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1. Preface
Grid computing has been defined as ‘‘coordinated resource
sharing and problem solving in dynamic, multi-institutional virtual
organisations’’ (Ian Foster: http://www-fp.mcs.anl.gov/~foster/);
see also [1] for a recent overview of the current status and
perceived future directions of the Grid. In practice, the above
definition implies that a computation intensive application is
distributed across a number of computers for the sake of gathering
more computing power (or of locating the processing near remote
data repositories to limit data movement. . . ). This step from local
clusters to massively distributed applications that use the Internet
as its underlying means of communication entails a requirement
for efficient network usage, but the Internet is a general-purpose
network that was not built to provide maximum efficiency to the
Grid.
Grid developers and practitioners are increasingly realising
the importance of efficient network support. Entire classes of
applications would greatly benefit from a network-aware Grid
middleware, able to effectively manage the network resource
in terms of scheduling, access and use. Conversely, the peculiar
requirements of Grid applications provide stimulating drivers for
new challenging research towards the development of Grid-aware
networks. Cooperation between Grid middleware and network
infrastructure driven by a common control plane is a key factor to
effectively empower the global Grid platform for the execution of
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network-intensive applications, requiring massive data transfers,
very fast and low-latency connections, and stable and guaranteed
transmission rates. See [2] for a review of an illustrative example
of an infrastructure of this kind.
When considering support for such applications in the network,
there are many issues that require consideration. For example,
is the network infrastructure dedicated to a particular (set of)
Grid applications, or will the applications be sharing the network
resource with other more traditional internet traffic? Will support
for applications come from techniques that operate at the network
layer, and thus impact on the way individual network routers
treat packets, or from the transport layer where congestion control
algorithms are adapted to suite the nature of these traditionally
high-bandwidth applications. There is also the question of whether
the applications require use of the network resources immediately,
or are effectively able to specify resource requirements ahead of
time, for potential reservation. Beyond the consideration of the
network alone, there are the issues surrounding the relationship
between the network and the applications, and the mapping of one
set of requirements onto the other.
In this special section, the papers (described in more detail
in Section 2) all have different approaches to answering some
of these fundamental questions. First, ‘‘Evaluation of Flow-Aware
Networking (FAN) Architectures Under GridFTP Traffic’’ [Future
Generation Computer Systems, this issue], deals with network
prioritisation only, and is based on the availability of techniques
that are able to identify flows of Grid traffic. Second, ‘‘Flow
Scheduling and Endpoint Rate Control in Grid Networks’’ [Future
Generation Computer Systems, this issue] provides an end system
congestion and rate control mechanism, which leads to the
definition of network bandwidth allocation profiles, for either
dedicated networks, or isolated classes. Third, ‘‘Multi-Cost Job
Routing and Scheduling in Grid Networks’’ [Future Generation
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Computer Systems, this issue] provides both immediate and
advanced resource reservation for network and end system
components. The final paper, entitled ‘‘A Secure Credit-Based
Cooperation Stimulating Mechanism for MANETs Using Hash
Chains’’ [Future Generation Computer Systems, this issue], moves
away from a ‘‘traditional’’ perspective of Grid networking, looking
at packet forwarding in a mobile ad-hoc network.
2. Papers presented in this special section
In ‘‘Evaluation of Flow-Aware Networking (FAN) Architectures
Under GridFTP Traffic’’ [Future Generation Computer Systems,
this issue], the authors consider the applicability of Flow-Aware
Networking (FAN) in a Grid context. FAN employs per-flow
admission control and implicit flow differentiation to avoid the
overhead of per-packet prioritisation. The performance of the
2GFAN architecture is compared against DiffServ, using GridFTP
sessions as the traffic source. The work is based on simulation,
using ns2, and focuses on using throughput and delay parameters.
The results show that, used in a Grid scenario, FAN architectures
perform better than DiffServ, and that FAN based on Priority Fair
Queuing (PFQ) scheduling gives the strongest performance, even
though it is a more computationally complex approach.
The paper ‘‘Flow Scheduling and Endpoint Rate Control in
Grid Networks’’ [Future Generation Computer Systems, this issue]
looks at providing support for the effective movement of massive
data sets across either a dedicated network or an isolated traffic
class, in order to allow the efficient scheduling of distributed Grid
resources. By formulating bulk data transfer scheduling, the paper
attempts to provide a model for minimising network congestion,
by defining a set of multi-interval bandwidth allocation profiles.
Using a real testbed, the paper describes and compares a
number of practical solutions for enforcing such allocation profiles
within an end point. This includes assessing the complexities of
implementing the mechanism in the Linux kernel. Parameters
considered within this work include bandwidth, round trip time,
and local OS-based timers, and the work is fundamentally based
on the ability to describe the volume, active time window and path.
The implementation work was performed on part of the Grid5000
testbed, with high speed data rates, i.e. 1 Gbit/s. Results show
instability with TCP when the round trip time is large, and the need
for traffic shaping to avoid burstiness.
The paper ‘‘Multi-Cost Job Routing and Scheduling in Grid
Networks’’ [Future Generation Computer Systems, this issue] looks
at the area of resource utilisation in the Grid domain. The authors
look at scenarios where resources can be reserved immediately,
or in advance. Based on simulation work, the authors propose to
register clusters and network utilisation with bit vectors, showing
how multi-cost algorithms can be used to solve this complex area.
Parameters used include data size and computational complexity,
and from the network, path availability and delay. The results
show that it is indeed important to consider both processing and
computational resources. They also show that the difference in
being able to support immediate against advanced reservation is
effectively a trade-off between the likelihood of blocking, end to
end delay, and the complexity of the deployed algorithm.
As described earlier, Grid computing has been defined as
‘‘coordinated resource sharing in virtual teams’’. This definition
may seem to be at odds with the concept of a ‘‘wireless Grid’’,
where the fact that nodes can move can drastically limit their
availability. One could question whether users of nodes in such
an unstable environment could really be regarded as forming a
‘‘virtual team’’, and then consequently question whether the whole
notion of a wireless Grid is meaningful. As its title suggests, the
paper ‘‘A Secure Credit-Based Cooperation Stimulating Mechanism
for MANETs Using Hash Chains’’ [Future Generation Computer

Systems, this issue] adds meaning to such potentially unstable
environments, rendering the idea of a wireless Grid more plausible.
This paper proposes a method to provide incentives for nodes
to cooperate in forwarding network packets using credit-based
mechanisms. The work in the paper is evaluated using game
theory-based analysis, and shows that any level of cooperation
by a node will be attainable if the mechanism makes appropriate
payments.
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