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1. INTRODUCTION

In distributed system applications, the implementation of fault tolerant techniques such as
data replication, increases the network traffic considerably, causing congestion and other
complications. Various techniques have been developed to decrease the message complexity
while providing high availability [1,2]. The key concepts used in these concepts are the group
communication protocols and multicasting. Among the important contributions to the field
are Isis [3], Horus [4], Totem [5] and Transis [6] projects. These are all event-driven
asynchronous distributed systems. Although these systems can be successfully used in
applications such as  transaction processing, banking and stock market trading and replicated
database systems, their real-time capabilities are limited. Only Totem has features for real-
time, however, the extended virtual synchrony model used is still based on an asynchronous
model.

On the other hand, synchronous models can yield better performance for real-time
applications. For example, Delta-4 project uses synchronized clocks for the applications and
logical clocks for multicast message ordering [7]. AAS is developed for air traffic control and
uses a clock-driven and event-triggered approach [8]. MARS is developed for process control
and uses a clock-driven and time-triggered approach [9]. However, for geographically
distributed systems, the situation is further complicated in synchronous models due to the
requirement of a globally synchronized clock. Moreover, it is well known that, these models
require high communication bandwidth to yield acceptable performance in real-time
applications.

In this work, a cluster based approach is applied to a synchronous system model with the
expectation of reducing the network overheads while providing a suitable platform for real-
time applications. This approach needs the development of a fault tolerance model that should
be glued to the underlying communication protocol within the clusters and between the



clusters. This fault tolerance model should not be confused with the fault tolerance concept at
the application layer. The latter is entirely independent of fault tolerance at the
communication layer and any popular scheme such as replication can be used at that layer. At
the communication level, the difficulty arises due to the crash failure model accepted. To
maintain the intracluster and intercluster communication, a model that contains “ordinary
cluster node”, “cluster representative” and “leader” concepts is developed. The
communication protocol is designed to run these three processes at appropriate levels. In case
of failures, the protocol rebuilds the system and starts functioning again.

The paper is organized as follows: In Section 2, the distributed system model is given and its
interrelation with communication is stressed. In Section 3, the ring based protocol is
explained with the algorithms and state diagrams. In Section 4, the implementation is
explained and preliminary results of the ongoing implementation are discussed. Concluding
remarks are given in Section 5.
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 Figure 4:State diagram of the node protocol
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4. IMPLEMENTATION

The node, representative and leader algorithms are partially implemented on a network of
workstations. The network consists of three clusters, each having three nodes with one of
them having two of the nodes on the same machine.  All nodes are UNIX workstations
located in Ege University campus. The clusters are all on different 10 Mbps Ethernet
segments. The outer ring is 100 Mbps FDDI. The implementation includes the
synchronization of inframe and outframe. The synchronization rate achieved is an essential
measure for the performance of the protocol when no crash occurs. Therefore, the maximal
rate achieved at this level gives a good idea about the cycle period both for the inner ring and
outer ring. Four different sizes are used for the messages: 1K, 2K, 4K and 8K. The outframe
issue period is taken as 100 msec. Table 1 shows the average completion times of ring cycles
based on 30 observations in miliseconds. As can be seen from the table, outframe issue period
is well above the cluster periods to guarantee that inframes are ready waiting for the outframe.
No cluster issue period is enforced for the moment. Representatives issue their inframes as
they receive outframes.

5. CONCLUSION

A cluster-based distributed system model is considered for a ring-based hierarchical
communication protocol developed together with its imbedded fault-tolerant cluster
membership algorithm. The cluster concept is considered on a hardware basis such as the
computers on the same Ethernet segment. The fault-tolerance algorithm developed allows the
protocol to maintain communication in case of  crash  failures.  For any resource management
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functionality, the protocol can be applied with tuned parameters such as the type of
information carried in inframes and outframes and the length of the periods of frame issuing.
This generic approach would then yield to a situation in a distributed network where n frames
circulate, each of which corresponds to a discrete resource management function.

Message size Inframe-Cluster1 Inframe-Cluster2 Inframe-Cluster3 Outframe-Outer
ring

1K   5.254 13.696  3.003 19.456
2K   9.821 19.195  6.803 28.225
4K 14.179 25.132 10.872 43.421
8K 24.725 39.341 20.930 62.665

Table 1:Ring cycle completion times
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