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Notation

m p.prime, g =p™:prime power
m GF(q) : finite field of order g
m [ : primitive element of GF(q), a : primitive element of GF (¢%)

m w, . complex M root of unity where M|q — 1
m Y : the multiplicative character of order M from GF(q) to complex,
defined by ¥(x) = exp(2milogg x /M)= a)logﬁx and (0) = 1.

m Correlations and Sequence Families

Let a(t), b(t) be M-ary sequences of period L. A (periodic) correlation of
sequences a(t), b(t) is deflned by

ab(T) zw a(t)— b(t+7)

For a sequence set S, CmaX(S) IS the maximum magnitude of all nontrivial
correlations of pairs of sequences in S.



Weil bound

m Refined Weil bound Gong-10

Let f;(x), ..., f1(x) be [ monic and irreducible polynomial over
GF (gq) which have positive degrees d4, ..., d;, respectively. Let d
be the number of distinct roots of f(x) = [I'-, f;(x) in its splitting
field over GF(q). Let ¥4, ...,y; be multiplicative characters of
GF(q). Assume that the product character [Ti_; ¥;(f; (x)) is
nontrivial. Let e; be the number of distinct roots in GF(q) of f;(x).
If ;(0) = 1, then for every a; € F;\{0},
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Sidelnikov Sequences

m Definition Sidelnikov-69

Let Dy = {fM*k —1j0 < i <L for0<k <M —1. (M|g—1)
The M-ary Sidelnikov sequence of period g — 1 is defined by
_ (0, ifpt=-1
st = {k, if gt € D,
Equivalently, s(t) is defined by
s(t) =logg(B*+1) modM, 0<t<gq-2



Example of Sidelnikov Sequence

m Consider g =7,M = 6. A primitive element of GF(7) Is 3. So
we can define 6-ary Sidelnikov sequence of period 6.

t Bt pt+1 s(t)
0 1 2 2
1 3 4 4
2 2 3 1
3 6 0 0
4 4 ) )
5 5 6 3
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» Sidelnikov sequence of length g — 1 is written in an array of
. qd—l
Slze (C[ — 1) X (ﬁ)
m Theorem (Kim-10)
Column sequences of array v;(t) can be represented as
v(t) = logg f1(BY)
where f;(x) = N(a‘x + 1).
Proof A Theorem is equivalent to s(t) = logg(N(a’ + 1)) mod M.
q%-1 q%-1
Let p*(&) = N(at + 1). Then —s(t) =log,(at + 1)1 =

— ()_q

d
q -1
log, N(at + 1) = log, a 91 x(t) mod M - —— . This

implies that x(t) = s(t) mod q — 1 and hence that, as M|q -1,
s(t) = x(t) =logg N(a* + 1) mod M.
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m Theorem (Kim-10)

q—£+1

Assumethat (d,g —1) =1,d < \/—Tﬁ For family
X={crv;()|1 <c < M,l e A\{0}}

d_
where A is the set of all integers k (0 <k< qq__11 — 1) consisting of

the smallest g- cyclotomic coset representative from each g-

cyclotomic coset mod +— L we have
D |Crax(®)] = (2d —1)/q + 1.
(M-1)q?*

@ The asymptotic size is p as q - oo,



Main Result

d_

Let A be the subset of {{[|0 <[ < qq—_ll } consisting of the

smallest g-cyclotomic coset representative from each g-
d

q-—1

cyclotomic coset mod

Consider C; = {l,ql, -+, q™ 11} for arbitrary [ where m, is

d_
minimum positive integer such that g™l = [ mod qq__11_

We define A" = {l € Ajm; = d}.

m Main Theorem

V-7t . .
For d < —7—, the sequences in the family

Y ={cv;(t)|1 <c< M,l € N'\{0}}
are cyclically inequivalent.




m (q—1,d)=10| Ot BHE X2 O

Letg =7,M = 6,d = 3. Consider finite field GF (343).

Then 6-ary Sidelnikov sequence s(t) of period 48 is

represented by 6 X 57 array as follows:

, Uss (1), vse ()]

[UO (t), 1] (t), e

s(t)

04 01543404 1550034243 2130114005403 420432121 2332305 340703342330

30005 45340/ 15/ 1) 4515223555441 4415502243035 2255044002230 1240541
3311202 5(1 5] 2] 52411 3]5/1) 3013411045252 0401112131 33552122027155101 25

0031111113230 2 1{4 551 50[505 21 334554142044 1/3[422043 21043153053 4410
32100204322 21 0] 0[ 1] 0] 101|445 342153545 4452015340121120322052211440:2
04 20355 043300200 233353135252 205 132011540243 0045503 14533514453

v (t) = Viq (t).

In general, we can not use all column sequences for (g — 1,d) # 1.
10

In above figure, v,4(t) and v;g(t) are sequences of period 2.
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818
4922
446643
9578
1213971
19764
3602172
21932
4210816
27938
6055491
39332
10118072

|A']
816
4920
446520
9576
1213800
19764
3601928
21930
4210688
27936
6055200
39330
10117728



Proof of Main Theorem
Let c;v; () = cpv,(t+ 1) forsome T (o <7 <q—1).
Hence,

9

-2 q-2
€1V () ~C2Vi, (E+T)

a-1=) w, = > 9 (i BOYWM 2 (£, (B74)

0 t=0

N
Il

= > a(Bup, )8 - BT B, (570) — 1

XEGF(q)
where ¥, =1 and ¥, = Y2 and p,(x) = B~ fi(x).
Claim
D (B ()8 - 7 - By, (B))

XEGF(q)

<(d+d-1)yg=2d—-1)/7.
If claim is true, thenqg — 1 < (2d — 1)/q + 1.

o L | VT-+1
This is impossible in view of our assumption d < :

12



m For proof of claim, we have to show that following statement.

Let [;,1, be elements in A"\{0}, and let (0 <7 < g — 1) be an
integer. Then p; (x) and ,B‘polz (B*x) are distinct irreducible
polynomials over GF(q), unless l; = [, and t = 0.

p;(x) is alternative form of f;(x) = N(a'x + 1).

a_
For each (O <I< qq_ll),

fix) = B'N(x + a™t)
=B (x+a ) (x+a7l)- (x + a‘lqd_l)

= Blp; (x) /%
where p;(x) is the minimal polynomial over GF(q) of —a~! of
degree d;. And if l € A’, then d = d; = m;. So, f;(x) = Blp;(x).

13



Proof of statement
v Assume that they are the same.

v BT, (BTx) = (x + aT2pTF)(x + @TRIBTT) e (x +aTRIT BT
imply @+ = a~29° 8~ for some nonnegative integer s (s < d).

d-1

d
v Hence [; = l,q° +r< 1)modq — 1.
q%-1
v So, l; = 1,q° mod Py and l; = L,.
d_
v Now [; = [,4° mod q—_l, and hence s = 0 since m;, = d.

v In a” ll—ll +T<qq_1)m0d qd_l

v This implies g — 1|t, and therefore T = 0.

14
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