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Abstract— Grid traffic characteristics are quite different
from that of normal Internet traffic, as they impose
more stringent constraints (such as packet delay and flow
deadlines) on network resources. This paper explores differentiated channel provisioning in grid network, in order
to schedule bulk data traffic. We propose a solution based
on the two-phase routing scheme to provision the virtual
channels, such that it will satisfy any valid traffic matrix.
Then we detail a simple, online, preemptive algorithm for
scheduling bulk data traffic.

I. I NTRODUCTION
An interesting and challenging problem in grid
networks that hasn’t received as much attention as
it deserves is, channel provisioning and data traffic
scheduling so as to improve network and application performances. From a user perspective, this
means that the deadline-constrained data transfer
tasks submitted, are able to meet the deadlines.
From the perspective of a network operator, it means
that the network is provisioned enough to meet the
dynamic changes in network traffic, but still doesn’t
go underutilized.
Today, massive data sets are generated at different grid sites from scientific computing, high
performance computer simulations, bioinformatics,
satellites and so on. As the amount of data increases,
more and more users tend to share and distribute
them. Data movement tasks might be loosely (or
even tightly) bound with job scheduling decisions;
but, it has been shown that these two tasks can
be efficiently addressed separately, thus decoupling
computation and data scheduling in data-intensive
applications [1]. Network bandwidth has been identified as one of important parameters that affect
the scheduling of jobs in large scale distributed
systems. Unfortunately, most often, there is no
strategic scheduling or distributing scheme involved

for data transfers that takes care of dynamic network
behaviours [2].
If the transfer of huge data sets generated in
grid networks are constrained by deadlines, then
the normal TCP transfer will not be of much help.
This happens as TCP gives importance to fair sharing, and does not provide any guarantee on the
completion time of transfer requests. Besides, for
a single flow to sustain high flow rates, to saturate
a high BDP (bandwidth delay product) link requires
unrealistically low packet loss, while also incurring
large, oscillatory queues [3].
Traffic in a grid network can be mainly classified
into various types, which can be grouped into three
main classes: bulk data, real-time (or control) data
and the traditional best-effort data [4]. The first class
of traffic demands throughput to meet the deadlines
of data transfers, whereas the second class is more
concerned about latency or delay. The third class is
of least priority in the scenario of grid networks.
The best-effort routing in the Internet is obviously
not enough to take care of these requirements. The
transfer delay guarantee feature required in the grid
is what differentiates it from the ‘best-effort’ based
network services. Instead, what is required is a
multi-channel provisioning scheme, that provisions
bandwidth in links such that, all the three different
classes of traffic meet their demands.
In this paper, we focus not only on the problem
of provisioning the virtual channels, but also on
scheduling bulk data traffic on such a provisioned
network. Once the network is provisioned to serve
any valid traffic matrix, then the scheduling algorithm can aim at improving the acceptance ratio 1 .
The rest of the paper is organized as follows.
1

Number of tasks accepted to the number of tasks arrived

The problem is described elaborately in Section II.
In Section III, we use a two-phase routing scheme
for provisioning virtual channels in grid networks.
Scheduling of bulk data transfers is then discussed
in Section IV. Related work is discussed in Section V. We conclude in Section VI.
II. P ROBLEM ANALYSIS
The problem in hand is: Given the three different
kinds of traffic classes, how can we ensure that the
links can serve the different traffic classes, without
overloading the network? That is to say, we want to
schedule the deadline-constrained bulk data transfers without causing any congestion in the network,
at the same time route the real-time traffic without
unpredictable delays. One possible solution is to
dynamically route the traffic depending on the type
of traffic. For bulk data traffic and real-time traffic,
this means that the system should have information
about link characteristics such as bandwidth and
latency, which will require active measurements.
Once such metrics are known, the system can take
decisions on whether the user request can be met
using the currently measured values or not.
But measuring these metrics is a difficult task.
Measuring end-to-end bandwidth for a large network, of say N nodes, will result in generation of
tremendous amount of traffic, as N 2 such measurements have to be made in every measurement interval. Traffic matrix estimation using measurement
techniques also gives errors of 20% or more [5].
Recent research works have come up with a static
routing and bandwidth allocation scheme, which
can cope up with dynamic traffic changes [6], [7].
These works propose a two-phase routing scheme,
where traffic is initially split and routed to a set
of intermediate nodes in the first phase, and from
the intermediate nodes to the destination in the
second phase. Depending on the ingress and egress
constraints, the method proposes a pre-configuration
of the network such that it satisfies any traffic
matrix (respecting the ingress-egress capacities) of
the network.
III. P ROVISIONING GRID TRAFFIC USING
TWO - PHASE ROUTING
Consider a graph G(V, E), of |V | = N nodes,
and |E| = m edges. Let ni represent node i, and

Fig. 1. An example showing a grid network. The circles represent
the ingress-egress nodes, and the squares represent network elements
connecting these nodes.

ei,j represent the link from ni to nj . A typical graph
is shown in Fig. 1. The nodes in the graph represent
the ingress-egress points connected to different sites
that form a grid network.
A traffic matrix is represented by T = [ti,j ],
where ti,j denotes the traffic from ni to nj . Let ρi
represent the limit on the amount of traffic flowing
into the network, as well as the traffic leaving the
network at ni . Before going to the details, we state
our assumptions:
1) The access routers will be able to relay the
traffic from other access routers.
2) Traffic matrices will be such that the inbound/outbound capacities of the nodes will
be respected.
When it comes to bulk data, the second assumption will be enforced as part of the bulk
data scheduling algorithm. But for real-time and
best effort traffic classes, we assume that there
is some policy in place, that makes sure that the
inbound/outbound capacities are not violated.
We propose a solution based on the two-phase
routing strategy. The core idea in the routing scheme
is to split the traffic from a source node to a destination node, say from ni to nj , and send to all the
nodes in the network, irrespective of the destination.
This constitutes the first phase of routing. In the
second phase, all the nodes route the traffic to the
destination nj . If the traffic from node ni is split
in equal ratios, then the traffic through the link ei,j
ρi
due the first phase routing. Since nj can not
is N
receive more than ρj amount of traffic at any point
in time, and since it receives this traffic in splits

of equal ratios from all the nodes, it will receive
ρ
no more than Nj of the traffic through ni . This
essentially means that, the traffic through ei,j due
ρ
to second phase routing is Nj . Therefore, the total
traffic through ei,j ,
ρi + ρj
(1)
N
As is obvious, every packet now takes a longer route
to the destination. Hence the delay incurred will be
longer, but bounded.
The grid traffic can be distinguished into three
different classes as described earlier. If ri1 , ri2 and
ri3 denote the rates of the bulk data traffic, real-time
traffic and best effort traffic, respectively from node
ni , then,
ρi = ri1 + ri2 + ri3
(2)
λi,j =

The incoming traffic is also assumed to be split into
ri1 , ri2 and ri3 , though this would still work for
a different set of values. For convenience, let Ri
represent ri2 ; and let Bi represent the sum of bulk
data and best effort traffic. That is,
Bi = ri1 + ri3

(3)

We now look at an approach to route real-time
traffic directly. That is, instead of splitting the traffic
equally as well as treating them equally, we propose
a split ratio such that, the real-time traffic is always
routed directly. Let ki = Rρii denote fraction of the
real-time traffic from ni . The traffic from ni is split
such that, ki ρi of traffic from ni takes direct route
to the destination, and the rest of (1 − ki )ρi traffic
is split equally among the N nodes.
Next, we once again compute the traffic demand
through ei,j . The traffic due to direct routing of realtime traffic from ni to nj is ki ρi . The traffic due to
first phase routing from ni to any node nk that is
i
ρi . Similarly, node nj will
routed through nj is 1−k
N
1−kl
receive N of traffic destined to nj from nl through
ni . Therefore the total traffic it will receive
through
PN 1−k
l
(
ni due to second phase routing is
l=1 N )tl,j .
Hence, the total traffic through ei,j is,
N

λi,j

X 1 − kl
1 − ki
= ki ρi +
ρi +
(
)tl,j
N
N
l=1

(4)

The last term in the above equation has an upper
bound: the fraction of the non-real-time traffic due

to the second phase routing through ei,j destined
B
for nj , which is Nj . Therefore, the equation in
simplified readable form is,
Bi + Bj
(5)
N
The total link capacities required in this case is,
" N
PN #
X
Bi
L = (N − 1)
Ri + 2 i
(6)
N
i
λi,j = Ri +

If ∀i, ki = k, then the above equation reduces to,
" N #
¡
¢ X
N −1
L = 2(1 − k) + kN
ρi
(7)
N
i
In [7], the authors prove that the minimum total link
capacities
P required to serve any valid traffic matrix
is 2 N
i ρi − maxi ρi . Comparing this with Eq. 7,
the deviation from the minimum total bandwidth
increases with the value of k. But depending on
the traffic of real-time data, the value of k can be
very small.
The traffic demand matrix, Λ = [λi,j ], which
specifies the capacity required for every link in the
network, is computed using Eq. 5. The knowledge
of the upper bounds of the different traffic classes
helps us to determine the bandwidth that have to
be allocated between the nodes in the network.
Once the traffic demand between the endpoints are
computed, the network operator can provision the
network accordingly. In such a provisioned network,
real-time traffic will be routed directly with minimum delay. The bulk data traffic and best effort
traffic will be routed in two phases. The best effort
traffic can be rate-limited by enforcing a policy that
will not only cap the rate of best effort traffic to
the specified value of ri3 for each node ni , but will
also allocate the unused share for bulk data transfer
when not utilized completely.
The scheduling algorithm that follows in the
next section is unaware of the traffic splitting and
aggregation that happen at egress and ingress points,
respectively. Instead of routing packets of a single
flow through different routes (causing packet reordering at the destination), a better approach is to
divide a flow into chunks of packets, and then route
these chunks independently over different routes.
Thereby only the chunks have to be re-ordered.

Algorithm 1 ScheduleTransfer(τ )
Require: Task τ = {s (src), d (dst), v (volume), η
(start time), ψ (end time)}
1:
2:
3:
4:
5:
6:
7:
8:
9:
10:
11:
12:
13:
14:

v
min rate = ψ−η+1
t = min(η, current time)
time lef t = ψ − t + 1
avail bw = f ind avail bw(t, ψ, s, d)
if avail bw ≥ min rate then
sched = allocate max rate(r)
else
avail bw = push f ind avail bw(t, ψ, s, d)
if avail bw ≥ min rate then
sched = push allocate max rate(r)
else
reject request
end if
end if

Splitting a huge flow into multiple small chunks,
will also improve the link utilization. This happens as the normalized aggregate TCP throughput
increases (approaches 1) as the number of flows
increases [8].
IV. S CHEDULING BULK DATA TRAFFIC
In this section, we detail an algorithm for scheduling bulk data traffic over such a provisioned grid
network. Since network flows following valid traffic
matrices will not cause congestion in the network,
the scheduling algorithm need not worry about congestion. Instead a simple online preemptive scheduling algorithm that maximizes the acceptance ratio of
tasks can be used for bulk data transfer.
An algorithm to schedule as many requests as
possible, by allocating maximum possible rates to
transfer requests is given in Algorithm 1. Lines 1-3
compute the minimum rate required for the transfer,
and also the maximum time left to transfer the data.
Line 4 finds out the available bandwidth within the
requested time, from the specified source node to
the destination node. The schedule is obtained in
Line 6, if the available bandwidth is enough for
data transfer; or else push f ind avail bw is called
to check if the tasks scheduled in the interval [η, ψ]
(that transfers data from s to d) can be preempted
and postponed (pushed) to the future such that

n1

n2

n4

n3

Fig. 2.

An overlay network of four nodes.

their deadlines are still not violated. If so, the
total available bandwidth achieved after pushing the
minimum possible transfer tasks ahead is returned in
line 8. If the available bandwidth ≥ the minimum
required rate, the schedule is obtained by calling
push allocate max rate in line 10, or else the
request is rejected in line 12. The schedule returned
by the functions are of the format {nl , nk , ([t1 , t2 ],
r1 ), ([t3 , t4 ], r2 ), ..}, where the rate ri is specified
for each interval [tj , tj+1 ] for transfer of data from
nl to nk . The length of the interval can be greater
than or equal to 1 unit time. Note that a task can
be rescheduled in future to incorporate other tasks,
but with a guarantee to meet its deadline.
We illustrate the algorithm using a simple example. Consider the overlay network of Fig. 2 that
has been provisioned after computing the demand
matrix. Assume that each node is able to send and
receive bulk data traffic of 800 Mbps. The transfer
requests are given in Table I.
The first task requests for a transfer of 300 Mb
(Megabits) from n1 to n3 . Since there is no transfer active during the requested time, the schedule
returned by the algorithm for task τ1 is {n1 , n3 ,
([2,2], 300)}. The schedule for τ2 will be {n1 , n3 ,
([3,3], 800) ([4,4], 400)}. The task τ3 that arrives at
t = 3 can not be scheduled unless the transfer of
τ2 at t = 4 is preempted and postponed to t = 5.
This does not affect the deadline of τ2 . Therefore,
τ2 is preempted, and the new schedule for τ2 is
{n1 , n3 , ([5,5], 400)}. The schedule for τ3 will be
{n1 , n3 , ([4,4], 800))}. Next, task τ4 will obtain the
schedule {n2 , n4 , ([5,6], 800)}. τ5 also requests for
a transfer of 450 Mb of data to n4 at t = 6. Since n4
will receive data at its maximum inbound capacity
at t = 6, the algorithm can not schedule τ5 , and
therefore will reject it.

TABLE I
B ULK DATA TRANSFER REQUESTS
Task
No.
τ1
τ2
τ3
τ4
τ5

Arrival
time
1
2
3
4
5

src
(s)
n1
n1
n1
n2
n1

dst
(d)
n3
n3
n3
n4
n4

Volume
(Mbits)
300
1200
800
1600
450

Start
time(η)
2
3
4
5
6

End
time(ψ)
5
7
4
6
6

and flow scheduling in grid networks. In future, we
want to implement the proposed solutions and study
the various practical problems that might arise due
to splitting and aggregation of chunks, preemption,
relaying of traffic classes etc. We also plan to do
an analysis study before deciding on the transport
protocol for transferring data; a protocol such as
high speed SCTP might be a good option.
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