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Introduction In this paper and the following one (Constructive Krull Dimension. II: Noetherian Rings) we investigate some classical topics about Krull dimension from a constructive point of view. The fact that a constructive theory of Krull dimension, avoiding Choice and Third Excluded Middle Principle is indeed possible was made clear by the work of Joyal and Espa˜ nol ([Joy, Esp, Esp2] 1975, 1982, 1986). Concrete applications appeared when more easily manageable characterizations of Krull dimension appeared ([Lom, CL] 2002, [CLR, CLQ2, CL2] 2005). Notice that a similar elementary definition follows easily from a result of Brenner ([Bre] 2003). Some celebrated theorems of commutative algebra as the Serre’s splitting off, the Bass stable range theorem, the Bass cancellation theorem, the Forster-Swan theorem, the Brewer-CostaMaroscia theorem and the Eisenbud-Evans-Storch theorem, have now a completely algorithmic version (see [Coq, CLQ, Duc, CLS, LQY]). For the Serre’s splitting off and the Forster-Swan theorem the constructive approach has eventually lead to stronger versions than the previously existing ones, giving a positive answer to a question of Heitmann in the memorable non-noetherian paper [Hei]. In this paper we give a constructive approach to the well known classical theorem saying that an integral extension doesn’t change the Krull dimension. So we get that for such an extension A ⊂ B we have an algebraic machinery that transforms the production of identities whose meaning is Kdim A ≤ n in the production of identities whose meaning is Kdim B ≤ n, and vice-versa. The paper is written in the usual style of constructive algebra, with [MRR] as a basic reference. ∗
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1 CONSTRUCTIVE KRULL DIMENSION
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Constructive Krull dimension



In this section we recall some elementary characterizations of the Krull dimension. Proofs may be found e.g. in [CLR, CLQ2]. Let us consider a commutative ring A. A filter is a saturated multiplicative monoid in A. A prime filter is a filter not equal to A whose corresponding localization gives a local ring. Within classical mathematics, prime filters are exactly the complements of prime ideals, a maximal filter is prime and its complement is a minimal prime. The radical of an ideal a will be noted as DA (a). We write DA (x1 , . . . , xm ) for DA (hx1 , . . . , xm i). The Zariski (distributive) lattice Zar A is defined as the set Zar A = {DA (x1 , . . . , xm ) | m ∈ N, x1 , . . . , xm ∈ A} ordered by inclusion. Within classical mathematics, Zar A is isomorphic to the lattice of compact open subsets of the Zariski spectrum Spec A. The isomorphism is given by DA (x1 , . . . , xm ) 7−→ DA (x1 ) ∪ · · · ∪ DA (xm ) where DA (a) = { p ∈ Spec A | a ∈ / p }.



1.1



Krull boundaries



Recall that for an ideal a and an element a of A we have the notation [ (a : an )A = {y ∈ A | ∃ n ∈ N, yan ∈ a} (a : a∞ )A = n∈N



Definition 1.1 Let x0 , . . . , x` be a sequence of elements of a commutative ring A. 1. We define inductively an iterated boundary monoid SA (x0 , . . . , x` ) for this sequence by: SA () = {1}



SA (x0 , . . . , x` ) = xN0 (SA (x1 , . . . , x` ) + Ax0 ) .



and



(1)



E.g., SA (x0 , x1 , x2 ) =



xN0







xN1



(xN2 (1







+ Ax2 ) + Ax1 ) + Ax0 .



2. We define inductively an iterated boundary ideal NA (x0 , . . . , x` ) for this sequence by: NA () = {0}



and



NA (x0 , . . . , x` ) = (NA (x0 , . . . , x`−1 ) : x∞ ` )A + Ax` .



(2)



E.g., NA (x0 ) = (0 : x∞ 0 ) + Ax0 ,



  ∞ + Ax1 . NA (x0 , x1 ) = ((0 : x∞ ) + Ax ) : x 0 1 0



For any a ∈ A, NA (a) meets any maximal ideal and SA (a) meets any maximal filter. The inductive definition of S(x0 , . . . , xd ) can be understood with the constructor Ma := S 7→ aN (S + Aa) where a ∈ A and S is an arbitrary multiplicative monoid in A. More precisely S(x0 , . . . , xd ) = Mx0 ◦ Mx1 ◦ · · · ◦ Mxd ({1})



1.2 Characterizations of Krull dimension
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Similarly the inductive definition of N (x0 , . . . , xd ) can be understood with the “dual” constructor Ia := a 7→ (a : a∞ )A + Aa where a is an arbitrary ideal of A. More precisely N (x0 , . . . , xd ) = Ixd ◦ · · · ◦ Ix1 ◦ Ix0 ({0}) We have the equivalences 0 ∈ SA (x0 , . . . , xd ) ⇔ 1 ∈ NA (x0 , . . . , xd ) ⇔ NA (x0 , . . . , xi−1 ) ∩ SA (xi , . . . , xd ) 6= ∅



(3)



This justifies reversing the order between Mx0 ◦ Mx1 ◦ · · · ◦ Mxd and Ixd ◦ · · · ◦ Ix1 ◦ Ix0 . When 0 ∈ SA (x0 , . . . , xd ) we will say that the sequence x0 , . . . , xd is pseudo singular. Remark. In [CLR], where the Krull boundaries √ are defined for the first time, the boundary ideal uses a slightly different constructor a 7→ ( a : Aa)A + Aa. Let us denote by VA (a) the closed subset of Spec A defined by a (i.e., the complement of DA ). The name “boundary of a” for b = (DA (0) : a) + a comes form the fact that VA (b) = DA (a) ∩ VA (a) is the boundary of VA (a) inside Spec A (in classical mathematics). This gives an intuitive explanation for the fact that the dimension on A/b is stricty lesser than the dimension of A: the boundary of any subvariety in a variety is always strictly lesser than the variety itself. Next, Fred Richman defined in√[Ric] another boundary with the constructor we use here. In fact the boundary ideal ( 0 : Aa)A + Aa of [CLR] contains the Richman boundary ideal NA (a) and they have the same radical. So the two quotient rings have isomorphic Zariski lattices, and the difference is not really important. p Perhaps the most intrinsic definitions would be to consider NA (x0 , . . . , xn ) and the saturation of the monoid SA (x0 , . . . , xn ).



1.2



Characterizations of Krull dimension



First recall that a ring has Krull dimension −1 if and only if it is trivial. Theorem 1.2 Let A be a commutative ring and d ∈ N. The following are equivalent: 1. (classical definition) Any increasing chain of primes has length ≤ d (i.e., the number of primes in the chain is ≤ d + 1). The maximal length of such a chain belongs to N ∪ {∞} and is denoted by Kdim A ≤ d. 2. (induction using ideal boundary) For any a ∈ A, Kdim (A/NA (a)) ≤ d − 1. 3. (induction using monoid boundary) For any a ∈ A, Kdim (SA (a)−1 A) ≤ d − 1. 4. (iterated boundaries) Any sequence x0 , . . . , xd in A is pseudo singular. 5. (symmetric form) For any x0 , . . . , xd ∈ A, there exist a0 , . . . , ad ∈ A such that   a0 x0 ∈ DA (0)     a x ∈ DA (a0 , x0 )   1 1  a2 x2 ∈ DA (a1 , x1 ) ..  .     ad xd ∈ DA (ad−1 , xd−1 )    1 ∈ DA (ad , xd )



(4)



Moreover points 2, 3, 4, 5 lead to constructively equivalent definitions of the Krull dimension.
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1 CONSTRUCTIVE KRULL DIMENSION



Two sequences a0 , . . . , ad and x0 , . . . , xd satisfying the point 5 will be called complementary sequences. In the lattice notation this gives   DA (a0 ) ∧ DA (x0 ) ≤ 0Zar A     DA (a1 ) ∧ DA (x1 ) ≤ DA (a0 ) ∨ DA (x0 )    DA (a2 ) ∧ DA (x2 ) ≤ DA (a1 ) ∨ DA (x1 ) ..  .     DA (ad ) ∧ DA (xd ) ≤ DA (ad−1 ) ∨ DA (xd−1 )    1Zar A ≤ DA (ad ) ∨ DA (xd ) Here are light variations on the formulations for the point 4. 1. For any x0 , . . . , xd there exist a0 , . . . , ad ∈ A and m0 , . . . , md ∈ N such that md 0 xm 0 (· · · (xd (1 + ad xd ) + · · ·) + a0 x0 ) = 0



2. 0 ∈ S(x0 , . . . , xd ) = xN0 (xN1 (· · · (xNd (1 + Axd ) · · · + Ax1 ) + Ax0 ) ∞ 3. 1 ∈ N (x0 , . . . , xd ) = ((· · · (0 : x∞ 0 ) + Ax0 · · ·) : xd ) + Axd



4. For any x0 , . . . , xd ∈ A, there exist n ∈ N such that: n+1 (x0 · · · xd )n ∈ A(x0 · · · xd−1 )n xn+1 + A(x0 · · · xd−2 )n xn+1 d d−1 + · · · + Ax0



Remarks. In constructive mathematics the sentence “ Kdim A ≤ ` ” is well defined but Kdim A is not in general a well defined element of N ∪ {∞}. It is remarkable that most classical theorems using Krull dimension may be put under the form “If Kdim A ≤ ` then . . . ”. The basic fact that Kdim K[X1 , . . . , X` ] = ` when K is a discrete field has a very simple proof, see [CL2]. As a consequence, the usual “geometrical rings” have a well defined Krull dimension in constructive mathematics. This means e.g., that the construction of complementary sequences is given by an effective procedure in such rings. See also [Lom] for an explicit generalization of the Nullstellensatz.



1.3



Some basic facts



Following simple facts show a kind of strong “ duality ” between addition and multiplication, ideals and filters, and the two kinds of Krull boundaries. Fact 1.3 (Krull boundaries, localizations and quotients) Let x0 , . . . , x` ∈ A, S a monoid and a an ideal. One has: 1. SA/a (x0 , . . . , x` ) = SA (x0 , . . . , x` ) mod a. 2. NS −1 A (x0 , . . . , x` ) = S −1 NA (x0 , . . . , x` ).   3. (a) SS −1 A (x0 , . . . , x` ) = S −1 xN0 (xN1 (· · · (xNd (S + Axd ) · · · + Ax1 ) + Ax0 ) . (b) If S = S(x` ) then SS −1 A (x0 , . . . , x`−1 ) = S −1 SA (x0 , . . . , x` ).   ∞ ∞ 4. (a) NA/a (x0 , . . . , x` ) = ((· · · (a : x0 ) + Ax0 · · ·) : xd ) + Axd /a .



5 (b) If a = N (x0 ) then NA/a (x1 , . . . , x` ) = NA (x0 , . . . , x` )/a . The fact that Krull dimension cannot increase by localization or quotient is direct and constructive from the constructive definition. Some converse implications are given in the following lemmas. Lemma 1.4 (Krull dimension and quotients) Let a, b be ideals of A. Then Kdim A/(a ∩ b) = Kdim A/ab = max {Kdim A/a, Kdim A/b} This remains true for finite intersections and products of ideals. Proof. The first equality comes from DA (a ∩ b) = DA (ab). If x0 , . . . , xn ∈ A, 0 ∈ SA/a (x0 , . . . , xn ) means that SA (x0 , . . . , xn ) meets a. So Kdim A/a ≤ n and Kdim A/b ≤ n means that SA (x0 , . . . , xn ) meets a and b for any x0 , . . . , xn ∈ A, which is equivalent to SA (x0 , . . . , xn ) meets the product a b. 2 Lemma 1.5 (Krull dimension and localizations) Let S1 , . . . , S` be comaximal monoids in A, i.e., any ideal meeting all the Si equals A. Then  Kdim A = max Kdim Si−1 A | i = 1, . . . , ` 2



Proof. Straightforward and constructive.
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Integral extensions



Let A ⊂ B be an integral extension. Within classical mathematics the Lying Over is equivalent to the following inclusion for any ideal a: A ∩ aB ⊆ DA (a). The following classical lemma gives a slightly more precise result, without using prime ideals. It is easily proven with a determinant trick. Lemma 2.1 Let A ⊆ B be an integral extension and an ideal a ⊆ A. Then any b ∈ aB is integral over the ideal a, i.e., ∃ a1 ∈ a, a2 ∈ a2 , . . . , an ∈ an ,



bn + a1 bn−1 + · · · + an−1 b + an = 0



As a consequence we get A ∩ aB ⊆ DA (a),



1 + aB ⊆ (1 + a)satB .



We give now a slight generalization. Lemma 2.2 Let A ⊆ B be an integral extension with an ideal a ⊆ A, an ideal b ⊆ B, and a monoid S ⊆ A. Then one has A ∩ (b + aB) ⊆ DA ((A ∩ b) + a),



S + aB ⊆ (S + a)satB .
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3 ALGEBRAIC EXTENSIONS



Proof. Let a ∈ A ∩ (b + aB). Using Lemma 2.1 in the integral extension B/b of A/(A ∩ b) , we deduce that aN meets a + b. But a ∈ A and a ⊆ A, so aN meets a + (b ∩ A). Let s ∈ S + aB. We use Lemma 2.1 in the integral extension S −1 B of S −1 A. Since s belongs to (1 + aS −1 B)satB , it belongs also to (1 + aS −1 A)satB , and this implies in B that s belongs to 2 (S + a)satB . Proposition 2.3 Let A ⊆ B be an integral extension and a0 , . . . , ad ∈ A. Then A ∩ NB (a0 , . . . , ad ) ⊆ DA (NA (a0 , . . . , ad )),



SB (a0 , . . . , ad ) ⊆ SA (a0 , . . . , ad )satB .



Proof by induction on d. First, A ∩ NB (a0 , . . . , ad ) = ⊆ = ⊆ = =



A ∩ ((NB (a0 , . . . , ad−1 ) : a∞ d )B + Bad ) DA (A ∩ (NB (a0 , . . . , ad−1 ) : a∞ d )B + Aad ) DA (((A ∩ NB (a0 , . . . , ad−1 )) : a∞ d )A + Aad ) ∞ DA ((DA (NA (a0 , . . . , ad−1 )) : ad )A + Aad ) DA ((NA (a0 , . . . , ad−1 ) : a∞ d )A + Aad ) DA (NA (a0 , . . . , ad )).



(definition) (Lemma 2.2) (induction) (definition)



Second, SB (a0 , . . . , ad ) = ⊆ ⊆ ⊆



aN0 (SB (a1 , . . . , ad ) + Ba0 ) aN0 (SA (a1 , . . . , ad )satB + Ba0 ) aN0 (SA (a1 , . . . , ad ) + Ba0 )satB aN0 (SA (a1 , . . . , ad ) + Aa0 )satB sat ⊆ aN0 (SA (a1 , . . . , ad ) + Aa0 ) B = SA (a0 , . . . , ad )satB .



(definition) (induction) (Lemma 2.2) (definition) 2



Corollary 2.4 If A ⊆ B is an integral extension then Kdim A ≤ Kdim B. The reverse inequality will be shown in a more general setting in Section 3. Proof. The constructive meaning of Kdim A ≤ Kdim B is the implication Kdim B ≤ d =⇒ Kdim A ≤ d



(for any d ≥ −1).



The case d = −1 is clear. Assume Kdim B ≤ d with d ≥ 0. Let a0 , . . . , ad ∈ A, we have 0 ∈ SB (a0 , . . . , ad ), so 0 ∈ SA (a0 , . . . , ad )satB and 0 ∈ SA (a0 , . . . , ad ). 2
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Algebraic extensions



Recall that elements in a ring are comaximal when they generate the ideal h1i. Equivalently the monoids generated by these elements are comaximal. Definition 3.1 Let A ⊆ B be an extension of commutative rings. We say Pthat ix ∈ B is algebraic over A if there exist comaximal elements a0 , . . . , ak ∈ A such that i ai x = 0. We say that B is algebraic over A when any element of B is algebraic over A.



7 Remark. When A is a Bezout domain and B contains the fraction field of A, we find the usual notion of algebraic elements in field extensions. But in general it seems that the subset of B made of elements that are algebraic over A is not necessarily a subring of B. Lemma 3.2 If B is algebraic over A then any quotient B/b is algebraic over A/(b ∩ A). Lemma 3.3 Let A be a reduced ring. One has NA (x) = Ax + AnnA (x) = (Axi+1 : xi ) Let a0 , . . . , ak , x ∈ A such that



P



i



∀i ≥ 1



ai xi = 0. Then



NA (a0 ) · · · NA (ak ) ⊆ NA (x) +



Yk i=0



AnnA (ai ) ⊆ NA (x) + AnnA (ha0 , . . . , ak i)



In particular if the ai ’s are comaximal in A and x ∈ B ⊃ A (this means that x is algebraic over A) we get NB (a0 ) · · · NB (ak ) ⊆ NB (x). Remark. The last point means that the boundary of VB (x) is contained in the union or the boundaries of the VB (ai )’s. Proof. We write x ⊥ for AnnA (x). The first point is straightforward. In light notation this gives in particular NA (x) = hxi + x ⊥ . Q Let us see the second point. Let a = NA (x) + i Ann(ai ). We write the proof for k = 3 (the general case is similar), i.e., a3 x 3 + a2 x 2 + a1 x + a0 = 0 (∗) We have (1) (2) (3) (4) (5)



ha0 i ⊆ Ax ⊆ NA (x) ⊆ a ha1 i a0⊥ ⊆ (Ax2 : x1 ) ⊆ a ha2 i a1⊥ a0⊥ ⊆ (Ax3 : x2 ) ⊆ a ha3 i a2⊥ a1⊥ a0⊥ ⊆ (Ax4 : x3 ) ⊆ a a3⊥ a2⊥ a1⊥ a0⊥ ⊆ a



from (∗) multiplying (∗) by a0⊥ multiplying (∗) by a1⊥ a0⊥ multiplying (∗) by a2⊥ a1⊥ a0⊥



Thus ha0 i + ha1 i a0⊥ + · · · + a3⊥ a2⊥ a1⊥ a0⊥ ⊆ a, whence the conclusion since Y i



(hai i + ai⊥ ) ⊆ ha0 i + ha1 i a0⊥ + · · · + a3⊥ a2⊥ a1⊥ a0⊥



(remark that the right hand side is a sum of 5 = 4 + 1 terms and the left hand side a sum of 16 = 24 terms). For the last point, since ha0 , . . . , ak i = h1i, AnnB (ha0 , . . . , ak i) = 0. 2 Remark. If A is not reduced a similar proof gives NA (a0 ) · · · NA (ak ) ⊆ DA (NA (x))+



Q



i (0



: a∞ i ).



Theorem 3.4 If B is algebraic over A then Kdim B ≤ Kdim A. Corollary 3.5 Let A ⊆ B be an integral extension, then Kdim B = Kdim A. Proof. Follows from proposition 2.3 and Theorem 3.4



2
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Proof of Theorem 3.4. We prove by induction on n that Kdim A ≤ n implies Kdim B ≤ n. The case n = −1 is clear. Without loss of generality we assume A and B are reduced rings. Assume that Kdim A ≤ n with n ≥ 0. For any x ∈ B, we have to prove Kdim P B/NB (x) ≤ n−1. ` i As x is algebraic over Q A, there exist comaximal elements ai of A such that i=0 ai x = 0. Lemma 3.3 gives i NB (ai ) ⊆ NB (x). Thus Lemma 1.4 gives  .Y  Kdim B/NB (x) ≤ Kdim B NB (ai ) = max Kdim B/NB (ai ). i



i



Induction hypothesis applies to Bi = B/NB (ai ) and Ai = A/(NB (ai ) ∩ A). Moreover Ai is a quotient of A0i = A/NA (ai ), so Kdim Ai ≤ Kdim A0i and Kdim Bi ≤ Kdim Ai ≤ Kdim A0i ≤ n − 1. 2 Remark. Let K be the fraction field of a principal ideal domain A. Then K is algebraic over A and 0 = Kdim K < Kdim A = 1 if A 6= K.



References [Bre]



Brenner H. Lifting chains of prime ideals. J. Pure Appl. Algebra, 179 (2003), 1–5. 1



[Coq]



Coquand T. Sur un th´eor`eme de Kronecker concernant les vari´et´es alg´ebriques C. R. Acad. Sci. Paris, Ser. I 338 (2004), 291–294. 1



[CL]



Coquand T., Lombardi H. Hidden constructions in abstract algebra (3) Krull dimension of distributive lattices and commutative rings, in: Commutative ring theory and applications. Eds: Fontana M., Kabbaj S.-E., Wiegand S. Lecture notes in pure and applied mathematics vol 231. M. Dekker. (2002), 477–499. 1



[CL2]



Coquand T., Lombardi H. A short proof for the Krull dimension of a polynomial ring. American Math. Monthly. 112 (2005), no. 9, 826–829. 1, 4



[CLQ]



´ C. Generating non-noetherian modules constructively. Coquand T., Lombardi H., Quitte Manuscripta mathematica. 115 (2004), 513–520. 1



[CLQ2]



´ C. Dimension de Heitmann des treillis distributifs et des Coquand T., Lombardi H., Quitte anneaux commutatifs. Preprint 2005. 1, 2



[CLR]



Coquand T., Lombardi H., Roy M.-F. An elementary characterisation of Krull dimension. in: From Sets and Types to Analysis and Topology: Towards Practicable Foundations for Constructive Mathematics (L. Crosilla, P. Schuster, eds.) Oxford University Press. (2005) 239–244. 1, 2, 3



[CLS]



Coquand T., Lombardi H., Schuster P. A nilregular element property. Archiv der Mathematik 85 (2005), 49–54. 1



[Duc]



Ducos L. Vecteurs unimodulaires et syst`emes g´en´erateurs. Journal of Algebra. 297 (2006), 566–583. 1



[Esp]



˜ol L. Constructive Krull dimension of lattices. Rev. Acad. Cienc. Zaragoza (2). 37 (1982), Espan 5–9. 1



[Esp2]



˜ol L. Dimension of boolean valued lattices and rings. J. Pure Appl. Algebra. 42 3 (1986), Espan 223–236. 1



CONTENTS



9



[Joy]



Joyal A. Le th´eor`eme de Chevalley-Tarski. Cahiers de Topologie et G´eometrie Differentielle, (1975). 1



[Hei]



Heitmann, R. Generating non-Nœtherian modules efficiently. Michigan Math. 31 2 (1984) 167–180. 1



[Lom]



´ Lombardi H. Dimension de Krull, Nullstellens¨ atze et Evaluation dynamique. Math. Zeitschrift. 242 (2002), 23–46. 1, 4



[LQY]



´ C., Yengui I. Hidden constructions in abstract algebra (6) The theorem of Lombardi H., Quitte Maroscia, Brewer and Costa. Preprint 2005. 1



[MRR]



Mines R., Richman F., Ruitenburg W. A Course in Constructive Algebra. Springer-Verlag. Universitext (1988). 1



[Ric]



Richman F. A colon approach to Krull dimension. Manuscript. December 2004. 3



Contents Introduction



1



1 Constructive Krull dimension 1.1 Krull boundaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2 Characterizations of Krull dimension . . . . . . . . . . . . . . . . . . . . . . . . 1.3 Some basic facts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



2 2 3 4



2 Integral extensions



5



3 Algebraic extensions



6



References



8



























des documents recommandant







[image: alt]





Constructive aspects of Krull dimension 

Elementary constructive definition of the Krull dimension. ... always be defined by n + 1 equations. ... A ring A is without zero divisor if xy = 0 implies x = 0 or y = 0.










 


[image: alt]





Dimension de Krull explicite. Application aux thÃ©or ... - Henri Lombardi 

Oct 7, 2005 - Kabbaj S.-E., Wiegand S. Lecture notes in pure and applied mathematics vol 131. M. Dekker. (2002). 477â€“499 . 6. [3] Coquand T., Lombardi H., ...










 


[image: alt]





An elementary characterisation of Krull dimension - Henri Lombardi 

in commutative algebra, Zariski spectrum of a ring, spaces of valuations of a ... distributive lattice L is of dimension â‰¤ 0 if and only if L is a Boolean algebra (any.










 


[image: alt]





Constructive real algebra - Henri Lombardi 

From a constructive point of view, real algebra is far away from the theory of discrete real ..... where the dependence of the algebraic identity w.r.t. the coefficients.










 


[image: alt]





2. Constructive aspects of Krull dimension 

http://hlombardi.free.fr/publis/Nis-LectDoc2.pdf ... Krull dimension was introduced by Krull in order to give an algebraic ... be true in classical mathematics.










 


[image: alt]





A constructive theory of ordinals - Henri Lombardi 

N.b.: for countable ordinals, the limited principle of omniscience (LPO) is sufficient for proving the proposition. Corollary 3.11. Assume LEM. Any ordinal Î± > 0 is ...










 


[image: alt]





Errata Commutative Algebra. Constructive Methods - Henri Lombardi 

Dec 23, 2017 - Thus 0 = x0 âˆ§ a0 = y0 âˆ§ b0 and 1 = xl âˆ¨ al = yl âˆ¨ bl. Let us see ... directly a proof of the (a, b, (ab)) trick for depth 2, allowing us to prove the ...










 


[image: alt]





Commutative algebra: Constructive methods - Henri Lombardi 

Items 1 - 9 - This book is an introductory course to basic commutative algebra with a par- ...... This principle could then also be called â€œthe art of shrewdly getting rid of ...... We denote them by Dk(Ï•) and we call them the determinantal ideals










 


[image: alt]





Three lectures on Constructive Algebra - Henri Lombardi 

http://hlombardi.free.fr/publis/Nis-LectDoc1.pdf .... N2: Each nondecreasing chain of submodules ... Choose good definitions and don't try to prove unprov-.










 


[image: alt]





QuittÃ©, Claude Commutative algebra. Constructive ... - Henri Lombardi 

strong emphasis on the study of finitely generated projective modules in commutative ... Chapter 2 explains the â€œlocal-global principleâ€� in commutative algebra, ...










 


[image: alt]





Constructive semantics for classical theories ... - Henri Lombardi 

http://hlombardi.free.fr/publis/Chiemsee2010Doc.pdf ... Classical Galois Theory ... a subgroup H of G = Gal(L/K) let us denote FixL(H), or LH the sub-K-algebra of.










 


[image: alt]





ELEMENTARY CONSTRUCTIVE THEORY OF ... - Henri Lombardi 

We give an elementary theory of Henselian local rings and con- struct the Henselization .... For a commutative ring C we shall denote B(C) the boolean algebra.










 


[image: alt]





Constructive semantics for nonconstructive principles - Henri Lombardi 

Jun 16, 2010 - as the search for constructive semantics hidden in abstract recipes. We will try to compare by examples such possible constructive se- mantics.










 


[image: alt]





Dynamical Method in Constructive Algebra - Henri Lombardi 

the incompleteness theorems of Godel. 2 ... Baby example, idempotent matrices. The theory of ... to see when you read the proof (or the exercices) of Bourbaki. 6 ...










 


[image: alt]





ELEMENTARY CONSTRUCTIVE THEORY OF ... - Henri Lombardi 

Although this book is not written in a purely constructive way, the ... The first three sections are devoted to study the basic ...... The permutation group Sn acts.










 


[image: alt]





2. Constructive aspects of Krull dimension Plan Introduction 

See the slides at : http://hlombardi.free.fr/publis/Nis-LectSlides2.pdf ... Krull dimension was introduced by Krull in order to give an algebraic ... At least for Noetherian rings, all desirable properties were proven to be true in classical mathe-.










 


[image: alt]





Hidden constructions in abstract algebra, Krull ... - Henri Lombardi 

1 Constructive definition of Krull dimension of commutative rings. 4 .... and the constructible subsets of Zariski spectrum are the elements of the Boolean algebra.










 


[image: alt]





Constructive aspects of Krull dimension Plan Introduction .fr 

Aug 30, 2006 - such that M âŠ• Ak â‰ƒ An+k and if the Krull dimension of A is < n then M is free. This result was ... ideals of A), the compact open corresponding to DA(x1,...,xn) is the set of prime ideals p such that .... Lemma 7. Let n â‰¥ 1. If (










 


[image: alt]





Constructive real algebra Investigating the algebraic ... - Henri Lombardi 

of real numbers ... Most algorithms for discrete real closed fields fail for real numbers, because we have no ..... uses the space of d-multisets of complex numbers.










 


[image: alt]





General Methods in Constructive Algebra for ... - Henri Lombardi 

by the incompleteness theorems of GÃ¶del. 2 ... Baby example, idempotent matrices .... Krull dimension of a distributive lattice has a nice simple constructive.










 


[image: alt]





General Methods in Constructive Algebra for ... - Henri Lombardi 

Sep 27, 2013 - More details in spanish http://hlombardi.free.fr/publis/Gaceta.pdf ... This wonderful book does the same job for constructive algebra as Bishop's ...










 


[image: alt]





Constructive semantics for classical formal proofs ... - Henri Lombardi 

http://hlombardi.free.fr/publis/LC2011Slides.pdf. To print these ... BirkhaÃ¼ser Basel, 2008, pp. ... If K is a field, every polynomial f(X) âˆˆ K[X] of degree â‰¥ 1 has an.










 


[image: alt]





Etude constructive de probl`emes de topologie pour ... - Henri Lombardi 

Mathematics ([5]) Ã©crit par D. Bridges et F. Richman. ...... Annals of. Pure and Applied Logic, 50, 1â€“28 (1990). 5, 6. [11] Labhalla S., Lombardi H. : Transformation ...










 


[image: alt]





A constructive approach to schemes and coherent ... - Henri Lombardi 

se manejan en los algoritmos a travÃ©s de sus ... Lombardi H., QuittÃ© C. Alg`ebre Commutative, MÃ©thodes Constructives. ... homomorphisms mapping s in CÃ—.










 














×
Report Constructive Krull Dimension. I: Integral Extensions. - Henri Lombardi





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



