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(Fk) £ERA F7 VD7 L 7+ Mora, Robbiano [MR88] & & ) A E#, 7z Sturmfels [St95]
L DHOFETHEREIN.. A F7VBLUERICBT2EANRY PAFEIORELES. BEATE
% 24 77V (initial ideal) i2 & B, BEANRZ P VOREERICERLZBERID 5. (AR) EHEAATT
VO, BEHAY NVOREE (7L 7)) OBERRSEFNRE TH S I L/HLNT S, BOER
FIEOBA Assi, Castro, Granger [ACGO0] 7 V7T SDEENIEFRTHH I L RFHLL. £DHREN
BEEARNRTH S & A%, Sturmfels 3 X TWILIC X b FEF 3 1u/z [SSTO0].

U7 TROEGRTERMRLERERY R TAERMOEAER ho,1y(Do) W72 LT—HILT
DT LIITEETS A D 4?7 Assi, Castro-Jiménez, Granger [ACGO1] IR ERIEBE B & 3 5 FRES1ER
FRIIBWTC, BN REESE (XL 7 8) P HES, SEEN, ATHY, POoRERORTIARTHS
T ERFEH LA BRHEBE ho 1) (Do) PESRTHEOT, HHODEEDRL LT, BRERDOA 7TV
OEEBOHBEEATER IR LR, BREIRIBIAIOLI REEZIIALATHAL) T,
PrE AT Assi iCX B/ — MEDFDH D [As93]. LA Ladh, ZOBPSEAHTHEP LI PFVEIT
FENLATVRV. RABCDBESFSEFNTHI I CEFBAL, SSLANYBRANTHE L ED
HE7LMIYRLSSLUTOREES 2 2. 33 [BT] 2RI,

bRbNOEEADEAL LT, BREBTOEAFTLVOBERAOEELHEHRL L.

fE nEBOBRBREL TS Y cpcar® JITEE ERBEDORGOETH L. MOZEHE

New(f) = conv{a + N"|a € E}

2 fOZa—PEERERSE BARIOSEEOEEIZEKISD.
uk R ORI METhH, RABINEEARNY PVEIR BAONLEANZ PV w LT,
Za— NYBEROED  FHOEE 42 5. 2o~} YEEE New(f) ® u FHTRIBVWEOES

face, (New(f)) = {a € New(f) CR*u- o > u- & for all &’ € New(f)}

% uTEZ 5 New(f) D face (H) L &K face 3FRELAIAZVWI EBAONATWES. 52 6172 face
F = face,(New(f)) 1272 LT, F OIEH# (normal cone) ¥

N(F) = {u' € R%lface, (New(f)) = face,(New(f))}.
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1: Normal fan and Newton polyhedron for z* — y?

TEETL. I oT HEREOTSEN SRR TAZE, COERRRDLIKEITT7ILERVWTHER
TED L) ETH5.

N(F) = {u’ € RZ|iny (f) = inu(f), supp(s') = supp(u)}, (1)

Z 2T supp(u) = {i|us # 0}, FHEE N(F) ZHESTHIZEFNZETHY, HAZEERTHS.
REORLOKSE
E(f) = {N(F)| F runs over the faces of New(f)}

bz b Y EEROTEHRF (normal fan) SR B 11 f(z,y) =2° —y® K FTE=a—1 Y EEkL
FTEEONTH L. EHFRRSEFNEETH3, LWIHIBEIERNTHS. ITHERNEBOESR
FEBBLTBI).

*% 1 FASEENTHL L ERIERT2HEIERETH VROZOOERREALTILETH S,

1. ZEHEEDTE (face) I -ROERTH 5.

2. ZODBEDRDLYRELROERTH L.

o 1L ERBEES L VB MRS ERERO 7 VTR (BER) 25 ZRH L FA, ZHAK TS
é:k%ﬂ%btmﬂ.é6K%§7wﬁUXA£lﬁ%%%%itimmmn@774»gmmmuﬁ
TDEETHS.

gfan.smi @ cone.sample2 % FEAT LR E X OMHREELT .
bash-2.05b: sml
smi>(gfan.sml) run ;

Polymake is not installed in this system.

Using doPolymake.(JoHG
smi>cone.sample2 ;
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BS for y and y-(x-1)"2, t1, t2 space, in doubly homogenized Weyl algebra.
The Grobner cones are dehomogenized to get local Grobmer fan.

cone.input =
—y+tl , x"2-2xx*H-y¥H+H 24T2xH , -2%x*Dt2+2%HxDt2+H*Dx , Dt1+Dt2+Dy 1

L

AP LS EREOERTT. B PRXBSERZFROFARENAT A -5 .

Trying a starting weight vector : [ t1, -29 , t2 , -38 , Dti1 , 29 , Dt2 , 38 ]
IREHBEOEANY FVELTEFTTAMBTI VT T RERET 5.

Trying new weight [w,wv] is [ t1i , -11 , t2 , -9 , Dt1, 11, Dt2 , 9]
FUTHEORE TS tlip BIETROTRROEANRYS MLERT

Flip succeeded.

TODT VT FENBEYIRETHOT flip BI.

PETTA MR TOMBIAT .

EHOFER (RRRTO L D) i3 2 RITOH L FEIZERMON.

c%ne.w =
{ -1,0,06,0,1,0,0,0,0, 0]
[ 01'11090’ 91,0)0:0;0}
0 : begin cone -- - - -
f%cets=
% -1, 1]] —FEOERRTHED facet DEHR RS P IVE
1,0
]
- e e end cone
1 : Dbegin cone ettt
facets=
E 0,1 ]] TERBOBIRTHED facet DIEF T FIViE
17, -1
]
——— —————— end cone
REEBBMCRI-BEEEREANRY MBS A8%
v —TLTw{.

Step 1. Adding 1-th cone.

Step 2. Joining *** and newk¥x
Checking facets. -

#dhcone.fan = 1

i R Y N/ ol A

The number of cones = 1 .

UTFRONT VT FHROBHRERR.

0 : begin dhcone - ; -

facets=

{ 1,0]

I: O b 1 ]
nextcid=

-2, -2 1]
cones=
L 0, 1]

—— - end dhcone
0 : begin gbasis - --= - -—-
initial=

[ -1+2%x-x"2 , -y , Dt2 , -2#Dti+2*xxDtl ,
2%t 1%x4Dt1+x*Dx-x"2%Dx-2%x*h , -4¥tl*x*Dt1"2-6%x"2*%Dt1xh ]
[ t1,t2,%x,y, , [ 1,21 , [ 1 1]

weight=
L t1, -29 , t2, -38 , Dt1 , 28 , Dt2 , 38 ]
- end gbasis

LB BEANTHDE LI EEPFSHLOT, FRATOHOA 2RI HTHIETHTH S L ER
LTBL.



115

e, e s
z £ X #
[As93] A. Assi, Some remarks on universal standard bases, preprint, 1993.
[ACG96] A. Assi, F.J. Castro-Jiménez, M. Granger, How to calculate the slopes of a D-module, Compo-
sitioc Math. 104 (1996), no. 2, 107-123.
[ACGO0] A. Assi, F.J. Castro-Jiménez, M. Granger, The Grébner fan of an An,-module, Journal of Pure
and Applied Algebra 150 {2000}, 27-39.
[ACGO1] A. Assi, F.J. Castro-Jiménez, M. Granger, The analytic standard fan of e D-module, Journal
of Pure and Applied Algebra 164 (2001), 3-21.
[Ba05] R. Bahloul, Démonstration constructive de lexistence de polynémes de Bernstein-Sato pour
plusieurs fonctions analytiques, Compositio Math. 141 (2005), 175-191 (to appear).
[BT| R. Bahloul, N. Takayama, Local Grébner fan: polyhedral and computational approach,
Math.AG/0412044

[BS] D. Bayer and M. Stillman, Macaulay: A system for computation in algebraic geometry and com-
mutative algebra. Source and object code available for Unix and Macintosh computers. Contact the

authors, or download from zariski.harvard.edu via anonymous ftp.

[CGO4] F.J. Castro-Jiménez, M. Granger, Explicit calculations in rings of differential operators. Eléments
de la théorie des systémes différentiels géométriques, 89-128, Sémin. Congr., 8, Soc. Math. France,
Paris, 2004

[CN97] F.J. Castro-Jiménez, L. Nérvaez-Macarro, Homogenising differential operators, preprint n°® 36,
Universidad de Sevilla, 1997.

[CKM97] S. Collart, M. Kalkbrener, D. Mall, Converting bases with the Grébner walk, Computational
algebra and number theory (London, 1993), J. Symbolic Comput. 24 (1997), 465-469.

[FGLM93] J. C. Faugére, P. Gianni, D. Lazard, T. Mora, Efficient computation of zero-dimensional
Grébner bases by change of ordering, J. Symbolic Comput. 16 {1993), 329-344.

[OpenXM] OpenXM, & project to integrate mathematical software systems, 1998-2004,
http://www.openxm.org

[GJ] E. Gawrilow, M. Joswig, Polymake, http:/ /www.math.tu-berlin.de/polymake

(Gr94] Grabe H.-G., The tangent cone algorithm and homogenization, J. Pure Appl. Algebra 97 (1994),
no. 3, 303-312.

[GOT04] M. Granger, T. Oaku, N. Takayama, Tangent cone algorithm for homogenized differential op-
erators, to appear in J. Symbolic Comput.

[GP96] G.-M. Greuel, G. Pfister, Advances and improvements in the theory of standard bases and syzygies,
Arch. Math. 66 (1996), 163-176.

[GPS04] G.-M. Greuel, G. Pfister, H. Schonemann, SINGULAR 2.0.5 A Computer Algebra System
for Polynomial Computations. Center for Computer Algebra, University of Kaiserslautern (2004).
http://www.singular.uni~kl.de

[HT00] B. Huber, R. Thomas, Computing Grébner fans of toric ideals, Bxperimental Mathematics 9
(2000), no. 3, 321-331.



116

[Lau87] Y. Laurent, Polygéne de Newton et b-fonctions pour les modules microdifférentiels, Ann. Sci.
Ecole Norm. Sup. (4) 20 (1987), no. 3, 391-441.

[LMS9] Y. Laurent, Z. Mebkhout, Pentes algébriques et pentes anolytiques d’un D-module, Ann. Sci.
Ecole Norm. Sup. (4) 32 (1999), no. 1, 39-69.

[Laz8&3] D. Lazard, Grobner bases, Gaussian elimination and resolution of systems of algebraic equations,

EUROCAL’83, Springer Lecture Notes in Computer Science 162 (1983}, 146-156.

[LT73] M. Lejeune-Jalabert, B. Teissier, Transversalité, polygone de Newton, et installations, Singularités
& Cargese (Rencontre Singularités Géom. Anal., Inst. études Sci. de Cargsse, 1972), pp. 75-119.
Astérisque, Nos. 7 et 8, Soc. Math. France, Paris, 1973.

[Ma89] H. Matsumura, Commutative ring theory. Translated from the Japanese by M. Reid. Second
edition. Cambridge Studies in Advanced Mathematics, 8. Cambridge University Press, Cambridge,
1989.

[Meb96] Z. Mebkhout, Le polygone de Newton d’un Dx-module, Algebraic geometry and singularities
{(La Rabida, 1991), 237-258, Progr. Math., 134, Birkh&user, Basel, 1996.

[Mo82] F. Mora, An algorithm to compute the equations of tangent cones, Proc. EUROCAM. 82, Lecture
Notes in Computer Science 144 (1982), Springer, pp. 158-165.

[MRS88] T. Mora, L. Robbiano, The Grébner fan of an ideal, J. Symbolic Comput. 6 (1988), no. 2-3,
183-208.

[Ro85] L. Robbiano, Term orderings on the polynomial ring, EUROCAL °85, Vol. 2 (Linz, 1985), 513-517,
Lecture Notes in Comput. Sci., 204, Springer, Berlin, 1985.

{SST00] M. Saito, B. Sturmfels, N. Takayama, Grobner deformations of hypergeometric differential equa-
tions, Algorithms and Computation in Mathematics 6, Springer-Verlag, Berlin, 2000.

[St95] B. Sturmfels, Grébner Bases and Convez Polytopes, University Lecture Notes 8, American Math-

ematical Society, Providence, 1995.

[Ta91] N. Takayama, Kan: A system for computation in algebraic analysis, 1991-. See www.math.kobe-
u.ac.jp/KAN/. Version 1 (1991), Version 2 (1994}, the latest version is 2.990914.

[Zi95] G. Ziegler, Lectures on Polytopes, Springer, New York, 1995.



