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Chapter 1

Introduction

In this chapter you will find a brief introduction to the basic concepts of agents.
This introduction is then followed by some possible motivations for using
agents. The last part of this chapter introduces you to the way agents have
been implemented in AIMMS.

1.1 Basic agent concepts

An agent is a software program that independently performs its task on behalf
of its user. As software programs all perform tasks on behalf of users, the
distinguishing feature is to be found in the word “independently”. Even though
contact between an agent and its user is possible, the typical agent operates
autonomously.

A multi-agent system is a community of agents that communicate together
to accomplish individual and/or common goals. These agents are sometimes
referred to as intelligent agents or decision agents to reflect their decision-
making role within the community. A multi-agent application is a specific ap-
plication of a multi-agent system to accomplish a specified set of individual
and/or common goals.

In addition to being autonomous and intelligent, as indicated above, agents are
also reactive and proactive. They are reactive in that they respond to other
agents. They are proactive in that they work to accomplish a goal.

Agents communicate by sending messages. Even though messages can be very
complex structures in certain multi-agent languages, in this chapter it suffices
to think of messages as a medium to transfer data in the form of numbers and
strings from one agent to another. Since agents can be proactive and reactive,
messages can either be initiated or be responded to. Messages play a central
role in the overall design of a multi-agent system.
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Chapter 1. Introduction

Agents in a multi-agent system do not necessarily reside on the same host
computer. As shown in Figure 1.1, agents can be distributed over several
computers, and each agent has its own associated message queue. Two-way
communication is indicated through the words “request” and “response”, and
both requests and responses are implemented through messages. Whenever
an agent is idle, it will read the next message on its message queue, and react
accordingly. Such communication between agents takes place asynchronously,
because it is not known when an agent will be available to react to a particular
message.

Figure 1.1: Communication between agents

From AiMMS version 3.6 onwards, a multi-agent community can also be de-
ployed as a web service. This means that a special type of agent is placed in the
community, the so-called AIMMS web service handler. This special agent can be
called by means of web service requests by external applications. This technol-
ogy enables a multi-agent community to be accessed by third-party software
from anywhere on the Internet.

There are applications in which the communication between agents has to be
synchronized in order to be meaningful, such as a market clearing agent that
wants to receive all bids before clearing the market. Typically, synchronization
facilities are introduced through special message types or wait mechanisms.
This topic will be considered in the later chapters.
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Chapter 1. Introduction

The computing paradigm underlying multi-agent systems is that of parallel
computing and non-deterministic computing: agents can reside on different
processors, and the order of execution is not predetermined due to the asyn-
chronous communication between agents.

1.2 Examples of motivation

In this section are some indications of the types of problems that lend them-
selves to being analyzed and solved by agent technology. For the purpose of
brevity, the problems are presented in a somewhat abstract and introductory
format.

A purchasing agent is a software program that independently checks invento-
ries at regular moments, determines order quantities, requests price informa-
tion from suppliers, selects a supplier on the basis of several criteria, places
orders, traces deliveries, and updates the inventory data when goods have ar-
rived. This is a typical example of an individual and proactive decision agent.

In an auction run by autonomous agents there may be bidding agents and a
market clearing agent. The bidding agents supply their bid each round in ac-
cordance with well-specified market rules. The market clearing agent informs
the bidding agents each round of how the market is cleared. The market rules
also determine when the auction is over. Such an auction is a typical example
of a multi-agent system containing all agent characteristics.

In an advanced plant control system there will be a hierarchy of agents. At
the lowest level there are multiple agents observing, registering, and analyz-
ing plant measurements. At a higher level there are coordinating agents that
gather status information from agents below them in the hierarchy. Such
a control system is a typical example of distributed computing with asyn-
chronous decision making.

The computational time required in several solution approaches, in the areas
of simulation and optimization, can be improved through course-grain paral-
lelization. Worker agents can be introduced to execute work that can be done
in parallel. Typical examples are Monte Carlo simulations, second stage com-
putations in two-stage stochastic programming, partitioned branch-and-bound
computations, and submodels in multi-commodity networks following the al-
location of arc capacity to commodities. In such multi-agent applications it is
common to introduce a dispatcher agent to keep track of idle worker agents.
The dispatcher will then ensure that all computational work is divided effec-
tively among all the workers.
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Assume that a large decision problem, such as an extensive supply-chain plan-
ning model, can be divided up into distinct decision phases. In addition, as-
sume that each phase has its own model, algorithm and parameter settings,
and that there are separate constraints across the various phases. Then a dis-
tributed solution approach may be appropriate for obtaining a good-quality
solution to the overall problem.

The basic concept is to have multiple agents solving phases using the differ-
ent models, algorithms and parameter settings, and letting the output of one
phase be the input to the next. The evolving tree of solutions can be observed
by special agents to verify global constraints, and to give feedback to try al-
ternative parameter settings based on their observations. These special agents
can also eliminate partial solutions based on their poor overall quality. Hu-
mans can also watch the functioning of such a multi-agent application, and
can also provide input to steer the overall approach.

By using many agents at once, and letting each agent run on its own processor,
it may be possible to find one or more good alternative solutions to a very
large problem in a matter of hours. The same approach, but without the use
of agents, could take weeks or even months before the same overall solution
quality is obtained.

1.3 Agentrelated concepts in AIMMS

In this section you will find a brief introduction to the agent concepts that
are part of the AiMmMs multi-agent technology. This introduction is meant to
provide a basic understanding. Further details are to be found in the multi-
agent reference provided in Chapter 3.

1.3.1 Agents in AIMMS

It may ease understanding to view an AIMMS agent as an AIMMS session run-
ning an instance of a specific AIMMS project. When there are multiple such
agents, their corresponding AiMMS sessions will be running on one or more
computers within a local area network, and their corresponding project files
will be stored at a specific network location.

In a multi-agent system it is quite natural to distinguish between several types
of agents. The types are indicated through the role that each agent plays in the
overall underlying application. In the previous section we encountered some
examples of roles such as purchasing agent, bidding agent, market clearing
agent, worker agent, and dispatcher agent. Agent roles play a crucial part
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Chapter 1. Introduction

in constructing and understanding multi-agent systems as implemented in
AIMMS.

In AiMMS, messages make up the vocabulary to be used between agents. An
AIMMS agent can send a message to another agent by calling a send procedure
with arguments as illustrated in Figure 1.2. The first two arguments are always
the names of the sending and the receiving agents. The remaining arguments
are the data items to be transferred. In this example, the two data items are
input arguments.

| Send_Order( from, to, product, quantity )

-

product,
quantity

to
from

l

[ Messaging Service ]

Local

[ ] Queue

[

to2
from

to
from

> Filter_Order( from, to )
Save /J-\ Forward —

xor
Handle Now \T/ Delete

I

> product,
quantity

| Handle_Order( from, to, product, quantity ) |

Figure 1.2: Messages with only input arguments

Once an AIMMS agent makes a call to a send message, the underlying AiMMS
technology packs the input data to be sent to the addressee. Once sent, the
data package will arrive in the message queue of the addressee. As soon as
the receiving agent is idle, the underlying AiMMS technology takes the first
message from the queue, unpacks the data and calls the handling procedure
that corresponds to the particular message.
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In AiMMS, a message handler is a procedure with the same data arguments as
the corresponding send procedure. The underlying AiMMS technology ensures
that the incoming data are passed to the arguments of the message handler.
Inside the body of the message handler the available data are processed. Typ-
ically there are one or more statements that transfer the incoming local data
into global identifiers.

In addition to input arguments, an AIMMS message can also have output ar-
guments, i.e. data items with argument property Output or InOut. In such a
situation, values must be sent from the receiving agent back to the sending
agent. Inside the body of the handler procedure all the output-related argu-
ments have to receive a value through assignment statements. As soon as the
handler procedure has been executed, the corresponding return values are au-
tomatically sent back to the original sender of the message without requiring
any further action by either the sending or the receiving agent.

The sending agent has to wait for the arrival of the return values. The waiting
time is not known in advance, and is dependent upon the performance of
both the receiving agent and the underlying network. Therefore, any send
procedure with one or more output arguments must always have a time-out
argument. Execution will resume as soon as return values arrive, provided this
is within the specified time-out period.

If at the end of the time-out period return values have not arrived, execution
will resume but all computations will be based on previous values of the output
arguments. One should therefore always check the special return value of the
send procedure, and use an error handler when this return value indicates that
no new data have been passed into the output arguments.

If you want to avoid a sending agent waiting for the arrival of return values,
you should design your multi-agent application such that all messages have
only input data. Whenever a particular message requires a response from the
receiving agent, then this response can instead be defined as a separate mes-
sage to be sent by the receiving agent. A typical example is when the sending
agent has to send the same message to several individual agents. In this case,
all the messages can be sent at once. The requested responses will eventu-
ally arrive at a later time, and will be handled on a first-in-first-out basis by
the appropriate handler procedure of the sending agent. In this way, the data
transfer is fully asynchronous.

If the underlying application (for example, an auction) requires the sending
agent to collect one or more responses before continuing execution, this can
be implemented by using the special waiting functions offered by AimmMms. With
these functions one can block the current execution of the sending agent until
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one or more specified messages are received and handled. Naturally, these syn-
chronization functions require a time-out value that determines the maximum
period that such a function will wait for the responding message(s).

There are agents, such as forwarding agents, that do not need to unpack the
data of incoming messages. For such agents you can specify that the incoming
message should first go to an AiMMS message filter. Such a filter is also a
procedure, and allows the agent to either delete, save, or forward the message.
If, for any reason, the message is not deleted, saved, or forwarded, inside the
filter, then the data will be unpacked and the message automatically passed
on to the corresponding message handler.

You, as a designer of a multi-agent application, can specify whether or not a
particular message is a priority message. Such a message is not only handled
as soon as the receiving AIMMS agent is idle, it is also handled between execu-
tion statements. This requires care on your part to ensure that a priority mes-
sage does not have any negative side effects when handled between execution
statements. All priority messages are placed before the regular (non-priority)
messages on the message queue. Priority messages are handled in sequence
on a first-come-first-served basis.

1.4 Agent construction support

AIMMS provides several facilities for designing and running a multi-agent sys-
tem using the concepts described in this chapter. The design facilities consist
of two extensive dialog boxes: one for the overall designer of a multi-agent
application, and one for the designer of a specific agent with its own particular
agent role.

If you are the overall designer of a multi-agent application to be written in
AIMMS, you will need to specify all the necessary ingredients such as agent
roles and agent messages, which, together, are also referred to as the com-
munity setup. For each role you must indicate which messages can be sent
or received, and for each message you must indicate its from-agents and its
to-agents. In addition, you must specify the permitted priority level of each
message. AIMMS offers a special dialog box to support you in this design task.

If you are the designer of an individual agent in AIMMS, you need to select its
specific role from the roles in the community setup. In accordance with this
role, you then need to specify the send procedures for all messages to be sent,
and the message handlers for messages to be received. Again, AIMMS offers a
dialog box to support you in this design task.
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Chapter 1. Introduction

Other facilities to assist in running a multi-agent system in AIMMS consist of
being able to log on to an existing network of agents, to start a remote agent,
and to log off. In addition, there is a whole layer inside AiMMS, not visible
from within the model, that ensures that the AiMmMs agent functionality works
properly across the local area network.
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