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ABSTRACT - Dynamic load sharing policies take system statesystem load, a sender-initiated policy might be used; at high
into account in making load distribution decisions. The statesystem loads, the load sharing policy is switched to a receiver-
information can be maintained in one of two basic ways: distriinitiated policy. We describe an adaptive policy in Section 2.

buted or centralized. Two principal types of policies that belong T\ jmportant components of a load sharing policy are a
to the distributed scheme are the sender-initiated and receiveiynsfer policy and a location policy. The transfer policy
initiated policies. In the centralized scheme, a central coordinatQ{etermines whether a job is processed locally or remotely and the
node is responsible for collecting system state information. Distrifocation policy determines the node to which a job, selected for
buted policies do not perform as well as the centralized policyygssible remote execution, should be sent. Typically, transfer
Performance of distributed policies is sensitive to variance 'UJOtgolicies use some kind of load index threshold to determine
service times and inter-arrival times. Distributed policies,\yhether the node is heavily loaded or not. Load sharing policies
however, are scalable whereas the centralized policy can causgy employ either a centralized or a distributed location policy. In
bottleneck and fault-tolerance problems for large systems. AQ centralized policy, state information is collected by a single
adaptive distributed policy has been proposed that dynamically,ordinator node and other nodes would have to consult this node
switches between sender-initiated and receiver-initiated policieg, advice on the system state in locating a target node. In a
depending on the system state. Here we propose a new glokgkyinyted policy, system state information is distributed across
hierarchical load sharing policy that minimizes the drawbacks asspe nodes in the system. In this type of policy, in order to locate a
ociated with the distributed and centralized policies whileiarget node, individual nodes would have to gather the required
retaining their advantages. We provide a performance comparisiiate information from other nodes. Centralized policy has the
of these policies and show that the proposed hierarchical po“%dvantage of providing near perfect load sharing as the
provides the best performance among the distributed and adapti¥gqrdinator has the entire system state to make a load distribution
policies for all the various system and workload parametergecision. The obvious disadvantages of this type of policy are
considered. diminished fault-tolerance and potential for performance

1. INTRODUCTION bottleneck. , . .
A large number of software packages are available to effectively The distributed policy eliminates these disadvantages
distribute load among workstations in a cluster. Such softwareassociated with the centralized policy; however, distributed
referred to as the cluster management software in [1], is availabRolicies may cause performance problems as the state informatior
from commercial as well as research sources. A comprehensivgay have to be transmitted to all nodes in the system. Previous

review of seven commercial packages and twelve researcstudies have shown that this overhead can be substantially
packages is given in [1]. reduced by sampling only a few randomly selected nodes [7]. A

) - ey . further problem with the distributed policies is that the
Load sharing policies can be classified into three tygtatc, e o ; ; ;
dynamic oradagtiee policies. Static policies only use in)fg'rmation performance of such policies is sensitive to variance in service
about the average systerﬁ behaviour. For example, jobs can es as well as inter-arrival times [2, 4]. Distributed policies are,
assigned to nodes in a cyclic fashion [12]. The chief advantage wever, scalable to large system sizes.
the static policies is their simplicity but these policies cannot TO overcome these problems, we have proposed a local

respond to changes in system state; therefore the performanbigrarchical load sharing policy that combines the merits of the
improvement is limited. centralized and distributed policies while eliminating/minimizing

: - e disadvantages of these policies [5]. In this paper, we propose
Dynamic palicies, on the other hand, use the current or r-ece'gl]modified hierarchical load sharing policy (we call it ghabal

system state information in making load distribution decisionsy: archical policy) and focus on the performance of this policy in

These policies react to system state changes dynamically a %ﬂ policy P policy

. . . m distributed systems. Performance of this policy in
therefore there is scope for substantial performance improveme ogeneous distrit :
over and above the improvements provided by the static policie terogeneous distributed systems has been reported in [11]. The

oy - esults reported here and in [11] suggest that the hierarchical
Two types of policies that belong to this group arestreler- ; ; i
initiated andreceiver-initiated policies. In sender-initiated policy provides the best periormance among the four non

L ; entralized load sharing policies considered. Its performance is
policies, congested nodes attempt to transfer work to IIghtIfloser to that of the centralized policy, which provides the best

loaded nodes. In receiver-initiated policies, lightly loaded nodeﬁ : :
search for congested nodes from which work may be transferreR€/formance in the absence of contention. .
More details on these two policies are given in Section 2. The remainder of the paper is organized as follows. Section 2

The final category of adaptive policies change the load sharin |5(f:usses thef fhour load %h§r|ng ﬁph(l:lesl.agamst Wh'cg .}_?]e
system and workload conditions. Typically adaptive policies us escribes thg Wo¥kload and system models and the results are
a repertoire of two dynamic policies: a sender-initiated policy an iscussed in Section 5. Conclusions are given in Section 6
a receiver-initiated policy. For example, at low to moderate ) 9 )

This report can be obtained from htt p: / / ww. scs. carl eton. ca



2. LOAD SHARING POLICIES state to the coordinator for updating purposes. A node can be in
The load sharing policies discussed here use the followingne of three states:
transfer policy. When a new job arrives at a node, the transfer . . . .
policy looks at the job queue length at the node. This queud A node is in theeceiver state if the job queue length of the
length includes the jobs waiting to be executed and the job Node is less than Tlow threshold);
currently being executed. The new job is transferred for local A node is in thesender state if the job queue length of the node
execution if the queue length is less than the specified threshold is greater than T(high threshold):
value T. Otherwise, the job is eligible for a possible remote 9 hl{Nig '
execution and is placed in the job transfer queue. The location otherwise, it is in the OK state.
policy, when invoked, will actually perform the node assignment.

where T, = T,. In this paper, for reasons explained in Section 2.2,
2.1. Sender-Initiated Policy T =T=
When a new job arrives at a node, the transfer policy describe\ge assume th,énh, T', T, l . . )
above would decide whether to place the job in the job queue or The load distribution is initiated by a receiver node (i.e., a
in the job transfer queue. If the job is placed in the job transfefode that is in the receiver state). Typically, at job completion
queue, the job is eligible for transfer and the location policy ifimes, if the state of the node changes to receiver, it consults the
invoked. The location policy probes (up to) a maximum of probé:oord!nator node for a node that is in the sender state. If a sende
limit P, randomly selected nodes to locate a node with the jolode is found, the coordinator informs the sender node to transfer
gueue length less thah If such a node is found, the job is @ job to the receiver node. As in the receiver-initiated policy,
transferred to that node for remote execution. The transferred jdi§initiation of load distribution is necessary in order to improve its
is directly placed in the destination node’s job queue when iperformance under certain system and workload conditions.
arrives. Note that probing stops as soon as a suitable target node . i .
is found. If allP; probes fail to locate a suitable node, the job is2.5- Adaptive Load Sharing Policy o
moved to the job queue to be processed locally. When Ahe adaptive policy discussed in [12] is a hybrid policy that has
transferred job arrives at the destination node, the node muBpth sender-initiated and receiver-initiated components. It is also
accept and process the transferred job even if the state of the nadfe adaptive policy in the sense that it does not select random

at that instance has changed since the probing. nodes for probing (as in the sender-initiated and receiver-initiated
policies). Instead, each node gathers state information from
2.2. Receiver-Initiated Policy previous probes and uses this information to select a most likely

When a new job arrives at no@e the transfer policy would target node. The state information is gathered at each node by
place the job either in the job queue or in the job transfer queue §faintaining three lists: senders list, receivers list, and an OK list.
nodeR as described before. The location policy is typically Initially, all nodes are considered as receivers. This default
invoked by nodes at times of job completions. The location policy@Ssumption is corrected by state information gathered by probing.
of nodeR attempts to transfer a jOb from its JOb transfer queue to! hUS, at every no_de, the receivers list is Ir_1|t|allzed with all nodes
its job queue if the job transfer queue is not empty. Otherwise, §Xcept the node itself and the other two lists are empty. At each
the job queue length of nodR is less tharT, it initiates the  nodei, a node other thanmay belong to only one of the three
probing process as in the sender-initiated policy to locate aodeliSts, representing the perceived state of that node by node
with a non-empty job transfer queue. If such a node is found/embership of a node changes from one list to another in
within P; probes, a job from the job transfer queue of rddéll ~ résponse to the information received by probing. We now
be transferred to the job queue of n&én this paper, as in the describe how this is accomplished for the sender-initiated and
previous literature [3,7,12], we assume that 1. That is, load receiver-initiated components. The sender-initiated component is
distribution is attempted only when a node is idle. The motivatiodnvoked when a node becomes a sender. When a node becomes
is that a node is better off avoiding load distribution when there i§eceiver, the receiver-initiated component is invoked.

work to do. Furthermore, several studies have shown that a Iarr%%n L

percentage (up to 80% depending on time of day) of workstationgender-initiated component: When a node (say nodbecomes

are idle. Thus the probability of the existence of an idle@ sender, it probes the node (say n&Jeat the head of the
workstation is high. receiver list. When the probe message is receiveg] liypdates

e state information fo® to sender and replies with its state
information. WherS receives the reply, it transfers a jobRdf

is a receiver; otherwis&® is moved from its current list to
ither the sender or OK list depending on the reply.

Previous implementations of this policy have assumed that, i
all probes fail to locate a suitable node to get work from, the nod
waits for the arrival of a local job. Thus, job transfers are initiate
at most once every time a job is completed. This causes

performance problems because the processing power is wWastgg.qier-initiated component: When a node (sa) becomes a
until the arrival of a new job locally. This poses severesceiver it probes a node (say nd@ethat is selected by first
performance problems if the load is not homogeneous (e.9., Ucanning the senders list, then the OK list, and finally the
only a few nodes are generating the system load) [12] or if thergceivers list. The senders list is scanned head to tail as we wan

is a high variance in job inter-arrival times [2,4]. For example, if, " \ca the up-to-date information on possible sender nodes. The

four jobs arrive at a node almost at the same time, then this nodg o 1o Jists are scanned tail to head in the hope that using the
attempts load distribution only once after completing all four jobs 1, Jct o t-of-date information, the state might have changed to

Worse still is the fact that if there are long gaps in job arrivals, the,e sender. We use the receiver list only if the sender and OK lists
frequency of load distribution will be low. This adverse impact o empty as a node previously in OK state will have a better

on performance can be remedied by reinitiating load distributionyance'of hecoming a sender than the one that was in the receive
after the elapse of a predetermined time if the node is still idle. Wg, .

assume that the receiver-initiated policy uses such a reinitiation

strategy. When the probe message is receivedpy it is a sender, it
) ) transfer a job t&® and informsR of its state after the job transfer.
2.3. Centralized Policy If Sis not a sender, it mové&sto the head of the receiver list and

In this policy, there is a single node (called the “coordinator”) thainformsR whetherSis in receiver or OK state. On receiving this
is responsible for collecting the system state informationinformation fromS R movesS to the head of either receiver or
Whenever that state of a node changes, it informs this change @K list, depending the state Bf



3. GLOBAL HIERARCHICAL LOAD SHARING PoLICY until it reaches the sender node. If the tree node has more thar
There is a tradeoff between the distributed and centralized loamhe sender branch, one is selected at random.

sharing policies. While distributed policies are scalable to large \yhen the message reaches the sender node, if that node is sti
systems, performance of these policies is sensitive to variance fNgender, it transfers a job to the receiver node. If, on the other
service and inter-arrival times. Centralized policy provides neapang, the node is no longer a sender as it might be in the proces:
perfect load sharing but causes scalability and fault-tolerancgs nqating its entry in the hierarchy (we refer to this as the false

problems. Ideally, we would like to have a palicy that providesgenger scenario), the search process continues by back trackin
performance close that of the centralized policy while inheriting i 5 “true sender” is fourid

the merits of the distributed policies. A local hierarchical load R . . .

sharing policy has been proposed to achieve this objective [5,10]. When a “no job” message is received by the receiver node and

Here we propose a new global hierarchical load sharing polic{f the node is still in the receiver state (i.e., there were no local job

that improves the performance the local policy. arrivals since the request) it updates it entry in the hierarchy (to
In the proposed global hierarchical policy, instead of a sing| receiver state) and waits for the corresponding reinitiation period

pPropo . >9%and initiates another load distribution request (if it remains in the
node maintaining the entire system state, a set of nodes is givell-aiver state at the end of the reinitiation period)
this responsibility. The system lisgically divided into clusters A ) . )

and each cluster of nodes will have a single node that maintains Since load sharing can be done at various levels of the tree, the
the state information of the nodes within the cluster. The staté?0t node does not have to handle requests form all nodes in the
information on the whole system is maintained in the form of aSystem. Furthermore, it can also be seen that the set of nodes the
tree where each tree node maintains the state information on tfgrm the tree can all be distributed to different system nodes so
set of processor nodes in the sub-tree rooted by the tree nodgat no node is unduly overloaded with maintenance of system
The state information maintained in tree nodes depends on tiféate information. For a system with nodes, the maximum
type of load sharing policy implemented. Figure 3.1 shows afumber of tree node&i{1) will be required when the branching
example hierarchical organization for 8 processor nodes with Bctor B is 2. Since there arg system nodes thesbl{l) tree
branching factoB of 2. The state information maintained in the Nodes can be distributed uniformly across the nodes in the
hierarchy is useful in implementing the receiver-initiated type ofSystem.

olicy.
P Asy shown in Figure 3.1 the hierarchy maintains state|4' SYSTEM AND WORKLOAD MODELS ;
. ; : ) e n the simulation model, a locally distributed system is repre-
information about two states only: the sender state is indicated Qy, ;o by a collection of nodes. In this paper we consider only
a1 and the non-sender state (receiver or OK) is represented by, g\ qgeneous nodes. We also model the communication network
0. Thus, the semantics of the state information kept in the tre ',o system at a higher level. We model communication delays

nodes are: if there is at least one sender in that branch, a 1%nq,t" modelling the low-level protocol details. Each node is

stored to indicate this fact; otherwise a 0 is stored. For exampl P : :
the first value in Q2 is 1, which represents the fact that the Ie%')ssumed to have a communication processor that i responsible

b-tree h tleast d r handling communication with other nodes. The CPU would
sub-tree has at least one sender. o cgive preemptive priority to communication activities (such as
We now describe how the hierarchy-based receiver-initiatedending a probe message) over processing of jobs.

policy works. For reasons explained in Section 2.2, we assume arpg cpy gverheads to send/receive a probe and to transfer
thresholdT of 1. That is, whenever a node idle, it consults the-ob is modelled byTprobe andTjx, respectively. Actual job

hierarchy (explained next) for a sender node from which thg ongmission (handled by the communication processor) time is
receiver can get a job. When a job is completed at a node, if thelg s\ med to be uniformly  distributed betwedy andL;

are no jobs in its local job queue, it sends a message to its par bing is assumed to be done serially, not in paraligl. For

tree queue (i.e., to the processor node that is responsible fi ; P : ;
maintaining this tree node) for a sender node. If the tree nod%&ample, the implementation in [6] uses serial probing.

does not have any sender nodes in its sphere, it forwards the The system workload is represented by four parameters. The
message to its parent tree node. This process is repeated up i@fe arrival process at each node is characterized by a mean inter:
tree until either a tree node with a sender node is encountered &fival time 1A and a coefficient of variatiolC,. Jobs are

the root node is reached. If the root node does not have a senddaracterized by a processor service demand (with mgpartf
node implying that there is no sender node in the whole system,acoefficient of variatiols. We study the performance sensitivity
“no job” message is sent back to the receiver node that initiate@ variance in both inter-arrival times and service times (the CV
the request. If a tree node with at least one sender branch Yglues are varied from 0 to 4). We have used a two-stage
found, the message follows a “downward” path along this brancyperexponential model to generate service times and inter-arrival

times with CVs greater than 1.

5. PERFORMANCE ANALYSIS

This section presents the simulation results and discusses the
performance sensitivity of the four load sharing policies. Unless
otherwise specified, the following default parameter values are
assumed. The distributed system is assumed to Nave32
nodes interconnected by a 10 megabit/second communication
network. The average job service timg & one time unit. The
size of a probe message is 16 bytes. The CPU overhead tc
send/receive a probe messdggoe is 0.003 time units and to
transfer a jobTj, is 0.02 time units. The load distribution
reinitiation period when a “no job” message is received is fixed at
1. Job transfer communication overhead is uniformly distributed
betweenL;x = 0.009 andJjx = 0.011 time units (i.e., average
job transfer communication overhead is 1% of the average job

Figure 3.1 An example hierarchical organization for an 8-node
system with a branching factor of 2 (S = sender, R = receiver, 1 ynless there is no sender node in the entire system; in this case, the roc
OK = normal load) tree node sends a “no job” message to the originator of the request.



service time). Since we consider only non-executing jobs focentralized policy. This is because, the centralized policy is
transfer, 1% is a reasonable value. Note that transferring activenplemented as a receiver-initiated policy as opposed to a
jobs would incur substantial overhead as the system state wousymmetric policy (as in the adaptive policy) that incorporates both
also have to be transferred. A probe lilitof 3 is used for the sender-initiated and receiver-initiated policy. Since our interest is
sender-initiated and receiver-initiated policies. For the hierarchicdh moderate to high system loads, we have not focussed on this
policy, the default branching factor is fixed at 8. Expandedminor aspect of the policies in this study.
version of this paper discusses the impact of this parameter on theThe performance of the hierarchical policy is better than the
performance of the hierarchical policy. adaptive policy at moderate to high system loads. The
A batch strategy has been used to compute confidence intervgderformance of the adaptive policy deteriorates rapidly relative to
(at least 30 batch runs were used for the results reported her#é)e centralized policy as the system load increases. On the othel
This strategy has produced 95% confidence intervals that weteand, the hierarchical policy provides performance very close to
less than 1% of the mean response times when the systetmat of the centralized policy even at high system loads. For
utilization is low to moderate and less than 5% for moderate texample, the relative performance deterioration of the adaptive
high system utilization. policy is approximately 13% and that of the hierarchical policy is

Performance comparison of the local and global hierarchicafo0ut 3.8% when the offered system load is 80%. The
policies in [9] indicates that the global policy performs better tharFOrresponding values,owhen the load is 90%, are 20% for the
the local policy. For the sake of brevity, we include only a briefadaptive policy and 6% for the hierarchical policy. The main
performance comparison of the local and global hierarchicai€ason for this is that the adaptive policy is a distributed policy
policies. Further, we do not include the performance of thetd it is sensitive to clustered arrival of jobs (i.e., high inter-
sender-initiated and receiver-initiated polices as they perforn'Tival variance) as discussed in the next section.
substantially worse than the other three policies [2]. Thus, in th
following discussion, we compare the performance of the glob he effect of inter-arrival C\C.. is shown in Fi

: ; ; : . : - a gure 5.2. The
hierarchical policy against the adaptive and centralized policies. service time CV is set to 1. These results show that the adaptive

5.1. Basic Performance Comparison policy exhibits more sensitivity to the variance in inter-arrival

Figure 5.1 shows the mean response time of the three login€s. For example, when the inter-arrival CV is 2, the
sharing policies as a function of offered system load. Note théﬂ]erformance of the adaptive policy is worse by 9.2% relative to
the offered system load is given biu. Sinceu = 1 for all the 1at of the centralized policy; the corresponding value for the
experiments, offered system load is equaktdhese results hierarchical policy is 2.2%. These value increase to 16% and 3%,
correspond to an inter-arrival C\Z4) and service time C\WJ)  'espectively, when the inter-arrival CV is increases to 4. The
of 4. These CV values are reasonable and supported by empirid%ﬁ'n reason for these differences is that the hierarchical policy is
data. For example, the Berkeley data collected by Zhou [13RPle to reflect the system state changes much more quickly than
indicates that the coefficient of variation of inter-arrival times isth® adaptive policy. Since higher inter-arrival CV implies
2.65 and that of service times is 12.83! Due to lack of space, wglustered nature of job arrivals into the system, delayed reflection
have not included the results for other values of inter-arrival and! Systeém state results in performance deterioration.

service CVs. However, the following sections discuss the perfors 3 gensitivity to Variance in Service Times

mance sensitivity to inter-arrival and service time variances. Next we look at the the impact of the service time CV on the

The data in Figure 5.1 suggest that the adaptive policperformance of these three policies. In this context, it should be
performs marginally better than the hierarchical policy for low tonoted that the service time distribution of the data collected by
moderate system loads. For example, performance of theeland and Ott [8] from over 9.5 million processes has been
adaptive policy is better than the hierarchical policy up to arshown to have a coefficient of variation of 5.3 and the data
offered system load of about 50%. In fact, at very low systentollected by Zhou at Berkeley [13] indicates a service time CV of
loads (for example, at load 40% in Figure 5.1), the performanc#&2.83. To study the impact of service time CV, we vary the CV
of the adaptive policy is even better (though marginally) than thevalue from 1 to 4.

.2. Sensitivity to Variance in Inter-Arrival Times
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Figure 5.1 Performance sensitivity as a function of offered Figure 5.2 Performance sensitivity to inter-arrival time CM (
system load N = 32 nodesy = 1, G = 4,2 is varied to vary = 32 nodesja = 0.8, G is varied from0Oto 4,=1, G=1,B=
system load, £=4,B=8,T=1,P, = 3, transfer cost = 1%) 8, T =1,P, = 3, transfer cost = 1%)



Adaptive Hierarchical Bl centralized and inter-arrival times are both fixed at 4.
As can be expected, the performance improves with increasing

2.0 branching factor. Note that the results for the branching factor of
32 correspond to the single coordinator case. However, the
° e system simulated is fairly small (32 nodes) as it takes large
£ 15 amount of resources for running simulations of large systems. In
g 7 7 . . | |
b F F ,f"' f large systems, the single coordinator may not provide substantial
g / 7 o 7 performance improvements.
§ 1.0 ﬁ ?,,;? ;;,-f ﬁ 5.5. Performance of Local and Global Policies
- ‘/ ,,f % In the local hierarchical policy proposed in [5], the state
s ﬁ ;’.:; f ﬁ information maintained in the hierarchy is different from that used
S 0.5 A ,-"'""- in the global policy (shown in Figure 3.1). In the local policy, a
more detailed state information is stored as shown in Figure 5.5.
ﬁ ﬁ 5;"# Jﬁ Recall that a node can be in one of three statesder
0.0 : : : (overloaded)OK (normal load), oreceiver (underloaded). We

1 2 3 4 use +1 to represent the sender state, 0 for the OK stateland
for the receiver state. For example, Q4 maintains the state
Service time CV information in nodes NO ands N1. To see the difference between
the local and global policies, compare the state information
Figure 5.3 Performance sensitivity to service time OV £ 32 maintained in the hierarchy by the two policies (see Figures 3.1
nodesA =0.8, G=1,u=1, G=varied from0to 4B=8,T and 5.5). Unlike the global policy, the local policy maintains the
=1,P, = 3, transfer cost = 1%) arithmetic sum of the state information of the tree nodes below it.
If this sum is positive (negative), we store +1)(to represent

Figure 5.3 shows the impact of variance in service time. Fothat the cluster is in sender (receiver) state; a zero represents the
this experiment, the inter-arrival time CV is fixed at 1. All three hg Cluster is H.‘ ?‘( st?te. t';"i ﬁ:‘amlp'et’ summary ?t%t% meTC. for
policies exhibit less sensitivity to service time variance than td2 dls Zﬁlrg' WdICNllm'p I'eSOI? " ? c L_f_sher rt?]preseln ed by Q4 (i.e.,
inter-arrival time variance. As demonstrated in [2, 4], clustere(j10 es NO and N1) is in OK state. Thus this policy encourages

arrival jobs (the result of high inter-arrival CV) causes the sende r?cal Io%d blalar}pingAFo(rj;his reazon, tfgistrr]).oligy ri13 called:tlxtad:j )
initiated policy to perform better load distribution than the '€rarchical policy. As diScussed next, this behaviour ieads (o

receiver-initiated policy. On the other hand, the receiver-initiated€'formance deterioration relative to the global policy. Also note
policy can perform better load distribution when the service timet the summary metric for Q6 stored in Q3 is +1 rather than +2.

CV is high. For the system load under consideration, all thé\1 @dvantage of this scheme is that it reduces the number of

policies policies use the receiver-initiated component. Thus, theéét’dtates tretquirhed to mair&t?\}z the hie{ar(c)rly. tF(t)r exe;mtrﬁ]le, if tthe_
policies exhibit more sensitivity to inter-arrival time CV than to 2YSteMm staté changes and N4 moves to LR state, only the entry ir
Q6 needs to be changed. Since N5 is still a sender, no state

service time CV. :
o . ) . change is necessary for Q3.
The performance deterioration of the adaptive and hierarchical . . .
The performance of the local and global polices is shown in

policies increases slowly with service time CV. For example, the. 56 F . h included th iralized and
relative performance of the adaptive policy is worse by 9% whe |gur% i or c?mpar|son, Wﬁ’ _I"Z‘p]’e 'ng u te e <|;en ra |zfe an
the service CV is 2; the corresponding value of the hierarchicd{'€ adaptive policies as well. The adaptive policy performs

policy is 2.4%. These values increase only to 10.6% and 3. 4ofnarginally better than the local hierarchical policy. The results
respectively, when the service time CV is increased to 4. diso show that the local policy performs worse than the global
’ policy for the reasons discussed. However, the local hierarchical

5.4. Sensitivity to the Branching Factor policy requires fewer messages for load distribution. To show
Performance of the hierarchical policy is sensitive to thethis we plot the average message handling rate of the tree nodes ¢
branching factoB of the hierarchy. The results presented ineach level. This rate is defined as

previous sections have used a branching factor of 8. This section

discusses the sensitivity of the hierarchical policy to this desig# of mesages received + # of messages sent out by all nodes i level
parameter. Figure 5.4 presents the results for various branching # of tree nodes at levél # of jobs completed

factors for a system consisting of 32 nodes (with an offered sys-

tem load of 80%). As in Section 5.1, the CV values of the service
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Figure 5.4 Sensitivity of the hierarchical policy to the branching Figure 5.5 An example hierarchical organization for an 8-node
factor N = 32 nodesp =0.8,Ca=4,u=1,Cs=4,T=1, system with a branching factor of 2 for the local hierarchical
transfer cost = 1%) policy (S = sender, R = receiver, OK = normal load)



rison to the single coordinator policy, we have considered the
scenario where the bottleneck problem does not exist in the
centralized policy. Our results show that the proposed hierarchical
policy provides the best performance among the distributed and
adaptive policies and performs very close to that of the centralized
policy (which provides the best performance in the absence of
contention) for all the various system and workload parameters
considered in this study. We have compared performance of these
policies in heterogeneous systems as well [9]. These results alsc
indicate that the hierarchical policy provides the best performance.

ACKNOWLEDGEMENTS

We gratefully acknowledge the financial support provided by the
Natural Sciences and Engineering Research Council of Canada

10
Local - Hierarchical

GE) 81 ™ Adaptive :

pt [l Global - Hierarchical

n 64

S H centralized ]

g

c 4 ]

3

[}

=
[]
1

0.9

Offered system load
. o . 1
Figure 5.6 Performance sensitivity as a function of offered[ ]
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Figure 5.7 shows the message handling rate ratio relative to tl%]
message handling rate of the centralized policy when the CV
values of service times and inter-arrival times are both 1 and the
system load is 80%. The results are for a branching factor of 3]
The rate is the highest at the middle level. At this level the local
hierarchical policy reduces the message rate by a factor of 2.5.
The corresponding value for the global policy is 2. The message
handling rate of leaf nodes is low (about 18% - 20% of the
centralized rate) because there are a large number of them. Hét
our example, there are 8 leaf level tree nodes whereas only two
middle level nodes. The root node in the hierarchical policy
handles only about 25% of the centralized rate. The global policy
handles about 35%. Similar trends have been observed with othi]
parameter values (details can be found in [9]).

6. CONCLUSIONS

There is a tradeoff between distributed and centralized load
sharing policies. While the distributed policies are scalable t¢6]
large systems, the performance of these policies is sensitive to
variance in service times and inter-arrival times. Centralized
policy provides near perfect load sharing but causes scalability
and fault-tolerance problems. Ideally, we would like to have g7;
policy that provides performance very close that of the centralized
policy while inheriting the merits of the distributed policies.

Here we have proposed a new global hierarchical load sharing
policy that minimizes the drawbacks associated with the distrifg]
buted and centralized policies while retaining their advantages. In
order to see how close the hierarchical policy performs in compa-
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Root Middle Leaf

Figure 5.7 Message handling rate ratio (relative to the messagrly,]
handling rate of the centralized policy) of nodes at the three levels
of the hierarchyN = 32 nodesj) =0.8,Ca=1,u=1,Cs=1,
T=1,B = 4, transfer cost = 1%)

and Carleton University.
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