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Abstract—In this paper, we propose a new distributed
environment for High Performance Computing (HPC) based on
mobile agents. It allows us to perform parallel programs execution as
distributed one over a flexible grid constituted by a cooperative
mobile agent team works. The distributed program to be performed is
encapsulated on team leader agent which deploys its team workers as
Agent Virtual Processing Unit (AVPU). Each AVPU is asked to
perform its assigned tasks and provides the computational results
which make the data and team works tasks management difficult for
the team leader agent and that influence the performance computing.
In this work we focused on the implementation of the Mobile
Provider Agent (MPA) in order to manage the distribution of data
and instructions and to ensure a load balancing model. It grants also
some interesting mechanisms to manage the others computing
challenges thanks to the mobile agents several skills.
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I. INTRODUCTION

N

OWADAYS , everyone need to get information, results
and achieve tasks in real time. So it is possible by the use
of the computer science technologies which make the complex
tasks easy in order to perform these. For example running an
application of weather predictions which is based on a big
number of data and complex simulations using just one or two
processors can be a hard task for the machine and sometime
impossible to achieve the results. So we need to introduce
cooperation amongst processing power of different machines
in order to overcome these problems.
The parallel computing concept is widely used in order to
overcome these challenges with its flexible and extensible
architectures. Many fast parallel machines are created in order
to be flexible with the applications needs but they presented
others challenges according to their high cost and to their
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limitation on the test and validation of new parallel
algorithms. So the creation and the use of the Parallel Virtual
Machine (PVM) [1] are considered as a suitable solution for
these needs. This PVM machine is constituted over a grid
computing using a set of heterogeneous machines connected
with each other by the middleware. In [2], the authors
proposed a virtual machine using mesh connected computer
MCC which becomes mesh with multiple broadcast in [3] and
polymorphic torus in [4] and a reconfigurable mesh computer
RMC with integrated network for each processing element in
[5]-[6] and recently by the use of GPUs and FPGAs in [7]-[8][9]. It is also the aim of our laboratory where we have
designed and developed a parallel and distributed virtual
machine based on our work in [10]-[11]-[12]-[13] which are
improved in [14] by assigning a set of distributed VPEs
(Virtual Processing Element) objects for each processing
element in the grid. We can say that by introducing the
concept of the grid and especially the middleware, the parallel
computing is converged to the parallel and distributed one
where the computing performance depends on the quality and
the performance of the middleware. The question now is how
to achieve a high performance computing. For the load
balancing problem some algorithms have been designed for
distributed systems [15]-[16]-[17]-[18]-[19]. To move the
loads in a distributed system the authors have used in [20] a
mobile agent, which migrate loads from overloaded nodes to
the lightly loaded ones and considering that all the grid nodes
are homogeneous.
In this context, related to all these previous works we are
focused on the use of the middleware which is based on the
mobile agents. It is considered as a new grateful computer
science technology which is used in [21] in order to propose a
new model for automatic construction of business processes
based on multi agent systems. And also in [22] in order to
improve the management, the flexibility and the reusability of
grid like parallel computing architecture and in [23] in order to
improve the time efficiency of a medical reasoning system. So
thanks to the several interesting mobile agents skills, we
design and implement a parallel and distributed environment
composed by the middleware which assigns and orchestrates a
set of mobile agents as AVPUs (Agent Virtual Processing
Element) for each physical processor in heterogeneous parallel
and distributed grid computing. And which implements some
interesting mechanisms for load balancing, fault tolerance, and

to reduce the communication cost in order to have a control
about all the parallel and distributed computing challenges and
ensure a high performance computing. This paper is organized
as follows:
• We will describe the proposed model for parallel and
distributed computing, its main components which are:
the mobile agents team leaders and team workers and
the Mobile Provider Agent in section 2.
• The section 3 is focused on presenting several
mechanisms used by the mobile provider agent in order
to perform a load balancing middleware and a high
performance parallel and distributed computing.
• Some interesting results performed by implementing
the c-means and the fuzzy c-means algorithm in this
model will be presented in the section 4.
II. DISTRIBUTED COMPUTING ENVIRONMENT ARCHITECTURE
A. Distributed Computing Environment Model
Distributed Computing Environment is a new scalable and
robustness model for performing a high performance
execution of the parallel programs in a distributed system. It
constitutes a parallel and distributed grid computing which is
flexible with different topologies: 2D Mesh, 3D Mesh… and
with different architectures: SIMD (Single Instruction
Multiple Data), SPMD (Single Program Multiple Data),
MIMD (Multiple Instruction Multiple Data), MPMD (Multiple
Program Multiple Data…It is based on cooperative mobile
agent team work as (AVPUs) in order to perform parallel and
distributed tasks. In Fig.1 for example in order to perform a
distributed segmentation of big data segmentation we need to
implement the well known segmentation algorithm the cmeans which is performed using SPMD architecture. Each
(AVPU) receives the distributed program and data from its
team leader (AVPU) and achieves tasks and sends the results
to its team leader in order to perform the image segmentation.

B. Model Main Components Overview
This distributed computing environment in Fig.2, is based
on the power of the middleware and the mobile agents. The
HPC of the parallel programs is performed in this environment
by cooperative main components which are created in these
different environment states.
1. Launching State
The middleware creates (Node Agent Container) for each
involved machine in the distributed computing and connects
each of it in order to constitute the grid computing. The first
machine responsible for launching this environment is named
(Node Host Agent node Container).
2. Deployment State
When the parallel program is deployed, the middleware
deploys (team leader AVPU) for each node which encapsulate
tasks and create their (AVPU team workers). We can have one
or two team leader AVPU in the same node according to the
number of the parallel programs deployed in this environment.
Also each AVPU are autonomous and can decide to replicate
its self in order to ensure a fault tolerance environment.
3. Running State
When the parallel program is running, the team leader
AVPU send the tasks and data to the Mobile Provider Agent
(MPA) in order to manage and provide them to the team
workers AVPUs by ensuring the load balancing of tasks
execution in the grid computing. At the end, the Agent
Provider sends the results to the team leader agents in order to
perform the final results and return it to the MPA in order to
be broadcasted for different nodes in the grid.

Fig. 2 Distributed Computing Environment main components
overview

III. FROM PARALLEL TO DISTRIBUTED COMPUTING
Fig. 1 2D Mesh Grid Computing for Distributed image

A. A Fast Distributed Computing Middleware
As this environment is constituted over heterogeneous
machine with different degrees of performance we need some
additional component which is the Mobile Provider Agent

(MPA) in our model as presented in Fig.3 in order to achieve
our main goal. The Mobile Provider Agent is responsible for
managing the pool of tasks, data, and results. It is an
intelligent mediator between the team leader AVPU and the
team workers AVPU. This MPA have knowledge of the
number of team workers and their nodes performance. It
manages a set of distributed pools by introducing the priority
of the execution and the agent AID (Agent Identifier) for each
tasks and data in these pools. So the agents can easily follow
their data and tasks when they move to the MPA container.
The MPA have also the ability to decide according to the
parallel program architecture when to send the tasks and data
and when to keep the agents to move to the pools. So with the
implementation of the MPA in our model we have a control
about the load balancing problem, and we reduce at the same
time the communication cost. Also MPA is autonomous, it
can decide to move and to clone itself and resume its work in
order to ensure a fault tolerance environment.

.

Fig. 3 Distributed Middleware Mechanisms for Computing Management

B. Cooperative Mobile Agent Model Implementation
In Fig. 4, we describe a scenario about the interaction
between the different model main components in order to
perform the execution of the parallel programs. This model is
implemented using the JADE framework [24].

Fig. 4 Sequence diagram for cooperative and distributed computing model

IV. APPLICATIONS
The main idea in this section is to present the performance
of this model by performing the execution of two parallel
programs for medical image segmentation at the same time.
Each program is assigned to team leader agent in order to be
executed over SPMD architecture in this environment.
A. Distributed C-means Implementation
The parallel c-means algorithm as defined in [25] is
implemented in this environment as a distributed one in order
to perform the image segmentation. It is performed using the
corresponding following steps described in Fig.5.

Fig. 5 Sequence diagram for cooperative and distributed computing model

B. Distributed Fuzzy C-means Implementation
The well known clustering algorithm the Fuzzy c-means
(FCM) which is proposed by Dunn [26] and extended by
Bezdek [27] is also implemented in this environment as a
distributed program and which is encapsulated in a team
leader agent. This later cooperates with its team works in order
to perform the big data image segmentation.
C. Experimental Results
In order to present the effectiveness features of the
implementation of both programs in different team leader
agents in our model we choose an MRI medical image with
different class centers initialization which is segmented into 5
output images in Fig.6a-g in order to detect the abnormal
region in this MRI cerebral image. In Table I, Table II, and
Fig.7 we see clearly the dynamic convergence of c-means and
fuzzy c-means algorithms running respectively at the same
time in this model.

Fig.6 Output Segmented images results

TABLE I
DIFFERENT STATES OF THE DISTRIBUTED C-MEANS (DCM) ALGORITHM
STARTING FROM CLASS CENTERS

Iteration

1
2
3
4
5
6
7
8
9
10
11
12
13

C1
1
1,385
3,082
3,790
3,790
3,790
3,790
3,343
3,082
3,082
2,876
2,688
2,688

(C1, C2, C3, C4, C5) = (1 , 49, 140, 240, 249)
Value Of Each Class Center
Absolute Value
Of The Error
C2
C3
C4
C5
|Jn-Jn-1|
49
140
240
249
819074
74,547 116,739 219,488
251,929 385030,8088
77,002 111,825 201,473
249,149 39840,1231
77,838 110,026 190,175
244,954 10689,31769
76,132 107,894 183,859
242,084 6942,411183
75,195 106,710 179,022
240,019 3326,263246
73,316 105,261 176,592
239,212 2312,307919
71,708 104,525 174,495
238,277 3503,283554
71,343 104,403 172,825
237,385 2116,30221
69,498 103,368 171,858
236,932 1186,783677
68,258 102,866 171,3827 236,932 1700,633533
67,959 102,866 171,3827 236,932 1314,60772
67,959 102,866 171,3827 236,932 0

TABLE II
DIFFERENT STATES OF THE DISTRIBUTED FUZZY C-MEANS (DFCM) ALGORITHM
STARTING FROM CLASS CENTERS

Iteration

1
2
3
4
5
6

(C1, C2, C3, C4, C5) = (49.5, 50.5, 140.5, 240.2, 249.5)
Value Of Each Class Center
Absolute Value
Of The Error
C1
C2
C3
C4
C5
|Jn-Jn-1|
49,5
50,5
140,5
240,2
249,5
566746,6435
38,958 42,937 121,596 222,116 243,412 64496,77352
20,897 34,294 108,416 206,890 244,013 89667,11461
4,829
38,072 101,909 194,924 244,460 108307,9287
1,083
48,186 99,567
186,355 243,646 52428,48332
1,024
53,258 99,344
180,582 242,467 6553,849896
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Fig. 7 Dynamic convergence of (DCM) with initial class
centers (c1, c2, c3, c4, c5) = (1, 49, 140,240,249) and (DFCM)
with (c1, c2, c3, c4, c5) = (49.5, 50.5, 140.5, 240.2, 249.5)

V. CONCLUSION
In this paper, we have presented a distributed environment
for high performance parallel and distributed computing. It is
based on a cooperative mobile agent grid computing flexible
for different parallel architectures which is constituted over a
distributed system. It is based on an innovated idea which is
the use of Mobile Agents as virtual processing unit AVPUs.
Each mobile agent associates its skills: autonomy, and
mobility, and adaptability, and communication ability using
ACL messages (Agent Communication Language) in order to
provide the processing power needs for performing the
parallel programs execution and at the same time have a
control about all the parallel computing challenges. In this
environment we distinguish the Mobile Provider Agent (MPA)
which manages and orchestrates the computing between the
different team works and grants a load balancing, and a fault
tolerance environment. And it implements also some
interesting mechanisms for reducing the communication cost
in the grid computing in order to perform a high performance
computing.
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