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Abstract

The paper deals with modeling of mobile agent network. The model includes a
multi-agent system consisting of paralledl communicating agents, a set of
processing nodes in which the agents perform services and a network that
connects processing nodes and alows agent mobility. Parallelism in mobile
agent network is based on parallel agents alocated to a single task requested
from the environment. During migration and execution, the model allows agent
communication and result sharing between the simultaneously operating agents
and improves the overall system performance. Mobile agent network is defined
as queuing system where the agents represent information units to be served.

1. Introduction

Agent paradigm is a promising choice for network-centric applications because
it is intrinsicaly communication and co-operation oriented [1, 2]. Multi-agent
systems and especially the systems containing mobile and intelligent agents will
provide full mobility to the users and services.

This paper elaborates a modeling of mobile agent network with parallel
communicating agents and related performance evaluation framework. The
mobile agent network consists of a multi-agent system and its agents co-operate,
communicate and travel in the network. The usersinteract with the mobile agent
network by requesting the services. Each user request activates one or more
paralel agents with a set of elementary services that correspond to users
reguest. The agents migrate autonomously from node to node, performing some
processing on behalf of a user. Communication of the agents during migration

and execution alows co-operation and result sharing between the
simultaneoudly operating agents and improves the overall system performance.

The paper is organized as follows. model of mobile agent network is
described in Section 2. Parallel communicating agents are elaborated in Section
3, performance evaluation is presented in Section 4, and Conclusion is given in
Section 5.

2. TheModel of Mobile Agent Networ k

The model of maobile agent network is represented by the following triple:

{A SN},
where A is a multi-agent system consisting of co-operating and communicating
mobile agents, Sis a set of the processing nodes at which the agents perform
services, and N is a network that connects the processing nodes and alows
agent mobility [3, 4].

Each agent performs a set of tasks called elementary services, defined
by the user request. Service types of the tasks determine migration of the agent.
Each task can be executed only at appropriate nodes, depending on the task
service type. In case of the complex user request with many and/or dependent
elementary tasks, it is useful to create and employ a team of communicating
agents in order to execute the tasks in paralée [5]. The service provided by the
agent,, comprises ns, elementary services, esy, as follows:

ES, z{eskl’eskz"”’eskl"”’esk(nsK)}
Each node, S, is characterized by the set of service types, s, it supports, as
follows:

S(S)={8:S,18 184}
At each node the agent can execute elementary services that satisfy esq € S(S),
i.e. esq can be executed only at the nodes that serve its service type.

The mobile agent represents a user in the network. It can migrate
autonomously from node to node, to perform some processing on behaf of the
user. The agent's owner is defined by its identification and service request.
Node data consist of actual node address wherefrom the agent is executing at
the point of time. Task part isalist of tasks to be performed by the agent. Data
part isthefield in which the agent stores the results.

Parallelism in the mobile agent network is based on the parallel agents
alocated to a single request from the environment. The mobile agent network is
defined as the queuing system where parallel communicating agents represent
information units to be served. With the introduction of the agent
communication it is possible to reduce the processing time.



User request is presented by a directed acyclic graph G = (L, E) where
L denotes the list of elementary tasks (services), and E represents the set of
directed edges that define precedence relations between the tasks. Figure 1

shows the example of atask graph.

Figure 1 — Example of atask graph

Each task from the list L is defined by the triple I;={i, s, [p]}. The element i
represents service es,  its service type, and [p] the list of predecessors. For the
examplein Figure 1, thelist is the following:

L=[{1L0}, {2110}, {32[1]}, {4,2[25]}, {5,1,[3]}, {6,3,[4]}, { 7,1,[2,5]},
{8,3[6,7]}]

Dependent tasks es; and es; (start of ess depends on the result of es;), where es;
> es; defines the precedence relation (es; must precede ess). The type of
services for esy, es,, es; and es; is s, es; for es,is s, and for es; ans esg is ;. For
example, service esg depends on execution of the services es; and es;.

The agents forming multi-agent system are grouped into domains,
according to service types of their elementary tasks. The agents from the same
domain execute the tasks with the related (equal, dependent or similar) service
types. Therefore, agent, belongs to the domain d; from the set of domains D =
{di, dz, ..., dj, ..., dn}, agent, € d,. The agents registered within the same domain
are the candidates for mutual communi cation.

Agent communication between the two agents, agent,, agent, € d;, can
be accomplished in the following ways:

e agent, and agent, contain es,; and es, of the same service type, in which
case the agent can take over the result from other agent who has compl eted
the execution;

e agent, and agent, perform dependent tasks es; and esy (start of esy
depends on the result of esy). When agent, completes es; and
communication with agenty, C,, agent, can start es;;

e agent, creates and starts a new agent, which executes delegated elementary
tasks or merely transports the results to the sel ected node (transport agent).

Agent communication can be performed locally, on the same node, or remotely,
between the agents placed at different nodes. In case of remote agent
communication, the communication is based on the messages exchanged
through the network.

A message sent by an agent communication consists of three
parameters, { sender, receiver, content}, where sender represents the name of an
agent which sends the message/creates new agent, receiver is the name of an
agent which receives the message/newly created agent and elementary service
to which the content should be sent. The content is the result sent/set as an input
parameter for execution to continue. Each agent has a unique name which
corresponds to communication address name@hostname: port where the agent
is created. The name is a unique expression for the agent within the domain,
hostname is the name (IP address) of the node S where an agent is placed, and
port is the port number of that node from which the messages are sent and to
which they are received. In order to provide an open environment, FIPA
proposals of agent communication and agent communication language, ACL,
arefollowed [6].



The number of agents needed for tasks execution is determined by the
complexity of the user request. Creation of agents can be performed before
processing (static) or dynamicaly during processing. The model includes
dynamic generation and creation of the agents based on the earliest parallelism
of agent creation. The number of successor tasks of a particular task defines the
number of newly created agents, and the number of predecessor tasks defines
the number of destroyed agents, according to precedence relations.

The model includes the following facts:

e Having completed an elementary service es,,, agent, continues execution at
the same node (esq+1) or moves to another in order to perform next
elementary service, esn.1. The agent moving is determined by the service
type of the next elementary service.

o If task es,, executed by an agent, has z successors, then the agent continues
execution of one of the successors (esq,+1) and creates z-1 new agents that
execute other successor tasks of task es,.

e Having completed al tasks, the agent, which executes the last one, sends
the response to the user.

3. Parallel Communicating Agents

The proposed model of the mobile agent network with parallel communicating
agents is based on the paralel agents allocated to a single request from the
environment (user), or parale agents handling simultaneous requests from
different users. Related work includes different aspects of parallel processing
with mobile agents [7-9]. The following example explains migration, parallel
execution, creation and communication of the mobile agents.

If two agents, agent, and agent,, that execute dependent tasks, es; and
esq, are alocated to different nodes, § and &, agent communication c,, between
agents must be performed. Three types of agent communication are possible;

e Direct agent communication,
e Indirect agent communication, and
e Remote agent communication.

Figures 2 and 3 show the diagrams of possible agent communication
types in AUML notation [10]. Direct agent communication is the local
communication between the agents that execute dependent tasks. Indirect agent
communication supposes creation of the new agent, which migrates to the node
with the agent who executes successor task in order to communicate locally

(Figure 2). Remote agent communication allows communication between the
agents placed at different nodes (Figure 3). In this case, communication is based
on message handling through the network.
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Figure 2 — Indirect agent communication
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Figure 3 — Remote agent communication



The principle of agent execution is shown in Figure 4. When an agent
is created and the elementary service list is set, the agent moves to the node
where the first elementary service should be executed. After its execution, the
agent tries to send the result remotely to the agent(s) that execute(s) successor
tasks. If the agent executes the last elementary service, after successful receipt
of the result (successful remote communication) it goes home and reports to the
owner. If thisis not the last elementary service, the agent moves to the node of
the next listed elementary service.
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Figure 4 — Activity Diagram of Agent Execution

When the remote communication fails, the agent checks whether this
task is the last elementary service to be executed. If so, the agent moves to the
node where the result should be transferred and waits for the agent that must
receive the data. When that agent arrives to the same node, direct (local)

communication is performed and then the agent goes home and reports to the
owner.

In another case, when the remote communication fails and is not the
last listed elementary service, the agent starts indirect agent communication. It
creates a new agent (transport agent), which goes to the node and localy sends
the result to other agent.

4. Performance Evaluation

In order to introduce performance evaluation capabilities, the mobile agent
network is described as the queuing system where the agents represent
information units to be served. The nodes are the servers capable of hosting,
parale execution and communication with the agents (Figure 5). When hosted
by the same network node, the agents from the same domain can exchange the
results by performing local agent communication and, thus, reduce the number
of non-executed elementary services.

The node S with processing capacity B; receives the input agent flow
G; and network agent flows X;;. Those flows are summarised as L; and sent to
the queue Q; organised according to the domain principle. When it is agenty
from Q; turn, the processor executes esy. After completing it, the agent, either
executes eSq+1 on the same node (U; flow) or migrates to another node and
executes next elementary service there. The migrating agent is placed in the
migration queue TQ;. When it is the agent,'s turn to migrate, it is seriaised and
transferred to node S. If the agent, has completed the last elementary service, it
is placed in the output flow R.
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Figure 5— Node Structure



Suppose the user request with 8 elementary tasks, es; — esg, that can be
executed by the agents at three processing nodes S; — S;. Assume that each node
serves some service types S(S;) = {sy, S}, S(S) = {s1, S}, S(S) = {s;}, and that
all agents belong to a single domain. Figure 6 shows the execution graph of two
paralel communicating agents, A; and A,, generated to serve the request.

Figure 6 — Execution graph

Elementary services are distributed to the agents in the following way:
agent A; executes elementary services es;, €5, €5, €% and es;, and agent A,
executes elementary services es, es;s and es;. In the given example, elementary
SEIVICES €5;, €5, €55, €5 and es; are executed at the node S;; es;, and es; are
executed at S, and es is executed a S;.

Time packed execution path is shown in Figure 7, where each processing
node has 3 separate vectors. Vector 7,; represents execution of agent, on node
S, asfollows:

where Thip defines type of an elementary service ey executed at S in

timeinterval p. Rows corresponds to timeintervals 1 — P.
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Figure 7 — Time packed execution path
Labelsin the vector represents:

0 — empty interval,



n — execution of elementary service es which typeiss,,
Ca-local agent communication with agent,,

SbC — remote communication with agent at node S,

Th —transfer to node S,

bT —transfer form node S,,

B — agent “birth”,

D — agent “death”,

WDa - waiting for data from agent,,

WPn —waiting for processor in queue at position n.
WAa-—waiting for agent, to arrive.

The example of execution includes al possible types of agent
communication. Execution starts with creation of agent A; in time period t;,
which executes es; a node S, in the period t,. Then the agent A; starts creation
of agent A, and gives the result to agent A, in time period ts. In that time period,
agent A, waits for processor in the queue at position 1. In time period t, agent A
executes es, and after that tries to communicate remotely with agent at node S,.
The remote communication fails, agent A; starts creation of transport agent Ag
in time period 6 and moves to the node S;. When the transport agent is created it
goes to the node S, and there it waits for agent A, to arrive (time periods tg and
tg). When the agent A, arrives, agent Az locally communicates with it and gives
it the result.

Direct communication is performed when the agent has executed all
tasks at last node and travels to the destination node to give the result to other
agent. This is shown in time period t;, on node S; where agent A, tries to
communicate remotely with agent on node S;. After unsuccessful remote
communication, agent A, travels to node S (time period t;3) and localy
communicates with agent A, that has arrived in the mean time.

When more than one agents are on the same node and one agent needs
to execute elementary service that another agent has already completed and has
the result, the first agent can undertake result and save execution time. In Figure
8 is example for optimized time packed execution. Agent A, in the time period
tg receives the result and finds out that the task is aready executed by another
agent. In that case, it just undertakes the result and travels to the node S, to
execute the next task. The result of this optimization is shorter execution time.

Execution time for al elementary services (including “agent birth” and
“agent death”), as well as agent transfer time for al pairs of nodes, are assumed

to be the same and equal At. Suppose that local and the remote agent
communication for all pairs of nodes are the same and equal At. In that case,
time to execute A1l with 5 elementary services is 17At (5At for elementary
service execution, 3At for agent communication and 4At for waiting and 3At for
agent transfer). In the optimized case, time to execute Al with 5 elementary
servicesis 13At.
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Figure 8 - Optimized time packed execution path

In simulation based method for performance evaluation the user
requests are defined as random events and they are mapped to team of agents
capable for handling services. Simulation is performed for 100 agent bursts, and
the number of agentsin a burst is generated randomly. Simulation parameters
are the following: maximum number of elementary services per agent is 8,
agent transfer time for all pairs of nodesis At and execution timeis set to At.

Simulation results are shown in Figure 9 and present dependence of the
response time (T) on the number of processing nodes (S). In this example agent
communication (Figure 9b) in comparison to the case without agent
communication (Figure 9a) reduces the response time for 10-20 %.
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Figure 9 - Influence of agent communication

5. Conclusion

Formal model of the parallel communicating agents in the mobile agent network
is elaborated. Parallel operations within multi-agent system are specified. Agent
domain and agent precedence relation are used for recognizing related agents
that are the candidates for communication. The related agents perform equal,
dependent or similar tasks.

Future work will include improvements of forma model and
performance evaluation of parallel agent execution with agent communication.
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