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Abstract: The increasing demands of distributed and parallel applications require sufficiently high-performance
distributed shared memory algorithms capable of providing the service almost steadily. Past and recent decades
witnessed the introduction of number of algorithms and strategies aim at tuning and optimizing the performance of
distributed systems and at extending the scalability of the systems. This paper presents a new strategy that adjoins an
intermediate level of control to the system to scale up the performance via relieving the overhead at the main server.

This strategy can be implemented at both setup- and run-time.
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INTRODUCTION

Building distributed systems on network of
workstations with distributed shared memory (DSM)
algorithm has been proved as a viable alternative to
the traditional message-passing paradigm as the speed
of the network connections and the computational
power of the computers grow at steady pace. The
increasing demands of distributed applications require
sufficiently high-performance DSM algorithms. A
research direction has been launched, alongside
developing efficient DSM algorithms, to investigate
new techniques for improving and enhancing the
performance of DSM systems through improving the
network connectivity in the system.

Such techniques can be called complementary
techniques as they are used in conjunction with DSM
algorithms. This direction of research has presented a
wide spectrum of techniques to optimize the
performance of distributed and networked systems at
different levels of optimization. Levels of
optimization techniques range from client interface,
through  middleware and servers, to the
communication  infrastructure. ~ Among  these
techniques are: adaptive protocols that adjust with the
memory access pattern in distributed applications
[Amza et al, 1999]; per-node multithreading
[Mueller, 1997]; relaxing consistency definitions to
match the needs of an application, load sharing...etc.

Many different protocols have been proposed for
implementing a software shared memory abstraction
on distributed memory hardware environment. The
relative performance of these protocols is application-
dependent in such away that the memory access

patterns of a distributed application determine which
protocols exhibit good performance. Therefore,
building distributed systems with different protocols
may boost the performance in the sense that the
system can choose at run-time the right protocol
based on the observed access patterns.

In [Amza et al, 1999] experiments were conducted to
demonstrate the benefits of having protocols that
automatically adapt at run-time to the memory access
patterns observed in the applications on the
assumption that shared memory access patterns are
detected using virtual memory protection scheme in
the hosting machine. The experimental reports
concluded that adapting protocols at run-time
according to access patterns of the shared memory
can effectively improve the performance only with
respect to the distributed applications, as it degrades
the performance of others.

Also, many algorithms have been presented to
achieve optimization via redistributing tasks between
processors in order to ensure that no processor
remains idle. Such algorithms called load sharing
algorithms [Karatza and Hilzer, 2002]. In these
algorithms, the load distribution activity is initiated in
two different ways. With sender-initiated algorithms,
the activity is initiated when an over-loaded node
(sender) attempts to send task to another under-loaded
node (receiver). On the other hand, receiver-initiated
algorithms trigger the activity when an under-loaded
node (receiver) requests a task from an over-loaded
node (sender).

In [Karatza and Hilzer, 2001] a new epoch load
sharing strategy was presented. With this policy,



workload is  uniformly  distributed among
workstations using job migration which takes place
only at the end of predefined intervals called epochs.
The aim of this model is to reduce the number of
times that global system information is needed to
make allocation decision while obtaining good
overall performance. The scheduler starts collecting
information at the end of the epoch. The scheduler
collects the information about the status of all
workstation queues, evaluates the mean of all queue
lengths and places processor queue length into
increasing order in a table. After collecting the
information, jobs are transferred from the most
heavily loaded processors to the lightly loaded ones.
This process continues until either all processors have
queue lengths equal to the mean or some of them
differ at most by one job.

To evaluate its performance, the epoch algorithm was
executed with different epoch sizes and compared
with some of the other similar models, such as the
migratory probabilistic and shortest queue models
[Karatza and Hilzer, 2001]. The comparison
concluded that for all level of migration overhead
with different workloads, epoch model with different
epoch sizes involved much less overhead, in terms of
collecting global system information, than the
shortest queue policy and the migratory probabilistic
method. Also, the performance of epoch strategy with
small epoch sizes performed comparably to the
performance of shortest queue method.

This paper introduces new strategy for enhancing the
performance of DSM systems via maximizing the
data retrieval rate at application level at run-time.
Generally speaking, this algorithm enhances the
performance of DSM systems by adding up
intermediate level of control to support the main
server supplying the service to the currently running
applications. This paper uses DIME-II DSM system
to demonstrate the algorithm.

DIME-II SYSTEM

DIME-II [Khalil and Petchev, 2003] is a distributed
shared memory system that adopts a framework of
two levels of storage space [figure 1]. The higher
level of storage, called the original memory, contains
the original copies of the shared memory of the
system and controlled by the main server, called
DIME-II server. The lower level of storage space,
called the intermediate memory, keeps copies of part
of the original memory needed by certain application.
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Figure 1: DIME-II’s Levels of Storage Space

This intermediate memory resides in the machine
where that specific application is running and
controlled by a subsystem called DIME-II client.
DIME-II-client acts as a server at this level of control
as it keeps the intermediate memory consistent with
the original memory, and at the same time it provides
service to its application.

ROUND-TRIP TIME-BASED ALGORITHM

This algorithm aims at scaling up the performance of
DIME-II DSM systems via adding intermediate level
of control to the system. The sought goal is to
alleviate the overhead on the main central server, by
initiating another level of service that can supply the
running application with the service rather that taking
it directly from the main server. Having several levels
of control can allow more applications to be added to
the system while maintaining good performance (i.e.
good scalability).

The extra level of control or service consists of
several intermediate servers and memories. Each
intermediate server supplies the service to certain
amount of applications, and therefore, the memory
associated with it can contain only the data needed by
these applications, which means this lower level of
memory structure contains only part of the original
memory.

The location of this server lies between DIME-II
server and DIME-II clients (figure 2). That gives
three levels of memory structure in DIME-II of multi-
level storage spaces. 1. The main (original) memory,
which is controlled by DIME-II-server. 2.
Intermediate memories (level 1) controlled by
intermediate servers. 3. Intermediate memories (level
2), which are under the control of DIME-II-clients.
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ace in DIME-II system with
Intermediate Servers

To implement this strategy, a crucial decision has to
be taken carefully of when to initiate this level and
where to place the new intermediate server and
memory. Such level of control can be initiated either
at setup-time or run-time.

STATICALLY-INITIATED INTERMEDIATE
SERVERS (SIS)

As it aims to improve the performance of distributed
shared memory system by adding another level of
control reducing the overload occurs at the main
server, an intermediate server and memory can be
placed in a location nearby specific applications.

For instance, if the main server resides in a far-off
location, remote applications can have intermediate
server in the same LAN. Therefore, remote
applications can get the service of DIME-II DSM
system via an intermediate server associated with
storage space. The intermediate server communicates
with the main server on behalf of the remote
applications. Therefore, the main server gives the
service to only one application (i.e. the intermediate
server) and therefore it will have minimum overhead.
Such  servers are called statically-initiated
intermediate servers (SIS), because they are initiated
at setup time rather than run time.

To examine the impact of having intermediate level
of control on the performance of DIME-II system,
experiments have been launched to compare the
performance of the system with and without
intermediate  servers. For these experiments,
applications that read and write continuously on the

DIME-II system are used. Those applications are
placed on the same LAN with an intermediate server,
whereas DIME-II server is located on a location
connected with the applications’ LAN by five
switches. The experiments have been executed with
different workloads (Table 1). Each workload
executes only one writer and different number of
readers. Here, workload 1 means one reader and one
writer, and workload 2 means two readers and one
writer, and so on.

Workload Without SIS With SIS
Workload1 134 124
Workload2 112 121
Workload3 80 118
Workload4 71 102
Workload5 58 89

Table 1: The performances of DIME-II with and
without static intermediate server (SIS) measured as
data retrieval rates (kilobytes/second
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Figure 3: The performance of DIME II system with
and without Statically-initiated Intermediates Servers

The results show that, having static intermediate
servers does not improve the performance when there
are only two applications in the system (Workload 1).
However, the impact of the presence of the
intermediate control level becomes visible as the
number of application increases (Figure 3).

Thus, statically-initiated intermediate servers can
significantly improve the performance of DSM
system even when the number of applications is not
large. Such static servers can be used more effectively
when having, for example, DSM system that is
distributed in a very wide area (i.e. different cities or
may be countries).

Therefore, such servers can be used when the main
server resides in a far-off location, which allows
remote applications can have intermediate server
located in the same LAN where they can take the
service. Experiments have shown that such servers
can improve the performance by up to 50%.

DYNAMICALLY-INITIATED INTERMEDIATE
SERVERS (DIS)

The encouraging results from the implementation of
SIS within DIME-II system can be taken one step
further to examine the initiation of intermediate
servers at run time. This section presents an algorithm
that can initiate intermediate servers at run time,
when the system has three applications (only for
demonstration purposes).

When DIME-II server is supplying the service to
three applications, it can direct any further connection
request from new application to get the service from
the nearest intermediate server. In this algorithm,
each DIME-II client in the system has an embedded
intermediate server that is ready to provide the
service to the requesting applications. DIME-II server
keeps records of the available intermediate servers.
DIME-II server gets the IP address and the port
number where an embedded server is listening, when
it receives a connection request from the application
where an intermediate server is embedded. Hence, in
the absence of any static intermediate servers, there
will be intermediate server of number equal to the
number of the applications that get the service from
the main server, DIME-II server.

When it receives a connection request from new
application, DIME-II server sends a message to that
application to get the service from an available
intermediate server. This message contains the IP
address and port numbers of all intermediate servers
in the system. The application, via its DIME-II client,
sends dummy messages to the intermediate servers to
calculate the round-trip time (RTT) between the
application and each of the servers. Assuming that the
server of the shortest RTT is the nearest one, the
application can take the service from the intermediate
server of the shortest RTT. This is based on the
results of SIS servers, that the performance is much
better when an application gets the service from a
nearby intermediate server. Such servers are called
dynamic intermediate servers (DIS) as they are
initiated at run time. To examine the effectiveness of
the algorithm, the same benchmark in the previous
experiments is used. This time, workload 1 contains 3
applications and 4 applications in workload 2, and so
on (Table 2).

Workload Without DIS With DIS
Workload1 87 104
Workload2 70 99
Workload3 57 85
Workload4 50 74

Table 2: The performances of DIME-II with and
without dynamic intermediate server (DIS) measured
as data retrieval rates (kilobytes/second)
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Figure 4: The performances of DIME-II with and
without dynamic intermediate server (DIS)

Experimental results have shown that the algorithm
works fine every time a new application is requesting
the service, and the performance can be improved by
up to 48%. Therefore, initiating intermediate servers
that are embedded within DIME-II client code is a
practical means to produce an improved performance
in DIME-II DSM system, when DIME-II server is
loaded with applications. Furthermore, round trip
times can be used to identify the location of the
intermediate server, where an application is preferred
to get the service from.

CONCLUSION AND FUTURE WORK

This paper presents a new strategy for scaling up the
performance of distributed shared memory systems.
This strategy adds intermediate level of control to
alleviate the overhead at the server side of the system.
This level of control can be initiated at setup time or
run time. Experiments have shown that having an
intermediate level of control in DSM system can
improve the performance. The performance of the
system is increased by up to 50%, measuring the
performance in terms of data retrieval rates.

This algorithm can be extended to allow the system to
reconfigure its own structural design by adding
number of intermediate servers and redirecting the
connected applications to get the service from the
available server according to the round-trip times, to
adapt to the current state of the system. Although it is
always difficult to reconfigure DSM systems at run
time to scale up the system, as it usually involves

high software and communication overhead.
However, having such algorithm is always an
attractive solution, as the system can be monitored all
the time and reconfigured when certain overhead is
reached. Thus, it provides the using system a better
scalability and, of course, an optimized performance.
The main reason for improvement in the system is the
fact that the algorithm cuts the network latencies in
the data retrieval process.
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