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It is difficult to devise a uniform load balancing strategy for heterogeneous distributed computing environment, designed
to cater to a number of users and a variety of applications, with unpredictable arrival patterns of jobs. This paper investigates
the effect of the type of workload on the performance of a load balancing algorithm by using a Workload Simulator. The
Simulator helps identify various parameters for improving the performance of the Load Balancing Algorithm for different
workload and resource availability conditions. The algorithm and the workload simulator have been applied along with
WebDedip, a distributed computing environment.
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 ,QWURGXFWLRQ
A Load Balancing algorithm for a heterogeneous
distributed computing environment attempts to improve
the response time of a parallel or distributed application by
ensuring optimum utilization of available resources. It
should respond quickly to the changing workload and
environmental conditions without causing much overhead.
Hence it should customize its strategy as per the prevailing
conditions. One method to do this is by having an efficient
learning system [15,16,17,18]. Such a system requires a
long history of run of load balancer and distributed
computing environment involving a large number of
combinations of workload and environmental conditions.
Even if we have a long history of run, it may not include
all the conditions, particularly those which are encountered
rarely. Moreover to obtain the data for a large variety of
load conditions may prove to be a costly process in terms
of the systems resources. Hence we have devised a faster
means of testing a load balancing algorithm. We have
made a rule based fuzzy simulator [13] which generates a
session with low, medium, high and burst workload
conditions. These simulated sessions are given to the load
balancer, which along with WebDedip [12], runs the
session for 2 to N number of nodes. Each run is analyzed
and corresponding changes are suggested for the load

balancer to optimize its performance. These studies have
identified a method of detecting important parameters for
variable load conditions. We have used the method to work
out the important parameters for two types of load
conditions.
Various scheduling optimization algorithms [1,2,3,4]
are discussed in the literature. Tang HWDO[1] have given an
optimization scheme for static job scheduling. They use a
centralized load balancing policy like us, but allow round
robin job dispatching and multiple processes
simultaneously while we run one process at a time. The
weighted workload allocation scheme introduces the
reallocation strategy to get the performance benefit in
terms of session duration and to accommodate high
priority applications. We are able to avoid the need for
separate weighted workload allocation scheme and job
dispatching scheme by using a waiting queue and a
prediction mechanism. The Simulator generates a real
world scenario and obtains a workable load balance policy,
rather than a set of fixed mathematical optimizations,
consistent with the complexity and dynamic nature of the
heterogeneous environment.
Various workload simulators [5,6,8,9,10] for testing are
discussed in the literature. They are used for application
and environment specific simulation. Incase of the generic
distributed processing environment like WebDedip, it is

supposed to handle, nearly simultaneously, a large variety
of applications. We have developed a simulator [13] for
testing the WebDedip Load Balancer under controlled and
reproducible conditions. It uses rule based fuzzy
probabilistic randomization for simulating distributed
processing applications.

 %DFNURXQG
Several distributed computing environments, providing
different types of tools to the developer, have been
developed. Many scientists have worked on improving the
efficiencies of such environments. Ease of use, is the
parameter which is normally untouched by most of the
scientists. WebDedip [12], developed under a research
project at Gujarat University, Ahmedabad, India, is the
environment which was developed with ease of use as the
core theme to support HPC users like physicists,
mathematicians, civil engineers, etc.
Initially, the
performance issues were not addressed. Later, a hybrid
application centric load balancer [11], consisting of 6
algorithms, a heuristic and a normalization process, was
developed for optimizing the performance.
Testing and tuning of such a load balancer is always a
complex and challenging task. It is very difficult to get the
required number of nodes as well as different applications
for testing. Hence a rule based fuzzy simulator [13] was
developed to generate a variety of sessions with different
applications. The simulator was used extensively to test
the load balancer. It was observed during testing that the
performance of the load balancer can be improved a great
deal by choosing the parameters appropriately.

 *RDODQG,VVXHV
WebDedip load balancer uses a variety of algorithms
and rules. Furthermore, it supports the multi-user
environment. This is achieved at the cost of overheads,
while handling sessions having a number of distributed
applications, with different characteristics. The basic aim
of the WebDedip load balancer is to improve the session
throughput and to manage requests with different priority
levels. Furthermore, WebDedip does not postpone an
application beyond a certain limit to improve throughput.
We aimed at optimizing such a complex algorithm to
improve the performance and efficiency.

 /RDG%DODQFHU&RPSOH[LW\
We need to understand the WebDedip load balancer
before proceeding further.
WebDedip uses a deterministic approach for
normalizing the heterogeneous nodes into few classes to

reduce the node (class) assignment complexity for an
application. Each application has different processes
connected to each other through Task Flow Graph (TFG).
The critical branch of TFG is taken as the baseline to
assign the class to each process. Other branches can be
delayed to optimize the resource allocation until it doesn’t
cross the baseline. It has process completion and
application completion predictors that use different
permutations of available resources versus requirements.
The load balancer uses dynamic sliding window technique,
while assigning a class to reduce the complexity of
permutations. Applications outside the sliding window, are
placed in different FIFO queues based on priority.
However, queues are reshuffled to optimize the session
throughput. Simultaneously it increases the priority of the
applications, that are delayed, to restrict the delay to
predefined limits.
WebDedip load balancer is a pseudo dynamic design
that applies a set of rules and algorithms on predefined
events.

 /RDG%DODQFHU,PSURYHPHQW0RGHO
We developed a simulator [13] to simulate a variety of
sessions with different characteristics to test the efficiency
of the load balancer. The session may be in low, medium,
high or burst mode of loading. Each session was repeatedly
submitted to the load balancer, at a time, varying 2 to 35
nodes of the WebDedip environment. Application of each
case of each session was submitted to the load balancer
dynamically (when it was expected to arrive) using threads
and sockets.
Load balancer analyses all applications of a session for
a case (say 5 nodes) and dynamically assigns the resources
to all the processes of all applications. It generates the
node allocation graphs and expected session completion
time. A throughput graph for each session is generated
based on the results available for 2 to 35 nodes.
All sessions were submitted one after another in the
same manner. Three critical parameters affecting the
performance are identified on the basis of node allocation
graphs and session throughput graphs

 'HILQLQJ3HUIRUPDQFH3DUDPHWHUV
The First parameter for load balancer is ‘Requirement
Factor’. It is defined as the time required by any
application on a new node in terms of fraction of session
duration. If its value is kept high, then it may happen that
in spite of having resources, we may not be using them. If
its value is kept low, then overhead associated with
inducting new resources may exceed the advantage of
occupying resources for a small period of time.

The second parameter is ‘Level of Branch delay’ . It is
defined in terms of number of other nodes whose
allocation needs to be altered by dependent as well as
subsequent processes (may be of other applications also) of
a process to accommodate another process ahead of it on a
given node. If its value is higher, then load balancer
overhead may increase more than the advantage gained by
accommodating another process ahead. This is because the
Branch Delay algorithm is implemented by recursive
procedures. A higher value of '
Level of Branch delay'
means less possibility of Branch delay. This would mean a
number of small time intervals, during which the node
remains unutilized, may be there after load balancing.
The third parameter is ‘Depth of Reallocation’ . It is
defined in terms of time duration up to the end of
allocation window [11], within which all the processes of
all the nodes need to be reallocated to accommodate a new
application. Optimization of this parameter is required to
minimize session completion time. If its value is higher,
then load balancer overhead will increase for reallocating
nodes and other resources. Moreover some application
may get delayed more than their allowable duration. If it is
less, then wastage of resources occurs.

 5HVXOWVDQG'LVFXVVLRQ
We have taken only two types of sessions i.e. Medium
load session and High load session to test and optimize our
load balancer. We have not simulated the Light load
session since it does not benefit much through load
balancing. These test sessions are generated by a Fuzzy
simulator. We have generated more than 50 sessions of
each type for our exhaustive testing. A typical simulated
Medium load session and High load session are shown in
Figure 2 and Figure 3 respectively.
These sessions are given to the load balancer which
gives a set of load balanced sessions for 2 to 35 number of
nodes. The whole philosophy is shown in Figure 1. Figure
4 and Figure 5 show the Percentage CPU utilization and
normalized session completion time for a typical set of
values of optimization parameter i.e. '
requirement factor'
increased by 5 percent,’ Level of Branch delay' is
increased to 3 nodes and '
Depth of Reallocation' is
increased by 20 percent.
As shown in Figure 5, Percentage CPU utilization is, in
general, quite less for a Medium load session as well as for
a High loaded session even for two nodes. The reason for
this behavior is the arrival pattern of the applications.
During some time interval within a session, there may be
very less load or no load at all, even for High loaded
sessions.

For less number of nodes, Percentage CPU utilization is
less in case of Medium load session as the session may
have less load intermittently or no load at all. In general, a
High load session will have sufficient load all the time.
Hence for this case percentage utilization will be more for
less number of nodes.
Gradient of Percentage CPU utilization curve is
more in case of High load session, as load balancer will
assign the load optimally for less number of nodes. But as
the resources increase, it will try to occupy new resources
even for a very short duration. Induction of a new system
for very short duration will decrease Percentage CPU
utilization sharply, as most of the capacity of newly
inducted node remains unutilized. In general, when the
level of requirements is low, no new systems should be
inducted into the system, as it increases network data
transfer overhead, the overheads of managing resources of
newly inducted system, polling overhead etc.
In Figure 4, Normalized session completion curve
saturates earlier for Medium load session because a
Medium load session requires less resources. Average
node requirement for a given type of session is expressed
in terms of the minimum number of nodes required to
complete the session for a given session duration. It can be
obtained from Normalized session completion curve. It is
equal to the number of nodes at the starting point of
saturation of the Session completion time curve. The
system shows remarkable improvement when the number
of available nodes is closer to the average node
requirement. Improvement is less in case of scarcity as
well as abundance of resources.
As shown in Figure 5, an increase in '
requirement
factor'will not only increase CPU utilization for a given
number of nodes but it also increases session completion
time. Its effect is more pronounced on a High load session
for the reason explained earlier in conjunction with
Gradient of Percentage CPU utilization curve. If the '
Level
of Branch delay’ is increased, the CPU utilization
increases and Session completion time decreases. Similarly
when '
Depth of Reallocation' increases, the session
completion time decreases and CPU utilization increases.
The effectiveness of parameters '
Level of Branch delay'
and '
Depth of Reallocation' is high for Medium load
session as a High load session requires extensive recursive
calls or reallocation causing excess overhead to load
balancer.
Interdependency between optimization parameters is also
observed. For example, reallocation becomes quite
frequent when optimization parameter '
Depth of
reallocation'is more than 40 percent of the allocation
window length in the reallocation algorithm. First this
parameter was decided in terms of remaining session
duration. After experimentation we made it dependent on
allocation window length as well. This works fine for both

the sessions. Similarly branch delay algorithm responds
slowly when the value of optimization parameter ’Level of
branch delay’ is raised by more than four levels. Hence the
load balancer takes unusually large time for such cases.
This becomes comparable to the average process duration
for a given session. Hence we decided to restrict the value
of this parameter to four.
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7.
We have carried out exhaustive testing using more than
100 sessions for our optimization. The simulated
environment has enabled such a testing in a short duration.
Otherwise such an exercise would require many days of
work on about 35 nodes for each session in actual
production environment.
During this exhaustive and rugged exercise, we could
fix more than 85 programming bugs to improve the load
balancer accuracy. We had to carry out eight major
modifications in the algorithm to improve the efficiency
and performance. We have improved the performance of
the load balancer by 17%.
We have identified three parameters for
improving the session through put. These should be usable
for other similar algorithms also. It is only by using
optimized values of these parameters, that a load balancer
may be able to achieve an optimum throughput. We are
also working to address the optimization of burst mode and
priority management cases.
We are in the process of interfacing our optimized load
balancer with WebDedip in production environment. We
wish to conduct sample testing for verifying the
optimization effectiveness in production environment.
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