I

BxXc—19

N H |

FIZHREHEEX (RENREHE) HRARBEE
PRk 254 6 A 10 HEUE

HEREES - 34416

MEFER - A8 (C)

I EART : 2010~2012

RREES 22540057

MEFESL (F10) HEERMATIRARRA~DE KB LB ENFEDH

HITEREL () The applications of derived categories and topological methods to
combinatorial commutative algebra

HERRE
Bl #= ( YANAGAWA KOHJI )
BAEKE - VATLEBIZE - £454%
HEEZS : 40283006

WFIER AR OBEEE (Fn3C) : Nagel & Reiner OfH % % I, Borel fixed ideal @ FEIEAERY
polarization Z#F7E L, & Ofi/NH B Z R L= (IR KK & D), Z o BT,
ERAI7: CW K Z B L350, Z OB Welker H2MESE L 7N T, BEHcE — 2 BiG
HAWT TRy T& 5.

T2, EERLRT 7 7 A4 HREBERSC toric face ring O ML ER & AFSE L 7=, Bruns,
Nguyen 6 ODO#ER%Z, EREZHWTREL, B LTW5D,

e R OB (9230) : Developing a result of Nagel and Reiner, the author and R.
Okazaki studied the non-standard polarization of a Borel fixed ideal, and gave its minimal
free resolution. This resolution is supported by a regular CW complex, which can be
“Interpreted” by the discrete Morse theory in the framework constructed by Welker et al.
The author also studied the dualizing complexes of seminormal affine semigroup
rings and toric face rings. In this work, the preceding results of Bruns et al and
Nguyes are re-formulated and improved using derived categories.

SEATIRTEHA
(BREHAL - 1)
[ERES XS4 ke & Ft
2010 £ 900, 000 270, 000 1,170, 000
2011 AR R 700, 000 210, 000 910, 000
2012 421 700, 000 210, 000 910, 000
R
R
o 2, 300, 000 690, 000 2,990, 000

WF9E5r 8« BRFEE
FHrg 053 F - #iE - B - ARE0E
F—U— K ST, Borel fixed ideal, fi/)NH B3R, BOHEBER, 77 74 >



1. WHZERRAR LMD
REF TR, AR TR D
TEIZ ERE R FTRERE & 5 9 D Tk

R LT, ZHUTYE OB OEREIZ—ED
HERZLTZEHALTWAD, ZOHHTO

IR, AR WIS & 2 FERiT
2 L7=%, 2005~2008 41K D B Of
RERNDNDHZ L Lol

—REE, AW R RV — R D]
BERICTFEINT 5 Z & bR, 22k
RIFB\oON 2Tz, LrL, ZOBET,
EORESCA A AP FEL, keI L
HoTZAEND, FA I el AR EI IR
T 5LV HFAEICROE, ZHRHLEICE
VAR TR, AWFFEIEB G S e,
MEAICS D TEHRE ] [2onWTiE, RF
FHOZNETONIEOTIVICESER 72 b
DTHY, PEHEEED BARR 72 5Lk 0% O
IHAEYEHOBEE Lz, 72720, R E
L C, Stanley-Reisner BRXIEHT 7 7 1
B L Vo WERN LD LD TR,
simplicial poset ® face ring X° toric face
ring 72 &, R IITIZR > TER I,
iz 72 vl A @ﬁ%ﬁf%é%@%@ht
LA 2R FiE] & LTiX, ko
simplicial poset @ face ring & & BHHEd 5
=T ZAEHEDORERER V—% —fl &
LCHE LD, ZHICERT 2 b 0Ttk
<, MIZHEL2RH OMNEAIE, TRkt
JET 5060 ThoTe,

2. WEoHBY

— R, EoREAFWARS S LT, i
FEL-ULTH D LIEMC e D815 %, el &
N THE T2 R Fons, &k
BBl E CTHAE BT, MO TRATL 8%
H %\, Stanley-Reisner BRCIEH T 7 7 A
REBRRTe PO A B TR DK b
AR GBI OV TR, BECESRE E v
T-RF3E 24T - CTE TV D, A E 1w &
%Kﬁé:k,%ﬂﬁi@,ﬁ%#%@ﬁ%
WL THLEERDDL L, B L,
NARAT 52 & OB TlE, BARAZR R M & L
TIE, BPIOE L ITERR Y, BRE—RH
FEDOBEICEL T, KEALERENL T,
Z OMEE, AR B W CGEFER &
NTWEELRLDOTHD, Z 95 LTHED
HE 2 LT, KRRV E—1d 5
FEREFTHNSZEL, RERAWTHS T,

3. WHEDTIA

Bl s o —fkim e LT, W%
NEEHREGEIRE KR THD, SHIC
AT BRI E A, Vﬂﬁ@
TZZITRRET 52 &iﬁb\ﬁ>kmbz}’bé
2L, e ZERICED T Iy ey

B3 2 5ERE DI IEE & O B FLAS H 3RS
HINZAT o 7o, 0% 2D D L [AIEE L 7= [ IRF
SERIK(2011 - 2012 IR IR KPR FBifr
B0 L3R IS BB G 2 B> - D13y
RELT, SEIOWHIRTIEX, VT RF
(/v xz—)D G. Floystad KB LOH
ANV —=x LRRF(AXXAL2)D ]
Alvarez Montaner KZF L, BRAHE
fToleZ &0, IREICEETH- 72,

4. WFTERRE

9, AAKMENTERICBEET S (TR
THMERERR L) M OF S TD) O~ b fiE
BT D, 2L, AL OBESRE
b3 2D1%, HEIET 3 DHOMXTHD
O TH D,

ZHEAR S OHEAAT TV TITHL,
BEEOBEN L NZHERER T O 72 BIEX
AT TN J BROFEMEwTZT L X, JIX
I @ polarization THDH L9,

(1) ko _—mEANS7s5 T OIERY] 6
NEAEL, T/0= S THVH, &HiZ, Z0
FRZ@ LT JO=1,

(ii) Eo @1, TJ OFEAFITHLH 5,

BARBICRBAT 5 &, S OHIAX x2y?2z I
T OHIERX xixoyiyez: & 5t S BT,
LB DOHIEX A 5 7 /LD polarization 735
bbb, Zh% pll) &t L, EHER
polarization & M5 (ZHF 4, RKITE T,
polarization & 5 I, EH#EN L H O L
EZ HILTWRNoT2), polarization (X
BN D FiE - MY vy 7 TlEd DD,
AL, Has8mEBbhTuni

@“C X, HEUERY polarization % AL D#ERAIE
WCHEBEL, BIFL L TERLE, 2720 Z
i, EE%W%%F?T%%?@%%?EE@’FE’Eﬂ
L, WHKRELEZLOTHY, #H b
Ze~D Tl L) BEREWRTR,

@z#ER D 2010 4, REF LFEERIZ, H

K& O FLA H R E’JT?@H%K“@V%’%H%
L, ¥7-, polarization ®—#{b.& B T
R L T\ G. Floystad K%, % Z T,
FEAEHER) 72 polarization (ZOWTHEHZ b
T2 EN, REREHKE RoT2,

%< OHIENXA T 7%, B OIEEYER
polarizaztion % Ffo03, FEIZHLBREN DI,
Floystad <°f% @ 4= ® Lohne 7% box
polarization *IFESEDOTH D, EARFITHL
B35 &, x29%2 (2 xix2y3y42s %xﬂfé‘@fé
METHEOLND AT TV bpolld) TH2D,

TR TOHREAA T 7 %t L TR ﬁ



BT TiE7Z2W A, Nagel & Reiner @ 2009
FOFHL T, Lot DR i > 7= Borel
fixed ideal (Z%F L CTid, ZEFRIZ polarization
DT ENTRENTWEE (272 L, W3EEH)
BRI D%, RO ERR5NT
RN,

@IzBWT FHEIZ, 5D Borel fixed
ideal 71Zxt L, b-pol(d) iZ polarization &
52 L wR LT, FEBIX Nagel-Reiner @
T7a—F L IR, bpol(d) ([ZfHHET D
HAAHI#EIAA, (non-pure) shellable T
D EER LI, BamiRigm e 5,

728, Borel fixed ideal (Ei%121%, 0-Borel
fixded ideal F* 72 I¥ strongly stable
monomial ideal & & 9 _E7ZH0) 1%, 0
DR EDZIEXIROFIRA T 7 /L0 generic
initial ideal & L CTHND H DT, FHE A[#
RE - AR PTHRBUC BV THled CTHE
HTH5D, Borel fixed ideal 7 IZxtL, =D

MRtk 17 bk, 2HLHHAHT
HDHN, bpolld) #EET D LT, WiFEE
WIS D 2 LN ATRE & 7p o = (TESR I,
W F OFPIMEIT 5 72 ICEE S h
TUW=),

VT, OB\, [MiFF & H[FT, Borel
fixed ideal 7 1Z%f L, b-pol(d) i/ NHH
DREAER LT, T BEOfM/NE BRI,
204ELL iz Eliahou & Kervaire (ZX o
THER SN TE Y, Yo B Olmd TEER
RO—2THDH, LinL, ZOHBSHL,
b-pol(D) (ZiXFEH LN 572, —J5, Nagel
& Reiner 1%, ARt ORE B Hio T\ D &
WIORED E & T, bpol(D) DA/INE 5 fiF
ZRER L TV ey, AERoTiZ B9 2 0E & 4+
T LTSN REE 7 > 72, RFE D O/
H B3 f# 1%, Nagel-Reiner @ & O DILIE T
H D, [SEIEV L, Eliahou-Kervaire (UL
T, EK L)oot oic# T B0, EK
type resolution ¥ 7z /¥ modified EK
resolution & FEA TW5, 728, b-pold) @
f/NB B iEZE, T B 5 7 Ofg/NA B iR
W LT ZERESTH D,
ZOFMRIITEDOREIEM b HoT-, T
WZHOWTIE, BROTHNPLETH S 9,

1990 %1%, Bayer & Sturmfels i, %%
OMWOHIERA T TR =V 7 AT T
VDB ESEDR, CW BIKIZAHRET 5 &
FFoZ L xR LTz, BHEOMOIEEDORY J
WRTFET DR TH D, LA LR E B0
HHN, BEFIORE S NE, RWICHEE S
iz, CWEIRIZATRET 2 BEAA 77 L0
HHESMEE L ThiebH RS OIE, Taylor
SETHY, AT r [HOSE, r—I1 BR

WZARET 5, 2, [EEOHEX A 7 7L
WXL CHEDTHY, WD TN, JhE
DOBFE, W/ DS ITFEE, M/ H 3R
CWHBENHHELCZZHAWVWE SR D,

PEARZE = T AREH S CWd  THEECE
— AL, 52 O AR CW K x 12
L, 2 ERE ME—REESN, LYk
DEDDI CW IR x4 OfFEZE, MG
W72 T —4% A MOIRFET AL D TH D,
—J7, IR A F 7O/ E R A R
T 5 & &, EIRICxGT D)Taylor 23 fifEn 5
HEL, 2hE/hS<35 - - L) HFEH®N
YIRE Z i, BERIZE L ORA BT T
X, ZOHOEUMEEERL, %BE AR
FORENS R L, BEicEYb Lz
D73, Batzies & Welker OfLETH S, 1=
FEHINCE 21T, BN EEKD L\ Taylor
iR | BEE — AR C IR L C U, f/h(c
HVHHRGREEAD . LWV bDTH D,

L, HHOFIEE (B2 HFOERR] L
SmMIR<, EOH D EMEFICEA L X5 &
T5 L, HEENEKRT, FICAXRI-oT-,
Borel fixed ideal %, BEZE /2 EIRHIE LT,
oML THEDLNTNDN Fk2iGE %
BRDNT, 1o &0 Lz & idambinotz,
b-pol(D) 1T— REHEN, “EHIRZTTHD
ZI2, Ao THIE LS <, tEZ B
DTEMTED, MiRkELT, RREFELHOD
modified EK resolution i3, Batzie-Welker
DB L > TEHELNDZ LD LERIT—HK
T Lo Te, BT, CW EIKICATHE
T %,

QDM TlX, modified EK resolution (Zf)
fE3 5 CWHEKDOMHEILE < 437> Tz
ofc, —IZ, ERICW k&9 7 7 2R
D, MAHEMAFIE, ERTRWZ Lo
FER L H D L D720, METHMIZIE, |
RCEERFMHETHL, £V YLD EK
resolution 7% CW HKIZATRES 2 7> 2 fHhf
T5ELT, ZOEMETE? 1TEHL
BB ToH - 72n, &L, Mermin & Clark
W2 X > CTHEMITHER S, Mg &=
DX “On CW complexes supporting
Eliahou-Kervaire type resolutions of Borel
fixed ideals” (BFit") TiE, Clark (&%,
poset @ EL shellability % 5wk % %
J& &4 T, modified EK resolution (ZfThEd
5 CWHEENEAITHDLZ LER LI, &5
W2, 47 72 Cohen-Macaulay O %4,
f1RET 2 CWEMRIZEARKK LR THD Z &
HEEH L TW5, PABRIRICEET 2801%,
Y F v EK resolution TH KT 5H(Z
b, ERROFICHORES),




FEuN T, EORENCE T G RIC OV TR
%, BT O “Dualizing complexes of
seminormal affine semigroup rings and
toric face rings” 35 JL OVBUE & HEIEE T O
FSCIC BV T, REHITEEH (seminormal)
T 77 A ERRE LD toric face ring
DI ELBFiaa s E P — %2R L
7o 7ok, THIEHL X, 0@, [TIEH)
FVFNEETH Y, HHRARBEERZED, O
FEHOER SN TWD,
EHT 7 74 FFERD Cohen-Macaulay
Th D L) FEFEIT, Hochster (2 L 5 LA
ERTH DL, FEHDOYA, Cohen-
Macaulay & IEZBR O, FRIKITO/IT =2 A
ERT—NEDLN, TOHRITEMEN,
Bruns, Li, Rémer 73 2006 4F D& 3L TR E R
it R A2 L7 (L. Reid & L.G. Roberts
\CHTBEMER 7255344 YV ), Bruns O OfERIX
SERLEE A, REBEET R (R FEE I
IR RELAELS B2z, £ 2T, HkEAEH
WM ZTEBL L, %o OFER A5,

% D—20%, Cohen-Macaulay 72 7 7 7 1
PREER OIEHENFZ OV T TH D, L<ab
NTWD LIS, dRTEDT 7 74 U HRFER
X dwuhZ i E ED D, EROSE,
#EBR1Y Cohen-Macaulay T, + DOIEHEMEE
XN ZERONRB G2 54T TV Th D,
EROWMIITENT, REHIZ, 2o T
L7z, 2F Y, Cohen-Macaulay 727 7
7 A ERER R OEEMEED, MWEEARD
WENRGEZ B4 T T7VERMGREEZ ST
BW72bid, RIZEHE DAL
7=,

EROBIXOL 5 —2>DOEBETH D toric
facering 1%, 77 7 A VR E [HE0 &b
BT GO LOT, AR AT E
DIERWI2WFFEHRIZTH D Stanely-Reisner
BRET 7 7 A R, BT~k e o
TW5, EFINTZOITEAE WA, ITHE
W7o THB SIEH T2,
¥ 1FE 72 toric face ring 2O W Tk,
Nguyen OFEATT DfERNH H, M bR L
TUWAD, toric face ring B N PEEHTH
5 2DMESEMT R 2T 5% ()
=Y DT 77 A EHRPETHERTH
HZETHY, BRRII TALFZ D,
Nguyen OWFFEILIET IZHLBRIRV S DTN,
BEEaRErY— - LUV TIRZ TS 2
CICERTEMES LD, 72, R BDIRE
FOBEITR T2 D Th - -(I8FH 1T,
toric face ring D H S O, R A FF
TRV ELAEVEDLLEEBEZXTND), k
FLAMSC T, HRETE XD L THEmA R
B, REIZBEAT A2IREZI LTS,

Fo, REST XYM P B, J
Alvarez Montaner K& iht, £HEN (LY

— I, BIRNZRIERT 7 7 A VBEREER) O
HIANX A 5 7 /L ® Lyubeznik #/Z>W\C,
T bbb 2iTo72, ZOFEEICELT
1%, fRFEHD 2001 FHREOFHCIZBWTHE
FOTRERERNELN TR, YESFOZ
DHOFEEZRY AT Z & T, ERROIRT
I Lyubeznik HAFHMAEETHDH Z &
ENREII, REQERPH -T2, ZOWIE
IFBE LG T THY, SHIZEBEX ZHITZ
LT, XICEODETFTETHDL, B,
Lyubeznik #% & 1%, FRIRATERS, FLcHE
F5 TRV B)DOWRK EIXR S 220 A F 7L
FHETAHRPIarEr S —0 A
YA XEWHAERETHY, FEFICEER
DTH 5,

5. ERRERLE
(BFFEAREEE . WFSE 003 M O HERFZE 12
X THR)

(MeEssRm 0] (B 6 1)

@O Ryota Okazaki and Kohji Yanagawa,
“Alternative polarizations of Borel
fixed ideals, Eliahou—Kervaire type
resolution and discrete Morse theory”
Journal of Algebraic Combinatorics,

A, 2013, 1B #k &

®@ Kohji Yanagawa,
“Alternative polarizations of Borel fixed
ideals”, Nagoya Mathematical Journal,
#HA, Vol. 207, 2012, pp. 79-93.

® Kohji Yanagawa, “Sliding functor and
polarization functor for multigraded
modules”, Communications in Algebra,
#HA, Vol . 40, 2012, pp. 1151-1166.

@ Ryota Okazaki and Kohji Yanagawa,
“Alexander duality and Stanley depth
of multigraded modules”, Journal of
Algebra, # %t fi, Vol. 340, 2011,
pp.35-52.

® Kohji Yanagawa,
“Higher Cohen-Macaulay property of
squarefree modules and simplicial
posets”, Proceedings of the American
Mathematical Society, ##c4, Vol. 139,
2011, pp. 3057-3066

® Kohji Yanagawa, “Dualizing complex
of the face ring of a simplicial poset” ,
Journal of Pure and Applied Algebra,
34, Vol. 215, 2011, pp.2231-2241.



(FaFE] GH74H)

@ #JI# = “Dualizing complexes of
seminormal affine semigroup rings and
toric face rings”, 5 34 Al [ #AkRHY LR Y

v A, 2m2$11ﬂ255,@$l%ﬁé£
FEVEEREAS I v Z —

@ I_Jm_[/uj( *gl])ll :x—, “On a minimal
free resolution of a Borel fixed ideal and its
supporting CW complex” , HAEFS X

\A”ﬁqA'fﬁ&””ﬁ4x,2omf$s)ﬂ
21 H, JuNRZF

@ #)1iE = “Free resolutlons of (variants
of) Borel fixed ideals” , 5 52 [\ %
VURTY T A, 2012 4F 8 A mEL TER K
R BRARAT A ST T

@ Kohji Yanagawa,

“Alternative polarizations of Borel fixed
ideals, Eliahou-Kervaire type resolution
and discrete Morse theory”’, The 7th
Japan-Vietnam Joint Seminar on
Commutative Algebra, 2011 4 12 A 16 H,
7 A =3 RFER T L)

WFERT

® Mgz, gl =, “Alternative
polarizations of Borel fixed ideals and
Eliahou—Kervaire type resolutions” , &

44 BB L OFRIEwRY AT T A, 2011
£ 9H 27 H, [MLKE

® #JI#E — ) “Derived categories and

topological methods in combinatorial

commutative algebra I, 117, Z=fE DA -

&ﬁ%%?w&%@ﬂm2m1$9ﬂ7-8
, HCAR K A B A AT ST

(@ Kohji Yanagawa, “Sliding functor and
polarization functor for multigraded
modules”, The 6th Japan-Vietnam dJoint
Seminar on Commutative Algebra, 2010 4
12 A 13 A, Wi ERF EErERR AT

VH—

6. WFIER
() B Rz

M)l ¥ —  (Yanagawa Kohji)
BATE KT « & AT AP TS - e
9835 40283006




