OO0000D000000000 Kleiman-Piene OO OOOO

0 U

gooboboouboboogoano

gbbogobbbuoobboboog,bbuod,bbooobbooobbb
O0'0000000.000000000000000D0000000O0O00O0O0
0,00000000000 (000000000 O0)0oDooo0Oooooood
. g0, gobobbbobbbodgooooobbbobbbogg,buouoood
OO000D0000ooOonoong “reflexivity” O OO .

OO0000D000D000 non-reflexivity OO0 0OO? OO0O00O0OO0O0OOODOODO.

gobogooobuogobobobuogobobboooo,oogoooooa, oo
O0o0o0o0d0o0o0.00oo0oooooooo,0oo,00ooo0ooog 11)
00000000. 0000,kD00000 p>000000000,XCPYOk
U0 0000000000, XOODOOODOOODOOOD.

X ?
ooooo | 0000 < X : non-reflexive
G(n,PN)

1. 00o0oooOoOoO0b0O0

D000 zeXUOOOO,200 XOUOOODOO 7T, X0OO0OOOOOOOODO
000000000 X CPYOOOO000O (Gaussmap) 000,y 000000
O0:

y:X - Gn,PV); 2 — T, X CPV.

000,GxP¥)O,PY 00 n000000000000000000000O00.
00000000000, 00000000 ~v000000000000000
000 [3,19: 00000000 XCP2OOOO0,000000000000
00000000.00,X000000000,00000000 v000000
0 [19]. 00000,00000000000000000,4000000000
oooo.
00 p>000000007?00 p+100000000 [18]

X Pt pyptl 4 ptl — g

gbobbogd,bbugggoboboooobboog,bboooo 2bbodo
ObOd pobooobobOo0obOoob:-0obod0b,p>2000 XO0ODOOO

googo.bodbboooboo—-oboobbooooobboobboobon
U—e@ D000, 2003/01/14-17)
“ggrpgbobobobobobo,ooboooooooog.
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D0O000000000.00,00000400000000000000000
00000,00000000000000.
000000000000000000000000,000000000000
0000000 XCPVNOOOOOOOO0O0.000000000,0000000
000:00,0000000000 f:P'—P'0000,00000 Iy CPxP
0,P'xP!00000000000PPO0D0O0ODOODODOO X =0y CP3
0000.000,00000004000000000,0 «X)0000000
¥y:X—-P'0,f0000000000.00 00000 s>1000000
X 000000000000 s0000000,00,000000000000
00000 [7,16]. ordinary 00 00000200,0000000000000,
00000000000000000000000000000003(8,9]. 00
n>20000000000 00 (0000)[15000,y000000 (generic
injectivity) 00 000 0000000000000000O0D0O000
0000000,00000 00000000000,

PY 000 20000 HOO (r,H)DO,20 XO000O00O0O HOOOODO
07,X000000000000000000000 X0 00000 (conormal
variety) 000, C(X)000.00,000000 PYOO0OOOOO C(X) 00
0 X0 00000 (dual variety) 000, X* 000

C(X)= [ TX)* <X xPV

zEReg X
Il | projection
X*:= (image) c PV

000,C(X)000000 »00, (T,X) :={HHD2T,X}CPYOOO. XO
000000,0000 CX)=X00y=x000.

DDDDDDDD,DDDDDDPN:PNDDD;W*:XDDDDDDDD
DO0000O0. 00,000000,000000000000000: 0000,
strange 00 00DDDDO0O00O0 p=200000 X0O0DO,X*00000000O
OO0 X* 000000000000, X*£X000.

O00DDO0O0 “000000000”0000000,X0000000000
0D000°? 0000, “X* = X” (reciprocity) 0 000000000000 000
0:00,0000000000000000 X*~X000 X*=X00000O
O00.000,00000000000000000,00000000000,0
0000 PVxPYN~PVxPVNOOO,

O(X) ~ C(X*)

:0000,000,000000000000 ¢g>2000000 XO0O0OO
0,00000 00000000 1,000,00000 (generic injectivity) O O
000000000000 (8,9. 000000000 XO0000O,y000000
0000000070 000000000.0000,000 QL 00000 “007
000000000+ 00000000000000000000 [12].

s0000000000000,k00000 10000000000000000
K/K'0DO000,KO00000000000 X CPYN O K(X)/K((X))=K/K'
000000000000000 [8).
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O0O0000000.0000 XOrreflexive OOOOOO. OD0OOOOOOODO
OO000000, X O reflexive DOO00O00 X*=X0OO0OO0O. OO0 Segre-
Wallace 0000 40000, X O reflexive 0000000 n:C(X) — X* 00O
gbbobuoooobbbuodoo.gobobuo,oobobbboooobbboood
gbooog:

X 7 OX)
~l 0000 & «| 0000
G(n,PN) X*

2. KLEIMAN-PIENE OO 0O OOOOO

0000 X CPVYOOOODO, 00 order sequence {b;} 0000000O0: OO
XCP¥OODOODOOOOO ACT(X,0x(1)) 00000, 0000 z€ X 00
0o,

{bp < by <---<bn}:={ord,(f)|0# f € A}

00000000000 {b;}0 X CPY O ordersequence 10 0. 0000 by =0,
bph=1000, 0000000000000 00000000O0O. ODODOoOoOoa,
Oo00 ;00000 =,0000000000000000. 00 p>0000,
b O0OOOO pOO000 p°0,~v000000000000 [6,8,000,x0
00000000000 40000000.000,000000000D00O00O
[17]:

insep. degy = p° = insep. deg 7.

00000,000000000,00000000000000000.

000000000000 200000000000, 0O0O00ODOO0O0
00,00,X 0000000, 00000000 G(N-n-1,PY) 00000
UCGIN-n—-1,PM)xPNOOOD,C(X)0 XOUDO GN-—n—-1,PVN)00O
D0000D00000D0O0:

C(X)=XxgU — U
! O !
v:X —=GnPV)~G(N —-n—1,PN)
x — T,X < (T, X)*

0000 70,0 base extension 00 Uyxy » X" 000000000000
O00:

v(X)x PN — PN

U U

T OX) — Uyx) — X*
| O |
i X = y(X)

gobobo,y00000000 ~.000DODOOO. 0000000 bO,0nr0d
oooooboo,bobob0 yO0OO0ODODOMODOOOOOO:
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Problem (Kleiman-Piene [13]). OO0 Uyx) — X* 000007

XOOOoooooooo, 0O order sequence 0000000 Uyxy —» X* 00
OO0o0O0o0o0o0oooob0. ob0,0000000 scrolDDOODOODODODO, DO
00000000000 [10]: 000,0000,0~X)0000 1000000
gbooobog.

3. 000000

OO00b0O000000, 000 Kleiman-Piene D0 O0OO0OO0OOO0OOOO0O: OO,
gooobooooo,bbodgodgn

X :=o(P' x P* x P!) C P’
0p=20000000000.4
00, X=0P' xP' xPHYOOOODODOOOODOODO. 0OOOO,
Vi=kok*®k* G:=GLyxGLyx GLy

000,vO0000P.(V):=(V\{0})/k*00@GO0000000000.0006
00000000,X0000000000000000000.00000000
0000,000 P(V)=P"000,P'xPP 000000300000 1000
010000.PxPP000000000P 0“00000000000070
©,000 10000 7000000000000000000

IED7
|
T
/1 N\
PPxPl Q PlLxP3
N | S
X
|
0
OO00. 0007000000 DOODOOOOO0O0OoDOO0D: 2x2x2-00000
a—b
/| /
et d
! eV
e | - f
/ /
g h

oboobD,d0boobobobo 2x2-00000, A\, p000000

(32 ) eels )

= AN (ad — be) + Ap(ah — bg — cf +de) + p?(eh — fg)

ADOh0Db 200000000000000O0,0D0000000, 00O reflexive
000000 A. Hefez-A. Thorup [5| DO 0O0O0OOOOO.
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ooo,000b0o0 pooo:
D := (ah — bg — cf + de)* — 4(ad — bc)(eh — fg).

000000000000,00 DOOOOOOOOO. OO0, A. Cayley [1] O
hyperdeterminant 0 00 OO0 O000O0O.

00,0 XO00OOOOo,0000000 X*O00oooooooooooo. oo
0,00000000 X*O G-000000000.000,00000 GAP(VH)
O000000o0oooOo,0000d00ooooogoDn. boooooooo x*
0XO000O7T0000000000000,X*0 (T,X)*~PP0000000
00 XO00OO0O0O0OO0o0OOoO00.00,X*~7T000000000° 00 p=20
OO00,Xx* 000000

T

T

O00000,0000 X*0O00OOoOOooooooooo, X #£X. 000 X
O reflexive OO O0O.

00,0000000000,0000000v:X—-G3,P)Y0000000
00000:00,P=>0:2)x(1:y)x(1:2)ePxP!xP 0000, T,pX 0O,
O0oo0ooooooooon:

ed i @h —bg—cf+de=0

oP) = (1 = y z yz zx zy xyz )
o)y = (0 1 0 0 0 =z y yz )
@ = (0010 2 0 =z =2z )
o)y = (0 0 0 1 y =z 0 zy )

goobo,ggbgggoboooood,
YoP)=1:az:y:z:-) € P(AYV)

O0o0,00000000.8
D0000,000000 X=0¢P'xP'xPHCP OOOOO,00000 v
0000000000 p=2000 reflexive 000D0000000O.
00000000, 000000000 v0000000,000000000
O0000000000000D0,00000 v(000,C(X)—U,x)OOODO
000 U,x—»X*00000000.

gboobuoooobbbuoooobobog,gbbbdd:

sgbooboorrg xgogoooo TanX::UxEXTxXQIPﬂDDDDDDD

gooo.
‘sgogobbobo0o0oodoooo, X ~Toooooooooooboboo: o

D,DDDDDD,TanX:TDDDDDDDDD.DD,Qz(—x:l)X(—y:
Hx(—2z:1)ePxP'xPOO0O0O0O,
o@) = ( —zyz yz z2x 2y —x —y —z 1
g—g(Q) ( —yz 0 =z gy -1 0 0 O
() ( =2z 2z 0 2 0 -1 0 0
92(Q) ( —zy y =« 0 0 0 -1 0)
DDDDD,DDDDDDDDTGPXDTUQXDDDDDDDDDDDDD.PND

0000 PYOOO0OO000000000000, (T,pX)*=T,X 0000000
0.00000,X*=TanX 000, X*=TanX=7000.

)
)
)
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Proposition [11]. The Gauss map v of the Segre embedding of P x --- x Pm"r
with n; > 1 for all i and r > 2 is always an embedding in any characteristic.

4. DO0O00O0Od

oooo,

Theorem [11]. Let X be the image of the Segre embedding of Pt x --- X P over
the ground field k of characteristic p > 0 with dimension n = ._, n;, and assume
that n; > 1 for all © and r > 2. Then we have:

(1) If 2n; > n for some i, then X is reflexive with codim X* = 2n; —n + 1.

(2) If 2n; <n for all i, then codim X* =1, and

(3) in that case, X is not reflexive if and only if p =2 and n is odd.

00 Theorem DO0OO0O0OO,codimX*=100000000000 0000
2n, <nO0O0OO0ODOOOODOOOODOODOOO.O00O0OO,0DO000 COOO
OO000D00DOO0OD0O0D00OD0OO0O0O I M. Gelfand-M. M. Kapranov-A. V. Zelevinsky
2 0000000000000, 000,000 X*OOOOOOOOOOOOO
Oo000.00,00000 1000000,000000D0OO00DOOOOOOD
F. Knop-G. Menzel 0 00O [14|00000O.

Theorem DO OO0ODOOODO:

Fact (Hefez-Thorup) [5]. Let X be the image of the Segre embedding of P* x P
with a,b > 1. Then X is reflezive, and codim X* = |a — b| + 1.

Theorem OO0 O0O0O0OOOOOO:

Hessian Criterion [4]. Let (z1,...,x,) be a system of local coordinates of X at
a general point P, let h be a general linear form such that {h =0} 2 TpX, and set

9*(h|X
H(X) = {%(P)}.
Then, X is reflexive if and only if codim X* = cork H(X) + 1.
00 H(X) O general Hessian matrix 0000000000 .0000,000
1 <codimX* <cork H(X)+1
O000D00O. Hessian Criterion D000 0O, 000000O0:

Proposition (Hefez-Thorup) [5]. Let X C PY be a closed, integral subscheme,
smooth over Z, and set Xy := X Xy k for a field k. Then, we have

(1) codim X} = cork H(Xq) + 1.

(2) cork H(X}) = cork H(Xq) if and only if X}, is reflexive.

0000 ny,...,ne(r>2)0000,000000 X =a(P™ x--- x P*) O
general Hessian matrix, H(X) 0, 000000000000 ngxn 000 My
dooooooo,odoooooouoooooooad

0 M12 M13 e er

My, 0 My --- Moy,

M(m,...,nr) = Mz Mss 0 .o Ms,
Mrl MTQ M’I’3 N 0

000000000,00000000000000 (000, My="'M,0O0O0).
Theorem O, O O Proposition DO OO OO :
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Lemma [11]. For given positive integers ny,...,n, withn:= Y ._, n;, and for an
arbitrary field k of characteristic p > 0, we have:

(1) If 2n; > n, then M(nq,...,n,) has corank 2n; —n over k.
(2) Assume 2n; < n for all i. If p =2, and n is odd, then M(nq,...,n.) has
corank 1 over k; Otherwise, M(ny,...,n,) has corank 0 over k.

00000, M(ny,...,n,) O (4,5)-000 2,; 00000,0000 Z[{z;]1 <
i<j<n}000 M(ny,...,n,) 00000000000000000000. (2)
0000000, M(ng,...,n,) 0000000000000,000000000
000000000,00000000000000 p=200000000000
ooooooo.

ooo,

Question 1. 00000 0000000000000 O0DOOOO XCPVNOO
OO0, X O non-reflexive DO 00000 p=200 XOOOOOOOOOOOO
oo?

Question 2. 00000 XCPNOOOOOO 4 (000O000DOO0O)O0O0O
Oo00Od,yO0000O0O0OO0OOODOODOODODOO?

Question2 00000, dmX =100000000000000000000O
8]. 00,y00000000000OOO reflexivity 00000000, 00000
0000000000000 000O0oO0oO [13].

gooog
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