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PIWFVEBED Dilvorth ¥

ZK B ¥EO#Hi= (Junzo Watanabe)

RAT TR —DOUDPRWVWR— A -BREZIVFURHRREEWVWD . BT, (4,p,k) H
FIWFUVBREESESEILWE. p 2. —DHFEA T T7IVETIRRERT. BRK
A/p =k 23b0D&d 5. PIWVFUE A @ Dilworth F( d(4) &) .

d(A) = Max{ v(I) | A o4F7IV 1}

EEHETDH. HAL. VR, A F7INVOBNERRD B TH B, Dilworth Ko
B . poset(=partially ordered set) @A F 7 /Vaw L HF 5 Dilworth D EH
THsd. ([11,[2].) 7WFUED Dilvorth & EHF 5121k, Dilvorthd i
HBEhIBEELEVWAWASDOMESERBLRFERIABDTESTHS. (B,
poset @ Sperner . HWHHEHH. F. ) Tz 2iIcH>WTik, 4]1THL =,
UFS§1Ti. BITEHEALEEZEEEHL., § 2 TWX. £Z TH#H /= Gorenstein
BILOWTO—20/E (b, —Mih4 Gorenstein BRiX. 58 Stanley # %
D) . TORMTHLIBEEMBEOSEILHRT 5,

§ 1 Tik. 5 Stanley t. 5 Stanley ¥k, Sperner ., ¥DEHE LB LD
MEVHBLOBEBEILODWTEAEBKL =, F¥K Artin Gorenstein & A WX,
Matlis duality ICK Y. £® socle generator THH. n 5t m KBXR (ZZ
IZ. n=A OMEKIKT. n = A @ naximal socle degree) CHABTEL, DI &
B, DFEYHSNTVWARVWELRDT., §2THARUYFULLBBELE. § 3TEWL
DNOY EET =,
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§1 TELWLOIOEAZH

(A,p,k) E7IVFUBRET S,

d(A) = Max{ v(I) | A @457V 1} %
A @ Dilworth B EMEIZ R WVWo =0 BIC

r(A) = Min{ length(A/zA) | z € p }

CEFEU. A @D Rees BE S, r(d) = length(A/zA) & 9% z % A D
general element R, A M k 25 LH S, r(A) & general element
® Jordan BEEED T Uy VDB LEEVWVRABIELHTES., >FDAEBN
[4] TEEH L =

ER1 dd) = r().

TIWFUVRBRDMRBAEZTHDEE. MBELLTOBENGRE A= ©%0 A: BAEX
BRNTWVWT. A X Ay C Asu; 2%2BZ2ETHB. A # 0 BBEE n %
maximal socle degree Y E . RKBMHEF7IFUERBABFKRTHD L. A D Ao
E A THEBRZENhDILTHD. UT. RKEMNZEWE Ao PETHEIBDEEX
5, ZDXEE. -1 PBRATT7IV. Ao DHERKTH S,

A=@20 Ay 288 k LORBHEFZFVFURESTHEE, hy =din A; &8
. s(A) = Max{ h; } . A ® Sperner & &5, ¥F h; %. A @ Hilbert
BrEWI, ZOBFAH. unimodal THBH & . ho £ h, £ ....= h; 2
hjv1 .2 hy 3. BRBIETHDH. hi K. A PERIT BT 7NVOAE
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BERDOARBENMDS, s(A) = dd) HEYED. s(A) =dd) & X, A K
Sperner &% L D& WVWH, s(A) = r(Ad) & X, A k. 55 Stanley EZHDHE LV
Y. EFH1 XY, 55 Stanley ¥ k. Sperner HD+HEXRHTH 5.

DF. A=@®70 As 2. BRELOXRBHZZIVFUORET S, (ZDRIZEW
X, B Al 2 0 2RET S, )

EH2 (1) A H5 Stanley 2B 07D +HHRMEK. 3 z€ A, 5 z IL&K
HEE z A 2 Ay Bk OLEDIFHE LT full rank b2, EVWRZ S
E. ozt Ao Ao B BHAMREREHAITH S,

(2) A AHFERTHNE, (1) OFHHE YLD,

ABR1 BHIDODHLDIEY. A DFRTHHIE. A D5 Stanley i S, Hilber
t BFH D unimodality HHE S,

AB 2 35 Stanley k. UV —FBTUHRELN W, ZOZEE. ROBTD
y 1\ AR

R=Kk[ X1 ,X2 ,oe0sXa ] 2ZHKXBRE L. A=R/I 95, 221, 1
X X3 DAD2RKOBHAIATE, X7 EHPERTEAT7NVET B, 20
% A B, 55 Stanley E LD LUBAHILDID. (EHBILTTLD z &
ULT.z=X &3hiEXwvw. ) A @ HilbertH#ix. 1,n,1,1,1,....,1 T
Ho EZAHD m ATFHRETHAE. A ® A @ HilbertBF L. unimodal IZIX
bW, o THEBLIXY. A® A . 38 Stanley 2 b =RV, ZhiER
B2, Hilbert B3 @ unimodality H. FUHY—RIL > THRENRWVWZ 2L E
ARIBILR B,



37

KB EZIVFUBE A= ©T-0 A: A, 3 Stanley % & D2 i,

3 z€ A, Z™ 2 s Ay - AL AHEBE. i=0,1,...,[n/2]
CEHZETDH. A @ Hilbert BFIHAMHEH LI, hi = hpy BRABZETH D, W
SMIC. 38 Stanley 8 = M #HH Hilbert ¥ #l. /. 3 Stanley 8 =

5 Stanley £ = unimodal Hilbert (%1,

EH3 BRODK k= A LORBMEFIVFUER A= @1-0 A: H.
g Stanley 2O DOLBE A+ HREFR. k BT, U—& sl, D£BH

o . sl - End(A)

MHEELUT. e [388] =+2z.2z€ A . & Ai H weight m-21 D weight
space &R BZ L THbH,

CHDZEHDHEBICKDODEEIED .

RHA BEKODKETIE, 3 Stanley kR F VY —BTHRENS., Thbb,
AL B RKBMEFIVFVELL. y €E A . 2 € B, HENEHIM Stanley
D&M EHEEIE. AQB ik, M Stanley %k bo. (HHIED 1 KRR
y®1 + 1Qz TH5.)
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§ 2 0 %Xt Gorenstein B & A XKSHA

k &%ﬁo@ﬁgaiéo X1 9X2 seey Xn &%ﬁ& L. E= k[xl 9X2 yees Xn ]

ESHRBETH. K= - rL.

R = k[X: ;X2 5eves Xn J/(commutator) &< &. R BH n ZHOZHAR
T.EWBHRICR-MBETHSD. FEX. E WX R-AHNMETHD, 2O 2. K
DL ThND, %T. R 2825 n ZROSHIREH 5. R k. X -
Xi ®1+1Q® X; TEHEZXND comultiplication R > R ® R IL &k -5 T.
coalgebra OWEEXHHD. - T E = g,—Homk(R,k) . R @ comultiplicat

ion AFEBY Hmultiplication I K- T. HARIWK k-algebra & EZEZXHI B, 2
22 sc—Hom (R,k) . RIREBHZT &I Hom ( LK)EM-EHDET B, (deg
Xi =1, Vi 2ULTHEL, ) ZORICLTEHEENT k-algebra E 1T, £
iX. E: = Hom(R: ,k) » k L4 gK$ % divided power algebra TH 5.

Ri OBEEELLUT i ROBEXRDEND. X1, Xz yeeey Xn ORH%E x, ,

X2 seeesX n & L. x; O divided power # xa(q) TEDLEIL.
e S D N TR T BRI LB WY § T -3
55.E R-mBEREEE. X oAk, 9 & xoD rmxaxsz

TrTHhB BEOTHNE. x9 = o sV 2BOTHDORAKFES.
FThHhOLLEREOTHNIE. E . X1, X2 seeerin 22K EITHZHARTH
Y. X W, E KR E UTHRT 5. E = oc-Hom(R,k) & HhiE. [3] &Y
E. RBEHER-MBEOAFTY—ILBITSE kK OAHETHSE., AHNED alg
ebra OBEE 2L HOLARBEREBWD, ZHAROWNHS & L TOD divided power alg
ebra EHBHBLEHBEDRWVWI A%V,

Matlis BR#ICEK Y. k LEOFKRZINVFUER A L. TOEEMBE Ka &, 151
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HELTEY. Ka i E HOFREKES R-MBEEL L THEBMATSA NS,
Ko = Hom(A,k) TH 2. A = R/anmn(Ka ) 2 LUT A HEETEZ3., Ka OEHR
DRBHBIARTHELWNWEE A & levelTRE VWS, ( Stanley DREZEICL D, )
Ka DLDDnTHEENSHEE, A X Gorenstein BTH 5B, (FOHELHEHE
LV. ) Matlis duality % 7JUF > Gorenstein RICB-> C#EHT 52, RO 1
Ww1HIEATEZ S,

embeddin dimension=n,
max. socle degree=m @
F X Gorenstein ER «

- n ZB n KEX

A % Z0DEZR Gorenstein BE 352 &, FIAOT A WHIET S n ot m BX%E
£bHF. HIC nxom BR F ICHIEI D Gorenstein x A(F) TEDLT .,
F(A)iX Hom(A,k)CE 4 (f—D¢k%2) THY. AF)= R/am(F) TH
5, F & Fy . GL(E,) ODRTBYAEXIE. €D contragredient &, A(F)
EAF, ) ORBEERZT., FLRAKRTHS. A(F) @ enmbedding dimension
N, e THNE. F X, KEHIL ¢ ZROEXTHS., (Ihbb, ZRD 1K
ERT e ZHROBRICER S, #HILSD¢. 1KERTF 0EKEEsd 2L
ATERITHE. AF) OBERAETE n Thd. ) DER, FER 2 Fh¥
hFREINE. AF)/0:D = ADF) AHE YLD, (Matlis duality KX 5. )
GorensteinBk A(F) A58 Stanley &2 D& ¥ F %38 Stanley X =5
SEILTH.RF & F HEKT S E DY R-MfEE I 5 &, RF =

(R/annF)* & EAX HN5M 5. End(A(F)) = End(RF)* THB. LEN-T. 5
Stanley BRXDEH RO I D ILERNHN S,

3% FEE % mkIEXETSH. F Hoil Stanley BANTH D& . ROl
REH (1) & () OEYNEDZETH D,

(1) 3 z& R, ; zZ" 2L ¢ R; F > Rus F . & 1=0,1,...,[m/2] &>
WTE2H4§,
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(2) U—8 sl, ODEH o : slz = End(RF) AFHEHELT.
e [83]1 =-2(3z€ R ). & Ras F B veight n-2idD weitht
space &7 5., '
(EE. ZOEHETWVD z H—DIOTHHEETHE. Ry O—BuEIAN
TZo#HEEL D, )

MBI, I8 Stanley X)) D 7IWFUVROBEDODIANE UTCE#ET D, h; =
dim Rn-;s F 28&< & h;: & A(F) o Hilbert BFELOH BB THBD. Zh

# . Gorenstein vector & X 3.

EHES5 F = x,%%.%2....x.°" 3% Stanley BXTH 3.
. n =1 OBEEHE». n > 1 OBEE. V-ROF /Y —-KBRILRET

5. (Wiffie®4d, ) " BHILE-ST220BK Fy ,F. A EOEHEFHENT
2’\,11“‘ A( Fl Fz ) = A( F1 ) ® A( Fz ) ‘fﬁ)éo ﬁ'of‘ 290)% Stanley
X F, ,F, 2RLR2ZEBTCEVTHITIE. 2Rk, 5 Stanley BEXTH 5.

6 Ri TRODAdEREBFRBHZEHRDT. m RO Stanley BX F IIH
LT. &d =m IKD¥% non-empty Zariski open set U C Ra HFH#EL T.
D&E U = DF X358 Stanley ERX& 5,

iE [4] Theorem 8.

Fa = (X1 X2 veue. in )¢ EBL (ZEBOBED d #) . WHHIL E =

Ua RFa 2 EBIT5D5. RESLEHE6ILE-T. TEEAXLRTI OFKRSERX
k38 Stanley BXTH 5. Lo T. 3 Stanley BXIYUDB, £5THRVDBODE
ROF22L0hdD. RBEHELVWHETH S, XKETE. ZOMEEEX 5.,



§3 Level ROBIERMBEDA 57 7IV{L 2 Hesse X

HEX58 Stanley THRARWEXEAMNITHZ2¢THS. BAF F1ZTHBTLEH
DEEROELRLDEREST D, 2DE X, F DRB=ATHHIE. F Ao Stanl
ey X © F @ Hessian# 0 THd. ZhEHOZF0EEIMNO DM DB,

EHT k EBBOOKET B, MEFEE X1, Xo,.ee., xe EEHEL.
E=k[ xi » Xz seeews %o J EZFKXRET S, K= 2 LU R=

k(X1 5 X2 seeeens , Xn 1/ (commutator) & HB<. FIZ. €1 ,..., En ZHL
WEBE LT, z= E1 X1+ ....v £, X, BEL. FEE 25%k¥E mn O
L. Vi =R; F &§< (Ri ‘i‘ i ﬂ(@ﬁ?k%ﬁlﬁ’) ° :@&%~

(@) zm (F) = mtF(E, ,..., &0 ).

() 2% 1 Vi —o Va WL A (5 &

E) yeeer, En BRALEDOTHSD. (ZOTFFIAXNHM F O Hessian, )
AP EEFELTHEI»M SN S,

R 2nfialg2 U. M % R-MIHE2 T 5., MBEELTOEFM ROM IC

(rym).(s,n) = (r.s, rn+sm)
KE-THREEZLELOD. M DA F7IWVETHS. (kBHONY YU, T4
FPIWAERBELTHLNT VWS, ) —RIL. M AR OBENBETHIE. X 0
4 57 7 IVALIX Gorenstein BRTHH. A B level BTHHIL. A © Ka X HFRKROD
Gorenstein R TH 5.

41
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AB7IVFY level R2EUL. 20BN Ky OBNEHTE Fu, F2y 0oy
Fo &3 0L, 7IVF Y Gorenstein B8 B:= A @ Ka Hd 5K F(B) . K
DRI D, level BDEHEICE->T., Fy , Fz2 5 ooy Fo BAKXBTH S, t
FOHEH vi , vz, coiyue ZEALT. F= uwn Fit uz Fpo+o..04

u Fo B E F(B) = F Th 5.

DEDZ & ®2MALT. 3 Stanley TRHBEVWEXERDBZILHATES, B1H
TRE@EY. F B3 Stanley % H % ® Gorenstein vector I unimodal 7
%o %> T. non-unimodal Hilbert ¥(#| % ## D Gorenstein & A AHh L.
F(A) iX. 38 Stanley T H Y ARV, Z D% Gorenstein B A Ik Stanley
KKoT, & =k[X,Y,2]/(X,Y,2)* LoBEMRDOA T 7ML LTHDME,
Z @ Gorenstein vector ¥ 1,13,12,13,1 TH 5. A’ @ socle generatorii.
BROBARLT (10HDH2) £, F() . BEK 4KX2 LTKDH DR
Do

Z DL % T. non-unimodal Hilbert¥( %% F¥ Gorenstein BAHAKEICHBHK TE
%H. ®IZ. unimodal Hilbert A EFHFHOH D TH Stanley TRHEWVWH DR, B
Stanley =5 Stanley TWHRWLODOABKTX 5. UTF. BHlosrETS. (H
SEHEDPDDILEALI XIS, THUNBEEFELTHEI»DS NS, )

# 1 Unimodal Hilbert ¥# %t HOH. 38 Stanley THWVWH D,
F = ux? + vxy + wy? .
AF) . k[X, Y1/ (X,Y)® oEEMEDAL F7IVELE LTI,

Hilbert Ak, 1.5.5.1 THd. Zhit. 5 Stanley T,
s(A) =5, d(4) = r(A) = 6.
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M2 5 Stanley A 38 Stanley TWRARWVWDH D,

F=ux®+ vx%2y+ wy® . Hilbert B#liX. 1.5.6.5.1 TdhHd.
A(F) 2&<L &, s(A) =d(A) =r(h).

o
I

3 Sperner EEHHOA. 55 Stanley LWL bHhVwd o,
F = ux? y2 + vy? z2 + wz? x%2 . Hilbert ¥#Al4X. 1.6.12.12.6.1 .

A(F) 2&<L &, s(A) =12, d(A) = 12, r(4) = 13 &4 5,

o
l

£5 30k
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