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ABSTRACT
Programming in a distributed environment is a complex ac-
tivity. Programmers need to be aware of issues unrelated
to their domain of expertise, and are often unprepared for
the challenges that distribution brings. Chief among these
are issues of mutual exclusion and deadlock detection, which
have quite different solutions in a distributed environment,
compared to a centralised one, as exhibited on an ordinary
workstation. We have tackled this problem by adopting
the technique of separation of concerns. We have devel-
oped a framework called Algon which enables complex dis-
tributed algorithms to be incorporated into existing or new
distributed systems as required. For each algoritm class,
a scheduler is defined that handles the communication be-
tween distributed sites, and can be instantiated together
with any one of a range of suitable algorithms that solve
the problem. Algon therefore frees ordinary programmers
from needing to know the intricacies of complex distributed
algorithms.

This paper concentrates on revealing how Java has con-
tributed to the successful implementation of such a frame-
work. As well as the inherent object-oriented nature of Java,
we have made extensive use of RMI, properties and dynamic
class instantiation and synchronization across remote sites.
The example chosen to illustrate these features in this pa-
per is distribted deadlock detection. Nevertheless, there is
considerable similarity with the mutual exclusion class of
algorithms reported on earlier. The paper concludes with
future plans for Algon, chiefly in the area of performance
improvement. Keywords: Framework, distributed algo-
rithms, distributed systems, separation of concerns, auton-
omy, performance, tailoring.

1. INTRODUCTION
A distributed system can be defined as a system consist-
ing of several computers that communicate across a net-
work. These computers do not share memory or processor
resources. Distribution is the term given to the program-

ming paradigm used when developing applications for such
distributed systems, where the objective is to harness the
computational strength of the entire system. The Java pro-
gramming language, and its use in distributed systems, is
the focus of this paper, mainly due to its popularity and
suitability for the development of distributed applications.

Java for scientific usage focuses primarily on parallel, net-
work and internet applications [20]. The goals and chal-
lenges of this work centre around performance and commu-
nication mechanisms [11, 8, 16], yet developing applications
in such an environment is a complex activity [10].

Many programmers have been trained to develop on work-
stations and find the complexity of the distributed paradigm
hard to handle. In addition to the normal cognitive and ab-
stract nature of the programming activity itself, concerns in
a distributed environment include, for example, non-deter-
minism, contention and synchronisation issues [14]. Pro-
grammers may be faced with a need to guarantee distributed
mutual exclusion, or to achieve distributed termination, or
detect deadlock, for example. There already exists a rich
base of research from the 1980s and 1990s for solving such
problems. A range of algorithms has been classified ac-
cording to their function and each algorithm achieves the
expected result in a different way and with different per-
formance characteristics. The exact implementation of the
algorithms in a particular programming language is often
left unspecified [24, 25]. The programmer is therefore faced
with

1. deciding which algorithm is best to use, and

2. actually implementing the algorithm in a distributed
fashion in Java.

While many aspects of programming distributed applica-
tions are challenging, one of the essential issues that many
programmers find most difficult to deal with is the incorpo-
ration of these distributed algorithms into their systems. It
may be necessary to do this if there is a need to guarantee
distributed mutual exclusion, or to achieve distributed ter-
mination, for example. These distributed algorithms tend to
be difficult to understand, and harder to implement prop-
erly. Programmers are often unable to evaluate them criti-
cally and therefore cannot make an informed decision about
the correct algorithm to use. For example, one of the sim-



plest algorithms for guaranteeing mutual exclusion, Ricart-
Agrawala [23], involves

1. sites sending requests and replies to other participating
sites,

2. comparing timestamps, and

3. keeping queues of waiting sites.

Other algorithms providing better performance have even
greater complexity. Although systems exist for illustrating
and comparing the functioning of algorithms [1, 3, 13], their
primary function is educational and they are not intended
to be components for development.

Rather than trying to educate the vast number of program-
mers involved in developing distributed systems about the
functioning, performance and complexity of various algo-
rithms, we propose that the separation of concerns tech-
nique be applied [21, 15]. Separation of concerns simplifies
the programmer’s task by enabling him or her to deal with
various aspects of the programming process separately. Pro-
grammers can then concentrate on specific tasks individu-
ally, and remove difficult and complex tasks from their realm
of responsibility and control. Separation of concerns also al-
lows the programmer to decompose software into smaller,
more manageable parts that are easier to keep up to date
with evolving needs [18]. This technique has been applied
to other aspects of distributed applications [9], and to sep-
arating algorithms from parallelism[26] but not as yet to
distributed algorithms.

An important aspect of the separation of concerns ethic is
providing mechanisms to implement synchronization code
separately from any code to which it may apply. Synchroni-
sation is usually done by means of the use of a critical section
and some synchronisation mechanism such as semaphores.
When one needs to achieve synchronisation in a distributed
system one needs to make use of a distributed algorithm,
and semaphores are simply no longer available, as there is
no shared memory. We propose that complexity related to
distributed algorithmics, such as synchronisation, be hidden
from the programmer in its own component level. This is
achieved within a framework called Algon1.

Algon includes:

• a library of algorithms to be used as and when required;

• a framework for incorporating an algorithm into the
system;

• a tool for evaluating different algorithms based on their
performance within the distributed application;

Many programming languages routinely provide libraries of
mathematical functions to simplify the programmer’s task.
Algon provides programmers with a variety of distributed
algorithms so that they can experiment and thereby select

1Algon stands for Algorithms On the Net.

the algorithm with the best performance for their particular
application.

Algon is implemented entirely in Java and, as such, provides
Java classes which can be incorporated into new or existing
programs. The Algon concept and its associated design pat-
tern was first proposed in [2]. It has since been successfully
implemented, and the performance tool has been developed
[22]. The purpose of this paper is primarily to discuss the
influence of Java in the implementation of the Algon frame-
work, along with details of its use for mutual exclusion and
to introduce a further class of algorithms – deadlock detec-
tion. Several advanced features of the Java programming
language were used, which contributed to the success of the
ideal of separation of concerns.

The prime motivation for the existence of distributed algo-
rithms is that the failure semantics of distributed systems
is different from those of centralised systems. We do not di-
rectly address issues related to these semantics in this paper
since they will be dealt with in a later phase of the project.
For the purpose of this study we have assumed that the fail-
ure semantics of algorithms in a specific family are similar,
and that faults are reported by means of reported exceptions
thrown by the algorithm processes.

Section 2 presents a overview of the architecture and ratio-
nale of Algon. Section 3 considers the Java features which
made the implementation of the Algon framework possible.
Section 4 gives an overview of an extension into a new cate-
gory of algorithm. Section 5 discusses plans for future work,
and Section 6 concludes.

2. THE ALGON CONCEPT
Middleware frameworks have been shown to be viable for
the deployment of software components on the Internet [5].
However, they tend to require a certain amount of tailoring
of the application and the introduction of new methods. The
problem with the wide-scale deployment of components over
the Internet is that the frameworks and wrapper interfaces
each have to be custom-made for a given system. This is
wasteful in terms of time and money and is doomed to failure
if the programmers do not understand the functioning of the
legacy software.

Another problem is the fact that programmers may not suf-
ficiently understand the nature and needs of the distributed
system itself. An application may need to employ distributed
mutual-exclusion, snapshots or deadlock-detection
algorithms but the algorithms in common use are often cen-
tralised and inappropriate for distributed systems [24].

The objective of Algon is to produce a library of pre-coded
distributed algorithms which can be incorporated at Java
class level into a distributed component-based application
while maintaining a clear separation between components.
Having decided to treat distributed algorithms as a candi-
date separate concern, the next step is develop a mechanism
for structuring the base code so as to enable this separation
[17]. Algon’s algorithms have been implemented in such a
way that the code is split into logical processes, enveloped
within a distributed framework. The resulting component
can then be added to a distributed system with the mini-



mum of changes to the original code of the application.

To illustrate the use of Algon, consider the situation where
there is a need to distribute the behaviour previously pro-
vided by the algorithm C. The programmer would tradi-
tionally have to recode the algorithm and incorporate it
into the application in place of C [7]. Algon can provide
a mechanism whereby distribution features can be added to
the application in the form of a component.
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Figure 1: Distributed View of the Application using
an Algon component.

The proposed architecture for application systems is shown
in Figure 1(a). The application-specific code, P , and classic
algorithm, C, remain unchanged. Figure 1(b) illustrates
how this architecture might be implemented on a system
with three nodes. In order to distribute C’s behaviour, the
system is extended by adding:

1. a distribution layer, D, which consists of:

(a) a scheduler S, and

(b) an algorithm Ai.

The distribution layer, D, is selected specifically to
match the algorithm, C. In addition, the distribution
layer will usually need a request set which identifies the
nodes in the system.

2. a middleware backbone Mk, which facilitates commu-
nication with other participants. It can use any suit-
able communication structure such as Java RMI,
CORBA IIOP, DCOM or .NET.

Our intention is to provide developers with a range of dis-
tributed algorithms for any particular problem. To make
these algorithms easily interchangeable, a standard inter-
face is implemented for specific types of algorithms. For
a specific classic problem i, the interface Ii is used by the
scheduler

Runtime hook
for algorithm
selection

Interface I

Algorithm A

i

j

Figure 2: Abstract Framework

to interact with all algorithms implementing that interface.
This makes it easier to introduce new algorithms and to
specify, at runtime, the algorithm that should be used. Fig-
ure 2 shows the algorithm interface Ii being implemented
by an algorithm Aj . An example of this is the MENT
(Mutual-Exclusion Non-Token Group of Algorithms) inter-
face being implemented by the Ricart-Agrawala mutual ex-
clusion algorithm [24]. Another example of this is the DD
(Deadlock-Detection Group of Algorithms) interface being
implemented by the Chandy-Misra OR model deadlock-detection
algorithm [4] (Figure 3).

The developer can choose the algorithm to be used either
by means of a graphical user interface or by directly editing
a configuration file. The developer also indicates the iden-
tities of the nodes involved in the distributed system. This
makes the algorithms interchangeable without any need for
recompilation.

3. JAVA’S ENABLING ROLE
This section explains how Java enabled the successful de-
velopment of the Algon framework. Section 3.1 will discuss
the use of RMI as Algon’s middleware backbone. Section
3.2 will explain how the algorithm is chosen by the devel-
oper and plugged into the system at runtime. Section 3.3
will discuss the use of the Java synchronization mechanism
in protecting key resources at each site.

3.1 Java RMI
An essential consideration when developing a middleware
framework is in deciding the type of middleware backbone
to be used. The advance in the state-of-the-art in this
field means that there is a variety of options available, and
frequently the middleware can free the programmer from
language-dependence. The use of a Remote Procedure Call
(RPC) architecture seems the natural choice for developing
a middleware framework, because of its ease of use and gen-
eral elegance. Consequently, the Java RMI architecture was
chosen for the Algon framework. As shown in Figure 1(b),
the algorithm instances communicate via this medium. In
order to achieve a true remote procedure call, one site first
needs to establish a remote interface, from which stubs can
be generated. Stubs act as local proxies for remote objects



so that the local object invokes methods on the stub as if
the remote object were at the same site. The stub performs
the low-level serialisation of data and communicate the data
back and forth between the caller and the callee in a trans-
parent manner. A typical remote interface as used in the
Algon framework is given below. This interface represents
mutual exclusion non-token passing (i.e. Ment) algorithms.

public interface Ment extends Remote {

// Used by the Scheduler

public void sendRequests(SchedulerInterface si)

throws RemoteException;

public void getRequestSet()

throws RemoteException;

public void sendRelease() throws RemoteException;

// Used by other Ment algorithms

public void reply() throws RemoteException;

public void request(long time,

SchedulerInterface si, Ment m)

throws RemoteException;

public void release() throws RemoteException;

}

This example represents the interface advertised by a dis-
tributed mutual exclusion algorithm containing methods to
be invoked by a caller. Each method defined in such a re-
mote interface must be declared as throwing a RemoteException,
as the potential exists for some unexpected event to filter
back to the caller.

It is worth noting is that only three of the methods in the
interface given above, i.e. reply, request and release, are
used in a distributed setting. The remaining methods will
be used by the Scheduler to initiate local procedure calls
between it and its own instance of an algorithm.

Any program wishing to invoke methods on objects not in its
own namespace needs some form of reference to that object.
Most RPC architectures use a naming service to achieve
resource discovery. The naming service discovers resources
and acquires references to remote objects. Once objects have
references to one another they can communicate. We illus-
trate the binding process, initiated by the Scheduler using
the next block of code.

private Ment algorithm;

public Scheduler(String id) {

.

.

algorithm = ... // instantiate the algorithm

try {

Naming.rebind("rmi:///" + id, algorithm);

algorithm.getRequestSet();

} catch (Exception ex) {

ex.printStackTrace();

}

}

By this means an instance of the chosen algorithm is cre-
ated, and then bound into a naming service (we will return

to a discussion regarding exactly how a specific algorithm is
chosen in Section 3.2). As soon as the algorithm instance
is bound a request set needs to be set up. In terms of dis-
tributed mutual exclusion algorithms, a request set is the
set of sites which may hold the lock for the critical sec-
tion at any given time, and therefore the sites need to be
queried before another site may proceed into the critical sec-
tion. The manner in which these queries and responses are
treated, and the physical nature of the request set, defines
the difference between different algorithms. To set up the
request set we invoke the getRequestSet() method on the
local algorithm.

However, there is a snag. There is a difficulty in establishing
exactly when an object should attempt to physically obtain
a reference to another, given that the required reference will
not exist in the naming service registry until an object had
been bound to it. This is not a trivial problem, since the
participating sites may be running at different speeds and
certainly will take different amounts of time to bind them-
selves to their local naming service.

We solved this problem by applying the following strategy:

1. Through some means, provide a list of the objects that
should be available to a participating site for remote
invocation purposes. Actual references can, of course,
not be supplied, but it is possible to provide a unique
name for each participating algorithmic object (the
name by which the object is to be bound in the naming
service registry).

2. Each object will then continuously query the naming
service for the names it has been supplied with, until
it has a reference for each name.

It can be argued that this strategy is extremely rigid, and
that a more dynamic approach to resource discovery is de-
sirable. However, for systems with known boundaries and
behaviours, it is adequate. The source code implementing
the strategy is given in the getRequestSet() method be-
low, which provides some insight into the functioning of the
system’s initialisation process:

// getRequestSet() method

Object o = null; while (o == null) {

try {

o = Naming.lookup("rmi:///" + uniqueName);

requestSet.add(o);

} catch (Exception cioe) {

o = null;

delay(1000);

}

}

3.2 Properties and Algorithm Instantiation
Since our framework is designed to provide a library of al-
gorithms, it is important to address the question of how a
different algorithm is chosen for the application. Two tech-
niques are applied to address this. Firstly, the Properties

class, which can be found in the java.util package, is used



to gain information about the framework administrator’s
choice of algorithm, and about the physical structure of the
distributed system. A special properties file is used to al-
low the developer to record information to be communicated
to the Algon layer at runtime. This properties file can be
edited either manually or by means of a graphical user in-
terface. The following two blocks of code illustrate how the
properties are used.

• From the Scheduler:

FileInputStream fin = null;

try { //locate the properties file

fin = new FileInputStream("scheduler.prop");

} catch (FileNotFoundException fnfe) {

System.exit(1);

}

Properties props = new Properties();

try { // load the runtime

properties

props.load(fin);

} catch (IOException ioe) {

System.exit(1);

}

String algName = props.getProperty("Algorithm");

if (algName == null) {

System.exit(1);

}

• From an algorithm implementation:

FileInputStream fin = null;

try {

fin = new FileInputStream("hosts.prop");

} catch (FileNotFoundException fnfe) {

System.exit(1);

}

Properties props = new Properties();

try {

props.load(fin);

} catch (IOException ioe) {

System.exit(1);

}

String temp = props.getProperty("numHosts");

if (temp == null) {

System.exit(1);

}

int numHosts = Integer.parseInt(temp);

for (int i = 0; i <numHosts; i++) {

String name = props.getProperty("host" + i);

int numAlgs = Integer.parseInt(

props.getProperty("host" + i + "Algs"));

for (int j = 0; j < numAlgs; j++) {

String uniqueName =

props.getProperty("host" + i + "Alg" + j);

Object o = null;

while (o == null) {

try {

o = Naming.lookup("rmi:///" + uniqueName);

requestSet.add(o);

} catch (Exception cioe) {

o = null;

delay(1000);

}

}

}

}

The code from the algorithm implementation shows how a
unique identity for each algorithm instance is found (unique
in terms of IP address and registry name). Having solved
the problem of establishing the name of the algorithm to
load (see the code from the Scheduler), the instantiation of
the algorithm is relatively simple. This forms the applica-
tion of the second technology mentioned above. Passing the
fully qualified name of the class to the static Class.forName

method, an instance of the class Class is generated. It is
now possible to generate an instance of the class, using the
Class object’s newInstance method (which can take con-
structor parameters, if need be), and to type-cast the in-
stance (which is Object by default) to the remote interface
type. All this is demonstrated in the following five lines of
code.

try {

algorithm =

(Ment)(Class.forName(algName).newInstance());

} catch (Exception ex) {

ex.printStackTrace();

}

Both forName and newInstance throw exceptions, which
flag that the class may not be available, or that some cor-
ruption of the properties file has occurred.

This section started by discussing the remote procedure call
architecture and how it is implemented in Algon. We have
also covered the discovery of the specific algorithm required
for a particular application execution. This section com-
pleted this part of the discussion by explaining how this
information can be used to instantiate the algorithm and
connect to remote instances of the algorithm.

3.3 Synchronization
The final aspect of the Java implementation of Algon is the
use of the synchronization mechanism of the Java in Algon.
The synchronization of threads and processes on a single
PC (with or without multiple processors) is a field of study
all on its own, and many methods have been proposed and
implemented to deal with the concurrency issues such sys-
tems pose. However, when concurrency is applied in a dis-
tributed context, the approaches are not all that clear cut.
Fortunately, the use of monitors in the Java language greatly
simplifies the complexity of our solution to this problem. In
a nutshell, if a group of instructions needs to run sequen-
tially without avoidable interruptions, they can be encased
in a synchronized block. When a synchronized block is
encountered at run-time, the monitor of a specified object
(usually that of the object within which the code is execut-
ing) is obtained. This means that no other synchronized



block of code from the same object may execute until the
end of the current block.

The use of synchronization in our framework is restricted to
the algorithms themselves. It is usually the case that some
state information is kept at the algorithmic level, and in a
distributed environment it is difficult to keep track of when
and how the changes to these state variables are made and
so great care must be taken. This is the ideal situation for
making use of the Java synchronization mechanism. A good
example of the use of this mechanism in an Algon algorithm
is demonstrated by the implementation of the mutual exclu-
sion algorithm mentioned in Section 3. When this algorithm
sends requests to neighbouring sites, it counts how many re-
quest messages were sent, and how many have been replied
to (no reply means that another site is in the critical sec-
tion). This seems to be a minor concern, but, indeed, the
correct operation of the algorithm revolves around the cor-
rectness of the numRequests counter variable. It is therefore
critical that this counter be protected as much as possible
from interference. Below is the implementation, which illus-
trates the use of the synchronization block:

public void sendRequests(SchedulerInterface si)

throws RemoteException {

.

.

.

numRequests = requestSet.size();

for (int i = 0; i < requestSet.size(); i++) {

Ment ra = (Ment)requestSet.get(i);

ra.request(requestTime, si, this);

}

while(numRequests != 0) {

// wait a bit

}

// Access to critical section granted

}

public synchronized void reply() +

throws RemoteException {

numRequests--;

}

When the sendRequest() method is called by the Sched-
uler, the algorithm will send request messages to all of the
algorithms in its request set. It will then sit doing noth-
ing until the numRequests integer is equal to zero. When
an algorithm receives a request message, it responds either
immediately by calling the reply method on the reference
it was passed (see the call to ra.request above), or it will
queue the request until it has released the critical section
it already has. As soon as it releases the critical section,
it will call the reply method of each of the algorithm in-
stances that sent requests. The reply method decrements
the numRequests integer, so the sendRequests method will
eventually terminate, and allow the calling Scheduler access
to the critical section.

4. APPLICATION OF ALGON
In previous work [2] details of a mutual exclusion algorithm’s
calling patterns were discussed. As evident in the discussion

on Figure 1, in Section 2, there are other kinds of algorithms.
We have also investigated and implemented a distributed
layer for deadlock detection algorithms. In this section we
discuss how the elements of this layer are set up and how
robust the Algon framework proves to be.

4.1 Distributed Deadlock Detection
Many algorithms exist in this category in the literature. Ac-
cording to Knapp [12], the Chandy-Misra edge-chasing algo-
rithms perform well, provide correctness proofs and do not
report false deadlocks. Chandy et al. [4] have developed two
types of edge-chasing algorithms, namely the AND and the
OR models. For the purpose of this discussion we will use
the OR algorithm, CMO, applying it to the classic Dining
Philosophers’ problem.
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Figure 3: Using Algon to add a distributed deadlock
detection algorithm

Figure 3 illustrates how a distributed deadlock-detection
algorithm is incorporated into a system with three nodes.
Each node has a philosopher, Ph, and zero or more op-
tional resources, RSi. The class diagram is shown in Figure
4. There is an apparent contradiction between our as-
sertion of separation-of-concerns and the upward link from
the Scheduler to the Philosopher. This seems to break
the required separation. However, it must be borne in mind
that any potentially deadlock-detection algorithm runs inde-
pendently of application programs in the system and needs
access to the deadlocked processes in order to determine
whether a deadlock exists or not. The only way to facilitate
this detection process is by checking whether the processes,
in this case Philosophers, are possibly inextricably involved
in a deadlock loop.

The deadlock-detection activity can be triggered in different
ways. The system developer could decide that the applica-
tion should trigger it, if it has been blocked waiting for a
resource for a certain amount of time. This does not neces-
sarily indicate the presence of a deadlock though; it could be
that the network is particularly busy. Even if this approach
is followed the programmer would have to ensure that the
waiting time before triggering the process is adjusted to the
current average waiting time. Deadlock detection could also
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be done at regular intervals but this tends to slow the sys-
tem down, and is a waste of resources if deadlocks are infre-
quent. In order to test our system deadlock-detection was
triggered from the test application. The deadlock-detection
policy in an industrial setting would be determined by the
system developers once the possibility of deadlocks had been
ascertained. The Philosopher’s execution is shown below:

public void run() {

try {

think();

right.get(identity);

left.get(identity);

eat();

right.put(identity);

left.put(identity);

}

}

Once again this code is recognisable as that which would
appear in a centralised system.

The interaction between the different participants in setting
up the communication between participating nodes is shown
in Figure 5. The resources are assumed to be available be-
fore the application starts executing. The setting-up process
involves the application instantiating the classic algorithm,
in this case the Philosopher, and then instantiating the
Scheduler. All other details of the setting-up process are
dealt with inside the Scheduler.

Unlike other applications, such as the Readers-Writers prob-
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Resource Naming

lookup

Application
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Figure 5: Setting Up with Deadlock Detection

lem which involves the distributed algorithm at each call [2],
there is no need for the algorithm to be involved in the calls
the Philosopher makes to get and put the Forks. The
deadlock algorithm is only invoked when the current situa-
tion triggers an investigation into a possible deadlock. The
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Scheduler CMO Scheduler Scheduler

isDeadlocked
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send()

send()

dependencies

dependencies

Figure 6: Testing for Deadlock

interaction precipitated when a test for deadlock is triggered
is shown in Figure 6. The application, or some other trig-
ger, invokes the detectDeadlock method on the Scheduler.
The Scheduler then uses the algorithm on the current node,
and Schedulers on other participating nodes, to generate
sets of dependencies. The situation is analysed and a di-
agnosis made of the deadlock status of the system. The
process triggering the detection process will then have to
decide on a suitable response should a deadlock be detected.
The Chandy-Misra algorithm detects, but does not resolve,
deadlocks. A deadlock-resolution algorithm would have to
be separately incorporated into the system in order to han-
dle detected deadlocks.

4.2 Assessment
Looking at the implementation of the deadlock detection
algorithm’s distribution layer, it is interesting to note the
points of similarity to the mutual exclusion algorithm. Once
again, Java RMI is used as the middleware layer. Communi-
cation occurs between instances of the scheduler in this case,
using a remote interface. The algorithm in use is specified in
the same way (using the Properties class), and instantiated
using the same forClass construct. In this case, no syn-
chronization is needed within the algorithm, although the



Dining Philosophers problem does make use of synchroniza-
tion to ensure that the concurrency aspect of the problem
does not fail.

Therefore we can conclude that the architecture designed
for use in the mutual exclusion case has survived relatively
intact when applied to a completely different genre of algo-
rithm. In fact, ongoing development with the Algon frame-
work is showing that the architecture is sufficiently scalable
to handle several other mutual exclusion and deadlock de-
tection algorithms.

5. FUTURE WORK
The planned development of Algon is shown in Table 1.

In addition to incorporating the basic required functional-
ity, there are also some issues, as yet unsolved, which we will
address as future work during the succeeding phases of Al-
gon’s development. The following work will be undertaken
during the second phase:

1. It is clear from Figure 1 that the entire Algon struc-
ture needs to be duplicated for each application in the
system. Some work should also be done in determin-
ing whether the distribution layer, D, can be shared
amongst applications on the same machine. Sharing
the scheduler between different processes in the dead-
lock detection scenario is trivial.

2. We intend finding points of similarity between the sched-
ulers tailored for certain algorithms, so as to create
a Scheduler Interface that can be used to specify a
generic behaviour expected of all Algon schedulers.

The experiences of the second phase will probably suggest a
number of new directions for the third phase, but at present
the following are envisaged:

1. Different algorithms in a system may need to interact
with one another. An example of this is the way the
deadlock-detection and deadlock-resolution algorithms
need to work in order to deal with deadlock situations.
This handling of interacting concerns needs to be in-
vestigated [19].

2. Distributed systems enhance fault-tolerance in some
ways [10]. They increase the possibility of replication
which in turn enhances reliability. However, it should
be borne in mind that the failure semantics of any
distributed system is radically different from those of a
centralised one. The user will never be oblivious to the
true nature of the system because sooner or later an
error will be reported which relates to the distribution
of the system. The inclusion of Algon also introduces
a new range of possible errors. This interferes with
the true separation we are trying to achieve, but is
one of the issues that has not enjoyed any attention
thus far. We need to decide on a policy for dealing
with such exceptions as are thrown by both the Algon
and the middleware layers in order to achieve a certain
measure of fault tolerance.

The application of Algon is also being investigated in a Geo-
graphical Information System (GIS) system with industrial
partners [6]. The intention is to maintain an already-stable
architecture once it is distributed on the Internet.

6. CONCLUSION
We have proposed a way of adding distributed algorithms
to applications in such a way that the algorithm can be
pre-coded by professionals and used by developers with-
out undue concern as to the intricacies of the algorithm.
The approach is characterised by reliance on interchange-
able components at defined levels thus achieving separation
of concerns. We have successfully applied this approach to
the classic Readers-Writers and Dining-Philosophers prob-
lem and are pursuing the viability of the approach by ap-
plying it to other classic problems. We have evaluated the
results of Algon’s first phase according to well-known sep-
aration-of-concerns criteria and find that it performs well.
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