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Abstract In this paper, we propose the use of a distributed ser-
vice management architecture for state-of-the-art service-enabled
Grids. The architecture is capable of performing automated re-
source and network bandwidth partitioning based on registered
Grid resource properties and monitored Grid service demand. A
main characteristic is that it enables the use of different service
priority schemes and allows for policy-based differentiation be-
tween local and foreign service offerings. Resource and network
bandwidth partitioning algorithms are introduced and their per-
formance is evaluated on a sample Grid topology using NSGrid,
an ns-2 based Grid simulator. Our results show that the use
of this Service Management Architecture improves resource effi-
ciency, simplifies schedule making decisions, reduces the overall
complexity of managing the Grid system, and at the same time
improves Grid service QoS support (with regard to job response
times) by automatically making Grid resource and network ser-
vice reservations prior to scheduling.

1 Introduction

As more and more application types are ported to Grid
environments, we notice an evolution from purely com-
putational and/or data Grid offerings to full-scale service
Grids [1]. In this paper, a ‘service Grid’ denotes a Grid
infrastructure capable of supporting a multitude ofapplica-
tion typeswith varying QoS levels (i.e. our definition of Ser-
vice Grid is not limited to web-service enabled Grids). The
architectural standards for these Service Grids are provided
by the Global Grid Forum’s Open Grid Service Architecture
(OGSA) [2], and (to a lesser extent) the Web Service Re-
source Framework, building on concepts of both Grid and
Web Service communities.

Widespread Grid adoption also increases the need for
automated distributed management of Grids, as the num-
ber of resources offered on these Grids rises dramatically.
Automated self-configuration and self-optimization of Grid

resource usage can greatly reduce the cost of managing a
large-scale Grid system, and at the same time achieve better
resource efficiency and QoS support [3, 4].

The distributed service management architecture pro-
posed in this paper can be described as a distinct imple-
mentation of the OGSA ‘Service Level Manager’ concept.
Service Level Managers are, according to the OGSA spec-
ification, responsible for setting and adjusting policies,and
changing the behavior of managed resources in response to
observed conditions.

Our main goal is to automatically and intelligently assign
Grid resources (both network, computing and data/storage
resources) to a particular service class for exclusive use dur-
ing a specified time frame. The decision to assign a re-
source to one particular service will be based on the re-
sources available to the Grid and monitored service class
characteristics.

In order to compare the performance of a service man-
aged Grid versus a non-service managed Grid we use NS-
Grid (reported on in [5]), an ns-2 based Grid simulator ca-
pable of accurately modeling different Grid resources, man-
agement components and network interconnections. More
specifically, we evaluated Grid performance (in terms of av-
erage job response time and resource efficiency) when dif-
ferent partitioning strategies are employed, and this bothin
case network aware as when network unaware scheduling is
used.

This paper is structured as follows: section 2 summarizes
related work in this area, while section 3 continues with an
overview of the service management architecture and its in-
teraction with other Grid components. Section 4 elaborates
on the different resource partitioning strategies, while the
evaluation of those partitioning strategies in a typical Grid
topology is compared to a non-resource partitioned situa-
tion for varying job loads in section 5. Finally, section 6
presents some concluding remarks.
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Figure 1. Grid Model

2 Related Work

A lot of work has already been done in the area of dis-
tributed scheduling for Grids [6]. Grid scheduling taking
into account service specific requirements has been dubbed
application-level scheduling.

In AppLeS [7], service-class scheduling agents inter-
operable with existing resource management systems have
been implemented. Essentially, one separate scheduler
needs to be constructed per application type. Our service
management architecture differs from this approach in that
it operates completely separated from the Grid scheduling
components, working in on service-exclusivity properties
located at the Information Services (responsible for storing
resource properties and answering resource queries from
e.g. the different schedulers).

GrADS [8] on the other hand is a project to provide an
end-to-end Grid application preparation and execution en-
vironment. Application run-time specific resource informa-
tion comes from Network Weather Service and MDS2. For
each application a performance (i.e. computational, mem-
ory and communication) model needs to be provided by
the user. This differs from our Service Monitor approach,
which actively monitors application behavior and deduces
service characteristics at run-time (see 3.3).

Optimally assigning resources to services has been the
subject of research in [9]. In this study however, resource
selection occurs each time a job is submitted to a Grid Portal
(i.e. service aware scheduling). This differs from the work
proposed in this paper in which resources are pre-assigned
to service classes based on service class characteristics (i.e.
prior to the job scheduling process).

In contrast to the above mentioned research projects, our
contribution focuses on distributed intelligent resource-to-
service partitioning in a Grid environment.

3 Service Manager Concept

3.1 Grid/Job Model

We regard a Grid as a collection ofGrid Sitesintercon-
nected by WAN links (see figure 1). Each Grid Site has its
own resources (computational, storage and data resources)
and a set of management components, all of which are in-
terconnected by means of LAN links. Management com-
ponents include aConnection Manager(capable of offer-
ing network QoS by providing bandwidth reservation sup-
port, and responsible for monitoring available link band-
width and delay), anInformation Service(storing regis-
tered resources’ properties and monitoring their status) and
a Scheduler. Every Grid resource in our model is given
an associated service class ID property (stored in the In-
formation Service with which the resource is registered).
If no Service Management components are instantiated in
the Grid, all resources’ service class ID equals ‘0’, meaning
these resources can be used byany job (i.e. belonging to
anyservice class).

The basic unit of work in our model is ajob, which can
roughly be characterised by its length (time it takes to ex-
ecute on a reference processor), the needed input data, the
output data size and the service class to which it belongs
(when a client submits a job, the exact job properties are
generated from pre-configured distributions). Each Grid
Site has one or moreGrid Portals through which clients
can submit their jobs. Once submitted, a job gets queued
at the localScheduler, which in turn queries the Informa-
tion Services (IS) (located both at the local site and at for-
eign sites) for resources adhering to the job’s requirements.
Once the results of those queries are in, the Scheduler ap-
plies one of its scheduling algorithms and (if possible) se-
lects one or more Data Resources (DR) (for job input data),



together with one or more Storage Resources (SR) (for stor-
ing job output data) and a Computational Resource (CR)
(for job processing), allnot necessarilylocated at one Grid
Site (note that DRs and SRs can reside on the same network
node - modelling one data/storage capable resource).

If the scheduling algorithm is network aware, the Con-
nection Manager (CM) is queried for information about
available bandwidth on (shortest route) paths between re-
sources and, once a scheduling decision is made (taking into
account the speed at which I/O data can be fetched/stored
to/from the processing job and adjusting computational
power that gets reserved for this job to match), attempts
to make connection reservations between the selected re-
sources; connection reservations provide a guaranteed min-
imum bandwidth available for that job. Note that reser-
vations are not physically set up by the CM: if the band-
width requirements of the requested connection reservation
are not infringing previously guaranteed connection reser-
vations’ minimum bandwidth, the request is granted. If
however this is not the case, the connection reservation re-
quest is rejected and the job will be put back in the scheduler
queue. Once all reservations are succesfull, the job is sent
to the selected Computational Resource which fetches the
different input datasets and stores the job’s output data.

3.2 Resource Partitioning

Our goal is to intelligently and automatically assign ser-
vice class IDs to each resource so they can be used exclu-
sively for jobs spawned from that service class. This clas-
sification of Grid Resources in a per-service resource pool
has multiple benefits:

1. resource efficiency and average job response times im-
prove,

2. allows for faster and easier scheduling decisions,

3. service class priorities can be given by assigning more
resources to high-priority service classes, and

4. locally offered service classes can be prioritised over
foreign Grid Site service classes.

As we will see in section 5, resource efficiency (and av-
erage job response times) can be improved by limiting re-
source availability to service classes that can make efficient
use of that particular resource (e.g. taking into account ser-
vice class’ data locality). In addition, the number of job
resource query results returned by the Information Services
to the Scheduler will be less than when there is one common
resource pool, allowing faster scheduling decisions.

Of course, one has to be very careful when automati-
cally assigning resources to service classes, as it createsthe

risk that certain service classes are (involuntarily) leftstarv-
ing for resources on which to run, while other resources are
assigned to a service class for which there are no job sub-
missions at that time (and are thus unnecessarily left idle).
One also has to take into account service class necessities
when making resource partitioning decisions, in order to
avoid excluding a service class from access to a critical re-
source (e.g. prohibiting a service class access to mandatory
data resources).

The same way computational, storage and data resources
can be partitioned amongst different service class resource
pools, network resources can also be split up by perform-
ing per-service bandwidth reservations (e.g. VPN technol-
ogy). This can prevent data-intensive service classes from
monopolising network bandwidth usage and thereby ham-
pering the performance of jobs from other service classes
(see figure 2). Instead, each service class should automat-
ically receive a certain bandwidth and be able to use this
bandwidth without having to worry about the network us-
age of other services’ jobs.

2.5 Mbit service type j tunnel

5 Mbit service type i tunnel

1.5 Mbit unallocated service type 0

10 Mbit Network Link

1 Mbit ST i connection

1 Mbit service type 0 connection

Figure 2. Network Resource Partitioning

With combined network and resource partitioning, a
Grid can be modeled as a dynamic collection of overlay
Grids or Virtual Private Grids(VPG), with one VPG for
each service class offered in the Grid. These VPGs are not
static structures in that they do not have resources assigned
to them in a permanent way, but react to monitored changes
in service characteristics (e.g. additional service offerings
can lead to the construction of new VPGs and reallocation
of resources across existing VPGs). Resource reallocation
can stem from important changes in monitored service class
characteristics (e.g. higher job submission rates for a ser-
vice class), a change in service class priorities or, as already
mentioned, the addition of new service classes.

3.3 NSGrid implementation

In NSGrid, a distributed service management architec-
ture was implemented in order to evaluate the effectiveness
of different resource partitioning strategies. Each Grid Site
has a localService Manager, which interacts with the local
Information Service (IS), Connection Manager (CM) and
Service Monitor(all control messages are XML-encoded
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Figure 3. Virtual Private Grid Partitioning

and sent over the underlying ns-2 network). Every locally
offered Grid service needs to be registered with the Service
Monitor (together with an associated priority): this givesthe
service class a unique ID and permits users to submit jobs
from that service class. The Service Monitor monitors each
local service class: it stores job inter arrival times (IATs),
ID-based input and output data requirements and process-
ing length (compared to a reference processing speed) of
jobs. At specified intervals, the Service Monitor sends the
collected service class’ characteristics to all known foreign
Service Monitors, so they can keep their ‘foreign service
class information up-to-date. Each Service Monitor thus
holds two types of information: on one hand characteristics
pertaining to locally offered service classes and on the other
hand foreign service class information (note that the same
service class can be offered at more than one Grid Site).

The Service Manager in turn queries the local Ser-
vice Monitor for information regarding the different service
classes. When the monitored service characteristics do not
differ (with regard to a certain treshold) from the ones used
to partition the Grid resources in a previous partitioning
run, no repartitioning will occur. If however the difference
between the previous values and currently monitored ser-
vice characteristics (average job IAT, processing length,I/O
bandwidth necessities, etc.) is too big, or if no resource par-
titioning has yet been done, the Service Manager will query
the ISs for all locally offered Grid resources. Once the an-
swer to this query has been received, one of the resource
partitioning algorithms (detailed in section 4) is appliedto
the resource set, and the resulting resource partitioning so-
lution is sent back to the ISs, who in turn change the service

class property of their registered resources. If the partition-
ing algorithm also works in on network resources, the CM
will be contacted to make service bandwidth reservations
(based on assigned CRs, necessary input datasets and mon-
itored service class’ bandwidth requirements).

It is important to note that, while resources are assigned
for exclusive use by a particular service, not one job using
that resource will be interrupted (preventing jobs from be-
ing preempted when the CR it is running on is assigned to
a different service class). The service assignment will thus
only be effective fornewjobs or jobs currently in the sched-
uler queue. At the time of scheduling, queries will be sent to
the ISs for resources adhering to the job’s requirements, and
the ISs will return only those resources that are assigned to
that particular job’s service class.

4 Partitioning Strategies

Recall that we are trying to partition resources into ser-
vice class resource pools. A solution in this case is a map-
ping from resource to a particular service class ID, and this
for all resources returned from the Service Manager - IS
queries. A resource can also be assigned ID ‘0’, meaning it
can be used by every service class. Exhaustively searching
for an optimal partitioning (by evaluating the fitness of a so-
lution by means of a cost function) quickly becomes infeasi-
ble, as the amount of solutions that needs to be evaluated is
(#serviceclasses+1)#resources (e.g. if a Grid Site has 24
operational Computational Resources and 2 service classes
are offered, one has to check324 = 282429536481 possible
service assignments). To overcome this limitation, heuris-
tics are needed. Due to the nature of the solution space (fi-
nite set of discrete resource - service ID assignments), the
use of a genetic algorithm heuristic (GA) is preferred. In
algorithm4.1 ρC denotes crossover probability, whileρM

denotes mutation probability. The fitness of each solution
is evaluated by means of a to-be-maximised cost function
f(x), detailed in the next sections.

Depending on how much time is available between par-
titioning runs (which in turn depends on the stability of the
different services characteristics), parameters of this GA
can be tuned in such a way that feasible search times can
be attained (i.e. search time<< time between partition-
ing runs). It is the duty of the Service Monitor to detect
when services show relevant behavioral changes and push
this info to the Service Manager. The same way the Ser-
vice Monitor tracks changes in service characteristics, the
Information Services are responsible for signaling changes
in Grid resource availability. Sudden resource unavailabil-
ity has to be reported to the Service Manager, which in turn
is responsible for assessing the impact of this change on
the affected service classes. The Service Manager can act
by first releasing some or all service-assigned resources for



use by new services and second, once service characteris-
tics have been normalised, can repartition the available re-
sources in Virtual Private Grids.

Algorithm 4.1: GENETIC ALGORITHM(resources)

populationinitial ← (b(1,0), ..., b(m, 0)), t ← 0
while stopcondition false

do
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comment:proportional selection

for i ← 1 to m

do
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x ← rand[0, 1], k ← 1

while k < m and x <
∑k

j=1
f(bj,t)

∑

m

j=1
f(bj,t)

do k ← k + 1
bi,t+1 ← bk,t

comment: two-point crossover

for i ← 1 to m − 1 stepi + 2
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pos1 ← rand[1,m]
pos2 ← rand[1,m]
if pos1 > pos2

then switch(pos1, pos2)
for k ← pos1 to pos2

do switch(bi,t+1[k], bi+1,t+1[k])
comment:mutation

for i ← 1 to m

do


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for k ← 1 to m

do
{

if rand[0, 1] < ρM

then bi,t+1[k] ← rand[0,#ST ]
t ← t + 1

In the next sections we provide details on some im-
plemented partitioning strategies (and accompanying cost
functions). We assume that the Service Manager has re-
ceived both up-to-date local and foreign service characteris-
tics from the Service Monitor and resource properties from
the Information Service.

4.1 Local Service CR Partitioning

The first (and simplest) partitioning strategy only takes
into account the computational processing needs and prior-
ity of the differentlocal service classes. The Service Man-
ager queries the IS for all local CRs and calculates average
service class’ requested processing power1:

∀ST · ppowerreqST
= sitesST ×

ptimerefST

IATST

The relative processing power assigned to a service class
(sum of processing power of CRs assigned to that ST) can

1ptimerefST
= average processing time of service class ST job on

reference CR,sitesST = amount of Grid portals launching service class
ST’s jobs,IATST = average service class ST’s job interarrival time

be described by2:

∀ST · ppowerasgST
=

∑

∀CR∈ST

speedCR

speedCRref

× ptimerefST

Once CR query answers have been received, GA4.1 will be
started with following cost functionf(x):

Algorithm 4.2: fCRpartlocal
(x)

result ←
ppowerasg0

2
maxAllocover ← 0, maxAllocunder ← 0
for i ∈ STlocal

do
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aux ← ppowerreqi
− ppowerasgi

if aux < 0

then
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if − aux > maxAllocover

then maxAllocover ← −aux

aux ← ppowerasgi

else
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
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if aux
ppowerreqi

> maxAllocunder

then maxAllocunder ← aux
ppowerreqi

aux ← ppowerasgi
− aux

result
+
←

priorityi

(
∑

j∈STlocal
priorityj)

× aux

result
−
← maxAllocover + maxAllocunder

In this cost function (which is to be maximised), the
objective is to donate to eachlocal service class the same
amount of processing powerrelativeto their requested pro-
cessing power (giving a higher cost function impact fac-
tor to service classes that have a high priority). The
maxAllocover and maxAllocunder parameters assure an
even spread of processing power to services (both in case
insufficient processing power is available as when sufficient
processing power is available).

4.2 Global Service CR Partitioning

The second partitioning strategy adds support for ser-
vices offered at foreign grid sites. The importance of
assigning resources to foreign service classes can be ad-
justed by the local Service Manager by tweaking the for-
eign service policyρSTforeign

. Support for foreign service
classes can range from no impact at all on the cost function
(ρSTforeign

= 0) to an impact equal to that of local service
classes (ρSTforeign

= 1) or any value in between. The re-
sulting cost function is stated in algorithm4.3:

2speedCR = processing speed of CR,speedCRref
= processing

speed of reference CR



Algorithm 4.3: fCRpartglobal
(x)

result ←
ppowerasg0

2
maxAllocover ← 0, maxAllocunder ← 0
for i ∈ STlocal ∪ STforeign

do
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if aux < 0

then







if − aux > maxAllocover
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else
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if aux
ppowerreqi

> maxAllocunder

then maxAllocunder ← aux
ppowerreqi

aux ← ppowerasgi
− aux

if i ∈ STforeign

then aux ← aux × ρSTforeign

result
+
←

priorityi

(
∑

j∈ST
priorityj)

× aux

result
−
← maxAllocover + maxAllocunder

4.3 Input Data Locality Penalisation

Resource partitioning based solely on the processing
needs of the different services can lead to bad performance.
In case of data-intensive services in particular, one wants
these services to be processed on computational resources
located near input data that is generally requested by those
service classes. In order to provide this functionality, the
Service Manager queries the Information Services for both
Computational and Data Resources and constructs a list of
which CRs have local access (i.e. accessible from the local
Grid Site) to which input sets. We adjust the cost func-
tion to include this notion and penalise (relative to the data-
intensiveness of the service class) assigning a Computa-
tional Resource that has no local access to an input dataset
much-needed by the assigned service3

costCR∈STi =

InputReqi

IATi
∑

∀j∈ST

InputReqj

IATj

×
ρcost

#CRassignedi

An additional (yet larger) penalty is given when, amongst
all Computational Resources assigned to a particular ser-
vice, not one of themhas access to a needed dataset, as it
can be considered best practice that at at least one Compu-
tational Resource can access a needed input set locally. This
cost is only charged once for each service class.

cost =

InputReqi

IATi
∑

∀j∈ST

InputReqj

IATj

× ρcost

3InputReq = avg. service class’s input size requirement,OutputReq

= avg. service class’s output size requirement,#CRassigned = amount
of CRs assigned to service class,ρcost = data non-locality penalty factor

Both costs can be used as a penalty for the cost function in
algorithm4.2 and4.3.

4.4 Network Partitioning

Since the Service Monitor keeps track of I/O data char-
acteristics of each service, data intensiveness relative to the
other services can be calculated. This in turn can be used
to perform per-service network bandwidth reservations. We
have implemented a proof-of-concept network partitioning
strategy, in which the Service Manager calculates average
data requirement percentages for each service class i4

bwreqi
=

bwinputi
+bwoutputi

IATi

∑

∀j∈ST

bwinputj
+bwoutputj

IATj

and passes this information to the Connection Manager,
who in turn will make service class bandwidth reservations
on all network links for which it is responsible. Network
partitioning can be applied to all previously mentioned par-
titioning algorithms.

5 Performance Evaluation

5.1 Resource setup

A fixed Grid topology was used for all simulations (run
on an AMD Athlon XP1700+ processor with 1 GB RAM,
and Debian Woody). First, a WAN topology (containing8
core routers with an average out-degree of3) was instanti-
ated using theGridG tool [10]. Amongst the edge LANs
of this topology, we have chosen12 of them to represent
a Grid site. Each site has its own resources, management
components and Grid portal interconnected through 1Gbps
LAN links, with Grid site interconnections consisting of
dedicated 10Mbps WAN links. A Service Manager was in-
stantiated, and was given access to the different Grid Sites’
Information Services.

We have assigned3 CRs to each Grid Site (for a total
of 36 CRs). To reflect the use of different tiers in existing
operational Grids, not all CRs are equivalent: the least pow-
erful CR has two processors (which operate at the reference
speed). A second class of CRs has four processors, and each
processor operates at twice the reference speed. The third
- and last - CR type contains 6 processors, each of which
operates at three times the reference speed. Conversely, the
least powerful type of CR is three times as common as the
most powerful CR, and twice as common as the middle one.

4bwinput = avg. service class’s input bandwidth need:speedCR

speedCRref

×

InputReq

ptimeref
, bwoutput = avg. service class’s output bandwidth need:

speedCR

speedCRref

×
OutputReq

ptimeref



It is assumed that all processors can be time-shared between
different jobs.

We have assumed that SRs offer “unlimited” disk space,
but are limited in terms of access/write speed by the band-
width of the link connecting the SR to the Grid Site. Each
site has at its disposal exactly one such SR. Each site’s DR
contains 6 out of 12 possible data sets. These data sets are
distributed in such a way that 50% of the jobs submitted to
a site can have local access to their needed data set.

5.2 Job parameters

We have used two different, equal-priority service
classes (each accounting for half of the total job load) in
our simulations; one is more data-intensive (i.e. higher data
sizes involved), while the other is more cpu-intensive. At
eachGrid Site, two “clients” have been instantiated, one for
each job type. Each client submits mutually independent
jobs to its Grid Portal. All jobs need a single IR and a single
SR. The ranges between which the relevant job parameters
vary have been summarized in table 1. In each simulation,
the job load consisted of 1308 jobs. For each scheduling
algorithm, we chose to use a fixed interval of20s between
consecutive scheduling rounds.

CPU-Job Data-Job
Input(GB) 0.01-0.02 1-2

Output(GB) 0.01-0.02 1-2
IAT(s) 30-40 30-40

Ref. run time(s) 100-200 40-60

Table 1. Relevant service class properties

5.3 GA partitioning

Since an exhaustive search for an optimal resource-to-
service partition is infeasible (see section 4), we evaluated
the performance of the implemented GA resource partition-
ing heuristics by letting a central Service Manager partition
the 36 CRs in our topology. We used Grefenstette’s GA
settings [11], with an initial population of 30,ρC = 0.9
andρM = 0.01, and a stop condition of 100 runs. Fig-
ure 4 shows the trend of the best cost function optimum
for different GA generations. The cost function used is the
one discussed in section 4.1 (Local Service CR partitioning)
with Input Data Locality penalisation. Average time needed
to calculate the final resource-to-service partition was850s

(8.5s per generation; note that this time is not exclusive for
GA solution calculation, but is also spent on all other sim-
ulation tasks during partitioning), but from figure 4 we can
see that a 30 to 35% improvement can be attained by us-
ing a more intelligent stop condition (i.e. stop when only a

small improvement is made over a certain number of runs).
During partitioning, Grid operation continues as normal,
as the Service Management components do not block any
other management components. In case faster partitioning
times need to be attained, one can deploy a Service Mon-
itor/Service Management at every Grid Site, who are then
responsible for communicating with the foreign site’s Ser-
vice Monitor components and partitioning the resources at
their assigned site (as described in section 3.3).
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Figure 4. Genetic Algorithm optimum trend

5.4 Job response time

We define theresponse timeof a job as the difference
between its end time and the time it is submitted to the
scheduler. In figure 5 we present this average job response
time for different scenarios, comparing both the Service
Managed versus the non-Service Managed case, while at
the same time evaluating the different partitioning strategies
discussed in previous sections for both network aware and
non network aware scheduling algorithms (detailed in [12]).
The results show that average job response times can be im-
proved significantly when employing a resource partition-
ing algorithm prior to scheduling. This behavior can be ex-
plained because resources are reserved for exclusive use by
a service class. It is this service-exclusivity that forcesthe
scheduler to not assign jobs to less-optimal resources (e.g.
non-local access to needed input data, low processing power
available,. . . ), but to keep the job in the scheduling queue
until a service-assigned resource becomes available.

5.5 Resource Efficiency

Using the same job load, total network usage dropped by
8% when network unaware scheduling was employed, and
by 4% when a network aware scheduling heuristic was used
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Figure 5. GA-GSCR performance

(compared to the non-service managed case), due to the fact
that input/output data was located at resources closer to the
job’s service class’ assigned CRs.

Furthermore, we calculated the average Computational
Resource utilization:

∑

j∈JobsCR
Loadj

Makespan × speedCR

The improvement obtained by employing resource-to-
service partitioning when using network unaware schedul-
ing equals20.5%, whereas in the case where network aware
scheduling is used, it is17%.

5.6 Scheduling

We measured the time it takes to calculate a schedul-
ing decision and noticed a decrease in scheduling time of
28% when comparing the service managed Grid to the non-
service managed Grid in case network aware scheduling is
used (i.e. from an average12.71s in the non service man-
aged case to9.13s in the service managed Grid). This be-
havior can be explained by the fact that a scheduler queries
the Information Services for resources adhering to a job’s
requirementsand assigned to either the job’s service class
or the standard service class 0. When resources are parti-
tioned amongst services, less results will be returned to the
scheduler, allowing for easier schedule making decisions.

6 Conclusions

In this paper we proposed the use of a distributed ser-
vice management architecture, following the OGSA ‘ser-
vice level manager’ concept, capable of monitoring service
characteristics at run-time and partitioning Grid resources

amongst different priority service classes. A variety of par-
titioning algorithms was discussed and their performance
was evaluated using NSGrid. Our results show that the pro-
posed service management architecture can ease the process
of making schedule decisions, improves Grid resource effi-
ciency and job turnaround times, while at the same time
remaining unobtrusive. Furthermore, we believe that the
Virtual Private Grid concept offers an exciting avenue for
future research.
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