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环FFp ＋uFFp＋vFFp＋uvFFp 上的线性码和它们的重量计数器

陈燕娜１,２,吴化璋１,２,施敏加２

(１．安徽大学计算智能与信号处理教育部重点实验室,安徽合肥２３００３９;２．安徽大学数学科学学院,安徽合肥２３０６０１)

摘要:研究了环 R＝FFp＋uFFp＋vFFp＋uvFFp 上的线性码,其中,p 是一个素数,u２＝u,v２＝v,uv＝vu．讨论

了该环上线性码的一类 Gary映射和一些重量计数器并获得了这些重量计数器之间的关系．此外,给出一个

实例验证了这些重量计数器的正确性．
关键词:线性码;Gary映射;重量计数器

０　Introduction
In１９４８,Shannonpublishedalandmarkpaper

A mathematicaltheoryofcommunication that
signifiedthebeginningofbothinformationtheory

andencoding．Amongalltypesofcodes,linear
codesarewidelystudied,becauseoftheiralgebraic
structures,theyareeasytobedescribed,encoded,

anddecodedthannonlinearcodes．
Theaimofthispaperistointroduceandstudy



linearcodes,andtheirGraymapovertheringR＝
FFp＋uFFp＋vFFp＋uvFFp,whereu２＝u,v２＝v,uv＝
vuandpisaprime．TheringR hasbeenusedas
analphabettostudylinearcodesandskewＧcyclic
codes[１１]．Recentlylinearcodesandtheirextensions
areconsideredovervariouskindsofrings．For
example,LCDcodeshaveattractedtheattention
ofmoreand moreresearchers,e．g．,LCDcodes
overfinitefield werefirststudiedby Masseyin
１９９２[５]．EsmaeiliandYaristudiedcomplementary
dualquasiＧcycliccodes[２]andSendriershowedthe
GilbertＧVarshamovboundofsuchcodes[６]．Also
weightenumeratorsareanimportantdirectionof
research．Gaogavesomeresultsonlinearcodes
overFFp＋uFFp＋u２FFp

[３]．SincetheringRcanbe
seenasthedirectproductFFp×FFp×FFp×FFp,in
thepresentpaperwecancombinetheresultsand
methodsoftheabovepaperstodiscussthelinear
codesoverR．

Theremainderofthispaperisorganizedas
follows．In Section １, we introduce some
preliminaryresultsabouttheringR andlinear
codesoverthefinitefieldFFp．Section２considers
theweightoftheelementofR andintroducesa
Graymap,whichleadstosomeusefulresultson
linearcodesoverR．Section３isdevotedtothe
investigationofsomekindsofweightenumerators
of linear codes over R together with their
relationships．Section４istheconclusionofthe
paper．

１　Preliminaryresults
LetC be alinear code oflength n and

dimensionkoverFFpandP(C)beitspolynomial
representation,i．e．,

P(C)＝ ∑
n－１

i＝０cixi|(c０,c１,􀆺,cn－１)∈C{ } ．

　　LetσandτlbemapsfromFFp
ntoFFp

ngivenby
σ(a０,a１,􀆺,an－１)＝ (an－１,a０,􀆺,an－２),and
τl(c０,c１,􀆺,cn－１)＝τl (c０|c１| 􀆺 |cl－１)＝
(σ (c０)|σ (c１)|􀆺|σ (cl－１)),whereci＝(cim,

cim＋１,􀆺,c(i＋１)m－１),i＝０,１,􀆺,l－１,andn＝ml．
ThenCissaidtobecyclicifσ (C)＝C,andCis

calledaquasiＧcycliccodeofindexlifτl(C)＝C．
ItiseasytoseethatR＝FFp＋uFFp＋vFFp＋uvFFp

is a ring of characteristic p,containing four
maximalideals:

m１＝‹u,v›,m２＝‹u－１,v－１›,

m３＝‹u－１,v›,m４＝‹u,v－１›．
　　Let

Ψ:R →R/m１×R/m２×R/m３×R/m４

bethecanonicalhomomorphism definedbyx
(x＋m１,x＋m２,x＋m３,x＋m４)．BytheChinese
RemainderTheorem,themapisanisomorphism,

fromthiswecanseethatR isaprincipalideal
ring．Itisconvenienttowritethedecomposition
giveninthefollowingformulausingorthogonal
idempotentsinR,

R＝α１R 􀱇α２R 􀱇α３R 􀱇α４R＝
α１FFp􀱇α２FFp􀱇α３FFp􀱇α４FFp (１)

whereα１＝１－u－v＋uv,α２＝uv,α３＝u－uv,

α４＝v－uv．Itiseasytoverifythatαi
２＝αi,αiαj＝

０and∑
４

k＝１αk ＝１,withi,j＝１,２,３,４,i≠jand

αiR ≌FFp．AnyelementofR canbeexpressed
uniquelyas:r＝a＋ub＋vc＋uvd＝α１a＋α２(a＋
b＋c＋d)＋α３(a＋b)＋α４(a＋c),witha,b,c,

d∈FFp．
ThedualcodeC⊥ ofC withrespecttothe

Euclideaninnerproductisdefinedas

C⊥＝ x∈Rn|x􀅰y＝ ∑
n－１

i＝０xiyi＝０,∀y∈C{ } ,

wherex＝ (x０,x１,􀆺,xn－１),y＝ (y０,y１,􀆺,

yn－１)．
AcodeCisselfＧorthogonalifC⊆C⊥ ,andC

isselfＧdualifC＝C⊥ ．
IfAi (i＝１,２,３,４)arecodesoverR,we

denotetheirdirectsumby
A１ 􀱇 A２ 􀱇 A３ 􀱇 A４＝　　　　　　　　　　
{a１＋a２＋a３＋a４|ai ∈Ai,i＝１,２,３,４}．

　 　ForalinearcodeC oflengthn overR,

defineas
C１＝{a ∈FFn

p|∃b,c,d ∈FFn
p,

　　　　α１a＋α２b＋α３c＋α４d ∈C},

C２＝{b∈FFn
p|∃a,c,d ∈FFn

p,

　　　　α１a＋α２b＋α３c＋α４d ∈C},

C３＝{c∈FFn
p|∃a,b,d ∈FFn

p,
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　　　　α１a＋α２b＋α３c＋α４d ∈C},

C４＝{d ∈FFn
p|∃a,b,c ∈FFn

p,

　　　　α１a＋α２b＋α３c＋α４d ∈C}．
　　ItiseasytocheckthatC１,C２,C３andC４are
linearcodesoflengthn over FFp．Bythering
decompositionofRin(１)alinearcodeCoverR
canbeuniquelyexpressedas

C＝α１C１ 􀱇α２C２ 􀱇α３C３ 􀱇α４C４ (２)

　　Furthermore,alinearcodeCisselfＧdualover
RifandonlyifC１,C２,C３andC４areselfＧdualover
FFp．

２　LinearcodesoverRandtheirGraymap
Definition２．１　TheGraymapΦfromRnto

FFp
４nisdefinedby

Φ:Rn →FFp
４n,

(r０,r１,􀆺,rn－１)

(a０,a０＋b０＋c０＋d０,a０＋b０,a０＋c０,􀆺,

an－１,an－１＋bn－１＋cn－１＋dn－１,

an－１＋bn－１,an－１＋cn－１),

whereri＝ai＋ubi＋vci＋uvdi∈R andi＝０,１,
􀆺,n－１．

Foranyelementr＝a＋ub＋vc＋uvd∈R,we
definetheLeeweight,denotedbywL,as

wL(a＋ub＋vc＋uvd)＝　　　　　　　
wH (a,a＋b＋c＋d,a＋b,a＋c),

wherewH denotestheordinaryHammingweight
forpＧarycodes．TheLeeweightofacodewordr
＝ (r０,r１,􀆺,rn－１)∈Rn isdefinedtobethe

rationalsumaswL(r)＝∑
n－１

i＝０
wL(ri)andforr,r′∈

Rn,theLeedistanceisdefinedasdL (r,r′)＝
wL(r－r′)．TheminimumLeedistanceofalinear
codeoverRisdefinedasmin{dL(r,r′)|r,r′∈C,

r≠r′}．Wedenotethe Hammingdistanceofa
pＧarycodeCbydH (C)．

Now,we givesomeresults which can be
foundinRef．[１２]．

Theorem２．１[１２]　TheGraymapΦisalsoFFpＧ
linear．ThemapΦisaweightＧpreservingmapfrom
(Rn,Leeweight)to(FF４n

p ,Hammingweight),

i．e．,

wL(x)＝wH (Φ(x)),forallx ∈Rn,

andΦisalsoadistanceＧpreservingmapfrom (Rn,

Leedistance)to(FF４n
p ,Hammingdistance),i．e．,

dL(x,y)＝dH (Φ(x),Φ(y)),forallx,y ∈Rn．
　　Theorem２．２[１２]　LetCbean(n,M,d)linear
codeoverR,thenΦ(C)isan [４n,logpM,d]

linearcodeoverFFp．
Lemma２．１[１１]　IfGiaregeneratormatricesof

pＧarylinearcodesCi (i＝１,２,３,４)inEq．(２),

respectively,thenthegeneratormatrixofCis

G＝

α１G１

α２G２

α３G３

α４G４

é

ë

ê
ê
ê
ê
ê

ù

û

ú
ú
ú
ú
ú

(３)

　　From Lemma２．１ wecaneasilyderivethe
followingresults．

Theorem２．３　IfCisalinearcodeoflengthn
overR withgeneratormatriceG,then

Φ(G)＝

Φ(α１G１)

Φ(α２G２)

Φ(α３G３)

Φ(α４G４)

é

ë

ê
ê
ê
ê
ê

ù

û

ú
ú
ú
ú
ú

＝

G１ ０ ０ ０
０ G２ ０ ０
０ ０ G３ ０
０ ０ ０ G４

é

ë

ê
ê
ê
ê
êê

ù

û

ú
ú
ú
ú
úú

(４)

　　Proof　Keeptheabovenotations．Leta∈C１,

b∈C２,c∈C３,d∈C４．Since
Φ(α１a)＝Φ(a－ua－va＋uva)＝(a,０,０,０),

Φ(α２b)＝Φ(ub＋uvb)＝(０,b,０,０),

Φ(α３c)＝Φ(uc－uvc)＝(０,０,c,０),

Φ(α４d)＝Φ(vd－uvd)＝(０,０,０,d),

thentheproofiscompleted．
Animportantconnectionthat we wantto

investigateistherelationbetweenthedualandthe
Grayimageofacode．We havethefollowing
theorem．

Theorem２．４　LetC bealinearcodeoverR．
ThenΦ(C)⊥ ＝Φ(C⊥ )．Moreover,ifCisselfＧ
dual,soisΦ(C)overFFp．

Proof 　 Without loss of generality,for
arbitraryr１ ＝ (r１０,r１１,􀆺,r１,n－１)∈C andr２ ＝
(r２０,r２１,􀆺,r２,n－１})∈C⊥ ,whererji＝aji＋ubji＋
vcji＋uvdji∈R,aji,bji,cji,dji∈FFp,j＝１,２and
i＝０,１,􀆺,n－１．Thenr１􀅰r２＝０,whichimplies

∑
n－１

i＝０a１ia２i＝０,∑
n－１

i＝０
(a１ib２i＋a２ib１i＋b１ib２i)＝０,

∑
n－１

i＝０
(a１ic２i＋a２ic１i＋c１ic２i)＝０and
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∑
n－１

i＝０
(a１id２i＋b１ic２i＋b１id２i＋b２ic１i＋c１id２i＋

a２id１i＋b２id１i＋c２id１i＋d１id２i)＝０．
　　 Therefore,

Φ(r１)􀅰Φ(r２)＝∑
n－１

i＝０a１ia２i＋∑
n－１

i＝０
(a１i＋b１i

＋c１i＋d１i)(a２i ＋b２i ＋c２i ＋d２i)＋∑
n－１

i＝０
(a１i ＋

b１i)(a２i ＋b２i)＋ ∑
n－１

i＝０
(a１i ＋c１i)(a２i ＋c２i)＝

４∑
n－１

i＝０a１ia２i ＋２∑
n－１

i＝０
(a１ib２i ＋a２ib１i ＋b１ib２i)＋

２∑
n－１

i＝０
(a１ic２i ＋a２ic１i ＋c１ic２i)＋ ∑

n－１

i＝０
(a１id２i ＋

b１ic２i＋b１id２i ＋b２ic１i ＋c１id２i ＋a２id１i ＋b２id１i ＋
c２id１i＋d１id２i)＝０．

ThusΦ(C⊥ )⊆Φ(C)⊥ ．
From Theorem ２．２, we can verify that

|Φ(C)⊥|＝|Φ(C⊥ )|,whichimpliesthatΦ(C)⊥

＝Φ(C⊥ )．IfC＝C⊥ ,thenΦ(C)＝Φ(C⊥ )＝
Φ(C)⊥ ,whichimpliesΦ(C)isselfＧdual．

Next,wegiveanexampletoillustratethe
aboveresults．

Example２．１　(i)LetC bealinearcodeof
length４generatedbythematrixGoverR＝FF５＋
uFF５＋vFF５＋uvFF５,where

G＝

α１G１

α２G２

α３G３

α４G４

é

ë

ê
ê
ê
ê
ê

ù

û

ú
ú
ú
ú
ú

,

and

G１＝
１ ０ ２ ０
０ １ ０ ３
é

ë
ê
ê

ù

û
ú
ú
,G２＝

１ ０ ０ ２
０ １ ２ ０
é

ë
ê
ê

ù

û
ú
ú
,

G３＝
１ ０ ３ ０
０ １ ０ ２
é

ë
ê
ê

ù

û
ú
ú
,G４＝

１ ０ ０ ３
０ １ ３ ０
é

ë
ê
ê

ù

û
ú
ú ．

ThenCisaselfＧdualcodeoverR．Moreover,by
Theorem２．２,Φ(C)isaselfＧdualcodeoflength１６
overFF５．Itisa[１６,８,２]selfＧdualcode．Andafter
somerow elementary operationsonthe matrix
Φ(C),theselfＧdualcodeΦ(C)hasthefollowing
generatormatrix

G１ ０ ０ ０
０ G２ ０ ０
０ ０ G３ ０
０ ０ ０ G４

é

ë

ê
ê
ê
ê
êê

ù

û

ú
ú
ú
ú
úú

→

１ ０ ０ ０ ０ ０ ０ ０ ２ ０ ０ ０ ０ ０ ０ ０
０ １ ０ ０ ０ ０ ０ ０ ０ ０ ０ ０ ０ ２ ０ ０
０ ０ １ ０ ０ ０ ０ ０ ０ ０ ３ ０ ０ ０ ０ ０
０ ０ ０ １ ０ ０ ０ ０ ０ ０ ０ ０ ０ ０ ０ ３
０ ０ ０ ０ １ ０ ０ ０ ０ ０ ０ ０ ３ ０ ０ ０
０ ０ ０ ０ ０ １ ０ ０ ０ ２ ０ ０ ０ ０ ０ ０
０ ０ ０ ０ ０ ０ １ ０ ０ ０ ０ ０ ０ ０ ２ ０
０ ０ ０ ０ ０ ０ ０ １ ０ ０ ０ ３ ０ ０ ０ ０

é

ë

ê
ê
ê
ê
ê
ê
ê
ê
ê
ê
êê

ù

û

ú
ú
ú
ú
ú
ú
ú
ú
ú
ú
úú

．

　　(ii)IfweletCbealinearcodeoflength２generatedbythematrixGoverR＝FF７＋uFF７＋vFF７＋uvFF７,where

G１＝
１ ２
３ ４
é

ë
ê
ê

ù

û
ú
ú
,G２＝

４ １
１ １
é

ë
ê
ê

ù

û
ú
ú
,

G３＝
２ ３
１ ２
é

ë
ê
ê

ù

û
ú
ú
,G４＝

１ ２
３ ４
é

ë
ê
ê

ù

û
ú
ú ．

　　ItiseasytodeducethatthegeneratormatrixofΦ(C)isasfollows
１ ２ ０ ０ ０ ０ ０ ０
３ ４ ０ ０ ０ ０ ０ ０
０ ０ ４ １ ０ ０ ０ ０
０ ０ １ １ ０ ０ ０ ０
０ ０ ０ ０ ２ ３ ０ ０
０ ０ ０ ０ １ ２ ０ ０
０ ０ ０ ０ ０ ０ １ ２
０ ０ ０ ０ ０ ０ ３ ４

é

ë

ê
ê
ê
ê
ê
ê
ê
ê
ê
ê
êê

ù

û

ú
ú
ú
ú
ú
ú
ú
ú
ú
ú
úú

．
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　　Φ(C)isan [８,８,１]cycliclinearcodeover
FF７,anditisuniversecodeoflength８and MDS
codeatthesametime．

(iii)Similarily,ifwetaken＝２andletCbea
cycliccodeoflength３ generated byg (x)＝
(v－uv)x＋１overR＝FF２＋uFF２＋vFF２＋uvFF２．
ThenΦ(C)isasuboptimal[８,７,１]linearcode
overFF２．

Lemma２．２[４]　ThereexistsatleastoneselfＧ
dualcycliccodeoflengthnoverFFpifandonlyifp
isapowerof２andniseven．

Theorem２．５　ThereexistsaselfＧdualcyclic
codeoflengthnoverRifandonlyifpispowerof
２andniseven．

Proof　WeknowthatC＝α１C１􀱇α２C２􀱇α３C３

􀱇α４C４．FromLemma２．２,wehavethatC１,C２,C３

andC４areselfＧdualcycliccodesoverFFpifandonly
ifpispowerof２andniseven．

Lemma２．３[１１]　LetC＝α１C１􀱇α２C２􀱇α３C３􀱇
α４C４beacycliccodeoflengthnoverR．ThenC＝
‹α１g１(x),α２g２(x),α３g３(x),α４g４(x)›,where
gi(x)isageneratorpolynomialofcycliccodeCi,

１≤i≤４．Furthermore,|C|＝p４n－∑４
i＝１deg(gi(x))．

Lemma２．４[１１]　LetC＝α１C１􀱇α２C２􀱇α３C３􀱇
α４C４beacycliccodeoflengthnoverR,suchthat
C＝‹α１g１(x),α２g２(x),α３g３(x),α４g４(x)›and
C⊥ isitsdual．Lethi (x)∈FFp[x]suchthat

gi(x)hi(x)＝xn －１．ThenC⊥ ＝α１C１
⊥ 􀱇α２C２

⊥

􀱇α３C３
⊥ 􀱇α４C４

⊥ ,whereCi
⊥ isthedualofthe

cyclic code over FF p． Furthermore, C⊥ ＝
‹α１h∗

１ (x),α２h∗
２ (x),α３h∗

３ (x),α４h∗
４ (x)›,where

h∗
j (x)＝xdeghj(x)hj(１/x)．

Theorem２．６[１２]　IfCisacycliccodeoflength
noverR,thenΦ(C)isa４Ｇquasicycliccodeof
length４noverFFp．

ArmedwithTheorems２．４~２．６,wecaneasily
obtainthefollowingresults．Here weomitthe
proof．

Theorem２．７　C＝α１C１􀱇α２C２􀱇α３C３􀱇α４C４

beaselfＧdualcycliccodeoverR２＝FF２m ＋uFF２m ＋
vFF２m ＋uvFF２m ．ThenΦ(C)isaselfＧdual４ＧquasiＧ
cycliccodeoverFF２m ．

３　Weightenumeratorsoflinearcodes
overR
LetC bealinearcodeoflengthn overR．

SupposethateisanelementofR,i．e．,e＝a＋ub
＋vc＋uvd witha,b,c,d∈FFp．Forallx＝(x０,

x１,􀆺,xn－１)∈Rn,definetheweightofx ate
tobe

we(x)＝|{i|xi＝e}|．
　　Definition３．１　Thecompleteweightenumerator
ofRisdefinedtobethehomogeneouspolynomial
ofdegreeninp４indeterminatesX０,X１,Xu,Xv,
􀆺,X(p－１)＋u(p－１)＋v(p－１)＋uv(p－１),thatis,

cweC(X０,X１,Xu,Xv,􀆺,

X(p－１)＋u(p－１)＋v(p－１)＋uv(p－１))＝

∑
c∈C

Xw０(c)
０ Xw１(c)

１ Xwu(c)
u Xwv(c)

v 􀆺

Xw(p－１)＋u(p－１)＋v(p－１)＋uv(p－１)(c)
(p－１)＋u(p－１)＋v(p－１)＋uv(p－１)．

　　Definition３．２　LetAi bethenumberof
elementsoftheLeeweightiinC．Thentheset
{A０,A１,A２,􀆺,A４n }iscalledtheLee weight
distribution of C． Define the Lee weight
enumeratorofCas

LeeC(X,Y)＝∑
４n

i＝０
AiX４n－iYi (５)

or

LeeC(X,Y)＝∑
c∈C

X４n－wL(c)YwL(c) (６)

　　ForanycodewordcofC,defineT０,T１,T２,

T３,T４tobethenumbersofcomponentsofcwith
Leeweight０,１,２,３and４,respectively．Thenthe
Leeweightofcis

wL(c)＝T１＋２T２＋３T３＋４T４．
　　The Hamming weightwH (c)ofc∈C is
definedtobe

wH (c)＝T１＋T２＋T３＋T４．
　　Definethesymmetrizedweightenumeratorof
Cas
sweC(X０,X１,X２,X３,X４)＝　　　　　　　　　　
cweC(X０,X１,Xu,􀆺,X(p－１)＋u(p－１)＋v(p－１)＋uv(p－１))＝

∑
c∈C

XT０
０ XT１

１ XT２
２ XT３

３ XT４
４ (７)

　　Definethe Hamming weightenumeratorof
Cas
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HamC(X,Y)＝∑
c∈C

Xn－wH (c)YwH (c) (８)

　　Fortheaboveweightenumeratorswehavethe
followingresults．

Theorem３．１　LetCbealinearcodeoflength
noverR．Then

(ⅰ)LeeC (X,Y)＝sweC (X４,X３Y,X２Y２,

XY３,Y４);
(ⅱ)HamC(X,Y)＝sweC(X,Y,Y,Y,Y);
(ⅲ)LeeC(X,Y)＝HamΦ(C)(X,Y);

(ⅳ)LeeC⊥ (X,Y)＝
１

|C|LeeC(X＋(p－１)Y,

X－Y)．
Proof　 (ⅰ )From the definition ofthe

symmetrizedweightenumerator,wehave
sweC(X４,X３Y,X２Y２,XY３,Y４)＝　　　　　　

∑
c∈C

(X４)T０(X３Y)T１(X２Y２)T２(XY３)T３(Y４)T４ ＝

∑
c∈C

X４T０＋３T１＋２T２＋T３YT１＋２T２＋３T３＋４T４ ＝

∑
c∈C

X４n－wL(c)YwL(c)＝LeeC(X,Y)．

　 　 (ⅱ)From thedefinition ofsymmetrized
weightenumerator,wehave

sweC(X,Y,Y,Y,Y)＝∑
c∈C

XT０YT１YT２YT３YT４ ＝

∑
c∈C

XT０YT１＋T２＋T３＋T４ ＝

∑
c∈C

Xn－wH (c)YwH (c)＝HamC(X,Y)．

　 　 (ⅲ ) From the definition of weight
enumerator,weobtainthat

LeeC(X,Y)＝∑
c∈C

X４n－wL(c)YwL(c)＝

∑
Φ(c)∈Φ(C)

X４n－wH (Φ(c))YwH (Φ(c))＝HamΦ(C)(X,Y)．

　　(ⅳ)From Theorem２．４,Φ(C⊥ )＝Φ(C)⊥

andtheyarebothFFpＧlinearaccordingtoTheorem
２．１．ByProposition２．６inRef．[９]andcase(ⅲ),

wehave
LeeC⊥ (X,Y)＝HamΦ(C⊥ )(X,Y)＝

HamΦ(C)⊥ (X,Y)＝
１

|Φ(C)|
HamΦ(C)(X ＋(p－１)Y,X －Y)＝

１
|C|

HamΦ(C)(X ＋(p－１)Y,X －Y)＝

１
|C|

LeeC(X ＋(p－１)Y,X －Y)．

　　Example３．１　LetCbealinearcodeoflength
n＝２ overR２ ＝ FF２＋uFF２＋vFF２＋uvFF２ with
generatormatrix

G＝
u＋v ０

０ １＋u＋v
æ

è
ç

ö

ø
÷ ．

Then|C|＝１６andC consistsofthefollowing
sixteencodewords:

(０,０),(u＋v,０),(u＋uv,０),(v＋uv,０),
(０,１＋u＋v),(u＋v,１＋u＋v),

(u＋uv,１＋u＋v),(v＋uv,１＋u＋v),
(０,uv),(u＋v,uv),(u＋uv,uv),
(v＋uv,uv),(０,１＋u＋v＋uv),

(u＋v,１＋u＋v＋uv),
(u＋uv,１＋u＋v＋uv),
(v＋uv,１＋u＋v＋uv)．

　　Therefore,

Φ(C)＝{(０,０,０,０,０,０,０,０),(０,０,１,１,０,０,０,０),
(０,０,１,０,０,０,０,０),(０,０,０,１,０,０,０,０),
(０,０,０,０,１,１,０,０),(０,０,１,１,１,１,０,０),
(０,０,１,０,１,１,０,０),(０,０,０,１,１,１,０,０),
(０,０,０,０,０,１,０,０),(０,０,１,１,０,１,０,０),
(０,０,１,０,０,１,０,０),(０,０,０,１,０,１,０,０),
(０,０,０,０,１,０,０,０),(０,０,１,１,１,０,０,０),
(０,０,１,０,１,０,０,０),(０,０,０,１,１,０,０,０)}．

　 　Itis easy to compute that C⊥ has １６
codewordswithgeneratormatrix

H ＝
０ u＋v

１＋u＋v ０
æ

è
ç

ö

ø
÷ ．

C⊥＝{(０,０),(０,u＋v),(０,u＋uv),(０,v＋uv),
(１＋u＋v,０),(１＋u＋v,u＋v),

(１＋u＋v,u＋uv),(１＋u＋v,v＋uv),
(uv,０),(uv,u＋v),(uv,u＋uv),
(uv,v＋uv),(１＋u＋v＋uv,０),

(１＋u＋v＋uv,u＋v),
(１＋u＋v＋uv,u＋uv),
(１＋u＋v＋uv,v＋uv)}．

　　FromDefinition３．２,wehavethat
LeeC(X,Y)＝A０X８Y０＋A１X７Y１＋　　　

A２X６Y２＋A３X５Y３＋A４X４Y４＝
＝X８＋４X７Y＋６X６Y２＋４X５Y３＋X４Y４ (９)

FromEq．(７),wehavethat
sweC(X０,X１,X２,X３,X４)＝X２

０＋４XX１０＋
２X０X２＋４X２

１＋X２
２＋４XX２１．

４０９ 中国科学技术大学学报 第４７卷



　　Hence
sweC(X４,X３Y,X２Y２,XY３,Y４)＝　　　　
(X４)２＋４(X４􀅰X３Y)＋２(X４􀅰X２Y２)＋
４(X３Y)２＋(X２Y２)２＋４(X３Y􀅰X２Y２)＝
X８＋４X７Y＋６X６Y２＋４X５Y３＋X４Y４ (１０)

　　From (９)and(１０),thepart(i)ofTheorem
３．１isvalid．

sweC(X,Y,Y,Y,Y)＝X２＋４(X􀅰Y)＋
２(X􀅰Y)＋４Y２＋Y２＋４(Y􀅰Y)＝

X２＋６XY＋９Y２,

andEq．(８)impliesHamC (X,Y)＝X２＋６XY＋
９Y２,whichisinaccordancewiththepart(ⅱ)of
Theorem３．１．

In terms of the elements of Φ(C),

wecalculate
HamΦ(C)(X,Y)＝X８＋４X７Y＋

６X６Y２＋４X５Y３＋X４Y４ (１１)

　　Thepart(ⅲ)ofTheorem３．１isdeducedby
(９)and(１１)．

Onaccountof
LeeC⊥ (X,Y)＝X８＋４X７Y＋　　　　　　　

　　　　６X６Y２＋４X５Y３＋X４Y４,

and
LeeC((X ＋Y),(X －Y))＝(X ＋Y)８＋　　　　

４(X ＋Y)７(X －Y)＋６(X ＋Y)６(X －Y)２＋
４(X ＋Y)５(X －Y)３＋(X ＋Y)４(X －Y)４＝

１６X８＋６４X７Y＋９６X６Y２＋６４X５Y３＋１６X４Y４．

　　ThusLeeC⊥ (X,Y)＝
１

|C|LeeC(X＋(p－１)Y,

X－Y),thepart(ⅳ)issatisfied．

４　Conclusion
Inthispaper westudysomepropertiesof

linearcodesovertheringR ＝FFp＋uFFp＋vFFp＋
uvFFp,whereu２＝u,v２＝v,uv＝vu,andpisa
prime．AkindofGraymapisintroduced,whichis
aweightＧpreservingmapfromRntoFF４n

p andcanbe
usedtoderivesomeusefulresults．Someweight

enumeratorsandtherelationshipsbetweenthem
arediscussed．Weplantodiscusssomeothercodes
overtheringRinthefuture．
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