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ABSTRACT

In this paper, we present a construction for binary sequences {s(#)} of period N=p*—1 for an odd prime »
based on the polynomial (z+1)°+az’+#b, and discuss them in some cases of parameters p,m.d.s and 4. We
show that new sequences from our construction are balanced or almost balanced, and have optimal three-level
autocorrelation. We also derlve the distribution of autocomrelation values they take on. The sequences satisfy
constant-on-thecoset property, and we will show that there are more than one characteristic phases with
constant-on-the-coset property. Some other Interesting properties of these sequences will be presented. Results of
an extensive computer search are summarized.

A dHRE e o)A ANR sk

I.M2

oAl AR AldAe Aol 4l #52A
A A el st sete] o] Fopolld AMg-
el Az Sk & delal Sedek=e CDMA
ol FTALE IR AmR) dEH A Fol 3l
ok A F7)7F 2m-1 o)Al Ap|ARR

W wAe] slsick R Aol Bt
il o] @3l AlHAR AP Aojc)k e
A Fadk R U2E 2% R e
Fr=F\{0)°]2 #al p=20] disiy =B34,
e, £ TP (a+1)7+ 2% o8l
FprellA F7] 27—19 oA A28 Aol 38}

* At ArEe

o gejojaka A7 1R

e % L A i 6 S B

s ERFIGS QAT YT oo AR FAAAY Q7

cEE: -, Al d 44
1136

www.dbpia.co.kr



=/ HAHY A R e F7) 719 0 ARz AA

o A7 258 W] (24 1)%4+ 4R o
B3l AR o)A AT =3k,
d=2%-2"11] disjs FY(balanced)o|, oA
Al AP FEEAE gy ARzolu, m-A)FA0)
B R Alaeke 28 conjectures A3k
ERE Te m-Alf2o) ol e n g
" 9 Qlvke 24 3989k Dillong 94 Y
T conjecture’} BE F pol dlEiA ARIYIR
Z981dti ! Dobbertin® Kasami power function
2 (d=2%—2"+1, k(m, (k)= ST787,
©O1elA AAE Y (z+ 1)+ 24 & Fgt wiYgs)
of TR (24 D42+ 18 o83l F. oA o
AR PARGEY 28 Fueld oy
(z+ D2+ 1& o]48lo] PP ARA7} race
T8 o4l FTHY 4 vk g Raw A
A% oA ~e) A8 af(linear span)& fEa}
etk e 2 Y At #8e)w,
obdHel  AIREAE zherhe adulalel
conjectured M A|#%ct. -19] conjecturet [10]¢]]
Al AAE HH conjecture B FB= Ao} [3]
T [9)ellA] 20D PSS Q1o)e] 2 o) 7
T mol A HAe] ARIAAE B o)Al
AlRse] oz izl 8 £ ek pmoNe) 9
A28 Ze FUANE Fel 3l Fo 9% 4,59
A del A o e Fro] Ry
Aze) Bk

La, b) 2 {x|x=(z+1)"+az’+b,2e FI\{0}) (1)

A Ka, 6)F ol48le] PAE A2 ((H)=
ot 3to] Aejsich

w-[h tisker o

714 av FY YAR(primitive element)o]c}.
(8] F7le pm—10]3, o b d® HHS] 4
sl Al () (HehEYelm, HHe) A}
71/ EEA 3 constant-on-the-coset A& whERgH
o} p> 2 o] w24}, Lempel, Cohn, Eastman #
A A AREAAE e F7) 19 o)A F
YAR 2o el A a5 Fro »
FAY s={2*'-1)o di8 d7aRz, Sse
ey AR At F¥olw, HAY Aot
43} constant-on-the-coset B4-& zZh=th= A&

B 28 o]dl AHAF AR s ok
%Y 21-28 AMthe el taA dgels
3L oAl m-ARA7} o] whles ¥ 4 ik
= A& Bk

¥ sEAe vl 2+ D94 af 0 B ol
Bl 7] N=p"—19] o]al AWA (s(H}F A
Atk PR AL pomdoa b EE A
o thaiA =% lolch olzid gyubHem gA
A7 Aol A9 Feln, MAe A}
71EREE Aevhe A& BY Aotk =3 A
Hgo) e AAREe) Bak(distribution)® #-
=Y Aol QMY AEAE constant-on-the-
coset ‘A& ThE3L7, YREH SR constant-on-the-
coset A7 ) 2t o]Ake] characteristic phase
7b Ak g 1Y Foltk o2 Al
27l FuRd JAEe] AR HolH, HAEE
search g A} 3}s3c)

I. S7IEAIet SRS

(5O} (s} & F7) N9 olAlA@ A2l 8}
b EE roll oA s(H)=s(t+1) B DE8E
7} JNF (5,00 {s())9) cyclic shifta}
3T, ged(r, N)=1% =8}z 5(8) =s(re) &
qHEle ro] AR (5,(e))= (s} 8] »—
diAjoo]d(decimation)olz} ek mAF s ()=
s2(8)+1 (mod 2)F TEYPTPE  {5()) e {s55(2))
o} whd(complement)z} ek (5(HI7} (5,()}9)
cyclic shift, diXjule]y, vbHo)lA} 17Ee] =3
olgbd 5 AlEA (5,012} ()} AE Ee
Azt k) 7)) No) o)Al AlHWA (A1)
of s, & 5] akolA 19] shest 08] Sige]
A pe} #kak 7] Nel &= w] D} 0ol
7] Nol ¥ 9 W D7} le)d o AWk
Moot wtet of7)A =ik prb 2ekl oA
“Ael dyrelely Aolslal Frlel T Algxe)
Hal Do Hoighke Tl

{s()e] F71HQ AR o)+ o)
o] A 9)xic)

9(1.)& ‘E(_l) EORR R )] 3)

6(r)=N(mod 4)31}&}20&) =D'olghe A&

1137

www.dbpia.co.kr



P XA 44 =FA) *00-6 Vol25 No.6B

A YR AWl E=U the 4 B iRl
Apdoleh

&) = N—4{lI|-1 IN I+ D]} @

7| I={t{D=1,0<tsN-1}°|3, I+r=
{t+ r (mod N)! te= I}t

= e 3ol Auae B A AR
st ApAdugke 2ER etk AR
g el F7] N4l olAANMATL Mol
e r=0(mod M)A W AR oS Aol
o] 7Psdt Aolo} Yk A& ovitick 2 F
7] N=0(mod )% ® 71 A< Zlog A7
E A2 r+0(med N ® &r)=0% circulant
Hadamard w|2&2olc} o]A& N> 411 YA
2ol o eial o) glerR ol A¢
o &r)=0mt —47} AL AAeE AL
¢ 4 sl Flolck =g 7] N=2(med )4l 7
Sl 7P HAHR] AL 14r) =207, ¢GoE X
Aoz olgy Felck

qleje) A4 ¢(mod N=p"— 1ol tisir] & X
Y= cyclotomic coset- {1, tp, 1%, 1%, ...} 2.5
Aage Fv) N oAl ARA ((p)p7h TR
cyclotomic cosetol]l 4#h= BE 4, ol s, o
Worell whEl, syt =s(p+0)R RN
constant-on-the-coset A& vl g} ol
constant-on-the-coset A& WFe  AWA
{()}8) cyclic shiftft ©] A[f22] characteristic
phase2}i ¥-@r} Constant-on-the-coset 378
A AlmE FrRaAl Y E BESICE

K. O (2+ 1%+ 22°+ b1 Ol OIT
AlHAL| My

e Wad e AR FEEostm,
Fr=F\{0)2} 8ka} RN Fol| &8k q b2}
o] g gol) M f2) & chist 3] ALysiA}

f(z) = (z+ D)+ az+b (5)
F*ollA] index set I(q, b)& cHs} o] A2l

I(a,b) & {x| x=rf(2),z & FI\{0} ®

B =M e o)A Ia b)) o
#A chea o] MeEle Alfielr)

1138

wosll S o
714 ae FO f1A4lelth
gozE pr2ql 73gel dhaT =% Aotk
d=249 o, A2)=(z+1D +ad+b=(a+1)2
+2z+6+17} ®reh BeF a41=0 oW I(ab)
mp b Jch 9F g4 iw0e]d oHEst o] R
4 ik

fa) = @t D[ (24 A7) |- Zhp+ 64D
®

map] A - (s, ()} oA - c(c e FYR
o449t AJqA2] cyclic shift ¢]ch

AHe] 1: p=3 o3 d=2,a be F o ch#iy
at1w00lel AL el (s(0)E  oRMY
Z£—cF o589 AW cyclic shifto]c) «7]A]
cE Fo el bl uhel AL

oleldt /Mg o848l vhash Aol ALY 4 3l
& o]k

I#{x|x=2"—c ze F}\{0} ®

Lol A8 AR ANAF (s(0))E 3,
A7 1AETR Kok sk {5, 8(O7F (s}
9] cyclic shiftr} Ele 4w F 71 olite] &)
Lid

Ae] 20 p25,.d=3, a=—1°]2} AL ] A
& m¥B F i pell WA (s, ()
(s{£)12] cyclic shiftelc). 714 c& Fo W2
o1, pell wet ARPHck

£g 1 a41=0, d=3 °|ERE f2)=(2+1)°
— 2+ b= 32" +3z+ b 10ock wRbA, Al
o2 A7, 1 A 44 fxsd O

e 3 p=3, d=4,a=10]ZL N=3"
—1m2(mod )& TIHtlE= FTR molEt AL
Fo U4 pell Y (s, () (s}
cyclic shifte]ch. o714 v F& fddolx sl
DE it

£ fg) m (24D et b= 2z~ 1D+ b
—1 =2((z— 1%+ b—101ck mE&  N=3I"-1
m2(mod )& T FMIEE (z-D'R o
Al F8 f1A199) Apd] 3 Mtk [

www.dbpia.co.kr



wF/ HAY A7) 4R IE i F7] pm 14l 0] A2 Yy

dleb c=00l ouh] & o] g4t Adae
010101....0] H3, Ap|afdghd A3 N=49 7
S A9 ¢ ok o] § AP} o)FTY 5
7kl XAz Wy o index sete] oJHA| wlH
€7 oH maAgold 29 glo] 7|walglnh

HEYe] 4 0 o R pmY UE de RO
FO| Ao} #la, ((n)9} {s(H))}F ZzFe
oA index set 19} I'F olhale qHH Fv)
N=p"-19] A2z} ezl 229 G) A5 rol
A 1 = a1 o1 §(2) = s(t—r)eleh «r)A
ala{ax|xe}ele} @) I'=I' o &(p
=s{rf)o]L  ged(#,N)=1, er=1(mod N),
I"a{z*xeTleftlk (i1 UI=F,I'NI=¢
ol S(N=«£)+1 (mod 20|t} = F & '
152 85 24 ojnjgich

V. YO8 AIHAQ| Ry

£ HlMe (5.(017F c7b oW 9 Al
a A2l FYelxm, o7t olw ¢ Algfo] obd o
THelFe A& B4l Zle)lw, o E ¥uigle A4
22 AAE P Aotk H9A FelA
cyclotomic coset C,(i=0, =iz DH thadl o]
A 2)aiAt

Ci={a®"s=0,1,...,Nj2—1} (10)

2" 9 jell iElA]  cyclotomic number
(i,7)= T B3 2] el

I+z, =z (11)

Q714 zeC,,z2,€C;  ©ltk  Cyclotomic
number®] olge2Me] thg HIXAlHr] A
G,/ A ARY 5 op

MEYPe] 5 . (BEH 6, {15]) Cyclotomic
number+= t}23} Zho] Folxlch
() N=0(mod4)°lH, (0,0)=("-5)/4

0.D=Q,0=1,D=0"-1)/4
(b) N=2(mod 4)°]%,

0,00=(1,0=(1,D=0"-3)/4:(0, D ="+ 1)/4

{s{()}7t TYBAT HAe] A7 APEEAYE 2=
the A& Ee7] Aol oA 2=04 d&E A%
¥ oH& 3eis) wal

I'af{xlx=2"=c ze F' I\ {0} (12)

{s2(OVE I23& ol43te] QNS AlQxze) 3,
0:(r) & AZ1RYet wlal deF  cwpolaiw
L=\ {-c}°] EZ || = |I.I-1°] ¥}

Al 6 : (s (N AL Lo IR
ol-bste] YHE F7IN=p"~19 W22 Bz,
a@ FO WAzt & o) (s5()}9} {s,()e
THAF 20N mgl (s} {s7())}E AY T
%l Al selch tifo]

() 57(8) = 5,(z—1) +1°]2

(i) si(t) = s'(t=D)+1°]3,

(iil) s(N/2+1) = s,(N/2) = 1], ¢+N/2%) H

-8 AL 5, (8) =5,(2+1) +10]h

(v) s7(N/2) = s/ (N/2—1) =1°]3, ¢+N2-1
ol A& AL 57(+) = s e+ 1)+ 10k o]}
e WA= ok ae® %Y = Slck

—>{s, ()}

cycle to the right by 1
and oomplameant

{5, )

complemant complemeant

only at reN/2 only at
(aNI2+|

cycle 1o the Jeft by 1
and complemant

{s®}< {5, (1)}

TR 1. s (DN s (OL (D), (s} A1e]12] A

Y ¢ AlHxe] PRI Ao FHe FAe
g 24 fEFCh

I'= (Co— N0} for N/2—1

L={-1}U(Co— 1)\ {0} for N/2

I = Cy—a for N/2+1

L={—aU(C,—a) for Nj2+1

714 Co—ca{x—cl|xe C)oltk

(v ExAe] 4o M an U =4,
al-1NILE =F'8 zZex Hd9¥q,  (i)E
alUIL,=F'ol1, aliNI,={—a},a™ '=—g0]
7] wgel LNel=¢ II|=IT|+2 = Nj2+1 9]
2o AMERE A4 Gisd (ve 944 e
gk O

c7b ol o] AFo] ohleiyl, BaA] 40

1133

www.dbpia.co.kr



g2 3ATe 8 -5 '00-6 Vol25 No.6B

M (s{))1E (s8] cyclic shifio] T,
(s2(O)3= (s2(1))48) cyclic shifto]th ¢7} o 4
] Algolehd, {sd))x {s1(¢)}#] cyclic shifto]
@ (sHOye {s7()e] cyclic shifte]eh. TelA
e 6ol A (s(0)7F A A&
A dolE AL (/09 (01 2
Aoz Hisich

MY 7 . 1-d'&C, el kKl p1h
r( w0 mod 4)o] THsiA vHid] A& ek

II; Naly = G+it1,i+1) (13

29 . xenNal; A xo AWM, x=y-q
yeCEt & 4 AL x=e z—a), 2 G &
& glch 2l okt e Ald 2tk

a'z o kY
W Za-a a(l-a")

chie] PAERE REYE T FHY 4 Aok

(14)

7(14:;“—;)' < Citj+1s m e (i (15)
l-a"= C, a'e(; =]

A2 §: 7] N ARE 5,0 (D T
golz M9 AARBYE et HE
o= 0(mod )0l tHaix} ch&s} o] %t

w +_ (—4s, i N=0(mod4)
0,(1’)—{2_:& 1fN£E2(mod4) » EE{O.]} (16)

9 . A9} A 6, naAE 5, REAFH T
2He) 3Rt o

Lempel, Cohn, Enstman-£- A4
S={a®*1-1]i=0,1,...N2— )& o148l A
F ARA (HE B c=afRel3 o7}
olml 48] AlFel obd W, S=a(C—a’ HolL
§(8) = s2(t—1)o)ck. ZLaiA] cyclotomic number &
o]t A [5]o1M] AR el it =
chE Z)wh Sje) sick

HEAE] 9 1-a' el o et TEHAE
r0 (mod 4)ol HEIA ThiAlg Tk

ENel| = G+ii)-1 17
F . xeLNa LY xol A x=y-1,

1140

ye CM10la,  x=a(z—1), z€ QML &
2 glck oA the Zhe AR e

e as)
714 EE (r,2)= (1,00 | 4 gleE= o
Sk e A RNE SR

SEe A el G
for 1—a"€ C;,a"eC, D
Aa] 10 : 37) Nel ARE (S (s}
t Ael Fuolz HAe AAIREAAE ZeTh
B8] 0 (mod )l el vhHEs} k.

oo = (e, HNROmel D a0 @D
9 ;. (Hs AP 6, BEAe 5, REYE 92
ne) fEW 4 Ak o
el 11 : E 1o dshd sk ool M
(s()E Thash e BEE Dk

)= {2 2 ) T o valaema + @D

714 Nw( (mod 4) (N=2 (mod 4), resp.)

&9 oHe AR Fe R /A B
Wyt 4 gluk NmO(mod )Y W s()E T
o}, wjehAl,

N+0u+(—4)v = 0
uu+v+i} = N, (22)
u=(N—)/4, v=N/4olck vHE 4= sl
A 9§ o ek o

E L {sLen9 A X

FH(Dw0) A9 FWD=2)
_ um= (3N—4)/4 | w=3N/4
Nm0(mod )} nyg v= (N—4)/4
_ u=(N=-2)/4 | u= (IN-6)/4
Nm2(mod )| (N-2)/4 v (N+2)/4

e 12 ARA (st s+ D)
characteristic phaser} Bk ti%o] Alglx {5(s)

www.dbpia.co.kr



I/ HAS A7) 3E e T2 -1 0] AE29 44

2 (s, (t+ D} A(=("-D/(p—1)%] AHFul=
cyclic shift}] A]¥2% characteristic phase} Ft)

9 : 7] N=p"-13} ap=a(mod Molg}
= A& 72 A ko WA, s (1-ka)=1

f—ha * — _
S gt =1l somez & aPTr=g0 R

=—1el. N2 (s,(e+D)ell  GHHA,
s,(t—kA+1)=1 & g M=yl gel, some 2
- aw—kay+n=22p_ap

o am—kA+1:a—(ﬁ—1)(22b_aP)E[a O] ﬂl’l} D

V. H#¥E Search

A (2+1)°+ez+ b B ol g3l AAE ¥
A9 A IREAEE e F8el v A2 F¥4l
Algzeel ei#iA] HFE] searchyt HE BHr)
<199 735l cheiA AFE searchrt 71Ed
m3tel] Al 5 2 &4 N—17R], Fel 2=
*A g bel h3)A search #)siv)

(24 D%+ a%2%+ 0 = (4 1)+ 2 (246 °lx
z — ' 74N FellA2] permutatione]”] =&
ol d= coset leaderel] disjrt mzlsiglch 7R
e AR F7] pm—1e g D=0, %=
D=2]] oA ALT} 7|@H o shi EAP)
€ Aolek ojzl& ot 7k 95§ ZA gtk
Zkzye] §7] N=p"—13 D (D=0, ==D=2)
e o3 (z+ D+ az'+ b o8] AA
| AA] A ARRAYE 71 E, TR 571
Al wldo] fdBA o] AR} Exfh=
Zholl tigt o5& #A g} FFE] searche] A3
& okie] B2 AHeldgch o] el Tyel
Aol A2l d8jal Hale] ap gy de A
U7t TR 799 8 FA¥EL

Vi. o B

7)&S] el o84t ARA A& Bt
isieled e (2+ D+ a2+ b ol 23 LAF
F7) p"-19] ARS8 A YRERYE e o)A

2ol wige] Apdst PR ARxe] oz
7HA] A4S sl AHe) AR 2
+ Aest S d, o, 0 & ATE search®
2ot ARgick obx7kA] 30000]4)e] 21 F7]¢
Ae ZFE search AJ7lo] e#f Zzle #AE A

Ag LA 712 EBled ot AlSd search® ¥
o A2E ARAR AL 5 38 7otk

E 2. #39 APt 2 A4t EAeke A
o d g (3sps19, m22)

3=<p<19 and m=2
p | m| N=p"-1 d
2 8 24,5
3 26 24,14,17
5 |4 80 2,14,41,53
5 242 2,4,10,14,122,161
6 728 2,10,122,365,485
7 2186 2,4,10,14,28,122,1094,1457
2 24 2,3,7,13,19
PR 124 2,3,6,43,63,99
4 624 2,3,63,313,499
5 3124 2,3,6,26,63,843,1043,1563,2499
2 48 2,325.41
7 3 342 2,3,8,172,293
4 2400 2,3,1201,2507
2 120 2,3,61,109
3 1330 2,3,12,447 666,1200
13| 2 168 2,3,85,155
17 | 2 288 2,3,145,271
19| 2 360 2,3,181,341

EIREY

[11 L.D. Baumert, Cyclic Difference Sets, Lecture
Notes in Mathematics, Springer-Verlag. 1971

[2] 1. F. Dillon, “Multiplicative Difference Sets via
Additive Characters,"preprint, 1998

[3] Hans Dobbertin,”Kasami Power functions,
permuta- tion polynomials and cyclic difference
gets,”in  Proceeding of Difference Sets,
Sequences and thelr Correlation Properties,
NATO Advanced Study Institate Workshop,
held in Bad Windshiem, Germany, August
3-14, 1998.

[4] S. W. QGolomb, Shifi-Register Sequences,
Holden- Day, San Francisco, CA, 1967,
Aegean Park Press, laguna Hills, CA 1982.

{51 A. Lempel, M, Cohn, and W.L., Eastman, “A
class of binary sequences with optimal
autocorrelation  properties,” IEEE  Trans.
Inform. Theory, vol. 23, No. 1, pp. 38-42, Jan.
1977.

[6] R. Lidl and H. Niederreiter, Finite Fields, vol,

N4

www.dbpia.co.kr



Aty =) 006 Vol.25 No.6B

[7]

(8]

9]

[10]

[11]

(12]

[13]

(14]

[15]

1142

20 of Encyclopedia of Mathematics and Iis
Applications, Addison-Wesley, Reading, MA,
1983

F. J. MacWilliams and N. I. A. Sloane, The
Theory of Error-Correcting Codes, North-
Holland, 1977

1.-8. No, “Generalization of GMW sequences
and No sequences,” IEEE Trans. Inform.
Theory, vol. 42, pp. 260-262, Jan, 1996.

J.-S. No, H. Chung, and M.-S. Yun, “Binary
Pseudorandom Sequences of Peried 2"-1
with Ideal Autocorrelation Generated by the
Polynomial 2%+ (z+1)¢,” IEEE Trans. Inform.
Theory, vol. 44, No. 3, pp. 1278-1282, May
1999,

J.-S. No, S. W. Golomb, Guang Gong, H.-K.
Lee, and Peter Gaal, “Binary pseudorandom
sequences of period 2"—1 with ideal
autocorrelation,” IEEE Trans. Inform. Theory,
vol. 44, No. 2, pp. 814-817, Mar. 1998.

J-8. No, H-K. Lee, H. Chung, H.-Y. Song,
and K. Yang, “Trace representation of
Legendre sequences of Mermsenne prime
period,” IEEE Trans. Inform. Theory, vol. 42,
No. 6, pp, 2254-2255, Nov. 1996.

J.-S. No, H.-Y. Song, H. Chung, and K. Yang,
“Extension of Bilnary Sequences with Ideal
Autocorrelation Property,” preprint, 1999

D. V. Sarwate and M. B. Pursley “Cross-
cotrelation Propertdes of Pseudorandom and
Related Sequences,” Proceedings of IEEE, vol.
IT-68, pp. 593-619, May 1980.

R. A. Scholtz and L. R, Welch, “GMW
sequences,” IEEE Trans. Inform. Theory, vol.
IT-30, pp. 548-553, may 1984.

T. Storer, Cyclotomy and Difference Sets,
Lecture Notes in Advanced Mathematics,
Markham Publishing Company, Chicago, 1967.

& & A(Jong-Seon No)
PG A A25H 448 Az

A & M(Habong Chung)
A EEA A231 SE

% B Y(Hong-Yeop Song)
YRR A25Y AT A

9 24 &l(Kyeongcheol Yang)
PFEA=EA] 247 6AR AR

0| & T(Jung-Do Lee)

FA¥L

3

Falsi

FANY

]

1998 : A3 etw AA-pE s}
(E*h
2000 : Rkl ekl
A w g g et
GRY)
20000 ~ 4 A : AehAAH

AN~ oA

www.dbpia.co.kr



