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Abstract

We are interested in supporting multi-agent contracting in which cus-
tomer agents solicit the resources and capabilities of other self inter-
ested supplier agents in order to accomplish their goals. Goals may
involve the execution of multi-step tasks in which different tasks are
contracted out to different suppliers.

In this paper we focus on the design of supplier agents. The agents
are designed to operate in the context of the MAGNET (Multi AGent
NEgotiation Testbed) system, but the design could easily be adapted
to other situations in which agents interact through a market infras-
tructure.

MAGNET supplier agents can register their capabilities with the mar-
ket, be notified of open and relevant requests for quotations, and sub-
mit bids that specify which tasks they are able to undertake, when
they are available to perform those tasks, and at what price. Supplier
agents attempt to maximize the value of their resources.

This paper describes the detailed design of supplier agents and
presents experimental results.

1 Introduction

Over the past few years a lot of research has been done on designing market
architectures for electronic commerce. Almost all of these systems are able
to handle simple agent-to-agent trading, which only address cost. Real life is
however quite more complex than that; there should be a possibility to model
other meaningfull features to close a contract, these include time contraints,
enforce deadlines, to interact with a highly distributed web of suppliers with
different capabilities and resources, to interact over long periods of time
through the completion of the contracted work, and to deal with failures
in contract execution (see [Collins et al., 2000]). In order to model these
features the MAGNET (Multi-Agent Negotiation Testbed) system has been
designed at the University of Minnesota (see [Collins et al., 1998]).

1.1 A Motivating example

In order to make the working of the MAGNET system more clear, imagine the
example of building a house. In figure 1 the tasks needed to build the house
are represented in a task network (the links indicate precedence constraints).
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1.2 The MAGNET architecture

Now the first decision that has to be taken is how to sequence the tasks in
the Request for Quotes (RFQ), which is the request for bids on those tasks
to be sent to supplier agents. It must also be decided how much time to
allocate for each task. For instance, we could reduce the number of parallel
tasks, allocate more time to tasks with higher variability in duration or to
tasks for which there is a shortage of laborers, or to allow more slack time.
The assumption has been made that suppliers are more likely to bid on,
and submit lower-cost bids, when the flexibility in the scheduling resources
is greater (see [Babanov et al., 2002a]. This may result in overlapping time
windows. An example of a RFQ is given in figure 1, as can be seen there is
no restriction that the presendence contraints are satisfied within the RFQ),
as long as they are satisfied with the accepted bids.

2
Masonry
| —
il
Exterior
Plumbing Exterior
Electric Interior
| — | —
0 2 4 6 8 10
week

Figure 1: A task network example and a corresponding RFQ.

1.2 The MAGNET architecture

Let us give a brief introduction to the MAGNET System. It has been under
development since early 1998 at the University of Minnesota. Two roles have
been distinguished, namely the customer and the supplier. The customer is
the agent who needs resources which he doesn’t have direct access to. It’s
goal is to provide himself with the needed resources. The supplier is the
agent who can provide the customer with the necessary resources. A design
has been made to model the above stated requirements which is shown in
figure 2 below. We will not go into further detail, for a complete explanation
of the architecture, see [Collins and Gini, 2001b].
Now the main interaction between the agents is discussed.

e A customer agent issues a Request for Quotes (RFQ) which specifies
tasks, their precedence relations, and a time line for the bidding process.

2 Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn



1.3 Current status of the MAGNET system
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Figure 2: The MAGNET architecture

For each task, a time window is specified giving the earliest time the
task can start and the latest time the task can end.

e Supplier agents submit bids. A bid includes a set of tasks, a price,
a portion of the price to be paid as a non-refundable deposit, and
estimated duration and time window data that reflect supplier resource
availability and constrain the customer’s scheduling process.

e The customer agent decides which bids to accept. Each task needs to
be mapped to exactly one bid (i.e. no free disposal [Nisan, 1999]), and
the constraints of all awarded bids must be satisfied in the final work
schedule. In MAGNET the customer can chose from a collection of
winner-determination algorithms (A*, IDA*  simulated annealing, and
integer programming).

e The customer agent awards bids and specifies the work schedule.

1.3 Current status of the MAGNET system

Over the past few years, research on the MAGNET system has mainly fo-
cussed on the customer side, see [Collins and Gini, 2001a], [Collins et al.,
2002] and [Babanov et al., 2002a]. However the supplier agent architecture
hasn’t been as thoroughly developed. In this paper the main focus will be

Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn 3



1.3 Current status of the MAGNE'T system

on creating a more sophisticated design of the supplier agent. In figure 2
there is already a simple design for the supplier agent, however this is a very
shallow design and it will have to be extended in order to be able to model
more advanced supplier agents.

4 Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn



2 Related Work

Markets play an essential role in the economy, and market-based architectures
are a popular choice for multiple agents (see, for instance, [Chavez and Maes,
1996), [Sycara and Pannu, 1998, [Wellman and Wurman, 1998], [Tsvetovatyy
et al., 1997], [Karacapilidis and Moraitis, 2001], [Choi and Liu, 2001]. Most
market architectures limit the interactions of agents to manual negotiations,
direct agent-to-agent negotiation [Sandholm, 1996], [Faratin et al., 1997,
or various types of auctions [Wurman et al., 1998].

Excisting architectures for multi-agent virtual markets typically rely on
the agents themselves to manage the details of the interaction between them,
rather than providing explicit facilities and infrastructure for managing mul-
tiple negotiation protocols. As discussed above, agents interact with each
other through a Market. Our Market infrastructures provides a common
vocabulary, collects statistical information that helps agents estimate costs,
schedules, and risks, and acts as a trusted intermediary during the negotia-
tion process.

For the design of the supplier agent we’ve used component based design,
already a lot of research has been done in design using components. For a
thorough discussion of this type of design see for example [Szyperski, 1998].
Work on agent-based design can be found in for example [Kinny and Georgeff,
1997], [Brazier et al., 1998] and [Padgham and Winikoff, 2002]. The approach
taken in [Kinny and Georgeff, 1997] is simular to our approach when looking
at the levels of abstraction used, however the methods used differ. In [Brazier
et al., 1998] the phases in the DESIRE design method are discussed, in our
document the same method is used, however only for the components and the
information flowing between them. The generic agent model, introduced in
the same paper, isn’t used either because in our opinion this would make the
design of our agent more complex then it should be. [Padgham and Winikoff,
2002] introduces a method for design of intelligent agents which includes a lot
of tools that can be used to help with the design and implementation of the
agents. A simularity between the design they’ve introduced and our design
is the use of interaction diagrams, however the other modeling methods are
different from our approach. In [Shehory, 1998] a comparison between several
different architectural frameworks including DESIRE is given, emphasizing
the weak and strong points of each of these frameworks. Nowadays an ex-
tended version of UML has been proposed in [Bauer et al., 2001] called Agent
UML, since UML is commonly used this is an interesting development and
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certainly related to our work. Since we use UML and it would have made
life easier to have diagrams more suitable for agent design. However, because
Agent UML is not standardized at the moment it has not been used. When
implementing and designing agent-based software there are several pitfalls
one can fall into, described in [Wooldridge and Jennings, 1999]. Finally,
a discussion on object oriented versus agent programming can be found in
[Odell, 1999], since in this paper an agent system is constructed by partially
using object oriented programming and object oriented design methods this
is very relevant.

Another objective of our project is to learn from the customers, the most
relevant field concerning this objective is web mining since it is focussed on
finding patterns amongst visitors of websites. In [Mobasher et al., 1996] a
proposal for a framework for web mining is done, their work is aimed at
finding association rules and sequential patterns in the data gathered from
their visitors. The main difference in the approach used in this (and other)
papers is that the data available for web mining is completely different from
the data available within the MAGNET system. More on web mining can
be found in for example [Wang et al., 2000] and [Srivastava et al., 2000].
An article more focussed on customer profiling is [Bounsaythip and Rinta-
Runsala, 2001], the basic approach that should be taken when trying to find
profiles of customers is discussed here. In our paper an approach simular to
this one is taken. Mining through large amounts of data is computationally
expensive, therefore finding an efficient datamining algorithm is becoming
more and more necessary, in [Zaki et al., 1996] sampling is shown to speed
up the datamining process. In case the MAGNET system ever becomes
a commercially used system this could be very relevant for us since large
amounts of data become available for mining. When this is the case, the
mining process could take too long with as a consequence that bids are not
submitted in time. Finally, a successful application of building customer
profiles and using these profiles can for example be seen at Amazon®.

lwww.amazon.com
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3 Early design

We have made a proposal for a more advanced design of the bidding process
for the supplier agent. It is shown in figure 3 below.

As can be seen, the SUPPLIERAGENT contains the following compo-
nents: COMMUNICATIONMANAGER, AGENTSTATE, BIDMANAGER, SALE-
SANALYST, PRICEMANAGER and RESOURCEMANAGER.

The communication with the outside world goes through the CoMMUNI-
CATIONMANAGER. This component communicates with the MARKET, this
can be done in two ways: By means of direct communication, without in-
terference of a server, or by means of communication through a server. The
first one is mainly meant for experiments, the latter is consistent with the
design shown in figure 2.

With the incoming communication, the AGENTSTATE is updated. This
component maintains the current state of the agent and the market (which
includes the current time on the market). All the components except the
COMMUNICATIONMANAGER can subscribe to events with the AGENTSTATE
component. When an event occurs, the AGENTSTATE notifies all subscribed
components of this event.

When an RFQ arrives, the BIDMANAGER is notified by the AGENTSTATE
component (given that the BIDMANAGER is subscribed to this event). The
BIDMANAGER can then ask for the RFQ at the AGENTSTATE. If the BID-
MANAGER needs market statistics, it issues a request with the AGENTSTATE.
This component checks if it has got the statistics and if not it notifies the
COMMUNICATIONMANAGER that it should retrieve them from the Market.
When the COMMUNICATIONMANAGER receives the market statistics from
the COMMUNICATION SERVICE, it updates the AGENTSTATE component.
This component then notifies the BIDMANAGER of it. Now the BIDMAN-
AGER can retrieve the market statistics from the AGENTSTATE. The BID-
MANAGER can ask advice from the following components: SALESANALYST,
PRICEMANAGER and RESOURCEMANAGER. Besides that, it determines
whether to submit single or multiple bids. It also deals with problems like
bidding on individual or blocks of tasks, are bids submitted as early as pos-
sible in the bidding cycle or do you wait until the last minute.

The SALESANALYST is concerned with giving advice on issues related to
a particular customer.

The RESOURCEMANAGER is used for handeling issues related to re-
sources. This involves giving advice on issues related to resources. Further,

Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn 7
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e A: Communication to and from the Market.

e B: Update the AGENTSTATE when an event occurs, and notify the
COMMUNICATIONMANAGER of certain types of events and pass on
information to it.

e C: Request for and passing of the market statistics. The RFQ is
also retrieved from the AGENTSTATE and Bids are passed to the
AGENTSTATE.

e D: The BIDMANAGER asks advice from the three components.
e E: What are my sales goals for these tasks?
e F: What will the resources cost for these tasks?

e G: Components can subscribe to certain events and be notified when
one of these events occur. They also retrieve the information they need
from the AGENTSTATE.

Figure 3: The bidding architecture
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it is responsible for the execution of tasks that have been awarded.

The PRICEMANAGER determines the price of each task it wants to bid
on. For this it needs to ask the SALESANALYST what the sales goal is for
each particular task. It also needs to ask the RESOURCEMANAGER what the
resource cost are for each of the tasks.

The last three components can ask for the information they need with
the AGENTSTATE. They get their information similar to the way the BiD-
MANAGER gets it’s information.

In order for the components to interact and to be able to work with
different instances of these components, there needs to be some supervision
by means of a tool. In the next section we investigate whether the Avalon
tool is suitable to be used within the SUPPLIERAGENT, the tool is known to
handle such interactions really well and easy. For a thorough explantation of
this tool, see [Loritsch, 2001].

Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn 9






4 Investigation of the Avalon tool

In order for the components of the supplier agent to easily cooperate we need
to have some tool for component management. Secondly, it should be easy
to insert different types of the aforementioned components. We’ve examined
the usefulness of the Avalon tool of the Apache organisation.

4.1 A brief introduction to Avalon

First let us give a brief introduction to the Avalon product. The idea for
the Avalon project was to provide a framework to put together components
and reuse code across a number of projects. Stefano Mazzocchi, Frederico
Barbieri and Pierpaolo Fumagalli created the initial version, later on Berin
Loritsch and Peter Donald joined the project. Nowadays Avalon is split up
into five sub-projects, this has been done because the different pieces each
have a different maturity level. The five sub-projects are:

Framework This is the basis of all the other projects and defines the in-
terfaces and the default implementations for Avalon.

Excalibur Excalibur is a collection of server side components which you
can use. Pooling implementations are also included in this, as well as database
connection management and component management.

LogKit This is the logging tool used by the other sub-projects.

Phoenix Phoenix is the server kernel that manages the deployment and
execution of services (it is implemented as server components called Blocks).

Cornerstone Avalon Cornerstone is a collection of Blocks (which include
socket management and job scheduling) or services deployable in the Phoenix
environment.

4.2 How Avalon works

Now an overview of how Avalon works is given. Avalon has been built with
specific design principles, the two most important ones are treated, namely
Inversion of Control and Separation of Concerns.

Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn 11



4.2 How Avalon works

In Inversion of Control the component is always externally managed. The
components lifecycle is controlled by the code that created the component.

Seperation of Concerns means that a component is looked upon from
different viewpoints. Each viewpoint is a separate area of concern. Through
research it was discovered that many concerns couldn’t be addressed at class
or even method granularity. The solution for this problem is implemented in
Avalon by means of providing small interfaces that a component implements.

We are now ready to go more into implementation details. The first ques-
tion we need to ask ourselves is how we can define components within the
Avalon framework. In order to define a component in Avalon it is necessary
to define a role for each component. There are a number of interfaces that
can be extended in order to fit a component inside the Avalon framework.
There are seven main interface categories: Activity, Component, Configura-
tion, Context, Logger, Parameters, Thread and Miscellany. Each of those
categories represents a unique concern area. Each component should at least
implement one of these interfaces, but can also implement several of them.

The lifecycle of a component is split into three phases: Initialization,
Active Service and Destruction. These phases are sequential in this order.

In Avalon it’s possible to have single threaded as well as threadsafe com-
ponents. Within the system there is also a possiblity to use Pooling, if used
it maintains a pool of Components and reuse instances. If this option is used,
there’s no need to worry about using threadsafe or single threaded, because
this is dealt with when Pooling is used.

The general structure of the Avalon architecture contains the follow-
ing elements: COMPONENTS, COMPONENTMANAGER, COMPONENTSELEC-
TOR and COMPONENTCONTAINER. The COMPONENTS have already been
treated. The COMPONENTMANAGER is responsible for managing the com-
ponents, it can retrieve COMPONENTS by means of specifying the role. The
COMPONENTSELECTOR is responsible for managing the instances of the
COMPONENTS. In order to retrieve COMPONENTS it needs a specification of
the role and an arbitrary object for a hint. Finally, the COMPONENTCON-
TAINER contains the COMPONENTS it is responsible for.

In order to ease testing for the MAGNET project, it would be nice to have
a possibilty to switch between components on the fly. Avalon is equiped with
tools that makes this possible. It is also possible to configure the Avalon
system by using XML files. With these XML files you can specify which
components and which instances you want to have included in the Avalon
System. The advantage of using this scheme is that you don’t have to change

12 Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn



4.3 Avalon and MAGNET

the code every time you want to use a different configuration.

4.3 Avalon and MAGNET

In figure 4 we have drawn a first proposal for the architecture using Avalon.

Supplier Agent

Communication Manager Component Manager/Component Selector Agent State

i i

Bid Manager Price Manager Resource Manager Sales Analyst

Figure 4: Proposed architecure using Avalon

As can be seen there are six components, namely COMMUNICATION-
MANAGER, AGENTSTATE, BIDMANAGER, SALESANALYST, PRICEMAN-
AGER and RESOURCEMANAGER. The SUPPLIERAGENT is modelled as a
CoMPONENTCONTAINER. This means it’s responsible for the aforemen-
tioned components. The SUPPLIERAGENT basically has no other function
but to control the lifecycle of all the components. All six components are
controlled by the COMPONENTMANAGER. They all get a reference to the
COMPONENTMANAGER in order to be able to access the other components.
If there are multiple instances of a component, the COMPONENTSELECTOR
can be retrieved from the COMPONENTMANAGER and with this the right
instance can be selected.

4.4 Conclusion

Considering the given overview of the Avalon System, the Avalon system is
suitable for regulating the control of the components specified in figure 4.
A brief summary of the advantages of using Avalon: First of all, there are
no problems in controlling the components. Secondly, it is easy to switch

Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn 13



4.4 Conclusion

between different instances of components on the fly. Third, by using XML
files the managers can be configured without changing and compiling the
code. Given these advantages the Avalon system is used for the component
management in the supplier agent.

14 Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn



5 Designing the Supplier agent

Now that we have shown that the Avalon tool is usefull, we present a more
detailed design in this section. A starting point for this design is the design
proposed in figure 4. In the first section the design method that has been
used is discussed.

5.1 Methodology

The first question which comes up when designing an agent is which design
method to use. The method we are very familiar with is the one proposed by
[Brazier et al., 1998]. This method seems to be a good choice, since it is easy
to specify all the information types and components. The actual framework
consists of more than just a design method, it includes:

e a design method for compositional multi-agent systems.
e software tools to support system design
e a formal specification language for system design.

e an implementation generator to automatically translate specifications
into code in specific implementation environments.

e verification tools for static properties of components such as consis-
tency, corrrectness, completeness

Only the first two items have been used, since we only want to use the
method to specify the general structure of the supplier agent. By using the
software tools available for designing a multi-agent system using DESIRE it’s
easy to create graphics of how the components are arranged. The last three
items haven’t been used because there is no intention to implement the sys-
tem using DESIRE since DESIRE is not meant to generate implementations,
but can however be used to build a prototype.

Even if one is not familiar with the DESIRE method, it is very easy to
comprehend. Before using DESIRE UML Use Cases have been drawn up
to see which components are needed. After this, DESIRE is used and after
that UML has been used to specify a more detailed design, including defining
interfaces and information flow.

Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn 15



5.2 UML Use Cases

5.2

UML Use Cases

The use case diagram for the supplier agent is shown in figure 5. Now the use
cases will be discussed. The Market is equivalent to the MAGNET server,
but in this context the term MAGNET server is preferred.

Actors

o MAGNET Server

Stereotype: Remote system

Communicates Links:

— to UseCase RFQ Status Update
— to UseCase Bid Status Update
— to UseCase Bid Award

e User

Stereotype: User

Communicates Links:

to UseCase Register

— to UseCase Enter JobInfo
— to UseCase Edit JobInfo

to UseCase Submit JobInfo
to UseCase Update JoblInfo

System Boundary

supplier agent

This is the supplier agent with it’s User Interface.

Use Case Summary

16

Register

Login

Enter JobInfo
Edit JobInfo
Submit JobInfo
Update JoblInfo
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5.2 UML Use Cases

Submit Joblnfo

Enter Joblnfo

Edit JobInfo

User <<remote system>>

MAGNET Server
Update Joblnfo

Retrieve RFQ

View Bid Status

RFQ Status update

Bid Status update

Compose Bids

Bid Award

Execute Task

Figure 5: Use case diagram of the Supplier Agent
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5.2 UML Use Cases

Retrieve RFQ
RFQ Status Update

Compose Bids

e Bid

View Bid Status
Bid Status Update
Bid Award
Execute Task

Register
Goal supplier agent wants to register with the Server.
Summary Provide the supplier agent with identity to log in.
Trigger Agent initiated
Frequence Only once.

Preconditions

e SupplierAgent is not known to Server

o supplier agent may or may not have an identity

Normal Flow

User enters Identity data into supplier agent.

supplier agent makes Identity data persistent somehow.

supplier agent locates Server

supplier agent forwards Identity data to the Server.

Server validates Identity data.

If data is valid, Server allows supplier agent to log in, and persists this state.

Verify state and a security token is returned to supplier agent

® N o gtk W

supplier agent informs User of registration result.
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5.2 UML Use Cases

PostConditions

o supplier agent has an Identity

e supplier agent is known to the Server, and the Server has validated the
supplier agent’s Identity.

Login
Goal The supplier agent wants to log in to the Server.

Summary The Login UseCase is the sequence of steps in which the supplier
agent logs in to the Server.

Trigger Agent initiated

Frequence At most three times during a session, or upon supplier agent
restart. A session is the time between the arrival of an RFQ and the finish of the
execution of the tasks in this RFQ.

Preconditions

o supplier agent is not connected to Server.

o supplier agent must be registered with the Server and have a valid security
token.

Normal Flow

1. supplier agent locates Server.

2. supplier agent sends credentials to Server. Note that this is not a user login,
but rather the supplier agent logging in to the Server. The supplier agent
has it’s own identity, independent of any particular User. The issue of access
control to the Agent itself is a separate issue.

3. Server validates supplier agent, and informs the supplier agent of the suc-
cesfulness of the action.

PostConditions

o supplier agent is connected to Server.
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5.2 UML Use Cases

Enter JoblInfo
Goal The User makes the supplier agent aware of the JobInfo types it has.

Summary The User informs the supplier agent of the JobInfo types it has.
There are three views of the JobInfo:

e The stored local version. This version is kept in the filesystem of the supplier
agent. It’s only accessable for the User and the supplier agent.

e The runtime representation maintained by the supplier agent.

e The runtime representation in the Server. With this version the Server
knows what the JobInfo types of the supplier agent are and can therefore
inform the supplier agent of the arrival of an appropriate RFQ.

Of each view, there is only one instance. The local view and the runtime represen-
tation maintained by the supplier agent should be identical, however not having
the runtime representation would cause a severe performence decrease because of
the reading and writing of files that has to be done everytime the information is
needed. Not having a stored local version would be unsafe. The runtime represen-
tation in the Server may differ from the other views. This is done so the supplier
agent won’t be notified of RFQ’s concerning Joblnfo types it doesn’t want to use

at this moment.
Trigger User initiated
Frequence Every time a new JobInfo type is added.

Preconditions

e The Joblnfo types are known to the Market.

Normal Flow

1. User requests to add a JobInfo type which has to be known to the Market.
2. supplier agent presents the JobInfo types which are known to the Market.

3. User enters JobInfo data. For each job info type, it contains one entry.

PostConditions
e The Joblnfo types entered by the User are available to the supplier agent.
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Edit JoblInfo
Goal The entered Joblnfo types can be edited.
Summary The User edits the JobInfo types.
Trigger User initiated
Frequence Every time a JobInfo type needs to be edited.

Preconditions

e JobInfo types have been entered.

e Joblnfo types are known to the Market.

Normal Flow

1. The Joblnfo types can be added, edited or deleted.

PostConditions

e User-initiated changes that are legal have been implemented.
Submit JobInfo

Goal The JobInfo types of which the supplier agent wants the Server to
know about need to be submitted.

Summary This UseCase models the submitting of the JobInfo the supplier
agent wants the Server to be informed about to the Server.

Trigger Agent initiated
Frequence Once.

Preconditions

e The supplier agent has to be logged in.
e The Joblnfo types have been entered and are known to the Market.
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Normal Flow

1. The supplier agent submits the JobInfo to the Server.

2. The Server checks if the format of the JobInfo type is correct and known.
3. The Server notifies the supplier agent whether the JobInfo is accepted.
4.

The supplier agent notifies the User on whether the submit was succesfull.

PostConditions

e The submitted JobInfo is accepted by the Server. From this point the Server
will notify the supplier agent when an RFQ arrives which is considered to
be interesting according to the submitted JobInfo types.

Update JobInfo

Goal The JobInfo types the Server maintains of the supplier agent need to
be updated.

Summary If the Server has already received JobInfo from this supplier
agent, the supplier agent must be able to update them. This is modelled in this
UseCase.

Trigger User initiated

Frequence Every time the JobInfo types change and the supplier agent
wants the Server to know about it.

Preconditions

o The supplier agent has to be logged in.
e Joblnfo types have been submitted to the Server.

Normal Flow

1. The User makes a set of legal changes to the JobInfo. Legal changes are for
example adding or deleting certain types.

2. The supplier agent submits the JobInfo types to the Server.

3. The Server checks if the format of the JobInfo types is correct and known.
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4. The Server notifies the supplier agent whether the JobInfo types are ac-
cepted.
5. The supplier agent notifies the User on whether the update was succesfull.

PostConditions
e The Joblnfo types have been updated on the Server.

Retrieve RFQ

Goal The RFQ that has arrived at the Server must be passed on to the
supplier agent. This UseCase is concerned with getting RFQ’s.
Preconditions

e The supplier agent is logged in.
e The supplier agent’s Joblnfo types have been submitted.

e An RFQ Status update has taken place.

Normal Flow

1. supplier agent asks the Server for the new arrived RFQ.
2. Server retrieves the RFQ.
3. Server returns the RFQ to the supplier agent.

PostConditions

e The RFQ for which a notification was sent by the Server has been retrieved.
RFQ Status Update
Goal The supplier agent is notified of every state change of an RFQ.

Summary The Server informs the supplier agent when a suitable RFQ ar-
rives. RFQ’s can arrive at any time to make it asynchronous. All the other state
changes of this RFQ will be dealt with within the supplier agent. This is modeled

within this UseCase.

Trigger Server initiated
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Frequence Every time an RFQ which is suitable for this supplier agent
arrives at the Server.

Preconditions

o The supplier agent is logged in.
e The supplier agent has submitted it’s JobInfo

Normal Flow

1. Server has determined that an RF(Q was posted that the supplier agent
should be informed of immediately.

2. Server signals the supplier agent that the RF(Q was posted.

3. The supplier agent will take some autonomous action to respond to the RFQ
notification.

PostConditions

e The RFQ notification was passed to the supplier agent.
Compose Bids
Goal The collection of bids needs to be determined.

Summary This UseCase models the process of determining a collection of
bids for a received RFQ.

Trigger Agent initiated
Frequence Once for every received RFQ.

Preconditions

o supplier agent has received an RFQ.

24 Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn



5.2 UML Use Cases

Normal Flow

1.

9.
10.

The User or supplier agent can compose a bid, if the supplier agent deter-
mines what to bid then the next steps will be taken. Else the User will
determine what to bid.

supplier agent collects market statistics.

supplier agent determines the amount of time available for the determination
of the collection of bids.

supplier agent determines which tasks to bid on, looking at the client who
issued the RFQ. This means that the supplier agent determines the tasks
suitable for this client.

supplier agent determines which of the aforementioned tasks should be con-
sidered when taking the resources into account.

supplier agent determines the number of bids to submit.
supplier agent determines how to compose these bids.

supplier agent determines the time-window for the tasks included within the
bid.

supplier agent determines the milestones it wants to include in the bid.

supplier agent determines the price for each of the bids.

Alternate Flow

o If the supplier agent determines what to bid and it chooses not to bid then

no bid is composed.

PostConditions

e A collection of bids has been made for the RFQ.

Bid

Goal The bid needs to be communicated to the market.

Summary The supplier agent can issue a bid, this is modeled within this
UseCase.

Trigger Agent initiated
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Frequency Once for every bid within the collection.

Preconditions

o supplier agent is logged in.

o supplier agent has composed a collection of bids.

Normal Flow
1. supplier agent determines whether it’s time to issue a specific bid.

2. supplier agent issues the bid when it’s time to do so.

PostConditions
e The bid has been communicated to the market.
View Bid Status

Goal The status of a bid on a particular RFQ can be viewed.

Summary This UseCase models the retrieving of the status of a bid which
has been issued concerning a particular RFQ.

Trigger Agent initiated

Frequence Every time the supplier agent wants to know the status of a bid
it has done.
Preconditions

e The supplier agent is logged in.
e A bid has been done on a particular RFQ.

Normal Flow

1. supplier agent asks Server for the status of the bid.

2. supplier agent retrieves the status.
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PostConditions

e The supplier agent has retrieved the Status of the bid.
Bid Status Update

Goal The supplier agent must be made aware of all the status changes of
the bid it has done.

Summary This UseCase models the updating of the status of a submitted
bid. There are seven status updates possible for a bid:
Bid being considered
Bid Awarded
Bid Not Awarded
Earliest time to start with a Task within the Bid
Latest time to start with a Task within the Bid
Earliest time to finish with a Task within the Bid
Latest time to finish with a Task within the Bid

N ot e W e

Trigger Server and supplier agent initiated

Frequence 2+ (4 * number of tasks within a bid) for each bid. This number
is calculated as follows: for every bid exactely 1 notification can be sent that the
bid is being considered. Secondly, the bid awarded or the bid not awarded occurs
exactely one time per bid. Finally, all the other times can occur once for every
task.

Preconditions

e The supplier agent is logged in.
e The supplier agent has submitted a bid.

Normal Flow

1. Server has determined that an event occured concering a bid issued by this
supplier agent.

2. Server signals the supplier agent that an event occured concerning this bid.
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3. If the signal is Bid being considered the supplier agent takes some action,
what is to be done (TBD).

4. If the signal is Bid Awarded the supplier agent will take the actions necessary
to excute the tasks within the bid.

5. If the signal is Bid Not Awarded the supplier agent updates it’s resources.

6. If the signal is Earliest time to start with a Task within the Bid the supplier
agent takes some action, what is TBD.

7. If the signal is Latest time to start with a Task within the Bid the supplier
agent takes some action, what is TBD.

8. If the signal is FEarliest time to finish with a Task within the Bid the supplier
agent takes some action, what is TBD.

9. If the signal is Latest time to finish with o Task within the Bid the supplier
agent takes some action, what is TBD.

PostConditions

e The supplier agent has been notified of the event concerning the issued bid

and has taken the appropriate actions.

Bid Award

Goal The supplier agent must be able to handle actions related to the award-

ing and not-awarding of bids.

Summary This UseCase describes how a supplier agent takes the necessary

actions when a bid has been awarded or not.

28

Trigger Agent initiated
Frequency Once every bid.

Preconditions

e A bid has been issued.
e The status of this bid is Awarded or Not Awarded.
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Normal Flow

1. Agent determines whether the bid has been awarded.

2. If the status of the bid is Bid Not Awarded then the reservation of the
resources will be released.

3. If the status of the bid is Bid Awarded then the resources will be reserved,
how this is done is TBD.

4. If the bid is awarded the supplier agent checks if the deposit has been paid.

5. If the deposit has been received and while the late finish time of the bid has
not been reached the supplier agent executes the tasks.

6. After each milestone the supplier agent will communicate the progress to
the Server.

7. After all tasks have been executed or when the late finish time has arrived
the supplier agent communicates the tasks it has finished to the Server.

8. The supplier agent checks if all payments have been done.

9. When all payments have been done the bid is marked as done.

Alternate Flow

e If the status of the bid is Bid Awarded but the deposit has not been paid
yet, the supplier agent waits with the reservation of the resources and the
execution of the tasks.

o If the status of the bid is Bid Awarded and the supplier agent has begun
executing the tasks within the bid but it fails to complete one or more of
them (either it isn’t capable of completing the task, or the deadline of the
bid has expired), then the supplier agent will pay a penalty for the tasks it
could not complete.

o If the supplier agent is finished with all the tasks within the bid but it hasn’t
received the payment for it before the appropriate deadline, the supplier
agent will add a penalty fee to the payment.

PostConditions

e The resources have been correctly updated.
Execute Task
Goal A supplier agent needs to be able to excute a task.
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Summary This UseCase models the execution of a task within a bid which
has been awarded.

Trigger Agent initiated
Frequence Once for every task within a bid.

Preconditions

o supplier agent is logged in.
e A bid has been awarded.

e The resources needed for this task have been reserved.

Normal Flow

1. The supplier agent determines the exact time to start with this task.

2. If it’s time to execute the task, the agent uses the reserved resources for the
time the task takes.

3. The task is executed untill either the deadline is reached or the task has
been fully excuted.

4. When the task was fully executed, the supplier agent marks the task as
executed.

Normal Flow

1. If the deadline of this task is reached before the task could be fully executed,
the task is marked as not completed.

PostConditions

e The task has been marked as executed or as not completed.
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5.3 Design using DESIRE

DESIRE specifications are based on architecture composed of components
with a hierarchical relation between them. Each component has it’s own
input and output information types and uses it’s own task control knowledge,
so the system is structured in a decentralised manner. The structure within
the components is hidden from the “outside world”, only the interface types
are defined. A component can be composed from multiple sub-components
if the task the component performs is too complex for one component to
manage.

There are a number of aspects included when making a conceptual design
using DESIRE. The most important ones are listed below:

1. Specifying the information types, the information types can be specified
on multiple levels, namely object and meta-levels.

2. Specifying the components and their tasks.

3. Designing the components using a pre specified Generic Agent Model.
This model contains the following components: OWN PROCESS CON-
TROL, AGENT INTERACTION MANAGEMENT, MAINTENANCE OF AGENT
INFORMATION, WORLD INTERACTION MANAGEMENT, MAINTENANCE
OF WORLD INFORMATION, AGENT SPECIFIC TASK and COOPERA-
TION MANAGEMENT. We will not go into further detail, see [Brazier
et al., 1998] for more details.

4. Specifying the knowledge bases of the components.
5. Specifying the sequence of control and tasks.

We didn’t use all these features, since not all of them are usefull for us.
Only item 1 and item 2 have been used. We didn’t use item 3 because we
are already restricted to the design shown in figure 3. The aspect mentioned
at item 4 also isn’t used because there are no knowledge bases yet. Finally
the last item has been dealt with in the UML part.

5.3.1 Specifying the components

First of all, the components are specified from the multi-agent perspective.
The components are specified in figure 6 below.
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MAGNET
[ CustomerAgent }[ SupplierAgent }[ Market }

Communication . .
[ComponemManager } [ Manager } [ Agent State } [ BidManager } [ SaesAnayst } [ PriceManager } [ ResourceM anager }

Figure 6: Multi-agent perspective

Rationale for the Multi-agent perspective The top-level is the MAG-
NET System. The system has been split up into 3 components on the second
level: CUSTOMERAGENT, SUPPLIERAGENT and the MARKET. We’ve only
focussed on the SUPPLIERAGENT part since the other components are outside

the scope of this project. The SUPPLIERAGENT is split up into seven compo-
nents, the COMPONENTMANAGER, COMMUNICATIONMANAGER, AGENTSTATE,
BIDMANAGER, SALESANALYST, PRICEMANAGER and the RESOURCEM-
ANAGER

The SUPPLIERAGENT is responsible for the components managed by the
COMPONENTMANAGER.

The task of the COMPONENTMANAGER is to manage the components
owned by the SUPPLIERAGENT. It can provide it’s components with ref-
erences to other components it manages. The COMPONENTMANAGER also
includes the COMPONENTSELECTOR as mentioned in the description of the
Avalon system. It is used to retrieve the correct instance of a component in
case there are more instances.

The AGENTSTATE is responsible for maintaining the state of the agent
and the market. This consists of keeping track of time and events coming
from the market. It also includes the saving of all information that needs to
be maintained, like bids that have been done and incoming RFQ’s. Further
more, components can subscribe to certain types of events and be notified
by the AGENTSTATE when this event occurs.

The task of the COMMUNICATIONMANAGER is to receive information
from and communicate information to the MARKET. Information that can
be received from the MARKET is for example an RFQ or a bid award. Bids
and penalty payment are examples of communications to the MARKET.

The task of the BIDMANAGER is to decide whether to submit single or
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multiple bids, to bid on individual tasks or a block of tasks. Further more
it decides if the bid is done early in the bidding cycle or wait until the last
minute. Another issue dealt with in the BIDMANAGER is whether to bid
your entire available time windows or restrict it. Finally, it deals with issues
related to doing short-duration high cost or long-duration low cost bids.

The task of the SALESANALYST is to give other components advice when
they want to take the customer into account.

The RESOURCEMANAGER is responsible for determining, given the cur-
rent resources and the tasks, what tasks to bid on. It is also responsible
for the management of the resources, this includes the execution of awarded
tasks and handeling the payments accompanying these tasks.

The task of the PRICEMANAGER is to determine the price to bid. It
determines this price using the sales goals for these tasks, which it retrieves
from the SALESANALYST. In order to determine the price, it also needs to
know what the resources for these tasks cost. This information is retrieved
from the RESOURCEMANAGER.

5.3.2 Defining the interfaces of the components

Now we are ready to examine the interfaces of the components. Let us
first give a brief overview of how the system has been organized. For more
information on information types, see the definitions of the interfaces.

In figure 7 the COMPONENTMANAGER is not shown, because it would
make the figure less clear. Basically, all the COMPONENTMANAGER does
is provide references to the other components. When the SUPPLIERAGENT
becomes active first it will have to check whether it is registered or not, this
is done within the COMMUNICATIONMANAGER. If it wasn’t registered for
this MARKET it will register itself. The registration is used to login to the
MARKET. Now the JoblInfo types will be checked and, if necessary, updated
or submitted. This is done by the RESOURCEMANAGER or the user after
which the AGENTSTATE is updated. The AGENTSTATE uses the COMMUNI-
CATIONMANAGER to communicate the JobInfo to the MARKET. After this
has been done the COMMUNICATIONMANAGER will be notified of interest-
ing RFQ’s posted on the MARKET. When an interesting RFQ is posted the
COMMUNICATIONMANAGER will be notified and retrieves the RFQ from the
MARKET, then it updates the AGENTSTATE component. The AGENTSTATE
component will then notify the components which have subscribed to the
events about RFQ’s, that it is available. The BIDMANAGER retrieves the

Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn 33



5.3 Design using DESIRE

RFQ from the AGENTSTATE. It can ask advice on what to do from the
SALESANALYST, RESOURCEMANAGER and the PRICEMANAGER. If any of
these components need market statistics to be able to determine their advice,
they can ask the AGENTSTATE to get it for them. The AGENTSTATE checks
if the information is already present and if not it will notify the COMMUNI-
CATIONMANAGER that it needs to get this information from the MARKET.
The components will know when the market statistics are available to them
when the AGENTSTATE component notifies them. They can then get the
market statistics from it. When the BIDMANAGER has received the advice
it asked for, it makes a collection of bids and determines when a bid needs
to be communicated to the MARKET. If it is time to issue a certain bid, the
BIDMANAGER puts the bid in the AGENTSTATE and this component saves
the bid and notifies the COMMUNICATIONMANAGER that the bid has to be
communicated to the MARKET. When the bid award time has arrived the
COMMUNICATIONMANAGER can receive an event that it’s bid has been ac-
cepted. If this is true, the AGENTSTATE is updated. The AGENTSTATE will
now notify all the components that subscribed to this event that a bid has
been awarded. Now the RESOURCEMANAGER reserves the resources needed
for these tasks. The RESOURCEMANAGER executes the tasks and when it
is finished with it, the results will be put in the AGENTSTATE. This com-
ponent uses the COMMUNICATIONMANAGER to communicate the results to
the MARKET.

Components on the third level Now the interfaces of the components
on the third level are described (see table 1).

Component Manager The COMPONENTMANAGER has one input in-
formation type: Role. This information type is needed to specify the role of
the component the COMPONENTMANAGER needs to retrieve. The output
information type is Reference. With this, the reference of the component
to be retrieved is passed to the requesting component. Each component
therefore has the Reference information type on the input side and the Role
information type on the output side. When explaining the interfaces of the
components we will not treat this any more.

Communication Manager The COMMUNICATIONMANAGER has the
following input information types: Ewvent and Reference. The Event input
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Figure 7: The architecture of the Component Manager
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process input information types | output information types
Component Role Reference
Manager
Communication | Event RFQ
Manager Reference Collector
Bid
Request
Role
AgentTime
Penalty
Milestone
BidCompleted
Payment
Agent State RFQ RFQ
Collector Collector
Request Bid
AgentTime Event
Bid Role
Reference
Penalty
Milestone
BidCompleted
EventSubscription
Payment
Bid Manager Event EventSubscription
RFQ Bid
Collector Request
TaskPlan TaskPlan
Price Role
Reference Agentld
AgentTime
Sales Collector TaskPlan
Analyst RFQ SalesGoal
Event EventSubscription
Agentld Request
Reference Role
TaskPlan Milestone
Resource Collector TaskPlan
Manager TaskPlan Price
Reference Role
Event EventSubscription
Request
TimeWindow
Penalty
Milestone
BidCompleted
Price Collector TaskPlan
Manager TaskPlan Price
SalesGoal EventSubscription
Price Request
Event Role
Reference Agentld
Agentld

Table 1: Specification of the third level interfaces
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information type is used to receive information from the MARKET and the
AGENTSTATE. The Fvent information type can contain one of the follow-
ing information types: RF(Q), Collector, Bid, Request, AgentTime, Penalty,
Milestone, BidCompleted and Payment.

The following output information types are used by the COMMUNICA-
TIONMANAGER: RFQ, Collector, Bid, Request, AgentTime, Penalty, Mile-
stone, BidCompleted and Payment. The RF(Q is needed as an output in-
formation type to pass through the RFQ to other components. The market
statistics are passed through to other components with the Collector informa-
tion type. The bid that has been made is passed on with the Bid information
type. We use the information type Request as the information type for do-
ing requests from the MARKET. The current time on the market is passed
through with the information type AgentTime. When a SUPPLIERAGENT is
not able to finish the tasks it is supposed to execute within the appropriate
time, a penalty has to be paid, for this the Penalty information type is
used. Milestones that need to be communicated to the MARKET are com-
municated with the information type Milestone. If the last task of the bid
that was awarded is completed, the information type BidCompleted is used
to communicate to the MARKET. Finally, the Payment information type is
used to pass information from the MARKET concerning payments.

Agent State The AGENTSTATE component has the following input
information types: RF(Q, Collector, Request, AgentTime, Bid, Penalty, Mile-
stone, BidCompleted, EventSubscription and Payment. The RF(@ informa-
tion type is used to receive RFQ’s from the COMMUNICATIONMANAGER. To
be able to receive statistics retrieved from the MARKET by the COMMUNICA-
TIONMANAGER the Collector information type is included. Components can
issue requests to the AGENTSTATE component, for this the Request infor-
mation types is used. Since the SUPPLIERAGENT needs to be synchronized
with other agents on the MARKET. The time within the AGENTSTATE com-
ponent must be set to the aformentioned value, for this AgentTime is an
information type on the input side. The Bid information type is used to
be able to issue bids (this goes through the AGENTSTATE component be-
cause the database within this component needs to be updated). When a
penalty is put on the SUPPLIERAGENT or when the SUPPLIERAGENT puts
a penalty on another agent the Penalty information type is used. While ex-
ecuting tasks, milstones have to be communicated, this is done through the
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Milestone information type. When the tasks are fully executed, or when it
is the latest finish time, the completed tasks are communicated by using the
BidCompleted information type. The FEventSubscription information type
is needed for other components to be able to subscribe to certain types of
events. Finally, the SUPPLIERAGENT should be able to receive payments,
for this the Payment information type is used.

AGENTSTATE has the following output information types: RFQ, Collec-
tor, Bid, Event and Role. The RF(Q information type is used to provide
the BIDMANAGER with the RFQ’s so it can begin the constructing of a bid.
Statistics that have been requested can be provided through the Collector
information type. Components might want to use old bids to improve their
perfomance on their task, these bids can be passed through to them by using
the Bid information type. Events that include a certain type of information
can be passed through to the components that have subscribed to this event,
for this the Fvent information type is included.

Bid Manager The BIDMANAGER has the following input information
types: Fvent, RFQ, Collector, TaskPlan, Price and Reference. The Event in-
formation type is used to pass events containing a certain type of information
through to this component. Information on RFQ’s is passed through using
the RF(@ information type. Statistics that have been requested are passed
to this component with the Collector information type. The advice about
what tasks to bid on are passed using the TaskPlan information type. The
Price information type is used to pass through advice concerning the price.

The output information types of the BIDMANAGER are: EventSubscrip-
tion, Bid, Request, TaskPlan, Role, RF() and Agentld. With the FventSub-
scription information type the BIDMANAGER can subscribe to certain types
of events. The Bid information type is used to pass the bid that needs to be
issued. Requests can be done with the information type Request. The BID-
MANAGER can ask advice about tasks by using the TaskPlan information
type. The RF() information type is used to ask advice about what tasks to
bid on concerning the salesgoals. Finally, the Agentld information type is
passed to identify the agent the BIDMANAGER wants information about.

Sales Analyst The SALESANALYST has the following input informa-
tion types: Collector, RFQ, Event, Agentld, Reference and TaskPlan. The
Collector information type is used to pass the requested statistics. Informa-
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tion about RFQ’s is passed with the RF() information type. With the Fvent
information type certain types of information are passed to the SALESANA-
LysT. The identity of the agent which is being discussed is passed on with
the Agentld information type. The TaskPlan information type is used to
pass information about the tasks to be considered.

The output information types of the SALESANALYST are: TaskPlan,
SalesGoal, FventSubscription, Request, Role, Role and Milestone. The Task-
Plan information type is used to pass information about the tasks to be
considered. The SalesGoal information type contains information about the
sales goals of the agent of which information was requested. The FEventSub-
scription information type is used by the SALESANALYST to subscribe to
certain types of events. Requests can be done by using the Request in-
formation type. Information on milestones are passed with the Milestone
information type.

Resource Manager The RESOURCEMANAGER has four input infor-
mation types: Collector, TaskPlan, Reference and FEvent. The Collector
information type is used to pass the requested statistics. With the Task-
Plan information type the tasks about which advice is requested are passed.
Certain types of information are passed with the Fvent information type.

The output information types are: TaskPlan, Price, Role, EventSubscrip-
tion, Request, Penalty, Milestone, BidCompleted and TimeWindow. The
tasks about which advice is requested are passed using the TaskPlan infor-
mation type. The resource cost are passed with the Price information type.
The RESOURCEMANAGER can subscribe to certain type of events with the
EventSubscription information type. The RESOURCEMANAGER can issue
requests using the Request information type. If the RESOURCEMANAGER
wants to issue a penalty it uses the Penalty information type. Milestones
are passed with the Milestone information type. When the tasks that were
awarded are completed, or when the latest time to finish has arrived, the RE-
SOURCEMANAGER uses the BidCompleted information type to inform which
tasks were completed. The TimeWindow information type is used to pass
advice about which time windows to include.

Price Manager The input information types of the PRICEM ANAGER
are Collector, TaskPlan, SalesGoal, Price, Fvent, Reference and Agentld.
The requested statistics are passed with the Collector information type. The
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TaskPlan is used to receive a taskplan for which advice is requested. The
requested sales goals are passed with the SalesGoal information type. The
Price information type is used to pass information about the resource costs.
The FEwvent information type is used to pass certain types of information.
Agent ID’s are passed with the Agent/d information type.

The PRICEMANAGER has the following output information types: Task-
Plan, Price, EventSubscription, Request, Role, Agentld. The TaskPlan infor-
mation type is used to pass the taskplan about which advice is requested.
The advice on what price to bid is passed with the Price information type.
The PRICE MANAGER can subscripe to certain types of events with the
EventSubscription information type. Requests can be done using the Re-
quest information type. The Agentld information type is used to inform the
SALESANALYST on the identity of the agent it wants advice about.

5.3.3 Information Exchange

In this section the information exchange on the third level is described.

In table 2 the links with the accompanying components and information
types are displayed. All links are always on the object level because the
information types used in the links are not statements about statements.
Within the components there are meta-level information types, but the scope
of this design does not include the design of the specific components. In the
table the links concerning the COMPONENTMANAGER are not specified, since
the links are all the same. From the COMPONENTMANAGER a link exists
to every other component. These are used to pass references from other
components. From each of the aforementioned components a link exists to
the COMPONENTMANAGER in order to specify the role of the component it
would like to have the reference from. We will not go into further details
about the other links since the explantion would be trivial after the previous
section.
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information link from process output to process input

incoming communica- | Market Event Communication | Event

tion Manager

event and information | Agent State Event Communication | Event

to Communication Manager

Manager

update agent state Communication | RFQ, Collec- | Agent State RFQ, Collec-

Manager tor, Agent- tor, Agent-

Time, Payment Time, Payment

event subscription and | Sales Analyst EventSub- Agent State EventSub-

information from Sales scription, scription,

Analyst to Agent State Request Request

event subscription | Resource Man- | EventSub- Agent State EventSub-

and information from | ager scription, Re- scription, Re-

Resource Manager to quest, Penalty, quest, Penalty,

Agent State Milestone, Milestone,
BidCompleted BidCompleted

event subscription and | Price Manager EventSub- Agent State EventSub-

information from Price scription, scription,

Manager to Agent Request Request

State

event subscription and | Bid Manager EventSub- Agent State EventSub-

information from Bid scription, scription,

Manager to Agent

State

Request, Bid

Request, Bid

event notification and | Agent State Event, Collec- | Sales Analyst Event, Collec-
information to Sales tor tor

Analyst

event notification | Agent State Event, Collec- | Resource Man- | Event, Collec-
and information to tor ager tor

Resource Manager

event notification and | Agent State Event, Collec- | Price Manager Event, Collec-
information to Price tor tor

Manager

event notification and | Agent State Event, Collec- | Bid Manager Event, Collec-
information to Bid tor, RFQ tor, RFQ
Manager

advice request to Sales | Bid Manager RFQ, Task- | Sales Analyst RFQ, Task-
Analyst Plan Plan

sales goal request to | Price Manager Agentld Sales Analyst Agentld

Sales Analyst

Sales Analyst advice to | Sales Analyst TaskPlan, Bid Manager TaskPlan,

Bid Manager Milestone Milestone

sales goal to Price | Sales Analyst SalesGoal Price Manager SalesGoal
Manager

advice request to Re- | Bid Manager TaskPlan Resource Man- | TaskPlan
source Manager ager

resource cost request to | Price Manager TaskPlan Resource Man- | TaskPlan
Resource Manager ager

Resource Manager ad- | Resource Man- | TaskPlan, Bid Manager TaskPlan,

vice to Bid Manager ager TimeWindow TimeWindow
resource cost to Price | Resource Man- | Price Price Manager Price

Manager

ager

to be continued on next page
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conlinuation of the previous page

advice request to Price | Bid Manager TaskPlan, Price Manager TaskPlan,

Manager Agentld Agentld

Price Manager advice | Price Manager Price Bid Manager Price

to Bid Manager

outgoing communica- | Communication | Bid, Re- | Market Bid, Re-

tion Manager quest, Penalty, quest, Penalty,
Milestone, Milestone,
BidCompleted BidCompleted

Table 2: Specification of the third level links

This concludes our explanation of the components and their information
exchange.

5.3.4 Knowledge composition, information types

In this section the information types are defined. Within the DESIRE design
method this means defining the structure of the information types flowing be-
tween components. Ofcourse most of them have already been defined within
the MAGNET system. We will treat these briefly. Let us first sum up all
information types:

RFQ

Bid

TaskPlan

SalesGoal

Price

Collector

Event

FEventSubscription

© X N o o WD

Request

—_
e

AgentTime
. Role
. Penalty

S S 't
w N =

. Milestone
. BidCompleted

—_
=~

WS
[\
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15. Payment
16. Agentld
17. TimeWindow

RFQ The RFQ information type is used to represent the request for quotes,
these are the messages used to issue a request of tasks that need to be com-
pleted. It is shown in figure 8 and is split up in three elements: RFQDates,
ProtocolElement and TaskPlan. The RFQDates element is built up from the
following relations: BidDeadline, EarliestConsider and EarliestOffer. All
relations use the sort DATE. The BidDeadline represents the date before
which a bid should be done on one or more of the subtasks of this RFQ. This
is necesary to know because a supplier agent needs to know if a valid bid
can still be done. Secondly, the FarliestConsider models the time by which
the customer will begin considering the bids. The earliest time for a bid to
be placed is modelled in the FarliestOffer relation. The ProtocolElement is
treated in the next paragraph. The TaskPlan is discussed further on.

RFQDates

EarliestOffer EarliestConsider BidDeadline

(otoool Element

DATE ‘

Figure 8: Information type: RFQ

ProtocolElement The ProtocolElement is used as a general informa-
tion type for representing protocol elements (like the RF@ information type).
The information type is shown in figure 9. It consists of the following re-
lations: AgentID, ID and SessionlD. AgentID is used to identify the agent
of which this protocol element originates. The ID is used to identify the
protocol element. Finally, the SessionID models the session to which this
piece of protocol belongs.

TaskPlan The TaskPlan information type models a set of SubTaskRe-
quests embedded in a precendence network, and is shown in figure 10. It
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ProtoElement

AgentID o SessionID

‘ STRING ‘

Figure 9: Information type: ProtocolElement

contains the following elements: It is split up in TaskPlanInfo and SubtaskRe-
quest. The TaskPlanInfo contains the relations PlanName, PlanDeadLine
and PlanStartDate. The first relation uses the sort STRING. The PlanDead-
line is used to denote what the latest deadline of all the tasks in this task
plan is. The PlanName is the name to identify this task plan. The earliest
EarlyStartDate of all tasks in the task plan is identified by the PlanStartDate.

SubtaskRequest The SubtaskRequest element is shown in figure 11
and contains the following relations: DeadLine, FarliestTimeToStart, ID,
JobInfo, JobInfoName, TaskCommands and TaskName. The relations Dead-
Line and EarliestTimeToStart use the sort DATE. JobInfo contains infor-
mation about the average costs, average duration, etc, about a job. Since the
information type consists of a lot of information types and sorts and it had
already been designed a more detailed view has been omitted, see the MAG-
NET Javadoc for more details. The other relations use the sort STRING.
The DeadLine is the deadline for the SubtaskRequest, Earliest TimeToStart is
the earliest time to start executing the task within this SubtaskRequest. The
id of the SubtaskRequest is specified in the ID relation. The relation JobIn-
foName specifies the name of the JobInfo contained in the SubtaskRequest.
The TaskCommands relation contains the user-defined task commands. The
TaskName specifies the name of the task within the SubtaskRequest.

SalesGoal The SalesGoal information type is used to model a sales goal
and has one sort, namely GOAL. The sort GOAL consists of objects that are
still to be determined (see section 8). The goal the SUPPLIERAGENT means
to reach with a particular bid is modeled in this information type. This can
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TaskPlaninfo

e > oo
/ TaskPlaninfo
SubTaskRequw

STRING ‘ ‘ DATE ‘

Figure 10: Information type: TaskPlan

SubtaskRequest

JoblnfoName TaskCommands

STRING

Figure 11: Information type: SubtaskRequest
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be seen in figure 12.

SalesGoal

GOAL

Figure 12: Information type: SalesGoal

Price This information type is used to model a price and contains the sort
LONG (an integer value). This sort is used to denote the price of the resource
costs. See figure 13.

Price

LONG

Figure 13: Information type: Price

Collector This information type contists of the following elements: Data-
Collector, DiscountDataCollector, StorageDataCollector and TimedDataCol-
lector. This is shown in figure 14. This information type is used to model the
market statistics. These elements are all used to model the market statistics.
We will not go into further detail because it has not been specified yet.

Bid This information type consists of BidData and Milestone and is shown
in figure 15. They are treated in more detail in the next paragraphs.
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DataCollector
DiscountData
Collector
Collector
StorageData
Collector
TimedData
Collector

Figure 14: Information type: Collector

BidData This information type is shown in figure 15 and consists of the
following relations: Duration, EarlyStart, LateStart, EarlyFinish, LateFinish,
LatestAccept, Cost and TaskSet. The Duration relation describes the dura-
tion of the entire bid or of one task in the bid in particular. It uses the
sort LONG. With the EarlyStart relation the earliest time to start with the
execution of the tasks within the bid or of one task in the bid in particular.
The sort used by this relation is DATE. The LateStart uses the DATE sort
and denotes the latest time to start with the execution of the tasks within
the bid or of one specific task in the bid. For the denotation of the earliest
time to finish with the execution of the tasks within a bid or one task specific
the FarlyFinish relation is used, this relation also uses the DATE sort. The
latest time to finish with the execution of the tasks within the bid or one
specific task within the bid is modelled with the LateFinish. For this it uses
the sort DATE. The LatestAccept relation is used to denote the latest time
on which the SUPPLIERAGENT can be notified of the acceptance of it’s bid.
For the cost for the execution of the tasks within the bid the Cost relation is
used. This relation uses the sort LONG. The TaskSet relation specifies the
set of taskID’s in this bid, for this it uses the sort SET. The sort SET is a
number of unordered taskID’s.

Milestone The information type is shown in figure 16 and consists of two
relations: Taskld and Milestoneld. The Taskld relation is used to represent
the task for which this is a milestone. The sort used by Taskld is STRING.
Each milestone within a bid has a unique id, for which the Milestoneld rela-
tion is used. This relation also uses the sort STRING.
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BidData

BidData

LateFinish LatestAcoept

Figure 15: Information type: Bid

Milestone

Taskld Milestoneld

‘ STRING ‘

Figure 16: Information type: Milestone
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Event The Fvent information type is shown in figure 17 and is used to pass
events to the subscribed components. It consists of the following relations:
REQArrwalEvent, REFQBidDeadline Event, REQFEarliestConsider TtmeFEvent,
RFEQEarliestOfferEvent, BidDepositPaymentEvent, BidAward TimeEvent, Bid-
AwardEvent, BidEarliestFinish TimeEvent, BidEarliestStart TimeFEvent, Bid-
LatestStart TimeFEvent, BidLatestFinishTimeFvent, BidPaymentEvent, Bid-
PenaltyPaymentFEvent, BidPenaltyNotificationEvent, Statistics Typel Fvent and
Statistics Type2FEvent. The relations RFQArrivalEvent, RFQBidDeadlineEvent,
RFEQEFEarliestConsider TimeEvent and RFQFarliestOfferFEvent all use the sort
STRING. The sort is used by the relations to identify the RFQ on which the
event is about. The aformentioned relations are used to model the events con-
cerning a particular RFQ. The RFQArrivalEvent models the arrival of a new
RFQ on the MARKET. When the deadline for the issueing of bids is reached,
the RFQBidDeadlineEvent is used. The RFQFEarliestConsiderTimeFEvent
denotes the earliest time on which the bids issued on this RFQ are con-
sidered. The earliest possible time on which a bid can be issued is passed by
means of the RFQFEarliestConsider TimeEvent. To model events concerning
bids, the following relations are used: BidDepositPaymentEvent, BidAward-
TimeFRvent, BidAwardEvent, BidEarliestFinish TimeFEvent, BidEarliestStart-
TimeEvent, BidLatestStartTimeFEvent, BidLatestFinishTimeEvent, BidPay-
mentFEvent, BidPenaltyPaymentFEvent and BidPenaltyNotificationFvent. All
the relations use the sort STRING to identify the particular bid this event is
about. The BidDepositPaymentEvent is used to model the payment of the
deposit for this specific bid. Besides the aformentioned sort it also uses the
sort LONG to model the amount of money paid. For each bid that has been
issued there is a particular time on which the awarding of the bid takes place,
this is modeled with the BidAwardTimeFEvent relation. To model the award
of a bid that has been issued the relation BidAwardEvent is used. Bids have
an earliest finish time, earliest start time, latest start time and latest finish
time to model these time event the relations used are, respectively, BidEarli-
estFinishTimeFEvent, BidEarliestStartTimeFEvent, BidLatestStartTimeFEvent
and BidLatestFinishTimeFEvent. When a bid has been executed, a payment
should be done. To model the arrival of a payment, the BidPaymentFEvent
relation is used. This relation uses the sort LONG to model the amount
of money that has been paid. The BidPenaltyPaymentFEvent denotes the
payment of a penalty that has been put on the customer agent, for this the
sort LONG is also used to model the amount paid. Finally, the BidPenal-
tyNotificationEvent is used to model an event of a penalty being put on the
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SUPPLIERAGENT. To model the arrival of a certain type of statistics, the
relations Statistics Typel Event and Statistics Type2FEvent are used. Both re-
lations use the sort STRING to be able to identify the proper statistics so it
can be retrieved from the AGENTSTATE.

When there can be multiple markets, there should be a composite key
which can be used to identify RFQ’s and bids. This is because there is no
guarantee that the identification of the RFQ is unique on multiple markets.

EventSubscription The information type is shown in figure 18 and con-
sists of one relation, namely Subscribe. The relation denotes the subscription
to a certain type of event. It uses the sorts EVENT_TYPE, STRING and
OBJECT. The EVENT_TYPE sort consists of objects that represent the
types of events a component can subscribe to. With the EVENT_TYPE sort
the type of the event one wants to subscribe to is passed. To be able to
know what component wants to subscribe to this event, the STRING and
OBJECT sorts are used. The STRING is used to denote the role of the
component that wants to subscribe. The sort OBJECT is used to describe
which instance of this component wants to subscribe.

Request In figure 19 this information type is shown. This information
type contains one relation which is DoRequest. The relation is used to model
the request that can be done for a certain type of information. The relation
uses the sorts REQUEST_TYPE, ROLE and HINT. The REQUEST_TYPE
sort consists of objects that represent a certain request type. The STRING
and the OBJECT sorts are used for the same reason as explained in the
EventSubscription informationtype.

AgentTime In figure 20 the AgentTime information type is shown. As
can be seen, it contains three relations: Date, Rate and Offset. The relation
Date is used to maintain the time, it uses the sort DATE. The rate at which
the time is passing can be specified with the Rate relation, this relation uses
the sort DOUBLE. With the relation Offset the offset value from the base is
modeled. The sort LONG is used by this relation. The relations Rate and
Offset are usefull for running experiments.

Agentld In figure 21 the information type Agentld is represented. It has
the relation Id to model the identity of an agent and for this the sort STRING
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Event

RFQEarliestCon-
RFQArrivalEvent ) (RFQBidDeadlineEveny sideQrTimeEvent RFQEarliestOfferEvent

BidAwardTimeEvent

BidAwardEvent

BidDepositPay- BidEraliestFinish- . : ] BidL atestStart-
1 2

BidLatestFinishTime>
Event

StatisticsType2Event

AMOUNT

Figure 17: Information type: Event
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AgentTime
‘ DATE H DOUBLE H LONG ‘

Figure 20: Information type: AgentTime

is used.

Agentld

‘ STRING ‘

Figure 21: Information type: Agentld

Penalty The information type Penalty has one relation, namely IssuePenalty.
With this relation the penalty that should be paid is modeled. The sort
STRING is used to identify the agent which should pay the penalty. The
sort STRING is also used to specify the bid for which the penalty should be
paid. The last sort that is used is the sort LONG. This sort specifies the
amount that should be paid as a penalty and is modeled in the information
type Event. Figure 22 describes the Penalty information type.

Payment In figure 23 the Payment information type is shown. Pay is the
only relation within this information type. The payment of a certain amount
of money is modeled with this relation. It uses the sort PAYMENT_TYPE
with which the type of payment is modeled. There are three types of pay-
ment which are represented as objects: Deposit, Penalty and FinalPayment.
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12

Penalty

| ssuePenalty

3

STRING

LONG

Figure 22: Information type: Penalty

Another sort used by the relation is STRING which is used to identify the
agent from which the payment originates and to be able to identify the bid
for which this payment is done. The sort is treated in the Bid information
type. The sort LONG is used to denote the amount that is paid.

1

Payment

23

D

‘ PAYMENT_TYPE ‘ ‘

LONG

Deposit
Penalty
Final Payment

Figure 23: Information type: Payment

BidCompleted The BidCompleted information type consists of two in-
formation types: Beliefs, Truth Indication and BidCompletedMetalnfo and
is shown in figure 24. The Beliefs information type is defined as a generic
information type within DESIRE and is used to maintain information on
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the world and other agents. The information type consists of the relation
belief, using the sort INFO_ELEMENT and SIGN. The Truth Indication is
also shown in the same figure and is used to add a sign to the relation. It
contains the sort SIGN, which consists of the objects pos and neg. Finally,
the BidCompletedMetalnfo consists of the sort INFO_ELEMENT using meta
descriptions on the BidCompletedinfo. BidCompletedInfo uses the TaskPlan
information type, which has already been treated, and the BidInfo informa-
tion type consists of the following relations: CustomerAgentld and Bidld.
The CustomerAgentld relation is used to model the identity of the agent
for which the information is meant. This relation uses the sort STRING to
identify this agent. Another relation within the BidCompletedInfo is Bidld
which uses the sort STRING to identify the bid. The relation specifies the
bid which this information is about. Since the relation is complicated if one
is not familiar with DESIRE, let’s give an example of an atom is

belief ((TaskPlan, (BidId(bidl), AgentId(agentl))),pos)

where TaskPlan should be formed according to the definition of information
type in figure 10 however, this would make the example less clear. The
example indicates a bid with identification ’bid1l’ and from agent ’agentl’
where there is a positive belief that all tasks included in the TaskPlan have
been succesfully completed.

Beliefs BidCompletedMetalnfo

BeIlefs INFO_ELEMENT
Belief

[ ] BidCompleted-
BidCompleted < Metalnfo 1 2
Truth INFO_ELEMENT H SIGN
Indication

BidCompleted-
Info

Bidinfo Thruth Indication

SIGN
BI did CustomerAgentld

- Gy

Figure 24: Information type: BidCompleted

TaskPlan
BldCompI eted-
Info

Bldlnfo
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TimeWindow The information type is shown in figure 25. As can be seen,
there are five relations. The first relation is Taskld, this relation specifies the
identity of the task for which the time window holds. It uses the sort STRING
to represent the identity of the task. The other four relations have already
been discussed in the Bid information type.

TimeWindow

T -@

STRING DATE

Figure 25: Information type: TimeWindow

Role The Role information type is shown in figure 26 and consists of one
relation: ComponentRole. This relation denotes the role the component has
within the SUPPLIERAGENT and uses the sort STRING. This sort is used to
represent the role.
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Role

ComponentRole

STRING

Figure 26: Information type: Role

5.4 Design using UML

Now that we have made a design on a higher level, we are ready to treat the
detailed design. For this UML is used within this document. In the first sec-
tion the Class Diagram of the SUPPLIERAGENT is presented. The mapping
between the higher level design dicussed previously and the more detailed
design as presented in this section is done in the following way: The compo-
nents have become classes and the flow of information from one component to
another component is done through the parameters of a method call. When
the flow of information is synchronous, the method call returns the result.
When the communication is asynchronous, the information is put through
a method call in the requesting component. A combination of both is also
possible, for example when you subscribe to a particular event you will get
a confirmation through a synchronous return value. However, the events the
subscription was about are put in an asynchronous way. The information
types as defined in the previous section have been modeled as classes and
the information included in the information types can be accessed through
method calls.

5.4.1 Class Diagram

In figure 27 the Class Diagram of the SUPPLIERAGENT is shown. The Sup-
PLIERAGENT contains the COMPONENTMANAGER. Each SUPPLIERAGENT
contains precisely one COMPONENTMANAGER and each COMPONENTM AN-
AGER is contained within precisely one SUPPLIERAGENT. This is done be-
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SupplierAgent

ComponentManager

initialize(): void
dispose(): void
main(): void

Jookup(String): Component
release(Component): void
hasComponent(String): boolear|

1.1 ] 1.1

ComponentSel ector

ROLE: String

hasComponent(String): boolear]
release(Component): void
select(Object): Component

The Component-

Manager can contain
ComponentSelector for one
of the four Components at
the bottom and the
ComponentSelector can then
own multiple instances of
the aforementioned
Component. The Manager
can also own one
Component directly and
have no ComponentSelector
for this Component.

1.1
1...1l 1.1 1...1l 1.1 1l1...n 1.n 1l1_.n 1.0 1.1 L. |L.n 1...1l1...n 1.
CommunicationM anager AgentState SalesAnalyst ResourceManager PriceManager BidManager
ROLE: String ROLE: String ROLE: String ROLE: String ROLE: String ROLE: String
initialize(): void initialize(): void initialize(): void initialize(): void initialize(): void initialize(): void
StC SsetC 1tManager( setC tManager( setComponentManager( SetC SHC
Compor ): voi C ): Voi C ): Voi ComponentManager): Voi ‘ComponentManager): voi ‘ComponentManager): Voi
putMarketEvent(Event): void put(Object): void putAgentStateEvent(Event): putAgentStateEvent(Event): n Event):
PUtAgentEvent(Event): void subscribeToEvent(int, String, void void void void
register(String): Certficate Object): boolean getTasks(RFQ): TaskPlan getTasks(TaskPlan): TaskPlan getPrice(TaskPlan, String): long getAdvice(RFQ): Collection
login(Certificate): boolean unsubscribeToEvent(int, String, getMileStones(TaskPlan): getTimeWindow(TaskPlan): dispose(): void dispose(): void
dispose(): void Object): boolean Collection llection
: doRequest(int, String, Object): getSalesGoal(Siring) getResourceCost(TaskPlan):
boolean SdlesGoal 9 long
get(String): Object dispose(): void responsibleForExecution(
dispose(): void String): void
dispose():void

Figure 27: The UML Class Diagram for the Supplier Agent
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cause all the components the SUPPLIERAGENT needs are managed by one
COMPONENTMANAGER. And we’ve modelled the COMPONENTMANAGER
to manage only those components for one SUPPLIERAGENT. The CoMPO-
NENTMANAGER can have a COMPONENTSELECTOR for every component
it is supposed to manage (except for the COMMUNICATIONMANAGER and
the AGENTSTATE components), but this is not obligatory. If there is only
one instance of the component, there is no need to use a COMPONENTS-
ELECTOR for that component. Since there are four components which can
have multiple instances, the COMPONENTMANAGER can have at most four
COMPONENTSELECTORS. The COMPONENTSELECTOR is contained within
precisely one COMPONENTMANAGER because it only needs to keep track of
the instances of the components this COMPONENTMANAGER manages. The
COMPONENTSELECTOR contains one or more instances of one of the com-
ponents at the bottom (SALESANALYST, RESOURCEMANAGER, BIDMAN-
AGER and PRICEMANAGER). And these components each have precisely
one COMPONENTSELECTOR. If the COMPONENTSELECTOR is not used
for a component, this component is contained within precisely one Cowm-
PONENTMANAGER, and the COMPONENTMANAGER contains precisely one
instance of this component. All components have a reference to the Com-
PONENTMANAGER they’re managed by (which can be only one). There can
be multiple instances of the PRICEM ANAGER, RESOURCEMANAGER, SALE-
SANALYST and BIDMANAGER and each of these instances has a reference
to the COMPONENTMANAGER. There is only one instance of the ComMmU-
NICATIONMANAGER (and therefore it can have only one reference to the
COMPONENTMANAGER) because the Server should have only one instance
of a component to communicate with, so there can be only one CoOMMU-
NICATIONMANAGER. However if there can be multiple markets, it would
be useful to have an instance of the COMMUNICATIONMANAGER for every
market, this however is not modelled within this paper. There is also one
instance of the AGENTSTATE because the events should be handled by only
one component.
The interfaces of all of the classes are also shown in the figure.

5.4.2 Sequence Diagram

Sequence Diagram of the UseCase Compose Bid In figure 28 the Se-
quence Diagram of use case Compose Bid for the SUPPLIERAGENT is shown.
A prerequisite is that an RFQ has already arrived at the COMMUNI-
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5.4 Design using UML

CATIONMANAGER. The assumption has been made that the BIDMAN-
AGER has already got a reference to the COMMUNICATIONMANAGER and
the AGENTSTATE. First of all the BIDMANAGER retrieves the RFQ from
the AGENTSTATE and start with the making of the bid. For this, it may
want to use statistics from the market. If so, the BIDMANAGER requests
these statistics from the AGENTSTATE. After the request has been done,
the BIDMANAGER subscribes to the event for the arrival of these particu-
lar statistics. This component checks if the statistics are available within the
AGENTSTATE (if this is the case, an event is passed right away by the AGENT
STATE), or have to be retrieved from the MARKET. If the statistics have to
be retrieved from the MARKET, the AGENTSTATE passes an event to the
COMMUNICATIONMANAGER. The COMMUNICATIONMANAGER interprets
the event and retrieves the statistics from the MARKET. After the statistics
have been received, the COMMUNICATIONMANAGER passes these through
to the AGENTSTATE. This component notifies all subscribed components of
the arrival of the statistics, including the BIDMANAGER. Now that the BiD-
MANAGER knows that the statistics are present it retrieves them from the
AGENTSTATE. After this has been done it determines the available time for
the bidding process. The assumption has been made that the RESOURCEM-
ANAGER knows the current market time. Subsequently, the SALESANALYST
is used to give the BIDMANAGER an advice concerning which tasks to fo-
cus on when taking the customer into account. For this the BIDMANAGER
has to retrieve the reference to the SALESANALYST from the COMPONENT-
MANAGER and, when multiple instances exist, the COMPONENTSELECTOR
is also used. After the reference has been received the BIDMANAGER passes
the RFQ containing tasks to be considered to the SALESANALYST. The
SALESANALYST executes the aformentioned task and return the resulting
TaskPlan. The reference to the RESOURCEMANAGER is retrieved in the
same way as with the SALESANALYST. The BIDMANAGER passes the Task-
Plan through to the RESOURCEMANAGER. After this has been done, the
RESOURCEMANAGER selects the tasks which can be bid on when looking at
the resources. The resulting TaskPlan is retrieved and is used to determine
the number of bids. Subsequently the composition of these bids is determined
and after that the time windows included in the bids are fixed. In order to
be able to do this, the RESOURCEMANAGER is consulted, since it knows the
time on which the resources are available. Another issue is what milestones
to include in the bids which is done next. For this, the SALESANALYST
is asked for advice, because the SALESANALYST knows the preferences of
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the customer. Now that the bids have almost been constructed the price to
be included needs to be calculated. For this the PRICEMANAGER is asked
for advice. The reference is retrieved in the same way as described above
and the TaskPlan and the agentld are passed to the PRICEMANAGER. The
PRICEMANAGER asks for the SalesGoals for this customer from the SALE-
SANALYST and the RESOURCEMANAGER is consulted for the resource costs
of the resources included in the TaskPlan. The references are retrieved in
the same way as with the BIDMANAGER. After the PRICEMANAGER has
received the advice it determines the price and return it. Now the BIDMAN-
AGER is able to make the Collection of Bids to be done and stores them untill
the time has come to issue them.

Sequence Diagram of the UseCase Bid Award In figure 29 the Se-
quence Diagram of use case Bid Award for the SUPPLIERAGENT is shown.
A precondition is that a bid has been issued. First the COMMUNICA-
TIONMANAGER is notified that it’s bid has been awarded by passing the
bidAwardEvent. Now the COMMUNICATIONMANAGER updates the AGENTSTATE
with this Event. The assumption has been made that the RESOURCEM-
ANAGER is subscribed to this particular event. The RESOURCEMANAGER
is now notified by the AGENTSTATE that the bid that has been issued is
awarded. After the deposit has been paid, the RESOURCEMANAGER reserves
the necessary resources. When the AGENTSTATE notifies the RESOURCEM -
ANAGER that the earliest time to start has arrived, the RESOURCEMANAGER
starts with the execution of the tasks that were awarded (as can be seen in the
UseCase FErecute Task). Whenever a milestone is reached, this is commu-
nicated to the MARKET by putting the milestone into the AGENTSTATE
component. The AGENTSTATE in turn passes an event through to the
COMMUNICATIONMANAGER. The COMMUNICATIONMANAGER interprets
the event and communicates the milestone to the MARKET. After that, the
RESOURCEMANAGER continues with the completion of the rest of the tasks.
After the execution of the tasks is completed, the RESOURCEMANAGER re-
leases the resources it reserved for the tasks. Now the RESOURCEM ANAGER
communicates a TaskPlan which contains the tasks that have succesfully
been executed to the MARKET (the communication is done in the same way
as descibed above). When the latest time to finish arrives, the AGENTSTATE
notifies the RESOURCEMANAGER of it. The RESOURCEMANAGER waits for
the payment to be done. When the payment has been done, the RESOURCE-
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5.4 Design using UML

MANAGER marks the bid as done.
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6 Implementation

After the design that has been presented the implementation fase is next.
In this section a brief overview of the problems and choices that have been
made during this fase is given. First, the issues involved in implementing
each of the information types and components are treated.

6.1 Implementing the components

In this section the issues involved in implementing the information types and
each of the components are passed. First of all, the information types are
discussed and after that the components. Since we focus on four components
we will not go into further detail for the components we didn’t implement.
The components that we have implemented are: the COMMUNICATIONMAN-
AGER, the AGENTSTATE, the BIDMANAGER and the SUPPLIERAGENT.

6.1.1 Implementing the information types

The implementation of the information types was the first step in the im-
plementation fase. We’ve chosen to implement these first because all com-
ponents use the information types and the information types can be imple-
mented without needing any other classes. Within Java classes are placed
within packages, we’ve chosen to split the information types into two pack-

ages. The information types concerning events are put in the edu.umn.magnet.

client.supplier.event package and the rest of the information types have
been put in the edu.umn.magnet.client.supplier.infotypes package. When
an information type is not included in this section but was part of the DE-
SIRE section on information types it was already part of the MAGNET
system or part of the Java programming language.

Within the edu.umn.magnet.client.supplier.event the following in-
formation types have been implemented:

BidEvent

MarketEvent

PaymentEvent

RFQEvent
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e StatisticsEvent

e SupplierAgentEvent

There are two basic types of events: SupplierAgentEvent and Mar-
ketEvent. Both of these were not part of the model as presented in the de-
sign. The SupplierAgentEvent is used as a superclass for the events that
can occur within the SUPPLIERAGENT. The class has been created because
the components should be able to receive all possible events within the Sup-
PLIERAGENT and with a superclass as the aformentioned only one method
is needed to receive all these events. The MarketEvent has been added be-
cause we need to be able to cummunicate with the Market and these are not
part of the internal events of the SUPPLIERAGENT. The MarketEvent can
include all elements that need to be communicated to and from the SuPPLI-
ERAGENT like RFQ’s and bids. The Supplier AgentEvents have been split
up into four events since they use the same attributes. The BidEvent is used
to pass events concerning bids and has a number of event types. The Pay-
mentEvent is used to pass events concerning payments for the execution of
tasks within bids. Third, the RFQEvent is used to model events concerning
RFQ’s. Finally, the StatisticsEvent models events about statistics. The
implementation of the aformentioned classes didn’t cause any difficulties.

Within the edu.umn.magnet.client.supplier.infotypes the following
information type are included:

e Certificate
e Componentld
e MileStone

SalesGoal

TimeWindow

The classes correspond to the information types as mentioned in the de-
sign. The Certificate information type was not included in the design and is
an information type we are not responsible for. The Componentld informa-
tion type is used for database purposes and is simply a class that groups the
ROLE of a component and it’s HINT. The implementation of the classes
didn’t cause any problems.
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6.1.2 Working with Threads

After the implementation of the information types, the components are next.
Since the SUPPLIERAGENT should be able to handle multiple RFQ’s at the
same time, for which multiple BID M ANAGERS can be used, we need to have
some kind of method for components to run at the same time. Within Java
you can use Threads to achieve this goal. Using this scheme results in each
agent running seperately and when necessary they can run at the same time.
Since we were not familiar with Threads a brief explanation is given here.

A Thread in Java is a single sequential flow within a program. In Java,
the program usually executes within one Thread. When you want to have
multiple Threads you can extend the Thread class and by doing this add an
extra Thread to the execution. In figure 30 the lifecycle of the Thread is
shown. The Thread is created when the run method is invoked in the class
that is extending the Thread class, this is done by calling start(). The Thread
is terminated when the method has fully executed the code within the run
method. Threads have a priority, the amount of CPU they each get depends
on their priority. When you want to state that other Threads are allowed to
run instead of your Thread, you can use the yield method. Threads can be
created dynamically, so in our system when you start up a BIDMANAGER
you can simply create a new Thread and let the BIDMANAGER run in this
Thread.

running

yield

i

stant Lw
Mew Thread Mot Runnakble

l The run method terminates

Figure 30: The Lifecycle of a Thread

When reading the documentation about Threads in Java we noticed that
it is preferred to have the code concerning events in one Thread. If, as a
consequence of the event, a rather large piece of code has to be executed, a
seperate Thread has to be started. This Thread can be started in the method
invoked by the event. For information on Threads see [Sun Microsystems inc.,
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1995].

6.1.3 Implementation of the AgentState component

The AGENTSTATE component is the most difficult component to implement
so we decided on doing this component first. The main focus of the research
on the SUPPLIERAGENT within the MAGNET project is going to be on the
bidding. Since this is the case, the implementation doesn’t need to support
the events taking place after the BidAward. Another thing we didn’t imple-
ment are the issues related to Statistics, since Statictics are not supported
in the MARKET yet. Now the issues that arrose when implementing the
AGENTSTATE are described.

First of all, we started implementing the subscription to the events. For
this, we had to create a database to keep track of all the subscriptions.
The database needs to be able to keep track of subscriptions and give all
the components that need to be notified when a particular event occurs.
We’ve implemented the database in a very simple way, just by using Vectors
to maintain the subscriptions. Since the subscriptions include the type of
event, the role of the component and it’s hint this information has to be
grouped so it can be put in a Vector. We’ve choosen to make a class named
Componentld which contains the role and the hint of the component that
has subscribed. To group the eventtype and the identification together we
introduced another class, namely SubscriptionNode. We’ve choosen to
construct the Componentld class because with this it is easier to return
a Vector with the subscribed components, since an entry in the Vector can
contain only one Object. If we had just included the role, hint and type of
event in the SubscriptionNode class this wouldn’t have been as easy.

Secondly, we started implementing the put() and get() methods. When
we started implementing these, it became clear we needed a database to
store the information that was put and retrieved. We’ve choosen to use
a temporary solution, since there is someone who is working on databases
within the MAGNET project. The temporary solution was to just store the
bids, bidwards and RFQ’s in a Vector. Another issue that arose was that
for the putting and retrieving method an id was used and in case of multiple
markets the id is not guaranteed to be unique. Since the research doesn’t
focus on multiple markets for now, we’ve assumed that the id was unique. If
multiple markets need to be supported, the identity of the protocol element
and the identity of the market can be used as a composite key. When the
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put method is called, the appropriate actions are taken such as saving the
Object that was put and: In case of a bid, the COMMUNICATIONM ANAGER
is notified it should be sent. In case of an RFQ a BIDMANAGER is assigned to
determine the bids for this particular RFQ. When the get() method is called,
the appropriate protocol element is looked up in the Vectors and returned.

After this had been implemented, the next thing we’ve implemented was
the selection of the BIDMANAGER when a new RFQ arrives. In order to
know what BIDMANAGERS are available we added an extra method to the
interface, since it’s impossible to determine this just by using the ComMPO-
NENTMANAGER. When this method was implemented, we decided to add
an extra class for keeping track of the available BIDMANAGERS. With this
class, you can state the available BIDMANAGERS and request an available
one when a new RF(Q arrives. When this is done, the BIDMANAGER that
is returned is assigned to the RFQ. A BIDMANAGER can be made available
again by passing the id of the RFQ it has been assigned to. The algorithm
for selecting an available BIDM ANAGER is very simple, just take the first one
that is available.

Now that the selection of the BIDM ANAGERS have been arranged we need
a mechanism to make a BIDM ANAGER available again. The appropriate time
to make the BIDMANAGERS available again is when the RFQ bid deadline
arrives. This is because no bidding is allowed after this deadline, so there’s
no need for the BIDMANAGER to issue bids any more. Within the MAGNET
system there is a class that can be used to issue events when a particular time
passes called TimeMap. The problem that arrose when we used the class was
that the events that were thrown didn’t contain any information. Since we
want to include multiple time events concerning an RFQ and a bid we need
some method to be able to pass information on what time event has arrived.
We first came up with using a regular sequence in which the time events
occured. With this we kept track of how many events had occured and just
sent the next one in the sequence to the AGENTSTATE. We didn’t like the
assumption that the sequence would always be the same, so we looked at the
code that had been written in the MAGNET system and used the TimeMap.
We used this code and now the assumption is dropped, since with this code
the events can contain an eventtype.

After the previous implementation issues, we noticed that the AGENTSTATE
issues a lot of events. Since we want to be able to handle a lot of events at
the same time, it wouldn’t be usefull for components to receive all events of
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a particular type since they are interrupted when an event occurs. That’s
why we introduced the expression of interest, with this components have to
express interest in a particular id of a protocol element. Components only
receive those events they have subscribed to and that event should also be
concerned with an id they have expressed interest in. If components do not
express interest in an id, they are not able to receive events. There might be
some components that are interested in all events of a certain type, for exam-
ple, if there is only one RESOURCEMANAGER it needs to receive all bidaward
events, since it manages all resources. That’s why we’ve introduced the IN-
TERESTED_IN_ALL constant, with which a component can express interest
in all protocol elements. Finally, we introduced a constant REMOVE_ALL
to easily remove all expressions of interest.

6.1.4 Implementation of the BidManager component

Since the AGENTSTATE assigns a BIDMANAGER to a newly arrived RFQ),
the next component to be implemented was the BIDMANAGER. Since the
SUPPLIERAGENT should be able to handle multiple RFQ’s, we've decided
to make an extra class, contained in the BIDMANAGER, namely BidDeter-
miner which actually determines the bids. This class extends the Thread
class so when the BIDMANAGER is started up a seperate Thread is started
up, in which the collection of bids is determined. Events for the BIDMAN-
AGER are received in the same Thread where the AGENTSTATE component
runs. Since the determination of the bid is done in a different Thread, we
need to have a way of communication between the Threads. The normal way
to do this, is by using a synchronized queue between the Threads. We’ve im-
plemented our queue as a FIFO-queue, since we want the BidDeterminer
to handle the events in the order they were thrown.

The BidDeterminer we’ve implemented is only usefull for testing pur-
poses and therefore it only constructs one bid in which all the advices are
included. For this we’ve implemented the following functionalities: retrieving
the RFQ from the AGENTSTATE, asking for advice concerning the tasks to
bid on from the SALESANALYST and the RESOURCEMANAGER, getting the
timewindows from the RESOURCEMANAGER, getting the milestones from
the SALESANALYST, getting the price to bid from the PRICEMANAGER and
submitting the bid. The BidDeterminer also needs to be able to subscribe
to events, this means the AGENTSTATE must be accessible from different
Threads. This, however, isn’t a problem because we use the Avalon sys-
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tem. It guaranties that no component can be accessed by more than one
component at the same time and because of this, components in different
Threads are synchronyzed. The only difficulty we experienced during the
implementation was with the Milestones, this was because we didn’t know
how to include them in a bid. At first we thought that a Milestone could be
added to a bid by adding a taskld with a Milestoneld. However, this wasn’t
the proper way to do this. A milestone is just a taskID for which either the
duration of the execution of the task is specified or the specific start and
finish times. Another task can be included in the milestone by specifying the
id of this task and the id of the milestone task.

6.1.5 ResourceManager, SalesAnalyst and PriceManager

In order to be able to test the SUPPLIERAGENT we need these components
to be implemented. Since other people are responsible for implementing
these components, we've decided to implement dummy components. The
dummy components don’t behave intelligently but just return some random
information in the correct format. Because of this the implementation was
straightforward and didn’t cause any problems.

6.1.6 CommunicationManager

Now that all the components have been implemented the SUPPLIERAGENT
needs to be able to communicate, therefore we now implemented the Com-
MUNICATIONMANAGER. Since the person responsible for the security of the
SUPPLIERAGENT wasn’t finished with his part, we didn’t implement the
register and login functions. Since these functions aren’t implemented, we’ve
added the setAgentld function. This was neccessary to be able to iden-
tify a SUPPLIERAGENT when testing with multiple SUPPLIERAGENTS. It
is capable of communicating with outside entities. For testing purposes we
provide the COMMUNICATIONMANAGER with the reference to the outside
entity. Communication goes by passing MarketEvents, these events contain
the object that is to be communicated as it’s contents. To be able to receive
MarketEvents the COMMUNICATIONMANAGER needs to extend the Mar-
ketEventListener interface. If there are multiple SUPPLIERAGENTS, the pass-
ing of the MarketEvents between the SUPPLIERAGENTS and the outside en-
tity needs to be synchronyzed. In order for the COMMUNICATIONM ANAGER
to receive SupplierAgentEvents it also implements the AgentStateEventLis-
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tener interface. The implementation of this component didn’t cause any
problems.

6.1.7 SupplierAgent

The next step was to have a component that creates all the components and
puts them in a manager. With the Avalon system a XML file can be used
to create all the instances of the components. The XML file looks like this:

<MAGNET>
<component

role="edu.umn.magnet.client.supplier.component.BidManagerSelector"

class="org.apache.avalon.excalibur.component.ExcaliburComponentSelector">
<component-instance name="bidmanageri"
class="edu.umn.magnet.client.supplier.component.DefaultBidManager">
</component-instance>
<component-instance name="bidmanager2"
class="edu.umn.magnet.client.supplier.component.BidManager2">
</component-instance>

</component>

<component

role="edu.umn.magnet.client.supplier.component.SalesAnalyst"

class="edu.umn.magnet.client.supplier.component.DummySalesAnalyst">

</component>

<component

role="edu.umn.magnet.client.supplier.component.ResourceManager"

class="edu.umn.magnet.client.supplier.component.DummyResourceManager">

</component>

<component

role="edu.umn.magnet.client.supplier.component.AgentState"

class="edu.umn.magnet.client.supplier.component.DefaultAgentState">

</component>

<component

role="edu.umn.magnet.client.supplier.component.CommunicationManager"

class="edu.umn.magnet.client.supplier.component.DefaultCommunicationManager">

</component>

<component

role="edu.umn.magnet.client.supplier.component.PriceManager"

class="edu.umn.magnet.client.priceManager.SAPriceManager">

</component>

</MAGNET>

With this file, two instances of the BIDMANAGER are created. They each
use a different class file and are put in the same EXCALIBURCOMPONENTS-
ELECTOR. All the other components have one instance and therefore don’t
use the EXCALIBURCOMPONENTSELECTOR. The file is used as input for the
ConfigurationBuilder.

After the configuration has been built, the ExcaliburComponentManager
is configured using the aformentioned configuration. We have to use this
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manager instead of the DefaultManager because that one is not configurable
with a ConfigurationBuilder. After the manager has been configured, the
components are provided with the necessary information to be able to work
properly. This includes putting the reference to the ComponentManager and
setting the hints of the components. After this, all components are initialized.
Implementing this part of the system caused some problems, in particular the
configuration with the XML file. The classes included in the XML file have
to be part of the edu.umn.magnet.client.supplier.component package
because else they aren’t loaded. This has something to do with the Class-
Loaders that are used for different parts of the program. Another problem
that came up during the implementation was that every time a component
was used a new instance of the component was created. This was not some-
thing we wanted to have, since the PRICEMANAGER for example is going
to use an algorithm based on history. Since the PRICEM ANAGER needs to
keep track of this history for itself, the history is lost when a new instance
is created. To solve this problem, we checked the Avalon documentation
and noticed that when a class implements the ThreadSafe interface, no new
instance is created. This is exactly what we want, so we implemented the
interface in all components. Ofcourse, when using this interface, the compo-
nents have to be ThreadSafe. Since the ComponentManager only provides a
reference to the components when they are available (which means not being
used by another component), this is not a problem.

Now that an overview has been given of the implementation issues, we
are going to give a brief overview of how the Threads are organized. This is
shown in figure 31.

The PRICEMANAGER, the RESOURCEMANAGER and the SALESANA-
LYST aren’t shown in the picture, because they can be in any Thread in
the SUPPLIERAGENT. When one of these components is referenced from a
particular Thread, the component flows into this Thread.
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7 Testing

Now that we’ve implemented all the components, we are ready to test the
implementation. We haven’t tested all the classes, because some of them are
trivial to implement, for example the RFQEvent is real easy to implement.
In every section a testplan is presented which has been used to test the class,
after which the result is shown.

7.1 BidManager

Within the BIDM ANAGER component the following classes have been tested:

e Queue This is the queue used to pass events between the BidManager
Thread and the Algo Thread.

7.1.1 Queue

First of all, the eventqueue has been tested.

Basic putting and getting of items
e Name: Putting an object in the queue and retrieving it.

e Goal: Determine whether the putting of an object works properly and
it can be retrieved correctly.

e Input: Set of Strings containing a certain word.

e Predicted output: The Strings contain the same word and are re-
trieved in the same order they were put.

e Execution conditions:

e Approach: The Strings will be put and retrieved in random order.

Evaluation of the test case

q.putObject("objectl1");
System.out.println((String) q.getHead());
q.putObject("object2");
q.putObject("object3");
System.out.println((String) q.getHead());
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q.putObject("objectd");
System.out.println((String) q.getHead());
System.out.println((String) q.getHead());

Output:

objectl
object2
object3
object4

The output is correct.

7.2 AgentState

Within the AGENTSTATE component the following classes have been tested:

e EventDatabase This class is used to maintain the subscriptions to
the events.

e BidManagerAllocation This class is used to maintain the availablity
of the BIDMANAGERS.

EventDatabase EventDatabase is the class responsible for maintaining
the subscriptions and interest of components and instances of components.

e Name: Putting subscriptions and expressions of interest and retrieving
them from the database.

e Goal: Determining whether the putting of subscriptions and expres-
sions of interest works properly and the retrieving works correct.

e Input: Random subscriptions to events and expressions of interest.

e Predicted output: The subscribed and interested components are
properly stored and returned.

e Execution conditions:

e Approach: The subscriptions and expressions are put and retrieved.
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Evaluation of the test case

.addProtocolElementId ("RFQ1") ;
.addProtocolElementId("RFQ2");

.putSubscription("Rolel", "Hint1"
.putSubscription("Role2", "Hintl"
.putSubscription("Role3", "Hint1"
.putSubscription("Role3", "Hint1"
e.putSubscription("Rolel", "Hint2"

® ® ® ® ® ® ® ® ® ®

printVector(listeners);

listeners = e.getEventListeners(2, "RF(Q2");

printVector(listeners);

listeners = e.getEventListeners(1l, "RFQi");

printVector(listeners);

.putComponent ("Rolel", "Hint1", "RFQ1i");
.putComponent ("Rolel", "Hint2", "RFQ1");
.putComponent ("Role2", "Hintl", "RFQ2");
.putComponent ("Role3", "Hintl", AgentState.INTERESTED_IN_ALL);

s 1);
s 2);
» 2);
> 1);
> 1);
Vector listeners = e.getEventListeners(2, null);

e.removeSubscription("Rolel", "Hintl", 1);

listeners = e.getEventListeners(1, "RFQ1");

printVector(listeners);

e.removeSubscription("Role3", "Hintl", 2);

listeners = e.getEventListeners(2, "RFQ1");

printVector(listeners);

e.removeComponent ("Role3", "Hintl", AgentState.REMOVE_ALL);

listeners = e.getEventListeners(1l, "RFQi");

printVector(listeners);

Output:

The role of the component: Role2.
The role of the component: Role3.
The role of the component: Role2.
The role of the component: Role3.
The role of the component: Rolel.
The role of the component: Rolel.
The role of the component: Role3.
The role of the component: Rolel.
The role of the component: Role3.

The role of the component: Rolel.
The output is correct.

BidManagerAllocation

The
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the
the
the
the
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component :
component:

component :
component :

component :
component :
component:
component:

component :

component :

Hint1l
Hint1

Hint1l
Hint1l

Hint1l
Hint2
Hint1
Hint2
Hint1l

Hint2

The BidManagerAllocation is used to maintain
the availablitity of BidManagers.

e Name: Allocation of bidmanagers for RFQ’s.
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e Goal: Determine whether the putting of new BidManagers, the alloca-
tion for a new RFQ and the releasing of a BidManager work properly.

e Input: Random hints for BidManagers and RFQ’s.

e Predicted output: The BidManagers are properly allocated and re-
leased.

e Execution conditions:

e Approach: The BidManagers are put, allocated and released.

Evaluation of the test case

Vector v = new Vector();

.add("Hint1");

.add("Hint2");

.add ("Hint3");

.add("Hint4");

.setNewBidManagers(v);

String s = (String) b.getAvailableBidManager ("RFQ1");
System.out.println("String now " + s);

s = (String) b.getAvailableBidManager("RF(Q2");
System.out.println("String now " + s);
b.removeAllocation0fBidManager ("RFQ2") ;

s = (String) b.getAvailableBidManager ("RFQ3");
System.out.println("String now " + s);
b.removeAllocation0fBidManager ("RFQ1") ;

s = (String) b.getAvailableBidManager ("RFQ4");
System.out.println("String now " + s);

s = (String) b.getAvailableBidManager("RF(Q5");
System.out.println("String now " + s);

s = (String) b.getAvailableBidManager ("RFQ6");
System.out.println("String now " + s);

s = (String) b.getAvailableBidManager ("RFQ6");
System.out.println("String now " + s);

o< < < <

Output:

String now Hintl
String now Hint2
String now Hint2
String now Hintl
String now Hint3
String now Hint4
String now null

Output is correct.
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7.3 The complete system

The complete system has been tested in this section.

The test for the complete system
e Name: Determining a bid for a particular RFQ.

e Goal: Check to see if the SupplierAgent can determine a bid as re-
sponse to a certain RFQ.

e Input: Random RFQ’s from a random class.
e Predicted output: Two bids are determined.
e Execution conditions:

e Approach: The RFQ’s are communicated and the resulting bids are
printed.

Evaluation of the test case
TaskPlan p = new TaskPlan();

try{
p.addTask(s);
p-.addTask(t);
}catch(InvalidTaskException e){
System.out.println("RUNEXPERIMENT: Error while adding tasks");
}

p.setPlanName ("Test");

RFQ rFQ = new RFQ(Q);

RFQ rFQ2 = new RFQQ);
ProtoElementIdGenerator generator = ProtoElementIdGenerator.getInstance();
rFQ.setId(generator.getUniqueId());
rFQ.setBidDeadline(d1);
rF(Q.setEarliestConsider(d2);
rFQ.setEarliest0ffer(d3);

TaskPlan tp = new TaskPlan(p);
rFQ.setTaskPlan(tp);

// Do the same for RFQ2, not shown here.

SupplierAgent supplierAgent = new SupplierAgent();
supplierAgent.initialize();

supplierAgent.setAgentId("Someone") ;

communicationManager.putMarketEvent (new MarketEvent(this, rFQ));
communicationManager.putMarketEvent (new MarketEvent(this, rFQ2));
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Output:
Bid is sent to the market with id: bidmanager12 and RFQ id: 1 and
SupplierAgentId: Someone

Bid is sent to the market with id: bidmanager13 and RFQ id: O and
SupplierAgentId: Someone

Output is correct.

7.4 Conclusion

More testing has been done during the running of the experiments, but only
the most significant cases have been shown. All these test cases have suc-
ceeded and therefor the supplier agent seems to be working fine.
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In this section we are going into more detail on the SALESANALYST compo-
nent. We describe the construction of a SALESANALYST that learns from the
developments on the Market and previously submitted bids. Another issue
involved in the SALESANALYST is what the possible salesgoals are, and what
they stand for.

8.1 Analyzing the Sales Analyst
8.1.1 Proposals for learning schema’s

When thinking of learning schema’s within the SALESANALYST, we came up
with the idea to use datamining techniques to analyse information for the
SALESANALYST. The information which can be used is maintained within
the SALESANALYST since we use private information such as information on
payments.

The above described information can be used for several things:

e The datamining techniques can be used to derive the profiles of the
customers. For example, you could derive the profile of good and bad
customers. A customer is called a good customer if he pays in time and
a bad customer otherwise. When deriving a profile for each of these
types of customers, you can look at their behaviour considering what
times are included in the RFQ’s they issued and the tasks they usually
want to have executed.

e The derived profiles can be used to advice the BIDMANAGER not to bid
on certain tasks, because the risk is too high. For example, when the
current customer is a bad customer and bad customers usually don’t
pay for this task, it could advise not to bid on this task.

e Another piece of information that can be derived from the profile is
what salesgoal to communicate to the PRICEMANAGER. For exam-
ple, when the SALESANALYST has determined it is wishful to get this
customer as a regular customer, it could advice to bid a lower price.
When doing this, the customer could be binded because he likes the
lower price.

Supplier Agents within the MAGNET system - Stefan Botman and Mark Hoogendoorn 81



8.1 Analyzing the Sales Analyst

The milestones can be determined using the profile. What milestones to
include can be derived using the bids and the awards of the bids, com-
bined with the profile of the customer. Using the datamining schema,
you can derive rules about what milestones are preferred by this type
of customer.

When using the datamining technique, you can check for regularities
in the behaviour of the current customer, if known. For example, a
particular customer only awards bids which cover a few tasks. It can
be derived that it is better to issue bids which cover only a few tasks.

Another feature could be that a supplier can have a strategy to con-
quer a certain position within a market. To get such a position, he
might want to use an agressive strategy, and examine the information
available on how to apply this in the best way.

Finally, the SALESANALYST can advise the RESOURCEMANAGER on
how to allocate resources for this particular bid. For example, when
the customer is considered not very reliable, you could pass the advice
not to allocate the resources for the full 100%.

8.1.2 Salesgoals

Now that we’ve identified schema’s with which the SALESANALYST can learn,
we need to identify the salesgoals that can follow from the aformentioned
learning schema’s. We came up with the following salesgoals:

eager to sell

bind customer

maintain as regular customer
reduce risk

not eager to sell

none

eager to sell This salesgoal is used to model that the SALESANALYST
wants these tasks to be sold.
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bind customer When the SALESANALYST wants to bind a customer and
make the customer a regular one, it can pass this salesgoal to the PRICEM-
ANAGER.

maintain as regular customer When the customer is already a regular
customer the SALESANALYST uses this salesgoal to notify the PRICEM AN-
AGER on maintaining this relation.

reduce risk This salesgoal is used to inform the PRICEMANAGER that
this customer is bad, and it should ajust the price accordingly so that the
risk is reduced.

not eager to sell When the product is rare or the SUPPLIERAGENT
doesn’t have much of this product in stock, it can pass this salesgoal to
the PRICEM ANAGER.

none When the SALESANALYST decides that there is no particular sales-
goal, it can pass this one.

8.1.3 Some definitions

Now we need to define some concepts, we’ve already introduced these con-
cepts, but they need to be defined more specific.

good and bad customer First of all, we define the concept of a bad
customer. A customer is a bad customer if the customer didn’t pay in time
twice or more. If a customer is not a bad customer, it is defined as a good
customer. We've chosen this definition for a bad customer because one time
could be a coincidence, and two times makes it more structural. To set the
number of bad payments to more than two would be too much, because else
the SUPPLIERAGENT would have to suffer with too many bad payments.

regular customer Now the concept of a regular customer is defined. A
reqular customer is a customer that awards one or more bids per RF(Q in
more than 50 % of the cases. We’ve chosen more than 50 % because the
customer prefers to assign a task to you for most of the RFQ’s it issues.
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8.1.4 Necessary data

First of all, we’ve determined what data we need, and where we expect the
data to come from.

Within the SUPPLIERAGENT we expect to have the following information
available:

e All RFQ’s that have been received by the SUPPLIERAGENT.
e Information on bids issued for a particular RFQ.
e Whether the bid has been awarded or not.

e Information on the execution of the tasks included in a bid which has
been awarded.

e Information on the payment of the awarded bids.

e History of the customers with this SUPPLIERAGENT.

Other information the SALESANALYST needs is assumed to be provided
by the MARKET:

e General information on tasks, this includes information on how often
this task is requested etc.

8.1.5 Communication with other components

The way the SALESANALYST works is as follows: First of all the SALESANA-
LYST subscribes to all events concerning RFQ’s, bids, bid awards, payments
and information on the execution of a task. When an event occurs, it re-
trieves the information needed from the AGENTSTATE and store it in a way
suitable for the algorithm. The SALESANALYST determines an advice when
it is called by the BIDMANAGER. In order to be able to give this advice, the
BIDMANAGER passes the RFQ it wants advice about. Now, the SALESANA-
LYST retrieves the information as described in the previous section from the
MARKET. After that, it asks the RESOURCEMANAGER advice on what the
load is on the tasks included in the RFQ. Now the SALESANALYST deter-
mines the advice using it’s algorithms. Four advices are determined: First
of all, the tasks to be considered are passed to the BIDMANAGER. The RE-
SOURCEMANAGER receives advice on how to allocate the resources, given the
current customer. Third, the milestones to be included are communicated
to the BIDMANAGER. Finally, the SALESANALYST advices the PRICEM AN-
AGER on the current salesgoals, given the tasks and the current customer.
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8.1.6 Problems with the aformentioned proposals

The problems with the schema described above are that, at the current time,
the payments are not supported. In order to derive the profile of good and
bad customers we need to know when a customer is good or bad, for which
payments are used. Another problem is that the current customer agent
doesn’t particularly bind to a customer, so there is no need to try and bind
a customer. Finally, we would need a lot of data to obtain results, so the
SUPPLIERAGENT would have to be on the MARKET for a long time.

8.1.7 Proposed solutions for the problems

The problems that have been described have to be solved so we can have a
proper means of testing our implementation. A way to do this, is by using a
generator for RFQ’s, BidAwards and Payments. These elements don’t have
to be generated totally random, but could be made suitable for testing our
SALESANALYST. We could for example introduce a number of customers,
which are slightly different, but fit into the profile of a good or bad customer.
With this, we are able to test the effectiveness of the schema we’ve introduced.

8.2 Selecting the algorithm

First of all, the datamining algorithm used to derive the aformentioned pro-
files has been chosen. The dataset to be used is both numerical (the times
included in the bid, for example) and categorial (whether a certain task is in-
cluded in a bid). Since this is the case, we have to use an algorithm that can
take both types of input. We’ve decided to choose the C4.5 algorithm [Quin-
lan, 1993).

8.2.1 The C4.5 algorithm

The C4.5 algorithm generates a classifier in the form of a decision tree. A
decision tree is a structure that is either:

e a leaf, indicating a class, or

e a decision node that specifies some test to be carried out on a single
attribute value, with one branch and subtree for each possible outcome
of the test.
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To classify with the decision tree, start at the root of the tree and move
through it untill a leaf is encountered. At a nonleaf node of the tree, the next
branch to be taken is determined by the outcome of the test of the node in
this particular case. In the next paragraph, a brief explanation on how the
tree is constructed is given.

Constructing the decision tree The tree, as described above, is con-
structed with the divide-and-conquer method. The method originates from
[Hunt et al., 1966] and deals with constructing a decision tree from a set T
of training cases. Let the classes be denoted {Cy, Cs,...,Cy}. There are three
posibilities:

e T contains one or more cases, all belonging to to a single class Cj:

The decision tree for T is a leaf identifying class Cj.

e 7' contains no cases:

The decision tree is again a leaf, but the class to be associated with
the leaf must be determined from the information other than 7. For
example, a leaf might be chosen in accordance with some background
knowledge of the domain, such as the overall majority class. C4.5 uses
the most frequent class of the parent of this node.

e T contains cases that belong to a mixture of classes:

In this situation, the idea is to refine 7" into subsets of cases that are, or
seem to be heading towards, single-class collections of cases. A test110
is chosen, based on a single attribute, that has one or more mutually
exclusive outcomes {0y, Os,...,0,}. T is partitioned into subsets T},
Ts,...,T,, where T; containes all the cases in 7T that have outcome
0;, of the chosen test. The decision tree for T consists of a decision
node identifying the test, and one branch for each possible outcome.
The same tree-building machinery is applied recursively to each subset
of training cases, so that the ith branch leads to the decision tree
constructed from the subset 7T; of training cases.

Now that we’ve shown the method, let us give a brief example (from [Quin-
lan, 1993]). In table 3 the cases have been grouped on the first attribute to

simplify the explanation.
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Outlook Temp Humidity | Windy? Class
CF) (%)

sunny 75 70 true Play
sunny 80 90 true Don’t Play
sunny 85 85 false Don’t Play
sunny 72 95 false Don’t Play
sunny 69 70 false Play
overcast 72 90 true Play
overcast 81 78 false Play
overcast 64 65 true Play
overcast 81 75 false Play

rain 71 80 true Don’t Play
rain 65 70 true Don’t Play
rain 75 80 false Play

rain 68 80 false Play

rain 70 96 false Play

Table 3: An example training set

As can be seen, there are cases belonging to different classes, so following
from the divide-and-conquer method, it splits up the cases. For this, a test
has to be chosen. The way the test is chosen hasn’t been discussed yet,
but suppose the test is outlook with three outcomes: outlook=sunny,
outlook=overlook and outlook=rain. The overcast group only contains
Play cases, but the sunny and rain groups each contain multiple classes.
If the sunny group is divided by humidity < 75 and humidity > 75 each
of the subsets contain one class. With the rain group, windy=true and
windy=false can be used to associate one class with each subset. In figure 32
the corresponding tree is shown.

The choice of the test, as described before seems to be done in a random
manner. By just selecting a test and going on from there, a tree can be
formed. However, the treebuilding process is not intended to just find such a
tree, but also a tree that has predictive power. For that, we need a significant
number of cases belonging to each of the leafs. In order to achieve this goal,
we could pass all possible trees. However, finding the smallest decision tree
consistent with a training set is NP-complete [Hyafil and Rivest, 1976], which
would mean that for example in table 3 over 4 x 10° trees would have to
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Outlook

false

Don't Play Play Don't Play Play

Figure 32: A decision tree for the example training set

be examined. We need to have some kind of a algorithm to construct the
tree. Most decision tree construction methods are greedy algorithms: Once a
choice for a particular test has been made, other options for that test are not
explored anymore. Within C4.5 the gain ratio criterion is used to construct
the decision tree.

Gain ratio criterion In this paragraph, the gain ratio criterion is
explained. First, suppose we have a set T with n outcomes that splits the
set into subsets T4,7T5,...,T,. If we evaluate this test without information
coming from the division of the subsets, the only information available for
guidance is the distribution of classes in 7' and it’s subsets. Now, let us
explain the gain ratio criterion, used to determine the choice for a particular
test.

Now consider information on a certain case, indicating the outcome of
the test for this particular case. We now define for a certain test X

it o) = =5 () o (77

=1

The split info represents the potential information generated by dividing
T into n subsets. The information gain measures the information relevant
to classification that arises from the same division. Now we need to know
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how the gain is defined: First we introduce S as being any set of cases, let
freq(C;, S) be the number of cases in S that belong to class C;. Finally,
we use |S| to denote the number of cases within S. The theory is built up
out of one criterion: The information conveyed by a message depends on it’s
probability and can be measured in bits minus the logarithm to base 2 of that
probability. Imagine selecting one case at random from set S of cases and
announcing that it belongs to some class C;. This message has probability

freq(G;, S)
EE |

and so the information it conveys

—logs (W) bits.

To find the expected information from such a message referencing to class
membership, we sum over the classes in proportion to their frequencies in S,
giving

k ' '
=1

Now, we define info(T) as being the amount of information needed to
identify the class of a case in 7. When T has been partitioned according to
the n outcomes of a test X the expected information requirement is:

x info(T;).

n
infox( Z

and then the gain of quantity of information by partitioning 7" in accor-
dance with the test X is defined as

gain(X) = info(T) — infox(T)

Now that we have defined the gain, we are ready to define the gain ratio:

gain ratio( X) = gain(X)/split info(X)
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The gain ratio criterion states that a test can only be selected if the in-
formation gain is at least as great as the avarage gain over all tests examined.

Now that the method for constructing the tree has been explained, an-
other method comes into play. The trees resulting from the method described
above are often too complex and overfit the data. In order to deal with this
problem, pruning is used. To simplify the decision trees, one usually replaces
one or more subtrees with leaves, in C4.5 another option is included, which
is replacing a subtree by one of it’s branches.

Error-based pruning When the error rate of a tree and it’s subtrees
is known, pruning the tree is simply starting at the bottom of the tree and
examine each nonleaf subtree. If replacing this tree with a leaf or with it’s
most frequent used branch leads to a lower error rate, then prune the tree
accordingly, remembering that the predicted error rate for all trees that in-
clude this one will be effected. The only problem left is how to predict the
error-rates. The approach used in C4.5 is to use the training set from which
the tree was built. Consider a leaf which is covered by N training cases and
E of them are incorrect. The resubstitution error rate for this leaf is E/N.
However, the question is what the probability of an error is for the whole set
of cases covered by this leaf. Within C4.5 the schema used is that for a given
confidence level (CF) the upper limit of the aformentioned error rate can
be found from the confidence levels for the binomial distribution, written as
UcF(FE, N). Within C4.5 the error rate used is this upper limit. For a more
thorough explanation see [Quinlan, 1993]

8.2.2 Reasons for chosing C4.5

Now that we’ve described how the algorithm works, we are going to explain
why we’ve chosen this algorithm. First of all, this algortihm is able to handle
numerical and categorial data, as stated earlier. Secondly, decision trees are
very easy to use, you can easily go through the tree and get a classification,
also rules can easily be derived from the tree. Finally, this algorithm can give
a certain percentage which indicates the chance of being part of a certain
class. This can for example be used to determine what belief there is that
the current customer is a bad customer and base your decisions on this belief.
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8.3 Designing the SalesAnalyst

Now that we've decided on which algorithm to use within the SALESAN-
ALYST, we are ready to describe the design. All the features, as listed in
section 8.1.1, need to be executed in a sequence somehow, so they can re-
sult in the advices that should be given. After the specific tasks have been
identified and put in the correct sequence the necessary classes are identified.

8.3.1 UML Activity diagram

We decided to first draw an UML Activity diagram. With this type of
diagram, you can easily show how the SALESANALYST determines it’s advice.
The diagram is shown in figure 33.

As can be seen in the figure, the SALESANALYST first determines whether
the customer is known or not known.

If the customer is not known, the SALESANALYST determines the chance
that this particular customer is a good customer. This is determined by
means of using the datamining algorithm.

If there is a chance of over or equal to z procent (where z < 100) of
the customer being a good customer, the SALESANALYST determines if the
customer is wanted as a regular customer, this decision influences other de-
cisions made further on in the SALESANALYST. After that, the tasks to be
advised are determined. To help select these tasks, the available informa-
tion is used to determine which tasks have the highest chance of acceptance.
Subsequently, the salesgoals are determined. For this, all the information de-
scribed above is used. Finally, after the salesgoal has been determined, the
SALESANALYST informs the RESOURCEMANAGER how the resources should
be allocated.

If there is a chance of less than z procent, the high-risk tasks to be
excluded from the bid are determined. If there are any tasks left after the
selection, the SALESANALYST continues with the selection of the tasks to be
advised, as explained before. If there are no tasks left, the SALESANALYST
stops and gives null as an advice.

If the customer is known, the type of customer is determined by means
of analyzing the data the SALESANALYST has on this customer.

If the analysis showed the current customer is a good customer, it deter-
mines if the customer is a regular customer or not. If it is regular, it moves
on to what has been explained before, namely the determination whether
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8.3 Designing the SalesAnalyst

the customer is wanted as a regular customer. If the customer is a regular
customer, the SALESANALYST determines if the customer is still wanted as
a regular customer. After that, it continues with the selection of the tasks,
as explained above.

If the analysis shows it concerns a bad customer, the SALESANALYST
continues with excluding the tasks with a high risk, as presented above.

8.3.2 Describing the tasks

In this section the tasks, as described in the activity diagram, are described.

The determine if the customer is known task This task is easy
to determine, we just check the database to see if there is an entry in the
database of the SALESANALYST for this customer. If there is, the customer
is known, otherwise it is not known.

The determine the type of customer task This task is used when the
customer is already known. The way we want to determine if the known
customer is a good customer is by checking the records. If there are two or
more records which include a late payment, the customer is considered to be
a bad customer and else the customer is considered to be good.

The determine chance for good customer task When the customer
is not known, we use a datamining technique on the data we saved within
this component. The profile includes all information within an RFQ, except
for the id’s. As mentioned before, we use the C4.5 algortihm to construct a
decision tree. When the tree has been constructed, we take the data in the
current RFQ and walk through the tree. After we have encoutered a leaf,
the percentage of being a bad customer is retrieved.

The determine if customer is wanted as regular task If the cus-
tomer is already known, the task is executed as follows: first of all, deter-
mine the load on the tasks included within this RFQ. If this is low enough,
determine the expected profit from this customer. The expected profit is
determined by getting the resource cost from the RESOURCEMANAGER. If
the expected profit is above a certain amount of money, mark the customer
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8.3 Designing the SalesAnalyst

as wanted as a regular customer. In all the other cases, the customer is not
wanted as a regular customer.

If the customer is not known, check the percentage that the current cus-
tomer is a good customer and if it is above a certain percentage y (where
z < y < 100), go on with the execution as descibed above, else, the customer
is not wanted as a regular customer.

The determine if customer is still wanted as regular task First
of all, determine if the customer awards enough bids you issue, this should
be according to the definition of a regular customer as described before. If
this is not the case, the customer is no longer wanted as a regular customer.
Otherwise, check the availability of the resources concerning the tasks this
customer often sends RFQ’s for, if the load is too high skip this customer as
a regular customer. If this is not the case, this customer should be kept as a
regular customer.

The exclude tasks with high risk task To determine the tasks with a
high risk, the database of the SALESANALYST is checked for entries concern-
ing a particular task incl