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Abstract — In this paper, new generalized bent func-
tions from the finite field F» to the prime field F, are
constructed from partial spreads for n = 2m and odd
prime p.

I. INTRODUCTION

Rothaus introduced bent functions defined on the n-tuple bi-
nary vector space into Fy [3]. Dillon constructed elementary
Hadamard difference sets by using partial spreads for a group
of square order, called PS— and PS+, whose characteristic
functions correspond to the bent functions [1]. Let V* be an
n-dimensional vector space over a set of integers modulo g,
Jy and let w = %, j= =1 Let f(z) be a function from
Vy' to Jy. Using the Fourier transform of the function f(z)
defined by

FQ) = —

/q'n
the generalized bent functions are defined as:
Definition 1 [Kumar, Scholtz and Welch [2]] : A function
f(z) from V to J, is said to be a generalized bent function

if the Fourier coefficients F/()) of f(z) only take the values of
unit magnitude for any A € V"

Z wf(z)—AzT’ all A e V:]n,

eV

II. GENERALIZED BENT FUNCTIONS

Let n = 2m and Fp» be a finite field with p™ elements. Let
T =p™ +1 and « be a primitive element of Fpn. Then o
is a primitive element of Fpm. Let H;’s be additive subgroups
of order p™ of Fpn defined by

Hi={na' |n€Fm}, 0<i<T-1 )
and we also define H = H;\{0}, 0<¢< T -1 TItis
clear that for all ¢ # j, 0 < ¢,j < T -1, H;nN H; = {0}
and Fpn = Uz:ol H;. Then the family of subgroups given by
Ho,H1,Hs, -+, Hp—; makes a spread for Fpn. Let Ts be a
set of integers modulo 7', i.e. {0,1,2,---,T — 1} and Ix’s be
any disjoint subsets given by Ix CTs, 0< k <p—1, where
the cardinality of the subsets Iy is given as |Io| = p™ ! + 1
and |Ix] = p™ ' for k, 1 < k < p—1. That is, for all
k#1,0<kl<p-1,IxinL =¢and J2Z} Iy = Ts. And we
also define the subsets Ii’s of the integer set T as

sz{g—i mod T i€l }, 0<k<p—1. (2)

It is clear that for all k #1, 0 < k,l <p—1, I.nl = ¢ and
Ui;(l) I = Ts. Using the partial spreads for F», we can make
a family of subsets D;’s of Fpn given as

Dy z'eLg'gHi’ Dy = ikléJIkHik7 (3)

It is clear that for all k # 1,0 < k,l <p—1, DyND; = ¢ and
Fyn = z;; Dy. Then we can construct a generalized bent
function from the sets D;’s as in the following theorem:

1<k<p-1.
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Theorem 2 : Let Dy’s be subsets of Fyn defined in (3), 0
k < p—1. For odd prime p, the function f(z) from Fyn» to
defined by

0, ifzeDg

f@) = {k if 2 € Dy,

is a regular bent function.

From the subset D;’s defined in (3), 0 < ¢ < p—1, we
can define D; as a subset of Fyn as Do = Uiefo H; and Dy =
Uief,c H, 1 <k <p-—1. Thus, the Fourier transform f~(>\)
of the generalized bent functions defined in (4) can be derived

as in the following theorem. B
Theorem 3 : For odd prime p, the Fourier transform f(\)

of the generalized bent functions defined in (4) is given by
= 0, ifAxe Dy
f) = . -
k, ifAeDy, 1<k<p-1.
It is easy to derive that the trace function from Fpr to Fpm
has the relation as
0, z€ H z

n p™m—1 _
[trrm ()] = {1’

Using the above equation, we can define the characteristic
function @y, (z) for the subgroup H; in (1) as

1, z€H;
bp,(z) =
() 0, otherwise.
Then the function @y, (z) is given by

) 1
Op(2) =1~ [6f(z- 0”5 T, 5)
Using the characteristic function (5), the generalized bent

function defined in (4) and its Fourier transform can be rewrit-

ten as in the following corollary.
Corollary 4 : The generalized bent function f(x) defined (4)
and its Fourie{ transform f()\) are given by

P

f@ =Y Y (k+ (-0 [ o= BT

k=01 Elp
. T -1
(e - fer- a7 BT,

p—1

fo=3 %
k=04xel}

For p = 2, the binary bent function defined from the partial

spread can be simplified as in the following theorem.

<
Fp

©)

1<k<p-1

otherwise.

0<i<T -1

Theorem 5 : Let n = 2m. The binary bent function f(z)
defined from partial spread can be expressed as

(x(’-’k—l)(Z'"—l) . Z a—i-(?k—l)(z"‘—l)) )

i€l

2m—1

fl)=Y
k=1
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