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Abstract

We present the design and implementation of a framework for interchangeable distributed
algorithms. The algorithms are drawn from the set which includes mutual exclusion, dead-
lock detection and agreement protocols, and we have implemented several examples of the
first tonsiswo of these. Algon cts of a library of algorithms, a framework for incorporating
them into a new or existing system, and a tool for evaluating comparative performance. In
this way, much of the complexity related to distributed systems can be isolated in its own
component level and the programmer can choose from among different algorithms in the
same class based on performance in a given application. Incorporating many algorithms
in a single framework was made possible by the observation that algorithms in a given
class, e.g. mutual exclusion, almost always expose the same methods. These methods in-
terface with an Algon scheduler which maintains state and provides convenient hooks for
the application to invoke the services of the algorithm.

In this paper we describe the structure of Algon in detail, with a distributed deadlock
detection algorithm as the case study. We then extend the notion of separation of concerns
by creating an addition layer in Algon, underneath which the middleware that runs on
each node can be interchanged, for example from Java-RMI to CORBA. Challenges in
the re-tooling of the system, related to multiple inheritance, exceptions and the automatic
generation of stubs and skeletons in our implementation language, Java, were overcome in
novel ways. Algon has the potential to be a framework with a long life, as it can adapt to
new middleware, such as .NET.
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1 Introduction

Many programmers have been trained to develop 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, concerns in a distributed environment include non-
determinism, contention and synchronisation issues [12]. 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 algorithm achieves
the expected result in a different way and with different performance characteris-
tics. However, the exact implementation of the algorithms in a particular program-
ming language is often left unspecified [26,27]. The programmer is therefore faced
with

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

(i1) 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 simplest algorithms for guaranteeing mutual exclusion, Ricart-
Agrawala [24], involves:

(1) sites sending requests and replies to other participating sites,
(i1) comparing timestamps, and
(i11) 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
[2,11,25], their primary function is educational and they are not intended to be
components for development.

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 concerns technique be ap-
plied [19,13]. Separation of concerns simplifies the programmer’s task 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 allows the programmer to decompose software into smaller, more
manageable parts that are easier to keep up to date with evolving needs [18]. This
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technique has been applied to other aspects of distributed applications [6], and to
separating algorithms from parallelism [29] 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. This is achieved
within a framework called Algon I which includes:

* alibrary of algorithms to be used as and when required;
* a framework 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.

The Algon concept and its associated design pattern was first proposed in [3]. It
has since been successfully implemented, and a performance comparison tool has
been developed [23]. 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 dy-
namically replaced by CORBA. Algon is implemented entirely in Java, a popular
and suitable language for the development of distributed applications. We envisage
a C# version of Algon in which .NET or any other future middleware system is
used. The lessons learnt through this research include practical aspects of software
composition, the impact of language features on system design and issues associ-
ated with evaluating complex systems at runtime.

Section 2 describes the 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

The abstract architecture for distributed applications extended with the Algon frame
work is shown in Figure 1. The application-specific code, P uses an interface 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:
(a) ascheduler §, and
(b) an algorithm A, which implements an Interface /;.
The distribution layer, D, is selected specifically to match the family of algo-
rithms represented by A ;.

! Algon stands for Algorithms On the Net.
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Application Layer Application P
T | Classic Algorithm C

Distributed Layer D Scheduler S

Interface | ;

Algorithm A j

Middleware Layer
T | Middleware M ;

Fig. 1. Basic Algon Infrastructure

(i1) a middleware backbone M}, 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 I; 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 MEScheduler
— the Mutual Exclusion Scheduler. The Interface I; could be the MENT algorithm,
for all Mutual Exclusion No Token algorithms. The algorithm A; could possibly be
the Maekawa or the Ricart-Agrawala algorithms — depending on the algorithm the
system developer 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:

(1) 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. Such identification sup-
ports middleware independence: some middleware frameworks, such as RMI,
need to know the location of other objects, while others, such as CORBA,
support dynamic discovery.

(i1)) 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
a name to each application statically is the simple solution, but this is not realistic
in an industrial setting. Therefore we had to assign unique names dynamically. The
obvious solution here is to use a name server, and the AlgonNameServer, shown
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