PEBEE R 2" 7 @ Terwilliger fAEX D HEFRIZ DWW T *

LN
ALK PR ZBE R A se Rt
A - BRI SE R —

1 &

ARTim U2 Q-ZIANEBMER V' Z 71k, ARGTHEBOFHEEME R ME2HE<E
CIEFICEPRARARTH D, FIZ. ZhoDT T 7 DR DMREIMEED 1 245 (¢-)
FERMERZIHADORE TH 5 Askey R F¥— L [22, 23] Z R 5 Z & 231982 fm:
Leonard Z7) IZ& D REINT WD, ZOREHRZ3ZT T 1984 HEDIA-FHEEDA 3] T
[Q-ZHAPRMEER 75 7 %24 T&E?%thjk%&ﬁﬁﬁk?émtoQ®E@
HETHEZERINTIEIVR WD, TNE TITRRA BRRERHERVED -7z, 206 DL
RAEMSU 723k e Uik, BITiA T (W, 8, 0] 22155,

RE 27 7 Hi5w fi&77@%&ﬁﬁ%%mﬁéo;M1757®%%ﬁﬂﬁiﬁé
N5 (C L) RITFIBROAHEHAIRETH . 77 7 OKRBREEZ KT 5, ZHi
5 U T Terwilliger [a1, B2, #3] &, 277 7 DK THKIZ DWW THAE Terwilliger {S# & /1T
N5 I HE A TR Z BEA LT, Q-ZHAEHEN 22 7 D5EIZIE, Terwilliger
RENKBERATH], ROBEE UZTEAIZIS U TREE 5 TR A sk v ElREh, 7
S T7DRIREGE 2R RT 5, 72, 22 TREEL UBBRZWAS, BEETH] & AU
BT 75113 Terwilliger B D & BERINAE LIZAE=EWN A (19 & UTEAYT S, =H
SAXIZOWTIE, 77 14 YRR U, (sly) DRI & A 72 I IR VEH AR X
NTHY (R, 20] F22H[), 5BINODHRE Q-ZHAFMER 2 F 7 OREIE D5
ZIEYGH L TWL Z 2127k 5,

75 Q-2 HHAFEREER] 2775 7 DR T (g E TIAD T) BHEREDFF £ 725
HEDIE, £ < DIERARTIDBFAET b, Terwilliger FRBUIBEREREL L @D 2% < DIEHRZ
BLEHEDD, Terwilliger [RELD L X)L TEH KR TE RV Q-ZHAFEMEN 277 7 DfflH
F7-, YT 7 DBEITIIRRYIAH SN T WD, Terwilliger iz —fifb U 7-RE &
LT, #KR B3 IRIEMTIE AL, & [THEH2HEEG] 205 [Terwilliger U 25 A
U7z, AT, FHAHAESGL U THY RS DE2EIZ LI2L D, Q-ZTHAFEH N 2
Z 70 (THRIZAT 2) Terwilliger (REXDELGRAY, ZEHX X & ORESL GO TIZIZZED
FEMLTEZEHZLEZBNT 5,

* A IV R EELE B OB R G & DYERTh 3 3¢ [B9] 1235 <,
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http://www.math.is.tohoku.ac.jp/~htanaka/
http://www.math.is.tohoku.ac.jp/

2 Q-ZIANIRBEIERIZ S 7 & %D Terwilliger X1
ARzEELT, T'=(X,R) IGEFEAREM I T 795, 22 TXIFHMAES. RIZ

HBEATHY, BRI X D2 EATH D, BEEL - 2 HAMOEHMZ 1 LT, X
FIZHRIZHE O PEE D, FITDERD %

D := max{d(z,y) : x,y € X}
LU, HEHRz e X IZTHLT
Li(z) ={ye X :0(x,y) =i} (0<i<D)

EBEL, MOMWE %7238 a;,b,c; (0<i < D)DFAETHLE, I 2EREAT S
TP

Iz,y) =1 ZMZTRTDr,ye X IZTDWT

Dici(@) N Ty =, [Ti(z) NTh(y)| = a;,
AN ARVASK

Divi(z) NTi(y)] = b

ZHNIZHE TR EBTH AN, XTI 7OHCRBEE AutT O 2 HEEERM & - T
Whbe & Iabb

Iz,y)=0(z',y) < Jg e Autl st. 2/ =gz, v =gy

MEL D AED & EITIZH S D2 XD (Z DG ARHICIEAR S 5 7 L IER), Bk EA]
77 7 XEIZERZ S 7 THD., TDRE K X

k=by=|l1(x)]
THEZo6N5, T/, IRZIEHERZ 57 T ORXXF) L LR :

L(F) = {bo,bl, . ,bD_l;Cl,CQ, c. ,CD}
2T FRa +bi+ e =k IS X TRINDS 0, EVEITLTE B Z L ITERT 5,

Bl 1. X ={0,1}P &L, 2HM z = (z1,...,2p),y = (Y1,...,yp) € X {177z iT £
BRoTWALEFIZLTHIEND LTI 7T 2EDS L, TIXEHER 7S 785,

IDZ77%T =Qp &RU., DIRGTEBIAKRELITR, Op FEBHMTH S Z 7 Th
D. B Weyl #f G 1 Gp WMERT 5, 7z, KXFNIRTEZSNS :

u(Qp)=A1D,...,2,1;1,2,.... D}
BB, Qpy FFEEHD 77 L UTHRIZ Qp ICHORA NG Z LITHERET 5 ¢
Q> Q= =>Qp1—>89p—- -

IRE 2. DIE. TITH I TR 25 723 %,
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17T FIDTERES X THRATMI I 0 C LOTH2R0ES (C-ARE) 2 CXHX v &
<, IO i EEBEITH A, € COX ZIRTED S

(&%ﬂ:{lif8@y%:i(%y€X)

0 otherwise
BRI, Ag =1 (BALfTH) TH B, £72. A IZT OEHOBEETIITH Y,
A=A
CHRFLT B, FEEEER]IZ T 7 DEZEONBNRERIIUATOED TH S -
A A =bi Ay + a; A Ay (0<i < D) (1)
272U A = Apy =0TH 5B, I DBEENAE%E
A :=C[A] c C*¥
cELZEIZTBH e, EO3HEENIZE D AFEAZEME LT
A= (Ay Ay,... Ap)
rRIND, B, BEETH AIXTE D+ 1A R 5 EA(H
00,61,...,0p € R

ERDZEDNMD, oy BE Ag, Ay, .., Ap ITBIT 2 A ORGEEBUIZI XS (1) I
Lo THBITRESINDG Z LIZHERET S, T OB EIZHEIZADEAHETH L, DRI

Oy =k

LB, FEMHE TS ADEAZEMANDERFKE B, c CHX &RT, "B, Je
COXEZR2TORAN1OIFHIET DL, Ey= X1 kb, 2o D+ 1 EOER S
W Ey, By, ..., Ep lXBHERECA O (b)) JFIERESE T TH 5 ¢

A= (Ey,E,...,Ep)

R 3. IHDPHEHHEAR I 70 E1d, AIZAMT O X FOEBERFO MR L —5
T35, £/, ZOGAEHERIZEEETH . TS A DREAZEMIZ Aut T DR
K& RT3,

IROMWE %5723 HE ), b, ¢, (0< L < D)DBEFETZEE, TIRER {E)2, (L
{02 1L T Q-2ERTHL L VS ¢

bi i £0 (1< < D)ho
IX| Eyo Ey=b, \Ery+ a;Ey+ ¢y By (0< 0 < D) 2)

DD SLD, 7272 UE_ =Ep :=0THY, oA TLDOMERT,
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T 1973 1T Delsarte [0 1IZ X D BAIN/MBO TEEZPSTH D, THITE-T
Delsarte (X5 L fEET VA v 2B 5 e UTH—IZHERT 2 Z &Ik L7
DTH5, ZD [Delsarte Haf] OBADERIZEI L T [0, 12, 29 FE2ZRI Nz,
BB, E10E 3 EyQE,DE/MTIITHY, /o THIEEMTH D I LN 6. af, b}, c) iE
TR THATH L Z L2595 (Krein &),

B 4. L HIRT = Qp 1EB&IEH Oy > 0, > -+ > 0p I LT Q-ZHATH 5,

%ﬁl@ 5. %lﬁ%ﬁf QD = 90 > 81 > > QD cL7-& %CZJIEF?; 0070D—1;0270D—37 e C:Egbf
L QQ-FBHEHALLD, —MIT, VYA O7NERS (Tbb k>3 L7%5) EHEN ST 7%,
Q-BIHR & 72 B EERONETF 5 7 %~ L 2\ = & A1 5 h T\~ 3 I3, 8.

R 6. LM%, T W3ICIET (B2, 1B LT Q-2 HARNTH 5 & ¥ 5,

3L (), (2) 225 D 1 BRELRLIHNR {fi} 2, {71, PEoNn5h, HH
TR XD ITIRDFERVBF SN T WS -

E 7 (Leonard [27], Bannai-Ito [3]). The f; and the f; belong to the Askey scheme.

Leonard [27] 13735 XA — & ¢ 3 +1 L B2 256 % FITEE L T Askey scheme D iy A7
(403) \ZALE T B Askey-Wilson ZIH (£ U < 1 g-Racah ZIHRX) Z LA 720, ¢=+1D
LA EEDT-BREDOFMREEIL B THRI Nz, ¢=-1DEETDOERLHA {f}2,,
{f R IFBRERA—FEZIEN & XN, Vinet % Zhedanov %12 & 0 EETEFEITHIZE X
NTW3 ([16) %% 2MH).

RIZ, Terwilliger A8 20, 42, B3] DEFHZZ BB, T, Hir e X z—D2EE L,
¥ RBET B — B() € COX 2ITRED S -

(), = {1 if y=2zel(x) vz € X)

0 otherwise

TR 2 1B % Terwilliger W8T = T'(z) 1%, BEBATH A & BONHE T B EY, ..., B
THEREINE COX DR TH S -

T :=C[A E; Ef,... Ep] c CYX

HE 8. IV 70 ik, TIZAwT IZRIT S 2 DEEIDEED X FDE#H
KHEDOFMERB DR TH S, Qp ZEL WL OO EERERFRSNIZONWT, Z
NS ZDDORBNER T 5 Z LRI N T 5 ([17, B3] &),

T DEZRIFIFHEEN 7T 7 LIZRSBRN—HD T T 7120 U THE®RZR TN, IKED, B
DFT, T OITRRBHETI A = A*(2) e COX 2 EAT 5

(y,z € X)

\ [ X[(E1)zy i y=2
(A )y,z = Y .
0 otherwise

ZDEE, B NLD -



##H78 9. The Terwilliger algebra T is generated by A and A*, i.e
T = C[A, A7].

Proof. BBEREL A D Ey, By, ..., B} 2P EKIZR D Z L ICHERET 5 &, 3H LA (2)
£ D EEETS A, Ay, ... Ap I | X|Ey Do iZB T 2 ZHATE IS Z 05, Th
5 DITHDFERDE ¢ 52 I U TR ATy 2/Ed & E; EY,... . B} %2 A* O (BHE D
BIcBT2) 2HAL LTRIFERITR D, O

% 10. The matrices A and A* act on each irreducible T-module as a tridiagonal pair.

2T, ARIGERY MVER Y = C LR TTRE R AL A 13, BUF &7
5 A OEAEROIY Vi, & A QEEZEHOIERT (V1 BEET 5 & 3o =&
st L IFIEh S [19] ;

VIZCA AT MEEE LTEBENITH D, HF0<i<d 2 0< < dITHUT
AV C VI + Vi + Vi, AV, CVia+ Vit Vi (3)
7}))}& D ﬁ.‘jo flf:l./ V,1 = ‘/dJrl = le = th+1 =0 VC%%O

RIMTIE. &4 @) 13d 55 A 3EHI (), @) »5EBIZESIDTHS, WTHIZE
<L7MDi@&Eﬁﬁ%ﬁ%ﬁ?78%@@mﬂ@aﬁﬁ@i%#6ﬁ%%ﬁ§#%%

FIFEHHLKHRTH S Z L 2L 72\,

SEXNAN DI NT A =X ¢ D1 OBRTHRWGEIZIIBRZEE L TW5 (I8, 20,
7z, Terwilliger A DX BLGw % F W72 Q-ZHABEER 275 7 ORGEDOWSEL T
IS HEINT WD, BIZIX, Q-ZHAEMEN —H 2 J 7122\ Tld, Caughman [7]
DD > 12 DGHEICR NG %E (1FIF) PE LTz, Z OFERITEE Miklavie [30]12& 0 D > 9
EFTCHIRINT WS, 7z, Ao El o 3 7 O48M Gavrilyuk-Koolen [14] 12 & D 5%
RNz, S Ikd 2RO T-IEEZ(THET 5 Terwilliger ZIAR & IF X 5 IEL 4
DEIHADWHE Z I H WD TH 52, TOFRIBEEMD 2 5 2D Q-%HApH
EHIZ S 7128 LT KRERBEEZ LT T3 [1H,

3 Q-ZIEAMBEIERAITZERY Z 7 DLICEET % Terwilliger %
34

AIEICld Q-ZHEABE TR 2" F 7 & Z D Terwilliger REUZEE T 2 FEAM 2 HIH 2 B AR
720 WEZ, Q-ZHHAXBRMEER =52 F 7128 2R D Caughman (1] D587 7245 F 1%,
INoDT T 7D Terwilliger {NE D BERIMEEZ B3 2 1% H & DS [6] IZHEDWT W25,
—HTIO) 2BRT 5 &, EBEQ-ZHAEMEN 7 71220 Tk, B T-I#HoD
REENIRE CY IR 2 EEE R, BN “ENAN O E TIAD T, T OMEPERIZR
XINZ &> THREFSTULED Z D05, 2D LD KR RIRIIZR>TWEDRS I %
RXFIDWEDNAREL 72072 EEZ DM, DIV T ADT T 7 DHEDZERE Higd E
T, BEDLTZITEHEADRNWZ L2 ZOHEIZEKRL TWS,
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HSL SR Qp 13 =877 7 Th B0, MRS & LT, DROELR PGO;,(F,)
DEFBEZEME 725 ZERIB ST 5 7 LIHEN DM 75 701 H 5, RS Z 7
LR UARXFN 2R DOflE UT Hemmeter 72 7 DRFIDH 250, ZNoITEHEFE S 5
7 T3\, Hemmeter 2777 7 BAAMZIR U R XA & R > Q-Z HAPHEEER —# 2 7 7 %
FETHZENHTOHETH 5,

IRE 11. M. AHiCE T XX sz ros7chs L35,

FEOBHBICHE Y MO BT HAIZBET 5% O Terwilliger ¥ T = T'(z) TIE =
MR Z 7 & (B Z1X) Hemmeter 275 7 &2 X TERND T, Hil-2REEEAT 5,
Hec RZEEL,

Ii(e):={ye X :0(e,y) =i} (0<i<D-1)

LBEL, BRAZ, TR ET I 7 THBI o3 LOEINL, D, D x5 =AFI3F
FELRWDT, Tp=0Thd, HEDOGELFEKIZ, i NEBFET E; = Ef(e) € CHX
ZIRTED S :

i 1 if y=2z€eTi(e)
(Ez )%Z = . (y7 S X)
0 otherwise

W e 18T % Terwilliger {31 T = T(e) 1E. BHETHI A & SCHES T B Er .. B,
THEEINDE COX O RETH S :

T :=C[AE;, E;,...,E} ] c CXX

X 51T, WHBHETS A* = A*(e) € CYX %

1v:%§:m@)

xee

LREDDE, RIRINS :

EIE 12. The Terwilliger algebra T is generated by A and A*, i.e.,
T = C[A, A7,
unless I' = Qp and the Q-polynomial ordering is the one described in Remark H.

% 13. The matrices A and A* act on each irreducible T-module as a tridiagonal pair

unless I' is the above exception.

FIRIZHIADFE L, DPOREINTWAEZ o bR INE X512, TS IFEHD
PRMEIFERLD BB > TIHAHGFEIRTH D, Leonard DEH (EH Q) & #EK
F OGO HEER U 7S TH % Leonard X (244, 45, 46] DFFRZ HWTIEHI 15
36, B7), 728, ERLOHIIMNE Askey AF—LIZRIT 28T A=K g = —1 DHEITEYT
%, ZTD&D %k Q-ZHAMHIER 25 7 1% Terwilliger [40] (2 & 0 3 FEEHD R AR
BZEDRENTEY, TOHRTIET T 7 ThLHRINIHIIMZE T - 1 FEOATH S
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(GEETIIHISN Z 2 FBHE U72AN, D TH D), BZRAIT, Leonard BIFER. =&HEx A
ﬁflﬁWﬁWJ”$®mmﬁéfltaé% Th 5,

ZERCHR S 7 O H AFRBEHIAES R FICHRIT/EHT 55, Hemmeter 2777 7 D

’ é}ﬂi:o@ﬁh}ﬁ_&:ﬁj\#méo > T Hemmeter 77 7 D&, T = T(e) DR L e %

t“é 5 DWIEDP S D PITEKIET 5, Eid. T EHUDORN iﬁﬁﬁ'ﬁ Zigam U 72 THA D

WHRHEIND, T4hbDE, Grassmann ¥ 7 DRS (ORRIZRE54) £, Van Dam

<‘: Koolen [9] 12 & D 2005 FIZFA S N2 N Grassmann 7' 7 DR FIE[FE UR XS %

FEOM, HIEOH SR EAES X BICUBIERT 2, BEOHBEE =20
#3823 N D, Bang-Fujisaki-Koolen [2] 1%, THAIZEI Y 5424 Grassmann 775 7 D

Terwilliger REX T () DHED ¢ DEENDIHIEIZ L > TEHELUSERD I L 2RLTWS,
ZIZT, T=T(e) BT 2HEREZ — DM L7z

IRFE 14. DAE. AHICTIR T IZEHEE oA Tldinwe 35, $40bb, I'=0Qp DGH
WZOWTI, Q-ZIHA L R2EEMEDIERE & UTIXHEIZ0, >0, > - >0p 2525,

W ZBER T-IfE L 3 5,
##H78 15. There exist non-negative integers €,e*, and d such that
{i:EEW #£0} ={e,e+1,....e+d}, {{:EW #0}={c"e"+1,...,¢"+d}.
INS=2DNTA=RIZEAL T, BIZIXRD LS LEHEIIGEHEI NS -
I 16. We have 2¢ +d > D — 1. Moreover, if equality holds then we have
dmEW =1 (e<i<e+d), dmEW =1 (< {l<e" +d),
and the structure of W is determined by «(I"), €, and £*.

Z OEHIT B, 41, 42] DFERO—HIZH IR T 5B D TH S0, Hiflfi Tik N7z Terwilliger
Z A D MG %it(ﬁ@%@ﬂ%ﬁéh6ovmbwﬁﬁéﬁﬁbeyﬁﬁﬁ%E
HIZH 25 7 OREDIT 2 LED S Z L 2 HMATWEDTH DM, Aok T

Z¥RT T 7 DEGED T(e) DEGRE —MDELE D T (v) DGR & OFLLZ R T iH4l %
£S5 =DM LIz,

Q-ZHNBEHEEH —H 27 7 DBA L T (v) OMERZXINT L > THEBIZRE->TL
FHZ e BBRARZN, MOFELDESLSE DT T AT Q-ZIEANFEHER 7 F 7 24K
DR TRFRFZE ER D, —H. Q-ZHAMEEN =77 70hTH, 2-FEHEI T 7 LR
ENDFEBRICKIR R T AWH 5B, Thbb, FROHUNED LD -

Q-Z AR ER 25 7 Q-Z AP ER] —H8 7 5 7
Q ZIHAGEREE R — 30 7 2 GHEIEREER s 5 T j
:@%Mini R NG, B I I T, ROMEEZ 72T 8E pijrs

(0<i,7,m,s < D)D T’d‘ét% LiZ2FHTHEE VD ¢
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Oz,y) =2%§li7=TRTDz,y e X ITDNVT
IP(z) N To(z) NLs(y)| = pijirs
PERED 2 € Ti(x) N Ty(y) IR UL THED LD,
CDERZ—REMTHED. RPHITS :

I 17 (Curtin [R]). A bipartite distance-reqular graph is 2-homogeneous if and only if
it is Q-polynomial and antipodal.

I AREHTH D L1E. (REBDFTI) [p(z) =1, TARDEZEMITH L TR EN
HEBR—BEWNIIEZD L ThS, 2%Eﬁﬁ7i#65®$§%%52525y%?
IWDWMENSEUT-HERTHD, D=5DGEE2REIBIISEINTNS

EIE 18 (Nomura [31)). If T' is 2-homogeneous then T is one of the followz'ng' (i) the
D-cube Qp; (ii) the complete bipartite graph Ky, minus a perfect matching (D = 3); (iii)
a Hadamard graph (D =4); (iv) D =5 and

(01762703764705) (1 My k— ey k— 1,k), bz = C5— (0 < { < 4),
where k=t(t*+3t+1), p=t(t+1), and 2<t €Z.
Bk D Caughman [6] DFEROEMLLE U T, IROFERDEL D LD

EI 19. If T is 2-homogeneous, then (T') determines the structure of T = T'(e).

4 Q-ZIENIEMIFAS S 7 DFRICET % Terwilliger {431

HIEICld Q-ZTEARRBE TR =¥ 2" 7 OWIZEE T % Terwilliger A% %2 B L7208, 5
BRHES TR DFRSC [B9] Tld & © — AR CHEGR Z BRI L CTH 0. Jifli O WA I E DRk
(7= UEER) T —ATHh D, ARTIERBIZZO—FEmI OV THBIENT 5, DT

T TIERIZZH T T 7 SIMRE L 7\,

Y C X ZZTRHRWHABDESGLE L, xECX2ZTDREMRINLET S :

1 if z€eY
Xz = (Z I~ X)
0 otherwise

Y Ofg w KRR w* Z IR TED S [4)] :
w=max{i: x Ax #0}, w*=max{l:x"Ex #0}

Mg w XY O 2 HABOEHMORKETH D, —H. POTIE w* OREERIES D0 HVrE
LI, 20X SITBEEATH] Ao, Ay, ..., Ap LIRIRRESEIC By, By, . .., Ep %2 BUN 72
NREPFZ DT D, Delsarte #iG 1] DRI D TH o7z, NI A—Rw & w* IZHT
% Brouwer-Godsil-Koolen-Martin [5] DG 1 Delsarte #i & & £ ERTXH 2 9 H D
Thb, £7-. Bifi L FERIZUTY IZBT % Terwilliger RENT = T'(Y) DEHK T E 503,
Brouwer ZEDHENT w IZ £ DD BT DOWTIE, BA[BIITL>TT(Y) ODEERINEED
Blriiro T ol RILTNT WS, BUFIE Brouwer O EFRERD —~DTH 5 :

8



EH 20 (Brouwer et al. [5]). We have w + w* > D.

ZDEHBMTESVHRILTAEGEIZY B4 REBWHEER2RKODZ L RINTWS, RiX
ZDO—HITH B :

EI 21 (Brouwer et al. [6], T. [37]). If w + w* = D, then the subgraph induced on'Y is
a Q-polynomial distance-reqular graph with diameter w, with at most three exceptions of

I’ for given D and w.

Brouwer X w+ w* = D OB EES 77 7 EETHNIX ORI EO NS L E
AU, (3] CHEFIIFEED 77 7DPEE TR 2D L5 T OYINRE D & wilD
WCHEHAX ZDThHhEI LR LZDTH L, ZH5 DHIAMERIZD Askey A F — LI
RIFBNITA—R qg=—-1DEEHEITFEYLT D, COEMERVFITES, w+w' =D &
729Y ZT DFHREMPERI £ITT 5,

Bl 22. —fEE {2} FEICTDOFHTH S (w=0),
Bl 23. T B_fh7 7 751, EEDLec RIETDFHTHS (w=1),
Bl24. T=QpDEE, F0Li<DIZHLTQ, CQOplEFHTHS (w=i)

TROMRIIIEFIZARERTH O, MIEE SR CTH A Erdés—Ko—Rado DEED —
AL CH EERBE 21729 85, 88, FHROMEFICHET M OVWTI B 22
Banzw, TOTFHRY ITHL T, BOTBEEEATH] A* = A(Y) e CXX %

*_1 *
A_ﬁﬂE:A@)

zeY
LEDD L, Hifi L AR TOEMARI NG :

I 25. Suppose thatY is a descendent of T'. Then the Terwilliger algebra T = T(Y') is
generated by A and A*, i.e.,
T = C[A, A7,

unless I' is one of at most three exceptions in Theorem [Z1.

% 26. Suppose that' Y is a descendent of I'. Then the matrices A and A* act on each
irreducible T-module as a tridiagonal pair, unless I' is one of at most three exceptions in
Theorem [Z1.

INoOfGR2EMEE U T, THARIZET 2R/ERD Terwilliger ¥ T'(x) DB 2 FHR Y 12
B9 % Terwilliger RELT(Y) (TR T 2 Z L BN ATREIZ AR B D TH B, B, Z OHLRMH
OHERENSAFE UT, w=1DFFHY (i Delsarte 7 ') —7) £ ZD 1JHEz €Y
2D, ZFEFO Terwilliger (A3 T'(x) = C[A, A*(2)] & T(Y) = C[A, A*(Y)] TEK S 1
% X 5T K E e JEAl e BAAT SRR CA, A*(2), A*(Y)] DRERIINREZ B35 Z L2 T,
(CY,C) BT TIVT 7 4 v~y TIRXIENFR Askey—Wilson ZTHR, KUOIN6DH 5B
MRk e DRE%Z R Z LAV TE 5 4, 25, 26],



S 3k

1]
2]

3]

[12]

[13]

[14]

WA Se—, P BT, O AR, AREIRLE AR, EaZ K, 2016 4.

S. Bang, T. Fujisaki, and J. H. Koolen, The spectra of the local graphs of the twisted
Grassmann graphs, European J. Combin. 30 (2009) 638-654.

E. Bannai and T. Ito, Algebraic combinatorics I: Association schemes, Ben-
jamin/Cummings, Menlo Park, CA, 1984.

A. E. Brouwer, A. M. Cohen, and A. Neumaier, Distance-regular graphs, Springer-Verlag,
Berlin, 1989.

A. E. Brouwer, C. D. Godsil, J. H. Koolen, and W. J. Martin, Width and dual width of
subsets in polynomial association schemes, J. Combin. Theory Ser. A 102 (2003) 255-271.

J. S. Caughman IV, The Terwilliger algebras of bipartite P- and Q-polynomial schemes,
Discrete Math. 196 (1999) 65-95.

J. S. Caughman IV, Bipartite @)-polynomial distance-regular graphs, Graphs Combin. 20
(2004) 47-57.

B. Curtin, 2-Homogeneous bipartite distance-regular graphs, Discrete Math. 187 (1998)
39-70.

E. R. van Dam and J. H. Koolen, A new family of distance-regular graphs with unbounded
diameter, Invent. Math. 162 (2005) 189-193.

E. R. van Dam, J. H. Koolen, and H. Tanaka, Distance-regular graphs, Electron. J. Combin.
(2016) #DS22; arXiv:I410.6294.

P. Delsarte, An algebraic approach to the association schemes of coding theory, Philips
Res. Rep. Suppl. No. 10 (1973).

P. Delsarte and V. I. Levenshtein, Association schemes and coding theory, IEEE Trans.
Inform. Theory 44 (1998) 2477-2504.

G. A. Dickie, @-polynomial structures for association schemes and distance-regular graphs,
thesis, University of Wisconsin, 1995.

A. L. Gayrilyuk and J. H. Koolen, The Terwilliger polynomial of a )-polynomial distance-
regular graph and its application to pseudo-partition graphs, Linear Algebra Appl. 466
(2015) 117-140.

A. L. Gavrilyuk and J. H. Koolen, On a characterization of the Grassmann graphs, preprint
(2018); arXiv:I806.02652.

V. X. Genest, L. Vinet, and A. Zhedanov, The non-symmetric Wilson polynomials are the
Bannai-Ito polynomials, Proc. Amer. Math. Soc. 144 (2016) 5217-5226; arXiv:1h07-02995.

D. Gijswijt, A. Schrijver, and H. Tanaka, New upper bounds for nonbinary codes based
on the Terwilliger algebra and semidefinite programming, J. Combin. Theory Ser. A 113
(2006) 1719-1731.

T. Ito, K. Nomura, and P. Terwilliger, A classification of sharp tridiagonal pairs, Linear
Algebra Appl. 435 (2011) 1857-1884; arXiv:IOOIT TXI2.

10


http://arxiv.org/abs/1410.6294
http://arxiv.org/abs/1806.02652
http://arxiv.org/abs/1507.02995
http://arxiv.org/abs/1001.1812

[19]

[20]

T. Ito, K. Tanabe, and P. Terwilliger, Some algebra related to P- and @-polynomial associ-
ation schemes, in: A. Barg and S. Litsyn (Eds.), Codes and association schemes, American
Mathematical Society, Providence, RI, 2001, pp. 167-192; arXiv:math/0406556.

T. Ito and P. Terwilliger, The augmented tridiagonal algebra, Kyushu J. Math. 64 (2010)
81-144; arXiv:0904 2889.

A. Jurisié, J. Koolen, and P. Terwilliger, Tight distance-regular graphs, J. Algebraic Com-
bin. 12 (2000) 163-197.

R. Koekoek, P. A. Lesky, and R. F. Swarttouw, Hypergeometric orthogonal polynomials
and their g-analogues, Springer-Verlag, Berlin, 2010.

R. Koekoek and R. F. Swarttouw, The Askey scheme of hypergeometric orthogonal poly-
nomials and its g-analog, report 98-17, Delft University of Technology, 1998; http:
//aw.twi.tudelft.nl/~koekoek/askey.html.

J.-H. Lee, @-polynomial distance-regular graphs and a double affine Hecke algebra of rank
one, Linear Algebra Appl. 439 (2013) 3184-3240; arXiv:I307-5297.

J.-H. Lee, Nonsymmetric Askey—Wilson polynomials and @-polynomial distance-regular
graphs, J. Combin. Theory Ser. A 147 (2017) 75-118; arXiv:1h09.04433.

J.-H. Lee and H. Tanaka, Dual polar graphs, a nil-DAHA of rank one, and non-symmetric
dual ¢-Krawtchouk polynomials, SIGMA Symmetry Integrability Geom. Methods Appl. 14
(2018) 009; arXiv:I709.07825.

D. A. Leonard, Orthogonal polynomials, duality and association schemes, STAM J. Math.
Anal. 13 (1982) 656—663.

M. S. MacLean, An inequality involving two eigenvalues of a bipartite distance-regular
graph, Discrete Math. 225 (2000) 193-216.

W. J. Martin and H. Tanaka, Commutative association schemes, European J. Combin. 30
(2009) 1497-1525; arXiv:OXT12475.

S. Miklavi¢, On bipartite @-polynomial distance-regular graphs with diameter 9, 10, or 11,
Electron. J. Combin. 25 (2018) #P1.52.

K. Nomura, Spin models on bipartite distance-regular graphs, J. Combin. Theory Ser. B
64 (1995) 300-313.

H. Suzuki, Association schemes with multiple Q-polynomial structures, J. Algebraic Com-
bin. 7 (1998) 181-196.

H. Suzuki, The Terwilliger algebra associated with a set of vertices in a distance-regular
graph, J. Algebraic Combin. 22 (2005) 5-38.

Y.-Y. Tan, Y.-Z. Fan, T. Ito, and X. Liang, The Terwilliger algebra of the Johnson scheme
J(N, D) revisited from the viewpoint of group representations, European J. Combin., to
appear.

H. Tanaka, Classification of subsets with minimal width and dual width in Grassmann,
bilinear forms and dual polar graphs, J. Combin. Theory Ser. A 113 (2006) 903-910.

11


http://arxiv.org/abs/math/0406556
http://arxiv.org/abs/0904.2889
http://aw.twi.tudelft.nl/~koekoek/askey.html
http://aw.twi.tudelft.nl/~koekoek/askey.html
http://arxiv.org/abs/1307.5297
http://arxiv.org/abs/1509.04433
http://arxiv.org/abs/1709.07825
http://arxiv.org/abs/0811.2475

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

H. Tanaka, A bilinear form relating two Leonard systems, Linear Algebra Appl. 431 (2009)

H. Tanaka, Vertex subsets with minimal width and dual width in @-polynomial distance-
regular graphs, Electron. J. Combin. 18 (2011) #P167; arXiv:10T12000.

H. Tanaka, The Erdés—Ko—Rado theorem for twisted Grassmann graphs, Combinatorica
32 (2012), 735-740; arXiv:10T25692.

H. Tanaka, R. Tanaka, and Y. Watanabe, The Terwilliger algebra of a @-polynomial
distance-regular graph with respect to a set of vertices, in preparation.

P. Terwilliger, P and ) polynomial schemes with ¢ = —1, J. Combin. Theory Ser. B 42
(1987) 64-67.

P. Terwilliger, The subconstituent algebra of an association scheme I, J. Algebraic Combin.
1 (1992) 363-388.

P. Terwilliger, The subconstituent algebra of an association scheme II, J. Algebraic Combin.
2 (1993) 73-103.

P. Terwilliger, The subconstituent algebra of an association scheme II1, J. Algebraic Com-
bin. 2 (1993) 177-210.

P. Terwilliger, Two linear transformations each tridiagonal with respect to an eigenbasis of
the other, Linear Algebra Appl. 330 (2001) 149-203; arXiv:math/0406555.

P. Terwilliger, Leonard pairs and the g-Racah polynomials, Linear Algebra Appl. 387 (2004)
235-276; arXiv:math/0306301.

P. Terwilliger, Two linear transformations each tridiagonal with respect to an eigenbasis
of the other; comments on the parameter array, Des. Codes Cryptogr. 34 (2005) 307-332;
arXiv:math/0306291.

12


http://arxiv.org/abs/0807.0385
http://arxiv.org/abs/1011.2000
http://arxiv.org/abs/1012.5692
http://arxiv.org/abs/math/0406555
http://arxiv.org/abs/math/0306301
http://arxiv.org/abs/math/0306291

	½ø
	Q-Â¿¹à¼°µ÷Î¥ÀµÂ§¥°¥é¥Õ¤È¤½¤ÎTerwilligerÂå¿ô
	Q-Â¿¹à¼°µ÷Î¥ÀµÂ§ÆóÉô¥°¥é¥Õ¤ÎÊÕ¤Ë´Ø¤¹¤ëTerwilligerÂå¿ô
	Q-Â¿¹à¼°µ÷Î¥ÀµÂ§¥°¥é¥Õ¤Î»ÒÂ¹¤Ë´Ø¤¹¤ëTerwilligerÂå¿ô

