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Three Regular Services

Determination & Supply of Type Approval & Calibration
the Standard Time and Frequency of Wireless Equipments
Highly Precise L T - (In Fiscal Year 1989)
Japan Standard Time £ ..~ o 4] *Type Approval:
(Error rate: one second [PtSEEEEL 153
per 1.7 million years) : # Calibration:
- i 155
dpueaby cuinuec
SESIUT TP, .
slandarc
*Transmission Freq:  Regular Observation of Ionosphere
40 kHz & Space Environment Info. Service
#rTransmission Output: .
50 kW #*Regular Observation of lonosphere
YrLocation: by four radio-wave observatories
* Fukushima Pref. in Japan and the Showa Base in
4 new S1andara radh. wave the Antarctic for about 60 years.
TANSMISSIO CBnte  war YSpace Environment Info. Service

1 Deoasadeys

COMANCATENS
wht w REDEARCH
- ABORATORY

23tebish
3

caide T
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( CRL Budget in FY 2000

Personnel,

e . Next-Generation
Administrations, etc o
5.40 B Yen (22% Telecommunication

Regular .34 B Yen (22%)
Services \
0.34 B Yen (1%)
e Total Regular Budget \——z=

24.09 Billion Yen
(225 Million $)

0

Basic ResearcHo

Electromagnetic Radio Communications
Measurement & 6.35 B Yen (26%)
Environment Info

4.50 B Yen ( 19%j , Unit: Billion Yen] one
CABCRATCRY

B —




Number of Personnel

in FY 2000
Administration

112 (26%)

| As of October 31, 2000

Research

315 (74%)

m Number of Ph.D. holders: 171
m Number of researchers
of foreign nationalities: 14
China: 9 (including one section chief)
Korea, Austria, Bangladesh,

Netherlands, and Iran: one each w i
- ASCRATDRY

S
B =

ﬁ

Number of Visiting Researchers

Foreign Researchers oth Domestic Researchers
94 (31.4%) ore 205 (68.6%)

0 4
wn Undergraduate
STA (17 (41)

(39) _ ~

. Graduate
MPT (48)
(34)
Short-Term

Resea ow. etc
(101)

Total Number in FY 1999: 299

\
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NTT MULTIMEDIA CENTER in TOKYO

INTRANET VoIP
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Open from 9:30 a.m. to 5:00 p.m.
Closed on weekends and holidays

For reservations and information,
Tel. 0120-191921 (Toll free)

Reservations accepted from 9:00 a.m. to 5:00 p.nu.

Kasumigaseki Bldg., 30th FL,

2-5, Kasummgaseki 3-chome, Chiyoda-ku,
Tokyo 100-6030 Japan

Nearest Stations:

@ Three minuees” walk from Exit 5 of Toranomoen Station on
the Ginza Subway Line

® Seven minutes’ walk from Exat A13 of Kasumigaseki Stanon
on the Hibiya and Chiyoda Subway Lines

@ Eight minutes’ walk from Exit A4 of Kasumigaseki Station
on the Marunouchi Subway Line

@ Thirteen munutes’ walk from Uchisaiwai-cho Station
on the Mira Subway Line

@ Fifieen minutes” walk from Shimbashi Station on the JR Line
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in Review

Fiscal 1999 was a year that saw major transformations in the
field of information communications, in Japan and throughout
the world. In March 2000, the number of mobile phone sub-
scribers in Japan exceeded the number of fixed analog phone
subscribers. NTT DoCoMo's "i-mode" service —=which allows
users to connect to the Internet via a cellular phone- was initi-
ated in February 1999, and within just over a year, by March
2000, it had recorded over 5.6 million users. ISDN subscribers,
meanwhile, had exceeded 7.4 million by this time. As these and
other trends indicate, the "Internet population® in Japan, which
is already estimated at over 27 million, is even now increasing
at a rapid pace. These changes have made fiscal 1999 a year
that will go down in the history of NTT, because income from
mabile telephone and data communication services exceeded
income from fixed analog telephones for the first time. In addi-
tion, amid the momentous changes that characterize the IT revo-
lution, emerging Net businesses are enjoying rapid growth -
particularly in the United States—~ and there is a growing trend in
Japan as well toward mergers and tie-ups between such new
Internet businesses and major media corporations.

In terms of NTT itself, a reorganization was performed in July
1999, and a new system was instituted under a pure holding
company. Targeting a transformation from traditional telephone-
oriented companies to a "Global Information Sharing Corporate
Group," the NTT Group Three-Year Business plan, announced
in April 2000, expresses the Group's determination to actively
promote the IT revolution in Japan, by improving the speed,
economy, and diversity of networks and [P-based services.
Given this background, the Holding Company fulfills an extremely
important role in terms of carrying responsibility for the strate-
gies of the entire NTT Group and conducting its own research
and development activities. While the R&D divisions in the op-
erating companies of NTT Group conduct R&D related to ser-
vices and applications that are close to the customer, the Labo-
ratories of the Holding Company are responsibie for R&D re-
lated to basic, elemental, common technologies, and other ar-
eas that will become the foundation for future activities,

Let us review briefly the R&D activities that have taken place
over the past year. First of all, in the field of communication
networks, NTT developed the world's first multi-chip module for
ATM* switches —allowing direct input and output of optical ATM
cell signals- and made significant progress toward the estab-
lishment of a super high-speed optical network exceeding speeds
in the terabit class. In October 1999, we began tests of an "adapt-
able network” —a network that can adapt itself flexibly to increas-
ingly diverse and complex user needs and network services,
and to ever-changing communication-related demand.

In the field of information sharing platforms, we have devel-
oped a number of security technologies that are essential to
both e-commerce and "e-government." Among these are Prov-
ably Secure Elliptic Curve encryption (PSEC), the Optimal Ex-
tension Field operation method (OEF; the world's fastest Elliptic
Curve encryption method), and the next-generation common-
key encryption method "Camellia". Camellia, which was devel-
oped jointly with Mitsubishi Electric Corp., achieves high effi-
ciency and the highest level of security in the world. In terms of
efforts related to the next-generation Internet, NTT was certi-
fied in September 1999 as a "sub Top Level Aggregator
(subTLA)," the highest-level of backbone provider using IPv6
protocol, and has made prograss toward the establishment of
the IPv6 network.

SR S SN
k> DAL PN

Seniar Executive Vice President
Yusuke Tachibana

In the field of content applications, terminals, and software,
we have promoted the creation of a foundation for easy gener-
ating, processing, and sharing of video contents. For example,
we developed "CyberCoaster,” which allows the user to interac-
tively manipulate objects within an image, and created a PC
card version of the real-time MPEG-2 encoder. In addition, NTT
is participating in the Content ID Forum, which is drafting a frame-
work to protect copyrights while promoting secondary applica-
tions of digital contents.

In the area of fundamental research, NTT conducted high-
gain, low-noise optical amplification tests that redefine the quan-
tum limits of traditional optical amplifiers through the use of co-
herent optical amplification technologies. We were the first in
the world to succeed in developing semiconductor optical inte-
grated circuits that integrate high-performance semi-conductor
optical filters and multiple optical detectors into a single chip,
thus promoting the development of optical communication tech-
nologies as well as reductions in both the cost and the size of
related devices. NTT has also promoted research and develop-
ment into fundamental and elemental technologies aimed at rais-
ing the level of information sharing services, for example by de-
veloping technologies to integrate single-electron transistors
whose power consumption is around 1/100,000th of conven-
tional units, and by developing Dialog Understanding and Gen-
eration-1 (QUG-1), a computer that responds adaptively to hu-
man speech.

The year 2000 will see the beginning of optical fiber access
services with maximum speeds of 10Mbit/s, as well as major
advances for the NTT Group as a Global Information Sharing
Corporation. We will create information sharing services for the
21st century incorporating information sharing platforms, con-
tents, and terminals over the networks, and actively promote
R&D activities aimed at making NTT the Center of Excellence
for the NTT Group and for the world, to ensure that the fruits of
our R&D efforts can be put to use at all levels of society.

We look forward to your continued guidance and support.

" ATM: Asynchronous Transfer Mode
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NTT R&D Vision

Aiming to achieve information sharing service
&} The Three Key Concepts for R&D
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* DoPN: Data over Photonic Network
In aiming to achieve and develop information sharing services, NTT is carrying out R&D activities
based on three principal concepts:
(1) Data over Photonic Network (DoPN)

Provide flexible network services based on photonic technologies to respond to a wide variety of
needs, both present and future.

(2) Rich Internet

Provide safe, secure, convenient and comfortable service solutions for content and applications
businesses via an enriched Internet.

(3) Seamless, full, and global

Provide integrated seamless services such as convergence of telecommunications and broadcast,
and convergence of fixed and mobile services; unified full services from networks to applications; and
increasingly globalized services.

{5} R&D Technology Fields
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Content, Application
~~ Technologies

Technologies for advancing and supporting the sharing of mass-media
contents, including broadcasts, advertisements, music and games, over

networks.
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An Interactive Image Interface (CyberCoaster)

In conventional video systems, it is necessary to use the slow and
cumbersome fast-forward or reverse functions to search for scenes
one wants to see. Using these functions can be rather irritating to
users; if they wish to closely study a golfer's swing, for example, they
have to keep manipulating the buttons on the remote controller, now
running past the scene in one direction, now rewinding past it in the
other.

The CyberCoaster interface we have developed provides a wel-
come contrast in usage. It enables users to reproduce video images
intuitively, by allowing them to feel just as if they could take hold of the
things portrayed in the video and move them about themselves. In
the golf swing example, they can feel like they are the one grasping
the club and swinging it.

The CyberCoaster mechanism involves a broken-line slider buried
in the video that allows users to move video frames forward and back-
ward by inputting commands with a mouse or push-button panel.
Furthermore, sound can be reproduced and relevant Web pages can
be displayed along with the video. With its combination of the fea-
tures of a clickable map and slider, the interface has an extremely
wide field of application.

One example application is the creation of "moveable” automobile
catalogs, i.e. one in which the doors, hood, etc. of the cars can be
opened and closed. Other possible applications, all of them based on
realistic interactive image contents, include the making of teaching
tools like anima! picture books or scientific experiments, operational
manuals for equipment, form-check tools for sports usage, and games
that allow them to participate in adventures like treasure hunts.

Because the interface runs on general Web browsers that drive
Java, it can be made available to a great many users to easily provide
them with services such as the ability to make payments electroni-
cally. Furthermore, its specialized editing software supports linked
operations from video incorporation to Web page creation, making it
possible for any user to create interactive image contents and put
them on the Internet.

(Cyber Solutions Laboratories)

Contents creation and distribution with CyberCoaster
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Content, Application Technologies

Image Cataloging System farJ‘Browsing and
Searching a Large Volume of Images

As a result of the decreasing cost of digital cameras and image
scanners, more and more a large volume of digital images are being
created, and how to easily organize and search large numbers of
image files is becoming an important problem. Conventionally, text
tags are attached to individual images manually after the images are
acquired and search is done on the basis of key words. That requires
considerable trouble to be taken 1o register images and also results in
cases where the desired image cannot be found because of the dif-
ferent personal methods and standards for tagging images. Search
technology based on image content, such as using the color blue as a
picture feature to retrieve images containing views of the sea, has
been proposed as a solution to these problems.

To achieve more accurate search results, this system performs
searches on the basis of objects that appear in the images, such as
“human face", dominant lines such as "horizontal line", and terms that
express feelings, such as "elegant.” These image features are ex-
tracted automatically by the system when the image is registered. In
addition, the system employs a search engine that has a high-dimen-
sional database indexing function built in to allow high-speed retrieval.

This system also makes it possible to construct an image catalog
for efficient browsing of large-volume image databases by means of
image features. The image catalog can be browsed with a Web
browser, digital book, or other such means. By therefore treating this
image catalog and image search function as a book's table of con-
tenis and index, respectively, and using them in a linked manner, we
have implemented an efficient large-volume image cataloging sys-
tem.

The overall image coloring and hotizontal line features are suitable
for scenic photographs, pattern direction and coarseness features are
suitable for textile or cloth catalog photographs, and color and shape
features of the photographic subject are suitable for commercial prod-
uct photograph catalogs, sample photographs, and ordinary snap-
shots. This system has a wide area of application, including the sell-
ing of images by electronic commerce, electronic catalogs, distance
education, digital museums and so on.

(Cyber Space Laboratories)
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Live Broadcasts that Notify Users of their
Preferred Scenes (LiveWatch)

Research and development is presently being conducted on inter-
active video for next generation digital and Internet broadcasts.

With conventional live broadcasts, there is no way of knowing what
and when events will occur. Viewers must therefore watch the broad-
cast until the scene they want to see is shown. NTT Laboratories
have developed "LiveWatch”, an interactive live broadcast system with
a function that notifies viewers of their preferred scenes. With
LiveWatch, each user can be notified when the scene they have des-
ignated, such as a home run or the play of a favorite player during
baseball broadcasts, is imminent. Users will never again miss their
desired scenes.

During Internet live broadcasts using LiveWatch, sermantic infor-
mation describing the live situation related to constantly changing
conditions is transmitted from the server to the client in addition to
streaming live video. In the case of baseball broadcasts, these con-
stantly changing conditions refer to the count (strike, ball, out), in-
nings and the player in the batter's box. The client application deter-
mines which scenes the user has pre-selected based on semantic
information sent from the server. The user is then notified when these
scenes are imminent. Users can select the notification method, ei-
ther a sound or twinkling of the application, and it is possible to have
the video to start up automatically at the same time notification is
given. In addition, by changing the semantic information for relayed
into a visual format displayed as an icon, live situations can be repre-
sented in an easy-to-understand manner on the client screen.

At the 81st All Japan High School Baseball Tournament in the sum-
mer of 1999, we used baseball games to test a LiveWatch Internet
live broadeast with Asahi Broadeasting Corporation. For this broad-
cast, a prototype system was constructed using SoftwareVision, NTT's
video distribution technology, and SVMV’, scenario distribution tech-
nology for the distribution of semantic information, with the client ap-
plication created in Java.

In the future, a variety of live broadcasts will be targeted for
LiveWatch application.

(Cyber Solutions Laboratories)

* SVMV: SoftwareVision Multi-Vision
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Knowledge Portal System (TITAN/KP) Using
Company-Wide Information

With the advances and spread of personal computers, in business,
it has become easy to create and store materfals electronically. This
material can therefore be practically used on a daily basis by anyone
in the department in which it was made. However, it is not yet pos-
sible for other branches or the whole company to access this mate-
rial.

TITAN/KP' is a "knowledge portal" that enables users to transcend
the barriers between departments so that they can share information.
It has the following technical features.

(1) Information disclosure by means of a simple template (upload
server)

Proposals, manuals, and other business documents can be posted
on the WWW by a simple operation. And the author's name and the
document classification are added so that the document can be re-
trieved at a later date.

(2) Comprehensive information retrieval (portalization)

A "web robot" automatically gathers and retrieves information from
the upload server and the WWW servers for intranets and the Internet.
The robot uses the attributes added at the upload server or the docu-
ment contents in order 1o retrieve the document file. As a result, any
existing documents in the whole company can, in effect, be "seamlessly
retrieved".

(3) Flexible control of access

Access to document information and document files posted at the
upload server can be restricted. The restrictions can apply to whole
documents or bibliographies of documents. This means that restricted
document files can still be retrieved even though they cannot be ac-
cessed. In other words, disclosure of documents on the portal sys-
tem can be flexibly restricted.

The above three features of TITAN/KP ensure that knowledge and
information is systematically organized and therefore shared efficiently.

In the future, it is planned to expand, for example, the access con-
trol and to provide individually customized screens in order to create
a so-called "company-wide knowledge portal®.

(Cyber Space Laboratories)
" TITAN/KP: Total Information Traverse Agent/Knowledge Portal
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Atmospheric Environment Monitoring System
Using a Network

NTT continues to tackle environmental challenges. The present
Basic Environmental Act targets seven environmental categories —
(1) air pollution, (2) water pollution, (3) contamination, (4) noise pollu-
tion, (5) vibration, (6) land subsidence, and (7) offensive odors. Air
pollution is identified as the most important category, and the act sets
environmental standards for five pollutant substances —sulfur diox-
ide, carbon monoxide, suspended particulate materials, nitrogen di-
oxide and photochemical oxidants— and expects these standards to
be maintained. Of these five substances, nitrogen dioxide is the most
difficult to curtail as its major emission source is motor vehicles, and
many areas have not as yet met the required numerical standard (65%
achievement rate as of 1897). Moreover, as the emission source is
mobile, there are indications that nitrogen dioxide concentrations are
highly location dependent. However, existing measuring systems are
problematic in reducing nitrogen dioxide as they are large and expen-
sive, and can not be installed freely nor detect detailed conditions.

NTT has proposed and developed an atmospheric environment
monitoring system that measures nitrogen dioxide concentrations using
simple, minjature sensors linked by a network that simultaneously
provides information on multiple locations. This monitoring system
has been achieved through the use of nitrogen dioxide concentration
detection elements and measuring devices developed by NTT. A de-
tection element and measuring device form the network terminal, which
can be easily installed wherever the users wants to measure nitrogen
dioxide levels. The terminal is considered one systerm and up to 100
systems can be installed to provide detailed concentrate information.
The measurement values from each terminal are sent via wire or ra-
dio circuits to a center PC installed in the desired location. The nitro-
gen dioxide concentrates at each measurement site can be moni-
tored in real-time for changes over time.

This system has been employed by a joint project conducted by
Iwate Prefecture, United Nations University and NTT, and its opera-
tion throughout the year is checked. Results are reported and up-
dated whenever necessary on the project's homepage.
(http://www.ias.unu.edu/ecology/)

(Lifestyle and Environmental Technology Laboratories)
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Pollen Information System for Use of Detailed
Pollen Reports in Networks

NTT Laboratories are moving forward with the development of an interac-
tive, network-based service that will allow applications of the latest pollen
reports and other living environment information, anytime, anywhere. For the
prototype system, we will install a laser-light scattenng particle counter -modi-
fied for pollen counting— in a clean environment near a cedar forest, which is
a source of cedar pollen. This device will conduct periedic, real-time tabula-
tion of the number of pollen particles floating in the air under low-noise condi-
tions. Measured values will be transmitted to a remote server via a network,
using which we will create a pollen database. Based on meteorological data
such as wind direction, wind strength, and temperature, the remote server
will conduct a computer analysis of how the pollen released from the cedar
forest will be bome by air currents, and to which metropolitan areas or other
populated areas the pollen will be carried. The results of this analysis will be
processed into "pollen reports” and other information contents, which users
will be able to access interactively via portable phones or the internet.

Alang with the changes In living environments and lifestyle pattems in re-
cent years, cases of hay fever and other allergies have been increasing with
each passing year. The number of persons suffering from hay fever is said to
be about one in ten on a national average, or an estimated 15 million people.
Arr pollution is one inducing factor ~the number of sufferers in the Kanto and
Kansai regions exceeds the national average- and there is also a trend to-
ward a widening age range of these sufferers nationwide. According to medi-
cal institutions, the most advisable means of preventing hay fever symptorns
is to avoid allowing pollen to enter the body. The pollen reports included in
current weather reports use very basic data measured from visual observa-
tion under a microscope, and as a result numerous problems arise, including
the accuracy of the data and the speed with which this data is distributed.

We are working toward the development of technologies that will allow
users to access the latest pollen-related information interactively through vari-
ous types of media. We will apply sensor measurement technologies, com-
puter analysis technologies, and Intemet technologies to provide information
that is even more detailed, both in terms of time and location, as part of our
efforts to develop systerns that are useful to soclety and that contribute to
improved quality of life.

(Lifestyle and Environmental Technology Laboratories)
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-ﬂ. from Yakao '

Current sollen level
Yesterday s peilen level

Service Image

MNew Systern
Bgller weaneg s
compter 171,55

oG on er

Data
How do veu ‘sel?
Help

Inquiries
Mayt

Fw———— E] Farly high
] |yser igcaton gmectan | | [ L [] +ign
Report of symploms by ] Y d
i Very tugh
U .
‘_,_._‘-———""'" ey B
=, B Hib e
0 NE I
& LA N )

Pollen zansar
* Instalied at pollen souce

* Partcies of pallen sze dotocind Hospitals sehool research msitutes el

Example of an i-mode display




_ \—J J"
InfermatmrrSharmg
- “"“““ Platf JFm Technologies

Teéﬁnologles for achieving common functions essential to content
- ‘sharing business and electronic commerce such as copyright
management, electronic settlement, and information delivery.
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Development and Introduction of GMN-CL
(IP-VPN Service)

With the approaching advanced information society, there is growing de-
mand for high-speed transfer of voice, video, and other types of data for corpo-
rate networks and personal communication. That demand has created the
need to provide broadband, highly-secure, and high-quality communicaticn
for various types of information at low cost.

GMN-CL responds to that need by using the Intemet protocal (IP) to con-
struct corporate intranets and other such private networks (IP-VPN?). The
features of GMN-CL are listed below.

(1) When an ATM? is used for the infrastructure network, the guaranteed qual-
ity of service and high-speed data transfer functions provided by the ATM can
be used at the IP level.

(2) In the Core Network, communication 1s conducted by a Core Protocol that
incorporates MPLS™ technology, so high-speed packet transmission process-
ing in which labels are used is possible, and additional services that feature
high quality and reliability are possible as well. In case that an ATM is used for
the infrastructure network, interworking between the Care Protocol and the
ATM enables elaborate QoS™ control.

(3) The Core Network is managed by the carrier using Core Addresses, which
are different frorn the IP addresses, so from the outside it appears as a single
virtual router. In this way, a high degree of security is ensured.

GMN-CL comprises a transmission control system, which transmits IP pack-
ets at high speed and with high quality, an advanced service system that makes
it possible to provide sophisticated services, and an integrated management
system that manages the GMN-CL network as a whole. Development is done
within that framework. The transmission control system specifications are for
Track I procurement to make full use of on-the-market technology. The ad-
vanced service system and integrated management system were developed
in-house as differentiated items. This year, the system was introduced into
NTT Communications' Arcstar21 and is being used in various industries, in-
cluding the automobile industry, insurance industry, and distribution industry.
Moreover, the introduction to NTT East and NTT West and the Information
Highway in municipal corporations is also being planned. NTT Laboratories
will continue in the future to add various functions and to strive to improve
reliability, quality, and service content in response to the needs of NTT Group
corporations while also contributing to standardization activities such as IETF®.

(Information Sharing Platform Laboratories)
" GMN-CL. Connectionless Networking Technologies for Global Mega-media Networks
"2 IP-VPN: Intemet Protocol-Virtual Private Network
"3 ATM: Asynchronous Transfer Mode
" MPLS: Mult-Protocol Label Switching
S QoS: Quality of Service
"8 |ETF: Internet Engineenng Task Force
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Information Sharing Platform Technologies
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Scalable Information Collection/Retrieval Server for
SOHO to Portal Site Needs (InfoBee/Evangelist)

With the increasing use of computers and the Internet in recent
years, the amount of information stored in electronic form has ex-
panded rapidly. As a result, data collecting and searching technolo-
gies are becoming increasingly important for helping network users
locate the information they need from the vast amounts of data on the
network. One particularly hoped-for development is that of technolo-
gies with enough scalability to keep up with the rapidly expanding
scale on which data is being stored.

To help address these needs, we have used PC cluster technology
to develop “InfoBee/Evangelist”’, an information collection and search
server that comprises multiple computers working together to form a
single large computer system. InfoBee/Evangelist is composed of
crawlers that collect data from the Internet, intranets and other net-
works, and search engines that conduct fast and accurate searches
by creating word indexes from compiled data.

Multiple computers working together enabile the system's crawlers
to search out WWW data links with a high degree of efficiency; the
result is that an extremely large volume of document data is collected
within a short period of time. Collected docurment data is divided into
multiple blocks, each of which is then sent to a search engine that will
handle it. When the search engines receive the conditions for making
a search, they start operating in parallel and the search results they
obtain are merged so that a final search result is created and output.

Since both crawlers and search engines have distributed and co-
operative architecture, InfoBee/Evangelist achieves superior scalability
hoth in terms of throughput and the scale of document data to be
processed. It provides users with a wide data search solution range,
from in-house databases like SOHO" and other small- and middle-
scale databases to the large-scale search services available through
Internet portal sites. The InfoBee/Evangelist system is now being
used at the OCNnavi (NTT Communications) and g00 (NTT-ME In-
formation Xing) Internet portal sites.

(Cyber Solutions Laboratories)
" SOHO: Small Qffice Home Qffice
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Yokosuka City Service Card System

The Yokosuka City Service Card System aims to allow users easy
access to government and private services through the use of a spe-
cial multipurpose IC card (provisionally named the "Yokosuka City Ser-
vice Card"). The card will be able to be used to obtain services in such
diverse areas as transportation, medicine, finance, insurance, and so-
cial welfare. Developed with the objective of making city fife easier, the
system was test-demonstrated in Yokosuka during the period of July-
December 1999, Specific services provided in the test were (1) man-
aging a personnel database and automating contacts for the support of
NPO™ activities and (2) making reservations at public facilities through
the use of the Internet and kiosk terminals.

The system, jointly developed by NTT Laboratories, NTT Communi-
cations, and NTT East, is an electronic society base system with public
key infrastructure and 1C card. 1t combines an IC card (Elwise Card), a
coding library (ISEC™), and an electronic certification authority (CANP)
previously developed by NTT Laboratories.

The multipurpose IC card used in the system has a high-capacity
512-Kbyte memory, and it is possible to make additions or substitu-
tions to the card's program content. In the demonstration test of the
system, an ESIGN™ secret key for the user was housed in the card to
enable users to be authenticated. This card was also used for indi-
vidual usage data storage, and the data compiled during the six-month
test verified the system's practicality. Additionally, we used on trial a
local government's homepage search engine which categorizes pages
in a search result by using the search engine TITAN™ and a data clas-
sification system.

In future work, we will use the results obtained so far to develop an
information system for community use and to make the government
system electronic.

(Service Integration Laboratories, Lifestyle and Environmental
Technology Laboratories, Information Sharing Platform
Laboratories, Cyber Space Laboratories)
" NPO: Non-Profit Qrganization
2 ]SEC: Cryptography and Information Security Library
“ CANP: Certification Authority for Network Policy
* ESIGN: Efficient Digiral S1GNature Scheme
 TITAN: Total Information Traverse Agent

The City Service Card System’s website top page and IC card
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Content Distribution Using Content ID and
Digital Watermark Technologies

As a result of the popularization of the Internet and improvements
in digital encoding technologies for image and sound data, there has
been a trend toward laying out the conditions for easy distribution of
digital content via networks. Despite this situation, however, there
are a number of problems that are resulting in a tendency to avoid
content distribution, including the inability to send copyrighted materi-
als over networks without anxiety due to digital media being charac-
teristically "easy to copy without loss of quality.”

In order to respond to this situation, we have proposed a distribu-
tion framework, through the activities of the Content ID Forum (Chair-
man: Professor H. Yasuda, Tokyo University; established in August
1999 to promote standardization and defacto standardization of con-
tent ID), to protect copyrights while promaoting the reuse of digital con-
tent. This can be accomplished by using digital watermark technolo-
gies to allot a unigue copyright code (content ID) to each item of digi-
tal content. A first-stage prototype system based on this framework
has already been completed.

In this system —as illustrated in the distribution model (Content (D
Forum compliant) diagram- the copyright holder registers the content
in the IPR-DB’ of the Content 1D Center, and a unique ID is embed-
ded in the content using digital watermark ifechnology. The copyright
helder gives the copyright user a license for use with regard to rights
and distribution by way of a Distributed Content Descriptor (DCD).
The copyright user combines the DCD and the content with embed-
ded ID, and provides (or sells) the content to the buyer. Because the
ID is embedded in the content, it is easy to detect the ID and conduct
an illegal use check in the event that the content is used illegally.

In the future, we will combine this technology with usage limitation
technologies and payment/accounting technologies, as part of con-
tinuing efforts geared toward developments into content distribution
platform operations. A number of tests related to content applications
—in cooperation with image and music creators as well as content
providers- are scheduled to be conducted from June 2000 in order to
verify the effectiveness of this system.

(Cyber Solutions Laboratories)
" 1PRA-DB: Intellectual Property Rights-DataBase

A distribution model that promotes the re-use of digital contents while protect-
ing copyrights, through the use of digital watermark technology
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The CANP Certification Authority System

To allow safe conduct of EC™ and EDI® over a network, it is neces-
sary to protect important data from wiretapping or tampering by using
cryptography. Generally, digital signatures based on the public-key
cryptosystem are being used, but they are subject to attack by spoof-
ing, so it is necessary that the owner of a public key be certified by a
trusted third party. This mechanism is implemented as a certification
organization that is called a CA®, which issues and manages certifi-
cates that serve to authenticate the identity of the certificate owner
over the network and distributes certificates upon retrieval requests
from the other party in a communication.

NTT Laboratories have developed the CANP™ Certification Author-
ity system, aiming at a highly reliable CA that can be applied to a
large-scale intranet or extranet,

CANP uses the domestic encryption method ESIGN in addition to
the world-standard RSA™ encryption, so this CA system can be used
to construct a highly reliable communication environment that is not
governed by the encryption policies of other countries. Furthermore,
because the system supports the world's fastest tamper-free dedi-
cated digital signature equipment and has a function for the batch
issuing of certificates, it is capable of safe, high-speed processing of
large volumes of applications. Mareover, because the system imple-
ments a real-time certificate validation checking function by means of
an HTTP interface, it can also be applied to systems that require
authentication that is both large in scale and strict, such as electronic
administration. CANP has so far already been applied in the On-line
Application and Electronic Content Identification System, the Yokosuka
City Universal Card Systemn, and other systems.

In future, with the objective of expanding the application areas of
CANP, we plan to proceed with research and development of technol-
ogy for operating multiple different CAs on a single CA server and
technology for the hierarchical certification and cross-certification
among multiple CAs that is required for electronic administration ap-
plications.

(Information Sharing Platform Laboratories)
" EC: Electronic Commerce
2 EDI: Electronic Data |nterchange
" CA: Certification Authority
™ CANP: Certification Authority for Network Policy
s RSA: Rivest-Shamir-Adlernan Scheme
® HTTP: Hypertext Transfer Protocal
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Information Sharing Platform Technologies

Development of the Right Commerce Platform
"Infoket/InfoBind Ver1.0"

In arder to allow content owners to distribute contents without fear
of their being misused, we have developed the right commerce plat-
form “Infoket/InfoBind Ver1.0". The platform prevents misuse of con-
tents by encrypting them and providing a key that allows them to be
decrypted. The contents are sent {0 in encrypted form to users, who
can then have the decrypting key sent to them by using an unalter-
able ID they have on a memory medium such as SmartMedia. The
user must have such an ID to decrypt the contents, and this makes it
impossible to copy contents onto another personal computer or
memeory medium after purchasing them. Since providers are able to
encrypt the contents themselves, they can provide the contents to
users without any plain contents flowing over the network. Eaves-
dropping and forging of contents during distribution is also prevented,
and thus a high degree of content security is achieved.

The platform is already in service, and is currently being used to
protect the security of distributed music contents. In July 1999 it was
put into commercial use for the first time, as part of the SolidAudia
music playback terminal. [t is also being used in the BaySide con-
tents distribution mali.

For the future, we envision increasingly diversified usage of the
platform, not only with music distribution systems, but also for distnb-
uting a wide range of digital-content items such as document-reading
services, English-language teaching materials and moving images

(Information Sharing Platform Laboratories)

Qverview of right commerce platform ver1.0
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A Highly Reliable, Low-Cost, High-Efficiency
Content Transfer System for Industrial Extranets

Accompanying the acceleration in business activity and increasing
importance of information in those activities, there is a growing de-
mand for a system that can deliver large-volume digital data quickly,
safely, and surely. Conventionally, Internet file transfer services or
specialized systems that employ file transfer middle-ware have been
used, but it has been difficult to fully satisty requirements such as
abundant delivery functions, safe and certain delivery, easy
interworking with application programs, and the efficient use of net-
works,

In response to such requirements, NTT Laboratories have devel-
oped a system that efficiently transfers digital content over a network
via a transfer server. This system implements safe, certain and effi-
cient delivery by providing a function for reporting the status of the
information content to the sender, a function for restarting a transmis-
sion at the point where it was interrupted, a multicasting function in
which the same data is sent to multiple receiving points simuitaneously,
an on-the-fly transfer function in which data is transmitted on immedi-
ately after it is received, and other such functions. In addition, func-
tions for compression of multiple files or directories for transfer to-
gether in a single transmission, encryption, and the attachment of 'job
tickets' that specify automatic execution of processing are also avail-
able. By providing an open API" and well-equipped SDK™ for these
numerous data delivery functions, this system facilitates use in coop-
eration with user application programs.

A highly efficient digital content transfer system that has the kinds
of functions described above can be used to construct and advanced
extranet service through the interworking of application programs for
a variety of industries that involve the delivery of large-volume data,
such as the printing industry, the construction industry, and the broad-
casting industry. A commercial service in which this system applied in
a platformn for the printing, advertising and publishing industry will be-
gin in the year 2000.

In future, we plan to implement a digital content transfer services
that offer a variety of quality classes by increasing the number of in-
stalled transfer servers in the network and management of the band-
width of the communication lines that connect the servers.

(Information Sharing Platform Laboratories)
" AP!: Application Program Interface
2 SDK: Software Development Kit

Qutline of high-efficiency content transfer service
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UPT Services Based on Advanced Intelligent
Network (AIN) Technologies

We are seeing the arrival of an era of personal communications marked by a rapid
popularization of portable telephanes. Persons on the receiving end of calls, mean-
while, are finding it desirable to have a choice of connecting calls to the registered
destination, or of accepting or rejecting calls depending on the conditions at the time.
We have thus developed a UPT' service that allots a personal number to each cus-
tomer, extending across multiple networks (fixed and portable telephones, PHS, ete.) to
allow customers 1o select call destinations, or fo have the choice of either rejecting —or
storing at a message center— calls that they do not wish to take at that particular time.

This service successfully combines the following three functions: (1) a function that
bills the customer for the calling charge; (2) & function that advises the customer that a
message has been stored at the message center; and (3) a customer control function
that allows the customer to register the call destination via a telephone network or the
Intemet.

Among the AIN components, a service control node (MHN-SCP) and a service
management node (SMS™ (MG/OP)) operates based on a tie-up between platform
functions common to various services and service-specific programs (SLP/MLPS/OLP™),

The SLP is located in the MHN-SCP to achieve service-specific connection control
functions. We have applied the INAP” signaling scheme, which has been accepted as
a standard by both [TU-T® and TTC", as the signaling scheme between the switch and
the MHN-SCP. The MLP and OLP are located in the SMS (MG/OP). These allows
contract information management functions and service operation condition manage-
ment functions such as traffic data collection. By developing these service-specific
programs, we have made it possible to develop these services more quickly.

Regarding an MHN-SCP facility operation system (MHN-SCP-OpS) as well, we have
improved test call functions for those output format that are no longer required in the
development of service-specific functions.

In the future, we plan to continue development of services that link together IP net-
works and public networks, based on AIN technologies as described above.

{Information Sharing Platform Laboratories)
T UPT: Universal Personal Telecommunications
2 MHN-SCP: Multimedia Handling Node-Service Gontrol Point
"3 SMS: Service Management System
"¢ SLP: Service Logic Program
S MLP: Management Logic Program
8 OLP: Operation Logic Program
7 INAP: Intelligent Network Application Protocol
8 ITU-T: International Telecommunication Union-Telecommunication
Standardization Sector
9 TTC: Telecommunicalion Technology Committee

UPT services based on AIN technologies
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Multilayer Traffic Monitor (ATM Probe)

Asynchronous transter mode (ATM) networks are being applied
more and more to the Intemet backbone and to intra/extranets. Com-
panies using an ATM network typically charge each department for its
usage of the network. It is thus important to measure and monitor the
traffic in layers such as ATM, IP7, and TCP%UDP™. The products
that have been developed to do this run on a dedicated computer and
their functions are implemented in hardware, so they are expensive
and difficult to upgrade. .

We have developed a multilayer traffic monitor called "ATM Probe"
that runs on a personal computer and whose functions are imple-
mented in software. It is thus economical and easy to upgrade. ATM
Probe can not only measure many kinds of traffic, it can also evaluate
a network. It simulates network performance with actual traffic, but
the actual traffic is not affected because ATM Probe uses passive
measurement. The network can then be tuned based on the results
of the simulation so that it will run more efficiently. ATM Probe also
provides security and traffic forecast functions.

ATM Probe measures L2TP™ traffic and has OC-3' and OC-12'6
interfaces. Itis the first tool to enable traffic monitoring with an OC-12
interface. ATM Probe provides measurement reports and traffic fore-
casts automatically. The reports are useful for providing solutions to
problems with a customer's network.

TAQ and NACSIS™ have been using ATM Probe for over a year.
NTT East and NTT West have selected ATM Probe for their local IP
networks. NTT Communications has selected ATM Probe for its ATM
leased lines.

We plan to develop an ATM probe for the Core protocol, to develop
a function for estimating the bandwidth of a virtual path, and fo up-
grade the security and simulation capabilities.

(Service Integration Laboratories)
" IP: Internet Protocol
"2 TGP: Transmission Control Protocol
? UDP: User Datagram Protocol
" L2TP: Layer 2 Tunneling Protocol
% QC-3: Qptical Carrier level 3
® OC-12: Optical Carrier level 12
7 TAQ: Telecommunication Advancement Qrganization of Japan
" NACSIS: National Center for Science Information Systems
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Information Sharing Platform Technologies

New Satellite Communication §ervices that
Combine Communications and Broadcasts

With the advent of BS Digital Broadcasts, service for which is ex-
pected to begin at the end of 2000, High Definition TV (HDTV) will
become possible through the adoption of adaptive modulation
schemes, As a result, not only video distribution but also interactive
services and a diverse range of other data distribution services will be
offered. The CS110° communications satellite (N-SAT-110), which is
scheduled for launch in August 2000, will have the same orbit as the
BS-4 satellite that provides BS digital broadcasts. It will thus be pos-
sible to provide zatellite communication services that place less of a
burden on users that are using the same reception antenna as for BS
broadcasts. Through this project, we are developing an adaptive
modulation satellite communication system for applications in satel-
lite communications, using an adaptive modulation scheme (a BS digi-
tal broadeast technology). The goal of this system is to provide video
image transfers, data broadcasts, and data communication services
via the same terminal.

Another characteristic of this system is that it conducts circuit qual-
ity control that dynamically switches the modulation scheme in accor-
dance with weather conditions and the reception conditions at the
user's station. This is accomplished by applying the same adaptive
modulation scheme as that used in BS digital broadcasts. In this way,
it becomes possible to optimize transmission speeds and transmis-
sion quality based on user applications, allowing faster and higher-
quality services to be provided. Atthe present stage, we have suc-
ceeded in developing two types of user terminals: a board type that
conducts satellite communications via an independent PC unit, and a
router type that conducts satellite communications via multiple PCs.

Future plans call for the development of a set-top box type that
conducts Internet communications via a TV.

(Service Integration Laboratories)
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Practical Applications of Systems for ATM
Backbone Network

NTT Laboratories have been promoting development of various types of
systems (model A/B/C, NE-OpS™) for ATM2 backbone network, in order to
respond flexibly to the rapidly increasing demand for multimedia, and on
purpose to reduce costs by integrating networks that in the past had been
created individually for each service. Files were released was at the end of
June 1999, and the system was applied in Megalink and other services
from QOctaber of the same year.

In order to allows the system for ATM backbone network to be applied in
a number of different services, for this system consist of three types of
equipment and equipment operation systems —Model A (node system),
Model B (link system), and Model C (access system)— and have as basic
functions the ability to support various types of QoS™ class as well as to
support various types of reliability measures, including section and VP™
protection. Model A, which has a function that controls and manages ATM-
related services, controls the PVC/SVC™. Model B has a VP cross-con-
nect function to ensure efficient path accommodation in the optic fibers.
Model C has a function that efficiently accommodates ATM-related ser-
vices. Concentration between Model C and Model A is carried out using
SNI'® technology, so it is also possible to provide SVCs economically.

Atthe same time, a network operation system (ANIMA7) was developed
(at the current NTT East and NTT West Research and Development Cen-
ter) to allow us to aperate these three types of equipment as a single unit.
In this way, it is possible for us to uniformly carry out such functions as
circuit monitoring and control, circuit opening, and receipt of failure notifica-
tions.

ATM backbane network can be developed as the backbone network of-
fering, from existing ATM-related services to future SVC services, various
fypes of muiti-QoS that support diverse QoS levels, and for IP*® services.

In the future, we will continue to increase the performance of this sys-
tem, adding new functions including support for new services, and improv-
ing maintenance and operation functions even further than before.

{Network Service Systems Laboratories, Access Network Service
Systems Laboratories)
" NE-OpS: Network Element-Operation System
2 ATM: Asynchronous Transfer Mode
* QoS: Quality of Service
" VP: Virtual Path
¥ PVC/SVC: Permanent Virtual Channel/Switched Virtual Channel
8 SNI: Service Node Interface
7 ANIMA: ATM Network Integration Manager
8 IP: Internet Protocol
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Telecommunications Network Technologies

Economically Upgrading Submarine'Trénsmission
Systems to 10 Gbit/s X 4 ch Using WDM Technologies

The communication capacity of backbone networks has increased
dramatically in keeping with the growing demand for the Internet and
other forms of multimedia communication. As a result, there have
been considerable efforts made to find economical ways to increase
the capacity of submarine optical fiber transmission systems, which
are an important method of achieving high-capacity comrmunications
on submarine cable routes.

NTT Laboratories have developed a system that economically
achieves high-capacity transmission in the FSA™ submarine optical
fiber transmission system, originally intended for single wavelength
channel transmissions, which is installed between Kagoshima and
Okinawa. This has been accomplished by making only the land-based
equipment compatible with the shift to WDM?, while using the Sub-
marine facilities (optical fiber cables and optical repeaters), which ac-
count for most of the capital investment, in their original form. This
system was developed based on the resulis of field tests carried out
by NTT Laboratories on the route targeted for the new application. It
features a flexible and economical system configuration that makes it
possible to increase the capacity of the existing transmission system,
from 10 G X 1 wavelength per fiber to a maximum of 10 G X 4 wave-
lengths. In order to make this substantial capacity increase possible,
we have applied the following: (1) a high-speed forward error corec-
tion technology for 10-Gbit/s systems; (2) a pre-emphasis technology
for optical transmission; and (3) PRZ™? transmission pulse and wave-
length dispersion compensation technologies that can suppress the
waveform distortion caused by fiber nonlinearity and digpersion. The
system's monitoring and control carries over the supervisory meth-
ods used by the existing optical repeaters, and so allows the same
ease of operation as the existing single wavelength channel trans-
migsion system, while at the same time offering independent monitor-
ing and control for each separate wavelength. In addition, we have
achieved single fiber-pair 4-wavelength channel transmission using a
two-bay mount with a compact equipment design.

In the future, we will promote increases in the communication ca-
pacity and the ecanomy of submarine optical fiber transmission sys-
tems and networks.

(Network Service Systems Laboratories)
" FSA: Fiber Submarine Transmission using in-line Qptical Amplifier
2 WDM: Wavelength Division Multiplexing
 PRZ: Partial-Return-to-Zero

Increasing capacity of submarine transmission systemns using WDM Technologies
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Unidirectional Optical ADM Ring System for
Multi-Point Broadband Communications

Backbone networks and regional networks in the information age
will need to have the capability of transmitting an exceedingly large
signal volume of several hundred Gbit/s with low cost and mimmal
delay. To handle signal volume of this magnitude with conventional
electric-signal processing systems , however, hardware size would
need to be excessively large and this would not be efficient from the
standpoints of cost and delay time. By using the optical ADM™ ring
system, low-cost and small-delay operation can be achieved by opti-
cal signal processing of DWDM? signals.

In this system, signals with different destinations are allocated by
their respective wavelengths, and optical ADM nodes can easily be
connected freely at the maximum signal capacity of 10 Gbit/s, since
add/drop operations are executed for each separate wavelength in
the nodes. Because the system employs long wavelength band trans-
mission technology centering around 1.58 xm, wavelength for as
many as 32 (optical) channels can be utilized regardless of the type
of fiber used. In addition, the setting of optical switches in the optical
ADM nodes makes it possible to distribute signals in their original
light form without optoelectric conversion, giving the system a effi-
cient 1-to-N multicast function. Making changes in these optical ADM
functions enables optical channel connections to be changed while
they are in service without affecting any other optical channels, re-
sulting in flexible network operation. The system has a unidirectional
path (optical channel) switched ring structure that uses two optical
fibers and allows identical signals to be transmitted in their respective
opposite directions simultaneously. This ensures high operational
reliability, since even in the event of a fiber break or a malfunctioning
node equipment, 1+1 optical channel protection makes it possible to
instantly switch transmission to an alternate route.

(Network Innovation Laboratories)
" ADM: Add Drop Multiplexer
2 DWDM: Dense Wavelength Rivision Multiplexing
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MAPOS Networking —Supercharge the Internet

Existing protocols for super high-speed communications still have many problems
such as fragmentation of data, which resuits in poor efficiency and the effort re-
quired for management and operation. MAPOS" is a super-high-speed data-com-
munication protocol, a technology that resolves these problems by combining stan-
dard optical transmission schemes (SONET%/SDH?) with Intemet technologies. New
protocols for the Intemet are released by the [ETF*, a committee that defines global
standards, in the form of documents referred to as RFCs®. MAPOS, which was
proposed by NTT Laboratories, was approved as a series of RFCs in June 1997
and was released in the same month. MAPOS has the following features:

(1) Sends Intemnet data (IP packets) "as is" (without the need for data division).

(2) Achieves super-high-speed communications that can be scaled up from 155
Mbit/s to 10 Gbit/s.

(3) Can be used seamlessly from LANs™ to WANs7.

(4) Facilitates construction of freely configured networks with plug-and-play func-
tions.

(5) Allows the use of SONET/SDH technologies for the maintenance and operation
of WANs.

NTT Laboratories have developed the following types of equipment for 155-Mbit/s
10 2.4-Gbit/s MAPOS networks.

(1) COREswitch: High-speed communication switch with a built-in compact DWDM
that can handle up to 16 MAPOS lines.

(2) MAPOS cards: PG/WS interfaces that can be used under either UNIX or Win-
dows 95/48.

(3) IP Router with MAPOS interfaces: MAPOS software has been ported into a
commercial reuter (CISCO 12000) through collaboration with Cisco Systems.

In addition, we have constructed a MAPOS Tokyo metropolitan network on opti-
cal fibers connecting several metropolitan locations, as shown in the attached fig-
ure. Experimental operations began in March 1999 using 622-Mbit/s equipment,
and a shift is gradually progressing toward the use of 2.4-Gbit/s equipment. The
speed and convenience of MAPQS on actual networks have been demonstrated in
evaluations up to now. Using this network, we will expand the range of our research
into areas such as analysis of Internet dynamics in super-high-speed networks,
automatic diagnostic systems in WANSs, and global parallel processing systems.

(Network Innovation laboratories)
1 MAPQS: Multiple Access Protocol Qver SONET/SDH
2 SONET: Synchronous Qptical Network
3 SDH: Synchronous Digital Hierarchy
" |ETF: Internet Engineering Task Force
S RFC: Request For Comments
" LAN: Local Area Network
‘T WAN: Wide Araa Network

MAPOS Tokyo metropolitan network
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Planning Tool for Estimating Costs of Transport
Networks

Network planners must estimate the costs of establishing transport
networks whenever they introduce new technologies. They also have
to repeatedly estimate the costs and compare among them if they
have several alternative candidate technologies, products, or network
topologies. Obviously, such cost estimation should be done efficiently.

Conventionally, the costs of transport networks are calculated us-
ing generic spreadsheet programs. However, spreadsheet calcula-
tion is disadvantageous because human errors are very likely to hap-
pen during data input. Also, the sheets or macros made for one net-
work model may be hard to reuse for other network models.

NTT Laboratories have developed a software tool for estimating
transport network costs more efficiently than with spreadsheet calcu-
lation. The developed tool works on commonly used personal com-
puters and workstations. Once it has been fed the traffic demand and
information on the cable duct network and system architecture, it au-
tomatically computes the configuration of transmission paths and fi-
bers. It then calculates the amount of equipment required and the
cost of the network on the basis of the configuration. Of the proce-
dures involved in this process, that computing the path configuration
1s the hardest to design. We have established a new algorithm to do
this. In building the aigorithm, quickness was given priority over strict-
ness. As a result, one can evaluate many alternative models during a
relatively short time period. A difficult problem occurs when a variety
of path bandwidths coexist in a link, as seen in ATM networks. Namely,
we need to identify a combination of paths to be multiplexed in the link
50 as to minimize link cost. A fast algorithm was developed to find an
efficient combination of link paths. An additional feature of the tool 1s
the capability of defining the system architecture and unit prices of
network resources. This feature makes the tool very versatile, so it
can be applied to various technologies.

We are planning to enhance the functions of the tool so that it can
handle a wider range of technologies and network configurations.

(Network Innovation Laboratories)
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Telecommunications Network Technologies

The World's First Field Test of a 40-Gbit/sichannel WDM Sig-
nal Transmission over an Installed Dispersion-Shifted Fiber

The 40-Gbit/s/channel WDM transmission system transmits a large-
capacity WDM signal that has a 40-Gbit/s capacity per wavelength
over a single optical fiber. Because of its large channel capacity of 40
Gbit/s, it is possible to reduce the number of wavelengths (devices) in
achieving a large-capacity system. Moreover, it is expected that large-
scale integration technology will make possible increased system
econamy, reliability, and advanced functionality. In the NTT Labora-
tories, we pushed forward with world-leading research toward the re-
alization of this system.

We succeeded in accomplishing the world's first stable transmis-
sion of a 320-Gbiv's (8-channel 40-Gbit/s) WDM signal over an in-
stalled fiber (a 1.5- xm DSF™, 281 km). In that test, the new carrier-
suppressed RZ optical modulation (CS-RZ?) format was used to greatly
improve the optical fiber transmission performance in comparison with
the conventional NRZ™ format. Moreover, we constructed in the lab a
40-Gbit/s system prototype using ultra-high-speed InP-based inte-
grated circuits, a low-driving-voltage LINbO3 external modulator, and
a high-power uni-traveling-carrier photediode, all of which are original
technologies that were newly developed in the NTT Laboratories, The
prototype system is capable of stable transmission and reception of a
40-Gbit/s optical signal.

The result of this work demonstrates the prospect of increasing the
capacity of NTT's installed optical fiber lines by means of the 40-Gbit/s
fehannel WDM transmission system. In future, we will promote this
WDM systemn as an international standard and aim at providing a high-
capacity data trunk network that can realize advanced network func-
tions and economy.

(Network Innovation Laboratories)
' DSF: Dispersion Shifted Fiber
2 CS-RZ: Carrier-Suppressed Return-to-Zero
" NRZ: Non-Return-to-Zero
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Support for Introduction of WDM-Phase I

This is a long-distance point-to-point transmission system that eco-
nomically and efficiently accommodates IP traffic and high-speed
leased lines. The WDM transmission system (Phase- [ ) consists of
a WDM multiplexer, a WDM repeater, and NE-OpS. This equipment
is specifically for use with single-mode fiber (SMF™) and can multi-
plex up to 32 STM2-4 (622 Mbit/s) and STM-16 (2.4 Gbit/s) signals
per 1.3- um zero-dispersion fiber (SMF) in the 1550-nm band and
transmit the multiplexed signal up to approximately 320 km without
electrical regeneration. Because service can be started quickly by
ncreasing the number of wavelengths in response to demand, it is
possible to construct a long-distance transmission system that is both
flexible and economical.

In the WDM multiplexer, the received STM-4 and STM-16 signals
are first converted to the signal optical wavelengths that are suitable
for wavelength multiplexing by each transponder, wavelength multi-
plexed, and subjected to common amplification. The signal is then
transmitted over an inter-office fiber cable. The received wavelength
multiplexed signal is split into up to 32 optical signals for transmission
over intra-office or inter-office fiber cable.

The WDM repeater receives a multiplexed signal of up to 32 wave-
lengths from one inter-office fiber cable, subjects it to optical common
amplification, and transmits it over another inter-office fiber cable.

The NE-OpS includes a NE-OpS server, NE-OpS clients, craft in-
terface terminals and other components. It allows administration of
the WDM transmission system and WDM repeaters via a data com-
munication network.

NTT Laboratories received a request for technical support from the
NTT West Kyoto Office and provided support that contributed to the
successful start of service on October 1, 1999. This support included
evaluation of this system used as an infrastructure system for the
JGN™? experimental circuit in the Kyoto-Osaka-Nara area, start-of-ser-
vice support, and explanation sessions for operation of NE-OpS.

(Network Service Systems Laboratories)
T SMF: Single Mode Eiber
2 STM: Synchronous Transfer Mode
3 JGN: Japan Gigabit Network
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Development of Coded OFDM Technologies

With the recant spread of mobile telephone services, the need for wireless
access has been Increasing very rapidly. At the same time, the research and
development of broadband mobile wireless access systems has been attracting
a great deal of attentions to support the Internet and multimedia services which
are also growing dramatically all over the world. To meet these demand, stan-
dardization bodigs in Japan, USA, and Europe have been actively working to-
wards establishing a broadband wireless access system in the 5-GHz band. In
association with these activities, NTT has been developing an advanced wire-
less access (AWA) system for broadband mobile/nomadic multimedia services.

Severe frequency-selective fading caused by multipath delays is a major prob-
lem to be solved in mobile communication environments. The key to successful
deployment of a broadband wireless access system is to establish a novel trans-
mission technique that achieves a low packet-error rate (PER) over such chan-
nels. We have been conducting research and development of coded Qrthogonal
Frequency Division Multiplexing (OFDM) for broadband moebile wireless access.
Coded OFDM is a multicarrier modulation method using Fast Fourier Transform
(FFT) in combination with powerful forward error carrection (FEC). Aguard inter-
val (Gl), cyclical extansion of OFDM symbol, makes coded OFDM robust to the
inter-symbol intarference caused by delayed multipath waves. In addition, the
OFDM can achieve high FEC coding gain even in severe frequency selective
fading environments. Thus, coded OFDM reaiizes high quality transmission in
mobile environments without a complex adaptive equalizer. We have contrib-
uted to accomplish the unification of physical layer specifications by standardiza-
tion bodies such as EP-BRAN™, [EEE™ (with its 802.11 standard) and MMAC®.
In addition, we have developed new techniques to improve the PER performance,
for example space-combining transmission diversity. Based on the standard that
the standardization bodies agreed upon, NTT has successfully developed a coded
OFDM-LSI incorporating the above-mentioned new techniques. The developed
coded OFDM-LSI conforming to the unified standard is a world-leading achieve-
ment. We have experimented the coded OFDM-LSI and confirmed its high-
speed operation at an input clock frequency of 40 MHz, i.e. an operating clock
frequency of 20 MHz.

We will continue to carry out the research and development of coded OFOM
technologies to further improve its performance. We will also apply the devel-
oped coded OFDM technologies to the AWA system under development in NTT.

(Network Service Systems l.aboratories)
' EP-BRAN: ETSI (European Telecommunications Standards Institute)
Project-Broadband Radio Access Networks
2 |EEE: The Institute of Electrical and Electronics Engineers Inc.
" MMAC: Multimedia Mobile Access Communication Systems
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Development of Wideband FWA (Occupied Band)
Using Sub-Millimeter-Wave and Millimeter-Wave Bands

Wideband FWA™ which uses wireless frequencies in the sub-milli-
meter-wave (22/26 GHz) and millimeter-wave (38 GHz) bands, was
developed with the goal of constructing an access network for leased
lines mainly in metropolitan areas in a short time and at low costs.
The main characteristics of this system are as follows: (1) Low cost of
construction, because construction of the access line is not required;
(2) short open-circuit period; and (3) resistant to earthquakes and other
disasters,

The system can be divided into two main categories: a P-P2 sys-
tem, and a P-MP™ system.

The P-P system connects customer buildings and wireless base
stations on a one-to-one basis. There are two types of P-P system:
Type 1 has a capacity of 1.5 Mbit/s X 4 for each wireless channel,
while Type 2 has a capacity of 45 Mbit/s. The radio propagation dis-
tance is expected ta be roughly 2 km (depending on conditions).

The P-MP system, on the other hand, can accommodate multiple
customer buildings at a single wireless base station. [t has a capacity
of up to 1.5 Mbit/s X 4 for each customer building, and a single wire-
less base station can accommodate a maximurm of 32 customer build-
ings. The radio propagation distance is expected to be roughly 1 km
(depending on conditions).

In addition to improving circuit quality in comparison to existing sub-
scriber wireless systems, through the addition of such features as an
error correction function, we have also achieved a substantial reduc-
tion in costs by actively incarporating commercial technologies.

In reference to the P-P system, NTT Communications has already
acquired a radio license for the 26-GHz band, and provision of ser-
vices began in March 2000. Meanwhile, in reference to the P-MP
systemn, NTT Communications is planning to apply for a radio license
for the same 26-GHz band, with provision of services scheduled to
begin in the fall of 2000.

(Access Network Service Systems Laboratories)
" FWA: Fixed Wireless Access
2 P-P: Point-to-Point
* P-MP: Point-to-Multipoint

P-P system application diagram

Telecommunications Network Technologies

Software Radio System Featuﬁng Service/Sys-
tem Reconfiguration Through Software Changes

In recent years, a wide variety of cellular communication modes such as PDC ™
and PHS and wireless schemes such as LAN and ITS have become available
to the public, and users almost inevitably take their hand-held terminals with
them wherever they go. At the same time, the life spans of offered services
have become quite short, and businesses in the field have been forced to make
major investments in new equipment. As a consequence, wireless devices that
formerly comprised specialized hardware such as transistors and ICs now com-
prise programmable devices such as DSPs™ and FPGAs™, and technology that
enables wireless devices to be reconfigured merely by modifying software hags
become a major focus of attention. A single portable terminal can now accom-
modate all types of cellular communication schemes and serve as a wireless
LAN terminal, and the reappearance of tuners that receive broadcast signals
has made it possible to access a large variety of service media. Radio base
stations are now able to offer multiple wireless schemes with a single device,
and system versions can be upgraded simply and flexibly merely by modifying
software. Wark is also being done on the development of wireless schemes
that can be suitably reconfigured to accommodate changes in propagation and
communication environments, enabling high levels of transmission quality and
subscriber capacity unattainable in today's existing systems.

Devices based on general-purpose DSP boards with unprecedented opera-
tional capacity (6,400 MIPS™) have been developed and are now in the tnal
production stage, and they have demonstrated excellent transmitting/receiving
performance surpassing that of conventional hardware-based radio devices.
They feature a microprocessor for high-layer controt, DSPs for low-layer signal
processing, and a PHS scheme enabled through use of C language.

Itis anticipated that future devices will offer higher programmability, wider
bandwidth 1o accommodate wide-band radio modes such as W-COMA', low
power consumption, and reduced size. Itis also expected that utilizing the fea-
tures of the new software radio technology will enable in the development of
new networks, and new services such as the use of over-the-air downloads to
upgraded system versions,

{Network Innovation Laboratories)
' PDC: Personal Digital Cellular
2|TS: Intelligent Transport Systems
** DSP: Digital Signal Processor
“ FPGA: Field Programmable Gate Array
8 MIPS: Million Instructions Per Second
6 W-CDMA: Wideband Code Division Multiple Access
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Wide-LAN Service

As companies and local governments continue to build Intranet
systems, high-speed computer communication between multiple points
at low cost is increasingly being demanded. LLANs are currently con-
nected by leased lines that provide data transmission rates in the
range of 64 kbit/s to 1.5 Mbit/s. However, if the number of connec-
tions increases, customers' costs will also rise; moreover, if data trans-
mission speed is in the lower end of this range, a connection using
this low speed will become a bottleneck that drastically reduces data
throughput.

In response to these problems, NTT Laboratories have developed
the "STM shared-access system,” through STM-PDS™, which pro-
vides a maximum transmission speed of 10 Mbit/s (minimum: 300
kbit/s). Instead of allocating a bandwidth to each individual phone
line, this system provides one high-speed bandwidth to be fairly shared
between multiple users. For example, when multiple ONUs™ are con-
nected to an OSU™ via a star coupler, if there is only one user, the
maximum bandwidth is allocated to that user. But when the system is
used by multiple users at the same time, an equal share of the band-
width is allotted to each user. And when the 10BASE-T is used at the
terminal interface, personal computers and LAN equipment can be
connected directly to ONUs.

NTT East and NTT West have been offering "Wide LAN Services"
—providing LAN connections between multiple locations— since May
2000. Then it is planned to utilize this Wide LAN system to provide
general users with medium-to-high-speed Internet access.

(Access Network Service Systems Laboratories)
T STM-PDS: Synchronous Transmission Mode-Passive Double Star
2 ONU: Qptical Network Unit
3 O8U: Qptical Subscriber Unit
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Asymmetric Digital Subscriber Line

Existing metallic cables in conjunction with digital-subscriber-line
technology (xDSL") can provide digital transmission rates of up to
several megabits per second. This technology includes ADSL, whose

" uplink (i.e., from customer to central office) and downlink (i.e., from

central office to customer) transmission speeds are asymmetric;
HDSL? and SDSL™, whose transmission speeds are symmetric; and
VDSL' for high-speed digital transmission over short distances. Of
these DSL technologies, ADSL is receiving considerable attention
because it is the most suitable for Internet access and the standard-
ization of its specifications is well advanced.

The ITU-T*® is standardizing two transmission specifications for
ADSL: G.922.1 (G.dmt), which provides an uplink maximum trans-
mission speed of 640 kbit/s and a downlink speed of 6 Mbit/s; and
(G.992.2 (G.lite), which provides an uplink speed of 512 kbit/s and a
downlink speed of 1.5 Mbiv/s.

NTT Laboratories have conducted tests to evaluate the mutual in-
terference between ADSL and ISDN™ circuits and to determine the
transmission characteristics of NTT's metallic access network. The
ADSL equipment was specified according to the results of these tests;
that is, based on specification G.992.2 (G.lite) Annex C, which re-
duces the influence of the noise coming from TCM-ISDN'8, the speci-
fied ADSL. equipment can provide an uplink maximum transmission
speed of 224 kbit/s and a downlink speed of 512 kbit/s.

NTT East and NTT West have been providing the connection ser-
vice for the IP routing network that utilizes the ADSL equipment since

- December 1999. This service is now provided on a trial basis (limited

area and period) in order to verify the ADSL technology, to confirm its
maintainability, and to evaluate market demand. Following this trial
period, lasting about one year, NTT is planning to launch the full ADSL
service.

(Access Network Service Systems Laboratories)
1 xDSL: X-Digital Subscriber Line
2 ADSL: Asymmetric DSL
A HDSL: High bit rate DSL
"+ 5DSL: Symmetric DSL,
 VDSL: Very-high-speed DSL,
5 [TU-T: Intemational Telecommunication Union-Telecommunication Standard-

ization Sector

7 1SDN: Integrated Services Digital Network
8 TCM-ISDN: Time Compression Multiplexing ISDN
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Dedicated Service Handling Modules (DSM) for
Constructing Economical Leased Line Networks

The use of digital leased lines is increasing rapidly in keeping with
the sharp growth in demand for intranets and the Internet in recent
years. The use of analog leased lines, on the other hand, is experi-
encing a gradual downward trend, as a changeover in the era of leased
line services continues.

NTT Laboratories developed a Dedicated Service handling Module
(DSM) that can integrate analog and digital leased lines, accommo-
dating these lines efficiently and economically. Operation of DSM
began in August 1998.

DSM facilitates functions such as service terminating functions (for
subscriber lines) and external connection functions (for connections
1o network equipment) on interface boards. The TSW™ segment of
the DSM has the configuration of a general-purpose cross-connect
module, which executes only cross-connects in 64-kbit/s units, mak-
ing it possible to support new services expected to appear in the fu-
ture, and to create flexible connections to new systems. Furthermore,
making the circuit accommodation segment slot-free allows mounting
of either analog or digital leased lines depending on the demand, which
will in turn bring about increased circuit accommodation efficiency in
comparison to traditional modules.

In terms of providing services, it is possible to accommodate all
existing services by mounting various types of subscriber packages
used in traditional systems. In addition, it is possible to mount con-
nection interfaces to new optical access system (1T-system), as well
as diverse trunk interface boards that also take international connec-
tions into consideration, thus allowing the flexible configuration of a
variety of circuits.

In the DSM systerm, we have adopted a method in which the exist-
ing OpS is divided into two segments —one (DAISY™?) that relies on
carrier services and networks, and another (NE-OpS) that relies on
hardware— and the differences resulting from hardware changes and
additional functions in the NE-OpS are concealed from the DAISY. In
this way, independent improvements in DAISY functions and DSM
functions are possible, allowing efficiency in development.

(Network Service Systens Laboratories)
T TSW: Time SWitch
2 DAISY: Digital Leased Line Administration System
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Telecommunications Network Technologies

Development of a Software Tool for Evaluating
Network Reliability

The role of private networks in telecommunications is increasing.
Many companies and governmental organizations have come to de-
pend on private networks. Reliability is the essential factor in the
success of private networks, To construct a highly reliable private
network at reasonable cost, design for reliability is important. For
instance, the process of listing possible network configurations, evalu-
ating the reliability of the possible configurations, and selecting the
opttimal configuration from an overall view of reliability, cost and other
factors is crucial.

Software tools which support the design of private network in terms
of network connectivity or cost have aiready appeared on the market.
However there is no tool that is appropriate for evaluating reliability.
Therefore, in the NTT Laboratories, we have been developing a method
for evaluating the reliability of private networks, and have implemented
the method as a software tool. This tool evaluates the reliability of
private networks, in which distributed customer sites are connected
via NTT's leased circuits. The protection of routes, and the degree of
redundancy and failure rate of transmission facilities are considered.
This tool can answer the following questions, which may arise when
networks are designed.

(1) How does a leased circuit as a protected route improve the
network’s reliability?

(2) What is the best site for the back-up server or servers from the
viewpoint of network reliability?

(3) Can reliability be improved more by using a leased circuit from
NTT as a protected route, or by placing a stand-by router at the
customer's site?

The tool runs in the Windows environment that is so popular with
many customers.

This tool is planned so that it can be applied to a wide range of
business solutions to do with private networks, and especially for net-
works that require extremely high reliability, such as disaster informa-
tion networks constructed by local government.

(Service Integration Laboratories)
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Cost Reduction Technologies for MU Fiber
Optic Connectors

The MU™ fiber optic connector is the smallest single-fiber connec-
tor in the world, and also exhibits the highest level of performance.
The MU connector was developed in 1993 based on SC™ connector
technology. We have now developed new MU connector technolo-
gies to reduce both parts and assembly costs.

The newly developed low-cost MU plug is shown in the left figure.
The structure of the conventional MU plug was re-designed for further
cost reduction by developing pre-assembled parts suitable for auto-
matic and field assembly. The number of plug parts has been re-
duced from 7 to 5. We developed a new polishing machine, as shown
in the right figure, to reduce the cost of ferrule polishing. The ferrule
area to be polished for the MU connector is roughly one tenth that for
conventional connectors. We optimized this machine to take advan-
tage of the smaller polishing area of the MU ferrule. The polishing
process has been reduced from three steps to two. In addition, ex-
pensive abrasives such as diamond slurry are no longer required. As
a result, the polishing cost with the new polishing method can be re-
duced to less than one third that with conventional methods. More-
over, the introduction of plastic MU adapters and MU simplified re-
ceptacles helps to reduce the cost further.

NTT plans to carry out a full-scale introduction of these new MU
technologies into commercial networks to cope with the explosive in-
crease in demand for fiber optic network traffic, and accelerate the
economical and efficient construction of next-generation fiber optic
networks.

(Photonics Laboratories, Telecommunications Energy Laboratories)
T MU: Miniature Unit-coupling
2 §C: Single Coupling

Low-cost MU plug (before assembly)
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Development of a 1300-nm-Band Optical Fiber
Amplifier Module

Rare-earth ion-doped optical-fiber ampiifiers can amplify optical sig-
nals without using electrical-to-optical conversion. They become key
devices because of their low-noise and high-output characteristics.
For 1550-nm-band optical transmission, erbium-doped fiber amplifi-
ers have been installed in long-haul large-capacity transmission sys-
tems using wavelength division multiplexing. For 1300-nm-band sys-
tems, we have developed praseodymium-doped fluoride fiber amplifi-
ers (PDFA) using zirconium-based fluoride glass. Although solid-state
laser pumped PDFAs are commercially available from an NTT Group
company, they need to be made highly efficient and reliable to ex-
pand their application area.

To meet the need for high efficiency, we have developed praseody-
mium-doped indium-based fluoride fiber with a super-high numerical-
aperture NA™ structure. Its power conversion efficiency is 50% better
than that of zirconium-based PDFAs, enables us to construct LD™2-
pumped PDFAs. For booster-type applications, these LD-pumped
PDFAs have an amplifier-output power of more than 10 dBm at a
signal wavelength from 1280 to 1335 nm. To meet the need for high
reliability, we have developed a low-cost semi-hermetic case for the
praseodymium-doped fluoride fibers, making the PDFAs reliable
enough for practical applications.

We plan to expand the gain-bandwidth of rare-earth ion-doped op-
tical-fiber amplifiers to enable exploitation of a much larger fraction of
the intrinsic capacity of optical fibers.

(Photonics Laboratories)
' NA: Numerical Aperture
2 LD: Laser Diode

1300-nm-band optical fiber amplifier module
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Guidelines for Preventing Accidents in
Power-Supply Systems

To offer highly reliable telecommunications services, the underly-
ing systems must be reliable. The mean time between failures (MTBF)
of equipment such as engine generators and DC power equipment
was established by NTT to meet this need for reliability. However, the
interface conditions of power-supply lines from power equipment to
telecommunications equipment have not been established yet. A mis-
match between the interface of DC power equipment and that of tele-
communications equipment can lead to failure. For example, oscilla-
tion in the DC power-supply system in NTT's Higashi Yodogawa tele-
communications building caused a system failure.

Guidelines were thus established in October 1999 for powear-sup-
ply systems. They cover the requirements for developing telecom-
munications and power-supply equipment used in NTT Group and for
designing and implementing power-supply systems for telecommuni-
cations. They set the conditions for the interface and functions of
systems that supply DC power to telecommunications equipment and
of systems that supply AC power to computers, servers, and routers.
They specify the essential conditions for preventing the failure of a
telecommunications systern and for not affecting other equipment
connected 1o the power-supply lines if the system does fail. They
also specify the recommended conditions for achieving high reliabil-
ity. Development, design, and implementation of telecommunications
power-supply systems following these guidelines can prevent severe
accidents.

In the near future, we will investigate power-supply systems in data
centers, where there are many servers and routers, and will expand
the guidelines accordingly.

(Telecommunications Energy Laboratories)
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Telecommunications Network Technologies

Free Space Aperture Line Techri'olégies for
Simplified Line Routing

One of the important requirements for the information age is to
lower the cost of constructing cables and other underground commu-
nications equipment, while at the same time preserving stable cable-
housing space. Free space aperture line technology is one of the
means of meeting these requirements.

Compared with the conventional underground cormmunication line
system, the free space aperture line system offers superior stability,
reliability and durability. It aiso allows cables to be housed in more
compact space, and the cables can be very densely packed inside
the housing in response to cable demand by using the inner housing
space step by step. The use of free space aperture lines for impor-
tant networked routes can significantly contribute to route simplifica-
tion and lowered equipment costs.

We have developed a number of new technologies which will help
lead to increasingly widespread use of the free space aperture line
system. These include the development of a waterproof structure for
line junctions to resist external water pressure, an anti-corrosion struc-
ture to increase durability and reduce wear during non-excavation
work, and an open-air technology for improving the stability of the
space within the cable housing. Also developed were construction
and rodding technologies that allow spacers to be built inside cable
housings any time they are required, thus achieving more efficient
use of space within the housing by allowing cables to be packed more
densely in the space. Another development was that of fixed spacer
sockets that help to prevent spacers in the manhale duct from mov-
ing, expanding or contracting. The use of these technologies has
made it possible to make equipment that is more compact in size and
costs less to build.

Finally, to achieve greater economy in line construction we have
developed four separate line types: one for installation in areas where
the danger of foundation liquefaction is high, one for areas where the
danger is low (general areas), one for excavation construction, and
one for non-excavation construction.

(Access Network Service Systems Laboratories)

Free space aperture line cross section
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Technologies for achieving home gateways and home information
appliances and software technologies related to solution businesses.
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Plural Zone Sound Segregation Technology for Picking
up Sounds in a Desired Area -A Virtual Acoustic Curtain

NTT Laboratories have developed a method for separating an
acoustic space into two zones and collecting the sound waves from
each zone in real time. A directional microphone is generally used to
pick up sounds from a specific zone. It mainly picks up sounds from a
fixed direction, but inevitably it also picks up unintended sounds from
the opposite direction.

In our new method, we use two directional microphones. By mea-
suring the differences in signal characteristics between the signals
output by the two microphones, we can distinguish the sounds com-
ing from each zone. This sound segregation is 100-fold better than
with a single directional microphone.

Using this "virtual acoustic curtain®, we can almost completely sepa-
rate an acoustic space into two zones. For example, as illustrated in
Fig. 1, we can establish a "communication zone" and a "privacy zone"
in an ordinary room, enabling some people to participate in a hands-
free videoconference, while others continue performing their regular
activities. The voices of those not participating are suppressed by
reducing the amount of undesired sound picked up in the
videoconferencing.

Other potential applications include voice guidance and control of
vehicles, enabling a vehicle to be controlled by enly the driver's voice,
and monitoring of abnormal sounds within a particular area of a plant
or factory, enabling managers to quickly respond to abnormal situa-
tions.

We are now working on extending this method to separate an acous-
tic space into three or more zones, which will make it possible to lo-
cate a particular sound source in & noisy environment.

(Cyber Space Laboratories)

Example usage of "virtual acoustic curtain" for videoconferencing
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200-Inch Super-High-Resolutiof Display System

With the age of full-scale proliferation and diffusion of high-speed
networks right in front of us, the appearance of new image communi-
cations applications is widely anticipated. NTT Laboratories are now
offering applications featuring the concept of "high presence”, through
the development of such products as high-presence multimedia com-
munication conferencing systems. This concept describes electronic
communications that enable persons to feel that they are actually
physically present and sharing space with other persons with thern in
electronic communication environments.

Display devices used in such applications are required to: (1) be
sufficiently large in size for life-size displays to be shown; (2) display
with sufficient brightness for easy viewing under ordinary room light-
ing conditions; and (3) have sufficient resolution such that images do
not become noticeably rough as one gets nearer them. The display
device we have developed features a 200-inch screen that covers an
entire wall, enabling life-size displays of such objects as persons or
automobiles. [t also features an interleaved projection mode in which
images provided by four HDTV'-class projectors are composed and
displayed on the screen. This makes the brightness and resolution
(about 6 million picture elements) of the screen images four times
brighter and sharper than those of conventional images.

The system also displays as many as four windows simultaneously
for displaying PC or HDTV images, and the stereo images using po-
larized glasses enables the brilliant images that drive multimedia ap-
plications to be displayed. We also succeeded in developing a server
for the system that can reproduce still and rmoving images with super-
high resolution, and an interface that can directly link digital image
outputs of graphic-use super computers.

In future work on the system, we anticipate being able to incorpo-
rate it into a variety of high-presence communication applications,
including systems for transmitting digital cinema and events that can-
not be attended by persons living in remote locations.

(Cyber Space Laboratories)
' HDTV: High Refinition Television

200-inch super-high-resolution display




An MPEG-2 Encoding PC Card System

In recent years, MPEG-2" compliant digital imaging media has
become increasingly popular in a wide range of fields, including broad-
cast, communications, education, and entertainment. Furthermore,
the rise of mobile computing has led to a demand for the creation of a
compact MPEG-2 encoding system that offers excellent mobility, and
which can easily handle these types of digital video images in mobile
environments.

In response to these demands, and with the intention of creating
new mobile applications for MPEG-2, NTT Laboratories have been
striving to achieve both reduced size and reduced power consump-
tion in MPEG-2 encoders. As the key system for these encoders, we
have developed the world's smallest and lightest MPEG-2 encoding
PC card: one that allows storage and transmission of high-quality im-
ages —on a par with standard TV picture quality— in a mobile environ-
ment, using notebook PCs. Because this card requires no external
power saurce, it can display its powerful potential in mobile environ-
ments.

This MPEG-2 encoding PC card combines both hardware and soft-
ware elements. The hardware is comprised of a previously devel-
oped single-chip MPEG-2 video encoder LSI and a newly developed
encoder control LSI, which are mounted on a PC card about the size
of a business card (Type II: 5mm thick). The PC software executes
real-time processing of audio encoding and AV multiplexing (MUX).
Through the cooperative operation of this hardware and software, we
have created an all-in-one encoder that offers real-time processing of
all encoded material, including MPEG-2 video, audio, and multiplex-
ing. This card is also compatible with various types of stream out-
puts, allowing such output to be stored to files on the notebook PC's
internal disk, or to be transmitted in real-time to 1P networks.

In order to encourage practical mobile applications using this newly
developed PC card, we have proposed various types of systems; for
example, image sets for news coverage, monitoring, remote lectures,
TV conferencing, and personal transmissions. At the same time, we
are continuing our efforts in research related to the composite tech-
nolegies of next-generation encoder systems.

In the future, we will work toward the creation of new digital imaging
communication services that apply these proposals and technologies.

(Cyber Space laboratories)
" MPEG-2: Moving Picture Experts Group Phase2
"2 |P: Internet Protocol

MPEG-2 encoding PC card
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Development of Systems for "Portrait Greeting
Card" Services

Recently, Internet services have started up across the United States
and Europe in which greeting cards for birthdays, Christmas, wed-
dings, births, and other events are created and sent electronically.
These services have become increasingly popular, in part because
the cultural practice of exchanging greeting cards with considerable
frequency has been in place for some time. The demand for Internet
greeting card services is expected to gain popularity in the future in
Japan as well, due to the increasing "Internet population” and the
growing trend toward sending greeting cards on occasions other than
the New Year's season.

In current Internet greeting card services, the sender simply se-
lects from among a group of prepared drawings or photographs, or
perhaps adds a prepared message, before sending the card elec-
tronically to the receiver. In fact, this was no more than a recycled
version of the traditional services for posting greeting cards. At NTT
Laboratories, we have applied the special features offered by the
Internet to propose a fun new service that we call the "Portrait Greet-
ing Card." This service has been made possible with a combination
of an automatic portrait creation system (Chara-face) and simuita-
neous CG animation/speech synthesis technology (WebMessenger).

Chara-face is a system that allows anyone to easily create a cute
portrait from a single photograph. The system autornatically gener-
ates a variety of emotional expressions, making it possible to easily
develop a portrait animation with a wide range of facial expressions.

WebMessenger is an application system for speech synthesis tech-
nologies, which can convert any form of text into speech. This sys-
tem allows the user to send voice messages by linking speech syn-
thesis and animations with a timing that seemns almost natural.

With these two technologies, we have created a fun new greeting
card service: an animated portrait created by the sender reads out
the message, while abundant facial expressions help to communi-
cate the sender's feelings more clearly.

In the future, through continued service testing, we will make more
improvemnents to the system as we approach the practical application
stage, in order to create a service that is more fun, and which commu-
nicates feelings clearly for both the sender and the receiver.

(Cyber Solutions Laboratories, Cyber Space Laboratories)
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Development of CT Image Reading Systems for
Lung Cancer Screening

In vital statistics for 1998, death from lung cancer was the most common
among cancer-related death, and as a result early detection has become a
critical issue. In order {0 achieve this early detection, the use of spiral CT™
has been considered for applications in group examinations, but because CT
involves a large number of images, the process of reading these images
would entail an enormous amount of work. NTT Laboratories have thus been
developing a system that can efficiently read these spiral CT images. This
reading system has the following characteristics:

(1) Comparable reading

If examinations are conducted annually, it is possible to compare images
on a year-to-year basis. The film previously used for examinations was roll
film, however, so it was difficult to create side-by-side displays of past and
current film. Because CT images are digital, the creation of a database al-
lows easy searches and reference. In this system, we have developed a
comparable reading function that allows (1) searches using a DICOM? func-
tion; (2) slice position automatic positioning of past and present images; and
(3) simultaneous handling of both images. Using these furctions, it is pos-
sible to conduct efficient reading examinations while comparing images year-
to-year. X
(2) MID! Operating device

Aiming for efficient operations, we have adopted a MIDI™ device as the
reading operation device, and incorporated long-stroke sliders, dials, and a
variety of buttons. With this device, the operator can easily change the axial
arientation of the cross-sectional image from the upper segment to the lower
segment of the lung with a slider operation or easily change the conditions of
the image display with the press of a button, all without the use of a keyboard.

This system has already been supplied to Group companies of NTT East
and NTT West, and there are plans for sales of the system to local govern-
ments and other organizations conducting CT examinations. In the future,
NTT Laboratories will begin investigations into a network-based reading sys-
tem based on the principles of the current system. Future plans also call for
connections to the gigabit network operated by the Telecommunications Ad-
vanced Organization of Japan (TAO), image transmissions between Tokyo,
Nagoya and Osaka, and verification tests of network-based reading.

(Cyber Solutions Laboratories)
! CT: Gomputed Tomography
2 DICOM: Digital Imaging and Communications in Medicine
3 MIDI: Musical Instrument Digital interface

Example of comparative screening using proposed system

L L I I T T T T T T T

Terminal, Software Technologies

-

Finger Print Recognition System Developed;
Verification Tests Underway

In our advanced information/network society, there is a strong drive to-
ward research and development of security technologies aimed at protect-
ing private information and allowing people to life in comfort and with peace
of mind. In this backdrop, the development of technologies that prevent an
individual from assuming the identity of another —that is, technologies to
verify a person's true identity— are becoming increasingly important. This is
particutarly true in the case of access to information processing systems, as
well as business transactions such as electronic payments via networks
and electronic commerce. Up to now, user IDs and passwords have been
widely used to differentiate between individuals. The prablem with this
method, is that because the system relies the individual's memory, it is very
common for users to select easily remembered numbers or simple words
for their password, making that password easy to steal.

NTT Laboratories have developed an identification system that uses in-
formation from each individual person’s fingerprint —that is to say, "biometric
information”- to take the place of the current user IDs and passwords. This
system requires no changes to society's existing password-based informa-
tion systems; all that is required for its application is a connection to the user
terminal. In addition, as part of the development of this fingerprint recogni-
tion system, we have at the same time developed a semiconductor-type
fingerprint sensor chip that offers both high reliability (withstand electro-
static voltage of over 2 kV) and high sensitivity (pixel density of 500 dots per
inch (dpi)) compared to traditional systems.

Verification tests were initiated in February 2000 in cooperation with NTT
East to evaluate the performance of the fingerprint recognition system. The
tests were carried out on a scale of 100 subjects, using in-house informa-
tion processing systems. Through such verification tests, we will conduct
various activities including performance evaluations at application sites and
the resolution of issues leading toward practical applications of this system.

(Lifestyle and Environmental Technology Laboratories,
Telecormmunications Energy Laboratories)

Fingerprint image capture device

User terminal with a fingerprint recognition system
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Single-Chip 3.5-Gbit/s CMOS/SIMOX Optical
Transceivers with On-Chip Analog Control Circuit

In WDM™ technology, as the number of multiplexed wavelengths
increases, so too does the number of optical transmitters and receiv-
ers used. Reduced power consumption, miniaturization, and de-
creased costs for optical transceivers are thus essential to WDM tech-
nology. .

Existing optical transceivers are comprised of transmitting and re-
ceiving modules, and incorporate multiple analog ICs and digital ICs.
In order to accomplish “reduced power consumption® and "miniatur-
ization," it would be effective to integrate these multiple 1Cs into a
single IC. This creates a problem, however, in that the noise gener-
ated from the digital circuits is transmitted through the semiconductor
substrate, causing a deterioration in the characteristics of the analog
cireuits, which handle a weak signal.

In the NTT Laboratories, we have resolved this problem through
developing two technologies. The first is a “half-rate PLL™2 circuit.”
We focused on the fact that the amplitude of the propagated noise is
proportionate to the frequency, and devised an oscillation circuit that
facilitates accurate half-rate operation. With half-rate operation, the
applied clock frequency is reduced by half, and a noise reduction ef-
fect is obtained. The second technology is a “depletion-layer guard
ring.” This applies NTT's original technologies "CMOS*¥/SIMOX*,"
which are high-integration transistor fabrication technologies that op-
erate with extremely low levels of power consumption. By forming a
depletion layer on the path that has been targeted for noise intercep-
tion, it is possible to bring the propagation of noise down to roughly 1/
6 of previous levels,

Using the above noted technologies, we created a prototype of a
single-chip CMOS optical transceiver IC, and confirmed that its op-
eration satisfied LAN" standards at speeds up to 3.5 Gbit/s. We also
created a prototype of an optical transceiver module using this IC,
achieving twice the speed (2.125 Gbit/s) at 1/4 of the power consump-
tion (650 mW) and 1/2 the surface area of existing units.

In the future, we plan to continue moving forward with improve-
ments to accommodate WDM, as well as further reductions in size
using miniaturized optical connectors.

(Telecommunications Energy Laboratories)
*! WDM: Wavelength Division Multiplexing
*2 PLL: Phase Locked Loop
*3 GCMOS: Complementary Metal Oxide Sericonductor
** SIMOX: Separation by Implanted Oxygen
*5 LAN: Local Area Network

Low-power compact optical transceiver module

SC receptacle Power Consumption

/ 139 208
This Work
2Gbit/s 300[ B ISEOmW
2720mW
Conventional v ags

1Gbivs 1096 I ooU1482
Optical  Analog Digital
Parts Circuits Circuils

1,

o e

' il Encoder
Decoder

Conventional Module (35X145X10 mm)

L A T T T I L T T T T

Cutting-edge Technolagies

Transistors Operating at High femperatures

Semiconductors such as silicon and gallium arsenide are currently
used for electron devices that support our modern information soci-
ety. However, fundamental limits on device performance are being
approached because the minimization of devices is reaching high lev-
els. The limits on device performance are increasingly determined by
the toughness of the material against high electric fields and high
temperatures under device cperation.

Wide band-gap semiconductors such as gallium nitride ( II-V ni-
tride semiconductors) are promising as next-generation semiconduc-
tors, because they effectively resist both high electric fields and high
temperatures, then can be used in further minimized devices. We
have grown high quality IV nitride semiconductors, in the NTT Labo-
ratories, and have successfully used the material to fabricate transis-
tors that were able to operate at up to 400°C as stably as at room
temperature.

The figure shows the structure of one of the transistors and its cur-
rent-voltage characteristics at 400°C. A high electron velocity and
density are obtained by using a heterostructure which consists of gal-
liumn nitride and aluminum gallium nitride. By using optimized crystal
growth conditions and an improved device fabrication process to re-
duce crystal defects and surface damage, we have successfully ob-
tained fransistor operation with excellent current saturation and with-
out leak currents at high temperatures up to 400°C. We are espe-
cially interested in the application of these transistors to satellite mi-
crowave cormnmunications.

The wide band-gap electron devices are attractive also from the
environmental point of view, because they only consist of harmless
elements. In our laboratories, we are further investigating crystal
growth, electron transport properties, and device operation for these
nexi-generation semiconductors.

(Basic Research Laboratories)

Heterostructure field effect transistor operating at high-temperatures
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Silicon Single-Electron Inverter

The already-high and ever-improving performance of data process-
ing devices like personal computers and portable terminals has brought
about an unfortunate side-effect: rapidly expanding electric power
consumption. In this age of concern for the earth's environment, one
of the major problems to overcome in realizing a full-fledged multime-
dia society is that of achieving both lower power consumption and
higher performance in such devices.

Single-electron devices with their ultra-low power consumption are
one means of addressing this issue. Since control in these devices is
obtained literally by utilizing the behavior of a single electron, device
size and power consumption are but a fraction of those in conven-
tional devices. As a result, they are attracting considerable attention
as devices for use in the ultra-large-scale, ultra-low-power-consump-
tion integrated circuits of the future.

NTT in 1994 developed a silicon single-glectron transistor, in which
the power of a single electron is hamessed for controlling, the device
current comprising electrons flowing one after the other in succes-
sion. This device proved that such transistors could be operated at
room témperature, instead of in the near-absolute zero (-273°C) con-
ditions that had previously been required. Moving a step beyond mariu-
facturing transistors one by one, research since then has been mov-
ing ahead with the aims of achieving new, high-level, compounded
functions and building a foundation for future integration. The first
results of this research have been the successful development and
operation of an inverter, an elemental logic circuit for computers. This
single-electron inverter is only about 1/100th the size of conventional
circuits and consumes only 1/100,000th as much power.

To achieve still further integration it will be necessary to develop
process technologies that will enable nanometer-scale structures to
be realized, and to improve the performance of devices and circuits
by changing their structures. These are research issues we will need
to challenge with vigor in our quest to achieve integrated circuits with
ultra-low power consurnption for the future.

(Basic Research Laboratories)

Microscope image of single-electron inverter circuit

Core of the inverter
~

Structure of the inverter before forming the input terminal.

L L I I T T T T T T T

InP-Based Ultrahigh-Speed-IC Te::h;ology for
over-40-Gbit/s Optical Transmission Systems

Demands for network infrastructures with high-speed and large capacity
are increasing due to the explosive spread of the Internet and multimedia
applications. Systems that can operate four times faster than commercial
ones (10 Gbit/s) will enable us to send, for example, the data of a disk of
DVD for a 100-minute movie in about one second and to open up various
services. To achieve such high-speed systems, boosting the speed of the
front-end transceivers is very important.

NTT Laboratories have fabricated the world's fastest transistors by us-
ing an InP-based crystal-growth technology, which results in high efectron
density and velocity in compound semiconductors, and a 0.1- um-process
technoiogy. We have alsc unified technologies that improve the uniformity
of the transistors and makes it possible to fabricate interconnection lines
suitable for high-speed signals on a 3-inch wafer. The focus is now on
establishing technologies for fabricating over-40-Gbit/s ICs, which will con-
tribute 1o the development of next-generation optical transmission systems.

The three features of the developed IC structure are (1) reliable process
technology for & 0.1- um-gate electrode, (2) an InP-etch stopper with a
thickness of only 20 atomic layers, which is inserted in InAlAs/InGaAs
HFETs™ grown by MOCVD2 and sophisticated in uniformity and thickness
controllability, resulting in a uniform transistor threshold voltage over a 3-
inch wafer, (3) monolithic integration of diodes with a low parasitic resis-
tance, which is indispensable for digital ICs. The result is a propagation
delay time below 5 ps/gate in an inverter.

In such high-speed operations, transmission delay and distortion due to
interconnection lines interfere with stable operation of the ICs. To maintain
stable operation, we have established an interconnection process using
an organic insulator with a low permittivity as a manufacturing technology.
Using it, we have been able to reduce the capacitance between lines and
to optimize the specific impedance of lines.

These achievements have enabled to reproducibly fabricate frequency
dividers and multiplexers operating at 50 GHz and 80 Gbit/s, respectively,
and to achieve an IC speed margin for 40-Gbit/s systems for the first time.
This speed margin enabled us to introduce an error-correcting code to
achieve high-quality and long-distance transmission systems. In the fu-
ture, NTT Laboratories will contribute to the development of a small, low-
power, high-speed transponder by introducing innovative technologies such
as monolithic integration of optical devices and high-speed ICs.

(Photonics Laboratories)
I HFET: Heterostructure Field Effect Transistor
2 MOCVD: Metal-Organic Chemical Vapor Deposition
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Very-Large-Scale 256-Channel WDM Filter for
Future Photonic Networks

The rapid and global spread of the Intemet is accelerating the growth
in telecommunication networks in which photonic technologies based
on optical WDM systems support the huge capacity in the backbone
network. The demands for increased capacity in photonic networks
will not slacken because the Internet is expanding more than expected.
To construct large-scale and cost-effective networks, a narrow-band
optical filter with a large scale is essential because it can effectively
increase the number of wavelength channels in WDM systems.

In the NTT Laboratories, we have been developing silica-based
planar lightwave circuits (PLCs) which can provide various practical
devices for the photonic networks. Among such devices, an arrayed
waveguide grating (AWG) multi/demultiplexer is a key component in
the photonic networks. It consists of N input/output waveguides, two
focusing slab waveguides, and arrayed-waveguides with a constant
path length difference AL between them. Input signals with different
wavelengths can thus be demultiplexed into different output ports
according to their wavelengths.

Using PLC technologies, we have fabricated a 25-GHz-spacing 256-
channel AWG, The chip is 55X 75 mm, half the size of conventional
AWGs. To construct this AWG, we improved the fabrication tech-
niques to enable the bending radius of the PLC to be reduced 5to 2
mm. The circuits can thus be integrated more densely.

The demultiplexing characteristics for all 256 output ports in the
AWG are shown in Fig. 1. A background crosstalk of less than -40 dB
and an on-chip loss of about 3.0 dB were attained. The transmission
uniformity of the ports was excellent, indicating that the PLC devices
are advantageous for very-large-scale devices.

We will continue to work on further advancing optical components
and technologies, which should contribute greatly to the construction
of future photonic networks.

(Photonics Labgratories)
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Cutting-edge Technologies

B ’
Integrated WDM Photo-Detector Consists of Semi-
conductor Wavelength Filter and Photo-Detectors

With the rapid expantion of the Internet, optical communication with
WDM is attracting much attention, because it allows a large quantity
of information to be transmitted at a reasonable cost. Applying WDM
to optical communications significantly reduces the cost of transmis-
sions, because many light signals can then share a single optical fi-
ber and a single series of optical amplifiers. On the other hand, WDM
systemns need numerous optical transmitters and receivers, because
each light signal needs its own transmitter and receiver. In this con-
text, a reduction in the cost of transmitters and receivers is important
in the realization of the practical ultra-high capacity WDM communi-
cation systems of the future, which will support the carriage of hun-
dreds of optical channels by a single fiber. Photonic integrated cir-
cuits on InP substrates provide an attractive and practical technology
for the effective reduction of the cost of the optical circuits which are
used as transmitters and receivers. This is because such circuits can
include most of the optical devices which are indispensable to optical
communications, such as lasers, modulators, and photo-detectors,
on a single substrate.

A prototype WDM photo-detector, as shown in Figure 1, consists of
an arrayed-waveguide grating filter and sixteen photo-detectors, which
can detect sixteen light signals at different wavelengths. NTT has
developed the arrayed-waveguide grating as a high-resolution optical
filter which is suitable for mass production. Making it on a semicon-
ductor substrate enables us to make integrated device with semicon-
ductor optical devices. The multiplexed light signal, which contains
sixteen different light signals at different wavelengths, is injected by
an optical fiber which is attached to the device. The arrayed-waveguide
grating in the device divides the multiplexed signa! into sixteen sepa-
rate channels, according to their wavelengths. The light signals are
then detected with one photo-detector for each wavelength channel.

A single grating can be used to demultiplex all 16 optical signals
from the fiber. Such light circuits have in the past been fabricated by
using & number of individual optical devices, and have thus been bulky,
but the new device has the necessary optical components on a sub-
strate that is only four-mm square and the area required for imple-
mentation has thus been reduced to 1/10 of the conventional optical
circuits. This integrated circuit 1s currently used as a signal monitor in
WDM test system that NTT has built between Yokosuka and Atsugr.

This technology will lead to the development of photonic integrated
circuits with more complex functionality, and which will include lasers
and modulators. Such integrated circuits will contribute greatly to re-
ducing the cost of WDM optical communications in the future.

(Photonics Laboratories)

Operating principle of a WDM photo-detector
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High-Reliability, High-Efficiency
Multi-Fuel Fuel Cell System

NTT Group will install low-power-consumption telecommunication
systems and increase in-house electric power generation using clean-
energy systems to meet the increasing need for power to support the
expanding information-sharing society. A fuel cell generates power
efficiently and does not release harmful gases because it produces
electricity through the electrochemical reaction of hydrogen produced
from fuel and oxygen in the air. It is especially promising for next
generation clean-energy systems because its efficiency can be in-
creased by using heat recovered from the system.

We have been researching and developing highly reliable and highly
efficient fuel cell systems for use in telecommunication systems, To
increase system reliability, we developed a multi-fuel systern that can
operate continuously by switching to liquefied propane gas (LPG) as
an alternate fuel when the supply of city gas is interrupted by a natural
disaster, such as an earthquake. Electric power generated from a
multi-fuel fuel cell system is interconnected with mains power or power
output from an engine generator, which starts operating when the
mains power is interrupted. The system enables intensive mainte-
nance, including remote diagnosis of fuel cell degradation and re-
mote reconfiguration of fuel switching via telephone lines.

A room housing telecommunication equipment now requires air
conditioning year round due to equipment downsizing and highly dense
assembly of telecommunications equipment. For this air condition-
ing, we developed a direct contact heat exchanger that recovers heat
efficiently from a fuel celi system with an efficiency of about 21%.
When used in conjunction with a conventional heat exchanger, it boosts
the recovery efficiency of the system to 38%. Thus, the overall effi-
ciency of this multi-fuel fuel cell system is as high as 78%, including
40% electrical efficiency.

(Telecommunications Energy Laboratories)
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SR Ring Technology for Fabricating LSIs with
Very Low Power Consumption

To fabricate high-density integrated circuits with high performance
and low power consumption, circuit structure pattems need to be made
as small as possible. Our research has led to the development of a
way of making extremely fine patterns through the use of synchrotron
radiation (SR} lithography.

In this method, soft x-rays with less than 1-nm wavelengths are
used to replicate mask patterns on wafers. As a result it can easily
fabricate less than 100-nm patterns, which are very difficult to form
with conventional lithography that makes use of ultraviolet rays with
wavelengths of 100 nm or more. Based on the semiconductor
roadmap, the power supply voltage of an integrated circuit with a 100-
nm pattern would be a low 0.9 V.

In SR lithography, it is necessary to employ an SR ring for x-ray
generation, a highly precise x-ray mask on which the original patterns
of the integrated circuit are written, and an SR stepper which repli-
cates the patterns on the mask onto a silicon wafer with very accurate
alignment. In 1989 we developed a superconductive SR ring that
generates very powerful x-rays. In our current work, we succeeded in
developing a high-precision stepper with pattern alignment accuracy
of 15 nm or less, and a high-precision electron beam writer for x-ray
masks with writing accuracy of 10 nm or less. We also developed a x-
ray mask fabrication process that achieves pattern placement accu-
racy of 20 nm or less. At present, we have all element technologies in
SR lithography required for making highly fine 100-nm-class patterns.
Through the use of these technologies, and with the cooperation of
the Association of Super-Advanced Electronics Technologies, we fab-
ricated high-density integrated circuits equivalent to a 1-Gbit DRAM"
and demonstrated SR lithography's usefulness.

(Telecommunications Energy Laboratories)
" DRAM: Dynamic Bandom Access Memory
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New Superconducting Lead Cuprates Prepared
by Molecular Beam Epitaxy

High-T: superconductors offer solutions to urgent global problems,
such as the need for new energy sources and the expanding green-
house effect, due to their unique loss less property. Efforts are under-
way worldwide to develop still higher-T: superconductors. In the NTT
Laboratories, we have been searching for new high- T, superconduc-
tors by using a novel synthetic technique that was molecular beam
epitaxy (MBE). MBE has a great potential to produce entirely new
materials, ones that cannot be obtained by bulk synthesis, due to its
unique features —low-temperature synthesis, epitaxy effect, contami-
nation-free environment, and atomic-layer control. Using these ad-
vantages, we have synthesized new superconducting Pb cuprates.

The crystal structure of superconducting copper oxides can be
viewed as the stacking of two-dimensional CuQz planes and charge
reservoir blocks. Charge reservoir blocks containing heavy cation
elements give the high T, as can be seen in Hg-, Tl-, and Bi-based
superconductors. Unfortunately, however, the first two are toxic, and
the last one has strong two-dimensionality, which is an obstacle to
magnetic-wire application,

There is thus a desire to develop Pb-based superconductors, but
there has been no real success by bulk synthesis. There are two
problems in the synthesis of Pb cuprates: (1) the high-vapor pressure
of Pb and PbOx and (2) the predominant phase formation of thermo-
dynamically stable SrPbQs. To avoid the first problem, we grew films
at temperatures as low as 500°C. To avoid the second problem, we
found the cheice of substrate material to be crucial. Using lattice-
matched LaAlO3 substrates, we selectively formed superconducting
Pb8raCuOs+d with no SrPbO3 phase formation. Figure 1 shows a
cross-sectional lattice image, obtained with a transmission electron
microscape, of PbSraCuOs«d film. It shows a regular stacking of CuQz
planes and PbO charge reservoir blocks.

PbSr2CuOs+d is the first member of the Pb-12 (n-1) n homologous
series, and hence has T as low as 40 K. However, according 1o the
empirical rule for Te-versus-n, the third member of this series will give
a T of more than 120 K, making this approach a promising one.

(Basic Research Laboratories)

A cross-sectional lattice image obtained with a transmission electron micro-

scope for PbSr2CuQs+d
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Cutting-edge Technologies

Imaging Atomic Step Dynamics

To the eye, a crystal surface appears smooth, flat, and mirror-like,
but on a microscopic scale, it is covered in atomic steps, forming the
edges of perfectly flat terraces. Crystal growth starts at these atomic
steps, 50 they play a pivotal role in atomically controlled thin-film growth
and nanostructure fabrication, We have developed unique methods
for both observing and manipulating atomic steps and have analyzed
the underlying mechanisms behind their behavior.

The arena for these atomic-step motion studies is an uitra-flat Si
(111) surface, which is atomically flat over macroscopic areas ~areas
measuring 100 «m or more on a side. We discovered that ultra-flat
terraces form at the bottom of craters in silicon surfaces when the
surfaces are heated to a high temperature. The terraces form when
the silicon is heated to sublimation, causing the atomic steps to re-
treat.

On an ultra-flat terrace, steps can be controllably introduced, one
by one, and they can be tracked with an electron microscope, allow-
ing atomic phenomena to be seen on a macroscopic scale. For ex-
ample, studying the growth and erosion of atom-high islands and cra-
ters reveals the kinetics of attachment and detachment of surface
atoms. By creating two craters or islands simultaneously, we can
make atomic steps collide, enabling us to probe the interaction be-
tween steps. One such collision is shown below. The series of snap-
shots shows concentric atomic steps (crater edges) expanding dur-
ing sublimation. The graph shows the time evolution of the step posi-
tions. The innermost step collides with its neighbor.

These studies are contributing to our understanding of the physics
of crystal growth and sublimation. We plan to use this knowledge to
precisely control step structures.

(Basic Research Laboratories)

The motion of atomic steps on an ultra-flat terraces
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Database of Japanese Lexical Properties

Modern science is exploring the language of the human brain. To
do this, it is necessary to identify the properties of each word and
characters because the brain works differently for each one. How-
ever, lack of a Japanese lexical database containing many properties
of many words and characters has been a big obstacle to brain re-
search on language.

To overcome this obstacle, we developed the largest and most re-
liable lexical database of properties of Japanese words and charac-
ters.

It contains, for example,

(1) the familiarity, orthographic plausibility, and accent plausibility for
about 80,000 words,

(2) the frequency for about 340,000 words, and

(3) the familiarity, complexity, and frequency for about 7,000 charac-
ters.

A user-friendly search program is provided with the database.

This database should greatly contribute to basic research on lan-
guage functions of the human brain. In addition, it can be applied in
many areas such as education, medicine, and engineering. For ex-
ample, we have already developed a vocabulary test (http:/
www.brl.ntt.co.jp/cs/human/goi/) and a check test for aphasia. And
we have proposed a new front-end for a Japanese language process-
ing system.

(Communication Science Laboratories)
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Security Analysis of Elliptic Curve Cryptosystems

The focus in telecommunications has shifted from “communicat-
ing messages" to "communicating messages safely”. Secure com-
munication is a prerequisite for electronic commerce, electronic money,
etc. Cryptography is a key technology of such security.

Elliptic curve cryptosystems (ECC) are expected to be the next
generation standard for cryptography. An elliptic curve system can
run about 10 times as fast as RSA” scheme (the current de facto stan-
dard). However, since elliptic curve cryptosystems have a short his-
tory, there may be unknown weak points or points which can easily be
attacked. Hence, the cryptosystem needs to be analyzed more deeply
in terms of security.

At NTT Laboratories, we have been analyzing the security of ellip-
tic curve cryptosysterns. As a result, we have mathematically proven
that when a particular type of curve, which we call a super-anomalous
elliptic curve, is used in encryption, ECC can easily be broken, We
prove it as follows. Firstly, we define a mathematical problem whose
difficulty is equivalent to ECC in using this curve to break. Secondly,
we propose an algorithm by which the problem can easily be solved,
and we mathematically prove that the algorithm always outputs the
correct answer. As a result, we show that it is easy to break ECC
when super-anomalous elliptic curves are used.

The resuit became one guideline for choosing a secure curve for
ECC. Aside from proving that a particular cryptosystem can easily be
broken, this work contributes to the mathematics of cryptography.

From now on, we plan to search for ways to attack other curves
and analyze the efficiency of these attacks.

Furthermore, we plan to apply the results of this security analysis
to the development of new, more efficientcryptosystems.

(Communication Science Laboratories)
" ASA: Rivest-Shamir-Adleman Scheme
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Learning-Based Active Search Method for Instantaneous
Searching of Reduced-Quality Sound and Video Images

In keeping with the growing popularity of the Intemet, there is a growing need
1o quickly search for specified sounds or images from among huge amounts of
information. In October 1998, NTT Laboratories developed a multimedia search
technology —called the Time-series Active Search (TAS) method- which could
seek out specified sounds and video images from among longer sound and im-
age data some 600 times faster than with the conventiona! feature-matching
method. There is an undesirable phenornenon with TAS method, however, in
that the search accuracy decreases when searching for sounds or video images
of which quality has been significantly altered as a result of such operations as
compression or editing, a situation that is often encountered on the Intemet.

The recently developed Leaming-based Active Search method (LAS) has ex-
panded on the concepts of the TAS method, resolving the above-mentioned prob-
lem by intreducing a leaming mechanism. First, in the leaming stage, the system
learns how the characteristics of sounds and images differ before and after com-
pression or other processes. This leaming takes place in the form of a probabi-
listie model, using sounds and images designed specifically for this purpose.
Then, in the search stage, the system reflects the results of the leaming process,
matching data while taking into consideration a number of possible quality changes.
We have introduced an original technique at this point: the system instantly iden-
tifies unnecessary matching caleulations hoth in terms of time domain and fea-
ture domain, in order to increase the speed of the matching process.

This technology maintains approximately the same speed as the TAS methed,
and can also correctly search for materials that could not be searched using
conventional metheds; for example, video images that have been repeatedly
dubbed on home video recorders, or sounds from music CDs that have been
transmitted through telephone fines. Of course, this technology is compatible
with commonly used compression methods, including MPEG'. This technology
can be used in a number of applications, including monitoring systems for sounds
and video images on the Intemet and music search services using sound frag-
ments transmitted over telephone lines.

In the future, we will continue to aim for even higher level technologies, cen-
tered around the current technology, to allow users to quickly search cut informa-
tion of interest from among huge amounts of multimedia information, including
sound, images, and text.

(Cornmunication Science Laborateries)
" MPEG: Moving Picture Experts Group
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Cutting-edge Technologies

An Information Integration Syst'émJBased on
Geographical Information (GeoLink)

NTT Laboratories are conducting research and development on
the Geolink Information Integration System, the goal of which is to
integrate geographical information and information on the Internet, as
part of efforts to build a social information infrastructure that provides
living city information. By handling the hyperiinks between homepages
on the Internet and the geographical relationship among pieces of
information relating to actual cities in an integrated way, we are aim-
ing to construct an information system that will be useful in day-to-day
lifestyles.

Geolink enables the user to receive information on the network
through an expanding series of links among homepages, and repeated
evaluations of the conditions in relation to the homepages contacted.
In addition to expanding on the hyperlinks listed on the homepages,
this system also expands on links derived from newly created rela-
tionships, using geographical attributes extracted from the homepages.
In this way, users can retrieve information based in part on geographi-
cal relationships, such as distance and positional relationships, in
actual cities. Using Geolink, it is possible to provide even more di-
verse information than ever before, beyond what can be accornplished
by traditional information retrieval systems that target only the con-
tent of homepages. For example, the user can search out specific
information from sites with unknown configurations by tracing back
through a series of links, or search on a map for homepages located
within a given distance from a user-specified location.

Geolink can be used via a variety of interface types, including a
3D walkthrough and a map-based interface that searches for infor-
mation relating to cities. It can also be used in conjunction with con-
struction tools for regional information portal sites that gather such
city-related information.

In the future, we will continue to develop our research themes as
we work to construct an information retrieval system that can not only
refer to Internet homepages and geographical information, but can
also gather up-to-date information from the real world through tie-ups
with sensors installed throughout the city and a variety of other com-
munication tools.

(Communication Science Laboratories)

Information integrating system GeoLink

GeoLink 4 R
+ Evaluating conditions of .
homepages < »

* Hyperlink expansion
- Geographical link expansion

Queries/Results \

Geographical

Information

3D Walk-through

Map-based
Interface




Open R&D Environmen! s ee————

The role that information communications should play in the advance-
ment of the society and economy is of great importance. In accordance with
the Nippon Telegraph and Telephone Corporation Law, NTT believes its mis-
sion is to contribute to the development of information communications in
Japan, and all around the world as well, by disseminating our research and
development results. To achieve our mission, we are energetically develop-
ing the activities shown on the right.

1999 Symposiums/Forums Schedule (arranged chronologically)

- ‘ Event . Date . Location
The 10th NTT Science Forum April 6,1999 New Pier Hall
Communication Science Laboratoires Openhouse '99 June 3-4,1999 NTT Keihan-na Building (Kyoto)
NTT Group R&D Forum 1999 Qctober 19-20,1999 NTT Musashino R&D Center
Photonic Network Forum PNF '99 Qctober 27-28,1999 KOKUYOQ Hall
Science & Core Technology Laboratory Group Forum November 1,1999 NTT Atsugi R&D Center
Tsukuba Forum '99 November 11-12,1999 NTT Tsukuba R&D Center
Environment-Information- Education Forum 21 November 11,1999 Iwate Medical Assaciation Hall
NTT Open Lab Symposium November 19,1999 NTT Musashino R&D Center
2nd GEMnet Forum March 1,2000 NTT Musashino R&D Center
1st I July 24,1999 Tokyo International Forum
CmCC Symposium 2nd : September 11,1999  Nara-Ken New Public Hall
3rd : March 11,2000 Tokyo International Forum

H Advanced Technologies Displayed at World Telecom '99

Atthe 8th World Telecommunications Exhibition (World Telecom '99), held in Geneva in October 1989, the exhibits of the NTT Group focused on the results of advanced research
activities. World Telecom is a venue for the introduction of the latest accomplishments in telecommunications technologies by member countries of the Intemational Telecomemuri-
cation Union (ITU) introduce. It provides an apportunity for developing countnes and other interested parties to leam about the possibiities for applications of these technologies.

World Telecorn '99 was an extremely successful exhibition, with 1,146 participating companies, organizations, and agencies from 47 countries around the world. At the research
display comer, NTT conducted demonstrations that showed detailed contents of a variety of services, and also gave visitors a chance to operate actual devices, thus emphasizing
how each of the display systems is organically linked to make up the next generation in multimedia networks. Visitars to the exhibition showed very keen interest in all the displays.

The details of each exhibit are outlined below.

1. Global Megamedia Network (GMN) -1 Corner
The first step in GMNs (a next-generation information communications infrastructure proposed by NTT
Laboratories, which combines ATM™ technologies and optical fiber networks.
(1) IPM, an advanced-function IP* transfer system
(2) MDS, a distributed storage network for contents distribution
(3) ATM-PON, which ailows the creation of econornical FTTH?
(4) ATM Shared, which allows the realization of low-cost services through shared network bandwidths
(5) AWA™, which allows multimedia services to be used any time, anywhere
(6) ATM Loss Less CODEC, a realtime lossless compressed transfer method for digital video.
2. GMN-2 Cormner
The second step in GMN, aimed at creating a next-generation IP network that offers such features as
transfer speeds of 10 Mbit/s or more, as well as QoS functions
(1) Media Cruising, a next-generation internet architecture using advanced high-speed communication
protocols.
() Netwarp, an economical, PC-based, super-high-speed data transfer service
(3) OPTIMA, a 640Gbit/s ATM switching system
(4) Photonic Network, a network in the Thit/s class that uses electronic and optical technologies.
3. E-commerce corner
Services that allows users to easily seek out and purchase their desired contents via networks.
(1) A one-stop image shopping system comprised of such services as ExSight, DBSENA, and InfoProtect,
which allow searches, purchase, and assured safety in transfer for digital images from multiple databases
(2) Infoket/EA, an electronic transaction agent system for EC” platforms
(3) TellTails, a detection system to detect pirated contents,

' ATM: Asynchronous Transfer Mode = CODEC: CQder/DECoder
2 |P: [ntemetworking Protocol * QoS: Quality of Service
? FTTH: Eiber To The Home 7 EC: Electronic Commerce Display area

* AWA: Advanced Wireless Access
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BNTT Group R&D Forum 1999; Commemorative Event Celebrates Opening of NTT Musashino R&D Center Main Building

The "NTT Group R&D Forum 1999" was held over two days, on October 19 and 20, at the main building of the NTT Musashino R&D Center. The goal of this forum,
which was held to commemorate the completion of the R&D Center main building, was ta introduce the R&D activities and future prospects for the NTT Group as a whole.

Jun-ichiro Miyazu, President of NTT, gave the keynote address to start off the special discussion meeting on the 19th. Hiroshi Inose, Director General of the National
Center for Science Information Systems at the Ministry of Education, Science, and Culture, followed this address with a speech concerning expectations for NTT's R&D
activities. On the 20th, a series of technical presentations was held by key personnel in charge of R&D at the vanous group companies.

A special exhibit by twelve NTT Group companies (featuring about 50 displays) and a separate exhibit of research achievements (about 70 displays) were held dunng
the two days of the Forum, as a technical display of the R&D achievements at the various Group companies. Total attendance for the two days combined was around 3,000
visitors. The NTT Group, which is aiming to become a Global Information Sharing company, presented 1o visitors a clear vision of its R&D actvities. The full capabilities
of the Group are being invested in the promotion of these activities, as part of efiorts to create a rich information society for the future.

NTT Musashino R&D Center main buiding Technical presentations

H The 10th NTT Science Forum

The 10th NTT Science Forum was held on April 6, 1999, at the New Pier Hall in
Minato Ward, Tokyo. The goal of this Forum, which has been held every year since
1990, is to contribute to the advancement of fundamental research and developments
n science and technology. This year's Forum marked the tenth gathering since the
Forum's inception. The Forum began with three keynote addresses —presented by
Lawrence L. Rauch, Professor Emeritus, University of Michigan; Leslie J. Deuisch,
Manager, Advanced Flight System Program of the Jet Propulsion Research Labaratory,
NASA; and Haruto Hirosawa, a Professor at the Institute of Space and Astronautical
Science- based on the theme *Challenging the Mysteries of Space: Unraveling the
Mysteries of Space with Advanced Technology." Later, panelist presentations were
given by numerous scholars from throughout the country, and a panel discussion was
held on "The challenges of space, both present and future.* This discussion examined
the mystenes of space from a number of different perspectives, and left a lasting im-
pression on the roughly 800 visitors to the Forum.

Welcoming speech by Jun-ichiro
Miyazu, President of NTT
Panel discussion

M Promotion of Technology Support Activities by Means of Satellite Labs

NTT Laboratories have established Satellite Labs nationwide for the purposes of
encouraging fundamental R&D activities by directly grasping market needs and
applying R&D results when and where needed in commercial enterprise and soci-
ety. Atthe Satellite Labs thirty researchers cooperate with the R&D Centers of NTT
East and NTT West to provide technological support to NTT East and NTT West
business sectors. Satellite Labs aim to promote transfer of the latest research
results to specific services and systems oriented to each region and customer.

The technical support activities conducted in 1999 include education application
experiments using environment-sensing technology, and field experiments related
1o digital information content storage and distribution using digital watermarking
technology. Atthe *NTT R&D Selections,” an exhibition held in Naha city (February
17 to 18), the latest R&D results were demonstrated to about 500 visitors, including
the Vice Governor of Okinawa prefecture, creating a very favorable impression of
how NTT is taking on the challenges of information sharing technologies. Also,
seminars took place in many cities, such as “Communication and Well-being” (May
8 in Fukuoka city), "Computers are Changing Daily Lives® (June 22 in Nanao city),
and "Multimedia Technology is Changing the Information Sharing Society” (Octo-
ber 27 in Naha city) to explain NTT's vision of the “information sharing society® and

“NTT R&D Selection” in Naha city

research on the technology for realizing it. -t -
In the future, as well, we will continue with technology support activities based Technical demonstration at Hokuriku
on the advanced lechnology and knowledge possessed by NTT Laboratories to satellite laboratory

promote the early dissemination of R&D results.



B Publishing of Technical Magazines

NTT publishes the following three technical magazines with the aim of disseminating research and development results.

(1) NTT Gijutsu Journal
(monthly magazine In Japanese)

Explains research and de-
velopment results and busi-
ness trends.

(1999 Feature Articles)
Caonstruction of ATM Backbone
Network, Construction of Informa-
tion Sharing Platforms, Multimedia
C ication Devices Pervasive in Households,
Technical Developments for the 2151 Century, Future Telephone
Servicas of the NTT Group, Efforts to improve the Quality of
Service, The Future Opened Up through Fundamental Re~
search into Physical Properties, Electronic Business Solutions
for the EC marketplace, Voice Recognition/Voice Synthesis
Technologies, etc.

W Patents and Technology Disclosures

(2) NTT R&D
{monthly magazine in Japanese)
wR) = Consists of research and
; . scientific papers written for
specialists.

(1999 Feature Articles)
JoiNet Information Sharing System
Technologies, Development of ATM
Backbone Network Equipment,
Network-based Technologies that Support NTT Group Activi-
ties, Next-generation On-board Satelfite Equipment Technolo-
gies, Wireless LAN Systems for 5GHz Band Ethemets, IC Card
Public Phone Systems, Information Communications and
Micromechatronics, Encoding, Clean Energy System Tech-
nologies, Developrents in Technologies for Next-generation
Map Applications, Experimental Results from Global Test Beds
(GEMnet), Media Processing Technologies, etc.

Applications for R&D patents

(3) NTT REVIEW
i every odd-r

ed month in English)

Explains research and de-
velapment results and busi-
ness trends for overseas
readers.

(1999 Feature Articles)
Information Sharing Business in
the 21st Century, Challenges for
Terabit Communications Technologies, New Technolegies and
Developments for the 21st Century, Development of ATM Back-
bone Network Equipment, Basic Research towards the Fu-
ture Information Sharing Society, GEMnet, Optical Access
Network System Technologies, etc.

& Domeslic
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M Scientific Papers and External Announcements

The results of research and develop-
ment activities carried out at our research
laboratories are frequently announced at
domestic and international conferences
and in specialized scientific journals.
These activities inspire more research and
development into the field of information
communications and contribute greatly to
the development of science and technol-
ogy.

(Numbsr)

® 10-Gbit/s ADM Ring System

000
,000

s 2
g B § Fiscal year

2,007
1,500

Papar selected by Japanese  Peper ssiocted by overseas hon at meets F
academic societies and acsobmic sociedes and aldm:sslfcmder;vmfbm conferancss
Joumals Sooates
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M Standardization Activities

Based on its comprehensive range of research and
development on information communications, NTT has
been active in fora and consortia, which are recently
playing leading roles, as well as in standardization or-
ganizations such as ITU-T, ISO. These activities also
contribute to the orderly development of worldwide in-
formation communications.

Participation in standardization organizations
such as ITU and TTC (fiscal 1999)

International : Chairperson and other appointees total 80
International : Participants fotal 340
Domestic : Participants total 380

Number of participation in international
standardization meetings (fiscal 1999)

About 2,900 man-days
{Excluding preparatory studies)

Ml Main Commendations and Prizes Awarded in 1999

Science and Technology Agency

Persons of Scientific and Technological Merits

. Science and Technology Agency

Remarkable Invention

ammunications Association

Maejima Award

~“The Okochi Memorial Foundation

. The Okochi Memorial Technology Prize
The Institute of Electronics, Information and Cammunication Engineers
Achievement Award

The Institute of Electronics, Information and Communication Engineers
Achievement Award

M Number of R&D Personnel

(Person)
6,000

5,000

4,000

3,000

2,000

1,000

1997 1998 1999  Fiscal year

With the reorganization of the NTT Group in July 1999, the Applied R&D division
was transferred to operating companies.

Percentage of contributions submitted to [TU-T
(1993-1996 study period)

Japan 11%

Estimated from the former study pericd (1993-1986) data of ITU-T and of the
Ministry of Posts and Telecommunications, Japan.

Development of Silica Planar Lightwave Circuits using
Flame Hydrolysis Deposition Method

System for Re-Transmission in Data Communication

Development and Deployment of Ecomical Optical
Access Systems by using PDS Method

Development of Silica Planar Lightwave Circuits

Pioneering Research on Photonic Transport Network

Advanced Research and Development of Behavioral Hardware
Description Language and High-Level Synthesis Technology

H R&D Expenditure

(100-Million Yen)
3,000

2,500

2,000

1,500

1,000

500

1997 1998 1999 Fiscal year



T4 4 Cyber Communlications 4 .
Al Cy! aboratory Group IO-I‘I — Research and development of new products for use in information sharing business applications

«? Cyber Solutions Laboratories W Cybet Space Laboratories
Research and development of products and Research and development of elemental technology for the
services for the information sharing business, information sharing business (contents-crealion support technoiogy,
and provision of solutions technology media database techi software N3]
"4« Tnfrmatin Sharing ’ Research and development of global information sharing network services
o, k-aboratory Group P g 9
«J Service Integration Laboratories \J Infarmation Sharing Platform Laboratories  Netwark Service Systems Laboratories
Creation of new marketing services centered Research and development of information Research and development of network services
around information sharing networks (Service sharing platforms as common elements in and advanced networks technologies that will
Creation) various information sharing network services support these services
) Access Network Service Systems Laboratories
Creation of diverse access services to support
information sharing, and development of more
advanced and more economical access networks
4 Discavery of new principles and concepts to revolutionize information communications

"4 Ecience & Cora Technolagy

..a. Laboratory Group and research and development of cutting-edge technology

# Telecommunications Energy Laboratories

w# Network Innovation Laboratories o Lifestyle and Environmental Technology Labaratories
Research and development of optical and wireless Research and development of lifestyle and environmental Research and development of technologies for
technologies and communications software technologies based on informaticn sharing to ease the load generating, converting, transmitting, stonng, and
technology as the core of next-generation networks on the environment and revolutionize personal lifestyles consuming energy used in communications

«J Basic Research Laboratories

«J Communication Science Laboratories
Research and development of innovative devices

« Photonics Laboratories
Research and developmenl of oplical and electronic compenents, Discovery of new approachas and concepts in
modules, matenals, and other cuting-edge lechnologies to knowledge processing and media processing to and materials and research of quantum opties
achieve nove! forms of informalion communications revolutionize information communications and elactronic materials

(Yokosuka, Kanagawa)
. Cyber Communications
Laboratory Group

- Cyber Solutions Laboratories

- Cyber Spaca Laboralories

@ - Network Inngvation Laboratones

As of March 31, 2000.



Java 1s a registered tragemark of SUN Microsystems Inc of USA

I-mode is a registered trademark of NTT DeCoMo, Inc.

OCNnavi and Arestar are registered trademarks of NTT Communications Corporation
goo is a registered trademark of NTT-ME information Xing, Inc

Smart Media is a registered trademark of Toshiba Comporation.

Windows is a registered trademark of Microsoft Corp. of USA.

Cisco 12000 is a registered trademark of Cisco Systems, Inc. of USA.
SoftwareVision, TITAN, InfoBee, Infaket, SelidAudio, WebMessenger and Geolink are
registered trademarks of Nippon Telegraph and Telephone Comporation.

LiveWatch, InfoBind and Chara-face are trademarks (pending) of Nippon Telegraph
and Telephone Corporation

All other company's name and trademarks are the property of thew respective owners.

NTT

NIPPON TELEGRAPH AND TELEPHONE
CORPORATICN

Gyher Gomimunications Laboratery Group

1-1, Hikarinooka, Yokeosuka-shi, Kanagawa 239-0847, Japan

Information Sharing Latioratory Group
3-9-11, Midori-cho, Musashine-shi, Tokyo 180-8585, Japan

Science & Core Technology Laboratory Group

3-1, Monnosato Wakamiya, Atsugi-shi, Kanagawa 243-0198, Japan

E-mail: rd-annual@mi1.lab.ntt.co.jp
URL : hitpz//www.ntt.co.jpo/RD/Enindex. htmi

June 2000
© 2000, NTT
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nation communications is undergoing dynamic change. The

ns netiworks as the Internet has become an essential

ic creation of new information communications markets.

ositioned amid this phenomenon, the NTT Group aims to create more convenience

=

hrough the use of advanced iiéﬁmnation technology (IT).

" " NTT Multimedia Center introduces cutting-edge technologies and services developed by the

NTT Group through a variety of applications and content. The Center offers opportunities to experience

-
-
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FLET’S-ISDN
With the advancement of multimedia rechnology, demand for high-speed, fixed-rate
Internet access is rising amid the imminent arrival of a full-fledged information sharing
era. In response to this demand, Nippon Telegraph and Telephone East Corporadon (NTT
East) and Nippon Telegraph and Telephone West Corporation (NT T West) began pro-
viding FLET'S*ISDN, a new Internet connection service.

FLET’S+ISDN utilizes INS-Net lines and offers dial-up connections to a provider at
a fixed rate. By dialing an assigned telephone number from an INS-Net line, customners
conneet to their choice of Internet service providers through local Internet protocal (IP)
networks of regional NTT companies.

As an exccptio.nally easy—;n_:usc standard Internet connection service, FLET’S<ISDN

is expected to become a portal to multimedia communications over the Internet.




Cutting-Edge
Content Services
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Data streaining over networks: From usic distribution
services to electronic money, informarion sharing is advanc-

ing ar the speed of light.
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NTTH B & TiSolidAudion T BHESED 75, B4 L A BFOARLEHL | SolidAudio
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SolidAudio—Distributing Music Over Networks
SolidAudio is a state-of-the-arr digital music distribution system. High-qualicy digital music
files are easily downloaded over the Internet and private networks using the advanced audio
compression technology of SolidAudio. Encryption that utilizes media-specific IDs and robust
conrent distribution technology, other features of SolidAudio, protect on-line digital music
from piracy. SolidAudio is a key technology for growing infoxmation-sharing needs for secure
digiral music distribution.

NTT E:ASc will foster its alliances with leading companies to develop and provide SohdAundio

services and systems to promote the spread of the system.

E-Commerce Platforms and Electronic Money
Electronic monéy is an essential clement for conducting business over networks, including
electronic trading over the Internet. As dara with intrinsic value, electronic money is the same

as using conventional currency for shopping and services. Any amount of NTT's electronic
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An outline of the Optical Access System FHTIRAVATL (TYATL)

NTT Z0L =73 RAB L S0FRIZHA . SHEBFROIFREE TS 97—
& TH# XFTTH (Fiber To The Home) OFBUZBOHMA TOE T (1) FTTHOEKEM

MEHBAHFIT KT 2 E AL AT LOVEDTH B 70 AT & BEFEhET,
‘xR 40 1E, KPDSH () ARWT L BRD, IRDE T 7 /5T HMD B EH
AU CISDNLE D4 —E AL TE, SRS B R iR TR L T \i’s“a‘
NTT#ZA—73. ZOXT 7t Ay AF LN ROBE/BHERESONEDA RS T,
CATVRYE o - - 7w FEOMRE Y — A RV A=y b7 o4 ZAH, 85850

F—E RERT 7 A STIRML 2T,
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*! 2000ES A SHMT I N —~TEHEAT. R v b7—2 (FTTH) LB RE A h ¢ LIRS
EY 2 ADORS AP IFTTHRIRM (PN JEERBLTLEY.

CATV
BEES o 2=%y T IEZ 2 DSt

PDS (Passive Double Star) i, A7y 2EMEhIRTF AAATHRESEIR sk €3
TELIN EROBERMIONEENEEH T T ITEETMICLET,

The New Optical Access System (7T System)

The NTT Group is making all-out efforts to advance Fiber To The Home (FTTH),

which connects NTT oprical networks and customer homes*'. An Optical Access Sys-

tem, the 7T System is one of the technologies thar accelerates full implementation of

FTTH.The 7T System employs opucal passive double star (PDS)*? technology. It allows
' for the construction of highly economical facilities and for multiple customers to simul-

aneously use such services as telephone and ISDN over a single optical fiber line. The

NTT Group will provide a varicty of services with the Oprical Access System, including

such visual services as cable TV (CATV) and video on demand, high-speed Internec

access, as well as conventional telephone and dedicated communications line services.

*!The NTT Group, in T ion with the itz Gronp, started the FTTH Kanazawa
busi utilizing Fiber To The Home

Trial in May 2000, 2 project for i
(F'ITH) md’infurmalion appliances.
* Optical PDS Technology .
assi v double star (PDS) allows several customeérs to share & single transmitter by splitting
# and coml?in:i.ng optical signals with a device called an optical splitter.
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Presenting our vision of the future.

Magic World CLUB-D is an executive space for presenting

NTT DoCoMo’s vision of MAGIC communications.

Here we hope to provide key players from around the world with views
of the magic to come and the business opportunities arising

in mobile multimedia communications.

Concept Theater

In the Concept Theater, our “Vision 2010” movie provides a tantalizing glimpse

of how mobile multimedia comniiinications will benefitsociety in the 21st cenrury.
- I

Iy
4.

Mg

\ it Theater

pressive view of Tokyo. A A large conference room A A small meeting room

with advanced presentation with a congenial atmosphere.
facilities.




Display Zones
b |
NTT DoCoMo’s services, technology and vision of the future
are presented in three display zones.

Demonstrations and displays of our latest activities cover
present and future mobile communications and promote

the development of new business opportunities and ventures.

Prologue to the mobile frontier

DoCoMo Today

Zone One introduces NTT DoCoMo's current and yet-to-be-marketed products
and services made possible by exhaustive R&D.

A Corporate profile and R&D corner ATopics corner, where state-of-the-art A Products lineup corner with recent
mobile multimedia can be experienced terminals and services including i-mode

Challenging the mobile frontier

DoCoMo Technology

Zone Two presents NTT DoCoMo’s recent technology and explains its efforts to establish
the next-generation mobile communication standard. Various potential applications

for W-CDMA are covered, suggesting future business possibilities.

AW-CDMA corner A Application corner

The mobile frontier envisioned by NTT DoCoMo

DoCoMo Vision

Zone Three introduces examples of the magic communications envisioned in
our "Vision 2010". NTT DoCoMo is determined to make the magic of
mobile mnltimedia communications a realiry through collaboration with global partners.

Wireless E-Commerce

AMAGIC corner
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At BEEF BocoMcr, we're detenmned o makatﬁe magic af mohr[e multlmedfa
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Aiming to become a "dot-com” company that can fully support your efforts™o

create new businesses and lifestyles

The globalization of telecommunication services is
gaining speed day by day, dramatically changing
economic and social structures, as well as the ways
that people live. Since NTT Communications was
established last year, our company has assumed

the role of a challenger in the global infe-
communications market. Accordingly, we have made
steady efforts to launch new businesses in
numerous sectors, particularly in the IP-network and

info-communications platform sectors.

In March 2000, we made a “dot-com declaration”
in which we expressed our determination to
strengthen the above strategy and pledged to
propose new business models and new lifestyles.
We plan to make NTT Communications a company
that is capable of extending comprehensive
assistance whenever you create a new business or
change your lifestyle. Also, we will continue to
provide an ample array of services by attaching top

priority to your needs and values.

President and CEQ
Masanobu Suzuki



Amid the current trends toward globalization and networking,
NTT Communications is providing, as a “dot-com” company,

a new stage for communications—a stage that we refer to as the “e-theater.”

A so-called New Economy, centering
on the Internet, has emerged, and it
is about to experience explosive
growth. NTT Communications, as a
“dot-com” company in such an era,
supports the creation of new
businesses and new lifestyles through

Internet-protocol (IP) technology.

The “dot-com” era is also expected to
be an age of globalization.
Accordingly, NTT Communications is
expanding its service coverage not
only in Japan, but also to Asian,

American, and European countries.

At the foundation of the services that

we provide are networks centering

on IP technology. Based on these

networks, NTT Communications
provides platforms, guaranteeing
speedy and secure transactions.
Moreover, we offer various services
through various partnerships for the
applications and contents, that are

developed over these networks.

NTT Communications considers the
foundation of its business to be
components ranging from networks
to platforms, and it regards them as
a stage that is referred to as the
“e-theater.” This “e-theater” will not
only open the way for new
communications possihilities, but will
expand your business opportunities

as well.




Applications & Contents

Based on its networks and \

platforms, NTT Communications \
promotes diverse services by Platforms
cooperating with various NTT Communications provides

partners. platforms that enable one-stop

functions such as server hosting,

NTT Communicaﬁons’ \ directory service, security,

u n authentication, and account-
e-theater

settlement service.

Networks

Data centers (DCQ)
Through cooperation with many
companies, NTT Communications

IP connectivity
provides unified and value-added

NTT Communications has

customer support based on its constructed a large-volume IP

accumulated know-how, such as backbone, is providing wideband-
that reiated to outsourcing

access networks, is expanding its
through the use of IP networks.

“OCN,” and is developing its IP

services in the global market.




Applications & Centents

Platforms
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Applications & Contents

Networks

Achieving advanced supply chains based on cross-industry platforms

Our platforms strongly support corporations in challenging themselves to

create new business models.

Customer

NTT Communications’ way

By making the most of its high-level
security technology and other highly
reliable technology,

NTT Communications provides
authentication and account-
settlement platforms that can
contribute to the success of any
“dot-com” business. The platforms
are easy for end-users to utilize, and
they create an environment in which
service prO\;iders can conduct
business safely and reliably.
Furthermore, our industry-wide and

cross-industry platforms enable firms

to realize advanced supply-chain

management.

We offer a wide variety of related
services, such as our "CAD
Collaboration,” which is Japan’s
first platform for supporting joint-
design work; “Calle,” which is an
e-commerce platform that enables
settlement of small payments via the
Internet; “.com Market,” which is a
service to support online shops; and
“GTRAX,” which is a distribution
platform with large-capacity

contents.

E-Platform Service Functions

EP service center

Corporations

Mainframe

Mainframe




Platforms based on optimal networks

aresrmaee,
High-speed backbong ~ " *+
IP-VPN ey
OCN, etc.

*, Consumers
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Procurement of mats
and ingredhents

Rescarch partnes

Design and
manufacturing partny

fAccount

£
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Construction of cross-industry
platforms

of the open electronic

Providing ASP-type solutions




Applications & Contents

Platforms

Networks

Applications and Contents have unlimited potential. In tie-ups with various

”

types of business partners, we will carry out many projects in our “e-theater.

New business players play an active
part in the Applications and Contents
layers, which are created on a stage
that we refer to as the “e-theater.”
The stage is comprised of various
components, ranging from networks

to platforms.

NTT Communications, in
collaboration with various
application-content providers, has
launched many projects, such as
“Arcstar MUSIC,” a service that
supports music-distribution
businesses on the Internet, and
application hosting as an aid in

reforming corporate management

systems.




Creating a new B-to-C
business model

In the past, in order to operate a
content-distribution business over the
Internet, it was necessary to have a
content-distribution system, a
network, a customer-support

system, and fee-collection and
account-settlement systems. The large
amounts of funds, time, and energy
necessary to ¢reate such systems were
major obstacles to launching content-
distribution businesses. However,
"Arcstar MUSIC,” a comprehensive
system for distributing music over
the Internet, is a means by which

NTT Communications will support
record companies' new business by
handling the necessary complicated
operations single-handedly. Our
company, in cooperation with major
Japanese record labels, is now
experimenting with this system. Qur
aim is to put this system into
commercial operation. In addition,
we plan to propose a new business
model that will deliver more-
interesting contents to users.

Such contents include interactive
online computer games, music, and
animation, all of which will be

delivered via our “OCN."

Change
Communi

Arcstar MUSIC

4

Record label's
Web site

Access Record
label’s

Web page

Music
selection
X Purchase
or sample

listering

Linnk

Maintenanc
and operatio

Application hosting

Our application-hosting service helps
firms to process their business tasks
via the Internet or by other
telecommunications networks. This
service makes it possible for firms
both to reconstruct their business
processes and to manage their
business effectively.

NTT Communications is continuing to
form partnerships in order to
promote such an application-hosting
service, which includes the provision

of enterprise resource planning (ERP)

software.



Praviding both ﬁéﬁonwide»and-vﬁor[dwi’de services that

- wilk meet a wide range of business needs, including

- thase invalving EB. data, v_oicé. and pl’a’xtforﬁis

For business users, we pravide & wide _
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services concerning security, hosting, -
outsourcing,. and so on;

and telephane services.

Business OCN

OCN Econorﬁy_
Arcstar OBN Service
Super \_IPN 3







Offering various value-added services to residential customers and

small-office/home-office (SOHO) operators to help them create new lifestyles

For residential and SOHO users, we
provide, in addition to long-distance
and international telephone services,
services that satisfy their diversifying
demands invélving the Internet, and
that help them to create new
lifestyles. We offer, at reasonable

prices, worldwide services that are

easy to use and that make life and
leisure-time activities more
convenient and mor; enjoyable.
Qur international telephone service,
”0033," connects more than 230
countries and regions around the

world.

We attach importance to our various
ways of keeping in contact with our
customers. We have established a call
center and an NTT Communications
Web site that are accessible from all
parts of this country, and we have set

up sales agents in many places.

International Telephone "0033"

AMERICA

Ameriean Virgin laland
nguilla

Antigun & Barbuda

Argentina

Bahamas
Barbados

Beiza
Barmuda
Belivia

razil
British Virgin island

a
Daminican Republic
Ecuador

Ei Salvador
Falkland I

Freneh Guidna
Grenada
Guadeleupe
Guatemala

Honduras
Jamaica
Martimque

HMentserrat
Netherlands Antillcs.
Niearagua

Panama

Puerto Rico

St. Christopher & Nevis
ST Lueix

St Plorre & Miquelon
St.Vincent & Gronadings)
Suriname

Trinidad & Tobago
Turks & Caicos

AFRICA

Botswana
Burkina Faso
Burundi
Cameroon

Cape Verds
Central Africa

a
Comaros 12
Conga
Congo (Zaire)
Cotc Rivaire
Diega Garela
Djibouts

Eaypt

Equatsral Guinea
Entrea

Ethiopia

Gahon

Gambia

Ghana

Guinea
Guinca-Bissau
¥

eo

Lesatha
Liberia
Libya

Madagasear
Maiawi

Mail
Mauritania
Mauntius

Mozambique
Namibia

Niger

Nigeria

Nartt Alica (soain tamitory)
Reunion

Rwang:

San Tome & Principe
Seneqal

Seyahelles

Sicrra Leons
Semalia

South Africa

St Helena

Sudan

Swaziland

Tanzania

Zimbabwe

EUROPE

Albania
Andorra
Armenia
Austria
Azerbadfan
Azorcs Island
Belarus
Beigium
EBosnia & Herzogovina
Hulgaria
Canarias tslands.
Creatia
Cyprus.

Z8ch
Denmark
Estonia
Faeroes
Finland
Francog
Georgia
Germany
Gibsraltar
Greece
Greenland
Hungary
Ietland
ireland
taly
Kazakhstan
Kyrgyz

Latvia

Liochtenstein

Lithuania

Luxembourg

Macedonia

Maderra islands
it

Meldava

Nntherlands

Switzertand
Turkmenlstan
uk

Ukraina
Uzbekistan

Vatican
Yugesiavia

Bahealn
Bangladesh
Bhutan

Hong Keng
India
Indonesia

Fakistan
Philippinzs

atar
Saudi Arabia
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Communication3
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Services for Residential and SOHO Users

- Discount and Package Services

Shabericchi
TELE-CHOICE

INS TELE-CHOICE
Home Discount

QCN Home Pack

Others

““International Calls/Communications

0033

Internet

QCN
QCN PC Pack
QCN Hosting Service

- .Other Services

Point Talk Pragram
Credit card calls

Dengon Dial

Others

Calle
Livuy
Others

Others




Establishing a management system

that is suitable for a “dot-com” company

Since NTT Comrunications was
inaugurated in July 1999, we have
formulated Qur Business Philosophy
(OBP) that stipulates that Our Mission
is to “create and provide the best
global services to benefit our
customers” in light of our role as
“challengers in the global
info-communications market.”
Also, based on this OBP, we have
been carrying out various reforms
pertaining to our company's
management and our corporate

culture.

In an attempt to develop our
company into a global company,

we have implemented
corporate-management reforms,
including the sharing and
implementing of Qur Values and Qur
Code of Business Conduct, both of
which are based on Qur Mission.

We have also been introducing a new
system of merit ratings and awards,
employing specialists, reviewing
various in-house regulations, and
reforming our business processes to

make them suitable for a "dot-com”

business.

Meanwhile, the business environment
surrounding us is changing rapidly
and dramatically. At all times we will
continue to strive to perceive the
on-going changes and to consider our
customers’ evaluations of our
services. We will also continue the
comprehensive reform of our
management system, so that we can
respond to the needs of our

customers worldwide.




Our Business Philosophy

We have positioned ourselves as
“challengers” in the global
info-communications market, and, by
sharing Our Mission, Our Values, and
Our Code of Business Conduct, we
will establish a new corporate

culture.

Our Mission

We are challengers in the global info-
communications market. We will
create and provide the best global
services to benefit our customers,
thereby distinguishing ourselves in
the extremely competitive market
and seizing the leadership position in

the 21st century.




Service Index

as of July, 2000

For Business Use

- &

/rcstar

Arcstar IP Network Series

[ OCN Services

I I International Services

| [ QOther Services |

@®OCN Economy

@OCN Standard

@OCN Enterprise
@®Business OCN

®Super OCN

@Arcstar Global EBN Service
@Accstar Global Internet VPN Package
@Arcstar InternetFAX

@Arcstar [P Backbone Service

@NTT Communications Clearinghouse

@ Super VPN
®Arcstar21

@Arcstar OBN Service
@Calle

@Livuy

@ComTrack

Arcstar Data Network Series '

_

[ International Services

L Leased-Line Services

] [ Packet Services ]

@ Arcstar Global Managed Frame Relay Service

@ Arcstar Global Managed Bandwidth Service

@ Arcstar High-Speed Digital Intermnational
Leased Circuit Service

@ Arcstar Full Ghannel Service (FCS)

@ Arcstar Global Managed ATM Service

@ Arcstar Global ATM Service

@ Arcstar AutoWeb Global File Exchange Service

@Digital Leased-Line Service (HSD)
@Digital Reach Service

@ Super High-Speed Leased-Line Service
@ATM Mega Link Service

@ATM Share Link Service

@ Analog Leased-Line Service
@Enterprise Sarvice

@Video Transmission Service

@ Satellite Communications Service

@ Arcstar Gigaway

@Packet Communications Service
@DDX-C
@TELEX

I Super Relay Services

®Super Relay FR
@ Super Relay CR

Arestar Voice Network Series

mnction Services |

[ Discount Services

| [ Intemational Telephone Services

@®Member's Net

@ Corporate Net

@Free Dial

®Navi-Dial
@TELE-GONG
@TELE-DOME

@ Group Security Service

Arcstar Access Series

@ Arcstar Business Discount

@ Global Discount Plan
@Premierplan

@ Super TELE-WISE

@ TELE-WISE WIDE

@ Anonymous Discount Service

0033

@International Member's Net
@International Free Dial

@!ntermational ISDN

@ Arcstar International Corporate Discount

@Arcstar Value Access
@ Arcstar Direct
@Arcstar Air Access

Arcstar Network Support : oo ) . :

I Security l

| Hosting

] !—Outsourcing ]

@OCN Business Pack VPN
@OCN Business Pack VPN IT
@Net Key Service

Arcstar Business Solutions

@OCN Hosting Service

@®Housing Service
@ Network Outsourcing Service

I Platform Services

| [ VCN(Value Chain Network

)] [ Solutions

@E-Platform Service

@Electronic Catalog Aggregation

@ Network Outsourcing

| @TCP/P Billing Solution

®.com Market Platform Solution Tools
@ ApparelArc @ Super Cash
®GTRAX @Arcstar MUSIC oL
A i r ri )
@MRO Electronic Procurement Market place  @AutoWeb @EAAN (ERP)

@CAD Collaboration

For Home Use

[ Internet

I [Discount and Package Services I I International Telephone Service | | Other Services |

@OCN PC Pack
@OCN Dial Access ¥
@OCN Economy#%

@Home Discount
@OCN Home Pack:#

@ nternational Home Discount 3%
@ Arcstar Intemational Comporate Discount 35

®00333%

@OCN navi

@Calle @Shabericchis
®Livuy @TELE-CHOICE #
@ComTrack @INS TELE-CHOICE #

@TELE-WISE:#
@TELE-JOZU %

@Pointalk Program
@ Arcstar InternetFAX#
@Credit Call Service %
@Message Dial Service %
(Dengon Dial)

Services marked with 3% are available at our “Virtual Shop” web site.
Virtual Shop  www.ntt.com/shop

Customer Service Center m® OI20"506506

@Details of the above services are available at our web site www.ntt.com.



Corporate Information

Corporate Data as of July, 2000

Company Name

Head Office

Startup Date

Stated Capital

Employees

Business

Subsidiaries and Affiliates

Operating Revenues
Recurring Profit
Net Income

Directors and Auditors

First-Year Financial Results (fiscal year beginning May 28, 1999 and ended March 31, 2000)

NTT Communications Carporation

1-1-6 Uchisaiwaicho Chiyoda-ku, Tokyo. Japan 100-8019
July 1 1999

72 bilon yen

About 7.300

Domestic and international telecommunicanons services
18 Subsidiaries

14 Affifiates

1.075.3 billion yen
127.7 hillion yen
72.8 billion yen

President & CEO

Senior Executive Vice Presidents

Executive Vice Presidents

Senior Vice Presidents

Corporate Auditors

as of July, 2000

Masanobu Suzuki

Tacayuk Aral
Katsuya Okimi

Mamoru Ishida
Shuuj Temita

Satostn Fujna
Yuuicht Kawamaon
Hiceya Inouse
Isamu Satoki
Shunsuke Amiya
Yoshic Sakata
Hisao lizuka
Kiyoshi Isozaki
Hiromi Wasai

Hidesada Toriyama
Akio Tsuchiya
Nobuyuki Tanahashi

Organization

Global Business Division

Consumer & Office
Users Business Division

Solution Business Division

Corporate Users Business Division

Network Business Division

as of July, 2000

Customers

Support
Divisions

Media Technology Factory Carporate Planning

Department

Process & Knowledge
Training Institute Managernent Departrent
E-Platform Service Accounts and
Department Finance Department
Human Resource
Management Department
General Affairs
Department
Legal and Internal
- \Audit Department

Advanced Business Works

Business Product
Development and
Marketing Department

v




Providing new, global services on the basis of networks formed by .

-

NTT Communications and its business partners

NTT Communications will continue to
support the activities of our
customers around
the world by
offering total-solutions services,
Internet services, and telephone
services in collaboration with our
branches, our Value Partners, and our
sales agencies in Japan, our overseas
subsidiaries and affiliates, and our
fareign business partners.
Furthermore, we will continue to
construct global business networks
that focus mainly on Asia, the United
States, and Europe, in order to
provide more-enriched services on a

global basis.

London
N
\

Brussels -——\'ﬁ oy — Disseldorf

Domestic Offices

Hokkado Ufﬂce\

Shinetsu Otfice

Hokuyriku Office . .

N
.
. .
Chugoku Office
o @ Tahoku Otfice
. . LN

Kyushu Office -

~ . *  .gt -

u\. * . .\Q \o..\.

Tokyo Metropolitan Office

» \ Tokai Office
e —— L
. Kansai Office

Shikoku Office

Overseas Offices and Major Partners

/’ kx‘Frankﬁm New vork
5 .\ Shanghan. e —vorn
- Mitan o—Tokyo —————Washingten
Hong Keng,
Geneva Hangi San Francisco .
Bangkok, L e—————Taiwan Los Angeles Virginia
= -4———Manila
S Lanks Teletom—e

Singapare
Jakarta’

/ Szardub
Kuala Lumpur /0—‘~:1 Intechsys THsut, y

~Sydney~

Davtel

..% Rio de Janeiro

S3o Paulo

As of June 30, 2000
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