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D. G. Higman O#EEF « #HiwlZ OV TORYID
HEEZK>T

(On the late work of D. G. Higman on combinatorics
and groups)

JWNFE— (FLREEH)
Eiichi Bannai (Kyushu University)

CORBIIRKECEMAALES (AR - EREARARLEGER) (RRELEHE)
(20094 1 A 6 H-9 B) TORDEE (1 A 9 BH) OFRNHLKTT, BEIIEBTITVEL
7o, MERIIARTFTEEE T, E-HEMAIOHP (BFEAIAT) TITWE LIRS, £
ITREEBEERBIVI VYV U MDOEBELARSRIZTCIFERBLE LK,

ZOWEOBEMITIKRD I HDTLT,

(1) D. G. Higman (1928-2006) 3 & CEDFEIZOWTHENTTEH Z &,

(2) #FiT, 1980 FRUBRDEDOBE (BR) DHEFIZOVWTRENTHII L, OV I
Mol BFRZMIE ST ON? 2RV ITEDEZL,)

(3) BB L 7= FLZEDBEEIT R DfEE (Coherent configurations and Euchdean designs) %
BT sz L,

BEMOFHENERBWETA, D. G. Higman I3HERB I UHEAERICBWTENE
A2 L TWETH, 2006 4 2 A< 7229 ¥ L7, Michigan RETRETLH -7
Robert L. Griess, Jr. BN FIHZ MW >T. D. G. Higman DB EEEDFEHIE % Michigan
Mathematical Journal 2>HHR$ % Z & Z B# L T, Leonard Scott, Cheryl E. Praeger
LEDIADBMb Tt 4B ORHERAIWER LD E L, ZOBNESSIIEE
L7EFERICL S 15 MOFERI L .

The Mathematics of Donald Gordon Higman, by Eiichi Bannai, Robert L. Griess, Jr.,
Cheryl E. Praeger, Leonard Scott

&) biography B X UBRTAERFEEFEDOBANRBOEHR ELEFLRWOLRY E3S

I OBMEERASF2EIT 2009 £ 4 BICEHIRNCE > TWET, -5 T 2009 FEFICIITZOH
EEDOHRERI% L THREINE LBWETOT, 3 L <iX Michigan Math. Journal %
BEEEZRLCWEETE6EBVWET,
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D. G. Higman (Sept 20, 1928-Feb 13, 2006) DRSFE

Ph. D, 1952, University of Illinois (adviser: Reinhold Baer)
McGill University (1952—)

Montana State University (1954—)

University of Michigan (1956—) (Full Professor, 1960-1998)

Visits to Japan: 1966, 1974, 1994, 1997.

VN

& 3

LW Y X M Michigan Journal of Mathematics iZH 53 [1] 28 L TTF &\, Math
Scinet (ZH TV DDA 48 ¥R, THUNDRX, 7V 7V MR EPK 10 mHV £7T, =
NoDTVTY v MREIIFRMONDOFT web RETART DL LIzNEVID
A% Griess DEZTY, (RENICE I TEINIEERELBDRET, L7V v MIE
SHRETELIROLDLIZLAEREROLDETEBLDLDNH D £, EMFIZIR-
T, BRHDbDb N 20d D e BEbnET,)

Mathematical work of D. G. Higman

1950 FEROLFIZEITHBEIZ OV T L RBARIZOVT T,

1960 FFROLBTIIBEAE, ARBEMBENERTIETHY, KOXIZ2LDOFEREELL
HEELBEbhET,

e Geometry of classical groups

(Geometric ABA-groups, Flag transitive subgroups of projective groups )

e Rank 3 permutation groups (1964—)

e Discovery of Higman-Sims simple group of order 4,352,000 = 2° - 3% - 5% . 7- 11 (1968)
e Intersection matrices for finite permutation groups (1967)

(Z T C permutation group of maximal diameter & V5 2% RENOHFZEL TWET
A3, Thidtk T Norman L. Biggs IZ & ¥ distance-transitive graph (group) (BEEEEFIFE 7 5
7) LIRSS —B L TWET,)

1970 FEHEZHEIC, ROBEDOHELLIEED £

e Strongly regular graphs (study of 4-vertex conditions)

e Krein condition qu > 0 (study of generalized polygons)

e coferent configurations and association schemes

e Applications of coferent configurations and association schemes to finite
geometries

(BB DKILFIZ LT 2 2D EEN Higman DENLUEDOEMOMAEDOFRICRY £7,)

72F. Higman-Sims # (7'F 7) 1%, Francois Jaeger {Z £ % Higman-Sims # (75 7)
LOREUEFADOERIZBWCHEICEETHY, Mo — EEHBFEDOHFEN?D
HbRREFENTHET, FLLIIROBXEBSRBLTTSV, ,

F. Jaeger: Strongly regular graphs and spin models for the Kauffman polynomial, Geom.
Dedicata 44 (1992), 23-52.
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Higman-Sims 735 ZIZOWTORERFHa A b

Higman-Sims #¥!3 parameter (v, k, A\, u) = (100,22,0,6) @ strongly regular graph #*##
RTHZECED, TR T7OECHEERELE LT 1968 FOMIL TH L= DITHFM
DEY TY,

SETHEVHMON TV TRRERVERKZRBERIZ, T D parameter £ strongly
regular graph 2% 1956 45 Michigan State University ® Statistics Department @ Dale
M. Mesner @ Ph. D thesis iZBWTEENIZHREIN TV LD ETY, BL&Hbh
TWAEIIZ, TD7Z 71X Witt 3—(22,6,1) T A b, EVz T Mathieu ##
My, 306, B ENE T, Mesner i¥ Witt 3 — (22,6,1) THA DO L HEDTEND
DZ LML, BEST 7OBRICRIILTHET, HELECRBEBCONT
RESRTWERATLE, I LED &, 3-(22,6,1) THFA 1% 2 - (22,6,5) 7V
A TEN, HD2-(22,6,5) THA v EESTEND DS strongly regular graph Z{E-
=& 5 T4, (Z® parameter ##¢-> strongly regular graph X —BHEIXFDERINT
WA DT, Mesner PYE- 72 Z 7% Higman-Sims 75 7 L RAIT$,) Z ® Mesner ®
HAEiZ, ASERB I VBRI IHHEO—HORWBHDMAIL1OEMRIZITH LN
TWied D Z & TFH, D. G. Higman ZAAB LV Griess, Fo b2 THRBEMLOIZ L A
EDOANZRELHMON T2 X 5 TY, (Griess i3 2007 FEKIZKIED e-mail TE
NEFDTH AT EDT TR, #EPLD email oo NRBHEEELLLTLESTSH
PHRNED T L TT, 7272 L Mesner ORI BFERNTIE LT & I1I{A]4 2> DBFFEE 23
BEICHERETT,) ZDZ LT, EHFOFRANLDT YT —a VA — A7 L OWF
T, M BEBEL TV EITEP ST EbE XD LBVET, (R LYREDSE
T Mesner DAEEDOERERME, EEMEZ RIRS ABBE VIV RN I EbEXRLEZXDT
L& %)

INHDTZ EDOF¥MIZ, Michigan Math. J. iZH 24 O [1] 38 & VE D references
BT THAIARXL R EEA2BBLTTEVW, M KliniZX23ZOHIZBELTOFELW/ —
(preprint?) 33V £33, RERDOL > TY, RKDH D FIXMEICEHER VG T DM
RWEBWET,

BEiR versus SR

BPFAFICL > TITIERBICRS LN Z & TTA, HRLHASEROEL DESITKRO L
HRMIGEENRH Y T+, EUNRBEROBES T, AU TIEEEROBSTT,

(transitive) rank 3 perm. group«— strongly regular graph
(with subdegrees 1, k, k(k — 1) «— Moore graph of diameter 2 with valency k)

(transitive) perm. group of maximal diameter—— distance regular graph
(=distance-transitive group (graph)) «— (P-poly. assoc. scheme)

transitive perm. group«— association scheme

(general) perm. group«—— coherent configuration
(Here, general means not necessarily transitive. Also, note that the concept of coherent



configuration was first defined by D. G. Higman around 1970.)
Association Schemes and Coherent Configurations

INHLEMARICIIBR<ALON TSI L THHH. Association Schemes (LAF AS LB
g2) & Coherent Configurations ( LT CC &LBEEE) IZ>WTHEE D,

BGIRARKS X TEALTWD &5, (AIBEITRE LR,

IDLEGIRX x X ITERTHHE, Z0 G D orbits (BE) % Op,... 0y TRDT,
IDEE, Tye X IHLT, (ty) ER S (z,y) €O (i=0,1,...,d) LEHETD L,
(X, {Ri}OS_iSd) X Oo =A= {(ac,:c) ] T c X} D ( TREPLGEH X J:EI@@B#) 8
AS TR, —RDFEIZ CCIIRBLEVIRATHD, EMLREREZRIZEX L I,

AS &£ CC DE&LELME

X ZHMBES. RCXxX(:=0,1,...,d) £ L, ROEHKEE2EXS,

(1) XxX=RyURyU---URjand RRNR; =0, if i # j.

(2) Ry = A(= {(z,z) | z € X}) or (2bis) Ry UR; UR,_;1 = A.

(3) For each ¢ € {0,1,...,d},3 € {0,1,...,d} such that *R; = Ry.

(4) Vi,j,k € {0,1,...,d},|{z € X | (z,2) € Ri,(2,y) € R;}| = const(= pf;), whenever
(:c,y) € Rk-

TDEE, (X, {Ri}oica) 2 (1), (2), (3), (4) AT AS THB LEL, (1), (2bis),
(3),(d) #H=HIECC THBLED, (bbAA AS T CC DIFRIRGFETH D, AS T
homogeneous 72 CC TH 5 L v Ebh 5,)

ETEZEL™ AS, CC OWTHOHESH. BR R, (TS T S BEEITS A, BTAERSN
R

A =< Ao, Al, e ,Ad >C M|x|(C)
% AS DFFiL Bose-Mesner {#. CC DX coherent algebra & FES, VWiiLdh semi-
simple Z2f#iz72 %, D. G. Higman % coherent algebra MD#ER L URBITOVTU L
OPDRILTHELIFRLE, HICEER2DIZ, ROBRILTHA I,
(1) Coheremt Configurations, I, (Geom. Dedicara, 1973),
(2) Coheremt Configurations, II, (Geom. Dedicara, 1975),
(3) Coheremt Algebras, (Lin. Alg. Appl., 1987).

CC DFRI722 T AN AS TH YD, ZFORRH2 L DOMRFH (commutative) 72 AS TH Y,
B2 L OMBFFF (symmetric) 72 AS ThH D, HFRR AS OF THRICHEKE (E
- ER) 75 AM, P-polynomial, Q-polynomial, & %\ X P-and Q- polynomial AS & FF
Eh3d27 5 XCHY, #IZ P-and Q- polynomial AS iZB§ L TiX. Leonard, Bannai-Ito,
Terwilliger 72 ¥ DIHFEDOFHNI B 0V, FIAD Ito-Terwilliger DEFIIHEFNCERELWVD
DTHY., P-and Q- polynomial AS DEAMEHZIBE~AITTORELRHTELZEZDIHD
THBD, £7-. P-and Q- polynomial AS LASMZ b AT#RAR AS & EDHFFERITHOVTNS
WAHBRHERRENTNEZLHERELEL D,

EFNHITETEWNT,

113
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(Proper %) CC TREHDI IV FRFEDISBILDOTHLIN?

WS ZEEXIWVWERS, D. G. Higman OH%H (BRE) OAFXZOMIZEX LS
LDORHBTHo7z, EBEHHEKDZDO TRV E W) OBFOBEAKNER TH S,

Proper 7f Coherent configuration (CC)

UJ‘— (X, {R.'}Qs,;sd) i’proper 7:{: CC &‘3-50 _?.fxbtj RQURIUR,-_l =A —G\ T Z 2 &:
T5, ZnE¥E, i€{0,1,...,r—1}IIHMLT, X;={z€ X |(z,2) € B} £BL, X;
E% fibers LFEL, DL E, X = XoUX U - -UX,_; (disjoint) 23 Y S22, (ZZT
r 1X fibers DEKTH 5,)

% Re (k=0,1,...,d) \&xt LT, 3,j € {0,1,...,7 — 1} such that

RkCX,'XXj.
%4,je{01,...,r =1} IKRLT,
S,‘j=’k€{0,1,...,d}IR}CCX,'XXJ'}'

LEHTD, (TOEE sy =s; BROLD,) “OEE, ie{01,...,r—1} HLT,
(X, {Rr}) (EEL(RhC Xix X)) 28BxDL. THEZ257 R s3—-1 D (T2bb
relations DEEKH s; D) AS 272D, ZZ T, CC (X,{Ri}ocica) P type IIXF4TF
(fl’.fil/ 8ij = Sji fﬁa)fET@gBﬁ;iiﬁﬁ% < )

S0 So1 ***  So,r-1
S11 S1,r-1
Sr-1,r-1

TRbEND, TD& & s;; < min{sy, s} B—ARITEY 32, BE G HE X; ICABIZE
Fﬁ‘?‘é & %&i\ i % G D X,; _k:@ﬁ?ﬁﬁ@ﬁﬁ?ﬁ*%c‘:?é e ‘3\ Sij = (7(,;,71']')6 —65'%_6
hdZ LizER, (AQITEEONRERDT.)

T ZTH 4 (Higman 25) BELEEWVWCC I r BLT & s BWVTHENIWVWEETH
%, (Z#Uid rank 3 permutation groups ¥& X7~ Z LIZHBEL D THAD,) BT, r=2
nD VS,’j <3 0)%’%01&0) types 733‘&%%‘/ Yo

2 2 2 2 3 2 3 3

w[*3] @[*i] of*i] o[*3]
(1) DHFEI1XEE D symmetric design HBXIET 5,
(2) DFAITEE D quasi-symmetric design B3HIET B,
(3) %A1 Higman (2 X V| strongly regular design of the first kind,
(4) DB{AEIX Higman 1T X V., strongly regular design of the second kind,
EREEN S, (1), (2) ITBAL Tk, AEERTH LR EN THRAE, Higman ix (3), (4)
D 2ODHFPRITONWT, #wX
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Strongly regular designs and coherent configurations of type < 3 g ) , (Europ. J. Comb.

9 (1988),411-422),

Strongly regular designs of the second kind (Europ. J. Comb. 16 (1995),479-490)
crnThELmsr, coor |0 )] oBsionTe s L LELRTAES.
LT (X, {Ri}ocica) EZ D type D CC £F5, ZDLE, r=2ThHV, Xo ZROE
B X127 uvl/0RBLEEZET, TOBEd=91ZR2D5DT (d+1)3= 1,000 ED
Pl EVH Y ETH, TNOOMITIIE ORBRFELET

IXO|=TL], |X1]=n2 EBE, S‘t“7ﬂy7®‘b‘4x%§bb\

a1,by T2 oM 71w 7 ® intersection M 238 DY A X%, ay,bp T2RESTL TRy
D2BY DY A XxROLTELLET, TDHFED Higman DFERIT. £TD parameters
pf BEIZh G 6 D0 parameters ny, ng, S, a1, az, 0y BTREREFRD &I T &ITHY
7, Bz, WAWAR parameters B THABKTRITNIZWVITIRWIZ 2 bbb F
T, —H T, T bR EBHEMG 22 TH-7 feasible 72 parameters ZEATETE L
9, —FHTIHI DXL 5 7 feasible parameters 1T FNFRZ < X722 <. $H S parameters 2%
INEWE WD EEE T L, feasible parameters IZREHE E T, BRI, #lxiE
ni<ng, n3 <50 Db & TiX 13 D feasible parameters DFEAR Y, ENHITx LT
BREMIZZED X 5 72 parameters #F> CC DHEEERARD LWVWI RETYT, £/, 5
parameters 23/NE WV E WD REDED Y IT, strongly regular graphs (Xo, R) (D7 7 X
U—) %5z T, strongly regular graphs X; T. X = XoU X, #3 strongly regular design
(of the first kind) IZ72 5 bDERDIT X, HDIVIFRERT X, LWV IEEOMELZ X
TWET, (BEIZE->T. &5 parameters /N EWN W BEOZRMZ T R2THIE
FELRV, TOBETHLRERUISEHEDI DITTITRWNE WD BHRTIX, A +4LBb
NEBHLLNERAN, THUEDOZ LIIEREICELOOLHENTT,)

 OFEOFHRILFRICET L 51T, type [3 3] I272vy L CHE Higman B&IE D,

3
EIZ type 2 Z (272 L TiX, Hobart (Discrete Math., 1991) {2 & ¥ R#RD Z & 235F

HENTWVET,
fthdd Higman DEFEIZDINT

#®3C Rank 5 association schemes and triality (Lin. Alg. Appl, (1995))

T |

(X,{R:} (1=0,1,2,3,4)) 25%#72 rank 5 ® AS T, RyUR;UR,; % X EOFRERIHH
12729 (#-> T AS I¥ imprimitive) Z OFEMERRIZ X % quotient AS 2% of rank 2 (972
1 complete graph) 12723 L DDHEERLTVWET, (WL D0DFRMOLNATVWT,
FNOLERHFBMITBDOE. HB parameters B/NEWNWHLDESZFELE S LW FHET, 5B
ERSBETITENBE T EA,) TORNICHEKRERFOHRNWEMEILZ, UTORRELES
BROICEZTIWNWEWI ZEIIHD ET, :

F'=G - S3 &L TiIEQ LEXABIZERLTWVWA LTS, 1eQ HE21eQ DT OF
EBRETHE, QXT/H THD, Q=4 UNKLUQ T, & Q; iX G Dorbit THH, W
T b rank 3 TEIVTVWT, S5 0 {9,002, 03} £IT3 KRAFREEL L TERIZEV TS
T 5,
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ZORB|MD L X IR FRA rank 5 D AS BRHEKBZRTH B, G D Q ~DERA
3 x *

2% intransitive TH BT L 226 CC BB LN ED type i, 3+ | (xiE—®E) &2

3

D, CC DEHBRZGAHALT, ZORMREMELILDILEI>RTH D,

TDORBADEIZ—RRDOFENRKERDO T LY |

Uniform association schemes

TEREINTWS,

Blr=Gg- St+1 RO ECEBIERAL. Q=0 UQU---U Q(t+1) (disjoint) T& Q;

_t G liﬁﬁ'@%@ rank m —?3)6 2: L/\ E‘: {917Q21"'7Q(t+1)} _L‘.‘: S(t+1) 75‘;*‘1'%%

ELTHBRIEBSIRRTHE LTS, GD O EOERIIFERBTHIDO T, CC MRk

B, ZD CC D type BRARLENELT m O DERENLT p DL F, "uniform

(t,p,m)- association schemes” & FETR, &M type ® CC B LS & DHIRLEHI/R AS %

EZBLEIIEVWIOHETHD, (INHBONTVWARBRIIFRERWEFZA RNV L LR

W, BFERSRE LTIIEAEWVWERS,)

W. H. Haemers-D. G. Higman: Strongly regular graphs with strongly regular decompo-
sition, Lin. Alg. Appl. (1989),

T, strongly regular graph ' 23 2 -2 strongly regular graphs I'; & I'y @ disjoint union
ICROTWBEDIZED X S 2R EE XD, TDL %, T strongly regular designs of

the first kind (3723 % CC of type [ 3 g } ) £721X. quasi-symmetric designs (J724

% CC of type 2 g ) OREHI/2 parameters X RO LD TRITHITRORVWI L %

AL, BCBLNTND CCILETIRREFMT S,

ftho> Higman ORFERDOWILE LTIE, SHRBRELED 70 FOLSORERE (B 14 |
REHOSTIRMER (1997)) 43-48 R—TVITHHMIXTH 5 A8,

Some highly symmetric chamber system,

THhY. Zhit buildings  AS HDWI CC DIAFENLEMLEIIEWVWIRALEZLD
TH5H9,

WFhicE X, D. G. Higman OEPOLEIE, HAV examples IZEBR LT, £ORE
Z/ANH{k L T, feasible parameters #HRE L7V, £ 5 examples D characterizations
ERALDEIAKEEEH D LEBDLNS, (ZNIIERMLENELT, BROBHREE - AEE
ROAESRICEXDZ b LARVERD,) BHMOLFTHLT, BONTVDEH
BiIZFRMM LN DL ABLEVN, HIZFOZ LRI NAMLLOHENFRHE LTHEHE
WEWNWSZEICLRBLERS, (L0 HON->TWVWAHIBERENEL L " OEXEHTHD.
FRICFEREXLES LWVIBKARERBLD,) REFBEOKY BFE) OLFICH
LTiE. WEETHEVELIIZHOR ST b holedd, O fudrofaZ &M
fAIDNTONWT, SED LIZTEBRTEERI, boE%EDHIT D. G. Higman O¥F
WCHOWTHRKEES-THL L X5 B 5, Michigan J. Math. DBIEFREEENEDE o»n
FIZ22 B Z ENHENE. SR LA,

Euclidean designs & coherent configurations
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FARERPIEF & #£[F ¢, Euclidean t-designs 22V C DHFFE 2 B YD T¥ 7, Euclidean
t-design & spherical design D—#{ETHY, O L 2DERIZ, =—27V v FEH R" O
HHTEHREES T, TOEBEOEAKRE t DF— AV FBIMEEOERERDOERIZLY
RERBLDOEE D, (HAEIRTO Euclidean t-design DA D ERALIZ Neumaier-Seidel
(1988) IZ X B, BUARENTIZISIT B cubature formula DS E bR L, MHARITRITS
rotatable design DS & LTV 3,)

%1
&, X % type g DCCEL., X=X, UX, &35, (MO, 8 G M Xy, X,

ICENENREIZ»Orank S IZEALTWA LT3, G0 X, LOBMBEEEZ ™ & T5
&,

g =1 +Xx+ ¢,

m=1+x+9, (¥ #¢)

tEbLbEND, TOLE, X=X, UX; ERI"™ X OFERICHLOHD 2 OORLEKEE
WCBRICHEDIAENDS, TD X = XoUX,; % Euclid t-design & LTRE S & W5 DR
R4 DIAFTH D,

e Euclidean t-designs (ZBJ L T tight t-design PSRN ERBIN TV B,

o HB&MDYH LTI, Euclidean t-design 28 CC OBEEXFFOZ L bH LN TWD, (B¢
L < iX Bannai-Bannai D¥EFF DK [2]) 2BR,)

e Spherical t-designs DHFFEIT AS DHEICEE ThH 7D L [FAHRIC, Euclidean t-designs
DIFFEIZ CC BHEFICEEICRD LWVI DN, RABERLIEVWI LTHS,

%l

X %2 R ORK[RUTHLOH S 2 DORLERE TO tight 4-design &35, ENEFILOKME
LiTHD X OROEEVE Xo, X; £T5E, X =XUX, IZCCIT2Y ., £D type i,
[3§]§tm 22| puThrThs I LB RENS, TOEIIELT, HBHED
Euclidean t-design {Z CC & % Z & Ak, #Hiz HDFED CC i Euclidean t-design
DIPFP LR TE D, THOHIXEKANRT & OBREETHIOXFRHAETH D, FELIFX
Bannai-Bannai OEFEHFORI 2] £8M,) R4 B IOFAOHAELZ EIED W LEH
ATW%, EDORIZ, D. G. Higman OFEBFHF LWVEEKREZR > T 2D TIIRWES S
N2 LDYMFEENTNS,
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