00000oo000
6410 1988 0 137-154 137

Resolutions ¢F determinowtal ideals,

t-minors of (H+2) x (1+2)-matvices

TR ﬁ%ﬂ 2, ( Kozuhike Wurono )
):T"KEQ. 7};@11"‘ %\.—)ﬁ% ( M}TSuymsu Hashimeto )

“G5l oA order ONAFIRTENINSHATTILE
determmantal ideal ¥ ofw. Z U ANE ¥ 5T BAE & deteminbatal
vaviety £\ 9 2 & R4

detevminantel variety & & £ 5 Hilbert, Macaulay , Gambell:
Beh oL BomMRAMK Ly, TER, 2LTH30fF
™SR nd >y HMBRsATES N T 5,

M. mont 2 GEH » LOtemutman) RZOXTiim
rAAEEE 2 LodRAXE. L zaH () t R
AN B TERTIRE(FTILeTAH. 2ok Y
Ry o minima fee vesolution ERL2(3 32 &8¢t

A,

minimal fee resolution ¥ 13 R/{t NnREPBEAET. Zn
Z i 0 boundey map 0R A NEEAEI KR Lo THA,

_ 1 -



138

t=1 0B A 3. 5L <hod T A Koszul complex %%
5THAH IR t=minimn) » ¥ I 3 LE-NY, t4l=m=n 0 ¥
AR LG-N). TSR trl=n¢<m niph <13 [A-B-W), T % i
BoBEoNYLomMTvon. Lol —Baomnt 50T
X SMT wlyan,

:@ﬁmﬁ%ﬂ£k1w<55ﬂ\lmﬂﬁﬁfﬂﬁﬂﬁ
BN ER e EE QG EE o e P E b 0, THE,
tntoBBontbbro - REME EXEA KT 4
BEHEHIBRE -RoBLrt FRILES Lu Y B
YL IG b Toh (Fl i LA-B-Wl2 ),

BE. Ross5uHtdoBom3 .

Theorem. m=n=t+2 945, 20r* %t 0 Betti number 13K,
%7\(: 5w, 539y, 031;2/5\ %-} J)mmt‘mA/ ‘)q'ee Ve{o[u/v'ol/l
BBET A,

T, >0 R 0o o ezt an b,
’%/(‘7:3—(". Mm=n=1¢t+2, 5 31 R=Z‘[x")‘]|sa‘.)‘st+z £ L. /&7(.'/‘
NRBE L CTREREBR B> 2 vicT5h,



139

51 . Beth numbers.

Definition L. px3E¥. a0l T, F t&EKpoi

e Th, o ¥

, — Ref
@P(i.t):: olfmFP IOV‘; ((Q/It(%ﬁ; %,(%ﬂ:r)

YEWH. e L%lélm Bett: number v 9,

ROF 3dtoh dXBehred. 2n80E UIE
13, (greded) minimal free veshution T, Bpidyia. % a
resolition @ A & 8 0 free medule 0 yank 1R 7L 6 Ty

Betti number v minimol free recolufion n BHEE 3. RO HH T
AT oM 5, |

Propesition 2 ( P. Roberts . [R1). R FIfEL.

1. R4 o R 0 minimel free rosolution RBHT 5,

2. o icAC T, Tori(RE R4 3 Z-Free
3. AE o ~rHCT Bplit) B pPRES LV,

(0B 3. [R1d3t, v-fBc. ZE0HBAXE S
t20FRAFTIL T ©. 7 F-fee c7ABHR T

__3_



140

N7 A, [0-P1k & ). Z £ o genevic matrix 0 deferminents
deel X MTHR T2 v vbp B, )

Eabfs v, ¥ omamel free resoution nB R kD
hRE, Bubay fyt iR &> TET Y PRES 0L
LET T AL OTH A.

H-El &bl RLARK off¥ e Tca ).

X SR ISTRE Y BLOF it Goreustein v 7y B 2 £ 65H 1
STV A, SO NrENHE LR T,

ﬁ,,(z.t)=0 for, i<0 , 2> 7

Bp(Rot) = Bp(f-kt)  for R-0.1 .4

Yl eohn b, oS, Bp(s. ) (i=0.0,-, 9 & 26\
PRrESHVIEEFACFE AT H A,

52, BG.t) o HE (-0, 1,2 3)

(0) BP(O‘“ &, ‘%*@FF ) mim‘ma.l fme resolution m%iﬂﬂéj
mBE R TH 2, o2 rs ). Prt-1 tds,

,.4___



141

0 Bl try@. ROF o4 T 7LD homogemegus minimal generatol-
n¥ 12, (t+2)-EF4F% 18, t=R G503 (Hljl{tﬂ
Br. Zh 13 B = -RML e, R gon- ()
L7y Jht pr&ES 0,

(2) '@P(Z‘ﬂ (@ (t;l)l A8 o 4T 5 30 9y relohon module D minine|
3QV‘€"“JV0“ P®ZEE, CNITHHET2EBI. R ERERE

ok

Theorem 3, ( [kT) 4% o FEE L. generic matrix o s
ﬁ;'\ 6\‘ N VQ\Q“—{OV\ W\OO\\,\\Q 3. 1 :;Z ) YQ\Q+iOM N ct ‘) &_h)&\ + e
5.

nEBERE ). RLOF 0 ROF £ o mamal free yosolution
DRI HOEFH IR EFSIGTE CT W A,
Byat) (t)
(ROF)t-1) — (ROFN(-1) — ReF, — Rf OF — 0.

C0REW tHRaTFD IR 5 TR E LT W B,
2'&) ('H-z
0— (R@FP\) — (R® ), — R@ﬁ-“,)*ﬂ-—q(% @H:r)ﬁ,-—-r 0

_ Bed
(ROF)),  THCEtp3>o~2 b gMosRR 3. PRJ

_ 5



S7f 0. ([D-PTIR & ). (%@ﬁ)ﬁ, DRR I piz & s7yu
LN A Talewd BRHEpRE g0 2 eth
A,

(3) E,(B,t) 3. L4758\ 0 |2 o relation 5 0 relation mod e
O minimal 3enemfov FB ey, DHIZANBIEH 1T R0 R
%,

-ﬂ’lQOYQW\ 4. mwwmal free V&o\uh‘om 0 R O)‘E'B%\, ER R

Bpiat) 192y
Yk (R® H:P\(“t-‘) " -— (R@Fﬂ(—ﬂ(f}
velation 12 & YERTH A,

a Kewnel 13. 1R o

maf Jgw

(B3t v« -2, generic mxt12)- 473! o & =R s
FIRAREVERTN B, FTPILEHRCTITTING, LnL
—f o 4 X0 generic matvix p ARG KT LERT L
Aoy oEr F oyt 70 AL

ﬁ@l} T, @Bl B LT (ZP(B.JH@“P(: L6 v
Yy 73L0R T N A,

@, W, 3y RE) BGR B, fzo 2.3 0 HA =13 P

4 -



143
R&ESTFN TR TME,

& 3. Lineayr ComP(exes.

Fpt), &. 3{,09& O ROFp L O minimal Free vesolution ¢ 7 3,
N _ Bat)
Y0 X 3 Betti pumber 0 BRE & FOb); = (ROF)" £ 752,

-

Fpt); 13 greded free moolule TH B 00 5. R d 5 e LT

T Bpta.t),
Fp.t); = é‘? (Q@)'\Fﬂ(-?ﬂ

AR (;P(i.ﬂﬁ 3. minimal free resolution n £ ) F 1< &

CAREEA, Fod. RTo i k. R a7 LT BGAe o

PIRE SN a0 2th(Fdn,

Lemma > 1 for R=3t+6

1.1)g =
(BP o, otherwise

. QERBEMALTA. S0k A RA:® 0 mgm(eo(
minimal free vecolution ® 4 % B o B & W I3 P+ < (ROO)B14)

- 7~



144

78, TuA(LLI), 2 n 3t +6 13, RAJQ@ O cononical
module o AT kB E Ao LTv A, [D-P15 1. B4OF,
N Fowmcard sevies \31?1’&3((: Folgunwranht gy, Z0 2 L
25 canonical module NERE 0B B & G752
rNh %, @.E. D

SQCJYQV\Q & ). R/’]:*® H:p N R®FP o VMW\W\O\\ ‘QVOZ VeSo\wh‘ov\
» BAD DA RBRANE ST ELT LA N DS,

8,0 Bed) B, (1) foot]
(R@ﬁ)( +2)" --—e(R@lFF)H’-l) — (ReFp) -1 ) — (P@FP) — 0

230 Bua=Rat)y , Bpat)= B2ty Pe3b)= Bp(3 )
ARETAH2 e _EET A,

(R @ Fp) 13 Govensfem & = H A S. Z 0 ?Vadeo( miimal
free vesolution 0 gual € &> TREETF LI RT STT
ZW 3 RAX Bﬁ@ﬁ ) 3mo(eo( minimal free yesolution £ 75 5 2
Xt h 1 A, 202 La s P/I*&)FP d);mo(eol mnimal Free
vecolution 13:20 E5HFELT0R2e R 20 CEH 5,

Bt 1) Blet) By(7¢) bisy)
0— (ROFp)(-3t-4 ) — (ROR)(-2¢-¢ ) ———a(fz@p:,)/—zt— ) /a(;z@zrf)/,z,f 9},,...

22T Byl hyg = BU), BBy, = Byt ), Bty =fp2t)
Bplbtlppay= Fp(6.8) VKL 2,

_ 9 -



> 0 mivimal  Sveo vego\uﬂom EROESI )7 vHE AT,
S Y ¥

[ : ' P T SN _g3ﬂ6
42146
¢ ' e e t2t+4

+21+2

o R — 4+ 1+2

&— 3 + . + -+ ‘ + # + + —@
x 9 3 7 é 5 4 3 z / o

| D,‘a;raml
Wt (19 CHUT. Brtly0ThH o2 R &Y

L'e " TEOWEOT. 20757 0832, Lo HBER

N minimal Free recolution (D\L&._.ﬁ & ).
o {)r{‘Ai)h: o for R< #3, R>2H+2

¢ Bp(sitlr=0 for kR<AH4. R 72443

g b2 e ®hnb.

De‘Fl‘Vil\)" ;‘DM 5 . %*(@ Fr 7)) R@F}; o \m\‘w‘w\o\\ ‘F{PQ Y!ZQo‘h‘HOVt
RS AMARLAR

~9-

‘145



146

Fep.t), =#H LT
P‘,(t\.*)t_"‘_‘_‘
Xi = (ROF)(-1-i+1) < Feopt);

1=1,2 .., %
Ko = ROFp = Fpt)o |

YEHA. 20 i Fipt) o bov«mola\r)/ map KXo = @ TRT
T, 203 X RAA e Nhn 2, 202 d ).

O—HXS“MX#—‘) X3~_') Xy— X — X,— 0

'3, F(?t) M S\Ab CD\MY\Q)( Y,B‘ é., N (W L‘W\Qa\, COW“)\QX ¥ \n 5
Qe TT5, (L‘W\Qav Comp\ex 2. Xi— Xy 0 Kevnel mx 8
TOS T WTOWEAEITCER U2, B Gmplex 233,

{g\ﬁ- K. Linear Cow\?\ex B, mniwal fee vesolution nz Y TR
ST . RAREBVWZ-FEN 3 TrhTb,)

_\::@/V!\M_ 7 BP(4‘*\,T+3 I (‘?f(cx)zﬂg | & Pl: Ry STJ\\ o

wLaf . VMJM% L &Y. Linear oowp,(zx N 3 R B AT R

0')3:5‘: fd") T\ %o

0= (Xedps —(X3) = (X2 )= X)) 4y — (X)) 7 (Bah)—

0
Ppts. 1 3

(RoOF,),
_Jo -



147

2 Hi3 . minimal e yego\u‘ﬁow o MWILANNSLTLRING,
F23\Thd. An7 L LEM 0RT 2 ] 2vih 1T Biethy
T PR &S0 emohn A, Flpt) o ohe| #RHE T2 L

AN T A R H mimmal S vesolubion ¥k 3, 20> £

S Bpthan = oSty A0 1 A Q. E. P

LQW\W\R X ﬁp(ﬂﬁt)z*ﬂ’ (gf(st)h# [ 3 P < J& ’;fd‘\\o

S 1 X P

Lemmo ‘7)8 iy 9 D»‘qﬁkau\l N X485 d)%?%\lal %%ﬁﬁh
T4, 4

+ 21“"3
% 2*1-1

S 4 t +¢
1t

NN
g4
S

Piagow T 0 I oBpA k3. Rty @ pird ST I3
EnEIr b,
ILTJ&y. BL o0 o ROQ £ 0 minmal free nesolution 7

—~ 11 -



148

13 E\ OB AHATII @"‘(1‘*)62 O tTd, TWw32rea"hn3,
Wi 4480 pr. AN =83 2480 (y) =rHRLT.
Bpxhly=0 ET I/ ITN T ST 0,

§4 . Muwal free resolution n BE ( 14 o Dg/é\)

Rogog\““\o“ 7 t:Q n 3 L—g %o SNk 3 R/If N MU me
fre yesolutio @ BET A,

TER. £=2 €3 L. #13=5, 2tt2=6 v l5d > 4 ).

A:CP 2’_/;; §°+2|:lﬂ Z,ilg \'V\\\W‘WA\ {We /lzgo\uﬁu-w |3ﬁ&
S
=3 nxrx13. D.‘agmv«TL 3. R ag>Rlg> Tud,
19
o 421432
- ® .Fzﬂlz?
®- . - 4 t+<}-:7
. . e—— 1136
P 4
Diagram T

Avéﬂj\ Al (D, 68 o2& P SK 3ERTE S,
— 19 —



1438

minimp| free vesslution T3, o T8 nBrh E & 3. Flo3),
D 1RoBly BA D e 3,43), =0 by 3. ((FR3L,
Y (Fed)), v13 4480 mide2EF. N7k LR o
RE13F L e Lo e 5 oling (Fp3k)y = dhg(Fio3),)
75 . Bp43)g=0 1h¥ 3,)

oual 2 &> TH 0 7. Pr(&3)g=<> Lo 3. minmal e
vesolubion 7. %3 a BB LERE T 3. Q. E. b

Rk t25 nBAEA L B,

Ropeciton (0. A& o pr t2s 87 LT

Pp(4 t)=0 for #4 < R < 2f

e, AR 73.(3. RRGe QEvs L1 B)

ralfR .
@P(&;Hﬁ =0 for  #d < R < 22

LT8E 2 e b 4. e hw Sy a3 Blh,, k.
BEte T©HI, LSS0 N 0zHE > EAT T NI
Bh0ehd L tivhy 3,

_ 13 —



- 150

M@. . k%4 B3 B0 minimal free resolubion
SBRT3, o |

’fxﬂe\\ B 25 0rd PY(S\H,H;:O ETA T EN.
t2S E 0. MG <ts < el BEL /G Bt,E0
L7332 e4h1d, 2ndedl). R In t-30db0
5. minimel foe vesolwtlon o H5 2 nEpH E 1) L T
@Lmhmt%%1MW_ﬁﬁﬂmﬂ9ak%ltfhv%.
@.E.b.

85 Minimal free VPQo\uHmA N ﬁﬁi ( Zf;q 4 %’é)

Hhy t=¢ m%é\tz munime! fee yecolubion N BH E T XS
TWFES Hve B @ 3. J 4. s e pe
FSYyn 2 & T LR, Bp(44) = Bpsg) &), zuz(;},(q,q)
/n\“P{: SOV rET.XF Lo

2223wl ofhaZa HEEN A 12T,

$=23C \ai”}lgi.]y] r L C. F{ZREX 4‘—15“ \(2(.\\:}{)\ NS
RO NEFTERATNB A FTeE Jo ¢RC 2y

- 1% -



2,
TxT6a5 (4 <.

&b
E‘}THL\:’I’UZQL&\:J?‘L P=ZE%‘/’],$;‘)\54 7. S—a[gelom
PBEEHD. 2o JIR=TgsxRT2 2B 72

TR 11 5. P9 13 kR muimal fee vesolubion &
EDlcehpd, 2hE

P.: 0—=R—Ph—- —Ph—ph—o

LG %o

Lemma /2. P@R @ Riq 0 finile free vesolution £ 753
TER. Je e PQHCQCT ideal ( proj. dim s = 3*’“0{1(39)) T &
A4 5. %2 vesolwtion Pd. de\ﬁ‘r\ 5em9ih‘v€k)/ Y\ S |L’%%ﬁ
o e dlRmINTVE, Sk §. dQFfLJJs‘R):?/VM{’?(I‘F)
=7 <»2r9 5. peR @ oacylceh

Ho(P.®R) = A& R = M4k = B4,
v, 2o2etd. BeR 3. ¥ 0 Bt fee vesoluhion

_|S-

151

4

L]



152

Lig 5, K. E.P.
P\royosrﬂov‘ (3. (ZV(Q#) 13 PR F g,
rvopos Aty

W Fs) = dimg Tor, (0%, Biom) THETA
. POR *®J, 40y wHAF 322w Ts.

WMER &Y, R0 RRaEG S k.,

Theorem 14 . #“E O vt wHCT. (9;;(?.‘\2\ W prR&ES
/— . .

Tive F5h b, %* n R £ o minimal fyeo vesolubon 13 BA T
Ao

Remark IS. Rrzofcs->dmir®s T v743,
o ri. xEHBI T o Tr omnmal fee yeglubion
ERENTIL N33, Lo L. B0 REp minimal fiep
recolution £ RERY BN T2 03B A% TE2. v L5
H1F. minimel free vesolution o 7 th T (2R A TS N
» bowndary wap (YA NLCTHLVOTH S [A-BW],
2 & 2 submaximel Wminer o winimal {tee rogolubion 13 &\ T
L2t oh oS HEKI. BELGYETH A i3 LN,
— | 6 _



153

- Retovences

Y—A’B’W—L

(A-B-wl,

LD-P1

[E-N)

(G-N]

TH-E)

(Ll

)

K.Akin, D.A.Buchsbawm, J. Weyman, Resolwtions of
determingntel (deals : the submaximal wingps )» Adv. in Math.
33 a9s1y, 1-30. -

Schur fwnctovs and Schur compleces, Adv. i Math, 4¢ (1782)
207-27%.

C.Deconcini, C.Pposeci, A characleristic free approao(n fo
invariowt theovy, Adv. in Math. 2| (1§76), 330-35¢.
U.A.Eagovx, D.G. Novthestt, Tdeals defined by matrices auol
o cerfain complex associateod with thew, Frac. Roy. Soc.
London Sere A 269 (1962), 188-20¢.

T.H. Qulliksen O‘G‘r\)egivol, Un complexe vé solvowt poul
ceviains idéaux determinantiels , C.R. Acd Sei. Rris Sér A
274 (1972), 16-19.

M. Hochster, J.A. Eagon, Cohen-Macanlay riugs, invariant
theovy, ovd  the ?emeh‘c pevfec’r:‘om of oleterminauntal /oc«;
Amer. J. Math, 93 (13T, 1020 - (08B

A. Lascoux, C)lzyé’iés des vavidtés déterminantalés

Adv. in Meth. 30 C1618), 202-237.

K. Kuvano, The fiver Sy2y§ies of dletevminantal ioleals,
Pm?h\h.\\‘

- 1=



154

Ry " How«o\oaical wvariants 6 moglules over commedative
v:mgc"”, Les Bosses de |'Université de Moutveal ,
Moutreal 1480,

Cs) T. Swanes, Coherent (ol/lohnology of Schubert subschemes

| of qqag schemes  Guol GPPICCQHOMS', Adv. fn Math. 14 (1999)
369 - 483.



