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1 [XLC®IC

£ X n @ doubly even self-dual code C ® minimum weight d I d <
4n/24] + 4 W= L [22), d = 4[n/24] + 4 OHE C I extremal & LiE
n3. BE&R 24m OFE D extremal doubly even self-dual code IZ2\»
Tix, BX 24 & 48 12DV T D% code DIFENRHM O TV D2, T O
DPE TOFEITH DTV (2721 m > 154 OBEITITFHEFEN
BhoTNB). iz, BE 72 DBEHFEELZRY HRE, BEIC 1973 F
IZ1 Sloane [28] IZ X » TRIERE SN TW I FARRBREETHD.

AHECIL, B & 72 O extremal doubly even self-dual code (22T
SETERP>TNEILE, BEEORANLTRHSH, AL, &
ERIIEENELY —HBERLEBLELDELDOTHD.

KERETIE, — B LIS ELNTVAABBERNTWVDS, BITLT
WARWEEBIZOWTIX (18], [27) REZRTWIZIZE L.

2 Extremal doubly even self-dual code & (&

ARG T code 1342 T binary code #& X5 &t 3. C =C
MR Lo & & C % self-dual & &5, 2L CL XBEOERHEM
(dual code) 3. C 7% self-dual TH 5 & &, £TD codeword z € C
® weight wt(z) iZ1BEZ42 5. £TD codeword ® weight 7% 4 DfEHK
1272 % self-dual code % doubly even & XU, wt(z) = 2 (mod 4) £
codeword z MTETET 5 self-dual code % singly even & X &,

A= |{ceClwt(c) =i} &FBLE, FEAWe(z,y) = Xino Az iyt
% code C ® weight enumerator & £43. %7 doubly even self-dual code
® weight enumerator I3 L CIIROBARBERBMONTND.

Theorem 1 (Gleason [13]). C & & n @ doubly even self-dual code
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ETBH. ZDLE C D weight enumerator iE
(n/24]

Wolz,y) = Y a;68™° ¥’
j=0

CER o ERAWVWTRTZLHEHKD, 22T
¢s = 2° + 14z'y* + 1%, ¢oy = 2y (z* — )%,
Z @ Gleason D EH % A\ T minimum weight (ZB83 % ERAEZX L
. |

Theorem 2 (Mallows—Sloane [22]). £ & n T minimum weight d ®
doubly even self-dual code (&3 L T

d§4[%]+4 (1)

SRR Y L.
Proof. ZZTit n="72 DHEESDEHRE2E X TH< . Gleason DEE LY
Wo(z,y) =aods + a183¢24 + 0283034 + asdi,
=aoz™? + (12600 + a,)z®%y* + (7065a9 + 80a; + ap)z*y®
+ (231504a, + 2616a; + 34a; + a3)z*%y'?
+ (48898440 + 44016a; + 283a; — 12a3)x>%y'® + - - - .
¥ 7 weight 0 ® codeword DAL A i 1 THBHZ L XV g =1 TR
FHER B2, RIZd > 16 ERETHEL Ay = Ag = Az =0 &Y
a; = —126, ay = 3015, az = —4398 B/ LND. TD L&
Weo(l,y) =1 + 249849y¢ + 18106704y + 462962955y
+ 4397342400y + 16602715899y°2 + 25756721120y
+ ‘e + y72.
Aig #072DT d< 16. O
LEoREX (1) BN TEE MK Y 3L doubly even self-dual code %
extremal & X 5. BE 72 DA X minimum weight 16 @ doubly even
self-dual code % extremal & K 5PITTHD.
T, EOEBANL, B & 72 @ extremal doubly even self-dual code
? weight enumerator [I—&EBITH B Z & B45rho 723, —MKIZ extremal

doubly even self-dual code D weight enumerator iZ& S 7ZITITERFL T
—BHICRELZLEERLTERL.
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3 BH%9 B 5-design IZDLVT

LLF Cqy TEE T2 @ extremal doubly even self-dual code &3 Z &
W95,

Assmus—Mattson O EE [1] X, 527 code X LT, & weight O
codeword DEAS M t-design 2T HMH%2 5 2 TV 5. Assmus-Mattson
DEEIZ Lo T Cry D% weight i D codeword DEAIE 5-design D; TH B
T EDREND. T A = 240849 Th B = & 158 Dyg I 5-(72, 16, 78)
design 12723 Z &R0 D. EHIT Cp 13 self-dual THBHZ &6 5-
design D; 23V T block intersection number IZB¥IZA2 5 Z & 23530
B, LIz oT, b L Cr BIFEETIL block intersection number 7> {&
¥ 72B 5-(72,16,78) design BEFEETHZ LIZ2d. ZDOFEEEZX D
BRDFERTHB.

Theorem 3 (Harada—Kitazume-Munemasa [15]). D % block in-
tersection number A3MBk & 72 5 5-(72, 16, 78) design & L M (249849 x 72
175 22 OREITHIE T 5. M OITHAERT 5 code i extremal doubly
even self-dual code IZ72%.

77751 M @ 2-rank 1X 36 TH Y Cr; I3 minimum weight @ codeword
TEREINDZ I ENSMNBD, & 51D @ block intersection number i
0,2,4,6,8 DETHIRNDIZ L bTND.

5-design (2B L TIZRDOMBED > TS,

Problem 1. ETi% weight 16 ® codeword M7273 5-design %3 X 7273,
o> weight @ 5-design TR L & 5 RERPE LN D D,

B 2 iF Dy 1Z block intersection number A3EE & 72 % 5-(72, 20, 20064)
design 1272 % % block intersection number 3B L /2 BRI LT A —F
DIEE D 5-design DRESITFIDOITBERT B code i doubly even self-
dual code T ¢ minimum weight d 1% 12 SLEIC725 & L% [15] TEX
bR TWEFEEBBISRENS. LML, 47 extremal IZ250E 5
MWED & T A53o TR,

Chy DIV IZ 5-design D; 2#E 2 5 Z & THNERBFLNLRNWTH
25, EEL 5-design #EZ B LEMNRITHDE SPTITR->TERL
WERES TWAERTEA, 72z D MBI EEITEE 2.
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4 BHERZEIZOULT

FRENME DB ERAE % b D (extremal) doubly even self-dual code 2
2T 1980 4ERIC Huffman & Yorgov 23 HEINCHFR 21T/ > TE -,
ZOETIE Cr, DEHCRBEBICETIHREZE LD B,

4.1 RBNHOBCRE

C DHCREBELZ Aut(C) TRTZ LTS, HEFE 0 € Aut(C)
0 c BOMIL LTz pcycle & f BOBERE L DL E o % type p-(c, f)
EXRESET EIZT B (17 R EEBER).

%9 Conway—Pless [6] 7% Crp ORFREAE p © B EREOFEEMIX
p=23,17,11,7,5,3 THBHZ L ZMERTEZ L TCrp, DECRBUCHET
DIFENIEE o7, p=2 DFEB L TNLUNDOHE TIIHBRML L BERS
B, TZTHRFENMEK p DB CRBEOFEMHIZSOWTHLNTWARER
Z—DODRIZELHTEL:

e STER
FETFTE Pless [25]
FHIFTE Pless—Thompson [26]
FHETFE Huffman—Yorgov [19]
type 7-(10,2) @ % | Dontcheva-Zanten—Dodunekov (8]
type 5-(14,2) @ % | Dontcheva~Zanten—Dodunekov [8]
type 3-(24,0) ®# | Bouyuklieva [3]
type 2-(36,0) @ % | Bouyuklieva [2]

(S
[\]
~N W

Il

I

P

TETEER TS
[
N W ot 3~

I

b LT BE, YF, HDANKOECRBEDOFEELZRET DI & TCn
BHEREND Z L AHFSh TV TIRR2VIE Bbh B, fRE L
TREEHRLORELNTWS. p=2,3,5,7 DERIZERER—DF
DECRZE®D type DEEEMENRER - TWAIDTIOREETAHZ &M
HERNWTES 5 s,

Problem 2. Cry @B 2R T type 7-(10, 2), type 5-(14, 2), type 3-(24,0),
type 2-(36,0) £ 723 L OBREE LRV & &2RE.
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4.2 BREBEOMHBOATEEM

BAUTIZ72 5T | Aut(Cr)| OFTEEMEIZ SV TOHFELED LTS,
Yorgov [31] 2% | Aut(Cra)| 1X 72 D#9%kH> 504, 360, 252, 180, 60, 56, 14, 7,
10,5 THHZ LZTRLTWAB. £FD%, DV &L Bouyuklieva—O’Brien—
Willems [4] 23 Aut(Cra) IZHI¥KAS 72 D% 56, 14, 10, 7, 5 TH 3
AIFRREICR D Z L BT LTS, [4] TO7 Fu—F 2 BB T5 &
| Aut(Crs)| = 60, 180, 252, 360, 504 DFE1Z Aut(Cro) ITHEMBEIC 25 =
EERETRLT, TDRIT 5K, 6 ROZAREE & SL(2,8) (ir¥k 504) @
EFNENIZH L THNWEBRE TAZ LT, Cr it b2 HOREE L
LTRERWI L EHERLL, BRRAOLEREBTVS.

Problem 8. | Aut(Cr)| OFREMZ S HIZBRER L.

BERBEL L TIREARES |Aut(Crp)| = 1 OTESELE ST
%. Tonchev [29] AR & 40 TEHEAZ B CRAEHE% b O extremal doubly
even self-dual code Z#HTHE L. TS 2 LT TRERLZBECRE
# % % D extremal doubly even self-dual code IZFELRVDOT, ZDE
EHRB/NMT2D. 0%, BX 56,64 2 THEHARZBCRERE2 LD
extremal doubly even self-dual code BZFEET D Z &N Go>TWN3D. F
7= Oral-Phelps [24] 32T D& & ? self-dual code #& X =&, TDIZ
EAENBHAZECRAEBEEZ LD code THAHZ LEZRLTNS, £< R
WIX72 DS | Aut(Crg)| = 1 OFTEEME LB TEINARV.

5 PB9{%&9 B singly even self-dual code

Z DEITIX Crg IZBBR T D singly even self-dual code {2 DVWNTIRA~ B,

C % singly even self-dual code & L doubly even subcode Cp = {z €
Clwt(z) =0 (mod 4)} 2EHET 2L |C:Cyl=2¢72%. C5y\C % C
? shadow S & E#T 5. Conway-Sloane [7] IZ & > T singly even self-
dual code ?® minimum weight (ZBA3 28772 LRE 52 5 Z & L weight
enumerator O FIEEMEICHIBR % 11T B 7291 shadow XA SN, ZD
X 51z shadow D#EA 1T singly even self-dual code %<5 ETIIkEE
WRILDHDTHS.

L OB OWTIX [5] OFEEZAVNITHRHBREICHBINZ Z ¢ 2ERLT
<.
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5.1 (7 & singly even self-dual [70, 35, 14] code
C % self-dual [n,n/2,d > 4] code.£+5. ZDLx

C' = {(131, s 7$n—2)l(m17 <o 1xn) S Ca Tn-1+ Tn = O}

(& self-dual [n — 2,(n — 2)/2,d > d — 2] code iZ72%. C' % C »bH
subtracting IZ X > TH OGN code & L5 ETIIBIZEEY2 n-1,n
ELTWIEIDRHLAABIDEETCH#EDR.

Crz %> subtracting IZ X > TH L3 code Cry' i self-dual (70, 35, 14]
code 2 {27220, MR HAR Y 3o, FEBIIME Tdh 328, BIEPITREME
DR THENTDZ LR ZDTI I THRRTEL.

Proposition 4 (Dougherty—Harada [11]). & L singly even self-dual
[70, 35, 14] code 3TFTET UL, B X 72 @ extremal doubly even self-dual
[72, 36, 16] code HLTEET 5.

Proof. C % self-dual [70,35,14] code &4 2. ZZ T C,,C;,Cs # Ci- =
CoUC,UCLUCS 725 Cy D coset £ LTERL, ZZTC=CyUC,,
S=CiUC3;. THNHD coset DFTIZDOWTIXERD K 5 REIZEBENE Y
D

-y Co Cl 02 CS
Co | 0O 0 O O
¢, |0 1 1 0
C, O 1 0 1
C3 |0 0 1 1

L7e3 > T (a,b,C;) ={(a,b,z)|lz € C;} £THL&
C* = (0, 0, Co) U (1, 1, Cg) U (1, 0, Cl) U (O, 1, Cg)

IX& & 72 @ self-dual code (2725,
C & % ® shadow S ® weight enumerator &

We = 1+ 11730y + 150535y*® + 1345960y + - - - ,
' Ws = 87584y"® + 7367360y° + 208659360y% + - - -,

27, Table I] TiZR’ & 70 @ self-dual code ® minimum weight DBk D FTEEMIL
12 THHRLEMPNUTVANRINIBFIATIAT 4 OFEE LD B.



E—BWICREDR LB B3 S @ vector @ weight X 3 (mod 4)
THDDTC* X doubly even (2720, & H 2 C* OHEEN S minimum
weight I£ 16 TH D Z LB TND. O

L7=285 T, Crg DTEFE & singly even self-dual [70, 35, 14] code DFFFE
IXRMETH D Z &N hoTet.

& 512 5 —E subtracting 21772 5 & self-dual [68,34,12] code D =
(072,), 7.’7“?%[‘9“6 Eﬁ:ﬁ’\*ﬁ:iﬁ ) 072 0)%’ Weight @ codeword X 5-
design THBZ &0 b, E¥D 4 DOEREZHI-T2HE bR L weight enu-
merator % %> self-dual [68,34,12] code 3% 64 5. D & £ ® shadow
S @ weight enumerator I3

Wp = 1+ 442y'2 + 14960y + 174471y + .. |
We = 20020y + 205609648 + 93300904y + - -+ |

7B, Lo T, b L extremal doubly even self-dual {72, 36, 16] code
MEETHIE d(S) = 14 TH 5 singly even [68,34,12] code bIFET
%4. ©7T® shadow S ® minimum weight d(S) = 14 T¥ % self-dual
68,34,12] code i3 £ weight enumerator #H2Z & ZHERE L TH<
[9].
T, FIXIE LW A,

Problem 4. C % self-dual [68,34,12] code T% ® shadow S > minimum
weight d(S) 1% 14 L{RETS. D& & C 13T Crp 5D subtracting
IZE > THRDLND .

E72 % weight enumerator % H-2%¥ D self-dual 68,34, 12] code DFF
EREICH LN TWBNRA(S) = 14 TH 5 self-dual code DFFEITZT -
TWARW ([18] 2B R).

5.2 (. & singly even self-dual [72, 36, 14] code
v % weight 4 ® vector £ 35 & |

N=(Cprpn@Huf{fut+v|ue (Cr\(CrN (v)"))}

S/ Wo,Ws 2ROEDIT [21] THHA, HEBRIHEV XD, E LW
We, Ws 1T [11] TRDLNTWDS.

We(z,y) = Wes(z,y) THD code 13 formally self-dual & Xi¥h % 23, formally
self-dual even [70, 35, 14] code i [14] ICRVTHEE IR TS, & HIZ T D code EE
® dual code IXEUEIZ 72> TWTERY 72 < self-dual code IEVVEEL EbEXBND.
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I3 singly even self-dual code 12723 . £ & 72 @ singly even self-dual code
W D EAR D minimum weight OFEEMIX 14 TH B Z & & wi(v) =4
THDHIZ DB N @ minimum weight 13 14 &£ 72 5. X 51T v 3% shadow
? vector 1272 %5 M T shadow ? minimum weight 1X 4 TH 5. Li=dl»
T, b L extremal doubly even self-dual [72,36,16] code 2ATEFET NI
d(S) = 4 T¥ % singly even self-dual [72,36,14] code b FEETS. =D
BHEL. |

Theorem 5 (Munemasa—Venkov [23]). H L d(S) = 4 T 5 singly
even self-dual [72,36, 14] code H3FETETHiE extremal doubly even self-
dual (72, 36,16] code HLEET 5.

WMIED & Z 5 singly even self-dual 72,36, 14] code iF—2bEHNT
VW 2u ([18] 23 R).

Problem 5. singly even self-dual [72, 36, 14] code IZ7FET 5 2>

[7] iIZ8V T singly even self-dual [72, 36, 14] code ? weight enumerator
DHEEREZ LN TV ([9] LER) 5.

6 HOMD weight enumerator D2 A 7

% 2 #iT Crp, DiBE ® (Hamming) weight enumerator 1 —& A IZ R
FLLNBRENTNDS. ZITIEEDMDEONDF A 7D weight
enumerator (D—fR{L) IZX LT, ENHEZFARITVEIXMEELHTH
8. 28, TN FN D weight enumerator DEBIZ OV TIXENFND
XEEFSR L T\ iE&E v

weight enumerator D ¥ A 7 CHR
coset weight enumerator Janusz [20] |
2nd higher weight enumerator | Dougherty—Gulliver—Oura [10]
biweight enumerator @ average | Yoshida [32]
biweight enumerator Vardi [30]
split weight enumerator Fields—Pless [12]

3[7) Tt weight enumerator D FAEM: X 3 FEIRITIRE SN TV BTSN DT EE
HH 9] TEZXZHHhTWS. [9] TEX LN TWT [7] IZ#- TV V2V weight enumerator
DI EHERRER D DNEFE TS50 > TRV,

8Vardi [30] ITRHERICE L TV e,
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¥¥1Z biweight enumerator {& ( L7235 T 2nd higher weight enumerator
H) —ERIZREDZLEBHMONTWVWAZ E2EELTEL.

7T ®mEIC

ARER T, & 72 @ extremal doubly even self-dual code 22V T
SETIEGDPoTWNWAEZ L%, EEDODRRP»OTIRH DM, I L. &
BIZ, SHICEFOEANRBNWEZENE TS Z L2 TE/KSE
Xy,

£ X 72 O extremal doubly even self-dual code Cry BFEET 202E S
MITEL SN ERVIRRTIEH I, BEIFHEE S HTIXCrn LEOF
ENEE TS D 5-design & singly even self-dual code (Z2VTHIT L7e.
INOENEFEEEEZRET DDV LTHRICEITIELBE-TWVWD. F
E AT TIIC DHERAEBIVECRBEBEORRERHIC OV TORER
RN L. 2<BRERVS, EEIIL LRSI 72 @ extremal doubly
even self-dual code Cry MBFEET B D THIIE, THIL |Aut(Cr)| = 1
DA TIRRVMNELEESTVA, LELERG, ZOFSIRRENLRT T
O—FRHERNDOT, #RTEZLD, EFEELTT I L LIEFICHEL
X725 LBbh%. B, FlX A% 36 @ Hadamard 751X 36 &
L symmetric design OFEEITHIZ RV FIE (B 21X 29 2 &%
BR) R ETRAVTHEENBRERLTZZLIIH DM, RDVRPRWT 7
n—F T2 &% 5 ThHD. 4EIT doubly even self-dual code DK
EIZOWTILRR B LN RN T DT, ARETHIVIE B OBEITHE
MHLTzv. |

2003 4EIZ, £ & 48 D extremal doubly even self-dual code D4r¥EAS
[16] Iz X - T &z, BHE#E 7 VAW, —ETEARSRCL
ERETOFMEMEZBET LI RGEFETHD. ALEL I ZFET, EV
BRIZEE 72 OBEOYEBTRZ D LITB TRV, Zo X572
SEEEITR D T & TEEMENREINDANS, 2A LT ORBERBRR L
THRLWEBSBE-TWHEZATY.
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