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ABSTRACT - Performance of distributed systems can peinformation is collected by a single node and other nodes would
improved by distributing system workload from heavily loadednaVe to consult this node for advice on the system state. In the
nodes to lightly loaded nodes (i.e., by load sharing). Previoudistributed policy, system state information is distributed to all
studies have considered two dynamic load sharing policied?odes in the system. The centralized policy has the obvious
sender-initiated and receiver-initiated. In the sender-initiatedlisadvantages of diminished fault-tolerance and the potential for
policy, a heavily loaded node attempts to transfer work to erformance bottleneck (although some studies have shown that
lightly loaded node and in the receiver-initiated policy a lightly the node collecting and maintaining the system state need not be ¢
loaded node attempts to get work from a heavily loaded nod erformance bottleneck for reasonably large distributed systems
Almost all the previous studies have neglected the I/A19])- The use of the centralized policy is often limited to a cluster
requirements of the jobs in evaluating the performance of varioudf nodes in a large distributed system [22]. The distributed
load sharing policies. In addition, sensitivity to variance in job€Ontrol eliminates these disadvantages associated with the
inter-arrival and service times has not been studied. The goal §€ntralized policy; however, distributed policy may cause perfor-
this paper is to fill the void in the existing literature. This paperMance problems as the state information may have to be
models job’s I/O requirements and studies the impact of job I/dransmitted to all nodes in the system. (Previous studies have
service demand on the performance of sender-initiated ang'oWn that this overhead can be substantially reduced [4,5]).
receiver-initiated policies. Furthermore, we also look at the Location policies can be divided into two basic classester-
impact of variance in inter-arrival times and in job service timednitiated or receiver-initiated. In sender-initiated policies,
(both processor and disk service time variances are considered)congested nodes attempt to transfer work to lightly loaded nodes.
In receiver-initiated policies, lightly loaded nodes search for
Key words: Distributed systems, Load sharing, Performancecongested nodes from which work may be transferred. It has
evaluation, Receiver-initiated policy, Sender-initiated policy,been shown that, for CPU-intensive workloads and when the
Threshold policies. first-comef/first-served (FCFS) scheduling policy is used, sender-
initiated policies perform better than receiver-initiated policies at
low to moderate system loads [5]. This is because, at these
1. INTRODUCTION system loads, the probability of finding a lightly loaded node is
Load sharing is a technique to improve the performance dfigher than the probability of finding a heavily loaded node. At
distributed systems by distributing the system workload fromhigh system loads, on the other hand, receiver-initiated policies
heavily loaded nodes, where service is poor, to lightly loadedre better because it is much easier to find a heavily loaded node
nodes in the system. Load sharing policies may be either static 8f these system loads. There have also been proposals to incor
dynamic. Static policies use information only about the averaggorate the good features of both these policies [17].
system behaviour while the dynamic policies use the current or |n the remainder of this section, we briefly review related work
recent system state information. The chief advantage of the stati;d outline the paper. A lot of literature has been published on
policies is their simplicity (i.e., no need to collect system statehis topic (an excellent overview of the topic can be found in [18])
information). The disadvantage of these policies is that they1-7,9-14,16-22]_ However, most of the studies have concen-
cannot respond to changes in system state (thus the performanggted on CPU-intensive jobs by neglecting the 1/0 requirements
improvement is limited). On the other hand, dynamic policiesof jobs. Here, for the sake of brevity, we will mention a couple
react to the system state changes dynamically and therefoggudies that have been done on CPU-intensive job workload.
provide substantial performance improvements over the statieager et al. [4,5] provide an analytic study of dynamic load
policies. However, this additional performance benefit is obtaine@haring policies. They showed that the sender-initiated location
at a cost - the cost of collecting and maintaining the system staglicy performs better at low to moderate system loads and the
information. receiver-initiated policy performs better at high system loads.
Two important components of a dynamic policy are a transfe_FUfther, ;hey also S_hOWEd that Fhe overhead associated With State
policy and a location policy [4,5]. The transfer policy determinesinformation collection and maintenance under the distributed
whether a job is processed locally or remotely and the locatioRolicy can be reduced substantially (by probing only a few nodes
policy determines the node to which a job selected for possiblabout their system state as opposed to all nodes in the system)
remote execution should be sent. Typically, transfer policies usghivaratri and Krueger [17] have proposed and evaluated, using
some kind of load index threshold to determine whether the nodgimulation, two location policies that combine the good features
is heavily loaded or not. Several load indices such as the CPOf the sender-initiated and receiver-initiated location policies.
queue length, time averaged CPU length, CPU utilization, the Hac and Jin [7] have implemented a receiver-initiated algorithm
amount of available memory etc. have been proposed/useghd evaluated its performance under three workload types: CPU-
[18,21]. It has been reported that the choice of load index hagtensive, I0-intensive, and mixed workloads. They compare the
considerable effect on the performance and that the simple CPbkrformance of their load balancing policy with that when no load
queue length load index was found to be the most effective [10].balancing is employed. They conclude that, for all the three types

The dynamic policies can employ either a centralized or ®f workload, load balancing is beneficial. Unfortunately, they do
distributed location policy. In the “centralized policy, statenot compare the performance of sender-initiated and receiver-

This report can be obtained framp://www.scs.carleton.ca.



initiated policies. In addition, performance sensitivity to variousrequired CPU service or to receive service from a disk). The
system and workload parameters has not been studied. location policy of node S attempts to transfer a job from its job

A common thread among the previous studies (except for [7]\Vaiting queue to its job queue if the job waiting queue is not
is that they are aimed at CPU-intensive jobs; as a consequengBIPty: Otherwise, if the job queue length of node S is less than
job’s I/0 requirements are completely neglected. Furthermore!» it initiates the probing process as in the sender-initiated policy
analyses and simulations in these studies have been done unffgfocate a node D with a non-empty job waiting queue. If such a
the assumption that the job service times are exponentialljode is found withirP| probes, a job from the job waiting queue
distributed and the the job arrivals form a Poisson process (i.e9f node D is transferred to the job queue of node S.

job inter-arrival times are exponentially distributed). The goal of In this policy, if all of the probes fail to locate a suitable node
this paper is to fill the void in the existing literature. As a result,to get work from, the node waits for the arrival of a local job.
this paper concentrates on the impact of job I/O requirements ofhus, job transfers are initiated at most once every time a job
the performance of the sender-initiated and receiver-initiatedeaves the CPU. This may cause performance problems becaust
dynamic load sharing policies. Furthermore, we also study thprocessing power is wasted until the arrival of a new job locally
impact of variance in the inter-arrival times and in the job servicer return of a job after completing disk service. This poses
times for CPU and disk. performance problems if the load is not homogeneous (e.g. if

The remainder of the paper is organized as follows. Section @Nly @ few nodes are generating the system load) [18]. This
discusses the two load sharing policies. Section 3 describes tR&Verse impact on performance can be remedied by, for example,
workload and system models we have used in performing thiginitiating the load distribution activity after the elapse of a

study. The results are discussed in Section 4 and Section R§edetermined time if the node is still idle. Since we are
concludes the paper by summarizing the results. considering a homogeneous system (all nodes are identical and

load generation is identical at each node) we do not consider these
modifications to the receiver-initiated policy.
2. LOAD SHARING POLICIES
In our load sharing policies, as in most previous studies, only
non-executing jobs are transferred for possible remote execution. 3. SYSTEM AND WORKLOAD MODELS
The rationale is that it is expensive to migrate active jobs and, for
performance improvement, such active job migration is strictly3.1. System Model
not necessary. It has been shown that, except in some extreipe the simulation model, a locally distributed system is
cases, active job migration does not yield any significanygpresented by a collection dfprocessor nodes arll disk
additional performance benefit [6,9]. Load sharing facilities likengges. In this paper we consider only homogeneous processor
Utopia [22] will not consider migrating active jobs. As a result, 3nq disk nodes. We model the communication network in the
we assume that each node has two queues that hold thejjiibs: asystem. The CPU would give preemptive priority to communi-
queue, which is a queue of all the jobs (i.e., active jobs) that argation activities (such as reading a message received by the
to be executed locally andab waiting queue that will hold those _ communication processor, initiating the communication processor
jobs that are waiting to be assigned to a node. Note that only joR§ send a probe message etc.) over the processing of jobs.

In this latter queue are gllglble for Io_ad dISt.”t.)u“on' A The CPU overheads to send/receive a probe and to transfer €
We study two dynamic load sharing policies -- sender-initiatedsy are modelled byl prope andTjx, respectively. Actual job
and receiver-initiated policies. In both policies, we use the samgansmission (handleci) by the communication processor) time is
threshold-based transfer policy [4,5,17,18]. When a new jobyssymed to be uniformly distributed betwed, andLiy.
arrives at a node, the transfer policy looks at the job queue leng obing is assumed to be done serially, not in paraliel. For
at the node. It transfers the new job to the job queue (i.e., fakyampie, the implementation [3] uses serial probing. We do not,
local execution) if the job queue length is less than the thresho'ﬁ'éwever, explicitly model the communication delays associated
T. Otherwise, the job is placed in the job waiting queue for gyith gisk service. Instead, communication delay is implicitly
possible remote execution. The location policy, when invokedygqelled by including it as a part of disk service time. Since disk
will actually perform the node assignment. The two locationgeryice times dominate the communication delays, this

policies are described below. assumption does not significantly affect our conclusions.

Sender-initiated policy 3.2. Workload Model

When a new job arrives at a node, the transfer policy describ Kload | d by the followi
above would decide whether to place the job in the job queue he .Sygtem. W?r oad s represre]nted yt ﬁ ollowing gatr)ameters.
in the job waiting queue. If the job is placed in the job waiting.| '€ JOD arrival process at each node Is characterized by a mear

queue, the job is eligible for transfer and the location policy iénr]ter-airi\(al girge Wanda coeffic[entgf varigtioﬁfﬁ Jobs r?lrfe
invoked. The location policy probes (up to) a maximum of probe” ara](c:f_e_rlzet fy a prtt_)cl%ssoTrhseTyg:e emand (wi dmﬁf)i_ab _
limit P; randomly selected nodes to locate a node with the jol§ CO€TICIENt OF variatioLs, [1ne /L service aemand ot Jobs IS

queue length less thah If such a node is found, the job is rcPresented by a mean ) with a coefficient of variatioio.
transferred for remote execution. The transferred job is directly/€ Study the performance sensitivity to variance in inter-arrival
placed in the destination node’s job queue when it arrives. Not mesdas "tveLll a‘:,NCPU an(: /o tservmk:]e times (the (t:VI Va"éef are
that probing stops as soon as a suitable target node is found. If r]Le up to 4). We use a two-stage hyperexponential model (see
of the probes fail to locate a suitable node, the job is moved to tHg) for details) to generate service time and inter-arrival time CVs
job queue to be processed locally. When a transferred job arrivéieater than 1 as in the previous studies. .

at the destination node, the node must accept and process theA fractiona of the jobs arriving at each node is assumed to be
transferred job even if the state of the node at that instance h#3-jobs (i.e., jobs with some disk service requirement) and the

changed since the probing. remaining (*a) fraction of the jobs are CPU-intensive. Thus, by
) o ) varyinga value, we can model a purely CPU-intensive workload
Receiver-initiated policy (a = 0), purely 10 workloadd = 1), or mix of the two types of

When a new job arrives at node S, the transfer policy would placerorkload (0 <a <1). For the results reported here, we have used
the job either in the job queue or in the job waiting queue of node = 0.5 (i.e., half the jobs are CPU-intensive and the rest are 10-
S as described above. The location policy is invoked by nodegebs). We, however, report the performance sensitivity to this
only at times when a job leaves the CPU (either after receiving thearameter to understand the impact of this parameter.



= = four lines corresponding to SI-NI, SI-I, RI-NI, and RI-I. The
////f./ size of a probe message is 16 bytes. The CPU overhead to
— — send/receive a probe messdggone is 0.003 time units and to
. transfer a joldlj, is 0.02 time units. Job transfer communication
I m o) overhead is uniformly distributed betwelgg = 0.009 andJjx =

0.011 time units (average job transfer communication overhead is
1% of the average job service time). Since we consider only non-
7 |:| CPU executing jobs for transfer, 1% is a reasonable value. Note that
transferring active jobs would incur substantial overhead as the
system state would also have to be transferred. Thre3hoid

V all policies is fixed at 2 (Section 4.7 discusses the impact of the
/:; T threshold value). Probe limR, is 3 for all policies (Section 4.6
discusses the performance sensitivity to this parameter).
(@) (b) Batch strategy has been used to compute confidence intervals

(30 batch runs, with each batch consisting of th01® jobs,
Figure 3.1 Two I/O models (a) Non-interleaved (b) interleaved were used for the results reported here). This strategy has
produced 95% confidence intervals that were less than 2% of the
mean response times when the system utilization is not very high.
Given that the total I/O service demand of a job can be speci- )
fied by Lo andCj,, there is still the question of how this service 4.1. Performance as a function of system load

demand is distributed within a job. We model I/O service in ongrigure 4.1 shows the mean response time, probe and transfel
two ways (as in [15]): non-interleaved I/O or interleaved /0. rates for the two load sharing policies under the two 1/0 models.

In the non-interleaved model (NI), two 1/O operations arelt can be observed from the data presented in this figure that the
performed -- one at the beginning and the other at the end of jaictual I/O model (non-interleaved or interleaved) does not
execution (see Figure 3.1a). The first I/O operation, for examplesignificantly affect the performance of either of the two load
can represent reading input data and the second 1/O operation cglmaring policies at low to moderate processor loads. At these
represent writing the results to disk. In this model, the total I/Qprocessor loads, the sender-initiated policy performs better than
service demand of a job is equally divided between the twdhe receiver-initiated policy for both non-interleaved and
operations. This type of I/0O model is appropriate for applicationsnterleaved 1/O models.

that process files sequentially. At very high processor loads (at about 90%), receiver-initiated
In the interleaved model (1), I/O service is interleaved withpolicies move the system to the no load sharing case. This can be
CPU service as shown in Figure 3.1b. In this model, the total I/Geen from Figures 4.1b and 4.1c where both the probe and
service demand is equally divided amomg/O operations. transfer rates go to zero. This causes the response time to increas
Similarly, the total CPU demand is equally distributed as showriramatically. The sender-initiated policies, on the other hand, still
in Figure 3.1b. This type model is suitable for applications thaperform some load distribution even though the job transfer rate
require, for example, random file access. The parameatean  drops for processor loads higher than 0.8 (see Figure 4.1c). For
input parameter to the simulation model. In this study, we fix théhe Sl policies, the probe rate increases with system load as the
value ofn at 5 (due to space limitations, performance sensitivityprobability of finding a node in the sender state (i.e., above

to this parameter is not considered). threshold) increases with load. However, at high system loads,
) most of these probes are useless as there are fewer receiver node
3.3. Performance Metrics (i.e., nodes below the threshold level) in the system resulting in

We use the mean response time as the chief performance metricigcreased job transfers.

compare the performance of the various scheduling policies. In In RI policies, the probe rate initially increases as the system
addition, we also obtain the probe rate per node and job transfiyad increases (in our case, up to about 60-70%). This is because
rate per node statistics from the simulation to explain the result$oad distribution activity is initiated every time a job leaves the

These two rates are computed as follows: CPU if that causes the node to fall below the threshold level.
) ) ] Thus, the frequency of this increases as the job arrival rate

Probe rate = Number of probes during a simulation run increases. The probe rate is substantially higher for the
T * number of nodes interleaved 1/0 model (see RI-I line in Figure 4.1b) than that for

) ) ) . the non-interleaved 1/0 model. This is because a job with
Transfer rate = number of job transfers during a simulation run  interleaved model departs the CPU for disk service much more

T* number of nodes frequently than a job with non-interleaved model. However, at

. . . low to moderate system loads, the probability of finding a sender
whereT is the simulation run length. node is low. Thus, the increased probing activity generated by
RI-1 is not useful unless the system load is high. Therefore, the
4. PERFORMANCE ANALYSIS interleaved model fosters increased load sharing and results in

This section presents the simulation results and discusses thgtter performance at high system loads

performance sensitivity of the sender-initiated and receiver-

initiated load sharing policies. Unless otherwise specified, thet.2. Sensitivity to variance in inter-arrival times

following default parameter values are assumed. The distributeThis section considers the impact of inter-arrival time G\WWE
system hadN = 32 CPU nodes interconnected by a 10 megathe performance of the sender-initiated and receiver-initiated
bit/second communication network. The processor schedulingolicies. Figure 4.2 shows the mean response time, average
policy is first-comeffirst-served (FCFS). The number disk nodesrobe rate and the job transfer rate when the processor load is
D is fixed at 8. The average CPU service demapdsldne time  80% (i.e.,A = 0.8). The CPU and I/O service time CVs are fixed
unit (e.g., 1 second) and the disk service yaseis 2.5. The  at 1. All other parameter values are set to their default values. The
percentage of 10-jobsis fixed at 50%. The 10-jobs are either all main observation from this figure is that the impact of the
non-interleaved (NI) or all interleaved (I). Since we arevariance in inter-arrival times is much more significant on the
considering sender-initiated (SI) and receiver-initiated (RI) loadreceiver-initiated policies than on the sender-initiated policies,
sharing policies, each graph presented in this section will havparticularly when the non-interleaved I/O model is used.



Figure 4.1 Performance sensitivity as a function system load
(ris varied; G= Gs= Gg = 1; all other parameters are set to their default values)
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The sender-initiated policies are relatively less sensitive to th&ection 4.1. This is also demonstrated by Figures 4.2b and 4.2c.
inter-arrival CV. The receiver-initiated policies, on the otherAt higher G, values, the probe rate of RI-NI drops well below
hand, exhibit increased sensitivity tq.dhe reason for this that of the other three policies, thus moving the system toward no
sensitivity of RI policies is that increased CV implies the clusteredoad sharing case. This causes substantial increase in respons
nature of job arrivals into the system; the higher the CV the morémes (for example, at{=4).
clustered the job arrival process is. This decreases the probability o the other hand, clustered arrival of jobs fosters increased
of finding a node in the receiver state (i.e., below the thresholgh,q sharing activity in sender-initiated policies. Thus the probe
level) and hence results in reduced probe rate and job transfg{ie and the job transfer rate increase with increasip(se2

rate. Thus, increasing the inter-arrival CV moves the syste igures 4.2b and 4.2c). However, there is no significant
based on the receiver-initiated policy (for non-interleaved moderlgiﬁerence between the SI-NI and SI-I policies for thevelues
towards no load sharing system. For example, assume dkat C -gnsidered here.

0. If C4is also zero, each node invokes the probing process to
locate a sender node after the completion of each job (at the CPW)3. Sensitivity to variance in processor service times
because local job arrival would be some time after the completio his section considers the impact of service time CV on the

gIntgs S;ei\ﬂoiunst eJ?_% r(r?vez;a?ifneeg n,?l OVV‘:]/“'i%té?ggsfr']t&eé]'gasrgv'c erformance of the sender-initiated and receiver-initiated policies.
clustered arrival of jobs. Suppose 4 jobs have arrived into thf'dure 4.3 shows the mean response time, average probe rate an
svstem as a cluster. Then. the node would not initiate anv lo e job transfer rate when the processor load is 80% and the inter-
s%aring activity until it co'mpletes these four jobs Thusy on rival time and I/O CVs are fixed at 1. All other parameter values
o oy ; > ' i.are set to their default values. In this context, it should be noted
average, the probability of finding a node in the receiver state is gl -, 0 service time distribution of the data collected by Leland

decreasing function of {Jsee Figure 4.2b). The RI-I substa- i
: o / . s nd Ott [11] from over 9.5 million processes has been shown to
ntially less sensitive to inter-arrival CV because it initiates Ioa(ﬁave a coefficient of variation of 5.3 [9].

sharing activity much more frequently for reasons explained i
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Figure 4.2 Performance sensitivity to variance in job inter-arrival times
(A =0.8, Gis varied; G= G, = 1; all other parameters are set to their default values)
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Figure 4.3 Performance sensitivity to variance in processor service demand
(A =0.8, Gis varied; G = G, = 1; all other parameters are set to their default values)

It can be observed from Figure 4.3 that the sender-initiated.4. Sensitivity to variance in disk service times
policies exhibit more sensitivity tos&han the receiver-initiated This section considers the impact of variance in disk service
policies. At high Cs (for example, when Cs = 4) receiver-initiatedimes. As in the last two sections, the other two CVs are set at 1.
policies perform substantially better than the sender-initiatedrigure 4.4 shows the mean response time, average probe rate an
policies as shown in Figure 4.3a. The sensitivity of the FCFShe job transfer rate when the processor load is 80%. It can be
scheduling policy to variance in service times is an expected resuwbserved from this figure that;Laffects all four policies
because larger jobs can monopolize the processing power thsimilarly and the difference in response times is not substantial.
results in increased probe rates (Figure 4.3b). However, thiSender-initiated policies perform marginally better than their
increase in probing activity is useless because, at high systeraceiver-initiated counterparts.

loads, the probability of finding a receiver node is small (see For the receiver-initiated policies, the probe rate decreases with
Figure 4.3c). increasing variance disk service times. This is becausgyas C
At high G, the receiver-initiated policies perform substantially increases, the jobs depart the disks in a clustered fashion causing
better than the sender-initiated policies mainly because, at higihe jobs to return to CPU for service in a clustered manner. This
system loads, the probability of finding an overloaded node ihas the same effect as the inter-arrival CV (see Section 4.2). This
high. Thus, in this case, increased probing activity results ireffect is more pronounced for the interleaved 1/0O model. As
increased job transfers (thereby increasing load sharing). Thihown in Figure 4.4b, the decrease in probe rate for RI-I is more
results in a better performance and reduced sensitivity. foheé  than that for RI-NI policy. For reasons explained in Section 4.2,
RI-1 performs better than RI-NI because of the higher frequencyhe sender-initiated policies see an increased probe rate with disk
at which the load sharing activity is initiated as the jobs leave theervice time variance (though only marginal in this case).
CPU several times for disk service. As can be seen from Figure note that the results presented in Figure 4.4 were obtained by
4.3¢, RI-l is successful in transferring more jobs than RI-I policysetting job arrival rate to 0.8. At this arrival rate the average disk
for the CPU service time CVs shown in Figure 4.3. utilization is about 64%. The response time sensitivity to disk
service time variance increases with increasing disk utilization.
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Figure 4.4 Performance sensitivity to variance in disk service demand
(A = 0.8, Gy is varied; G= C; = 1; all other parameters are set to their default values) SI-NI and Sl-I lines overlap in figure (c).
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Figure 4.5 Performance sensitivity to percentage of jobs requiring disk access
(A = 0.8, fraction of disk jobs is varied; G = C; = G, = 1; all other parameters are set to their default values)
4.5. Performance sensitivity to disk jobs 4.6. Performance sensitivity to probe limit

The data presented in previous sections assumed an equidle previous sections assumed a probe limit of 3. This section

proportion of CPU-intensive jobs and IO-jobs (ie+ 50%).  discusses the impact of the probe limit on the performance of the
The effect of this parameter is studied in this section. The resulender-initiated and receiver-initiated policies. Figure 4.6 shows

are presented in Figure 4.5. As in previous sections, théhe mean response time, average probe rate and the job transfe
processor load is 80% and all three CVs are fixed at 1. We camate when the processor load is 80%. The processor and 1/O
make two observations form the data presented in this figure.  service time CVs and the inter-arrival time CV are fixed at 1. All

@

(i)

The difference in response time between interleaved and noRther parameter values are set to their default values.

interleaved models for the same load sharing policy increasegeceiver-initiated policies

with the proportion of disk jobs. For example, the differenceThe response times of RI-NI and RI-I policies tend to converge
between the response times of RI-1 and RI-NI increases ags the probe limit increases. For the data presented in Figure
the percentage of disk jobs increases. For example, whefga, both policies provide similar response times when the probe
a=10%, both RI-I and RI-NI provide the same responsejimit is greater then or equal to 6. It can be observed from this
times. Wheny=60%, the difference is about 10%. Similar figure that the RI-NI experiences more improvement in response
observations can be made for SlI-I and SI-NI policies asjme than RI-I policy. As shown in Figure 4.6b, the probe rate of
well. RI-NI policy increases with the probe limit whereas the probe rate
The receiver-initiated policies improve their performanceof RI-I is flat beyond the probe limit of 6. This translates to
with increasing proportion of disk jobs. As shown in Figure reduced job transfer rate as shown in Figure 4.6c. The reason for
4.5¢, the job transfer rate of receiver-initiated policies incr-the flat probe rate in RI-I policy is that the probability of a job
eases with the proportion of disk jobs. On the other handarriving for CPU service after finishing the disk service increases
there is no significant change for the sender-initiated policieswith increasing probe limit (as we use serial probing). This prob-
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ability is low with non-interleaved disk service. Notice that therate even though the probe rate is reduced (Figures 4.7b and
transfer rate itself does not change as much as the probe rate everic). Further increase in the threshold value result in decreasing
though the RI-NI exhibits a higher rate of change with probenumber of attempts at load distribution. This causes reduced
limit. The main reason is that, at high processor loads consideregrobe rates and job transfer rates.

the probability of successfully finding a sender node is high with

initial few probes. Therefore, further increases in probe limit doReceiver-initiated policies

not result in substantial increase in job transfer rates. The data presented in Figure 4.7a suggestsTthat is the best
S - value. That is, load distribution should be attempted only when a
Sender-initiated policies node is idle (Livny and Melman [13] call it ‘poll when idle’

In sender-initiated policies, probe rate change is not as high gslicy). The reason is that a node is better off avoiding load
that in the receiver-initiated policies (see Figure 4.6b). Howeverdistribution when there is work to do. In general, the
job transfer rates show a great degree of sensitivity to the prolgarformance of the receiver-initiated policies deteriorates with
limit as shown in Figure 4.6c. The reason is that, at high systefficreasing threshold value. The main reason for this is that the
loads there are likely more sender than receiver nodes, thgstem moves towards diminished load sharing system. Note that
probability of finding a receiver node increases with the probesven though the probe rate increases with the threshold value
limit. For higher probe limit values, the sender-initiated policies(Figure 4.7b), this does not result in finding a node that is above
perform better than the receiver-initiated policies. Furthermorethreshold. Thus, the transfer rate decreases with the threshold
the data in Figure 4.6a suggests that the SI-I maintains itgalue (Figure 4.7c). The RI-I policy exhibits more sensitivity to
performance superiority over SI-NI over the range of probe limithe threshold parameter than the RI-NI policy. For example, at
values considered here. T = 6, the response time of RI-NI is better than that of RI-I

4.7. Performance sensitivity to threshold policy.

The previous sections assumed a threshold-o®. This section 5. CONCLUSIONS

discusses the impact of threshold on the performance of thepad sharing has been extensively studied by several researchers
sender-initiated and receiver-initiated policies. Figure 4.7 showghere are two basic dynamic load sharing policies: sender-
the mean response time, average probe rate and the job transigfiated and receiver-initiated. In sender-initiated policies, heavily
rate when the processor load is 80%. The CPU and I/O serviggaded nodes attempt to transfer work to lightly loaded nodes and
time CVs and the inter-arrival time CV are set to 1. All otherin receiver-initiated policies lightly loaded nodes attempt to get

parameter values are set to their default values. work from heavily loaded nodes. A common thread among the
o . previous studies is that they have assumed only CPU-intensive
Sender-initiated policies jobs by completely ignoring their I/O requirements. In addition,

In general, increasing the threshold value decreases the scopesgpsitivity to variance in job inter-arrival and service times has not
load sharing. This manifests in decreased probe rates as theen studied. The goal of this paper has been to fill the void in the
threshold is increased. It should be noted Thatw corresponds ~ €Xisting literature. As a result this paper has considered the impact
to a system with no load sharing. A1, all job arrivals, when job’s /O service demand on the performance of the sender-
the system is busy, would result in initiating load distributioninitiated and receiver-initiated dynamic load sharing policies.
activity but the probability of finding an idle node is very low. Furthermore, we have also studied the impact of variance in the
This, therefore, results in poor performance at high system loadster-arrival times and in job CPU and disk service times.
as shown in Figure 4.7. We have used two I/O models: non-interleaved and interleaved
The two sender-initiated policies show performance improvemodels. In the non-interleaved (NI) model, 1/O operations are
ments initially and further increase in threshold would result indone once at the beginning and once more at the end of a job. In
performance deterioration as shown in Figure 4.7a. The reasdhe interleaved (1) model, I/O processing and CPU processing are
for the initial performance improvement is that increasing thdnterleaved. In comparing the performance of the sender-initiated
threshold from 1 increases the probability of finding a node that ig@nd receiver-initiated policies using these two I/O models, we
below the threshold and therefore results in increased job transfBave shown that:
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+  Exact I/O model has a more significant impact on receiver{g]
initiated policies when the inter-arrival time variance is
high (i.e., clustered arrival of jobs). The non-interleaved
I/0 model exhibits more sensitivity to this parameter. (o]

e Sender-initiated policies are relatively more sensitive to
variance in CPU service times. Again, the non-interleaved
I/0 model exhibits more sensitivity to this parameter.
[10]

e Variance in disk service times impacts both sender-
initiated and receiver-initiated policies similarly.

e The performance difference between interleaved and non-
interleaved 1/O increases with the proportion of jobs with [11]
I/O requirements.

In this study, we have not considered the impact of system and
workload heterogeneity [14,16]. System heterogeneity refers to
non-homogeneous nodes (nodes with different processinf2]
speeds, for example) and the workload heterogeneity refers to
non-homogeneous job arrival characteristics. In addition, the
effect of various processor and disk scheduling policies needs to
be studied. We intend to extend our work to study these issues [h3]
the near future.
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