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Abstract

One of the true challenges in resource management in gridspeovide support for co-allocation, that is, the
allocation of resources in multiples autonomous subsysteira grid to single jobs. With reservation-based local
schedulers, a grid scheduler can reserve processors ik gthedulers to achieve simultaneous processor avail-
ability. However, with queuing-based local schedulergs inuch more difficult to guarantee this. In this paper we
present mechanisms and policies for working around thedéokservation mechanisms for jobs with deadlines that
require co-allocation, and simulations of these mechasina policies.

1 Introduction

Over the past years, multi-cluster systems consistinguaraéto several tens of clusters containing a total of hedslr

to thousands of Pus connected through a wide area netwarik ) have become available. Examples of such systems
are the French Grid5000 system [3] and the Dutch Distribdi®@| Supercomputeinas)[5]. One of the challenges

in resource managementin such systems is to allow the jalessato resources (processors, memaory, etc.) in multiple
locations simultaneously—so-called-allocation In order to use co-allocation, users submit jobs that abo$ia set

of componentseach of which has to run on a single cluster. The principlgoséllocation is that the components of a
single job have to start at the same time.

Co-allocation has already been studied with simulationsteas been proven as a viable option in previous stud-
ies [2, 6]. Awell-known implementation of a co-allocatiorohanism i®UROC [4], which is also used in theOALA
schedulerkOALA is a processor and data co-allocator developed fobgtsesystem [8, 7] that adds fault tolerance
and scheduling policies tburoc, and support for a range of job types.

One of the main difficulties of processor co-allocation ishttve processors available in multiple clusters with
autonomous schedulers at the same time. When such screeslufgrort (advance) reservations, a grid scheduler can
try to reserve the same time slot with each of these scheditiawever, with queuing-based local schedulers such as
SGE (now called SUN N1 Grid Engine) [9], which is used in theRAhis is of course not possible. Therefore, we
have designed and implementeddoALA, which has been released in the DAS for general use in septe@l®5
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(www.st.ewi.tudelft.nl/koala ), mechanisms and policies for placing jobs (i.e., findinigedile executions
sites for jobs) and for claiming processors before jobs appgsed to start in order to guarantee processor availabili
at their start time.

In this paper we present a simulation study of these mecmanisd policies where we assume that jobs that
require co-allocation have a (startimpadlineattached to them. In Section 2, we describe the model we ughdo
simulations, and in Section 3 we discuss and analyse thiége$these simulations. Finally, in Section 4 we conclude
and introduce future work.

2 TheModd

In this section we describe the system and scheduling moda tused in our simulations. Our goal is to test dif-
ferent policies of grid schedulers with co-allocation am@ddlines. With co-allocation, jobs may consist of separate
components, each of which requires a certain number of psocg in a single cluster. Itis up to the grid scheduler to
assign the components to the clusters. Deadlines allowraaspecify a precise job start time; when the job cannot
be started at that time, its results will be useless or theesygnay just give up trying to schedule the job and leave it
to the user to re-submit it.

One of the main problems of co-allocation is to ensure tHgbllcomponents will be started at a specified time
simultaneously. In queuing-based systems, there is nagtes that the required processors will be free at a given
time. On the other hand, busy processors may be freed on deémarder to accommodate a co-allocateddlmbal)
job that has reached its deadline. Therefore, we assuméhthabssibility exists to Kill jobs that do not require co-
allocation (ocal jobg. In our model, the global jobs have deadlines at which tieykl start, otherwise they will be
considered as failed.

As an alternative to this model (or rather, to the interpreteof deadlines), one may consider jobs with compo-
nents that have input files which first have to be moved to thations where the components will run. When these
locations have been fixed, we may estimate the file transfersti and set the start time of a job as the time of fixing
these locations plus the maximum transfer time. Then thig §tme can play the same role as a real deadline. The
difference is that in our model, if the deadline is not meg jibb fails, while in this alternative, the job may still be
allowed to start, possibly at different locations.

2.1 System mode

We assume a multicluster environment withclusters, which for the sake of simplicity is considered édlomoge-
neous €.g, every processor has the same power). We also assume imauagons that all cluster are of identical
size, which we denote by the number of nodes. Each cluster has a local schedulerghb¢sthe First Come First
Served (FCFS) policy to single-component local jobs serihbyocal users. The scheduler can kill those local jobs if
needed. When they arrive, the new jobs requiring co-allooatre sent to a single global queue calledplEement
gueue and here the jobs wait to be assigned to some clusters.

In our model we only consider unordered jobs, which meansttigaexecution sites of a job are not specified by
the user, but that the scheduler must choose them. A Poisseal process is used for the jobs requiring co-allocation
and for the single-component jobs for each cluster, witivalrrates), for global jobs and\; for the local ones in
each cluster.

A job consists of a number of components that have to stamilsmeously. The number of components in a
multi-component job is generated from the uniform disttida on [2, C]. The number of components can benly
for local jobs which do not require co-allocation. The dé@zelfor a job (or rather the time between its submission
and its required start time) is also chosen randomly with ifotm distribution on[D,,n, Dinas], fOr someD,,.p,
andD,,.... The number of processors needed by a component is takerttimmtervall; = [4, S], whereS is the
size of the smallest cluster. Each component of a job williegthe same number of processors. Two methods are
used to generate that size. The first is the uniform disiobubtn ;. The second, which we have used in previous
simulation work in order to have more sizes that are powewofds well as more small sizes, is more realistic [2]. In
this distribution, which we call the Realistic SyntheticsBibution, a job component has a probabilitygdfQ to be
of sizei if i is not a power of two, andq’/Q to be of sizei if i is a power of two. Her® < ¢ < 1, and the value of
@ is chosen to make the sum of the probabilities equal fohe factor3 is made to increase the probability to have a
size that is a power df andg’ to increase the chance to have a small size.
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Finally, the computation time of the job has an exponenigttithution with parameteg,, for the global jobs and
u for the local jobs.

2.2 Scheduling Policies

In this section the so-calledepeated Placement PoliGRPP) will be described. Variations of this policy are used i
theKOALA scheduler both for placing jobs and for claiming processors

Suppose a co-allocated job with deadlibds submitted at time5. The RPP has a parametey, 0 < L, < 1,
which is used in the following way. The first placement tryl\eié at timePT}, with:

PTy,=S+L,-(D-29S).
If placement does not succeedrt,,, the next try will be atPT,,, .1, defined as:
PT,4+1=PT,,+ L, - (D— PTy,,).

As this policy can be applied forever, a limit @n has to be set, which will be denotéd,,. If the job is not placed
at PT)y, itis considered as failed. When a placement try is sucakdkE processors allocated to the job are claimed
immediately. Note that with this policy, the global jobs am necessarily scheduled in FCFS order.

In our simulations, the Worst Fit placement policy is usedjéd placement, which means that the components
are placed on the clusters with the most idle processor$ Wi method, a sort of load balancing is performed. We
assume that different components of the same job can bedoteche same cluster.

If the deadline of a newly submitted multi-component job éswfar away in the future, it may be preferable to
wait until a certain time before considering the job. Theestiier will simply ignore the job unti’ = D — I, where
D is the deadline and is thelgnore parameter of the scheduler. We will denote by Waithe policy withl = X.
With set! to oo, no job will ever be ignored. In our model, there are is a grgdbbal queue for the multi-components
jobs, and a local queue for each cluster for single-comptgoés. In order to give global or local jobs priority, we
define the following policies [1]:

GP: When a global job has reached its deadline and not sufficreicegsors are idle, local jobs are killed.

LP: When we cannot claim sufficient numbers of processors foobajimulti-component job, that job fails.

2.3 Performance metrics

In order to assess the performances of the different scimgdoblicies, we will use the following metrics:
Theglobal job successrate: The percentage of co-allocated jobs that were started ssitdly at their deadline.
Thelocal job kill rate:  The percentage of local jobs that have been killed.

Thetotal load: The average percentage of busy processors over the erdfesrsy

Theglobal load: The percentage of the total computing power that is useddioputing the global jobs. It repre-
sents the effective computing power that the scheduler &as able to get from the grid.

The processor wasted time:  The percentage of the total computing power that is wasteduse of claiming pro-
cessors before the actual deadlines of jobs.

3 Simulations

In this section we present our simulation results. We firstui$s the parameters of the simulation, then we simulate
thepure Repeated Placing Policy, which does not ignore jobs, antlyfidiscuss the Wait-X policies.

CoreGRID TR-0061 3



3.1 Setting the parameters

All our simulations are for a multicluster system consigtof 4 clusters of 32 processors each, and unless specified
otherwise, the GP policy is used. The number of processadateby a local job (its size) is denotdd and is
generated on the intervl; 32] with the Realistic Synthetic Distribution with parameter 0.9. The expected value

of S;is E[Sl] = 6.95.

We sety; = 0.01 so that local jobs have an average runtime@f seconds. Then the (requested) local 16&dh

every cluster due to local jobs is equal to:
A - E[S]]
- N
We run simulations with &w local loadof 30% and ahigh local loadof 60%.

We denote byS, the size of a component of a global job, which is taken on tkerval [4; 32] and which is also
generated using the Realistic Synthetic Distribution wpitllametey; = 0.9. The expected value o, is E[S,] =
10.44. The number of components of a global ja,, is taken uniformally on the intervé®; 4. In our simulations
we sety, = 0.005, so the global jobs have an average runtim@asfseconds. The (requested) global load, denoted
Uy, is given by:

U =

Ag - E[N] - E[S,]

pg - N-C '
It should be noted that we cannot compute the actual (locglairal) load in the system. The reasons are that local
jobs may be killed, there is processor wasted time becaustaime processors early, and global jobs may fail because
they don’t meet their deadlines. However, the useful loadbzcomputed.

We run simulations with #ow global loadof 20% and a ahigh global loadof 40%. The results of a first general
simulation, withL,, = 0.7, are shown in Figure 1.

Uy =

0

0 0001 0002 0003 0004 0005 0006 0007 0008 0009 001
Arrival rate

Figure 1: Some metrics as a function of the arrival rate obglgobs with a low local load30%).

3.2 ThePure Repeated Placing Policy

In this section we study the influence of the parameters oRépgeated Placing Policy, which is nothing else than the
Wait-oo policy. The deadline is chosen uniformally on the intefiaB599]. The parameter we vary is5,.

We first study the Waito policy with a low local load. We expected that the success oaglobal jobs will be
higher for lower values of,,, but this is not the case, as shown in Figure 2 for a low locadiloThese results may
seem strange because RPP is designed to have a high sutedss géoobal jobs. The processors for the global jobs
are claimed earlier in order to ensure that their availghdt the deadlines. In fact, the first jobs have indeed a great
success rate but the ones that come after them find fewer foeegsors, what causes them to fail. This analysis is
clear when analysing the total load as a functiod.pf It seems preferable to séf, to 1 with any arrival rate of the
global jobs, at least for a low local load. However, the casidn may be different with a high local load.

Therefore, we study the influence bf, with a high local load €0%). The results of those simulations shown in
Figures 3 are very similar to the ones with a low local loade $Shccess rate decreases a little bit wheris close to
1 when both the local and global loads are high, which is dukdddct that the total requested load is equdltie%.
This leads to the conclusion that the best way to meet thelideads simply to try to run the jobs at their starting
deadlines with the hope that there will be enough free prmrss
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Low global load High global load

Figure 2: The influence af,, with a low local load.

Low global load High global load

Figure 3: The influence af,, with a high local load.

3.3 TheWait-X Policies

We have shown that the pure RPP (Wai}-is not efficient since a value di, close tol is the best setting, which
causes much processor time to be wasted. However, as daburiBection 2.2, it might be preferable to simply ignore
jobs until I seconds before their starting deadline. Since the schegdpblicy may affect the results, we study both
LP and GP policies. In this section we fix, at0.7.

According to the results shown in Figure 4, ignoring the jobsl 100 seconds or less before their starting deadline
gives more or less the same results, while a pure RPP andngnantil 1000 seconds before the deadline gives less
good results. The Wail; Wait-10, and Wait100 policies seem to be the most suitable choices for any amatalof
the global jobs. We will prefer the Wait9 policy to the two others because we want to have the podgitiliplace a
job again in the case of failure, what we cannot do with thet\Wadolicy. We also do not want to have the overhead
of applying the RPP over a too large interval of time.

The next parameter we investigated the influence of is thdlihea(that is, the time between submission and
required start time) of global jobs. Since the WHitpolicy was concluded to be the most suitable schedulingpoli
we compare it to the pure RPP. We compare the success raties global jobs depending on their deadline. The
results are in Figures 5 and 6. As expected, in both caseletravior of the Waitt0 scheduling policy is not affected
by the value of the deadline, and the WHitpolicy has better results than the pure RPP policy for anpajltmad.

We now study the influence of the load due to the single-corapblocal jobs on both the RPP and the Wit-
policies. The GP scheduling policy is used because, with higal loads, the global jobs may not be able to run
with the LP policy. As shown in Figure 7, the Wi and pure RPP policies have rather the same success rate while
varying the local load.

Finally, we trace the impact of the different schedulingigiek on the local jobs. The policy will always be GP
because a LP policy may not influence the local jobs. As we eanrsFigure 8, the pure RPP does not let the local
jobs run properly while the other policies are much nicehwiitem, with also better results for the global jobs as we
have shown previously. The results shown in Figure 9 areial&vor of the Wait10 policy because whehis set to

CoreGRID TR-0061 5



g
sB5=

0 0.002 0.004 0.006 0.008 001 0 0.002 0.004 0.006 0.008 001
Arival rate Arrival rate

GP LP

100 100

"
80 M **”*mm«»,* 4 80 ot

g,
b, ",
bbby o,

0 L L L L L L 0 L L L L L L
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Deadline Deadiine

Low global load High global load
Figure 5: The influence of the deadline with a low local load.

great values such d900 or co there is a considerable amount of local jobs that are killed.

4 Conclusions

In this paper we have presented a simulation study of grig¢dalers with deadlines and co-allocation based on
gueuing-based local schedulers. We have shown that ittisrlietstart considering jobs a short period of time before
their deadline of global jobs. Considering the jobs tooyearay cause many jobs to fail; the first jobs, indeed, run
fine but waste a lot of processor time, while the next ones dtvane enough processors to run.

An extension to this work could be to consider the commuiacatverheads that happen on real grids. The Wait-
10 policy which was concluded as the best policy may not be thatigand the best value férmay depend on these
overheads. We may also extend this work by considering trenpeter! as a priority parameter. It may be interesting
to consider the higher prioriy jobs earlier than the loweoity ones in order to ensure that the high priority jobs wil
run even if they waste a lot of processor time.
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