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Abstract: Load balancing is an important stage of a system using parallel computing where the aim is the balance of workload
among all processors of the system. In this paper, we introduce a new load balancing algorithm with new capabilities for parallel
systems, among which is the independence of a separate route-finder algorithm between the load receiver and sender nodes. In
addition to simulation of the new algorithm, due to similarity in behavior to the proposed algorithm, the central algorithm is
simulated. Simulation results show that, the system performance increases with the increase of the degree of neighborhood be-

tween the processors. These results also indicate the algorithm’s high compatibility with environment changes.
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1 Introduction

With the rapid pace in scientific endeavors and
the necessity for high-speed processing, which may
even affect the mode of distribution, the need for
parallel and distributed systems is soaring. The
presence of a number of processors in these kinds of
systems shows, from one perspective, the necessity of
a uniform distribution of workload among these
processors. Studies have shown that in these systems
the probability of a processor being idle in the system
and other processors having an array of tasks at hand
is very high (Chhabra et al., 2006).

The issue can, in fact, be thus presented that the
use of parallel and distributed systems, due to the
speed they add to the processing tasks, is an important
factor. But the capital needed to elevate systems to the
parallel system type seems logical only when the
workload of the system is distributed suitably among
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the processors. The aim becomes practical in parallel
and distributed systems by implementation of a cer-
tain type of algorithm, called ‘load balancing’.

This paper is an extension of Zamanifar et al.
(2010). In this paper, the load balancing in parallel
calculations is explicated and a new algorithm with
new capabilities is presented. The structure of this
algorithm is studied based on the categorization pre-
sented in Osman and Ammar (2002), and the new
algorithm and the central algorithm are simulated.
Simulation results show that with the increase of
processors’ degree of neighborhood, i.e., the ratio of
system’s total numbers of processors, the system
performance increases. These results also indicate the
ability of the new algorithm in selecting various paths
between the two processors along with condition
changes in a system environment.

2 Load balancing

In general, load balancing is used for many
benefits, including minimizing execution time and
maximizing resource utilization (Chhabra et al.,
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2006). Load balancing algorithms are divided into
two major groups: static and dynamic. In the former
type, based on an estimation of the time needed to
complete any given task, tasks are assigned to proc-
essors during the compile time, and their relation is
determined. There is no decision on this type re-
garding a shift of task from one processor to another
during the execution time. In dynamic load balancing
algorithms, however, the load status at any given
moment is used to decide task shifts between proc-
essors (Wu, 1997; Osman and Ammar, 2002; Grama
et al., 2003; Chhabra et al., 2006).

Random, central, and rendez-vous are among the
existing load balancing algorithms which can be seen
in Fonlupt et al. (1995), Fonlupt et al. (1996), Osman
and Ammar (2002), and Cruz and Mateus (2003).

Also, load balancing algorithms should be
compared with respect to the parameters of quality of
which nature and overhead-associated can be men-
tioned (Chhabra et al., 2006). For instance, the dy-
namic algorithms have higher overhead compared to
the static ones.

Processors in parallel and distributed systems in
relation to load balancing algorithms can be divided
into three groups based on the workload level:

1. Processors that have a large number of tasks to
do are referred to as ‘heavily loaded processors’ or
sometimes ‘overloaded processors’.

2. Processors that have a small number of tasks
to do are referred to as ‘lightly loaded processors’ and
also ‘underloaded processors’.

3. Processors named ‘idle processors’ that have
no tasks to do (Fonlupt et al., 1995; Chhabra et al.,
2006).

Dynamic load balancing algorithms are catego-
rized based on a structure presented in Osman and
Ammar (2002), a categorization in which algorithms
are studied from various perspectives. For example,
one of the criteria for algorithm categorization in this
structure is “initialization’, in which the way by which
algorithms begin to work and whether the algorithm is
carried out periodically or is event-driven are focused.

Also, various strategies have been proposed for
the categorization of load balancing algorithms. In
each of the strategies there are different ranges for the
definition of the load balancing algorithm. Examples
of these strategies can be seen in Kuchen and Wag-
ener (1990) and Liling et al. (1991).

Another aspect that should be considered is the
variety of parallel and distributed operational envi-
ronments. For example, in a system, the sources may
be of the same type and with the same capacity (for
homogeneous systems) or of various types and with
varying capacities (for heterogeneous systems). The
architecture used in the system (multi-data/task) can
affect the execution or even the definition of the al-
gorithm. Other examples of this type can be tracked in
Chhabra et al. (2006). Also, in de Ronde et al. (1996),
Lai et al. (1997), Berger and Browne (1999), Giusti et
al. (2005), Garcia and Semé (2006), and Borovska
and Lazarova (2007), the load balancing problem has
been described for various parallel and distributed
operational environments.

In the next section, the new algorithm is pre-
sented and studied based on the categorization in
Osman and Ammar (2002).

3 New load balancing algorithm

To explicate this algorithm, it should be stated
that with respect to the variety manifested in the to-
pology used to connect processors, each processor has
a definite maximum number of neighbors. For ex-
ample, in a system in which the processors are ruled
by mesh topology, each processor has, at most, four
neighbors. We can define a field for each processor,
the amounts of which would determine each of its
neighbor processors.

For additional explanation, suppose we call the
characteristic “direction’. As an example, in Fig. 1, for
each processor there are at most four neighbors;
therefore, “direction’ in each processor can acquire
four values, i.e., {left, right, up, down} or {1, 2, 3, 4}.

Fig. 1 Specific amounts of direction centered on the pl
processor
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The idea of this algorithm stemmed from the
perspective that a processor may be neither idle nor
overloaded, but has both idle and overloaded proc-
essors neighboring it, and can therefore serve to relate
them. In other words, the related processor can send
the message that is not idle itself but has an idle
neighbor processor to its neighboring processors.

The algorithm works as follows. As soon as a
processor becomes idle, it sends a message to its
neighbors. This message includes the number of the
idle processors, the message number, a counter, and a
field to determine the validity of the message. The
number of the processors is, in fact, its ID. Any proc-
essor may become idle many times. To determine the
validity of a message (i.e., to assure that it is not a
previously expired message), a message number is
used. “‘Counter’ is a characteristic to which one unit is
added each time a message is conveyed from one
processor to another and it determines the distance of
the message from the first idle processor from which
it originated.

The neighboring receiver processor saves the
message complete with all its related information and
with regard to the direction from which it came. Note
that the highest number of messages that a processor
can store depends on the number of its physical
neighbors. In reality, each processor can store only
one message coming from any direction, this message
being the last message received from that direction.

If a processor reaches the underloaded level, it
chooses from the received messages of neighboring
processors the one that has the highest priority level
(i.e., the closest) and sends the message to its own
neighboring processors.

Eventually, an overloaded processor chooses
from its received messages the one with the highest
priority to send a portion of its load to the processor
where the message originated.

The status of the processors is shown by a
comparison of the average workload of the whole
system and the workload of each processor. A proc-
essor without workload is in idle status, while a
workload under the average of workload of the whole
system is underloaded; otherwise, it is overloaded.

Algorithm 1 gives the pseudo-code of this
algorithm, where d is the highest number of neighbors
that any processor within a system embodying a spe-
cific protocol can have and n is the number of
processors.

Algorithm 1 The new load balancing algorithm
If processor p is idle
if last_message_number(p, 2)=0 then
last_message_number(p, 1):=last_message_number(p, 1)+1;
last_message_number(p, 2):=1;
for i:=1to d do
send message to direction i of processor p (p, last_
message_number(p, 1), 1, 1);
end for
end if

If processor p is underloaded
min:=co;
walk:=o0;
for i:=1tod do
if receive_message(p, i, 4)=1 and receive_message(p, i, 3)
<walk and last_message_number(receive_message(p, i, 1),
1)=receive_message(p, i, 2) and last_message_number
(receive_message(p, i, 1), 2)=1 then
walk:=receive_message(p, i, 3);
min:=i;
end if
end for
if min#oo then
for i:=1to d do
if i#zmin then
send message to direction i of processor p (receive_
message(p, min, 1), receive_message(p, min, 2),
receive_message(p, min, 3)+1, 1);
end if
end for
end if

If processor p is overloaded
if match(p)=0 then

min;=oo;
walk:=o0;
fori:=1toddo

if receive_message(p, i, 4)=1 and receive_message(p, i,
3)<walk and last_message_number(receive_message(p,
i, 1), 1)=receive_message(p, i, 2) and last_message_
number(receive_message(p, i, 1), 2)=1 then
walk:=receive_message(p, i, 3);
min:=i;
end if
end for
if min#oo then
pl:=p;
p2:=get _processorid(p, min);
idle_processor:=receive_message(p, min, 1);
dl:=min;
for i:=1 to walk do
receive_message(pl, di, 4):=0;
path(p, idle_processor, i):=d1;
if izwalk then
pl:=p2;
p2:=—1,;
for j:=1tod do
if receive_message(p1, j, 4)=1 and receive_
message(pl, j, 1)=idle_processor and last_mes-
sage_number(idle_processor, 1)=receive_mes-
sage(pl, j, 2) and last_message_num-
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ber(idle_processor, 2)=1 then
di:=j;
p2:=get _processorid(pl, d1);
end if
end for
end if
if p2=—1 then
break;
end if
end for
if p2#-1 and last_message_number(idle_processor,
2)=1then
last_message_number(idle_processor, 2):=2;
match(p):=idle_processor;
end if
end if
end if

The last_message_number array is an nx2 array,
in  which last_message_number(p, 1) shows the
number of the last message sent by processor p when
in idle status and last_message_number(p, 2) shows
the current status of the message. If last_message
number(p, 2) is zero, the message is no longer valid; if
one, the message is valid; and if two, the message is
received by an overloaded processor ready to transfer
load to the idle processor. After load transfer the
quantity of this field will become zero.

Another array used is the receive_message,
which is an nxdx4 array. This array should, in fact, be
defined as separate dx4 arrays for each processor, but
we have, for simplicity, defined it as noted. In this
array, receive_message(p, d1) has four fields, which
save the message received from the d1 direction of
processor p and, as mentioned, the message includes:
(1) the number of the idle processors, (2) the message
number, (3) counter, and (4) message validity field.
The message validity field falls to zero after the
message expires but it is one in normal status.

The path array is an nxnxn array. After the exe-
cution of the algorithm for any overloaded processor i
which finds an idle processor j to receive load, the
path of load transfer from processor i to processor j is
saved in path(i, j). Note that this type of address pro-
vision is different from the typical in that, instead of
using the processor id, the direction of transfer along
the transfer course is incorporated into this array. In
addition, note that this array should also be defined
separately for each processor as a local nxn array, but
we have used it in this form for the simplicity of code
definition. The get_processorid(p, d1) function re-
turns the number of the processors on the d1 side of
processor p.

After an overloaded processor chooses an idle
processor, the workload of the overloaded processor
is divided between the two processors according to
their processing capacities. If the system is a multi-
task system, the workload is measured in terms of the
number of tasks; if a multi-data system, the data
amount is measured. The workload is then divided
between the two processors.

In relation to the algorithm execution time, it
should be said that each processor in any status (idle,
overloaded, underloaded) can carry out its duty in-
dependently toward the load balancing algorithm, but
it is a better option if, in the load transfer stage, the
execution is harmonious and simultaneous.

We now wish to call the readers’ attention to the
following two points:

1. A threshold can be considered for the message
counter. Another reason for using the message coun-
ter is presented here. This threshold can be between
one and the maximum distance between the two pro-
cessors, so that any amount surpassing the threshold
would automatically render the message invalid. In
addition, having a threshold enables us to control the
overhead resulting from continual repetition of mes-
sage sending and to change the threshold level based
on the circumstances. Through adjustment of the
threshold level, we can switch between various com-
munication policies (local, uniform, global) even
during execution; that is, we can allow workload
transfer for any processor within a certain circum-
ference of its locality.

2. Considering that this is a dynamic load bal-
ancing algorithm, we will analyze it based on the
categorization presented in Osman and Ammar
(2002). In terms of initiation, the algorithm can be
activated by both periodic and event-driven initiation.
As previously mentioned, the load-transfer stage
would be better controlled periodically. In relation to
‘load balancer location’, the algorithm operates in a
distributed and asynchronous manner, meaning that
all processors are included in the algorithm execution,
but there is no need for simultaneous operation.
Concerning information exchange, processor decision
can be based on global information, but this depends
on the threshold level. Communication topology is
uniform, meaning that the processor neighbors do not
change at any given moment during execution, and
also it is worth mentioning that the workload ex-
changes can be global and this, again, depends on the
threshold level.



Sadjady et al. / J Zhejiang Univ-Sci C (Comput & Electron) 2011 12(6):455-463 459

4 Simulation of the new algorithm

Simulation was carried out for two topologies:
2D mesh with a wraparound link (2D torus) and ring
with 64, 16, and 4 processors. In addition, to study the
system efficiency in homogeneous and heterogeneous
environments, all simulations were conducted for
environments in which processors were equal in
terms of processing capacity. And, for environments
in which processors were within the processing ca-
pacity range of [1, 3], it was supposed that a processor
with a processing capacity equal to three has a proc-
essing speed three times that of a processor whose
processing capacity equals one.

Another issue at hand was the architecture of the
parallel system. We considered two architectures:
single program multiple data (SPMD) and multiple
instruction stream, multiple data stream (MIMD). We
chose for the SPMD architecture an [80, 240] byte
range with uniform random distribution as the proc-
essor data range from which we chose data quantities,
and for the MIMD architecture a [6, 202] KB range
with normal random distribution (u=44 KB, ¢=400).
Also, we chose the task computation time for the
MIMD architecture from a range of [64, 768] ms with
an exponential distribution (1=0.006) for each unit of
data. These numerical ranges and their distributions
were chosen on the guidance from the simulations
presented in Liling et al. (1991) and Legrand et al.
(2004).

When executing the load balancing algorithm in
simulation, it is initially necessary to determine the
duty of each processor in relation to the algorithm
based on its momentary load in the system. In this
situation, after each processing operation, any proc-
essor in whatever status, carries out its duty to the
load balancing algorithm. Then, at specific intervals
after repeated processing steps, the migration of
workload is allowed between the processors. The
simulation of the load migration stage from the load
balancing algorithm occurs simultaneously in all of
the processors. During workload migration, the time
consumed for this transition must be determined;
consequently, it must be borne in mind that there may
be a common link in a number of workload migration
paths between processors. An equal measure of link
bandwidth was assigned to each workload migration
path.

Finally, after execution of the new load balanc-
ing algorithm, efficiency parameters of the algorithm
need to be determined. Among these parameters are
speedup (serial/parallel runtime) and workload mi-
gration percentage. This percentage is computed by
dividing the overall amount of workload migration by
the overall amount of system workload production.

For each of the resulting functional areas, the
experiment was repeated a number of times for con-
firmation. Eventually, the simulation outputs for eight
environments with varying features involving 64, 16,
and 4 processors were obtained (Fig. 2).

As an example, in Fig. 2a the result of simulation
for an environment with SPMD architecture and 2D
homogeneous torus topology involving 64 processors
is shown. Here, the amount of workload transfer and
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Fig. 2 Results of the new algorithm applied to homoge-
neous torus topology with single program multiple data
(SPMD) architecture (a) and heterogeneous ring topology
with multiple instruction stream, multiple data stream
(MIMD) architecture (b) involving 64 processors

A negative measure for workload migration for some proc-
essors means that these processors have received workload; a
positive measure in other processors means that they have
transferred a part of their workload
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the system workload in the absence and presence of
the load balancing algorithm are shown. A negative
measure for workload migration for some processors
means that these processors have received workload,;
a positive measure in other processors means that they
have transferred a part of their workload. Also, the
workload pictured for systems with SPMD architec-
ture is based on the data created for each processor
covering the entire simulation time and for systems
with MIMD architecture. The tasks created cover the
entire simulation time for each processor. As can be
seen in the graph of the workload, with the load bal-
ancing algorithm, for all environments, the workload
of overload processors has decreased and transferred
to idle processors. What can be seen as the result of
simulation is the processor status for the entire dura-
tion of simulation time; therefore, these figures do not
show the processor status at any particular moment.
Table 1 shows the characteristics of each ex-
perimental environment, the speedup average of the
executed experiments, and the workload migration
percentage. Note that the number of processors is the
same and follows a common pattern, i.e., 64, 16, and
4 processors, but the total processing capacity in
various environments differs. In homogeneous envi-
ronments the total processing capacity equals the
number of processors, and in heterogeneous envi-
ronments, it is twice the number of processors.
Therefore, in homogenous environments the maxi-
mum speedup equals the number of processors; in
heterogeneous environments, it is double that number.

5 Simulation of the central algorithm

One of the existing load balancing algorithms
was simulated for comparison. Studies of existing
algorithms show that the central algorithm is simu-
lated using a method similar to that for the simulation
of the new load balancing algorithm. The reason for
this decision lay in the similar behavior of these two
algorithms, despite their different structures. Among
the significant similarities was the fact that both al-
gorithms allow workload migration only between
overloaded and idle processors.

The most significant structural difference be-
tween the central algorithm and the proposed load
balancing algorithm is their decision method. In the
central algorithm, the load balancing decisions are
made by one processor and transmitted to all other
processors, whereas in the new algorithm all the
processors contribute to load balancing decisions.

As mentioned, nearly all of the stages of simu-
lation are similar to those of the novel load balancing
algorithm. There are, however, some changes in the
load balancing stage of the simulation for initiation of
the central load balancing algorithm structure. In
addition, a very significant difference in the simula-
tion of these two algorithms relates to path-finding.

In the simulation of the new load balancing al-
gorithm, a path-finder algorithm is not needed, and
the algorithm is itself able to find the path between
idle and overloaded processors. In the simulation of
the central load balancing algorithm, however, there

Table 1 The characteristics of each experimental environment in the simulation with 64, 16, and 4 processors of the

new algorithm

. Speedup Load migration percentage (%)
No. Topology = Homo/Hetero  Architecture
16 4 64 16 4

1 2DTVnxVn Homo SPMD 50.0774 121242  3.3313  4.2694 21514  1.3359
2 2DTvnx\n Homo MIMD 37.9567 11.3794 3.1264 11.4985 11.7232 14.5010
3 2DTvnxvn Hetero SPMD 56.1752  13.5603 4.6803 5.2911 3.6572 0.0543
4 2DTVnx\n Hetero MIMD 59.0516 13.5706 4.1582 11.6284 15.3935  13.7175
5 Ring n Homo SPMD 49.1170 12.5816 3.3318 4.2726 1.7016 1.3359
6 Ring n Homo MIMD 35.2917 9.1345 3.1264 17.7797 124231  14.5010
7 Ring n Hetero SPMD 54.0600  15.9126 4.8683 5.6055 3.0144 1.4098
8 Ring n Hetero MIMD 56.2839 17.0976 4.6966 13.6626 15.3693  14.4105

n is the number of processors, n=64, 16, or 4. 2DTnxyn: two-dimensional torus \nx<n; ring n: ring with n processors. SPMD: single program
multiple data; MIMD: multiple instruction stream, multiple data. In homogeneous environments the total processing capacity equals the number
of processors, and in heterogeneous environments, it is twice the number of processors
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is a need for such an algorithm. This issue becomes
more significant when for each new topology used to
create a new functional environment, an independent
path-finder algorithm has to be programmed to de-
termine the best path between the processors. Obvi-
ously, the new load balancing algorithm can be far
more easily implemented.

Fig. 3 shows instances of the simulation results
of the central algorithm in two functional environ-
ments involving 64 processors. Table 2 shows the
characteristics of each experimental environment, the
average speedup in the experiments carried out for
each particular environment, and the workload mi-
gration percentage for the central algorithm based on
the number of processors involved.
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6 Analysis of simulation results

The new load balancing algorithm has the fol-
lowing novel capabilities:

1. This algorithm is able to find a path between
the workload receiver and sender processors during
the workload migration stage. In other words, this
algorithm does not need a distinct path-finder algo-
rithm. The implementation of this algorithm is thus
simple in any environment with any topology. This
algorithm has a high degree of flexibility in con-
forming to environmental changes without need for a
code change; in contrast, in the case of the central
algorithm a change of code is compulsory.
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Fig. 3 Results of the central algorithm applied to homogeneous torus topology with single program multiple data
(SPMD) architecture (a) and heterogeneous ring topology with multiple instruction stream, multiple data stream

(MIMD) architecture (b) involving 64 processors

Table 2 The characteristics of each experimental environment in the simulation with 64, 16, and 4 processors of the

central algorithm

. Speedup Load migration percentage (%)
No. Topology Homo/Hetero  Architecture
64 16 4 64 16 4

1 2DTVnxVn Homo SPMD 59.1857  14.0895  3.3406  11.3081  6.5364  1.8642
2 2DTVnx\n Homo MIMD 406816  11.2786  3.3575  22.3060 11.6868  7.7310
3 2DTvnxin Hetero SPMD  105.6657 23.8489 49546 252634 16.0546  6.7685
4 2DTVnx\n Hetero MIMD 64.9125 153083  4.3222  36.0637 23.0547  5.7877
5 Ring n Homo SPMD 56.8565 14.3498  3.3400  11.7333  6.9373  1.8642
6 Ring n Homo MIMD 41.6678 89531 33575  19.6533 151396  7.7310
7 Ring n Hetero SPMD 96.0291 23.4675  4.9546  28.0615 16.1382  6.7685
8 Ring n Hetero MIMD 56.2703  22.5466  4.0052  30.4965 27.3537  8.0787

n is the number of processors, n=64, 16, or 4. 2DTVnxn: two-dimensional torus \nxn; ring n: ring with n processors. SPMD: single program
multiple data; MIMD: multiple instruction stream, multiple data. In homogeneous environments the total processing capacity equals the number
of processors, and in heterogeneous environments, it is twice the number of processors
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2. With the implementation of a path-finder al-
gorithm, traditional load balancing algorithms always
set forth the same path in the process of path finding
between two processors, regardless of traffic of path,
whereas the path proffered with the implementation
of the new algorithm is, apart from being short, not
fixed, which enables the proposed algorithm to es-
tablish different paths between the two processors
involved in load transfer according to the environ-
mental conditions.

3. This algorithm tries, as far as possible, to solve
the load balancing problem of an idle processor
locally using the least possible amount of communi-
cation cost. In addition, decision-making is carried
out in a distributive manner.

Also, a study of algorithms simulation outputs
provided the following results:

1. In most cases the central algorithm speedup is
higher than that of the novel algorithm, but the degree
of load migration is much higher; therefore, the
communication and transfer cost for the central algo-
rithm is very high. As a result, it may be concluded
that the new algorithm requires a longer period of
time for load balancing but with a significantly lower
degree of load migration. Thus, the new algorithm has
a lower communication cost.

2. Implementation of the new algorithm is much
simpler than that of the central algorithm.

3. With a decrease in the number of processors in
simulation, the performance of the new algorithm
improved and, in some cases, the new algorithm
functioned even better than the central algorithm.
This can be explained in terms of the proportion of the
number of each processor’s neighbors to the total
number of processors. Actually, we reduced the
number of processors without changing the number of
processor neighbors and thus, in the new algorithm,
the speed with which an overloaded processor was
sought for an idle one increased. Therefore, it can be
stated that with an increase in the number of processor
neighbors, the performance of the new algorithm can
be improved (Table 1). In the torus topology, each
processor has four neighbors and in the ring topology,
two, as can be seen in similar experiments executed
with only a change in topology (for example, compare
experiments 1 and 5 or 2 and 6 for 64 processors in
Table 1). The performance of the novel algorithm in
the torus topology involving a higher number of
neighbors is better. This point occurs less commonly

for 16 processors in Table 1 due to a decrease in the
number of processors, and thus a decrease in the
neighborhood effect.

7 Conclusions

This paper has studied load balancing in parallel
systems and presented a new load balancing algo-
rithm with new capabilities, of which the most sig-
nificant is its independence of a separate route-find-
ing algorithm functioning as path-finder between the
sender and receiver workload nodes. Simulation re-
sults show that the new algorithm has a high com-
patibility for implementation in different operational
environments. The results also indicate the influence
of degree neighborhoods of the processors on system
performance.

Further work can include the simulation of other
load balancing algorithms and a close study of the
effect of an increase in the degree of neighborhood on
the probable improvement of the performance of the
new algorithm. Note that an increase in the degree of
neighborhood can occur physically and non-physi-
cally: in physical mode, the objective is an increase in
the number of links between each processor and other
processors, and thus an increase in the degree of
neighborhood; in non-physical mode, the degree of
neighborhood is increased due to an increase in the
number of messages stored by each processor.

References

Berger, E., Browne, J., 1999. Scalable Load Distribution and
Load Balancing for Dynamic Parallel Programs. Proc. Int.
Workshop on Cluster-Based Computing, p.1-5.

Borovska, P., Lazarova, M., 2007. Token-Based Adaptive
Load Balancing for Dynamically Parallel Computations
on Multicomputer Platforms. Int. Conf. on Computer
Systems and Technologies, p.31-36. [do0i:10.1145/1330
598.1330611]

Chhabra, A., Singh, G., Waraich, E., Sidhu, B., Kumar, G.,
2006. Qualitative Parametric Comparison of Load Bal-
ancing Algorithms in Parallel and Distributed Computing
Environment. Proc. World Academy of Science, Engi-
neering and Technology, p.39-42.

Cruz, F.R.B., Mateus, G.R., 2003. Parallel algorithms for a
multi-level network optimization problem. Parall. Algor.
Appl., 18(3):121-137.

de Ronde, J.F., Schoneveld, A., Sloot, P.M.A., Floras, N.,
Reeve, J., 1996. Load balancing by redundant decompo-
sition and mapping. LNCS, 1067:555-561. [doi:10.1007/
3-540-61142-8_596]



Sadjady et al. / J Zhejiang Univ-Sci C (Comput & Electron) 2011 12(6):455-463 463

Fonlupt, C., Marquet, P., Dekeyser, J., 1995. Analysis of
Synchronous Dynamic Load Balancing Algorithms. In:
Parallel Computing: State-of-the-Art Perspective Ad-
vances in Parallel Computing, p.1-8.

Fonlupt, C., Marquet, P., Dekeyser, J., 1996. Data-parallel load
balancing strategies. Parall. Comput., 24(11):1665-1684.
[doi:10.1016/S0167-8191(98)00049-0]

Garcia, T., Semé, D., 2006. A Load Balancing Technique for
Some Coarse-Grained Multicomputer Algorithms. 21st
Int. Conf. on Computers and Their Applications, p.301-
306.

Giusti, A.D., Naiouf, M., Giusti, L.D., Chichizola, F., 2005.
Dynamic load balancing in parallel processing on
non-homogeneous clusters. J. Comput. Sci. Technol., 5(4):
272-278.

Grama, A., Gupta, A., Karypis, G., Kumar, V., 2003. Intro-
duction to Parallel Computing (2nd Ed.). Addison Wesley,
USA.

Kuchen, H., Wagener, A., 1990. Comparison of Dynamic
Load Balancing Strategies. Technical Report, RWTH
Aachen, Department of Computer Science, Aachener
Informatik-Berichte (AlB).

JZUS

Welcome Your Contributions to JZUS-C

Communications, and Commentaries.

www.zju.edu.cn/jzus; www.springerlink.com

Editor-in-Chief: Yun-he PAN
ISSN 1869-1951 (Print), ISSN 1869-196X (Online), monthly

Journal of Zhejiang University
SCIENCE C (Computers & Electronics)

JZUS-C has been covered by SCI-E since 2010

Online submission: http://www.editorialmanager.com/zusc/

Journal of Zhejiang University-SCIENCE C (Computers & Electronics), split from Journal of
Zhejiang University-SCIENCE A, covers research in Computer Science, Electrical and Electronic En-
gineering, Information Sciences, Automation, Control, Telecommunications, as well as Applied Mathe-
matics related to Computer Science. JZUS-C has been accepted by Science Citation Index-Expanded
(SCI-E), Ei Compendex, INSPEC, DBLP, Scopus, IC, JST, CSA, etc. Warmly and sincerely welcome
scientists all over the world to contribute Reviews, Articles, Science Letters, Reports, Technical notes,

Lai, A., Shieh, C., Ueng, J., Kok, Y., Kung, L., 1997. Load
Balancing in Software Distributed Shared Memory Sys-
tems. IEEE Int. Performance, Computing, and Commu-
nications Conf., p.152-158.

Legrand, A., Renard, H., Robert, Y., Vivien, F., 2004. Map-
ping and load-balancing iterative computations. IEEE
Trans. Parall. Distr. Syst., 15(6):546-558. [doi:10.1109/
TPDS.2004.10]

Ldling, R., Monien, B., Ramme, F., 1991. A Study on Dy-
namic Load Balancing Algorithms. Proc. 3rd IEEE SPDP,
p.686-689.

Osman, A., Ammar, H., 2002. Dynamic load balancing
strategies for parallel computers. Sci. Ann. J. Cuza Univ.,
11:110-120.

Wu, M., 1997. On runtime parallel scheduling for processor
load balancing. IEEE Trans. Parall. Distr. Syst., 8(2):
173-186. [doi:10.1109/71.577261]

Zamanifar, K., Nematbakhsh, N., Sadjady, R.S., 2010. A New
Load Balancing Algorithm in Parallel Computing. 2nd Int.
Conf. on Communication Software and Networks, p.449-
453. [d0i:10.1109/ICCSN.2010.27]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


