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CYCLIC CODE OF LENGTH 7P° AND THEIR DISTANCES
MA CYCLIC CO PO DAI 7P°* VA KHOANG CACH CUA CHUNG

Tran Thién An' N
1Tru(‘)fng DPai hoc Su pham, Dai hoc Pa Nang

Nguyén Thi Thu Ha*
*Truong Dai hoc Cong nghiép thanh phé Ho Chi Minh

ABSTRACT: Let p>7 be an odd prime and s, m be positive integers, such
that p" =3 (mod7) or p” =5 (mod 7). In this paper, using the relationship about distances
between simple-root cyclic codes and repeated-root cyclic codes, the authors study the structure

of cyclic codes and Hamming distance of all cyclic codes of length 7 p* over finite field Fpm .
Keywords: Simple-root code, repeated-root code, Hamming distance, cyclic code.
TOM TAT: Véi mot s6 nguyén t6 1é p > bat ki va s, m la mét s6 nguyén dwong théa
man diéu kién p™ =3 (mod7) hodc p” = 5 (mod 7). Trong bai bdo nay, bang viéc sir dung
méi quan hé giita cdc ma cyclic nghiém don va cdc ma cyclic nghiém kép, nhom tac gia sé

nghién ciru cau triic ma cyclic ¢6 do dai 7p* trén truong hitu han Fpm va khodng cach

Hamming cua chung.

Tir khoa: Ma nghiém don, ma nghiém kép, khoang cach Hamming, md cyclic.

1. GIOI THIEU

Ly thuyét ma héa 1a mot trong sd
nhitng van d¢ duoc quan tim hién nay.
Dic biét, trong viéc giai quyét tinh trang
xuat hién 16i trong qua trinh truyén thong
s liéu trén cac kénh truyén.

Nam 1957, ma cyclic trén trudong
hiru han dugc nghién ctru 1an dau tién boi
Prange [4]. Lop ma nay sau do duogc cac
nha nghién ctru dé y t6i vi cdu triic dai s6
tdt cua chung va ung dung duoc vao viéc
xdy dung cac ma tot trong thuc tién.
Nhiéu ma ot duoc biét téi nhu ma BCH,
ma Kerdock, ma Golay, ma Reed-Muller,
ma Preparata,... va ma Hamming nhi
phén; chung 1a cac ma cyclic hodc 1a cac
mi duoc xdy dung tir cdu tric mi cyclic.

Cho Fpm’ la tmbng hitu han, trong
dé pla mot sO nguyén to va m 1a mot so
nguyén duong. Ma cyclic c6 do dai n
trén Fp dugc phan loai nhu 16p idéan
< g(x)> cua vanh thuong Fpm [x]/ <x” —1> ,
trong d6 da thuc sinh g(x)la da thuc
monic ¢6 bac nho nhit va duy nhat trong
mi, v6i phan du cia phép chia cho
Vao nam 1967, Berman [5]
nghién ctru truong hop (n, p)=1 va céac

x"—1.

mi théa man diéu kién nay dugc goi la
cac ma nghi€ém don (simple-root codes).
Chung lai, cac ma cyclic dugc phan loai
thanh hai nhom: ma nghi¢m don (simple-
root codes) trong d6 da thic sinh
g(x)khong c6 nhan tir bat kha quy lap

lai; ma nghiém ldp (repeated-root cyclic
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codes), trong do da thic sinh g(x)co
nghiém ldp.

Trong bai bao nay, cac két qua mai
o phén 3 duoc chia thanh hai muc chinh
gdm: Muc 3.1. Ciu triic ma cyclic c¢6 do
dai 7p° dua ra cdu tric cia mi cyclic ¢6
do dai 7p® trén trudng hiru han c6 p”
phan tir, trong trudng hop p™ =3 (mod7)
hodac p” =5(mod 7). Nhu mot hé qua,
bai viét chi ra rang khong ton tai ma ty
d6i ngdu c6 do dai 7p° va c6 4 mi cyclic
LCD c6 d¢ dai 7p* trén truong hitu han
F,; Muc 3.2. Khoang caich Hamming cta
ma cyclic c6 d§ dai 7p*, trong muc nay dua
vao cac két qua cia muc 3.1. dwa ra cac két
qua vé tinh todn khoang ciach Hamming
trong truong hop ndi trén.
2. COSO LY THUYET
Dinh nghia 2.1. C duoc goi la mot ma
c6 do dai n trén bang chir cai 4, néu C
1a mot tap (khac rdng) ciia A", cac phan
to cia C dugc goi la cac tu ‘ma
(a,a,,...,a,) trong d6 a, € A. Co thé ki
hiéu Cc A4".
Dinh nghia 2.2. C 1a ma tuyén tinh ¢
d0 dai » néu nhu C trén R la mot
R— médun con cia R". Mbi phan tir ciia
C duogc goi la mot tir ma.
Pinh nghia 2.3. V6i mdi tr mai
x=(xy,%,....,x, ;) €R", trong Hamming
cia x, ki hiéu wr(x) 1a s6 cic thanh
phan khéc khong cua x.
Khoang cach Hamming giita vecto
x,yeC" 1a sb cap toa d6 ma trong d6
x, #y,, ki hiéu

d,(x,y) ::‘{i:xl. - yi}‘.

Hon ntta, d,,(x,y) =wt(x—y).

Ti 1¢ khoang cach Hamming gitra
x,yeC"la

S = dy(x,y) _

(x.») n
Pinh nghia 2.4. Khoang cach tdi thiéu
cua mot ma CcA" la

mind,, (¢,c"), c#c' €C, cling co thé goi
la khoang cach chiama C.
Pinh nghia 2.5. Ma d6i ngiu ctia mot ma
C duoc ki hiéu la C* 1a tép,hqp cac tu
ma ma ching tryc giao vdi tat ca cac tur
ma trong C
C'={xed"|xy=0,VyeC}.

C duoc goi la ty ddi ngiu néu
C=C".

C dugc goi la tu truc giao néu
CcCh.

C duoc goi la tu doc lap néu C* cC.

C duoc goi 1a tuyén tinh v6i dbi ngau

b6 sung (LCD code-linear  with
complementary dual code) néu
CNCH={0}.

Pinh nghia 2.6. V&i mdi phan tir don vi
A cta R, toan tor A -constacyclic z, cua
R" duoc xac dinh nhu sau:
7,(cy,¢p5--nc, 1) =(Ac, 1,Cy,CpyeeesCy )
Va‘} C duogc goi la mdt ma A -constacyclic
néu nhu 7,(C)=C, nghia la C dong
dudi toan tir 7, .
Trong truong hop A=1, khi d6 ma
A -constacyclic dugc goi 1a ma cyclic.
Trong truong hop A=-1, khi d6 ma
A -constacyclic dugc goi 1la ma
negacyclic.
Véi mdi tr ma c=(cy¢5.rc, ) thuong
duogc dinh nghia théng qua cach biéu dién

n—1

c(x)=c,+cx+...+c, x



vami C lan luot duge xac dinh bang tap
tat ca cac da thirc biéu dién cua né. Khi
R[x]
(x"=2)
véitoan tr A -constacyclic cia c(x).

dé trong vanh

, xc(x) tuong Ung

Hon nita mdt ma cyclic ¢6 do dai n trén
R c6 thé duge xac dinh nhu la mot idéan
cta vanh thuong R[x]/{x" —1) thong qua
dang cdu R — médun sau:

p: R - R[x]/<x”—1>

(€rClyesCy )Gt XX+t X+ <x" —1>.

3. KET QUA CHINH
3.1. Ciu triic mi cyclic ¢6 d9 dai 7p°
Ma cyclic c6 d6 dai 7p° la idéan

F . [x]
cua vanh R=-—2°

o)
ki hi¢u cua truong hitu han c6 p” phan
ta.

. Trong d6 Fpm la

Pau tién ta s& phan tich nhén tir hoa
cia x’” —1 thanh tich cua cac da thirc
monic bat kha quy. Trén truong Fpm ,taco

X7 —1=(x"-1)"
=[(x=Dx*+x° +x + X +x* +x+ D] .
B6 dé 3.1.1 [1].

Cho f(x)=) cx' € K[x] la mét da thirc
i=0
c6 bac dwong. Khi d6 ton tai mot trudng
phén rd F cua f(x) trén K. Hon nira,
néu p:K —K' 1a mot dang cau truong
va F''la mot truong phan ra cua da thuc
g(x)=>_p(c,)x" trén K' thi ton tai mot
i=0
dang ciu ¢: F — F' sao cho
o(a)=p(a) voimoi ae K.

TCKH&CN, 23.(03), 2023

Bo dé 3.1.2 [1]. Cho E/K 1a mdt m&
rong truong va € E 1a phan tir dai sb
trén K. Gid su p(x) e K[x] la da thac
bat kha quy nhan ¢ lam nghiém. Khi do,
K(a)=K[a] va [K(a): K]=deg(p(x)).
deg(p(x))=n  thi

S={,a,a’,. ..} la mdt co s& cla

Hon n@ta, néu

K -khong gian vector K(«).

Ménh dé 3.1.3. V&i mot s nguyén td
p>7,va

$(X)=x"+x"+x'+x +x*+x+1 1a da
thitc chia duong tron trén Fpm . Néu
p" =3 (mod7) hoac p” =5(mod7), thi
¢,(x) 1a bat kha quy.

Churng minh

Theo B6 dé 3.1.1, ton tai mot truong F
chtra F . sao cho ¢ (x) phan rd trén F .
Trude hét, ta khing dinh néu K la
mot nghiém cua ¢, (x) thi " #1 v61 moi
ne{l,2,3,4,5,6! va o’ =1. That vay, rd
rang x' —1=(x-1)¢,(x). Do d6, a la
nghiém cia x’—1. Suy ra &’ =1. Néu
a =1 thay vao ¢,(x) thi 7=0€F , va
do d6 7 1a boi cua p” didu nay mau
thudn vé6i gia thiét vé p 1a s6 nguyén tb
Néu o’=1 thi

l=a’ =(&*)’a=a, diéu nay la vo Ii.

l6n  hon 7.

Neu o’ =1 thi 1=a’ =(&*)’a=a, Vo li.
Néu o' =1 thi 1=a’ =a’*a’ =, vo li.
Néu o’ =1 thi 1=’ =d’a* =a?, vo li.

Néu o’ =1 thi 1=0’ =c®a=a, vo li.

7
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Nhu vay, a" #1 voi moi
ne{l,2,3,4,5,6} vi o’ =1. Khang dinh
duoc chung minh.

Gia su ¢ (x) kha quy trén Fpm. Vi
deg(4,(x))=6 nén ¢ (x) c6 nhan tur bat
kha quy bac d voi d €{1,2,3}.

Néu ¢ (x) c6 nhan tir bac nhét thi
¢ (x) ¢o ae Fpm . Vi
$,(0)=1%0 nén a 0. Do do, aeF;m .

nghi¢m

Theo khang dinh trén, phan tor o ¢6 cép
7 trong nhém nhéan Fp Vi F;m ¢ cip
p”" —1 nén theo Dinh ly Lagrange, 7 la
wéc ciia p” —1. Didu nay mau thuin véi
gia thiét vé p .

Gia st ¢ (x) c6 nhan tir bt kha
quy ¢(x) € F ,[x] v6i deg(q(x))=2. Lay
aeF la mdt nghiém cua ¢g(x). Dat
T=F,.[a]={g(@)|g(x)F .[x]}. Theo

B6 dé 3.1.2. T 1a mot trudng chua E.

va {l,a} la mdt co sd cua Fpm -khong

2m

gian vector 7. Vithé, T c¢6 p>” phan tu.
Vi a#0 nén geT . T khang dinh ¢
phan dau chimg minh ta suy ra cp clia «
trong nhém nhan 7~ 1a 7. Theo Pinh li
Lagrange, 7 1a wéc ciia cdp ciia nhom
nhan 7°. Cht y ring 7" c6 cap p*" —1.
Tuy nhién, p>" —1 khong chia hét cho 7
vi theo gia thiét ta suy ra duoc
p°" —1=3(mod7) hodc

p*" —1=1(mod7) . Piéu nay 1a vo li, do
do6 ¢, (x) khong c6 nhan tir bac 2.

Gia st ¢ (x) c6 nhan tir bat kha
quy g(x) € F ,[x] véi deg(q(x))=3. Lay
acF la mét nghiém cua ¢g(x). Dat
T=Fpm [a]={g(x)]| g(x) erm [x]}. Theo

B6 dé 3.1.2, T 1a mot trudng chia E,
va {l,a,a’} 1a mot co so cua F ,-khong
gian vector 7. Vithé T c6 p* phan tir.
Vi a#0 nén aeT". Tu khang dinh &
phan dau ching minh ta suy ra cap cia o
trong nhém nhan 7~ 1a 7. Theo Pinh li
Lagrange, 7 1a uéc cua cdp ciia nhém
nhan 7°. Cha y rang 7" c6 cp p>" —1.
Nghia 1a 7 la uwdc cua p—1 hay
p" =6(mod7). Tuy
khong chia hét cho 7 vi theo gia thiét ta
suy ra dugc p*" —1=>5(mod7) . Diéu nay

nhién, p*" -1

la vo li, do d6 ¢,(x) khong c6 nhéan tir
bac 3.
Vay,
p" =3(mod7) hoac
¢,(x) la bat kha quy.
B6 dé 3.1.3 [3]. Cho A 1a mot phan tir
kha nghich cua F sao cho A° =1, nghia

la A=1 hodc A=-1. Gia st C la mot
mid A -constacylic ¢c6 dd0 dai »n trén

truong hop
p" =5(mod7),

trong

truong F . Khi d6, ma d6i ngu C* cua
Cla ann (C).
Pinh Iy 3.1.4. Néu p” =3(mod7) hoic
p” =5(mod7) thi ma cyclic co do dai
7p’trén F, la id€an
C=((x=D'(¢(x)) eR,
0<i,j<p’.
C=((x=1)(¢(x)") thu

trong  do Mbi  ma

duoc



p" 7770ty m3 va ma ddi ngdu cua nod
la C" =((x=D"" (g (x)" ).

Churng minh

Céu tric mi cyclic theo sy phan tich

%77 —1 thanh cic nhan tir bat kha quy
theo ménh dé trén.

Db6i voi dbdi ngdu ciia ma, ta thiy rang
(x=1)"=—(x-1),¢,(x) =¢,(x). Do do,
ta co:

C* =ann (C)

(-1 ey )

([T ey
_ <(x —1) 7 (,0) >

Hé qua 3.1.5. Khong ton tai ma tu ddi
ngau c6 chiéu dai 7p° trén truong Fpm
trong truong hgp p” =3(mod7) hoic
p" =5(mod7).

Chitng minh

Theo dinh ly trén ta thdy, C =C" khi va
chi khi p'—i=ip'—j=j nghia la
p =2i=2j. Piéu nay 1a khong thé vi p
1a s6 nguyén td.

Pinh Iy 3.1.6. Néu p” =3(mod7) hoic
p" =5(mod7)thi c6 4 ma cyclic LCD ¢o
do dai 7p° trén Fpm.

Chung minh

Xét

CAC =((x= )™ (g, (o)™ )
CNC*=0 néu va chi néu

p’ =max{i, p’ —i} =max{j, p’ —j},
tuong duong voi i, j € {0, p*}.
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3.2. Khoang cach Hamming cia ma
cyclic co do dai 7p°
Cho C la ma cyclic c¢6 do dai 7p° voi da
thirc sinh
g)=(x-D)'*+x +x" + X+ x>+ x+1)
=(x=1)'(¢,(x))
trong d6 0<i,j < p°.
Pa thirc sinh cia ma C. 1a
1 néui,j<z
x—1 néu j<z<i
¢, (x) néui<z<j
x =1 néu z<i,].
Mgénh dé3.2.1. Cho i< j va C, =(g.) 1a
ma cyclic ¢c6 dd dai 7 trén Fpm, trong dé
g. duoc dinh nghia nhu ¢ trén. Khi do,
1 néui,j<z
d,(C.)=16 néui<z<j.
0 néu z <1i, J
Chung minh
Ta s€ chia ra thanh 3 truong hop.
Truong hop 1: i< j<z. Trong truong
hop nay C. =(1y. Do d6, d,,(C.)=1.
Truong hop 2: i<z<j. Trong trudong
hop nay C.={(¢ (x)). Mdi phan tir ciia
C. c6 dang r.¢,(x), trong d6 r e Fpm . Va
wi,, (¢,(x)) =6, nén d, (C.)=6.
Truong hop 3:z<i,j. Trong truong hop
nay C. =(x’ —1) nén d,,(C,) = 0.
B6 dé 3.2.2. [6] Cho C 1a mdt ma cyclic
khéc khong va C # Fpm [x]/{x" —1). Khi
do d,(0)=2.
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Mgénh dé3.2.3. Cho j<i va C, =(g.) la
ma cyclic ¢c6 do dai 7 trén Fpm , trong do

g. dugc dinh nghia nhu ¢ trén. Khi do,

1 néu j,i<z
d,(C.)=12 néu j<z<i.

0 néu z< j,i

Chitng minh

Ta s€ chia ra thanh 3 truong hop.

Trong do c6 2 truong hop tuong tu ménh
de ¢ trén.

Truong hop 3: j<z<i. Trong trudong
hop nay C.=(x—1). Vi wr,(x—1)=2
va theo bo dé trén, suy ra d,,(C.)=2.
Pinh Iy 3.2.4. Goi z 1a mot sd nguyén
sao cho 0<z < p’—1. Ching ta ki hiéu
ma cyclic nghiém don
C, =(g.(x)) e F,[x]/((x" -1)) phu thudc
vao C va z.Khido

néu g. =1

néu g.=x-1

néu g. = ¢;(x)
néu g. =x -1

dH (62) =

8 o o —

Tat ca cac ma cyclic c6 do dai 7p° déu
C={(x-D'g(x)")  véi
0<i,j<p’, trong do p" =3(mod7)
hodc p” =5(mod7). Néu i=0 va j=0,
khi @6 C=F,[x]/(x"-1). Néu i=p* va
j=p*, khiddé C=(0).Day la nhiing ma
tam thuong ciia ma cyclic ¢6 do dai 7p°

c6 dang

trén F . Tiép theo ta s& xac dinh khoang
cach Hamming toi thiéu cua tat ca cdc ma
cyclic khong tdm thuong c6 d6 dai 7p°
trén F .
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B6 dé 3.2.5. [6] Cho C=(g(x)) la ma
cyclic nghiém 1ap c6 do dai 7p* trén F_,

trong d6 p, s 1a s6 nguyén duong. Khi do
d,,(C)=min{Ed,,(C)):1 T}
T={t:05t<p" —13},

s—1
trong do ¢ = Ztmp’",O <t , <p-1,
m=0
s—1

P =1, +D=wt,(x-1))

m=0

Bo6 dé 3.2.6. [6] Cho f,7 la sd nguyén
duong théa midn O0<p<p-2 va
0<7<s-1,khido

min{P |t>2/,teT}=(f+1)p’
trong d6 / 1a mot s6 nguyén duong sao
cho p*'—p* "+ Bp T +1<I<p’.
B6 dé 3.2.7. [6] Gia sit 0<p<p—-2 va
0<0<s-1.Cho
ps _ps—H +¢ps—€—l +1 < i,

i<p —p T +(e+p
wt, (x" =1)') = (p+2)p’ va diu bang

khi do

s—0—-1

xay ra khi i=p —p" " +(p+Dp

Hon nfta, néu i<;<p'—1, ta co

wi, (X" =)= (p+2)p’.

3.2.1. Trwong hop 1: 0<;<i<p’

B6 dé 3.2.1.1. Cho i,jla s6 nguyén
duong sao cho 0<i<p® va j=0.Khi
d6 d,(C)=2.

Chung minh

O truong hop nay ta c6 C={((x—1)) va
wt,(x—1)=2nén d,(C)=2.

B6 dé 3.2.1.2. Cho i, 1a hai sb nguyén
duong thoa man



ps _ps—ro +ﬂ0ps71071 +1 Sl,
I-Sps_ps—ro +(ﬂ0+1)ps—ro—l

va

ps _ps—z’l +ﬂ1px—rrl +1S],

J<p =p (B +1)p ", trong d6
0<p,8<p-2 va 0<r <7,<s-—1.
Néu C={((x-1)'(¢ (x))), thi

d, (C)=min{(5, +2)p".2(f, +2)p"}.
Chirng minh

Néu j<i<t

min{P :teT,t2i2j}=(f,+2)p"

va d, (C)=1.Suyra

min{Pd, (C):teT,t2i> j}=(f,+2)p".
Néu j<t<i thi

min{P :teT,j<t<i}=(f+2)p"

va d, (C)=2.Suyra

min{Pd, (C):teT,t2i>j}=2(f+2)p"
B6 dé 3.2.1.3. Cho i, la hai s6 nguyén
duong thoa man

i=p’,

p-p 4+ ,BlpH“1 +1< ;. Khi do

Jjsp -p T +(B+Dp
d,(C)=2f+2)p".

Churng minh

s—1—1

Tuong tu truong hop trén.

Pinh 1y 3.2.1.4. Cho 0< 3,3 < p—2 va
0<r, <7,<s—1.Néu 0<;<i<p’, thi
C=((x=1'(¢,(x))’) 1a mdt

[7p’,7p" —i—6j]-ma vé1 khoang céach
Hamming cho ¢ Bang 1.

3.2.2. Trwong hgp 2: 0<i<;<p’
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Ménh dé 3.2.2.1. Cho i,j 1a hai sb
nguyén duong théa man i=0,0< j < p°,
khi do6

2 néu i=0,0<j<p’

3 néu i=0,p < j<2p!

— |4 néui=02p" <j<3p™

dH (Cz) = z . s—1 . s—1
5 neui=03p <j<4p
6 néu i=0,4p~' < j<5p
7 néui=0,5p" <j<p'.

Churng minh

Ta co,

dy(C)

=min{wt, (x" ~1)'d, (C)|(k-2)p"" <t < (k-1)p""}

=k
voi k=2,3,4,5,6va

d, (C)=min{wt, (X =1.d, (C)|5p" <t<p'}>T.

Ménh dé 3.2.2.2. Cho i,j 1a hai s
nguyén duong thoa man
P =P B T IS

J<p =p T +(B+Dp T

va

ps _ps—rl +ﬁ1ps—rl—l +1<i
i<p —p T+ (B +1)p T, trong d6

0<p,5<p-2 va 0<7<7,<s-1.
Néu C=((x=1)(¢ (x))’), thi
d,(C)=min{(5,+2)p",6(5 +2)p"}.

Chitng minh

Néu i< j<t thi
min{P:teT,t2j2i}=(f,+2)p" va
d,(C)=1.Suyra

min{Pd, (C):teT,t2i>j}=(f,+2)p"

Néu i<r<j thi

11
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min{P:teT,i<t<j}=(B+2)p" va

d, (C)=6.Suyra

min{Pd, (C):teT,t>i> ji=6(B +2)p".

Ménh dé 3.2.2.3. Cho i,j 1a hai s
nguyén duong thoa man
Jj=p P p T fp T 1<

i<p =p T+ (B+Dp

Khi d6 d, (C)=6(S, +2)p".

Chung minh

Tuong ty truong hop trén.

Dinh Iy 3.2.2.4. Cho 0< 3, 8, < p—2 va
0<7,<7,<s—1. V&1 0<i<j<p’, thi

C={(x=D'(#(x)’) lamdt

[7p°,7p° —i—6j]-ma véi khoang céach
Hamming cho ¢ Bang 2.
4. KET LUAN

Bai bao nay di dua ra cu tric cia
ma cyclic cd do dai 7p* trén truong hiru

han Fpm trong truong hop p” = 3 (mod7)

hodc p” =5(mod 7). Céu tric ciia ma dbi
ngau cia ma cyclic trong trudng hop nay,
tor d6 chi ra duoc khong ton tai ma tu doi
ngau c6 do dai 7p* va co 4 mi cyclic
LCD c¢6 dg dai 7p* trén Fpm o muc 3.1.

Muc 3.2 cta bai bao dua ra cac két
qua vé khoang cach Hamming cta 16p ma
cyclic trong truong hop nay.

i J d, (C)
0 0 1
0<i<p’ j=0 2
ps _ps—ro +ﬂ0ps—ro—l +1Sl ps _ps— +ﬂ1px—rlfl +1 < ] mln{(ﬂo +2)p 5
< ps _ pS*To + (ﬂo + l)psfrofl ] < ps _ psfrl + (ﬂl + l)psfr] -1 2(181 + 2)p l}
ps _ps—rl _I_ﬂps—rl—l +1 < J .
1= ps . K S—T, 1 s—1;—1 2 (ﬂl + 2)p ]
JEp —p T+ (B+Dp
i=p J=r 0

Bang 1. Khoang cach Hamming trong truong hop 0< j <i< p*
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z' J d,(C)
0 0 1
psfl <] S 2ps—l 2
i=0 pl<j<2p 3
i=0 2p < j<3p 4
i=0 3p < j<4p! 5
i=0 4ps_1 <j< 5ps_1 6
i=0 5p“_1<j§p“' 7
ps _ pS*To + ’Bopsfrofl +1 S l ps _ ])5—1’I + ﬂlps—rl—l +1 S ] mln{(ﬂo + 2)pro ,
iSp =p T+ (By+)p T | j<p -p T+ (B +Dp T 6(8,+2)p"}
K} 5—T, s—1;—1 .

-p '+ 1< s .
pop o the = j=p 6(5,+2)p"
isp —p "+(B+Dp

i=p' i=p' 0

Béang 2. Khoang cach Hamming trong truong hop 0<i< j < p*
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