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There are as yet no further rigorous theorems to support Con-
jecture 1, but there is overwhelming experimental evidence.
The strongest such evidence is surely that of the AWGN chan-
nel, as illustrated in Figures 2 and 3. Figure 2, which is taken
from [2], shows the iterative decoding threshold for a de-
gree-profile optimized ensemble of rate 1/2 irregular LDPC
codes for the AWGN channel. It is only 0.0045 dB from the
Shannon limit for rate 1/2 codes! It takes little imagination to
conjecture that further refining of the degree profile will push
the iterative threshold all the way to the Shannon limit.

Equally remarkable is the performance shown in Figure 3,
which is taken from [22]. In Figure 3 we see the actual perfor-

mance of a code of rate about
1/60, with decoded bit error
probability of around 10−5,

and Eb/N0 less than −1 .3db,
compared to the Shannon

limit of −1.6 dB!

3. Beyond SBIC’s.

But what about non-SBIC�s,
i.e., channels that are

• Nonsymmetric?

• Nonbinary?

• Multiuser?

• Non-Memoryless?

• Etc.?

I believe that turbo-like codes can be used effectively on vir-
tually any such channel. Let me illustrate with a few exam-
ples. First, let�s consider the simplest nonsymmetric
channel, the Z-channel.

4. Nonsymmetric Channels.

Rather than give a general discussion, we focus in this sec-
tion on the simplest example of a nonsymmetric binary-in-
put channel: the Z-channel. The Z-channel has input and
output alphabets both equal to {0, 1}, and the channel transi-
tion probabilities are shown in Figure 4.

The challenge with this channel is that the input-achieving
probability distribution is not uniform. For example, if the
crossover probability is p =1/2, the capacity of the Z-channel
is 0.321928 bits per transmission, which is achieved by an in-
put distribution of (0.6, 0.4). But we observe that by using a
(1/2, 1/2) input, the resulting mutual information is
0.311278, which is only 3% less than capacity. This suggests
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Figure 2. Irregular LDPC Codes on the AWGN Channel.

(Chung, Forney, Richardson, Urbanke, 2001)

Figure 3. Turbo-Hadamard Codes on the AWGN Channel.

(Ping, Leung, Wu [22])

Figure 4. The Z-Channel.

Figure 5. Performance of a R = 1/3 RA code ensemble with k

= 1000 on a Z-channel.





�...we have demonstrated a simple [encoding] algorithm
by which codewords can be generated in such a way as to
approximately achieve the results of the coding theorem.
Unfortunately, the problem of finding decoding algorithms is
not so simple.� (Emphasis added.)

Our hope is that the problem of finding decoding algorithms
can be solved by replacing the generic binary encoder in Fig-
ure 6 with a �turbo-like� encoder, and by combining the de-
modulation process with the iterative message-passing
decoding algorithm the ad
(e)Tj
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Shannon limit (the tick mark on
the horizontal axis at p = .430206,

i.e., −log10(p) = .446684). Also
shown in Figure 10 is the perfor-
mance of two R = 1/3 Reed-Solo-
mon codes: a (15, 5) code over
GF(16), and a (255, 85) code over
GF(28).



It is tempting to conjecture that this



A Juggler�s Tribute to Claude Shannon
By Professor Arthur Lewbel

March, 2001.

Claude Elwood Shannon 1916-2001. Survived by his wife
Mary Elizabeth (Betty) Shannon, a son, Andrew Shannon,
and a daughter, Margarita �Peggy� Shannon.

Among the many branches of mathematics and science that
Claude Shannon essentially invented, the least well known
may be the science of juggling. In
1990, Scientific American called
Claude�s paper on information the-
ory, �The Magna Carta of the Infor-
mation



In addition to his famous juggling theorem, Claude came
close to inventing site swaps. In the 1970’s, he was asked by
Scientific American magazine to write an article about jug-
gling. In addition to including his juggling theorem, the
draft of his article contained an attempt to count the number
of different possible juggling patterns. Scientific American
asked him to revise the article, but by then he was doing
other things and never bothered to finish it. (A copy of his
draft article can be found in the book, “Claude Elwood Shan-
non Collected Papers,” edited by N.J.A. Sloane and A. D.
Wyner, New York, IEEE Press, 1993, pages 850-864). He
made an offhand remark that maybe I should write an article
for them instead. Years later, I took his advice (see, “The Sci-
ence of Juggling, Scientific American, Nov. 1995).

Claude told me this story. He may have been kidding, but it il-
lustrates both his sense
of humor and his de-
lightfully self deprecat-
ing nature, and it
certainly could be true.
The story is that Claude
was in the middle of giv-
ing a lecture to mathe-

maticians in Princeton, when the door in the back of
the room opens, and in walks Albert Einstein. Ein-
stein stands listening for a few minutes, whispers
something in the ear of someone in the back of the
room, and leaves. At the end of the lecture, Claude
hurries to the back of the room to find the person that
Einstein had whispered too, to find out what the
great man had to say about his work. The answer:
Einstein had asked directions to the men’s room.

Claude wrote the first paper describing how one
might program a computer to play chess. He wrote,
“Communication Theory of Secrecy SyTj
1o, ”
which the Boston Globe newspaper said “trans-
formed cryptography fr- e1W4.00000983 P4le.0750096 T,
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by your legs?” He had realized that while bounce juggling is
much easier than toss juggling



Shannon’s juggling theorem

JUGGLING THEOREM proposed by Claude E. Shannon of
the Massachusetts Institute of Technology is schematically

r



But we braved various milder threats (like crime incidence,
inaccessibility, or uncertainty) and held workshops in Salva-
dor, Brazil, in Killarney, Ireland, in Kruger Park, South Af-
rica, in Longyearbyen, Svalbard (at 80 degrees North!), in
Metsove, Greece (just 50 km south of the Albanian border),
and in Sante Fe, New Mexico (at 7000 ft of altitude!).

The adventuresomeness of our group took as to China dur-
ing the evocative period that preceded the famous Tian An
Men Square massacre and to Cairns, Australia, just a few
months ago.

Who knows what the future will bring? Who knows what
world events will bear an impact on our activities? Perhaps
the best (indirect) defiance of the workings of fate is to con-
tinue planning and executing our meetings, contacts, and

exchanges with a healthy disregard for fear, but with a mea-
sure of common sense. During the summer of 1974, as the
dictatorship in Greece collapsed, Turkish forces invaded Cy-
prus, and a general mobilization of armed forces was taking
place on both sides of the Aegean, I proceeded with my plans
that included attending some memorable opera perfor-
mances in Verona, Italy, and then getting married in Athens,
Greece. My honeymoon in Corfu overlapped with the few
days of warfare on Cyprus and with general turmoil on
Greece. Yet, I enjoyed the uncrowded hotels, the empty air-
ports, and the excitement of matching the unfolding of mo-
mentous world events, while, at the same time, trying to get
to know my spouse (of twenty-seven years by now!). Per-
haps I was lucky to emerge unscathed from that boiling pot.
But what is the choice?

IEEE Information Theory Society Annual Meeting
Omni Shoreham Hotel, Washington, DC

Sunday June 24, 2001
Aaron Gulliver

Attendees: Erik Agrell, John Anderson, Tom Cover, Michelle
Effros, Anthony Ephremides, Marc Fossorier, Thomas E. Fuja,
Aaron Gulliver, Joachim Hagenauer, Al Hero, Michael Honig,
Hideki Imai, Torleiv Kløve, Ryuji Kohno, Bob McEliece, Ste-
ven W. McLaughlin, Lance C. Pérez, Nela Rybowicz, Bixio
Rimoldi, Paul H. Siegel, Alexander Vardy, Han Vinck, Ste-



have control over the society money, and can exert pres-
sure on the societies because of this. In 2000, $165K was
withdrawn from the Society reserves to cover IEEE infra-
structure development expenses. Ways to gain some con-
trol over society finances were discussed.

The IEEE has a freeze on new staff and new initiatives.
Tom Fuja stated that IEEE Conference Services had been
chosen for ISIT 2001. The organizers have not been satis-
fied with their performance, due largely to inexperience
and high staff turnover.

The rising editorial costs for the Transactions were dis-
cussed. One solution is to hire an administrator to oversee
the paper correspondence, however this eliminates much
of the interaction between the associate editors and the re-
viewers. Al Hero indicated that the same situation arose
in the Signal Processing Society, and their solution was to
hire an editorial assistant. It was decided that the Edi-
tor-in-Chief and Treasurer will develop some guidelines
for editorial costs.

A motion was made to reduce the number of Transactions
issues from 13 to 12. This will balance the workload of pub-
lications staff. The motion was approved unanimously.

5. Aaron Gulliver presented the report on the IT Society
website. He stated that the December Newsletter (and
those since Summer 1998) are available as PDF files. File
transfer volume on the website is up 100% from the last re-
port in March. The number of file transfers is up 30% to
1225/day, amounting to 35 MB/day. Much of this in-
crease is due to newsletter downloads. Access this year
has been from 82 countries.

The age and organization of the website was reviewed,
and a case made for updating the structure and format. A
motion to spend $5,000 to hire a web designer was ap-



Both items are therefore approved by the board. 24 of the
25 board members cast votes. It was noted that the mem-
ber fee has not changed in six years. Marc Fossorier will
write a rationale for these increases for inclusion in the
September Newsletter.

12. A change to the Bylaws for the Paper Award was distrib-
uted to the board members prior to the Annual Meeting,
as per the Society Constitution. After some discussion,



Blake Fest � Symposium
by Vijay Bhargava, H. Vincent Poor and Vahid Tarokh

A symposium on coding and informa-
tion theory in honour of Ian F. Blake on
the occasion of his 60th birthday was
held in Victoria, British Columbia on
June 7 & 8, 2001.

A prolific scholar, Ian has made funda-
mental contributions to statistical com-
munication theory, algebraic coding
theory, trellis codes, sequences and
spread sprectrum communications, cryp-

tography and computations in Galois Fields. He is also respon-
sible for the education of great many students and scholars.
During the period that he served as the Chairperson at the De-
partment of Electrical and Computer Engineering at the Uni-
versity of Waterloo, the department underwent a renaissance
and grew significantly through the addition of many outstand-
ing faculty members and staff people.

Ian has served the IT Society in numerous capacities, includ-
ing as Co-Chair of ISIT’83 (St. Jovite) and as Technical Pro-
gram Chair of ISIT’95 (Whistler). In 1989, he became the first
President of the IEEE Information Theory Society to come
from outside of Regions 1-6 (USA).

The Symposium featured twenty presentations, and a
“festschrift” is planned to be published during next year. The
technical program was organized by Vijay Bhargava, Vincent
Poor and Vahid Tarokh, who are also editing the festschrift. The
speakers and titles of the symposium papers are listed below:

Speaker Title
Joachim Hagenauer Some Promises that Shannon Made

are Now Fulfilled
H. Vincent Poor Quantum Multiuser Detection
Sergio Verdu Multiuser Diversity
Jon W. Mark Power Distribution and Control in

CDMA Systems
Norman C. Beaulieu On Level-Crossing Rates and Fade

Duration of Diversity Systems
Prakash Narayan Time-Varying Multiple Access Channels

with Channel State Information

Raymond Yeung Network Coding Theory: An Overview
David Haccoun Space-Time Convolutional Coding
T. Aaron Gulliver Asymptotic Analysis of SPC

Product Codes
M. Anwarul Hasan Computations Over Very Large Finite

Fields With Resource  Constrained
Devices

Vahid Tarokh Two Constructions of 16-QAM
Golay Sequences

Wai Ho Mow A Unifying Approach for Constructing
Detecting Matrices for Multiuser Coding

Shu Lin DTIB (Doubly Tricky Ian Blake) Codes
Daniel Joseph Low Density Parity Check Codes Derived

Costello, Jr . From Quasi Cyclic Block Codes
Michael Tanner A Class of Group-Structured (3,5)

LDPC Codes
Tom Hoeholdt News on the Polynomial Approach

to Coding
Frank Kschischang The Poisson Sum Formula and Duality

in Factor Graphs
Richard Blahut From Yaghoobian-Blake to Sakata-Koetter

algorithms
Hamid Jafarkhani Multiple Antenna Differential Detection

from Generalized Orthogonal Designs
Vijay K. Bhargava Codes Based on Combinatorial Designs

The symposium was held in the magnificent Dunsmuir Lodge,
some 30 km north of Victoria. Perched on Mount Newton, the
Lodgesson SuB7





2001 IEEE Information Theory Workshop
Cairns, Australia
2-7 September 2001.

Alex Grant

The 2001 IEEE Information Theory Workshop was held
in Cairns, Australia on September 2-7 2001. This work-
shop was hosted by the Joint Australian Chapter of the
IEEE Information Theory Society, which was recently
formed in response to growing activity in Information
Theory in Australia.

Almost 100 participants enjoyed the relaxed environ-
ment of Far North Queensland, as they discussed many
interesting problems in Information Theory. Despite its
southerly location, the workshop was well supported by
delegates from around the world, with representatives
from USA, Japan, Europe, Korea, Israel, Canada, China,
Singapore and of course Australia.

The workshop consisted of 43 invited papers, and 14
contributed papers (extra copies of the proceedings are
available through the IEEE). The session organisers did
an excellent job in putting together sessions on Iterative
Decoding, Iterative Receivers, Multiple Access, Turbo
Coding, Shannon Theory, Space-Time Coding, and
Topics urbo



The Thursday evening banquet (subject to a ban on the wear-
ing of ties) was a lively affair. A traditional Australian bush
band, “Bush Remedy” treated the diners to many Australian
folk songs, which were enjoyed along with the delicious
Australian food and wines. The band was joined at times by
various workshop participants who assisted musically on
the lagerphone and washboard. Highlights included the en-
semble of representatives from the Workshop Sponsors, who

sang Give Me a Home Among the Gum Trees, which was fol-
lowed later by an all-Australian rendition of Waltzing
Matilda.

The workshop concluded on Friday with a poolside farewell
reception. Details on the technical program may



A. Geyer and A.J. Han Vinck (IEM, Essen, Germany)
Equivalent Convolutional Codes and Decoding

Complexity

Tadashi Wadayama (Okayama Prefecture University, Japan)
Calculating the Exact Bit Error Probability of a Binary

Liner Code over the BSC

Volker Braun and Marceau Coupechoux (Alcatel, Germany)
Viterbi Equalization of Space-Time Coded Signals in
GSM-like Systems

Kees Schouhamer Immink (Turing Machines Inc.,
Eindhoven, the Netherlands)

Sliding encoding of constrained sequences

Vladimir Balakirsky (Leningrad, Russia)
Recursive Decoding Procedures for Minimizing the Bit
Error Probability for Block and Convolutional Codes

Viktor Parlouchkov ( University of Ulm, Germany)
On Transfer Function Methods for Convolutional Codes

Axel Hübner (University of Ulm, Germany)
On Interleaver Design for Concatenated Convolutional
Codes

The workshop attracted some 22 scientists from 11 countries
and was held in a very informal way, leading to many dis-
cussions and even a joint singing during the banquet. Pro-
ceedings containing abstracts and full papers (75 Euro) can
be obtained from the organizer Han Vinck, vinck@
exp-math.uni-essen.de, or Fax: +49-201-1837663.



December 2001 IEEE Information Theory Society Newsletter

21

2. There are nine locations on the 5 × 5 board where a sin-
gle square (monomino) can be removed such that the rest
of the board can be tiled with right trominoes. These 9 lo-
cations are marked by dots in Figure 2. Note that no two of
the dotted squares can be covered by the same right
tromino. Therefore, if none of these squares is removed, a
tiling will require 9 right trominoes, for a total area of 9 × 3
= 27, which is impossible on a board whose total area is 25.

To show that all 9 of these locations are possible, we note
that only 3 locations are inequivalent relative to the sym-
metries of the 5 × 5 square. Examples of the three tilings
are shown in Figure 3.

Note the similarity of these three examples. To get from 3a
to 3b, flip the shaded monomino in 3a. To get from 3b to 3c,
flip the shaded monomino in 3b.

3. There are 9 inequivalent d





Synthesis Based, and Predictive Coding; Narrow and
Wide-band Spectral Quantization.

Introduction to 3G Mobile Communications,

by Juha Korhonen. Artech House, 2001, 620 pp.,
pounds64, ISBN 1-58053-287-X.

Contents:
Overview; CDMA Principles; WCDMA Air



edited by William H. Tranter, Brian E. Woerner, Jeffery H.
Reed, Theodore S. Rappaport, and Max Robert. Kluwer,
2001, pounds102, ISBN 0-7923-7214-X.

Wireless Communication Technologies: New Multimedia
Systems,

edited by Norihiko Morinaga, Ryuji Kohno, and Seichi
Sampei. Kluwer, 2000, 344 pp., £77, ISBN 0-7923-7900-4.

Nonuniform Sampling: Theory and Practice,
edited by Farokh Marvasti. Kluwer, 2001, ISBN
0-306-46445-4.

Numbers, Information and Complexity,
edited by Ingo Althöfer, Ning Cai, Gunter Dueck, Levon
Khachatrian, Mark S. Pinsker, Andras Sárközy, Ingo
Wegener, and Zhen Zhang. Kluwer, 2000, 672 pp., £107,
ISBN 0-7923-7765-6.

The Mobile Communications Handbook, 2nd Ed.,
edited by Jerry D. Gibson. CRC Press, 1999, 720 pp., US$
95, ISBN 0-8439-8597-0.

The Telecommunications Handbook,
edited by Kornel Terplan and Patricia Morreale. CRC
Press, 2000, 424 pp., US$ 99.95, ISBN 0-8439-3137-4.

Hargrave’s Communications Dictionary,
by Frank Hargrave. IEEE Press, 2001, 1056 pp., US$ 129.95
(List Price), US$ 110 (IEEE Member Price), ISBN
0-7803-6020-6.

Intelligent Signal Processing,
edited by Simon Haykin and Bart Kosko. IEEE Press,
2001, 576 pp., US$ 109.95 (List Price), US$ 93 (IEEE Mem-
ber Price), ISBN 0-7803-6010-9.

A Field Guide to Dynamical Recurrent Networks,
by John F. Kolen and Stefan C. Kremer. IEEE Press, 2001,
496 pp., US$ 109.95 (List Price), US$ 93 (IEEE Member
Price), ISBN 0-7803-5369-2.

Cable Modems: Technologies and Applications,

edited by Executive Editor, Venkata C. Majeti and Edi-
tors, John Fijoleck, Michelle Kuska, and Kotikalapudi
Sriram. IEEE Press and IEC (International Engineering
Consortium), 2000, 800 pp., US$ 79.95 (List Price), US$ 72
(IEEE Member Price), ISBN 0-7803-5395-1.

Wireless Video Communications: Second- and Third-Gen-
eration Systems and Beyond,

by Lajos Hanzo, Peter Cherriman, and Jurgen Streit. IEEE
Press, 2001, 1056 pp., US$ 119.95 (List Price), US$ 102
(IEEE Member Price), ISBN 0-7803-6032-X.

WCDMA for UMTS: Radio Access for Third Generation
Mobile Communications, Revised Edition,

edited by Harri Holma and Antti Toskala. Wiley, 2000,
352 pp., US$ 85, ISBN 0471720518.

UMTS Mobile Communications for the Future,

edited by Flavio Muratore. Wiley, 2000, 240 pp., US$ 65,
ISBN 0471498297.

CDMA: Access and Switching: For Terrestrial and Satellite
Networks

by Diakoumis Gerakoulis and Evaggelos Geranitois.
Wiley, 2000, 320 pp., US$ 105, ISBN 0471491845.

Wireless Video Communications: Second to Third Gener-
ation and Beyond,

by Lajos Hanzo, William Webb, and Thomas Keller.
Wiley, 2000, 762 pp., US$ 120, ISBN 078036032X.

Principle of Mobile Communication, 2nd Ed.,

edited by Gordon L. Stüber. Kluwer, 2000, 776 pp., £61,
ISBN 0-7923-7998-5.

Turbo Codes: Principles and Applications,

by Branka Vucetic and Jinhong Yuan. Kluwer, 2000, 344
pp., £81, ISBN 0-7923-7868-7.
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Visit our website at

http://www.itsoc.org/
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June 30- 2002 IEEE International Symposium Palais de Beaulieu,
July 5, 2002 on Information Theory Lausanne, Switerland Prof. Bixio Rimoldi

Communication Systems Department
Swiss Federal Institute of Technology
CH-1015 Lausanne, Switzerland
E-mail: isit02chair@epfl.ch
Phone: +41 21 693 76 62
Fax: +41 21 693 43 12
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