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ABSTRACT - Dynamic load sharing policies have been among the previous studies, with a few exceptions, is the
extensively studied. Most of the previous studies have assumecg@sumption that the system is homogeneous and the node
homogeneous distributed system with a first-come-first-servegcheduling policy is first-comeffirst-served (FCFS). In addition,
(FCFS) node scheduling policy. In addition, job service timesinalyses and simulations in these studies have been done unde
and inter-arrival times are assumed to be exponentially distribifhe assumption that job service times as well as job inter-arrival
ted. In this paper, we study the impact of these assumptions diines are exponentially distributed. We have reported the impact
the performance aknder-initiated andreceiver-initiated dynamic ~ 0f scheduling discipline on the performance of dynamic load
load sharing policies iheterogeneous distributed systems. We Sharing policies in homogeneous systems [1]. The focus of this
consider two node scheduling policiedirst-comeffirst-served ~PaPer is on heterogeneous systems.

(FCFS) and round robin (RR) policies. Furthermore, the impact Mirchandani et al. [15] consider the impact of delay on the
of variance in inter-arrival times and job service times is studiedperformance of heterogeneous distributed systems. They considel
Our results show that, even in heterogeneous distributed systent®/o types of heterogeneous systems: in type | systems external
when the round robin node scheduling policy is used, sendefjeb arrival rates at nodes may differ and in type 2 systems the
initiated policy is better than the receiver-initiated policy unlessprocessing rates of the nodes may also differ. They use analytical
the variance in job service times is low. This is an importanimodels to estimate the performance. In order to facilitate
observation as most workstations use a scheduling policy similanalytical modeling, they assume that inter-arrival times and

to the round robin policy considered here. service times are exponentially distributed. The node scheduling
policy is the non-preemptive first-comeffirst-served. This work is
1. INTRODUCTION directly relevant to our study. As in their study, we consider the

Load sharing improves performance of distributed systems
distributing system load from a heavily loaded node to a lightl
loaded node. Dynamic load sharing policies use current (or mo
recent) system state information to perform load distribution
Two important components of a dynamic policy are a transfe
policy and a location policy [5]. The transfer policy determines The remainder of the paper is organized as follows. Section 2
whether a job is processed locally or remotely and the locatiopresents the load sharing and node scheduling policies. Section =
policy determines the node to which a job, selected for possibléescribes the workload and system models used in this study.
remote execution, should be sent. Typically, transfer policies us€he results for type | and type Il heterogeneous systems are
some kind of load index threshold to determine whether the noddiscussed in Sections 4 and 5, respectively. Conclusions are
is heavily loaded or not. given in Section 6.

t;IQNO types of heterogeneous systems. However, we focus on
ome of the gaps left by their study. We concentrate on non-
Sg(ponential inter-arrival and service times, and use preemptive
round robin node scheduling policy. Because of this focus, we
pave to use a simulation model for performance evaluation.

Location policies can be divided into two basic classester-
initiated or receiver-initiated. In sender-initiated policies, 2~ LOAD SHARING AND NODE SCHEDULING POLICIES
congested nodes attempt to transfer work to lightly loaded nodeshis section presents the load sharing policies and the node
In receiver-initiated policies, lightly loaded nodes search forscheduling policies. Section 2.1 describes the sender-initiated and
congested nodes from which work may be transferred. It haeeceiver-initiated load sharing policies. The two node scheduling
been shown that, when the first-come/first-served (FCFSpolicies are described in Section 2.2.
scheduling policy is used, sender-initiated policies perform better ) ..
than receiver-initiated policies at low to moderate system loadé:1- L0ad Sharing Policies , ,
[6]. This is because, at these system loads, the probability ¢PY" Ioad. sharlng policies are slightly different from.those
finding a lightly loaded node is higher than that of finding areported in the literature. These subtle changes are motivated by

heavily loaded node. At high system loads, on the other hand’® following aspects of locally distributed systems. First,
receiver-initiated policies are better because it is much easier ¥jorkstations use some kind of round robin scheduling policy for
find a heavily loaded node at these system loads. efficiency and performance reasons. Thus, it is necessary to have

. . ) i ] a number of jobs that is related to the degree of multi-progra-
In the remainder of this section, we briefly review related workmming (T,). In the implementation of Hac and Jin [8], they have
and outline the paper. EX.tenSIve |I_tel‘ature e?(|StS on this t0p|C !:].Used a similar parameter (they call it Capaﬁ])y Second’ it is
22] For the sake of breV|ty, we will Only review a subset of thlSexpensive to migrate active processes and, for performance
literature that is directly relevant to our Study. A common threadmprovement' such active process migration is Strictly not

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



necessary. It has been shown that, except in some extreme casemnogeneous (e.g., if only a few nodes are generating the
active process migration does not yield any significant additionasystem load) [18] or when the variance in inter-arrival times is
performance benefit [7]. Load sharing facilities like Utopia [22] high [1]. In order to remedy this situation, the receiver initiated
will not consider migrating active processes. As a result, weolicy implemented here reinitiates load sharing activity after the
assume that each node has two queues that hold the jaibs: a lapse ofP, time since the last probe if the node is still idle. Such a
queue, which is a queue of all the jobs (i.e., active jobs) that arestrategy has been suggested but not implemented in previous
to be executed locally andab waiting queue that will hold those  studies [18].

jobs that are waiting to be assigned to a node. Note that onlyjobzs

in the job waiting queue are eligible for load distribution. 2. Scheduling Policies N ,
o o o We consider two scheduling policies - one preemptive and one
In both sender-initiated and receiver-initiated policies, we US¢,on_preemptive.

the same threshold-based transfer policy. When a new job arrives
at a node, the transfer policy looks at the job queue length at the First-Come-First-Serve (FCFS): This is a non-preemptive
node. It transfers the new job to the job queue (i.e., for local scheduling policy that schedules jobs in the order of their
execution) if the job queue length is less than the degree of arrival into the job queue. This node scheduling policy has
multiprogrammingT,,. Otherwise, the job is placed in the job  been used in most of the previous studies.

waiting queue of the node for a possible remote execution. The
location policy, when invoked, will actually perform the node
assignment. The two location policies are described below.

Round Robin (RR): This is a preemptive scheduling policy. In
this policy, each scheduled job is given a quan@end, if

the job is not completed within that quantum, it is preempted
Sender -initiated policy: When a new job arrives at a node, and placed at the end of the associated job queue. This would
the transfer policy described above would decide whether to place eliminate a particularly large service demand job from
the job in the job queue or in the job waiting queue. If the job is monopolizing the processor. Note that each preemption would
placed in the job waiting queue, the job is eligible for transfer and cause a context switch overhe2@D.

the location policy is invoked. The location policy probes (up to)

a maximum of probe limi®, randomly selected nodes to locate a 3. SYSTEM AND WORKLOAD MODELS

node with the job queue length less tianif such a node is |n the simulation model, a locally distributed system is repres-
found, the job is transferred for remote execution. The transferregnted by a collection of nodes. We model the communication
job is directly placed in the destination node’s job queue when igetwork in the system at a higher level. We model communication
arrives. Note that probing stops as soon as a suitable target nogglays without modelling the low-level protocol details. Each
is found. If all probes fail to locate a suitable node, the job isyode is assumed to have a communication processor that is
moved to the job queue to be processed locally. When gesponsible for handling communication with other nodes. The
transferred job arrives at the destination node, the node muglPU would give preemptive priority to communication activities
accept and process the transferred job even if the state of the nqdeich as sending a probe message) over processing of jobs.

at that instance has changed since probing. In this paper, we

assume thaf,,= T for the sender-initiated load sharing policy. The CPU overheads to send/receive a probe and to transfer &

job are modelled byl one andTix, respectively. Actual job
Receiver-initiated policy: When a new job arrives at no&  transmission (handled by the communication processor) time is
the transfer policy would place the job either in the job queue oassumed to be uniformly distributed betwedy andLy.

in the job waiting queue of node as described before. The Probing is assumed to be done serially, not in parallel. For
location policy is invoked by nodes only at times of job comple-example, the implementation [4] uses serial probing.

tion. The location policy Qf node attempts to transfer a job from _ The system workload is represented by four parameters. The

ﬁob arrival process at each clasmode is characterized by a mean
inter-arrival time 14; and a coefficient of variatioB,;. Jobs are
haracterized by a processor service demand on aiataste

(with mean 1g) and a coefficient of variatioBs;. We study the

not empty. Otherwise, if the job queue length of nBde less
thanTg, it initiates the probing process as in the sender-initiate
policy to locate a nod8with a non-empty job waiting queue. If

such a node is found withy probes, a job from the job waiting o ) . i i ;
performance sensitivity to variance in both inter-arrival times and

queue of nod& will be transferred to the job queue of ndgle X . X
In this paper, as in the previous literature [6,18], we assume thSETVice times (the CV values are varied from 0 to 4).We use a

Tr = 1. That is, load distribution is attempted only when a noddWwo-stage h_yperex_ponential model to generate service times and
is idle. The motivation is that a node is better off avoiding loadterarrival imes with CVs greater than 1.
distribution when there is work to do. Furthermore, several We consider two types of heterogeneous systems. In type |
studies have shown that a large percentage (up to 80% dependiggstems, the nodes are homogeneous (i.e., have the same proce
on time of day) of workstations are idle [10,13,16,19]. Thus thesing rate) but the job arrival rates at nodes are different. To reduce
probability of finding an idle workstation is high. the complexity of the experiments, we consider two node classes
In previous studies, if all probes failed to locate a suitable nod@S In [15] and refer to them as class 1 and class 2. In type Il sys-
to get work from, the node waits for the arrival of a local job_tems, the node processing rates are also different. .We considet
Thus, job transfers are initiated at most once every time a job {4/0 node classes in type Il systems as well. Nodes in each class
completed. This may cause performance problems because thk@ tyPe Il system can have different job arrival rates but all

processing power is wasted until the arrival of a new job locallyN°des in a given class have the same processing rate. However

This poses severe performance problems if the load is ndrocessing rates of nodes are different for the two classes.



We use mean response time as the chief performance metricéacept at very high system loads. At these system loads, FCFS
compare the performance of the two scheduling policies. Iperforms better than RR because the service time CV is low.
addition, we also obtain the probe rate per node and job transféiso, receiver-initiated policies perform better than sender-
rate per node statistics from the simulation. These two rates aneitiated policies at high system loads (for class 2 load > 0.8).

computed as follows: WhenC, = Cg = 4 (for both classes), sender-initiated policies

# of probes during simulation perform better at low system loads. At low system load on class 2
Probe rate/node =" \mber of nodes) nodes, the performance of the receiver-initiated policies
deteriorates rapidly. The reason is that there are only 6 (out of 32)
Transfer rate/node _# of job transfers during simulation nodes operating at an offered system load of 0.9 while the
(T * number of nodes) remaining 26 nodes are operating at 0.01 system load. Since loac
sharing activity is initiated at most at L#1 rate when the nodes
e idle, the 6 heavily loaded nodes do not get much help from the
@aining 26 nodes. The impact of this is more pronounced in
igure 4.1b because of the clustered arrival of jobs and the higher
variance in service times.

whereT is the simulation run length. While probe and transfer
rates are used in our discussion to explain the behaviour of tHfE
system, the actual data on these two metrics are not presented
to space limitations.

4. PERFORMANCE OF TYPE | SYSTEMS

This section presents the simulation results for type | hetero-

geneous systems. Unless otherwise stated, the following default 4
parameter values are assumed. The distributed systel=hag - SI.FCFS -= SRR
nodes interconnected by a 10 megabit/second communication 1
network. The number of class 1 noddgss 6 and the number of
class 2 nodehl,is 26. Section 4.2 discusses the impact of node
distribution between class 1 and class 2. The average job service
time is one time unit for both classes. Thatiis u, = 1. The

size of a probe message is 16 bytes. The CPU overhead to
send/receive a probe messdggye is 0.003 time units and to
transfer a joldljy is 0.02 time units. Job transfer communication
overhead is uniformly distributed betwelgp = 0.009 andJjx =

0.011 time units (i.e., average job transfer communication over-
head is 1% of the average job service time). Since we consider 0 . . . |
only non-executing jobs for transfer, 1% is a reasonable value. 0 02 04 06 08 1
Transfer policy threshold, is 2 and location policy threshold
(for the sender-initiated policies) is 2 amd (for the receiver-
initiated policies) is 1 (as explained in Section 2.1). Similar (a) Inter-arrival CVCai = Service C\Csi = 1 for both classes
threshold values are used in previous studies [4,5,6]. Section 4.6

discusses the impact of this parameter. Probe Rpig 3 for all

-o- RI-FCFS -o- RI-RR

Mean response time

System load on class 2 noc

policies. Section 4.5 considers the impact of the probe limit. For 16
the RR policies, quantum siggis 0.1 time unit and the context ° | - SIFCFS #= SIRR
switch overhea€S0O is 1% of the quantum sizg. £ -o- RI-FCFE 1o~ RI-RR
A batch strategy has been used to compute confidence intervals a 129
(at least 30 batch runs were used for the results reported here). 5
This strategy produced 95% confidence intervals that were less § o
than 1% of the mean response times when the system utilization =
is low to moderate and less than 5% for moderate to high system s 4
utilization (in most cases, up to about 90%). = 4_\
4.1. Performance as a function of system load
Figure 4.1 shows the mean response time as a function of offered 0
T T

system load. Note that the offered system load for a classle
is given byii/y;. Sinceu; = up = 1, offered system load on class
i nodes is equal ta. In this experiment we have fixed at 0.9 System load on class 2 noc

andj; is varied to see the impact of system load on performance. ) )
o ] ) (&) Inter-arrival CVCai = Service C\Csi = 4 for both classes
The results in Figure 4.1a correspond to an inter-arrival CV

(Cai) and service time C\WJg)) of 1 (for both classes) and those Figure 4.1 Performance sensitivity as a function of offered
in Figure 4.1b were obtained with the inter-arrival time andsystem loadN = 32 nodesN; = 6,Ny = 26,3 = o= 1,A1=
service time CVs of 4. As can be expected, higher service an@l9 and); is varied to vary system load on class 2 nodigss
inter-arrival CVs have substantial impact on all policies. Where, Tg= 2, T = 1,P, = 3,P, = 1, transfer cost = 198 = 0.1,
Cai = Cj =1 for both classes, scheduling policy has little impactCSO = 1% ofQ)

T T
0 02 04 06 08 1



At moderate to high system loads on class 2 nodes, SI-RR 20
gives the best performance while SI-FCFS the worst. Perform-
ance of the two receiver-initiated policies falls in between that of
SI-RR and SI-FCFS policies. The node scheduling policy has
substantial impact on the sender-initiated policy. The worst
performance of the FCFS policy is due to the sensitivity of the
FCFS policy to service time CV (further discussed in Section
4.4). The RI-FCFS performs better because, at high system
loads, sender-initiated policies would have to work harder to find
a receiver node; however, for receiver-initiated policies, the

probability of finding a sender node is high. Thus, even though 47 o
the probe rate is high for the sender-initiated policies, job transfer
rate is lower than that of the receiver-initiated policy. (Due to 0

Mean response time

space limitation, probe and transfer rates are not presented). 1 6 11 16 21 26 31
The RI-RR performs marginally better than RI-FCFS while Number of class 2 nod¢

SI-RR provides substantially better performance. In fact, SI-RR

exhibits the least sensitivity to system load among the four - SI-FCFS = SI-RR

policies. There are several factors contributing to this perfor- - RI-FCFS  -0- RI-RR

mance superiority: (i) RR policy gives priority to smaller jobs

through preemption by not allowing longer jobs to dominate the=jg,re 4.2 Performance sensitivity to degree of heterogenaity (
processors. (ii) Compared to FCFS, RR tries to finish smaller.

jobs faster; therefore, the probability of finding a node in receiver. 32 nodesiy =N - Na, N Is variedyu =42 = 1, Gs1 = G2 = 4,
state increases with RR, which also implies that the probability of2 = 01,42 = 0.9, Q(’)l =Ca2=4,Tm= 2Ts=2TR=1P=3.P
finding a node in the sender state decreases. These factors affect transfer cost = 19 = 0.1,CS0 = 1% ofQ)

sender-initiated and receiver-initiated policies differently. In

sender-initiated policy, clustered arrival of jobs causes more loasuperiority of RR policies can be attributed to high service time
sharing activity whereas in receiver-initiated policies, it causes th€V used in this set of experiments. Performance sensitivity to
opposite effect. Since RR node scheduling policy increases thster-arrival and service time CVs is discussed in the next two
probability of finding a receiver node, it improves performance ofsections.

the SI-RR policy. On the other hand, RR policy does not have as . . o . .

much influence on the performance of the receiver-initiated policy*-3: Sensitivity to variance in inter-arrival times

because the probability of finding a sender node decreases wilthe impact of inter-arrival CV is shown in Figure 4.3. For both
RR node scheduling policy. Although it is not shown here, probelasses, the service time CV is 1. The inter-arrival time G\sC

rate of RR policies is always lower than the corresponding valueset to the same value in both classes and is shown on the x-axis
for the FCFS policy. The receiver-initiated policies are relatively more sensitive to the
inter-arrival CV than the sender-initiated policies. The reason for
this sensitivity is that increased CV implies clustered nature of job
In this experiment, the offered system loads for class 1 and 2 aegrivals into the system; this results in reduced probe rate. For
fixed as 0.1 and 0.9 (i.ed; = 0.1 andA, = 0.9). Figure 4.2 €xample, assume thatiG O for both classes. If&0s also zero,

shows the impact of degree of heterogeneity. In this graph, the £ach node invokes the probing process to locate a sender nodk
axis gives the number of class 2 nodlesand remaining nodes after the completion of each job because local job arrival would be

belong to class 1 group. Since class 1 nodes are lightly loade80Me time after the completion of the previous job (because of no
the mean response time increases Nith variations in either service or inter-arrival times). Now increasing

. . Ca means clustered arrival of jobs. Suppose four jobs have
FCFS Policy: When the number of class 2 nodMs is  gprived into the system as a cluster. Then, the node would not
smaller, SI-FCFS performs better than RI-FCFS because classitiate any load sharing activity until it completes these four jobs.
nodes are lightly loaded and the probability of finding a receivemnthough not shown here, probe rates decrease with increasing
is high in this case. Al increases, the probability of finding @ jyter-arrival CV. On the other hand, clustered arrival of jobs
sender increases. As a result, the RI-FCFS performs better afgkiers increased load sharing activity in sender-initiated policies.
the performance of SI-FCFS deteriorates rapidly at Ngh  Thys the probe and job transfer rates increase with increasing
values. In fact, the transfer rate of SI-FCFS falls wNeris  jnter-arrival CV (not shown). The sender-initiated policies tend to
increased beyond 26 even though the probe rate increases (PrqRgnsfer more jobs than the receiver-initiated policies. For exa-
and transfer rate data are not shown). mple, whenCy; is 4, the transfer rate of sender-initiated policies
RR Policy: For reasons given in Section 4.1, when RR nodds 0.44 per node while that of receiver-initiated policies is 0.34.

scheduling policy is used, the SI-RR policy performs  porpoth sender- and receiver-initiated policies, the RR policy
significantly better than RI-RR policy. As shown in Figure 4.2, herforms marginally worse than the FCFS policy because of low
RI-RR performs slightly better than RI-FCFS policy. The SI-RRggyyice time CV (which is 1 for these experiments). Note that the

policy, however, exhibits fairly robust behaviour and providesgpr policy improves performance when there is high variance in
the best performance among the four policies. The performancgvice times.

4.2. Impact of degree of heterogeneity
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Figure 4.3 Performance sensitivity to inter-arrival time CM ( Figure 4.4 Performance sensitivity to service time CN £ 32
= 32 nodesN; =6,N> = 26,11 =0.1,A2=0.9, G1=Cyo = nodes,N; = 6,N2 = 26,41 =0.1,A12=0.9, Gu=Cy2=1,111 =

varied from 0to 4u; = =1, G1= G2 =1, T, =Ts= 2, TR U =1, G1=Csp = varied from 0 to 4T, =Ts=2,Tr=1,P, =
=1,P, = 3,P, = 1, transfer cost = 19 = 0.1,CSO = 1% ofQ) 3, P, =1, transfer cost = 19 = 0.1,CS0 = 1% ofQ)

4.4. Impact of variance in service times tendency increases with increasing. Chis, however, does not

Figure 4.4 shows the impact of variance in service time. In thigffect the load sharing (_:apability as the job transfer rate is similar
context, we should note that service time distribution of the datiP that in the FCFS policy for highsCThe probe rate of RI-RR
collected by Leland and Ott [12] from over 9.5 million processedncreases marginally with &C This is due to the fact that an

has been shown to have a coefficient of variation of 5.3. increase in @ results in a large number of small jobs and,
) ) ) ) ] therefore, the probability of a node becoming idle increases.
For this experiment, the inter-arrival time CV for both classes

is fixed at 1. There are two main observations from this figure4.5. Performance sensitivity to probe limit
When the non-preemptive FCFS node scheduling policy is use

- S o S ?i’i ure 4.5 shows the sensitivity of performance to probe limit. It
sender-initiated policies exhibit more sensitivity te fBan the 9 yorp P

receiver-initiated policiesAt high Gi (for example, when €= can be seen that only the SI-RR policy is least sensitive to probe

4) receiver-initiated policy (RI-FCFS) performs substantially"mlt P
better than the sender-initiated policy (SI-FCFS). The sensitivity For the receiver-initiated policies, changing the probe limit
of the FCFS policy to service time CV is an expected resuléloes not introduce significant performance differences between
because larger jobs can monopolize the processing power th@R and FCFS scheduling policies. The data presented in Figure
results in increased probe rates (not shown). However, thi4.5 show that the response time is extremely sensitive to the
increase in probing activity is useless because, at high systeffiobe limit. For reasons explained in the previous sections, the
loads, the probability of finding a receiver node is small. At highRI-RR policy generates fewer probes and job transfer rates. As
Csi, RI-FCFS performs substantially better than SI-FCFS mainlyeported in [1], at higher system loads and for higher probe
because, at high system loads, the probability of finding afimits, receiver-initiated policies perform better than SI-FCFS
overloaded node is high. Thus, in this case, increased probir[.y)”Cy. However, their performance is still worse than that of the
activity results in increased job transfers (thereby increasing loa8l-RR policy.
sharing). For the sender-initiated policies, SI-RR policy exhibits neglig-
When the preemptive RR policy is used, sender-initiated policyble sensitivity to the probe limit fd?>2. The SI-FCFS policy
provides the best performance unless the service time CV is lowesults in substantial performance degradation if too small a probe
Furthermore, both policies (SI-RR and RI-RR) exhibit negligiblelimit is used. For reasons explained in Sections 4.1 and 4.4, the
sensitivity to service time CV. This is mainly due to the preemp-SI-RR policy results in fewer probes but transfers more jobs. As
tive nature of the RR scheduling policy. Even though not show result the SI-RR policy exhibits less sensitivity to probe limit.
here, the probe rate associated with SI-RR policy decreases o
marginally with Gi. This is because highersimplies the 4.6. Performance sensitivity to threshold
presence of a large number of small jobs and a small number &fgure 4.6 shows the the impact of threshold on the performance.
large jobs. Because of its preference to complete smaller jobs, RR
policy tends to move more jobs to the corresponding node’s loc&lender -initiated policies: In general, increasing the thres-
job queue and thus initiates fewer load distribution activities. Thidold value decreases the scope of load sharing. This manifests in
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Figure 4.5 Performance sensitivity to probe limiN(= 32  Figure 4.6 Performance sensitivity to the threshold parameter
nodes,N; = 6,N> = 26,41 =0.1,A2=0.9, G1=Cy2=4,11 = (N =32 nodesN; = 6,N, = 26,41 =0.1,A2=0.9, G1 = Cy2 =
=1 GCG1=C2=4,Tn=2,Ts=2,Tr=1,Pjisvaried from1 4, =u>=1, G1=Cs2=4,TnandTsare varied,Tgr = 1, P,

to 10, transfer cost = 19Q = 0.1,CSO = 1% 0ofQ) =3, transfer cost = 198 = 0.1,CSO = 1% ofQ)

decreasing probe rates as the threshold is increased. It shouldlb®wn that the FCFS scheduling discipline is sensitive to the
noted thatT,,= Ts = o corresponds to a system with no load service time CV. RI-RR policy exhibits least sensitivity to the
sharing. AtT= Ts =1, all job arrivals, when the system is busy, threshold value. As in SI-RR policy, performance improves
would result in initiating load distribution activity but the initially with the threshold value; further increases in threshold
probability of finding an idle node is very low at high system causes performance deterioration. However, SI-RR still provides
loads. This, therefore, results in poor performance at high systebetter performance than RI-RR for the threshold values
loads as shown in Figure 4.6. considered here. Since a threshold value of less than 3 yields the
hbest performance, SI-RR maintains its performance superiority

The SI-FCFS policy i itive than SI-RR policy. Bot S
e policy is more sensitive than policy ofvertheotherthree nolicies.

sender-initiated policies show performance improvements initiall
and f_urth(_er increase in _thre_shold would result in perform_an_ce 5. PERFORMANCE OF TYPE Il SYSTEMS
deterioration as shown in Figure 4.6. The reason for the initial )
performance improvement is that increasing the threshold from 1) type Il heterogeneous systems, nodes may have different
increases the probability of finding a node that is below the’rocessing rates in addition to seeing different job arrival rates as
threshold and therefore results in increased job transfer rate evlihth‘_e type | systems. We conS|d§r a system.Nlth 32 nodes
though the probe rate is reduced (not shown). Further increase g@nsisting of two node classes with processing ratgg=.5

the threshold value results in decreasing the number of attemptsaaid,=1. Due to space limitations, we will present only a sample
load distribution. This causes reduced probe rates as well as j@f the simulation results.

transfer rates.

5.1. Performance as a function of system load
Note that, whenl, = Ts= 1, the performance of the two ¥

sender-initiated policies is significantly different. The main reason his section presents the results as a function of offered system
for this behaviour is that, even though the threshold is 1, the jolad. For this experiment, we have divided the 32 system nodes
queue length could be higher than 1 due to (i) the transfer of loc&qually between the two node classes (N5 N2 =16). The
jobs to the local job queue because no receiver node had beefiered system load is maintained the same for both classes. That
found and (ii) the transfer of jobs that have been transferred fron$, the arrival rate of class 1 is maintained at half of that for the
another node. Note that the policies dictate that a transferred jétiass 2 nodes because class 2 nodes are twice as fasg%i.e.,
has to be processed at the destination node regardless of the staf@). We have run several experiments to determine the best
of the node at the time of its arrival. threshold value for each class. Even though the value varies
slightly depending on the node scheduling algorithm, the
Receiver-initiated policies: The performance of the RI- threshold values of if= 2 for the class 1 nodes and 3 3 for
FCFS policy deteriorates with increasing threshold vatuerhe  class 2 nodes are found to be good choices. The results are
main reason for this is that the system moves towards diminishgatesented in Figure 5.1. The inter-arrival and service time CVs
load sharing system and the service time CV is high. It is wellfor both classes are fixed at 4 (i€aj = Csi = 4).
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FCFS policy: When the node scheduling policy is FCFS, bothnet effect of this is that job transfer rate of SI-RR is substantially
sender-initiated and receiver-initiated policies perform the sambigher than that of RI-RR policy. For example, when the offered
until the offered system load is about 0.6. Beyond that theystem load is 0.8, the job transfer rate of SI-RR is 0.32 while
receiver-initiated policy performs significantly better than thethat for the RI-RR is 0.2.

sender-initiated policy. The performance difference between SlI- .

FCFS and RI-FCFS also depends on the number of class 1 and |mMpact of degree of heterogeneity

class 2 nodes. If there are more class 1 nodes (which are slavigure 5.2 shows the response time as a function of number of
nodes in our case), the performance difference increases. Thitass 1 nodedl;. Note that the number of class 2 nodes (i.e.,
issue is discussed in the next section. faster nodesN, is given by 32N;. Thus as we move from left

Analysis of simulation data for each class suggests that, in Sto right in Figure 5.2, the number of slower nodes increases in
FCFS policy, more jobs are transferred from class 2 to slowethe system. As a result all policies experience increase in response
class 1 nodes. Since the job arrival rate of class 2 nodes is twitne. However, only the SI-FCFS policy exhibits more
that of the class 1 nodes afigis 2 andT, is 3, the probability of ~ sensitivity toN; than the other three policies. This is because the
finding a sender node in class 2 is higher than in class 1. Sin&nder-initiated policy finds it difficult to locate a receiver as there
the probing process is unbiased, more jobs are transferred &se fewer receivers than senders (because the system load i
class 1 nodes. As a result, the response time of class 1 jobs88%). As a result, the SI-FCFS policy moves the system closer
substantially higher than that of class 2 jobs. to no load sharing than the RI-FCFS policy. This coupled with
the fact that there are more slower nodes as we move right in

. In RI-FCFS policy, Jc.’b movement across _th_e class boundar)&'gure 5.2 causes the response time increases much more quickly
is more balanced than in SI-FCFS policy. This is because class g s|_FcES than RI-ECES policy. The RR policies are less

nodes have a higher probability of being in the sender state thas%nsitive to the degree of heterogeneity because of their

cl_ass 1 nodes. As a result of this balanced job movement, tr’ﬁereemptive nature. It should be noted that in all cases the SI-RR
difference between the response times of the two classes ﬂ)%licy gives the best performance

smaller than in SI-FCFS policy.

RR policy: The SI-RR policy provides the best performance 6. CONCLUSIONS

even in type Il heterogeneous systems. As discussed in Sectidvie have discussed the impact of node scheduling policies on the
4.1, when the preemptive RR policy is used, the probability operformance of sender-initiated and receiver-initiated dynamic
finding a node in the receiver state (i.e., below threshold) is higlbad sharing policies. We have considered two node scheduling
because RR gives priority to smaller jobs. Thus with the RRoolicies - first-come/first-serve (FCFS) and round robin (RR)
policy, probability of finding a node in the sender state decreasepolicies. We have also considered two types of heterogeneous
Therefore, the SI-RR policy is more successful in finding asystems and studied the impact of variance in inter-arrival times
receiver node to transfer a job; on the other hand, RI-RR policand job service times on the performance of these two node
suffers because it is less successful in finding a sender node. Theeheduling policies.



For the parameter values considered here, we have shown thgg)

When the non-preemptive FCFS node scheduling policy is used:

* receiver-initiated policies are highly sensitive to variance
in the inter-arrival times (i.e., to clustered arrival of jobs); (9]

» sender-initiated policies are relatively more sensitive to
variance in job service times.

» sender-initiated policies are relatively more sensitive to thd 0]
degree of heterogeneity than the receiver-initiated policy.

When the preemptive RR node scheduling policy is used: [11]

« sender-initiated policy is less sensitive to system load,
variance in the job service times, degree of heterogeneity
for a given variance in the inter-arrival times;

* when the variance in service time is high, the sender{12]
initiated policy provides the best performance among the
policies considered in this study.

These observations are similar in nature to the conclusiong 3;
reported for homogeneous distributed systems [1].
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