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Abstract : Designing general binary self-orthogonal codes is a difficult problem in both classical coding theo-
ry and quantum coding theory. The structure of one-generator quasi-cyclic codes constructed by concatena-
ting binary circulant matrices is investigated. Twenty-eight optimal or best known binary self-orthogonal
codes are built by designing the structure of a special subclass of quasi-cyclic codes, which takes advantage
of some restrictions such as the shifting equivalence relation on vector, the equivalence relation on linear
codes and even weight property of binary self-orthogonal codes. A puncturing-expurgating construction
method for binary self-orthogonal codes is proposed, and sixty-two derived codes from these obtained self
-orthogonal codes are constructed. In comparison with Literature (13), 67 and 23 among our ninety self-
orthogonal codes are separately optimal and best known. The construction results indicate that these two
methods are effective to design general self-orthogonal codes. Furthermore, the ideas can preferably solve
the construction problem of self-orthogonal codes with possible larger minimum dual weight, which is the

critical infrastructure in designing better quantum codes.

Key words: linear code; self-orthogonal code; quasi-cyclic code; puncturing-expurgating construction

Y& HH#9:2014-02-25
EEWMAB :HEARF=EESFIWHE (11471011
EHE B TR (1976 —) . 55 B pa XS PO L 19 2 L NS08 T g L R AL B B005 42 38 45 F 9% . E-mail : wlwangkg@ gmail.com

SIABR FHAR BRA BEAX . F . RE-THEXB[]]. FFTBAFZH: AR FK.2015,16(1):85-88. WANG Weiliang. FAN
Yangyu, KOU Guangxing, et al. Optimal Binary Self-orthogonal Codes[ J]. Journal of Air Force Engineering University: Natural Science Edition,
2015.16(1) :85-88.



86 2R TR CHARBE O

2015 4

VER — Rk Y MRS 28, [ IE 2215 & ) 44
SR G REL LR CNE S RN (1 E NS R AR
S RN A3 2 E R S RN 4E R B X
T80 AFU SR AN e] 4 3 — e B QE S R R 2 18, &%
AR B IE 2S5 A H S 20 il 24 A0 430 35 A o 2 1F 5%
L[] I 1] DL Sy T 2 S D M 1 R AR 2 A |
FEN

PGS 2 IE A B R A NIF 2 S
B L B U e A R LI BRSO LA B
1 ELA I A 1 AR s A R Sy W AT R A 3
EEE AR RS HE N EER R —, R
N B — 1 F 0 B R s T A 114 48 MR 3 T Y T A
1E AR 3 LB A 2 HOR K FAR B 1 O A8 o nT RE AR
AREVRIED (H 2 A FH 20 3R 75 1%, 5 22 5 il
FI 1F 38 5% 4 3 T I 3 2 A a) B

AR S0 T — Pl R R 14 G DL B 45 A A0 A -
T B vk # 1 0 B IE S, 5 ocHk[13 ] Ee i sl 2
AL NERS LB, 43 A 67 F1 23 A~ 2 J0 A IE AL
T 2 S5 e N EL R A

1 Wi&HiR

W F,={0,1} F ol . Fr F3 1 k 45250 C
BN 0k 4 VRS, C= [n.k].
8wt () Fa€Fy MAEE R R d=
d(C)y=min{wt (c) |c€C,c70} I C [l ix/NE
H, AAR/NER 4N BN C=
[nsksd]. LI C W) —HEEAITHHIEG FRHN C
AR, % G, .G, BR&MEM C,.C, A B
M IR AFE B PL S G, =G, P WK C,
flC, BHSMN, EELEHEN C= 2.1 %N T H
BEREEG= 1, |Av ) WERGEMN., F3 =
B Euclidean WA (x,) :éjlx,y,-aiﬁqj:x =
(T1ssx,)s vy = (yissy.) € F3, K
[non—k|HSC-={x€EF}|(x.C)=0,CEC} KD
C XIS, # CCCH L, MK C A IEZM; & C
=C+ . FR C & H X,

EX 1 KRR ZICEMWN C= [n.k.d A
IEARWC = [nskad 1 WH d BB d =d, 8
d NHEFN d =d—1,MF C ZRILH.

EX 2 W _IJnkM C= [n.k.d~d,, ] M
HIERHW C = [n.k.d 1.3 d T d 50 0 4 €
T n FILEEL e B RS ) f /N EE B VN R AT
FoomE d WEBETd =d .5 d T d =d
— 1, 0% C B MR,

Bl 1 37 oS C= [n. k] HIECH,

mj << (anlw CHIMEE c € Chwt (o) MBEL,

2 WPERZJCHIERT

E)ZS &C: [n7k]ﬂ5:fﬁéﬁll\$ﬁ%9ﬂng_>

Fy i p EABAA T, WRMEE c€EC.A e
€C MR C HPEIHRG,
4

T1(8)

ENX 4 FRIEF NEHE gEFS X

T1(8)
N F, B RE R AR B iE (g .

L G=(1,+(gpslg, 00l (g), H
F, b5 g, € FS 1< <<p — 1 XF 07 A0 46 30 40 14, 01
G 'E W RMIE RS C= [pk.k]., R & g =
(Ligiswsg, 1) EFL RIUTEATS C 1YL BN &,
AR HIE S C B U R G AR B ) o g ——
XIIE . BEEE, S P UE R ie S C=(g)=(1,g,,
g, > R

B g erag, 0 EFL ME IR C =
(Logiswesg, DI 2 MM Og, 1<<i<<p—1
Bog kI 200 D Rl RE, BEE £ R p WKL E
Zo M B TS RE ) s O X SR 0GR op, R
AN, IS IX 2 A ) U, F 9 4 i 409 3R
T C=(g)="C1,gy g, 4 B e F )
M

S 2® W F, FTOLRAR~N g, ~g H¥H
SOMTEAE L€ Z S g =m, (g,) W~ F5 B4
%%Jﬂm:wm#w:giw%ﬁmmﬁﬁ¢u
() NBRH ST RE . 2k BRI M, ~2" /&,

EXFY PTG RAR<H g, <g;, BHAY
D(g:)<D(g;) - K D(g) N g€ F; iyt itk
RS FL EH 02 F R, 4 g = argmin
(DI FET8Iy W% M K [g] =
(fEFL| f~gy g €F} ikl 2R /ML %

ﬁ%,mﬂ F@/N:{gugz,"',gm},/ﬁ\qq 81982

ey g SR R 2B f MR T
5 1 VLA TR
C:<z;>:<1az;” 7"'91;,'/,7|>9e;,'] EFé/N’]:
lyeeesp—1 (1)
U2k (1) H000 BRI 2 1 16 365 ML T B

ECp—1)
XEEEHHY b B p M~

Lgre D

B3 BWHEIR C=(g) = (1.g, + s



%13

P R A e 0T A IE SR 87

;,/, 1>9§,j eFé/N9]:1""’[)_1’JH\IJEgJCg‘%'fﬁ'?

C=(g ) )=(1,g, ERE 3 ST

i HIARHES R D (g0 ) <<D(gs) ).

SIEE 3 E ). 1R A 1) R R 4
e, i LI B v D R S L IR
3|38 1.3 2 Fn3|E 3, % 4 uk O 014 O BUIE 3R A
WA &5 R = (2) .

C:<g>:<1vg,‘17"'7g,‘/) 1>7g1/ eF’ZZ/N’jzl’"'7p_l
st D(gn)<<D(gi, 1)+ (2)

PRSI
1+ 2wt (g, )=0 mod 2
i=1

TR, B M T U (1) 4k ok A
A7 JE ) ) 3 A AN B 2 R B L LG 28 ) IE 2SS . 4
B 12 19 ZooiUAE B0 F OE S A 1 L R LA 1L
H LBC 1 SOC 43 5| & /m & M5 Al A 1E 22 i, ]
n, o ARG [84,12,34 [ & 2 IROFE
A, 5CER(13 ] Zon gk thad b #, A 1E 38
060,12,247, [36,12,12]41[ 24,12, 8]k B &4l
MRS R IE B AL I I R A U = o0 A IE 325 SOk
(13045 &S [96,12,40-427, [84,12,35-361F1
[48,12,17-18], N it { IEAZ [ 96, 12,40], [84,
12,34 1F1[48,12,16 2 ML,

SOC[24, 12, 8]
(110111101000)
SOC[36, 12, 12]
(1011101001000, 101111101000) SOC[37, 12, 28]
(111001100100, 110111100100,
101101110100)
LBC[12,12,1] LBC[36, 12, 12]
(100000000000) (101100011000, 11111011000) SOCT8a 12,341
(101111101000, 101111011100,
SOC[48, 12, 16] 110111101010, 110111111100)
(101110010000, 11110110000,
110111100000)
SOC[60, 12, 24] SOC[96, 12, 40]
(111101100000, 110011110000, —»{ (111110001000, 110111011000,
101011101100, 111011110100) 10111001100)

1 fEHOh 12 0 e A E

Fig.1 Binany quasi-cyclic self-orthwgonal codes with dimension 12

EE 1 fA7E 28 AL EE Mt — It A IE

g

et o0 HIEA S . [81,9,36], [72,9,32],
[63.9,28], [45.9,18]; [90,10,40], [50,10,20],
[40,10,16], [30,10,10]; [77.11,327, [44.11,
167, [22,11,6]; [60,12,247], [36.12,12], [24,
12,8];[39,13,127, [26.13,6]; [56.14,20]; [45,
15,14 ], M =t A IEACH R:[90,9,40 ];
[60,10,247; [96,12,40], [84,12,347,[48,12,
167;[91,13,36], [65.13,247], [52,13,187, [42,
14,12]; [60,15,207,

3 HIEAHS A AT AR Y

P 60 ) 3 T it g 20 ML 1 ) 3 1 T RE 4
IR HIE A 1 [ 1E 3V IR I R 22 40 368 7 2 2
#84 ¥: (puncturing method) . NBEH T H IEXR
Wy, HARES G Z R i b ik, WA BB R RS 1
HIEAS T, B HA 384 S8, 56 T #0 1 A
% (expurgating method) , 5 i-5| I 4,

S5IE4 W= |Av i) RTITTHIER
WC= [nkdlWEBRBEE.T={i,.i)}C
(Loeeskd ICMER G B9 (i) 0, ) 1<<j <<t TCEFT1E
AT NG B G+, W G+ AR IE 285 Cr =
[n—t.k—t,=d].

i an, % &G 3 [ IE 28556, 14,20 ], W5l
P4 AF G- PR B E S [56-2, 142, 20, 1<t <<
4, SCHRL13J4 kvt [55,13,20-217,[54,12,20
-227,[53,11,20-22]M1[52,10,21-227, B H1.[ 55,
13,20 AR I A IEAC S [ 56-,14-¢, 20], 2
< <4 WO AR HIECH,

XF e 1 R AUAE R E IE SR E AT - B, T AR
A ML A IER M, W& 2,

EE2 fFEWNT 62 MRkt FEkt =t
A IEA i,

F1 ZaWEREERBHEE - MERLITED

Tab.1 Punctured-expurgated codes from binary quasi-cyclic self-orthogonal caeles
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