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Abstract

In this project, we examine basic localizers, a notion first introduced by Grothendieck
and then developed by Maltsiniotis. Furthermore, we study basic localizers associated
to derivators. We compute the basic localizer associated to the represented derivator
of each cocomplete and complete category, and the one associated to the homotopy
derivator of the category of simplicial sets equipped with the Quillen model structure.
Among other things, this allows us to find a characterization of initial and final functors
and of homotopy initial and homotopy final functors in terms of comma categories.
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1 Introduction

Universal properties in categories come in two flavours, which are dual to each other.
Colimits are universal objects under diagrams that are initial with this property, while
limits are universal objects over diagrams that are terminal with this property. In other
words, colimits have a “mapping-out” universal properties and limits have a “mapping-
in” universal property. More explicitly, let C be a category and A be a small category.
The colimit of a diagram F': A — C consists of a pair (colimy F,n: F = Acolimy F),
where colim 4 F'is an object of C and 7 is a natural transformation from the diagram F' to
the constant diagram at the object colim 4 F', satisfying the following universal property:
for every pair (X,v: FF = AX), where X is an object of C and ~ is a natural trans-
formation from the diagram F' to the constant diagram at the object X, there exists a
unique morphism s: colimg F' — X such that v = Ason.
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Dually, the limit of a diagram F': A — C consists of a pair (limy F,e: Alimy F = F),
where limy F' is an object of C and € is a natural transformation from the constant dia-
gram at the object lim4 F' to the diagram F', satisfying the following universal property:
for every pair (Y,0: AY = F), where Y is an object of C and ¢ is a natural transforma-
tion from the constant diagram at the object Y to the diagram F', there exists a unique
morphism ¢: Y — lim 4 F' such that 6 = e o At.
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When all colimits and limits of diagrams of shape A in C exist, they define two functors
colimy: C* - C and limy: CA — C.

The universal properties of colimits and limits imply then that these functors are part of
an adjunction with the diagonal functor A4: C — C4, sending an object to the constant
diagram at this object. Since the universal property of colimits gives a one-to-one corre-
spondence between the natural transformations v: F = AX in C4 and the morphisms
s: colimyg F' — X in C, the colimit functor defines a left adjoint to the diagonal functor



and, since the universal property of limits gives a one-to-one correspondence between
the natural transformations §: AY = F in C*4 and the morphisms t: Y — limy F in C,
the limit functor defines a right adjoint to the diagonal functor.

colim 4

1
C—— Ay — A
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More generally, when considering the object colim 4 F' as a functor colim4 F': 1 — C,
where 1 denotes the terminal category, the colimit of a diagram F': A — C corresponds
to the data of the following left-hand diagram and the universal property of colimits can
be summarized as in the following right-hand diagram.

F
A—7-—7—C ﬁ C
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This says in particular that the colimit of F' is the left Kan extensions of F' along the
unique functor A — 1. Dually, there are similar diagrams for limits
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and this says that the limit of F' is the right Kan extension of F' along the unique functor
A— 1.

These notions generalize from the special case A — 1 to every functor u: A — B
between small categories, replacing the colimit and limit objects by universal functors.
As generalized colimits, left Kan extensions are universal functors under diagrams that
are initial with this property and, as generalized limits, right Kan extensions are universal
functors over diagrams that are terminal with this property. Hence one could say that
left Kan extensions have a “natural mapping-out” universal property and right Kan
extensions have a “natural mapping-in” universal property.

As for colimits and limits, when all left and right Kan extensions of diagrams of
shape A in C along a functor u: A — B exist, they define two functors

Lan,: C* = CEZ and Ran,:CA — CB.



Moreover, the universal properties of left and right Kan extensions imply that these func-
tors define left and right adjoints respectively to the precomposition functor u*: C8 — C4,
sending a diagram F': B — C to the diagram Fou: A — C.

Lan,,
RN
CB —_—y — CA
W

Ran,,

For every category C, we can define a 2-functor C(~): Cat®® — CAT, sending a small
category A to the category C* of diagrams of shape A, a functor u: A — B between small
categories to the precomposition functor u*: C® — C4, and a natural transformation
a:u = v to the natural transformation o*: u* = v* defined by a} = Fa, for every
diagram F': B — C. In particular, when the category C is cocomplete and complete, the
left and right Kan extension functors along every functor u: A — B exist and we say
that the 2-functor C(-): Cat°® — CAT admits Kan extensions. In this case, the Kan
extensions are moreover computed pointwise, which means that, for every u: A — B,
every F': A — C and every b € B, we have isomorphisms

Lan, F(b) & colim,, Fon® and Ran, F(b) & limy, F o 7,
where 7°: w | b — A and m,: b | u — A denote the projection functors.

More generally, a 2-functor D: Cat®® — CAT is called a prederivator and is said to
admit Kan extensions if for every functor u: A — B the left and right adjoints of the
functor D(u): D(B) — D(A) exist. We note u* = D(u) and denote the left and right
adjoints by w and u, respectively.

When considering a functor p: A — 1 for a small category A, we note colimy4 = p and
limg = p4, and speak of colimits and limits of diagrams of shape A with respect to the
prederivator . If a prederivator D admits Kan extensions, as before, we say that these
Kan extensions can be computed pointwise if there are natural isomorphisms

b*uy = colimuw(ﬂ'b)* and b u, = limy ), ()"

for every u: A — B and every b € B. The two conditions we stated here, nominally
the existence and pointwise computation of Kan extensions, are two required axioms for
derivators. We also require that coproducts map to products and that the families of



evaluation functors are conservative. With these axioms, we have a more general notion
of colimits and limits associated to each derivator. For example, when a category C is
cocomplete and complete, the represented prederivator associated to this category is a
derivator, called the represented derivator of C, and the colimits and limits with respect
to this derivator correspond to the usual colimits and limits in C.

Initial and final functors are notions related to limits and colimits. A functor
u: A — B is said to be initial if it preserves limits under precomposition, i.e. if, for
every complete category C and every diagram F': B — C, we have an isomorphism

limg F' = limy F o u.

Dually, a functor u: A — B is said to be final if it preserves colimits under precomposi-
tion, i.e. if, for every cocomplete category C and every diagram F': B — C, we have an
isomorphism

colimy F' ou = colimp F.

These definitions are also equivalent to saying that there are natural isomorphisms
limg & limgu* and colimyg u* = colimp

respectively with respect to every represented derivator. In particular, there exists a sur-
prising characterization of these initial and final functors in terms of comma categories:
a functor u: A — B is initial if and only if the comma category u | b is non-empty and
connected for every b € B, and a functor u: A — B is final if and only if the comma
category b | u is non-empty and connected for every b € B.

Define Wy to be the class of functors u: A — B between small categories such that
the map mo(u): m9(A) — mo(B) is an isomorphism. Then a category A is non-empty and
connected if and only if the unique functor A — 1 belongs to W,. By the characterization
of initial functors, this shows that a functor u: A — B is initial if and only if the functor
u | b — 1 belongs to Wy for every b € B. We focus in the rest of the introduction on
initial functors, but one could dualize every statement to final functors.

The class Wy actually satisfies the axioms of a basic localizer. A basic localizer is a
class W of functors between small categories that is weakly saturated, that contains the
functor A — 1 for every small category A admitting a terminal object, and that contains
all W-local functors, i.e. all functors u: A — B such that, for every commutative triangle

A v B
DN
C
the functor u¢: v | ¢ — w | ¢ induced by u belongs to W for every ¢ € C. If W is a basic

localizer, a small category A is called W-aspherical if the unique functor A — 1 belongs
to W, and a functor u: A — B is called W-aspherical if the comma category u | b is



We-aspherical for every b € B. Motivated by the example of Wy, the terminology of
Wh-connected category and W-initial functor would have made sense too. This termi-
nology makes even more sense once we have defined a basic localizer associated to each
derivator. In fact, if D is a derivator, the basic localizer Wy associated to D is defined
in such a way that the Wp-aspherical functors correspond to the functors that preserve
limits under precomposition, i.e. the functors u: A — B such that we have a natural
isomorphism
limp = limg u*,

where lim 4 and limp denote the limits of diagrams of shape A and B respectively with
respect to D, and v* = D(u). In particular, every basic localizer associated to a repre-
sented derivator contains the fundamental basic localizer W.

There is also another notion of colimits and limits: the homotopy colimit and the
homotopy limit. Let M be a model category and A be a small category. When the weak
equivalences are defined levelwise in M#, the diagonal functor Ay: M — MA pre-
serves weak equivalences and hence induces a functor As: Ho(M) — Ho(MA) between
their homotopy category. The homotopy colimit and the homotopy limit of diagrams of
shape A are then defined to be the left and right adjoint respectively of this induced
functor, when they exist.

hocolim 4

VRN
Ho(M) — Ay — Ho(MA)
N L S

holim 4

The 2-functor Ho(M()): Cat®® — CAT, sending a small category A to the homo-
topy category Ho(/\/lA) with the weak equivalences defined levelwise in M%, a func-
tor u: A — B to the functor u*: Ho(MP?) — Ho(M*) induced by the precomposition
functor u*: ME — MA, and a natural transformation a: © = v to the obvious natural
transformation induced by a*: u* = v*, actually defines a derivator, called the homo-
topy derivator of M. Homotopy initial functors are defined as the functors that preserve
homotopy limits under precomposition. In other words, a functor u: A — B is homo-
topy initial if, for every model category M and every diagram I € Ho(M?P), we have
an isomorphism
holimpg F = holimy4 F' o u.

This is equivalent to saying that we have a natural isomorphism
holimp £ holim 4 uv*
with respect to every model category M, or that we have a natural isomorphism

limpg = limy u*



with respect to every homotopy derivator.

Consider the category of simplicial sets sSet equipped with the Quillen model struc-
ture. The basic localizer associated to its homotopy derivator is the class Wy, of functors
between small categories whose nerve is a weak homotopy equivalence of simplicial sets.
Then a small category is Weo-aspherical if its nerve is homotopy equivalent to a point,
and a functor u: A — B is Wye-aspherical if the nerve of the comma category u | b
is homotopy equivalent to a point for every b € B. Moreover, Cisinski shows that
the basic localizer Wy is the minimal one and this gives us the following characteriza-
tion of homotopy initial functors: a functor u: A — B is homotopy initial if and only if
the nerve of the comma category u | b is homotopy equivalent to a point for every b € B.

In conclusion, derivators are vehicles to develop the calculus of limits and colimits in
classical and more exotic settings and basic localizers allow us to characterize the “initial”
and “final” functors with respect to each derivator in terms of comma categories.

Overview

In the first part of this project, we present the necessary background material on
Kan extensions and derived functors. This is the content of Section 2l In the second
part, we develop the theory of derivators and their basic localizers. The axioms for
derivators are presented in Section [3] while the ones for basic localizers are presented
in Section [l In Section [§] we construct a basic localizer associated to each derivator.
Our two main examples of derivators are presented in Sections [3|and [6} the represented
derivator associated to a cocomplete and complete category and the homotopy derivator
associated to a combinatorial model category. We also compute the basic localizer asso-
ciated to some of these derivators in Sections [p] and [} Finally, the third part presents
some applications of the theory of derivators and basic localizers to the calculus of limits
and colimits. Section [7] contains three problems about general pullback squares, and
Section [8] contains a characterization for initial and homotopy initial functors, and some
general results about colimits and limits.

Let CAT be the 2-category of all categories, functors and natural transformations.
Then CAT has a full 2-subcategory Cat whose objects are the small categories. Deriva-
tors are 2-functors Cat®® — CAT, called prederivators, satisfying four axioms: coprod-
ucts map to products, every family of evalutation functors is conservative, left and right
adjoints of every precomposition functor exist, and these adjoints are computed point-
wise.

As a first example, for a category C, the 2-functor

C5): Cat’® — CAT, A CA,

called the represented prederivator of C, could be an example of a derivator, but under
which conditions? In this case, the third axiom requires that the left and right ad-
joints of every precomposition functor exist, while the axiom of pointwise computation



requires that these adjoints are computed as colimits or limits over comma categories
at each point. In Section [2.1] we introduce the notion of Kan extensions along a func-
tor u: A — B in Cat, which define the left and right adjoints of the precomposition
functor u*: CB — C# when they exist. Moreover, when the category C is cocomplete
and complete, these Kan extensions always exist and can be computed as the required
colimits and limits, as shown in Section This allows us to prove that the 2-functor
C(): Cat? — CAT is a derivator for a cocomplete and complete category C (see Theo-

rem §3.2).

As a second example, for a model category M, the 2-functor
Ho(M)): Cat® — CAT, A — Ho(M4),

where the weak equivalences are defined levelwise, is also a derivator, called the homotopy
derivator (see Section. Since a model category is cocomplete and complete, it admits
a represented derivator. Then the image of a functor under the homotopy derivator is the
total derived functor of the precomposition functor and the homotopy Kan extensions
are constructed as the left and right total derived functors of the left and right adjoints of
the precomposition functor respectively, which exist since the represented prederivator
is a derivator. These total derived functors are defined in Section 2.4 Moreover, when
the considered model category is combinatorial, the adjunctions of the precomposition
functor with its Kan extensions are Quillen pairs, while equipping the categories with
the projective or injective model structures. Therefore we show in Section 2.5 that, if an
adjunction is a Quillen pair, their left and right total derived functors respectively give
rise to an adjunction between the homotopy categories.

The axiom about pointwise computations of Kan extensions can also be expressed
in terms of Beck-Chevalley squares. In fact, the pointwise computation of the Kan
extensions in the case of a represented derivator C(7): Cat®® — CAT corresponds to the
fact that the squares

(z*)* (ms)*
Ccwb +—— oA Chlu —— A
Aylp Yy u* Ao | H7 u*
C C

are Beck-Chevalley, which means that the left and right mates respectively are natural
isomorphisms

colim,,j,(m®) Lan, and b*Ran, = limy,(m)*

(see Section [2.3)). Before stating the axioms for derivators, we first introduce in Sec-
tion [3.1] the notion of Beck-Chevalley squares and prove that a square is left Beck-
Chevalley if and only if it is right Beck-Chevalley. When a prederivator D: Cat®® — CAT
is a derivator, all left and right Kan extensions exist and the mates of every square in Cat



under D are well-defined. Hence the notion of left and right Beck-Chevalley squares co-
incide in this case and gives rise to a notion of D-Beck-Chevalley square (Section . In
Section [3.2] we define prederivators and give some previous result about those 2-functors.
Finally, in Section we state the four axioms of derivators and prove that the repre-
sented prederivator of a cocomplete and complete category is a derivator.

A basic localizer is a class W of functors in Cat that is weakly saturated (in the sense
of Grothendieck), that contains the functor A — 1 for all small categories A admitting
a terminal or initial object, and that contains the WW-local and W-colocal functors (see
Section [4.1)). To each derivator can be associated such a basic localizer (Section |5.1])
and this gives rise to a characterization of the D-Beck-Chevalley squares (Section .
In fact, there exist two properties of squares in Cat coming from a basic localizer W:
the W-ezact squares (Section and the weak W-exact squares (Section , where
the latter requires a stronger condition than the former. If WWp denotes the basic lo-
calizer associated to a derivator D, the notions of weak Wp-exact squares and D-Beck-
Chevalley squares coincide and, in most cases, the notions of Wp-exact squares and
D-Beck-Chevalley squares are the same. This characterization of the ID-Beck-Chevalley
squares allows us among others to show that the notions of Wp-aspherical functor and
D-initial functors coincide, where a Wp-aspherical functor u: A — B is such that the
functor u | b — 1 belongs to Wy for every b € B, and a D-initial functor u: A — B is
such that the mate

limpg = limy u*

is a natural isomorphism, where lim 4 and lim g denote the limits of diagrams of shapes A
and B respectively with respect to the derivator . In particular, if we compute the
basic localizer associated to each represented derivator, we obtain that it contains the
fundamental basic localizer Wy, which consists of all functors u: A — B that induces a
bijection mo(u): mo(A) — mo(B), and this gives us the following characterization of initial
functors in terms of comma categories: a functor u: A — B is initial if and only if the
comma category u | b is non-empty and connected for every b € B (see Corollary .
Once initial functors are characterized, we also want to characterize the homotopy
initial functors. Since a homotopy initial functor u: A — B is such that the mate

holimp = holim 4 u*

is a natural isomorphism, the idea is to compute the basic localizer of each homotopy
derivator. It actually suffices to compute the one associated to the homotopy derivator
of the category of simplicial sets sSet equipped with the Quillen model structure, since
this is the minimal basic localizer, a result due to Cisinski (see |[Cis04], Theorem 2.2.11).
In fact, the basic localizer associated to this derivator is the class We, of functors in Cat,
whose nerve is a weak homotopy equivalence of simplicial sets. This is not surprizing
since the weak equivalences in the Quillen model structure correspond to the weak
homotopy equivalences. An idea to go further in this theory would be to compute the
basic localizer associated to the homotopy derivator of the category of simplicial sets
equipped with another model structure, and this latter would probably correspond to



the class of functors whose nerve is a weak equivalence in this model structure. Back
to our problem, these results give us the following characterization of homotopy initial
functors in terms of comma categories: a functor u: A — B is homotopy initial if and
only if the nerve of the comma category u | b is homotopy equivalent to a point for
every b € B (see Corollary [8.2.5)).

In order to compute the basic localizer associated to the homotopy derivator of sSet,
we first give, in Section [6.1] a proof of the fact that the homotopy derivator of a com-
binatorial model category actually defines a derivator. Then, in Section [6.2] we show
that a Quillen equivalence gives rise to an equivalence of derivators and hence that they
have the same basic localizer. Thomason defines a model structure on Cat such that
the weak equivalences correspond to the class W, and Fritsch and Latch prove that
there is a Quillen equivalence between the categories Cat equipped with the Thoma-
son model structure and the category sSet equipped with the Quillen model structure.
These results, presented in Section [6.4] imply that the homotopy derivators associated
to these two categories have the same basic localizer and, since Maltsiniotis shows that
the basic localizer associated to the derivator corresponding to the localization of Cat
at a basic localizer W is W (see [Mal05], Proposition 3.1.10), this finally shows that the
basic localizer associated to the homotopy derivator of sSet equipped with the Quillen
model structure is Wxo.

Section [7] is an application of the theory of derivators to general pullback squares,
also called cartesian squares. In Section we characterize the cartesian squares in
terms of right D-Beck-Chevalley square at a diagram, which are squares in Cat such
that the component at this diagram of the mate of the image of the square under D
is an isomorphism, where ID is a derivator. Three problems with cartesian squares are
then solved using this characterization in Sections and [7.4 The first one is the
pullback composition and cancellation problem. More explicitly, we show that if we have
a diagram

Xoo X10 X

Xo1 X1 Xo1

such that the right square is cartesian, then the left square is cartesian if and only if the
exterior square is cartesian. After that, we adapt the proof of the first problem to show
that if we have a diagram

X110

X101

N\
Xoin — X1



and we construct each square one after another as a pullback square in order to obtain
a diagram

Xooo — X100
N
X110

Xoor — Xio1

~ N
Xo11n — X111

then the object Xggo corresponds to the limit of the first diagram considered. Finally,
for the last problem, we consider a cube

Xooo — X100
~ ‘ N
Xo10 — X110

|

Xoor — |+ X101
~~ Nt
Xoi1n — Xin1

such that the front and back faces are cartesian and construct the pullback of its left
and right face in order to obtain a diagram

Xooo — X100

N

X110
| v
Xp—— T) Xa
Xoor — |~ X101

NN

Xou1 — Xin

The aim here is to show that the square

Xooo — X100

Xp— Xy
is cartesian.

In Sections and a proof of the characterizations of initial and homotopy ini-
tial functors can be found. In these sections, we define the initial and homotopy initial

10



functors using their comma category characterizations and we show that they corre-
spond to the functors that preserve limits under precomposition with respect to every
derivator whose basic localizer contains the fundamental one and with respect to all
derivators respectively. Finally, we show three general results about limits and colimits
in Section [8:3] The first one is Fubini’s theorem for limits and colimits. Then we adapt
the computation of limits and colimits of shape the coproduct of two categories to every
derivator. Finally, using the characterization of Section we show that the right Kan
extension of the inclusion i: A — A, where A™ denotes the cone category over A, sends
a diagram of shape A to its limit cone, with respect to every derivator.

Most of the definitions and results in Section [2| come from [Riel6]. In Section
we use results from [Hir03|, Sections 7.7 and 8.5, and [DS95], Section 9.

Section about Beck-Chevalley squares follows |Gro|, Section 8. In Section
prederivators are defined the way Groth did and we adapt some definitions and results
from |[MalO1], Section 1.3, to this definition. Maltsiniotis actually defines prederivators
as 2-functors Cat®°? — CAT, which implies that the 2-arrows are also reversed.

All definitions and results in Sections [4] and |5 come from [Malll], but we adapted
the results of Section [l to the definition of derivators of Groth.

Section about the homotopy derivator associated to a combinatorial model cat-
egory is inspired by [Gro|, Appendix B.3. The fact that the projective and injective
model structures are well-defined for a combinatorial model category is a result that
can be found in [Lur09], Proposition A.2.8.2. The definition of equivalences of derivator
we give in Section follows from a result in |Grol3|, Proposition 2.9. The results
about the basic localizer YW, presented in Section are due to Cisinski, see [Cis04].
In Section most of the results come from [Tho80|, Sections 3 and 4, and [FL79].

The characterization of cartesian squares of Section is inspired by results from
[Gro|, Section 8.2. The dual problem of the one presented in Section can be found
in |Gro|, Section 9.3.
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2 Kan Extensions and Derived Functors

In this Section, we introduce the background notions we need, nominally the notions
of Kan extensions and of derived functors. In Section 2.1 we first define Kan exten-
sions and show that, if C is a category and all left and right Kan extensions along a
functor u: A — B of Cat in C exist, they define left and right adjoint functors to the
precomposition functor u*: C® — CA. In Section we introduce comma categories
in order to show that left and right Kan extensions can be computed “pointwise” as
colimits and limits respectively over these comma categories, when all these colimits and
limits exist. Corollary says that, when a category is cocomplete and complete,
the left and right Kan extensions along every functor in Cat exist and are computed
pointwise. This allows us later to check that the represented prederivator associated to
a cocomplete and complete category is a derivator. In Section we express limits and
colimits of diagrams of shape A as left and right Kan extensions along the unique functor
A — 1 and give a characterization of the pointwise computation of Kan extensions in
terms of comma squares. This criterion is useful when proving the axiom of pointwise
computation for represented derivator.

In Section we introduce left and right total derived functors as generalized Kan
extensions along the localization functor of a model category. We prove that, if we
have an adjunction where the left adjoint is left deformable and the right adjoint is right
deformable, then their left and right total derived functors respectively exist and form an
adjunction between the homotopy categories. This allows us to show, in Section[2.5] that
a Quillen pair gives rise to an adjunction between the homotopy categories. In fact, the
left Quillen functor is left deformable with respect to the cofibrant replacement, while
the right Quillen functor is right deformable with respect to the fibrant replacement.
Finally, the last result says that a Quillen equivalence induces an equivalence between
the homotopy categories. This result is useful to show that two homotopy derivators are
equivalent when there is a Quillen equivalence between their underlying categories.

2.1 Definition and Adjunctions of Kan Extensions

We first define left and right Kan extensions, which are sort of generalized colimits
and limits along functors. The goal here is to show that, when all Kan extensions
along a functor in Cat exist, they define functors that are left and right adjoints to the
precomposition functor. We consider different sorts of functors: the functors in Cat
between small categories and the functors from a small category to a large category,
which we call diagrams.

Definition 2.1.1. Let u: A — B be a functor in Cat and F': A — C be a diagram.

(i) A left Kan extension of F' along u is a diagram Lan, F': B — C together with
a natural transformation n: F = Lan, F o u, called the unit transformation,
satisfying the universal property: for every diagram G: B — C and every nat-
ural transformation v: F' = G o u, there exists a unique natural transformation
«: Lan, F = G such that v = auon.
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A————C
4n 4 B Lan, F
U Lan, F \ % = \l I/
B

(ii) A right Kan extension of F along u is a diagram Ran,, F': B — C together with
a natural transformation €: Ran, F'ou = F, called the counit transformation,
satisfying the universal property: for every diagram G: B — C and every nat-
ural transformation d: G o u = F, there exists a unique natural transformation
B: G = Ran, F such that § = € o fu.

B
_ \ SENE
y le Ran, F / llN Y Ranu
S —\;
A 7 C

C

Let 1 denote the terminal category. The idea that Kan extensions are generalised
colimits and limits comes from the fact that a left (resp. right) Kan extension of a
diagram F': A — C along the unique functor A — 1 is actually the colimit (resp. limit)
of F in C, when it exists (see Section [2.3)).

b

Remark 2.1.2. Left and right Kan extensions are dual in the sense of “co”, i.e. by re-
versing the natural transformations, we obtain a left Kan extension from a right Kan
extension and conversely.

When all Kan extensions along a functor u: A — B exist, we can define two functors
Lan,: C* — CP and Ran,: C* — CPB. Then we check that they define left and right
adjoints to the precomposition functor u*: CB — CA4.

Remark 2.1.3. If the left and right Kan extensions of every diagram F': A — C along
u: A — B exist, we can define two functors Lan,,, Ran,: C* — C? sending a diagram in
C4 to its left or right Kan extension. For a natural transformation o: F = F’ in C#, we
define Lan,(«): Lan, F = Lan, F’ to be the unique morphism given by the universal
property in the following diagram

r F
/\
A da 3¢ A—3¢
F' o Y an, F
) ' /Lan, F' = 3 Nan. F'
[T b
B B

where 1 and 7’ denote the unit transformation of Lan, F' and Lan, F’ respectively. In
particular, we have i’ o = Lan,(a)u o 7.

15



Dually, we define Ran,(a): Ran, F' = Ran, F’ to be the unique morphism given by
the universal property in the following diagram

B B
%
U JeNRan, F = U \ 3! \Rany, I
F “ Ran, F’
F/

where € and ¢ denote the counit transformation of Ran, F' and Ran, F’ respectively. In
particular, we have a0 e = ¢ o Rany(a)u.

Proposition 2.1.4. Let u: A — B be a functor in Cat and C be a category. If the
left and right Kan extensions of every diagram F: A — C along u exist, the following
adjunctions hold.

Lan,,

LN

CA%U*icB

N L A

Ran,,

Proof. To show that Ran, - u*, for F': A — C and G: B — C, we define
Upa: CB(G,Ran, F) — CA(Gou,F), B+ eofu,

where e: Ran, Fou = F denotes the counit transformation of Ran,, F'. By the universal
property of right Kan extensions, V¢ is an isomorphism. Moreover, it is natural in F
and in G. To see this, if we consider G': B — C, for every a: G = G, the following
diagram commutes.

B \IIF’G, Al
C?(G,Rany, F) —— C*(G' o u, F)

e

CB(G,Ran, F) ——— CA(Gowu, F)
Vra

To see this
()W, (B) = (au)* (e o fu) = €0 Bu o au
Vpga™(B) =Vpg(Boa)=co(Boa)u
and the two composites are equal since u* is a functor. Similarly, if we consider
F': A— C, for every 7v: F = F’, the following diagram commutes.
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Vra
CB(G,Ran, F) ———— CA(Gou, F)

(Ran, 7)*‘ ‘%

CP(G,Ran, F') —— C*(Gou, F')
\Joe!

To see this

')’*\I/F,G(/B) = Y«(€0 fu) =yoeoBu
U g(Rany, 7)«(8) = ¥ ¢(Ran, vy o §) = € o (Ran, vy o B)u = € o Ran,(vy)u o fu

and the two composites are equal since v o e = ¢ o Ran,(vy)u by construction (see
Remark . Hence we have defined an isomorphism C?(G, Ran, F) = C4(G o u, F)
which is natural in both variables. This proves that Ran,, is the right adjoint of u*.
The proof of the adjunction Lan, F' 4 «* is dual, with the natural isomorphism
defined by
®p: CB(Lan, F,G) — CA(F,Gou), aw auon,

for every F: A — C and G: B — C, where n: F = Lan, F' o u denotes the unit trans-
formation of Lan, F'. ]

Remark 2.1.5. The unit transformations n: F' = Lan, F' ou form the components of the
unit of the adjunction Lan, - v* and the counit transformations e¢: Ran, F ou = F
form the components of the counit of the adjunction «* 4 Ran,,.

2.2 Comma Categories and Kan Extensions computed as (Co)limits

Pointwise Kan extensions are diagrams that are computed as colimits or limits over
comma categories at each point. To make sense of this, we first introduce comma
categories.

Definition 2.2.1. Let u: A — B be a functor in Cat and b € B.
(i) The comma category u | b has

e as objects, pairs (a, f: u(a) — b) where a € A and f is a morphism in B and

e as morphisms (a, f) — (d/, f’), a morphism h: a — o’ in A such that the
following diagram commutes.
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(ii) The dual comma category b | u has

e as objects, pairs (a, f: b — u(a)) where a € A and f is a morphism in B and

e as morphisms (a, f) — (d/, f'), a morphism h: a — a in A such that the

following diagram commutes.
b
v N
T u(a’)

u(a)

Remark 2.2.2. There are canonical projection functors from the comma categories

wlband b | uto A. We denote them by 7°: u | b — A and mp: b | u — A.

We can generalize the definition of comma categories with respect to two functors
in Cat with common codomain. One could also generalize the following to functors
between large categories.

Definition 2.2.3. Let u: A — B and v: C — B be two functors in Cat. The comma
category u | v has

e as objects, triples (a,c, f: u(a) = v(c)) where a € A, ¢ € C and f is a morphism
in B and

e as morphisms (a,c, f) — (d,c, f’), pairs of morphisms g: a — o in A and
h:c— ¢ in C such that the following diagram commutes.

(@) — )

f| |7

v(c) ————— v(d)

v(h)

Remark 2.2.4. There are also canonical projection functors from « | v to the cat-
egories A and C', denoted by my: v | v — A and m,: u | v — C. Moreover, there is a
natural transformation v: um, = vm, defined by v(q . ¢ = f: u(a) = v(c).

Ty,
ulv——

A
ﬂvl V// lu
C B

v



Remark 2.2.5. The comma categories u | b and b | u are special cases of these general
comma categories, if we consider the object b as a functor b: 1 — B.

1 A \
1 B A

When they exist, the colimits (resp. limits) of the projection functor of the comma
category u | b (resp. b | u) composed with a diagram F': A — C give us a formula to

compute the left or right Kan extension of F' along u. These formulas are called the
colimit formula and the limit formula.

ub*> blu—

—> —

W<—'=‘

Theorem 2.2.6. Let u: A — B be a functor in Cat and F': A — C be a diagram.
(i) If the colimit
Lan,, F'(b) := colim(u | b NN C)
exists for every b € B, the left Kan extension Lan, F': B — C is defined by these

colimits and the unit transformation n: F = Lan, F o u is extracted from the
colimit cone.

(ii) If the limit
Ran, F(b) := lim(b | u =% A N C)
exists for every b € B, the right Kan extension Ran, F': B — C is defined by these

limits and the counit transformation €: Ran, Flou = F is extracted from the limit
cone.

Proof. (ii) Since all such limits exist, we first construct a diagram Ran, F': B — C such
that Ran, F(b) = limy,(Fm,) for every b € B. Denote by u’: Ran, F(b) = Fm, the
limit cone. For a morphism ¢: b — 0’ in B, we have the following commutative diagram.

*

Wlu—— b lu

N A

Hence Fry = Fmyg* and the limit cone of Ran, F(b) restricted along ¢ is a cone
over Fmy. Then define Ran,, F'(¢g): Ran, F(b) — Ran,, F(b') to be the unique morphism
given by the universal property of limits such that the following diagram commutes
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for every object (a, f: b — u(a)) € ¥/ | u. Uniqueness implies that Ran,, F' is functorial.
We now define the counit transformation e: Ran, F ou = F to be

€q = qui?j) : Rany F(u(a)) = F(a)

for every a € A. Consider a morphism h: a — a’ in A. Then we have the following
commutative diagram.

€a = Mlu(a)
Ran, F(u(a)) F(a)
u(a)
K0
Ran,, F'(u(h)) F(h)
Ran, F(u(a')) o F(a)
@ = P

The upper triangle actually commutes by naturality of 4*(%): Ran, F(u(a)) = Frya)
while the lower triangle commutes by construction of Ran,, F'(u(h)). This shows that
€ is a natural transformation.

It remains to show that (Ran, F|e¢) satisfies the universal property of right Kan
extensions. For (G: B — C,d: Gou = F), we must construct a natural transformation
B: G = Ran, F' which is unique with the following property.

. \ NG
() ERanu

7 C

Consider a morphism h: (a, f) — (a’, f') in b | u. This gives us a cone over Fr, with
summit G(b) given by the following right-hand commutative diagram.

u(a) Gf Gu(a) — F(a)

7
b / u(h) G(b) ‘Gu(h) ‘Fh
fx( ’ Gf/\‘

u(a’)

The right-hand triangle commutes since G is a functor and the square commutes by
naturality of §. We define f3,: G(b) — Ran, F'(b) to be the unique morphism given by
the universal property of limits.
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Gu(a) 'ubRanu F(b)ﬂb Gu(a)
! 1

564 / Jéa/

F(a) i F(d)

To show that 3 is natural, consider a morphism g: b — ¥ in B. Then the following
diagram commutes

G
G(b) G(b)

ﬂb‘ lﬂb/
Ran, F(g)

an,,

Ran, F(b)) ———— Ran, F/(V)

o

for every (a, f: b — u(a)) € ¥/ | u. The lower triangle commutes by construction of
Ran, F'(g) and the exterior of the diagram commutes by construction of 8, and Sy . Since
this holds for every (a, f: b — wu(a)) € ¥ | u(a) and Ran, F (V') is a limit, the upper
diagram commutes and hence § is natural. Moreover, the natural transformation [
is such that § = € o Su since, for every a € A, the following diagram commutes by
construction of .

Gu(a) =——= Gu(a)

Bu(a)‘ ‘6a

Ran,, F'(u(a)) 471(:1 F(a)
€a = Hy

u(a)

Finally, the natural transformation § is unique with this property. To see this, for every
(a,f: b — wu(a)) € b | u, the following diagram must commute in order for 5 to be
natural.
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Gf

G(b) Gu(a)
ﬁbl Oa / lﬁum)
Ran,, F'(b) Ranu—(f)+ Ran,, F'(u(a))

\ / A

This forces B to be defined as we did.
(i) The proof is dual to (ii). O

Finally, we check that, when C is a cocomplete (resp. complete) category, the left
(resp. right) Kan extension along a functor in Cat always exist and can be computed by
the colimit (resp. limit) formula.

Corollary 2.2.7. Let u: A — B be a functor in Cat and C be a category.

(i) If C is cocomplete, then the left Kan extension functor

Lan,,

exists and is given by the colimit formula.

(ii) If C is complete, then the right Kan extension functor

Ran,,

exists and is given by the limit formula.

Proof. (ii) Since A and B are small categories, the category b | w is also small, for

every b € B. If C is complete, the limit lim(b | v —% A N C) exists, for every
diagram F': A — C and every b € B, and these limits define the right Kan extension
Ran, F': B — C by Theorem [2.2.6] (ii).

(i) The proof is dual to (ii). O
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2.3 Colimits and Limits as Kan Extensions

In this section, we verify that Kan extensions along the unique functor A — 1
correspond to colimits and limits of diagrams of shape A, for every small category A.
We also introduce another way to describe the colimit and limit formulas, which will be
useful to check one of the axioms for derivators for the 2-functor C(=): Cat°® — CAT.

Theorem 2.3.1. Let F': A — C be a diagram.

(i) The left Kan extension of F' along the unique functor p: A — 1 defines the colimit
of F' in C, each existing if and only if the other does.

F
A—C
n
p b Lan, F' = colimy F
1

(i) The right Kan extension of F' along the unique functor p: A — 1 defines the limit
of F' in C, each existing if and only if the other does.

1
P Ran, F = limy F
e
A———
7 C

Proof. (ii) The composition Ran, F o p: A — C corresponds to the constant diagram
ARan, F': A — C. Hence e: ARany, F' = F defines a cone over F'. Moreover, the uni-
versal property of the right Kan extension is: for every a: 1 — A and every §: Aa = F,
there exists a unique morphism s: a — Ran,, F' such that 0 = eo As, which is exactly the
universal property of the limit of F'. By uniqueness of limits, we obtain Ran, F' = lim4 F.
(i) The proof is dual to (ii). O

Corollary 2.3.2. Let u: A — B be a functor in Cat and F': A — C be a diagram.

(i) The left Kan extension (Lan, F': B — C,n: F' = Lan, F' ou) can be computed by
the colimit formula (Theorem (1)) if and only if

b
ulb—"— 4 £ c
n
\w \“/F
ILTB
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defines the left Kan extension of Fr® along r for every b € B.

(i) The right Kan extension (Ran, F': B — C,e: Ran, F ou = F) can be computed
by the limit formula (Theorem (ii)) if and only if

1—2 B
/i}/‘ /uNanuF
blu—r A - c

defines the right Kan extension of F'ry along s for every b € B.

Proof. This is immediate from Theorem [2.3.1 O

Remark 2.3.3. We also write wy = Lan,: C* — CP for the left Kan extension functor
along u: A — B and u, = Ran,: C* — CP for the right Kan extension functor along .

2.4 Derived Functors

We now introduce the notion of total derived functors. A total derived functor is
a Kan extension along the localization functor of the homotopy category of a model
category. We first give the construction of the homotopy category of a model category.

Theorem 2.4.1. For every model category M, there exists a homotopy category Ho(M)
that is the localization at the weak equivalences of M. In other words, there exists a
category Ho(M) and a functor v: M — Ho(M) carrying weak equivalences to isomor-
phisms such that the pair (Ho(M),) satisfies the universal property: for every pair
(E,F: M — &), where £ is a category and F is a functor carrying weak equivalences to
isomorphisms, there exists a unique functor F: Ho(M) — & such that F = F o~.

The functor v: M — Ho(M) is called the localization functor of M.
Proof. We construct the homotopy category Ho(M) to be the category that admits
e the same objects as the category M;

e as morphisms, equivalence classes of finite zig-zag of morphisms in M, where only
the weak equivalences are allowed to go backward, modulo the following rules:
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— Adjacent arrows pointing in the same direction may be composed;

— Adjacent pairs =& or <5, with w a weak equivalence in M, may be re-
moved;

— Identities may be removed.
Then, we define v: M — Ho(M) to be the functor
e that is the identity on the objects;

e that carries a morphism f: X — Y in M to the unary zig-zag f: X — Y
in Ho(M).

This defines a localization at the weak equivalences of M, as it is proved in [GZ67],
Chapter 1. 0

As a consequence of this theorem, we can define the notion of total derived functors
of a functor between model categories. One could also generalize this notion to every
category that admits a homotopy category.

Definition 2.4.2. Let F': M — N be a functor between model categories and let
v: M — Ho(M) and 6: N — Ho(N) be the localization functors.

(i) If the right Kan extension of § F' along v exists, it defines the total left derived
functor LF' of F.

Ho(M) ---=-- > Ho(WN)
¥ 4 §
M — N

(i) If the left Kan extension of 0 F along ~y exists, it defines the total right derived
functor RF of F.

M - F N
v il 5
Ho(M) ------ » Ho(\)

Remark 2.4.3. Kan extensions along functors between large categories are defined in the
same way as the ones along functors in Cat (Definition [2.1.1)).



The question is now: when does a functor admit a left or right total derived func-
tor? This is, in particular, the case of a left or right deformable functor. This kind of
functors interest us since an adjunction between model categories that is a Quillen pair
gives rise to left and right deformable functors with respect to the cofibrant and fibrant
replacement functors respectively. Here are first the definitions of a deformation and of
a deformable functor.

Definition 2.4.4. Let M be a model category.

(i) A left deformation of M consists of a pair (Q: M — M,q: Q = 1), where
Q is an endofunctor of M and ¢ is a natural weak equivalence, i.e. ¢ is a natural
transformation such that ¢x: QX — X is weak equivalence for every X € M.

(ii) A right deformation of M consists of a pair (R: M — M,r: 1 = R), where
R is an endofunctor of M and r is a natural weak equivalence.

Definition 2.4.5. Let F': M — N be a functor between model categories.

(i) The functor F is left deformable if there exists a left deformation (@, q) of M
such that F preserves all weak equivalences between objects in a full subcategory
containing the image of Q. We say that (Q, ¢) is a left deformation of F'.

(ii) The functor F is right deformable if there exists a right deformation (R, r) of M
such that F' preserves all weak equivalences between objects in a full subcategory
containing the image of R. We say that (R, r) is a right deformation of F'.

The next proposition shows that the left or right total derived functor of a left or
right deformable functor exists. Moreover, it is an absolute Kan extension. We first
define the notion of absolute total derived functors.

Definition 2.4.6. Let F': M — N be a functor between model categories and let
v: M — Ho(M) and 6: N'— Ho(N) be the localization functors.

(i) The total left derived functor LF: Ho(M) — Ho(N) is absolute if, for every
functor R: Ho(N') — &, the functor RLE: Ho(M) — £ is the right Kan extension
of ROF along 7.

Ho(M) —= 4 Hov) — B ¢ Ho(M)
5 ) s = / Uxilanfy RSF
M= N M~ ¢

(ii) The total right derived functor RF: Ho(M) — Ho(N) is absolute if, for every
functor L: Ho(N) — &, the functor LRF': Ho(M) — £ is the left Kan extension
of LOF along ~
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—>N

M M —>L5F £
l 5 = \ b /annY L6F
£ Ho(M)

Ho(M) —> Ho(N)

Proposition 2.4.7.
(i) The total left derived functor of a left deformable functor exists and is absolute.
(ii) The total right derived functor of a right deformable functor exists and is absolute.
Proof. See Proposition 6.4.12 in [Riel6). O

Finally, if an adjunction between model categories is such that the left adjoint admits
an absolute total left derived functor and the right adjoint admits an absolute total
right derived functor, these form an adjunction between the homotopy categories. In
particular, this happens when the left adjoint is left deformable and the right adjoint is
right deformable.

Theorem 2.4.8. Let F: M — N and G: N — M be functors between model categories
such that F 4 G is an adjunction. If the total left derived functor LF of F and the total
right derived functor RG of G exist and are absolute, then they form an adjunction

LF
T
Ho(M) 1 Ho(WN)
~_

RG

between the homotopy categories of M and N .

Proof. Let n: 1py = GF denote the unit and e¢: FG = 1y denote the counit of the
adjunction F' 4 G. We construct the unit and counit for the adjunction LF 4 RG. Since
the total left derived functor LF is absolute, the functor RG o LF: Ho(M) — Ho(M)
is the right Kan extension of RGJF along +.

Ho(M —> Ho(N) *> Ho(M)

[ ;

M4>/\/

By the universal property of this right Kan extension, there exists a unique natural
transformation 7’ : lfo(m) = RG o LF' in the following diagram
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Ho(M)

/ He
'y

M 4> Ho(M) Ho(M) T Ho(N)
/[ }RG = 7[ 4 5
ni
Ho(N) M T N

and we define 7’ as the unit of LF - RG. Similarly, since the total right derived
functor RG is absolute, the functor LF oRG: Ho(N) — Ho(N) is the left Kan extension
of LF~vG along 4.

N4>M
0

Ho(N) —>HO(M 4>H0( )

By the universal property of this left Kan extension, there exists a unique natural trans-
formation ¢ : LF o RG = 1H0( A in the following diagram

G

Ho(M) N—m— M
Nl CER
LF = ) U Y
N ———— Ho(A) Ho(A) —RE, Ho(M)
w
LF
Ho(N)

and we define ¢’ as the counit of LF <4 RG. The fact that 1’ and € satisfy the triangle
identities follows from the triangle identities of 1 and €, and from the universal properties
of Kan extensions. O

Corollary 2.4.9. Let F: M — N and G: N — M be functors between model categories
such that F' 4 G is an adjunction. If F' is left deformable and G is right deformable,

then the total left derived functor ILF of F' and the total right derived functor RG of G
form an adjunction



LF
T
Ho(M) L Ho(N)
~_

RG

between the homotopy categories of M and N .
Proof. This follows immediately from Proposition [2:4.7] and Theorem [2.4.8 O

2.5 Quillen Pairs and Derived Functors

In this section, we introduce the notion of Quillen pairs and show that the left
Quillen functor is left deformable with respect to the cofibrant replacement functor and
the right Quillen functor is right deformable with respect to the fibrant replacement
functor. The results of last section imply that the appropriate total derived functors of
the Quillen functors form an adjunction between the homotopy categories, which will
allow us to construct the Kan extensions for the homotopy derivator of a combinatorial
model category. In order that the cofibrant and fibrant replacements are functorial,
we suppose here that all model categories admit functorial factorizations, which is in
particular the case of the combinatorial ones.

Definition 2.5.1. Let F': M — AN and G: N' — M be functors between model cate-
gories such that F' 4 G is an adjunction. The pair F' 4 G is a Quillen pair if one of the
following equivalent holds:

(i) The left adjoint F' preserves cofibrations and trivial cofibrations.
(ii) The right adjoint G preserves fibrations and trivial fibrations.

We now define the notions of cofibrant and fibrant replacements and show that they
induce left and right deformations for a model category.

Definition 2.5.2. Let M be a model category and let X € M.

(i) By the factorization axiom for model categories, the morphism @ — X factors

through
g—>X
N
QX

where @ — QX is a cofibration and ¢x is a trivial fibration, and we call QX a
cofibrant replacement of X.

(ii) By the factorization axiom for model categories, the morphism X — * factors
through
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X — %
RX

where rx is a trivial fibration and RX — x is a fibration, and we call RX a fibrant
replacement of X.

Lemma 2.5.3. Let M be a model category.

(i) The pair (Q: M — M, q: Q = 1) defines a left deformation of M, where, for
every X € M, QX is a cofibrant replacement of X and qx: QX 5 X is the trivial
fibration of Definition (i).

(i) The pair (R: M — M,r: 1y = R) defines a right deformation of M, where, for
every X € M, RX is a fibrant replacement of X and rx: X S RX s the trivial
cofibration of Deﬁm’tion (i7).

Proof. (i) We first define how @: M — M acts on the morphisms of M. Let f: X =Y
be a morphism in M. By functorial factorizations, there exists a lift in the following
diagram

D
D

which we define as Qf: QX — QY and this implies that Q: M — M is a functor and
q: @ = 1, is a natural transformation. Since gx: QX 5 X is a weak equivalence for
every X € M, this shows that (Q, q) is a left deformation of M.

(ii) The proof is dual to (i). O

To show that the left adjoint functor of a Quillen pair is left deformable and that
the right one is right deformable, we use Ken Brown’s Lemma, stated below.

Lemma 2.5.4 (Ken Brown’s Lemma). Let F: M — N be a functor between model
categories.

(i) If the functor F' carries trivial cofibrations between cofibrant objects in M to weak
equivalences in N, then it carries all weak equivalences between cofibrant objects
in M to weak equivalences in N.
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(ii) If the functor F carries trivial fibrations between fibrant objects in M to weak
equivalences in N, then it carries all weak equivalences between fibrant objects
in M to weak equivalences in N.

Proof. See Corollary 7.7.2 in [Hir03]. O

Lemma 2.5.5. Let F: M — N and G: N — M be functors between model categories
such that F' 4 G is a Quillen pair.

(i) The functor F is left deformable.
(i) The functor G is right deformable.

Proof. (i) Since F' preserves all trivial cofibrations, it carries in particular trivial cofi-
brations between cofibrant objects in M to weak equivalences in N. By Ken Brown’s
Lemma, this implies that F' preserves all weak equivalences between cofibrant objects.
Hence, if we consider the cofibrant replacement left deformation (Q,q) of M, then this
defines a left deformation for F.

(ii) The proof is dual to (i). O

It follows that a Quillen pair between model categories gives an adjunction between
the homotopy categories.

Theorem 2.5.6. Let F: M — N and G: N — M be functors between model categories
such that F' 4 G is a Quillen pair. Then the total left derived functor LF of F' and the
total right derived functor RG of G exist and are absolute. Moreover, they form an
adjunction

LF
/\
Ho(M) 1  Ho(WN)
-

RG

between the homotopy categories of M and N .
Proof. This follows immediately from Lemma and Corollary O

Finally, when the Quillen pair is a Quillen equivalence, the adjunction above is an
equivalence. This will be useful to show that a Quillen equivalence between combinatorial
model categories induces an equivalence between their homotopy derivators.

Definition 2.5.7. Let F': M — N and G: N' — M be functors between model cate-
gories such that F' 4 GG is a Quillen pair. The pair F' 4 G is a Quillen equivalence
if, for every cofibrant object X € M and every fibrant object Y € N, a morphism
f: X — GY is a weak equivalence in M if and only if its adjunct f#: FX — Y is a
weak equivalence in .
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Theorem 2.5.8. Let F: M — N and G: N — M be functors between model categories
such that F 4 G is a Quillen equivalence. Then the total left derived functor LF of F
and the total right derived functor RG of G are equivalences

between the homotopy categories of M and N .

Proof. See Theorem 8.5.23 in [Hir03]. O
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3 Derivators

The aim of this section is to state the four axioms that define a derivator and to
show that the 2-functor C(7): Cat®® — CAT satisfies these four axioms, when C is a
cocomplete and complete category. In order to do this, we introduce, in Section [3.1
the notion of left and right Beck-Chevalley squares, which are 2-squares in CAT such
that their left or right mate respectively is a natural isomorphism. We show that, when
the left and right mates are well-defined, the notion of left and right Beck-Chevalley
squares coincide. Since an axiom for derivators requires that the left and right Kan
extensions exist, this implies that the mates of the image under I of every square in Cat
are well-defined, and this gives rise to a notion of D-Beck-Chevalley square (Section ,
where D is a derivator. Corollary gives an example of Beck-Chevalley squares: if
u: A — B is a functor in Cat, b € B and C is a cocomplete and complete category, the
squares

(z)* (m6)”
C“lb «— CA Cbiu «— CA
Ayp Vi }L* Appu| H7 }L*
Cp Cop

are such that their mates are natural isomorphisms

colim,, ib(ﬂb)* = b*Lan, and b* Ran, = limp,(m)*.

This is exactly the axiom for derivators about pointwise computation of Kan extensions
applied to the 2-functor C(~): Cat®® — CAT, and the notion of Beck-Chevalley squares
allows us to state this axiom in the general case. In Section we give the definition
of a prederivator, which is just a 2-functor of the form Cat®® — CAT, and introduce
related notions, as for example limits and colimits with respect to a prederivator. We
also examine how a prederivator acts on adjunctions and on fully faithful functors that
are part of an adjunction. These results are useful to describe the aspherical categories
with respect to a basic localizer associated to a derivator. Finally, in Section [3.3] we
state the four axioms of a derivator and show that the represented derivator associated
to a cocomplete and complete category defines a derivator.

3.1 Beck-Chevalley Squares

A square in CAT is a diagram of the form



i.e. the data of four categories A, B, C and D, of four functors u*: B = A, v*: D — C,
p*: A — C and ¢*: B — D and a natural transformation «: p*u* = v*¢*. We consider
in this section a class of squares in CAT, called the Beck-Chevalley squares. This notion
of squares is useful to state the axiom for derivators about pointwise computation of
Kan extensions.

Definition 3.1.1. Consider a square D in CAT.
C A
D B

(i) The square D is left Beck-Chevalley if «* and v* admit left adjoints uy and v,
respectively and the left mate «: vip* = ¢*w defined by

<—

<7

is a natural isomorphism, where €: vjv* = 1p is the counit and n: 14 = uv*uy is
the unit of the adjunctions.

(ii) Dually, the square D is right Beck-Chevalley if p* and ¢* admit right adjoints
ps« and g, respectively and the right mate o, : v*q. = p.v* defined by

A
P«
C
p
v* a// u*
q*
B
qx
D
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is a natural isomorphism, where €: ¢*q, = 1p is the counit and n: 14 = p.p* is
the unit of the adjunctions.

Remark 3.1.2. A square

*

p
C+—A
DU’W alé [u*
D«——2B
q

is left Beck-Chevalley if and only if its opposite square

*

CopP (L Aop

is right Beck-Chevalley.

We want to show that, when both of the appropriate pairs of adjoints in a square
in CAT exist, the notions of left and right Beck-Chevalley squares coincide. Since one of
the axioms for derivators requires that all adjoints exist, these two notions will always
be the same while considering derivators. We first prove two properties of mates.

Proposition 3.1.3. The passages to mates are compatible with horizontal pastings, i.e. if
we consider the following horizontal pasting in CAT

* p* T'*p*
g+——¢ A E— U
w* ﬂ)é v* a)é u*t = w*]\ rylé qu*
Fe—~ DB Foe B
s q s q

we have the following diagrams
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& C A E«———A
B ) _ l 2l l
w\ ¢ v\ u = w ¢ uy
F » D » B Fe——FB
S q s q
T'x Px PxTx
& C A E— A
w* Rﬂ* v* Ra* wt = w*/l\ R/y* /l\u*
F s D @ B F —>q*s* B

i.e. = s ay o fip* and Y« = PsLr © Qi Sk

Proof. We first show that vy = s*ayo fip*. Explicitly, the pasting of oy and f; is given by

where the equality comes from the triangle identities and the definition of v and where
e and n denote the appropriate counits and units of adjunctions. This shows the first
equality. The second equality v« = p«Sx © sS4 comes from the fact that the unit of
the adjunction r*p* - p,r, is the pasting of the units of the adjunctions p* - p, and
r* 4 r, and the counit of the adjunction s*q* - ¢.s. is the pasting of the counits of
the adjunctions ¢* - ¢, and s* 4 s,. Hence the passages to mates is compatible with
horizontal pasting. O

Proposition 3.1.4. The passages to mates are compatible with vertical pastings.
Proof. The proof is dual to the proof of Proposition [3.1.3 O

Remark 3.1.5. In particular, the class of Beck-Chevalley squares is stable under horizon-
tal and vertical pasting.
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Proposition 3.1.6. The two passages to mates are inverse to each other, i.e. if we
consider a square D in CAT,

then o = (an)x and a = ().

Proof. Explicitly, the natural transformation (ay), is given by

C C
v N v W\ N
vy " "
D——C D C A C+—A
! >
«
q % p = v Y ow n = v* Yy u*
174
uy uy
B+—— A D+——B A D+—B
€ q € q
u u
B B

where the equalities come from the triangle identities and where € and 7 denote the
appropriate counits and units of adjunctions. Hence (ay). = «. Similarly, we can show
that (ax)) = a. O

A natural transformation a: u* = v* corresponds to squares in CAT

A A A2 —n
v* Oé)f u* aL//

B B A<—*B
v

and the left and right mates respectively of these squares define two natural transforma-
tions an: vy = w and o : v« = u,, which are said to be conjugate to . We prove that
a natural transformation is a natural isomorphism if and only if its conjugate is. For a
square D in CAT,
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*

p
C«+—A
D:vﬂ\ a// }L*
D+«———2B
q

we show that the mates ay and «, are conjugate to each other, which implies that a
square is left Beck-Chevalley if and only if it is right Beck-Chevalley, when the mates
are well-defined.

Definition 3.1.7. Let a: v* = v* be a natural transformation in CAT.

(i) Suppose u* and v* admit left adjoints wi and vy respectively. The natural trans-
formation ay: v1 = wuy defined by

n * (0% * €
V== VMU U == VIV U] == Ul

is called the left conjugate to a, where n: 1 = u*w is the unit and e: vjv* =1
is the counit of the adjunctions.

(ii) Dually, suppose u* and v* admit right adjoints u, and v, respectively. The natural
transformation a,: vy, = u, defined by

n * e} * €
Vs == UsU Vg = UV Vs = Uy

is called the right conjugate to o, where n: 1 = u,u”* is the unit and e: v*v, = 1
is the counit of the adjunctions.

Remark 3.1.8. By Propositions [3.1.3| and [3.1.4] if a: v* = v* and B: v* = w* are two
natural transformations in CAT such that the appropriate adjoints of v*, v*, and w*
exist, then (B oa) = ayo f and (B o ), = a o B.. Moreover, by Proposition
if a: u* = v* is a natural transformation in CAT such that the appropriate adjoints
of u* and v* exist, we have that & = (a)« and a = (aw);. This implies that the natural
transformation « is the right conjugate to ay and the left conjugate to o, and we say
that « and « (resp. as) are conjugate to each other. Finally, if u*: B — A is a functor
in CAT admitting the appropriate adjoint, (1)1 = 1y, and (1)« = 1,,.

It follows from this remark that a natural transformation is a natural isomorphism
if and only if its conjugate is.

Lemma 3.1.9. Let a: u* = v* be a natural transformation in CAT.

(i) Suppose u* and v* admit left adjoints wy and vy respectively. Then o: u* = v* is
a natural isomorphism if and only if ay: vi = w s a natural isomorphism.

(ii) Suppose u* and v* admit right adjoints u, and v, respectively. Then a: u* = v*
is a natural isomorphism if and only if ay: v« = us s a natural isomorphism.
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Proof. (i) Suppose « is a natural isomorphism and let 5: v* = u* be the inverse of a.
By Remark if Bi: w = vy is the left conjugate to 5, we have

ly = Ay =(Boa)i=aof and 1, = (L)1 = (o) =poaw.

Hence ay is a natural isomorphism with inverse §i. The other implication is dual.
(ii) The proof is dual to (i). O

From the definition of mates, we have the following lemma, stating that a natural
transformation « in a square in CAT is conjugate to the mates (a1); and (ax)«. This
allows us to show that the left and right mates of a square in CAT are conjugate.

Lemma 3.1.10. Consider a square D in CAT.

*

|

p
«

C A
D= v*]\ |74 }L*
D B

q*

|

(i) If the four functors in the square D admit a left adjoint, the mate (an): quy = wp
is left conjugate to a: p*u* = v*q*.

(i) If the four functors in the square D admit a right adjoint, the mate (0w )« @xUx = UiPs
is right conjugate to a: p*u* = v*q*.

Proof. Immediate from the definition of the mates. O

Proposition 3.1.11. Consider a square D in CAT.

*

|

p
C A
D= v*ﬂ a% }L*
D B

*

q

|

If w*, v* admit a left adjoint and p*, ¢* admit a right adjoint, the square D 1is left
Beck-Chevalley if and only if it is right Beck-Chevalley.

Proof. We have to show that the mate «a;: vip* = ¢*uy is a natural isomorphism if and
only if the mate a,: u*q, = p«v* is a natural isomorphism. By Proposition and
Lemma we have that a, = ((a1)«)« and hence that a, and «; are conjugate.
It follows from Lemma that one of these mates is a natural isomorphism if and
only if the other is. O
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Hence, when the appropriate adjoints in a square in CAT exist, the notions of left and
right Beck-Chevalley squares coincide and this gives rise to the following terminology.

Definition 3.1.12. Consider a square D in CAT.

*

p
C«+—A
D:vﬂ\ a// }L*
D+«——/—B
q

When u*, v* admit a left adjoint and p*, ¢* admit a right adjoint, we say that the square
is Beck-Chevalley if it is left or right Beck-Chevalley.

3.2 Prederivators

Before defining derivators, we give some notations, definitions and results related to
the 2-functors Cat®® — CAT, called prederivators. We also define more explicitly the
prederivator C(7): Cat°® — CAT for a category C.

Definition 3.2.1. A prederivator D is a strict 2-functor D: Cat®® — CAT carrying
e a small category A to a category D(A);
e a functor u: A — B in Cat to a functor u*: D(B) — D(A);
e anatural transformation a: u = v in Cat to a natural transformation o*: u* = v*.

Let D be a prederivator. The category D(1) has a special role, containing information
about the prederivator. For example, in the case of the prederivator C(=): Cat®® — CAT,
it happens that this category corresponds to the category C. We also introduce the no-
tions of evaluation functors and constant coefficients, which correspond to the usual
evalutation functors and diagonal functors respectively while considering the prederiva-
tor C(): Cat°® — CAT.

Definition 3.2.2. We call D(1) the underlying category of D. The objects of D(1)
are called the absolute coefficients.

Definition 3.2.3. Let A be a small category and a € A. Then a induces a functor
a: 1 — A and hence a functor a*: D(A) — D(1), called evaluation functor.

Definition 3.2.4. Let A be a small category and p: A — 1 be the unique functor to
the terminal category. A constant coefficient of A is an object of D(A) of the form
p*X, where X € D(1) is an absolute coefficient.

Example 3.2.5. Let C be a category in CAT. There is a represented prederivator
De = C): Cat®® — CAT carrying
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e a small category A to the category of diagrams C*;

e a functor u: A — B in Cat to the precomposition functor u*: C® — C# sending
an object F' € CP to the object F ou € C4;

e a natural transformation «: v = v to the natural transformation a*: v* = v*
defined by (a*)p = Fa: Fou = Fow, for every F € CB.

The underlying category of D¢ is C! =2 C. Moreover, if A is a small category and a € A,
then the evaluation functor a*: C* — C corresponds to the usual evaluation functor
sending a diagram F: A — C to F(a) € C. Finally, if p: A — 1, then p*: C — C4
corresponds to the diagonal functor A 4 sending an element ¢ € C to the constant functor
Ac: A — C, which justifies the terminology of constant coefficient.

Since the left and right adjoints of the diagonal functor are the colimit and limit
functors respectively, this example justifies the following notations.

Definition 3.2.6. Let A be a small category and p: A — 1.
(i) We denote the image of p under D) by

Ay=p":D(1) —» D(A).

(ii) If the left adjoint of A4 exists, we denote it by
colimy = py: D(A) — D(1)
and call it the colimit functor of diagrams of shape A.
(iii) If the right adjoint of A4 exists, we denote it by
limg = p.: D(A) — D(1)
and call it the limit functor of diagrams of shape A.

In the same way we defined squares in CAT, we can define squares in Cat to be
diagrams

—

C A
D = vl 1% lu
D

4>q B

p
o

where A, B, C' and D are small categories, u: A — B, v: C — D, p: C — A and
q: D — B are functors in Cat and a: up = qv is a natural transformation. Since a

prederivator is a 2-functor ID: Cat®® — CAT, from a square in Cat, we obtain a square
in CAT.



Definition 3.2.7. Let

-{

be a square in Cat. The image under D of the square D is the square D(D).

_

D(C) L D(A)

D(D) = [

D(D) +— D(B)
7

Finally, we give two results about prederivators. The first one says that the image
of an adjunction in Cat under DD gives rise to an adjunction in CAT, but reversed, and
the second one says that, if a fully faithful functor in Cat admits an adjoint, then the
image of this adjoint under D is a fully faithful functor. These results are useful while
considering the basic localizer of a derivator (see Section [j)).

Proposition 3.2.8. Let u: A — B and v: B — A be two functors in Cat such that
w v is an adjunction. Then v* 4 u* is an adjunction in CAT.

Proof. Let n: 14 = vu and e: wv = 1p be the unit and counit of the adjunction. We
have the triangle identities.

B—2— A

RN

Applying D to these diagrams, we obtain

D(A) —2— D(B) D(B) —— D(A)
& ‘7
D(A) — D(B) D(B) — D(A)

It follows from this that v* = u* is an adjunction with unit n*: 1p4) = w*v* and counit
€ v'ut = Ippy. 0
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The second result we want to show follows directly from this proposition and the
following lemma, giving a connection between the fully faithfulness of functors in an
adjunction and the unit and counit of the adjunction.

Lemma 3.2.9. Let F: C — D and G: D — C be two functors such that F 4 G is an
adjunction with unit n: l¢ = GF and counit e¢: FG = 1p.

(i) The functor F is fully faithful if and only if the unit n is a natural isomorphism.

(i) The functor G is fully faithful if and only if the counit € is a natural isomorphism.

Proof. (i) Suppose first that 7 is a natural isomorphism. We show that F' is full and
faithful. Let a,b € C and g: Fa — Fb in D. Define h: a — b to be the composite

-1
oy GFa % GFb 2 b,
Then Fh = g since the diagram

—1
Fa%FGFa—>FGFb*>Fb

AN

Fa4>Fb

commutes by the triangle identities and the naturality of e. Hence the functor F' is
full. Now consider f,g: a — b such that F'f = Fig. Then GFf = GFg and, since the
following diagrams commute by naturality of 7,

a % b a % b
Ta 771;_1 Na 771)_1
GFa ——— GFb GFa —— GFb
TGRS “ T GrRy

we have that f = g. Hence the functor F' is faithful.

Now suppose that the functor F' is fully faithul. We show that n is a natural iso-
morphism. Since F' is fully faithful, it suffices to show that F'n: F = FGF is a natural
isomorphism. Let a € C. By the triangle identities, we have eg, 0 F'n, = 1p,. Moreover,
there exists a morphism f: GFa — a in C such that F'f = ep,: FGFa — Fa, by fully
faithfulness of F'. Then the diagram

GFa a

NGFa Tla

FGFa ———— GF
GGaGepafGFfGa
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commutes by the triangle identities and the naturality of n. Hence 1, o f = 1gr, and
then Fngo Ff = Fng o0 €pq = lpgre. Thus eF: FGF = F is an inverse to F'n and
finally F'n is a natural isomorphism.

(ii) The proof is dual to (i). O

Corollary 3.2.10. Let u: A — B and v: B — A be two functors in Cat such that u 4 v
s an adjunction.

(i) If the functor w is fully faithful, then the functor v* is fully faithful.
(ii) If the functor v is fully faithful, then the functor u* is fully faithful.

Proof. (i) Let n: 14 = vu be the unit of the adjunction v 4 v. By Lemma if
the functor w is fully faithful, then 7 is a natural isomorphism. By functoriality of D,
this implies that n*: 1p4) = w*v* is a natural isomorphism. By Proposition
the natural transformation n* defines the unit of the adjunction v* 4 v* and hence the
functor v* is fully faithful by Lemma [3.2.9

(ii) The proof is dual to (i). O

3.3 Axioms for Derivators

Finally, we state the four axioms for derivators.

Definition 3.3.1. A prederivator D: Cat®® — CAT is a derivator if it satisfies the
following axioms.

[D1] The prederivator D takes coproducts to products, i.e. the canonical morphism
D( H AZ) - H ]D(Az
i€l el
is an equivalence of categories for every family of small categories {A4;}icr.

[D2] The family of evalutation functors {a*: D(A) — D(1)},c4 is conservative for every
small category A, i.e. if ¢ is a morphism in D(A) such that a*(¢) is an isomorphism
in D(1) for every a € A, then ¢ is an isomorphism.

[D3] The prederivator D admits Kan extensions, i.e. for every u: A — B in Cat, the
functor u*: D(B) — D(A) admits a left adjoint w: D(A) — D(B) and a right
adjoint u,: D(A) — D(B).

[D4] The prederivator D admits pointwise Kan extensions, i.e. for every u: A — B
in Cat and every b € B, the image under D of the following comma squares

uib*hél blu————1
]14>B A—0pr—B
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are Beck-Chevalley; in other words, there are natural isomorphisms

colimuib(ﬂ'b)* =p*w  and  b*u, = limy, (mp)*.

The next result shows that the represented prederivator D¢ is a derivator when C is a
cocomplete and complete category. This follows from the results about Kan extensions
of Section [21

Theorem 3.3.2. Let C be a cocomplete and complete category. The represented pred-
erivator

De: Cat®®? — CAT, A+ (CA
s a derivator, called the represented derivator of C.

Proof. Let {A;}icr be a family of small categories and let ¢j: A; — [[;c; A; denotes the
inclusion for every j € I. Then the morphisms ¢; induce functors

L;: clierdi _y o4y

that satisfy the universal property of products. By uniqueness of products, we have that
CWierdi =TT, C4 and hence the prederivator D¢ satisfies axiom [D1].

Axiom [D2] is clear since a natural transformation is a natural isomorphism if and
only if each of its components is an isomorphism in C.

By Corollary the prederivator D¢ admits Kan extensions (axiom [D3]) and
these Kan extensions are computed pointwise, i.e.

colimy, p(7?)* 2 b*uy  and b u. = limy, (m5)*.

Moreover, Corollary [2.3.2] says that the natural isomorphisms of the limit and colimit
formulas are exactly the mates of axiom [D4]. O
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4 Basic Localizers

In Section we give the definition of a basic localizer W, which is a weakly satu-
rated class of functors in Cat that contains the functors A — 1 for small categories A
admitting a terminal or initial object and that contains the W-local and W-colocal
functors (Definition . For a basic localizer W, we say that a category A is
We-aspherical category, if the unique functor A — 1 belongs to W. Then a functor
u: A — B is said to be W-aspherical (resp. W-coaspherical) if the comma category u | b
(resp. b | u) is W-aspherical for every b € B. In particular, Proposition implies
that a W-aspherical (resp. W-coaspherical) functor is W-local (resp. W-colocal) with
respect to every commutative triangle and hence the third axiom for basic localizers
implies that it belongs to W. Examples of basic localizers are the fundamental basic
localizer Wy, which consists of all functor u: A — B in Cat that induce isomorphisms
mo(u): mo(A) — mo(B), and the minimal basic localizer Wy, which consists of all func-
tors in Cat whose nerves are weak homotopy equivalences of simplicial sets. Considering
the first example, a category is Wy-aspherical if it is non-empty and connected, and hence
a functor is Wy-aspherical (resp. Wy-coaspherical) if it is initial (resp. final). Consider-
ing the second example, a category is Weo-aspherical if its nerve is homotopy equivalent
to a point, and hence a functor is Wso-aspherical (resp. Wso-coaspherical) if it is ho-
motopy initial (resp. homotopy final). In Section |5 we construct a basic localizer W
associated to a derivator D and, keeping in mind these two examples, we can show that
Whi-aspherical functors correspond to D-initial functors.

In Section we introduce the notion of W-exact squares, which are squares in Cat
such that induced functors between comma categories is WW-aspherical or YW-coaspherical.
A stronger condition is to require that these induced functors are W-local or WW-colocal
over a certain category. This is the definition of a weak W-exact square, which is given
in Section These two notions of squares actually coincide, except when considering
the indiscrete basic localizer Wiynq, which consists of all functors between small categories
that are both empty or both non-empty.

4.1 Definition and First Results

In this section, we give the definition of a basic localizer WW and introduce two classes
of functors in Cat induced by W: the W-aspherical and W-local functors. In particular,
these classes of functors are contained in W. The first axiom for basic localizers requires
that it is weakly saturated, as defined here.

Definition 4.1.1. A class W of functors in Cat is weakly saturated if it satisfies the
following axioms.

[WS1] (Identities) The class W contains the identities.

[WS2] (Two of three) If two of three functors in a commutative triangle in Cat belong
to W, then so does the third one.

[WS3] (Retracts) If we have a commutative diagram in Cat of the form
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1a
/\
C —>
D——

~_

1B

A——
UJ v
B——

A
Ju
B

i.e. the functor u is a retract of the functor v, and the functor v belongs to W,
then so does the functor w.

[WS4] (Opposite) If a functor u: A — B in Cat belongs to W, then so does its opposite
functor u: A°°? — B°P.

Remark 4.1.2. The axiom [WS4] actually follows from the three other ones. A proof
can be found in [Mal05|, Proposition 1.1.22.

We now state the three axioms for basic localizers.

Definition 4.1.3. A basic localizer is a class W of functors in Cat satisfying the
following axioms.

[BL1] The class W is weakly saturated.
[BL2] If A is a small category admitting a terminal object, then A — 1 belongs to W.

[BL3] If
A— B
DA
C
is a commutative triangle in Cat and the functor
u:vle—owle (a,v(a) N ¢) = (u(a), wu(a) = v(a) N c)

over u belongs to W for every ¢ € C, then the functor u belongs to W.

Remark 4.1.4. By axiom [WS4], we could have replaced axioms [BL2] and [BL3] by
their following dual axioms.

[BL2’] If A is a small category admitting an initial object, then A — 1 belongs to W.
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[BL3’] If
A— B
C
is a commutative triangle in Cat and the functor

uc:clv—clw, (a,c N v(a)) — (u(a),c N wu(a) = v(a))
over u belongs to W for every ¢ € C, then the functor u belongs to W.

Let W be a basic localizer. We introduce the notions of W-aspherical categories,
as for example the small categories admitting a terminal object, and of W-aspherical
functors, which belong in particular to W by axiom [BL3].

Definition 4.1.5. An element of W is called a WW-equivalence.

Definition 4.1.6. A small category A is W-aspherical if the functor A — 1 belongs
to W.

Remark 4.1.7. By axiom [WS4], a small category A is W-aspherical if and only if its
opposite category A°P is W-aspherical. The axiom [BL2] says that if A admits a terminal
object, it is W-aspherical. Dually, if A admits an initial object, it is also VW-aspherical.

Definition 4.1.8. Let u: A — B be a functor in Cat.
(i) The functor u is W-aspherical if the functor
Wiulb— BLlb, (a,ula) - b) e (u(a),u(a) - b)

over u is a W-equivalence for every b € B.

(ii) Dually, the functor u is W-coaspherical if the functor

up:blu—0l B, (ab N u(a)) — (u(a),b N u(a))
over u is a W-equivalence for every b € B.

Remark 4.1.9. The class of W-aspherical functors contains the identities, satisfy the
two-of-three axiom and is stable under retracts, according to axioms [WS1], [WS2]
and [WS3]. Moreover, by axiom [WS4], a functor u: A — B in Cat is W-aspherical
if and only if its opposite functor u: A°? — B°P is W-coaspherical, since the opposite
functor of u’: w | b— B [ bisuy: bl u— b | B for every b € B. Furthermore, since the
functors u’: u | b — B | b, for b € B, correspond to the functors over u of axiom [BL3]
applied to the commutative triangle
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A—2 B
B
if follows from this that if u: A — B is W-aspherical, it is a W-equivalence. Dually, if
u: A — B is W-coaspherical, it is also a W-equivalence.

The next proposition and its corollary give relations between W-aspherical (resp.
Wh-coaspherical) functors and W-aspherical categories. Note that the notion of W-a-
spherical categories is self-dual, while the notion of W-aspherical functors is dual to the
notion of W-coaspherical functors.

Proposition 4.1.10. Let u: A — B be a functor in Cat.

(i) The functor u is W-aspherical if and only if the category u | b is W-aspherical
for every b € B.

(i) The functor u is W-coaspherical if and only if the category b | u is W-aspherical
for every b € B.

Proof. (i) Let b € B and consider the following commutative diagram.

ulb

w——""" 3 Blb

N

Since B | b admits a terminal object (b, 1), it is W-aspherical by axiom [BL2] and
B | b— 1 is a W-equivalence. By axiom [WS2], it follows that u®: u | b — B | b is
a W-equivalence if and only if v | b — 1 is a W-equivalence, i.e. the category u | b is
W-aspherical. Hence the functor u is W-aspherical if and only if the category w | b is
We-aspherical for every b € B.

(ii) The proof is dual to (i). O

Corollary 4.1.11. Let A be a small category.
(i) The category A is W-aspherical if and only if the functor A — 1 is W-aspherical.
(i) The category A is W-aspherical if and only if the functor A — 1 is W-coaspherical.

Proof. (i) Denote by p: A — 1 the unique functor to the terminal category. Then, by
Proposition the functor p is W-aspherical if and only if the category p | x = A is
Wh-aspherical.

(ii) The proof is dual to (i). O

Remark 4.1.12. In particular, it follows from this corollary that, for every small cate-
gory A, the unique functor A — 1 is W-aspherical if and only if it is W-coaspherical.
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In particular, the functors in Cat admitting a right (resp. left) adjoint are examples of
Wh-aspherical (resp. W-coaspherical) functors. This results immediately from the follow-
ing lemma and the axiom [BL2]. Moreover, since W-aspherical (resp. W-coaspherical)
functors are W-equivalences, this implies that functors that are part of an adjunction
are VW-equivalences and that basic localizers contain all isomorphisms and equivalences
of small categories.

Lemma 4.1.13. Let u: A — B be a functor in Cat.

(i) The functor uw admits a right adjoint if and only if the category w | b admits a
terminal object for every b € B.

(i1) The functor u admits a left adjoint if and only if the category b | u admits an
initial object for every b € B.

Proof. (i) If u: A — B admits a right adjoint v: B — A, then (v(b),uv(b) —% b) is a
terminal object of w | b for every b € B. Conversely, if the category u | b admits a

terminal object (ap,u(ap) LN b) for every b € B, define v: B — A to be the functor
sending

e an object b € B to v(b) = ap,
e a morphism g: b — b in B to the unique morphism v(g): ap — ay given by the

universal property of terminal objects such that the diagram

u(ap) L@) u(ay)

dJ e

_ /
b g b

comimutes.

Then v is functorial and defines a right adjoint to w.
(ii) The proof is dual to (i). O

Proposition 4.1.14. Let u: A — B be a functor in Cat.
(i) If the functor u admits a right adjoint, it is VW-aspherical.
(ii) If the functor u admits a left adjoint, it is WW-coaspherical.

Proof. (i) By Lemma if the functor u admits a right adjoint, the category u | b
admits a terminal object for every b € B. Hence, by axiom [BL2], the category u | b
is W-aspherical for every b € B, which implies that the functor w is W-aspherical by
Proposition

(ii) The proof is dual to (i). O
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Remark 4.1.15. Tt follows from Proposition [£.1.14] that all equivalences and isomorphisms
are W-(co)aspherical and, in particular, belong to W.

We introduce a stronger notion of functors, called the W-local functors over a small
category, which are functors satisfying the hypotheses of axiom [BL3]. For example,
W-aspherical functors are W-local functors over their target.

Definition 4.1.16. Consider the following commutative triangle in Cat.

A— B

N

(i) The functor u is W-local over C' if the functor

urvle—wle (a,v(a) N ¢) = (u(a),wu(a) =v(a) — ¢)
over u is a W-equivalence for every c € C.

(ii) The functor u is W-colocal over C' if the functor

Uc:clv—celw, (ac N v(a)) — (u(a),c N wu(a) = v(a))
over u is a W-equivalence for every ¢ € C.

Remark 4.1.17. The class of W-local functors contains the identities, satisfy the two-of-
three axiom and is stable under retracts, according to axioms [WS1], [WS2] and [WS3].
Moreover, by axiom [WS4], a functor u: A — B in Cat is W-local over C if and only if
its opposite functor u°?: A°® — B°P is W-colocal over C°P, since the opposite functor
u:vlec—wlecisuc: el v— el wforevery ¢c € C. Furthermore, the axiom [BL3]
says that if u: A — B is W-local over C, it is a W-equivalence. Dually, if u: A — B is
W-colocal over C| it is also a VW-equivalence.

The next proposition says that if there is a functor between two small categories,
then a W-local functor over the source of this functor is a WW-local functor over the target
of this functor. In particular, this implies that a VW-aspherical functor is W-local.

Proposition 4.1.18. For every functor f: C — C' in Cat, a W-local functor over C
is also W-local over C'.

Proof. Consider the following commutative diagram in Cat

A— B

N
|

!
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and suppose the functor u is W-local over C. Then the diagram

/

fold —>fw¢c

N

fld

commutes for every ¢ € C'. For ¢ € C' and an object (c, f(c) SN d)e fld, wehave

the isomorphisms of categories
v L(e,h)=vle and w® | (c,h)Zwle

since their objects and morphisms are in correspondence. Then the functor u¢ | (c,h)
corresponds to the functor u®, which is a W-equivalence by hypothesis. This means
that the functor u¢ is W-local over f | ¢ and it follows from axiom [BL3] that it is a
W-equivalence. Since this holds for every ¢’ € C’, the functor u is W-local over C’. [

We defined in this section three classes of morphisms satisfying axioms [WS1],
[WS2] and [WS3]: the class W of W-equivalences, the class Wygpn of W-aspherical
functors and the class W, of W-local functors. In particular, following from Proposi-
tion a Wh-aspherical functor is a W-local functor with respect to every commu-
tative triangle in Cat as in and hence we have the following inclusions

Wasph - Wloc CW.
We finally give four examples of basic localizers.

Example 4.1.19. The class W, of all functors in Cat is a basic localizer, called the
trivial basic localizer.

Example 4.1.20. The class Wiyq of all functors between small categories that are both
empty or both non-empty is a basic localizer, called the indiscrete basic localizer.

Example 4.1.21. Let A be a small category. There is an equivalence relation on the
objects of A defined by a ~ a’ if and only if there exists a finite zig-zag of morphisms
from a to o/, where a,a’ € A. Let mo(A) be the discrete category of equivalence classes
of A under this relation and let W, be the class of functors u: A — B in Cat such that the
map 7o(u): mo(A) — mo(B) induced by w is a bijection. Then the class W, forms a basic
localizer (see [Malll], Section 1.2), called the fundamental basic localizer. From this
definition, a small category A is Wy-aspherical if it is non-empty and connected and a
functor u: A — B in Cat is Wy-aspherical if the comma category u | b is non-empty
and connected for every b € B, i.e. if w is initial. Dually, the Wy-coaspherical functors
correspond to the final functors.

Example 4.1.22. The class Wy, of all functors whose nerve is a weak homotopy equiv-
alence of simplicial sets is a basic localizer, which is the minimal one. More details can
be found in Section 6.3
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Note that we have the inclusions Wy C Wing C W;r. In fact, the three basic localizers

Wy, Wy and W are the three largest basic localizers, while the basic localizer Wy, is
the minimal one (Theorem [6.3.5]).

Theorem 4.1.23. If W is a basic localizer that is not trivial or indiscrete, we have the
following inclusions
W C Wy C Wina C W

Proof. See [Malll], Section 1.2. O

4.2 Exact Squares

Let W be a basic localizer. The basic localizer W induces a class of squares in Cat,
called W-exact squares, such that a functor between comma categories induced by the
square is W-aspherical. We show that this class of squares is the smallest one stable
under horizontal pasting and horizontal descent and containing the comma squares and
squares of the form

u
—

A
\ ’
1

_

where the functor u is WW-coaspherical.
We first define the functors between comma categories induced by a square.

Definition 4.2.1. Consider a square D in Cat.

C
D = 'U‘/
D

(i) The functor p induces a functor p?: v | d — u | q(d), for every d € D, carrying an

object (c,v(c) SN d) € v | d to the object (p(c),up(c) == qu(c) athy q(d)) and a

morphism g: ¢ = ¢’ in v | d to the morphism p(g): p(c) — p(c’).

—>A
4>q B

p
o

(ii) The functor v induces a functor vg: a | p — u(a) | g, for every a € A, carrying an

object (¢, a N p(c)) € a | p to the object (v(c),u(a) utfy up(c) 2% qu(c)) and a
morphism g: ¢ — ¢’ in a | p to the morphism v(g): v(c) = v(c).

Remark 4.2.2. We say that p?: v | d — u | ¢(d), for d € D, is a functor over p: C — A
and vg: a L p — u(a) | g, for a € A, is a functor over v: C — D since we have the
following commutative diagrams.



d
vidp;)uiq(d) aip%ua)

ﬂ.dJ/ J/ﬂ.q(d) WaJ/ J{ u(a)
D

CTA C——p

Since the notions of W-aspherical and W-coaspherical functors are dual, we can
define W-exact squares in two ways: either the functors over p are W-coaspherical or
the functors over v are W-aspherical.

Proposition 4.2.3. Consider a square D in Cat.
C A
D B

(i) The functor p®: v | d — u | q(d) over p is W-coaspherical for every d € D.

_r,

—

The following are equivalent:

(i) The functor ve: a | p — u(a) | q over v is W-aspherical for every a € A.

Proof. Let a € A, d € D and g: u(a) — ¢(d) in B. An object of the category (a,g) | p?
is a triplet (¢, v(c) hy d,a N p(c)) such that the diagram

u(a) ——— g(d)

u()| [ ate

up(e) —5— qu(c)

commutes and an object of the category v, | (d, g) is a triplet (¢, a N p(e),v(c) hy d)
such that the diagram above commutes. Moreover, morphisms in these categories are
morphisms /: ¢ — ¢ in C such that the following diagrams commute.

p(e) v(c)

(
f
e lpm vu)l
P

p(c) o(c)

Hence the categories (a,g) | p? and v, | (d,g) are isomorphic. Since the functor p®
is W-coaspherical if and only if the category (a,g) | p? is W-aspherical for every
(a,g) € u{ q(d) and the functor v, is W-aspherical if and only if the category v, | (d, g)
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is W-aspherical for every (d, g) € u(a) | g (Proposition 4.1.10)), it follows that the func-
tor p? is W-coaspherical for every d € D if and only if the functor v, is W-aspherical for
every a € A. O

Definition 4.2.4. A square is W-exact if it satisfies one of the two equivalent condi-
tions (i) and (ii) of Proposition [£.2.3]

In particular, the next proposition gives a relation between W-aspherical functors
and W-exact squares.

Proposition 4.2.5. Let u: A — B be a functor in Cat.

(i) The square

is W-exact if and only if the functor u is W-aspherical.
(i) The square

u
—

A
D\
1

e

is W-exact if and only if the functor u is WW-coaspherical.

Proof. (i) The functor of Definition [{.2.1] (ii) over u is exactly u. Hence the square D is
W-exact if and only if the functor u is W-aspherical. Moreover, the functor of Defini-
tion [4.2.1] (i) over A — Lis u | b — 1 for every b € B. Since the square D is W-exact if
and only if u | b — 1 is W-coaspherical for every b € B, it follows from Corollary
and Proposition that the square D is W-exact if and only if the category u | b is
We-aspherical for every b € B if and only if the functor u is W-aspherical.

(ii) The proof is dual to (i). O

This proposition says that the class of W-exact squares already satisfies one of the
properties we required at the beginning of the section. In particular, considering the
fundamental basic localizer Wy, this proposition gives us a criteria for final and initial

functors (see Theorem [8.1.3)).
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Remark 4.2.6. If a functor u: A — B in Cat admits a right adjoint, it is W-aspherical
(Proposition 4.1.14)) and the square

is W-exact. And, if a functor u: A — B in Cat admits a left adjoint, it is WW-coaspherical

(Proposition [4.1.14) and the square

is W-exact.

There is also a relation between W-aspherical categories and W-exact squares.

Corollary 4.2.7. Let A be a small category. The square

A—1

174
l=——1
is W-exact if and only if the category A is W-aspherical.
Proof. Immediate from Proposition [£.2.5| and Corollary [4.1.11] O

We now verify the rest of the properties we required for the class of W-exact squares,
i.e. the stability under horizontal pasting and horizontal descent and the fact that it
contains the comma squares.

Proposition 4.2.8. The class of W-exact squares
(i) is stable under horizontal pasting;

(7i) 1is stable under horizontal descent, i.e. if J is a set and

D;
CLA C]’—]>C
D= 1}‘ O‘// ‘u D; = vj‘ a{y ‘v
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are squares in Cat such that Ob(D) = U;c; ¢;(Ob(D;)) and the squares D; and
the horizontal pasting D;j o D are W-exact for every j € J, then the square D is
also W-ezact.

(7ii) contains all comma squares of the form

(iv) contains all comma squares.

Proof. (i) Immediate from the fact that the class of W-aspherical functors is stable under
composition (see Remark .

(ii) Let d € D. By hypothesis, there exists some j € J and d; € D; such that d = ¢;(d;).
Since the squares D; and DjoD are W-exact, the functor v; | d; — v | d over p; and the
functor v; | dj = v | d — u | q(d) over p o p; are W-coaspherical. By the two-of-three
axiom (see Remark , the functor v | d — u | ¢(d) over p is also W-coaspherical
and hence the square D is W-exact.

(iii) It suffices to see that the morphism s | * — u | b over 7° is the identity of u | b

ulv *>

and hence is W-coaspherical (see Remark [4.1.9)).
A
c B

(iv) Let D be a comma square in Cat
and let ¢ € C. Then the functor r: v | v(c) — m, | ¢ which carries an object
(a,u(a) N v(c)) € ulwv(c) to (a,c,u(a) N v(e),c ey ¢) has left adjoint the func-

tor 7§ : m, | ¢ — u | v(c) over m,. Consider the following diagram.

—

c “ v(c)
U\LU(C)LWU\LCLU\L’UL}A uiv(c)L

A

1l=————1 C B 1—B
C [ U(C)
! g D "



By Remark the square D" is W-exact since the functor r admits a left adjoint.
By (iii), the squares D" and D"’ are W-exact and, by (i), the horizontal pasting D" oD’ is
also W-exact. Since Ob(C) = U.cc{c}, it follows from (ii) that the square D is W-exact.
Hence all comma squares are VW-exact. O

Dually, we also have the stability under vertical pasting and vertical descent.
Proposition 4.2.9. The class of W-exact squares
(i) is stable under vertical pasting;

(ii) is stable under vertical descent, i.e. if J is a set and
4> A,

S EI e

are squares in Cat such that Ob(A) = U;c;u;(Ob(A;)) and the square D; and
the vertical pasting D o D; are W-exact for every j € J, then the square D is also
W-ezact.

"

<.

— —

Q<—§Q

Proof. The proof is dual to the proof of Proposition (i) and (ii). O

Finally, we can prove that the class of W-exact squares is the smallest one with
the required properties. This results will be useful to show that the class of D-Beck-
Chevalley squares (Section contains the W-exact squares, where W is the basic
localizer associated to a derivator D.

Theorem 4.2.10. The class of W-exact squares is the smallest class of squares in Cat
stable under horizontal pasting and horizontal descent and that contains the comma
squares and the squares of the form

A—
‘/ :”
1l =——

where the functor u is W-coaspherical.

e

Proof. By Propositions and the class of W-exact squares satisfies all condi-
tions of the theorem. Let Q be a class of squares in Cat satisfying all these conditions.
We show that Q contains the W-exact squares. Let D be a W-exact square in Cat.
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p
—_
Y
—

q

C A
D - v‘ ‘u
D B

Then, by definition, the functor p?: v | d — u | ¢(d) over p is W-coaspherical for every
d € D. For d € D, we have the following diagram.

d d q(d)
vid—" oL 4 vidEsulgd) 5 4
v v| % u = v 7 rt
1 D B 1 1 B
d q q(d)
D/ D DIII D//

By hypothesis, the comma squares D’ and D” belong to Q and the square D"’ belongs
to Q since p® is W-coaspherical. Then the pasting D o D” also belongs to Q by
stability under horizontal pasting. Finally, since Q is stable under horizontal descent and
Ob(D) = Ugepid}, the square D belongs to Q. Hence the class Q contains all WW-exact
squares and the class of W-exact squares is the smallest class of squares satisfying the
conditions of the theorem. O

Remark 4.2.11. Dually, the class of W-exact squares is the smallest class of squares
in Cat stable under vertical pasting and vertical descent and that contains the comma
squares and the squares of the form

where the functor u is VW-aspherical.

4.3 Weak Exact Squares

Let W be a basic localizer. There is another class of squares, whose defining property
is similar to the one of W-exact squares, but using W-local or WW-colocal functors in place
of W-aspherical and W-coaspherical functors. This class of squares is generally the same
as the class of W-exact squares, except when W = W;,q. But this class of squares is
important in the case of a basic localizer associated to a derivator I, since then it
coincides with the class of D-Beck-Chevalley squares (Section [5.2).
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Proposition 4.3.1. Consider a square D in Cat.
C A
D B

(i) The functor p®: v | d — u | q(d) over p is W-colocal over A for every d € D.

_r,

—

The following are equivalent:

(i) The functor vg: a L p — u(a) | q over v is W-local over D for every a € A.
Moreover, both conditions are implied by

(iii) The square is W-ezact,
and (i) is equivalent to (i) and (ii) when VW # Wind.

Proof. Suppose first that the square D is W-exact, i.e. the functor p?: v | d — u | q(d)
over p is W-coaspherical. In particular, the functor p? is W-colocal over u | q(d) and,
since there is a functor 74(@: ¢ | q(d) — A, it follows from Proposition that the
functor p? is W-colocal over A. Hence (iii) implies (i) and, dually, we can show that (iii)
implies (ii).

We describe conditions (i) and (ii). For a € A and d € D, consider the following
diagrams.

d

p
vld-—ulq(d) alp—2u(a) L q
ﬁd‘/ ‘/W(I(d) Wa‘/ ‘/ﬂ—u(a)
C T> A C —>

Condition (i) says that (p9)a: a | (pr?) = a | 79D is a W-equivalence and condition (ii)
says that (v,)%: (vmg) L d — Tu(a) + d is a W-equivalence.

Suppose first that YW = Wi,q and check that (i) is equivalent to (ii). Note that there
is an isomorphism of categories a | (pr%) = (vm,) | d. Moreover, the category a | 79(%)
is non-empty if and only if the set B(u(a),q(d)) is non-empty if and only if the cate-
gory y(q) { d is non-empty. Hence (p?)q is a Wing-equivalence if and only if (v,)?
Wind-equivalence, for every a € A and d € D, and (i) is equivalent to (ii).

Now suppose that W #= Wing. If W = W, it is clear that all equivalences hold.
Hence suppose also that W # W,,. By Theorem this implies that YW C W.

is a
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We show that in this case (i) implies (iii). The functor (p%)a: a | (pr?) — a | 79D can
be identified with the coproduct functor

I @ols®— ][I (a9 @iqe@). (1)

g: u(a)—q(d) g: u(a)—q(d)

By (i), this coproduct functor is a W-equivalence and it is in particular a Wy-equivalence
since W C W,. This implies that the category (a,g) | p? is non-empty for every
g: u(a) = q(d) in B. Therefore the functor (a,g) | p? — (a,9) I (v | ¢(d)) is a
retract of for every morphism g: u(a) — ¢(d) in B and, by axiom [WS3], it is a
W-equivalence. This shows that the functor p? is W-coaspherical and thus that the
square D is W-exact. Dually, we can show that in this case (ii) implies (iii). O

Definition 4.3.2. A square is weak W-exact if it satisfies one of the two equivalent
conditions (i) and (ii) of Proposition [4.3.1]

Remark 4.3.3. A W-exact square in Cat is weak W-exact. Moreover, if W # Winq,
a square in Cat is W-exact if and only if it is weak W-exact.

As for W-exact squares, the class of weak W-exact squares is stable under horizontal
and vertical pasting and horizontal and vertical descent and contains the comma squares.

Proposition 4.3.4. The class of weak W-ezxact squares
(i) is stable under horizontal and vertical pasting;
(ii) is stable under horizontal and vertical descent;
(iii) contains all comma squares.

Proof. The proof is essentially the same as the one for W-exact squares (see Proposi-

tions and 4.3.4)). O

The following example shows that, for the indiscrete basic localizer Wi,q, there exist
weak Wing-exact squares that are not Wj,q-exact, which indicates that the distinction
is meaningful.

Example 4.3.5. Consider the indiscrete basic localizer Wi,q. Then there exist weak
Windg-exact squares that are not Wiyq-exact. Here is an example. Let B be the small
category

and let D be the following square in Cat.
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1 1
D= v lo
1——B

Then the functor 1 | * — 0 ] 1 over the upper functor can be identified with the functor
1 % {a, B}, where {a, 3} is the discrete category whose objects are o and 3. Then
this functor is Wiyq-colocal over 1, i.e. it is a Wnq-equivalence, since its source and
target categories are both non-empty. But it is not W,q-coaspherical, since the functor
Bl a— Bl {a B} is not a Wiyg-equivalence. The category S | a is actually empty,
while the category § | {«, 3} is not. Hence the square D is weak Wjyq-exact, but not
Wina-exact.
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5 Basic Localizer of a Derivator

Given a derivator D, we define, in Section a class Wp of functors in Cat that
forms a basic localizer. For example, if C is a cocomplete and complete category, we
can compute the basic localizer associated to the derivator D¢, which is either W,
Wind or Wy,.. After verifying the axioms for basic localizers for Wp, we introduce,
in Section the notion of D-Beck-Chevalley squares, which are squares in Cat whose
images under D are Beck-Chevalley squares. Finally, we show that this notion of squares
coincides with the notion of weak Wp-exact squares and hence, in most cases, with the
notion of Wp-exact squares.

5.1 Definition and Verification of the Axioms

Let D be a derivator. We construct here a class of functors in Cat associated to the
derivator D and check that this class satisfies all axioms of a basic localizer.

Definition 5.1.1. A functor u: A — B in Cat is a D-equivalence if the functor
u*: D(B) — D(A) induces a fully faithful functor on the full subcategory of constant
coefficients of D(B), i.e. for every X,Y € ID(1), the map

D(B)(ApX,ApY) - D(A)(AAX, A4Y), ¢— u*(¢)
is a bijection. We define Wp to be the class of D-equivalences.
We verify each axiom for basic localizers for Wy. Here is the first one.

Proposition 5.1.2. The class Wp of D-equivalences is weakly saturated.

Proof. Since the class of bijections in Set satisfies the axioms [WS1], [WS2] and [WS3],
it follows from the definition of D-equivalences that the class Wp satisfies the axioms
[WS1], [WS2] and [WS3]. Moreover, if a functor u: A — B in Cat is a D-equivalence,
then its opposite functor u: A°? — B°P is also a D-equivalence since the corresponding
map of Definition is the composite

D(BOP)(ABOPX, ABOPY) — D(AOP)(AAOPX, AAOPY)

gl %

D(B)(ApX, ApY) ——— D(A)(AaX,A4Y)

where X,Y € D(1). This shows axiom [WS4]. O

As for basic localizers, there are notions of D-aspherical categories, ID-(co)aspherical
functors, D-(co)local functors, and (weak) D-exact squares.
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Definition 5.1.3. As in Section 4.1} we have the following terminology.

(i) A small category A is D-aspherical if it is Wp-aspherical, i.e. if the functor
Ay:D(1) — D(A) is fully faithful.

(ii) A functor u: A — B is D-aspherical (resp. D-coaspherical) if it is WWp-aspherical
(resp. Whp-coaspherical).

(iii) Considering a commutative triangle in Cat,

the functor w is D-local (resp. D-colocal) over C'if it is Wip-local (resp. Wip-colocal)
over C.

(iv) A square D in Cat

p
—_
v
—

q

C A
D B
is D-exact if it is Wp-exact and it is weak D-exact if it is weak Wp-exact.

The second axiom of a basic localizer follows immediately from the definition of
D-aspherical category.

Proposition 5.1.4.
(i) A small category A admitting a terminal object is D-aspherical.
(i) A small category A admitting an initial object is D-aspherical.

Proof. (i) Let t € A denote the terminal object. Then t: 1 — A is a fully faithful
functor with left adjoint p: A — 1. By Corollary this implies that p* = A4 is
fully faithful and, by definition, that the category A is D-aspherical.

(ii) The proof is dual to (i). O

The next proposition gives a useful criterion for D-equivalences in terms of natural
isomorphisms induced by the unit and counit of the adjunctions formed by the Kan
extensions.
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Proposition 5.1.5. Let u: A — B be a functor in Cat. The following are equivalent:
(i) The functor u is a D-equivalence.

(i) The natural transformation

limp Ap = limp usu*Ag = limyg Ay

*

induced by the unit n: lpp) = u«u™ is a natural isomorphism.

(7ii) The natural transformation
colimg Ay = colimp wu*Ag = colimp Ap
induced by the counit €: wu* = lpg) is a natural isomorphism.

Proof. Condition (i) means that the map D(B)(ApX,AY) — D(A)(AsX,A4Y) in-
duced by w is bijective, for every X, Y € D(1). By adjunction, this means that the
map

D(1)(X, limp ApY) — D(L)(X, limg ALY)

induced by the unit n: Ipp) = wu.u” is bijective, for every X,Y € D(1), which is
equivalent to saying that the morphism limp AgY — lima A 4Y induced by the unit n
is an isomorphism, for every Y € D(1). In other words, condition (i) holds if and
only if the natural transformation limp Ag = limg A4 induced by the unit 7 is a
natural isomorphism. Since the natural transformations in (ii) and (iii) are conjugate,
the equivalence of (ii) and (iii) follows from Lemma O

We also have a criterion in terms of natural isomorphisms induced by the unit and
counit of the adjunctions formed by the Kan extensions for W-local and W-colocal
functors.

Proposition 5.1.6. Consider a commutative triangle in Cat.

A— B

S~

The following are equivalent:
(i) The functor u is D-local over C.

(i) The natural transformation
Ay = w;ulu*AB = wApg

induced by the counit e: wu* = lpg) is a natural isomorphism.
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(iii) The natural transformation
limp w* = limpg u,u*w* = lim 4 v*
induced by the unit n: lpgy = w.u* is a natural isomorphism.
And dually, the following are equivalent:
(iv) The functor u is D-colocal over C.
(v) The natural transformation
Wi AR = WU A = v, Ay

* s a natural isomorphism.

induced by the unit n: lpp) = u«u
(vi) The natural transformation
colim4 v* & colimp wiu*w* = colimp w*

induced by the counit €: wu* = lpg) is a natural isomorphism.

Proof. By axiom [D2], condition (ii) is equivalent to saying that c*uiAy = c*wAp is a
natural isomorphism for every ¢ € C. By axiom [D4], for ¢ € C, the images under D of

the comma squares
i A ! B
1 C 1 C

are Beck-Chevalley, i.e. we have natural isomorphisms
colim,|.(75)* = c¢*vy  and  colimy,.(7))* = c*w:.

v C*} w C*>

— —

Then the natural transformation c*nA 4 = c*wiAp corresponds to the natural transfor-
mation colim,|. Ay = colimy(75)* A = colimy,(7§,)*Ap = colimy,|c Ay induced
by the counit e: (u)i(u®)* = Ip(ue). Hence it is a natural isomorphism if and only if
u: v c— w] cis aD-equivalence, by Proposition This shows v1A 4 = wAp is
a natural isomorphism if and only if the functor u is D-local over C' and hence that (i)
and (ii) are equivalent. Since the natural transformations in (ii) and (iii) are conjugate,
the equivalence of (ii) and (iii) follows from Lemma

The second part of the proposition is dual. ]

This proposition allows us to prove the last axiom for basic localizers for Wp and
hence conclude that Wp is a basic localizer.
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Proposition 5.1.7. Consider a commutative triangle in Cat.

A—2 4B

o

If the functor u is D-local over C, then it is a D-equivalence.

Proof. By Proposition the natural transformation myA4 = wyAp induced by the
counit €: wyu* = lp(p) is a natural isomorphism. Then the natural transformation

colimg A4 = colimg miA 4 = colimg wiAp = colimpg Ap

is also a natural isomorphism. By Proposition this means that the functor u is a
D-equivalence. ]

Theorem 5.1.8. The class Wp of D-equivalences is a basic localizer.

Proof. We have already checked all axioms: axiom [BL1] follows from Proposition
axiom [BL2] from Proposition and axiom [BL3] from Proposition O

Finally, we compute the class Wp, for all represented derivators D¢, where C is a
cocomplete and complete category.

Proposition 5.1.9. Let C be a cocomplete and complete category and D¢ be the repre-
sented derivator of C. Then the class of D¢-equivalences is

Wo if C is not equivalent to a preorder category;
Wpe = {Wina if C is equivalent to a non-empty preorder category but C % 1;
Wy if C >~ 1 orC is empty.

Proof. Let A be a small category. Then Ay: C — C4 is the usual diagonal functor.
Let ¢,d € C. We have that

CH(Auc, Apd) = C(c,d)™A),
Hence a functor u: A — B in Cat is a Wp,-equivalence if and only if the map
Cle,d)™®B) — C(e,d)™@) s fomo(u) (2)

is a bijection for every c¢,d € C.

If C is not equivalent to a preordered category, there exists two objects ¢, d € C such
that C(c, d) has at least two elements. Then the map is a bijection for this particular
pair of objects if and only if mg(u) is a bijection. Therefore Wp, = W.

If C is equivalent to a non-empty preordered category but C % 1, there exists two
objects ¢,d € C such that C(c,d) is empty. Then the map is a bijection for this
particular pair of objects if and only my(A) and my(B) are both empty or both non-
empty. This is equivalent to saying that the categories A and B are both empty or both
non empty. Hence Wp, = Winq.

The cases C = () and C ~ 1 are trivial. O
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5.2 D-Beck-Chevalley Squares

Let D be a derivator. We define a class of squares in Cat, called the ID-Beck-Chevalley
squares, which are the squares in Cat such that their image under D is Beck-Chevalley.
We prove that the D-Beck-Chevalley squares are exactly the weak ID-exact squares.
Since we have seen that the notion of weak D-exact squares and D-exact squares are
most of the time the same, except when Wp = Wi,q, this implies that in most cases the
D-Beck-Chevalley squares are the D-exact squares. But, this is always true that the class
of D-Beck-Chevalley squares contains the D-exact squares. We first show this result by

using Theorem [4.2.10

Definition 5.2.1. A square D in Cat
—_

c A
D

4>q B

p
o

is D-Beck-Chevalley if its image under D is a Beck-Chevalley square. In other words,
the square D is D-Beck-Chevalley if the mates

p*

D(C) <2— D(A) D(C) 2 D(A)

U!‘ ﬁa! BU! v*/I\ F\\a* /l\u*

D(D) «—— D(B) D(D) = D(B)
q *

associated to the natural transformation o*: p*u* = v*¢* are natural isomorphisms.

Remark 5.2.2. The D-Beck-Chevalley squares are well-defined since, if D is a derivator,
the functors u*, v*, p* and ¢* admit left and right adjoints by axiom [D3].

The following results follow immediately from the definition.

Remark 5.2.3. If a functor u: A — B in Cat admits a right adjoint v: B — A, the square
A—1
D= u 174
B—1
is D-Beck-Chevalley since the left mate of its image under D is wiAa4 = v*Ay = Ap,

which is the identity. Dually, if a functor u: A — B admits a left adjoint v: B — A, the
square
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is D-Beck-Chevalley since the right mate of its image under D is Ap = u. A = v A4,
which is the identity.

In order to use Theorem we need to show that the class of D-Beck-Chevalley
squares is stable under horizontal pasting and horizontal descent and that it contains
the comma squares and the squares of the form

where the functor w is D-aspherical. The next proposition gives us the first three condi-
tions. But, we first need a lemma.

Lemma 5.2.4. Let J be a set and {q;: Dj — D}jes be a family of functors in Cat
such that Ob(D) = U;jc;qj(Ob(Dy)). Then the family {q;: D(D) — D(D;)}jes is

conservative.

Proof. Consider a morphism ¢ in D(D) such that ¢j(¢) is an isomorphism in D(D;) for
every j € J. Let d € D. By hypothesis, there exists some j € J and d; € D; such
that d = g;(d;). Then d*(¢) = djq;(¢) is an isomorphism since ¢;(¢) is an isomorphism.
Since this holds for every d € D, it follows from axiom [D2] that ¢ is an isomorphism. [

Proposition 5.2.5. The class of D-Beck-Chevalley squares in Cat
(i) is stable under horizontal and vertical pasting;
(7i) is stable under horizontal and vertical descent;

(iii) contains all comma squares of the form

b
ulb—"—s 4 blu—1
1—— B A—0—B

(iv) contains all comma squares.
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Proof. (i) Immediate from the fact that the class of Beck-Chevalley squares is stable
under horizontal and vertical pasting (see Remark [3.1.5]).

c

D

(ii) Let J be a set and
c A
)
D B

be squares in Cat such that Ob(D) = U;c;¢;(Ob(D;)) and the square D; and the
horizontal pasting D; o D are D-Beck-Chevalley for every j € J. Denote by v; the
natural transformation of the square Dj o D for every j € J. We have the following
diagram

N 4>

RS <7 Q

— —>

D(C)) b D(C) X D(A) ey P pay
(vj)u‘ NCO PR w = (v !‘ NG ‘u;
D(D;) +—— D(D) +—— D(B) <— -D(B)

4; q (qg5)

Le. (v = garo(a;)p*, for every j € J. Since (7;)r and (a;) are natural isomorphisms,
this implies that ¢fou is a natural isomorphism for every j € J. By Lemma the
family of functors {q}‘}je J is conservative. This implies that the mate «y is a natural
isomorphism and hence that the square D is D-Beck-Chevalley. This shows the stability
under horizontal descent.
The proof of stability under vertical descent is dual.

(iii) This is axiom [D4].

(iv) According to (i), (ii) and (iii) and Remark the proof of (iv) is essentially the
same as the proof of Proposition (iv). O

The next three lemmas give examples of squares that are D-exact if and only if they
are D-Beck-Chevalley. In particular, the third lemma shows that the last condition of
Theorem [.2.10] is satisfied by the class of D-Beck-Chevalley squares.

Lemma 5.2.6. Let A be a small category and D be the following square.

A—1

Dlg
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The following are equivalent:
(i) The category A is D-aspherical.
(ii) The functor Aa: D(1) — D(A) is fully faithful.
(iii) The square D is D-ezxact.
(iv) The square D is D-Beck-Chevalley.
(v) The counit €: colima Ag = lp(y) is a natural isomorphism.
(vi) The unit n: lpy = lima Aa is a natural isomorphism.

Proof. The equivalence of (i) and (ii) follows immediately from the definition and the
equivalence of (i) and (iii) was proved in Corollary Moreover, the natural trans-
formations in (v) and (vi) are the mates of the image under D of the square D which

proves the equivalence of (iv) with (v) and (vi). Finally, Lemma implies that (ii)
is equivalent to (v) and (vi). O

Lemma 5.2.7. Let u: A — B be a functor in Cat and D be the following square.

A—1

D= ul v

B—1

The following are equivalent:
(i) The functor u is D-aspherical.
(ii) The square D is D-ezact.
(iii) The square D is D-Beck-Chevalley.

(iv) The natural transformation wA s = Ap induced by the counit e: wu* = lp(p) is
a natural isomorphism.

(v) The natural transformation limp = limpu,u® = limygu* induced by the unit
n: Ip(g)y = wsu™ is a natural isomorphism.

Proof. The equivalence of (i) and (ii) was proved in Proposition Moreover, the nat-
ural transformations in (iv) and (v) are the mates of the image under D of the square D
which proves the equivalence of (iii) with (iv) and (v). The equivalence of (i) with (iv)
and (v) comes from Proposition since a D-aspherical functor is in particular D-local
over B. O
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Lemma 5.2.8. Let u: A — B be a functor in Cat and D be the following square.

The following are equivalent:
(i) The functor u is D-coaspherical.
(i1) The square D is D-ezact.

(iii) The square D is D-Beck-Chevalley.

(iv) The natural transformation Ap = u.A s induced by the unit n: lpp) = w.u® is
a natural isomorphism.

(v) The natural transformation colimy u* = colimp wu* = colimp induced by the
counit €: wu* = lppy is a natural isomorphism.

Proof. The proof is dual to the proof of Lemma O

It follows from this result that the class of D-Beck-Chevalley squares contains all
D-exact squares.

Theorem 5.2.9. Fvery D-exact square in Cat is a D-Beck-Chevalley square.

Proof. By Proposition [5.2.5] and Lemma the class of D-Beck-Chevalley squares
in Cat satisfies all conditions of Theorem [4.2.10| with respect to the basic localizer Wp
and hence contains all D-exact squares. O

Finally, we shows that the notion of D-Beck-Chevalley squares and the notion of
weak D-exact squares are equivalent.

Theorem 5.2.10. A square in Cat is D-Beck-Chevalley if and only if it is weak D-exact.

Proof. Consider a square D in Cat

p
S

C A
D = vl O‘// lu
DTB

and the left mate ay: vp* = ¢*uy of its image under D. By axiom [D2], this mate is a
natural isomorphism if and only if d*ay: d*vp* = d*¢*w is a natural isomorphism for
every d € D. Let d € D. We have the following diagrams.
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pom
vld =
d D ~~ ra(d)
vild C A ulqg(d) —— A
Yoo v % |u = B % lu
1 D B 1— B
d q q(d)

By axiom [D4], the image under D of the two comma squares are Beck-Chevalley, i.e. we
have two natural isomorphisms

v colimy g(r?)* = d*vy  and  p: Colimuiq(d)(ﬂq(d))* = q(d)*uy.

Considering the left mates of the image under D of the diagrams above, we have the
following commutative diagram of natural transformations.

colim,, 4 (q) e(ma(@)y*

COlimU‘Ld(ﬂ'd)*p* = colimy, j4(q) (p)1(p?)* (77‘1(‘1) )* colimy, (4 (77‘1(‘1) )*

y;p*l’é gl,u!

d*vp* d*q*w
d* o

where e denotes the counit e: (p?),(p?)* = Ip(ulq())- Hence d*ay is a natural isomor-
phism if and only if the natural transformation

COlimvid(pﬂ'd)* = colim,,|4(q) (Wq(d))*

induced by € is a natural isomorphism. By Proposition it is equivalent to saying
that the functor p: v} d=ul q(d) is D-colocal over A or, in other words, to saying
that the square D is weak D-exact since this holds for every d € D. This shows that a
square is D-Beck-Chevalley if and only if it is weak D-exact. O
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6 Homotopy Derivators and the Basic Localiser W,

For every model category M, there is a homotopy derivator sending a small cat-
egory A to the homotopy category of M#, where the weak equivalences are defined
levelwise. In Section we check that this actually defines a derivator for model
categories that are combinatorial. In Section we show that, if there is a Quillen
equivalence between two combinatorial model categories, their derivators are equivalent
and they have the same basic localizer. We use this result, in Section to compute
the basic localizer of the homotopy derivator of the category of simplicial sets equipped
with the Quillen model structure. If the category of small categories is equipped with
the Thomason model structure where the weak equivalences are defined as the functors
whose nerve is a weak homotopy equivalence of simplicial sets, there exists a Quillen
equivalence between these two model categories. This shows that the basic localizer
associated to the homotopy derivator of the category of simplicial sets consists of all
functors whose nerve is a weak homotopy equivalence, in other words it is the basic
localizer Wy, which we defined more explicitly in Section

6.1 Homotopy Derivator of a Combinatorial Model Category

In this section, we consider combinatorial model categories. These kind of model
categories are useful since, if M is a combinatorial model category, we can equip the
category M4 with projective and injective model structures, for every small category A.
In this case, the homotopy Kan extensions of every functor in Cat can be constructed
explicitly. In fact, for every functor u: A — B, the adjunctions

U u*
7 7
u* Use

are Quillen pairs when considering the projective and injective model structures respec-
tively and hence their total derived functors induce adjunctions between the homotopy
categories. We first define what it means for a model category to be combinatorial.

Definition 6.1.1. A model category M is cofibrantly generated if there exists two
sets of morphisms I and J in M such that

e the set I permits the small object argument and a morphism in M has the right
lifting property with respect to I if and only if it is a trivial fibration, and

e the set J permits the small object argument and a morphism in M has the right
lifting property with respect to J if and only if it is a fibration.

Definition 6.1.2. A model category is combinatorial if it is cofibrantly generated and
locally presentable.
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Let M be a combinatorial model category. Fibrations and weak equivalences are
defined levelwise in the projective model structure on M#, while cofibrations and weak
equivalences are defined levelwise in the injective one, for A a small category. Since the
model category M is combinatorial, this actually defines model structures on M#.

Definition 6.1.3. Let A be a small category.
(i) A morphism in M“ is a weak equivalence if it is a levelwise weak equivalence.
(ii) A morphism in M4 is a projective fibration if it is a levelwise fibration.

(iii) A morphism in M is a projective cofibration if it has the left lifting property
with respect to all projective trivial fibrations.

(iv) A morphism in M? is an injective cofibration if it is a levelwise cofibration.

(v) A morphism in M4 is an injective fibration if it has the right lifting property
with respect to all injective trivial cofibrations.

Theorem 6.1.4. Let A be a small category. There exist two model structures on MA.

(i) the projective model structure Mg‘roj determined by the levelwise weak equiva-

lences, the projective fibrations and the projective cofibrations, and

(ii) the injective model structure ./\/li‘?lj determined by the levelwise weak equiva-
lences, the injective cofibrations and the injective fibrations.

Proof. See Proposition A.2.8.2 in [Lur09). O

Remark 6.1.5. If A is a small category, the projective model structure and the injective
model structure induce the same homotopy category Ho(M%) of M4 since they have
the same weak equivalences.

The following result shows that, for every functor u: A — B in Cat, the adjunctions
of u*: MB — M4 with its left and right Kan extensions are Quillen pairs when con-
sidering the projective and injective model structures respectively. By Theorem [2.5.6]
this gives adjunctions between the homotopy categories, which define the left and right
homotopy Kan extensions.

Proposition 6.1.6 (Axiom [D3]). Let u: A — B be a functor in Cat. The following
adjunctions hold.

Ly

ST TN

Ho(M4) +— Ru* = Lu* — Ho(MPB)

Nt 7

Rusy
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Proof. The adjunctions

u) u*
/—\ /\
A B B A
Mproj L Mproj Minj 1 Minj
~_ — ~_
’LL* U

are Quillen pairs since the functor u* preserves projective (trivial) fibrations and injective
(trivial) cofibrations. By Theorem this implies that we have two adjunctions

Ly Lu*

T T
Ho(M#) 1  Ho(MP) HoMPB) 1 HoM?)
~_ ~_ -

Ru* Rus,

between the homotopy categories of M4 and MP, one using the total right derived
functor of u* and the other its total left derived functor. Moreover, since the functor u*
preserves weak equivalences, this implies that its total left and right derived functors are
equal and such that the following diagram commutes.

*

MB - MA
H B H A
o(M?) Ru* = Lu* o(M7)
This shows the result. O

Finally, we check the remaining axioms for the homotopy derivator of a combinatorial
model category.

Theorem 6.1.7. Let M be a combinatorial model category. Then the prederivator
Dpq: Cat®? — CAT, A — Ho(MA)
is a derivator, called the homotopy derivator of M.

Proof. Axiom [D1] follows from the fact that
Ho(MILier 4y = Ho(TT M4) = T Ho(M™)
iel el

for every family {A4;};cr of small categories. Axiom [D2] is immediate since the weak
equivalences are defined levelwise. Axiom [D3] is proven as Proposition

Finally, we prove axiom [D4]. Since the prederivator M(~): Cat®® — CAT is a
derivator, for every functor u: A — B, we have a natural isomorphism
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Q
=3
B
<
<
o
«—
174
12
I
*

We want to replace each functor in the square by its total left derived functor, in oder to
obtain the required natural isomorphism. We know that the total left derived functors
of u, and colim,; exist and are absolute by Proposition @ Moreover, since the
functors b* and (7%)* preserve weak equivalences, their total left derived functors also
exist, but we need to show that they are absolute in order to have a natural isomorphism
IL colimy, L(7%)* = Lb*Lu,. To see this, it suffices to show that the adjunctions

b (n")*
T 7 ,
M}?roj L Mproj Mf}ro_j L Mgﬁoj
~_ ~_
b (n).

are Quillen pairs, by Theorem Since the functors b* and (7°)* preserve weak equiv-
alences, it remains to show that they preserve projective cofibrations, or equivalently that
the functors b, and (ﬂ'b)* preserve projective trivial fibrations.

We first show that b, preserves projective trivial fibrations. By axiom [D4] applied
to the represented derivator of M, we have that

(0)*bu(9) = limy y Ay (0) =[] ¢,
B(b'b)

for every morphism ¢ in Mp; and every ' € B. If a morphism ¢ in Mpyj is a
trivial fibration, then this product morphism is also a trivial fibration. Hence, since the
evaluation functors create projective trivial fibrations, this implies that the functor b,
preserves them.

We now show that the functor (7°). preserves projective trivial fibrations. First note
that, if a € A, the functor

I:m —aln® (a,u(a) N b) — (a,u(a) N b,a RN a),
where 7% denotes the discrete fiber of 7° over a, admits a right adjoint

alw =7t (d,uld) L ba SN a') — (a,u(a) ulh) u(a') -+ b).

a’

In particular, we have a natural isomorphism lim, v = limq I*, since this natural
transformation is conjugate to the natural isomorphism in Remark [5.2.3] As before, it
follows that

a*(m%).(B) = lim, b Bm® = lim B(r%ol) = H Bla,f)»
feB(u(a),b)
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ulb

for every natural transformation 5 in M and every a € A. If a natural transfor-

proj
mation § in Mgﬁj is a projective trivial fibration, then each of its component f, r) is
a trivial fibration for every (a, f) € w | b and hence this product map is also a trivial
fibration. Since the evaluation functors create projective trivial fibrations, this implies
that (7?), preserves them.
Finally, we obtain the required natural isomorphism

L(?Tb)*
Ho(M"") «——— Ho(M*)

L colim,, ibl No ‘]Lu*

HO(M) W HO(MB)

The second part of axiom [D4] is dual. O

In particular, for every small category A, this implies that the left and right adjoints
of the diagonal functor A4: Ho(M) — Ho(M?) exist. They are called the homotopy
colimit and limit functors of diagrams of shape A.

Definition 6.1.8. Let A be a small category.

(i) The homotopy colimit functor of diagrams of shape A is the total left derived
functor
hocolim 4 = L colim 4 : Ho(M*) — Ho(M)

of the colimit functor of diagrams of shape A.

(i) The homotopy limit functor of diagrams of shape A is the total right derived
functor
holim4 = Rlim4: Ho(M#) — Ho(M)

of the limit functor of diagrams of shape A.

Finally, we present the example of the homotopy derivator of the category of simpli-
cial sets equipped with the Quillen model structure.

Example 6.1.9. Consider the category sSet of simplicial sets and define the following
classes of maps.

e The weak equivalences are the maps of simplicial sets such that their geometric
realization in the category of topological spaces is a weak homotopy equivalence,
called weak homotopy equivalences of simplicial sets.

e The cofibrations are the monomorphisms.

e The fibrations are the maps of simplicial sets that have the right lifting property
with respect to the inclusions of k-horns A} < A" for every 0 < k <n and n € N,
called Kan fibrations.
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This defines a model structure on sSet, called the Quillen model structure (see |[JT99]).
Since the category sSet is locally presentable, it is combinatorial with

I={0A" =+ A"|neN} and J={A} = A"|0<k<n,neN}

By Theorem this implies that Dyge;: Cat®® — CAT, A — Ho(sSet”) is a derivator.

6.2 Quillen Equivalences and Derivators

The aim here is to show that, if we have a Quillen equivalence between two combi-
natorial model categories, their derivators are equivalent and thus give rise to the same
basic localizer. The definition of an equivalence between derivators that we give here
comes from |Grol3|, Proposition 2.9.

Definition 6.2.1. Two derivators D and E are equivalent if there exists a pseudo-
natural transformation 7: D — E such that 74: D(A) — E(A) is an equivalence of
categories for every small category A.

The next result shows that, if two derivators are equivalent, they have the same basic
localizer.

Theorem 6.2.2. Let D and E be two equivalent derivators. Then Wp = Wk.

Proof. Let u: A — B be a D-equivalence in Cat. By Proposition this implies that
the natural transformation lim} A%’ = lim§ AIB; induced by the unit n: lpp) = u?uff)
is a natural isomorphism. By equivalence of D and E, we have the following diagram.

It follows from this diagram that the natural transformation limj AE = lim% A in-
duced by the unit n: 1gp) = uI*Eu]’E is a natural isomorphism and hence the functor w is
an E-equivalence, by Proposition Similarly, we can show that if a functor in Cat
is an [E-equivalence, then it is a D-equivalence. This shows that Wp = Wk. ]
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To prove that a Quillen equivalence between two combinatorial model categories M
and A induces an equivalence between their homotopy derivators, we first check that
it induces Quillen equivalences between the categories M#A and N4 equipped with the
projective and injective model structures, for every small category A. Theorem [2.5.8
then gives us an equivalence between the homotopy categories Ho(M#) and Ho(N4),
for every small category A.

Lemma 6.2.3. Let FF: M — N and G: N — M be functors between combinatorial
model categories such that F' 4 G is a Quillen equivalence. For every small category A,
the adjunctions

F, F,
/—\ /\
Mpoi L N Mg L N
~_ v
G, Gy

are Quillen equivalences.

Proof. We show that the first adjunction is a Quillen equivalence and then the second
follows by duality. Since the weak equivalences and the projective fibrations are defined
levelwise in the projective model structure on M4, the functor G, preserves fibrations
and trivial fibrations and the adjunction F, 4 G, is a Quillen pair. Now consider a
cofibrant object X € M4 and a fibrant object Y € N4, Since projective fibrations are
defined levelwise and projective cofibrations are in particular levelwise cofibrations, the
object X (a) € M is cofibrant and the object Y (a) € N is fibrant, for every a € A. Tt fol-
lows from this that f: X = G.Y is a weak equivalence if and only if f,: X (a) — G(Y (a))
is a weak equivalence for every a € A if and only if f#: F(X(a)) — Y (a) is a weak equiv-
alence for every a € A if and only if f#: F,X = Y is a weak equivalence, since F 4 G
is a Quillen equivalence. Hence the adjunction F - G, is a Quillen equivalence between
Mo and Nt . O
Corollary 6.2.4. Let F: M — N and G: N — M be functors between combinatorial
model categories such that F 4 G is a Quillen equivalence. For every small category A,
we have an equivalence of categories

LF,
/\
Ho(M4) ~  Ho(N4).

\/
RG.

Proof. This follows immediately from Lemma and Theorem [2.5.8 O

Finally, we show that a Quillen equivalence gives rise to an equivalence between
homotopy derivators.
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Theorem 6.2.5. Let F: M — N and G: N — M be functors between combinatorial
model categories such that F' 4 G is a Quillen equivalence. Then the homotopy derivators

Dp: Cat®® — CAT, A+ Ho(M?A) and Dy Cat®® — CAT, A~ Ho(N4)
are equivalent. Moreover, the equality Wp,, = Wh,, holds.

Proof. Since LF,: Ho(M%) ~ Ho(N4) is an equivalence of categories for every A € Cat
by Corollary and all functors ILF} are absolute Kan extensions by Proposition
it follows that the pseudo-natural transformation given by LF,: Ho(M%) — Ho(N4),
for every A € Cat, defines an equivalence between the derivators Daq and Dyr. The
equality Wp,, = Wh, follows from Theorem [6.2.2] O

6.3 Definition of W, and Minimality

We introduce here the basic localizer Wy, which consists of all functors in Cat whose
nerve is a weak homotopy equivalence of simplicial sets. Cisinski has proved that the
class Wy is actually a basic localizer and that it is the minimal one, i.e. every basic
localizer contains Ws.. In this section, we give a sketch of Cisinski’s proof and more
details can be found in [Cis04]. We first give the definition of the nerve functor.

Definition 6.3.1. The nerve functor N : Cat — sSet carries

e a small category A to its nerve N A € sSet defined by
(NA), = Cat(A", A),
for every n € N, where A" =0—1— ... = n, and

e a functor u: A — B in Cat to the map of simplicial sets Nu: NA — NB such
that
(Nu),: Cat(A", A) — Cat(A", B),

is the post-composition by u, for every n € N.
We are now ready to define the basic localizer W,.

Definition 6.3.2. We define W, to be the class of functors in Cat whose nerve is a
weak homotopy equivalence of simplicial sets. In other words, if Wg denotes the class
of weak homotopy equivalences of sSet, we set Wy, = N _IWQ.

Remark 6.3.3. A small category A is W.o-aspherical if its nerve is homotopy equivalent
to a point. To see this, a small category A is Wyo-aspherical if its nerve is weak homotopy
equivalent to a point by definition and, since the geometric realization of a simplicial set
is a CW-complex, this is equivalent to say that it is homotopy equivalent to a point, by
Whitehead’s Theorem. Then a functor u: A — B in Cat is Wxo-aspherical if the nerve
of the comma category u | b is homotopy equivalent to a point for every b € B, i.e. if
the functor w is homotopy initial. Dually, the W,,-coaspherical functors correspond to
the homotopy final functors.

82



The two next results say that the class Wy is the minimal basic localizer of Cat.
Theorem 6.3.4. The class Wo, of functors in Cat is a basic localizer.
Proof. See Theorem 2.1.13 in |Cis04]. O
Theorem 6.3.5 (Cisinski). The basic localizer W is the minimal one.
Sketch of proof. Let ia: sSet — Cat be the functor carrying

e a simplicial set X to the category A | X of simplices of X whose

— objects are the pairs (A", A" — X)) for n € N, and
— morphisms (A", A" — X) — (A™, A™ — X)) are morphisms A™ — A™ such
that the following diagram commutes.

NS
X

e amap f: X = Y in sSet to the induced functor A | f: A] X - AlY.

Cisinski proves that Wg = iy Wao (Theorem 2.1.16 in [Cis04]), where Wy, is the class
of weak homotopy equivalences in sSet. To show that the basic localizer Wy, is the
minimal one, he shows that, for every basic localizer W, we have W = N —%glw and
Wq C ZZIW, which implies that

Weo = NLixdWoo = N"'Wo C N Lidtw =w.

For more details, see [Cis04], Section 2.2. O

6.4 Quillen Equivalence between Cat and sSet

The nerve functor N: Cat — sSet admits a left adjoint and this adjunction induces
an equivalence between the homotopy categories of Cat and sSet. But, this adjunction
is not a Quillen equivalence and hence it does not induce an equivalence between the
homotopy derivators of Cat and sSet. To define the Quillen equivalence between Cat
and sSet, we need to postcompose the nerve functor twice with the right adjoint of the
subdivision endofunctor of sSet, called the extension endofunctor. In this section, we
present the results of R. W. Thomason (see [Tho80]) and R. Fritsch and D. M. Latch
(see [FL79]), which we use to show that the basic localizer of sSet is Ws,. We first define
the left adjoint to the nerve functor.

Definition 6.4.1. We define the functor c¢: sSet — Cat to be the functor sending
e a simplicial set X to the category ¢(X) defined by:

— the objects of ¢(X) are the O-simplicies of X;
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— the morphisms of ¢(X) are freely generated by the 1-simplicies of X;

— imposing the relation dixz = dpx o dox for every 2-simplex x.
e amap f: X — Y of simplicial sets to the functor ¢(f): ¢(X) — ¢(Y) defined as

— fo: Xo — Yp on the objects;
— fi1: X1 — Y7 on the morphisms.

This induces an adjunction

C

T
sSet, 1 Cat
~_

N

which gives rise to an equivalence between the homotopy categories of sSet and Cat.
Moreover, the subdivision endofunctor Sd: sSet — sSet admits as right adjoint the
extensions endofunctor Ex: sSet — sSet. Hence we also have an adjunction
Sd
/\
sSet 1 sSet.

N
Ex

By composing the first adjunction twice with this one, we finally obtain an adjunction

¢Sd?
T
sSet 1 Cat.
~_

Ex’N
which is shown to be a Quillen equivalence in [FL79], once we have equipped the cate-

gory Cat with the Thomason model structure. We first define this model structure.

Theorem 6.4.2 (Thomason model structure on Cat). Consider the following class of
functors in Cat.

e The weak equivalences are the functors u in Cat such that Ex?N(u) is a weak
homotopy equivalence in sSet.

e The fibrations are the functors u in Cat such that Ex?N(u) is a Kan fibration
in sSet.

o The cofibrations are the functors in Cat that have the left lifting property with
respect to all trivial fibrations.

This defines a model structure on Cat.
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Proof. See [Tho80|, Sections 3 and 4. O

It follows directly from the definition of the Thomason model structure that the
adjunction

cSd?
T
sSet, 1 Cat.
N~

Ex2N

is a Quillen pair. At first glance, bearing in mind the Thomason model structure on Cat,
one might expect that the class of weak equivalences is not W.,. However, as was shown
by Thomason, these classes coincide.

Proposition 6.4.3. A functor in Cat is a weak equivalence for the Thomason model
structure if and only if its nerve is a weak homotopy equivalence of simplicial sets. In
other words, the class of weak equivalences of the Thomason model structure on Cat

18 Woo.
Proof. See Proposition 2.4 in [Tho80]. O

Moreover, it follows from the definition that the fibrations in the Thomason model
structure on Cat are exactly the functors which have the right lifting property with
respect to the set of functors {cSd*A} — ¢Sd?A™ | 0 < k < n,n € N} and that
the trivial fibrations are exactly the ones which have the right lifting property with
the set of functors {cSd?6A™ — ¢Sd?A™ | n € N}. This implies that the Thomason
model structure is cofibrantly generated. Therefore, the category Cat equipped with the
Thomason model structure is a combinatorial model category and we obtain a homotopy
derivator

Deat : Cat®® — CAT A — Ho(Cat?).

Theorem 6.4.4. The prederivator
Deat : Cat®? — CAT A — Ho(Cat?).

s a derivator, when the category Cat is equipped with the Thomason model structure.

Now we want to compute the basic localizer of this derivator and, as expected,
Maltsiniotis shows that it is Wxo.

Proposition 6.4.5. The basic localizer of the homotopy derivator Dcat s Weo, when
the category Cat is equipped with the Thomason model structure.

Proof. See Proposition 3.1.10 in [Mal05]. O
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Finally, Fritsch and Latch show that the adjunction

¢Sd?
R
sSet 1 Cat.
~~_____—

Ex’N

is a Quillen equivalence and it follows from the results of Section that the basic
localizer associated to the homotopy derivator of the category sSet is Weo.

Theorem 6.4.6. Suppose the category sSet is equipped with the Quillen model structure
and the category Cat is equipped with the Thomason model structure. Then the Quillen
pair

cSd?

/\
sSet 1 Cat.
S

Ez3N

is a Quillen equivalence and the equalities W

= Wiy, = Wao hold.

sSet

Proof. For the first part of the theorem, see [FL79]. The second part follows from
Proposition and Theorem [6.2.5 ]
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Part 111
Calculus of Limits and Colimits
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7 Cartesian Squares

We introduce here general pullback squares, called cartesian squares, with respect
to every derivator and solve three problems about them. In Section [7.I], we first give
a characterization of cartesian squares in terms of right D-Beck-Chevalley squares at a
diagram. Sections [7.2} [7.3] and [7.4] give the resolutions of the three problems, which we
called respectively “Pullback composition and cancellation”, “Pullback iteration” and
“Pullback cube”. For example,the first problem consists of showing that, if a diagram of
the form

Xoo X10 X

X01 Xll X21

is such that the right square is a cartesian square, then the left square is cartesian
if and only if the exterior square is cartesian, with respect to every derivator. This
problem is well-known with respect to the represented derivator, where the cartesian
squares correspond to the usual pullback squares. Of course, one could dualize every
result in this section and obtain similar problems for generalized pushout squares, called
cocartesian squares.

7.1 Characterization of Cartesian Squares

We define in this section pullback squares with repect to every derivator. As expected,
pullback squares are diagrams of shape the square category [J such that the object in
the top left corner is the limit of the full subdiagram in which this latter was removed.

Definition 7.1.1. We define the category O to be the small category

00 — 10

01 — 11

and the category _J to be the full subcategory of O without the object 00.

10

01— 11
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Definition 7.1.2. Let D be a derivator. A diagram X € D(0) is called a square. We
can see this object as a diagram in D(1) of the form

Xoo — X1

|

Xor — X1t

where Xgg, X109, Xo1 and X711 denote the images of X under the appropriate evaluation
functors.

Definition 7.1.3. Let D be a derivator and 7,: _J — [0 denote the inclusion functor.
A square X € D(0) is cartesian (or a pullback) if the square X lies in the essential
image of (7,).: D(J) — D(O).

We want to find criteria to check that a diagram lies in the essential image of the
right Kan extension of a functor in Cat. In particular, we are interested in fully faithful
functors in Cat, which give rise to fully faithful left and right Kan extensions.

Proposition 7.1.4. Let W be a basic localizer. If u: A — B is a fully faithful functor
in Cat, the square

A A
D= % lu
A———B

is weak YW-exact.
Proof. The induced functor of Definition [£.2.1] (i) is the functor

Ala—ulu(a), (d,d N a) — (a',u(a’) uty u(a))

for every a € A. Since the functor « is fully faithful, it is an isomorphism and, in
particular, a W-colocal functor over A. This shows that the square D is weak W-exact.
O

Let us fix a derivator D.

Remark 7.1.5. By Theorem [5.2.10] Proposition [7.1.4] implies that, if u: A — B is a fully
faithful functor in Cat, the square

A A
D= v ‘u
A——r— B



is D-Beck-Chevalley.

Corollary 7.1.6. If u: A — B is a fully faithful functor in Cat, the functors
s, ur: D(A) — D(B)

are fully faithful.

Proof. By Remark [7.1.5] since the functor u is fully faithful, the square
A A

D= v lu

A———B

is D-Beck-Chevalley. This means that the square

D(A) =—— D(A)
D(D) = | v }L
D(A) — D(B)

is Beck-Chevalley, i.e. the mates n: 1p4) = u*w and €: u*u, = lIp(s) are natural
isomorphisms. By Lemma this implies that the functors u,,u;: D(A) — D(B) are
fully faithful. O

We want to compute the essential image of the right Kan extension u,: D(A) — D(B)
of a fully faithful functor u: A — B in Cat. This essential image consists of all diagrams
such that the component of the unit of the adjunction u* 4 u, at these diagrams is an
isomorphism. We give this result in terms of mates and Beck-Chevalley squares. In order
to do this, we introduce the notion of right D-Beck-Chevalley squares at a diagram. One
could also define the notion of left D-Beck-Chevalley squares at a diagram and dualize
the results to left Kan extensions.

Definition 7.1.7. Consider a square D in Cat

p
"

C A
D= vl Y lu
D T) B
and a diagram X € D(D). We say that the square D is right D-Beck-Chevalley at

X if the component (ay)x: u*q«(X) — p«v*(X) of the right mate is an isomorphism in
D(A).



Remark 7.1.8. In particular, a D-Beck-Chevalley square in Cat is right D-Beck-Chevalley
at every diagram.

The following result shows that a diagram lies in the essential image of the right
Kan extension of a fully faithful functor if and only if the component of the unit at this
diagram is an isomorphism.

Proposition 7.1.9. Let u: A — B be a fully faithful functor in Cat. A diagram
X € D(B) lies in the essential image of u.: D(A) — D(B) if and only if the square

A u
D= ul v
B

Proof. Recall that, since the functor u is fully faithful, the functor w, is also fully faith-
ful (Corollary and hence the counit €: u*u. = lp(a) is a natural isomorphism
(Lemma [3.2.9)). By definition, the square D is right D-Beck-Chevalley at X € D(D) if
and only if the component 7x: X — u,u*(X) of the unit is an isomorphism in D(B).
We show that this condition is equivalent to the fact that the diagram X lies in the
essential image of u,. If nx is an isomorphism, then X = u,u*(X) lies in the essential
image of u,.
Conversely, suppose that X = u,(Y') for some Y € D(A). Then the diagram

|

B

B

is right D-Beck-Chevalley at X .

N (Y)
U (Y) —— s u, (V)

\ %um)

ux(Y)

commutes by the triangle identity and hence 7, (y) is an isomorphism, since ey is one.
By naturality of n, the diagram

% . |=

AY) —— watu. (Y

commutes and this shows that nx is an isomorphism. O

When the functor u,: D(A) — D(B) is fully faithful, the counit of the adjunction
u* - uy is a natural isomorphism. Hence it follows from the triangle identities that, if
we want to show that a diagram X € D(B) lies in the essential image of u,, we only
need to check that some components of the unit nx: X = w,.u*(X) are isomorphisms.
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Proposition 7.1.10. Let u: A — B be a fully faithful functor in Cat. A diagram
X € D(B) lies in the essential image of u: D(A) — D(B) if and only if the pasting

blu————1

e 1% b

is right D-Beck-Chevalley at X for every b € B\ u(A).

Proof. By Proposition a diagram X € D(B) lies in the essential image of u, if and
only if the square

A—4 B

B

is right D-Beck-Chevalley at X or equivalently if nx: X — u,u*(X) is an isomorphism.
Hence, since comma squares are D-Beck-Chevalley, the first implication is clear.

Suppose now that the pasting is right D-Beck-Chevalley at X for every b € B\ u(A),
i.e. the morphism

(

b () )

b uu*(X) — limy,, i (X)

is an isomorphism for every b € B\ u(A) or equivalently b*(nx) is an isomorphism for
every b € B\ u(A). By axiom [D2], it suffices to prove that u(a)*(nx) = a*u*(nx) is
an isomorphism for every a € A in order to show that nx is an isomorphism. By the
triangle identity, the diagram

a*u*
a*u*(X) ﬂ a*u*uu*(X)

T =)

a*u*(X)

commutes and hence u(a)*(nx) is an isomorphism since e: u*u. = lp(4) is a natural
isomorphism. This shows that nx is an isomorphism and that the diagram X lies in the
essential image of wu,. a

Applying these results to the functor ¢,: _| — [0, we obtain the following outcome,
which implies that the object in the top left corner of a pullback square is the limit of
the full subdiagram in which this latter was removed.
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Corollary 7.1.11. A square X € D(O) is cartesian if and only if the pasting
J—1

4 00
i
J——0

1, 174

is right D-Beck-Chevalley at X .

Proof. Since the functor i,: | — O is fully faithfull, O\ i,(_J) = {00} and the comma
category 00 | 7, is _I, the result follows directly from Proposition O

Remark 7.1.12. Corollary [7.1.11|implies that a square X € D(0) is cartesian if and only
if Xoo = lim¢*(X), where

X0

P(X) = l

Xo1 — X1

This can be seen by computing the right mate of the pasting in the corollary.

In particular, if we consider the represented derivator of a cocomplete and complete
category C, the condition Xpp = limi*(X) corresponds to the expected condition for a
pullback square in C.

Similarly, for a combinatorial model category M, a cartesian square with respect to
the homotopy derivator of M corresponds to a homotopy pullback square in M.

7.2 Pullback Composition and Cancellation

Let D be a derivator. For the first problem, we consider diagrams of shape the small
category (1] which is defined by

00 10 20

01 11 21
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Let X € D(C), i.e. X is a diagram of the form
Xoo X10 X20

Xo1 X1 Xo1

We want to show that if the diagram X € D(CJ) is such that its right square is cartesian,
then its left square is cartesian if and only if its exterior square is cartesian.

For this problem, we also consider the category _[J defined as the full subcategory
of LI without the object 00

10 — 20

01 11 21

and the category __| defined as the full subcategory of _[1 without the object 10.
20

01 11 21

We adopt the following notations:

e jo1: 0 — [IJ for the inclusion of the square in the left square, and similarly
io1: J— _[1;

e i19: [0 — [ for the inclusion of the square in the right square, and similarly
i12:I:|—>_|:|and 119 _|—>_J;

e ip2: [0 — [ for the inclusion of the square in the exterior square, and similarly
192 J— __I.

It follows from this that, if X € D(C), the diagram given by the left square of the
diagram X is the square if; (X) € D(0) and similarly for the other squares. We also
consider the inclusions

i:_Jl— _[O and j:_O—09
and the composite of these two inclusions

k: | — 1.

To solve our problem, we first prove that a diagram lies in the essential image of the
right Kan extension of one of these three inclusions if and only if some of its squares are
cartesian.
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Lemma 7.2.1. A diagram X € D(_0) lies in the essential image of
ix: D(_) — D(_D)
if and only if its right square ii5(X) is cartesian.

Proof. Since the functor ¢: 1 — _[Jis fully faithful, we apply Proposition [7.1.10]
We have that _[J\ ¢(__J) = {10} and that the comma category 10 | i = _J, where _]
denotes the left part of __I. Hence a diagram X € ID(_[J) lies in the essential image
of i,: D(—J) — D(_O) if and only if the following left-hand diagram is right D-Beck-
Chevalley at X.

J—1 % 00
i12 v 10 _ Z4> O
ot = i Tz
i| v | O O
O=_0 112 v 112
ON=——_0

Since the right-hand diagram is equal to the left-hand diagram, this is equivalent to
saying that the former is right D-Beck-Chevalley at X. But this means that the pasting
of the two upper squares is right D-Beck-Chevalley at i},(X ), which is equivalent to the
fact that the square ij5(X) is cartesian by Corollary O]

Lemma 7.2.2. A diagram X € D(CIJ) lies in the essential image of
J«: D(_O) — D)
if and only if its left square i§;(X) is cartesian.

Proof. Since the functor j: _[J — (I is fully faithful, we apply Proposition We
have that (13 \ j(_O) = {00} and that the comma category 00 | j = _[J. Hence a
diagram X € D(C) lies in the essential image of j.: D(_J) — D(CO) if and only if the
following diagram is right D-Beck-Chevalley at X.
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| 174 00

0.0 (1)
il v |

M =——=011

Now consider the functor 4g;: - — _[J sending 10 — 10, 11 + 11 and 01 + 01. This
functor admits a right adjoint _[J — _| defined by 10, 20 — 10, 11,21 + 11 and 01 — 01.
The details are left to the reader. It follows from this that the square

J—1
iml %
O—-—1

is D-Beck-Chevalley (see Remark |5.2.3) and that is right D-Beck-Chevalley at X if
and only if the following left-hand diagram is right D-Beck-Chevalley at X.

J—1 J—1
101 v v 00
i,
OJ——-->1 J—>0O
| Y 00 = i| v
J
_——-[1] O O
J v | i01 v i01

Since the right-hand diagram is equal to the left-hand diagram, this is equivalent to
saying that the former is right D-Beck-Chevalley at X. But this means that the pasting
of the two upper squares is right D-Beck-Chevalley at i§; (X), which is equivalent to the
fact that the square iy (X) is cartesian by Corollary O

Corollary 7.2.3. A diagram X € D(C) lies in the essential image of
ke: D(—) — D(D)

if and only if both squares i§;(X) and ii5(X) are cartesian.
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Proof. Suppose first that a diagram X € D(CI) is such that the squares i§; (X)) and i]5(X)
are cartesian. By Lemma [7.2.2] since the square i, (X) is cartesian, the diagram X lies
in the essential image of j,: D(_0J) — D(CI), i.e. there exists a diagram Y € ID(_J) such
that X = j5,(Y). Then the square ij5(Y) = ij5(X) is cartesian and, by Lemma [7.2.1

we have that the diagram Y lies in the essential image of i, : D(__l) — ID(_OJ), i.e. there
exists a diagram Z € D(__]) such that Y = i,(Z). Finally, this implies that the diagram

X =25,(Y) 2 jyin(Z) 2 k(2)

lies in the essential image of k. : D(__J) — D(C1J) since k = j o i.

Suppose now that a diagram X € ID(CI) lies in the essential image of k.. Since
ks« = jiis, the diagram X lies in particular in the essential image of j,. By Lemma
this means that the square if; (X) is cartesian. Moreover, since the diagram X lies in
the essential image of k., the following left-hand diagram is right D-Beck-Chevalley at X

(see Proposition [7.1.9)).

-t 0

il T
k
_I—m O=——_0
J
(O =——[0 O——[
il Tz
Dj:m

Hence the right-hand diagram is also right D-Beck-Chevalley at X. By Remark [7.1.5] the
middle square is D-Beck-Chevalley since j is fully faithful and, by Lemma the lower
square is right D-Beck-Chevalley at X since the diagram X lies in the essential image
of j.. It follows from this that the upper square is right D-Beck-Chevalley at j*(X). By
Proposition this means that the diagram j*(X) lies in the essential image of i,
and hence that the square i7,j*(X) = i]5(X) is cartesian by Lemma [7.2.1 O

We now have a criterion to check that the left and right squares of a diagram in D(CTJ)
are cartesian. It remains to show that, if the right square is cartesian, this criterion
coincide with the fact that the exterior square is cartesian.

Theorem 7.2.4. Let X € D(CIJ) be such that its right square i1(X) is cartesian. Then
its left square i, (X) is cartesian if and only if its exterior square ijo(X) is cartesian.

Proof. 1f the square ij5(X) is cartesian, then the square if, (X) is cartesian if and only
if the diagram X lies in the essential image of k,: D(__) — D(C) by Corollary
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Since the functor & is fully faithful and CI0\ k(—_J) = {00, 10}, this is equivalent to saying
that the following diagrams are right D-Beck-Chevalley at X by Proposition

J—1

I ——1 1 Y 00
1,
4 00 112 174 10 J—0
i (2) k = 5 (3)
_— 1 __— [ = 7, 174
I [ O O
(O =——1[] (0 =——[1J 2| ¢ i1
(O =——[1

Diagram is right D-Beck-Chevalley at X by hypothesis, since the square ij5(X) is
cartesian, which means that the right-hand diagram is right D-Beck-Chevalley at X.
Hence the diagram X lies in the essential image of k. if and only if is right D-Beck-
Chevalley at X. Now consider the inclusion ig2: ) — __] sending 10 — 20, 11 — 21
and 01 — 01. This functor admits a right adjoint __| — _| given by 20 — 10, 21 — 11
and 01,11 — 01. The details are left to the reader. Then diagram is right D-Beck-
Chevalley at X if and only if the following left-hand diagram is right D-Beck-Chevalley
at X.

J—>1 J—>1
| ¥ Y 00
i,
J—1 J—0
Y 00 = i| v
k
__J—[1 O (]
k BZ 102 B 102

Since the right-hand diagram is equal to the left-hand diagram, this is equivalent to
saying that the former is right D-Beck-Chevalley at X. But this means that the pasting of
the two upper squares is right D-Beck-Chevalley at 4§, (X ), which is equivalent to the fact
that the square i{,(X) is cartesian by Corollary This proves the statement. [

This theorem allows us to compute limits of diagrams in D(__]).
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Corollary 7.2.5. Let X € D(__l). If we construct

Xoo X0 X2
_J _
X()1 X11 X21

such that X1g s first constructed to be the pullback of X171 — Xo1 < Xog and then Xy
s constructed to be the pullback of Xo1 — X11 + X10, we have that

lim X = Xqg.

Proof. By Corollary diagram corresponds up to isomorphism to the diagram
k«(X) € D(J) which obviouly lies in the essential image of k.: D(__)) — D(CO).
In particular, Proposition [7.1.10] implies that the following diagram is right D-Beck-
Chevalley at k. (X).

_|—1

| 174 00

LN
k|l v |
(O =——[1O

By computing the right mate, we obtain Xgg = lim k*k,(X). Moreover, since the func-
tor k is fully faithful, the functor k. is fully faithful by Corollary and k*k.(X) = X
by Lemma Finally, we obtain Xgg = lim X. ]
7.3 Strongly Cartesian Cube

Let D be a derivator. For the second problem, we consider diagrams of shape the
small category _J which is defined by

110

101 ‘
Y

011 —— 111

We want to compute the limits of such diagrams.
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Let X € D(4), i.e. X is a diagram of the form

X110

Xio1
N
Xoi1n — X

We first construct the pullbacks of Xg11 — X111 < X101 and X191 — X111 < Xi10-
If ) denotes the small category
100

I
110

001 —— 101

N

011 —— 111

we now have a diagram
X100
X110

Xoo1r — Xio1

~ N
Xo1n — X

of shape ) such that both squares are cartesian. Again, we can construct the pullback
of Xo(n — X101 < XlOO- If @ is the small category
000 — 100

110

001 —— 101

011 —— 111

we obtain this time a diagram

Xooo — X100
N
X110

Xoo1r — X101

~ N
Xoi1n — X111

100



of shape [ such that the three squares are cartesian. We want to show that
lim X = Xo()().

We call the squares in the category () the right square, the bottom square and the back
square respectively (look at it as a part of a cube). We adopt the following notations:

e i,: 0 — [ for the inclusion of the square in the right square, and similarly
ir: 0= Nand i,.: J— J;

e iy,: [ — [ for the inclusion of the square in the bottom square, and similarly
iho: 0 — D and ipp: J— J;

o iy,: 0 — [ for the inclusion of the square in the back square, and similarly
Tkt  — & .

We also consider the inclusions
i:d— @ and j:A—Q
and the composite of these two inclusions
E: J— Q).

As in the first problem, we first find criteria for these three squares to be cartesian in
terms of essential images of the right Kan extensions of these inclusion functors.

Lemma 7.3.1. A diagram X € D(A) lies in the essential image of
ix: D() — D()
if and only if the right square i7.(X) and the bottom square i} (X) are cartesian.

Proof. By Proposition|7.1.10} since the functor i is fully faithful and 0\i(-J) = {100, 001},
a diagram X € D(J) lies in the essential image of i, if and only if the two following
left-hand diagrams are right D-Beck-Chevalley at X.

J—1 J—1
J—1 z |00 J—1 z |00
il v |10 o= g | 2 |100 o—"= 0
It = 4 T P e 7
i| v O O il v O O
A= ir v ir = Tbo % lbo
=4 =4
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Hence this is equivalent to saying that the two right-hand diagrams are right ID-Beck-
Chevalley at X, i.e. the squares 7(X) and i;,(X) are cartesian (Corollary [7.1.11)). [

Lemma 7.3.2. A diagram X € D(Q) lies in the essential image of
j«: D(Q) — D)
if and only if the back square if;,(X) is cartesian.

Proof. By Proposition |7.1.10} since the functor j is fully faithful and L)\ (<) = {000},
a diagram X € D(QQ) lies in the essential image of j, if and only if the following diagram

is right D-Beck-Chevalley at X.

d—1

| % 000

a— (5)
N |

a—Q

Now consider the functor iy, : J — ) sending 10 ~ 100, 11 + 101 and 01 ~ 001.
This functor admits a right adjoint < — _I defined by 100,110 ~ 10, 101,111 ~ 11
and 001,011 — 01. The details are left to the reader. It follows from this that
is right D-Beck-Chevalley at X if and only if the following left-hand diagram is right
D-Beck-Chevalley at X.

J—1 J—1
bk :)é 174 00
i
A—1 J—0
| “ 000 = i| v
J
A—Q O O
J v | ok v Tpk
Q== Q=0Q

Hence this is equivalent to saying that the right-hand diagram is right D-Beck-Chevalley
at X, i.e. the square i}, (X) is cartesian (Corollary [7.1.11]). O
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Corollary 7.3.3. A diagram X € D(Q) lies in the essential image of
k.: D(L) — D)
if and only if the three squares i7(X), i (X) and if,(X) are cartesian.

Proof. Since Lemmas [7.3.1] and [7.3.2 hold and k = j o, the proof is essentially the same
as the proof of Corollary O

Finally, we check that if a diagram X € D({) contains only cartesian squares, the
object Xooo is the limit of the subdiagram k*(X) € D(J).

Theorem 7.3.4. Let X € D(). If we construct

Xooo — X100

l FT

Xoor — Xi01

\& ~~
Xo1n — X1

such that Xoo1 and Xqoo are first constructed to be the pullbacks of Xo11 — X111 < Xio1
and X101 — X111 — X110 respectively and then Xogg is constructed to be the pullback of
Xoo1 — X101 < X100, we have that

lim X & X()()().

Proof. By Corollary diagram @ corresponds up to isomorphism to the object
k.(X) € D(Q) which obviously lies in the essential image of &, : D(4) — D(Q). In par-
ticular, Proposition [7.1.10] implies that the following diagram is right D-Beck-Chevalley
at ky(X).

v 000

k
J—>
k| v |
Q=

By computing the right mate, we obtain Xggg = lim k*k,(X). Moreover, since the func-
tor k is fully faithful, the functor k. is fully faithful by Corollary and k*k.(X) =2 X
by Lemma [3.2.9] Finally, we obtain Xooo = lim X. O
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7.4 Pullback Cube

Let D be a derivator. For the last problem, we consider diagrams of shape the small
category V5|

000 —— 100
NN
010 —— 110

|

001 — |- 101
Y N

011 —— 111

which we call cubes. We actually consider diagrams in D({@) such that the front and
back faces are cartesian squares. Let X € D() be a cube

Xooo — X100

N ‘ N
Xo10 — X110

Xoo1 ‘% X101 ‘
N N

Xo11n — X1

such that the front and back faces are cartesian. We first construct the pullbacks of the
left and right face of the cube X, in other words the pullbacks of Xgo1 — Xo11 < Xo10
and X101 = X111 ¢ X110- If we denote by K the small category

B—|— A
/ l/
001 — 101

we obtain a diagram

Xooo — X100

\ e N

Xp — *> XA
/ L/
Xoo1 -+ X101

I

Xoin — X
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such that the squares

XA —_— X110 XB —— XOlO
l l ) l l ®
X101 — Xin1 Xoo1 — Xon1

are cartesian. The morphisms Xgoo — Xp, X100 =& X4 and Xp — X4 are given here
by the universal property of pullbacks. We want to show that the square

Xooo — X100

]

Xp— X4
obtained by this construction is also cartesian. We adopt the following notations:
e i: [J— K for the inclusion of the square in the square @D;
o ip:[0— & for the inclusion of the square in the front face, and similarly i 0= K;
e i,: 0 — Q@ for the inclusion of the square in the back face, and similarly ip: _| — K;
e i,4:[J— K for the inclusion of the square in the square ;
e ip: [0 — K for the inclusion of the square in the square .

We also consider the inclusions
j:&—>@ and k:@—)K,

where ) is the category defined in the pullback iteration problem, and the composite of
these two inclusions

fd— K.
To solve this problem, we will use the following criterion.

Proposition 7.4.1. Let K be a small category that contains a square and J be a sub-
category of K. Let i: O — K be the inclusion of the square in K and f: J — K be the
inclusion of J in K. Suppose that the object i(00) does not lie in the image of f: J — K
and that the functor i: J — i(00) | (K \ {i(00)}) induced by i admits a right adjoint.
Then, if a diagram X € D(K) lies in the essential image of fi: D(J) — D(K), the
square i*(X) is cartesian.

Proof. Let X € D(K) be a diagram that lies in the essential image of fi, i.e. there exists
a diagram Y € D(J) such that X = f.(Y). Since i(00) does not belong to the image
of f, the functor f factors through

£ 0 L KO\ {i(00)) -5 K
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and X = f.(Y) 2 I.f,(Y) lies in the essential image of I,: D(K \ {i(00)}) — D(K).
Then the following left-hand diagram is right D-Beck-Chevalley at X

— 1 J—1
i v 7 00
1,
i(00) 4 (K \ {i(00)}) —— 1 J—0
v i(00) = i| Tz
. l
K\ i(00) ——— K 0 0
l :// 7 :L// )
K K K K

since the functor i: 1 — i(00) | (K \ {i(00)}) admits a right adjoint by hypothesis.
Hence the right-hand diagram is also D-Beck-Chevalley at X, which means that the
square i*(X) is cartesian. O

We can apply this criterion to i: 0 — K and f: ) — K defined above since the
object i(00) = 000 does not lies in the image of f and the functor _J — 000 | K \ {000}
admits a right adjoint, as shown later. Hence it suffices to show that a diagram X € D(K)
lies in the essential image of f.: D(d) — D(K) when its squares i}(X), i;(X), % (X)
and ¢ (X) are cartesian.

Lemma 7.4.2. A diagram X € D(Q) lies in the essential image of
j«: D(Q) — D@)
if and only if its front square z}(X) and its back square if(X) are cartesian.

Proof. By Proposition since the functor j is fully faithful and since we have
B\ j(Q) = {000,010}, a diagram X € D(W) lies in the essential image of j, if and only
if the two following left-hand diagrams are right D-Beck-Chevalley at X,
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J—1 v |00 | v % 00
if v 010 J#D d—1 J#D
a—tam - i Y | v o= i,| Tz
Z 0 O 1@ 0 ]
B— S il v | | Tz |
=0 R=—08 R=—0

since the functor i7: | — ) sending 01 ~ 001, 11 > 111 and 10 > 100 admits a right
adjoint <) — _J given by 001,011 ~ 01,101,111 ~ 11 and 100,110 ~ 10. Hence the
two right-hand diagrams are also right D-Beck-Chevalley at X, which means that the
squares i3(X) and i} (X) are cartesian. O

Lemma 7.4.3. A diagram X € D(K) lies in the essential image of
k.: D@) — D(K)
if and only if its squares % (X) and i(X) are cartesian.

Proof. By Proposition|7.1.10} since the functor k is fully faithful and K\ k(®) = {4, B},
a diagram X € D(K) lies in the essential image of k, if and only if the two following
left-hand diagrams are right D-Beck-Chevalley at X,

J—1 J—>1 J—>1
J—1 7 00 ip| v Y 00
. i_: 7’4
iA % A J—0 a——1 J—0
k; = =
B——K = i 7 v B = i, v
p— k
k 1% O O B——K O O
K K 1A % iA k v iB v iB
K K K K K K

since the functor ig: _J — & sending 01 — 001, 11 — 011 and 10 — 010 admits a right
adjoint & — _J given by 001,101 — 01,011,111 + 11 and 010,110 + 10. Hence the
two right-hand diagrams are also right ID-Beck-Chevalley at X, which means that the
squares % (X) and i;(X) are cartesian. O
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Corollary 7.4.4. A diagram X € D(K) lies in the essential image of
f+: D(A) — D(K)
if and only if its squares i3(X), i;(X), ©4(X) and ip(X) are cartesian.

Proof. Since Lemmas [7.4.2)and [7.4.3| hold and f = ko j, the proof is essentially the same
as the proof of Corollary O

Back to our problem, the cube X € D() that we consider gives rise to an object
in D(K) that lies in the essential image of f.: D() — D(K), by hypothesis on the front
and back faces and by construction of the pullbacks X 4 and Xp. Hence the following
result shows that, under this construction, the square

Xooo — X100

|

Xp— X4

is a cartesian square.

Theorem 7.4.5. Let X € D(K) be a cube such that the four squares i}(X), i;(X),
% (X) and i5(X) are cartesian. Then the square i*(X) is also cartesian.

Proof. By Corollary the diagram X lies in the essential image of f.: { — K.
Since i(00) = 000 does not lie in the image of f, by Proposition m it suffices to
show that the functor i: | — (000 | K \ {000}) admits a right adjoint to prove that
the square ¢*(X) is cartesian. Note first that the category 000 | K \ {000} is the full
subcategory K \ {000} of K, i.e. the small category

100

A

010 —/————— 110

il N Uy
/ L/
001 101

and the functor 7: _J — K\ {000} is the functor sending 01 — B, 00 — A and 10 — 100.
This functor admits a right adjoint K \ {000} — _I given by B,010,001,011 — 01,
A,110101,111 — 00 and 100 — 10. This shows the result. O
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8 Limits and Colimits

As another application, we characterize the initial and final functors and the homo-
topy initial and homotopy final functors in terms of limits and colimits of derivators.
In Section the initial functors are defined as the functors u: A — B in Cat such
that the comma category u | b is non-empty and connected for every b € B, but they
are also often defined as the functors u: A — B in Cat which preserve limits under
precomposition with respect to every complete category C, i.e. there is an isomorphism

limg F=limg Fou

for every diagram F': B — C. More generally, we show in this section that the initial
functors are the ones which preserve the limits under precomposition with respect to
every derivator whose basic localizer contains the fundamental one.

Similarly, the homotopy initial functors are defined in Section as the functors
u: A — B in Cat such that the nerve of the comma category w | b is homotopy equivalent
to a point for every b € B, but they are also often defined as the functors u: A — B
in Cat which preserve homotopy limits under precomposition with respect to every model
category M, i.e. there is an isomorphism

holimpg F' = holimy4 F o u

for every diagram F' € Ho(MP). We show that they are actually the functors which
preserve limits under precomposition with respect to every derivator.

Finally, in Section[8.3] we prove general results about limits and colimits in derivators,
such as Fubini’s theorem for limits and colimits and how to compute limits and colimits
of shape the coproduct of two small categories with respect to every derivator.

8.1 Imnitial and Final Functors

The aim here is to show that initial (resp. final) functors in Cat are exactly the
functors u: A — B in Cat that preserve limits (resp. colimits) under precomposition
with respect to every derivator whose basic localizer contains the fundamental one. We
first recall the definitions of initial and final functors.

Definition 8.1.1. Let u: A — B be a functor in Cat.

(i) The functor u is initial if for every b € B the comma category u | b is non-empty
and connected.

(ii) The functor u is final if for every b € B the comma category b | u is non-empty
and connected.

Remark 8.1.2. In other words, a functor in Cat is initial if it is Wp-aspherical and it is
final if it is Wy-coaspherical.

The fact that the initial and final functors are exactly the ones which preserve limits
or colimits under precomposition with respect to every derivator D such that Wy C Whp
follows from the fact that there exist derivators whose basic localizer is Wy, for example
the represented derivator of the categories Cat and Set.
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Theorem 8.1.3. Let u: A — B be a functor in Cat.

(i) The functor w is initial if and only if, for every derivator D such that Wy C Wp,
we have a natural isomorphism

limpg & limy u*.

(i) The functor u is final if and only if, for every derivator D such that Wy C W,
we have a natural isomorphism

colimy u* = colimp .

Proof. (i) Let u: A — B be an initial functor in Cat, i.e. a Wy-aspherical functor, and
let D be a derivator such that Wy C Wp. Then the functor v is in particular D-aspherical
and Lemma implies that we have a natural isomorphism limpg = lim 4 u*.
Conversely, if a functor u: A — B in Cat is such that limp = lim4 u* for every
derivator D such that Wy C W), it is in particular true for the represented derivator
associated to a cocomplete and complete category that is not equivalent to a preorder
category, e.g. the categories Set and Cat. Since the basic localizer associated to this
derivator is Wy (see Proposition , it follows from Lemma that the functor u
is Wy-aspherical, i.e. initial.
(ii) The proof is dual to (i). O

As a corollary of this theorem, we have the usual characterization of initial (resp.
final) functors, i.e. for every cocomplete and complete category C and every diagram
F: B — C, there is an isomorphism

limp F = limy Fou (resp. colimy F ou = colimp F).
where u: A — B is an initial (resp. final) functor in Cat.
Corollary 8.1.4. Let u: A — B be a functor in Cat.

(i) The functor u is initial if and only if, for every cocomplete and complete category C
and every diagram F: B — C, we have an isomorphism

limg F' = limy F o u.

(i) The functor u is final if and only if, for every cocomplete and complete category C
and every diagram F': B — C, we have an isomorphism

colimy F' o u = colimpg F.

Proof. Since the basic localizer associated to the represented derivator of a cocomplete
and complete category contains the fundamental basic localizer Wy, by Theorem [.1.23|
and Proposition and since there exists a represented derivator whose basic localizer
is Wy, the result follows immediately from Theorem [8:1.3] O
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Remark 8.1.5. Tt is actually sufficient to suppose that the category C is just complete
in (i) and that C is just cocomplete in (ii).

As an application of this theorem, we can compute the limit of diagrams of shape A
with respect to every derivator whose basic localizer contains the fundamental one,
where A denotes the category of non-empty ordinal numbers and order-preserving maps,
i.e. the small category

A= == -

Corollary 8.1.6. Let D be a derivator such that Wy C Wp and let A denote the category
of non-empty ordinal numbers. For every diagram F € D(A),

[
lima F = eq(Fy = Fy).
01

Proof. Consider the category

and the inclusion functor i: I — A. We show that the functor ¢ is initial. Let n € N.
We have to prove that the category i | [n] is non-empty and connected. If n = 0, the
category i | [0] has two objects, namely ([0], [0] — [0]) and ([1], [1] — [0]), and these are
clearly connected. If n > 1, the category i | [n] has objects

(t,m)

— [n])

where 0 < kK < mnand 0 <7 < m < n. Let us prove, for example, that the objects

([0], [O] *, [n]) and ([0], [0] SN [n]) are connected, where 0 < k <[ < n. The following
commutative diagram actually gives a zig-zag of morphisms between these objects.

(0], (0] = [n])  and (1), [1]

The fact that the other objects of ¢ | [n] are connected follows from this in a similar
way. Hence i: I — A is initial and, by Theorem [8.1.3] since Wy C Wp, we have that

limay = lim;é*. In other words, this means that lima F' = eq(Fy = F}), for every
diagram F' € D(A). O
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8.2 Homotopy Initial and Homotopy Final Functors

Similarly, we characterize the homotopy initial (resp. final) functors as the ones which
preserve limits (resp. colimits) under precomposition with respect to every derivator.
Here is a reminder of the definitions of homotopy initial and homotopy final functors.

Definition 8.2.1. Let u: A — B be a functor in Cat.

(i) The functor u is homotopy initial if for every b € B the nerve of the comma
category u | b is homotopy equivalent to a point.

(ii) The functor u is homotopy final if for every b € B the nerve of the comma
category b | u is homotopy equivalent to a point.

Remark 8.2.2. In other words, a functor in Cat is homotopy initial if it is Wo-aspherical
and it is homotopy final if it is WW,,-coaspherical.

As for initial and final functors, the fact that the homotopy initial and homotopy
final functors are exactly the ones which preserve limits or colimits under precomposition
with respect to every derivator follows from the fact that there exist derivators whose
basic localizer is Wy, for example the homotopy derivator of sSet.

Theorem 8.2.3. Let u: A — B be a functor in Cat.

(i) The functor u is homotopy initial if and only if, for every derivator D, we have a
natural isomorphism
limp = limg u*.

(i) The functor u is homotopy final if and only if, for every derivator D, we have a
natural isomorphism

~Y

colimy4 u* = colimp .

Proof. (i) Let u: A — B be a homotopy initial functor in Cat, i.e. a Weyo-aspherical
functor, and let D be a derivator. By Theorem we have that Wo, C Wp and hence
the functor u is in particular D-aspherical. It follows from Lemma that we have a
natural isomorphism limpg = lim 4 u*.

Conversely, if a functor u: A — B in Cat is such that limp = lim4 u* for every
derivator DD, it is in particular true for the homotopy derivator associated to the model
category sSet equipped with the Quillen model structure. Since its basic localizer is Wy,
(see Theorem , it follows from Lemma that the functor u is Wo-aspherical,
i.e. homotopy initial.

(ii) The proof is dual to (i). O

Remark 8.2.4. If a functor in Cat admits a right adjoint, it is homotopy initial, since it
is Weo-aspherical by Proposition [I.1.14] By Theorem [8.2.3] this shows that left adjoint
functors preserve limits under precomposition with respect to every derivator. Dually, if
a functor in Cat admits a left adjoint, it is homotopy final, since it is Wso-coaspherical
by Proposition By Theorem this shows that right adjoint functors preserve
colimits under precomposition with respect to every derivator.

112



As a corollary of Theorem [8.2.3] we obtain a characterization of the homotopy initial
(resp. final) functors in terms of homotopy limits (resp. colimits).

Corollary 8.2.5. Let u: A — B be a functor in Cat.

(i) The functor u is homotopy initial if and only if, for every combinatorial model
category M and every F € Ho(MP), we have an isomorphism

holimpg F' = holimy4 F' o u.

(i1) The functor u is homotopy final if and only if, for every combinatorial model
category M and every F € Ho(M?P), we have an isomorphism

hocolim 4 F' o u = hocolimp F.

Proof. Since the basic localizer Wy, is the minimal one, by Theorem[6.4.6] and since there
exists a homotopy derivator whose basic localizer is Ws, the result follows immediately
from Theorem [R.2.3 O

8.3 General Results about Limits and Colimits

Finally, we show three general results about limits and colimits. The first one is
Fubini’s theorem for limits and colimits.

Theorem 8.3.1. Let D be a derivator. For all small categories A and B, we have
(i) limygxp = limy limp & limp lim 4, and
(ii) colim4xp = colim 4 colimp = colimp colim 4.

Proof. (i) Let p: A — 1 and ¢q: B — 1. The following diagram commutes.

1 xq
AxB——

Sy
b

px1
B

e
=

—_—
q

Since the derivator D is a 2-functor, the following diagram also commutes.

D(A x B)(m*D(A)

(p x 1)*[ Qs /l\AA

D(B) T D(1)

/
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In particular, by unicity of right adjoints,

limg (1 xq)s = limg limp
limp(p x 1), =limplimy .

].imAxB

111

(ii) The proof is dual to (i). O

Now we want to compute limits and colimits of shape the coproduct of two small
categories. The solution is that the limit of shape the coproduct of two small categories
is the product of the two limits of shape these categories and the colimit of shape the
coproduct of two small categories is the coproduct of the two colimits of shape these
categories. To show this, we first need a lemma.

Lemma 8.3.2. Let D be a derivator and let u: A — B and v: C — D be two functors
in Cat. The following diagram commutes

(uIlv)*
D(BIID) ——— 5 D(ATLC)

gl l:

D(B) x D(D) oy D(A) x D(C)

where the vertical arrows are the canonical equivalences given by aziom [D1].

Proof. Let i4: A > AIUC, ic: C - AUC, ig: B — BIDandip: D — BIID
denote the inclusions. The canonical equivalences of axiom [D1] are given explicitly by
(i%,i5): D(ALIC) — D(A) xD(C) and (i, ;) : D(BIID) — D(B) xID(D). By definition
of the coproduct of two functors, the following diagrams commute.

A#B C%D
1A B ic iD
ADC—BID AODC ——BID

ullv ullv

This gives us the following equality of commutative diagrams.

D(BII D) D(B1I D)
(ull )" P (M
D(ATIC) =  D(B)+—— D(B) x D(D) — D(D)
(i%,1%) N “*‘ (u®, v*) v ‘
D(A) ——— D(A) x D(C) —— D(C)  D(A) «—— D(A) x D(C) — D(C)
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By the universal property of products, this implies that the diagram

(uIlv)*
D(BID) — s D(ALLC)

(ifeai’b)l l(iﬁ’i’é)

D(B) x D(D) oy D(A) x D(C)

commutes. O

Here are the definitions of the product of two limit functors and the coproduct of
two colimit functors.

Definition 8.3.3. Let D be a derivator. If A and B are small categories, we can define
(i) the functor limy x limp: D(AII B) — (1) as the composite

(lim4,limp)
EEE—

D(AII B) = D(A) x D(B) D(1) x D(1) = D(1 11 1) = D(1),
where the equivalences are given by axiom [D1] and x = limyy;, and

(ii) the functor colimy ITcolimp: D(A Il B) — D(1) as the composite

(colim 4,colimp)
T2

D(AII B) =5 D(A) x D(B) D(1) x D(1) =5 D(1 1) -5 D(1),
where the equivalences are given by axiom [D1] and II = colimyyy.

Finally, we show that these functors are naturally isomorphic to the limit and colimit
functors of shape the coproduct of the two small categories respectively.

Theorem 8.3.4. Let D be a derivator. For all small categories A and B, we have
(i) limapp = limy x limpg, and
(ii) colimarp = colimg I colimp.

Proof. (i) Let p: A — 1 and ¢: B — 1. Then, by Lemma [8.3.2] the following diagram
comiutes.

D(1111) (p1lqy D(ATI B)
D(1) x D(1) D(A) x D(B)

(Aa,Ap) = (p".q")

By taking the right adjoint of three of the functors in the diagram, we obtain a diagram
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(P q).

D(11I1) D(AILLB)
D(1) x D(1) D(A) x D(B)

(limg, limp)

that commutes up to a natural isomorphism. Moreover, since the following left-hand
diagram commutes,

I 11¢)*
ans "% 1 pan ) P2 b

N /

the right-hand diagram also commutes, and this gives us a natural isomorphism

D(1

D(1)

/:’WHB
(pllq)

DT 1) " panp)

4 . l:

D(1) x D(1) +— D(A) x D(B)
(limy, limp)

By definition of lim 4 x limp, this means that lim ;1 = limy X limp.
(ii) The proof is dual to (i). O

Let A be a small category and let [1] denote the small category 0 — 1. Consider the
two functors i9: A - A x [1],a — (a,0) and i1: A — A x [1],a + (a,1). Then there
exists a cone category A of A and a cocone category A~ of A that are constructed
as the pushouts of the following squares.

A——1 A——1
io‘ %) il‘ *
AX[1]] —— g< AXx[1] — 4>

The cone category A has the same objects and morphisms as A plus an initial object @,
and the cocone category A” has the same objects and morphisms as A plus a terminal
object *. The last result says that the right Kan extension of the inclusion functor
i: A — A" sends a diagram of shape A to its limit cone, and dually for colimits.
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Theorem 8.3.5. Let D be a derivator and let A be a small category.
(i) If i: A — A™ is the inclusion functor, for every diagram X € D(A), we have
limg X = i,(X)g,
where & denotes the initial object of A”.
(ii) If j: A — A" is the inclusion functor, for every diagram X € D(A), we have
colimyg X = ji(X)s.,
where * denotes the terminal object of A”.

Proof. (i) Note first that the square

A—1

A——— A"
7

is a comma square. Let X € D(A) be a diagram. Since the functor ¢ is fully faithful and
A7\ i(A) = {@}, by Proposition [7.1.10} the following diagram is right D-Beck-Chevalley
at i, (X).

A® A”

By computing the right mate, we obtain i, (X)g = lim ¢*i.(X ). Moreover, since the func-
tor i is fully faithful, the functor i, is fully faithful by Corollary and "5, (X) =2 X
by Lemma Finally, we obtain i,(X )y = limy X.

(ii) The proof is dual to (i). O
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