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FIBERED MULTIDERIVATORS AND
(CO)HOMOLOGICAL DESCENT

FRITZ HORMANN

ABSTRACT. The theory of derivators enhances and simplifies the theory of triangu-
lated categories. In this article a notion of fibered (multi)derivator is developed, which
similarly enhances fibrations of (monoidal) triangulated categories. We present a theory
of cohomological as well as homological descent in this language. The main motivation
is a descent theory for Grothendieck’s six operations.

1. Introduction

This article proposes a general theory of homological and cohomological descent!. Our
main motivation came from the problem of extending Grothendieck six-functor-formalisms
to stacks in a purely formal way. In the present article we deal with six-functor-formalisms
only in an appendix. However, for the sake of this introduction, we start by reviewing
them to motivate the need for notions of (co)homological descent to understand “glueing”
properties of the six functors. Our theory of (co)homological descent is build on the
notion of derivator of Grothendieck. For this purpose it is essential to have a theory
of fibered derivators because although in the classical, 1-categorical world a fibered
category is the same as a pseudo-functor with values in category, for derivators such a
statement is not true — pseudo-functors with values in usual derivators in a naive sense
do not carry enough information. As a special case of cohomological descent we recover
the theory of Grothendieck and Deligne developed in [SGA72, Exposé V]. The present
theory, however, is more general in that it is not restricted to diagrams of simplicial shape
and is completely self-dual, leading to a theory of homological descent as well.

GROTHENDIECK’S SIX FUNCTORS AND DESCENT. Let § be a category, for instance, a
suitable category of schemes, topological spaces, analytic manifolds, etc. A six-functor-
formalism on S consists of a collection of (derived) categories Dg, one for each “base
space” S in § with the following six types of operations:
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f* fs for each f in Mor(S)
fi f! for each f in Mor(S)
® HOM in each fiber Dg

The fiber Dy is, in general, a derived category of “sheaves” over S, for example coherent
sheaves, [-adic sheaves, abelian sheaves, D-modules, motives, etc. and f*, resp. f. are
the derived pull-back resp. push-forward functors. In each row the functor on the left
hand side is the left adjoint of the functors on the right hand side. The functor f,
and its right adjoint f' are called “push-forward with proper support”, and “exceptional
pull-back”, respectively. The six functors come along with a bunch of compatibility
isomorphisms between them (cf. A.2.19) and it is not easy to precisely define which
commutative diagrams they have to fulfill in order to define a six-functor-formalism.
However, another approach, explained in an appendix to this article, gives a quite simple
precise definition:

Definition A.2.16. Let S be a category with fiber products. A (symmetric) siz-
functor-formalism on S is a bifibration? of (symmetric) 2-multicategories with 1-categorical
fibers

p : 'D > SCOI‘

where S is the symmetric 2-multicategory of correspondences in S (cf. Definition A.2.15).

From such a bifibration we obtain the operations f,, f* (resp. f*, fi) as pull-back and
push-forward along the correspondences

SN SN,

respectively. We get £ ® F for objects £, F above X as the target of a coCartesian 2-ary
multimorphism from the pair £, F over the correspondence

7N\,

I

Given such a six-functor-formalism and a simplicial resolution 7 : U, — S of a space S € S
(for example arising from a Cech cover w.r.t. a suitable Grothendieck topology)

5 .
"—>U2 I U1—>U07

21-bifibration and 2-bifibration
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and given an object £ in Dg, one can construct complexes in the category Dg:
c—— 7T27!7T!28 — 7T17!7T!1€ — 7T0717TE)€ —0

e Ty E =—— T T} E ~—— T € =~—0

The first question of homological (resp. cohomological) descent asks whether the hy-
per(co)homology of these complexes recovers the homology (resp. cohomology) of £. With-
out a suitable enhancement of the situation, this question, however, does not make sense
because a double complex, once considered as a complex in the derived category, loses
the information of the homology of its total complex. There are several remedies for this
problem. Classically, if at least the 7 are derived functors and & is acyclic w.r.t. them,
one can derive the whole construction to get a coherent double complex. This does not
work, however, for the functors fi, f' which are often only constructed on the derived
category. One possibility is to consider enhancements of the triangulated categories in
question as dg-categories or oo-categories. In this article, we have worked out a different
approach based on Grothendieck’s idea of derivators which is, perhaps, conceptually even
simpler. It is sufficiently powerful to glue the six functors and define them for morphisms
between stacks, or even higher stacks.

The second question of homological (resp. cohomological) descent asks whether the
whole category Dg of objects on S € S is equivalent to a category of suitable collections
of objects on the U; (cf. the notion of (co)Cartesian objects, explained below). This
is closely related to the question whether the collection {Dg} and the six functors can
be extended to S-stacks. If a diagram U, like above presents such a stack X then a
candidate for the (new) category Dy would be this “suitable collection” of objects on the
U;. (Co)homological descent in this form then ensures that this extension is well-defined,
i.e. does not depend on the presentation of the stack. Using just the collection of derived
categories and trying usual descent of 1-categories runs into the same problems discussed
for the first question.

The questions of (co)homological descent do only concern the pairs of adjoint functors
f*, f«, resp. fi, f' separately, which can be encoded (classically) as usual bifibered 1-
categories

D*—»S8® D' 8. (1)

This is the situation that we want to enhance using the language of derivators in this
article. Therefore we will not speak about six-functor-formalisms anymore (except for
appendix A.2). We will discuss those in detail in subsequent articles [Horl6, Horl7a,
Horl7b]. However, we will already include the monoidal aspect in the definitions — al-
though irrelevant for (co)descent questions — speaking thus about fibered multi derivators.

From the point of view of oco-categories, the two questions of (say) cohomological
descent are related as follows. In this world a bifibration D — §°P can be given equivalently
as a functor F': §° — oo — CAT such that the functors in the image are right adjoints.
Given S € S, a resolution 7 : U, - S, and an object £ € F(S), the first question of
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cohomological descent asks whether the natural map

~1: *
= hinm,ﬂri £,

is an isomorphism (or maybe whether it becomes an isomorphism after applying a further
push-forward to a suitable base), where lim is the (homotopy) limit of the diagram A —
F(S) given by A; = m; ,m}E.

The second question of cohomological descent asks whether the functor F' itself satisfies
a similar property. If we, neglecting non-invertible morphisms, consider it as a functor
F:8°° —» 0o — GRP to oco-groupoids the question becomes whether

F(S) = lim F(U;),

where lim is the (homotopy) limit of the diagram F o U, : A - oo — GRP. From this
point of view it is already clear that the second property is stronger and implies the first.
Both questions cannot be formulated within the realm of classical derivators. Although
those nicely encode the occurring homotopy limit functors, there is no way to obtain
the argument diagrams starting from, say, any kind of pseudo-functor S(°») - DER to
the 2-category of derivators. However, the language of fibered derivators proposed in this
article constitutes a nice solution, albeit the similarity between the two questions becomes
slightly obscured.

FIBERED MULTIDERIVATORS. The notion of triangulated category developed by Grothen-
dieck and Verdier in the 1960’s, as successful as it has been, is not sufficient for many
purposes, for both practical reasons (certain natural constructions cannot be performed)
as well as for theoretical reasons (the axioms are rather involved and lack conceptual
clarity). Grothendieck much later [Gro91], and Franke and Heller independently, with
the notion of derivator, proposed a marvelously simple remedy to both deficiencies.
The basic observation is that all problems mentioned above are based on the following
fact: Consider a category C and a class of morphisms W (quasi-isomorphisms, weak
equivalences, etc.) which one would like to become isomorphisms. Then homotopy limits
and colimits w.r.t. (C,W) cannot be reconstructed once passed to the homotopy category
C[W~1] (for example a derived category, or the homotopy category of a model category).
Examples of homotopy (co)limits are the cone and, more generally, the total complex of a
complex of complexes. Whereas the former is required to exist in a triangulated category
in a brute-force way, but not functorially, the notion of total complex is completely lost
in the derived category. Furthermore, very basic and intuitive properties of homotopy
limits and colimits, and more general Kan extensions, not only determine the additional
structure (triangles, shift functors) on a triangulated category but also imply all of its
rather involved axioms. This idea has been successfully worked out by Cisinski, Franke,
Groth, Grothendieck, Heller, Maltsiniotis, and others. We refer to the introductory article
[Grol3] for an overview.

The purpose of this article is to propose a notion of fibered (multi)derivator which
enhances the notion of a fibration of (monoidal) triangulated categories in the same way as
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the notion of usual derivator enhances the notion of triangulated category. We emphasize
that this new context is very well suited to reformulate (and reprove the theorems of)
the classical theory of cohomological descent and to establish a completely dual theory of
homological descent which should be satisfied by the fi, f'-functors.

(CO)HOMOLOGICAL DESCENT WITH FIBERED DERIVATORS. Pursuing the idea of deriva-
tors, there is a neat conceptual solution to the problem of (co)homological descent: Anal-
ogously to a derivator D which associates a (derived) category (/) with each diagram
shape I, we should consider a (derived) category D(I, F') for each diagram F': I - S (resp.
F: 1 — 8°). Let a simplicial resolution 7 : U, - S as before be given, considered as a
morphism p: (AP, U,) - (+,5) of diagrams in S, resp. i: (A, (U,)°P) — (-, 5) of diagrams
in §°P. Assume that the corresponding pull-back i* has a right adjoint i,, (respectively
that p* does have a left adjoint p;). Note that this is a straightforward generalization
of the question of existence of homotopy (co)limits in usual derivators! Then the first
question becomes:

Q1: Is the corresponding unit id — 7,i* (resp. counit pjp* — id) an isomorphism?

However, we do not take the association (I, F') — D(I,F) as the fundamental da-
tum, and rather define a fibered (multi)derivator to be a morphism of pre-derivators
p: DD - S (or even pre-multiderivators) satisfying some basic axioms generalizing those
of a derivator. If S is the pre-derivator associated with a category S, the D(/, F') are
reconstructed as the fibers D(I)x of the (op)fibration of usual categories D(1) — S([).
This allows for more general situations, where S is a general derivator, not necessarily
associated with an ordinary category. For six-functor-formalism, it will be even neces-
sary to consider S which are pre-2-multiderivators, a notion which will be introduced and
investigated in a forthcoming article [Hor17a]. There we will define (and give examples
of) a derivator version of a (symmetric) Grothendieck six-functor formalism, that is, a
(symmetric) fibered multiderivator

p: D > SCOI"

where S is the symmetric pre-2-multiderivator of correspondences in §. For the purpose
of this article, it suffices to consider two fibered derivators

D* — S°P D'>S

which are enhancements of the bifibrations (13) encoding the f~*, f. functors, or the fi,
f'-functors, respectively.

We actually define two notions: left fibered derivators and right fibered deriva-
tors. The left case is an enhancement of the concept of an opfibration of categories
to derivators and, at the same time, is a generalization of the notion of left derivator,
encoding the theory of homotopy left Kan extensions (in particular homotopy colimits).
The right case is similarly an enhancement of the concept of a fibration of categories. A
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classical opfibration with cocomplete fibers, in which the push-forward functors commute
with colimits, gives rise to a left fibered derivator and dually.

For an (op)fibration D - S we will always denote by f, a push-forward functor along
a morphism f in § and by f* a pull-back functor along the same morphism. Hence, when
both exist, f, is always left adjoint to f* by the definition of (op)fibration. In the first
example in (13), i.e. for D' - S, we have f* = f' and f, = fi. In the second example, i.e.
for D* - §°P we have f* = (f°P), and f, = (f°P)*, which might seem confusing at first
sight. However, the notation was supposed to resemble the usual notations for pull-back
and push-forward functors and, at the same time, should not cause confusion with the
left or right Kan extension functors, which we denote by i, resp. by a,, for a functor
a: I - J of diagrams. The choice of notation is thus a reasonable compromise.

Coming back to the two main examples associated with a six-functor-formalism, more
generally, we may consider Cartesian (resp. coCartesian) objects in the fiber over a di-
agram (A°P U,) (resp. (A,(U.)°P)), and denote the corresponding subcategories by
D(A°P)eart (resp. D*(A)%Cpar“). These categories are “coherent enhancements” of the fol-
lowing data: collections {&, }nen Where &, lies in the fiber over U,,, and for each morphism
€: A, > A, isomorphisms U(e)*E, > &, (resp. &, > U(e)'E,).

The second question of (co)homological descent becomes:

Q2: Do the categories of (co)Cartesian objects depend only on U, up to taking (finite)
hypercovers w.r.t. a fixed Grothendieck topology on &7 In particular, if an object
S in S(-) is presented by a Cech cover (or hypercover) U,, do we have

D' (AP = D' (-)g, resp. DF(A)f™ =D*(-)s?

The categories of coCartesian objects can also be seen as a generalization of the equiv-
ariant derived categories of Bernstein and Lunts (cf. 3.4.3).

We call a fibered derivator (co)local w.r.t. a given Grothendieck pre-topology on the
base (cf. section 2.5) if a few simple axioms are satisfied, and prove that they imply that
(co)homological descent as described in Q1 and Q2 for all finite hypercovers is satisfied.

These axioms are: For each covering {f; : U; — S} in the given Grothendieck pre-
topology, the corresponding pull-backs f; (resp. f})

1. are jointly conservative,
2. satisfy base-change,
3. and commute with homotopy limits (resp. homotopy colimits) as well.

In a six-functor formalism most of these properties follow from isomorphisms of the form
ft= f*[n], see Remark 2.5.7. The stronger form of Q2 is only proven under the stronger
technical hypothesis that the fibers are stable, hence triangulated, and well-generated
(resp. compactly generated).
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Ayoub has considered in [Ayo07a, Ayo07b] a notion of algebraic derivator, which is
either a pseudo-functor

Dia(8)'"" - CAT (2)

in which all functors in the image have left adjoints, or a pseudo-functor
Dia® (S)"P - CAT (3)

in which all functors in the image have right adjoints. While these definitions would work
the same way when the category S is replaced by a pre-derivator S, they are not the
precise analogues of the notions of fibration (resp. opfibration) in category theory, for the
following reasons: While a right fibered derivator in our sense gives rise to a datum (2)
via

(0 f) o> fra"
(cf. also 2.6.3) the functors in the image only have left adjoints, if the opfibrations D(7) —

S(7) are bifibrations as well (hence when one of the axioms of a left fibered derivator holds
as well). Similarly a left fibered derivator in our sense gives rise to a datum (3) via

(a, f) = foa™.

It only has right adjoints, if the fibrations D(/) — S(I) are bifibrations as well (hence
when one of the axioms of a right fibered derivator holds as well).

To specify a left and right fibered derivator one would need to specify both pseudo-
functors (2) and (3) to state the axioms neatly, but then it becomes unclear how to specify
that one pseudo-functor determines the other (which they do, in this case). It is possible,
though, to consolidate both viewpoints. This will be explained in a subsequent article
[Hor16], where it is shown that a left (resp. right) fibered derivator — or even multideriva-
tor — is basically the same as an opfibration (resp. a fibration) of 2-(multi)categories with
1-categorical fibers

D — Dia®™"(S)

where Dia®(S) is a very natural 2-(multi)category of correspondences of diagrams in S.

Therefore, e.g. a left fibered multiderivator can also be specified by a pseudo-functor
Dia®*(S) - CAT

(without the explicit requirement that adjoints of the images exist — they exist already in
the 2-category Dia®”(S)). Also most of the other axioms of a fibered multiderivator follow
automatically. This consolidates the viewpoints because we have natural embeddings

Dia(S)Q‘Op . Diacor(S) DiaOP(S)l_Op s Diacor(S).

Another point of view is the following: Much like the value D(A;) of A; under a
derivator D provides a “coherent enhancement” of the category ID(-)21 of morphisms in
D(-), the underlying homotopy category (e.g. a derived category), a left fibered derivator
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over the category A; should be seen as a coherent enhancement of a left continuous
morphism of derivators. Similarly a right fibered derivator over the category A; should
be seen as a coherent enhancement of a right continuous morphism of derivators. In
particular, a left and right fibered derivator over A; is an enhancement of an adjunction

Dy Dy
R

between derivators, and, in particular, gives rise to coherent versions of the unit & - RLE
and counit LRE — £ as objects in Di(A;) and Dy(A;). Note that it is not possible
to get these in a functorial way from an adjunction between (even strong) derivators.
The collection of left (resp. right) fibered derivators on small categories should therefore
be seen as some kind of “derivator of derivators”. However, we did not attempt to
investigate any axioms regarding (homotopy) Kan extensions along functors between the
bases.

OVERVIEW. In section 2 we give the general definition of a left (resp. right) fibered multi-
derivator p: D - S. The axioms are basically a straight-forward generalization of those of
a left (resp. right) derivator. To give a priori some conceptual evidence that these axioms
are indeed reasonable, we prove that the notion of fibered multiderivator — like the notion
of fibration of categories — is transitive (2.4), and that it gives rise to a pseudo-functor
from ‘diagrams in S’ to categories as mentioned in the previous discussion, for which a
neat base-change formula holds (2.6).

In section 3, a theory of (co)homological descent for fibered derivators is developed
(the monoidal, i.e. multi-, aspect does not play any role here). We propose a definition
of localizer (resp. of system of relative localizers) in the category of diagrams in S
which is a generalization of Grothendieck’s notion of fundamental localizer in categories.
The latter gives a nice combinatorial description of weak equivalences of categories in
terms of the condition of Quillen’s theorem A. In our more general setting the notion of
fundamental localizer depends on the choice of a Grothendieck (pre-)topology on S. In
section 3.3 we show purely abstractly that a finite hypercover, considered as a morphism of
simplicial diagrams, lies in any localizer or system of relative localizers. The formulation
in terms of localizers thus has the additional advantage that the notions and theorems
of (co)homological descent do not involve in any way the explicit choice of the simplex
category A.

Note that this more general notion of localizer has a similar relation to weak equiv-
alences of simplicial pre-sheaves like the classical notion of localizer has to weak equiva-
lences of simplicial sets (or topological spaces), although we will not yet give any precise
statement in this direction.

In sections 3.4 and 3.5 these new notions of localizer are tied to the theory of fibered
derivators. We introduce two notions of (co)homological descent for a fibered derivator
p:D - S. We call a morphism of S-diagrams Dy = (I, F') - Dy = (J,G) over some S € S(-)
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a weak ID-equivalence relative to the base S if the corresponding map
T, —> Ty

is a natural isomorphism, where the m; are the respective structural morphisms. (Dually
there is a cohomological notion as well). This notion of weak D-equivalences (related
to Q1 above) is a straight-forward generalization of Cisinski’s notion of D-equivalence
[Cis03] for usual derivators. A morphism of S-diagrams (I, F') - (J,G) is called a strong
D-equivalence (a notion related to Q2 above) if it induces an equivalence

D(J)G™ - D)z

In our relative context, both notions of D-equivalence come in a cohomological as well as
in a homological flavour (for S = {-}, i.e. for usual derivators there is no difference between
the homological and cohomological version).

Whenever the fibered derivator is (co)local w.r.t. to the Grothendieck pre-topology —
as explained above — then the Main Theorem 3.5.4 (resp. 3.5.5) of this article states that
weak D-equivalences form a system of relative localizers under very general conditions
(the easier case) and that strong D-equivalences form an absolute localizer, for fibered
derivators with stable, well-generated (resp. compactly generated) fibers.

The proof uses results from the theory of triangulated categories due to Neeman and
Krause (centering around Brown representability type theorems). The link of these results
to our theory of fibered (multi)derivators is explained in section 4.

In section 5 we introduce the notion of bifibration of multi-model-categories. Roughly,
those are families of closed monoidal model categories in which all pairs of pull-back and
push-forward functors form Quillen adjunctions. The language of bifibrations of multicat-
egories, however, has the tremendous advantage that no axioms for the compatibilities be-
tween the functors involved have to be specified explicitly (cf. also the introduction to the
six functors above). This is the most favorable standard context in which a fibered multi-
derivator (whose base is representable, i.e. associated with a usual multicategory) can be
constructed. We will present more general methods of constructing fibered multiderivators
in a forthcoming article, in particular those encoding a full six-functor-formalism.

The author thanks Kevin Carlson, lan Coley, loannis Lagkas and John Zhang for
helpful comments on a preliminary version of this article, and the anonymous referee for
valuable comments which led to simplifications compared to earlier versions of this article.

Notation

We denote by CAT the 2-“category”® of categories, by (S)MCAT the 2-“category” of
(symmetric) multicategories, and by Cat the 2-category of small categories. We consider a
partially ordered set (poset) X as a small category by interpreting the relation z < y to be

3where “category” has classes replaced by 2-classes (or, if the reader prefers, is constructed w.r.t. a
larger universe).
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equivalent to the existence of a unique morphism z — y. We denote the positive integers
(resp. non-negative integers) by N (resp. Ny). The ordered sets {0,...,n} c Ny considered
as a small category are denoted by A,,. We denote by Mor(D) (resp. Iso(D)) the class of
morphisms (resp. isomorphisms) in a category D. The final category (which consists of
only one object and its identity) is denoted by - or Ay. The same notation is also used
for the final multicategory, i.e. that with one object and precisely one n-ary morphism
for any n € Nyg. Our conventions about multicategories and fibered (multi)categories are
summarized in appendix A.

2. Fibered derivators

2.1. CATEGORIES OF DIAGRAMS.

2.1.1. DEFINITION. A diagram category is a full sub-2-category Dia c Cat, satisfying
the following axioms:

(Dial) The empty category @, the final category - (or Ag), and Ay are objects of Dia.
(Dia2) Dia is stable under taking finite coproducts and fibered products.

(Dia3) All comma categories I x;; K for functors I - J and K — J in Dia are in Dia.
A diagram category Dia is called self-dual, if it satisfies in addition:

(Diaj) If I € Dia then I°P € Dia.

A diagram category Dia is called infinite, if it satisfies in addition:

(Dia5) Dia is stable under taking arbitrary coproducts.

In the following we mean by a diagram a small category.

2.1.2. ExaMPLE. We have the following diagram categories:
Cat the category of all diagrams. It is self-dual.

Inv the category of inverse diagrams C, i.e. small categories C' such that there exists
a functor C' - Ny with the property that the preimage of an identity consists of
identities*. An example is the injective simplex category A°:

-
S

-

-~

Dir the category of directed diagrams D, i.e. small categories such that D°P is inverse.
An example is the opposite of the injective simplex category (A°)°p:

s

T
s
s

4In many sources Ny is replaced by any ordinal.



1268 FRITZ HORMANN

Catf, Dirf, and Invf are defined as before but consisting of finite diagrams. Those are
self-dual and Dirf = Invf.

Catlf, Dirlf, and Invlf are defined as before but consisting of locally finite diagrams,
i.e. those which have the property that a morphism ~ factors as vy =« o 3 only in a
finite number of ways.

Pos, Posf, Dirpos, and Invpos: the categories of posets, finite posets, directed
posets, and inverse posets.

2.2. PRE-(MULTI)DERIVATORS.

2.2.1. DEFINITION. A pre-derivator of domain Dia is a contravariant (strict) 2-functor
D : Dia'! ™" - CAT.

A pre-multiderivator of domain Dia is a contravariant (strict) 2-functor

D:Dia'™® - MCAT

into the 2- “category” of multicategories. A morphism of pre-(multi)derivators is a pseudo-
natural transformation of 2-functors.
For a morphism «: I - J in Dia the corresponding functor

D(a): D(J) - D(I)

will be denoted by o*.

We call a pre-multiderivator symmetric (resp. braided), if its images are symmetric
(resp. braided), and the morphisms a* are compatible with the actions of the symmetric
(resp. braid) groups.

2.2.2. The pre-(multi)derivator represented by a (multi)category: Let S be a
(multi-) category. We associate with it the pre-(multi)derivator

S: 1+~ Hom(I,S).

The pull-back a* is defined as composition with . A 2-morphism x : « - 8 induces a
natural 2-morphism S(k) : a* - *.

2.2.3. The pre-derivator associated with a simplicial class (in particular, the one asso-
ciated with an oco-category): Let S be a simplicial class, i.e. a functor

S:A—->CLASS
into the “category” of classes. We associate with it the pre-derivator

S: I+ Ho(Hom(N([),S)),
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where N([I) is the nerve of I and Ho is the left adjoint of N. In detail this means the
objects of the category S(/) are morphisms «: N(I) — S, the class of morphisms in S(7)
is freely generated by morphisms p: N(I x A;) - S considered to be a morphism from
its restriction to N(I x {0}) to its restriction to N(I x {1}) modulo the relations given
by morphisms v : N(I x Ag) - S, i.e. if v1,1v5 and v5 are the restrictions of v to the 3
faces of Ay then we have us = o o 1. The pull-back o* is defined as composition with
the morphism N(«): N(I) - N(J). A 2-morphism & : « - [ can be given as a functor
I x Ay - J which yields (applying N and composing) a natural transformation which we
call S(k).

2.2.4. The following will not be needed in this article. More generally, consider the
full subcategory mA ¢ MCAT of all finite connected multicategories M that are freely
generated by a finite set of multimorphisms fi,..., f, such that each object of M occurs
at most once as a source and at most once as the target of one of the f;. Similarly consider
the full subcategory T'c SMCAT which is obtained from mA adding images under the
operations of the symmetric groups. This category is usually called the symmetric tree
category. With a functor

S:mA - CLASS resp. S:T —-CLASS
we associate the pre-multiderivator (resp. symmetric pre-multiderivator):
S: I+ Ho(Hom(N(1),S)),

where N : MCAT - CLASS™ (resp. N : SMCAT - CLASS™ ) is the nerve, I is
considered to be a multicategory without any n-ary morphisms for n > 2, and Ho is the
left adjoint of N. Objects in SET" are called dendroidal sets in [MWO07].

2.3. FIBERED (MULTI)DERIVATORS.

2.3.1. Let p:ID — S be a strict morphism of pre-derivators with domain Dia, and let
a: I - J be a functor in Dia. Consider an object S € S(J). The functor a* induces a
morphism between fibers (denoted the same way)

a* i D(J)g = D(I)aes.

We are interested in the case that the latter has a left adjoint a;, resp. a right adjoint a5
These will be called relative left /right homotopy Kan extension functors with base
S. For better readability we often omit the base from the notation. Though the base is
not determined by the argument of ay, it will often be understood from the context, cf.
also 2.3.28.

2.3.2. We are interested in the case in which all morphisms

p(I):D(I) - S(I)
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are fibrations, resp. opfibrations (A.1) or, more generally, (op)fibrations of multicategories

(A.2).

Then we will choose an associated pseudo-functor, i.e. for each f:S - T in S(/) a

pair of adjoints functors
fo:D(I)s = D)7,

resp.

fo:DU)r—-D(I)g,

characterized by functorial isomorphisms:

Hom(&, F) 2 Homiq (&, f*F) =2 Homa, (fo&, F).

More generally, in the multicategorical setting, for a multimorphism f € Hom(S, ...

for some n > 1, we get an adjunction of n variables
fo:D(I)s, x - xD(I)s, - D(I)r,

and _
f7DI)E % xD)F < D) - D),

2.3.3. For a diagram of categories

-~ ~
Q

<

K=

S0 T)

the slice category K x;; I is the category of triples (k,4, ), where k € K, i € I and

w:B(k) = (i) is a morphism in J. It sits in a corresponding 2-commutative square:

Kxpy I —2~1
Al s a

K——J

B

which is universal w.r.t. such squares. This construction is associative, but of course not
commutative unless .J is a groupoid. The projection K x,; I — K is a fibration and the

projection K x,; I — I is an opfibration (see A.1). There is an adjunction

IX/JJ 1.
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2.3.4. Consider an arbitrary 2-commutative square
B

L ——

A Vs

N

o (4)
K —5
let S € S(J) be an object, and £ a preimage in ID(J) w.r.t. p. The 2-morphism (natural
transformation) p induces a functorial morphism (the value of p under the strict 2-functor
S)
S(p): A*p*S - B*a*S

and therefore a functorial morphism
D(p): A*B*E - B*a*E

over S(u), or — if we are in the (op)fibered situation — equivalently
A B*E - (S(p))*B*a*E

respectively

(S())eA"B"E > Ba*E

in the fiber above A*3*S, resp. B*a*S,

Let now F be an object over a*S. If relative right homotopy Kan extensions ex-
ist, we may form the following composition which will be called the right base-change
morphism:

B F = A A" B 0 F — Au(S(1))* B o o F - A (S(p))* B* F. (5)

(We again omit the base S from the notation for better readability — it is always deter-
mined by the argument.)

Let now F be an object over 5*S. If relative left homotopy Kan extensions exist, we
may form the composition, the left base-change morphism:

By(S(1)e A*F = Bi(S(1))e A" B*BF - BB a* BF — o B F. (6)

We will later say that the square (4) is homotopy exact if (5) is an isomorphism
for all right fibered derivators (see Definition 2.3.6 below) and (6) is an isomorphism for
all left fibered derivators. It is obvious a priori that for a left and right fibered derivator
(5) is an isomorphism if and only if (6) is, one being the adjoint of the other (see [Grol3,
§1.2] for analogous reasoning in the case of usual derivators).
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2.3.5. DEFINITION. We consider the following axioms® on a pre-(multi)derivator D:

(Der1) For I,J in Dia, the natural functor D(I11.J) —» D(I) xID(J) is an equivalence of
(multi)categories. Moreover D(@) is not empty.

(Der2) For I in Dia the ‘underlying diagram’ functor
dia:D(7) - Hom(7,D(-))
18 conservative.

In addition, we consider the following axioms for a strict morphism of pre-(multi)der-

1wators
p:D->S:

(FDer0 left) For each I in Dia the morphism p specializes to an opfibered (multi)category
and any functor a: I - J in Dia induces a diagram

D(J) —~D(I)

L

S(J) —=~S(I)

of opfibered (multi)categories, i.e. the top horizontal functor maps coCartesian mor-
phisms to coCartesian morphisms.

(FDer3 left) For each functor a: I — J in Dia and S € S(J) the functor a* between fibers
D(J)s = D(I)ars
has a left-adjoint o .
(FDer4 left) For each functor o: I — J in Dia, and for any object j € J, and the 2-cell
Ix; j——1I
ajl s a
y——J

we get that the induced natural transformation of functors oy (S(p))et* = j*au is an
isomorphism®.

®The numbering is compatible with that of [Gro13] in the case of non-fibered derivators.
6This is meant to hold w.r.t. all bases S € S(.J).
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(F'Der5 left) For any Grothendieck opfibration o : I — J in Dia, and for any morphism & €
Hom(Sy,...,S,;T) in S(-) for some n > 1, the natural transformations of functors

Oz;(a*f).(a*—, Y OK*—, - aa*_a ) Oé*_) = 50(_7 Ty, QT Ty _)
are isomorphisms.
and their dual variants:

(FDer0 right) For each I in Dia the morphism p specializes to a fibered (multi)category
and any Grothendieck opfibration a.: I — J in Dia induces a diagram

D(J) -2~ D(J)

.

S(J) —2—=S(I)

of fibered (multi)categories, i.e. the top horizontal functor maps Cartesian mor-
phisms w.r.t. the i-th slot to Cartesian morphisms w.r.t. the i-th slot.

er3 right) For each functor a: 1 — J in Dia an € the junctor a* between
FDer3 right) F h I - J in Di dS eS(J) th b
fibers
D(J)s = D(I)as

has a right-adjoint of.

(FDer/ right) For each morphism « : I - J in Dia, and for any object j € J, and the
2-cell

g xp I —2={j}

LL al

I——7

we get that the induced natural transformation of functors j*a. — a; (S(p))*e* is
an isomorphism’.

(FDer5 right) For any functor a: I - J in Dia, and for any morphism § € Hom(Sy, ..., Sy;T)
in S(+) for some n > 1, the natural transformations of functors

au (@) (o= =y ) =M (= = 5 )

are isomorphisms for all 1 <1< n.

"This is meant to hold w.r.t. all bases S € S(J).
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2.3.6. DEFINITION. A strict morphism of pre-(multi)derivators p : D - S with domain
Dia is called a left fibered (multi)derivator with domain Dia, if azioms (Derl-2)
hold for D and S and (FDer0-5 left) hold for p. Similarly it is called a right fibered
(multi)derivator with domain Dia, if instead the corresponding dual azioms (FDer0-5
right) hold. It is called just fibered if it is both left and right fibered.

2.3.7. REMARK.

1. In the case of pre-derivators (not pre-multiderivators) the axioms (FDer0 left, FDer3—-
5 left) are dual to the axioms (FDer0 right, FDer3-5 right) in the sense that any of
those axioms in the left variant holds for p: D — S if and only if the corresponding
axiom in the right variant holds for p°p : D°P — S°P. This is not true for the multi-
derivator case; besides D°P would be a (pre-)opmultiderivator. However, we do not
develop this notion explicitly.

2. The squares in axioms (FDer4 left /right) are in fact homotopy exact and it follows
from the axioms (FDer4 left/right) that many more are (see 2.3.23).

3. There is some redundancy in the axioms, cf. 2.3.9 and 2.3.27. For instance, if S is
strong (cf. Definition 2.3.17 below), (FDer5 left) resp. (FDerb5 right) are only needed
in the multicase.

4. The condition that o be an opfibration in axioms (FDer0 right) and (FDer5 left) is
only needed if f is an n-ary morphism for n > 2 hence, in particular, only for fibered
multiderivators. For n = 1 the condition on « is not needed and, in fact, the general
version (for a arbitrary) follows from the weaker version (for o an opfibration) and
the other axioms.

5. The axioms (FDer0) and (FDer3-5) are similar to the axioms of a six-functor-
formalism (cf. the introduction or the appendix A.2). It is actually possible to
make this analogy precise and define a fibered multiderivator as a bifibration of
2-multicategories D — Dia®™"(S) where Dia®™(S) is a certain category of multi-
correspondences of diagrams in S, similar to our definition of a usual six-functor-
formalism (cf. Definition A.2.16). This also clarifies the existence and comparison
of the internal and external monoidal structure, resp. duality, in a closed monoidal
derivator (i.e. fibered multiderivator over {-}) or more generally for any fibered
multiderivator. We will explain this in detail in a subsequent article [Hor16].

2.3.8. QUESTION. It seems natural to allow also (symmetric) multicategories, in particu-
lar operads, as domain for a fibered (symmetric) multiderivator. However, the author did
not succeed in writing down a neat generalization of (FDer3—4) which would encompass
(FDer5).



FIBERED MULTIDERIVATORS AND (CO)HOMOLOGICAL DESCENT 1275

2.3.9. LEMMA. For a strict morphism of pre-derivators D — S such that both satisfy

(Der1) and (Der2) and such that it induces a bifibration of multicategories D(1) - S(1)
for all I € Dia we have the following implications:

(FDer0 left) for n-ary morphisms, n>1 < (FDer5 right) (7)

(FDer0 right) < (FDer5 left) (8)

PrOOF. We will only show the implication (7), the other being similar. Choosing push-
forward functors f,, the remaining part of (FDer0 left) says that the natural 2-morphism

D(J)s, x -+ x D(J)g, ————=D(J)7

L“* y L"‘*

(a*f)e
D(I)ars, x - xD(I)ars, D(I)arr

is an isomorphism. Taking the adjoint of this diagram (of f, and (a*f). w.r.t. the i-th
slot) we get the diagram

D)%y x5 xD(1)%g  x DNy — e (1),

(OA*)ODT ‘01* v ‘0&*

. D()s,

D(J)g, x+>xD(J)g  x  D(J)r

That its 2-morphism is an isomorphism is the content of (FDer5 left). Hence (FDer0 left)
and (FDerb5 right) are equivalent in this situation.

For (8) note that for both (FDer0 right) and (FDer5 left), the functor o in question
is restricted to the class of Grothendieck opfibrations. [

2.3.10. The pre-derivator associated with an oo-category S is actually a left and right
derivator (in the usual sense, i.e. fibered over {-}) if S is complete and co-complete
[GPS14]. This includes the case of pre-derivators associated with categories, which is,
of course, classical — axiom (FDer4) expressing nothing else than Kan’s formulas.

2.3.11. Let S € S(:) be an object and p: D - S be a (left, resp. right) fibered multi-
derivator. The association
I D(1)yes,

where 7 : [ — - is the projection, defines a (left, resp. right) derivator in the usual sense
which we call its fiber Dg over S. The axioms (FDer7-8) stated below involve only these
fibers.

2.3.12. DEFINITION. More generally, if S € S(J) we may consider the association
I~ ]D(I X J)prgs,

where pry : I x J — J is the second projection. This defines again a (left, resp. right)
derivator in the usual sense which we call its fiber Dg over S.
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2.3.13. LEMMA. [left] Let D - S be a left fibered multiderivator and let I € Dia be a
diagram and f € Homgpy(S1, ..., Sn;T) for somen > 1 be a morphism. Then the collection
of functors for each J € Dia

fo:D(J x D) pugg, x - xD(J x Ipzs, = D(J < D)pegr
Eryois&n = (praf)e(Erye iy En)
defines a morphism of left derivators Dg, x -+ xDg — Dr. Furthermore, for a collection
Ex €D(I),k # i the morphism of derivators:
D(J x I)prESi - D(J x [)prgT
51' = (prgf)'(przglu"‘agiw")prggn)

is left continuous (i.e. commutes with left Kan extensions).

ProOOF. The only point which might not be clear is the left continuity of the bottom
morphism of pre-derivators. Consider the following 2-commutative square, where I, J, J' €
Dia, a: J - J' is a functor, and j’ € J’

IX(j,X/J/J)LIXJ

(id,p)j 7 l(id,a)
Ixj Ix.J'

It is homotopy exact by 2.3.23, 4. Therefore we have (using FDer3-5 left):

(id, 1) (id, @) (P ) (PE3EL, - Err - DIEER)

(id, p)i(id, ) (pr3 f)e(prs&i, ..., &y oo, PI5ER)

(id, p)i(prs f)e((id, ) pri&y, ..., (id, )&, ..., (id, ) *pri&,)
(d, p)i(prsf)e((id, p)*&r, ..., (id, 0)* &, ..., (id, p)*En)
fo(&ryoooy (id,p)i(id, 0)*Es, .0 E)

fo(&ryoon (id, 7)) (Ad, a )iy - - E)

(id, 5")"(pr3 f)e(pr3&i, ..., (id, )&, . . ., pr3&y)

(Note that (id, p) is trivially an opfibration). A tedious check shows that the composition
of these isomorphisms is (id, j')* applied to the exchange morphism

(1d7 O‘)!(pr;f)O(prISla s 75i7 <o 7pr§5n) - (prgf)O(prggh EERE (1d7 a)!gia s 7pr§gn)

[ | P2 | P | PR 14

IR

Since the above holds for any j’ € J’ the exchange morphism is therefore an isomorphism
by (Der2). =
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In the right fibered situation the analogously defined morphisms f*? are not expected
to be made into a morphism of fibers this way. For a discussion of how this is solved,
we refer the reader to the article [Hor16] in preparation, where a fibered multiderivator is
redefined as a certain type of six-functor-formalism. This will let appear the discussion
and results of this section in a much more clear fashion. However, we have:

2.3.14. LEMMA. [right] Let D — S be a right fibered multiderivator and let I € Dia be a
diagram and f € Homg(y(S1,...,5,;T), for some n>1, be a morphism. For each J € Dia
and for each collection &, e D(I), k # 14, the association

D(J x Dz = D(J % I)pess,
F = (pr3f)(pr3&i,...,pri&n; F)

defines a morphism of right derivators which is right continuous (i.e. commutes with right
Kan extensions). This is the right adjoint in the pre-derivator sense to the morphism of
pre-derivators in the previous lemma, as soon as D — S s left and right fibered.

PRrooF. Consider the following 2-commutative square where I,.J,J' € Dia, a: J - J' is a
functor, and j’ € J’
id,e
Ix (T 7) —2 1y
(id,p)J % L(id,a)

Ixj IxJ

It is homotopy exact by 2.3.23, 4.
Therefore we have (using FDer3-5 right):

(id, 5")* (id, @), (pr3 ) (pr3&r, T, prs&n; F)

(id, p) (id, 0)* (pr3 £)* (pr3&r, . 7., pry&n, F)

(id, )« (pr3 £)*((id, 0)*pr3&y, . 7., (id, 1) *pri&y; (id, o) * F)
(id, p). (prs )" ((id, p)*&1, . 7., (id, p)*Ey; (id, ¢)* F)
(&7, s (id, p) (id, 1) F)

&7, s (id, 5) (1d, ) F)

(id, ;") (prsf) > (pr3&r, . 7., pri&a; (id, @), F)

Note that (id, ¢) is an opfibration, but (id, j”) is not. Hence the last step has to be justified
further. Consider the 2-commutative diagram:

(12 | 2 | P2 | PN P4

112

Ix(Jxp §7) — 20 [

(id,p)l Y ‘
Ixy IxJ
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It is again homotopy exact by 2.3.23, 4. Therefore we have

112

(&L T 60 (0d, ) (id, @) L F)
&7, s (id, p)L (id, /) * (id, @), F)
(id, p) (prs £)*((id, p) &1, . T, (id, p)*En; (id, ) * (id, @) o F)
(id, p)« (prs f) > ((id, /) pri&y, . 7., (id, ) pri&a; (id, ) * (id, @) . F)
(id, p). (id, /)" (prs f)* (prs&y, . T, prs&n; (id, /) * (id, @) . F)
2 (id, §) " (prs )™ (prs&r, 1o, prsa; (id, @) F)
Note that (id,:") is an opfibration as well. In other words: the reason why f** also
commutes with (id, j)* in this particular case is that the other argument are constant in
the J direction.

A tedious check shows the composition of the isomorphisms of the previous computa-
tions yield (id, j’)* applied to the exchange morphism

(id, @)« (prs ) (prs&y, . T, prs&a; F) = (prs f)7 (&1, .1, & (id, ) L F).
Since the above holds for any j’ € J' it is therefore an isomorphism by (Der2). n

2.3.15. Let p: D - S be a (left, resp. right) fibered multiderivator and S : {-} —
S(-) a functor of multicategories. This is equivalent to the choice of an object S € S(-)

1 IR

IR

and a collection of morphisms «, € Homg()(S,...,S;5) for all n > 2, compatible with
—_—
n times
composition. Then the fiber
I B(1) s

defines even a (left, resp. right) multiderivator (i.e. a fibered multiderivator over {-}). The
same holds analogously for a functor of multicategories S : {-} - S([).

Axiom (FDer5 left) and Lemma A.2.6 imply the following:

2.3.16. PROPOSITION. A left fibered multiderivator D — {-} is the same as a monoidal
left derivator in the sense of Groth [Grol2]. It is also, in addition, right fibered if and
only if it is a right derivator and closed monoidal in the sense of [loc. cit.].

2.3.17. DEFINITION. We call a pre-derivator D strong, if the following axiom holds:
(Der6) For any diagram K in Dia the ‘partial underlying diagram’ functor
dia: D(K x Ay) - Hom(A;,D(K))
1s full and essentially surjective.

2.3.18. DEFINITION. Let p: 1D — S be a fibered (left and right) derivator. We say that
p:ID — S has pointed fibers if the following axiom holds:

(FDer7) For any S € S(-), the category D(+)s has a zero object.
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2.3.19. DEFINITION. Let p: D — S be a fibered (left and right) derivator. We say that
p:ID — S has stable fibers if its fibers are strong and the following axiom holds:

(FDer8) For any S € S(-), in the category D(Q),+s an object is homotopy Cartesian if
and only if it is homotopy coCartesian.

This condition can be weakened (cf. [GS12, Corollary 8.13]).

2.3.20. If the fibers of a fibered derivator are stable then they are triangulated categories
in a natural way (this follows from [Grol13]). Actually the proof shows that it suffices that
the fibers are derivators of domain Posf (finite posets).

Since, by Lemma 2.3.13 and Lemma 2.3.14 push-forward, resp. pull-back w.r.t. any
slot commute with homotopy colimits, resp. homotopy limits, they induce triangulated
functors between the fibers.

2.3.21. [left] The following is a consequence of (FDer0 left): For a functor a: I - J and
a morphism in f:S - T €S(J), we get a natural isomorphism

S(a* flea® = a*S(f).-

W.r.t. this natural isomorphism we have the following:

2.3.22. LEMMA. [left] Given a “pasting” diagram

N-Y. B

we get for the pasted natural transformation v © p:= (8 *v) o (u* G) that the following
diagram s commutative:

AS(5 *1)eG*S(1) e B*

lN

AS(B *1)eS(G * 1) G* B*

lN

A!S(V © M).G*B*

YaS(p)eB* —=*f*

Here the morphisms going to the right are (induced by) the various base-change mor-
phisms. In particular, the pasted square is homotopy exact if the individual two squares
are.

PROOF. This is an analogue of [Grol3, Lemma 1.17] and proven similarly. ]
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2.3.23. PROPOSITION.

1. Any square of the form

Ix; K21
Al 174 la
B

K——J
(where I x;; K is the slice category) is homotopy exact (in particular the ones from

aziom (FDer/ left) and (FDer/j right) are).

2. A Cartesian square

Ix; K-—2-1

L

K———J

(where I x; K is the fiber product) is homotopy exact, if a is an opfibration or if
s a fibration.

3. If a: I — J is a morphism of opfibrations (resp. fibrations) over a diagram E, then

wr

I.——=1 J
Qe ja Tesp. wly wy
JCE T I—2sJ

1s homotopy exact for all objects e € E, where wy, wy are the inclusions of the
respective fibers.

4. If a square

L-E2-71
A 17 la
18 homotopy exact then so is the square
L x X BdeX I % X
AXiXm/ X Laxidx
KxX eEm Jx X

for any diagram X.
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PRrROOF. This proof is completely analogous to the non-fibered case. We sketch the argu-
ments here (for the left-case only, the other case follows by logical duality):

3. We only show the case of opfibrations, the other is analogous. Let j be an object
in J, and consider the cube:

L%y, j———1I (9)
I'x;;5 : I e
Ipe 174a
p : d Je
74a «a
J J J

where w is given by the inclusions ¢ . resp. tj.. By standard arguments on homotopy exact
squares it suffices to show that the left square is homotopy exact on constant diagrams,
i.e. that

Pe, W = Py
holds true for all usual derivators. By [Grol3, Proposition 1.23] it suffices to show that
w has a left adjoint.
Denote 7wy : I - E and 7y : J - E the given opfibrations. Consider the two functors

Loxgej=———=1%;]

where ¢ is given by mapping (i, : (i) - j) to (i, i’ : a(i') - 7) where we chose, for any
i, a coCartesian morphism &; , : @ - i’ over m;(p) : (i) - e. Since o maps coCartesian
morphisms to coCartesian morphisms by assumption, «(¢; ) : a(i) - a(i’) is coCartesian,
and therefore there is a unique factorization
ali) " (i)

of . A morphism « : (i1, p1 : a(iy) = j) = (i, p2 : a(iz) — j), by definition of co-
Cartesian, gives rise to a unique morphism o’ : i} — i}, over m;(i1) - m(i2) such that
&&= iy pp@’ holds, and we set c¢(a) :== o/. We have cow = id, and a morphism
idrx,,j = woc given by (i,u) = & ,. This makes w right adjoint to c.

2. By axiom (Der2) it suffices to show that for any object k of K, the induced
morphism

k*AB* - k*B*q

is an isomorphism. Consider the following pasting diagram

Txyjh—toIx; Kxyhk——=TIx, K—Ls]

j— lp o lA B l

k K J
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Lemma 2.3.22 shows that the following composition
mS(B * p* j)aj v"B* > mj*S(B * 1)et” B* = piS(B * p)et” B* = k" A\ B" > k" ou

is the base-change associated with the pasting of the 3 squares in the diagram. All
morphisms in this sequence are isomorphisms except possibly for the rightmost one. The
second from the left is an isomorphism because j is a right adjoint [Grol3, Proposition
1.23]. The base-change morphism of the pasting is an isomorphism because of 3.

1. By axiom (Der2) it suffices to show that for any object k of K the induced morphism

k*AS(u)e B — k*5*ay
is an isomorphism. Consider the following pasting diagram
IX/JI{Z—L>] X/JKB—>]

Lp |a o L

p K 5 J

Lemma 2.3.22 shows that the following diagram is commutative

S(put)et* B k* 3*

piS(p)e B ——k*A\S(11) . B*

where the bottom horizontal morphism is an isomorphism by 2., and the top horizontal
morphism is an isomorphism by (FDer4 left). Therefore the right vertical morphism is

also an isomorphism.
4. (cf. also [Grol3, Theorem 1.30]). For any x € X consider the cube

L B I (10)
(ijx/ “V
A
LxX Bxidx IxX “
/,u,
Axidx K ’ J
% “//uxX looy
(id,z)
KxX Beidn Jx X

The left and right hand side squares are homotopy exact because of 3., whereas the
rear one is homotopy exact by assumption. Therefore the pasting

L——1xX

Al Laxidx

K—JxX
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is homotopy exact. Therefore we have an isomorphism
(id,z)*AS(pn)e B* — (id, x)*f* (a x idx )y

where the morphism is induced by the base change of the given 2-commutative square.
We may then conclude by axiom (Der2). "

2.3.24. [left] If S is strong the pull-backs and push-forwards along a morphism in S(-),
or more generally along a morphism in S(I), can be expressed using only the relative
Kan-extension functors:

Let p: D - S be a left fibered derivator such that S is strong. Consider the 2-
commutative square

1

174 LLO

]T'IXAI

1

and consider a morphism f:S — T in S(I). By the strongness of S, the morphism f may
be lifted to an object F' € S(I x A;), and this means that the morphism

S(u) : (F > i F

is isomorphic to f. Since the square is homotopy exact by Proposition 2.3.23 1., we get
that the natural transformation

Jo = titoy
is an isomorphism.

2.3.25. [left] Let a: I - J a functor in Dia and let f:S — T be a morphism in S(.J).
Axiom (FDer0) of a left fibered derivator implies that we have a canonical isomorphism

(a*(f))ea” =" f,

which is determined by the choice of the push-forward functors. We get an associated
exchange morphism

ay(@”(f))e = fou. (11)

2.3.26. PROPOSITION. If p:ID — S is a left fibered derivator, and S is strong, then the
natural transformation (11) is an isomorphism. The corresponding dual statement holds
for a right fibered derivator.

PRrOOF. Consider the following 2-commutative squares (the third and fourth are even
commutative on the nose):

J [——J T2 Tx A (12)

O P P

ITIXAl JL—J>JXA1 IXAlT)JXAl JTJXAI

ﬂ I {H]

P lpl
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They are all homotopy exact. Consider the diagram

ar(@*(f))s fear

| |

QLypr) ——= LjQupry —>= L3P

where the vertical morphisms come from (2.3.24) — these are the base change morphism
for the first and second square in (12) — and the lower horizontal morphisms are respec-
tively the base change for the third diagram in (12), and the natural morphism associated
with the commutativity of the fourth diagram in (12). Repeatedly applying Lemma 2.3.22
shows that this diagram is commutative. Therefore the upper horizontal morphism is an
isomorphism because all the others in the diagram are. n

2.3.27. The last proposition states that push-forward commutes with homotopy colimits
(left case) and pull-back commutes with homotopy limits (right case). This is also the
content of (FDerb left/right) for fibered derivators (not multiderivators), and hence this
axiom is implied by the other axioms of left fibered derivators if S is strong. Even in the
multi-case, by Lemma 2.3.9, axiom (FDer5 left/right) also follow from both (FDer0 left)
and (FDer0 right).

2.3.28. [left] Let a: I - J be a functor in Dia. Proposition 2.3.26 (or FDer5 left) allows
us to extend the functor o to a functor

o D(I) x5 S(J) ~ D(J)

which is still left adjoint to a*, more precisely: to (a*,p(J)). Here the fiber product
is formed w.r.t. p(I) and a* respectively. We sketch its construction: «(€,.5) is given

by o€, where o is the functor from axiom (FDer3 left) with base S. Let a pair of a

morphism f: S - T in S(J) and F : & > F in D(I) over a*(f) be given. We define
a(F, f) as follows: F corresponds to a morphism

(a*f)e€ - F.
Applying af we get a morphism
of (@ f)e€ > af F
and composition with the inverse of the morphism (11) yields
f.a!s E— oz!TJ-"
or, equivalently, a morphism which we define to be o (F, f)
a8 = ol F

over f.
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For the adjunction, we have to give a functorial isomorphism
Hom,« (€, F) 2 Homs(au (€, S), F),

where £ € D(1),+s and F € D(J)r. We define it to be the following composition of
isomorphisms:

Hom,« (€, a*F)
Homiq .. ((a* f)e&, o F)
Homiq, (an(a f)e&, F)
Homjq, (foecn&, F)
Hom¢(a&, F).

e 1 1R

IR

A dual statement holds for a right fibered derivator and the functor a.
From Proposition 2.3.26 we also get a vertical version of Lemma 2.3.22:

2.3.29. LEMMA. [left] Given a “pasting” diagram

N 2. m

)| o |

L2

aj s la
K-—2-J

we get for the pasted natural transformation p© v = (u* ') o (a * v) that the following
diagram is commutative:

aS(p)J1S(a * v)e BY ——— arS(p)ob*n — B*arm
al'S(p * T)eS(a * v) e B*
CL;F;S(,&@V).B*
Here the morphisms going to the right are (induced by) the various base-change mor-

phisms and the upper horizontal morphism is the isomorphism from Proposition 2.5.26.
In particular, the pasted square is homotopy exact if the two individual squares are.

2.4. TRANSITIVITY.

2.4.1. PROPOSITION. Let
E pP1 ]D) p2 S

be two left (resp. right) fibered multiderivators. Then also the composition ps = ps o py :
E — S is a left (resp. right) fibered multiderivator.
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Proor. We will show the statement for left fibered multiderivators. The other statement
is shown similarly.
Axiom (FDer0): For any I € Dia, we have a sequence

E(I)->D(I)—>S(I)

of fibered multicategories. It is well-known that then also the composition E(1) - S([I) is
a fibered multicategory (see A.2). The other statement of (FDer0) is immediate as well.
Let a: I - J be a functor as in axioms (FDer3 left) and (FDer4 left). We denote the
relative homotopy Kan-extension functors w.r.t. the two fibered derivators by o/, and of,
respectively. As always, the base will be understood from the context or explicitly given
as extra argument as in (2.3.28).

Axiom (FDer3 left): Let S e S(J) be given. We define a functor

ai {E()ars = E(J)s
in the fiber (under py) of £ € D(I),+s as the composition

(Viva?pl)

E(I)a*s

ol
E(D)ars *(1),.s D(J)s —=E(J)s
where v is the unit
V. 8 — 04*04125

and o with two arguments is the extension given in (2.3.28).
Let F1 € E(I)ns and Fy € E(J)s be given with images £ and &, respectively under
p1. The adjunction is given by the following composition of isomorphisms:

Homs(af’}"l,}"g)

= Homg(of (Ve F1,08E1), F2) Definition

= {f e Homg(a}&1,&);€ e Homy(af (veFi, &), F2)}  Definition

= {f eHomg(a?&1,&); & € Homys (v Fr, * F) } Adjunction (2.3.28)
~ {f eHomueg(&1, %) € € Hom#Fy, " Fs)} Note below

= Homg«s(F1,a*F2)} Definition

Note that the composition
f: & ——a*afé N a*&y

is determined by f via the adjunction of (FDer3 left) for base S and py: D — S.
Axiom (FDer4 left): Let £ be in E(I)4+5 and let F be its image under p;. We have
to show that the natural morphism

aAS(u)d € - j*al
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is an isomorphism. Inserting the definition of the push-forwards, resp. of the Kan exten-
sions for ps, we get

oy (vj)scartyt*E — jraj v €.
Here v; : S(p)2*F — aja?S(u)3e* F is the unit and v: F — a*afF is the unit. ‘cart'’ is
the Cartesian morphism (*F — S(p)2c*F. Consider the base-change isomorphism (FDer4
for ps)

be:afS(u)e* F - j*ai F,
and the morphism

D(p) : ot af F — o j* o F.

Claim: We have the equality

(ajbc) ovjocart =D(p) o™ (v).

Proof of the claim: Consider the diagram (which affects only the fibered derivator ps :
D — S, hence we omit superscripts):

a;bc
Oé;Oéj!S(M).L*]: W oz]*-ozﬂS(u).L*a*a!}" — oz;ozjgoz;j*a!]:—> a;j*ozg]:
S(u)et* F S S(p) ettt F 2duced arjranF
cart cart
o F = ratonF

Clearly all squares and triangles in this diagram are commutative. The two given mor-
phisms are the compositions of the extremal paths hence they are equal.
We have a natural isomorphism induced by bc:

(- 0 S(u)er F) = ajyi((afbe)(-++), j o F)

(this is true for any isomorphism).
We therefore have

a}!(zjj)lcarth*g
= o (ajbe) (v;)ccarty*E
= g D(p)s(v)a*E
= g D(p) e vi€
Thus we are left to show that
QLD(H)VIE > jalviE
is an isomorphism. A tedious check shows that this us the base change morphism associ-
ated with p;. It is an isomorphism by (FDer4 left) for p;. n
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2.5. (Co)LoCAL MORPHISMS.

2.5.1. Let Dia be a diagram category and let S be a strong right derivator with domain
Dia. Strongness implies that for each diagram

U

|

S—=T

in S(-) there exists a homotopy pull-back “U x¢ S” which is well-defined up to (non-
unique!) isomorphism. The existence and (weak) uniqueness of these pull-backs is the
only property of S needed in this section. It is hence not necessary to assume that it is
a right derivator on the whole of Dia. For instance, it is certainly enough to have this
for the restriction of the pre-derivators S; to Posf. A Grothendieck pre-topology on S is
basically a Grothendieck pre-topology in the usual sense on S(:) except that pull-backs
are replaced by homotopy pull-backs. We state the precise definition:

2.5.2. DEFINITION. A Grothendieck pre-topology on S is the datum consisting of,
for any S €S(-), a collection of families {U; = S}iex of morphisms in S(-) called covers,
such that

1. Fvery family consisting of one isomorphism is a cover,

2. If {U; = S}iez is a cover and T — S is any morphism then the family {“U; xg T” —
T}ier is a cover for any choice of particular members of the family {“U; xg T" }.

3. If {U; - Stiez is a cover and for each i, the family {U;; = U;}jeq, is a cover then
the family of compositions {U; ; > U; = S}iez jes; s a cover.

2.5.3. DEFINITION. [left] Let p: D — S be a left fibered derivator satisfying also (FDer0
right). Assume that pull-backs exist in S. We call a morphism f:U — S in S(-) D-local

if

(Dlocl left) The morphism f satisfies base change: for any diagram Q) € D(O) with
underlying diagram

A-L.p

é—' ~

Q

C—~>

f

such that p(Q) in S(O) is a pull-back-diagram, i.e. is (homotopy) Cartesian, with
p(f) = f the following holds true: If F' and f are Cartesian, and G is coCartesian
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then also G is coCartesian.’
(Dloc2 left) The morphism of derivators (cf. Lemma 2.3.14)
J*:Ds - Dy
commutes with homotopy colimits.

A morphism f:U — S in S(-) is called universally D-local if any homotopy pull-back
of f is D-local.

2.5.4. DEFINITION. [left] Assume that 'S is equipped with a Grothendieck pre-topology (cf.
2.5.2). A left fibered derivator p: D - S as in Definition 2.5.3 is called local w.r.t. the
pre-topology on S, if the following conditions hold:

1. Every morphism U; — S which is part of a cover is D-local.
2. For a cover {f; : U; - S} the family
(f1)*:D(S) - D(U;)
1s jointly conservative.

2.5.5. DEFINITION. [right] Let p : D — S° be a right fibered derivator satisfying also
(FDer0 left). Assume that pull-backs exist in S. We call a morphism f:U — S in S(-)
D-colocal if

(Dlocl right) The morphism f satisfies base change: for any diagram @) € D(O) with
underlying diagram:
A £ B

G

@

<—D

such that p(Q)°P in S(O) is a pull-back-diagram, i.e. is (homotopy) Cartesian, with
p(f) J°P the following holds true: If F and f are coCartesian, and g is Cartesian
then also G is Cartesian.

8In other words, if

is the underlying diagram of p(Q) then the exchange morphism
GoF* — f°g.

is an isomorphism.
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(Dloc2 right) The morphism of derivators (cf. Lemma 2.3.13)
(fop)c : ]D)S - ID)U
commutes with homotopy limits.

A morphism f:U — S in S(+) is called universally D-colocal if any homotopy pull-back
of f is D-colocal.

2.5.6. DEFINITION. [right] Assume that S is equipped with a Grothendieck pre-topology
(cf. 2.5.2). A right fibered derivator p: 1D — S°P as in Definition 2.5.5 is called colocal
w.r.t. the pre-topology on S, if

1. Every morphism f:U; - S which is part of a cover is D-colocal.
2. For a cover {f; : U; = S} the family
(fi")e:D()s = D( )y,
18 jointly conservative.

2.5.7. REMARK. The reader should keep in mind the two basic examples given in the
introduction extracted from a six-functor-formalism:

D*-»S® D'-S. (13)

In many six-functor-formalisms occurring in nature there will be a Grothendieck pre-
topology on S such that D' is local w.r.t. it and such that D* is colocal w.r.t. it. Except
for the conservativity axioms this follows, for instance, from isomorphisms of the form®

flz fn]
for any f: U — S being part of a cover, compatible with base-change in a suitable way.
Proof: (Dlocl left/right) follows from base-change for the pair f', f. (or f*, fi), which
is part of the six-functor-formalism, replacing f' by f*[n] (resp. f* by f'[-n]). (Dloc2
left /right) follows directly from f'z f*[n] and the fact that f' has a left-adjoint (resp. f*

has a right-adjoint). The conservativity axioms Definition 2.5.4, 2. and Definition 2.5.6,
2. do not follow automatically, but become equivalent to each other.

2.6. THE ASSOCIATED PSEUDO-FUNCTOR. Let p: D - S be a morphism of pre-derivators
with domain Dia.

2.6.1. [left] Let Dia(S) be the 2-category of diagrams over S, where the objects are pairs
(I, F) such that I € Dia and F € S(I), the morphisms (I, F') - (J,G) are pairs («, f)
such that a : I - J, f : F - o*G and the 2-morphisms («, f) — (f,g) are the natural
transformations p: o = (3 satisfying S(u)(G) o f = g.

We call a morphism (a, f) of fixed shape if @ = id, and of diagram type if f consists
of identities. Every morphism is obviously a composition of one of diagram type by one
of fixed shape.

9assuming the stable case — otherwise ignore the shift [n].
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2.6.2. [right] There is a dual notion of a 2-category Dia’”(S). Explicitly, the objects
are pairs (I, F') such that [ € Dia and F' € S(I), the morphisms (I, F') — (J,G) are pairs
(a, f) such that « : [ - J, f : «*G - F and the 2-morphisms (a, f) — (8, 9) are the
natural transformations u: a = § satisfying foS(u)(G) =g .

The association (I, F) — (I°, F°P) induces an isomorphism Dia°®(S) — Dia(S°P)2-op.

We are interested in associating to a fibered derivator a pseudo-functor like for classical
fibered categories.

2.6.3. [left] We associate to a morphism of pre-derivators p : D - S which satisfies (FDer0
right) a (contravariant) 2-pseudo-functor

D : Dia(S)"°P - CAT

mapping a pair (I, F) to D(I)r, and a morphism (o, f) : (I,F) - (J,G) to f*oa*
D(J)g = D(I)r. A natural transformation p: o = [ is mapped to the natural transfor-
mation pasted from the following two 2-commutative triangles:

D(1)Goa

~

D(J)e ¥ sw@* 1+ D)r

\\/

D(I)cop

PROOF OF THE PSEUDO-FUNCTOR PROPERTY. For a composition (3,g) o (a, f) = (B o
a,a*(g) o f) we have: f*oa*og®of* = f*o (a*g)® o a* o f*. This follows from the
isomorphism a* o g* = (a*g)® o a* (FDer0). One checks that this indeed yields a pseudo-
functor. [

2.6.4. [right] We associate to a morphism of pre-derivators p : D — S which satisfies
(FDer0 left) a (contravariant) 2-pseudo-functor

D : Dia® (S)1"P - CAT

mapping a pair (I, F') to D(I)r(r), and a morphism (a, f) : (I, F) - (J,G) to fooa*
from D(J)g — D(I)p. This defines a functor by the same reason as in 2.6.3.

2.6.5. [left] We assume that S is a strong right derivator. There is a notion of “comma
object” in Dia(S) which we describe here for the case that S is the pre-derivator associated
with a category § and leave it to the reader to formulate the derivator version. In that
case the corresponding object will be determined up to (non-unique!) isomorphism only.

Given diagrams Dy = (I, F1), Dy = (I, Fy), D3 = (I3, F3) in Dia(S) and morphisms
pr: Dy = Ds, o1 Dy — D3, we form the comma diagram D; x,p, Dy as follows: the
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underlying diagram I; x,;, I has objects being triples (41,4, t) such that iy € Iy, i € I,
and p: aq(i1) = as(iz) in I. A morphism is a pair ; : i; - i; for j =1,2 such that

.y a1(B) .
041(11);041(@'1)

b b
.\ a2(B2) ,
a(i2) — (i)
commutes in I3. The corresponding functor Fe S(1 X /1y I) maps a triple (iy,i9, 1) to
Fl(il) X F3(az(iz2)) FQ(iZ)-
We define P; to be (¢;,p;) for j = 1,2, where ¢; maps a triple (i1,42, ) to i;, and p; is
the corresponding projection of the fiber product. We then get a 2-commutative diagram

P
D, X /D D, — D,

lP2 s lﬁl

Dy B2 Ds

If we are given Iy, I3 only and two maps [, — I3 and I, — I3 we also form Dy x;p, I,
by the same underlying category, with functor F} o ;.

2.6.6. [right] We assume that S is a strong left derivator. There is a dual notion of
“comma object” in Dia’(S) which we describe here again for the case that S is the
pre-derivator associated with a category S and leave it to the reader to formulate the
derivator version. In that case the corresponding object will be determined up to (non-
unique!) isomorphism only.

Given three diagrams DY = (I1, F1), D3 = (I3, F») in Dia®(S) mapping to D§ = (I3, F3),
we form the comma diagram DY x;pe Dg as follows: the underlying diagram is Iy x;p, I
which has object being triples (i1,42, 1) such that iy € 1,45 € Is and g : a1(i1) = as(iz) in
I3. A morphism is a pair ; : 1; - for j =1,2 such that

.y a1(B) .
041(21):)041(@'1)

e I
0a(iz) 7 0 ()
commutes in I5. The corresponding functor F maps a triple (41,19, 1) to
Fl(il) Uy (a1 (i) FQ(iZ)'
We then get a 2-commutative diagram
D3 x/pg DY —— Dy
|-

D3 D3
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2.6.7. DEFINITION. If S is equipped with a Grothendieck pre-topology (cf. 2.5.2) then we
call (o, f) : (I, F) — (J,G) D-local if f; : F(i) —» Goa(i) is D-local (cf. 2.5.3) for all
1€ 1. Likewise for the notions of universally D-local, D-colocal, and universally D-colocal.

2.6.8. PROPOSITION. [left] Let D — S be a left fibered derivator satisfying also (FDer0
right) and such that S is a strong right derivator. Then the associated pseudo-functor
satisfies the following properties:

1. For a morphism of diagrams («, f): D1 = Dy the corresponding pull-back
(a, f)* : D(D2) - D(Dy)
has a left-adjoint (o, f)r.
2. For a diagram like in 2.6.5

P,
Dy X D3 Dy — D,

PQL 7 lﬁl

Dy B2 Ds

the corresponding exchange morphism

Py P — 5551
is an isomorphism in D(Ds) provided that (o is D-local.

PrOOF. 1. By (FDer0 left) and (FDer3 left) we can form (o, f), := ay o f, which is clearly
left adjoint to (a, f)*.

2. We first reduce to the case where I5 is the trivial category. Indeed consider the
diagram

. . can. . . Pl
D1 x/py ({2}, F2(i2)) — D1 x/py Do x/p, ({i2}, F2(i2)) — D1 x/py Do —— D

l y | y le y lm

({7}, F2(i2)) ({72}, F2(i2)) Dy ———>D;

The exchange morphism of the middle square and outmost rectangle are isomorphisms
by the reduced case. The morphism can. of the left hand square is of diagram type and
its underlying diagram functor has an adjoint. The exchange morphism is therefore an
isomorphism by [Grol3, 1.23]. Using Lemma 2.6.9 therefore, applying this for all iy € I5,
also the exchange morphism of the right square has to be an isomorphism (this uses axiom
Der2).

Now we may assume Dy = ({i2}, F5(i2)). Consider the following diagram, in which we

denote B = (a1, f1), B2 = (ag, f2).



1294 FRITZ HORMANN

(11 %1, {i2},ﬁ) i (L1 %1, {io}, Fiot) “ (I, Fy)

b2 v @ g a @ f1

([1X/13{i2},ﬁ') o (I1></13{12}7F3°Oé10L1)L>([17F3°061)

2 Y @ F3(u) 7
5 f2

(11 %1y {in}, Fa(iz)) — (L1 %1, {2'2}7F3(a2(i2))8® o

L2 7 @
({2}, Fa(i2)) & ({iz}, F3(aa(iz))) — (I3, F3)

where F is the functor defined in 2.6.5 mapping a triple (1, s, 1t : a1 (i1) = a2 (is)) to

Fl(il) XFg(aQ(iQ)) FQ(/LQ)
and F' is the functor mapping a triple (i1, s, jt = a1 (i1) = an(is)) to

F3(a1(71)) X py(an(iz)) F2(i2).

We have to show that the exchange morphism for the outer square is an isomorphism.
Using Lemma 2.6.9 below it suffices to show this for the squares 1-5. That the exchange
morphism for the squares 1 and 2, where the morphisms are of fixed shape, is an iso-
morphism can be checked point-wise by (Der2). Then it boils down to the base change
condition (Dlocl left). Note that the squares are pull-back squares in S by construction
of F' resp F. The exchange morphism for 4 is an isomorphism by (FDer0 left). The
exchange morphism for 3 is an isomorphism because of (Dloc2 left). The exchange mor-
phism for 5 is an isomorphism because of (FDer4 left). =

Dualizing, there is a right-variant of the theorem, which uses Dia’”(S) instead. We
leave its formulation to the reader.

The language of this section allows to restate Lemma 2.3.22 and Lemma 2.3.29 in a
more convenient way:

2.6.9. LEMMA. [left]

1. Giwen a “pasting” diagram in Dia(S)

D, ——~ Dy —£~ D;

{ o o)
D2—W>D4—6>D6

the pasted natural transformation v ® pu = fv o ul satisfies

noum=(vop)).
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2. Gwen a “pasting” diagram in Dia(S)

D, -2+ D,
Dy — D,
B

D5 I D6
the pasted natural transformation v ® p = av o ul’ satisfies

wov=(pov).

3. (Co)homological descent

3.1. CATEGORIES OF S-DIAGRAMS.

3.1.1. DEFINITION. Let S be a strong right derivator with Grothendieck pre-topology.
A category of S-diagrams in Cat(S) is a full sub-2-category DZA c Cat(S), satis-
fying the following axioms:

(SDia1) The empty diagram (@,-), the diagrams (-,S) for any S € S(-), and (Ay, f) for
any f €S(A1) are objects of DIZA.

(SDia2) DZA is stable under taking finite coproducts and such fibered products, where one
of the morphisms is of pure diagram type.

(SDia3) For each morphism « : Dy - Dy with D; = (I;, F;) in DIA and for each object
i € Iy and morphism U — F5(i) being part of a cover in the chosen pre-topology, the
slice diagram Dy x/p, (i,U) is in DLA, and if « is of pure diagram type then also
(4, F5(4)) x/p, D1 is in DLA.

A category of S-diagrams DZA is called infinite, if it satisfies in addition:
(SDia5) DZA is stable under taking arbitrary coproducts.

There is an obvious dual notion of a category of S-diagrams in Cat°®(S). If S is
the trivial derivator both definitions boil down to the previous definition of a diagram
category 2.1.1.
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3.2. FUNDAMENTAL (CO)LOCALIZERS.

3.2.1. DEFINITION. A class of morphisms W in a category is called weakly saturated,
if it satisfies the following properties:

(WS1) Identities are in W.
(WS2) W has the 2-out-of-3 property.

(WS3) If p: Y - X and s : X = Y are morphisms such that po s =idx and sope W
then p e W (and hence s e W by (WS2)).

3.2.2. DEFINITION. Let S be a strong right derivator with Grothendieck pre-topology
(2.5.2). Let DZA c Cat(S) be a category of S-diagrams (cf. 3.1.1).

Consider a family of subclasses Ws of 1-morphisms in DZA[S '° parametrized by all
objects S € S(-). Such a family {Ws}s is called a system of relative localizers if the
following properties are satisfied:

(L0O) For any morphism Sy — Sy the induced functor DIA|S, - DLZA/Sy maps Ws, to
W, .

(L1) Each Ws is weakly saturated.

(L2 left) If D= (I,F) e DIA, and I has a final object e, then the projection D — (e, F'(e))
i5 1 Wr(e)-

(L3 left) For any commutative diagram in DZA over (-,S)

D1 hd D2

~

Ds=(E,F)

and for any chosen covers {U.; - F(e)} for all e € E, the following implication
holds true:
Vee EVi wxp, (e,Uc;) eWy,, = weWs.

(L4 left) For any morphism w : Dy - Dy = (E,F) of pure diagram type over (-,S) the
following implication holds true:

Vee E (e, F(e)) x/p, D1 = (e,F(e)) e Wpeey = weWs.

There is an obvious dual notion of a system of colocalizers in DZA c Cat’®(S) =
Cat(S°P)2-°P where S° is supposed to be a strong right derivator with Grothendieck
pre-topology.

Owhere DZ.A/S denotes the comma (slice) category DIZA x;pz.4 (-, 5).
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3.2.3. DEFINITION. Let S be a strong right derivator. Assume we are given a Grothendieck
pre-topology on S (cf. 2.5.2). Let DIA c Cat(S) be a category of S-diagrams (cf. 3.1.1).

A subclass W of 1-morphisms in DIA is called an absolute localizer (or just local-
izer) if the following properties are satisfied:

(L1) W is weakly saturated.

(L2 left) If D= (I,F) e DIA, and I has a final object e, then the projection D — (e, F'(e))
15 W.

(L3 left) For any commutative diagram in DIA

D1 B D2

~ 7

D3 =(E,F)

and chosen covering {U;. - Fs(e)} for all e € E, the following implication holds
true:

Vee EVi wxp, (e,U;))eW = weW.

(L4 left) For any morphism w : Dy — Dy = (E,F) of pure diagram type, the following
implication holds true:

Vee E (e, F(e)) x/p, D1 > (e,F(e))eW = weW.

There is an obvious dual notion of absolute colocalizer in DZ.A c Cat®(S) = Cat(Sop)2-op
where S°P is supposed to be a strong right derivator with Grothendieck pre-topology.
Recall the isomorphism of 2-categories
Cat(S) - Cat®(SP)*op
(I,F) » (I® F°P).
By abuse of notation, we denote the image of DZA under this identification by DZAP.
3.2.4. REMARK.

1. If W is a localizer in DZA, then W°P is a colocalizer in DZA® and vice versa. The
same holds true for systems of relative localizers.

2. If S is the trivial derivator, then a system of relative localizers or a localizer are the
same notion, and (L1-L3 left) are precisely the definition of fundamental localizer
of Grothendieck.

3.2.5. PROPOSITION. [Grothendieck] If S = {-} is the trivial derivator, then Cat(:) =
Cat®(-) as 2-categories. If DIA is self-dual, i.e. if DIA® = DIZA under this identifica-
tion, then the notions of localizer, localizer without (L4 left), colocalizer, and colocalizer
without (L4 right) are all equivalent.

PRrROOF. [Cis04, Proposition 1.2.6] =
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3.2.6. REMARK. The class of localizers is obviously closed under intersection, hence there
is a smallest localizer Wi, . Furthermore the smallest localizer in DZ.A and the smallest
colocalizer in DZA correspond. If S is the trivial derivator and DZA = Cat, Cisinski
[Cis04, Théoreme 2.2.11] has shown that WZIP is precisely the class Wa of functors
a: I — J such that N(«) is a weak equivalence in the classical sense (of simplicial sets,
resp. topological spaces). For a localizer in the sense of Definition 3.2.3 this implies the
following;:

3.2.7. THEOREM. If DIA = Cat(S) and W is an absolute localizer in DA and o € W,
i.e. = I — J is a functor such that N(«) is a weak equivalence of topological spaces,
the morphism (c,id) : (I,p;S) = (J,p3S) is in W for all S € S(-). The same holds
analogously for a system of relative localizers.

PROOF. The class of functors a: I - J in Cat such that («,id) : (£, p3S) - (J,p3S) is in
W obviously form a fundamental localizer in the classical sense. [

3.2.8. We will for (notational) simplicity assume that the following properties hold:

1. S has all relative finite coproducts (i.e. for each opfibration with finite discrete
fibers p: O — I the functor p* has a left adjoint p; and Kan’s formula holds true for
it).

2. For all finite families (.5;)e; of objects in S(-) the collection {S; = [1;e; S }ier is a
cover.

Let @& be the initial object of S (which exists by 1.). Then the map
g — ('7 ®)7

where @ on the left denotes the empty diagram, is in W (resp. in W, and hence in all
Ws) by (L3 left) applied to the empty cover.
From this and (L3 left) again it follows that for a finite collection (S;);; of objects of

S(-) the map
(I, (Si)ier) = (- L1 5)
iel
is in W (resp. in Wy, s,). More generally, if we have an opfibration with finite discrete
fibers p: O — I and a diagram F € S(O) (over S € S(+)), then the morphism

(O, F) - (I,pF)

is in W (resp. in Wyg).
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3.2.9. EXAMPLE. [Mayer-Vietoris| For the simplest non-trivial example of a non-constant
map in W consider a cover {U; - S,U; - S} in S(+) consisting of two monomorphisms!'.
Then the projection

Uy xg Uy” —= Uy

ol .5
Us

is in W (resp. in Ws) as is easily derived from the axioms (L1-L4). See 3.5.13 for how
the Mayer-Vietoris long exact sequence is related to this.

3.2.10. Let a, 8 : Dy — D5 be two morphisms in DZA. Recall that it is the same to give
a 2-morphism a = [ or a morphism D; x A; - D5 such that for ¢ = 1,2 the compositions
Dy —> Dy x Ay — D, are a and f3 respectively. We call o and 8 homotopic if they
are equivalent for the smallest equivalence relation containing by the following relation:
a ~ f3, if there exists a 2-morphism « = . In other words « and 3 are homotopic if there
is a finite set of 1-morphisms vg,V1,...,7, : D1 = Dy such that vy = « and 7, = 5 and a
zig-zag of 2-morphisms:
Yo="N = V2= = Ine

3.2.11. PROPOSITION. Let DIA be a category of S-diagrams (cf. 3.1.1) and let W be
localizer in DZA (resp. let {Ws}s be a system of relative localizers). Then W (resp.
{Ws}s) satisfies the following properties:

1. The localizer W (resp. each Ws) is closed under coproducts.

2. Let = (s,id) : Dy = (I3,s*F) - Dy = (I3, F') be a morphism in DIA (resp. over
(,S)) of pure diagram type such that s has a left adjoint p : Iy - Iy. Then the
obvious morphisms p: D1 — Dy and 5 are in W (resp. in Wg ).

3. Given a commutative diagram in DZA (resp. one over S)

D, - D,
Dj

where the underlying functors of the morphisms to D3 are opfibrations and the un-
derlying functor of w is a morphism of opfibrations, and coverings {U.; - Fs(e)}
for all e € I3, then (in the relative case)

Veels Vi wxp, (e,Uc;) €Wy, = weWs
or (in the absolute case)

Veel; Vi wxp, (e,Uc;))eW = weW

"For an arbitrary S this means that the projections “U; xg U;” — U; are isomorphisms.
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4. If f: Dy — Dy is in W (resp. in Ws) then also f x E: Dy x E - Dy x E is in W
(resp. in Ws) for any E € Cat such that the morphism fx E is a morphism in DZA.

5. Any morphism which is homotopic (in the sense of 3.2.10) to a morphism in W
(resp. in Ws) is in W (resp. in Ws).

PROOF. 1. This property follows immediately from (L3 left) applied to a diagram
Hie[ Dl,i Uie] D2,i

~

(I,p;S)

where I is considered to be a discrete category. (In the absolute case let S be the final
object of S(+).)

2. We first show that p € W. Using (L3 left), it suffices to show that p; : Dy x/y,
i = Dy xp, 1 is in W (resp. in Wy) for all i € I, however by the adjunction we have
I <, i =1 xp, s(7) and therefore I /1, © has a final object. In the diagram

D1 X/[QZ—>D2 X1y 1

| l

(8()" F) == (-, s(1)*F)

the vertical morphisms are thus in W (resp. Ws) and so is the upper horizontal morphism.
That §is in W (resp. in Wg) will follow from 5. because this implies that Sop and po s
are in W (resp. in Wg) therefore by (L1) also 5'is in W (resp. in Wg). For note that the
unit and the counit extend to 2-morphisms of diagrams.

3. Using (L3 left), we have to show that Dy x,p, (e,Ue.;) = D2 xp, (e,Ue;) is in W
(resp. in Wy, ;). Since the underlying functors of Dy — D3 and D, — Ds are opfibrations,
we have a diagram over (e, U, ;):

Dy xp, (e,Ue;) — Dsy xp, (e,U.;)

D1 x/p, (e,Ue;) — D2 x/p, (e,Ue;)

where the underlying functor of ¢, is of diagram type and is right adjoint to s.. Therefore
Se is in W (resp. in WU) by 2. and hence the same holds for ¢, because set. = id (using
L1). Note: we are not using the not yet proven part of 2. Since the top arrow is in W
(resp. in Wy, ,) the same holds for the bottom arrow.

4. This is a special case of 2.

5. A natural transformation p: f = g for f,g: Dy - D, can be seen as a morphism
of diagrams p : Ay x Dy - Dy such that poey = f and poe; = g. Since the projection
p: Ay x Dy - Dy isin W by 3. also the morphisms ep; : D1 - A; x Dy are in W. Since
poey=fand poe =g, the morphism f is in W if and only if g € W. ]
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3.2.12. PROPOSITION. Aziom (Lj left) is, in the presence of (L1-L3 left), equivalent to
the following, apparently weaker axiom:

(L4’ left) Let w: Dy - Dy be a morphism (resp. a morphism over S) of pure diagram
type such that the underlying functor is a fibration. Then (in the relative case)

Veel, (e, Fy(e))xp, D1 — (e, Fs(e)) €eWpyey = weWs
or (in the absolute case)

Veely (e, Fy(e))xp, Dy — (e, Fs(e))eW = weW.

PRrROOF. (L4’ left) implies (L4 left): Consider the following 2-commutative diagram

(E,F)*yer) (I,p*F) (I, p*F) =D,

| : |

(E, F) (E,F) =D,

The underlying diagram functor of the top horizontal map (which is not purely of diagram
type) is an opfibration and hence by Proposition 3.2.11, 3. it is in W (resp. Ws), provided
that the morphisms of the fibers (E x5 e,priF) — (-, F(e)) are in W (resp. in We(.)).
However E'x,ge has the final object id. whose value under pri F'is F'(e). The morphisms of
the fibers are therefore in W (resp. in Wg(.)) by (L2 left). The underlying diagram functor
of the left vertical map is a fibration and pri F' is constant along the fibers. Therefore the
fact that all (e, F(e)) x/p, D1 = (e, F(e)) are in W (resp. in We(.) implies that the left
vertical map is in W (resp. in Wg) by (L4’ left). Thus also the right vertical map is in W
(resp. in Ws). (This uses Proposition 3.2.11, 5. and the fact that the two compositions
in the diagram are homotopic).

(L4 left) implies (L4’ left): If Dy - Dy = (E,F) is a morphism whose underly-
ing functor is a fibration as in Axiom (L4’ left), the morphism of constant diagrams
(e,F(e)) xp, D1 = (e, F(e)) xp, Dy is in W (resp. Wp()) (their underlying functors
being part of an adjunction), therefore (L4 left) applies. n

3.3. SIMPLICIAL OBJECTS IN A LOCALIZER.

3.3.1. In this section, we fix a strong right derivator S equipped with a Grothendieck
pre-topology and satisfying the assumptions of 3.2.8 and a category of S-diagrams DZ.A
(cf. 3.1.1). Assume that for all S, € S(A°) the diagrams (A°P,S,) and also all trun-
cations ((A=n)op S,) are in DZA. Later we will assume that also ((A°)°P,S,) for all
Se € S((A°)°P), and all truncations ((A>=7)°p S,) are in DI.A, where A° denotes the
injective simplex diagram. The reasoning in this section uses little of the explicit defini-
tion of A°P. For comparison with classical texts on cohomological descent we stick to the
particular diagram A°P.
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Consider the category S(A°P). Since S has all (relative) finite coproducts, S(-) is
actually tensored over SETF, hence S(A°P) will be tensored over SETF2" . We sketch
this construction. A finite simplicial set, i.e. a functor & : A°®? - SETF, can be seen
as a functor with values in finite discrete categories. The corresponding Grothendieck
construction yields an opfibration 7¢ : [ £ » A°%. We define for X, € S(AP):

£® X, = (me)i(me)" X

Recall that the notion ‘S has relative finite coproducts’ means that all functors (¢ ) arising
this way exist and can be computed fiber-wise.

3.3.2. Consider the full subcategory A< of A consisting of Ay,...,A,. Since S is
assumed to be a right derivator, the restriction functor

7 B(A) - S((A%))

has a right adjoint ¢,, which is usually called the coskeleton and denoted cosk™.

Let some simplicial object Y, € S(A°) and a morphism « : X, - t*Y, be given.
Consider the full subcategory (A°P x Ap)0==m of all objects A; x {1} for all i € Ny, and
A; x {0} for ¢ <n. The restriction

S(A%P x A}) > S((A% x A, )05

has again an adjoint ¢,. Since S is assumed to be strong we can consider o as an object
over (A x Ay)0==n_ The first row of ¢, is called the relative coskeleton cosk™(X,|Ys)
of X.,. For n = -1 we understand cosk™* (-[\,) = Y.

These constructions work the same way with A replaced by A°. The functor ‘coskele-
ton” and ‘relative coskeleton’ is in both cases even the same functor, i.e. these functors
commute with the restriction of a simplicial to a semi-simplicial object!?. This would not
at all be true for the corresponding left adjoint, the functor ‘skeleton’.

In the following, A, denotes the diagram, {A,} denotes the object of A, as usual
also considered as the corresponding subdiagram with one object, whereas A, , denotes
the represented simplicial set N(A,,) : A, = Homa({An}, {An}) and A5, the semi-
simplicial set A, » Homa.({A,,},{An}).

We call a diagram [ in a diagram category Dia contractible, if I — - lies in every
fundamental localizer on Dia.

12T see this, e.g., for the case of the ‘coskeleton’, observe that there is an adjunction:

{An} xjacyer (A2,)P == {Am} x/a00 A
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3.3.3. LEMMA.

1. Let Ibe a category admitting a final object i. Let N(I) be the nerve of I. Then the

category
N(I
Sy MO

18 contractible.

2. Let I be a category admitting a final object i. Let N(I) be the nerve of I. Then the

category
NI
Jun¥D

3. Let I be a directed category admitting a final object i. Let N°(I) be the semi-
simplicial nerve of 1, defined by letting N°(I),, be the set of functors A, - I such
that no non-identity morphism is mapped to an identity. Then the category

N°(I
Jaops VD

18 contractible.

18 contractible.

PROOF. 1. is shown in [Cis04, Proposition 2.2.3]. 2. is the same but considering N (/) as a
functor from A°P to SET. The same proof works when (A°)°P is replaced by A°P. 3. is also
just a small modification of [loc. cit.]. Define a functor & : [ yeyor N°(1) = [ poyor N°(1)
as follows: an object (n,z), where x € N°(I),, is mapped to (n,z) if z(n) =i and to

(n+1,2") with
<
vy = 7 e
i k=n+1.

otherwise. There are natural transformations
idf(Ao)op Ne(I) = 5 = 5

where ¢ denotes here the constant functor with value (0,7), showing that [ (aoyor NV °(1) is
contractible. -
3.3.4. COROLLARY. The diagrams A, A°, [y o, Ane, f(Ao)op A%y aor Dne X Ao and
{AL} x)a00 (A°)°P = f(AO)Op A, . are contractible.

PROOF. The simplicial set A, , is just the nerve N(4,,). Likewise the semi-simplicial set
Ay, , is the semi-simplicial nerve N° of A,,. n
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Note that the diagram f( Ac)op A3, is even finite.

3.3.5. LEMMA. Let W be a localizer (resp. let {Ws}s be a system of relative localizers)
in DZA.

Let ((A°P)2, F,.) € DIA be a bisimplicial diagram (resp. a bisimplicial diagram over
S) and let § : A°P — (A°P)?2 be the diagonal. Then the morphism

(AP §*F,.) » ((A°)? F..)
is in W (resp. Ws ).

Proor. We focus on the absolute case. For the relative case the proof is identical. Since
the morphism in the statement is of pure diagram type, we may check the condition of
(L4 left): we have to show that the category

({Am} < {An}) xj(a0m)2 AP

is contractible, say, on the diagram category of diagrams I such that (I, F,,,) € DZA.
This is the category [xop An,e x Ao which is contractible by Corollary 3.3.4. Note that
this is the only feature of A°P used in the proof of this Lemma. n

3.3.6. REMARK. The previous lemma should be seen in the following context: the
Grothendieck construction gives a way of embedding the category of simplicial sets into
the category of small categories. This construction maps weak equivalences to weak equiv-
alences and induces an equivalence between the corresponding homotopy categories. A
bisimplicial set can be seen as a simplicial object in the category of simplicial sets. Its
homotopy colimit is given by the diagonal simplicial set. On the other hand the homotopy
colimit in the category of small categories is just given by the Grothendieck construction.
From this perspective, the lemma is clear if S is the derivator associated with the category
of sets (equipped with the discrete topology).

3.3.7. LEMMA. Let W be a localizer (resp. let {Ws}s be a system of relative localizers)
in DZA.

Consider a simplicial diagram (AP, F,) € DZA (resp. a simplicial diagram over S).
The morphism

(AP Fo®@ Ap.) = (AP F)

is in W (resp. Ws).
Proor. We focus on the absolute case. For the relative case the proof is identical. The
diagram (AP, F, ® A, ) is equivalent to ([yop Ape,7*Fy) by definition (see 3.3.1) and
the conventions 3.2.8. We apply the criterion of (L4 left) to the resulting map

([ Buen'F) = (A7, F)
and have to show that

A, f A,
(B} xjaee | A,

is contractible. This category is again isomorphic to [yop An e X Ay, e which is contractible
by Corollary 3.3.4. n
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3.3.8. COROLLARY. Let W be a localizer (resp. let {Ws}s be a system of relative localiz-
ers) in DIA.

Let f,g : (AP F,) — (A°".G,) be two homotopic morphisms of simplicial objects
(resp. morphisms over S). Then feW (resp. in Ws) if and only if g€ W (resp. in Ws).

PROOF. The statement follows by the standard argument because the projection (A, F,®
Ai,) = (A% F,) is in W (resp. in Wg) by Lemma 3.3.7. =

3.3.9. PROPOSITION. [Cech resolutions are in W] Let W be a localizer (resp. let {Ws}g
be a system of relative localizers) in DZA.
Let U - S be a local epimorphism in S(-). Then the morphism

p: (AOP>COSkO(U|S)) - ('7 S)
is in W (resp. Ws).

ProoFr. To simplify the exposition we focus on the case in which S is associated with a
category §. The reader may check however that everything goes through in the general
case because the only constructions involved can be expressed as right Kan extensions.
The assumption means that there is a cover U = {U; = S} in the given pre-topology, such
that for all indices i, the induced map

pi:UxgU; - U,
has a section s;. By axiom (L3 left) it suffices to show that for all ¢ the map
Pi s (A% cosk® (U xg U; | UY)) = (-, Us)
is in W (resp. in Wy,). Explicitly the simplicial object cosk®(U xg U; |U;) is given by
U xs UnsUxs U == Uxs U xs U;—=U x5 Ui

Since A°P is contractible (in particular the morphism (A, p*T") — (-,T) is in W, resp.
in Wr, for any T € S(+)), it suffices to show that the map

Bi (A%, cosk (U x5 Ui | Up)) = (A, p*U;)
is in W (resp. in Wy, ). There is a section
5 (A%, p*U;) = (AP, cosk’ (U x5 U; |Uy))

induced by s; such that p; os; =id. By (L1) it then suffices to check that 3;op; € W (resp.
in Wy,). We will construct a homotopy between id and 3; o p;

(AP cosk®(U x5 U; |Uy) ® Ay.) = (AP, cosk’ (U x5 U; |U;))

in the sense of simplicial objects. This will suffice by Corollary 3.3.8. Since id and s; o p;
become equal after projection to U; we get a morphism

(id,Si Op,;) : HOIIl(AO, Al) x U Xg U, -U Xg UZ
over U;. Therefore by definition of cosk’ it extends to a morphism

(AP cosk®(U x5 Us |Uy) ® A1) = (AP, cosk®(U x5 U; | Uy)).
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3.3.10. DEFINITION. A morphism X, — Y, of simplicial objects is called a hypercover
if the following two equivalent conditions hold:

1. In any diagram of simplicial objects

000U —X,

|

Npe®@U ——Y,

there is a cover U = {U; » U} such that for all i there is a lift (indicated by a dotted
arrow) in the diagram

8An7. ® Uz e aATM' ® U ﬁ X.

Npe®U;—— A, 0 U ——Y,

2. For any n >0 the morphism
X, = cosk™ (12, 1 Xo | Yo)n
admits local sections in the pre-topology on'S (i.e. it is a local epimorphism).

3.3.11. REMARK.

1. In particular the notion of hypercover depends only on the Grothendieck topology
generated by the pre-topology because a morphism is a local epimorphism precisely
if the sieve generated by it is a covering sieve.

2. The equivalent condition 1. of the definition of hypercover shows that, if S is the
derivator associated with the category SET equipped with the discrete topology,
then a hypercover is precisely a trivial Kan fibration.

3.3.12. DEFINITION. If in condition 2. of Definition 3.3.10 the morphism is even an iso-
morphism for all sufficiently large n, then a is called a finite (or bounded) hypercover.
FEquivalently we have X, 2 cosk™(¢%,X.|Ys) for some n.

3.3.13. LEMMA. Let W be a localizer (resp. {Ws}s be a system of relative localizers) in
DIA.

For a finite hypercover X, — Y, (resp. one over (-,S)) such that X, = cosk'(X,|Y.)
and 1%, Xe 212 Ys the morphism (A%, X,) - (A°P.Y,) is in W (resp. in Wg).

<i—1<7e <i-1
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PROOF. Again, to simplify the exposition we focus on the case in which S is associated with
a category §. We may assume ¢ > 1 because otherwise we are in the situation of Lemma
3.3.9. The assumptions imply that the map X; — Y; is a local epimorphism. Indeed, this
is the map X; » Y; = cosk” (¢, , X.|Y.); in this case. Therefore the morphism X; - Y;
is actually a local epimorphism for all j.

Consider the following commutative diagram in DZA:

(A% x AP, (Xo xy, Xo[ X)) — (A% x AP, (X, [ VL))

(A°r X,) (A°P.Y,)

where
(Xe|Y)mm = coskO(Xn 1Y )m = X xy, o Xy, X

m+1 factors

(Xo Xy, Xo | Xo)m,n = COSkO(Xn XYn Xn | Xn)m = Xn XYn >(Yn Xn

m+2 factors
The vertical morphisms are in W by Proposition 3.2.11, 3. because its columns are in W
by Lemma 3.3.9. Again by Proposition 3.2.11, 3. it then suffices to show that the rows

P (A%, (Xo x Yo | Xo)m,e) — (A%, (Xo[Yo)m.o)

of the top horizontal morphism are in W. These are again hypercovers of the form
considered in this Lemma, in particular z-coskeletal relative to Y,, where the i-truncation
is given by

X Xy; =+ Xy, Xi:Xi—lzyz—l'” =z Xo=Y)

m+2

m—

m+1
where the left-most vertical arrow is induced by the map A,,;1 = A2, @ = . There is a
section s, with s; induced by the map
1 1<m+2,

A'rn+2_)Am-%—17 1> .
m+1 1=m+2.

We will construct a homotopy w:id = s o p of truncated simplicial objects:

Hom(A;, A1) x X; xy, -+ xy, X; 1+ _ Hom(A;_1, A1) x Y1 -+ —= Hom(Ap, A1) x Yy
m:2
lui Hi-1 Ho
Xi XY;X}/I XZ : }/Z'fl'” }/0

m+2
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The morphism pu; at the constant morphism 0 : A; — A; is given by the identity, at
the constant morphism 1 : A; - A; given by s; o p;, and at the other morphisms A; —
Ay arbitrarily. The existence of this homotopy allows by Lemma 3.3.8 and by (L1) to
conclude. [

3.3.14. THEOREM. Let W be a localizer (resp. {Ws}s be a system of relative localizers)
in DZA.

Any finite hypercover (resp. one over S) considered as a morphism of diagrams in
DIA

(A%, X.) (A, Y,) (14)

is in W (resp. in Ws).

Let v: (A°)°P — A°P be the inclusion. If the morphism (14) exists in DIA then also

((A%)P,0"X.) = ((A%)F,1"Y4)

is in W (resp. in Wg ).
PROOF. Any finite hypercover is a finite succession of hypercovers of the form considered
in Lemma 3.3.13. The additional statement is a consequence of the following Lemma. =

3.3.15. LEMMA. Let W be a localizer (resp. let {Ws}s be a system of relative localizers)
in DZA.
Let 1 : (A°)°P — AP be the inclusion and let (A°P, X,) be a simplicial diagram in DIA
(resp. a simplicial diagram over (-,S)). Then the morphism
((A%)P, 0" X,) = (A%, X,)
(if in DIA) is in W (resp. in Wg).
Proor. We focus on the absolute case. For the relative case the proof is identical. Since

the morphism in the statement is of pure diagram type, we may check the condition of
(L4 left): we have to show that the category

{Am} X/Aop (AO)OP
is contractible, say, on the diagram category of diagrams I such that (I, X,,,) € DZ.A. This
is true by Corollary 3.3.4. ]
3.4. CARTESIAN AND COCARTESIAN OBJECTS.

3.4.1. DEFINITION. Let D - S be a fibered derivator of domain Dia. Let I,E € Dia be
diagrams and let a: [ - E be a functor in Dia. We say that an object

X eD(I)

is E-(co)Cartesian, if for any morphism p:i— j in I mapping to an identity in E, the
corresponding morphism D(p) : * X — j* X is (co)Cartesian.

If E is the trivial category, we omit it from the notation, and talk about (co)Cartesian
objects.

These notions define full subcategories D(I)F=cart (resp. D(I)E-cocart) of D(I), and
D(I)E-t (resp. D(I)E~ocart) of D(I)g for any S e S(I).
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3.4.2. LEMMA. The functor a* w.r.t. a morphism «: D1 - Dy in Dia(S) maps Cartesian
objects to Cartesian objects. The functor a* for a morphism « : Dy — Dy in Dia®?(S)
maps coCartesian objects to coCartesian objects.

3.4.3. REMARK. The categories of coCartesian objects are a generalization of the equiv-
ariant derived categories of Bernstein and Lunts [BL94]. For this let D — S°P be the
stable fibered derivator of sheaves of abelian groups on (nice) topological spaces, where S
is the pre-derivator associated with the category of (nice) topological spaces. Let G be a

topological group acting on a space X. Then we may form the following simplicial space
which is an object of S(A°P):

[G\X]e: =G xGx X —Gx X—=xX,

cf. [BL94, B1]. Then the category

DAY,
is equivalent to the (unbounded) equivariant derived category, cf. [BL94, Proposition B4].
Note that all pull-back functors are exact in this context.

3.4.4. DEFINITION. Let D — S be a fibered derivator of domain Dia. We say that D - S
admits left Cartesian projectors if for all functors a: I - E in Dia and S € S(I),
the fully-faithful inclusion

D(I)E_Cart N ]D)(])S

has a left adjoint OF . More generally, we have four notions with the following notations:

left adjoint  left Cartesian projector

. right adjoint right Cartesian projector
mEZ left adjoint  left coCartesian projector
of  right adjoint right coCartesian projector

H O
T

We will, in general, only use left Cartesian and right coCartesian projectors, the oth-
ers being somewhat unnatural. In 4.3.3 we will show (using Brown representability) that
for an infinite fibered derivator whose fibers are stable and well-generated (cf. Defini-
tions 4.1.1, 4.1.7) right coCartesian projectors and left Cartesian projectors exists. Note
that for a usual (non fibered) derivator, the notions ‘Cartesian’ and ‘coCartesian’ are
equivalent. If for a fibered derivator with stable fibers both left and right Cartesian
projectors exist, then there is actually a recollement [Kral0, Proposition 4.13.1]:

M
-

—car incl.
DY (1)

- e—

D(I)S/D(I)g—cart
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3.4.5. EXAMPLE. The projectors are difficult to describe explicitly, except in very special
situations. Here a rather trivial example where this is possible. Let ID be a stable derivator
and consider I = Ay, the projection p: A; — - and the inclusions eg,e; : - > A;. Then a
left and a right Cartesian projector exist and the recollement above is explicitly given by:

*
€o e1

DA =2 D() — = D(A) PO

Note that the functor C (Cone) may be described as either [1] o€}, or €] (cf. [Grol3, §3])
and that the essential image of p* is precisely the kernel of C, which also coincides with
the full subcategory of Cartesian=coCartesian objects.

3.5. WEAK AND STRONG ID-EQUIVALENCES.

3.5.1. DEFINITION. [left] Let Dia be a diagram category and let S be a strong right deriva-
tor with domain Dia equipped with a Grothendieck pre-topology. Let D — S be a left fibered
derivator satisfying (FDer0 right) and let S € S(-). A morphism f: Dy - Dy in Dia(S)/S
is called a weak D-equivalence relative to S if the natural transformation

pl!pf - pz;p%

is an isomorphism of functors, where the p; : D; - (-,.S) are the structural morphisms.
A morphism [ € Dia(S) is called a strong D-equivalence if the functor f* induces an
equivalence of categories

f* . ]D)(D2)cart N D(Dl)cart.
Note that weak is a relative notion whereas strong is absolute.

3.5.2. DEFINITION. [right| Let Dia be a diagram category. Let D — S be a right fibered
derivator satisfying (FDer0 left), where S°P is a strong right derivator with domain Dia®®
equipped with a Grothendieck pre-topology. Let S € S(-). A morphism f : Dy - Dy in
Dia®(S)/S is called a weak D-equivalence relative to S, if the natural transformation

D2sDs > pl*pf

is an isomorphism of functors, where the p; : D; — (+,.S) are the structural morphisms. A
morphism f € Dia®®(S) is called a strong D-equivalence if the functor f* induces an

equivalence of categories
f* . D(D2)cocart — ]D)(Dl)cocart_

For a (left and right) derivator, i.e. for S = -, there is no difference between Dia(S) and
Dia’®(S) and then also the two different definitions of weak, resp. strong D-equivalence
coincide (for the case of weak D-equivalences, note that the two conditions become adjoint
to each other). These notions of D-equivalence (right version) should be compared to the
classical notions of cohomological descent, see [SGAT2, Exposé VP Définition 2.2.2.,
2.2.4.,2.2.6.].
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3.5.3. LEMMA. [left] Let f: Dy — Dy be a morphism in Dia(S)/S. Then the following
implication holds:

f strong D-equivalence = f weak D-equivalence relative to S.

PRrROOF. If f is a strong D-equivalence then f* is fully-faithful on Cartesian objects. The
condition of f being a weak D-equivalence relative to S is in turn equivalent to f* being
fully-faithful on objects of the form p3& for £ in D(-)g (which are, in particular, Cartesian).

]

Of course there is an analogous right version of this lemma. The goal of this section
is to prove the following two theorems:

3.5.4. MAIN THEOREM. [right] Let Dia be a diagram category and let S be a strong right
derivator with domain Dia’® equipped with a Grothendieck pre-topology.

1. Let D - S° be a fibered derivator with domain Dia which is colocal in the sense of
Definition 2.5.6 for the Grothendieck pre-topology on S. The collection of classes
{Whbsts, where Wpg for S € S(+) is the class of weak D-equivalences relative to S
in Dia®?(S°P)/S, forms a system of relative colocalizers.

2. Let D — S°P be an infinite fibered derivator with domain Dia which is colocal in
the sense of Definition 2.5.6 for the Grothendieck pre-topology on S, with stable,
compactly generated fibers. The class Wp of strong D-equivalences in Dia (S°P)
forms an absolute colocalizer.

3.5.5. MAIN THEOREM. [left] Let Dia be a diagram category and let S be a strong right
derivator with domain Dia equipped with a Grothendieck pre-topology.

1. Let D - S be a fibered derivator with domain Dia, which is local in the sense of
Definition 2.5.4 for the Grothendieck pre-topology on S. The collection of classes
{Whsts, where Wp g for S € S(+) is the class of weak D-equivalences relative to S
in Dia(S)/S forms a system of relative localizers.

2. Let D — S be an infinite fibered derivator with domain Dia, which is local in the
sense of Definition 2.5./ for the Grothendieck pre-topology on S, with stable, well-
generated fibers. The class Wp strong D-equivalences in Dia(S) forms an absolute
localizer.

The weak D-equivalences for the case of usual derivators (i.e. for S = {-}) were called
just ‘D-equivalences’ by Cisinski [Cis08] and it is rather straight-forward to see from the
definition of derivator that they from a fundamental localizer in the classical sense (=
absolute localizer for S = {-}, = system of relative localizers for S = {-}).

We will only prove the left-variant of the theorem. The other follows by logical duality.
In the right version compactly generated fibers are needed because of the corresponding
assumption in Lemma 3.5.10. Before proving the theorem we need a couple of lemmas.
We assume for the rest of this section that Dia is a diagram category and that S is a
strong right derivator with domain Dia equipped with a Grothendieck pre-topology.
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3.5.6. DEFINITION. Two morphisms (in Dia(S) or in Dia®®(S))
p
D1 o — D2
S
such that zig-zags of 2-morphisms
pos= - <= =idp, sop =< =1idp,
exist are called a homotopy equivalence (or p is called as such if an s with this property

erists).

3.5.7. LEMMA. [left] Let D be a left fibered derivator satisfying (FDer0 right) and let
D1, Dy € Dia(S). Given any homotopy equivalence (p,s), then the functors p* and s*
induce an equivalence

D(DQ)Cart L*)- D(Dl)cart

PROOF. The 2-morphisms u : (o, f) = (8, g) in Definition 3.5.6 induce morphisms be-
tween the pull-back functors

(a, f)€ > (B,9)°¢

which are isomorphisms on Cartesian objects. n

3.5.8. EXAMPLE. [cf. also Proposition 3.2.11, 2.] Let I3, Iy be diagrams in Dia. If
p
Il <T_' ]2
is an adjunction where p is left adjoint to s, and if F' € S(I;) then we get an equivalence

]D)(DQ)cart L> D(Dl)cart

S

where Dy = (1, F') and Dy = (I, s*F).

3.5.9. LEMMA. [left] Let Dia be an infinite diagram category and let D — S be an infinite
fibered derivator with domain Dia with stable, well-generated fibers. Consider a morphism
D= (I,F) - (-S) in Dia(S). Let U — S be a universally D-local morphism. Write
Dy = D x(g) (-U). Then the following diagram is 2-commutative (i.e. the exchange
natural transformation is an isomorphism):

Oy

D(D) D(D)e
pril D&'N lpr{
D(Dy) ! D( Dy )cart

Note that left Cartesian projectors exist for D and Dy by Theorem 4.3.4.
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PRrOOF. The functor pri has a right adjoint pr;, by (Dloc2 left) and by the Brown rep-
resentability theorem. (Dlocl left) says that prj preserves coCartesian morphisms, hence
pry, preserves Cartesian morphisms. Therefore the right adjoint of the given diagram is
the following commutative diagram:

D(D) ~—— D(D)eart

prl*T ]prl*

D(Dy) =—D(Dy )

Consequently the exchange morphism of the diagram in the statement is also a natural
isomorphism. -

3.5.10. LEMMA. [right] Let Dia be an infinite diagram category and let D — S°P be an
infinite fibered derivator with domain Dia with stable, compactly generated fibers. Consider
a morphism D = (I,F) — (-,5) in Dia®®(S°P). Let U - S be a universally D-colocal
morphism. Write Dy := D % gy (-,U). Then the following diagram is 2-commutative (i.e.
the exchange natural transformation is an isomorphism):

Ox

D(D) D(D)cocart

pril 72 lpr’{

]D(DU) O ]D)(DU)cocart

Note that right coCartesian projectors exist for D and Dy by Theorem 4.3.3.

PRrOOF. The functor prj has a left adjoint pry, by (Dloc2 right) and by the Brown rep-
resentability theorem for the dual. (Dlocl right) says that prj preserves Cartesian mor-
phisms, hence pry, preserves coCartesian morphisms. Therefore the right adjoint of the
given diagram is the following commutative diagram:

]D(D) . D(D)cocart

PH!T TPYU

]D)(DU) . D(DU)cocart

Consequently the exchange morphism of the diagram in the statement is also a natural
isomorphism. -
3.5.11. LEMMA. [left] Let D - S be a fibered derivator with domain Dia admitting left
Cartesian projectors (cf. 3.4.4). For any opfibration

1

|-

E
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in Dia, for any diagram in F € S(I), and for each element e € E, the following diagram

is 2-commutative (i.e. the exchange natural transformation is an isomorphism,):

of
]D)([)F . ]D)(I)g—cart

N

D(Ie)Fe — D(Ie)%z’zrt

where v: 1, - I is the inclusion of the fiber.
3.5.12. LEMMA. [right] Let D — S° be a fibered derivator with domain Dia admitting
right coCartesian projectors (cf. 3.4.4). For a fibration

1

|-

E

in Dia, for any diagram in F € S°°(I), and for each element e € E, the following diagram
is 2-commutative (i.e. the exchange natural transformation is an isomorphism):

DF E—cocart
D(I)p —D(I)z

D(1.)r, _ O D(Ie)%oecart

where v : I, - I is the inclusion of the fiber.

PROOF. We restrict to the right-variant, the other being dual. We will show that the
functor ¢; maps coCartesian objects to F-coCartesian ones. Then the left adjoint of the
given diagram is the diagram

D(I)F D(I)g—cocart

]D(]e)Fe I— D(Ie)%o:art

which is commutative. Consequently also the diagram of the statement is 2-commutative
via the natural exchange morphism.

Let f in E be an object and let v : i; — i3 be a morphism in I mapping to id;. Let oy,
be the inclusions of - into I with image 7. The morphism v yields a natural transformation

Vg = Qo.
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Consider the diagram
eX/Ef-T;.[e ></.Tilci)Ie

lp’ ka Pz lb

L I
—_—

where ¢;, is given on a morphism 3 : e — f in I by the choice of a Cartesian arrow ) — iy.
It is right adjoint to 7 by the definition of Cartesian arrow.
There is a functor (composition with v):

U: Ie X1 i~ Ie X1 io

such that A7 = A; and pov = p;. We have therefore a natural (point-wise) coCartesian
morphism S°P (11 ),0* - D*S°P(pu3), of functors D(Ie x/; ig)A;Fe - D(Le x/ri1).

We have also a natural transformation p : Uc; — ¢3 defined for a morphism S:e — f
in F as the unique arrow p(/3) over id, making the following diagram commutative:

., ad) .

1, —11

p(ﬁ)l 11’
c2(B) .

-/
(D)

— 12

The resulting morphism D(p) : ¢;7* — ¢} is point-wise coCartesian on coCartesian objects.
We get a commutative diagram of natural transformations

S (p1)e A 80 () Af1 1 —— L praza

| ] )

SOP(p11)e* Ay —— SOP (111 ) 7 A%y U piaii

L L l’ﬁ*PE(D(V))

TSP (p2)e Ay —=T*SP(lug)e Asi ey

7)) ., Y,
E— Y D C P
where the first two top vertical morphisms are the natural isomorphisms induced by
Aq¥ = Ay, the third top vertical morphism is the natural isomorphism induced by po7 = py,
and the first two lower vertical morphisms are point-wise coCartesian. Here we use the
notation D(p, )’ for the morphism S°P(11). X — Y induced by a morphism D(p;) : X - Y.
Now we apply pq to the outer square:

puS°P(p1)e AT pupiaih

| |

puv*SP(p2)e Ay —= pui*prasu
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The left vertical map is still coCartesian (homotopy colimits preserve coCartesian mor-
phisms).

There is a canonical isomorphism pjc; — py [Grol3, Prop. 1.23] and the natural
transformation D(p) : ¢j7* — ¢} is an isomorphism on coCartesian objects over constant
diagrams. Consider the commutative diagram:

PV ——= patici iVt —— pay
TD(p)“d

picivt —— parcaciv*

lD(p)

P21Co1C ———> D2y

where the rightmost horizontal morphisms are the respective counits. Since D(p) is an
isomorphism on coCartesian objects over constant diagrams, so is the morphism p|c;7* —
par. Now we have the commutative diagram

I % T

bV ————= P2
A S
which shows that also the natural map p;7* — po is an isomorphism on coCartesian

objects over constant diagrams.
We get a commutative diagram

PpuSP(p1)e A pupiaiu ——=aju
puv*SP(u2)e Ay — pul*pras i D(v)
PSP (12)e Aj PPyl —= Q5L

where the composition of the left vertical morphisms is coCartesian on coCartesian objects
because the functor S°P(us2).A; maps coCartesian objects to coCartesian objects over
constant diagrams. The composition of the horizontal morphisms in the top and bottom
rows are isomorphisms by (FDer4 left). Hence the rightmost vertical map is coCartesian
as well. [

PrROOF OF MAIN THEOREM 3.5.5, 1. This is the case of weak D-equivalences.

(LO) and (L1) are clear.

For (1.2 left), let Dy = (I, F') and Ds = ({e}, F'(e)). The projection p and the inclusion
1 of the final object induce morphisms:

p
(2
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We have poi =id and there is a 2-morphism f : id = i o p. Therefore the statement is
clear for weak D-equivalences over any base S.
(L3 left): Let

D, = D,
X Ph
Ds=(E,F)
pP1 D2
lp

('7 S)
be a morphism as in (L3 left) over a base S € S(-). We have to show that
pupi = pap;

is an isomorphism and it suffices to show that the morphism

P (p1)" = Py (p2)*

is an isomorphism. This may be checked point-wise by (Der2) and after pull-back to an
open cover by condition 2. of ‘local’ for a fibered derivator (see Definition 2.5.4), so fix
e € I/ and consider the 2-commutative diagrams

Lise,j

Di X D3 (e,Uj) —>Dz

p:ﬁ,e,jl Lp;

(67 UJ) - D3

*
€7j ’

and let p; . : D; x/p, (e,U;) = D; be the projection. Applying the functor €; ., we get

e, Pu(p1)” = € ipy(p2)”

which is, using Proposition 2.6.8 (note that ¢, ; is D-local by assumption), the same as

(P11 (Lie) (P1)" = (Do j)1(Livey) " (P2)"

Now pj o tjej=m;op;, ;, where m: (-, U;) — (-, 5) is the structural morphism. Therefore
we get:
(pll,e,j)!(pll,e,j)*ﬂ-; e (pé,e,j)!(pé,e,j)*ﬂ-;'

By Lemma 2.6.9 this is induced by the canonical natural transformation which is an
isomorphism by assumption.

(L4 left): By Lemma 3.2.12 we may prove axiom (L4’ left) instead. Consider a mor-
phism p: Dy — (E, F') = Dy in Dia(S) of pure diagram type, where the underlying functor
of p is a fibration. It suffices to show that the counit

ppt —id
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is an isomorphism. This is the same as showing that the unit
id - p.p*

is an isomorphism. Note that p, exists because this is a morphism of diagram type and
D — S is assumed to be a right fibered derivator as well (this is the only place, where this
assumption is used for the case of weak D-equivalences). Now, since p is a fibration, p,
can be computed fiber-wise. So we have to show that

id — De,x p;

is an isomorphism or, equivalently, that

Peyspe ~id
is an isomorphism. This holds true because by assumption the map of fibers I, — ¢ is in
Wp(e). ]

We proceed to state some consequences of the fact that weak D-equivalences form a
fundamental localizer.

3.5.13. EXAMPLE. [Mayer-Vietoris| Let S be a strong right derivator (e.g. represented
by a category with limits) with a Grothendieck pre-topology. We saw in Example 3.2.9
that for a cover {U; - S,U; - S} consisting of 2 monomorphisms, the projection

“Ul Xg U277 . U1
ol .5
Us

belongs to any fundamental localizer. Let D' — S be a fibered derivator (for example
coming from a six-functor-formalism, as in the introduction) which is local w.r.t. the pre-
topology on S. Theorem 3.5.5 implies that p is a weak D-equivalence in Dia(S)/S, i.e. for
€ eD(+)s we have

pp €L,

i.e. the homotopy colimit of
. - . -
11,2, 2’1725 —11) ’llg

J

. .0
12,1 15E

is isomorphic to £, where we now wrote 4, for i;,, etc. If D has stable fibers, this
translates to the usual distinguished triangle

. . . . . .1 . -1
Q12,007 9€ = 11011 E @ g 15E - E = i19117 5E[1]
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in the language of triangulated categories.

Dually, if D* — S°P is a fibered derivator (for example coming from a six-functor-
formalism, as in the introduction) which is colocal w.r.t. the pre-topology on S, Theo-
rem 3.5.4 implies that p°P is a weak D*-equivalence in Dia®®(S°P)/S, i.e. for £ e D(:)s we
have

Exp.p*E.

This means that the homotopy limit of

i i1E

|

Qg4 15 —= 1124 1] o€

is isomorphic to &, where we now wrote iy, for (i})*, etc. If D* — S° has stable fibers,
this translates to the usual distinguished triangle

£ — il’* l;g (&) i27* Z;g - ’L.LQ,* 2.1726 — 8[1]

in the language of triangulated categories.

3.5.14. ExXAMPLE. [(Co)homological descent] Let S be a strong right derivator with a
Grothendieck pre-topology and let X, € S(A°P) be a simplicial diagram over S € S(-) with
underlying diagram

—_— S
e Xo—= X1 —=< X,
—= A2 z A1 —= Ao

such that (id,p) : (A%, X,) - (A°P, 7*S) is a finite hypercover. Here m : A% — . de-
notes the projection. If D' — S is a fibered derivator (for example coming from a six-
functor-formalism, as in the introduction) which is local w.r.t. the pre-topology on S,
Theorem 3.5.5 implies that (7, p) is a weak D'-equivalence in Dia(S)/S, i.e. for £ e D'(+)5
we have

Exmp.p* €.

This means that the homotopy colimit of p, p* 7*€ is equal to £. If the fibers of D' — S are
in fact derived categories, this yields a spectral sequence of homological descent because
the homotopy colimit over a simplicial complex is the total complex of the associated
double complex (a well-known fact). This double complex looks like

o —— po 1 phE — P11 P E — po. PHE

where we now wrote pg, for pg., etc. The point is that we get a coherent double complex.
Knowing the individual morphisms p;pi€ — pi-1,p, ,€ as morphisms in the derived
category D'(+)s would not be sufficient!

Dually (applying everything to a fibered derivator D* — S°P, and working in Dia®”(S°P)),
one obtains the more classical spectral sequence of cohomological descent.
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PROOF OF MAIN THEOREM 3.5.5, 2. This is the case of strong D-equivalences.

(L1) is clear.

For (L2 left), let Dy = (I, F) and Dy = (e, F'(€)). The projection p and the inclusion i
of the final object induce morphisms:

p
(2

We have poi =id and there is a 2-morphism 5 : id = iop. Therefore the statement follows
from Lemma 3.5.7. (Actually (iop)* is left adjoint to the inclusion D(D;)* — D(D;).)
(L3 left): It suffices to prove the following two statements:

1. Consider a morphism of diagrams w = (a, f) : Dy = (I3, F1) - Dy = (I3, Fy) such
that we have a commutative diagram

and such that w x,p e is a strong D-equivalence for all objects e in £. Then w is a
strong D-equivalence.

2. Consider a morphism of diagrams w : Dy = (I1, F1) — Dy = (I, F3) over (-,S) and
let {U; = S} be a covering. If w x(.g) (-,U;) is a strong D-equivalence for all ¢ then
w is a strong D-equivalence.

We proceed by showing statement 1. Consider the following diagram over F

D, = D,

| |

Dl X/EEL,DQ X/EE

where the vertical morphisms are of pure diagram type. We have an adjunction

Ki

2]

where ; maps an object i to (4,id,«;)). We have a natural transformation s;0.; = idy,« P
and moreover ¢; o k; = idg holds. Actually this defines an adjunction with x; left-adjoint
to ¢;. Furthermore, we get lifts to diagrams

Ki

D;

(Iix/jg E,1;0F) =Dy x)p E,

(3

and a 2-morphism ®; o7; = ileX/EE, and we have 7; o K; = idp, .
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Hence, by Lemma 3.5.7, the pull-backs along 77 and 73 induce equivalences on Cartesian
objects, so we are reduced to showing that the pull-back along w’ induces an equivalence
on Cartesian objects. The underlying diagrams I}, x,z I are opfibratons over F and the
functor underlying w’ is a map of opfibrations (the push-forward along a map p:e — f
in E being given by mapping (i,v : p(i) - €) to (i,vou)). Hence w.l.o.g. we may assume
that I, - E are opfibrations and the morphism I; - I underlying f is a morphism of
opfibrations.

We keep the notation w : D; - Dy, however, and the assumption translates to the
statement that the pull-back

]D)(Dze)cart L:) D(DLe)cart

for the fibers is an equivalence with inverse Ojwe.
Consider the two functors:

D(Dy)E-cart 2% (D) - D(Dy).
We first show that the counit
D!Ew!w*g - €&

is an isomorphism for every E-Cartesian £.

This can be checked after pulling back to the fibers. Let ¢ : I, . — I, be the inclusion
of the fiber over some ¢ € F.

We have the isomorphisms

L5 D!E WW*E = Owe 1] W*E = Owe W 15E = 15E,

where we used the isomorphism ¢30F = 0.t (Lemma 3.5.11) and the isomorphism tjw, =
we,t} (exists for morphisms of pure diagram type because we have a morphism of opfi-
brations, see Proposition 2.3.23, 3. and for morphisms of fixed shape by axiom (FDer0
left)). The morphism 0w, w®*€ — £ is an isomorphism for Cartesian £ by assumption.
We now show that the unit
E—wof wé

is an isomorphism for every E-Cartesian £. This can be checked again on the fibers:
*, % —F ~ * % —F ~ * * O o~k
Qw0 wé 2wl 0 wé 2w, Oy we i€ = i€
Therefore we have already proven that the functors

w*

]D)(D2)E—Cart ]D)(DI)E—cart

I:I!E'LU!

form an equivalence.
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We conclude by showing that 0Ofw, maps Cartesian objects to Cartesian objects: Let
v:e— f beamorphisms of E. It induces a morphism (choice of push-forward for I, > F)

Ui Dye— Dy s
(not of diagram type!) and a 2-morphism: ¢4 = ¢y, s © .
Claim: It suffices to show that for all v:e — f the induced morphism
15, 0F wé — 2 of wé&

is an isomorphism for every Cartesian £.

Proof of the claim: Every morphism g :4 — 4" in I with p(u) = v, say, is the composition
of a coCartesian i/ and some morphism p” with p(u’”) =idy. Since £ is E-Cartesian, the
morphism £(u) is Cartesian. Hence to show that £(u) is Cartesian it suffices to see that
E(p') is Cartesian. A reformulation is, however, that the morphism of the claim be an
isomorphism.

Using the same argument as in the first part of the proof, we have to show that

D!we,!bieg - ﬁ; O wf,!/,f fg

is an isomorphism for every Cartesian £. Since both sides are Cartesian objects, this can
be checked after applying w? which is an equivalence on Cartesian objects:

wg Oy et £ = wevy Orwy iy ,E.

We have w;7; = Djw; because the map of diagrams underlying w is a morphism of
opfibrations. Hence, after applying w}, we get

Wex Oy we7!Lie(€ - 'ﬁfwf* 0Oy wﬁ!LI fg‘
Since we+ Oy we, and wy« Oy wy, are equivalences on Cartesian objects, we get
L1 & > Ui €.

A slightly tedious check shows that this is again the morphism induced by the 2-morphism
L1 = L5 o7;. It is an isomorphism because £ is Cartesian.
We will now show statement 2. Consider a diagram
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For any ¢ (index of the cover in statement 2.) we have the following commutative
diagram of objects in Dia(S):

Dy xg UiLDZ xs U;

er)l Lprf)

D, - D,

The morphisms prgi) are of fixed shape. We first show that the unit is an isomorphism

5—>U}*D1 wgf

for any Cartesian £. Note that by the stability axiom of a Grothendieck pre-topology
also the collections (Dq xgU;); - D ; are covers for any j € I;, where [; is the underlying
diagram of D;. Since D is local w.r.t. the Grothendieck pre-topology (and by axiom Der2),
the family (prgi))* is jointly conservative. Therefore it suffices to show that the unit is an

isomorphism after applying (prgi))*. We get
(pry))*é’ - (PIY))* w* Oy w &

which is the same as ’ |
(pr{?)*€ - w; (prl?)* oy wi €.

Since (prgi))* commutes with 0, (Lemma 3.5.9) and with w, (Proposition 2.6.8, 2.), we
get ) )
(pr{?)*€ - w; oy wyy (prlz))*é'.

This morphism is an isomorphism by assumption. In the same way one shows that the
counit is an isomorphism.

(L4 left): By Lemma 3.2.12 we may prove axiom (L4’ left) instead. We have shown
during the proof for (L4’ left) for the case of weak D-equivalences that

pp* —id

is an isomorphism, hence on Cartesian objects the same holds for the natural transfor-
mation
Oipp” —id.

We have to show that also the counit
id — p* Oy P (15)

is an isomorphism on Cartesian objects. First note that p, also is a right adjoint of
p* when restricted to the full subcategories of Cartesian objects because p, preserves
Cartesian objects. Indeed, p, can be computed fiber-wise because p is a fibration. The
fibers being contractible in the sense of any localizer on Dia implies that the functors
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Pi, Pe,» induce an equivalence D(D, ) = ID(-) p(.). Note: This uses that (L1-L3 left) hold
for the class of strong ID-equivalences on the fiber Dp(), a fact which has been proven
already. Therefore we pass to the right adjoints of the functors in (15) and have to show
that the counit

p'p. —~id
is an isomorphism on Cartesian objects. Again this can be checked fiber-wise, i.e. we have
to show that the counit

i Pex — id

is an isomorphism on Cartesian objects. But the pair of functors is an equivalence as we
have seen, and the claim follows. [

We proceed to state some consequences of the fact that strong D-equivalences form a
fundamental localizer.

3.5.15. COROLLARY. [left] Let S be a strong right derivator. IfD — S is an infinite fibered
derivator which is local w.r.t. the pre-topology on S (cf. 2.5.2) with stable, well-generated
fibers then for any finite hypercover f: X, =Y, considered as 1-morphism in Dia(S) the
functor f* induces an equivalence

]D)()/.)cart — ]D)(X.)cart.

3.5.16. COROLLARY. [right] Let S be a strong right derivator. If D — S is an infinite
fibered derivator which is colocal w.r.t. the pre-topology on S (cf. 2.5.2) with stable, com-
pactly generated fibers then for any finite hypercover f : X = Y, considered as 1-morphism
in Dia®®(S°P) the functor f* induces an equivalence

]D)(Y'.)cocart N ]D)(X.)cocart.

3.5.17. COROLLARY. IfID is an infinite derivator (not fibered) with domain Cat which is
stable and well-generated, then for each homotopy type I, we get a category D(I)* well-
defined up to equivalence of categories. Moreover each morphism I — J of homotopy types
gives rise to a corresponding functor a* : D(J)eat - D(I)eat. [t is, however, not possible
to arrange those as a pseudo-functor HOT — CAT, but it is possible to arrange them as a
pseudo-functor HOT® — CAT where HOT® is the homotopy 2-category (2-truncation)
of any model for the homotopy theory of spaces (cf. also A.2).

4. Representability

In this section we exploit the consequences that Brown representability type results have
for fibered derivators. In particular these results are useful to see that under certain
circumstances a left fibered (multi)derivator is already a right fibered (multi)derivator,
provided that its fibers are nice (i.e. stable and well-generated derivators). Furthermore
they provide us with (co)Cartesian projectors that are needed for the strong form of
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(co)homological descent. In contrast to the rest of the article the results are stated in a
rather unsymmetric form. This is due to the fact that in applications the stable derivators
will rather be well-generated, or compactly generated, whereas their duals will rather not
satisfy this condition. All the auxiliary results are taken from [Kral0] and [NeeO1].

4.1. WELL-GENERATED TRIANGULATED CATEGORIES AND BROWN REPRESENTABILITY
THEOREMS.

4.1.1. DEFINITION. [cf. [KralO, 5.1, 6.3]] Let D be a category with zero object and small
coproducts. We call D perfectly generated if there is a set of objects T in D such that
the following conditions hold:

1. An object X €D is zero if and only if Hom(T, X) =0 for all T €T .

2. If {X, = Y,}eeo is any set of maps, and Hom(T, X,) — Hom(7,Y,) is surjective
for alli and T € T, then Hom(T, 1, X,) - Hom(T,11,Y,) is also surjective for all
TeT.

The category D is called well-generated if there is a set of objects T in D such that in
addition to 1., 2. there is a reqular cardinal o such that the following condition holds:

3. All objects T € T are a-small, cf. [Kral0, 6.3].

The category D is called compactly generated if there is a set of objects T in D
such that in addition to 1., 2. the following two equivalent conditions hold:

4. All'T €T are Rg-small.

4. All'T €T are compact, i.e. for each morphism v :T — [1,.0 X, there is a finite subset
O’ € O such that v factors through 11,0 Xo-

Recall (cf. [Kral0O, 4.4]) that a functor from a triangulated category D to an abelian
category is called cohomological if it sends distinguished triangles to exact sequences.
We recall the following theorem:

4.1.2. THEOREM. [right Brown representability| Let D be a perfectly generated triangu-
lated category with small coproducts. Then a functor F : D — AB is cohomological and
sends coproducts to products if and only if it is representable. An exact functor D — &
between triangulated categories commutes with coproducts if and only if it has a right
adjoint.

PROOF. See [KralO, Theorem 5.1.1]. n
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It can be shown that for a compactly generated triangulated category D with small
coproducts, D is perfectly generated and has small coproducts [Kral0, 5.1.2.(2), 5.3].
Therefore the dual version of the previous theorem holds in this case:

4.1.3. THEOREM. [left Brown representability] Let D be a compactly generated triangu-
lated category with small coproducts. Then a functor F': D — AB is homological and sends
products to products if and only if F is representable. An exact functor D — &€ between
triangulated categories commutes with products if and only if it has a left adjoint.

4.1.4. THEOREM. Let D be a well-generated triangulated category with small coproducts.
Consider a functor F : D — AB which is cohomological and commutes with coproducts.
Then there exists a right adjoint to the inclusion of the full subcategory of objects X such
that F(X[n]) =0 for all n € Z (i.e. this subcategory is coreflective).

PRrROOF. See [KralO, Theorem 7.1.1]. =

Recall from 2.1.1 that we say that a diagram category Dia is infinite if it is closed
under infinite coproducts as well.

4.1.5. DEFINITION. A pre-derivator D whose domain Dia is infinite is called infinite if
the restriction-to-1, functors induce an equivalence

D([ L) = [[D(L)

0€0 0eO
for all sets O.

4.1.6. LEMMA. Let Dia be an infinite diagram category. Let D — S be an infinite left
fibered derivator with domain Dia. If D(:)s for all S € S(-) is perfectly generated (resp.
well-generated, resp. compactly generated), then the same holds for D(I)g for all I € Dia
and for all S" € S(I). Furthermore the categories D(I)s: all have small coproducts.

PROOF. A set of generators as requested is given by the set 77 := {i\T }ierrer. Indeed,
an object X € ID(I) is zero if ¢*X is zero for all i € X by (Der2). Therefore X is
zero if Hom(4,T, X)) = Hom(7T,i*X) = 0 for all ¢ € I and for every T € T. We have to
show that Hom(4 T, 11, X,) -» Hom(4T,11,Y,) is an surjective for a family {X, - Y, } o0
of morphisms as in Definition 4.1.1, 2. We have Hom(47, [, X,) = Hom(7,i* [, X,) =
Hom(T,1],4*X,), where we used that ¢* commutes with coproducts. This follows because
the Cartesian diagram

O )T

|

1

is homotopy exact. Note that, since D is infinite, coproducts exist and are equal to the
corresponding homotopy coproducts. The map Hom(T,1],i*X,) - Hom(7,[1,i*Y,) is
surjective by assumption.
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For the assumption on well-generatedness, we have to show that a morphism

ul — U Y,
0eO

in D(1)g factors through [[,.o Y, for some subset O’ c O of cardinality less than «. By
the same reasoning as above, we get a morphism

T — L[ 1Y,
0€O
Hence, there is some subset O’ c O, as required, such that this morphism factors through
it. The same then holds for the original morphism. Since there is no need to enlarge O’,
the same statement holds for finite subsets.
The categories D(1)s have small coproducts because D — S is infinite and left fibered.
u

4.1.7. DEFINITION. Let D — S be an infinite left fibered derivator with domain Dia. We
will say that D — S has perfectly-generated (resp. well-generated, resp. compactly-
generated ) fibers, if all categories D(-)g are perfectly-generated (resp. well-generated,
resp. compactly-generated) for all S € S(+). It follows from the previous Lemma that, in
this case, for all I € Dia and for all S" € S(I) the category D(I)s: is also perfectly-generated
(resp. well-generated, resp. compactly-generated,).

4.2. LEFT AND RIGHT.

4.2.1. THEOREM. [left| Let Dia be an infinite diagram category (cf. 2.1.1). Let D and E
be infinite left derivators with domain Dia such that for all I € Dia the pre-derivators Dy
and E; are stable (left and right) derivators with domain Post. Assume that D is perfectly
generated. Then a morphism of derivators F' : D — E commutes with all homotopy colimits
w.r.t. Dia if and only if it has a right adjoint.

PROOF. Let I be in Dia. Since D; and E; are stable, D(/) is canonically triangulated,
and we may use Theorem 4.1.2 of right Brown representability. It follows that the functor
F(I) : D(I) - E(I) has a right adjoint G(I), because it is triangulated, commutes
with small coproducts and D(I) is perfectly generated. To construct a morphism of
derivators out of this collection, for any « : I - J, we have to give an isomorphism:
G(J)a* - a*G(I). We may take the adjoint of the isomorphism o F(J) - F(I)a
expressing that F' commutes with all homotopy colimits (see [Grol3, Lemma 2.1] for
details). "

Analogously, using Theorem 4.1.3 of left Brown representability, we obtain:

4.2.2. THEOREM. [right| Let Dia be an infinite diagram category (cf. 2.1.1). Let D and
E be infinite right derivators with domain Dia such that for all I € Dia, the pre-derivators
D; and E; are stable (left and right) derivators with domain Post. Assume that D(-)
1s compactly generated. Then a morphism of derivators F : D — E commutes with all
homotopy limits w.r.t. Dia if and only if it has a left adjoint.
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4.2.3. THEOREM. [left| Let Dia be an infinite diagram category (cf. 2.1.1). Let D - S be
an infinite left fibered (multi)derivator with domain Dia whose fibers Dg for every I € Dia
and all S € S(I) are stable (left and right) derivators with domain Posf. Assume that D
has perfectly generated fibers. Then D is a right fibered (multi)derivator as well.

PROOF. Let I € Dia and let f € Homgy(S1,...,Sn;7) be a multimorphism. By Lemma
2.3.13, fixing &,.7., &, the association

D x J)pes;, = D()per
E = N, &, o pE)

defines a morphism of derivators
Dg, - Dr

which is left continuous. Hence by Theorem 4.2.1 it has a right adjoint. This shows the
first part of (FDer0 right), i.e. the functor D(I) - S(I) is an opfibration as well, for every
I € Dia. Then axiom (FDer5 left) implies the remaining assertion of (FDer0 right) while
(FDer0 left) implies (FDerb right), see Lemma 2.3.9.

Similarly a morphism « : [ - J in Dia induces a morphism of derivators

a’ ]DS g Da*S-

It commutes with homotopy colimits by Proposition 2.3.23, 2. Therefore a* has a right
adjoint a,, by the previous theorem, i.e. (FDer3 right) holds. (FDer4 right) is then a
consequence of Lemma 2.3.23, 1. [

Analogously, using Theorem 4.1.3 of left Brown representability, we obtain:

4.2.4. THEOREM. [right| Let Dia be an infinite diagram category (cf. 2.1.1). Let D - S
be an infinite right fibered (multi)derivator with domain Dia, satisfying (FDer0 left) for
0-ary morphisms, whose fibers Dg for every I € Dia and for all S € S(I) are stable (left
and right) derivators with domain Post. Assume that D has compactly generated fibers
with small coproducts. Then D is a left fibered (multi)derivator as well.

4.3. (Co)CARTESIAN PROJECTORS. In this section the (co)Cartesian projectors that are
needed for the strong form of (co)homological descent will be constructed. The following
Proposition subsumes some of the results of [Kral0].

4.3.1. PROPOSITION. Let
D €&

-~
G

be an adjunction between well-generated triangulated categories with small coproducts in
which F' and G are exact functors, and with F right adjoint (resp. left adjoint). Then
there is exists a left adjoint (resp. right adjoint) to the inclusion

ker(F') - D.
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4.3.2. REMARK. Instead of assuming the existence of a left (resp. right) adjoint to F,
for the existence of the right adjoint to the inclusion ker(F') < D it suffices also that
F commutes with coproducts (then G automatically exists by Brown representability).
Similarly, if D is, in addition, compactly generated, it suffices for the existence of the left
adjoint to the inclusion ker(F') — D that F' commutes with products (then G automati-
cally exists by Brown representability for the dual).

PROOF. Let F' be the right adjoint and let & be the generating set of £ (w.l.o.g. stable
under the shift functors). We have

X eker(F)

Hom(Y, F(X)) =0 VY €&
Hom(G(Y),X)=0VY €&
X eG(&)*

X e (G(&))

et

where (G(&p)) is the smallest localizing subcategory [Kral0, 5.1.] containing G(&). This
category is well-generated by [KralO, Theorem 7.2.1.]. By [Kral0O, Proposition 5.2.1.]
there exists therefore a right adjoint to the inclusion (G(&y)) — D. By [Kral0, Proposition
4.9.1.] this is equivalent to the existence of a left adjoint to the inclusion ker(F’) =
(G(&)) = D.

If F'is the left adjoint then it commutes with coproducts and therefore by [Kral0, The-
orem 7.4.1] the triangulated subcategory ker(F') is well-generated and hence by [Kral0,
Proposition 5.2.1.] the inclusion ker(F') = D has a right adjoint. n

4.3.3. THEOREM. [left] Let D — S be an infinite left fibered derivator w.r.t. Dia satisfying
also (FDer0 right) whose fibers are stable derivators w.r.t. Post. Assume that D - S has
well-generated fibers. Then for all I € Dia, for all F € S(I), and for all functors I - E in
Dia the fully-faithful inclusion

(1) = D(D) 5 (16)

has a right adjoint OF.
If F is such that F(u) satisfies (Dloc2 left) for every p mapping to an identity in E,
then the fully-faithful inclusion

D) = D(I)F

has a right adjoint m¥.
PRrOOF. Consider the set O of morphisms p : ¢ — j which map to an identity in E, and

for each morphism y € O the composition D,:

* F(p)e Cone
D(1)p ——=D(=)yer —=D(=)jup —==D(-)j+p
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We define a functor D as the following composition

pry [Tuco Du

D(I)F > ]D)([ x O)pri‘F D(O)L*F
where ¢ : O — [ is the functor “target”.

The functor D commutes with coproducts as all functors that it is composed of do,
and it is exact. Therefore by Proposition 4.3.1 and the Remark the inclusion (16) has a
right adjoint. In the Cartesian case define D, as

* F * one
D(1)p o D(=) e L D)o 22 Do

Here F'(p)® commutes with coproducts if F'(u) satisfies (Dloc2 left) and the same con-
clusion holds. ]

Note that in the following right version of the Theorem, we need to assume that D - S
is a left and right fibered derivator. (This holds automatically by Theorem 4.2.4 for a
right fibered derivator whose fibers are derivators with domain Posf, compactly generated,
and stable).

4.3.4. THEOREM. [right| Let D - S be an infinite fibered derivator w.r.t. Dia with stable
fibers. Assume that D — S has well-generated fibers. Then for all I € Dia, for all F € S(I),
and for all functors I - E in Dia the fully-faithful inclusion

D(I)E o D(I) (17)

has a left adjoint OF .
If D(-)s is compactly generated for every S € S(+), and if F' is such that F(u) satisfies
(Dloc2 left) for every p mapping to an identity in E, then the fully-faithful inclusion

D(I)gfcocart N D(I)F

has a left adjoint mf.
ProoF. Consider the set O of morphisms p : ¢ - 7 which map to an identity in F, and

for each morphism f € O the composition D,,:

* F( ). one
D(I)p 2 D(=) e — D(=)ie pr ~2E D)oo

We define a functor D as the following composition

pry [Myco Dy

D(I)F —>]D)([ X O)pri‘F

D(O)L*F

where ¢: O — [ is the functor “source”.
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By assumption D has a left adjoint as all functors that it is composed of do, and it
is exact. Therefore, by Proposition 4.3.1, the inclusion (17) has a left adjoint. In the
coCartesian case define D,, as

* F( )' one
D(I)p ——=D(=)urp ——=D(=)jop ~2ED()jop

Here F'(u)s commutes with products if F'(u) satisfies (Dloc2 right) and therefore (by
Brown representability for the dual) has a left adjoint as well, and the same conclusion
holds. [

5. Constructions

5.1. THE FIBERED MULTIDERIVATOR ASSOCIATED WITH A FIBERED MULTICATEGORY.

5.1.1. The most basic situation in which a (non-trivial) fibered multiderivator can be
constructed arises from a bifibration of (locally small) multicategories

p:D->S8S

equipped with a class of weak equivalences Wg c Mor(Dg) for each object S of S. In the
examples we have in mind, the objects of S are spaces (or schemes), the objects of D are
chain complexes of sheaves (coherent, etale Abelian, etc.) on them, and the morphisms
in Ws are the quasi-isomorphisms. In these examples the multicategory-structure arises
from the tensor product and it is even, in most cases, the more natural structure because
no particular tensor-product is chosen a priori.

5.1.2. DEFINITION. In the situation above, let S be the pre-multiderivator associated with
the multicategory S. We define a pre-multiderivator D as follows (cf. A.3.1 for localiza-

tions of multicategories):
D(I) = Hom(Z, D)[W;']

where Wy is the class of natural transformations which are element-wise in the union
UsWs. The functor p obviously induces a morphism of pre-multiderivators

p:D-S

Observe that morphisms in Wy, by definition, necessarily map to identities in Hom(I,S).

In this section we prove that the above morphism of pre-(multi)derivators is a left
(resp. right) fibered (multi)derivator on inverse (resp. directed) diagrams, provided that
the fibers are model categories whose structure is compatible with the structure of bifi-
bration. We use the definition of a model category from [Hov99]. We denote the cofibrant
replacement functor by @) and the fibrant replacement functor by R.
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5.1.3. DEFINITION. A bifibration of (multi-)model-categories is a bifibration of

(multi)categories p : D — S together with the collection of a closed model structure on
the fiber
(D57 COfS7 FibS? WS)

for any object S in S such that the following two properties hold:

1. For any n>1 and for every multimorphism

the push-forward f, and the various pull-backs f*J define a Quillen adjunction in
n-variables

[1,(Ds,, Cofs,, Fibg,, Wg,) —2

(DT, COfT, FibT, WT)

g

(DT, COfT, FibT, WT) X Hi#j (DSm COfSi, Fibgi, WSZ) (Dsj ; COij R Fibgj s Wsj)

2. For any 0-ary morphism f in S, let fo() be the corresponding unit object (i.e. the ob-
ject representing the 0-ary morphism functor Homy(;—)) and consider the cofibrant
replacement Q fo() = fo(). Then the natural morphism

Fo(&1,. 0 81,Q100, & 80) = Fo(&ry o i1, [0 0,8y, E0) 2 (Foif)e(Ery .-, &)

1s a weak equivalence if all & are cofibrant. Here F' is any morphism which is
composable with f.

5.1.4. REMARK. If § = {-} is the final multicategory, the above notion coincides with the
notion of monoidal model-category in the sense of [Hov99, Definition 4.2.6]. In this case
it is enough to claim property 1. for n =1, 2.

5.1.5. THEOREM. Under the conditions of Definition 5.1.3 the morphism of pre-derivators
p:D—-S

(defined in 5.1.2) is a left fibered multiderivator (satisfying also FDer0 right) with domain
Dir and a right fibered multiderivator (satisfying also FDer0 left) with domain Inv. Fur-
thermore, for all S € S(-) its fiber Dg (cf. 2.3.11) is just the pre-derivator associated with
the pair (Dg, Ws).

There are techniques by Cisinski [Cis03] which allow to extend a derivator to more
general diagram categories. We will explain in a forthcoming article [Hor17¢] how these
can be applied to fibered (multi)derivators.

The proof of the theorem will occupy the rest of this section. First we have:
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5.1.6. PROPOSITION. Let D — S be a bifibration of multicategories with complete fibers.
For any diagram category I, the functors

pr: Hom(7,D) - Hom(1,S) =S([)

are bifibrations of multicategories.

Morphisms in Hom(I,D) are Cartesian, if and only if they are point-wise Cartesian.
The 1-ary morphisms in Hom(I,D) are coCartesian, if and only if they are point-wise
coCartesian.

PROOF (SKETCH). We choose push-forward functors f, and pull-back functors f%* for
D — S as usual. Let f e Hom(Sy,...,5,;T) be a morphism in Hom(7,S). We define a
functor
fo :Hom(1,D)g, x---x Hom(I,D)g, - Hom(I,D)r
by
51, s agn = {Z = (fz)o(gl(l)v ce 75n(l))}

Note that a morphism « : 7 — 4’ in [ induces a well-defined morphism

(fi)e(61(2), -, En(D)) = (fir)e(Ex (D), - ., En(i))

lying over T'(«v). The functor f, comes equipped with a morphism in
Hom(é’l, ce ,gn; f.(gl, ce ,5n))

which is checked to be Cartesian in the strong form of Definition A.2.5.

For 1-ary morphisms we can perform the same construction to produce coCartesian
morphisms. For n > 2 the construction is more complicated. Let f € Hom(Sy,...,S,;T)
be a morphism with n > 2. To ease notation, we construct a pull-back functor w.r.t. the
first slot. The other constructions are completely symmetric.

For any iy € I consider the category (a variant of the twisted arrow category)

X, (I) ={ (i, -+ i, Jy { W fhm1.m) | Qi 2l = 5}

which is covariant in j and contravariant in ¢,,...,7,. For any f:¢; — i we have an
induced functor J3 : Xy (I) = Xi,(I). Any object o € X, (1) defines by pre-composition
with Sg(ay) for all 1 <k <n a morphism f, € Hom(S;(i1),...,5,(i,); T(j)).

We define a functor

fb*: (Hom(I,D)g,) x -+ x (Hom(I,D)s, )°® x Hom(I,D)r - Hom(I,D)g,
assigning to &, ..., &,; F the following functor X; (1) - Dg, (;,):

a s (fa)"*(&(i2), - Enlin); F(5))
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and then taking limy, (y) which exists because the fibers are required to be complete. For
the functoriality note that for 8 :4; - ¢} we have a natural morphism

lim - — lim -
X(D Xy (1)

induced by B.
We define a morphism

ZeHoms(f"*(Eqyo o, Ens F), Eayvv s iy F)

and we will show that it is coCartesian w.r.t. the first slot in a weak sense. At some object
1 € I, the morphism = is given by composing the projections from

lim f;"(gz(iz), s Enlin); F(5))

Xiziy (I)

to f1(&(i), ..., E.(i); F(i)) (note that f; = f, for a = {id;};) and then composing with

the coCartesian morphism (in D) in
Hom (£ (&), Ea(); F(0)), £2(0), -, E(i): F (7).

One checks that the so defined = is functorial in 7. It remains to be shown that the
composition with = induces an isomorphism

Homqg, (& 1 (&, .. €y F)) » Homy(Ery ... s F). (18)
We will give a map in the other direction which is inverse to composition with =. Let
a € Homy (&, ..., &0 F)

be a morphism. To give a morphism on the left hand side of (18), for any i, and a € X;, (1)
we have to give a morphism (functorial in ;)

Ev(ir) = fo* (Ea2in); -+ Enlin); F(4))
or, which is the same, a morphism
Homy, (&1(i1), Ea(iz), - -+, Ealin); F(J))-

But we have such a morphism, namely the pre-composition of a; with the n-tuple {& (o) } .
(Because we know already that Hom(/,D) - Hom([/,S) is an opfibration of multicate-
gories, it suffices to establish that = is coCartesian in this weak form.) ]
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5.1.7. REMARK. The construction in the proof of the above Proposition will become
much clearer, when we define a fibered multiderivator itself as a six-functor-formalism,
similar to the definition mentioned in the introduction. For example, for S = {-} we will
get an external and internal monoidal product, resp. right adjoints which a clear relation.
We have in that case

: Hom(7, D) x Hom(J,D) - Hom(! x J,D)
by applying ® point-wise and
HOM,, : Hom(I,D) x Hom(J, D) - Hom(I°? x J, D)

by applying Homy,, point-wise. The formula for the internal hom obtained in the proof
of the proposition boils down to the formula

Homy, (€, F)(i1) = ‘/;HOMI/T(E;(Z'),}"(i))Hom(il,i)

where [, is the categorical end. We refer to a subsequent article [Hor16] for an explanation
of this in the language of six-functor-formalisms.

We will need later the following

5.1.8. LEMMA. Let f e Hom(S,...,5,;T) be a morphism in Hom(I,S) for some n > 2.
Consider the pull-back functor fi* constructed in the proof of Proposition 5.1.6. Let
p:Ix.J -1 be the projection and fiz objects &,.1.,E,, F in D lying over Sy, 3.8, T.
Then the natural morphism

P (EL AL F) = (0 ) (0 €1, T p € " F)

is an isomorphism, or, in other words, the functor p* : Hom(I,D) - Hom(I x J,S) maps
Cartesian morphisms to Cartesian morphisms.

PROOF. Again, we assume j = 1 to ease the notation. The statement concerning the other
pull-backs is completely symmetric. We have by definition

(fY* (&, Es F)() = lim f12(E(iy), ..., En(in); F (i)

OleXil (I)

and

(") (& E PG
= im0 )t ((0*E) (i 1), - (07En) (in, Jn); (0 F)(0', 7))

O‘EXilﬁjl (IXJ)
The natural map in question is induced by the functor p: X;, ;, (I x J) - X, (1) which
forgets all data involving the J direction. Now there is also a functor 5 : X; (/) —
X, ji (I x J) which is constant on the J-component with value {idj, }x-1.,. We have
pos=id and a zig-zag of natural transformations 5o p < - = id involving only data in
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the J-direction. However, all the natural transformations are mapped to identities by the
functor

av ldim  (p ) (P E) (i1, 1), -+ (07E) (s ) (0" F) (@', 57))

aEXilyjl (IXJ)

because everything is constant along the J-direction. This shows that the natural mor-
phism in the statement is an isomorphism. [

If I is directed (resp. inverse) we want to show that also p; is a bifibration of multi-
model-categories in the sense of Definition 5.1.3.

Afterwards we will apply the following variant and generalization to multicategories
of the results in [SGAT73, Exposé XVII, §2.4].

5.1.9. PROPOSITION. Let p: D — S be a bifibration of (multi-)model-categories in the
sense of 5.1.3. Let W be the union of the Ws over all objects S € S. Then the fibers
of p: DIW™] - S (as ordinary categories) are the homotopy categories Dg[Wg'] and
D is again a bifibration of multicategories such that the push-forward F, along any F €
Homg(S1,...,5:,;T) (for n > 1) is the left derived functor of the corresponding push-
forward w.r.t. p. Similarly the pull-back w.r.t. some slot ist the right derived functor of
the corresponding pull-back w.r.t. p.

5.1.10. The above proposition and its proof have several well-known consequences which
we mention, despite being all elementary, because the proof below gives a uniform treat-
ment of all the cases.

1. The homotopy category of a model category is locally small and can be described
as the category of cofibrant/fibrant objects modulo homotopy of morphisms. Apply
the proof of the proposition to the (trivial) bifibration of ordinary categories D — {-}.

2. Quillen adjunctions lead to an adjunction of the derived functors on the homotopy
categories. Apply the proposition to a bifibration of ordinary categories D — A;.

3. The homotopy category of a closed monoidal model category is a closed monoidal
category. Apply the proposition to a bifibration of multicategories D — {-}.

4. Quillen adjunctions in n variables lead to an adjunction in n variables on the homo-
topy categories. Apply the proposition to a bifibration of multicategories D — A4 ,,
where the multicategory Ay, consists of n+1 objects and one n-ary morphism con-
necting them.

Before proving Proposition 5.1.9, we define homotopy relations on Hompg (&1, ..., &,; F)
where F' e Hom(Xj,...,X,;Y) is a multimorphism in S.
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5.1.11. DEFINITION.

1. Two morphisms f and g in Homp(&,...,E;F) are called right homotopic if
there is a path object of F

pry
]-"—>]-"’—>p_r>]-'
2

and a morphism Hom(&y, ..., &, F') over the same multimorphism F such that the
compositions with pry and pry are f and g, respectively.

2. For n >1, two morphisms f and g in Homp(&y,...,E; F) are called i-left homo-
topic if there is a cylinder object & of &;

I
&—=&—&
2

and a morphism Hom(&y,... &, ..., & F) over F such that the compositions with

P A

11 and 1o are f and g, respectively.
5.1.12. LEMMA.

1. The condition ‘right homotopic’ is preserved under pre-composition, while the con-
dition ‘i-left homotopic’ is preserved under post-composition.

2. Letn>1. If f,g € Hom(&y, ..., &, F) are i-left homotopic and all &; are cofibrant
then f and g are right homotopic. If f,g € Hom(&,...,Ey; F) are right homotopic,
F is fibrant, and all E; for j #1i are cofibrant then f and g are i-left homotopic.

3. Let n>1. In Hom(&y,...,E; F) right homotopy is an equivalence relation if all &;
are cofibrant. In Hom(&,...,&E,; F) i-left homotopy is an equivalence relation if F
is fibrant, and all €;, j # 1 are cofibrant

In particular on the category DCHFP of fibrant /cofibrant objects, i-left homotopy=right
homotopy is an equivalence relation, which is compatible with composition.

PRrOOF. 1. is obvious.

2. If all & are cofibrant then also F,(&,...,&,) is cofibrant and f and g correspond
uniquely to morphisms f',¢' : Fo(&1,...,&,) = F. Since f and g are i-left homotopic,
there is a cylinder object

realizing the i-left homotopy. Since &; is cofibrant so is &/. Hence also
F.(gl, e ,gn) :F.(gl,. .. ,5{, e ,gn) —>F.(51, e 7571)

is a cylinder object because all £; are cofibrant, and hence also f” and g’ are left homotopic.
These are therefore also right homotopic and hence so are f and g. Dually we obtain the

second statement.
3. follows from [Hov99, Proposition 1.2.5, (iii)]. "
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5.1.13. LEMMA. Two i-left homotopic morphisms become equal in D[ (WCt)-1].
ProoOF. This follows from the fact that a cylinder object

L1 P
2

automatically lies in Dt if & does, and the two maps ¢; and ¢, become equal because p
becomes invertible. n

We have to distinguish the easier case, in which all objects F,() for O-ary mor-

—_—

phisms F' are cofibrant. Otherwise we define a category DCf[(WCf)-1] in which we
set Homp(; F) := Homp -1 (QF.(); F) for all F, where F'is a O-ary morphism with do-
main S. Composition is given as follows: For a morphism f € Homg(&y,. .., E,; F) with
cofibrant & and F and £ : QF,() — &;, we define the composition £ o f as the following
composition

&1
i cocart —= (F o G)o(&y,.7.,&,) —=Gu(&1, ..., F.(), ..., &) ~——

En

~—G&1,...,QF.0),....E) —=Gu(&1, ..., &) —= F.

One checks that the so-defined composition is associative and independent of the choice
of the push-forwards.

5.1.14. LEMMA. If the object F,() is cofibrant for every 0-ary morphism F then the
natural functor

DCof[(WCof)—l] N 'D[W_l]

15 an equivalence of categories.
Otherwise it is, if we replace DCI[(WC)=1] by DC[ (WCof)-1].

PROOF. The inclusion Df — D induces a functor = : DCEI[(WC)-1] - D[W-1]. If the
objects F,() are not cofibrant then = may be modified to a functor

DCof[(WCof)—l] _)D[W—l]
as follows: a 0-ary morphism QF,() - F is mapped to the composition

I R () ~—QF.() —F

in DW-1].
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We now specify a functor @ in the other direction. ® maps an object X to a cofibrant
replacement QX . For n > 1, a morphism f € Hom(&,...,&,;F) over F' is mapped to
the following morphism. Composing with the morphisms Q&; - &;, we get a morphism
f e Hom(Q&,,...,QE,; F) or equivalently a morphism X; —» F*(Q&,.7.,Q&,; F). Now

choose a lift (dotted arrow in the diagram)

F.J(Q?h 77 Qg’n) Q]:)

which exists because the vertical map is again a trivial fibration (because all the QE;
are cofibrant). The resulting map in Hom(Q&,...,Q¢&,; PF) is actually well-defined in
DCA[(WECE)-1]. Note that, two different lifts are indeed left homotopic because QE;
is cofibrant [Hov99, Proposition 1.2.5. (iv)], and therefore also the two morphisms in
Hom(Q&1, . ..,QE,; QF) become equal in DCI[(WC)~1] by Lemma 5.1.13. From this it
follows that ® is indeed a functor on n-ary morphisms for n > 1.

For n = 0, a morphism f € Hom(;F) over F corresponds to a morphism F,() —
F. If F,() is cofibrant, this morphism lifts (again uniquely up to right homotopy) to a
morphism F,() - QF, i.e. to a morphism in Homg(; QF). If F,() is not cofibrant then
the composition lifts to a morphism: QF,() - QF which is defined to be the image of ®.
Furthermore ® is inverse to = up to isomorphism. [

5.1.15. LEMMA. Right homotopic morphisms become equal in DCHLFP[(YYCotFib)-17],

PRrROOF. The assertion follows from the fact that there exists a path object
pry i
F=—F ~—F
pra

where F’ is cofibrant and fibrant which realizes the right homotopy [Hov99, Proposition
1.2.6.]. This uses that all sources are cofibrant and the domain is fibrant. The two
morphisms pr; and pr, become equal because ¢ becomes invertible. [

5.1.16. LEMMA. The functor DFP-Cof[(WFib.Cof)=1] _ DCot[(WCH)-11 gnd the functor

DFib,Cof [ (YWFib,Cof )=1] . DOt [ (WEC) 1] respectively, are equivalences of multicategories.

PRrOOF. The proof is analogous to that of Lemma 5.1.14 but with some minor changes
which require, in particular, the chosen order of restriction to cofibrant and fibrant objects.
We specify again a functor ® in the other direction. On objects, ® maps £ to a fibrant
replacement RE. Note that RE is still cofibrant. A morphism f € Hom(&y,...,&,; F) over
F corresponds to a morphism F,(&,...,&,) = F. Now choose a lift (dotted arrow in the
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diagram)

Fu(&,.. &) F——=RF

K

Fu(RELEs,. .., En)

F.(R&1, REs, ..., RE,)

It exists because the vertical maps are again trivial cofibrations (because all the &; and RE;
are cofibrant). The lift is well-defined in DCLFP[(WWCELFIL)-1] " hecause two lifts in the
triangle above become right homotopic (because RF is fibrant by [Hov99, Proposition
1.2.5. (iv)]). Therefore also the corresponding morphisms in Hom(Ré&,..., RE,; RF)
become equal in DCLFIP[(WCLFID)-1T By the previous lemma. It follows that ® is indeed
a functor which is inverse to the inclusion up to isomorphism. [

5.1.17. LEMMA. If the objects F,() for all 0-ary morphisms in S are cofibrant then the

natural functor
DFib,Cof[(wFib,Cof)—l] N DFib,Cof/ ~

1s an isomorphism of categories. Otherwise it is, if we modify the 0-ary morphisms as
before.

PROOF. The natural functor DFiP:Cof — DFib.Cof | takes weak equivalences to isomor-
phisms [Hov99, Proposition 1.2.8] and has the universal property of DFib-Cof[ (JYFib.Cof)-1]
by the same argument as in [Hov99, Proposition 1.2.9]. =

PROOF OF PROPOSITION 5.1.9. The previous lemmas showed that D[W~1] is equivalent
to DFib.Cof [ if all objects of the form F,() are cofibrant, or if we replace the second
multicategory by DFiP-Col/ ~ where we set Hom , e, (; F) = Hompg o) (Fu (), F) for
all 0-ary morphism F' in & with domain S and for every F € Dg.

It remains to show that the functor

p)~: DFRCL L S

is bifibered if all F,() are cofibrant or otherwise bifibered for n > 1 (i.e. (co)Cartesian
n-ary morphisms exist for n > 1). (The modification DFP:Cof/ ~ has been constructed in
such a way that it has 0-ary coCartesian morphisms.)

We show that p/ ~ is opfibered, the other case being similar. Let F' be a multimorphism
in § with codomain S. The set Homg (&, ..., &,; F) modulo right homotopy is in bijection
with the set Homp,, (Fu(&1,...,E&,),F) modulo right homotopy. Since F is fibrant, the
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latter set is the same as Homp (R(F.(&1,...,E,)), F) modulo right homotopy. Hence
morphisms in Homg(&y, ..., &,; F) uniquely decompose as the composition

&
cocart —— F,(&1,...,&,) —= R(F. (&1, ..., &)

En

followed by a morphism in Homp,(R(Fe(&1, ..., &,)), F) modulo right homotopy. More
generally, by the same argument, a morphism in some Homgp(F1, ..., &1, .., Eny oo, Fins G),
where G is another multimorphism in &, modulo right homotopy factorizes uniquely into
the above composition followed by a morphism in

Hom(;(]:l, e ,R(F.(gl, e ,gn)), ce ,fm,g)

modulo right homotopy.
It remains to see that the push-forward in D[W~!] corresponds to the left derived
functor of F,. For any objects &1, ..., &, the composition

RQE&

N

cocart —— F,(RQ&,, ..., RQE,) — R(F(RQE:,. .., RQE,))

RQE,

is a coCartesian morphism lying over F', with domains isomorphic to the &;.
However, the object R(F,(RQE,...,RQE,)) is isomorphic to the value of the left
derived functor of F, at &,...,&,. [

5.1.18. We now focus on the left case. If I is a inverse diagram, we proceed to construct
a model structure on the fibers of the bifibration of multicategories (cf. 5.1.6):

Hom(/,D) - Hom(1,S) = S(I).

This model structure is an analogue of the classical Reedy model structure and it has the
property that pull-backs w.r.t. diagrams and the corresponding relative left Kan extension
functors form a Quillen adjunction.

Let I € Dir and let F': I - S be a functor. We will define a model-category structure

(DF7 COfF7 FibF7 WF)
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where Dp is the fiber of Hom(7,D) over F' and where Wk is the class of morphisms which
are element-wise in the corresponding We(;).
For any G € D, and for any i € I, we define a latching object

L;G := colimy, { F()eG(J) }azjmsis

Here I; is the full subcategory of I x,; 4 consisting of all objects except id;. We have a
canonical morphism

in Dpgy. We define Fibg to be the class of morphisms which are element-wise in the
corresponding Fibp(;y. We define Cof to be the class of morphisms G — H such that for
any 7 € I the induced morphism ¢ in the diagram

LG

|

G(i) — push-out %> H (i)

L;H

belongs to Cof ;. We call a morphism GG - H in Cofp temporarily an acyclic cofibra-
tion if ¢ is, in addition, a weak equivalence. The proof that this yields a model-category
structure is completely analogous to the classical case [Hov99, §5.1] (if S is trivial). We
need a couple of lemmas:

5.1.19. LEMMA. The class of cofibrations (resp. acyclic cofibrations) in Dg consists
precisely of the morphisms which have the left lifting property w.r.t. trivial fibrations (resp.
fibrations). These are stable under retracts.

ProoOF. This is shown as in the classical case: we first prove that acyclic cofibrations have
the lifting property w.r.t. fibrations. Consider a diagram

Gl—>H1

b

G2—>H2

where « is an acyclic cofibration and f3 is a fibration. We proceed by induction on n and
assume that for all ¢ € I with v(i¢) <n a map G2(i) - H;(i) has been constructed such
that it is a lift in the above diagram, evaluated at ¢. For each i of degree n consider
the following diagram (where the morphism L;Gy - L;H; — Hi(i) is formed using the
already constructed lifts):

G1(i) UL,q, LiG2 — H1(4)

ja’(i) Lﬁ(i)

G1(1) Hy(1)
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Here o/(7) is a trivial Cof p(;)-cofibration by definition, and 3(%) is a Fibp;)-fibration by
definition. Hence a lift exists. In the same way the statement for cofibrations and for
trivial fibrations is shown. Closure under retracts is left as an exercise for the reader. The
assertion that the class of acyclic cofibrations (resp. cofibrations) is precisely the class
of morphisms that have the left lifting property w.r.t. fibrations (resp. trivial fibrations)
follows from the retract argument as for model categories. [

5.1.20. LEMMA. There exists a functorial factorization of morphisms in Dr into a fibra-
tion followed by an acyclic cofibration and into a trivial fibration followed by a cofibration.

ProOOF. We show this again by induction on n. We do the first case, the other being
similar. Let G - K a morphism in Dp. We have the following diagram:

LG L;H L;K

| | |

G(i) —= G(i) U, LiH - = H (i) - - K (i)

Here the top row is constructed using the already defined factorizations. The object H (i)
and the dotted maps are constructed as the factorization in the model category Dp;y into
a trivial Cof p(;)-cofibration followed by Fibpg;-fibration. n

5.1.21. LEMMA. The classes of cofibrations, acyclic cofibrations, fibrations and weak
equivalences are stable under composition.

PrOOF. This follows from the characterization by a lifting property (resp. by definition
for the case of the weak equivalences). n

5.1.22. LEMMA. Acyclic cofibrations are precisely the trivial cofibrations.

Proor. We begin by showing that an acyclic cofibration is a weak equivalence. It suffices
to show that in the diagram

L

G(i) —= H(1)

the top horizontal morphism is a trivial cofibration. Then the lower horizontal morphism
is a composition of two trivial cofibrations and hence is a weak equivalence. The top
morphism is indeed a trivial cofibration because the morphism of I;-diagrams (cf. 5.1.18)

{F()eG (1) }asj—i > {F(a)eG(J) }aiji

is a trivial cofibration in the classical sense (i.e. over the constant diagram over I; with
value F'(i)) because of Lemmas 5.1.23 and 5.1.24.
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In the other direction, let f be a trivial cofibration and factor it as f = po g, where ¢
is an acyclic cofibration and p is a fibration. It follows that p is a weak-equivalence. Now
construct a lift in the diagram
g

F—H
ol
G pr— G
This shows that f is a retract of g, and hence is an acyclic cofibration as well. [
5.1.23. LEMMA. For each (1-ary) morphism of diagrams f € Homg(X1;Y') there is an
associated push-forward and an associated pull-back, defined by taking the point-wise push-
forward f,, and point-wise pull-back f* (cf. 5.1.6), respectively. The push-forward f,

respects the classes of cofibrations and acyclic cofibrations. The pull-back f* respects the
classes of fibrations and trivial fibrations.

PROOF. It suffices (by the lifting property) to show that f* respects fibrations and trivial
fibrations. This is clear because they are defined point-wise. [

A posteriori this will say that the pair of functors f*, f, form a Quillen adjunction
between the corresponding model categories (cf. 5.1.28).

5.1.24. LEMMA. Leti e I be an object, let v : I; - I be the corresponding latching category
with its natural functor to I, and let F; = 1*F : [; > § be the restriction of F to I;. The
pull-back 1* : Dp - Dp, respects cofibrations and acyclic cofibrations.

PROOF. It is easy to see that the pull-back induces an isomorphism of the corresponding
latching objects as in the classical case. n

5.1.25. COROLLARY. The structure constructed in 5.1.18 defines a model category.
PROOF. This follows from the previous Lemmas. [

5.1.26. PROPOSITION. For any morphism of inverse diagrams o : I — J, and for any
functor F': J - S, the functor
O(* : DF —> DOJ*F

has a left adjoint of . The pair o*,of define a Quillen adjunction.

ProoF. That the two functors define a Quillen adjunction is clear once we have shown
that ay exists because a* preserves fibrations and weak equivalences. Let G be an object

of Dr. We define
(G) () := colimpy,,;S(p)et;G.

For each morphism p: j — 5’ we get a functor
Filxgpj 1% ]
and hence an induced morphism

F(u)S(1)utiG ~ S (ot



FIBERED MULTIDERIVATORS AND (CO)HOMOLOGICAL DESCENT 1345

Since F'(u1), commutes with colimits we get a morphism
F(p)scolimpyx,,;S(p1)et; G — colimpyx 7 S(1") et

which we define to be (aG)(u). We now proceed to show that the functor we have
constructed is indeed adjoint to a*. A morphism pu: G - o*H is given by a collection of
maps a(i) : G(1) > H(«(i)) for all objects i € I, subject to the condition that the diagram

F(a(N)).G () —=22D b (\)),H(ali))

jow
G (i)

lH(a(A))

H(a(i")

commutes for each morphism A :é — 4’ in I. For each j € J and morphism p : (i) - 7 we
get a morphism

a(i")

H(p) o (F(p)ea(i)) : F(p)eG(i) > H(j)
and therefore for fixed j a morphism

colimy,,;S(p)et; G = H(j).

One checks that this yields a morphism oG - H. On the other hand, let b: ayG - H be
a morphism given by
b(j) : colimyx, ,;S(p)et;G - H(j)

or equivalently for all i : a(7) - 7 by morphisms
F(p)sG(i) ~ H(j).
In particular, if 4 is the identity of «(i), we get morphisms
G(i) » H(a(i))

which constitute a morphism of diagrams G — a*H. One checks that these associations
are inverse to each other. [

5.1.27. LEMMA. Let a: I — J be a morphism of inverse diagrams and let j be an object
of J. The functor i : Dr - Dy, ; respects cofibrations and trivial cofibrations.

Proor. This follows easily from the fact that ¢; induces a canonical identification

I; = (I X/Jj)u

for any u = (i,«(i) - j). For this implies that we have a canonical isomorphism L;G =
L,:G. n
J
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5.1.28. LEMMA. The bifibration of multicategories, defined in 5.1.6
Hom(1,D) - Hom(I,S) =S(1)

equipped with the model-category structures constructed in 5.1.18 is a bifibration of multi-
model-categories in the sense of 5.1.35.

PROOF. First for each multi-morphism of diagrams f € Homg(X1,...,X,;Y) we have
to see that the push-forward and the various pull-backs form a Quillen adjunction in n
variables. The case n = 1 has been treated above. We only work out the case n = 2, the
proof for higher n being similar. It suffices to check the following: for any cofibration
& — &] and for any fibration F — F’ the dotted induced morphism in the following
diagram

Fo2(EL F) s > pull-back —— f*2(&!; F')

| |

fo2EGF) ——= fo2(E; F')

is a fibration. Since fibrations are defined point-wise and fibered products are computed
point-wise, we have only to see that the assertion holds point-wise. Now F — F’ is a
point-wise fibration and &£ — &/ is a Reedy cofibration, so by the reasoning in the proof
of Lemma 5.1.22 it is in particular a point-wise cofibration. Hence the assertion holds
because of the assumption that D - § is a bifibration of multi-model-categories (5.1.3).
The requested property for the 0-ary push-forward is easier and is left to the reader. m

5.1.29. PROPOSITION. The functor D(1) - S(I) defined in 5.1.2 is a bifibration of mul-
ticategories whose fiber over S € S(I) is equivalent to Dg[Wg']. The pull-back and push-
forward functors are given by the left derived functors of f., and by the right derived
functors of f*J, respectively.

PROOF. We have seen in 5.1.28 that the fibers of Hom(/,D) - S(I) are a bifibration of
multi-model-categories in the sense of 5.1.3. Therefore by Proposition 5.1.9 we get that
D(I) - S(I) are bifibered multicategories with the requested properties. n

PROOF OF THEOREM 5.1.5. (Derl) and (Der2) for D and S are obvious.
(FDer0 left) and the first part of (FDer0 right) follow from Theorem 5.1.29.
(FDer3 left) follows from 5.1.26.

(FDer4 left): By construction of oy the natural base-change

colim S(1)et;G - j* G (19)

is an isomorphism for the non-derived functors. For the derived functors the same follows
because all functors in the equation respect cofibrations and trivial cofibrations and all
functors which have to be derived in (19) are left Quillen functors and hence can be
derived by composing them with cofibrant replacement.

(FDer3 right) and (FDer4 right) are shown precisely the same way.
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(FDerb left): Fixing a morphism f € Hom(Sy,...,5,;7) in S and objects &, ..., &,
over Ss,...,S, we have by Theorem 5.1.29 a push-forward functor

]D(]x J)p*Sl — ]D(IX J)p*T
gl = (p*f)O(glap*g%"'up*Sn)

(we denote it with the same letter as the underived version) which, by (FDer0 left), defines
a morphism of pre-derivators
D S ID)T.

We first show that it preserves colimits, i.e. that for p : J — - we have that for all
&1 € Dy, (I x J) the natural morphism

f'<p*gla 827 7gn) g p*(p*f)t(glvp*gm 7p*€n)

(where we wrote p also for the projection p: I x J — I) is an isomorphism. This is the
same as showing that

pr (&, En) > () (pEn,. . pER)

is an isomorphism. This follows from Lemma 5.1.8 because it suffices to check this for
the underived functors. Now let a: I — J be an opfibration. To show that

f.(Oé*gl,SQ, . ,En) — oz*(oz*f).(fl, 05*52, e ,Oé*gn)
is an isomorphism we may show this point-wise. Indeed, after applying j* we get
(G el 57E ., 57E) = T (a® fle(E1, % &, ... % Ey)

(j*f)'(p*L;ghj*ng B 7j*gn) e p*L;(Oé*f).(gl, OZ*EQ) s 705*571)

where ¢; : I; — I is the inclusion of the fiber. Note that the commutative diagram
1
J

is homotopy exact by Lemma 2.3.23, 2. because « is an opfibration. Finally we get the
morphism

Ly
I —1-

g

‘]%

(G )e(et; €1, 57 Ess o, 7€) = (7 F)e(E1, 0757, D77 ER)

which is an isomorphism by the above reasoning.
Since we have bifibrations, by Lemma 2.3.9 the full content of (FDer0 right) follows
from (FDerb left) while (FDer5 right) follows from (FDerO left). "
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A. Fibrations of categories

A.1. GROTHENDIECK (OP)FIBRATIONS.

A.1.1. [right] Let p: D - S be a functor, and let f:S - T be a morphism in S. A
morphism £ : £’ — & over f is called Cartesian if the composition with £ induces an
isomorphism

Hom,(F,&") 2 Homy.,(F,E)

for any morphism g: R - S in § and for every F € Dp.
The functor p is called a fibration if for any f:.S — T and for every object £ in Dy
(i.e. such that p(€) = T) there exists a Cartesian morphism £’ — &.

A.1.2. [left] Let p: D - S be a functor, and let f: S - T be a morphism in S. A
morphism & : £ - &' over f is called coCartesian if the composition with ¢ induces an
isomorphism

Hom, (&', F) = Homgy.; (€, F)

for any morphism ¢g:7T — U in § and for every F € Dy .
The functor p is called an opfibration if for any f:S — 7" and for every object £ in
Dg there exists a coCartesian morphism & — &'.

A.1.3. The functor p is an opfibration if and only if p°P : D°P — S°P ig a fibration. We say
that p is a bifibration if is a fibration and an opfibration at the same time. If p: D - S
is a fibration we may choose an associated pseudo-functor, i.e. to each S € § we associate
the category Dg, and to each f:S — T we associate a push-forward functor

fe:Ds— Dy

characterized by the fact that for each £ in Dg there is a coCartesian morphism £ —» f,&.
The same holds similarly for an opfibration with the pull-back f* instead of the push-
forward. If the functor p is a bifibration, f, is left adjoint to f*. Situations where this is
the opposite can be modeled by considering bifibrations D — S°P.

A.2. FIBERED MULTICATEGORIES AND THE SIX FUNCTORS.

A.2.1. We give a definition of a (op)fibered multicategory. This is a straightforward
generalization of the notion of (op)fibered category given in Section A.1. It is very useful
to encode the formalism of the six functors. Details about (op)fibered multicategories can
be found, for instance, in [Her00, Her04].

The reader should keep in mind that a multicategory abstracts the properties of mul-
tilinear maps, and indeed every monoidal category gives rise to a multicategory setting

Hom(Ay,..., A,; B) :=Hom((4; ® (A2 ® (-++))), B). (20)
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A.2.2. DEFINITION. A multicategory D consists of
a class of objects Ob(D);
for every n € Zsq, and objects X1,...,X,,,Y a class
Hom(Xq,...,X,;Y);
a composition law, i.e. for objects X1,...,X,, Yi,..., Yy, Z and for each integer 1 <1 <

m a map:

Hom(Xy,...,X,;Y;)xHom(Y;,...,Y,,; Z) » Hom(Yy, ..., Y1, X0, ..., X0, Yier, -, Yo Z);

for each object X € Ob(D) an identity idy € Hom(X; X);

satisfying associativity and identity laws. The composition w.r.t. independent slots is com-
mutative, i.e. for 1 <i<j<m if f e Hom(Xy,...,X,;Y;) and f' e Hom(X7],...,X];Y))
and g € Hom(Y1,...,Y; Z) we have

(goi f)ojin1 f =(g05 f)oi f. (21)

A symmetric (braided) multicategory is given by an action of the symmetric (braid)
groups, i.e. isomorphisms

a:Hom(Xy,...,X,;Y) » Hom(Xoa), - -, Xam); Y)

for a € S, (resp. a € By,) forming an action which is compatible with composition in the
obvious way (substitution of strings in the braid group).

In some references the composition is defined in a seemingly more general way; in the
presence of identities these descriptions are, however, equivalent. We denote a multimor-
phism in f € Hom(X7,..., X,;Y) also by

Xy

for n > 1, or by
Y

for n = 0.
We will also need the definition of a strict 2-multicategory which is a multicategory
enriched in (usual) categories:
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A.2.3. DEFINITION. A (strict) 2-multicategory D consists of
e a class of objects Ob(D);
e for every n € Zsy, and objects X1,...,X,,,Y a category

Hom(Xy,...,X,,;Y);

e a composition, i.e. for objects Xq,...,X,, Y1,...,Y,., Z and for each integer 1 <1 <
m a functor:

Hom(Xla ce ,Xn;Y;-)XHOHl(}/l, te ,Ym,Z) - Hom(Yla te 7}/2?17X17' i 7Xn7}/;+17~ o 7Ym7Z)J

e for each object X € Ob(D) an identity object idx in the category Hom(X; X);

satisfying strict associativity and identity laws. The composition w.r.t. independent slots is
commutative, i.e. for1 <i<j<mif f e Hom(Xy,...,X,;Y;) and f' e Hom(X7,..., X];Y})
and g € Hom(Y1,...,Y,,; Z) we have

(geif)ojm-1 [ = (g0 f')eif. (22)

A symmetric (braided) 2-multicategory is given by an action of the symmetric (braid)
groups, i.e. isomorphisms of categories

o:Hom(Xy,...,X,;Y) = Hom(Xaqy, .., Xam): Y)

for ae S, (resp. a € By,) forming an action which is strictly compatible with composition
in the obvious way (substitution of strings in the braid group).

The 1-composition of 2-morphisms is (as for usual 2-categories) determined by the
following whiskering operations: Let f,g € Hom(Xj,...,X,;Y;) be l-morphisms and
let h € Hom(Y;,...,Y,,;Z) be a 1-morphism and let p : f = ¢ be a 2-morphism in
Mor(Hom(Xj,...,X,;Y;)). Then we define

hosp=idy, - p

where the right hand side is the image of the morphism id;, x ¢ under the composition
functor. Similarly we define p * h for p: f = ¢ with f,g € Hom(Y3,...,Y,,;Z) and
h e Hom(Xy,...,X,;Y;).

A.2.4. We leave it to the reader to state the obvious definition of a functor between
multicategories. Similarly there is a definition of a opmulticategory, in which we have

classes
Hom(X;Yy,...,Y,)

and similar data. For a multicategory D we get a natural opmulticategory D°P by reversing
the arrows.
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The trivial category {-} is considered as a multicategory setting all Hom(:,...,; ) to
the 1-element set. It is the final object in the “category” of multicategories.

To clarify the precise relation between multicategories and monoidal categories we
have to define Cartesian and coCartesian morphisms. It turns out that we can actually
give a definition which is a common generalization of coCartesian morphisms in opfibered
categories and the morphisms expressing the existence of a tensor product:

A.2.5. DEFINITION. Consider a functor of multicategories p : D - S§. We call a mor-
phism
¢ e Hom(Xy,..., X,;;Y)

in D coCartesian w.r.t. p, if for all Y1,...,Y,,, Z with Y; =Y, and for all
feHom(p(Y1),....p(Yn);p(2))

the map
Homy(Yi,..., Y Z) = Homyope)(Y1,. ., Yict, Xu, .o, X0, Yia, oo Y Z)

a - «aof
15 bigective. We call a morphism
¢ e Hom(Xy,..., X,,;Y)

in D Cartesian w.r.t. p at the i-th slot, if for all Z1, ..., Z,,, and for all
feHom(p(Zy), ..., p(Zm);p(X;)) the map

HOIHf(Zl, .. ,Zm,XZ) - Homp(é)of(Xl, - ,Xi_l,Zl, .. -yzm7Xi+17 - ,Xn,Y)

arfoq
18 bijective.

The functor p : D - S s called an opfibered multicategory if for every g €
Hom(Sy,...,S.;T) in S, and for every collection of objects X; with p(X;) = S; there
is some object Y over T and some coCartesian morphism & € Hom(X;, ..., X,,;Y") such
that p(£) = g.

The functor p : D - S is called o fibered multicategory if for every 1 < j < n,
for each g € Hom(Sy,...,S,;T) in S, for every collection of objects X; for i # j with
p(X;) = S;, and for every Y over T, there is some object X; and some Cartesian morphism
w.r.t. the j-th slot £ e Hom(Xy,..., X,;;Y) such that p(§) = g.

The functor p: D — § is called a bifibered multicategory if it is both fibered and
opfibered.

A morphism of (op)fibered multicategories is a commutative diagram of functors

D, -,

o

S48,
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such that F' maps (co)Cartesian morphisms to (co)Cartesian morphisms.

It turns out that the composition of Cartesian morphisms is Cartesian (and similarly
for coCartesian morphisms if they are composed w.r.t. the right slot)'3.

A.2.6. LEMMA.

1. An opfibered multicategory p: D — {-} is a monoidal category defining X ® Y to be
the target of a coCartesian arrow from the pair X,Y over the unique morphism in
Hom(:,;-) of the final multicategory {-}.

Conversely any monoidal category gives rise to an opfibered multicategory p : D — {-}
via (20). A multicategory D is a closed category if and only if it is fibered over
{-}. In particular, the fibers of an (op)fibered multicategory p : D - S are always
closed/monoidal in the following sense: given any functor of multicategories'™ x :
{-} = S, the category D, of objects over x is closed/monoidal.

2. Given (op)fibered multicategories p:C — D and q: D — £ also the composition qo p
is an (op)fibered multicategory. In particular, if we have an opfibered multicategory
p:C— S andif S — {-} is opfibered (i.e. S is monoidal) then also C — {-} is opfibered
(i.e. C is monoidal). The same holds dually. A morphism « is (co)Cartesian for
qop if and only if o is (co)Cartesian for p and p(«) is (co)Cartesian for q.

Similarly, the unit 1 is just the target of a coCartesian morphism in Hom(;1) which
exists by definition (the existence is also required for the empty set of objects).

The second part of the lemma encapsulates the distinction between internal and ex-
ternal tensor product in a four (or six) functor context, see A.2.17.

A.2.7. Let D,S be (usual) multicategories. More generally any opfibered multicategory
D — § gives rise to a pseudo-functor of 2-multicategories

S - MCAT* P

where MCAT is the 2-multi“category” of categories, whose objects are categories and
the morphism categories are defined to be:

Hompca7(Ci, ..., Cp; D) := Fun(Cy x --- x C,, D)

Here by a pseudo-functor ¥ : § — T, where T is a 2-multicategory, we understand
the obvious generalization of the usual concept of a pseudo-functor. This means that for

13As with fibered categories there are weaker notions of Cartesian which still uniquely determine a
Cartesian morphism (up to isomorphism) from given objects over a given multimorphism, however, do
not imply stability under composition. Similarly for coCartesian morphisms.

Y This specifies also morphisms in Hom(X, ..., X; X), for all n, compatible with composition.
—_—
n
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each f € Homg(Sy,...,5,;T) we are given a functor ¥(f) € Hom(V(S;),...,¥(S,);T)
and for each composition ¢g- f a natural isomorphism

Urg:W()V(f)=V¥(g-[) (23)

satisfying the usual relation for composable morphisms f, g and h:

(U(h) * Uy )Worn=(Won*W(f))Usng

This definition generalizes readily to the case in which also § is a 2-multicategory, the
only modification being that, on morphisms, we are given functors

Homg(S1,...,5;T) = Homp(W(S)),...,¥(S,); ¥(T))

and the 2-morphisms (23) have to be functorial in f and g.

A.2.8. Translated back to the language of fibrations we arrive at the following definition:
see A.2.9.

First note that the definition of coCartesian morphism (cf. A.2.5) may be stated in
the following way: A morphism

¢ eHom(Xy,...,X,;Y)
in D coCartesian w.r.t. p, if for all Yi,...,Y,,, Z with Y; =Y the diagram of sets

o

Hom(}/a.a7ymvz) HOHI(Y]_7...,}/7;_]_,X1,...,Xn7Y;+1,...,Ym;Z)

L op(§) L

Hom(p(Y1),...,p(Ym);p(Z2)) —> Hom(p(Y1),...,p(Yic1),p(X1), ., 0(Xn), p(Yis1), - -, p(Yin ); p(Z))
is Cartesian.

A.2.9. DEFINITION. Let p: D — S be a strict functor of 2-multicategories. A 1-morphism
¢ eHomy(&y, ..., &0 F)

in D over f e Hom(Sy,...,S,;T) is called coCartesian w.r.t. p, if for all Fy,...,Fn,G
with F; = F the diagram of categories

Hom(Fi,. .., Fin:G) —=Hom(F1, ..., Fit, vy Eny Firts s Frs G)

|y L

Hom(Ty,...,T,;U) —>Hom(T\,...,Ti1,51,. .., S0, Tis1, -, Tin; U)

is Cartesian (where we set Ty, := p(Fy) and U :=p(G)).
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The strict functor p is called a 2-opfibered 1-opfibered multicategory (with 1-
categorical fibers) if for all f e Hom(S1,...,S,;T) and objects &, ..., &, with p(&;) = S;
there is a coCartesian 1-morphism with domains &1,...,&,. Furthermore the functors

Hom(&,,...,&; F) = Hom(p(&r),...,p(&); p(F))

have to be opfibrations (with discrete fibers) and composition has to be a morphism of
opfibrations.

The functor p:D — S is called a 2-fibered 1-opfibered multicategory (with 1-
categorical fibers) if for every 1< j <n and for each g € Hom(Sy,...,S,;T) in S, and
for each collection of objects & for i # j with p(&;) = S;, and for each F over T, there is
some object £; and some Cartesian 1-morphism w.r.t. the j-th slot £ e Hom(&y, ..., F)
with p(§) = g. Furthermore the functors

Hom(&,..., &, F) - Hom(p(&r), - ... p(&:); p(F))
have to be opfibrations (with discrete fibers) and composition has to be a morphism of

opfibrations.

There are several other, partly more general, definitions of an (op)fibration with 2-
categorical fibers which we will not need in this section. We will discuss them in a
subsequent article [Hor16].

Note that for (op)fibrations with 1-categorical fibers the composition is automatically
a morphism of opfibrations.

A.2.10. An opfibration p : D - S of 2-multicategories with 1-categorical fibers is in
particular (forgetting 2-morphisms) a usual opfibration. The additional datum, which
makes it into a 2-opfibration is the following: For each 2-morphism p: f = g in S a map
of sets (the 2-push-forward):

p*(:u):HOmf(Xla"'aXn;Y)éHomg(Xla"'vXn;Y)
such that
pr(idf)(B) = B
pr(u)op*(v) = p*(pov)

(composition of 2-coCartesian morphisms are 2-coCartesian) and

pr(p(a) xp)(aeg) = ao(p(u)(§))
pr(prpla))(§ea) = (p"(n)(§))ea

(1-composition maps coCartesian morphisms to coCartesian morphisms).
The 2-morphisms between a and 3 in D lying over f, resp. g in § can be reconstructed
from the datum p* as

Hom(a, 8) = { € Hom(f, 9) | p* (1)(e) = B}.
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A.2.11. With a pseudo-functor
U:S > MCAT>P
where § is any strict 2-multicategory, we associate the opfibration
Dy — S.

The objects of Dy are pairs
(5, X eV(5))

in which S is an object of §. The 1-morphisms
(517 Xl)

(f> a/) - (Tv Y)
(Sn, Xn)
are pairs of (multi)morphisms
feHom(Sy,...,5;T) a:U(f)(Xy,...,X,) > Y.

The 2-morphisms
(f,a) = (f",a")
are given by 2-morphisms p: f = f’ such that ao (¥(pu)(X)) =o'
The fiber!> of Dy — S over S is actually a 1-category, namely precisely the category
U(S).

We have the following generalization of Lemma A.2.6, 2.:

A.2.12. LEMMA. Given (op)fibered 2-multicategories p : C - D and q : D — & then
the composition q o p is an (op)fibered 2-multicategory as well. A 1-morphism « is
(co)Cartesian for qop if and only if a is (co)Cartesian for p and p(«) is (co)Cartesian
for q.

A.2.13. EXAMPLE. Let § be a usual category. Then & may be turned into a symmetric
multicategory by setting

HOH’I(Xl, e 7Xn7 Y) = Hom(Xb Y) X eee X Hom(Xn, Y)

If S has coproducts, then § (with this multicategory structure) is opfibered over {-}. Let
p:D — S be an opfibered (usual) category. Any object X induces a canonical functor of

15 e. the 2-category of those objects, morphisms, and 2-morphisms which ¥ maps to S, idg, and idiag,

respectively
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multicategories x : {-} - S with image X, hence the fibers of an opfibered multicategory
p:D - § are monoidal and the datum p is equivalent to giving a monoidal structure
on the fibers such that the push-forwards f, are monoidal functors and such that the
compatibility morphisms between them are morphisms of monoidal functors. This is
called a covariant monoidal pseudo-functor in [LH09, (3.6.7)].

A.2.14. EXAMPLE. Let S be a usual category. Then S°P may be turned into a symmetric
multicategory (or equivalently S into a symmetric opmulticategory) by setting

Hom(Xy,...,X,;Y):=Hom(Y;X;) x -+ x Hom(Y’; X,,).

If S has products then S°P (with this multicategory structure) is opfibered over {-}. Let
p: D — S° be an opfibered (usual) category. Then an opfibered multicategory structure
on p, w.r.t. this multicategory structure on S°P, is equivalent to a monoidal structure on
the fibers such that pull-backs f* (along morphisms in §) are monoidal functors and such
that the compatibility morphisms between them are morphisms of monoidal functors.
This is called a contravariant monoidal pseudo-functor in [LH09, (3.6.7)].

A.2.15. DEFINITION. The point is that the notion of (op)fibered multicategory is not
restricted to the situation of Examples A.2.13 and A.2.14. Let S be a category with
fiber products and define $°, denoted the symmetric 2-multicategory of correspon-
dences in S to be the symmetric 2-multicategory having the same objects as S, and where
the category of morphisms Hom(Sy,...,S,;T) is the category of objects

A
S, S, : T

and where the 2-morphisms (A, f,91,...,9n) = (A", f',q1,...,9}) are isomorphisms A —
A’ compatible with f, f" and g1,97,...,9n, g}
Composition is given by:

AXYZ'B

A/ KB
/Xf/ Y, y/\kZ

where strictly associative fiber products have been chosen in S.

This 2-multicategory is representable (i.e. opfibered over {-}), closed (i.e. fibered over
{-}) and self-dual, with tensor product and internal hom both given by x and having as
unit the final object of S.

Xy
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A.2.16. DEFINITION. Let S be a category with fiber products. A (symmetric) six-
functor-formalism on S is a 1-bifibered and 2-bifibered (symmetric) 2-multicategory
with 1-categorical fibers
p . D N SCOI’I

A.2.17. We have a morphism of opfibered (over {-}) symmetric multicategories S°P —
S¢t where S is equipped with the symmetric multicategory structure as in A.2.14. How-
ever there is no reasonable morphism of opfibered multicategories § - S§°. (There is no
compatibility involving only ‘®” and ‘!".) From a six-functor-formalism we get operations
g, g* as the pull-back and the push-forward along the correspondence

We get the monoidal product A ® B for objects A, B above X as the target of any
Cartesian morphism ® over the correspondence

Alternatively, we have
A® B=A*(ArB)

where A* is the push-forward along the correspondence

Xx)/;\X

induced by the canonical {x € Hom(X, X; X), and where ® is the absolute monoidal
product which exists because by Lemma A.2.12 the composition D — {-} is opfibered as
well, i.e. D is monoidal.

A.2.18. Tt is easy to derive from the definition of bifibered multicategory over S that
the absolute monoidal product A® B can be reconstructed from the fiber-wise product as
priA®pr;B on X xY, whereas the absolute HOM(A4, B) is given by HOM ((pr; A, pryB)
on X xY. In particular DA := HOM(A, 1) is given by HOM(A,7'1) for 7: X — - being
the final morphism.
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A.2.19. LEMMA. Given a symmetric siz-functor-formalism on S
p : D N SCOI‘

for the siz operations as extracted in A.2.17 there exist naturally the following compatibility
1somorphisms:

left adjoints right adjoints

() (f9)  — g f fege — (f9)s
LY (fgh — fugn g — (f9)

(,*) g*fi— RG* G. I — f'g.

(®.%) f'(-®-)—f-8f-  fHOM(f- -) —HOM(- f.-)
(®!) f-ef-)—(fi-)e-  HOM(fi-,-) — [LHOM(-, f'-)
fHOM(=,-) — HOM(f*~, f'-)
(®,08) (-®8-)®-—-®(-®-) HOM(-,HOM(-,-)) — HOM(-® -,-)

Here f, g, F,G are morphisms in S which, in the (!, *)-row, are related by the Cartesian
diagram

A.2.20. REMARK. In the right column the corresponding adjoint natural transformations
are listed. In each case the left hand side natural isomorphism determines the right
hand side one and conversely. (In the (®,!)-case there are 2 versions of the commutation
between the right adjoints; in this case any of the three isomorphisms determines the other
two.) The (!, *)-isomorphism (between left adjoints) is called base change, the (®,!)-
isomorphism is called the projection formula, and the (x,®)-isomorphism is usually
part of the definition of a monoidal functor. The (®, ®)-isomorphism is the associativity
of the tensor product and part of the definition of a monoidal category. The (x*,x*)-
isomorphism, and the (!,!)-isomorphism express that the corresponding functors arrange
as a pseudo-functor with values in categories.

PROOF. The existence of all isomorphisms is a consequences of the fact that the composi-
tion of coCartesian morphisms is coCartesian. For example, the projection formula (®,!)

is derived from the following composition in &¢*:
X
!
f ?
X Y ; Y

Y X

7 NN

; Y X ;

112

where o; means that we compose w.r.t. the first slot.
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The “monoidality of f*” (*,®) is derived from the following composition in S¢r:

X Y X
/ \ ’ / \\ - : / \
f B ! '
Y ; X Y Y ; Y Y Y ; X
Base change (!, *) is derived from:

X

A/ \X o Y/};/XA

Y

YXAX

AN

All compatibilities between these isomorphisms can be derived as well. Each of these
compatibilities corresponds to an associativity relation in the 2-multicategory . One
can also axiomatize the properties of the morphism f, — f, that often accompanies a
six-functor-formalism. Can one give a finite list of compatibility diagrams from which all
the others would follow?

112

A.2.21. The goal and motivation for this research is, as said in the introduction, to define
(and to construct in reasonable contexts) a derivator version of a six-functor-formalism,
i.e. a fibered multiderivator

D > SCOI‘

where S°* is the pre-2-multiderivator associated with the 2-category S¢*. We will give
the definition of a pre-2-multiderivator and of a fibered derivator over such in subsequent
articles [Horl6, Horl7a).

A.3. LOCALIZATION OF MULTICATEGORIES.

A.3.1. PROPOSITION. Let D be a (symmetric, braided) multicategory and let W be a
subclass of 1-ary morphisms. Then there exists a (symmetric, braided) multicategory
D[W=1], which is not necessarily locally small, together with a functor v:D — DW] of
(symmetric, braided) multicategories with the property that «(w) is an isomorphism for
all we W and which s universal w.r.t. this property.

PROOF (SKETCH). This construction is completely analogous to the construction for usual
categories. Morphisms Hom(Xj, ..., X,;Y") are formal compositions of i-ary morphisms
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in D and formal inverses of morphisms in W, for example:
wq
X3 \
s =
ws /

More precisely: Morphisms are defined to be the class of lists of n;-ary morphisms f; €
Hom(X;1,..., X, Y:), morphisms w; : Y/ - Y, in YW and integers k; as follows

(fr,w1), k1, (fa,wa), ko, - oo kney, (frs wn)

such that Y/ = X1, modulo relations coming from composing at independent slots,
commutative squares, and forcing the (id,w;) to become the left and right inverse of
(U)Z,ld) |

Y
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