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ABSTRACT 
Ubiquitous Computing can be described as the third 

stage in the computing history where every user is 
surrounded by many “computers”. This paper provides 
an evaluation of a number of multi-agent platforms to 
decide their appropriateness as an infrastructure for 
ubiquitous computing. To decide upon what criteria to 
use as evaluation criteria , a small literature study on the 
field of ubiquitous computing is performed. The 
identified criteria are then used to rank the different 
platforms. To verify parts of the result one criterion is 
further investigated through an experiment.  
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1 INTRODUCTION 
This chapter begins with a brief introduction of the central topics in Ubiquitous 

Computing and multi-agent platforms. The presentation of the goals follows after that, 
and then the chapter ends with an explanation of the structure of this thesis.  

1.1 Central topics 
In the last couple of months it has become more and more frequent to hear and 

read about everyday objects that connect to each other. For example  MP3 players that 
includes an inbuilt FM radio-transmitter, making it possible to listen to your MP3 
music-files through your car-radio. Other examples are the connection of a PC to your 
TV-set, making it possible to record the program when you are leaving for a visit to 
the bathroom and continue at the same spot in the program when you come back. This 
indicates that the concept of everywhere appearing computers is not any longer a 
phenomenon in the future but in fact something that is here today.    

The term Ubiquitous means “everywhere appearing” and Ubiquitous Computing 
can bee seen as the next generation of computing where every user is surrounded by a 
multitude of computers embedded in everyday objects. These computers will be 
connected to each other to provide user applications and information everywhere. In 
order to use them, software agents are frequently mentioned due to their characteristics 
such as mobility and autonomy (tries to achieve their own goals without user 
interaction). Multi-agent platforms are used to develop and run such agents. However, 
when looking at standard multi-agent platforms it is obvious that many of them are 
constructed to be used on ordinary computers, connected to each other with fixed 
wired networks.  There are of course other techniques like web-services and plug and 
play that could be used in ubiquitous computing but in this thesis we look at multi-
agent platforms.   

1.2 Goals and aims 
The aim of this thesis is to investigate which multi-agent platforms that are 

suitable for use in Ubiquitous Computing. A secondary goal is to give suggestions 
about general characteristic demands on platforms to be useful in Ubiquitous 
Computing. In order to reach our aims we first try to answer the following questions: 

 
• What criteria are there for multi-agent platforms in Ubiquitous Computing?  
• What multi-agent platforms are there? 
• What platforms meet the criteria? 

 
To answer the first question we perform a literature study on promising areas for 

Ubiquitous Computing to identify criteria that multi-agent platforms must meet to be 
appropriate for Ubiquitous Computing applications. We choose three different areas of 
Ubiquitous Computing and gather together a set of criteria that we consider 
characteristic for the field of Ubiquitous Computing. The next step provides a list of 
multi-agent platforms to bee evaluated.  

The multi-agent platforms are then evaluated to what degree they fulfil the criteria 
found in the literature study. After that the most promising platforms are 
experimentally evaluated running a small application with a selection of the 
Ubiquitous Computing characteristics. 
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1.3 Structure of the report 
This thesis is organized as follows. Section 2 introduces issues in Ubiquitous 

Computing and Multi-Agent platforms. Section 3 presents related work. In Section 4 
the research methods and criteria for multi-agent platforms to meet are presented. 
Evaluations are conducted in section 5. Section 6 is where some experiments to verify 
part of the outcome of the evaluations is done. Finally we present conclusions and 
provide some pointers to future work. 
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2 BACKGROUND 
In this chapter the central topics of this thesis are explained. It begins with an 

introduction to Ubiquitous Computing. After that the concept of agents and different 
types of agent architectures are described. The chapter ends with a clarification of the 
terms Multi-agent system and Multi-agent platform. The purpose of this chapter is to 
give the readers not familiar with the topics of Ubiquitous Computing or Multi-agent 
platform a basic understanding of these topics.        

2.1 Ubiquitous Computing 
The term Ubiquitous Computing (UbiComp) was created in 1991 by Mark Weiser  

working at Xerox PARC. Weiser (1991) used the following definition:” Ubiquitous 
computing has as its goal the enhancing computer use by making many computers 
available throughout the physical environment, but making them effectively invisible to 
the user.” 

2.1.1 What is Ubiquitous Computing? 
UbiComp can be seen as the third stage in the history of computing. Mainframe 

being the first, had hundreds of users to each computer. The second step was the 
Personal Computer(PC) were every user had its own computer. UbiComp has instead 
hundreds of computers for every user. 

The work was right from the start concentrated on wireless communication 
between different mobile units. One of the first projects was a handheld computer 
(ParkTab) in size as a deck of playing cards that had a pen for input. It communicated 
with infrared (IR) technology. Much of the pioneer work in this field has also been 
done at Massachusetts Institute of Technology, MIT. Steve Mann started in the early 
1980:s a project called WearComp/ WearCam (2004) with a portable computer that 
included camera, display, keyboard, batteries, and a radio-transmitter. During the 
following years until late 1990 he developed this from a big odd looking system to a 
small wearable computer. The display which is in the shape of a pair of sun- glasses 
makes it into a system not even noticed by nearby passing persons.  

 

2.1.2 What happens in UbiComp today? 
The proceedings from the International Conference on Ubiquitous Computing 

(UbiComp 2003) hold in Seattle USA in November 2003, listed four main directions 
for research in the UbiComp field today: 

 
• Location- Aware Computing. 
• Pervasive Healthcare Applications. 
• Security in Ubiquitous Computing 
• Artificial Intelligence in Ubiquitous Computing 

2.1.2.1 Location- Aware Computing  
Several ongoing projects within the UbiComp area are about handling information 

presented based on the location of the user. Many different techniques are used to 
establish the location of the user such as Global Positioning System (GPS) receivers, 
cameras, calculation of differences in signal strengths from nearby receivers and many 
more. Following is a presentation of three different fields in location aware computing.       
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Tour guides: Several tour guides for museum or city tours have been deployed 
around the world. The idea is to view location specific information based on the 
location of the user. 

Virtual buttons: By use of sensors you could define 3–dimensional areas in space 
that acts as virtual buttons. An example of such an application could, for example be 
this report posted on a note-board with a virtual button in front of it. You could get a 
copy of it on the nearby printer just by moving your hand towards it. Also if a sensor 
was attached that could read your id-badge the report would send a copy to you by E-
mail.   

Positioning of objects and persons in buildings: Ubisense (2004) is an English 
company that has emerged from AT&T laboratory in Cambridge. They develop a 
system for hospitals that could save money by having track of the exact location of 
personnel and equipment. The system is based on small tags attached to objects and a 
network of receivers that use UWB-radio technique to communicate. The accuracy is 
better than 0.5m. At Purdue University (2004) they have taken a totally different 
approach. They use WLAN on their Campus with over 80 buildings. To position a 
person they use a Web Service that discovers what access-point is directly in contact 
with the user and thereby indirectly establishes the position of the user. This approach 
uses no equipment at all except the WLAN network itself to position the object (i.e. 
WLAN-access card of the user). 

2.1.2.2 Pervasive Healthcare Applications 
In this area efforts are done to find new ways to collect and present data regarding 

the physical condition of a patient. It could be done by collecting data from several 
different systems or by providing data from a patient to healthcare personnel at an 
entirely different location.   

Wearable computing for health: There are many projects focused on continuous  
measurement of medical values such as heart activity and sending a message when 
something seems to be wrong with the patient. 

Smart home technology to support independent living and peer-to-peer support in 
health management: Several projects are investigating devices that monitor patients at 
home such as the Finnish project with a wrist unit alarm by Korhonen et al. (2003). 
This alarm is equipped with both a manual alarm-button and sensors for movement 
and body temperature. Making it possible for the patient to be able to live at home and 
still feel safe and the hospital to have continuous control.  

At University of Aarhus in Denmark they have developed the: Interactive hospital 
bed (Bardram 2003). The bed has an integrated computer and a touch sensitive display. 
The bed is also equipped with various sensors that can identify the patient lying in the 
bed, the nurse standing beside the bed, and various medical objects embedding RFID 
tags. In this way the computer can adapt the computer screen to the users needs. For 
example, when the nurse arrives with the patient’s medicine, the bed is able to log in 
the nurse, check if the nurse is carrying the right medicine for the right patient, and it 
can display the relevant information on the screen. Furthermore, various medical 
sensors measuring things like blood pressure, temperature, etc. can be attached to the 
bed and these sensors could use the on-board computer as a gateway to the basic 
infrastructure. This means that the patient could be continuously supervised without 
any personnel doing manually readings of different devices attached to the patient.   

2.1.2.3 Security in Ubiquitous Computing 
When bringing information together that were earlier in separate locations , there is 

the risk of abuse on personal integrity. As bringing information together is a central 
issue in Ubiquitous computing security problems must be taken seriously.  



  5 

Personal integrity:  A problem of personal integrity evolves when more and more 
information on a person’s whereabouts are collected and registered by surrounding 
computers. Abowd and Mynatt (2000) at Georgia Institute of Technology, Atlanta 
states that:  “one challenge for everyday computing is to enable people to be aware of 
how they are being sensed“. How do people react on the fact that one is being watched 
everywhere? Should we have the ability to control the distribution of information 
regarding our own ware bouts?   

Confidentiality: When wireless communication is used confidentiality problems 
grows bigger because passive eavesdropping is much easier. 

2.1.2.4 Artificial Intelligence in Ubiquitous Computing 
One way to describe artificial intelligence is that it is about making a system think 

and act like a human. Activities like decision-making, problem-solving and learning 
are fields in this area. In this area artificial intelligence are put into mobile systems in 
order to get an easier and better working user interface or a smother system. 

Smart user interfaces for mobile ubiquitous systems: Hodjat, Baray and Tandler 
(2003) uses Adaptive Agent Oriented Software Architecture (AAOSA) in a Natural 
Language interface for mobile sales force personnel. Instead of searching through 
endless menu-system in the mobile PDA the user asks the system for information 
e.g.,“Show all Western regional sales opportunities greater than $1 million”. In another 
project Andronico et al (2003), combines agent-based information management with 
mobile learning.  

 Service discovery: In “Activity Zones for Context-Aware Computing” by Koile et 
al. (2003) they combine the fie ld of Location aware computing (See Chapter 2.1.2.1) 
with Artificia l intelligence in form of a BDI-reasoning system that is based on earlier 
studies of behavior.  

2.1.3 What is to expect in the near future?  
The notion of Ambient Intelligence has arisen through the efforts of the European 

Commission in identifying challenges for European research and development in 
Information Society Technologies. Aimed at seamless delivery of services and 
applications it relies on three parts; ubiquitous computing, ubiquitous communication 
and intelligent user interfaces. 

The following facts are from Information Society Technologies (IST) report 
Ambient Intelligence (2002) on Technologies for Ambient Intelligence that requires 
significant research: 

Components for Ambience: 
• Smart materials, that can be used for touch and tactile movement and 

synthetic materials that enable mass storage and processing of digital data. 
• Sensor technology, including touch, vision, smell, and technology for the 

integration of smart materials, micro systems, and microelectronics into 
systems. 

• Embedded systems development technology, that makes it possible to 
remotely diagnostic and repair embedded systems. Introducing new ways 
to build in security and trustworthiness in embedded systems. 

• Ubiquitous communication, providing Internet accessibility for any 
physical object including Radio- Frequency Identification (RFID) tags. 

• I/O device technology, like natural voice control and new types of display 
items. 

 
Components for Intelligence: 

• Natural interaction, combining gestures, speech, facial expression and 
even interaction through physical objects. 
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• Computational intelligence that makes predictions about what the next 
input might be and thereby possibly speeding up the dialog.   

• Contextual awareness, making the objects able to know their position 
opens up new opportunities in many fields such as context aware control 
and surveillance systems. 

• Emotional computing, developing systems that can express emotions or 
recognize the moods of their users. 

The following major trends relevant to future developments of communication 
systems and paradigms were identified at the brainstorming workshop (2003) held in 
Brussels on 23 July 2003: 

• Technology is increasingly becoming invisible for the users who will be 
surrounded by myriads of pervasive communicating objects. 

• IPv6 will offer better security and IP addresses to everything. 
• Seamless interworking of a multitude of coexisting communication 

systems, individually optimized according to specific attributes (traffic 
types, usage, cost model, etc.); 

• Mobile phones and PDA:s are becoming gateways between local (sensor) 
information and global mobile services (e-health, e-education, e-
government, etc.) 

• Context aware systems and semantic interfaces will increasingly be used 
in communications. 

In a report describing future work to be done in the UbiComp area, conducted by 
Working Group1 (2002) they write: “With ubiquitous communication friends, families, 
work colleagues or business partners will be able to take part in new forms of mobile 
communities technically enabled by peer-to-peer (‘mobile ad hoc’) networks between 
personal mobile devices (including wearable electronics). The vision for ubiquitous 
communication also extends to the development of versatile and transparent in-home 
networks based on a ‘pull’ model for the delivery of audio-visual services.” 

 It remains to be seen how much of this that becomes reality. But as “computers” 
becomes smaller and yet provide more power and capacity, more and more of these 
predictions are likely to take place. One thing is sure, Ubiquitous computing will affect 
everyone even if we are not aware of it. 

2.2 Software Agents 
The definition for an agent is according to Wooldridge and Jennings (1995): “An 

agent is a computer system that is situated in some environment, and that is capable of 
autonomous action in this environment in order to meet its design objectives.”  

Suggested by this definition an agent perceives its environment through sensors 
and acts upon that environment through effectors. The difference between an agent and 
an ordinary software object (in the sense of object-oriented software) is that the agent 
has an ability to decide for itself whether or not to perform an action. The object is 
forced to perform whatever method is called. Agents are also suggested to be capable 
of flexible behavior in response to changes in environmental conditions. 
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Figure 1 Agent. 

2.2.1 Reactive agents 
Reactive agents respond directly on input from sensors by using situation-action 

rules. Such a rule could be: if temperature < 20 degree then turns heat on. Reactive 
agents have knowledge only of the present input. They have no model of the world 
around them and no memory.  

2.2.2 Knowledge based agents 
An agent that has knowledge of its environment is called a knowledge-based 

agent. Its central component is its knowledge base (KB). The KB consists of 
representations of facts in the environment called sentences. When input is received 
from sensors sentences is stored into the KB. To decide how to act the KB is asked for 
what action to perform. This query is solved by logical reasoning about what action to 
perform in order to reach the goal. New sentences can sometimes be derived from old 
ones, this is called inference. 

2.2.2 Goal-based agents 
Sometimes it is not enough with knowledge of the current state of the 

environment; you have to know what you are aiming for. This is called goal 
information. Goal information describes situations that are desirable. In order to find a 
set of actions to achieve the goals an agent can use search and /or planning methods. 

2.2.2.1 Problem solving agents 
An agent that decides what to do by use of a search algorithm is called problem 

solving agent. In order to do a search, i.e. consider possible sequences of actions, the 
agent uses goals to formulate a problem. A problem has four parts: initial state, a set of 
operators, a goal test function and path-cost function. A path from an initial state to a 
goal state is called a solution. To get a solution you feed a problem into a search- 
algorithm. 

2.2.2.2 Practical reasoning agents       
A Practical reasoning agent uses planning to achieve its goals. In order to do so it 

has to know three things: goals, current state of the environment and the actions 
available. These inputs you feed into a planning algorithm and the result is a plan. 

2.2.3 Utility based agents 
In case there are several ways to achieve the goal an agent could be more efficient 

if it has a way to compare different states of the world. We call this measure utility. 
Utility is a function that maps a world state to a real number. The closer the state is to 

AGENT 

INPUT

OUTPUT

sensor 

 

effector 
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a goal the higher utility. There could also appear conflicting goals, and in that case the 
utility function has to evaluate and then point out the better of them.  

 

2.2.4 Mobile agents 
A mobile agent is capable of transfer to, and execute on a remote place in the 

computer network. The idea is to replace a remote procedure call and instead send an 
agent to do the work. This raises of course some questions around security aspects. In 
order to do its work the mobile agent has to get access to resources at the remote 
location.    

 

2.3 Multi-Agent Systems 
“A set of agents that interacts in a common environment to achieve common or 

individual goals is called a multi-agent system (MAS)” (Wooldridge and Jennings 
1995). Agents in a MAS are typically capable of co-operating to solve problems that 
are beyond the abilities of any individual member. In a MAS agents attempt to satisfy 
collaborative global goals as well as their own local goals. To be successful the agents 
has to be able to find each other and to communicate. An ontology that defines a set of 
concepts and relationships based on a supporting vocabulary is supporting the 
communication. Multi-agent systems are important primarily because they have been 
found to be applicable in many different areas. Example of areas includes electronic 
commerce, traffic control, intelligent houses and healthcare applications. Multi-agent 
systems are often heterogeneous, i.e., composed of different kinds of agents having 
different roles. 

   Stone and Veloso (2000) describes the reasons to use multi-agent systems in this 
way: 

• Some domains require it – Usually many tasks at short period. 
• Parallelism - Jobs could be done simultaneously by several agents.   
• Robustness – If one agent fails the system is still running.  
• Scalability – New agents could be added during runtime. 
• Simpler programming – Due to standards and reuse of agents. 
• To study intelligence – A knowledge base is easy to observe. 
• Geographic distribution – Many agents could cooperate doing the same thing. 
 
If we instead look upon in what types of applications agents are best suited 

Parunak (1998) states five characteristics:  
• Modular – If the application could be seen as modules, an agent could serve 

each module.   
• Decentralized – Because agents could act on their own they are suitable . 
• Changeable  – Agents could be added or removed to change the application. 
• Ill-structured – If all information about the environment is not known from start 

applications tends to be ill-structured. Agents adapt to changes in the 
environment and could coup with such conditions. 

• Complex – By adopting an agent approach a more adjustable and robust 
application could be developed. 

2.4 Multi-Agent Platforms 
A multi-agent platform is a software infrastructure used as an environment for 

deployment and execution of agents. Typically, it holds several services such as agent 
life-cycle management, ontology, look up services and others. These services are 
available both to agents and programmers. The platform also acts as a middleware 



  9 

between the operating system and the agents running on it. This makes it possible to 
move the agents (same code) to any system that supports the platform. Because 
communications between agents are handled by the platform, programmers do not 
have to state what protocol to be used. During run-time the platform could choose 
between communication protocols available in that given situation. Standards 
concerning how a multi-agent platform should be structured have been produced by 
Foundation for Intelligent Physical Agents (FIPA 1999), founded in 1996. These 
standard enable agents from different platforms to cooperate and exchange 
information.  

 

 
 

Figure 2. The structure of a Multi-Agent platform1. 
 

A multi-agent platform with FIPA compliance consists of the machine(s), 
hardware, operating system, agent support software, FIPA agent management 
components (DF, AMS, ACC), Internal Platform Message Transport and agents. 

DF means Directory Facilitator and is a mandatory agent that provides “yellow 
pages” facilities to other agents. Agents could register their services with the DF or 
find out what services are available from other agents. AMS stands for Agent 
Management System. It is an agent that offers “white pages” services to other agents, 
providing addresses if you know the name of the agents. AMS also control access to 
and use of the platform. The Agent Communication Channel (ACC) is the default 
communication method between agents. 

 

                                                 
1 Carabelea, C. (2003) “Outline – Multi-agent platforms”, SMA2003, 30 Sept 2003, Saint Etienne, 
France.  
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3 RELATED WORK 
During the last years much work has been done in the area of Ubiquitous 

Computing. Evaluations of multi-agent platforms have also been done before but they 
are primarily done on workstation systems and to our knowledge there have not 
previously been done any evaluation of multi-agent systems for use in Ubiquitous 
Computing environments.  

A general evaluation of multi-agent platforms can be found in the work of 
Altmann et al. (2001). They evaluate 30 multi-agent platforms on the criteria, security, 
availability, environment, development, documentation, monitoring, debugging and 
characteristic properties. The focus of the evaluation is on an “optimal” (in sense of 
productivity) platform. A similar evaluation of multi-agent platforms is also performed 
by Giang and Tung (2001). However, their focus is on infrastructures for knowledge 
management systems. Work that explicitly combines multi-agent platforms and 
ubiquitous computing is performed by Hristova et al. (2003). They identify 9 
commandments: (Client-Server Distribution; Minimize the Software Footprint; 
Intelligent Pre-caching of Content; Dynamic Agent Tuning; Less is Moore; Judicious 
Software Selection; Agent-based Application versus Web Server Aplication; 
Operating System Choice; Dynamic Load Balancing) to consider when designing 
agent-based ubiquitous systems. 

 A number of requirements that ubiquitous computing sets on middleware is 
presented in Maffioletti (2001) (also considered in this thesis). The requirements are 
listed as: mobility, heterogeneity and scalability. Initial work on an evaluation of 
multi-agent platforms for smart devices is presented by Carabeala and Boissier (2003). 
Ubiquitous computing is not explicitly mentioned but a discussion of the utility of 
FIPA-compliance in multi-agent platforms relevant to this work is discussed. An 
evaluation of security in three mobile agent platforms has been done by Fischmeister 
et al. (2001). 
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4 RESEARCH 
This chapter lays the foundation for the evaluation. It starts with the criteria to be 

used and then moves on to investigate what Multi-agent platforms are available. 
There are several possible ways to conduct research and we will follow a 

generalized process starting with a review of the field, i.e. perform a literature study. A 
generalized research process is a sequential one but it does not have to follow an exact 
order that is stated in advance (Dawson 2000). 

4.1 Research method  
The research method chosen in this thesis is to perform a literature study on one 

type of application from each of the main directions as indicated in the proceedings 
from the International Conference on Ubiquitous Computing (UbiComp 2003) for 
research in UbiComp today and investigate what special demands they put on the 
multi-agent platform. A list of multi-agent platforms will then be evaluated against 
these criteria. 

After the evaluation is done we will choose one criteria and make a physical test 
on the platforms that were found to be most appropriate for use in Ubiquitous 
Computing. This test will be done to experimentally verify part of the outcome of the 
evaluation. 

4.2 Criteria  
From the area of location-aware computing we look in to tourist guides. Then we 

look in to the area of the intelligent home from the area of artificial intelligence and 
after that we look at pervasive healthcare application in general.   

4.2.1 Tourist guide 
Tourist guide in this context means a system where users get information about 

places and items based on the user’s location. Information is delivered to a handheld 
device (e.g. mobile-phone or PDA) that the user carries around. One example of this is 
the project where people walk around in an arts-museum and gets specific information 
about the painting that he/she currently are placed in front of (Bombara et al. 2003). 

A similar application by Kuramatani et al. (2003) has taken this one step further. If 
you want more information (exceeding the standard information from the database) 
about the painting you are in front of you could press the “tell me“-button. The system 
will then search the internet for information and return the result to your PDA  In 
another project named “Gulliver ś Genie” (O'Hare and O'Grady 2003) tourists could 
walk around in the center of Dublin and get information about nearby tourist 
attractions (and a map with their own position marked out) through a PDA.  

As indicated above a primary criterion from this area is the ability of the multi-
agent platform to develop and run an agent on a small portable device like a PDA or 
mobile-phone. The multi-agent platform has to deal with mobile users and devices so 
there is also a requirement on the platform to support mobile wireless communication. 

This means that in location- aware applications there are requirements for 
mobility, both in the need to support wireless communications and the ability to run 
agents on small devices (PDA or mobile -phone). Security is not crucial in these 
applications as no information from the user is revealed (i.e. users are anonymous) and 
all information sent is meant to be public .     
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4.2.2 Intelligent Home 
By intelligent we mean works like an agent i.e. have built-in capabilities to 

responds to inputs and adjust to the environment by use of effectors. The area of 
intelligent home was one of the earliest to appear in research around UbiComp (Weiser 
1991). 

In the Intelligent Room project Michael Coen tried to make the user interface 
invisible by use of cameras and microphones. An important finding of the Intelligent 
Room is that systems should leverage each other. Speech recognition is easier if 
additional information is present, such as the knowledge that the inhabitant is pointing 
to a city on a map when making the statement "show me the weather" (Coen 1999). 

Michael Mozer’s Neural Network House adapts temperature, lighting, and 
ventilation to the behavior and desires of the inhabitants. The Adaptive Control of 
Home Environments (ACHE) system has the objectives to anticipate the inhabitant’s 
needs and the conservation of energy (Mozer 1998). 

 Davidsson and Boman (2000) describe a decentralized system consisting of a 
collection of software agents that monitor and control an office building. The system 
uses the existing power lines for communication between the agents and the electrical 
devices of the building. The objectives of the project are both energy saving and 
increasing customer satisfaction through value added services. 

 Houses are typically filled with devices that hold embedded computers. An 
example of such a device could be a dishwasher or an air- conditioner. Normally these 
devices fulfill their intentional purpose but are not communicating with each other. 
The notion of an intelligent home specifies the ability to coordinate devices and 
thereby more efficiently control the home environments. The diversity of devices and 
systems likely to appear in a home, make the appearance of two or more different 
multi-agent platforms likely to find place. There is also the possibility of buying new 
products that runs another multi-agent platform. 

 Ability to communicate with other multi-agent platforms are as indicated before a 
valuable criterion for intelligent home applications and this could be achieved by 
choosing a standardized (e.g. FIPA- compliant) multi-agent system.  

4.2.3 Healthcare 
Information is the main factor in the healthcare area. However, the information is 

often widespread and located in isolated environments, i.e., information is mostly 
gathered by personnel doing manual readings on various devices in various locations. 

The Onko Net (Kirn 2002)  is an information platform for cancer treatments and 
uses a multi-agent platform to provide 9 hospitals in the province of Thüringen with 
cooperative support to all personnel involved in cancer diagnosis and therapy. In the 
paper requirements on FIPA-compliance and ability to run on mobile small devices are 
mentioned.  

In the healthcare area we have a similar situation to the intelligent home area with 
hundreds or in this case even thousands of embedded computers. One difference is 
though an even larger occurrence of information situated at different locations. In the 
healthcare area we have to consider exchange of information not only inside the 
building but also between hospitals. This makes an ability to communicate with other 
systems in a standardized way essential proving the criterion of FIPA-compliance 
adoptable in this area as well. It is also obvious that the multi-agent platform must 
have a capability of holding hundreds of agents at the same time. 

Security issues are important in this area because patient information is involved 
and there is strict laws stating how information about patients should be handled. This 
means that the multi-agent platform should support security mechanisms such as 
authentication for agents, encryption of data and certificates.   
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4.2.4 Criteria found 
As seen in the tourist guide section we have in location- aware applications 

requirements for mobility, both in the need to support wireless communications and 
the ability to run agents on small devices (such as PDA or mobile-phone). From both 
the Intelligent home and the healthcare sections we have requirements on FIPA 
compliant multi-agent platforms in order to communicate with other systems as well as 
need for scalability, meaning that the platform must be able to run hundreds of agents 
simultaneously.       

Must have Criteria: 
 

1. Mobility, support for wireless communication  
2. Standards, FIPA compliance. 

 
Ranking Criteria : 
 

3. Security, support for authentication, encryption and certificates  
4. Heterogeneity, ability to support different types of agent architectures and 

languages 
5. Scalability, support for big numbers of agents. 

 
There are of course other criteria on multi agent platforms for Ubiquitous 

computing but these seem to be the most important appearing in the areas that we have 
looked at. 

4.3 What platforms are there? 
AgentLink is a European network of researchers and developers with a common 

interest in agent technology. AgentLink is supported by the European Comission and 
coordinated by the University of Southampton. Instead of searching around for multi-
agent platforms we have decided to use their “Review of Software Products” from 
2002 that lists 19 multi-agent platforms and 17 related software’s (AgentLink 2002). 
Following is the entire list with multi-agent platforms (“Language or environment for 
MAS development”). 

Table 1. Multi-agent platforms. 

 
Name Producer Language 
ADK Tryllian Java 
AgentSheets Agentsheets Inc. Java 
AgentTool Kansas State University Java 
Bee-gent Toshiba Corporat ion Java 
CABLE  Logica UK Ltd C++ 
Comet Way Comet Way Ltd. Java 
CORMAS  CIRAD Smalltalk (Visual work) 
Cougaar DARPA Java 
DECAF  University of Delaware Java 
FIPA-OS  Emorphia Ltd. Java 
Grasshopper  IKV++Technologies AG Java 
JACK Agent Oriented Software Pty. Ltd Java 
JADE/LEAP  Motorola,ADAC,Broadcom,BT,TILabs Uni 

Parma,Siemens 
Java 

JIVE  University of Cincinnati Java 
Kaariboga  Other Java 
Living Markets  Living Systems AG Java 
MASSYVE KIT  Federal University of Santa Catarina C++ 
RETSINA Carnegie Mellon University C++ 
ZEUS BTexact Technologies Java 
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StarLogo is described as multi-agent platform in the review but have been omitted 
because it is a specialized application used for modeling decentralized systems. IDOL has 
also been omitted because of lack of available  information.  

For information about the products above we reefers to “Review of Software 
Products”(AgentLink 2002). Only platforms that pass the “must have” criterion will be 
described later in this thesis. 
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5 EVALUATION 
The documentation available from the producers of the multi-agent platforms is 

used to decide whether or not the platform matches our criteria. To simplify the 
evaluation two sets of criteria groups are used, a “must have criteria” and a “ranking 
criteria”. Based on the nature of ubiquitous computing we assumed that a multi-agent 
platform at least needed to support mobility and FIPA standards to be considered. The 
“must have criteria” is used to make an initial selection of appropriate candidates. The 
ranking criteria, scalability, heterogeneity, and security  are then applied to the 
candidates to decide to what extent the platform supports our notion of ubiquitous 
computing.  

5.1 Evaluation of platforms against must have criteria 
Each platform is investigated for the mobility and standards criterion. If either of 

them fails, the platform is out of the evaluation. A “–“  in the table means that this 
criteria has been hard to evaluate from the documentation and because one must have 
criteria already has failed for that platform no further investigation has been made.  

Table 2. Must have evaluation. 

 
Name Mobility Standards Dismissed 
ADK No Yes Yes 
Agentsheets Yes No Yes 
AgentTool No - Yes 
Bee-gent - No Yes 
CABLE  No - Yes 
Comet Way Yes No Yes 
CORMAS  No - Yes 
Cougaar Yes No Yes 
DECAF  No - Yes 
FIPA-OS  Yes Yes No 
Grasshopper  Yes Yes No 
JACK No Yes Yes 
JADE/LEAP  Yes Yes No 
JIVE  No Yes Yes 
Kaariboga  Yes No Yes 
Living Markets  No - Yes 
MASSYVE KIT  No - Yes 
RETSINA - No Yes 
ZEUS No - Yes 

 

5.2 Evaluation of platforms against ranking criteria 
The three multi-agent platforms MicroFipa-OS, Grasshopper and Jade/LEAP that 

passed the “must have criteria” are here further evaluated and ranked by security, 
heterogeneity and scalability. 
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Table 3. Ranking evaluation. 

 
Table 3 shows that MicroFIPA-OS, Grasshopper and JADE/LEAP all passed the 

must have criteria of mobility and standards. Note that the order of appearance is not 
adjusted after the ranking results. Following is a presentation of these platforms and 
their ranking values complemented with a figure showing their graphical user 
interfaces (GUI). 

 
MicroFIPA-OS is an extension of the 1.1 version of FIPA-OS agent toolkit from 

Emorphia designed to execute on medium to high-level PDA running PersonalJava. 
Development and maintenance are done by the University of Helsinki. The platform 
can be downloaded at http://www.cs.helsinki.fi/group/crumpet/mfos/. It has been 
redesigned to be deployable on PDA like the Compaq iPaq running Linux or PocketPC 
operating system. There is a minimal mode where task and conversation managers are 
not used allowing minimal footprint. The drawback of minimal mode is that you have 
to program those functions yourself but even in minimal mode there is still FIPA-
compliance. Only one agent is recommended to run on each PDA. Running the 
platform on a PDA requires minimum 4MB of memory. 

  
• Security:  low. 
• Heterogeneity: medium. 
• Scalability: medium, only one agent per PDA is recommended. 
 

 

Figure 1. A picture of the MicroFIPA-OS graphical user interface. 

 

Name Mobility Standards Security Heterogeneity Scalability 
MicroFIPA-OS  Yes Yes Low Medium Medium 
Grasshopper  Yes Yes High High Medium 
JADE/LEAP  Yes Yes Medium High High 
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Grasshopper is an agent platform supporting mobile agents that travels around 
visiting other computers. The platform is compliant with both FIPA and MASIF 
through add-on modules. Grasshopper is distributed free of charge for non-commercial 
use at www.grasshopper.de. IKV ++ Technologies AG released the first version of 
grasshopper in 1998 and grasshopper 2 in spring 2000. The current version 2.2.4 is 
available in downloadable files for Windows, Windows CE and UNIX. Grasshopper is 
designed for implementation of complex distributed workflow applications and 
dynamic software deployment at client/server systems.  The platform is among other 
cases used for development of third generation mobile telecommunication systems 
(UMTS) and mobile commerce applications.  A webhopper extension for grasshopper 
could be used to deploy agents into a webserver and to access agents through a 
browser. The platform can run on a PDA .  

 
• Security:  High, Authentication and encryption (SSL) is supported as well as 

certificates.   
• Heterogeneity: High. 
• Scalability: Medium.   
 

 

Figure 2. A picture showing the Grasshopper user interface including the FIPA-addon module. 

 
JADE/LEAP (Lightweight Extensible Agent Platform) was created to be a 

lightweight FIPA compliant platform deployable on PDAs and mobile phones as well 
as work stations. The platform can be downloaded at 
http://sharon.cselt.it/projects/jade. The LEAP project extends the JADE platform and 
could execute on various operating systems and java VM by use of different profiles. 
The platform supports TCP/IP over both wireless and fixed networks. The LEAP 
platform consists of several modules. Kernel module that handles management and the 
lifecycle of agents is mandatory together with the communication module. The LEAP 
consortium is a joint venture by Motorola, Siemens, ADAC, BT, TILAB, Parma 
University and Broadcom. JADE/LEAP can be deployed on a mobile  phone 
supporting J2ME. The minimum memory requirement is about 100KB. However, this 
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relies on a main-container (providing DF and AMS) being run on a computer 
elsewhere in the network. 

      
• Security:  Medium, A plug-in called Jade-S is adding security functions. 
• Heterogeneity: High.  
• Scalability:  High, because of the small footprint. According to Cortese et al. 

(2002) thousands of agents could run simultaneously. 
 

 

Figure 3. A picture showing the JADE/LEAP user interface. 

5.3 Summary of the Evaluation 
MicroFIPA-OS, Grasshopper and JADE/LEAP were the three multi-agent 

platforms that passed the must have criteria: mobility and standards. JADE/LEAP and 
Grasshopper scored higher than MicroFIPA-OS in the ranking evaluation. 
JADE/LEAP has its strength in scalability, grasshopper in security.   
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6 EXPERIMENT 
This chapter provides verification of a part of the evaluation by looking at a set of 

experiments. The scalability criterion, which was found to be an important criterion in 
the research of criteria in Chapter 4, is the subject for these experiments. 
Consequently, the ability of the multi-agent platforms to handle many agents 
simultaneously is tested. As memory is always a limited resource, the memory 
consumption is also measured during the tests. The chapter starts with a description of 
the test environment and then there is an explanation of the software implementation. 
Following this the test procedure is presented and finally the chapter ends with a 
presentation of the test results.     

6.1 The Test Environment 
The following experiments were conducted on a Fujitsu-Siemens Scaleo 600 

computer. It has an Intel Pentium 4 1.7 GHz processor, 256 MB RAM and a 40GB 
hard disk. During the experiments, no other programs were run except for the current 
agent platform and Windows XP. Memory consumption was measured with XP’s 
built-in task-manager. The multi-agent platforms were downloaded from the Internet 
and installed according to the recommendations found in the documentation, which 
accompanied each platform. All three platforms were run on Java SDK 1.4.  

6.2 The Implementation 
Two agents was constructed for each platform: a Ping Agent, which waits for a 

“Hello”-message and responds with “Alive”-message  and a Manager Agent, which 
creates requested number of Ping Agents and then sends a ”Hello”-message to each of 
them. Time is measured from the start of the operation of the Ping Agents until all of 
them have responded with an “Alive”-message. The code for each agent can be found 
in Appendix B. 

 

 

Figure 4. A basic drawing of the test implementation. 

 

ManagerAgent 

PingAgent 

PingAgent 

Manager Agent 
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6.3 The Procedure 
For each of the three platforms, the test was done with 100, 200, 400, 800, 1600, 

3200 and 6400 Ping Agents. Each test was repeated three times and then the average 
time consumption was calculated. Supplementing the time consumption, the memory 
consumption was also measured. All test results can be found in Appendix A.   

6.4 Results of the Experiment 
In Figure 5 we see that the time required for 100 Ping Agents with Grasshopper 

was almost one minute. MicroFIPA-OS and JADE/LEAP required less than one 
second. With more agents the difference grew rapidly. MicroFIPA-OS and 
JADE/LEAP showed similar results throughout the tests.  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. This graph shows the time consumtion in secunds for running the test with x number of 
Ping Agents. Abbreviations used: GH = Grasshopper, MF = MicroFIPA-OS and JL =JADE/LEAP. 

When we look at the graph of the memory consumption in Figure 6, JADE/LEAP 
shows values approximately 50 % lower than MicroFIPA-OS and Grasshopper. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 6. Graph  showing the memory consumption in megabyte for each platform at x  Ping Agents. 
The abbreviations used: GH = Grasshopper, MF = MicroFIPA-OS and JL =JADE/LEAP. 
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7 DISCUSSION 
In extent to criteria used in the evaluation there are of course several criteria that 

could have been used, e.g., maturity. However, we think that the criteria selected 
constitute a reasonable set of characteristics needed for a ubiquitous computing 
infrastructure. Mobility and standards were used, as must have criteria because the 
literature search suggested that they are vital in all ubiquitous computing. Security, 
heterogeneity and scalability is however crucial in some systems, not that important at 
all in others making these criteria ranking ones. 

An experiment with more sophisticated agents, or on another platform i.e. Unix, 
could perhaps show a slightly different outcome, but we think that this experiment 
gives a good hint about how the platforms perform in terms of scalability. 

The reason why the experiment stops at 6400 agents is that although JADE/LEAP 
could run over 10000 agents, it run out of memory with 12800 that would have been 
the next number of agents to test. 
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8 CONCLUSIONS AND FUTURE WORK 
We have performed an evaluation of multi-agent platforms to evaluate to what 

extent they are appropriate as an infrastructure for ubiquitous computing. To our 
knowledge, there has not previously been performed any evaluations of multi-agent 
platforms to decide their suitability for ubiquitous computing. 

In extent to criteria used in the evaluation there are of course several criteria that 
could have been used, e.g., maturity. However, we think that the criteria selected 
constitute a reasonable set of characteristics needed for a ubiquitous computing 
infrastructure. The three multi-agent platforms that passed the must have criteria were 
MicroFIPA-OS, Grasshopper and JADE/LEAP. 

The experiment showed that Grasshopper required almost one minute for 100 
agents to complete. The same number of agents took less than one second for 
MicroFIPA-OS and JADE/LEAP. In memory consumption JADE/LEAP showed 50% 
lower values then MicroFIPA-OS and Grasshopper, i.e. JADE/LEAP can run the 
double amount of agents on the same amount of memory. The result for Grasshopper, 
gave reason for changing the grade received in the ranking evaluation from medium to 
low regarding scalability. However, evaluation values for MicroFIPA-OS and 
JADE/LEAP on this criteria  where verified.  

In conclusion, it is not easy to choose a suitable platform in an ad-hoc manner. We 
currently think that JADE/LEAP based on the ranking values is the most general 
multi-agent platform, offering most of the needed characteristics. However, other 
platforms may suit specif ic ubiquitous applications better. In terms of scalability, the 
experiment indicates that for environments with more than 3,000 agents one should 
consider running the platform on more than one node to obtain a reasonable response-
time from the agents. 

In terms of future work, it would be interesting to implement a number of small 
applications to verify and further evaluate multi-agent platforms in quantitative way. 
Part of this work could perhaps be to conduct tests and make evaluations while  
running the agents on hand-held devices. 
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APPENDIX A 
This table shows the results  from the experiment. 
 
Number of Ping 
Agents 

100 200 400 800 1600 3200 6400 

 
Grasshopper: 

       

GH_1 55.750 113.312 221.453 563.641 1994.406 >4 hours  
GH_2 52.062 104.687 220.250     
GH_3 51.578 106.453 220.234     
GH (s) 53.130 108.151 220.646 563.641 1994.406   
Mem.GH (MB) 9 29 53 95 183 354  
GH platf. (MB) 24       
 
MicroFIPA-OS: 

       

MF_1 0.672 3.719 7.531 13.453 18.656 33.226  
MF_2 0.593 3.735 7.500 14.062 30.969 30.063  
MF_3 0.829 3.735 7.468 13.734 19.657 29.344  
MF(s) 0.698 3.729 7.499 13.749 23.094 30.878  
Mem. MF(MB) 11 22 45 86 164 321  
MF platf.(MB) 12       
 
JADE/LEAP: 

       

JL_1 0.750 1.984 2.312 9.843 8.110 16.523 94.359 
JL_2 0.672 1.312 2.328 5.328 8.016 16.390 102.859 
JL_3 0.516 1.343 2.266 6.187 17.375 33.575 87.797 
JL(s) 0.646 1.546 2.302 7.119 11.167 22.163 95.005 
Mem. JL(MB) 6 11 22 44 84 162 320 
JL platf.(MB) 18       
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APPENDIX B 
Grasshopper PingAgent: 
 
package FIPA.examples; 
 
import javax.swing.*; 
import org.w3c.dom.*; 
import FIPA.*; 
import FIPA.ACL.*; 
 
/** 
*This agent implements a simple Ping Agent. 
*If  a message arrives that contains the string "Hello" within the content 
*then it replies with an INFORM message whose content will be the string "Alive". 
*/ 
public class GHPingAgent extends FIPAStationaryAgent 
{ 
    /** 
     * Name of the agent. 
     */ 
    public String getName() 
    { 
        return "GHPingAgent"; 
    } 
 
    /** 
     * The action method. Since this agent is  a 'passive' component, 
     * the action method does not do anything. 
     */ 
    public void action() 
    { 
        //System.out.println("PingAgent waiting for messages!"); 
    } 
 
    /** 
     * Can be changed if the agent has to be configured at creation time. 
     */ 
    public void init(Object args[]) 
    { 
    } 
 
    /** 
     * The live method. Since this agent is  a 'passive' component, 
     * the live method does not do anything. 
     */ 
    public void live() 
    { 
    } 
 
    public void message(String msg) 
    { 
 
        ACLMessage aclMsg = null; 
        try 
        { 
            aclMsg = new ACLMessage(msg); 
        } 
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        catch(Exception e) 
        { 
            System.out.println("PingAgent: exception during message content extraction.” + e);              
            return; 
        } 
        // The message content. 
        String messageContent = this.getMessageContent(aclMsg); 
 
        if("Hello".equals(messageContent)) 
        { 
            // construct reply directed at the sender. 
            ACLMessage replyMessage = this.getReply(aclMsg.getSender()); 
            if(replyMessage != null) 
            { 
                String greeting = replyMessage.toString(); 
                this.send(greeting); 
            } 
        } 
        else 
        { 
            System.out.println("#### ReceiverAgent: Received message from: " + 
                               aclMsg.getSender()); 
        } 
    } 
 
    private String getMessageContent(ACLMessage aclMsg) 
    { 
        String contentString = null; 
        try 
        { 
            Node contentNode = aclMsg.getContent(); 
            contentString = contentNode.getFirstChild().getFirstChild(). 
                getFirstChild().getNodeValue(); 
            if(contentString != null) 
            { 
                return contentString.trim(); 
            } 
        } 
        catch(Exception e) 
        { 
            System.out.println( 
                "PingAgent: Exception during message content extraction" + e); 
        } 
        return null; 
    } 
 
    /** 
     * Creates a default reply message, for messages received from the sender. 
     * The message is directed to the sender of the message. 
     */ 
    private ACLMessage getReply(String receiver) 
    { 
        String myName = this.getAgentName(); 
        String contentString = "Alive"; 
        contentString = "\"" + contentString + "\""; 
 
        try 
        { 
            return new ACLMessage(FIPAConstants.INFORM, 
                                  myName, 
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                                  receiver, 
                                  contentString); 
        } 
        catch(Exception e) 
        { 
            System.out.println( 
                "PingAgent: Exception during reply creation" + e.toString()); 
        } 
        return null; 
    } 
} 
 
----------------------------------------------------------------------------------------------------------------------------------------- 
 
Grasshopper Manager: 
 
package FIPA.examples; 
 
import javax.swing.*; 
import org.w3c.dom.*; 
import FIPA.*; 
import FIPA.ACL.*; 
import FIPA.ACL.ACLMessage.*; 
 
import de.ikv.grasshopper.agency.AgentCreationFailedException; 
import de.ikv.grasshopper.type.AgentInfo; 
import de.ikv.grasshopper.type.Identifier; 
 
/** 
 * This class represents an agent initiating a conversation. 
 * The user has to specify the number of PingAgents to start. 
 * After the PingAgents are started each of them are sent a "Hello" message 
 * The time from start of this Agent until each Pingagent har responded with "Alive" 
 * is measured and presented at the end. 
 */ 
public class GHManager extends FIPAStationaryAgent 
{ 
    public final static String GREETINGS = "Hello"; 
    public final static String ANSWER = "Alive"; 
    public int count =0; 
    public int number =7000; 
    public long startTime; 
    public Identifier[] RecAgentName =new Identifier[number]; 
 
    public void init(Object args[]) 
    { 
 String argument = (String)args[0]; 
    number = Integer.parseInt(argument); 
 System.out.println(getName()+" STARTED, NUMBER = "+number); 
    } 
 
    public String getName() 
    { 
        return "GHManager"; 
    } 
 
    public void live() 
    { 
        // make sure this agent has initiated before starting PingAgents 
        try { 
 Thread.sleep(4000); 



  30 

} catch (Exception e) 
 { 
        } 
        this.action(); 
    } 
 
    public void action() 
    { 
        // start timer 
        startTime = System.currentTimeMillis(); 
        // create  PingAgents 
       for(int x=0; x<number ; x++) 
       { 
     Object[] PingAgentName = {"Ping"+x}; 
 try { 

      AgentInfo PingAgentInfo = 
getAgentSystem().createAgent("FIPA.examples.GHPingAgent", 

         getInfo().getCodebase(), 
         getInfo().getLocation().getPlace(), 
          PingAgentName); 
 
        RecAgentName[x] = PingAgentInfo.getIdentifier(); 
      } 
      catch (AgentCreationFailedException e) { 
              log("Creation of PingAgent failed."); 
    }//try 
       }//for 
 
        // send them a GREETINGS message 
       for(int y=0; y<number ; y++) 
       { 
             try{ 
 ACLMessage msg = new ACLMessage(FIPAConstants.INFORM, 

this.getAgentName(),null,"\"" + "Hello" + "\""); 
             
msg.setReceiver(RecAgentName[y].toString()); 

 this.send(msg.toString()); 
} 

 catch(Exception e) { 
        System.out.println("GHManager: create Exception " + e.toString()); 
 } 
       }//for 
         System.out.println(getName()+" SENT GREETINGS MESSAGEs : "); 
    } 
 
    public void message(String msg) 
    { 
     // convert msg string into an ACLMessage 
      ACLMessage aclMsg = null; 
 try 
 { 
      aclMsg = new ACLMessage(msg); 
 } 
 catch(Exception e) { 

System.out.println("#### exception during message content extraction.    
aborting." +e); 

    return; 
 } 
 // The message content. 
     String messageContent = this.getMessageContent(aclMsg); 
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 if (ANSWER.equalsIgnoreCase(messageContent)) { 
 // if an ANSWER to a greetings message is arrived count message 
 count++; 
 if(count == number){ 
  long endTime = System.currentTimeMillis(); 
  long tot = (endTime - startTime); 

System.out.println(" received answer from all "+number+ "in " 
+tot+ " ms -- terminating behaviour" ); 

 
  } 
     } 
 } 
    private String getMessageContent(ACLMessage aclMsg) 
    { 
         String contentString = null; 
         try 
         { 
             Node contentNode = aclMsg.getContent(); 
             contentString = contentNode.getFirstChild().getFirstChild(). 
          getFirstChild().getNodeValue(); 
             if(contentString != null) 
             { 
                 return contentString.trim(); 
             } 
         } 
         catch(Exception e) 
         { 

System.out.println("#### GHManager: Exception during message 
content extraction" +e); 

         } 
         return null; 
    } 
    public static void main(String args[]) 
    { 
    } 
}//GHManager 
--------------------------------------------------------------------------------------------------------------------------- 
 
MicroFIPA-OS PingAgent: 
 
package microfipaos.test; 
// Import the fipa-os classes 
 
import fipaos.agent.*; 
import fipaos.agent.task.*; 
import fipaos.agent.conversation.*; 
import fipaos.mts.*; 
import fipaos.ont.fipa.*; 
import fipaos.ont.fipa.fipaman.*; 
import fipaos.parser.acl.ACLMessage; 
import microfipaos.agent.*; 
 
// Import registration exception classes 
import fipaos.platform.ams.AMSRegistrationException; 
import fipaos.platform.df.DFRegistrationException; 
 
import fipaos.util.DIAGNOSTICS; 
 
import java.util.*; 
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/** 
*This agent implements a simple Ping Agent. 
*If  a message arrives that contains the string "Hello" within the content 
*then it replies with an INFORM message whose content will be the string "Alive". 
*/ 
public class MFPingAgent extends MicroFIPAOSAgent 
{ 
//Agent type 
private static final String AGENT_TYPE = "ping-agent"; 
 
/** 
 * Agent constructor - sets up an IdleTask as the default 
 * ListenerTask for incoming messages 
 */ 
    public MFPingAgent( String name, String ownership ) 
    { 
 super( name, name, ownership ); 
 
 // Instantiate a new IdleTask to receieve all incoming communications which 
 // are not associated with any-other Task 
 setListenerTask( new IdleTask() ); 
     } 
 
     public class IdleTask extends Task 
     { 

public IdleTask() 
 { 
   // Don't do anything on instantiation 
 } 
 protected void startTask() 
 { 
 } 
 
 //Invoked when a message is received with the "inform" performative 
 public void handleInform( Conversation conv ) 
 { 
 ACL acl = (ACL)(conv.getACL( conv.getLatestMessageIndex())).clone(); 
 // Start a new Task to deal with this conversation 
 newTask( new PingResponseTask( acl ), conv ); 
 } 
 
 /** 
  * This method is dynamically invoked when a PingResponseTask 
  * completes its task. 
  */ 
 public void donePingAgent_PingResponseTask( Task t ) 
 { 
  // We can ignore this task-type completing 
 } 
 
      }//IdleTask 
}//MFPingAgent 
 
/** 
 * This task simply responds to an incoming "ping request". 
 */ 
class PingResponseTask extends Task 
{ 
 //ACL within which we are replying 
 private ACL _acl; 
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 //Constructor - saves the given Conversation object for use later 
 public PingResponseTask( ACL acl ) 
 { 
  _acl = acl; 
 } 
 
 /** 
  * Invoked once this Task has been initialised.  Sends the response messages 
  */ 
 protected void startTask() 
 { 
  // Send Inform 
  ACL resp = new ACL( _acl ); 
  resp.setSenderAID( _owner.getAID() ); 
  resp.setReceiverAID( _acl.getSenderAID() ); 
  resp.setPerformative( FIPACONSTANTS.INFORM ); 
  resp.setContentObject( "Alive"); 
  // Forward via super.forward() 
  forward( resp ); 
 
  // The Task is complete - it can be released! 
  _acl = null; 
  done(); 
 } 
}//PingResponseTask 
--------------------------------------------------------------------------------------------------------------------------- 
 
MicroFIPA-OS Manager: 
 
package microfipaos.test; 
 
// Import the fipa classes 
import fipaos.ont.fipa.*; 
import fipaos.agent.task.*; 
import fipaos.agent.conversation.Conversation; 
import fipaos.agent.*; 
 
// Import the agent management classes (as we are registering with the platform) 
import fipaos.ont.fipa.fipaman.*; 
 
// We will also need to import agent classes 
import microfipaos.agent.*; 
 
// Import registration exception classes 
import fipaos.platform.ams.AMSRegistrationException; 
import fipaos.platform.df.DFRegistrationException; 
 
// Finally import the diagnostics class for output 
import fipaos.util.DIAGNOSTICS; 
 
 
import java.util.*; 
import java.io.*; 
import java.net.*; 
import java.lang.*; 
import com.sun.java.util.collections.List; 
import com.sun.java.util.collections.LinkedList; 
import com.sun.java.util.collections.Arrays; 
import com.sun.java.util.collections.Collections; 
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class MFManager extends MicroFIPAOSAgent  { 
 
   private static boolean Ready = false; 
   public final static String GREETINGS = "Hello"; 
    public final static String ANSWER = "Alive"; 
    public int count =0; 
    public static int numb; 
    public long startTime; 
    public AgentID _target; 
 
public MFManager(String a, String b, String c) 
 { 

// Initialise Agent 
 super( a, b, c ); 
 IdleTaskTest idle = new IdleTaskTest( this); 
 this.setListenerTask(idle); 
 System.out.println("Initing Manager”); 
 try  

{ 
                         this.registerWithAMS(); 
 } catch (Exception e) { 
  System.out.println("AMS reg failed: " + e); 
  e.printStackTrace(); 
  shutdown(); 
 } 
 
} 
 
public static void main( String args[] ) 
{ 
 DIAGNOSTICS.setMemoryLevel( DIAGNOSTICS.LEVEL_MAX ); 
 if (args != null && args.length > 0)  

{ 
  String argument = (String)args[0]; 
         numb = Integer.parseInt(argument); 
 } 
 new microfipaos.platform.AgentManagementSystem( "ams", "microfipaos" ); 
 try  

{ 
  Thread.sleep(3000); 
 } catch (Exception e)  { 
 } 
 new microfipaos.platform.DirectoryFacilitator( "df", "microfipaos" ); 
 try  

{ 
  Thread.sleep(4000); 
 } catch (Exception e)  { 
 } 
 // Create Manager 
 new MFManager( "", "Man", "PingAgent_owner" ); 
  }//Main 
 
/** 
 * Shuts down the agent by first deregistering with the DF and AMS 
 * (if registered) and then invoking shutdown() on the FIPAOSAgent shell 
 */ 
public synchronized void shutdown() 
{ 
 // Check if we've registered with the DF 
 if (registeredWithDF() == true) 
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 { 
  try 
  { 
   // Attempt to deregister with DF 
   deregisterWithDF(); 
  } 
  catch (DFRegistrationException dfre) 
  { 
  // A problem deregistering occured.....  
  String reason = dfre.getExceptionReason(); 

DIAGNOSTICS.println(dfre + ":" + reason, this, 
DIAGNOSTICS.LEVEL_MAX ); 

  } // end catch 
 } 
 
 // Check if we're registered with the AMS 
 if (registeredWithAMS() == true) 
 { 
    try 
    { 
  // Deregister with AMS 
  deregisterWithAMS(); 
  System.out.println("Deregistered with AMS" ); 
    } 
    catch (AMSRegistrationException amsre) 
    { 
  // A problem deregistering occurred.....  
  String reason = amsre.getExceptionReason(); 
  System.out.println(amsre + ":" + reason); 
    } 

} 
 
 // Now call shutdown in the agent shell to release the core components 
 super.shutdown(); 
}//shutdown 
 
public class IdleTaskTest extends Task 
{ 
 public AgentID _target; 
 public FIPAOSAgent _parent; 
 int count=0; 
 
 /** 
  * Constructor 
  */ 
 public IdleTaskTest( FIPAOSAgent parent ) 
 { 
  // Save reference to parent 
  _parent = parent; 
  System.out.println("Idle task set"); 
 } 
 
 /** 
  * Invoked when the task is first started 
  */ 
 public void startTask() 
 { 
  // start timer 
  startTime = System.currentTimeMillis(); 
  //Create MFPingAgents 
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  for(int x=0; x<numb ; x++) 
  { 
       String target ="Ping"+x; 
        try  

{ 
  new microfipaos.test.MFPingAgent( target, "Man" ); 
  } catch (Exception any) { 
   any.printStackTrace(); 
  } 
  } 
 System.out.println("Pingagents started "); 
 AgentID _target; 
 for(int y=0; y<numb ; y++) 
   { 
    String tar ="Ping"+y+"@localap"; 
     try { 
   // Create AID for target Agent 
   _target = new AgentID(); 
   _target.setName( tar ); 
   sendMsg(_target); 
     } catch (Exception any) { 
   any.printStackTrace(); 
      } 
 } 
    } 
 
    /** 
    * Invoked when a message is received 
    */ 
    public void handleInform( Conversation conv ) 
    { 
                  while(!Ready) 
                   { 
     // listen if a greetings message arrives 
     ACL msg = conv.getACL( conv.getLatestMessageIndex() ); 
     String content = (String) msg.getContentObject(); 
     if (msg != null) 

    { 
  System.out.println(" Man received message ="+content); 
      
  if (ANSWER.equalsIgnoreCase(content))  

{ 
      
            // if an ANSWER to a greetings message is arrived 
         // then count message 
        count++; 
      
       if(count == numb) 

     { 
   long endTime = System.currentTimeMillis(); 
   long tot = (endTime - startTime); 

System.out.println(" received answer from all 
"+numb+ "in " +tot+ " ms -- terminating 
behaviour" ); 

      
   Ready = true; 
        } 
      
  } 
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        } 
                   }//while 
   }// handleInform 
   /** 
    * Invoked when a message is received 
    */ 
   public void handleOther( Conversation conv ) 
   { 
 // Get next message and display 
 ACL acl = conv.getACL( conv.getLatestMessageIndex() ); 
   } 
 
 } 
  // Method used to send messages 
  public void sendMsg(AgentID _targ)   
  { 

try 
 { 
  // Send a message to the other Agent 
  ACL msg = new ACL(); 
  msg.setPerformative( "inform" ); 
  msg.setSenderAID(this.getAID()); 
  msg.setReceiverAID( _targ ); 
  msg.setContentObject("Hello"); 
  this.forward( msg ); 
 } 
 catch( Throwable e ) 
 { 
  System.out.println("Error in sendMsg"); 
  // Error - display the exception 
  e.printStackTrace(); 
 } 
 
  } //sendMsg 
}//MFManager 
-------------------------------------------------------------------- 
 
JADE/LEAP PingAgent: 
 
import java.util.Date; 
import java.io.FileWriter; 
import java.io.IOException; 
import java.io.PrintWriter; 
import java.io.OutputStreamWriter; 
import jade.core.*; 
import jade.core.behaviours.*; 
import jade.lang.acl.ACLMessage; 
import jade.domain.FIPAAgentManagement.ServiceDescription; 
import jade.domain.FIPAAgentManagement.DFAgentDescription; 
import jade.domain.DFService; 
import jade.domain.FIPAException; 
 
/** 
*This agent implements a simple Ping Agent. 
*If  a message arrives that contains the string "Hello" within the content 
*then it replies with an INFORM message whose content will be the string "Alive". 
*/ 
 
public class PingAgent extends Agent  
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{ 
 
    class WaitPingAndReplyBehaviour extends SimpleBehaviour  
    { 
   private boolean finished = false; 
 
 public WaitPingAndReplyBehaviour(Agent a)  

{ 
     super(a); 
 } 
 
 public void action()  

{ 
     ACLMessage  msg = blockingReceive(); 
     if(msg != null) 

    { 
  ACLMessage reply = msg.createReply(); 
   String content = msg.getContent(); 
  if ((content != null) && (content.indexOf("Hello") != -1)) 

{ 
      reply.setPerformative(ACLMessage.INFORM); 
      reply.setContent("Alive"); 
  } 
     send(reply); 
    } 
 } 
 
 public boolean done() { 
     return finished; 
 } 
    } //End class WaitPingAndReplyBehaviour 
 
    protected void setup()  
    { 

WaitPingAndReplyBehaviour PingBehaviour = new  
WaitPingAndReplyBehaviour(this); 

 addBehaviour(PingBehaviour); 
    } 
}//end class PingAgent 
--------------------------------------------------------------------------------------------------------------------------- 
JADE/LEAP Manager: 
 
import jade.core.Agent; 
import jade.core.AID; 
import jade.domain.FIPAAgentManagement.*; 
import jade.domain.DFService; 
import jade.domain.FIPAException; 
import jade.core.behaviours.Behaviour; 
import jade.lang.acl.ACLMessage; 
import jade.lang.acl.MessageTemplate; 
import jade.core.Runtime; 
import jade.core.Profile; 
import jade.core.ProfileImpl; 
import jade.wrapper.*; 
 
/** 
 * This agent has the following functionality: 
 * Creates a number of PingAgents 
 * The user has to specify the number of PingAgents to start with an argument. 
 * After the PingAgents are started each of them are sent a "Hello" message 
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 * The time from start of the PingAgents until each Pingagent har responded with "Alive" 
 * is measured and presented at the end. 
 **/ 
public class JadeManager extends Agent  
{ 
    private static boolean Ready = false; 
    public final static String GREETINGS = "Hello"; 
    public final static String ANSWER = "Alive"; 
    public int count =0; 
    public int number =100; 
    public long startTime; 
 
    protected void setup()  
    { 
           // Get the number of pingagents to start as a start-up argument 
          Object[] args = getArguments(); 
          if (args != null && args.length > 0)  
          { 
 String argument = (String)args[0]; 
    number = Integer.parseInt(argument); 
 System.out.println(getLocalName()+" STARTED NUMBER = "+number); 
 try { 
     // create the agent description of itself 
     DFAgentDescription dfd = new DFAgentDescription(); 
     dfd.setName(getAID()); 
     // register the description with the DF 
     DFService.register(this, dfd); 
     System.out.println(getLocalName()+" REGISTERED WITH THE DF"); 
 } catch (FIPAException e) { 
      e.printStackTrace(); 
 } 
 // start timer 
 startTime = System.currentTimeMillis(); 

// create  PingAgents 
 for(int x=0; x<number ; x++) 
 { 
      String PingAgentName = "Ping"+x; 
      try { 

PlatformController container = 
getContainerController(); 

   // get a container controller for creating new agents 
container.createNewAgent(PingAgentName, 
"PingAgent", null).start(); 

 
      } catch (Exception any) { 
   any.printStackTrace(); 
  } 
 } 
 // send them a GREETINGS message 
 for(int y=0; y<number ; y++) 
 { 

ACLMessage msg = new 
ACLMessage(ACLMessage.INFORM); 

  msg.setContent(GREETINGS); 
  String RecAgentName = "Ping"+y; 

msg.addReceiver(new AID(RecAgentName, 
AID.ISLOCALNAME)); 

  send(msg); 
 } 
     System.out.println(getLocalName()+" SENT GREETINGS MESSAGE : "); 
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 } //if 
 
 // if an ANSWER to a greetings message is arrived 
 // count them 
 addBehaviour(new Behaviour(this)  

{ 
       public void action()  

      { 
  while(!Ready) 

{ 
      // listen if a greetings message arrives 

ACLMessage msg = 
receive(MessageTemplate.MatchPerformative(ACLMessage
.INFORM)); 

      if (msg != null)  
    { 

           if (ANSWER.equalsIgnoreCase(msg.getContent()))  
         { 

   // if an ANSWER to a greetings message  
   // then count message 
   count++; 
   if(count == number) 

{ 
   long endTime = System.currentTimeMillis(); 
   long tot = (endTime - startTime); 

System.out.println(" received answer from all 
"+number+ "in " +tot+ " ms -- terminating 
behaviour" ); 

   Ready = true; 
   } 
            } 
       } else // if no message is arrived, block the behaviour 
   block(); 
       } 
  } 
     public boolean done() { 
      return Ready; 
     } 
 }); 
 System.out.println(" ready starting Manager" ); 
         }//setup 
}//JadeManager 


