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Algorithm 1..1 (Computation of the cohomology groups H ¥(U,Cy))
Input : a polynomial f € Q[z1,. .., Zn).
Output : H*¥(U, Cy) for 0 < k < n where U = C*\ V(f).

1. Find a left ideal I such that _ )
Q[I y "'f—] ~ An / I
as a left A,-module. ' '
2. Let J be the formal Fourier transform of I;

J= Ilz,»

——8;,0;—x;

3. Compute a free resolution of length n + 1

p_ L+l L™ D L )
An(n+1) N Aﬁ_"'—>An(n 1)"'—'>A£0’_>An/c]—‘>07

(po = 1) of A,/J by using Schreyer’s theorem [5, Theorem 15.10] with an order which
refines the partial order defined by the weight vector :

O, - O, T - xn
(1 -+ 1 =1 --o =1 ).

4. Compute the cohomology groups of the complex of Q-vector spaces.
(An/(21An + -+ + TnAy) @4, AP+, 185,

Then, the (k—n)-th cohomology group Ker (1® L¥=")/Im (1® L*~""1) of the complex
above tensored with C gives H*(U, Cy).. : '

2797 1RO Procedure 2.1 THEL {FHHATH. A7 v 7 2,3, 413 XD Procedure
3.1 CEHLHBETE. A7 v72,3,413 Ay/I DRTOFER

HE™(An) (1A + -+ 0aAn) @Y An/I),

CEPES RV S EFERLTH . DMBOMBTIE, 0N by EHOHLE

| L A1 = [ Qlw1/1]
EELIELH. EHIC, CORKD k—n RIKEOVEE [57 A /T LES

2. Qlz,1/f] PEETFINTYZ L
FTATYILL1IDATF YT 1 E2FHHAL L9 ([11)).
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Procedure 2..1 (Computing the differential equations for 1/f; step 1 of Algorithm 1..1).

Input: f.
Output: a left ideal I of A, such that Q[z,1/f] ~ A,/I.

1. (Computation of the annihilating ideal of f9)
Compute
of of

<t - f(fL'), 8_.’1316t + 81, ey 5;-;8,5 + 8n) N Q[tatKI, Bz)

Replacing t0; by —s — 1, we obtain the left ideal Ann f* in Q[s](z, 0,).
2. (Computation of the b-function of f) '
Compute the generator b(s) of

(Ann f°, £) N Q[s]

by an elimination order z, 0, > s.
3. Let 7o be the minimum integral root of b(s) = 0. Put I = (Ann f*), . Then, we
have Q[z, 1] =~ An/I.

LZER b(s) % f o b-RIEL & 5.
5l 2.1 f=2(1—-2x) ITRL T,
Ann f* = (z(1 - )8, — s(1 — 2z))
b, fOVEAKTIs+1THDY,
[(1-22)8, +4(1+ s)]ft = (s + 1) f5,
% BBRRE BT, Lo,
Qlz, 1/f] = Qfz, 8,)/(a(1 - )8, + (1 — 22))

ERb.

Bl2.2 f =2~y LB ROFEQla,y, 1/f] = Ao)I ¥ H72F LI BEAFTN I
Y ¥Z 9. Kit kan/k0 DENIHERTH 5.

In(9)= a = annfs(x"3-y~2, [x,y1);

Computing the Groebner basis of

[ vxt+x"3-y"2 , -v¥ku+l , -3%u*x"2+«Dt+Dx , 2*wky*Dt+Dy ]
with the order u, v > other elements.

In(10)=a :
[3*x~2%Dy+2*y*Dx , —6%(-1-5)-2%x*Dx-3*y*Dy-6]
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In(11)=b=ReducedBase(Eliminatev(Groebner (Append[a,y~2-x~3]),
[x,y,Dx,Dyl));

In(12)= b:

[ -216*5"3-648%s"2-642%5-210 ]

In(13)=Factor(b[0]):

[L(-6, 1], [6xs+5 , 1], [6xs+7 , 11, [s+1 , 11 ]

s=—17% bEROB/NERRL DT,

Q[z,y,1/f] ~ A3/ (32°, + 2y8,, —220, — 3yd, — 6)
th b,

3. BOOEET7IT VX L
BRICES
H*™An/(014n + -+ + 0 An) @Y% An/1).

ERBETAT VTV LEHAL LS. ZOT VT XAk (13, Theorem 5.3) % I % 7 —
VIERLIZATTN JICHERALZODTH 5.
TIAP wEBRDLIZEDD.

81 PN 6n xl P Tn
w = ( 1 .o 1 —1 oo —1 ).

Fp={f € Ay |ord,(f) <k}
EBL. 27T .
ordy,(z°0°) = —|a| + |b].

Procedure 3..1 [13] (Computing the D-module theoretic integral of A, /I; steps 2, 3 and
4 in Algorithm 1..1)

Input: a left ideal I of A,. (A/I is holonomic.)
Output: The —k-th cohomology groups of A,/(814,+ - -+0,4,) ®ﬁn Ap/Ifor0 <k <n.

1. Let J be the formal Fourier transform of I;

J = I!zi»—o—Bi,az-»—»xi,(i=l,.,.,n) °

2. Let G be a Grobner basis of the left ideal J with the weight vector w. Find the
generator b(0; + - -- + 6,) of

(inu(G) NQb1 +---+6,), 6; =0,
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3. Let k; be the maximum integral root of b(s) = 0. If there exists no integral root, then
quit; the cohomology groups are all zero in that case.
4. Let <, be a refinement of the partial order by w. Construct a free resolution

(n+1) L1
AP-(tn) L7 AP-n L7 pP--D) --L—>Aﬁ°—>An/J——>O

with py = 0 by using the Schreyer orders associated with <.
5. (Computation of degree shifts) Put s? = 0 and

k+1 —(k+1) k ;
sitt = Joax (ordw(Lij )+ Sj) (1 <4< poeen))

successively.

6. Compute the cohomology groups of the 1nduced complex

L2 F_ 31/(F_ +245) @B Fryay_[(Fo1 + TA,)

L Fo/(Fi+24,) B0

as a complex of Q-vector space where A, = 14, +---+z,A,. Then, the (k —n)-th
cohomology group
Ker L*=" /Im ¥~}

of this complex gives H*(U, Cy).
AT YT 27T, iy (Capyer cavr®@®) 1d w-1 =3 ¥ VEIER

> ez, m = max (w, (a, b))

(w,(a,b))=m (a,b)erl
AERTS. TR Z OBEBORKETH 5. . |
5l 3.1 Q[z] % IE:"BEf~—a:(1—m) 2ZRB. ATTIANVREQ(z,8,) #HSHT. Bith

DHEITHI= L A Q[z, 1/ ] =~ A/ (p), p=z(l-1)0; —(2x—1) THo7-. p@ﬂ:"t7—
VIZEHIIp=—202~ 120, THAH. —x #ELVHITHILIZLY

—zp=60(0—1)+10, 6=zd,

ZR5B. L1 oT, ZOBED b-B% (F %’( B HBEADEH A% Frobenius DFFEIZTT
CAz=0TOFHELERIIPEO R W) Ids(s—1) THE. LA >T, BB BED
DT =5 k12 1 Thb. A/() OHESEL

(xa —z0z)

0— A YA A — 0

b k=1THY, £7220%? — 10, |2 & 5 degree shift iX 1 DT, TZ%&:—J@K'\
e ARCY T Rl -4 N Es

0 — Fo/(F_1+ zA) (xa —40) F/(F.,+zA) —0
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THb. ’ |
Fo/(F.l +LEA) = Q, Fl/(F_.l + ZL‘A) = Q + an

THY, T R/(F+1A) IZBVWT1- (202 -20,)=0%DT
H'=FR/(F.,1+zA) = Q, H’=Fy/(F_, +zA) = Q°

LB EHbHD. oTU=C\{0,1} ®IkED VB

| H(U,Cy)=C, H'(U,Cy)=C?

Yih, REUVHEE IREUIEOKT Y ALIHBRICLE Y 20 2T bAEBLY
r=1%FbLENF1 %ﬁﬂ*%uvﬁwiﬁzﬁtﬁmﬁ“é.

f5il 3..2 (Cohomology groups of C2\ V(23 2))

LIFiE kan/k0 DHHTH 5.
In(43)= bb—bfunctlonForIntegral([3*x 2xDy+2xy*Dx , -2*x*Dx-3*y*Dy-6] , [x,y]) ;
In(44)= bb:
[ -216%s"3+432%s"2-264*s+48 ]
In(45)= Factor(bb): .
[[-24, 1], [ 3*s-2, 1], [s-1, 11, [ 3*s-1, 1 1]]
In(46)=integralOfModule ( [3*x"2*Dy+2*y*Dx , -2*x*Dx-3*y*Dy-6], [x,y],1,1,2):
CZITLL2 RENTN, b-BIBOBNERIR, BB, SBOFEOIT LY ) RET
H5.
0-th cohomology: [ o, [ 11
-1-th cohomology: [ 1, [
-2-th cohomology: [ 1, [

Z oA | .
H°(U,Cy)=C, HYU,Cy)=C, H*UCy)=0
% EHRT 5. | |
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