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v E

FIVF VEBE®D Dilvorth ¥

ZAK ® ¥EAH= (Junzo Watanabe)

FAT TR —DOUDPRWR— A -BREZIVFUBHREEWVWD . BT, (4,p,k) H
FPIWFUVBREESTESAIKLWE. p 2. —DHFEA T T7IVETIRAERT. BRK
A/p =k B3b0&d 5., ZIWFUE A @ Dilworth B ( d(A) &£<L) .

d(4) = Max{ v(I) | A D4F7NV 1}

CEET D HLU. VIR, A F7NVOBNMNEBRARD K TH S, Dilworth Ko
X, poset(=partially ordered set) ® 4 F 7 JIViw L H T 5 Dilvorth D EH
THsd. ([11,[2].) 7WF VRO Dilvorth FE EB|I 511k, Dilvorth® &
HBLENIHELEZWASVLWASOHMASERHURFRABDTEHNTHS. (M.
poset @ Sperner . MHEHMH. F. ) TOZ2 &I H>WTX. [4]1T&@H U .
DF§1Ti. MITEHEALEERZEEEL. § 2 Tk, €2 TH = Gorenstein
BILOWTO—o0DHKR (BB, —M 7% Gorenstein BRIX. # Stanley # %
HbD) k. ZTORHMTHLHIBEENMFEOSRILERIT 5.

§ 1 Cix. % Stanley #. 3 Stanley t. Sperner #. FDEHFEE R H
MEVHBELOBEBEILOVWTEEBKL 2. FK Artin Gorenstein & A K.
Matlis duality LK Y. Z® socle generator TH 5. n 5t m KR (22
. n=A OEEKL. m = A @ naximal socle degree) TR TCE B, 2D &
B, BFEYVHSRTVWRVWERDT, §2THRYFULIEIALE, § 3TRNWL
DADP EET T,
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§1 EHEEW<OIOEKEH

(A,p,k) E7IVFUBRET S,

d(A) = Max{ v(I) | A O4F7IVN 1} =%

A @ Dilworth B EFEARZ EWEHTICWV- = EIC

r{A) = Min{ length(A/zA) | z € p }

LEFEU. A @D Rees Br& M5, r(4) = length(A/zA) & 9% z % A @
general element & FER ., A N k 2 LHEICIE. r(A) X general element
? Jordan BREEO T Uy VOHBEEVWRABIEDHTEXE. >2EDXR%EZ
[4] TEEH L =,

EH1 d(d) = r(4).

PIVFUBRAMRBMEETHL L. MBELLTOEMASM A= %0 Ax HEX
BRTWVWT, A X A; C Ay &35 2¢THD. A # 0 B2 ZE n %
maximal socle degree X E V. KBMEFIFUVERAERTHB L&, A A Ao
LA THERZIHDEIETHD. DT, RKBELHERWE Ao DERTHEDLDEEX
B0 ZNDEEEX., BT-1 PBRAFT7IV. Ao DHERKTH S,

A=®20 A 2 k LORBHETZIVFUORELTSHEE, h; =din A; ¢ B
F. s(A) = Max{ h: } #. A @ Sperner & K&, HF hi . A ® Hilbert
Bl wSH., ZOBHIH., uninodal TH B &, ho = h, £ ....= h; 2
hsvr 2,002 he 35, B®2Z2ETHD. h B, A DERT I F7IVOHE
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BADARBEMS. s(A) = dA) AEYED. s(A) =dd) & ZE, A K
Sperner &% b D2 WWH, s(A) = r(A) & X, A k. 55 Stanley EEHDEV
I, EH 1KY, 35 Stanley # k. Sperner D+ HHRBHTH 5.

BF. A=@%0 A;s 2. BRI LORBHNZZIVFUORET S, (ZDRICEW
e E.EIC A 2 0 XREST S, )

EF2 (1) A A% Stanley 2 DBHEHOTHHFMEK, I z€ A 5 z IL&X
HEE z A 2 Ay Bk OEDIFAE LT full rank 2D, SVWHRZ D
. ozt A o Ao B BHDMREREHATH S,

(2) A BAHEKRTHHLE. (1) OHFHE YLD,

ARl BHILDODHIDEY. A HDFRTHNIE. A @3 Stanley M S, Hilber
t BFH D unimodality HKE D,

HE2 35 Stanley W, FUY—RMTRB{EL RV, 2O L. ROBTDH
y AN

R=kL X1 ,X2 oe0Xn ] 2FHATE L L. A=R/I 295, T2, 1
X2 DHD2ROBHAIATE, X7 ¢HAERTEAT7NVET B 20
% A B, 55 Stanley E PO LWRBILDLDLSB. (EBILTTLB z &
ULT. z=X &3hiE&vw. ) A o Hilbert¥#ix. 1,n,1,1,1,....,1 T
Ho AN m HEHRETHE. A @ A @ HilbertB|# k. unimodal &
OBV, o THEE1IELY. A® A X, 55 Stanley &2 bRV, ZHiIERE
BfiZ. Hilbert ¥ ® unimodality H. FUHY—-RBILX->THREN ZWZ 2 %
RIBICR B,
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KRB EFIVF VB A= @0 A: A. 3 Stanley % & D 2 1%,

3 z€ A, 3 Z™ 20 s Ay o Al AEBE. i=0,1,...,[n/2)]
LEHET D, A O Hilbert BFIHAMHEH X, hi = hoy BRBZETHBH. W
S, 58 Stanley % = M #A Hilbert ¥ Fl. £ /-. 8 Stanley £ =

3 Stanley £ = unimodal Hilbert (%Y,

T3 BHRODK k=4 LORBHNZTIVFUER A= @T=0 A D,
g Stanley 2L 0D B+HREE. k BT, U—8]& sl, O£B

o : slz = End(A)

MHEELT. o [$88] =+2z. 2€ A . & A H weight m-2i @ weight
space E MBI ETHDH.

CHDZEHDHHBEBHICKDODEBIED .

EMA4 BEBEODOKET. 38 Stanley MR F U Y- THRENS., Thbb,
ALB REKEMEFILFVUBEREL. y €A . 2 € B, HENENM Stanley #
DEHEEHEEIE. A®B k. 3 Stanley % HD. (FHIKED 1 KA
y®1 + 1®z TH 5.)
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§ 2 0 Xst Gorenstein BB & FAXRZH A

k 8RO ET 5, X1 9X2 seey Xn *E¥EL. E= k[xl 1X2 sees Xn ]

SEKRRETE. K= 2 rL.

R = k[X1 ,X2 5.v.s Xu 1J/(commutator) ¢ &L 2. R BH n ZROEHAKR
T. EWBARICR-MBETCHD. 3. EX R-AHNETHS. 2O 2. K
DRIZLTDHDID. . R E8-A 5 n ‘ﬁ(@%xﬁﬁﬁk?f’}éo RE. Xi =
Xi ® 1 +1® X; TEHEXIND comultiplication R > R ® R I K- T.
coalgebra OHWEE2HD. > T E = - Homk(R k) . R @ comultiplicat

ion AFHZEHJ Hmultiplication IL&K-T. HARIC k-algebra ¢ EFEZHNB. 2
2 ee-Hom (R,k) . AKRBHBHIT LI Hom (LK)EM->2HDE T D, (deg
Xi =1, Vi 2UTHEL:.) ZORICLTEHSINE k-algebra E &, &
k. E; = Hom(R: ,k) » k L4 K3 D divided power algebra TH 5,

Ri OHEELULUT i ROBERDNEND. X1, Xz yououy Xn OB % x, ,

X2 seeesX n L. x; O divided power #* xa(q) TEHLEHWE.
(a0 2o ) gy pxdgie o e ey ot sET
55. E sh-mBEREEE. X, okmik. 9 & xD cmapzz

ZeThHH, BROTHIE. x93 = (D rENTCHDORRIES,
THOLLEROTHNIE., E . X1, X2 yeeesdn 2ZREITBHZHARTDH
Y. Xi . E KRB EUTHAT S, E = sc-Hom(R,k) & HhE. [3] 10k
E W, REMAER-MBEOHFTIYV—ILBTSH kK OAHITHDH. AHMED alg
ebra OHEHER D HOURBEITBNEF. ZHARDONN & LT D divided pover alg
ebra L HHLBEDRNVWI EHEW,

Matlis FRBRICL Y. k LOFRZIVFUE A X, 2OEEMBE Ka &, 131
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HELUTHY. Ka i E AOAERAERBY R-MBEE L THBAITSIN S,
Ko = Hom(A,k) TH 2. A = R/amn(Ka ) & UT A AEETEZ 3., Ka ODEHT
DREPTARTHELWEE A & levelZTRE VWS, ( Stanley DEZEICE D, )
Ka DL DD THEEKENSHE E, A X Gorenstein BETH B, (FDOHELHAE
LV ) Matlis duality % 7JUF > Gorenstein BRICPR-> THEHAT D L. KD 1
#1MBEAITE S,

embeddin dimension=n,
max. socle degree=m .
F KX Gorenstein B ——— n T n KEX

A 2 Z DB Gorenstein B 352 &, FIOOT A WHIEdT S ntm BX%E
£bHF. HIZ n s om BR F ICHIET D Gorenstein BBE A(F) TEDT.
F(A)iX Hom(A,k)CE 4 (f—D$kE2) THY. AF)= R/am(F) TH
5., F & F1 . GL(E, ) DRTBYEXIL. €D contragredient I&. A(F)
CA(F, ) OREIBESIZRZT, FLRAKRTHS. A(F) D enbedding dimension
N, e THNRE, F Ik, KEHIL ¢ ZROBXNTHS, (bbb, ZRD 1K
ERT e ZHROBRICEESZ. HILSOE. 1KERT F 0EKEzHsT I
ATERITNE. AF) OEBERXIETE n THd, ) DER, FER 2 Eh ¥
hERE TN, AF)/0:D = ADF) A YIMD. (Matlis duality ICKB. )
GorensteinB& A(F) A58 Stanley ¥ & D& ¥ F %3 Stanley ERE& S5
SEIWTH.RF & F HEKT S E Oy R-fEE35&. RF =

(R/annF)* & ZEAX HN5H2 5. End(A(F)) = End(RF)* TH 2. LEA-T. #
Stanley EXDEZEWRRDIIILBERNSBN S,

3% FEE % nkBARE2IT 5. F il Stanley BRXTH D 2. ROFE M
REH (1) & (2 ORYVMEDZETHD,

(1) 3 z€ R, ; z" 2 Ry F > Ra-s F A, % i=0,1,...,[n/2] &>
WT2HBH,
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(2) U—8B sl, OFB p : sl: = End(RF) AHFHEL T.
p [83]1 =-2(32€E R ). % Raes F B weight n-2i® weitht
space &5,
(BB, ZOEHETWVWD z A—OTHHEEITLE. R O—BREIA
TZoHEEDHD, )

MBI, T8 Stanley BX) D 7NV FUVRODEAEDODRANE UTCE#ET D, h; =
dim Rn-3s F 2 &< & h;: i A(F) @ Hilbert BHFEHASLHBHTHZ. 2 H

# . Gorenstein vector & X 3.

S F = x:%%:%%....x.°" 1% Stanley X TH 5.
. n = 1 OBEEWEI. n > 1 OBER. U-ROF UV —RBILRET

5. (FifiE®E4, ) " BROILEST220EX Fy ,F2 DEBOLEHEFH -4
hiX. A(F, Fe ) = A( Fi1) ® A(Fy ) THd. sE->T. 22005 Stanley
BXF, ,F, 2RBLR3ZRTCEVWTHITIE. 208k, 3 Stanley BXTH 5,

M6 Ra TRODAdERBFRKRBHYEERDT. m RO Stanley BX F I
LT. &#d = nmn D% non-empty Zariski open set U C Ra HHFHEL T.
D&E U = DF X5 Stanley R E 4R 5.

i} [4] Theorenm 8.

Fa = (X1 Xz veun. in )¢ LEBL (ZEBOBED 4 F) . DMK E =

Ua RFa & BIT5D5. BESLETCILEST. TEEAELRTI OFKRSHER
X538 Stanley BXTH 5. &-T. 8 Stanley EXEYDH., E25TRVHO%
ROF22L0hd. REHELVWHETH S, RETE. ZOMEEEZX 5.



§3 Level ROBRMBED A 7 7IV{L L Hesse R

HEX58 Stanley T ARWEXERAMNITEHZILTHS. WA F F1LTHBTLEHR
DBRERBROELRDDERET D, 2TODEE . F ODRBE=ZATHNHIE. F H3E Stanl
ey X © F @ Hessian# 0 TdHd. ZhiZHE0EHEIO DN S,

ERT k EEBOOKE T D, BifiHER X1, Xz yeeeer xo EEBEL.
E = k[ X1 9y X2 seceey Xn ] &:’?’Iﬁﬁﬁtjéo X; = ga;i U, R =

k(X1 5 X2 5ecunee , Xn 1/(commutator) & B<. B, £, ,..., En ®HL
WEBEUT. z= £, X1+ cooat En Xn BL. FEE #%k¥ n DX
L. Vi =R; F &ﬁ< (Ri ‘i\ i &@ﬁ?}(gﬁﬁ) ° :0)&%\

(@) z" (F) = mIF(&4 4ouey En ).

() 271 Vi —o Va1 (520 &

EL e, b BEALEDOTHS. (ZOFFIAA F @ Hessian, )
EMEEZAELCHNID DN S,

REAMBEL L. M % R-mEEe 35, MBELLTOEM ROM 12

(r,m).(s,n) = (r.s, rn+sm)
KL THERELEDDODN. M DA F7NVETHD., GkHORY v, ¥4
TR BEL ULTHLATWVWS, ) —BRIZ.M A R OBENFETHHE. N D
4 7 7 IVt IL Gorenstein BT H B, A B level BTHhIE. A ® Kka EHFE KD
Gorenstein IR T H 5,

41
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AETIVFY level RE L. ZOEBEME Ka DBPMEFTE Fr , Fo b voey
Fo &3 hiE. 7IWF Y Gorenstein B8 B:= A @ Ka HWTHEKX F(B) . K
DRI D, level BDEHEICEK->T., Fi, F2 5 ooos Fo BEAKXRBTH S, t
BOHFEK vi 5 uz , cooue ZEALT. F= ur Fi+ uz Fo +..,04

Ue F:, Kﬁ(& F(B) =F Th 5.

DEnZ&®MAELT. # Stanley TRAVWEBAERDEZILHTES. BE1H
T#/@Y. F A3 Stanley % %@ Gorenstein vector X unimodal IZ7#
%o %> T. non-unimodal Hilbert ¥(#|% D Gorenstein & A AHh L.
F(A) iX. 38 Stanley T H Y A v, ZDOHLR Gorenstein B A X Stanley
KK-> T, & =k[X,Y,21/(X,Y,2)* LoBENRDA F7EE LTHSME,
Z M Gorenstein vector ¥ 1,13,12,13,1 T#H bH. A" d socle generatorid.
SKOBHEALT (105 5) 6. FA) . 13 4R LTKkDHh
Do

I D{tF T. non-unimodal Hilbert¥( %% FfD Gorenstein BAKEBICHBHE TZ
5. BIZ. unimodal Hilbert B # % HOH D T Stanley TRERWVWHDX., B
Stanley 24\ Stanley TRABRWVWHLODOABETE 5. BT, HloarZETFs. (#
SEHIPDDBILEAUIERAVS, CADHTEEHBELTHEIDS NS, )

1 Unimodal Hilbert ¥ # % HLHO A . # Stanley TR WVWH D,
F = ux? + vxy + wy?
AF) . kX, Y1/ (X,Y)® oBEgEN#EDOA F7INVELELTASNE,

Hilbert B #iX. 1.5.5.1 THd. Zhik. 8 Stanley TH i,
s(A) =5, d(A) = r(4) =
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M2 3 Stanley /24" 38 Stanley TRARWH D,

F=ux®+ vx?2y+ wyd . Hilbert ¥#lik. 1.5.6.5.1 TdH b,
A(F) 2&<L &, s(A) =d(4) = r(4).

==
1

3 Sperner &% HHOMN. 55 Stanley WL vbvndo,
F = ux? y? + vy? z2 + wz? x%2 ., Hilbert ¥#iX. 1.6.12.12.6.1 .

A(F) &< &, s(d) =12, d(A) = 12, r(4) = 13 &4 b,

o
ln
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