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1 EU&HIC

C DFEMI, SEKFREBTHAR Tk b/ EES THESE & ofhdic
LBBEMED 7O YT A7, KB PHEEARTZELDbDTHS, #ET
I, BEFRBICBERL A HRFFIC 2L TOMNE, BEEORREZDLEIR AL
BofThot. FHERREAB 20T LBONZODTH o/ DICEFNUTIEEVARE
WKDOWTIEER) T EMBHREP I LZEBHFLED .

¥9,F={0,1,w,w?} T4 DERGEEZRTIEICTS, 2L WP=w+1
TH5. Fy LOEZ n, RITL k D code X F? D k XOBTEEOI LT
H5. C Ddualcode C+r Z{z € F} | z-y =0 (Vy € C)} TERT 3,
Elz = (2, 20),y = W1, 9n) EFF IKHLT2 -y = Y0 2y &
T5. C=Ct(CcCt) THsLEC % self-dual (self-orthogonal) & & 5.
z = (z1,...,2,) € F} O weight wt(z) Z |{i | z; # 0} £€$ 5. C ? minimum
weight % min{wt(z) | 0 # z € C} TE&EL d(C) TRY, 7L 0iZ¥u~xs}
NERT.

FAMVICHB THE X TRBF) ~ONKTHE-oTE ) THAFE, 1222
TERL 7 code ZEIRT 5. EFEDOEERMNZELD—DIL (self-dual) code 2 &
ZHEEEEL AT, (BLRERICEWVLT) BV code DR L DEZ2TRIZ L
TH5.

2 Extremal self-dual code & self-dual code D&

2.1 Extremal self-dual code

¥3 Fy £D self-dual code C @ weight enumerator %X 3 Z & C minimum
weight ICBI 9 2EHEIMEZ O NB Z LIZOWVWTDOFHHEZ TS, BEE n D code C
7 weight enumerator & 13 C LD 2EBDEHA We(z,y) = Y oo 2™ VY O
DZELTHB. C ZEZX n D self-dual code! £ T3 &

r+3y z—y
2 72

Welz,y) = Wc( ), Wel(z,y) = Welz, —y)

THFMICRTTIE n/2 L 3.



DYRY LD T L H¥%orh 5. i IE MacWilliams HER 25, #EI3 wt(c) € 2Z (Ve €
C) THB2ZEoBoNS. LEdoT

% ( i _i ) oWe(z,y) = We(z,y), ( (1) _{1) ) o Welz,y) = Welz, y),

* P ) EBERA f(o,0) AT Ao f(zy) =

flaz +by,cx+dy) £35. ZD 2 O2DFFFITHERINBEE

o-3(12).(3 2) oo

2EZDLE Weo(z,y) 12 G IZE>TAELEERLE

Clz,y]° = {f(z,y) € Clz,y] | Ao f(z,y) = f(z,y) (VA € G)}

CEEND. XI5, ROFEEMBE YLD

DD ILD, 22T, fTH A =

We(z,y) € Clz,y]¢ = Clz? + 3y%, v*(2? — 3%)?

(MacWilliams—Mallows—Sloane [8]). ZDFER LD F,; ED self-dual code 23FFLE
THLDICIFZDORE n ZBAKTRITNEOIROI EBELICTDIE. 51

(1) d(C) sz[%J +2

B3R D 322 (MacWilliams-Odlyzko-Sloane-Ward [9]).

Pl b2 & minimum weight ICB8$ 3 —D2DFisB oD T BRALBE%
extremal & £& DD, Fy EDORE n D self-dual code C 25d(C) = 2|n/6] +2
W73 & FIT extremal & KU, ZOFEHICO>LTEHLS hoFARGNT VLS.
(1) % weight enumerator 2E 2 5 Z L TRENICB SN/ LR THE DT, HE
DEAK LB TIIH 208, RETH>TRL VLY, BREBLRE 12,24, 26 T
i& extremal self-dual code IZFFEL BV I LMo NTW 5 ([7], 9], [10] Z22H).
28, extremal self-dual code DFEB DT> TORRVER/NDREZIZ 32 TH 5.

2.2 Self-dual code D548

RIZ extremal 7217 7% { Fy £ seif-dual code ZEDZEIZDOWBTEZ T L.
220D Fy LD self-dual code C,C" I LT, C'=CM (={cM |ceC}) %3
Fs £ monomial matrix M SFET B EEICC & O IZEME & k23, Z DFEE

2even code & kifh 3.
SCDERE (9] 1K) . HOEBREZFAL T3 H 5.
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DY ETHERZITRI. E5I12C=CM L7 % monomial matrix M 2% C ®
HOEBE L LU, Aut(C) ¢ RT. EBROTBRIRIZEEL T 3RT
H5HHBE n DETD self-dual code Z RO TREREZ T HLIDBRLH
ML BFETHS. LorLids, HEENS ) Ihi#IT 57-DIR L OER
B3, KD mass formula & KIZNBZERXNTHSZ. BX n DEWICHFEER self-dual
code 2BDEE% C, TRT L

n/2-1

2 221+1 + 1

(2) g CEZC #Aut

D3R D AL (MacWilliams-Mallows-Sloane [8]). #2'3:0) X C L EfE% self-dual
code DA ZEH®R L, EZIZE X n D self-dual code Z2EHEDHEBTHZ I Lo 5
(2) BED MO EMBTB. Lo T, IEFEMETH % self-dual code &K% K
DTVRE, 2o O (2) DEADEIS—BL 7 & EDBTRDOTERE TR 5.
2T D self-dual code Z2RDBBBBROI L2 V> TV REITZIITTHS.
D& I REERIT self-dual code 2EZ 3HBID—2THS LEBbN 3.

EX 16 $TCOFEIZ[3 & [9) THRRINTWS (BE 18 & 20 I8V TIZ
extremal self-dual code IZ2WTDH [6] THHEMTRONTV3). (3] & [9] iF
1970 ERDOERTH D, self-dual code DTRIZEARN BB TH 503, 2D, &
HonTwihol. SEH, BE 18 & 20 O self-dual code DBRERE 22 D
extremal self-dual code DE% TRT 2 = L s (BEMI [4) & 5] 2 2H
Wz FEE T,

Proposition 1 (Harada-Lam-Munemasa-Tonchev [4], Harada-Munemasa [5)).
B X 18 T3 245 DIEFFEL self-dual code BFET 5. KX 20 Tid 3427 @
DIEFMEZ self-dual code DSEET 5. B 22 TIX 723 MDIEMER extremal
self-dual code D3FET 5.

# 1: Self-dual code DIERER

n | #(n) XA | #e(n) XB | n | #(n) XM | #e(n) XK
2 | 1 9] 1 O 14| 21 (9] 1 o]
s 1 @ | 1 .| 5 3| 4 3
6| 2 O | 1 9 |18]| 245 [4 | 1 [
8| 3 [9| 1 9 |[20]3427 [5] | 2 6]
ol 5 @ | 2 9 [22] ? 723 [5]
120 10 9| o [9 [[2a] ? 0 [10]

7 1 T self-dual code DDEFERE L LD B, #(n) IR E n DIEFME self-dual
code DB %, #5(n) IR E n DIEEEL extremal self-dual code DEEZ 5 X
5. £, ENThOTEZERIEXMOER 5.



3 F, L® additive code & quantum code

BT’ > 7= Fy LD self-dual code 3 ZNBEH L H o B\RLZHEI TN
TWABANRTHD, [4] & [5] TIFRE 18 &£ 20 O self-dual code NDTFHE R 22
D extremal self-dual code D7 % ST X ¥ 73T H % 53, quantum code IZD\>
TOREELHH ZOFRTOEIKD H o7, D TlE, quantum code 122> TD
BIEIC DWW T DFHAE L /-,

GETRL> T code 12 Fy D k RILETZEHETH > 7253, $72IZ additive
code LWV bDEEZD. ZOHITIE, 5% T> TV code % additive & X
A9 570 linear code & KX Z EI2T 3. Fy £D additive (n,2%) code C &
EH#C =2 LB Fy OIESHAFEHEDOZ L THS. C D trace dual code C* %
{zeFi| zxy=0(VyeC)} TEETS, 72X Lrxy=Tr(z-y) (z,y € F}) T
Z i trace inner product & LI E. C=C* (C CC*) TH5H L ZC % trace
self-dual (trace self-orthogonal) & KX &

C % linear code &§ 5 &, C #3 self-orthogonal TH % Z & & C %3 trace self-
orthogonal T®H % Z LIZF{ETH 3 Z DRI 5. Licd-> T, BiFiTHh-
7z linear code T self-dual (self-orthogonal) T& % b D additive code T trace
self-dual (self-orthogonal) TH % b DORHNLBZETH B Z L 3Th 5.

F, bk additive trace self-orthogonal code DI DEE L L Tid, ROEKRK
T OERZERIEIT S 54

Theorem 2 (Calderbank-Rains-Shor-Sloane [2]). C % F, £ ® additive trace
self-orthogonal (n,2"7%) code &£ 9% (1 <k). C*\ C ® minimum weight %% d T
H B3/ E°, C 13 quantum (stabilizer) [[n, k,d]] code %5 X %. minimum weight d
? additive trace self-dual (n,2") code i& quantum (stabilizer) [[n,0, d]} code % &
Z5.

BRAE, a4 123035 TD quantum code DIARD TR LN TS (FIZIE, 2D
ABDKEFRDERE ZH). HHRAS LAL & J I quantum [[n, &, d]] code
NLTh,n & kZERELILLEZIRKREL S d DIE (dnex(n k) TRT) ZIRE
THRREBT b TS, RDF—F R—2R

http://www.codetables.de/

Ik <n <128 1220 TD dpoe(n, k) BEEERI N TV S, LFEDOT—FR—RIZEB
T BBRUNDRIBIRD /S5 A —% =81 (n, k) = (13,5) TH 3. L L dmee(13,5) =3
THEIED[N] TRINTVE I ERZFR/BRLDBEZ TVl Licddo
TRANDRBIRDIRG A —F—1% (n,k) = (14,3) T dmee(14,3) 124 L 5D ED
5THEDDBT> TV,

SREBDOHEIC WX 2] 2B8BL LB LT 5.

3C* \ C 121 weight d @ vector H3FTE L weight < d @ vector 23FZE L2 WA,
CEAMBERICEIT 5.
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R®IC, KE% d % b2 quantum [[n, k,d]] code DHERKICIE Theorem 2 237%
Mo LBbh, 5FTIC Fy LD linear self-dual (self-orthogonal) code TfT% -
TEZE (BIATHE TR L 2ERE L) % additive code ¥ THIF 5 Z & T,
4%, quantum [[n, k,d]| code DIHEZFTRHI I ENEBEIoND. B2 BRIIBFHTD
quantum code DHEBT b T3 H, T 2 TBR & 5 28 TD quantum
code DAL METIE VLM EFEEIIR > T3,

&R
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