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Sensitivity Analysis on the Performance of Multimedia Stream Server
using Simulation

Jin-Won Park + Chong-Won Park

This paper studies the Internet stream server which serves multimedia stream services such as VoD and MoD.
The Internet multimedia stream server is developed to provide 50 users with continuous multimedia stream contents
simultaneously. This paper focuses on introducing design concepts, operation details and on evaluating system
performance and doing sensitivity analysis with respect to the change of the system components. The performance
evaluation is performed using simulation in order to identify the system component that mostly affects the system
performance. The sensitivity analysis shows the service delay rates of the multimedia stream server depending on
the user’s service request pattern. Also, the analysis is made on the utilization rates of the core system components
such as the PCI bus and the Ethernet card, and on the system performance change by adding more system

components.
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1. Introduction

The multimedia stream server is defined as an
Internet server for various stream services such as
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MoD(Music on Demand) and VoD(Video on Demand)
services. A typical multimedia stream server is desi-
gned by employing processors, a memory unit, a PCI
bus, Gigabit ethernet devices, a TOE(TCP/IP Off-load
Engine) and disks for providing multimedia data stream
services efficiently.

The optimal design for multimedia stream servers
may include price performance evaluation using

mathematical analysis, statistical study, simulation
experiments and some optimization techniques. This

study focuses on evaluating the system performance
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and doing sensitivity analysis based on the previous
works on the design and analysis on a typical Internet
stream server by Park!” and Park™. The performance
analysis on the multimedia stream server is vital issue
in designing the server, since the identification and the
optimal allocation of the system components in the
design stage is efficient and cost saving if it is done
before the actual system is built.

The multimedia stream services have the charac-
teristics of supplying users with stream data without
discontinuation. Thus, the performance evaluation study
is concentrated on calculating the delay rate of pump-
ing stream data, where the delay rate is the portion of
stream data being transmitted after the predetermined
time limit. The utilization rates of the system
components, especially the PCI bus and the Gigabit
ethernet, are also the target of the performance study,
where we expect the balance of the utilization rates
between the components.

Early studies on the performance of Internet servers
dealt with the performance of multimedia server
allowing some faults™, and with the disk scheduling
algorithms affecting the VoD server performance'.
Also, Lee. et. al.”) did research on the performance of
RAID system that greatly affects the overall perfor-

[6]

mance of an Internet server. Wu, et. al.,"” introduced

the performance issues for the design of stream servers.

1.7

Recently, Yu, et. al."”’ proposed a model for select-

ing and connecting the replicated server that provides

optimal services. Son, et. al,"®

suggested a new trans-
mission technique to overcome the discontinuity
problem for stored variable bit rate video, and Kwon,
et.al” proposed efficient techniques to solve the
storage or network I/O bottleneck problem of the VoD
system.

However, the multimedia stream server has evolved
to include new components such as a TOE(TCP/IP
Offload Engine), SAN(Storage Area Network), NAS
(Network Attached Storage), and has been changed to
handle specialized services. Thus, the multimedia
stream server has been designed for serving limited
scope of services such as stream services, and has the
form of hierarchical structure in some cases.
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The performance issue in an Internet stream server
is important since the stream services include the
additional function to process high speed multimedia
stream services compared to typical Internet servers.
Some analysis on the operational characteristics in a
multimedia stream server is described in ""'?. How-
ever, no major research has been done on this change
for the recent multimedia stream server architecture.

Park™ recently studied the operational characteristics
on the Internet stream server consisting of processors,
a TOE, a PCI bus, Gigabit ethernet devices and a
memory buffer unit, found the right way of the
operation of giving the priority to user requests of
stream services. However, the focus of the research
was on the operational scheme for avoiding the
deadlock phenomena, but lacked in the study on the
performance issue.

This paper shortly introduces the architecture of the
multimedia stream server, which is designed for
performing stream services in section 2. In section 3, a
discrete event simulation model using AweSim is
developed for testing whether the multimedia stream
server can serve stream services as designed. The
simulation model is used for examining the perfor-
mance of the multimedia stream server in terms of the
delay rate, and the utilization rates of the system
components. Based on the analysis on the simulation
experimental results, we give more simulation results
on the sensitivity on the performance of the multimedia
stream server in section 4. Final conclusion is made in

section 5.

2. Design Concepts of the
multimedia stream server

The design of the multimedia stream server(the
server in short) is shown in Figure 1. The design
concepts have been described in Park". Summarizing
the design concepts of the server, we may notice that
the server has a dedicated processor for handling
TCP/IP protocols in a offload fashion"*"*"¥
simple data path using buffer memory on the I/O bus

, and has a
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Fig. 1. Data transfer and Copy operations of the
multimedia stream server

as shown in Figure I.

The upper part in Figure | is the traditional
computer server systems, showing the data transfer
from the disk to the memory(A) and eventually to the
final data manipulation from the cache to CPU(G). The
detail of the operation is described in Park!'.

The lower part in Figure 1 is the data path of the
proposed stream server, showing the data transfer from
the disk to the buffer memory(A) to the network
interface(B). Clearly, the data path in the proposed
stream server is simplified compared to that of the
traditional server, resulting in performance enhance-
ment.

The server also adopts a multimedia file system that
can consider the characteristics of continuous form of
stream data such as several megabyte data blocks. The
server also called on to use striping technique such as
RAID(Redundant Array of Inexpensive Disks) for
preventing the degradation of disk reading speed!"*.

The multimedia stream server considered in this

paper is assumed to have the user requirements that can
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Fig. 2. Schematic diagram of the multimedia stream server
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serve upto S50 users simultaneously with 20 Mbps
(2.5MB/s) multimedia stream data. Also, the server
should have a storage system that can store a large
volume of multimedia data, and should maintain
scalability, high availability and the system resource
management function to maximize the performance.
The schematic diagram of the server is depicted in
Figure 2.

3. Performance Model of the
multimedia stream server

The AweSim simulation model for the architecture
and the operations of the server is developed based on
the schematic diagram of Figure 2. The model defines
two types of stream services, one with the services for
supplying multimedia stream data to general users(user
service), and the other with the loading of multimedia
stream data from the external global server to the
stream server(uploading). These two stream services
are assumed to be processed simultaneously.

The user services are assumed to be initiated by the
processors giving the command to the disk controller
for supplying stream data to a user. Then the corres-
ponding stream data is transferred from the disk to the
disk controller(buffer) and to the memory through the
PCI bus. The PCI bus and 1| unit of memory space
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Table 1. System Parameters in the model

Parameters Base Note
R 1MB,
Data block size 2MB SOOKB
PCI-66 Bus 66MHz, 64 bit 1, 2 units
256MB
Bi M . tant
uffer Memory | 158 units of 2MB) |
16MB
Buff . t
TOE Buffer (8 units of 2MB) constan
Gigabit ethernet 20 Mbps/user .
device (2.5MBJs) 1, 2 units
Size of 1 set of |10GB of average 1 movie constant
total stream data| (5000 units of 2MB) o
Number of users 50 20, 30, 40

(2MB) are required to perform the operation.

The stream data stored in the memory is moved to
the TOE buffer through the PCI bus, then is transferred
to the user by the Gigabit ethernet device. Operation of
moving the data to the TOE buffer uses 1 unit of the
memory, the PCI bus and 1 unit of the TOE buffer.

Meanwhile, the downloading services are initiated
with transferring stream data from the Gigabit ethernet
device to the TOE buffer, then are moved to the
memory through the PCI bus and are finally done with
storing the data to the disks.

The system parameters employed in our simulation
model are presented in Table 1. The numbers presented
in Table 1 are from the real implementation of the
system and from the expert's opinion.

Since the stream services are performed in the unit
of 2MB, the transmission time of a block of data(2MB)
is set as 3.788ms for the PCI bus and 16ms for the
Gigabit ethernet device.

The first stage of the simulation experiments is
focused on testing whether the Internet stream server
designed as in Figure 1 operates correctly and 50 users
can be served simultancously. In every experimen-
tation, the uploading service is assumed to be con-
currently conveyed with 5 movies uploaded from
outside to the Internet stream server.

Extensive simulation study performed in Park”
revealed that the correct order of operations should be
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made in order to avoid the deadlock phenomena of the
server. Park™ showed that the priority to use the PCI
bus should be given to the data transfer operations
from the buffer memory to the TOE buffer(user service
direction) and from the buffer memory to the disks
(uploading direction) equivalently. Also, the TOE
buffer should be taken by the data transfer operation
from the buffer memory to the TOE buffer first{user
service direction) and then to the operation from
outside to the TOE buffer(uploading direction).

4, Sensitivity Analysis on the
performance of a multimedia
stream server

The performance experiments were set up to
measure the delay rate for the user's service requests,
where the delay rate is defined as the portion of
services that is not peformed within the predetermined
time limit. Also, we assumed 3 different service request
patterns, constant, uniform and exponential inter-arrival
distributions.

The preliminary experiments showed that if the
user's service request pattern is constant, that is, if the
inter-arrival time between the user requests is constant,
the server can serve upto 40 users simultaneously
without any delay if the correct order of the operations
is kept. However, if the number of users increases or
if the user’s service request pattern becomes random,
the delay ratio becomes large as in Figure 3. The worst
case happens when the service request time is
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distributed as exponential. Even with 30 usecrs re-
questing the stream services, more than 50% of the
users experience the delay of data transmission.

The utilization rate, defined as the portion of time
that a component is being used, of the system
components is another interesting performance factor in
the server. Figure 4 shows the utilization rates with
respect to the number of users being served simul-
taneously. We only show the utilization rates of the
PCI bus and the Gigabit ethernet, since the memory
unit and the TOE buffer have enough capacity to
handle the services, resulting in the low level of the
utilization rates. Figure 4 is the results for the constant
service request pattern.

We have experimented the effect of random service
requests on the utilization rates of the multimedia
stream server. As we sec in Figures 5 and 6, the
utilization rates do not change significantly as the inter-
arrival time of the user's service request changes from
constant to uniform and to exponential distribution.

More analysis has been performed for decreasing the
delay rate. Figure 7 shows the delay rate with the
exponential inter-request time when we change the
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Fig. 7. Sensitivity analysis on increasing the number of
components

capacities of the critical components of the server, the
PCI bus and the Gigabit ethernet device.

Case 1 is when we install 2 Gigabit ethernet device
and dual PCI buses. As we see in Figure 7, the delay
ratio decreases dramatically. With exponential inter-
request time and 40 users requesting the stream
services, only 12% experiences the delay compared to
76% in Figure 3. In the case of increasing the capacity
of Gigabit ethernet device to 2Gbps whereas main-
taining single PCI bus in Case 2, the delay rate again
decreases a little with 20, 30 user cases, but more with
40, 50 use cases.

When we put dual PCI buses only without
increasing the Gigabit ethernet capacity in case 3, the
delay rate decreases a little as compared to Figure 3,
but remains high with 40, 50 user cases.

Final experiments have been implemented with
changing the data block size from 2MB to 1MB and
500KB to see the effect of making small data blocks
on the delay rate and the utilization rates of the system
components. However, no significant change has been
observed, thus the results are not presented here.
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5. Conclusion

We presented a design and performance evaluation
results for a multimedia stream server. From the results
of the performance evaluation study, we come up with
the conclusion that we have a number of users may
experience the high level of the delay in transmitting
the stream data when the user's service request pattern
is random. Also, we noticed that the utilization rate
among the system components varies with the number
of users, but remains relatively unchanged with respect
to the user's service request pattern.

Critical components in the stream server in terms of
the system performance are PCl bus and Ethemet
device. Among them, Ethernet device affects more on
the system performance.

When we consider the practical situation when the
user’s service request pattern is quite random, we may
have to install more network devices in order to
maintain the low level of the delay rate.

In this study, a perfectly reliable stream server was
assumed but an unreliable server may be a target to
analyze in the future study. Also, some probabilistic
service mechanism can be considered for more realistic
situation.
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