Generative Agent Migration: Exploring Automated Assembly of Agents

Abstract

Agents on the Internet sometimes need to migrate between Internet locations to perform their tasks. However, migration is often complicated by the heterogeneous nature of the Internet. For example, an agent's destination may not offer a compatible agent platform. Different solutions for migration are possible. This thesis concerns one such solution, called generative agent migration. Instead of transporting the agent itself, a blueprint of the agent is sent to its destination. There the agent is regenerated using the blueprint. This thesis continues earlier work by extending available theory and providing a demonstration of generative agent migration.
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1. Introduction

In this Chapter, the reader is introduced to the research in this thesis. First, an example illustrates the problems concerning agent migration and the solution explored in this thesis. The second section explains the research goal, and identifies questions to answer in relation to the goal. The third section presents an overview of the thesis.

1.1 Mobile Agents and Building Blocks

Suppose a user wishes to buy the book trilogy “The Lord of the Rings” on the Internet. This means he or she must surf the Internet to (a) find sites where books can be ordered, (b) find out which of these sites has the best offer, and (c) determine if he or she trusts the site. In addition, if the user has a specific version in mind (e.g., hardcover, with or without the appendices, as separate books or as 3-in-1, photo of the movie on the cover), it might take a few hours to find the best offer. It would be preferable if a computer program could be instructed to do this comparison instead.

Researchers in Artificial Intelligence have for years been studying how such intelligent programs might be developed. One solution lies in so-called agents. Agents are autonomous computer programs that perform a specific task intelligently, possibly co-operating with other agents. If the user in the previous example had had an agent to find and compare books, this agent would have had several capabilities. First of all, it would have been able to interact with the user, so the agent could learn which book the user wants. Secondly, it would have been able to reason about books and prices, to determine which offer is the best. Thirdly, it would have had access to the Internet, so it could find books through on-line bookstores. 

Now assume that each on-line bookstore has agents to represent its interests, “store agents”, and the user in the previous example has an agent, a “customer agent”, that has the aforementioned capabilities. Store agents can communicate with such customer agents: agents interested in buying a book from the store. A customer agent searching for “The Lord of the Rings” can interact with store agents in two ways. First of all, it can stay on the user’s computer and interact by sending and receiving messages over the Internet. Alternatively, it can move itself to the computer of a store agent. In this case, the messages an agent sends and receives do not leave the computer on which both agents run. In turn, a customer agent could move to all store agents with which it wants to communicate, and then return to its user to report. Agents that can move around computer networks – such as the Internet – are called mobile agents or migrating agents. Agents that cannot are called stationary agents.  

There are two important reasons why a mobile agent might be preferable above a stationary agent (Brazier, Overeinder, van Steen and Wijngaards, 2002). The first is performance. For example, the user’s computer is heavily loaded with other programs, and therefore an agent program runs slowly, or the Internet is “congested”, introducing an unacceptable delay between request and reply messages. The more messages an agent needs to send and receive, the longer its task will take, possibly reducing performance. The second reason is resource accessibility. For example, a foreign server may only allow a database to be accessed locally for security reasons. This means an agent cannot query the database by sending it messages over the Internet. For either reason, a solution is to move the agent program from the user’s computer to another computer and run the agent remotely. This solution reduces the load of the user’s computer, reduces the delay introduced by communication through the Internet, and enables improved access to resources. 

However, moving programs from one computer to another is not as straightforward as it may seem. The problem is that computers connected through the Internet are very different. First of all, hardware differs. For example, some machines have an Intel processor, while other machines have a SPARC processor. Second, their software differs. For example, some machines run Windows as operating system, while others run Linux. Some machines support programs written in programming languages such as Java  (Gosling, Joy and Steele, 1996) and C++ (Stroustrup, 1997), others do not. The result is that when a program has been written for one environment (e.g., a C++ program for a Linux-PC), it only works on computers with a “compatible” environment. In more technical terms, the problem is that large computer networks – including the Internet – are heterogeneous, both in software and hardware. They consist of computers offering different, often incompatible environments.

This thesis focuses on one particular technique to migrate agents in heterogeneous computer networks, called generative agent migration (Brazier, Overeinder, van Steen and Wijngaards, 2002a and 2002b). The key idea of this approach is not to move the agent program itself, but a blueprint of the program, describing the agent independent of its implementation. A blueprint describes a configuration of building blocks (Brazier and Wijngaards, 2001; Brazier and Wijngaards, 2002). Appropriate building blocks must be available at the destination platform, to enable regeneration of the agent’s code. Note that the role of trust is not considered in this thesis.

Agents capable of generative agent migration are created by an Agent Factory. An Agent Factory is a service capable of (re-)designing blueprints, finding appropriate building blocks and assembling these into a working agent (Brazier and Wijngaards, 2002; Brazier, Overeinder, van Steen and Wijngaards, 2002b; van Splunter, Wijngaards, Brazier, 2003). Agent Factories support generative agent migration in two ways: an Agent Factory (a) (re-)designs (i.e., creates a new blueprint) and assembles an agent such that it is possible to generatively migrate the agent, and (b) regenerates the agent at its destination. Agent Factories are not a main topic of this thesis. It does not investigate how an Agent Factory's design process produces a blueprint as mentioned in (a). Blueprints are assumed to be available. This research focuses on the assembly process.

A detailed description of the current version of the Agent Factory, its inner processes and strategies can be found in (van Splunter, 2002). The foundation for defining and creating building blocks, as well as assembling agents (for this version of the Agent Factory) is described in (Scholten, 2003). This thesis continues earlier research by exploring how these concepts can be used in the context of generative agent migration, and extending theory where needed.

This thesis offers a demonstration of generative agent migration. It describes a scenario of an agent travelling on the Internet and interacting with other agents to perform a complex task for its user. The implementation of this scenario, including building blocks developed for this agent and the design of the agent itself, are explained. Furthermore, based on the experience of implementing the scenario, some conclusions are drawn concerning the viability of this approach for agent mobility.  

1.2 Research Goal and Research Questions

In the introduction, generative agent migration is introduced as a possible solution for agent mobility in a heterogeneous environment. The concept of generative agent migration is introduced in (Brazier, Overeinder, van Steen and Wijngaards, 2002a and 2002b). In research previous to this thesis, the IIDS group has developed theories and prototype software to accomplish automated agent creation and adaptation (Brazier and Wijngaards, 2002; Brazier, Overeinder, van Steen and Wijngaards, 2002b; van Splunter, Wijngaards, Brazier, 2003). The concept of an Agent Factory was developed as a service to design, adapt and (re)assemble agents from building blocks. A logical next step is to build a demonstration of generative agent migration using these prototypes. Therefore, the goal of this research is the following:

Demonstrate that generative agent migration is possible for agents built from re-usable building blocks, using Agent Factories

Developing a demonstration can (a) be used to show the viability of the approach; and (b) indicate where further research is necessary.

To reach the research goal, a number of questions need to be answered. Some of these concern the nature of the demonstration, others identify sub-problems which need to be solved. The questions have been divided into three categories: Those concerning generative agent migration, those concerning agent structure and those concerning the demonstration results. The categories are described below.  

Generative agent migration

This category contains questions about the nature of generative migration and the  demonstration this thesis offers.

· D1: what is generative agent migration?
The goal of this thesis is to demonstrate generative agent migration. This requires a detailed explanation of the concept.

· D2: what prerequisites are needed for generative agent migration?
What is the theoretical basis of generative agent migration? What assumptions are made about agents and their environment?
  
· D3: how can generative agent migration be convincingly demonstrated?
Demonstrations take place in fabricated, simplified settings. However, the  simplification should be such that the conclusions drawn from the demonstration also apply to real situations.

Agent structure

To enable generative agent migration, agents need additional structure, such as re-usable building blocks. What additional structure is needed, and why? What structures are used in this approach? 

· S1: what is a building block?
  

· S2: why is a building block re-usable and why should it be re-usable? 


· S3: what is the structure of a building block?
· S4: is a blueprint enough to describe an agent?


· S5: how are building blocks and a blueprint combined into a working agent?


· S6: how are the appropriate building blocks selected?
An Agent Factory must select building blocks in order to regenerate an agent at its destination. If this is not possible, an agent cannot (generatively) migrate.


· S7: how can state information of the agent be transferred to the newly generated agent?
In addition to an agent’s code, its execution state should also be transferred. If this is not possible, the agent loses its state.

· S8: how is the agent’s blueprint represented? What format or language is used?
This question is an extension of question S5. If the structure of an agent is explicitly available, this implies that it is represented in a certain digital format or description language.
· S9: what are the consequences of generative agent migration for an agent's design? 
Does generative agent migration pose additional requirements on the design of a migrating agent (BB composition, tasks, knowledge structures, etc.) and what is the impact on agent designs?

Demonstration results

This category of questions evaluates the demonstration after it is completed.

· R1: what are the results of the demonstration?
Different kinds of results are possible. These can range from software artefacts to new knowledge on generative agent migration. Concrete results must first be identified before they can be analysed.
 
· R2: how and why can the results be generalised?
The demonstration is a simplification. What real-world situations are similar enough to justify that conclusions from the demonstration are also applicable to these situations?
  
· R3: is the approach viable in practice?
A specific conclusion that may or may not be drawn is that the approach to generative agent migration is viable. This means that no practical or technical reasons prevent widespread adoption of the approach. For some reasons this might be proved, for others, this might not be the case. Which reasons can be identified?


· R4: are the building blocks developed for the demonstration useful for building other agents?
The demonstration aims to prove that generative agent migration is possible. However, for the approach to be viable in practice, sufficient numbers of building blocks are required.

· R5: what lessons were learnt from the development of the demonstration?
Besides demonstrating the viability of the approach, there may be points on which the approach can be improved. On what points have possible improvements been found?  

1.3 Overview

This thesis is divided into three parts. The first part consists of Chapters one through four, and describes how generative agent migration is approached in this research. The second part consists of Chapters five and six, which describes the demonstration developed in the context of this research. The last part consists of Chapter seven, which provides a discussion, conclusions and directions for future research.

In the next chapter, agent migration, in general, and generative agent migration, in particular, are discussed. It offers a classification of agent migration and a definition of generative migration. It also describes the assumptions underlying generative agent migration. Chapter three describes research related to the research in this thesis. Chapter four explains what building blocks, blueprints and Agent Factories are, and how these can be used to compose and generatively migrate agents.

The demonstration of generative agent migration given in this thesis is described in Chapter five. Chapter six describes the design and implementation of generative migrating agents.

Finally, Chapter seven offers a discussion, in which answers are given to the research questions. Conclusions and directions for future research conclude the thesis.

2. Agents and Generative Migration

The concept of generative agent migration is sketched in the introduction. This chapter provides a more detailed description of generative agent migration, including a definition. The first section explains agent migration in general, and offers a classification of different types of migration. The second section describes generative agent migration, and explains which assumptions are needed for its implementation. 

2.1 Agent Migration and its Problems

This section introduces concepts and problems involved in agent migration in general. First, some terminology from the field of Distributed Systems is introduced to enable a detailed discussion of agent migration. Then a classification of migration types follows.

Distributed Systems and Code Migration

The problem of migrating (agent) programs is a problem not only within AI, but also exists in the larger context of Distributed Systems. In the latter field, migration is often called “code migration” or “mobile code”. A simple example of code migration is a Java applet. When a Java-enabled browser encounters a reference to an applet, it downloads the applet code from a server and executes it (Tanenbaum and van Steen, 2002). 

Three mobile code paradigms may be distinguished: remote evaluation, code on demand and the mobile agent paradigm (Fugetta, Picco and Vigna, 1998; Lange, 1998). Figure 1 illustrates the explanation below. 

To understand these paradigms, consider the following situation: hosts HA and HB are connected through a network. A process P1 (with execution state S1) executes at host HA, a process P2 (with execution state S2) executes at host HB. A non-executing piece of code C is either at HA or HB. In remote evaluation, process P1 requests P2 to transfer code C from host HA to host HB. C is executed in a new process P3 at HB and its results returned to P1 (a Java servlet is an example of this paradigm). In the code on demand paradigm, process P1 requests access from P2 to code C at host HB. The requested code is transferred to HA and executed there in a new process P3. Then the results are returned to P1 (a Java applet is an example of this paradigm). In the mobile agent paradigm the process P1 itself requests P2 for transfer from HA to HB. State S1 is transferred to P2, which starts a new process P3 with state S1. In Distributed Systems this paradigm is more commonly referred to as “process migration”. 

It is the mobile agent paradigm that is the focus of this thesis. 

Migration of (possibly executing) code is complicated by several issues. Three important issues are introduced below: code portability, execution state portability and resource bindings.
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Figure 1: Mobile code paradigms.
First of all, because large networks (such as the Internet) are heterogeneous, the destination environment of migrating code may be different from its source. For example, consider a C++ program compiled to executable code for a host running the Unix operating system. It is impossible to migrate this code to a Windows-based host, as the two operating systems are not binary compatible. Put differently, in this situation the executable code is not portable. If the original source code is available, new executable code might be generated using a compiler that is compatible with the destination. The problem can be alleviated by using programming languages that are compiled to executable code for a virtual machine, such as Java. Executable Java code can be migrated between a Unix-based and a Windows-based host, with a (compatible) Java Virtual Machine. 

A second issue concerns the execution state of processes. When a program is started, the operating system starts a process for it. The operating system also reserves a private part of memory, sets up a stack and a program counter for the process. The memory is intended for private data of the process, the stack is for variables, and the program counter points to the next instruction to be executed by the machine. These together form the execution state (Tanenbaum, 1999). When migrating executing code, one possibility is to discard the execution state and restart the program with its first instruction. In most cases, however, it is preferable that the program can continue with the instruction following the one issued to migrate. This means that the execution state needs to be migrated along with the code (Brazier, Overeinder, van Steen and Wijngaards, 2002a). As is the case with executable code, the execution stack is often not portable.

The last issue that is introduced in this thesis in the context of Distributed Systems, is that of resource bindings. Running programs have references to resources. Examples of resources are files on disk, local printers, databases and communication services. The operating system binds a local resource to an identifier, which the program can use when it needs the resource. At the migration destination, these references are no longer valid. New references need to be obtained from the operating system before the code can be started (this is called rebinding). In some cases, it is enough to provide a new local resource of the same type (e.g., a printer).  In other cases, the program still needs the resource it had at its earlier location (e.g., a database). One option is to migrate the resource along with the program. Another is to establish a global reference to the resource (which always points to the same resource), so no rebinding is necessary. In yet another case, the resource is copied to the agent’s private memory space before migration (for example, a piece of text read from a file, the value of a variable obtained from the platform). This data (a copy of a resource) is migrated along with the agent. No rebinding is necessary (Fugetta, Picco and Vigna, 1998). 

Agent Migration Classification

Besides the problems with process migration introduced earlier, an additional problem occurs when considering agent programs instead of programs in general. Agents are usually designed for so-called agent platforms, an additional layer of software above the operating system to support design and implementation of agents.

Essentially, agent platforms are middleware: an additional layer of software above a network operating system, providing developers with one clear interface to services (Tanenbaum and van Steen, 2002). For example, each agent platform offers services for communication. When agents at different hosts (running on interoperable platforms) wish to communicate, they use the communication service, providing the message and the name of the recipient. Sending the message across the network is then carried out by the communication service. Other services platforms offer include managing the life cycle of agents (creating, starting, stopping and disposing agents), mobility and security (e.g., Broos, Dillenseger, Dini, Hong, Leichsenring, Leith, Malville, Nietfeld, Sadi and Zell, 1998).  

All agent platforms offer basic facilities for communication between agents. However, different existing platforms (e.g., FIPA-OS  and JADE) define different interfaces to these similar facilities. For example, an agent in FIPA-OS (Poslad, Buckle and Hadingham, 2000a, 2000b) calls the method forward(ACL aclMsg) to send a message, while an agent in JADE (Bellifemine, Poggi and Rimassa, 2001) calls the method send(ACLMessage msg)
 to send a message. If an agent written for FIPA-OS is started on JADE, its call to the method forward results in an error. 

Note that different kinds of interoperability can be distinguished. For example, if two agent platforms are message interoperable, this means that agent A on platform X can communicate with agent B on platform Y. If agent A can migrate to platform Y (and B to platform X), the platforms are migration interoperable. As the example above demonstrates, FIPA-OS and JADE are message interoperable, but not migration interoperable (see for a more elaborate discussion, de Groot, to appear). As this thesis focuses on migration, the term interoperability refers to migration interoperability.

In agent migration, a distinction is often made between weak and strong migration. When migration is strong, the agent need not be aware of migration to a new host; its environment is unchanged. Its code and execution state are saved, transferred to the destination and fully restored such that the agent can execute the next instruction in its code as if nothing had happened. Also, rebinding takes place without the agent noticing (Brazier, Overeinder, van Steen and Wijngaards, 2002a). 

In case of weak migration, only code is migrated. Either the agent starts execution in its initial state (the first instruction of its code), or the agent itself saves information on its execution state before migration. This special data packet is then transferred along with the code. After the agent is started at the destination, it needs to access the data packet to restore its state. Whether rebinding is done for the agent depends on what agent platform is used. Note that weak migration is the “bare minimum” for agent migration (Tanenbaum and van Steen, 2002). 

Differences in platform interfaces and platform interoperability have consequences for how migration can be achieved. Four classes of migration can be distinguished: Homogeneous Migration, Cross-Platform Migration, Agent-Regeneration Migration and Heterogeneous Migration. These classes are described below (Brazier, Overeinder, van Steen and Wijngaards, 2002).

1) Homogeneous Migration

This is the simplest situation for migration: the platforms at source and destination are interoperable. Interoperability exists because source and destination platforms have the same interfaces. The interfaces are the same because source and destination are instances of the same platform, or because both conform to the same standard. No changes to the agent's executable code  need to be made. If an agent has been written in an interpreted language, executable code can be run on a compatible virtual machine available at the destination. If an agent is written in a compiled language, the executable code needs to be compatible with the destination's machine architecture.

It is possible to support weak as well as strong migration in this environment. Most current agent platforms are Java-based and support weak mobility only. Examples of these are: JADE  (Bellifemine, Poggi and Rimassa, 2001), FIPA-OS (Poslad, Buckle and Hadingham, 2000a, 2000b) and Ajanta (Tripathi, Karnik, Vora, Ahmed and Singh., 1999; Tripathi, Karnik, Ahmed, Singh, Prakash, Kakani, Manish Vora, Pathak, 2002). A few existing agent platforms support strong mobility, including NOMADS (Suri, Bradshaw, Breedy, Groth, Hill, Jeffers, Mitrovich, Pouliot and Smith, 2000), Ara (Peine, 2002) and D’Agents (Gray, Cybenko, Kotz, Peterson and Rus, 2002).

2) Cross-Platform Migration

In this situation, the agent migrates between non-interoperable agent platforms (i.e., different interfaces). The agent's executable code need not change, because the destination's (virtual) machine is compatible. Different solutions to the interoperability problem are possible. One commonly used solution is to provide an agent with a wrapper. This additional software hides the differences in the platform interface the agent expects and the interface the destination platform offers. The wrapper is placed between agent and platform, and “translates” procedure calls of the agent to the platform to equivalent calls of the destination platform, and vice versa (see e.g., the “Adapter / Wrapper” pattern in Gamma, Helm, Johnson and Vlissides, 1995). A different solution entails that the destination platform has different agent servers. Each agent server supports a different kind of platform interface (i.e., emulates different platforms) and hosts all agents at the platform location that require this interface. A migrating agent can migrate to a platform if it has a suitable agent server (Overeinder, Posthumus and Brazier, 2002). 

3) Agent-Regeneration Migration

In this situation, the agent migrates to an interoperable platform, but the agent’s executable code is not compatible with the destination's (virtual) machine. New executable code must be generated. One solution is to recompile the original source code using a compiler that produces compatible executable code. Another solution is to regenerate the agent using a blueprint (Brazier and Wijngaards, 2001; Brazier, Overeinder, van Steen and Wijngaards, 2002a and 2002b; van Splunter, Wijngaards and Brazier, 2003), describing the agent independent of its implementation. The author is not aware of any platform supporting Agent-Regeneration Migration.

4) Heterogeneous Migration

This is the most difficult situation for migration. The agent migrates to a non-interoperable platform, and its executable code is not compatible. The agent's original source code is useless for generating executable code, because no suitable compiler or interpreter is available at the destination. In this situation, the only solution is to use a description of the agent independent of its implementation: a blueprint.

In recent years, a number of agent platforms have been developed, such as JADE, FIPA-OS and Ajanta. The majority of new platforms is written in Java (Kiniry and Zimmerman, 1997; Lange, 1998; Wijngaards, Overeinder, van Steen and Brazier, 2002).  Most of these Java-based platforms offer homogeneous, weak migration only. There are some efforts towards standardisation of agent platforms, most notably by the FIPA (Dale and Mamdani, 2001) and MASIF initiatives (Milojicic, Breugst, Busse, Campbell, Covaci, Friedman, Kosaka, Lange, Ono, Oshima, Tham, Virdhagriswaran and White, 1998). AgentCities
 is a worldwide initiative to support agent platform development. A worldwide network of different platforms is available that acts as a distributed testbed.

2.2 Generative Agent Migration

Agent-Regeneration and Heterogeneous Migration mandates structures for (agent) programs. This section first explains on which assumptions such structures are based. Second, this section introduces a definition of generative agent migration. 

Assumptions

The solution described in this thesis entails designing agent programs as a configuration (blueprint) of building blocks (BBs
). At this point, the assumptions made in such a solution are explored. In this approach to migration, three assumptions are made on what structure is needed for migrating agent programs in heterogeneous environments (Splunter, Wijngaards and Brazier, 2003). Here the first two are presented, while the remaining assumption is  explained in Section 4.1. The reason for separating the assumptions is that the two presented below are more general, and can also apply to other approaches of generative migration
. The remaining assumption is specific to this thesis.


Assumption 1: agents have a compositional structure with re-usable components.  

A compositional structure defines (hierarchical) composition of components, component input and output, and control flow between components. Compositional structure greatly facilitates the possibilities of adding, removing and changing building blocks (components) of an agent. This is largely because explicit knowledge is present on what building blocks there are, and how BBs fit together (Brazier and Wijngaards, 2001). Generative migration assumes a compositional structure in agents. Without such structure, no building blocks in agents can be identified and replaced for other building blocks. 

The compositional structure of an agent should be described in a (semi-) formal format, independent of the agent's implementation. Without such a format, a destination's Agent Factory (responsible for regenerating generatively migrating agents) cannot comprehend the structure of agents it should regenerate. More information on the format used in this thesis can be found in sections 4.2 and 6.3.
Building blocks should be re-usable. It is clear that if BBs are only suitable for the agent for which they were originally developed, the Agent Factory / BB approach does not offer an advantage over traditional (manual) software engineering. Building blocks should be simple to instantiate for use in newly generated agents.

Assumption 2: re-usable components can be annotated and knowledge about annotations is available.

If re-usable building blocks are not annotated, Agent Factories cannot use these to compose agents. Information on a BB's function and requirements it poses on its environment (its semantics) is needed to select appropriate BBs. Without annotation of the building blocks by specifying their properties and knowledge about these annotations, this is impossible. 

Definition of Generative Agent Migration

This thesis builds on earlier work on generative agent migration by (Brazier, Overeinder, van Steen and Wijngaards, 2002a and 2002b; van Splunter, 2002; Scholten, 2003). In this thesis, the following definition of generative migration is used:
Generative agent migration is a process in which an agent is transferred from one location in a computer network to another. A “blueprint” of the agent (describing its compositional structure), state and other data are sent to the destination. At the destination, an agent’s code is regenerated automatically, using local building blocks. 

In principle, the technique of generative migration can be used for any of the four migration classes described in Section 2.1. However, much simpler techniques exist for Homogeneous Migration (i.e., transferring the original code). Generative migration is very suitable for Agent-Regeneration and Heterogeneous Migration, especially because existing techniques for migration are not applicable to these two classes. 

The definition introduces the term blueprint. The use of a blueprint is justified by assumption one. A blueprint is a computer-readable description, containing an agent's compositional structure. The crucial idea is that the blueprint describes an agent independent of its executable code. This is accomplished by describing the structure, functionality and behaviour (Brazier and Wijngaards, 2001; Brazier, Overeinder, van Steen and Wijngaards, 2002a and 2002b; van Splunter, Wijngaards and Brazier, 2003). See Section 4.2 for more information on blueprints.

Earlier work identified three elements to be transferred to accomplish a generative migration: a blueprint, state and data. The fact that an agent’s state and data should be migrated together with the agent is required by the definition of generative agent migration.                        

At the destination of the migrating agent, the agent’s code is regenerated: new executable code is created. Building blocks are retrieved from a local repository (a “database” containing re-usable building blocks). Using the blueprint, equivalent building blocks can be found in the repository to regenerate the agent. To be of any practical use, this should be an automated process. No human intervention is needed. See Section 4.1 for more information on building blocks.

After the agent’s code is regenerated, its state and data must be restored. At least, if the “bare minimum” of agent migration (i.e., weak migration, see Section 2.1) is to be supported by the technique of generative agent migration. Because the agent’s code is regenerated, it is possible that the new executable code is entirely different. For example, an agent consisting of executable Java code for a Windows-based PC, may be regenerated as C++ code for a Unix-based workstation. This means that in many cases (Agent-Regeneration Migration, Heterogeneous Migration), the execution state as it exists before migration at the source platform, is not portable. Strong migration is not possible in such cases. Hence, in situations where generative migration is a useful technique for migration, often only weak migration is possible. 

Therefore, this thesis focuses on demonstrating weak migration using the technique of generative agent migration. 

When blueprint, state and data are transferred, the agents can be generated anew. This is done by automatically locating and combining re-usable building blocks, usually from a local repository. Locating and combining appropriate building blocks is a task requiring some intelligence. Hence, it is sensible to have a specialised program or service at the destination to perform this task. In the approach of generative migration described in this thesis, such a service is called an Agent Factory. See Section 4.2 for more information on Agent Factories. 

3. Related Research

The previous chapter explained generative migration and its prerequisites. This chapter describes research that is related to the research in this thesis. Its role is to provide background information. The first section introduces agent technology. The second section describes a few research projects, which have important similarities with the generative migration approach. Finally, the third section introduces research on ontologies. Ontologies are used in the context of this research to annotate building blocks. 

3.1 Agent Technology

This section introduces agents, as researched in the Artificial Intelligence community. First, it offers a short explanation of what agents are, and their attributes. As this thesis concerns mobile agents, the focus is primarily on the role of this attribute. Second, architectures and models of agents are discussed briefly. Agent models / architectures provide a means to structure blueprints and building block repositories.

Agents and Mobility

In Artificial Intelligence research, the concept of “agent” has evolved over the past few years. One of the most instructive and widely accepted descriptions of agenthood are Jennings and Wooldridge’s two notions of agency (Jennings and Wooldridge, 1995). In the weak notion of agency, an agent is any hardware or software-based computer system that has the following properties:

· autonomy (it has control over its own actions and state);

· social ability (it can communicate with other agents);

· reactivity (it reacts to changes in its environment);

· pro-activeness (it makes plans to reach its goals and can take initiative to pursue these).

The strong notion of agency has more specific characteristics than the weak notion. Besides the properties of the weak notion, an agent should also be either conceptualised or implemented using mentalistic notions (knowledge, belief, intention, etcetera).

Unlike the properties of weak agency, mobility is an orthogonal property of agents. Or as Nwana puts it: mobility is neither a necessary nor sufficient condition for agenthood (Nwana, 1996). In some cases, agents can do without, but mobility has many potential benefits. These can be grouped into two categories: performance and resource access and security (Brazier, Overeinder, van Steen and Wijngaards, 2002). 

Performance is an issue that traditionally has not received much attention in the Artificial Intelligence part of the agent community. However, because mobile agents draw on Distributed Systems research, issues considered important in that field have made their way to the research agenda. Moreover, because mobile agents offer potential performance benefits, this is used as an argument for researching agent migration. The first potential benefit is reduction of communication in a distributed system (Nwana, 1996). This is especially an issue in real-time applications. As network bandwidth is currently more scarce than available computing power, mobile agents are worth exploring. The second potential benefit is that agents may be used for load balancing: overall system performance can be improved if processes are migrated from heavily loaded to lightly loaded hosts. The third potential benefit is parallel processing. For example, a search query on the Internet can be implemented by sending multiple agents to different sites, thus speeding up the task (Tanenbaum and van Steen, 2002).    

The second category is resource access and security. As different examples already illustrated, agents active on the Internet often need access to resources, such as databases. In certain situations, the access to resources is restricted to local processes. This may be the case when a bank wants to protect its database, and therefore only allows access to processes it can control (i.e., locally executing processes). When an agent located elsewhere needs to query this database, the only option is to migrate to the database’s host. (Brazier, Overeinder, van Steen and Wijngaards, 2002).

Generic Agent Models

Generic models of agents (“reference architectures” or “frameworks”
 in software engineering parlance) provide a convenient starting point for developing agents. For example, ZEUS (Nwana, Ndumu and Lee, 1998), the JADE Agent Model (Bellifemine, Poggi and Rimassa, 2001), INTERRAP (Müller, Pischel, and Thiel, 1995; Müller, 1996) and DESIRE’s Generic Agent Model provide a means to structure blueprints and building block repositories. As an example, DESIRE (Brazier, Dunin-Keplicz, Jennings and Treur, 1997) and its associated Generic Agent Model (from Brazier, Jonker and Treur, 2000) is briefly introduced below.

DESIRE (DEsign and Specification of Interacting REasoning components) is a modelling framework that includes a specification language, a design methodology and support tools. Agent designs in the DESIRE methodology consist of a process composition, a knowledge composition and the relation between process and knowledge composition. The process composition identifies the different reasoning processes within an agent, modelled as components. Components can be composed of other components (composed components) or not (primitive components). Primitive components can contain a knowledge base. Each component has an input and output buffer. Each component also has input and output information types. Information links can be placed between the output buffer of one component to transport information to the input buffer of another component. Task control (i.e. flow of control) specifies when components and links are activated. 

The knowledge composition consists of knowledge bases and information types. It describes how some of the KBs are composed of other KBs. It also describes how some of the information types are composed of other information types. 

The relation between process and knowledge composition describes which KBs and information types are used for which component. For each component, its input and output information types are identified.

The Generic Agent Model (GAM) is intended to be (re)used for various types of agents. Earlier versions of the model have been refined for applications such as negotiation, information brokering and social simulations. It offers a standard process composition of seven components, each with a specific task. It also has a standard set of links between components and generic information types transported through these links. Both the process composition (components and links) and knowledge composition (information types and KBs) can be refined to develop a model specialised for some type of agent. 
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Figure 2: The top-level components of the Generic Agent Model (adapted from Brazier, Jonker and Treur, 2000).

The components of the GAM are (see Figure 2):

· Own Process Control: determines and controls an agent’s goals and plans; 

· World Interaction Management: manages interaction with the external (material) world;

· Maintenance of World Info: maintains knowledge of the external (material) world;

· Agent Interaction Management: manages communication with other agents;

· Maintenance of Agent Info: maintains knowledge of other agents’ capabilities and knowledge; 

· Co-operation Management: performs all tasks related to social processes such as co-operation in a project or negotiation;

· Agent Specific Task: performs specific tasks the agent is to be designed for (e.g., design, diagnosis).

For more information on the GAM (including its information types and links), see (Brazier, Jonker and Treur, 2000).
3.2 Related Research Projects

This section describes two research projects with similarities to the research in this thesis, with respect to its goals and techniques. First the QUASAR project is discussed, followed by the IBROW project.

QUASAR

The QUASAR (QUAlity-driven Software ARchitecture) project has developed an approach to generate component-based systems instead of composing them from existing or newly developed components (de Bruin and Van Vliet, 2003). In this approach, first a reference architecture of the system is developed, addressing the desired functional requirements. Second, the non-functional  requirements (quality concerns like security, performance and flexibility) are used to modify and/or refine the reference architecture. This last step is automated by a “reasoning engine” and a “composition engine”. First, the reasoning engine selects the components and the component composition. It issues commands to the composition engine, which determines if no composition rules are violated. If the composition is valid, the composition engine generates compilable Java source code. If the composition is not valid, the violation is reported to the reasoning engine, which then proceeds to select other components (Hazejager, 2002; Ibes, 2002; van Veen 2002; Hazejager, Ibes and van Veen, 2002). 

Important similarities exist between QUASAR and the generative migration approach as described in this thesis. First of all, in both cases re-usable components are utilised. Furthermore, these components are compositional: they may contain “open slots” in which other components can be placed. Thirdly, the components are annotated: each component has a description of its properties. In the case of QUASAR, the Component Specification Language (CSL) was developed specifically for annotation of components (Hazejager, 2002; Ibes, 2002; van Veen 2002; Hazejager, Ibes and van Veen, 2002). 

IBROW

The IBROW project (Intelligent Brokering service for knowledge-component Reuse On the World-wide-web) is an approach to enable semi-automated re-use of so-called Problem-Solving Methods (PSMs). PSMs provide re-usable components and architectures for the reasoning part of a Knowledge Based System. An important goal of IBROW is to enable a software engineer to interact with a broker to select and semi-automatically combine PSMs from different libraries made available through the Internet (Benjamins, Plaza, Motta, Fensel, Studer, Wielinga, Schreiber, Zdrahal and Decker, 1998).

As with the QUASAR approach, similarities between IBROW and the research in this thesis include component compositionality, re-usability and component annotation. In the case of IBROW, the Unified Problem-Solving Method Development Language (UPML) was developed specifically for annotation of components  (Fensel, Benjamins, Motta and Wielinga, 1999).

AgentCities Agent Factory Project

In the research in this thesis, an Agent Factory is a service to design, adapt and (re)assemble agents from building blocks (Brazier and Wijngaards, 2002; Brazier, Overeinder, van Steen and Wijngaards, 2002b; van Splunter, Wijngaards, Brazier, 2003). An AgentCities
 deployment project with the same name is presented in (Cossentino, Burrafato, Lombardo and Sabatucci, 2002). In this project, agents are developed according to the PASSI methodology, with which models of multi-agent systems and agent interactions are specified in UML
. A tool is available to assist programmers in specifying PASSI specifications. From specifications, agent code can be generated for different agent platforms. The project now focuses on supporting users in the design process. In this context, patterns are currently subject of research. Each pattern is composed of “a model of (dynamic) behaviour, a model of the structure of the involved elements, and the implementation code”. Also, a web-based “tool for building new agents and/or upgrading […] existing ones” is being developed. In the future, users should be able to design agent systems by selecting patterns from repositories.

In this project, the focus is on assisting users in design, while the Agent Factory in this thesis focuses on automated design. Also, the focus of the AgentCities project is on multi-agent systems, while the Agent Factory in this thesis focuses on single, mobile agents. Some similarities exist in the approach to the agent assembly process.

3.3 Ontologies

Ontologies are “modern” tools of conceptual representation. Research on representation schemes for ontologies is important for the research in this thesis, because ontologies can be used to annotate building blocks. This section introduces ontologies. Gruber defines an ontology as


“an explicit specification of a conceptualization” (Gruber, 1993)

A conceptualisation is a simplified view of a domain, and describes the objects, concepts and other entities that exist in the domain. Typically, concepts in an ontology are connected using the “is-a” relation, resulting in an is-a (“class”) hierarchy. Each concept’s properties are described using attribute-value pairs (Decker, Fensel, Van Harmelen, Horrocks, Melnik, Klein and Broekstra, 2000). 

The development of ontological representation schemes has been accelerated, because of their applicability for annotating web pages. Such annotations enable computer programs to “understand” text and multimedia elements on these pages, which can improve existing and enable novel intelligent applications. One example is improved accuracy of information retrieval using search engines. The “new web” and the research behind it is often referred to as the Semantic Web (Berners-Lee, 1999). 

The eXtensible Markup Language (W3C, 2000a), or XML, is an important technology nowadays, and used for a variety of purposes, such as annotation and data exchange. Although XML provides expressive power and syntactic interoperability, it is not sufficient for semantic interoperability (Decker, Melnik, Van Harmelen, Fensel, Klein, Broekstra, Erdmann and Horrocks, 2000). RDF and RDF Schema have been proposed as additional layers on top of XML to provide semantics. In this thesis, RDF(S) is used to annotate building blocks.

RDF and RDF Schema

Although the Resource Description Framework (W3C, 1999) was originally intended for description of Web-based resources, it is also useful as a knowledge representation format (Decker, Melnik, Van Harmelen, Fensel, Klein, Broekstra, Erdmann and Horrocks, 2000). An RDF-document defines resources, properties and values: 

· A resource is either something that is accessible through the Internet (part of a Web page, one Web page, a whole Web site) and specified by an URI, something not accessible through the Internet (e.g. a book), or a class of things (e.g. all books);

· A property is a relation between a resource and a value;

· A value is either a simple string or other XML datatype, or another resource.

A statement in RDF is composed of a resource, a property and a value. Consider the following example from the RDF specification (W3C, 1999) and its graphical equivalent in Figure 3. The statement 

<rdf:RDF>

  <rdf:Description about="http://www.w3.org/Home/Lassila">

    <s:Creator>Ora Lassila</s:Creator>

  </rdf:Description>

</rdf:RDF>

can be interpreted as the following (natural language) sentence:

Ora Lassila is the creator of the resource http://www.w3.org/Home/Lassila
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Figure 3: Statement specifying that Ora Lassila (value) is the creator (property) of a certain Web site (resource). Taken from (W3C, 1999).  

RDF is built on top of XML (W3C, 2000a), because RDF relies on support of XML for transportation and file storage (W3C, 1999). 

However, RDF is not enough to specify ontologies. For example, it does not define the subclass relationship, which is indispensable for defining the “is-a” hierarchy of an ontology. RDF Schema (RDFS) does provide this (W3C, 2003). An RDF Schema can be used to define a vocabulary for RDF documents. RDFS has a few predefined classes (e.g., Class and Property) and properties (e.g., subClassOf and subPropertyOf. New classes of resources can be defined by making them a subclass of Class (e.g., Person is a subclass of Class, Person has subclasses Man and Woman). New relations are defined as instances of the predefined class Property. For each instance of Property (e.g. hasName), a domain (e.g. Person) and range (e.g. Literal) can be specified. 

In other words, RDFS provides a type system for RDF, similar to type systems of object-oriented programming languages (W3C, 2003). One particular schema defines what concepts and properties may be used in an ontology to describe instances (i.e., a schema is a “meta-ontology” or “vocabulary”). 

3.4 Web Services

A new trend related to Semantic Web technology is the concept of Web Services. Different definitions exist. The following definition by the Stencil Group clarifies the relation with research in this thesis. Web Services are (Stencil Group, 2001):

Loosely coupled, reusable software components that semantically encapsulate discrete functionality and are distributed and programmatically accessible over standard Internet protocols.
An example Web Service is BiB2RDF 
 that translates BibTeX files into an RDF format. An interesting scenario of how Web Services can be combined to compose a new Web Service can be found in (Richards, van Splunter, Brazier and Sabou, 2003). Web Services are related to the research in this thesis in four ways. Firstly, they form another example of re-usable software components that can be composed to create new functionality. Secondly, a few (very simple) Web Services appear in the demonstration presented in Chapter five. Thirdly, technology used to annotate Web Services is related to techniques for annotating building blocks. Lastly, Agent Factories can be used to configure agents as well as Web Services (Richards, van Splunter, Brazier and Sabou, 2003).

WSDL and UDDI

The Web Services Description Language (WSDL) is an XML-based format for defining how to access Web Services (W3C, 2001). Abstract communication endpoints, e.g. for messages or  operations can be defined and binded to concrete protocols (e.g. SOAP (W3C, 2000b) or HTTP), data specifications and network addresses. Any program (agent, other service, etcetera) can examine which kinds of endpoints are offered by a Web Service, and select a compatible one for communication with the service. 

The Universal Description, Discovery and Integration (UDDI) specifications can be used to describe Web Services and create a searchable distributed directory of services (UDDI, 2000). Each business registration, an XML-file, describes what a business unit has to offer in terms of three components:

· white pages: contain address, contact and known identifiers;

· yellow pages: contains a categorisation of the services; and 

· green pages: containing technical information such as service specifications and lookup mechanisms.

WSDL is a key component of UDDI's green pages (Stencil Group, 2001).

DAML-S

DAML-S is a language to describe Web Services, specified as a DAML+OIL ontology (DAML Services Coalition, 2002a). Each DAML-S description has different parts, of which the most important in the context of the Agent Factory are (van Splunter, Sabou, Brazier and Richards, 2003):

· Profile: describes what the service does in terms of Inputs, Outputs, Preconditions and Effects;

· Process: describes the internals of the service in terms of processes and data flow;

· Grounding: links the conceptual description to a WSDL description, which specifies implementation information (see earlier).

DAML-S and WSDL complement each other, because the former focuses on high-level description of services, while the latter focuses on how to simplify access to services (DAML-S Coalition, 2002b).
4. Agents and Building Blocks

This chapter describes what a building block is and how BBs are implemented. It also describes blueprints, and how an Agent Factory uses BBs and blueprints to generate agents.

4.1 Building Blocks

In this research, re-usable components are called building blocks (introduced in Brazier and Wijngaards, 2001). This section explains the concept of a building block in detail. The following definition is modified from (Scholten, 2003):


Building blocks are annotated, re-usable components, which can be combined to 

compose agents. Each BB consists of three parts: general attributes, structure and 

levels of usage.
General attributes are “administrative” properties, like the building block’s name, its author, version number, etcetera. 

The structure of a building block describes how the BB is composed of structure elements. Structure elements can be connected to one another, and are annotated with properties describing their semantics (what is the function of the structure element, how does it perform, etcetera). A structure element can have a property indicating that it is open, to be filled by another structure element (e.g., a complete BB or one element contained in a BB). Such structure elements are called open slots. A building block cannot function properly if its open slots are not filled. Thus, open slots are used to define how building blocks can be combined. Open slots enable BB compositionality, fulfilling assumption 1 (see Section 2.2). 

Levels of usage are used to model requirements a BB places on its environment. The BBs developed for this thesis have only one level of usage.

As demonstrated in the examples above, each building block, its structure elements and its levels of usage can have properties. Properties provide semantics useful for combining BBs, fulfilling (part of) assumption 2.

Levels of Description 

Three assumptions underlie generative migration. Section 2.2 introduced two assumptions. One additional assumption is presented here, based on (Splunter, Wijngaards and Brazier, 2003; Brazier, Overeinder, van Steen and Wijngaards, 2002).

Assumption 3: two levels of building block description are distinguished: conceptual and operational. 

Building blocks exist on a conceptual level and on an operational level (conceptual BBs and operational BBs). A conceptual building block contains a (partial) conceptual specification, e.g. in UML. An operational BB contains a (partial) operational specification, e.g. in Java. Conceptual BBs, configured in a blueprint, together form a conceptual model of an agent, an abstract description of structure, functionality and behaviour. Operational BBs together form a realisation (implementation) of a conceptual model, a description of “how” the agent should function. 

Conceptual BBs and operational BBs allow for more flexible (re)design and implementation. For example, consider an agent that contains a conceptual BB for retrieval of documents over a network using the HTTP protocol. Several operational BBs can provide a realisation for this conceptual BB, for example:

· A BB written in C++ for the Solaris operating system;

· A BB written in C++ for the Windows operating system with high memory usage, 

optimised for high-speed transfers;

· A BB written in C++ for the Windows operating system, optimised for low memory usage;

· A BB written in Java.

Which operational BB is chosen depends on various factors, for example the availability of an appropriate compiler or interpreter at the agent's target agent platform. Another example of flexible (re)design using two levels of BBs occurs in Agent-Regeneration and Heterogeneous Migration (see Section 2.1). When an agent containing the conceptual BB mentioned above migrates from a Java-based platform to one offering C++ only, the current operational HTTP BB (written in Java) can be replaced by a C++ equivalent. 

Frameworks

Descriptions of building blocks specified in conceptual paradigms such as UML (conceptual BBs) or programming languages such as Java (operational BBs) need to be extended to be of use to Agent Factories. They do not support description of general attributes, structure and levels of usage standardly. For each conceptual paradigm or programming language a building block framework should be defined:

A framework limits and formalises the possible expressions of a modelling paradigm (conceptual framework) or a programming language (operational framework). It defines a building block using the constructs of a modelling paradigm or programming language, adding allowed types of structure elements and knowledge of allowed interactions between types of structure elements.
Scholten’s research resulted in two frameworks: a conceptual framework called ICAMP and an operational framework for Java called IAOF. These frameworks are used in the demonstration described later in this thesis. 

ICAMP

The first full-fledged conceptual framework, ICAMP (IIDS Conceptual Agent Modelling Paradigm), is based on the DESIRE modelling paradigm (Brazier, Dunin-Keplicz, Jennings and Treur, 1997). ICAMP BBs are RDF documents using the vocabulary of the RDF schema of ICAMP (see Figure 4 and Scholten, 2003). The schema specifies RDF classes and RDF properties (relations) that can be used to define general attributes, structure and levels of usage. Three kinds of structure elements exist in ICAMP: components, links and information types. Each component has an input buffer, on which instances of information types can be placed (information elements), and an output buffer. Components also define their input and output types. A link transports information elements from an output buffer to an input buffer. Links define which information types they transport. In ICAMP, only component structure elements can contain other structure elements. 

Note that a component structure element designated as an open slot is called a component slot, and similarly link slot and information type slot. 
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Figure 4: Structure of an ICAMP BB.
Although ICAMP is based on DESIRE, they differ on some important points: 

· ICAMP links do not support translation of information types. A component can only receive information from another component of the types that the other component produces;

· ICAMP information types do not support meta-descriptions and functions. This means that epistemic and meta-information types do not exist in ICAMP;

· ICAMP information types cannot be composed of other types as in DESIRE (see IAOF below);

· instantiations of information types (information elements) do not have truth values. Existing elements are considered true, or unknown in all other cases;

· ICAMP has no task control similar to task control in DESIRE. All links and components need to be activated by another component.

IAOF

IAOF (IIDS Agent Operational Framework) is the first full-fledged operational framework, for the programming language Java. The modelling primitives are comparable to those of ICAMP. For example, it differs with DESIRE in the same important points as ICAMP. 

An operational framework has at least two parts: a means to describe BBs, and rules to which BB code should adhere. In IAOF, a BB description is an RDF document using the vocabulary of the IAOF RDF schema (see Figure 5). The IAOF schema is very similar to that of ICAMP (for example, it has the same structure element types). Important rules to which code should conform are: 

· written in Java and compiled;

· uses a set of Java interfaces defined by the framework;

· structure elements expect to be configured with a SEID (Structure Element IDentifier);

The interfaces specify (among other things) the input and output of components, information types and links. For example,  the interfaces InformationType and InformationElement are available to represent information types and instances of a type, respectively. The class SEID is used to implement Structure Element IDentifiers.

IAOF also provides software to assemble agents. This software can assemble an agent from compiled Java classes based on Java configuration files. It produces a container with the assembled and executable agent. Using Java's interface mechanism, the software can also check whether BBs conform to the framework's rules regarding BB input and output. Note that such assembly software is not mandatory for operational frameworks. Assembly remains the responsibility of Agent Factories. The software can however be “plugged” into Agent Factories to assist assembly. 
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Figure 5: Structure of an IAOF BB.
Task control in IAOF can be defined in two ways. A built-in BB called ExecutionControlBB is available to statically sequence components and links. Agent Factories can configure the execution order performed by this BB. Alternatively, BBs themselves can specify (dynamic) execution order. BBs that specify their own task control are less flexible, because Agent Factories cannot configure task control. On the other hand, a BB’s properties might only hold in a specific execution order. In such cases, it makes sense to specify task control in a BB. An example is the GAM-BB (see Chapter six). 

A SEIDmapping is a relation m(x, y) between two SEIDs x and y. The meaning of the relation is that the two SEIDs should be seen as aliases for the same Structure Element. SEIDmappings are used to inform assembly that an open slot Structure Element x is filled with a concrete Structure Element y. They are also used to configure information types (see below and Chapter six). The class SEIDmapping implements the relation.

An important difference between ICAMP / IAOF and DESIRE is information type composition. An information type in ICAMP has a SEID (Structure Element ID), and defines a relation equal to the name of the type. For example, if a type is called action_info, it automatically defines a relation action_info(...) ) An information type uses SEIDs to define a relation. Its parameters can be SEIDs of other types, but also primitive types representing Strings, Integers and Objects (StringSEID, IntegerSEID and ObjectSEID). For example, the type action_info could define a relationship with two parameters, the first referring to StringSEID, the second to DomainActionSEID (see Figure 6). DomainActionSEID might refer to the type domain_action, which for example is a relation with one parameter (StringSEID). This structure makes it possible to create atoms of the form action_info( “STRING”, domain_action( “another String”)).
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Figure 6: An example of two information types linked using SEIDs. (a) action_info defines two parameters (b) domain_action defines one parameter. Parameters are numbered.

In DESIRE, a type does not always define a relation. For example, the information type action info consists of actions to be performed and domain actions. The former defines a relation ToBePerformed(ACTION), while the latter can be used to define legal ACTIONs in the domain. This structure makes it possible to create atoms of the form ToBePerformed( “STRING”). A possible equivalent in ICAMP using action info and to be performed is action_info(to_be_performed(“STRING”)). 

An Agent Factory can configure the parameter types of an information type using SEIDmappings (see Figure 7). For example, if a SEIDmapping is created between DomainActionSEID (see previous example) and StringSEID, atoms of the form action_info( “STRING”, “another String”) are allowed. On the one hand, this adds flexibility (new information types can be integrated with existing types). On the other hand, the meaning of an information type is only relative (i.e., not defined by the knowledge composition).
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Figure 7: An example of configuring information types using SEIDmappings. The second argument of action_info is mapped to a string.

In DESIRE, it is also possible to define sub-types. For example, action info might have the sub-types financial actions and negotiation actions. In atoms of action info, elements from both types are allowed, e.g. action_info(“withdraw €1 from account”) and action_info(“bid €1”). This is not possible in ICAMP / IAOF. A SEID can only point to one type, e.g. financial actions or negotiation actions.   

Annotations

Building blocks need to be annotated with properties to enable Agent Factories to design agents. In addition to structural information (composition, input and output types, open slots), different kinds of properties can be distinguished to describe a BB’s semantics, such as:

· task (components);

· control (components); 

· reasoning (components); and 
· input- and output -conditions (components).

For annotating BBs described in this thesis, a set of properties is developed, divided into task, control, reasoning, input- and output and miscellaneous properties. 

The following task properties are used:

· task:Control (component exercises control over other components);

· task:Monitor (component monitors status of other components);

· task:Protocol[…] (component handles interaction using a specific protocol)

The following control properties are used:

· control:Feedback-loop (component exercises control using a feedback loop);

· control:Directives (component exercises control using high-level directives);

The following reasoning properties are used:

· reason:Collate (component restructures its input to new information types, without changing or adding information);

· reason:Derive[IT] (component derives new information);

· reason:Publish_strategy[continuous/on-request/once-only] (component places information in its output buffer either continuously, on request, or only once)

The following input and output conditions are used:

· input:WrapperIT[IT] (component receives information from the service wrapper of type IT);

· output:WrapperIT[IT] (wrapper receives information from this component of type IT)

The following miscellaneous properties are used:

· misc:Architecture-level-BB (building block is intended to be used high in the composition hierarchy)

· misc:Own-task-control (component defines its own task-control) 

As research on properties is part of the ongoing research on the strategies Agent Factories need to use to design agents, a full set of properties is not available at this time. It is also not a primary aim of the research in this thesis. For more information on Agent Factory strategies, see (van Splunter, 2002).

4.2 Agent Factory

The concept of an Agent Factory was developed as a service to design, adapt and (re)assemble agents from building blocks (Brazier and Wijngaards, 2002; Brazier, Overeinder, van Steen and Wijngaards, 2002b; van Splunter, Wijngaards, Brazier, 2003). It is intended as a service offered by agent platforms.

An Agent Factory has three important processes with its own specific role in design and construction of agents (see Figure 8):

· (Re-)Design Centre: responsible for (re)designing blueprints;

· Building Block Retrieval: finding appropriate BBs in (local) BB repositories;

· Assembly: producing operational code based on the operational part of a blueprint.
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Figure 8: Important Agent Factory internal processes (Richards, van Splunter, Brazier and Sabou, 2003).

As stated in the introduction, Agent Factories support generative migration in two ways: an Agent Factory (a) (re-)designs (i.e., creates a new blueprint) and assembles an agent such that it is possible to generatively migrate the agent, and (b) regenerates the agent at its destination. Agent Factories are not a main topic of this research. This thesis does not investigate how an Agent Factory's design process produces a blueprint as mentioned in (a). Blueprints are assumed to be available. This research focuses on the assembly process.

To perform the three tasks mentioned earlier, Agent Factories need information on the properties of available BBs and how these fit together. For this purpose, the AF employs a special ontology (see Scholten, 2003). More information on the reasoning processes and internal structure of Agent Factories can be found in (van Splunter, 2002). 

Agent Blueprint

A blueprint describes a configuration of building blocks. It has two parts: a configuration of conceptual BBs, and a configuration of operational BBs. The conceptual configuration is a conceptual model of an agent, an abstract description of structure, functionality and behaviour. The operational BB configuration is a realisation (implementation) of the conceptual configuration.

Structure is described by the composition of structure elements. Functionality is described by properties (e.g., “reason:Collate”). Behaviour is also described by properties (e.g., “control:Feedback-loop”). 

It is important to note that a blueprint does not refer to concrete building blocks. On the basis of the blueprint, concrete building blocks can be selected and combined.

A blueprint is an RDF document using the vocabulary of the Blueprint RDF schema. It specifies the necessary classes and properties to describe BBs, open slots and how slots are filled by structure elements of other BBs. It also specifies task control, describing when structure elements are activated. This description is independent of programming languages and conceptual paradigms, fulfilling (part of) assumption 1.

In future versions of the schema, blueprints will also contain rationale. Rationale in the conceptual part describes how the conceptual configuration fulfils the design requirements. Rationale in the operational part describes how the operational configuration realises the conceptual configuration. A future schema will also enable description of adaptations to an agent's blueprint (i.e., previous versions of the blueprint and why the blueprint was changed). 

Assembly

The Assembly process creates a working agent on the basis of a blueprint, a set of operational BBs and (if necessary) initialisation information for the BBs. 

Operational building blocks are selected by the Agent Factory’s BB retrieval process using the operational part of a blueprint. The operational part of the blueprint also describes how the selected BBs should be combined by the Assembly process. Assembly entails loading and linking the BBs' code. The Agent Factory first finds the implementation belonging to the operational building blocks, usually from the local repository. It then assembles the implementations.

The amount of reasoning that needs to be done by an Agent Factory to assemble agents also depends on the operational framework(s) of the selected BBs. IAOF provides Agent Factories with a “plug-in” that assembles IAOF BBs based on Java configuration files. To use this plug-in, an Agent Factory needs to translate the operational part of a blueprint to configuration files, after which the plug-in can perform the code assembly. In this process, IAOF SEIDmappings are specified in the configuration files to indicate how open slots are filled. 

The plug-in returns an executable container to the Agent Factory, which then wraps a platform-specific agent wrapper around it and request the underlying agent platform to start the agent. A platform-specific agent wrapper is needed, as most platforms require each agent to extend a base class called “Agent” (e.g., FIPA-OS, JADE and AgentScape). The wrapper is an extension of the base class and contains the IAOF executable container.

4.3 Agent State and Resource Bindings

Migrating agents need to transfer code, state and other data, and rebind to resources (see Chapter two). State and data needs to be represented in a language-independent format, because agents may be regenerated for a different operational framework. This thesis does not investigate these issues. However, it does demonstrates that state and data transfer and rebinding is possible for agents regenerated for the same operational framework. 

Agent MTA rebinds to services when it is migrated. This is an automated process performed by the so-called Service Wrapper (see Section 6.1).

For information on how state and data is transferred, see the description of IAOF building blocks in Section 6.2. 

5. Demonstration: a Generative Migration Scenario

This chapter explains the demonstration. The first two sections sketch and motivate a scenario of a generatively migrating agent. The remaining sections describe how the scenario is implemented. The design and implementation of the migrating agent is deferred to Chapter six.

5.1 Scenario Overview

A user wants a digital version of a photograph he or she
 saw in the morning  newspaper. It concerns a photo of soccer player Ruud van Nistelrooy scoring the winning goal in the game Manchester United – Arsenal. The user starts up his computer and asks his Personal Assistant agent (PA) to obtain the photograph from the Internet. The user knows that good photographs are not available for free, so the user also gives permission to spend a small amount of digital money (“e-cash”). PA itself does not have the capability to travel over networks, and has other tasks for which it would rather use its valuable time. Therefore, PA instructs the local Agent Factory to produce an autonomous, mobile agent with the desired functionality. The Agent Factory produces a Mobile Trading Agent (MTA). The MTA is activated by the agent platform, after which MTA starts with its task. 

First, MTA communicates with PA to obtain information on its task, using the PA1.0 protocol. This includes information on the object to be found, the amount of digital money it may spend, and a certificate with which a bank can verify the user permits MTA to spend the aforementioned amount. Then MTA consults the local Directory Service (using the DS1.0 protocol), and asks for the identity and contact information of an agent trading in digital newspaper photographs. After the Directory Service has provided a list of suitable agents, MTA decides which agent it will contact. In this case, the agent is called “Mr. Bargain” and is located at “TradeWorld”. MTA decides to migrate to TradeWorld. Therefore, it stores its state and then sends a migration request to the local Generative Migration Service, or GMS. The GMS extracts the agent’s blueprint and sends this information, together with the agent’s state and data, to the GMS at TradeWorld. The GMS1.0 protocol is used for communication with the GMS. 

At TradeWorld, the local GMS receives the blueprint, state and data. Next, it formulates an assignment for the local Agent Factory, and hands over the blueprint. From the agent’s blueprint, the Agent Factory infers that MTA needs a new building block, enabling the agent to speak the NP1.0 protocol (a negotiation protocol). Once the Agent Factory has reported that it has regenerated agent MTA, the GMS requests the agent platform to start the agent, and then informs MTA where it can find its state and data.

Once activated, MTA reloads its state and data, and proceeds to contact agent Mr. Bargain. After some negotiation, they settle upon a photo and a price. MTA and Mr. Bargain digitally sign a contract, specifying that MTA will be granted access to a particular photo in an FTP-archive for a small amount of time, once it has transferred the negotiated sum to Mr. Bargain’s account. The contract specifies to which on-line bank locations MTA can go to transfer the money. MTA selects one (“SoftSecurityBankLocation”) and asks the agent platform to migrate it to this location. As before, the local Generative Migration Service sends the required information to the GMS at the destination location, in this case SoftSecurityBankLocation.

At SoftSecurityBank, the local GMS receives the blueprint. The GMS hands over the blueprint to the local Agent Factory. The Agent Factory infers from the blueprint that MTA needs a new building block, enabling the agent to speak the BP1.0 protocol (a protocol for financial transactions with bank agents). When MTA is regenerated and started, it contacts an available BankAgent. It requests the BankAgent to transfer the negotiated sum to Mr. Bargain's bank account. When the transaction is concluded, it migrates back to TradeWorld.

At TradeWorld, the GMS hands the blueprint over to the Agent Factory, which adds an FTP building block to the agent. MTA retrieves the file containing the photo and returns Home.

At Home, it reports back to the PA. It hands over the file and information regarding the trading process.

5.2 Scenario Rationale

The scenario presented above illustrates different things. First of all, the tasks performed by agent MTA are useful to any real-life user (finding, negotiating and retrieving objects and information). Secondly, the migrations in the scenario demonstrate how generative migration is useful to execute the task, and what complications can occur (e.g., security constraints imposed by a location, need for Generative Migration Services). Thirdly, small adaptations occur between migrations. This introduces the need for a design in which the agent is explicitly aware of these changes. Fourthly, the different interactions between agents illustrates the need for a realistic agent to speak different protocols. Fifthly, the services the agent needs indicates the importance of the ability to communicate with services (using service protocols). For example, MTA needs to find an agent trading in digital photographs, for which MTA communicates with a Directory Service. 

Note that this scenario would have to be changed or augmented if security was a major issue of the demonstration (see for example van ‘t Noordende, Brazier and Tanenbaum, 2002). Because agent MTA has a certificate that allows it to spend money, it is an interesting target for malicious agents and locations. These might modify the agent to steal the money (i.e., make it transfer the money to their own account). Different solutions are possible. One solution is to make sure the blueprint the SoftSecurityBank receives is original (and trust the Bank to generate the intended implementation). This can be accomplished by, for example, adding a digital signature to the blueprint at Home (Brazier, Overeinder, Steen and Wijngaards, 2002). Another solution is to let MTA return Home after the negotiation with Mr. Bargain, and generate a new agent at Home to make the transaction at the Bank. The last solution still has the problem that Home receives information on the transaction to be performed from (the possibly changed) MTA. Although the new agent cannot be compromised because it migrates directly to the Bank, it might transfer funds to a malicious agent as specified in MTA’s corrupted transaction information.

5.3 Demonstration Environment

The demonstration environment is composed of an agent platform (used to run the locations), different services running on the platform, and agents running on the locations. These are described below.

Agent Platform

AgentScape is an agent platform developed by the IIDS group at the Vrije Universiteit, Amsterdam (Wijngaards, Overeinder, van Steen and Brazier, 2002a). The reason for developing this agent platform is that current platforms are not geared to support large-scale settings (thousands or millions of agents, heterogeneous networks such as the Internet, different administrative domains, etcetera). Scalability is a major goal in the design of AgentScape. The other two main goals of the system are (a) to support heterogeneous agents, multiple code bases and operating systems and provide interoperability with other platforms, and (b) to provide security mechanisms and policies (Wijngaards, Overeinder, van Steen and Brazier, 2002a). The Agent Factory is an one of the services provided by the platform. 

Central concepts in AgentScape are agents, objects, locations and services. Agents are active, message-passing entities, while objects are passive. Agents are hosted by agent servers, objects by object servers. A location consists of at least one AgentScape OS (AOS) kernel, and zero or more services, object servers and agent servers (Brazier, Mobach, Overeinder, van Splunter, van Steen and Wijngaards, 2002). Basic services include those for locating of, naming of, and communication with agents, objects, locations and services. Agent Factories are services that can be added to locations. Also useful is the Directory service that can help find agents and services based on their attributes (e.g., find an agent that sells books). Each agent has a so-called Agent Image, in which its code, state and private data are stored. 

In this demonstration, a prototype of the AOS kernel is used (“Prototype 1 release 0.4.3”). The prototype supports different agent servers. In the demonstration, only Java agent servers are used. 

Services

An initial Agent Factory with a full-fledged assembly process is available. The assembly is performed by the IAOF plug-in. This plug-in requires Java configuration files as input, instead of blueprints in the form of RDF documents. Because blueprints and IAOF configuration files both describe the operational BB configuration of an agent, translation between these formats is relatively straightforward. Using the composition description in the blueprint and the implementations referenced in the selected operational BBs, an Agent Factory creates the necessary files. Configuration files for assembly are assumed to be available in this demonstration. 

The Generative Migration Service (GMS) in this demonstration is implemented as a simple request-reply agent in Java. Implementing more extensive services is beyond the scope of this thesis. Also, a very simple protocol is used for communication (see Appendix C). 

The Directory Service (DS) is also implemented as a simple request-reply agent in Java. The DS agent receives a list of available agents and their contact information from the local AgentScape location. Each AgentScape location merges the list of all agents available at all locations. A very simple protocol is used for communication (see Appendix C).

Locations and Agents

Three AgentScape locations appear in the demo: Home, TradeWorld and Bank. Each location consists of exactly one AOS kernel. 

Location Home contains:

· one Generative Migration Service;

· one Directory Service;

· one Personal Assistant.

Location TradeWorld contains:

· one Generative Migration Service;

· one Directory Service;

· one trading agent (MrBargain).

Location Bank contains:

· one Generative Migration Service;

· one BankAgent.

The Personal Assistant agent and Mr. Bargain are simple request-reply agents in Java. 

5.4 Detailed Scenario

This section describes the migrations and communications of agent MTA. For the convenience of the reader, the communication between agents and services is in English, instead of in a formal format. The actual protocol messages can be found in Appendix C. 

Step 1 - Start-up

Location: 
Home.

Action: 
MTA communicates with PA.

Rationale: 
MTA is created, but still needs additional information on its task

MTA: 

What object should I find and retrieve?

PA: 

Here is the information you need on the object and negotiation constraints.

Action: 
MTA contacts nearest Directory Service.

Rationale: 
MTA wants to find an agent that has the desired news photo, can trade using 

NP1.0 and can transfer it to MTA using the FTP protocol.

MTA:

Can you give me the contact information for an agent trading digital news photos using NP1.0 and can transfer photos using FTP?

Directory Service:
Yes. You can find agent “MrBargain” at TradeWorld. 

Step 2 – First Migration

Migration: 
from Home to TradeWorld. 

Action: 
MTA contacts the Generative Migration Service at Home with the request to transfer it to TradeWorld.

Rationale: 
Remote communication with TradeWorld is slow, so MTA decides to move to 

TradeWorld.

Migration process 1 (Home):

· MTA stores its state and sends the GMS agent a request for migration to TradeWorld;

· The GMS requests MTA's blueprint from the Agent Factory at Home;

· The Agent Factory requests the agent platform for the Agent Image, and extracts the blueprint from it;
· The Agent Factory sends the blueprint, state and data to the GMS;

· The GMS sends a request for generative migration to the GMS at TradeWorld, together with the blueprint, state and data.

Migration process 2 (TradeWorld):

· The GMS receives a request from the GMS at Home, together with a blueprint, state and data;

· GMS sends the blueprint to the local Agent Factory, which constructs a new agent and informs the GMS where the new agent is stored;

· GMS hands state and data to the new agent, and requests the agent platform to start the new agent;

Step 3 – Negotiating for the Photograph

Location: 
TradeWorld.

Action: 
negotiation initiated by MTA. Sends message to MrBargain to start negotiation 

1: MTA 
Do you have the digital photograph of Ruud van Nistelrooy scoring winning goal in the game Manchester United – Arsenal, published in The Times yesterday?

2: MrBargain
Yes, I have two of these. The first is a colour version, and costs €2. The second is black and white, and also costs €2.

3: MTA 
I want to buy the colour version, for €0.50.

(first bid)

MrBargain 
I want to sell it for €1.50.

(counterbid)

MTA 

I bid €1.

(second bid)

4: MrBargain
Ok, I accept. If you first deposit €1 on my account, then I will provide the photograph. With this message, I sent a standard contract. I have an account at the SoftSecurityBank. Here is the ID of the nearest location of this bank.

5: MTA
Ok. I received the contract and the location ID. I’m going to make the deposit.

Step 4 – Second Migration

Migration: 
from TradeWorld to SoftSecurityBank.

Action: 
MTA contacts GMS TradeWorld with the request to transfer it to SoftSecurityBankLocation. 

Migration processes: similar to earlier description 

Step 5 - Transaction 

Location: 
SoftSecurityBankLocation.

Action: 
MTA performs transaction.

MTA: 
deposit €1 from my account to account of MrBargain. Here is my certificate. 

BANK-AGENT: 
transaction confirmed. 

Step 6 – Third Migration

Migration: 
from SoftSecurityBankLocation to TradeWorld.

Action: 
MTA contacts GMS at SoftSecurityBankLocation with the request to transfer it to TradeWorld. 

Migration processes: similar to earlier description 

Step 7 – Finishing Negotiation

6: MTA.
I’m here to finish a transaction.

(identification of agent and the negotiation by MrBargain; checks its bank account; everything OK!)

7: MrBargain
Oh yes, it’s you. I received the deposit. Here are instructions to download the photo using FTP.

Step 8 – Migrating Home

Migration: 
from TradeWorld to Home.

Action: 
MTA contacts GMS at TradeWorld with the request to transfer it to Home. 

Migration processes: similar to earlier description 

Step 9 – Reporting

Action: 
MTA hands photo over to PA and reports on the negotiation

Rationale: 
MTA concludes its task

MTA:

Hi, PA. I’ve performed the task you requested.

PA: 

Hi, MTA. Send me the photo and your report.

(PA sends the photo and a report containing information on the photo and the price it paid) 

6. Agent MTA Design and its Building Blocks

The Mobile Trading Agent (MTA) described in the previous chapter is crucial to the demonstration, as it generatively migrates to different locations to perform tasks. Its conceptual design, building blocks, blueprint, etcetera are discussed in this chapter. 

6.1 Conceptual Design

The conceptual design of agent MTA is presented in this section. It contains three parts: a “service wrapper”, the design of the agent itself and information exchange between these two. Note that the conceptual design of the agent is created by an Agent Factory’s (Re-)Design Centre.

Service Wrapper

If  an agent is to (generatively) migrate, it must be able to deal with different agent platforms. Platforms provide agents with information needed to communicate with other agents and services. However, the organisation of platforms is not uniform: they do not offer the same services and have different protocols for communication with agents and services. IAOF agents interact with agent platform services using a standard set of information types (MessageIT, ToBeSentIT, PresentAgentIdentifierIT and OwnAgentIdentifierIT). If the (design of the) agent itself should be unaware of these differences, a wrapper is needed to translate between formats and deal with administrative issues (e.g., registering at services). Note that this wrapper is not the same as the platform-specific wrapper added by an Agent Factory (see Figure 9 and Section 4.2). 
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Figure 9: Structure of an IAOF agent.

The generic service wrapper design presented below can be implemented for different agent platforms. As only one agent platform appears in the scenario (namely AgentScape), only one implementation of the design was used. Both its design and implementation are based on a wrapper that has been implemented by Scholten for the agent platform IAW (see Scholten, 2003). The service wrapper consists of five components and three links (see Figure 9): 

· Agent Brain: a component slot for the actual agent;

· Manage Received Message Queue (MRMQ): receives and manages incoming messages. Communicates these to the Agent Brain;

· Manage Sent Message Queue (MSMQ): receives and manages outgoing messages (sent by the Agent Brain)

· Location Service (LS): regulates interaction with the Location Service of the agent platform;

· Execution Control (EC): encapsulates managerial interaction with the agent platform, such as requests from the platform to stop execution. Note that EC is not the same as the ExecutionControlBB (see Section 4.1)!

The service wrapper has the following links:

· MRMQToAgentBrain transports MessageIT (incoming messages from the platform for the agent are transported to the AgentBrain);

· DSToAgentBrain transports PresentAgentIT and OwnAgentIdentifierIT (information on its own identifier and other agents on this location is transported to the AgentBrain);

· AgentBrainToMSMQ transports ToBeSentIT (send messages from the AgentBrain to agents and services on the platform).

Note that Execution Control communicates directly with the agent platform, instead of using MRMQ and MSMQ as the agent itself does.

Service Wrapper Information Types

The information type MessageIT defines the structure [AgentIdentifierIT, AgentIdentifierIT, String, Object]. The first argument is the sender, the second the receiver, the third a message and the fourth an optional object sent with the message. MessageIT is used to represent messages from (other agents on) the platform to the agent.

The type ToBeSentIT defines the structure [AgentIdentifierIT, AgentIdentifierIT, String]. The first argument is the sender, the second the receiver, the third a message. ToBeSentIT is used to represent messages to (other agents on) the platform.

The type OwnAgentIdentifierIT defines the structure [AgentIdentifierIT, Location]. It is used to inform the agent of its own identity, which it needs to send messages etcetera.

The type PresentAgentIT defines the structure [AgentIdentifierIT, Location]. It is used to inform the agent of agents present at this location.

Note that information elements of the types AgentIdentifierIT and Location can be manipulated by the internal agent (in the Agent Brain), regardless of the specific content. They represent “wrapper information types” that abstract from the specific identifier used on a platform. All the internal agent needs to know is which element belongs to which location or agent. 

Another clear example of how the Service Wrapper interfaces the agent and platforms (in this case  AgentScape) can be found in MRMQ. Messages in AgentScape consist of three fields: sender, receiver and message (see ToBeSentIT). However, the Agent Brain expects four fields: sender, receiver, message and attachment (see MessageIT). MRMQ translates between these two formats. When translating incoming messages, the matching fields are copied, and the attachment field is empty. When translating outgoing messages, the attachment field is included in the message field. 

Information Exchange Wrapper and Brain

The Service Wrapper described above transports information to the Agent Brain and receives information from the AgentBrain. The agent itself, in the Agent Brain, can be composed of more than one component (as is the case here). Additional links in the Brain are needed if more than one component needs to communicate with the wrapper.

In the design for the Agent Brain presented below, three components (called World Interaction Management, Agent Interaction Management and Own Process Control) receive information from the Service Wrapper. The first two components also send information to the Wrapper.

Therefore, five additional links are required to enable information exchange between the Service Wrapper and (components in) the Agent Brain. Three links transport information from the Agent Brain input buffer to the input buffers of the components mentioned above. The other two links transport information from World Interaction Management and Agent Interaction Management’s output buffer to the output buffer of the Agent Brain. These links transport the following information types:

· WrapperToWIM transports MessageIT to World Interaction Management;

· WrapperToAIM transports MessageIT and PresentAgentIT to Agent Interaction Management;

· WrapperToOPC transports OwnAgentIdentifierIT to Own Process Control;

· WIMToWrapper transports ToBeSentIT to the Agent Brain output buffer;

· AIMToWrapper transports ToBeSentIT to the Agent Brain output buffer.

Agent Brain: Generic Agent Model

The conceptual design of agent MTA (i.e., the Agent Brain) is based on the Generic Agent Model (see Section 3.1), and the following additional requirements:

· The conceptual design of MTA needs to be implemented using building blocks in ICAMP and IAOF;

· Agent MTA needs to communicate in different protocols (e.g., bank protocol, file transfer protocol). However, the agent's design should remain generic with respect to specific protocols used (e.g., abstract from specific protocols to transfer files, such as FTP or HTTP);

· Agent MTA needs to manage issues related to generative migration. For example, some slots may not be filled in at a certain location, simply because a suitable BB is not available. The agent needs to be aware of which capabilities it has in its current incarnation;
· Agent MTA needs to negotiate with agents on digital photographs. It needs to understand the constraints of the negotiation, such as the desired photograph and the maximum price the user is willing to pay. A refinement of the GAM needs to be developed.

As a consequence of these requirements, the design does not completely follow the DESIRE methodology. Differences between a pure DESIRE design and this design are motivated.

Designs in the DESIRE methodology consist of a process composition, knowledge composition and relation between process and knowledge composition. The design of agent MTA is described below using the same methodology. This results in a refinement of the GAM for negotiating, generatively migrating agents. 

The process composition describes:

· all components and sub-components, and gives an explanation of their purpose;

· Interface Information Types (each component’s input and output types);

· Information Exchange (links between components); and

· Task Control (i.e., flow of control). 

The knowledge composition describes:

· Information Types (defining the structure of each type used in components internally and exchanged between components);

· Knowledge Bases; and

· Relation between KBs and Information Types (each KB’s input and output types, and internal types).

The relations between process and knowledge composition describes:

· Which KB is used by which component.

Process Composition: Components and Sub-Components

In this design, it is important to keep the agent generic with respect to specific protocols. When message formats and/or message sequences of a protocol change, this should have as little impact as possible on the design of the agent. In the design presented below, protocols are the responsibility of sub-components of World Interaction Management and Cooperation Management (depending on the kind of protocol), and Own Process Control is responsible for planning. Own Process Control issues high-level tasks, which are carried out and reported on by World Interaction Management and Cooperation Management. 

An additional benefit of this approach is that the specific protocol can be changed during the agent's lifetime. For example, the agent is generic with respect to file transfer using either FTP or HTTP.

The same top-level components are used as in the original GAM, except Agent Specific Task. Their specific tasks and sub-components are described below. The top-level composition is depicted in Figure 10.
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Figure 10: Top-level composition of the Generic Agent Model. Links are not shown (see Table 4).

Own Process Control (OPC)

OPC is one of the most important components of this refinement of the GAM. Its task is planning and other issues related to controlling and monitoring the agent’s processes. 

In DESIRE, so-called task control foci and evaluation criteria are used to control components (to control which task a component should focus and to control dependencies between component’s tasks). These are not available in ICAMP and IAOF, which means that either components should communicate with each other (decentralised solution), or one component should direct the other components (centralised solution). This design uses a centralised solution, in which OPC controls other components. 
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Figure 11: Composition of Own Process Control. Links are not shown (see Table 5).

Plan determination (PL)

Planning is responsible for deriving the current state and goal of the agent, and initiating the steps to be taken to reach the current (sub-)goal. It contains a plan composed of phases, which in turn are composed of steps. Planning has four sub-components: Phase Determination (PD) contains a static description of phases in the plan and possible transitions between phases, Step Determination (SD) receives information on the progress of steps performed by other components and determines which new steps can be performed, Step Selection (SS) selects between steps that can be performed according to the plan and Step Execution (SE) determines what information needs to be communicated to other components to perform the step.

Self-awareness determination (SAD)

Self-awareness determines the current capabilities of the agent (which may change due to migration). It has three sub-components: OwnIdentity (OI) stores and publishes information regarding the identity of the agent (e.g., its communication ID), Ability Description (AD) stores and publishes a list of the agent’s abilities, and Ability Assessment (AA) maps abilities to planning steps that can or cannot be carried out. After each migration, the ability description should be updated.

Migration Management (MM)

MM determines if, when and how to migrate. It receives requests for migration from Planning. For example, it might not be possible to migrate to a remote location because it has no (Generative) Migration Service. When migration is generative, MM is responsible for requesting the agent’s components to store their state, and requesting WIM to interact with the Generative  Migration Service. As its task is closely related to planning, and crosscuts many other tasks of the agent, MM is placed in OPC. If the agent is only capable of “normal” migration (i.e., non-generative migration), less reasoning needs to be done. Then OPC’s planning sub-component could interact directly with WIM to accomplish migration. However, including MM in OPC is the better choice as it supports both possibilities (normal or generative migration).

World Interaction Management (WIM)

WIM manages all issues regarding interaction with the outside world, excluding agents. For example, it interacts with services available on the platform. If specific protocols are required, WIM composes messages and understands messages in these protocols. Other components of the agent should not have to deal with the specific formats. In this design, the agent should be able to interact with two kinds of services: generative migration services and directory services. It should also be able to transfer files over networks using a suitable protocol. Therefore, WIM has four sub-components: three components to encapsulate the protocols, and one component to manage issues related to finding and contacting the services (see Figure 12).
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Figure 12: Composition of World Interaction Management. Links are not shown (see Table 5).

Local Service Discovery (LS Discovery)

Is responsible for receiving and distributing information on services from the wrapper, such as: available services at the current location and their contact information. LS Discovery publishes this information so other components can use the services.

Migration Service Interaction (MSI)

This component handles interaction (composing to and receiving messages from) migration services. Receives assignments from OPC and returns feedback on interactions to OPC. 

Directory Service Interaction (DSI)

Similar to Migration Service Interaction. 

File Transfer (FT) 

Responsible for retrieving files over networks, using a specific protocol. Receives assignments from OPC and returns feedback on assignments to OPC. 

Cooperation Management (CM)

Cooperation Management deals with all issues regarding co-operative communication in specific protocols. If specific protocols are required, CM composes messages and processes messages in these protocols. 

In traditional DESIRE designs, interaction with agents is localised in Agent Interaction Management (AIM): there is exactly one protocol for sending and receiving messages. In the design described in this thesis, AIM takes care of basic communication and distribution of received information. 

This agent needs to interact with three kinds of agents: negotiating/trading agents, personal assistants and bank representatives. Therefore, CM has three sub-components (see Figure 13). Each handles interaction for one kind of agent (protocol). It needs no separate component to discover contact information (as does WIM), because it receives this information from Maintenance of Agent Information. 
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Figure 13: Composition of Cooperation Management. Links are not shown (see Table 5).

Trading Interaction (TI)

Responsible for composing messages in a trading/negotiation protocol. Receives assignments and provides feedback to OPC.

Personal Assistant Interaction (PAI)

Responsible for composing messages in a Personal Assistant agent protocol. Receives assignments and provides feedback to OPC.

Bank Interaction (BI)

Responsible for composing messages in Bank protocol, to interact with bank agents. Receives assignments and provides feedback to OPC.

Agent Interaction Management (AIM)

AIM manages communication with other agents, besides issues handled by CM. It has two sub-components (see Figure 14).
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Figure 14: Composition of Agent Interaction Management. Links are not shown (see Table 5).

Basic Communication (BC)

BC manages the receipt of messages from other agents, and is capable of sending messages to other agents. 

Derive Communicated Info (DCI)

DCI receives messages communicated by other agents. From this information, it derives information that this agent needs. This includes the following: identifiers of other agents, roles of agents, locations, names and abilities of other agents.

Maintenance of Agent Information (MAI)

MAI manages all information regarding agents. It receives information from different components (in different forms) and publishes this information in a consistent way so other components have one consistent source of information on agents. 

MAI stores and publishes the following information:

· role information (agent-name, role)

· agent information (name, location, ID, abilities)

· annotated conversation log

Maintenance of World Information (MWI)

MWI manages all information regarding the world (e.g., services and platform information). It receives information (from different components in different forms) and publishes this information in a consistent way so other components have one consistent source of information on the world. 

MWI stores and publishes the following information:

· location information (location-name and its contact info)

· object storage (the object that is to be found/acquired, in this case a digital photograph)

· annotated action log

Agent Specific Task

AST is not used. The specific task performed by this agent is negotiation, for which Cooperation Management is more suitable. Another specific task (or rather: capability) of the agent is migration, but it was decided to use a combination of OPC / MM and WIM / MSI instead.

Process Composition: Interface Information Types

This part of the process composition describes which input and output information types are used by components, divided into information types of the agent (i.e., Agent Brain) and information types of components of the agent.

Interface information types of the agent

See Table 1 for the interface information types of the agent.

Process
input IT


output IT

________________________________________________

Agent

MessageIT


ToBeSentIT



OwnAgentIdentifierIT



PresentAgentIdentifierIT


Table 1: Information types of top-level components

Interface information types of components within the agent

See Table 2 for the interface information types of components within the agent.

Process
Input IT

Output IT

________________________________________________

OPC

WorldInfo

OPCInfo



AgentInfo

OwnCharacteristics



CoopInfo



OPCInfo



OwnAgentIdentifierIT

WIM

MessageIT

ToBeSentIT



OPCInfo

ObsAgentInfo



OwnCharacteristics
ObsWorldInfo



WorldInfo

OPCInfo



AgentInfo

CM

WorldInfo

CoopInfo



AgentInfo

ToBeCommunicated



OPCInfo

 

OwnCharacteristics

AIM

MessageIT

ToBeSentIT



OPCInfo

CommAgentInfo





ToBeCommunicated
CommWorldInfo



AgentInfo



WorldInfo



OwnCharacteristics



PresentAgentIT

MAI

CommAgentInfo
AgentInfo



ObsAgentInfo





OwnCharacteristics

MWI

CommWorldInfo
WorldInfo



ObsWorldInfo



OwnCharacteristics

Table 2: Information types of top-level components

Both WIM and AIM receive information from the wrapper through MessageIT, which can contain messages sent either by agents or the outside world (e.g., services). Additionally, AIM receives PresentAgentIT from the wrapper, listing agents present at the current location. Both WIM and AIM have ToBeSentIT on their output, with which they can send messages to agents and the outside world (through the wrapper). 

OPC also receives information from the wrapper: the wrapper sends OwnAgentIdentifierIT through a link directly to OPC’s sub-component OwnIdentity. OPC publishes this information to other components using OwnCharacteristics. 

Process

Input IT


Output IT

________________________________________________________

OPC / PL

ProtocolFeedback

ProtocolControl




ServiceFeedback

ServiceControl




CapableSteps


MigrationControl




MigrationFeedback

OPC / PL / PD
ProtocolFeedback

CurrentPhase




ServiceFeedback




MigrationFeedback

OPC / PL / SD
CurrentPhase


PossibleSteps

OPC / PL / SS

PossibleSteps


CurrentStep

CapableSteps

OPC / PL / SE

CurrentStep


ProtocolControl








ServiceControl

OPC / SAD

OwnAgentIdentifierIT
CapableSteps

OwnCharacteristics


OPC / SAD / AD
none



Abilities

OPC / SAD / AA
Abilities


CapableSteps

OPC / SAD / OI
OwnAgentIdentifierIT
OwnCharacteristics

OPC / MM

MigrationControl

MigrationFeedback

ServiceFeedback

ServiceControl

WIM / LS Discov.
WorldInfo


ServiceInfo

WIM / MSI

ServiceControl

ServiceFeedback




MessageIT


ToBeSentIT




ServiceInfo

WIM / DSI

ServiceControl

ServiceFeedback




MessageIT


ToBeSentIT




ServiceInfo

WIM / FT

ServiceControl

ServiceFeedback




MessageIT


ToBeSentIT

ServiceInfo

CM / TI

ProtocolControl

ProtocolFeedback




AgentInfo


ToBeCommunicated




ServiceInfo

CM / PAI

ProtocolControl

ProtocolFeedback




AgentInfo


ToBeCommunicated

CM / BI

ProtocolControl

ProtocolFeedback




AgentInfo


ToBeCommunicated

AIM / BC

PresentAgentIT

ToBeSentIT

WorldInfo


CommunicatedInfo

AgentInfo

ToBeCommunicated



MessageIT




AIM / DCI

CommunicatedInfo 

RoleInfo 

AgentName 

OwnAgentLocation, AgentMessage

Table 3: Information types of lower-level components

Process Composition: Information Exchange

Information exchange within the agent is specified by the information links in Table 4 and Table 5. Below, some important exchanges between components are explained.

OPC's sub-component Planning publishes ServiceControl, which is transferred to WIM's sub-components (except LS Discovery). In turn, these sub-components publish ServiceFeedback to OPC's sub-component Planning, using the top-level type OPCInfo. 

OPC's sub-component Planning also sends ProtocolControl, which is transferred to CM's sub-components. In turn, these sub-components publish ProtocolFeedback, which is transferred to Planning, using the top-level type CoopInfo.

Planning communicates with Migration Management (also a sub-component of OPC) by publishing MigrationControl and receiving MigrationFeedback. In turn, Migration Management communicates with WIM's sub-component MSI through ServiceControl and ServiceFeedback as described earlier.

Info link


from

to

information types

_________________________________________________________________

Input_to_AIM


agent-input
AIM

MessageIT









PresentAgentIT

Output_from_AIM

AIM

agent-output
ToBeSentIT

Input_to_WIM

agent-input
WIM

MessageIT



Output_from_WIM

WIM

agent-output
ToBeSentIT

Input_to_OPC


agent-input
OPC

OwnAgentIdentifierIT

OwnChars_to_AIM

OPC

AIM

OwnCharacteristics

OwnChars_to_CM

OPC

CM

OwnCharacteristics

OwnChars_to_MAI

OPC

MAI

OwnCharacteristics

OwnChars_to_MWI

OPC

MWI

OwnCharacteristics

OwnChars_to_WIM

OPC

WIM

OwnCharacteristics

OPCInfo_to_AIM

OPC

AIM

OPCInfo

OPCInfo_to_CM

OPC

CM

OPCInfo

OPCInfo_to_WIM

OPC

WIM

OPCInfo

OPCInfo_to_OPC

WIM

OPC

OPCInfo

CoopInfo_to_OPC

CM

OPC

CoopInfo

ToBeComm_to_AIM

CM

AIM

ToBeCommunicated

AgentInfo_to_AIM

MAI

AIM

AgentInfo

AgentInfo_to_WIM

MAI

WIM

AgentInfo

AgentInfo_to_CM

MAI

CM

AgentInfo

AgentInfo_to_OPC

MAI

OPC

AgentInfo

WorldInfo_to_AIM

MWI

AIM

WorldInfo

WorldInfo_to_CM

MWI

CM

WorldInfo

WorldInfo_to_OPC

MWI

OPC

WorldInfo

WorldInfo_to_WIM

MWI

WIM

WorldInfo

CommAgentInfo_to_MAI
AIM

MAI

CommAgentInfo

CommWorldInfo_to_MWI
AIM

MWI

CommWorldInfo

ObsAgentInfo_to_MAI
WIM

MAI

ObsAgentInfo

ObsWorldInfo_to_MWI
WIM

MWI

ObsWorldInfo

Table 4: Specification of information exchange at top-level
Info link


from

to

information type

____________________________________________________________________

MigrationControl_to_MM
PL

MM

MigrationControl

ProtocolControl_to_ag
PL

OPC-output
ProtocolControl

ServiceControl_to_ag

PL

OPC-output
ServiceControl

MigrationFeedback_to_PL
MM

PL

MigrationFeedback

ServiceFeedback_to_MM
OPC-input
MM

ServiceFeedback

ServiceFeedback_to_PL
OPC-input
PL

ServiceFeedback

ProtocolFeedback_to_PL
OPC-input
PL

ProtocolFeedback

ServiceControl_to_ag

MM

OPC-output
ServiceControl


CapableSteps_to_PL

SAD

PL

CapableSteps

OwnCharacteristics_to_ag
SAD

OPC-output
OwnCharacteristics

OwnID_to_SAD

OPC-input
SAD

OwnAgentIdentifierIT

CurrentPhase_to_SD

PL/PD

PL/SD

CurrentPhase

PossibleSteps_to_SS

PL/SD

PL/SS

PossibleSteps

CapableSteps_to_SS

PL-input
PL/SS

CapableSteps

CurrentStep_to_SE

PL/SS

PL/SE

CurrentStep

Control_to_ag


PL/SE

PL-output
ProtocolControl









ServiceControl

Abilities_to_AA

SAD/AD
SAD/AA
Abilities

CapableSteps_to_ag

SAD/AA
SAD-output
CapableSteps

OwnID_to_OI


SAD-input
SAD/OI
OwnAgentIdentifierIT

OwnChars_to_ag

SAD/OI
SAD-output
OwnCharacteristics

WorldInfo_to_LSDisc
WIM-input
WIM/LSDisc.
WorldInfo


ServiceInfo_to_MSI

WIM/LSDisc.
WIM/MSI
ServiceInfo



ServiceInfo_to_DSI

WIM/LSDisc.
WIM/DSI
ServiceInfo



ServiceInfo_to_FT

WIM/LSDisc.
WIM/FT
ServiceInfo



ServiceControl_to_MSI
WIM-input
WIM/MSI
ServiceControl

ServiceControl_to_DSI
WIM-input
WIM/DSI
ServiceControl

ServiceControl_to_FT
WIM-input
WIM/FT
ServiceControl

ServiceFeedback_from_MSI
WIM/MSI
WIM-output
ServiceFeedback

ServiceFeedback_from_DSI
WIM/DSI
WIM-output
ServiceFeedback

ServiceFeedback_from_FT
WIM/FT
WIM-output
ServiceFeedback

MessageIT_to
_MSI

WIM-input
WIM/MSI
MessageIT

MessageIT_to
_DSI

WIM-input
WIM/DSI
MessageIT

MessageIT_to
_FT

WIM-input
WIM/FT
MessageIT

ToBeSentIT_from_MSI
WIM/MSI
WIM-output
ToBeSentIT

ToBeSentIT_from_DSI
WIM/DSI
WIM-output
ToBeSentIT

ToBeSentIT_from_FT
WIM/FT
WIM-output
ToBeSentIT

ProtocolControl_to_TI
CM-input
CM/TI

ProtocolControl

ProtocolControl_to_PAI
CM-input
CM/PAI
ProtocolControl

ProtocolControl_to_BI
CM-input
CM/BI

ProtocolControl

ProtocolFeedback_from_TI
 CM/TI
CM-output
ProtocolFeedback

ProtocolFeedback_from_PAI CM/PAI
CM-output
ProtocolFeedback

ProtocolFeedback_from_BI
 CM/BI
CM-output
ProtocolFeedback

AgentInfo_to_TI

CM-input
CM/TI

AgentInfo

AgentInfo_to_
PAI

CM-input
CM/PAI
AgentInfo

AgentInfo_to_
BI

CM-input
CM/BI

AgentInfo

ToBeComm_from_TI

CM/TI

CM-output
ToBeCommunicatedIT

ToBeComm_from_PAI
CM/PAI
CM-output
ToBeCommunicatedIT

ToBeComm_from_BI
CM/BI

CM-output
ToBeCommunicatedIT

CommInfo_to_DCI

AIM/BC
AIM/DCI
CommunicatedInfo

DerivedInfo_to_ag

AIM/DCI
AIM-output
RoleInfo 

AgentName OwnAgentLocation AgentMessage

Table 5: Specification of information exchange at lower levels

Process Composition: Task Control 

Task control defines in which order components and links are activated. The description of task control is divided in task control at top-level (the GAM components and links), and task control at lower-level (sub-components and links of GAM components). 

Task control at top-level

Other task control sequences are valid, but the task control below optimises information flow in the GAM. Important for performance is that WIM and AIM are activated before MWI and MAI, and OPC after the previous four. First the activation of components is described, followed by link activation.

· First AIM is activated, once messages from the wrapper have been received (see task control of the links described below). It then processes the information for other component to access. 

· WIM is activated, which also receives messages from the wrapper. It processes the information for other components to access. 

· MAI is activated. It can expect new information from AIM as input. When it has processed the information, MAI offers consistent information on agents for other components to use.

· MWI is activated. 

· CM is activated. 

· Lastly, OPC is activated. All new information has been processed and new steps have been taken. Planning and monitoring progress can now be done. 

All information links that are input to a component are activated before the component is activated. All information links that transport output of a component are activated after the component is activated, with two exceptions: ToBeSentIT_AIM_to_wrapper and ToBeSentIT_WIM_to_wrapper are activated last. These links transport all information that needs to be communicated to agents and the world to the wrapper.

Task control at lower-level

In AIM, first Basic Communication is activated to receive and send messages. Then Derive Communication can process received messages. The link to BC's input is activated before DCI, then DCI itself, and then the link from BC to DC's input. Lastly, the link from DCI's output to AIM's output is activated. 

In WIM, first LS Discovery is activated. The order in which the other components are activated is not of importance, as they do not depend on each other. Links transporting input to a component are activated before, and links transporting output from a component are activated after the component itself. 

In CM, sub-components can be activated in any order, as they do not depend on each other. Links transporting input to a component should be activated before, and links transporting output from a component should be activated after the component itself. 

In OPC, first Self-Awareness Determination is activated. Changes to the agent’s abilities can be communicated to other components. Secondly, Planning is activated. If Planning determines that the agent needs to migrate, this can be communicated to Migration Management, which is activated last. Links transporting input to a component should be activated before, and links transporting output from a component should be activated after the component itself.

MAI and MWI are not composed, so their internal task control is not visible and configurable.

Knowledge Composition

The GAM description (Brazier, Jonker and Treur, 2000) contains generic knowledge structures which can be instantiated for a particular domain of application. There are two main problems that prohibits this design to use these types directly (see Section 4.1):

· ICAMP information types do not support meta-descriptions and functions. This means that epistemic and meta-information types do not exist in ICAMP;

· ICAMP information types cannot be composed of other types as in DESIRE.

To circumvent these problems, the original GAM types have been translated according to the following heuristics:

· Epistemic and meta-types are replaced with their source type (e.g., epistemic world info and belief info on world are replaced with world info;

· Types with a name that is not equal to the relation it defines, are renamed to match the type name (e.g., actions to be performed defines ToBePerformed, is renamed to ToBePerformed);

· Types that define atoms are removed (e.g., domain actions), as no restrictions can be imposed on objects, strings and integers in relations.

· Composed types that do not define a relation themselves are replaced by the types that it is composed of (e.g., ToBePerformed replaces action info, which is composed of actions to be performed and domain actions);

· No sub-typing is available. This means that it is not possible that a relation has an argument that can be either one of two or more types. Where more possibilities for one argument’s type are needed, this is denoted using “AnonymousSEID”. Components receiving the type are assumed to understand which concrete type is meant. 

Note that other translations are possible (hence the term heuristics). Below, the structure of information types as designed for this agent are presented, divided in top-level (GAM) types and lower-level (GAM sub-components’) types.

Top-level information types

The translation of the original GAM types using the heuristics mentioned above, resulted in the information types described below.

OwnCharacteristics defines the structure [OwnAgentIdentifierSEID]. This means that instantiations of OwnCharacteristics only contain the agent’s own identifier.

OwnProcessControlInfo (OPCInfo) defines the structure [AnonymousSEID]. OPCinfo can contain any control and feedback information needed. In this design, OPC uses OPCInfo to send ProtocolControl and ServiceControl, and receive ProtocolFeedback and ServiceFeedback (see lower-level information types).

This type does not appear in the original GAM. There OPC only publishes OwnCharacteristics to other components. As discussed in the process composition, OPC controls other components to compensate for the lack of task control foci and evaluation criteria in ICAMP / IAOF. To send and receive control information, the type OPCInfo is introduced.

CommAgentInfo and CommWorldInfo express information on agents and the world, respectively, that has been acquired through communications of other agents. In the original GAM, the role of these types is fulfilled by maintenance_info, which is composed of maintenance info on agents and maintenance info on world. In turn these use the information types agent_info and world_info. As this kind of composition is hard to accomplish in ICAMP and IAOF, the decision was taken to let AgentInfo and WorldInfo replace maintenance_info at the top-level of the agent. They were renamed CommAgentInfo and CommWorldInfo to differentiate them from the types AgentInfo and WorldInfo produced by MAI and MWI, respectively (see below).

CommAgentInfo defines the structure [AnonymousSEID, SourceSEID]. CommWorldInfo also defines the structure [AnonymousSEID, SourceSEID]. The first argument is AnonymousSEID, because any type (i.e. information on an agent or the world) may be transported. SourceSEID points to the type Source, which expresses the external source from which the communicated information was obtained (e.g., another agent or a service).

The GAM's belief info (composed of belief_info_on_agents and belief_info_on_world), produced by MWI and MAI, is replaced by AgentInfo and WorldInfo for the same reason: it is hard to accomplish such a composition of types in IAOF. AgentInfo represents all information on agents that may be useful for other components. WorldInfo represents all information on the “world” (i.e., all information on the environment of the agent), except information on agents. AgentInfo and WorldInfo define the same structure as CommAgentInfo and CommWorldInfo.

The original incoming_communication_info and observation_result_info are replaced by the wrapper's MessageIT, outgoing_communication_info and observation and action info are replaced by ToBeSentIT.

Elements of the type ToBeCommunicated represent messages to communicate to another agent. As CM cannot send messages to agents itself, it needs to contact AIM. This type represents a request of a component (in this case, CM) to AIM to send a message. ToBeCommunicated defines the structure [StringSEID, AgentIdentifierIT].

ObsAgentInfo is the counterpart of CommAgentInfo. It represents all information on agents observed in the external world. It defines the same structure.

ObsWorldInfo is the counterpart of CommWorldInfo. It represents all information on the world determined by observation in the world. It defines the same structure.

CoopInfo defines the structure [AnonymousSEID].
CoopInfo represents information sent by CM to other components to enable these components to perform tasks for CM. In this design, it is used to send ProtocolFeedback to OPC.

Lower-level information types

The lower-level information types are designed specifically for this (type of) agent. TaskInfo defines the structure [StringSEID]. This type is used in ServiceControl, ServiceFeedback, ProtocolControl, ProtocolFeedback, MigrationControl and MigrationFeedback to represent the task on which an assignment or feedback is given.

ProtocolID defines the structure [StringSEID]. This type is used in ProtocolControl and ProtocolFeedback to identify a protocol.

ServiceID defines the structure [StringSEID]. This type is used in ServiceControl and ServiceFeedback to identify a service. 
Step defines the structure [StringSEID]. It is used to identify steps in a planning.

Phase defines the structure [StringSEID]. It is used to identify phases in a planning.

ServiceControl defines the structure [ServiceIDSEID, TaskInfoSEID, AnonymousSEID]. The first argument is of the type ServiceID, which identifies the service. The second argument is of the type TaskInfo. The third argument represents the message content. 

ServiceFeedback defines the structure [ServiceIDSEID, TaskInfoSEID, AnonymousSEID]. The first argument is of the type ServiceID, which identifies the service. The second argument is of the type TaskInfo. The third argument represents the message content.

ServiceInfo defines the structure [ServiceIDSEID, AnonymousSEID]. This type is used to (among other things) communicate contact information of a service.

ProtocolControl defines the structure [ProtocolIDSEID, TaskInfoSEID, AnonymousSEID]. The first argument is of the type ProtocolID, which identifies the kind of protocol. The second argument is of the type TaskInfo. The third argument represents the message content.

ProtocolFeedback defines the structure [ProtocolIDSEID, TaskInfoSEID, AnonymousSEID]. 

MigrationControl defines the structure [TaskInfo, AnonymousSEID].

MigrationFeedback defines the structure [TaskInfo, AnonymousSEID].

Abilities defines the structure [StringSEID].

CapableSteps defines the structure [StepSEID].

CurrentPhase defines the structure [PhaseSEID]. It is used to state which of all phases in the planning is the phase that is currently executed.

PossibleSteps defines the structure [StepSEID]. It is used to state that the referenced step can be executed by this agent. 




CurrentStep defines the structure [StepSEID]. It is used to state the currently executing step of a phase.

AgentName defines the structure [StringSEID, AgentIdentifierITSEID]. The first argument is the name of an agent, the second its platform-specific identifier. This type makes it possible to reference another agent by a simple name.

RoleInfo defines the structure [StringSEID, StringSEID]. The first argument is the “role” of the agent referenced in the second argument. For example, an agent may have the role of a negotiation partner. The second argument should match an agent identified using AgentName.

Knowledge bases

A knowledge base belongs to a (primitive) component, and specifies the reasoning a component performs when it is activated. 

In this design, each primitive component has exactly one KB, and the KB's name is directly derived from the component name. For example, the component Phase Determination (a sub-component of OPC / Planning) has the Phase_Determination_KB.

A few knowledge bases are described below. The actual knowledge bases can be found in Appendix A.

The component Planning (located in OPC) has four sub-components: Phase Determination, Step Determination, Step Selection and Step Execution. The knowledge bases of these components together co-ordinate and plan the activities of the agent. Firstly, PD determines which phase of the plan the agent is in (e.g., “find a negotiation partner”). SD uses the phase information to derive possible steps the agent can perform to reach the goal of the phase (e.g., “ask the Directory Service for the location of a suitable agent”). Step Selection decides which of the possible steps is chosen as the next step to execute. Lastly, Step Execution is responsible for generating the appropriate requests to other components of the agent (e.g., a request to the component WIM / DSI).  

Relations between knowledge bases and information types

As each primitive component has exactly one knowledge base, the input and output information types of a KB are exactly the same as those of the component itself (see Table 3).

Table 6 lists information types that are internal to knowledge bases. Note that these are CLIPS types, not IAOF information types. Knowledge bases that do not have internal types are able to generate output of the component’s output types without storing intermediary results (using internal types).

Knowledge base


Internal information types

________________________________________________________

Phase_Determination_KB

phase, next-phase

Step_Determination_KB

step, next-step, possible-step

Step_Selection_KB


step, possible-step, current-step

Step_Execution_KB


current-step
Migration_Service_Interaction_KB
gms-info

Directory_Service_Interaction_KB
ds-info

File_Transfer_KB


ft-info

Trading_Interaction_KB

trade-log

Personal_Assistant_Interaction_KB
pa-info

Bank_Interaction_KB


bank-info

Table 6: internal information types of knowledge bases.

Relations between Process and Knowledge Composition

As each primitive component has exactly one knowledge base, and its name is derived directly from the component to which it belongs, the relations are straightforward. The relations are listed in Table 7.

Component


Associated knowledge base

________________________________________________________

OPC / PL / PD

Phase_Determination_KB

OPC / PL / SD

Step_Determination_KB

OPC / PL / SS


Step_Selection_KB

OPC / PL / SE


Step_Execution_KB

OPC / SAD / AD

Ability_Description_KB

OPC / SAD / AA

Ability_Assessment_KB

OPC / SAD / OI

Own_Identity_KB

OPC / MM


Migration_Management_KB

WIM / LS Discov.

LS_Disc_KB

WIM / MSI


Migration_Service_Interaction_KB

WIM / DSI


Directory_Service_Interaction_KB

WIM / FT


File_Transfer_KB

CM / TI


Trading_Interaction_KB

CM / PAI


Personal_Assistant_Interaction_KB

CM / BI


Bank_Interaction_KB

AIM / BC


Basic_Communication_KB

AIM / DCI


Derive_Communicated_Info_KB

Table 7: Primitive components and associated knowledge bases.

6.2 Building Blocks

The building blocks created for the demonstration closely mirror the conceptual design. One important difference is that some building blocks incorporate more than one building block of the conceptual design. 

Service Wrapper

The Service Wrapper is implemented as a composed IAOF component with four components and three link slots. The components that are placed in the slots are specific to the AgentScape agent platform, and interface the agent and the platform (see Section 6.1). The information types are built-in types of the assembly plug-in.

ICAMP BBs

ICAMP BBs have been created for all components  in the conceptual design. A ICAMP BB is an RDF document describing structure elements and properties of structure elements. These BBs are described in natural language below.

GAM-BB

The ICAMP GAM-BB defines a building block with six component slots and twenty information type slots. It defines a number of links between the component slots, which transport the information types defined by the slots. GAM-BB defines its own task control, identical to the task control described in Section 6.1. It has one level of usage. 

The GAM-BB has the following properties:

· misc:Own-task-control;

· misc:Architecture-level-BB;

Its sub-components have the following properties:

· OPC

· task:Control

· task:Monitor

· control:Feedback-loop

· control:Directives

· input:WraperIT[OwnAgentIdentifierIT]

· WIM

· input:WrapperIT[MessageIT]

· output:WrapperIT[ToBeSentIT]

· CM (none)

· AIM

· input:WrapperIT[MessageIT, PresentAgentIT]

· output:WrapperIT[ToBeSentIT]

· MAI

· reason:Collate

· MWI

· reason:Collate

Summarising, the GAM-BB is an architecture-level building block, which specifies that OPC is the component that directs the other components, MWI and MAI collate information and AIM and WIM take care of interaction with the agent platform.

OPC-BB

The OPC-BB has the same properties as those defined for the OPC component slot in the GAM-BB. It defines additional properties for its three component slots:

· Planning

· task:Control

· task:Monitor

· control:Feedback-loop

· control:Directives

· reason:Publish_Strategy[once-only]

· Self-Awareness Determination

· input:WraperIT[OwnAgentIdentifierIT]

· reason:Publish_Strategy[continuous]

· Migration Management

· task:Control

· task:Monitor

· control:Feedback-loop

· control:Directives

· reason:Publish_Strategy[once-only]

Summarising, the OPC-BB exercises control through a feedback loop. The feedback loop consists of high-level directives.

WIM-BB

The WIM-BB has the same properties as those defined for the WIM component slot in the GAM-BB. It defines additional properties for its component slots:

· LS Discovery

· reason:Collate

· Migration Service Interaction

· task:Protocol[GMS1.0]

· reason:Publish_Strategy[once-only]

· reason:Derive[ServiceFeedback]

· reason:Derive[ToBeSentIT]

· Directory Service Interaction

· task:Protocol[DS1.0]

· reason:Publish_Strategy[once-only]

· reason:Derive[ServiceFeedback]

· reason:Derive[ToBeSentIT]

· File Transfer

· task:Protocol[FTP]

· reason:Publish_Strategy[once-only]

· reason:Derive[ServiceFeedback]

· reason:Derive[ToBeSentIT]

Summarising, the WIM-BB enables communication with three kinds of services (using three protocols).

CM-BB

The CM-BB has the same properties as those defined for the CM component slot in the GAM-BB. It defines additional properties for its three component slots:

· Trading Interaction

· task:Protocol[NP1.0]

· reason:Publish_Strategy[once-only]

· reason:Derive[ProtocolFeedback]

· reason:Derive[ToBeSentIT]

· Personal Assistant Interaction

· task:Protocol[PAP1.0]

· reason:Publish_Strategy[once-only]

· reason:Derive[ProtocolFeedback]

· reason:Derive[ToBeSentIT]

· Bank Interaction

· task:Protocol[BP1.0]

· reason:Publish_Strategy[once-only]

· reason:Derive[ProtocolFeedback]

· reason:Derive[ToBeSentIT]

Summarising, the CM-BB enables communication with agents using three protocols.

AIM-BB

The CM-BB has the same properties as those defined for the CM component slot in the GAM-BB. It defines additional properties for its component slots:

· Basic Communication

· reason:Publish_Strategy[once-only]

· Derive Communicated Info

· Reason:Collate

· reason:Derive[ RoleInfo, AgentName, OwnAgentLocation, AgentMessage]

· reason:Publish_Strategy[once-only]

Summarising, the AIM-BB enables communication with agents and publishes information on communications for other components to process.

MAI-BB

The MAI-BB has the same properties as those defined for the MAI component slot in the GAM-BB.

MWI-BB

The MAI-BB has the same properties as those defined for the CM component slot in the GAM-BB.

IAOF BBs

An IAOF BB consists of a BB description (RDF file) and an implementation. For all composed components (except the IAOF GAM-BB) no implementation is needed, only a configuration file defining task control. The Agent Factory uses an instantiation of ExecutionControlBB, and configures it using the file to create the BB implementation. 

The IAOF building blocks have the same properties as their counterparts in ICAMP. 

Note that all composed components aren’t “real” IAOF components, in the sense that they consist of an RDF document and an implementation. Instead, their implementation consists of  a task control configuration file for the ExecutionControlBB. Currently it is impossible to refer to this built-in implementation in the annotation of an IAOF BB. In future versions, Agent Factories should be able to use the annotations in (Re-)Design. 

The following primitive IAOF BBs encapsulate the sub-components they define in the conceptual design: AIM, OPC’s Planning (PlanningBB) and OPC’s Self-Awareness Determination (SADBB). 

The primitive component BBs use a special class, called JessComponent, for its implementation. (JessComponent is described below.) Each BB implementation consists of a compiled Java class extending the JessComponent class. The following components are primitive:

· AIM;

· MAI;

· MWI;

· PlanningBB;

· SADBB (Self-Awareness Determination);

· MMBB (Migration Management);

· LSDBB (Local Service Discovery);

· MSIBB (Migration Service Interaction);

· DSIBB (Directory Service Interaction);

· FTBB (File Transfer);

· TradingProtocolBB;

· PAProtocolBB;

· BankProtocolBB.

MSIBB, DSIBB, TradingProtocolBB, PAProtocolBB and BankProtocolBB are able to compose and process messages as defined in the corresponding protocols (see Appendix C).
Note that the FTBB simulates file transfer, the FTP protocol is not implemented.

JessComponent

Components of this class contain a JESS
 (Java Expert Systems Shell) reasoning engine, that can execute knowledge bases written in CLIPS (C Language Integrated Production System)
. Each concrete BB is a separate class extending JessComponent, referencing the KB specification and information types to be used by the reasoning engine. 

The JessComponent class translates information types to CLIPS facts and vice versa, and is capable of saving its state in and reading its state from the Agent Image. To this end, it extends the standard IAOF component (the class ComponentStateAndFilesImpl). The method saveState() can be called on the component which results in the component storing its state (in the form of serialised Java objects) in the Agent Image. 

When a JessComponent is activated for the first time, it first initialises (this process includes the creation of an empty reasoning engine), and then checks the Agent Image for certain Java objects. If these are present, it concludes that it has migrated and should use the objects to restore its state. For example, one object represents a serialised Jess reasoning engine. This object replaces the empty reasoning engine it created in initialisation.

If the objects are not present in the Agent Image, it concludes it was activated for the first time after its construction by an Agent Factory.

Translation BBs

On the top-level of the agent, information is transported by the top-level information types described in Section 6.1. For example, AgentInfo is sent from MAI to AIM through the link AgentInfo_to_AIM. However, AIM's sub-component DCI produces (among other things) RoleInfo and AgentMessage. In the DESIRE methodology and tools, these types are automatically transported as sub-types of AgentInfo. For example, this results in links transporting information like AgentInfo(RoleInfo(…)). This is not possible in IAOF. 

Instead, additional “translation components” are defined. Each composed component has a preComponent and a postComponent (see Figure 15). A postComponent receives all information from the sub-components, wraps a around a suitable high-level type, and sends the information to the composed component’s output buffer. For example, DCI produces RoleInfo(…), postAIM translates this to AgentInfo(RoleInfo(…)), and sends the translated information to AIM’s outputbuffer. A preComponent receives all information as input to the composed component, removes high-level types, and sends the translated information through links to the proper sub-component. Its function is the reverse of a postComponent. 
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Figure 15: Inserting translation components. Composed component (a) before insertion and (b) after insertion.

A problem for automatic generation of  postComponents by an Agent Factory is the mapping of component output types to types produced by its parent component: if a sub-component produces type A and its parent component produces types Y and Z, to which type does A belong? For example, the fact that RoleInfo belongs to the high-level AgentInfo is semantic information. To enable automated generation of postComponents, a BB should supply mapping rules. This relates to research on the Semantic Web (see Section 3.3). In the future, “BB libraries” need to alleviate this problem by providing a set of building blocks that are designed to work together. See also (Scholten, 2003).  

Another possible solution (instead of using translation components) would have been to design the components to publish types its parent produces. For example, this would mean that DCI would have to produce AgentInfo(RoleInfo(…)). The problem with this solution is if an Agent Factory wants to use DCI in another context (i.e., place it in a parent component that does not produce AgentInfo), this is not possible. Hence, this solution is not desirable, as it reduces the flexibility of the components. 

6.3 Blueprint

Agent MTA's blueprint is transferred between the locations as described earlier. The blueprint is not adapted. The complete (IAOF) blueprint consists of the following files:

· one file defining the composition of the agent (referring to the files mentioned below for configuring the elements in the composition), and defining SEIDmappings.

· each primitive component (and GAM) has a file defining its SEID (Structure Element IDentifier);

· each link has one file defining its SEID, its input and output buffer and the information types it can transfer;

· three files for the components which use the ExecutionControlBB (CM, OPC and WIM), defining execution order;

· one file defining the agent's name.

See also Appendix B.

6.4 Agent Incarnations 

At an agent's destination, an agent factory regenerates the executable code of the agent on the basis of its (possibly adapted) blueprint. This is a new incarnation of the agent (Brazier, Overeinder, van Steen and Wijngaards, 2002a). Although the blueprint of agent MTA is not adapted in this demonstration, its incarnations differ slightly between locations. Below the differences are described per location visited by MTA.

At Home Location

Cooperation Management has a component slot Personal Assistant Interaction (PAI). At other locations (at TradeWorld and at SoftSecurityBank) this slot is filled by a “dummy” component, as a concrete component is not available. At Home, the component PAProtocolBB is inserted in the slot, enabling agent MTA to communicate with the Personal Assistant agent. 

At TradeWorld Location

Cooperation Management has a component slot Trading Interaction (TI). In previous incarnations (at Home and at SoftSecurityBankLocation) this slot is filled by a “dummy” component, as it is not needed. At TradeWorld, the component TradingProtocolBB is inserted in the slot, as MTA needs it to negotiate with Mr. Bargain.

At SoftSecurityBank Location

World Interaction Management has a component slot Bank Interaction (BI). In previous incarnations (at Home and at TradeWorld) this slot is filled by a “dummy” component, as a concrete component is not available. At SoftSecurityBankLocation, the component BankProtocolBB is inserted in the slot. This component is only available at locations managed by the SoftSecurityBank, enabling agents to make secure transactions.

6.5 Implementation Details

This section describes important processes that take place in the demonstration in more detail: the interaction between agent, IAOF plug-in and Generative Migration Service to generatively migrate agent MTA, how an agent is assembled in IAOF, and how agent MTA's self-awareness (of its “body”) is accomplished. 

Generative Migration Procedure

When OPC’s sub-component Planning decides that the agent should migrate, it communicates this to Migration Management (MM). The first task of MM is to make sure that state is saved. It does this by calling save(), a static method of the plug-in’s main class Framework. The method save() then calls saveState() on each component that implements the interface SaveableComponent. 

JessComponents are the only components in agent MTA that implement Saveable Component. State is saved by serialising the necessary Java objects and storing them in the Agent Image. 

After the Framework calls saveState() on a component, it keeps executing. However, any new state a component generates (through reasoning, received information, etcetera) is not stored in the Agent Image. When the component is restarted after migration, its state is retrieved from the Agent Image, which is the situation directly after the call to saveState(). In other words, any state created after the call to saveState() is not remembered.

When the Framework has saved the state of all saveable components, the agent can migrate. MM sends a request for migration to the Generative Migration Service, in which it includes the Agent Image. When the wrapper receives the GMS’s reply that it is ready to migrate the agent, the wrapper’s sub-component ExecutionControl stops the agent.

The GMS then sends the Agent Image to the GMS at the agent’s destination. There, the Agent Factory creates a new agent based on the blueprint. The state information in the original Agent Image is copied to a new Agent Image. The agent is started. Each individual component detects that state information is present in the Agent Image and initialises itself using this information (see the description of JessComponent in Section 6.2).

Assembly using IAOF configuration files

The IAOF assembly plug-in assembles agents using Java configuration files and Java class files. Assembly is performed in four steps.

First, the plug-in receives a set of configuration and class files.

In the second step, the configuration file framework.conf is read. This file defines one class file and one configuration file per building block, required to instantiate the building block. (Each building block implementation is configured using one configuration file.)

The plug-in proceeds by creating an instance for each building block. First, the configuration file is converted into a list of properties that can be processed by building blocks (a SEID is an example of a property). This list is then passed to the BB in the instantiation process. The instantiation process involves loading the class from the class file and creating an instance of that class.

The last step consists of linking the building blocks. The BB instances are placed in a container, together with a list of SEIDmappings (defined in framework.conf). The container activates the agent, waits until the agent is finished reasoning, interacts with the platform (e.g., receive and send messages), and activates the agent again. 

The agent itself is responsible for requesting the container to activate its components and links. Task control can be defined in two ways: by a component or by implementing the component as a ExecutionControlBB. In the first case, the activation sequence of components and links is hard-coded in the class (e.g., GAM-BB). In the second case, an instance of ExecutionControlBB was configured with a file, and activates components and links in the specified order (e.g., OPC-BB). A container receives requests to activate components and links by their SEID. SEIDmappings are used to find components and links that implement the requested component or link. When a component or link uses an information type, the container finds the right instantiation in the same manner.

For a more detailed description of assembly performed by the IAOF plug-in, see (Scholten, 2003).

Self-awareness

Agent MTA is aware of changes regarding its abilities. This is accomplished in the sub-component Self-awareness of OPC. At each location, the component is given a different KB specification, containing its abilities at that location. These abilities can be derived from the BBs of which the agent is composed. For example, if an FTP BB is present, the agent can communicate using FTP. Currently, the specification is predefined. Future versions of the Agent Factory generate such specifications based on (changes in) the agent’s blueprint. 

7. Discussion & Conclusion

This chapter offers a discussion of the thesis and its results, conclusions that can be drawn from the results, and also offers directives for future research.

7.1 Discussion

The discussion is structured using the research questions defined in Section 1.2. For each question, the relevant parts of the thesis are pointed out. 

D1: what is generative agent migration?


A definition of generative agent migration is provided in Section 2.2:

Generative agent migration is a process in which an agent is transferred from one location in a computer network to another. A “blueprint” of the agent (describing its compositional structure), state and other data are sent to the destination. At the destination, an agent’s code is regenerated automatically, using local building blocks. 

Generative agent migration is particularly useful in Agent-Regeneration and Heterogeneous Migration (see Section 2.1).

D2: what prerequisites are needed for generative agent migration?


Generative agent migration assumes that:

· agents have a compositional structure with re-usable components (Section 2.2);  

· re-usable components can be annotated and knowledge about annotations is available (Section 2.2);

· two levels of building block description are distinguished: conceptual and operational (Section 4.1). 

The last assumption is specific to this approach to generative agent migration.

D3: how can generative agent migration be convincingly demonstrated?

A convincing demonstration minimally constitutes an agent migrating by transferring a blueprint to a remote agent platform and regenerating the agent from the blueprint. The demonstration presented in Chapter five describes how an agent is generatively migrated using an initial Agent Factory and an IAOF-specific blueprint. Thus, the demonstration fulfils the criteria.

S1: what is a building block?

A definition of building blocks is provided in Section 4.1:


Building blocks are annotated, re-usable components, which can be combined to 

compose agents. Each BB consists of three parts: general attributes, structure and 

levels of usage.
S2: why is a building block re-usable and why should it be re-usable? 

Building blocks are components, in the sense of component-based development. They are executable units that can be loaded by framework software, independent of other BBs. Building blocks also describe their behaviour, functionality and input and output. Building blocks are designed to be re-usable. See sections 4.1 and 4.2

If Agent Factories do not have re-usable components, they are not able to (re-)generate agents. 

S3: what is the structure of a building block?
Two kinds of building blocks exist: conceptual BBs and operational BBs. Each BB should conform to a specific conceptual or operational framework (see Section 4.1). Building blocks in the conceptual framework ICAMP are RDF documents describing general attributes, structure and levels of usage. Building blocks in the operational framework IAOF consist of a similar RDF document, and an implementation. The structure part of the documents describes how the BB is composed of structure elements. In ICAMP and IAOF, three kinds of structure elements are available: components, links and information types.

S4: is a blueprint enough to describe an agent?


If an agent is to migrate generatively, a description of the agent independent of its implementation should be available: a blueprint of the agent. A blueprint has a conceptual and an operational part. Both describe a configuration of BBs (an agent's structure in terms of BBs and slots filled by BB’s structure elements).

In the demonstration of Chapter five, an IAOF-specific blueprint is used. It is a description of the agent independent of its implementation, but not independent of operational framework. This demonstrates that a blueprint is enough to migrate agents implemented in the same operational framework.

S5: how are building blocks and a blueprint combined into a working agent?

Building blocks and blueprints are combined by an Agent Factory's Assembly process. In the demonstration, assembly is performed by the IAOF plug-in (Section 4.2). Java configuration files are used to define composition (which open slots are filled by which BB's structure elements), task control and SEIDs (see Section 6.3). The plug-in uses these configuration files to link BB implementation and produce an executable container (i.e., the agent).

For each operational framework, the Agent Factory needs knowledge to combine the building blocks in the correct manner. In the case of IAOF, a substantial part of the assembly knowledge is present in the plug-in.

S6: how are the appropriate building blocks selected?


This is not discussed in this thesis, as the focus is on the assembly process. However, the simplest form of building block selection (i.e., select a BB with exactly the same properties as) is the basis for the demonstration.

S7: how can state information of the agent be transferred to the newly generated agent?


This is not discussed in this thesis. However, the simplest form of state transfer (i.e., framework-specific transfer in the form of object serialisation) is demonstrated. See the description of the JessComponent in Section 6.2.

S8: how is the agent’s blueprint represented? What format or language is used?


The blueprint used in the demonstration is an IAOF-specific blueprint (a set of Java configuration files). This is sufficient for generative migration between locations supporting the same operational framework, but future versions of blueprints should be independent of frameworks.

S9: what are the consequences of generative agent migration for an agent's design? 


The building block / Agent Factory approach of generative agent migration has considerable consequences compared to a pure DESIRE design. Differences between DESIRE and ICAMP / IAOF resulted in (among other things) the introduction of new information types and an additional controlling task for OPC.

An obvious consequence is that agents need functionality to manage when and how migration takes place. In the design presented in Chapter six, this resulted in the addition of the MM component. Agents also need functionality to speak different protocols. Additional components for managing interaction with agents and services in WIM and CM were introduced. Because new components and information types are introduced to support new functionality, this constitutes a refinement of the GAM for negotiating, generatively migrating agents

Agents need services offered by agent platforms, e.g. for communication and migration. As platforms do not offer services in an uniform manner, the agent needs functionality to deal with inconsistencies. In the design presented in Chapter six, this issue is solved using a so-called Service Wrapper, which abstracts from how services are made available by the platform. The Service Wrapper offers a clear interface to the agent. Note that the implementation of the Service Wrapper is specific to platforms (i.e., if an agent migrates to another platform, it needs a new implementation of the wrapper).

State saving is not modelled in the design. This was not necessary, as the implementation of the components (i.e., JessComponent) automates state transfer. However, if state saving is included, it has a great impact on the design. Additional components for managing state saving and links to transport state within the agent should be incorporated.

R1: what are the results of the demonstration?


Important results of the development of the demonstration are:

· a proof of concept for generative migration;

· the newly developed JessComponent, which is convenient for development of future IAOF components;

· a model for migrating, negotiating agents in ICAMP / IAOF;

· an initial set of properties for annotation;

· new knowledge on how to design agents for ICAMP / IAOF.

R2: how and why can the results be generalised?

A generalisation of the results is that any agent in ICAMP / IAOF can be migrated. This is certainly the case when the remote location has the same BBs available for ICAMP / IAOF. One potential problem is that services required by agents are not available (and rebinding is not possible). 

If agents are to migrate to different agent platforms (e.g., between AgentScape and FIPA-OS), this entails installing software (ICAMP, IAOF, Agent Factory, etcetera) on agent platforms. Although this thesis does not investigate this, experience with the software indicates no fundamental problems. Future research should confirm this hypothesis. 

Another generalisation is that agents implemented using a specific operational framework (e.g., IAOF) can be regenerated for another operational framework. This is probably only possible if the frameworks are similar enough. Again, future research should confirm this.

The demonstration might also be generalised to support the scenario (of an agent negotiating and trading on behalf of its user) in real-life situations. However, numerous issues (security, legal aspects, negotiation protocols, shared ontologies on traded objects, etcetera) need to be resolved first.

R3: is the approach viable in practice?


This is a question that cannot be answered at this time. For example, the impact of thousands of designers creating their own building blocks is not known. If building blocks are not correctly implemented, or are not sufficiently annotated, BB repositories do not provide Agent Factories with the material needed to (re)generate agents. It is also unknown how many frameworks are needed to cater for developer's needs. If agents cannot be migrated between two popular frameworks, the use of generative migration is limited. 

R4: are the building blocks developed for the demonstration useful for building other agents?


Most building blocks are probably not useful for real-life agents. For example, the protocols implemented (NP1.0, BP1.0, PA1.0) are not used in practice. The GAM building block probably is useful for other agents, as this is also the case for its underlying model (DESIRE's Generic Agent Model). The design principles developed (e.g., decouple protocol implementations from how they are used) and the refinement of the GAM (including knowledge on how a DESIRE design in general can be translated to ICAMP / IAOF) are useful for developing building blocks for agents in the future.

R5: what lessons were learnt from the development of the demonstration?


An important observation is that annotation of building blocks is a crucial, yet underdeveloped area of research. Technology from developed for the Semantic Web is useful for annotation, but what specific set of properties is required for Agent Factories to select appropriate BBs is future research.    

Improvements to make the frameworks user-friendlier are no luxury. The task of developing building blocks for IAOF agents is complicated because of the large amount of configuration files and limited feedback from the plug-in.

The development of (a set of) useful building blocks is complicated and requires insight in the framework used. If future users / designers are to develop sets of BBs, sound documentation of design principles is required.

Knowledge bases are currently not a part of the frameworks (i.e., not identifiable as structure elements, cannot be manipulated by Agent Factories), although they implement the reasoning processes of the components. If Agent Factories are to understand dependencies between structure elements, KBs should be annotated. 

Related to the previous point, is that each KB is placed in a separate BB. This is because a KB's functionality can only be annotated on the building block level. If two KBs are placed in one BB, they are tightly coupled and cannot be used independent from each other (reducing flexibility). The only option to keep KBs flexible is then to place each KB in a separate building block. However, it is much more flexible to be able to configure a BB with an appropriate KB.

Information types in ICAMP / IAOF are not flexible enough. One problem is that no sub-typing is available. See sections 4.1 and 6.1 for more information.

7.2 Conclusion

The goal of this research is formulated in Section 1.2:

Demonstrate that generative agent migration is possible for agents built from re-usable building blocks, using Agent Factories

Important aspects of the goal are: generative migration, re-usable building blocks and Agent Factories. They are discussed in turn.

The thesis describes a demonstration of generative agent migration. It is probably possible to generalise this demonstration to real-life situations, including migration of ICAMP / IAOF agents between different platforms such as FIPA-OS and JADE. Future research should confirm this hypothesis. However, more experience and more complex demonstrations are required to show that the approach is viable in practice.

A result of the development of the demonstration is a set of building blocks. Although most of the building blocks are not directly re-usable for other agents, the design knowledge gained in the development is useful to develop re-usable building blocks in the future.

An initial Agent Factory is used, as this thesis focuses on the Assembly process only. This Agent Factory contains a full-fledged assembly process. In this case, this has little impact on the demonstration, as no re-design is needed.

As stated in Section 1.2,  developing a demonstration can (a) be used to show the viability of the approach; and (b) indicate where further research is necessary. 

The approach can be considered viable insofar that agents can probably be migrated between remote agent platforms, even on a world-wide scale, when only using ICAMP / IAOF. However, if the approach is to be viable, more building blocks and frameworks are needed. The impact of thousands of independent building block designers and additional conceptual and operational frameworks are not clear.

The demonstration was instrumental in uncovering where further research is necessary. The next section summarises future research.

7.3 Future Research

Future research should focus on Agent Factories, frameworks, blueprints, and platform integration. These are discussed in turn.

This thesis uses an initial Agent Factory with a full-fledged assembly process. A complete Agent Factory is needed in the future. Important subjects of research are (a) how multiple frameworks can be integrated in an Agent Factory (b) how an Agent Factory can support advanced forms of generative migration. This last point also includes investigating how generatively migrating agents can save, transfer and regenerate their state. More research is required to enable state migration in a framework-independent format, and to be able to include state saving and regeneration in an agent's design.

Two frameworks are used in the demonstration: one conceptual (ICAMP) and one operational (IAOF) framework. More frameworks should be developed to cater for different environments (e.g., non-Java environments) and agent developers (agent models, such as those provided by ZEUS, INTERRAP and the JADE Agent Model). ICAMP and IAOF should be refined with respect to information types and knowledge bases.

The software for generative agent migration (Agent Factories, BB repositories, Services, frameworks, etcetera) should be integrated with agent platforms. 

Blueprints should be developed further. Currently only a framework-specific blueprint can be used in generative agent migration. Although it is reasonably clear what the contents of a blueprint should be, future research should investigate how a blueprint can contain all required information and still remain independent of specific frameworks. 

Research in these areas enable more advanced demonstrations of generative agent migration, including cross-platform generative agent migration, regeneration of agents in different conceptual and/or operational frameworks, and automated agent adaptation.
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Appendices

Appendix A lists the knowledge bases of the agent’s primitive components (the pre- and postcomponents are excluded). Appendix B lists important files of the IAOF blueprint. Appendix C lists the inter-agent communication protocols.

Appendix A: Knowledge Bases

The knowledge base PlanningBB was not included entirely due to its length. The part of the knowledge base that is included is representative for the complete base.

A.1 AIM.clp

(watch all)

;==========================================================================================================

; AIM.clp - based on JessComponentExample.clp

;==========================================================================================================

;=========== Deftemplate ie ===============================================================================================

;__________________________________________________________________________________________________________

; This deftemplate offers the structure for facts that JessComponent will add to the

; knowledge base. Example fact: 

;

; (ie (seid one.two.three.IT1) (content INTERGER_SEID 1 INTEGER_SEID 2 IT_START one.two.three.IT2 STRING_SEID "bla" IT_END INTEGER_SEID 3))

;__________________________________________________________________________________________________________

(deftemplate ie


(slot seid)


(multislot content)

)

;==========================================================================================================

(deftemplate location-mapping


"Maps the name of an agent to the location _name_ of an agent, e.g. 'PA agent' maps to 'Home'.


 This mapping is needed because the LocationService currently does not provide the name."


(slot agentname)


(slot locationname)

)

(deftemplate location-id-mapping


"Maps the ID of a location (supplied by presentagentit) to a name (supplied by location-mapping)"


(slot locationid)


(slot locationname)


)

;==========================================================================================================

(deffacts initial-mapping

 
"defines mapping for the agents in Mark's scenario."


(location-mapping (agentname "PA agent") 

(locationname "Home"))


(location-mapping (agentname "DS agent" ) 

(locationname "Home"))


(location-mapping (agentname "Bank agent") 

(locationname "Bank"))


(location-mapping (agentname "MrBargain") 

(locationname "Trade"))


; this location will change!


(location-mapping (agentname "MTA") 


(locationname "Home"))



(location-mapping (agentname "GMS agent homeworld") 
(locationname "Home"))


(location-mapping (agentname "GMS agent tradeworld") 
(locationname "Trade"))


(location-mapping (agentname "GMS agent bankworld") 
(locationname "Bank"))

)

;================ initialize ==========================================================================================

(defrule initialize


?f <- (initial-fact)


=>


(retract ?f)


; assume we start at home


(assert (next-location-list "Trade" "Bank" "Trade" "Home"))

)

;================ perform-location-id-mapping ==========================================================================================

; DOES NOT WORK WHEN AGENT JUST MIGRATED, see further for other rule for that purpose

(defrule perform-location-id-mapping


"define the location-id-mapping (for all agents)"


(location-mapping (agentname ?agentName) (locationname ?storedLoc))



(not (exists (location-id-mapping (locationid ?agentName) (locationname ?) )))


(ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?agentName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END STRING_SEID ?location))


 (test (eq ?seid1 ?*PresentAgentIT*)    )


 (test (eq ?seid2 ?*AgentIdentifierIT*) )


 =>


 (assert (location-id-mapping (locationid ?location) (locationname ?storedLoc) ) )

)

;================ change-location-MTA ==========================================================================================

(defrule change-location-MTA 


"detects if agent MTA moved to another location and changes the location-mapping"


?f1 <- (location-mapping (agentname ?agentName) (locationname ?locName))



?f2 <- (location-id-mapping (locationid ?locID) (locationname ?locName) )


?f3 <- (next-location-list ?newLocName $?rest)


(ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?agentName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END STRING_SEID ?newLocID))


 (test (eq ?seid1 ?*PresentAgentIT*)    )


 (test (eq ?seid2 ?*AgentIdentifierIT*) )


 (test (eq ?agentName "MTA"))


 ; Current stored location ID is NOT the same as that in PresentAgentIDIT!


 (test (neq ?locID ?newLocID))


 =>


 ; conclusion: migrated!


 (retract ?f1)


 (retract ?f2)


 (retract ?f3)


(assert (location-mapping (agentname ?agentName) (locationname ?newLocName)) )
 


(assert (location-id-mapping (locationid ?newLocID) (locationname ?newLocName)) )
 


(assert (next-location-list $?rest) )
 


(assert (just-migrated-to ?newLocName))


)

;================ translate-message-it ==========================================================================================

;__________________________________________________________________________________________________________

; MessageIT [ AgentID (), AgentID (), message (string), object ]

; CommAgentInfoIT [ anIE, source (string) ]

; AgentMessageIT [ AgentID (from), message (string)

;__________________________________________________________________________________________________________

(defrule translate-message-it-to-agent-message


"translates incoming messages of other agents to CommAgentInfo"


;(content IT_START org.iids.iaof.bb.aos.AgentIdentifierIT STRING_SEID "PA agent" SPEC_OBJ_START org.iids.util.RMIIdentifier 822518043f224e7b3d4001 PA agent SPEC_OBJ_END IT_ENDIT_START org.iids.iaof.bb.aos.AgentIdentifierIT STRING_SEID "JessComponentExampleAgent" SPEC_OBJ_START org.iids.util.RMIIdentifier 822518043f224ea93e2002 JessComponentExampleAgent SPEC_OBJ_END IT_END STRING_SEID "task_info : get_photograph Ruud_van_Nistelrooy The_Times" OBJECT_SEID null))


?f <- (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?sender $?c IT_END IT_START $? IT_END STRING_SEID ?message OBJECT_SEID ?obj) )


(test (eq ?seid1 ?*MessageIT*))


=>


(retract ?f)


(assert (ie (seid ?*CommAgentInfoIT*) (content IT_START ?*AgentMessageIT* IT_START ?seid2 STRING_SEID ?sender $?c IT_END STRING_SEID ?message IT_END STRING_SEID ?sender)) )

)

;================ translate-present-agent-it ==========================================================================================

;__________________________________________________________________________________________________________

; Structure of elements of types

; - (ie (seid ?*PresentAgentIT*) (content IT_START ?*AgentIdentifierIT*  STRING_SEID ?agentName IT_START ?classRMIidentifier STRING_SEID ?rmiIdentifier  STRING_SEID ?agentNameAgain IT_END IT_END STRING_SEID ?httpAddress ))

; - commAgentInfo (AgentName, "source")

;__________________________________________________________________________________________________________

(defrule translate-present-agent-it

         "translates PresentAgentIT to AgentName and AgentLocation, wrapped in CommAgentInfo"


 ; PresentAgentIT [ AgentIDIT, location-string ]. 


 ; AgentIDIT contains agent name string we'll use to name the agent.


 (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?agentName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END STRING_SEID ?location))


 (location-mapping (agentname ?agentName) (locationname ?locname))
 


 (location-id-mapping (locationid ?location) (locationname ?locname) ) 


 (test (eq ?seid1 ?*PresentAgentIT*)    )


 (test (eq ?seid2 ?*AgentIdentifierIT*) )


 =>


;agent name wrapped in commagentinfo: CommAgentInfoIT [ AgentName[ name-string, AgentIdentifierIT], location-string ]                              


; Note: agent names in RMIIdentifier in PresentAgentIT can have spaces e.g., _PA Agent_  This is a bug. Creates parsing problem, has to be one string.


;       This is solved here using str-cat.


(assert (ie (seid ?*CommAgentInfoIT*) (content IT_START ?*AgentNameIT*  STRING_SEID ?agentName IT_START ?*AgentIdentifierIT* STRING_SEID ?agentName  SPEC_OBJ_START ?rmiSeid ?rmiDescr (str-cat $?rmiAgentName) SPEC_OBJ_END IT_END IT_END STRING_SEID "LocationService" )) )


; agent location wrapped in commagentinfo CommAgentInfoIT [  AgentLoc [ name-string, location-string  ], ]


(assert (ie (seid ?*CommAgentInfoIT*) (content IT_START ?*AgentLocationIT* STRING_SEID ?agentName STRING_SEID ?locname IT_END STRING_SEID "LocationService")) )


; code to add a message to the log 


(bind ?obj (fetch THIS))


(call ?obj addToLog (new java.lang.String (str-cat "Derived IE CommAgentInfo/AgentLoc, AgentName ") ) (get-member ?obj INFO))

)

;=========== translate-present-agent-it-to-own-location ===============================================================================================

;__________________________________________________________________________________________________________

; gms_demo.bb.AIM    (MAIN::ie (seid org.iids.iaof.bb.aos.PresentAgentIT) 

;  (content IT_START org.iids.iaof.bb.aos.AgentIdentifierIT STRING_SEID "PA agent" SPEC_OBJ_START org.iids.util.RMIIdentifier c01fe7413f0a950006b001 PA agent SPEC_OBJ_END IT_END STRING_SEID "http://flits:8010/"))

; PresentAgentIT [ AgentIDIT, location-string ]. 

; AgentIDIT contains agent name string we'll use to name the agent.

;__________________________________________________________________________________________________________

(defrule translate-present-agent-it-to-own-location

         "translates PresentAgentIT containing 'MTA' to OwnAgentLocation, wrapped in CommAgentInfo"


 (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?name1 SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END STRING_SEID ?locID))


 (location-mapping (agentname ?name1) (locationname ?locname) )


 (location-id-mapping (locationid ?locID) (locationname ?locname) )


 (test (eq ?seid1 ?*PresentAgentIT*)    )


 (test (eq ?seid2 ?*AgentIdentifierIT*) )


 (test (eq ?name1 "MTA"))


 =>


(assert (ie (seid ?*CommAgentInfoIT*) (content IT_START ?*OwnAgentLocationIT* STRING_SEID ?name1 STRING_SEID ?locname IT_END STRING_SEID "LocationService")) )


; code to add a message to the log 


(bind ?obj (fetch THIS))


(call ?obj addToLog (new java.lang.String (str-cat "Derived IE CommAgentInfo/OwnAgentLoc ") ) (get-member ?obj INFO))

)

;=========== translate-TBC-to-ToBeSentIT ===============================================================================================

;__________________________________________________________________________________________________________

;   (MAIN::ie (seid gms_demo.GAM.ToBeCommunicatedIT) (content STRING_SEID "request_task_info : get_photograph" IT_START org.iids.iaof.bb.aos.AgentIdentifierIT STRING_SEID "PA agent" SPEC_OBJ_START org.iids.util.RMIIdentifier c01fe7413f0a950006b001 "PA agent" SPEC_OBJ_END IT_END))

;__________________________________________________________________________________________________________

(defrule translate-TBC-to-ToBeSentIT


"Incoming ToBeCommunicatedITs should be added to the output buffer as


 ToBeSentITs, so wrapper can send them"


 ; ToBeCommunicatedIT [ String, AgentIdentifierIT]


 ?f <- (ie (seid ?seid1) (content STRING_SEID ?message IT_START ?seid2 STRING_SEID ?agentName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END ) ) 


 (test (eq ?seid1 ?*ToBeCommunicatedIT*) )


 (test (eq ?seid2 ?*AgentIdentifierIT*) )


 =>


 (retract ?f)


 ; ToBeSentIT [ AgentIdentifierIT, String, Object]


 (assert (ie (seid ?*ToBeSentIT*) (content IT_START ?seid2 STRING_SEID ?agentName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END STRING_SEID ?message OBJECT_SEID null) ) )

)

;======================== OLD RULES ==================================================================================

;(defrule detect-incoming-MessageIT 

;
"bla"


;
(ie (seid ?seid) (content $?c))

;


;
(test (eq ?seid ?*MessageIT*) )

;


;
=>

;

;
; code to add a message to the log 

;
(bind ?obj (fetch THIS))

;
(call ?obj addToLog (new java.lang.String (str-cat "Received MessageIT: " $?c) ) (get-member ?obj DEBUG))

;)

;(defrule test-present-agent-it

;
"bla"

;
 (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?agentName SPEC_OBJ_START $?c SPEC_OBJ_END IT_END STRING_SEID ?location))

;
 (test (eq ?seid1 ?*PresentAgentIT*))

;
 (test (eq ?seid2 ?*AgentIdentifierIT*))

;
 

;
 =>

;

;
 ; code to add a message to the log 

;
 (bind ?obj (fetch THIS))

;
 (call ?obj addToLog (new java.lang.String (str-cat (length$ $?c)) ) (get-member ?obj DEBUG))

;)

;(defrule detect-incoming-ITs

; "more bla"

; 

;   (ie (seid ?s) (content $?c) )

;

;   =>

;

;

;  ; code to add a message to the log 

;   (bind ?obj (fetch THIS))

;   (call ?obj addToLog (new java.lang.String (str-cat "Incoming ie: " ?s " " $?c) ) (get-member ?obj DEBUG))

;

;)

A.2 MAI.clp

(watch all)

;==========================================================================================================

; MAI.clp - based on JessComponentExample.clp

;==========================================================================================================

;=========== Deftemplate ie ===============================================================================================

;__________________________________________________________________________________________________________

; This deftemplate offers the structure for facts that JessComponent will add to the

; knowledge base. Example fact: 

;

; (ie (seid one.two.three.IT1) (content INTERGER_SEID 1 INTEGER_SEID 2 IT_START one.two.three.IT2 STRING_SEID "bla" IT_END INTEGER_SEID 3))

;__________________________________________________________________________________________________________

(deftemplate ie


(slot seid)


(multislot content)

)

;=================================================================================================================

(defrule translate-CommAgentInfoIT-to-AgentInfoIT

   "..."

   ?f <- (ie (seid ?seid) (content $?c))

   (test (eq ?seid ?*CommAgentInfoIT*))

   =>

   (assert (ie (seid ?*AgentInfoIT*) (content $?c)) )

   (bind ?obj (fetch THIS))

   (call ?obj addToLog (new java.lang.String "Translated CommAgentInfo to AgentInfo ...") (get-member ?obj DEBUG))

   (retract ?f)

)

A.3 MSIBB.clp

(watch all)

;==========================================================================================================

; MSIBB.clp - based on JessComponentExample.clp

;==========================================================================================================

;(first migration)


Note that the acknowledgements get sent to agent at old location,

;"move_me_to_location : TradeWorld" 
to shut down old agent. New agent needs to infer itself that it has

;"acknowledge_move : TradeWorld"        migrated.

;(second migration) 

;"move_me_to_location : SoftSecurityBank"

;"acknowledge_move : SoftSecurityBank"    

;(third migration) 

;"move_me_to_location : TradeWorld"  

;"acknowledge_move : TradeWorld"    

;(fourth migration) 

;"move_me_to_location : Home" 

; "acknowledge_move : Home"    

;=========== Deftemplate ie ===============================================================================================

;__________________________________________________________________________________________________________

; This deftemplate offers the structure for facts that JessComponent will add to the

; knowledge base. Example fact: 

;

; (ie (seid one.two.three.IT1) (content INTERGER_SEID 1 INTEGER_SEID 2 IT_START one.two.three.IT2 STRING_SEID "bla" IT_END INTEGER_SEID 3))

;__________________________________________________________________________________________________________

(deftemplate ie


(slot seid)


(multislot content)

)

;================ receive-gms-info ==========================================================================================

(defrule receive-gms-info


"stores the gms-name and gms-id of the GMS at the current location of MTA"


(own-location-name ?ownLoc)


(ie (seid ?seid2) (content STRING_SEID ?gmsName STRING_SEID ?location) ) 


(ie (seid ?seid3) (content STRING_SEID ?gmsName IT_START ?seid4  STRING_SEID ?gmsName  SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END ) )


(test (eq ?seid2 ?*AgentLocationIT*
))


(test (eq ?seid3 ?*AgentNameIT*

))


; seid 4 should be AgentIdentifierIT



; location of gmsAgent same as own location


(test (eq ?location ?ownLoc))


; first three letters of gmsName should be "GMS"


(test (eq  "GMS" (sub-string 1 3 ?gmsName) ))


=>


(assert (gms-name ?gmsName) )


(assert (gms-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName) )


)

;================ receive-mta-location ==========================================================================================

(defrule receive-mta-location


(ie (seid ?seid1) (content STRING_SEID ?agentName STRING_SEID ?location) )


(test (eq ?seid1 ?*OwnAgentLocationIT*
))


(test (eq ?agentName "MTA"))


=>


(assert (own-location-name ?location))

)

;####################################################################################################################

;###


R U L E S   F O R  1st M I G R A T I O N  - from home to trade                                                ###

;###                                                                                                              ###

;####################################################################################################################

;================ receive-req-to-comm1 ==========================================================================================

(defrule receive-req-to-comm1


"Receive a request to communicate with the GMS"


?f <- (ie (seid ?seid1) (content STRING_SEID "GMS1.0" STRING_SEID "move_to_trade_loc" IT_START AnonymousSEID  $? IT_END) ) 


(test (eq ?seid1 ?*ServiceControlIT*))


=>


(assert (received-request1))

)

;================ send-req-to-gms1 ==========================================================================================

(defrule send-req-to-gms1


"Send the request to GMS, then wait for reply"

 
?f <- (received-request1)


(not (exists (waiting-for-migration1) ))


(own-location-name "Home")


(gms-name ?gmsName) 


(gms-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName) 



=>


(retract ?f)


(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "move_me_to_location : TradeWorld"  IT_START ?seid4 STRING_SEID ?gmsName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (waiting-for-migration1))

)

;================ accomplished-migration1 ==========================================================================================

(defrule accomplished-migration1   


"if migration accomplished, inform agent MTA (OPC)"


(ie (seid ?seid1) (content STRING_SEID "MTA" STRING_SEID ?location) )


(test (eq ?seid1 ?*OwnAgentLocationIT*
))


(test (eq ?location "Trade"))


?f1 <-  (waiting-for-migration1)


?f2 <- (own-location-name ?)


=>


(retract ?f1)


(retract ?f2)


(assert (completed-migr-to-tradeworld1))



(assert (own-location-name "Trade") )

)

;================ send-servicefeedback1 ==========================================================================================

(defrule send-servicefeedback1


"To inform OPC the result is known"


?f1 <- (completed-migr-to-tradeworld1)


=>


(retract ?f1)


(assert (ie (seid ?*ServiceFeedbackIT*) (content STRING_SEID "GMS1.0" STRING_SEID "move_to_trade_loc" IT_START AnonymousSEID    IT_END)) )


)

;####################################################################################################################

;###


R U L E S   F O R  2nd M I G R A T I O N  - from trade to bank                                       ###

;###                                                                                                              ###

;####################################################################################################################

;================ receive-req-to-comm2 ==========================================================================================

(defrule receive-req-to-comm2


"Receive a request to communicate with the GMS"


?f <- (ie (seid ?seid1) (content STRING_SEID "GMS1.0" STRING_SEID  "move_to_bank_loc"  IT_START AnonymousSEID  $? IT_END) ) 


(test (eq ?seid1 ?*ServiceControlIT*))


=>


(assert (received-request2))

)

;================ send-req-to-gms2 ==========================================================================================

(defrule send-req-to-gms2


"Send the request to GMS, then wait for reply"

 
?f <- (received-request2)


(not (exists (waiting-for-migration2) ))


(own-location-name "Trade")


(gms-name ?gmsName) 


(gms-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName) 



=>


(retract ?f)


(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "move_me_to_location : SoftSecurityBank"  IT_START ?seid4 STRING_SEID ?gmsName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (waiting-for-migration2))

)

;================ accomplished-migration2 ==========================================================================================

(defrule accomplished-migration2


"if migration accomplished, inform agent MTA (OPC)"


(ie (seid ?seid1) (content STRING_SEID "MTA" STRING_SEID ?location) )


(test (eq ?seid1 ?*OwnAgentLocationIT*
))


(test (eq ?location "Bank"))


?f1 <-  (waiting-for-migration2)


?f2 <- (own-location-name ?)


=>


(retract ?f1)


(retract ?f2)


(assert (completed-migr-to-bank2))



(assert (own-location-name "Bank") )

)

;================ send-servicefeedback2 ==========================================================================================

(defrule send-servicefeedback2


"To inform OPC the result is known"


?f1 <- (completed-migr-to-bank2)


=>


(retract ?f1)


(assert (ie (seid ?*ServiceFeedbackIT*) (content STRING_SEID "GMS1.0" STRING_SEID "migrate_to_bank_loc" IT_START AnonymousSEID    IT_END)) )


)

;####################################################################################################################

;###


R U L E S   F O R  3rd M I G R A T I O N  - from bank to trade                            ###

;###                                                                                                              ###

;####################################################################################################################

;================ receive-req-to-comm3 ==========================================================================================

(defrule receive-req-to-comm3


"Receive a request to communicate with the GMS"


?f <- (ie (seid ?seid1) (content STRING_SEID "GMS1.0" STRING_SEID "migrate_to_trade_loc"   IT_START AnonymousSEID  $? IT_END) ) 


(test (eq ?seid1 ?*ServiceControlIT*))


=>


(assert (received-request3))

)

;================ send-req-to-gms3 ==========================================================================================

(defrule send-req-to-gms3


"Send the request to GMS, then wait for reply"

 
?f <- (received-request3)


(not (exists (waiting-for-migration3) ))


(own-location-name "Bank")


(gms-name ?gmsName) 


(gms-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName) 



=>


(retract ?f)


(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "move_me_to_location : TradeWorld"  IT_START ?seid4 STRING_SEID ?gmsName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (waiting-for-migration3))

)

;================ accomplished-migration3 ==========================================================================================

(defrule accomplished-migration3


"if migration accomplished, inform agent MTA (OPC)"


(ie (seid ?seid1) (content STRING_SEID "MTA" STRING_SEID ?location) )


(test (eq ?seid1 ?*OwnAgentLocationIT*
))


(test (eq ?location "Bank"))


?f1 <-  (waiting-for-migration3)


?f2 <- (own-location-name ?)


=>


(retract ?f1)


(retract ?f2)


(assert (completed-migr-to-tradeworld3))



(assert (own-location-name "Trade") )

)

;================ send-servicefeedback3 ==========================================================================================

(defrule send-servicefeedback3


"To inform OPC the result is known"


?f1 <- (completed-migr-to-tradeworld3)


=>


(retract ?f1)


(assert (ie (seid ?*ServiceFeedbackIT*) (content STRING_SEID "GMS1.0" STRING_SEID "migrate_to_trade_loc" IT_START AnonymousSEID    IT_END)) )


)

;####################################################################################################################

;###


R U L E S   F O R  4th M I G R A T I O N  - from trade to home                            ###

;###                                                                                                              ###

;####################################################################################################################

;================ receive-req-to-comm4 ==========================================================================================

(defrule receive-req-to-comm4


"Receive a request to communicate with the GMS"


?f <- (ie (seid ?seid1) (content STRING_SEID "GMS1.0" STRING_SEID "migrate_to_home_loc"   IT_START AnonymousSEID  $? IT_END) ) 


(test (eq ?seid1 ?*ServiceControlIT*))


=>


(assert (received-request4))

)

;================ send-req-to-gms4 ==========================================================================================

(defrule send-req-to-gms4


"Send the request to GMS, then wait for reply"

 
?f <- (received-request4)


(not (exists (waiting-for-migration4) ))


(own-location-name "Trade")


(gms-name ?gmsName) 


(gms-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName) 



=>


(retract ?f)


(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "move_me_to_location : Home"  IT_START ?seid4 STRING_SEID ?gmsName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (waiting-for-migration4))

)

;================ accomplished-migration4 ==========================================================================================

(defrule accomplished-migration4


"if migration accomplished, inform agent MTA (OPC)"


(ie (seid ?seid1) (content STRING_SEID "MTA" STRING_SEID ?location) )


(test (eq ?seid1 ?*OwnAgentLocationIT*
))


(test (eq ?location "Home"))


?f1 <-  (waiting-for-migration4)


?f2 <- (own-location-name ?)


=>


(retract ?f1)


(retract ?f2)


(assert (completed-migr-to-home4))



(assert (own-location-name "Home") )

)

;================ send-servicefeedback4 ==========================================================================================

(defrule send-servicefeedback4


"To inform OPC the result is known"


?f1 <- (completed-migr-to-home4)


=>


(retract ?f1)


(assert (ie (seid ?*ServiceFeedbackIT*) (content STRING_SEID "GMS1.0" STRING_SEID "migrate_to_home_loc" IT_START AnonymousSEID    IT_END)) )


)

A.4 DSIBB.clp

(watch all)

;==========================================================================================================

; DSIBB.clp - based on JessComponentExample.clp

;==========================================================================================================

; "request_an_agent_with_these_capabilities : speaks_NP1.0_protocol speaks_ftp_protocol trades_in_digital_photographs"

; "this_is_an_agent_with_the_requested_capabilities : MrBargain"

;=========== Deftemplate ie ===============================================================================================

;__________________________________________________________________________________________________________

; This deftemplate offers the structure for facts that JessComponent will add to the

; knowledge base. Example fact: 

;

; (ie (seid one.two.three.IT1) (content INTERGER_SEID 1 INTEGER_SEID 2 IT_START one.two.three.IT2 STRING_SEID "bla" IT_END INTEGER_SEID 3))

;__________________________________________________________________________________________________________

(deftemplate ie


(slot seid)


(multislot content)

)

;===================================================================================================================

(defrule receive-ds-info


(ie (seid ?seid2) (content STRING_SEID ?dsName STRING_SEID ?location) ) 


(ie (seid ?seid3) (content STRING_SEID ?dsName IT_START ?seid4  STRING_SEID ?dsName  SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END ) )


(test (eq ?seid2 ?*AgentLocationIT*
))


(test (eq ?seid3 ?*AgentNameIT*

))


; seid 4 should be AgentIdentifierIT



(test (eq ?location "Home"))


(test (eq ?dsName "DS agent"))


=>


(assert (ds-name ?dsName) )


(assert (ds-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName) )


)

(defrule receive-mta-info


(ie (seid ?seid1) (content STRING_SEID ?agentName STRING_SEID ?location) )


(test (eq ?seid1 ?*OwnAgentLocationIT*
))


(test (eq ?location "Home"))


(test (eq ?agentName "MTA"))


=>


(assert (own-location-is-home))

)

;===================================================================================================================

(defrule receive-req-to-comm


"Receive a request to communicate with the DS"


?f <- (ie (seid ?seid1) (content STRING_SEID "DS1.0" STRING_SEID "ask_ds_for_agent" IT_START AnonymousSEID  STRING_SEID "speaks_ftp_protocol trades_in_digital_photographs speaks_NP1.0_protocol" IT_END) ) 


(test (eq ?seid1 ?*ServiceControlIT*))


=>


(assert (received-request))

)

(defrule send-req-to-ds



"Send the request to ds, then wait for reply"

 
?f <- (received-request)


(not (exists (waiting-for-reply) ))


(own-location-is-home)


(ds-name ?dsName) 


(ds-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName) 



=>


(retract ?f)


(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "request_an_agent_with_these_capabilities : speaks_NP1.0_protocol speaks_ftp_protocol trades_in_digital_photographs" IT_START ?seid4 STRING_SEID ?dsName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (waiting-for-reply))

)

(defrule receive-reply   


"Receive the answer of the DS agent"


?f1 <- (ie (seid ?seid1) (content IT_START org.iids.iaof.bb.aos.AgentIdentifierIT STRING_SEID "DS agent" SPEC_OBJ_START $? SPEC_OBJ_END IT_END STRING_SEID "this_is_an_agent_with_the_requested_capabilities : MrBargain"))


?f2 <-  (waiting-for-reply)


(test (eq ?seid1 ?*AgentMessageIT*))


=>


(retract ?f1)


(retract ?f2)


(assert (received-reply))


)

(defrule send-servicefeedback


"To inform OPC the result is known"


(received-reply)


=>


(assert (ie (seid ?*ServiceFeedbackIT*) (content STRING_SEID "DS1.0" STRING_SEID "ask_ds_for_agent" IT_START AnonymousSEID STRING_SEID "MrBargain" IT_END)) )


)

A.5 TradingProtocolBB.clp

(watch all)

;==========================================================================================================

; TradingProtocolBB.clp - based on JessComponentExample.clp

;==========================================================================================================


     

;(MTA)  

;"possible_to_buy : photo : Ruud_van_Nistelrooy The_Times "

;(MrB)

;"possible_to_sell : photo : Ruud_van_Nistelrooy The_Times colour price : 2"

;"possible_to_sell : photo : Ruud_van_Nistelrooy The_Times black-and-white price : 2"

;(MTA)  

;"bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 0.5"

;(MrB)   

;"bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 1.5"

;(MTA)  

;"bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 1"

;(MrB)   

;"accept_bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 1"

;"contract_for_object : photo : Ruud_van_Nistelrooy The_Times colour contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"

;(MTA)  

;"going_to_pay : contract_for_object : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"

;(MTA) 

;"contract_payed : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"

;(MrB)   

;"ack_contract_payed : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"

;"object_info :  ftp://fotoserver.com/ guest tmp_login_123"

;=========== Deftemplate ie ===============================================================================================

;__________________________________________________________________________________________________________

; This deftemplate offers the structure for facts that JessComponent will add to the

; knowledge base. Example fact: 

;

; (ie (seid one.two.three.IT1) (content INTERGER_SEID 1 INTEGER_SEID 2 IT_START one.two.three.IT2 STRING_SEID "bla" IT_END INTEGER_SEID 3))

;__________________________________________________________________________________________________________

(deftemplate ie


(slot seid)


(multislot content)

)

;==========================================================================================================

(defrule receive-MTA-info


(ie (seid ?seid1) (content STRING_SEID ?agentName STRING_SEID ?location) )


(test (eq ?seid1 ?*OwnAgentLocationIT*
))


(test (eq ?location "Trade"))


(test (eq ?agentName "MTA"))


=>


(assert (own-location-is-trade))

)

(defrule receive-MrB-info


(ie (seid ?seid2) (content STRING_SEID ?mrbName STRING_SEID ?location) ) 


(ie (seid ?seid3) (content STRING_SEID ?mrbName IT_START ?seid4  STRING_SEID ?mrbName  SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END ) )


(test (eq ?seid2 ?*AgentLocationIT*
))


(test (eq ?seid3 ?*AgentNameIT*

))


; seid 4 should be AgentIdentifierIT



(test (eq ?location "Trade"))


(test (eq ?dsName "MrBargain"))


=>


(assert (mrb-name ?mrbName) )


(assert (mrb-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName) )


)

;==========================================================================================================

(defrule receive-assignment1


(ie (seid ?seid1) (content STRING_SEID "NP1.0" STRING_SEID "negotiate" IT_START AnonymousSEID $? IT_END))


(test (eq ?seid1 ?*ProtocolControlIT* ))


=>


(assert (received-assigment1))


)

;(MTA)  

;"possible_to_buy : photo : Ruud_van_Nistelrooy The_Times"

(defrule send-neg-msg1


?f <- (received-assigment1)


(own-location-is-trade)


(mrb-name ?mrbName)


(mrb-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName)


(not (exists (waiting-for-reply1) ))


=>


(retract ?f)


; THEN send MrBargain the first message 


(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "possible_to_buy : photo : Ruud_van_Nistelrooy The_Times" IT_START ?seid4 STRING_SEID ?mrbName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (waiting-for-reply1))

)

;(MrB)

;"possible_to_sell : photo : Ruud_van_Nistelrooy The_Times colour price : 2"

;"possible_to_sell : photo : Ruud_van_Nistelrooy The_Times black-and-white price : 2"

(defrule receive-neg-msg1

  
?f1 <- (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?mrbName SPEC_OBJ_START $? SPEC_OBJ_END IT_END STRING_SEID "possible_to_sell : photo : Ruud_van_Nistelrooy The_Times colour price : 2"))

  
?f2 <- (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?mrbName SPEC_OBJ_START $? SPEC_OBJ_END IT_END STRING_SEID "possible_to_sell : photo : Ruud_van_Nistelrooy The_Times black-and-white price : 2"))


?f3 <- (waiting-for-reply1)


(test (eq ?seid1 ?*AgentMessageIT*))


; seid2 should be agentidit


(test (eq ?mrbName "MrBargain"))


=>


(retract ?f1)


(retract ?f2)


(retract ?f3)


(assert (received-reply1))

)

;(MTA)  

;"bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 0.5"

(defrule send-neg-msg2


?f <- (received-reply1)


(own-location-is-trade)


(mrb-name ?mrbName)


(mrb-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName)


(not (exists (waiting-for-reply2) ))


=>


(retract ?f)


; THEN send MrBargain the first message 


(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 0.5" IT_START ?seid4 STRING_SEID ?mrbName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (waiting-for-reply2))

)

;(MrB)   

;"bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 1.5"

(defrule receive-neg-msg2

  
?f1 <- (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?mrbName SPEC_OBJ_START $? SPEC_OBJ_END IT_END STRING_SEID "bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 1.5"))


?f2 <- (waiting-for-reply2)


(test (eq ?seid1 ?*AgentMessageIT*))


; seid2 should be agentidit


(test (eq ?mrbName "MrBargain"))


=>


(retract ?f1)


(retract ?f2)


(assert (received-reply2))

)

;(MTA)  

;"bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 1"

(defrule send-neg-msg3


?f <- (received-reply2)


(own-location-is-trade)


(mrb-name ?mrbName)


(mrb-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName)


(not (exists (waiting-for-reply3) ))


=>


(retract ?f)


; THEN send MrBargain the first message 


(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 1" IT_START ?seid4 STRING_SEID ?mrbName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (waiting-for-reply3))

)

;(MrB)   

;"accept_bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 1"

;"contract_for_object : photo : Ruud_van_Nistelrooy The_Times colour contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"

(defrule receive-neg-msg3

  
?f1 <- (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?mrbName SPEC_OBJ_START $? SPEC_OBJ_END IT_END STRING_SEID "accept_bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 1"))

  
?f2 <- (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?mrbName SPEC_OBJ_START $? SPEC_OBJ_END IT_END STRING_SEID "contract_for_object : photo : Ruud_van_Nistelrooy The_Times colour contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"))


?f3 <- (waiting-for-reply3)


(test (eq ?seid1 ?*AgentMessageIT*))


; seid2 should be agentidit


(test (eq ?mrbName "MrBargain"))


=>


(retract ?f1)


(retract ?f2)


(retract ?f3)


(assert (received-reply3))

)

;(MTA)  

;"going_to_pay : contract_for_object : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"

(defrule send-neg-msg4


?f <- (received-reply3)


(own-location-is-trade)


(mrb-name ?mrbName)


(mrb-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName)


=>


(retract ?f)


; don't wait for reply


(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "going_to_pay : contract_for_object : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"  IT_START ?seid4 STRING_SEID ?mrbName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (ie (seid ?*ProtocolFeedbackIT*) (content STRING_SEID "NP1.0" STRING_SEID "negotiate" IT_START AnonymousSEID STRING_SEID "contract_for_object : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"  IT_END)) )


)

;==========================================================================================================

(defrule receive-assignment2


(ie (seid ?seid1) (content STRING_SEID "NP1.0" STRING_SEID "get_obj_info" IT_START AnonymousSEID $? IT_END))


(test (eq ?seid1 ?*ProtocolControlIT* ))


=>


(assert (received-assigment2))


)

;(MTA) 

;"contract_payed : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"

(defrule send-neg-msg5


?f <- (received-assigment2)


(own-location-is-trade)


(mrb-name ?mrbName)


(mrb-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName)


(not (exists (waiting-for-reply5) ))


=>


(retract ?f)


; THEN send MrBargain the first message 


(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "contract_payed : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1" IT_START ?seid4 STRING_SEID ?mrbName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (waiting-for-reply5))

)

;(MrB)   

;"ack_contract_payed : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"

;"object_info :  ftp://fotoserver.com/ guest tmp_login_123"

(defrule receive-neg-msg3

  
?f1 <- (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?mrbName SPEC_OBJ_START $? SPEC_OBJ_END IT_END STRING_SEID "ack_contract_payed : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"))

  
?f2 <- (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?mrbName SPEC_OBJ_START $? SPEC_OBJ_END IT_END STRING_SEID "object_info :  ftp://fotoserver.com/ guest tmp_login_123"))


?f3 <- (waiting-for-reply5)


(test (eq ?seid1 ?*AgentMessageIT*))


; seid2 should be agentidit


(test (eq ?mrbName "MrBargain"))


=>


(retract ?f1)


(retract ?f2)


(retract ?f3)


(assert (received-reply5))


(assert (ie (seid ?*ProtocolFeedbackIT*) (content STRING_SEID "NP1.0" STRING_SEID "get_obj_info" IT_START AnonymousSEID STRING_SEID "object_info :  ftp://fotoserver.com/ guest tmp_login_123"  IT_END)) )


)

A.6 PAProtocolBB.clp

(watch all)

;==========================================================================================================

;; PAProtocolBB.clp - based on JessComponentExample.clp

;==========================================================================================================

;(MTA)

;"request_task_info : get_photograph"

;(PA) 

;"task_info : get_photograph Ruud_van_Nistelrooy The_Times"

;(MTA)

;"report_task : get_photograph Ruud_van_Nistelrooy The_Times"

;"report_task : photo : Ruud_van_Nistelrooy The_Times colour"

;"report_task : price : 1"

;"finished_task : get_photograph Ruud_van_Nistelrooy The_Times"

;=========== Deftemplate ie ===============================================================================================

;__________________________________________________________________________________________________________

; This deftemplate offers the structure for facts that JessComponent will add to the

; knowledge base. Example fact: 

;

; (ie (seid one.two.three.IT1) (content INTERGER_SEID 1 INTEGER_SEID 2 IT_START one.two.three.IT2 STRING_SEID "bla" IT_END INTEGER_SEID 3))

;__________________________________________________________________________________________________________

(deftemplate ie


(slot seid)


(multislot content)

)

;==========================================================================================================

(defrule receive-mta-info


(ie (seid ?seid1) (content STRING_SEID ?agentName STRING_SEID ?location) )


(test (eq ?seid1 ?*OwnAgentLocationIT*
))


(test (eq ?location "Home"))


(test (eq ?agentName "MTA"))


=>


(assert (own-location-is-home))

)

(defrule receive-pa-info


(ie (seid ?seid2) (content STRING_SEID ?paName STRING_SEID ?location) ) 


(ie (seid ?seid3) (content STRING_SEID ?paName IT_START ?seid4  STRING_SEID ?paName  SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END ) )


(test (eq ?seid2 ?*AgentLocationIT*
))


(test (eq ?seid3 ?*AgentNameIT*

))


; seid 4 should be AgentIdentifierIT



(test (eq ?location "Home"))


(test (eq ?paName "PA agent"))


=>


(assert (pa-name ?paName) )


(assert (pa-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName) )


)

;==========================================================================================================

(defrule receive-assignment1


"Receive assignment through protocolcontrolit"


(ie (seid ?seid1) (content STRING_SEID "PA1.0" STRING_SEID "get_obj_descr" IT_START AnonymousSEID IT_END))


(test (eq ?seid1 ?*ProtocolControlIT* ))


=>


(assert (received-assignment))

)

(defrule send-request-task-info1


"Send the first message to the PA"


?f <- (received-assignment)


(own-location-is-home)


(pa-name ?paName)


(pa-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName)


(not (exists (waiting-for-reply) ))


=>


(retract ?f)


; THEN send PA the message "request_task_info : get_photograph"


(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "request_task_info : get_photograph" IT_START ?seid4 STRING_SEID ?paName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (waiting-for-reply))

)

(defrule receive-task-info1

  
?f1 <- (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?paName SPEC_OBJ_START $? SPEC_OBJ_END IT_END STRING_SEID "task_info : get_photograph Ruud_van_Nistelrooy The_Times"))


?f2 <- (waiting-for-reply)


(test (eq ?seid1 ?*AgentMessageIT*))


; seid2 should be agentidit


(test (eq ?paName "PA agent"))


=>


(retract ?f1)


(retract ?f2)


(assert (ie (seid ?*ProtocolFeedbackIT*) (content STRING_SEID "PA1.0" STRING_SEID "get_obj_descr" IT_START AnonymousSEID STRING_SEID "task_info : get_photograph Ruud_van_Nistelrooy The_Times" IT_END)) )

)

;==========================================================================================================

(defrule receive-assignment2


"Receive assignment through protocolcontrolit"


(ie (seid ?seid1) (content STRING_SEID "PA1.0" STRING_SEID "send_pa_info" IT_START AnonymousSEID IT_END))


(pa-name ?paName)


(pa-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName)


(test (eq ?seid1 ?*ProtocolControlIT* ))

 
; needed to get AgentIdentifierIT's SEID


=>


; We needn't wait for a reply, reporting to PA and then done!



(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "report_task : get_photograph Ruud_van_Nistelrooy The_Times" IT_START ?seid4 STRING_SEID ?paName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "report_task : photo : Ruud_van_Nistelrooy The_Times colour" IT_START ?seid4 STRING_SEID ?paName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "report_task : price : 1" IT_START ?seid4 STRING_SEID ?paName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "finished_task : get_photograph Ruud_van_Nistelrooy The_Times" IT_START ?seid4 STRING_SEID ?paName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (ie (seid ?*ProtocolFeedbackIT*) (content STRING_SEID "PA1.0" STRING_SEID "send_pa_info" IT_START AnonymousSEID  IT_END)) )

)

A.7 BankProtocolBB.clp

(watch all)

;==========================================================================================================

; BankProtocolBB.clp - based on JessComponentExample.clp

;==========================================================================================================

; "transfer_money : MrBargain 1"

; "transferred_money : MrBargain 1"

;=========== Deftemplate ie ===============================================================================================

;__________________________________________________________________________________________________________

; This deftemplate offers the structure for facts that JessComponent will add to the

; knowledge base. Example fact: 

;

; (ie (seid one.two.three.IT1) (content INTERGER_SEID 1 INTEGER_SEID 2 IT_START one.two.three.IT2 STRING_SEID "bla" IT_END INTEGER_SEID 3))

;__________________________________________________________________________________________________________

(deftemplate ie


(slot seid)


(multislot content)

)

(defrule receive-mta-info


(ie (seid ?seid1) (content STRING_SEID ?agentName STRING_SEID ?location) )


(test (eq ?seid1 ?*OwnAgentLocationIT*
))


(test (eq ?location "Bank"))


(test (eq ?agentName "MTA"))


=>


(assert (own-location-is-bank))

)

(defrule receive-bank-info


(ie (seid ?seid2) (content STRING_SEID ?bankName STRING_SEID ?location) ) 


(ie (seid ?seid3) (content STRING_SEID ?bankName IT_START ?seid4  STRING_SEID ?bankName  SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END ) )


(test (eq ?seid2 ?*AgentLocationIT*
))


(test (eq ?seid3 ?*AgentNameIT*

))


; seid 4 should be AgentIdentifierIT



(test (eq ?location "Bank"))


(test (eq ?paName "Bank agent"))


=>


(assert (bank-name ?bankName) )


(assert (bank-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName) )


)

;===================================================================================================================

(defrule receive-assignment1


"Receive assignment through protocolcontrolit"


(ie (seid ?seid1) (content STRING_SEID "BP1.0" STRING_SEID "transfer_money" IT_START AnonymousSEID $? IT_END))


(test (eq ?seid1 ?*ProtocolControlIT* ))


=>


(assert (received-assignment))

)

(defrule send-request-transfer1


"Send the money transfer request to the bank"


?f <- (received-assignment)


(own-location-is-bank)


(bank-name ?paName)


(bank-id ?seid4 ?rmiSeid ?rmiDescr $?rmiAgentName)


(not (exists (waiting-for-reply) ))


=>


(retract ?f)


; THEN send bank the message "transfer_money : MrBargain 1"


(assert (ie (seid ?*ToBeCommunicatedIT*) (content STRING_SEID "transfer_money : MrBargain 1" IT_START ?seid4 STRING_SEID ?bankName SPEC_OBJ_START ?rmiSeid ?rmiDescr $?rmiAgentName SPEC_OBJ_END IT_END) ) )



(assert (waiting-for-reply))

)

(defrule receive-reply-transfer1

  
?f1 <- (ie (seid ?seid1) (content IT_START ?seid2 STRING_SEID ?bankName SPEC_OBJ_START $? SPEC_OBJ_END IT_END STRING_SEID "transferred_money : MrBargain 1"))


?f2 <- (waiting-for-reply)


(test (eq ?seid1 ?*AgentMessageIT*))


; seid2 should be agentidit


(test (eq ?bankName "Bank agent"))


=>


(retract ?f1)


(retract ?f2)


(assert (ie (seid ?*ProtocolFeedbackIT*) (content STRING_SEID "BP1.0" STRING_SEID "transfer_money" IT_START AnonymousSEID  IT_END)) )  

)

A.8 PlanningBB.clp

(watch all)

;==========================================================================================================

;; PlanningBB.clp - based on JessComponentExample.clp

;==========================================================================================================

;=========== Deftemplate ie ===============================================================================================

;__________________________________________________________________________________________________________

; This deftemplate offers the structure for facts that JessComponent will add to the

; knowledge base. Example fact: 

;

; (ie (seid one.two.three.IT1) (content INTERGER_SEID 1 INTEGER_SEID 2 IT_START one.two.three.IT2 STRING_SEID "bla" IT_END INTEGER_SEID 3))

;__________________________________________________________________________________________________________

(deftemplate ie


(slot seid)


(multislot content)

)

;==========================================================================================================

(deftemplate current-phase


"The current phase of a plan"


(slot name)

)

(deftemplate phase


"The phase of a plan"


(slot name)

)

(deftemplate current-step 


"The current step of a phase"


(slot name)


(slot phase)

)

(deftemplate performing-step 


"To indicate a step is being performed / already started"


(slot name)


(slot phase)

)

(deftemplate step


"Step of a phase"


(slot name)


(slot phase)

)

(deftemplate step-begins-phase


"The first step of a phase"


(slot name)


(slot phase)

)

(deftemplate step-ends-phase


"The last step of a phase"


(slot name)


(slot phase)

)

(deftemplate next-step


"Defines a successor of a step"


(slot name)


(slot phase)


(slot next-name)


(slot next-phase)

)

(deftemplate next-phase


"Defines a successor of a phase"


(slot name)


(slot next)

)

(deftemplate completed-step


"Used to signal that a next step can be executed"


(slot name)


(slot phase)

)

;==========================================================================================================

(deffacts all-phases


"Define all phases of the plan"


(phase (name start) )


(phase (name get_neg_info) )


(phase (name find_neg_partner) )


(phase (name neg_for_obj) )


(phase (name pay) )


(phase (name get_obj_info) )


(phase (name inform_pa) )


(phase (name end) )


(next-phase (name start) (next get_neg_info))


(next-phase (name get_neg_info) (next find_neg_partner))


(next-phase (name find_neg_partner) (next neg_for_obj))


(next-phase (name neg_for_obj) (next pay))


(next-phase (name pay) (next get_obj_info))


(next-phase (name get_obj_info) (next inform_pa))


(next-phase (name inform_pa) (next end))

)

(deffacts all-steps


"Define all steps of the phases"


;________________________________________________________________________________________________________


(step 


(name get_obj_descr) 

(phase get_neg_info))


(step-begins-phase 
(name get_obj_descr) 

(phase get_neg_info))


(step-ends-phase 
(name get_obj_descr) 

(phase get_neg_info))


;________________________________________________________________________________________________________


(step 


(name assess_own_abilities)
(phase find_neg_partner))


(step 


(name ask_ds_for_agent)

(phase find_neg_partner))


(step 


(name determine_migr_need)
(phase find_neg_partner))


(step 


(name store_state) 

(phase find_neg_partner))


(step 


(name migrate_to_agent_loc)
(phase find_neg_partner))


(step-begins-phase 
(name assess_own_abilities)
(phase find_neg_partner))


(step-ends-phase 
(name migrate_to_agent_loc)
(phase find_neg_partner))


(next-step (name assess_own_abilities) 
(phase find_neg_partner) (next-name ask_ds_for_agent) 

(next-phase find_neg_partner) )


(next-step (name ask_ds_for_agent) 
(phase find_neg_partner) (next-name determine_migr_need) 
(next-phase find_neg_partner) )


(next-step (name determine_migr_need) 
(phase find_neg_partner) (next-name store_state) 

(next-phase find_neg_partner) )


(next-step (name store_state) 

(phase find_neg_partner) (next-name migrate_to_agent_loc) 
(next-phase find_neg_partner) )


;________________________________________________________________________________________________________


(step 


(name negotiate)

(phase neg_for_obj))


(step 


(name migrate_to_bank_loc)
(phase neg_for_obj))


(step-begins-phase 
(name negotiate)

(phase neg_for_obj))


(step-ends-phase 
(name migrate_to_bank_loc)
(phase neg_for_obj))


(next-step (name negotiate) 
(phase neg_for_obj) (next-name migrate_to_bank_loc) (next-phase neg_for_obj) )


;________________________________________________________________________________________________________


(step 


(name transfer_money)

(phase pay))


(step 


(name migrate_to_trade_loc)
(phase pay))


(step-begins-phase 
(name transfer_money)

(phase pay))


(step-ends-phase 
(name migrate_to_trade_loc)
(phase pay))


(next-step (name transfer_money) 
(phase pay) (next-name migrate_to_trade_loc) (next-phase pay) )


;________________________________________________________________________________________________________


(step 


(name ask_obj_info)

(phase get_obj_info))


(step 


(name migrate_to_home_loc)
(phase get_obj_info))


(step-begins-phase 
(name ask_obj_info)

(phase get_obj_info))


(step-ends-phase 
(name migrate_to_home_loc)
(phase get_obj_info))


(next-step (name ask_obj_info) 
(phase get_obj_info) (next-name migrate_to_home_loc) (next-phase get_obj_info) )


;________________________________________________________________________________________________________


(step 


(name send_pa_info)
(phase inform_pa))


(step-begins-phase 
(name send_pa_info)

(phase inform_pa))


(step-ends-phase 
(name send_pa_info)

(phase inform_pa))


;________________________________________________________________________________________________________


; phase 'end' has no steps, possibly 'shut down' agent


)

(deffacts start


"Define first phase to start with"


(current-phase (name start))


)

;======= Generic Step and Phase transition rules ==========================================================

(defrule startup


"If the current phase is start, then continue with next phase of the plan"


?f <- (current-phase (name start) )


(next-phase (name start) (next ?next) )


=>


(retract ?f)


(assert (current-phase (name ?next) ) )

)

(defrule start-phase


"Start with the first step in a phase"


(current-phase (name ?p))


(step (name ?s) (phase ?p))


(step-begins-phase (name ?s) (phase ?p))


; check that the phase is not already 'active' (already another current-step)



(not (exists (current-step (name ?) (phase ?p))  ))


=>


(assert (current-step (name ?s) (phase ?p) ) )

)

(defrule next-step


"Determine the next step in a phase"


(current-phase (name ?p))


?f1 <- (completed-step (name ?s) (phase ?p))


?f2 <- (current-step (name ?s) (phase ?p) )


(next-step (name ?s) (phase ?p) (next-name ?next-step) (next-phase ?next-phase)  )


; check that it's not the last step of a phase


; (if it's the last step, there shouldn't be a 'next-step' fact, but just to be sure...)


(not (exists (step-ends-phase (name ?s) (phase ?p))  ))


=>


(retract ?f1)


(retract ?f2)


(assert (current-step (name ?next-step) (phase ?next-phase) ) )

)

(defrule next-phase


"Determine when a phase has ended and a new phase can begin"


?f1 <- (completed-step (name ?s) (phase ?p))


?f2 <- (current-step (name ?s) (phase ?p) )


?f3 <- (current-phase (name ?p))


(step (name ?s) (phase ?p))


(step-ends-phase (name ?s) (phase ?p))


(next-phase (name ?p) (next ?next-phase))


=>


(retract ?f1)



(retract ?f2)



(retract ?f3)


(assert (current-phase (name ?next-phase)) )



)

;============ Specific Step Transition Rules ==============================================================

; The first time a link fires, the link does not work (bug in framework software).

; Wait until we have input until starting to reason.

; If we have input, we know the links have already fired at least once.

; The input is in this case AgentInfoIT, as this is produced by AIM -> MAI -> OPC

(defrule start-rule-to-avoid-bug


(ie (seid gms_demo.GAM.AgentInfoIT) (content $?we_dont_care) )


=>


(assert (ready-to-start-output) )

)

;===================================================================================================================

; ProcotolControlIT [String, String, AnonymousSEID]

(defrule get-obj-descr


"get the object description"


(current-step (name get_obj_descr) (phase get_neg_info))


(not (exists (performing-step (name get_obj_descr) (phase get_neg_info))  ))


(ready-to-start-output)


=>


; use anonymousSEID, and leave it empty (no arguments needed)


(assert (ie (seid ?*ProtocolControlIT*) (content STRING_SEID "PA1.0" STRING_SEID "get_obj_descr" IT_START AnonymousSEID IT_END) ))


; to prevent this rule from firing again


(assert
(performing-step (name get_obj_descr) (phase get_neg_info)) )

)

(defrule receive-obj-descr


?f1 <- (ie (seid ?seid1) (content STRING_SEID "PA1.0" STRING_SEID "get_obj_descr" IT_START AnonymousSEID STRING_SEID "task_info : get_photograph Ruud_van_Nistelrooy The_Times" IT_END))


?f2 <- 
(performing-step (name get_obj_descr) (phase get_neg_info))


(test (eq ?seid1 ?*ProtocolFeedbackIT*))


=>


(retract ?f1)


(retract ?f2)


(assert (object "Ruud_van_Nistelrooy The_Times"))


(assert (completed-step (name get_obj_descr) (phase get_neg_info)) ) 


)

;==========================================================================================================

(defrule assess-own-abilities1


"Do nothing, proceed with next step."


(step (name assess_own_abilities) (phase find_neg_partner))


(current-step (name assess_own_abilities) (phase find_neg_partner))


; (not (exists (performing-step (name assess_own_abilities ) (phase find_neg_partner))  ))


=>


(assert (completed-step (name assess_own_abilities) (phase find_neg_partner)) )

)

;==========================================================================================================

(defrule ask-ds-for-agent


"request the Directory Service for an agent with which we can communicate"


(step (name ask_ds_for_agent) (phase find_neg_partner))


(current-step (name ask_ds_for_agent) (phase find_neg_partner))


(not (exists
(performing-step (name ask_ds_for_agent) (phase find_neg_partner)) ))


=>


(assert (ie (seid ?*ServiceControlIT*) (content STRING_SEID "DS1.0" STRING_SEID "ask_ds_for_agent" IT_START AnonymousSEID  STRING_SEID "speaks_ftp_protocol trades_in_digital_photographs speaks_NP1.0_protocol" IT_END) ) )


; to prevent this rule from firing again


(assert
(performing-step (name ask_ds_for_agent) (phase find_neg_partner)) )

)

(defrule receive-ds-answer


"Receive the answer of the DS, and assuming it is positive"


?f1 <- (ie (seid ?seid1) (content STRING_SEID "DS1.0" STRING_SEID "ask_ds_for_agent" IT_START AnonymousSEID STRING_SEID "MrBargain" IT_END)) 



(test (eq ?seid1 ?*ServiceFeedbackIT*))


=>


(retract ?f1)


(assert
(completed-step (name ask_ds_for_agent) (phase find_neg_partner)))

)

;==========================================================================================================

(defrule determine-migr-need1


"Do nothing, proceed with next step."


(step (name determine_migr_need) (phase find_neg_partner))


(current-step (name determine_migr_need) (phase find_neg_partner))


; (not (exists (performing-step (name determine_migr_need) (phase find_neg_partner))  ))


=>


(assert (completed-step (name determine_migr_need) (phase find_neg_partner)) )

)

(defrule store-state1


"Do nothing, proceed with next step. Storing done by Migration Man'ment component"


(step (name store_state) (phase find_neg_partner))


(current-step (name store_state) (phase find_neg_partner))


; (not (exists (performing-step (name store_state) (phase find_neg_partner))  ))


=>


(assert (completed-step (name store_state) (phase find_neg_partner)) )

)

;==========================================================================================================

(defrule send-migr-request1


"Send a request to migrate, using MigrationControlIT (gets sent to Migration Man'ment)"


(step (name migrate_to_agent_loc) (phase find_neg_partner))


(current-step (name migrate_to_agent_loc) (phase find_neg_partner))


(not (exists
(performing-step (name migrate_to_agent_loc) (phase find_neg_partner)) ))


=>


(assert (ie (seid ?*MigrationControlIT*) (content STRING_SEID "GMS1.0" STRING_SEID "move_me_to_location : TradeWorld" IT_START AnonymousSEID  IT_END) ) )


; to prevent this rule from firing again


(assert
(performing-step (name migrate_to_agent_loc) (phase find_neg_partner)) )

)

(defrule receive-migr-answer1


?f1 <- (ie (seid ?seid1) (content STRING_SEID "GMS1.0" STRING_SEID "acknowledge_move : TradeWorld" IT_START AnonymousSEID  $?  IT_END) )


(test (eq ?seid1 ?*MigrationControlIT*))


=>


(retract ?f1)


(assert (completed-step (name migrate_to_agent_loc) (phase find_neg_partner)) )


)

;==========================================================================================================

(defrule send-neg-req1


(step (name negotiate) (phase neg_for_obj))


(current-step (name negotiate) (phase neg_for_obj))


(not (exists
(performing-step (name negotiate) (phase neg_for_obj)) ))


=>


(assert (ie (seid ?*ProtocolControlIT*) (content STRING_SEID "NP1.0" STRING_SEID "negotiate" IT_START AnonymousSEID  IT_END) ) )


; to prevent this rule from firing again


(assert
(performing-step (name negotiate) (phase neg_for_obj)) )


)

(defrule receive neg-req1


?f1 <- (ie (seid ?seid1) (content STRING_SEID "NP1.0" STRING_SEID "negotiate" IT_START AnonymousSEID $? IT_END)) 



(test (eq ?seid1 ?*ProtocolFeedbackIT*))


=>


(retract ?f1)


(assert
(completed-step (name negotiate) (phase neg_for_obj)))

)

;==========================================================================================================

(defrule send-migr-request2


"Send a request to migrate, using MigrationControlIT (gets sent to Migration Man'ment)"


(step (name migrate_to_bank_loc) (phase neg_for_obj))


(current-step (name migrate_to_bank_loc) (phase neg_for_obj))


(not (exists
(performing-step (name migrate_to_bank_loc) (phase neg_for_obj)) ))


=>


(assert (ie (seid ?*MigrationControlIT*) (content STRING_SEID "GMS1.0" STRING_SEID "move_me_to_location : SoftSecurityBank" IT_START AnonymousSEID  STRING_SEID  IT_END) ) )


; to prevent this rule from firing again


(assert
(performing-step (name migrate_to_bank_loc) (phase neg_for_obj)) )

)

(defrule receive-migr-answer2


?f1 <- (ie (seid ?seid1) (content STRING_SEID "GMS1.0" STRING_SEID "move_me_to_location : SoftSecurityBank" IT_START AnonymousSEID $?  IT_END) )


(test (eq ?seid1 ?*MigrationControlIT*))


=>


(retract ?f1)


(assert (completed-step (name migrate_to_bank_loc) (phase neg_for_obj)) )


)

;==========================================================================================================

;
(step 


(name transfer_money)

(phase pay))

;
(step 


(name migrate_to_trade_loc)
(phase pay))

;==========================================================================================================

A.9 MMBB.clp

(watch all)

;==========================================================================================================

; MMBB.clp - based on JessComponentExample.clp

;==========================================================================================================

;=========== Deftemplate ie ===============================================================================================

;__________________________________________________________________________________________________________

; This deftemplate offers the structure for facts that JessComponent will add to the

; knowledge base. Example fact: 

;

; (ie (seid one.two.three.IT1) (content INTERGER_SEID 1 INTEGER_SEID 2 IT_START one.two.three.IT2 STRING_SEID "bla" IT_END INTEGER_SEID 3))

;__________________________________________________________________________________________________________

(deftemplate ie


(slot seid)


(multislot content)

)

;====================================================================================================================

(defrule receive-assignment


"bla"


?f1 <- (ie (seid ?seid1) (content STRING_SEID "GMS1.0" STRING_SEID "move_me_to_location : TradeWorld" IT_START $?  IT_END) )


(test (eq ?seid1 ?*MigrationControlIT*))


=>


(retract ?f1)


(assert (received-assignment-tradeworld1))

)

(defrule save-state1


"First save the state, then migrate"


(received-assignment-tradeworld1)


=>


; call JessComponent.setStore()


(bind ?obj (fetch THIS))


(call ?obj setStore )


(assert (saved-state1))


)

(defrule send-migr-request1


?f1 <- (received-assignment-tradeworld1)


?f2 <- (saved-state1)


=>


(retract ?f1)


(retract ?f2)


(assert (waiting-for-reply1))


(assert (ie (seid ?*ServiceControlIT*) (content STRING_SEID "GMS1.0" STRING_SEID "move_me_to_location : TradeWorld" IT_START AnonymousSEID  IT_END) ) )

)

(defrule receive-migr-answer1


?f1 <- (ie (seid ?seid1) (content STRING_SEID "GMS1.0" STRING_SEID "acknowledge_move : TradeWorld" IT_START AnonymousSEID    IT_END)) 



(test (eq ?seid1 ?*ServiceFeedbackIT*))


=>


(assert (ie (seid ?*MigrationFeedbackIT*) (content STRING_SEID "GMS1.0" STRING_SEID "acknowledge_move : TradeWorld" IT_START AnonymousSEID    IT_END)) )

)

;====================================================================================================================

Appendix B: Blueprint

Not all configuration files have been included, due to their length. For example, one representative link and one component configuration is included.

B.1 Framework.conf

# agent MTA - fully equipped with GAM, composed components, JessComponents.

#

# NOTE: properties CANNOT be specified across multiple lines as described at

# http://java.sun.com/j2se/1.4.1/docs/api/java/util/Properties.html#load(java.io.InputStream)

# Strange, as org.iids.util.Settings.load(fileName) seems to be implemented correctly...

# whether the framework reports at the end of load

reportLoad=true

# define ALL components of the agent (using name local to this file)

components = BrainExecutionWrapper GAM CM OPC MAI AIM WIM MWI preOPC PL SAD MM postOPC preCM PAP BP TP postCM preWIM LSD MSI DSI FT postWIM  

# define ALL ITs to be loaded (using name local to this file)

# (other ITs are created inside components)

informationtypes=AgentName AgentLocation OwnAgentLocation AgentMessage ProtocolControl ServiceControl MC PF SF MF

# define ALL links of the agent (using names local to this file)

links=DSToAIM MrmqToAIM AIMToMsmq  CMinTopreCM postCMToCMout preCMToBP preCMToPAP preCMToTP TPTopostCM BPTopostCM PAPTopostCM preOPCToPL preOPCToSAD preOPCToMM PLToMM MMToPL PLTopostOPC SADTopostOPC MMTopostOPC OPCinTopreOPC postOPCToOPCout WIMinTopreWIM  preWIMToMSI preWIMToDSI preWIMToFT LSDTopostWIM MSITopostWIM DSITopostWIM FTTopostWIM postWIMToWIMout preWIMToLSD

# for each type, state its classname (WITHOUT .class)

AgentName_classname=AgentNameIT

AgentLocation_classname=AgentLocationIT

OwnAgentLocation_classname=OwnAgentLocationIT

AgentMessage_classname=AgentMessageIT

ProtocolControl_classname=ProtocolControlIT

ServiceControl_classname=ServiceControlIT

MC_classname=MigrationControlIT

PF_classname=ProtocolFeedbackIT

SF_classname=ServiceFeedbackIT

MF_classname=MigrationFeedbackIT

# for each component, state its classname (WITHOUT .class)

# and (optionally) configuration file (WITH .conf)

# for each link, state its classname (standard read-only link)

# and the configuration file

# org.iids.iaof.bb.ExecutionWrapper is a standard BB available in IAOF.

# It is used to create composed components and arrange task control (see config file)

############ Wrapper ############################################

BrainExecutionWrapper_classname=org.iids.iaof.bb.ExecutionWrapper

BrainExecutionWrapper_configfile=BrainExecutionWrapper.conf

#-------------- wrapper links --------------------------

DSToAIM_classname=org.iids.iaof.bb.ReadonlyLink

DSToAIM_configfile=DSToAIM.conf

MrmqToAIM_classname=org.iids.iaof.bb.ReadonlyLink

MrmqToAIM_configfile=MrmqToAIM.conf

AIMToMsmq_classname=org.iids.iaof.bb.ReadonlyLink

AIMToMsmq_configfile=AIMToMsmq.conf

############ GAM ############################################

GAM_classname=GAM

#GAM_configfile=GAM.conf

#------------- CM ---------------

preCM_classname=preCMBB

preCM_configfile= preCMBB.conf

postCM_classname=postCMBB

postCM_configfile= postCMBB.conf

CM_classname=org.iids.iaof.bb.ExecutionWrapper

CM_configfile=CM.conf

TP_classname=TradingProtocolBB

TP_configfile=TradingProtocolBB.conf

BP_classname=BankProtocolBB

BP_configfile=BankProtocolBB.conf

PAP_classname=PAProtocolBB

PAP_configfile=PAProtocolBB.conf

#------------- OPC -------------

preOPC_classname=preOPCBB

preOPC_configfile=preOPCBB.conf

postOPC_classname=postOPCBB

postOPC_configfile=postOPCBB.conf

OPC_classname=org.iids.iaof.bb.ExecutionWrapper

OPC_configfile=OPC.conf

PL_classname=PlanningBB

PL_configfile=PlanningBB.conf

SAD_classname=SADBB

SAD_configfile=SADBB.conf

MM_classname=MMBB

MM_configfile=MMBB.conf

#------------- WIM -------------

WIM_classname=org.iids.iaof.bb.ExecutionWrapper

WIM_configfile=WIM.conf

preWIM_classname=preWIMBB

preWIM_configfile=preWIMBB.conf

postWIM_classname=postWIMBB

postWIM_configfile=postWIMBB.conf

LSD_classname=LSDBB

LSD_configfile=LSDBB.conf

MSI_classname=MSIBB

MSI_configfile=MSIBB.conf

DSI_classname=DSIBB

DSI_configfile=DSIBB.conf

FT_classname=FTBB

FT_configfile=FTBB.conf

#------------- other ---------------

AIM_classname=AIM

AIM_configfile=AIM.conf

MAI_classname=MAI

MAI_configfile=MAI.conf

MWI_classname=MWI

######### CM links ###############################

#-------- pre and post component ----------------

CMinTopreCM_classname=org.iids.iaof.bb.ReadonlyLink

CMinTopreCM_configfile=CMinTopreCM.conf

postCMToCMout_classname=org.iids.iaof.bb.ReadonlyLink

postCMToCMout_configfile=postCMToCMout.conf

#-------- from pre to sub-comp -------------------
     

preCMToTP_classname=org.iids.iaof.bb.ReadonlyLink

preCMToTP_configfile=preCMToTP.conf

preCMToBP_classname=org.iids.iaof.bb.ReadonlyLink

preCMToBP_configfile=preCMToBP.conf

preCMToPAP_classname=org.iids.iaof.bb.ReadonlyLink

preCMToPAP_configfile=preCMToPAP.conf

#--------- from sub-comp to post -----------------

TPTopostCM_classname=org.iids.iaof.bb.ReadonlyLink

TPTopostCM_configfile=TPTopostCM.conf

BPTopostCM_classname=org.iids.iaof.bb.ReadonlyLink

BPTopostCM_configfile=BPTopostCM.conf

PAPTopostCM_classname=org.iids.iaof.bb.ReadonlyLink

PAPTopostCM_configfile=PAPTopostCM.conf

#-------- between sub-comp -----------------------

######### OPC links ###############################

#-------- pre and post component ----------------

OPCinTopreOPC_classname=org.iids.iaof.bb.ReadonlyLink

OPCinTopreOPC_configfile=OPCinTopreOPC.conf

#OPCinTopreOPC_classname=org.iids.iaof.bb.ReadonlyLink 

#OPCinTopreOPC_configfile=OPCinTopreOPC.conf

postOPCToOPCout_classname=org.iids.iaof.bb.ReadonlyLink

postOPCToOPCout_configfile=postOPCToOPCout.conf

#postOPCToOPCout_classname=org.iids.iaof.bb.ReadonlyLink 

#postOPCToOPCout_configfile=postOPCToOPCout.conf

#-------- from pre to sub-comp -------------------
     

preOPCToPL_classname=org.iids.iaof.bb.ReadonlyLink

preOPCToPL_configfile=preOPCToPL.conf

preOPCToSAD_classname=org.iids.iaof.bb.ReadonlyLink

preOPCToSAD_configfile=preOPCToSAD.conf

preOPCToMM_classname=org.iids.iaof.bb.ReadonlyLink

preOPCToMM_configfile=preOPCToMM.conf

#--------- from sub-comp to post -----------------

PLTopostOPC_classname=org.iids.iaof.bb.ReadonlyLink

PLTopostOPC_configfile=PLTopostOPC.conf

SADTopostOPC_classname=org.iids.iaof.bb.ReadonlyLink

SADTopostOPC_configfile=SADTopostOPC.conf

MMTopostOPC_classname=org.iids.iaof.bb.ReadonlyLink

MMTopostOPC_configfile=MMTopostOPC.conf

#-------- between sub-comp -----------------------

PLToMM_classname=org.iids.iaof.bb.ReadonlyLink

PLToMM_configfile=PLToMM.conf

MMToPL_classname=org.iids.iaof.bb.ReadonlyLink

MMToPL_configfile=MMToPL.conf

######### WIM links ###############################

#-------- pre and post component ----------------

WIMinTopreWIM_classname=org.iids.iaof.bb.ReadonlyLink

WIMinTopreWIM_configfile=WIMinTopreWIM.conf

postWIMToWIMout_classname=org.iids.iaof.bb.ReadonlyLink

postWIMToWIMout_configfile=postWIMToWIMout.conf

#-------- from pre to sub-comp -------------------
     

preWIMToLSD_classname=org.iids.iaof.bb.ReadonlyLink

preWIMToLSD_configfile=preWIMToLSD.conf

preWIMToMSI_classname=org.iids.iaof.bb.ReadonlyLink

preWIMToMSI_configfile=preWIMToMSI.conf

preWIMToDSI_classname=org.iids.iaof.bb.ReadonlyLink

preWIMToDSI_configfile=preWIMToDSI.conf

preWIMToFT_classname=org.iids.iaof.bb.ReadonlyLink

preWIMToFT_configfile=preWIMToFT.conf

#--------- from sub-comp to post -----------------

#LSDTopostWIM_classname=org.iids.iaof.bb.ReadonlyLink 

#LSDTopostWIM_configfile=LSDTopostWIM.conf 

LSDTopostWIM_classname=org.iids.iaof.bb.ReadonlyLink

LSDTopostWIM_configfile=LSDTopostWIM.conf

#MSITopostWIM_classname=org.iids.iaof.bb.ReadonlyLink 

#MSITopostWIM_configfile=MSITopostWIM.conf 

MSITopostWIM_classname=org.iids.iaof.bb.ReadonlyLink

MSITopostWIM_configfile=MSITopostWIM.conf

#DSITopostWIM_classname=org.iids.iaof.bb.ReadonlyLink 

#DSITopostWIM_configfile=DSITopostWIM.conf 

DSITopostWIM_classname=org.iids.iaof.bb.ReadonlyLink

DSITopostWIM_configfile=DSITopostWIM.conf

#FTTopostWIM_classname=org.iids.iaof.bb.ReadonlyLink

#FTTopostWIM_configfile=FTTopostWIM.conf

FTTopostWIM_classname=org.iids.iaof.bb.ReadonlyLink

FTTopostWIM_configfile=FTTopostWIM.conf

#-------- between sub-comp -----------------------

################################################################

# SEID mappings - should contain ALL mappings in the agent

# SEIDmappings not needed if SEID and usage in comp/links matches the seid in configfile

# this is currently the case for: PL, SAD, MM

# Syntax: seidmappingX = SEID1 SEID2

# meaning: SEID1 and SEID2 are one and the same.

seidmapping0=org.iids.iaof.bb.aos.AgentWrapper.Brain BrainExecutionWrapper

seidmapping1=gms_demo.GAM.AST    gms_demo.bb.AST

seidmapping2=gms_demo.GAM.CM    gms_demo.bb.CM

seidmapping3=gms_demo.GAM.OPC    gms_demo.bb.OPC

seidmapping4=gms_demo.GAM.AIM    gms_demo.bb.AIM

seidmapping5=gms_demo.GAM.MAI    gms_demo.bb.MAI

seidmapping6=gms_demo.GAM.WIM    gms_demo.bb.WIM

seidmapping7=gms_demo.GAM.MWI    gms_demo.bb.MWI

#seidmapping8=TradingBB 

gms_demo.bb.TradingProtocolBB

#seidmapping9=BankBB    

gms_demo.bb.BankProtocolBB

#seidmapping10=PABB      
gms_demo.bb.PAProtocolBB

seidmapping8=preOPC

gms_demo.bb.preOPCBB

seidmapping9=preCM

gms_demo.bb.preCMBB

seidmapping10=postOPC

gms_demo.bb.postOPCBB

seidmapping11=postCM

gms_demo.bb.postCMBB

# how many are there?

seidmappingcount=12

B.2 CM.conf (Composed Component; ExecutionControlBB)

seid=gms_demo.bb.CM

structure_element_count=13

element0seid=CMinTopreCM

element0type=link

element1seid=gms_demo.bb.preCMBB

element1type=component

element2seid=preCMToBP

element2type=link

element3seid=preCMToPAP

element3type=link

element4seid=preCMToTP

element4type=link

element5seid=gms_demo.bb.BankProtocolBB

element5type=component

element6seid=gms_demo.bb.PAProtocolBB

element6type=component

element7seid=gms_demo.bb.TradingProtocolBB

element7type=component

element8seid=BPTopostCM

element8type=link

element9seid=PAPTopostCM

element9type=link

element10seid=TPTopostCM

element10type=link

element11seid=gms_demo.bb.postCMBB

element11type=component

element12seid=postCMToCMout

element12type=link

B.3 preCMtoPAP.conf (Link)

seid=preCMToPAP

from=gms_demo.bb.preCMBB out 

to=gms_demo.bb.PAProtocolBB in

its=gms_demo.GAM.ProtocolControlIT gms_demo.GAM.AgentMessageIT gms_demo.GAM.AgentNameIT gms_demo.GAM.AgentLocationIT gms_demo.GAM.OwnAgentLocationIT gms_demo.GAM.WorldInfoIT gms_demo.GAM.AgentInfoIT gms_demo.GAM.DeducedInfoIT

B.4 PAProtocolBB.conf (Primitive Component)

seid=gms_demo.bb.PAProtocolBB

Appendix C: Communication Protocols

This Appendix describes the messages exchanged in the five protocols that appear in the demonstration.

C.1 Bank Protocol (BP1.0)

(MTA)

"transfer_money : MrBargain 1"
 

(BANK-AGENT)

"transferred_money : MrBargain 1"

C.2 Directory Service Protocol (DS1.0)

(MTA)


"request_an_agent_with_these_capabilities : speaks_NP1.0_protocol speaks_ftp_protocol trades_in_digital_photographs"

(DS)

"this_is_an_agent_with_the_requested_capabilities : MrBargain"

(possible answer if things went wrong, never used in scenario)


"an_agent_with_the_requested_capabilities_was_not_found"

C.3 Generative Migration Protocol (GMS1.0)

(first migration)


"move_me_to_location : TradeWorld"

"acknowledge_move : TradeWorld"

(second migration)

"move_me_to_location : SoftSecurityBank"

"acknowledge_move : SoftSecurityBank"

(third migration)

"move_me_to_location : TradeWorld"

"acknowledge_move : TradeWorld"

(fourth migration)

"move_me_to_location : Home"

"acknowledge_move : Home"

(used between GMSs, attached to an Agent Image)

"startup_agent_image_at_your_location"

C.4 Negotiation Protocol (NP1.0)

(MTA)

"possible_to_buy : photo : Ruud_van_Nistelrooy The_Times "

(MrB)

"possible_to_sell : photo : Ruud_van_Nistelrooy The_Times colour price : 2"

"possible_to_sell : photo : Ruud_van_Nistelrooy The_Times black-and-white price : 2"

(MTA)

"bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 0.5"

(MrB)

"bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 1.5"

(MTA)

"bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 1"

(MrB)

"accept_bid_for_object : photo : Ruud_van_Nistelrooy The_Times colour 1"

"contract_for_object : photo : Ruud_van_Nistelrooy The_Times colour contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"

(MTA)

"going_to_pay : contract_for_object : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"

(MTA)

"contract_payed : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"

(MrB)

"ack_contract_payed : contract_id: 123 bank_accounts: HardSecurityBank SoftSecurityBank price : 1"

"object_info :  ftp://fotoserver.com/ guest tmp_login_123"

C.5 Personal Assistant agent Protocol (PA1.0)

(MTA)

"request_task_info : get_photograph"

(PA)

"task_info : get_photograph Ruud_van_Nistelrooy The_Times"

(MTA)

"report_task : get_photograph Ruud_van_Nistelrooy The_Times"

"report_task : photo : Ruud_van_Nistelrooy The_Times colour"

"report_task : price : 1"

"finished_task : get_photograph Ruud_van_Nistelrooy The_Times"


















































































































































































� See FIPA-OS v2.1.0 at � HYPERLINK http://sourceforge.net/projects/fipa-os/ ��http://sourceforge.net/projects/fipa-os/� 


  and JADE v3.0b1 at � HYPERLINK http://sharon.cselt.it/projects/jade/ ��http://sharon.cselt.it/projects/jade/� 


� � HYPERLINK http://www.agentcities.org ��http://www.agentcities.org� and � HYPERLINK http://www.agentcities.net ��http://www.agentcities.net� 


� From this point, building block is often abbreviated to BB and building blocks to BBs.


� From this point, the term “generative migration” is used in this thesis as a synonym of “generative agent migration”. However, strictly speaking they are not synonyms. Generative migration might also be possible for software in general (i.e., non-agent software). 


� Either one applies depending on whether parts of the model are already implemented (frameworks) or not (reference architectures).


� � HYPERLINK "http://www.agentcities.net" ��http://www.agentcities.net� 


� � HYPERLINK http://www.omg.org/uml/ ��http://www.omg.org/uml/�  


� � HYPERLINK http://www.cs.vu.nl/~mcaklein/bib2rdf/ ��http://www.cs.vu.nl/~mcaklein/bib2rdf/� and � HYPERLINK http://www.cs.vu.nl/cgi-bin/mcaklein/bib2rdf ��http://www.cs.vu.nl/cgi-bin/mcaklein/bib2rdf� 


� From this point on, “he”  is used to refer to the user


� See � HYPERLINK http://herzberg.ca.sandia.gov/jess/ ��http://herzberg.ca.sandia.gov/jess/� 


� See � HYPERLINK http://www.ghg.net/clips/CLIPS.html ��http://www.ghg.net/clips/CLIPS.html�
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