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Preface 

This volume contains the proceedings of an international conference on "Coding 
Theory and Quantum Computing", held at the University of Virginia on May 20-
24, 2003. The goal of the conference was to provide an opportunity for computer 
scientists, mathematicians, and physicists to interact about subjects of common 
interest. In all, 97 scientists attended the conference, including 35 graduate stu-
dents and 6 undergraduate students. There were representatives from colleges, 
universities, government, and industry. 

The conference opened with an instructional workshop that consisted of three 
mini-courses given by Robert Calderbank (AT&T Labs), Samuel Lomonaco (Uni-
versity of Maryland, Baltimore County), and David Meyer (University of California, 
San Diego). 

The mini-courses (which are not included in this volume) were designed to 
provide nonexperts with an introduction to various aspects of quantum computing 
and coding theory. As the participants represented a wide array of disciplines, the 
mini-courses played a key role, allowing attendees to fill in gaps in their knowledge. 

by: 
The workshop was followed by thirteen talks, including hour-long presentations 

• Steven van Enk, Bell Labs 
• Shuhong Gao, Department of Mathematical Sciences, Clemson University 
• Mark Hillery, Department of Physics, Hunter College of CUNY 
• Gretchen Matthews, Department of Mathematical Sciences, Clemson Uni-

versity 
• Barbara Terhal, IBM Watson Research Center 
• Lorenza Viola, Los Alamos National Laboratory 
• Caspar van der Wal, Department of Physics, Harvard University, Harvard-

Smithsonian Center for Astrophysics 
• Qing Xiang, Department of Mathematical Sciences, University of Delaware 

This volume is divided into two parts: Coding Theory and Quantum Comput-
ing. In the first section, the paper by Harold Ward is the record of an introduction 
to coding theory given as a set of lectures prior to the conference. Among the 
topics the lectures include are bounds, MacWilliams identities, cyclic codes, and 
generalized Reed-Muller codes. Although the emphasis is on linear codes, there is 
a description of Kerdock and Preparata codes and some of the related geometry. 

The three contributed papers on coding theory are surveys of recent important 
work. In Grobner bases, Pade approximation, and decoding of linear codes, Farr 
and Gao discuss a coding-theory application of Grabner bases. Thinking of codes 
presented as the evaluation vectors (on a specified set of points) of a family of 
polynomials for which a Grabner basis has been set up, Farr and Gao outline 

vii 
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a decoding scheme that directly involves the Grabner basis. They describe how 
their methods cover a number of standard codes. Moreover, they include a useful 
summary of the underlying algebraic ingredients in their presentation. 

In her paper Some computational tools for estimating the parameters of alge-
braic geometry codes, Matthews describes computational methods for estimating 
the parameters of codes defined by algebraic curves. The main ingredient is the 
Weierstrass gap set of a collection of points on a curve. The computational "tool-
kit" Matthews outlines can be implemented easily with standard computer algebra 
packages. She includes examples of codes shown to be optimal by the methods 
presented. 

In his paper Recent results on p-ranks and Smith normal forms of some w -
(v, k, 2) designs, Xiang puts forth the Smith normal form (SNF) of the incidence 
matrix of a design as an important invariant of the design. He gives examples of the 
computation of the SNF for several general classes of designs, such as unitals and 
designs based on the subspaces of a projective space. The computations require 
subtle combinatorial and number-theoretic arguments. As an illustration of the 
power of the SNF invariant, Xiang shows how the SNF was used to distinguish two 
families of difference sets defined by Lin and by Helleseth, Kumar, and Martinsen. 

The quantum computing part of the conference was intentionally made very 
broad to reflect the openness and interdisciplinarity of the field. Beyond the two 
mini-courses given on the basics of quantum computing, quantum algorithms, and 
quantum games by Samuel Lomonaco and David Meyer, and in addition to Robert 
Calderbank's remarks on Calderbank-Shor-Steane quantum error correction, the 
invited papers covered a wide variety of directions in quantum information, with 
an emphasis on the understanding of entanglement, which still appears to be the 
core cause of the spectacular performance of quantum computing. 

In an introductory paper, Entangled states of light, van Enk explores the de-
scription of entanglement and its meaning in the particular case of light. There 
have, indeed, been common misrepresentations in terms of "entangled photons", 
where photons are given more particular individuality than they should have. Vi-
ola generalizes this line of research in Entanglement beyond subsystems and presents 
a powerful mathematical treatment of entanglement using Lie algebras, with the 
goal of understanding the nature of entanglement generated by the symmetrization 
postulate in systems of indistinguishable quantum particles. In Quantum walks on 
graphs and quantum scattering theory, Feldman and Hillery explore how entangle-
ment can evolve in quantum random walks. This work has interest in investigating 
speedups relative to classical random walk algorithms. It also presents a fascinat-
ing connection with optical interferometry. Finally, two articles explore potentially 
new paradigms in quantum computing. First, Lomonaco and Kauffman propose 
a continuous-variable implementation of Shor's algorithm in their paper A contin-
uous variable Shor algorithm. It is still an open question to know whether this 
approach would be efficiently simulatable classically, as continuous-variable algo-
rithms have recently been proven to be for quantum systems with a positive Wigner 
function. Finally, in Generalized GHZ states and distributed quantum computing, 
Yimsiriwattana and Lomonaco investigate the implementation of distributed quan-
tum computing for the quantum Fourier transform, an important theoretical step 
to help overcome decoherence, the biggest challenge to the experimental realization 
of the quantum computer. 
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In addition to the talks listed above, one afternoon of the conference was set 
aside for a general discussion of the direction of the fields of coding theory and quan-
tum computing. In particular, this discussion led to a number of suggested prob-
lems and questions for further research. Below we list some of the topics/questions 
brought up, organized by general categories: 

Quantum Computing: 

• Is the Church-Turing thesis dependent upon the physical laws involved in 
computation? Quantum computing seems to be challenging the Church-
Turing thesis. 

• Similarly, is the P - NP question dependent on physical laws? Quantum 
computing changes the way people think about NP problems, since with 
a quantum computer with enough qubits, it may be possible to execute a 
nondeterministic algorithm as quickly as a deterministic one. 

• Is there a quantum analog of von Neumann architecture for computers? 
This relates to incorporating unitary operations into a quantum computer. 

• Could quantum computing help solve big problems like the Riemann Hy-
pothesis and the halting problem? 

• Is the essence of exponentially faster quantum algorithms completely de-
scribed by the Hidden Subgroup Problem (HSP)? Is there an HSP that 
describes nonexponential algorithms, that is, algorithms of the Grover 
type? How do we find more or even all quantum algorithms? 

• HSP for nonabelian groups. This area has connections to lattice reduction 
(finding short vectors) and the graph isomorphism problem. The latter is 
currently being investigated as a major challenge for quantum computing. 

• Is distributed quantum computing possible? This would in particular pro-
vide an avenue for addressing the issue of decoherence in quantum com-
puting. The topic of quantum communication complexity is the subject 
of intensive research. 

Quantum Communication: 

• Quantum communication itself is essential to the last subtopic, of course. 
Another link between quantum communication and quantum computing 
is that, in addition to quantum repeaters, quantum teleportation has been 
found to be relevant to the realization of quantum logic gates. 

• Continuous variables: quantum teleportation and cryptography have now 
been implemented using continuous quantum variables. Quantum error-
correction protocols and quantum algorithms have also been proposed. 
What is the potential of continuous variables in quantum information, as 
compared to discrete variables? 

Classical and Quantum Coding Theories: 

• What about degenerate quantum error-correcting codes? These interest-
ing codes are not as amenable to proof techniques that carry over from 
classical codes as are nondegenerate codes. 

• The MacWilliams identities of classical coding theory are connected to the 
Fourier transform. Can quantum superposition in quantum computing 
provide advantages in dealing with the identities and with other classical 
coding operations? 



X PREFACE 

• Data mining - what will quantum computation lead to, beyond Grover's 
algorithm? 

• Intermediate quantum coding: qubit encoding, gate fidelity. 
• What are the implications of the no-cloning theorem for data compression 

and decompression? 
• How does one optimize quantum error-correction "overhead"? There are 

many practical questions for implementation; quantum computing is much 
more "expensive" per operation, even though overhead stays polynomial 
and most speedups are exponential. 

General Problems in Quantum Information: 
• Quantum state discrimination - for a particle in one of two nonorthogonal 

states, how does one determine which? Discrimination of mixed states is 
particularly difficult. 

• Entanglement in general, especially in second-quantized systems, and in 
relativistic systems. It appears that entanglement is profoundly modi-
fied in these contexts. A more general theory of entanglement, possibly 
independent of subsystems, is needed. 

• How does quantum computation interact with foundational questions of 
quantum mechanics? Entanglement is at the heart of many debates 
on completeness (the Einstein-Podolsky-Rosen paradox, the Bell theo-
rems) and on the interpretation of quantum mechanics. In particular, one 
may want to test the validity of quantum mechanics in regimes such as 
meso/macroscopic entanglement ("Schrodinger's kitten/cat") which have 
not been explored yet. 

We thank all of the conference speakers and participants, and the authors whose 
papers appear in this volume. We also appreciate the contributions of the refer-
ees who reviewed the papers appearing here. We gratefully acknowledge financial 
support for the conference provided by the National Science Foundation (DMS-
0308708), as well as the following sponsors from the University of Virginia: the 
Dean of the College of Arts and Sciences, the Department of Mathematics, the In-
stitute of Mathematical Sciences, and the NanoQuEST Institute. Finally, we thank 
Christine Thivierge of the AMS for her guidance in preparing this proceedings. 

The Editors 
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