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Abstract 
Java is the newest in a long line of systems programming languages. This paper 
looks at what makes it special and backs the findings up with three case studies. 
The projects exercise Java to the full - its features and APis. The first is a Web 
Computing Skeleton for remote execution of collaborative programs. The second 
provides open query mechanisms to a spatial database. The third expands a 
distributed algorithm visualisation system. Issues of performance are discussed, as 
well as alternative ways of approaching the solutions. In general the results are 
positive and Java comes out as a worthy language for undertaking research in 
distributed systems. 
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1 INTRODUCTION 

Since Java emerged into the computing world's consciousness in February 1996, 
the growth of interest in its use, and the following it has gained, has been 
phenomenal. It is possibly true to say that the speed and ease with which Java has 
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gained acceptance across the computing community is unparalleled in the history of 
programming languages. Some of the credit for Java's rise can be attributed to the 
present level of Internet and Web activity, which has enabled information about the 
language to reach a wide audience at an immediacy unknown in the past (Sun, 
1997). It is the view of this paper, however, that the language can stand on its own 
merits, and would be a success, even without the sometimes denigrated "Java 
hype". 

If we pause to consider the position of Java in 1996, we can see that in systems 
languages, the time was certainly ripe for a change. Pascal was beginning to look 
old-fashioned, and had tbe severe disadvantage of not being object-oriented. C and 
C++ had a strong hold (or stranglehold) but educators were uncomfortable with 
them as teaching languages. Visual Basic was gaining in popularity and usage but 
as someone said: "People program in VB not because they like programming in 
Basic, but because of VB's fancy interface." Several other languages such as Ada, 
Smalltalk and 4GLs such as Natural had their adherents in industry and academia, 
but there was still a definite sense of unrest. 

Java therefore turned out to be the right language at the right time, just as the 
other strong languages - Fortran, Cobol, Pascal and C++ - were. Continuing this 
analogy, one could say that Ada and Small talk were the wrong languages for their 
time. Ada, for all its excellent points, always felt as if it was behind the trends, and 
Small talk, for all its failings, was ahead of the pack in many ways. 

To gain wide acceptance, a language has to get things just right. In essence it 
needs to: 

• espouse the paradigm of the day, 

• add something new and significant, 

• be readily available. 

Java was able to achieve all three. It is firmly object-oriented (currently the major 
paradigm); it broke new ground in its use of the Internet and browsers as an 
execution base; and it was immediately downloadable for free. 

It is evident that Java has become a language of choice among commercial 
developers of new systems, and those needing to give old systems a face-lift in the 
Web age (JavaSoft, 1997). It is also clear that teaching institutions are switching 
over to Java in large numbers, or considering doing so (Schaller, 1997). The focus 
of this paper, however, is to look at Java in the research arena. By examining three 
research projects undertaken using Java, we can evaluate how Java performs as a 
serious systems language, and highlight some of its important, but currently less 
widely used, features. 

We start by looking at Java as a whole, from the point of view of a research 
vehicle. Then we consider three case studies of projects undertaken using Java, 
endeavouring to answer the question: "How did Java make the work easier or the 
results better?" The paper ends with a look at other similar work and a conclusion. 
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2 JAVA AS A LANGUAGE FOR RESEARCH 

In this day and age, research is most often seen as a collaborative effort with other 
bodies, and in particular, with industry. In other words, the projects undertaken 
often have the potential to be realised in industry, even if the funding ends with the 
prototype stage. Successful researchers, therefore, will try to choose languages, 
platforms, tools and methodologies which are widely used and yet still fit for the 
task. At this point we need to distinguish between: 

• results of research done into a language (language research) 

• results of research done using a language (development research). 

Although it would be pleasurable to undertake research into Java itself, it would 
probably be wasted effort because the language is under the control of Sun who are 
making a concerted push for 100% pure Java, and have submitted the language to 
ISO for standardisation as a product. Where research groups and industrial 
companies have been able to make an impact is in the development of APis for 
specific purposes, such as persistence (Atkinson, 1996). 

Instead, we want to take Java as-is and look at how it performed in three 
projects. To this end, it is important to describe the version and features of Java 
with which we were working. 

2.1 The core Java language 
It is tempting when embarking on a project in a new language to select those 
features which are familiar from previous languages, and to ignore the innovations 
op offer. In our projects, a conscious effort was made to explore and use the new 
and interesting features of Java. These can be divided into those belonging to the 
language itself, and those selected from its APis (application programming 
interfaces, otherwise known as packages or libraries). The line between language 
features and packages is a bit uncertain because some of the more heavily used 
packages are treated very much as central, as they are indispensable for even very 
small programs. 

In strict Java terms, the core language includes all features and the 23 packages 
which have to be implemented by virtual machines which run in browsers. These 
23 packages can be grouped to form 12 areas. 

For example, the awt area includes the four packages awt, awt.datatransfer, 
awt.event and awt.image. For ease of discussion, we shall stick to the first level of 
names. Table I lists these packages in a classification which is useful for the 
purposes of this paper. It excludes the layer of naming which Sun uses to group 
API's, for example, the Java Enterprise APis comprise sql (called JDBC), rmi, 
org.omg.CORBA (called IDL) and naming (called JNDI). 
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Table I Classification of Java features and packages 

central core standard 
extension 

Language features classes switch-case 
objects exceptions 
variables modifiers 
assignment inheritance 
types dynamic binding 
arrays interfaces 
methods overloading 
parameters overriding 
conditions shadowing 
for, while, do loops abstract classes 
if-else synchronization 
import 

Packages in original lang - e.g. System, applet 
Java 1.0 Math net - e.g. sockets, 

io - e.g. Reader, URLs 
Writer awt-e.g. 

util - e.g. Date, Graphics, 
Random, Component 
Hash table lang - Thread 

native methods 

Packages new in text java.rmi naming 
current Java l.l math java.sql java.commerce 

java. beans 
java. security 
internationa-
lisation 

Proposed packages Swing set java.idl 
(under Java2D servlet, server 
development) javax.media 

java. telephony 
management 

The classification in Table I is more concerned with revealing the availability and 
"coreness" of packages. The packages given in italics are not the real names, but 
have other functions, for example being part of the JFC (Java Foundation Classes). 
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Considering the first column, we find a language very similar to other languages 
of the time. Our aim was to make extensive use of the features in column two. In 
fact, everything was used, except for beans, security and intemationalisation. 

2.2 The standard extensions 
At the time the work was done, the packages in column 3 were not available. 
Servlets and servers could well have been useful to our work, and it would have 
been possible also to investigate the JNDI (Java Naming and Directory Interface). 

The classification between core and standard has changed recently. Earlier books 
on Java. e.g. (Flanagan, 1997), did not regard rmi and sql, for example, as core. 
However, the Java· web site is now unequivocal about it. The implication is not so 
much that developers have to know the innards of every core package, but that the 
browsers have to contain them in their Java Virtual Machines. Size could well 
become a factor if this trend continues. 

We now take a look at two core APis which are used in the projects below. 

2.3 Remote method invocation (RMI) 
RMI provides the facility for remote procedure calls in Java. Because Java is object 
based, the focus is more on remote access to an object in another machine. A Java 
program can make a method call to a remote object in other Java virtual machines, 
possibly on different hosts. It obtains the reference to the remote object either by 
looking up the object in the bootstrap-naming service provided by RMI (the 
Registry) or by receiving a reference as an argument or return value. Although very 
handy in a client-server context, RMI does not restrict programs to working in this 
mode. 

As an example, a server could declare an object as available for Remote access 
as follows: 

import java.rmi.*; 
import java.rmi.server.*; 

interface Thing extends Remote 
String getThing () throws RemoteException 

class ActualThing extends UnicastRemoteObject implem~ ts Thing { 

ActualThing (String n) throws RemoteException { 
age = n; 

public String getThing () { 
return age; 

private String age; 
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and then run this through rmic in order to create a stub and a skeleton for 
ActualThing. The server would register ActualThing as a service on the Internet by 
means of the following program: 

ActualThing available= new ActualThing (•I am 46"); 
Naming.rebind (•Thing Service•, available); 

The client on the other side would also include the interface for Thing (but not the 
its ActualThing implementation) and would look it up and access it as follows: 

String url = "rmi:lljupiter.cs.up.ac.zal"; 
Thing requested= (Thing) Naming.lookup (url + •Thing Service"); 

II From this point on, the object looks as if it is local 
System.out.println(requested.getThing()); 

TheThingService is set to run on the server computer, and clients can come in from 
anywhere. and access it. 

The RMI has proved extremely useful and versatile in projects A and B below 
and is being introduced into the third project. In addition, RMI provides for remote 
files so that input or output access can be set up between machines. In fact, Java 
provides several other ways of achieving this (URL connections, sockets, sql) but 
RMI has the advantage that the serialisation and security of the data being 
transferred is assured. 

2.4 The Java Database Connectivity 
Java provides an important API which provides connectivity to any database for 
which a suitable driver can be found. Queries to the database are presented as SQL 
statements and the usual result is returned, which can be processed through a loop. 
When a database has a driver built for JDBC, it can be used directly, otherwise an 
ODBC bridge exists. However, using OBDC (in C) has drawbacks in security, 
robustness and portability. 

The code for obtaining access to a database, registering the driver, connecting to 
the driver and obtaining a result set is: 

import java.sql.*; 

Driver d = (Driver) new postgres95.PGDriver(); 
Connection con = DriverManager.getConnection( 

"jdbc:postgres95:books",user,password); 
Statement stmt = con.createStatement (); 
ResultSet rs = stmt.executeQuery ("SELECT* .... •); 

To be able to access a database with such ease is a boon. There are however some 
inefficiencies associated with this method and a new API in Java, Java Blend, is 
going to provide an even higher level of access in future. 
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3 CASE STUDY A: THE WEB COMPUTING SKELETON 

The purpose of this project was to provide a framework for distributed execution of 
collaborative projects. The project started before Java was available and would 
probably not have been completed in the short time of eight months without the 
infrastructure provided by Java. The goal was to enable users at remote sites to 
consult a directory of large applications, such as simulations, and to be able to run 
one or more of these simultaneously (Botha, 1997). The entire system is presented 
as a set of Java applets and applications. 

The client starts up by downloading (or having already) an applet which is used 
for the user interface for the processing that is taking place elsewhere. On possibly 
another machine there is a daemon-like program which waits to be called by the 
clients. It maintains a dynamic list of available services and functions which it can 
communicate back to the client. The client selects one, and the applet downloads 
the new user interface from the remote machine. The final part to the system is a 
set of classes which provide Java interaction on the server side. The actual program 
need not then be in Java. The system is illustrated in Figure I in the next section. 

The entire skeleton system is written in Java and comprises twenty classes and 
approximately 1600 lines. It uses RMI to communicate between the different parts, 
but it could as well have been Java sockets or CORBA with Java. However, given 
that the skeleton operates as a single, albeit distributed, unit, there is no harm in 
keeping it in Java, and letting RMI take advantage of the Java object model. 

Having completed the skeleton, it then had to prove itself in actual use. Three 
systems have been addressed so far. The first was a simple file transfer system, 
including directory listings and queries. This was all written in Java. 

The second was an existing, sophisticated groundwater simulation system, 
FAST, which had a rich graphical user interface and provided for comfortable data 
input, display of results and filed data output. It was written in Fortran. The 
programs were PC-based and only available in the laboratory in which they were 
produced. Because of the complexity of the system, two additional parts had to be 
added: a runtime kernel for communication between the programs (on the servers), 
and an extension to the user interface (in the client applet). Nevertheless, it could be 
shown that the programs could be added to the directory of services and that 
running them was possible, with interaction via a Java applet (Serbedzija, 1997). 

There are many advantages to having the results presented via a Java applet: 

i. The host machine is freed to do other work. 

2. The Internet load is lower as the user interacts only with the applet, not the 
server. 

3. While viewing the display, the user can start another simulation at a remote 
machine. 
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The third application of the web skeleton is the open spatial query system of Case 
study B. 

4 CASE STUDY B: ACCESS TO A SPATIAL DATABASE 

Large databases exist which contain spatial as well as text data. Some of these 
databases are distributed over many machines. The aim was to provide a distributed 
open spatial query mechanism which could be used in a heterogeneous distributed 
environment, thereby making any spatially enabled application freely available on 
the World Wide Web. 

The project relied heavily on Java, its APis and the Web computing skeleton 
described above. In the first place, the JDBC provides standard SQL access. In the 
spirit of Microsoft's ODBC, this establishes a query mechanism as "open" in the 
sense that a single application can be written to access a variety of databases. 
Because JDBC was written with a relational, textual database in mind, not all of it 
can be used. However, there are some basic concepts such as loading a driver, 
establishing a connection etc. which carry across, but others such as Statement were 
not applicable. A new package was therefore written, called geo, which provides 
similar functionality to the JDBC, but within the spatial data world (Coetzee, 1997). 
The equivalent example to that in section 2.4 then becomes: 

import gee.*; 

GeoDriver d =new GeoDriver (drivername); 
Geoconnection c = d.connect (Name, isExclusive, isReadOnly); 
GeoQuery q = c.createQuery(); 
GeoResultSet rs = q.executeQuery(); 
GeoFeature f; 
while (f.hasData()) ... 

A complete set of classes and methods for the entire API to perform spatial queries 
has been written. 

The second significant Java feature used in this study was the Java Native 
Interface. The GIS database provided comes with a query API in C++. To interface 
to this, we use Java calls to the appropriate C++ functions via the native interface. 
This has worked well and enabled us to keep to Java for as far down the line as 
possible. However, there would be problems using JNI in this way because of 
restrictions imposed by Java: 

• JNI cannot be used in applets because of security 

• The native code must lie on the client machine 
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• Portability is lost and separate native libraries must exist in the client for 

each platform 

• Java code using native methods is not trusted. 

Server 

RMI 

A 

Web Browser 

User 
Interface 

Java Native Interface 

TCP/IF 

GIS Data 

Figure 1 The Distributed Open Spatial Query Mechanism and the Web Computing 
Skeleton, adapted from (Coetzee, 1997) 
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It was therefore decided to put an RMI shell around the classes that access the GIS 
data, so that objects that use native code can be used as remote objects. Then the 
native code does not have to be downloaded to the client. Furthermore, using RMI 
has all the advantages to the client of using Java code, such as portability, 
robustness and security. However, RMI does introduce an extra software layer an 
performance constraints. These are discussed below. 

Finally, the Web skeleton was added to the system to enable it to operate via a 
browser from a remote client machine. Figure 1 gives a schematic of the final 
system. The user interface applet at present enables the user to : 

• fetch an entire map 

• zoom into different areas on the map 

• indicate buildings and streets and display their names 

• highlight all ambulances within a certain radius of an indicated point. 

For each one of these functions, the applet submits a query directly to the server 
application interface via RMI. The actual GIS data can reside either on the 
application server itself or can be reached via TCPIIP on another machine in the 
network. 

Extensive tests have been done on the performance of this system (Coetzee, 
1997). Two maps with 1018 features and 7471 coordinates and 1330 features and 
18373 coordinates respectively were used as tests. When transferring data as byte 
streams with integer optimisation (the most efficient) the system took 14s to load 
the first map. This was with the full RMI and Web skeleton approach. Without the 
RMI, i.e. running native code on the client, the time drops to 4s (on a P6). 
Nevertheless the advantages of sticking to the Java world, as outlined above, 
outweigh the performance aspects. 

5 CASE STUDY C: DISTRIBUTED ALGORITHM INVESTIGATION 

The purpose of this work was initially quite different from that of the other two. In 
(Ben-Ari, 1997) a system is described which provides a framework for visualising 
distributed control algorithms, such as Byzantine agreement, global snapshots and 
so on. The system consists of a basic applet which provides a primitive textual 
display and the control to communicate messages and simple values to other 
identical applets. The communication is done via sockets. Once set·up, simple reads 
and prints accomplish the receiving and sending of messages. 

The applet is declared as an abstract class, and has eight abstract methods 
specified. Each new algorithm inherits this framework and implements the abstract 
methods. The most important is stateMachine where the workings of the algorithm 
per se are kept. The instantiations of each node in the distributed algorithm can all 
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run on one machine or on different machines. As applets, they are downloadable 
and socket communication uses IP addresses for connections. Figure 2a shows the 
class relationship and 2b the possible physical environment. 

Framework Applet 

Applet 

(a) 

Figure 2 Ben-Ari's distributed algorithm system 
(a) the inheritance layout, (b) the physical layout 

Applet 

Applet 

(b) 

The project we undertook was to implement a variety of additional distributed 
algorithms as part of a Distributed Systems course based on (Singhal and 
Shivaratri, 1994). The objectives were 

• to see whether the algorithms were correct in practice 

• to examine whether the abstract class and socket approach was sufficiently 
reusable. 

To date the following algorithms have been added to Ben-Ari's original four: 

• Suzuki-Kasami distributed mutual exclusion 

• Singhal's heuristic distributed token-based mutual exclusion 

• Maekawa's distributed mutual exclusion 

• Interactive consistency algorithm for clock synchronisaton 

• Lamport-Shostack-Pease algorithm for Byzantine agreement 

In each case it was sufficient to alter only the stateMachine method and the other 
associated abstract methods. The careful design of the framework was important, 
but so was the ease with which inheritance and internet protocol are programmed in 
Java. 
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6 OTHERWORK 

Others have addressed the idea of frameworks for collaborative applications in 
Java. Munson and Dewan (1997) provide classes which can be integrated into a 
new Java application to give four levels of synchronization awareness. The focus is 
on synchronisation and control within the program, and not on remote execution. It 
is also not clear whether legacy code in other languages can be incorporated. Nokia 
have also investigated distributed computing platforms and have chosen to go the 
CORBA route (Leppinen, 1997). However, very often, the terms net-centric or 
web-accessible are applied to systems which simply run applets in browsers and 
maybe access resources, as is the case in (Chatterjee et al, 1997): they do not offer 
distributed execution. 

Closer to our work is that of the NASA's Mars Lander Simulation written for 
June 1997 in Java. At the moment the actual system controlling the Pathfinder is a 
combination of paper, C, C++, X and 3D graphics, and it only runs on a dedicated 
system at the Jet Propulsion Laboratory (Hughes, 1997). In 2001, the Java version 
will go live and remote access to the data (and even control) of the mission will be 
available anywhere on the Internet. Because of applets, this does not just mean that 
the data will come down the line. In fact the data will stay at Nasa: instead an 
applet will move to the researcher's machine and display the data with controls to 
manipulate it. However, once again, this is a dedicated system, rather than a 
framework, adaptable to many applications. 

7 CONCLUSION 

We have described three systems which are frameworks for open Web computing 
in Java. Every single feature and API of Java has contributed to their smooth 
development and success. Specifically, we can report that Java, unlike other 
languages, provides the following complete support for Web computing: 

• inter-computer connection via sockets, remote objects or database 

connectivity; 

• linkage to legacy code in other languages, but with security maintained; 

• platform independent applets which can form the front end to sophisticated 

systems on dedicated hardware; 

• inheritance and interfaces which enable code to be written in an upgradeable 

and polymorphic manner; 



84 Systems Implementation 2000 

• user-interface and graphics facilities for better communication. 

Perhaps our most significant result is that the programming of each project was 
achieved in far less time than was estimated. We attribute this time saving jointly to 
the strict checking and security which Java enforces and to the high level of the 
APis which it provides, as listed above. It is our conclusion that Java will continue 
to prove to be an interesting and powerful language worthy of further use in such 
research projects. 
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