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1 Specification

This case study describes the implementation of an application that simulates the manufacture of
Personal Computers (PCs). Building a PC tends to involve the acquisition and integration or many
components, usually from different manufacturers, thus providing an excellent example of a supply
chain. This scenario will illustrate how certain primitive components must be acquired before the more
complex components of which they are a part are assembl ed.

For simplicity, we shall assume a very simple model of PCs, namely that they consist of a keyboard a
monitor, a CPU (motherboard), and either a laser or inject printer. Furthermore, we shall assume that
each type of component is a commaodity, i.e. there is no inherent difference between two instances of
the same item.

A key difference between this example and the FruitMarket application is that the participants in this
example will be capable of performing specific tasks. The participants and their abilities are described

necessary components for building a PC and assembles them. This suggests a single task,
which we shall call MakeComputer. Itsinitia resources are 2000 US-style keyboards and

-l The first participant is called Dell, it represents a computer manufacturer that buys the
= 2000 UK -style keyboards.

The second participant is Taxan, a representative of a monitor manufacturer. We shall
ignore its suppliers and assume it has all the resources necessary to build monitors without
having to collaborate, we shall call this task MakeMonitor. It has initial stocks of 2000
CRTs (Cathode Ray Tubes), 2000 SV GA and 2000 V GA adapter cards.

Another participant is Intel, a representative of an integrated circuit manufacturer who
supplies fully populated motherboards, complete with CPUs of various speeds. We shall
ignore its suppliers and assume it can produce motherboards without further collaboration
through a task called M akeM otherBoard. It starts with stock of 1000 each of the 3 speeds
of CPU: 300, 350 and 400 MHz.

The next participant is HP, arepresentative of a printer manufacturer. To make this scenario

<> more interesting we shall assume it has subcontracted the production of the printer

i cartridges, and performs a single task called MakePrinter. Itsinitial resources will be 2000
ink jet printer cases, and 2000 laser print cases.

The fina participant is CartridgeCorp, the manufacturer of ink and laser toner for printers,
thusit is capable of two tasks: MakelnkCartridge and MakeToner Cartridge. It possesses
noinitial resources.

In this example we shall assume the existence of an internal market, hence the costs of items will be
credited and debited, although no pre-set budgets exist. We shall assume all transactions are conducted
in Euros (€), using the following baseline for prices:

¢ Keyboards (US and UK) cost €10

e All types of Graphics Adapters (VGA/SVGA) cost €10

* CRTscost €60

e CPUsof 300, 350 and 400 MHz cost 25, 30 and 35 respectively

¢ Inkjet mechanisms and cases cost €150, whilst those for laser printers cost €175

This application also contains some preferred supplier relationships that need to be represented:

e CartridgeCorp and HP collaborate on a non-contractual basis
e Taxan and Intel have a supply contract with Dell

! We named this participant after the eponymous PC manufacturer because our group uses Dell machines and we
likethem alot. Y ou can probably take a guess at what kind of monitors, CPUs and printers we use too.
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About this Case Study

This document can be read in two ways: if the reader isinterested in learning how the PC Manufacture
example was created, or wants to try implementing it using the ZEUS Agent Generator, then continue
reading with Section 2. This explains the how an appropriate role model is chosen and configured to
match the required specification, this will form the basis for the application design, as explained in
Section 3. Then section 4 describes the procedure by which this design is realised using the ZEUS
Agent Generator tool.

Alternatively, if the reader is only interested in running the example then they should skip ahead to
Section 5, which describes some significant features of the example and how to use it.

2 Application Analysis

Once we have a specification, the desired system can be situated within a domain that contains similar
features and challenges. Although a brief outline the specification suggests that the key challenge will
the production and transfer of resources on demand to those that need them. Thiswould point towards
one of the Business Process role models: of which the Role Model Guide currently lists Simple Supply
Chain and Contractual Supply Chain.

2.1 Select Role Models

From the initial specification we notice that production and supply is based on need rather than
competitive bidding. This would tend to suggest the Simple Supply Chain rather than its contractual
variation, whose characterising features are sub-contracting and tendering.

With a particular role model in mind we can begin to associate roles to participants, starting with the
standard Zeus Application role model from which it inherits. Almost mandatory is an agent in the
Agent Name Server role to ensure agent |ocation independence. In a simple supply chain brokers are
not essential, as suppliers and producers tend to know each other a priori; but it would seem sensible to
includeit, asit will make it easier to add new agents to the application at alater date.

Next we consider the rolesin the Simple Supply Chain role model. An interesting feature of this model
is that there are two levels of abstraction: for instance, the Supply Chain (SC) Participant role is
actually an aggregation of five smpler roles like Consumer and Supplier. The easiest way to see what
roles are played by the domain participantsis to draw out the full supply chain and thus determine who
are the suppliers, who are the producers, and who do both. Thisisillustrated below:

( ) monitors

motherboards

printers

cartridges )
CartridgeCorp HP

Figure 1: The Participants of the PC Supply Chain, showing resources produced and consumed
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From Figure 1 we can see that the Dell company requires resources that it can not manufacture locally.
It also does not seem to act as a supplier, hence it seems to best fit the SC-Head role. Whereas both
Intel and Taxan supply Dell without relying on external producers, hence they would seem to play SC-
Tail roles.

The HP company requires external resources, (printer cartridges), but also acts as a supplier to the Dell
company; consequently HP plays the SC-Participant role. Whereas its supplier, CartridgeCorp
produces its wares with collaboration making it a SC-Tail.

One aspect to notice about this analysis is that the participants are modelled at the highest level, i.e. HP
is encapsulating all of negotiation, production and supply. But if the specification was more detailed
we might not be able to justify allocating all the rolesto a single agent. For instance, what if we learnt
that HP had two offices, one to handle production, and another to handle orders and acquisition, then
we might opt for an agent to fill the negotiation roles and ancther to fill the production and supply
roles. In such cases we can use principles such as "Spheres of Responsibility" to justify our analysis
decision, (seethe guidelines on "What is an Agent?' in the Role Modelling Guide).

So, to summarise, after deciding on the domain and considering its constituent role models we have
decided to base our solution on the Simple Supply Chain role model. Then we have decided to create
several agents to fulfil the roles found within the role model:

Agent Name Roles Played

Dell SC Head (Negotiation Initiator, Consumer)

HP SC Participant (Negotiation Initiator, Negotiation Partner, Supplier,
Producer , Consumer)

Intel SC Tail (Negotiation Partner, Supplier, Producer)

Taxan SC Tail (Negotiation Partner, Supplier, Producer)

CartridgeCorp SC Tail (Negotiation Partner, Supplier, Producer)

Having identified what roles should exist within the application, we can begin thinking about how
agents will realise each role.

2.2 List Agent Responsibilities

Each role played by an agent entails some responsibilities, e.g. resources that will need to be produced
or consumed, interactions with external systems etc. Hence the next stage is to use the role
descriptions to create alist of responsibilities for each agent.

From the descriptions in the Smple Supply Chain role model we obtain the list of responsibilities for
the 2 constituent roles of an agent in the Supply Chain Head role. The responsibilities involved can be
categorised as social or domain responsibilities, the former involving interaction with other agents, and
the latter involving some local application-specific activity; this resultsin the following:

SUPPLY CHAIN HEAD - Social Responsibilities
Origin Responsibility

Negotiation Initiator | To be aware of acquaintances and their capabilities

Negotiation Initiator | To initiate negotiation on the supply of aresource

Negotiation Initiator | To negotiate the terms of supplying a specified resource

Negotiation Initiator | To passinformation on resource orders (to own Consumer role)

Consumer To receive delivered resources
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SUPPLY CHAIN HEAD — Domain Responsibilities

Origin

Responsibility

Negotiation Initiator

Toinitiate demand

Consumer

To consume delivered resource

The next role to consider is the Supply Chain Participant, the role played by those agents who both
produce resources and consume resources from others. This is dightly more complicated, as it
involves responsibilities from its five constituent roles:

SUPPLY CHAIN PARTICIPANT — Social Responsibilities

Origin

Responsibility

Negotiation Initiator
Negotiation Participant

To be aware of acquaintances and their capabilities

Negotiation Initiator

To initiate a request to supply a specified resource

Negotiation Initiator

To negotiate the terms of supplying a specified resource

Negotiation Initiator

To pass information on resource orders (to own Consumer role)

Negotiation Participant

To respond to requests to supply a specified resource

Negotiation Participant

To negotiate the terms of supplying a specified resource

Negotiation Participant

To pass information on resource orders (to own Producer role)

Producer, Supplier

To transfer produced resource ( from Producer to Supplier)

Consumer

To receive delivered resources

SUPPLY CHAIN PARTICIPANT — Domain Responsibilities

Producer

To produce requested resources

Consumer

To consume delivered resource

The third role is the Supply Chain Tail, which isintended for agents that will supply resources without
consuming resources that have been produced externally. Thisinvolves responsibilities fromits

constituent three roles:

SUPPLY CHAIN TAIL — Social Responsibilities

Origin

Responsibility

Negotiation Participant

To be aware of acquaintances and their capabilities

Negotiation Participant

To respond to requests to supply a specified resource

Negotiation Participant

To negotiate the terms of supplying a specified resource

Negotiation Participant

To pass information on resource orders (to own Producer role)

Producer, Supplier

To transfer produced resource ( from Producer to Supplier)

SUPPLY CHAIN TAIL — Domain Responsibilities

Producer

To produce requested resources

Now we have alist of the responsibilities of each intended agent the design process can commence.
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3 Application Design

The application design process consists of two phases. The first is an agent design phase where the
roles assigned to each agent in the previous stage are refined by mapping each of the responsibilities to
a generaised problem, and then choosing the most appropriate solution. Once this activity has been
performed for each agent we can begin the second phase, the creation of the application ontol ogy.

3.1 Problem Design

By now we have identified the responsibilities required for each agent, the next stage is to map each
responsibility to the problem it attempts to solve. As these problems tend to be variations on common
challenges, it is possible to reapply past tried and tested solutions to solve the problems in question.

3.1.1 Agents playing the Supply Head Role

In this application there is one agent that will playing the Supply Head role, the Dell Agent. We begin
by considering its socia responsibilities.

SUPPLY CHAIN HEAD SOCIAL RESPONSIBILITIES

I
Il Responsibility:  To be aware of acquaintances and their capabilities [ Opt i onal ]

Origin: Negotiation Initiator
Problem: Knowledge [about: Supplier, about: Required Resource]
Solution: Provi de know edge about acquai ntances (ORG 1) and

Provi de know edge about acquai ntance abilities (ORG 2)

Explanation: Static relationships between agents need to be specified when the agents are
generated. Otherwise the agents can be left to discover each other through the
Fecilitator at run-time.

Responsibility:  Toinitiate negotiation on the supply of aresource

Origin: Negotiation Initiator I
| Problem: Initiate Dialogue [with: Supplier, about: Required Resource] I

Solution: Equi p agent with co-ordination protocol (COORD 1)

Explanation: To initiate and engage in a transaction dialogue these agents will need an

appropriate co-ordination protocol. For the buyer the most appropriate is the
Initiator version of the FIPA defined Multi-Round Contract Net, (the
justification for thisis discussed in the Application Realisation Guide).

Responsibility:  To negotiate the terms of supplying a specified resource

Origin: Negotiation Initiator

Problem: Evaluate [Commodity, Price]

Solution: Equi p agent with negotiation strategies (COORD 2)

Explanation: Agents can possess strategies that influence their dealings with others. The

ZEUS toolkit provides severa that are useful for trading negotiations, (see the
Technical Manual for details). Alternatively if none seem suitable a custom
strategy can be written and used.

As the Supply Chain Head role is buying a resource, the GrowthStrategy is
one of the most appropriate. This begins bidding at a low price and gradually
increase it until a vendor accepts or a certain period of time elapses.

When implementing a trading strategy the developer will probably need to
include information on the intrinsic worth of items, seasonal demand etc.
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Origin: Negotiation Initiator

L |
Responsibility:  Toinform local consumer of resource delivery status
Problem: Sending Message [to: Consumer Role, about: Resource Delivery terms]
Solution: Automatic — part of default ZEUS Task Agent functionality
Explanation: Once agreement has been reached on the supply of a resource the agent's
planning and scheduling diary is updated accordingly.
[

|| Responsibility:  To receive delivered resources

Origin: Consumer I
Problem: Interface to handle incoming resource
Solution: Create Consunption Task (DEF-2) and
Define attributes of Task (TASK-1)
Explanation: The negotiation process is driven by the consumer role's need of a particular

resource. Hence we need to create a task whose preconditions are the
resources that need to be acquired at run-time.

From the above table we can see that one problem is solved by default by virtue of the functionality of
the generic ZEUS agent, leaving three other solutions that need to be realised. The references
(COORD-1 and COORD- 2) refer to sections of the ZEUS Application Redlisation Guide. This
illustrates a genera principle of using ZEUS: when a solution is not automatically provided it will need
to be realised manually: by configuring the agent using the ZEUS Agent Generator tool.

SUPPLY CHAIN HEAD DOMAIN RESPONSIBILITIES
I Respongblllty T0|n|t|atedemand I

Or| gin: Negotiation Initiator

Probl em: Starting the supply chain

Solution: Use ' Add Coal’ facility of Agent Viewer or

| mpl enent external program (I ML-4A)

Explanation: Supply chains require a trigger to initiate demand. Since resource demand in
ZEUS agents is governed by the presence of outstanding goals the solution is
to create a new goal for the agent. This can be achieved by either using the
New Goal facility of the agent viewer, (which requires no implementation) or
by writing an external program that will create goal and pass it to the agent.

Responsibility:  To consume delivered resource [ Opti onal ]

Origin: Consumer

Problem: An implementation that utilises resource

Solution: | npl enrent task body (I MPL-2)

Explanation: Once the resource has been supplied it can be consumed, as the way in which

the resource is consumed is domain-specific it will need to be implemented by
the developer. However, resources do not need to be consumed, they can
simply be passed aong the supply chain - if this is the case no consumption
implementation is needed.

The above entries illustrate that matching a problem to an existing solution requires some expertise in
the construction of agent systems. The purpose of the case studies in this document is to describe the
common problems, and teach the reader when to apply or adapt existing solutions.
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3.1.2 Agents playing the Supply Chain Participant Role

This application has only one agent playing the Supply Chain Participant role: the HP agent. We adopt
the same approach that led to the design of the Dell agent, considering each responsibility in turn:

SUPPLY CHAIN PARTICIPANT SOCIAL RESPONSIBILITIES
Responsibility:  To be aware of acquaintances [ Opti onal ]
Origin: Negotiation Initiator, Negotiation Participant
Problem: Knowledge [about: Supplier, about: Required Resource]
Solution: Provi de know edge about acquai ntances (ORG 1) and
“ Provi de know edge about acquai ntance abilities (ORG 2) |
“ Explanation: Static relationships between agents need to be specified when the agents are|
generated. Otherwise the agents can be |eft to discover each other through the
Fecilitator at run-time.
T
| Responsibility:  Toinitiate negotiation on the supply of aresource I
Origin: Negotiation Initiator I
Problem: Initiate Dialogue [with: Supplier, about: Required Resource]
Il Solution: Equi p agent with co-ordination protocol (COORD 1) I
Explanation: To initiate and engage in a transaction dialogue these agents will need an

appropriate co-ordination protocol. The Negotiation Initiator role implies the
use of the Initiator version of the FIPA defined Multi-Round Contract Net,
(thejustification for thisis discussed in the Application Realisation Guide).

|| Responsibility:  To negotiate the terms of supplying a specified resource I
Origin: Negotiation Initiator

“ Problem: Evaluate [Commodity, Price]
Solution: Equi p agent with negotiation strategi es (COORD 2)
Explanation: Agents can possess strategies that influence their dealings with others. The

ZEUS toolkit provides severa that are useful for trading negotiations, (see the
Technical Manual for details). Alternatively if none seem suitable a custom
strategy can be written and used.

In the Negotiation Initiator role the agent will be acquiring a resource from its
subsidiary at cost price, hence the Default-No-Profit strategy will avoid
needing to haggle with its supplier.

Responsibility:  To initiate negotiation on the supply of aresource
Origin: Negotiation Participant
Problem: Initiate Dialogue [with: Supplier, about: Required Resource]
Solution: Equi p agent with co-ordination protocol (COORD 1)
Explanation: To initiate and engage in a transaction dialogue these agents will need an
appropriate co-ordination protocol. For the buyer the most appropriate is the
Respondent version of the FIPA defined Multi-Round Contract Net.
T
| Responsibility:  To negotiate the terms of supplying a specified resource I
Origin: Negotiation Participant
Problem: Evaluate [Commodity, Price]
Il Solution: Equi p agent with negotiation strategies (COORD 2) I
Explanation: In the Negotiation Participant role this agent will be negotiating on the supply
of aresource for profit. Hence the DecayStrategy is appropriate, this begins
bidding at alow price and gradually increases it is accepted or a certain period
of time elapses.
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I —
Origin: Negotiation Participant
Problem: Sending Message [to: Producer Role, about: Resource Delivery terms]

Responsibility:  To inform local producer of resource delivery status
| Solution: Automatic — part of default ZEUS Task Agent functionality I
Explanation: Once agreement has been reached on the supply of a resource the agent's
planning and scheduling diary is updated accordingly.
[

|| Responsibility:  To inform local consumer of resource delivery status

Origin: Negotiation Initiator
Problem: Sending Message [to: Consumer Role, about: Resource Delivery terms]
Il Solution: Automatic — part of default ZEUS Task Agent functionality

planning and scheduling diary is updated accordingly.
[ — |

|| Explanation: Once agreement has been reached on the supply of a resource the agent'sI
|| Responsibility:  To receive delivered resources I

Origin: Consumer
Problem: Interface to handle incoming resource
Solution: Create Consunption Task (DEF-2) and
Define attributes of Task (TASK-1)
Explanation: The negotiation process is driven by the consumer role's need of a particular

resource. Hence we need to create a task whose preconditions are the
resources that need to be acquired at run-time.

Responsibility:  Transfer of produced resource (from Producer to Supplier)
|| Origin: Producer, Supplier I
Problem: Sending Message [to: Supplier Role, about: Resource availability]
Solution: Automatic — part of default ZEUS Task Agent functionality
Explanation: Once a resource has been produced or received it should be made available to

the supplier role so it can be transmitted to the next entity in the supply chain.

SUPPLY CHAIN PARTICIPANT DOMAIN RESPONSIBILITIES

I ——

Responsibility:  To produce requested resources [ Opt i onal ]

Origin: Producer

Problem: An implementation that creates a representation of a resource

Solution: | npl enrent task body (I MPL-2)

Explanation: The standard behaviour of atask is to create a new resource objects for each of

its effects. If the production of a resource involves some domain-specific
process, (such as reading from an external database), this should be
implemented in the task body by the developer. If no such process is
applicable, no implementation is needed.

Il Responsibility:  To consume delivered resource [ Opti onal ] I
Origin: Consumer
Problem: An implementation that utilises resource
Solution: I mpl enent task body (I MPL-2)
Explanation: Once the resource has been supplied it can be consumed by domain-specific
code, or simply be passed along the supply chain - if this is the case no
consumption implementation is needed.

10
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3.1.2 Agents playing the Supply Chain Tail Role

Finally we consider the agents playing the Supply Chain Participant role, in this application there are
three: Intel, Taxan and CartridgeCorp. As they fulfil the same roles, we do not need to design each
individually, athough when we come to specify them using the Agent Generator the attributes used
will differ.

SUPPLY CHAIN TAIL SOCIAL RESPONSIBILITIES
I
Responsibility:  To be aware of acquaintances and their capabilities [ Opti onal ]
Origin: Negotiation Initiator, Negotiation Participant
Problem: Knowledge [about: Supplier, about: Required Resource]
Solution: Provi de know edge about acquai ntances (ORG 1) and
Provi de know edge about acquai ntance abilities (ORG 2)
“ Explanation: Static relationships between agents need to be specified when the agents are|
generated. Otherwise the agents can be left to discover each other through the
Facilitator at run-time.

Il Responsibility:  To initiate negotiation on the supply of aresource I
|| Origin: Negotiation Participant I
|| Problem: Initiate Dialogue [with: Supplier, about: Required Resource] I
Solution: Equi p agent with co-ordination protocol (COORD 1)
Explanation: To initiate and engage in a transaction dialogue these agents will need an

appropriate co-ordination protocol. For the buyer the most appropriate is the
Respondent version of the FIPA defined Multi-Round Contract Net.

Responsibility:  To negotiate the terms of supplying a specified resource

Origin: Negotiation Participant I
Problem: Evaluate [Commodity, Price]

Solution; Equi p agent with negotiation strategies (COORD 2)

Explanation: As this role involves negotiation about supplying a resource for profit the

DecayStrategy is appropriate. This begins bidding at alow price and gradually
increases it is accepted or a certain period of time elapses.

Responsibility:  To inform local producer of resource delivery status
Origin: Negotiation Participant
|| Problem: Sending Message [to: Producer Role, about: Resource Delivery terms] I
Solution: Automatic — part of default ZEUS Task Agent functionality
Explanation: Once agreement has been reached on the supply of a resource the agent'sl
planning and scheduling diary is updated accordingly.
Responsibility:  To handle the production of resources
Origin: Producer
Problem: Interface to handle produced resources
Solution: Create Consunption Task (DEF-2) and
|| Define attributes of Task (TASK-1) I
Explanation: Once the agent has agreed to supply a particular resource, it fulfils its|
commitment by running the task that produces it. Hence we will need to create
atask whose effects are the resources that need to be supplied.
[ — |
|| Responsibility:  Transfer of produced resource (from Producer to Supplier) I
|| Origin: Producer, Supplier I

11
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Il Problem: Sending Message [to: Supplier Role, about: Resource availability] I
Solution: Automatic — part of default ZEUS Task Agent functionality

Explanation: Once a resource has been produced or received it should be made available to
the supplier role so it can be transmitted to the next entity in the supply chain.

Then there are the domain responsibilities:

SUPPLY CHAIN TAIL DOMAIN RESPONSIBILITIES

[
Responsibility:  To produce requested resources [ Opt i onal ]
Origin: Producer

Problem: An implementation that creates a representation of a resource
Solution: I mpl enent task body (I MPL-2)
Explanation: The standard behaviour of atask is to create a new resource objects for each of

its effects. If the production of a resource involves some domain-specific
process, (such as reading from an external database), this should be
implemented in the task body by the developer. If no such process is
applicable, no implementation is needed.

By now, we have identified the means to realise al the agents' responsibilities. So we can move onto
the next stage of the design process: knowledge modelling.

3.2 Knowledge Modelling

The next stage of the design process is to model the declarative knowledge that will be used by the
agent roles. This stage should result in the concepts inherent to the application (termed Facts within
ZEUS), their attributes and possible values (also known as constraints).

Concept Identification

The concepts required for the PC Manufacture application relate to the pieces of hardware required to
build a PC. As these are physical instances rather than abstract ones they will inherit from the Entity
fact, thisisachild of the root ZeusFact concept that provides dl its children with a cardinality attribute
that represents the number of each concept in existence. All Entity facts also possess an attribute that
refers to the concept's inherent value. In our application this can be used to store information about the
price of each commaodity. The key concepts (and attributes) required are thus:

Fact Additional Attributes Constraints
InkCartridge
TonerCartridge
Printer Case Type: String
Printer Type: String
KeyBoard Type: String [UK |Ug]
MotherBoar d Type: String
M onitor Type: String
CRT
CPU Type: String
GFXadapter Type: String
Computer cpu_speed : String, kb_type : String,
printer_type : String, monitor_type : String

12
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Typing and Constraints

Constraints provide a means of verification, restricting values to a subset of legal values. All physical
objects have by default a cardinality constraint (there will always be 0 or more of them). So the table
tells us that there is only one additional constraint to define, namely that the type attribute of KeyBoard
facts must be either "UK" or "US". Other similar constraints are possible within this application, but
will beignored for the sake of simplicity.

At this stage in the design process we could also assign default values for each concept, but as different
agents may attach different valuations there is no need to set these values a design time. Once entered
into the Ontology Editor this application’s ontology will ook |ooks like that shown in Figure 1.

:ijl:lntnlngy Editor: pc_ont

File

The Fact Hierarchy-

o === [4[Ele ]

T ZeusFact
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3 InkCartridge
ﬂ:} PrinterCase
w KeyBoard
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ﬂ:} Frinter

{::} TonerZarridge
ﬂ:} Manitor
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The Attributes specific to 'Computer'

e | >< ] [ &% [l =] IE

Marme Twpe Restriction Cefadlt WValue
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printer_type String
maonitor_type String

[Foountacts |

Figure 1. Screenshot of the Ontology Editor displaying the PC Manufacture ontology

Once the ontology is defined we can begin the process of realising the design.
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4 Application Realisation

Once a design has been produced the next stage is to realise it using the available toals, i.e. the ZEUS
Agent Generator. The realisation process combines the steps necessary to create a generic ZEUS agent
with the steps necessary to implement the role-specific solutions identified during the previous phase.

The realisation process, (as described in the ZEUS Application Realisation Guide), consists of the
following activities:

1) Ontology Creation
2) Agent Creation, for each task agent this consists of:
» Agent Definition
» Task Description
» Agent Organisation
» Agent Co-ordination
3) Utility Agent Configuration
4) Task Agent Configuration
5) Agent Implementation

The purpose of these stages is to trandate the design we have derived from the role models into agent
descriptions that can be automatically created by the ZEUS Agent Generator tool. Thus, now is the
time to launch the Agent Generator tool, (instructions on how to do this are provided in the Realisation
Guide). The remainder of this section will walk-through the stages of the ZEUS agent devel opment
methodol ogy describing how the PC Manufacture application can be implemented.

4.1 Ontology Creation

This stage involves using the Ontology Editor tool, as described in Section 2 of the Realisation Guide,
(seeentry ONT-1). Once the Editor has been opened we are ready to start defining the concepts of the
FruitMarket ontology; this involves the following steps:

e First, click on the ZeusFact entry to show its child facts; now select the Entity fact and create a
child fact called InkCartridge; (see entry ONT-3)

If you haven't already done so, click on the "Toggle Shown Attributes’ button, this will show that the
Commodity fact inherits a cardinality attribute (called number) and a value attribute (called unit_cost)
from the Entity fact; consequently these attributes do not need to be added manually.

»  Ensuring the InkCartridge node is selected, click on the "Add New Peer Fact" button. Rename
the new entry to Printer Case.

* Repeat the above action to create new facts for the following: TonerCartridge, Printer,
KeyBoard, MotherBoard, Monitor, GFXadapter, CRT, CPU and Computer.

The contents of the Ontology Editor should now ook like that shown in Figure 1. Next we need to add
attributes for those facts that need them.

e Select the Printer Case element and then click on the 'Add New Attribute’ button in the lower
attribute panel. Rename the new entry to type, then double click in the Type field and select the
String entry.

*  Repeat the above process for the Printer, KeyBoard, M other Board, Monitor, GFXadapter and
CPU facts.

e Select the Computer fact and create four new attributes called cpu_speed, kb_type,
monitor_type and printer_type; al should be of type String.

Finally we need to add the constraints.

»  Select the KeyBoard fact and in the Restriction field of its type attribute enter UK | US and
then in the default field enter UK

As the ontology now represents what was specified in section 3, it can be saved and used as the basis
for our agent application.
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e Savethe Ontology as 'pc.ont’, (see ‘How to Save an Ontology’).

The ontology is now complete, so we can leave the Ontology Editor and begin the agent creation
process.

4.2 The Agent Creation Process

The agent creation stage consists of several sub-processes that are repeated for each different task agent
in the application. This process is described in Section 3 of the Realisation Guide, (see 'How to Create
aNew Agent’).

4.2.1 Creating the Dell Agent

The design for the Dell agent was outlined in section 3.1.1 when we considered how to release the
responsibilities of the Supply Chain Head role. This section will step through the activities required to
allow the user to become accustomed to using the ZEUS Agent Generator.

e The first step is to create a new agent, by clicking on the 'New Agent' button on the main
Generator panel; then rename the new entry that appears in the agent table to Dell.

The skeleton of a new generic ZEUS agent now exists inside the Generator. In the phases that follow
this generic agent will be configured to satisfy the application-specific responsibilities of its roles.

»  Double-click on the 'Dell' entry to open the Agent Editor window, we can now begin the Agent
Definition process.

The Agent Definition Process

This stage is documented in Section 3.1 of the Redlisation Guide. First we need to look back at the
design produced for Supply Chain Head, (i.e. its socia and domain responsibilities), to discover
whether there are any solutions that require the agent's definition to be changed, (these are identifiable
through their DEF- x code references). As it happens, there is one: Create Consunpti on Task
( DEF- 2), thisinvolves the following:

e Click on the 'Create New Task' button in the Task Identification panel, and select the 'New
Primitive Task' option.

* A new entry will appear in the table, double click on it to renameit to M akeComputer.

Next we need to specify the initial resources of the Dell agent, (this process is described in activity
DEF-3). The actionsto be taken here are:

e Click on the “New Initia Resource” button, and select KeyBoard as the fact type from the fact
hierarchy.

e This will represent the amount of UK keyboards in stock, so double-click the new entry's
I nst ance field, and rename it to something more comprehensible, like kb_uk.

e To set this agent's valuation of UK keyboards double click on the Val ue field of the unit_cost
entry in the attribute table and change it to 25.

e To set the number of UK keyboards held by the agent, double click on the Val ue field of the
number entry in the attribute table, change it to 2000.

*  Now click onthe “New Initial Resource” button again, and select KeyBoard as the fact type.

e This will represent the amount of US keyboards in stock, so double-click the new entry’s
I nst ance field, and rename it to something more comprehensible, like kb_uk.

e You will notice that the type field has defaulted to UK (the default for KeyBoard facts), edit this
field and changeit US.
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e To set this agent’s valuation of US keyboards double click on the Val ue field of the unit_cost
entry in the attribute table and change it to 25.

e To set the number of UK keyboards held by the agent, double click on the Val ue field of the
number entry in the attribute table, change it to 2000.

This concludes the Agent Definition process, by now the contents of the Agent Editor window should
look like those in Figure 2. Y ou should now save the agent definition by clicking on the Save icon.

Agent Editor: Dell

Agent Definition Panel Dell [Modified] E

Planning Parameters

Maximurn Mumber of Simultaneous Tasks |3| |

Flanner Length |30 |

Task ldentification

Task Type
MakeComputer Frirnitive

Initial Agent Resources

en Joee-<] [3 [l [EEm]

Fact Type Instance
KeyBoard ii@kh_uk
KeyBoard imkh_us

Aftribute Yalue
unit_cost il
numkber 2000
type (W]

Agent Definition

Figure 2: A screenshot of the Agent Definition Panel after entering the 'Dell’ agent details

The Task Description Process

During the Agent Definition phase we only specified the details of the MakeComputer task, not its
details. Instead, the details are described during this phase in terms of the task’s preconditions, effects
and congtraints. In terms of resources produced and consumed the M akeComputer task looks like this:
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keyboard ——pf

motherboard ————p|
monitor — 3| MakeComputer [ computer

printer ————p|

To enter thisinformation into the Agent Generator we need to open the Primitive Task Editor, either by
double-clicking on the MakeComputer entry in the list of known tasks in the root Generator window, or
the its entry in the Identified Tasks table in the Agent Definition window. Now we can enter the task
preconditions.

e Click on the New button in the Task Preconditions panel and choose the K eyBoard fact.

You have created a variable that will refer to the keyboard instance used when this task is invoked,
hence best to give it a more meaningful name.

»  Edit the Instance field, renaming the contents to kb.

Although there are no keyboard-producing agents planned for this application we can specify that
keyboards must be obtained locally, (typically computer manufacturers tend to use logo-branded
keyboards).

« Double click on the Modifiers field of the keyboard entry, this opens a window with several
check-boxes, select the one marked 'must bein local database’, and click on OK.

Next we enter the constraints relevant to keyboard consumption, in this application we assume that one
is required per computer and that the keyboard type specified for the computer will restrict the type of
keyboard used.

e In the attribute table underneath the keyboard entry double click the number field, and enter
computer.number (see the Realisation Guide for details on the right mouse pop-up shortcut).

e Thendouble click the typefield, and enter computer.kb_type

Next we can enter the motherboard precondition:
¢ Click on the New button and choose the M other Boar d fact, then rename the instance to board.

Next to be entered are the constraints relevant to motherboard consumption, namely that one is needed
per computer and that the CPU speed specified for the computer will match the motherboard type.

e Inthe attribute table double click the number field, and enter computer.number

e Then double click the typefield, and enter computer.cpu_speed

Next we can enter the monitor precondition:
*  Click on the New button and choose the M onitor fact, then rename the instance to monitor.

Next we enter the constraints relevant to monitor consumption, here we assume that one is required per
computer and that the type specified for the computer will match the type of the monitor.

* Inthe attribute table double click the number field, and enter computer.number

e Then double click the type field, and enter computer.monitor_type

The final precondition refersto the Printer:
¢ Click on the New button and choose the Printer fact, then rename the instance to printer.

Next we enter the constraints relevant to printer consumption, here we assume that one is required per
computer and that the type specified for the computer will match the printer type.

* Inthe attribute table double click the number field, and enter computer.number

e Then double click the type field, and enter computer.printer_type
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This completes the specification of preconditions. The next step is to specify the computer variable to
which we have been referring when entering the precondition constraints.

*  Click on the New button in the Task Effects panel and choose the Computer fact, then rename the
instance to computer. This matches the computer variable mentioned in the preconditions.

There are no constraints applicable on the Computer effect so the next step is to specify the estimated
costs in terms of time and money of invoking the task. We shall assume that each computer has a base
cost of €125, and will be constructed within 1 time-grain, so:

¢ Inthecost field enter (?computer.number * 125)
e Andinthetimefield enter (1 * ?computer.number)

The MakeComputer task is now complete, and the Primitive Task Editor window should now look
like that in Figure 3. Y ou should now save the task and close the task editor.

Plimitive Task Editor: MakeComputer

Task Preconditions and Effects |§| rﬁl =, ‘
’7 } [ATask] }“
Task Preconditions Task Effects
1 1
| vew [ocete] [ % |8 | vew Jocete] [ % |8
Fact Type | Instance | Modifiers Fact Type | Instance | Modifiers
KevBoard kb LOCAL Computer Teomputer
Frinter Pprinter
Monitar ?monitor
MotherBoard ?hoard
Aftribute | Value Attribute Value
unit_cost unit_cost
number Peomputer.number number
type Yeomputer.cpu_speed kh_type
manitor_type
cpu_speed
printer_type
Task Cost and Time
Cost:  (?computer.number ™ 125)
Time: {1 * ?computer.numhber)

-LPreconditions and Effects LCons‘traints |

Figure 3: A screenshot of the Primitive Task Editing after entering the 'MakeComputer’ task

The Agent Organisation Process

Looking back at this agent’s design we can see that agent acquaintances can be encoded by performing
the ORG-1 and ORG-2 activities. So, open the Agent Editor again for the Dell agent, and move to the
Agent Organisation panel.

From the specification we know that the Dell agent has two acquai ntances, Taxan and Intel, which are
bound by a supply contract to provide their resources on demand to Dell. In ZEUS we can use the
subordinate relationship to represent this.

e Click on the 'New Acquaintance’ button in the Acquaintances panel, and select the entry for
Taxan. Anentry for Taxan will now appear in the acquaintances table.
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* To change its relationship double-click the Relation field, this will open a list of the possible
relationships, choose the one called subor dinate.

e Then click on the 'New Acquaintance’ button again and select the entry for Intel. Then edit its
relationship field so it is also subordinate.

With the acquaintances entered we can move onto activity ORG-2: specifying the agents' capabilities,
beginning with the abilities of the Taxan agent.

* Ensuring the Taxan entry is selected in the upper table, click on the 'New’ button in the
Acquaintance Abilities panel, and select the entry for Monitor.

*« Now click on the Intel entry in the upper table, click on the 'New’ button in the Acquaintance
Abilities panel, and select the entry for Mother Board.

By providing this information the Dell agent will know that the Taxan agent can produce Monitors and
the Intel agent can produce MotherBoards; without this information the Dell agent would have to
discover these capabilities through a Facilitator agent.

Agent Editor: Dell

Agent Organisation Panel Deil[Modified] EI

Acguaintances

Agent Felation
Taxan subordinate
Intel subordinate

Acquaintance Abilities

ﬂ;||DEIEtE| |c||’|n ||||ﬁ| ||

Ability Type Cost Tirme
Monitar 0.0 a
Aftribute Yalue
unit_cost
numkber
trpe

Agent Organisation

Figure 4: A screenshot of the Agent Organisation Panel after entering the 'Dell’ agent acquaintances
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This stage also enables us to provide the Dell agent with estimates of the cost and time involved by its
acquaintances’ capabilities; but thisis not necessary in this application. The Agent Organisation Editor
should now look like Figure 4, and its contents can be saved.

The Agent Co-ordination Process

Referring back to the Supply Chain Head design, we can see severa solutions that will affect the
agent’s co-ordination layer. The aspects that affect the agent’s co-ordination layer are identifiable
through their COORD- x code references, (the numbers of each refer to the order in which they should be
realised, as some are dependent on the existence of others), namely:

« Equip agent with co-ordination protocol [Initiator] (COORD-1)
e Equip agent with negotiation strategies [Gow hFunction] (COCRD 2)

In other words, the agent will need to be equipped to buy.

Equipping the Agent to Buy

The design in Section 3 tells us that for an agent to buy a commodity it must begin a dialogue with a
potential vendor. Hence this process involves equipping the agent an Initiator protocol, (this is
described in the entry for activity COORD-1), namely:

e Click on the checkbox beside the entry for Fipa-Contract-Net-M anager .

Now we can define the negotiation strategy that will be used in conjunction with this protocol.

e Ensure that the Fipa-Contract-Net-Manager entry has been selected in the upper ‘ Co-ordination
Protocols' table.

The lower ‘Co-ordination Strategies table will now show the applicability of that protocol, (as

described in entry COORD-2). By default the Mode field will contain a ticked checkbox to indicate

that this strategy will be used in conjunction with facts of the type described inthe Fact Type field.

Asthisfield contains ZeusFact this strategy will be used to buy facts of any type.

Our specification does not suggest that the agent will use specialised strategies for particular

interactions, sothe Agent s and Rel ati ons fieldscan be left unchanged.

* Now double-click onthe Strat egy field and select the entry for GrowthFunction from the list
of available strategies.
Now we can define the parameters that determine how the GrowthFunction strategy runs, (these are
described in the Technical Manual):
O min.percent: the fraction of the commodity's perceived value a which the agent will begin
bidding
0 no.quibble: the difference in price considered insignificant by the agent; when the offer price
higher than the bid price but within the 'no quibble' range the offer will be accepted. This
avoids spending several rounds negotiating over proverbial pennies, (this can be important
especially when negotiation needs to be resolved as soon as possible).
O step.default: the increment granularity, determines the minimum increase between bids
O max.percent: the fraction of the commodity's perceived value up to which the agent will be
willing to continue bidding
To enter these parameters, double click on the Par anet er s field beside the strategy name, this will
bring up awindow containing atable.

¢ Now click on the New button to create a new entry, then rename the Key field to min.percent and
press <return>. Then edit the Val ue field so that it contains the value 75.

e Click onthe New button to create a new entry, rename the entry in the Key field to no.quibble and
press <return>. Then edit the Val ue field so that it contains the value 2.

e Click on the New button to create a new entry, rename the entry in the Key field to step.default
and press <return>. Then edit the Val ue field so that it contains the value 2.

»  Click on the New button to create a new entry, rename the entry in the Key field to max.per cent
and press <return>. Then edit the Val ue field so that it contains the value 95.

*  Now click onthe OK button to commit the changes and dismiss the window.
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As there are no constraints applicable to this strategy the process of equipping this agent to buy is
complete, and the Agent Co-ordination panel should look like that shown in Figure 3. The next step is
to consider how to enable the agent to sell its resources.

R Agent Editor: De =101 %

Agent Coordination Panel el |£| @' ‘

~— Coordination Protocols

Wi [ve.e

Type | Frotocol State

~ Coordination Strategies |

o | [oee] (38 [

Mode | Fact Type Agents | Relations | Strategy | Farameters
M ZeusFact | | |GrowthFunction  minpercent=75... | |
Attribute Walue

st etton At it st vt

Figure5: The Agent Co-ordination Panel after configuring the buying behaviour of the 'Dell’.

As no constraints need be specified for this strategy, so the process of equipping this agent to sell is
complete. In fact, the definition of the entire 'Dell’ agent is now complete and can be saved by clicking
on the Save icon. Now close the Agent Editor and return to the Agent Generator window, where we
can create the other agents.

4.2.2 Creating the HP Agent

The same process that built the Dell agent can be used to create the HP agent. Looking back at the
design derived from the agent roles we can see the only difference a supply chain Head and a
Participant is that the latter needs a co-ordination protocol to sell its resources.

By now the reader should be familiar with how the ZEUS Agent Generator is used, (if not, the
Realisation Guide provides detailed instructions). So for this agent only the steps necessary to redlise it
will be provided.

Agent Definition
The activities necessary at this stage are:

»  Specify two primitive tasks exist: M akelnkjetPrinter and M akel aser Printer [DEF-2]
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e AddaPrinterCaseinitial resource, name: inkcases, unit_cost: 150, number: 2000, type: ink

e AddaPrinterCaseinitial resource, name: lasercases, unit_cost: 175, number: 2000, type: |aser

Agent Organisation
e Specify that CartridgeCor p is an acquaintance, with arelationship of subordinate [ORG-1]

Agent Co-ordination

The supply chain participant design tells us that the following are activities are necessary, equipping
the agent to buy with an Initiator protocol and Default-No-Profit strategy, and equipping the agent to
sell with a Respondent protocol and the Decay Function strategy.

Equipping the Agent to Buy

»  Click on the checkbox to select the Fipa-Contract-Net-M anager protocol [COORD-1]
«  Specify the strategy will be used for interactions with subor dinate agent, and leave the strategy
function as Default-No-Pr ofit

Equipping the Agent to Sell

The process by which the agent is equipped to handle incoming bids is very similar to the process that
configured it with the ability to make bids. First we specify a protocol that describes the vendor's role
in a negotiation dial ogue.

e Click on the checkbox beside the entry for Fipa-Contract-Net-Contractor.

Now we can define the negotiation strategy that will be used in conjunction with this protocol.

» Ensure that the Fipa-Contract-Net-Contractor entry has been selected in the upper ‘Co-
ordination Protocols' table.

In the lower ‘ Co-ordination Strategies' table the Mode field will contain aticked checkbox to indicate
that this strategy will be used in conjunction with facts of the type described inthe Fact Type field.
Asthis field contains ZeusFact this strategy will be used to sell facts of any type. As our specification
does not suggest that the agent will use specialised strategies for trading with certain individuals, so the
Agents and Rel ati ons fields can beleft unchanged.

e Now double-click onthe Strat egy field and select the entry for DecayFunction from the list
of available strategies.

Now we can define the parameters that determine how the DecayFunction strategy runs, here two

parameters are interpreted differently from those described for the bidding process:

O min.percent: the vendor's reserve price, the smallest fraction of the commodity's perceived
value that the agent will consider accepting. This factor dictates the agent's minimum profit
margin, and if less than 100% the commodity may be sold for less than its perceived worth.

O max.percent: the fraction of the commodity's perceived value that it is offered for sale

To enter these parameters, double click on the Par anet er s field beside the strategy name, this will
bring up awindow containing atable.

¢ Now click on the New button to create a new entry, then rename the Key field to min.percent and
press <return>. Then edit the Val ue field so that it contains the value 105.

e Click onthe New button to create a new entry, rename the entry in the Key field to no.quibble and
press <return>. Then edit the Val ue field so that it contains the value 2.

e Click on the New button to create a new entry, rename the entry in the Key field to step.default
and press <return>. Then edit the Val ue field so that it contains the value 2.

e Click on the New button to create a new entry, rename the entry in the Key field to max.per cent
and press <return>. Then edit the Val ue field so that it contains the vaue 130.

Now click on the OK button to commit the changes and dismiss the window. The agent has now been
specified and can be saved.
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Task Definition

Edit the Makel nkjetPrinter task, and configure it thus:
e Createan effect that isa Printer fact, nameit printer, and set the attribute type to inkj et

e Add aPrinterCase precondition, name it case and apply the L ocal modifier. Then set the number
to printer.number and the type to printer.type.

* AddalnkCartridge precondition and name it ink. We'll assume each printer comes with 10 spare
ink cartridges so set the number to (10* printer.number).

e Then set the task cost to (45 * ?printer.number) and thetimeto (1 * ?printer.number).

Now save the task, close the task editor and edit the M akeL aser Printer task, thisinvolves:
e Create an effect that isaPrinter fact, nameit printer, and set the attribute type to laser

e Add aPrinterCase precondition, name it case and apply the L ocal modifier. Then set the number
to printer.number and the typeto printer.type.

e Add aTonerCartridge precondition and name it toner. We'll assume each printer comes with a
single toner cartridge so set the number to printer.number.

e Then set the task cost to (50 * ?printer.number) and thetimeto (1 * ?printer.number).

Now save the task and close the task editor. The HP agent and the tasks it will perform are now
complete so we can move on to create the Supply Chain Tail agents.

4.2.3 Creating the Intel Agent

Looking back at the design derived from the agent roles we can see the only difference a supply chain
participant (like HP) and a tail (like Intel) is that the latter does not need a co-ordination protocol to
acquireitsresources. Henceit isdlightly simpler to specify.

Agent Definition

The activities necessary at this stage are:

»  Specify aprimitive task exists: M akeM otherBoard [DEF-2]

e AddaCPU initia resource, name: budget_cpus, unit_cost: 25, number: 1000, type: 300

e AddacCPU initial resource, name: medium_cpus, unit_cost: 30, number: 1000, type: 350

e AddacCPU initia resource, name: fast_cpus, unit_cost: 35, number: 1000, type: 400

Agent Organisation

»  Specify that Dell is an acquaintance, with arelationship of superior [ORG-1]

Agent Co-ordination

The supply chain tail design tells us that for the agent to sell resources it will need to be equipped with
a Respondent protocol and the Decay Function strategy. This involves the following:

e Click on the checkbox beside the entry for Fipa-Contract-Net-Contractor.

e Ensuring that the Fipa-Contract-Net-Contractor entry has been selected in the upper table and
double-click on the Strategy fied in the lower table. Then select the entry for
DecayFunction from the list of available strategies.

To enter the parameters of this strategy, double click on the Par amet er s field beside the strategy
name, thiswill bring up awindow containing a table.

e Enter aparameter caled min.percent and assign the value 107.

23

PC MANUFACTURE CASE STUDY



e Enter aparameter caled no.quibble and assign the value 2.
e Enter aparameter caled step.default and assign the value 2.
e Enter aparameter called max.percent and assign the value 115.

Now click on the OK button to commit the changes and dismiss the window. The agent has now been
specified and can be saved.

Task Definition
Edit the MakeM other Boar d task, and configure it thus:
* Create an effect that isa Mother Board fact, and name it mb

* Add a CPU precondition, name it cpu and apply the Local modifier. Then set the number to
mb.number and the type to mb.type.

e Then set the task cost to (275 * ?mb.number).
Now save the task and close the task editor.

4.2.4 Creating the Taxan Agent

The Taxan agent involves exactly the same activities as the other supply chain tail agents, namely:

Agent Definition

The activities necessary at this stage are:

e Specify aprimitive task exists: MakeM onitor [DEF-2]

e AddaCRT initial resource, name: crt, unit_cost: 60, number: 2000

e AddaGFXadapter initia resource, name: vga card, unit_cost: 10, number: 2000, type: vga

* Add aGFXadapter initial resource, name: svga_card, unit_cost: 10, number: 2000, type: svga

Agent Organisation

»  Specify that Dell is an acquaintance, with arelationship of superior [ORG-1]

Agent Co-ordination

The supply chain tail design tells us that for the agent to sell resources it will need to be equipped with
a Respondent protocol and the Decay Function strategy. This involves the following:

e Click on the checkbox beside the entry for Fipa-Contract-Net-Contractor.

e Ensuring that the Fipa-Contract-Net-Contractor entry has been selected in the upper table and
double-click on the Strategy fied in the lower table. Then select the entry for
DecayFunction from the list of available strategies.

To enter the parameters of this strategy, double click on the Par anet er s field beside the strategy
name, thiswill bring up awindow containing a table.

e Enter aparameter called min.percent and assign the value 102.
e Enter aparameter caled no.quibble and assign the value 2.

e Enter aparameter caled step.default and assign the value 2.

e Enter aparameter called max.percent and assign the value 125.

Now click on the OK button to commit the changes and dismiss the window. The agent has now been
specified and can be saved.
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Task Definition

Edit the MakeM onitor task, and configure it thus:

* Create an effect that isa Monitor fact, and name it monitor

e AddaCRT precondition, nameit crt and set its number attribute to monitor .number

e Add aCRT precondition, name it card and set the number to monitor.number and the type to
monitor.type.

* Inthe cost field we can enter rules that provide different estimates depending on task parameters
(in this case the monitor type); so enter the following: (if (?monitor.type == sgva) then (120 *
?monitor.number) else (100 * ?monitor.number))

* Andinthetimefield enter (1* ?monitor.number)
Now save the task and close the task editor.

4.2.5 Creating the CartridgeCorp Agent

The CartridgeCorp agent invol ves the same activities as the other supply chain tail agents, namely:

Agent Definition

This agent does not possess any initia resources, but can only produce one cartridge at a time, to
specify this:

e Edit the maximum number of simultaneous tasks field so that it contains the value 1 [DEF-1]

*  Next, specify two primitive tasks exist: MakeToner Cartridge and M akelnkCartridge [DEF-2]

Agent Organisation

»  Specify that HP is an acquaintance, with arelationship of superior [ORG-1]

Agent Co-ordination

The supply chain tail design tells us that for the agent to supply resources it will need to be equipped
with a Respondent protocol and a supply strategy. Thisinvolves the following:

e Click on the checkbox beside the entry for Fipa-Contract-Net-Contractor.

In this case the agent will use the Default-No-Profit strategy, so nothing else needs to be entered. You
can now click on the OK button to commit the changes and dismiss the window. The agent has now
been specified and can be saved.

Task Definition
Edit the Makel nkCartridge task, and configure it like this:
e Create an effect that isalnkCartridge fact, and nameit ink

No preconditions are necessary, we assume that production is handled outside the sphere of
responsibility of the agent.

The default values for cost and time will suffice, so you can now save the task and close the task editor.

Asall the task agents are now specified, so we can turn our attention to the application’s utility agents.
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4.3 Utility Agent Configuration

During this phase we can decide what utility agents will be created, and configure them accordingly.
So, from the main Agent Generator window click on the button to open the Code Generator tool, this
will display the Generation Plan: the agents that will be created when the code generation process is
started. You will notice that as well as the PC manufacturing agents there are a Name Server, a
Facilitator and a Visualiser.

The ANS and Facilitator are essential to this application, and the Visualiser is optiona but always
useful. You may however want to configure the runtime parameters of these agents, this is achieved
through the tables of the 'Utility Agents' tab pane, click on it now.

e Starting with the Agent Name Server, change itsidentifying nameto ANS.

The |.P address in the Host field will default to the machine that is currently running the Agent
Generator, which we shall assume to be where the Name Server will be running.

As there is only one Name Server, it is marked as the root, and provides the value of the application
time-grain. This can be changed, but the default value is adequate for our application.

e For simplicity we shall assume that al the agents will be run from the same directory, thus the
Addr ess Fi | e does not need a pathname, just afilename. If thisfield is empty, edit it and enter
ns.db, this provides the name of the file into which the name server will write its location.

Next we consider the Facilitator.

*  First change itsidentifying nameto Broker.

We shall assume the Facilitator will be running on the same host machine as the Name Server, so its
Host field does not need to be changed.

The DNS Fi | e field contains the path and name of the file containing the Name Server'slocation. This
field should contain the same contents as the Name Server's Addr ess Fi | e field.

The recycle period of the Facilitator governs the time interval between the messages it sends to each
agent to update its world-view. Hence to reduce the amount of communication taking place, thus.

e ChangetheRecycl e Period field of the Facilitator to 2.0
Finally, we consider the Visualiser.

e Changeitsidentifying nameto Visual.

Whilst the host field can remain unchanged, and the DNS Fi | e field should contain the same contents
asthe Name Server'sAddr ess Fi | e field.

This concludes the configuration of the utility agents. Screenshots of the Utility Agent panels and
more detailed instructions can be found in Section 4 of the Realisation Guide. Next, we turn our
attention to the task agents.

4.4 Task Agent Configuration

This process is described in detail in Section 5 of the Realisation Guide, and performed through the
Task Agents tab pane of the Code Generator tool, move to it now.

First, we will consider the Dell agent. If we assuming that it will run on the same host machine as the
utility agents the contents of its Host field can be left changed. Likewise the DNS Fi | e field should
contain the same contents as the Name Server's Addr ess Fi | e field.

According to our design the resources of the supply chain agents are represented internally, and do not
need to be obtained from external databases. Hence the Dat abase Ext ernal field can be left blank
for each agent.

However, our design does indicate that the Dell agent requires a means of capturing the demand that
will initiate the supply chain; this should be implemented in a separate class and identified in the
Ext ernal Program field.

» Doubleclick onthe Dell agent’s Ext er nal Progr am field and enter DellPump
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runtime environment’s class-loader. This may not be necessary if you enter . (the current
directory) into your local CLASSPATH environment variable.

— | Important note: the class names entered during this stage must be accessible to the Java

Asthisisapedagogical example a Ul that displays the agent’s activity would be useful.

e Clicking the checkbox in the Create GUI ? field will create an activity display for that agent
when the code is generated.

If you would like to gain a better insight into the mechanics of the supply chain then you can create
GUIsfor every other agent you are interested in observing.

Finaly, you can choose what icon will represent the agent when it is visualised.

» Doubleclick inthel con field, this will open afile dialogue. Move to the 'zeus/examples/pc/gifs’
directory and choose the file named computer .gif

Repeat the above step for each of the other agents, using cartridge.gif for the CartridgeCorp agent;
monitor.gif for the Taxan agent; cpu.gif for the Intel agent; and printer.gif for the HP agent.

This concludes the configuration of the task agents, and the Task Agent panel should look like that
shown in Figure 6. Next, we shall generate the Java source code for our application.

/‘Eode Generator [_ O] ]
4 CANCEL F"ﬁ|
Task Agents
Generate| Status | Mame | Host | DMSfile |Database E.| create GUI? [External Pr..|  lcon

[v] Modified CartridgeCorp [127.0.01 dns.db [ %\\J

vl  |Modified Dell 127.0.01  |dns.db vl DellPurnp L |

Wi Modiied  |Taan 127.0.01  |dns.db O e |

¥ |Modified Intel 127.0.01  |dns.db [

¥l |Modified HFP 127.0.01  |dns.db [ ==

Generation Plan | Litility Agents | Task Agents | Tasks

Figure 6: A screenshot following the specification of the task agents

4.5 Code Generation and Implementation

With all agents described we are ready to generate their implementations, this is described in detail in
Section 6 of the Redlisation Guide, and performed from the 'Generation Plan’ tab pane of the Code
Generator tool, move to it now.

Your first option is to choose the directory into which the source code will be written. As your agents
are likely to be identical to those of the pre-generated agents supplied with ZEUS you could choose to
write the code into the zeus/examples/pc directory. Thiswill replace the existing agent definitions (but
existing files are never over-written by the Generator, they are just renamed with a % postfix).

« If you want to change the target directory, click on the Tar get Di r ect or y button and choose an
appropriate directory, or type the full directory path into the field beside it.

Next, choose the operating system for which the agent launch scripts will be written.
e Click on either the W ndows or Uni x radio buttons as appropriate.
e Findly, click onthe Gener at e button.

This will create Java implementations for each agent class listed in the 'Generation Plan’ table. You
will find the source code files in the directory you specified earlier. With the code now generated it is
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time to implement the application specific components suggested by our design (these are prefixed
with the IMPL code).

Looking back at the design of the Dell agent in Section 3 we can see two potential implementation
activities:

- aresource consumption task body [Optional / | MPL- 2]
- asupply initiation trigger [Automatic / | MPL- 4A]

In our simple simulation it is not necessary to implement the task body that will consume the supplied
resource (in the real world this would equate to sending the finished PC out to the customer and
updating the sales and delivery records).

However, some means of triggering the supply chain is not optional (otherwise the agents will remain
idle). This can be achieved without implementing any additional code by using the New Goal menu
option of the Dell agent’'s Agent Viewer interface; this will create a goa instructing the Dell agent to
obtain a Computer fact with the desired parameters. As the design suggests, there is an aternative: to
create an external program that will create a goal and send it to the agent through its interface. How the
latter is achieved will be considered next.

Implementing the Trigger Program

Thetrigger program, (DellPump.javain the zeus'examples/pc directory), provides a simple example of
how to issue instructions to an agent. The mechanism used is described in more detail in section
IMPL-4A of the Realisation Guide, but essentially consists of an interface that allows the components
of an agent to be directly accessed. The Javacodeinvolved is shown below:

Fact fact = context.Ontol ogyDb().get Fact (Fact. VARl ABLE, " Conputer");
fact. set Val ue("cpu_speed", "400");
fact. set Val ue("kb_type", " UK");
fact.setValue("printer_type","laser");
fact. set Val ue("nonitor_type", "svga");
fact.set Nunmber(1);
int now = (int)context.now();
Goal g = new CGoal (context.newld("goal"), fact, nowt8, O,
cont ext . whoam (), now+4);
cont ext. Engi ne(). achi eve(Q);

What is happening is that a new fact representing the desired item is created and used to create a new
god. The god is then added to the agent’s Co-ordination Engine, and will trigger the invocation of its
MakeComputer task, and in the course of acquiring the necessary resources for this task negotiations
with supplier agents will begin.

If you are building the application from scratch now is the time to compile the generated source code
and external program implementation. Assuming no errors are reported, the application can now be
run using the agent launching scripts created by the Generator tool at the same time as the agents. How
to run agent applications is explained in the ZEUS Runtime Guide, and is outlined during the next
section.

5 Running the PC Manufacture Application

Assuming that all the agents will be running on the same machine, launching the application will
involve the following process:

e Enter the command 'runl’, this will execute the runl script and start the Agent Name Server
(ANS). No errors should be reported, and a new Java interpreter process should be running in the
background. If a problem has occurred, check your system’s configuration (e.g. CLASSPATH
setting, install directory in the .zeus.prp file etc.)

e Enter the command 'run2’, this will start the 5 supply chain agents. As a result five more Java
processes should now be running in the background. Whilst on screen an Agent Viewer window
will appear for the Dell agent.
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e Enter the command 'run3’, this will start the Visualiser and Facilitator agents. Two additional
Java processes should be started, and a Visualiser Hub window should appear on screen.

Although the agents can run independently of the Visualiser, you may find it useful to launch the
Society Viewer window to observe how the agents interact with each other. The Statistics tool may
also be useful to plot price fluctuations over time, and the Report Tool is useful for monitoring the
status of each of the tasks in the supply chain. The ZEUS Runtime Guide describes how to use the
various facilities of the Visualiser tool, but as these apply to any multi-agent application the remainder
of this section will only consider the application-specific features of this example.

Once launched the agents will register themselves with the Name Server, and reply to the Facilitator
and the Visualisers (the latter only if asked). No tasks will be performed until the user issues a goal to
one of the agents, either through the Agent Viewer or an external program like the DellPump window.
Assuming that a goal has been provided, what is going on behind the scenes?

5.1 How Negotiation Works

Asexplained in Section 3.4 of the ZEUS Redlisation Guide, the interactions of the agents are governed
by strategies. In this application the sellers who negotiate (i.e. who don’t use the No-Profit strategy)
determine their replies to incoming bids using the LinearinitiatorEvaluator strategy, whilst
LinearRespondentEvaluator is used by potential purchasers to formulate their bids. These strategies
areimplemented in the eponymous files found in the zeus.actors.graphs package.

These strategies are linked to the agent’s co-ordination engine by their implementation of the
SrategyEvaluator interface class, and two significant methods. evaluateFirst() and evaluateNext().
The former method is used to calculate the initia negotiating position, whilst the latter uses the
parameters set when the agent was created (as described in the COORD-2 section of the Realisation
Guide), or runtime parameters (like those entered through the agent GUI). Sample implementations of
these methods (from the LinearInitiatorEvaluator.javafile) are shown next:

public int evaluateFi rst(Vector goal s, Protocol DbResult info) {
this.goal s = goal s;

this.protocollnfo = info; the parameters
mn = getDoubl ePar an{"m n. percent”,80)/100.0; 4 |  enteredat

SOURCE nax = get Doubl ePar an{ " max. percent ", 120)/100. 0; generation time
noqui bbl e = get Doubl ePar an{ "noqui bbl e. r ange", 2) ;

CODE

default _step =get Doubl eParan{"st ep.default", 0.2);
reserve_price=get Doubl eParan{"reservati on. price", Doubl e. MAX_VALUE) ;

Goal g = (al )goal s.elenentAt(0); 44—

expected_cost = g.getCost(); imtiilisedt?e
cost and time
start_time = context.now(); parameters

end_time = g.getReplyTinme().getTinme();

g. set Cost (0) ; /1 hide true cost from bidders

return MESSACE; ;7
}

The evaluateFirst() method is intended to initialise negotiation rather than implement it: this is the
function of the evaluateNext() method, as shown below:
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public int evaluateFi rst(Vector goal s, Protocol DbResult info) {
this.goal s = ds.goal s;
if ( !'ds.nsg_type.equal s("propose") )
return FAL;

Goal g = (al )ds.goal s. el enent At (0);
of fer = g.getCost ();
doubl e now = cont ext.now();

if ( first_response ) {
first_response = false;

dt = now - start _tine; < determine
end_time = end_tine - dt; asking price
and increment
expect ed_cost = Mat h. max(offer, expected_cost); value
mn_price = min*Math. mn(reserve_pri ce, expected _cost);
max_price = Math. m n( nax*expect ed_cost, reserve_price);
price = mn_price;
step = (mex_price-min_price)*dt/(end_time-start_tinme);
step = Math. nmax(step, def aul t_st ep);
}
if ( offer < price + noquibble ) return
if ( !'first_response ) price += step; < | revise asking
price slightly
if ( price <mn_price)
return FAL;
else if ( offer < price + noquibble)
return G
. ) running out of
if ( now+ dt >= end_time ) { < time, atte mpt
if ( offer < max_price ) to settle
return OK;
el se
return FA L;

g. setQost (price);
return MESSACE;

The important fact to note about the evaluateNext() method is that it provides an interface between the
agent and the code implementing its negotiation expertise. There is no need for expertise to be
encoded here in the form of procedura Java code, indeed a more complex application might use this
method to link the agent to an external program like a Case Reasoning Engine.

Typically the evaluateNext() method modifies the negotiation position in the light of new information,
either in the form of new bids, or the passage of time bringing the deadline closer. It functions by
changing the attributes of the current goal, and determines the next state of the agent’s co-ordination
engine by returning one of the following three types of message:

¢ OK -i.e thebid or proposal was acceptable, agents now move into the settlement stage

¢ MESSAGE - i.e. the bid was not acceptable but close enough to warrant a counter-proposal

e FAIL - this ends the negotiation, typically because the bid was too low and the time deadline
has expired

If the negotiation results in a price acceptable to both parties the co-ordination engine of each agent
will move into the settlement stage. Here the resource in question is removed from the seller’'s
ResourceDb and transferred to the buyer, whilst simultaneously the money resource of the buyer is
debited and the amount credited to the seller. This process is part of the standard ZEUS agent
interaction behaviour and so it does not need to be implemented by the user.
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Using the PC M anufacture Demo

More detailed instructions on running this demo can be found in the readmetxt file in the
zeus/examples/pc directory.

Concluding Remarks
The best way to understand the PC Manufacture application, and thus the ZEUS components from
which it is built, is to experiment and explore. For instance, see where the application specific code
(the Java code in the pc directory) makes calls to the ZEUS classes.

In the meantime any errors, comments or suggestions are welcomed.

Jaron Callis (jaron@info.bt.co.uk)
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