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ABSTRACT - Processor scheduling in distributed-memory ristics at the system start-up time. The advantage of this type of
systems has received considerable attention in recent yeagolicy is that the implementation is simple. However, a major
Several commercial distributed-memory systems use spacelisadvantage is that it does not adapt to changes in the systen
sharing processor scheduling. In space-sharing, the set tdad conditions and resource requirements of jobs. For example,
processors in a system is partitioned and each partition ithere can be a mismatch between the allocated partition size anc
assigned for the exclusive use of a job. Space-sharing policighe processor requirement of the job (this is referred to as the
can be divided into fixed, static, or dynamic categories. Fointernal fragmentation).

distributed-memory systems, dynamic policies incur high giaiic policies eliminate the mismatch between a job's
overhead. Thus, static policies are considered as these policiggcessor requirements and the partition size. In these policies,
provide a better performance than the fixed policies. Several statigy ition size is determined at the time of allocation. Thus, a
policies have been proposed in the literature. In a previouslyyatch can be achieved eliminating the wastage of resources that it
proposed adaptive static policy, the partition size is a function of major drawback of the fixed policies. However, as in the fixed
the number of queued jobs. This policy, however, tends ticies, once a partition is allocated to a job, it remains fixed
underutilize the system resources. To improve the performance ﬁring the lifetime of that job. Several static policies have been

this policy, we propose a new policy in which the partition size i iatri -
a function of the total number of jobs in the system, as opposgjcfoloosed for distributed-memory systems [2, 9, 10].

to only the queued jobs. The results presented here demo.nstrattﬁ\{vmf ?r?tlr%gr?{g:tﬁ;ar?o%?gr%r tg?]ltrr‘ﬁa‘;'rfer%gggﬁ'eé' ttr?aetr?ri
tha}-t th? n%\q/v policy perforrllwls s;bstgntlaltly better tha? thegng;ﬂg??llocations %re made foe the lifetime of a job. Dynamic space-
policy for the various workload and system parameters. Ano . _are macl , OD. . :

major contribution is the evaluation of the performance sensitivitpa/ing policies eliminate this problem. The idea behind dynamic
to job structure, variances in inter-arrival times and job servic@0licies is that idle processors should be taken away from a job

tim nd network tonoloay. and allocated to another job that can fruitfully utilize the processor
es, and network topology cycles [8]. One way to reduce the overhead (associated with
1. INTRODUCTION taking a processor away from a job and allocating it to another

Distributed-memory multicomputer systems are an importanfob) in distributed-memory systems is to wait until the
class of parallel processing systems for building large scalgomputation reaches a “desired” point such that the overhead
computer systems. The Intel Paragon, Teraflop and NCUBE2fvolved in taking a processor away is small. This implies that the
systems are examples of commercial multicomputer systems. Fapplication notifies the central allocator that it is “willing to yield”
instance, the Intel Teraflop system uses more than 9000 Pentiugnset of processors once the computation has reached a desire
Pro processors to achieve 1 Teraflop processing rate. Slml|al'|boint (e.g., end of one phase of the computation).

the Ncube2S system can be expanded up to 8192 Processorse,, distributed-memory systems, dynamic policies incur high

Lhe%izggsggsmssin%Ofgftcgr?r\{]'gﬁisgt?gﬁdamg%oB;Oaclqssugres el)r(]p{' ter_head. Thus, static policies are considered as these policies

; : i o ovide a better performance than the fixed policies. Several static

paper, our focus is on processor scheduling policies suitable f olicies have been proposed in the literature. In this paper we
such large multicomputer systems. . . identify the deficiencies of a previously proposed policy and

It has been observed that processor scheduling policies fgfropose a new policy and study its performance under various

multiprocessor systems should facilitate sharing the processingorkload and system parameters. The results presented here

power equally among the jobs [5,7]. Due to the presence ademonstrate that the new policy performs substantially better than
multiple processors in these systems, processor sharing can e best policy proposed in the literature. Another major
done in one of two basic ways: sharing thepatially or  contribution is the evaluation of the performance sensitivity to job

temporally. Policies that belong to the first category are calledstructure, variances in inter-arrival times and job service times,
space-sharing policies in which the systenPagbrocessors is  and network topology.

partitioned intoN partitions and each partition is allocated for the
exclusive use of a job. Sharing processing power equally amo

the jobs implies using equal partition sizes. In policies that ar . ; :
temporal (called time-sharing policies), jobs are not given th odels and the workload are given in Section 3. Performance of

exclusive use of a set of processors; instead, several jobs sh ?gifnﬁ%'fes is presented in Section 4. The paper concludes witf
the processors as in, for example, round robin fashion: y:

Researchers have studied both types of policies extensively. 2. SPACE-SHARING POLICIES

Several commercial distributed-memory systems such as the Intgl;  gagic Adaptive Policy

IPSC system use space-sharing processor scheduling policiegs explained in the last section, fragmentation is a serious

The focus of this paper is on the space-sharing policies. problem with space sharing. In this section we describe the space
Space-sharing policies can be divided into fixed, static osharing policies proposed by Rosti et al [9]. Rosti et al. try to

dynamic categories. In fixed space-sharing policies, the partitioneduce the impact of fragmentation by attempting to generate

size is fixed on a long-term basis. For example, partition sizesqual sized partitions while adapting to transient workload. The

could be determined based on the expected workload characteasic adaptive policy is shown below:

The remainder of the paper organized as follows: Section 2
scribes the proposed space-sharing policy. Details about the jok



Given: a specific implementation e@bmpute_target_size have noted that releasing and requesting processors during a job’:
: : execution, as in the dynamic policy described in Section 1,

target—s'w compuite_target_size . involves high overhead in distributed-memory systems. We have

while (queue_length > 0gnd (free_processors target_size) also noted in Section 1 that a computation can release processor

do when the computation reaches a convenient “yield” point. What
free_processors free_processorstarget_size this implies is that processor allocation in such a policy is done in
gueue_length- queue_length 1 phases that matches the phased behaviour exhibited by the
schedule_a job (target_size) application. In such a case, it is also possible to release some o

od the processors that the application will not use in the current

Rosti et al. have proposed five adaptive policies (AP1 througiphase without waiting for the application to reach the yield point.
AP5) and evaluated their performance under various workloa@ve call this Eager Release policy. The policy can be applied both
and system conditions. The "adaptive" nature of the policieso the original AP policy and the modified MAP policy. We report
adjusts to various workloads by computing the partition size ofthe performance implications of this policy on the MAP policy
each job at schedule time. On each such partition, a programhen the job structure exhibits variable parallelism.

exclusively runs until completion. These policies differ in how

the target size is computed (i.e., in t@mpute_target_size 3. JOB AND WORKLOAD CHARACTERIZATION
procedure). Overall, their AP2 has performed well under variou®ne of our major objectives in conducting this research is to
workload and system parameters. For this reason, we hawudy the effect of job structure on the performance of space-
selected this adaptive policy in our study. sharing. To meet this objective, we have considered three job
2.2. The Original Policy structures as in [1]. This section presents three types of job

X . . . structures (Section 3.1) and the workload model (Section 3.2)
In the AP2 policy, which we refer to as the adaptive policy (AP),ysed in this study.

the partition size is computed as follows:

[jtotal  processors (7] 3.1. Types of Parallel Programs Considered

Cqueve length + 1010 We have selected three job structures as they cover the spectrun
o - ] } of variable parallelism. The fork-and-join structure exhibits
whereceil is the ceiling function. The policy always reserves oneconstant parallelism while the other two applications exhibit
partition for future job arrivals (that is why it usegigue length variable parallelism. In the divide-and-conquer job structure,
+ 1) rather thargueue_length). This reservation, therefore, parallelism increases initially to a maximum job parallelism and
alleviates the performance deterioration associated with northen decreases progressively. In the Gaussian elimination job
preemptive first-comeffirst-served scheduling of jobs. Howeverstructure, the job starts with its maximum parallelism and
from the expression above, we notice that AP tends towardsrogressively decreases to 1.

premature queueing. For example, on a 32-node system, wh Y 1 Fork-and-Join Programs

two jobs arrive at an idle system, the first job is allocated 1 this type of algorithms, work can be decomposed into inde-

processors and the second 16 processors. However, on t dent sub i A simol le is the alaorith
arrival of a third job, a partition size of 16 is assigned for this jobPENdeNt sub-computations. A simpié €xampie IS tn€ aigorithms

As there are only 5 free nodes, the job waits until a partition ig"at consist of a single loop and each instance of the loop can be
freed. The main reason for this behaviour is that this policyEXecuted independently. The parallel implementation of these
considers only the queued jobs to determine the partition siz&/PeS Of algorithms can be done by creating tasks to work on the

; ; ; o Liosub-computations. The structure of this type of parallel job is
This policy also contravenes the equal allocation principleg un'in Figure 1(a), which shows one phase of the fork-and-

23 The N Poli join structure.
3. e New Policy P . .
In order to obviate the problems of the original policy, we hav The fork-and-join (FJ) job structure, for example, is

b ; P easonable for the class of problems with a solution structure that
modified the AP policy by taking into account the total number of;; o = oo through a communications phase and a computations

moart y & . i
1.0%5 in éhehsystr(]en&, ‘I’Vg"?hb's dﬁ.f'ned d@}? the sum ﬁf thebqﬁ‘eue[ﬂﬁase. This class is exemplified by the n-body simulations of
Jobs and the scheduled jobs. This modification is shown below. gie|jar or planetary movements, in which the movement of each
body is governed by the gravitational forces produced by the
[ total processors 0  system as a whole [4]. In this case, the model used here can b
Uqueue length + 1 +f *S [ considered to represent one computation phase. In this paper
. . only a single phase that involves one synchronization point is
where S is the number of scheduled jobs and O< 1. The  assumed. Similar job structure has been used in several previous
value off can be used to control the contribution of the alreadystudies [5, 7].
scheduled jobs to the partition size. Note that we get the origin% .
AP policy by settingf to 0. The motivation behind the 3:1.2. Divide-and-Conquer Programs
modification is two fold. One, the goal of equal partition for eachl-2rge numbers of parallel programs have been developed that are
job is better realized by taking all the jobs into account (this is th@2sed on the divide-and-conquer (DC) strategy, especially in the
case wherf = 1). Two, it provides a good heuristic during aréa of symbolic computation, where the computation works on a
processor allocations. We show that the modified policy provide§iscrete data structure. In general, the divide-and-conquer
appreciable improvement in performance (relative to the originaptrategy does not restrict the number of sub-problems into which
policy). The amount of improvement obtained is a function of the? 9iven problem is partitioned. However, for convenience, we
parametef, system load, and workload. We refer to this policy focus only on the binary case, where a given problem is divided
as the modified adaptive policy (MAP). Section 4 presents thdnto two sub-problems. Thus, the parallelism in these programs
performance sensitivity of this policy to paramdter steps through the sequenck 2, ... 3"t 2N 2N 3

2.4. The Eager Release Policy 2° during their execution.

One of the problems with the two previous policies is that they The parallel implementation of divide-and-conquer algorithms

keep all the processors in a partition until the job is completedexhibits a partitioning structure shown in Figure 1(b) [6]. The

This all-or-none release policy can potentially cause performancasks created by this type of programs perform one of the
problems, particularly if a job’s parallelism varies. However, wefollowing three operations: 1) splitting the inpuls\{IDE task)

partition size = Max %, ceil

partition size = Max a, ceil
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Figure 1 Three job structures considen@] Fork-and-join (b) Divide-and-conquer (c) Matrix factorization

to next phas

2) working on the inputs sequential WORK task) and 3)
combining the outputdMERGE task). Generally, the execution

time of the tasks decreases level by level over the upper half of
the structure, and increases level by level over the lower half of

the structure. Synchronization is done atMERGE stage. For

independently, its maximum parallelism is always equal to the
number of tasks the job has. For the divide-and-conquer job
model, the maximum parallelism is achieved when the job is
in its work stage. For the Gaussian elimination job model, the
maximum parallelism is at the second stage of the program,

some applications, such as the quick sort, MERGE stage does not where independent tasks are created to work on each column

involve much work; it simply provides synchronization. On the

of the matrix.

other hand, some applications, for example database queriel\ﬁean Service Demand (d)

DIVIDE phase is trivial and MERGE nodes involves work (for
example, sorting the answer).

3.1.3. Matrix Factorization Programs

To solve a matrix equation of the forax = b, one can
decompos@\ into upperU and lower triangular matrices and
then solve it by solvingy =b andUx =y. The most
computationally intensive part of the algorithm is to find the LU
decompositionFor this reason, parallelizing the LU decompo-

There are two ways to model the service demand of a parallel
program [5, 7]. One is to compute the overall service demand
of a parallel program and distribute the overall service demand
among the tasks of the program. We can also compute the
service demand of each task of a parallel program and sum
them up to get the overall service demand. The workload

created from the first approach is caliedorrelated because

the overall service demand of a parallel program is

sition has been studied by a number of researchers. One approachindependent of the number of tasks. On the other hand, the
is to derive a task system for the LU decomposition algorithm and model based on the second approach is calbedelated
perform static scheduling on this task system. Other related because the overall service demand of a job is directly
algorithms include the Cholesky factorization and Gauss-Jordan proportional to the number of tasks.

algorithms. The structure of these parallel programs can be For the uncorrelated workload, the paramBteepresents
represented by a task system shown in Figure 1{cgpfesents the mean service demand of a parallel program. For example,
if it is set to 20, then, on average, a parallel program will
require 20 units of service time from the system. For the
correlated workloadd is the mean service demand of the
tasks in the parallel programs. For exampld,if equal to 1,
then, on average, every job has a mean task service time equa
to 1 time unit. The mean task service time is the sum of the
service time of the tasks divided by the number of tasks in the
job. We have conducted experiments with both correlated and
uncorrelated workloads. The results are qualitatively similar.
Therefore, for the sake of brevity, we report results for the
uncorrelated workload only.

Loefficient of Variation of Service Demand (CVg)
CV, is the coefficient of variation of service demand of
parallel programs, if the uncorrelated workload is used. It is
3.2. The Workload Model the coefficient of variation of service demand of the tasks, if
The abstract model for parallel programs consists of a set of input the correlated workload is used. Measurements at some
parameters along with a job structure. The job arrival process is supercomputer centers indicate that the service time variance

characterized by two parametersandCV,. The job arrival rate can be very high (as high as 30 in some cases) [3].

is represented byandCV, represents the coefficient of variation Synchronization Cost (syn) o .

of the inter-arrival times. The other parameters are given below: This parameter represents the processor service time requirec
. i to perform synchronization. In the divide-and-conquer workl-

Maximum Parallelism (mp) oad, both the divide and merge are assumed to take the sam
The maximum parallelism of a parallel program refers to the

h f tasks th - el if amount of processor time and is represented by this para-
maximum number of tasks that can be run in parallel, if an  neter. For the Gaussian elimination, this parameter represents
unlimited number of processors is provided. Since we

assume that the tasks in a fork-and-join job can be executed the processor service demand for each serial phiase T

the task that works on colunnin thejth iteration.

However, the actual function of the tasks is different for each
algorithm. In the LU decomposition and Gauss-Jordan algori-

thms, ‘It finds the pivot element. For the Cholesky factorization

algorithm, ‘I,k( computes the square root of the diagonal element
and then divides the lower part of colutby this square root.
In all the three algorithms,'kTuses the elements of colurkrtio

modify those in columi Since matrix factorization is a way of
performing Gaussian elimination, this class of programs i
referred to as the Gaussian elimination (GE) programs.



4. PERFORMANCE COMPARISON
We have conducted a detailed simulation study of the three job
structures described in Section 4. This section presents results of
the simulation experiments to show performance sensitivity of
space sharing to job structure and to demonstrate the performance
superiority of the modified adaptive policy. Unless otherwise
stated, the following default parameter values are used.5,
mp = 32,D = 16,CV4 = 3.5 andCV, = 1 for all three job
models. The parametgyn is set to 0.1 for the FJ and DC models
and to 0.2 for the GE job model. Thg is set to 0.1 in DC and
to 0.2 in GE because DC application has two phases - one divide
and one merge - that are mirror images. For the FJ application,
we have sesyn to 0.1 as we want to model only a single
synchronization phase.

The maximum parallelism of a job is varied from 1ntp,
which is 32. The default service time CV is fixed 3.5 as empirical
observations at several supercomputer centers indicated this to be
a reasonable value [3]. However, these studies have also shown 0
that the service time CV can be very high as well (as high as 30 in Utilization (%)
some cases). The arrival CV is fixed at 1 (i.e., we assume
Poisson arrivals). However, we study the sensitivity of theFigure 2 Relative performance of AP and MAP policies as a
performance to these variances in the next section. All simulatiofunction of system utilization and job structufe(0.75)
experiments assume a 64-processor system.

4.1. Adaptive Policy versus Modified Adaptive Policy 1(c)). Suppose that only a 2-processor partition is allocated by the

The relative performance of the AP and MAP policies is shown in'vIAP policy as opposed to a 4-processor one by the AP policy.

Figure 2. The x-axis gives the system utilization (in %) and the yFor GE, the four tasks afTi.e., T to T;) will take twice the

axis represents the response time difference between the two . . .
policies and is computed as follows: time than on a 4-processor partition. But during the serial synch-

. . 1. .
) RTsp — RT) ronization phases;Tto T only one processor idles as opposed
Performance improvement (%)H * 100 ! °
MAP to 3 under AP. This reduction in internal fragmentation helps

where RTap and Ruap are the response times of the AP andreduce the waiting time of jobs by assigning a partition to these
MAP policies, respectively. The data in Figure 2 shows that thgobs earlier under MAP policy. Thus MAP decreases the response
improvement in performance with MAP policy can be as high agimes of the jobs. Running the same scenario with DC application
48%. Also, the performance difference tends to be smaller at loghows that internal fragmentation is less in DC to start with as,
and high system utilizations. At very low system utilizations, for example, there are two DIVIDE and two MERGE tasks (unl-
both policies use the same partition size as the probability of a jolke a single synchronization task in GE). Therefore, DC shows
being in service is small. However, as the system utilizationess improvement in response time than the GE application.

increases, the number of scheduled jobs increases. This increasel.O demonstrate that MAP policy consistently performs better

causes the new policy to use smaller partitions than the AItD : g >,
8 o ; i - 'than AP policy, we show the sensitivity of the two policies to
policy. Smaller partitions_improve sysiem utilization as it, ariances in inter-arrival and service times. When the arrival CV

decreases, for example, internal fragmentation described i : ) ; - -

; ‘At hi LD At e varied, the service CV is held at 3.5 and arrival CV is fixed at 1
Section 1. Al h!gh system utilizations, both poI!C|es tend to us hen the performance sensitivity to service time CV is studied.
the same partition size - for example, at very high system load he system utilization is fixed at 70%. Figures 3 and 4 show the
each partition may have only one processor under both po"c'es'relative performance of AP and MAP policies for the DC and GE

_The data in this figure also shows that the job structure hasjab structures, respectively. Since FJ exhibits similar sensitivity
significant impact on the performance. Overall, the GE jobto that shown for GE, we omitted it. We can make the following

structure shows the highest improvement in performance with thgbservations from the data presented in these two figures:
MAP policy. The DC job structure shows the lowest. The

improvement in performance for FJ job structure is similar to thaf®) MAP policy is always better than the AP policy. In some
with the GE application. The GE shows better improvement than ~ ¢@Ses, the performance difference is marginal (for example,
FJ with the MAP policy because MAP tends to assign smaller ~When the inter-arrival CV is high in Figure 3).

partition (than AP) as it takes the number of scheduled jobs intgh) Inter-arrival CV has more impact than the service time CV on
account. Since the job parallelism of GE varies from the ° both policies. Note that higher variance implies clustered
maximum parallelism to 1, smaller partition size decreases arrival of jobs into the system. It also implies longer gaps in
internal fragmentation as there is a serial phase ({¢asks). job arrivals (to get the same mean arrival value). This

. - . increase in variance affects performance in two ways.
Furthermore, notice that GE exhibits a phased behaviour where ) . . .
each phase (i.e., tasks at the same level) have a single * First, clustered arrival of jobs means jobs may have to
synchronization point as in the FJ application. On the other hand, wait longer to get to the execution stage. This increases
DC structure has several synchronization points (i.e., a pair of the queueing time component of the response time.
tasks participate in synchronization). In addition, the parallelism Second, clustered arrival also forces the scheduling policy
%:reas?s frorﬂ 1 totthe {_naxmum V?Lue anc{c then decrgg:}?es 1. {5 assign smaller partitions as clusters of jobs arrive into

ese two characteristics cause the periormance dilference  he gystem. But, the arrival pattern also includes long

between AP and MAP policies to be smaller with DC than with gaps (the higher the CV the longer the gaps). Thus, most

the other two job structures. jobs are stuck with the smaller partitions even though

For example, consider the GE and DC applications with a some processors are idle due to lack of jobs (because of
maximum parallelism of 4 tasks (as shown in Figures 1(b) and the long gaps).
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Figure 3 Performance of AP and MAP policies as a function of Figure 4 Performance of AP and MAP policies as a function of
variance in inter-arrival and service times (DC application) variance in inter-arrival and service times (GE application).

The overall effect of these factors is to decreases thantil the job is complete. Eager Release policy is beneficial to
efficiency of the system by leaving more processors idleapplications that have decreasing job parallelism as in DC and GE
The efficiency decreases as the variance in arrivals increasegob types. Since FJ does not have varying parallelism, we have
resulting in an increase in the response time. not included it in Figure 5.

(c) At high inter-arrival CV, the performance difference between The y-axis in Figure 5 gives the relative response time
the two policies decreases. This is because, higher C¥fprovement when the MAP policy switches from the standard
implies that jobs are arriving into the system as clusters. Theelease policy to Eager Release policy. This performance
higher the CV, the more clustered the the arrival is. Thus, thémprovement (in percent) is computed as follows:
gueue length becomes the dominant factor in determining the RT. —RT,
partition size, resulting in decreased response time difference MAF\?T Eager-Release-MAP 10
between the two policies. Eager-Release-MAP

(d) In contrast to the sensitivity to inter-arrival CV, the W& Make wo observations for the this data: . .
performance difference between the two policies increase) The performance improvement is b(_atter with th_e GE ]ob_
with service time CV. This is because increased variance in  structure compared to the DC application. The main reason is
job service times implies that there are fewer very large jobs that the GE starts with the maximum parallelism and quickly
and, therefore, taking the jobs currently receiving service starts releasing processors one at a time as the parallelisi
would give a partition size that tends to reflect the system decreases from the initial maximum to the final 1. In contrast,
state more appropriately (by reducing the partition size). the DC application will not release any processors during the

. first half as the parallelism increases during this phase.

4.2. Performance of Eager Release Policy

The impact of Eager Release policy is shown in Figure 5. AlKb) The relative improvement peaks at medium system utiliza-
parameters are set to their default values. The difference between tions. At low as well as high utilizations, the relative
the standard policy and the Eager Release policy is that, if a job improvement is lower. It is low at low system utilizations as
does not require” the use of a set of processors before its there may not be any jobs waiting to use the released
termination, Eager Release policy immediately releases this set of Processors. On the other hand, relative improvement is low at
processors such that other jobs can fruitfully utilize them. In  high system utilizations as the partition size tends to be small
contrast, the standard space sharing policies keep all processors SO the probability of releasing processors decreases.
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Figure 5 Impact of Eager Release policy on the performance of
the MAP policy. The y-axis gives the response time improvemenfFigure 6 Performance sensitivity of the MAP policy to

relative to that of MAP policy. Eager Release policy does noparameteff. Performance of the FJ application is similar to the
have any impact on the FJ application. GE application.

4.3. Sensitivity to Parameter f ~ system, we can treat the processor as a pool of processors. In thi
The parameterdetermines the contribution of the scheduled jobscase, to assign a partition, we have to consider only the number
to the partition size. In particular, whén= 0, MAP policy  of free processors in the system. On the other hand, when a ring
reduces to the original AP policy in which the partition size isnetwork is used, we have to not only look at the number of free
determined solely by the waiting jobs. To see the impact of thiprocessors in the system but also check the condition they are all
parameter on the performance, we have conducted experimemsighbors (i.e., connected component). For example, if we need
for various values df(in the range between 0 and 1) for all three a 8-processor partition and there are 10 free processors, but ir
job structures. Selected results of these experiments are showngroups of 7 and 3 processors, we cannot assign processors to th
Figure 6. The mean response time for both DC and GHob. The adaptive policy, described in Section 2.1, is modified as
applications are shown when the system utilization is 70% anfbllows to take the network topology into account:

80%. The results for the FJ applications is not shown as its

performance is similar to that of the GE application. max_set: the largest set consisting of all connected processors
It should be observed that at low system utilizations, wenin_set: the smallest set consisting of all connected processors
should assign larger partitions as there are fewer jobs in the whose size is greater than or equal totahget_size

system. This means thfevalue should be smaller at these target size- compute target size
utilizations. As the system utilization increases, the partition size , =~ - — ;
should be reduced by increasing tvalue. The results presented While (queue_length > (gnd (max_set > target_size)
in Figure 6 suggest the begtvalue is around 0.75 when the

system utilization is 70% or 80%. The difference in performance search fomin_set

increases with system utilization. Furthermore, the DC applica- queue_length- queue_length 1
tion is more sensitive to using an appropriatalue. For this schedule_a_job (min_set)
application, deviating from the optimum value results in severe search and set nemwax set

performance degradation, particularly at high system loads. od

Even though we have not presented the results for oth
system utilizations, in most cases,faralue of 0.75 appears to
perform the best. However, in some instances, a value of 0
performed the best, but the relative difference between th

®he results for the three job types is shown in Figure 7. The
AP policy uses 0.5 as tHevalue. All other parameters are set
D their default values. The main observation is that the network
: : ology imposed constraints can seriously degrade performance
response times fdrvalues of 0.5 and 0.75 is small at low SyStematpmegi)tljm gystem utilizations. In this casye, tﬁe megn response
utilizations. time degradation can be as high as 25%. At low and high
The best value for the paramefeis dependent on several utilizations, the degradation is small/negligible. At low
factors including the system utilization level, application struct-utilizations, since most processors are free, the topology does not
ure, service time and inter-arrival time variances, whether theause problems with processor allocation. At high utilizations,
workload is correlated or not, and so on. In generdlvafue in  since the partitions is small (in the extreme case only one-
the range between 0.5 and 0.75 appears to be a reasonable gh@cessor partitions are assigned), again the network topology
ice. However, further study is needed to clearly understand théoes not have any significant impact on the performance.
interplay among the various parameters that influencevidlere. Even though we have used the ring network as an example,

4.4. Impact of Network Topology network topology-imposed constraints are serious in real
In the previous sections, we treated the processors in the systeystems. For example, the Intel iPSC and nCube systems are
as a pool. This assumption is valid if, for instance, the processolssed on the hypercube topology. In these systems, partitions
connected by a bus. But what happens if there is a differerghould form a subcube of the required size. These systems alsc
network? To study the impact of network topology, we model dmpose an additional constraint: the partition size has to be a
64-processor system that uses either a bus or ring type intgpower of 2. This additional constraint causes a form of internal
connection among the processors. As mentioned, in a bus-bastdgmentation.
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Figure 7 Impact of network topology on the performance of the
MAP policy (AP policy exhibits a similar trend)

Our results indicate that significant performance gains can be

play a significant role in message passing. In such systems, it is
possible to consider the processors connected by a specific
topology to be treated like a pool of processors.

5. CONCLUSIONS

In this paper we have studied the performance sensitivity of

space-sharing to various workload and system parameters. Ta
conduct the study we have considered a previously proposed
space-sharing policy and modified it to improve its performance.

The results presented here indicate that the modified space-
sharing policy consistently performs better than the previously

proposed policy. The main point is that it is important to consider

all jobs in the system (i.e., those waiting in the queue as well as
those currently scheduled) in determining the partition size.

Another important contribution of this study is the sensitivity
evaluation of space-sharing policies to the job structure. We have
shown that the performance is sensitive to the job structure.
While the absolute performance number vary significantly with
the job structure, the trend in performance sensitivity is,
however, largely independent of the job structure. An implication
of this is that we can use the more simple fork-and-join type job
structure to conduct performance sensitivity studies. In most
cases, the conclusions obtained in such studies are valid with
other types of job structure.
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