Theory and Applications of Categories, Vol. 21, No. 9, 2008, pp. 172–181.

NOTES ON EFFECTIVE DESCENT AND PROJECTIVITY IN QUASIVARIETIES OF UNIVERSAL ALGEBRAS

Dedicated to Walter Tholen on the occasion of his sixtieth birthday

ANA HELENA ROQUE

Abstract. We present sufficient conditions under which effective descent morphisms in a quasivariety of universal algebras are the same as regular epimorphisms and examples for which they are the same as regular epimorphisms satisfying projectivity.

1. Preliminaries

A variety is a full subcategory of the category of structures for a first order (one sorted) language, closed under substructures, products and homomorphic images. It is a regular category not necessarily exact for which effective descent morphisms are exactly the regular epimorphisms (strong surjective homomorphisms). The same is true of "prevarieties" (full subcategories of the category of structures, closed under substructures, products and strong homomorphic images) [4]. Any quasivariety is the subcategory of a variety orthogonal to a set of epimorphisms which are either strong surjective homomorphisms or bijective homomorphisms. Projectivity of the domain of such a bijective homomorphism w.r.t. a regular epimorphism p was shown in [2] to be a necessary and sufficient condition for p to be an effective descent morphism in models of Preorder.

In the case of universal algebras varieties are exact categories and consequently their effective descent morphisms are the regular epimorphisms i.e., the surjective homomorphisms. A quasivariety of universal algebras as the subcategory of a variety of universal algebras orthogonal to a set of regular epimorphisms is a regular category whose regular epimorphisms are again the surjective homomorphisms. A quasivariety of universal algebras is (a full subcategory of the category of structures for a first order (one sorted) algebraic language) axiomatizable by quasi-identities [3], that is, by sentences of the form

∀x_1...∀x_n k⋀ i=1 θ_i → δ

where each θ_i and δ are identities.

Partially supported by UI&D Matemática e Aplicações Received by the editors 2008-03-14 and, in revised form, 2008-11-12. Published on 2008-11-15 in the Tholen Festschrift.

2000 Mathematics Subject Classification: 18C10, 18A20, 08C15, 08B30. Key words and phrases: effective descent, projectivity, quasivariety. © Ana Helena Roque, 2008. Permission to copy for private use granted. 172

NOTES ON EFFECTIVE DESCENT AND PROJECTIVITY 173

Proposition 2.2 below, is an equivalent to the following well known criterion for effective descent found in [1]:

1.1. Proposition. Let C be a category with pullbacks and D be a full subcategory of C, closed under pullbacks. Let p : E → B be a morphism in D. Then:

If p is an effective descent morphism in C, then p is an effective descent morphism in D if and only if for each pullback D^s � δ � A α � E_p � B

in C, A is in D whenever D is in D.

2. Effective descent and Projectivity

Let C be a category with pullbacks in which the classes of regular epimorphisms and effective descent morphisms coincide and let S be a set of regular epimorphisms in C.

2.1. Definition. Given a morphism p : E → B, we say that (A, α) in (C ↓ B) has the factorization property with respect to p, if for each r in S and each commutative square

dom r^u � r � � � �

�

A α � cod r � � �

E_p � B

u factors through r.

2.2. Proposition. Let p : E → B be a morphism in S^⊥ which is a regular epimorphism in C; p is an effective descent morphism in S^⊥ if and only if for any (A, α) in (C ↓ B) with the factorization property w.r.t. p, A is in S^⊥.

Proof. Since S^⊥ is closed under pullbacks and any regular epimorphism in C is an effective descent morphism in C, from Proposition 1.1 we only need to show that the pullback condition in there is equivalent to the condition stated here. In fact, we only have to show that (A, α) in (C ↓ B) has the factorization property w.r.t. p if and only if E ×_B A is in S^⊥.

Let (A, α) be in (C ↓ B) and consider the pullback

E ×_B A

π_1 �

π_2 � A α � E_p � B.

174 ANA HELENA ROQUE

Note that, since E is in S^⊥, for each r in S, any morphism from dom r into E factors through r.

Given r in S and u : dom r → A satisfying α ∘ u = p ∘ h for some h, then h = v ∘ r for some v, and if E ×_B A is in S^⊥, the unique morphism f : dom r → E ×_B A induced by h and u (which must satisfy π_2 ∘ f = u), is of the form f = g ∘ r, for some g. Therefore, u = π_2 ∘ f = π_2 ∘ g ∘ r.

dom r

h

� r � � � � u

� cod r v �

g � � �_w � E×_BA

π_1 �

π_2 � A α � E_p � B

Conversely, if (A, α) has the factorization property w.r.t. p and f : dom r → E ×_B A, then π_1 ∘ f = v ∘ r for some v, and since α ∘ π_2 ∘ f factors through p, π_2 ∘ f = w ∘ r for some morphism w. Let g : cod r → E ×_B A be the morphism induced by v and w. Then, π_1 ∘ g ∘ r = v ∘ r = π_1 ∘ f and π_2 ∘ g ∘ r = w ∘ r = π_2 ∘ f, that is, f = g ∘ r.

2.3. Corollary. Let S be contained in the class of epimorphisms of C, and p : E → B be a morphism in S^⊥ which is a regular epimorphism in C; p is an effective descent morphism in S^⊥ if for each r in S, dom r (or cod r) is projective w.r.t. p (i.e. for each r in S every f : dom r → B factors through p).

Proof. Let (A, α) in (C ↓ B) have the factorization property w.r.t. p, and let r be in S and u : dom r → A. Then, by projectivity, α ∘ u = p ∘ h for some h, and by the factorization property, u factors through r; therefore A is in S^⊥.

Notice that since each r in S is an epimorphism and both E and B are in S^⊥, projectivity of dom r (w.r.t. p) is equivalent to projectivity of cod r (w.r.t. p).

Suppose that Q is the full subcategory of a variety V determined by a set Σ of quasiidentities.

Each conjunction θ of identities induces a congruence C_θ on the free object F_V(V ) in V over the set V of variables of the language. A quasi-identity θ → δ induces then a canonical surjective homomorphism F_V(V )/_{Cθ} → F_V(V )/_{Cθ ∨Cδ} . Let S be the set of these homomorphisms, one for each quasi-identity in Σ. Then Q is the subcategory of V orthogonal to S, i.e., S^⊥ = Q in V.

Corollary 2.3 reads then

NOTES ON EFFECTIVE DESCENT AND PROJECTIVITY 175

2.4. Corollary. Let p : E → B be a surjective homomorphism in Q. Then 1. implies 2.: 1. for each θ → δ ∈ Σ and each assignment to the variables s into B, if B |= θ[s] then there is an assignment s_1 into E such that p ∘ s_1 = s and E |= θ[s_1].

2. p is an effective descent morphism in Q.

and Proposition 2.2 reads

2.5. Proposition. Let p : E → B in Q be a surjective homomorphism; p is an effective descent morphism in Q if and only if for each algebra A in V and each homomorphism α : A → B, if A is not a model of Σ there exist θ → δ ∈ Σ and assignments s_1 and s_2 into E and A respectively, such that p ∘ s_1 = α ∘ s_2, E |= θ[s_1] and A |= θ ∧ ¬δ[s_2].

Not all regular epimorphisms in Q are effective descent morphisms as shown in the following examples borrowed from [1]:

2.6. Example.

1. A binary operation · with at most one idempotent that is, models of

∀x∀y x · x ≈ x ∧ y · y ≈ y → x ≈ y.

Take E with no idempotents, B the terminal object, A with two idempotents (not a model) and p : E → B and α : A → B the only possible morphisms; dom r is the free object on two idempotents and for a morphism u : dom r → A, α ∘ u cannot factor through p for if it did, E had at least one idempotent. Therefore, by Proposition 2.2, p is not an effective descent morphism.

2. Models of {x · c ≈ x, c · x ≈ x, x · (x · (x · x)) ≈ c → x · x ≈ c} (· a binary operation and c a constant).

Take the Abelian groups E = Z, B = Z_2, A = Z_4 (not a model) and p : E → B and α : A → B the canonical homomorphisms. Suppose that α ∘ u = p ∘ h, for some h. Then, since Z is a model, h(x + x) = 0, and because 0 is the only nilpotent in Z, h(x) = 0. Then, α ∘ u(x) = p ∘ h(x) = 0 so that u(x) is either 0 or 2 in Z_4, and in any case, u(x) + u(x) = 0. Hence u factors through r and therefore, by Proposition 2.2, p is not an effective descent morphism.

In particular not all regular epimorphisms in Q satisfy projectivity. But they do in some common quasivarieties:

Let Q denote the category of models of a theory T whose axioms are sentences either of the form:

1. ∀x_1...∀x_n θ, or of the form

176 ANA HELENA ROQUE

2. ∀w_1...∀w_n θ_1 ∧ ... ∧ θ_k →

⋀_m

i=1 x_i ≈ y_i ∧

⋀_l

j=1 z_j ≈ t_j where θ and θ_i are identities, all variables z_j are distinct from all the variables x_i and y_i and each z_j does not occur in any of the terms t_j

with the additional condition that T ⊢ m⋀ i=1 x_i ≈ y_i ∧ l⋀ j=1 z_j ≈ t_j → θ_1 ∧ ... ∧ θ_k

for each formula of type 2..

2.7. Proposition. If p : E → B is a regular epimorphism in Q, then for each formula of form 2. and for each s : V → B (V the set of variables) such that

B ⊨ θ_1 ∧ ... ∧ θ_k[s]

there exists s^′ : V → E with p ∘ s^′ = s and E ⊨ θ_1 ∧ ... ∧ θ_k[s^′], i.e., projectivity is satisfied w.r.t. p.

Proof. Let p : E → B be a regular epimorphism in Q. Then, p is a surjective homomorphism. If B ⊨ θ_1 ∧ ... ∧ θ_k[s], since B is a model of T , B ⊨

⋀_m i=1 x_i ≈ y_i ∧

⋀_l j=1 z_j ≈ t_j [s], that is s(x_i) = s(y_i) and s(z_j ) = s̄(t_j ). As p is surjective, we may consider s^′ : V → E with s^′(x_i) = s^′(y_i) ∈ p^{−1}(s(x_i)) = p^{−1}(s(y_i)) and for the other variables choose s^′(v) ∈ p^{−1}(s(v)). Then, p ∘ s^′ = s.

Let s^{′′} : V → E be such that s^{′′}(z_j ) = s̄^′(t_j) and equal to s^′ for variables other than the z_j ’s. Then, p ∘ s^{′′} = s. Also, s^′ and s^{′′} coincide in the variables occurring in the t_j^′s (since the z_i do not occur there) and so

s̄′′(t_j) = s̄′(t_j) = s^{′′}(z_j ) and s^{′′}(x_i) = s^′(x_i) = s^′(y_i) = s^{′′}(y_i)

that is, E ⊨

⋀_m i=1 x_i ≈ y_i ∧

⋀_l

j=1 z_j ≈ t_j[s^{′′}]. As E is a model of T , from the additional condition it follows that E ⊨ θ_1 ∧ ... ∧ θ_k[s^{′′}].

2.8. Corollary. In Q = Mod(T ) with T as above, the classes of regular epimorphisms and of effective descent morphisms coincide.

Proof. Follows from Corollary 2.3.

The following are such quasivarieties:

2.9. Example. The categories of

1. Models of ("joint") injectivity:

∀x_1...∀x_n∀y_1...∀y_n fx_1...x_n ≈ fy_1...y_n ∧ gx_1...x_k ≈ gy_1...y_k → ∧^n_{i=1}x_i ≈ y_i, k ≤ n

2. Models of cancellation law: ∀x∀y∀z fxz ≈ fyz → x ≈ y

NOTES ON EFFECTIVE DESCENT AND PROJECTIVITY 177

3. Torsion free abelian groups:

Axioms of abelian group +...∀x f...fxx...x ≈ c → x ≈ c

4. Models of

{∀x x ∧ x ≈ x, ∀x∀y x ∧ y ≈ x&(x ∧ z ≈ y ∧ z)&(x ∨ z ≈ y ∨ z) → x ≈ y}

5. Models of

{∀x x∧x ≈ x, ∀x x∨x ≈ x, ∀x x∨x̄ ≈ 1, ∀x∀y (x∧y)∨(x ∨ y) ≈ 1 → x ≈ y}

where the axioms in 4. (respectively 5.) were picked among the axioms of ortholattices (respectively orthomodular lattices).

2.10. Observation. Let T be the theory of monoids with the identity denoted by 1, satisfying x^4 ≈ 1 → x^2 ≈ 1 and let Q = Mod(T ). Then T ⊢ x^2 ≈ 1 → x^4 ≈ 1. E, B and p as in Example 2.6.2. are in Q but the surjective homomorphism p is not an effective descent morphism in Q. This shows the necessity of "linearity" of the identities z_i ≈ t_i of Proposition 2.7.

In the cases of Example 2.6, the given regular epimorphisms are not effective descent morphisms but also do not satisfy projectivity. In fact, in both cases, being an effective descent morphism is equivalent to being a regular epimorphism satisfying projectivity. Note that a morphism for which projectivity holds need not be a regular epimorphism.

2.11. Proposition.

1. For Q = Mod(x · x ≈ x ∧ y · y ≈ y → x ≈ y) with · a binary operation, a morphism is an effective descent morphism in Q if and only if it is a regular epimorphism and satisfies projectivity.

2. For Q = Mod({x · c ≈ x, c · x ≈ x, x · (x · (x · x)) ≈ c → x · x ≈ c}) with · a binary operation and c a constant, a morphism is an effective descent morphism in Q if and only if it is a regular epimorphism and satisfies projectivity.

Proof. Since surjective homomorphisms in Q which satisfy projectivity are effective descent morphisms it is enough to show that an effective descent morphism in Q satisfies projectivity. Let p : E → B in Q be an effective descent morphism.

1. Suppose that B |= x · x ≈ x ∧ y · y ≈ y[s]. Then, since B is in Q, s(x) = s(y). Call this element b_0. Take a ∉ |B| and let A be the algebra defined by |A| = |B| ∪ {a} the underlying set, and operation a · a = a and c · d = α(c) · α(d) otherwise, where α : |A| → |B| is the function given by α(a) = b_0 and α(b) = b for b ∈ |B|; α : A → B is a homomorphism since b_0 · b_0 = b_0.

A is not in Q because a · a = a and b_0 · b_0 = b_0 but a ≠ b_0. Moreover, since α is a homomorphism and B is in Q satisfying b_0 · b_0 = b_0, the only assignments s^′ for which

178 ANA HELENA ROQUE

A |= x · x ≈ x ∧ y · y ≈ y ∧ x ≉ y[s^′] are such that {s^′(x), s^′(y)} ⊆ {a, b_0}. Since for any such assignment α ∘ s^′ = s, by Proposition 2.5 there exists an assignment s_1 into E such that E |= x · x ≈ x ∧ y · y ≈ y[s_1] and p ∘ s_1 = s. This says that projectivity w.r.t. p is satisfied.

2. Q is a subcategory of the variety V = Mod({x · c ≈ x, c · x ≈ x}). Suppose that B |= x · (x · (x · x)) ≈ c[s]. Let s(x) = b_0 and c^B = 1. Since B is in Q, b_0 · b_0 = 1. Take a_0, a_1 ∉ |B| distinct and let A be the algebra defined by |A| = |B| ∪ {a_0, a_1} with c^A = 1, a_i ·1 = a_i = 1·a_i, i = 0, 1, a_0 ·a_0 = a_1 and b·d = α(b)·α(d) otherwise, where α : |A| → |B| is the function defined by α(a_0) = b_0, α(a_1) = 1 and α(b) = b for b ∈ |B|; α : A → B is a homomorphism and A is in V.

But A is not in Q since

a_0 · (a_0 · (a_0 · a_0)) = a_0 · (a_0 · a_1) = a_0 · (α(a_0) · α(a_1)) = a_0 · (b_0 · 1) = a_0 · b_0 = α(a_0) · α(b_0) = b_0 · b_0 = 1

and a_0·a_0 = a_1 ≠ 1. In fact the only assignment s^′ for which A |= x·(x·(x·x)) ≈ c∧x ≉ c[s^′] is the above one i.e., s^′(x) = a_0. But α ∘ s^′(x) = α(a_0) = b_0, that is α ∘ s^′ = s. Hence, by Proposition 2.5 there exists an assignment s_1 into E such that E |= x · (x · (x · x)) ≈ c[s_1] and p ∘ s_1 = s. This says that projectivity w.r.t. p is satisfied.

For not all effective descent morphisms in a quasivariety of universal algebras projectivity is satisfied as shown in the following

2.12. Example.

1. Consider the quasivariety Q of (multiplicative) semigroups satisfying the quasiidentity x^4 ≈ x^2 ∧ y^4 ≈ y^2 → x^2 ≈ y^2,

and the following objects of Q:

• the algebra E = {u^i : i ≥ 1} ∗ {v} of non-empty finite strings of u’s and v’s, multiplication being concatenation, with the property that any substring of v’s may be replaced by a single v (in particular, v^i = v, for any i ≥ 2);

• the algebra B = {u, v} such that the multiplication of any two elements is always v. Sending u to u and everything else to v defines a regular epimorphism p : E → B. Note that p does not satisfy projectivity as in B both elements satisfy x^4 ≈ x^2, while v is the sole element of E that satisfies this identity. On the other hand, p is an effective descent morphism: indeed if A is an associative magma such that elements a, b ∈ A exist that satisfy

a^4 = a^2, b^4 = b^2 and a^2 ≠ b^2

NOTES ON EFFECTIVE DESCENT AND PROJECTIVITY 179

then also (a^2)^4 = (a^2)^2, (b^2)^4 = (b^2)^2 and (a^2)^2 ≠ (b^2)^2

and it follows that for any morphism of magmas α : A → B, sending x and y to v in E, on the one hand, and x to a^2 and y to b^2 in A, on the other hand, gives the required assignments.

2. Let Q be the same quasivariety as in example 1. above, E = {e^i : i ≥ 0} of possibly empty finite strings of e’s with multiplication given by e^i·e^j = e^{i+j}, B = {−1, 1} with the usual multiplication and p : E → B the unique morphism such that p(e^0) = 1 and p(e) = −1. In particular, let p from additive natural numbers onto B be defined by p(0) = 1 and p(n) = (−1)^n for n ≠ 0.

3. Take Q to be the quasivariety of monoids, with the identity represented by 1, which satisfy x^4 ≈ x^2 → x^2 ≈ 1. Let E, B and p be as in example 2. with 1 interpreted as e^0 and 1, respectively.

3. Necessary conditions and Sufficient conditions

We end these notes with necessary conditions and sufficient conditions for a regular epimorphism to be an effective descent morphism in a quasivariety Q of universal algebras.

Suppose that Q is the full subcategory of a variety V determined by a set Σ of quasiidentities. Each element of Σ is of the form θ → δ with θ = ⋀ i t^i_1 ≈ t^i_2 and δ = u_1 ≈ u_2.

Take Θ = C_θ =< (t^i_1, t^i_2) > to be the congruence on the algebra of terms T (V ), generated by the pairs (t^i_1, t^i_2) with t^i_1 ≈ t^i_2 subformulas of θ.

Below we will denote by π_Θ both the canonical projection T (V ) → T (V )/Θ and its restriction to V . Also, for any substitution φ : V → T (V ), φ(θ) will denote the formula ⋀ i φ̄(t^i_1) ≈ φ̄(t^i_2) and analogously for φ(δ).

The following sufficient condition reflects what happens in Example 2.12:

3.1. Proposition. Let p : E → B be a surjective homomorphism in Q. Then 1. implies 2.: 1. For each θ → δ in Σ and each assignment s : V → B such that B |= θ[s] there exist an assignment s_1 into E and a substitution φ : V → T (V ) such that p ∘ s_1 = s̄ ∘ φ, E |= θ[s_1] and T hV, θ ⊢ φ(θ) and T hV, θ, φ(δ) ⊢ δ.

2. p is an effective descent morphism in Q.

Proof. Let A be in V, α : A → B be a homomorphism and suppose that A is not in Q. Then, there exist θ → δ in Σ and an assignment s : V → A such that A |= θ ∧ ¬δ[s], so that B |= θ[α ∘ s]. By assumption, for some assignment s_1 into E and some substitution φ : V → T (V ) we have that p∘s_1 = α ∘ s∘φ = α∘s̄∘φ, E |= θ[s_1] and A |= φ(θ)∧¬φ(δ)[s], that is A |= θ ∧ ¬δ[s̄ ∘ φ]. By Proposition 2.5, p is an effective descent morphism in Q.

180 ANA HELENA ROQUE 3.2. Example. In Example 2.12.1. take s_1(x) = s_1(y) = v, φ(x) = x^2 and φ(y) = y^2. 3.3. Corollary. Let p : E → B be a surjective homomorphism in Q. Then 1. implies 2.: 1. For each θ → δ in Σ and each assignment s : V → B if B |= θ[s] then there exist an assignment s_1 into E and a substitution φ : V → T (V ) which is the identity on the variables of δ such that p ∘ s_1 = s̄ ∘ φ, E |= θ[s_1] and T hV, θ ⊢ φ(θ).

2. p is an effective descent morphism in Q.

Proof. It follows from Proposition 3.1 since as φ is the identity in the variables of δ, φ(δ) = δ and so φ(δ) ⊢ δ.

In the following necessary condition we assume that Σ = {θ → δ} is a singleton and V is the category of algebras for the language. We also assume that θ → δ is not a valid formula for otherwise Q = V.

3.4. Proposition. Let p : E → B be a surjective homomorphism in Q. Then 1. implies 2.: 1. p : E → B is an effective descent morphism in Q.

2. For each assignment s such that B |= θ[s] there exist an assignment s_1 into E and a substitution φ : V → T (V ) such that p ∘ s_1 = s ∘ φ, E |= θ[s_1], (φ̄(t^i_1), φ̄(t^i_2)) ∈ Θ and (φ̄(u_1), φ̄(u_2)) ∉ Θ or equivalently, E |= θ[s_1], θ ⊢ φ(θ) and θ, ¬δ ⊬ φ(δ).

Proof. Suppose that B |= θ[s]. Since θ → δ is not valid, T (V )/Θ |= θ ∧ ¬δ[π_Θ] and therefore T (V )/Θ is not a model of Σ.

Moreover, s̄ decomposes as β ∘ π_Θ for some homomorphism β. By Proposition 2.5 there exist s_1 and φ : V → T (V ) such that

p ∘ s_1 = β ∘ π_Θ ∘ φ = s̄ ∘ φ, E |= θ[s_1] and T (V )/Θ |= θ ∧ ¬δ[π_Θ ∘ φ], that is, (φ̄(t^i_1), φ̄(t^i_2)) ∈ Θ and (φ̄(u_1), φ̄(u_2)) ∉ Θ and therefore θ ⊢ φ(δ) and θ, ¬δ ⊬ φ(δ) as required.

The gap between the above sufficient and necessary conditions seems to be the gap between non deducibility and deducibility of the negation (of φ(δ)). Acknowledgements: The author is grateful to the referee who kindly provided an example (reproduced as 1. in Example 2.12) – missing in the first version of this paper – of an effective descent morphism w.r.t. which projectivity does not hold.

NOTES ON EFFECTIVE DESCENT AND PROJECTIVITY 181

References

[1] Janelidze, G.; Tholen, W.; Facets of Descent I, Appl. Categ. Structures 2 (1994), 245-281.

[2] Janelidze G.; Sobral M.; Finite preorders and topological descent I, J. Pure Appl.

Algebra 175 (2002), 187-205.

[3] Mal’cev, A. I.; Algebraic Systems, Springer-Verlag, 1973.

[4] Roque, A. H.; Effective descent morphisms in some quasivarieties of algebraic, relational, and more general structures, Appl. Categ. Structures 12 (2004), 513-525.

UIMA / Departamento de Matemática Universidade de Aveiro Aveiro, Portugal

Email: a.h.roque@ua.pt

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/21/9/21-09.{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, McGill University: gavin_seal@fastmail.fm Transmitting editors.

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 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