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WERFHEFI BH B (Toshizumi Fukui)

BEREOFELOYEDOHRL LB T 201k, EETEANLZMETH2PHNELMETH 5.
ARTIE, ROAREEAER f: (C*,0) - (CP,0) Io—HkILTHZ & 2B E L2 [2
DIFERTH 5.

#@-Alll, Gaffney-Mond DA

IERIBAR f: (C%,0) — (C,0), (z,9) = (p(z,y),q(z,¥)), IZxF L,

Jp ) 8(J,q) 9(p,q)

o) =m0t /(4,500,500 aL I= 52

PHRERET S, THE f2M/NBHL-LERNDL N RAT (A R ORERIT o(f) B
Thhb.

o(f) DEHDOTEICHNIA FT7 VL, 2V 2y PEMADA A TRRROPEDHLE
AL TWa., (IEREICIE, 2-Vzy FEBNOY A SHREREONEOHRLERRT A1 77T
VE D2y MATHIERELAODTHAS. ) Thid, SR EEGICHBELT,
BLIZFDOEERAESYE 25, WHhbW D Thom-Boardman £kfk Sl O LR BT
EBTE, TTWHNATTVE, EBYIET VBN BELELZLTERSIN TN S,

Yo7 2B L ENTAIERENS DT Morin 25w [6) TEE L. FRTIL,
Bz, Z® Morin BEZ LA FT N, THIEIBEROYIEFTHOERIZOVWTHREL
LICWOTHhERERD, 20T, NBETHALZWTILT 2HERADERZERT 5,
Lo &) BREBHARDSE Y L0 L) S ICERAH DB, U, COLITTVDERTS
ZHE, Vv MEOBEDRBIREBEZEZATVDEILIILZ>TWT, £DLBHITRE
RTVBALTTIVENDOEEDN (Wb zbE&, £0O4F T VA2 Cohen-Macaulay 22 [H
ZREETHD)? THD T EHKYE LS ([1, Proposition 7.1, Example 7.1.3]).

BB ET 0D, 5% A4 XDO/MIFIRNOERT LA TFTTVOERT 5 ZEM%

751X 22 # (determinantal variety) & & 9 4%, Z A% Cohen-Macaulay T 5 Z LIRS
%h’CV\Zo. FOIPIEFDOATTVOBERHSME (VF V) 2 BRTUT L. (3 FY
NDESVRRTEELVWEEZRIUIRW., 204, Cohen-Macaulay & D W EHTE
FHERATHIILObP->TLE). ) HHSR TR T2 0213, HHFOR:
BREEATR I 2 FEHET, SHIFRIBIRS WA Bl IR SN TS, BRIZZOFED
TdH b Weyman & DIEDLE 2] OBHTH LA, £ TRoT0HI LIE, —F7
(¥, Thom-Boardman ZH#ADHEICEEZFHE>EAOEETH S, 21X Thom-Boa
SRR DIFR TIREDPBAE IS b E 2B 2 0B % B3 84T, Thom-Bo:




SREOBAICE 2 BOEBRIBRTE S, FAVREOHESRE o TWRHELIE
LiZHho0ThD. HIFERZFIIELEOMED (F3HED), —RBEEEOEBRR
o FRE L S T EAH®RA. Thom-Boardman £kl EOFRRNESIE, HEB
OEEERTARETH b h 0, YREBEBELRTOIAETH), tOREAREGZRELT
BAFTNRFIICERFEOMEEY, —~BRHERORIAL LTEARLL) EEITAT T,
WG X ZFELR AL DD THAED, A LIBEFINREETLIBIZZ>2 TS,

EEOBBIIRNL ) ThHd. BOO6 20T, —RBEHORHABONBLEE T
5. 19ET, HHSBEORMANEREORESXHPET L. 11 HTHNXEZEOEHT#H
(Lascoux k) # i1 5. 1281 CIIAFTHO/MTIFIROERT 514 77TV ICOWTHEH
R A

13 EiLABRAS [2] DI TH B 4%, 2] DEEE L TPRT 2FRLkdor, LAV
MAB DB AR - T, HHESREOBMENBRENED L) SHINLOL2E/HT S
I tsie. [ OmDELED S, 2 TRAFY T LI Do OMEE B LA
HBWEES2LTHAE.

13-15 8 Tl Morin DA FP VA EETH, BIZAY W R T IR TRETHLIED
SEHOTY T4 v %2525, 165 T Ronga ([7)) 12 &2 =W ORRABHZEEL, &
SNBBEEICOVTHIATS. HICI=mn-p+1,1),1,1) DEEDTELHEHLE5Z 5.
B2 Morin DA FT7 VR ETERLLD, EX5EBEEFLHELLZLD, %
ZET5.

BREZOMEZICL o THIRADZVE BDNZEFEIHKL ZTFREHT B & 1S0AT
F729%, EEORDTIRIERIIESICRER N2 o7z, —BRERORHR IOV TR
5], [3], [4] % RCE &/, HESBOBMEHBERIL (8] 1KV AZRAYE T
3. IS REROMEHSOELEMTLIHLDT, FETERLTEHITNITLE).

COERY, BHREEEEOHBEIC, MERLIT. EFOLET, FEREHITENRT
LI, EREARZORAFZRIILDEL OFICHEREBHIT L2 &%, BIBEUH
LET.

1 9F

B ntupie TA=(A,...; ) TA D2 X 20 8ALTEDEd=M++A
DHE (partition) &\ 9. d & A DEH (weight) &\ 1\ [A TR lg(X) :== max{i: A # 0}
X DR & (length) &9, .
SE A = (..., ) KK LE LTI N B0 (EHF) &, 8B21T10 ) HOHE, ...
n 4TS A O 2 R THRAHF % Young S &\ [A] TRY.
oung [X%% [\ 2B (ITLFOANEEL) LTHS NS Young HBIHIET 278 % A
v 2 TERT.



A x

Young D BFIZHEE {1,...,n} 2 EHEFLTANZ S DL TR Young FM L /-
12 Young M DKM (filling) &L VW T =Ty £EL. Ta(sj) TifTjHEHICHEHIZ TR
MEEXET. Young M N IS LEOTHENED Hid, £FT I ENH 5.

Young MEOFHET, HF 1,...,d(=|\|)) H¥TE12TOA-4dDeHESDE Young
¥ % 7213 Young I DHES T (numbering) & V9. Young H X 123 LEDFSHIT
DN FHI, d B D5,

Fe3E Young B Th TROME % 4725 b D % MEFIR (tableau) &\ 7).

(1) Ta(,3) < Ta(i,+1),5=1,..., \.

’ (11) T/\('La]) <T,\(Z+1,j),]= 1,,1’1

2 MIRBIRA

n FKIHEE S, RHERICEERIR Zz,, ..., z,] CIEAT 205 OEAICHT 5 AERERE
Z(z1,..., 205" BWAHEERSEOLTRTR 5.

E(t) = [1(1 +ait) = 3 Eat?
i=1 d=0
TEEZSHNX Es = Ea(zy,...,3p) % dROBF{HBER L V. By, B, IAUEH
Kﬂﬂl'@, Z[fl)]_, e ,SL‘n]G" = Z[El, ey En] Thsb.

H(t) = ﬁ(l —z;it) ' = § Hgt?,
i=1 d=0

TEELEER Hy = Hy(z,...,2,) 2 dROEEMHSERE VS, Hy,..., Hy 3B
BT, Z[zy,..., 505 = Z[Hy,..., Hy) TH 5.

det (mi'\ﬁ"‘j)gi,jgn

det (2:"77), <; i<n

% Schur 1R £\ 9. Schur ZIERIE (S (21, ..., 20) : Ig(A) = n} EAENR Z[zy, . .. , TS
D Z-EEERT.
E}E 2.1. S,\ = det(H,\‘.+j_i)1_<_i,j_<_.n = det(E)\'i“+j—i)15i,j§n-

Effw: Zlx),...,z20)% > Z[z1,...,2,)% % w(E)=H;,i=1,...,n TERTS.

S\(T1,. .., Zn) =



FIB 2.2, W2 ITESEEE. w(S)) = Si.
Schur £ S, FHRICKTANLE LTRPFHONT WA,

EHE 2.3. S =Y kat® ¢ =z -z
L ky, & X @ Young B a1 D 1,02 /D 2, ..., 0 B n kAEHENIIFERD
o, BEFEICIEINT 5 L) AR AR ORE.

3 HOBRMERR

V A EERE C LOARKRTHREER LT 2.

#Gﬁ%cqu«mﬁﬁﬁﬂc—uan%ﬁcwﬁ%ﬁﬁv«mﬁﬁ%ﬁﬁtw
5.:o@iﬁo—wmme—wnwaﬁﬁﬁ?%%tuﬁﬂwfn@%ﬁ&of:w
ﬁﬂﬁ%ﬁ?%ﬁﬂcumyaeuw)aG—wmwna@%mﬁG—wmwgt&%ﬁ
T\,

LIZLIZEE G OIE g it L 20 G — GL(V) iIC X &R LET g THT.

BROOVADEBRNEHLIE g-v=gk) LEETIIV % EGMBEL R 3dENTE
3. MICECINEEY GO VAORRLAZTELTHETHS., Lo TRAG - GL(V) D
CLAEEPITRETIC, EG-MBEV LR EGORAV rwoltBnWhETA.

#G@VAw%ﬁﬁé&$L"=mmmcuvwﬂﬁgwﬁwﬁﬁa—wmww
¥ g (g1OFT GL(V) OTEOEE) € GL(V*) TEHT 5.

B QOB Vi, Vo NOEBRYHLE, TOEM ViV, BLUT VY MEVIQVe N
OERBREETNEN

g @vy— gv) ®g(v), g:v1 @2 g(v1) ® g(va)

TEET 4.
B G OBRTEB G — GL(V) (2xf L% D8 (character) xv %

xv : G —C, xv(g)=trace{g:V — vV}, g€G

CEET L. EIE G ORBELOMBEELLILD HiR 5.
£ 3.1. Xvieve = Xwi + Xvz, XVigVa = XVi * XVay XV* = Xv-

BOOERV LT, BGOREATRELV ORSZER W HdHIUTER G — GL(V)
ESEE G - GL(W) 2 E#HT 5. £8 G- GL(V) #°H TR WRSRFALFRY
LEXFORBIBEHNTH L L.

COFRTOBBERSEGLRBOBEN L AEIC 258, BGURLANTHL LV
5. HIRE, T80 M, BB GL(n,C), SL(n,C) 2 LRELTHTHA.



4 Schur HNEf

V 2R C EOFRRTMIBRERME $5. AHTI2 GL(V) OBBERI % MEICT 5.
F5DE Young [FZ T = Ty 1213 d K8 6, #*EHARIAERT % 2 Young DMHIFF &
IFENLHRCBy =Y o, Co DL cr ERTEHT 2.

cr = brar, 1BL
ar =Z{0 0 €GB IXT =T, DIT R }
br =S {sgn(o)o:0€ Gy 13 T =T, DFIZRD }.

d R 64 1T
0 - (V1® ®Va) = VUp-1(1) @+ QVUg-1(q), 0 E By
T VIR T 525, Thid Ve O GL(V) OEH LSBT EETH 5. BIR C6,y 13

(Z c,,a) (M ® Q)= 3 o - (11®---Qvy), ¢, €C

geBy oeSy

THRIC Ve (BT 595, #0EALXBEWT

v1®-'-®vdr—>cT-(vl®---®vd)
TEHINLER
cr: VO - y®d

D%E% SV LEL. er DSV OFEEEIINDESFST T=T12X56F, D& A DA
WX TEEADT, OREBEE S,V LEL. Ih% SchurMPFEE ). bR AT ep il
LBERIIRRLZIBHE L LT, MHRLIEHE 0= Wd) DL &)

Sd!V®d301®~~®vd'—* D Yo(1) ® - @ Vg(q) € v®,
€Sy

BLURRIIERE A = (19) = (1,1,...,1) (d B) D& %)

aa: V30, ® - Qug Y sgn(0)v,(1) ®++ ® Vp(q) € VE
oeSy

EBATVDEDOTRIEY M.
(i) SdV =Im Sq = Symd V.

(i) S(ld)V =Imayg = /\dV, =720 19 =(1,1,..., 1) (d f#&).
er \SROWHFo.

T 4.1. C% =nycr. 1HL ny = d!/dimg S,V.



$hou=\ LECLE, SV IIROBEROBRLHBRT LI L bR,

R(N*V) C @(VE) = V¥ = @(VEY) - @ (Sym™ V)

J

®(Sym* V) c (V&) = V& = Q(VE) - @(A\"V)

)

7

1

FIB 4.2. S,V 2B %K GL(V)-INEE (GL(V) DEEMHER) s, T3 TOBRMERE
GL(V)-MBE R END DS,V ICHE. 512

(i) Ig\) > dimV % 51E S,V =0.

(i) g € GL(V) DEHFMEE z1,...,2, £ T2 & xs,v(9) = Sx(z1,. ..y Tn)-

i n=dimV 0L ERAZHMORTICOVTRRI DS,

dimcg,\V=S)\(1,,“,]_)= I‘I /\i—)‘j+.7_7'

1<i<j<n J—1

glﬁﬁﬁ C[Z] = C[Zl,ls Z1,2, [ Zd,n]» Zi,j, 1 _<_ ) S d, 1 S] S n, GiZ‘%Tc, IZ Schur b[]
BS,VE2EHLLIY. TTFROTHINRZELS.

Ziin o Dy
(Sil,...,ik = 3 1 Sil)'--)ik Sn
Zkvil e Zk:""k

7o Young I T = T \xf L

A1
Or = 1 OT(1,4),7(2.4) T(us.9)
J:
LB IIT o BADGHEORST T3,5) =Ta(,5) THb. T' 2 T Ob IO
DNEZEX AN THOLNLFTHELTSH L '
o = —or

DO ULD. FopxpiFH A B £ 1< <-- < ji <p I3 LT Sylvester DEHY

|A||B| = 21: |Af||Brl, I={é1,...,0k}

BRI, BL ADE dy,...ix 51 BOE j1,...,5: 1% (151 E j1 FIZANBRZ, 4y
FlE g5l AN L) BEICLT) ARBRZ THBLNDITFE AL B LEHEVTWS.
Ihihg<pll<t< - <t <glZxfl

6i1,...,ip5j1 ..... jqe = Z §i1 ..... z'p;S(Sjl,...,jq;Sa S = {Sl) ey Sk} - {11 ceey Q},

~



(BL 6iyips EATHIR 6,5, DE i TIE (Z.) WEZTZEDT, 6, nis W ATFIR 65y,
DE TN E (Zay) WERTZODTHE. T OB D250 i1,...,0p & J1y...,j BEIFE
rEZNL, ThED 6 OBOESKNELrNL. THOEFTET D 20051 4y,...,1p
E Gy ndg g < p, BEATVBET S, j1,...,5, POH kM joy, .. Jg, 1St <0 <
e <q, ZEETS. S={s1,...,8:}, 1 <s1 < <5 <p, ITxFLjy, & 45,l=1,...,k,
TANBZ THRAFTET(S) 2 5. TOLERVWILTA.

6T = Z (ST(S') .
S

3T,

9:Zij =Y Zixgrj, 9= (9i;) € GL(n,C)
k=1

T GL(n,C) ® C[Z] ~OIERA%ED 5. M C[Z] % d x n i75l A= (Z;,) 2 FETL
THEBIRC[Z] = {f : Mat(n,C) — C,(Z;;) — f(Zij)} LABLE

(9-f)(A)=f(A-g), fe€C[Z], geGL(n,C)
TEIAEHTHS. LI,

g ) 6j1,.--,jp = Z g‘il ,jl e gipajpéil ----- ip’

1<iy,nip<n

DT
g-0r =3 (g9s70s: S & XN D),  gsr =[] 9sti)76.)

E%3. £5T, GL(n,C) ® C[Z] ~OFERIi )
S {Cér : T 13 Young M X OFIH } C C[Z]
EAREICL, THIES\V LRERBL L TRIBTHA2FIRENS, &I
{67 : T 13 X ONEFH }

XS, VOCART MVEMELTOREREIZRS. X7 MVEBV OXKey,...,en ¥ —2F
YD, ZDLE Young B A DFEATH jFIOFEIC V DT vy;  ANTZS D% Schur N
BOTLALTILNTEL, T hbbER

B:V® 58,V
%%i A, Z ﬂ&igiﬁﬁﬁgfifﬁ) Y y Vij = ZZ=1 Ci,j;k€ky Ci gk € Ca &§< & g

B((vijs)ig) = X erdr,  cr =TI Cijriin)
T

1,J



b, T OBBIZBFENTHL. Tabb CINBEOERR .V -V #hiud, B
PRI HE[E) Y
(,OA:S,\V——+S)\V,

NETAH. Zhit {ej} V' ORERKRELELT, ole) = Z]. bi j€} rECLE

oa(d7) = Y br.sbs, brs =[] bru).s6.5)
3

i?j

TERENS.

5 Littlewood-Richardson ? %8l

¥ 3" Littlewood-Richardson DE# A WCOWTHAT S, T u D Young K [u] @
FBIITORFEIEFES 12, F2TO08MIFF2%, ... LVIBEHFICLT W 0&EHTA
TIEFETESD. RIC Young MY [p] DEFEZIT L LTHESOEVIEIZ A © Young M [)]
WL 22T, ZORRDOEGZHZT LT T L.

(i) MCHFNCE UHEF AR,

(ii) L 1ITOFEFS AP LMUIHAT, BVWTE2TOFFLEPLIMUIHEAT, ... Lw
IRBILTTELEREY {0} WROME 2727

#{j<k:aj=i} <#{j<k:a;=i-1}, 2<i<lg(p),1<k<|yl|
REICETEHLT Young [ [v] 2#35. COXHICLTTEA5% v OfM%E o,
=T :

T3 5.1 (Littlewood-Richardson DRl). S,V @S,V =@ ,S.V.
RAOHE L LT RD Pieri DAREE 5.
S\V ®@Sym™V = @SV, SiVeAV =@S.V
2L BRED v RROEGEEMHT: V] 1k [\ CEROHERBTI, GROBEIIET
2, BALDDHOATEET m HOHE DI THLNS Young K.
GL(V)) DRIE W, & GL(V,) ORI Wy FEZO6NbL, WieW, & W1 @W, i

GL(V1) x GL(V,) ORHA L R2HEMNFTE L. GL(W) x GL(V,) ORHEE L TRORIHD
SLD.

Ss\iieVa)= @  ASVeS V.
s =1+
Ss\iek) = @ b.S.VieSl

sy lpl=|v|=|A|



Z 2T ¢}, 13 Littlewood-Richardson D&, 2 HFHO RN TIILILIZ d = |A| DHHIE 4,
v IRTUIbl->THZ ED b, IRTHEZ LN ERK.

uv

bﬁu _ ._(_Z ) ( wi (Dw,(i)wy (i) ok zd: qiq = d)

irligl - igllh 20 . die T

.....

fEL wa(i) 13%HEK njzl(m‘{+-~+a;g)ia D DRBTROTICELES.

d 3.1 n d
WA(i)=E(H : ,Ziq=zraqv)‘p=2brpb)

g=1 T1g!Tag! "+ Tng! a=1 b=1

BAOBELE LTROBRNH 5.

m a b
Sym"(VieWw)= @ Sym®V; ®Sym®V;, ANVieVa)= @ AVIioAV:,
a+b=m a+b=m
Sym™(Vi® Vo) = @ SaVi @ ShVs, AVI®@Ve)= @ SaVi @Sx~Va.
A Al=m AfAj=m

6 TLFXL

GL(V) ® W ~®O B GL(V) — GL(W) & GL(W) ® W; ~ORHE GL(W) — GL(W,)
HE, BRIZ GLV) O Wy ~OEHE GL(V) - GL(W)) »"EF 5. IhzxBRHsEd
BDOWRD TV F X b (Plethysm) AR TH 5.

EE 6.1 (FLFXLAR).

S\SV)= @ &SV
vilu=[A]-|ul
ZCTay, IERER
CHENHROBTEICHRTLERDEH 122 5.
FEZy,...,ym|®, g € Z[zy,...,3,)% 2L D,

g(z) = 3" ugz®
EhobblLib &
IT(A+7;t) =11 +z%)*
7j=1 (%

Tholcldsb. TDLEY Eidxy,...,z, DHENTETI TV,

fog(x) = f(?la"‘,g'm)

THHR fog EBETH. TODLE f=8,,9g=8, EBVTHHER fog=S5085, XK
DIZENVWTBEL.
SyoS,= % aK“S,,

vilwl=|Al-|ul
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S NERBORH MRS T B DT ay, BIHFABETRITEL L.
D of, FPRWICKTARZHMS TR VAR OB E & LTRAIRILTY 5.

2
Sym™(Sym?’V)= @ S.V, Sym™(AV)= @ S~V
veE(2m) veE(2m)

221U B@2m) = {v = (vn,..-,v) | Iv] = 2m, vl M8 % ).

ASym?V)= @ SV, 7\(/2\V)= @ SV

VEP, 1(2m) vEP,1(2m)
7275 L Py(2m) lZRTERIND FEOEETH 5.
P..(2m) = {v =(a1,...,ar | a1 +t,...,a.+1) | |v]=2m}

I (a1, | by, by) EREERIC P BRI R EANT, BT AR EDRDERA I
o, O LB, EiFIEHARLEOHOTIC b, BORE BRTH SN D Young KIS
MIcT 5 5E &Y.

Kb TVFXLAROBNEHETH S,

2
Sym?(Sym™V) = @ Sem-inVs  ASYm™V)= @ Sem-inV,

7B : FBax 4
m 2 m
Sym*(AV) = @ Stmim-nVs  AAV)= @ Sm+jm-)V-

7 HB|EICERT SR

A BKRBATXTRBT Ag=k, k13, 25bDLT3.
e 7.1, ARAERCKEAEE A MBEOEK Go S L, BMIK G, L REBE Go FF
FHEL Ge = Gy ® Gl 362Gy = H,:(Go ®a k) QKA b,

%EEE. gi = rankG,- tﬁg, Gi = ZlS]’ng‘ A(—e,-ﬂ-) k%\/"{iﬁ < . g&ﬁ di . Gi —_ G,;_l
2 FBIRE L (k, j) A, KH ey — enin DEKTTHH LI LTBL. G ORR
G =B oU,®B THAER d: G — Gy BPROXIILKEDD DhHNE G = Ui,
G' =B, @B L BIFIX I,

(1) d; =

==
oK O
oo~

B BB dy - G — Gt 2BET 5. G, Gmo1 DEEROFRERIZLY

d. 0
dm_(o d;;)
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d IO A FZHEAATH L TED. TNRED G = Wi © Vi, Gt = W1 @ Vips
LREITET A, Wiy — Wiy BB, d 0 Vg — Vi 3HE d,, =d, @ dl, LHI%5.
FIRRIC LT dimt1: Grmpr = G DTEL LS. {Ge} BHELDT dpyt D Vi 1IHFIT
B0 THD, £oTdnyr :Gmyr — Wi EEZTHRWV, TOBBTEEENIEY
E Gmi1 = W1 ®Vingr, Wi = Upn @ By L R TE Tdpyy B Wiy - U &, E
%4 Vine1 — By, EOBEMER D, 2T Bl =V, Bhii = Vint1, Bme1 = Vi £ 8L

P> AT RTO I LAE(1) AR THTG; = BjoW,; EFEERTVwEET A,
Bj i dj+1 DIGIZE T nashro, Bj C Kerd,- &Y dj : Wj — Gj_l EBoTEIWw, The
ERERIICET & Wj = Uj @B;—, Gj_1 = Bj_l @Wj..l ERETET dj IRNER Uj — Wj_1
LIE%HER B, — B;_1 DEA.

BIRRIC 4 < j BB TNTO 413 LOEQL) KR TVWT G = W; @ By LaFldnTw
5Lt hH. Imdj CW; £2 D djyy : Gjpr » W EBoTIW, ThEFEERMIIET L
Gj1 =W ® B, W; = B; o U; £ FEITETdjyy BRAER W, — U; LEFER
B},; — B; DEA. -

Do 2 A b ULIERH RS, O
HRE 7.2 KBS AMBOBEE Mo ° M;=0,i<id9, AT ETE. Z0LE, REMH
AMBEDOB/NEER Go LHFEE Go — Me BT 5.

8EFR. Z; = Ker{M; — M;_1}, B; = Im{M;;; —» M;} £ B ERDEEFHH 5.
0—-B -4, —-H, -0, 00242, —-M;,— B;_;—0.
M;, B;, Z;, H; DEHRZBEEZNENM,;, B, Z;, H; £ T5L, BEDTES
0—-B,—-2,-H,—-0, 02, ->M;—B,_,—0
PELETS. BBy %
M- Biog — 21 - M,
E¥BHEpon1=0Thbhb ZEHEK

i Ni—-1
¢ e—— M’i __.'—) .A/(,’.'_1 ._‘f_) Mi—-2 — s e

DEMEE Go ETIUL, Go 5 Mo ~DHRALER ¢ 75 5. “EBEDARY b
RAEE AT ¢ RBERARTH S L bbb,
Z O (Ge} CHIBELEALT, {G.) 2B NARO DB E RS, O

& 7.3. KB EEHAMBEORKRMNE _EREF

[

h
— i—15-1 _ e

] Ta

Fi.

1,j—1
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TF,;=0i>0, 2T b0%F2 5. §HAD d, 25 UBEAIIBNMER L GE
T3, dy?=0,d,2=0, dpdy +dodp =0 IZIFEET S, COL X, Ruf/izT Fy; O
B G, H, "HET5.

o F;=Gi;®dy(Gitr;) ® Hy;.

o Ker{d, : Fi; — Fi1,} = do(Gis1;) @ Hi .

o dy|Gisr;: Gisj — do(Gisry) WERIEL,
s: Fyy — Hi; & LOBRSENOIE 2 BREBE, p: Fy — Gy % LOBRMRNS
BT LERLEEF, — do(Git1y) AR Giyrj — dy(Gigry) PHEERLIDDET S,

Hy, = ®iyjmpHj, d:Hy— Heoy, d|Hij =S s(dwp)idn: Hij — Hipj1
>0

LB Y, {He} V3 {F} O&BBLERENE Y 7 2BHETH S,

%EHH. i'?u S(dhp)edh . Hi,j — Hi.*.e,j_e_l C:GEZ%TZD Fi,j = 0, P> 0, &@T‘, :n‘iﬁﬁﬁ
MThHb.
dy=dy+dy % {F;} OLBEOMI LT 5. BANORKIFIWT DT, Gy, Hiy
FHELTF
G =&G,;;, d,(G), H=@aH;

@E*ﬂ b:ﬁ}ﬂén%. J: - T Fi,j @E%ﬁﬂ)fﬂli g’ +dt(g) +h, g’ € Gi,j, g € Gi+1,j7 h € H,',j
DFIIEREINE, ZOTLIE G+ di(G)+ H 2 LTdu(g) € Fipr 51 £ETS. Fi; =0,
i>0 %ZDT, i ICETAHBMEICLD,

F:=¢F;=G+d(G)+ H
Bhohrb.
g € Ge = Piyj=0Gij, 9 € Grr1 =®irj=¢Git1j» h € Hp = ®iyj=¢H;;

WXL g +d(g) +h=0%2RELTgd=9g=h=0%mR7. g= Zz=a9k+1,e—k, 9st € Ggy,
EFEL. (dibe-b = (du@)be—b = du(got1,6-5). REL N, THIZET gor106 =0 &% 5.
EoTb—a DRFMEL VIEHEIKL, i)

F:=9F,;=God(G)®H

Td i3 G H5 d(G) ~DRAMTH 5.

G =Gad(G) I F OBP_EHETHS. d: G — d(Q) ZABZ DT, ¥4k
tot(G) I FHT EELFITHSH. Lo T, &K tot(F) i tot(F)/tot(G) ITKE ME—H
ETHE., COBEBOMEL H=0H,, CRARTHA.
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SEREET 20 he Hy WL, dh =k (mod G+dG) £ % h € H & RFHIC
£Z9.
dih = dph = s(dph) + (dip)dph  (mod G)
ThBH
dip = dnp = s(dip) + dip(drp) (mod G + di(G))

THH. THERVELT, dp=dwp & F; =0,i> 0, E VI,

dih = 3 s(dnp)idph  (mod G + di(G))

>0

2535, O

8 AHHEAFELS

A=@, . A ERBIFETHRRE LA, =@, A EBLEIHIE A DAFTNVTH5.
«kﬁﬁ% Aﬂnﬁi M=@, M tnel uﬂ, M(n) = @cq Min EBL. IS
A(n) 13 ATNEE @, , Akin DBERT.

REATE AMBE M, M 230, 2 d PFEAELT SroaMy = @rxaM), L5 E &
M~M LEHTHE, TNIFEBHRTHH. ARAEBRMEE L EHEICZ 2 NE 2 #FRE
FEINEE &) .

REATE ANEE M 123 L M~ % P=Proj(A) LOMETIBETSH. ZHhiF AL &
FhV A OFREAFTTV p e P=Proj(Ad) TOEY, A-p OFRTEEDI % TRMA
EETO M DRFILORE O DM, L2bBTHAH. An) DB A(n)~ % Op(n) &
e

P = Proj(A) LD F i3t L

IW(F)= @ I(P,F(n)), F(n)=F®Op(n)
k>0
L5¢.
T 8.1. Alx Ao kA THEBRSNTWASLRET S, MF~ & WF, &, EARER
REM = A MBE% IR ~ THoTHRONDEY, ﬁ%omwnmﬁwﬁTﬁmﬁw
e LCRIER ED 5.

SIBA. R.Hartshorne: Algebraic geometry, Graduate Texts in Mathematics 52, Springer-
Verlag, 1977 @ 11 % 5 ffi Ex.5.9 % &, O

9 BHESEOERIFIBK

P RSHESRAELE L, V 2 ERRTHEEMBER CV &35, BREHEp: PxV - P
POEL P LOBHENY PVEE £ LB XY PVRIEZEOUROES BETHERE
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LT 2. B NDEEE - PxV oV LB (B EOBSE, Z k¢ 0L
T D. nEED(ICLAERET D,

7 Cc PxV—2—p

|
X cV
FTHERDEILE P ORI MVROEEFD D 5!
0—>¢—&—n—0.
OBt R ED L
0o o€ —(*—0
%185, [F—4 Opxy = Symé&* =Symy,, & DT TZ D PxV ORPTOERATT IV
Iz 13 Opyy L p*n* (DWTE) TEEINLE0DH
00— Iz — Opyy = Symé&* — Oz =Sym(* — 0

185, ZhiI Opyy MEBEOELFITH S, Op MBENTELEF] Symé* — Sym¢* — 0 #»*
LHMINL DD THE. Ty DERT (pn* PHICH D) FHVTTE R0 Koszul Bk
*EZAL.

rankn 2 :

Ke:0— A p'n*—--- — AP —p'n* > 0Opxv=R®A
CROBYESIE NEBROLERIE A= 0y =O0cv DXRE 1 OLTEINL. TD Opyy
LoBELER q THESETOy LOBERIITLIONFEETDH .
CPEDOARZIMVEGIZHLRTERSNIRESNEHH AMBEELEZR 5.

Fy(G) = @Ht (P, (sxtﬂ*) ®g) ®c A(—s—1t)

t>0

BB (—s—1) 13 KEM AMBERABORBOTS LEET. $726 & LTHALE
WA L DER, TIRS D G A O REIE, F(G) ZHIC F, LBETS.

TIE 9.1. kI 0 DB EL do(G) : Fi(G) — Fa_1(G) HHIEL T F(G) RREATEHE AN
BHoOEEERY

H_y(Fe(G)) = R°q.(0z ®p*G) = H*(Z,07 ®p"G) = H*(P,Sym((* ® G)).

LT Hy(Fo(G)) = 0,8 > 0. 512 dy(G) 13 A DEDOFRRTLETEDLNS, BICHLLE
A
de : Fy(G) — Fs_1(G)
DS
(ds)(t,t') . Ht(P, /\S-H(T]* ® g)) ® Ov(—s _ t) - HtI(P, As+t’——1(n* ® g)) ® OV(—-S ¢+ 1)
BB t—t+1 ORXRTETEZONA, LT t<t 25T (d)) IEEE.



15

REFR. RD2ODREMN S THREEZ 5.

R= @ I'(P,0p(n)), A=O0Oy=8ymV*'= @ Sym" V"

nez n>0
T 9.2. L=rankn £ T 5. Po=(Apn*)®p*G,s=0,1,...,¢, LB L 3K
O—-P—-PFP_ 41— —>P—->F—-0

DAQRMEEL LTOD q, LSRN (T2 b5 RiquPyy =0, k>0, THRFIHIIESE):

0 — Py — -+ ——= Pp gy — Py — Ppo — 0
0 — By — v — Py — PI—1 — B3y — 0
0 — PBg —— —— Py —— Py —— P — 0
00— FB — — Py —— P — B — 0
1
0 0 0 0
PHEETS.

FWEADIAE. P 25 EEMICEORAATEL. ZOHDALAPEDLEBELRBE Op(1) L F
(B, (LE% 5IF Veronese A% A L T) H*(P,0p(n)) =0,k >0,n>0, LIKELT
—fiktEE Kb,

Co=@T (P, (Apn) ®9'G* @ op<n)) ® As)
n>0

EBL. TR Ke 8 p' G 27 YN L TR 2 E o720 DHh L FE SN BRTHEL

th. C, DEBESTOMBEDLS, KEO%X RIMBELTOETEVREORSZ Ay PLT

Bond, {C) LREMELREAY () &L, Bk {C.) ORI E Ro AL LT
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ok UNER: iy
/\‘ AQ’ AV ~
0 —— Cpg — —— C g9 —— C_1pg & Cpa +—— 0
0 — Cogy — <—-——6'j21<———5_11<——5(;1<———0
0 —— Cogo —— e Cgg —— C_y9 —— Cop «—— 0
0 — é:e — e 6{2 — 6_1 — 50 — 0
! | | |
0 0 0 0

L. BOFUET,(A n)®G") ® RIIEEE LTO IR IC ®A(s) L TRLM

BELTEL, Oy DEFRSERE-E RINBEL L TIRRBIENTLT, £RENTV2 LK

STEL. CHAERBILL IO 2L o2 b D% {Pee} &L, EHEB1 LD, HTITIIBMG

Ke®p'G LA, LoTIOBKIET P =(Np'n)®p'G L%b. SVRID LEHR
0= (AP'T") ®°G — Pa(G), s=0,1,2,...

PHERTE. BRI VE Py = P.y(G) 12 0p(j)®A(s),j > 0, DEFE LTHTENTE,

R*q.(0p(j) ® A(s)) = H*(P x V,0p(j) ® A(s))

_ {0 k>0
L(P,0p(3)) ®T(V,0v(s)) k=0

ADT, & Py, i3 ¢ FBIRTH 5. O

ZEHBE {g.Pee} DEMEE {G,} LEL. ZEHE {¢Pos} DIEBLRDARY P IVFIE
25,
horE;,t = Hs({Q*PO,O}) - Hs+t(Go)

% Py B q-FERMRTHHZ L2 b,

horEslt — Coker{gq. P+ — q*Pg,t} s=0,t<0
0 Znpst
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0 s#0
DIRON, ART PVF| o BT, 13 B2 BILT H_y(Ge) = R'qu(Oz ® p*G) R,
—%, WET1LY
Gn=F,®L,, {F.}®&MEk, {L.}ceiE

Y0 Fo= Hi(Ge®C)®A EHF A, TITC=A/A, ERELTVE. &C %75
Y {GuPoe} DAFHHRBERICE>TLE ) 5

£ {R‘tq*(Oz Rp*G) s=0
horfg ¢ =

Ho(Ge®C)= @ Hi(q.Pa®C)= @ HYP.(A7")®F)

sti=n s+i=n
o TR =@, ,H(P. N1 ®G) Q@ A(—a—n). a
#93. bdL ch_],.((')z ®p*G) =0 (k> 0) % 51T {F,(G)} & ¢.(Oz ®p*G) D A BH5 .
T 94. X=¢q(2)&L,q: Z > PHUAERERLIKETS.

(i) q.0z i3 Oz DIEHAL.

(ii) R*q,0z =0 (k> 0) D& &, q0; D ANMBEL LTOFREBBATHEIF LROKFETHE
% (0 |

(iii) R*¢0z =0 (k>0) TF =H(PnNQ@A=ADLE O D ANMEEL LTOHRHE
HASEPE LR FETHELNS, LIS BIEHAP OFEERATH 5.

EE 9.5.G,,v=0,1,...,m, ¥ P EOXZ PVEEL, PxV EIZHE
0= p*Gm — -+ = p'G1 = p'Go— 0
DHBHELT, BRI OWMEEBEATLZLITEL. ZOHATERGR
Pot= @ Pur(Go)

ut+v=s
T, BsHl G, D I IEHIRMEYEIZ QA(s—v) LTELN P,,(G) 13 0p(j) ® A(s — v),
i>0, BN OPDOMBOEME LTIV, ZEHE {qPoe} PEBREEL Go 2EHL
ThL). ZEBE {¢.Pee} 12 ®C T2 LAFHAIIBEERIZR->TLI ) 25

H,(Ge®C)= @ H '(quPse®C)
s+i=n
Ehh. XoTs2ETLT, “EHBK{¢Piovi(Gy) ®Clys DRDANRY b NVEEBHFT
NiE H,(Ge @ C) "itETE .

s§—

vty s = R7'qu(( A\ P*0%) ® p*Gy) = Hytt(quPse ® C)
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EBIZZOFETHHSBEHBR T 28, RO Bott DEHRVENTH 5.
E % n RIUHEFEREZEH, Grass(r,E) % Grassmann ZHkfK, £ % Grass(r,E) x E —
Grass(r, E) TR T 5 HBELENT MV

0-K-£€-50Q—-0
% Grass(r, E) L ORIEEX B (tautological sequence) & 3 5.

EH 9.6 (Bott OER). 78 a=(,...,a,),8=(B1,...,0nr) X5t L, Grass(n—r, E)
EDORIT VKRS, QRSK 225 A= (0,08),p=(n,n—1,...,1) £BL.

Q) A+p C MLEEVHEND L E,

H*(Grass(n — 1, E),S.Q®83K) =0, k> 0.

(i) A+ p IZ A CEFEIFHNZVWEE, A+ p IZHNAIEREZREZVIEICERPZTHLA
L8 oA+p) EEZD. o*(N)=0(A+p)—p B A+p2b o(A+p) 2185
DILBELBETLZBFOANBRIORNE T (o) LEL.

0 k#l(o) DL &,

H*(Grass(n — 1, E),S,Q ® SgK) =
(Grass( ) o) {Sa.mE k=1(0) DL ..

% 9.7. Grass(n — r, E) = Grass(r, E*) T
0 Q" & 5K >0
it Grass(r, E*) OFZERETI 05
(1) A+p i LEEFHENS L &,

H*(Grass(n — 1, E),S.K* ®SQ*) =0, k>0.
(i) M+ p i MLEFEIFHNZWE &,

H*(Grass(n — 1, E),So.K* @ S5Q*) =
(Grass( ) #) {Sao(,\)E* k=lo) Dk X,

10 MHRHELTOSHEARS S U =y bR

V & n RLEENZ PVER, V* 2V L0 CHREERLTS. T§HL SymV* =
B Sym* V* 3 V LOBESHRAO L TR Clry,...,z0] EAETHE, ZHIZV =C"
DEERRE AL THHFTE D,
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SR L TRBEBELOBERY NVEE > M bbb d, E2 ED
MIEOIEDE & $4UL Symy, £ 13 X7 MVHOEZEM E OMEBREALTENTE 5.
C", CP DIEH%E TC, TCP e T EiZTh. C"xCP EONRI PVE J, %

Ji = Hom(Sym* TC", TCP) = Sym* T*C" ® TC?
TEHEL, JF =@, J & kjet REV). Y=y VEMO 7 7 A N—FAOKERE {Z] ,;|1<

.....

W< - <u<nl<li<k;1<j<pteihid O xERHOEFERELLE,
05, =0[Z] %Yz PEBOEBRRTHLN., THEIRDLHICHLDEINS.

O = Sym((®f_,/)") = Sym(®,J})
= Sym (&, Sym' TC" ® T*CP)

k
= @ ®Sym™(Sym'TC"®T*C?)

= @ é @ (S\Sym'TC"®S,T*CP)
my,.ome =1 Ap|\|=my
k k
= @ (® S)“ Syml TC"> ® (® S,\,T*C-p>
Ay Ax N=1 =1
CHIIHEREIR O DSERM (my,...,mp) KEBRESZ TS, $400% RN
THIILS,TCM @ SpT*CP HAEBLITHBDAD 0 &) 2 FARLENHE L.

KRB OB A = Diff(R",0) x Diff(R?,0) 2THKRIZ JF ICERT 525, Zhid JF DB
ER O, OB ADEAYHETS. #2TH ADEHTARER Op DATFTNVI %
B, COAFTILVOTLE 5 f0) £ Fh. f OBERSEERELTIZEDO Y zy PIFEL
LAFTVCETS. COZER I BHFRATFTTNVTHLILEEBRT S, $EOHEERELE
W (zy,...,20) — (CT1,...,0Tn), c£ 0, EEHRLTHEZD Tz FPORBTHATFT VIIED
LRV, TOZLRERZ,  KEALESZTOIRARTHHILEERT L. T
HEREZSH A = Diff (R, 0) x Diff(R?,0) TREX 25, 412 GL(n,C) x GL(p,C) TAKT
HAbH, LEDPoTROMBICEZAZZLPERLEDLNS.

FIfE: 7 DA KREMRTT® Schur MBEDOEETERYE.

11 Lascoux #&{%: Osi D EHRIBOEK

SEF 9.1 L Bott DEE%IEH LT Lascoux HADHRZHHT 5. T TOHKT
E=TCr F=TCP(%7:13 E=T*CP, F = T*C") & L7z & 1-jet space Hom(T'C",T'C?)
P® Thom-Boardman Zkfk ¥ O Zariski BA T OMEBOHHASHBES X 5.

E,F #BH8F2EM, V = Hom(E, F),dimE = n & LY 9 2~ >S4k P = Grass(i, E) =
Crass(r,E*),r=n—1i, LOPXE - P "EH5HAWAL~X7 PVREZ £, PXxF—>P yipl

EOLHBPLERZ VVEE F, PxV — P OEH2HBELRS PVEE £ £ T5.

Z ={(K, ¢) € Grass(i, E) x V : Ker¢ D K}
>{(Q*, ¢") € Grass(r, E*) x V* : Im¢* C Q"}
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R 11.1. Z 3ERERSHEBETH L.
2 1 MALRA. Grass(i, E) DREEERBES %=
0-K—-E&E—-Q—-0

THEL FOXDLHYRE F LEL. ¢ cHom(E,F) & E O i RUHWAZEH K 3L,
®=¢lxk T
® : Grass(i, E) x Hom(E, F) — Hom(K, F)

REHTH. ThIENY MUK Hom(K, F) % Grass(i, E) x Hom(E, F) IZ5| 8 R L THbL
NAZRY MUVEOWEEEBETAZLI2T A, RICO EBBICAS PVE Hom(K, F) DfF
FHBELAEE LEBICETAI0NRY FVED 7 74 N—BANDOHELEDER T O
GEERD.

dV : T(x 4)(Grass(i, E) x Hom(E, F)) — Ty(x¢) Hom(K, F) — Hom(K, F)
1EED » € Hom(GCrass(i, E), F) KX L ¢'|k = ¢, ¢'|lxr =0 %5 ¢ €e Hom(E,F) £t D,
¢: (C,0) — Grass(i, E) x Hom(E, F), t— (K,¢+ty')

CHI ¢ BB L L(0) DIEAT o ZOT AU REFBRES. Z=071(0) DT Z i
SRRSO DD. O

2 2 MEIRR. P = Grass(r, B*) ORIEREY %
| 0 =& —-K"—>0

b A
Z 2 {(Q",¢") € Grass(r, E*) x V* : Im¢* € Q*}

e, BREWHE Z -PO77AN—3 P ORI MVE(=Q*QF D774 /3=L
B—ENE. LoT ZIIN7 MVE Q* DEZEHEFR—HIN5. 0O

Hom(K, Q) % Grass(i, E) DBZEME Rt L8 1 OFH L ) ROELFIOFIENH 5.
0 — TZ — (Hom(K, Q) @ T Hom(E, F))| z — Hom(K, F)|z — 0.
Hom(K, F)|z #% Z C Grass(i, E) x Hom(E, F) DR TH 5. T1HE2DEH LY
Oz = Sym(Q ® F~)

bbb,
q:PxV >V ZHRZEEL TS, TITE=q(2) &8t q: 2T 13 RFEE
eI hiz L OBREBEES 25 I LIERLTHL.

Opxy = Sym§* = Sym(€ ® F*) — Oz = Sym (" = Sym(Q ® F~)
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DT Sym(Q® F*) # S HL T

(’)z:Sym(Q@)T*) =®S,\Q®S)\}-*
A
tEWTEL., T5L Bott DEHI WV REHES

. . . . 0, (k > 0),
H*(Z,07) = H*(P,Sym(Q ® F*)) = @ H*(P,$,Q) ® SyF* =
A q*OZ, (k = 0).

FoT EHOL L) {Fo} 1 .0z D A-NIBEL LTOHHGHE S5 2 5.

P = Grass(r,E*) LOREEH0 5 (€ —-n—>0%2%F25. TNE0—- Q" - & —
K* 50X FiEFvINMELTEBONIZ DTHA. Z WEN7 MVE( DEBBZE-h
L ZDPXV TOEHEATTNE pn* =p(KQF*) TERINS, ’

Fo=@ H'(P, A 1") ® A(~s — t)

t>0
EBLC N = NTE®F) = @,y Ly, SIK ®SinF* RO TRARY L.

F,=@ @ HY(P,SK)SS\F*'®A(-s—1).
£>0 A:|A|=s+t

Z 2T HYP,S\K) % Bott DEBRIZI->TEHELLI. A=, ) £FT5. (0,)) =
0,0,...,0,A1,..., ) &BWTa-tuple (0,A)+(n,n—1,...,1) »H LEZ2HOL 6 HY(P,S\K)
0. n-tuple (0,\) + (n,n —1,...,1) »%E CER LR \VE '

(2) M= 2 2r+a>2a2 A =2 2020

AR ot nidl(o)=ra T

T

A =00, = AL—m A =7 s da =180y o, B Aatls -5 Ai)

ZOT (RHBH)

Q
Q

AO
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0, (k # ra),

k -
HPS:K) = {S)\QE, (k=ra)

kb, £oT '
Fs=@ @ SyEQS\wF'QA(—s—ra)

a=0 \:|\|=8+ra
2185, a=00LE &M 2 2HMETADIEIN=(0,...,0) DEOALZDT F,=At
b, Flra>10kE, XDREGE Q) T EITNT, ap=M—a—71,b=1,...,q,
Bo=MAass, b=1,...,i—a, EBLE, N =a’+ra+|a|+|8] £%5. £oT
Fs=é@(S,\oE@SpF*@A(—s—m):s=|a!+|ﬂ|+a2), §>0
A

a=1

#1584, TN Lascoux BIETH B, §FiC

r+1 r+1
Fi=ANE®\ F*@A(-r—1)

DT Og = .0z = Coker{F} — Fo} &%), Zhid generic matrix @ r + 1 /MTHIRE

DERT B4 TTVORKRRICHBME 25,
I THIZ r=n—1 &35 & Eagon-Northcott #EZH5. D& 2

s+n—1

F,=S;1nE® A F*'®A, (s>0)

kb,
V = Hom(E,F) = Hom(F*,E*) 72%6, E % F* I, F % E*J, n =dimE %
p=dimF* ICEEM|EI T, £ AKOERLT2EITEL. CORER

Z ={(R*,¢*) € Grass(p—r, F*) x V* : Ker¢* D R*}
={(L,¢) € Grass(r, F) x V : Im¢ C L}

EBLFEIIRD.

12 MIRTIIDTIIX S F 7 IO RS F

E % nRTEHFBHEN, V=SELL, €V =SE KL, SEC EQE =
Hom(E,E*) 2L O XGT 5481 §: E — E* 2Z 21U, A= Sym(S;E*) k5. P =
Grass(i, E*) = Grass(r, E), r = n — 4, % Grassman &Mk 35, P LOFREXEY %

0-K—-FE—->Q—-0
&L

Z ={(K, ¢) € Grass(i, E) x V| Ker¢ O K}
2{(Q*a¢*) S Grass(r, E*) x V* | Im a* C Q*}



EBE, ZRRTPMVES,Q* - P OEEEERA, O =Sym(S,Q) THAH., ZITE
rHHEKR PRV - P LLT, ROELHEELD.

02 (=S09">¢(=8S§,">n=E0OK*"—=0

X={peV=SE| dimKerg}_z’} EBLERDEXNH 5.

Z CPXVL’P
|
X cV
glz:Z —» X AREBERLRD. %5 ¢ (Ker g, ¢) BHBIRELBPLTHS.

H*(Z,0z) = H*(P,p.0y) = H*(P,Sym(S:Q))
-H (P, ) sm(sgg)) - H (P, O S,\Q>

m>0 m>0 Ac E(2m)

_ 0, k>0,
D,.50 eAEE(2m) S\ =4, k=0,

&% A, B%IZ Bott DEBEEF TS, LoT X OEHILIIABRERSEZ LD,
P EDOFEEHI0 (> €—-n— 0 ICHHSEORTEMBRELTEHLTAL).

Fe = @Ht(P>s/_§tn*) @A('—S_t)
t>0
EBL. TITy =Ker{$£ S0} =KQE CEET 5.
TEIH 12.1. Fo 13 Ox D A NIEEE LTCOBNEHSHES X,

m 0 ‘ T‘fk‘
HYP,A7) = SE ket
®A€P2t.r—1(2m) A =

13 Morin D1 F7JL

KEY 2 €175 D% 2 2 T Morin O A F7 W Alvie 2EHL L ). FI=(1<
< <Sa<n) ti=1 ., n L b <i<i 5D s EE2TI+i=(1<i1 <
Sy LiSig << <n) EBL

0

P .,
D=3z, % i=1..n
=T ez
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EBLE, Morin D4 F7 N Ak (IRTERSINS, £7, 79 M I3 L M O r R
D/MIFIRTERENL A FT L% [(M) THHbT. Al ERTEHT 5.

zi ... Z}
A = Tni :
Zf cee ZP
Al PERENTNBE LT, EORBTE p,... 00 LT, TOEE
(72 ... 2 \
Au ,,,,, i — A1.1,...,1.k_1 + In—-i 1 n

r+1 D1<P1 ce Dn(pl

\DI‘PS T D"('os/

T Aotk 28D 5,
Morin D { FT7IVORFIIEMTIZI V. 175

Z? .
DiZIJ y Fl=#J=n—-1i1+1
D n—ip + 1 RDMTFIFIE

n—iz+1 n—iy+1 n—ty+1 n—iz+1
A (T*C” & A TC'® A T*Cp> ® A TC"
DERTCIZ L o TERMICIZTRFRTA2EITHR LD, EBIZIGZEFNPERTISHICL T
LBLIIROLVWDOTHS.

14 [SFEEE

EH 14.1. D(n—1,p— 1) OFEREII T (n,p) PERAEALIVEWV, T4bb
(i) X!(n,p) #* Cohen-Macaulay 72 5 i¥Ef(n — 1,p — 1) b Cohen-Macaulay.
(i) Zi(n,p) PEEREALZLIE(n-1,p—1) bFEERA
(iii) XM(n,p) ERBFREL LT (n—-1,p—1) DEHFRA

15 ¥ > VILDRERESEE: Oﬁz” DYt TOEHSER

FDjet BT IZBTAH L) LREBIZOWTIIARENIC i BEOEBEIZREET A0 L&Y
DO i=nEHOBEELEZTO B EEbiv., COHTIEIY 0001 n %
Hwa,

d
J¢ = @ Hom(S, TC", TCP)

k=1
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d—1 d-1
e

En,..-7n 30@@0®H0m(SdTCnaTcp)

d—1
e N——
THENDT T |3
V = Hom(S4T'C", TCP) = Sym* T*C" @ TC?
DHFILHLERELTEIV., TDEEZ

A = Oy = Sym(Sym¢ TC" ® T*C?)
&b, r=n—j EBE,
5o s {¢ € V : 3Q" € Grass(r, T*C") s.t. ¢ € S4Q* @ TC"}
TL REETSH. KICV O ¢ »EHENICHD HER
¢:TC" — S T*C"®TCP, ¢*:S41TC"®T*CP —T*C"
FHAWVWT Z #RCEETS.
Z ={(K, ¢) € Grass(j, TC") x V : Ker$ D K}
={(Q*,¢") € Grass(r,T*C") x V" : Im¢* C @7}

p: Z — Grass(r,T*C"), q: Z -V 2 BRLHHE LT 5. P = Grass(r, T*C") = Grass(n —
r,TC") 7 % @A —#H D T Grass(n — r,TC") DFEFERIEY

0-K—-pTC"— Q—0
%25, q(2)=XTq:Z - S 3VHEERTHLHE, ZiZ P LONY M VRS Q*QTCP
DEEMTHLBEIIEETNE, ¢: Z - X BT OBRMBELEGR2F0bYS. 8T
Rb.0z = HYZ,0,) % HELTRES.

H*(Z,0z) = H*(P,p,0z) = H*(P,Sym(S4Q ® T*CP))
- H (P, @ Sm(S4Q ®T*C”)) -H (P, ® P S,\SdQ®SAT*CP)

m>0 m20 X:|\|=m

k
=H (P, ® & a&‘mSﬂQ) ©S\T*C"

m2>0 A | A|=m,|p|=mnd

0, k>0,
@mzo ®»\,#:Iz\|=m,|ul=md a‘/(,(d)S,,TC" R S\T*CP = Oy, k=0,
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Ehh. BfIZ Bott DEEEF TV, L oT Y OEHILIIAHEEREL DD,
TITE=(PxV—-P),(=(Z— P)tL P LOEEY

0—->(—o¢&—>n—0
CHHDBORMENERETEHALTARAL).

F,=@ If(P, s/+\tn"‘) ® A(—s—1)

t>0
EBL, Ty ikTEHEAZLNS,
7)* = Ker{p*(SdTC") QT*CP — S0 ® T*Cp} =K(OS4-1TC"QT*C?

Lo TROHEEZRBONIFEHE IR S,
#E 15.1.

r+1 r+1
Im{F; — Fo} = Im{ A TC"® A (S4_,TC" ®T*Cp) — A} )

16 X% ) Zariski BAE?D Cohen-Macaulay I DWW T

W OW Y AXRADOEREHEE Ronga ML [7) THEELTWAS, ZZTikohx%
4 D5 RiE L, Cohen-Macaulay HICOWTHRELTHR L.
V=~R=JdJ, tBL. ZZT

J, = Hom(T'C", TCP) = T*C" ® TCP
Jy =Hom(S,TC", TCP) = S,T*C" @ TCP

Thotz. Ji, Jo DT ¢, ¢ ZHEADTTE Bz LIt ENEN [¢y], [9o] L EL FEIZT 5.
A= 0Oy = Sym(T'C" ® T*CP & S,TC" ® T*CP)
WKEERLTHEL. 22T
¥ = {(¢1,42) € V : dimKer ¢ > i}
T AERTA.
(b1, 92) €L DEE r=n—i EBITIE, ¢ DRJATFIOREEIL r TH->T Img; DK
Tbr ThhH. TDEE ¢ :TC* - TCP AFET HER

Ny : NTC™ — ATCP
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REZXD., ThE [Nl e N TCP RN\ TCP A% LT, HARER
</\ T*C" @ A\ TCP) ® (Sym?T*C" ® TC?)
c ( T*C" ® \ TC”) ® (T*C" ® T*C" ® TCP)
(/\ " ®T"‘C") ® (/\ TCP ®TCP> R T*C"
5 (/\ Cre A TC”) ® T*C"

I2& 2 [N ® [po] DIRE [¢h] TRT. T TREDERIIBRRFR

(/\ W) QW =Sp1r W AW, W=TC" %7t TCP
DE2EAINDHFEPLRTDLODTH S, o] PVERT HEHR

r+1 r+1
% TC" > A\ T*C"® A TC”
%%i er = (¢1a'¢’1‘) 'C‘%::f%
T+1 r+1
8,: TC" - TCP® A\ T*C"® A TC?

2EHLTBL. oW % &t dimKer¢, =4, dimKerf, > j DED 5 HEE D Zariski L L
‘3‘6. el :ﬁFl&g(Z,j,TCn) % (TC"’ D K1 D) K2 : dlmK1 = 7:, dlIl'lKg = ]) @%béﬁg
BEE LT Q,=TCK,, s=1,2 L35,

={(K1,K2;¢1,¢2) € Flag(z’,j, TC") xV :Ker¢; D Kl}

={(Q%, Q}; ¢}, 8;) € Flag(n — j,n —i,T°C") x V* : Im ¢] C Q7}
EBTE Z, — Flag(s, j, TC) {327 VR L AR THMSTEMILT BT P IVKIZ Grass(n—
r,T*C") EDNRZ F VKR (QF @ S,T*CY) @ TCP DB SR LTELNS. BT 2, 3R
ERETHD. Z1 L ¢, ¢ DHIRE LTER S NI-EE

$1: 01— TCP, ¢:K1QKy—TCP,
EER a_:‘ 31 +$2 T R
: 0: KL QK= TCP
TERTS.
z' ={(K1,K2;¢1,¢2) € Z; : dimKer§2 1O}
={(K1, K2; ¢1,02) € Z1 : dimIm# < r}

LB, EHRLY Z' 03 Flag(i,j, F) x V LD Y FVERR S € Hom(Q; ® K1 O Ko, TCP)
DREFASr DTOREL LTHBIITAHENTES.
TEI2 16.1 (Ronga). HALER Z/ -V 2 oW ~OREFARERAER L % 5.
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~Z FVE Hom(Q1 @ K1 O Ko, TCP) OS2 HFABEIMLEEEL T, TONZ PR
DT 7 A N—FEA~OEEE —OEELTELS. 0 LIDT 7 A N—HENDHFHELDE
WU DT ER

av : TZ1 — THOIII(Q] @’C1 OICZ, TC”) — HOHI(Q] &) Kl O KQ,TCP)

E2D. CHREHTHLENRDL I LTHERENG, (Ki, Kajbr,¢0) € 21 %[
=1 5D, FED (01,02) € Hom(Q @ Ky O K, TCP) X L ¢} € Hom(TC", TCP) %
o1 = ¢, mod K1, p1|k, = 0 BB X2k B L Ker(dr +tp}) D K1 £%%. T2 ¢y €
Hom(S;T'C*, TCP) % 2 = hlkiok, BB &I IED.

C: (C7O) — Zl’ t— (K1,K2;¢1 +t(|0,1,¢2 +t(|0’2)

Tl 0 ZED B LT P F(0) DR (o1,00) 15 2.
£oT
U : Z; — Hom(Q: ® K; O K, TCP)

i submersion T T+ &
{¢ € Hom(Q: ® K1 O K,,TCP) :ranky < r}
DYICLBF|ERLTHA. £oT
Z = {(L: Ky, Ka; 61, ¢2) € Grass(r, TC?) x Z; : Im§ C L}

22 0FLTEY O)FERABHECES.

#-T q : Grass(r,TCP) x Z; — Z; \2 & 5T Oy O BHHME (Koszul BEK) # RS €
TIB72 1,05 D Oz -MEEE LTOHBSRIE Lascoux BHETH ) £ ORADERIKD &9
IZEINDS.

r+1 r+l1
ve — /\(QIEBIQ O]CQ)@ A TCP®Ozl ——)Ozl —>0

Bl i=n—p+1l(r=p—1) T i=j =1 D& &ZI NI Eagon-Northcott #k T
»H5. :

B2 E1& p : Flag(i, j, TC™)xV — Grass(s, TC")xV i2& D 2O Bk & Grass(i, TC") x
V Fo #8460 sE, S50V LoBKRICRESES. TTRICEETS.

7, — Grass(i, TC") 1% (Q} @ S,T*C") @ TCP DB <Y b VHEHEEDLDT

Oz, = Sym((Q1 & S TC") ® T*CP)

Th5.
LL# 1% (Eagon-Northcott #fh% i S ERVOT)i=n—p+1(r=p-1) X
i=j=10BBEEETA.
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16.1 i=n—-p+1 DEXE
i=n—-p+1 &5, TDLEHIEEE S Eagon-Northeott B 1ZKD L 9 IcE T2,

= Oz, (s=0D& &),
o Ss11p—lT*Cp &® /\s+p_l(Ql D ’Cl O ’Cz) ® Ozl, (S >0NDL 3)

T MWOTHEVDIX0Ss<j2n—-2p—j+3)2DEETHIFIIEEL T, HFAX
£

Rkp*go = Rkp*ozl = 0’ k> 0

Sym((Q; ® S;TC")  T*CP), k= 0.

BUHEZAX LD

a b
Rkp*ss = Ss,lp-lT*Cp &® ( @ /\ Ql X Rkp* /\(’Cl O ’C2)) ® OZl-

a+b=s+p—1

##5E 16.2. RAE DD

(-5 tkDEE),

& b . Oa
RPp. AN(K1OKo) = { S\, (E=t@E—-j5) D& X).

Aleljzt,i—j—1(2b)
SERA. Flag(i,j; E) LOEEFI0 - Ky > K — K1/Ko =0 X D ROELY %2155,
0—- ’Cl O ’Cz — S2’C1 — Sz(’Cl/}CQ) — 0.

BREBRE Rep. (A°(K1 O K2)) = H¥(Flag(i, §, E), AY(K: O K2)) ® A I, i RNFHITHIO
i—j+1 ROMTHIRDERT B2 TFTVDb—-kRIF V=D 20 REREFICENDE
BROBEMTH5. O

CREZHVWTRERTHENTE S,

EIE 16.3 (BFFHIEFRE). (1) =¥ (n,p — 1) T2 ReFe NI T (n,p) 13T 2
Rq.Fe PP L G ([CBT 5 Schur II#T p— 1 RUZEMEHALAHZFIITHZ
iz Bons.

(ii) -4 (n — 1,p) X3t T 5 Re,Fe DHEIX T (n,p) 12T 2 ReuFe DB, S F IZHT
% Schur T n—1 RICEMEERZAHELXBIZTAZILIZLNBEONS,

AR, BE LB DOREORHL RBET IRV, (1) OBAIESY(n,p - 1) T2
Rq,Te DL T (n,p) 23T 2 ReFe DHETRIGOHEES L X5 D DEBRNTITES
na. (i) OBEE, dmkK; 11852, dmQ WEDLLRWVWDT, Ti-bi(n—1,p) I
T 5 RuFe PHUL LY (n,p) IZXT 5 R Fe PEHTRILOEHILHEZLADDEZRNTH
EEEYY (W O
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¢ = (J; x Grass(i, TC") — Grass(i,TC")), ( = (Z1 — Grass(i,TC")) & LT, HEZHD
S EORE Z 52251 0 - ( = € —n — 0B LE Yo (M) =S$1Qi @8,k EEF .
ITUELIFETV-OFELLTEI )0

#EE 16.4. IRET U H19,0-179)\) BB TEVWEHEE, RTH2bN 2, EHE
do =X EBL.

o Noo1>P+jo—Ljo—12 X, BB jo HEETHEE, k=(o—1)(p—1) ELT,

Hk = (/\1 -p+ 1. 's>‘jo—l —p+ lajga (]0 - 1)p-—1—~a’ Ajo‘ .. -a)‘n—p+1)-

o Vo1 > ptjo—1, Ao = p—a+jo—1, Jo = Xjo+1 %% Jo PHEETHLE k=jo(p—1)—a
LT, _
Hk = ()\1 —-p+ 11-"a>‘jo—1 —p+ 1,jg,)\j0+1,...,)\n_p+1).

SERE. Bott DEEIC L Do (19,0179 A1, .., Anpy) 1C (Ryn—1,...,1) MR A &
(n+1,n,...,n—a+2,n—a,n—a——1,...,n—p+2,/\1+n—p+1,)\2+n—p,...,)\n_p+1+l)
BOT, CANRALEZRZR/-LVEMSE, j=1,...,n—p+1IxFL

>n+2,
Aitn—p+2-j{=n—-a+l,
<n-p+1

LhA0T, BERAITj=1,...,n—p+ 1 T LROWTNAHDI WL,
Aj =P+, M=p—a+j-1 XN<j-1
H5jo(1<jo<n—p+1) ¥H>T
ANZp+i (<), A<i—1 (=)
EnnuE, BUOBETHE. HD 5 (1<jo<n-p+1) ¥H-oT
N2p+i (G<d) MNe=p—a+jo—1, XN<j—1 (5> o)
Eanid, 2BHOHATH S, O

FIH 16.5. i=n—p+1 &TH. ZDL X RGO, =0,Vk>0, L%2DDIFRONTIY
& [E1E.

() I=(,1),i=1,23/4p>2

(i) I=(42),i=23p>2

(i) I=(4,2),i=4,5 p=23,4

(iv) p=2.
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HWE162LD Rep, M (KL O Ky) DETHEVEHIZ k=tn—p—-j+1) DEET, 36
Poip pi(20) BZREETRVWILDPLETH L, REOERHKLY

t>0, 2t(2t+n—p—j)<26<5(2n—2p—j+3)

b, ThEHVREHD,

—(n—p—j)++/(n—p+35)-12j(j — 1)
4

BTRVHELTBOPOEEGIIRELTAL ) j=1DLEITt=0,1¢%D

0<t

IA

ROpu A1 O Kz) = Soky

n-p

R"_pp* A (IC] O ’Cg) = Sgn—p+1K1

DAPEBRETHL, j>20EXF0<t<j bbb, j=28T5E,

0

Rp, AN(K1 O K2) = SoKy

7o AKiOK)= @ SiKi (BLn-p<b<2n—p)+1)

AE P2, —p—2(2b)

DHBEEHTHD, j=3 &ThE

Rp. A O K2) = Sok;
b

R 2p, AN(KL O Ky) = ®d SaKi (ELn—p-1<b<3(n—p))
AEPZ,n—p—3(2b)
b
RXn=2=2, A(K; O Ky) = @ S (EL2(n—-p+1)<b<3(n—p))

A€P4,n_p_3(2b)

DANFEZEFHTH 5,
DB EEERTICEIUT j=12LT(n—-p+1,1) OHEOFELZEEL L o
BEDOIEE L ST R p.Fo = Oz, TINOHEI 1-jet DA TEZ % Eagon-Northeott
BETH5,
BEOIFHZEFCHIZ

8—n+2p—2

R Pp,&s = S(s’lp—l)T*Cp ® A (o) ®S(gn—p+1)IC1 ® Oy,
T INSEERLIOIZAmQ,=p—-150 0<s—n+2p-2<p-1DEEDIFY

(3) max{l,n —-2p+2} <s<n-p+1
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DETHS. COLEFETITREHFIRDOL) 122 5.

s—n+2p—2 m
S(s,lP‘l)T*Cp & A Ql ® S(2n~p+1)’C1 ® /\()C] &® T*Cp)
s—n+2p—2
=S(s,1p‘1)T*Cp 2 /\ Ql &® S(Qn—p+1)}C1 ® ( @ S)‘K:l ® §,\~T*Cp)
AA|=m
s—n+2p-2

frosnd @ S(s,1p~1)T*CP ® SANT*CP ® A Ql ® S(Qn—p+1)K1 ® SAKl
A Aj=m

= N (2>} S(s’lp—l)T*Cp R S)~T*C?P ® S(ls—n-{-Zp—Z)Ql ® S()\1+2 ,,,,, ,\n_p+1+2)K:1
A A|l=m, A1<p .

CHIFERTY—DRE m+s—n+p OHE LTHATV S,
No—1+22p+jo—1,Jo—12Ng+2 %5 jo BPHETHE X,

(A) P2ZAM 22 X1 2p+Jo—3, Jo—32X20

ERIZTDT, jo=3,n—p>1 THRINTRLT, A= (p,0nP1) &b, BELTE

b BB
(3°7"+2 92=5, 5 1 2 3P 1)[s —n +p + 2]

R RAENFBEND, [|HRFETI—RETHL. ZOBTHLOEEKIIRDL ) TH 5.

(3P+l , 2n—p-1; n—p+3, 3p—1)[3]

l
(37,2"P;n —p + 2,3771)[2)

!
l

(31—n+2p’ 22‘n—2p—-—1;3p)[3 -n +p} (n + 1 S 2p)

(32,22n - 2p+ 4,3 )[4d—p] (n+12>2p)

No-1+2 Zp+jo—1, Ny +2=p—(s—n+2p—2)+jo—1=n—p—s+jo+1, jo = Ajo+1+2
%5 jo BWHET 5 & &3, '

P2A 22 Xj-12P+Jo—3, Ag=n—p—s+jo—1, jo—22)\jo%120
AT, jo=2,3 ThiThidLbiw, jo=2%5%6L &I
(By) A=(p,n—-p—s+1,0"7Y) (p—1,n—p—s+1,0"71
), RMBIETHOLNIEHIRDLIITH .

(3,277 (s, 177 @ (2" 1T ) [s — o+ p+ 1]
(211; (S’ 1p—1) ® (2n-—p-—s’ 13*n+2p-2))[s -n _|_p]

DL LDHEEIIKRND L) THD.



(3,2 L (n—p+ 1,17 H® (17)[2

!

(3,25 (n—p, 171 ® (2,177

!

(3v 2n—1; (n —pP- 1a lp—l) ® (22’ 1p—2))[0]

!

l

(3,27} (17) ® (2"P,1%™™))[2 — n + p]
(3,277 L (n—2p+2,17"1) ® (27))[3 — p]

33

- @%Mn-p+1,1PHe (1P )]
!
—_ (2% (n —p, 1771 ® (2, 1P72))[0]

!
- @%(n-p-1,17)® (2%,1779)[-1]

il
— (2% (1P) @ (2P, 121 — n + p]
- (2% (n—2p+2,1P )@ (27 1))[2-p]

!

(n+1<2p)
(n+122p)

n—p>10LEHFOFIL, BEL XY VT H, 22 n—-2p > 1 ODRIZETEY
(2%n—2p+2,3°"1)[2 —p| ZHENKS.
Jo=3NEEFn-—p>2 TRITNTL LT,

(B2)

&b

A= (p,p,n —p—s+2,19 Qv P2 0)

0<j1i<n—-p-—2

(3p+j1+‘2, 2n—p—j1 —2; (S, lp—l) ® (Jl + 3, 3n~p—s+1, 2s+2p~n~2))[s -n + p + jl + 3]

Y EUEHNENS, FLOTRICLTBLERDE)THS.

®

§snTC"

San- 1_2TC"

Sap-}»ﬁ_zn—p—ﬂ TC™?

Sn—p+1,1V‘1T*Cp

Sp_pt1,0-1T*CPln—p +72]

S o TP CPn—p+ 1]

S3.9n- 1T*CP[4]

Sp_pir-17"CF

Sn-pt1.320-2T CPln—p+1]

Sn——p,S,ZP—QT*Cp [n—1p]

S32,0-2T*CP[3]

ST CP
Sp—2p41,19-1T*CF

Sp—pt1,3n-rp,220—n-1 T CP[2]

Sp_pi1ar-1T"CPln — 2p + 3]

S,n_p’3n~1»|22p— n—1T*CP[1]

Sp_paw—2T*CPln—2p+1]

San-ptig30—n1T*CP[n - pl
Saz)T*Cp[s - p]

BHEOFEn+1 <2, n+1>2 OEASTHHPNTVE, COHEIHMELFr VL,

BE—1THhORIRDFIDZIFEL DA,

(3" 2n—-p+1),3* Hin-p+2 — (3" 1, 22n—p)+ 1,37 Hn—p+ 1] — - — (3P+%,2" P %n - p+ 4,374

n—-p>20EERFTLHLE (Mn—2p+2,3 )2-p] BEIHERITIZROEPL 25
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(3%2(n—p+1),3 Dn-p+2 — (I™n—p+1,1PYHn-p+1]

! !
(31 2;2(n—p)+1,¥ Hn-p+1 — (1" Yn —p, 177 ) [n — p]
i) i)
i il
(3712, 27 P=2:n — p + 4,377 1)[4] — (1p+2 gr-P=2,3, 1771)[3]
! !
@I (e e
i) i
(37,27 n — p +2,3-1)[2] S (17,077, 17)[1]
- ! !
(31, 2mPtin — p + 1,377 1)(1] — (0m; 0°)[0]
!
!
(317n+ap, 22n=2%71 3P)[3 — n + p (n—-p+1<p)
(32,27 %n — 2p + 4,37 1)[4 — p] (n—p+1>p)

(1] — [0] DD BB DBIIRDBRIILEE S bR S,

S3p—1,2n—p+1TCh ® Sn_p+1,3p—l T*CP —)S3p—1TCn ® S3p—1T*Cp ® S2n—p+1 TC" ® Sn_p_{_lT*Cp
~—>S3(p_1)(TCn X T*Cp) X Sn_1(SzTC" X T*Cp)

n—p=00DkE (3) L0 s=1%85. (A) BRIET, (B) TR A=(p—1),(p) O
LEDAFIRY, KEDV—ORM 1, 2 CEARN L, HITHES TR &
I ThHA.

(3,20°1;27) —— (2r; 2071, 1)

! |

(17;17)  ——  (07;0°)
n—p=10tE, )& s=1,2%215. (A) 2ATDIE A= (p,p) THA. Ihi
DROENPEND.
(37714,37)[3],  (37,2;3°)[2]
(B) i jo=22=X=2-5p+1-s< AN <20 DEEDAKDIUD. THDLEL
s=10EEE A= (p1),p-11),s=2D,ET A= (p0),p—1,0) DL EDAIRS.
CHEHDROEIENS. '

(3,27;3,2°71)[2], (2°%%;(2,1771) @ (1P~1)[1], (3,27;3,2°71)[1], (2PF;3,2P71 1)[0]

2,1 e (10 = ()& (3,277%1) &b,



ERAES S TELEAR (Fr v VT 2HEHELTO)XRDL ) TH A,

(3p+1;4,3p—1) N (317’2;311) N (2P+1;2P)

l | |

(1p+1;2’ 1p—l) E— (1]),0, 1p) —_— (Op+l,0p)

16.2 i=j=1MD&%&
n<p, (4,7) = (1,1) & LT Eagon-Northcott Bk Fo = Oz,

s+n—1
3S=Ss,1n—1(g®82K)® A T*Cp, s:1,2,--- ,p—n+1

DERAREEET 5.

s+n—1
s = @ Sa~1—1,1""ZQ ® S2(s—a)’C & /\ er

0<a<s—1

AN K ®T*CP), m=1,---,p, 5T T Bott DERZBEMT 5.
(a+1,1""%m + 2s — 2a; (1°7"1) ® (1™))[s + m]
DOFEBarEO V- HE ITROWT D,

39

INEHREBS.
T 16.6. R*p,0;=0,k>0, i n<4 L[EME.
EE 16.7. n=2 2 51d TV RERAARRATHS.

16.3 ZERH I N/ Morin D1FTFIL

B{g 6, ,: TC" — TCP @ NPT*C" ® NPTCP D7 ¥ 7 Dt % Grass(p — 1, T*C") DA
Q* T#Ex5. Q* € Grass(p—1,T*C") % dxy,...,dzp,o) TERIRTVDHLT AL Zl =0,
i=p,...,n, RAEELEDTET 0,y DEFFTHOMBEAEE2EZLFICLL. ZOTHR

(le e Z, 0 . 0
Z° ... Zr, 0 0

X * up,l‘ Un,1
\ * *x  Up s ’u,n,,)
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DI BBIOETOITHORESEGE*EZ L. doy AN ANdzp_y ANdx, k=p,...,n
BT BT DOANETH L, FRALIIRD L) IZRINL.

zi ...z}, 7,
: : |, p<kl<n

... 7, 7

p—

CRDELFHIORMEELEELL). #0720 B=Sym(Q@T*CP &S, K QT*CP) &
LTI t xt MIFIRDERT IR B DA TTIVE L LT5h. COFFORRR
ROBBROBELTHLDES. '

-1
AT*CP@ A\ Q®SK — B
o T I, DVFIV—IZRDELHITKES.
((n —p+ P20 P (n = p + 1)P) — (0P7H[0" 7P+, 07)

T 16.8. = OBANBEIIEOEIRZ C BROFIX AT, THEROA FT VDT I—
ThA.

n—-p| AFT7WV | ¥YFIV-DORS

0 Al 2

>1 |A™ P+ J | (n—p)’ (n—p<p)
pln—p+1)+1(n—p>p)
72720 J = Im{Sn—p+1)p-1,2n-p1TC" @ S(n_p+1)pT C? = Sin-pt+1)p-1)J7 ® Sn _p+1J2} TdH
5., F7 ALl = An-ptl L JARPR2 B b5

HIEA. Bott DEHEIZLY I, , DY FI—BESERITL V. m=1,...,p(n—p+1) &
T5.

(n = p+ 1P 2P (n— p + 1)7) @ A(K @ T°CP)
= @ (n—-p+1P ' M+2.. . dprnt+2(n—p+1)P®X7)

XJA|=m,\1<p
ChoFFEaREDY— HF REHETIT IV,
n—-p=0NLEFA=(p),p-1) DLEDAT, ZNDL & k=p—1Thb. KNIHIL
RDLHITHS.

(3,2°742P)[2], (2F; 271, 1)[1]

n-p>1DELEF N <n-pNLET, ZNLEEk=0Thb. RNLEIRNLIT
H5.

(n=p+1P M +2, . Apr1 +2;(n—p+ 1P X)) m+1], [N =

A <min{p,n—p—1} £V, YFV-DOEEE min{p,n—p-1}{n—p+1)+1 TH%. O
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FE169. [, , 1 DV FIV-IRDLHIZEED.

(n=—p+1PH3% 207 hn—p+2,(n—p+ 1Y) — ((n—p+1f7H3,2"*, 1;(n—p))

! l
(n=—p+1P2n—pP%2" P H(n—p+ 1)) = ((n=pf7'[2"70;(n—p)")
l

(0071 07)

INEBESELE, BOERL(BROEIR AT, THEAFT N A2 AP LT 0
SFI—Thb.

n—p AFTNERLIZ T PFTV-DORS
1 A%? 5
2 SQn—lTCn ® SngCp 8

2 3 S(n_p)p—l’zn—pTCn X S(n_p)pT*Cp ('Il - p)2 +1 (n -p S p)
pln—p+1)+3(n—p>p)
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Cohen-Macaulay property of Thom-Boardman strata
TosHIZUMI FUKUI

I am going to report about what we can show about Cohen-Macaulay property of the
varieties supported by Thom-Boardman strata applying the geometric technique of cal-
culating syzygies, which is a joint work with Jerzy Weyman.

The problem is motivated by asking a generalization to a map-germ of the following
theorem:

Theorem (Milnor). Let f : (C" 0) — (C,0) be a holomorphic function germ with
isolated singularity. Then the number of Morse singularities appeared in a small pertur-
bation of f near the origan is u(f) where p(f) is the Milnor number of f and defined

by
o}
w(f) =dimCC{a:1,...,xn}/<5£,...,%‘i—>.

Let f : (C",0) = (C”,0) be a holomorphic map germ, and let f, : (C*,0) = (C?,0)
be a generic approximation to f. Then our problem is asking a method to describing the
singularities of a generic approximation f, in terms of f.

Let us repeat the proof of Milnor’s Theorem, since it is instructive. We consider the
1-jet space:

Jl(Cn>C) = {(xl’ oy Ty Yy D1y e ,pn) € C2n+l

g:(C"0) — (C,0), }
y = g(x), p; = 0g/0x;

Then we have a map called 1-jet section of f:
5 Y n 1 n . s af
jif:C*— J(C",C), z+ z,f(a:),g(z)

Setting £ = {p; = 0} C J*(C", C), we have

# of singularities of f, near 0

= # of (j'f.)"'(X) near 0

= #(5'fu(C") N E) near 5' £(0)

local intersection # of j!f(C") and ¥ at j' f(0)
= dimec C{zi,y,pi}/Is + Ljycr)

= dime Clawuip} /0 + (v - 1@ mi— L)

= dimg C,{xi}/< g:i>

This proof suggests us that one way to approach to our problem is to consider the inter-
section theory of the image of jet section with the closure of orbits of map-germs in jet
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We proceed to the next simplest case: (n,p) = (2,2). We first remark that a generic
map-germ (C?,0) — (C2,0) is equivalent to one of the following germs:
(z,y) — (z,y) regular point
(z,y) = (2%, v) fold (A;, &)
(z,y) — (2% + zy,y) cusp (A2, &)
Let ©!(f) denote the fold locus of f : C> — C2. Then if f is generic, the cusps are

just the critical points of f|{X!(f). Here, ©! and ! are notations for Thom-Boardman
singularities.

Theorem (Fukuda-Ishikawa, Gaffney-Mond). Let f = (fi, f2) : (C?%,0) — (C?,0) be a
holomorphic map-germ and f, a generic approximation of f. We set

c(f) = dimg C{xl,mz}/< O(f1, 1) 0(fo,J) >, where J = M

331,332) 3(331,152) a(xl,xz)

The ideal appeared in the definition of ¢(f) describes the ideal on 2-jet space J?(C?, C?)
supported by the Zariski closure of Thom-Boardman strata $'!. The proof can be done
by the same idea as Theorem 1.1, but we need some knowledge of commutative algebra,
since this has singularities.

Theorem. Let I be an ideal of A = C{z,,...,Z,}. Weset £ =V(I), and k = cod X.
Let (g1,...,9%) be a system of parameters for A/I. and set Y = V(g1,...,9%). For ¥, a
deformation of Y, we have

#(Y, X near 0) < dimg A/I + (91,-- -, 9%)
and equality holds if and only if I is perfect (i.e. A/I is Cohen-Macaulay).

We thus need to show the corresponding ideal on J2(C?, C?) is perfect, and this follows
from the fact that the determinantal variety is Cohen-Macaulay.

Suggested by the ideal appeared in the definition of ¢(f), we expect that the ideal
described by taking such jacobean repeatedly define varieties which is related to Thom-
Boardman strata Y%, B. Morin analyzed such ideals A%~* and he shows that this
defines nonsingular variety along X,

We describe the Morin’s ideal in an explicit form: Let z = (z1,...,%,) denote a coor-
dinate system on U C C", and y = (y1,...,Yp) & coordinate system on V' C CP. Then we
define the coordinate functions X;, Y;, ZJ on J = JF(C",C?), where1 <i<n,1<j <p,
o = (01,...,0m) an m-tuple of non- decrea.smg positive integers with 1 <m < r, by

270 f) ()

0z, - -+ 0%,
where f is the germ at p of any map from U to V and |o| = m. We understand Y; =
Zi = Z’ We define an (m + 1)-tuple (i) and vector fields D; (1 <4 < n) by

6|a1+1 ;0 y
Zi 100 = 5o 2L ), Do 5 +Z(ZLWJ

jol<r =

Xi = Z; O Mp, )/] =Y, © Tp, Zg’(]rf(p)) =

Let A#t denote the ideal generated by subdeterminants of order n — 4, + 1 of the matrix
t(D;Y;). We define A for I = (iy,...,i) inductively: A’ is the ideal generated by
Ait-ik-1 and subdeterminants of order n — ix + 1 of the matrix *(D;Yj, D;g;) where
g=(g1,...,9) is a system of generators of Attr#-1,



We are interested in when these ideals are perfect.

Theorem. The Morin’s ideal A!, I = (iy,... i), n > 41 > -+ > i > 0, is perfect in the
following cases:

The first two cases are determinantal and not new from the view point of commutative
algebra.

Theorem. The Morin’s ideal A, I = (4,...,%), n > % > -+ 214 >0, 18 perfect along
Y4 if and only if

When i; = n— p+ 1, maps of type Z/ are essentially unfoldings of functions in n—p+ 1
variables. When I = (n—p+1, j), it is easy to see that AT is essentially the ideal generated
by (n — j + 1)-minors of a symmetric matrix of order n —p+ 1 which corresponds to the
second partial derivatives of the function. When I = (n—p+1,1,1,1), along computation
shows that this is essentially the ideal generated by (n — p+ 1)-minors of some symmetric
matrix of order n —p + 2.

The idea to show perfectness of such ideals is to try to adapt the best proof for per-
fectness of the determinantal ideal to each case. In my understanding, the best proof for
perfectness is geometric technique of calculating syzygies. The syzygy of determinantal
ideal is obtained by pushing down the syzygy (Koszul complex) of the desingularization
of the determinantal variety which is realized as the total space of a homogeneous vector
bundle of the Grassmannian manifold. This method can generalize for a homogeneous
vector bundle of a homogeneous space. Moreover, we can generalize this by pushing down
other complexes. ‘

This also suggests that we can get some information pushing down the syzygy of
the desingularization of closure of Thom-Boardman strata when it is explicitly known.
F. Ronga constructed a desingularization of the Zariski closure of ¥4/, Pushing down
syzygies associated with his desingularization, we obtain the following:

Theorem. We assume that i = n — p+ 1. The Zariski closure of %’ is rational (which
implies that p, 0y is a Cohen-Macaulay module) iff one of the following holds.

e j=1:1=123,4p2>2

e j=29i=23,p>20ri=4,5p=2734

ep=2

When n — p = 1, we remark that A?? is not reduced and V(A??) is Cohen-Macaulay.
The theorem means the normailzation of V(A??) is also Cohen-Macaulay.
Theorem. We consider the case (i,7) = (1,1).

e The Zariski closure of £ is normal and Cohen-Macaulay along ¥2.
e The normalization of the Zariski closure of £ is Cohen-Macaulay along =*.
e The normalization of the Zariski closure of X! is Cohen-Macaulay if p < n + 1.
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Finally we describe a consequence for map germs f = (f1, f2) : (C*,0) = (C?%,0) for
n = 3,4. Let &, denote the symmetric group of order k.

We first remark that a generic map-germ (C3,0) — (C?,0) is equivalent to one of the
following germs:

(z,y,2) = (z,9) regular point

(z,y,2) — (22 + 2%, y) fold (4, £?)

(z,y,2) — (z° + zy + 2%, y) cusp (A, )
For a map germ f : (C3,0) — (C?,0), we define ¢(f) by

_L 8 Ofr
() = dimo Clanamsa) /1 (B B 85 ) + @)

fzy Ox9 Oz3

= o — 1) +i2 o ; 8f5, Ofiy 3£ % fiy
Where U 21511,12,13,3452, oreea(~1) sign(o) sign() z; (1) 0% (1) 0T4(2)02-(2) 0T (3)0%r(3) "

Theorem. Let f : (C3,0) — (C20) be a holomorphic map germ. If ¢(f) is finite, then
¢(f) is the number of cusps appeared in a generic approximation of f near 0.

We next remark that a generic map-germ (C*,0) — (C?,0) is equivalent to one of the
following germs:

(z,9,2,w) = (z,y) regular point

(z,y, 2, w) = (z° + 2° + w?,y) fold (4, £%)

(z,y,2z,w) — (2 + zy + 2° + w?,y) cusp (42, =*1)
For a map germ f : (C*,0) — (C?,0), we define c(f) by

on on o oh
c(f) = dlmCC{$1,$2,$3,T4}/IQ A 3 3% | + (UL, Uz, Us, Ud)

Or; Oz Br3z Ozs

where
Up = Z (—=1)1+92%38 gign (o) sign (1)
1< jl)j2:j31j4sj5,j6 <2
o, 7T €6y
Ofyy 0f, 0fis _ 0*fi 0% fis 0% fis
6Zk ax,,(l) 6x1(1) 3.’5,(2)623.,-(2) 6.’E¢,(3) 8%,(3) 8%(4)6.@,(4)’
k=1,...,4.

Theorem. Let f: (C*,0) = (C?,0) be a holomorphic map germ. If ¢(f) is finite, then
¢(f) is the number of cusps appeared in a generic approximation of f near 0.

In the next article, we continue more explanation (in Japanese) about this topic.



