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to the NRC, Section 07 Executive and Peer Committees, member 
of the Committee on Tactical Battle Management, Committee on 
National Communications Systems Initiative, and U.S. National 
Committee for the International Union of Radio Science. 

Jack was not only an outstanding researcher but also a dedi-
cated and wonderful educator. He was passionate about teach-
ing, and he had a gift for expressing in simple and clear terms 
even the most difficult subjects. He brought to the classroom a 
wealth of practical experience gained through his many years 
of consulting and employment in the telecommunications and 
storage industries. Using his unique perspective, Jack inspired 
his students by successfully linking elegant theory with excit-
ing technological applications. In 2000, Jack’s excellence in 
teaching was recognized with the UCSD Distinguished Teach-
ing Award.

Jack maintained a close relationship with his alma mater, the Uni-
versity of Pennsylvania. In fact, studying at Penn was somewhat 
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The Historian’s Column 
Anthony Ephremides

It is crisis-time in the world today: crisis in the financial world, tur-
moil in the world economy, disorder in Society, and soul-searching 
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Second Order Analysis Based on 
Information Spectrum

Masahito Hayashi

Abstract – In this letter, we explain the importance of the 2nd-
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In the first step, the optimum asymptotic performance is derived 
for a given information source or a given channel without any 
condition, e.g., the independent and identical distributed (i.i.d.) 
condition or the Markovian condition. The optimum asymptotic 
performance is represented by a limiting value defined by the 
logarithmic likelihood or the logarithmic likelihood ratio. Such 
quantities are called information spectrum quantities. Since these 
values represent no concrete values, only this step cannot resolve 
the problem. 

In the second step, we calculate the information spectrum quan-
tities concretely in the respective cases, e.g., the i.i.d. case or the 
Markovian case. Fortunately, it is easy to calculate these values 
in the i.i.d. case and the Markovian case. Only the first step de-
pends on the type of the information process. The second step de-
pends on the type of information sources or channels, but does not 
depend on the type of the information process. Especially, when 
variable types of information process give the same the informa-
tion spectrum quantity as their optimal performance, the existing 
calculation can be recycled in the second step. 

On the other hand, the first step for the first order asymptot-
ics can be directly applied that for the second order asymptot-
ics. That is, as soon as this problem is mathematically formu-
lated, the solution has been already given [10]. Such a story is 
too convenient for researchers. Therefore, only the second step 
is required for the second order asymptotic theory. It can be also 
resolved only by application of the central limit theorem except 
for channel coding. only the impossibility part (the converse 
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The scheme was as follows. Ants were offered a horizontal trunk 
with 30 branches. The experiments were divided into three stag-
es, and at each of them the regularity of placing the trough with 
syrup on branches with different numbers was changed. At the 
first stage, the branch containing the trough with syrup was se-
lected randomly, with equal probabilities for all branches. So the 
probability of the trough with syrup being placed on a particu-
lar branch was 1/30. At the second stage we chose two “special” 
branches A and B (N 7 and N 14; N 10 and N 20; and N 10 and N 
19 in different years) on which the trough with syrup occurred 
during the experiments much more frequently than on the rest - 
with a probability of 1/3 for “A” and “B”, and 1 /84 for each of 
the other 28 branches. In this way, two “messages” -“the trough is 
on branch A” and “the trough is on branch B”- had a much higher 
probability than the remaining 28 messages. In one series of tri-
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and refined tools. […] Information Theory is firmly integrated 
in the fabric of neuroscience research, and a progressively wider 
range of biological research in general, and will continue to play 
an important role in these disciplines.” 

Shannon’s bandwagon warning notwithstanding, it is probably 
a safe prediction that this trend – information theoretic-ideas and 
tools being systematically applied in biology and perhaps in the 
other sciences – will continue and it will grow. In the reverse di-
rection, another recent –though somewhat less noticeable– trend 
has been the growing use of information-theoretic concepts in 
core mathematics research. Although this was advocated by Kol-
mogorov almost 30 years ago (“Information Theory must pre-
cede probability theory and not be based on it. [...] The concepts 
of Information Theory […] can acquire a certain value in the in-
vestigation of the algorithmic side of mathematics as a whole”), 
progress has perhaps been slower and less flashy than the cor-
responding successes in, e.g., biology. But there are numerous 
examples – including Perelman’s proof of the Poincaré conjec-
ture and the celebrated Green-Tao theorem on the existence of 
arithmetic progressions in the primes – where Shannon entropy 
and the associated “technology” have served as important intel-

lectual guidelines for major mathematical breakthroughs. This 
is another direction that I believe will continue strong and will 
gain momentum. 

Finally, one of the essential components of our trade has to 
do with building foundations. Given a new communications 
 scenario – be it a new technology with different physical char-
acteristics, a new biological setting describing the communica-
tion between two distinct parts of an organism, or a new type of 
network model like those we have been studying in recent years 
arising in social media interactions – we abstract its fundamental 
characteristics and provide a rigorous “language” for its study. 
Keeping an open mind – and open doors – towards such new 
problems virtually guarantees a healthy outlook and a wealth of 
opportunities. A recent success story in this direction is the area of 
“compressed sensing.” This could well have become a sub-field 
of statistics or harmonic analysis. The fact that it was embraced 
by the Information Theory community is a testament to both our 
open-mindedness and our strength. 

I cannot resist one last comment. We really need to figure out how 
to do lossy compression effectively in practice!

Over 100 participants attended an interdisciplinary workshop on 
“Counting, Inference, and Optimization on Graphs” at Princeton 
University, NJ, November 2–5, 2011. The workshop was organized 
by the authors under the auspices of the Center for Computational 
Intractability (CCI) at Princeton.

The workshop was originally inspired by the recognition of con-
nections between certain duality results in the theory of codes on 
graphs and recent work on “holographic” algorithms in theoretical 
computer science. Ultimately, topics included holographic algo-
rithms, complexity dichotomy theorems, capacity of constrained 
codes, graphical models and iterative decoding algorithms, and 
exact and approximate calculation of partition functions of graph-
ical models. The participants had a wide range of backgrounds, 
including theoretical computer science, information and coding 
theory, statistical physics, and statistical inference.

The program is listed below. Copies of slides, references to related 
papers, and videos of some of the talks are available on the confer-
ence website at <http://intractability.princeton.edu/blog/2011/05/
workshop-counting-inference-and-optimization-on-graphs>.

The participants were enthusiastic about the quality of the talks, 
the stimulation of various cross-disciplinary dialogues, and the 
excellent arrangements provided by the Center for Computational 
Intractability.

Program:
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Farzad Parvaresh, “Asymptotic enumeration of binary matrices 
with bounded row and column weights”

David Forney, “Codes on graphs, normal realizations, and parti-
tion functions”

Yongyi Mao, “Normal factor graphs, linear algebra and probabi-
listic modeling”

Navin Kashyap, “The tree width of a linear code”

Pascal Vontobel, “Should we believe in numbers computed by 
loopy belief propagation?”

Martin Dyer, “On the complexity of #CSP”

Xi Chen, “Complexity of counting CSP with complex weights”

Alistair Sinclair, “Permanents, determinants, and commutativity”

Leonid Gurvits, “A new entries-dependent lower bound on the 
permanent of doubly stochastic matrices”

Martin Wainwright, “Learning in graphical models: Missing data 
and rigorous guarantees with non-convexity”

Yair Weiss, “Convexity: What is it good for?”

Marc Mézard, “Statistical physics-based reconstruction in com-
pressed sensing”

Andrea Montanari, “Sharp thresholds in statistical learning”

Anima Anandkumar, “High-dimensional graphical model selec-
tion: Tractable graph families and regimes”

Umesh Vazirani, “Quantum description complexity”

David Poulin, “Belief propagation in the quantum world”

Jonathan Yedidia, “The alternating direction method of multipli-
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2012 IEEE European School of Information Theory 
April 16-20, 2012, Antalya, Turkey

http://www.itsoc.org/european-school

The 2012 IEEE European School of Information Theory will take place in Antalya, Turkey between the 16th and 
the 20th of April, 2012. The event, organized jointly by CTTC (Spain), TUM (Germany) and Bahcesehir Univer-
sity (Turkey), will offer graduate students and young researchers the opportunity to learn from experts in infor-
mation theory through half-day tutorials, as well as the chance to present and discuss their own ongoing work. 

This is the 12th information theory school in Europe, and we again have a distinguished list of speakers. This 
year’s instructors and tentative lecture titles are:

* Frans Willems (Eindhoven University of Technology, Netherlands) Introduction to Universal Source Coding 
and Biometrics

* Sennur Ulukus (University of Maryland, USA) Information Theoretic Security

* Meir Feder (Tel Aviv University, Israel) Efficient Lattice Codes

* Alex Dimakis (University of Southern California, USA) Network Coding for Distributed Storage

* Michael Gastpar (UC Berkeley, USA and EPFL, Switzerland) Algebraic Structure in Network Information 
Theory

The IEEE Information Theory Society is the main sponsor of the 2012 European School of Information Theory. 

General Chairs: Deniz Gunduz (CTTC), Gerhard Kramer (TUM)

Local Organization Chair: Alkan Soysal (Bahcesehir University)

For additional information, see: http://www.itsoc.org/european-school
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The Fiftieth Annual Allerton Conference on 
Communication, Control, and Computing will be held 
from Monday, October 1 through Friday, October 5,
2012, at Allerton House, the conference center of the 
University of Illinois. Allerton House is located twenty-
six miles southwest of the Urbana-Champaign campus of 
the University in a wooded area on the Sangamon River. 
It is part of the fifteen-hundred acre Robert Allerton Park, 
a complex of natural and man-made beauty designated as 
a National natural landmark. Allerton Park has twenty 
miles of well-maintained trails and a living gallery of 
formal gardens, studded with sculptures collected from 
around the world.

Papers presenting original research are solicited in the 
areas of communication systems, communication and 
computer networks, detection and estimation theory,
information theory, error control coding, source coding 
and data compression, network algorithms, control 
systems, robust and nonlinear control, adaptive control, 
optimization, dynamic games, multi-agent systems, large-
scale systems, robotics and automation, manufacturing 
systems, discrete event systems, multivariable control, 
computer vision-based control, learning theory, cyber-
physical systems, security and resilience in networks, 
VLSI architectures for communications and signal 
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1

Ka’anapali, Maui, Hawaii, USA
May 14-16, 2012

Sponsored by:

2012 IEEE COMMUNICATIONS
THEORY WORKSHOP
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