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1 Introduction

FYA B, o— NHER, ARST, oMy LEERERIIDEL
LTRYM-TWBR, EWVICEERERD Y. TORDHENRE L TRIKERD
LOBRKELS HBELEXD, SEIOHETIX. THA v &a— FOBBRPLHTE
7T 5 self-orthogonal designs IZ DWW TE X, #RE LT 2-(21,6,4) design
OHEREEE XD, £, ZOWMBREE—BRIET S ik, HFROZEETH-
FeAr¥k 10 OREFEOFEFEEE L OBEIZ OV THRBRMT 5,

T, BELLTT VAV OEENLIBD D,

Definition 1.1. X ¥ v AOAEEL L. BiZ X © k ROMYLEOET (7
ny s DES), HELLTEED tEORRLII N DT ey ZIZE8END,
ZDEE, D=(X,B) i t-(v,k, \) design &FES,

FYPAL & a— FOBEMRIZBV T, Assmus-Mattson DEHEI B H D, T Z TidEE
LSRRV a— RN HTFHAL 2B T HikE LTERRFETHD, ST,
T— KNBAEREND TV A 20 TKRD L 5 728E& (self-orthogonal) 3 & X 5
nTna,

Definition 1.2. D % t-(v,k,\) design & L. 51,52, ,Sm % block intersection
numbers £ 45, ZNLE, k=S =8 == Sy (mod 2) ZH=FTRLIEE, D
% self-orthogonal design & FES,

self-orthogonal design D& b B2 & U CArEk 2 OFREFME (2-(7,3,1) design)
BET BB, ZDHEA block intersection number it 1 72 ThH ) LEEDOEHEE H
ELTWAZEBERICARD, £LT, OLEICRVMEER B OTFA L ED

1BEIRE LT (1] 2205, E4ERTYA VICHTIRERETHDL D, 2 — FOEH
FEFBFIHTERL,
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TV D 24 B Witt system Wy, (5-(24,8, 1) design) 2035H 2, ZD Wy 165K
15 derived design & point-residual design E&# & 1 22T 3,

3 1: Designs obtained from a 5-(24,8,1) design

Z
o

© 00 J O O b W N -

t-(v, k, A) design
5-(24,8,1) design Was
4-(23,7,1) design Was
4-(23,8,4) design

3—(22, 6, 1) design Waa
3-(22,7,4) design
3-(22,8,12) design
2-(21,5,1) design  PG(2,4)
2-(21,6,4) design
2-(21,7,12) design

2-(21, 8,28) design

ot
o

Was, Waz, Was, PG(?, 4) ({E& 4 @%%QZE) IXENEND/NRT A—FiZ L T—
BIZHET I LiRE<HmbhTn3,

No. 3,5, 6, 8,9, 10 OF ¥ 1 Zx LTI, self-orthogonal DIREXFiTMZ % &
FNENDT YA ANI—BIFET S Z L Tonchev [10] IZE > TRENTWS, L
AL, self-orthogonal DIREZE AT EHE L TINDDOTFA I —BETIIR2V, Hi
% ¥ CRC Handbook [2] DF—#12 X B & No. 9 D 2-(21,7, 12) design iXFE & B
T 108 L LFET A2 LBH BTN S, LA L, No.8 M 2-(21,6,4) design {22
VW TiX CRC Handbook W7 —#ZixA72< &b 1 M (Z#uid self-orthogonal design
RIS LTW3) FEL#H TS, - T, 4 Non self-orthogonal 2-(21,6,4)
design DHRERATZKRE TH B3,

2  2-(21,6,4) design DR

ZDOETIX, 2-(21,6,4) design DHRIEHI DWW TR S, HH L LT resolvable
2-design DERERBFOHRANLIHD B,

Definition 2.1. 7% A D D7 uy s OREOHEDEE: {H,, - H.} T3,

TRVWERELTIODOARG A—ZIIH L TT A UR—BICEED LWV I Ml b, extended Golay
code Gaq . 24 K Mathieu B¢ My, & OBERET LN B,

SHMEOBRICHBA LIRS, WEXKEORBEREENLEVWRETHS,

AT OMBBERT AV ORREE 16+5 2 EX T, 2-(16,6,2) design ¥ subdesign & LTEL
FBEIEDWVTEZDIFIZL > TRV,



D DEBDRBBZEOW—D>D Ty J ZEEND LW HEL b/, (H,,---, H,}
¥ D DFATELEL W),
T¥A v D BETEEZ L OB, D % resolvable 2-design & FES,

BELLT, (§) 2 RO2AEyEEE2EEZRL,. Dxng B ogxrnE
BROBRLIEEEGERTLDLET S,

Proposition 2.2. £3, kD 3 2%{KET 5,
o (P,Q) : 2-(16,6,2) design

e (P,S) : resolvable 2-(16,4,2) design
Hy,--- ,Hy : HTH

e (RS):(J) x4

LT, 2EH ¢ : () - {Hl,---- ,Hio} = {¢(z,9)l{z,%} € ()} wexL T,
S' = {AU{z,y}|A € ¢(z,9), {z,y} € §)} £ +B. ZIZT.X=PUR,B=QUS
LEL, T5&. (X,B) iX 2-(21,6,4) design TH 3,

Proof. ZOMR LY, |X|=21. FEDP BeBIZH LT |B|=6 THBZLNRES
IZf8%, (P,Q) # 2-(16,6,2) design 7=, (P,S) #2-(16,4,2) design & ¥ P DfE
BO2RIGEIE4EOBOT vy 7 It&END, FERC, (R,S) M (x4 &b
ROEED 2 RIIBIIL 4D BOTry ZIZEENSD, KIZ (P,S) (resolvable
2-(16,4, 2) design) OZFFITHRIZXH LT, R @ 2-subsets ® 1 2B8HSE L T35
5. P L RPOZENEN 1 ATORS>TELERD 2 ARbrH> P 4fE@D 5 ¢
BRPLBODTuylilE&END, FoT X DEED2KiXLr > 4ENTay

7 IZBENBDT (X, B) iT 2-(21,6,4) design Th 5, 0
P R
Q 2-(16,6,2) design 0
S | resolvable 2-(16,4,2) design | (3) x 4

ZIT, ZOMBREBICRNT A DT —F 2o T3, 7. 2-(16,6,2)
design (IENORBEZBRVWTIB/EET I Z L BB T3, —7F. resolvable
2-(16,4,2) design X8 Kaski & Ostergard [4] W X-o THERENR TS, £
DFERIT LD L. resolvable 2-(16,4,2) design D RE Z B\ 7= E¥kix 325,062 &
FETHEITHD, REOCKE, ZOBRENLBLNATYAL L i3dbn Lty
3 x 325,062 = 975,186 @5 L HEF LN, BEELZEX T2 L TWA e
BHLBICKBN e, T CITER SETHEFEREAL T 2 8ET 2, £
BRICZOBBRENO/BONITFA v OBREEHET I ORM RV REEL B2 3,
H D —D>EERT—F & LT, resolvable 2-(16, 4, 2) design £&EDHTHI$K 4 DT
7 4 E (2-(16,4,1) design —BHIIFFETE) % subdesign & LTEEARWNWT PA
Vi 5,001 BEFETDL I L 2RIT 5,
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Corollary 2.3. (P,S) #% 2-(16,4,1) design % subdesign & LTEU&CB . (X,B)
% Non self-orthogonal 2-(21,6,4) design THh 3,

Proof. S = AjUA, (disjoint) LB =, (P, A;) % 2-(16,4,1) design £ LT, H,,--- , H;s
EEXDTYA L DFITRET D, $5L. B € H,B' € Hy (i #j) IZRHLT,

IBNB'|=1T&%, ZZT. D # self-orthogonal design TH 2 LIRET 5, T5

. DODREED2HSDTuy /i3 0 it 2 KTRLEIMDL, 1 RTCRbBBR D
2-subsets 2% 5 EFELRTNIER2L2W, LML Rl =5 &V, 1 KTXbB R
? 2-subsets (IF~ 4 B THD, Lo TFEL Y. D X Non self-orthogonal design
ThHb, O

resolvable 2-(16,4,2) design {ZBWTM¥ 4 DT 7 ¢ il % subdesign & LT
BERVTTAS VIZLED 15% BETH B, ZOFTHFA H b self-orthogonal
2-(21,6,4) design D—EMDFIFERS, EBEHITEZEZ TS

3 2-(n*+n+1,n+2,n) designs

ZDETIX, Proposition 2.2 DFF A L OBERO—RLERARDZ, 22Tk, 7
FAVDRBEE N L n+ 1 KRBILEHEEEL T, BEOKGL2 A -TTF
AVDNRFTA—=ELLT2(N?+n+1,n+2,n) design &3, ZOFFAL D
WRIEIIRDOBEY Th 5,

WAL (x)
e (P,Q): 2-(n*,n+2,%) design
. (P, S) : resolvable 2-(n?,7, 1) design
H, © Haa FAT8
e (R,S): (") xn

ZLT, 285 ¢: (") - {Hy, - ,Hl(n?_-{-ﬂ} = {¢(z,y)|{z,y} € ("TH)} L
T, &' ={AU{z,y}|A € #(z,y), {z,y} € (")} ¢¥+B. ZZT. X =PUR,
B=QUS LB, T5L. (X,B)iX2-(n?+n+1,n+2,n) design TH3,

P | R
Q 2-(n?,n +2,%) design 0
S | resolvable 2-(n?,n, ) design | (*}') x n

SEEBA L LT, HHANIZIINIE 4 DHREEED hyper ovals DEA EF -7 b D, Goethals, Seidel
(3] @ Witt system Way O—EMZFIM L-MALIC LS B D, Tonchev [10]) Itk 32— FEIRED
BEEAVELORET RS,



iz, 2-(n?+n+1,n+2,n) design ODFEEHIZHDWVTE~D,

Proposition 3.1. 2-(n?+n+1,n+2,n) design BFET 57256I1E. n=2,4,10 T
»5,

Proof. 2-(n® +n+1,n+2,n) design D72y 7 O¥EE b LT5, THL. b=
ninintl) FEDBMEY .

_n?(n’+n+1)

n+2
_(n+2)*=7(n+20°+19(n+2)> —24(n+2) +12
B n+2
EoT, 1 FEDEETHD, WXIZ. n=2,410 THD, |

D% 2-(n*+n+1,n+2n) design £F5, n=2720biE D X symmetric
2-(7,4,2) design Th s, (M2 DHEFED complementary design)
symmetric 2-design D&MEEZ D> LBHITH A & LTRO LS 2ESH H

Definition 3.2. 2-design @ block intersection numbers 23 2 DDIETEIT & b OFF,
FDF YA % quasi-symmetric design & 5,

Proposition 3.3. n # 2 £43, 2-(n?+n+1,n+2,n) design D B self-orthogonal
72 51F. D X block intersection numbers 3 0 & 2 TH D quasi-symmetric design
TH b,

Proof. D ® 1072y 7 Bzl T, my(B) (m: LBETB) % B & i AT
Thb7uy s OEKE+3, =2 T, Proposition 3.1 & D i self-orthogonal &
Vi IXEK (i=0,2,4,--- ,n) THD, 75L&,

‘Zmz—b_‘l (1)

sz, (r—1)(n+2)=@n2-1)(n+2) (@)
Z(;)mi= (n=1)n+2)(n+1)=(@n*-1)(n+2). (3)
=0

(@) L (3) 9. i>4 R LTm =0 &B5, £oT, (1) &b mg= 2702

2(n+2)
my = (ﬁ%ﬁﬂ%} L7 Y. D IX block intersection numbers 2% 0 & 2 T % quasi-
symmetric design T& %, 0
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# 2: The list of 2-(n? + n + 1,n + 2,n) design

2-(n? +n+1,n+2,n) design self-orthogonal non self-orthogonal
2-(7,4,2) design existence (unique) non-existence
2-(21,6,4) design existence (unique) existence (proposition 2.2)

2-(111,12,10) design non-existence (Sane) ?

ZZT, 2-(n’+n+1,n+2,n) design ® self-orthogonal MLz 2 F1EM
KONWTELDIEI R MR 2 BT 2, 2-(7,4,2) design & 2-(21,6,4) design 2
ONTiT 1 E BRU 2 BT, 2-(111, 12, 10) design 122V T self-orthogonal
Z{RET 5 L Proposition 3.3 £ ¥ quasi-symmetric design & 72325, ZDFHFA
L DEFEREI SV TRD & 5 72 Sane [8] 12 & BRERNH B,

Theorem 3.4. (Sane)
¥ 10 OREFEDILRT VA VBIFET D Z & & quasi-symmetric 2-(111, 12, 10)
design DTFEXFMETH 3,

¥ 10 OFBFEICET 2R E LT, Lam, Mckay, Swiercz and Thiel [5] &
Lam, Swiercz and Thiel [6] (ZLBKRD L 72 2 DOERNH D,

Theorem 3.5. (Lam, Mckay, Swiercz and Thiel)
¥ 10 OREFEIITKRE b2V,

Theorem 3.6. (Lam, Swiercz and Thiel)
3 10 OREFEIIFELRV,

Theorem 3.4 & Theorem 3.5 X Y. quasi-symmetric 2-(111,12,10) design ®3
FENTEHAE NS5, Z D quasi-symmetric 2-(111,12,10) design DIEFFES Theo-
rem 3.5 33 L T* Theorem 3.6 ZEHFTITMILIZERATEZ LN TEBZINE I NV
SBENEBEZONIVYURDO L S IZE LV RIELEX B,

4 EliX, Theorem 3.6 BLUNREREDEEL T 7 1 » FE DFEED BHER: % F
RAUTEER R CERZ L 2HET S, Z I Tk IR LSRRV ROEEE
BRERBEBEZRZLTVS,

Lemma 3.7. D =(X,B) % 2-(111,12,10) design £ 5%, D M self-orthogonal 72
LiE, EED BeBIZXHLT, |[BNY|=0F/kiX2 25X D11 ADHsHE
&Y BEET S,

S8 # & LT Mavron, Shrikhande [7] b%¥ 3, Sane [8] DBXDHE TIL. quasi-symmetric
2-(111,12, 10) design DHFIETEN TV 2L,

TEEITLY) Sane ORREZRL AL TIHEL T\ edP 2 =27V AOREDEARTE
LBoTnA,



BMEL LTI, ZOBELY 7oy s 0BSESITAE 10 07 7 4 FEO dual
DEFEELRTER RNV EAREIN T, Theorem 3.6 ICFETHLVIHDT
H%B,

Non self-orthogonal 2-(111,12,10) design {Z-2V\ T, 2-(100,12,5) design & re-
solvable 2-(100,10,5) design 235 & bFET L. HEHE (x) 12X D Non self-
orthogonal 2-(111, 12, 10) design DFEN T 545, 2-(100,12,5) design & resolv-
able 2-(100, 10, 5) design D &'H b bFEE IIFFFEETHMONLTWRNL S TH D,
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