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A Construction of a New Family of -ary Sequences
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Abstract—In this paper, a new family of
-ary sequences of
period
1 is proposed. The proposed family is constructed
-ary Sidel’nikov sequence
by the addition of cyclic shifts of an
and its reverse sequence. The number of sequences contained in
this family is about (
1)2 times of their period and the maximum magnitude of their correlation values is upper bounded by
4
+ 5.
Index Terms—Autocorrelation, cross-correlation, family of
-ary sequences, Legendre sequences,
-ary sequences, power
residue sequences, Sidel’nikov sequences.

I. INTRODUCTION
OR POSITIVE integers , , and a prime such that
, Sidel’nikov [1] constructed -ary sequences,
called Sidel’nikov sequences of period
, the out-of-phase
autocorrelation magnitude of which is upper bounded by 4.
Like Legendre sequences, the Sidel’nikov sequences can be
expressed by multiplicative characters over the given finite field.
Recently, a series of constructing methods for a family of -ary
sequences using these character sequences have been proposed.
Rushanan [2] proposed the family of Weil sequences of an odd
prime length whose correlation magnitude is upper bounded
by
. The family size is
and each sequence
is constructed by a shift-and-add of a single quadratic-residuebased Legendre sequence. Kim et al. [3] constructed a family
such that
of -ary Sidel’nikov sequences of period
, whose maximum magnitude of correlation values is
upper bounded by
. The size of this sequence family is
for an odd prime . When
,
this family contains more than twice as many sequences as the
family in [4] while keeping the maximum correlation magnitude the same. Han and Yang [5], [6] constructed -ary sequence families using the shift and addition of power residue
sequences, whose correlation magnitudes are upper bounded by
or
, where is the period. They also proposed
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have correlation
that -ary sequence families of period
. Yu and Gong [7] introduced
values upper bounded by
notion of partitioning an -ary sequence family into
disjoint subsequence families. They showed more generalized
constructions by the addition of multiple cyclic shifts of power
residue and Sidel’nikov sequences.
In this paper, a new family of -ary sequences of period
is constructed from -ary Sidel’nikov sequences. This family
whose maximum correlation magnitude is upper bounded by
contains roughly twice as many sequences as the one
by Kim et al. [3].
II. PRELIMINARIES
and
of period
For -ary sequences
is defined as
lation function

where

, the corre-

.

Definition 1 ([8]): Let be a prime and a primitive element
. Let
be an integer greater than 1 such
in the finite field
. Let ,
, be the disjoint
that
defined by
subsets of

Then, an -ary Sidel’nikov sequence
defined as
if
if
where

is some integer modulo

of period

is

(1)
.

The -ary Sidel’nikov sequence
in terms of the multiplicative character
and the indicator function
as

in (1) can be expressed
of order in

(2)
where
if
if
and the multiplicative character
is defined as
and
.
From (2), it is manifest that the correlation function between
Sidel’nikov sequences can be expressed as sums of products
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of multiplicative characters over the given finite field. The following theorem provides us an upper bound on a sum of products of multiplicative characters.
Theorem 2 ([9]): Let
be monic
whose highest-depairwisely prime polynomials in
. Let
gree squarefree divisors have degrees
be non-trivial multiplicative characters of
.
, the polynomial
is not of
Assume that for any
in
, where
is the smallest
the form
positive integer such that
and
is a polynomial
. Then, we have
in

2) For an odd prime ;

where
.
Then the maximum correlation magnitude and the size of the
sequence family can be derived as in the following theorem.
Theorem 4: The magnitude of the correlation values of any
two -ary sequences in the family is upper bounded by

III. CONSTRUCTIONS OF THE FAMILIES OF

-ARY SEQUENCES

Kim et al. [3] constructed the families of -ary sequences
and derived the upper bound on the maximum magnitude of
correlation values.
of period
,
For a given -ary Sidel’nikov sequence
given as
let be the set of -ary sequences of period
in [3]
;
1) For

and the family size is given as
for
for an odd prime .
Proof: We will prove the theorem for an odd prime . The
case of
can be done similarly. The cross-correlation of
and
in the family can be
two sequences
written as

2) For an odd prime ;

where
. Let
, where
denotes the least integer larger than or equal to . Then the
following theorem can be stated.
Theorem 3 ([3]): Let
be an -ary Sidel’nikov sequence
defined in (1) and (2). The family size of is
of period
for
or
for an odd prime . The magnitude of the
correlation values of any two -ary sequences in the family
is upper bounded by

As one can notice immediately,
is expressed as the sum of nine summations over of the product
of multiplicative characters and possibly of indicator functions.
The first summation, namely , is written as

Now, we can slightly modify the construction in Theorem 3
to construct a new
by introducing the reverse sequence
be the set of -ary sequences of
sequence family . Let
period
defined as:
;
1) For
Certainly, for some
and ,
,
and
become pairwisely prime so that
defined in Theorem 2. If they are not pairwisely

CHUNG et al.: A CONSTRUCTION OF A NEW FAMILY OF

-ARY SEQUENCES WITH LOW CORRELATION FROM SIDEL’NIKOV SEQUENCES

2303

TABLE I
PARAMETERS OF SOME KNOWN FAMILIES OF SEQUENCES

prime for other values of
and , some
can be merged,
since they are all of degree one. Thus it is easy to check
from Theorem 2.
only when
In the second summation ,
and thus we have

In each of the remaining seven summations, the summand
contains either one or two indicator functions so that the magnitude of each summation is either one or zero. Thus, we can
.
prove that
Similarly, we can prove that the cross-correlation magnitude
of any two sequences in the family is less than or equal to
.
IV. MAIN CONSTRUCTION

if
or
otherwise.

Certainly the sequence family itself has no merit compared
to the family in [3] because the family size is almost the same
but the maximum correlation magnitude is deteriorated from
to
. But combining and can give us a
larger family.
be the set of -ary sequences of period
Let
defined as:
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;

. The secorrelation magnitude is upper bounded by
quence family constructed in this paper can be considered as an
extension of the one in [3] by additionally introducing the reverse version of a Sidel’nikov sequence.
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