International Journal of

Informatics Society

01/09 Vol. 1 No.1 ISSN 1883-4566

@l@hfmaﬁcs Society




Editor-in-Chief: Norio Shiratori, Tohoku University

Associate Editors: Teruo Higashino, Osaka University Yuko Murayama, Iwate Prefectural University

Editorial Borad
Toru Hasegawa, KDDI (Japan)
Asli Celikyilmaz, University of California Berkeley (USA)
Atsushi Inoue, Eastern Washington University (USA)
Christian Damsgaard Jensen, Technical University of Denmark (Denmark)
Tadanori Mizuno, Shizuoka University (Japan)
Jun Munemori, Wakayama University (Japan)
Kenichi Okada, Keio University (Japan)
Tarun Kani Roy, Saha Institute of Nuclear Physics (India)
Richard Sevenich, Vancouver Island University (Canada)
Osamu Takahashi, Future University Hakodate (Japan)
Sofia Visa, College of Wooster (USA)
Ian Wakeman, the University of Sussex (UK)
Ming Wang, California State University Los Angels (USA)
Justin Zhan, Carnegie Mellon University (USA)
Qing-An Zeng, University of Cincinnati (USA)
Huifang Chen, Zhejiang University (P.R. China)
Carol Taylor, Eastern Washington University (USA)

Aims and Scope
The purpose of this journal is to provide an open forum to publish high quality research papers in the areas of
informatics and related fields to promote the exchange of research ideas, experiences and results.

Informatics is the systematic study of Information and the application of research methods to study Information
systems and services. It deals primarily with human aspects of information, such as its quality and value as a
resource. Informatics also referred to as Information science, studies the structure, algorithms, behavior, and
interactions of natural and artificial systems that store, process, access and communicate information. It also
develops its own conceptual and theoretical foundations and utilizes foundations developed in other fields. The
advent of computers, its ubiquity and ease to use has led to the study of informatics that has computational,
cognitive and social aspects, including study of the social impact of information technologies.

The characteristic of informatics' context is amalgamation of technologies. For creating an informatics product,
it is necessary to integrate many technologies, such as mathematics, linguistics, engineering and other emerging

new fields.
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Guest Editor’s Message

Yuko Murayama
Guest Editor of the first issue of IJIS

We are delighted to have the first and special issue of
the International Journal of Informatics Society (1JIS)
published. This issue includes the select papers from the first
International Workshop on Informatics (IWIN2007), held in
Naples, Italy, on 9th and 10th September, 2007. The
workshop was the first event for the Informatics Society, and
was intended to bring together researchers and practitioners
to share and exchange their experiences, discuss challenges
and present original ideas in all aspects of informatics and
computer networks. The workshop was complete in success
with the presentation of ten papers which covered a wide
range of topics in informatics such as computer supported
cooperative work and groupware, intelligent transport
system, distributed computing, multi-media communication,
information  systems, mobile computing, ubiquitous
computing, etc.

Each IWIN2007 paper was reviewed in terms of technical
content and scientific rigour, novelty and originality and
quality of presentation by at least two reviewers. As a result
of the deliberate review process, six papers were selected for
publication of this issue. The selected papers were improved
from their original IWIN papers according to the reviewers’
comments.

In this issue, we have an invited paper, “Post Ubiquitous
Society: Problems, Proposals and its Applications” by Norio
Shiratori et.al. The paper overviews ubiquitous computing
environment in terms of human aspects and proposes a novel
paradigm, Symbiotic Computing. The paper presents the
new direction of the informatics research area. We hope that
the readers will enjoy the paper as well as the other five
good papers on the wide range of topics.

We hope that the issue would be of interest to many

researchers as well as engineers and practitioners in this area.

This is an ambitious endeavor with a small start towards a
journal with quality and novelty.

We publish the journal in print as well as in an electronic
form over the Internet. This way, the papers will be available
on a global basis.

Yuko Murayama is a professor at Iwate
Prefectural University. She had M.Sc. and
Ph.D. both from University of London in
1984 and 1992 respectively. She had been a
visiting lecturer from 1992 to 1994 at Keio
University, a lecturer at Hiroshima City
University from 1994 to 1998. She has been
with Iwate Prefectural University since
April  1998. Her interests include
internetworking, network security and trust.
She is a member of IEEE, ACM, IPSJ,
IEICE, and ITE.
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Abstract -

Envisioning the next generation ubiquitous era when the
advancement of computer and communication with its several
boons may also bring some anxiety and inconveniences of
various types to the society. To overcome these problems and
to close the gap between human and computer we proposed
a new information and communication paradigm, called Sym-
biotic Computing. Traditional ubiquitous computing environ-
ment can be considered as consisting of two computing as-
pects: Mobile Computing and Pervasive Computing. We then
define the two axes of advanced ubiquitous computing: Tradi-
tional Ubiquitous Computing and Web Computing. To realize
a symbiotic society, where human and computer will co-exist
in a cooperative manner to the betterment of life and society,
we proposed a new 3rd axis to alleviate the predefined prob-
lems and by integrating these three axes, we created the Sym-
biotic Computing paradigm. In this paper we discussed about
the concept, architecture and different applications based on
this novel idea.

Keywords: symbiotic computing, ubiquitous information
environment, mobile computing, pervasive computing, next
generation network, S-gap

1 Introduction

Proliferation of computing into the physical world promises
more than the ubiquitous availability of computing infrastruc-
tures. By the end of the decade, the number of PC users is
expected to hit or exceed 1 billion by 2010, according to Mi-
crosoft CEO steve Ballmer, fueled primarily by new adapters
in developing nations such as China, India and Russia, ac-
cording to analysts, out of estimated world population of around
6.8 billion.

With the existence of large number of computers, with high
processing power, coupled with wireless communication, next
generation wireless is moving toward ubiquitous wireless com-
munications systems and smooth high-quality wireless ser-
vices. Computers will gradually become proficient at a wider
range of activities previously requiring human intelligence,
including their own design, and thereby introduce positive
feedback into the development loop. This, coupled with cur-
rently expected progress in nervous system connection, may
accomplish a direct machine-human brain link by 2025 [1].
The author here has predicted that in future processing ca-

pability and intelligence will be ubiquitous. The vast major-
ity of processing devices will be transparently integrated and
unidentifiable as individual machines.

Focusing towards next generation ubiquitous age we have
been pursuing research on Symbiotic Computing from as early
as 1994 [2]-[4]. In [5]-[8] we first define the concept of
traditional ubiquitous computing environment with two com-
puting aspects: mobile computing and pervasive computing
[9]. Traditional ubiquitous computing enhances accessibility
to the services using wireless network and embedded device
technologies [10]-[13]. At the same time, web computing is
emerging as very powerful tool to extend availability and us-
ability of information which is widely distributed in the world
[14]. Now, to define advance ubiquitous computing, foresee-
ing the situation around 2025, we integrated two computing
axes: traditional ubiquitous computing and web computing.
The advance ubiquitous computing is expected to contribute
and enhance the Information Technology (IT) environment;
however, at the same time, human and social aspects also need
be considered. Otherwise a social imbalance with its related
inconveniences and anxiety will grow up. To overcome such
a situation and to strengthening the power of advance ubiqui-
tous computing environment, we introduced a third new axis
to define a new value, and by integrating these three axes, the
new paradigm, called Symbiotic Computing is created. Based
on this novel idea of Symbiotic Computing, symbiotic soci-
ety will be realized, where human and ubiquitous information
environment can cooperatively coexists and close the gap be-
tween these two entities.

Symbiotic computing is a basic idea that achieves an infor-
mation processing environment, that can autonomously sup-
ports human activities, by understanding human behavior and
sociality in the real world [15].

In symbiotic computing, human society and digital space
interact with each other, based on “basic principle of symbio-
sis”, where they increase information precessing ability, ac-
tivity, and stability by offering information and supports each
other. As a result, it creates new relating for co-existence and
co-propriety based on mutual understanding between them.

Symbiotic computing will enable digital space to provide
advanced and intelligent services progressively and solve var-
ious problems that present Information Technology (IT) has,
for example, the gap in the symbiosis world, and we named
it as S-gap. The detail explanation of S-gap is given in Sec-
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tion 2.3.1. This contributes to the next generation information
processing environment, where everyone can easily get nec-
essary information and services from digital space for anyone,
anything in addition to at anytime and in anywhere.

We construct a symbiotic computing model and an archi-
tecture of symbiotic space for achieving the concept of sym-
biotic computing. We also develop basic technologies for re-
alizing the model and architecture. Moreover, these are used
to establish the next generation information platform and we
evaluate our proposal through application developments and
trial experiments.

The organization of the paper is as follows. In Section
2, Ubiquitous Environment for Improved Human-Computer
communication has been discussed, focusing on Ubiquitous
computing, Ubiquitous networking and Symbiosis process,
where we state the problem elaborate about our motivation.
Our proposed symbiotic computing architecture, where we
explained about the General, Network-ware, Social-ware and
Perceptual-ware is described in Section 3. Section 4 consists
of Evaluation of Symbiotic Computing Architecture, where
we discussed about the systems we have developed as novel
application of Symbiotic Computing and the envisioned sce-
nario of revolutionary effect of Symbiosis around year 2025.
The paper is concluded in Section 5.

2 Ubiquitous Environment for Improved
Human-Computer Communication

Ubiquitous computing has as its goal the nonintrusive avail-
ability of computer throughout the physical environment, vir-
tually, if not effectively, invisible to the user [16]. Unlike
virtual reality, ubiquitous computing will integrate informa-
tion displays into the everyday physical world. It proponents
value the nuances of the real world and aim only to augment
them. In ubiquitous computing it will be a world of fully con-
nected devices, with cheap wireless networks, available and
accessible everywhere, anytime.

2.1 Ubiquitous Computing

The basic concept of human-computer symbiosis was first
found in an article written by J.C.R. Licklider in 1960 [17],
where he imagined a very close coupling between the human
and the electronic members of the partnership. Computer
technology was at its early stages and he had given a gen-
eral idea of Symbiosis computing; abstraction level was very
high. The main aim for this partnership are two-folds, (i) to
let computers facilitate formulative thinking as they now fa-
cilitate the solution of formulated problems, and (ii) to enable
men and computers to cooperate in making decisions and con-
trolling complex situations without inflexible dependence on
the predetermined programs.

Ubiquitous computing began in the Electronics and Imag-
ing Laboratory of the Xerox Palo Alto Research Center in
the late 80s by Mark Weiser [18], [19] and his group. The
inside story can be found in [20]. He had proposed a ubiqui-
tous computing called Calm Computing, where the comput-

ing concept was to provide services naturally without disturb-
ing human activities and thinking in the environment. Chal-
lenges in deploying ubiquitous systems is discussed in [21].

Way back in 1994, we proposed the idea of Symbiosis in
[2], where we concretely defined the architecture and func-
tionality of each part. In Figure 1 we have shown the concept
of Ubiquitous computing which is based on two axes: Perva-
sive computing and Web computing. The extension of these
two fields will bring us the Advanced Ubiquitous computing
environment.

‘ < - -
o ~" Advanced Ubiqui
9\)\\"\9 computing
C/o«\ - -
SN Ubiquitous
(\10
°° Computing
Current

Mobile Computing

Figure 1: Two axes of computing that shapes Ubiquitous
Computing field

2.1.1 Mobile Computing

The appearance of full-function laptop computers and wire-
less LANs [22] in the early 1990s led researcher to confront
the problems that arise in building a distributed system with
mobile clients [23]. The field of mobile computing was thus
born. Although many basic principles of distributed system
design continued to apply, four key constraints of mobility
forces the development of specialized techniques: unpredictable
variation in network quality, lowered trust and robustness of
mobile elements, limitations on local resources imposed by
weight and size constraints, and concern for battery power
consumption.

The rapidly expanding technology of cellular communica-
tions, wireless LAN, and satellite services promises to make
it possible for mobile users to access information anywhere
and at any time. Regardless of size all mobile computers is
equipped with a wireless connection to information network.
The resulting computing environment, which is often called
mobile or nomadic computing, no longer requires a user to
maintain a fixed position in the network and enables almost
unrestricted user mobility [24]. Mobility and portability cre-
ate an entire new class of applications and new massive mar-
kets combining personal computing and consumer electron-
ics.

Mobile computing brings about a new style of computing,
Due to battery power restrictions, the mobile clients will fre-
quently disconnected (powered off). Most likely, short bursts
of activity, like reading and sending email, or querying lo-
cal data-bases is separated by substantial periods of discon-
nection. Also, quite often, the mobile client will “wake up”
in a totally new environment in some new location far away
from home. Finally, due to mobility, the client may cross the
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border between two different cells (coverage areas) while be-
ing active (the so-called hand-off process). Handoffs are rela-
tively straightforward in cellular voice communication due to
a higher loss of information that can be tolerated.

Mobile computing poses new challenges to the data man-
agement community and they can be grouped into the follow-
ing categories:

1. Mobility Management and Scalability
2. Bandwidth Management

3. Energy Management

2.1.2 Pervasive Computing

It was first began with Mark Weiser 1991 paper [18] that ex-
plained the vision of ubiquitous computing, now also called
as pervasive computing. The basic and most important part
of that vision was the creation of environments completely
fill with computing and communication capable devices, yet
gracefully integrated with human users. This vision was far
too ahead of time, when hardware needed to achieve this goal
was just not existed and naturally Weiser and his group at Xe-
rox PARC failed in their implementation. With recent progress
in hardware and ubiquitous computing technologies, broad-
band convergence with mobile and broadcasting networks,
emergence of RFID has enhanced the accessibility of real-
world objects together with information on the Internet and
we are now better positioned to begin the quest for Weiser’s
vision. Later Garlan et al. [25] in project ‘Aura’ discussed
about a disruption free pervasive computing.

2.1.3 Ubiquitous Computing Environment

Weiser introduced the area of ubiquitous computing (ubicomp)
and put forth a version of people and environments augmented
with computational resources that provide information and
services when and where desired [18]. For past many years,
ubicomp researchers have attempted this augmentation with
the implicit goal of assisting everyday life and not overwhelm-
ing it. Weiser’s vision described a proliferation of devices at
varying scales, ranging in size from hand-held “inch-scale”
personal devices to “yard-scale” shared devices. This prolif-
eration of devices has indeed occurred, with commonly used
devices such as hand-held personal digital assistants (PDAs),
digital tablets, laptops, and wall-sized electronic white-boards.
The development and deployment of necessary infrastructure
to support continuous mobile computation has arrived. Now
the Ubiquitous Computing environment is consists of Mobile
Computing and Pervasive Computing.

2.1.4 Web Computing

With the rapidly expanding reach of Internet people in this
world is becoming merely the players of it. Whether by es-
tablishing or enhancing access, or through the utilization of

publishing tools, there are various resources as mentioned be-
low, which can help us extend our arena for self-expression to
the entire world.

e E-mail and Calendaring

Network and Internet Access

Newsgroup (Usenet)

Internet Searches

e Telnet and SSH
e Web Publishing (blog etc.)

The world wide web is revolutionizing access to informa-
tion and communication for business and individuals alike. It
is evolving faster, and involving more people, than any other
technology in history. Transforming the Web from primarily
a document transfer system to a platform for Web applica-
tions, involves developing an architecture that supports Web
objects interacting with each other. Web computing involves
hence a suitable Web object model, encompassing both docu-
ment publishing and distributed object communication. Web
services have emerged as a standard platform for Web com-
puting. Nevertheless Web services only provide one-way re-
quest/reply communication from client to server. Develop-
ing fully interactive applications is difficult with current Web
technology. Users can only get updates by hitting some but-
ton or clicking a ling on their browsers and re-generating an
entire new page. The future web is envisioned as no longer
a network of connected machines, but rather the indispens-
able thread of human connectivity that binds together cul-
tures, economies, and societies. Content, communication,
and context will continue to form the underpinnings of hu-
man connectivity, much like they do at present.

2.2 Ubiquitous Networking

Development of technologies for ubiquitous networking en-
vironments on which the ubiquitous computing is constructed
is in progress in the world. From our viewpoint those tech-
nologies accelerate deployment of mobile and pervasive com-
puting, extend the field of ubiquitous computing. Now many
suggested technologies are based on the Internet, and the next
generation network based on IP is proposed as NGN. Some
researches are started that focus on a totally new networking
technology which called as a new generation network [26].
Various activities of ITU-T can be found in [27] and [28].

2.2.1 Coming Technologies of the Internet

An ubiquitous networking environment based on the Inter-
net realizes an access to contents on the Internet in anytime
and anywhere by using mobile devices. Key technologies for
this purpose are 1) small area wireless communication tech-
nologies 2) seamless handover between different networks
3) secure and scalable network infrastructure. Personal net-
working technologies just like ZigBee/IEEE802.15.4, RFID,
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and wireless ad-hoc networking technologies [29]-[31] are in
1). In 2), the standardization and development of MobileIP
[32][33] is important. Many other technologies that realizes
mobility is proposed for various situations [34]-[36]. In 3),
IPv6 [37] is now growing to introduce absolute number of
devices to the Internet, and enhances efficiency of core net-
works. Many researches about traffic engineering and QoS-
reservation is ongoing. Ubila project [38] is assuming an
ubiquitous network connecting 10 billion devices and pro-
moting practical researches in this field. Mobile IPv6 man-
agement information base is proposed by Keeni et al. in 2006
[39].

2.2.2 NGN: Next Generation Network

There are two big problems in the Internet as an infrastructure
of ubiquitous computing. The first is vulnerabilities, in other
words, insecureness. The lack of security function forces all
protocols and systems in the Internet to deploy and maintain
complete secureness each other. This is quite inefficient. The
second is low reliability in performances. The basic principle
of the Internet is best-effort. By this principle, much more
systems that have a critical mission can not depend on the
Internet.

Now a dependability is of great interest for networking
technologies. Many telephone and cell-phone operators in the
world is going to replace their operating telephone network by
NGN, next generation network NGN is the next generation
telephone network architecture that is based on IP technolo-
gies. The transport stratum of NGN enables end-to-end QoS
control and can provide multimedia services with dependable
performance. Various services are provided through the ser-
vice stratum and it realizes the security.

2.2.3 NwGN: New Generation Network

NGN is one solution that solves a part of many problems
in the Internet. But there still remains problems. One ma-
jor problem is the complexity of the network. Now many
network technologies are developed and deployed in ad-hoc
manner. Without sufficient arrangement, the coming ubiqui-
tous networking environment should become quite complex.
Another problem is the handling of non-IP nodes. The ubiqui-
tous networking environment has to bring in quite large num-
ber of small nodes. These small nodes may not use IP proto-
col. IP based network cannot support non-IP nodes well.

Some research groups are considering totally new network
architecture. These are called as NwGN, new generation net-
work [26]. GENI [40] is the testbed for developing new gen-
eration network. Akari project [41] is considering to reinvent
the Internet by suggesting a whole new network architecture.

Extension of Ubiquitous computing field from year 2010
to 2025 is shown in Figure 2. Year 2010 is the era of Next
Internet Technology, 2015 as Next Generation and 2025 as
New Generation Networking.

N\
R il
Exten '
Ubiquitous Computing Field
® cerepaennenaeancnnnnnea s IVIODIl€ Computing

2010 == 2015 = 2025
Next Internet NGN New Generation
T i (Next i ) Networking

Figure 2: Networking innovations evolve axes of mobility and
pervasive computing, extend ubiquitous computing field

2.3 Limitations of Ubiquitous Computing
Environment

Now, in the IT society, social conveniences, security and
safety that are commensurate with the cost of setting up in-
formation infrastructure and IT services, is not always avail-
able. Moreover, the information gap is getting wider and new
misdeeds are coming up, which will prevent from social ac-
tivation and thus creates a gap between Real Space (RS) and
Digital Space (DS). We named this gap as S-gap and depicted
in Figure 3.

REAL space

space

(RS) (DS)

WORRY and
Disappointment

INSUFFICIENT
Services

Figure 3: S-gap: Limitation of ubiquitous computing

Figure 4 illustrates the number of mobile Internet users in
Japan from 2003 to 2008, of different age groups [42]. From
this figure we can clearly see that the people below 10 years
and above 60 years are left behind. They will not be benefited
from the high-technologies and may find it difficult to cope
with the changes in the society. And this is one of our primal
concern and motivation to narrow this gap.

2.3.1 S-gap: Lack of symbiosis with human

The main reason of the creation of S-gap is as follows:
e Digital Divide
e Sense of Isolation
e Unease

e Distrust

In present IT society transmitting information from RS to
DS is costly. Besides that, the information accumulated in DS
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A Age~wise Distribution of Japanese Mobile Internet Users [45]
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Figure 4: Utilization of Mobile Internet (Japan: 2007) WHITE
PAPER Information and Communications in Japan, 2006

is not so useful in the Real Space (RS). That is, people in RS
are not satisfied with the feedback received from DS, which is
not so useful compare to the cost of transmission. For exam-
ple, from user’s point of view, the expectation is that the DS
would solve the users’ problems in RS anytime, anywhere.
Also in daily life, it is supposed to give some advice and sup-
port to the user. From the provider’s side, the information
and services would be seen by many users and notified to the
appropriate user at appropriate time. But these expectations
are not fulfilled and as a result disappointments occur. Be-
cause, it the user is not sure what kind of service is available.
Even if it is, users do not know how to use them. Also it
takes time to execute them, even if they know how to use it.
For the provider, it requires time to convert a lot of informa-
tion obtained in everyday life into a certain data format. If it
is too costly for the provider to supply services, the business
would not work efficiently. Also, it may remain unclear to the
provider whether the information is properly used or who use
it.

To close the aforementioned S-gap, the concept of a new
axis, the 37d axis comes as shown in Figure 5 and we called
this 3rd Axis as S-bridge (Figure 6).

' 3rd axis

How to overcome S-gap ?

" Advanced Ubiquitous

computing

Ubiquitous
Computing

Figure 5: Towards post ubiquitous computing

Digital Divide: Depending on the closeness of the people
in RS to the DS, received services also varies. The closer
they live to DS more the benefits they can get. In order to
get closer to DS and receive the services, they must know the

architecture of DS, how to access and how to act in DS. This
is an essential step where they adapt to DS, which a major
impediment to DS.

Sense of Isolation: When people work in isolation, like
working in a distant and separate office all by himself without
any colleagues, the person can not feel the environment of
the actual office and there is no one to help him out if he is
any kind of trouble. Such a situation can create a sense of
Isolation.

Unease: There are problems in not only RS but also in
DS. It is also a serious problem that DS get expanded and
complicated. The feeling of unease toward technical devices
is a common phenomenon specially for elderly people due to
the complexity and variety of functionalities of these devices.
That makes them scared of using advanced technical gadgets
and facilities and thus can not take the full advantage of the
available resources and gap widened.

Distrust: People in RS can not take advantage of DS as
much as they expect (S-gap). In addition, recently, people
sometimes are anxious and even distrust DS. They might be
wondering if their act bothers someone else, or the machines
are infected with some virus, or their children access to some
harmful contents, or the e-mail reaches someone who is not
expected to receive. They might also worried about the hid-
den charges, processing of information, and so on and as a
result loss the trust and dependability on the DS. We must
ease this anxiety, otherwise RS wouldn’t get closer to DS.

3 axis

=bri |
S bridge ! How to overcome S-gap ?

Advanced Ubiq

computing

Ubiquitous
Computing

Figure 6: Towards post ubiquitous computing; S-bridge as the
3rd axis

2.3.2 Bridging the S-gap

As mentioned above, the current relation between RS and DS
is still much different. Now, DS are parasitic on RS. When
we ease this parasitic situation and balance DS and RS, “phe-
nomenon to be solved” and for that we need the establish a
bridge to close the gap between RS and DS, as shown in Fig-
ure 7.

It is important that RS and DS understand each other to
achieve the symbiosis. Specifically, DS must collect a variety
of information, knowledge and condition in RS like the envi-
ronment info, users’ info, etiquette, laws, local rules and task
flows. On the other hand, RS must get the various specifica-
tions. For example, the architecture of systems, protocols and
how to access to services, and figure out DS in more depth.
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Figure 7: S-bridge: to close the gap between REAL and DIG-
ITAL space

This mutual understanding will build the relation where RS
and DS have any interactions as much as needed at the lowest
cost when needed.

In the post-ubiquitous society, computing models are es-
sential to promote the mutual understanding between RS and
DS. In our project, we propose “symbiotic computing” as one
of the computing models in the post-ubiquitous society. In
the symbiotic society created by the symbiotic computing,
RS and DS exchange their necessary information, knowledge
and services to each other and the relation evolve into the real
“symbiotic relation” so that we can solve the “phenomenon
to be solved” and problem caused due to this S-gap will be
eased by the S-bridge.

To address problems in recent IT society and to realize the
Symbiotic computing, it is important to understand situations
on the other side, specifically, to realize “Mutual Understand-
ing” between Real Space (RS) and Digital Space (DS). This
understanding consists of RS recognition and DS recognition
as shown in Figure 8. RS recognition is a notion that the DS
acquires social intelligence, individual characteristics, and en-
vironment information of the RS autonomously. This recog-
nition is accelerated by the ubiquitous computing,. DS recog-
nition is a notion that the DS presents and offers information,
knowledge and service of the DS to the RS properly and in-
telligently. This recognition is enhanced by web computing.
As mentioned above, mutual understanding is a state where
the RS and DS can recognize each other.

Capturing social knowledge, personal/group behavior
and environmental information

RS recognition

Mutual

ecognition

DS recognition

Providing information, knowledge and
services of DS in an easy to understand way

Figure 8: Symbiotic society: mutual-recognition between RS
and DS solves S-gap problem

3 Proposal: Symbiotic Computing and its
Architecture

3.1 Third Axis Concept: Symbiotic
Computing

Symbiotic computing is realized by integrating three axes
of computing: ubiquitous computing, web computing and per-
ceptual/social computing - the newly added axis (value) as
shown in Figure 9.

Ubiguitous Computing

Symbiosis<= “'

Figure 9: Symbiosis: 3rd axis concept

Definitionl: Symbiosis When an autonomous and intelli-
gent digital space (DS) and a real space (RS) are closely re-
lated to each other and human activities in RS are supported
without thinking how DS works, we call this “Symbiosis” be-
tween DS and RS. Generally, “Symbiosis” means “a relation-
ship between different types of animals or plants in which
each provides for the other the conditions necessary for its
continued existence”. It is same as “Symbiosis™ in our project
in terms of providing service to each other, but different at our
focus on relation between DS and RS.

Definition2: Symbiotic Computing Enhancing the auton-
omy and intelligence of DS leads to the symbiosis of DS and
RS, where people belongs, and makes it possible that people
receive DS services anytime. We call this way of information
processing “Symbiotic computing”.
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Definition3: Symbiotic relation “Symbiotic relation” is a
process in which people provide knowledge and do other things
for DS so that both RS and DS develop.

The purpose of Symbiotic Computing is to make the com-
puting model so that the human society (Real Space: RS)
and the virtual society (Digital Space: DS) live symbioti-
cally. Concretely, we will develop the technology to build
an S-bridge between RS and DS, or the symbiotic computing
technology.

Symbiotic computing is a basic idea that achieves an in-
formation processing environment, which autonomously sup-
ports human activities, by understanding human behavior and
sociality in the real world.

In symbiotic computing, human society and digital space
interact with each other, based on “basic principle of symbio-
sis”, where they increase information processing ability, ac-
tivity, and stability by offering information and supports each
other. As a result, it creates new relation for co-existence and
co-prosperity based on mutual understanding between them.

3.2 General Architecture of Symbiotic
Computing

The symbiotic computing architecture consists of three parts;
perceptual-ware, social-ware and network-ware (Figure 10).
Each ware has both ’fundamental technology’ and ’develop-
ing technology’. The former is the existing technology that
would be the base of the symbiotic computing, and the later
is the new technology that we proposed and developing for
the symbiotic computing project.

In a Future

Presently

(1) Perceptual ware
{Perceptual Reality Creation technology)

DIGITAL
space
(0s)

(2) Social ware
{Social Reality Creation technology)

(3) Network ware
{Flexible Networking technology J

Ubiquitous computing
Web computing

Ubiquitous computing
Web computing

[ SymbioticComputing ] {———= [Ubiquitous computing ]

Figure 10: Architecture of symbiotic computing

Figure 11 shows a model of Symbiotic computing which
realizes mutual understanding to make up a bridge to accom-
plish synthesis of RS and DS based on the ubiquitous, web
and perceptual/social (P/S) computing. Here, P/S comput-
ing consists of Perceptual computing for perceptual reality
and Social computing for social reality. These computing are
based on perceptual-ware and social-ware described earlier.
Perceptual computing acquires signals and data from RS and
DS through the Network computing, and processes (identify,

express, and operate) them by functions described in the box
of Perceptual computing in Figure 11. Then it sends them to
Social computing. Using such signal and data, Social com-
puting recognizes users’ activities in society based on social
intelligence and individual model, using some of the func-
tions and technologies shown in Social computing box, in or-
der to provide such activities with some appropriate advice
and information.

3.3 Network-ware

Network-ware is a device or software which removes the
communication gap between RS and DS to support the com-
munication between men, software and devices.

Fundamental technologies:

1. Flexible networking technology:

(a) Flexible QoS control technology

(b) Application level GW technology

(c) Flexible network middleware organizing technol-
ogy

(d) Wireless network organizing technology

2. Ubiquitous networking technology:

(a) Wireless ad hoc networking technology
(b) Sensor networking technology

3. Wired and wireless seamless connection technology

Developing technologies:

1. (N1) Symbiotic Wireless and Ad hoc Networking: This
technology provides channels with appropriate quality,
changing the wireless ad hoc network compositions dy-
namically depending on requests from the perceptual-
ware and social-ware. For example, it obtains the so-
cial relation between users from the social-ware, so that
control QoS routing of the ad hoc network based on it.

2. (N2) Access Network Selection: This technology is for
the election of access networks from the terminal pro-
viding services for users to the backbone network with
considering users’ communication requests, presence
and locations, which are obtained from the perceptual-
ware.

3. (N3) Ubiquitous Network Self-Configuration: This tech-
nology sets up ubiquitous networks at once, distributes
a variety of software automatically to provide services
and starts communication services. The extension of
IdobatalL AN for ubiquitous networks.

4. (N4) Symbiotic Application-Level Casting: This tech-
nology uses unicast, anycast and multicast effectively
at application level on broadband networks based on
situations of ubiquitous networks and users’ social in-
formation from the social-ware so that it can keep the
QoS of multiuser bidirectional communicating applica-
tions.
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Figure 11: Model of symbiotic computing:

3.4 Social-ware

integration of RS and DS

Social-ware is device or software which removes the logi-
cal gap between RS and DS to promote resolving user’s prob-
lems and cooperating each other.

e (S1) Social Modeling: This technology regulates hu-
man and agent activities by recognizable model. This
technology, for example, (1) forbids increasing prices
unreasonably at online auction sites by the owner’s mak-
ing some bids, and (2) controls access with the perceptual-
ware technology depending on users’ age to the web
sites that forbid underage accessing.

(S2) RS/DS Simulation: This creates dynamically and
simulates possible actions caused by actions of the social-
ware technology. This technology, for example, pre-
dicts what kind of actions will take place by apply-
ing the social-ware technology when choosing either
charging by a packets or flat rate for creating a new so-
cial model building technology.

(S3) RS Space Capturing: This technology captures a
“space” in RS as a semantic model in DS. This technol-
ogy captures architectures of a real space and activities
caused by those who are in the space as logical models
(social model) and space models in DS. For example,
this RS capturing technology allows to build a labora-
tory, seminar room and professor’s room in DS without
starting programming and establishing a 3D model.

(S4) DS Space Modeling: This designs semantic mod-
els of “spaces” in DS. This technology enables to build
logical models (social models) and space models in DS
without the RS space-capture technology. For example,
social networks (ex., mixi), which is mainly based on

websites built in DS, are the social spaces that do not
exist in the real space.

(S5) Cognitive Modeling: This technology converts se-
mantic models into recognizable models This technol-
ogy converts logical models in DS into recognizable
logical model in the social-ware. Things like URIs, e-
mails, chat and changes of traffic in the existing DS are
converted into formats that the social-ware can handle.

(S6) RS <-> DS Synchronization: This synchronizes
situations in RS and semantic models in DS. This tech-
nology enables, for example, to make a deal in RS,
while making a deal in DS. All the things that are around
you can be recognized through the social-ware.

(S7) DS Operation Knowledge Circulation: This mech-
anism circulates necessary information for DS manage-
ment and maintenance efficiently. For example, the
management and maintenance knowledge of a video
conference system, which is one of DS, or the informa-
tion of unsecured web sites are converted into recog-
nizable models by the social-ware in order to circulate
them.

3.5 Perceptual-ware

Perceptual-ware is device or software which removes the
sensory gap between RS and DS to accelerate obtaining and
providing information.

(P1) DS-RS Perceptual Overlaying: This technology
allows to build a tangible agent environment, where im-
ages in DS are laid on those of RS with a special device
so that people in RS can interact with those who are in
DS (agents or remote users).
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(P2) Ambient Service Provisioning: This technology
combines functions that are around users like PCs, ap-
pliances and cell phones, so that users can receive ser-
vices that they request anytime, anywhere.

e (P3) Social Filtering: This technology filters providing
services dynamically for the privacy protection at an
appropriate level depending on the requests from the
social-ware, when providing services.

e (P4) Perceptual 3D Space Sharing: The advanced tech-
nology of a 3D symbiotic space on PC. For example,
displaying high-resolution images in a 3D space, con-
trolling a display quality at a perceptual level, mobility
of users in a 3D space and obtaining users’ requests dy-
namically from biologic information like skin potential
and line of sight.

e (P5) Semantic Rendering: People consider information
in DS as “recognized spaces” and design some parts
of them to display and publish them, like the existing
web pages. The audiences can travel in those spaces
seamlessly, browse information in DS and interact each
other.

o (P5) Perceptual Sensing: This technology is for storing
and managing information of environments and users
from not only dedicated sensors but also the existing
devices, PCs and information appliances. They are com-
bined dynamically and semantically depending on the
requests from the social-ware in order to make a variety
of services, not for fixed purposes.

4 Evaluation of Symbiotic Computing
Architecture

4.1 Children watch-over system

In this paper we experiment whether warning of the infor-
mation extraction can be achieved. The main point of this
experiment is that no user inputs his/her personal knowledge
to the system. The system gets GPS information only about
him/her and gets public area knowledge from web. Figure 12
shows our experiment model of knowledge flow. The user
does not take any action to evaluate, pushing the button or
inform his/her favorites. The knowledge about ID which is
assigned to the participant considering for our experiment is
generated with the use of open to the public information such
as web pages with the knowledge management tool. The
knowledge about ID is a user model able to forecast the user’s
behavior. The system changes its GPS information to the po-
sition using map data and makes personal user model using
knowledge management tools with the personalized sched-
ules, social knowledge and the public regional information.
For example, if an ID with GPS stays at the position for a few
hours in a bookshop, the system will make a positive point to
user’s profile that he/she is likely to read a book. There are
various existing system where a lot of warning mail is trans-
mitted when the child is taking a different route than his/her

usual one. This could create plenty of false positive warning
which is annoying for the parents.

Children watch-over system
— >

Social
Knowledge

Regional
Information parent

mobile
phone

child

GPS
child equipment

Make/Remove | |
Alarm

Detect unusual
moving log

GPsS
equipment

Figure 12: Children watch-over system

Figure 13 shows our demonstration area which is a typi-
cal residence area near Tokyo. We have three scenarios, (i)
route-3 shows a normal going/coming-back from school to
home, (ii) route-4 shows that the child go off his/her normal
route to go the park, (iii) route-5 shows that the child has gone
to some other place. The ordinarily services make plenty of
waning messages for case (i) and (ii). But our proposed sys-
tem only send warning message for case (iii). The route-4
shows that the system estimates that the child will probably
go to the park.A naive position-oriented child-watch-over sys-
tem makes much more warning mail for case (i), i.e. route-3
case (ii), i.e. route-4. On the other hand, our proposed sys-
tem makes only send a single warning mail for case (iii), i.e.
route-5.

Route-5

Route-3

700m

1200m

Figure 13: A Map of Watch-over Child Experiment Field

The proposed system use DB with five tables which are
shown in Table 4.1.

No. Schema

1 ID, Position, Data, Time

2 ID, Relation, ID

3 Building ID, Position, Name
4 Event ID, Position, Data, Time
5 Environment, Name, ID

Table 1: Information tables in DB
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Route No. | No. of warning-mail | No. of warning-mail
by proposed system | by simple function

4 5 644

5 96 208

Table 2: Comparison of Number of warning mails

The proposed system shows much fewer number of warn-
ing mails compare to the existing ordinary Simple Function
method as shown in Table 4.1.

4.2 Group Learning Support System

In this section, in order to evaluate the effectiveness of the
Symbiotic Computing, we focus on a group learning domain
consists of a teacher and several students. Group learning is a
task domain of intelligent cooperative works for the purpose
of educating the students, in which each student in a group ef-
fectively acquires knowledge by exchanging information with
the teacher and other students.

In group learning, generally, it is effective for each student
to study by oneself and discuss with group members alter-
natively over and over. Through self-study, every single stu-
dent will be able to develop his/her own ability of thinking.
In addition, through the group discussion using the result of
the self-study, each student will be able to learn other solving
methods about the difficult points he/she found during self-
study. Thus, both the self-study and group discussion are
important, and if they are executed alternately at an appro-
priate moment, the effect of group learning will be radically
enhanced.

Control

Real Space: RS

Digital Space: DS

B e

37

Symbiotic { Sws:

Fﬂrrrctions' J Shared
.. Werkspace

Usér, Ii%\ PWS; L, AR
7Y

Cooperative :

Weork PWS:
Group Perscnal

Workspace

Figure 14: Symbiotic Function for group learning support
system.

Based on the basic motivation mentioned above, we respec-
tively provide the PWS (Personal Workspace) in RS as an en-
vironment for self-studying, and the SWS in DS, which is
shared on a network, as a space for group discussion. Here,
we expect the group learning to proceed effectively by shift-
ing current space between the PWS and SWS appropriately
in response to the progress of the study in RS. This shifting
is performed by the “Symbiotic Function” as shown in Fig-

11

ure 14. The control of information flow between PWS (RS)
and SWS (DS) is based on situations of the learning activities
and progress in PWSs/SWS. By switching the PWS and SWS
in proper timing, the group learning process can be controlled
effectively to improve results of the learning.

We implemented a prototype system of the group learning
support system with the Symbiotic Function, according to the
Model of Symbiotic Computing. The user interface of the
system is as shown in Figure 15.

For the purpose of evaluating the effectiveness of the pro-
posed method, we conduct an experiment, applying this scheme
to the group learning domain. On one session, one teacher and
three students carry group learning on one problem which has
multiple solving methods. The work duration for each session
is 20 minutes, and the goal is to find solving methods of the
problem as many as possible within the time limitation.

In this experiment, not automatically, but a teacher and
students shift the PWS and SWS by determining from the
progress of the study. In order to evaluate the effect of shift-
ing the PWS and SWS, we conduct the experiment with three
types of systems; S1, S2, and S3, as follows.

1) A system which always presents both the PWS and
SWS without shifting (existing scheme: S1).

2) A system which shifts the PWS and SWS,

2-1) on response to the request from the students (pro-
posed scheme 1: S2).

2-2) on response to the request from the teacher (pro-
posed scheme 2: S3).

We carry out the experiment twice with each type of system
as mentioned above. In each time, group members solve two
mathematical problems related to geometry as follows:

(P1) Calculating the area of a triangle.
(P2) A problem regarding a circle and a tangent line.

We consider graduate students as examinees. As one group
can carry only one session on one problem, we can not allot
more than one system to a group for our evaluation. Thus, we
respectively allot different groups of examinees, G1, G2, and
G3 to the three types of system, S1, S2, and S3. Figure 16
shows the snapshot of the experiment.

Experimental result is shown in Table 3.

Table 3 shows number of solutions which at least one stu-
dent could make it to, as a result of group learning for each
question of (P1), (P2) and each situation of (S1), (S2) and
(S3).

As it is indicated in Table 3, for the question (P1), five so-
lutions can be found with (S3) which is the case when the
teacher changes the SWS enabled and disabled. One solution
can be found with (S2) when the SWS is changed enabled and
disabled according to the order of students. One solution can
be found with (S1) when the SWS is always enabled.

As for the question (P2), eight solutions can be found in
(S3), seven can be found in (S2), and five can be found in (S1),
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Teacher'’s Interface

Student’s Interface

. — Enable/disable
Live monitoring of button of SWS
Students’PWS foreach student

Figure 16: Snapshot of the experiment.

respectively. These results show that the cooperative work is
effectively proceeded by using the proposed scheme. Finally
we conclude that the Symbiotic Function with the model of
Symbiotic Computing can accelerate the exchange of knowl-
edge between RS and DS, and would improve performance of
human activity in RS.

4.3 2025: Revolutionary effect of Symbiosis

In Figure 17 we have shown the futuristic situation of year
2025 and the influence of our proposed support system on the
society and how effectively it can help to overcome various
social and important aspect of life.

5 Conclusion

In this paper we first defined the problems that can appear
in post ubiquitous society and it impact on social environ-
ments. Though the advancement of technology will bring

y A - 1L X k Al
== ﬁEﬂmu | adian | L —

/ )

Shared Work Space (SWS) | | Personal Work
in DS which is controlled
appear/disappear | RS

Space (PWS)in

Given | Number of acquired solutions
Problem | (S1) | (S2) (S3)
(P1) 1 1 5
(P2) 5 7 8

Table 3: Number of acquired solutions compared with tradi-
tional system (S1) and proposed system (S2 and S3).

comfort but it will also create problems, and will create a
gap between human and computers, socially to some partic-
ular group of people. To overcome these problems, we in-
troduced a new computing paradigm called, Symbiotic Com-
puting. We described the basic concept and architecture of
symbiotic computing and a few applications we have devel-
oped to show the actual effect of symbiotic computing. Based
on the novel concept of this new paradigm a society can be
built where human and ubiquitous information environment
will coexist in a cooperative manner.
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Abstract - Generally, databases of mission-critical systems
are updated with entry data by transaction processing, and are
queried to make statistics and so on by batch processing. So,
it is necessary that both processing can be executed simultane-
ously for the efficient system operation. In principle, a bitem-
poral database system can not only maintain the integrity of
the query results even under simultaneous data entry, but also
query the corrected data to provide valid query results. How-
ever, in the actual operation of a mission-critical system, var-
ious problems occur such as data-entry mistakes and data-
entry backlogs. Therefore, the bitemporal database has to
be able to support these problems. In this paper, we show
an application case of a bitemporal database into a mission-
critical system, to investigate an implementation of a method
for maintaining the integrity of the query results under real-
world conditions. As a result, we have confirmed that in-
tegrity was maintained even while the database was being
updated, and that various kinds of corrections done by the
actual system operations were reflected in the query results.
Furthermore, we confirmed that the method is effective in not
only the data corrections for a short period confirmation work
but also the correction management of data for a long period
of real-world use, and that data correction can be managed in
both internal processes and business procedures individually.

Keywords: temporal database, bitemporal database, query,
integrity, mission-critical system

1 INTRODUCTION

In many mission-critical systems such as in retail, finance
and manufacturing, data entered from online-terminals are
committed to the database in discrete transactions (hereinafter
“online entry”). Also, at regular intervals or as needed, batch
query jobs are performed, often accessing a massive amount
of data, to make statistical documents, analysis documents
and so on. For example, in the case of a retail system, the
sales data are entered from terminals in each store, and re-
flected in the central corporate database. Then, settlement of
accounts processing is performed on a daily or monthly ba-
sis by executing queries involving a great deal of data from
all of the stores for the given period. Here, if we divide the
time zone of the online entry and the batch processing, the

batch processing has to be performed in night, and moreover
its time may pass away by the extension of the online entry
time. Therefore, it is necessary that online entry can continue
concurrently with the various queries being processed to pro-
duce the reports.

In this situation, a snapshot database [2], which stores only
the latest state of the data, has the problem that the integrity of
the query results isn’t guaranteed when data are changed by
the online entry system, between or while individual queries
in the batch job. Database systems, which employ transaction
processing [4] equipped with lock control to manage concur-
rency, maintain the integrity of their data even when simul-
taneous accesses by many users arise. And, even if a large
amount of data is queried, the method to divide a long time
transaction of large batch into many mini-batches [4] is used.
However, a long time is necessary for querying a great deal of
data, so, even if the each query processing avoids conflict with
the online entry, some portions of the query results may come
after the online entry although other portions come before.

On the other hand, the temporal databases manage the data
that changes in chronological order, and a lot of researches
have been performed about them [3], [6], [7], [11], [13], [14].
In temporal databases, time can be captured along two distinct
time lines: the valid time and the transaction time [7]. The
valid time denotes the time a fact was true in the real-world;
the transaction time is the time during which the fact was
present in the database as stored data. Temporal databases
are divided into three types: valid time databases, transaction
time databases and bitemporal databases. Valid time databases
manage only the valid time, transaction time databases man-
age only the transaction time, and bitemporal databases man-
age both the valid time and the transaction time [12].

It has been shown that a transaction time database can ex-
press prior states of the database at designated past transaction
times as a snapshot [5], unaffected by continuing online entry.
However, in actual system operations, when errors in the data
are detected during batch processing, we have to correct the
data and restart the batch job from the beginning. In this case,
the problem arises that the corrected data is not reflected in
the query results of the redone batch job, because the trans-
action time of the corrected data comes after the designated
time of the query.

The version-control data model manages not only the times
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when data is added or deleted, but also derived relations be-
tween versions [8],[9]. As aresult, it can manage both version
sets that are derived from the designated transaction times:
one set is created in chronological order by normal data en-
try; the other set is created out of order by data correction. So,
corrected data can be reflected in the query result. This model
is important in software development, CAD, and other sys-
tems which rely on strict version control. But, in applying it
to mission-critical systems that require a high data input fre-
quency, processes for detecting corrected data and deriving
new versions have to be executed so frequently that perfor-
mance suffers.

Using a bitemporal database, we can obtain query results
that have verifiable data integrity and reflect the corrected data
even while online entry continues concurrently. Here, to ap-
ply this to mission-critical systems, we have to confirm that
it can support a wide range of corrections which occur during
actual system operations. On the other hand, this database
must manage records with two kinds of time attributes, which
increases the difficulty of applying it to information systems
by complicating the query procedures and increasing of the
amount of data. Therefore, there are very few cases where it
has been implemented, and we could not find a case in which
a bitemporal database had been used and evaluated in an ac-
tual mission-critical system.

In this paper, we show that a bitemporal database can main-
tain the integrity of the query results in real-world conditions.
That is to say, various kinds of corrections which were ap-
plied to the data during actual system operations are properly
reflected in the query results, and batch queries were run con-
currently with live online entry. Furthermore, we applied it
to a mission-critical system and evaluated its effect on actual
system operations. As a result, we confirmed that the above-
mentioned integrity was maintained. Moreover, we confirmed
the following effects: first, data correction could be managed
over a long period of real-world use in addition to the use in
confirmation work in a short period; second, the data correc-
tions of internal processes and business procedures could be
managed individually.

To handle the implementation problems, we improved the
following points. First, we created work files for batch pro-
cessing jobs by constructing a temporary table of the database
(hereinafter "work table”). We then processed the data step-
by-step using this work table in order to simplify each indi-
vidual query procedure. Second, we implemented the system
such that each record is defined to be valid until it is super-
seded. Thus, because we could maintain complete bitemporal
data by only storing one data for a change of real-world, the
overall increase in the amount of data was minimized.

In section 2, we expound on the problems that arise when a
transaction time database is queried concurrently with online
entry, and in section 3, we show that this problem is solved
by utilizing a bitemporal database. In section 4, we show an
implementation case of a bitemporal database in a mission-
critical system and show the operation of the system. Finally,
in section 5, we evaluate and consider the implementation of
the bitemporal database.
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Cash total sum table !
Receipt on 7/1 (¥6,600) ¢
1
1
1
1
1
1

Receipt on 7/2 (¥1,000) |
transaction
time t

Receipt table ! ,
ID=001 (¥1,000) , |
1D=002(¥2,000) (before change) &—0 |
N 1

ID=002(¥2,100) (after change) . —
ID=003(¥1,000) (deletion) — :
1D=004 (¥3,500) (addition) : —
1D=005(¥1,000) (entry of 7/2} 1 —

4 transaction
Receipt total ¥4,000 ¥7,600 time t

t=7/1 t=7/2 t=now

Figure 1: Snapshot of transaction time database.

2 PROBLEM OF TRANSACTION TIME
DATABASE

2.1 Query Processing to Deal with

In this paper, we deal with the following query processing.

i. Concurrent Execution of Query and Online Entry
Query of batch processing is executed concurrently with
the online entry from many online-terminals that up-
date the database with high frequency.

ii. Query Large Amounts of Data in a Single Batch
Massive amounts of data are queried in a lump, so the
processing takes time.

iii. Redoing Batch Queries after Data Correction
When data errors are detected in the query result, we
have to correct the data such by making changes, dele-
tions or additions. Then, the queries have to be exe-
cuted again on the same data without updates from fur-
ther online entry.

Such query processing is standard in mission-critical sys-
tems like the settlement account processing of retail systems,
in which queries are run on massive amounts of data and
executed by batch processing. Transaction processing of a
database system equips various kinds of integrity constraints
[4], and a method that maintains the integrity of the database
by the cooperation even when it was updated by a group of
people has been proposed [10]. Therefore, the integrity of
the database is maintained in many cases. However, the con-
firmation of the integrity, which has to query large amount
of data, has to be executed by batch processing. For exam-
ple, the comparison of several tables, the calculation of the
receipt totals to compare with the actual cash total sum, and
so on. Therefore, the batch processing has to be redone after
correcting data when data errors are detected.

2.2 Query Method during Online Entry

In the transaction time database, the transaction time is ex-
pressed by [tq,tq). In this expression, t, shows the time that
the data was added to the database, and t; shows the time that
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the data was logically deleted from the database. As long as
the data hasn’t been deleted yet, ¢4 is expressed as “now”,
which shows the time when querying is executed [1], [12].
When we change some data, the time ¢4 of the data is set to
the time of the change. Thereby it is logically deleted. Then,
new data is added to the database to replace the old data logi-
cally. By this way, the data once added is left in the database
without being deleted physically. Therefore, we can get the
snapshot at transaction time ¢ by querying the data in the con-
dition of ¢, <t < tg4, and the integrity of the snapshot is kept
even if the database is updated by the online entry while we
are querying.

Figure 1 shows the application example of querying snap-
shot in a retail system. By comparing the receipt table of July
Lst with the cash total sum table of the same day, three data er-
rors were detected: an entry mistake of /D = 002, an overlap
entry of /D = 003 and entry leakage of /D = 004. And, cor-
rections of data by change, deletion and addition were done
on July 2nd. Moreover, a new receipt data of 1D = 005 was
added on July 2nd. In the snapshot of July 1st, these update
on July 2nd were not reflected. By this characteristic, even
if the database were updated by the online entry during the
query, the integrity of the query result can be maintained.

2.3 Problem about Query of Correction data

In the actual business system, the right query result of the
receipt table of July 1st, which total is adjusted with the cash
total sum table, is necessary. However, there is a problem that
it is impossible to query current corrected state of July Ist.
Because, by the snapshot on July 1st, the data before correc-
tion is queried in the example of Figure 1; by the snapshot on
July 2nd, the receipt data on July 2nd ID = 005 is queried,
too.

Here, in the following examples, we express the transaction
time by making its unit a day. In the implementation, its unit
is determined according to requirements for the system such
as frequency of the online entry.

3 QUERYING BITEMPORAL DATABASE

We show that the problem in section 2.3 can be solved by
the bitemporal database.
3.1 Composition of Bitemporal Database

The relation of the bitemporal database R is expressed as
follows.

R(K,T,V, A) (D
We show each attribute as follows.
o K ={Ky,..K,}
This expresses the set of attributes constituting the pri-

mary key of the snapshot queried by designating both
time attributes: the transaction time and the valid time.

o I'={T,, Ty}

This expresses the time period attribute of the transac-
tion time, which is generated by system and isn’t made
public to the users. Here, T}, shows the time that the
data was added to the database (hereinafter “addition
time”), and Ty shows the time that the data was log-
ically deleted from the database (hereinafter “deletion
time”). As long as the data hasn’t been deleted yet, the
instance of attribute 7y is expressed as “now”.

o V={Vi,Va}

This expresses the time period attribute of the valid
time, i.e. the corresponding fact was true in the real-
world. Here, V,, shows the beginning time of the time
period, and Ty shows the ending time. In the case that
the data is still true when we query it, the instance of at-
tribute V; is expressed as “now” like Ty. Regarding the
valid time, the data once added is left in the database
without being deleted physically like the transaction
time, too. And, we can get the snapshot of a designated
valid time by querying the database.

e A= {Al, ceey An}
This expresses the other attributes.

3.2 The Method for Querying Bitemporal
Database during Online Entry

In the bitemporal database, the integrity of the snapshot is
also kept even while it was being updated by the online en-
try, like the transaction time databases shown in section 2.2,
because it manages the transaction time. Moreover, we can
query the state of the real-world of any designated valid time,
because it manages the valid time.

The snapshot of R, transaction time of which is ¢; and valid
time to, consists of the data that satisfy the both following
conditions: its instance of transaction time period
T = {T,,Tq} includes t1; its instance of valid time period
V = {V,, Vy} includes to; Therefore, its relation Ry (¢1,12)
is expressed as follows.

Rl(tl,tg) = {Tl?" € RA T[Ta} <t Nt < ’I”[Td]
/\T[Va] <ty Aty < T[Vd]} (2)

Here, r[T,], r[T4), r[V,] and r[Vy] show the respective in-
stance of attributes 7,,, Ty, V, and V; of r, the data included
in R. Therefore, in the case that an error data was detected in
the query result and corrected at transaction time ¢, we can
query the corrected data by the snapshot designating times as
follows: the condition of transaction time ¢y is t; > t; valid
time ¢ is the same with last query.

3.3 Effect to Data Corrections

Figure 2 shows the query results, which is executed by des-
ignating transaction time ¢; and valid time t9, in the case of
Figure 1. Regarding the bitemporal database, the receipt data
in real-world conditions can be queried. That is, as shown in
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Data of the database on 7/2

Cash total sum table

Date | Ta | Td | Va [ Vd | sum
71 | 741 | now | 7/1 | now | 6.600
7/2 | 7/2 | now | 7/2 | now | 1,000

Receipt table
D | Ta | Td [ Va | Vd [Receipt| [(1)](2)](3)] | Kind of data
001 | 7/1 [ now | 7/1 | now | 1000 | @[ @

002 1 7/117/2(7/1 [ now| 2000 | @

before change

002 | 7/2 | now | 7/1 | now | 2,100 after change
003 | 7/1 [ 7/2 | 3/1 | now | 1000 ] | @ deletion
004 | 7/2 | now | 7/1 | now | 3,500 [ ] addition
005 | 7/2 | now | 7/2 | now | 1.000 @ | |entry on 7/2

Snapshot of receipt table
Mt1=7/1 2271
D Ta | Td | Va Vd _|Recei
001 | 7/1 | now [ 7/1 | now | 1000
| 002 111 7/2 ] 7/1 | now | 2000
003 | 771 ] 7/2 [ 7/1 | new | 1.00C
Sum| 4,000

(N11=7/2 1= 11
D | Ta | Td | Va | Vd |Recei
001 | 7/1 | now [ 7/1 | now | 1.000
002 | 7/2 | now | 7/1 | now | 2100
004 | 7/2 | now | 7/1 | now | 3.500

Sum| 6,600

N

@ ti=7/2 ta=1/2
[ D [ 7a | Td | Va | Vd |Recei
(005 | 7/2 | now [ 7/2 | now | 1,000

Sum| 1,000

N

Figure 2: Snapshot of bitemporal database.

item (2) of Figure 2, we can query the corrected state of July
Ist by designating ¢; July 2nd and ¢, July Ist in the condition
of Equation (2): the change, deletion and addition on July 2nd
are reflected; the receipt on July 2nd is not reflected. Inciden-
tally, item (1) of figure 2 shows the query result of data before
correction, the same as on July 1st in figure 1, and item (3)
shows the query result of data entered on July 2nd.

Moreover, even while data are being corrected, we can get a
snapshot that has integrity. The data corrections are also done
by the usual online entry. Therefore, as shown in section 3.2,
when we query the database by designating transaction time
t1, we can get the corrected result, which was performed by
t1. And, this query result isn’t influenced by the online entry,
including data corrections, ongoing at that time.

4 APPLICATION TO A
MISSION-CRITICAL SYSTEM

We applied the bitemporal database to a local government
system. In this section, we show the overview of this sys-
tem, the implementation of the bitemporal database and the
operation of its batch processing.

4.1 Overview of Local Government System

4.1.1 Composition of the system

The local government system is a mission-critical system for
the public administration business of local government like a
city hall. And, as shown in Figure 3, it consisted of various
kinds of subsystems to assist the local government business.
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Subsystems about
local tax

Subsystems about
resident information

— Resident registration — Light vehicle tax

— Family registration = Inhabitant tax

— Registration of foreign
nationa

= Property tax

- Tax of national
- Certificate of health insurance

ersonal seal .
P = Tax collection

— National pension

— Mational health
insurance

— Voter registration

- Certificate of local tax

Resident information

— Gompulsory education database
S\
O —
Subsystems about welfare
— Health and hygiene - Child welfare

services — Services for the elderly

= Nursing insurance - Public financial

= Nursery assistance

Subsystems about City Office

= Financial accounting

- Local bond .
City office

— Personnel management
database

— Salary computation

Figure 3: Composition of local government system.

They were classified by business contents as follows.

e Subsystems about Resident information
They were used for the business, such as management
and certificate of the residents who live in the city.

e Subsystems about Local Tax
They were used for the business of the local tax, such
as levy and certificate about tax.

e Subsystems about Welfare
They were used for the business of welfare, such as
qualification management, levy and grant.

o Subsystems about City Office
They were used for the business of the office work of lo-
cal government, such as personnel management, salary
computation and financial accounting.

4.1.2 Characteristics of the Database

Each business needed the record data management in chrono-
logical order. We show the examples of the record data as
follows.

o Transfer of Resident
Each resident has his or her transfer records: they begin
by birth or transfer into the city; via change of address,
marriage and so on, they end by death or transfer to
other city.
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b,:?at:;:?:r?czf | Resident registration subsystem |
M -
| @l 0 :
& ! ) BEEHIEhE L_J statistics
Residents I: Rgpon registration
Resident  window fEEIE
card Population
statistics, etc.
Registration of i i
|i3ght vehicle L'dt:h‘;ehwle Light vehicle tax
e
@ subsystem
<—‘_ 2
Residents I:‘ Report - —
Certificate of window |_Taxatlon. statistics
‘ registration Taxation table
Statistics of registration
Notice of tax light vehicle, etc.

Figure 4: Dataflow example of local government system.

e Taxable Article
The taxable article such as a light vehicle has the trans-
fer records: its registration, transfer, disuse and so on.

e Qualification of Welfare
The qualification of welfare has the acquisition and loss
records, which are managed for the premium payment,
the certificate of issuance, the insurance payment and
SO on.

e Transfer and Diligence of Staff
The records of each staff of the local government were
managed: his or her transfer, diligence, paid salary and
SO on.

Figure 4 shows the dataflow of the resident registration sub-
system and the light vehicle tax subsystem, as the example of
the data flow of the local government system. Notifications
were accepted with the report window of the city hall, and its
data were entered by the online entry and accumulated in the
database to be queried by various processing of the system.
And, the processing to query a great deal of data is processed
by batch processing, such as making statistics, tax calculation,
and so on.

4.2 Implementation of Bitemporal Database
4.2.1 Policy of Implementation

We used the commercial relational database and added at-
tributes of the transaction time and the valid time to each ta-
ble, to compose a bitemporal database.

4.2.2 Implementation of Transaction Time

Since transaction time is used as one of primary key attributes
of the database, the unit of transaction time had to be decided
based on the frequency of data entry. In this system, data
were entered from terminals, and the data entry took several
seconds at least. So, we made the unit of transaction time 1
second.

Data of Notification

(1) Expression by beginning and ending time
(a) Notification data after entry on 6/2
(a) Notification of

[D [ Ta| Td[ va]wvd Trlnnf:r| Name |Add|
Birth [001-1] 6/2 | now [ 6/1 | now [ Birth [ichire Toki[Che 1

Name  |Ichiro Toki (b) Motification data after entry on 7.3

Add Cho 1 1D Ta | Td | Va | Vd [Transfer| Name Add

Transfer|Birth 001-1| 6/2 [ 773 | 61 | now | Birth [lchiro Toki|Cho 1

Date 6/ |7 [oo1-1]7/3 [now|6/1 | 7/1] Birth |ichiro Toki|Cho 1
001-2]| 7/3 | now | 7/1 | now | Change |Ichiro Toki|Cho 2

(b) Notification of
change address

< (2) Expression by event time

Name  |lchiro Toki (a) Notification data after entry on 6/2
Add __ |Cho 2 [D [Ta[Td] va Transfer] Name | Add
Transfer |Change [oo1=1] 6/2 | now [ 8/1 Birth _|lchiro Toki [Che 1
Date 741 (b) Notification data after entry on 7/3
D Ta | Td | Va Transfer| Name Add
001-1| 6/2 | now | 6/1 Birth |lchiro Toki |Cho 1
001-2| 7/3 | now | 771 Change |lchiro Toki|Cho 2

Figure 5: Expression of valid time.

4.2.3 Implementation of Valid Time

As for the valid time, because it depended on the business,
we decided its unit from the necessity about the business. We
show the examples of the unit of the valid time as follows.

e A Minute: the diligence of the office staffs.

o A Day: the transfer of residents, the transfer of taxable
articles, the acquisition and loss of the qualifications of
the welfare, the period of bank transfer and the transfer
of the office staffs.

e A Month: the payment information of salary of the
office staffs.

e A Year: the amounts of tax such as the light vehicle
tax.

In the implementing of the valid time attribute, we used
both expressions shown as follows.

e Expression by Beginning and Ending Time
We expressed the valid time of some tables by the be-
ginning and ending time: the table that needed to sub-
scribe the time becoming valid or invalid beforehand
such as the bank transfer period; the tables that needed
to manage beginning and ending time by the set such
as the acquisition and loss of the qualification.

e Expression by Event Time
Data were changed or added by an event and main-
tained until the next event occurrence. For example, the
state of a resident was changed by the event of transfer
such as his or her birth or change of address, and the
state was maintained until the next transfer.

When we changed a data expressed by the beginning and
ending time, the following procedure was executed and two
records are added as shown in item (1) of Figure 5. In Fig-
ure 5, T,, Ty, V,, V4 are the same as the notation in section
3.1

e ID =001 — 1(7, = 6/2): deletion time T} is set to
the original data.
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e ID =001—1(T, = 7/3): the data after change of the
valid time is added, the ending time V;; of which is set
to July 1st that is the beginning time of the next record.

e ID =001 —2(T, = 7/3): the data, address of which
has been changed into 2-chome, is added.

Here, the data ID = 001 — 1(7, = 6/2) shows the record
between June 2nd and July 2nd of the transaction time, and
the data ID = 001 — 1(7, = 7/3) shows the record after
July 3rd.

On the other hand, when we change a data expressed by the
event time, only a record /D = 001 — 2(7,, = 7/3) is added
as shown in item (2) of Figure 5. Therefore, data increase in
the case of the expression by the event time is less than the
expression by the beginning and ending time. Incidentally, in
this case, the state in the real-world of the designated valid
time is expressed by the data that event time is eve of the
designated time, if there is no data that event time agrees with
it.

4.2.4 Support for Behind Entry Data

There was business that had to create documents like statistics
at the end of business hours of the designated date, though
the data of the real-world were behind in their notifications
to enter the system. Therefore, we created them based on
the notification date to the local government. For example,
some kinds of resident transfers should be notified within 14
days from the actual transfer date: birth, change of address,
transfer into the city and so on. However, statistics such as
population statistics or transfer statistics of residents had to
be created after the business end of the designated date to be
reported to the next day. Therefore, we managed the notifi-
cation date in addition to the transfer date that is a valid time
in the table of the resident registration subsystem. The notifi-
cation date is a user-defined time [7], [11], which is the time
attribute defined by user in the temporal database.

Figure 6 shows the example of the snapshot by the notifi-
cation date, in which N,, Ny show the beginning and ending
time of the notification date. Here, the ending time becomes
the notification date of the next notification. That is, the time
period attribute of the notification date is the same with the
valid time, and we can query the database by the notification
date in the same way with the valid time. Figure 6 shows the
example of the data, notification date of which is June 2nd
and was corrected on June 3rd. Item (1) of Figure 6 shows
the query result designating both the notification date and the
transaction time June 2nd, and its data are before the correc-
tion. And, Item (2) shows the query result designating noti-
fication date June 2nd like item (1) and the transaction time
June 3rd, which reflected all kinds of corrections: the change
of ID = 002 — 1, the deletion of 1D = 003 — 1 and the
addition of ID = 004 — 1.

4.3 Implementation of Online Entry

The notifications of the residents were accepted with the
report window of the city hall, and its data were entered from
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Data of the database
Data on 6/2 [Ma, Nd): User—defined time (Notification date)
jis} Ta Td Va Vd Na Nd | Transfer Name Add
001-1 | 6/2 | now | 6/1 | now | 6/2 | now | Birth Taro Jisei |Machi 1 |
002-1 | 672 | now |5/31 | now | 6/2 | now | Into City | Jiro Henko |[Machi 2
003-1 | 672 | now |5/21 ) now | 652 | now Birth | Sabro Sakujo [ Machi 3 |
Data on 6/3
jiv] Ta Td Wa | Vd | Na [ Nd | Transfer Name Add. ()] (2)
001-1 | 6/2 | now | 6/1 | now | 6/2 | now | Birth Tare Jisei |Machi 1 [ BN )
002-1 | 6/2 | 63 |5/31| now | 6/2 | now | Into City | Jiro Henko |Machi2| | @ | |
002-1 6/3 new | 5/31 | now | 6/2 | now | Inte City | Jiro Henko |Machi5| | | @ |
003-1 | 672 | 673 |5/21 ) now | 672 | now Birth | Sabro Sakujo|Machi 3| | @ | |
004-1 | 6/3 | now [5/21| now | 6/2 | now | Into City | Shiro Tsuika | Machi 4 [ ]
n: of the datab.
(1) Transaction time=6.2, Notification date=6/2
D Ta Td Va Vd Na Nd | Transfer Name Add,
0011 6/2 | now | 61 | now | 6/2 | now Birth Taro Jisei |Machi 1
002-1 | 6/2 | 6/3 |5/31) now | 62 | now | Into City | Jiro Henko [Machi2
0031 6/2 6/3 |5/21 ] now | 672 | now Birth | Sabro Sakujo| Machi 3 |
(2) Transaction time=6/3. Notification date=6,2
D Ta Td Va Vd Na Nd | Transfer MName Add,
0011 6/2 | now | 61 | now | 6/2 | now Birth Taro Jisei |Machi 1
002-1 | 6/3 | now |5/31) now | 6/2 | now | Into City | Jiro Henko [Machi5
004-1 | 6/3 | now |5/21| now | 6/2 | now | Into City | Shiro Tsuika | Machi 4

Figure 6: Snapshot by user-defined time: notification date.

the business screen of the online-terminals. Regarding busi-
ness, this entry had the following characteristic.

e The simultaneous entry of the identical resident from
more than one terminal could not happen in the general
business, because the entry was done by the notification
of the resident.

e The entry time at the report window was comparatively
long to confirm the notification contents.

Therefore, we used the optimistic lock to reduce lock pe-
riod, which used the addition time of the transaction time and
executed by the following procedure.

i. The corresponding data is read from the table without
acquiring a lock.

ii. The data is changed with the business screen.

iii. Once again, the data is read from the table with the
record locking by the same condition as the last time.

iv. If it is being locked or its addition time is updated, the
data is judged that has been updated by the others, so
that the table is not updated. In the other case, the table
is updated by the changed data.

4.4 Implementation of Data Correction

We added the data correction feature, which is shown as
follows, to the business screen in addition to the data entry
feature of the notification.

o Correction as Internal Process
The corrections of the data entry error, in the entry data
confirmation works of system operations, were done as
the internal process of the local government.

e Correction as Business Procedure
The other corrections were done as usual business pro-
cedure of the local government.
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(a) Data of tables

Light vehicle table

Resident registration table

Data on 6/2 [Na, Nd):U defined time (Notifi date )

[o] Ta Td Va Vd Na Nd Transfer Name Add
001-1| 6/2 [ now | 61 | now | 62 [ mow Birth Taro Jise |Maehi |
002-1| 6/2 | now | 5731 | now | 672 | now | Inte City | Jiro Henke |Machi 2
003-1) 62 | now | 5/21| now | /2 | now Birth  |Sabre Sakuje| Mach: 3
Data on 6/3

ID Ta Td Va Vd Na Nd Transfor Name Add,
001-1] 6/2 | now | 671 | now | 672 | now Birth Taro Jise |Machi 1
002-1| 672 | 673 | 5731 now | 672 | now | Into City | Jiro Henke | Machi 2
002-1) 6/3 | now | 5/31| 6/3 | 6/2 | 6/3 | Into City | Jiro Henka | Machi 2
002-2 )| 6/3 | now | 6/3 | now | 6/3 | now | Correction| Jiro Henke | Machi §
003-1| 6/2 | 6/3 15/21| now | 6/2 | now Birth |Sabro Sakujo| Machi 3
003-1| 6/3 | now | 5/21| 6/3 | 6/2 | 6/3 Birth _|Sabro SakEE'o Machi 3
003-2| 653 | now | 6/3 | now | 673 | now | Deletion |Sabro Sakujo| Machi 3
004-1| 673 | now | 6/3 | now | 673 | now | Addition |Shiro Tsuika| Machi 4

Snapshot of the database
(1) Trar ion time = 673, Motification date = 6.

[¢] Ta Td Va Vd Na Nd Transfer Name Add,
0011 | 672 | now | 671 now | 6/2 | now Birth Taro Jise |Machi 1
002-1 )| 6/3 | now | 5/31| 6/3 | 62 | 6/3 | Into City | Jiro Henko | Machi 2
003-1| 63 | now | 5721 | 6/3 6/2 6/3 Birth Sabro Sakujo| Mach: 3
@) T ion time = 6/3, Motification date = on or before 6/3

ID Ta Td Va Vd Na Nd Transfer Name Add,
001-1| 652 | now [ B/1 now | B/2 | now Birth Tare Jise |Machi |
002-1)| 6/3 | now | 5/31| 6/3 | 672 | 6/3 | Into City | Jiro Henko | Machi 2
002-2 | 6/3 | now | 6/3 | now | 6/3 | now |Correction| Jiro Honke | Machi | g
003-1| 653 | now | 5721 ] 69 6/2 B/3 Birth Sabro Sakujol Machi 3] |
003-2]| 63 | now | 6/3 | now | 6/3 | now | Deletion [Sabro Sakujo| Machi 3
004-1| 653 | now | 653 | now | 63 | now | Addition |Shiro Tsuiw] Machi 4

Figure 7: Correction as business procedure.
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The correction by the internal process was executed with
using the transaction time as shown in Figure 6. Item (2) of
Figure 6 shows the query result of the notification that was
notified on June 2nd and corrected on June 3rd, which was
queried by designating the notification date June 2nd and the
transaction time June 3rd. This correction was done as the
internal process, so that it was not shown on the official doc-
uments such as the transfer record of the resident card.

On the other hand, the corrections as the business proce-
dure have to be recorded on the official documents. For ex-
ample, regarding the resident card, there were three kinds of
corrections of business procedure: the official authority cor-
rection for the change, the official authority deletion for the
deletion and the official authority mention for the addition.
And, these corrections were recorded on the resident card.

Figure 7 shows the examples of the corrections done as the
business procedure. Here, the examples are the same correc-
tions that were done as the internal process in Figure 6. Item
(1) of Figure 7 shows the snapshot queried by the same des-
ignating time as item (2) of Figure 6, which transaction time
is June 3rd and notification date is June 2nd. For the cor-
rections were done as the business procedure, the notification
dates of them were June 3rd, and the correction result did not
reflect in the query result. On the other hand, for the correc-
tions were done with the notification date and their records
were accumulated, both before and after correction records
were queried by designating the both times as follows: the
notification date was June 3rd, or before, and the transaction
time was June 3rd. The relation of this snapshot is generally
expressed as follows.

Rg(tl,tg,) = {T’|T ERA T’[Ta] S tl A tl < T’[Td]
AT[NG] < t3} (3)
Here, t; and t3 are the designated transaction time and notifi-

cation date respectively, and r[T,], r[T,] and r[N,] are same
as equation (2).

Snapshot Snapshot
on 6/30 on 7/31

Query for Query for
transfer statistics transfer list

kind
2-wheeler
S-whaalar
A=whaaler

sum

6/30 | 7/31 [ dift

name
Jisei
Henkeo
Sakujo

Tsuika

Batch| processing using ‘work tables
|| List print || | List print ||
L 2 v
Transfer J | Transfer list J
statistics

Figure 9: The composition of batch processing

4.5 Implementation of Batch Processing

Since the bitemporal database managed the records of the
both time, the transaction time and the valid time, its query
procedure became complicated. For example, as shown in
Figure 8, the light vehicle table had the foreign key J — ID,
which was the main key of the resident registration table.
However, because each table had chronological records in-
dividually, the query result of join operation between them by
J — ID became the direct product about the time attributes.
That is, the time attributes of these tables were not synchronous
each other, so they could not be used as the key of join oper-
ation.

To solve this problem, we composed temporary files by
the work tables in the application system, which are usually
composed by the sequential access method (SAM) file. And,
we processed data by the query function of the database, in
the whole batch processing, to simplify each individual query
procedure and maintain its performance.  Specifically, as
shown in Figure 9, the snapshot of each table was queried at
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the beginning of the batch processing to output the result into
the corresponding work table, and the following processing
was performed by querying this work table.

Here, Figure 9 shows the example of the batch processing,
which outputs were the transfer statistics of the light vehicle
between June and July and the transfer list in July. Since the
base date of the light vehicle tax was April Ist, each time
of the snapshot was designated as follows: the transaction
time t; = 6/30 and 7/31, the last day of each month, and
the valid time ¢o = 4/1, the base date. And, the snapshot
of resident information for the transfer list was queried with
designating both of the times on July 31st, which was its latest
information. As a result, the query of this snapshot did not
become complicated, because it was performed about each
table individually. And, the join operations about the work
tables did not become complicated, too, because it could be
performed by the same way as a snapshot database.

4.6 Operation of Batch Processing

The data entered to the system was queried by various kinds
of batch processing as shown in Figure 4. Regarding the des-
ignating time, the queries were divided into the following two
kinds.

4.6.1 Query of Data at End of Business Hours

Various statistics such as the population statistics were cre-
ated daily or monthly at the end of the business hours of the
day, and their results were reported to the next day. In the con-
ventional system operation, they had been made by the night
batch processing after the business hours of the report win-
dow. In this application system, we could execute the batch
processing during the business hours of the next day and so
on, because we queried the data of the end of business hours
by designating the transaction time. As a result, we could
reduce the night batch processing.

In the batch processing, query results were checked by the
first step. And, when error data were detected, the batch was
redone after the data correction. Regarding the batch process-
ing, all kinds of the corrections reflected in the query result, as
shown in Figure 6: the change, deletion and addition. Here,
as for the data that took time until its notification to the local
government, they were queried by using its notification date
as shown in section 4.2.4.

4.6.2 Query by Designating Valid Time

In the taxation processing, the base date of the taxation was
designated and the taxation was done after this date. However,
corrections of the taxation about the delay of the notification
often occurred, because the transfer notifications of taxable
articles to the local government usually took time.

In the case of the light vehicle tax, the taxation processing
had been usually executed with the base date of April 1st, and
since then, its correction processing was regularly performed.
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Data of the database

D Ta Td Va vd Tax (1) [(2) | (3) |Correct.
001-1 | 1/10 | now | 1/1 now 1,000 [ AN BN )
002-1 | 1/10 | 4720 | 11 now 1.200 [ ]
002-1 | 4/20 | now [ 1/1 | 3/31 Q
002-2 | 4/20 | now | 4/1 | now 1,600 ® | ® | Change |
003-1 | 1/10 | 5720 | 1/1 now 5.200 AN |
003-1 | 5/20 | now | 1/1 | 3/31 0
003-2 | 5/20 | now | 4/1 now 7.200 @ | Change |
004-1 | 1/10 | 4720 | 11 now 2,500 [ ]
004-1 | 4/20 | now | 1/1 | 3/31 Q Deletior
005-1 | 1/10 | 5/20 | 1/1 | now 4.000 el @
005-1 | 5/20 | now 1./1 | 3/31 0 Deletior
006-1 | 4/20 | now | 1/1 | now 7.200 @ | @ | Addition
007-1 | 5/20 | now 11 now 3.000 @ | Addition

Snapshot of the database
(1) Transaction time = 4/15, Valid time = 4/1

D Ta Td Va Vd Tax
001-1 1/10 | now 11 now 1,000
002-1 1/10 | 4/20 11 now 1,200
003-1 [ 1/10] 5/20 | 1/1 | now | 5.200/¢
004-1 | 1/10 | 4/20 | 1/1 now 2,500
005-1 | 1/10] 65720 | 1/1 now 4,000

Sum [ 13.900

2) Transaction time = 5/15, Valid time = 4/1
D Ta Td Va Vd Tax

001-1 | 1/10 | now | 1/1 now 1.000
002-2 | 4/20 | now | 4/1 now 1.600
0031 [ 1/10]5/20 1/1 | now | 5.200/¢
005-1 1/10 | 5/20 11 now 4,000
006-1 | 4/20 | now 1/1 now 7.200
Sum |_19.000
(3) Transaction time = 6/15. Valid time = 4/1
D Ta Td Va Vd Tax
001-1 | 1/10 | now | 1/1 now 1.000
002-2 | 4/20 | now | 4/1 now 1,600
003-2 | 5/20 | now 41 now 7.200 <
006-1 | 4/20 | now 11 now 7.200
007-1 | 5/20 | now | 1/1 | now 3.000
Sum |__20.000

Figure 10: Query Results by designating valid time.

Figure 10 shows the example, in which the taxation process-
ing had been executed on April 15th and its correction pro-
cessing was performed every month since then. We queried
by designating the valid time the base date of April Ist and the
transaction time the taxation processing date or the correction
processing date. By this condition, we could query the result,
in which the corrections done until each processing date were
reflected.

5 EVALUATION AND CONSIDERATION

5.1 Evaluation about Query of Correction
Data

5.1.1 Query of Data at End of Business Hours

Even if error data were detected in the batch processing, it
became possible to redo the processing after correcting these
error data, during the online entry of the usual business data.
In the online entry, the correction of entry data could be per-
formed as the internal process by using the transaction time,
in addition to the usual correction done as the business proce-
dure. The integrity of the query result was maintained about
both of these data corrections.

Since the queries in batch processing became to be able
to execute during the online entry, the night batch processing
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and its attendant work such as the waiting for the online entry
beyond business hours was reduced. Therefore, the system
operation load as the overtime work could be reduced. More-
over, when several batch processing overlaps on the same day,
it was enabled to make the schedule of batch processing flexi-
bly, in which, for example, the low processing of priority was
executed later such as the next day.

Here, the fact in the real-world wasn’t always reflected in
the system instantly like the resident’s transfer as shown in
section 4.2.4. So, as for the statistics, which were created by
the data of the end of business hours on the designated date
to be reported to the next day, we queried by using not their
valid time but their notification date that is the user-defined
time. In this way, we could query the state of the data of the
end of business hours on the designated date even if here are
notification backlogs.

5.1.2 Query of Correction for a Long Period

Like the taxation processing as shown in Figure 10, some
business needed to manage its correction for a long period
and grasp the status of the correction in the transfer statis-
tics. Regarding the business like this, we could also query the
result that reflected all kinds of corrections, which included
the change, deletion and addition, done until the designating
date. Even in this case, we could easily create the transfer
statistics by querying the total in the last time and this time,
and the transfer total between the both times. Moreover, it
could be executed during the online entry, because this query
procedure used the snapshot, too.

5.1.3 Management of Correction Data

The online entry data were confirmed and corrected before
they were used by the business procedure. Regarding the
business that managed the records such as the resident reg-
istration, the correction records in this step did not be needed
by the business procedure. So, these corrections were per-
formed as the internal process of the system operations. On
the other hand, after the data were used by the business pro-
cedure, their corrections also had to be done as the business
procedure. Both of these corrections, as the internal process
and as business procedure, could be managed individually by
the bitemporal database.

5.2 Evaluation of Implementation of Database

In the record management of the bitemporal database, the
problems about the increase of the amount of data and the
complication of the query procedure occurred.

About the amount of data, two records needed to add the
database for each change in the real-world as shown in item
(1) of Figure 5: one of them was the record of the before, of
which ending time of the valid time was updated, and another
was the record of the after. We could reduce these two records
to one record by the method that used the expression by the
event time as shown in item (2) of Figure 5. Therefore, we
adopted the expression by the event time to the tables except

the tables that needed to manage the ending time of the valid
time in particular.

As a result, the increase of records to the amount records
needed in the original business became almost only the cor-
rection records as the internal process. Regarding this appli-
cation system, this increase was 20% in a year even if max-
imum and the amount of data was less than twice using for
5 years, the life cycle of the system. Incidentally, in recent
years, the price of the unit capacity of the storage media was
falling and the increase of the amount of data didn’t become
aproblem in the aspect of the system building cost.

Next, to simplify each query procedure, we used the work
tables as temporary files of the batch processing, and pro-
cessed data step-by-step. As a result, we achieved the neces-
sary query performance for the business, in the function range
of the commercial relational database. Incidentally, since in-
serting a great deal of data into the work table with indexes
degrades the performance, we generated indexes after insert-
ing or importing of data in this case.

5.3 Consideration
5.3.1 Query of Data at End of Business Hours

We confirmed that the corrections of data were reflected in the
query result and its integrity was maintained by the bitem-
poral database, even while the online entry was performed.
Moreover, we confirmed that this is effective for the system
operation, because the night batch processing to query the
data of the end of business hours on the designated date could
be reduced by executing it in the business hours of the next
day and so on.

For example, the batch processing and its attendant work
of the overtime of the local government, having about 40,000
populations, could be reduced about 1.5 hours a day from the
conventional system. In addition, for the system operation
in the overtime was ridded of, the batch processing could be
transferred from the system department to the control depart-
ment of the business. As a result, the work of contact and
adjustment, such as the request of the batch processing or the
receipt of the documents of it, could be reduced. In recent
years, the nonstop services are expanding with the internet
application such as the electronic government, the electronic
commerce. Therefore, we consider that the operation to query
by batch processing without stopping the online entry is effec-
tive in such a field.

Moreover, we found that the notification date, which is
user-defined time, should be managed apart from the valid
time in some kinds of business, because, in the actual busi-
ness operation, all the fact of the real-world may not reflect in
the system instantly. For example, in the resident registration
subsystem, both times were used according to the business
contents: the age calculation of the resident used the birthday
that is the valid time; the statistics of the residents used the
notification date of the transfer that is the user-defined time.
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5.3.2 Query of Correction for a Long Period

The data, which were correcting for a long period, had to be
managed by its records of correction from the base time of
the business until the query time. The bitemporal database
manages both the times: the valid time that expresses the base
time and the transaction time expresses the query time. We
confirmed that this is effective such as to grasp the records of
data for a long period and to create the transfer statistics.

5.3.3 Management of Correction Data

The bitemporal databases could manage correction records
about the both of the correction: as the internal process and
as the business procedure. The correction as the internal pro-
cess didn’t accumulate records for business procedure, but
these correction records were accumulated inside the database
by using the transaction time. Therefore, we considered that
these records are effective for the management of the change
process of data in the system, especially in the mission-critical
systems that need to adapt inspection of a high level.

6 CONCLUSION

For the efficient operations of mission-critical systems, it is
necessary both batch processing and online entry can be exe-
cuted simultaneously even under the actual system operation
such as data-entry mistakes and data-entry backlogs. We ap-
plied a bitemporal database into a mission-critical system, and
throughout its actual system operations, we confirmed that the
data corrections were reflected in the query results, and that
the integrity of the query results was maintained even while
the database was being updated by online entry. Furthermore,
we confirmed that it is effective about not only the data cor-
rections for a short period confirmation work but also the cor-
rection management of data for a long period of real-world
use, and that data correction can be managed in both inter-
nal processes and business procedures individually. In recent
years, the nonstop services are expanding with the develop-
ment of internet applications. Therefore, we consider that
the system operation being able to query by batch processing
without stopping the online entry become effective in such a
field.
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Abstract - In remote collaboration based on real objects,
the differences in space structure between remote real spaces
should be considered. In conventional methods, it is difficult
for users to collaborate based on real objects which differ in
syntax. In order to address this issue, we focus on a sticker or
a sheet which can be attached to the surface of a physical ob-
ject. Also, we propose a semantic information sharing method
which involves Mixed Reality (MR) technology, where each
remote user interacts with a real object by using virtual sheets
which can be attached to the surface of each real object, and
can eliminate the differences in syntax between these real ob-
jects. We implemented a prototype system, which has a point-
ing function, and conducted experiments. As a result, it was
proven that it is possible to share information regarding the
interactions without losing the meaningful relations between
real objects which differ in syntax.

Keywords: Mixed Reality, Remote Collaboration, Com-
puter Supported Coperative Work.

1 Introduction

Remote collaboration systems where remote users collabo-
rate by sharing electronic data through a network were popu-
lar in the past[1]. In such systems, users could not treat infor-
mation regarding real-world environments and objects, and
therefore it was impossible to experience the sense of touch
or to implement intuitive manipulation. Later, MR (Mixed
Reality) made it possible to take information from the real
world and transfer it to a virtual world. MR was applied to
collaboration work, where users work at remote sites by shar-
ing virtual information. It is hoped that remote work support
systems or cooperative work systems where users feel as if
remote participants are present at the same workspace will be
realized in the near future.

However, there are two types of remote collaboration sys-
tems depending on how users manipulate real objects. One
is an asymmetric remote collaboration system, and the other
is a symmetric one. In asymmetric systems, only one worker
manipulates his or her own real object, while the other user (a
director or a supporter) issues directions while watching the
progress of the worker. However, in asymmetric systems it
is impossible for both users who have their own real objects
in remote places to manipulate their own real objects and to
collaborate through them. Such functionality is intrinsic to

symmetric remote collaboration systems. Different manipu-
lations implemented by each remote user result in discrepan-
cies between the states of each real object, and therefore it is
too difficult to reproduce the same state at the remote place. If
the users attempt to actualize the state of the object, such as in
a symmetric collaboration system, they must create the exact
same structure of objects at both remote workspaces by using
actuators or mechanical systems. In this research, a different
approach makes it possible for remote users to have their own
real objects and to collaborate naturally without discrepancies
between the states of the real objects. We regard workspaces
as based not on the world coordinate system but on a virtual
sticker which is placed on the surface of the real object.

Remote users have their own real objects which represent
the target of the work in each workspace. They place the vir-
tual sticker on the surface of their real object and then manip-
ulate the object. The processes of the manipulations and their
effects are displayed with respect to the sticker and shared be-
tween the remote workspaces. The function of the sticker is
flexibility to the form of surface. Even though they have real
objects which differ in syntax (in other words, size, shape,
and other properties), the users can place virtual stickers on
various objects and collaborate through them by sharing in-
formation.

In this way, we aim for the creation of a remote collab-
oration environment where remote users can have their own
real objects and can manipulate them freely without the need
for mechanical synchronization. Users can share their ma-
nipulation procedures with each other, and can communicate
instructions to remote sites even if the objects at the remote
sites differ in syntax.

In this paper, we propose a method for sharing real objects
with different syntax through the use of virtual stickers be-
tween distant mixed reality spaces. We also implement a pro-
totype system referred to as "MR Shared Surface” as a real-
ization of our concept, and evaluate it.

2 Background and Problem
2.1 Remote Collaboration with Real Objects

There are some examples of remote collaboration or com-
munication using real objects. Tangible interfaces provide
interaction with the digital world through real objects. For
example, “PsyBench” [2], which was developed by Ishii et
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al., realized remote collaboration based on interaction with
real object by applying tangible interfaces to remote environ-
ments. In the "PsyBench” system, the XY stage is built by
placing an electric magnet under a table at each remote site,
and magnets are set under the bottom of the objects on the
table. This makes the physical state of the objects on the table
to coincide between remote sites.

Sekiguchi et al. developed "RobotPHONE” [3], which re-
alizes remote communication by sharing the motion of a robot
shaped as a teddy bear through the Internet and making the
respective motions at the two sites coincide. These systems,
which use tangible interfaces, offer a sense of touch and make
manipulation intuitive, however, there are also certain prob-
lems. One problem relates to the fact that there are physical
restrictions with respect to the motion of the objects, as the ef-
fects of the manipulation to real objects are realized through
magnetic or mechanic actuators. Another problem involves
unnatural behaviors such as the sudden movement of real ob-
jects caused by the lack of information regarding the manipu-
lations performed by the remote user.

2.2 Remote Collaboration in Mixed Reality

Mixed Reality (MR) represents technology which transfers
electronic data, such as CG or a letter into real space, and
this technology is applied currently in various fields, such as
work support in the field of industry [4], entertainment [5] or
medical care technology [6]. MR lets users communicate or
collaborate by manipulating information from the real world.
Simon et al. developed ”3-D Live” [7], where observers can
observe a real-time 3D image of the whole body of the remote
user from all angles, as in real space.

Furthermore, Dieter et al. developed a system called ”Studier-
stube” [8]. In “Studierstube”, users share a 3D window dis-
played in real space and can collaborate through interaction
with the 3D window. Not only do face-to-face users work in
the same real space, but in remote places they also collaborate
by sharing the 3D window.

There is also an example where users directly manipulate
real objects in remote collaboration. Suzuki et al. proposed
a remote support system [9] which assumes a relation of a
worker and a director between the users, where the director
directs the worker by pointing while observing the manipula-
tion from an immersive point of view from the perspective of
the worker. From a remote place, the director can observe a
stereo image of the object from the perspective of the worker
through an HMD (Head-Mounted Display) and can manipu-
late a virtual pointer displayed in the worker’s real space by
using his or her finger. The worker sees where the remote di-
rector is pointing in his or her work space. In this system, one
user, namely the worker, can manipulate real objects directly,
while the other user, namely the director, can manipulate only
virtual objects. There is also “Lazy Susan” [10] developed
by Uesugi et al. as an example of collaboration between re-
mote users which have their own real objects in MR. In "Lazy
Susan”, the effects of interaction with real objects are passed
on to the remote site by shooting a video of the manipula-

tion and projecting it onto a table in the remote workspace.
There is a disc which can rotate on the table, and its motion
coincides with the motion produced at the remote site. This
system makes the user aware of the other users, the collab-
oration is lively, and the sense of sharing the workspace is
enhanced. However, there is a problem which causes trou-
ble with manipulation if the view is changed when the remote
user performs a rotation of the object without the same motion
being performed by the local user. Also, it is a tabletop sys-
tem, and therefore the workspace is essentially fixed. Iso et al.
proposed a system adapting to the differences in room struc-
ture. In "ComAdapter”, they attempted to describe the user’s
posture, the physical relations, and so on, in different rooms.
Some discontinuous scenes arise when dynamic situations in
the rooms or user motion is described. This system targets
natural living-room communication when the structure of the
respective rooms is different. On the other hand, we present
a remote collaboration system targeting the manipulation of a
single target object.

In a previous work, we proposed the sharing of virtual in-
formation on the basis of real objects in remote workspaces
[11]. Remote users have access to the same replicas of the
target real object in each workspace, and then each replica
has a coordinate system based on the object itself (referred
to as object coordinate system in this paper). Manipulations
to the replicas and their effects are displayed by using virtual
objects with MR and are shared based on the replicas between
remote places. However, remote users were required to have
the same replicas in the previous research.

3 Proposal

3.1 Sharing Semantics between Real Objects
with Different Syntax

In remote collaboration systems based on real objects, it is
necessary that the semantics of the work is shared between
remote workspaces, even if there are differences in the syntax
of the objects. We explain how the semantics can be shared
in various ranges of differences and in which relation the col-
laboration is realized by sorting out the range of differences in
syntax and the relations between pairs of any two real objects.

Figure 1 shows the classification of a pair of real objects.
The first classification is used when two real objects which
are used in collaboration share a common function. The com-
mon function indicates the capability to share the semantics
of the work. On the other hand, if they do not have share a
common function, it is impossible to share the semantics. For
example, sharing the semantics is possible between two ob-
jects whose function is to input sentences. However, if one
object is used for inputting sentences and the other is used
for inputting musical performances, the objects do not share a
common function. Therefore, the semantics is impossible to
share in such a case.

The second classification is used in the case where the first
classification holds. It reflects the case when two objects
share a common way of operation. If we consider objects
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for inputting sentences, an example of objects which do not
share common way of operation can be given with a keyboard
and a pen. A keyboard inputs sentences electronically and a
pen does that mechanically. In such a case, only the infor-
mation is shared, namely the sentence. The sentence is not
tangible information, and therefore users can not take advan-
tage of using real objects. Two objects should therefore share
a common way of operation.

The third classification is implemented in case the second
classification holds. It is used if the objects share the same
alignment in the contexture. The difference in alignment of
the contexture between remote sites causes a discrepancy be-
tween the structures of real objects or world environments.
Fortunately, alignments in the contexture are maintained in
most objects which share a common way of the operation.
Finally, the fourth classification is implemented if the third
classification holds. It is used if the sizes and shapes of the
objects are exactly the same. There are many objects which
share the same function, way of operation and alignment in
the contexture, but have different sizes or shapes. It is very
useful for remote users to be able to collaborate by sharing
objects which differ in seize or shape. Since they share com-
mon functions and ways of operation, it is possible to share
such objects.

3.2 Method for Sharing Real Objects with
Different Syntax

In the past, it was too difficult for remote users to collabo-
rate by manipulating their own real objects. Even in our last
research, each user was required to have an object of the same
shape and size. Collaboration with real objects has severe re-
strictions, and therefore we propose a method for sharing real
objects with different syntax through the use of virtual stick-
ers between distant mixed reality spaces. We focus on the
properties of stickers which can be attached to the surface of
a physical objects, and can bring the object into the MR. In
our approach, the virtual sheet which is placed on the sur-
face of real objects is defined, and the information regarding
the processes and the effects of the work is shared flexibly by
utilizing those stickers. Using virtual stickers makes it possi-
ble for participants to collaborate if they are located at distant
workspaces by keeping the essential semantics, even if they
have real objects which are different in syntax (syntax refers
to the shape, the size, or the structure of the objects in this
paper). Users can collaborate by focusing on the interaction
between remote participants and objects through the virtual
sticker.

3.3 Functions of the Virtual Sticker

There virtual sticker has two main functions.

(1) Sharing information regarding the interaction between
real objects in remote workspaces

The information regarding the interaction between the user
and the real object is transformed into a model of the vir-
tual object (referred to as sharing virtual model). Sharing the
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information of the interaction is actualized by sending and
receiving the data regarding the sharing of the virtual model
bi-directionally through each virtual sticker.

(2) Resolving the differences in syntax between the objects
by implementing the virtual sticker flexibly.

Generally, users can place stickers on surfaces of objects
of various shapes with some kind of picture printed on the
sticker. The virtual stickers also have this function. By draw-
ing the information regarding the interaction with the sticker
instead of the picture (the sharing virtual models are trans-
formed as stickers), the information of the interaction is dis-
played on each real object while matching their syntaxes.

3.4 Differences in Syntax

Virtual stickers resolve differences in syntax. We explain
these differences in the following section.

(1) The combination of real objects of different size

Although there are many types of differences, the most
common case involves difference in size. Even the same kinds
of objects (for example, controllers, calculators, phones, and
so on) often have various sizes. Sizes can be big or small, and
various editions might exist, such as professional, abridged,
portable, or ones for children. By using virtual stickers, col-
laboration can be realized by using objects characterized by
such differences.

(2) Combinations of 2D and 3D real objects

By using virtual stickers. the information of the interaction
can be shared between 2D and 3D objects. When two partic-
ipants perform work one user might utilize a 3D real object
while the other user utilizes a 2D object, such as the devel-
opment plan, the design scheme, or the manual of the 3D ob-
ject. The semantics of the information of the interaction with
objects is shared in order to be able to realize remote work
support or remote collaboration even between 2D and 3D ob-
jects.

3.5 Mechanism for Sharing Interaction
Information

This section explains the way of sharing information re-
garding the interaction between remote users in our research.
We begin by defining two coordinate systems.

(1) The coordinate system of the shared virtual sticker

This is the coordinate system of the original virtual sticker
before the sticker is placed on the surface of the object. In this
research, the sharing of virtual models is transformed into this
coordinate system when the interaction information is trans-
ferred between remote workspaces.

(2) The coordinate system of the local virtual sticker

This is the coordinate system of the virtual sticker after the
sticker is placed on the surface of the object. In our research,
the interaction information, which is shared between remote
workspaces, is displayed based on this coordinate system in
each workspace.

Sharing interaction information is actualized by changing
its translation and orientation in each coordinate system, as
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Figure 2: Mechanism for sharing information

shown in Figure 2.

First, the information 14 which indicates that user U4 in-
teracts with the real object is based on the world coordinate
system W 4. It is changed into the translation and orientation
based on the coordinate system of the local virtual sticker S4.
Then, it is changed into the coordinate system of the sharing
virtual sticker S¢, and is also transformed into the coordinate
system of the local virtual sticker Sp which is set on the real
object O manipulated by user Ug. Finally, it is changed into
the translation and orientation based on W and displayed as
the sharing virtual model I’,. By performing these operations
in the same way with respect to the interaction information I
of user Up, the information of the interaction can be shared.

Its processes are described by using the following expres-
sions. We set Ig4 as the translation and orientation of the
virtual objects based on S 4. 4 and Ig4 are described that,

By using the modeling matrix M4, which is a homoge-
neous matrix, the translation and orientation are transformed
from the world coordinate system into the coordinate system
of the local virtual sticker.

On the other hand, when the position is transformed the
opposite way, it takes an inverse matrix SZI.

4 Implementation of MR Shared Surface
4.1 The Architecture of the Implementation

In this research, we implemented a ”"MR Shared Surface”,
which is one of the prototype systems for virtual stickers.
Two participants located at remote workspaces can collabo-
rate through the "MR Shared Surface”. Figure 3 shows the ar-
chitecture of the shared surface. MR Shared Surface” is con-
structed with the local MR system that controls the devices
and the sharing of the virtual sticker, which makes it possible
to share interaction information between remote places.

4.2 The Local MR System

We used the video see-through HMD by CANON. A video
camera and a liquid crystal display are mounted in the HMD.
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Figure 3: Architecture of the MR Shared Surface

This HMD and the stylus have a Fastrak receiver, which is
a magnetic sensor allowing six degrees-of freedom, where is
the position and the orientation are ignored. Other sensor re-
ceivers are mounted on the replicas, which are the target of
the work. Alignment of real space and virtual space is per-
formed by using a hybrid method involving a magnetic sensor
and marker. For the purpose of displaying and manipulating
the virtual objects, we used a MR Platform Plus [12] system
by CANON. Two PCs, representing remote sites, were con-
nected through a network.

4.3 The Sharing Virtual Sticker

Coordination of local sticker S,  Coordination of local sticker Sy

! '

Iytus) I, 1, 1 (stylus)
L
L
—> X A
Real object C[, Real object O,
Work space A Work space B

Figure 4: The display of the sharing virtual model

”MR Shared Surface” detects the position of the stylus uti-
lized by the user, and overlaps it with a virtual pointer. This
represents the sharing virtual model in "MR Shared surface”.
As shown in Fig. 4, the sharing virtual model is displayed,
and a perpendicular line is drawn from the stylus handled by

the user. L is defined as the distance between the perpendic-
ular lines, and Xis the foot of the perpendicular line. In the
other workspace, point X" is also defined in relation to X on
the virtual sticker. The virtual pointer is displayed at the posi-
tion of the normal direction at length L from X’. "MR Shared
Surface” performs this process bi-directionally.

4.4 Conversion Through the Virtual Sticker

This section explains the communication of expansion and
contraction between the local virtual sticker and the sharing
virtual sticker. 2D projective transformation from a rectangle
to any convex quadrilateral is that,

T2 ho hl hg-‘ €Tq
Aiy2{ = (hs ha hs| |1 (4)
1] e heons) |1
1o = hoxithiyi +Hy
°2 her1+Hr7y1+1 (5)
_ haxi4hayi +Hs
Y2 = gzt Hoy 41

In order to transform any convex quadrilateral A into an-
other convex quadrilateral B, A is converted into a normal
rectangle once and then converted inversely into B.

4.5 Synchronization of the Virtual
Information

In order to share the virtual scene between remote places,
any changes in the state of the virtual object must be passed on
to the other workspace, and the changes must coincide when
one of the virtual objects changes in the local workspace.
First, all virtual objects are registered with an ID number.
Second, when one of the virtual objects changes, the system
detects it and passes on the ID number and the kind and mag-
nitude of the change to the other workspace.
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5 Evaluation

5.1 Purpose of the Evaluation

The purpose of the evaluation is to confirm whether or not
”MR Shared Surface” realizes our proposed concept. In other
words, we evaluated whether the semantics of the works were
shared through the MR Shared Surface” in the case where
there were differences in syntax between real objects located
in remote workspaces.

In this paper, we evaluated whether "MR Shared Surface”
realizes our concept with respect to a pointing manipulation
implemented with the stylus, which is the most basic type of
interaction.

5.2 Evaluation of the Pointing Manipulation

In this evaluation, two participants located at remote workspaces
performed one task at a time. One participant played the role
of the experimenter, and the other was the subject. The virtual
sticker which was placed on the real object was divided into a
number of square tiles (with 6 cm sides), and serial numbers
were attributed to each tile.

The experimenter pointed tiles on the virtual sticker spread
on the surface of the real object one by one. The experimenter
performed three pointing manipulations (as shown in Fig. 5
shows).

pointing motion ”a”

The experimenter pointed a random tile by drawing the

shape of a mountain with the pointer.
pointing motion ’b”

The experimenter pointed a random tile by moving his or

her pointer at a right angle.
pointing motion ”c”

The experimenter pointed any tile by sliding the surface of
the object.

These pointing motions were coincided when the subjects
were observed from directly above. The point was to con-
firm whether it was possible to detect a 3D movement which
generally could not be displayed with a 2D pointer.

The experimenter followed random combinations of mo-
tions ”a” to ’c” and a tile number . The subject, who was un-
aware of the pattern, observed the pointing motion performed
by the experimenter located at the remote site on the virtual
sticker and answered what kind of pointing motion was per-

formed and the number of the tile at each iteration.

There were two sets of trials, where each task scored five
points. The combinations of the virtual stickers between the
experimenter and the subject were switched at every task, ex-
cept for congruent squares. Table 1 shows the combinations
of the virtual stickers, and figure 6 shows the object used in
trials No. 8 and No. 9 in Table 1. The subjects were 15 males
and females aged 21 to 25.

In this evaluation, all answers of the subjects were recorded,
and the accuracy rate was calculated.

Experimenter Real object  Req) object Real object

Figure 5: Type of pointing motion

Table 1: The combinations of virtual stickers

No. Experimenter Subject
1 Square Square
2 Small square Square(normal)
3 Square(normal) Small Square
4 Box Trapezium
5 Trapezium Box
6 Box Cylindrical surface
7 | Cylindrical surface Box
8 | Extended elevation 3D figure
9 3D figure Extended elevation

5.3 Conclusion and Discussion of the
Evaluation

Figure 7 shows the conclusion of the accuracy rates regard-
ing the combinations of flat virtual stickers. The accuracy
rates of the pointing motion and the tile number were higher
than 98%.

The only mistake with respect to the tile number (the com-
bination corresponding to the motion from the large square to
the small square) was that, the subject answered the number
of the adjacent tile. The reason for this mistake is attributed
to the fact that although the area of the small square tile was
small (quarter of that of the other tiles), the size of the pointer
was the same as the others, or that the display resolution was
not sufficiently high. Also, the accuracy rate regarding the
pointing motion was lower than in the other cases since the
pointer movement was limited to a direction parallel to the
virtual sticker. This generated unnatural movement of the
pointer. In any case, all accuracy rates were higher than 96%.

Furthermore, Fig. 8 shows the conclusion regarding the
accuracy rates, where one participant had a 3D model of the
real object.

IR m

Figure 6: Extended elevation and 3D figure
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Figure 7: Result 1

As the figure 8 shows, all accuracy rates regarding tile num-
bers were 100.

The accuracy rates regarding the pointing motion in the
combination of motion ”from flat square to cylindrical sur-
face” and the combination ’from extend elevation to 3D fig-
ure” were lower than the others. The similarity between these
two combinations is that the subjects moved the 3D object at
varying angles in order to observe the pointing motion. At the
same time, the experimenter performed the pointing easily on
2D flat areas. This additional load to the subjects caused the
decrease in the accuracy rates.

However, even in this case, the rate in each case was higher
than 92%.
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Figure 8: Result 2

The conclusion is that the information regarding the inter-
action can be shared through MR Shared Surface” when at
least one user utilizes the flat virtual sticker.
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6 Conclusion and Future Work

In this paper, we focused on a sticker or a sheet which could
be attached to the surface of a physical object. As a method
which is based on MR technology, we proposed a method for
sharing real objects with different syntax through the use of
virtual stickers between distant mixed reality spaces. We de-
fined a method for sharing of semantics, in which each remote
user interacts with a real object, by using virtual sheets which
can be attached to the surface of any real object, where the
sheet can absorb the differences in syntax between the real
objects. Then, we implemented a prototype system referred
to as "MR Shared Surface”, which featured a pointing func-
tion, and conducted experiments. As a result, it was proven
that it is possible to share the information regarding the inter-
actions without losing the meaningful relations between the
real objects which differ in syntax.

In the future, we intend to implement the function of var-
ious interactions and to share those interactions between re-
mote workspaces. Also, we will attempt to improve the adap-
tation to various 3D objects.
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Abstract — In recent years, more and more shops have been
performing recommendations to the customers in order to
guide the purchase motive and increase sales. We propose a
mathematical programming model for the recommendation
system. This technique utilizes data-mining, Analytic
Hierarchy Process (AHP), conjoint analysis, and most notably,
adds a learning function to handle changes in the tastes of the
customers.

We examined this mathematical model in a functioning
brick-and-mortar shop, with the result that both the customers
and the owner of the shop were very satisfied.

Keywords: Recommendation System, Data-mining,
Mathematical Programming, Analytic Hierarchy Process

1 INTRODUCTION

We propose a method that uses a mathematical
programming model to recommend goods that are suited to
consumer’s tastes at the time of purchase. Previous research
applied collaborative filtering [1] and contents analysis [2]
using purchase history data. Although widely utilized in
business, methods of recommending goods based on the
similarity of purchase history data for every customer
require great deal of data.

These methods are not applicable to recommendation of
new goods. Moreover, a gap exists between the sales
promoter’s intuition and the recommendation made using a
mathematical programming model that only depends on data
analysis of each customer’s tastes. In the present research,
we propose a method of recommending goods that unites the
sales promoter’s intuition and a mathematical programming
model, and apply it to a model shop. Using a collaborative
filtering, extent to which particular goods matches
customer’s tastes is quantified for all individual goods
contained in each commodity category.

A target customer usually has limited purchase history for
a set of goods, thus we have to make assumptions when the

customer has little or o purchase for a particular set of goods.
Usually, sales promoters narrow the target customers to
include only the most likely consumers and focus on the
main goods when considering a sales strategy on the spot. If
the amount of purchase history data in a specific period is
relatively limited, collaborative filtering is applied,
decreasing the presumed evaluation value gap and many of
the resulting cases uniformly recommend goods which the
customer has never purchased before. The current paper
proposes a new method of identifying goods which can be
recommended [3] [4] [5],[6].[7],[81.[9].

2  METHOD
GOODS

FOR RECOMMENDING

A method for recommending goods that unite the sales
promoter’s intuition and the mathematical programming
model is explained below. The relationship between the taste
characteristics of "customer attributes” and "goods
attributes" is generated using the mathematical programming
model. Furthermore, an "Attribute Relationship Matrix"
which attaches weights to those taste characteristics is
created. This method is our original logic of thinking that
other examples do not have.

Moreover, the sales promoter evaluates the
recommendation candidate goods that extracted using the
mathematical programming model are narrowed to actual
recommendation goods. "Analytic Hierarchy Process
(AHP)" [10] which is a typical evaluation method is used.

The list of recommendation goods is narrowed down
following the flow of selected goods illustrated in Figure 1,
identifying the recommending candidate goods extracted by
data-mining (mathematical programming model) as
alternatives, and adding the subjectivity evaluation using
AHP in the spot. A large-scale AHP which presupposes
many alternatives and two or more evaluator is used in the
present study. Attribute conversion is originality on the
combination method of data- mining + AHP.

ISSN1883-4566/09 © 2009 - Informatics Society and the authors. All rights reserved
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Table 1: Example of goods attribute matrix G*

ggods brand.] bmnd.Z type] typeZ SpECﬂ‘lCﬁﬁUH-l specificalinn-] prke.l price.l
Purchase track Sales promoter’s
record data intuition
el || 1 1 |
lt Attribute conversion Narrowing-down
: g 1 1 l l
i N\ 1 AHP R dati
ata-minin "|Recommendation v ecommendation
(Mathematical 9 /| candidate goods | (A"a'g::c'::r;mhy goods g3 l 1 l 1
planning Model
(Alternatives) J L
gk | | 1 1 |

Figure 1: The flow of recommending goods selection

2.1 Analysis using Attribute Vector of Goods
and Customers

We assume that each customer’s taste in goods is based on
the weight accorded to goods attributes (brand, type,
specification, price, etc.). The characteristics of all goods are
determined by some attributes and some levels and are
expressed with an attribute vector. Similarly, all customers
have attributes (area, age, sex, taste genre, etc.), and the
customers are identified by some attributes and some levels.
The goods profile is expressed with an attribute vector in the
following equation (1).

G’ d=1~meB"
)

m : m dimensions binary vector

Here, m is the attribute number and level. The number of
goods is shown as k in Table 1.The element of an attribute
vector is “0” or “1”. The attribute vector of the goods
belonging to the goods set G; purchased by customer ¢; is set
as I... For example, when four attributes and the level of each
attribute are set at two, they can be expressed using the
goods attribute matrix G shown in Table 1. The element of
the matrix applicable to the attribute showing the feature of
each goods is set as “1”. This method is our original logic of
thinking that other examples do not have.

(The number of goods & that refers to g, in Table 1.)

A customercis similarly characterized according to
attributes. The customer profile is expressed with the
attribute vector in the following equation (2).

d 1 o~ n
C,d—l ne B (2)

Bt ndimensions binary vector

Also here, nis the number and level of attributes. The
number of customers is shown as /in Table 1.The element
of an attribute vector is “1” or “0”. The attribute vector of
the customer belonging to the customer set C;that purchased
goods g; is set as /,. For example, when four attributes and
the level of each attribute are set at two, an attribute can be
expressed with the customer attribute matrix C shown in
Table 2. The eclements of the matrix showing the level
applicable to the attributes of each customer's features is set
as “17.

Table 2: Example of customer attribute matrix

customers-(kocaton | ocator-2| age-{ | age-2 | make | femak
ol | (. 1

¢! 1 1 1 f

genre-| | genre-2

(The number of goods / that refers to ¢; in Table 2.)
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2.2 Weight of Attributes

We generated the taste degree vector showing the weight
(the element has a part-worth) of the customer’s priority for
each good’s attribute using Conjoint Analysis. And, we
generated the taste degree vector showing the weight
prioritizing the customer’s attribute that selects the goods.

The goods attribute taste degree matrix for all customers is
defined as equation (3).

U c Rmxl (3)

The goods part-worth vector for customer ¢; serves as the
next equation (4). The part-worth of the goods g for the
customer ¢; is shown as u;. !

U ) “)

T
U,/ = (u,,u,;,,-

The taste evaluation value of goods g; to customer ¢; is
expressed with equation (5).

E. =U/G, (5)

! J

"Conjoint Analysis" presumes that part-worth reproduces
the purchase history ranking of each good by customer c¢;as
much as possible in descending order of the taste evaluation
values, and part-worth is given as a solution of a
mathematical programming problem. Moreover, part-worth
of a goods attribute without a purchase history cannot be
decided. "Collaborative Filtering" decides the undecided
part-worth value using the purchase history of the goods of a
similar attribute, and a taste degree vector is generated for
every customer. Part-worth presumption value is
completed by adding. The taste evaluation value £, of goods
U; is calculated using the completed vector U, and goods
with high taste values are recommended out of the goods set
8.

Goods without a history can also be recommended.
Recommendations about new goods are also possible
because goods are expressed by the attribute vector.

The taste degree matrix of a customer attribute toward the
target goods g; is defined as equation (6).

V e R"* (©)

The customer part-worth vector of goods g; is shown in
equation (7). The part-worth of the customers ¢; about the
goods g; is shown as vy

y o= s Vo) (7

T

The taste evaluation presumption value of customer c;
toward goods g; is shown in equation (8).

.- ®)

g ; J i

Good g; is a part-worth presumption value £, so that the
purchase history ranking for every customer may be
reproduced as much as possible in descending order, by taste
evaluation value. The customer with a high taste evaluation
value is recommended out of the customer set. Since a
customer's feature is expressed by the attribute vector, the
recommendation about a new customer is also possible. The
priority and part-worth value by the taste evaluation value of
the goods as seen by the customer and should be
recommended are expressed, and priority and part-worth
value by the taste evaluation value of customers who
perceive goods similarly and should be recommended are
also carried out.

2.3 Attribute Relationship Matrix

The next matrix [which makes the customer attribute into
a row and the goods attribute into a column] based on these
part-worth values is defined as equation (9). This matrix is
called "attribute relationship matrix".

R n % m (9)

Matrix W is expressed with equation (10).

Wits Wigs Wizttt Wy

m
Wols Woys Was =, W, (10)
W= ) )
Wnl9wn2’wn39‘ “’an

This method is our original logic of thinking that other
examples do not have.
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The evaluation presumption value of the target goods g;
as seen by the customer ¢; can be expressed with equation

(11).

p,=WwW'C,=U, (11)

Namely,

U =w'c (12)

Similarly, the receiving target customers’ evaluation
presumption value for the good g; can be expressed with
equation (13).

q,=WG , =V, (13)

Namely,

v = WG (14)

Both sides are transposed from equation (15),

vi=G'w’ (15)

In equation (16) both sides are multiplied.

yTc =G¢'wW'c =GTU (16)

However, generally, since W is not materialized from
equation (16), the solution of the minimization problem to
the matrix W is obtained from equation (17).

v -wc| +-we | > mn (17

st . w =0

Moreover, as shown in Figure 2, the purchase results after
recommendation are fed back to the next recommendation.

The purchase result
after recommendation

All customers*
purchase
track record data

arget custome

Goods purchase track

record ranking for
Recommendation every customer
goods
Conjoint Analysis
attribute The goods taste part
vector worse value for every
customer
Recommendation The presumed
Candidate goods | | evaluation valu Collaborative filtering

o -wrel sy -we |+ X .

or every customer

Figure 2: The learning function of recommending goods

The difference between a presumed value and the purchase
history d after recommendation is set as s .

d = GW TC - s (18)

Adding the feedback function of the purchase results after
the recommendation shows equation (19). Here,

n is the number of times feedback repetition occurs.

2 .
— min

(19)
st . w o= 0

The solution of the minimization problem to the matrix ¥ is
obtained from equation (19). Generally, equation (19) is
solved using at the method of least squares.
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3 The SELECTION METHOD OF
RECOMMENDING GOODS

By AHP, the recommendation goods are selected from
many recommendation candidate goods by a one-pair
comparison in the spot.

3.1 Selection Procedure

Recommendation goods are narrowed down using the
procedure described below.

(1) A hierarchy diagram is generated for the
recommendation candidate goods to be evaluated.

(2) The importance of evaluation items is calculated.

(3) The importance calculation for the recommendation
candidate goods (as alternatives) is carried out using the
pair comparison method or the absolute comparing
method.

(4) Recommendation goods are selected according to the
importance ranking of alternatives.

3.2 Weighting Importance Evaluation in Real
Shop

Using the above-mentioned recommendation method,
shown in Fig. 2, the recommendation candidate goods for a
customer were selected and the evaluator of the spot set up a
target and evaluation items for AHP. The target of the spot
was considered to be a sales expansion.

Evaluation items, such as customer satisfaction, goods
specification and profit, were considered. The AHP tool was
utilized, comparing a pair of recommendation candidate
goods. Customer satisfaction was most important, and given
a high priority in the evaluation. Importance ranking was
carried out at the time of order, giving a high weight value to
the recommendation candidate goods of each customer, and
recommendation goods were selected. After the goods
recommendation for specific customers, the rates of
purchase were compared, and the sale of goods was
expanded.

4. Experiment in Model Shop

The application experiment was attempted in the model
shop, treating miscellaneous goods. From customer purchase
history data for the past two years, goods were extracted
according to the recommendation target customers, and were
entered as object data of 60,000 transactions.

(1) Candidate customers: 50 customers were selected from
the purchase history top layer.

(2) Customer attributes: location (4), age (4), sex (2), and a
taste genre (2).

39
(3) Goods attributes: brand (5), type (5), specification (2),
and price range (2).
cf. (): indicates the number of levels.
4.1 Goods Taste Evaluation for Specific
Customer

The taste evaluation value E. for each good is calculated
using the completed taste degree vector U, and goods with a
high taste evaluation value are recommended. The goods
taste evaluation value for the specific target customer using
part-worth is shown in Table 3. It recommends the goods

with the highest evaluation presumption value E. .
Table 3: Example of a specific customer's goods taste

evaluation value E,
P Evalatin

goods | brand-1 | brandD | type-! | type-d | st |seciain | price-] | price-] "
pilla
L/ O O O l
4/ R T O 010 §
A2 T A O ]
230 1 2 O O A O |

4.2 Extraction of Recommendation Goods

Next, extraction of the recommendation goods according
to the "Attribute Relationship Matrix" is shown.

Woe RO (20)

Customer C; evaluation presumption value p for the target
goods is shown by the equation (21).

p=w'cC, @

J

A target customer's evaluation point ¢ estimates goods
gjusing equation (22).

qg =WG (22)

J
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Table4 shows a part-worth matrix. The customer and
goods attributes for which part-worth serves as a large
value in this matrix are assigned a high degree of
recommendation.

Table 4: Example of a customer and goods attribute part-
worth value matrix

Dran1 | branD | et | yped | ool | pescion? | pric-t | i)
beatont| 5 | 3 | 4 | 2 1 ! ]
beaton] 1| 2 | § | 4 3 (.
el | 2| 1] 2| 1 ! (I
el | 3| 1] 4|2 1 2| 3|
me | 2 | 1 [ 3|1 5 l .
fmae | 4 | 1 | 4|3 1 6 (.
eved | 1 4] 2] 2 3 J 2]
gme2| 2| 2 | 3 | % 1 l ]

The attribute vector of custonter
male, and genre-1" serves as equation (23).

of "location-1, age-1,

¢’ =0@.,0,1,0,1,0,1,0) (23)

The evaluation presumption value p of the target goods
for customer ¢; serves as equation (24).

p =U"=w'C =(10,9,11,6,10,9,8,6) 24)

The taste evaluation value of the goods attributes in
equation (24), "brand-1, type-1, specification-1, and price-1"
is high. These goods attributes with high taste values are
recommended out of the goods set.

4.3 Selection of Operation of Recommendation
Candidate Goods by AHP

The experiment applied the selection method by AHP
evaluation to the model shop where specific goods out of
five classifications, "bag, wear, tableware, stationery, and
accessories," are recommended as candidates for a goods
group with high taste evaluation values, based on the
strength of goods attributes (brand, type, specification, price)
to a specific customer. Model shop management strategy
data were changed to the general name of goods. As shown
in Figure 3, the recommendation candidate goods for a
specific customer were mentioned, and the target setup and
evaluation items were identified by the evaluator of the spot.
The targets identified were expansion of sales and the
accomplishment of evaluation items such as customer
satisfaction, goods specifications, and profits.

Target Sales_
expansion
Evaluation items
Customer Goods Profit
satisfaction specification

| Bag ||Wear| ITabIewarel |Stationary| |Accessories

Figure 3: Example of recommending goods
classification for evaluation

The large-scale AHP software was used to perform a one-
pair comparison among the recommendation goods
alternatives for every valuation basis.

An example of the results of the valuation-basis
importance value calculation of the whole evaluator group is
shown in Figure 4. The weight value of the valuation bases
was highest for customer satisfaction, followed by goods
specification, and then profits growth. This supports the
recommendation goods suitable to customer taste, and the
intention giving priority to customer specification.

Sales expansion — Customer satisfaction

[1.00] [0.50]

— | Goods specification

[0.37]

— | Profit growth

[0.13]

Figure 4: Example of the valuation-basis importance
value for recommendation goods

Next, as an example, a one-pair comparison of the
recommendation goods alternative set was performed, and
its weighted values are summarized in Table 5. For the target
customers, the highest weighted value was for "bag" among
the recommendation candidate goods.
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Table 5: Example alternatives weight values
for recommending goods classifications

Alternatives of recommendation goods Weight
Bag 0.34
Wear 0.31
Tableware 0.18
Stationery 0.06
accessories 0.11

Below, we describe the results of our application of this
method to a real shop.

The rate of purchase resulting from each recommendation
method is compared in the rate comparison table 7. Our
Attribute  Relationship Matrix method showed a
significantly higher rate of purchase other both the method
currently used in the shop and the collaborative filtering.

Table 7: Rate of purchase by recommendation

4.4 Example of Recommendation
The application example of the recommendation method
in a model shop are shown in Table 6. By the demand of
the shop, I showed superiority than an existing method
by the experiment of few customers of high-ranking
regular customer.

(1)Recommendation goods were selected for specific
customer, and the evaluation from the sales promoter
was compared with the purchase results. Although the

evaluation of stationery was " X" (the customer did not
purchase), the customer purchased the stationery( "Q").

(2)Although the evaluation of accessories by the
recommendation method was " X", the sales promoter
was recommended the accessories to the customer, but

who did not purchase .

(3)Although the evaluation of tableware by the
recommendation method was "Q", the sales promoter
was recommended the tableware to the customer, that
did not purchase.

Table 6: The result of recommendation system in the shop

Method of recommendation Rate of
Purchase (%)
Method currently used in the shop 56
Collaborative filtering 67
Attribute Relationship Matrix
77
method

No. Goods Recommendation| Evaluation of | Customer's
method the model shop purchase

1 Wear (1 0 0 0]

2 | Stationey 0 X 0

3 Wear 2 0 0 0

4 | Tableware () 0 0 X

5 | Stationery 0 X 0

6 Bag 0 0 0

1 [ Tableware @ 0 0 X

8 | Accessories (1 X 0 X

g Bag 2 0 0 o)

10 | Accessories X 0 X

These results show that Attribute Relationship Matrix
method successfully recommended goods which suited
customer's tastes. Many new products were included in the
pool of recommended goods. The promoter was extremely
satisfied with the results of this experiment.

5 CONCLUSIONS

The proposed method of recommending goods on the
spot has the following advantages. We showed a
procedure for developing recommendations based on the
attributes of both the customer and goods, even when we
don’t have a complete purchase history for that customer.

5.1 Consideration

(1) We have identified which attributes, including functions,
performance, price, brand, etc. most influence
customer’s tastes.

(2) We can make recommendations that suit the customer’s
tastes, even for new goods.

(3) We have defined the strength of the correlation between
the attributes of both goods and a customer in the
"Attribute Relationship Matrix". Using this "Attribute
Relationship Matrix", goods can be recommended to a
customer with the appropriate characteristics, and target
customers can be identified for goods with particular
characteristics.

(4) Using AHP, we analyzed the goals and criteria used by
those responsible for marketing, resulting in the
evaluation weight value, allowing us to select the most
effective goods for recommendation.
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5.2 Effect of application

(1)We have shown that it is possible to recommend the
goods effectively based on good and customer attributes,
even when there is no purchase history data for goods.
Using the Attribute Relationship Matrix method, the
strength of the relationship between the characteristics of
customer and the characteristics of goods is known.

The selecting goods which are candidate for the particular
customer is easy.

(2)Recommendation system made on the spot by sales
promoter ware used, but limited to the personal
knowledge of the sales promoter about the individual
customer or to the instincts that sales promoter way have
developed. Furthermore, recommendation system made
based only on purchase history are limited as well, and
only by combining the two, as we have in this method,
can we achieve the best possible sales and the highest
degree of customer satisfaction.

The proof of our method was difficult on the shop, but
the owner of the shop was extremely satisfied with the

results of recommendations made to the top ten customers.

6. The next research subject

Further research on this subject should focus on the
utilization of the goods recommendation method for
practical use.

Corresponding to the needs in the shop at the time of
applying a technique, a future subject is correspondence to a
dynamic change. Since the taste evaluation value by the
mathematical technique is presumed using the past purchase
history data, change of the taste of the customer by change
of fashion of goods is not supported. The dynamic learning
function of the attribute relationship matrix method is
examined.

In the future, research on utilization in the spot will be

further advanced by the new method that recommends goods,

which unite the intuition of the spot and the mathematical
programming model. We are continuing improvement of the
recommendation method, in order to gather the customer's
rate of purchase more.
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Abstract -

Wireless reprogramming is a useful service for wireless
sensor networks to upload new code and modify functions.
The latest reprogramming protocols use the technique called
pipelining. Although it can accelerate the speed of code distri-
bution, it requires a lot of control packets which affects energy
efficiency and reliability. Improving energy efficiency and re-
liability is an important challenges in reprogramming. In this
paper, we present a technique for code distribution called Lo-
cal Pipelining. Local pipelining assigns a number of segments
to a group that consists of a neighborhood. The number of
segments is based on the number of control packets and the
speed of code distribution. By adjusting this value accord-
ing to remaining energy that group has, Local pipelining can
control the amount of control packets and improve energy ef-
ficiency and reliability in the entire network.

Keywords: Reprogramming, Wireless sensor networks

1 Introduction

The recent advances in MEMS and low power wireless
communication technology have led to the development of
wireless sensor networks (WSN). A WSN consists of a num-
ber of sensor nodes, and they collect and transfer sensing
data to the network autonomously. Many WSN applications,
which including environmental monitoring, security, and po-
sition tracking, have been developed.

In WSNss, reprogramming that updates code on sensor nodes
is one of the most important services. Because WSNs are a
relatively new field of study, many applications contain de-
veloping technologies (ad-hoc routings, data processing, po-
sition estimations, etc.), and these technologies are imple-
mented as specific code on the sensor nodes. It is therefore
possible that these codes will be modified or extended in the
future for long-running applications using WSNs. Thus, a

method to easily reprogram many deployed sensor nodes is
necessary. Recently, much research on wireless reprogram-
ming has been conducted[1][2]. Wireless reprogramming dis-
tributes new code easily to a lot of sensor nodes using wireless
multihop communication. The purpose of general protocols
in WSN is to aggregate a lot of small data from the edge nodes
to the base station, whereas the purpose of wireless repro-
gramming protocols is to distribute large data from the base
station to the edge nodes[3][4][5][6]. The pipelining method,
which quickly distributes bulk data to the entire network has
been proposed in some studies[7][8][9]. In pipelining, code is
divided into several segments, which are transferred in paral-
lel. By dividing code into smaller segments, we can increase
the degree of parallelism and speed up the distribution. How-
ever, the number of control packets is also increased, and this
results in higher energy consumption and lower reliability.

Here, we present the code distribution technique called lo-
cal pipelining, in which a number of segments is assigned to
a group consisting of several sensor nodes. Normal pipelin-
ing fixes the number of segments as one value in the entire
sensor network. So if we set a large value for the number
of segments in order to speed up updating, this causes an in-
crease in the number of control packets. In contrast, the local
pipelining scheme can adjust the number of control packets
depending on the condition of each group. First, we present a
method of local pipelining that can freely adjust the number
of segments and control packets depending on the remaining
energy. Adjusting this value for each group contributes to
improved energy efficiency and transfer efficiency. Second,
we analyze the case of several pipelines that have a different
number of segments. This is helpful in cases where we have
to reprogram various multiple networks.

This paper is organized as follows. In section 2, we ex-
plain some issues related to pipelining and analyze the control
packets needed in the transfer process. An overview of local

ISSN1883-4566/09 © 2009 - Informatics Society and the authors. All rights reserved



International Journal of Informatics Society, VOL. 1, NO. 1 (2009) 44-51

Executable Level

[Tl 2][R][A] wweeeesemseserens |_||_||E| Code Image

| Negotiation Le;.r-éi““-u.‘___k
.................... DE“ Segment

[
i\ Transfer Level

Packet

Figure 1: Structure of segment

Fipelining
il 2] |8

PPORY
5
2

REQ

Figure 2: Handshake

pipelining and its features is introduced in section 3, which
also describes the transfer algorithm. We describe the perfor-
mance of local pipelining using several formulas in section 4,
and evaluate it in section 5. Also included in section 5 is a de-
scription of the implementation of local pipelining on TinyOS
[11]. This evaluation includes a simulation of the number of
sending packets, completion times, and the propagation pro-
cess. Finally, section 6 summarizes the paper and mentions
future work.

Complete Complete Time

Pipelining

2 8 4 5

OO

=
=

al fistributign

DO

=z
=]
[=%
@
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2 Related Issues
2.1 Pipelining

Many wireless reprogramming protocols share design chal-
lenges. We deal here with the three important challenges that
follow [1].

o Reliability: The complete code must be correctly re-
ceived by the target nodes, and the downloaded code
must be executed correctly on the sensor node.

e Energy efficiency: The energy used in reprogramming
is provided by the sensor node battery. This battery
also supplies energy for sensing, which is the primary
role. Thus, the energy consumption for reprogramming
should be reduced as much as possible.

e Completion times: The completion time of reprogram-
ming affects the sevice using a WSN. When we repro-
gram the network, we have to stop service and wait un-
til the update is completed. Therefore we have to mini-
mize the completion time of reprogramming.

Pipelining is proposed as a means to speed up distribution
despite these challenges. In pipelining, code is divided into
several segments, as depicted in Figure 1, and each segment
consists of several packets, which form a transfer unit. Fig-
ure 3 shows how distribution can be sped up by overlapping
the transferring segments. The figure compares the process
of pipelining with normal distribution. There are five sensor
nodes deployed linearly in Figure 3. In the pipelining scheme,
while node 4 is transferring segment 1 to node 5, node 1 is
transferring segment 2 to node 2 simultaneously. The result
is that pipelining can complete downloading earlier than nor-
mal distribution. Thus, we can reduce the completion time by
overlapping the segments. In this case, we need at least three
hops spaced between segments to avoid the hidden terminal
problem.

2.2 Negotiation Scheme

Because pipelining deals with several segments, it is nec-
essary to keep track of segments that are lacking. Therefore,
a negotiation scheme is needed to request missing segments.
This scheme uses a three-way handshake that has three types
of messages (Advertise, Request, Data). This scheme is pro-
posed to reduce message redundancy by SPIN [10]. The epi-
demic property is important since WSNs experience high loss
rates, asymmetric connectivity, and transient links due to node
failures and repopulation. The latest reprogramming protocol
uses this scheme to improve reliability. Figure 2 illustrates
the three-way handshake. First, a source node advertises an
ADV message, which includes its own segment, to neighbor-
ing nodes. Second, if the destination node receives the ADV
message, it compares its own segment with the received seg-
ment information and decides whether it needs the segment
advertised by the source node. If it needs this segment, it
requests the segment to source node by sending an REQ mes-
sage. Finally, if the source node receives the REQ message
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from the destination node, it starts to forward a DATA mes-
sage that consists of sequential packets. By using this three-
way handshake, we can reduce the redundancy of transferred
segments.

2.3 Energy issue in pipelining

In pipelining, we can accelerate the speed of code distri-
bution by dividing code into smaller segments (increasing the
number of divided segments) and increasing the degree of par-
allel. However, we cannot increase the number of segments
without reason, because, this can affect the energy efficiency
and reliability, depending on the control packets. Pipelin-
ing uses one negotiation per segment, and one negotiation re-
quires control packets that include ADV and REQ messages.
Thus, if we increase the number of segments, the ADV and
REQ messages in corresponding segments will also increase.
This affects the energy efficiency and reliability. First, a lot of
energy is used to send messages, it is one of the most energy-
consuming actions in the sensor node. The number of mes-
sages greatly affects energy efficiency. Second, when many
messages are sent, message collisions may occur.

For these reasons, it is necessary to reduce or adjust the
control messages required for pipelining.

3 Local pipelining
3.1 Overview

The goal of local pipelining is to freely adjust the number
of control packets depending on the condition of each group.
Normal pipelining, which is used by Deluge [7] and MNP [8]
fix the number of segments as one value in the entire network.
In this case, if we set a large value for the number of segments
in order to speed up processing, this causes an increase in the
number of control packets.

The amount of remaining energy varies depending on which
nodes are deployed. Therefore, some sensor nodes bear a
large burden of control packets. However, we cannot decrease
the number of segments to fall in step with the subset of sen-
sor nodes, because this degrades performance. Therefore, we
propose a local pipelining to achieve a realistic distribution
for each node while maintaining good performance.

Time
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Figure 5: Distribution of Local pipelining

In local pipelining, the number of segments is not assigned
to an entire network, but rather, a value is assigned to each
group, which is a set of neighboring nodes, as shown in Figure
4. Tt is only necessary to set the value of each group depend-
ing on the available of energy. In this way, we can achieve
the following setting. If there is some leeway in the energy,
we can divide code into smaller segments for faster distribu-
tion or into larger segments to constrain the number of control
packets.

3.2 Distribution Process

Figure 5 shows the distribution process of local pipelining.
In this figure, we assume that group 1 includes node 1 to node
S, group 2 has node 6 to node 11, and group 1 divides code
into six segments, and group 2 divides code into three seg-
ments. If one pkt control packet is needed for each segment,
group 1 needs 6 x pkt and group 2 needs 3 X pkt.

Because local pipelining deals with several networks each
of which has a particular number of segments, it is necessary
to transfer data by using a distribution technique that is differ-
ent from normal pipelining. This process involves changing
the number of segments and retransmitting new segments in
the transfer. This process is handled by a boundary node de-
ployed at the edge of a group. Node 6 is the boundary node
in Figure 5. The boundary node must wait until all segments
from other groups have been received, and when the down-
load is completed, it starts forwarding with its own number of
segments. That is to say, the boundary node has the same role
as a base station.

3.3 Transfer Algorithm

To achieve distribution like this, we extended the negoti-
ation scheme described in section 2. First, we added a field
that includes information about a group to ADV and DATA
messages. Group information can be determined depending
on the amount of remaining energy and other information. A
corresponding group table containing group information and
the amount of remaining energy is established in advance. For
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Table 1: Example of group table

Group | Remaining energy

1 80% - 100%
60% - 80%
40% - 60%
20% - 40%
0% - 20%

[V I SO ]

[When a segment is received. ]

IF ownGroup == rcvMsg.group
I" send segment as the same number of segment */
GOTO Advertise phase
ELSE
IF downloadComplete == TRUE
I* send segment as the new number of segment */
setOwnSegmentSize()
GOTO Advertise phase
ELSE
I* wait until all segment data is complete */
GOTO Receive phase
ENDIF
ENDIF

Figure 6: Transfer algorithm

example, if the remaining energy is in the range from 80% to
100%, it corresponds to group X. If the remaining energy is
in the 60% to 80% range, it corresponds to group Y. By mak-
ing a corresponding table like Table 1, we have the option
of changing the information depending on the group. Second,
we added the transfer algorithm shown in Figure 6. This algo-
rithm is used when a segment is received. Received messages
include the information about the group the source node be-
longs to. First, the node compares the group in the received
message with its own group. If the received group is the same
as own group, it goes to the advertise phase. In the adver-
tise phase, the node sends ADV messages that include the re-
ceived segment. This process is the same as in normal pipelin-
ing. If the received group is different from its own group, the
node is a boundary node. When a boundary node receives a
segment, it prohibits transferring of the segment. It must wait
until all segments have been completed. This is because to
reset a new number of segments it must have all the data. If
all segments are downloaded, it sets its own number of seg-
ments and goes to the advertise phase. Otherwise, it stays in
the receive phase.

4 Performance Analysis

4.1 Speed of local pipelining

In this section, we analyze the performance of local pipelin-
ing, normal pipelining, and cases without pipelining. In par-
ticular, we focus on completion time and the number of mes-
sages, which affect energy efficiency and speed of distribu-
tion. First, we explain the effect of normal pipelining. We
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assume a linear deployment as in Figure 3, and the network
size is n hop. Then we try to forward the static size code im-
age, which is divided into m segments, and where ¢ times is
needed to send one segment. To avoid the hidden terminal
problem, we need at least three hops between segments. Al-
though handshake is supposed in our proposed local pipelin-
ing scheme to overcome this problem, we need at least three
hops between segments to avoid the hidden terminal problem
completely in the case of linear deployment as shown in Fig-
ure 3. Therefore, completion time 7T}, is expressed as follows.

T, = (n+3(m—1)) -t ()

In the case without pipelining, completion time 7;, is ex-
pressed as follows.

T,=n-m-t 2)

These formulas conduce the result in Figure 7. This result is
the theoretical completion time of normal pipelining, and it is
assumed that n is 100 hops, and the time until all data sending
has ended is 1024. For example, if m = 16, the completion
time of normal pipelining is (100 4+ 3(16 — 1)) - 1024/16 =
9280. This figure is obvious proof of the relationship between
the number of segments and completion time. This relation-
ship means that as we increase the number of segments, we
can accelerate the speed of distribution. In contrast to pipelin-
ing, the speed of distribution in cases without pipelining is
slow. In this condition, the theoretical completion time is
fixed as T,, = 100 - 1 - 1024 = 102400. If n and m are
large enough, it is obvious that T}, < T,.

Second, we express the effect of local pipelining. Local
pipelining involves several networks that have a different num-
ber of segments depending on the group. When the boundary
node receives the segment of another group, it waits until all
data is complete, and retransmits its own number of segments.
Therefore, the completion time of local pipelining can be ex-
pressed as the sum of the completion time for each group.
Then, there are k groups in the linear network, each group
network size is n;, they have m; segments, and they need
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time ¢; to send one segment. The theoretical completion time
of local pipelining 73, is expressed as the following.

k

Tip =Y (ni+3(m; —1)) -t 3)

=1

In each group, T, < T, is approved. Therefore, the sum of
completion time 7j,, is less than the case of not using pipelin-
ing. This means that local pipelining is superior to not us-
ing pipelining in completion time, but it is inferior to normal
pipelining.

4.2 Control packets

Next, we describe the control packets needed in normal
pipelining and local pipelining. First, we introduce the con-
trol packets per segment. A segment has two types of control
messages, ADV messages and REQ messages. These mes-
sages are not necessarily one message. If a source node ad-
vertises an ADV message and receives no requests for it, it
needs to retransmit the ADV message. By the same reason,
if a destination node send an REQ message to a source node
and the DATA does not arrive, it needs to retransmit the REQ
message. At this point, we assume the number of ADV mes-
sages per segment as N, 4,,, and the number of REQ messages
per segment as N,.,. One segment needs Nogy + Nyeq con-
trol packets. Thus, one node needs m - (Ngdy + Nreq) control
packets. In normal pipelining, the sum of control packets in
an entire network is as follows.

Cp:”'m'(NavarNreq) “4)

In contrast, local pipelining has several m, and several k groups
which have n; sensor nodes. The sum of control packets in an
entire network is as follows.

k
C’ZPZZni-mi~(
=1

These formulas show that local pipelining can freely adjust
and reduce the number of control packets depending on cir-
cumstances while maintaining the speed of distribution. For
example, there are four groups in an entire network, and each
group has five nodes. Each group is assigned a number of
segments as follows. Group 1 has 16, group 2 has 8, group
3 has 16, and group 4 has 8. In this case, Cj, = 48 - 5 -
(Nado + Nyeg) = 240 - (Ngdgo + Nyeg). In contrast, the
case of normal pipelining, m is fixed as 16. Therefore, C), =
20-16 - (Nagv + Nyeq) = 320 - (Ngay + Nyeg). It is obvious
that C}, > Cjp.

Nadv + Nreq) (5)

5 Evaluation

5.1 Simulation Environments

In this section, we describe an evaluation of local pipelin-
ing using the TinyOS network simulator (TOSSIM [12]). The
goal of this simulation was to prove that local pipelining is
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Figure 9: Average completion time of each node

superior to normal pipelining from the view point of energy
efficiency, and that it can transfer data without problems.

First, we describe the implementation of local pipelining on
TinyOS. The implementation was based on MNP [8] which is
a state-of-the-art reprogramming protocol and includes nor-
mal pipelining. We extended the function of MNP’s control
packets described in section 3, and added a transfer algorithm.
In this implementation, we had to be careful about the group
arrangement. The groups were arranged as in Figure 8 with-
out regard for the remaining energy. Because TOSSIM cannot
duplicate the sensor node battery, so we assume that groups
are determined depending on location, as shown in the Figure.

Next, we explain the simulation environment. We assumed
each node had a transmission radius of 50 feet (meaning that
nodes can receive messages within a 50-foot radius). Nodes
were deployed in a reticular pattern (Figure 8), and each node
had 40 feet of spacing. The network had four groups that had
5 x 5 subnetworks, and each group had the number of seg-
ments indicated in Figure 8. We assumed that normal pipelin-
ing (MNP) had a fixed number of segments, where the value
was 16 divisions. The base station had a complete code im-
age, and started forwarding each segment in the early stage of
distribution.
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5.2 Completion times and propagation

In this section, we investigate the distribution speed be-
tween local pipelining and normal pipelining. Figure 9 shows
the average completion time of each node under simulation,
classified by group. Because the number of segments is fixed
in normal pipelining, the completion time for each group has
about the same value. In contrast, local pipelining has various
numbers of segments, which affects the completion times. In
this environment, this result indicates that local pipelining can
distribute code faster than normal pipelining.

Figure 10 illustrates the propagation process of segments
under simulation, when the node has downloaded all seg-
ments. In this figure, normal pipelining has equable propa-
gation, where each node is received almost at the same time.
This is because the same number of segments is used in the
entire network. On the other hand, local pipelining is in-
equable propagation. The borders of the groups bring about
the delay. This delay is caused by the network’s waiting until
all segments have been downloaded completely. There are es-
pecially large delays in the boundary nodes placed where that
the difference in the segment numbers is very large.

5.3 The number of messages

Next, we evaluate the energy efficiency depending on the
number of messages. Figure 11 plots the number of the mes-
sages in the entire network, with a comparison between nor-
mal (MNP) and local pipelining. It is clear that local pipelin-
ing requires fewer messages than normal pipelining. ADYV,
and REQ are control messages, and DATA includes segment
data (but also includes start-download and terminate-download
messages in MNP). Control packets depend on the number of
segments, as explained in section 4. Therefore, local pipelin-
ing, which has different numbers of segments, is effective in
adjusting the number of control packets. In linear deploy-
ment, which uses the same parameters, control packets are
indicated by (4+8+16+44)-25-(Nggv+Nreq) = 800(Nygy+
Nyeq) in local pipelining. On the contrary, normal pipelining
requires 16 - 100 - (Nggy + Nyeg) = 1600(Nggy + Nyeq) con-
trol packets. Therefore, the number of control packets in local
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pipelining is smaller than in normal pipelining.

6 Summary and future works

In this paper, we presented our local pipelining technique,
which can freely adjust several numbers of segments corre-
sponding to groups. By adjusting this parameter, we can re-
duce the number of control messages depending on the cir-
cumstances. This method improves energy efficiency, be-
cause sending messages is one of the actions that consumes
the most energy. To verify the effectiveness of local pipelin-
ing, we evaluated it using the TOSSIM simulator. In this sim-
ulation, we mainly evaluated the number of messages and the
completion time. We found that local pipelining can reduce
the number of messages, and the average completion time of
each node is shorter than in the case of normal pipelining.
This means that local pipelining achieved a partial improve-
ment in energy efficiency.

Our future work is as follows. First, we will try to reduce
the delay of local pipelining. At the group border, some de-
lays occur, which are the waiting times for all segment down-
loading to be completed. This design is easy to implement
and ensures correct distribution. The delay can be improved
by transferring the received segments incompleted. If a node
receives enough segments so that we can change the number
of segments, we can transfer the received segments with own
number of segment divisions. Our second task in the future
is to study other metrics affected by adjusting the number of
segments. In this paper, the metric considered was the re-
maining energy. However, we believe that local pipelining
can improve other metrics (hardware richness, condition of
communication, etc). Thirdly, we have to evaluate our pro-
posed local pipelining performance under more realistic con-
ditions, such as several topologies and groups as well as ideal
grid condition. Although there are some assumptions in our
proposed local pipelining yet, we will study more useful re-
programming wireless sensor networks method based on this
work.
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Abstract- We have been evaluating “Mutual complement
Communication system by Wired and Wireless” for
home-network. At this time, we have tried to apply this
network to the comparatively small scale business build-
ing and we found the very nice result. Compare to home
network, we found that many difference in the result of
the wired and wireless communication. The bad result is
from the reason of multiple transformer and the good
result is from the reason of business type cocking system
and lighting system. Furthermore, regarding wireless
communication, the additional bad result is from the
reason of the security reason with small in/out door with
metal material.

Keywords: multimedia and communication technology,
network, PLC, ZigBee, building.

1 INTRODUCTION

We found 100% network communication result at the
Mutual complement Communication system by Wired
and Wireless at 3 floor level under 200 m2 home hous-
ing[1]. This network system is using 2 different charac-
teristic network; wired and wireless. 2 network are
operating simultaneously and get good communication
result totally. As wired, we use normal power line in
the home. We call it PLC (Power Line Communica-
tion). Communication data is on the power line as the
carrier signal. As wireless, we use ZigBee
(IEEE802.15.4) RF devices [2] [3].

In the home, there are PC internet system, hot water
system[4], AV; Audio Video system, home telephone,
inter phone and security system as individual devices
but not communicated. It is important to have a unified
network to work for safety and global environment
issue[5]. We aim the solution by using Mutual com-
plement Communication system by Wired and Wire-
less. The significant point of this communication sys-
tem is because a network is realizable at low cost. Rea-
lization of low cost is because the price fall of a mutual
complement network communication terminal (sub-
strate circuit) and attachment become unnecessary. In
the logic top, the communication performance has ob-
tained 96.6% in two points[5].In actual old evaluation,

the performance of a mutual complement network is
100% (making 3 stories of steel rods into the maxi-
mum) of home houses. It is possible to obtain 100% of
communication performance by putting in a routing
function in such situations. In practical use, although
there is no necessity for 100% performance, the work
of a communication environmental improvement and
attachment it become unnecessary for every house by
this high communication performance.

At the relatively small office building, there were
power line, internet information line, security system,
TV line, telephone, lighting system and other control
lines. And furthermore, there are elevator lines[6]. By
using these unified network, we can get less additional
construction fees in the later. In order to check this idea,
we have done Mutual complement Communication
system by Wired and Wireless in the relatively small
office building. As wired network, when getting elec-
tric power through multiple transformer, as we expect,
PLC communication is very bad. On the other hand,
we found that there are good communication result by
200V business lighting system and business profes-
sional cocking system because of 3 line 100V lines.
There fore there is less issue of different phase trable in
the PLC communication. As wireless, the additional
bad result compare to home network is from the reason
of the security reason with small in/out door with metal
material.

But in order to communicate through multiple trans-
former, by using wireless, it is important to use Mutual
complement Communication system by Wired and
Wireless.

2 COMMUCATION CHARACTE-
RISTIC

The In order to guess the communication perfor-
mance of the mutual complement network by the two
communication systems, wired and wireless, an indi-
vidual communication performance is mersured first
[1]. PLC has obstacles by home appliances, such as
crosstalk of noise and low impedance. Therefore get-
ting a good communication quality was difficult. In

ISSN1883-4566/09 © 2009 - Informatics Society and the authors. All rights reserved
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recent years, the PLC communication performance is
improved by the adoption of spread spectrum technol-
ogy. But there are still more error correction idea for
the noise by the electric white goods appliance [7].

We have done actual communication performance
test in multiple houses. More than 40 home electric
appliances were operated and we have tested PLC
communication performance. Fig.1 is a result of the
measurement. The X-axis shows Packet Error
Rate(PER), then 0% will be the best and error is 0%.
The Y-axis expresses the frequency distribution of all
communication courses with %.0%of PER is 70% of
frequency distribution from Fig.2.and 100% of PER is
20% of frequency distribution.

80 0
s 70 ——SM (Standard Mode): 7.5 kbps |
E é.;a 60 -7 -RM (Robust Mode): 5 kbps
- = ERM (Extremely RM): 1.25 kbps
g 50
-_ﬁ 40 *)Total communication channels are 114
8 \ Packet length is 40Bytes
; 30
% [l /
10 d
| A
o = n o e A (J
0 20 40 60 80 100
PER (%)

Fig.1. Testing result of PLC (100kHz-400kHz) in typi-
cal Japanese home
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outlets for phase coupling ¢

pole
Fig.2. Power line of Normal home

IEEE802.15.4 currently called Zigbee by one of the
WPAN (Wireless personal area network) plans as radio
is used. This has the performance of a low rate (20K-
bps or 250K bps) by low power consumption. Meas-
ured value is Fig.3 about the communication perfor-
mance in the ordinary homes of this Zigbee. The elec-
tric field intensity of distance and an electric wave is
shown. In prospect distance (open air), electric field
intensity is decreased as it separates from near an out-

put antenna so that naturally. In particular, on the
second floor, PER showed 40% and a very large value
from the first floor in the house of ferro-concrete.
Moreover, on the third floor, PER shows 70% and a
still larger value from the first floor, and communica-
tion performance gets still worse.
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O T : T T
, Distance(m)
20 Packet length += 32 bytes, f = 2.4 GHz
4 1
-~ Open air:f
40 - Through \INall / Metal ob.ject
Through ¢eiling
60 | '
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3F I 4 . *
100}
-P (dBm)

Fig.3. Distance vs electric(dBm)

3 MUTUAL COMPLEMENT NET-
WORK OF WIRED AND WIRELESS

The preceding clause showed the characteristic of
the cable communications PLC and the wireless com-
munications Zigbee. It is difficult to carry out to indoor
network completeness with one of communication me-
thods. PLC has a problem of single phase 3 line elec-
tric supply, and it has bad communication performance
between the electric sockets between unusual appear-
ances. Moreover, even if it puts in a signal coupling
instrument between unusual appearances, it does not
become sufficient performance improvement.
Although it is satisfactory in the space which Zigbee
can keep seeing, it is weak with the obstacle which
interrupts a field of view. Then, the communication
performance over a floor worsens like the first floor
and the second floor. Since the characteristic of these
two communication methods is generated according to
respectively independent conditions, It is thought that it
is mutually suppliable, and also in order to use enough
the mutual complement function of a cable and radio to
guess the communication performance when using two
communication methods simultaneously below, these
portions need to consist of unified semiconductors and
modules. The valuation basis of the communication
quality in network modeling is defined. It is the right
data (truth). The data (truth?) which may be right, and
the data (imitation) which is not right are classified,
and when continuation transmission of the packet data
of 40 bytes of both sides is carried out 10 times, the
truth criterion of judgment of the data by the side of
reception is shown in Table.1.
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Table.1. Truth table of reception data.

Classification of

reliable Judgment conditions

Symbol

The same data in received
in the Truth condition two Truth
times successively.

The Truth data in re-

The truth data

Possibly the

R . )

truth data ceived two tm}es, but Truth?
not successively.

The false data Except the above False

Note: At Fig.1,

As for the frequency of Fig.1, Truth, Truth?, and
False is 70%, 10%, and 20%. On the other hand, in the
case of radio, it was assumed that the phenomenon
between node nodes happened by the same establish-
ment using a typical PER value on each six stories.
When it is considered, respectively that PER(s) be-
tween a same story and contiguity story and the first
floor and the third floor are 2%, 50%, and 70%, the
number of phenomena of each conditions is expressed
with a figure 8 left-hand-side part, and, as for the fre-
quency by weighted average, '"Truth' 82%, "Truth?' 14%,
and 'False' 4% are obtained. The communication quali-
ty at the time of a cable and radio combined use is
shown in Table.2. A cable and radio independent
communication quality will acquire 96% of value, if
Wired’s Truth (70%) and Wireless’s Truth (82%) im-
prove to 94.6% and 'Truth ?' times 'Truth?' is 'Truth'
(1.4%).

Table.2. The Communication quality in % when the
wired and wireless communication media are used si-
multaneously.

Virireless
Truath Truath? FALZE
22 14 4
Ttuath
0 574 Q8 2R
Truath?
22 1.4 0.4
g 10
& FALSE
164 28 0z
20

Next, the actual proof experiment of the mutual
complement network system of a cable and radio was
conducted in the dwelling in 3 stories of Ichinohe [8].
Actual proof examination results are all the combina-
tion of the first floor to the third floor, as shown in Ta-
ble.3, and 100% of rate of a data-communications suc-
cess was obtained.

Table.3. The house of an evaluation experiment. This
unit is % display

Wited single success|  Wireless single

Overall success rate
rate SUCCess Yate

Floor of reception
IF|2F|3F | IF| 2F | 5F | IF | 2F | 3F
IF [ 100%| 100%] 100%| 8% | 80% | 74% | 100%] 83% | 55%
2F | 100%) 100%] 100%( 82% | 81% | 75% | 81% | 87% | 84%
3F | 100%] 100%) 100%) 73% | 76% | 76% | 60% | 83% | 93%

WTOTSSTT ST
FJo 1000

It was 86.7%, when the cable independent strike rate
was averaged and the radio independent strike rate was
averaged 71.1%. In a cable independent, the same story
is also presumed to be what a strike rate has about 70%
or less of combination, and time, and depends on the
difference in phase of the power line to which electrici-
ty is supplied, and is in agreement with Fig.4 of the
power distribution situation of each story which actual-
ly checked.

8

§.|-|+*I‘{.|+|-*|'{E3F
a T =
B : = :
Il nc e EE R EEEE R E B " rrrrnr't~
gﬁ e P p—— mfs 2F
.I 4k |’.| 4k I’:
E & - 1 :

::::::::::::::::::::::

Phase A

Lk ELLELL)

Phase B __=_| -

Fig.4. An actual check of the power distribution condi-
tion.

In the case of wireless communications, in the case
of the same story, it is a strike rate of 100%, and when
the second floor is different about 90%, whenever the
strike rate of about 60% and a story increase in the case
of a contiguity story, range worsens. A communication
error performs the supplement at the time of generating
at the time of cable independent communication or
radio independent communication. Since the error ratio
as a mutual complement network is a cable- communi-
cations error ratio X wireless-communications error
ratio. If it is searched for from the independent strike
rate of Table.3. Table.4 is obtained.
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Table.4. Assumed success rate between Unit Cells

Floor of reception

1F 2F 3F
5 1F 100% 97% 88%
5=
IZ3N)
g g 2F 97% 98% 96%
2 o
5=
= 3F 90% 96% 99%

If the strike rate of Table.4 is averaged, it becomes

95.7% and is mostly in agreement with 96% of the
value of a simulation. In this experiment, since either
was communicated by the communication for two
points, although it is 95.7%, with a calculated value, an
actual measurement becomes 100%, as shown in Ta-
ble.3.
Although the communication performances of the ca-
ble in a home and radio which we have generally got
were 70% and 82%, as a result of performing the
communication quality assessment of the mutual com-
plement network system of a cable and radio in the
dwelling in 3 stories of Ichinohe, the communication
strike rate of 100% was acquired as mentioned above,
without coping with communication environment in
any way. As an average, the strike rate of 95.5 is ex-
pectable. A possibility of obtaining an effective net-
work was found out without having improved commu-
nication environment in any way to a home or the
comparatively small space about a home. I think that
96% of communication quality can be obtained by how
to carry out the mutual complement of radio and the
cable. Furthermore, in order to measure improvement
in communication performance, when the communica-
tion for two points was improper, how to go via some
relay nodes was examined. The case where each node
reached with the first floor, the second floor, and the
third floor, and attaches every one a total of six nodes
to two phases of a power supply as shown in Fig.5is
examined.

f
i %
7z 7
1 J'H‘ |";J 'H‘>+<|: 2
3
7 7
Phase & 1l .|'H‘ |;,.| 'H'>+<|§ 1
Fhase B =

Fig.5. Routing node example at three-story house

The propriety of communication between each node
is shown in Table.5. In the case of wred,when was

same phase , it thought that communication was possi-
ble, and when it was different phase , impossible. In
the case of wireless,when was the same floor,it thought
that communication was possible,and when it was dif-
ferent floor impossible.

When not knowing the number of stories and the
same phase and the the diffrent phase of a power
supply in which the node of a communication place
exists according to this condition, as shown in Table.6
and Fig.o,
the number of times of communication per route is
distributed from 1 time to 6 times. Moreover, when the
number of stories is found and it cannot communicate
at once, the number of times of communication per
route can be reduced even to a maximum of 3 times by
using the algorithm of going via the node of the same
story as a dispatch node or the purpose node. Further-
more, when the same phase or the different phase
phase a power supply is known, it becomes the two or
less number of times of communication per route be-
tween all nodes.

Table.5. Communication between two nodes
P : Success by PLC communication
Z : Success by 802.15.4 communication
X : Communication impossible

Receiving node T™No.
1T (2|34 5 (e
-1 — | F|IP|l x| P| x
Sl a|lz|l—|=x|P| x|P
o
E|l | Pl X—|zZzP|x
(=T u]
._§4X|:>Z_xp
=2 S5 P xIpe|x| —| Z
6| x |Plx|P|=Z|—

Table.6. Comparison of communications per route
when the floor number and power supply
phase are known.

Floor list Unknown Known Known
Sa?ﬁ;g;flffsrtem (unknown) | (unknown) (known)
Number of Number of communications
routing times per route
1 time 18 18 18
2 times - — 12
3 times 24 24 —
4 times 48 — —
5 times 36 - —
6 times 24 — —
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Fig.6. Number-of-times reduction of routing

4 COMMUNICATION PREFOR-
MANCE EVALUATION AT A
SMALL BUILDING

We have done the communication performance test
by wired and wireless mutual complement network at 3
type different relative small building. We call them A
building, B and C. A is the office building with
1586m2 floor, B is the university building with
5365m2 floor and C is the graduate school building
with 1920m2 floor.

The measurement result of the each building are
showed at Table.7,Fig.6.The equipment list of the
building which affects to wired PLC communication
and wireless ZigBee is showed on Table.9.

Same situation of each building is that 200V electric
fluorescent lamps are equipped, then PLC communica-
tion result is better at different phase power line. A is
the relatively small building with only one transformer.
Normally PLC communication is worse because of
multiple transformer, so PLC communication was good
because of 1 transformer. Also, in A building , there is
1 restaurant with 200V professional cocking systems,
then it was easy for different phase communication
because of 200V system connects to 200V; two phase.
Success rate of PLC was 98%. On the other hand, the
success rate of wireless ZigBee was 8.4%, very bad.
Why so bad was because of small windows which can
offer open space to ZigBee RF signal and because of
metal material wall and door. It was impossible be-
tween walls and doors. Even at stairways with open air,
it also showed bad success rate because of metal mate-
rials stairways.

At B building, PLC only communication success
rate was 74.4%. The different phase communication
with PLC was OK even at different floors with 200V
systems. Between different transformers, as we ex-

pected before, the PLC communication was impossi-
ble. ZigBee only communication rate was 60.3%. In B
Building, there was wide open space at stairways and
hallway, so it was easy for wireless ZigBee communi-
cation. Especially at stairways space, it was OK for
ZigBee communication even between 2 floors differ-
ence.

In C building, close to B building case, PLC success
rate was 61%. There were multiple transformers in C
Building, so as expected before, it was impossible for
PLC communication between the transformers. Also
relatively small building has 1 electrical box (distribu-
tion panel) in 1 floor. In this building, different from B
building, the PLC communication between different
distribution panel was impossible.

Therefore the PLC communication in the same floor
with different phase was OK, but the communication
between different floor was impossible. Total ZigBee
communication rates was 48.8%. The tendency was
equal to B building, but little bit worse communication
rate because of narrow open area than B building. Re-
garding B and C building, the efficiency of the Mutual
complement Communication system by Wired and
Wireless was proved. Both buildings have the difficult
position where PLC and ZigBee communication was
impossible. Even if one communication is interruption,
aid is given by other the communications of one.

At A building, the efficiency of Mutual complement
Communication system by Wired and Wireless was
low, because PLC can communicate almost all places.

Table.7. Mutual complement network performance
evaluation of each building

Communication performance
Building Sy Number PLC Zigkee
name of Tr Tr Same | Same | Dif | MON
Com | Dif | room| floor | floor
1586 4m° _
A Bl ~TF 1 a a d % b
2
B 5aEom 3 ] X a c c a
Bt ~4F
4
G 1920m 3 c X a c c a
B ~4F

Note: a: 95% or more
b: 90% or more
c: 70% or more
d: 70% or less
Tr: Transform(s)
Com: Common
Dif: Different
-: It does not exist.
MCN: Mutual Complement Communication Network
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Table.8. The communication performance in each
building of PLC and Zigbee (%)

PLC Zigbee
A 98 11.1
B 74.4 55.8
C 52 43.8

Table.9.The factor which determines the communica-
tion performance of each building

PLC Zigbee

Only the inside of the room
can be communicated. a small
window, a metaled door, the
wall of a steel rod.

performance good. In
A existence of 200v
fluorescence lighting
and cooking apparatus

Good on stairs.
Good to a length of 30m in a
passage.

Except for between
B | transformers, it is
performance good.

Good on stairs.
Good to a length of 30m in a
passage.

Except for between
C | transformers, itis
performance good.

4.1 PLC characteristic in the relatively
small building

Normal power wiring example in the relatively small
building is showed as Fig.9 based on the one of C
building. 6600V, high voltage from power station was
transformed to 100V/200V with R/T/N phases by the
transformer and distributed to each home’s distribution
panel.

From distribution panel, 100V was distributed to
each consent (power outlet) by the connection of RN
and NT separate from 200V. The PLC communication
on different Phase during 100V appliances must be-
come back to transformer. In the transformer, the quali-
ty of the PLC communication between different phases
becomes worse because of noise and electrical trans-
form. When using 200V appliances, PLC communica-
tion can be sent to the destination point without back-
ing to the transformer.

The PLC communication signal is on R and T phase
of AC line, if R and T was tied by 200V appliances, the
communication between different phases becomes casy
because of the R & T bridge. At the relative small
building where we have done this experiment test, each
building was using many 200V appliances. Therefore
the improvement of PLC communication performance
was done between the different phase where PLC does
not like.

Power Supply
6600Y  Transform

SwithBoad Brunch Circuit
Trunlk line

Fig.7 The power line routing diagram in C building.

Note: There are 3 transformers, but 1 is for motor pow-
er duty, so we have not described the one. Main
Power line has 3 phases; RN and T phase. These
are separated to each power outlets through
power distribution panel.

Phase A: R-N Phase B: N-T

The experiment test result by wired PLC line is
showed on Table.10. It shows the result of C building.
C building has 3 transformer. The transformer for nor-
mal appliances are 2 and showed as Fig.7. This trans-
former has 3 main power lines. No.l transformer is for
B1~2F and No.2 transformer is for 3F, 4F, computer
room, server room. Then main power line of each
transformer comes to each power outlet in the room
through each floor’s power panels. Basically each
floor uses 1 main power line.

At our experiment, we got very nice testing result
(means PER=0%) when same main power line, that is
same floor even at different phases. This nice result is
from the following reason; 200V fluorescent lamp acts
as the bridge between R and T phase which contains
PLC signals, PLC signal does not need to come back to
transformer and PLC signal reaches to different phase
line directly not through transformer.

But regarding the PLC communication between dif-
ferent floors with different main power lines, PER be-
comes up (worse) and it was impossible to make PLC
communications. The reason of the worse result is as
follows; when communication to different main power
line, the PLC signal comes to outside transformer once ,
also gets many noise and may attenuate PLC signal
power.

It was impossible to make PLC communications
through different transformer. The theory of transfor-

IOOVR Phase A3 @ @
_D‘ N Phase B
T
0oV
No.1
Phase Bym—_
Phase A-i
No.2 Phase B'q
lOOVR
.—F"’d_ﬂ_'-
- ‘ - %‘T Phase A F—— @ - Outlet
1007 Phase B q
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mer is as follows; primary coil gets magnetic flux at
the metal core by AC current and secondary coil gets
electromotive force. In order to get PLC communica-
tion, actual connection of wire is necessary. Primary
coil and secondary coil is not connected, so PLC com-
munication must not happen. It is impossible for PLC
communication during transformer.

Table.10. PLC communication success rate (%)

Transform | Floor
PC [ 100
No1 4F 50 [ 100
3F = 18 [ 100
2F = # 0 [100
No.2 1F — = = 4 100
Bi = = = = 0 | 100
PC | 4F | 3F | 2F [ 1F Bi
No.2 No.1

Note: PC: Computer room / Server room
-: it dose not evaluate

In order to show each route communication perfor-
mance easily, we defined load level number as Ta-
ble.11. It is trial to show PLC communication characte-
ristic by load level number.

The decision items to decide load level are 4 items;
transformer, main power lines, phase and brunch cir-
cuit as Fig.9. Load level 1 shows lowest load on the
communication route and highest communication suc-
cess rate when transmit and reception power outlets are
on the same power lines with same brunch circuit. Ac-
cording to different brunch circuit, different phase,
different main power line and different transformer,
load level becomes higher and communication be-
comes more difficult.

Actual experiment result and load level at C building

are shown as Fig.8. Black dot shows actual experiment
value and black line shows load level according to the
black dots. According as load level becomes high, PLC
communication performance becomes worse. At this
experiment, when same main power line, PLC com-
munication success rate was 100%. This was the result
because of 200V appliances which can enable the PLC
communication between different phase which PLC
does not like. There is difference between black dot
and line of Level4 and level5, but black line may be
expected to show theoretical value because the PLC
communication between different phase is worse than
same phase.
According to above result, at the relatively small build-
ing with many 200V appliances, when same main
power line, PLC will be effective communication me-
thod regardless of phase difference before level 3.

Table.11. The definition of the communication load
level in PLC

Load Levell Transform | Trunk line Phase

z|~|z[< [~
I

(=9 RV.0 B [*50 IS )
=4 B B O B B
zlzl<|<]<

Note: Quantification is defined for the load of the
course from the wall socket to the target wall
socket which transmits. Reference figure fig7
Y is in the same wiring and is yes.

N is in different wiring and is NO

10096 ——& ——&

50%

0%

1 2 3 4 5 6

Fig.8. Relation between the communication load level
and a communication performance.

Note: “&” mark is an actual measurement.
A communication performance falls in propor-
tion to the communication load level

The distribution of PER at small building is shown as
Fig.9. The total routes of this PLC experiment in these
3 buildings were 139 routes. At small building, the
frequency distribution was 64.7% with 0% error,
26.6% with 100% error and 8.7% with 0~100% error,
then these data was almost close to normal house case.

§ @ ;Z 64.7

: i—; 50 \

8 \

33

Z § 30 \ 26.6

;.3 | 2 \ 2/

5E 10 /
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Fig.9. The PLC experiment result at 3 small buildings
with total 139 case.
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We compare the PER of Fig.1 at normal houses to
the PER of Fig.9. at small buildings, then we show the
result at Table. 12. At small buildings, PER100%
number is 3.4 points lower than the PER100% of nor-
mal house and PER 0% number is 5 points higher. This
means that PLC communication performance at small
building is better than the one at normal houses. The
reason of this better performance is as follows; many
200V appliances at small building will give good
bridge function to different phase communication.

Table.12. The average value comparison of PER at
home network and small building.

PER Home Building Diff
100 30 26.6 3.4
0 60 65 5

Note: Compare to home network, PLC performance in
small building is better than home network. (%).
Diff: Difference

4.2 ZigBee performance at small bulding

Regarding RF ZigBee communication, we have done
this experiment with 500 packets with 20 sec interval.

A building locates in city center area and has relative
small windows and narrow metal stairs. Because of
iron metal door, ZigBee can not make communication
well. The communication success rate was only 8.4%.
B and C building are university building with open
wide air. The RF ZigBee rate of B building was 603%
and C was 48.6%. Near by stairs, the ZigBee commu-
nication between floors was OK and we got nice RF
communication performance. The actual experiment
value of RF communication in B building was showed
by Fig.10.
At the university building with wide open air, ZigBee
can communicate even between 2 floors with high
communication success rates. ZigBee communication
performance in small buildings is affected much by
wall density and material
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Fig.10. The ZigBee communication success rate from
4th floor to other floors at B building. Near stair
place, the communication perforance is still OK

even between 2 floors distance.

4.3 The performance of Mutual comple-
ment Communication system by Wired
and Wireless

After actual experiment, we found that Mutual com-
plement Communication system by Wired and Wire-
less originally for home network is still effective for
relatively small building.

As A building with only 1 transformer shows, wired
PLC communication can be effective highly. But it is
difficult for the buildings with multiple transformers to
have good PLC communications under multiple trans-
former and main power lines. Especially, through dif-
ferent transformer, it was impossible to have PLC
communication.

From this experiment, Regarding PLC communica-
tion, in order to solve multiple transformer problems
and main power line problems, ZigBee communication
at the open air and stair place must be effective and
Mutual complement Communication system by Wired
and Wireless shown on Table.7 must be effective at
relative small buildings. Moreover, as shown in Fig.11,
compared with the home, it has checked that the varia-
tion in a communication performance was also large.
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Fig.11 The difference in the communication (PLC and
Zigbee) performance of a small building and a
home.A small building has the large distribu-

tion of a communication performance.

5 CONCLUSION

We have done actual experiment in order to adapt
Mutual complement Communication system by Wired
and Wireless originally for home network to 3 small
buildings. As the result, we found that Mutual com-
plement Communication system by Wired and Wire-
less originally is still effective for relatively small
building without any additional modification about
communication environment. We also found that in
small building there are more difference in communi-
cation performance by wired and wireless compare to
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home network. In wired, multiple transformers will
affect to communication performance.

On the other hand, 200V business professional
kitchen system and business fluorescent lamp will give
good affect to wired PLC communication. As for Zig-
Bee communication, from the security reason, small
builfding’s door and windows are small and metarised,
therefore the ZigBee communication will get worse
performance . From above result, the performance of
mutual complement Communication system by Wired
and Wireless in buldings is different from the one of
normal home as following 2 two items;

The first item as for PLC, it is impossible between
multiple transformers to have PLC communication. On
the other hand, 200V appliances as “bridge function”
will help PLC high performance communication be-
tween each floor’s distribution panels and different
phase.

The 2nd item ,the ZigBee communication area is rela-
tive narrow. Only within room distance and same floor
level with good condition. Also at stair portion and
open air, we can expect higher communication perfor-
mance, almost equal to 100%.

Regarding the adaptation Mutual complement
Communication system by Wired and Wireless to
small building, from our actual experiment, the PLC
communication with bad performance by multiple
transformer and main power lines must be gated by
ZigBee communication. In normal home network, we
do not need to consider this issue. But in small build-
ings, we must consider this gating. Regarding gating
position, there must be open air position or stair posi-
tion in the bulding. We must put the gate function to
bridge PLC and ZigBee at power outlet position for
network communication at each floor.

In normal home network, we do not need to consider

any additional equipment regarding Mutual comple-
ment Communication system by Wired and Wireless,
but in the building case, we must put special node out-
let with PLC and ZigBee function. At this report, we
have determined communication load level regarding
PLC communication, furthermore in order that this
value becomes more and more, we must pay attention
more about PLC communication. Also regarding Zig-
Bee, we would like to determine ZigBee communica-
tion load level from now on.
At relative small buildings, there are 4 or 5 routes like
power lines, internet lines, security lines, TV lines,
telephone lines and so on. It is important to monitor
these lines and to integrate these lines, therefore we
believe that Mutual complement Communication sys-
tem by Wired and Wireless must be beneficial for these
integration.

By this study, the important characteristic at the
time of being adapted for a home in this mutual com-
plement network was able to be known. When floor
area and a class increase, as for Zig-bee of wireless

communications, a communication performance falls
remarkably by becoming a small building, so that more
clearly than Fig.11. However, PLC of wired communi-
cations can expect improvement in the communication
performance by 200v apparatus, if the fall of the cha-
racteristic by the increase in a transformer is removed.
By these, evaluation of this mutual complement net-
work to a small building can be understood that an ef-
fective thing is shown, if addition of the transformer of
supply electric power is removed also in a still larger
dwelling to application at home.
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