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ABSTRACT

Though the Preparata code of length 8 over Z. satisfies the chain condition, the Preparata code of length 16 or

32 over Z4 does not satisfy the chain condition. In this paper we show that the Preparata code of length 2™ over

Z4 does not satisfy the chain condition for m=4, 5, 6, and 8 by investigating relations between weight hierarchy

and chain condition.

I.M &

Nordstrom-Robinson %3, Kerdock &, Prepar-
ata 3%, Goethals ¥ 3, Delsarte-Goethals & & &
Folz Aolet HaAed gz AF7HA &= A o
e o] AMYE TN ] B FEoE A€ ¥
AYPRFEo|t). o] & 5 Preparata 15+ 4 ¥

TRFA s AT
RXEIR:97122-0401
HRHEF19974# 45 10
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o] % @ %4 A (extended double-error correcting) BCH
FEHEG Fuje] R5E /HA o]¥ FEEL
HI A48 ol7] wjie] o] ojz e}, Hammons,
Kumar, Calderbank, Sloane®} Soléx Z, 94 HA
3] &y My Ivt g8 madial

2 w3} ¥ Hamming 57 (generalized Hamming wei-
ghts)e} F-7) A Al(weight hierarchy)& #3538 ¢&A]
28] &8&8te AN YR MELEA 1IE
=3 A d(wire-tap channel)oj A o] 2352 458 2
A B3 AR EE o] 85 AW (soft decision)
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¥/ 2199 Preparata 3.9} 9422

o2 EYRITE E35Y v JHEREE AYsle
otk oA Zol v Z,He] AYHF-Te) A
w3t Hamming 2l B@eo] &84 A do,
Kerdock, Preparata, Goethals ¥ 359 dsjire
Yang#} Helleseth £ 2|3 REHA A gl
ArHel, {71, [8].

A Z A (chain condition)& %4H-& (product code)
o] ¢gwutstel Hamming FA18 473 43M &
A9 7lhd ol tHS). S Eeb B (octacode)dt -2 o)
7} 891 Z, 91} Preparata ¥ 5= Q27 & wE58
£ e Zolst 16 B 329 A Sole d4x1E
rEatx) geHI), 10l B =&dA e FAAA%
Az e BAE ZAIFLEN YU Yo
2 7o)t 2™ Z,$19] Preparata 37} m=4, 5, 6
3} 8o dia] A2 AL WEER Y& B}

I.Z+%|2| Preparata £ &

olAMYRFTE KA (Galois fields F+= finite
fields)o| A chfEe) Z, 9o AYF S di§ HI L
Galois $HGalois rings)oll A o] F o2t}

Zg 559 HAjtolet dtAl Zaold noE BE
E(modulo)E A& Aol ILE Yuisiy, Zulx]

& 7,9 9258 AFE e AL 28

(Zs—>Z,8 Zy2) YAEY UH 22 RERE Hste
3 oFAMdreduction map)o]e} o] 3tA}. Zy[x]d &
b= meat 9] Tt f(¥)=ao +arx +-- +amx™ o
8l & 28389, Zulx]olA Z:[x]2 9] FoFAEE

w(fF(x)) = plao) +ula) x +-- + plam x™

s 2ok f)€ Zx]l da u(f ()7 Z:HelAM <
FEH7E HA Fod, fE 712 (basic irre-
ducible polynomiat)e] 2} &t} f%tAM <] 739 mAte]
QFEa 7t =R e a4 hx) € Z,[x]9)] 23 GF
Q) A} GF(2™M2 2 2] 83 (extension)e] ¢]Fo] ),
= #83 GFQ™E GFQ™ = Z,(x)/(h(x) & H 2l g}
o|9} fAVEA mate] 71t iy flv) € Zix]& ]
23} Galois & Rn=GR@, me 338 & Z,[x)/
(fNE g 2gA Fed

Galois #3} -3 3 ¢ 7h3 & 2}ol -2 Galois $ol

02] A 4(zero diviso & YA 7H 32 AUthe Hol.
Ru 098] A5 AY, F 2RwS YT H o}o)
t] Q(maximal idea) 2 7} & F 27188 (local com-
mutative ring)o]t}. ofo]td o]2lo] AAEL FA
o s JUg 1A, ol YLEE 7HE ¢
F(multiplicative group) Ry o}l 8] 232 & 71At}:

R:n":'ZZ'—’ XZyXZyX ++ XZ>.

A71M Zy X - X Zye ml 9] Z:9 |72 EF(Car-
tesian product)o|3l, Zw-1 & F 717} 27~-120 &3
(cyclic group)o)t}. A(x) € Z,[x]) & HLA3e] A7}
tela syt HA e male] d4AvE
(primitive polynomial)e]e}t &9, 3 2x}3e] A 57}
1ol u(g(x) = hlx)& W37 ¥~ '~ (mod )&
re mAte] ohak] gle) € Zulx]7) KU 3HA &4
8o, o] & YA} 7)9Fr}a)2] (primitive basic irreducible
polynomial)o] 2} £ &t} 85 g(x)¢] 2ol 319 =
Z»-19] A4 AHgenerator)7} B} Sp Sm=1{0, 1, B,
£ BT E A OB Rao £ Yoo 94 YE
olefj o} 7ho] HUEA HE & £ AU}k

Y=A4+28B, A, BES,,.

AN a=p(B)= mAte] YA F w(gx)e) 2ol
3, u(Sw=1{0, 1, a, &, o "2}& §-8H GFQ™o]
gq9.

Aozt n Z, 90l PR FT Ce 7HitE(additive
group) Z3¢] 2B F(subgroup) 22 S H T} Z, 99
AYFs9 A5& AYsie M Fa¥ 8 4F F
e H2 Lee Al (minimum Lee weight)o] Tt} Z, ol
£330, 1,2, 39 Lee ¥4l= 24240, 1, 2, 10] ¥ 32,
Zo 53t HE a={(a, a;, -, )] Lee FAE
zZ} YAE9) Lee F-A 9] §Ho] =t

B g7 o]7} 2m¢] Z,9) 2} Preparala ¥ & P& o}ej
o) Y8 HE AAYER 7Ix & ¥-3olv):

IS 20 R U B
01/9/92 e ﬂZ"’—Z

& Pno 99 3.0 (wnres. ol sl
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Z ux=0, Z uxX=0
XES, XESa
o] grEgEr}

2zxA9 21 ([2]) Z.9) 2] Preparata ¥ 3 & o} o
HAY SEUBEE TAE o]F5F ol (doubly trans-
itive group)oll Wizl BH o AL ZHev):

X—>(4X +B)7.
o714 4, BE Smo)aL 4 #00]t}.
BzAe 2.2 (3) Z.9 98 e=(exdxes?} F13
o) j=0, 1, 2, 3] &) Ej={Xlex=j}8} 39, J&
o} 44

Y exX=A+2B, A, BES,, ex€Z,

X€ESm

& ofh ¥ Al £33} oln:

a= ).
XEEUE,
b= Y x4+ ¥ xy.
XeEUE X.YEEUE,
X<y

71 A a, b, x9} y= 2zt w(4), u(B), u(X)$} W)=
ouan, ‘<& 5,9 9459 hF oj" &X(or-
dering) & =3}

el BERAE o431 R.HNAM I st
o] £4]& GFQM oA Fo" F Ao 4oz |
3 5= gl

M. SAXNA L A=A

DE 49 RFol8 A E Z. Y9 HYRZ CY
H B u Z(submodule)el g} 32} X(D)E EASE D
o] WAl (support) & Dol £33 L FolE AR E
ZollA 00] ofd Ao g AEEY JAFPoltt F
ol 9} 7ol A oldr}:

AD)={i:3 (%1, x2, -, X ED, x;#0}.
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2ro] AF7} Sl 03} krbol o} rol] thsl] C2) r3b2)
W3tE Hamming 7] d(C)e €9 RETE oA
o] rolm Hio BAY AVNE A RLERE
o] wrHd) A7) 2 Yol &

dC)=min {|X(D)|: D& 49} 948 7HAEe RERE).

A48 5ol €=((1,1,2,0,0), 0, 0,0, 1, 3)& Z,¥
of MeRsa 3d (1,1, 2,0, 003 (0,0,0,1, 3))
o] 12} RERE #Fgc). zhzte) By 2
71Ee 35 20122 4,(C)=20|t}. £§ 2r=3, & r=
1.5 ((1, 1, 2, 0, 0), (0, 0, 0, 2, 2))9} (2, 2, 0, 0,
0), 0, 0,0, I, 3))°] 1.5x}Ye] RERF 3Fec}
Zpzhe] AAY A7)E 59 40122 4, 5(C)=4°]t}.
#eAl MO B dor 022 7M@) £33 4,(0)% €9
# A Hamming A &](minimum Hamming distance)&
onlgict €2 AnkalE Hamming 2AE o] 54 {4,
O N0.5<r<k}E C9 FA A A(weight hierarchy)z}
ek 99 ool A EAMA = (2,2, 4, S}olch

t&o AL MAE Y RERE {(D,0.5<5r<
kol 2AY o 7t A= A(chain condition)g
@i Jodict:

)D& 4709 R50lE 7HAY w3l A7)
d,(C)olt}.

ii)2ro} A7t e 429 roll 8l D,CD, o5
E B} & DosCDICDisC -+ Chyol A3

d& B0l C,=(1,1,1,1,0,0),(1,3,0,2, 1, 1))
g Z.998 AR set st C o FAMAE (4, 4,6,
6iolth. Ci ol REREE ol 9} 7bo] Meds}z}:

Dos =4(2,2,2,2,0, 0)),
Dy =((1,1,1,1,0, 00,
Dis=¢(1,1,1,1,00),(2,2,0,0,2,2),
D, =(1,1,1,1,0,0),(1,3,0,2,1, D).

aHH DesCDiCDisCDyolugd G & A zAL
nE g

W C,=((1,2,2,0,0),(0,0,0,1, 1)) A% C,9
FAMAE {1, 2, 3, stelz WA 277} 4,(C,)
Ql Ztztol RERES
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®3C/2:81 9] Preparata $-3 9] Az

Dos ={(2, 0, 0,0, 0)),
D =((0,0,0,1,1)),
Dy5=4(2,0,0,0,0),0,00,1, 1)),
Dy ={(1,2,2,0,0),(0,0,0,1, 1)

AT £ Aok 28y Dose D19 ¥ EH Yol o}
HEZ Ce 4218 534 ged

IV.Z+9|2| Preparata 59| ¢afj=2
Zo)7} 2™ Preparata ¥3. P9 rx}2] AUnialg
Hamming ¥4 & ¥ 9|4 d(m)ol8} F}.
2 el F(octacode)2} B2 Zo)7l 82 Z,. 99
Preparata 3 P;9] FA A A= th2-3 2o} [1):

{4,5,6,6,7,7,8, 8}.

p8 33k9) VA7 Y ¥ +35° +2x +3=08) 2
olet 89 P,o) ALY HE obelsh o] FHE 4
Rt}

Cs 11111111

ael® 01001132
el loo0o102333
Py 00011321

Py 247150 ¥ B (self-dual code)o| B2 AJAJ 3 H 3}
A Ee] $YST B 8 AABYS i9A
ol 32 Pio) rANS) RERE D& oldot
2ol Bog + Aok

_[Ler, €2, -, 6r), 2r0] B4 of,
’ (€1, €2, **, Cr-05, 26, +05), 27°] BFY .
A& g0l r=1.5°%
Dis=((0,0,0,1,1,3,21),0,0,2,0,0,2 2 2))

°]3, r=20|9

D;=((0,0,0,1,1,3,2,1,0,0,1,0,2,3,3,3))

olt}. D,o] Wi Asle dA3)F 23, D,CD, +os
028 Py A2 & UEHE 4 5 Qi)

m=33} @& m=49} 59 ) &) Z, 9 2| Preparata 5
I d420E H5EA ged. dARAE 9=
3R] B F 5 P P BAMAZYE o)
Atd-g fr =g AUt

Ael 4.1 2r0] E54Y O REREY 2Yo] r-1,
r—0.5¢ 71 A9 247 9] dvwtstg® Hamming FA 7}

dyilm=l, d,osm=1+1, dm=1I+1]

3} o] FolAW, Z,9) 9] Preparata 5 P, A4
=A% BF8R g

(%) Preparata #3 P,o] A2 AL wE3o)
2 7t 38R 2r0] Bt He ro) dla) D& A
9] A717} dim)) Pue] ra}gle] REREREA

D, ={cy, €2, -, Cr-05, 2Cr +05)
o} 7o) W o)&A}. G& D,-, 52 WYl s,

B2y 2125 M4 S BX BT D, 44
Y2 ofel o} ol & 4 Atk

o ] 0 0]
[ 00
G
Cr-15 00
Cr-0s * oo % 12
2r405] | * 0 % 0 2]

Dyoos={C1, €2, -+, Cr-0s5)S] WAAE {X,, X3, -,
X;}olet 81, EObE 7 —0.5 21 Q2] R ERE D=
(€1, =y Cr-0s 126, +05)E (X0, Xz, -, Xi} & SHY
2 7HA ol dy-ostm) =1 +1¢] YuiElEg P, 2
A 2AE HE3A et O

Al 4.2 ([7)) Aozt 169 Z4$1 2] Preparata ¥-35.¢)
EAMA = ol 9 Z2r):
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{4,4,6,6,7,8,8,9,10, 10, 11, 11, 12, 12, 13, 13, 14,
14, 15, 15, 16, 16}.

2] 4.3 4oz} 169} Z,9] 2] Preparata 3¢
A& A gt

(57) A 422578 dys(@) =7, dx(4) =8°] 1L dss
#)=80122 P, AL wFex et O

Azl 4.4 (7)) Aol7t 322 Z, ¥ 2] Preparata ¥ 359
FA = A = obef 9 3t

{4,5,6,7,8,8,9,9,10, 10, 11, 12, 12, 13, 13, 14, 14,
15, 15, 16, 16, 17, 18, 18, 19, 19, 20, 20, 21, 21, 22,
22, 23, 23, 24, 24, 25, 25, 26, 26, 27, 27, 28, 28, 29,
29, 30, 30, 31, 31, 32, 32}.

s 4.5 Zoj7} 32%0 Z, 919 Preparata ¥ 5.+
AN xAL WA Ferh:

(59) A2l 4425 ¥ dss(5) =11, de(5) =120] 3 des

20|22 Py QRS vEEA ek O

Ae 4.6 ([7]) dol7t 642 Z, 92| Preparata ¥ 3.2
FAAA = ot & 7}

{4,4,6,6,7,7,8, 8,10, 10, 11, 12, 12, 13, 14, 14, 15,
15,16, 16, 17, 17, 18, 18, 19, 19, 20, 20, 21, 22, 23,
23, 24, 24, 25, 25, 26, 26, 27, 27, 28, 28, 29, 29, 30,
30, 31, 31, 32, 32, 33, 34, 34, 35, 35, 36, 36, 37, 37,
38, 38, 39, 39, 40, 40, 41, 41, 42, 42, 43, 43, 44, 44,
45, 45, 46, 46, 47, 47, 48, 48, 49, 49, 50, 50, 51, 51,
52, 52, 53, 53, 54, 54, 55, 55, 56, 57, 57, 58, 58, 59,
59, 60, 60, 61, 61, 62, 62, 63, 63, 64, 64}.

&R e 4.7 Aol7t 6490 Za$ 9 Preparata ¥ 3=
AHZA L BEHA gt
(=9) A7) 4.62 23 dss6) =11, de(6) =1201 2
des(6)=1201 2.2 Pe& A2 AL W54 geth
(]
21017} 25621 Z, 919 Preparata ¥ 35 Pg9] LA
Al dsi e REAQ Aauke] deiA AeHT) 2
A dys(8)=7, di8) =83 di5(8) =82 HE] Py A
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7)ol 7} 8¢l Z, 9 2] Preparata 3 Py A x4
L U wh ), m=4, 5, 63 891 A% Z.1 9 Pre-
parata ¥ & v AdH2AE UEHIFA et & =F
M FAAAG Az dA) RAE ZAFLR
) ozt 2mQl Z,9 2| Preparata 371 m=4, 5, 6
# 89l Aol disl AA=AL NFA AFE B
At

H#au4
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