figure 10 summarizes the main issues (common to all OOPLS) discus=d in this
article. Regarding the isaues related to persistency, concurrency and dstribution, Java has a rich
programming environment and this gives it an advantage over the other OOPLs. Regarding the syntax,
simplicity, readability, and patability of the language, we can say that Java is absolutely an
improvement over C++.
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Java C++ Eiffel

Notion of Object & Class Yes Yes Yes

Object Representation

(Explicit) Pointers No Yes No
Part (sub)Objects No Yes Yes
Object Behavior
Design by Contract No No Yes
Constant Qualification Yes Yes No

Object Encapsulation

Selective Export Yes (package) Yes (friend) Yes
Integral Interface/lmpl. Yes No Yes
Class Dependencies import statement include statement System Resp.

Object Const./dest.

Multiple Constructors Yes Yes Yes
Garbage Collection Yes No Yes
Inheritance Single Multiple Multiple
Generics No Yes Yes
Exception Handling Yes Yes Yes

Figure 10: Summary of the comparison.

6. Conclusions

On ground d the previous investigation, we can say that Java' s hype and fame ae nat attributed to its
objed-oriented feaures. Java did na introduce new OO concepts or extended an existing one. In faa
Java is a good synthesis of other major OOPLs like C++, Eiffel, and Smalltalk. Java discarded
interesting concepts from C++, namely, multi ple inheritance and genericity. This is probably due to
achieving one of its design goals, namely, simplicity. However, we think that this was at the expense
of reducing the expresgve power of Javaregarding the OO paradigm. Also the nation o programming
by contrad is not suppated by Java. The new fedures of Java in the aea of concurrency,
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distribution, architedure neutral etc. are not yet accepted as esential charaderistics of OOPLs. If
Java turns out to be important contribution to the OO software community, its uppat in these aess
must be the reason for that.
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