Theory and Applications of Categories, Vol. 24, No. 9, 2010, pp. 209–220.

FINITELY PRESENTABLE MORPHISMS IN EXACT SEQUENCES

MICHEL HÉBERT

Abstract.

Let K be a locally finitely presentable category. If K is abelian and the sequence

0 K� K X

�^k � X C c � � C 0�

is short exact, we show that 1) K is finitely generated ⇔ c is finitely presentable; 2) k is finitely presentable ⇔ C is finitely presentable. The “⇐” directions fail for semi-abelian varieties. We show that all but (possibly) 2)(⇐) follow from analogous properties which hold in all locally finitely presentable categories. As for 2)(⇐), it holds as soon as K is also co-homological, and all its strong epimorphisms are regular. Finally, locally finitely coherent (resp. noetherian) abelian categories are characterized as those for which all finitely presentable morphisms have finitely generated (resp. presentable) kernel objects.

1. Finitely presentable morphisms

Recall (from [GU, 71] or [AR, 94]) that an object X in a category K is finitely presentable (finitely generated) if the hom-functor K(X, −): X −→ Set preserves filtered colimits (resp. colimits of filtered diagrams made of monomorphisms). Then, K is finitely accessible if it has a (small) set of finitely presentable objects whose closure under filtered colimits is all of K. Finally, K is locally finitely presentable if it is finitely accessible and cocomplete.

1.1. Definition. Let f : X � Y be a morphism in K.

(a) f is finitely presentable (resp. finitely generated) if it is a finitely presentable (resp.

finitely generated) object of the slice category (X ↓ K).

(b) f is finitary if X and Y are finitely presentable.

The finitary morphisms of K are actually the finitely presentable objects of the category of morphisms K^→. They are precisely those finitely presentable morphisms with a finitely presentable domain (see below).

Finitely presentable morphisms have been first considered in algebraic geometry, where they play an important role (for example in the Chevalley Theorem; see [GD, 64] and [D, 92]). In fact, in the category CRng of commutative rings, the definition above

Received by the editors 2010-11-13 and, in revised form, 2010-05-03. Transmitted by J. Rosicky. Published on 2010-05-06.

2000 Mathematics Subject Classification: 18A20, 18E10, 18C35, 18E15.

Key words and phrases: finitely presentable morphism, abelian category, Grothendieck category. © Michel Hébert, 2010. Permission to copy for private use granted. 209 has a very concrete interpretation, being essentially the structure morphisms R −→ R[x_1, ..., x_n]/(p_1, ..., p_m) for the finitely presented algebras.

More generally, in finitary varieties, a morphism f : X −→ Y is finitely presentable when f provides a way to “present Y ” by adding a finite number of generators and relations to some presentation of X. This follows from 1.3(6) below.

Finitely presentable morphisms are useful outside algebraic geometry, as shown by the following examples.

1.2. Applications. Below, we refer to the infinitary version of the above definitions: for λ a regular infinite cardinal, λ-presentable and λ-ary are what “finitely presentable” and “finitary” become when “filtered” is replaced by “λ-filtered” throughout in the definitions.

(a) The classes of objects in a locally λ-presentable category K which are closed under λ-pure subobjects are precisely the cone-injectivity classes with respect to classes of cones made of λ-presentable morphisms (see [H, 98] for a proof and the precise definitions). This was used in [H1, 04] to characterize the classes closed under λ-pure subobjects, products and λ-filtered colimits as the injectivity classes with respect to sets of λ-ary morphisms (a fact which was first proved directly in [RAB, 02]). Both characterizations have obvious syntactic translations when K is the category of all structures of some signature, generalizing and refining the classical “preservation theorem” of [Ke, 65], which characterizes the (finitary) elementary classes closed under filtered colimits.

(b) Since every slice (X ↓ K) in a locally finitely presentable K is locally finitely presentable, every morphism f : X −→ Y in K is a colimit in (X ↓ K) of a filtered diagram of finitely presentable morphisms. What is more surprising is that f is actually a transfinite composition of finitely presentable morphisms (see [H, 06], Example 9). This statement does not hold when restricted either to monomorphisms, or to pure monomorphisms: in fact, one can show that if there exists λ such that every pure monomorphisms is the transfinite composition of λ-presentable pure monos, then K has enough pure-injectives ([H, 06], Example 13). The same is true for monomorphisms with respect to injectivity if K has the transferability property (i.e., monos are stable under pushouts). In [BR, 07], what the authors essentially do is to show that this occurs whenever K has effective unions (see [B, 94]) of subobjects (respectively of pure subobjects), a condition which is met in all familiar examples of categories with enough (pure-) injectives, as the authors point out.

For reference, we collect below various properties of finitely presentable and finitely generated morphisms. All are fairly straightforward computations from the definitions, except the last one, which is proved in [H2, 04].

1.3. Properties. In a finitely accessible category K: (1) Isomorphisms are finitely presentable.

(2) Finitely presentable (resp. generated) morphisms are closed under composition. (3) Given a commutative diagram • • f � • • f_1 � � � � • • f_2 � � � � - f is finitely generated =⇒ f_2 is finitely generated; - f_1 is epi and f is finitely presentable =⇒ f_2 is finitely presentable; - f_1 is strong epi =⇒ [f is finitely generated ⇔ f_2 is finitely generated].

(4) Given a morphism f : X � Y ,

- X is finitely generated and Y is finitely presentable =⇒ f is finitely presentable; - X is finitely presentable =⇒ [Y is finitely presentable ⇔ f is finitely presentable]; - Y is finitely generated =⇒ f is finitely generated; - f is strong epi =⇒ f is finitely generated.

(5) Pushouts of finitely presentable (resp. generated) morphisms (along any morphism) are finitely presentable (resp. generated).

(6) If K has connected colimits, then every finitely presentable morphism is the pushout of a finitary morphism (along some morphism).

Note that the coequalizer of a pair of finitely presentable morphisms is not necessarily finitely presentable.

In the category Mod-R of all right R-modules, R a ring, the embedding A → B of a submodule is finitely presentable if and only if the quotient B/A is a finitely presentable module (see [H, 06]). However a finitely presentable morphism may not have a finitely presentable kernel. This raises questions on the behavior of finitely presentable morphisms in exact sequences, which are addressed in the next section.

2. Main results

Theorem 2.1 below is first stated in the narrow context of locally finitely presentable abelian category. It could be more quickly proved directly, but our goal is to get as much as we can of it in the most general context. Hence we will derive much of it from results in locally finitely presentable categories (Proposition 2.5), and then in certain co-homological categories (Proposition 2.7).

Note that a finitely accessible abelian category is necessarily locally finitely presentable, and also that a locally finitely presentable pointed category is abelian if and only if all monos and all epis are normal (i.e., are kernels and cokernels respectively; see for example [B, 94], Section 1.4).

2.1. Theorem. Let K be a locally finitely presentable abelian category. Then in every short exact sequence

0 K� K X

�^k � X C c � � C 0�

1) K is finitely generated ⇔ c is finitely presentable; 2) k is finitely presentable ⇔ C is finitely presentable.

2.2. Notes. In both 1) and 2), the “⇐” directions fail for semi-abelian varieties (in the sense of [BB, 04]): in the exact sequence

0 [F_2, F_2]

� [F_2, F_2] F_2

� � F_2 (F_2)_{ab}

� � (F_2)_{ab} 0�

in Grp, where F_2 is the free group on two generators, and (F_2)_{ab} = Z × Z is its abelianization, it is well-known that the commutator [F_2, F_2] is not finitely generated, and easily shown that its embedding in F_2 is not finitely presentable. However F_2 and (F_2)_{ab} (and hence F_2 ↠ (F_2)_{ab}) are obviously finitely presentable.

Before proving Theorem 2.1, we prove the following consequence. Recall (from [F, 75]) that a locally finitely presentable category is locally finitely coherent if every mono with finitely generated domain and finitely presentable codomain has its domain finitely presentable, and is locally finitely noetherian if every finitely generated object is finitely presentable.

2.3. Theorem. Let K be a locally finitely presentable abelian category. Then A) in every exact sequence

0 K� K X

�^k � X Y^f � Y C^c � � C 0� (*)

1) [ K is finitely generated and C is finitely presentable ] ⇒ f is finitely presentable;

2) f is finitely presentable ⇒ C is finitely presentable.

B) Furthermore,

3) [ f is finitely presentable ⇒ K is finitely generated ] holds for every exact sequence (*) iff K is locally finitely coherent;

4) [ f is finitely presentable ⇒ K is finitely presentable ] holds for every exact sequence (*) iff K is locally finitely noetherian.

Proof. Let f = f_2f_1 be the image (= (Epi, Mono)) factorization of f.

1) Since f_2 = ker c and f_1 = coker k, both f_1 and f_2 are finitely presentable under the hypotheses (by Theorem 2.1), and hence f too (by 1.3).

2) Given f finitely presentable, f_2 is finitely presentable by 1.3 (3). Hence C is finitely presentable by Theorem 2.1.

3) (⇒) Given a monomorphism g : A ↣ B with A finitely generated and B finitely presentable, there exists an epimorphism h: D ↠ A with D finitely presentable ([AR, 94]). Now gh is finitary, hence finitely presentable. By the assumption, its kernel object is then finitely generated, so that h is finitely presentable, by Theorem 2.1. But then A must be finitely presentable, by 1.3 (4).

(⇐) Given f : X � Y finitely presentable in (*), there exists, by 1.3 (6), a pushout diagram

X Y f �

X^′

X u �

X^′ Y^′ g � Y^′

Y v � with X^′ and Y^′ finitely presentable. Take the image factorization g = g_2g_1 of g and consider the pushout u^′ of u along g_1, and then the pushout u^{′′} of u^′ along g_2. Then we can assume u^{′′} = v and f = f^′_2f^′_1:

X^′ Z^′

g_1 � �

Z^′ Y^′

�^{g2} �

X^′

X u �

Y^′

Y v � X Z f^′_1 � Z Y f^′_2 �

Z^′

Z u^′ � X Y f �

Then f^′_1 is epi and f^′_2 is mono, since K is abelian. Now Z^′ is finitely generated because g_1 is (strongly) epi and X^′ is finitely presentable, and so it is finitely presentable, from the assumption. Therefore g_1 is finitely presentable, and so is its pushout f^′_1. But ker f^′_1 = ker f (since f^′_2 is mono), hence K is finitely generated by Theorem 2.1, as required.

4) (⇒) Given X finitely generated, consider the short exact sequence

0 X� X X + X ∼= X × X

�^{i1} � X + X ∼= X × X X^{π2} � � X 0�

where i_1 and π_2 are the canonical injection and projection respectively. Then π_2 is finitely presentable, by Theorem 2.1, so that X is finitely presentable, by the assumption.

(⇐) Clear from Theorem 2.1.

2.4. Problems. Theorem 2.3 raises the question of the characterization of the finitely presentable morphisms by completing (in the exact sequence (*)) the equation

[ f finitely presentable ] ⇐⇒ [ ?? + C finitely presentable ].

Note that “K finitely generated” would do precisely for the locally finitely coherent categories.

There is a formulation for morphisms: if f_2f_1 is the image factorization of f, the question is how to complete the equivalence

[ f is finitely presentable ] ⇐⇒ [ ?? + f_2 is finitely presentable ].

Here, “f_1 is finitely generated” is too weak (it is true of every epimorphism!), and “f_1 is finitely presentable” is too strong, since the equivalence

[ f is finitely presentable ] ⇐⇒ [ f_1 and f_2 are finitely presentable ]

also characterizes the locally finitely coherent categories, as the proof of part 3)(⇐) of Theorem 2.3 actually shows.

Recall the celebrated theorem of G. Higman ([Hi, 61]), which states that a finitely generated group can be embedded in a finitely presentable one iff it is recursively presented, i.e., it has a presentation made of recursively enumerable sets of generators and relations. Because f_1 is always finitely generated, and f_2 is automatically finitely presentable when f is, our question is really one of embeddability, in the slice category (X ↓ K), of a finitely generated object into a finitely presentable one. Whether anything useful can be extracted from this connection might be worth investigating.

Much of Theorem 2.1 is an immediate consequence of things already happening in every locally finitely presentable category, as we will now see. Recall that a relation on an object X is just a pair u, v : R ⇒ X such that ⟨u, v⟩: R � X × X is mono.

2.5. Proposition. Let K be locally finitely presentable. Then (a) the finitely presentable regular epis are precisely the coequalizers of relations with finitely generated domains. (b) If K is also pointed, then

(i) the finitely presentable normal epis are precisely the cokernels of monomorphisms with finitely generated domains, and

(ii) the cokernel of every finitely presentable morphism has a finitely presentable codomain.

Proof. (a) This follows readily from Proposition 2.11 in [AH, 09], which states that the finitely presentable regular epimorphisms are precisely the coequalizers of pairs of morphisms from finitely presentable domains. Indeed, given a coequalizer diagram K X u � v � X C

c = � � X C coeq(u,v) � � with c finitely presentable, we can then assume that K is also finitely presentable. We consider the diagram K R e � � R X × X

�^m � X × X X^{π1} �

X × X X

π_2

� X C c � � where me is the (Strong Epi, Mono)-factorization of ⟨u, v⟩ (which always exists in a locally finitely presentable category). Then R is finitely generated, and e being epi, c is also the coequalizer of the relation ⟨π_1m, π_2m⟩.

Conversely, given a relation u, v : R ⇒ X with R finitely generated, there must exist a strong epi e: K ↠ R with K finitely presentable, hence the coequalizer of (ue, ve) is finitely presentable. But again, coeq(u, v) = coeq(ue, ve).

(b) (i) A normal epi c: X ↠ C is the coequalizer of some pair of the form 0, v : K ⇒ X. If c is finitely presentable, the proof of Proposition 2.11 of [AH, 09] shows the existence of a morphism f : K_i � K such that K_i is finitely presentable and c is the coequalizer of 0f = 0 and vf. Hence c is the cokernel of vf. As in (a), the (Strong Epi, Mono)- factorization me of vf will give us c as the cokernel of m, which has a finitely generated domain, as required.

For the converse, we argue exactly as in (a).

(ii) Given cf : X �Y ↠ C with c = coker f and f finitely presentable, let h: C �D, where d_i : D_i � D is the colimit of a filtered diagram (d_{ij})_I . Then hcf = 0, and it is the colimit (object) of the diagram (d_{ij} : 0_i � 0_j)_{ij} in (X ↓ K), with 0_i = 0: X � D_i for all i. Hence there exists i ∈ I and g : Y � D_i such that gf = 0 and d_ig = hc. X Y f � Y C

c � � C

D h �

Y

D hc � � � � � � � X

D 0 � � � � � � � �X

D_i

0_i=0 � D_i D

d_i �

Y g � � � � � � �

Then, gf = 0 implies there exists h^′ : C � D_i, unique such that h^′c = g. That d_ih^′ = h follows from c being epi. Finally, for h^{′′} : C � D_i such that d_ih^{′′} = d_ih^′, we have d_ih^{′′}c = hc = d_ig, so that d_{ij}h^{′′}c = d_{ij} g = d_{ij}h^′c for some j, hence d_{ij}h^{′′} = d_{ij}h^′, as required.

2.6. Notes. Concerning part a) of Proposition 2.5, examples of semi-abelian varieties are easily constructed where the domain of the kernel pair of a finitely presentable (even finitary) morphism is not finitely generated. The case of Grp is special here: it follows from [Gd, 78] that the domain of the kernel pair of a finitary morphism is finitely generated (interestingly, [Gd, 78] shows that it is finitely presentable if and only if the codomain of the finitary morphism is finite.) For example, the domain of the kernel pair of F_2 ↠ (F_2)_{ab} in 2.2 is generated by (a, a), (b, b), (1, aba^{−1}b^{−1}), and (aba^{−1}b^{−1}, 1), where a and b are the free generators of F_2. Whether this extends to finitely presentable morphisms seems unlikely.

Proof of Theorem 2.1 1) follows immediately from Proposition 2.5 (b)(i), since all monos are normal in an abelian category. 2)(⇒) is 2.5 (b)(ii). 2)(⇐) holds in a slightly more general context, as the following Proposition 2.7 will show.

Recall from [BB, 04] that a category is called homological if it is pointed, regular, and protomodular. The latter is also defined in [BB, 04], but we will only need the observation there (Theorem 4.1.10) that in the presence of the first two conditions, K is homological iff is satisfies the following Short Five Lemma: given a commutative diagram with short exact rows, 0 K^′� K^′ X^′

�^{k′} � X^′ C^′

c^′ � � C′ 0�

K^′

K α �

X^′

X β �

C^′

C γ � 0 K� K X

�_k � X C c � � C 0�

if α and γ are isomorphisms, then so is β. (In this context, that

0 K� K X

�_k � X C c � � C 0�

is short exact just means that k is the kernel of c and c is the cokernel of k). Then we have:

2.7. Proposition. Let K be a locally finitely presentable category. If K is co-homological and all its strong epimorphisms are normal, then part 2) of Theorem 2.1 holds: in every short exact sequence

0 K� K X

�^k � X C c � � C 0�

k is finitely presentable if and only if C is finitely presentable.

Proof. The “⇒” direction follows from Proposition 2.5.

For the converse, first note that in any locally finitely presentable category K, for any strong epi c: X ↠ C with C finitely presentable, there exists β : X^′ � X with X^′ finitely presentable such that cβ is a strong epi. Indeed, one can verify (using in particular [AR, 94] 1.62) that every strong epi is the colimit (f_i, g_i): c_i � c in K^→ of a filtered diagram (c_i)_I of finitary strong epis. In particular (g_i)_I is a colimit cone in K, so that 1_C must factorize through some g_i. Then take β : X^′ � X to be f_i.

X_i C_i

c_i � �

X_i

X f_i �

C_i

C g_i �

C C_i � � � � � C

C 1_C � � � � � � �

X C c � � Now, g = cβ is a strong epi, hence normal. Being also finitary, Proposition 2.5 (b) (i) implies it is the cokernel of some monomorphism k^′ : K^′ ↣ X^′ with K^′ finitely generated. This gives us the commutative diagram:

K^′ X^′

�^{k′} � X^′ C g � � C 0�

K^′

K α �

X^′

X β �

C

C 1_C

0 K� K X

�_k � X C c � � C 0� where α is induced by cβk^′ = 0. Now, according to (the dual of) Theorem IV 4.2 of [PT, 04] (the “normalized Barr-Kock” property), this is enough here to conclude that the left hand square is a pushout. Using the Properties 1.3, we see that k^′ is finitely presentable, and hence its pushout k as well, as required.

2.8. Notes. Among the locally finitely presentable categories, the co-homological regular ones satisfy the conditions of Proposition 2.7. In fact, the Short Five Lemma being self-dual, it will be satisfied by these categories, which will then be homological. This in turn implies that all strong epis are normal (see [PT, 04] IV.4.4).

Hence we have that the conditions (i) K is co-homological and regular; (ii) K is homological and co-regular; (iii) K is homological and co-homological are all equivalent. It was recently observed by G. Janelidze (see [RT, 02] for a proof) that the latter condition actually implies that K is additive, and hence that it is equivalent to the following two:

(iv) K is additive, regular and co-regular;

(v) K is quasi-abelian (= almost abelian = Raikov-semiabelian).

The quasi-abelian categories are defined as the additive categories in which all kernels and cokernels exist and are stable under pushouts and pullbacks respectively. The category of torsion-free abelian groups is a (non-abelian) example. They have been studied in several papers, together with the slightly weaker notion of (Gruson-) semiabelian categories (see [Gn, 66], [Ra, 69], [Ru, 01], [Ko, 05]). The latter should not be confused with the semiabelian categories mentioned in 2.2 and 2.6 above, which were introduced in [JMT, 02]. Semiabelian categories can be characterized as those additive categories in which every morphism can be factorized as a normal epimorphism, followed by a bimorphism, followed by a normal monomorphism (in well-powered and finitely complete categories, this just means that strong epimorphisms and strong monomorphisms are normal). Rump ([Ru, 08]) recently showed that they are not all regular nor co-regular (and hence not almost abelian); this paper also gives a detailed account of the confusing history of these various terms.

We don’t know whether the conditions of Proposition 2.7 imply that K is regular, and hence almost abelian.

2.9. Problems. (1) Is part 2) of Theorem 2.1 also a trivial consequence of something happening in every locally finitely presentable category?

In particular, in a pointed locally finitely presentable category (or at least in a semiabelian category), is every normal epi with a finitely presentable codomain the cokernel of some finitely presentable (mono)morphism? Is this even the case in Grp, for that matter?

(2) Does part 1) of Theorem 2.1 hold under the conditions of Proposition 2.7? (3) Does part 2) of Theorem 2.1 hold in all locally finitely presentable additive categories?

Question (3) is motivated by the following. A pure mono in a locally finitely presentable category K can be defined as a morphism f : A �B such that for all commutative square

A B f �

X

A �

X Y g � Y

B �

Y

A d � � � � � � �

with g finitely presentable, there exists a diagonal d making the upper triangle commute ([H, 98]). Theorem 5.2 of [P, 09] states that if K is also additive, a pure mono f satisfies this diagonalization property for every morphism g with the codomain of its cokernel finitely presentable. (The proof there appears to be incorrect, but one can prove the statement using the argument in [AR, 04], Example 3). Note that if K is (locally finitely presentable additive and) regular and coregular, this follows trivially from our Proposition 2.7.

2.10. Acknowledgement. The author is grateful to Marino Gran for drawing his attention to the literature on quasi-abelian categories and pointing out its relevance to the subject, and to Yaroslav Kopylov for correcting his mistakes on the various meanings of “semiabelian”.

References

[AH, 09] Adámek, J., Hébert, M., On quasi-equations in locally presentable categories, to appear in Cah. Topol. Géom. Différ. Catég.

[AR, 94] Adámek, J., Rosický, J., Locally Presentable and Accessible Categories, Cambridge Univ. Press, Cambridge 1994.

[AR, 04] Adámek, J., Rosický, J., On pure quotients and pure subobjects, Czech. Math.

J. 54(129) (2004), no. 3, 623–636.

[B, 94] Borceux, F., Handbook of Categorical Algebra 2, Encyclopedia of Mathematics Vol.51, Cambridge University Press, Cambridge 1994.

[BB, 04] Borceux, F., Bourn, D. Mal’cev, Protomodular, Homological and Semi-Abelian Categories, Mathematics and its Applications, Kluwer Academic Publishers, Dordrecht 2004.

[BR, 07] Borceux, F., Rosický, J., Purity in algebra, Algebra Universalis 56 (2007), 17-37.

[D, 92] Diers, Y., Categories of commutative algebras, Oxford Science Pub., Oxford 1992.

[F, 75] Fakir, S., Objets algébriquement clos et injectifs dans les catégories localement présentables, Bull. Soc. Math. France, Mem. 42, 1975.

[GU, 71] Gabriel, P., Ulmer, F., Local Präsentierbare Kategorien, Lect. Notes in Math.

221, Springer-Verlag, Berlin 1971.

[GD, 64] Grothendieck, A., Dieudonné, J., Eléments de géométrie algébrique IV.1, Publ.

Math. IHES 20 (1964), 5-259.

[Gd, 78] Grunewald, F.J., On some groups which cannot be finitely presented, J. London Math. Soc. (2), 17 (1975), 427-436.

[Gn, 66] Gruson, L., Complétion abélienne, Bull. Soc. Math. 90 (1966), 17-40. [H, 98] Hébert, M., Purity and injectivity in accessible categories, JPAA 129 (1998), 143- 147.

[H1, 04] Hébert, M., Algebraically closed and existentially closed substructures in categorical context, TAC 12 (2004), 270-298.

[H2, 04] Hébert, M., K-purity and orthogonality, TAC 12 (2004), 355-371. [H, 06] Hébert, M., λ-presentable morphisms, injectivity and (weak) factorization systems, Appl. Categ. Struct. 14 (2006), 273-289.

[Hi, 61] Higman, G., Subgroups of finitely presented groups, Proc. Roy. Soc. Ser. A 262 (1961), 455–475.

[JMT, 02] Janelidze, G., Márki, L., Tholen, W., Semi-abelian categories, J. Pure Appl.

Algebra 168 (2002), 367-386.

[Ke, 65] Keisler, J., Some applications of infinitely long formulas, J. Symb. Logic 30 (1965), 339-349.

[Ko, 05] Kopylov, Y., On the Lambek invariants of commutative squares in a quasi-abelian category, Scientia; Series A 11 (2005), 57-67.

[P, 09] Prest, M., Definable additive categories: purity and model theory Mem. Amer.

Math. Soc., to appear.

[PT, 04] Peddichio, M.C., Tholen, W. Categorical Foundations, Cambridge Univ. Press, Cambridge 2004.

[Ra, 69] Raĭkov, D.A., Semiabelian categories, Soviet Math. Doklady 10 (1969), 1242- 1245.

[RAB, 02] Rosický, J, Adámek, J., Borceux, F., More on injectivity in locally presentable categories, TAC 10 (2002), 148-161.

[RT, 02] Rosický, Tholen, W., Factorization, fibration and torsion, J. Homotopy Related Struct. 2 (2007), 295-314.

[Ru, 01] Rump, W., Almost abelian categories, Cah. Topol. Géom. Différ. Catég. 42 (2001), 163-225.

[Ru, 08] Rump, W., A counterexample to Raikov’s conjecture, Bull. Lond. Math. Soc. 40 (2008), 985-994.

Department of Mathematics, The American University in Cairo, Cairo 11511, EGYPT Email: mhebert@aucegypt.edu

This article may be accessed at http://www.tac.mta.ca/tac/ or by anonymous ftp at

ftp://ftp.tac.mta.ca/pub/tac/html/volumes/24/9/24-09.{dvi,ps,pdf}

THEORY AND APPLICATIONS OF CATEGORIES (ISSN 1201-561X) will disseminate articles that significantly advance the study of categorical algebra or methods, or that make significant new contributions to mathematical science using categorical methods. The scope of the journal includes: all areas of pure category theory, including higher dimensional categories; applications of category theory to algebra, geometry and topology and other areas of mathematics; applications of category theory to computer science, physics and other mathematical sciences; contributions to scientific knowledge that make use of categorical methods.

Articles appearing in the journal have been carefully and critically refereed under the responsibility of members of the Editorial Board. Only papers judged to be both significant and excellent are accepted for publication.

Full text of the journal is freely available in .dvi, Postscript and PDF from the journal’s server at

http://www.tac.mta.ca/tac/ and by ftp. It is archived electronically and in printed paper format.

Subscription information. Individual subscribers receive abstracts of articles by e-mail as they

are published. To subscribe, send e-mail to tac@mta.ca including a full name and postal address. For institutional subscription, send enquiries to the Managing Editor, Robert Rosebrugh, rrosebrugh@mta.ca.

Information for authors. The typesetting language of the journal is TEX, and L^ATEX2e

strongly encouraged. Articles should be submitted by e-mail directly to a Transmitting Editor. Please obtain detailed information on submission format and style files at http://www.tac.mta.ca/tac/.

Managing editor. Robert Rosebrugh, Mount Allison University: rrosebrugh@mta.ca TEXnical editor. Michael Barr, McGill University: barr@math.mcgill.ca Assistant TEX editor. Gavin Seal, Ecole Polytechnique Fédérale de Lausanne:

gavin seal@fastmail.fm

Transmitting editors.

Clemens Berger, Université de Nice-Sophia Antipolis, cberger@math.unice.fr Richard Blute, Université d’ Ottawa: rblute@uottawa.ca Lawrence Breen, Université de Paris 13: breen@math.univ-paris13.fr Ronald Brown, University of North Wales: ronnie.profbrown (at) btinternet.com Aurelio Carboni, Università dell Insubria: aurelio.carboni@uninsubria.it Valeria de Paiva, Cuill Inc.: valeria@cuill.com Ezra Getzler, Northwestern University: getzler(at)northwestern(dot)edu Martin Hyland, University of Cambridge: M.Hyland@dpmms.cam.ac.uk P. T. Johnstone, University of Cambridge: ptj@dpmms.cam.ac.uk Anders Kock, University of Aarhus: kock@imf.au.dk Stephen Lack, University of Western Sydney: s.lack@uws.edu.au F. William Lawvere, State University of New York at Buffalo: wlawvere@acsu.buffalo.edu Tom Leinster, University of Glasgow, T.Leinster@maths.gla.ac.uk Jean-Louis Loday, Université de Strasbourg: loday@math.u-strasbg.fr Ieke Moerdijk, University of Utrecht: moerdijk@math.uu.nl Susan Niefield, Union College: niefiels@union.edu Robert Paré, Dalhousie University: pare@mathstat.dal.ca Jiri Rosicky, Masaryk University: rosicky@math.muni.cz Brooke Shipley, University of Illinois at Chicago: bshipley@math.uic.edu James Stasheff, University of North Carolina: jds@math.unc.edu Ross Street, Macquarie University: street@math.mq.edu.au Walter Tholen, York University: tholen@mathstat.yorku.ca Myles Tierney, Rutgers University: tierney@math.rutgers.edu Robert F. C. Walters, University of Insubria: robert.walters@uninsubria.it R. J. Wood, Dalhousie University: rjwood@mathstat.dal.ca