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——————



Hilbert’s Program



————–



Since the work of Dedekind, and Hilbert, non effective methods have been more and more used in algebra Dedekind: abstract definition of ideals as a set of elements Reasoning by contradiction: to prove the existence of an object, show instead that it is absurd that this object does not exist If we prove in commutative algebra the existence of an object satisfying a simple “concrete” property, it is not clear if this proof gives a way to compute this object p. 3



——————



Hilbert’s Program



————–



This was one issue raised during the debate between Hilbert and Brouwer Hilbert’s program: if we prove using ideal methods a concrete statement, one can always eliminate the use of these ideal elements and obtain a purely elementary proof Ideal methods: use of prime ideals, maximal ideals, valuation rings, local-global principle, non constructive reasoning, . . . Hilbert: (abstract) existence = logical consistency



p. 4



——————



Hilbert’s Program



————–



Warning! Hilbert’s Program cannot work for all “concrete” statements. E.g., the existence of a prime factorization for a polynomial in K[X], K a field. This is related to the logical complexity of the assertion: any polynomial has an irreducible factor. This is a ∀ ∃ ∀ statement, and for this kind of statement, classical logic gives a radically new interpretation. So a classical proof may not in principle hide a constructive proof of the concrete result. p. 5



——————



Hilbert’s Program



————–



Recent work in constructive mathematics shows that Hilbert’s program works for a large part of abstract algebra providing a constructive explanation of some abstract methods used in mathematics. Furthermore this follows Hilbert’s idea of replacing an “infinite ideal object” by a syntactical theory that describes it. p. 6



——————



Examples of constructivizations



————–



Local-global principles Classical moto in abstract algebra: in order to get a concrete result when dealing with a commutative ring see what happens after localization at an arbitrary prime. “Localizing at an arbitrary prime” has the concrete following content: consider the given (rigid) structure, but add the axioms of local rings, you get a (non-rigid) dynamical structure, and you see what happens. In the classical abstract proof you are thinking that you are looking at all primes. But this “set” (the Zariski spectrum of the ring) is really too big and too mysterious. In fact, you are only writing a proof, which is a finite object using only a finite ammount of information about the “generic prime” you consider. p. 7



——————



Local-global principles



————–



Example: if F is a square idempotent matrix with entries in A, there are finitely many comaximal elements s1 , . . . , sk such that F becomes similar to a standard projection matrix when viewed on A[1/si ]. More abstract formulation with the same meaning: a finitely generated projective module becomes free after localization at finitely many comaximal elements. Intuitive interpretation: an algebraic fiber bundle is locally trivial, and this is given by a finite partition of unity. Classical proof: A projective module over a local ring is free. So the images of F and I − F become free after localization at an arbitrary prime P. In this case this remains true on a basic open Us 3 P (Us ⊆ Spec A). Conclude by using the compacity of Spec A. p. 8



——————



Local-global principles



————–



Constructive rereading: replace “all primes” by “a generic prime”, and “compacity of Spec A”, that is “sums are finite in algebra”, by “proofs are finite in our world” (no miracle). The needed construction of comaximal elements is hidden in the classical (and constructive) proof that a f.g. projective module on a local ring is free. Perhaps the concrete result “finding finitely many comaximal elements such that . . . ” is not very spectacular. It seems not to be present in exercises of classical books, e.g., Bourbaki or Atiyah-Macdonald. But this result has many consequences: theorems that become constructive once you know how to find the comaximal elements. p. 9



——————



Examples of constructivizations



————–



Krivine-Stengle Positivstellensatz Theorem. Let K be an ordered field contained in a real closed field R. Let S a finite system of sign conditions bearing on elements of K[X1 , . . . , Xn ]. Assume that this system has no solution in Rn . Then there is an algebraic certificate written inside K[X1 , . . . , Xn ] for this impossibility. E.g., x2 + 2bx + c = 0 is impossible iff b2 − c < 0. ax + by = 0, cx + dy = 0, x2 + y 2 > 0 is impossible iff ad − bc 6= 0 p. 10



——————



Krivine-Stengle Positivstellensatz



————–



Contrarily to Hilbert’s Nullstellensatz, there is no “simple constructive proof based on elimination theory” for the Krivine-Stengle Positivstellensatz. Sums of squares are more complicated than linear algebra! The original proofs of Krivine and Stengle (and also Artin’s solution of 17-th Hilbert’s problem) use highly idealistic objects constructed using TEM and Zorn’s lemma. Implicit in these proofs appears the real spectrum of A = K[X1 , . . . , Xn ], which contains the information on all real closed fields containing A. Note that the hypothesis can be tested because the theory or real-closed extensions of K admits quantifier elimination. In particular, the hypothesis does not depend on the real closed field R containing K. p. 11



——————



Krivine-Stengle Positivstellensatz



————–



The classical proof is at first glance a proof by contradiction: If there is no algebraic certificate, we can construct a real closed extension B of a quotient of A, with K an ordered subfield of B, and we find in Bn a point showing that the given system of sign conditions does have a solution. The constructive rereading is the following. Show that whenever a system of sign conditions is shown to be impossible in the FORMAL theory of real closed fields containing K (this is a very concrete finitist statement, contrarily to the original formulation), you can construct an algebraic certificate by following the FORMAL proof of impossibility. p. 12



——————



Krivine-Stengle Positivstellensatz



————–



A basic construction of an algebraic certificate from a concrete proof is, e.g., the following one: (1) Consider a field K without any order relation. Assume that the theory of ordered fields containing K leads to a contradiction. Then you can find a sum of squares equal to −1 inside K. The abstract formulation of (1) after transformation “by TEM and Choice” is Artin’s Theorem: (2) If no sum of squares is equal to −1 inside a field K then you can find a compatible order relation on K. p. 13



——————



Krivine-Stengle Positivstellensatz



————–



In fact the content of Artin’s proof of (2) is a direct constructive proof of (1). But (1) is transformed into the idealistic statement (2) by using TEM and a Zornette inside the same proof. So the proof of (1) is hidden inside the proof of (2) because (1) is not given as a preliminary lemma. Using (2) in order to construct a sum of squares by showing that there is no order relation on K is purely the result of a professional deformation of classical mathematicians: Prove theorems by absurdum, . . . Euclides has shown us that this is more elegant and more convincing (Hilbert and Bourbaki confirmed this belief). p. 14



——————



Krivine-Stengle Positivstellensatz



————–



The constructivization of Krivine-Stengle Positivstellensatz has the following pattern. Start with natural axioms for a ring with a morphism into an ordered field. Apply the corresponding first order theory to a concrete ring with a system of sign conditions. Show that a proof of contradiction of this FORMAL theory leads to an algebraic certificate. Show that adding the axioms of discretely ordered fields “does not change the strength of the theory”, meaning that the new theory is equi-non-consistent with the first one: this is a variant of a well-known trick (“Rabinovitch trick”). NB: Equi-non-consistence is the positive formulation of equiconsistence. Here it can be seen as “conservation of algebraic certificate of non-consistence” p. 15



——————



Krivine-Stengle Positivstellensatz



————–



Do the same job with axioms of real closure: “adding these axioms does not change the strength of the FORMAL theory” Very important: this is not at all easy, but you find the proof of equi-non-consistence (in fact a proof of conservation of algebraic certificates) hidden inside the Artin’s proof that the real closure of an ordered field does exist. So Artin’s solution of 17th-Hilbert problem is not a miracle of abstraction: using freely a Zornette and TEM seems to give “new” concrete results: writing a polynomial as a sum of squares of rational functions. In fact Artin’s proof is mainly a classical shortcut-deformation of a constructive proof. p. 16



——————



Krivine-Stengle Positivstellensatz



————–



You finish by constructing a formal proof of impossibility of the given system of sign conditions. This can be done inside the theory of real closed fields containing K, by quantifier elimination. All this job is greatly facilitaded if you remark that proofs of pure facts in a geometric theory can always be done as very simple “dynamical” proofs. Coste M., Lombardi H., Roy M.F. Dynamical method in algebra: Effective Nullstellens¨ atze J.P.A.A. 155 (2001) p. 17



——————



Examples of constructivizations



————–



Serre Splitting off and Forster-Swan theorems These famous theorems in commutative algebra have a rather abstract formulation. In the hypothesis you say something about the “dimension” of your commutative ring A. The conclusion can be formulated as a concrete statement about matrices with entries in A. Let us denote ∆n (M ) the ideal generated by (n × n)-minors of the matrix M . p. 18



——————



Serre Splitting off and Forster-Swan theorems



————–



Theorem 1: (Serre, 1958) Let M be a square idempotent matrix. If ∆n (M ) = 1 and A is of dimension < n then there exists a unimodular combination of the column vectors of M . Forster-Swan’s Theorem can be deduced as a corollary of a generalization of the previous theorem. Theorem 2: Let M be an arbitrary matrix. If ∆n (M ) = 1 and A is of dimension < n then there exists a unimodular combination of the column vectors of M . p. 19



——————



Krull dimension of a ring



————–



The Krull dimension of a ring is defined to be the maximal length of a chain of prime ideals. This definition seems hopelessly non effective. Following the pioneering work of Joyal and L. Espa˜ nol, one can give a purely algebraic definition of the Krull dimension of a ring. p. 20



——————



Krull dimension of a ring



————–



A. Joyal Le th´eor`eme de Chevalley-Tarski. Cahiers de Topologie et G´eometrie Differentielle, (1975). L. Espa˜ nol Constructive Krull dimension of lattices. Rev. Acad. Cienc. Zaragoza (2) 37 (1982), 5–9. L. Espa˜ nol Dimension of Boolean valued lattices and rings. J. Pure Appl. Algebra 42 (1986), no. 3, 223–236. T. Coquand, H. Lombardi, M.-F. Roy An elementary characterisation of Krull dimension From Sets and Types to Analysis and Topology (L. Crosilla, P. Schuster, eds.). Oxford University Press. (2005) 239–244. p. 21



——————



Krull dimension of a ring



————–



√ Definition: Let a ∈ A. We define the Krull-boundary ideal of a in A as Ka = aA + ( 0 : a) So x is in Ka iff it can be written x = ay + z where az is nilpotent. Inductive definition of Krull dimension: 1) A has Krull dimension −1 iff 1 = 0 in A. 2) If n ≥ 0 then A has Krull dimension ≤ n iff for all a ∈ A, A/Ka has Krull dimension ≤ n − 1. Notice that this definition is not first-order but it is geometric. It states the condition in term of the elements of the ring (that are “concrete”) and not in term of prime ideals. p. 22



——————



Nullstellensatz for Krull dimension



————–



We get the following (new) Nullstellensatz. Theorem: Kdim(A) < n iff for any a1 , . . . , an there exist k1 , . . . , kn and u1 , . . . , un such that ak11 (ak22 (. . . aknn (1 − an un ) · · · − a2 u2 ) − a1 u1 ) = 0. Using this characterization, one can give a simple (constructive) proof that the dimension of K[X1 , . . . , Xm ] is m (K a field). This follows directly from the fact that m + 1 polynomials on m variables are algebraically dependent. p. 23



——————



Serre Splitting off and Forster-Swan theorems



————–



As a test case, we have analysed a paper of R. Heitmann which contains non effective proofs of Serre splitting off and Forster-Swan. R. Heitmann. Generating non-Noetherian modules efficiently Michigan Math. J. 31 (1984), 167–180. T. Coquand. 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 T. Coquand, H. Lombardi, C. Quitt´e. Generating non-Noetherian modules constructively. Manuscripta Mathematica, 115 (2004), 513–520 T. Coquand, H. Lombardi, C. Quitt´e. Dimension de Heitmann des treillis distributifs et des anneaux commutatifs. Publications math´ematiques de Besan¸con (2006), 51 pages. p. 24



——————



Heitmann dimension and J-dimension of a ring



————–



Heitmann’s paper is remarkable because he drops Nœtherian hypotheses for the case of Krull dimension. He proposes also a non-Nœtherian variant of the dimension of the maximal spectrum. We have improved the results of Heitmann’s paper. Also: our method solves open problems in Heitmann’s paper and improves the results of Serre and Swan who used the dimension of the maximal spectrum, but only in a Nœtherian context. To attain this aim we introduce a new dimension: Heitmann dimension is defined constructively as Krull dimension, by replacing the nilradical (the intersection of all primes) by the Jacosbson radical (the intersection of maximal primes).



p. 25



——————



Example of constructivization



————–



Quillen-Suslin and Lequain-Simis Theorem: (Quillen-Suslin) Any finitely generated projective module on a polynomial ring over a field or a PID is free Theorem: (Quillen-Suslin, concrete version) Any idempotent matrix on a polynomial ring over a field or a PID is similar to a canonical projection matrix Generalization (dropping Nœtherian hypotheses). Theorem: (Lequain-Simis, concrete version) Any idempotent matrix on a polynomial ring over an arithmetical ring A is similar to its specialization in 0 (in this case, one says that the matrix, or the corresponding module, is extended from A). p. 26



——————



Quillen-Suslin and Lequain-Simis



————–



For a Bezout domain, this means that the matrix is similar to a canonical projection matrix. Remark that in the theory of arithmetical rings, if you are able to bound the degrees in the solution, this is a scheme of ∀ ∃ statements. It has a good logical form, a constructive deciphering is a priori feasible. A first important constructive step is the deciphering of Quillen’s proof. A key theorem is Vaserstein-Quillen’s patching, given as an abstract local-global principle: if a matrix is “extended” when localizing at an arbitrary prime ideal, then it is extended. p. 27



——————



Quillen-Suslin and Lequain-Simis



————–



Another important step is the deciphering of Lequain-Simis theorem in the case of finite Krull dimension. The first difficult case is given by Bass theorem for matrices over A[X] when A is a valuation ring of arbitrary finite dimension. For details see papers by T. Coquand, I. Yengui, ... and a book to appear. p. 28



——————



Examples of constructivizations



————–



Elimination of maximal primes From a logical point of view, eliminating a (generic) maximal prime from an abstract reasoning seems much more difficult than eliminating a (generic) prime. Reasoning with a generic prime in order to prove some concrete thing is something like: in order to prove that a ring (which is obtained from the hypotheses after some computations) is trivial, show that it does’nt contain any prime ideal. From a logical point of view: if you are able to prove 1 = 0 after you added a predicate and axioms for a generic prime, then you are able to prove 1 = 0 without using this facility. This conservativity theorem is the constructive content of the “construction `a la Zorn” of a prime ideal in a nontrivial ring. p. 29



——————



Elimination of maximal primes



————–



The case of a generic maximal ideal is different. Reasoning with a generic maximal prime in order to prove some concrete thing is something like: in order to prove that a ring is trivial, show that it does’nt contain any maximal ideal. This cannot be captured by an argument using only first order logic. p. 30



——————



Elimination of maximal primes



————–



A minimal model of the first order theory “the ring A, plus predicate and axioms for a maximal ideal” is not: (an homomorphic image of) A with a maximal ideal, but (an homomorphic image of) the localization of A at a prime ideal.



In order to capture the notion of maximal ideal you have to use an infinite disjunction (a disjunction over all elements of the ring). x∈M



p. 31



——————



∨



_ y∈R



1 − xy ∈ M



Serre’s Problem (again)



————–



In fact, the proof of Suslin for Serre’s Problem, which uses a maximal ideal in a generic way, can also be interpreted constructively. I. Yengui Making the use of maximal ideals constructive. Theoretical Computer Science. To appear. p. 32



——————



Elimination of maximal primes



————–



When you reread dynamically a proof saying “after localisation at a prime ideal the ring becomes trivial”, you construct a tree by using the disjunctions x∈P



∨



x∈ /P



At the leaves of the tree you get comaximal monoids Si with 1 = 0 in each RSi . But now you have to reread dynamically a proof saying “after quotient by a maximal ideal the ring becomes trivial”. The tree is no more a finite tree, it contains infinite disjunctions. p. 33



——————



Elimination of maximal primes



————–



Idea: when rereading dynamically the proof follow systematically the branch xi ∈ M any time you find a disjunction x ∈ M ∨ x ∈ / M in the proof. Once you get 1 = 0 in the quotient, this means 1 ∈ hx1 , . . . , xk i, so this leaf has the good answer and moreover, at the node hx1 , . . . , xk−1 i ⊆ M you know a concrete a ∈ R such that 1 − axk ∈ hx1 , . . . , xk−1 i. So you can follow the proof. If the proof given for a generic maximal ideal is sufficiently “uniform” you know a bound for the depth of the (infinite branching) tree. So your “infinite branching dynamic evaluation” becomes “finite branching” and is finite: you get an algorithm. p. 34



——————



Elimination of maximal primes



————–



NB: within classical mathematics, you know that the infinite branching dynamic evaluation leads to a finite proof: Barr’s theorem (page 9), using K¨onig’s lemma, is proven inside classical mathematics. So it is not surprising that the deciphering works: in each case we are able to find a constructive proof for the case of a generic maximal ideal. But this can be seen rather as an experimental fact. The methods always works in practice, even we have not a constructive theorem saying that the method always works: Barr’s theorem is not constructive. p. 35



——————



Logical complexity



————–



If we take a basic book in abstract algebra such as Atiyah-Macdonald Introduction to Commutative Algebra or Matsumura Commutative ring theory we discover that basic theorems are not formulated in a first-order way because of the introduction of abstract notions. Such abstract notions are 1. arbitrary ideals of the rings, that are defined as subsets, and thus not expressed in a first-order way, 2. prime or maximal ideals, whose existence relies usually on Zorn’s lemma,



3. Noetherian hypotheses. These notions have different levels of non effectivity. p. 36



——————



Logical complexity



————–



To be Noetherian can be captured by a generalised inductive definition: C. Jacobsson and C. L¨ofwall. Standard bases for general coefficient rings and a new constructive proof of Hilbert’s basis theorem. J. Symbolic Comput. 12 (1991), no. 3, 337–371, But then we leave first-order logic. The notion of prime ideals seems even more ineffective, the existence of prime ideals being usually justified by the use of Zorn’s lemma. Furthermore a notion such as “being nilpotent” cannot be expressed in a first-order way since it involves an infinite countable disjunction. p. 37



——————



Logical complexity



————–



G. Wraith points out the relevance of the notion of geometric formula for constructive algebra. Intuitionistic algebra: some recent developments in topos theory. Proceedings of the International Congress of Mathematicians (Helsinki, 1978), pp. 331–337, Acad. Sci. Fennica, Helsinki, 1980. One defines first the notion of positive formulae: a positive formula is one formula of the language of rings built using positive atomic formula (equality between two terms) and the connectives ∨, ∧. Special cases are the empty disjunction which is the false formula ⊥, and the empty conjunction which is the true formula >. We allow also existential quantification and infinite disjunction indexed over natural numbers, or over the elements of the ring. p. 38



——————



Logical complexity



————–



A geometric formula is an implication between two positive formulae. A coherent formula is a formula which is both geometric and first-order. A geometric theory is a theory whose axioms are geometric. A coherent theory is a theory whose axioms are coherent. A dynamical proof (in a geometric theory) is a logic-free proof. Axioms are seen as inference rules. Only atomic formulae appear. One replaces the logical machinery by a purely computational one, inside a tree. Opening branches at a node means applying a rule with a disjunction in the conclusion. p. 39



——————



Logical complexity



————–



Notice that, as special cases, any positive formula is geometric, and the negation of a positive formula is geometric. As a special case of coherent formula, we have the notion of Horn formula, which is an implication C → A where C is a conjunction of atomic formulae, and A an atomic formula. Horn theories correspond to the notion of atomic systems in Prawitz. For instance, equational theories are Horn theories. D. Prawitz. Ideas and results in proof theory. Proceedings of the Second Scandinavian Logic Symposium, pp. 235–307. Studies in Logic and the Foundations of Mathematics, Vol. 63, North-Holland, Amsterdam, 1971. p. 40



——————



Logical complexity



————–



The notion for a ∈ R to be nilpotent is not first-order but it can be expressed as a positive formula: a is nilpotent if and only if an = 0 for some n ∈ N.



On the other hand, “to be reduced”, that is to have only 0 as a nilpotent element, can be expressed by the following Horn formula ∀x. x2 = 0 → x = 0 Another typical example of notion expressed geometrically is the notion of flat module M over a ring R. It says that if we have a relation P X = 0 where P is a row vector with coefficient in R and X a column vector with elements in M then we can find a rectangular matrix Q and a vector Y such that QY = X and P Q = 0. Since we don’t say anything about the size of Q this statement involves implicitely an infinite disjunction over natural numbers. Thus the notion of flat module is not first-order but geometric. p. 41



——————



Logical complexity



————–



As stressed by G. Wraith the importance of geometric formula comes from Barr’s theorem. Theorem If a geometric sentence is deducible from a geometric theory in classical logic, with the axiom of choice, then it is also deducible from it intuitionistically. Furthermore in this case there is always a proof with a simple branching tree form: a dynamical proof. In general, this tree may be infinitely branching, but, if the theory is coherent, that is geometric and first-order, then the proof is a finitely branching tree. p. 42



——————



A new approach to constructive mathematics



————–



New: the non-effective arguments contain interesting computational ideas This is suggested by Hilbert’s program: using non-effective methods we can get simple and elegant proofs of concrete results Computer algebra: dynamical methods (system D5) allow to do computations in the algebraic closure of a discrete field, despite the fact that this algebraic closure may not exist (without any further hypothesis of the field) p. 43



——————



A new approach to constructive mathematics



————–



Avoid complete factorization: “point-free” statements (statements not in term of prime ideals but in term of basic open for Zariski topology) Try to get first-order, or even equational statements Avoid Nœtherian hypotheses which are not yet completely understood from a constructive point of view p. 44



——————



Conclusion



————–



It is not a chance if abstract algebra is mainly based on geometric axioms! This seems more or less necessary for the constructive rereading of classical proofs. If we think that classical proofs cannot give concrete results by a kind of miracle, the geometric context of abstract algebra is not surprising. p. 45



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

Within the main text, the following slight modifications have been made: (1) There is a new paragraph ... partly with complete solutions or sketches of solutions.
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Dynamical method in algebra: Effective ... - Henri Lombardi 

We try to make the same computations as in the one variable case. Computations ...... polynomial whose roots are the products of a root of n1 and a root of n2.
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Resultants and subresultants - Henri Lombardi 

These slides: http://hlombardi.free.fr/publis/SubresultantsSlide.pdf. Printable ... [4]. Resultant. The resultant ResX(f,p,g,q) is the determinant of the Sylvester Matrix. ResX(f,p .... Let f = f,f0,...,fs âˆˆ K[X1,...,Xn] with f monic of degree p as
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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.
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by the incompleteness theorems of GÃ¶del. 2 ... Baby example, idempotent matrices .... Krull dimension of a distributive lattice has a nice simple constructive.
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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 ...
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Resultants and subresultants - Henri Lombardi 

These slides: http://hlombardi.free.fr/publis/SubresultantsSlide.pdf ..... For two polynomials g and h of A[X], with h monic we denote by RemX(g, h) or Rem(g, h).
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Effective Positivstellensatz - Henri Lombardi 

Does the nice formula depends continuously on the hypothesis. Answers for 1 and 2 ..... This is almost for free, because variants of Taylor formulas do the job. 25 ...
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prime ideals in (classical) commutative algebra - Henri Lombardi 

Jun 16, 2010 - ... want to print these slides: http://hlombardi.free.fr/publis/Munich2010Doc.pdf ... Example 1: prime ideals in (classical) commutative algebra (2).
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See the slides at : http://hlombardi.free.fr/publis/Nis-LectSlides1.pdf. Basic references for .... N2: Each nondecreasing chain of submodules. M1 âŠ† M2 ... Choose good definitions and don't try to prove unprovable theorems! A good definition of ...
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Dynamical Method in Constructive Algebra Murcia ... - Henri Lombardi 

Jun 7, 2013 - Dynamical Method in Constructive Algebra. Murcia, 7th june ... To see the slides: http://hlombardi.free.fr/publis/MurciaDynamic2013Slides.pdf.










 














×
Report Abstract Algebra and Formalism - 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



