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Chapter 2

Tutorial

In this chapter there is a small but complete example of a multi-agent appli-
cation to be built using AiMMSs. Following the description of the underlying
problem, you will need to specify an agent community, the agent setup for
each of four different agent roles, and the procedures that make up the com-
munication between the agents.

This tutorial focuses purely on the multi-agent features of AIMMS. Some basic
AIMMS knowledge is required but, contrary to what you might expect, the ex-
ample does not include any optimization. This is avoided to keep the example
as simple as possible, allowing you to focus on learning the multi-agent con-
cepts in AiMMS. If you lack the necessary AIMMS knowledge you are advised to
read one of the AimMMS tutorials that come with the AimwMms distribution pack-
age.

In order to make this tutorial, or run the completed implementation provided
with the AmMMs distribution, you need a license that allows you to simulta-
neously run the indicated amount of AIMMS sessions. If you have a network
license with a sufficient amount of free AiMMS licenses, you can use these. If
you only have a single AiMMS license, but still want to experiment with the
AimMSs multi-agent technology, for instance, by making this tutorial, Paragon
will provide you, on request, with a temporary AIMMS license capable of run-
ning the tutorial example.

2.1 Describing the agent application

The example in this chapter concerns the simulation of a help desk. Assume
that the help desk center has priority customers who request help through
their dedicated account managers. Each account manager passes the request
to the first available worker to handle the request in its entirety. The overall
performance of the help desk is monitored by a single controller. Figure 2.1
illustrates the connections between individual customers, account managers
and workers.
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Figure 2.1: Connections between individual customers (C), account managers
(A) and workers (W)

The simulation is implemented as a multi-agent application with the following
agent roles

m customer,

m account manager,

m worker, and

m controller.

For convenience, all agents, other than the controller, are started by the con-
troller in the example. In reality, however, agents could also begin, and log
on to the community, independently. Using the functionality described later
in Chapter 3, the example could easily be modified to allow this. The number
of agents that are started is kept small, but this can be enlarged if you wish
so. In total, there will be 4 customers, 2 account managers, 8 workers and 1
controller.

During the simulation, a customer agent sends messages requesting help to its
designated account manager. The time interval between requests varies over
time, and is simulated using an exponential distribution. The corresponding
distribution parameter value is provided as input by the controller.

Once a request for help reaches an account manager, this request is forwarded
to the first available worker. If no worker is available, the request is queued.
Whenever a worker becomes available, any account manager with a nonempty
queue requests exclusive access to this worker. If exclusive access is granted
by the worker, the account manager forwards the first request on his queue
to this worker. If exclusive access is denied, the account manager waits until
another worker becomes available again.

...asa
multi-agent
application

Customer

Account
manager

16



Chapter 2. Tutorial

A worker is able to handle a help request forwarded by any account man-
ager. Workers notify all account managers whenever they become available
after having completed a request. Whenever a worker receives a request for
exclusive access from an account manager, and is still available, that access
is granted. The time required to complete the help request by a worker is as-
sumed to be uniformly distributed. The corresponding distribution parameter
values are provided as input by the controller.

The controller is a special agent that manages the community by

m starting and stopping agents,
m providing input parameters to agents, and
m gathering performance statistics from agents.

Once the simulation is started, the controller can influence the performance of
individual agents by modifying their distribution parameters.

2.1.1 Message types and semantics

The functionality described in the previous section can be implemented by
including several message types in the agent application. In the paragraphs
below, the message types sent, by all types of agents, will be discussed in more
detail. An agent sends a message by calling a corresponding send procedure,
which relays the message to the underlying agent technology. Here, all relevant
message data are encapsulated, and the message is passed on to the receiving
agent. As we will see later, AIMMS can automatically add the appropriate send
procedures to an AIMMS project implementing a particular agent role.

Messages sent from one agent to another agent must be either filtered or han-
dled by the receiving agent. The underlying agent technology ensures that
any incoming message is correctly filtered or handled. This is accomplished
by calling the designated filtering or handling procedure, within the AIMMS
project of the receiving agent, whenever a new message arrives. When setting
up an AIMMS project to implement a particular agent role, AIMMS can auto-
matically add skeleton filtering and handling procedures to the project. You,
as an agent developer, can then modify these skeleton procedures to take the
actions that you want.

Customer agents send RequestHelp messages to their designated account man-
agers to simulate a help request. For the sake of simplicity, it is assumed that
these messages do not carry any extra data arguments. Account managers use
a filter procedure for incoming RequestHelp messages, in which they

m forward an incoming message to an available worker, or
m if no worker is available, place the incoming message in a queue.
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The worker agents have a handler procedure for incoming RequestHelp mes-
sages, in which they

m execute the help request according to an exponential distribution, and
then
m notify the account managers that they are available again.

Whenever a worker agent finishes a request for help and becomes available
again, he sends a NotificationAvailability message to all account manager
agents. These messages do not carry any additional data arguments. The
account managers have a handler procedure for incoming NotificationAvail-
abiTity messages, in which they

m check their own queue of help requests,
m request exclusive access when this queue is nonempty, and
m forward the first message when access is granted.

To guarantee that a worker agent will honor a forwarded RequestHelp message,
account managers will send a RequestExclusiveAccess message prior to actually
forwarding the RequestHelp message. RequestExclusiveAccess messages are pri-
ority messages, enforcing an immediate response, and have one scalar output
argument registering whether or not exclusive access has been granted. This
prevents multiple account managers forwarding help requests simultaneously,
of which only the one arriving first will be handled immediately. Worker agents
have a handler procedure for incoming RequestExclusiveAccess messages, in
which they

m verify their availability,
m if available, grant exclusive access to the account manager, and
m notify the account manager of the result.

With a real help desk, customers request help as the need arises, and help
desk personnel have to perform actual work to handle these requests. In this
simulation, however, customer agents will generate RequestHelp messages at
random points in time according to a given distribution, and worker agents
have to spend a random amount of time doing nothing when simulating han-
dling a RequestHelp message. Although such behavior could be implemented
using AIMMS’ built-in Delay function, this function would completely block the
AIMMS execution, which is undesirable in an otherwise asynchronous appli-
cation. It is important for an agent to be non-blocking, because this allows
AIMMS to deal with incoming priority messages, or, if necessary, update the
user interface of the agent.
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An alternative, non-blocking, implementation can be achieved by the introduc-
tion of two auxiliary delayed message types, DelayedGenerateRequest and De-
TayedFinishRequest, which customer and worker agents respectively can send
to themselves. When sending a message from within an agent project, AIMMS
allows you to specify a delay time, which will cause AIMMS to wait for the
specified amount of time before actually sending the message. By using this
feature whenever a DelayedGenerateRequest or DelayedFinishRequest message
is sent, the required random delay times for customer and worker agents are
achieved in a non-blocking manner.

Although we have spent two paragraphs explaining the delayed message types,
you should realize that they are only a trick to bridge, in a non-blocking man-
ner, a time interval when no real work needs to be executed during the help
desk simulation. If you are writing an agent application along similar lines, you
probably will have no need for this trick, because actual execution, consisting
of multiple interruptible statements, is necessary when handling each of the
message types present in your application.

The communication pattern between the various agent types is illustrated in
Figure 2.2. The solid arrows correspond to the message types described above.
The dashed arrows correspond to auxiliary message types initiated by the con-
troller to initialize, start and stop the simulation. These auxiliary message
types are discussed in Section 2.1.2.

2.1.2 Tasks of the controller agent

The first task of the controller is to startup all the other agents in the com-
munity. The controller will wait until every agent has started successfully to
ensure that every agent is available to take part in the simulation.

Once all the agents are present, the controller sends a message of type Ini-
tializeAgentSettings to initialize such agent parameters as

m the designated account manager and average number of requests for
customer agents, and
m the minimum and maximum work duration for worker agents.

The InitializeAgentSettings message includes the property that an automatic
response is sent back to the controller once the message has been handled.
The controller waits for all these responses before actually starting the simu-
lation, by sending a StartSimulation message to all customer agents.
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Figure 2.2: Message communication between agent roles

During the simulation, the controller can modify the parameter values of se-
lected customers and workers by sending similar initialization messages again.
In addition, the controller can send priority messages of type RequestAgent-
Statistics to obtain statistics while the simulation is still running. Examples
of such simulation statistics are

m the number of requests generated by a particular customer agent,

m the queue size and the number of forwarded messages of a particular
account manager, and

m the number of jobs, and the total time spent on them, executed by a
particular worker.

The controller can stop the simulation by sending the message of type Stop-
Simulation to all customer agents. The effect of this message is that the cus-
tomers no longer generate new help requests, but do remain present. Note
that account managers and workers are not effected by this message, and will
remain operational until all help requests have been handled.
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Once the simulation has been stopped, the controller can terminate all other
agents in the community, even though they may still be handling outstanding
requests. In general, any agent that starts other agents is also responsible for
terminating them.

2.2 Building the agent application

In this section all the relevant issues that play a role in the implementation
of the multi-agent application of this tutorial are described. Section 2.2.1 dis-
cusses how an AIMMS project can be prepared for becoming an agent in an
AlMMSs-based multi-agent application, and how the corresponding agent com-
munity can be set up. Section 2.2.2 illustrates how AiMMs can add all send,
filter and handler procedures for a particular agent role to an agent project.
Section 2.2.4 provides the actual implementation of all the message handler
procedures that implement the actual help desk simulation as described in
Section 2.1.1. Finally, in Sections 2.2.5 and 2.2.6, all the controller-related
tasks, messages and handlers are discussed.

2.2.1 Agent preparation and community setup

For any AIMMS project that is to act as an agent in an AiMMS-based multi-agent
community, some preparatory steps are required. These steps include

m installing the agent module,

m specifying the community setup file, this contains the description of all
agent roles and message types, and

m performing the agent setup for one or more agent roles.

A community setup file contains the shared information to be used by all agents
within a single multi-agent community. This information includes

m all available agent roles,

m all available message types and their arguments, and

m a map describing which message types can be sent and received by which
agent roles.

The community setup file should ideally be under the control of a single per-
son.

Although AiMmms allows the implementation of several agent roles within the
same AIMMS project, typically, you will create an AiMMS project for each agent
role. Such a project can then be started for every instance of the corresponding
agent role. Recall that an agent project can be opened more than once, only if
it is opened in end-user mode. In end-user mode you can run the project, but
cannot make any changes to it. When starting a new agent from within another
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agent using the StartRemoteProject command, the new agent is always opened
in end-user mode.

In this tutorial we will build four separate AIMMS projects, one for each agent
role. Each project is stored in a subdirectory of the directory C:\AgentTutorial,
which was created manually. Using the New Project wizard, the controller
agent project can now be created following the information shown in Fig-
ure 2.3.

2 x|
,.l' Project Mame:
6 IEontroller
Create in folder:
IEI:\AgentTutorial'\EontroIIer
Model Mame:
|Controller.amb
car |

Figure 2.3: Creating the controller agent project

To install the multi-agent module

» select the Install Agent Module command from the Settings-Multi Agent
menu.

This will import a predefined multi-agent module into your model. After in-
stalling the agent module you should be able to verify the existence of the
newly created agent module in the model tree, as illustrated in Figure 2.4.

i
[@ main controter
Dieclaration

[BJ Mainlnitialization

[B] MainExecution

[BJ MainTerminatian

‘&) Agent Declarations
- @ Connectand Logon
- Filter Actions
@@ Gaved Messages
- @ Wait Functions
Q Starting Remote Projects

Figure 2.4: The model tree with the newly installed agent module
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The community setup file is typically shared among all agents in the commu-
nity. To specify the location of the community setup file perform the following
steps

» select the Select Community Setup File... command from the Settings-
Multi Agent menu, and

» specify ..\CommunitySetup.cfg as the name of the community setup file
(see Figure 2.5).

If you specify a non-existing community setup file, Aimms will ask whether
you want to create a new community setup file with the specified name. Typi-
cally, this will happen when you start building a new multi-agent application.
All other agent projects in the multi-agent application should select the same
community file in order to share the information specified in it.

Agent Community Setup File 1'

Enter the name of the [new] Agent Community Setup
file: .

I..\EommunityS etup.cfg ﬂ Cancel |

Figure 2.5: Specifying the location of the community setup file

Since setting up a correctly working multi-agent community is not a straight-
forward task, the community setup file should preferably be under the control
of a single person. To prevent other persons from modifying the commu-
nity setup file, you can password protect it through the Settings-Multi Agent-
Community Setup Password command.

Before continuing with the agent role-specific initialization of the project, you
have to specify the contents of the community setup file. Since the community
setup information is shared among all agents, this data can be specified from
within any agent project in the multi-agent application. Changes made to the
community setup file from within in one agent project will be automatically
propagated to the other agents. To open the Multi Agent Community Setup
dialog box

» select the Community Setup ... command from the Settings-Multi Agent
menu.

The first step, in setting up a multi-agent community, is to specify all available
agent roles. To specify all the agent roles that play a role in this tutorial

» select the Agent Roles tab in the Multi Agent Community Setup dialog
box, and

» use the Add button (or the Insert key on the keyboard) to add the four
agent roles introduced in Section 2.1 (see Figure 2.6).
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Multi Agent Community Setup 21x1

Agent Roles | Message Typesl Mappingl

€% Al Agent Roles
& Controller

€ Customer

€ Accountmanager

Carnmert:

Add Delete

ok I Cancel

Figure 2.6: Specifying all the agent roles

If you are designing an agent application yourself, you can add explanatory
remarks about a particular agent role in the Comment field.

The second step, in setting up the multi-agent community, is to declare the
message types that were displayed in Figure 2.2. To create the RequestHelp
message type (introduced in Section 2.1.1):

» select the Message Types tab in the Multi Agent Community Setup dia-
log box, and

» use the Add button (or the Insert key) to add the RequestHelp message
type (see Figure 2.7).

As illustrated in Figure 2.7, AIMMS supports several options for messages sent
between agents.

m By declaring a message type as a “Priority Message”, AiMMSs will handle
incoming messages of this type at the earliest possible moment, possibly
during the execution of a message handler of a non-priority message.

m By checking the “Sends Response when Handled” option, AiMMS will send
a response message back after the message has been handled by the
receiving agent. In the sending agent, you can wait for these response
messages through the function WaitForHandTedMessage.

m By checking the “Adds Elements to Domain Sets” option, AIMMS will auto-
matically add elements to domain sets, whenever multidimensional mes-
sage arguments refer to set elements that are not in the corresponding
domain sets of the receiving agent. Without this option, AimMs will gen-
erate a runtime error if a domain element is not present.
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Multi Agent Community Setup ﬂll
Agent Roles  Message Types I Mapping I
‘3 All Message Types ™ Pricrity Mezsage
el R equestHelp [ Sends Response when Handled

™ Adds Elements to Domain Sets

Carmnmert:

Add Delete | ﬂ ﬂ

ok I Cancel |

Figure 2.7: Declaring the RequestHelp message type

None of these options apply to the RequestHelp message type.

The RequestExclusiveAccess message, described in Section 2.1.1, has a sin-
gle output argument IsGranted to indicate whether exclusive access has been
granted by the receiving working agent to the requesting account manager. To
ensure timely delivery of the message, it should also be declared as a priority
message. To add the RequestExclusiveAccess message type to the multi-agent
community setup, you have to perform the following actions

» on the Message Types tab, add a new message type with name Request-
ExclusiveAccess,

» check the Priority Message checkbox,

» double click the letter icon = to open a new level below the message (the
icon will change to @),

» press the Add button (or the Insert key) to insert a new double-valued
argument IsGranted (see Figure 2.8), and

» select the Output radio button for the IsGranted argument.

To complete the main set of message types necessary to run the help desk sim-
ulation, you should now add the NotificationAvailability message type, dis-
cussed in Section 2.1.1, as well as the DelayedGenerateRequest and DelayedFin-
ishRequest message types, all without any arguments. After completion, the
Message Types tab should now contain the five main message types as illus-
trated in Figure 2.8.
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Multi Agent Community Setup ﬂll
Agent Roles  Message Types I Mapping I
& AliMessage Types Type: ||E|double |

-] RequestHelp
E} @ ReguestExclusiveAccess Unit: |

[Pl IE ad Property
-[=1 MotificationAyailability  Input
-[=] DelayedGenerateRequest & Output
L--[=] DelayedFinishReguest
 InOut

Carmnmert:

sdd  |[ Delete | ﬂ ﬂ

ok | Cancel

Figure 2.8: The main message types

The message types introduced so far have all been related to running the actual
help desk simulation. We still have to declare the controller-related messages
discussed in Section 2.1.2, and represented by the dashed arrows in Figure 2.2.

The InitializeAgentSettings message, discussed in Section 2.1.2, is responsi-
ble for initializing the agent parameters of the customer, the account manager
and the worker agents. For example, the individual customer agents differ in
the account manager to which they have been assigned, and in the rate with
which help requests are generated. By sending this information from the con-
troller to the customer agents, rather than letting this information be part of
the customer project itself, all customer projects are identical and can there-
fore be shared among all individual customer agents. A similar argument holds
for the individual account managers and worker agents.

To ensure that the help desk simulation only starts after all the agents have
been initialized correctly, the initialization messages above can be marked as
Sends response when handled. After execution by the handler, the receiving
agent will automatically send a special handled message back to the controller
agent. As we will see later on, the controller will be able to postpone its own
execution until all the other agents have been initialized by using the function
WaitForMultipleHandTedVMessages.

The InitializeAgentSettings message has two arguments. The AnAgent input
argument is an element parameter into the set A11Agents, and can be used to
denote the account manager, assigned to a customer agent, that is responsi-
ble for handling the customer’s requests. The 1-dimensional input argument
AgentParameters(p), where p is an index into some unspecified set intended to
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hold the names of possible all agent parameters, can be used to initialize var-
ious agent parameters, such as the average number of requests by customer
agents, or the minimum and maximum work duration of worker agents. In-
clude the InitializeAgentSettings message in the community setup as shown
in Figure 2.9.

Multi Agent Community Setup ﬂll

Agent Roles  Message Types I Mapping I

& AliMessage Types Type: I [Fd element |
-] RequestHelp
-2 RequestExclusivesccess Range: |Multibgent Alldgents d
-[=] MotificationAvailability Property
: -[=] DelayedGenerateRequest * [nput
----- [=] DelayedFinishRequest  Dutput
- InitializeAgentSettings
 InOut

------- [P] AnentParameters(p)
Commert:

sdd  |[ Delete | ﬂ ﬂ

Figure 2.9: The InitializeAgentSettings message type

To start and stop the simulation, the controller agent will use the two message
types StartSimulation and StopSimulation which will be sent to all customer
agents as discussed in Section 2.1.2. These two message types do not have any
arguments. You can now extend the multi-agent community setup with these
two message types as illustrated in Figure 2.10.

To investigate the overall behavior of the simulation, each agent instance has
to keep track of its individual behavior and should store the relevant statis-
tical data in one or more model identifiers. To be able to investigate and
compare these statistics, the controller agent can send RequestAgentStatistics
messages to all agents to retrieve the statistical information collected so far.
The gathered statistics will differ for each agent role:

m customer agents keep track of the total number of requests generated,

m account manager agents keep track of the number of requests forwarded
to workers and their current queue size, and

m worker agents keep track of the number of requests handled and the
amount of time spent processing requests.

To pass these statistics, the RequestAgentStatistics message has a single 1-
dimensional output argument AgentStatistics(s), where s is an index into
some unspecified set holding the names of all types of statistics gathered.

Starting and
stopping the
simulation

Gathering
status
information
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Multi Agent Community Setup ﬂll

Agent Roles  Message Types I Mapping I

‘3 All Message Types ™ Pricrity Mezsage

=] ReqguestHelp [ Sends Response when Handled
=] RequestExclusiveAccess [ Addz Elements to Domain Sets
=] MaotificationAvailability

=] DelayedGenerateRequest

[=] DelayedFinishRequest

= InitializeAgentSettings

[=] StartSimulation

Carmnmert:

Add Delete | ﬂ ﬂ

ok I Cancel |

Figure 2.10: The message types that control the simulation

To ensure that the individual agents respond to status requests immediately,  Priority
the status request messages are declared priority messages. Include the Re-  messages
questAgentStatistics message type in the community setup as illustrated in

Figure 2.11. Note, that this message type also has the “Adds Elements to Do-

Multi Agent Community Setup ﬂll

Agent Roles  Message Types I Mapping I

‘3 All Message Types W Pricrity Mezsage
----- =] ReqguestHelp I~ Sends Response when Handled
B[] RequestExclusiveAccess v Addz Elements to Domain Sets

----- =1 MotificationAvailability

----- =] DelayedGenerateRequest
----- [=] DelayedFinishRequest
B-[=] InitializeAgentSettings

----- [=] StartSimulation

----- =] StopSimulation

=1

[P] AnentStatistics(s)

sdd | Delete | ﬂ ﬂ

Carmnmert:

ok I Cancel |

Figure 2.11: The RequestAgentStatistics message type

main Sets” option checked. In this manner, new statistics gathered by a partic-
ular agent type will be automatically added to the set containing all statistics
items in the controller agent.
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The final step in specifying a community setup, is to specify the message map-
ping. Through message mapping you can determine which message types can
be sent and received by which agent roles.

Since the help request is generated by the customer, sent to the account man-
ager and then forwarded to the worker, both the customer and the account
manager should be able to send messages of this type, while both the account
manager and the worker should be able to receive RequestHelp messages. To
specify the message mapping for the RequestHelp message type

» open the Mapping tab of the Multi Agent Community Setup dialog box,

» select the RequestHelp message from the drop-down listbox,

» in the From Agents listbox on the left, select both the Customer and the
AccountManager roles, and

» in the To Agents listbox on the right, select both the AccountManager and
the Worker roles (see Figure 2.12).

Multi Agent Community Setup: |

Agent Holesl Message Types  Mapping |

' iew by Message I [=RequestHelp j
 View by &gent Flole

Fram Agents: To Agents:

€ Cantraller € Contraller

€ custormer € custorner

ﬁ Accountanager auntlanager

€ wiorker r

oK I Cancel |

Figure 2.12: Specifying the message mapping for the RequestHelp message type

You can now complete the message mappings for the remaining message types
bearing in mind that

m RequestExclusiveAccess messages are sent by an account manager to a
worker,

m NotificationAvailability messages are sent from a worker to an account
manager,

m DelayedGenerateRequest messages are sent from a customer to a cus-
tomer,

m DelayedFinishRequest messages are sent from a worker to a worker,
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m StartSimulation and StopSimulation messages are sent by the controller
to a customer, and

m InitializeAgentSettings and RequestAgentStatistics messages are sent
by the controller to a customer, an account manager, or a worker.

You have now completed the community setup for the help desk simulation
application, and can leave the Multi-Agent Community Setup dialog box by
pressing the OK button.

Before implementing the individual agent roles, you need to create new AIMMS
projects for these agent roles (i.e. the customer, the account manager, and the
worker agent role). It is suggested that you set up these projects in a similar
directory structure as shown in Figure 2.13.

m Desktop

E@, My Computer

N @ 312 Floppy (A1)
= g3 Local Disk {C:)
=S A gentTutorial

{:I AccounkManager
{1 Controller

{1 Custamer

{:I \Warker

Figure 2.13: The proposed directory structure for all AIMMS projects in the
community

Following the directory structure outlined in Figure 2.13, you can create the
other agent projects similar to that illustrated in the beginning of this section
for the controller project, by

» installing the multi-agent module in the newly created projects, and
» specifying ..\CommunitySetup.cfg as the location of the community setup
file.

If you use the wizard button #lto select the existing community setup file, you
will be asked whether you want to use the relative path to this file instead of
the full path. You should use a relative path to an existing community setup
file whenever possible, since the application will then still run when the four
AIMMS projects are moved to a different location on your computer.

When developing a multi-agent application, you will often find yourself making
changes to several AIMMS projects at once. To allow you to move quickly
between several agent projects, it is very convenient to open all agent projects
that simultaneously play a role in the community. It may also be convenient
to set the Project Title option of each agent project to the corresponding agent
type. This will help you find a particular agent project quickly in the Windows
task bar.
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2.2.2 Agent setup

Having completed the community setup, it is now time to perform an agent
setup for all the agent projects. In the agent setup phase you will

m assign an agent role to an agent project,

m let AiMMs add send procedures to the project for all message types that
can be sent by the selected agent role, and

m let AimMs add filter and/or handler skeleton procedures to the project
for all message types that can be received by the selected agent role.

In this section, we will guide you explicitly through the agent setup for the
account manager role, which contains send, filter, and handler procedures.
The agent setup for the other agent roles is similar, and is left as an exercise.

Before specifying the agent-related send, filter and handler procedures for an
agent project, you should first specify its agent role. The multi-agent technol-
ogy in AiMMSs allows a single AIMMS project to perform several roles at once.
However, in this example, each AiMMS project will only implement a single
agent role. To specify the agent role for the account manager project

» select the account manager project,

» select the Agent Setup... command from the Settings-Multi Agent menu,

» select the Agent Roles tab in the Multi Agent Implementation dialog
box,

» select the “AccountManager” role to be the role of the account manager
agent (see Figure 2.14), and

» press the OK button.

Similarly, you can specify the agent roles for the controller, the customer and
the worker projects.

A send procedure is an AIMMS procedure that is called in order to actually
send a message to another agent. In the Agent Role Setup dialog box, AIMMS
can automatically create these send procedures for any message type that you
specify. The account manager agent only sends RequestExclusiveAccess mes-
sages directly. To generate the corresponding send procedure in the account
manager project

» select the account manager project,

» select the Agent Setup... command from the Settings-Multi Agent menu,

» select the Sending tab in the Agent Role Setup dialog box (see Fig-
ure 2.15),

» select the RequestExclusiveAccess message,

check the Send Procedure checkbox, and

» press the OK button.

v
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Multi Agent Implementation d B
Agent Roles | Sendingl Heceivingl Logon/Logoff Notifyl
ﬁ Controller _Select the Age_nt Holes that_ wou want ta
ﬁ Custorner implement in this Aimms project.
‘You must zelect at least one Agent Role.
€ woarker
ok I Cancel |

Figure 2.14: Specifying the agent role for the account manager agent

When you check the Send Procedure checkbox, AIMMS automatically proposes
the name Send_RequestExclusiveAccess as the name of the send procedure, as
illustrated in Figure 2.15. When you close the dialog box, AiMmMs will check
and inform you that the procedure does not yet exist in your model, and will
ask whether you want to have this procedure created within your model. On
pressing the OK button, AIMMS will generate an external AIMMS procedure that
passes the request on to the multi-agent layer of AiMMsS.

Multi Agent Implementation |
Agent Roles  Sending I Heceivingl Lagon/Logaff Notifyl
Links for Agent Faole: I ﬁ Accounthd anager j
m All Message Types v Send Procedure
=] ReguestHelp -y e
- REEIEE : | end_RequestExclusiveticoess
Thiz iz & priority meszage
Commert:
oK I Cancel |

Figure 2.15: Specifying the send procedure for the RequestExclusiveAccess

message
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When adding the send procedure to your model, AiMMs will add a Multi Agent
Send Procedures section to the model tree of the account manager project,
and create the Send_RequestExclusiveAccess send procedure directly below it.
The resulting model tree, for the account manager project, is displayed in Fig-
ure 2.16,

@ Main AccountManager
Declaratian

[BJ Mainlnitialization

[BJ MainExecution

[BJ MainTerminatian

@ Multi Agent Module

E@ Multi Agent Send Procedures

=10l x|

N nted, TimedutPeriod)
& & Declaration
[P fram_agent
[P to_agent

[F] IsGranted

[P] TimeCutPeriod

Figure 2.16: The send procedure for the RequestExclusiveAccess message

When creating the send procedure for a particular message type, AiMMs will ex-
amine the message arguments and properties, and, based on this information,
create an external procedure with the appropriate arguments and attributes.
The attribute form of the send procedure for the RequestExclusiveAccess is il-
lustrated in Figure 2.17. You should not try to change manually any of the
attributes of this procedure. If there are changes to be made in the message
type, you should open the Agent Role Setup dialog box, and let AiMMS modify
or recreate the procedure.

4 Send_RequestExclusiveAccess - | Ellll
Sl e 8E v @[ 06
| External pmcedu:eﬁ Eend_RequestExclusivekccess
Arguments ﬁ (from_agent,to_agent, IsGranted, TimelutPeriod)
Property |
DIl name: [#| "Magent.dll”
Return type #| integer
Body call #| MultiAgentSendl |
scalar string: from agent,
scalar atring:to_agent,
literal integer:6,
zcalar: TimeOutPeriod,
handle:TsGranted)
Comment

Figure 2.17: The attribute form of the send procedure for the RequestExclu-
siveAccess message
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The community setup allows RequestHelp messages to be sent from an account
manager to a worker agent. This is illustrated by the presence of the Request-
Help message type in Figure 2.15. However, since an account manager agent
will never directly send a RequestHelp message to a worker agent, but only for-
ward RequestHeTp messages that have been received from customer agents, the
account manager project does not require a send procedure for the RequestHelp
message type.

Since an account manager agent only forwards RequestHelp messages but never
handles them, the account manager project only needs a filter procedure for
the RequestHelp message type. Within a message filter you cannot make ref-
erences to message arguments, but you can forward, store, or delete received
messages. For an account manager agent, this provides sufficient functionality
to deal with RequestHelp messages appropriately. To create a message filter for
the RequestHelp message in the account manager agent:

» select the Agent Setup... command from the Settings-Multi Agent menu,

» select the Receiving tab in the Agent Role Setup dialog box (see Fig-
ure 2.18),

» select the RequestHelp message,

check the Message Filter checkbox, and

» press the OK button.

v

Multi Agent Implementation d B

Agent Holesl Sending Receiving I Logon/Logoff Notifyl

Links for Agent Role: I_ﬁ Accounttd anager j

‘3 All Message Types [~ Message Handler
[l RequestHelp |
% lf\J.DtFlﬂlFatan\ftae:litl?llmf v Meszage Filker
niializergentse |.ng.S |Fi|ter_F|equestHeIp
#-[=] RequesthgentStatistics

Commetit:

ok I Cancel |

Figure 2.18: Creating a filter procedure for the RequestHelp message
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As was the case with send procedures, AIMMS can automatically create filter
(and also handler) procedures that do not yet exist in your model. However,
the filter and handler procedures created by AIMMSs are empty skeleton proce-
dures, for which you have to specify the bodies yourself to match the intended
semantics. When a message, of a particular message type, arrives at an agent
session, the multi-agent layer will automatically call the corresponding filter
and/or handler procedure.

The resulting model tree for the account manager project is displayed in Fig-
ure 2.19. We will specify the contents of the body of the Filter_RequestHelp
procedure in Section 2.2.4.

@ hain AccountManager

b Declaration

- [F] Maininitialization

[P MainExecution

[P MainTermination

- @@ Multi Agent Module

Q hWulti Agent Send Procedures

& {2 Multi Agent Fitters

E'@ Filter_RequestHelpi{frorm_agentto_agent)

& &) Declaration

=10l

Figure 2.19: The filter procedure for the RequestHelp message

An account manager agent must be able to handle NotificationAvailabil-
ity messages sent by worker agents, as well as the InitializeAgentSettings
and the RequestAgentStatisticsData messages sent by the controller agent.
Adding a message handler Handler_NotiticationAvailability for the Notifica-
tionAvailability message is similar to adding the filter procedure for Reques-
tHelp messages, and is left as an exercise. The InitializeAgentSettings and
RequestAgentStatisticsData message types, however, have one-dimensional ar-
guments which have to be dealt with appropriately.

When a message type has associated message arguments, these arguments
will normally translate into procedure arguments with the same name in both
the send and handler procedures (recall that filter procedures do not provide
access to the message arguments). For multidimensional arguments, however,
we have to link the formal and unspecified domain indices as declared in the
message type declaration of the community setup, to specific sets in the agent
project. These formal indices are left unspecified during the community setup
for a good reason: the corresponding domain sets may be different for each
agent project.
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When linking a formal index to a set in an agent project, there are basically
two choices:

m link the index to an existing global set within the agent project, or
m link the index to a local set within the send or handler procedure.

Whenever the formal index name already exists as an index into a global set,
AimmMs will automatically assume that the formal index name refers to the
global index. In all other cases, AIMMS will ask you to specify the set with
which the formal index name must be associated. If you specify a non-existing
set name, AIMMS will ask whether you want to create the set using a local set
declaration.

In this tutorial, we will always associate the formal index p, of the AgentParam-
eters(p) argument of the InitializeAgentSettings message, with a global set
ParameterItems, and the formal index s, of the AgentStatistics(s) argument of
the RequestAgentStatistics message, with a global set StatisticsItems. You
should add these sets to all four agent projects. To add these sets to the
account manager project

» add the sets ParameterItems and StatisticsItems to the model tree as
illustrated in Figure 2.21,

» add the index p to the INDEX attribute of the set ParameterItems, and

» add the index s to the INDEX attribute of the set StatisticsItems.

To specify the handler procedure for the InitializeAgentSettings message in
the account manager project:

» select the Agent Setup... command from the Settings-Multi Agent menu,

» select the Receiving tab in the Agent Role Setup dialog box (see Fig-
ure 2.20),

» select the InitializeAgentSettings message,

» check the Message Handler checkbox, and

» press the OK button.

When creating the handler procedure, AiMMs will display a message arguments
dialog box, in which you are allowed to modify the names of the procedure
arguments to be created. In this instance, you should just press the OK button,
after which Aimms will add the handler procedure to your model.

After you have also added message handlers for the NotificationAvailability
and RequestAgentStatistics messages, the model tree of the account manager
project should resemble the tree illustrated in Figure 2.21.
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m All Message Types ¥ Message Handler

=] RequestHelp

-[=] WotificationAvailability
EI InitializeAgentSettings
#-[=] ReguesthgentStatistics

[~ Message Filter

|Handler_| nitializedgentSettings

Commetit:

ok I Cancel |

Figure 2.20: Specifying the handler procedure for the InitializeAgentSettings

message

You should now create the message handlers and send procedures for the
controller, customer and worker agent projects, in a similar way as for the
account manager project. More specifically, you should add

m to the controller agent project:

- send procedures for the

m InitializeAgentSettings,

m StartSimulation,

m StopSimulation, and

m RequestAgentStatistics message types.

m to the customer agent project:

- send procedures for the

m RequestHelp, and

m DelayedGenerateRequest message types.
- handler procedures for the

m DelayedGenerateRequest,

m InitializeAgentSettings,

m StartSimulation,

m StopSimulation, and

m RequestAgentStatistics message types.

m to the worker agent project:

- send procedures for the

m NotificationAvailability, and

m DelayedFinishRequest message types.
- handler procedures for the

m RequestHelp,

m RequestExclusiveAccess,
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@ Main AccountManager

& E) Declaration

-[G] Parameteritems

-[G] Statisticsiterns

[BJ Mainlnitialization

[BJ MainExecution

[BJ MainTerminatian

B @ Multi Agent Module

- I.E] Multi Agent Send Procedures

@ Send_RequestExclusiveAccessifrom_agentto_agent,|sGranted TimeOutPeriod)
&) nulti Agent Filters

[ﬂ Filter_RequestHelpifrom_aogentto_soent)

- (@ Multi Agent Handlers
--[B] Handler_Matificationavailability(from_agent to_agent)
El@ Handler_InitializeAgentSettingsifrom_ag ag
. ©-&) Declaration
e [P fram_agent

=1alx|

agent entAgentParamet

P e [P] AgentParameters(p)

EI@ Handler_ReguestigentStatistics(from_agent to_agent AgentStatistics)
& E) Declaration

------ [P fram_agent

Figure 2.21: The handler procedures of the InitializeAgentSettings and Re-
questAgentStatistics messages

m DelayedFinishRequest,
m InitializeAgentSettings, and
m RequestAgentStatistics message types.

So far you have created the appropriate send procedures, handlers, and filters
associated with all the message types in the community. In the next sections,
we will continue with the specification of the procedure bodies of the handler
and filter procedures for all message types.

2.2.3 Handling initialization and statistics messages

Before starting the help desk simulation, the controller agent will send initial-
ization messages to all agents. These messages contain the relevant settings
for each agent role. Since these settings are required for the actual simulation,
we will first implement the handlers for the initialization messages, and also
add the necessary declarations for storing the settings in all agent projects.

In order to store the agent settings supplied through the InitializeAgentSet-
tings message, and the agent statistics requested through the RequestAgent-
Statistics message, you should add
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m an element parameter MyAgent, and
m parameters MyParameters(p) and MyStatistics(s)

to the declaration section of the customer, account manager, and worker, agent

projects as follows.

ELEMENT PARAMETER:
identifier : MyAgent

range : MultiAgent::ATlAgents ;
PARAMETER:
identifier  : MyParameters

index domain : (p) ;

PARAMETER :
identifier : MyStatistics
index domain : (s) ;

For the account manager project this should result in a model tree as illus-
trated in Figure 2.22.

-loix]
@ Main AccountManager

E—} Declaration
-[G] Parameteritems
[5] Statisticsiterns

[P] MyParametersip)

[P] MyStatistics(s)

----- [PJ Maininitialization

----- [PJ MainExecution

----- [PJ MainTermination

7 @@ Multi Agent Module

]Q Multi Agent Send Procedures
7 @ Multi Agent Filters

- @ MUt Agent Handlers

[ =T

Figure 2.22: Global agent settings and statistics declarations

In the AiMMS code above—and throughout the remainder of this tutorial—we
have chosen to always prefix the identifiers in the multi-agent module with
“MuTtiAgent::”, as this gives you a clear indication when functionality from
this module is used. However, since all identifiers in the agent module have
been made public, you could also reference all identifiers without the prefix.

Using these declarations, you can enter the following AIMMS code in the bodies
of the Handler_InitializeAgentSettings procedures for the customer, account
manager, and worker, projects.

MyAgent AnAgent;
MyParameters(p) := AgentParameters(p);
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The message handlers that take care of the actual help desk simulation will
then use the relevant agent settings stored in the parameters MyAgent and My-
Parameters(p).

Similarly, the HandTer_RequestAgentStatistics procedure can be implemented
for each of the customer, account manager, and worker, projects by inserting
the following AiMMS code in their bodies.

AgentStatistics(s) := MyStatistics(s);

The message handlers that take care of the actual help simulation will update
the MyStatistics(s) parameter with statistics that are relevant for each agent
role.

2.2.4 Generating, forwarding, and handling, help requests

This section contains the actual implementation of the help desk simulation.
Since the whole implementation consists of loosely coupled message handlers,
in various agent projects, responding to messages received asynchronously
from other agents, you may find it hard to convince yourself that the provided
implementation will actually perform the specified task. In this case, you are
advised to re-examine the communication patterns shown in Figure 2.2 and
the description of the message types in Section 2.1.1.

We will start the implementation of the help desk application by implementing
all the account manager related tasks. These are:

m dealing with incoming RequestHelp messages, and
m handling incoming NotificationAvailability messages.

Whenever a customer agent sends a RequestHelp message to its designated
account manager, this message will be passed, by AiMMS’ multi-agent layer,
to the filter procedure Filter_RequestHelp in the account manager project. In
this message filter, the account manager verifies whether a worker agent is
available to deal with the request, and, if so, forwards the message to that
worker. If no worker is available, the help request is placed in a queue and
sent to a worker agent when one becomes available.

To support the message filter for the RequestHelp message, account managers
have to keep track of the availability of all workers. For this purpose, you can
add

m a set declaration AlTWorkers with index w and element parameter Avail-
ableWorker, and
m a parameter declaration IsAvailable(w)
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to the account manager project as described below. The definition of the set
AllWorkers makes use of various identifiers in the multi-agent module to select
all the agents with an agent role of ’Worker’. The element parameter Avail-
ableWorker will be used to store the worker to which a help request will be
forwarded.

SET:

identifier : AllWorkers

subset of : MultiAgent::AllAgents

index ow

parameter : AvailableWorker

definition : { MultiAgent::a | MultiAgent::AgentRole(MultiAgent::a) = 'Worker’ };
PARAMETER:

identifier : IsAvailable

index domain : (w)

default 1

We set the default of IsAvailable(w) to 1, so that we automatically pick up new
worker agents joining the community.

Using the IsAvailable(w) identifier, and the RequestExclusiveAccess message
type, an account manager can easily check for, and request exclusive access
to, a worker marked as available, as implemented in the procedure CheckFor-
AvailableWorker (without arguments) specified below. You should add this pro-
cedure to the account manager project, with the following AIMMS code as its
body:

empty AvailableWorker;

for (w | IsAvailable(w) ) do
Send_RequestExclusiveAccess( MultiAgent::ThisAgent, w, IsAvailable(w) );
if ( IsAvailable(w) ) then
AvailableWorker := w;
break;
endif;
endfor;

Note that the send procedure Send_RequestExclusiveAccess for the RequestEx-
clusiveAccess message type is called in order to actually send the message to
a worker w, updating its availability status IsAvailable(w).

In its message handlers, each account manager agent keeps track of the fol-
lowing statistics in the identifier MyStatistics(s):

m the number of forwarded messages (MyStatistics(’Forwarded’)), and
m the current queue size (MyStatistics(’Queued’)).
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Using the procedure CheckForAvailableWorker and the message forwarding and
saving functionality in AIMMS’ multi-agent layer, the filter procedure Filter._
RequestHelp can now be implemented in a straightforward manner. Enter the
following AiMMS code as the body of the procedure Filter_RequestHelp of the
account manager project:

CheckForAvailableWorker;

if ( AvailableWorker ) then
MyStatistics(’Forwarded’) += 1;

MuTtiAgent::FilteredMessageForward(MultiAgent: :ThisAgent,AvailableWorker);
IsAvailable(AvailableWorker) := 0;

else
MyStatistics(’Queued’) += 1;

MuTtiAgent::FilteredMessageSave;
endif;

If the message is forwarded, AiMmms will directly relay the message to the spec-
ified worker agent. If it is saved, the message will be placed in a queue for later
reference.

An account manager agent is notified when a specific worker becomes again
available through a message of type NotificationAvailability. When account
managers receive such a message, they will inspect their queue of unhandled
RequestHelp messages. If their queue is non-empty, the account managers will
try to claim the worker by sending a RequestExclusiveAccess message and,
if successful, then forward the first unhandled RequestHelp message to that
worker. By using the following functions

m SavedMessageCount to count the saved messages,
m SavedMessageFind to find the first unhandled message on the queue, and
m SavedMessageForward to forward an unhandled message

from the multi-agent module, the body of the message handler procedure Han-
dler_NotificationAvailability, of the account manager project, can be imple-
mented as below. Note that you need to add the declaration of a local parame-
ter FirstMessageOnQueue to the procedure Handler_NotificationAvailability be-
fore compiling the procedure.

IsAvailable(from_agent) := 1;

if ( MultiAgent::SavedMessageCount ) then
Send_RequestExclusiveAccess( MultiAgent::ThisAgent, from_agent,
IsAvailable(from_agent) 'H

if ( IsAvailable(from_agent) ) then
MyStatistics(’Forwarded’) += 1;
MyStatistics(’Queued’) -=1;

FirstMessageOnQueue := MultiAgent::SavedMessageFind;
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MuTtiAgent::SavedMessageForward( FirstMessageOnQueue,
MuTtiAgent::ThisAgent, from_agent );
IsAvailable(from_agent) := 0;
endif;
endif;

This completes the implementation of all the account manager tasks for the
help desk simulation. The model tree of your account manager project should
look like the one illustrated in Figure 2.23.

4 Model Explorer: AccountManager.amb - |EI|1|

= Diaclaration

[5] Parameteritems
[5] Statisticslterns
[Pd MyAgent

[P] MyParametersip)
[P] MyStatistics(s)
[5] Alvvarkers

[P] IsAvailabledw)

----- [BJ CheckFarsvailableWarker
----- [B] Maininitialization

----- [BJ MainExecution

----- [BJ MainTerminatian
[].... Multi Agent Module

[El Filter_ReguestHelpifrorm_agentio_agent)
Multi Agent Handlers

[El Handler_InitializeAgentSettingsifrom_agentto_agent AnAgent AgentParameters)
[El Handler_ReguesthgentStatistics{frorm_agent to_agent AgentStatistics)

Figure 2.23: The model tree of the account manager so far

A worker agent only has two tasks, namely

m handling incoming RequestExclusiveAccess messages, and
m handling incoming RequestHelp messages.

Whenever worker agents receives a RequestExclusiveAccess message, they must
verify whether they are available, and, if so, grant exclusive access to the claim-

ing account manager.
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To support the handler for the RequestExclusiveAccess message, worker agents
have to keep track of their availability status, of all available account manager
agents, and should should have access to the minimum and maximum work
duration that were passed as arguments of the InitializeAgentSettings mes-
sage, sent by the controller (see also Section 2.1.2). For this purpose, you
should add

m a parameter declaration ThisAgentIsAvailable, and
m a set declaration AT1AccountManagers, with index a, and element parame-
ter ClaimingAccountManager

to the worker project as described below. The definition of the set A11Ac-
countManagers makes use of various identifiers in the multi-agent module to
select all agents with the agent role of ’AccountManager’. The element parame-
ter ClaimingAccountManager will be used to store the account manager to which
exclusive access has been granted.

PARAMETER:
identifier : ThisAgentIsAvailable
initial data : 1

SET:
identifier : AllAccountManagers
subset of : MultiAgent::AllAgents
index Toa
parameter : ClaimingAccountManager
definition : { MultiAgent::a |

MuTtiAgent::AgentRoTe(MultiAgent::a) = ’AccountManager’ };

The parameter ThisAgentIsAvailable gets an initial value of 1 to indicate that
each agent is available at startup. Note that you may get a compiler warning
because AIMMS’ multi-agent layer has not yet initialized the AgentRole param-
eter. You can safely ignore this warning.

When receiving a RequestExclusiveAccess message, the worker will agree to
accept the work as long as he is not working and he has not been claimed by
another account manager in the meanwhile. This process is captured in the
following AiMMS code that should be entered as the body of the procedure
Handler_RequestExclusiveAccess in the worker project.

if ( ThisAgentIsAvailable and not ClaimingAccountManager ) then
ClaimingAccountManager := from_agent;
IsGranted = 1;

else
IsGranted = 0;

endif;
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Because there is no actual work to be done for a worker agent when handling
a help request, we will split the help request into two sub-tasks to implement
a random delay in a non-blocking manner (as discussed in Section 2.1.1):

m handling the HelpRequest message, in which the worker agent sends a
DelayedFinishRequest message to itself, and

m handling the DelayedFinishRequest message, in which the worker agent fi-
nalizes the help request and sends an NotificationAvailability message
to all account managers.

Each worker agent uses the following agent parameters:

m minimum and maximum work duration (MyParameters(’Minimum dura-
tion’) and MyParameters(’Maximum duration’)).

Each worker agent keeps track, in its message handlers, of the following statis-
tics:

m the number of handled messages (MyStatistics(’Handled’)),
m the number of rejected help requests (MyStatistics(’Rejected’)), and
m the total duration of all handled requests (MyStatistics(’Duration’)).

To ensure that the account manager forwarding the help request is the same
that has claimed the worker, the handler for the RequestHelp message will
check the value of the element parameter ClaimingAccountManager, which had
been set in the handler described earlier, against the account manager from
whom the message has been received. This is implemented in the AiMMS code
below, which you should insert as the body of the procedure HandTer_Request-
Help. Note that you have to add the declaration of a local parameter WorkDura-
tion to the procedure Handler_RequestHelp before compiling the procedure.

if ( from_agent = ClaimingAccountManager ) then
ThisAgentIsAvailable := 0;
empty ClaimingAccountManager;

WorkDuration := Uniform( MyParameters(’Minimum duration’),
MyParameters(’Maximum duration’) );
MyStatistics(’Duration’) += WorkDuration;

Send_DelayedFinishRequest( MultiAgent::ThisAgent, MultiAgent::ThisAgent,
SendDeTay: WorkDuration );
else
MyStatistics(’Rejected’) += 1;
endif;
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A worker agent should only accept DelayedFinishRequest messages sent by it-
self, in which case WorkDuration seconds delay since sending the message will
have passed. The worker agent can now finish handling the RequestHelp mes-
sage by sending the NotificationAvailibility message to all account manager
agents. This is implemented in the following AiMMS code, which you should
insert as the body of the procedure Handler_DelayedFinishRequest.

if ( from_agent = MultiAgent::ThisAgent ) then
ThisAgentIsAvailable := 1;
MyStatistics(’Handled’) += 1;

for (a) do
Send_NotificationAvailability( MultiAgent::ThisAgent,
a ++ MyStatistics(’Handled’) );
endfor;
endif;

Note that the above AIMMS code contains a trick in the second argument of
the Send_NotificationAvailability call. By using the cyclic lead operator (++) in
combination with MyStatistics(’Handled’), one can, in a very simple manner,
modify the order in which all account managers are notified of the availability
of a worker agent. This prevents that the first account manager agent is al-
ways notified first, giving it an unfair opportunity to always claim a worker in
advance of the other account managers.

This completes the implementation of all the worker tasks for the help desk
simulation. The model tree of your worker project should look like the one in
Figure 2.24.

A customer agent has three tasks, namely

m handling incoming StartSimulation messages to start the simulation,
m generating RequestHelp messages at irregular points in time, and
m handling incoming StopSimulation messages to stop the simulation.

The ‘random’ generation of RequestHelp messages is implemented in a non-
blocking manner (see also Section 2.1.1) by sending a DelayedGenerateRequest
message to the customer agent itself.

The customer project requires one additional global parameter, Simulation-
InProgress, as described below in order to indicate whether the simulation is
currently in progress.

PARAMETER:
identifier: SimulationInProgress ;
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Figure 2.24: The model tree of the worker so far

Each customer agent uses the following agent parameters:

m its designated account manager agent (the MyAgent element parameter
initialized when handling the InitializeAgentSettings message)

m the average rate at which requests are generated (MyParameters(’Request
rate’)).

Each customer agent keeps track in its message handlers of the following
statistic:

m the number of generated help requests (MyStatistics(’Generated’)).

A RequestHelp message is generated whenever the message handler of the De-
TayedGenerateRequest message is called. After sending the RequestHelp mes-
sage to the customer’s designated account manager, a new DelayedGenerate-
Request message is sent to the customer agent itself with a random send delay.
A customer agent will only handle DelayedGenerateRequest messages received
from itself, and as long as the simulation remains in progress. This process
is captured in the AiMMs code below that should be entered as the body of
the procedure Handler_DelayedGenerateRequest in the customer project. Note
that you need to add the declaration of a local parameter IntervallLength to the
procedure Handler_DelayedGenerateRequest before compiling the procedure.
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if ( from_agent = MultiAgent::ThisAgent and SimulationInProgress ) then
MyStatistics(’Generated’) += 1;

Send_RequestHelp( MultiAgent::ThisAgent, MyAgent );

Intervallength := Exponential( MyParameters(’Request rate’) );
Send_DelayedGenerateRequest( MultiAgent::ThisAgent, MultiAgent::ThisAgent,
SendDelay: Intervallength );
endif;

When a customer agent receives a StartSimulation message, the generation
of RequestHelp messages has to be initiated. This can be done by sending an
initial DelayedGenerateRequest message to itself. This is implemented in the
AIMMS code below, which should be entered as the body of the handler pro-
cedure Handler_StartSimulation of the customer project. Note that you need
to add the declaration of a local parameter Intervallength to the procedure
HandTer_StartSimulation before compiling the procedure.

if ( not SimulationInProgress ) then
SimulationInProgress := 1;

Intervallength := Exponential( MyParameters(’Request rate’) );
Send_DelayedGenerateRequest( MultiAgent::ThisAgent, MultiAgent::ThisAgent,
SendDelay: Intervallength );
endif;

When a customer agent receives a StopSimulation message, the generation of
RequestHelp messages needs to be halted. This can be done simply by setting
the value of the parameter SimulationInProgress to zero, which will cause the
next call to the message handler of the DelayedGenerateRequest message to
cease generating new RequestHelp messages. You should enter the following
AIMMS code as the body of the handler procedure Handler_StopSimulation of
the customer project.

SimulationInProgress := 0;

This completes the implementation of all the customer agent tasks in the help
desk simulation. The model tree of your customer project should look like the
tree illustrated in Figure 2.25.

2.2.5 Controller tasks

The controller agent has the following tasks:

m starting the other agents in the community,
m initializing the other agents,
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Figure 2.25: The model tree of the customer project so far

m starting and stopping the simulation, and
m monitoring other agents.

All tasks other than starting the other agents can be accomplished by using
the messages implemented in the previous section. We will deal with these
latter tasks first.

For initializing the other agents, the controller project contains a single proce-
dure InitializeOtherAgents. In this procedure, the agent settings of all other
agents will be determined and passed to the agents by sending Initialize-
AgentSetting messages.

In support of the initialization of the agents, you need to add auxiliary decla-
rations for the following identifiers to the controller project:

m the sets Al1Customers (with index c), AT1AccountManagers (with index a)
and Al1Workers (with index w),

m the element parameter AT1AgentAgent(MultiAgent::a), holding, for each
agent, the AnAgent argument to be sent in the InitializeAgentSettings
message, and
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m the parameter AlTAgentParameters(MultiAgent::a,p), holding, for each
agent, the AgentParameters(p) argument to be sent in the Initialize-
AgentSettings message.

These declarations are listed below.

SET:

identifier : AllCustomers

subset of : AllAgents

index e

definition : { MultiAgent::a | MultiAgent::AgentRole(MultiAgent::a) = ’Customer’ } ;
SET:

identifier : AllAccountManagers

subset of 1 AllAgents

index Toa

definition : { MultiAgent::a |

MuTtiAgent::AgentRoTe(MultiAgent::a) = ’AccountManager’ } ;

SET:

identifier : AllWorkers

subset of : AllAgents

index Low

definition : { MultiAgent::a | MultiAgent::AgentRole(MultiAgent::a) = ’Worker’ } ;

ELEMENT PARAMETER:

identifier : AllAgentAgent

index domain : MultiAgent::a

range : AllAgents ;
PARAMETER :

identifier : AllAgentParameters

index domain : (MultiAgent::a,p) ;

Initially, the controller agent will generate random agent parameters for all
customer and worker agents. This is implemented through the controller
procedure GenerateAgentParameters, which you need to add to the controller
project, and whose body is specified below. The procedure will also initialize
the sets ParameterItems with all possible types of agent parameter types, and
the set StatisticsItems with all possible types of agent statistics. Note that
the AnAgent argument of the InitializeAgentSettings message is only used by
customer agents to hold its designated account manager. We, therefore, only
need to assign a value to the AT1AgentAgent element parameter for customer
agents.

ParameterItems := { ’'Request rate’, ’Minimum duration’, ’Maximum duration’ };
StatisticsItems := { ’Generated’, ’Queued’, ’Forwarded’,
’Handled’, ’Rejected’, ’Duration’ };

empty AllAgentAgent, AllAgentParameters;
I Initialize all customer agent settings

for (c) do
Al1AgentParameters(c,’Request rate’) := Uniform( 0.6, 0.8 );
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A1TAgentAgent(c) :=
Element( AlTAccountManagers, Mod( Ord(c) - 1, Card(Al11AccountManagers) ) + 1 );
endfor;

I Initialize all worker agent settings
for (w) do
Al1AgentParameters(w,’Minimum duration’) := Uniform( 2.5, 3.5 );
Al1AgentParameters(w,’Maximum duration’) :=
1.2 * AlTAgentParameters(w, ’Minimum duration’);

endfor;

When all the agent parameters have been assigned appropriate values (either
by calling the GenerateAgentParameters procedure declared above, or manually
from within the end-user interface of the controller agent), all agents can be
(re-)initialized using these agent parameters by calling the procedure Initial-
izeAllAgents that you need to add to the controller project. Its body is spec-
ified below. Note that you need to add the declaration of a local set Initial-
izationMessages, subset of the set Al1MessageTypes (that has been declared in
the multi-agent module), and the declaration of a local parameter NumberOfMes-
sagesHandled before compiling the procedure.

for ( MultiAgent::a | MultiAgent::a <> MultiAgent::ThisAgent ) do
Send_InitializeAgentSettings( MultiAgent::ThisAgent, MultiAgent::a,
AT1AgentAgent (MultiAgent::a),
Al1AgentParameters(MultiAgent::a,p) );
endfor;

! wait for handled messages
InitializationMessages := {’InitializeAgentSettings’};

NumberOfMessagesHandled :=
MuTtiAgent::WaitForMuTtipleHandTedMessages( Card(A11Agents) - 1, AllAgents,
InitializationMessages );

if ( NumberOfMessagesHandled <> Card(A11Agents) - 1 ) then
DialogMessage( "Unable to initialize agent setting for all agents." );
endif;

The help desk simulation can now be started by sending the StartSimulation
message to all customer agents. This is implemented in the procedure Start-
SimuTation which you should add to the controller project. Its body is specified
below.

for (c) do
Send_StartSimulation( MultiAgent::ThisAgent, ¢ );
endfor;
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Similarly, the simulation will be ended by send the StopSimulation message to
all customer agents, as specified below in the body of the procedure StopSimu-
lation that has to be added to the controller project.

for (c) do
Send_StopSimulation( MultiAgent::ThisAgent, c );
endfor;

Finally, we have to implement a procedure UpdateAgentStatistics to update the
statistics provided by all the agents in the community. To store these statistics,
you need to add an auxiliary parameter A11AgentStatistics(MultiAgent::a,s)
to your model as listed below.

PARAMETER :
identifier : AllAgentStatistics
index domain : (MultiAgent::a,s) ;

This will hold the relevant statistics of all the agents in the community. With
it, one can now implement the body of a procedure UpdateAgentStatistics as
follows.

for ( MultiAgent::a | MultiAgent::a <> MultiAgent::ThisAgent ) do
Send_RequestAgentStatistics( MultiAgent::ThisAgent, MultiAgent::a,
Al1AgentStatistics(MultiAgent::a,s) );
endfor;

2.2.6 Remotely activating agents in the community

In this section we will discuss the process for remotely activating agent ses-
sions. To activate another agent, the agent’s AIMMS session needs to be first
started, after which the agent needs to connect to the community.

There are two ways in which an agent application can be started. An AIMMS
application can be started manually, after which the connection to the com-
munity can be made. If an agent is started from within another agent, the
connection has to be made immediately, i.e. the startup procedure has to con-
tain instructions to connect to the community. Furthermore, if an agent is
started remotely, the corresponding AIMMS application will open in end-user
mode, thereby not allowing you to change the project. During development of
your agents it is therefore recommended that you do not start up all agents
remotely.
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To remotely start (and stop) other agent applications, the following two proce-
dures are available in the multi-agent module.

m StartRemoteProject
m StopRemoteProject

Note that the procedure StartRemoteProject will use the AiMmMs COM object to
start the new AIMMS session.

Every individual AIMMS project that is started up from within the controller
agent must correspond to an element in the set MultiAgent::Al1RemoteProjects.
For such an element, the indexed string parameter MultiAgent: :RemoteProject-
Path should contain a reference to the path of the project that is to be started,
and the indexed string parameter MultiAgent::RemoteProjectHost should con-
tain the name of the host computer on which the project is to be started. If
the project host is not specified, the agent will be started on the local host,
and the path specified in RemoteProjectPath may contain a relative path. In this
case, the new AIMMS session will be started in a minimized state. If a host is
specified (including "Tocalhost"), the project path must be an absolute path,
and the new AIMMS session on that host will be started as a server application
(i.e. not visible).

The following declarations, which you should add to the declaration section
of the controller project, are used in the procedures StartRemoteProjects and
StopRemoteProjects discussed below. Note that you may get a compiler error
about non-existing agent roles ’Customer’, *AccountManager’ and ’Worker’, be-
cause the multi-agent layer has not yet initialized the set A11AgentRoles. You
can ignore this error, and save the declaration NumberOfAgent(ar) without com-
piling it.

PARAMETER:
identifier : NumberOfAgents
index domain : (MultiAgent::ar)
initial data : data { Customer : 4, AccountManager : 2, Worker : 8 }

PARAMETER :
identifier : ProjectStarted
index domain : (MultiAgent::arp) ;

The procedure StartRemoteProjects, which you should add to the controller
project and which is implemented below, automatically creates elements in
the set Al11RemoteProjects. The procedure also creates the corresponding en-
tries for the string parameter RemoteProjectPath, pertaining to every customer,
account manager and worker that plays a role in the example. Note that you
should add the declarations of a local string parameter NewRemoteProjectPath,
and of a local element parameter NewRemoteProject into the set A1TRemotePro-
jects to the procedure StartRemoteProjects before compiling it.
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for (MultiAgent::ar) do
switch (MultiAgent::ar) do

’AccountManager’ :
NewRemoteProjectPath := "..\\AccountManager\\AccountManager.prj";
’Customer’ :
NewRemoteProjectPath := "..\\Customer\\Customer.prj";
"Worker’ :
NewRemoteProjectPath := "..\\Worker\\Worker.prj";
endswitch;

while ( Toopcount <= NumberOfAgents(MultiAgent::ar) ) do
SetETlementAdd( MultiAgent::Al1RemoteProjects, NewRemoteProject, FormatString(
"%e-%n", MultiAgent::ar, loopcount ) );
if ( not ProjectStarted( NewRemoteProject ) ) then
MuTtiAgent: :RemoteProjectPath( NewRemoteProject ) := NewRemoteProjectPath;
MuTtiAgent::StartRemoteProject( NewRemoteProject );

ProjectStarted( NewRemoteProject ) := 1;
endif;
endwhile;
endfor;

Note that this implementation allows you to increase the number of agents to
be started for a particular agent role, and then re-run the procedure to start
these new agents as well. Furthermore, all agent sessions will be started visibly
and in minimized state, because no host is specified. By specifying a host, and
providing a absolute project path, the agents can be started invisibly.

The procedure StopRemoteProjects, implemented through the AiMMS code be-
low, stops all remote projects started earlier through a call to StartRemotePro-
jects.

for (MultiAgent::arp | ProjectStarted(MultiAgent::arp)) do
StopRemoteProject(MultiAgent::arp);

ProjectStarted(MultiAgent::arp) := 0;
endfor;

After starting an AIMMS agent session (whether manually or remotely), that
agent session must request the multi-agent layer of AIMMS to create a queue
for other agents to communicate with. When creating such a queue, AIMMS
initially assumes that this queue forms the beginning of a new agent com-
munity. However, by connecting this new agent queue with another (known)
agent queue, the queues will be joined to form one larger community. Note
that AiMMS only allows you to join an empty queue with an existing commu-
nity. Finally, the newly created agent session must register all of the agents
it hosts (along with their roles) with that community. Therefore, the process
of connecting an AIMMS agent session to an existing community can be parti-
tioned into three phases:

1. creation of the queue used by the agent,
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2. joining the community associated with the queue of one of the existing
agents, and
3. registering one or more agents with the community.

The controller agent in this example is special in the sense that it is the agent
that is started manually, as the first agent of a new agent community to be
formed. All other agents become part of the the controller’s community by
connecting to its queue. Before starting up the other agents, the controller
agent must therefore run a procedure StartCommunity which

m creates a queue with a known name (i.e., "Controller queue"), and

m registers itself with the corresponding community as the controller agent.

The body of the procedure StartCommunity is specified below. You should add
this procedure to the controller project.

MuTtiAgent::CreateLocalQueue( "Controller Queue" );
MultiAgent::Logon( agentname : "Controller" );

Since the queue of the controller agent has a known queue name, the remain-
ing agent sessions started by the controller agent can connect to this queue,
and, thus, enlarge the community started by the controller agent. The follow-
ing AiMmMs code takes care of this process, and you should add this as the body
of a AgentStartup procedure to be included in the customer, account manager,
and worker, projects. Note that we are assuming that all agents run on the
same computer. If the remote queue resides on another computer the proce-
dure ConnectToRemoteQueue should be called using a second optional argument
indicating the name of the computer that hosts the remote queue.

MultiAgent::CreatelLocalQueue;
MuTtiAgent: :ConnectToRemoteQueue( "Controller Queue" );
MuTltiAgent::Logon;

When an agent session is started remotely, from within another agent in the
community, this new agent is expected to join the community and log on its
corresponding agents before the end of the call to the StartRemoteProject func-
tion. To accomplish this, you should make the AgentStartup procedure, as just
implemented, the startup procedure of the customer, the account manager,
and the worker, agent project, as illustrated in the Options dialog box in Fig-
ure 2.26.
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Figure 2.26: The AiMmMs Options dialog box showing the startup procedure

2.2.7 A controller user interface

In this tutorial, the controller agent will be the agent that starts all the others
and gathers the statistics. Using all the parameters and procedures created
in the previous section, it is not difficult to create a user interface for the
controller agent. With such a user interface, one can easily start and stop the
other agents, and monitor the behavior of the overall community. Figure 2.27
shows an example of an overview page that can be created for the controller
agent.

2.3 Running the agent application

Although all aspects of all four agent roles have now been discussed, it might
be a good idea to finish reading this section before actually running the ap-
plication. This section contains several useful tips (e.g. debugging tips) that
could be of help when running the application.

2.3.1 Verifying community behavior

A first step in verifying community behavior is to check whether all agents
are present in the community. Since, for every agent, a single AIMMS session
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Figure 2.27: The user interface used in the controller agent

should have been started by the controller, your task bar should contain AiMMS
sessions for all the agents. Furthermore, every agent should correspond to an
element in the set ATTAgents that is declared in the multi-agent module. This
set should contain all agents that make up the community. The contents of
this set is displayed in the upper left table of the page shown in Figure 2.27.

By inspecting the statistics it should become clear that all customers are in-
deed generating help requests, that all account managers are forwarding these
requests to one of the workers, and that all workers indeed do contribute to
the handling of the help requests.

Should the statistics indicate some problem with one of the agents, the cause
might be the retrieval of the statistics themselves. To rule this possibility out,
it is best to inspect the agent itself. For this purpose, it is a good habit to also
equip the other agents with a startup page that displays some relevant agent
data (as is the case in the example project).

The behavior of the system is naturally also influenced by the number of
agents and their corresponding parameters. Parameters that influence the bal-
ance between the generation and handling of requests are

m the request rate of the customers, and
m the average work rate of the workers.
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If you have completed the page illustrated in Figure 2.27, you can run the
simulation as follows

» press the Start community button, this will set up the controller queue,

» press the Start remote agents button, this will start up all the remote
agents and log them onto the community,

» press the Generate agent parameters and (Re-)initialize agents buttons,
this will compute the agent parameters and initialize the agents with
them, and

» press the Start simulation button to start the actual simulation.

Once the simulation is underway, you can regularly inspect the agent statistics
by pressing the Update statistics button. You will see that, with the default
agent settings, the workers will not be able to keep up with the generated
requests.

By pressing the Stop simulation button, the customer agents will be instructed
to stop generating help requests, allowing the worker agents catch up with the
queued requests. If all agents have finished their tasks, you can press the Stop
remote agents button to close all AiMMS sessions of the customer, the account
manager, and the worker agents.

2.3.2 Debugging a multi-agent application

Investigating the cause of communication problems between two agents may
be a difficult task. To help you locate the problem, you can use

m the AiMMS debugger, or
m the log generated by AiMMS’ multi-agent layer.

Using the AiMmMSs debugger requires that the AiMMS session at hand be started
in developer mode. Therefore, if you want to use the AiIMMS debugger to de-
bug a multi-agent session, such an AIMMS session must be started manually,
as sessions started by a call to StartRemoteProject are always started in end-
user mode. Within the debugger, you can set breakpoints in message filters
and message handlers and examine the message arguments. Note, however,
that use of the debugger in message handlers with output arguments, or of
response messages, may result in a time out for the sending agents who are
awaiting a response message.

It is possible to log all message related execution to the AIMMS Message Win-
dow. To enable message logging, you should set the option External_message_
filter to ‘All'. This option can be found in the AiMmMS - External function cat-
egory of the Options dialog box. It will cause the Message Window to display
an overview of all message communication from and to one specific agent.
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A global overview of the message flow within the community is not available
using this option. Figure 2.28 shows the Message Window for the controller
project after initializing the agent parameters, starting the simulation and up-
dating the agent statistics.
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Figure 2.28: The Message Window of the controller project

Although the actual agent application to be developed may consist of many
agents, running on multiple computers, it is good practice to start with a small
number of agents, all residing on a single computer, while debugging. This
prevents you from getting lost in flood of, possibly bogus, messages, and al-
lows you to quickly kill agents that lock up manually using the Windows task
manager. For example, in this tutorial, to test whether the agents behave as ex-
pected you might as well set up a community that contains only one customer,
one account manager and one worker.
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2.3.3 Miscellaneous tips and tricks

When starting a new project, AIMMS will, by default, create a MainTermination
procedure that asks whether unsaved data must be saved, when the project
is closed. This feature may be convenient in an interactive application, but
can be rather annoying when remotely closing other agents in the community.
You prevent this behavior by simply changing the body of the MainTermination
procedure to

return 1;

When several agents are running, it may be difficult to find out which AIMMS in-
stances correspond to which agents. To distinguish between individual agents,
you can modify the project title of the main AiMmMs window, for instance, to
reflect the agent type, or, even, the individual agent name. The project title
can be set through the Project_title option that can be found in the project -
Appearance category of the Options tree. You can also set this option dynam-
ically through the AimmMs function OptionSetString.
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