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Abstract 0000, ruled surface 000 0000000000000, OO ideal sheaf O free
resolution 0 Beilinson theorem OO0 0000000 0O0ODOD. O0DDOODOODOOOODOOO
0000 ruled surface 0 0O 0O freeresolution 0 D 0000000 00DOOOO, 0000000
00000000 0D00.00000000,0000000000000000 00 locally free
sheaf 0 O O ruled surface O free resolution 0 0 0O O.
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1 Introduction

goopooooocoo,0opoooooooooooooooooo.

0000 P00 ruled surface 00 0. 0000 rank 20 locally free sheaf 0 00000000
0O0000000. Ruled surface 01 000 very ample divisor 0000000000 DODOQO, ideal
sheaf 0 00 O . Alzati and Tonoli [AT] O O O ideal sheaf O free resolution 0 0 O O O Macaulay
2000000OOoOoOoODOo.

Theorem 1.1 CO0O0 ¢gO0O0O,60 COO divisor, 0 C OO linebundleO00O0O. &0 C
00O rank 2 normalized locally free sheaf 0 0 - 0 - & - £ —-000000000,00 k
000 divisor A =kCy+ bf O ruled surface X 2 P(&) 00O very ample 00O O .

000000000 |A|lD00000 X 0O ideal sheaf #x O free resolution 00000000
gooooooo.

0000000000,0000000A0 freeresolution00O000O0O0O.

1. 000000000 ooooooooon

2. 0000000000000 locally free sheaf 1 00 0000 O ruled surface D 000
3. 00000 very ampledivisor 0000000000

4. 000000 ruled surface O ideal sheaf O free resolution 0 0 00O

[AT)00,00000000000000000000O00D000O0O0O0. DO00O0OD
0000,0000 free resolution 0O 0O locally free sheaf 00000000000 00O0O0O
0000O0ooo. oog,00ooa, locally free sheaf 0 00 00O O, very ample divisor O O
000, minimal free resolution 000000000000 0. O00,0000000000000O
gooooooooobooooon.

00000000, [AT|00000000,00000000000 ruled surface O free res-
olution 0 0 O O. Beilinson [B] O spectral sequence 0, 00O 0000000 Eisenbud, Floystad,
Schreyer [EFS] O Beilinson monad D00 00. (00000 OO Beilinson theorem 000000
00.) 0000000000000, 00 coherent sheaf 0 cohomology 00000, OO coherent
sheaf 0 0 0 exact sequence 100000000 OO0O.

Free resolution 0 00O OOOOOODO

(00 1) Ruled surface 0000 very ample divisor 00D 0000000

(0O 2) Twisted ideal sheaves O cohomology 00000000

(OO 3) Beilinson theorem 00000000000, differential sheaf 0 0 O O resolution 0 O O
(O O 4) Differential sheaf O free resolution D00 O, (00 3) 0 00O resolution O free 00 O

o40000.

0oo0oo coogoog,£00d 00 locally free sheaf, very ample divisor 1 A = Cy + 3f
00000000000000 ruled surface 00000000, free resolution 000000000
gooooooooooo.



Main result CO00 ¢g=1000,&0 COO rank 2, 00 00 normalized locally free sheaf
000. X =P(&) 0 very ample divisor A= Co+3f 0000 P°0 scrol 0000000, ideal
sheaf /x 00 0O0O. (Co O tautological section, f O fibre 00 0. OO0 00O Definition 2.4 000
oo.)

oooo,000000000

0 — O0(—6) — 60(—=5)860(—4) — 150(—4)®180(—-3) — 200(—-3)®30(-2) — Ix — 0
000 freeresolution DO O O0. (Ops 0 000000

00, [AT|00000000000000000000 ruled surface O free resolution 0 O O
0000 (Example 3.1 ). 000000000000 00O0O freeresolution 000000000
O0,£000000030000000,00000000 freeresolutiond 000000000
0.00000000000000000,000000 [AT]0 Example3.100000000
goopooooooooog.

0o000,00000000000, locally free sheaf 0 00 0O 0O, very ample divisor 0 O O
00, minimal free resolution 0 0000000000000 OCO0O. O000,00000), locally
free sheaf 0 0 O, very ample divisor 00000000, 00 free resolution 0 0 O O ideal sheaf
O resolution 0000 OO0ODOOOO. locally free sheaf 01 0 0 O 0O 0O O minimal free resolution
0000000000000, 0000 minimal free resolution 1000000000000 free
resolution 00O OO0 .



2 Preliminaries

2.1 Ruled surface

0000 ruled surface00000000O0O00. 00O HOODOOO.

Definition 2.1 (Ruled surface) COUO0 ¢gO00000. X O ruled surface 00, 00 7 :
X -(C0000,0000yeCO0000 X, :=7'(y)0 fieDOOD, X, 2P 000, 0
section 000 (i.e. 00 morphismo:C —- X O0O0O0O,r00=idc0000)00000.

Proposition 2.2 7: X — C 0O ruled surface 0000, 00 C 00O rank 2 locally free sheaf &
00000 X ®P(&)000. 00,00000PE) 0000 CO0 ruled surface 00 0. [
00, C 00 rank 2 locally free sheaves &, &' D000 P(&) =2 P(&)000000,00 COO
invertible sheaf 00O 000 &2 Z00000000000.

Proposition 2.3 7: X — C O ruled swface 0000, 000000 £0 X 2P(&)0D0OO0O:
H(&)#000 deg.¥ <00 000000 invertible sheaf #0000 HY(& ® %) =0.
00000D00,00 sectionop: C — XO0O00D0DO0O00O C,0000, Z(Cy) = 0x(1)0
oo.

Definition 2.4 Locally free sheaf & 0 normalized 00 00O, & O Proposition 2300000
0000.0000&000000000000,deg&0000.0000,00 e=—degé& O
X O invariant D00. 00, Cy O Proposition 2.3 000000 (tautological section 00 O ), f
O fibre0 000

PicX = {aCy + bfla € Z,b € PicC'},NumX = {aCy + bf|a,b € Z}
0o0o00.000,bf0 X0OO divisor 7*b 000 .
Lemma 2.5 K 0O ruled surface X 0 canonical divisor 0000, 000000000O.
K=-2C+29—-2—¢)f

Definition 2.6 ScrollU0 O0O0OO0OO0OO0OODOO ruled surfaced, 0000 fibres fO0O00O0O
1000000.

2.2 Theorems

0000 resolwtion 000000000000 O. DO0DO0D0OO0OOOO Beilinson B OO0
spectral sequence O O O0OO.

Theorem 2.7 P 0 0O coherent sheaf . 0000, Ey-term O
EY! = HYP", F(p)) ® Qi (—p)
000D DO supectral sequence EPI 00000 E-term OO00O00ODO.

B2 =0 (p+q£0)
EPP=F,/F,11 (0<p<n)



(ﬁDDD filtration O ﬁ:FOQFlgFQQQFnQFn+1:0|:|DD)

0 0O, Beilinson spectral sequence 0 0 0 O 0O O Eisenbud, Floystad and Schreyer [EFS]| 00O O
Beilinson monad D 0 OO0 OO.

Theorem 2.8 P 0O coherent sheaf .# 00 00O
B =@ H (P, F(e—j) © QU (j —e)
J
000000 complex
B:....— Bl _,pBY_.pBt_,...

0000,20 B°0000 exact 000, B°00 homology D # 000. 00 £0000,0
000000 exact 000 complex D000 monad 00O .

Remark B¢0 Theorem 2.70 EY" 0000
Be=®Ef_j’j
J
Oo0oOoo.oo0g BeOd Equp+q:6DDDDDDDDDDDDDDDDDD.

obo,0000000000000.

Theorem 2.9 ([BL]) X UOOO0O C OO0 invariant e ruled surface, D = aCo+bf 0 X 00O
divisor 00, ae>1000. 0000,D0 veryampleDO0ODOOOO0O0DOOOO.

b 1—a/2 (e=—-1anda>4)
ae+2  (otherwise)

Proposition 2.10 ([H]) Ruled surface X 00 divisor DO OO, D.f >0000. 00000
00+>00000 HY(X,%(D))~H(C,mZ(D)0OO0O.

Lemma 2.11 ([H]) %, %', #” 0O locally free sheaves 00,0 — %' — % — F"” — 00 exact
000.000»0000, 87(F)0 filtration S (F) = Fy D FL D2 D F D Foyy =00
0000, F,/F, = SP(F)® S~P(F)00000. 00000000 AZ 0000000
ug.

Theorem 2.12 (Kodaira vanishing) X0 n 000000000000, 20 X OO ample
invertible sheaf, w 0 X O canonical sheaf 1000, 000000.

(1) H(X, Y ®@w) =0 for i>0;

(2) H(X, % 1) =0 for i<n.

Theorem 2.13 (Riemann-Roch) X O surface, D 0 X 00O divisor, Kx O X O canonical
divisor, p, 0 X O0OOOODODOO,000000.

1
h°(X, D) — h*(X, D) + h*(X,D) = 3D-(D—Kx)+1+pa



Theorem 2.14 ([But]) X = P(£) 0000000 ruled surface D0 0. Opsy(1) 0 X OO
very ample divisor 000, 00000 scrolDO0O0O0000O. DODOO, X O projectively normal
ooo.

Definition 2.15 (mapping cone) %., €. 0 complexes, f: AB. — €. 0 complex 10O OO0

o.ooo
dB dB
B. = e — Bn+1 I Bn anl —
Lf Lf Lf
G = ... 1 de o,  feg L —
goo.ooon
cone(.f):"'—)Bn@Cn—i-l—>Bn—1®cn—>Bn—2@Cn—1—>"'

d(b,c) = (=dp(b), dc(c) = £(b))

000000 complex 0 mapping cone 00 0.

Lemma 2.16 #A., ¢.0 complexes, f: B. - C.0 complex 00 00000. 000 nOOOO
H,(B.) = H,(C.)0DO0O, mapping cone cone(f) 0 exact 0O 0.



3 Example

00000 AT|00000000,g=1,degé& =00 ruled surface 0 scrol 0000000
00000, Beilinson spectral sequence 0 Beilinson monad 000 20000000000.

Example 3.1 ([AT]) CO0O0O ¢=100000, &0 rank 200 00 normalized locally free
sheaf 000. 0000 £000000O0O00OOOOOCOO.

1. & =0c® O¢ ie. ]P)(g) :C)(]P’l;
2. 8=0c® YL ,where £ # Oc and deg ¥ = 0;
3. non-trivial extention 0 — O — & — Oc — 0.

000000000 ruled surface P(&) 0 X; (1=1,2,3)00000000. 0 X; 0 very ample
divisor A= Cy+3f0000 scroll swrface 000 PPOODOOODO. 00000000000
00000 X; 0O free resolution 000000

0 — Ops(—6) — 60ps(—5) — 20ps(—3) B 90ps (—4) — 30ps (—2) @ 40ps(—3) — Ix, — 0
0— ﬁp5(—6) — Gﬁps(—f)) — 9@@5(-4) — 3ﬁp5(—2) D 2@]}»5(—3) — Ix, — 0
0 — Ops(—6) — 60ps(—5) — 90ps (—4) — 20ps(—3) — 30ps(—2) — Ix, — 0

goo. 0O

3.1 Cohomology 0 00O

00000 Beilinson theorem D0 00O 00O cohomology 0O OO OMO.

(0D 1) O X;0 very ample divisor A=Co+3f0000 P50 scroll000O0000

Scrol OO0 OD0O0O0O0O A=Cop+bf0 veryample 0 O0DODOOD0O0O. Theorem 2.9 00
b>2000. 000, A=Cy+3f000000.000, Proposition 2.10 0 O A%(X, A) =
hO(C,SY (&) ® 6(3))=600000,PP0000000.

(00 2) hI(P5, 7x,(2+p)) 00000

Fx,(2) 0000 Beilinson theorem (Theorem 2.7,2.8) 0000000, EY? = HI(P?, Zx,(2+
P))®@Qps (—p) O cohomology D000 0000000000000000. -5<p<0,0<¢<5
000oU0oo0o0Ooo. (booooooo H1OoOO Q];f(—p)lj ooono)

m =2+ p000. Exact sequence 0 — Ix,(m) — Ops(m) — Ox,(m) — 000

0 — H%Ix,(m)) — HYOp(m)) — H(Ox,(m))
—  H'Y(Ix,(m)) — 0 —  H'Y(0x,(m))
—  H*(Ix,(m)) — 0 —  H*(0x,(m))
—  H3(Ix,(m)) — 0 — 0
—  HYIx,(m)) — 0 — 0
—  H%(Ix,(m)) — 0 — 0
0000000 mO HYSx,(m)) = H>(Ix,(m)) = 0.



()0<m<2000
00, H(X,0x,(m))0000000. Cohomology 0 00000, Proposition 210 0 0000.
D=m(Co+3f)0000 Ox,(m)=2(D)00 D.f>0000,000 j0

H (X, 0x,(m)) = H' (C,n,.#(D)) = H(C,5™(&) ® Oc(3m))
0000000, hi(C,8™(&)® 0c(3m)00000000.

Lemma 3.2 hi(C,S™(&)® 6¢(3m))000,0 £00000000000000000000.
(0000<;<20000<m<2)

0101] 0
1100
116118

Proof. dim(C)=100,000 mO000 A%(C,5™(&)® 6c(3m))=0000.00, j =0,1
ooopooooo.

(i-)m=0000

SY(&) =000 hY(C,S°%&)) = ho(C,0c) =1, hH(C,S°%(&)) = W1 (C,0:) =g(C)=1000.
(Hi)m=1000

SHE) =00 — 0c3) - & 0c(3) — 0c(3) — 000 RY(C,SYE) ® Oc(3)) = 6,
Y (C,SY (&)@ Oc(3))=0000.

(i-ii) m=2000

Locally free sheaf 0 symmetric product 0 cohomology 00 0O OO0 O Lemma 2110000
0.0—-0c—&—0c—00 Lemma 2110000 filtration 0000 ®€(3) 0 twist 00 O,
0 0 locally free sheaf % 00 00O 200 exact sequences

0— 0c(8) — F®0c(3) — Oc(3) — 0
0—FR0c(3) —ER0O3) — Oc(3) — 0

00000.0000 rY(C,SYE)® 0:(3)) =18, hH(C,SY (&) ® Oc(3))=0000. O

Remark &=090:,0 & =0 0000 exact sequence 1000000 0— Og —
E— O —000—-0—&—-<—-0000000,0000 Lemma?211000000.

000, Lemma 3.200 h/(P°, #x,(m) 000000,

Lemma 3.3 hJ(P5, 7x,(m)) 0000 i=1,23000000000000. (0000<;<5,
000 0<m<2)

ol Oo|R|O|O|O
o|o|lo|o|Oo|O
Wlo|o|o|o| O




Proof. Cohomology 00 long exact sequence 00 j=2,3,450000000000. j=0,10
00000 mO kY (Ix,(m)) — h®(Ops(m)) + R (Ox,(m)) — h' (Fx,(m))=0000.
m=0000, H(Ops) 2 HY(Ox,) =2 CO0O h(Ix,(m)) = h'(Fx,(m)) =0

m > 1000, Theorem 2.14 00 X; O projectively normal 0 00, h!(Fx,(m)) = 0000.
Lemma 3.20 hO(0x,(m)) 0000, h%(Gps(m)) D00 D00 h(Fy,(m) D00ODO00OO0.
O

(i)-3<m<-1000

Lemma 3.4 hJ(P5, #x,(m)) 0000 i=1,23000000000000. (0000<;<5,
000 -3<m<-1)

00

00

181610

01010

01010

01010
(m

Proof. m 000O0O0D000, 00 HY(X,,0x,(m)) 00000000, dimX; = 200
j >3000 H¥(X;,0x,(m)) = 0. 00 Kodaira vanishing (Theorem 2.12) 00 j < 200
0 HI(X;,Ox,(m)) = 0. Riemann-Roch (Theorem 2.13) 0 O

1
h*(X;, Ox,(m)) = 5D(D —Kx)+1+p,=3m(m+1)

(000 D=m(Co+3f), Kx, =200+ (29 —2—¢) = —2Cy, po = —g = —1)
HO(P5, Ops(m)) = 00 cohomology O long exact sequence 0 O, h'(P°, Zx,(m)) 000000
gooobogooooo. O

3.2 Beilinson spectral sequence 0 00 0 0 [

000000 cohomology O O O 0O ideal sheaf O resolution D0 O 0O. O0O0O0O0O spectral
sequence 0 0 theorem 000000 0ODO. (Spectral sequence 10000 [K|OOOOO.) OO
00,0, 00, Q0 Q0000000.

(OO 3) Beilinson sepectral sequence (Theorem 2.7) 0 O O O differential sheaf 0 O O O resolution
oooo

H3(Ix,(=3) = C®00 EY° = H3(Ix,(-3) @ Q%(5) ~ 18Q°(5) 0000000000,
EY=H1(Ix,(2+p)@Q P(—p) 00, 000 Ej-term O spectral sequence 10000000,
(0D000<¢<5, 000 -5<p<0)

0 0 0 0 0 0
0 0 0 0 0 0
18Q°(5) | 602*(4) 0 0 0 0
0 0 0 02(2) 0 0
0 0 0 0 0 0
0 0 0 0 0 30




00,¢q=45000000000000. a:180%(5) — 6Q4(4) 0000, Ey-term [

Ker a | Coker « 0 0 0
0 0 0 0%(2) 0
0 0 0 0 0
0 0 0 0 0 30

B : Coker « — Q2(2) 0000, Es-term [

Ker « Ker g 0 0 0 0
0 0 0 Coker 0 0
0 0 0 0 0
0 0 0 0 0 30

Es-term 00 Ef-term 000000, v:Ker §—30 0000, Es-term O

Ker o Ker « 0 0 0 0
0 0 0 Coker 8 0 0
0 0 0 0 0 0
0 0 0 0 0 Coker vy

0doobooOoo0o0oog, Bs=E,,000.
Beilinson spectral sequence (Theorem 2.7) 0O 00, OO filtration Zx,(2) = Fy 2 F1 D F5 2
---DFDFF=000000

Ker a =Ker y=0
FQ/F1 :07 Fl/FQ :O, Fg/Fg :0, F3/F4 = Coker 6, F4/F5 :0, F5/F6:Coker'y

O000bOO0000.00000000,00 400 exact sequencesd 0000

0 — 18Q°(5) —*— 6Q*(4) — Coker a — 0
0 — Ker 8 — Coker « L, 0?(2) — Coker 3 — 0

0 — Ker § —— 30 — Coker v — 0 3
0 — Coker v — Fx,(2) — Coker § — 0 4

00000000000 . exact sequence (3) O exact sequence (4) 000000
0 — Ker § — 30 — Fx,(2) — Coker § — 0 (5)

000, exact sequence (2) 00O complex 0 — Coker @ — 0Q2(2) — 0, exact sequence (5) 0 O
complex 0 - 30 — Ix,(2) - 00000,0000 homology DD DO ODO.

0 — Cokera — Q2(2) — 0

| e

v v

0 — 30 — Ix, (2 — 0

complex 000000 Coker a — 30 0 Q2(2) — Fx,(2) 000000, mapping cone 1000
Lemma 2.16 0 O
0 — Coker a — Q2(2) ®30 — Ix,(2) — 0 (6)

10



00O exact sequence 0 000 0. exact sequence (6) O exact sequence (1) D00 000
0 — 18Q°(5) — 602%(4) — Q?(2) ©®30 — Ix,(2) — 0 (7)

g00D000,complex 000000000 OO0DOOOO.

3.3 Beilinson monad OO O0OO

Ideal sheaf O resolution 0 00 OO0 OO0 O0OO, Beilinson monad 0O 00 O.
(0O 3% Beilinson monad (Theorem 2.8) 0 0 0O O differential sheaf 0 0O O O resolution 0 0 O O
0000000 EY=HYIx,(2+p)®@QP(—p) 00,000 Ej-term O spectral sequence
00000000.(0000<¢<5,000 -5<p<0)

0 0 0 0 0 0
0 0 0 0 0 0
18Q5(5) | 694(4) 0 0 0 0
0 0 0 02(2) 0 0
0 0 0 0 0 0
0 0 0 0 0 30

000
B' =P H (P, F(—)) oV () =E e Ef e Bl ? e By e BT M o BT =30 0.02(2)
j
000
B! =6Q%4), B7% = 18Q°(5)
O000. [EFS] 000 Beilinson monad 0 0 0 O, complex
0 — 180Q°(5) — 6Q*(4) — 30 & Q*(2) — 0

0 monad (B =30 ®0?(2) 000 exact) 0, B°0 homology 0000 #x,(2)000. 000

0 — 18Q°(5) — 60Q%(4) — 30 © Q*(2) — Ix,(2) — 0 (8)

000 exact sequence 00 O000. OO000ODOD exact sequence (7) 00000000, 000
000 sequence 1 OO O0O.

(OO 4) differential sheaf O free resolution OO0 (OO 3’) 00O resolution O free 000000
00 defferential sheaf O free resolution 0 0 O O . P° O Euler sequence 0 —  — 66(—1) —
0 —00 Lemma 2.11000000,1<p<50000

6

O—)Qp—><
p

Yot — o
00000.0000o0000, 0oog differential sheaf O free resolution D 00O OO0 O0O.

0 — O(—6) — 60(—5) — Q* — 0
0 — O(=6) — 60(=5) — 150(—4) — 200(-3) — Q? — 0

11



Remark P°0000 Q= @(-6)00000.
0 O resolution (8) O short exact sequence 0000 0. «:1802°(5) — 6Q4(4) 0000

0 — 18Q°(5) —*— 60Q*(4) — Coker & — 0 (9)
0 — Coker a — Q%(2) ® 30 — Ix,(2) — 0 (10)

00D000. Exact sequence (9) 0000 defferential sheaf O free resolution 0 0000, 000
oooooo.

0 0
l !

0 — 180(-1) — 18Q°(5) — 0
1 Le !

0 — 60(-2) — 360(-1) — 6Q*%4) — 0
! l !

0 — 60(-2) — 180(-1) — Cokera — 0
1 1 !
0 0 0

000,0000 p:180(—1) —360(—1) D0O0ODO 180(—1) O projective module O sheaf O
0000000000.00,180(-1)— 18055 00000000000, ,000000.00
O, pO cokernel OO OO0, 0— 60(—2) — 180(—1) — Coker « - 0 0 exact 000000

00, Coker a0 free resolution 0 0 000 .
000000, exact sequence (10) O 00O O defferential sheaf O free resolution 0 0 OO0, O

oboooooog.

0
!
0 — 60(-2) — 180 (-1) — Cokera — 0
! ly L !
0 — O(—4) — 60(=3) — 150(-2) 2 200(-1) @360 L Q22)e30 — 0
N\ L
Ix,(2)
!
0

0000000 f:186(—1) — 200(—1) ® 36, g : 60(-2) — 150(-2) 000000000
goo0oOd. 000, 000000000000o0o0ooOo00,00oD00ooDooooooo
Fx, O freeresolution 0 00 0000. 000,00 200 complexes D 0000000, mapping
cone (Definition 2.15) 00000.

0— 60(-2) — 180(—-1) — 0 (11)
0 — O(—4) — 60(=3) — 150(—2) — 200(—1) &30 — Ix.(2) — 0 (12)

Complex (11)0 180(—1) 000 exact 00 O, 18¢(—1) O O homology O Coker « O 0O . Com-
plex (12)0 00000000000,

12



Lemma 3.5 Complex (12) O 200(—1)®30 000 exact 000, 200(—1) ® 3¢ 0 0 homology
O Coker « OO O.

Proof. 200(-1)® 30 — 9x,(2) 000000000,00000.000,200(-1)®3000
Oexact OO0O. 00O, 200(—1)® 30 00 homology DO OO .

dy :150(=2) — 200(=1) 30  dy:200(—1) 30 — Q3(2) ® 30
0 :200(-1)®30 — Ix,(2) Y :Q%(2) @30 — Ix,(2)

0000,200(—-1)® 3¢ 00 homology O,
Ker ¢/Im dy = Ker ¢/Ker dy = Ker ¢ = Coker «

O00. Ker p/Ker f2Kerypy O0D0OU00O0O module00OOOODOOO.

0 0 0
1 1 1

0 — Kerdy — Kerpy — Kerypy — 0
1 ! !

0 — Kerdy — M %, M — 0
! Lo ¥

!
N — N — 0
1 !
0 0
oo00,M,M',NO module00O,dy: M —-M,o:M—N,: M -NOOODODOOOOO.
O

Lemma 3.50 0 complex (11) 0 (12) 0 00 homology 00 OO O, mapping cone 0 O 0 Lemma
2160000

0 -  60(-2) — 180(—1) — 0
oo L e !
0 — 0O(-4) — 60(-3) — 150(-2) — 200(-1)®30 — JIx,(2) — 0
00O
0 — O(—6) — 60(—5)P60(—4) — 150(—4)®180(—3) — 200(-3)®30(—2) — Ix, — 0

(13)
O exact sequence 00 0. 0000, X; (i =1,2,3) 0 ideal sheaf O free resolution 00 000

3.4 Summary and problems

0000000 resolution (13)0 ¢=1,2,300000000000. 000, [AT] O Example
3.100,000000 ¢:0000 ideal sheafO free resolution 0000, 00000000000

13



gg.

0— O0(—6) — 60(-5) — 20(-3)®90(—-4) — 30(-2) ®40(-3) — Ix, — 0
0— O0(—6) — 60(—5) — 90(—4) — 30(-2)®20(-3) — Ix, — 0
0 — 0(—6) — 60(—5) — 90(—4) — 20(-3) — 30(-2) — Ix, — 0

Resolution (13) 0000000000000, complex00O0000 f:180(—1) — 200(—1)&
30,9:60(-2) —150(-2) 00000000,00000000000000000.

0
!
0 — 60(-2) — 180(—-1) —  Cokera — 0
1 Ly L !
0 — O(—4) — 60(=3) — 150(-2) — 200(~1) @360 — Q*(2)®36 — 0
N\ !
Ix,(2)

i

l
0

0000000, [EFS]00000 resolution (8) 00O OO 6Q4(4) — Q2(2)@30 000000
00 O . Differential sheaves 0 0 0 0 0 O twisted ideal sheaf [0 cohomology [0 vector space 0 0
oooooooo,ooooog,

H*(Ix,(=2)) ® Q4 (4) — (H*(Ix,) @ 0*(2)) & (H"(Ix,(2) ® O)

000.000000 X; (¢=1,2,3)0000000000000.000400000 f,¢g00
0000000,0:0000 freeresolution 10 0000O0O.

000,0000000000000000000000000. [EFS)JO00000O differential
sheaf 0 0O resolution 0000, 000000000000O0OOO0O ([EFS], [DE)O,O000
differential sheaf 0 OO0 0000, 0000000000COOCO. O000O0OOO, differential sheaf
goooooo, 0o oooobobooooaa.

00DO0O0oOogood, locally free sheaf 0000 OO, very ample divisor 0000 OO,
minimal free resolution 00 000000000 O0OOOODO. ODO0O, locally free sheaf 00O
000 (0 X;0000)000000000 resolution0000000000000OO,000
ooooooooooooo.

00,g9=1,degé& =0, very ample divisor 0 A =Cy+ 3000000, free resolution (13)
00 ideal sheaf O resolution 000000000 DO0O. OO free resolution (13) O [AT] 00O
Example 3.1 00000 Fx, O freeresolution 1 0000000000 . Hx,, Ix, O resolution
00000000000000, Hx, O resolution O resolution (13) D000 OO. 00O, [AT)
000 Jx, O freeresolution 0000 00000000000O0O00OO.

14



Acknowledgements

ggboaboabooob,gobggbouodgbooboooobog,bboobobooboaann
g,0go0bdbg oobobooooboobobo.oo,bgo3bgbooboobobon o
oooobooocooooa.

gboooooooooooooboooooOoooooo bo,b00 b0oOo0,00 00000000
gogboooboobooobgoob. obboobooobgo obo,obbooboaa oo
gogbgobooooboob.ooboobooboon.

References

[ABB] A. Alzati, M. Bertolini, G. M. Besana, Projective normality of varieties of small degree,
Comm. Algeb. 25(12) (1997), 3761-3771.

[AT] A. Alzati, F. Tonoli, An explicit construction of ruled surfaces, J. Pure Appl. Algebra
(2009), 329-348.

[B] A. Beilinson, Coherent sheaves on P and problems of linear algebra, Funct. Anal. Appl. 12
(1978), 214-216.

[But] D. C. Butler, Normal generation of vector bundles over a curve, J. Diff. Geom. 39(1)
(1994), 1-34.

[BL] A. Biancofiore, E. L. Livorni. On the genus of a hyperplane section of a geometrically ruled
surface, Ann. Mat. Pur. Appl. Ann. Mat. Pa. 147 (1987), 173-185.

[DE] W. Decker, D. Eisenbud, Sheaf algorithm using the exterior algebra, in Computations in
Algebraic Geometry with Macaulay 2, Algorithms and Computations in Mathematics 8,
Springer, 2001.

[DES] W. Decker, L. Ein, F.-O. Schreyer, Construction of surfaces in P4, J. of Algebraic Geom.
2 (1993), 185-237.

[E] D. Eisenbud, Commutative algebra with a view toward algebraic geometry, Grad. Texts
Math. 150, Springer, 1995.

[EFS] D. Eisenbud, G. Floystad, F.-O. Schreyer, Sheaf cohomology and free resolutions over
exterior algebras, Trans. Am. Math. Soc. (2003), 4397-4426.

[H] R. Hartshorne, Algebraic Geometry, Grad. Texts Math. 52, Springer, 1971.
K] OO0U00,0000000,00000000,0000, 1990.

[0OSS] C. Okonek, M. Schneider, H. Spindler, Vector Bundles on Complex Projective Spaces,
Prog. Math. 3, Brikhauser, 1980.

[W] C. A. Weibel, An introduction to homological algebra, Cambridge studies in adv. math. 38,
Cambridge univ. press, 1994.

15



