MATRIX FACTORIZATIONS AND MIRROR SYMMETRY
THIREFE & = 5 —xtFRE

ATSUSHI TAKAHASHI
mff s

ABSTRACT. This is a survey note on the mirror symmetry for weighted homogeneous
isolated hypersurface singularities (Landau—Ginzburg orbifolds) in two dimension. After
giving the definition of regular weight systems, duality of weight systems (= topological
mirror symmetry) and some triangulated categories associated to weight systems includ-
ing triangulated categories of graded matrix factorizations, we study properties of these
triangulated catogories motivated by homological mirror symmetry.

1. IZC®IZ

BRI DKRIRME & Maximal Cohen-Macaulay INEORBHIEIETHELUTLNS

ZOEITE L TEONTEFITZ DO TIERZWTL X HH

D RVIRIL T TIE, ZHIFHER LB TIE R N EIATIES 5 =AM (triangu-
lated category) DRIIC = 5 —RFME L VD w25 HARITE DN S = A [FHMH (triangulated
equivalence) W& 5D Z L ORI TH D, L\ H Z L EZWMHTHONEMTT.

ZOHEETIE, ETHEICI T —HEOE RZ2 R0 b, FERAOMMENI 7 —
MFFECOWTEMARCH L ES. RIS, FRATEL 20 < OO B W [RIER =
AEZEANLET. O 20K & Maximal Cohen-Macaulay JIEED 729~ =& T
T Z LU TAHRY S T —x D B 73 1) — 1k (categorification) Th 5 & Z ADAKRE
7Y T =X FREIC LY, 2D O =ABENRORSHEICOW TG L, BT
L L TRRET. HEIZHLSODDOFNIK L TEDOTFENIELWZ &, DF D, KA
WATRE L 72 2 D =fAE D, 5[ IRRTTAEDRILDOEDRE & —ARIEICRD Z L &
WwAET

2. X T —XFEDOY BRI 5

WHERTIE, RCIEHR 1RTOBHEZFF o AR 2R T2 B2 FT. #ilx
TFex 8 B E BT DRF1T, SORENC L > TRESNET. W< Db OB RREIZE -
FMHEAERT 2 Z L2k, BEHEC RO 2RI X A TE £, IEFICTREER 2 E 0
TN, 22 X FoOREER LT, B8 Y — X B X OERFREEEE D DA IR RS O
BIRD 72922 M M & fifir4 25 2 & T

X ZniRILH 7€ « ¥ U SRR, BEHER Ky 25 A 70858 n OTHIZINZERIR, & LE
LD ZOLEHTE - YULEEEX b, N =2 O EZEBEHmE2E 252
EMNMTEET. BLARE LI, ZNBIDOH T E - YUZEEIKRY LD N = 2 OBx#E
ZROBGHG L 5l (2528, DEVHENSELNIYMHEENET HT5 L

The detailed version of this paper may be submitted for publication elsewhere or put on the internet.
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WHOBRSERERINELE. ZOBREOZ L% IF5—/MMEEL L, L<ICY # X O3
T—ZRIKR L IFOET.

S5, N = 2 OBRFMEZFFOEZERIC TORY ] LWwbh 28 EEET Z &1

Yo, QRO IR, AR LIRTNG (BRILSIE) r— T — RO % 7 5
Fds LN B A LI D EFEBIE ORI 2 F A i, DML ET. 2L X,
(2.1) X ko A > 7 ZAPE Y Lo g
EWVWIHBRNH Y . ZOMISETARND Z LT, BERHICE ) R R TN R 2 & B
NET. I 7 —RFEZIET VUL, FAO RS IO 5 82 AW T, OaHE
DOIEFICHELVEEZRRDENTELNLTT.

HLIHEHITHE, X LY Z3WRTHTE-YUEEIKET D L&, X OFH Gromov-
Witen 2B (PL 425 X ~DIERIBAO%) OB E Y OEH 3RO R S % AT A
KEJICEE TED, EWHZ N £

3. X T —RIFREO B RN

EsbR(2.1) (2B LT, RITECFHIC B TT IR ICE#E LRIV T

(1) XY & LTEDL D BMZHPGRE HD D).

(2) AR BRI L5 O, X 2k LTz S5 2 & RDh,

(3) X ITHLT, IT7=FHKARY 2 EDLIITADT DD,

INHO [k BxixbroTnERA. L, ROLI RESNMLNTWNET.

Bl 1 (A T —%EME). XY 2 X ZniRCV T8 - YULZEREE L, AX) % X D
EFIAREAD—R BY): =@, H(Y,NTY) L LET. RELTAX)~B(Y)D L
&, A (XY) T 7= THD LN ET

N7 hVZERE LTI AX) ~ @, HUX, NT*X) 72D T, (X,Y) N I 77— T
bl E, Ry VB X) = dime HY(X, \PT*X) ORIC

(3.1) hPa(X) = B PA(Y)

S0 BIR (RIHRI S S—HME) DS rh 3. 207w, 5 LRy VR IR
BE L YY) BIFEICTE S (X)) EOBDO L HICRAET. Zh S 7 —xFE
DARTOBRE > TWET. WPUX) = h"PUY) LW BIRAEHRT-TH T - ¥ ULk
ROFE (X,Y) XM/ = 5 —xt & FEIEI, Greene-Plesser O 74— B 7 4 — /L REERKSCZE D
— (T o D AT Z A (reflexive polytope) % FHV 7z Batyrev D FiEIZ K> TREITHE
Rt HZENTEET

Bl 2 (FEOD—HI T—% ). X 20T Lo T v 7 SRR, Y 2RISR
KELET. FRAX) L LT X EOT 7T 00T UER SRR E 2O EOBERK D
TERAE F(X) 0EKE D'F(X) %, BY) L LTY LOBERBOARERD LT ESE
BDNY)ZEEd. ZABELTAX) ~ BY), B(X) ~ AY) BV io & &, %
(X, V)BT Y= 7—xThsEVnET. AR QKT h—7 2) 315
RERV—M I TR FEE, T X EHBEOIARICHEDN T, ITEABEIE I L > TRE
SHTWET.

HOERTRE AL, I 7 —XFMET,

2T xR
=

(3.2) X b L rT oy 7k Y FOBRET
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LV BB DEMERFEROL LWV ZETT.
4. ERU =1 MR
ZITCEREEAEZE X, RO LD A DEmIORREEZEXHZLICLELLEDY. 2
DEIONFIL, ZPRFIETEZ TOETH, BRSSO [11] 1IZHE2D0) T
F9. A OFEFRICEET D X0 FE LWL [11]) OSCRRE 2 < 7280,
EZE 3. a,b,c,h € Zwg, ged(a,bye,h) =1 2FT5. ZOLEMEW = (a,b,c;h) DNIER
weight % (regular weight system) T 5 & 13,

1— ¢ h)(1— ¢ w)(1— ¢ h)

(1) (1) = |

Btr DHERE BB L LT D,
ZDOEERDZ EDPFEFIRFNC L > TRENTHET.
T 4. RIXFMAE.
(1) W = (a,b, c; h) IXTEH weight &.
(2) Euler ® 523X
a o b 0 ¢ 0
(4.2) Ew fw = fw, EW-ZE-JJ%—!—E-ya—yﬁLE-z&
il 3D LA fiv(z,y, 2) & —HIIZ (generic 12 ) FLd & X,
(43) XVV,O = {(l‘,y,Z) € CB | fW(m7ya Z) = 0}
1%, R DI m & IR S 2 R,
[]
EHRT oA FRW REZBH, — O fy &—2@EELZE E, Ry :=Clz,y,2|/(fw)
EBLZEITLET. U=A ba,bcll&V, ROEIICTHKRIZREMERICRD £7

(44) Ry = @dE%ZZORW:d7 RW,d = {g € Ry | 2Ewg = dg}
HEE 5. W = (a,b,c; h) 23 IEH weight 2D & &,
Ofw Ofw Ofw
4. =
( 5) JW C[%%Z]/( or 83/ y»

ITARIOCRE S & CARE & 720, & <IZ x(W,t) 1% Jw @ Poincaré ZHA T .

5l 6. (A BIEH weight 5 )

W=(1bl+1-bl+1)ELELLE) bIF0O<b<I+1ZH-TEEE) Z0LETERE
W2k

1 — ¢
(4.6) X(W,t) = ———

1 — ¢+t
ERDFET. fw(r,y,2) =2t 4 yz EID LN TET,
(4.7) Jw =~ Cls]/(a')

LeHZ L, &0 Poincaré ZHAN x(W,t) THX b5 Z L1TT <o £7.
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WIZ, TEH weight 2 W = (a,b,c; h) IZK L TW OO AREBEZER L TVEET.
& 7. x(W,1) & pyw THRL, Milnor &L FES. &< I
(h—a)(h—0b)(h—c¢)
abc '

HE 8. WM (fat structure) 72137 7 _X=17 Zf#i# (Frobenius structure) O]
HIX, P EMRTIET.

EE 9. A

(4.9) nW::(1_@”(1_2_19)”1_%):3_2@

Z 1IE# weight SR D RIT & FES.

EE 10. e :=a+b+c—h &BE, H/MEH (minimal exponent) & FE5.

EE 1L TR XIS, ew 1T FEFFFE A Ry OFEYENNRE (canonical module) DRI
EGAET. £ L TREGT SRR RO ZAB O EICE L TEERERI 2R LET.

ew ZHNT, RMOLSICERY =4 FRZMS DT LI LN TEET.

EE12. 1) ew>0nbFen=1(%TEATD, EHU=A NROZLEEIZET D
EENOHENET ). &< W ik ADE #¢ B SUCxEs+ 2 5 FE -

EHY =4 NEW | fw | BRAOW

RN

=i

Y

(1,b,1+1—b;1+1) 2 oy Ay BUKR L
(2,1 —2,1—1;21 —2) | 2"+ 2y® + 22 | D, BUFR RS
(3,4,6;12) o+ + 27 | By B RN
(6,4,9;18) o3 +ayd + 22 | By BURE RN
(6,10, 15; 30) o4+ 22 | By TR ELN
(2) ew = 072 51F, W ILHL MG AR B RIS~ 5 3 Fl
ERY =1 FRW | fw | e Rl
(1,1,1;3) 23 4P+ 28 | g U HLS
(1,1,2;4) ot 4yt + 22| By U R
(1,2,3;6) 28 4+ + 22 | By RS
(3) ew < ODTEM Y = A MR W IRERBGFEET 5. 1277 L ew ZEET D Z LA

H<TdH 2.
O

SOICAREBEDEREHTET.
FE 13. x(W,0) 12 th DEER >7-DT,

pw
. 1
(4.10) x(W,t) = thz, O=:p1 <p2<...py1 <pu:=nw, D€ EZZO
=1
DEDITEHTE . BHim, = hpitew D2 &%, EHT=A FRW O3 (exponent)
& RS,
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HE 14, x(W,t) DERIZLDY

(4.11) X(Wt™h) =" x (W, 1)

ERDHDT, p BLOFEE m; T2 b OMIZIROBGHED & 5 -

(4.12) Di + Puw—it1 = Nw, Miy+My,—iv1="h, i=1,... puw.

EHRT A PRWIZKH LT, BEN k(e Z) & 725 b OOEEE multy (k) Th HbT
ZElzLET.

EE 15. multy = multy (—1) + multy (1) £ B, ERY=A FROZEE (multip-
ulicity) & FE5.

WITEELRERTTR, 22 TIEZORENCOWTRRD Z LiFTEEHA.

EHE 16. EHY x4 FRWICH LT, ZHEEITLHEIZ LU E (multy > 1). O
BT, bODLERMFHRERE W NOIMVILEL X 9.

EE 17. gw = multy(0) L BE, EHY A FROFEH (genus) & 5.

EI 18. EH Y =A FRWICx LT, HEAF—L Oy = Proj(Rw) = Xwo\{0}/C* %
LIRTEDO W &N H SRR L 7o, LI, 20 g(Cw) i gw THD. O

DB &8 Ry 3 Ry 2 DIEDBELENTOROOT, LVIFHEIZ, BAY Y7 Cy =
Proj(Rw) = [Xwo\{0}/C* | 2B x5 Z LN TEET. BIOFTVHEETDH &, Oy OEFRIC
MAT, V=A FTHRIZEE S CERICET 2 [ E A & BEELFEDOTER (A— 7 +—
IV RT =8 AT IMA T2 DONRPEGAL v 7 Cy T ZOEEFEOT —F b EH Y =
A FRW DHIRO XD IZHEMANCEEA & D 2 E R HRET.

EE19. EHU A FRW = (a1,as,a3;h) IZX LT,
(4.13) m(a;, a; : h) = t{(u,v) € (Z>0)? | a;u + ajv = h}
LB MOEDELEN G712 5% EEE (multi-set)

(4.14) A} = {ai | g ¢7,i= 1,2,3} H {gcd(a, a;) (mlaiei:h)=1) 1 ] <j < j < 3}

B2 D, ZZTis ged(a, ay) M@= o (m(ag, a5 0 h) — 1) O ged(as, a;) 7 Ay
ICEDL LN ZrbbbT. Ay DITULE LD &R SEEA L 0) < ay <
< a EHBIELTERE, Ay = (0, q,) EFELL A ZEBR Y =4 R W ORZH
(signature) & FE5.

RBIZ, b — OHEELMEELEATREE ET.
EE 20. W O LZIEK (characteristic polynomial) %

nw

(4.15) ew(N) =[]0 = el=)

=1
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TEDD. ow(\) M ZHEXDT, ElHIZL > TRIBEFRED LIV, h OFKEH
LIRDHHLAMES M(W)IZE>T

(4.16) o) = ] (=10
i€EM(W)

=BV IZESZLENTED. ZDew(i) DT EEZERY A MR W OFDER
(cyclotomic exponent) & FES.

N THERAEREZER LEAE L. BEEEHOEXLTINETHEATLALRET
LaBH L TBEELLD.

Bl 21. ey = 1 DA

%% ‘ L ‘ nulty ‘ aw | Aw ‘ ow(\) ‘ 1
(Lbl+1—bl+1) | 1| 1 ]0]®Ii+1-b) T 1
(2,0 —2,1—-1;20—2) | 1 1 0| (2,2,1—-2) £§;3%§g D,

gas1)  [e] 1 ol 33 | Geieis? [F
Gaoe)  [7] 1 ol @sd [ Sefeiis |
6.10.15:30) [ 8 [ 1 [0 ] 235 [Gepamieto | £
Bl 22. ey = 0 DA
W |pw | multw |gw [Aw ]  ew() |2
(1,1,1;3) | 8 3 1 [ {n (A:j)d z,

(1,1,2;4) | 9 2 1 [ {0y D g

A—
Abf A'jf )\z . ~
(1,1,1;3) | 10 1 1| {0y | XD By

5. NEAHAY X T —XIFRE & BT = A bR OB

ST, ERVA FPRICH LTS HICHEERALELZERLEL LY. ZOHITEED
F 3L [13] OWEEE T, & OFERITEIT 2 K0 FE LW ICERIT [13] OSCERER 2 1R < 72 S 0.

W = (a1,a9,a3;h) ZER TV = A FRELET. GLB,C) DFRT —~VLESHEG T
HoT, GOIEEDILIXGL(3,C) D C? ~D AR EAH T diag(ew;a1], e[waas], elwsas))
DIETHLOLIN, fw(wr, o, 23) EAERICT D, EWHIMHEZLOLDEEXET. Z
Z7T, el =exprv—1),wi i=a;/hBE VP eZ E LET.

& <1Z diag(efwi], e[ws), e[ws]) THEE D GL(3,C) DAHRT —~VERIEE (~ Z/hZ)
DZ L% Gy THLDLTZLIZLET.

INHDOEROTT, M (W,G) I LTH—ET+—IL FR7 2 h LZIER (orbifold
Poincaré polynomial) &I DAL R (W, G)(y,9) 525 Z N TEET:

EE& 23 (Vafa DAR).

(=1)°

(5.1) xmﬂﬁwﬁkz|m

Z on(VVa G) (ya g),

aeG
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—2w; —wiaitlwia)+E
=% IT 0+ (Y) :

(52) BEG wia; €7 y

x IIG{%@+%}1_9KL—%@M@@1M

wio; €L l—e [WZ/BZ] (yy)wz

Z 2T wiey] Twijoy ZBARWIRROER ZH 5O

HE 24 t=ygbPBWl&, EHUVoA NRW EABWREEG = {1} O/MIZXT 54—
t7ﬁ~wkf7/ﬁV§@T

(5.3) x(W {1y, 9) = x(W, 1)
Lo TRY, RICEZLIZBEORT U LVEZHENIC L £

ZOF—ET =V RRT B VEZEA (W, G)(y,7) 1%, FEAREEARK X 1267
DA VED B

(5.4) X(X)(y,9) =Y _(=1)""yPy* dime HY(X, AP T*X)

p.q

DT Fa—TT. ZIUIRD X 5 72 CrEsR T 9

Bl 25. W =(1,1,1;3), G=Gw £ T5. fw(w,z0,23) =2} + 25+ 23 =00P2OHT
EDLHMEMRE X 45L&,

EUJ[E}

(5.5) XW,Gw)(y,9) =1—y—y+yy=x(X)(y,9)
DIRRAL L E T

RN ART= X D1, nikITTH T ¥ - Y USHEEROM (X,Y) I3,
(5.6) X(X)(v,9) = (=1)"y"x(V)(y,9)

%%tf&% NMARB R 7 —xt & FHEN E 7. HEMIRERZEER X L (W, G) 07 1
IZEDL L, ROX D 72MHII 7 —FEDOT A T TICEY £

T 26 (BEAMNEERY =4 FROAAN I T —x ). (W, G) L (W*,G*) 7
NAR S 7 —%TH D LI

(5.7) X(W.G)(y,5) = (=1)"™"y™ x(W*,G")(y™,7)
DV HDZ T 5.
Bl 27. W=W*=(1,1,1;3), G = GWA?—«[%qﬂﬁgxue , )y eTan o

DL XHL(W,G) LHL (W GY) LRI S T4 E 72D £, &< 1ok (W* G) 13H
45 X 0 3 T —HE TR X SRS L E

R 28, WP CI (—Mkoco ) BERM S BimfFr R0 Z 2T 0D - XY T
JEEAREE! (Landau-Ginzburg orbifold model) & FEA TUWES. BEELIZIE, =
DT H T« X TN T HIERETRLONAR) X T —FEOMEN S, BT - Vv U
FRIRD I 7 —5MEOMFZEN IR L £ LT-.
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ED XD (W, G) &AL (W, G*) MR X 7 =X TR 2 0 IRTET D DIE, H5rH)
BT AT TIEFHINTND OO ANIZIEF ICEH LW T, WE, EfHv=A b
RICAHRE L7 RBl 7Bt G & LC, A= BIX O {1} BX Gy 28> TnET. =
NHZMNT, ROXIICTERY =A FROBHMEZERTHZEIZLEL L D

EE 29. EH YA FREWIZK LT, W* B W ORxt (dual) TH D &1,
(5.8) XW A1y, 9) = (=1 y™ x(W*, Gw-)(y,7)
MRV NEDZ & T 5.
INHLDOMEFEOT T, WO ENELT DT ENbND 7.
TE 30. (1) W' 28 WACHUR 72 B 1 (W) = W
(2) multy = multys =1, gw = gw- =0 & 70 5. & ITHE#RIT Ay = (1, a9, a3) &

EiF5H. (2FD r=3).
(3) W* BW T TH D & &, BWEREIOERTHRAITHL L, Thbb
59 ewW= [ 0-pwO= [ K-t =0
1EM(W*) ieM (W)
PRV NHZ L, ZRETH 5.
O

HE 31 BEICE 21E, ko (iii) 0B IZBWT TS F OB R Tt Oy % —
HMEIET 2 0ERH Y FF. FELIT[13] DEFK 24 ZHEL IZE 0.

W* O ENTE L WITIRD 5 RANDIEH Y = A FRIZIROND Z L3> T
WEJ. BRI LEL X D

| i)
(5-10) W=W"= (P2P3>P3P1;P1P2;P1P2P3)-
=72 L, (pl-,pj) =1,i=1,2,3. FFRSOEFRLZEAL LT,
511 wlz,y,z) = xp1+ 172_+_2;I737 W (Ts, Y, 24 :xp1+ p2+zp3
( Y y Y S T
D ENTE A.
I s
p1p
(5-12) W= (P3; f; (Pz - 1)P1;P1P3)>
* D3
(5-13) W= = (P3;P1P2, (p—2 - 1)171;171173)-
12120, pa # ps, p2lps, (p1,p3) =1, (2 — L,p3) =1, (ps/p2 — 1,p3) = 1. FrRADERE
ZIEA L LT,
p3

5.14 wl(z,y, z) = 2P + ¢y + zﬁ_g, W (Tuy Ysy 24) = TP + Yo + y, 2P2

Y Y Yy Y * Yy YuZy

ZEWDHZEMNTED.
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ITT &

(5-15) W=W"= (P2>P1(J2,P1Q3;P1P2)-

L, (pup) =1 @& @iEp+l=(e+1)(@+])BEV (@, ¢) =1&HTHA
LT o BRIDEXES ﬁﬁk LT,

(5.16)  fw(z,y,2) = 2" +yB 2+ 22T fr (2, Yo, 24) = 22 + Y8BT 2, + g2
A LN TE A,

IV #
(5.17) W= (2, (o — )2, py — p1 + 1;py),
D1 D2
* D3 P3 D3
(5.18) (2 (p2 )1, P ; D3).
ttb D1 7# D2 7 D3, D1|ps, P2|ps, (p1—1,p02) =1, (p2—p1+1,p3) =1, (p3/p2—1,p3/p1) =
1, (p3/p1 —p3/p2+ 1,p3) = 1. FFREDEHRZL EJ&E LT,
P2 P3 PS P2
(5.19) fw(z,y,2) = aP +aym +yzrz,  fu (@, Y, 22) = 7 + 50 + 32
THAZ LN TX A,
vV E#
(5.20) W= (Im—-m+1mk—k+1kl —I1+1;h),
(5.21) W*=(Im-—14+1,mk—m+1,kl — k+ 1;h).

L, klmiZh=kim+1, (Im—m+1,h) =1, (Im—1+1,h) =1 &= TILED
BB ET 5. FFRAOERSZHEAL LT,

(5.22) fw(z,y,2) = 2z + zy™ + yzla Jwe (T, Ysy 24) = Z*xl: + x*yi + yu2y"
ZWAHZENTX5.

EE 32. ADE FFRAUSHIET DR Y = A bR (ew = 1) FETHDI W = W* TF.
F72, 3OOHMIEIEFRFIHIET 26D (e =0) 1%, WFHb gw =17220DT, X
XNpv A FREFLEEA.

6. EHY = A FROBHMEE T — /v R OB 72 POk

EBY = A FROIGHENBERE N OIX, TR T — /b ROFTFWEIxH (strange
duality) # BRIZHEE L TWH 6T, D LEEMICRTAEL & 9.

7 — /v R = —Z VI mAF RSO EITY, EKIZCHERZR 2B DI
FR2 & SEIC 2T 72 3 DD Bl FIRURE R L & RIS D 14 [HOFISNLFER S (e = —1)
EHZ Lt ERLELE.
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Y =1 FRW fw | Aw | Bw |BT=A bW

(6,14,21;42) 322 (2,37)](2,3,7) (6,14,21;42)
(6,8, 15;30) o +ayd + 22 1(2,38)](2,4,5) (4,10,15; 30)
(4,10,15; 30) Py +yP+ 22 1(245)](2,3,8) (6,8, 15; 30)
(6,8,9;24) o+ 7+ 22t [(2,3,9)](3,3,4) (3,8,12;24)
(3,8,12;24) 2zt + P+ 22 [(3,3,4)](2,3,9) (6,8,9;24)
(4,6,11;22) yrt +ay® + 22 [(2,4,6) | (2,4,6) (4,6, 11;22)
(4,5, 10;20) +y?z+ 22 [(2,55)](2,5,5) (4,5, 10; 20)
(3,5,9;18) zod +xy® + 22 | (3,3,5) | (2,4,7) (4,6,7;18)
(4,6,7;18) y+y+x2? | (2,4,7)](3,3,5) (3,5,9;18)
(3,4,8;16) aly +y’z + 2% | (34,4) | (2,5,6) (4,5,6;16)
(4,5,6;16) otz + 22 1(2,5,6) ] (3,4,4) (3,4,8;16)
(3,5,6;15) z® + S + 222 (3,3,6) ] (3,3,6) (3,5,6;15)
(3,4,5;13) 2y +yPz + 222 | (3,4,5) ] (3,4,5) (3,4,5;13)
(3,4,4;12) oyt +y2® | (44,4) ] (4,4,4) (3,4,4;12)

TIT, A IFRIEEERELIEER Y oA FROE#T, SOXIRTIXI FILAF T 78
(Dolgachev number) & FEFILTUWE T [4]. —F7 By 13FFR A D I VT —#&+ (2 XATHI)
DIEBRNHEE HET, A7) T AT (Gabrielov number) & FEENTWET [5]. LoD
REFEBERSAD L, Ay = By~ DWETO W IZOWTHRIN. L TWAD Z Enbmnh £9.
ZOBRIIT — /v RIZ X o TRANTBIE SN T, D72 P0eE & T TV ET
RIEIDBLRIZ LY, ZO7T — v KOFE 72 BOHEIIHEAE AT & O R 5 S OALFERY <
T—XEE IR D Z EnTEE L, MR 7 —x BRI AT R U— ) T — xR
PRIt snb DT, 7— /v ROFWRBIE Ay = By 2 = ARBIONIH0 6542
HZET, X0 ZoOREELRBESE BARICEMRT L Z ENFREIC/ D EHIfFTCE £

7. WY A 7 v E—L— R R

BT =4 FRIZH LT, BIFIC, —fi%/L— 5% (generalized root system) & FEX
DL — N RO S E 3R ST D 2 N TE . ZOHITIE[12] D 5 HiONE
ZEE L, MERRZITWET.

W = (a,b,c;h) ZEH T =4 MR, fw Z WICHBEL-ZHEKXE LET. Z0L &

(7.1) fw : C\ iy (0) — C\{0}

IR RETAE R 7 7 A N—_RE 72V £9. 22T, 2IF—T 74 /83— (Milnor
fiber) L METIND X7 7 A /N —

(7.2) Xw, = fiy' (1)
EEZDE, TIITHEHE2RIC (F4RL) DBERLRIETTOT
(73) I: HQ(XWJ,Z) X HQ(XWJ,Z) — 7

&) XXM (intersection form) AFEELET. I VT —DEIIZ LY Hy(Xw1,Z) 1E
FEE py O BEINEE L 720, HIY 4 2 )L (vanishing cycle) 28 Z O B BB Z AT 5 &
WO ZERMOLNTWET. M (Hy(Xwa,Z) — 1) 1Z 2 IILF—HF (Milnor lattice) & FEE
nET.
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Fiz, £/ Fei—p:m(C\{0},1) — Aut(Hy(Xw1,Z),I) 12X D m(C\{0}, x) DE
oot C € Aut(Hy(Xw1,Z),—1) % 2 I)LF—F/ FA 2 — (Milnor monodromy) & Ff
O FET. CITAMRNE, &<icCh=1L7%Y, C OREZEAI

(7.4) det(A-Id — C) = ow (V)

L, EHY A FROFMZIENXIC—ET 22 L0830 £
TDEE, Lo b bLbEERDIIROFEIETT.

EBE33. ew =1, 2FV fw P ADERRFGEZERT D & &, (Ho(Xwa, Z2), —1I) 1TRHET
LZRDOI— b EFEEZS. S5, LEITHEYA 7 L0FREn P—HEHORTELIT
N— b DELSEZ, IV —F) FueI—Cixastw48—EMs+ 525, $hbb, E
oA FENOINTFT—T 7 A RX—DHlFREtaV—4%2RET5HZLI1ICL->T, L—F
RITFEHIND.

FEREAREN T AL — N ROMEE IR LT — L — FROABAE R X E L. £ L
T, WHR—OEHY =4 FROEAEIZH, IV —#F (Ho(Xwa,Z),—1), HEYA
INOESE, INT—F/ FuI—C, TRN6DOT =R — FRORBENTTZ 2
LERLE L.

—ifbL— R RIZEFER T 201%, RIaERKIZKL SEHER S L OFBEE (Frobenius
structure) Z BARICHIZE T 57200 TT. L LA D, Z ORI FAEIZIER ITH
BRI 72 VIR A 7 VDRI IS TR Y, O THRER DT, 61, EHUV =
A4 FRE MV — FRBMAEDOERNT — X I Lo TERSNIRRTT. £ 2 Tk
IRFNTROMEZ SRR L LTz

MR8 34 ([12]). EM T =4 bR W = (a,b,c;h) 25, INTFT—T 7 A RN—DKRER T —
Hy(Xwa, Z) k35 Z L7 <, B E 213G O EERaic —ioL— MR 2 L.
8. NAHAIS T —XFREN D RE T P —) I T —x i~

9, Au—HraEaELICLET

EHRYIA FRIOOREMICEBRINDIZABZFZRAVT, BERATIORBEEZMRT S !
ZOAT—HUDTF, PNEETREIIROZ L TT:

SNF—T7AN— Xy ) DERBY A ZIVIE W IZHRET 2F BB D' F(W*) DX

Zhix, CHTEREN e TV Ty VIR E AN L X, EnE D Xy« b
DTV T4y BRI LT, MR A 2 IVInT 75 T SRR 7o T
52 EMBIEFICHARICHR SN D Z LT ML, TWH ICAHE 2R DPF(W) )
EENEHLOD, ENEETFRICIEMHIZERTHAZ T HIEFICEHELNEWD Z L TT.
WICEETHZ EE, ERY A FROIGHMETT:

(W, G ) PRI SZEIE 1y,
RERV—I T —RBEEIE, YTV Ty 7 RO EE D ZAE LR (FE
ATHA) ARECRAT D EE D A2 ANVEADFMED Z & Tl Lied> T, it
X 7 = At n U= 7 —dFEICEIL S 2 07 6, (W, Gw) 6 AR
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BHNCEE D =AB Twe, THoT, ERE DFW*)) LRfEICRDHORH 5 & HifT
TEET. LV EEMICE, RERY—W T3 BRI L 5T, ROEDOLELDOXSRIT

TV T av M| BisE (FEnTH) AREEE T
W= {1}) | (W, Gw)
HQ(XW*,la Z) KO(TW’GW)
AT U —Rf g 8% 2T 4—%# (Grothendieck group)

iy X +'x

I: 27 E X: A4 5—kAK

JL— b ERNGTROE

= YHJ cycle DARE R U—FH € Ko(Twaw)
Coxeter 2 #i SoT 1
=)V —F/ FrI— S : E—JLETF (Serre functor)

FALbDODORRDERTHL EWFENET. LEB->T, REMICEE D Twe, &M
&5:kf,#ﬁm%@%ﬁ%ﬁ%47ww%ﬁ%%N6:kﬁﬂ%ﬁ&é&%bhé@
TT. ZHUE, S OBAARBEALHFETH D I T —FREDSH A DRI
JRESNTND, LD FRERMEL iofwiﬁ.%ﬂ?@,ﬁwwﬁ8®iozﬁﬁéﬂ
HEBZDLTLEID2ADOREICBNTH - &b HARREMIKROL b0 TY.
ERT = A FRWISKH LT, INAEREZED 5 LERA fiy € Clz,y, 2] 20 & SEE
LET. Zoex, Ay, = (Cle,y, 2], fw) 259 A-B L BT 2 LN TEET (33 Ane-
72 EOERIIEARN AT H5Z LI LET). T LTA,, L0 Gu-FZERA A
MBED 724 = Do (Mod—Ap, ) 525+, 22T, Gy it

(8.1) 0> Z— Gw(~Z) = Gw(~Z/hZ) — 0

TERSNDBDOTT (H Gw 2 C-1EHICERZ b5 Z LIZ K DIERTY).

Z DM D= (Mod—Ay,, ) 1%, REEHRE X ICHEGBERL TS L &0, G-RIZRYE
ELHERE OWEIRD 729783k Do (QeohX) D7 Fuo—TF. X BELNTH-T, X/G N
7 VR NI RS Y 2RO LT 5 L, Dg(QeohX) a3y K pxtg: (kb5
RRILATRER TN IR IEFN & AIHA & 72 5 )15 ) RO 24 Feimiiilh oy = A8, G-[RI1Z8 7adiE
J& DA FAERD 72 33E8 A DY (cohX) & RMEIZ/2 Y, & <IZ DY (cohX) ~ Db(cth) T
COTFE IS b, DEDBEICHBOT Ay, 11X BT A (G 127 LSy
NRRRGREE o) LEZOND oD (B, ZaRN s, 22T M) NiconTz
hﬁiﬁ%biﬁh)Da%Mﬂw%w@2VN7%&ﬁ% ERD 722 IR Gy = A 73
K2 ZHE T, CoHoT, Tway 1159 Al Ap, D G- [RIZE 7238518 De=(Apy) &
FETHD, LB ONET. BRTRDLIIE, ZO =AM Dg-(Ay, ) I maximal Cohen-
Macauley FEDWFRIZ B W TEA ST, 1THIKF1E (matnx factorization) D729 =4
BWzoboilmy £7.

ZOEHCLT, 71 MHEOB RN DATHIR LRSS LET. ST, 9 —7
DERKITCARIUZLE D TLE I T V7T 1 7 Bfafil, THIEYA 27 L D&M
%, V= MET (Ho(Xwe 1, Z),—1) D TIWEE] 725, {HEYA 7 VORRGEE
(distinguished basis) 73l 25 Z 3B TWET. _73%0). mHIXT IS 232 THE
#7 % exceptional collection & PRI 2 —AE O ROF (&,...,E,) TT. EHIZID
exceptional collection 75 & < |Z strongly exceptional collection & ﬂfﬁ%é HDIT72 > TV
D&, 9%V & ZHOMIC Hom® UAAETO Ext AEHZTWD & &, ZoHCHERR
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REEnd(&, @ @E,) & LTARKEMREDE S LET. 37 —{PEDERHND, =
DA PR TTAREDH IRR TR I DOBER D 729 HKE & (G- TERAT &) AT5IEFAb D =4
BA=MAREEE 7222 Z LABFFS D DT,

KON BN LEIRFERZZITY, 20 Hff) 27 LTEMbLEL X 5.

9. C{EAfT &R =8

RONCHEARORFL LA BT 5 2 LB U ET. ZOHITlE, 2 L7 e
HTHEmTHI LI LET

bHOLEDE L —2SEELCHEAET. ZLTS % d+ 1 KILD 2Z-Eff & P IE
Al (regular) % —# =BT, S =Bpe2z.,Sk S =CLlMFDbOLLET. £, f%S
DU 2DILETHEE, R:i=5/(f) TERLET. LT DOFKRIBRA 7T L%
Mp = Gpezz By EES ZLITLET. ZAD DO T, R PSRHENT S ISLHF 5 A
ThHZENEEIZRVETOT, ThrETRETHZELET:
{RTE 35. mp UADILEDFRFEA T T plZxt LT, R Ry IZEAIBRIZ/ 5.

WHAS & RNBEL 1, RMBEM THoT, M = @2, My LEY, S5ICEED
i,j € 2ZITH LT R - My C My BV MO b DL LET. Fiz, k¥hh&E RIBEM, N
[Z72WVWLT, g: M — NDB3WREs € 2Z DWERITITH D LT, g M R-EFRAITH > TER
Dzt LT g(M;) C Ny DRV D Z & & LET. kS & RIMBED 72T 7 —~LIE
Zgr—R EEZFET. RIIX—F—BRAQRDOT, Exty(M,N) = @nezBxty,_p(r7"M,N) =
DnesBxtl, (M, 7"N) BRY > TWD Z LITEELTLEE V. £ Ry =CAROT,
B OUWHLT = FEM RMBHZE BMEE L 720 9. gr—R RI2iE, WEAH S IBEO R
23 b ERAE

(9.1) (TM)y, == My, >

IZ& Y, BCFME (auto-equivalence)r NEFE Y £ 7.
DA E FHEMBED 7295228 (JER TR LT\ % gr— R O Tl /7 1El) % grproj—R %
bHobLET.

E#& 36 ([3](10]). —f4ME DY (R) := D°(gr—R)/D"(grproj—R) % C*-{EMIf & KR i
= LS.

T CZO=fE DL (R) LOBBIRTLHbDLET.

10. AT X MAXIMAL COHEN-MACAULEY JIEED = &

D% (R) O IO CHAZ & DO TT7, £ OMORSE BIHE %5 Ol i3d
EVAVTVERA. EVWIDb, BFHLSNZELE LTERSNTVA0HIC, HERA
DI BIEH T DT, 20720 DI (R) & =ARERNOBEZEALEL 5.

EE 37. WELSH& RINEEM € gr—R 73

(10.1) Exth(R/mp, M) =0, i<d=dimR

iiod & &, M ZEfE& maximal Cohen-Macauley R-JNHE & FESS.
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AT & maximal Cohen-Macauley R-INEED 724 gr— R O FEiii il sy B CM"(R) 13564
& 720 9. maximal Cohen-Macauley R-NIEED [FE 72 FHED T W 20 5 DT,
FhaENTBEET. 2ol D2EREZITVET.
EE 38. Kz € CMY(R) M i #dDE & Exth(R/mg, Kg) ~ 0B XV Exth(R/mp, Kg) ~
C ZyliTed & &, Krld R OEZEME# (canonical module) TH D & FETND.
#RE 39. ROEMHILFIE :
(1) M € CM* (R).
(2) H, (M) =0,(i #d). 22T, Hy, 1F{mp} ICHEEZFORFTARER T —HTF,
SFY Hi (M) = 1i_n3Ext"R(R/R2n,M), Ry = @e2z, B ICE-TEREND
L.
(3) Extih(M,Kg) =0, (i > 0).

E&E 40. B RIZIAHRITCHERT, TOBEENME K MAELTrBREH L e(R) €L
WXL CEITLHEE, d—L2P a4 (Gorenstein) THhDH EMEEIND. ZZ Te(R)
TROI—VL v ad A" TA=F—=LIFTND.
FER AL RV = A FRWISH L TEE D8 Ry (TBHMERRELLOT, -1 a
ZAVERTHD. LEXIZe(R)=en £725%.

RIZHMIARF RS ERE LD TI =L v a ¥ A VB, Ko TRMBEY So:
fHRE 42 (Auslander). CMY"(R) IZT7ARZYRBTH D, 77205, BHEE I
R ARG 2 b OB T, & UTHEIRRO 7 72 L AR O 7 7 A8 —K
T2H0THD. O
EE 43. INEE CMY(R) Z#IRD X HIZED SH: Ob(CMY (R)) = Ob(CM?"(R)). HE[RIH
D72 Homp (M, N) & Homy,_ (M, N)/P(M,N) TE#HT 5. =2T, P(M,N) ¥
WG 2 i 3 2 MERTRL AR D 723 i, D F Y g € P(M,N) L13dH D HHI4
PR g . M - PEBIOVg :P>NNb->Tg=g"o0g LD L Th5.

CMY (R) IZ7 m_X=1 A& CM? (R) DELEE (stable category) ThH 5. Zhpx
fned 44 (Happel). CMY"(R) I3 =fE L 72 5. O

CMY"(R) IZ BRI DE,(R) OFElsilor = Al & 720 £33, WIS & R— e (DA 5
BR) DT VX — (syzygy) & B5ZHZ & T, ROFHENELINLET:
EI 45 ([3][10]). CM"(R) 1% Dg (R) & =fA[Flf. O

EE 46. WE, RITBIHEMNFFRLATHL I L2RELTWEDT, InbD =fAE
Tr := CM?(R) ~ Dg (R) IXRATAIR, T70bb, Y dimeHomy, (€, T'F) < oo 239
TOXMNGEF e T I LTI LET. 51T, TriE Krull-Schmidt #), 2% Y Tp ®
EEORGUIA IRE O BEEEK R OEF & [AH T, 722 Tp DIZHBIT HEED p* =p & 72
DUERB p 1 TR L E T

CMY(R) Li2iE, BEEWFT LTS LHF T (gr—R EOZNNLENND), L1
D OOHCFMENR®H Y £ L. ZZ TARMBEIEKF (Auslander-Reiten translation
functor)Tar & T4 = T4 2B TEDET. ZOLIROBBERERENMOLNL T
F7
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e 47 (Auslander-Reiten duality[1]). CMY"(R) k, R &L 5 72 kE 0 OB FHIFEIEAH
FET S

(10.2) Extg,_p(Homp(M, N), Kg) ~ Ext},_p(N,7ar(M)).
O

AR BB TFOAY OEJOME, LOMBEOIEINIC OV TIEA [15] 2 < 72 S0,
izl Y, CMY(R) ~ D (R) it — VB TEFS Z EREBICHEVET

EHE 48. WT S :=Trag = T 1B I CMY(R) Lo —nLEHTTH L. Thbb, S
EQYEAER ] EEN

Hom¢(Hompg (M, N),C) ~ Homgp(N,SM), M,N € CMY(R),
#EHCRETH S . O

11. WA EATHIR LD =4 1E

D (R) I 72 D RREN DD LF W E CMY(R) IZIRaE SHE LA, T THLAK
HI kIS - MERB A AT 213 LWE T, X0 BB IER O TL X 9002

R =3S8/(f) T, SiZd+1®&uOEHIETLL. TT2bH, EEORES £ maximal
Cohen-Macauley R-INHE M 1%, &2 H R OWREST = BH SNEE Fy & Fy 2 W,

(11.1) 0= "R F M0

EVVD, (BT E S-IBEDRE gr—S 2B 2) WERINMRERFbES. &<, fa#T
HEWHIERIEIIM ETIZ02#T A2 L2 D DT, 0D S-HERA fy: Fy — F, T
&)OT f1f0 - f’IdFo j;xSJ:U\fofl - fIdFl &fcﬁé%@%k %): kﬁ‘f%iﬁa ZDZ k
N6, WESTE maximal Cohen-Macauley R-MBEDWFZED 7= 12, Eisenbud I1X4T5IEF
{& (matrix factorization) D&% EA L E L7-.

EE 49. Fy, FI (IR EORBASEZBH S-IEEE LET. w0 D S-HEFRR fy: Fy —
Fy b2 D SYERML f - Fy — Fy T fifo=f-ldp, BE O fofi = f-1dp, Z2H72T 6
NhHz Nl &,

_ fo
Fo— (FO — Fl)

f1

EENT, IEEEMSEAITHIRFALE S, g F — F BMTAIRLORERRITH 5
ENE, WEO D S-HERAL gy« Fy — Fg B LW g+ Fy — F Dl g = (g0, 91) 73 g1fo = fo90
Egfi=flnaHrlTand.

R 50. ATHIRFAL FISR LT, Fo OFEE F OBEITFE LY. Z ORISR+
L F ORELIFSZ LIZLET.

4L(S, f) 2%t LT, ML MEY (f) % f OWEM 2 THIEFEE LET. B BE0E
DEZLICEE HEAHNC LY, MEY(f) 252 2B OMsE s ¥k, S5,

R 51 ([10]). MFY (f)1x7 vx=1 2% O
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ThdI NNy 7.

ZOT7RR=y AEORERE (5 OBEHE MY —EEMEIN5) EEAELL Y. £
DI, 01ZRE b & —[FfEZ %R (null-homotopic homomorphism) Z¥R D X 5 IZE
#LET:

EE 52. [THIRTLOHERT g = (go, 1) : F = F' 2 0IZHRE FE—FETH D &1,
WREL =2 D S-HERTL o)y« Fy — F{ BEOWRE0 D S-HERTL oy« Fy — F) MFELT,
Go = fivvo +U1fo & g1 = of1 + fior BV LD Z L.

MFY (f) (2B DHENXR 2B HHEFRBOEMIT, 1 I EZD0ITHRE FE—

FIfE 22 YEFRL D 2RI —F L TV E T

& 53. 7 n=v AW MFY (f) OREM (KT N E—H) & HMFY () Th 5D
HMFY (f) IZHRIC = AEOBEZHHET2R, L ITs

fo

(11.2) FZ(R H)HM:ﬂ%MM

f1
#EZHZ LT, HMFZ (f) & CM7(R) IZ=ARMEICZRY £F. koT, 4 £ TO/REE
FLOBHEERDLHITARY ET

@l 54 ([10][15]). HMFY'(f) & CM?"(R) & Dg (R) ZARIC=MAREL 220, L<ITH
CIRERF r & BEEH.

INHOEOACHEMET, T OERIZBE L TUIROETHHI D LELLRRHZ izl
ESC

12, A-B DESRRE & L TOREBUT ATHIK b = f

ZOHEITIIHMEFY (f) ofiE 2 K VFELS R THREL X 9. 1THIRFAbZfi~s 2 &
%, ERMICHBIEEOREZ]D 2 LT, FIIC0T@Y, S-IClyE L1807
MEIRBUTIRE SNET. 2L, HMFY (f) % A8 (S, f) OESkpE & LR+ 5 &
WO Z R EHA. ZOBEPGD O —HERBR L TAEL L I.

EE 55. 1 (Q,G) 7%, (S, )Tk oA X r ORETEHR CNER (graded twisted
complex) Th % &I,

(121) Q = (Q(J)r QO+) ) Q:I::F S M?rx?r(s)y Q2 - f : Id2r><2r7

BT 2@1 2ar 2b1 2br -
(122) G—dlag(T,...,T,T—1,...,7—1), al,szZ,Z—l,...,T’,
(12.3) 2E(Q) - GQ+ QG =Q
BT OO0 ET 5.

5] 56. S :=C[z], f(z):= 2" R:=8S/(f) £T%.
(12.4) Agﬁ—(<§ ﬂﬁﬂ)@mg(Qi 2(Hj)—1)),z‘—o,...,l+1,jez

I+1 1+1
1% (Clz], 2! 2k 2 A E R U R TH S.
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EE 57. _OOWES &R UERICK L CHERBLOZEM %
Hom ((Q, G), (@', G")) :=

{(P — <¢6+ q>0 ) ,Diy € Moo, (S) | Q@ —PQ = 0,2E(P) — G'® + oG = 0} In

TEDD. 22T~ 0 &I, 55T E Mypgo(S) BT, &=QU+TQ L7325
LiTs.

T 58. KA & R LA (Q,G) dAlkE#t%, ETEDE Hom((Q,G), (Q,G")) %
HOEALTH L CIEBENRTES. g DY(S, f) L <.

B DY(S, f) 1ERICERT 5 S OHERET B L0 5 ET

EE 59. A Xr ORESFE R UNER (Q,G) IZX LT, 1A Xr OREST E 2 Uivil
KT(Q,G) KD X HICEDD :

(12.5) T(Q,Q) :=

0 —Q_ . 2b; 2b, 2(a; + h) 2(a, + h)
d —_, .. —1,... —1 .
((_Q+ O ) ) la’g ( h, ) ) h ) h ) I h

EE 60. Y1 Xr ORFST R ENEIR (Q,G) I LT, A Xr OREAST SR A
B1(Q,G) ZRDESITED S

(12.6) T@;G);:(Q¢;+3).

h
ERND, ZhD ZHO>OHCREOHICIZERT? = " Bk SEb £ 7.

EH 61. @ € Hom((Q,G), (Q', ") 1K LT, FH&H O(®) = (Qugay, Gow) &R TIE
5

0 0 -Q,. 0

0 0 o !
(127) QC(@) = —Q7+ O 6+ QO_+ y GC(@) =
> Q.. 0 0
, 2b, 2b, 2d} 2al. 2(ay + h) 2(a, + h) 20} 20!
d —_— ... — ... u -1,...,—=1,——1,... LT —1]).
la'g< h ) Y h, ) h, Y ) h ) h ) ) h Y h ) Y h

INHOEEFEDO T, RO ENRAL L 9
EH 62. DY(S, /)%, T #BHKETF,
(Q,G) > (Q,G") — Cone(d) — T(Q,G)

b A ST T 5 S AEOHER . LT, BEIRORESY TS &5 BRI
EoT, HORBET r &EAHT AR = MARE OMEY (f) ~ D5(S, f) 7 5.

R 63. =AM DL(S, f) X, #(S,f) &9 A& Rl LTz &, 205 Ay— B D Z-
[RIZ 7o FBERE 2 O b 0% BRIZEER L7 b DT, L7223-> T, Bondal-Kapranov
IZL > TEASN-EIE=AE (enhanced triangulated category)[2] & TS X
W7 T AD] =B E 7o TWET.
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MR IZIFRI DS 2000 F L2, TRV CIEMIC EIRAZ IR Z N TE £ L.
FHE 64. ZNETITEALZ 450 = AEITE NI = A FIE
(12.8) D% (R) = D*(gr—R)/D"(grproj—R) ~ CM? (R) ~ HMF¥ (f) ~ D}(S, f).

INODO=AEITE—ALHFES =T <R 245, <2, ST Sh = Thd-1)-2(R) %
lifi7= 4. -

Y= VHFESN S =T h,n' € ZEWi=9 X572 =/ABIX, Kkixn:=n/hzfHo
DEEA T E - ¥ (fractional Calabi—Yau) ) =AE TH DL EMFTINET. LWV HD
b, SRR ARIR X OEHEE O SR D729 8RE Db (cohX) 2B 2 - L &, %
DE—VEHT Sx 1L X OIEHR Ky 2T, Sx(-) 2 TimcX o Ky ®- ES, &<
X WATE « ¥UZERKR HIE Sy ~ THmeX L7 5025 T

ERY =4 FRWICHIET S, FBRERREZEDLIZEA fy z—OBELET. £LT
INETICEL LERER =ZAE (DWW 2 Ty ThobLET. DFY

(12.9) Tw := D& (Rw) = CM (Ry) ~ HMFY (fu) =~ D4(S, fw)

LLEF. THEd=2R0T, Ty BRI (h— 2ew)/h = nw ZEONRBH T L - ¥
THZAE LR EF. TR oA FROFICHNT, B ny & RIE & AT ELH S
b UGED-7TL L 57

13. ¥

WEWE Ty 7T _REMWE L ERICERONDERTE CRE L, T EREZEBR
DI-OICE R B L £
EE 65. C-HA =AE T Oxt5: € 73 Hom(E,TPE) =0, (p # 0) B LV Hom7(€,E) =
CZiil=d & &, £l¥exceptional Th 5 &METILS. exceptional 72Xt DF (&, ..., E,)
DY _TO p i > j 2L T HOD’lT(gi,Tpgj) = 0%&W=7&E, ¥l (50, e ,5 ) X
exceptional collection & FEFIL%. exceptional collection(&y, ..., E,) & tel/ND =4
BINT LRMEE b X, (&,...,E) I Lfull TH S, F£721E T I full exceptional collection
RO Wbib.

E 512, exceptional collection (&, ...,&,) 2%, TXTD 4, BLOOLSNDTXTDp
(Z%f L C Homy (&, TPE;) = 0 ZWiti7=d4 & &, T il strongly exceptional collection
ThDEMIND.

RS U R 7 —XIBER AT O—m I 7 — X HRHEICFR D R 572 BT,
Tw I FROMEE 2R34T

F18 66 ([14]). EH T oA R WITHK T =4 R W* ZFF2 LT 5.
(1) Tw 1% full strongly exceptional collection (&y,...,Eu,) ZFF>. LIEB-T, A:=
End(€), £: =@ & LB\ &, RO =AFMEDRK Y LD

(13.1) Tw ~ D°(mod—A).
(2) ¥&F- D[R
(132) (KO(TW)aX+tX) = (HQ(XW*,MZ)v_I)

WY NS, 22T, x(E,F) =>,(-1) dimc Homyp, (€, F) &5 5.
ZOFPRERTZENTEUE, BHREIOMEICEENICERADZENTEET.
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14. EFER
BIEDO L Z A, UTFIZHRRDZ N ONOFERBZE L TWET.
EE 67 ([7). ew = 172 DIFRIHIOFEITIE L. & <IZ AERET 550 Dynkin iz

TEEEAEL (path algebra). 0
%68 EHU=A NRAWMNITHEOE X, FiFiOFHEIZELL. L]

EE 69 ([8]). ew = — 100 gw =0 ERDEMT = A FRWICH LT, =B Ty i3
full strongly exceptional collection ZFF>. & IZW BB T =4 R W* ZFfo L X,
BT DR (Ko(Tw), x + ') =~ (Ho(Xywe1,Z), —I) 23K Y S, 0

INHOEHL, TR E BARAIZEET 522 & T BEFICRVIRD # W2 2 %f
%) TR INDEFOREOMEE AT T, KIZEN O BAERT D Tl sr = 73 5
FERIC-ET L0 I 2 amd, LWHHETIHERShEY. &fc—HFo2L%
AL B ERICBNT, TM € CMY(R) 8, i #d D& & Exthy(R/m, M) ~ 0 % &7=3 7
SIE, MIXEENR (ORETS L) OEMTHL] ) ZExzH0nET.

— 5T, tor—R R SHROKREST & RINBED 72T gr—R OFTEER I E &35 & &,
Orlov I gr—R, grproj—R, tor—R &\ 9 Z 50O h T IV —0 [R/NBHR] &S 5 &
WO T AT T INHIROEEEHREZ R L TWET:

FE 70 ([10]). (1) e(R) > 00 & &, DP(gr—R/tor—R) ~ (r—W*IR, .. R, D% (R)).

(2) e(R) =0D & &, D’(gr—R/tor—R) ~ Dg (R).

(3) e(R) <0 &%, DY (R)~(R/m,... .7 “F®HR/m D°(gr—R/tor—R)).

O

ST, EBlV A PRI LU TE#H Aw = (a1, .., 00) EVIEEERL TWELE.
Tk Aw ICHEDSEERIND T —ULEE
(141) EB::IZ.’I_,"Z /(Oézfz — Oéjfj; Z,j = 1, N ,7’)

IRENCFFOBR, Ap-IRESTEER, 2RO HICERLET:

(14.2) Rapn :=C[X1,. ., X0/ Tayn, Tapa = (X — X224+ NXP5i=3,...,7),

TIZT, A=, M@ <i <) iEPN\{0,1,00} DB D r -3 E L, FEKX; 1T Ay-
ZOPN\{0,1,00} IR D r —3H N ZEETHZ LT, EHY A FRICHEET

LR REEEDHLHEAN fy ZEETHZENTEET. Th%E fwn, LT Ry, =
Clz,y,2)/(fwa) EELSZEICLEL X D,

HE 7L WA W* Z2FoL I r =320 T, "7 A== XNFHNT, Lihro
T=AE Tw 1% fw OEBD HIZED FHA.

EE 72 ([9). gw =07261F, WOREWAZ v 7 & LTORMDRD S :

(143) CW’/\ ~ CAWM\'
SOFY, ROT—~YLE L L TCOBREAKY Lo
(144) gI‘—RW/\/tOI—RW)\ ~ gI‘—RAW’)\/tOI'—RAW’/\.

—169-



& <IZ Geigle-Lenzing OF5H [6] 12X Y, D(coh(Cay, 2)) 73 full strongly exceptional
collection ZFFOZ LB HLNTNET. Lo T, TNLDOERELEDLEDLE, RO &
/Y oYM R e

2 73 ([9]). gw =0D & &, Tw X full exceptional collection % Fi-D. O

15. BPHYIZ

HiEiDOHT- 0 FTENW-L ZATIOFERBOFDE BT LENE L. MERE/N
ROZ LITEEFELED, e = —1 D& XOFRKTTAED BRFER, BREZH o
MROMENEL, O e, —AlE Ty EICHARIZE E % Bridgeland-Douglas 22 E S -
tREEDZ e E, FLEFELEZSDESIREIILEPESTLENE L.

KERLIRD O EHAN, SEITERESEBRNPO I I TELAES ZEICLET. ARG D
IDVPLHELLENVWELDEZDI L EIDPDOR—LAN—VICEE-NEEZLTHET.
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