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An Extremal Doubly Even Self-Dual Code
of Length 112!
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1 [FL®HIC

£ X n D doubly even self-dual code RFEETZDTHNIE, n X 8 D
BEHTHY, £D minimum weight d i¥ d < 4[n/24] + 4 T &2
MOENTWD [5]. d=4[n/24] + 4 DHBWAIX extremal & LiTh3. ¥
£ X T extremal doubly even self-dual code BIFEET R DN ERETD =
CIXERNLRBETHS. FIAE BE 72 0OBSICHEEEZEDHE L
i, BEIZ 1973 £EiZiX Sloane (8] IZ & - TRIERE SN TV B3 HL 2K
REETH 5.

AME D BB, extremal doubly even self-dual code DTEFEIZ DOV T
HONTWAREREBAL, SETRHEEDOS B> TV ih o E & 112
WWBWTRADOHZEXRZ L ThHotl-. MELRERIZ, = DFMTIL,
* 9% 2 #ifi T extremal doubly even self-dual code DIEFEIZ DWW THE B
TWAREREZRRT, 8 3 #HiTRE 112 O extremal doubly even self-dual
code DR EE XD LITTH.

2 Extremal doubly even self-dual code

2.1 #{l

AR T, OIS ELRLTWAABERAVTVAR, B LT
WRWHARBIZOWTIX [7] 282 R TV E 72V, code I EE %R
L7V BRY (Theorem 1 LA%}iX) £ 7T binary code & X5 Z LiZT 5.
C=CtMBIRYVIDLE C % self-dual & K5, 2L C iTEHDER
22/ (dual code) Z&$. C #3 self-dual TH3 &L &, £2TD codeword

IAFHKIIMANELWRICETLOELOTH S, 2083, MIUTEETIT 2o 2%, BE

(IR preprint [3] bR ER - TWB Z &M, AREMIIHA THEBETEL
ZEiCLELE.



z € C ? weight wt(z) I3BEKIC/2 5. 2T codeword ?® weight 25 4 @
fE3KIC72 5 self-dual code % doubly even & L5, A; = |{c € C | wt(c) =
i €T B L&, BHX Wo(z,y) = X0, Az 'y % code C D weight
enumerator & XA,

Theorem 1 (Gleason—Pierce ([7] £#M)). ¢ * B E /- iI R~
&L, (¥ ¢ DFAREE F, TKT. C % F, £® formally self-dual
code &35, 2%V C & Wo(z,y) = Wor(z,y) W74, C 02T

7 codeword @ weight iX a > 1 CHEIVEIN B & &, ROWVTFRIBRY
MO

1) g¢g=2a=2
2)g=2,a=4
3)¢g=38,a=3

(4) q= 4a a=2
(5) q ‘j:&ﬁ, a=2T Wc(m,y) = (z2 + (q _ 1)y2)n/2.

T ZT(5) ZBRVWT2, (2) & (3) DH/AE DA B BIEYIT self-dual 12729,
(2) DHE D% doubly even self-dual code T D, ZHEMRHEL M SIELH
RENTWIEBED1DTH 3.

doubly even self-dual code @ weight enumerator =% L CTIXRDH 4
RERBEIMBNA TS,

Theorem 2 (Gleason [1]). doubly even self-dual code ® weight enu-
merator I

Clz® + 142y* + 18, z%%(z* — 4*)Y)
BT 5.

712 HIT, &S n D doubly even self-dual code AFEET 3D ThHhiT
nix 8 DREETHHZLBoNnD. EHIZ, 2D Gleason PEEZ AL
T minimum weight (2889 2% LIRMBE X bz,

2ZDWA D code IFIXIE (1,1) % generator matrix &+ B EE 2 D code DEF
EEXZNEBONDZIOT, BY, ZORSEREPLBEL LTHRALTELS.
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Theorem 3 (Mallows—Sldane [5]). & n T minimum weight d ®
doubly even self-dual code (Zxf L T

n

d54[24]+4 (1)

DARR Y AL,

EDOREX (1) KB TEEI Y LD doubly even self-dual code #
extremal & £ 5. B X 112 0% A3 minimum weight 20 @ doubly even
self-dual code % extremal & X 50T THB.

2.2 Extremal doubly even self-dual code DEFEEIZD
T

E X n=28,16,...,64,680,88, 104 DHFAEIX, BEIZ MacWilliams—Sloane
[4] @ Fig. 19.2 (626 X—¥) ICEDFEIC DV TEMNTHS. n=28,16
DA 1 extended Hamming [8,4,4] code & £ DEFMTHEINS. n=
24 DPA 13 extended Golay [24,12, 8] code, n = 32,48, 80,104 DFAIX
extended quadratic residue code B3 F DH| & 72V, n = 40,56,64,88 DF
&1 double circulant code THEFRHK 2 & BN TS, £ ZITiE, K&
@ double circulant code IZ- 2\ Tk Fig. 16.7 #8R 32 & 5 IcWdI
THEY, ZEEIZ n = 40,88 DBAITIIEOWESTELEFIPNTH S, 1981
£ Pasquier [6] 1 XX MacWilliams-Sloane [4] D& VRIZENT
&% n = 64 @ double circulant code DRI ILHEVEH YV, [6] TE
& 64 DERNOBPIEEXT-LEBPNTHS.

F 7= n = 136 123V Tid Rains-Sloane [7] 2 & % & Moore @ 1976 £D
BT OB THRENTVWS. ZTRHDEIN, MED L Z 5 extremal
doubly even self-dual code DTEENRF N> TV HERSITR Y, BRITTHFED
BhoTVARESITEBWVTIE, 27< &b 2 5 EIMTITBRMOBIHR 5 H-
TWeZ kichrb. ,

£ 11, SEOTF—< LidbalEN DN, FESERLTWIREETIC
H5NTVBEE n OIEFMED extremal doubly even self-dual code D&
& N(n) #83ECRBETHL. BP, d iT extremal &72% minimum
weight DEZEET. 723, S 32 % TIX doubly even self-dual code O
SEMRERLTVWS ([7] 28R).



# 1. Extremal doubly even self-dual code =\ T

BIn|d| Nn) [ EEn|d| Nn) [E&n|d|Nn
8 4 1 64 12 | > 3270 120 | 24 ?
16 4 2 72 16 ? 128 | 24 ?
24 8 1 80 16| >15 136 |24 | >1
32 8 5 88 16 | > 470 144 | 28 ?
40 8 | > 12579 96 20 ? 152 | 28
48 12 1 104 20 >1 160 28
56 12| > 1151 112 | 20 >1 :

3 WRAE

Cri2 ZIRDFT5% generator matrix & L CT%H-D code & § 3

A B
G=( I53 BT AT )

I I T I 1IAI¥K 56 DBAIFTFI, A, B 138 11T H A8

TA= (1) 0’ 07 110’ 1109 0,0: 0)07 0707(), 1,07 1)0)07 1: la la I’O’Oa 1: 1) 1)7
re =(1,0,1,1,1,0,0,1,1,1,1,1,0,0,0,0,1,1,1,1,0,1,1,1,1,0, 1,1),

T 5 28x 28 circulant BD1TFI & L, AT, BT i A, B DiaEIFHI 2R T
Lemma 4. Ci, IX& & 112 @ doubly even self-dual code.

Proof. ¥£3° AAT +-BBT = I3 5V 2. ¥£7- A, B iZ circulant matrix
7RDOT AB=BA THAZELICHEE. ZD2o00FEENL

A B
é:Té é: MMT = I56 & 7‘250)? 0112 X self-dual code ‘Cfﬁé.

E BT wt(ry) + wt(rg) = 31 THBZ & a5 Cip 13 doubly even
self-dual code (Z72 5. a
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Lemma 5. ¢ % weight 25 16 LAT® Ci1g @ codeword &3¢ cix G
DFL 8ITOMEII H=(MT, Iys) DL TITOFE LTHRES.

Proof. ¢ = (e1,¢2) (¢; € F38) % wt(c) = 16 @ codeword &4 5 &
(wt(c1), wt(ez)) = (0,16), (1,15), (2,14), ..., (15,1),(16,0)

L3, GOENLEDBIZ wi(c) =i PBBRICIXcIT G D ifTofLH
R ERFND. | |

Z Z T Ch1g X self-dual code 72D T dual code @ generator matrix H %
Ci12 @ generator matrix (272%. L7d3- T (wt(er), wt(ep)) = (4,16 —1)
NDEXIFXG #EZNIT i TOMLELTREDINH #2E 2N 16— 1T
DRE LTREDZ LITRD. 2ED, wi(e)) =9,...,16 DEXIXH O
B& TITOMTRED ZLMBEN5. wi(c) < 12 OHEHRRICTRYE
5. O

ZhiZ X 2 T minimum weight 2% H 37O OH R EITHEMIZH K
BRIV LRV EORS.

HEBIZEL->T G DBITETOME H D 7ITETORD weight 3
2T 20LULETHAILEZHER L. Lo T Cye 1T extremal doubly
even self-dual code THH Z LMook,

Theorem 6. £ & 112 @ extremal doubly even self-dual code 237F7E
T5. .

Remark 7. Ch12 1% self-dual code & LT/ T/2< linear [112,56] code
2EL LTHEETHMON TV ZHKD minimum weight Z#8 % % code
ThHotz (2] E8R3).

ZDEDOEBEIZ Cry OO OMK 22T 5. extremal doubly even
self-dual code ® weight enumerator X Gleason D EE X ) —BEHIZHR E
D, B& 112 OB\AEIR

We,,(1,y) = 1+ 35574052° + 953070303/ + 1084729030028
+ 582017237802y% + 15627131952432y*¢ + 2193803344933204*°
+ 1662576783018480y* + 6958460336232405y%
+ 16331108474136456y°2 + 21682101997880004y°¢ + - - - 4 y!*?

3linear code @ minimum weight IZOWTOF—FRX—R L 2] KAV TFHU/ A b &
hTBYERTHS.
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£ 72%. Assmus-Mattson DEH ([4] #B8R) IZ X - T minimum weight
? codeword i 1-(112,20,63525) design 2725 Z &N o015, Z D 1-
design ® 2-rank IX 56 |Z72 5 Z L #RER L7, 2% D Ci12 1T minimum
weight @ codeword IZX > TERIND Z LB H 5. £7- MAGMA %
AT 112 0B CREHL /RO L 2BR L.

4 BbHYIc

AE, # 25 £5 D IZHH /2 & TD extremal doubly even self-dual
code DEFEEBRZN 2T LITRD. BE n =24k OBESOH LT
% extremal doubly even self-dual code 1X k=1,2 D¢ EDHTHY, &
S T2 DFEIIFRARBRKRBREETHL L0, FEEEZRDAZ LT
RIPIRDRELVWERB DRSS, £33, #E n # 0 (mod 24) ? extremal
doubly even self-dual code DFEREZEX VN EBSTEY, Hh>TWH
RO T B/ DRENSEIMEE LT 112 Tho it

AENIE X 112 COMRET I L BEKRLRBENIE-TDT, LI
7>< Lemma 4 THE X 7§ (AAT + BBT = Iy, wt(rs) + wt(rg) = 3
(mod 4)) #Wi7=9 circulant B1T%] A, B %8 L, 2ho»o/bh?d
code ® minimum weight A% 20 (27254 & 9 2>% Lemma 5 Z{# > TR
Dic. ZOWRFECTMPEEREDDDNE D DITEEZH»oTVR.
INE 2L ZANBHERIT B & £ < D extremal doubly even self-dual code
MEELTEO—2FRFTICBELRVOLL LR, BE nZ0
(mod 24) ® extremal doubly even self-dual code THEFED 53 Hh>o> TV
WBR/NDOR ST 128 & 7r o7z,

BE R
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