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1 General Information

Presenter contact information: {krishna.kant | vijay.tewari | ravishankar.iyer}@intel.com

Aims/Learning objectives: 1. Gain knowledge about the emerging ad-hoc computing paradigm
2. Understand the major research issues in ad-hoc computing

3. Understand performance and architectural issues for ad-hoc computing.
Duration: Targeted for 3 hours. Can be shortened somewhat as necessary.

Keywords: ad-hoc computing, wireless networks, peer-to-peer systems, file sharing, collabora-
tion, intelligent searching, performance analysis

Target audience: Computer scientists interested in gaining a basic understanding of scalability,
content location and performance of ad-hoc networks.

Prerequisite knowledge of audience: General computer science background with some ap-
preciation of distributed systems.

Tutorial history: This tutorial is related to our earlier tutorial on peer-to-peer (P2P) computing
given at Tools 2002 conference in London in April 2002. That tutorial concentrated on
performance issues of P2P networks on the basis of a tool we had developed. An earlier
version of the tutorial was intended for ICNP-2001 conference and included a significant
amount of material on P2P applications, middleware and taxonomy.

2 Extended Abstract

In the last several years, we have seen a significant amount of work on ad-hoc and peer-to-peer
networks. The use of ad-hoc networks occur in a variety of scenarios, but have gained prominence
primarily in communications between mobile devices. These include building sensor networks (to
monitor activities of various sorts), military communications, vehicular networks, epidemic com-
munication networks [16], and collaboration between mobile devices. The explosive and continuing
growth of 802.11 based wireless networks provides the most current impetus for understanding
ad-hoc collaboration networks because of its high practical utility. Ad-hoc networks have also
been examined for wired (LAN/WAN) scenarios [4, 8, 14, 19] generally in the context of peer-
to-peer (P2P) computing and more recently in the context of grid computing [18]. For example,



research in peer-to-peer (P2P) file-sharing technologies [4, 10] has contributed substantially to
ad-hoc network research. This tutorial is intended to examine some of the more sophisticated
emerging ad-hoc / P2P networks, their needs and their performance issues.

As the power requirements, cost and networking ability of mobile devices drop substantially
and they span an extremely wide spectrum (from laptops all the way down to micro-particulate or
paintable sensors), ad-hoc networks are expected to play a dominant role in almost every aspect
of daily life (from microsensors “floating” in pipes to monitor chemical composition/reaction to
collaborative human networks). The tutorial shall start with a brief introduction to mobile ad-
hoc computing. The much studied issues of routing in ad-hoc networks and minimizing power
consumption will be touched upon briefly. We will primarily discuss the topics and issues related
to service architectures and collaboration mechanisms (service discovery protocols [9], proximity
issues [3], usage models for collaboration [2], capability/heterogeneity issues, etc.).

The tutorial will then introduce peer-to-peer computing paradigm via a number of usage
models including file-sharing (Gnutella/Freenet) [4], processor cycle sharing (seti@home), storage
sharing [6], collaborative editing, telemedicine [1], video-conferencing [5], streaming media distri-
bution, etc. The tutorial will also briefly introduce a number of projects that have attempted
to establish the infrastructure necessary for arbitrary P2P computing on a WAN scale. This in-
cludes Globe and Legion WAN operating systems[8], the open-source Globus toolkit [7] intended
for building computing “Grids”, low-level features supported by Sun’s JXTATM initiative, P2P
support in Microsoft’s NETTM initiative, etc. A serious obstacle to WAN-level ad-hoc computing
is the frequent use of firewalls/NATSs in both business and home environments. Several controlled
access mechanisms (like the use of rendezvous points) have been proposed and will be discussed.
A related problem is the lack of DNS entries for most of the peers that would be interested in
participating in the ad-hoc network, which makes addressing them difficult. Security is also a cru-
cial issue in WAN interaction, but traditional methods of generating and distributing encryption
keys do not work very well in a fully distributed environment with mutually suspicious agents.
The tutorial shall discuss these and several other unique issues essential for designing scalable,
Internet wide ad-hoc networks.

Based on the various classes of ad-hoc / P2P environments discussed above, we identify a
common set of requirements for collaborative ad-hoc computing applications. We will attempt
to map these requirements on to some middleware services (categorized into basic and advanced
services) that would help the development of technologies / applications for this paradigm. Our
earlier work on the taxonomy of peer-to-peer applications [11] as it applies to various aspects of
ad-hoc computing will also be briefly discussed. One of the important aspects in ad-hoc com-
puting is the location of desired resources and services that will participate in the collaboration.
When the network is not too large and the participating nodes and their resources/hosted services
are fairly static, good solutions can be built using indexing structures or hashing combined with
appropriate migration policies. For large networks, aggregation schemes such as Bloom filters
have been proposed to reduce the amount of information to be communicated or stored. How-
ever, dealing with a large, highly dynamic network still remains an open problem. One extreme
here is full search (as in Gnutella [10]), although this can be augmented with techniques such as
local caching of content and/or its location, fuzzy matching, and automatic migration of content
(as in Freenet [4]). The cost of searches can be further reduced by using limited forms of index-
ing mechanisms such as “distributed hash tables” [20], although the flexibility appears to suffer
significantly. The tutorial shall discuss these schemes as they apply to the various environments



presented in the taxonomy and also present some possible extensions.

The last part of the tutorial shall briefly discuss the performance issues related to a dynamic
ad-hoc network. It will review some of our previous work on the topic including an analytic
random graph model [13] and also describe a simulation tool [12] that we have designed. A number
of results based on the simulation tool will be discussed for both small and large collaboration
networks. It will also discuss the need for a number of architectural features that could enhance
performance in a highly dynamic collaboration environment.
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