1 Varieties

1.5 Nonsingulara Varieties
1.5.1

char(k) #2 £ $%, KDV 5713 k=R & L THin# T3, hypersurface
Y =Z(f) Tldr=dimY =n— 1725 (Proposition 1.13). singular point (3
rankJ <n—-r=1, T&bb % =0,Vi tEZon3,

DT (a)~(d) Z2THNTH 2, E>T f = 0 1ZHI#TH %, nonsingular
point IFWVFTNDHED (0, 0) DATH %,

(a) f=a2*—2'—y* DU F 7% Tacnode TH %,

(b) f=ay—a2°—yS D7 F 7% Node TH 3%,

(c) f=2>-y? -2t —y* DI 5713 Cusp TH 5,

(d) f=2a%y+ay?—2*—y* D77 7% Triple Point TH %,

1.5.2
DIF (a)~(c) 32 TR TH %,

() f=ay?—22 1T L TE SingY = Z(y,2) T, Ztudatihchs, 777
I3 Pinch Point TH 5%,

(b) f=2%+y?— 22 ITXL T SingY = (0,0) TH 3, 77 71 Conical
double point TH %,

(c) f=ay+2®+y? KL T SingY = Z(z,y) T. T zchs, 7
Z 7% Double line TH 5%,
1.5.3

fla,b)=0%,T 2, 2/ =ax—a,y =y—-beBE, fZa y OBEE ALY
£ (0,0) TO &% 5,

(a) ngi(P) #0,3 #0< rankJ =1 XY pp(Y) =1« P :nonsingular point of ¥



(b) Exercise 5.1 D% curve ® multiplicities IFX D@D,

M(OO)(Z($2 -t —yt)) =2

0(Z(zy — a° —y)) 2
u<oo( (> —a® -z *y“)):2
(00)( (x2y,xy y )=3

[fifi /2] ,up( ) ¥ affine ETEFREI N T %23, projective L THERTE %,
T Op ITB T

pp(Y) = dim, mp /mEt Vo > up(Y) (1)

DIRALT B T &I X B ([2], 5F 5.1 and 3 F Theorem 2), ZFUIRD K HIZL TR
TIELTEL, m=pup(Y) EBL L, b ERZ PASEMELTmE ! /mp DXk
I {zyl[i+] = m—1} ZDOTRIGE m TH B, mpT /mp T T3z 2
2y fr =0 mod mpt T it = r DEETZDT, ZotlE m+r+1—(r+1) =
m CHUTH S (n_ﬂp( )= 1 THRD D EARLNS),

Projective variety ICE17 5% Op 13 U; I L THRBZ DT (Exercise 3.17
DFEHDTRY]). projective THR (1) THA NS, T up(Y)3ED U; I
BLTORALILZRLTED, ik TETH 2,

1.5.4

(a) OP:OP’Az kﬁ@%ﬂt\ Y:Z(f)7Z:Z(g) kj‘%o
p IZB VT, heightf = 17225 ([1], Corollary 11.17), dim Op = dim A% =
2 72 DT (Theorem 3.2(c)). dimOp/(f) = dim Op — height(f) =1 TH 5,
T5L. 0p/(f,9) = (Or/(N)/((f,9)/(f) £

dim Op/(f,g) = dim Op/(f) — height(f,g)/(f) = dim Op/(f) — height(g) = 0

&%, 62T, Op/(f,9) ETNT 4 VEFTERTH Y ([1], Theorem 8.5), ZD Op
ML LTORS (Y- Z)p = lengthy ,Op/(f, 9) 13AIRTH % ([1], Proposition
6.8) !

Hengtho, Op/(f,9) = dimy Op/(f,g) Z5F.
R:=0p/(f,9) E¥%E. RET7NT 4 VIRFERAEDT

O:m?pgmﬁ,_lg~-~§mpgm%:R,3n>0

&7 2 RINDMFET % ([1], Proposition 8.6),
ml, /mitt % kN7 P AVE LR TE, R/mp =k XD

n—1 n—1 n—1
i — i J J+1 J J+1 _ J it
dlmkl’%U Zdlmkmp/mp = Zlengthkmp/mp = ZlengthR/umP/mP
j=0 3=0 3=0
n—1

ZlengthRm /m;;rl lengthp R =—= o) lengthy ,Op/(f,9)

(21)

%5 () mﬁm: mb/mp = (md/mL)/(mL mt) = dimg md, /mt =
d1mkm /m]Jr +d1mkm]+1/m]+t



(Y-2)p > pup(Y) up(Z) OFEW ([2], 3 & Theorem 3 & ., —BkZ)

Pa—MEEKR)I L2 P=(0,00) LTk, m=pup(Y),n=pup(Z)
EBE, m=(z,y) Cklz,y] £T %,

k 17 BV E LTDRS

klz,y)/m™ x K[z, y)/m™ 5 kle,y]/m™ " S klz, )/ (™ fg) =5 0

EBZ %, ZIT, Yaxh)=af +bg £T %, o BEHENAREADT, kerp =
(mmtn fog)/mmtr TH Y, i Imy = (f,9) = (m™H", f,g)/m™n L5 h
5. CORIRGELETH S, &5 ICUERRIEHD S

(k[z,yl/m™ ")/ ker ¢ = k[z,y]/(m™*", f,g)

BELND, -

T, mIck2%EMLE LD E Op/m™tn ~ Op/mmtn L7 % ([1], Propo-
sition 10.15 DFEHH),

ZZTOp =kz,ylm = k[z,y] DRIT B ERRT, A=klz,y] LT3,
A/mmiIcBVTm/m? IKBEIBWILIEh=1—h, bl em/m" ELTLLDT
h(l4h+h3 4+ R D=0 —-h)A+h +h3+-+hH=1-hr =1
225 A/mm DHILE LD m/m" (ZME— DK ideal &7 %, fE>T, A/m" 135
FIBECH DL (A/m")qjmn = A/ DD LD, F720 (A/M") g /mn = A /"
BDT, Ap/my" = A/m™ THH, ZOWGREZ 2L A, = A %1535,

fit> T,

Op/m™" ~ Op /@™ = K[z, y] /A" ~ klz, y] /m™ "
&%, koT,
Op/(m™*™, f,g) = (Op/m™ ™) /((m™F", £, g) /m™F™)

~ (klo,yl/m™ ) /(™7 f,g) /™ F7) = K[z, y]/(m™ ", f, g)

N RTASH
VAR
dimy, k[z, y]/m™ + dimy, k[z, y]/m™ > dimy, ker ¢

dimy, ker p = dimg (k[z, y]/m™ ™) — dimg (k[z, y]/(m™", £, g))

2145, Eo T,
(Y - Z)p = dimy, Op/(f, g) = dimy Op/(m™*", £, g)
= dimy, k[z, y]/(m™ 1", f, g) = dimy, k[z, y]/m™ " — dimy, ker ¢
> dimy, klz, y/m™ " — dimy, bz, y]/m™ — dimy k[z, y]/m" =mn  (2)

&5,

2T, BBEDEFE, k BT RV E LT klz, y]/m® ORIRIE K[z, y] /mi!
DEEEIC 29y =371 0<j <i—1ZBMTNUIRS N2 DT, dimy klz, y]/m’ =
i(i+1)/2 52 LTk B,



(b) P = (070) ELTL, YV = Z(f),,up(Y) = m,f(:c,y) = fm(l.?y) +
foi1(@y)+-- EL. L=Z({) % PR#@HEMRET D, COLELf, LRD
T—RARAREDOTENDINE L, b=cr+dy EEL,

'\ [(a b x
y ) \c d Y
WCEBWT Lz y 1T, fu il DBND L) Ca,bZ2hDZ T EVBTES (Jk| =00

D) T, ZOFEMFTTED S,
g(z) = f(x,0) LT 5L

Opaz/(f,y) = O a1/(9)

A QRVASH
ZIT A Oy Tldg=am(z—a1) - (x—aq_m), a; # 0 EFF, (x—a;)
FHILZR DT, (9) = ()™ TH % (IEMEICIZ (9)Op = (2)™Op)o HE- T,

Opaz/(f,y) = Ogar/(g) = Ooar/(x)"

T‘% b\
dimy Opa2/(f,y) = dimy Og a1 /(z)" =m = pp(Y)
NREond,

(c) PeY=2Z(f)t3%, PDHTI3IEFLREL TLDT, P2NU, ~ A?
TEZ 5, flz,y,2) DMRKINEDS 2 ZEHEEHVWEHZ L DD T, f(r,y,1) IFdX
XThs, 2Nzl DO f(r,y) B, (b) LML LI IT 1 REHL T,
L= Z(y),f(.’l?,y) = fl(x) —l—yfg(x,y),degfl =d LBl %,

ST, dimLNY =025, LNY ORIFERMET (a,0) DIEE LT,
fila) =0 ZW7d, 2D—D2% P =(a,0) £ T 5L,

(L-Y)p =lengthOp/(y, f(x,y)) = lengthOq a1 /(f1) = pa(Z(f1))

UL fLIEBIT s =a DEBEETH S, iE>T, LNY DTXRTOHRDAIZ
AU, f1 =0 DREOMEEEEEEZNK L TAY Y P T2 L1220, dIC5H

LWLDT,
L-Y)= Y (L-¥)p=d
PeLNY
BRSNS,
1.5.5

p=0%71dp Jd DEA:
[y, z) =2 +y? + 2¢
LECE VP = (abe) €Y = Z(f) CP2ICHLT

01 Py = da*1, 2 (Py = a1, 2L () = e

ox 87/ 0z



DVTNDIIIEFETH S, iE-> T, %H Exercise 5.9 7> 5 Y & nonsingular T,
fIREEITH 2,

pld DY

pBERRDT, d>2Thb,

f(‘rvyvz) = $d+yd_12+zd_1x
LFBE. VP =(abe)eY = Z(f) IKRLT

Of oy _ a1 OF v sae OF 0 a1 4o
ax(P)*C aay(P)— b C,aZ(P)—b ac

DTN RIIEFETH S, iE>T, ZOBE LI #il Exercise 5.9 225 Y 1%
nonsingular C f I3BENITH %,

1.5.6

(a) Cusp: > — 23+t +9y*=0
O = (0,0) I2&F % blowing-up 21T 9, 3

u#0DGEY, = Z(1 -y +try? +y?, 2 —ty) BRSNS, Y, TOD singular
point 1

( 0 —t3+2(1+th)y —3t2y + 4t3y> )
J =
1 t Y
Drank 231 LR HHELTHEONG, 22T, fi=1-By+thy?+y? ITid
PN E, JO1HNE (0,)T DFEEZLTWE I L5, rtank] =1 &% %
72DIIE T D (1,0) REFDrank 250 £% 5 2L, Thbb f, DA% y,t D%
Fle LTREEZANUE I W DD 5, UE—RICEAS2LTH S,
2T,
% = -3 4+2(1+t")y =0, % = —3t2y+4t3y? = 0, f; = 1 -y +t*y* +4> =0
Y

DIEDS singular point Td B35, 46 Ziii7c TIREIIAAEL 72\,

t£Z0DGE. Y =Z(W? —o+22+utzty—uz) LD, TDOLE,
Ofu = —1+22(1+u*) =0, Ofu =2u+4udr =0, f, = v —r+2? +utz? =0
Ox ou
SIEDBTFAEL R\ DT, ZDHA D nonsingular TH 5,

#->T, Cusp ® O = (0,0) I2&F % blowing up & nonsingular TH 5.,

Node: 28+ 98 —2y =0
tr =uy & LT blowing up § %,

t#£0DHE, Y, =Z(@* (1 +ub) —u,y —ux) LD, ZOLE

fu:x4(1+u6)_u:07%:4x3(1+u6):0, %:Gx‘lus—lzo
ICIRIZAFAE L 72\

u#0DEEIE, 2 +y° —zy W &y BRFELED T, t # 0 DEEITHE S
N5, &> 7T, Node D blowing up & nonsingular T 5%,



(b) P =(0,0) & L Tk\, Plane curve 252 23X f @ 2 Xi7E fo = (ax +
by)(cx +dy) & 1 XRAGTETE 203, 2D 2 ODEMINMITTHRODT, fo =y
£ TE 5,

tr =uy £ LT blowing up 7%, t # 0 DEfr. blowing-up &

Y = Z(u+gg(u)x+g4(u)x2 + Yy = ux)

L5, (x,y) = (0,0) ZWT (z,9,t,u) 1 Qu=(0,0,1,0) THH, TiixY
IZE T nonsingular TH 5, FERIC, u # 0 DEHEIE (v,y,t,u) = (0,0,0,1)
%5,

fit>T. o 1(P) ={(0,0,1,0),(0,0,0,1)} T, Mixi& b nonsingular TH 3,

(¢c) Tacnode: 22 —z* —y* =0
Singular point (X P = (0,0) TH 5, % DT blowing up T5%, ¢t # 0 Tl
Y = Z(1— 22 —ua? y —ux) THEH, (x,y) = (0,0) &5 MIFHFEL B,
u#0TIRY = Z(t2 —t*y? — 2,z — ty) TH B, (x,y) = (0,0) &%
T (2,y,t,u) & Q = (0,0,0,1) THH, ZOMIP p~L(P) &b, 12 —thy? — 42
D2XIFTE (t—y)(t+y) BDTQ lEnode TH 5, (b) TiRL7cLHIzInz
blowing up T UL, Q IZWIET 5 DIZ DD nonsingular 25 & % 5,

(WHR) Y = Z(12—t*y? — 92,z —ty) ZEHEY I blowing-up L TH[FE U
%K&%C&%ﬁ%?ouufiu#o@aﬁwf%sz%®ﬁ\Qz@ﬁﬁ)
Th 5,

R EAIEZ T

fzy, w0, 03) = 23 — 2323 — 23, g(21, T2, 3) = T1 — T379
EL. Y =2Z(fg) % Q=(0,0,0) TA?x P?Z blowing-up %, (v1,z2,73) X
(yl,yg,yg) cA3xP2LTBL {xiyj = -iji}lgi,jg?) Th 5,

9y #£0,1 =1DELEZRFHICE Q) =2 TH5, B¥7% 5 blowing-up
WEoTgdo gi=1—21pys VEHONSED, 2. =0DEZ2 g A0 L5005
Th 5,

Y2 £ 0,y2 =1 DL Zld 21 = Y120, 23 = y3x2 25, blowing-up & L T

f2=v3 —73y5 — 1,92 = y1 — Ya®a, ho = 21 — Y172, h3 = T3 — Y372

2155,
ol o BEEFNTEST (BATIERW), o Ty bEZTNTVLR,
372 b b, Jacobian matrix (FR DI % D3,

T2 Y3 1 1 3

fo (Ax3ys 2ys—4dasys 0 0 0
g 92| T —I 1 0 0
ha —1Y1 0 —r5 1 0

hs \ —y3 —T9 0 0 1



g2, ha, h3 13 blowing-up |2 a — bc DI TEMI NS 72| matrix (&> ¥ 7NV 7%TE
%LTV’%O %@fiy)\ rankJ;éél k\ 1??5@ f2 k (Eg,yg ﬂf“‘?’%lﬂi \75)0 k
B2 EIZFMELE 725, KR g2, ho, hs (ZEMID & BIET 20N, f DA
5 blowing-up L TWIFIF KW I L% 3, JUF—RICEZ 2L THD, &L,
L2 6 RIETIE fo 205 ¢71(Q) & L T nonsingular % 2 55 (0,0,0) x (0,1, +1)
BESN5,

ys # 0 DEABHERIGED S s, HE L, 2084, SA6NERETIE
o Q)= Th5,

(d) y?=2512BVT P =(0,0) % 34D tangent line BWEE>TV 254 7D
triple point(multiplicity 3) T 5,

P Thlowingup L, t=1,F2&. Y =2’ —a22y—uz) 2135, Q=
(z,y,t, u) = (0,0, 1,0) i& singular % double point(multiplicity 2% 2) T&H 553, 2
RIADY 22 DAL DT, tangent line XEZ > TV 55 5 node TlEZ\», %28,
u= 1 ’C & PITH)RT 2 RUFFEL R\,

I2Q Thlowing-up %, f, =u’ -2 I L Tw'u=a'zc £BL, 2/ =1
c':‘f% EL fu=mu—u? D, QITNIBT 2 RIE (z,u,2',u') = (0,0,1,0) TH
%, singular point (¥, o' £ 0D & FiF Q ITHIET 2 KUIAHEE T singular
point IFfEv>, 43f& & LT blowing-up L7z Y & nonsingular T, Q IZXHIEd % &
& (z,u,2’,u') = (0,0,1,0) DA TH %,

1.5.7
(a) f%& A% LD 2RYEOARLGEAL TS, P=(0,0,0)cBVT

of of of
5e(P) =5 (P) = 52(P) =

E 72505 P id singular point TH 5,
Y C P? %% nonsingular & DT, #Hi Exercise 5.8 25 VQ # (0,0,0) T

0

DVTNPIFIEETH S, LoT, X = Z(f) C A3 1 P DAC nonsingular T
b5,

(b) o: X - X %P =1000)1 %T%blowmgup £ 5, (s,t,u) € P?
KBV Ts#0 =2 s=1DEAEZEAT, fiIly=tr,z=ux Zf\ATS L
f(z, to,ux) = 24 f(1,t,u) BEF SN DL DT,

)z :Z(f(l,t,u),y—tx,z—ux)

&b,
—fIZ Y 23 projective DEEIZ, P ¥ nonsingular TH % Z L1 (P D x; FR
S3H3IEFE L LT), affine Y; = YﬂUz, (U; := Z(x;)¢) T P 2% nonsingular 7 Z &
LFfETH 5, BERE, Opy IZEIT S P ® nonsingular 5

dimy, m/m? =dimOpy, k~Opy/m



IR LT, BRE LT Opy = Opy, 225, 1K ideal 346K ideal 12, T4
RIFISHIRT 2D T, Opy, ICEWTHMNIET 2HAWY VO 6THS, o
C. Jacobian matrix D&MD 5,

95 L. X, D singular point 1

ot =0, ou :Oaf(]-at7u):0 (3)

DIFTH 5,

—H. (a) & b X ¥ nonsingular DT X, = Z(f(1,y,2)) = Z(f(z,y,2))NUs
b nonsingular TH b, fit> T (3) ICHI@MEIZ 2\, T4DE X, 13 nonsingular
Th b,

X, X, bAZEOT, X = X, U X, UX, /& nonsingular T& %,

(c) ¢ U(P) %k, (b) XD, s#0 DD

X =Z(f(L, t,u),y — te, z — ux)

IBWT (2,y,2) = (0,0,0) EBL &L X, = Z(f(Ltu) =Y NU, =Y, &7
%, [k, X, =Y, X, =Y, RDT, o L(P)=Y 2’foh 3,

1.5.8

Proposition 2.2 3EHD ¢, a, B2V 5, I(Y) = (f1,--+, ft), P= (1,a1,-- ,a,) €
Yo=Y NUy, P = (a1, - ,a,) €Y =1po(Yo) T 5, fi EFRZEATH 3,
ZoLE, IY)=(aft, ,af;) THS:
g € I(Y') = (Bg)(x) = a3 g(x1 /0, -+, wn/20) = 2 g(y) = 0,Va €
Yo,y =tho(z) €Y’
= Bg € 1(Yo) =1(Yo) =I(Y) = Bg = Z1§i§t hifi
=g=afg= 219‘95 ahjaf; € (afr,- ,af;)
Yy = (z1/x0, - ,xn/x0) € Y& € Xo = afi(y) = fi(L,y1, - ,yn) =
zy B fi(®) = 0= af; € I(Y)
Euler’ lemma: Z;-lzl 867];:1:]» =df, d=degf X S U (P)aj =07%%DT,

J=1 da;
ofi Ofi
) == % a(5hm)
<8$0 1<i<t 12%;” ’ Ox; 1<i<t
PRLNED, TNl
rank <3f¢ (P)) = rank (afi (P)) = rank <8afi (P’))
Ox; 1<i<t,0<j<n O 1<i<t,1<j<n O 1<i<t,1<j<n

(4)
EERT 5,
2T P=(Nag, -, Aan), A # 0 & LTH rank DEIZED 5 %\, B8
5. 9513 deg f; — 1 DARSHATH 5720,

<2f2 ()\GJOv"’ ,)\an)) = Adegfifl (aﬁ

(aO aﬂ))
j O; 7 0<j<n

0<j<n



HDT, (%(p)) DIMTARDE, FBIHEE GA LD ETH S,

SISLUST S

ST, Hi (b)) TRL7ZLIIZ, PeYy CY C P" 2% nonsingular &9
EE. P cYy=YNUy» nonsingular &£\29H Z EIZEILTH 5,

fit>7C., P €Y %% nonsingular 25 P’ € Y’ b nonsingular TH D, X (4) D
A =n—r, XoTREA=n—r %5, BITRLEL =n—1r %SRG4
=n—r &%, P eY’ ¥ nonsingular, £X->7T P €Y I3 nonsingular TH %,

1.5.9

HifED 5 Y = Z(f) 1% nonsingular TH 5,
[ = fife, degfi > 1,degfo > 1, f1 : BEKIE %, Exercise 3.7(b) & D,
P € Z(fl) N Z(fg) + O WX LT, fl(P) = O,fQ(P) =0705

O (py = 21 (p) Py 4 1) 22 Py = 0

(P) o

L%, MOEBIBIL THRIUHRSH SN E05, ZHUFHEDHHRICK T %,

£oT, fIRBERITH D, HE> T Z(f) I nonsingular variety T %,
AR DML r 233 DL 7 SRR SMET fF BB E & 5, Z DA,

Pr1icEWT% 5 Z(f) I nonsingular TH %23, P",n > r 72 & singular point

ZFAET % (Bl Exercise 5.12),

1.5.10

(a) X % variety &7 %, BOFIEZEM DO RICIZ TGO 2B D RKITIZE L v
DT,

dim Tp(X) = dimg(m/m?)* = dimj m/m? > dim Op x = dim X

Th b, mEDEAIT Exercise 3.12 12Xk %,
AEXDERIT R 254113 Op x Diregular IZ725 2 &, T74bE P 23non-
singular IZ7% 5 2 L TH 5,

(b) Exercise 3.3(a) &0

QD*P : Ocp(p)_’y — OP,X

IZEFRTITH B,
Q= Lp(P) WIRL T, mp 2 AT Op x DK ideal. mg % P BR Ogy D
FiK ideal £ 5%, ZDEE,

oy H(mp) = mg

Thb, EE <U f>emg e fo(P)=0e< ot (U), fe>emp & ¢h(<
U f>)emp THS,

{gj; 2T, pp(mg) = ¢p(ep (mp)) Cmp THY, gp(md) € md, HEFL
5

¢pmg/mg — mp/mp, [ oh(f)



PELTE 2,
fit> T, BIBZEBOBNEE X ) BIBEEIMIo N5,

Tp(p) = ¢ : Tp(X) = (mp/mB)* — (mg/md)* = Toipy(Y)
(c) X=Zx—y?) CA2Y =Z(y) CAITHL,
0: X =Y (zy) o

£9%, 22T, P=(0,0),Q =) =0mp=(z,y),mg = (z) EB &,
Opx = A(X)m, = (klz,y]/(x = ¥*))mp = kYl Oqy = A(Y)mg = klz]w)
WAL T

©p:O0gy = Opx, x> zop(r,y) ==y

Th b,
2T LT,

pp i mo/my = (2)/(2) = mp/mp = (2,9)/ (> 2y, y”) = (v)/ ()", & =

L5H, 42 =0 mod (y2) & D @b =0 TH 2, f>T, Tp(p) =0 =0 &
%,

1.5.11

Y = Z3(f,g) CP3, V =25h) CP? f=x(x—2)—yw, g=1yz— (v+
2w, h=y?z—a(@*-22),Y=Y—-P, V=V-P, P =(1,0-1) &7 5,
Y 1% algebraic set T&H b, Exercise 5.9 & b V IZEEIBEA DTV 13 quasi
projective variety T %, Zs(h) =Y U{(z,y, z, w)|h(z,y, 2) = 0,Yw} 1BV T,
{(x,y, z,w)|h(z,y, 2) = 0,Yw} DILITFZ w DHEEBRE. Y 0N TH 5,

Exercise 3.14(a) 7> & projection ¢’ : P3 — P — P2 | morphism TH 5, ¢’
ZYICHRLZS DZ ¢ EBL,

7.

0:Y 5V, (z,y,z,w) — (2,y, 2)

PR TH L L2RT,

Well-define ¥: (1,0, —1,w) #0 DT oY) # P Th 5,

SHHE: Q = (2,y,2) e VIdy #Oor z+2 # 0%y, FhE y=0,0+2=
0&£92EQ=(0,0,0)o0r (1,0,-1) THDH, »INdVIIES A,

y#0DEE, (vy,y%yz,0(x—2)) €Y THY., o(zy, v yz,2(x —2)) =Q
&5, y

r+zA£0DEE, (w(x+2),y(r+2),2(x+2),y2) € Y TH Y, olz(z+
Z)ay(x+z)az(l‘+z)>yz):Q &%,

CNOEDHELESTWEEIATIE, z(x—2)/y=yz/(z+2) BDT, WH
LV (2,47, 95, 2(0 — 2)) ~ (2o + 2),y(@ + 2), 2(z + 2),47)

B (r,y,2) e V ET 2, ylx+2) #0Z2WiTDT, y£0¢,T5L
flz,y,2,w) =0 XD wiE3—EWIIRE S, 2+2#0DEEBEKTDH 5,

DLEICED o 32K TH S,
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¢ A DOT, V OBEA U ICHLT, ¢ {(U)NY = o (V) 13 Y DB
EETHEDS o BMHETH B, WS = oL BEFTHS 2 LERT, Y
LT

U(z,y,2) = (vy, 4 yz, 2(2 — 2)) or (x(x + 2),y(x + 2), 2(x + 2), y2)

EBRDHD WTROBAEICHEXRLHRX o 12 LT ay FFARZHALDOT
Y ra7H(0) = ()71 (0) FPHEG L %2 5, B4 DEOICHTE RO TRIELE LTy
FHETH B, ko T, o IMHERGE, YV IZBHY T, variety & %2 %,

XT. Y, V &Y variety 2D T, Z DD morphism 2SEHETE 5, ¢ M
morphism % ®D T ¢ & morphism TH %, #EIE ¢ ¥ morphism TH 2 Z & b,
Y % affine DREAITHE LT (y £ 0,2 + 2 # 0 1JE L T), Lemma 3.6 2 >
TUSTEEHTE 5,

PLEiz kD, ¢ I isomorphism TH % Z &2V I 7,

Exercise 5.9 £ ) V = Zy(h) 1& nonsingular TH %, > TZDHELV b
nonsingular TEEY & 72 5,

VI3Y CHEATH Y, BIEATIRAY, bLEEGLT 2L, V %
BB, ZNEH DR, FHE D LRGSR LT L, {P} 23V TH
BB, VI ZOT{PY =V Thh, —HELH (P EZNALD
PHEGLRDOT, V={P} tA>TLE), ko TY £Y TY =Y U{P} 'l
EHWAZY =Y THY, Example 1.14 X ) V ZBERITH 2,

Y DBBERIPHE S 2 DT, (V) I3 prime ideal TH D, I(Y) = (f,g) DI 37
2, fit>TY X complete intersection TH %,

£7:Y 13 V & isomorphic %D T, FEDH Qe Y T Ogy = Oy ©
H2%, Xo57T. ¢(Q): nonsingular < Q: nonsingular & H. Y I nonsingular T
H%,{P} =Y Y TldrankJp = 2 THH, THiFn—dimY IZHEL VLD
T. P & nonsingular TH 5 (f, g \& Exercise 5.9 & O 572 2 P17 D T,
dimY = 1),

&>, Y | nonsingular TH 5%,

1.5.12

(a) N7 MNVERV =k"D2RXBAZ o:V k&5, 2T, flz,y) =
(plz+y) —p(x) —p(y)/2 LB L pla) = f(z,2), f(2,y) = fly,2) ZWE72T,
T =3 cicnTi€in Y = D ocicpVi€i ET B EL flz,y) =30, flei, e5)miy; TH
D, aij = fleie;) EBS &L p(a) =3, aiviwy %%, f(r,y) =0DEE
rly EFHE, HRXLTWS LW,

ZOLEE, VICEREEPINS Z 2T 5, nlZBIT 2Nk L 5,

n=1DLEEZHSLTHS, n—1THRIZLTWVS L LT, n DEE %A
T5Mm>2), bLe=0%0 f=0LtRDERDOREDELILEL 725D T,
0#0ETD, o) #£0ERD 2+ 0DHETHDT, 2%k a; £ T 5%, a; T
ARSI NBET%EME M L, M = {zlz LM} £ 5L,

CDEEV =Moo M(EMN) 42T L2NRT,

eV ET2, y=x—p(ra)lela,a)a B E, py,a1) =0 KD,
yeM %“DTr=y+a e M+ M Th?,
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RIC—BWEZRTDHIC Y1+ 21 = Yo + 20,y € Myzz € M ET B L
21—z =Yo—y1 = Ibay XV o(y2—y1,a1) = bp(ar,ar). —H p(z1 —22,a1) =0
J:P)b:()\ J:OfylzyQ,Zl:ZQJ:b V=MeM TH2,

dimM' =dimV —dim M =n— 156, FNEDHRE L H M/ ICHZZELED
FIELTM = (az, - ,a,) £%2DT, V=MaM = (a1, ,a,) LR DE
RIEENV ICHFET 5,

HIRZHUZ LD = = Do<icn Ti€i = D gcicn Yitti £ D, oel) = flz,z) =
>0 flaiag)yiy; = 32, f(ai, ai)y; 2MESND, TITC, yldH B P Tx = Py
EET D, b IRBIHGEZ DT, 2 = flai,a:),2 = iy £ THUE, o(z) =
Zl<7,<s 12}‘72%

(b) r>2:92%2, 5L =22, =0 (0 <i <r) LBRDDIE (g, ,2,) =
(0,---,0) L%\, ko 7TExercise 5.9(3 28 L2 68329 5) X0, fI38E
HTh 2,

r=10¢%&x, f—$0+$1 (xo—l—ﬂxl)(a:o—ﬁaﬁl), 52:—1 EPTBDT,
WHICH 2, r=0DEE, f—a2 ZNKTHS,

(c) Exercise 5.8 *5 singular pomt s af 2z, = 0 272§ KB DT,
Sing Q = Z(wg,--- ,xr) = HypN- » 13 linear variety Td %,

Projective variety 13 Proposition 2.2 & D affine IZE#TE, Lo b Exercise
2.6 DFEHICH 5 K ) ICZHLL THRILIFED S %\, LT, Exercise 1.8 2°5
dimSing Q@ =dimHyN---NH, =n—r—- 126013,

r = n %5 Exercise 5.8 £ ) @ % nonsingular THH, r < n—-1%5
dimSingQ=n—-r—1>0&D Sing Q # @ ThH 3,

(d) Q =2, (f) Qli (f)ng Z:SingQ:Zn(IO;"'axr) LBV,
Q% P OWSEE L RD L X, 20U {(ag,- ap,0, -+ ,0)|(ao,- ap) € Q')
Elb, IndQ EEL,

#C:\ P” D2 ,‘f—f‘: a = (ao,-~' ,an),b = <b07~'~ ,bn) %ﬁ%ﬁffﬁci Za,b =
{(uag +vbg, -+ ,uan +vb,)|(u,v) € P} THZ 5115 (Exercise 3.14 DFEHHH),
LI, T2 £, = {ua + vb|(u,v) € P} £ BT,

CDEEL={loplac@QbeZ} EL7LE L=Q%itHT%, COL
%3 cone over Q' with axis Z TH %,

L 35 ua+vb = (ud,vt), a = (a/,0),b = (0,0/) £§ 5 & flua+ vb) =
u?f(a') =0 %Wz TDT, Q IKET,

W (' V)eQETH, COLEE, d A0 F7%EY #A0TH D,

W AOBOY LODEF. (@ F) = (l-at1-b), a=:(a,0) € Qb=
(0,0) € Z DT (V) € L TH 5.

ELoD0, HlZAiXad =0DEE, Je=(d,0) € Q ZHUL, (a',V) =
(0,/))=0-c+1-beL &% %,

Dlhick b, L=Q 3N,

—ROHEAY CPT DGELFRKRTSH %,
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Z #RILn—r — 1D linear variety £ T2 &, 2% 1 XEMWT 22 LItk
D Z=HyNn---NH, £ T&E%, T2L, PPCP"tARLLLEE, PPNZ=0
&5,

CDOEE Y Z P OWPESHLEL.Y = {(d,V) ePd €Y ord =
0}, L={lyplacY,beZ} t32L, FRltRCFRICLTL=Y 2T L
MTE S,

1.5.13
Normal point DEF L local ZZDT, Y & affine & LT\,

—

Theorem 3.9A & D, A(Y) D FracA(Y) B 2L A(Y) = (f1,-- . fr) =
AY)fr 4+ AY) Sy, fi € FracA(Y) £ ZDT, fr,---, fr OIWTEZ g
ET5L. (AY))y = A(Y)y D3R 37D, [1], Proposition 5.12 X ) (A(Y)), 1&
(FracA(Y)), I2&1F % A(Y), DEPACLTH D, [1], Corollary 5.5 & O Z#uid, #

BTH %, (AY)), = AY), 205, fHAY), WML, CoL s
Normal Y = g~ 1(0)°NY

El B ERTRT,
PeNormalY £§5% & Opy I3EHTH S, ZDLE, FracOpy = FracA(Y )w, =

e

FracA(Y) DT, (f1,-+ . fr) = AY) C Opy Ziili?ed, £2T, fi € Opy, 1<
i<r &b, g(P)£07Tdh5,

Wi, g(P) # 0,P e Y £32Lg ¢ mp THD, ZOLEE, AY), 1&
FracA(Y), TEM7Z57DT (AY)g)mp = A(Y )mp = Opy b Frac(A(Y)y)mp =
FracA(Y)m, = FracOpy TEMHTH % ([1], Proposition 5.12), &> T, P (d nor-
mal point TH %,

PLEIZE D Normal YV = g7 (0)°NY 2R3 tz, 22 TggI(Y) BDT,
g H0)NY # 2 THY, fE>7TNonnormal Y = (g~ 1(0)NY)°NY = g~ 1(0)NY
BY DHARG L% 2,

1.5.14

(@) PeY=12(f), Qe Z=2(g), r=pp(Y),s = pg(Z) £ L. P,Q 3
m1(0,0) 128 <, Example 5.6.3 TRENTWB X H 2, Opy = k[[z,9]]/(f) T
b5,

@pwy & mp = (Li‘,ﬂ) %Tﬁj( ideal kﬁ%%ﬁﬁﬁ%’@%éo ©P7y, @Q,Z Liﬁ%ﬁ
MAeDT, Ogz ZBWT, MIET 2 mp D ideal IFEATH 0, JFFTELED»S 2
U mg = (7,7) ICHF L\,

r>s ERET S, m/mST 1B D {397} =s 13 b EREZEROSK %
Y, LBIKMIEY 2 m))/m& 8B TE, (T iy o FEBOTE 4§28
g = —gay1 — -+ LDHITTEARV, XoT, dimm)/my™ > dimmg, /m& &
D, Ttldmp & mg BREMTIRAVI LEZEKT S, EoTr=5Tbh 2,

(b) Example 5.6.3 ERIU X 91 fr. = gshy, 5,6t >1 L LT

g=9stgst1+ -
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h:ht+ht+1+"'
B =gh MR T LT, g h ZHELTWL,

ST, ARLEN g5, hy BILED—RA T2 K57 0008 (k DRBIPAA 22 D
T Gsy bt VHWGIZEE V) ZEEFL), 2DEE Op ~ klz,y]/mp IZBWT

m’;?_l C (gS7ht)7 r=s+t

DD LD %R T ([2], 3.3 Lemma (a) Z8E), I T (g5, he) 1Z Op I2EIT S
ideal T& %,

() klz,y] D dRERXEGHEADEE % k[z,yla £ LI E, klz,y]r—1 C (95, )
2RI kv,

o he Z L RMBLCgo=L1-- Ly, hy =My ---M, £35%, i>s5,§>tI
XU TIE Ly =Le, My = M; 8L, WO0D L; BAUAREERSH D, M; &
FfECH 2D, L, & M; BHVICETH 2,

Dk g‘\ Ai,j = LleMl Mj &@‘Z) é:\ {Ai,j}i+j=d = k[l‘,y]d Dk
LORKLE R 2L 2RT, ZDROITE, klr,yla 3 d+1 KLk EXT P L2
7z ({ﬂz&f {:Eiyj}iJrj:d Li%@)\ {Aiyj }i+j:d » k[:t, y]d TR TH %
TLEFAE R,

ZiJrj:dG,i)inﬂ' = 07 a; 5 7’5 0 &{}i%bij)o U = max; a; j 75 0 é’_ L\
v=d-utTb, u=0DLEFvEZMNTELEDT, u#0LLTLW,
TDE Aup = DiyjcdicujoolijAiy EHTDDT, Ly LyM--- M, =
Ei+j:d,i<u,j>v bl’7jL1 - Ly My M] EBD, i< U, > iql))
Ly Ly = My Z bijLy -+ LiMyio - M;

i+j=d,i<u,j>v

ERDMB, TAUI L, & M BAHACITER E W) RIS 5,

i+j=s+t—-1&Di>sFkFj>thHDT, HlzXi>s&TH
]C.\ Ai,j = gsB € (gs,ht) /C\al?’)%o {Ai,j}i+j:r—1 = k[x,y]r_l O)%E&@VG\
klz,ylr—1 C (gs, he)s &2 Tmp ' C (gs, he) DR E T, () #

ST, fry1 € (9s, ), r=5+t 15

fr41 = hes19s + Gst1he, Fhiyr, g1 € K[z, y]]

C]: &%o Z :VG\ f’r‘—‘rl,gs, ht 03:%:%%77@5%&@?‘ ht+1,g5+1 0)%‘/‘? 0i9’“\'§it+l, S+].
DERLIHANICTE 5,
KIZ fryo = hiyogs + hey19gsi1 + goyohe 225

fra2 = he19s1 = hig2gs + gs2he, Fhigo,3gs42 € k[, y]]
LTEB, CHEBYECIE. f=gh g,hc K]z, y]] BESN S,

WU, f D k[[z,y]] ICB T 2RBOIRL f OBRIERFRE T TIRESL Z L%
RLTW5,
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(c) 2ZHD 1 XEMx = Ax' IZX-> T, HLEM ax + by = 0 ZHDOER
cx' +dy =0ICEWMT LI %2EZ S, v =qax +By,y =2 +6y &L T,
ar + by = 0 WAL TR 6 L7 [ERREDY e’ + dy’ = 0 1275 % 5611 1%

ada — acf 4 bdy — bed = 0

Eir s,
Z 2T (a,B,7,0) \FFE 3ZH DT, 3EMDE Y F 2 RHOEED 3 HERIC
ZHTED, T4bb, az+by=0—ca' +dy =0,i=1,23¢,T5%L

a;d;a — a;c; B+ bidiy —bic;d =0, 1=1,2,3

2T LI (o, B,7,6) ZRTDI0 bR vE I ICkDIUT K, THIFH
ICHHETH D, L L, 4 RKOFWIZEL 2By F2oFERE Y A
gz LI3TERD,

P,Q %2 2® ordinary double point D412 analytically isomorphic 1272 %
L9 I, Example 5.6.3 THEMIRIN TV 3,

% 2T, P,Q %2> ordinary triple point &£ § 5%, f ={1lol3+--- T, Z
NS D 3IRDER A, lo, b3 ZHWIZETH L, 2T, —AKIZFED 2 KD 1 X5
BATEELZDT, ly3=al;+bly ELE), TDOEZE, (b) LFAMKIC f=aBy L
%5 a, B,y DT HD, ZOBE, y=aa+bB L TELILRZRZ ),

a=b+ta+-, f=bi+Pat-, y=aly +bly+aaz+bB2+ -
ELTLE, f=aBy BB L)IT, az,Ba, - ZEDTHRL,
fa= flfz(aag+bﬁz)+€1 (a€1+b€2)62+€2(a€1+b€2)a2 = £2(2a€1+b€2)a2+£1 (a€1+2b€2)62

T IC, £o(2aky +bly) E 4y (aly + 2bly) IFIHER T Z2 R 20D T, (b) TR L
EBD. m}”; - (€2(2a€1 + bﬁg),él(aél + 2b£2)) throc, EAziEeT g, B
DBEET 5,

f5 = 8162(aa3+bﬂg)+£1(a£1+b€2)53+€2(a€1+b€2)a3+g = 62(20,614*()62)0[34*51 (a€1+2b€2)63+g

ZIZTC, gRBBEICEFE oL EATH DT, LHICBETIUL, fL OBA LR
CLIICLTEE S, UTHEKICTIUE, &2TD ag, B, DEF 5,

PLEIZED f=aB(aa+bB) DMFEN 7, ST, Example 5.6.3 TR I 4T
Wb KT, am l, B by E78 D K[|z, y]] D automorphism DEFEET 5, ZD
EE aa b8 aly Fbly XD v l3 T2DT,

Opy = kl[z,y))/(f) = kllz, 9]}/ (aB) = K[z, y]]/(t1£243)

TH D, [, Og.z = kllw, y])/(£040y) L7225, BEHCR L7k H i, 25
D—RIWT O1lols 13 040 L7 2DT, Opy =~ Og 7z BESN, P L QI
analytically isomorphic T®% %,

P % ordinary 4-fold point DE&rid, 4 KDEML Y M 2 HZL 250Xy M
AT ER . IREBEMTE LD, KD 1 Kar+by=01Fcx+dy=0 &I
B2 %, (c,d) ePLEHONZDT, PEEELTEZSL L, QIlE1/87X—%
@ nonisomorphic point family T& %,
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= Z(f) @ double point singularity 2D T, f ? multiplicity
22T, L REHTED ¢ DFREZE 1ICTE %,
= B[y]l/(f) # B EEZX 5,

M/(&) = (Bll/(N))/ (@, ))/(f)) = Blyll/ (. f) = K[/ (). | = F(0,9)

BT, f=y>+- =ty t BFILRDT, M/(2) ~ k[[y]]/(y?) TH 3, Zh
1,y THERINEDT, M= B[y]]/(f) b 1,5 TERI LS ([1], Proposition
28), §5L., 92 € M3 3? = a1 + ag,a1,a2 € B LT BT HDT,
y? — a1y —ax =0 mod (f) 6 uf =y* —a1y —as, ue€ B[[y]] L5, =0
ELTy? OB 2 L, u DEBHIZIHESE, Thbb wlFHINTHS 2
EDROD L, EoT, uf =y? — a1y — as, ai,az € k[[z]],u : unit 233 5 113 D3,
v — a1y —as 13 y? —v,v € k[[z]] DIGICEHIATE DT,

uf =y* —v,v € k[z]]

DI %,
ZZCo D multiplicity Z r EEE, v=a"+ b ... ELIEE,

v="h)", hz)=a+cz*+---

ETEBI LAY, ZHUI1+bia"+- = Q4 cz+--- )" ZERT 225, R
%(%Hﬁ%)é—g_% ]C.\ ifcl :bl/r ktﬂ%o %LT\ C1,* " ,Cj—1 bizkiOfC&—g‘%
N Cl, *,Cj—1 @%I,Eﬁqj Z HwvT bj =71c; +qj &%U'%)@VG\ Cj bKZE B,
PLEIC X DRI v = h(z)” ETE S Z LRI NI,

hz)=x+c2’+ - =x(l+cz+ ) BDT, h=wz,w: uit TH 5,
EoThZZHERNLRTIELTE, Kz, y]]/(v? —v) = k[[z,y]]/(y* — h") =
kl[zw', y]]/(y? — 2") = k[, y]]/(y* — 27), w' =w™" %D, HE2 T,

kllz, yll/(f) = Kl y]l/(y* — )
BRoN 5,

COLEDr D—EBEEEZRT, ZOLDITr£sDEE k[[z,y]]/(y? —2") #
kl[z, yl]/(y* —2%) £72% 2 L ZGEWT %, double point ZHH > T 25DTr, s > 2
ThHhd, r<stdd,

r,8 D—J7 D ARDEBHDLA:

r DBEET s ML T 5, y2—a" IFERITy? —a (EAFI R DT, k[[z, v]]/ (v*—
o) IEEL K[[z, 9]/ (v — 2f) BEEETR Vo T ZNSIEFEITIE R, ¢
PMEET s A ROLAE DK TH 5,

r, s DEABDLGE:

¢kl yll/ (v — ") > K[lH], &= 17,5 £

3B R, = o(k[[z,y)]/(y? —2")) ~ORAMZ 5.2 5, EBE. f(t",t2)=0DLE
f(r,y) =0 mod y?> —z" KV HHTH %, R IFHEL T3, " 2 &EER
WIS DOEGTH 5. K[z, y]]/(y* —2") ~ k[[z,y]]/(v? —2°) ETHUET R, ~ R,
PRoNED, X7 FVEME L Tm ! /m® 205 & dimy, DL 20T, [FH
TS HVFLL (m = (1)),
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r, s DMEBDLGE:
r,s RO T 2r,2s EB L, K[[z,9]]/(1? —2*) 1BV Ty« y+a® LT 5L
k[, y]]/(y* — 2*°) = k[[z, y]] Jy(y — 22°) £ B DT,

o kllz, yll/(y* — 2%) = K[z, 9] /y(y — 22°), T f,§— 7

DIRMEEE T2, G2 =0ICBWTGgef ,g—F O—Hn0 LT 2L, BEL
Tyta" =0 mod y?—a2?" %D, FIETEHDT, g+f" = ay,g—f" = b(y—22°)
EEIT 5,

f=fe+yfy9=0:+ygy EL. fr,9: 132 DHROITGET D, T2E, y=0
EBLSZEIZEY g =—fIDR6N5, g— f7 =bly—22%) 2513 g(x,22°) =
f(z,22%)" X0 g, + 22%g,(z,22%) = (fo + 22° fy(x,22%))" LR DD g, = —f7
ZHOTEBET L, fr=0hDL%2, £>T, ru(fs) >sThHb, TIT
u(fo) & fo DIHERILE Lz, )

ST, Kz, y)]/(y? —2?") DREK ideal (z, §) WIS LT (f, §) 13 k[[z, y]]/ (y(y—
22%)) DK ideal TH %, FATERED?S (f,9) = (2,9) £% D, 2 = cf +dg
mod y(y —2z%), T%bb r=cf+dg+eyly—22°) D505, TITTy=0
2L, 2 = c(x,0)fy — d(z,0)f = fo(c(x,0) — d(z,0)fr~ 1) &% % DT,
u(fe) <1 TH3, T5L, BRIZBoNru(fe) > s226 s <ru(f.) <r &7
D, r<sicKT 3,

DLRIZED r#£5sDEE K[[z,y]]/(y* — 27) % k[[z,y]]/(y? — 2°) TH 5%,

r=20t&, Yy’ —22=(y—2)(y—2) =2yt node TH 5%,
r=30DtE 32 —23Lcusp TH52,
r=40t %, y?>—2* ¥ tacnode TH 5%,

1.5.15
i+ j4+k=d%Zkd iy OB, 3O EEEZIL T L 2HA
BbELDT, 3Hy= (13?) ThHH, N=("3?)—1=d(d+3)/2 £ % 5,

(a) klz,y,zla 2 d RARGHEADES (f =cg, k> Ic#£0 L% 2% f,gldF—
LR T)ETBE

0PN = k[x,y, 2], (@ijr)itithed — Zai,j,kxkyjzk
FHH S DI RBETH 5, 3
B C k[z,y, 2]q 2 EBER T2 75 0 EHEAOHEA L L, B= o 1(B) C PV,
C={Z(g)lge B} B &
7' :B—=C,f— Z(f)
BAMBICH D, FHE EERTED L LAMEENS A Th D, £7 2(f) =
Z(g) = /(f) = V/(9) = " = ag,g™ = bf,3n > 0,m > 0 = g|f", flg" =

frg &b, HETLH 5,
WoT, p=Z'¢p:B— CIZEHHTH 2,
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(b) Fi={f € kw9, |Z(): nonsingular) = {f € Klr, , | 2L(P) £0 or 2 (P) #
0 or %(P> #0,YP € Z(f)} C{f € klx,y, 2]|f: irreducible} C B 23K D 72D D
T (Exercise 5.8, 5.9), Z'(F) & (irreducible) nonsingular curve TH O, F # &
TH % (Exercise 5.5),
ST f=2 k= aijratyizk LI L &,

f= ) aywatyF =0

i+j+h=d

0 .

c’)ff = Y (i+Day ey’ =0
T bithmd—1

0 , ,

fo = Y (tDagnaty’2F =0
T

0 ,

87f - Z (k+ 1Dai jpa’y’ 2" =0
Z ijik=d-1

P2 CfEafiol L L {aiji} PHIZARLGHEN g1, , g D PN TRZFFD
& LEiTH % (Theorem 5.7A),

fEoT. Fe=B—F ={feB|3(P)=0,5L(P)=0,5L(P)=0,f(Q) =
0,3Q € P2} 25,

G(F) = Z(g1, 90,0 ="

MR LD, EBE, fe Feew(f)e Z(gr, - ,q) TH 5,

b R CR DT O(F) = (B(F)) = Z(g1,--- )¢ LD, F % & T
Z'(F) & nonsingular curve 5 2, #ilH

p:Z(g1, - 9))° = o(F)

35 1, nonsingular curve & JEZELRFIES DR 1 X 1 )BT 5,

[ &
P? variety: C C  A{curve} C {nonsingular curve}
IR IR T2z
% IH klz,y,zla 2 BEEERT) O (B} O F(nonsingular polynomial)
Te Ty ¢ TTh.5.7TA
FREL: PN 2 B 2 2 Z(g1, ,9¢)°
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