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Abstract 
 
Emerging distributed applications are striving hard 
to attain the features like scalability, fault tolerance 
and reliability. Code mobility is an approach to 
help developers to embed these features in 
distributed systems. Code mobility is the dynamic 
replacement of software components from one 
location to another. The evolution of code mobility 
has reached the stage where an autonomous entity 
like mobile agent can be moved from one location 
to another. But the code mobility has two extremes. 
At one extreme we have weak mobility and at the 
other there is strong mobility. The main difference 
between the two extremes is that strong mobile 
agent takes the full execution state with itself which 
is very essential in load balancing and optimum 
utilization of memory resources. Achieving strong 
code mobility by preserving the software quality 
parameters like efficiency, fault tolerance, 
reliability, portability and minimum code over head 
becomes a non-trivial task. We have designed and 
developed a generic efficient system for achieving 
strong mobility for multi-threaded agents by 
preserving the software quality parameters 
mentioned above. For this we adapted byte code 
transformation approach and used Java. But Java 
even being popular for the development of multi-
agent does not provide access to the execution state 
of its threads and running threads are not 
serializable so capturing the state of each thread 
becomes a challenging task. Our architecture is not 
for any particular MAS but can be used as stand 
alone and integrated with any multi-agent system. 
 

1. Introduction 
The traditional way of developing distributed 
applications lacks to provide scalability, fault 
tolerance and reliability to the distributed 
applications. The development of these distributed 
applications can be enhanced by adding the 
capability of dynamic component relocation at 
runtime. This dynamic component relocation is 
called Code Mobility. The continual use of code 

mobility is due to two reasons [1]. First reason is 
the use of Java language as it enables developers of 
distributed systems to write code that can move 
from one place to another e.g. Applets. Second is 
he dynamic connected environment like internet 
where code mobility again fulfills the requirements 
of future distributed applications. The distributed 
applications use code mobility while moving 
mobile agents as they are running. Now if the 
execution of mobile agent is resumed at the 
destination from the point where it was suspended 
is called strong mobile agent and the process is 
called strong mobility. In contrast, the mobile agent 
that restarts instead of resuming at the destination is 
termed as weak mobile agent and the process it 
follows is called weak mobility. Strong mobility is 
the best option if we want to reduce unreliable 
network dependency, take safe side against 
unexpected power failures and machine 
dependency. Java is well suited for the 
development of mobile agent systems till date 
because of its good design, platform independence, 
dynamic class loading and security features. 
But Java has some limitations regarding strong 
mobility. JVM imposes restrictions on the access of 
program counter and runtime stack. That’s why 
many mobile agent systems and multi-agent 
systems developed in Java were not able to capture 
the full execution state of mobile agents e.g. 
NOMADS [9][10], JADE, SAGE, Sumatra and 
Ara, JavaGo, D'Agents to mention a few. We have 
designed and implemented a prototype system by 
using the most widespread language Java for multi-
threaded mobile agent strong mobility. We used 
byte code modification technique for implementing 
strong mobility for multi-threaded mobile agent. 
Our system takes each mobile agent as a thread that 
may create other threads as well. Our system 
captures the full execution state of all threads and 
their sub threads running in the JVM at a time. 
Moreover we are interested in the optimization of 
strong mobility to achieve better performance than 
the already existing solutions. With our system both 
types of strong mobility is possible i.e. forced 
mobility (mobility triggered by another mobile 



agent) and self initiated mobility (mobility 
requested by mobile agent itself). Our major 
concern in software quality parameters are high 
reliability, improved robustness, efficient 
performance and optimal use of resource and 
memory usage which are the neglected issues in the 
existing solutions. We evaluated our system by 
performing some experiments. The parameters of 
experiments are code overhead introduced by 
transformer component, execution time taken by 
executer component to execute multi-threaded 
agent. We compared the results of our system with 
JavaGo and JavaGoX. The results proved that our 
system performed well then the above mentioned 
system.  
We are intended to share our system with Java 
Community Process to make it available as open 
source. Our system will be available to download 
from Java Sun’s website as an open source.   
Rest of the paper is organized as follows. Section 2 
gives details on the state of the art of Strong 
Mobility. Section 3 describes architecture of our 
proposed system. In Section 4 we discuss the whole 
process of transparent migration from the host 
machine to the destination. Section 5 is about how 
we will evaluate and test our system’s feasibility 
and performance. Section 6 concludes the paper 
and gives some future research directions. 
 

2. Literature Survey 
If we give a quick look on the past, it becomes 
immediately clear that strong mobility has 
remained a hot topic for researchers and a number 
of approaches were used to add the feature of 
strong mobility to Java based distributed systems. 
The systems that were developed with the objective 
of strong mobility in mind are Agent TCL, Ara, 
Voyager, Concordia, and IBM Aglets to mention a 
few. But these systems fail to capture the full 
execution state of multi-threads and their sub-
threads. The security measures are also not mature 
enough to enforce the fine grained security and 
resource control [7]. There are three approaches to 
achieve strong mobility. The approaches are 1) 
virtual machine modification, 2) compilation model 
modification technique and 3) java platform 
debugger architecture. Every approach has got 
some pros and cons. So we have to trade off among 
them for achieving strong mobility. 
 

2.1 Virtual Machine Modification 
Scheme 
Java VM contains all the information required to 
achieve strong mobility but in view of the security 
reasons, the JVM does not allow accessing that 
information. So to achieve the objective, the 
security of JVM needs to be broken. For that one 
has to modify the standard JVM. When one uses 

VM modification technique the benefits that 
welcome him are efficiency as no extra code is 
generated. But it comes with strings attached as Sun 
imposes licensing constraints on the redistribution 
of modified JVM. It is also difficult to achieve 
efficient performance of the VM from Sun. 
D'Agents, Ara [2], Sumatra [3] and NOMADS [8], 
JavaThreads, Merpati are the mobile agent systems 
that used virtual machine extension technique. 
NOMADS [8] introduced the strong mobility and 
safe agent execution. They developed VM from 
scratch according to Suns implementation. There 
were two components in their system named Oasis 
and Aroma VM. Oasis is the safe execution 
environment which executes each Java thread in 
separate instance of Aroma VM. Another strong 
feature of NOMADS was the fined grained 
resource control. It captures the execution state at 
the finest level that is between two Java 
instructions. But the problem with NOMADS was 
that it was too much resource hungry. It executes 
every java thread in separate instance of Aroma 
VM. The phenomenon of capturing the execution 
state of threads is also complicated due to use of 
native threads. Due to this complication the time 
factor also increases as java threads first have to 
finish the execution of native threads before their 
execution states can be captured. The memory 
usage is more as Oasis executes each java thread in 
separate thread of Aroma VM. NOMADS does not 
capture the execution state of sub threads [8] and 
lacks the JIT support [7]. Hence this technique can 
not be scaled to the Internet or Grid users as it uses 
custom VM [7].  
Ara and Sumatra [2, 3] are MAS's that used the 
approach of modified VM to provide strong 
mobility. But there were some deficiencies in these 
mobile agent systems. As they have changed the 
standard JVM so portability between different 
machine architectures is lost. Sun imposes licensing 
constraints on the redistribution of modified VMs. 
Compatibility between standard JVM and their 
modified version is not provided. Moreover they 
use jdk1.0.2 which doesn't make use of native 
threads. Sumatra does not provide forced mobility 
[7] and worse it is no longer supported. Besides, 
Ara and Sumatra lack the support for the migration 
of multi-threaded agents. These problems force the 
user to look for other ways to achieve strong 
mobility and the widespread use of custom VM is 
greatly affected. 
 
2.2 Compilation Model Modification 
Another approach to achieve strong mobility is 
compilation model modification technique. 
Compilation model modification technique 
involves pre-processing of the code i.e. 1) 
modification of the compiler, 2) modification of the 
generated byte-code. In former technique the state 
saving and resuming constructs are added at source 



code level. This is called pre-processing of the 
code. The strong mobility is achieved after the 
compilation of pre-processed code [6]. The JVM 
runtime stack is mirrored into an artificial stack 
which goes on updating itself with the information 
from JVM during execution of thread. At the time 
of migration the execution is stopped and 
information is added to the source code from the 
artificial stack. The thread is then serialized and 
transferred to remote site. At destination new thread 
is created whose state is initialized with the one 
arrived from remote site after de-serializing it. The 
advantage is portability while the disadvantages 
include extra code and compilation overhead along 
with the requirement of source code at the 
destination for recompilation which most of the 
time is not available in Java. The extra code 
generated also increases the bandwidth usage 
during migration. In this case migration of the 
object which is in its constructor can't be migrated. 
Because we can't migrate object until it is created. 
Systems that adopted the approach of compilation 
model modification are JavaGo [9] and WASP [4]. 
Neither of the systems support forced mobility [7]. 
Both of the systems use the source code pre-process 
approach for strong mobility. JavaGo lacks the 
support for multi-threaded agents strong mobility. 
The alternative approach to source code 
instrumentation technique is byte code 
instrumentation. As compared to the source code 
instrumentation technique the state saving and 
resuming constructs are added at the byte code 
level. In this approach heap and stack image needs 
to be transferred [6]. The execution state of the 
program consists of the similar constructs that were 
in source code. Migration can also be triggered in 
compound statement. The fruitful effects of this 
technique are the removal of additional code and 
compilation overhead. No source code is required 
at destination site of migration. The major issue in 
employing this approach is type recognition 
because value types are unknown at compile time. 
But through proper design and some intelligent 
programming this problem can be solved. 
Corelate[5] and JavaGoX [11] make use of byte 
code modification approach and again forced 
mobility is absent in both the systems [7]. 

3. Proposed System Architecture 
Our proposed approach for achieving strong 
mobility is byte code instrumentation of multi-
threaded agent in Java which is also the subject of 
mobility in our system. Our system has two 
components namely “Transformer” and “Executer”. 
The Transformer is used for transformation of java 
“.class” file for insertion of state saving and 
resuming instructions. Transformer is discussed in 
detail in sections 3.1 and 3.2. Another component 
in our system is “Executer”. Executer is used for 
the execution of java “.class” file by wrapping it 

with a class that converts thread into a well defined 
task before handing over it to JVM for execution. 
This component is discussed in detail in section 3.4. 
We translated the strong mobile code into weak 
mobile code in order to facilitate the multi-threaded 
agent with Strong mobility via Executer 
component. For transformation we followed two 
rules discussed below. 
 Two mobile agents can not migrate each other at 
the same time. 

 Two threads within the mobile agent can't trigger 
the mobility at the same time. 

The idea of applying these rules is inspired from 
[7] although it was to achieve strong mobility for 
IBM Aglets and the technique used is source-code 
modification technique. It is only for IBM Aglets 
and not generic whereas our system is generic. Not 
following the above rules can engender a deadlock 
situation [7].  
In Java a thread can have one or more sub threads. 
These sub threads are called child threads of thread 
that created them. To achieve the strong mobility of 
multi-threaded agent the execution and data state of 
all threads running as a child of mobile agent 
should be saved before migration so that they can 
be restored at destination site. For storing the 
execution and data state the parent thread and its 
child-threads need to be serialized. But the 
limitation of Java is we can't serialize threads as 
they use native code. The solution to this problem 
is to build a parallel stack that is actually the mirror 
of JVM stack. JVM stack is organized into frames 
which comprises of valid variables and their 
respective types. The state of a thread is that of a 
method in execution. The method’s state comprises 
of local frame variables, program counter and 
operand stack. If method is invoked JVM will push 
an entry related to that method on its local stack 
and when the method returns that entry will be 
popped up from the stack. 
The issue that often creates problem in achieving 
Strong mobility via byte code instrumentation 
technique is byte code recognition. As different 
data types are represented by varying number of 
bytes so it is difficult to recognize data types at 
compile time. Moreover different system 
architectures also allocate different number of 
bytes to same data type variables. We solve these 
problems by converting data types to virtual types. 
For saving the execution and data state of threads 
we built a virtual stack parallel to original Java 
stack. The virtual stack consists of array of virtual 
types. We then passed this virtual stack to remote 
destination where it is used to restore the state of 
thread that represents mobile agent. 
 
 



 
 
 
 
 
 
 
 
 
 
 
 

3.1 Transformation of strong mobile 
code to weak mobile code 
In our proposed system for strong mobility we 
transform the strong mobile code into weak mobile 
code. We complement the JVM threads into well 
defined tasks. Similarly sub-threads are 
complemented as sub-tasks. Each task is a data 
structure that goes on updating itself when the JVM 
continues to execute mobile agent. We used Vector 
collection "alive_threads" for keeping the count of 
total threads running at the time when the mobility 
is triggered. When any thread returns before 
mobility is triggered the respective thread is 
discarded from collection.  This collection will be 
used at the time of restoration for deciding the 
sequence in which threads will be restored at 
destination site. The instructions for updating the 
data structure for each task will be inserted into 
execution unit at byte code level. The java stack of  
each task will be stored as virtual stack for updating 
and resuming the local frame variables, program 
counter values and operand stacks of each thread.  
The whole process of transformation is described 
next. 

3.2 Transformation 
Before execution of any mobile agent it needs to be 
transformed. For transformation purpose our 
system has "Transformation" component. The 
process of transformation involves rewriting of java 
class file of mobile agent. The two java .class file 
transformed and non-transformed are shown in the 
Fig. 1. Rewriting of java class file involves 
analysis, conversion and insertion of byte code 
instructions into portable java format.  During 
analysis we extract byte code attributes of java 
class file like line number table, inner classes, 
exceptions, fields, methods and classes using 
reflection. After analysis the byte code instructions 
are converted into portable java format. We have 
developed separate package "Instructions" for 
storing all java instructions. These instructions are 

then inserted into java class file for state saving and 
resumption purpose. There are different instructions 
available in java at byte code level for loading 
different data types from local variables on to java 
stack. For example LLoad refers to loading long 
values, ILoad for integers, DLoad, ArrayLoad to 
mention a few. Rewriting of java class file for 
inserting saving and resumption instructions we 
have following three types of rewriters. 
 

1) Stripper Rewriter 
This rewriter takes out line number table and fields 
of methods so that they can be updated by the 
subsequent rewriters. The code for this rewriter is 
shown below. 
public class StripperRewriter 
implements Rewriter { 

public void rewrite(MethodGen m, 
Registry reg) { 

LineNumberGen[] l = 
m.getLineNumbers(); 

for (int i = 0; i < l.length; i++) 
{m.removeLineNumber(l[i]);} 

LocalVariableGen[] v = 
m.getLocalVariables(); 

for (int i = 0; i < v.length; i++) 
{ 

m.removeLocalVariable(v[i]); 

}}} 

2) Auxiliary Rewriter 
This rewriter checks for the methods that have the 
"invoke special" instruction. Invoke special 
instruction in the method deals with instruction for 
instance methods. It traverses through all the 
instructions in "Instruction_List" data structure 
associated with every method. After encountering 
Invoke Special instruction in methods this rewriters 
obtains the constant pool which contains all 
variables and their type information. It updates the 
Instruction_List data structure after obtaining 
constant pool. The target of the "goto" instructions 
are also updated by this rewriter. Rewrite method of 
this class is shown below. 
public void rewrite(MethodGen m, 
Registry reg) { 

    if (!isValid(m)) 

     return; 

System.out.println("Invoke Special 
Rewriter Called"); 

InstructionFactory insFactory = new 
InstructionFactory(m.getConstantPoo
l()); 

InstructionList insList = 
m.getInstructionList(); 

Figure1. Abstract Architecture 



InstructionHandle firstIns = 
insList.getStart(); 

InstructionHandle ins = firstIns; 

while (ins != null) { 

if (ins.getInstruction().getTag() 
== InstructionList.INVOKESPECIAL) { 

InvokeInstruction ivs = 
(InvokeInstruction) 
ins.getInstruction(); 

String mName = 
ivs.getMethodName(m.getConstantPool
()); 

int nrOfArguments = 
(ivs.getArgumentTypes(m.getConstant
Pool())).length; 

if (reg.getFrame(ins) != null && 
mName.equals("<init>") && 
nrOfArguments > 0) ) { 

StackDuplicator sd = new 
StackDuplicator(insFactory, 
reg.getFrame(ins).nextFreeRegister(
)); 

reg.getStack(ins).accept(sd); 

InstructionHandle endPossibleGotos 
=sd.getInstructionList().getStart()
; 

updateRegistry(reg, 
sd.getInstructionList(), ins); 

 

3) Main Rewriter 
The remaining instructions like invoke static, invoke 
virtual and invoke interface are dealt by this 
rewtiter. The rewriter saves all the instructions after 
their execution in the context of these invoke 
instructions. The variables associated with the 
invoke instructions and also the stack are updated by 
this rewriter. The program counter, local variables 
and stack are stored in machine independent way in 
the "Instruction_List" data structure. Following is 
the code of this rewriter. 
private boolean 
rewriteable(InstructionHandle ins) 
{int t = 
ins.getInstruction().getTag(); 

boolean invokeSpecialSuper = false; 

if (t == 
InstructionList.INVOKESPECIAL) { 

InvokeInstruction ivs = 
(InvokeInstruction) 
ins.getInstruction(); 

String mName = 
ivs.getMethodName(mGen.getConstant
Pool()); 

invokeSpecialSuper = 
!mName.equals("<init>");} 

if ((t == 
InstructionList.INVOKEVIRTUAL) || 
(t == 
InstructionList.INVOKESTATIC) || 
(t == 
InstructionList.INVOKEINTERFACE) 
|| invokeSpecialSuper ){ 

int index = ((InvokeInstruction) 
ins.getInstruction()).getIndex(); 

String cName = 
StrongMobility.Instrumenter.Transl
ator.transformer.Util.getObjectTyp
e(mGen.getConstantPool().getConsta
ntPool(), index).getClassName(); 

return 
!cName.startsWith("java.");} 

return false;} 

Fig 2 depicts the code in non-transformed class file 
and transformed class file of java that represents 
mobile agent. For clarity we converted byte code 
into plain text via decompiler. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

3.3 Parent Child Thread 
JVM inserts each new thread when it is created, in a 
default thread group unless thread group is 
specified by the programmer. If an agent has 
"main( )" method and it also has implemented or 
inherited the Java specific thread class then the case 
of parent child multi-threading arises. As "main( )" 
is always the main thread executed by JVM. To 
capture the state of threads that are in parent child 
relationships we propose an artificial tree like 

Fig 2. Transforming class file 

Original Code Transformed Code



structure that exactly maps the JVM stack, in which 
threads are maintained for storing the state of 
parent and child threads. 
The thread group may have parent thread group and 
child thread group. So in order to track each thread 
in JVM we construct self made thread groups at 
byte-code level that represents the actual thread 
grouping of JVM. We did this because it will help 
us in restoring the execution state of migrated 
threads in the same order as they were before their 
migration. As we are catering for multiple threads 
so this is another reason to take the threads in the 
form of groups. A thread group can have one or 
more parent and several child threads associated 
with each parent thread. Moreover the thread that is 
child in one thread group might be parent in other 
thread group. The information below associated 
with each task with respect to underlying thread it 
represents, will also be stored in “Thread_ Info” 
class as its fields. 
 Thread group id of specific thread 
 Flags for identification of parent and child thread 
 Parent name 
 List of children in case if thread is parent thread 
 An object of collection that will refer to the 
execution and data stack 

The class “Thread_ Info” is useful as they will help 
us in taking decision regarding which thread to 
migrate and which to not. It may be possible that a 
mobile agent instantiates a thread that is external to  
it. Mean that belongs to another java class file 
stored on host machine. And we can't afford 
migrate every external class instantiated from an 
execution unit. To handle this problem we have two 
options. First one is to use class library [13] instead 
of default libraries in Jdk. Remote resources can be 
accesses transparently with the help of [13]. Second 
option is to serialize a task that represents external 
file to the file where the computations of parent 
thread is saved. We used second option. 

3.4 Executer 
The second component in our system is Executer. 
This component takes any thread and converts it 
into a well defined task before handing over the 
task to JVM before execution. Executer after 
receiving any java .class file first checks the already 
stored serialized file. If it finds a serialized file with 
the name of mobile agent on host machine then it 
assumes that it has to restore the execution state of 
mobile agent. If it doesn’t find any serialized file 
with the name of mobile agent then it creates new 
task for the thread which represents mobile agent. 
While creating a task for the mobile agent it 
registers the thread with the scheduler and creates 
contexts and computations for that mobile agent. 

Then it starts all the threads one by one via 
scheduler. The main task of scheduler is to embed 
the tasks into Runnable interface for execution. The 
java .class file will goes on executing until 
move(Object target, String ip, Boolean true) 
method with true is called in the java .class file. 
When the above method is invoked the scheduler 
stops the current thread and push data variables, 
operand stacks and program counter values onto the 
virtual java stack. The data types that are pushed on 
the virtual java stack are of objects, integer, floating 
point type values, the constant pool of class and 
references to other classes or interfaces. The 
scheduler gives all threads a chance of execution on 
the basis of their priority and the moreover it 
executes parent and its child threads concurrently. 
The strategy that we adapted for capturing multi-
threaded mobile agent execution state is that when 
parent thread requests for strong migration by 
calling our move( ) method with argument true the 
scheduler will snatch control from parent thread 
and move all the child threads into the waiting state 
so that they can’t execute further instructions. The 
call graph of the method invocation and execution 
graph of each child thread are then saved before 
saving the same for parent thread. After the 
execution state of all threads is saved, the tasks 
representing the child threads that were interrupted 
for saving their execution state will be stopped. The 
architectural diagram of Executer component is 
shown in Fig.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Transparent Migration 
The serialized file that represents a mobile agent 
thread will then be transferred over the network. It 
is also assumed that system will operate in secure 
network environment. The serialized file that we 
will transfer over the network to desired destination 
will not be modified during transmission. 
Otherwise it may possible that the file doesn’t pass 
the byte-code verifier at the destination site.  

Fig 3.Scheduling of threads after transformation 



After the file is received at the destination and 
executed it will resume its execution from the same 
point where it was suspended before. The task data 
structure that we store before the migration for 
every thread will be used for restoration of threads. 
At the destination for each task in serialized file a 
new thread will be created and will be initialized 
with the state of task. Each newly created thread 
will be parent or child as it was before migration. 
The tasks popped up from stack will be executed 
and will return to the thread that called it. So in this 
way all threads will be resumed at the destination 
site. 

5. Performance Evaluation 
We have implemented and tested the prototype of 
our proposed architecture. The evaluation of system 
is done on the following parameters. 
 Memory consumption for storing of file after 
execution unit triggers strong mobility. 

 Network bandwidth consumption while 
transferring of stored file. 

 Total time for transforming a given class file. 
 Amount of additional code added to class file 

while transforming it. 

5.1 Code Overhead 
The table below shows the code over head introduced 
by our system, JavaGo and JavaGoX It is measured 
from the size of class file in java. Code overhead is 
introduced after adding additional byte code for saving 
and resuming state of mobile agent. The Fig.4 shows 
that our system produced less code overhead after 
transformation of mobile agent. 

 Size of Java .class file in bytes 

Algorith
ms 

Ori
gin
al 

Ou
rs 

Java
Go 

Java
Go
X 

Fib(30) 156
6 

66
35 

6690 671
0 

Loop(10
0) 

204
8 

30
72 

3080 310
0 

Code Overhead 
 

 
 
 
 
 
 
 
 
 

 
 

5.2 Transformation Time 
In the following table the time taken by our transformer 
component time for analyzing and rewriting of java 
class file is shown. 

 

Algorithms No. of 
methods 

Transformer 
time(sec) 

FindS 5 2.1*10E-5 
QuickSort 2 1.7*10E-5 

Fib(30) 1 1.8*10E-5 
Loop(100) 2 7.0*10E-6 

Transformer Time 

5.3 Execution Time 
In the following table the time taken by our 
transformer component time for analyzing and 
rewriting of java class file is shown. 

 
Algorithms Original 

(sec) 
Transformed 
(sec) 

Difference 
(sec) 

FindS 160.579 160.779 0.200 

QuickSort 120.000 121.560 1.560 

Fibonacci(30) 22.547 22.890 0.343 

Loop(100) 0.328 0.790 0.462 

Execution Time 
 

6. Conclusions and Future directions 
We proposed and implemented a generic efficient 
architecture for achieving strong mobility for 
multithreaded mobile agent. The approach we 
adapted for this purpose is byte code transformation 
approach. The solution is generic and doesn't need 
any kind of support from any external API. It can 
be used as stand alone program and can be 
integrated with any multi-agent system. There are 
two components in our system, Transformer and 
Executer. Transformer is for byte code 
transformation of mobile agent. During 
transformation state saving and resuming 
instructions are added to the class file of mobile 
agent. After transformation Executer converts all 
threads present in the class file of mobile agent into 
tasks before handing over them to the JVM for 
execution. This is done because in java language 
threads can't be serialized directly so Executer 
wraps the threads with a class that represents the 
task. At the time of migration all the threads, parent 
and child threads are stopped and their states are 
written to the serialized file and transferred to the 
remote destination.  
In future we are interested to work for achieving 
repetitive strong mobility of multithreaded mobile 
agent. Moreover we will improve our system to 

Fig.4. Code overhead comparison 



capture the threads representing mobile agents in 
separate java class files. 
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