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0 20 SOl Asia Project Technology Overview

2.1 Introduction

SOI Asia project focuses on region-wide dis-
tance education system to support both real-time
and on-demand learning activities among institu-
tions in Asia. Technologies used in SOI Asia have
been designed to provide high-quality Internet

environment to deliver high-quality lecture data,
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e.g., video, audio, class materials and to provide
distance-learning applications that enable vir-
tual classroom environment. The challenge is to
build a scalable, bandwidth-effective, and quality-
controlled distance-learning environment on top
of region-wide Internet infrastructure which still
has inadequate quality for distance education
environment. The technologies in SOI Asia envi-
ronment will be explained in the subsequent sec-
tions divided into two main parts, network tech-

nologies and application technologies.

2.2 SOI Asia Network Technologies
2.2.1 SOI Asia Physical Network Infrastruc-

ture and The Unidirectional Satellite
Link
The designed network infrastructure is shown
in Figure 2.1. Lecturer site and student sites
are located at different places in the region and
each site has its own Internet connectivity. A lec-
turer site has high quality Internet environment
that is able to carry lecture traffic. Student sites
commonly have narrowband Internet links which
cannot receive high quality lecture traffic. There-
fore, in SOI Asia environment, a unidirectional
broadcast satellite network, called the satellite
UDL, covering Asia region is selected as the infra-
structure to bridge the bandwidth discrepancies
between these two sites. Gateway site is the satel-
lite hub station which bridges between a lecture
site and student sites by receiving lecture traffic
and relaying them over satellite link that connects
to all student sites, hence students can receive

high quality lecture video/audio.

:_ Satellite
¢+*** Local internet(student)
One-way ﬁ

= Local internet(lecturer)
broadcast %
I\I‘Jl“t§§ eway site
4 T \ I

Satellite

. Internet \
g R
Y fo i

Lecturer site
Student sites in Asia

Fig. 2.1. SOI Asia network infrastructure

With the broadcast nature of satellite links, all
data including lecture traffic can be shared by
all student sites, thus enabling bandwidth opti-
mization. Scalability could be achieved because
increasing number of student sites does not
require proportional increasing bandwidth since
most of data can be shared. A new student site
can easily connect to this infrastructure as long as
it is within the satellite footprint.

Furthermore, the ability to monitor lecture’s
video and audio quality as close as those at stu-
dent sites is accomplished by installing a pseudo
student site at the monitor station, usually at
gateway site as shown in Figure 2.1. This monitor
site can observe same quality of lecture traffic as
student sites because they are sharing the same
link.

For return traffics from student sites, each site
uses its own Internet connectivity to deliver stu-
dents’ feedbacks like asking questions and sub-
mitting assignments to lecturer. Feedbacks can
be in the form of email, bulletin board system
(BBS), text chat, audio, and video. Each feedback
method requires different bandwidth, and a stu-
dent site can select one or a combination that is
suitable to their network capacity.

Lecturer site can be at anywhere on the Internet
as long as it has a good connectivity to the gate-
way site. This allows lecturers from anywhere in
the world to be able to conduct distance learning

class.

2.2.2 Unidirectional Link Routing (UDLR)

On top of the SOI Asia network infrastructure,
Internet Protocol (IP) must be running to provide
IP data communication. Since Internet protocols
assume links to be bidirectional to exchange link
messages but the network infrastructure between
the gateway site and student sites uses unidi-
rectional satellite link which does not support
bidirectional communication, UDLR technology
is used to emulate full bidirectional connectiv-
ity between all nodes that are directly connected

by a UniDirectional Link (UDL). IETF UDLR



working group has proposed a UDLR technol-
ogy composed of three main mechanisms, Link-
Layer Tunneling Mechanism (LLTM), Link broad-
cast emulation and Dynamic Tunnel Configura-
tion Protocol (DTCP). The nodes in a UDL com-
posed of one send-only node called the feed and
receiver nodes.

LLTM is the mechanism for receiver nodes to be
able to send data packets back to the feed. LLTM
requires that each receiver node has another Inter-
net connectivity in addition to the unidirectional
link. With LLTM, all data frames sent from
a receiver node are encapsulated into IP pack-
ets and sent over the available Internet connec-
tivity to the feed. Receiver nodes learn the IP
address of the feed that is destination of encapsu-
lated packets by DTCP’s hello messages sent from
the feed into UDL periodically. After receiving
packets from receiver nodes, the feed decapsulates
IP packets to retrieve the original data frames,
then communication between a receiver node to
the feed is completed.

For link communication between receiver nodes,
broadcast and multicast, the Link broadcast
emulation mechanism uses the feed to forward
the LLTM-decapsulated data link frames, that
have MAC destination to one of receiver nodes’
addresses, broadcast address or multicast address
into the UDL so that the destined receiver nodes
can receive data frames from other receiver nodes.

With UDLR technology, full connectivity among
gateway site and student sites is emulated, the
Internet protocols and applications that run on
top of UDLR work as if they are running on nor-

mal Ethernet link.

2.2.3 IPv6 Multicast

IPv6 and Multicast are the two key technolo-
gies that support scalability and data sharing for
bandwidth optimization. Internet Protocol ver-
sion 6, IPv6, is a new version of Internet Proto-
col that improves functionalities from its previ-
ous version, IPv4. TPv6 uses a larger IP address

space that supports a much greater number of

W I D E

addressable nodes compared to IPv4. Multicast is
a protocol for group communication, its property
includes bandwidth optimization because only one
copy of each packet is sent on each network link
and copies will be created only when the paths to
destination diverge.

Applying IPv6 Multicast on the satellite UDL,
a lecture stream can be shared by all student
sites at Internet protocol layer. With IPv6’s large
address space, many student sites can be sup-

ported.

2.2.4 QoS Control

The main purpose of QoS in SOI Asia is to
best utilize the broad bandwidth of the satellite
UDL by allowing other traffics to use the link and
then controlling traffic coexistence with priority
given to lecture traffic. The two main technolo-
gies used for QoS mechanism are Policy Rout-
ing and ALTQ. Policy Routing routes and con-
trols the maximum bandwidth of transit traffic via
the satellite UDL, while ALTQ is used to control
bandwidth sharing between lecture traffic, transit
traffic and others. Policy Routing and ALTQ are
applied at gateway site with their configuration
parameters tuned specially for lecture and non-

lecture periods.

2.2.4.1 Policy Routing

In SOI Asia environment, the satellite UDL’s is
not used solely for lectures. Bandwidth could be
utilized to deliver other traffics which do not orig-
inally belong to the satellite UDL link and will be
called transit traffic. Routing is basic mechanism
to forward transit traffic but solely it lacks of abil-
ity to control link quality for distance education
environment.

Policy Routing is an application developed by
Asian Internet Interconnection Initiatives (AI3)
to load-balance traffic among its alternative links
to maximize links’ bandwidth utilization. Pol-
icy routing is placed at network’s core router
and monitors the bandwidth usage of links, once

it exceeds a predefined threshold, e.g., 70% of
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Table 2.1. SOI Asia ALTQ Configuration

Traffic class Lecture period Non-lecture period
Routing 250k /5% 250k /5%

Realtime lecture | 5000k/10% 2000k /10%

Policy routing 1200k /75% 3000k/40%

RO (merged w/ above) | 1000k/30%

link bandwidth, Policy Routing forwards some
traffic flows to an alternative link, hence load-
balances traffics. Policy Routing can define max-
imum bandwidth to be forwarded to an alterna-
tive link to prevent link overload. Policy Routing
uses a stateful forwarding, i.e. packets belonging
to a flow are forwarded to same link.

Using Policy Routing technology in the SOI
Asia environment, transit traffic can be forwarded
to the satellite UDL to utilize available band-
width. The amount of bandwidth allowance for
transit traffic during lecture period is less than
non-lecture period to give more bandwidth to lec-
ture traffic. Transit traffic will be policed by
ALTQ to manage coexistence with other traffics
and to ensure bandwidth availability for lecture

operation.

2242 ALTQ

Alternate Queuing (ALTQ) is a technology to
manage network traffic for resource sharing. It
defines traffic classes, assigns traffic priorities,
controls traffics with queuing mechanisms. ALTQ
with Hierarchical Fair Service Curve (HFSC) is
selected as the QoS configuration in the proposed
environment. Traffics are defined into four cat-
egories as shown in Table 2.1. Routing class is
the traffic for routing protocols to update rout-
ing data, it is small but crucial to proper net-
work function. Realtime lecture class defines all
traffics related to lecture, i.e. IPv6 Multicast traf-
fic for video/audio streams and file transfer, Uni-
cast traffic for slide synchronization and opera-
tors’ communication for lecture operation. Policy
routing class defines transit traffic forwarded by
Policy Routing mechanism. Receive Only (RO)

class is traffic to any individual student site which

6

is not related to lecture activities. The amount
of bandwidth assigned to each class is different
between lecture and non-lecture period, the real-
time lecture class is allocated more bandwidth for
lecture quality during lecture period.

The combination of Policy Routing and ALTQ
using HFSC and the above traffic definition effec-
tively utilizes the satellite UDL while ensures net-
work functionality and high quality video/audio

lecture.

2.3 SOI Asia Application Technologies

The learning activities in SOI Asia can be
divided into real-time learning and on-demand
learning, the technologies used in both learning

activities are described in next sections.

2.3.1 Real-time Lecture Applications

In SOI Asia real-time class, it is composed of
one lecture site and a number of student sites.
To create a virtual classroom environment, lec-
turer and students must be able to communi-
cate through the means of video/audio, bulletin
board system, text chat, or even telephone/fax

depending on the available communication means

Fig. 2.2. Realtime Lecture Environment
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Table 2.2. Lecture and Q/A communication model

Communication Student site’s Lecture method Q/A or feedbacks methods
Model Internet condition | (Applications) (Applications)
Full interactive >= 128kbps Internet | Video/Audio Video/Audio (VIC/RAT)
(VIC/RAT) Bulletin board (BBS)
Text Chat (IRC)
Semi interactive < 128 kbps Internet Video/Audio Bulletin board (BBS)
(VIC/RAT, WMT) | Text Chat (IRC)
Unidirectinal No Internet Video/Audio Fax/Telephone
(VIC/RAT, WMT)

at each site. The communication from lecturer
to students in SOI Asia environment could be
achieved by video/audio conferencing/streaming
system because the satellite UDL has enough
bandwidth to accommodate lecture traffic. On
the other hand, the communications from stu-
dent sites to lecture site, e.g., questions, are varies
depending on their local Internet connectivity as
shown in table 2.2. Applications used for each
model are selected based on bandwidth require-
ment.
VIC/RAT
VIC (VIdeoConferencing tool) is an applica-
tion for video conferencing and RAT (Robust
Audio Tool) is an application for audio
conferencing. The VIC/RAT combination
enables many-to-many communication model
with ITPv6 Multicast support. In SOI Asia,
VIC/RAT is used as a main application to
deliver lecture and to get feedbacks or Q/A
from student sites using video/audio system.
Student sites can also see and interact with
each other with VIC/RAT. The bandwidth
used to send lecture video is 1 Mbps and lec-
ture audio is 256 kbps. The bandwidth used
to send student sites’ video and audio are
adjusted based on the available bandwidth at
each site.
WMT
Windows Media Technology (WMT) is a
video/audio streaming application. In SOI
Asia, WMT is used to stream lecture to stu-
dents over the satellite UDL with 512 kbps
IPv6 Multicast. Since WMT does not sup-

port many-to-many communication, students

cannot use it to send video/audio back to
lecturer. WMT has clear video/audio but
with longer delay comparing to VIC/RAT
due to encoding. Therefore, WMT cannot be
used in “Full interactive” model but it can
be used in “Semi interactive” and “unidirec-
tional” models.

VIC/RAT and WMT are the two main
video/audio applications widely used in SOI
Asia student sites, they are used in IPv6
Multicast communication mode to save band-
width usage on the satellite UDL link and
more extensible IPv6 addresses for more scal-
able student sites. However, the lecturer site
which could be anywhere on the Internet may
not always support them because lecturer site
does not have IPv6 Multicast connectivity
to the Satellite UDL or the applications are
not commonly used in lecturer’s institution.
Therefore the gateway site provides alterna-
tive applications to accept video/audio from
the lecturer site and then relay to VIC/RAT,
WMT so that student sites can receive it.
Currently DVTS and H.323 are supported for
lecture-gateway sites connection.

DVTS

DVTS (Digital Video Transport System) is
an application to deliver very high qual-
ity uncompressed video/audio, giving very
clear picture and sound. DVTS consumes
30 Mbps per one-way transmission, therefore
the underlying network must have a broad
bandwidth. At gateway site of SOI Asia, it
can send/receive DVTS stream with a lecture

site and relay to VIC/RAT, WMT through
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analog conversion.

H.323

SOI Asia’s gateway site is also equipped to

support H.323 Video conferencing which are

commonly supported in many video confer-

encing applications and products.

BBS

BBS (Bulletin Board System) is a web-based

system for communication sharing point. SOI

Asia uses BBS for text-based Q/A and dis-

cussion between lecturer and students during

and after lecture.

IRC

IRC (Internet Relay Chat) is an online appli-

cation where all participating parties can join

to a single communication channel to inter-

actively exchange messages. SOI Asia uses

IRC for quick communication between stu-

dents and lecturer for Q/A and discussion.

In addition to applications to support commu-

nication between lecturer and students, presenta-
tion slides are another instruction mean that lec-
turers use to explain the lecture content. In a dis-
tance learning environment with many student
sites, it is not inefficient that each student site
manually change the presentation slide to keep
up with lecture, therefore, an application, called
RPT, was developed to automatically synchronize
the slide movement between lecture and student
sites.

RPT

RPT (Remote Point) is an application devel-

oped by SOI to automatically synchronize

31 135 i 5 -

3 termet Technology:
B e ®RY BRCANE ALTH

the PowerPoint’s slide movement at student
sites according to the changes at lecturer site.
RPT uses the IRC channel to exchange mes-
sages of slide movement.
During each realtime lecture, video/audio from
lecturer will be recorded and slide will be kept to
produce an on-demand lecture as will be explained

in next section.

2.3.2 On-demand Lecture Applications

In addition to participating in the real-time lec-
ture, it is more beneficial if students can also
review the lecture content later for more under-
standing or in case of absent. In SOI Asia, lec-
tures are also provided in on-demand format. An
on-demand lecture is shown in figure 2.3, it is com-
prises of HTML page collecting lecture slides and
also a video, which contains lecturer video syn-

chronizing with slides.

2.3.2.1 On-demand Lecture Production
To produce an on-demand lecture video, SMIL
technology is used to synchronize lecturer’s video
with lecture slides according to the timing pro-
vided.
SMIL
SMIL (Synchronized Multimedia Integration
Language) is an HTML-like script language
for authoring interactive audiovisual pre-
sentations which integrate streaming video/
audio with other media, e.g., images, text. In
SOI Asia, during the lecture period, lecture

video and slide changing timing are recorded,

=lolx]

Internet ol

by tuntins

Advanced Internet
Technologies

Jun Murai

R (RN E =

Advanced Internet
Technologies

Jun Murai

Fig. 2.3. On-demand Lecture



Table 2.3. Production tasks and applications

Production Tasks Applications

Real Producer
RPT, TRecorder
SMIL script generation | TRecorder

Video encoding

Slide timing record

then SMIL script is generated for video/slide
synchronization using the applications shown
in table 2.3.

Real Producer

Real producer is a video encoding application
producing video in RealVideo format. Real
supports the SMIL integration for synchroniz-
ing video/audio streaming with other media.
RPT

RPT (Remote Point) is an application used
to synchronize slides between lecture and stu-
dent sites. It also has a function to record the
timing that lecturer changed slides for later
use in SMIL script production.

TRecorder

TRecorder (Timing Recorder) is an applica-
tion developed by SOI for slide time record-
ing besides the RPT application. TRecorder
can generate the SMIL script that is used
to synchronize video/audio with slide images

according to the given timing.

2.3.2.2 On-demand Lecture Mirror System

Once an on-demand lecture is generated, easy
access is considered an important factor to encour-
age students to use the on-demand content. The
on-demand content should be placed near to stu-
dents to avoid loss or delay problems caused by
underlying network condition. For this purpose,
SOI Asia established a mirror system that each
partner has a mirror server, as shown in figure 2.4,
containing copies of on-demand content that fall
in their interests. Therefore, students can easily
access the content from local server.

Since on-demand content is big file-size video/
audio and there are many student sites to receive
the content, the file distribution from master
server to mirror servers must support IPv6 Multi-

cast to save bandwidth used on the satellite UDL.

W I D E

13 Mbps
/ Satellite receiving stations

Master
Mirror server
Gateway Site

Mirror servers in
student sites

Fig. 2.4. SOI Asia Mirror System

SOI Asia uses an application called MTM which

supports the IPv6 Multicast file distribution.
MTM
MTM (Multicast Tree Mirroring) is an appli-
cation developed by SOI Asia to support the
bandwidth-optimized file distribution using
IPv6 Multicast. Since IPv6 multicast does
not support reliable data transmission, MTM
implemented a reliable multicast protocol to

ensure completeness of file transmission.

2.4 Conclusion

With the network and application technologies
described in previous sections, SOI Asia project
has carried out a distance education program
Asia-wide with high quality lecture in both real-
time and on-demand to serve the demands of
higher education collaboration in Asia.

Currently SOI Asia project has 26 partner orga-
nizations in 12 countries (http://www.soi.wide.
ad.jp/soi-asia/partners/index.html), a gate-
way site and a monitor site are implemented
at Keio University Japan, 22 student sites are
located in 11 countries in Asia. From year 2001,
SOI Asia project has delivered more than 170 lec-
tures to more than 1,000 students region-wide.
Therefore, the SOI Asia’s distance education tech-
nology has proven its practicability, effectiveness
and scalability.

Human resource development programs in SOI
Asia project have been carried out intensively
to educate engineers in the region to be able to
operate the environment at their own organiza-

tions. Annual workshops have been carried out
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from year 2002 (http://www.soi.wide.ad.jp/
soi-asia/ow/index.html), training more than

100 engineers from all partner institutions.

2.5 Future works

Recently, Internet infrastructure in Asia and in
the world has been developed rapidly. Many coun-
tries has developed their own REsearch and Edu-
cation Networks (REN) connecting local univer-
sities and institutions. Region-wide REN back-
bone has also developed. As well, it creates
higher demands for education content sharing.
With better Internet quality, lecture can be prop-
agated to more number of receiving sites, either
through existing partners and their local RENs
or through region-wide REN. It has brought new
challenges to SOI Asia to provide distance educa-
tion in a more diversified environment.

Technology challenges includes

e Content protection technology

In a more open Internet environment, a copy-
right issue is an important concern to protect
the broadcast lecture content for authorized
students only.

e Dynamic/Secure Tunnel technology

IPv6 Multicast used in SOI Asia is not widely
supported in Internet yet. Tunnel technology
to connect new student sites to our environ-
ment over Internet will bring higher possibil-
ity to share education content.

e [Pv6 Multicast network monitor

With larger number of participating sites,
IPv6 Multicast network monitoring system is
useful to identify problems for a more stable

environment.

030 SOlAsiab0O0000 2006000000

310000

SOl Asia0 000000 http://www.soi.wide.
ad.jp/soi-asia/00 002001 000000000
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O 3.2. Advanced Topics for Marine Science 2006 000 0O 0O
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