BRI ZE R ) A USRI L o 2 AR OHIE ¥
i — 5 — i

BRI ERFERFGE TR TH¥HK ERIL¥ERITe I L
BAREE (Yusei Aoki)

S

FEEZ) -~ Y ZHRRDTEIRZ TR B 7z b1z, HIHbERZ — AL L T 75 NI 2 F-Of
BIZ L A2PEDERZTH o T, FHEIGERGEZERA D A RS2 M RITERE, 20
MRS B X B M & RS OWUEIEBEH T EETED XS ICRZI 20 WO BIR
T 2D 7o SMITEIRDEZR G220 £ D B 2 FOWLE I 72 o T B & W I Rl R &2 &
A ZOENBHPIEREDOGHBE GO TEDRD % ED % R diTz.

1 A

INET. ZLOARECED V-~V ZHREROBREZELR T 2 ERFEL L TR M E A
RENTE, 22T, EHFWHERZBIZIC L > TRILL. X SIRWITR Y & 2 BhiiREL £ 2
22 TEDFHLWIER. FHICEZHRR LRSI L - HRGEE B 2 5 & ZRHADTIR & &0
FEOMEDOME 2 A RIERIE LN DTIERVL Y LTEZEZED T VD, SIONIEEG 2
BINOEBHENICTRER > TERE L, Bl 2—2 VU v RZEMNOEEKE E o HiHR
2—2 Yy FZEETIRMICRZ T I OMWEIIC X > TR T 503 ([4]). HIHHRDsE
ROV TIEAI 2R [2][5] THITONTWVD, ZD X I BRELRRLVNGR Y 4 3 BhfRiE L i £l
HATA 0 U CAT S 7o DI REBM R FREITH T 2 A BIFLRBRET I3 L T 2 OBl BH 3 2 gh
RO E B L 1=,

2 Wi
& 2.1. V-~ UERE Lo 2R ZRSG L VS ([6) B8 ).
V=< EZME M Lo B S LT, HERTM o HEHEREE Qp : TM — TM %
(v, Qw)) =B(v,w) (“v,weT,M, “pe M)
TEHRT %, Bo,w) = —B(w,v) &b, Qp ZENHTH 3,
& 2.2. V-~ YZRAE M Lo BIIH LT, RIS X o TEET 607218 & 2 7Rl 4 53

W R
Vid = Qp(¥)
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Dl D2 D3 D4 D5 D6 D7 DS D9 DlO Dll

0 Bg Bo, 1 Bg Boo B Bo1 B By 1 B Bso | B2

1| Bo,-2 Bg Bo,—1 | B1,-1 Boo Bio | B2,—2 B By 1 | Bap By

2 Bio Bg Bo1 By Bo,2 Bio Bos B B Bso | Bas

3| Bo—2 | Bi,—2 | Bo,—1 | Bi,-1 | Ba,—3 | Bio | B2,—2 | B2,—1 Bs By B3

4 Bo,o Bg Bo B, Bo,2 Bio B Ba B3 By Bs3

5 By Bg By, 1 Bsg Boo Bo1 B By Bs Bi3 | B2

6 Bo,o By, 2 Bo By, Bio By B3 Bs B3 By By

7 | Bo,—2 Bg By, 1 Boo B Biy | B2, By Bs By Ba1

8 Bio Bg Bg Bo2 Bos B Bo,4 By B3 Bi3 | Bas

9| Bo,—2 | Bo,~1 | B1,-1 B By 5 | Bi1 | B2, 1 Bs Bs By B3

10 Bs Bo.1 Bo» Bio Bos | Bia By Bi» B> B7 | Bags

11 | Boyo Boa1 | Bi,-1 | Boy Bio | B2o | Bia B Bs B>o | Br

BE AR
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Proposition 3.3. D = Bg TH 5% X5 %KX 12 DHHNFNILLTOWT ) Ic—ET 5.

1. {Bs, Bs, Bo,bys Bo,bo+15 Bo,bo+25 B1,b1 s B1,by+15 B1,b1+25 B2,bss B2,bo+1: B2,pat2}
2. {Bs, Bs, Bo by, Bo,bo+1, B1,bg+15 Bo,bo+2: B1,bo+25 B1,bo+3: B2,bss B2,bo+1: B2,bot2}
3. {Bs, Bs, Bo,by» Bo,bo+1, B1,bo—1, Bo,bo+2+ B1,bo> B1,bo+15 B2,bs> B2,pot1, B2,py42}
4. {Bs, Bs, Bo.b, Bo,b+1: B1,b+1, Bo,p+2, B1,v+2, B2.v+2, B1,p+3, B2,p+3, B2 p+a}

5. {Bs, Bs, Bo,b, Bo,b+1; B1,b+1, Bo,p+2, B1,p+2, B2,ps B1,v+3, Bap+1, Bapy2}

6. {Bs, Bs, Bob, Bo,b+1; B1,b—1, Bo,p+2, B1,p B2.b, B1,p+1, Ba,p+1, B2,p12}

7. {Bs, Bs, Bob; Bo,b+1, B1,b-1, Bo.b-+2, B1,b, B2,b—2, B1,b+1, B2,p—1, B2, }

8. {Bs, Bo,—1,Bs, Bo,o, B1,0, Bo,1, B1,1, B2,1, B2, Ba 2, By 3}

9. {Bs, Bo,1, Bs, Bo,2, B1,2, B3, B1,3, B2,3, B1 4, B2 4, B2 5 }

10. {Bs, Bo,—1,Bs, Bo,o, B1,0, Bo,1, B1,1, B2,—1,B1,2, B2,0, B2.1}

11. {Bs, Bo,1, Bs, Bo2, B1,2, Bo,3, B1,3, B2,1, B1,4, B2 2, Ba 3}

12. {B¢, Bo,—1, Bs, Bo,o, B1,—2, Bo,1, B1,-1, B2,—1, B1,0, B2,0, B2,1}

13. {Bs, Bo,1, Bs, Bo,2, B1,0, Bo,3, B1,1, B2,1, B1,2, B2.2, Bo 3}

14. {Bg¢, Bo,—1,Bs,Bo,o, B1,—2,Bo1,B1,-1,B2,—3, B1,0, B2,—2, B2 _1}

15. {Bg, Bo,1, Bs, Bo 2, B1,0, Bo,3, B1,1, B2,—1, B1,2, B2 o, B2.1}

Proof. (Outline) Orlov @ projective bundle formula(Theorem 2.9) 2>5, D°(X) 3£ X 12 O
NERBIZFFD. - THHAZERIC I DAISIORSIZ 12 2R 5 2 23BNV I eibDns.
ETHERLALO, RDPoDKRZHA LTS, EOYRIBELNS. O

ZHREFZ W25 &, Proposition TS 547z 1 DDHIFIFH> & mutation of Serre type and normal-
ization 1T X o THZz (EFLEN) BN 2152 Z e TE 5. HIZIE, RDFE 213 Proposition
D (10) DHIHFNXT LTH D IR L mutation of Serre type and normalization Z#EH$ % Z & T
o sbszRLIZBDTH 5.

CDEICLTHELNFMNNE 171 FFICR D, RN R DIEOHAEDORIZL > TEX
BROHININEIZD 1T FEEDO VTP —HT 2 2 ehbhr b, Lihs CTRHEEZE, oD
BIANFN DT X THHNERINTH 2050 TH 5.

Theorem 3.4. £ED X LORE 12 DEMED 574 2 FIAINEBINEEITH 5.

Proof. (Outline) ZZRBFIZEBEZ RO S, WEND Bg 25 2 HIZHD 15 OHISFINITH L
TREIE T2 TH 3. Orlov’s projective bundle formula (Theorem 2.9) 2> & flAF] (1) IXFIAAE
A TH 5. FIZ, (1) Dby, by, by WHEYIREZKAL, Proposition2.19 Z#H3 5 Z & T (2)
6 (15) DFIBIEHNS. T ZIZ Proposition2.14 ZH 2 IXERMELRT Z B TE 5. O

Pl ED, FEHIRESNT.
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2. (a,b) = (—-1,-2),(-1,1),(-2,-1),(—=2,1),(—4,0), (—4,2),(=5,0), (=5, 3).

Proof. (Outline) Ox (aH + bE) 7® cohomologically zero THIUX, x(Ox(aH +bE)) =0TH 5
DT,a+2b=-1,-2-3 $LKIZ f(a,b) = 02D ID. {Eo T LiLDBMHDEDLN B 23, %
N5 MEFRIT cohomologically zero TH 2 Z L IFFADAKRERY —DHEREFHE T2 2212k -
TRy, O

Remark. ED@RETET 64172 cohomologically zero EARRD—EIX, TXTD y = 0 OEEHR
ZHFEL TV DI TRRW. LirL, SHROMMIC X - THEMMEDO R 2 WEBHIRIZ, FEMOD
AEBHD 72123 B BT 2 RED RN e b » 5.

T ZT, SHROEMX RN S 729, divisor (B3 % Notation ZEA L THL.
BO,bo = (1 + 2b0)H —byE, Bl,bl = (2 + 2b1)H —hE, Bgbe = (3 + 2b2)H —byFE, B3 =H +2F,
Bi=H—FE, Bs=2H+FE, Bs = 2H — E, B; = AH, By = 4H —2E, By = 5H, Byy = 5H — 3E.
{O,0(Dy,...,0(Dy))} DEFRLENEHRRG LR 005 THELT5. ZOL EH21H
AR, cohomologically zero EAFRHT®H o725, Prroposition3.2 Ik bD, & D; & B; (j =
1,2,...,10) iI2—F 5. £/, FEXEPSGERED i < jITRLT,

0 = Hom(&/(D;), 0(D;)) = H(6(D; — Dy))

MDD, 1, 4,5 =0,...,101TNL, ZDEINEU cohomologically zero TH 20 E 5 »»
ZRLEKTHS. BlZIX, By Bs DF v 7= =213, O(Bs — By) D3 B; DWT I —H
3%, D% D cohomologically zero EARFICH S ZH/RLTWS. R1EHWSE, EHRERD
LRGN EEL Z N TE S, HIZIE, FE2HELTB, 2, RDIT2AD LT, &H
3THLREICHK S 2DIE By 1, Bag, B3, By KIRBN2Zebnd. HIZE3HELTB &L
5, FARICEDPS ZOFMFNIRE ALK S Z 23R WZ e bhb.

fHED®, EFLENLBING {0, 0(D),...,0(Dy)} % {D1,...,Dy} EWEFLT 5.

By B By B3 By | Bs Bg Br Bsg Bg Bio
by =bo + 1, by = —1, bg =0, by =1, bg = 0,
Bo v v v v
bo + 2 -2 —2 -1 1
bl =by + 1, bt =by +1,
By 0 ! v v v v v
by +3 by +2
by =bo +1, by = by + 1,
B v v v v
ba + 3 by +2
Bs v v
By v ' 5’2 =0,1 v v v v
Bs 5’2 =0,2 v ' v
Bg v v v v v
Br by =1,3 v v
Bs v v v v v
By
Bio v v by =2,3 v v v

& 1: BINFI e 72 2 IERRDRT
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Proposition 2.19. =AE D ¥ EXR DD = (C1,...,Ck,Cra1,...,Cn) ZFBEDLD, DB K
DOWT, Hom(Ch,Cryq) =0 2ifiT 8T 5. ZOL X,

Le, (Cry1) = Chr1, Rey, (Cr) = Ci

THd. 2%D, COGLERRMFIFFEXDIHMOBED & o722 DDMn % AV 2 B
L5DTH5.

Example 2.20. (Mutations of full exceptional collections) {E1, ..., F;} % D(X) OfiI44 4 551
£95%. C=(E), Co=(Fy,....,E) £A5Z LD, Proposition 2.18 Z#EA LT, RDH
HMERS 215 %

{Ey,...,E,E; @w '}

AT, BISMVERF (Ox (Do), ..., Ox(Dy)) 75 Proposition 2.18 Z#M L, EMLT 2 Z
LT & o THIA AT

(Ox,0x(Dy— Dy),...,0x(Dy — D1),0x(Dy— Kx — Dy))

19 5 HE%” mutation of Serre type and normalization” ¥ WMWRZ EI1ZT 5.

3 TFIE1.4 DIEEADIELER

AEITIE, FEH 1.4 OFFAEL BN T 5. /-, HiZBLU T, Y % Segre H®HAA P2 x P! — P°
D%, X = BlyP> ¥ 5%, T 1.5 DAEIIE 1.4 ¥ XL L THS. #IDHIZ, Grothendieck-
Riemann-Roch Z T x(Ox (aH + bE)) ZFtHET 5.

Proposition 3.1.

\(Ox(aH +bE)) = %O(a+ %+ 1)(a + 2b+2)(a + 2b + 3) f(a,b),

where f(a,b) == a? — 6ab — 6b® + 9a — 12b + 20.
Proof. (Outline)
e Normal bundle. 45 ps @ Chern HZatBE 7 2,
o XRBH.E> (i=0~5)ZitHT 5,
o Y ED#ER%EHWT, XD Hirzebruch-Riemann-Roch DEED» HHES.

x(Ox(aH + bE)) = /Xch(ﬁx(aH—i- bE))Td(X).

LOFHEWRREZRH WS &, cohomologically zero EFfRZ T 2N TELDTH 5.

Proposition 3.2. Ox(aH + bE) %, RDW3 D Ziifi 721X cohomologically zero EARE T
H5.

1. a+2b=—1,-2,-3,
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Proposition 2.13. (FIAFIDIERL [LYY19, Lemma 3.4]) EFERD 5% 2815050 {Ox (Do), - -+ , Ox(Dy)}
WALT, Ox(—Dy) ZT7 I NVT 52 eilkoTHEONSS, {Ox,0x(Dy—Dy),- - ,0x (D, —

Do)}, BEUGHINFITH S, BEIZ, b DBSFINERIITHS L, ZDOERCHERTIT
H5HZLIFAETDHB.

Proposition 2.14. ([LYY19, Lemma 2.9]) D ND 2 DFIANFD, LRI Z2HRbrOEmA—
DONRDARIL LMD 2O &, RHDBININERINNTH D &b 5 —TBERIITH
I CRAMETH 5.

Definition 2.15. (Cohomologically zero EARH) . % IEFF G Z A X LOBEMRRE T
%. L D cohomologically zero BRRR TH % &1, EED i IR LT, H(X, %) = 023D ILD
LERVD.

Remark. X OERE D (X) DSEARRD 572 5 (LX) BINVERFI{Ox, Ox (Dy),. .., Ox(D))}
RO T 5. 2O ZFREMKE Ox(—D;) IF cohomologically zero TH 5. EFE, FERITHE
DYX) = (Ox,...,Ox(Dy)) D¥EZMENS,

H'(0x(—D;)) = Homps(x)(Ox(D;), Ox[i]) =0

LRBH5DTH 5.

2.4 ZREF

SR O L E LR BIMVERFNE— I —BICREZ 5BV, B, —DODLELTHRD S
ZOIEEE ANEZ 5 2 L THODBETEED BT RENEET 5. COREREEEFLE
CTHEHINS. & DAHECIE, [BKSY #BH X,

Definition 2.16. (Z2F) C 2 D OFAMI=MELTE. 2O %, MR F e DITHL,
RD_ODGEERZMPFET S
Re(F) — F —s ii*(F) 2L Re(F)[1],

i(F) — F — Le(F) 2L i (P[]
LD Ko T, GEEEFR L EEZRBEF L ZED 5.

Proposition 2.17. ZAEODOFERGED = (C1,...,C) DEET DI T5. Zok %, ZHEEY
FEIROFERDRZFET 5.

D — <C1, o ’6172)CZ7RC1(C7/71)’ o e ,Cl>’
D= <Clv s aCifla}LCi(Ci—‘rl))Cia s 7Cl>'

Proposition 2.18. JERFEGREZREK X 23, 2 0D 678 2 FER 2 DP(X) = (C1,Co)
RO T3 o E, ZEREFEIRD IS CREINS

RCQ(Cl) =C ®w;(1, ]LCI(CQ) =Cy ®wx.
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