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ABSTRACT 
This work deals with efficient barrier synchronization 

for wireless cluster computing where nodes communicate 
with each other wirelessly in one or multiple hops.  Such a 
computing system is referred to as a wireless computing 
system (WCS).  Given t nodes participating in barrier 
synchronization on such a WCS of size n (  t), a backbone 
structure (BBS) is constructed and maintained to cover all 
the t participants throughout the course of barrier 
synchronization necessary for correct execution of an 
assigned task cooperatively. Two mechanisms for BBS 
construction, dubbed RAD_Expansion and G_Search, 
have been developed and evaluated empirically, and 
RAD_Expansion is found to be more desirable.  Our 
transport-layer barrier primitive is then implemented on 
the BBS constructed using RAD_Expansion, with AODV 
as its underlying network protocol, for evaluation using 
NS-2. It arrives at faster barrier synchronization than a 
naïve approach, which lets every participant send its 
check-in messages directly to the barrier controller.  The 
barrier time gap widens as the number of participants 
increases under given mobility. 

1.  INTRODUCTION 
     

Wireless computing systems have emerged as 
versatile and capable platforms for handling tasks once 
deemed possible only by wired, stationary computer 
systems or servers.  This can be evidenced by a new type 
of resource-sharing networks, called the wireless grid, 
considered recently [5] for connecting mobile and 
nomadic devices together to extend grid computing to 
large numbers of devices that would otherwise be unable 
to participate and share resources.  The wireless grid 
promises a new type of resource-sharing and distributed 
computing with various mobile devices involved 
collectively for speedier completion of a given task on-
demand, realized by harnessing the unused cycles of 
involved devices connected via wireless links.  It is thus 
envisioned that a powerful computing paradigm built 
upon wireless devices plus wired computers may be 
obtained to facilitate a pervasive infrastructure for time-
starved users.  A wireless pervasive infrastructure so 
constructed is referred to as a wireless computing system 
(WCS), which will be the focus of this work. 

Wireless computing nodes may not be the best choice 
to constitute high-performance computer systems, when 
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compared with their wired counterparts, due to relatively 
lower transmission rates and reliability figures associated 
with wireless links.  Nonetheless, there are applications to 
benefit from a computing paradigm composed of wireless 
nodes, as the one under consideration here.  Transmission 
rates over wireless links have been improved substantially 
for the past few years, and they can now (or soon) satisfy 
the communication needs of moderate- to coarse-grained 
collaborative computing.  Recent research effort began to 
consider schemes for mobile and wireless computing 
systems [4], and those schemes help to make such a 
system possibly become a powerful computing paradigm. 

Task execution on a collection of computing nodes 
usually requires barrier synchronization to ensure correct 
ordering of operations among participating nodes in 
regard to producing data and consuming data.  Barrier 
synchronization enforces that all participants have 
reached a barrier point before any participant may execute 
beyond the barrier point.  As a basic synchronization 
primitive supported in collaborative execution of tasks, 
barrier synchronization has been treated considerably in 
conventional (wired) computing systems.  Efficient 
barrier implementation usually calls for certain logic 
structures across which activities involved in barrier 
synchronization are performed. 

This article deals with barrier synchronization on a 
WCS for the very first time.  Given t nodes (i.e., hosts) 
participating in barrier synchronization on the WCS of 
size n (  t), a backbone structure is constructed and 
maintained to cover all the t participants throughout the 
course of barrier synchronization necessary for correct 
execution of an assigned task cooperatively.  Such a 
structure (denoted by BBS) is established before any 
barrier operation takes place, and its structure 
establishment involves all participants in a distributed 
manner.  It calls for self-healing after its links break 
because of node mobility to ensure correct barrier 
synchronization.  For any barrier structure, a barrier 
controller knows all the participants, acting to collect 
check-in messages from all participants when they reach 
the barrier (known as the check-in process) and to release 
the barrier after check-in messages of all participants have 
been received (known as the release process).  We have 
developed two mechanisms for BBS construction, dubbed 
RAD_Expansion and G_Search, with their results 
evaluated empirically using NS-2.  It is found via our 
simulation study that RAD_Expansion gives rise to more 
desirable BBS in terms of longest branch length (which 
reflects the barrier synchronization time). 

The BBS may be built on top of any network-layer 
routing protocol developed for mobile ad hoc networks, 
such as DSDV, DSR, or AODV, to obtain a transport-
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