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ETFTEXEREA S - #HiE
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B EHRAEAAENRAERNCHNEFAES EWHERZREHATNP OB, hHERT
HNEBF T REAREABERN_THEXS, AR TBKn HE 2sn<20 -7
8 B X8 By Dy By FigHig Jig Jog Koo Log Mo F00 Sy B9 7 £ F 55, BU 315 JE 3 & 18 %
MEEBMREOTFH, URME S-S, REFA TR EXNBDTHERERE, A A
GATEMERNBEFTN 234 AN BEERRIN BN TEEREE, Eha b
FRTREFEHRGTHE, URHENHAEHRN S -, RE, FIARENS-EHE
WEHWETHES RLETARNRLEEGRPEENEFRRARAENET D,
KRB ERE B, ETFHES

HFESHES: 0157. 4 XEIRIAEE:A  XE4HS.1009 -3516(2008)03 - 0071 -05

BFFE A A R L TR AR AP e T A A R R AR I S I P (R, 43R, AT AE R T4
FERD T R BTSE BT R B BE RS 9 5T SO 81 °, 1999 4F, Steane Hi . T #1 B F £ 45 FSHY Steane 415
B FIF Steane HE BB T 4SS B EM A S EHBER M 5T H IEH, FHBHHE
Steane 143 B: B9 PI-T Z 7T B (L3 MRS BT B8 (RN IR RS, 5IAFR A S - 6860 — TuRd e R
&R T OISR R S - 1 AR BT n=12 He<[log (n +18) ] +1 it
28K (n,n-1,41Cln,n~1,2]1 S - GERMIE, HFRFTBEIM S - EMEHEEED 3 f4 BB T A5,

BEER SR S - 4, B CEMRULX AR A X T A MR N FI/MER D R EBEFESOE C
=[n, k], EHREIMEERD 4 7 MR d, >d,, C, BXEERN d, TS0, C, BEEAXARERN 4,
TS C,7 ASCHHSK n iR 12<n <20 §2J5T B XHMEBHF R 31T T BF5,

1 A RE

BF, =101} HT5EH, F3 8 F, £ n FATRESE, F; 19k 47 E C WERKN n Bk 25
,39ER C = {n,k} ;20K C B Hamming BEEG N d ,MUEICH C=[n,k,d] o

BX =(%,%,,%,) ,Y=(7,7,",7.) eF;,X - Y=x5, +2,9, + - +2,%, =XY'HR X5 Y HEKK
(Euclid) HF; & X - Y=0 ,FRX 5YIERX, C* ={X:X - Y=} XHEEH Y C M C H9XHEFE, & C=[n,
k] 0 C*Aln,n-k] LKiEH,

# CCC* PR C R BIEAH, Wick SO 1% B IEALH C = C- , WFR C  BXHEG, A RFFESO C
A4 SO C ,ER C ik SO B, i n K fBRET, K SO B3y B XHEFS ; HiG n 74 HEt, K

SO mH[n,"54) SO M,
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FEIE 1(Steane MEEE) B CHMC HRESHN [n,k,d1M[n,k 4] 5T, WRC cCcl,
H ok =k+2 AR HBHR] [n,k +F, —n,minid,r%dmﬂ HETFH

1 & Steane H¥E S {FMBA—JoHE C M1 C' BAREC cCCC o WP Iui B kI 3
ZuHSRFS b B SCERS ] FIARY S - SERIHEE

EX1 ¥C =[n,k,d] I=THE, 1<ism,

NECH,cC,,,cCRk=k,, +1, MFEHFS C,cC,_,C--CC,CC,H S~ .

2)#F b=k, +2 ,FR(L) 89 S - 8557745 S - Ho

EX2 RBIERWEC=[n,k] ,C"=[n,n-k,d] . _

D) INREARFEEBIESRHE C =[n,k] FE8C* =[n,n-k>d] ,FR C HXHBIEE KL SO 15, W FxA
dd B SO B BRSO C' = [n,k] MHB/C* =[n,n-k,d+2] ,FR C HXHBEBERTRARAL SO 3,
fRIFR A dd LAFEAR SO 15, .

2) MBARFLESOWE C =[n,k-1] ffiBC* =[n,n-k+1,d] ,WFx C Jy3F{BIEEHE 4R A
SO ; MMBERFA SO C =n,k-2] FEBCH =[n,n-k+2,d] ,UFR C FyxH{5 BB & i LRI AR
SO 5,

2 BXMEES S-S

xFS-4£C,cC,.,CCC,CCHHEME,C,,CrREESH, fCEk[ 78] 75, & n H{HE
i, 8~ E 3SR HA B XHBI A T8 ; KR [8 ] At n<20 B EXHBH N 20K 5IEB AR 4
% B %185 (indecompose self — dual code) A4 BRIERE, BSCHR[8 1 FI%0, B XHEEE PR M2 4 B
B, B n<12 B, HXMBBH TRHNEHRMERZE LK., B, AU THRERK nHE 12<n<
20 BIASET 4R B XHBETD 5 %5 BB B S L A B R B S AR A 755, LA BABRL I S - 88 FIHE o

M ICHER[ 8] T AT, 12<n<20 B, AE]434% B XHBEILE 12 4, 50508 By, Dy Eis  Fio ,Hig s Lis 5 J20 - Ko s
Ly My Sy AT ENE, B REE T HITMAE x F(x™)" 2R, 308 LR 12 1~ B X85 6 4 5
HERETANE N

G,,=(a].a;,a;,a;,a5,a5,) ", Gy, =(b],b;,b,b;,bs ,bg,b;) "

G, = (e],e;,6; e, .e.e5,¢5) ", Gp . =(f1.1s .05 .00 05 S b1 03) T

Gy, = (h by by b by he h3 ki k) ", Gy = (i, 0 i 05 ,ig 07 ig dg)

G, = (J1 3 Js i s st o1 s s i) T Gy = (K1 K3 ks Ky s kg ks kg kg ko) s

G, = (1,0 0, 0,06 15,115 10) *, Gy, = (m{ ,m; ,m my ,m3 mg m7 ,mg ,mg ,my,) "

Gy = (71,15 1514 T3 T 17 T3, Fo 1) T Gy = (7,57 ,87,54,55,56 ,87 .55 ,55,85) "o

i1 (OARFEFE[14,5]S0 85 CP) fFd(C*) =3 ;ORFFE[14,6]S0#5 D ffi d(D*) =4,

HIL 1 REFEESECH[18,5)WBIERE C fEd(Ch) =3,

iEBl W C R2[18,5] MAIEXKEC Bd(CY) =3, 4 CHWAEREREN G,G HFIA a;,a,, a5,
o, EAERIEE— a, N HE, W31 A5 HIEEF B P 0.y, @y, & T R 13 FUH SRS N
G,, M G,G] =0, \Tfi G, 4 A4[13,5] HIERHS €, H d(C}') =3, T2 C\ /¥ RS H[14,6] W EIEXME
HITBEE 4, FIE.

[ S22 WHCRSHHN[20,5] WHAERBEMBEEN N3N CALEXNHEBI2 K2 4T

EE{ 9-10]0

iER B/ CHC M2 5T, X,,X, G H—4HE, B o(X,) 20(X,) . ¥ X, , 5T RMC K4
EX X, X, WA C HEBSER G=(X1,X;,. %) " = (@, o) HHF @, B GHE i 5o

¥ 31 A5 ARy BRI TR E R

H= (GlG]) =(ay,ay, " anlay, " ay)

W H j£[31,26,3] Hamming BB RE , T2 G, £ /REI5 C, = [11,5] BIEXEXBIEREN3,8 C,5
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D&, AFHFEEEEN16, G, hEFEEATET 4,4 G PETEENNFET 12,

XEHH FEEFTZMERNY 16, G, PERFERZMEL N4, Ho(X, +X,) <12, HXER 0
(X, +X,) =o(X,) +(X,) ~20(X, *X,) B o(X, *X,) ze(X,) +o(X,) -12,

1)%0)(X1) :ﬂ’(XQ) =12 aEEXI 5X2IE§ﬂ%u! w(X1 *Xz) 36;.¢EE¢X1 5Xz§’/l\ﬁ2 /I\%EF‘;JH‘TEE
0, Meht d(Cl) =1,

D) E w(X,) =12,0(X,) =10 ;i1 X, 5 X, [E30H, o(X, *X,) =6, AT X, 5 X, 508 4 MrER
RYER O, BlAd d(C) =1

3)HF w(X,) =12,0(X,) =8,45 1) Wi X, 5 X, B0H 4 MEFEE O, Bukst d(Cl) =1,

4)#E (X)) =o(X,) =10, (X, +X,) =4, X, 5 X, EH7H 4 BRI O, Mlbrt d(Cf) =1,

HEWHRT o(X,) +o(X,) <20 ,BRA d(C}) =1,

EE2 BWon HEH12<n<20 , MOBEESHASBIH[12,5],(14,6],[18,6],[20,5] B9xHBRE %
293 fy dd B SO FBFN[ 16,5 | 3HBIERS S 3 19 dd BB SO 18 ; QS FAr 31K 12,61,[14,7],[ 16,
51,018,71,020,6] fXHBRER % 4 #4 dd Btk SO 5.,

R X 12<n<20 B4 n BB N n 89 B XHBI BT M & M1 H— I HERER A 3 A9 dd B4k
SO 3 5%, dd B SO BB (n =16 ) iyAE BRARRE , 3 2625 AR RERYRT 2 1T HE R — - HERER 2 #92 B TS (n
=20 Fash, BEAT[20,5 TR HIRT 3 1T R— N XHEEE X 2 193 HFE ), ATORK L.

TEXHBEEE W 3 69 dd B4R SO MO R4 AAERE iS4 1 f 8, WIS BINHERE B 4 #9 dd B4k SO g
B BRI X n =16 B 03 G, |, Gy, AT RAHEIEE K 4 # B ECH, ATIQRL o

o b, +b -
i 11000011111111 2 +b;
1111111100007 [ @ +; [
00111101111000 b, +b,
111100001111 | | @, +as
6. -l 001111000000 | o 10101010000000 | | b,
Bizs = | 2us = | 1111000000000 | | 3,
010101010101 | | ¢
6 0000000001110 | | 4
000000110011 |, , 4] 5
, -a, +a; L 0000000010110t
Lb, +bs
r11110000000011117 [€ +é€ 11001100111100007 [Ji +£f2 +£i]
0000111111111111 e; +es+e; | | 1111111100001111 | | fi +£5 +fs
55 =| 0011110000111100 | =| e, +¢, Gy, , =| 1111000000111100 | =| f, +£;
0101010101010101 | | ¢, 0000111100111100 | | £, +,
L0000000011110000] |, | 0110101010101001] | ¢ ,p |
F1111001111001111007 [ 1+ %5 + 557 0000111 1000000001111 [ +Js
OOLILIOOLIIIO0NIL | | Fp +5, +k, 11110000000011111111 | |4y +js +Ji
G 00000000TLL1IT1100 | _ |k + g G 00111100111100111100 S
= = = = ,,+ +
"¢ | 111100000000001L11 | ) b, + B ™ 00000011110011110000 o
101010101010000000 | | p, Jo
7 10101010010110101010] | ; , ;
L000000010101010101 [ 5, | Ljs +jp A
FII111111111111117 [€ +e +es +e;] 1111111111111111 (fx +fy i + 16
0101010101010101 | | & 0101010101010101 | | fy +£s
G;,.,=|0011110000111100 | =| e, + e G;,,, =| 0011110000111100 | =| f, +/;
0000111100001111 | | ¢, +e, 0000111100001111 | | £, +f,
1000000001 1111111 |4 4 | 0000000011111111) [ £, p |

VE: RIRTHBEERI 4 19(16,5] MOE—FROMNHERER Y 1 3 2, F Ak xHBER % 3 1] 16,4]
2 ARAEREPI NS 1| 16 AR, 748t A BLBLA SO TO0 4 RAEIE Gy, M1 Gy HOFIRT 24 T dd B
th SO TBA 2k SAEHE Gy, M G, o
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EETRREFR(BRBER)

EE3 1) Ml BN THEXT BB S - 4

[12,6,4]1C[12,7,2]C--C[12,11,2];

[12,6,4]c[12,7,3]c[12,8,2]C---C [12,10,2],

2) TFTEM D MTFEBXHEEIAK S - 4.

(14,7,4]1c[14,8,2]C[14,9,2] C---C [14,13,2];

[14,7,4]C[14,8,31C[14,9,2]C--C [14,12,2],

3) FEH E M FRTERAHEEA A S - 6.

[16,8,4]C---C[16,11,4]C[16,12,2]C---C [16,15,2];

[16,8,4]C---C[16,10,4]C[16,11,3]C[16,12,2]--C [16,14,2],

4) TR H M L FREEX BRI A S - &

[18,9,4]C---C[18,11,4]C[18,12,2] C--C [18,17,2];

(18,9,4]c--C[18,11,4]C[18,12,3]C---C [18,16,2],

S)  FFAEE Jap Ko Lo Mo \Rp Tl Sy BT BIXHERSHIREY S — 55

[20,10,4] C---C[20,14,4] C[20,15,2] C[20,16,2] C[20,19,2] ;

[20,10,4] C---C[20,14,4] C[20,15,3] C[20,16,2] C[20,17,2],

ERA XEA 12<n<20 ,BATHEH—NXHBERE R 3 #E SO B SO 4, LA —1aE
£ 1 MEEXEERN 4 8B H SO 75, B, Dy Hg Joo BIXHEIER 3 #) dd HEFHER Eo F s HOXT
REEE A 3 /Y dd BAL FIE A A R e 2 fIEHT, & A X RS KMXHEER 4 3 MR TR L A
LRI, :

JTEHEAX 12 P EIHED [n,n2] 488541 MEBHSEEZN4 K dd BEFEHR k], WH
HIEREE(L,) CCln,k]1C--C[n,n/2] FIXEISEIEETESMELTHE 1S -4,

Xt EHR A 12 N E SB[ n,n2] S BTEKIHEIERE N 3 MBI SO &4 [(n k, |, HAT2
TERMFBITAR,2] (n=20 BBCEH 3 ITERKTE) WL 12<n<18 B}, & HIEAR#EE(n,2] C
Cln,k]C-Cln,n2] KXHBREEHEPEMERTHE2 S - 6.

% n =20 8f, | BIERHSE(n,3]C--Cln, k] C-Cln,n2] BXFETRIEMKE 2 1S -8,

F1111111111100001117 [¥s+b 7

000000001 111111111 | | +i, +i 010101011010110000007 [K: +ks +ko7
e 11110000111100001111 | | K, +ks + K
101010101010000000 | | i;
G, = g = G, . =|10101010101011111100 | =| k, +k,
¢ 1 000000111101010101 | | i, +i, 203
100101010110000000 A 00111100001110101010 | | k, +k,,
bty tls 00000000000011111111 | g 4k |
L0000111100011001101 | ; ,; ,; | -Kg + s
—f3 6 7
101010100000001100117 [& +4 +& 7 000000000000111111117 [ s +ms 1
01010100101010111111 | | L5 +4 11110011101001011100 | | m, + mg +m,,
Gy, =| 00111101010101001111 | = I, +I; +1; Gy, =| 00001111111111110000 | =| m, +m; +m,
00000001100110001111 | | 1, +1, +1, 11000000111101100110 | | m, +m,
[10100101111000101010 [ 7 47 47, | 01011010001111110011) | 15, 4y, 4 m,
111111000101011010017 [F1 +75 + 7157 '110011111010101011007 [ %3 *+5 1
11000011000011111111 | | 7s +7yg 00111100111111110000 | | $; +5, + S
Gy, , =| 11010110101010000000 | =| r, +r; Gs,, , =| 00000000001111001111 | =| 55 +5,
11000000010101010101 | | p, 10101010110000000011 | | s, +,
01110000001111100110 |, 4p 4y | 11000000111001111010 [ 4 45 ]
2T ERIMHE

FIFREIE3 PHIER™HS -45(12,7,3]c[12,10,2] .[14,8,3]c[14,12,2] .[16,11,3] C[16,14,
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2] .[18,12,3]c[18,16,2] A% [20,15,3] C[20,17,2] Wi i @& F/B([12,5,3]] .[[14,6,3]] .
((16,9,3]] .[[18,10,3]] #0[[20,12,3]] . XLEBFHEEAEE n, b HEBKLIRAENE TG, HE
[[12,5,3]] .[[14,6,3]] .[[18,10,3])] 53C#R[6]FM[n,n-s,4] Cln,n-1,2] B S - HEFTH &
METBHSH—.

4 ZERIE

FIXRHE T BV T n 2 12<n<20 §95T B XHES A 3B IE B B R st B BE 2 SIS AL A F
15,8 T e X R NBRIMURMN FREXEDA S - 48, M S T —Le0F M & Fi5,
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(8. w¥H4)
Construction of S - chains From Self — dual Codes

ZHAO Quan - xi'?, GUO Luo - bin’, HE Xiao - jun’ ,QIU Dang - qing®
(1. Communication Engineering Institute, Air Force Engineering University, Xi’an 710051, China; 2. Missile In-
stitute, Air Force Engineering University, Sanyuan 713800, Shaanxi, China; 3. Science Institute, Air Force Engi-
neering University, Xi’an 710051, China ;4. Air Force Command Department , Beijing 100843, China)

Abstract:It is a central problem in the research of coding to study the existence, structure and construction of the
certain optimal property codes. In order to construct the quantum error — correcting codes, people have begun to
study the self - orthogonal code that has the special self — dual distance. In this paper, two classes of sub — codes,
which have optimal dual distance or intended optimal dual distance, of the binary non — decomposable self — dual
codes of length n between 12 and 20, such as B,,, D,,, E;s, Fis, Hyg, Lis, Joo, Ky, Ly, My and S, and the
corresponding S — chain construction are studied. Based on the generator matrices of the self — dual codes, optimal
sub — codes of dual distance 2, 3 and 4 of these self — dual codes are constructed by using a combinational method.
Then code chains of these optimal sub ~ codes and their dual codes are discussed. Consequently, 'S — chains are
constructed from these sub — codes with optimal dual distance or intended optimal dual distance. Finally, some very
- good quantum error — correcting codes are constructed from the S - chains obtained. These quantum codes are the
ones that the distance reaches the maximum when their n and k are given.

Key Words:self — dual code; S - chain; quantum error — correcting code



