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Abstract  In the current life, the Internet is playing a key role in transferring diverse information. As the 
performance of the Internet has been growing, transferred information has the form of multimedia streams such as 
video and audio. However, in current computing and internet environment, multimedia streaming service can't be 
accomplished smoothly due to the various factors such as internet bandwidth, computing power and so on. In this 
paper, we are proposing an efficient system, called SMART (Server for Multimedia Applications for Residence 
community) including hardware and software in terms of the design concept and system architecture for the 
multimedia streaming service. We also present the implementation result for the system.
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1. Introduction 
As computers and high speed networks have been 

popularized, the Internet becomes a main means of 
transferring information over the world in our lives. As the 
communication networks to home will be upgraded to 10 ~ 
100Mbps bandwidth level in the near future, high quality 
multimedia services such as internet broadcast, remote 
medical services and internet video services will be more 
generalized [1]. For example, a FTTH (Fibre To The 
Home) village is planned to be constructed in Korea. 
Those high quality multimedia services require a system 
that can handle the multimedia streaming service over 
network fast.  

In general, networking operation has high cost in 
computer system in that it requires several data copies 
from one place to another and processing steps whenever 
data passes from one protocol layer to another [2][3].  In 
order to provide efficient multimedia streaming service 
over the network, we need to minimize the cost of 
networking operation. Also, service providers should 
deliver multimedia contents to end users with stability and 
efficiency over network in real time [4][5][6][7]. As service 
requests are increased, the traffic of a back-bone network 
increases, and as a result, the construction cost for the 
back-bone network increases. This problem should also 
be resolved. 

In this paper, we are proposing an efficient system 
including hardware and software in terms of the design 
concept and system architecture for the multimedia 
streaming service. We also present the result of the 
implementation and performance evaluation for the 
system. 

 
2. Design Concepts and Goals 
2.1 Design Concepts 

The proposed system is a system specialized to 
internet-based multimedia streaming services with high-
performance communication infrastructure. In order to 

provide high quality multimedia streaming service, high 
network bandwidth is required. Also, efficient management 
of infrastructure and distribution of service requests are 
required to reduce back-bone traffic and server loads  

Our system hierarchically distinguishes the services into 
global and local services that are processed separately to 
use network bandwidth efficiently. A global server is a 
computer system that provides overall multimedia 
contents and located at Internet Data Center (IDC), e-
government and so on. While a local server is a computer 
that provides multimedia streaming services for local 
communities such as apartments, companies, universities 
that are based on local networks. It transparently 
communicates with a global server. The global server 
should be designed to provide various functionalities for 
contents service and to guarantee high scalability as well 
as high availability. And, the local server should provide 
not only single-node server solution to achieve cost-
effectiveness and high-performance but also multiple-node 
cluster server solution to build scalable and high available 
system. 

 
2.2 Design Goals 

As first phase, before overall system including the 
global server is designed, we are focusing at local server 
solution.  Therefore, in this paper, we use the term 
"server" for a local server. In this case, the role of the 
global server as contents provider must be simulated. For 
this role, we will introduce FSN (Files Server Node) node 
in our system infrastructure. In order to satisfy the 
requirements described at section 2.1, the server has 
following design goals.  
 
 The server supports up to 200 clients and provides 

up to 4 Gbps of concurrent streams, which is 
equivalent to MPEG streaming service with the bit 
rate of 20 Mbps. 

 The server provides not only clustering solution to 
build scalable and high available system but also 
efficient content placement mechanism for distributed 
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local servers in a cluster without shared storage. 

 The server provides an efficient content distribution 
mechanism for storing the right content at the right 
time. 

 The server provides an optimized multimedia file 
system.  

 
In order to satisfy these goals, the server should be 

designed to improve performance in storage including 
efficient multimedia file system and networking system. 
Also it should support efficient clustering and content 
distribution features. In storage and file systems, it is 
needed to support continuous disk access at high speed. 
In networking systems, stream data stored at disks should 
be delivered to clients through the network in a zero-copy 
fashion. In clustering solution, the server should provide 
single system image for the cluster and efficient load 
balancing features between participating local servers. 
And, in content distribution solution, the server should 
provide an efficient content distribution mechanism from 
FSN to local servers. 

 
2.3 Design Issues 

In general, normal computer has high level of CPU 
utilization for networking operations with gigabit level. The 
reason is that complicated communication protocols are 
handled in host CPUs. Therefore, using a separate 
processor for handling networking operations in offload 
fashion will be useful [2][3]. Another reason of degradation 
of system performance for multimedia streaming services 
is several data transfers and copy operations in disk-to-
network path. These several copy operations are the main 
performance bottlenecks [3]. Therefore, several data copy 
avoidance architectures such as integrated layer 
processing [4] and direct I/O to eliminate memory-to-
memory data copy are suggested trying to minimize data 
transfers and copy operations. We will design a special 
PCI card that integrates SCSI controller, TOE engine and 
Memory module in order to reduce CPU utilization and 
copy operations. 

In addition, because large volume of data storage is 
needed for multimedia streaming services, it is also 
required to use striping technique such as RAID 
(Redundant Array of Inexpensive Disks) for fast disk 
reading speed [3]. The size of a streaming data is 
relatively large and the access pattern has continuous 
form. So, handling streaming data requires developing a 
multimedia file system that can consider the 
characteristics of continuous form and large size of 
streaming data. 

According to design goals, a local server is designed to 
support up to 200 concurrent streams with 20 Mbps bit 
rate. The regional community where proposed system 
provides multimedia streaming services has several range 
of concurrent user size. From this, the server should 
support scalable solution. General scalable solution is 
clustering technique. There are several clustering related 
works [8][9][10]. The proposed server has two-level cluster 
architecture in that the cluster consists of several server 
nodes and each server node can have several NS cards 
which will be described at section 3.1. Also it is formed like 
shared nothing architecture between server nodes, and in 
turn between NS storages of each server node. The 
clustering solution should support these shared nothing 
and two level features. 

Even though the server provides large capacity of 

storage, all of the multimedia contents to be serviced 
cannot be stored at the server. As described at section 2.1, 
the global server plays the role as contents provider. It is 
important to store the right content in the right place at the 
right time to satisfy client's requests. Also, when a 
requested content is not locally available, it should be 
obtained from the global server or the FSN node as fast 
and reliably as possible. In order to support these 
requirements, the server should provide an efficient 
content distribution mechanism. 

 
3. System Architecture 

In this section, we present the design and 
implementation of a streaming server, called Server for 
Multimedia Applications for Residence communiTy 
(SMART). The proposed server is a system specialized to 
Internet-based multimedia streaming services with high-
performance communication infrastructure. In order to 
provide high quality multimedia streaming services, high 
network bandwidth is required. Also, efficient management 
of infrastructure and distribution of service requests are 
required to reduce back-bone traffic and server loads 
respectively. 
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Fig. 1. Service Model of NGIS  

Fig. 1 shows the service diagram of the system. Our 
system hierarchically distinguishes services into global 
and local services that are processed separately to use 
network bandwidth efficiently. A global server is a 
computer system that provides overall multimedia 
contents and located at Internet Data Center (IDC), e-
government and so on. While a local server is a computer 
that provides multimedia streaming services for local 
communities such as apartments, companies, universities 
that are based on local networks. It transparently 
communicates with a global server. The global server 
should be designed to provide various functionalities for 
contents service and to guarantee high scalability as well 
as high availability. And the local server should provide not 
only single-node solution to achieve cost-effectiveness 
and high-performance but also multiple-node cluster 
server solution to build scalable and high available system. 

 
3.1 Hardware Configuration[11][12] 

SMART provides not only multiple node cluster server 
solution to build a scalable and highly available local 
server but also single node server solution to achieve a 
cost-effective and high performance local server. And it  
has one or two processors, a system memory, a memory 
controller hub (or bridge), an I/O controller hub, several 

 2 



International Journal of Smart Home 

Vol. 1, No. 1, January, 2007 

 
PCI/PCI-X controller hubs, a local hard disk. For efficient 
storage, retrieval, and transmission of large amount of 
video data, the server employs a new H/W device called 
Network/Storage card, or NS card for short. NS card 
includes both a disk storage interface and two Gigabit 
Ethernet interface all together. It also includes a buffer 
memory (PMEM: PCI Memory) to temporarily store the 
retrieved video data to be transmitted and TOE (TCP/IP 
Offload Engine). 
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Fig. 2. Architecture of the NS Card’s Hardware (a) and 

Software (b) unit 

NS card is devised to rectify some limitations of existing 
file I/O for networked multimedia, such as unnecessary 
data copying, lack of guaranteed storage access and 
overhead of network protocol processing. 

Each NS card has unique IP address like a server, so 
the single server with several NS cards do works like a 
traditional cluster system; i.e., the performance of a cluster 
system with 3 different servers might possibly be the same 
as that of a single server with 3 NS cards, in brief. So, if 
we use NS card, we can configure a low cost system. 

Also, NS card can support high speed disk I/O and send 
to network compared with general system as following 
reasons: 

 
Zero-Copy. Generally, from initially designed computer 

to now, the computers of von Neumann model are used. 
This model has many internal data copies between kernel 
memory and user memory when a computer reads data 
from disk and sends it to network. It is useful to general 
usage, but it is not inevitable for dedicated streaming 
service. So, we remove this additional overhead. Fig. 3 
and Fig. 4 show the difference of data flow with zero-copy 
and without it. 

 
Large Block Size. General Linux system use a small 

block size compared with multimedia files. The block size 
of Linux is 1Kbytes ~ 4Kbytes. NS card support a large 
block size such as 128Kbytes, 256Kbytes, 512Kbytes, 
1Mbytes and 2Mbytes. 

 
Block Split. When a user request a block, NS card split 

this block into n-small partitions. Here the value of the n is 
the same with the number of disks connected to NS card. 
It is similar operation to S/W striping in RAID. So, NS card 
can access to disk with parallel among disks. 

 
Pipelined I/O. When NS card read data from multiple 

disks, the waiting time exists because of different disk 

performance. So, in the worst case, the read speed 
depends on the latest disk. NS card driver don’t wait the 
whole I/O complete. As soon as a small partition I/O is 
completed from a disk, NS card read the next partition at 
the disk. As this pipelined I/O, all disks operate non-
blocking I/O. 
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Fig. 3. Data flow of general TCP/IP transmission 
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Fig. 4. Data flow of zero-copy 

3.2 EXT3NS file system[13] 

For high-performance multimedia streaming services, 
we need a multimedia file system that can utilize the 
facilities of the NS card and supports large volume of data. 
Initially, we developed dedicated file system to support NS 
card. But it has inter-operability problem, so we have 
developed new multimedia file system with general 
interface like ext3 file system. The new file system is 
called EXT3NS file system. EXT3NS provides applications 
with the standard read and write system call interfaces to 
use NS card. And in addition to fast-path I/O operation 
with NS card, legacy buffered I/O is support as well. 
Metadata is stored and accessed on a 4KB basis, but the 
unit of allocation for data blocks depends on the 
configuration NS card.EXT3NS manage NS. So, EXT3NS 
support a large data block size (128K ~ 2MB). 

The EXT3NS is a file system built on top of NS card. It 
enables applications to access fast-path I/O of NS card via 
standard read and write system call interfaces. It provides 
legacy VFS layer interface for existing file system related 
applications as well. The file system can easily 
accommodate large block size defined by disk striping 
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driver of NS card. It has a disk layout to efficiently store 
large numbers of multimedia files as well.  
Fig. 5 describes the location of EXT3NS file system in the 
Linux kernel and how it interacts with the kernel. When the 
application read data from disk via read system call, 
EXT3NS determines whether it is read operation to PMEM 
area of NS card or to the system main memory using the 
argument value of user buffer address. If it is to PMEM 
area, EXT3NS performs the fast path I/O by using NS 
device driver. If it is to main memory, EXT3NS performs 
the legacy page cache I/O. In case of legacy page cache 
I/O, EXT3NS just read from disk to main memory by 
calling generic read function provided by the memory 
management module of Linux kernel. In this case, 
requested data block is read from disk to the page cache 
of Linux kernel through the system PCI bus and copied to 
the user buffer. Data in page cache can be reused if 
request for the same data occurs in the near feature. In 
case of SDA fast-path I/O, EXT3NS calls the read method 
of SDA device driver. At this time, requested disk block is 
read to the PMEM block of NS card. Data path of this 
operation only includes local PCI bus of NS card 
connecting SDA disk array and PMEM, which does not 
use system’s main PCI bus. From the viewpoint of overall 
system it could be called as true zero-copy operation, 
because it does not include memory-to-memory copy and 
does not use the bus cycle of main PCI bus.  

 
Fig. 5. EXT3NS file system in Linux Kernel 

The biggest obstacle for EXT3NS in coexisting with 
other file systems under the VFS layer is that disk block 
size of SDA is much larger than that of generic block 
devices. x86 architectures allows only 512, 1024, 2048 
and 4096 bytes as block size, whereas block size 
permitted by SDA driver is from 128Kbytes to 2Mbytes. So 
a solution must be made to handle this discrepancy 
problem properly. We solve it as follows. Metadata is 
stored and accessed on a 4KB basis. There are six kinds 
of metadata in EXT3: superblocks, group block descriptors, 
inodes, blocks used for indirect addressing, data bitmap 
blocks, and inode bitmaps blocks. They are allocated in 
4KB unit and accessed via a buffer cache. This can be 
easily accomplished due to the fact that most of metadata 
reside in the head of EXT3NS partition and are kept 
strictly apart from the data and is collected in a separate 
structure for each file. For six metadata, indirect block 
must be taken special care since it resides in the data 
block area, not in the metadata block area. The unit of 
allocation for data blocks depends on the configuration of 
SDA driver. When reading and writing data blocks, 
applications can use either buffered read/write or fast-path 
read/write. Buffered read/write is the same as the existing 
mechanism using main memory cache. On the other hand, 

fast-path I/O utilizes PMEM as a buffer when reading and 
writing SDA device. 

 
3.3 Media Streaming Engine 

This module can do streaming service. It uses RTSP 
(Real-Time Streaming Protocol) as a control protocol 
between streaming server and clients, and can select a 
data transmission protocol among UDP, TCP, and RTP 
(Real Time Protocol). The server is divided in to main 
process and several NS processes. The main process has 
responsibility to control all of connections to the streaming 
server and a NS process is generated respected to each 
NS card of SMART system. Each NS process includes 
streaming data plane and several services. 
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As shown in Fig. 6, a media streaming engine consists 
of a main process (hereafter “MP”) and an NS process 
(hereafter “NP”) which number is the same as number of 
NS card, for example 4, in given figure. An RtspDaemon 
thread of the media streaming engine creates an 
RtspThreadController thread which controls the creation 
and assignment of an RtspStack thread and has a FIFO 
which keeps a great number of RTSP connections. The 
RtspThreadController thread also passed a RTSP 
connection to the RtspStack thread through PIPE. The 
RtspStack thread manages maximum number of RTSP 
connections, manipulates RTSP messages and stores it to 
the specific shared memory area. 

If a recvIPCNSSharedMemory thread in specific NP 
receives a RTSP request, it is added by a session 
manager to the session manager’s map table. The session 
manager gets information of content ID(cid), content file 
name, for example /ns0/mpeg_ts.mpg in NS card 0, 
streaming type like MPEG-1/2/4, H.264 and suitable bit 
rate in metadata DB table and loads a suitable service 
library. The service library creates a sender instance with 
protocol type like RTP/UDP/TCP and use a specific NS 
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card. The service thread reads a content file, sends 
through an NS card at the rate of given bitrate. 

 
3.4 Content Distribution 

Even though the server provides large capacity of 
storage, all of the multimedia contents to be serviced 
cannot be stored at the server. Also, if services are 
processed globally, the traffic of the global network 
infrastructure increases. This increased traffic makes the 
service to be unreliable or unavailable. To resolve this 
problem, a service provider generally adopts a CDN 
(Content Delivery Network) technique that locates many 
local servers or cache servers at various specific regional 
areas. In a CDN infrastructure, multimedia streaming 
services are provided with end users through a nearest 
local server [4][6][7].  

As described at Section 3, the global server plays the 
role as contents provider, and we introduce the FSN (Files 
Server Node) node concept for replacing the global server. 

It is important to store the right content in the right place 
at the right time to satisfy client's requests. Also, when a 
requested content is not locally available, it should be 
obtained from the FSN node as fast and reliably as 
possible. In order to support these requirements, the 
server should provide an efficient content distribution 
mechanism. The more the server caches streaming media, 
the more the server can provide services to users. Our 
server system also adopts prefix caching mechanism for 
making more services to be available on the spot.  

The content distribution software provides following 
features for versatile transfer and distribution methods, 
and content usage monitoring. 

 
Content Transfer. The content distribution unit transfers 

content from the CSN node to a local server. The content 
transfer job can be executed at promptly (On-Demand 
Transfer) or at delayed scheduled time (Scheduled 
Transfer). If a transfer job is scheduled job, the 
administrator can also modify or delete the scheduled job. 
 

Preloading and Prefix Caching. The content 
distribution unit provides a mechanism to preload contents 
from the CSN prior to service requests by using either on-
demand or scheduled transfer. For better chance of 
meeting user requests, it is desired to store as large 
number of contents as possible. This is a major reason of 
prefix caching. The content distribution unit also supports 
preloading with prefix size. 

 
Dynamic Loading. When content is requested to be 

serviced and if the content is not available completely, the 
content distribution unit transfers the content dynamically. 

 
Content Purge. When a content transfer job is 

activated and if the storage has no space to store the 
content to be transferred, the transfer job will be failed. For 
preventing this situation, the content distribution unit 
prepares needed storage space in advance by purging 
some contents existed in the storage. 

 
Content Storage Management. For determining the 

necessity of purge operation, the content distribution unit 
should know the status of storage. 

 
Content Usage Monitoring. Selection of appropriate 

contents to cache at the server can affect the cache 

utilization and thus service performance. The unit should 
provide information about usage of contents. 

 
Clustering Support. In order to response to user 

requests fast and correctly without creating unwanted 
delays, the server should be hosted on a cluster consisting 
of multiple streaming servers. Actually, the clustering 
technique is widely recognized to be a viable solution to 
build a scalable high-performance server system. With 
related to clustering solution, the clustering unit should 
distribute all incoming service requests efficiently across 
the multiple streaming server nodes in the cluster 
environment. Also, it should place contents effectively 
across the multiple streaming server nodes for efficient 
and balanced resource consumption. 
 
3.5 Service Scenario 

For the streaming service, we first need to install the 
content such as MPEG-2, MPEG-4 and H.264 in advance. 
During the install step, the system makes the auxiliary files 
for fast forward, fast rewind. And it also makes metadata 
for the content. Our cluster-based streaming server 
consists of a file server for installation and several 
streaming servers. We choose the dispatcher server 
among the streaming servers. Each streaming server has 
several (1-4) NS cards. The step of streaming is presented 
in Fig. 7. 

 

Fig. 7. Steps of Streaming Service 
 

A user can select the content from the web site. When 
the user selects the content, the information of the content 
is transmitted to the dispatcher. The dispatcher finds the 
information of an optimal server and NS card from the 
metadata tables, and sends the information to the user. 
This dispatcher chooses the NS card according to the 
system load. The user connects to the NS card, and then, 
the NS card sends the data to the user.  

 
3.6 Applicable Areas 

We consider two kinds of area as follows to the 
applicable field of SMART. In these fields, it certainly 
needs the high performance streaming server. First is the 
server for IPTV service. Second is the server for Cable 
service.  

For IPTV service, the server must support a unicast for 
VoD and multicast for internet broadcasting. In the current 
internet infrastructure, the perfect multicast streaming 
service is impossible because all of routers can not 
support multicast protocol. But, in Korea, the company for 
internet infrastructure, such as KT, Dacom, Hanaro, can 
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do it in their internet infrastructure.  

 

 

Fig. 8 IP TV Model 

In Cable service field, it needs many kinds of 
equipments like Fig. 9. In left rectangle, there are a few of 
equipments of Content Provider. These equipments create 
new contents for service, and distribute them to local cable 
service companies in middle rectangle area in Fig. 9. 
SMART can be located in here. Local cable service 
companies support real streaming service to the client in 
right rectangle in Fig.9. 
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4. Implementation Results and Performance 
Evaluations 

In this section, we will show the SMART and the 
performance for the normal content. 

 

Fig. 10. The Feature of SMART 

There are two models in SMART system. Those are 
compact and standard model. Compact model can store 
more contents and support more NS cards than compact 
model. Fig. 10 shows the standard model.  

Each NS card has PCI card, PCI-to-PCI bridge, several 
disks, PMEM, TOE and two gigabit Ethernet ports. NS 
card is shown in also. 

 

Fig. 11. NS (Network / Storage) Card 

From Fig. 12 to Fig. 21 show the disk I/O performance 
of our system. Our system is optimal for multimedia data 
using large block size. So we compare with EXT3[16], 
XFS[17] and our EXT3NS file system.  

To measure the performances, we make 2 volumes with 
four 15K rpm disks(total disks are 8). There are 32 files in 
that volumes and each file size is 8GB. All files are 
allocated sequentially.  
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Fig. 12 Random I/O Speed (Block Size = 128KB) 
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Fig. 13. Sequential I/O Speed (Block Size = 128KB) 

 
In random I/O, our system has best performance than 

other systems. But in sequential I/O, in case of less-
threads, EXT3 and XFS is better than our system. We 
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think that it is due to read ahead operation.  

As the concurrent user increases, the access pattern to 
disks is similar with random access. So, the performance 
in the random access is more important than sequential 
access in the area of streaming service. EXT3NS has 
good performance at many users than other file system. 

And as compared with changing the block size, SMART 
has best performance in large block size such as 512KB 
or 1MB.  
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Fig. 14 Random I/O Speed (Block Size = 256KB) 
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Fig. 15 Sequential I/O Speed (Block Size = 256KB) 
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Fig. 16. Random I/O Speed (Block Size = 512KB) 
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Fig. 17. Sequential I/O Speed (Block Size = 512KB) 
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Fig. 18 Random I/O Speed (Block Size = 1MB) 
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Fig. 19 Sequential I/O Speed (Block Size = 1MB) 
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Fig. 20. Random I/O Speed (Block Size = 2MB) 
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Fig. 21. Sequential I/O Speed (Block Size = 2MB) 

Fig. 22 and Fig. 23 show the CPU loads of each system. 
The more concurrent users, the more CPU load of EXT3 
and XFS. But, in case of EXT3NS, the CPU load is only a 
little. So, SMART can support more sessions for 
multimedia streaming. 
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Fig. 22. CPU loads at random I/O 

Sequential Read (blk s ize = 512K)

0

10

20

30

40

50

60

70

80

90

100

1 2 4 8 16 32 64 128 256

#of threads

C
P

U
 l

o
a

d
(%

)

ext3+raid0

xfs+raid0

ext3ns

 

Fig. 23. CPU loads at sequential I/O  

From Fig. 24 to Fig. 27 show the streaming performance 
with NS card and that without NS card. We used the 
MPEG-2 contents of 4Mbps and 10Mbps for performance 
evaluation. In the case without NS card, we used general 
NIC that has two 1GB network ports. As shown in the 
figure, when we use NS card, the maximum user count is 
bigger than without NS card due to CPU and network load. 
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Fig. 24. Streaming Performance(4Mbps, 2-Gigabit port) 

2 NS cards, 512 blk size, 4Mbps Content

3,545 3,556 3,558

1,467

1,148 1,188

0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

1 5 10

#of contents

b
a
n
d
w
id
th
(M

b
p
s

EXT3NS

EXT3

 

Fig. 25. Streaming Performance(4Mbps, 4-Gigabit port) 
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Fig. 26. Streaming Performance(10Mbps, 2-Gigabit Port) 
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Fig. 27. . Streaming Performance(10Mbps, 4-Gigabit Port) 
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5. Conclusion 

In this paper, we are proposing an efficient system for 
multimedia streaming services in terms of the design 
concepts, the characteristics and the system architecture 
including hardware and software. When designing the 
system, we had to consider the design goals and several 
design issues. The design issues for the system are the 
CPU utilization, zero-copy, disk throughput, multimedia file 
system, clustering solution and content distribution. 
Therefore, we used special hardware(NS card), special 
multimedia file system(EXT3NS), clustering solution and 
efficient content distribution mechanism.  

We measured the performance on various situations 
and got desirable results. But, more refinement on the 
system for multimedia streaming services is required to 
enhance the overall performance and stability of system. 
Specially, we have modified our system to support the 
Fibre Channel model. SMART can not share among other 
volumes in the same node. So, we operated SMART with 
replication or dynamic loading in real time. After modifying, 
SMART is able to share the whole volumes within same 
cluster. 

Furthermore, in order to provide total solution for 
multimedia streaming services, we have to design and 
implement the global server. 
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