LAUTECH Journal of Engineering and Technology 8(1) 2014: 12 - 18 -

DESIGN AND IMPLEMENTATION OF AMODIFIED PULL-ALL MIGRATION
STRATEGY IN AGLETS MOBILE AGENT FOR EFFECTIVE NETWORK-LOAD
MANAGEMENT

10sunade O.,2Oyewole, S. A, *Azeez N. A, “Osofisan A, *Akinola M.I

145pepartment of Computer Science, University of Ibadan, Ibadan, Nigeria.
’pepartment of Information Technology,
Durban University of Technology (DUT), Durban, South Africa.
3Department of Computer Sciences, University of Lagos, Lagos Nigeria.

ABSTRACT

The conventional Simple Network Management Protocol (SNMP) approach used in client and server architectu
which runs in a centralized manner has one common challenge, as network size increase, the number of potenti
problems and complexity of the network task also increase. Although the centralized management approach giv
network administrators a flexibility of managing the whole network from a single place, it is prone to informatic
overloading, excessive processing load and heavy usage of network bandwidth. In this situation, effective netwo
management is required. Contrary to client-server, Mobile Agents handles such situation by shipping necessary cod
and its execution state closer to the data which aften reduces network load and generates improve system performanc
However, despite all these useful advantages, past literatures have shown that Mobile agenis still have some inhere
drawbacks, because of its poorly coupled migration model and the limitations of static and mixture approai
commonly used to reduce network load. Therefore, effective implementation of a data migration strategy in a giv
distributed network is critical in reducing network load and the holistic performance of the computer Network. T
purpose of this study is therefore to design an approach based on network deployment of the modified pull-all co.
data migration pattern using Java based Aglets transfer protocol (ATP) that send and retrieve information. Ti
transmission time and network load at each migration nodes are noted.Our results show that the proposed approa

can be efficiently used for information retrieval in a distributed environment.
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INTRODUCTION

As the network size increases, the number
of potential problems and complexity of the network
generates significant traffic that overloads Network
management station (Kona & Xu, 2002). Mobile
agent frameworks have attracted a lot ofattention in
recent years; most especially on how the network
efficiency can be improved upon. Many researchers
see mobile agent as an option in this situation to
distribute and efficiently manage network traffic
(Adhicandra et al. 2003;Zhen et al , 2006 ;ZhiLong,
et al (2012) ; Osunadeet al 2013, Madkour, et al.
2014).Contrary to other mobile code paradigms such
as client-server, remote evaluationand code on
demand paradigms(Carzaniga et al. 1997), Mobile
Agent handles such situation by shipping necessary
code and its execution state, closer to the data, which
have been found to often reduce network load and
generates improve system performance(Braun et al.
(2001, 2005), Hunt, 2002, Bernich, &Mourlin, 2006).
This process is referred to as migration strategy
(Powell & Miller, 1993). Code migration strategy can

occur in two states; either part/unit of the code or the
whole is push (sent) or pull (download) over the
network (Braun et al. 2001).

Each of these above strategies can be
implemented  using either  asynchronous  or
synchronous protocols. In Aglets migration strategy,
just like any other Java-based mobile agent,
accumulated data collected from its previously
visited nodes (Xuhui, et al 2006) are pushed and
added to its existing data until it reaches its
destination node. Fundamentally, this has huge
potential to increase network latency time and delay
in delivery time as the load size increases. This
process is also subjected to other problems such as
loss of data(Osunade&Atanda 2008), untimely
termination of mobile agent before reaching its
destination.

The current evolving network and compu
technology, coupled with the exponential growth of
services and information available on the inter
demand migration process that can reduce™netw:
traffic, traffic congestion, low transmission time ¢
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sffective  bandwidth  utilization. This  system
performance can be improved (Kim & Feamster, 2013)
By carrying out a rework on the network load and
Tansmission time process as well as feature of the
chosen software agents, such as Aglets (Braun et al,
{2001). The process of moving from one system in the
setwork manager involves wastage of time and with the
=se of mobile agents, there would be no time loss also,
there would be increased productivity and efficiency of
the network.

This paper focuses on the pull code data
migration pattern of network systems, with the main
focus on how to design a model for the strategy and
mplement it in an existing Aglets mobile agent. Apart
from the fact that java is platform dependent, the
language also has direct supports for sockets, RMI,
threads and object serialization (Buchanan, et al 1999).
The purpose of this study is to solve the problem that
deal with the migration of network from one computer
system to another computer system in the Aglet network
m order to gather information. The transmission time
and network load will be used as the experimental
metrics.

The rest of this paper is organised in the following way.
In section 2, extensive literature review on mobile agent
'mplementation and performance issues in network
management is presented. In section 3, detailed
sxplanation of the code migration strategy in Aglet is
=xplained. In section 4, the authors describe the
proposed  modified  pull-all migration  strategy
architecture in  Aglet mobile agent for network
management. Section 5 presents an aglet base java
'mplementation of the migration processes. We

conclude the paper in section 6 and remarks on future
work is in section 7.

Literature Review

Mobile agents migrate with their codes, data and state
mformation. When mobile agents execute tasks on hosts
Bey also generate data that are migrated along with the
mobile agent. The data size migrated by the mobile
2zent affects the performance of the mobile agent, thus
Sow it is migrated will determine the completion time of
e task assigned to the mobile agent (Osunade, 2007).
However, there are cases where mobile agents perform
%=ss than client-server techniques, example of such task
at require high bandwidth is information filtering.
Accounts from literature has it that static and mixture
Zpproaches are the two major ways that can be used to
meduce network load(Carzaniga, et al. (1997);
Vigna(1998); Baldi et al (1997); Bandi&Picco(1998);
Braun, (2003) ). However, due to the fact that static
#pproach are not generally sufficient for all kinds of
spplications and the mixture approach is undependable
Secause it heavily relies on the assumption of the values
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derived from the network bandwidth, latency request
and result size. In the past few years, many researchers
have investigated performance of mobile agent as it
relate to network load and timing,

Gupta &Kansal (2011), describe theoretical
views on application features of six mobile agents.
Oyewole et al, 2012 presented qualitative comparison
among three mobile agents (Aglet and Tracy, Jade) and
quantitative analysis on Aglet and JADE using
transmission time and compression time as performance
metric. Gavalas, et al. 1999 presented the application of
mobile agent in bulk transfers of data, using bandwidth
utilisation as the metric. Carzaniga et al. ( 1997) and
Vigna (1998) developed a simple performance model
for the information retrieval domain.

In Osunade et al 2013 a prototype of
SIMMASS which demonstrate the basic feature of a
mobile agent that has capability to provide programmers
with a Library for writing mobile agent applications and
an environment in which to execute the agents was
presented. In Igbal et al. (1998) several algorithms to
compute the optimal migration sequence of a single
agent were presented. Kona & Xu, 2002 presented a
hybrid model based on mobile agent and SNMP
strategies for efficient management of heterogeneous
networks. The framework gives management stations or
network administratorthe flexibility of using any
approach according to the characteristics of target
network. In Lefebvre et al (2006) the researchers
proposed a network management framework using
mobile agents’ as a diagnostic tools that are able to find
more precisely a cause of a network failure by finding
alternate paths to gather more data about the failure.
Osunade, 2007, developsa mathematical model for the
performance evaluation of data migration pattern in
mobile agent systems. The two (2) stages modified data
migration strategies uses transmission time and network
load as metric parameters.

This paper is distinctively different from all the
above, as it dwell much on how to model and implement
pull-all migration strategy in Aglet mobile “agent in
order to reduce Network-load, using Java programming
language as an implementation tool to demonstrate the
efficiency of the model.

Code Migration Strategy in Mobile Agents

A mobile agent system provides the execution
environment for mobile agents. Some of the common
mobile agent Systems that have been developed in the
past are: Telescript, Concordial, Ara, Jade, Semoa,
Tacoma, Tracy, Ajanta, Aglets and so on. Aglet is one
of the first complete Internet agent systems to be
developed on the Java class library. Aglet was
developed by the IBM Tokyo Research Laboratory. An
aglet requires a host Java application, an “aglet host” to



be running on a computer before it can visit that
computer. An aglet can experience many events in its
life cycle. It can be created, cloned, dispatched,
retracted, deactivated, activated and disposed. The Java
aglet extends the model of network-mobile code made
famous by Java applets. Like an applet, the class files
for an aglet can migrate across a network. But unlike
applets, when an aglet migrates it also carries its state.
An aglet is a running Java program (code and state) that
can move from one host to another on a network. In
addition, because an aglet carries its state wherever it
goes, it can travel sequentially to many destinations on a
network, including returning back to its original host
(Venners, 1997).

Code migration is the movement of programming code
from one system to another and the method used to
transfer mobile code over the network is called
migration strategy. During the transfer it is not only the
code that has to be shipped but also the execution state
of the mobile agent and data the agent carry along.

There are various migration strategies. One of
the strategies is to send the complete program (whole
code) over the network. Another strategy is to transmit
only certain required parts (units) of the code. Another
choice is either to push code over the network, that is,
when code is sent over the network in advance, or to
pull (download) code from a reachable location, while
the mobile agent (execution unit) loads code from some
suitable source. If the push code variant is used, code
could be sent to the next location only, or to all locations
on the agent’s itinerary.

Braun et al (2003) identifies two classes of
migration strategies called pull and push strategies. The
first strategy, called pull, uses a built-in Java technique
to download classes on demand. The second class of
migration strategies is named push strategies, where the
mobile agent code and the serialized agent state are
transmitted at once.
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According to Erfurth et al, 2001, Migration strategy can
be classified by answering the following finding
questions:

¢ How much code is transmitted?

e When the code is sent (transmitted)?

*  Where is the code transmitted to?  «
In spite of the selected strategy, the execution state of
the mobile agent, code and the data must be
transmitted. Formulas and other relevant information on
above mentioned mobility models are detailed in
Osunade & Osofisan 2008 and Braun et al, 2003.

Proposed Modified Pull-all Code Migration Strategy

in Aglet.

The aglet object model was designed to benefit from the

agent characteristics of Java while overcoming some of

the deficiencies in the language system. In the model, a

mobile agent is a mobile object that has its own thread

of control which is event-driven, and communicates by

message passing (Lange & Oshima, 1998). The strategy

(S), which is pull-all-code, determines how the

migration process occurs.The network consists of an

ordered set of hosts, represented as:

L=Ll...Im

The migration process is divided into three basic stages

representing distinct stages of the of the thigration

process that can be modelled

* [Ive: The migration of the mobile agent from the
home host (mobile agent system) to the first host on
the mobile agent’s itinerary i.e. the agent leaves
(Ive);

® mig: The migration between hosts on the itinerary
following the specified order po if from the home
host i.e. the agent migrates (mig);

® home: The migration of the mobile agent back to its
home host (mobile agent system) after completion of
the itinerary i.e. the agent returns home (home);.

nth-1 host
(Aglet

mig

Second Host

Environment)

mig

Home

lve

nth
host

Home Host
(Aglet Environment)

Ive

mig

First

Host

Fig. 1: Framework for communication link and Pull all Migration Strategy in Aglet Mobile Agent
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This model uses the network load (B) and transmission

time (T) as the metrics for performance evaluation to an

ordered set of hosts, represented as L = L1’ ....... L . The
m

agent consists of some class files which can be
dynamically loaded during execution from the agent’s
home host.
To implement the network load (B), the following
notations and assumptions were made

e« an agent consists of # units of code or n class files,

e each unit of code has a length of size B k=1,...n,
the sum of all code units is B,
an agent has a data of length of size By
an agent’s state information is of length or size B,
a request to load a specific code unit has a length
or size B,

¢ The probability of dynamically loading code unit k

on a host is P¥

e On a host the agent’s data increases by d; bytes
The migration is from La to La+1 where a =],....,m-1.
This is a host on the itinerary, but not the home host.
The pull-all code migration strategy (PullAll) is
characterized by the request for code by the mobile
agent on each host it visits. The mobile agent requests

for all the code units whether or not they are all required
on that host.
When the mobile agent leaves the home host for the first
host on the itinerary, the network load is given as:
R, (.S)=R + R _+R+ B,
As the mobile agent moves from one host to the next
host on the itinerary, it migrates with the results of its
activities on each host. The network load at this stage is
thus:
B,.,(L,a,5) =B, Z dLi(1—-9)+5.+ 8, +B,

i=l.a
The network load of the mobile agent when it is
returning to the home host is given by the equation
Bome(L,5) =By Z dLi(1 - ) + B,

=1l.a

Transmission time when the mobile agent leaves the
home host for the first host on itinerary is given as:

(Bd + B:} (Br + Bz)
T.o(L.5) = 2u(By+B,)+8(L, L)+ — ‘ : -
K R (lpaky)  T(Ly )

When the mobile agent migrates from host to host on
the itinerary, it migrates with the accumulation of results
generated by the activity of the mobile agent. Thus, the
transmission time is represented as:

(Bg +Bg) + L=y gdLi (B, +B;)

Temiq(L.a.5) = 2p| Bg+ dLi1—3)+B)+3L iLgag)+ +d(L,.L + —
ml.q( 5) Fl( d i;ﬂ ( s! (Lg Lasy T('LC Laed) a‘ wz:+1) T(La-rl.-"-h)‘

The time taken to return to the home host from the last
host visited on the itinerary is given by the equation:

(B, (LS)
Trame(1r5) = 2u(Brome (15) + Ly + 1) + 22—
Tl Ly)
Implementation
Requirements

In addition to the mathematical formulation for Pull-All

modified migration strategy, the implementation of the

model was carried out with JAVA programming
language using the following software descriptions:

e Text Editor: The text editor used to input the source
code for the aglets classes was EditPlus Text Editor
V2.11 (1052).

o Java Development Kit (JDK 7U45- windows-i586)

e My SQL server (version 5.1.61- win 32) and
SQLyog Community (version 11.2.0-3x86): they are
used to create database and tables.

¢ IBM compatible microcomputer system with Ram of
2GB and processor speed 1.6GHZ.

o Aglets 2.0.1: This is an Aglets jar file that uses
Tahiti server environment as its platform for
execution.

Results

The interface shown in figure below is the window
displaying the interface of the request from host
“atp://192.168.160.3".

e
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Figure 2: Interface that shows request from database

1 dghet System 1 0 DR T TR i
Fie
Trangmission Time: 0 peurs & Meutes 3 Seconds Taken
Netwerk Load: 220.08ymes
e auther host address
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RIDOKES AFRICAN B 1192168.160,3

Fig 3: Retrieved result, transmission time and network
load when one host is visited.

15



Osunade O. et. al./LAUTECH Journal of Engineering and Technology 8(1) 2014: 12 - 18

ittt PO o

L ]

0 vacure © Memtes § Secarde Taken
TR Byieen

B bindl
e A

ctn gt
TG 2 3R

Pl s 1130 vimay e 1
il L | ol

e |

e rived. 1. 0. %
N ATIAD. 168 A0

Dagmaien T8 [ L L
Crmrnti’s P '_ﬂwllr'l‘ A o
Crmra e [awperiaos ion. bea s
et g B [aam

Crmfrtan e et

Oatabrent g e et

Okt g Pomeeardl | scdesis 23

L g [ Fesw—-

Fig 6: Request from five hosts
R S T e

Qbours 1 Minten ) econds Taken
azz0 e

Traramncn Troe
Foatuot Laadt

i

Fig 7: Retrieved result, transmission time and network
load when five hosts are visited

Modified pull code data migration pattern targets the
timely retrieval of information in a network. The
retrieved information on the systems is shown in Table
1.

Table 1: Table shows the transmission time and network
load

HOSTS TRANSMISSION NETWORK
TIME (seconds) LOAD (bytes)
One 3 228
Two 3 531
Three 5 753
Four 8 975
Five 60 48122
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Fig 5: Retrieved result, transmission time and network load when three hosts are visited
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Table 2: Comparison of network load

z Pull All (PA) | Modified pull
all (M P A)
0 578 463
0.1 562.5 460.5
0.2 547 458
0.3 531.5 455.5
0.4 516 453
0.5 500.5 450.5 b
0.6 485 448
0.7 469.5 445.5
0.8 454 438.5
0.9 438.5 440.5
1 423 155
Range 500.5 450.5
Mean 155 2.5
1200 -

0?,\@@‘\%9\%0@%0

ARSI

& '

Fig 8: Comparison on network load
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Table 2: Comparison on transmission time

E Existing pull all Modified pull all
0 263.13 147.63
0.1 248.13 145.11
0.2 232.47 142.58
0.3 216.82 140.66
0.4 201.16 137.53
0.5 185.51 135.01
0.6 169.85 132.48
0.7 154.2 129.96
0.8 138.54 127.43
0.9 122.89 12491
1 107.23 122.38
Range 185.51 135.01
Mean 15.66 2.53

AUV JICHC I S SR
oneeec‘oaq@(&‘# ’

Fig 9: Comparison on transmission time

CONCLUSION

In this paper, we presented a design approach based on
modified pull code data migration pattern using Aglets
- software for sending and retrieving information in a
LAN. The implementation was carried out by sending
an aglet from the server system to the desired client
system using the aglet transfer protocol (ATP) provided
in the aglet environment. There was successful
dispatching of aglets to their remote hosts for the
purpose of returning with the result (data) together with
the transmission time and the network load. The aglet
returned from the client and displayed the transmission
time, network load and results of the client system
visited on the server were noted. Based on our results, it
is clearly observed that the modified pull code data
migration pattern is useful for information retrieval in a
distributed  environment.  The implementation
demonstrated time-management and cost-effective
alternative compared to the traditional way of retrieving
data used today in industries.

FUTURE WORK
The fact that Aglets is now open source and with its
powerful architectural framework, researchers could
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develop more functions into Aglets platform which will
make it a tool that could compete favourably well with
present network applications. In addition, future work
can centre on Network Deployment of other data
migration pattern using wide area network.
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