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COMPUTING CHARACTERISTIC SETS OF ORDINARY
RADICAL DIFFERENTIAL IDEALS

BRAHIM SADIK

Abstract. We give upper bounds for the order of the elements in a charac-
teristic set of a regular differential ideal or a radical of a finitely generated
differential ideal with respect to some specific orderings. We then show how
to compute characteristic sets of these ideals using algebraic methods.
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1. INTRODUCTION

A characteristic set of an ideal, in a polynomial ring over a commutative field,
is a finite set of polynomials that preserves the main properties of the original
system. Moreover, this set has the lowest rank among all triangular sets in
the ideal. For polynomial rings over commutative fields, Gallo and Mishra [7]
realized an efficient algorithm for computing characteristic sets and studied its
complexity. For differential polynomial rings over zero characteristic fields and
for prime differential ideals, an algorithm has been described by Ollivier [9)].
This algorithm applies in some special cases. Computing characteristic sets
of prime differential ideals is also one application of the Rosenfeld—Grébner
algorithm developed by Boulier [2], Boulier et al. [4, 3]. The author [13] has
studied the complexity of computing characteristic sets of ordinary differential
ideals by change of orderings.

An open question (to my knowledge) is the computation of characteristic
sets for non-prime differential ideals. In this paper we solve this problem for
regular differential ideals and radicals of finitely generated differential ideals in
the ordinary case. Our method applies for orderings

Up <= Ug =Y < =< Yy,

where the first ¢ indeterminates form a parametric set for the ideal we consider.
When the ordering is not specified, we give sufficient conditions to compute
characteristic sets in these general cases. The paper is arranged as follows:
Ssection 2 is devoted to presenting some definitions and fixing some notations.
In Section 3, we give some properties of regular differential ideals and charac-
teristic sets. In the last section, which is the main one, we give upper bounds
for the order of the elements in a characteristic set of a regular differential ideal
or a radical of a finitely generated differential ideal. In Subsection 4.1 and for
regular differential ideals, we show how to find a basis for a polynomial ideal

ISSN 1072-947X / $8.00 / © Heldermann Verlag www.heldermann.de



516 B. SADIK

that contains this characteristic set. Subsection 4.2 is devoted to computing a
characteristic set of a radical of a finitely generated differential ideal. For this,
we need to apply the Rosenfel-Grébner algorithm [2, 4, 3] to a finite set of dif-
ferential polynomials ¢. Once we have a representation by regular differential
ideals, we can apply the Buchberger algorithm [1, 5, 6] to construct a basis from
which we extract a characteristic set of the radical differential ideal {¢}.

2. SOME DEFINITIONS AND NOTATION

Let F be a zero characteristic differential field and 6 be a derivation on
F. Let X = {z1,...,2,} be a finite set of differential indeterminates over
Fand ©X = {§z; | 1 <i < n,j >0} A derivative ¢7z; will be denoted
z;j. The integer j is the order of z;;, it will be denoted by ord(z;;). The
ring of differential polynomials (d.p.) R = F{x1,...,x,} in the differential
indeterminates x1, . .., z, with coefficients in F, is the polynomial ring F[©X].

Definition 1 ([8], p. 45). A total order < on ©X is called a ranking (or an
ordering) if it satisfies the following two conditions:

1. u < du Yu € 06X,
2. u<v= du < ov Yu,v € 0X.

A ranking < on ©X is an orderly ordering if the following holds:
ord(u) < ord(v) = u <v Yu,v € ©X.
A ranking z; < --- <z, on ©X is an elimination ranking if
1< J=xig <z V{EEN.

Fix a ranking < on ©X. Let f be a differential polynomial, not in F. The
leading derivative of f is the greatest element x; ; of ©X (w.r.t. <) that appears
in f, we denote it by Ld(f); the variable x; will be called the leading variable
of f and it will be denoted Lv(f). Assume that Ld(f) = v and write f =
L4 +1, (I #0), then Iy = I, is the initial of f and Sy = % is the separant
of f. The order of f in z; (ord(f,x;)) is the maximum integer j such that x; ;
appears effectively in f. Let D(f) be the set of all derivatives x; ; that appear
effectively in f, the order of f (ord(f)) being max{j : 31 <i <n|x;; € D(f)}.

Consider now a differential polynomial (d.p.) g that is not in F. A d.p. f is
less than g (f < g) if Ld(f) < Ld(g) or Ld(f) = Ld(g) = v and degree(f,v) <
degree(g,v). If neither f < g nor g < f, we say that f and g have the same
rank and we write f ~ g. We say that f is partially reduced with respect to
g if f is free of every derivative of Ld(g). It is reduced with respect to g if f
is partially reduced with respect to g and degree(f,Ld(g)) < degree(g, Ld(g)).
Let S be a subset of F{x1,...,x,}\F, we say that f is reduced (resp. partially
reduced) w.r.t. S if it is reduced (resp. partially reduced) with respect to each
element of S.

A subset A of R is called an autoreduced set if every element in A is reduced
w.r.t. all the others. An autoreduced set is necessarily finite (see [8], p. 77).
If A= {A,...,A,} is an autoreduced set with A; < Ay < --- < A,, then
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we denote A by A = Ay,...,A, Let A=A,,...,A,and B = B,,..., B, be
two autoreduced sets, we say that A is less than B (A < B) if either there is
some j < min(p,q) such that A; ~ B; for i < j and A; < Bj, or ¢ < p and
A; ~ B; for i < gq. If neither A < B nor B < A, we say that A and B have the
same rank, and we denote A ~ B. The pre-order defined above is artinian (see
8, 10]). If F'is a subset of R, then the set of all autoreduced sets of F' has a
minimal element, which we call a characteristic set of F.

An ideal Z of R which is closed under derivation is called a differential ideal.
The ideal 7 is a radical differential ideal if Z is a differential ideal and, for all
f € R, if some power of f belongs to Z, then f is also in Z. If S is a subset of
R, then we denote by (.5), [S] and {S}, respectively, the ideal, the differential
ideal, and the radical differential ideal generated by S.

Partial reduction ([8], p. 77, 78). Let A = Ay,..., A, be an autoreduced
set. Then for every differential polynomial I, we can compute a differential
polynomial R partially reduced w.r.t. A and integers ay,...,a, such that

Sit---SprF = R (mod[A]),
where S; = Sy, for 1 < <p.

Algebraic reduction. Let f and g be two differential polynomials such that
f is partially reduced w.r.t. g. Then we can compute a differential polynomial
h reduced w.r.t. g and an integer £ such that I f = h (mod(g)).

Full reduction. A full reduction of a differential polynomial F' by an autore-
duced set A = A,,..., A, can be computed as follows: we first reduce partially
F war.t. A, then we reduce algebraically the result by A,, A,_; and so on. So
we can compute a d.p. R = prem(f; A) which is reduced w.r.t. A and satisfies

[? . _,[épSfl . ..S;Pf = R (mod[A]),

where [, = 14,,S, = Sa, and i, s, are nonnegative integers. In particular, a
characteristic set of a differential ideal Z is an autoreduced set of Z that reduces
every element of Z to zero.

Let H be a finite set of d.p. and H* be the free multiplicative semigroup
generated by 1 and H. For any subset S of d.p., we denote (S) : H> (respec-
tively [S] : H*) the ideal of all d.p. f for which there exists h € H* such that
hf € (S) (respectively hf € [S]). Let A be an autoreduced set of R, then H4
denotes the set of initials and separants of the elements in A. The differential
ideal [A] : HY will be called the regular differential ideal associated to A. The
notion of regular differential ideals was first introduced by Boulier et al. in [4].

It is known that any radical differential ideal Z is the intersection of a finite
number of prime differential ideals Z = P; N --- N P,.. The ideals P are called
components of Z. A component P; is said to be redundant if Z = M;4,;P;. A
component which is not redundant is called a minimal prime component of Z.

A subset {uy,...,u,} of {x1,...,2,} is differentially independent modulo Z
if

INF{u,...,us} = (0).



518 B. SADIK

It is differentially dependent otherwise. Such a subset is called a parametric set
of 7 when it is differentially independent modulo Z and its cardinal is maximal.
The cardinal of a parametric set of Z is called the dimension of Z and will be
denoted by dim(Z).

Let {uy,...,u,} be asubset of {z1,...,z,}, then we denote by F(uy,...,u,)
the fraction field F(u;;,j € N,1 < i < ¢) equipped with the derivation d.

3. SOME PRELIMINARY PROPERTIES

In this section, R = F{z1,...,2,},Rs = Flz;j, 1 < i < n, j < s] and
Z(s) =Z NR; for a differential ideal Z.

Lemma 1. Let C = Cy,...,C, be a triangular set of R, (Ld(C;) # Ld(C;)
Vi # j). Let Ho be the set of initials and separants of C;. If L denotes the set
of the leading derivatives of the elements of C, then

1) the ideal I = (C) : HY is a radical ideal in R,
2) the set N = {x;;, 1 <i<mn, j<s}\L provides a parametric set, in a
nondifferential sense, for every minimal prime component P of I.

Proof. See [3], Theorem 2.1. O

Lemma 2. Let A := Ay,..., A, be an autoreduced set in R with respect to
an orderly ordering such that 1 ¢ T = [A] : HY. Let s > max{ord(A4;) : 1 <
i < p}, then

I(s) = (67 Ay, ord(6’A;) <5, 1 <i <p): HY.

Proof. Denote J(s) = (687 A;, ord(67A;) < s, 1 <1 < p): HY. We shall prove
that Z(s) = J(s). The inclusion J(s) C Z(s) is clear. Let us prove the converse
one. For this consider a polynomial f € Z(s). Reducing it partially by A, we
get a formula

St S f— Ry =0 mod(6’A;, ord(67A;) <s, 1 <i<p).
By the Rosenfeld lemma ([12], p. 397), the pseudo-remainder R, belongs to
(A) : HY. Since s is great enough we get (A) : HY C J(s) and hence f €
J(s). O
Proposition 1. Let A := Ay,..., A, be an autoreduced set in R with respect
to an orderly ordering such that 1 ¢ T = [A] : HY. Then

e T is a radical differential ideal.

e 7T and its minimal prime components have the same differential tran-
scendence function.

o When s > max{ord(4;) : 1 <i < p} the differential transcendence func-

P

tion of T is equal to (n — p)(s+ 1) + h, where h = > ord(A4;) and n is
i=1

the number of differential indeterminates.

Proof.
e See [3].
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e By [3], Z and its minimal prime components have characteristic sets
which have the same leading derivatives. Hence they have the same
differential transcendence function.

e Let us prove the last point. Let s > max{ord(4;) : 1 <1i < p}, then by
Lemma 2

I(s) = (A, j <s—ord(4;), 1 <i<p): HY.
The cardinal of the family
§A;, j<s—ord(4;), 1<i<p
is equal to p(s + 1) — i ord(A;). Hence the dimension of Z(s) is equal
to(n—p)(s+1)+ Z%j ord(A4;) by lemma 1. O
Definition 2. Let A := A;,..., A, be an autoreduced set in R w.r.t. an
orderly ordering such that 1 ¢ Z = [A] : HY. The integer h = i ord(A4;) will
be called the order of Z. It will be denoted by ord(Z).! -

Remark 1. Let < be an orderly ordering and Z be a prime differential ideal
in R. We know that 7 admits a characteristic set C = C,...,C, wrt. <
such that Z = [C] : H¥. Hence we may define the order of 7 as in the last
definition.

The following result goes back to [13].

Theorem 1. Let T be an ordinary prime differential ideal of order h. Then
with respect to any ranking, the ideal I admits a characteristic set in which the
order of each element cannot exceed h.

We get immediately the following result.

Proposition 2. Let T be an ordinary prime differential ideal and uy, . .., uq,
be elements of {x1,...,x,}. Let h = ord(Z) and assume that uy,...,u, are
differentially dependent modulo . Then the ideal T contains a d.p. U that
depends only on ui,...,u, and is of order less than or equal to h.

Lemma 3. Let Cy,...,Cy be a triangular set (Ld(C;) # Ld(C})) for i # j)
of R and f € R. Assume that a deriwative v appears effectively in f and not
in any C; for 1 <1 < . Then f belongs to (Cy,...,Cy) : HY implies that the
coefficients of f arranged as a polynomial in v are also in (Cy,...,Cy): HY.
Proof. We have f € (Cy,...,Cy) : HY. There exist « € Nand My,..., M, € R
such that

Hef = MCy+ - - -+ MCl.
Denote r = max{deg(f,v),deg(M;,v) : 1 <i < (¢} and write f and the polyno-
mials M; as polynomials in v. Therefore we obtain
="+t fivt fo

I Proposition 1 implies that the definition of ord(Z) is independent of A.
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and for 1 <17 </ we get
M; = M; 0" + -+ M; v + M.

Furthermore, the equation
¢
He(frv" + .o+ fiv+ fo) = Z(MMUT + -4 Migv + M) C;
i=1
yields
HEfy = My ;Cr+ -+ M ;G

for 1 < 7 < r. This completes the proof of the lemma. O

Lemma 4. Let C := C},...,C, be a characteristic set of a prime differential
ideal T in R w.r.t. an orderly ordering <. Let y; = Lv(C;) for 1 < i <

p and uy,...,u, be the other differential indeterminates. Then C' is also a
characteristic set of the prime differential ideal

j:{g, ferz, O;ége]:{ul,...,uq}}

in Fluy,...,ug){yr, ..., yp} w.r.t. to the ranking < on yi,...,y,.

Proof. Consider C' as an autoreduced set in F(uy, ..., ug){v1,-..,yp}. Let f €
J and Ry, = prem(f;C). There exists a relation H{f — Ry = 0 mod [C]
in Fluy,...,ug){yi,...,yp}. The polynomial Ry lies in J, then there exists
0# M e F{uy,...,u,} such that MRy € Z. Since MRy is reduced w.r.t. A it
must vanish. Thus Ry = 0 and the proof is completed. 0

Lemma 5. Let C := C},...,C, be a characteristic set of a prime differential
ideal T in R w.r.t. an orderly ordering <. Let y; = Lv(C;) , e; = ord(C}, y;)
and f € R such that ord(f,y;) < s for 1 <i < p and some integer s > max{e; :
1 <i<p}. Then f lies in T if and only if it lies in the ideal

(67Cs,j < s—e;, 1 <i<p): HY.
Proof. Assume that f € Z. Let
{uy, .., ugt ={z1, ..,z \{y1, -, yp}
and
G =F(u,... ug).
By the preceding lemma, C,...,C), is a characteristic set of the ideal

J = {g, fer, O#gef{ul,...,uq}}
in G{y1,...,y,} w.rt. to the ranking < on yi,...,y,. Since the order of f as
an element of G{yi,...,y,} is less than or equal to s, we obtain
feT(s)=(Cij<s—e,1<i<p): HZ
by Lemma 2. Therefore we get a relation
H&f=0mod (8Ci, j<s—e;, 1<i<p)in G{yi,..., ¥}
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Multiplying the last relation by a suitable element U of F{us, ..., u,} we get a
formula ‘
HZUf =0mod (0'C;, j <s—e;, 1 <i<p).

in F{x1,...,z,}. Since {uy,...,u,} is a parametric set for Z, we obtain the
desired result. O

Lemma 6. Let C := C},...,C, be a characteristic set of a prime differential
tdeal T in R with respect to an elimination ordering r; < --- < x,. Let

h = ord(Z) and denote by y; the leading variable of C; for 1 < i < p. Let

s be an integer and f be a differential polynomial such that ord(f,y;) < s for
1<i<p. Then, f €T if and only if f € (C;, 1 <i<p, j<s): HY.

Proof. The converse implication is clear. Let us prove the direct one. Using
Theorem 1, we may assume that ord(C;) < hfor 1 < i < p. Let ¢; = ord(C;, ;).
In each C; and f, replace each derivative y;¢ by yje4n—e; for 1 < j < p, giving a
characteristic set C' = (1, ..., C, of a prime differential ideal J with respect to
an orderly ordering. Now f € T if and only if f € J. Since ord(f,y;) < s+ h
and ord(C;) = h for 1 <i < p, we have by Lemma 5, f € (5’C;, 1 <i<p, j <
s) : HE. Hence we are done. O

4. CHARACTERISTIC SETS OF RADICAL DIFFERENTIAL IDEALS

We recall that R = F{zy,...,2,},Rs = Flzij,1 < i < n,j < s| and
Z(s) =Z NR; for a differential ideal Z.

In the sequel we assume that 1 is not in any regular differential ideal we
consider.

4.1. Regular differential ideals.

Lemma 7. Let A be an autoreduced set in R w.r.t. an orderly ordering,
I=[A]:HY and h = ord(Z). Let uy,...,u, be a parametric set for T and let
Yi,...,Yp be the other differential indeterminates. Let C4,...,C, be a charac-
teristic set of T w.r.t. an elimination ranking uy < -+ < ug < y1 < -+ < Yp.

P
Assume that ord(Cj,y;) = e; for 1 <i <p, then > e; <h.
i=1

Proof. For s great enough, the family

Uy, 1<i1<q, 0<7<s, 4y, 0<)j<e—1, 1<i<p
is algebraically independent modulo the polynomial ideal Z(s). The number
of the elements in F' is equal to g(s + 1) + Zp: e;. Since by Proposition 1, the
dimension of Z(s) is equal to ¢(s + 1) + h, er: 1get the desired inequality. O

Lemma 8. Let A be an autoreduced set in R w.r.t. an orderly ordering,
I=[A]:HY and h = ord(Z). Let uy,...,u, be a parametric set for I and let
Yi, ..., Yp be the other differential indeterminates. Then I admits a character-
istic set C,...,Cy, w.r.t. an elimination ranking

u1<---<uq<y1<---<yp(*)
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such that ord(C;) < 2h for 1 < i <p.

Proof. Let Ry, ..., R, be a characteristic set of Z with respect to the ranking
(). For 1 <i < p, let D; be a coefficient of R;, that has the same rank as R;
when R; is arranged as a polynomial in the derivatives u; ;,1 <1 < ¢,j > 2h.
By the previous lemma, we have ord(R;,y;) < h for 1 < ¢ < p. This implies
that ord(R;,y;) < h for 1 <4i,j < p. Hence ord(D;) < 2h for 1 <i <p.

Let P be a minimal prime component of Z.

o If uj,...,u, are differentially dependent modulo P, then by Proposi-
tion 2, P contains a d.p. of order less than or equal to h that depends
only on uy,. .., uq.

e Assume that uy, ..., u, is a parametric set for P and let By, ..., B, be a
characteristic set for P w.r.t. the same ranking (). By Proposition 1,
7 and P have the same order and hence we may assume by Theorem 1
that ord(B;) < h for 1 < i < p. Therefore each R; (for 1 < i < p)
lies in (6’B;,1 < i < p,j < h): H¥ by Lemma 6. Using Lemma 3,
D; € (’B;;1 < i < p,j < h): HY. Hence D; belongs to P for
1 <1 <p.

Since 7 is the intersection of its minimal prime components, we see easily that
7 admits a characteristic set (', ..., C,, where each C; is a product of D; and
a polynomial in F{uy,...,u,}, such that ord(C;) < 2h for 1 <i < p. O

We may thus formulate the following theorem.

Theorem 2. Let A := A,,..., A, be an autoreduced set in R w.r.t. to an
orderly ordering, T = [A] : HY and h = ord(Z). Then a characteristic set of
T with respect to an elimination ordering

Up < =< Uy =Y < =Y,

where the first q variables form a parametric set for I, is contained in the
polynomial ideal Z(2h) of the polynomial ring Roy,.

Remark 2. Let < be a ranking on R and s be an integer. Then < induces
an ordering of the derivatives x;;;1 <4 < n;j < s. It should be taken into
account anywhere we talk about ordering of the derivatives.

Remark 3. Let A := Ay,..., A, be an autoreduced set in R w.r.t. to an
orderly ordering, 7 = [A] : HY, h = ord(Z) and e; = ord(4;) for 1 < i < p.
For an integer s > max{e; : 1 < i < p}, the ideal Z(s) is equal to (67A4;,0 <
j<s—e,1<i<p): HY by Lemma 2. Let xy be a new indeterminate and
H = 11, S4,14,. Using the Rabinowitsch “trick” (J. L. Rabinowitsch, Zum
Hilbertschen Nullstellensatz. Math. Ann. 102(1930), No. 1, 520) we have

I(s) = (YA, 0<j<s—e, 1<i<p, Hro—1)NR,,

Assume that we desire to compute a characteristic set for Z w.r.t. an elim-
ination ranking <. We first compute a Grébner basis G of the polynomial
ideal

(07A;, 0<j<2h—e, 1<i<p, Hrg — 1)
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with respect to a lexicographical ordering on the derivatives, which first elim-
inates zo [1, 5, 6]. Therefore G N Ry, is a Grobner basis for the polynomial
ideal Z(2h). Now in the polynomial case, any characteristic set C' of G is a
characteristic set of Z(2h) (see [11]). Finally, any minimal autoreduced set of
C in the differential case is a characteristic set for Z w.r.t. <.

Example 1. Consider two differential polynomials: f; = x1712x2,0 + tz1p
and fQ = T1,0T2,1 + 21,0220 + tl‘zo in Q(t){xl,@}, with § = % We see easily
that A = f1, f2 is an autoreduced set w.r.t. the orderly ordering such that
21 < x9. We have Hy = {211,220, 210} and ord([A4] : HY) = 2. Our desire is to
compute a characteristic set Cy, Cy for [A] : HY w.r.t. the elimination ranking
x1 < x9. Since the ideal 7 = [A] : HY is zero-dimensional its characteristic
set is contained in Z(2) = (f1, f2,0f1,0f2) : HY. We get the following set after
computation:

Cy = —t?x11 + 231 9tw1 0 — tw1 1% — tx10211 — T10T11,

Cy = $1,12$2,0 + tx1 0.

An outlook on the general case. Let A := A;,..., A, be an autoreduced
set in R w.r.t. an orderly ordering. Let C':= (1, ...,y be a characteristic set
of T = [A] : HY with respect to another ordering <. We see easily that ¢ > p
but the equality cannot be proved. When we have the equality, we can bound
the order of the C; as in Lemma 8. We solve partially this problem by giving a
sufficient condition for the equality to hold and in this case we can compute a
characteristic set for 7 w.r.t. <.

Lemma 9. Let T be an ordinary differential ideal. Let C' = C4,...,Cy be a
characteristic set for I with respect to an elimination ordering < on 1, ..., x,.
Denote y; = Lv(C;) for 1 < i < ¢ and let uy,...,u, be the other differential
indeterminates. Then C' is also a characteristic set for T w.r.t. any ordering

U << Ug <yp < e < Yy

Proof. 1t is sufficient to show that C' reduces all nonzero elements of 7 w.r.t.
the new ordering u; < --- <y, < y; < --- < yp. Since C reduces all nonzero
elements of Z to zero, the family w;, ..., v, is differentially independent modulo
Z. Therefore a nonzero element f of Z must introduce at least a derivative of
one of the variables y,...,y,. But f must be reduced by C' w.r.t. the ordering
< on xi,...,T,, hence it must be reduced by C' w.r.t. to the new ordering
Up <o < U <Yy < e < Yy O

Lemma 10. Let A = Ay,..., A, be an autoreduced set in R w.r.t. an
orderly ordering, T = [A] : HY and h = ord(Z). Let {uy,...,up—p} be a subset
of {x1,...,x,} and s be a nonnegative integer that is greater than or equal
to h. Then {uy,...,un—p} is a parametric set for I if and only if the family
u;j, 1 < i < n—p,j < his algebraically independent modulo the polynomial
ideal Z(s).
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Proof. The direct implication is clear. By Lemma 1 Z and its minimal prime
components have the same dimension n — p and the same order h. Using
Lemma 2, the converse implication is proved. 0

Proposition 3. Let A := Ay,..., A, be an autoreduced set in R w.r.t. an
orderly ordering, T = [A] : HY and h = ord(Z). Let < be an elimination
ordering on x1,...,T, and let B be a Grobner basis for Z(2h) w.r.t. to the
ordering induced by < on Rop. Let {y1,...,ys} be the set of the variables which
are leading variables of some element in B. Then ¢ = p implies that in the
differential case a characteristic set of B is a characteristic set of T w.r.t. <.

Proof. Let {uy,...,us} = {z1,...,zn} \ {v1,.-.,yp}. The family u;;,1 <i <
¢,7 < h is algebraically independent modulo Z(2h), therefore uy, ..., u, is a
parametric set for Z by Lemma 10. Using Theorem 2 a characteristic set of 7
w.r.t. the ordering

Up < = ug <Y < =< Yy
is contained in the ideal Z(2h). Thus we conclude the proof using Lemma 9. [J

Example 2. Let fi = x10221% + 21230, f2 = To121,1 + txg; + 1t + 1 in
Q(t){z1,22}. The set A = fi, fo is an autoreduced set with respect to the
orderly ordering 3 < xo < 1. We have Hy = {(2x10%21 + T30) , 221210},
dim(Z = [A] : HY) = 1 and ord(Z) = 2. We want to compute a characteristic
set for Z w.r.t. an elimination ranking such that x; < x5 < x3. After computing
a Grobner basis B for Z(4) w.r.t. the induced ordering, we get that x; is not
a leading variable of any element in B. By Proposition 3, a characteristic set
C = 4,05 for T w.r.t. the ordering 1 < x5 < w3 is then contained in the ideal
Z(4). We obtain the following polynomials:

C) = tx22%10 — X21%1,1 + T11%2,1t — t* — 1,

Cy = x10T21 + T30

4.2. Radicals of finitely generated differential ideals. Consider a finite
subset ¢ of d.p. for which we apply the Rosenfeld-Grobner algorithm with
respect to an orderly ranking (see [4, 3]). This algorithm permits us to compute
regular differential ideals [J,...,J,, where each ideal J; is respectively the
regular differential ideal associated to an autoreduced set A;, such that {¢} =
JiN...NJ.. Using Proposition 1, the minimal prime components of each J;
have the same dimension and the same order. Let ¢ be a maximum of the
dimensions of the ideals J;,1 < ¢ < r and h be the maximum of the orders of
the ideals whose dimension is equal to q. Then for s > 0, the dimension of
the polynomial ideal {¢}(s) = {¢} N Ry is equal to g(s + 1) + h. The integer ¢
is the dimension of {¢} and h will be called the order of {¢} (we denote it by
ord({¢}).

Theorem 3. Let ¢ be a finite set of d.p. and {¢} = [A1] : HEN...N[A] : HY
be the decomposition given by the Rosenfeld—Grobner algorithm w.r.t. to an
orderly ordering. Let h = ord({¢}) and h' be a mazimum of the orders of the
ideals [Al; : HY. Then with respect to any elimination ordering

Up < = Ug =Y < =< Yy,
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where the first q indeterminates form a parametric set for {¢}, the differential
ideal {¢} admits a characteristic set C1,...,C, such that the order of each C;
cannot exceed max{2h,h'}.

Proof. The idea of the proof is very similar to the one used in the proof of
Lemma 8.

Let A := Ay,..., A, be a characteristic set of {¢} w.r.t. to the described
ordering. Since the dimension of {¢}(s), for s > 0, is equal to q(s + 1) + A,
we see, using a similar result of Lemma 7 for {4}, that ord(A;,y;) < h for
1 < i < p. Therefore ord(A4;,y;) < h for 1 < i, < p. Next, let D;, for
1 <@ < p, be a coefficient of A;, that has the same rank as A; when A; is
arranged as a polynomial in the derivatives u;;,1 <1 < g, j > 2h.

Let P be a minimal prime component of {¢}.

e Assume that uy,...,u, form a parametric set for P. Then ord(P) <
h and P admits a characteristic set Bj,..., B, with respect to the
elimination ordering

Up < =< Ug =Y < =Y,
such that ord(B;) < h for 1 < i < p by Theorem 1. By Lemma 6,
A€ (¥B;,1<i<pj<h):HY
for 1 <14 < p. Hence by Lemma 3, P contains D; for 1 <i < p.
o If uy,...,u, are differentially dependent modulo P, then by Proposi-
tion 2 P contains a d.p. that depends only on w4, ..., u, and is of order
less than or equal to A'.
Since ord(D;) < 2h, for 1 < i < p, we see that Z admits a characteristic set
Cy,...,C, with respect to the desired ordering such that each Cj is a product

of D; and a polynomial in F{uy,...,u,} is of order less than or equal to A'. It
is clear that ord(C;) < max{2h,h'} for 1 < i < p. O

We may thus formulate the following corollary.

Corollary 1. Let ¢ be a finite set of d.p. and {¢} = J1 N ...N T, be the
decomposition given by the Rosenfeld—Grobner algorithm w.r.t. to an orderly
ordering. Let h = ord({¢}) and h' be a maximum of the orders of the ideals
Ji. Then with respect to any elimination ordering

Up < =y R Y < =< Yy,

where the first q indeterminates form a parametric set for {¢}, a characteristic
set of {¢} can be extracted, following the same way as in Remark 3, from one
of the polynomial ideal {¢}(max{2h,h'}).

Remark 4. Let s > 0, then to compute a characteristic set for the polynomial
ideal {¢}(s), we have to determine a basis for this ideal. Let {¢} = J1N...NJ,
where each J; is the regular differential ideal associated to an autoreduced
set A; for 1 < ¢ < r. Using the Rabinowitsch “trick” and the Buchberger
algorithm, we can compute bases for the ideals J;(s) for 1 < i < r. Since
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{6}(s) = Ti(s)N...NT(s), we can apply the Buchberger algorithm ([1, 5, 6])
to provide a basis for this intersection of ideals.

For the radical of finitely generated differential ideal, we use a similar dis-
cussion to the one in the last paragraphs of Subsection 4.1 to get a sufficient
condition when the ordering in the variables is not specified.

Proposition 4. Let ¢ be a finite set of d.p. and h,h' be defined as in Corol-
lary 1. Let < be an elimination ordering and B be a Grobner basis for the ideal
{¢}(max{2h,h'}) w.r.t. to the ordering induced by <. Let {uy,...,u,} be the
set of the variables which are not leading variables of any element in B. If the
dimension of {¢} is equal to q, then a characteristic set of B in the differential
case w.r.t. < is a characteristic set of {¢} w.r.t. <.

Remark 5. Consider a zero-dimensional system ¢ (dim({¢}) = 0)) of order
equal to h. A characteristic set of {¢} w.r.t. to any ordering is contained in
the polynomial ideal {¢}(h).

Example 3. In the ordinary differential ring Q{z;,z2} consider the differ-
ential polynomials:

f1 = $1,22 + 2$1,1I2,1 - $1,13 — 21,041,1%2,1,

fo= $1,12 + Z1,0T2,1 + T2,

g1 = T11,

g2 = T10%21 + T22,
where z; ; is the j-the order derivative of the differential indeterminate ;.

With respect to an orderly ordering such that x; < x5, both fi, fo and g1, ¢o
are autoreduced sets. We want to compute a characteristic set for the ideal

T = [f1, fo] - {z12}* N 01, 92]
with respect to an elimination ordering such that zy < x5. Both [f1, fo] : {x12}*

and [g1, go] are differential ideals of dimension zero. The ideal [fi, fo] : {z12}>
is of order 4 and the other ideal [g1, g2] is of order 3. The method described
in Subsection 4.2 permits to obtain a characteristic set for Z from one of
the algebraic ideals Z(4) (Remark 5). A Grobner basis computation gives the
following characteristic set C', Cy where:
C, = —-731,12%1,22 + $1,15 — 1’1,0331,23 — 296’1,13351,0!131,2 + 2211210712713
+ $1,1~’U1,02951,22 - 25151,09151,14 + 21‘1,23 + 41’1,295'1,13 — 4711712713
— 23131,13L“1,0$1,22 + 41101,14,
Cy = —301,22 —2x11%21 + 1‘1,13 + T10%1,172,1-
Example 4. Consider the radical differential ideal
T = [w20, 1,1 — T1,0] N [T1,0,T21 — o]

in Q{x1,22}. This ideal is of dimension zero and of order 1. Therefore by
Subsection 4.2, a characteristic set is contained in the algebraic ideal Z(1)
(Remark 5). After computation, we obtain that Cy = x1 0220, C2 = 211 — 1 is
a characteristic set for Z with respect to an orderly ordering such that x; < .
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5. CONCLUSION

We have studied the problem of computing characteristic sets of ordinary

radical differential ideals. An open question is to study eventual possibilities to
apply our results for computing characteristic sets with respect to any ordering.
Another important problem is the extension of our method to the particular
case.
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