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Preface

This volume contains the refereed proceedings of the 3rd International Confer-
ence on Sequences and Their Applications (SETA 2004), held in Seoul, Korea
during October 24-28, 2004. The previous two conferences, SETA 1998 and
SETA 2001, were held in Singapore and Bergen, Norway, respectively. These
conferences are motivated by the many widespread applications of sequences
in modern communication systems. These applications include pseudorandom
sequences in spread spectrum systems, code-division multiple-access, stream
ciphers in cryptography and several connections to coding theory.

The Technical Program Committee of SETA 2004 received 59 submitted pa-
pers, many more than the submissions to previous SETA conferences. The Com-
mittee therefore had the difficult task of selecting the 33 papers to be presented
at the Conference in addition to four invited papers. The authors of papers pre-
sented at the conference were invited to submit full papers that were refereed
before appearing in this proceedings.

These proceedings have been edited by the Co-chairs of the Technical Pro-
gram Committee for SETA 2004: Tor Helleseth of the University of Bergen,
Norway, and Dilip Sarwate of the University of Illinois at Urbana-Champaign,
USA, and Technical Program Committee members Hong-Yeop Song of Yonsei
University, Korea, and Kyeongcheol Yang of Pohang University of Science and
Technology, Korea. The editors wish to thank the other members of the Tech-
nical Program Committee: Serdar Boztas (Royal Melbourne Institute of Tech-
nology, Australia), Claude Carlet (INRIA and University of Paris 8, France),
Zongduo Dai (University of Science and Technology of China, Beijing, China),
Cunsheng Ding (Hong Kong University of Science and Technology, Hong Kong,
China), Hans Dobbertin (Ruhr University Bochum, Germany), Pingzhi Fan
(Southwest Jiaotong University, China), Solomon W. Golomb (University of
Southern California, USA), Guang Gong (University of Waterloo, Canada), Tom
Hgholdt (Technical University of Denmark, Denmark), Andrew Klapper (Uni-
versity of Kentucky, USA), P. Vijay Kumar (University of Southern California,
USA), Vladimir Levenshtein (Keldysh Institute of Applied Mathematics, Rus-
sia), Oscar Moreno (University of Puerto Rico, Puerto Rico), Harald Niederreiter
(National University of Singapore, Singapore), Matthew Parker (University of
Bergen, Norway), Kenneth G. Paterson (Royal Holloway, University of London,
UK), Aleksander Pott (Otto von Guericke University Magdeburg, Germany),
Hans Schotten (Qualcomm CDMA Technologies, Niirnberg, Germany), Patrick
Sole (CNRS-13S, ESSI, Sophia Antipolis, France), Naoki Suehiro (University of
Tsukuba, Japan) for providing clear, insightful, and prompt reviews of the sub-
mitted papers.

In addition to the contributed papers, there were four invited papers. These
papers provide an overview of new developments in some important areas related



VI Preface

to sequences. The invited papers by Jedwab and by Parker both include an
updated overview and some recent results on the constructions of some exciting
new families of sequences with a merit factor more than 6.3. Klapper gives an
overview of the fascinating topic of feedback with carry shift registers, while
Dobbertin and Leander present new and recent results on bent functions.

We wish to thank Jong-Seon No and Habong Chung for their support as
General Co-chairs of SETA 2004; Dong-Joon Shin, Wonjin Sung and Jun Heo
for their support as members of the Organizing Committee of SETA 2004. Last
but not least, we thank all the authors of the papers presented at SETA 2004
for their help in making this conference a resounding success. Finally, we also
thank the Korea Research Foundation (KTF) for its financial support.

March, 2005 Tor Helleseth
Dilip Sarwate

Hong-Yeop Song

Keongcheol Yang
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Abstract. We report about recent results and methods in the study of
bent functions. Here we focus on normality and trace expansions of bent
functions.

1 Introduction

In this paper we present an overview about recent developments in the study
of bent functions. We summarize and cite new results and techniques from the
preprints (4,10, 11,15] and the paper [10].

Bent functions are maximally nonlinear Boolean functions with an even num-
ber of variables and were introduced by Rothaus [27] in 1976. Because of their
own sake as interesting combinatorial objects, but also because of their relations
to coding theory and applications in cryptography, they have attracted a lot of
research, specially in the last ten years.

Despite their simple and natural definition, bent functions have turned out to
admit a very complicated structure in general. On the other hand many special
explicit constructions are known, primary ones giving bent functions from scratch
and secondary ones building a new bent function from one or several given bent
functions.

Normality of Bent Functions

Basic criteria of Boolean functions on F}, which are relevant to cryptography, are
for instance its algebraic degree and nonlinearity. Another condition in this line
of research is normality (resp. weak normality), i. e. the existence of a subspace
of F} with dimension % such that the restriction of the given function is constant
(resp. affine).

The notion of normality was introduced by the first author [16] in the study
of bent functions and highly nonlinear balanced Boolean functions. While for
increasing dimension n a counting argument can be used to prove that nearly
all Boolean functions are non-normal, the situation for bent functions is more
difficult. Most of the well studied families of bent functions are obviously normal

and furthermore, unlike for arbitrary Boolean functions, normality has strong
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consequences for the behavior of bent functions. One of the consequences is,
that if a bent function f is constant on an 5-dimensional affine subspace, then
f is balanced on each proper coset. In other words, a normal bent function can
be understood as a collection of balanced functions. The question whether non-
normal bent functions exist at all, is therefore important. The interpretation of
a normal bent function as a collection of balanced functions was used in [16] to
give a framework for constructions of normal bent functions.

Monomial and Binomial Bent Functions

A complete classification of bent functions is elusive and looks hopeless today. Inthe
second part of this paper we focus on traces of power functions, so called monomial
Boolean functions. The study of trace expansions is well known in related areas,
but has not yet been comprehensively studied for bent functions. This approach
turns out to be very fruitful for several reasons. The only known non-normal bent
functions are monomial bent functions, demonstrating that the study of monomial
functions leads to new classes of bent functions. Furthermore one result of our con-
siderations is, that for each of the well studied families of bent function, there is a
monomial bent function belonging to these classes. Moreover, carefully studying
the proofs for the monomial bent functions all these families can quite easily be re-
discovered. In this sense most of the variety of (at least known) bent functions can
already be discovered by the investigation of monomial functions.

In Section 5 we take the next step and extend our focus to linear combinations
of two power functions. In particular we focus on Niho power functions, i.e. power
functions where the restriction to the subfield of index 2 is linear. Using classical
results for the Walsh-Spectrum of these functions and techniques recently devel-
oped by the first author, we present several new primary constructions of bent
functions. These results are based on new techniques to study certain properties
of rational functions. More precisely we present a general procedure to prove
that certain rational functions induce one-to-one mappings.

These techniques and the Multivariate-Method developed by the first author
(see [17]) follow the same line of reasoning. Both approaches are strongly based
on properties of mappings, that can be defined in a global way, meaning that
these properties are valid for an infinite chain of finite fields. In both situations
this results in generic discussion of specific rational functions. These generic
discussions are often relatively easy to describe for the conceptual point of view,
while the actual inherent computations require the help of computer algebra. One
key step is often to find the factorization of (parameterized) polynomials, which
usually is not feasible by hand calculations. Nevertheless, once the factorization
has been found, verifying the result is much easier and can here in most cases
be done by hand.

2 Preliminaries

Throughout let n = 2k be an even number. We recall some definitions and basic
properties.
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Walsh- Transform and Bent Functions
Given a Boolean function f : F§ — Fo, the function

a € FY s f¥(a) = Z (—1)f @)+ (a2)
z€F3

is called the Walsh transform of f. Moreover, the values f*¥(a),a € F} are called
the Walsh coefficients of f. The set

{f(a),a € F3}

is called the Walsh-spectrum of f. Note that the Walsh-spectrum is not changed
if we replace f by fo H where H is a bijective affine or linear mapping, moreover
adding an affine mapping does not change the absolute values of the Walsh-
spectrum. Thus in most of our discussions we do not distinguish between these

affine or linear equivalent functions.
By looking at the 1 valued function F = (—=1)f the Walsh-transform of f
corresponds (up to scaling) to the additive Fourier transform of F'.

F=27%%" F)(-1)¥.

z€F?

Due to the fact, that this transform is effected by the Hadamard matrix

-1 (y,I))
(( ) z,y€Fy

it is also sometimes called Hadamard transform. There are a few properties of
the Hadamard transform, that we like to recall here.
For the operator F — F we have the involution law

F=F

and with
(F+G)(z)= > F(u+z)G(z)

ueFry

the convolution law

F+«G=2FC.
If we regard R¥2 as a inner-product space where,

(F.G)= Y F@)G(@)

z€Fy
the map F — F is an orthogonal operator on RFz | ie.

Y F@)Ge) = 3 Fw)6w).

z€F} yeFg



