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ABSTRACT
The GridWay Metascheduler enables efficient sharing
of computing resources managed by different LRM
(Local Resource Management) systems, not only within
a single organization, but also across several administra-
tive domains. The possibility to access to the services
available in different Globus based grids allows the
union of grids to create a federation. This scenario has
particular characteristics, possibly the most important
one is that it has different types of users: internal users,
external users, and direct users. Basically, all these
users compete for the resources of the federated grid to
achieve their own particular goals. However, GridWay
is not providing the best scheduling strategy under this
scenario, because its current scheduling policy does not
take into account resource ownership. In this paper we
introduce a variation of GridWay’s current scheduling
strategy suitable to this new scenario. This variation
is based on the parameters provided by a previously
proposed performance model. In addition, the results
obtained by simulation lead us to conclude that there
is a real necessity to enhance scheduling policies in
federated grids.

INTRODUCTION
A Federated Grid can be formed of several grid infras-
tructures. However, the participants in the Federated
Grid do not collaborate to achieve the same goal, like
the participants of a Global Grid. Here the idea is
that each participant shares resources with the rest,
but always having in mind that the main user of those
resources is the participant itself. GridWay (Huedo
et al. (2004)) provides the technology to build Federated
Grids, both directly and through GridGateWays. A
GridGateWay is a WS-GRAM (Web Services Grid
Resource Allocation and Management) service hosting a
GridWay workload manager that enables remote access
to GridWay’s metascheduling capabilities through a
WSRF (Web Services Resource Framework) interface.
However, GridWay applies scheduling strategies that

are better fitted to Partner and Enterprise Grids. There
is a huge ongoing research effort on grid scheduling
(Dong and Akl (2006); Andrieux et al. (2003)), but it is
mainly centered on Partner Grids. With this paper we
want to drive attention to the particular characteristics of
Federated Grids, and in the necessity of new scheduling
policies to support them. Thus, we propose an alterna-
tive to GridWay’s current scheduling policy based on a
performance model (Montero et al. (2006)) that allows
to parametrize and compare different Grids.

The rest of the paper is structured as follows: we first
present and compare other scheduling approaches with
our solution. Then, we explain the mapping strategy used
by our scheduling proposal to maximize the throughput.
Next, we present the design and implementation of the
scheduling model. We also show some experimental
results. Finally, we explain the conclusions and future
work.

RELATED WORK
It is well known that the general scheduling problem is
NP-complete (Ullman (1975)). A large number of algo-
rithms have been applied to schedule jobs in computa-
tional grids. However, none of them seems suitable to
federated grids. Here we enumerate some scheduling al-
gorithms and the drawbacks they present under this sce-
nario.

The Opportunistic Load Balancing (OLB), the Min-
imum Completion Time (MCT), the Min-min, and the
Max-min are similar algorithms and also have very simi-
lar drawbacks under a federated grid. The first is a prob-
lem of scalability: the time to calculate the selected node
increases with the number of nodes. The second prob-
lem is that in a federated grid nodes are different, so we
should not simply assign a job to the next available node.

The main disadvantage of the Weighted meta-
scheduling (Song et al. (2005)), and of the QoS guided
Min-Min (He et al. (2003)) algorithms is that the former
is specific of data intensive applications, and the latter
focuses in long-term applications.

More close to our problem is the work of (Wiriyaprasit
and Muangsin (2004)) that analyzes the impact of local
policies on the performance of grid scheduling on a com-
putational grid. However, their simulated scenario has
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certain drawbacks: it is not based in a real testbed, it can
only be applied to computational grids, and it doesn’t re-
flect the effects of including the algorithm in a real sched-
uler, like GridWay. In contrast, we show experimental re-
sults obtained from a simulated federated grid based on a
real testbed, and using GridWay as the scheduler.

A NEW SCHEDULING MODEL TO MAXIMIZE
THE THROUGHPUT
In this section we first analyze the environment condi-
tions of Federated Grids, and then we introduce our pro-
posal of a new scheduling model.

Federated Grid
In a Federated Grid the different participants collaborate
by sharing their resources with the whole Grid. How-
ever, they do not try to achieve the same goals as they
have to satisfy their own users demands. In doing so,
each participant can use his own internal resources, but
also the grid resources that the rest of participant are will-
ing to share. Each participant decides which resources to
contribute with, who can use those resources, and the ac-
cess policy to them. Of course, all these restrictions can
change dynamically, and brokers should be prepared for
that. A possible Federated Grid schema could be like the
one shown in the Figure 1. As it can be seen, there are
different types of resources and users. We have identified
two types of resources:

Ê Internal Resources: these are the resources directly
accessible by the broker through the corresponding
local workload manager. That is, the resources
owned by the particular research center, laboratory
or company.

Ë External Resources: we can classify Enterprise
Grids, Partner Grids, and Utility Grids provided by
third part companies in this category.

Also, we have identified internal, external, and direct
users. They differ in the way, and in the rights they have
to access resources:

Ê Internal Users: the jobs submitted by these users
through GridWay can be executed in both the inter-
nal and the external resources. Depending on di-
fferent parameters, such as the local load, GridWay
will decide to which resource submit the job.

Ë External Users: all the jobs received by GridWay
through the GRAM interface will be from external
users. GridWay will apply different policies to de-
cide whether to accept or not the jobs received.

Ì Direct Users: GridWay cannot control the jobs sub-
mitted by this type of internal users. However, they
are important since they have an influence in the
load of the resources.

As a result, each type of user introduces its own re-
quirements that will affect GridWay scheduling policies.
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Figure 1: Example of a Federated Grid.

The mapping strategy
GridWay receives jobs directly through the command
line interface from internal users, and through the GRAM
interface from external users. In this way, GridWay can
differentiate the jobs submitted by internal users from
those submitted from external users. However, GridWay
currently operates in the same way, and applies the same
policies for both internal and external jobs.

Next, we explain the modifications already included in
our simulated GridWay to support the restrictions intro-
duced by the different type of users on a federated grid.
Our simulated GridWay will work in different ways de-
pending on the type of job received.

In scheduling an internal job
Our simulated GridWay almost includes all the configu-
rable restrictions of a real GridWay: i.e. the maximum
number of jobs that will be dispatched at each scheduling
action and the period (in seconds) between two schedu-
ling actions. In scheduling an internal job, the normal
version of the simulated GridWay firstly checks if there
are free nodes available in internal resources. If there are
free internal nodes, GridWay schedules the job to an in-
ternal resource. In contrast, if there are no free internal
nodes but free external ones, GridWay schedules the job
to an external resource. However, we want to improve
the normal scheduling policy to maximize the number of
jobs that can be executed while maintaining makespan
value. Thus, the scheduling policy should take into ac-
count not only which is the next available node. To max-
imize the throughput we need to obtain the number of
jobs that should be submitted to internal resources and to
external resources. We have used the equation that repre-
sents the best characterization of the Grid to obtain these
numbers. The characterization can be obtained if we take



the line that represents the average behavior of the sys-
tem, as proposed by Hockney, and Jesshope (Hockney
and Jesshope (1988)):

n(t) = r∞t− n1/2 (1)

In the Equation 1 n represents the number of com-
pleted tasks as a function of time t. The other parameters
are:

p Asymptotic performance r∞: is the maximum rate
of performance in tasks executed per second. In the
case of an homogeneous array of N processors with
an execution time per task T, we have r∞= N/T.

p Half-performance length n1/2: is the number of
tasks required to obtain the half of the asymptotic
performance. This parameter is also a measure of
the amount of parallelism in the system as seen by
the application.

The linear relation represented by Equation 1 can
be used to define the performance of the system (tasks
completed per second). We explain later how we can
also use this linear equation to obtain the number of jobs
that should be submitted to internal resources and to
external resources to maximize the throughput.

In scheduling an external job
As soon as GridWay receives an external job, it has to
decide whether to accept it or not. By default, the simu-
lated GridWay accepts all the external jobs received from
external users.

When GridWay has to schedule an external job, it em-
ploys a different strategy than when scheduling an inter-
nal job. In the case of an external job, GridWay applies
it’s current scheduling policies. That is, it schedules the
external job to the next internal resource with free nodes.
In this way we avoid the situations on which a participant
of the Federated Grid can receive from another one a job
previously submitted to it.

DESIGN AND IMPLEMENTATION
We have previously (Vázquez et al. (2008, 2007)) set up
a simple, but real infrastructure, where a client runs an
instance of the GridWay Metascheduler interfacing inter-
nal resources in an enterprise grid, the DSA (Distributed
System Architecture) enterprise grid at Complutense of
Madrid University, based on Globus Toolkit 4 (GT4) WS
interfaces, and a GridGateWay that gives access to re-
sources from a partner grid (fusion VO of the EGEE),
based on GT pre-WS interfaces found on gLite 3.0. How-
ever, prior to run our enhanced scheduling algorithm on a
real production infrastructure, we have first implemented
the modified algorithm on a simulated environment. The
deployment on a real environment will require involve-
ment of a large number of active users and resources,
which is very hard to coordinate and build. Thus, the

simulation appears to be the easiest way to analyze the
modified scheduling policy. Based on the simulation re-
sults, we can later encourage or discourage the deploy-
ment on a real production environment.

We have used the well known GridSim toolkit (http:
//www.gridbus.org/gridsim/) to simulate our
test scenario.

Test Scenario
Since the idea is to finally deploy the new GridWay on
a real infrastructure, the simulation results have to be as
realistic as possible. Thus, the simulated scenario has to
be close enough to reality. We will start with the simple,
but more or less realistic scenario depicted in Figure 2.
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Figure 2: A simple test scenario.

As it can be seen, in this test scenario there are
only two grid resources: the DSA (Distributed System
Architecture) and the LCG (LHC Computing Grid). The
DSA testbed represents the resources of the Distributed
System Architecture research group at the Complutense
of Madrid University. In the same way, the LCG testbed
represents the Large Hadron Collider (LHC) Computing
Grid. From the point of view of a DSA internal user,
the DSA GridWay is her broker, the DSA resources are
internal resources, and the LCG resources are external
resources. In the same way, all the jobs received by the
LCG GridWay through the Globus GRAM interface are
from external users. While the GridWay on the DSA
site has to apply a policy to submit jobs to internal
and/or external resources, the LCG GridWay has to de-
cide whether or not to accept the jobs from external users.

Table 1 shows the number of computing elements, aka
PEs (Processing Elements), and MIPS (Millions Instruc-
tions Per Second) of each machine in the DSA infrastruc-
ture. The Table 2 shows the same values for the machines

http://www.gridbus.org/gridsim/
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in the LCG resource. We have calculated the MIPS value
based on machine’s model, and number of MHz. We use
all these characteristics to simulate resources in order to
obtain as realistic as possible results.

Machine PEs MIPS/PE

hydrus 4 9787
aquila 5 9787
orion 1 9787
cygnus 2 6536
draco 1 6536

Table 1: Characteristics of the machines in the DSA re-
search testbed.

Machine PEs MIPS/PE

machine0 800 9787
machine1 640 6536
machine2 560 4902

Table 2: Characteristics of the machines in the LCG re-
search testbed.

GRIDWAYSIM ENTITIES

We have called GridWaySim to our simulation of the sce-
nario shown in Figure 2. We explain the different parti-
cipating entities of GridWaySim in the next sections.

GridWaySim
This entity represents the whole simulation, and is res-
ponsible of the creation of the main simulated entities:
GridWay brokers, users, DSA and LCG resources, and
workload (or LCG direct users).

GridWay
The GridWay entity represents a generic GridWay meta-
scheduler. Since we need to interconnect the DSA, and
LCG grids to form a federation, we have to instantiate
two GridWay brokers: one for DSA, and the other for the
LCG. Thus, from the point of view of the DSA GridWay,
DSA resources are internal resources, and LCG is an ex-
ternal resource. On the other hand, for the LCG GridWay,
DSA is an external resource, and LCG is an internal re-
source. For this first test scenario, the flow of jobs is
only from DSA GridWay to LCG GridWay. However,
communication can be done in both directions. Also, the
DSA GridWay only receives experiments (a collection of
jobs) from her internal users, and the LCG GridWay only
receives jobs from DSA GridWay. Finally, to simulate a
real environment, we have also introduced direct users in
the LCG resource by means of the Workload entity.

Testbed: DSATestbed, LCGTestbed
A Testbed represents a generic set of grid resources.
The resources of the DSA research group are repre-
sented y the DSATestbed entity, and the LCG ones by
the LCGTestbed entity. Each follows the configurations
depicted in Tables 1 and 2, respectively. The main differ-
ence between these two entities is that the LCG resources
are represented by an unique resource, while DSA ones
are represented as they really are, that is, by five re-
sources. We have instantiated all the resources to use the
spaced-shared policy as the internal management. As de-
fined in the GridSim API, this policy uses the First Come
First Serve (FCFS) algorithm.

User
The User models an user that submits experiments to a
GridWay broker. We use this entity to represent internal
as well as external users. The functionality of each user
includes the submission of experiments to the correspon-
dent broker, and waiting for it completion.

Experiment
An Experiment is a collection of jobs. We use this entity
to recover important information about the experiment
(such as the start and end times), and of all its jobs.

Job
The Job entity represents a generic job submitted to the
grid. This entity provides specific information about each
job: start time, end time, and CPU time among others.
We can represent jobs of different computation times,
and with different input and output file sizes.

Workload: The LCG Grid log
Since the main purpose of our simulation is to create a
realistic environment, we have used the Workload en-
tity in our tests. The Workload entity submits jobs by
reading resource traces from a file. Thus, our jobs are
competing with the jobs submitted by the Workload en-
tity. For this reason, the LCG grid resources might not be
available at certain times. The file follows the standard
workload format as specified in http://www.cs.
huji.ac.il/labs/parallel/workload/. As
trace file, we have used the LCG Grid Log that contains
11 days of real activity from multiple nodes that make
up the LCG (Large Hadron Collider Computing Grid,
http://lcg.web.cern.ch/LCG/). Next, we enu-
merate some details about this testbed:

p Number of jobs submitted: 188,041. The log
specifies the submit time and the run time of each
job.

p Start time: Sun Nov 20 00:00:05 GMT 2005.

p End time: Mon Dec 05 10:30:24 GMT 2005.

p Maximum number of machines: 170.

http://www.cs.huji.ac.il/labs/parallel/workload/
http://www.cs.huji.ac.il/labs/parallel/workload/
http://lcg.web.cern.ch/LCG/


p Maximum number of computing elements:
24,515.

Although the number of PEs of the real LCG testbed is
24,515, we do not know the real number of PEs involved
in this experiment. So, after running some simulations,
we decided to reduce the number of PEs in our simulated
LCG testbed to those in the Table 2. We have reduced
the number of PEs in order to force LCG saturation sce-
narios.

EXPERIMENTS

We have implemented two versions of GridWaySim that
only differ in the scheduling policy they implement: the
normal, and the enhanced scheduling policy. As a result,
the scheduling policy is the only factor that can cause
throughput variations between the different GridWaySim
versions. Apart form that, all versions rely on the same
configuration, with the same number of users that submit
at the same time the same experiment with the same
number of jobs (each with the same length, and input and
output files size) to the same broker. Also, the number
of brokers and resources is the same across the different
GridWaySim versions.

Next we describe the exact configuration of the simu-
lation:

p Entities: when we start the simulation GridWaySim
creates 11 Users, 2 GridWay brokers, 1 DSAT-
estbed, 1 LCGTestbed, and 1 Workload. Each of
which is an independent thread attending petitions
in their body() method.

p Experiment: every Experiment is a collection of
300 equal Jobs.

p Job: the main parameters of each Job are the length
or size (in Million of Instructions, MI) of the Job to
be executed, the input files (in bytes), and the output
files (also in bytes) to be submitted to the correspon-
ding resource. All Jobs have the same values for the
three parameters: the size is 6,000,000 MI, the input
file size is 1,000,000 bytes, and the output file size
is 2,000,000 bytes.

p User: when we create the User, we have to indicate
a submit time for her Experiment. Each user only
submits one Experiment. In this simulation, each
User submits her Experiment 24 hours after the pre-
vious one. The first User submits her Experiment at
12:00 of the first day of the simulation. Thus, each
User submits her experiment to the DSA GridWay
at 12:00 of the corresponding day of simulation.

p Workload: the Workload entity submits 188,041
jobs to the LCGTestbed at the time specified in the
trace file.

p DSATestbed: simulates the resources described in
Table 1. All the DSA resources uses the spaced-
shared policy as the internal management policy (as
defined in the GridSim API, this policy uses the
First Come First Serve (FCFS) algorithm).

p LCGTestbed: simulates the resource with the ma-
chines described in Table 2. The LCG resource also
uses the spaced-shared policy as the internal man-
agement policy.

As we mentioned before, to maximize the throughput
we need to obtain the number of jobs that the DSA Grid-
Way should submit to internal resources and to partner
resources. We have used the equation that represents the
best characterization of the Grid to obtain these num-
bers (Montero et al. (2006)). Thus, we need to run Grid-
WaySim to obtain the linear equations of each infrastruc-
ture. Figure 3 shows throughput achieved by using the
normal scheduling policy in DSA, LCG, and Federated
Grid infrastructures for User-0 and User-3. It can be also
seen the linear equations of both, DSA and LCG infras-
tructures (as function of time). We can represent the tasks
executed by DSA, and LCG as follows:

tDSA(x) = mDSAx + bDSA (2)

tLCG(N − x) = mLCG(N − x) + bLCG (3)

The minimum number of tasks that should execute
DSA infrastructure is the point of intersection of these
two lines. To determine this point we have to equal the
linear Equations 2 and 3, which are functions of the com-
pleted tasks, and work out the values of m and b from
Equation 1, which is function of time,

min =
rDSA
∞ nLCG

1/2 − nDSA
1/2 rLCG

∞

rDSA
∞ + rLCG

∞
+

rDSA
∞

rDSA
∞ + rLCG

∞
N

(4)
Being N the total number of jobs (300), in the

Equation 4 the min represents the maximum number of
tasks that should be executed in the DSA infrastructure
without increasing the makespan. Consequently, N − x
is the number of tasks that should be executed in the
LCG infrastructure. Since there are only 2 participants
in our proposed test scenario, the minimum method is
enough to calculate the number of tasks to be executed
in each infrastructure. However, in case of having 2
or more participants, we can determine the number of
tasks to be executed in each participant by using the
aggregation or federation model proposed in Vázquez
et al. (2008).

Table 3 summarizes the number of executed and esti-
mated tasks of User-0 and User-3. As mentioned before,
the simulation creates 11 Users each one submitting 1
Experiment with 300 Jobs to the DSA GridWay. Instead
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Figure 3: Throughput achieved by using the normal scheduling policy in DSA, LCG, and Federated Grid infrastructures
for User-0 (left) and User-3 (right).
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Figure 4: Throughput achieved by using the enhanced scheduling policy in DSA, LCG, and Federated Grid infrastructures
for User-0 (left) and User-3 (right).

of providing the results of every User, we concentrate in
two of them that represent different LCG saturation sce-
narios. Thus, simulation results show that User-0 repre-
sents an ideal scenario in which the LCG infrastructure
always presents free PEs: low saturation scenario. As it
can be seen in the column Normal - DSA of Table 3 the
normal scheduling policy submits only 13 of 300 jobs to
the DSA infrastructure. The medium saturation scenario
is the one suffered by User-3, in this case the LCG re-
source has less free PEs, therefore 108 of 300 jobs are
executed in the DSA infrastructure.

Normal Estimated
DSA – LCG DSA – LCG

User-0 13 – 287 34 – 266
User-3 108 – 192 121 – 179

Table 3: Summary of the number of executed and of es-
timated jobs in both resources.

Column Estimated of Table 3 summarized the number
of tasks that should be submitted to both infrastructures
to increase the throughput, as depicted in Figure 4. Since
we have changed the scheduling goal of GridWay, but not
how GridWay achieves it, the completion time of the Ex-

periments of every User obtained in the normal as well
as in the enhanced scheduling simulation were the same,
as you can see in Table 4. Thus, the estimation enhances
GridWay normal scheduling policy: it maximizes DSA
throughput while maintaining the makespan. Moreover,
the enhanced algorithm not only maximizes the through-
put of the DSA infrastructure under the same conditions,
it also provides a fairness distribution of jobs between
both resources compared with the normal policy: instead
of abusing of the external grids, the DSA GridWay sub-
mits more jobs to its internal resources.

Normal Enhanced
Makespan (min.) Makespan (min.)

User-0 36.05 35.52
User-3 110.27 111.75

Table 4: Experiment completion time for User-0 and
User-3 in the normal and enhanced scheduling simula-
tion.



CONCLUSIONS AND FUTURE WORK
In this paper we have presented two variations of Grid-
Way’s current scheduling policy that adapt to Federated
Grids. Thus, the new scheduling policies has been
built having in mind restrictions, such as the different
types of users, and resources. We have also included
the GridWaySim simulated environment to demonstrate
that our enhanced scheduling strategy maximizes the
throughput of internal resoruces, but without increas-
ing the computational time, and provides a fairness
distribution of the jobs by means of the r∞, and r1/2

parameters. Finally, the simulation results provided by
GridWaySim show that the enhanced scheduling policy
proposed improves GridWay’s normal one.

Our current work focuses on the implementation of a
scheduling policy that dynamically works out the values
r∞ and n1/2. Also, we are adding more entities to our
testbed to simulate more complex scenarios.
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