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AFREELEIES AOVANALREFOIFICHEL THESN TE A 1973 FICHR &
7z Huges-Piper O ¥ % "Projective Planes” [26] DRI E & IZ LT OBRRABIF A BALE &
NeDIiT 1950 FETH 3. FBEARZOFEDZ & 241 b 7= 1980 EIZH LR EE@H
B8] ICH D LI RFETREICROPoTWERMTHSD. ZORTITEDK 20 EEMD = D5 EF
DHRDOEBERMBR L RoTVAIMBIZOWTEDMD L ZARR LV, EMEITFTERH
& DR~ B ASBMIC OV TIE [7][15][26][27) 2 BRR S v,

ABRRETEDER JKEP L PORIRENE L XKROEUE2HATLE 7= (P,L) 2%
F Y& (projective plane) L\ 5. (L D% « OEREFES)

(i) R222R2ECERIIE—DTHS.
(i) R222EBRORDVIILE—KTHSB.
(i) 4 A (=D 3 RbRA—ERLIZRV 4 R) BEET 3.

P A HBRAD L &1t 7w = (P,L) 3 (n? +n+1,n+ 1, 1)-RBF 94 > ([36]) 22 LHE
FiZb»3. +2bb, IP|=|L|=n2+n+1 THVERZBEV LI n+ 1 ERBEFEELE
ERIIHLIEn+1 RAy, RRI2R/EZBIERIEL1OTHD. n 2RELHE » O
(order) &5,

B1 HMREGF(q) LD 3KRT~Z PAEMV(3,q) ® 1 RERYZEMOLEE P & L, 2K
TMHZEMOLEE L L. ST 2RITBHEM FTh2Etr 1 KTHAEMEko%
BLA—T3. ZoLx |P=|Ll=¢*+q+1 T, (P,L) iM% q ONETEEE 2 5. (P,L)
RFFA I REE ITNT, £ PG(2,q) TET.

T4 THEDER R"EE Py & Py DEIREDH DK Ly HROFGEER T L & mo = (Po, Lo)
%7 7 4 @& (affine plane) £ 5. (Lo D% mp DEM EFER)

(i) B3 2K280ERILIE—2THS.
(i) BR LA PELIZXMLTP 2@Y L LXDOLRVERNIIE—DFETS.
(iii) 3 A (=R—ERLIZ2V3IR) BFETS.

P RERKESD L &I 1g = (Po,Lo) 25 2-(n2,n,1)-THFA U ERBIENERICONS. T
bb, [Pl =n?, |Lo|=n+n THOFAEZH LI Y n+]1 ERREY, FERILE O & n A
8%, BRD2REEIERICEL1OTHD. n 27 7 4 ¥l ng DAL (order) V.

T4 HEDEM g LMW g=L EiTgNl =@ DL & g L L BFITTHDEVWEE gfL T
KT ) IFMEBMR TH A I L BERIIHND. ZOREBMRICE VT 74 L EEDOEBES L
it n+1l BOFITEC,, -, Cpy1 FBIEND: Lo =C1U---UCpy1, |Ci| =+ =|Cps1| =n.
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2 Po={(z,y) | z,ye K=GF(q)}, Lo={y=az+b|a,be K}U{z=c|ceK} ¢&&
< & (P, o) 33k q D7 7 4V HEERD. ZDR/AESE 4« DETRITBE X 1R CEROLEH
b5,

¥ n OREXE 7= (P,L) ITBWT, TOERLeEP LEDLIZHD n+1 RETRTH
DW= EEZEZXBLEAN n+1 A, ERB—2OMBY n?2 AL n?2 +n BRI LR A5 HEHN
TED., ZhMiBn D7 74 EEERDIEBBERBITONS. BN En DT 74>
TEAEZOND L FIZR_- L S ICERESIT n+ 1 HOETRICHB XN DM, Zhizxs
LTHEZR n4+1 REEXTR—FTRICIIR—RZEBMTE LW HFETEERI 1 ATOB
ML, 3HRIDn+1 ALORIEREFILER (=L  EREER) L LTEMTHZ L
XV n OREEELHEE TE S ([26) BR). LEB->THETLEEREEXDZZLLT 74V
FHEEEZXDZ EORICIIEENLZIT RV,

Bl 2 (IR R_ET 7 4 EENOBONBREFHEIT PG(2,q) L —ETHZLBHNBNOTT
D77 4 ERGLT YA SERTERIEND.

1. ARSEEEOMKIZONT

BRHEFEO P LHRBEO— MK n KBTI bOTHS. H<POLROTFEFES TR
DHROERE L TELBMLONTVS.

FE1: HRFHEFEOERFTH) ARNELEOMBIRE~ETHS.

Veblen-Young DERIC L AVITHEZMIL 3 RITU L THIIEHEER PG(m,q) IC—&T 5.
(718 1 EBMB) LAl m=2 DL EITIX PG(2,q) TRWVWIINKBRICEKIZFETS. Thb
137 YA 7 EiE (non-desarguesian plane) & KiEN I DFEENTFHE 1 O K 5 2 S ROERN
D—2FELERBFERER->TWD. TRIFETFTILVIFEIZEDL IR bDORHDNE VD
EEEHDOLDITKRO A BERICAEIND.

BHMOETFTHILTET SETIRAOLNTVRIRTVAL I FEIIKRDZ A FIZHnBEShb.

(P1) ternary ring IZ& 5 b ([26] 55 5 EBR) : HFREOEH E1iXEOKRYVIEL
(P2) spread IZX 3 b ([38] BR) : HRE LD~ A ZEFHOFIA

(P3) derivation IZ & % & ([26]) % 10 EBR) : BRO—MOLR

(P4) LROMAEIZLS b,

TN EhOXMESR I,

ARFNETEOEFATFRICEL TALA TV —RHERIIRTHD.

The Bruck-Ryser OFEE ([7][26]) BR¥ n 234 2L L T1 22 T2 o0BEOFHIC
FEXNARFIME n OREFEITIFEELRV.

T OEBEN LM 6,14,21,22 OREFEOHEFENELICLA?S. LAL10,12,15,18,20 72
FizonTii10=1+32, 18=32+32 X ®12=20=0, 15 = 3 (mod 4) & ¥ LOEREIIHE
HAT&ER. '

EENHEE L TWAWARRE LR CHERIOLOREVE =100t & THo. Lh
LEtEROZEL a— FERRBOKSAIZL VY DI OBADOHEFENKRICI VA S L.

o (C.W.H Lam, L. Thiel and S. Swiercz, 1989 [34]) fI$ 10 DHREFEIIFE L2V .
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A3 10 ORFELEOFEFFERREIND L EIELATRANRBITILETHD LV Z L
BODNIERERE Do LW ERDHE. TOLIXRORDLSZDIIBELL HEBOR
BOLRBEENRTFERADZ L THoENLELEX D, - THEBEY AV RWVIEFEEDIEHOR
HNBETHEEAFROMRDO—DODRTF v 7L LTEENSLEFLELS.

HIZOREEHIITSETIIBEINTEARAELEIITRTHERESHERELDO~S b

ZEZMEFALELDOTHS. o TEDMNBIILRHICRERELERD. ZOZENLEXRTHE
DRI H5 LTV ZRVDTIIRONEWVWI BRLADERELH S, 1972 412 R.H. Bruck i
ROFEETr.
e Bruck OF#8 .
WY RRYEARE ¢ TN LTHBRHNEZM PGB,q) 1T ¢+ +¢*> RE @ EREEMTS L
IZEVAIEK q(g+ 1) OREFEICHETES. KL, HLBEORE PG(3,q) PARLEROFHEELE
FRIREENTHB LTS,

LOBE q=3 DL FIIEA 12 &2 Y Bruck-Ryser OEBEN L IIFENREBICITETE
ROWBBIEHEHZOTREEZ bR BRIZL 0 EFEENREINE.

o (M. Hall, Jr. and R. Roth, 1984 [16]) ¢ =3 ® & ¥ i Bruck OFMLE L < R,

 REYE (FRRT 74 0FHE) 7= (P,L) PECAMEIIREKE P 26 P ~ORKEHTE
NHEROEKES L ORBEFIEEITHORV). HELE (FRT 74 ¥@m) OBERE
iX eollineation & HLFRIEN 5. HELED collineation 0 BHZR P € P 2FHTXTHHE
REBEL, HIER g LOTRTOREXBEETHLE 01X P 2P (center) L L g %
84 (azis) &£ 3% (P,g)-perspectivity THD &V 5. T P € g 726 (P,g)-elation, P ¢ g 2
& (P, g)-homology £ PFEFA TRERIT2. NEYME (£72137 7 4 i) m @ collineation D&
Aut(r) IXBEL 2D EDOWYBEE 7 D collineation BL V5. REZ TIIMRINTVEELD
KT EIX perspectivity # & A TV 3. % 7= perspectivity X887 collineation TH DI H A
b 57 collineation HEEX ZRICEETH DA, TOHRAD—DIIKREHS.

o (R. Baer [7][26]) o # 1 2fI¥ n OHEFE®D collineation T o2 =1 LT3 LERDOWThn
NEZS.
(i) c PAERDNLHEL P, BEEEROLEL L, LT5LE (P,L)) 3K vn OHETLE
(=Baer subplane) L 725%.
(i) o X perspectivity TH 5.

COEBRIY 0 REFFTRINE Q) KINEZIDZ Li222d. $ARNEYE T
2OHCRRIIED TEL PEEREFHOLWVIURICERTETHS.

NELEN "HIHBEKAEXV collineation HE H2” LWHIRBDOL L TIRERFRDOEL &IZ
I3+ RRNAHD. CNICBETARRIZOVTRRS.

i 12 ONEFE .

o (Janko-T. van Trung 1982 [28]) ¥ 12 DREFE « RHFET D & ERMBRY L.
(i) Aut(n) 2 Z3 x Z3 and
(i) Aut() X {2,3}-group T Aut(r) 2 Sym(3) TH 3.

o (K. Horvatic-Baldasar, E. Kramer and I. Matulic-Bedenic1987 [24]) fr¥ 12 DR ¥@ «
DBFETSB L& |Aut(r) =22, 3° (0<a<4, 0<b<2) BRYIULD.
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¥ 15 DS EFEE
A3 15 OFREFBIZOWTIREKROERENRSH 5.

C Ho [21]) fI¥k 15 ONEFE » BFEET D L & |Aut(r)| X 28,2333,2.5,23 - 3 7T E1X
7T DRETHB.

?ﬁ7k%ﬁ?6%%kowfrwcHoo%%kﬂmﬁrﬁw%%m&orbmfwwi
CEESNE.

O(Xﬁ%@mmwm)&#maﬁ%mﬁnﬁﬁ&faagqumm@nﬁmnﬁo.’

¥ p (FY) OHFEFE

L LABHELEICET2EARATERE LW LIZFRRNEFLEICMLLDOEKRTHRE LD
N7 MNZEEBEFRL TV AAEESE. bLED THD EThiE, BIIBREBEMOIETY
AT EEOBRER R OB IERE RV L RBRICANE. O ENLATER
OFRBIZIBRTHD.

FR2: REMNBEOFEFERITINV/EFETHD.
IHICERT ORRERBATS.

e n=11

o (I. Matulic-Bedenic [43][44][45) ) ROV % A3 (¥ 11 UDE‘T%:}ZEHT‘B‘/bﬁ:IZET
Ho

(i) order 5 ® homology % & 2. (FHEHDHER)

(ii) f2%% 2 @ collineation % &¢e.

o (C. Ho and G. E. Moorhouse [23])) KROWFhr & Hiz ¥k 11 OREFEIZT Y7 F@m
THD: ;

(i) 4 k3B % collineation B IZ & Lo,

(ii) order 5 ® homology Z HD .

(iii) BEERESH 3 AT Th DAL 5 D collineation % HD.

o (K. Horvatic-Baldasar, K. Kramer and I. Matulic-Bedenic [25] ) fi$ 21 DFER[#i8¥ (Frobenius
& 72 %) % collineation & L TH DI 11 OREFLEIIT IV IIEFERTHS.

e n=13
o (L. Matulic-Bedemic, 1991 [46]) ¥k 2 ® collineation % & Ak 13 OHEF@IZT YL
FETHD.

SEOREIZED -
T OETHRRIEAIE 10 DB A OMRLEROFEBRIZ L VM 10 L TOREFE I TS THES
Nz Lizhd, ROFEOBR/NMIBDO niEn=11 TH5.

o (Lam-Kolesova-Thiel, 1991 [35]) I3 9 PHREFEIIHL & 5 £ 418 (T“b“/lzyrlzﬁ Huges ¥
#, Hall &, & Hall @) 7ET 5.

collineation {2 L TROFEEH D Z L &I MZ 5.
I3 TRTOEFBNELHERIINE 2 @ collineation & b D.

FRFETFEOHESTHINOHER
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n=(PL), (P={P,P,---}, L={li,6,-}) *HETEELRT 7 1 L FEET5. [P
17 |L| FID1TF| A = (a.-,-) *# P € Zj DL & a;; = 1, P ¢£J DL E a;; = 0 LBVWTEDD L
& A% 7= (P,L) O%A&17% (incidence matriz) £\ 5.

H. J. Ryser % [51] iIZRV T (v, k, A)-HFRT VA U BEET I DDLU E+ SR GEE21T5% B
WTEZE, ZhEARFNELEOBEBRNITROL H 2/ 3.

Ryser DR ([51]) (¥ n OREFEHRFEET D2 ODLETDREIZRYNEED n2 +n+1
KEHTHI AT AU = UA=J+nl 2BETOOREETS 2 & ThB. (J IRRANT~T
1 D5, T i2MEATF. )

Ryser DEBIC L VI n DARNELEDOHFEI N2 +n+ 1 KEHFITH A THREIN-E#T
FEFBRXAU= YA =J+n] OBYBOGELFETHS. ARKNEFLEORESITIICH
THEENDT F v 7 £ LT J.G. Thompson ® [53) 233 5. J.G. Thompson DHFFITIBEE T
I3F 7 Bruck-Ryser DEBED L 5 RBAREREEX TIWRWASHK L ZRE—DDHA %R
LTWHLEBDLNEZDTZZTRMALEY. UM n OREERG 7 = (P,L) {z2>W\WTHkD &
JICEEBEEDS.

v=n?+n+1,

J= 7 ORELRFESTIIOLE

T = n ROWBITHIO 5> bERIZHIET Z O

fa(z) =det(z] - A) (A € M,(R))

Fp= fa(z) D3R

Ga = Gal(F4/Q)

o=BMBERNBEDD Fy O 2D%T

UEDEENS LT A DEESERDOHMEDH 0 THOT o IZOWTERRR Y T,

o (J. G. Thompson, 1997 [53]) n DBHEFEHFTT A€ I »D (o) BG4 PEMEF LT 3.
SDLE (o) RTRTHDT e T, KHLT Gar PEMEFTHS.

A€, TeT, ,THLATeI THIZLITAOLGNTHS. M- AT AU = UA=J+nl

2¥H7L, J+nl OBEFBRIL (z - (n+1)%)(z - n)Vt" THE2O A DEHHEIZ—oM
n+1 TRYD A2 +n BRTIRTHEHRFEELTRAZPLETIER /n OFARLIZHS. A
& AT OEFEOERFEE LOSIHIZEML TROBREE XL A TWS.
o (J. G. Thompson, 1997 [53]) n MH#EHFTT, A€ I NPT €T, £T5. £/ Fu(z) =
(z —n-1))D(z)E(z) and Far(z) = (x —n —1))D(z)F(z) £ 6L ((E(z),F(z)) =1). D&
& E(z) B LW F(z) i3 square free TEDRIIHMRFE L TCRKEPLETIHE /2 OHEE
EiZHY E(z) OHRETLRY HO5BROMICIXIIE—2D F(z) DBRMHS.

frd n ORELERMNE n?2 + n+ 1 OXKE collineation Bx bH & X KEEFE VIR h
B L THKRDOERND .

o (Brozovic-Ho-Munemasa, 1999 [4]) = MU n DKEIFET n2+n+1 BRPETH B L4
5LEEERTRTRRIEEITIINFETS.

2. Quasi-Regular Collineation Groups
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T MG OLBIKEE D BEIEEGU (EL1eU) KBTI3ZEEETHD LI G\U D
EBEDOTEN rr;t (r1,r2 € R, 1 #£12) OBICHEE—RYV IS, O U ORI ZORICIEE
BRWZEEW), eI UMNBGOMNEK uiBEm OBRSHTHAI L& U 2EIH (forbidden
subgroup) £\, D & (m,u,k,1)-ZEREGE VD (ZDLE 2 =k+um-1) THBIZ LITHE
B). 7, (m, 1,k 1)-ZRERIMBUT (m, k,1)-BEA £ FEEES (planar difference set)
AR

(1) CORTREEKIDERETETERV B> TVWIDOTELER LW Z LIE*RELTH
NTVB. Lnl, EEEEKIRL>E—BORLOTHS. THICELT [3], [36) ¥ B8R
v,

(£2) ZRADEBND G UK 2DOXRE B THENRRTRTU EREELDZLICh 3.
(E3) GO gINLTU=G ¢BFHED={g} U ZRIEBLTS (1,u,1,1)- 288 L 72
5. ZHWXBERALROTUTTRINERALTELSZ LICT 5.

(E4) DBGDOU ICEATIEREROITEED g € G IZ3 LT Dg b L parameters % &
EEBLRDIDIIALNTHS. Dg% D D translate E\VV5. ZDZ b 1€ D ixSER
LIRETE 3.

B M m? OB G O m OWHBEH,,- - ,H,,;.,.l 2 spread TH5 &1 G = HiU-- - UHpyy
BROSIOT LR, MMEEBT AT EICLY, SO Lk HiNH; = {1} (Vi £ Vj) 2%
DD ELLERMETHD Z ERbhrb. .

EH £6 QO LOBRYE X 2 quasiregular TH 5 &13 Q EDOEED X-orbit A IZHLTX ©
A~DHRX|p BEMERZZEEZND. (DY, X|a O = |X|. HBVIERERLCZET
HEB X O A DHDZREBETINETEDORYE A DFTRTOREZEETIZE) ilin D
R FE 7(= (P,L)) @ collineation # G A% quasiregular T 5 & iX G|puL 2 quasiregular T
bBHZLEBNVI.

Dembowski DSEEE (1% n OREFE r = (P, L) 238 221 J ) k&> quasiregular
72 collineation # G 2 T G KL TROWTH MR Y IO,

() [Gl=n?+n+1T m2+n+1,n+1,1)-2HE4 (CEEES) 2 bo.

(b) |G} =n? T (n,n,n,1)-EELE% L. |

(c) |G| =n? T spread b

(d) |Gl=n2-1T(n+1ln-1,n1)-EZEE (T74 E£EEL b)) b,

(e) IGl=m*-m, m=yn T m2+m+1,m?2—mm?1)-EZE£E5%bH.

() G=HNGN, [N|=n, |H =n—-1 CHH%ES HUN KB+ 5544 (EH2£42 b
W) EH . :

(©) |G = (n—1)%, G = H;H; > H;, H; Vi,Vj € {1,2,3},i # § (Hy, Ha, Hs 1008 n— 1 OB
538) TG IIMA%EE HHUH, UH CBT5Z£4 (EEZER/L BV I) 2H0.

(h) |G| = (m2—-m+1)2, m= \/'I_’l_ THY, G-#uEi P,y Pomta(C ]P), ]Ll,--',Lzm_H(C L)
T, (PyL1), -, (Pam,Lom) T ~THH m — 1 OHEEETHD [Panps| = [Lamys| =
(m? —m+1)2.

COEBICELTEERZ LT, #iZ (a)~(h) PWTFh2A-THIEETHIZT OB
quasiregular 72 collineation B & L CTH o n OHEFLHELAER TED 2L THD. “DER
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2B Pirdss Bantl Xy K& LW REIZZORTERNHS. UT T (a)~(h) D%
NENDOFRICONTHONERBRE RS,

Case (a) FEERS (planar difference sets)
B3 (¥ n(e {2,3,4,9}) PERE
() 2, G=(r)~2Z;, D={1,z,2%}
(ii) 3, G=(z)~ Z3, D={1,z,32% 1%
(lll) 4) G= (.’B) = Z2l7 D= {l’x,xﬁ,xB’xls}
(iv) 9, G=(z)~Zy, D={1,z,23 2% 2%, 2% 25 28! 277 28}

FTRINCKROTFREBH D Z LIZERBEINTW.
FH4: ﬂzﬁiﬁ%bxbmﬁﬁéﬂb%ﬁﬂﬁﬁ?%yﬁﬁﬁi:ﬁ&é

BEEOMIiZTT — R, T —_ABLLIFETIRVTALT YA/ FEICART DD
TThD. FEECREBOPZ 2EULOFERERSOFELRE L Ott DR L ED—K
k23 sd ([22) BR). FEAERESOHRETHET —ABTHNIEIINEZTRYEAZERS LD
B, TOWBITIXRE LWVOIMARFEREHD.

Tl BN m NTREGEZES D ORXK (multiplier) THB LI D™ =Da BT aeG
MEFHET BT L &S, 1L, D™ = {d™ |de D} .

ARZEZEREORKITA L TRIRBEEFNTHS.

RWEE (2 H7H, B HORSE) D& (P+n+lntl ) TRAVEERALTHLn &
REIREII D DRETHA.

S, RERD LT & bEBICERTE 5.

B (42) 7%, BEOEBM) D% (nP+n+1,n+1,1)-TREEERELTIL DO
translate 2 Y IBIT D DT RTORE m 12 LT D™ =D BRIV HL{EETES.

FrEAIERE2 L 3EEZT2Un 20 3n L THLREERLY 2°3° (a,b € NU{0}) 3T =T
RMLRBINLEDZ L LY D) =D ths. L IEENde D IzoWT d,d?,d% d* € D
ThHHM, 3-1=4-2 kv &@d! = d4d?)"!. L>TERBDEENS & =d* £iX
Bdl=1 ZhEFETHEILL6in Bard. TOXIRMRELERLTITERME n T
MUVBIRE TS, D NEDINEEEL n(P,L), P=G,L={Dg|g€eG)}) LB L&E
3 L DRI 7 D collineation 2 THXUT 3. Z DB collineation DTFTEMNTIRERR n (Z5RV I
BEEXTWAILIZRS. ZHICOVWTREAZIE [42) 57 EBR.

REEFALEROERLHD.
o (Wilbrink, 1989 [54]) p€ {2,3} &L, D #fi¥n ® THREEERELTS. bLlbp|n D
opttnigbidn=p TH5.

TOERBICBELT p>3 DLEDERIIHMON TV,

S 3 383 3
o

Case (b) (n,n,n,1)-EREH S UFEMY
#l 4 (n,n,n,l1)-ZRE



(i) K=GF(2¢) &L TG =Kt x Kt IZf% (z1,11)(Z2,¥2) = (z1 + T2, Y1 + Y2 + 2122) I

i@ﬁbékzu< X Ty CAEEBERD. COLE D=Kx{0), U= {0} x K £BIH
X G O U T3 (2525,2°,1)-Z84Th 5.

(u) K =GF(p®) (p&uFRE) L TG =Kt xK* IZf% (:cl,yl)(:vz,yg) (z1+z2,91 +12)

CEVEDDE Zyx - XL, ICREISHEL 2D, ZDEE D={(z,2?) |z€ K}, U={0}xK

ERBTEDIXG DU IZETS (p%,p5051)-ZEETHS.

(n,n,n,1)-ZERBGIZOVTORROBFERZIKRETTILETHS.
FHE5: BG N (n,n,n1)-EZE8%2 6T n BNEERETHS.

ZDOTRERDBE, BOMED n2 THELO ROV T OO REENIZ n (BT 31%H
LB, ZORM Case (a) VFHELVWERBBONTWAREAILR->TVS. ETEREMEKD
T—_ABEOBEIIHBHL L TRROEBRIZIVELIIMELTWVS

o (Ganley, 1976 [12]) D # BEAEKOH G (28T 3 (n,n,n,1)-FIREEEROIX G ~ (Z,)™
TH5. '

(I 5) Ganley DEBTHENEEIRELT n B2 _RETHBH I EERLTVABEIET BH
EEERTFAZEENE S DETILRLTORY. ThbBRT_REMED—o> L EX 5.

E® HU 28 n OBLT D HD2b U ~OBK f B FEBEK (planar function) Tho &
i fzt)f(z) ! BT RTDL£LRKHLTH b U ~D1:1 DHEFERDIEEVD.

Hl5 (i) K=GF(@p®) (pRHFFRK)CHLTH=U=K(+) ¢ 5. B f: H—U %
flz) =x? CEHTH L f idplanar B L 5.

f M n OB H »OME n OB U ~® planar @ THHLE G =HxU, D =
{(z,f(z)) |z € H} LBFED X GDU BT 5 (n,n,n,1)-ZHRETHS. #iZ, D &#
G OB U BT S (n,n,n, 1)-ZEATU B G OEMBTFHZET5. G=HxU &L,

D = {(z, f(z )|:c€H} LB lE fIRH DL U ~OTEBRERDZERERITHND

AT E R
FICHARZERICEY G\U ICIHME2OXEREERRVOTELIZRBEY LD LB
"5,

o (M. J. Ganley, 1976 [12]) ik n ® 2 DD H,U 225\ T, H »b U ~DOFmBIFKH»
FETHRLIEn IHFKTHS.

WICHBEOU BB DT —_AETHHEEDOH b U ~OLEHBEZCETIHER
FL ik B,

o (D. Gluck 1990 [14] , Y. Hiramine 1990 [17], L. Ronyaiand T.Szonyi 1989 [50]) n #3%
#¥olLE& HEBEIOU 2FEGF(n) OMERLBE—RTNE H 26 U ~OFEBEIX
GF(n) 5 GF(n) ~0 2 RBERTE SN 5.

o (P.V. Kumar, 1988 [33]) H & U ~® planar MENREET S22 561E, n 2F2EEOR
¥ op,qilxt LT p LTS g ONE Ordy(q) IIHFEETHS.

o (C.I Fung, M.K. Siu and S. L. Ma, 1990 [9]) H,U 23[EI# 72 5T n 1L square free TH 5.

o (Y. Hiramine, 1992 [19)) n =3p Tp BB R OE p=3 2D HxU~Z; D& Z(IRY
FHBEBSFETD.
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© (S.L.Ma, 1996 [41]) n = pg T p,q BREROGIEp=g P> HxU~Z, DL EIZRYF
ERAEBFET 3.

o (K.H. Leung, S.L. Ma and V. Tan, preprint [39]) n = 3pg T p,q(# 3) BERDFKL LT
FEpaiIFEE LRV,

MM : (i) H 2 U 0P Lb—FBRKEH TRV & ERBROB/NOEEIE n = 117(= 3213)
Th5.

(i) H~U ~Z, DL ERBROB/IDFEIE n =15655(=5-31-101) TH 5.

(iii) n = pgr T p,q,7(>5) BEWICRRIBEO L 2 ITRBRTHS.

p-#IZH115 (n,n,n,1)-ERE

BiZ (n,n,n,1)-ZREEZ LOEN pBIIRD L W) FRANREINEZE LT, 2DBE HOR
BIEEDLDITRDZTHAI . G BFH#H p- BT (p°,p°, 0% 1)-EREE LD LV EMHEDL L
TRBHMONTVD., ROBRITERS - & —RHZ "L EABNZRE DLDOTHEMNENE
SEH1ORECHEATS. ERICHONTVDBNIZ X ---xZy & Ly x -+ x Ly, DFJETENS
ThdI LizEEBRIN.

(Davis, 1992 [6]) exp(G) < p* exp(V)

(Pott, 1994 [48]) exp(G) < p®

(Ma-Pott, 1995 [40]) exp(G) < p*F

(Ma-Pott, 1995 [40]) a =2 D¢ XX G ~Z, xZpy X Zp, x Ly, THB.

© O O o

Case (c) spread

ZOPETIIMNE n? OB G BEE—oNEREEETS. ThE2ERBEMR L, LRT
BONZUEn DT 74 FE 7 T, FITHCy,--+,Cpy1 PELXDRERBHB H, = {z €
Gllx=1¢ Ve C}l<i<n+1)iIB¥ G Dspread L725. ¥/, spread 2FOHR
BEITEARTR pBHEL22 ([38) 1 ESM). Wi, B¢ G Mspread Hy, - Hppy ZbOL X,
P=G, L={Hiz|z€G}U:---U{Hpp1z |2 € G} ITHLT 7= (P,L) I ¥ m DT 7 «
VEEE /2 Y translation plane LTINS, T ZTiE G DETRENLDERIZE>T o D
collineation &El—REh H; 3¥TH {(Hiz |2 € G} ® G LB HAAREHIB LS. UED
Z & &Y Case(c) DREEIIRE GF(p) LD 2m RIE~7 MNZEM (n = p™) D spread ZRET
SEELRETHD. ZOHETHWKRET 7 4 Y EEFEERENTVWS. m=10L EITHFL
FTEBEITTHEINR m=2DLEIRRETHS. Case(c) DHELEIZMT 841X [29], [38)
EBREN.
(£ 6) EiZBRR7E HIZ G 12 G D spread BED BT 7 4 ' FED AR LABA collineation & &
RHOTWD. ZHROLIZBRRBAIBEADRRALRFL RTINS,

Case (d) : 77« VEBRE

ZOBEIIINE n? -1 OB G ReE—2oDERL LA P(EL) 2EAETS. EHR & (b #
8, P ¢£0) ER Po (Po -',é P, Po ¢£) ¥*RATD= {27 €G I Pox € eo} EBFED IXERS
BU={recG|gz=9, V9o P, ge L} #BUBLTIET 74 ERELRS.
M6 F=GF@p*)>K=GF@p) iixtLT G = F* (RiER) ~ Zyae_y, U = K* (FRIkBf) ~
Zyey, D={1+kw| k€ K} LB, (wiIREHK F* OERT) ZNLE DTG DU ZH
T3 (pt+1,p° — 1,p°,1)-ZHKE (e Ml p° DT 7 4 ZKE) TH5.
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M n D774 ZESCELTROTFERRHS.
TH6: V¥ n? -1 OTRENRT 7 4 LV EEGZEDITKERTHD n BREETH 5.

KEIRETHD LV FRIAT —RABOBESIIAEREORERZAVTHRENS LOFIDOY
DLAMLNT VRN LIZE D ERBbID. EBRIFMRT 7 1 VEHREEZ b OO 2-Sylow B
FRERTHS ([2)). £, KOERIIZOTFRIZ—DOOBRMEEZ TS,

o (Garciano-Hiramine, 2001 [13]) w(m) TEE m 2#2 RPLEOCEELXRT LTS, 7(w) C
wn) D& r=7a((w-1,n2-1)) L TG ® Hall n- 8% H £ B. D&%, Vpe
m((n+ 1w+ 1)) KN LT G D prank i log,(|H|+2) LT THS.

FHEE6BELFNER =8 (mod 16) D& XiZn=8 BRIV IOZ LITRBH, ZhiZHONT
BROBERRS 5.
o (K.T. Arasu and A. Pott, 1992 [2] ) n =8 (mod 16) £ T 5. G BT —~ABRLIEn-11%
EENETHD. o, G BKEFL2LIT n-1 3RETHB.

IORERIIn=8 (mod 16) ROIE n =8 PRV LD LEHRLTWIBKRBRTHS.

Case (e): (m?2+m+1,m?—m,m?1)-ZRE
IOBET—SABTRERO n=4 DLEZHABMONTNDIDHTHS.

Bl7 G=(z) =2y, U= (z") ~2Zy, D={l,z,5%,2% L¥5L DIXGDOU BT
(22 +2+1,22-2,22,1)-2EBTHS.

FERHABEDOBH ST Z13 x Sym(3) (n =9) ZHMH S ([10) BR). "D L ZiXKD Ganley-
Spence DFERBEON TV S.

o (M.J. Ganley and E. Spence, 1975 [10]) If n > 4 22X n IZHFHTH Y, 1 ORE&E Tk
. LI, nkEA5FEE pidp=1(mod4) THS.

Case (f) : Elation-Homology #
ZOBECELTIRERAMOR TV S.

o (A. Pott, 1994 [49]) Elation-Homology % TI3&R A3 Y L.
) n ABKOEXIE n T2 _ET, GO 2Sylow HEERTR2BTHS.
(i) n WAED L &1L G D 2-Sylow BITKEIHTH 5.
(iii) n BEEO L EIHETIFEIZT IV IFEBTHS.
(iv) n BEFETRITNE n ZRERETHD

Case (g) : Homology-Homology #
ZOHE, MLENTVWADRTHFATEEIHIETDHOLITTHS. £, THIZOWTIE
W.M. Kantor D% H 5. ([31] BH)

Case (h) : 4
ZOBAITHREDRER LIZ n =4 IZBRS Z & A Ganley-McFarland 1975 [11] IZ X V7R &
NTELBIRES NI,

3. PTR (planar ternary rings)

i



¥ n OFRNEFEIIn-BEZAVTEBREMFTENRDZZ RO TVWT ([26) 28) £
LB/ ONB"REE” R X planar ternary ring (PTR) & FEiEh 3 HEHE T(z,y,2) £ H 2.
#iz PTR »ONELENMRTES. ¥, a+b="T(1,a,b), ab=T(0,a,b) I &Y 3 MK
BT (zx,y,2) 6 2HEAZ L O>RER R(+,) 2825, —RICIIhHPH3RREEZETT
W, LML, R(+,) B "H#E"OFGEAETLEIIINANTETHRIZ PTR M8
T, LER-oTHELELZHBD. ZOBEEDOLRMFD—ON quasifiled L FRITNZRERLTHS.

T AMRES Q(+, ) M quasifield TH3 LIZKRD 4 R & AT EEVD ¢

(ql) Q(+) rx®¥.

(@2) Q*() iXloop(mF Y, BiiT1%2bH, 3E¥ 7,9,z CHMTIFBRN ey =2 DH5H 2K
¥EEHNIIRY 1L unique IZEE D).

(q3) AnEBREARIT.

(q4) 0z =0 Vz € Q.

quasifield (BT Q(+,') REXRTR pHTHIZ LNREND ([38]). #-T Q P

o(= Q) HAM~ZThHB. quasifield Q KHLTT—~ABG=QxQ & ¢+ 1 BEOHHE
H,={(z,y) |y=0az} (a€Q) & Ho={0} x Q X NiEINGITG Dspread 25X T,
Heiz R~ 7= quasiregular collineation groups @ Case (c) IZHET 5.
" 1960 FEAH S 1980 FERUTHNT THBIZE K DREFEHS quasifield 2T 5 L\ 5 HiETH
bk, HRRIEIX quasifield DHBNLRBETH S5, ARELERT S Z &L Y KED quasifield
BBLN=DTH o7 ([7)[26)(38]). E = quasifield & FHEZ2BEE L L THRELOBER KT~ 2
M EMDOS5ETH B spread £ E2 TEL OREFEAB/ O ([7](38] 8M). quasifield D 4
FHIZBVT, (q2) % "(q2) Q*() B " THBEXMZI-bLODIL nearfield & Xidh, ThitsE
LIIHMEENTVS ([38) 8M). £, quasifield DM (q3) & "(q8) EEHERR” THE
DRI bDIX semifield & XLiThEL DFBIMON TS ([7](32]). HREKIL semifield D572
BETHD. I<HONTWVWA L) RERENLE CERBMIIKER TH S, semifield (ZBIL
TREROFHRMEHS.

PR 7: semifield DL BECFREBIIFBETHS.

ZDFBIZOV T R. Liebler D&ER2H 5 ([37) 8M). F 7, semifield DEHA A p?
O semifield IXHRREL 2B Z L RBERBIZOMD. ARE TRV p® O semifields 2351 54T
VWBMN p* O semifields I EEFB|EN T2,

4. AIBE@E

T RN OREEEELTS. r DECRAAREB G B r ORLEFABTHI L E m 2FIBFEE
(transitive plane) &V 5. ZOHE G BEANCHEAR (L -T |G =nl+n+1) TH L EITIT
Dembowski N4 EEED Case (a) IZHY L, G % Singer L VW), THFALSEEIZFABFEET
Singer BE b O Z RO TVAR, THLSHIRBIB RS> TR, E, T7 4%
BICH L THL"BEE ZRRICERETS. ZOAELHRICEITIBEITITENEN transitive
projective plane, transitive affine plane D & 1TV 5. (& 6) THO~7 & I IZ translation plane
RRIBT7 74 F@THS.

KIZTBHELHRICETIRLERNRTRTHD.

P8 UBNELEIT IV EEIZRS.
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ZOFRIZEL TREKRIRINTWVS.

o (U. Ott,1975 [47), C. Ho, 1998 [22]) G HHEFE « OF#/e Singer HTHDH LT DL «
[ F P S EESE I Aut(r) > G ThB.

B L LEDOLEDA P OM (PL) X flag LFEIENS. (¥ n OREFEICELXI E
(n+1)(n2 +n+1) B flags B 5. IO flags LUDERBIZABIEATS mn OECFREH
G BEET D L & 71X flag-transitive THD LW ).

o (W. Feit, 1990 [8]) flag-transitive 23K n OHEFEIIT YN T ELE@NETZIX 8ln T n iX
2RETRLI PO n? +n+1 BRETHD. :

BT 7 4 EEICOWTIRKROFENRDS.
FE9: WBT T4 EROMNEIIRE X THS.

IOTHEFEABENT —_NABHOL X b ELRBRTIIH 58, TBHOMEN n® TEHRDZ
LG, BOBMAERE n BT AERE 2O THICHIRBEOESIIMRHRTLI VLS

WZHES.

A P LE#H g (I LT (P,g)-perspectivities D24 G IIBCRABBLLRD. ZOHNX P %
BOEM LI LT 0\ {P) LABLRBEE (Plo)TBTHDEND. (P,lo)-IBHICE
LTKRDOFEYEHD. : :

F110: ABT 74V EEIE by EOHBEP IR LT (P le)-ABTHS.

EOFRRTHRAETBREOBARE LN EAERSNTNS ([30). £, TBT 74 VF
HIZOWTIRKDOZ EBFTN> TS,
o (J. Andre, 1954 [30) BR) TBT 7 1 FEH .0 & ERFEHRS S D homology (#1) %
%, TiE translation plane T&H 0 I EIIRE~RE LD,

o (Ostrom-Wagner, 1959 [30) B8) 77 1 FE D B SRR R L 2 7B 51T translation
plane TH 5.

o (Wagner, 1965 [30] ) 7 7 4 v FE D B CRE# S EREE EA[B72 6 translation plane
Thb.

o (Kallaher-Libler, 1970 [30) 38) 77 4 V' FEO B CRB#HAS BRI L L THA Erank 3 I21F
-+t translation plane T 5.

o (Hiramine, 1990 [18]) 7 7 « > FE D B CRZE D R EFRAHIZ/EM 97T translation plane
Thb.

5. HETFEOIBSHEE

Subplanes

Pigk n ORETLE ©r OWHSBETENEIBNFEFEHRLE R>TVDH LD % 7= (P, L) DHS
L& (subplane) L\ H. P OWHKEE S 2HAFHEL VI ZLBHLBINEB={gNS|g€
L, gNS # ¢} LB L & (S,B) BHBIFHETHEHEEVD. BYFE S(#P) DR RERRAIE
m IIXROFIREH D

o (R.H.Bruck [26], [7]) n=m? »EkiEn>m?+m THD.

b7



¥ n ORE¥XE »= (P,L) IHLTPCS, LCB &T5. £ailE (S,B) » closed
configulation TH D L IXKRD 2 RERBIZENDBZ EZ2 V.
1) P,PLbeS (P # P2) = PP €eB
(2) 91,92€ B(91#92) = q1Ng2€S

m DY FEIZT T closed configulation T&H 3.

RIIALNTHS. o HEFE = (P,L) DEBDOBCFER%2 0 LT5. o NAETHAE
& Fixp(c) L EMRES Fixp(o) 2% LT (Fixp(o), Fixp (o)) i closed configulation T 5.

BERA o 0DEERENBIFEIZRD L & o iXplanar THDH &L\ ).

o (R.Roth [7] 4 ®$MR) HNEFE = (P,L) PECFRA o 23 planar CEELA BN m
DEAFEFE2HIEn=m2 FiZn>m?+m+2 MBIV I,

BAOEEZOVWTIRROTFEESHS.
FPR11: FTYLVLI/FETRVWEROREFLRIINEK 2 0OMIFEE Ho.

Blocking Sets

Bl =(P,L) 2 n OREFELTE. P OHIME S 8 blocking set TH 5 LIIEED
HRgeLN SBIVS OBBREAELEDLIZLTRbOL SNg#¢, ST Ng# ¢ BRVIHOZ
&%), blocking set S 2% minimal THB L1X S DEERDOIERY K S A2 blocking set T2V
ZEERWI.

blocking set 22V TIXBEMRFRNITON TV B NHMIL [20) BRI V. WL O0D
RERERBNT 5.

o (Von Neumann-Morgenstern [20]) fZ3§74% 2 & ¥ K & R A F &L blocking set % b .
£ n OREEE 7 @ blocking set DAIEER K& S IZ OV TIIROHIRMEDH 3.

¢ (A. A. Bruen, 1980 [5]+ Hirschfeld’s book [20})

‘ n+yn+1<|S|<nyn+1l
Lo OFREETCRODESTHARYMIHODIE S A% Baer subplane DL & T2 HFEHDEEMNRY
SMODE m OESREEL LT S A unital ((vA° + 1,7 + 1,1)-design) KRB L & ThB.

7 7 4 FHEIZBT B blocking set HRIRICEE LTIk affine blocking set L\ 5. ZHh
IZOWTIIRBMY (2. ([20) 8R)

S| >2n -1

CONETEICHETIMRIIUIEACTHIEMBENOKIRIELBE L WO Z L CHET 5 & O 1ok
BEE22TELE RECESRHIBEIENETOEEZE LENBENRVO TRV EBILY 25
FE5TT. FoCHLEREFLTVWEES ZLIZLTZOMTET - TFR 1~FR 11 (2o T 21 it
RPICHRTETHA) (=MTEIR) FPREEPETHEMNVWT' BENICRASETHEEELNWER
WE T

F485 FHR9, FH8e6 FH10
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