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IEEE COMMUNICATIONS SOCIETY

Greetings from the General Chairman

Escape to the land of sunshine and balmy breezes for a look into the future of
telecommunications at GLOBECOM ‘92, Decemba6-9, at the Buena Vista Palace,
Orlando, Florida. This year's conference promises an excellent technical program
for attendees from all points of the globe. Members ofthe IEEE Communications
Society in particular will make GLOBECOM '92 a focal point of their meeting
year, providing a valuable opportunity to make contacts in this arena. Join us in
Orlando, the southern gateway to growth and technical innovation.

The heart of GLOBECOM '92 is, as always, its comprehensive technical
program, which includes several tutorials and workshops in addition to 54
technical sessions. The technical sessions will run from Monday, December 7,
through Wednesday, December 9. An additional attraction will be the debut of the
Communication Theory Mini-Conference (CTMC), which highlights developing
theoretical issues. The CI‘MC is sponsored by the Communication Theory
Committee of COMSOC in cooperation with Commission-C of U.R.S.I. and the
IEEE Information Theory Society. Sessions will run from the afternoon of
Monday, December 7, through the morning of Wednesday, Decemba 9.

Exhibits are shaping up nicely as December draws near, leaving us with 25 exhibitors at program printing. This will
' ' at Hall East/West/Center will be the location of the General Chairman's

As the multinational market continues to evolve, GLOBHZOM '92 providesa forum for discussion ofthe challenges and
opportunities it will bring to our industry. Thus the theme, "Communication for Global Users," which demonstrates our
objective: Bringing together industry leaders to assess worldwide communications trends. Please join us in December to
further explore the future of telecommunications.

flay/Me
Ronald J. Kandell

General Chairman GLOBECOM’92 
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Technical Program Chairman’s Message

There is no doubt that the last few decades have brought tremendous
developments in telecommunications, however none of us can begin to predict the

scopeoftheadvancestobeachievedbytheturnofthecenme:m‘s°“:
certainty: These advances will be driven more by the global busmess needs 0'
communications users and service providers than they ever have been m the past.

Thus, the Technical Program Committee has used the GLOBECOM '92 theme.
"Communication for Global Users" to spotlight the impact ofglobal user needs on

advancrng' techno! 'es. .A Mondaymrfiling session combining the Keynote Address and the Openmg
Plenary launches the technical program. Keynote speaker Gerd Tenzer of the

Deutsche Bundespost will discuss the challenges of modernizing the (formerly)

East German telecommunications network. The Opening Plenary which follows
highhghtsresidenfialandsmanbusinessmarketneedsh'ommeperspecnveof

telecunmunications and cable TV companies. and an outlook on consumer

products. In addition the Opening Plenary will teatime an international panel of
speakers presenting their views on technologies and architectures needed for
customermarketsm theyears 1996 andbeyond.

"Communication forGlobalUsers" isevident throughout the cutirethreedays
ofthe technicalpmgram ofGLOBECOM '92. Approximately 50% ofthe technical
papers have been contributed from the international community. The number of
sessions on subjects such as Personal Communications Services demonstrates

interest in services and userneeds. A special, and I believe spirited panel session
will be held on Monday afternoon. with panelists representing the financial
commrmity, a cable company, a satellite vendor and a local exchange carrier,
discussingthetopicof”CompetitionintheLocalLoop."

In addition to the technical sessions, two lunch time panelsareincluded in the
program. On Tuesday, a panel will discuss the hot topic of "Personal Communi-
cations Network-TDMA or CDMA." On Wednesday. a panel of international
spedrers willpresentthe latest in the Farrope '92 initiative and how the evolution
of the Common Market is unfolding. Sunday afternoon through Thursday, five
tutorials and live workshops will be ofl'ered on a wide variety of topics.

Additionally, aMini-Conference. sponsored by the Commrmications 'Iheory
Committee, will be held in parallel with the main conference and will offer four
sessions beginning on Monday afternoon and ending on Wednesday morning.

This exciting technical progr'amresuits from the dedication and hard work of
manyindividualslwanttothankallofthemmbersoftheGIDBECOM '92
TechMcalegramCmnmineethetedmicalprogramsessionorgamzers' and
chairs, the Regional Representatives, the hundreds of international reviewers and
ofcause, theautlmrs. Allhave teamedtocreareand shapethisexcellenuechnica]
program.

Onbehait'ottln'l‘edmirml’togranCumnm linviteymbGDBm '92.

Show
David P. Worrall

Technical Program Committee Chairman

Executive Commitee

Gonorol Chairman
Ronald J. Kandoll

Siemens Stromborg-Carlson

Gonoral Vico Chairman
Jim Tyler
Vista-Unitod Telecommunications

Proloct Management
Sam Amonnino

Wan-United Telecommunications

Tochnical Progr-n Chairman
David P. Worrall
Bollooro

Tochnical Program Vico Chairman
Bill Daumor
AT&T Bell Laboratories

Financial Chairman
Jim Walter

Attniniotrativo Chairman
Mal Shepherd
Southom Boll Telephone

Exhibito Chairman
John Davis

Siemens Stromborg-Carison

Local Arrongomonto Chairman
Dave Miller
ATaT

Local Arrangomonto Woo-Chairman
Donna Sullivan
ATaT

Rogiotrotion
Tony Kovol
AT&T Network Systems

Function Planning
Amy Walion
ATaT

Hotel and MooIing Spoco
Johny McAlistor
ATdT

Communication- lid Oporatlono
Diane Karp

Publicity Chairman
Roger Hail
Siemens Strumborg-Carison

Publicationo Chairman

Dr. Fiogor W. Johnson. P.E.
University of Control Florida

Committoo Soorohry
Orlando Soction Lioioon
Ed Ellis

Committoo Advlooro
Dick Blairo

Daryl Eigon

Technical Program
Committee

Chair

David P. Worrall. Bollcoro

Vico Choir

Bill Dimmer, AT&T Boll Laboratories

Manager
Holon A. Hubor, Bollcoro

Notworko, Architocturoo a Standard: -
Track Chair

Bill Robinson, Bell Northern Research

OporationolNotwork Mangomont -Track Chair
Bon Gotz. Balloons

Scionco & Technology - Track Chair
Dr. Federico Tosco, CSELT

Small Tolocommunicationo Uooro -
Track Chair

Richard K. Strolling,
BollSouth Telecommunications, Inc.
Advioon

Bruce Kioburtz,
lGoburtz Engineering Consultants
Flay Lanna, Bollcoro

International Regional
Representatives

Europa, Africa and
Middle East

Federico Toscc. CSELT, Italy

South ltd Latin America
Joso Robotic B. do Mama
CETUC - PUC/Rio, Brazil

Asia and Pacific

Totsuya Miki. NTT, Japan

Technical Committee

Representatives

Communication Switching
Daryl J. Elgon,
Siemens Stromborg—Carlson

Communication Thooty
John Goiot, Harris Corporation

Communicationo Soitworo

M. (Ray) Sundararaman,
AT&T Bell Laboratories

Communications System Engineering
Joseph Frank,

New Jersey Institute of Technology
Computor Communications
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University of Caliiomia at Davis
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John Goist, Harris Corporation
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M. (Ray) Sundararaman.
AT&T Bell Laboratories

Communications System Enginooring
Joseph Frank,
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University at California at Davis

CornSoc Standards Board
Jose Costa, Boll Northom Research

Data Communication Syotorno
Ya-Qin Zhang, GTE Laboratories, Inc.
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GLOBECOM '92
Program Schedule Overview

Sunday, December 6

Registration:

Sun. Dec.6 2pm—711n
Mon.Dec.7 7am-8pm
Tues. Dec.8 7am-6pm
Wed. Dec.9 8am-5pm
1hurs.Dec.10 8am- 10am

Exhibits:

Sun. Dec.6 6pm-9pm
Mon.Dec.7 9am-5pm
Tues. Déc.8 Siam-5pm
Wed. D009 Slam-12pm

“NO Allowed
Except in Designated Area”

Monday, December7

. 8:00am-8:45am

l SoodandB

Wireless Data Netwofl:inPCS

2 SoodandA

Codingand ‘
fixDigilalSubscrlber

LE, : MIN-Conference Sessions

=5.)th Sessluns

Communication Systems
and Techniques

and Practice of let
Tolerance with
Applications to Infumn.
lion Networks

CIMC 1 — Gnaat Hall West
Channel Equalization

modal 4: Sapphipg
ISO 9000 Quality Manage,
ment Student: and near
Impact on Global Businesses

Social Events: Monday

My Aflanmn, 1:30 pm
INNOVATION IN ACTION:
BEHIND THE SCENES AT THE
WALT DISNEY WORLD RESORT

Mend-y evening, 7mm
Evening at Medievd Tums

21 Diamand

ISO 9000 Sales Standards:
A New WI)’ of Doing
Businen (Panel)

25 Inland C
Advnmes in SON'EI‘ISDH
Inplemenmiom

26 England
SFfld Specuum Systems
Multiple Access Rx
PM RIdio

Ihesday (all day), 9:00 am

Winta' Park Show'mg Tour

29A Ireland C
Malile Communication fa
Develop’ng Counties

293 Ireland C

Cellular Conmmiam'ons in
[min Amm'u: Experience
and Fume Devean

3] 3'ch3
8026, SMDS and FDDl
MAN/WAN Experiences

Coding fa Video and High
Definition Television

QSl/CMISE - Opemtiom
Sysem to Network Elernem
Inlet-flee ProloooldOIoice

345 Elgltmd
Swing System for

Ireland A

Neural Netwerks fa
Communications and Signal
Whiz

Next Genaan'on Undersea
Cormrlmican'ons System

ng
large High-Speed Numb

Switching Soflwaie,
Ard’utecune & Pafan‘unoe

44 Scotland B

Telmfie Analysis and
Paformanoe Evaluation of
B-lSDN

45 Scotland C
Modernizing Telecom-
munications Networks:

Accent on Fasten Europe

ClMCLGImA'HaIlNaM
Bandwidth Efiident

Wuhhcpl-Sapphire
Powa'ing fcr Filxa'in the
Loop Systems

Wfishq: 3 - Wabm‘mter
User Oriented Teleconmnmica-
lions Network Manson-um

High-Speed IAN: & MS

48 Scarde

Trends in Field Reliability

Modeling and Sinulalion of
Wireless PCN Chlnnels

Microwave Radio Synems
for Future Tcleoonumnica—

Wednesday (all day), 8:30 am

Kennedy Space Cantu Tour 
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Conference Sponsors .
GLOBECOM ’92 is sponsored by the IEEE Communications Society and the Ortando Section lEEE.

IEEE Communications

Society Board of Governors

President P.E. Green, Jr.

V. Pres, Tech. Affairs I. Frisch
V. Pres. Intentional T. Rowbotham

VP, Member Affairs S. Personick

Secretary C.M. Lot

Treasurer/Dir. Fin. Ping. M. Friduss
Past President R. Pickholtz

Dir., Publications S. B. Weinstein

Dir. Mtgrs. & Cont. R. Laane
Dir. Standards R. Mosher
Dir. of Education D. Uoci

Dir. of lnterSociety Affairs E. Gienner

Parliamentan'an Fl. Siayton

Members at Large

A Chetin R. Laane R. Gitlin
R. Skillen R. ank D. Dodd

S. Tashiro H. Murata A. Acampora
J. Daigle F. Tosco V. Lawrence

Department of Meetings and

Conferences

Director R. Laane

Workshops R.W. Kelly
GICB R. Anderson

ISDN R.G. DeWitt

North America J. Lemp
international M. Decina

lSSLS R.E. Mosher

Tutorials A.M. Bush

Conference Planning A. Chen'n

Orlando Section iEEE

Director A. Atashroo
Vice Chairman J. Hines

Secretary D. King
Treasurer P. Wahid

Memberships R. Smallwood
Awards J. Medina

Communication Society
Chapter Chairman M. Germain

Future Conferences

1993

Optical Fbar Communicators Corlerence.
San Jose Convention Center. San Jose, CA
Feb. 21-26
Into: Monica Malouf
Optical Society 01 America.
2010 Massadwusatts Avenue. N.W.,
Washington. DC 20036
Tel: (202) 223-0920; FAX (202)416-8100

Phoenix Corlerence on Computers and Communi-
cations. Wyndham Paradise Valley Resort.
Scottsdale. AZ
March 24-26
into: Mr. James Weeldreyer
Honeywel
16404 N. Black Canyon Highway
Phoenix, AZ 85023
Tel: (602) 436-4813: FAX (602) 436-4848

INFOCOM '93 Hotel Nlidto, San Fransloo. CA
March 26-Aprl 1
info: Mike Hluchy]
Motorola Codex, MS 62-15
20 Cabot Blvd.
Mansfield, MA 02048
Tel: (617) 821-7952; FAX (617) 821-4218

ICC 93 Centre International de Coderences 06
Geneva, Geneva, Switzerland
May 23-28
Into: Peter Leufhoid
insitut tuer Kommunlkallonstecifllt,
ETH-Zentrum.
Cid-8092 Zurich, Swlzerland
Tel: 414-256-2788: FAX 414-262-0943

ISSLS '93. Vancouver, BC, Canada
anber 4-8
into: Shahld Hussein
BC Tel

3777 Kingsway
Burnaby. BC V5H327 Canada
Tel:(604) 432-2151: FAX(604) 434-6616

Secondlnternatlonal CoderenceonUntversal Per-
sonal Communications. Ottawa. Canada
October 12-14
Into: Celia Desmond
Bell Canada
800 Bay Street. 4th Floor
Toronto, Canada MSG 2E1
Tel: (416) 353-4080; FAX (416) 920-6689

MILCOM 93, Stoutters Bedord Glen Hotel,Bedtord. MA
Odober 11-14
Into: Anthony Ruttl
GTE Govemmem Systems, Building 23,77 'A' Street
Needham Helgl'ls, MA 02194-2892
Tel: (617) 455-4805; FAX (617) 455-5734

GLOBECOM '93, Wealn Galleria Hotel, Houston,exa

Nwenber 29-December 2
into: Robert Finley
Southwestern Sol

6500 West Loop South, Zone 3.3,Bettalre. TX 77401

Tel:(713) 567-8127; FAX(713) 567-6133

1994

NOMS '94 Orlando, FL
February 14-16
Into: Michelle Messier
Action Motivation
188 King Street
San Francisco, CA 94107

Tel:(415) 512-0800: FAX(415) 512-1325
e-mali: 43675850 rnclrnall.eorn

TUTORIALS

TUTORIAL 4: (Room: Sapphire)
ISO 9000 Quality Management
Standards and Their Impact on
Global Businesses

Monday, Dec. 7, 2 pm - 5 pm

INSTRUCTOR: B. S. Liebesman,
AT&T Bell Laboratories, USA

a

The European Community, as part
ofEC ’92, has a new approach
to ensuring the quality of goods and
services. This approach is centered

around third party registration of qual-
ity systems based on the ISO 9000 Series

Standards. It is expected that many Eu-
ropean customers will require

conformance by their suppliers to one
of the ISO 9000 Contractual Standards.

This tutorial will cover the basics of the

standards and the registration process.
Specific issues that will be discussed

will include business implications of
the registration process, a discussion of

selected requirements in ISO 9001, in-

formation on registration bodies

operating in the United States; the typi-
calcffomcquircdtoregistcr, and sources

of information and reference material.

TUTORIAL 5: (Room: Sapphire)
Network Intrusion Detection

Tuesday, Dec. 8, 9 am - 12 pm

INSTRUCTOR: Biswanath Mukherjee
L. Todd Heberlein

University of California, Davis, USA

Network Intrusion Detection is a

mechanism for providing security
against not only outside attackers to a

computer system or network, but also

against insider threats. Traditional (net-
work) security methods, such as

authentication techniques orcryptogra-
phy guard against outsiders from

entering the system they are designed to
protect. Hence they can not deal with

insiders misusing their privileges or
against lost or stolen keys. Intrusion

detection systems, an essential compo-
nentofnetwork sccurity,canbedesigned
and deployed on the existing (and vast)
infrastructure of heterogeneous com-

puter networks for identifying
unauthorized use, misuse. and abuse of

computer systems. As a result, intru-

sion detection is gaining increasing
attention from numerous security-con-
scious organizations. This tutorial will
examine the characteristics of intrusion

detection systems which have been de-
signed and some of which have been

deployed. Methods based on statistical

analysis and rule-based expert systems
will be covered. 
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APPENDIX

W

The COMETS is being developed by CRL and the National
Space Development Agency of Japan (NASDA). Figure A-l
shows a conceptual sketch of the COMETS. It is a
geostationary three-axis stabilized satellite and has three
deployable antennas and a 32 m long solar paddle
Table A-1 shows Japan's COMETS Program. The COMETS
Will be launched by Japan's H—II rocket in the beginning of
1997. Its mission life is three years and the in-orbit weight is
about two tons. The COMETS has three mission payloads.
The first is an advanced mobile satellite communications system
usmg millimeter-wave and Ka-band, which is being developed
by CRL. The second is a 22 GHz band advanced broadcasting
system developed by CRL and NASDA. The third is an
intersatellite communication 5 tern develo b NASDA
using the S-bsnd and Ka-band. ys M y

Table A-1: COMETS

mech vehicle E H—II
Spacecraft bus : Based on ETSVI
Mission life : 3 years
Weighth orbit) : about 2,000 kg

Pchdipal mission- van mo ' e communications ste ' MM—
Kaband sy m m wave and
- Advanced lxoadcasting system in Ka-band

- htersatellite communication satem in Ka—band and S«band

For Ks—bsnd IOL Feeder Link and
M valve Kl-Bsnd Mobile Com.

FigA-l Conceptual sketch of COMETS

REAL-TIME IMPLEMENTATION OF A 9.6 KBIT/S
ACELP WIDEBAND SPEECH CODER

R.SALAMI, C.LAFLAMME, and J-P.ADOUL

Department of Electrical Engineering, University of Sherbrooke,

Sherbrooke, Québec, CANADA J 1K 2R1

mm In this paper, the real—time implementa-
tion of a wideband ACELP speech coder at 9.6 kbit/s is
presented. The coder is implemented on a TMS320030
floating point DSP chip. The attempt to implement an
ACELP coder for wideband speech in real-time results in
a complexity which is 3—4 times more that that of nar-
rowband speech. Very efficient algorithms for searching
the pitch and codebook parameters have been introduced
to enable this real-time implementation. The pitch search
was brought down to 20% of real-time by the combina—
tion of an efficient open-loop approach and a decimation
procedure. The excitation search complexity was signifi—
cantly reduced by using two codebooks. The first models
the main features in the excitation and it is very efficiently

searched using a focussed search technique. The second
has a simple structure and doesn’t need exhaustive search.
The quality of the encoded wideband speech at 9.6 kbit/s
was judged vastly superior to that of original narrowband
speech.

I. INTRODUCTION

In the recent years, there has been a great advance in the
development of speech coding algorithms at very low bit
rates. High-quality speech coders are now available at bit
rates below 8kbit/s. Researchers' efforts, however, have
focussed on narrow-band speech signals where the trans-
mission bandwidth ls limited to zoo—340011;, as in analog

telephone systems. This bandwidth limitation degrades
the speech quality, specially when the speech is to be heard
through loudspeakers. For many future applications, a
wider bandwidth is needed in order to achieve face-to-

face communication quality. A bandwdith of 50—7000Hs
was found appropriate, resulting in significantly improved
quality as compared to narrow-band speech. The qual-
ity improvements are in terms of increased intelligibilty,
naturalness and speaker recognition. High frequency en-

hancement (3400—7000Hs) provides greater intelligibility
and fricative differentiation, and low frequency enhance-

ment (50—200 Hs) contributes to increased naturalness
Several future applications are foreseen for wideband (50—

7000 HI) speech coders, such as teleconferencing, commen-

tary channels, and high-quality wideband telephony.

We have recently developed a high quality wideband
speech coder based on algebraic code-excited linear predic-
tion (ACELP) techniques [3] which operates in the bit rate
range from 9.6 to 16 kbit/s. In this paper, we address the
real-time implementation of such a coder at the bit rate of
9.6 kbit/s. This special bit rate will allow the transmission
of AM quality speech through the present telephone lines
using 9.6 kbit/s modems. The drawback of the CELP-type
algorithms is their excessive computational complexity. In
our contribution to CELP coding, we have developed an

improved CELP version, called Algebraic CELP (ACELP),
which allows the real-time implementation of a 4.8 kbit/s

high—quality codec on a fixed point TMS320025 DSP chip.
The ACELP outperforms the traditional CELP in com-

putational/storage efficiency due the use of an excitation
codebook with an algebraic structure which allows a very
efficient search algorithm [2,3,4]. However, as we move
from narrowband to wideband, the sampling frequency is

doubled, and the analysis frames will contain twice the
number of samples. This will give rise to a complexity
which is 3 to 4 times that of narrowband. For example,
a convolution will take 4 times the number of operations,

and the pitch search will take also 4 times (twice the sam-
ples and twice the delays). Further. very large excitation
codebooks will be needed in order to maintain high speech

quality. This illustrates the difficulties encoutered when a
full-band approach is used to implement a wideband CELP
algorithm in real-time.

In this paper, we report on the strategies used to re-
duce the algorithmic complexity in order to allow the real
time implementation of the coder on a TM832OC3O float-
ing point processor. We also report on some procedures
used to improve the speech quality at low bit rates. Sec-
tion [I briefly describes the ACELP coder structure. In
Section III we discuss the pitch analysis and present a fast

algorithm to perform pitch search. The structure of the
excitation codeboolrs is given in Section IV, and a break-
down of the real-time implementtion is presented in Sec-
tion V.

‘ 0-7803-0608-2192/33.m 6 I992 IEEE
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Figure 1: Synthesis model of an ACELP speech coder.

II. ACELP STRUCTURE

Figure 1 shows the synthesis model in ACELP coders. In
this model, a block of N speech samples is synthesised by
filtering an appropriate innovation sequence from a code-
book, scaled by a gain factor, through two time varying fil-

tors. The first is known as the long-term predictor (LTP)
filter, which aims at modeling the pseudo-periodicity in

the speech signal (pitch periodicity). The LTP synthesis
filter is given by

1 _ 1

3(3) _ l — 51‘“ ’ (I)
where B is the pitch gain and a is the pitch delay. The

second filter is a short-term predictor (STP) filter modeling
the speech spectral envelope. It is known as the linear

prediction (LP) filter and given by
1 1

‘2)
where p is the predictor order and a.- are the predictor co-
efficients. The LP coefficients are determined using the
method of linear prediction analysis by minimising the
mean-squared prediction error. The pitch parameters (do-
lay and and the codeboook parameters (address and
gain) are determined at the encoder using an analysis-by-
synthesis technique. In this technique, the synthetic speech
is computed for all candidate innovation sequences in the
codebooh retaining the particular codeword that produces
the output closer to the original signal according to a per-
ceptually weighted distortion measure. The error weight-
ing filter is given by

w = Ali
(1) Act/q)! (3)

where 0 < 1 < l.

The originality of the ACELP coder is a special innm
tion oodebooh. As opposed to most CELP coders, which

utilise stochastic codewords, we use an algebraic structure
that permits a fast search and requires no memory storage.
Moreover, the codebook spectrum is dynamically shaped
before the search procedure. This shaping utilises a filter
that emphasises frequencies corresponding to the formants
of speech resulting in an improved speech quality.

Separate sections will be devoted to discussing the pitch
search and codebook search. Concerning LP analysis, a
16th predictor order was found the best trade-off. At

9.6 hbit/s encoding rate, the filter parameters are updated
every 30 ms. The LP analysis is performed using the au-
tocorrelation method. This method ensures the stability
of the synthesis filter, however, the increased ampling of

16000 sample/s and the higher filter order needed for wide-
band speech result in filters with very high prediction gains
(or very small prediction errors). To improve the LP anal-
ysis, two procedures were followed. The first is to preem-
phasise the input speech signal. This is accomplished by

filtering the input speech by the single sero filter 1 — us“.
The preemphasis has two advantages. It reduces the dy-
namic range of the input signal resulting in lower required
precision, and it emphasises the higher frequencies in the
speech signal, so that higher frequencies can be accounted
for by the fixed order model of the ACELP algorithm. The
second procedure used to improve the LP analysis is to
perform lag windowing on the autocorrelations of speech

prior to solving the Toeplits system of equations Lag
windowing has the effect of widening the bandwidths of
the speech formants, thus avoiding bandwidth underesti-
mation which is manifested by extremely sharp peaks in
the spectral envelope. A binomial window is used where
the autocorrelations are modified by

f.

where fo is the bandwidth expansion and f. is the sampling
frequency. The described LP analysis was found fairly ro-

r'(t')=r(s')exp[—% (2%)], £=l,...,m, (4)}

bust and could be implemented in single precision on the
C30 DSP. The 16 coefficients are quantised using the line
specral frequency representation The 16 LSFs are
quantized with 54 bits. The 30 ms speech frame is divided
into 5 subframes of time. The pitch and codebook param-
eters are updated every subframe. The LSFs are interpo-
lated to produce a different LP filter at each subframe.

III. PITCH ANALYSIS

Pitch analysis is performed every 6 ms, and consists of de-
termining the pitch delay and gain. The pitch parameters
are usually computed in a closed loop approach, which re-
quires filtering the previous excitation in the given delay
range. The delay range 40—295 is used (8 bit adaptive
codebook). The pitch delay is determined by maximisingthe term

( it: some)“
Ta = N_;

"=0

where 3(a) is the target signal given by the weighted in-
put speech after subtracting the sero-input response of the

weighted synthesis filter 1/A(z/'1), and y..(n) = «(n —
a) t h(u) is the filtered excitation at delay a (u(n) is the
excitation signal and h(n) is the impulse response of the
filter l/A(z/'1)). The complexity of the pitch search arises

from the need to compute the filtered excitation 11,00 for
a = 40, . ..,295. The convolution «(n — a) s h(n) can be
updated exploiting the overlaping nature of the delayed
excitation vectors. Using this closed loop approach, and
with an optimised 030 code, the pitch search complexity
was found to consume 120% of the real-time on the C30

chip. Therefore, a careful attention had to be paid in order
to reduce the complexity of pitch computation without af-
fecting the speech quality. The complexity reduction was
accomplished using two strategies. The first is to by-pass
the need to compute the filtered excitation. The second is

to use decimation to reduce the number of searched delays
and the number of terms in the summmations.

Eliminating the need to compute the filtered excitation

can be simply done at the numerator of Equation (5) by
the use of backward filtering, whereby the numerator is

given by d(n)u(n —- a) where d(n) = 2(a) is h(—n)
is the backward filtered target signal. The denominator in
Equation (1) represents the energy of the filtered excita-
tion. The filtered excitation need not be computed if we
can find a signal which has a similar energy behaviour in
the given delay range. By examining the excitation signal
itself, u(n), it was found to have the same energy behaviour
before and after filtering. This was more evident when a
stronger weighting factor of 0.6 was used for pitch search.
Thus the delay is now found by maximising the term

Ta=( 1:: d(n)u(n~a))'N—l
n=0 . (6)

u3(n — a)

dB —%of real-time

Table l: SNRs for different pitch search strategies.

which has the complexity of an open loop approach. The
correlation in Equation (6) requires N operations and the
energy can be updated using 2 operations. By taking into
account the possibility of pitch multiples,‘.the performance

of this simple procedure was indistinguishable from that of
the closed loop approach. The pitch search complexity in
this case is dropped to 45% of the real-time.

The second approach followed to cut the complexity was
by decimating the signals d(n) and u(n). The signals are
first low-pass filtered using the single sero filter 1 + 0.7:"

to produce the signals u’(n) and d'(n) given by

d'(n)=d(2n+l)+0.7d(2u), n=0,...,%—l. (7)
Therefore, only the even values in the delay range are
searched, and the number of terms in the summations in

Equation (6) is reduced to N/2. Once an initial even delay
is determined, the two odd values around that delay are
also examined and the one which minimises the weighted
error criterion is chosen. The excitation at the chosen cit.L

lay is then filtered in order to determine the proper value of
the gain. With this approach, we were able to cut the pitch
search complexity down to 20%. This was the key factor
in enabling the real-time implementation of the coder. Ta-

ble 1 shows SNR values using the closed loop approach,
the fast approach as in Equation (6), and the ultra fast
aprroach using decimation. The SNR values are averaged
over 6 sentences uttered by three males and three females.

IV. THE ALGEBRAIC CODEBOOKS

The innovation codebooks in ACELP are generated from
an algebraic codsbook a; and a shaping matrix P. Thus
an excitation vector is given by

e. = Flt. (8)

The advantage of this structure is that the codebook search
is decoupled from the codebook properties. The algebraic
codebook is properly chosen so that it is very efficiently
searched and need not be stored. The shaping matrix

renders the flexibility in obtaining any desired codsbook
properties. The search procedure can be easily=brought to

the algebraic domain by combining the matrix F with H,
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the matrix containing the impulse response of the weighted

synthesis filter 1/A(z/'1).

Concerning the choice of shaping matrix which is used
to frequency shape the algebraic codebook, the impulse
response of a filter which emphasizes the formant regions
in the speech spectrum is used. The filter could be given
by [31

FM = (1 -uz“) a - (9)
A better choice is to use an impulse response given by
the sum of cosines at the formant frequencies weighted by

an exponential window. The peak frequencies of the LPC
spectrum are found, and the impulse response is given by

K

flu) = p" 2 com...) (10)£2!

where 0; E [0, r] are the peak frequencies in the spectrum.
The fraction p controls the amount of enhancement in the
formant regions.

Concerning the algebraic codebooks, a two stage search
using two different books is performed. In the first code-
book, the excitation vector contains 4 nonzero pulses in an
excitation frames of 96 samples (6 ms). The pulse ampli-
tudes are fixed to 1, —l, l, and —1, respectively, and their
positions are given by

(j)_ . . i=0,...,3,
m... —3t+l2], j=0wu,7. (11)

Each pulse can have 8 possible positions distinct from the
other pulses. As each pulse position is encoded with 3 bits,
a 12 bit codebook is obtained. It can be shown that the

optimum codeword is that one which maximises
_ 2

( 1.: «nab-J

bibiflmh mi)
(12)

where q is the number of pulses, d(n) is the backward
filtered target vector, b.- are the pulse magnitudes, and

¢(s‘, j) is the autocorrelation of the impulse response of
F(z)/A(z/1). The codebook is very efficiently searched
using the focussed search strategy described in The
innermost loop in the search is entered 64 times at meet,
so that, in the worst case , only 512 codewords are exam-
ined.

As the pulse positions in the first codebook are properly
chosen, the codebook is able to catch the main features
in the excitation signal. The second codebook is left with
almost an uncorrelated signal to model, after the pitch
codebook and the first codebook has been searched. Thus

a simpler model is used for the second stage codebook.

A regular binary pulse excitation codebook is used
A codeword contains 11 pulses with amplitudes 1 or --1

ms— «pamwmu ma

‘-
-
__
.-
-_
—-
—-
.2-

Table 2: Bit allocation for 9.6 kbit/s wideband
ACELP coding.

spaced by a distance of 9. The first pulse can have 4 pos-
sible positions (2 bits). This results in a 13 bit codebook.
Opposed to the first codebook, in the second one the pulse
position are known and we look for their optimum signs.
Using the approximation that the energy of the filtered

codewords (the denominator in Equation (12)) is nearly
constant, the pulse amplitudes are easily found as the signs
of the backward target vector at the given positions. that
is

b.- = sign{d(m.-)}, 1': 0,. . . , 10. (13)

As it can be seen, the search of the second codebook is
extremely simple. The approximation did not have im—
pact on the quality as this codebook is modelling a less
correlated signal.

V. BREAKDOWN OF THE REAL-TIME
IMPLEMENTATION

The bit allocation of the 9.6 kbit/s coder is shown in Ta-
ble 2. The pitch and innovation parameters are updated
every 6ms. The second codebook gain is quantized with
3 bits relative to the first gain. The coder is implemented
on a Texas Instrument TMSS2OC30 floating point DSP at

33.33 MHz. The processor can perform 16.7 MIPS (million
instructions per second). The break-down of the percent-
age of real-time is shown in Table 3. It can be seen that
29% of real-time is left for codebook search. The advan—

tage of our codebook structure is that the search complex-
ity can be controled using the focussed search procedure.
For example, for a 030 DSP running at 40 MHz (now avail-
able), we have 20% extra processing power, so we can af—
ford to search a larger portion of the codebook. Also, with
the C30 at 401MHz, we can afford to implement a higher
bit rate coder with higher quality than that at_9.6 kbit/s.
Fiom the results of a recent subjective test carried out by

Norwegian Telecom Research, a 14 kbit/s version of the
wideband ACELP was equivalent to the G122 CCITT

standard at 56 kbit/s. From informal listening tests at

Every speech frame:
preemphasis, deemphasis,
LPC analysis and quantization

Every subfrsme
LSF interp., LSF to a,,

weighting an" ,residual
pitch search
compute! n ,h. n,¢ i,j
initialize 1st book search:

target vector, backward filtering
initialize 2nd book search:

target vector, backward filteringE
1st and 2nd book searches

excitation, update filter memory“

Table 3: Real-time break-down for the 9.6kbit/s
ACELP coder.

9.6 kbits, the degradation can easily be heard, as compared
to the 14 kbit/s case, however, it is vastly preferable to the
original narrowband signal.

Although the second stage search in the described im-
plementation is very simple, its initialization (taget vector

and backward filtering computation) consumes 10.5% of
real-time (as shown in Table 3). When a single stage ap—
proach is used, 40% of real-time will be available for the
quantization of the innovation signal. A novel approach
was developed which permits the quantization of the inno-
vation signal with a very large number of bits in a trans-
form domain. Using this new approach, a higher bit rate
version of the coder with higher speech quality is currently
being implemented. The new innovation quantisation ap-
proach, coupled with even more efficient methods for pitch
search, allows the implementation of the codec in duplex
on a single 030 chip.

Vi. CONCLUSION

To conclude, the ACELP coding technique has been suc-
cessfully implemented in real-time for encoding wideband
speech at a bit rate of 9.6 kbit/s. A TMS320C30 floating
point DSP at 33 MHz was used. Careful measures had been
taken in order to enable this implementation. The main
obstacle was the pitch algorithm, and this problem was
circumvented by introducing an ultra fast pitch algorithm
which didn’t have a significant efi‘ect on the speech qual-
ity. The real-time implementation was also made possible
by the use of two algebraic codebooks. The first mod-

els the main features in the excitation and it is very ef-
ficiently searched using a focussed search technique. The
second has a simple structure and doesn’t need exhaustive
search. Using a 40MB: chip, better performance can be
obtained as we can search larger portions of the codebooks.
It also allows the implementation of a higher quality coder
at 14 kbit/s.
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probable network states are involved

having a total probability of 0.9o

Four items of network service per-

formance measures, loss probabilities

of the two largest PABXs which have the

largest number of users, loss probabi-

litie; of priority users and common

users, are involved in the analysiL

The corresponding threshold vector is

specified as'

T={o.oa, 0.03. 0.005, 0.05}.

With computer simulation, the perfor-

mance Qis) for each network state a is

evaluated, and the available probabi-

lity vector is calculated to be

A= {0. 8044, 0. 7931, 0. 1723, 0. 7978}.

The actual performance ( loss probabi-

lity) vector is shown to be :

R=10.0233, 0. 0239, 0. 0198, 0. 0312}.

Assuming that the importance weight

factors for the two largest PABXs, the

priority users and the commom users

are 2,2,3,1 respectively. the grade of

service G for the whole network is

found to be 0.7887.

IV. CONCLUSION

The approach proposed above for eva-

luating the reliability of telecommuni-

cation networks with multi-threshold

model has shown to be more precise than

the previous approaches with single-

threshold [4,5], appearing to be feasi-

ble and adoptable for any type and any

size of networks. However, there are

still some problems remained to be in-

vestigated further. One of these pro-

blems is the determination of service

performance thresholds, within them

some would not be independent from each

other. Another problem is the selection

of operation modes for network com-

ponents, within them the statistical

dependencies also exist. By solving of

such problems, it would make the pro-

posed approach more attractive and more

consistent with the actual network

configurations

REFERENCES:

[1] J.D. Spragins, et al,’ Current Tele-

communication Network Reliability Nodelm

A Critical Assessmemt.‘ [BEE J. on Selec-

ted Areas io Communications, Vol.4, No.%

Oct. 1988

[2] J.D. Spragins, et a1, ' State of the

Art in Telecommunication Network Relia-

bility Nodeling.‘ Proc. Pacific Compu-

ter Commun. Symp., Seoul, 0st. 1986

[3] Weiming Xiong and Youheng Liu ' 0n

the reliability of Communication Net-

work--A Review." Proc. ICCT’ss/SBOFCfQBI
SSL’89, Beijing, Vol.1, Session-CT.3.L

July 1981

[4] G.Barberis, ' Traffic-Based Criteria

for Reliability and Availability Analy—

sis of Computer Networks. ' Proc. IEEE

lCC’ 77,0hicago,IL, Vol.1, Session-22.L

June 1911

[6] V.Bonaventura,' Service Availability

of Communication Networks. ' Proc. IEEE

NTC’so, Houston, TX, Vol.1,8eseion-16.m

Nov. 1980

[a] Chi-Liang Yang, ' Efficient Computa-

tion of lost Probable States for Commu—

nication Networks with lultimode Compo-

nents. ' IEEE Trans. on Communicationh

Vol.00N-37, No.5, May 1989

[h

Abe, T. 260
Acampora, A. 1533
Addie, R. G. 1513
Adesanya, C. A. 1689
Adoul, J.—P. 447
Aghvami, A. H. 417
Agoulmine, N. 999, 1111
Agrawala. A. K. 782
Ahmadi, M. 576
Aiki, M. 1431
Alencar, M. 94
Alfano. J. 274
Ali, 1. 1652
Al-Qaq, W. A. 1830
Ambrose, B. 1240
Ananasso, F. 722
Anderson, E. C. 994
Anderson, J. B. 927
Andrekson, P. A. 1880
Anvari, K. 984, 989
Aoyama, K.—i. 1875
Ariyavisitakul, S. 868
Asai, K. 1081
Ash, G. R. 802
Avnltroni. F. 1207

18

Babler, G. 841
Balachandran. K. 927
Balboni. G. P. 1201
Balducci, P. 1840
Bambos, N. 863
Banwell, T. C. 170
Baras, J. 335
Bargallo, J. 1813
Bamdt, R. 1072
Barratt, M. 160
Barton, M. 32, 45
Barzilai, T. 213. 739
Bateman, A. 1791
Beakley, G. W. 1093
Benedetto, S. 1785
Berceli, T. 1569

Berger. A. W. 314
Bemabei, F. 1150, 1207
Bhargava, V. 889
Bi, G.-G. 979
Bianchi, G. 1623
Bianchini, R., Jr. 610
Bieszczad, A. 1250
Bigaroni, V. 279
Bigloo, A. M. 889
Binder, R. 1178
Bitterlich, S. 1260

Blakey, S. H. 1835
Blankers, P. 1166
Blefari-Melezzi. N. 958
Blom. M. 544

Conference Author Index

Bolla, M. 1840
Bolla, R. 1324
Bollinger, T. B. 532
Bolot, J.-C. 787

Borgonovo, F. 1623
Brochin, F. 1508
Brusasco, G. 375
Burak, M. 1234
Buskens, R. 610
Bussey, H. 1388

(I

Calabrese. M. 279
Candeo. S. 1851
Carbonelli, M. 829
Carter, S. 1445
Covers, J. K. 915
Celandroni, N. 693
Celenk, M. 964
Chabert, J. L. 1436
Chalmers, H. 432
Chan, C.-k. 250
Chan, K. 390
Chan, K.-M. 1487
Chan, T. 1807
Chang. L. 45
Chang, N. 225
Chang, W.-t. 225
Chao, H. J. 308
Chao. J. 1276
Chen. C.-M. 1723
Chen. J. 1635
Chen, J.-S. 802
Chen. K.—C. 1344
Chen, M.-S. 213, 245, 739, 1891
Chen, S. 335
Chen, W. Y. 64
Chen, X. 1498
Cheng, S. X. 1410
Cheung. K.-w. 1610, 1901
Cheung, N. K. 1191
Chia, S. T. S. 1400
Choo, H. 390
Chou. H. K. 1835
Choudhury, A. 1911
Chow, P. S. 59

Choy, W. 472
Chua, K. C. 1354
Chuang, I. 1419
Chujo, W. 437
Chung, E. 964
Chung, H. Y. 1759
Ciccarella, G. 1201
Cidon, I. 1635
Cioffi, J. M. 59. 1067
Clapp. R. 841
Claude, J. P. 1111
Claude, M. 999
Cloonan, T. I. 1583
Conn, B. A. 604
Colzi. E. 672

Conti, M. 1647

Cope. G. A. 1662
Corcoran, F. L. 1704
Cotton, B. 1719

Cowley, W. G. 360
Cox, R. 1714
Crocetti, P. 1062
Crossett. J. A. 821
Cruz, .1. R. 1865

I)

Daffara. F. 345
Dali, Y. 1298
D‘Andrea. A. N. 340

Daneshgaran, F. 1255
Daneshrad, B. 1265
David, H. 484
Davoli, F. 1324
Dawid, H. 1260
De, A. 452, 1769
de Bosio, A. 375
Decina, M. 104, 518
De Gaudenzi. R. 672
De Jonghe, G. 350
Dclgrossi, L. 1369
Delic, H. 89
Del Re, E. 1472
DeMaio, M. 489
De Sanctis, M. 1207
De Soto, D. 829
De Souza, J. N. 999
Deutsch, D. 1381
Devetsikiotis, M. 1455, 1830
Dimolitsas, S. 1704

Dinger, J. 1129
DiZenobio. D. 1851
Dogannta, Y. 1493
Doganata, Z. 1493
Douligeris, C. 1684
Doverspike. R. 841

E

Elvidge. A. M. 1662
El Zarki, M. 1135
Eng, K. Y. 111
Engel, C. 1145
Erkurt. M. 910
Erramilli, S. 1035
Esaki, S.. 549
Escobar, J. 1381
Evans. E. D. 994
Eyuboglu. M. V. 49

F

  



Ex. 1012 / Page 19 of 22

Fantacci, R. 1472
Far Behrooz, H. 525
Fechtel, S. 905
Fernandez, J. L. 700
Ferrari, D. 220
Ferrari, G. 518
Ferro, E. 693
Fettweis, G. 484
Figueroa, M. A. 1057
Filip, P. 240
Filipiak, J. 175
Fines, P. 417
Finnell, S. 1240
Fleischer, P. E. 814
Flores, C. 989
Frank. J. 712
Frantzen, V. 1161
Fratta, L. 1062
Freitas, A. 1359
Frey. A. E. 802
Frodigh. M. 1414
Fujise, M. 437
Fukunaga, Y. 380
Funderburk, D. M. 457, 1269

G

Gabla, P. M. 1436
Gabrielli, L. 375
Ganz, A. 1906
Garcia. A. L. 1045

Garcia-Luna-Aceves, J. J. 615,
1465

Gerla, M. 560, 1062
Giacomazzi, P. 104
Giddy. D. 118
Gillespie, A. 1754
Gimlett, J. 1196
Gobl, G. 165
Godfrey. B. W. 1835
Goethals, K. 355
Gomez, L. M. 770
Goodman, D. J. 11
Goodman, R. M. 1240
Gopal, I. 301
Grady, J. 770
Gratta, L. 1150, 1207
Gregori, E. 1647
Grillo. D. 1400
Grimes, G. J. 201
Grimes, M. 160

Gropp, 0. 1303
Grover, W. 633
Gruensfelder, M. C. 1699
Guerin, R. 301
Guillemin. F. 128, 792
Gupta, A. 220
Gupta, S. 571

H

Haas,Z. 1593
Hagenauer, J. 1779
Hagimoto, K. 1875
Hagiya, N. 797

Hahne, E. L. 627
Halstrick, C. 1369
Hamamoto, N. 443

Hashemi, H. 984, 989
Haslauer, H. E. 394
Hattori, S. 1081
Hayashi, Y. 747
Hayes, J. J. 1498
Healy, J. 841
Hebuteme, G. 938
Heinrichs, B. 1145
Hellemans, P. 1388
Herrtwich, R. G. 1369
Hickey, T. M. 604
Hietl, A. 385
Hillerich, B. 165
Himeno, A. 187
Hino, S. 208

Hinterlong, S. J. 1583
Hinton, H. S. 1583
Hirose, K. 847
Hlynka, M. 576
Ho, P. 1802, 1807
Hoberg, W. A. 1679
Hoff, S. 1349

Hohjo, M. 1886
Hollack, T. 1671
Holtzman, J. M. 1405
Honig, M. 1339
Hood, C. 1723
Hori, M. 380

Horiguchi, I. 847
Homak, L. A. 180
Houeix, H. 370

Hsing, T. R. 45
Huang, B. D. 802
Huang, C. Y. 432
Huang, J. H. 1364
Huber, M. 1161
Hubner, D. 1349

Hudepohl, J. P. 1671
Hughes, B. 1835
Hui, J. 133

Hulyalker, S. N. 659
Humphries, C. 1319
Hung, K.-W. 6
Hurley, R. 689
Hwang, R.-H. 565

Ichikawa, C. 1667
Ikeuchi, N. 153
Inoue, Y. 554
Iqbal, M. Z. 1196
Irie, K. 1098
Irshid, M. 192
Ishida, O. 1588
Ishii, H. 1588
Ishikawa, A. 759
Isobe, S. 443
Ito, M. 380
Ito, T. 187, 1431
Iwashita, M. 153

Izadpanah, H. 1196

Jabbari, B. 1
Jableck, H. M. 143
Jaillard, A. 1482

Jajszczyk, A. 1557, 1605
Jamali, S. H. 427
James, N. 693
Jangi, S. 26
Janniello,’J. 301
Jemczyk, I. D. 1835
Jeske, D. 1657
Jia, F. 1896
Jing, W. 1618
Johansen, F. T. 1714
Johnson, P. A. 1103
Johnston, C. A. 1191
Jones, W. 1671
Jordaan, D. 1129
Joseph, K. 1374
Joshi, R. 1265
Judice, C. 770
Jun, Y. 1410

K

Kabacinski, W. 1557
Kabal, P. 452, 1769, 1774
Kafka, H. J. 489
Kagami, O. 1846
Kagan, J. S. 1735
Kajiwara, A. 858
Kajiyama, Y. 639
Kamat, P. 931
Kamoshida, K. 1219
Kanayama, Y. 1245
Kandlur, D. D. 739
Kane, G. 1315
Kane~Esrig, Y. 841
Kaniyil. J. 797
Kantor, Ca 71569
Kapoor, R. 1156
Karam, G. 345, 370
Karasawa, S. 847
Karol. M. J. 111
Karvelas, D. 1045
Kasmar, L. L. 1679
Kataoka, K. 1219
Kato. S. 422, 727
Kato, Y. 123. 260
Kavehrad, M. 192
Kawnguchi, K. 847
Kawashima, M. 255
Kazama, H. 727
Keitz, M. D. 1825
Kenington, P. B. 74
Kerpez. K. 40, 654
Khalil, K. 597
Khandani, A. K. 1774
Kikuchi, K. 639
Kim. S. 879
Kim, S. W. 884
Kim, Y. H. 712
Kimura. T. 1858
King. T. J. 506
Kings, N. 284

Kishi, Y. 1858

Kishigami, J. 759
Kishimoto, R. 1098
Kobayashi, D. 841
Kobayashi, K. 422
Koblentz, M. 1035
Koga, H. 260
Kohn, E. S. 1093
Koizumi, M. 1219
Kolar, D. 841
Konorski, J. 974
Koono, Z. 525
Koppenhofer, B. 1288
Komer, U. 778
Kotani, N. 759
Koufopavlou, O. 1395
Kouno, T. 752
Kramer, M. 764
Krisher, D. 821
Krishnan, K. R. 810
Ku, B. S. 532
Kubota, S. 422, 727
Kumar, V. P. 1282
Kurosc, J. F. 565

L

Laflamme, C. 447
Lai, B. 197
Lai, M.-Y. 1723
Lajtha, G. 1578
Lalk, G. R. 170
Lambadaris, I. 1498
Lancini, R. 1310
Latin, H. 1240
Lani, S. 160
Lau, R. 814, 834
Lechleider, J. W. 36, 98
Lecours, M. 679
Lee, B. H. 201
Lee, C.—H. 1344
Lee. C.-K. 802
Lee. D. 732
Lee, K. H. 1600
Lee, S. H. 1364
Lee, T. 133
Lee, W. C. 931
Lee, X. 320

Le-Ngoc, T. 427
Lentine, A. L. 1583
Lenzini, L. 1647
Leon-Garcia, A. 320
Lessman, A. M. 1689
Levy, R. P. 489
Li, B. 1906
Li, C.-S. 1891
Li. M. 1791

Li, S.-q. 1524
Liao, K.-Q. 1224
Liao, M. 915
Lim, H. A. 390
Lin, H. 1282
Lin, M. 1035
Lin, S. 1764
Lin, Y.-D. 560
Lindsay-Stewart, A. 666
Linne vonBerg, D. C. 707

Lippolt, B. 544
Listanti, M. 1150, 1207
Liu. F. C. 1040
Liu, M. 89
Liu, W. 1802
Liu, Y. 644
Liu. Y. C. 1460
Liu, Y.-J. 21, 235, 922
Lodge, J. 462
Lombardo, A. 1027
Long, D. 279
L00, C. 717
Louvion, J.-R. 792
Lumello, N. 279
Lundquist, C. 165
Lurye, Y. 841

M

Madhow, U. 1339
Maegerl, G. 1161
Mak, V. 1610
Mampaey, M. 1388
Man, S. K. 265
Mandich, D. 1851
Manfield. D. R. 1730
Manjunath, D. 587
Maples, T. B. 1050
Marafih, N. 325
Marcellin, M. 1076
Marchese, P. 375
Marquie, D. 1004
Marsiglia, M. A. 1062
Martin, G. D. 111
Marvill, J. D. 74
Maryni. P. 1324
Marzec, R. 841
Masaki, S. 747
Mason, L. G. 1224
Masukawa. H. 1667
Matsumoto, Y. 422
Matsunaga, H. 1245
Matsuoka, N. 123
Matsuzaki. K. 1219
Matthews, P. 274
Mayer, W. H. 394
Mazraani, T. Y. 592
Mazzei. U. 853
McCormick, F. B. 1583
McDonald, G. L. 802
McGeehan, J. P. 1331, 1791
McLane, P. J. 472, 1269
McNicol, J. D. 1835
Meier—Hellstem, K. 11
Melen, R. 1201
Mcngali, U. 340
Merakos, L. 26
Messerschmitt, D. G. 225
Metzner, J. J. 879
Meyr, H. 905, 1260
Min, 0.5. 1196
Michna. J. 1562
Miller, G. J. 581
Milstein, L. B. 874
Minamisono, K. 1858
Minzer, S. 1388
Misra, R. B. 143

Mission. M. 1359
Mitsunagn, Y. 260
Mizuike, T. 1858
Modestino, J. W. 659
Moeneclaey, M. 350. 355
Mohan, S. 764

Moisey, K. 1746
Mok, S.-M. 230

Mondin, M. 1255, 1785
Monin. W. 128
Montorsi, G. 1785
Moors, T. 969
Moran, M. 220
Morgan, J. 841
Morikura, M. 422, 727
Morita, H. 153

Moriyama, S. 1694
Morrison, R. L. 1583
Morton, A. C. 943
Mouftah, H. T. 1605

Mukherjee, B. 1896

Murakami, T. 081

N

Nagaishi, T. 380
Nakamura, A. 1741
Nakamura, M. 554
Nakamurn, T. 1219
Natarajan, N. 994
Nishikawa. H. 1081
Nishikido, J. 208
Nishimura, T. 747
Noguchi, S. 797
Noguchi, Y. 79
Nohara, M. 437
Norton, 6. H. 1331
Nosu, K. 1588
Nouh. S. 175
Nowicki, K. 974

Nyberg, C. 778

O

Oechslin, P. 1282
Ofek, Y. 1635
Ogura, Y. 1667
Chen, M. 549
Ohkubo. K. 1010
Ohmori, S. 443
Ohm, T. 554
Okada, T. 1870
Olivein, M. 1 1 11
Olivier, F. X. 1436
Olsson, N. A. 1880

Omiya, T. 549
O’Neill, J. 1282
Onozato, Y. 797
Onvural. R. O. 1460

' Orcutl, E. K. 1076
Oshima, M. 1086
Onellette, E. 1282

 



Ex. 1012 / Page 20 of 22

P

Padovani, R. 69
Paglialunga, A. 1172
Palamidessi, A. 853
Palazzo, S. 1027
Palmer, R. 118
Pancha, P. 1135
Panno, D. 1027
Papantoni-Kazakos. P. 89
Paris, G. 1201
Parisini, T. 1324
Park, D. 1503
Park, S. 457
Parks, J. H. 994
Parulkar, G. M. 592
Pashan, M. A. 111
Paterakis, M. 89, 581, 1618
Palridge, C. 1381
Pattavina, A. 104, 518
Peck, S. 201
Peha, J. M. 330
Pei, T.-B. 1293
Pendleton, J. 1746
Perego, F. 1310
Pereira, I. 1684
Periyalwar, S. 894
Perkinson, W. B. 399
Perros, H. G. 1503
Perry, M. 165
Perucchini, D. 829
Phifer. L. A. 1116
Phipps, J. G. , Jr. 1704
Pickholtz, R. 325
P0, L.-m. 250
Pollini, G. 11
Potorti, F. 693

Pottie, G. J. 49, 863
Pradel. E. 1508
Proakis,1. C. 910
Proietti, L. 1207

Q

Queniat, J. F. 1482

R

Rafie, M. S. 700
Rajpal, S. 1764
Ramaekers, J. 1140
Ramakrishnan, K. K. 622
Ramsden, D. B. 1699
Rana, D. 1477
Rancov, V. 296
Ransom, N. 1184

Rappaport, T. 649, 1825
Rasmussen, L. 899
Raychaudhuri, D. 1374
Raynaud, Y. 1004
Rea, P. 284
Refai. W. 1315
Reibman, A. R. 314
Reinig, P. L. 1022

Remy, C. 1106
Renfors, M. 467
Rezaie, H. 160
Rhee, D. J. 1764
Richardi', G. W. 1583
Robe, T. J. 170
Roberts, J. A. 1813
Robertson. P. 365
Roepke, D. 404
Romoeuf, L. 792
Rooth, J. 499
Rosenberg. C. 938
Rosenberger, J. R. 1689
Ross. C. A. 1022
Ross, K. W. 571
Rossi, L. 1840
Rouse, D. M. 1156
Rowe, R. 666
Roy, S. 54
Rubin, I. 16, 1630
Ruf, M. 240
Ruffini, S. 829
Ruggieri, M. 722
Rupprecht, M. 1145

S

Sabel, L. P. 360
Saito, K. 847
Saito, M. 1694
Saito, S. 1431
Sakae, K. 255
Sakata, T. 422
Sakurai, N. 759, 1098
Salami, R. 447
Sallai, G. 1552
Samueli, H. 1265
Sanghi, D. 782
Santella, G. 1851
Saracco, R. 279
Saramaki, T. 467
Sari, H. 345, 370
Sasase, I. 1769
Sasian, .1. M. 1583
Saulnier, E. 1450
Saxena, D. 1723
Sayre, C. 1699
Secord, N. 717
Seidel, S. Y. 649
Seki, K. 422
Sengupta, B. 732
Seret, D. 1106
Sevcik, M. 1121
Sezaki, K. 138

Shae, Z.~Y. 245, 739
Shah, T. 1819
Shambayati, S. 16
Shankar, A. U. 787

Shanmugan, K. S. 700, 1819
Sharony, J. 1901
Sheikh, A. 1797
Sheng, H.—D. 1524
Sherif. M. 1699
Shibata, N. 1588
Shigematsu, N. 549
Shikama. T. 1214
Shimamoto, S. 797

 

Shimamura, K. 747

Shirato, T. 1’46, 1870Shirota, M. 9
Shridhar, M. 576
Shur, D. H. 943
Sibilla, M. 1004
Sich. E. M. 1835
Simonian, A. 792
Siracusa, R. 1374
Siviero. M. 1172
Skaperda, N. 494
Smith, W. J. 404
Snipes, W. 1671
Sohraby, K. 1518
Soliman. S. 69
Soneru, M. D. 489
Sosa, M. E. 1057
South, C. 1709
Spalvieri, A. 1840
Spanke, R. A. 111
Sriram. K. 1545
Stahl, M. 610
Stainov, R. 296
Standley. R. 1196
Stavenow, B. 499
Stavrakakis, I. 1540
Stephens, W. E. 170
Stern. M. 1196
Stem, T. E. 1901
Stevenson, S. 841
Stout, C. 197
Stranak, F. 1574
Stuettgen, H. 1369
Suda, T. 1050
Sugiyama. T. 727
Sun, Y. S. 597
Suzuki, G. 752
Suzuki, J. 1886
Suzuki, Y. 479
Szwarc, V. 462

T

Tabiani, M. 192, 984
Tada, Y. 1588
Tahemezhadi, M. 1865
Tajiri, T. 479
Takada, K. 187
Takahashi, Y. 1667
Takami, K. 554
Takenaka, T. 554
Takeuchi, M. 443
Talman, K. B. 1184
Tan, M. 537
Tanaka, T. 1741
Tantawy, A. N. 1642
Tay, T. 472
Tekinay, S. l
Tentarelli. K. D. 489
Tesseron, J. 1106

Tewksbury, S. K. ‘ 180
Theoharakis, V. 301
Thoma. B. 1825
Tobin, I. 1201
Todd, T. 627
Tokura, N. 639
Tombolini, E. 104

Tomcik, J. D. 1699

Tomonaga, H. 123
Tong, F.-K. 1891
Toran, S. 1679
Totsuki, H. 1219
Townsend, J. K. 1455, 1830
Towsley, D. 565
Toy, M. 950
Tran—Gin, P. 1303
Trecordi, V. 1623
Tsang, D. 511
Tscha, Y. 1600

Tsuchiya, P. F. 1016
Tsuji, H. 148
Turtle, D. 385
Tzannes, M. 684, 684

U

Ueda, H. 1245
Uehara, K. 437
Uppulri, M. 180
Urushidani, S. 208
Usai, P. 1709
Uzun, N. 308, 1276

V

Vakil, F. 289
Val, T. 1359
Valent, G. 1201
Valenzuela, R. 1425
Van Pelt, J. L. 1093
Vastola, K. S. 587, 1450, 1652
Veeraraghavan, M. 1156
Ventre. G. 1140
Viale, E. 375
Vijayan, R. 1405
Vin, H. M. 213, 739
Voois, P. 1067

W

Wakabayashi, H. 1440
Walker, R. 197
Walker, S. L. 1583
Wallstrtim, B. 778
Walsh, K. A. 1191
Wang, C. 84
Wang, J. 84, 874
Wang, Q. 889
Wang, X. D. 679
Warren, S. 1116
Watanabe, F. 1858
Watanabe, K. 1846
Watanabe, Y. 123

Wataya, H. 1219
Weihmayer, R. 537
Weingarten. A. 1735
Whalley, S. 284
Wheatley, C. 69
White, T. 1250
Wicker, S. 899

Wijayasuriya. S. S. H. 1331
Wilkinson, R. J. 74
Wilson, S. 707
Woerz, T. 1779
Wolf, J. K. 1072

Wolfinger, B. 220
Wong, E. W. M. 1487
Wozniak, J. 974

Wright. J. V. 1445
Wu, B.-X. 979
Wu, J. 197
Wu, J. C.-H. 1630
Wu, T.~H. 834

X

Y

Yamabayashi, Y. 1875
Yamada, O. 1694
Yamada, Y. 1081
Yamaguchi, H. 747
Yamamoto, M. 443
Yamamoto, S. 1440
Yamasaki, K. 208
Yamasaki, Y. 525
Yamashita, I. 148
Yang, J. 54
Yang, T. 511
Yao, K. 1255
Yao, Y.-D. 1797
Yashima, H. 1886
Yasuda. Y. 138
Yasushi, T. 255
Yen, C. 197

Yokot'rgni, T. 1214
Yoshirnura, H. 479
Young, .1 1196
Young. K.. Jr. 1191
Young, K. C. 170
Yuan, C. 1040
Yuhas, B. P. 1319
Yum, T.-S. 6, 230, 1487

Z

Zaibi, N. 1315
Zanin, R. 1150
Zarki, M. E. 571
Zdepski, I. 1374
Zenou. L. 1906
Zhang, X. 1106
Zhang, Y.-Q. 235, 325
Zhang, 2. 21.1533
Zielinski, A. 1562
Zitterbart, M. 1395, 1642
Zukerman, M. 1513. 1730
Zukowski, C. 129 



Ex. 1012 / Page 21 of 22

  



Ex. 1012 / Page 22 of 22" E. 1012/Page 22 of22

 


