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Abstract—The use of IP (Internet protocol) technology in the
information and communications industry constitutes a major
global trend. A highly efficient service architecture, enabling
technologies and advanced applications are essential to rapid
multimedia services in an all-IPv6 network environment. This
work presents an all-IPv6 service platform based on open service
architecture (OSA) to support a set of standard interfaces and
applications. The all-IPv6 network environment was integrated
using a network-processor-based IPv4/IPv6 translator and a mo-
bile router (MR) supported IPv6 network mobility. The feasibility
of the open service platform for all-IPv6 network environments
and of the designed application programming interfaces was ex-
amined using three applications: e-commerce, video-on-demand,
and on-line gaming. The performance analysis indicates that the
system throughput increased from 0.5 to 60.5 Mb/s as the number
of users increased from 1 to 80; the mean response time increased
from approximately 7 to 10.5 ms, and the delay time increased
from 0.1 to 1 ms.

Index Terms—All-IPv6 networks, application programming
interface (API), IPv4/IPv6 translator, Java APIs for integrated
networks (JAIN) platform, network mobility, open service archi-
tecture (OSA).

1. INTRODUCTION

HE Internet protocol version 6 (IPv6) protocol is funda-

mental to the growth of Internet and has the potential to
improve IP functionality and performance [1], [2]. IPv6 sup-
ports new Internet applications, and broadens technological de-
velopment [3]. Corporations such as Microsoft and Nokia have
published white papers on accelerating IPv6 development [4],
[5]. Numerous new applications and Operating Systems, in-
cluding Windows XP and Linux kernel 2.1.8 and higher, al-
ready incorporate IPv6 support, but some serious challenges re-
main in ensuring a successful and smooth transition from In-
ternet protocol version 4 (IPv4) networks. IPv6-based networks
have been implemented in isolation, but now the information
technology (IT) industry seeks to connect these IPv6 islands
across the IPv4 ocean using IPv4/IPv6 translators, and mobile
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routers (MRs) to support network mobility. When a moving ve-
hicle connects to the Internet to obtain driving information, or an
aircraft carries passengers who want to receive their e-mail, mo-
bility mechanisms must be supported. Some studies have been
published on Network Mobility (NEMO), including those of the
Nautilus6 working group [6] and the IST OverDRiVE project
[7]. The Nautilus6 working group is part of the WIDE organiza-
tion and is managed by volunteers. Nautilus6 has implemented
NEMO basic support on NetBSD 1.6.1 with a KAME MIP6.
OverDRIVE (spectrum efficient unicast and multicast over dy-
namic radio networks in vehicular environments) is a research
and technology development (RTD) project sponsored by the
European Commission as part of the Information Technologies
Program (IST). One project working group has specified a MR
to provide multiradio access to a moving intravehicular area net-
work (IVAN). Related studies include Connexion by Boeing [8]
and InternetCAR in intelligent transportation systems (ITS) [9].
The development of a highly performing all-IPv6 network for
information services will soon become an important issue. This
work comprehensively reviewed domestic and international
projects and trials associated with the development of all-IP
networks [10], [11]. The development of high-quality all-IPv6
architecture must fulfill the following requirements.

1) Best-in-class telecommunication and data communica-

tion standards.

2) Improvement of existing specifications to yield an open

system.

3) Smooth evolution of both networks and applications.

4) Highly reliable and efficient end-to-end QoS support.

5) Support for mobility and seamless handoff between

accesses.

6) Separation of service, connection, and mobility control.

7) Rapid and flexible creation of new services
This work concerns the final two points, 6) and 7). An open
service architecture (OSA) was constructed to accelerate the in-
tegration of telecommunications and data communications, and
the ultimate goal is to develop high-quality information applica-
tions for the all-IPv6 network [12]. This OSA platform requires
the following service characteristics: independence of platform,
independence of application, multiple service support, service
collaboration support, and support and simplicity of multiple
network technology [13].

This paper is organized as follows. Section II introduces
background of all-IPv6 network environments. Section III
proposes an OSA-based service platform for all-IPv6 network
environments of application programming interface (API)
developments. Section IV describes the implementation of the
service platform, including the IPv4/IPv6 translator based on
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Fig. 1. All-IPv6 network environments.

the network processor and the MR supports network mobility.
Section V presents three OSA-based application scenarios
and analyzes the performance of OSA-based applications in
all-IPv6 network environments. Section VI draws conclusions.

II. ALL-IPv6 NETWORK ENVIRONMENTS

This work integrates the all-IPv6 network environment using
an IPv4/IPv6 translator, based on a network processor, and a
MR that supports IPv6 network mobility (Fig. 1). Therefore,
users with IPv4 or IPv6 network connections, mobile equip-
ments of the PAN or mobile can directly make use of benefits
from the OSA-based applications. The following sections intro-
duce IPv4/IPv6 transition and the network mobility.

A. IPv4/IPv6 Transition

The transition between today’s IPv4 Internet and the IPv6-
based Internet of the future will be a long process, during which
both protocols coexist. A mechanism for ensuring smooth, step-
wise and independent changeover to IPv6 services is required.
Such a mechanism must facilitate the seamless coexistence of
IPv4 and IPv6 nodes during the transition period. Internet En-
gineering Task Force formed the Ngtrans Group to facilitate
smooth transitions from IPv4 to IPv6 services. This work em-
ploys the IPv4/IPv6 translator mechanisms for all-IPv6 network
environments to support applications in OSA.

The fundamental function of translation in IPv4/IPv6 tran-
sitioning is to translate IP packets. Numerous of translation
mechanisms are based on the SIIT (stateless IP/ICMP transla-
tion algorithm) [14]. The SIIT algorithm is applied as the basis
of network address translation-protocol translation (NAT-PT)
mechanisms. The NAT-PT mechanism is a stateful IPv4/IPv6
translator [15]. NAT-PT nodes are at the boundary between
IPv6 and IPv4 networks. Each node maintains a pool of glob-
ally routable IPv4 addresses, which are dynamically assigned
to IPv6 nodes when sessions are initiated across the IPv6/IPv4
boundary. This arrangement allows native IPv6 nodes and
applications to communicate with native IPv4 nodes and appli-
cations, and vice versa.

The NAT-PT translation architecture, presented in Fig. 2, also
includes an application level gateways (ALG). The NAT-PT
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Fig. 2. Basic NAT-PT translation architecture.

mechanism does not snoop payloads, and the application may
thus be unaware of it. Therefore, the NAT-PT mechanism de-
pends on ALG agents that enable an IPv6 node to communicate
with an IPv4 node and vice versa. The NAT-PT mechanism is an
interoperability solution that requires no modification or extra
software for use with either the IPv4 or the IPv6 network. The
mechanism applies the required interoperability functions in a
core network, making interoperability between nodes easier to
manage and faster to manifest.

B. Network Mobility

The Mobile IPv6 network environment must support the link
layer handoff and management mechanism to make network
devices mobile. Mobile IP [16], [17] provides the mobility in
the IP layer by two-tier addressing. This IP mobility support
protocol comprises three functions: agent discovery, address
binding update, and tunneling.

A group of nodes that move in a single direction at the same
speed in a vehicular area network must be regarded as exhibiting
network mobility, [18] as recently defined by the IETF working
group, rather than host mobility. All nodes in the mobile net-
work apply a special gateway called a MR, which handles the
motion of the mobile network. Three network mobility solutions
are HMIPv6 [19], prefix scope binding updates (PSBU) [20],
and MRHA tunnel [21]. Each solution has particular strengths,
but only the MRHA tunnel method is effective with NEMO.
This work applies the MRHA tunnel method to the network
architecture.

Hierarchical Mobile IPv6 (HMIPv6): The HMIPv6 protocol
does not change the corresponding node’s (CN’s) operations.
Changing these operations requires the incorporation of another
network component, the mobile anchor point (MAP), into the
protocol. The Mobile IPv6 protocol generates “bing update
storms” whenever the mobile nodes (MNs) simultaneously
process handoff operations. HMIPv6 represents a solution to
this problem.

HMIPv6 utilizes a local home agent as the MAP. When MN
moves in to a MAP’s coverage area, MN yields the on-link
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Fig. 4. Prefix scope binding update.

care-of-address (CoA) and sends binding update (BU) mes-
sages. When the MAP receives the BU message, it records
the BU cache and sends the BU message to the home agent
(HA) using the regional CoA of the MAP address. The MAP
constructs the tunnel between the MN and the HA. MAP stores
the routing information between regional CoA and on-link
CoA. The CN sends its packets via the HA to the MAP, which
transfers them to the MN in its coverage area. Hence, the MN
updates the binding cache only when it moves into a different
MAP, as shown in Fig. 3.

Prefix Scope Binding Updates (PSBUs): The PSBU method
is also designed to prevent the “binding update storm” (Fig. 4)
This protocol extends the traditional BU operations of MIPv6,
MRs, HAs and CNs. The PSBU modifies the CoA of one prefix
to perform the BU of numerous nodes connected as the mobility
network.

The MR is prefixed with CoA when the mobile network
moves into another area. It transmits BU messages that contain
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CoA information to all MNs in the mobile network. The P-bit
of the BU message is set to one to state that the BU message
is a part of the PSBU mechanism. When the HA receives the
BU messages, it checks the P-bit to identify the network prefix
suboption field. The prefix information between the mobile
network and the MR CoA are added to the biding cache. The
CN checks the prefix address of the destination to specify the
routers through which data are transmitted.

MRHA Tunnel: Fig. 5 depicts a mobile network that com-
prises three nodes, which may be fixed (LFN) or mobile (LMN,
VMN), according to the classification of the IETF NEMO
working group. A local fixed node (LFN) may be a host or a
router, and is topologically fixed in relation to the MR, whereas
a local mobile node (LMN), whose home link is in the mobile
network, can adjust its attachment point in relation to the MR,
as can the visiting mobile node (VMN) whose home link is not
part of the mobile network.

Applying the MR to handle the movement of mobile network
has two particular advantages. Nodes within the mobile network
obtain prefixes from the MR. Additionally, the MR of the mobile
network connects to external AR and maintains its private MN
address. NEMO has three main strengths. First, it involves no
direct connection between MN and AR. It also saves power
by reducing the radio frequency. Finally, NEMO can support
route optimization and the nested NEMO problem displayed in
Figs. 6 and 7.
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III. OSA-BASED SERVICE PLATFORM FOR ALL-IPV6
NETWORK ENVIRONMENTS

Traditional telecommunication and data communication ser-
vices are vertically integrated. Each service depends on a dedi-
cated network and corresponding terminals. The all-IP concept
changes the vertical structure into a horizontal one, as an overlay
system presented in Fig. 8. A highly efficient service architec-
ture, which enables various technologies and advanced applica-
tions, is critical in an all-IPv6 network environment, to provide
high-quality services. This work addresses these requirements
in an OSA service platform. This section summarizes important
OSA-related knowledge and technology.

A. Open Service Architecture (OSA)

Open service architecture (OSA) has an open system struc-
ture, which bridges various systems [22]-[24]. That is, although
each manufacturer’s internal systems may differ, they all com-
municate with each other using the OSA platform. The OSA
platform is an open construction proposed by 3GPP (3G Partner-
ship Project), which provides the standard API to the operating
system. Accordingly, Internet applications can conveniently ex-
ploit the network’s service capacity via the API, as shown in
Fig. 9. This open interface construction is sufficiently flexible
and expandable to meet the demands of the network.
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B. Open Services Gateway Initiative (OSGi)

The OSGi organization was established in 1999, with the
primary purpose of constructing an open standard interface
to enable wide-area network services to communicate with
home networking equipment. Fig. 10 depicts the OSGi concept
[25]-[28]. Over 100 manufacturers already support OSGi. The
OSGi 3.0 standard was announced in March 2003.

The OSGi standard, based on Java technology, enables ser-
vice operators, manufacturers of household appliances, and In-
ternet service providers to link with standard network interfaces.
This standard consists of several substandards that use functions
to distinguish between the structure of the application and re-
source management APIs; between the client and the wide-area
network APIs; between the terminal and the local area network
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APIs, and between the security and the data management and in-
tegration APIs. Therefore, the manufacturer can concentrate on
developing applications for home networks. The OSGi standard
is hoped to offer a bright future for all-IP network applications.

C. Java APIs for Integrated Networks (JAIN) Platform

The JAIN platform, developed by SUN, is based on JAVA
technology [29]-[31]. The aim of the platform is to link the
intelligent network to the Internet, to solve problems of com-
patibility among traditional intelligent networks. The platform
includes a series of API’s, which map and communicate with
the hardware and telecommunication protocols of any network,
making the applications portable. The standard interfaces allow
the network applications to be developed rapidly on a Java plat-
form in either wired or wireless environments. JAIN has three
benefits: service portability, multinetwork integration, and net-
work security support. Fig. 11 reveals that the JAIN platform has
divided into four layers: the network layer, the protocol layer,
the service layer, and the application layer.

JAIN APIs are grouped into two categories, protocol API and
application API. The protocol API handles the concrete inter-
face, including the network signaling protocol. The application
API provides the functions required by upper-level services, and
accesses the concrete protocol functions via the protocol APIL
The protocol API reflects the concrete protocol on the JAIN
module. Fig. 12 reveals that the JAIN structure provides a ser-
vice creation environment (SCE) to service trusted third-party
applications in the interior network and the untrusted third-party
applications in the outer network. These third-party applica-
tions can access the network’s services via the secure service
provider’s interface. The JAIN platform also defined a series of
development tools from the software component library, as well
as the service logic execution environment (SLEE).
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System stack of NAT-PT on Vitesse 1Q2000.

IV. SYSTEM IMPLEMENTATION

This work emphasizes the application of the OSA-based plat-
form in IPv4/IPv6 networks. The IPv4/IPv6 network architec-
ture applied herein consists of an IPv4/IPv6 translator and a
MR to support network mobility. The OSA-based platform was
implemented to execute all-IPv6 network services with three
applications: e-commerce, video-on-demand (VoD), and on-line
games.

A. IPv4/IPv6 Translation Based on Network Processor

The main goal of the IPv4/IPv6 translator is to migrate net-
works seamlessly from IPv4 to IPv6. This work implemented
the SIIT algorithm and the NAT-PT mechanism on the network
processor. Fig. 13 depicts the system stack. The MIPS processor
handles the control path, including the mapping table, the pro-
tocol stack and DNS-ALG. The NPU (FACET CPU) handles
the data path, including table query, packet translation, packet
delivery and packet scheduling. Additionally, some DNS-ALG
functions, including the DNS message format conversion, are
partially accomplished in the data path by NPU. Furthermore,
the control path and data paths cooperate via a prism driver
interface.
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Fig. 14. Data processing flow chart on Vitesse 1Q2000.

Fig. 14 depicts data processing in the network processor
(Vitesse 1Q2000), as described in the Vitesse 1Q2000 De-
sign Manual. Therefore, the implementation includes such
fundamental functions as transmitting and receiving packets
and initiating threads. Furthermore, Nonessential functions
including packet translation and memory allocation were im-
plemented. The complete system depends on the implemented
functions.

B. MR of Network Mobility

Figs. 15 and 16 illustrate the NEMO testbed architecture for
the network mobility MR. All machines of testbed are desktop
PCs with an Intel CPU, 256 MB RAM and a 40 GB HDD. An
802.11b wireless card enabled connections between MR-HA
and MR-AR. This work applied RedHat 9.0, including kernel
2.4.22, with the MIPL 1.0 patch. The MIPL source code was
modified to incorporate the MN forwarding functions. A socket
function was established to program the forwarding function,
enable HA and MN to encapsulate and de-encapsulate packets

Fig. 15. NEMO simulation system.

Visited
Subnet

and forward them to the proper networks, based on the routing

table.
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Fig. 18.

All-IPv6 network environment with the OSA platform.

C. OSA-Based Platform

The prototype system implemented herein involves three
main modules: server, communication, and client. Servers
comprise the OSA-based platform and information server.
The communication module is based on all-IPv6 networks.
Clients include notebook computers and PDAs. Fig. 17 depicts
the entire system architecture. Fig. 18 displays the all-IPv6
network environment and OSA platform. This network delivers
applications through the 3G cellular network.

V. RESULTS AND PERFORMANCE ANALYSIS

This work proposed an OSA-based application system was
developed for all-IPv6 network services. The results and perfor-
mance analysis in terms of qualitative and quantitative analyses
were performed and described in the following.
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A. Developed Applications

Three applications including e-commerce, VoD, and on-line
gaming were proposed to investigate the feasibility of the pre-
sented approach. Examples of these applications in various sce-
narios are given below.

1) E-Commerce Application: Anincreasing amount of trade
is being conducted over networks, making the development of
e-commerce applications very important. Two considerations of
customers are security and convenience. The aim of this system
is that it regards the bundle as its basic component. If program-
mers seek to add a new function, then they need only rede-
velop and reinstall a single bundle. They do not need to rede-
velop the entire system. For instance, a safety function can be
added merely by introducing the certification and authorization
bundle. A convenience function requires only the redevelop-
ment of the bundle related to the user’s mobility.

An on-line shopping scenario can be considered to eluci-
date the convenience of e-commerce. John registers with an
Internet service provider on an OSA-based platform. One day he
browses an on-line shopping website. He wants to buy an LCD
screen, but he does not know which screen to buy. Therefore,
he fills in a request form on the shopping website, and sends it
to the website administrator. After several, the website adminis-
trator replies to John’s message. After John’s service company
receives the message, it notifies John that they have received a
message at his designated IP address. Then, when John looks
at his PDA, he receives this message. He completes the order,
and replies with details of the order. Then, his service company
returns his message to the administrator of the on-line shopping
website.

2) Video-on-Demand (VoD) Application: Fig. 19 depicts the
scenario of a VoD application. First, the user links to the OSA-
based platform from his office computer. The user then leaves
the office. When he receives any messages away from home, he
can set the OSA-based system to transmit messages to his mo-
bile device automatically (“1” in Fig. 19). The user then wants
to buy a movie ticket. He logs in into a recreational website, and
inquires whether any movie tickets are available (“2” in Fig. 19).
The recreational website receives this information and helps the
user to may an enquiry to the movie company (“3” in Fig. 19).
When the movie company sends a message, the website imme-
diately sends it to the user, but the user is not in the office at this
time. Accordingly, the message passes through the OSA-based
platform to the user’s mobile device (“4” and “5” in Fig. 19).
After the user has received the message, the website notifies the
movie company of its receipt. The movie company and the user
can thus communicate with each other (“6” in Fig. 19). The user
can select in advance the movie he wants to watch. Fig. 19 shows
which movie was finally chosen.

3) On-Line Game Application: Mary is a student who takes
the bus to school. She does not like waiting for the bus so she
takes out a mobile device that can link to the Internet to find
some video games to play. She finds a website that exclusively
provides video games. This website is developed by using the
OSA-based platform. Fig. 21 shows a frame of the website.
Mary chooses one of the games, which is shown in Fig. 22.
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Fig. 20. VoD application.
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Fig. 21.  On-line game application.

B. Qualitative Analysis

Table I presents a qualitative analysis. The value “1” refers
to the best performance. The OSA-based system provides nu-
merous advantages. It is a modular system, so has various fea-
tures, including the reuse of programs, extensibility, flexibility,

o —

—_—

Fig. 22.  Example of on-line game.

time of creation, and interoperability. A traditional networking
system does not have such characteristics. Additionally, OSA-
based systems with IPv6 networks have better mobility than
those with IPv4 networks.

C. Quantitative Analysis

NetIQ’s Chariot [32] can exactly simulate transaction traffic
from real applications. This work selects NetlQ’s Chariot as
the simulation and analysis tool. NetIQ is a leading provider
of systems management, security management, and web ana-
lytics cooperation. Chariot evaluates the performance of net-
worked applications, performs stress tests on network devices

Authorized licensed use limited to: National Taiwan University. Downloaded on January 19, 2009 at 23:44 from |IEEE Xplore. Restrictions apply.



2180
TABLE 1
ANALYSIS OF SYSTEM PERFORMANCE
Traditional OSA-based System with
Feature OSA-based System
System IPv6 networks
Reuse 2 1 1
Extensible 2 1 1
Flexibility 2 1 1
Creation Time 2 1 1
Interoperability 3 2 1
Throughput
000

w00 - 10tPa |

00 -

[t 02000 0:4000 10000 1:20:00 14000 20000
Bapsed time Okmmss)

Fig. 23. Performance analysis—system throughput.
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Fig. 24. Performance analysis—average response time.

and predicts application performance prior to deployment. Ad-
ditionally, we use Sniffer to measure and compute the applica-
tion’s delay time. Fig. 23 presents the system throughput of the
OSA-based system. Data traffic of the same type is used to sim-
ulate the process by using a method that alters the data traffic
with various users to measure the system throughput. The ana-
lytical data reveal that increasing the number of users increases
the system throughput.

Fig. 24 presents the mean response time of the OSA-based
system. The analytical data reveal that adding more users in-
creases the response time. The response time was found to in-
crease rapidly as the number of user increases above 80. There-
fore, the response time increases exponentially with the number
of users until the system is out of service.

Fig. 25 presents the application delay time associated with
various users. The service delay of a VoD application was eval-
uated using the Sniffer toolkit. The starting delay is higher than
the average delay because of the random generating character-
istics for VoD application. The delay time increases when a
user connects to the OSA-based system. However, the delay
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Fig. 25. Performance analysis—delay time.

decreases when the user connects directly to the information
server. Furthermore, adding users increases the delay time.

VI. CONCLUSION

This work proposed an all-IPv6 service platform based on
OSA to support a set of standard interfaces and applications.
The all-IPv6 network environment was integrated with the OSA
using an IPv4/IPv6 translator based on a network processor and
an MR that supports IPv6 network mobility. The feasibility of
the open service platform for all-IPv6 network environments
and of the designed application programming interfaces was
studied with reference to three applications: e-commerce, VoD,
and on-line gaming. The performance analysis reveals that in-
creasing the number of users from / to 80 increased the system
throughput from 10.5 to 60.5 Mb/s; the mean response time
increased from approximately / to /0.5 ms, and the delay in-
creased from 0.1 ms to I ms. We believe that all-IPv6 represent
the likely future of the development of applied systems.
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