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Abstract

Striking progress of network technology is enabling high-
performance global computing, in which computational
and data resources in a wide area network (WAN)
are transparently employed to solve large-scale prob-
lems. Several high-performance global computing sys-
tems, such as Ninf, NetSolve, RCS, Legion and Globus
have already been proposed. Each of these systems pro-
poses to effectively achieve high-performance with some
efficient scheduling scheme, whereby a scheduler selects
a set of appropriate computing resources that solve the
client’s computational problem. This paper proposes a
performance evaluation model for effective scheduling in
global computing systems. The proposed model repre-
sents a global computing system by a queueing network,
in which servers and networks are represented by queue-
ing systems. Verification of the proposed model and
evaluation of scheduling schemes on the model showed
that the model could simulate behavior of an actual
global computing system and scheduling on the system
effectively.

1 Introduction

Striking progress of network technology is the enabling
technology for high-performance global computing, in
which computational and data resources in a wide area
network (WAN) are transparently employed to solve
large-scale problems. Several high-performance global
computing systems, such as Ninf [1, 2], NetSolve [3, 4],
Legion [5, 6], Globus [7, 8], and RCS [9] have already
been proposed, where clients solve their problems by us-
ing remote computing resources on the network. Each

of these systems proposes to effectively achieve high-
performance with some efficient scheduling technique,
whereby a scheduler selects a set of appropriate com-
puting resources that solve the client’s given computa-
tional problem. These include the Ninf metaserver [1],
NetSolve agent [3, 4], AppLeS [10, 11, 12], Nimrod [13],
Matchmaking [14, 15], Prophet [16] and Legion schedul-
ing model [6].

Although these scheduling systems offer software
mechanisms to achieve resource location and schedul-
ing, scheduling schemes to effectively schedule multiple
client tasks within a WAN on these systems and their
performance evaluation models have not been discussed
well in their literature. Rather, the systems are meant
to be instantiated by such algorithm and schemes.

By contrast, job scheduling schemes as well as load
sharing among computational servers in a tightly-
coupled network have been extensively studied with for-
mal performance evaluation models [17, 18, 19, 20, 21,
22]. However, although the models embody dynamic
information of computational servers in the network to
achieve efficient scheduling [23, 24], dynamic informa-
tion of networks themselves is usually ignored. Although
this is fine for tightly-coupled networks as network influ-
ence to performance is almost negligible, for wide-area
networks, we have actually measured in benchmarks
that network throughput greatly affects overall perfor-
mance, even for simple situations such as single-server
settings[2].

Thus, although an appropriate performance eval-
uation model is necessary to accommodate effec-
tive scheduling schemes, models for scheduling in
global computing systems have not been well estab-
lished. Models for tightly-coupled systems are not well-
applicable. Performance benchmarking experiments us-



ing actual global computing systems, as we have done
in [2], could be a partial solution, but experiments alone
are not sufficient to evaluate performance of scheduling
schemes in a general way for the following reasons: (1)
although we can monitor the various fluctuations in the
computing server and network load, they are usually
quite unpredictable and difficult to replicate: (2) the
scale of effectively measurable systems is quite small,
as benchmarking actually takes considerable amount of
time, (3) furthermore, it is not clear if results obtained
on one system is applicable to other systems with differ-
ent sets of servers and network topology or bandwidth.

We propose a performance evaluation model for effec-
tive scheduling in global computing systems. The model
represents a global computing system by a queueing net-
work, and can be shown to properly characterize the
scheduling in WAN settings. We compare simulation
results of the model to the actual benchmark measure-
ments taken in [2], and verify that they closely match.
We also show that how an exemplar scheduling situa-
tion can be simulated using the model, and show that
network throughput must be carefully considered for ef-
fective overall performance.

The rest of this paper is organized as follows. Sec-
tion 2 describes canonical architecture of global com-
puting systems and its scheduling functionalities. Next,
Section 3 describes the proposed performance evalua-
tion model. Section 4 shows verification of the pro-
posed model and performance evaluation results of basic
scheduling schemes on the model.

2 Job Scheduling in Global Com-
puting Systems — a Canonical
Perspective

We first present a canonical architecture of global com-
puting systems and its scheduling functionalities.

A global computing system is a form of distributed
computing system, and typically consists of clients,
servers and scheduling systems, which are intercon-
nected via WANs such as the Internet, as shown in
Figure 1. Clients solve their problems by using remote
computing resources, or servers, on the network in a
transparent way, typically using remote procedure calls
and other forms of remote execution. A scheduling sys-
tem consists of a directory service, a scheduler and a
monitor/predictor. The monitor/predictor periodically
watches/predicts loads of servers and congestion of net-
work between clients and servers. The dynamic infor-
mation watched by the monitor/predictor is stored into
the directory service. The scheduler selects the appro-
priate server to compute tasks requested by clients using
the information stored in the directory service.

Scheduling System
Directry
Service

[ server

[ Clento |
[ crentc |

Figure 1: A Canonical Architecture of Global Comput-
ing Systems

Processes to schedule tasks invoked by clients are as
follows:

1. The monitor/predictor in a scheduling system
watches/predicts dynamic information of servers
and networks periodically. ((0) in Figure 1)

2. The client queries the scheduler for an appropriate
server to compute the client’s task. ((1) in Figure

1)

3. The scheduler assigns the appropriate server to the
client. ((2) in Figure 1)

4. The client requests the assigned server to compute
the client’s task and transmits the associated data
to the server. ((3) in Figure 1)

5. The server computes the task and returns the com-
puted result to the client. ((4) in Figure 1)

In practice, the client’s main program contains a series
of remote execution requests. Some systems allow the
combination of client tasks to be executed in a data-flow
manner.

A scheduling system is usually implemented as a soft-
ware module executed on a certain node within the dis-
tributed system. The Ninf metaserver [1] is a server
that allows the clients in WAN to transparently inquire
server information on remote calls, and performs dy-
namic scheduling of dependent tasks. NetSolve agent
[3, 4] has a similar feature. Globus-MDS [8] provides the
directory service. AppLeS [10, 11, 12] provides schedul-
ing methodology performed in the scheduler. Prophet
[16] provides a scheduling mechanism performed by
schedulers that are distributed in several sites. Network



Weather Service (NWS) [25, 26] is the system that per-
forms monitoring and prediction of the dynamic infor-
mation in a global computing system.

3 The Proposed Performance
Evaluation Model

Scheduling in a global computing system is required to
select appropriate servers under heterogeneous and dy-
namic environment. Performance of computing servers
is heterogeneous and loads on the servers change dy-
namically. Also, topology of networks and bandwidths
of networks are heterogeneous, and congestion on the
networks changes dynamically. Scheduling results are
affected by these heterogeneous and dynamic factors.
Therefore, The requirement of a proper performance
evaluation model for scheduling in a global computing
system is as follows:

1. Topology
The model has to be able to easily represent various
interconnection topologies constructed by clients,
servers and networks,

2. Server
The model has to be able to effectively represent
performance of servers, loads on servers and vari-
ance of the loads over time,

3. Network
The model has to be able to effectively represent
bandwidths of networks, throughput and variance
of the throughput over time.

In order to satisfy the requirements, the proposed
model employs a queueing network in which servers and
networks are modeled as queueing systems. Figure 2
shows an example of the model: a server, a network from
a client to the server, and a network from the server to
the global computing client (hereafter simply referred to
as clients) are represented by queues Qs, Qns, and Qny,
respectively. In the figure, Clients A and A’ actually
denote the same client, but they are distinguished for
notational convenience. Tasks or data that arrive at Q,
Qns and @, are not confined to those issued by clients
in a given global computing system, but also include
those invoked by other, non-related external processes
residing at all the nodes and elsewhere.

Arrivals of tasks and data are assumed to be Poisson,
but other arrivals can be employed in the model. Ag
denotes the arrival rate of tasks, which have been issued
both by target global computing clients and by external
processes, to be executed at (5. Here, the arrival rate
of tasks from external processes indicates the congestion
of tasks on the server. Similarly, A,,s and A, denote the

Server A
Client A

Client C

Figure 2: An Example of the Performance Evaluation

Model

combined arrival rates of data associated with tasks of
both the target global computing clients and external
processes, arriving at Q,s and @y, respectively. The
arrival rate of data transmitted from external processes
indicates the congestion of data on the network. pg de-
notes the service rate on (s and represents the process-
ing power of the server. p,s and pu,, denote the service
rates on Q,s and @Q,, respectively, and represent the
bandwidth of each network.

As an example, in Figure 2, clients B and C are as-
sumed to be located within the same local site, with
an underlying assumption that both clients share the
network to any given server. In order to represent this
sharing, data transmitted from both clients B and C to
the same server are simply queued into the same queue.

We next describe the behavior of the client, the server,
and the network, during their computing:

3.1 Behavior of the Client

A task invoked by a client is represented by following
three factors:

1. computation of the task,

2. data transmitted to a server with the task as an
input of the computation,

3. data transmitted from the server, or the computed
result.

When a client requests to compute the task on a re-
mote server, the client firstly queries a scheduler for an
appropriate server to compute the task. After scheduler
assigns an appropriate server for the client’s task, the
client transmits the data, which are associated with the



task, to the assigned server. Here, the data are decom-
posed into logical packets and each packet is transmitted
to (Qns that represents the connection to the destination
server. The size of the logical packet, Wyqcket, and the
transmission rate of the packet ,Apgcret, are derived in
the following way:

1. Wyacket is derived relatively arbitrarily by consider-
ing the tradeoff between accuracy of evaluation and
time it takes to perform the evaluation. That is to
say, although smaller Wyscrer gives more accurate
simulation results, simulation time will increase sig-
nificantly. The tradeoff is evaluated in the next sec-
tion.

2. Xpacket is derived with (1) where T,,.; denotes the
bandwidth of the network to the destination.

Tnet
A acket = 7> 1
packet II/packet ( )

3.2 Behavior of the Network from
Client to Server

@Qns corresponds to a single server queue with finite
buffer [27]. Packets transmitted both from clients
and from external processes arrive at Q5. When the
buffer is full, packets transmitted from clients are re-
transmitted to (Q,s until they can be queued, while
packets transmitted from external processes are simply
thrown away. This means that the arrival rate of packets
transmitted from external processes, namely Apns_others,
determines the actual throughput obtained by client
tasks on the network throughout a global computing sys-
tem. Queued packets from the clients are processed for
% time in First Come First Served (FCFS) man-
ner. After being processed in @),,5, the retained packets
from clients are transmitted to ()5 while packets trans-
mitted from external processes are thrown away.
Ans_others can be derived by average actual through-
put of the target network to be simulated. In order to
determine A,s_others, we employ (2) where Ty, denotes
the average actual throughput of the target network.

Tnet
Tact

A1'7,s,others = ( - 1) X )‘packet (2)
Also, the buffer size of the @5, namely N, which de-

termines network latency, is determined by (3) where

Tiatency denotes the average actual latency of the target

network to be simulated.

_ Tlatency X Tnct

N = (3)

I';{'rpacket

As an example, suppose that we have a network whose

bandwidth is Ty, = 1.0[M B/s]. The average actual

throughput and latency measured on the network are
Tact = 0.1[MB/s] and Tiatency = 0.1[sec| respectively.
We define that average size of logical packets transmit-
ted on the network is avg.Wyacker = 0.01{M B]. Thus,
the congestion of this network caused by external pro-
cesses, Or Ans_otherss and the latency, or NV, can be de-
rived in the following way:
1.0

A acke = —=1
packet 0.01 00
1.0
Ansfothcrs (OT —_ ].) X 100 = 900 (4)
0.1 x 1.0
N = ——=1
0.01 0 (5)

3.3 Behavior of the Server

Qs corresponds to a single server queue [27]. As de-
scribed earlier, tasks that arrive at (s include those
from target global computing clients and from external
processes. Thus, the arrival rate of tasks from external
processes, namely As_otpers, determines response time
of client tasks on the server. A client’s task is queued
into Qs after all the data packets associated with the
task have arrived at Qs from Q,s. Although we as-
sume that queued tasks are processed in FCFS manner,
other scheduling strategies such as round robin can be
employed. A queued task waits for its turn and is pro-
cessed for % time where W, denotes computation size
of the task and T, denotes the CPU performance of the
server. After processing on s, data of the computed
result generated for a client’s task are again decomposed
into logical packets and are transmitted to Q.. Here,
the packet transmission rate is determined by (1). Tasks
from external processes are thrown away after process-
ing on Qs; thus, we assume that they do not generate
large amount of result data.

As_others can be derived by average actual utilization
on the target server to be simulated. In order to de-
termine Ag_others, we employ (6) where U denotes the
average actual utilization on the server and Ws_stners
denotes average computation size of tasks invoked from
external processes.

Tser ,
)‘s_others = 11 x U (6)

lI/s,other‘s
As an example, suppose that we have a server whose

performance is Tse, = 100[M Flops], and the average ac-
tual utilization measured on the server is U = 0.1. We
define that average computation size of tasks invoked
from external processes is Wy others = 0.1[M Flops].
Thus, the congestion of this server caused by external
processes, Or Ag_others, can be derived in the following
way:

100

As,others = ﬁ x 0.1 = 100 (7)



Table 1: Requirements to Performance Evaluation Model

Resource | Factor Representation Parameter
topology | topology of queues links among queues information of links among clients and
servers
client packet transmission rate | Apgcket bandwidth of the network,
logical packet size
server processing power s CPU performance of the server
degree of congestion As_others CPU performance of the server,
avg. actual utilization measured on the
server,
avg. computation size of tasks invoked
from external processes
change of the degree distribution of arrival | Poisson etc.
network | bandwidth Pnssfbnr bandwidth of the network

degree of congestion

latency N

change of the degree

)‘ns,others 7)‘nr,others

bandwidth of the network,

avg. actual throughput measured on
the network,

logical packet size

bandwidth of the network,

avg. actual latency measured on the
network,

logical packet size

distribution of arrival | Poisson etc.

3.4 Behavior of the Network from

Server to Client

The queue Q. is almost identical to (0,s. Packets trans-
mitted from (s and from external processes arrive at
Qnr. After processing on @y, packets from @, or com-
puted results, are transmitted back to the client. The
arrival rate of packets transmitted from external pro-
cesses, namely A _others, are derived in the same way

as )‘ns,others .

3.5 Summary of the Proposed Model

Table 1 summarizes requirements of a performance eval-
uation model for scheduling in global computing sys-
tems, and how our proposed model satisfies them. In the
table, “Resources” and “Factor” indicate resources and
their factors that the performance evaluation model has
to represent. “Representation” shows how our proposed
model represents the “Factor.” “Parameter” describes
the parameters required to derive the “Representation”
in our model.

4 Evaluation

We now verify the validity of our proposed performance
evaluation model by comparison of the result of the sim-

ulation on the purposed model with real performance
measurements, and also show the utility of the model
by illustrating the simulation results of three different
basic scheduling schemes on the model.

4.1 Verification of the Proposed Model

In order to verify the validity of our proposed model, we
compare the simulation results on the model with ex-
perimental results obtained from our high-performance
global computing system Ninf that we have presented
previously in [2]. The Ninf system is high-performance
global computing system based on a client-server model.
The client can request remote execution of various com-
puting libraries and queries database resources on the
server by invoking Ninf_Call on the client.

Figure 3 shows the global computing testbed prepared
for the verification experiment using the Ninf system.
In this environment, there are four clients located on
nodes at different sites dispersed within Japan, namely,
those at University of Tokyo (U-Tokyo), Ochanomizu
University (Ocha-U), Nagoya Institute of Technology
(NITech) and Tokyo Institute of Technology (TITech);
the server is a J90 located at the Electrotechnical Labo-
ratory (ETL), Tsukuba, Japan. Parenthesized values in
the figure show the actual FTP throughput and Ping la-
tency between the clients and the server, obtained with



Table 2: Simulation Parameters Provided for the Verification

Client avg. logical packet size
Server CPU performance of the server
avg. actual utilization on the server

task arrival from external processes
Network | bandwidth of the network

avg. actual throughput of the network
avg. actual latency of the network
avg. logical packet size

packet arrival from external processes

10, 50, 100[KB]
500[MFlops|
0.04

avg. task computation size from external processes | 10[MFlops] (exponential distribution)

Poisson

1.5[MB/s]

see Figure 3

see Figure 3

10, 50, 100[KB] (exponential distribution)
Poisson

Clients
U-Tokyo [Ultral]
Ser Internet (0.35MB/s, 20ms)
ver
ETL Ocha-U [SS10, 2PEXx8]
1190, 4PE] (0.16MB/s, 32ms)

NITech [Ultra2]
(0.15MB/s, 41ms)

TITech [Ultral]
(0.036MB/s, 18ms)

Figure 3: Global Computing Testbed for the Verification
Experiment

actual benchmarking measurements.

The experiment was performed on the testbed in an
actual internet environment. It means that there are
tasks and data from other users on the networks and the
server respectively, during the experiment. In both the
experiment and the simulation, a client at each site in-
vokes Ninf_Call with proper request parameters so that
a Linpack routine is executed remotely on the server,
and receives the result[2]. The Linpack solves a system
of linear equation by Gaussian elimination, with com-
putational complexity of O(§n3 +2n?) and communica-
tion complexity of 8n2 + 20n + O(1) bytes for an n by
n matrix. Ninf_Calls are invoked repeatedly in a non-
overlapping manner, with sufficient repetitions so that
the system stabilizes and allows us to properly measure
the average elapsed time of each call.

Table 2 summarizes the parameters employed for the
simulation using our proposed model. CPU performance
and average actual utilization on the server, and aver-
age actual throughput and average actual latency on
the network are obtained by measurement on the given
testbed environment. Logical packet size in the sim-
ulation can affect accuracy of simulation results and
the time spent in the simulation. Smaller packet size

improves the accuracy of simulation results, while it
takes long time for the simulation. Meanwhile, larger
packet size can degrade the accuracy of simulation re-
sults, while it reduces simulation time. We practiced
different simulations in which we define distinct logical
packet size, which equals 10[KB], 50[KB] or 100[KB], for
each to investigate the effect by the logical packet size.

We practiced 30 replications in one simulation and
calculated average values as a result. All simulation
results presented in this paper have confidence intervals
of less than +£10% at a 90% confidence level.

Figure 4 shows the average overall performance ob-
tained for each Ninf_Call invoked by the single client
at Ocha-U computing Linpack. The overall performance
is calculated from its average elapsed response time. In
the figure, “problem size” indicates the size of matri-
ces solved by Linpack, and “packet size” indicates the
logical packet size employed in the simulation. Also,
Figure 5 shows the average communication throughput
obtained for data transfer of Ninf_Call invoked by the
client at Ocha-U.

These results show that the average communica-
tion throughput and the average overall performance
of Ninf_Call in the simulation closely match the ex-
perimental results on the testbed. Also, we see that
the effect of the difference in logical packet size em-
ployed in the simulation is almost negligible; this means
that, at least for Linpack and likely for more general
settings, larger packet sizes can be employed for simula-
tions, greatly speeding up the time required for running
the simulation.

Figure 6 and Figure 7 shows the average overall per-
formance and the average communication throughput
obtained for Ninf_Calls invoked by clients at Ocha-U,
U-Tokyo, NITech and TITech. Here, the logical packet
size employed in the simulation is 100[KB]. Again, these
results show that simulation results are almost identi-
cal to the experimental results for these multiple sites,
whose actual network throughput is different as shown
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Figure 4: Average Overall Performance of Ninf Call
from Ocha-U

simulation
(packet size = 10[KB])

simulation
(packet size = 50[KB])

simulation
(packet size = 100[KB])

experiment

problem size (n x n)

throughput[KB/s]

Figure 5: Average Communication Throughput of
Ninf Call from Ocha-U

in Figure 3. This means that the proposed performance
evaluation model can effectively simulate the average
performance of Ninf_Calls invoked by not only the
client in a single site but also those in multiple sites.

4.2 Experimental Evaluation of
Scheduling Schemes

Figure 8 illustrates an imaginary global computing en-
vironment used to test whether simulation of scheduling
schemes using our model results in meaningful results.
The environment consists of heterogeneous servers in-
terconnected via networks with different communica-
tion throughput, and a scheduling system that schedules
Ninf_Calls invoked by clients. We compare the follow-
ing three different scheduling schemes employed by the
scheduler in the simulation:

1. RR
The scheduler selects the server in a round-robin
fashion.

TITech
()
N
‘® NITech
g0
02 U- 4.914
%: U-Tokyo £39
5" Ocha-uU
@ TITech
= [
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2 o NITech
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TITech
M
k7 NITech m simulation
£
.825 .
%% U-Tokyo 32 @ experiment
5" Ocha-U

0 10 20 30
performance [MFlops]

Figure 6: Average Overall Performance of Ninf Call
from Multiple Sites
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Figure 7: Average Communication Throughput of

Ninf_Call from Multiple Sites



2. LOAD
The scheduler employs server information and se-
lects the most lightly loaded server, which has the
smallest (L+1)

0, ®)
where L denotes the number of tasks in the server
and P denotes CPU performance of the server, that
is, (L 4+ 1) means the number of tasks on the server
where we assume to dispatch the task to the server.

3. LOTH
The scheduler employs both server and network in-
formation. It selects the server that is expected to
execute the client’s task in the shortest time, or the
server which has the smallest

. ,comput. comm.
min( <X ¢ O, (9)
m act

where “comput.” denotes the amount of computa-
tion in the task and “comm.” denotes the amount
of data transmitted on the network with the task.

In this simulation, on each Ninf_Call a client invokes
either a Linpack or the NasPar EP routine, and this is
repeated in a non-overlapping manner. The EP rou-
tine [28] performs Monte-Carlo simulations, and has a
computational complexity proportional to the number
of random numbers generated, and communication com-
plexity of O(1). It means that EP is a computation in-
tensive task while Linpack is a communication intensive
task.

Table 3 summarizes the parameters employed for the
simulation. We practiced 50 replications in one simu-
lation and calculate average values as a result. Fifty
Ninf_Calls are invoked in one replication.

Figure 9 shows the average elapsed time, or commu-
nication time and calculation time, to complete each
Ninf_Call. The results show that RR performs worst.
RR causes saturation on the server for the computation
intensive task, EP, and saturation on the network for the
communication intensive task, Linpack. Also, the per-
formance of LOAD is well for EP but not well for Lin-
pack. It means that LOAD causes network congestion
and degrades the performance for the communication
intensive task, Linpack, that is, when several tasks con-
centrate on a server, saturation occurs on the network
and not on the server. Thus, the tasks do not get di-
verted to other servers, because the server load remains
low, and as a result, the overall system performance de-
grades. This is a phenomenon that we have confirmed in
our Ninf benchmarking on the testbed. Finally, LOTH
performs best both for EP and Linpack, because it em-
ploys both server loads and network congestion in its
scheduling policy.

Server A Server B

400 Mops 100 Mops
50
200 KB/
200\KB75 PO KBIS\50 pss

Client 1

Client 2

Client3 Client4

Figure 8: Imaginary Environment for Evaluation of
Scheduling Schemes
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B communication
LOAD (EP) 47.654
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LOTH (Linpack) &21.893
LOAD (Linpack) mﬁ,s.zgz

RR (Linpack)

\so.587

0 50 100

elapsed time [sec]

Figure 9: Simulation Results of Scheduling Schemes

5 Conclusions

An appropriate performance evaluation model is nec-
essary not only to theoretically analyze scheduling
schemes in a global computing system, but also for ef-
fective automated distribution within the WAN. How-
ever, the performance evaluation model for the schedul-
ing has not been well established. We have proposed a
performance evaluation model for scheduling in global
computing systems, based on queueing networks.

The verification of the proposed model exhibited the
followings:

1. The proposed model could effectively simulate aver-
age overall performance and the average communi-
cation throughput of clients’ tasks for simple setups
of our global computing system, Ninf, in compari-
son to benchmark results on our testbed.

2. Logical packet size defined in the proposed model
can affect accuracy of simulation results. However,
we confirmed that simulation cost on the proposed



Table 3: Simulation Parameters Provided for the Evaluation of Scheduling Schemes

Client avg. logical packet size 100[KB] (exponential distribution)
Server CPU performance of the server see Figure 8
avg. actual utilization on the server 0.1
avg. task computation size from external processes | 10[MFlops] (exponential distribution)
task arrival from external processes Poisson
Network | bandwidth of the network 1.5[MB/s]
avg. actual throughput of the network see Figure 8
avg. logical packet size 100[KB] (exponential distribution)
packet arrival from external processes Poisson

model could be reduced by defining larger logical
packet size without degrading the accuracy.

The experimental evaluation of scheduling schemes on
the proposed model exhibited phenomena that we ob-
served for more complex global computing benchmark
on Ninf, These phenomena are:

1. Scheduling scheme employing only the information
of servers degrades performance because it causes
network congestion for communication intensive
tasks.

2. Dynamic information of both servers and networks
should be employed to achieve effective scheduling.

In the current model, a task invoked from a client is
executed sequentially. However, a client will invoke a
parallel task, in which subtasks will be executed on dif-
ferent servers concurrently, with a certain application
scheduling scheme such as AppLeS [10, 11, 12] in order
to achieve high-performance global computing. Further-
more, subtasks in the client’s task should be co-allocated
to servers to achieve efficient communication among
tasks. We plan to construct mechanisms for the parallel
task execution in our model. These mechanisms include
invocation of parallel tasks at the client, inter-server
communication and synchronization, and co-allocation
of parallel tasks. Also, for the definition of simulation
parameters, we assume that arrivals of tasks and data
from external processes follow Poisson manner in this
paper. However, this simple modeling may not be suffi-
cient to accurately represent more complicated behavior
of the current internet traffic such as fluctuation of com-
munication throughput on the network [29]. The better
modeling for the arrival, which employs more sophisti-
cated distribution, is required to improve validity of our
performance evaluation model. For scheduling schemes,
accurate prediction of server loads and network conges-
tion in a global computing system is required to achieve
high-performance computing. We plan to evaluate sev-
eral prediction schemes on our performance evaluation

model by implementing prediction schemes provided in
Network Weather Service (NWS) [25, 26] in our simula-
tor.
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