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Abstract

Programming in a distributed environment is a complex activity. 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 the choice and application of
different distributed algorithms, and the adaptation to evolving and emerging middleware
systems. We have tackled both these problems by adopting the technique of separation
of concerns. We have developed a framework called Algon which enables any of arange
of complex distributed algorithms (for example, for mutual exclusion and deadlock) to be
incorporated into existing or new distributed systems based on quantitative comparisons
supported by a performance visualisation tool. Since middleware can have a consider-
able impact on the performance of a distributed system, it is highly desirable to be able
to test one against the other. We propose that the principles applied in providing for inter-
changeable algorithms can also been extended to interchangeable middleware, and we have
compl eted the redesign of the Algon system accordingly.

In this paper we explain how the Algon framework operates, how the programmer can
use it to interchange and compare algorithms, and how this concept can be extended so
that the existing Java-RMI middleware can be dynamically replaced by Corba. We envis-
age a C# version of Algon in which Corba can be interchanged with .NET or any other
future middleware system. The lessons learnt through this research include practica as-
pects of software composition, the impact of language features on system design and issues
associated with evaluating complex systems at runtime.
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framework

(©2003 Published by Elsevier Science B. V.



RENAUD, Bisuopr, Lo AND WORRALL

1 Introduction

Many programmers have been trained to devel op on workstations and find the com-
plexity of the distributed paradigm hard to handle. Middleware technologies hide
much of the detail involved in achieving language interoperability and simplify
maintenance, but they also introduce easily missed complexities that isolated sys-
tems seldom exhibit [7]. In addition to the normal cognitive and abstract nature of
the programming activity itself, concernsin a distributed environment include non-
determinism, contention and synchronisation issues [11]. Programmers may be
faced with a need to guarantee distributed mutual exclusion, to achieve distributed
termination, or to detect deadlock, for example. There already exists a rich base
of research from the 1980s and 1990s for solving such problems. A range of algo-
rithms has been classified according to their function and each agorithm achieves
the expected result in a different way and with different performance characteris-
tics. However, the exact implementation of the algorithmsin a particular program-
ming language is often left unspecified [24,25]. The programmer is therefore faced
with

(i) deciding which algorithm is best to use, and

(i) actually implementing the algorithm in a distributed fashion.

While many aspects of programming distributed applications are challenging,
one of the essential issues that many programmers find most difficult to deal with
is the incorporation of required distributed algorithms into their systems. For ex-
ample, one of the smplest algorithms for guaranteeing mutual exclusion, Ricart-
Agrawaal22], involves:

() sites sending requests and replies to other participating sites,
(if) comparing timestamps, and
(iii) keeping queues of waiting sites.

Other algorithms providing better performance have even greater complexity. Al-
though systems exist for illustrating and comparing the functioning of algorithms
[2,10,23], their primary function is educational and they are not intended to be
components for devel opment.

Rather than trying to educate the vast number of programmers involved in de-
veloping distributed systems about the functioning, performance and complexity
of various algorithms, we propose that the separation of concer ns technique be ap-
plied [18,12]. Separation of concerns simplifies the programmer’stask by enabling
him or her to deal with various aspects of the programming process separately.
Programmers can then concentrate on specific tasks individually, and remove dif-
ficult and complex tasks from their realm of responsibility and control. Separation
of concerns also alows the programmer to decompose software into smaller, more
manageable parts that are easier to keep up to date with evolving needs [17]. This
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technique has been applied to other aspects of distributed applications [6], and to
separating algorithms from parallelism [27] but not as yet to distributed algorithms.

We propose that as much complexity related to distributed algorithmics as pos-
sible be hidden from the programmer in its own component level. Thisis achieved
within aframework called Algon®, which includes:

 alibrary of algorithmsto be used as and when required,
 aframework for incorporating an algorithm into the system;

 atool for evaluating different algorithms based on their performance within the
distributed application.

Algon provides programmers with a variety of distributed algorithms so that they
can experiment and thereby select the algorithm with the best performance for their
particular application.

Algon isimplemented entirely in Java, due to its popularity and suitability for
the development of distributed applications, and provides classes which can be in-
corporated into new or existing programs. The Algon concept and its associated de-
sign pattern was first proposed in [3]. It has since been successfully implemented,
and a performance comparison tool has been developed [21]. The purpose of this
paper is primarily to discuss the use of the Algon framework by Java application
programmers.

Section 2 describesthe architecture and general design rationale of Algon. Sec-
tion 3 describes how the Algon framework has been used to make different kinds
of algorithms available. Section 4 describes the mechanisms used to make the mid-
dleware level interchangeable. Section 5 explains how Algon is used to support
decisions about algorithm choice. Section 6 considers related work, and Section 7
concludes.

2 The Algon Concept

2.1 Basic Infrastructure

Application Layer Application P
| Classic Algorithm C

Distributedl_a{rli Scheduler S
Interface I

Algorithm A j

Middleware Layer
T Middleware M Kk

Fig. 1. Basic Algon Infrastructure

The abstract architecture for distributed applications extended with the Algon
framework is shown in Figure 1. The application-specific code, P uses an interface

! Algon stands for Algorithms On the Net.
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to the component, C, using the classic algorithm type, In order to distribute C's
behaviour, the system is extended by adding:

(i) adistribution layer, D, which consists of:
(&) ascheduler S and
(b) analgorithm A;, which implements an Interface I;.
The distribution layer, D, is selected specifically to match the family of algo-
rithms represented by A;.

(i1) amiddleware backbone My, which facilitates communication with other par-
ticipants. It can use any suitable communication structure such as Java RMI,
CORBA or .NET.

For a specific classic distributed algorithm the interface |; is used by the scheduler
to interact with all the different kinds of algorithms implementing that interface.
Using an interface makes it easier to introduce new algorithms and to specify, at
runtime, the algorithm that should be used.

For example, say the system has four nodes, and these nodes all need access to
a shared resource — some for reading and some for writing. This obviously calls
for the use of a distributed mutual exclusion algorithm. The classic algorithm, C,
would be a ReaderWriter component. The Scheduler, S, would be the MESchedul er
— the Mutual Exclusion Scheduler. The Interface|; could bethe MENT algorithm,
for al Mutual Exclusion No Token algorithms. The algorithm A could possibly be
the Maekawa or the Ricart-Agrawala algorithms— depending on the algorithm the
system devel oper specifies should be used. The middleware could be Java RMI.

When the abstract architecture was implemented it became obvious that some
auxilliary components were required in the system. These components address two
problems:

(i) The participating applications, with their algorithms, need to be identified
uniquely to all other applications in order for them to be able to construct
the request sets necessary for their correct functioning.

(i) The Algon system aims to directly support monitoring of the system. The
developer needs to be able to monitor system activity from a central point.
It is necessary to provide the developer with a central display and control
interface so that he/she can not only observe but also directly control activity
in the system.

The first problem can be addressed either statically or dynamically. Assigning
aname to each application statically is the simple solution, but thisis not realistic
inanindustrial setting. Therefore we had to assign unique names dynamically. The
obvious solution here is to use a name server, and the Al gonNaneSer ver , shown
in Figure 2, was created to serve this purpose. The application will instantiate the
classic-algorithm-specific Scheduler, S, which will instantiate the algorithm, and
then register itself with the Al gonNaneServer. The name server will store the
information about the participating application/algorithm and the IP address it is
running on, and then assign a unique identifier to the application.
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On Algorithm Machine

Thread Thread Thread
Reporter
T A
Scheduler S o
Interface |
Algorithm A Update
Queue
7
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Name Display Displ
Server Isplay

On Master Machine

Fig. 2. Minimising the Effect of Performance Measurement

When the applications want to start using C, the Schedul er will ask the
Al gonNaneSer ver for the identifiers and IP addresses of the other participating
applications and then start constructing request sets with those identifiers.

The second problem is addressed by having an Qut put Di spl ay class. Thisis
instantiated and bound by the Al gonNameSer ver so that all applications can send
status information to one central output display, shown in Figure 3.
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Fig. 3. Output Display

2.2 Performance Measurement

The output display mentioned in the previous section provides the distributed sys-
tem developer with a coarsely-grained snapshot of system activity but it cannot
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provide any data to support realistic comparison between agorithms. The Algon
em performance measurement component was created to this end. This component
receives reports from all participating nodes so that it can construct meaningful
graphs and tablesto convey information about system performance to the program-
mer. In order to ensure that the measurement of system performance was done with
minimal impact on the application a detached queueing system was used, as shown
in Figure 2.

Algon reporting makes use of three classes — Reporter, Updat eQueue and
Di spat ch. TheReport er classistwinned withthe Schedul er and the Schedul er
reportson all interaction with the algorithm to the Repor t er . The Report er main-
tainsall statusinformation and constructs reports to be sent to the performance dis-
play tool. The reports are inserted into the Updat eQueue, which runsin a separate
thread so that the Repor t er , having placed the report on the queue, can return con-
trol directly to the Schedul er . TheDi spat ch class watches the queue and when it
detects a new report it removes it and sends the report to the performance display
tool. The reports to the output display are also routed via the queue to minimise
the negative impact of reporting on performance. In this way, we disassociate the
time-consuming contact with the performance display tool from the Schedul er .
The performance display is shown in Figure 4.

—™ Analysing Petrformance for Maekawa Algorithm [=](x]
File Configure Compare Algorithms Help
rSnapshnl rTratking Details I’Overall Averages |
Maekawa Performance Metrics Snapshot State and Messages
Pracess |D| Respanse Time | Sync Delay| Mumber Messages | Throughput | Process Status | ] Request
Maekawal 2.07 4.684 3.0 2.07 idle )
Mapkawal 208 3.354 3.0 213 idle O Executing CS
Maekawa2 217 0.638 3.0 231 idle -
Magkawal 2.01 3.028 4.0 2.12 idle O Bxiting C5
O Idle
O Reply
Maekawa Average Performance
Process ID | Respanse Time | Sync Delay | Murmber of Messages | System Throughput |
Maekawal 2.063 3.091 2.028 4.081
Maekawal 2.1 2.974 3.846 4.132
MaekawaZ 2.115 3.539 3.0 3.993
Maekawaz 2.023 3.042 2. 944 2588
| Yiew in Milliseconds | | Calculate/ Restore Average |
ALEXEE Y In St
X% y a ) + FLU)

Fig. 4. Performance Display Tool

2.3 Dealing with Algon Failure

The failure semantics of distributed systems are different from centralised systems
— hence the need for distributed algorithms. Distributed algorithms have been
developed specifically to cope with such failures, and will report such failures in
the Algon system by means of thrown Exceptions. However, it isimportant that the
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Algon layers do not introduce a whole new family of exceptions into the system
caused by afailure of one of itscomponents. The system could fail in the following
ways:

(i) The Performance Display component: The system is protected from the fail-
ure of this component since the Di spat ch class will not report any excep-
tionsit deals with, but will smply stop sending reports to the tool. The func-
tioning of the Schedul er, which reports to the tool via the Reporter and
Updat eQueue, will not be affected by this failure. The Di spat ch class will
continue to remove reports from the queue and then discard them so that the
application will not be disrupted by the failure.

(i) The failure of the Qut put Di spl ay, while defeating the purpose of Algon,
will not cause the application to fail. Once again the status reportswill merely
cease to be available.

(iii) Thefailure of the Al gonNaneSer ver during system setup will cause the sys-
tem to fail but failure after the initial setup will not affect the system in any
way. We are aware that this single point of failure may be seen as a weakness
in the system. It is, asis common in distributed systems, necessary to weigh
up the advantages of having a dynamic registration mechanism with a single
point of failure against a static inflexible failure-resistant naming system. We
felt the former to be the better design choice. It is arelatively simple matter
to replicate the Al gonNaneSer ver , and thiswill be done if the need arises.

Thewhole Algon distributed layer and associated components have been devel oped
with the philosophy that if an exception is caught the system will try to continue
to function regardless so as to not interfere with the functioning of the application.
Algon will therefore run with reduced Algon functionality in order not to sabotage
the continued running of the controlling application. The following section shows
how the Algon principles have been applied to incorporate distributed deadlock-
detection algorithms.

3 Application of Algon

In previous work [3] details of atypical mutual exclusion algorithm’s calling pat-
terns were discussed. We have also investigated and implemented a distributed
layer for deadlock detection algorithms. In this section we discuss how the ele-
ments of this layer are set up and how robust the Algon framework provesto be.

3.1 Distributed Deadlock Detection

Many algorithmsexist in thiscategory intheliterature. Accordingto Knapp[9], the
Chandy-Misra edge-chasing algorithms 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 agorithm, CMO, applying it to the classic
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Dining Philosophers’ problem.
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Fig. 5. Using Algon to add a distributed deadlock detection algorithm

Figure 5 illustrates how a distributed deadl ock-detection algorithm is incorpo-
rated into a system with three nodes. Each node has a philosopher, Ph, and zero
or more optional resources, RS. The Scheduler used for this agorithm is differ-
ent from the Scheduler used for the Mutual Exclusion algorithms because of the
specialised functionality that each Scheduler has to support. The Scheduler for
deadlock detection algorithmsis called the DDScheduler.

In order to use this algorithm it is necessary for the Algon framework to main-
tain areference to each Philosopher from the DDScheduler inside the Algon frame-
work. (The Mutual Exclusion algorithms do not need to implement a call-back in
thisway.) There is an apparent contradiction between our assertion of separation-
of-concerns and this upward link from the DDSchedul er to the Phi | osopher, as
it appears to break the required separation. However, it must be borne in mind that
any deadl ock-detection algorithm needs access to the deadl ocked processes and re-
sources 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 deadl ock-detection activity can be triggered in different ways. The system
developer could decide that the application should trigger it, if it has been blocked
waiting for a resource for a certain amount of time. This does not necessarily
indicate the presence of a deadlock though: it could just 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 be done at regular intervals
but this tends to slow the system down, and is awaste of resources if deadlocks are
infrequent. 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 devel opers once the relative frequency of deadlocks had
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been determined. The Philosopher’s execution is shown below:

public void run() {
try {
t hink();
right.get(identity);
left.get(identity);
eat();
right.put(identity);
left.put(identity);
}
}

This code is recognisable as that which would appear in a centralised system, in-
dicating the purpose of the component, C. For example, many transactions are re-
quired to request resourcesin aparticular order to minimise the occurrence of dead-
locks. Thistype of ordering is demonstrated in the above code fragment. However,
even in with thiskind of ordering deadlock can occasionally occur, especially when
the resources are distributed and there is an inevitabl e time lapse between the appli-
cation request for resources and the allocation of such resources to the application.

Middleware Resource
[ ] bind()

Application DDScheduler

new

getResources()

new get

Philosopher

Fig. 6. Setting Up with Deadlock Detection

The interaction between the different participants in setting up the communica-
tion between participating nodes is shown in Figure 6. The resources are assumed
to be available before the application starts executing. The setting-up process in-
volves the application instantiating the DDSchedul er and then instantiating the
classic algorithm, in this case the Phi | osopher . All other details of the setting-
up process are dealt with inside the DDSchedul er .

Unlike other applications, such as the Readers-Writers problem which involves
the distributed algorithm at each call [3], there is no need for the algorithm to be
involved in the calls the Phi | osopher makesto get and put the Resources. The
deadlock algorithmis only invoked when the current situation triggers an investiga-
tioninto apossible deadlock. Theinteraction precipitated when atest for deadlock
istriggered is shown in Figure 7. The application, or some other trigger, invokes
the det ect Deadl ock method on the Schedul er. The Schedul er then uses the
algorithm on the current node, and Schedul er s on other participating nodes, to
generate sets of dependencies. The situation is analysed and a diagnosis made of

9



RENAUD, Bisuopr, Lo AND WORRALL

Distributed Layer Don Node 1 \g4e 2 Node 3

I
r--r——"~"""""~>""~"""~>">">">"">"">"™>"77 [

Application | DDScheduler CMO | 1Scheduler | Scheduler

|
detect
Deadlock() send()
dependencies

send()

dependencies

boolean send()

isDeadlocked |

dependencies

Fig. 7. Testing for Deadlock

the deadlock status of the system. The process triggering the detection process will
then have to decide on a suitabl e response should a deadl ock be detected. Note that
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 handle detected deadlocks. We observed that the architecture designed for
use in the mutual exclusion case had survived relatively intact when applied to a
completely different genre of algorithm was incorporated into Algon.

4 TheMiddleware Layer

4.1 Middleware Independence

In our initial implementation we used Java RMI as the middleware layer. Our in-
tention was to concentrate on interchangeability of algorithms and provision of an
algorithm performance visualisation tool before focusing on the comparison possi-
bilities of the middleware layer that Algon could support.

It is desirable to provide a middleware-independent core of Algon classes be-
cause that makes it far simpler to extend Algon by incorporating another middle-
ware implementation. Thisisimportant because it is useful to understand the im-
pact the particular middleware is having on the system.

Making Algon middleware-independent is no easy task. To explain the diffi-
culty consider the use of j ava. rm asthe middleware layer. If we wish to use the
javatool r m c to facilitate remote invocation of objects representing distributed al-
gorithmsthe stub classhasto extend thej ava. rm . server. Uni cast Renot eQbj ect
class. This class provides the necessary server semantics required in order to sup-
port remote invocation. It also has to implement the | ava. r m . Renot e interface.
All methods of any class implementing the j ava. r m . Renot e interface have to
throw thej ava. rm . Renot e exception. Thisis an interesting and crucial design
decision by Java's designers.

By giving remote invocation similar semantics to local invocation in Java the
designers have attempted to provide a measure of distribution independence. Pa-
rameter passing in Java, happens in one of two ways. call-by-reference for object
instances and call-by-value for primitive types. Remote invocation adds another
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way — call by deep copy — provided by object serialization. Since Java attempts
to hide the remote nature of the invocation the programmer does not always know
exactly how the parameters are being passed, something he/she should know in
order to refine code and make it more efficient.

An attempt to make the remoteness of the invocation transparent is bound to
fail, however, because of the very real difference in the failure semantics of local
and remote invocation. The programmer is therefore forced to make provision for
possiblefailure of distributed components of his’her system, or the network linking
him/her with that system, for remote invocations. Java forces the programmer to
do this by ensuring that j ava. r m . Renot e exceptions are thrown by all methods
in aclass which will be used remotely.

In order to explain the problems experienced in making the system middleware-
independent we will expand upon the inheritance structure of Algon algorithmsin
Section 4.2, then discuss the difficulties in Section 4.3 and end off by introducing
the Al gonRmi ¢ tool, which simplifies the process for the programmer, in Section
4.4.

4.2 Using the Mutual Exclusion Interface

The inheritance structure of the mutual exclusion algorithms used in Algon is
shown in Figure 8. Each algorithm implements the particular interface which is
implemented by all agorithms of a specific functionality type. For example, the
Ment interface will beimplemented by all M utual Exclusion No T oken algorithms.
The Ment interface is defined asfollows:

Remote UnicastRemote
Interface

. . Ment

inheritance Interface

| p
interface

RicartAgrawala

Fig. 8. Algorithm Inheritance Structure

public interface Ment extends Serializable {

public void sendRequests(Schedul erlnterface si) ;
public void reply() ;
public void request(long tine,

11



RENAUD, Bisuopr, Lo AND WORRALL

Schedul erInterface si, Ment m ;
public void getRequestSet() ;
public void sendRel ease() ;
public void rel ease() ;

}

In addition, in order to facilitate communication across the distributed system
the specialisations of the Al gor i t hmclass also extends the
java.rn.server. Uni cast Renot e(bj ect and Renot e classes. Thisensuresthat
the algorithms can have stubs generated for them and that the stubs can be dis-
tributed viathej ava. r m middleware infrastructure. However, if we want to make
the system middleware independent we can no longer have aj ava. r m -specific
implementation at such a high level in the system. We need rather to become
middleware-specific at as low a level as possible and to generalise the upper in-
heritance structure.

inheritance

Ment
Interface

Remote

UnicastRemote
Interface

Object

RicartAgrawala
Rmi

Fig. 9. Extended Algorithm Inheritance Structure

4.3 Making Ment Middleware | ndependent

Achieving independence is not as simple as it appears. It would appear that the
solution would be to have middleware-specific implementations of each algorithm,
which simply extends the inheritance structure as shown in Figure 9. However, this
solution is flawed for two reasons:

(i) Multipleinheritance is not permitted in Java, therefore Ri car t Agr awal aRmi
is not permitted to inherit from both Ri car t Agr awal a and
Uni cast Renot e(oj ect .

(i) Java's exception handling mechanism has two provisos:
(@ You must declare any exceptions that may be thrown and such a declara-
tion must be part of a method signature.
(b) A subclass which is overriding a method that throws an exception must
declare that it throws that exception too — either the same exception, or

12



RENAUD, Bisuopr, Lo AND WORRALL

a subclass of that exception [15]. On the other hand, a method in a sub-
class cannot throw an exception unless its superclass method throws an
exception of the same type. This feature has both advantages and disad-
vantages. On the one hand it is valuable to know what exceptions could be
thrown by the methods of a Java class. On the other hand, the current re-
strictions prevent programmers from easily adapting systems in response
to evolving needs.
Ri cart Agrawal aRm must thus throw at least a Renot eExcepti on from all
methods since it implements the Renot e interface. Therefore the methods it
overridesin Ri cart Agr awal a must also throw a Renot eExcept i on, but this
would defeat the desired middleware-independence of Ri cart Agr awal a.

The only solution to the inheritance problem is to make use of delegation rather
than inheritance. Thus a pairwise inheritance structure was established, where each
algorithm has a middleware-dependent place-holder which is used as a stub class
in the middleware and relays all algorithm-specific callsto the actual algorithm, as
shown in Figure 10.

This deals with the multiple inheritance problem, but does not deal with the
exception-handling problem, since both the middleware-independent algorithm
Ri cart Agrawal a, and the middleware-dependent algorithm, Ri car t Agr awal aRm
must implement the Ment interface and since Ri cart Agrawal aRm must throw
Renot eExcept i ons that means that Ment aso has to throw Renot eExcept i ons,
once again defeating the middleware independence of the algorithm.

Ment RmiAlgorithm
Interface Interface
> < ‘

Remote
Interface

! 7 " RmiMentAlgorithm
Interface UnicastRemote

Object

RicartAgrawala |

inheritance

reference
RmiMentAlgorithm

Fig. 10. Pairwise Middleware-Independent Algorithm Sructure

Thereisaway to work around this problem. We cannot change the fact that the
java RMI middleware-dependent algorithm throws a Renot eExcepti on. There-
forewe haveto ensurethat the the Ment interface (which the algorithm implements)
throwsan exception of typeExcept i on, whichisasupertype of Renot eExcepti on.
Except i on isaso asupertype of all other exceptions thrown in Java so that it will

13



RENAUD, Bisuopr, Lo AND WORRALL

also act as a supertype for exceptions thrown by any Java-based middleware sys-
tem. The implication of thisis that the middleware-independent Algorithm has to
catch and process exceptionsfor each of the Ment interface methods. Thisisnot an
unrealistic expectation, since the algorithms are essentially distributed components,
and this fact will cause them to fail occasionally for different reasons. It is as well
if the Algon system accommaodates thisreality of distributed systems.

To implement the delegation Algon was extended by adding aM ddl ewar e in-
terface which could be used by the system to invoke middleware-required function-
ality. Thisinterface provides Algon with a uniform way of discovering, accessing
and manipulating algorithm instances. Thislayer isillustrated in Figure 11. Algon
detects the user’s dynamic runtime middleware preference, instantiates the specific
middleware implementation and provides a static reference which can be used by
any classin Algon that needs to use middieware functionality. During instantiation
all the middleware-specific components will be started up — such as the RmiReg-
istry in the case of j ava. rm , for example. This frees the Algon user from the
minute details required to ensure that all components that the specific middleware
implementation requires are in place.

RmiRegistry Process ‘

JVM Process
Middleware

Middlewarelmpl

AlgonName RmiOutput
Server Display

inherits

reference interface

Fig. 11. Algon Middleware Layer

4.4 Smplifying the Process

The final step in making Algon middleware-independent was to define a new ex-
ception, caled M ddl ewar eExcept i on, which could be used by all middleware
layers to throw middleware-related exceptions.

Since the place holder classes are essentially middleware-dependent proxies
for the actual algorithms they are very simple to generate automatically. Algon
therefore providesatool forj ava. rm caled Al gonRmi ¢ which generatesthe place
holder for aninterface such asMent compilesit, and runsr m ¢ onit so that the stubs
and skeletons are automatically ready for use by any algorithm implementing that
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interface.

5 Useof Algon

Two mechanisms are used to tailor runtime behaviour:

» Configuration files are used to specify information that cannot be discovered
from the runtime environment. The configuration file host s. prop holds the
following information:

- the IP address of the master site, where each application algorithm can expect
to find the Algon Name Server;

- the number of algorithms that should be participating in the system; and

- the class name of the algorithm that the system should be using.

* Runtime variables are used to specify behaviour that is tailorable per site. The

following settings are currently available:

- generation of status output statements to the command line to signal critical
changesin the system and assist debugging;

- choice of whether to measure performance or not;

- which middleware isto be used; and

- whether the Algon output should be sent to the command line or to the graph-
ical user interface, as shown in Figure 3.

6 Reated Work

Classifying Algon in order to draw comparisons with related work is not trivial. It
has some similarities to reflective systems, and certainly applies separation of con-
cernstechniques. It isalso avery specialised programmer tool. A reflective system
typically reasons about itself, and then acts upon itself based upon such reason-
ing [14]. Thisdefinition has been applied fairly loosely to many different systems.
Reflective systems are composed of a base level and a meta-level, with changes
at the meta-level causing changes to the base-level’s behaviour [28]. Algon can-
not be classified as a reflective system since it does not react to its own behaviour,
but rather to a runtime configuration setting. The configuration file cannot really
be classified as a meta-object. Thus we cannot compare Algon to reflective sys-
tems. We therefore classify Algon as atool which applies a separation of concerns
technique to algorithmic concerns.

Some research has been doneinto providing programmers with tool swhich sep-
arate behavioural features of software from functional features[6,8]. The technique
has been applied to a variety of different concerns, including real-time constraints
[1], distribution and replication [6], exception handling [5], location control [16]
and synchronisation [13]. There are basically three approaches to achieving sepa-
ration of concerns:

() identifying the specification of concernsand allowing the programmer to spec-
ify each concern in a separate object [8,20].
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(i) treating the concern as being orthogonal and freeing the programmer com-
pletely fromit [19].
(iif) providing the programmer with a library which encapsulates the complexity

[6]. The library typically contains functions which can be invoked by the
programmer when required.

Thefirst approach isusually donefor reflective purposes but we do not feel that Al-
gon is adding reflective capabilities to the system. The second approach is also not
suitable for Algon’s purposes since the programmer must obviously be involved in
the use of Algon. Algon is most similar to toolsthat fit into the third category. Al-
gon does provide alibrary, but offers the programmer an additional level of choice,
and supports an informed choice by means of the performance comparison tool.

One approach that fits into the third category and that also addresses distribu-
tion issues is Garf [6]. Garf provides the programmer with an extensible library
for adding behavioural features to distributed programs. Whilst being innovative
for its time, Garf has two shortcomings: it was implemented in Smalltalk which
limits its applicability, and it does not attempt to offer a choice between different
implementation techniques. Algon addresses distribution issues, as does Garf, but
from an algorithmic perspective. Rather than providing a library of functions to
be used blindly, Algon recognises the differing nature of distributed systems and
offers programmers the capacity to tailor their systems accordingly.

7 Conclusions

This paper describes aprogrammer tool which enablesthe comparison of algorithm
performance by everyday distributed system programmers. The tool does not re-
guire a knowledge of complex algorithms, and algorithms are interchanged with a
minimum of effort.

We have aso outlined a technique for allowing interchangeable middleware.
We have reason to believe the we will be able to extend the techniques outlined in
Section 4 to other typesof middlewareaswell. Thiswork isongoing. Thereafter we
will extend the performance visualisation interface, currently tailored to reflecting
algorithm performance, to incorporate monitoring which will reflect performance
measures that can be used to judge middleware performance.
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