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Several new classes of generalized zero-difference balanced functions

JIANG Lin. LIAO Qunying
(College of Mathematics and Software Sciences Sichuan Normal University, Chengdu, 610066, China)

Abstract: Zero-difference balanced ( ZDB) functions were introduced by Ding in connection with
construction of optimal constant composition codes and optimal and perfect difference systems of sets.
Based on such functions, people have been constructed optimal constant weight codes and optimal
frequency hopping sequences. Here the zero-difference balanced function was generalized to the generalized
zero-difference balanced (G-ZDB) function, and based on properties of p-cyclotomic cosets, several new
classes of generalized zero-difference balanced functions were constructed.
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L ds=ged2p, | ki —pl). tH p HAFFEDU K
ged(2pak) =1 %1 ds=2, W 42) A5l

prl
P —1

| a,

X(pl)il)‘(ldﬂi&
( Zr 2
pil’P _ D
lcmtp pZ*lJ 1 | a.
BT R AY 2 (36) . (39) K T
PZP*I p2p71 _1)217*1
lcm[p’“fl’ b1 ]— 1
( 2p_ 1)
AME—fH, BTN =2 [mod ‘;%IIJ s Tl

Biﬂ ﬂ Bsz -

{xé Z,:x= Jr% « t (mod p**—1),

0Lt p—2,t€ Ny,
| Ba N By | = p— 1.
X‘Bs’l‘:pil’ ﬁ& lengzy ﬂ:[:HTJ‘
#{x€ Z,: f(a+a) = f()} = p’—1(43)

28 b, R (4l (43) e X TAE E R

(pPP—D ) aH(pP—Dlata, HH
#{x€ Z,:f(x+a) = fl)} €
{p+p" —2p, p"—1} (44)

EREE ("~ ) aHp"—1 ) abf,

(A) ged(2p. ) =1 I},

Ci) #Hp—Dla, MERKXAOBA p—1 1
fift, H

—_a pr—1
lipk—l mod 1 ],
@RS
Bn:
. Y= a 22/)*1, 2p
léz”'l_pk—ler—l t (mod p* —1),

O<L< piz’LéN}v

| By |= p—1.
M ged2p ) =10 kHH o2p)=p—1 4",
el qiN]
El{x€ Z,:flat+a = ()} =
(p—D?*=p—2p+1 (45)
Cii) #ZCp—D [ as WFERZ6) T, HE
HFlx € Z,: f(z+a = f() =0 (46)
(B) ged(2p, ) =2 i, IR 16) T, M
H{x€ Z,:f(x+a) = f(x)} =0 47
(C) ged(2p, k)= p i}, R 16) T/, LR
{2 € Z,:flz+a) = f()} =0 48
frzg b s d5), (46),(47), (48) Hl: X T
FEWEGD =D ) aHOp—D ) aba, WA
#F{lx€Z, fla+w = f() € {p—2p+1,0)
(49
el (23), (35), (44), (49 J1: XMAEE K
a€ (1,2, p*r—2}, ¥H
{2 € Z,:f(z+a) = f(D)} €
{04y sbysby s bysbs s by b s

E

by = p'+p —3p+1, b= p'—3p+2,
by = p —p—pt1, b= p'+p—2p.
by = pt—1, by = p* —2p+1.
UTAER , T2 VA R e W H A R 2200 R G0
AT IZ RN AT, AR, ) S22 43 P-4 R A AT
FH T E H U AN 22 5 2 Ge v, (BIARXE R B A
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Tab.1 Main results
n=p"—1 PR B [Tm( | a<Z,—1{0} N i
pPP—1la, ‘Lgl\a prtp—2
2 E171 > A
m=2 (P p2t2p—1/4 pPtla ==l przpTs grig |
=1/ a p—1la 2p—2
=1/ a p—1/ a 0
p*—1la, pr—1la pttpP—3p+1
pP—1la, pP—1) a \ ,
— ) =; ¢ — pe— 1
z,j Zow f(0 = s Hp 4+ D (p—Dla pP—p—pt
Hor, i, TR« Fr e ,
e y - pr—1la, pP—1/} a s
MRS n (4 p 43 B B HOpr D (o) | pP—3p+2
S0 P b b ¢
pPP—=1/f a,p?—1la
2p—1 pi’fl
JELPTJrl la
. . =1/ a,pP—1la
m=p (pZP Urp" ‘+p3*3>/2 Lop o 29 il
ﬂu)( " pPtyp P
pt+1
p=1] apr—1/ a ,
—2 1
Hp—1la b U
pPP=1/ asp?—1/) a 0
Hp—1/) a

AR F LSRR 1 o, Horr,
N=8{x€Z,: f(z+a) = f(D},
p AR, H
gitl HESEH
PUENEETEN

) G-ZDB pRAL.
gl HESHN

(n,pz‘”+ppzl+p2*3,

{04by +by by 4 by s bs 9b6})
) G-ZDB %L, Hrp,
bo=p'+p —3p+1, b= p —3p+2,
by =p —p —p+1,b = pr+p —2p,
bs - p[’il’ b[; - P2*2P+1

2 4
Bl 2.1 % n=3"—1=80, Bl p=3,m=2, M|

gL 0.1 AR SO B AT A & i 19 3 I[BB8 A,
(i=0,1,2,4,5,7,8,10,11,13,14,16,17,20,22,
23,25,26,40,41,44,50,53)3k 23 AN CULHE ), M

mlA | €{1,2,4), #HE 80 4B AEE 3 4 Bk
A%k 22.
Iﬂﬁi%@ﬁ g:Zso"ZSO)J‘J

g(x) = s, (%)
A, s, W TER S TRBEERNE M. T2

[Img(g) | =23.

(1) % 8laH 40/} alf, B a=8,16.24,32,
48,56.64,72, I 8 A~ NI, BATHEIE a=8
INIE, HARWERM. HUEY a=238 i, i 2
glat @)= g() W2 ER il A
x=1,4,11,21,28,31,41,44,51,61,68,71 (mod 80),
[i1¢

g{x€ Z,:g(x+8) = gl =12 (50)

(1) % 40| atit, BF a=40, HA 14, Sk
B glat =gl Wi h
x=5,15,20,25,35,45,55,60,65,75 (mod 80),
[

#{x€ Z,:g(x+40) = g(x)} =10 (51

(I %48} aH 2lalf, Bl a=2a,(4 | o H
1<<a<<40), 3t 30 A~ HfjfE, ATHFHIE a=2
ST, HABIEEM. FiEY a=2 &, A2
g(at )= g B2 EBiEN

x=1,37,41,77 (mod 80),
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[3¢
#{ax€ Z,:g(a+2) = g} =4 (52)

(V) 2/ alif, Bl a=2a, —1(1<<a,<<40),
a0 4. HEE, AR EZE a=1 WIEIE, X
BRI, M a=10, EHFE 2€ Zy, 147
glat D =glx), HFE 1<k<3(kEN), flif§
x+1=3*+ 2 (mod 80), Eff

(3*—1) « x=1 (mod 80) (53)

HFEEF ged(3"—1,80) =2 8 8(k=1.2.3), ¥k
B a=1, M A= (53) Tofiff . i

#l{a € Z,:glax+1) = gl)} =0 (54)

Zi b, BE X 0.3 (500~ (52), (54) AT AT,
Bk Cx)E X g Cao) B S B (80, 23,
{0,4,10,121) ) G-ZDB pRi k. BLai R 52 # 0.5

Bl2.2 & n=3"—1=728, B p=3,m=3, N
H e 0.1 AT HIEE 728 BT % § 19 3 ARG 4R A,
L 129 A CULBESEY T TA; [ € {1,2,4,6), B
728 A ERAERE 3y [E BE AE B9 ECh 128.

P SRR h:Zos—>Zios N

h(x) = j, (43)
K, j, B o fEW 3 RBENE M, TR
|Img(h)\=129.

(1) M 8laH 26labf, Bl a=104a, (1<
an<<6), 3L 6 4~ HEME, RITHFZIE a=104, H
M. HIEY a=104 B, 3 & h(x+104) =
h(Co) W4T i R
x=4,13,32,52,60,65,88,104,116,144,156,172,

195,200,208,228,247,256,284,286,312,

338,340,368,377,396,416,424,429,452,
468,480,508,520,536,559,564,572,592,

611,620,648,650,676,702,704 (mod 728),
[3

#{x € Z,:h(x+104) = h(x)} = 46 (55)

(1) M56laH 26/ aff, Bl a=56a (1<<ap<<
12), 124~ A, RATHHIE a=56, HpMH
B ZHiEY a=56 B, 2 h(x+56)=h(2) 1
i8]

*=7,28,98,119,189,210,280,301,371,392,
462,483,553,574,644,665 (mod 728) ,
[3
{x € Z,:h(x+56) = h(2)} = 16 (56)
() 248laH 26/) a, 56 ) alt, Bf a=8a;

(A<apy<<90) H 13 [ aps»7 [ ap» 724 HKfi
i, ATHHIE a=8, HAWHERL. HiEY a=38
I, e h(at8) = h(x) By A EB i Ny
x=1,4,82,92,173,183,264,274,352,355,365,
368,446,456 ,537,547,628,638.,716.,
719 (mod 728),
[3¢
H{x€ Z,:h(x+8 = h(x)} =20 (57)
(V) 48[ aH 182|alt, Bl a=182ay (1<
axn<<3), 34 HEE, RIMTHFZIE a=182, K
SAEIEHML. SHIEY a=182 Bf, W2 h(x+182)=
hCa) Wy 4T A R
x=7,35,63,91,119,147,175,203,231,259,287,
315,343,371,399,427,455,483,511,539,567,
595,623,651,679,707 (mod 728) ,
[3
H{x € Z,:h(x+182) = h(2)} = 26 (58)
(V) 28/) aH 26la,91/) aff, Bl a=26ass
A<y <2DH A4 ) as.7/) as, 184, Hfdifl,
HATHEZ R a=26, HREILEM. HiEY a=26
BF, 52 h(xt26) = h(x) B4 N
x=1,13,29,57,85,113,141,169,197,225,253,
281,309,325,337,365,377,393,421,449,477,
505,533,561,589,617,645,673,689,
701 (mod 728),
[3¢
H{x€ Z,:h(x+26) = h(x)} = 30 (59)
(VD) 48 /) aH 26/ as 2]laff, Bl a=2ay
(1<ap<<363)H 4/ aw» 13} awdk 252 4. Kfi
i, RATHRZIE a=2, HAEBEM. HIEY a=2
BF 2 hCat2) = h(0) B2 R
x=1,361,365,725 (mod 728) .,
[3
#{x € Z,:h(z+2) = h()} =4 (60)
(VD B2 abf, Bl a=2a; — 1 (1< ay <
364), k364 A4~ RfEIME, RATHFEE a=1, HAE
HHEEM Y a=1. HHE € Zn. 1
Wzt =h(x), IFEE 1<k<5(kcN), {fif5
a+1=3%+ 2 (mod 728), HJ
(3*—1) « x=1 (mod 728) (61)
HEH ged(3"—1,728)=2 1 8 B 26 (k=1,+-+,5),
M ) A 2 (6 1) T fift . i
#{x € Z,:h(x+1) =h()} =0 (62)
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Ze b, EX 0.3 KR (55~ (60),(62) A 41,

3R (o

Bff 5%

VRE LB h(x) Bl ESEHN

(728,129,{0,4,16,20,26,30,46})
B G-ZDB pR%R. L& R 5E 0.6 —E

(1) W n=32—1 4B 3 B 4.
4B 34 RIBEEE (B4R e R W e 10 ) 4,
40/ DA 184, Hp

A =
A, =
A, =
Ay =
Aw
Ay
Ags
Agg
Ay

{1,3,9,27}, A,
{4,12,36,28}, A; =
{7,21,63.29}, Ag
{11,33,19,57}, A;y =
14,42,46,58}), Ay =
17,51,73,59}, As
23,69,47.61}, Ay
26,78,74,62}, Ay
{44,52,76.68}, As;

{
{
{
{

{2,6,18.54},
{5,15,45,55},
(8,24,72,56},
{13,39,37,31},
{16,32,64,32},
{22,66,38,34},
{25,75,65,35},
{41,43,49.67},
{53,79,77,71}.

2 B 3 ARG (FEEFRIITE (W2 101,40 ) D

A 34,

&l
Ay = (10,30}, Ay
A3() - {50570}.

{20,601},

1B 3 BB (BREP R OTE (e 401 DA

24, Hp

Ao {0}9 Am - {40}.

(D) BE n=3%%—1 K430 3 43R 5 4E.
6 3 A BREEREEFRIITTE jWHE 91 /) j,
28/ DA 116 4, Bp

{1,3,9,27,81,243},
{2,6,18,54,162,486},
{4,12,36,108,324,244},
{5,15,45,135,405,487},
{7,21,63,189,567,245},
{8,24,72,216.,648,488}
{10,30,90,270,82,246}
{11,33,99,297,163,489},
{13,39,117,351,325,247},
{14,42,126,378,406,490} ,
{16,48,144,432,568,248},
{17,51,153,459.,649,491},
{19,57,171.513.83,249},
{20,60,180,540,164,492},
{22,66,198,594,326,250},

b

b

{23,69,207.621,407,493},
{25,75,225,675,569,251},
{26,78,234,702,650,494},
{29,87,261,55,165,495},
{31,93,279.109,327,253},
{32,96,288,136,408,496},
34,102,306,190,570,254} ,
35,105,315,217,651,497},
37,111, 333,271,85,255},
38,114,342,298,166,498},
40,120,360,352,328,256} ,
41,123,369,379,409,499},
43,129,387.,433,571,257},
44,132,396,460,652,500} ,
{46,138,414,514,86,258},
{(47,141,423,541,167,501},
{49,147,441,595,329,259},
{50,150,450,622,410,502} ,
{52,156,468.676,572,260} ,
{53,159,477,703,653,503} ,
{5
{
{
{

P N S PN N

8,174,522,110,330,262},
59,177,531,137,411,505},
61.183,549,191,573,263},
62,186,558,218,654,506},
{64,192,576.,272,88,264},
{65,195,585,299,169,507},
{67,201,603.353,331,265},
{68,204,612,380,412,508} ,
{70,210,630.434,574,266} ,
{71,213,639,461,655,509},
{73,219,657.515,89,267},
{(74,222,666,542,170,510} ,
{76,228,684.596,332,268},
{(77,231,693,623,413,511},
{79,237,711.677,575,269},
{80,240,720,704,656,512} ,
{92,276,100,300,172,516},
{94,282,118,354,334,274},
{95,285,127.381,415,517},
{97,291,145,435,577,275},
{98,294,154.,462,658,518},
{101,303,181,543,173,519},
{103,309,199.597,335,277},
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{104,312,208.624,416,520} ,
{106,318,226,678,578,278},
{107,321,235,705,659,521},
{113,339,289,139,417,523},
{115,345,307.193,579,281},
{116,348,316,220,660,524} ,
{119,357,343,301,175,525} ,
{121,363,361,355,337,283},
{122,366,370,382,418,526} ,
{124,372,388,436,580,284},
{125,375,397.463,661,527},
{128,384,424,544,176,528},
{130,390,442.,598,338,286},
{131,393,451,625,419,529},
{133,399,469.679,581,287},
{134,402,478,706,662,530} ,
{142,426 ,550,194,582,290} ,
{143,429,559,221,663,533},
{146,438,586.,302,178,534},
{148,444 ,604,356,340,292} ,
{149,447,613,383,421,535},
{151,453,631,437,583,293},
{152,456 ,640,464,664,536} ,
{155,465,667,545,179,537},
{157,471,685.599,341,295},
{158,474,694,626,422,538},
{160,480,712.680,584,296} ,
{161,483,721,707,665,539},
{184,552,200,600,344,304} ,
{185,555,209,627,425,547} ,
{187,561,227.681,587,305},
{188,564,236,708,668,548} ,
{197,591,317.223,669,551},
{202,606,362,358,346,310},
{203,609,371,385,427,553},
{205,615,389,439,589,311},
{206,618,398.466,670,554},
{211,633,443,601,347,313},
{212,636,452.628,428,556} ,
{214,642,470,682,590,314} ,
{215,645,479,709,671,557},
{229,687,605,359,349,319},
{230,690,614.386,430,562} ,

{232,696,632,440,592,320},
{233,699,641,467,673,563},
{238,714,686.602,350,322},
{239,717,695,629,431,565},
{241,723,713,683,593,323},
{242,726,722,710,674,566} ,
{365,367,373,391,445,607},
{368,376,400,472,688,608},
{374,394,454,634,446,610} ,
{377,403,481.,715,689,611},
{395,457,643,473,691,617},
{401,475,697.635,449,619},
{404 ,484,724,716,692,620} ,
{458,646,482.,718,698,638},
{485,727.,725,719,701,647}.
3B 3 AR (R R T R R 91 ) .
281 )F 84, HP
{28,84,252}, (56,168,504},
{112,336,280}, {140,420,532},
{196,588,308}, {224,672,560},
{392,448,616}, {476,700,644}.
2B 3 s RIBE AR (BEAEPMITER W 9115,
28 ) DA 34, W
{91,273}, {182,546}, {455,637}.
1B 3 B AE (REE R ITER j R 9115,
281 DA 24, B
{364}, {0}.
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