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» Let f : C"t! — C be a “tame” polynomial function.
» Coordinates x = xg, ..., %, on C"! and t on C.
» Partial derivatives 9 = 0O, ..., 0x, and 0.
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Milnor numbers

Let f : C""! — C be a “tame” polynomial function.

Coordinates x = xp, ..., X, on C""1 and t on C.
Partial derivatives 0 = 0y, ..., 0x, and 0.
f has finite critical set Cr and discriminant Df (by tameness).
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Let f : C""! — C be a “tame” polynomial function.

Coordinates x = xp, ..., X, on C""1 and t on C.
Partial derivatives 0 = 0y, ..., 0x, and 0.
f has finite critical set Cr and discriminant Df (by tameness).

Global Milnor number:

= dim¢ C[x]/(2 Z T8

xeCy

where iy is local Milnor number at x € Cr.
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Let f : C""! — C be a “tame” polynomial function.

Coordinates x = xp, ..., X, on C""1 and t on C.
Partial derivatives 0 = 0y, ..., 0x, and 0.
f has finite critical set Cr and discriminant Df (by tameness).

vV VvV VvYyVvYyy

Global Milnor number:

= dim¢ C[x]/(2 Z T8

xeCy

where iy is local Milnor number at x € Cr.

» f~1(t) homotopic to bouquet of y — >_f(x)=t Hx n-spheres.

(O
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» f: C"1\Cr — C\Ds is locally trivial fibration (by tameness).
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» f: C"1\Cr — C\Ds is locally trivial fibration (by tameness).
» H(f~1(t)) = Z*, t ¢ Dy, form a local system S of rank p.
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Monodromy

» f: C"1\Cr — C\Ds is locally trivial fibration (by tameness).
» H(f~1(t)) = Z*, t ¢ Dy, form a local system S of rank p.

» Monodromy: Ty (C\Ds) acts on H"(f1(¢)) by
“lifting closed loops along sections” in S.
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» f: C"1\Cr — C\Ds is locally trivial fibration (by tameness).
» H(f~1(t)) = Z*, t ¢ Dy, form a local system S of rank p.

» Monodromy: Ty (C\Ds) acts on H"(f1(¢)) by
“lifting closed loops along sections” in S.

?

» Sections of S are solutions of a differential system G.
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My Algorithms...

» ...compute G, a direct image in D-modules,
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My Algorithms...
» ...compute G, a direct image in D-modules,

» ...the monodromy around Dy,
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My Algorithms...
» ...compute G, a direct image in D-modules,

» ...the monodromy around Dy,
» ...and much more:
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My Algorithms...
» ...compute G, a direct image in D-modules,

» ...the monodromy around Dy,
» ...and much more:
» the spectrum and spectral pairs,

Mathias Schulze Gauss-Manin Systems in Singular



Milnor numbers
Tame polynomials Monodromy
My Algorithms
References

My Algorithms

My Algorithms...

» ...compute G, a direct image in D-modules,

» ...the monodromy around Dy,
» ...and much more:

» the spectrum and spectral pairs,
» the mixed Hodge structure over C,
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» ...compute G, a direct image in D-modules,
» ...the monodromy around Dy,
» ...and much more:

» the spectrum and spectral pairs,
» the mixed Hodge structure over C,
» good bases of the Brieskorn lattice.
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» ...compute G, a direct image in D-modules,
» ...the monodromy around Dy,
» ...and much more:

» the spectrum and spectral pairs,
» the mixed Hodge structure over C,
» good bases of the Brieskorn lattice.

» ...are specialized but avoid complicated computations:
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» ...compute G, a direct image in D-modules,
» ...the monodromy around Dy,
» ...and much more:

» the spectrum and spectral pairs,
» the mixed Hodge structure over C,
» good bases of the Brieskorn lattice.
» ...are specialized but avoid complicated computations:
> no rings of differential operators,
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» ...compute G, a direct image in D-modules,
» ...the monodromy around Dy,
» ...and much more:

» the spectrum and spectral pairs,
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» good bases of the Brieskorn lattice.

» ...are specialized but avoid complicated computations:

> no rings of differential operators,
» no Bernstein-Sato polynomials.
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My Algorithms...

» ...compute G, a direct image in D-modules,
» ...the monodromy around Dy,
» ...and much more:

» the spectrum and spectral pairs,
» the mixed Hodge structure over C,
» good bases of the Brieskorn lattice.
» ...are specialized but avoid complicated computations:
> no rings of differential operators,
» no Bernstein-Sato polynomials.

» ...are based on deep results by Claude Sabbah.
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Gauss-Manin system

» Cohomology of fibres is encoded in Gauss-Manin system:

Qn+1[at]
(d — 9:df)(Q"[04])

G = H(f,0) =
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Gauss-Manin system

» Cohomology of fibres is encoded in Gauss-Manin system:
Qn+1[a ]

(d — 9:df)(Q"[04])

» G is regular holonomic C[t, 0¢]-module with invertible 0.
» t=[f] on Q"1
> 67? [at] on G.

0 = 0; ! = [df o d~!] on Brieskorn lattice
H = img(Q"1) C G.

G = H"(£,0) =

Mathias Schulze Gauss-Manin Systems in Singular



Gauss-Manin system

Module structure of H
Brieskorn lattice Good bases of H

Example with SINGULAR

Gauss-Manin system

» Cohomology of fibres is encoded in Gauss-Manin system:

Qn+1[at]
(d — 9:df)(Q"[04])

» G is regular holonomic C[t, 0¢]-module with invertible 0.
» t=[f] on Q"1
> 9, =[] on G.
» 0 = 9; ! = [df o d~1] on Brieskorn lattice
H = img(Q"1) C G.
» Clearing denominators in d — 0;df = d — 0~ 1df yields
Qn+1[9]

1= (aF —oay(@pa) G =Hlo™]

G = H"(£,0) =
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Example with SINGULAR

Gauss-Manin system

» Cohomology of fibres is encoded in Gauss-Manin system:

Qn+1[at]
(d = 9edf) (2"[04])
» G is regular holonomic C[t, 0¢]-module with invertible 0.
» t=[f] on Q"1
> 67? = [at] on G.
» 0 = 9; ! = [df o d~1] on Brieskorn lattice
H = img(Q"1) C G.
» Clearing denominators in d — 9;df = d — 7 1df yields
Q1]

1= (aF —oay(@pa) G =Hlo™]

» Theorem (Sabbah): H is free C[f]-module of rank .

G = H(f,0) =
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Module structure of H

» Recall that H is a C[6, t]-module, 6 = ;.
>3t\ 1:[3t,t]=3tt—t3t |9

= 1=02t0—0"1t=[0"2t,0].
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Module structure of H

» Recall that H is a C[6, t]-module, 6 = ;.
’615‘ 1:[3t,t]=3tt—t3t |9

= 1=02t0—0"1t=[0"2t,0].

» Conclusion: 07 2t=:0y = t=0°0y = t=/[f+6%0).
» ¢-basis representation of t: ¢A = t(¢), Ac C[H]"*",

to?:?o(A+9289).
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Example with SINGULAR

Module structure of H

» Recall that H is a C[6, t]-module, 6 = ;.
’615‘ 1:[3t,t]=3tt—t3t |9

= 1=02t0—0"1t=[0"2t,0].

» Conclusion: 07 2t=:0y = t=0°0y = t=/[f+6%0).
» ¢-basis representation of t: ¢A = t(¢), Ac C[H]"*",

to?:?o(A+9289).

> Base change formula: ¢’ = ¢U,

A = U (A+0%0)U.
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Good bases of H

» Theorem (Sabbah): 3 good basis ¢ of H:
» t=A+0%0, A=A+ 0A;, A €CHH
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Good bases of H

» Theorem (Sabbah): 3 good basis ¢ of H:
» t=A+0%0, A=A+ 0A;, A €CHH

(€3]
» Al = B OéiGQy ¢f€VQiH'

Ay
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Good bases of H

» Theorem (Sabbah): 3 good basis ¢ of H:
» t=A+0%0, A=A+ 0A;, A €CHH

(€3]
» Al = B OéiGQy ¢f€VQiH'

Ay

» Monodromy around Dy :

Too = exp(—QWi(gr;\[/(AO) + Al))'
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Good bases of H

» Theorem (Sabbah): 3 good basis ¢ of H:
» t=A+0%0, A=A+ 0A;, A €CHH

(€3]
» Al = B OéiGQy ¢f€VQiH'

Ay

» Monodromy around Dy :

Too = exp(—QWi(gr;\[/(AO) + Al))'

» Spectrum of H: spec(H) = {a1,...,a,}.

Mathias Schulze Gauss-Manin Systems in Singular



Gauss-Manin system

Module structure of H
Brieskorn lattice Good bases of H

Example with SINGULAR

Good bases of H

» Theorem (Sabbah): 3 good basis ¢ of H:

» t=A+0%0, A=A+ 0A;, A €CHH
Qi

» Al = B OéiGQy ¢f€VQiH'

Ay

» Monodromy around Dy :

Too = exp(—QWi(gr;\[/(AO) + Al))'

» Spectrum of H: spec(H) = {a1,...,a,}.

» Also spectral pairs (mixed Hodge numbers) can be read off.
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Example with SINGULAR

> Let f = x4y +z+ x°y%7%
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Example with SINGULAR

> Let f:x+y—|—z—|—X2y222
> p=1, 0%x—30x%+x3 ,2x 106%x? 259x +5 4 ——0x+25 2,
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Example with SINGULAR

Example with SINGULAR

> Let f = x4y +z+ x°y%7%
> p=1, 0%x—30x°4x3, 5x 106%x? 259x3+%x4 ——0x+25 2,

000 -2 0 30000
000 0 2 01000
»A=|100 0 O0|+6f[0 0 3 00
010 0 O 00020
001 0 O 0000 3
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Example with SINGULAR

> Let f = x4y +z+ x°y%7%
> ¢ =1, 0%x—30x°4x3, 5x 106%x? %9X3+%X4,—%0X+245X2.

000 -2 0 30000
000 0 2 01000
»A=|100 0 O0|+6f[0 0 3 00
010 0 O 00020
001 0 O 0000 3
» Monodromy around Df: T, = exp(—2m(gr¥(Ao) + Al))
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Example with SINGULAR

> Let f = x4y +z+ x°y%7%
> ¢ =1, 0%x—30x°4x3, 5x 106%x? %9X3+%X4,—%0X+245X2.

000 -2 0 30000
000 0 2 01000
»A=|100 0 O0|+6f[0 0 3 00
010 0 O 00020
001 0 O 0000 3
» Monodromy around Df: T, = exp(—2m(gr¥(Ao) + Al))

» 2 x 2 Jordan block with eigenvalue 1.
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Example with SINGULAR

> Let f = x4y +z+ x°y%7%
> ¢ =1, 0%x—30x°4x3, 5x 106%x? %9X3+%X4,—%0X+245X2.

000 -2 0 30000
000 0 2 01000
»A=|100 0 O0|+6f[0 0 3 00
010 0 O 00020
001 0 O 0000 3
» Monodromy around Df: T, = exp(—2m(gr¥(Ao) + Al))

» 2 x 2 Jordan block with eigenvalue 1.
» 3 x 3 Jordan block with eigenvalue —1.

» Note: A; inherit symmetries from mixed Hodge structure.
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Naive approach

t-stable sublattice of H
V-filtration at infinity
Spectrum test for equality

Algorithm 3
e Algorithm for good bases

Naive approach

» Identify Q"1 = C[x] to get infinite C[]-presentation:

Qi C[x, ]

(df —0d)(Q"[0])  (O(F) — 69)(Clx,6]"")
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Naive approach

t-stable sublattice of H
V-filtration at infinity
Spectrum test for equality

Algorithm 3
e Algorithm for good bases

Naive approach

» Identify Q"1 = C[x] to get infinite C[]-presentation:

Qn+1[9] _ @[57 9]
(df —0d)(Q"[0])  (O(F) — 69)(Clx,6]"")

> C[x, Q]Sk denotes polynomials of x-degree < k.
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Naive approach

t-stable sublattice of H
V-filtration at infinity
Spectrum test for equality

Algorithm 3
e Algorithm for good bases

Naive approach

» Identify Q"1 = C[x] to get infinite C[]-presentation:

B Qn+1[9] B @[57 9]
" (@ —0d)(@10) ~ (2(F) — 60)(Clx,6]")

> C[x, Q]Sk denotes polynomials of x-degree < k.

» Truncate numerator and denominator of H:

Clx, e]gk HE — Clx, 9]<k
(8() - 00)(Clx,0]"")" " T (a(f) - 09)(Clx, 012}")

H* =
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Naive approach

t-stable sublattice of H
V-filtration at infinity
Spectrum test for equality

Algorithm 3
e Algorithm for good bases

Naive approach

» Identify Q"1 = C[x] to get infinite C[]-presentation:

B Qn+1[9] B @[57 9]
" (@ —0d)(@10) ~ (2(F) — 60)(Clx,6]")

> C[x, G]Sk denotes polynomials of x-degree < k.

» Truncate numerator and denominator of H:

Clx, e]gk k. Clx, 9]<k

Hk .= . HE: -
(0(F) - 09)(Clx, 0]""Y)" ' (a(F) - 09) (Clx, 01%)

K
T

= for >0

kC b
H = for k>0 H.

» Canonical maps: H,k
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Naive approach

t-stable sublattice of H
V-filtration at infinity
Spectrum test for equality

Algorithm o
b Algorithm for good bases

t-stable sublattice of H

» Recall the finitely presented C[f]-module
C[K, e]gk
(2(F) = 00) (Clx, O1217) N Clx. O

i
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Naive approach

t-stable sublattice of H
V-filtration at infinity
Spectrum test for equality

Algorithm 3
e Algorithm for good bases

t-stable sublattice of H

» Recall the finitely presented C[f]-module
Clx, e]gk
(0(F) = 00)(Clx. 012]") N CLx. Ol <
» Can compute Hf from C[6]-Grobner basis g of
(2(f) — 60)(Clx. 01} ")

w.r.t. monomial ordering on C|x, 0] refining x-degree.

i
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V-filtration at infinity
Spectrum test for equality

Algorithm 3
e Algorithm for good bases

t-stable sublattice of H

» Recall the finitely presented C[f]-module
Clx, e]gk
(0(F) = 00)(Clx. 012]") N CLx. Ol <
» Can compute Hf from C[6]-Grobner basis g of
(2(f) — 60)(Clx. 01} ")

w.r.t. monomial ordering on C|x, 0] refining x-degree.
> Let ko minimal s.th. x& € L(g) for ko < |a| < k.
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Naive approach

t-stable sublattice of H
V-filtration at infinity
Spectrum test for equality

Algorithm 3
e Algorithm for good bases

t-stable sublattice of H

» Recall the finitely presented C[f]-module
C[K, e]gk
(2(F) = 00) (Clx, O1217) N Clx. O

Hy

» Can compute Hf from C[6]-Grobner basis g of
(9(f) - 60)(Clx, 6]2}7)

w.r.t. monomial ordering on C|x, 0] refining x-degree.
> Let ko minimal s.th. x& € L(g) for ko < |a| < k.
> If k — ko > deg,(f) = deg, (t) then Hf is t-stable.
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Spectrum test for equality

Algorithm 3
e Algorithm for good bases

t-stable sublattice of H

» Recall the finitely presented C[f]-module
C[K, e]gk
(2(F) = 00) (Clx, O1217) N Clx. O

Hy

» Can compute Hf from C[6]-Grobner basis g of
(9(f) - 60)(Clx, 6]2}7)

w.r.t. monomial ordering on C|x, 0] refining x-degree.
> Let ko minimal s.th. x& € L(g) for ko < |a| < k.
> If k — ko > deg,(f) = deg, (t) then Hf is t-stable.
» Can compute cyclic generators ¢ of H,k and ¢A = t(9).
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e Algorithm for good bases

t-stable sublattice of H

» Recall the finitely presented C[f]-module
C[K, e]gk
(2(F) = 00) (Clx, O1217) N Clx. O

Hy

» Can compute Hf from C[6]-Grobner basis g of
(9(f) - 60)(Clx, 6]2}7)
w.r.t. monomial ordering on C|x, 0] refining x-degree.
Let ko minimal s.th. x* € L(g) for ko < |a] < k.
If k — ko > deg, (f) = deg,(t) then Hf is t-stable.
Can compute cyclic generators ¢ of H,k and ¢A = t(9).

Method of increasing k and / successively yields
t-stable sublattice H,k C H with equality for k > 0.

vvyyyewy
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V-filtration at infinity

» Coordinate at infinity: 7=0"1=0,, 0,=—0%0y = —t.
» G regular C[t, 0¢]-module implies for C[¢, Jp]-structure:

» G singular only in 0 and oc.

» G regular at § = co and of type 1 at § = 0.
» V-filtration V, on G at infinity:

> V, is C[7]-lattice, a € Q.
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Algorithm 3
e Algorithm for good bases

V-filtration at infinity

» Coordinate at infinity: 7=0"1=0,, 0,=—0%0y = —t.
» G regular C[t, 0¢]-module implies for C[¢, Jp]-structure:

» G singular only in 0 and oc.

» G regular at § = co and of type 1 at § = 0.
» V-filtration V, on G at infinity:

> V, is C[7]-lattice, a € Q.

» N := 70, + «is nilpotent on gr’(G).
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Algorithm 3
e Algorithm for good bases

V-filtration at infinity

» Coordinate at infinity: 7=0"1=0,, 0,=—0%0y = —t.
» G regular C[t, 0¢]-module implies for C[¢, Jp]-structure:
» G singular only in 0 and oc.
» G regular at § = co and of type 1 at § = 0.
» V-filtration V, on G at infinity:
> V, is C[7]-lattice, a € Q.
» N := 70, + «is nilpotent on gr’(G).
> Note:
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V-filtration at infinity
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» G regular C[t, 0¢]-module implies for C[¢, Jp]-structure:
» G singular only in 0 and oc.
» G regular at § = co and of type 1 at § = 0.
» V-filtration V, on G at infinity:
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» Note:
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Algorithm 3
e Algorithm for good bases

V-filtration at infinity

» Coordinate at infinity: 7=0"1=0,, 0,=—0%0y = —t.
» G regular C[t, 0¢]-module implies for C[¢, Jp]-structure:
» G singular only in 0 and oc.
» G regular at § = co and of type 1 at § = 0.
» V-filtration V, on G at infinity:
> V, is C[7]-lattice, a € Q.
» N := 70, + «is nilpotent on gr’(G).
» Note:
» Can compute 70, = —00y) = —0~1t.
» Voyk = 0%V, for k € Z.
> Intermediate Vj differ by generalized eigenspaces of 70..
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Algorithm 3
e Algorithm for good bases

V-filtration at infinity

» Coordinate at infinity: 7=0"1=0,, 0,=—0%0y = —t.
» G regular C[t, 0¢]-module implies for C[¢, Jp]-structure:

» G singular only in 0 and oc.

» G regular at § = co and of type 1 at § = 0.
» V-filtration V, on G at infinity:

> V, is C[7]-lattice, a € Q.
» N := 70, + «is nilpotent on gr’(G).
» Note:
» Can compute 70, = —00y) = —0~1t.
» Voyk = 0%V, for k € Z.
> Intermediate Vj differ by generalized eigenspaces of 70..
Algorithm to compute V = V,:
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Algorithm 3
e Algorithm for good bases

V-filtration at infinity

» Coordinate at infinity: 7=0"1=0,, 0,=—0%0y = —t.
» G regular C[t, 0¢]-module implies for C[¢, Jp]-structure:

» G singular only in 0 and oc.

» G regular at § = co and of type 1 at § = 0.
» V-filtration V, on G at infinity:

> V, is C[7]-lattice, a € Q.
» N := 70, + «is nilpotent on gr’(G).
» Note:
» Can compute 70, = —00y) = —0~1t.
» Voyk = 0%V, for k € Z.
> Intermediate Vj differ by generalized eigenspaces of 70..
Algorithm to compute V = V,:

> Compute 79, -stable C[r]-lattice V := 3", (70:)(d)¢fr-

v
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Algorithm 3
e Algorithm for good bases

V-filtration at infinity

» Coordinate at infinity: 7=0"1=0,, 0,=—0%0y = —t.
» G regular C[t, 0¢]-module implies for C[¢, Jp]-structure:

» G singular only in 0 and oc.

» G regular at § = co and of type 1 at § = 0.
» V-filtration V, on G at infinity:

> V, is C[7]-lattice, a € Q.
» N := 70, + «is nilpotent on gr’(G).
» Note:
» Can compute 70, = —00y) = —0~1t.
» Voyk = 0%V, for k € Z.
> Intermediate Vj differ by generalized eigenspaces of 70..
Algorithm to compute V = V,:
» Compute 70,-stable C[r]-lattice V := 3", (79:)*(d)cr-
» Base change: eigenvalues of —79; on V/7V in [, v — 1).

v
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Algorithm q
b Algorithm for good bases

Spectrum test for equality

» Spectrum of F, on finite C-vector space V:

spec(F,) := {« with multiplicity dim@(grg(V))}.
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» Spectrum of F, on finite C-vector space V:
spec(F,) := {« with multiplicity dim@(grg(V))}.
> C[f]-lattice L C G defines L, by L, := 7PL.
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» Spectrum of F, on finite C-vector space V:
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Algorithm 3
e Algorithm for good bases

Spectrum test for equality

» Spectrum of F, on finite C-vector space V:

spec(F,) := {« with multiplicity dim@(grg(V))}.
> C[f]-lattice L C G defines L, by L, := 7PL.
» Spectrum of L: spec(L) := spec(V4(L/6L)).

» Lemma: For C[f]-lattices L, C L3 C G,
> spec(L1) < > spec(Lz) and equality implies L1 = L.
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> spec(L1) < > spec(Lz) and equality implies L1 = L.
» Identify spec(L;) with spec(L;,.(gr[‘é,l)(G))).
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Spectrum test for equality

» Spectrum of F, on finite C-vector space V:
spec(F,) := {« with multiplicity dim@(grg(V))}.

> C[f]-lattice L C G defines L, by L, := 7PL.
» Spectrum of L: spec(L) := spec(V4(L/6L)).
» Lemma: For C[f]-lattices L, C L3 C G,
> spec(L1) < > spec(Lz) and equality implies L1 = L.

» Identify spec(L;) with spec(L;,.(gr[‘é,l)(G))).

» Use linear algebra fact: subfiltrations equal iff > spec equal.
» Algorithm to compute spectrum of L:

» Compute minimal V-Grobner basis of L.
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Algorithm 3
e Algorithm for good bases

Spectrum test for equality

» Spectrum of F, on finite C-vector space V:
spec(F,) := {« with multiplicity dim@(grg(V))}.

> C[f]-lattice L C G defines L, by L, := 7PL.
» Spectrum of L: spec(L) := spec(V4(L/6L)).
» Lemma: For C[f]-lattices L, C L3 C G,
> spec(L1) < > spec(Lz) and equality implies L1 = L.

» Identify spec(L;) with spec(L;,.(gr[‘é,l)(G))).

» Use linear algebra fact: subfiltrations equal iff > spec equal.
» Algorithm to compute spectrum of L:

» Compute minimal V-Grobner basis of L.

> V-degrees of basis elements form spec(L).
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t-stable sublattice of H
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Spectrum test for equality

Algorithm 3
e Algorithm for good bases

Spectrum test for equality

» Spectrum of F, on finite C-vector space V:
spec(F,) := {« with multiplicity dim@(grg(V))}.

Cl0]-lattice L C G defines Lo by Ly := 7PL.
Spectrum of L: spec(L) := spec(V4(L/0L)).
Lemma: For C[f]-lattices L, C L; C G,
> spec(L1) < > spec(Lz) and equality implies L1 = L.
» Identify spec(L;) with spec(L;,.(gr[‘é,l)(G))).
» Use linear algebra fact: subfiltrations equal iff > spec equal.
Algorithm to compute spectrum of L:
» Compute minimal V-Grobner basis of L.
» V-degrees of basis elements form spec(L).

Theorem (Sabbah): Zspec( ) = oL

vyYyy

v

v
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» Theorem (Sabbah): N is strict w.r.t. H, on gr¥(G).

Mathias Schulze Gauss-Manin Systems in Singular



Naive approach

t-stable sublattice of H
V-filtration at infinity
Spectrum test for equality

Algorithm Algorithm for good bases

Algorithm for good bases

» Theorem (Sabbah): N is strict w.r.t. H, on gr¥(G).
» Compute H, (gr¥(G)) from V-Grébner basis ¢ of H.

Mathias Schulze Gauss-Manin Systems in Singular



Naive approach

t-stable sublattice of H
V-filtration at infinity
Spectrum test for equality

Algorithm Algorithm for good bases

Algorithm for good bases

» Theorem (Sabbah): N is strict w.r.t. H, on gr¥(G).
» Compute H, (gr¥(G)) from V-Grébner basis ¢ of H.
» Compute N-splitting:

Higr{(6) =D Ui, N(UL) € U™

jzk
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Algorithm for good bases

» Theorem (Sabbah): N is strict w.r.t. H, on gr¥(G).

» Compute H, (gr¥(G)) from V-Grébner basis ¢ of H.
» Compute N-splitting:

Hiegrd (G)=EP UL, N(U,) < Ut

jzk

» Choose lex. ordering: V-degree, UJO'C > Ué'fl.
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Algorithm Algorithm for good bases

Algorithm for good bases

>

Theorem (Sabbah): N is strict w.r.t. H, on gr¥(G).

Compute H, (grV(G)) from V-Grébner basis ¢ of H.
Compute N-splitting:

v

v

Higrd (G)=EP UL, N(UL) c U™

jzk

Choose lex. ordering: V-degree, UJO'C > Ué'fl.
Refine V-Grébner basis to minimal Grébner basis ¢' = ¢P.

vy
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Algorithm Algorithm for good bases

Algorithm for good bases

v

Theorem (Sabbah): N is strict w.r.t. H, on gr¥(G).

Compute H, (grV(G)) from V-Grébner basis ¢ of H.
Compute N-splitting:

v

v

Heerd (G) =P UL, N(UL) c U™
Jj>k
Choose lex. ordering: V-degree, UJO'C > Ué'fl.
Refine V-Grébner basis to minimal Grébner basis ¢' = ¢P.
Compute good ¢ and

vy

v

A = P A+6%0)(P)

by simultaneous normal form & base change in P.
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