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Abstract: The construction of the generalized cyclotomic sequence with length p" for a prime p and a positive
integer n given by Liu Fang et al. (2010) is generalized in this paper. The linear complexity and the
autocorrelation values of the new defined sequences are also determined. The results show that the new defined
sequences keep the pseudo-random properties of the original sequence, that is, the high linear complexity and
undesirable autocorrelation properties. Owing to the flexible ways to assign values to different generalized

cyclotomic classes, the new construction contains more classes of generalized cyclotomic sequences when it is
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compared with the original one.

Key words: Network security; Generalized cyclotomy; Linear complexity; Autocorrelation

1 35|15

PRBEML T 145 3 0 22 B S RGP ) T2 Hu
e PRIt 5 2% B 5 SO0 AR iy 471 ) i R
LML TAEAR IR E o 702 2 A DG Ak i) 3.
Hr, PHBENLF A AR A I R PE B A .
Berlekamp-Massey 520 5, —4%J 75 MR A%
JEBIANT LR 2o [, {Eids) 2%
ik, P BEEAE AR R SR N ] T, A AT ) A A
KM

T RAT R R ARE 4, AT 43 [ e 41k
13 THEABISL. SCHR3)4 T Legendre JTAURIZE
SR . SCHR[4,5]55 23 V5T R p* A p? 1 =
g X B SR R 2R R A B A e K, Ot
— UM, RS TR p™ T o R )
(RVAH N PRI it o SCHR[6)8E 9T T F 3014 p™ 1) - 76 X

2012-06-25 e F, 2012-08-22 it[m]

5K AR B 5 42(61102093), 4 g 44 w1 M 45 G 4 e T s I H
GETHCEE RIS BB RBI ) Mg 48 A R FHA 543 (2010J01319)
RS

MEAEVES: FLTE keph@fjnu.edu.cn

B FP I IZ M RIS AN B AR H. dIl, SR
78]k T AT m M R 2% LK A 00 0 2p™ 1 =00
HPYTE) A B4

ASORAESCHR[6) 250 E, 45 2 I HAT R
YRR IR p™ () d- 7)™ SRR A, TR 43
BT ARG E AR S B B . FLpAh, A
IR 5 2 g TR p™ (K d- T8 X R
Rt i e SCHR([6] 45 Hh ARG i HE s 2R 3
TR SCHR[OII 5, B2 T W iE e s K 2t 2
ZRIEs SR 4T, M OB A R R O R
PEITG AESS 5 1, RS AR T /M4

2 d-tI XTEFS

SHEBHN, 2, Rt N MRIRHIE, 2, %
INZy PRI OCIES . W H I Z, T REK
a€Zy, ®Xa+H={a+hmodN) heH}a H
—{a-h(mod N) he Hy . BepRFH, g7,
AJTC, W g7 i > 1MARFTE . Bd|(p-1),
DY) =< g >={g" (mod p)0 <t < (p')/d},
D) =g D, 1<i<d, HDP) 1=0d—1N



2882 BT 51

Bk

%34 %

d—1 i
Z W d )Xoy . ke, Z, = (D" . it

=0
o, XNIERHa>1, 2, \{o}zup"—fz;
=1

n d-1

= UUp"_iDl(pl) o MteZ,, A mt)=d"t+0",
i=11=0
i=01-n—1, Hpa " ez, H 7, d)=1.

W, m,i=01,
o(d) - d FHAS[F] R IR HL o
S EM — Y m, ,i=01-,n—1(VF 7,
Il), ?ﬁﬁu?ﬁ?ﬁ%i)ﬁﬁﬂﬁp"ﬂﬁd-fnf}(%J?
H S = {St}t 0 , e
m.(1), t(modp") € p'D"" ",
s = 0<i<n, 0<I<d (1)
d—1, t=0(modp")

T SCHR[6]45 P 212 b R (1 — AN 9]
BEi, N ATHBOITA  m BO IE A

3 ZMHERE

AATHE L LTS d- o) U RS S A

d NFRBIGTE G E T W d WA REL, F, R
Nd AT IR, BES = {5} R F, LA N
B, BRI W T IEHE S R s, =18, + 680 + o
dc8 g, t>L, HH, ¢ € F L i=12- LM
BANEBEEL NP H S MR, WA
Lg o« HFK m(z) = 2" —cz"™" — - —c, HIFHIS 1K
NI KMFHS = {5}, X S(x) =5, +
$@ 4+ sy VRS S AEREZ .

n—15 Z, LA, HA

v 2N -1
H,  HHSCHR[L,2] W AT m(x) = e —L5@) e
Ly = N —deg(ged(z" —1, S(z))) (2)
3138 10 #dlp 1),D,<P>,1 0,1,,d =147,
LdWT XM, acD?, )JJaD =D,
0<h<d, /\qu*TEEéd 5.
5138 2 WD Rz, i>1 R a BT Xy
25, ) Dl(p%) = Dl(p) +Pva:—1 °
Xfi=01-n—-1, EXS(z)= Ztewgw"ﬂmt .
M, *ti=01,---,d—1,
Z z' = Z 2" :Si(:ngl)
tep'D®" " tep'DfP" "
i, =) e SLRE IS AR 2 T
x>:d71+§d§m<l>
=0 =0 ol
Z =d—-1+ (1

=0 [

Il
o

tepZD,(pn L)

SCHR[O)ER T R S BE,  BEMuEM T 2, B
(I Sy TR B0 I 2 P 2 2% B g ok B ] LA 4 oKy
Z, LT o A o 5

5138 3% W p" KRNI, m 2L (m,

p)=1MIEREL, 4 f€{0,1,--,n—1}, NI
0, i<n—f-—1

S.(@”™) =18 (a™), i=n—f-1

R, i>n—f—1

HPR=(p-1)/d.

I 1 ()P XFEslS, #de D,
WILg = (p" -1)/d - %dQZD((Jp)’LS =p".

R WR=(p-1)/d, WXti=01--n-1,
[=0,1,,d—1, D*) |=p'R. M,

n—1 d-1

S =d—14> > m(D)S(1)

i=0 =0
d—1
21]

1=
p =1 dd—1)
17 2
:(d—l)gp"ﬂ):d_l
W omep DY, fe{01, - n—1} ke {01,
d—1}, ax%FdLE’J*ATfiﬁLE’J p" LA (Hh
(p,d) =1%0, XFEMH) o ki ﬁfﬁﬁ) H 5123,

d-1 t+k
S(OZ ) fRZt—'_ZTrn fl nl o’ )
tp =1(modd) M
o t+k
Zﬂ-nfffl (t)Snfl(ag )
t=0

n—1

=d—-1+ PR

S
—

t+k

( <"7f71)t+b("7f71))5n71(ag )

& =
1
- O

t+k

=S (0"t + k) + ") S, (o
t=0
n f-1) dz
n 1
HE ?'J, o S p 5’\$4 R K
-l t+k
an 1 = Z Z a’ K
t=0 pe *1D( )
:Zl n—1 r+Ah 1
t=( heD(”)
NI
t+k
Zﬂ'n f— 1 n 1 )
t=0
d-1
= 7-‘-n f—l(t)Sn 1( )+a(7l d 1>k
t=0



#5121 i R d-on) ST R P A IR Bk 53 A 8 B B AH DG R B0 i 43 A 2883
e, (1) % 0<j<k 0<t<d, p'DP ) 4r=p
t o . D(pnij) + pk*]b) o
S(@™)y=d—-14+> m,_ S, + " g (D - : .
@ Z 2Bl a2, DY) 4+ pFb(mod p" ) = DY) +
wdeDP o<l<d—1, W pZ ;- (mod p™~ J)o -
Nk Wk, p'DP" ) 47 =piDP"
Zﬂ'nfl nl g) ( )Xj‘k+1§j<n,0§t<d,p]Dt(p’h,)+7’:p]
=0 n , =
=2 a1 (B)Sua(a” ) obeD” ) K5l # 2, pDP ) 4rcC
=0 ok
a1 f o kaZ(P ) .
= ﬂ—nfffl(t)snfl(ag)—i_a’n ! (S)qu:k,ogu,’l)<d1 EE%IIIE 2,
=0

T S (08, () e Fy 2 H ALY d e
Do g, FdeDy, Mmez, 5"
WA p" AR T, X a0 <> p" —1,8(x) 1A
HRA+p+-+p" ) =(p" -1/d MR W (2).
U HE
o8 FLLAN, AR SCAIE (19751 55 S0k 6] 45t
FPAA AR R S . T AR IE =,
d-(d—1) FIERCG. Bk, ARSCEE P A
LAYNCENR
4 BHEXRHESHS
KA 2 WA MNP I d 7 R
TER AR R BE I AT B S = {5} 2 F, L—
ZJAN N A, & RoREEEE C AN d Ik
AR, 7 e {01 N 1}, BRRy(r)=3_"" "e
HFEH S AE T B CR S BARM, Ry(0)=N .
B DWi=01d—1%mZ, LI d ¥ E
F, W Gg), =l (D, +1)ND, [,0<i,j<d Rz, LI
d B o3 13 5

5138 4 ¥ DW i=01-,d—1%E XL,
R=(p-1)/d, N
a1 R—-1 j5=0
P (5.9), = R, j=0
5138 5 DY) i=01-,nt=01-,d—1%EX
F b, r=pbe kaZ(pH) )

()% 0<j<k 0<t<d, p'D¥ ) 47=yp
.Dt(pn—])o
Q)X k+1<j<n 0<t<d,p'D" ) 4+7C

n—k

kaZ(P ), k
(3) ¥ j=k 0<u v<d, |(P'DY ) +7)N
kaz()an) | — pn—k—l (’U, _ l,’l) _ l)p .

& n—1 . : ek
"B U r'z, Ufey ot

i=k+1

(4) —TEkal(pni

+7 o
WERR SRR

(@D )Nt |
=[PP +b+pZ NP DD +pZ ) |
ph l(u—l,v—l)p

(4 )Hﬂdl(p—l)ﬂd?'ﬂ%%%z, | (p—1) /2 -
X g = - (modp)rleDép)o KUt b=
bl +pb2’ /\I:Pb GD b2 6an—k+l ’ I)_I\IJ_bl €Dl(p>ﬂ_

pk (*bl + prn—k—l) - Psz ") o %gﬁﬁy
Pk (_b + pZ —k—1 ) +7= k+1Z n—k—1
:pk+1( —klUpZ —A?U UpnkQZ)U{O}

- U p'Z,. U{0}

i=k+1
n—1 .
U r'z, U0y o' D vre EE
i=k+1
51 6 #(i,j),,0<ij<d Fmz, LdBr
AR, ¢ RARBEIRC T —AS d IR, T
d—1 d—1
ZZ U, vd d =-1
u=0 v=0

Rk -1eD” . o B A,

(u,v), :(lo—vu—v)do Lu—v=w, N

d—1 d— d—1 d—1
Zuvf,i““ ZZl—uu )&
u=0 v=0 u=0 v=0
d—1 d—1 d—1 d—1
Wi = S &Y =)
w=0 v=0 w=0 v=0
H 512 4,
d—1 d—1 )
D&l —vw)=(R—1)+ R + Reg +
w=0 v=0
+RET =1
it
EE2 wryls A (1)EX, ¢ RREEHI

CHI—A>d PRI, WA S (1 8 ARG R 2 e
A

pn, T=0
RS(T) _ ,}l 1-m;. (1) + pn - pnfk o pn,fkfl + é-;rk(l)+17

n—k)

TE kafp



2884 By 5FEB %#H 934 %
Hbo<k<n0<li<d. #ig 19 Hr ,i=01--n—-1¥4Z, LY

HERA %T—0,,u1aizﬁ§oET€kal“’H), )

-1

25% Strr d L=m (1)
n—1 d—
+ Z Z é‘(';t_sﬂrr

1M

m=0 h=0 tep mD(z

dlwkz)+zz Z

m=0 h= Oteme ")

d—1
+ Z Z g;ﬁb‘tw

h= 0 kD(,ln k)

g;x “St+r

n—1 —

4 Z Z Z éjr—srw

m=k+1 h= OtEme (")

i 5 5,
k=1 d—1 k—1 . .
stfsi .o _.n n
&t = ZIZP,Hn =p"—p
=0 h=0 leme(P" ™) m=0
d—
5o g
d
h= otekaw*k)
—1 d—1
_ n —k— IZZ U—ZU—Z é‘rk“ —mp (v
u=0 v=0

"(R+pR+ -+ p" " R)+ &

+Z§”

T, R d R, S e =0, M

h=0

EX MR+ pR+-+p""?R)=0

—1 d—1
Zz (u—="lv=1),
u=0 v=0
d-1 d— 1
D& =1
u=0 1}:0
PRI,
d—1
Z f"’f St+r n—k 1_’_5;"1\
h=0 tEka}s”"ik)
P51 # 5,

n—1 d—1

é‘sz TS+
d

n—m
)

m=k+1 h= OtEme(

"i 2 Z gm0

m=k+1 h= Otep”D" -

HZZ€,H ﬂAZ)R+pR+ +pnk2R)_0

m=k+1 h=
2=k, XHLTEp Dz k),
RS( ) §d 1-m. (1 ern 7pn—k o
a2, BHARWTHER:

O yE e

PHAEE e, WFH1S 1 E ISR E b
p", =0
Ry(r) =1& "+ p" —p" " = p" T 1
T E ka]’(p”fl")

Hiro<k<n 0<li<d.

5 ZEERIE
Wit RVFLE 2, 1< i < n KGN SM 2 LT A

iﬁmﬁ,ﬁiﬁfTiﬁwﬁsmmmmﬁﬁm

XA kg . B Hh, R SCHER[9)45
E’J?i/zJE BATVH I Tt () e S 2l SRR
[, TR e A B A DGR B 45 SRR,
BRI (P AR FE T R A 1 I D BER LR PR, B s
MR AR, (RO ANERRR BAHOCR . AL, 7

N IX A I g, Az B PR R A
& & X M

[1]  Cusick T, Ding C, and Renvall A. Stream Ciphers and
Number Theory[M]. North-Holland Mathematical Library 55,
1998: 198-212.

[2]  Golomb S W and Gong G. Signal Design for Good
Correlation: For Wireless Communications, Cryptography
and Radar Applications[M]. Cambridge: UK, Cambridge
University Press, 2005: 174-175.

[3] Ding C, Hellseth T, and Shan W. On the linear complexity of
Legendre sequences|J]. IEEE Transactions on Information
Theory, 1998, 44(3): 1276-1278.

[4 Kim Y J, Jin S'Y, and Song H Y. Linear complexity and
Autocorrelation of prime cube sequences[C]. 2007, LNCS
4851: 188-197.

6]  Yan T, Li S, and Xiao G. On the linear complexity of
generalized cyclotomic sequences with the period p™[J].
Applied Mathematics Letters, 2008, (21): 87-193.

[6] LiuF, Peng DY, Tang X H, et al. On the autocorrelation
and the linear complexity of ¢-Ary prime n-square sequence
[C]. SETA 2010, LNCS 6338: 139-150.

[71  Ke P H, Zhang J, and Zhang S Y. On the linear complexity
and the autocorrelation of generalized cyclotomic binary
sequences of length 2p™ [OL]. Designs Codes and
Cryptography, DOI. 10.1007/s10623-012-9610-9, 2012.

[8] KeP H and Zhang S Y. New classes of quaternary cyclotomic
sequence of length 2p™ with high linear complexity[J].
Information Processing Letters, 2012, 12(16): 646-650.

[9] Edemskiy V. About computation of the linear complexity of
generalized cyclotomic Sequences with period p"™|
Codes and Cryptography, 2011, 61(3): 251-260.

[10] Burton D M. Elementary Number Theory [M]. Maidenhead:
UK, McGraw-Hill Education Press, 1998: 92-105.

J]. Designs

MR Y, 1978 4RAR, EIEZ, WETONEEREITARTE. AR
BRI A R R EL

BEGTF: L, 1988 4EAE, Wi, WU RNTAIL

kTG B, 1966 A, HA%, WA gD AL A KL
22 R fE e A



