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FEF —A7
KRB KRR e B AR FE R

BE
R G & R RS AR IR Oz g OEDRE XM A W TRk s 523, =
OB ELERT S Z & T, ESHEEOTHREIRLR2WEREZAD Z ERHHKS.
Z Z T, Tarig Abdelgadir K& & K)IHTZA K & OILFFFICIZIENT, FHETFm oI r
Z5I & Beilison RO BRI DT Y 2 T A ZZM O BHRIC SV THERRT 5.

The derived category of coherent sheaves on an algebraic variety admitting a tilting
object is described in terms of a quiver with relations, and one can study not necessarily
commutative deformations of the algebraic variety by deforming the relations. In this
proceeding, we discuss our joint work with Tarig Abdelgadir and Shinnosuke Okawa on
the relation between non-commutative projective planes and moduli space of relations
of the Beilinson quiver.

1 BA
i (quiver) L IXATZ T 7D L ThY, HRMIZIE
o THAL (vertex) DHEA Qo
o %%Fl (arrow) DEA Q,
o JREIODIRA (source) & bl (target) % XHAS S5 548 5,1 Q) — Qo

MHRLQ = (Qo,Q1,8,1) & LTERSND. HAPpIE LTIE, 1DDHHE 1 DDRK
FI2x 572 % Jordan fiSe, 3 DDIEMR & 6 KDKHIN G 72 % Beilinson k72 ER3H 5.

B =1,...,k — 1LIZx LT s(ai) = tla;) T RKAIOY (ag, ..., a,01)) ZES
(length) 7% k£ O3# (path) & FES. F7z, FTHK v € Qo ITR L, v THE-To THRDODLIEZ0
Dite, #EZT, ZNHBEELEMS EORDLNT VLRI

(ak,...,al)-(bl,...,bl):

{(ak,...,al,bl,...,bl) s(al) :t(bl) (11)

0 Z DAh,

THEZ A2 b D &S (path algebra) & FFOY, CQ TKJ. THAICHMET 2E S 0DEX
ZOREBOFES TR D. WQ ETOEREOMmMA T T C CQ O (Q,I) Bkl =
filt (quiver with relations) & FESY. fi21%, Jordan AROEMNEIL 1 B4 L HEAER Clz] TH Y,
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/\ T~ T
® a q’ (0 C) Yo (}

\ 2 - \ Z _
1.1: Jordan A 1.2: Beilinson A

ZOBFRAIL Clz) DA T TV Th%. Beilison fiOENRBUIHRKTCOI B THY, ZD
R LT

Io = (y221 — 2oY1, 22T1 — To21, Lol — YolLy) (1.2)
BEZDHE, ZABEORE

DPcoh P? = D’ mod CQ/1, (1.3)

PIEET 5 [Bei78]. £ T, (MBHER X SERRR & B CIE, &2 BIMRH X (Q, 1)
L = AR ORI

Dbcoh X = D’ mod CQ/I (1.4)

MIFET % [Bons9, Ricg9). ZOFEZ VT, X EORY MAKROEY 25 A 2R (LY E
eI, (RIEEEEE O Y 2 7 A 25H]) #ORBLZ AW TRk Tx 5.

FNTIE, X FOXRYZ FARTER X HHDEY 254 2 b O E2 MW TEIT S
DA S Dy, FWEEENSH L TE, ZOMWIKRO X 5 &5

EI 1.1 ([AOUD]).
1. EHOEMEY 27— AR 2237 ME S(3) @ Hesse #E Gog 12 & 5 BZER]
M yopz (ZFEATHR LT DO 2 R " RED 254 A 52 5.

2. Beilinson fi OBIR D 2230 Ne®E Y 2T A 2 My = Grs(CP @ C°)// SL(C?) x
SL(C?) 11 P(6,9,12) L RIAIZ/2 5.

3. BRI S Mype — My DFEL T, Mpgp: OAHEEREZ —SIZEL, O
TIEFEAENZ 2> TV 5.

2 Y T [OUa] %° 3 %l [AOUa] 1231 LT bRBLORE RN Y oo, H9IS, 3K HE DS

BOMOBGRDEY 25 A ZERIE8 KILD b —V v 7 ZEEAR (P2)°)/(C*) 1272, P2 DO—
WDLLEIZ D D 6 HOBREZEM%Z 4 RTD R S AX—A L LTEHEATNS.

2 RS ETE

PR D 7 — VBB OEORE OBLE NG /LD &, RS ERIRDETE & (S AR
DOFHFIZIRBE L TEZX D Z &34 T L BARTIE 2. BOEEOHZERH 1T 2 )k @ Hochschild
aRERV—TH2 557, Hochschild-Kostant-Rosenberg [FHIC L 0, I ZEEIE X D 2
R @ Hochschild A€ m O —XEM HY(A*Tx) & H (Tx) 8 H*(Ox) THABND Z LD
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NTWD. ZOEFSREDE 2 sy H' (Tx) 13/ F-Spencer BRERIZ K W @H O (& D% [H]
i | VEROHEZERIT /e > TWB A, R0 O 2 2Dy HY(A?Tx) & H*(Ox) IS ER K
D@ DFRTOETEH B RROWBE OETEOREZERIZ /2> TB Y, LN EIIEE % IE i
554511 (Poisson £, & 2 WIIRFBOIFFIATY) B L OO Y G2 — kb1 2
J7 1] (gerbe ~DZETE) IZHIE L TN D.

REZHEEROBEOIEE & LT, Artin-Zhang[AZ94] 1X AT & 1R & 70 kBT E REA 12
AlTH L

QgrA:=GrA/Tor A (2.1)

DIEDOT =NV EZZ T, ZNEIFAHRHNEZRIE L BT e 2B L. 22 TGr4
XA EOWREBS ELHMBED 7237 —~ LT, Tor AlZ EICHERALMBEORBRE LTEHEZS
NDIMBET= B DT DB T©H 5. Tor A Gr A @ Serre #87E 72D C, pHE QgrA b
7=V D

WHEATEBR A = P, DR Ag = C &7z L, Lb AR C = A/A>0 2

0— A(=3) 5 A=) 5 A(-1)®* 54 —-C—0 (2.2)

DFEDHF I3 %A FeORE, 3WILD 2 Rk AS EHIER (quadratic AS-regular algebra of dimension
3) LIRS [AS87]. 3WRILD 2k AS IERIBRORIFAEIT, P2 o 3 Wi X, 2o | R
o€ Aut X, THUZX LR 3 OEMK L OM (X, 0, L) THEY 502w H 00 RB
FE LR LICxHET 5 [ATVAB90]. & ZCHL (X, 0, L) & (X', o', L) 1%, FEGH g X — X'
PIFIELTCL 2 o' L' Do poo =o' BV NLORHZ, AR THD LERSND,

3WILD 2 AS IEHIER A 2\ C Qgr A OIBICET 57— L& % FE Al a5 - (non-
commutative projective plane) & FES. FERTHLN 2 H O RARUTT —~VEOFRE L L CER
b, 250 ASEHIBE A & A 2B ChIUERRT 5 ATHUR O Qer A & Qgr A 1L
FENZ 72 2 A%, W33 L HRRSE L7230,

FE AT B i O [RAEEIE, 3Rt 2k AS BRI Z REORIAE & 1% 1 icxhisd 5
[SvdB01]. Z 2T, ZREUIKREM ZEROILETHY, TO ASTEAMEL BRICERIND.
3WILD 2 AS EHI Z RSk o [AAEIX, P2 O 3R X L 2O LOwE 3 OB 2 >
DO (X, Ly, L) T4 70 &b 2727 b ORI E 1 %1 1Icx 75 [BPI3]. Z Z Tl
(X, Lo, Ly) & (X', L, L)L, @ Lh = Lo & oL = L) 2R o X — X BEETD
R, R THDEERIND.

3 328D\ FHEEDATAERM

3 K AR D Hesse 1%
SB)={((z:y:2),({tg:t) € ]P’f“y:z X ]P’th:t1 | to(z® + % + ZS) +tyz =0} — ]P’iozt1 (3.1)

1%, P? % Hesse # (Hesse pencil) DM p, ..., ps TR L THEOLNLLAEFEH I CTH 5:

_____ s P2 (3.2)
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BISMMBRIINIEL 3 DN B D0 A 52 5. SLy(Z) D L ~v 3 D EG RS #EZ
I'(3) = ker (SLy(Z) — SLy(Z/37Z)) (3.3)

L, T@) K22

(v,m,n): (1,2) — < (3.4)

ar+b z4+mr+n
cr+d  cr+d '

(X > THx CICHAIMERT 225, ZOFEMCL2EEBOMAEY 2 7 —ihim & s
S'(3) := (H x C)/(I'(3) x Z*) — X'(3) := H/T'(3). (3.5)

Hesse & S(3) 13K E ¥ = 7 — i S'(3) DRFFEET MIT/ > T\ 5. Hesse Bif

Gy := <SLﬂZ)x <%Z>2)//(F@n><ZQC¥SLAZ/3Z)K(Z/$2 (3.6)

D S'(3) ~DARBREMIT S(3) ITER S, 8% (32) 2B L TP ONAHA R AG]
TEZF. ZoNEHACRBNFEIIBENTH Y, Gy S AutP? = PSL;(C) @ Hesse H
ZRE L TR LN ORI T D ENEBITHND. S(B) DD pIZ
%L, (B, Og,(3p), O, (3p)) 1% [BP93] 12 L > T 3 WIEd 2 %k AS EHI Z REUTHET 5.
ZIT, pe SB)DRETHEMT A N—% E, TELIZ. SB) DD 2 M pqllktL,
(Ep, OF, (3m), O, (3p)) & (Ey, Ok, (3p0), Or,, (3p') MR 22 5 720 DMLE A3 R-IME, &
BgEGue TR LT =g-p,BDILTHD. ZDOI LMD,

MncPZ = S(3)/G216 (37)

PSR BRRY 72 B bR CHE AT B Pl O RIS A X T A N T A X925 Z L3430 % . Hesse BE
D BRI SL3(C) — PSL3(C) IC L DA Gags & EL &, 3K HALR Clz,y, 2] D
Geas 1 X DRERBRITRED 6, 9B L 12 DRERX I, Ly, [ I K> THHRIZAER SN TWD
[Mas89]:

(C[xayaz]cms = C[IG7193112]' (38)

4 BRI MEEDASA

THR vo 7 BTER vy ~DORHEINIED 7 FVZER & THR vy 22 B THR vy ~DOREIBIRDS N7
MVERZZNTH

Vi :=span{zy,y1, 21}, Vo :=span{zs, 1y, 20}, (4.1)

LB L, (1.2) OBfRA L 13V @ Vo D 3IITER D ZEM T 5. B S ERECQ/ Ly D
WAL, Iy & Vi @ Vo ORID 3R ZZMICETE T 5 2 LIRS T 5, BIRAT & B3
CQ/I & CQ/I' N FHMMAEL C = Ce,, @ Ce,, ®Ce,, LOMREE LTHATHL Z LD
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AL, BRI & I S GL(VY) x GL(Vy) O ARRMERA TRV A 2L Th D, %Ki
YRR A GR IR

Mo = Gr3(Vi @ Va) // SL(V1) x SL(V2) (4.2)
MR O RT "o ET 2T A LIRS, Grassmann SRR O SRR E RGHH 72 3Rk
Gry(Vi @ Vo) 2 B(V x Vi x V2)/ SL(VY) (13)

WCHEBET D E, ZOEEMITEFEHREEGIZRBUVT 3 qutrit ® SLOCCEY 2T A4 ZEM & LT
MR ETND

P(Vy x Vi x V4)// SL(Vo) x SL(Vi) x SL(V3) (4.4)

EHRICHEAICZ2 5 [OUD]. 72720, VI3 RoeDd~s MVZERTH 5. 27 B HEARE
C[Vy @ V1 & Vo] @ SL(Vy) x SL(V1) x SL(Vo) I L D AZEXER 0L 0 D3 6, 9B LN 12 D
Z:szftjﬁ,zjg,z]u Ik ->»TCTHH Lﬁiﬁkéhfb\ [Cha39]

ClVo @ Vi @ Vo PHOSHVSLR) 2= €L Jg, Jy, 1], (4.5)

(3.8) & (4.5) DEALRIZ, Vinberg [Vin76] (2 & 2 R¥f) = Lie BRITATHET 2 A2 O Kl 22 55
FlZieo T 5.

5 2REEEH KU 3REME
2 YR B 5 LA 3B

!
ay b ay

—© == 1)

bQ y
WZkoTEkEhn, BFRRIIV,@Ve@ Vs D2 W TOESZEMIc/ b, BRRna L7 My
2T AL 2l

Mo = Gro(Vi @ Vy @ Vi) // SL(V1) x SL(Va) x SL(V3) (5.2)
—P(/o@‘q@‘/z(@‘/ )//SL(‘ )XSL(‘ )XSL( )XSL( ) (53)
TH2 M50, ZHITEFHFRIHICH VL TL qubit DFEY 2T A 22/ & L THIES N TE
D, REXBRITKRE2, 4, 4, 6 DL THMBIZAER S LD [LT03)].
3 YR B T O BB g 0D AR B 1 1k

2,0

XL

22"




iiiofﬁﬂﬁéﬂ, Fﬁlg'f%ﬂ‘i Z,j = 0, ]., 2 @%/J (:;ﬁ‘b(, U()y,' 73‘% Ug’j ’\@Eé 2 @JE@&?'T
3WILRT FNVZERIO LIRTCES Sy ZE T2 b0 670 % BRAD a3y MpEeya T A ZE/IT

Mrel = (]P;Z)Q//((CX)IB (5-5)

ThY, SWILD b=V v 7 ZEZ 2. PP 2 —ROMEICH D 6 TR D Lilr b
SIHITRI 21508, TV 2T A ZEM Mo X2 0 6 SOREZEM % 4 KTt O [P A F— 4
LLTEATNS.

& Xk
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