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THE MONOTONE-LIGHT FACTORIZATION
FOR 2-CATEGORIES VIA 2-PREORDERS

JOAO J. XAREZ

ABSTRACT. It is shown that the reflection 2Cat — 2Preord of the category of all
2-categories into the category of 2-preorders determines a monotone-light factorization
system on 2Cat and that the light morphisms are precisely the 2-functors faithful on
2-cells with respect to the vertical structure. In order to achieve such result it was
also proved that the reflection 2Cat — 2Preord has stable units, a stronger condition
than admissibility in categorical Galois theory, and that the 2-functors surjective both
on horizontally and on vertically composable triples of 2-cells are the effective descent
morphisms in 2Cat.

1. Introduction

1.1. THE PROCESS OF STABILIZATION AND LOCALIZATION. The classical monotone-light
factorization is due to S. Eilenberg [3] and G. T. Whyburn [14]. It consists of a pair
(€', M*) of classes of morphisms in the category CompH aus of compact Hausdorff spaces,
such that any continuous map f of compact Hausdorff spaces factorizes as f = m o e,
with e € £ (the class of monotone maps, i.e., those who have totally disconnected fibres)
and m € M* (the class of light maps, i.e., those whose fibres are connected).

This factorization system (£, M*) may be obtained from another (reflective) fac-
torization system (€, M) on CompHaus by a process of simultaneous stabilization and
localization. That is: beginning with the reflector I : CompHaus — Stone (the cate-
gory of Stone spaces), whose right adjoint H is a full inclusion, there is an associated
(reflective) factorization system (£, M); then, we take the largest subclass £ of £ which
is stable under pullbacks, and take M* to be the class of morphisms which are obtained
by localizing M (m € M* if there is any surjective map p such that the pullback p*(m)
along p is in M).

The process explained in the last paragraph was studied in general in [1], beginning
with a reflection H - I : C — X, and the surjective maps p used in the localization were
generalized to morphisms p : £ — B such that the pullback functor p* : C/B — C/FE is
monadic, called effective descent morphisms (e.d.m.) in Grothendieck (basic-fibrational)
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descent theory.

In that paper [1] some examples were given in which this process actually achieves a
new factorization system (£, M*) (non-trivial because & # & <& M # M?*). This is a
quite rare phenomenon, since the pair (€ " M?*) usually fails to be a factorization system.
When (€', M*) is in fact a factorization system (whose definition can be found in [4],
and nicely exposed with other insights in [1]), obtained by simultaneous stabilization and
localization, it is to be called monotone-light as in [1], paying tribute to that first example
referred to above.

An interesting feature of this process is its connection to categorical Galois theory (see
[5]). If the reflection I 4 H is semi-left-exact (in the sense of [2]), also called admissible
in categorical Galois theory, then M* is the class of coverings in the sense of that theory
(being Spl(E,p) the full subcategory of C/B, determined by the coverings over B split
by the monadic extension (E,p), the fundamental theorem of categorical Galois theory
says that Spl(E,p) has an algebraic description).

1.2. PAST AND PRESENT WORK. In [11], it was presented a new non-trivial example of
the process above, for the reflection C'at — Preord of the category of all categories into
the category of all preordered sets, where the coverings are the faithful functors.

Now, in this paper, it will be proved that also the reflection 2C'at — 2Preord of the
category of all 2-categories into the category of all 2-preorders has a non-trivial monotone-
light factorization, where the coverings are the 2-functors which are faithful vertically with
respect to 2-cells.

Notice that both reflections have stable units (in the sense of [2]; a stronger condition
than semi-left-exactness), which is crucial to the proof in association with the fact that
there are enough e.d.m. with domain in the subcategory.

The needed characterization of e.d.m. in 2Cat is given in this paper, obtained in a
completely analogous way as the characterization of e.d.m. in C'at was done in [6]. These
characterizations depend on the embedding of C'at and 2Cat in the obvious presheaf
categories.

1.3. FUTURE WORK: PROSPECTS. This paper is intended to be a first step in showing
that the monotone-light factorization in [11] can be extended to higher category theory.

In particular, we hope to achieve the same results for n-categories in general (and
to w-categories) in a similar way, embedding n-categories in categories of presheaves, if
feasible.

We also believe, for the moment, that the good context for extending our results to
higher category theory will be that of V-categories. Remark that, considering V = Set
the category of sets and then iterating one obtains n-categories. Of course, this opens
the possibility of doing so for V other than the category of sets. We would be very
interested, for instance, to apply these future results to the following open problem: is
there a monotone-light factorization for semigroups via semilattices (see [7] and [10])7?

Remark finally that, because of the characterization given in this paper for the e.d.m
in 2Cat (cf. 4.1), we are driven to present the following conjecture about the nature of
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e.d.m. for n-categories (n > 1), which may be helpful in related future work.
Conjecture: an n-functor is an e.d.m. in the category of all n-categories if and only
if it is surjective both on vertically composable triples of n-cells, and on horizontally
composable triples of k-cells, for every k € {2,...,n}.
Similarly, we could present other obvious conjectures. Some concerning the classes
of morphisms of categorical Galois theory characterized in this paper, and even of other
important classes of morphisms not treated here, since we were not exhaustive.

2. The category of all 2-categories

Consider the category 2Cat, with objects all 2-categories and whose morphisms are the
2-functors (see [9, §XIL.3]). Its definition is going to be stated in a way that suits our
purposes. In order to do so, some intermediate structures need to be defined first.

First, consider the category P generated by the following precategory diagram,

q d
m e
Py r - P c Py

in which
doe=1p, =coe, dom=doq, com=corandcoqg=dor,
where 1p, stands for the identity morphism of Py (see [1, §4.1]).
A precategory is an object in the category of presheaves P = SetP, that is, any functor
P : P — Set to the category of sets.
If
q/ d

/ 6/

Q2 :;L " Qo

is another precategory diagram, then a triple (fo, f1, fo) with fo: P, — Qa, f1: P — Q1
and fy : Py — Qo, will be called a precategory morphism diagram provided the following
equations hold: food=d o fi, fooc=ddof, fioe=¢eofy, fioq=q o fo,from=
m'o fo, fror =10 f5.

Secondly, consider the category 2P generated by the following 2-precategory diagram,

hq X hq hd x hd
hm X hm he X he
hv Py hr x hr vh hex he 1o
ur X ur|vm X vm |vg X v vr|vm | v 1
q qhq q hd Py
him he
h P, o 2P he Py (2.1)
ve X ve| ve X|ve |vd X vd ve | ve | vd J 1p,
q
e
Py ; Py ‘ Ry,
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in which:

e cach one of the three horizontal diagrams (upwards, P, hP and hvP) is a precategory
diagram;

e cach one of the three vertical diagrams (from the left to the right, vhP, vP and the
trivial ) is a precategory diagram;

o (vc X ve,ve, 1p,), (ve X ve,ve,1p)), (vd X vd,vd,1p,), (vr x vr,or,1p), (vm x
vm,vm, 1p,), (vq X vq,vq, 1p,) are all six precategory morphism diagrams (equiva-
lently, (hq X hq, hq,q), (hm x hm,hm,m), (hr x hr,hr,r), (hd X hd,hd,d), (he x
he, he,e), (hc X he, he, ¢) are all six precategory morphism diagrams).

Notice that the names given to objects and morphisms in (2.1) are arbitrary, being so
chosen in order to relate to the following last definition of section 2 (for instance, vq x vg
will denote the morphism uniquely determined by a pullback diagram).

The category 2Cat of all 2-categories is the full subcategory of 2P = Set?®, determined
by its objects C' : 2P — Set such that the image by C of each horizontal and vertical
precategory diagram in (2.1) is a category. That is, for instance, in the case of the bottom
horizontal precategory diagram in (2.1):

the commutative square

Cq

C(P) C(P)

Cr { l Cec (2.2)
cd

C(Py) C(P)

is a pullback diagram in Set;
the associative and unit laws hold for the operation C'm, that is, the following respec-
tive diagrams commute in Set,

Cm x Cq
C(R) xo(p) C(FP) C(PR)
Cr x Cm \ JC’m (2.3)
Cm
C(P2) . C(Pl)a
C@chpl 10131 x Ce
C(Po) xcry C(P1) P O(Py) T C(PY) x oy O(Py)
JPTQ J Cm Jprl (2.4)
Lo Lo
(P B om) B o).

It would be a long and trivial calculation to check that there is an isomorphism between
the category of all 2-categories (in the sense of [9, §XII.3]) and the full subcategory of 2P
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just defined. Notice that: the requirement that the horizontal composite of two vertical
identities is itself a vertical identity is encoded in diagram (2.1) in the commutativity of
the square hm o (ve X ve) = ve om ; the interchange law, which relates the vertical and
the horizontal composites of 2-cells, is encoded in diagram (2.1) in the commutativity of
the square vm o (hm x hm) = hm o (vm x vm).

3. Internal categories and limits

In section 2, if the category Set of sets is replaced by any category C with pullbacks, then
one obtains the definition of 2Cat(C), the category of internal 2-categories in C.

In this section 3, the goal is to show that the category of all 2-categories 2Cat is closed
under limits in the presheaves category 2P = Set®®. The following Lemmas 3.1 and 3.2
give some well known facts about limits of internal categories, which will translate into
internal 2-categories, and finally into 2-categories in the special case of C = Set.

In what follows, C'at(C) will denote the category of internal categories in C, that is, the
full subcategory of the category of functors C¥, determined by all the functors C' : P — C
such that the diagram (2.2) is a pullback diagram in C and the diagrams (2.3) and (2.4)
commute in C (P is of course the category defined in section 2).

3.1. LEMMA. Let C be a category with pullbacks.
Then, Cat(C) is closed under pullbacks in C¥, where pullbacks exist and are calculated
pointwise.

3.2. LEMMA. Let C be a category with pullbacks.

If 1 is a discrete category (that is, a set) and C has all limits I — C, then Cat(C) is
closed under all limits 1T — Cat(C) in C¥, where limits I — C¥ exist and are calculated
pointwise.

3.3. COROLLARY. If C has all limits then 2Cat(C) is closed under limits in the functor
category C** , where all limits exist and are calculated pointwise.

In particular, for C = Set, 2Cat is closed under limits in 2P = Set?P.

PROOF. The proof follows from the fact that limits are calculated pointwise in C?F, and
that a category with pullbacks and all products has all limits, and from Lemmas 3.1 and
3.2. m

4. Effective descent morphisms in 2Cat

Consider again the category of all categories C'at and its full inclusion in the category of
precategories P = SetP.

A functor p : E — B is an effective descent morphism (e.d.m.)! in Cat if and only if
it is surjective on composable triples of morphisms. The proof of this statement can be

L Also called a monadic extension in categorical Galois theory.



1214 JOAO J. XAREZ

found in [6, Proposition 6.2]. In a completely analogous way, the class of effective descent
morphisms in 2Cat is going to be given in the following Proposition 4.1.

4.1. PROPOSITION. A 2-functor 2p : 2E — 2B is an e.d.m. in the category of all 2-
categories 2Cat if and only if it is surjective both on horizontally composable triples of
2-cells and on vertically composable triples of 2-cells.

PROOF.
(if:)

Let 2p : 2E — 2B be surjective on triples of composable 2-cells (both horizontally and
vertically). Then, 2p is an e.d.m. in 2P = Set?® since the effective descent morphisms in
a category of presheaves are simply those surjective pointwise (which, of course, is implied
by either surjectivity on triples of composable 2-cells). Hence, the following instance of
[6, Corollary 3.9] can be applied:

if 2p : 2E — 2B in 2Cat is an e.d.m. in 2P = Set?® then 2p is an e.d.m. in 2Cat if
and only if, for every pullback square

2D 2A

(4.1)

2p

2E 2B

in 2P = Set?® such that 2D is in 2Cat, then also 24 is in 2Cat.

Since the pullback square (4.1) is calculated pointwise (cf. Corollary 3.3), it induces
six other pullback squares in P=3 et®, corresponding to the three rows P, hP and hvP,
and the three columns vhP, vP and Fp, in the 2-precategory diagram (2.1).

The fact that 2p is surjective on triples of composable 2-cells (both horizontally and
vertically) implies that its six restrictions (to the six rows and columns 2E(P), 2E(hP),
2E(hvP), 2E(vhP), 2E(vP) and 2E(F,)) are surjective on triples of composable mor-
phisms in Cat, as it is easy to check. Hence, these six restrictions are effective descent
morphisms in C'at. Therefore, 2A must always be a 2-category, provided so is 2D.

(only if:)

Let’s now prove the converse, that if 2p : 2E — 2B is not surjective on vertically com-
posable triples or on horizontally composable triples of 2-cells, then it is not an effective
descent morphism.

Suppose first that 2p : 2E — 2B is not surjective on horizontally composable triples
of 2-cells, that is, there is a triple

0 U1 B2 b3

in 2B, and there is no triple

0 U«&‘l' 1 Uégr 2 U&"gr 3




MONOTONE-LIGHT FACTORIZATION FOR 2-CATEGORIES VIA 2-PREORDERS 1215

in 2E, such that 2p(e1) = Bo1, 2p(e2) = F12 and 2p(e3) = Fas.
Consider the 2-category h4 generated by the following diagram,

0 ‘U'aO:l 1 UOZ{Q 2 »UO(QEJ, 3.

Then, consider also the presheaf h4™% : 2P — Set, which has the same objects (0-cells),
the same morphisms (1-cells), and the same six non-identity 2-cells o;;, 0 < i < j <3
as h4, plus a new 2-cell af; : 0 — 3, with the horizontal composition of 2-cells being
as follows: ays 0 agr = g, oz © o = aus, Qo3 © ape = a3 and a3 © g = g3 (with
a3 # 3, which destroys the horizontal associativity). Hence, one can call h4™* a
horizontally non-associative 2-category, in the sense that the images of the precategory
diagrams P, vP are categories, the image of the commutative square hco hq = hd o hr is
a pullback diagram, the unit laws hold for the image of hP, but the image of hm is not
associative (cf. diagram (2.1)).

Now, if one takes 24 = h4™% and 2A — 2B to be the morphism ¢ determined by
wo; = Bij, 0 < i < j <3, and pogs = Bos, then the pullback 2D is a 2-category; and
therefore 2p is not an effective descent morphism, because it is not surjective on horizontal
triples. In fact, 2D would not be a 2-category only if there was a triple of 2-cells

U(€1>041) U(Ezyaz) U(53,043)

in 2D such that

((e3,3) 0 (£2,09)) 0 (£1, 1) # (g3, 3) 0 ((£2, 2) © (€1, 1)),
which would imply oy = agy, as = a9 and a3 = a3, and so, contrary to the hypothesis,
2p would be surjective on horizontally composable triples of 2-cells.

The proof that if 2p : 2E — 2B is not surjective on vertically composable triples of
2-cells, then it is not an effective descent morphism, can be made “mutatis mutandis”
using the 2-category v4 in the following Example 4.2.

]

4.2. EXAMPLE. It is obvious that the coproduct of 2-categories is just the disjoint union,
as for categories.

Let v4 and h4 be the 2-categories generated by the following two diagrams, respec-
tively:

2Since pullbacks are calculated componentwise in a category of presheaves, and that the proof of
Lemma 3.1 is made by considering the associative and unit laws independently (cf. above (2.2), (2.3) and

(2.4)).
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Consider, for each 2-category 2B, the 2-category

2E = ([Jva) + (] 1),

iel jeJ

such that I is the set of all vertically composable triples of 2-cells in 2B, and .J is the set
of all horizontally composable triples of 2-cells in 2B.

Then, there is an e.d.m. 2p : 2E — 2B which projects the corresponding copy of v4
and h4 to every ¢ € I and every j € J, respectively.

As another option, let
2B = [ vha,

keluJ

with vh4 the 2-category® generated by the following diagram,

(e}
slele
-
=lele
[\
slele
W

5. The reflection of 2-categories into 2-preorders has stable units and a
monotone-light factorization

Let 2Preord be the full subcategory of 2Cat determined by the objects C' : 2P — Set
such that Cvd and Cvc are jointly monic (cf. diagram (2.1)), that is,
Cuq Cuvd

Cvm Coe
CoP) =@y~ C2P) gy C(1) (5.1)

3Remark that v4, h4 and vh4 are really 2-preorders as defined just below at the beginning of the
following section 5.
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is a preordered set.

There is a reflection 7 f
HF1T:2Cat — 2Preord, a 6 b —a < b, (5.2)
g g

which identifies all 2-cells which have the same domain and codomain for the vertical
composition. That is, the reflector I takes the middle vertical category C'(vP) (cf. dia-
gram (5.1)) to its image by the well known reflection Cat — Preord from categories into
preordered sets (see [11]).

Many of the results in [13] are going to be stated again, with small improvements in
their presentation?, in order to prove that the reflection H + I : 2Cat — 2Preord has
stable units (in the sense of [2]).

5.1. GROUND STRUCTURE. Consider the adjunction H + I : 2Cat — 2Preord, described
just above in (5.2), with unit 7 : loge — HI.

e 2(Cat has pullbacks (in fact, it has all limits - see Corollary 3.3).

e H is a full inclusion of 2Preord in 2Cat, that is, I is a reflection of a category with
pullbacks into a full subcategory.

e Consider also the forgetful functor U : 2Cat — 2RGrph, where 2RGrph is the

presheaves category Set2G, with 2G the category generated by the following 2-
reflexive graph diagram, hd
he
2P, e Py

_ >

ve | ve | vd 1p,

Pl POv

satisfying the same equations as in the 2-precategory diagram (2.1).

e & denotes the class of all morphisms (2¢1,¢91,90) : G — H of 2RGrph which are
bijections on objects and on arrows, and surjections on 2-cells (that is, go : G(Fy) —
H(Py) and ¢; : G(P;) — H(P,) are bijections, and 2¢g; : G(2P;) — H(2P,) is a
surjection).

4The reader could easily bring these small improvements to the paper [13]. In fact, although they are
stated here in the particular case of the reflection from 2Cat into 2Preord, they are completely general.
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e 7 ={T} is a singular set, with T" the 2-preorder generated by the diagram
h

a < d(5.3),

h/
that is, a 2-preorder with two objects, two non-identity arrows and only one non-
identity (both horizontally and vertically) 2-cell.

Then, the following four conditions are satisfied.
(a) U preserves pullbacks (in fact, it preserves all limits).
(b) & is pullback stable in 2RGrph, and if ¢’ o g is in € so is ¢', provided g is in £.5
(¢) Every map Ung : U(C) — UHI(C) belongs to £, C € 2Cat (this is also obvious).

(d) °Let g : N — M be any morphism of 2Preord such that UHg : UH(N) — UH (M)
isin &.
If,
there is one morphism f: A — UH(N) of 2RGrph in &
such that,
for all morphisms c¢: T — M in 2Preord
(T as defined in (5.3)),

there is a commutative diagram as below

A xyuon UH(T) — 22 -~ UH(T)
pri / l UHc (5.4)
A 7 UH(N) e UH(M)

then

g : N — M is an isomorphism in 2Preord.

°In [13], it was also demanded in (b) that £ is closed under composition, which is not needed. We
take this opportunity to correct that redundancy in [13].

6This item is rephrased from [13], in a way that seems to us now more easily understandable. Remark
also that the diagram (5.4) is simplified, suppressing one morphism UH(T) — UH (T'), which can be the
identity. We take this opportunity to correct that other redundancy.
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It remains to show that the statement in (d) is true, which is trivial, since if g : N — M
is in &, seen as a morphism of 2RGrph, then g must be an isomorphism in 2Preord by
the uniqueness of the 2-cells in N and in M.

5.2. STABLE UNITS. Using the fact that a ground structure holds (which guarantees the
validity of Theorems 2.1 and 2.2 in [13]), it will be possible to show that H - I : 2Cat —
2Preord is an admissible reflection in the sense of categorical Galois theory (cf. [5]) or,
equivalently, semi-left-exact in the sense of [2]. Furthermore, it will be shown, always
using the results in [13], that the reflection H = I : 2Cat — 2Preord satisfies the stronger
condition of having stable units.

5.3. DEFINITION. Consider any morphism p: T — HI(C) from T (€ T; cf. (5.3)), for
some C' € 2Cat.

The connected component of the morphism i is the pullback C,, = C X gy T in the
following pullback square

o
e

2

Cu

T
po (5.5)
C HI(C),

where ne is the unit morphism of C' in the reflection H = 1 : 2Cat — 2Preord, and T is
identified with H(T).

“w
T

Nc

5.4. THEOREM. The reflection H & I : 2C'at — 2Preord is semi-left-exact.

PROOF. According to Theorem 2.1 in [13], one has to show that I74 : I(C,) — I(T) is
an isomorphism, for every connected component C,.

h k
If ple < d)=c < ¢ then,
h K

since Ung € € (identity on objects and morphisms, and surjection on 2-cells), the pullback
C), is the 2-category generated by the diagram
(k. h)

(c,a) (6, <) (¢, a),
W)

with 0, € Homewpy(k, k') = {0, | r € R}, the set R indexing all the 2-cells 0, in C' with
vertical domain k : ¢ = ¢ and vertical codomain k' : ¢ — .
Hence, I(C,) = T. =

5.5. THEOREM. The reflection H & 1 : 2C'at — 2Preord has stable units.
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PROOF. According to Theorem 2.2 in [13], one has to show that I(C, xr D,) = T, for
every pair of connected components C,,, D,, where C,, xr D, is the pullback object in
any pullback of the form

p
O, xp Dy D,
D1 Ty
h 2
. T |

where 74 and 7§ are the second projections in pullback diagrams of the form (5.5).

According to the previous Theorem 5.4, one can suppose (up to isomorphism) that

k l
Co=c U6, ¢, reRandD,=d |6, d,
% I

s € S (the identity morphisms and the identity 2-cells are not displayed); the sets R and
S indexing respectively all the 2-cells 6, in C' with vertical domain k : ¢ — ¢’ and vertical
codomain k' : ¢ — ¢, and all the 2-cells d; in D with vertical domain [ : d — d' and

vertical codomain I’ : d — d'. (k, 1)
Hence, C,, x7 D, = (¢, d) V(6,,8,) (¢,d) , (r;s) € Rx S, and so it is obvious
h CHON
that I(C, xr D)) =a < d.
h m

5.6. MONOTONE-LIGHT FACTORIZATION FOR 2-CATEGORIES VIA 2-PREORDERS.

5.7. THEOREM. The reflection H = I : 2C'at — 2Preord does have a monotone-light
factorization.

PROOF. The statement is a consequence of the central result of [1] (cf. Corollary 6.2 in
[12]), because H F I has stable units (cf. Theorem 5.5) and for every 2B € 2Cat there is

an e.d.m. 2p : 2E — 2B with 2E € 2Preord (cf. Example 4.2).
"

In the following section 6, it will be proved that the monotone-light factorization
system is not trivial. That is, it does not coincide with the reflective factorization system
associated to the reflection of 2Cat into 2Preord.

6. Vertical and stably-vertical 2-functors

In this section, it will be given a characterization of the class of vertical morphisms &; in
the reflective factorization system (€, M), and of the class of the stably-vertical mor-



MONOTONE-LIGHT FACTORIZATION FOR 2-CATEGORIES VIA 2-PREORDERS 1221

phisms & (C &) in the monotone-light factorization system (€7, M3), both associated
to the reflection 2Cat — 2Preord. Then, since &} is a proper class of &, one concludes
that (€7, M7) is a non-trivial monotone-light factorization system.

Consider a 2-functor f : A — B, which is obviously determined by the three functions
fo: A(Ry) = B(FPy), f1: A(P)) — B(Py) and 2f; : A(2P,) — B(2P,) (cf. diagram (2.1)),
so that we may make the identification f = (2f1, f1, fo)-

6.1. PROPOSITION. A 2-functor f = (2f1, f1,fo) : A — B belongs to the class & of
vertical 2-functors if and only if the following two conditions hold:

1. fo and f1 are bijections;

2. for every two elements h and h' in A(Py), if Hompwpy(fih, fih') is nonempty then
s0 is Homawp)(h, ).

PROOF. The 2-functor f = (2f, f1, fo) belongs to &; if and only if /f is an isomorphism
(cf. [1, §3.1]), that is, I fo, I f1, and I12f; are bijections. Since I fy = fy and If; = fi, the
fact that f € & implies and is implied by (1) and (2) is trivial.

]

6.2. PROPOSITION. A 2-functor f = (2f1, f1, fo) : A — B belongs to the class & of
stably-vertical 2-functors if and only if the following two conditions hold:

1. fo and f1 are bijections;

2. for every two elements h and b’ in A(Py), f induces a surjection Homwpy(h, ') —
Hompwp)(fih, fil') (f is a “full functor on 2-cells”).

PROOF. As every pullback ¢*(f) = m : C xg A — C in 2Cat of f along any 2-functor
g : C — B is calculated pointwise, and (2fy, f1) : A(vP) — B(vP) is a stably-vertical
functor for the reflection Cat — Preord, that is, fi is a bijection and (2f;, f1) is a full
functor (cf. Propositions 4.4 and 3.2 in [11]), then (1) and (2) imply that ¢*(f) belongs
to & (cf. last Proposition 6.1).

Hence, f € & if (1) and (2) hold.

If f €&, then f e & (& C &), and therefore (1) holds.
Suppose now that (2) does not hold, so that there is 6 : fih — f1h' not in the image

fih

of f, and consider the 2-category C' generated by the diagram b |6 ¥, and let g be
fi(h) Sl

the inclusion of C'in B. Then, C' xg A= b b, with no non-identity 2-cells, and

so ¢*(f) is not in &;. fi(R)

7€ is the largest subclass of & stable under pullbacks. The terminologies “vertical morphisms” and
“stably-vertical morphisms” were introduced in [8].
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Hence, if f € &} then (1) and (2) must hold. n

It is evident that & is a proper class of &y, therefore the monotone-light factorization

system (&7, M3) is non-trivial (# (€7, My)).

7. Trivial coverings for 2-categories via 2-preorders

A 2-functor f : A — B belongs to the class M of trivial coverings (with respect to the
reflection H F I : 2Cat — 2Preord) if and only if the following square

A & I(A)
f Iy (1)
B i 1(B)

is a pullback diagram, where 14 and np are unit morphisms for the reflection H + I :
2Cat — 2Preord (cf. [2, Theorem 4.1]).

Since the pullback (as any limit) is calculated pointwise in 2Cat (cf. Corollary 3.3),
then f € M if and only if the following seven squares are pullbacks, corresponding to
the seven pointwise components of 14 and of np (cf. diagram (2.1)):

A(P) — 0 [(a)(p)

fPi\ (D%) ]fPi (i:0>172);

B(P) — 2" 1(B)(P)
A@RP) —PCR) 1) @2p) A(vPy) — WP Ay oPy)
fop, (2D) l Ifopy; fup, (vD) Ifup,;
B(2P)—PCM, 1(By@2P) BwPy)—P) 1B (wpy)
A(hPy)— AP 14y (hpy) A(hoPy) —— ) 1Ay (hoPy)
fthl (hD) l I frpy; fthQ\ (hvD) l I frop,
B(hP)—— 2 1BY(hpy) B(hwPy)— ") [(B)(hoPy).

The three first squares (D;) (i = 0, 1,2) are pullbacks since nap,) and 1p(p,) are iden-
tity maps for i = 0,1,2 (cf. diagram (2.1) and the definition of the reflection H + I :
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2Cat — 2Preord in (5.2)).

Notice that if diagram (2.1) is restricted to the (vertical) precategory diagram v P, one
obtains from (7.1) the following square in Cat, with unit morphisms of the reflection of
all categories into preorders Cat — Preord (cf. [11]),

NA(wP)

A(vP) I(A)(vP)
fvP [fvp (72)
BwP)— 2" 1(B)wP).

It is known (cf. [11, Proposition 3.1]) that this square is a pullback in Cat if and only
if, for every two objects h and ' in A(Py) with Homap,)(h, h') nonempty, the map

Homagp,(h, ') = Hompep)(fih, fil')

induced by f is a bijection.

A necessary condition for the 2-functor f to be a trivial covering was just stated; the
following Lemma 7.1 will help to show that this necessary condition is also sufficient in
next Proposition 7.2.

7.1. LEMMA. Consider the following commutative parallelepiped

qA CA
Ay LA ~ A
r d* nao
I fi fo
NA2 ]qA NA1 IcA
1(4), D I(A) 1(A),
Ird Id#
\ qB Y CB Y (73)
BQ : Bl : BO
TB dB nB 0
If If I fo
"B,2 nB1
Y [qB \ [CB Y
I(B) . I(B) I(B)o,
IrB IdB
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where the five squares cq® = dr?, ¢BqP = dBrB, IcA ¢ = IdAIr4, I'fonao = nBofo
and I finai = npa1fi are pullbacks.
Then, the square I fona s = npafs is also a pullback.®

PRroOF. The proof is obtained by an obvious diagram chase. n

7.2. PROPOSITION. A 2-functor f : A — B is a trivial covering for the reflection H +
I :2Cat — 2Preord (in notation, f € Mj) if and only if, for every two objects h and b’
in A(Py) with Homaap,)(h, ') nonempty, the map

Homagp,(h, ') = Hompep)(fih, fil')

induced by f is a bijection.

PROOF. In the considerations just above, it was showed that the statement warrants that
the squares (2D) and (vD) are pullbacks, adding to the fact that (Dy), (D7) and (Ds)
are all three pullbacks.

Then, (hD) and (hvD) must also be pullbacks according to Lemma 7.1. n

8. Coverings for 2-categories via 2-preorders

A 2-functor f : A — B belongs to the class M7 of coverings (with respect to the reflec-
tion H = I : 2Cat — 2Preord) if there is some effective descent morphism (also called
monadic extension in categorical Galois theory) p : C' — B in 2Cat with codomain B
such that the pullback p*(f) : C'xgp A — C of f along p is a trivial covering (p*(f) € M).

The following Lemma 8.1 can be found in [11, Lemma 4.2, in the context of the
reflection of categories into preorders, but for 2-categories via 2-preorders the proof is
exactly the same, since the same conditions hold (cf. Theorem 5.5 and Example 4.2). The
next Proposition 8.2 characterizes the coverings for 2-categories via 2-preorders.

8.1. LEMMA. A 2-functor f : A — B in 2Cat is a covering (for the reflection H +
I : 2Cat — 2Preord) if and only if, for every 2-functor ¢ : X — B over B from any
2-preorder X, the pullback X xg A of f along ¢ is also a 2-preorder.

8.2. PROPOSITION. A 2-functor f : A — B in 2Cat is a covering (for the reflection
HFI:2Cat — 2Preord) if and only if it is faithful vertically with respect to 2-cells, that
is, for every pair of morphisms g and g', the map

HomA(2P1) (97 g/) — HomB(Qpl)(flga flg/)

induced by f is an injection.

8The notation used in diagram (7.3) is arbitrary, being so chosen in order to make the application of
Lemma 7.1 in this section more easily understandable.
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PRrOOF. Consider again the 2-preorder T generated by the diagram a | < d.
h/
If f is not faithful vertically with respect to 2-cells, then, by including 7" in B, one
could obtain a pullback T" x gz A that is not a preorder.
Therefore, f is not a covering, by the previous Lemma 8.1.

Reciprocally, consider any 2-functor ¢ : X — B such that X is a 2-preorder.
If f is faithful (vertically with respect to 2-cells), then the pullback X xp A is a
2-preorder, given the nature of X. Hence, f is a covering, by the previous Lemma 8.1.

References

[1] Carboni, A., Janelidze, G., Kelly, G. M., Paré, R. On localization and stabilization
for factorization systems. App. Cat. Struct. 5, (1997) 1-58.

[2] Cassidy, C., Hébert, M., Kelly, G. M. Reflective subcategories, localizations and fac-
torization systems. J. Austral. Math. Soc. 38A (1985) 287-329.

[3] Eilenberg, S. Sur les transformations continues d’espaces métriques compacts. Fun-
dam. Math. 22 (1934) 292-296.

[4] Freyd, P. J., Kelly, G. M. Categories of continuous funtors I, J. Pure App. Algebra
2 (1972) 169-191.

[5] Janelidze, G. Pure Galois theory in categories, J. Algebra 132 (1990) 270-286.

[6] Janelidze, G., Sobral, M., Tholen, W. Beyond Barr Ezactness: Effective Descent
Morphisms in Categorical Foundations. Special Topics in Order, Topology, Algebra
and Sheaf Theory, Cambridge University Press, 2004.

[7] Janelidze, G., Laan, V., Marki, L. Limit preservation properties of the greatest semi-
lattice image functor, Internat. J. Algebra Comput. 18(5) (2008), 853-867.

[8] Janelidze, G., Tholen, W. Functorial factorization, well-pointedness and separability,
J. Pure App. Algebra 142 (1999) 99-130.

[9] Mac Lane, S. Categories for the Working Mathematician, 2nd ed., Springer, 1998.

[10] Xarez, I. A. Reflections of Universal Algebras into Semilattices, their Galois Theories
and Related Factorization Systems, University of Aveiro, Ph.D. Thesis, 2013.

[11] Xarez, J. J. The monotone-light factorization for categories via preorders. Galois
theory, Hopf algebras and semiabelian Categories, 533-541, Fields Inst. Commun.,
43, Amer. Math. Soc., Providence, RI, 2004.



1226 JOAO J. XAREZ

[12] Xarez, J. J. Internal monotone-light factorization for categories via preorders, Theory
Appl. Categories 13 (2004) 235-251.

[13] Xarez, J. J. Generalising Connected Components, J. Pure Appl. Algebra, 216, Issues
8-9(2012), 1823-1826.

[14] Whyburn, G. T. Non-alternating transformations. Amer. J. Math. 56 (1934) 294
302.

CIDMA - Center for Research and Development in Mathematics and Applications, De-
partment of Mathematics, University of Aveiro, Portugal.
Email: xarezQua.pt

This article may be accessed at http://www.tac.mta.ca/tac/



THEORY AND APPLICATIONS OF CATEGORIES will disseminate articles that significantly advance
the study of categorical algebra or methods, or that make significant new contributions to mathematical
science using categorical methods. The scope of the journal includes: all areas of pure category theory,
including higher dimensional categories; applications of category theory to algebra, geometry and topology
and other areas of mathematics; applications of category theory to computer science, physics and other
mathematical sciences; contributions to scientific knowledge that make use of categorical methods.
Articles appearing in the journal have been carefully and critically refereed under the responsibility of
members of the Editorial Board. Only papers judged to be both significant and excellent are accepted
for publication.

SUBSCRIPTION INFORMATION Individual subscribers receive abstracts of articles by e-mail as they
are published. To subscribe, send e-mail to tac@mta.ca including a full name and postal address. Full
text of the journal is freely available at http://www.tac.mta.ca/tac/.

INFORMATION FOR AUTHORS I¥TEX2e is required. Articles may be submitted in PDF by email
directly to a Transmitting Editor following the author instructions at
http://www.tac.mta.ca/tac/authinfo.html.

MANAGING EDITOR. Geoff Cruttwell, Mount Allison University: gcruttwell@mta.ca
TEXNICAL EDITOR. Michael Barr, McGill University: michael.barr@mcgill.ca

ASSISTANT TEX EDITOR. Gavin Seal, Ecole Polytechnique Fédérale de Lausanne:
gavin_seal@fastmail.fm

TRANSMITTING EDITORS.

Clemens Berger, Université de Nice-Sophia Antipolis: cberger@math.unice.fr
Julie Bergner, University of Virginia: jeb2md (at) virginia.edu

Richard Blute, Université d’ Ottawa: rblute@uottawa.ca

Maria Manuel Clementino, Universidade de Coimbra: mmc@mat.uc.pt

Valeria de Paiva, Nuance Communications Inc: valeria.depaiva@gmail.com
Richard Garner, Macquarie University: richard.garner@mq.edu.au

Ezra Getzler, Northwestern University: getzler (at) northwestern(dot)edu
Dirk Hofmann, Universidade de Aveiro: dirk@ua.pt

Joachim Kock, Universitat Autonoma de Barcelona: kock (at) mat.uab.cat
Stephen Lack, Macquarie University: steve.lack®Omq.edu.au

Tom Leinster, University of Edinburgh: Tom.Leinster®@ed.ac.uk

Matias Menni, Conicet and Universidad Nacional de La Plata, Argentina: matias.menni@gmail.com
Susan Niefield, Union College: niefiels@union.edu

Kate Ponto, University of Kentucky: kate.ponto (at) uky.edu

Robert Rosebrugh, Mount Allison University: rrosebrugh@mta.ca

Jir{ Rosicky, Masaryk University: rosicky@math.muni.cz

Giuseppe Rosolini, Universita di Genova: rosolini@disi.unige.it

Michael Shulman, University of San Diego: shulman@sandiego.edu

Alex Simpson, University of Ljubljana: Alex.Simpson@fmf.uni-1j.si

James Stasheff, University of North Carolina: jds@math.upenn.edu

Tim Van der Linden, Université catholique de Louvain: tim.vanderlinden@uclouvain.be



	Introduction
	The category of all 2-categories
	Internal categories and limits
	Effective descent morphisms in 2Cat
	The reflection of 2-categories into 2-preorders has stable units and a monotone-light factorization
	Vertical and stably-vertical 2-functors
	Trivial coverings for 2-categories via 2-preorders
	Coverings for 2-categories via 2-preorders

