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1 EL®HIC

ZORERITHEREEMAEES (R - REWHEAER - HRERZEREOWH
72) (IRFE LATE) (2016 &£ 12 A 5 H-8 H) TOH (12 A 5 H, FREHH KEH)
DFLFKTT,

DEUABRTYYI—Ya v Ax—LOEBEMBICHBRERF>THIRLTE X
Uk, ZOMEEHTIX, conferece graph [4, §10.2) AHH{ELNETY YT —Ya v A
F—LEIFA2EERMTV VT~ a Vv AF— L%z ERIZIKZ S, half-case 7V
VL=V aVAF =L = {Ag = I, A, A} oDV TEEEF, (A TORRKE
% half-case 7Y YT —Ya vV AF—L L WD BEIXE> TV EHAMD, conference
matrix NH/OLNBETY VI —Ya v AX—A L IIEERIZFEUEHDTTY, ) half-case
7YY L= 3 v AF— Al conference matrix & #BEAEBIH YD £, half-case
FYVIL—YayAF—A ST U, Elp Ok K EOBSERR KS I3 LHEMTA
WZEE, pWNSDABZEED XLV BRELDTYE, pASOMEEEY
XLRVAEDL, KSIZSEANEK Klz) OBARE K(z])/(2%) L ABIZ2) 3. ([7,
Theorem 10 and Theorem 12]) U7z43> T, 7 € K(z]/(2®) (ZHIHY & BHERKLD T
A — A ITEBUTOEET, Bfip TD A, — A; Drank % rank,(A4; — Ay) LFE,
Ay — Ay D p-rank & KT E T, rank,(A4; — 4;) ZHWT, K kS OEEMBEDER
K fRE 52 EF, il LT, 823 & 29 TIXFE UAIETH i rank, (4, — A2)
IE—ETHEMN, M2 L2TIE—ETHY FHA, ZOHREZETIRETNLDE,
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THEDLL, BEp N SOMBEH LD E1REIEFI VYIS & ¥ rank,(4; — A;) B—RE
IZRBEVD ZEIZDWTHHMBAL £9, £/, prank EIEEEMBEOREE DRI
HUT, Al — A ZFHOWDHEHIZOWTHMEHU ET,

2h0RNEEXE Y, §2 T, conference matrix # EHE L. TDHY A X¥ prank
DBfR%2 5 X £9, F/-. conference matrix & half-case 7V YT —Y 3 VY AF— A
D% EHRT B 720IZ, conference matrix Z EFULT 2 E VD BIEEZEAL LT,
§3 Tk, TYYIT—YavAF—AL%ERKL. conference matrix "H7 Y YT —Y 3
VAFR—LEELBELZHAL £9, TOE, TOHEIEL prank DBIFREX, half-case
TIVVL—YaVAXF—LOEEMFELEZEZ 9, §3 TR, REMICAMRT YV
I—VaVAF—L2EKHTE2DICprank (TFFEBLUEY, UL, prank Z3T
BEBTERWT VY I -V aVAF—AELEFEL TS 2O, FIOBE»HHAN
SZRHENRHY FT, §4 T, halfcase 7Y VI —Y 3 YV AF— LN LEHINDE
BREEEZEY, £/2. TOB/NE#EX weight distribution & 2, £/, V<D
NOFIREBROFERZFHAL £,

ZOHREETHILTEERL £Y, [ CTHRETH. J T2EDH 1 THETS
OTEFMEHRLET, /2. THAIMIZNUT, ‘M TMOEBTFHIERLET,
plIFEHERL, BlpDEETF, L hEEY, FHBEEZ EOTHIMIZRHL. M
D p-rank % M D F, L TD rank TEFEL. rank,(M) &<, .

2 Conference matrices and their p-ranks

ZDETIX, conference matrix % E&HKL, W O2PDHEHE%E 525,
m x m {75 C 2351 X m D conference matriz TH D L%, C PIRDERM: % 7=
FTEEIIWD:

(1) C OB H0, TOMDBEIIE1 E721E -1
(2) tfcC=(m-1)I

conference matrix C 1& C'C' = (m — 1) B~ L TWT, ZhbDMEIFZND
POTRF % -1 LUTEHEAEZND, TD/AD, conference matrix C & C' I U,
C' = DCD' &7 ¢ A1T5 T, ARG {1,-1} TH2B1T5I D & D PFHET
B CLCRAETHELND, CLOVRAMETHDLE, ERORELpIZ
X U T rank,(C) & rank,(C") i35 L < %%, conference matrix DHEE (X [12, §18] &
2, §52] IZELNT VB, '

Yo X m O conference matrix WEET DR L, midk 1l FAIIMBBTH 5, (]2,
§52]) AR Tldk. BHAZAIAZIRLS 201, C BN 6 A X3 m > 40 conference
matrix R Z LT D, TD2D, mIXEIEETH X5, conference matrix C *
'C=C(FRIFIC=-C) 2WdLE N (X EXNH) &I, conference
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matrix Cl&. m =2 (mod 4) TH 5 & IHFF conference matrix & FAEIZZY, m =0
(mod 4) T#H B & X EXFF conference matrix & FMEIZR S Z LIRS M D, X
T. conference matrix DV DPDOWEIZDOWTEZ D,

8 2.1. ptm— 172 5IE, rank,(C) =m. p|m— 125 rank,(C) £ m/2,
2. plm—1and p*tm— 145X rank,(C) =m/2

combinatorial design IZX UTH, [§l ICEWTEAMREPB/LNT VS,

conference matrix @ p-rank IFE B p Bp | m -1 & p?*tm -1 2T L E, o
AmDAZE>THRES, UL, PP | m—-1D&E —BIZIEmIZH LT prank
E—ETIERY, D& D KHl% Remark 3.6 TR,

1 £k £ miZxU. conference matrix C = (ciy) WMERD L # kT = 1
Coog = (1) 2L LTVWD L &, E CERIEINTWSB LS, conference
matrix C £ 1 £ kS m iz U, HFRPEXNFRZR conference matrixC' TH->T, kT
EFEINTWDEDP L1 DFLET D, ZDC' 2 ETOCHDEREEND,

3 Half-case association schemes and p-ranks

ZDETIX, 7YVVT—VavAF—L%2EHET D, RIZ. conference matrix &
TIVYVL—Ya v AXF—LDEREEZXS, TDHE. conference matrix NHH{ LN
57VYI—Ya v AF—LhOBEREDITO prank ##lN5, /2. prank &F
WRFDBEURIZOWT L BB,

E&E 3.1. n ROIEFFTHTH>T, KoH30,1 DIFFIDESE {Ay,..., A BT %
Wi/~ d ¥ F7YII—avRAF¥—L (association scheme) THd LW D,

(1) Sl A= J. 7L JEEE8 1 D575

(2) Ao= L. 772U I BBATHI

(3) ERD i IIHUT, A IFEGIIELTWVD

(4) FERD 4, §, kU T, Ay = Spio ol Ar i3I EBE pl, BEET S

TYVVI—YaVvAF—h{A,... A} PMEBD i IZHUTA = A 2T &
E WHTHD LD, Fz, EROFIIKRNSIEARE P, 2BV,

K& S={Ay..., A} 27V YTV aVAF—LLTDB, /2, Sil&o
TEOLND K EDEM%E KS £ BL, ZDE X KS IZLTHRE M, (K) DR
BUZBR->TWT, Iz SO K EOBEREE WS,

F/, KM% niRud K LORBERE TS, 2O E, KMIZKSDENLD
ERZTPIOBTERTD L. KMiZA KSMEHZARS, ik SO K EOZEN
B,
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K% niRT K X7 MVERETE, 20X KM3A»LDORBIZEL>T, A
KShitr 52, ZOFEREZEOMBEKS %2 K £ SOBFEMEEL VD, REMBEN
LB/LND KSDRE%E K ESORERRE VD,

S={A;|i=0,...00 §={Al|i=0, .. 0} 2TYYI—YaVRF—LE
T5, £/, SL S DORXBEETNTNDE, P8, ZDLE SLSDL=1
WU, XOIZBHRTHI P L {0,1,...,4 FOBHRPFEL, EEDIINU
TP IAP = Ay BEDSIOLE, S S IRANTHEEN S, F S &SN
L =0 %L, X5I2{0,1,...,£) LOEB BEFEEL., ERD 6,5,k ITHLT
Pl = Py BB LD L ¥, S S ERBMIKARTHZ LD,

7YY L— 3y AF—LA S H conference graph (4, §10.2] IZHHEL TS, H
0L, |G| =3 THBIERMTY VT -V a vV AF—LDE X, half-case TH D
WS, S A half-case THDZ LIk, IROME32 DIAFIZHEIRXXEEEDZ
LLEMETHD I EIZFERT S, halfcase 7V ¥ T —¥ 3 v A% — Al conference
matrix £ ¥RD & 5 REGR»H 5,

wRE 32. 1 S kS mEMATEEEETS, C'I3ETOCOERLET S,
A= (ay) 2 CDEITHE KHEHEBMYVRNTHELNDTIIE TS, ZDLE,
{AO = (6i,j)'ija Al = (517aij)ij7 A2 = (5_1,%1 )ij} liﬁl‘.ﬁn =m-1D half—case 7 vy
I—YavAF—ALITBRDB,
ZDEIZUTELNAZTY YV T—Ya VY AF—AIFROEX B2 > T 5,

e n=0 (mod 4) D& ¥,

2
Al = 1 Al 4 A27
n—1 n—3 n—3
A1Ap = A4, = 5 Ao 1 A+ ) As,
s _ n+l n—3
A, = 1 A+ 1 Ay
en=2 (mod4) D& ¥
s  n—1 n—>5 n—1
A} = 5 Ag + 1 A+ 2 Ay,
Mdy= oty = DA+ R,
s _ n—1 n—1 n—=9
A, = 5 Ao+ 1 A+ 1 Ay

EEDIZLTHELNSD half-case TYVI—Ya vV AxF—L%2CEEDEBELN
BPYYI—vavRF—LEW, AS(C k) kMK, TYYI—Ya Y AF—A
AS(C, k) & AS(C, K) 38 L b BT AV, REEICIEARIC S S,

WDFENET, half-case 7V YT — 3 v AF— A5 conference matrix AR T
B LIFBBIIHND, V
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SR 3.3. AS(C k) = {4, A, A} 28K, ptn& T B, ZDL X, rank,(4;—A4y) =
n—1&R8Y, ~ETH3, TDAD, rank,(A4; — A) TV Y T—YavAFx—LA
D FEITIRFEZ IR,

X T, conference matrix C M prank & 7Y YT —>3a Y AFx—Ah AS(C k) IZD
WTEZ 5,

HRE34. B2C = (cj) DifTEHE jHIHEZRMYBRNTHELNDTIETSD, p|m
4%, 2D X, rank,(B) =rank,(C) £ &%, £<IZ. AS(C,k) = {Ao, A1, Az}
&£§ 3L, rank,(A; — Az) = rank,(C) B LD,

W34k, UFTOEE2EBS,

B 3.5. AS(C,i) = {Ao, A1, A2}, AS(C,j) = {4}, A}, Ay} £ B, ZDEE,
rank,(A; — Az) = rank, (A} — Ay) DY LD,

21 &Y. m—1ThHYEPNENEDNIG U T, conference matrix ? p-rank
BEREDZNE D WD, —H, m—1% p?? BEYYBHE. ALY XD
conference matrix ThH->TH, BARS prank%H DI L 2H5H, UL»»U. FAU con-
ference matrix P HB/OLNZTY VI —a VAF—AIIR U TIX, pranks i&—E
Thd,

EE 3.6. 6] IXHIME2BDTYV VIV a VY AF—AD4FEENS IFHIZDOW
T, A;— Ay D 5rank ZLTEEBEOTWS, ULAP->T, THHIZHIET 5 conference
matrix X2 TERD Z LW 0h 5, BERKIZ, ME2TOT7YYL—YavAXF—AD
5FBE L 6FBBIZOWTIX, 5T D conference matrice IZER > T\ 5,

[1, §4.1] & [5, Corollary 4.4] IZEHWT, cyclotomic 7V ¥ L—YaVAF—Ah¥
Paley 7’5 7259 % p-rank DGR SNTW B,

Zhinh, prank L EHERBOBKREFAT S, rank,(A; —Ax) 2EZXDHI LT,
BFHERBIZ A TE B, '

S = {Ag, Ay, Ao} BAIEIn D half-case TV VY L—Ya vV AF—LE T3, K 2K
pDERE TS, p|niRETS, TD&E, EXUDIT. 7, Theorem 10 and Theorem
12] & V. KS= Kl2]/(z®) B9 15, K LT A — A 127 € Kla]/(c%) 12153
TTHb, 2T, 3DEITERNRELDH S,

01

Mgzw@) MfTH(OO

010
), M;:Z— |0 0 1
000
%é;ﬁﬁ%& m; (Z = 1,2,3) L:J:OT\ A1 - Ag 7)§m1M1 @mgMz @maMg ‘:jﬂ'm
TBHILIEAMB, £ rank,(A; — A)?) = 1 THBDT, my = 1HB5b0B, X
5z,
ranky(A; — As) =ma +2
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THDIDT, m+2me+3mg=n&Y, m; =n—2my—3 =n—2rank,(4; — Az)+1
BELNE, ULEMRoT, A — Ay D prank (2L > T, EBEREOREREIXZELIC
HREL, TOHERKY LD,

56 o = ado + b(A; — Ag) + c(A; — A)? € KS I

5 a b ¢

a

ml(a>€}3m2<0 a)@ 0 a b
0 0 a

X G U, rank(a) & rank,(A; — Az) DATRE S, EDLD, RLADFER TR
rank,(A; — Ag) 8FEZB7ZIITHHITHE L E XD, [11] TIE. Peeters 2MHD T
T prank 2RO TV /A, H4 DFEFR Tl rank, (A1 — Az) TEVY,

4 Linear codes of half-case association schemes

skew-Hadamard design DBIRITHID A I AEHERZFTHIOY 1 ATHRES 9], L
LMo T, 0D prank X 75OV A XDMZE>THRED, TDAD, THEERK
TFUZE DI — RBMFEINTWD, FIZIEX [10] BH B,

X T, BIDETIE half-case 7V ¥ T—¥ 3 ¥ A% — L DEEMEI p-rank 2L ED
BREFO TR W2/, TDD, TDETIX, prank KDVEELD
EREBD-ODILBEREE2E X5, R, FEDOHB/NEM & weight distribution %
FARBDZET, W ONDBEILBWT, prank TEREHTELRWTY Y L—Y 3
VAF—LEREHPTED I LERTY,

F2BEBpDHE LT SE, Fr OEFERV 2 KX nd (linear) code £\ND, Hil, V
DRTLEkETD, NI Moo= (vy,...,v,) € FPIZHUT, wt(v) = |{¢ | v # 0}
FvDNIVToxA bewvd, £/, d=min{wt(v) |0#v e V}IZV OR/NER
B2\ 3, 0= [{veV | wi(v) = i} EEBAEDORY M (g an, ..., a0) 1BV
D weight distribution £\ >, 72, (n,k,d) ERHFV DRI A= LD,

B MITNU, MDETTRONDHESE M DFFT LD, half-case 7Y ¥ T—
VAVAF—LITHU, A - A, OFFSOBNEBED ERIZT SIS0 B,

R 4.1. F 288 p OFEREL T D, {Ao, A1, As} ZAIE n D half-case 7V ¥ T—
VAVAF—LY U, VEFEDA - ADRSLTS, p|lnkdd, ZD&E,
V OBUNEEE (n +1)/2 AT L B3,

27

half-case 7YY LZ—Ya VAF—LADFRFHIIH LT, HFHVRVWERII/LNT

VRV, WL ODRDFIEETD, 6] BTV IV a Y AF—ADHHL,
SHED DI GAP3] D GUAVA /Sy r— V& Fu 7z,

Bl 4.2 (Ri#4 25, p = 5). AiEL25 1L, [6] ICHD 4 BEPSL 11 BFHETOT YV
I—¥ 3V AFx—Ahldhalf-case TH D, A — Ay D F5 EOFFSDINT A —ZIZIRD
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BYTHD :

(n, k,d) = (25,12, 7), (25,11,7), (25,9,13).
NIA—=REIEH XD Y A — Ay D prank IZFELWI 2 &, (n,k,d) = (25,9,13) B
MEALIZBIBLEBEZHE L THND I IIERT L, TR EENRVDS, weight
distributions Iz £ TEZ > T\ 7z,

Bl 4.3 (R1# 27, p = 3). A 27ITH U, [6]ICH D 5 BFBEHNL IR FEEHEFTHOT VY
T—vs v AF¥—Ahldhalf-case ThH D, A1 — Ay D F EOFEDINT A—RIZRD
BYTHD :
(n,k,d) = (27,8,14), (27,10,5), (27,10,6), (27,12,5), (27,12,6),
(27,12,8), (27,14,5), (27,14,6), (27,14,8).

ZHEDW L DMIEE U weight distribution 2> TWwWd, XX 11 FBE 13%F
BEXEUTH B,

S Xk
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