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Abstract

In  a  complex  and ever  changing software  environment,  controlling  and coordinating  a 
software  system's  architecture and its components have become an almost  an  impossible 
task. It takes a lot of effort from a developer and even then it is not a foolproof plan. In this 
Masters  thesis,  we introduce   Architectural  Agents.  Architectural  agents  are  specialized 
configurable components.  They are  the  key elements that make a software environment 
self-adaptive. Should there be any problem in the software, the architectural agents having 
monitored the software architecture can know which component is having the problem and 
fix it. 

This thesis aims towards making software self-adaptive by using Architectural Agents. 
This can be achieved by combining two frameworks namely, Prism-MW and JADE. Each 
of these frameworks have their own property that contribute towards achieving the goal of 
the  thesis.  Prism-MW  decomposes  a  software  into  separate  and  easily  manageable 
components. JADE on the other hand, creates agents. Combining these two frameworks 
means using the agents to control the software components. This will make the software 
environment self-adaptive. 

We support our claims and theories by practically proving them. 

Key-words: Architectural Agents, JADE, Prism-MW, self-adaptive. 
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Chapter 1  Introduction

Starting out with a brief  introduction of self-organizing and self-adapting software,  this 
chapter then lists out the goal and the sub-goals of this thesis. It discusses the motivation 
behind choosing the thesis topic before terminating with the overall outline of the thesis.

1.1  Background
The evolution of computers has had a significant impact on the evolution of software. From 
small scale to  ultra large scale  and from stand alone to distributed systems, the size and 
complexity of software is ever increasing. As a consequence of this continuous evolution, it 
is  becoming  harder for  humans  to  configure,  maintain  and  keep  track  of  all  the 
abnormalities that may arise in a software due to various natural and unnatural causes. So, 
it  is  quite  essential  that   software  now  a  days must  become  versatile,  robust,  self 
configuring and self healing without the need of skilled support personnel every time [1,3]. 
The  software must  be  able  to  organize  and  adapt  itself  to  different  environment 
dynamically. Self organizing and self adaptive software are  those that are  able to adjust 
their behavior in response to the environment they are put into. This drastically reduces the 
cost and effort put behind software maintenance.

A software may have few to many components that may or may not interact with one 
another. In a self organizing software system,  when  abnormality occurs, the components 
acting independently, interact with one another to bring the system back to normality. Self 
organizing is the property of a system and not of its individual components. In a bee hive, 
when there is an intrusion, all the bees work together to protect the hive. They act in a 
coordinated manner to bring the hive to normality. So, a bee hive is a good example of self 
organizing system. The human body is another good example of self organizing system.

Talking about self adaptability of a software, it is the property of the software to adjust 
its behavior in response to the environment it exists in.  For example, consider there is a 
software that downloads videos from the Internet in a cell phone. It could be done either by 
using the Wi-Fi or through the network provided by the cell phone call service provider. 
Now, a person downloading a video  decides   to  move away somewhere else.  In a self 
adaptive system, as the person reaches beyond the range of the Wi-Fi, the downloading 
software in the cell phone  automatically switches from Wi-Fi to the network provided by 
the cell phone call service provider, giving the user uninterrupted downloading facility.

1.2  Goal
This  thesis  aims  towards  making  a  software  self  organizing  and  self  adaptive  so  that 
software can be configured and maintained without the need of skilled support personnel all 
the time. Thus the goal can be stated as:

To develop a framework that can be used to make software self adaptive.
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1.3  Goal Criteria
The goal of this thesis is a broader generalization of multiple subgoals. These subgoals act 
as milestones to the final goal.  So if these milestones are achieved then the goal of the 
thesis is also achieved. The criteria for fulfilling the goal can be listed as:

1. Divide software into components.
2. Create  another  software  to  Monitor  and  Analyze  these  divided  components  i.e. 

gather Knowledge, then Plan and Execute should some actions be required on those 
divided components [2]. (MAPE-K)

3. Simulate a scenario and test it with Criteria 1 and 2.

1.4  Motivation
To think that a software can dynamically organize and adapt itself to the environment it is 
put  into  is  very  interesting.  It  makes  a  software  autonomous,  able  to  make  relevant 
decisions on its own. This could be very useful in complex and mission critical situations 
where there are chances of a lot of things going wrong.

This  brings  us  to  the fundamental  question  for  the thesis.  What  is  the  problem that 
motivated us into taking this  thesis  topic? The answer is,  to  simplify  the  development, 
configuration and maintenance of software.  So, when you have a self organizing and self 
adaptive software, even when something goes wrong, the software will  gather necessary 
information and try to heal itself based on different options it may have.

Making software self organizing and self adaptive has a significant impact on reducing 
its maintenance cost and increasing its re-usability over wide range of areas. A  developer 
can  focus  on  the   fundamental  issues  to  make  a  better  software  without  having  to 
concentrate on every single detail. 

There are other questions that arise in this research as well. Such as:
1. How can a software be made self-adaptive?
2. Up to what degree can a software self-adapt?

The answer to the first question is, currently there are frameworks available that  when 
combined  accordingly,  can  facilitate  a  software  with  self  organizing  and  self  adaptive 
property. Regarding the answer to second question, it depends upon how flexible you want 
your software to behave. 

1.5  Restrictions
Developing smart architectural agents is a vast subject area that touches a lot of other fields. 
From   using  agents  for monitoring a  software  system  to  solving any  predicted  or 
unpredicted failure includes innumerable intermediate steps such as developing a strategy 
to  solve  the  problem,  communication  between  agents,  coordinating  different  actions 
between  the  agents, method of executing the most feasible plan and so on.  Each of the 
above  mentioned  steps  can  have  variations  so  to  make  a  complete  system with  every 
possible agent functionality within this time frame is  quite  unimaginable and beyond the 
scope of this thesis. So, there are a lot of restrictions. 

The thesis mainly deals with using agents to monitor one or more software systems. The 
agents will communicate with software components and with each other to determine the 
state  of a  software.  It  will  thus conclude whether  the software is  working normally or 

2



whether some components are malfunctioning. And if some components are indeed not 
working then subsequent actions will be taken.  It is also a prototype model and does not 
consider all possible scenarios. Few examples of restrictions are:

1. There are different hierarchies for agents. We are mainly focused on having master 
agents (called Prism agent) at a level immediately above monitoring, planning and 
execution  agents.  These  Prism  agents  control  and  communicate  with  the  three 
agents  below them in  the  hierarchy.   We are not  concerned with having agents 
higher than Prism agents to control and coordinate them.

2. We are modeling a small scale software in  our thesis. The number of components 
and  connectors  will  be  few.  If  the  agents  can  heal  components  in  small  scale 
software then ideally they should be able to do the same in large scale software too.

1.6  Thesis Outline
The remainder of this thesis is as follows. In Chapter 2, we discuss the background and the 
work  done  so  far  by  people  on  autonomous  systems,  self-managing  software  and 
architectural agents. We also discuss the current research frontiers in this area and go more 
in  detail about  the  thesis  topics.  In  Chapter  3,  we describe  how we  solved  the  thesis 
problem and achieved different milestones. We discuss the problems with our initial design 
and how we solved them. We also describe how the current solution is the most feasible one 
and how it achieves the goal of our thesis. Chapter 4  is the conclusion part. So, we discuss 
our final results and findings for the thesis with possible future enhancements.   
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Chapter 2  Background

Chapter  2  discusses  the  background  for  the  thesis.  Since  the  thesis  is  concerned  with 
dynamic configuration of software, rather than static, their differences are discussed. Then a 
historical background of software self-managing and self-adaptation is given along with 
important  milestones  that  have  been  achieved  so  far.  The chapter  then  explains  IBM's 
autonomic  model  and  relates the  context  to  explain  what  architectural  agents  are.  The 
chapter  then moves on to give a brief introduction of JADE and Prism-MW frameworks 
along with the class diagrams of old and modified Prism-MW framework. Finally, self-
adaptive systems are discussed.

2.1  Introduction 
Software that are particularly designed and developed for long term use need to evolve with 
passage of time.  They need to be updated and reconfigured, given the changing  trend of 
software  environment  and  technological  over  short  period  of  time.  Human  needs  and 
specifications also change over time which is also a deciding factor for the need of software 
evolution. These changes may require modification to the existing software or a complete 
replacement  of the software by a newer version.  But due to the fast pace development of 
technology, the changes that may occur in a software in future are difficult to predict when 
they are designed.  So, a software system should be flexible enough to permit  arbitrary 
changes [4]. 

The  flexibility  of  a  software  to  modifications  depends  upon  its  design during  its 
inception phase. For a centralized system, software is designed in a compact manner where 
as  for a distributed system, it is designed into components  and modules  that can function 
independently.  So  ideally  speaking, software  for  centralized  system are  less  flexible to 
modifications  and  extensions than  the distributed  ones  [4].
But it still leaves the problem of implementing changes  to the distributed  system. During 
modification,  not just the software, but the entire system that is using the software has to 
be halted, edited, recompiled and re-built.  This is time consuming, costly and leaves the 
system vulnerable. It is neither practical nor feasible to bring down the whole system just to 
make modifications to a part of it. The best solution would be to build  software that allows 
changes to it while the entire system is still running. This brings us to the concept of static 
and dynamic configuration. 

2.2  Static Configuration
In a statically configured system, whenever modifications are needed, the entire system has 
to be halted. After new configuration specifications have been given, the entire system has 
to be rebuilt.  The new system will  be a modified version of the older one.  In order to 
maintain consistency, the system must be validated once the changes are made. It does not 
support  changes  to  the  system while  it  is  still  on-line.  Static  configuration  process  is 
illustrated in figure 2.1.
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2.3  Dynamic Configuration
In a dynamic software environment the system is rarely stopped. It is continuously running 
even when new configuration changes are applied. It can handle unpredicted modifications 
and extensions without halting the system. Once the changes are made, the system must be 
validated.  We  are  only  concerned  with  dynamic  configuration  in  our  thesis.  Dynamic 
configuration process is illustrated in figure 2.2.

Dynamic  configuration  is  easier  to  implement  in  a  distributed  system  which  has 
components and connectors.  This modular architecture supports easy replacement of one 
component with another or replacing connection of one component  with another using a 
connector.  These replacements in a dynamic configuration process are done automatically 
when necessary. 

5

 System i

New configuration specifications

Validation

 System i+1

Fig 2.1. Static configuration process

System i

New configuration specifications

Validation

 System i+1

 Fig  2.2. Dynamic configuration process



2.4  Historical Background 
The notable history of autonomous computing and dynamic configuration is not a very old 
one.  It  was  Defense Advanced Research Agency(DARPA) that initiated one of the first 
projects  in  self  management  for  military  application  in  1997.  The  project  was  called 
Situational  Awareness  System (SAS) [2].  It  helped soldiers  to  send crucial  information 
about  enemy  positions  and  other  strategically  important  data  to  one  another  on  the 
battlefield.  But it was IBM that first suggested the concept of autonomous computing in 
2001  [2].  IBM suggested that when it  came to the management of complex computing 
systems, the system should manage on its own rather than have an administrator do it from 
the outside.  In other words,   the computing system should have autonomic properties and 
be able  to  independently take care of  regular  maintenance and optimization tasks,  thus 
reducing the work load of system administrator. IBM also listed out four properties of self-
managing system: self-configuration, self-optimization, self-healing and self-protecting [2]. 
It  was  comparable  to  a  human  body  where  all  the  vital  functions  such  as  breathing, 
digesting,  adjustment  of  pupil  to  light,  heartbeat  are  subconsciously  controlled by  the 
autonomic nervous system,  removing the complex task of their coordination  by humans 
themselves.

In  2005,  NASA  started  a  project  on  autonomous  system  called  Autonomous 
NanoTechnology Swarm( ANTS) that would coordinate multiple small spacecrafts to take 
vital information from asteroids in outer space [2]. 

There  have  been  researches and  studies in  dynamic  configuration  before that  have 
contributed in providing important milestones towards making software self-managing and 
self-adaptive. Among them some of the notable ones are:

2.4.1  Darwin
Darwin is one of the pioneering Architectural Descriptive languages (ADL) developed by 
Magee et al [2].  It uses component based architectural structure represented by directed 
graph.  In the directed graph, the nodes represent components and the arcs between the 
nodes specify the bindings between a service required by one component and the service 
provided by another [2]. In Darwin, each component is an autonomic element, with its own 
autonomic manager and managed element.  Also, each component holds the architectural 
model of the entire system and is based on distributed system with each component acting 
independently. This design removes the need to have a centralized management system that 
controls all the components but adds additional need for the components to coordinate with 
one another.

2.4.2  C2/xADL
In C2/xADL, when an old architectural model needs modification, it is compared to the 
new model and the difference between the two models in computed. An analysis is then 
done to determine validity of the changes. If valid then based on the architectural design of 
the old model, a plan is made to implement the changes. Here, the repair plan is executed 
without stopping the entire system. But it may be necessary to stop the components  and 
connectors that need to be replaced as well as the ones they affect directly. These actions 
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happen as a consequence of rules that have been predefined [2]. But analysts have pointed 
out that a much better alternative would be to come up with the solution architecture that 
best fulfills the new requirements and then modify the old model to the new one. 
2.5  IBM's Autonomic Model
IBM has suggested a reference model for autonomic control called the MAPE-K (Monitor, 
Analysis, Plan, Execute and Knowledge) which is much similar to the sensors and effectors 
architecture [2] as depicted below in figure 2.3. The model and its different components are 
described in the sub-headings of 2.4.

IBM's  MAPE-K model  basically  consists  of  managed element  and autonomic  manager 
coupled together by sensors and effectors. 

2.5.1  Managed Element
Any  software  or  hardware  resource  that  is  given  autonomic  behavior  represents  the 
managed element.  In the MAPE-K autonomic loop, the managed element represents any 
software or hardware resource that is given autonomic behavior. A managed element could 
be client-server architecture, web services or a hardware interface for controlling robotic 
arm. 

2.5.2  Sensors
Sensors perceive information from the managed element. According to requirements, the 
sensors gather relevant information and pass it on for further processing. In a client-server 
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architecture, sensing could mean gathering work load of the server components, checking 
whether  different components are working or not  or  response time to client requests  or 
CPU and memory utilization [2].
2.5.3  Effectors
Effectors are used to carry out changes to the managed element. For instance, if one of the 
server components is not working, the effectors could replace the defective component with 
a  new  one.  Or  if  one  of  the  server  components  is  overloading  then  create  another 
component to distribute the work load. 

2.5.4  Autonomic manager
When sensors  collect  data  from managed element,  they  send it  over  to  the  autonomic 
manager.  An  autonomic  manager  is  a  software  component  that  receives  and  monitors 
information sent by the sensors and then together with internal knowledge, analyses, plans 
and decides what action to take  in order to achieve the goal  using effectors.  Autonomic 
manager needs to be configured according to the software environment so that the goal can 
be  achieved  efficiently.  The  goals  are  based  on  event-condition-action  (ECA)  policies. 
When certain events arise and specific conditions are fulfilled, then relevant actions are 
taken. For example, the normal response time of a server to a client response is 3 seconds. 
But when the response time exceeds  3 seconds and if other servers are available then the 
service to the client will be re-routed to one of the available servers.  This also brings out 
several  other  issues  when defining  policies.  Firstly,  if  there  are  more  than  one  servers 
available then which one should be chosen? Secondly, if the server replies back after 3 
seconds then how should  the autonomic manager handle that?  Thirdly, if there are more 
than one client  applications and they require service from the server then in the event that 
more than one servers are not available, which one of the clients should get the priority of 
service?  These  are  few of  the  issues  that  should  be  addressed  in  a  higher  level  while 
defining goal policies.  But it still  leaves the issues that may arise during run-time.  The 
autonomic  manager  then  has  to  decide  which  one is  the  best  option  for  achieving the 
desirable goal. 

The self-X properties of autonomic systems are inspired by the properties of  software 
agents  [2],  particularly  architectural  agents.  In  the  next  section  we will  describe  about 
architectural agents that are capable of configuring systems at run-time. 

2.6  Architectural Agents 
Architectural  agents  are  software  components  that  are  solely  responsible  for  making  a 
software system autonomous. They provide all the functionality for self-management and 
self-adaptation in an autonomous system. Self-managing a system means performing all the 
tedious task of  self-configuration,  self-optimization,  self-healing and self-protection.  An 
agent does all these based on properties that it perceives from the system. An agent is like a 
human  being.  A human  being  can  sense  different  conditions  in  an  environment  using 
sensory organs like skin for touch, tongue for taste, nose for smell, ear for sound and eyes 
for sight. Of course, an architectural agent cannot duplicate the exact same sensors as a 
human has but it can be made to detect certain events in a software environment, simulating 
an actual human sensing.  Once the agent perceives its environment by using sensors,  it 
performs  appropriate  actions.  These  actions  are  relevant  changes  to  the  software 
environment  and are implemented  using effectors. Effectors are like hands and feet in a 
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human being. They are there to perform actions  and make necessary changes. What has 
been described above can easily be understood in the figure 2.4.

      

2.7  Properties of Architectural Agents
Let us discuss the properties of architectural agents. The first property is the autonomous 
behavior. An architectural agent must be able to behave independently without any support 
from trained personnel. Based on different conditions the software is exposed to, the agent 
adapts its behavior and acts accordingly. The second property of architectural agent is pro-
activeness. The architectural agent does not wait for something to go wrong in the software 
and start repairing it. The agent rather monitors the system and is always on the look out for 
possible errors so that it can take appropriate actions to prevent the error from happening. 
The  final  property  of  the  architectural  agent  is  communication.  An  architectural  agent 
works autonomously but at times it needs to team up with other architectural agents and 
solve the problem. This means that the agents should be able to communicate with one 
another.  This is done by passing messages between the agents. Message passed by one 
agent is interpreted by another agent and then subsequent action is taken. 

2.8  Introduction to JADE
JADE (Java Agent DEvelopment)  is a framework  that can be used to create architectural 
agents  based applications.  As the  name suggests,  JADE is a framework that  is built over 
Java. This gives the platform independent property to the agents. The agent platform can be 
deployed to any system regardless of the type of  operating system. JADE uses a graphical 
interface to deploy and manage agents, although it is also possible to launch agents without 
using the graphical interface. It can be done by passing an agent name as argument when 
the implementation starts. By using the graphical interface, it is possible to move the agents 
around from one machine to another, as and when required. However, JADE does require 
that the minimal version of Java be 1.4.  
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JADE is an open source software distributed by Telecom Italia.  It complies with FIPA 
(Foundation for Intelligent Physical Agents) specifications, which is an IEEE standard that 
promotes agent based technology and its interoperability with other technologies [6]. JADE 
can then be considered an agent  middleware that  implements  an Agent  Platform and a 
development framework. It deals with all those aspects that are not peculiar of the agent 
internals and that are independent of the applications, such as message transport, encoding 
and parsing, or agent life-cycle [5]. All agent communication is performed through message 
passing. The message format is based upon FIPA ACL (Agent Communication Language). 

The FIPA ACL message structure is shown below in table 2.1.

Document title FIPA ACL Message Structure Specification

Document 
number

SC00061G Document source FIPA TC 
Communication

Document 
status

Standard Date of this status 2002/12/03

Supersedes None

Contact fab@fipa.org

Change history ChangeLog
© 1996-2002 Foundation for Intelligent Physical Agents 

The agent platform can be distributed on several hosts. Only one Java application, and 
therefore only one Java Virtual Machine (JVM) is executed on each host.  Each JVM is 
basically a container of the agents that provides a complete run-time environment for agent 
execution and allows several agents to concurrently execute on the same host. JADE fully 
implements  FIPA communication  model  with  its  components  distinctly  and  completely 
integrated,  from  interaction  protocols,  envelope,  ACL,  content  languages,  encoding 
schemes,  ontologies  to  transport  protocols [5].   The  interesting  part  about  the 
communication between agents is that it can adapt to different situations  and choose the 
best available protocol. Although agents are implemented as one thread per agent, at times 
the agents need to perform  parallel tasks, i.e. handle more than one task at a time. JADE 
utilizes Java's multi-thread solution as well as has its own scheduling implementation. 

JADE  provides  Graphical  User  Interface  (GUI)  to  manipulate  agents  and  their 
behaviors, from remote management, monitoring to controlling the status of agents, which 
could mean stopping and restarting the agents. If agent container is already running then all 
these actions can be performed in a remote host too using the GUI.

Now that agents that can manage a software have been discussed, PRISM-MW will be 
discussed further. For a large and complex software everything is difficult. From design, 
implementation to testing phase all consume considerable amount of resources. The best 
practice  would then  be to  divide  the  large  and complex software  into  smaller,  simpler 
components. Divide and conquer has always been the traditional way of handling large and 
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complex problem. PRISM-MW is a framework that does just that. It can be used to divide 
software into components, making it much easier to handle.

2.9  Introduction to Prism-MW
When it comes to managing large and complex software, it has always been developers' 
nightmare.  Testing  each and every  functionality  of  the  software  after  making even the 
smallest change is rather cumbersome and takes a lot of time and effort. Dividing a single 
large software into separate,  independent  parts would be  a reasonable solution  here.  The 
software would then be much easier to manage with developer having to spend less effort 
on testing the functionality of the whole system while developing a new software or adding 
changes to it later. 

Consider the following example of employee management system shown in figure 2.6. 
An employee management system is very vital in offices, especially large offices where the 
number of employees is large. Keeping records of employees' personal information is not 
just an option but a mandatory task. It will help to calculate payroll of individual employee 
based on their attendance, leaves, holidays and overtime.  Here in the figure a traditional 
model is depicted, where individual systems are developed without proper separation of 
concern. It is quite difficult to trace out the relationship between the individual systems. So, 
if a change is made in one of them, it is important that everything be tested. The whole 
employee management system should be tested. It is a poor design because of the following 
reasons:

1. A large system is based on unification of individual, smaller systems. So, individual 
systems should be separate which makes them easier to manage. It lacks separation 
of concern. 

2. Some of the systems such as annual leaves, forced leaves and sick leaves are related 
to  leaves.  Similarly,  on-time  attendance  and  late  attendance  are  related  to 
attendance. But in this model, that relationship is not visible.

3. While making changes to a particular system, its  effect on other systems in not 
known. So, every time when even small changes are made, the developer has to go 
through the arduous task of testing the functionality of the whole system.
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Like  any  middleware,  Prism provides  connections  between  different  software 
components.  Prism uses  components and  connectors based  architecture  for  developing 
software. It is targeted for use in large distributed system where separation of concern is a 
major  issue.  A large  software  is  divided into  separate,  independent  components.  These 
components  each carry  separate  functions.  When  two or  more  components  need to  be 
connected to each other, it is done by using connectors. Connectors act as a bridge between 
different  components.  To  connect  different  components,  connectors use ports  and  the 
interaction between the components and connectors take place by passing messages using 
events. 

Designing the same employee management system using Prism-MW is illustrated in 
figure  2.7  below. As it can be seen, each individual system in separated into components 
separating out the concern. Smaller components are connected to make larger components, 
such as on-time attendance and late attendance form the attendance component. Similar is 
the  case  with  leaves.  The  relationship  between  individual  components  can  be  clearly 
understood  from this  model.  If  a  developer  has  to  add a new component  or update an 
existing one then he can do so easily and its effect on other components can also be easily 
understood  based  on  the  relationship  that  is  portrayed  using  Prism-MW  architecture. 
Testing the system then becomes much easier because instead of testing the whole system, 
only those components that are affected by the change can be tested. This saves both effort 
and time.
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Fig 2.7. A large complex system divided into components connected by connectors using 
Prism-MW. Separation of concern is clearly visible
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Prism-MW is  a  middleware  targeted  at  applications  in  highly  distributed,  resource 
constrained, heterogeneous and mobile settings. The key properties of Prism-MW are its 
native  and  flexible  support  for  architectural  abstractions,  efficiency,  scalability  and 
extensibility. These properties are enabled by Prism-MW's extensive separation of concerns 
[7].  A software can implement different ideas, even large ideas that can be implemented 
with simplicity using Prism-MW's architectural concept of dividing them into components 
and connectors.  This  gives  a  lot  clarity  to  the  design  and implementation  of  software. 
Another important plus point of Prism-MW is that it completely separates an application's 
conceptual  architecture from its  realization.  To illustrate  further,  each component  in  an 
architecture  may  be  implemented  in  multiple  programming  languages.  Those 
implementations  are  fully  interchangeable  if  ExtensiblePorts  with  the  appropriate 
implementations of AbstractXMLConversion classes are used [7].

2.10  Class Diagram of Prism-MW
A distributed  system implemented  in  Prism-MW consists  of  a  number  of  architectural 
objects, each of which serves as a container for a single subsystem and delimits an address 
space. Components within and across different architecture objects interact by exchanging 
events. The default implementation of Prism-MW uses a circular array for storing all events 
in a single address space.  Since the event queue is of a fixed size, determined at system 
construction-time, a producer-consumer algorithm is used to regulate the queue [7]. 
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The  figure  2.8  shown  above  represents  the  original  Prism-MW  framework.  This 
framework  had  to  be  modified  in  order  to  make  it  co-exist  with  JADE  framework. 
Combining the two frameworks meant making changes in Prism-MW core classes. Each of 
the classes shown in the figure above were extended to include some extra functionalities. 
The extended Prism-MW framework is shown in the figure 2.9.
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Fig 2.8. UML class diagram of Prism-MW
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Fig 2.9. UML class diagram of extended Prism-MW framework



The Prism-MW architecture is very closely based on real world scenario. In a real world 
suppose that a house needs to be built. An initial planning and design of the house is done. 
Then the house is  built  over  a platform of  solid  structure called scaffold.  The scaffold 
provides a strong base and stability to the foundation of the house. Bricks are then used to 
give structure to the house. Each room of the house such as the living room, the bed room, 
the bathroom and the kitchen form the components of the house.

Like in  a real world as shown in figure 2.10, Prism-MW has a scaffold class and a brick 
class. The scaffold class  provides a structure for laying down bricks. It is the foundation 
over  which  Prism software  are  built.  The  scaffold  class  also  determines  the  order  of 
processing the bricks. The bricks are the building blocks of Prism architecture. It is never 
used directly but instantiated as either component, connector or port.  Brick is an abstract 
class  and  depends  upon  its  sub  classes  to  handle  different  events  and  messages. 
Components  are  classes  that  represent  composite  form of  bricks.  Each component  is  a 
separate entity that implements an independent and separate functionality.  At times one 
component  needs  to  interact  with  other  components  in  order  to  achieve  a  goal.  This 
interaction between components is done through connectors. So a connector class connects 
different components. Connectors are also built from bricks. When a connector connects 
different  components,  it  is  done  through  ports.  Just  like  passage  way  in  a  house  that 
connects different rooms, connectors use ports to connect components. Ports are also built 
from bricks. So, a Prism architecture consists of scaffold over which components are built 
that interact with one another through ports in connectors. All of these use bricks to shape 
out the basic structure.

2.11  Self-Adaptive System
Having searched the Internet for similar frameworks for both JADE and Prism-MW, we 
found that there were some that were vaguely related to what we wanted, such as JMX and 
Magnetar but JADE and Prism-MW were much easier to understand given their simpler 
code structure and very well  described documentation.  Up to now we have thoroughly 
discussed both JADE and Prism-MW frameworks. Prism-MW is used to decompose a large 
and complex software into smaller, independent components and JADE is used to create 
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Fig 2.10. Comparing Prism-MW with real world house
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architectural agents that can control and manage these software components. For Our thesis 
is based on the principle that, should there be any problem or failure in any  one  of the 
software  components,  the  JADE agents  should  be  able  to  automatically  try  and  fix  it 
without any human intervention.  This is the property of self-organizing and self-adaptive 
software. A proper combination of these two frameworks JADE and Prism-MW will make 
the software self-organizing and self-adaptive. There maybe different ways to combine two 
frameworks. Based on our initial assessment our first choice was to put Prism-MW inside 
JADE framework. 
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Chapter 3  Solving the Problem

Chapter 3 is about how the problem for the thesis is solved. There were two alternatives 
that we came up with solving the problem. Each of the alternatives is discussed with their 
pros and cons. 

3.1  The First Alternative - Prism-MW Inside JADE
In order to create a self-organizing system, smart agents were needed. These smart agents 
would perform crucial  tasks  of  healing and repairing  components  that  would fail.  This 
healing process would require agents to communicate with one another to exchange vital 
information regarding the problem diagnosis, method of solving the problem and the actual 
action that  would  repair  the components.  So,  communication  between agents  was very 
important. JADE framework provides the facility to create agents and  it  already has the 
mechanism for agents to communicate with one another by passing message between them. 
Having thoroughly studied and understood both the frameworks it  seemed natural to put 
Prism-MW within  the  JADE framework,  so  that  the  Prism components  would  be  well 
within the reach of JADE agents without having to make significant changes to the JADE 
framework. This would preserve the integrity of JADE framework. Also, Prism deals with 
components  and  connectors  which  seemed much  easier  to  handle  than  agents.  Making 
changes  to  Prism  framework  seemed  more  feasible  than  making  changes  to  JADE 
framework.

As  it  can be  seen in 
the  figure  above,  Prism  application  is  completely  enclosed  inside  JADE.  Software 
development in Prism uses the same principle of components that are connected with one 
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Fig 3.1. Prism-MW framework combined with JADE framework
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another using connectors and messages are passed between them using events. As we know, 
JADE is a framework that creates agents and agents are the only software entities that can 
exit inside it. So, in order to put Prism application inside JADE and make it work, the Prism 
application has to be converted into one of  the  JADE agents. In other words, the Prism 
application has to work as an agent inside JADE. The Prism application will be a special 
type of agent inside JADE.  

Software  was  easily  decomposed  into  components  and  connectors  using  Prism-MW 
architecture. But a significant amount of extension had to be made to the Prism framework 
in  order  to  make  the  Prism  application  compatible  with  JADE  environment.  It  was 
important to preserve the component-connector  and separation of concern model of Prism 
even after placing it inside JADE. 

Similarly, extensions were also added in JADE framework. A normal Prism application 
does not behave like an agent and for any software entity to exist inside JADE, it has to 
behave like an agent. This meant creating an environment inside JADE that would allow 
the Prism application to exist and behave like agents. JADE had to treat Prism application 
as a special type of agent and provide it with all the features and functionality as it would to 
a normal agent that is created inside JADE. So, lots of changes had to be made in both the 
frameworks.

We were very hopeful of developing this model further but there were some serious 
drawbacks that came into light later on as we started further development. These drawbacks 
are listed below:

1. As a self-management  software developer,  it  was necessary to  have an in-depth 
knowledge of both the frameworks. There wouldn't be much benefit of combining 
the two frameworks if a developer has to go through both the frameworks again. It 
would be loss of effort.

2. In this particular model, it is very difficult to differentiate the two frameworks once 
they are combined. It is necessary to differentiate the two frameworks because if a 
developer  wants  to  develop an application using Prism-MW, then it  should also 
work independently without having any JADE support.  So, in this model, the two 
frameworks were too tightly coupled. 

3. A lot of changes were made in both the frameworks. In JADE extensions were made 
to fit Prism applications as special agents. Similarly, in Prism-MW extensions were 
made so that the applications would work inside JADE.

Because the two frameworks were too tightly coupled, we came up with a model that 
would  preserve  each  framework's  integrity.  The  new  model  should combine  the  two 
frameworks but not too tightly nor too loosely. It would not put one framework inside the 
other. 

3.2  The Second Alternate – the New Model
As discussed earlier, it was a bad idea to put Prism-MW inside JADE framework. This 
would limit the Prism-MW applications to function inside JADE environment only. This is 
a  very big limitation to  Prism-MW applications.  So,  an alternate  was to  keep both the 
frameworks  separate instead of putting one inside  the other but  then  connect them using 
sockets. This way both the  two  frameworks wouldn't   be  too tightly coupled and normal 
Prism-MW applications could also function without the need of JADE environment. 
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The  Prism-MW  framework,  among  other  classes  contains  Architecture  class, 
Component  class  and  Connector  class.  In  order  to  let  the  JADE  agents  control  and 
coordinate Prism-MW applications, these classes  were extended and new functionalities 
were added to them. These extensions made it possible for the JADE agents to monitor the 
Prism-MW applications. 
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Fig 3.3 New extended classes in Prism-MW
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3.3  Structure of JADE Application 
According to the new model, all JADE applications will have a main agent called Prism 
agent. This Prism agent is the only part of the JADE architecture that has direct connection 
with the Prism application. Any messages that are passed through from Prism to JADE or 
JADE to Prism will go through this Prism agent. The Prism agent, being the main agent in 
JADE can produce three other agents namely, monitoring agent (MA), planning agent (PA) 
and  execution  agent  (EA).  It  is  the  responsibility  of  the  Prism  agent  to  control  and 
coordinate these three agents. Events are passed in between these agents using messages 
(Inform type messages to be specific).

3.4  Structure of Prism Application 
As stated earlier, Prism applications contain components that are connected to one another 
using connectors via ports. According to the new model it is possible for Prism applications 
to work normally without having any JADE agents to control them. But when it comes to a 
self-organizing system,  JADE agents must be able to monitor and control these Prism 
components. In order for the JADE agents to do so, Prism architecture needs few special 
components. These special components are monitor, informer and effector.

The architecture class at Prism-MW contains Monitor class. This class works as a thread 
to monitor different components. There are basically two things that are monitored. Firstly, 
whether the components are working or not and secondly whether a particular component is 
overloading or not. In both cases of components not working and components overloading, 
relevant bodies are informed  at JADE side  and subsequent actions are taken.  There are 
different mechanisms for determining whether a component is working or not. “Heart-beat” 
and “Ping-Echo” are two of them.

When  the monitoring system determines that a particular component is  not working, 
Informer class is used to inform the Prism agent in the JADE side that the component has 
failed. So, it is the informer class that has the actual connection with the JADE agent.
Once the agents in the JADE side are notified, corrective actions will have to be taken to fix 
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Fig 3.4. Agent hierarchy in JADE
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the malfunctioned component. This corrective measure will be carried out by Effector class. 
In other words, the Effector class receives and executes orders given by the JADE agents. It 
also works as a thread.

3.5  Self-Adaptive Mechanism
As discussed till now, self-adaptation in software is a combined result of JADE and Prism-
MW frameworks.  Both the frameworks have their  distinct  properties and  are combined 
together using socket connection. JADE framework is used for creating agents and Prism-
MW framework is used to break down a software into smaller, easy to manage components. 
But the big question still remains as to how these two frameworks actually help in making a 
software achieve  self-adaptive behavior.  Thus, the  whole  mechanism of  software  self-
adaptation using these two frameworks is explained as follows:

When an agent is created using JADE framework, the very first agent that is created is 
the master agent. This is the agent that will solely be responsible for communicating with 
the Prism architecture. So, due to its high responsibility towards the Prism side, the name of 
the agent that we thought appropriate was Prism agent. We can thus say that Prism agent is 
the first agent that  is created using  JADE framework.  The first agent is always created 
inside the main container. The Prism agent has the capability to create containers based on 
each  Prism  application's  name and  also  to  create  numerous  other  agents  to  help  in 
organizing software. These other agents can be deployed inside different containers based 
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Fig 3.5. Structure of Prism architecture
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on circumstances.
Moving on to  Prism side,  when Prism architecture starts,  along with all  the  normal 

components,  three  special  components  are  created.  These  three  special  components  are 
Monitor, Informer and Effector. All of these three special components remain inactive until 
there is a successful connection between the JADE and Prism architecture. The Prism agent 
communicates  with  the  Effector  in  the  Prism  side,  giving  it  vital  orders  to  manage 
components that are malfunctioning or overloading. But to communicate with the Effector 
using socket, Prism agent needs the IP address of the Effector and an available port number. 
These information are saved and provided in a file when the Prism architecture starts. 

Now, when the Prism agent starts, it  will use the IP address of the  Effector and the 
available  port  number  from  the  prism  side  as  arguments.  A system  administrator  is 
responsible for reading the IP address and port number from the file in Prism side and then 
passing them as arguments while creating JADE agents. The Prism agent will then send a 
request for creating connection to the Prism architecture. Along with the request, the Prism 
agent  will  also  send  its  receiver  address  so  that  Informer from prism architecture  can 
communicate back. 
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Fig 3.6. JADE and Prism application at start up
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When  Prism architecture  receives  a  connection  request  from the  JADE side  (Prism 
agent) and wants to have a connection, it will reply back with its name to the IP address and 
port number provided by the Prism agent while sending the request. It is the Informer that 
replies back to the JADE side. Thus, a two way communication channel is created between 
JADE and Prism architecture. 

In the JADE side, Prism agent has a Receiver class that works as a thread to receive any 
events  or  information  sent  from  the  Prism  architecture.  Depending  upon  the  type  of 
information sent by  the  Prism architecture, Prism agent decides whether to discard it or 
forward it to other agents to take suitable actions. 

When the Prism agent at JADE side receives Prism architecture's name as a reply to its 
request for connection, it considers the reply as a permission for  making the  connection. 
The Prism agent will then move on to make certain changes in the JADE side. The first 
thing Prism agent does is to create a container using the name of the Prism architecture sent 
to it as a reply by the Informer from Prism side. It then creates three other agents namely, 
Monitoring  agent (MA),  Planning  agent (PA) and  Execution  agent (EA) inside  this 
container.  The Prism agent  on the other  hand  always stays  and works  inside  the  main 
container.
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Fig 3.7. A two way channel created between JADE and Prism architecture
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Once the above mentioned steps are complete,  Monitor at the Prism architecture side 
will start monitoring the components. As the name suggests, Monitor component is there to 
monitor  the work  load  of  different  normal prism components  (normal  here  is  used  to 
differentiate special components Effector, Monitor and Informer from prism components) . 

At times, certain components are heavily exhausted and their workload increases above 
normal level, beyond a threshold. It happens when there are only few components to handle 
large  number  of  requests  for  services.  In  such  a  scenario,  the  components  become 
overloaded and may provide services at slower rate. This may ultimately lead to decrease in 
the efficiency of the system.  So, to have a monitoring system that constantly checks the 
workload at Prism side and helps initiate suitable action is quite mandatory. This is done by 
Monitor component in the Prism side. 

3.5.1  Process of Component Workload Calculation
A more detailed explanation about how workload of components is calculated will be done 
in later section. This section will provide the basic introduction of how workload of Prism 
component is calculated.  To maintain high efficiency of Prism application, a monitoring 
system was devised. A special component called Monitor was created. This Monitor would 
inform concerned body, the Prism agent, should the workload of components exceed certain 
threshold.  The  Monitor  itself  is  a  thread  and  at  a  constant  interval  of  three  seconds, 
calculates the amount of service provided by different components. The amount of service 
provided by each component is calculated  based on the time each one of them takes to 
perform their task. This workload information is then sent to the Prism agent at JADE side 
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Fig 3.8. Prism agent creates monitoring agent, Planning agent and Execution agent 
inside a separate container
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by Informer for analysis. Based on this information, Planning agent decides what action to 
take in order to decrease the workload at Prism side.

3.5.2  Process of Component Failure Detection
For this topic also a more detailed explanation will be done in later section. Like any other 
normal software, Prism applications are also prone to failures. The failure could be a result 
of system crashing due to hardware failure  or loss of Internet connection  or anyone of 
numerous  unpredictable  pitfalls.  Having  a  self-adaptive system  means  detecting  these 
failures and taking suitable actions. This section will provide the basic introduction of how 
agents  react  to  errors.  For  the  time  being,  given  the  limited  amount  of  time,  the 
Architectural agents will detect three types of anomalies, namely 

• component failure 
• component load balancing (for overloading), and
• making useless components inactive

Monitoring agent in JADE side helps to detect such anomalies. In our case we have used 
Modified Ping-Echo mechanism  to  detect  component  failures.  The  favoring  factor  for 
choosing  modified  ping-echo  over  heart-beat  mechanism  was  the  selective  nature  of 
messages that Monitoring component needed to be send in Prism side. Prism architecture 
has lots of components that the Monitoring component does not need to interact so, it is 
useless to send request to all the components and wait for their response as it would have 
been in heart-beat mechanism. 

26

Fig 3.9. Monitor monitoring workload of components and connectors
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3.6  Modified Ping-Echo Mechanism
We have used Modified Ping-Echo mechanism to determine whether Prism components are 
functioning or not. In  Ping-Echo mechanism,  a component sends out a request and then 
waits for its reply. Should the reply not come, it will be known that the component is not 
working. The difference between Ping-Echo and Modified Ping-Echo is that in Modified 
Ping-Echo, one component sends out a request but then another component waits for its 
reply.  Request  and reply  are  not  handled by the  same component  to  detect  component 
failure. When a component sends out a request, it waits for  a  certain period for  its reply. 
The  waiting  time  is  defined  according  to  the  type  of  service  architecture.  Some 
architectures  such  as  large  distributed  systems  where  components  maybe very  widely 
separated require more waiting time, while others, such as small distributed systems where 
components  most probably are closely connected require less waiting time.  So, if one of 
the components does not reply back within the waiting time,  it will  be  known that the 
component has failed. 

In  our  case,  when  a  client  requests  for  a  service,  this  request  is  sent  to  the  server 
component via  connector. The connector also sends the request to the Monitoring agent in 
JADE side where the Monitoring agent keeps record of all the requests. Should any of the 
components fail and not reply back within a certain time-frame, Monitoring agent will not 
be able to map its request to its reply. So, it will deduce that the component has failed. 

As  mentioned  earlier,  Monitoring  agent  monitors  request  and  reply  events  between 
components in Prism application. It means that each request and reply events coming from 
Prism components is passed on to the Monitoring agent. The Monitoring agent thus keeps 
track of the request events until it receives their  corresponding reply events. So, by this 

27

Fig 3.10. Modified Ping-Echo mechanism initiated by Monitor. Component3 
has failed which will be monitored by Monitoring agent (MA)
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operation, the Monitoring agent builds its experience and maps a specific  component with 
its  request to its  reply.  Monitoring agent uses Checker Object  to specifically locate the 
particular component that has failed. Checker Object uses time-out to determine whether a 
component  has  failed  or  not.  Time-out  is  the  time  interval  that  the  Monitoring  agent 
(Checker Object to be specific) waits to get the reply for a specific request event. If it does 
not  get  any  reply  within  the  time-out  interval,  the  Monitoring  agent  considers  the 
component as failed.  Time-out is set by the Planning agent.  If the Monitoring agent finds 
out some problem that it does not have previous experience of, it will ask the corresponding 
connector at Prism side to provide required information to build experience to solve the 
problem.  After initial diagnosis of failed components, the Monitoring agent informs the 
Planning agent about it. 

Besides determining failed components, the Monitoring agent can also recognize any 
components that have failed before but then managed to start working normally again. An 
example of this would be a component that had lost Internet connection but has regained it 
again. In this case also, the Monitoring agent informs the Planning agent about the waking 
up of the component. 

So now we have a system where its components and connectors send their information 
to the Prism agent for further analysis. Prism agent after receiving the information from 
Prism side,  will  forward  it  to  the  Monitoring  agent.  The  Monitoring  agent  determines 
whether  a  component  is  in  a  working  state  or  has  failed.  If  a  component  has  failed, 
Monitoring  agent  will  inform  the  Planning  agent  about  it.  Also,  Monitoring  agent 
determines the workload of components and if one of the components is overloading , it 
will send a message to the Planning agent. The Planning agent is the think-tank of the self-
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Fig 3.11. Monitoring agent communicating with Planning agent
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adaptive system. It determines what action to implement after a component has overloaded 
or stopped working completely.

The  Planning agent has two important tasks  related to self-healing in a self-adaptive 
system. 

1. Handle the situation where a component has overloaded. When the Planning agent 
receives a high load message from the Monitoring agent for a particular component, 
it will send an order to the Prism architecture through the Prism agent to create a 
copy of the overloaded component. This new formed component will help divide 
the workload from the overloaded component, thus bringing back the efficiency of 
the Prism software to its previous value or even increasing it.

But in due time when the workload of the overloaded component decreases, Prism 
application will still have an extra duplicate component. The Planning agent will 
send a message in a similar way as before to Prism agent to deactivate this duplicate 
component. Similarly, if the workload in Prism architecture will again be higher, 
Planning agent will informing Prism agent to activate the duplicate component, if 
the architecture has inactive one that provides the same functionality, but if not it 
will  ask  the  Prism agent  to  create  a  new duplicate  component.  This  check and 
balance of creating and deactivating Prism components will go on as long as the 
condition to stimulate these actions arise. 
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Fig 3.12. A Prism architecture with an overloaded component
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2. Should any  component fail, the Monitoring agent will inform the Planning agent 
about this failure in  the specific component. The Planning agent will then ask the 
Execution agent to provide a solution. When a Prism architecture is created and 
components are formed, for all the important components, their implementations are 
copied and kept as spare parts so that if any one of them  should fail in the future,  
their spare implementation could be used as a solution to the failure. So, when the 
Planning agent asks Execution agent to provide a solution, the Execution agent will 
fetch through this list of spare components to find a match for the failed component. 
Once the match is found, the Planning agent will inform the Prism agent to replace 
the  implementation  of  this  failed  component  by  the  new  one  in the  Prism 
architecture. Thus removing the failure.

After  the  Monitoring  agent  has  done  its  part  when  a  component  overloads  or  a 
component fails, it is the responsibility of the Execution agent to carry the process of self-
healing further.  When the Execution agent receives a message from the Planning agent 
asking for a solution, it will search its repository for the solution and if it finds the solution, 
it will pass a message to the Prism agent to create a new component in the Prism side using 
that solution implementation. But, if the Execution agent cannot find the solution in its 
repository, it will send another message to the Planning agent informing it that the solution 
is not available. In this case, the Planning agent will try to find the solution from a remote 
architecture using Prism agent. This is possible if a software system has more than one 
architecture  governed by a single  Super agent.  So, the Prism agent from one architecture 
will ask the Super agent  for solution. If the Super agent can provide the solution through 
another remote architecture then it will forward the solution request to the Prism agent of 
that particular architecture. If the remote architecture can provide the solution  then that 
solution will be used to fix the problem of this architecture. But sometimes it may happen 
that the components of the remote architecture are themselves overloaded with work, In this 
scenario,  even  if  the  solution  is  available,  the  remote  architecture  cannot  provide  the 
service. So,  the  remote  architecture  is  unable  to  help.  The  latter  scenario  of  remote 
architecture providing the solution will be our future improvement.

Once the Prism agent gets the solution implementation from the Execution agent it will 
pass  that  implementation  to  the  Prism  architecture.  Prism  architecture  has  special 
components  to  monitor,  inform  and  implement actions.  Among  them,  the  Effector 
component  is  responsible  for  implementing  actions in  the  Prism architecture.  It  is  the 
Effector component that receives the solution implementation from the Prism agent. If the 
solution is for creating a duplicate component  to divide the workload of an overloaded 
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Fig 3.14. A failed component being replaced by a spare one

JADE

TCP/IP

Spare componentFailed
component

Prism



component or creating a new component to replace a failed component, whichever be the 
solution,  the Effector will carry it out.  

If anyone of the agents is killed by the administrator or by some reasons, there will be no 
self-adaptation anymore and the rest of the agents get killed as well. All the containers get 
destroyed too.  But before the Prism agent gets killed it will send a message to the Prism 
side for disconnection.  If a Prism architecture again wants to have agent service, a new 
Prism agent will be created and the process of self-adaptation will begin.
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Fig 3.15. Effector carrying out an order from Prism agent to create a new component in 
Prism.
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3.7  Rule Based Actions

The following table 3.1. is based on Event-Condition-Action for self-adaptive mechanism.

Event Condition Action

1. Connection request Status is not connected 1. Change the status to connected.
2. Send  the  structures 

(components, connectors, ports).
3. Create  and  start  components 

Monitor, Informer and Effector.

2. Connection request Status is connected Reject the request.

3.  High  load  in 
component

All  components  are 
active

Create  and  start  a  new  component  to 
provide  same  functionality  as 
overloaded component.

4.  High  load  in 
component

One or more components 
are inactive

Activate one of the inactive components 
to  provide  the  same  functionality  as 
overloaded component.

5.  Low  load  in 
component

Two or more components 
that  provide  same 
functionality are active

Deactivate one of these components.

6. Fail in component Solution  is  available  i.e. 
spare  component  is 
available

Replace  failed  component  with  new 
component.

7. Fail in component Solution is not available Ask  for  solution  in  a  remote 
architecture (future enhancement).

8. Disconnect request Status is connected 1. Change  the  status  to 
disconnected.

2. Destroy  components,  Monitor, 
Informer and Effector.

9. Disconnect request Status is disconnected Reject the request.
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Table 3.1. Event-Condition-Action for different scenarios



3.8  Scenarios in Self-Adaptive Software System

3.8.1  Scenario First – Component Failure

Scenario description
A software may have multiple reasons to fail. Failure could be a poor design of the software 
or some hardware component malfunctioning or  the software being  unable of providing 
services due to lack of Internet connection.  Which ever be the reason for the software to 
fail,  an  appropriate  action  must  be  taken  in  a  self-adaptive  system  to  bring  back  the 
software to normalcy. 

The  Prism architecture  as  mentioned  before  has  three  special  components,  Monitor, 
Informer and Effector. Monitor component is used to monitor different components that 
constituent the Prism architecture. It uses Modified Ping-Echo mechanism to detect whether 
a component is working or not.  

In  our  case,  when  a  client  requests  for  a  service,  this  request  is  sent  to  the  server 
component via  connector. The connector also sends the request to the Monitoring agent in 
JADE side where the Monitoring agent keeps record of all the requests. Should any of the 
components fail and not reply back within a certain time-frame, Monitoring agent will not 
be able to map its request to its reply. So, it will deduce that the component has failed. From 
then on the Monitoring agent will initiate self-healing action. 
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Fig 3.16. Connector forwarding request client to  different server components in Prism 
architecture
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Solution steps in detail
The self-healing action consists of the following steps: 

1. Once the Monitoring agent determines that a component has failed, it informs the 
Planning agent about it. 

2. The Planning agent is the agent that is responsible for planning the solution for the 
problem. It does this by sending a message to the Execution agent asking it for  a 
solution. The solution is a spare implementation of the failed component. When the 
whole Prism architecture is designed and  implemented, for important components 
their implementations are kept as spare parts so that if one of these components do 
not work in the future, the spare implementation can be used as a solution to replace 
the component, providing the same functionality as before.
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Fig 3.18. Sequence diagram of how component failure is handled



3. If the Execution agent has the solution then it will send a message to the Prism 
agent. The message will contain the spare implementation for the failed component. 

4. The Prism agent then sends a request with the spare implementation to the Prism 
architecture.

5. In  the  Prism architecture,  the  Effector  is  the  component  that  is  responsible  for 
carrying out orders given from Jade side. So, Effector is the one that actually creates 
the  replacement  component  using the  spare  implementation  provided  by  Prism 
agent.

Discussion
For  a  specific  Prism  architecture  there  are  only  one  Monitor,  Informer  and  Effector 
components. When scenarios like component failure or component overloading occur, the 
same Informer and Effector will be used. So, component re-usability is implemented in our 
implementation of  the Prism architecture. In this way by the coordinated effort of  JADE 
agents with connector, Informer and Effector of Prism, component failure is handled.
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Fig 3.17. Effector replacing a failed component with its spare
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3.8.2  Scenario Second – Load Balancing 

Scenario description
Based on different  conditions  the Prism application is  exposed to,  the workload of the 
component varies accordingly. Some situations may demand high workload from certain 
components  which  will  send  the  components  to  overload.  This  leads  to  decrease  in 
efficiency of the system. In a self-adaptive system, when components are overloading, the 
work  done  by  the  overloaded  components  are  divided  by  forming  new  duplicate 
components.  The  new  duplicate  components  share  the  work  with  the  old   ones  thus 
increasing the  efficiency  of  the  system.  If  the  new duplicate  component  also  becomes 
overloaded, yet another new duplicate component is formed to share the workload.  So, 
duplicate components are formed as per needed.

The Monitor component monitors the Prism architecture for component overloading. In 
every  three  seconds,  the  Monitor  component  calculates  the  workload  of  all  the  Prism 
components and sends them over to the Monitoring agent in Jade side. Based on a threshold 
value provided during the system design, the Monitoring agent then determines whether a 
component has overloaded or not. If anyone of the components has overloaded, it initiates 
self-healing process.  

Solution steps in detail
The load balancing action consists of the following steps:

1. Once  the  Monitoring agent in  Jade side  receives the  workload  for  each  Prism 
component and determines the overloaded component, it will send out a message to 
the Planning agent. 

2. The Planning agent after  receiving high workload message from the Monitoring 
agent will send out an order to the Prism agent through the Execution agent..

3. This order sent out by Planning agent to Prism agent will contain all the details 
about the overloaded component so that it can be replicated or if there is already an 
inactive component that provides the same functionality, it will be reactivated in the 
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Fig 3.19. A Prism component being overloaded with service request
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Prism architecture.
4. The Prism agent in turn sends out a message to the Effector in Prism architecture to 

replicate the overloaded component. 
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Fig 3.21. Sequence diagram of how load balancing is handled



5. The Effector then using the information provided by Prism agent creates a duplicate 
component to help support the overloaded component. 

Discussion
This scenario of handling component overloading also uses the concept of component re-
usability.  The  two special  components,  Informer  and  Effector  that  are  used  to  handle 
component failure are also used to handle component overloading.  It is the coordinated 
work of Jade agents  together  with these special  Prism components  that  help in solving 
component overloading in a self-adaptive environment. 
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3.8.3  Scenario Three – Making Components Inactive

Scenario description
In case of components overloading in Prism architecture,  the Monitor component using 
Informer  informs  the  Monitoring  agent  about  the  problem.  The  Monitoring  agent  then 
initiates the solution to the problem which leads to the creation of a duplicate component of 
the  overloaded component  in  Prism architecture.  In  most  cases  the  event  that  leads  to 
components overloading is temporary and after a while the requests for service becomes 
less. So, this leads to the question as to what will happen to the duplicate components once 
the workload becomes normal? In our design what we have done is once the workload 
becomes less, the duplicate components become inactive. If the workload increases again, 
the  inactive  components  become  active  again.  This  process  of  components  active  and 
inactive is triggered by the workload of the components. 

Solution steps in detail
Making components inactive consists of the following steps:

1. Even though new duplicate components are formed in Prism architecture to share 
the workload of overloaded components, the Monitor component keeps evaluating 
the workload in regular intervals of every three seconds. This information is passed 
to the Monitoring agent.

2. The  Monitoring  agent  then  uses  these  information  to  determine  whether  the 
components are overloading or not. 

3. If  the  components  are  not  overloading,  and  their  workload  is  below  a  certain 
threshold,  the Monitoring agent sends a message to the Planning agent to deactivate 
unnecessary duplicate components.

4. After receiving the message from the Monitoring agent, the Planning agent waits for 
further three seconds before sending  a message to the Prism agent to deactivate 
certain component which contains all the details about the components that need to 
be  deactivated.  The reason for  Planning  agent  to  wait  for  three  seconds  before 
sending deactivate message is that, sometimes when the workload of a components 
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decreases, then within fraction of a second the workload increases again. It will be a 
nuisance if a component had to be activated and deactivated every second. So, the 
Planning agent waits for a certain interval before sending deactivate message to the 
Prism agent.  

5. Now, the Prism agent forwards this message to the Effector in Prism side which 
then deactivates the specific component.  

Discussion 
Having active components that perform no work at all is an extra overhead for Monitor 
component to monitor. It consumes heavy resources specially if there are lots of duplicate 
components.  So,  it  falls into a good design if useless components are deactivated. This 
deactivation is done by the coordination of Jade agents with Prism special components. 
This process also uses the same Informer and Effector as used by the first  and second 
scenario, so the components are reused. 
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Fig 3.23. Sequence diagram of how duplicate components are made inactive once the work 
load gets back to normal



3.9  Communication Between Agents
Prism agent, being the main agent handles the overall messages sent to and from Prism 
application.  The  Prism  agent  then  transfers  the  messages  to  the  Monitoring  agent. 
Monitoring agent will forward the messages to Planning agent and it will in turn pass the 
messages to Execution agent.  The general flow of messages between the four agents is 
depicted in the figure below: 
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Fig 3.24. Direction of flow of messages between different agents
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Chapter 4  Conclusion

This is the conclusion chapter and as the name suggests, it  concludes the thesis. It also 
reviews the goal and goal criteria and how they were achieved.

4.1  Conclusions Based on Our Solution
In  Chapter  3  we  describe  how the  problem of  the  thesis  was  solved.  There  were  two 
alternate methods that we came up with to solve the problem in the beginning. The first one 
was  to  put  Prism-MW  framework  inside  Jade  framework.  But  this  led  to  the  two 
frameworks  being  too  tightly  coupled,  which  proved  out  to  be  a  bad  design  for  self-
adaptive software. Based on the first implementation, a developer  would not be able to 
create a Prism-MW software that could run separately. It would need an implementation 
from Jade framework also. If we had followed our first implementation, it  would mean 
limiting the  capability  of  Prism-MW, which is  definitely not  a  good idea.  A developer 
should  be  able  to  use  each  framework  to  build  implementation  that  would  run 
independently.  So,  we  discarded the  first alternate.  In  the  second  alternate,  we  still 
combined the two frameworks but not too tightly. We used socket connection to combine 
them. Using the second alternate,  a  developer  would still  be able  to  create  Prism-MW 
software and make it run independently without the need of Jade support. And if there was 
any need for the Prism-MW to be combined with Jade agents, it could be done easily. So 
the second alternate was more developer friendly and thus selected. 

In Chapter 3, we also describe the structure of Jade and Prism-MW architecture based on 
how we have combined them. Starting from the formation of agents in Jade framework to 
formation  of  special  components  in  the  Prism-MW framework,  every  detail  has  been 
described thoroughly. We then discuss problem scenarios that our agents  can fix. These 
problem scenarios include handling component failure, load balancing and making useless 
components inactive. 

4.2  Review of the Goal and Goal Criteria
In Chapter 1 we had set a goal and some goal criteria. The goal was:

To develop a framework that can be used to make software self-adaptive.

In order to achieve the  main  goal,  we had defined some subgoals so that when these 
subgoals were achieved the goal of the thesis would be achieved as well. The criteria for 
completing these subgoals and ultimately the main goal are as follows:

1. Divide software into components.
2. Create  another  software  to  Monitor  and Analyze  these  divided  components  i.e. 

gather Knowledge, then Plan and Execute should some actions be required on those 
divided components [2]. (MAPE-K)

3. Simulate a scenario and test it with Criteria 1 and 2.

Criteria  1  is  fulfilled.  We were able  to  divide a  software  into  separate,  independent 
components. We were able to achieve this criteria using Prism-MW framework. 

Criteria 2 is fulfilled. Using the framework JADE, we were able to create agents. Then 
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we modified the agent framework so that the agents could monitor the components created 
in Criteria 1. If any of the components failed to give service or overloaded then the agents 
could plan a solution strategy and execute it.  Thus the system would be self-healed. This 
would make the system self-adaptive to component failure and component overloading. 

Criteria 3 is fulfilled.  We created a client-server architecture for Yahoo Stock Quote 
using Prism-MW and then used agents to monitor this architecture. The architecture had 
both client and server divided into separate components. In a normal scenario, the client 
would request the price a stock such as Gold, Silver or Oil and the server would reply back 
with the price. In order to test Criteria 2, we simulated that the component in the server side 
failed so that the price would not be provided. But accordingly, as predicted by our design 
and implementation of architectural agents, the component was monitored so that as soon 
as the component  failed,  the Monitoring agent knew about  it.  Then the Planning agent 
initiated a solution which was then forwarded for implementation by the Execution agent. 
All in all the failed component was replaced by a new one providing uninterrupted service. 
Our implementation  could  also  detect  work  overload in  components  and balance  it  by 
creating duplicate components to share the workload. Once the workload became normal 
again, the duplicate components were made inactive using the same agents. These three 
scenarios clearly provide the proof that our system is self-adaptive. 

Thus, we see that the goal that was set for our thesis has been achieved.
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Chapter 5  Future Work

In  this  Chapter  we  discuss  the  next  probable  step  for  our thesis.  It  includes  further 
enhancement to what we have already achieved so far. Future work helps in evolving the 
software  into  its  next  form,  which  could  be  either  improving  already  developed 
functionalities or adding new and advance features to it. From design to development phase 
we had  come up with  numerous ideas to add into our already  vast  and  complex topic. 
Among them the most important one that we considered as future enhancement is discussed 
below:

5.1  Super Agent With Fault Tolerant Connectors
This idea of having a Super agent is to control Prism agents. A JADE framework can have 
more than one Prism-MW architectures. Each of the architectures in JADE side has its own 
separate  container  that  houses  Monitoring  agent,  Planning  agent  and  Execution  agent. 
These  three  agents  are  controlled  by  the  Prism  agent,  assigned  to  each  Prism-MW 
architecture. All the messages from Prism side are passed to the three agents through the 
Prism agent. 

During  our  quest  to  making  the  Planning  agent  be  able  to  solve  the  problem with 
components in the Prism side more efficiently, we came up with an idea to have a Super 
agent. Whenever the Planning agent receives a message from the Monitoring agent that a 
component has failed or overloaded, it asks the Execution agent for a solution. This future 
enhancement deals with the scenario when the Execution agent cannot provide the solution. 
When the Planning agent does not receive any solution from the Execution agent, it will 
inform the Prism agent about it. The Prism agent then asks the Super agent to search for 
solution in other architectures. And if the Super agent finds the solution in an architecture, 
it will request the connector of that architecture to create a virtual port to connect to the 
connector of the requesting architecture. This way the two connectors are connected and 
solution  can  be  exchanged when needed.  The information  about  the  virtual  connection 
between the two connectors will be stored in the Planning agent so that if similar problem 
arises in the future, the agents will know how to handle it. 
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Appendix A

Screen Shots
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Fig  A.1. Stock quote client and service with service providing normal service

Fig A.2. Stock quote with JADE agent interface
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Fig A.3. Selecting agent properties and its implementation
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Fig A.5. Specifying start parameters such as IP address and Port number

Fig A.6. Agent monitoring workload at server side
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Fig A.7. Copy of server component created to balance workload. 

Fig A.8. Second copy of server component created to balance workload. But once 
the workload fell below threshold, the duplicate components become inactive
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Fig A.9. Reactivation of one of the duplicate server components due to increase in 
workload again

Fig A.10. Deactivation of the duplicate server component once the workload falls 
below the threshold value due to stopping of the service
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Fig A.11. Spare component providing information in spite of the original service 
component not working


