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Dynamic multi-agent planning has many shortcomings in
real-world domains. Specifically, it is not clear how services
can be discovered and located in dynamic non-fault-tolerant
networks. Examples of such include multi-hop ad hoc wire-
less and dynamic peer-to-peer networks. The nature of ad
hoc and peer-to-peer networks inherently imposes the re-
striction of communication to one’s “neighbors.” Therefore,
communication over multiple hops in the network is difficult
without facilities such as ad hoc routing. In these networks,
the problem of locating a service is compounded when ser-
vices themselves can be mobile.

In some domains mobile agents can be service providers.
For example, consider a group of helicopters deployed on a
battlefield, as in the synthetic aircraft domain (Tambe 1998).
A certificate authority might be required for secure commu-
nication between helicopters; this server could be encapsu-
lated by a mobile agent capable of reasoning about the net-
work (Artz, Peysakhov, & Regli 2003). The agent might
then continuously migrate to portions of the network with
low volatility. For instance, the agent might migrate to heli-
copters less likely to be removed from the network. To im-
prove performance and minimize latency, heuristics for such
migration might include proximity to the geographic center
of the group or association with the centroid of the network
topology graph. Therefore a method for pro-actively track-
ing the location of services in dynamic networks is required.

No fixed memory deterministic algorithm can locate a ser-
vice in a network in a fixed amount of time (Kirousiset al.
2000). We propose a fixed-memory randomized method for
approximating the location of a service in a dynamic net-
work with a probabilistic certainty in a fixed amount of time.

Deploying a set of service monitoring agents to ran-
domly walk the hosts of a dynamic peer-to-peer network
can provide an accurate means of service discovery. The
agents’ task environment, a dynamic peer-to-peer network,
is stochastic, dynamic, and continuous; there exists a de-
lay between actual topology changes and the propagation of
knowledge of these changes throughout the network. The
agents do not have a goal, per se; their sole purpose is to
randomly walk the network gathering information. Agents’
percepts are comprised solely of the set of services avail-
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able at the current host and the set of hosts neighboring the
current host. Agents’ actions are comprised solely of hop-
ping to a neighbor host from their current host. At each
host agents query for services, storing these data in memory
(along with a timestamp). The agents’ itineraries are dic-
tated by the network; successor hosts for migration are se-
lected randomly from the set of available neighbor hosts in
the network. The agents’ itineraries are dictated by the net-
work; successor hosts for migration are selected randomly
from the set of available neighbor hosts in the network.

Each host on the network is assumed to have a local state
description represented by a tuple containing the following
elements:

ν - probability an agent will be at hosth;
η - number of instances of a services;

|H| - cardinality of the set of hosts;
|A| - cardinality of the set of agents;

` - average time needed for an agent to hop from one
neighbor to another; and

Many of these elements need neither be calculated nor
known a priori; they can be inferred from or provided by
the service monitoring agents.

This approach has three important advantages over other
alternatives, such as naı̈ve message passing and broadcast:

1. a minimum of network bandwidth is used, and band-
width usage scales linearly; this is an important issue for
resource-constrained mobile devices and large-scale peer-
to-peer networks;

2. services need not register themselves; and
3. properties of random walks are relatively easy to mathe-

matically model and likewise make inferences upon.

Intuitively, the less frequently a host is visited by service
discovery agents that have seen a service in some period of
time, the less likely that service is currently available. Ex-
ploiting properties of random walks, such as limiting dis-
tributions, we have developed a mathematical formulation
of agent movement in the network and an algorithmic tech-
nique for approximating the parameters of the formulation.
Using this model, we can predict the availability of services
with a high level of accuracy. This allows for time-critical
reasoning and probabilistic inferences to be made upon the
agent system.

Our current focus is on using our method for propagat-
ing service location information throughout the network asa
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heuristic for mobile agent-based search. For example, each
host could cache the data brought to them by the random
walking service discovery agents. In doing so, each host
would develop an index (or “belief”) of the locations of ser-
vices. These beliefs will become more accurate in conjunc-
tion with a host’s proximity to the service. Therefore these
beliefs, along with the timestamp of when the agent last saw
the service, can be used as a hill climbing search heuristic
when tracking down the service.

Our current research is focusing on the feasibility, admis-
sibility, and accuracy of this heuristic, and its integration
into the Secure Wireless Agent Testbed (SWAT) (Sultanik
et al. 2003). This includes live tests with a dozen resource-
constrained mobile computing devices, communicating over
an ad hoc wireless network.
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