Theory and Applications of Categories, Vol. 4, No. 4, 1998, pp. 73–81.

SIMPLICIAL AND CATEGORICAL DIAGRAMS, AND THEIR EQUIVARIANT APPLICATIONS

RUDOLF FRITSCH AND MAREK GOLASIŃSKI

Transmitted by Michael Barr

ABSTRACT. We show that the homotopy category of simplicial diagrams I-SSin-dexed by a small category I is equivalent to a homotopy category of SS↓ N I simplicial sets over the nerve N I. Then their equivalences, by means of the nerve functor

N : C at → SSfrom the category C at of small categories, with respective homotopy

categories associated to C at are established. Consequently, an equivariant simplicial version of the Whitehead Theorem is derived.

In his remarkable paper [14], Thomason shows the equivalence of the homotopy categories of C at, the category of small categories, and SS, the category of simplicial sets, by means of the nerve functor N : C at → SSand one of its homotopy inverses (see [7, 9] for details). By [11], the homotopy structure on C at induces, for every small category I, homotopy structures on the category C at ↓ I of small categories over I and the category I-C at of contravariant functors from I to C at. From [10], it follows that there is a pair of adjoint functors D : C at ↓ I → I-C at and I ∫ - : I-C at → C at ↓ I which establishes an equivalence of respective homotopy categories. Similarly, by [5] the homotopy category of simplicial sets on which a fixed simplicial group G acts is equivalent to the homotopy category of simplicial sets over the classifying complex W G. From this it follows the wellknown fact that the homotopy category of topological spaces on which a fixed discrete group G acts is equivalent to the homotopy category of spaces over the classifying space K(G, 1). We were influenced by these papers to search for a link between the comma category SS ↓ NI and the category I-SS of contravariant functors from I to SS. In Section 1 we define, by means of [3, p.327], a pair of adjoint functors A : SS↓ NI → I-SSand B : I-SS→ SS↓ NI, and examine in Proposition 1.4 their homotopy properties. Let N : C at ↓ I→ SS↓ NI and ~N : I-C at → I-SSbe the associated functors to the nerve one N : C at → SS. Then by Theorem 1.5, from the diagram of functors C at ↓ I fflffl N // D I-C at oo I^∫ - fflffl ~N SS↓ NI^{//} A I-SS oo B Received by the editors 1998 April 24. Published on 1998 July 1.

1991 Mathematics Subject Classification: Primary 55P15, 55U10; secondary 18G30, 55P91. Key words and phrases: comma category, Grothendieck construction, homotopy colimit, pull-back, simplicial set, small category.

© Rudolf Fritsch and Marek Golasiński 1998. Permission to copy for private use granted. 73 we derive equivalences of respective homotopy categories to generalize the result presented in [8].

Let G be a discrete group, O(G) the associated category of canonical orbits (see e.g., [1, 2]) and G-SSthe category of G-simplicial sets. Then, there is a canonical functor Φ : G-SS→ O(G)-SSwhich establishes (cf. [4, 6]) an equivalence of respective homotopy categories. In Section 2, we apply our previous results to deduce an equivalence of the homotopy categories of G-SSand SS↓ NO(G). Furthermore, a G-simplicial version of the Whitehead Theorem is derived (cf. [2]).

The second author acknowledges the hospitality and financial support of the Mathematisches Institut, der Universität München during the time this work was done.

1. Main results

Let I be a small category. As mentioned in the introduction, in [10] a pair of adjoint functors is given

C at ↓ I^{//D} I-C at oo I^∫ -

such that the adjunction maps η : id → (I ∫ -)D and ξ : D(I ∫ -) → id are weak equivalences. The functor I ∫ - is defined by the Grothendieck construction (see e.g., [13]). If F : I→ C at is a contravariant functor then objects in I ∫ F are pairs (i, X) with i an object in Iand X an object in F (i), and with morphisms (α, x) : (i_1, X_1) → (i_2, X_2) consisting of a morphism α : i_1 → i_2 in Iand a morphism x : X_1 → F (α)(X_2). Composition is defined by (α, x)(α^′, x^′) = (αα^′, F (α^′)(x)x^′). For α : C → I (an object in C at ↓ I) and an object i in I, Dα(i) = i ↓ α is the comma category and the functor D is defined in an obvious way on morphisms in I.

By [11], the simplicial closed model category structure in the sense of Quillen on the category C at considered in [14] determines such a structure on the categories C at ↓ Iand I-C at, respectively. More precisely, from [11] one deduces immediately 1.1. Proposition. The categories C at ↓ I and I-C at with fibrations, cofibrations and weak equivalences of small categories as defined below, are simplicial closed model categories in the sense of Quillen (see [11]) :

1) the model category structure on C at ↓ I is the one induced by the usual one on the category of small categories C at (see [14]). In particular, the weak equivalences are the weak equivalences over I;

2) a map in I-C at is a fibration if it is an object-wise fibration (resp. weak equivalence) in C at (see [14]) and is a cofibration if it has the left lifting property with respect to maps which are simultaneously fibrations and weak equivalences.

Let now [1] denote the small category associated with the ordered set {0 < 1}. Then, any natural transformation ϕ : F_0 → F_1 of functors F_0, F_1 : B → C determines a functor Θ : B × [1] → C . Therefore, for an object α : B → I in C at ↓ I define the functor α × [1] : B × [1] → Isuch that α × [1] = απ, where π : B × [1] → B is the projection functor. Furthermore, let j_0, j_1 : α → α × [1] denote the canonical inclusions and let α : B → I and β : C → I be objects in C at ↓ I. We say that maps F_0, F_1 : α → β are homotopic if there is a map Θ : α × [1] → β such that Θj_0 = F_0 and Θj_1 = F_1. Similarly, for an object G : I→ C at in the category I-C at let G × [1] : I→ C at denote the contravariant functor which is defined by (G × [1])(i) = G(i) × [1], for any object i in Iand in the obvious way on morphisms in I. For functors G, H : I→ C at, two maps ψ_0, ψ_1 : G → H are homotopic if there is a map Ψ : G × [1] → H in the category I-C at such that Ψj_0 = ψ_0 and Ψj_1 = ψ_1, where j_0, j_1 : G → G × [1] are the canonical inclusions. Then, we may state the following result.

1.2. Proposition. 1) The functors D : C at ↓ I −→ I-C at and I ∫ - : I-C at −→ C at ↓ I preserve weak equivalences.

2) If α : B → I and β : C → I are objects in C at ↓ I and maps F_0, F_1 : α → β are homotopic then the induced functors DF_0, DF_1 : I→ C at are also homotopic. Conversely, for G, H : I→ C at and homotopic maps ψ_0, ψ_1 : G → H the induced maps I ∫ ψ_0 : I ∫ G → I and I^∫ ψ_1 : I^∫ H → I are also homotopic.

Proof. 1) Let F_0, F_1 : I→ C at be contravariant functors with a natural transformation F_0 → F_1 and such that the functors F_0(i) → F_1(i) are weak equivalences, for any object i in the category Iand consider the induced functor I ∫ F_0 → I ∫ F_1. Put N for the nerve functor from the category C at to the category of simplicial sets SSand hocolim for the homotopy colimit functor (see [1]) on the category of diagrams of simplicial sets. Then, there is a commutative diagram

hocolim NF_0 // fflffl N(I ∫ F_0) fflffl hocolim NF_1 // N(I ∫ F_1)

with the horizontal maps as homotopy equivalences in the light of [13]. But by [3, p.335], the map hocolim NF_0 → hocolim NF_1 is a weak equivalence. Thus, the map N(I ∫ F_0) → N(I ∫ F_1) is a weak equivalence as well.

Let now C ŒŒ α ¿¿¿¿ ¿¿ ¿¿ // F D � β � � � � I be a map in the category C at ↓ Iwith F as a weak equivalence. Then by [12], the comma category d ↓ F is contractible, for any object d in D. For any object i in I, consider the induced functor i ↓ α^{i↓F}−→ i ↓ β.

Then, for any object d̄ = (d, i → β(d)) in i ↓ β we have d̄ ↓ (i ↓ F ) = d ↓ F . Hence, the comma category d̄ ↓ (i ↓ F ) is contractible, for any object d̄ in the category i ↓ β and again by [12] we get that the functor i ↓ F is a weak homotopy equivalence.

2) The proof is straightforward.

Denote by SS↓ NI the category SSover the nerve NI of the small category I and by I-SSthe category of contravariant functors from a small category I to the category SSof simplicial sets. Then, the proposition below immediately follows from [11].

1.3. Proposition. The categories I-SSand SS↓ NIwith fibrations, cofibrations and weak equivalences as defined below, are simplicial closed model categories in the sense of Quillen (see [11]).

1) The model category structure on the category SS↓ NI is the one induced by the usual one on the category of simplicial sets (see [11]). In particular, the weak equivalences are the weak homotopy equivalences over NI;

2) a map in I-SSis a fibration (resp. weak equivalence) if it is an object-wise fibration (resp. weak equivalence) in SS(see [11]) and is a cofibration if it has the left lifting property with respect to maps which are simultaneously fibrations and weak equivalences.

Similarly as in the categories C at ↓ I and I-C at, we define a homotopy notion in the categories SS↓ NI and I-SS. Then, we have the following

1.4. Proposition. There is a pair of adjoint functors A : SS ↓ NI → I-SS (the left adjoint) and B : I-SS→ SS↓ NI (the right adjoint) such that in the terminology of the previous proposition:

1) both functors send weak equivalences into weak equivalences and homotopic maps into homotopic ones;

2) for every object Θ in SS ↓ NI and every object F in I-SS, the adjunction maps Θ → BA(Θ) and AB(F ) → F are weak equivalences.

Proof. Given an object Θ : X→ NIin the category SS↓ NI, one defines the contravariant functor AΘ : I→ SSas follows. For an object i in I, let i ↓ I be the category over i and i ↓ I→ Ithe natural projection functor. Then, the simplicial set (AΘ)(i) is given by the pull-back (AΘ)(i) fflffl // N(i ↓ I) fflffl X^{//} Θ NI. Moreover, for a map i → i^′ in I, we get the induced simplicial map (AΘ)(i^′) → (AΘ)(i). Given an object F in the category I-SS, one defines BF as follows. Let hocolim F be the homotopy colimit of F and define BF as the simplicial map hocolim F → NI given by the natural projection.

The adjunction of a map f : AΘ → F in the category I-SSis determined as follows. Associate, with the induced map f̄ : AΘ → F ×N(- ↓ I) by the maps f and AΘ → N(− ↓ I) given by the pull-back above, the simplicial map f̃ = colim f̄ : colim AΘ → colim F ×

N(- ↓ I) over the nerve NI. But, colim F × N(- ↓ I) = hocolim F by [3, Chap. XII] and colim AΘ = ∐ i(AΘ)(i)/ ∼, where i runs over all objects in Iand AΘ(α)x ∼ x for α : i^′ → i and x ∈ AΘ(i). An n-simplex in X determines an simplex Θ(x) = (i_0 → · · · → i_n) in the nerve NI. Then, Θ̂(x) = (i_0 = i_0 → · · · → i_n) is a simplex in N(i_0 ↓ I) and we get an injection η : X→ colim AΘ such that η(x) = (x, Θ̂(x)). On the other hand, for any (x, σ) ∈ (AΘ)(i) we have (x, σ) ∼ (x, Θ̂(x)). Thus, the map η : X → colim AΘ is an isomorphism. Finally, we have a map f̃ : X→ hocolim F such that the diagram X

ßß Θ 22 22 22 22 22 22 2 // f̃ hocolim F

� � � � � � � �

NI commutes.

Given a map g : Θ → BF in the category SS↓ NI one can also get an adjunction g̃ : AΘ → F . For an object i in I, we define a simplicial map g̃(i) : AΘ(i) → F (i). By [1, p.338], the simplicial set hocolim F is isomorphic to the diagonal of the double simplicial set ∐ ∗ F which in dimension n consists of the union ∐ n F = ∐ i0→···→in F (in). Thus, for an n-simplex x in Xwe have g(x) = y with y ∈ F (i_n) and Θ(x) = (i_0^{α1}→ · · ·^{αn}→ i_n). Hence, for (x, (i^α→ i_0^{α1}→ · · ·^{αn}→ i_n)) in (AΘ)(i) we may define g̃(i)(x, (i^α→ i_0^{α0}→ · · ·^{αn}→ i_n)) = F (α_n · · · α_0α)(y).

1) Let now Θ : X → NI and Θ^′ : X^′ → NI be two objects in the category SS↓ I and f : Θ → Θ^′ a map such that the associated simplicial map X → X^′ is a weak homotopy equivalence. Then, for an object i in I the induced maps AΘ(i) → X and AΘ^′(I) → X^′ have the same homotopy fibre (up to homotopy). Hence, from the long homotopy exact sequences determined by AΘ(i) → X and AΘ^′(i) → X^′, it follows that the map Af(i) : AΘ(i) → AΘ^′(i) is a weak homotopy equivalence. Thus, the induced map Af : AΘ → AΘ^′ in the category I-SSis a weak homotopy equivalence.

On the other hand, if f : F → F^′ is a map in the category I-SSsuch that the simplicial maps f(i) : F (i) → F^′(i) are weak homotopy equivalences for any object i in I then by [3, p.335], one gets that the induced map hocolim f : hocolim F → hocolim F^′ is a weak homotopy equivalence. Thus, the map Bf : BF → BF^′ is a weak homotopy equivalence. The proof of the preservation of homotopic maps by functors A and B is straightforward.

2) Let |–| be the geometric realization functor. For an object Θ : X → NI in the category SS↓ NI, the adjunction map τ_Θ : Θ → BAΘ is defined as follows. For n-simplex x in X let Θ(x) = (i_0 → · · · → i_n) be an n-simplex in the nerve NI and Θ̂(x) = (i_0 = i_0 → · · · → i_n) an associated n-simplex in N(i_0 ↓ I). Then, (x, Θ̂(x)) is an n-simplex in AΘ and τ_Θ(x) = (x, Θ̂(x)). Moreover, there is a natural projection π_Θ : hocolimAΘ → X such that π_Θτ_Θ = id_Θ and it is a routine to check that the map |τ_Θ||π_Θ| is homotopic to the identity map id_|hocolim_{AΘ|}.

For an object F in the category I-SS, we define the adjunction map θ_F : ABF → F . Let Θ : hocolim F → NI be the natural projection and consider the simplicial map θ_F (i) : AΘ(i) → F (i), for an object i in I defined as follows. If (x, (i^α→ i_0^{α1}→ · · ·^{αn}→ i_n)) is an n-simplex in AΘ(i) then (x, (i_0^{α1}→ · · ·^{αn}→ i_n)) is an n-simplex in hocolim F with x in F (i_n). Then, θ_F (i)(x, (i^α→ i_0^{α1}→ · · ·^{αn}→ i_n)) = F (α_n · · · α_0α)(x). Moreover, there is an injection σ(i) : F (i) → AΘ(i) given by σ(i)(x) = (x, ~id_i), for an n-simplex x in F (i) with ~id_i the degenerated n-simplex determined by an object i in I. Of course θ_F (i)σ(i) = id_{F (i)} and it is also easy to check that the map |σ(i)||θ_F (i)| is homotopic to the identity map id_{|AΘ(i)|} for any object i in I, and the proof is completed.

The nerve functor N : C at → SSdetermines functors N : C at ↓ I → SS↓ NI and ~N : I-C at → I-SS, respectively. Then, the diagram C at ↓ I fflffl N // D I-C at fflffl ~N SS↓ NI^{//}

A I-SS

commutes and by [13], the diagram C at ↓ I fflffl N I-C at oo I^∫ - fflffl ~N SS↓ NI I-SS oo B commutes up to homotopy. Moreover, by [7, 9] there are homotopy inverses Γ : SS→ C at, for the nerve functor N : C at → SSsuch that for any small category I there is a weak equivalence ΓNI → I. Thus, we get induced functors Γ : SS ↓ NI → C at ↓ I and ~Γ : I-SS→ I-C at, respectively. Consequently, we may generalize the result presented in [8] and summarize this section with the following

1.5. Theorem. For any small category I, the diagram of above functors C at ↓ I fflffl N̄ // D I-C at oo I^∫ - fflffl ~N SS↓ NI OO Γ̄ // A I-SS oo B

OO ~Γ

determines equivalences of respective homotopy categories.

In particular, if I is the category associated with a discrete group G then the nerve NI is the classifying complex W G and I-C at (resp. I-SS) is the category of right G-small categories (resp. right G-simplicial sets). Thus from the above, we may also deduce an equivalence of respective homotopy categories (cf. [5]).

2. Equivariant applications

Let G be a discrete group and O(G) the associated category of canonical orbits; its objects are the left cosets G/H as H ranges over all subgroups of G and morphisms are G-maps G/H → G/K with respect to left translation. If G-SSdenotes the category of G-simplicial sets then there is a canonical functor Φ : G-SS→ O(G)-SSdefined on objects by Φ(X)(G/H) = X^H and in the obvious way on morphisms in G-SS, where X^H is the H-fixed point simplicial subset of X. Then (cf. [1]), the category G-SSis a closed model category; a map f : X → Y is a fibration (resp. weak equivalence) if the induced map Φ(f) : Φ(X) → Φ(Y) is a fibration (resp. weak equivalence) in O(G)-SS. Cofibrations in G-SSare determined by means of the left lifting property with respect to maps which are simultaneously fibrations and weak equivalences. From [4, 6], one may derive that the functor Φ : G-SS→ O(G)-SSestablishes an equivalence of respective homotopy categories. Therefore, Proposition 1.4 yields

2.1. Corollary. If G is a discrete group then the homotopy categories of G-SS and SS↓ NO(G) are equivalent.

Recall that a G-simplicial set X is called fibrant (resp. cofibrant) if the unique map X→ ∗ (resp. ∅ → X) is a fibration (resp. cofibration) in the category G-SS, where ∅ is the empty simplicial set and ∗ a single point simplicial set with the trivial action of G.

2.2. Lemma. Every G-simplicial set X is cofibrant in the category G-SS.

Proof. Let p : E → B be a fibration and a weak equivalence in the category G-SS, and f : X → B a G-map. The n-skeleton X^{(n)}, for n ≥ 0 is a G-simplicial subset of X and X= colim_n X^{(n)}. Let f^{(n)} denote the restriction of f to X^{(n)}; we proceed by induction to show an existence of a G-map f̃^{(n)} : X^{(n)} → E with pf̃^{(n)} = f^{(n)}, for n ≥ 0.

Of course, there is a G-map f̃^{(0)} → E such pf̃^{(0)} = f^{(0)}. Suppose there is a G-map f̃ (n−1) : X(n−1) → E with pf̃ (n−1) = f (n−1) and put Δ[n] for the standard simplicial nsimplex, and Δ̇[n] for its boundary. Then, there is a pushout diagram ∐ x G/H_x × Δ̇[n] fflffl // X^{(n−1)} fflffl ∐ x G/H_x × Δ[n] // X^{(n)},

where x runs over all non-degenerate n-simplexes in X and H_x is the isotropy subgroup of an n-simplex x. By means of the right lifting property of the map p : E → B (see e.g., [11, p.2.1]) and the map f̃^{(n−1)} : X^{(n−1)} → E, we get a G-map f̃^{(n)} : X^{(n)} → E such that pf̃^{(n)} = f^{(n)} and its restriction to X^{(n−1)} is equal to f̃^{(n−1)}. Therefore, the sequence of G-map f̃^{(n)} → E, for n ≥ 0 determines a G-map f̃ : X→ E with pf̃ = f and the proof is completed.

Let now f : X→ Ybe a weak equivalence in the category G-SS. Then, from [11, p.3.15] it follows that the map [f, E]_G : [Y, E]_G → [X, E]_G of G-homotopy classes is bijective, for any fibrant G-simplicial set E. We are now in a position to state the following G-simplicial version of the Whitehead Theorem (cf.[2]).

2.3. Corollary. Let f : X → Y be a G-map of fibrant G-simplicial sets. Then the following conditions are equivalent:

1) the G-map f : X→ Yis a weak equivalence; 2) the G-map f : X→ Yis a G-homotopy equivalence;

3) the map in the category SS↓ NO(G), induced by the commutative diagram

hocolim Φ(X)

!!C CC CC CC CC CC CC CC CC // hocolimΦ(f)

hocolim Φ(Y)

˝˝–– –– –– –– –– –– –– –– –

NO(G) is a homotopy equivalence.

Proof. Observe that by Proposition 1.4, we get 2) ⇒ 3) and 3) ⇒ 1). We show now the implication 1) ⇒ 2). By Lemma 2.2 and [11, p.3.15], the induced maps [f, X]_G : [Y, X]_G → [X, X]_G and [f, Y]_G : [Y, Y]_G → [X, Y]_G of G-homotopy classes are bijective. Therefore, the G-map f : X→ Yis a G-homotopy equivalence, as claimed.

References

[1] M. Arkowitz, M. Golasiński, Co-H-structures on equivariant Moore spaces, Fund.

Math. 146 (1994), 59-67.

[2] G.E., Bredon, Equivariant cohomology theories, Lecture Notes in Math. 34, Springer- Verlag (1967).

[3] A.K. Bousfield, D.M. Kan, Homotopy limits, completions and localizations, Lecture Notes in Math. 304, Springer-Verlag, Berlin (1972).

[4] J.-M., Cordier, T. Porter, Categorical aspect of equivariant homotopy, Applied Categorical Structures 4 (1996), 195-212.

[5] E. Dror, W.G. Dwyer, D.M. Kan, Equivariant maps which are self homotopy equivalence, Proc. Amer. Math. Soc. 80 (1980), 670-672.

[6] A.. Elmendorf, Systems of fixed point sets, Trans. Amer. Math. Soc. 277 (1983), 275-284.

[7] R. Fritsch, D.M. Latch, Homotopy inverses for nerve, Math. Z. 177 (1981), 147-179.

[8] D.M. Latch, a Fibred homotopy equivalence and homology theories for the category of small categories, J. Pure Appl. Algebra 15 (1976), 247-269.

[9] , R.W. Thomason, W.S. Wilson, Simplicial sets from categories, Math. Z. 164 (1979), 195-214.

[10] M. Nunes, Cohomological results in monoid and category theory via classifying spaces, J. Pure Appl. Algebra 101 (1995), 213-244.

[11] D.G. Quillen, Homotopical algebra, Lecture Notes in Math. 43, Springer-Verlag (1967).

[12] , Higher Algebraic K-theory, I, Lecture Notes in Math. 341, Springer- Verlag, Berlin (1973), 85-147.

[13] R.W. Thomason, Homotopy colimits in the category of small categories, Math. Proc.

Phil. Soc. 85 (1976), 91-109.

[14] , C at as a closed model category, Cahiers Topologie Géom. Différentielle 21 (1980), 305-324.

Mathematisches Institut der Universität München Theresienstasse 39, D-80333 München, Germany and Faculty of Mathematics and Informatics, Nicholas Copernicus University 87-100 Toruń, Chopina 12/18, Poland Email: fritsch@rz.mathematik.uni-muenchen.de and marek@mat.uni.torun.pl

This article may be accessed via WWW at http://www.tac.mta.ca/tac/ or by anonymous ftp at ftp://ftp.tac.mta.ca/pub/tac/html/volumes/1998/n4/n4.{dvi,ps}

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.

The method of distribution of the journal is via the Internet tools WWW/ftp. The journal is archived electronically and in printed paper format.

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

are published. Full text of published articles is available in .dvi and Postscript format. Details will be e-mailed to new subscribers and are available by WWW/ftp. 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 LaTEX is the preferred

flavour. TEX source of articles for publication should be submitted by e-mail directly to an appropriate Editor. They are listed below. Please obtain detailed information on submission format and style files from the journal’s WWW server at URL http://www.tac.mta.ca/tac/ or by anonymous ftp from

ftp.tac.mta.ca in the directory pub/tac/info. You may also write to tac@mta.ca to receive details

by e-mail.

Editorial board.

John Baez, University of California, Riverside: baez@math.ucr.edu Michael Barr, McGill University: barr@math.mcgill.ca Lawrence Breen, Université de Paris 13: breen@math.univ-paris13.fr Ronald Brown, University of North Wales: r.brown@bangor.ac.uk Jean-Luc Brylinski, Pennsylvania State University: jlb@math.psu.edu Aurelio Carboni, Università della Calabria: carboni@unical.it P. T. Johnstone, University of Cambridge: ptj@pmms.cam.ac.uk G. Max Kelly, University of Sydney: kelly m@maths.usyd.edu.au Anders Kock, University of Aarhus: kock@mi.aau.dk 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.ruu.nl Susan Niefield, Union College: niefiels@union.edu Robert Paré, Dalhousie University: pare@mscs.dal.ca Andrew Pitts, University of Cambridge: ap@cl.cam.ac.uk Robert Rosebrugh, Mount Allison University: rrosebrugh@mta.ca Jiri Rosicky, Masaryk University: rosicky@math.muni.cz James Stasheff, University of North Carolina: jds@charlie.math.unc.edu Ross Street, Macquarie University: street@macadam.mpce.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 Sydney: walters b@maths.usyd.edu.au R. J. Wood, Dalhousie University: rjwood@mscs.dal.ca