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Centrality and connectors in Maltsev categories

DOMINIQUE BOURN AND MARINO GRAN

ABSTRACT. We develop a new approach to the classical property of centrality of equivalence
relations. The internal notion of connector allows to clarify classical results in Maltsev
varieties and to extend them in the more general context of regular Maltsev categories,
hence including the important new examples of Maltsev quasivarieties and of topological
Maltsev algebras. We also prove that Maltsev categories can be characterized in terms of
a property of connectors.

Introduction

The notion of commutator of equivalence relations in Maltsev varieties was intro-
duced by Smith in his 1976 book [25]; his theory was later extended to congruence
modular varieties by Hagemann and Hermann [17]. Various interesting ways of de-
veloping commutator theory in congruence modular varieties are presented in the
works by Gumm [12] and Freese-McKenzie [11].

An alternative approach to commutator theory, of categorical nature, was de-
veloped by Pedicchio in exact Maltsev categories with coequalizers thanks to the
notion of internal pregroupoid [23]. This work was later generalized by Janelidze
and Pedicchio in [20] by introducing the notion of internal pseudogroupoid in gen-
eral categories.

The present paper further develops the categorical approach to centrality, and
emphasizes the role of the notion of connector between two equivalence relations
introduced in [7]. If R and S are two equivalence relations on the same object X,
we denote by R Xy S the pullback

RxyS—2sg

Po l do

R X.
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A connector between R and S is an arrow p : R X5 S — X such that

1. xSp(x,y,2) L* zRp(z,y,z)
2. plz,z,y) =y 2% plx,y,y) ==
3. plx,y,ply,u,v)) = p(x,u,v) 3% plp(x,y,u),u,v) = p(x,y,v)

The notion of connector coincides with the one of pregroupoid when equivalence
relations are effective. In the more general context of regular categories the main
difference between the notion of pregroupoid and the notion of connector consists
in the fact that the notion of pregroupoid is a global structure on a span

B/ XC

while the notion of connector focuses on the link between the kernel equivalence
relations R[f] and R[g] associated with each span projection. This viewpoint allows
to forget the projections f and g, and consequently resets the appropriate tool
uniquely at the level of the equivalence relations.

In the context of Maltsev categories the internal notion of connector can be
simplified and reduces to a partial ternary operation as above verifying only axioms
2. and 2.* in the previous list. An appropriate use of connectors allows us to get rid
of the requirement of the existence of coequalizers and, mainly, of the effectiveness
of equivalence relations (both conditions being usually required in order to define
the commutator). In this way our theory naturally includes also the important
examples of Maltsev quasivarieties and of topological groups. One of the main
interests of the notion of connector is that it enables us to understand centrality
even without defining the commutator of equivalence relations. Indeed, we can
prove the important basic centrality properties which correspond to the classical
properties of the commutator:

1. Symmetry: [R,S] =[S, R]
Inclusion of the commutator in the intersection: [R,S] < RN S
Monotonicity: if S; < Ss, then [R, S1] < [R, S2]

Stability with respect to products: [R; X Ra,S1 X S2] < [R1,S1] X [Ra, Sa]

DA i

Stability with respect to restriction: if i: ¥ — X is a monomorphism, then

[R,S] = Ax implies [i~}(R),i~1(S)] = Ay, where Ay is the smallest equiva-

lence relation on X.

6. Stability with respect to regular images: if f: X — Y is a regular epimorphism,
then [R,S] = Ax implies that [f(R), f(S)] = Ay

7. Stability with respect to joins: [R,S1V S2] = [R, S1]V [R, S2]
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(where R, Ry, R»,5,51 and Sy are equivalence relations on a given object X). A
recent theorem in the categorical theory of central extensions shows that in any ex-
act Maltsev category there is an intrinsic notion of central extension, which agrees
with the one arising from commutator theory in universal algebra [14]. In the
present article we show that in exact Maltsev categories the category of central ex-
tensions is equivalent to the category of connected internal groupoids, clarifying the
well-known fact that any central extension can be considered as a crossed module.
Finally, in the last section, we show how the notion of connector can be used to
characterize Maltsev categories.

1. Connector

In this paper we shall always assume that C is a finitely complete category. If
f+ X — Y is an arrow in C, R[f] denotes its kernel pair. If R and S are two
equivalence relations on X, we denote by R Xy S the pullback

RxXSLS

Po‘( ‘(do (1)

1.1. Definition. A left action of R on S is a map p: R Xy S — X such that

1. zSp(z,y, 2)
2. p(z,z,y) =y
3. p(z,y,p(y, u,v)) = p(x,u,v)

1.2. Definition. A left action of R on S is a connector between R and S when
the map p: R xXx S — X also satisfies

1. zRp(z,y,2)
2. p(z,y,y) =2
3. p(p(x,y,u),u,v) = p(z,y,v)

A left action of R on S is equivalent to an action of the equivalence relation
(do,d1): R — X x X (thought of as an internal groupoid) on dp: S — X. The
action mp: R Xy S — S can be defined by mo(z,y,2) = (z,p(z,y, 2)) (and, conse-
quently, we get back the connector by setting p = d; o 7).

This action determines a connector when the map mi(z,y,2) = (p(z,vy, 2), 2)
also defines an action of (dp,d;): S — X x X on dy: R — X. Remark that all the
commutative squares in the diagram below are pullbacks, and that the definition
of connector is symmetric in R and S.
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B —— e
R Xy S S .................................. > X
p1
S0 Po S0 do
do
R X
dy

Let us point out the fact that when an arrow p: R xx S — X satisfies the
conditions 1. and 2. in the Definitions 1.1 and 1.2, then it satisfies 3. if and only if
it satisfies the classical associativity p(z,y, p(z, u,v)) = p(p(z, vy, 2), u,v).

1.3. Example. If Vx is the largest equivalence relation on an object X, then an
associative Maltsev operation p: X x X x X — X is precisely a connector between
VX and Vx.

1.4. Example. Let
dy

/e\
X1 T XO
~20 7
be a reflexive graph. The connectors between R[dp] and R[d;] are in bijection with

the groupoid structures on this reflexive graph [10].

1.5. Example. Given two objects X and Y, consider their product X x Y. There
is a canonical connector between R[px| and R[py| (where the arrows px and py
are the product projections). Indeed, if we consider the following pullback

1x X1x Xp1

XXX XY XY ——— X xXxY

poX1ly X1y poX1ly

X xY xY X xY

1x Xp1

then the canonical connector p: X x X XY xY — X x Y is defined by

pz,2',y,y) = (', y).
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2. Connectors and centralizing relations

Let us denote by R O S the double relation on R and S given by the following
pullback:

ROS R xR

(dono,dlxdl)
IXS ——— X XX xXxX
(do,dl)X(do,dl)

ROS is the subobject of X* consisting in the quadruples (z,y, z, u) with xSy, zSu,
xRz and yRu. It determines a double equivalence relation on R and S:

Po
_—
rROS————— =
P1
po | | p1 do | | d1
do
R X
dy

A double equivalence relation C' on R and S is called a centralizing relation [10]

Po

c_—————— 78
p1

po | | Pp1 do | | d1

do

R

d1
when the following square is a pullback:

p
C—-=

S
pol ldo
X.

R——
d1
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By the symmetry of the equivalence relations it follows that any of the commutative
squares in the definition of a centralizing relation is a pullback. The following lemma
gives the precise relationship between connectors and centralizing relations (for the
special case of Maltsev categories see also [10]).

2.1. Lemma. IfC is a category with finite limits and R and S are two equivalence
relations on the same object X, then the following conditions are equivalent:

1. R and S are connected;
2. there exists a centralizing relation on R and S.

Proof. 1. = 2. If p: R xx S — X is a connector between R and S, then by defining
mo(z,y,2) = (z,p(x,y,2)) and m1(x,y,2) = (p(z,y,2),2) one gets a centralizing

relation on R and S:
0

Rxy S S
P1
po | | ™1 do | | d1
do
R X
dy
2.= 1. If
Po

do
-
R— <
dy

is a centralizing relation on R and S, then the arrow dy opg: C = Rxx S — X
defines a connector between R and S. O

3. Connectors in Maltsev categories

In this section we show how the Maltsev assumption allows us at the same time
to simplify the definitions and to strengthen the properties of connectors.

There are several equivalent properties which can be used to define Maltsev
categories [9]. We shall adopt the classical
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3.1. Definition. A category C is Maltsev if any reflexive relation in C is an equiv-
alence relation.

There are many important algebraic examples of Maltsev categories: indeed, by
a classical theorem [22], a variety of universal algebras has this property precisely
when there is a ternary term p(x,y, z) satisfying the identities p(x,y,y) = = and
p(z,z,y) = y. Accordingly, groups, abelian groups, modules over some fixed ring,
crossed modules, quasi-groups, rings, Lie algebras and also Heyting algebras are
all Maltsev categories. Any localization of a Maltsev variety is an exact Maltsev
category [15]; the quasivariety of torsion-free abelian groups provides an example
of a regular Maltsev category which is not exact.

Any protomodular category [2] is Maltsev, and then in particular any semi-
abelian, and any abelian category [19]. The dual category of the category of sets is
exact Maltsev, as is more generally the dual of any elementary topos. The category
of localic groups and of topological groups are regular Maltsev categories [21].

In the following we shall always assume that the category C has finite limits. We
denote by Pt(C) the category whose objects are the split epimorphisms in C and
morphisms the commutative squares between these data. The functor associating
its codomain with any split epimorphism is denoted by 7: Pt(C) — C. This functor
7 is a fibration, called the fibration of pointed objects. This fibration has many
important classification properties [3]: as many other kinds of categories, Maltsev
categories can be also characterized by a property of this fibration.

Before recalling this property, let us first fix some notations. A category C is
pointed when it has a zero object 0. In a pointed finitely complete category we
denote by ix: X — X xY and by iy: Y — X x Y the arrows (1x,0) and (0,1y)
respectively.

3.2. Definition. A pointed finitely complete category C is unital if, for each pair of

objects X and Y, the canonical pair of arrows X e X XY <2 X s jointly
strongly epimorphic.

Now, any fiber of 7: Pt(C) — C is clearly pointed and finitely complete.

3.3. Proposition. [3] A category with pullbacks is Maltsev if and only if the fibra-
tion 7 is unital, i.e., if and only if each fiber of w is unital.

This property has some strong consequences, as we shall see in the Lemma 3.5
here below.

3.4. Definition. A double zero sequence in a pointed category is a diagram
s g
X <f— Z <t— Y

with fos=1x,got=1y, fot=0and gos=0.
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In any unital category, the factorization (f,g): Z — X x Y induced by a double
zero sequence as above is a strong epi [5]: indeed, if j: R — X x Y is a mono whose
pullback along (f, g) is an isomorphism, then its pullbacks along (f,g)os =ix and
(f,g) ot =iy are isomorphisms and, consequently, the map j is an isomorphism.

3.5. Lemma. If C is Maltsev, then any split epimorphism (f,g) in the category
Pt(C) from (po, so) to (do, so)

f

S0 Po S0 do

J

B D

g
has the property that the induced arrow oa: A — B X, C to the corresponding pull-
back is a strong epimorphism.

Proof. This is a consequence of the fact that any fiber of 7 is unital. [l

When C is a Maltsev category, then the Definition 1.2 of connector can be sim-
plified. Indeed, if p: R xx S — X is a map in a Maltsev category C satisfying
the Maltsev type axioms p(x,x,y) = y and p(z,y,y) = z, then p is necessarily a
connector [7]. Moreover, one has the following important

3.6. Lemma. [7] Let C be a Maltsev category. If there is a connector between R
and S, it is necessarily unique.

Proof. Let p,q be two connectors between R and S.

RXXSLS

P
Po do
N

R X.

dy

Then, if sp: R — R Xy S is the splitting of pg induced by sg: X — S, one certainly
has that p o sg = g o sg. Similarly, if op: S — R Xy S is the splitting of p;, one
has that p o og = q o gg. But the pair sg, 0¢ is jointly epimorphic by the Maltsev
assumption, and then p = q. O

Accordingly, the existence of a connector between two equivalence relations R
and S on X becomes a property; if there is a connector p between R and S, we
shall then say that R and S are connected, or that R and S centralize each other.
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3.7. Remark. In the category of groups the existence of a connector between
the equivalence relations Ry and Rx on a group G is equivalent to the fact that
the normal subgroups H and K (canonically associated with Ry and Rk) cen-
tralize each other. Indeed, suppose Ry and Ry connected by the homomorphism
p: Ry X¢ Rk — G, then the restriction homomorphism «: H x K — G defined by
alh,k) =p(h,1,k)=h-k gives H - K = K - H, since we have

(h, 1) (1,k) = (h, k) = (L k) - (h, 1).

Conversely, suppose that H - K = K - H, then p: Ry X Rk — G defined by
p(h,k,1) = h- k=1 -1 is easily seen to be a group homomorphism.

3.8. Lemma. IfC is a Maltsev category and R and S are two equivalence relations
on the same object X, then the following conditions are equivalent:

1. R and S are connected,
2. there is an arrow B: R xx S — RO S of double zero sequences in Ptx(C) that
splits the canonical arrow ao: RO S — R X5 S.

Proof. 1. = 2. If there is a connector between R and S, let us denote by C the
associated centralizing double relation on R and S as in Lemma 2.1. Then, by the
universal property of the pullback R xyx S = C and by definition of RO S there are
factorizations v and ( as in the diagrams

RXXS

where §(z,y,2) = (z,p(z,y, 2),y, z) Accordingly, the equalities

pooaofB=poof=po
and

pioaocf=piof=p
show that a o 8 = 1gy«ys, as desired.

2.= 1. If : R xx S — ROS has the property that a o § = 1rx, s, one can
define the connector p: R Xx S — X between R and S by taking the composite

p=diopgoff: Rxx S—>ROS — S5 — X.
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We can now prove some basic centrality properties. From now on we shall always
assume that the category C is finitely complete and Maltsev.

We begin with the property corresponding to the fact that the commutator is
contained in the intersection:

3.9. Lemma. [5]
1. RNS =Ax if and only if RO S is a centralizing relation on R and S.
2. If RNS = Ax, then the equivalence relations R and S are connected.

Proof. 1. Let us denote by ao: RO S — R Xy S the induced factorization from the
largest double equivalence relation R[S on R and S towards the corresponding
pullback R xx S.

The category C being Maltsev, the fiber Ptx(C) is unital and the factorization « is
then a strong epimorphism. It is a monomorphism precisely when RN .S = Ax.
2. If RN S = Ax, then the square

ROS—>5§

N

R—X
dy

is a pullback, and the arrow d; opg: RO S — S — X is the expected connector
between R and S. O

We then have the monotonicity of the centrality property:

3.10. Proposition. Let R, S1 and Sy be equivalence relations on X, with S1 < Ss.
If R and Sy are connected, then R and Sy are connected.

Proof. Let j: S — Sy denote the inclusion of S7 in S3. This arrow induces a
factorization k: R Xx S1 — R Xx S such that pf‘z ok = jOpi91 and p(“?Q ok = pgl. If
p: R Xy So — X is the connector between R and S, then it is easy to check that

pok: R xx S — X is the connector between R and 5. O
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3.11. Corollary. Let (R1,S51) and (R2,S2) be pairs of connected equivalence rela-
tions on X. Then R1 N Ry and S1 NS are connected.

Stability with respect to products:

3.12. Proposition. Let Ry, S1 and Ra, So be connected equivalence relations on
X and Y respectively. Then the equivalence relations Ry X Ro and S1x S2 on X XY
are connected.

Proof. Let p1: R1 XxS1 — X be the connector between R; and Sp, let
p2: Ry Xy S3 — Y be the connector between Ry and S;. Then the arrow
p1 X pa: (R1 X Ra) Xxxy (S1 X S2) — X x Y is the connector between R; X Rp
and 51 X SQ. O

Stability by restriction:

3.13. Proposition. If R and S are two connected equivalence relations on'Y and
i: X — Y is a monomorphism, then i~'(R) and i~1(S) are connected.

Proof. Let C be the centralizing relation on R and S:

Po
-
c————————— 8§
P1
po | | P1 do | | d1
do
-
R——  TY
di1

We write r: i71(R) — R and s: i~1(S) — S for the induced arrows in the pullbacks

i'(R)——R i1(S) ——S
(Eo,al)l l(dotdl) (Eo,El)l l(do,dl)
XXX?YXY XXX?YXY

We want to prove that the equivalence relation r~!(C') determines a centralizing
relation on i~ !(R) and i~1(S).
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1 o —1
rT (C)ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ;ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁi i~H(9)
P1
t S
Po
C S
P1
50 51 50 E1
do
i~1(R) X
dy
po | | P1 do | | d1
T %
do
R Y
dy

There are clearly induced arrows pg, 1 and ¢ defining a reflexive relation on i ~1(S):

This reflexive relation actually is an equivalence relation on i~1(S). In order to
prove that r~1(C) is a centralizing relation on i ~*(R) and i ~*(S) the only condition
we still have to check is that the square

is a pullback. This follows by the Maltsev assumption, by Lemma 3.5 and the fact
that » and s are monomorphismes. O

3.14. Corollary. Let R and S be two connected equivalence relations on'Y and let
i: X — Y be a monomorphism. Then if (i,ir/): R — R and (i,ig/): " — S are
arrows in the category of equivalence relations in C, then R’ and S’ are connected.

Proof. Tt follows by Propositions 3.10 and 3.13. (]
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4. Regular Maltsev categories

A finitely complete category is regular if kernel pairs have coequalizers and regu-
lar epimorphisms are stable under pullbacks. In this section C will always denote a
reqular Maltsev category. In order to establish two important centrality properties
we first need to recall the following strong stability property of regular epimor-
phisms in regular Maltsev categories.

4.1. Lemma. [5] Given two commutative squares of vertical split epimorphisms

A— =B C—>D
ol el )
X—f>Y X—>Y

when the arrows f, g and h are regular epimorphisms, then the induced factorization
k: Axx C — B X%y D is a reqular epimorphism.

Proof. The kernel pair R[k] of the induced factorization k is given by R[g] Xz R[h].
We write p: A Xy C — @ for the quotient of the equivalence relation R[k], and
i: Q — B %y D for the monomorphic factorization of k. When the arrows f, g and
h are regular epimorphisms, the double zero sequence in Ptx (C)

A~ A C_—=C
can be extended to a double sequence in Pty (C)
B_—_—Q_—_—_D.

The fiber Pty (C) is unital by the Maltsev assumption, so that the induced factor-
ization i: Q — B Xy D of this double zero sequence is a regular epimorphism. Thus
i is an isomorphism and k a regular epimorphism. U

We are now in the position to prove the stability with respect to regular images:

4.2. Proposition. Let R and S be equivalence relations on X, and let f: X — Y
be a regular epimorphism. If R and S are connected, then the images f(R) and
f(S) are connected.

Proof. We write fr: R — f(R) and fs: S — f(S) for the induced arrows. The
induced factorization ¢: R xx S — f(R) %y f(S) is a regular epimorphism by the
previous lemma. Let p denote the connector between R and S. We first prove that
fop: R xx S — Y factorizes through the arrow ¢. For this, we must show that
f o p coequalizes the kernel pair (R[¢] = R[fr] Xay) R[fs],l0,l1) of ¢. Now the
following commutative square is a pullback of split epimorphisms, and the Maltsev
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assumption implies that the induced sections o and ¢’ of R(pg) and R(p1) are
jointly strongly epimorphic:

’
o

R[fR] xriyy R[fs] ——= R(fs)

R(p1)
U,HIR(;DO) ‘(R(do)

R(d1)

It is then sufficient to check that (fopolg)oo = (fopoly) oo and
(fopolg)oo’ =(fopoly) oo’ One clearly has that fopolgoo = fodyopg
because (f o p)(z,y,y) = f(x). Accordingly:

fopolpoo = fodyopy=doo fropg=doo fropr = fodyopy=fopolioo.

Similarly, one has that (fopolp)oo’ = (fopoli)oo’. Let py: f(R) %y f(S) =Y
be the unique arrow induced by the universal property of the coequalizer ¢, which
is such that pfo¢ = fop. It is not difficult to check that ps is a connector between

f(R) and f(95). O

Let us then recall that in any regular Maltsev category one has that the join
51V Sy of two equivalence relations S7 and Sy on the same object X is given by
the composite S7 0 Sy [9]. This fact will be used to prove the stability with respect
to binary joins:

4.3. Proposition. If the equivalence relations R and S1 and the equivalence rela-
tions R and Sy are connected, then R and S1V Sy are connected.

Proof. Let e1: R x4 S1 — X and e3: R Xx S5 — X be the connectors on R, S; and
R, S5 respectively. The composite equivalence relation S7 o Ss is the regular image
factorization of the arrow (dg o pg,d; o p1): S1 Xx S2 — X x X in the diagram

51 Xx SQ

Po X\

Sa

A
S NN

X X X
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do,d ) .
We write S7 Xy So —> S1 05, (0—1>) X x X for the regular epi-mono factoriza-

tion defining S; o S5. Let us then consider the following commutative diagram:

R Xx (51 Xx 52) Y Sl Xx SQ

u /

R Xx Sl Sl

p1

R Xx (Sl e} SQ) Sl e} SQ

Po do
Po do
dy

R X

The wuniversal property of the bottom pullback induces a unique arrow
0: R Xy (S1 Xx S2) — R xx (S1082), which is a regular epimorphism since 7
is a regular epi and the back vertical square is a pullback. Consider the kernel pairs
R[7] and R[f] of 7 and 0, respectively:

R[0)] Rl7]

™0 oo| m1 ) T

[e3

R Xy (51 Xx SQ) <1—; (51 Xx SQ)

g0

R Xx (51 (@) 52) - o (51 o SQ)
P1
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where a(z,y,z) = (z,2,y,2). We then define the arrow 7: R xy (S1 Xx S2) — X
as follows: w(x,y,z,t) = ea(e1(w,y, 2),2,t). Let us first show that this arrow =
coequalizes g, 71 : R[] — R xx (S1 Xx S2). Since C is Maltsev, it is enough to
show that momgoog =mom oog and momgo 8 =mom of. The first equality is
trivial, while the second one follows from

’/TO’/TOOﬂ:’]TOOzO’/TO:dloplo’ﬂo:dloplo’ﬂ'l:’NOCMO’]Tl:’ITO’iTloﬂ,

where o o = dy o py is easy to check, and d; o p; o mg = dy o p; o w1 follows from
R[7] = Rldyopo,d1 op1]. By the universal property of the coequalizer 6 there exists
a unique arrow p: R xx (51 052) — X with po 6§ = 7. This arrow is a connector
between R and S o Sa:

R xx (S108) = — S1 08,

"

RZ= X

S0

on the one hand one has
poogoT =pofoa=moa=diopyi=djoT

and then p o og = d;. On the other hand, if 7: R xXx S1 — R Xx (S1 Xx S2) is the
arrow defined by 7y(z,y,2) = (x,y, 2, 2), one certainly has w oy = 7. It follows
that

posy=pobfoyosy=moyosy=e1 08y =dp. (]

The previous result together with Proposition 3.10 immediately gives the follow-
ing

4.4. Corollary. The equivalence relations R, S1 and R, So are connected if and
only if R and Sy o Sy are connected.

5. Exact Maltsev categories

A regular epimorphism f: A — B in a Maltsev category is a central extension
if there is a connector between its kernel equivalence R and the largest equivalence
relation V4 on A [14]. We shall denote by Centr(B) the category of central exten-
sions of B. It turns out that in any exact Maltsev category with a zero object these
central extensions correspond to the normalizations (in the sense of [6]) of internal
connected groupoids.
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Let ConnGrpd(B) denote the category of internal connected groupoids in C with

B as object of objects. These are those internal groupoids

do

Xl B ——

dy
with the property that the induced arrow (do,dy): X7 — B x B is a regular epimor-
phism. Let us recall from [6] that there is a normalization functor N: ConnGrpd(B)
— Centr(B) associating the arrow

Kldo] 2@y, 4. g,
with any internal groupoid as above (where Ker(do): K[do] — X; is the kernel of
dp). When the groupoid is connected, this normalization d; o Ker(dg) of the given
internal connected groupoid is a regular epi; indeed, if s; = (0,1p) is the canonical
arrow (where 0: B — B is the zero arrow), then dy o Ker(dy) can be also obtained
by the pullback
K[do] —_—> X1

leKeT(dO)l/ l(do,dl)

B B x B.

s1
It turns out that in any exact Maltsev categories, this functor actually gives rise to
an equivalence of categories:

5.1. Proposition. Let C be an exact Maltsev category with a zero object. The
categories ConnGrpd(B) and Centr(B) are equivalent.

Proof. To see that the normalization functor described above takes its values in the
category of central extensions consider the following diagram:

o
Rlo o k] K[do] x K|do] —= R[dy] —Z— X,
do dj pro pri Po P1 do dy
vy P
R[dl o KeT(d())] - K[do] Ker(do) X1 0 B.

The map o corresponds to the operation which associates the arrow 3o o~ with
any pair of arrows («, ) with same domain in the groupoid X;. The equivalence
relations R[o o k] and R[dy o Ker(dp)] are determined by the obvious kernel pairs,
while do,d1: R[o o k] — R[dy o Ker(dp)] are induced by the universal property
of kernel pairs. The central and the right hand commutative squares are discrete
fibrations of internal groupoids: from this it easily follows that the R[o o k] is a
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centralizing relation on R[dy o Ker(dy)] and K[do] x K[dp]. This shows that the
extension dy o Ker(dp) is central.

Conversely, there is a functor V': Centr(B) — ConnGrpd(B) associating with
any central extension f: A — B an internal connected groupoid: let C' be the
centralizing relation associated with the kernel equivalence R of f and V4. By
taking the coequalizer q: A x A — @ of the projections my and m; of C on A x A
one obtains a reflexive graph with B as objects of objects:

4>A><Aq—>Q

C L
t ay do d1
Vv
R

A——B

the category C being regular Maltsev, this reflexive graph actually is an internal
groupoid in C [12]. It is connected, since (dop,d1)oq = f x f, and f x f is a
regular epi. The functor V' is naturally defined on arrows, the category of internal
groupoids in C being full in the category of internal reflexive graphs in C [10].

One then verifies that the functors NV and V determine an equivalence of cate-
gories between Centr(B) and ConnGrpd(B). O

By analogy with the definition of normal monomorphism [2], one could say that
do

an extension f: A — B is normal to a groupoid X: X3 Z B if there exists a
d1

discrete fibration (g, f) from V4 to X. A different way to state the previous result
consists in saying that an extension is normal to an internal groupoid if and only
if it is a central extension.

Remark also that if ConnGrpd(C) denotes the category of internal connected
groupoids in C and Centr(C) the category of central extensions, the argument
above also shows that

5.2. Corollary. ConnGrpd(C) and Centr(C) are equivalent.

An equivalence relation R on an object A is central when there is a connector
between R and V4. In any exact Maltsev category there is a nice presentation of
central relations:

5.3. Proposition. Let C be an exact Maltsev category. Any central equivalence R
on A is canonically isomorphic to a product Q x A, with Q an abelian object.
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Proof. Let C be the centralizing relation on R and V 4:

Po

C Ax A

p1

™0 T ao ai

To

R A

T1

Now, by taking the coequalizer g of my and m; we obtain the commutative diagram

™o q

C R Q

st
Po To (1) do

ao

AXxAT__—ZA——>1
ax

Since the category C is exact, the equivalence relation
™0
——<R

™
is the kernel pair of its coequalizer ¢, and this latter is a pullback stable regular
epi. By assumption the arrow (po,70): (C,R) — (A x A, A) determines a discrete
fibration of internal equivalence relations, so that by Corollary 2 in [4], the square
(1) is a pullback; then R is isomorphic to @ x A. By Proposition 4.2 the fact that
the equivalences R[rg] and R[ri] are connected implies that Vg = ¢(R[ro]) and
Vg = ¢(R][r1]) are connected. Accordingly, the object @ is abelian. O

6. Characterization of Maltsev categories

In this last section we prove that connectors have a property that characterizes
Maltsev categories. Let us first fix some notations. If C is a finitely complete
category, we write 2-Eq(C) for the category whose objects are pairs of equivalence
relations (R, S, X) on the same object X

d1 dl

R X S,
do dO

and arrows in 2-Fq(C) are triples of arrows (fr, fs, f) making the following diagram
commutative:
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d1 dl
R X S
do dO
Ir f ‘/ fs
— da da —
R Y S.
do dO

Let Conn(C) be the category whose objects are pairs of connected equivalence
relations (R, S, X, p) with a given connector p: R xx S — X; arrows in Conn(C) are
arrows in 2-Fq(C) with the property that they must respect the connectors. There
is a forgetful functor U: Conn(C) — 2-Eq(C) which simply associates (R, S, X)
with (R, S, X,p). We shall write V': Grpd(C) — RG(C) for the forgetful functor
from the category of internal grupoids in C to the category of internal reflexive
graphs in C. Clearly both functors U: Conn(C) — 2-Eq(C) and V: Grpd(C) —
RG(C) are faithful. We say that a faithful functor F': C — D is closed under
subobjects if, for any monomorphism j: X — F'C in D, there exists a unique (up
to isomorphism) monomorphism i: C — C in C with F(i) = j. We can now state
our characterization of Maltsev categories (the equivalence between 1. and 3. is
already known and was proved in [3]):

6.1. Proposition. Let C be a finitely complete category. Then the following con-
ditions are equivalent:

1. C is a Maltsev category
2. U: Conn(C) — 2-Eq(C) is closed under subobjects
3. V: Grpd(C) — RG(C) is closed under subobjects

Proof. 1. = 2. If (R, S,X,p) and (R,S,Y,p) are objects in Conn(C), then it is
easy to check that in any Maltsev category an arrow (fg, fs,f): (R,S,X,p) —
(R, S,Y,p) in 2-Eq(C) necessarily preserves the connector. The result then follows
by Corollary 3.14.

2. = 3. Let

X1L>Y1

Jfo

Xo e Yo
fo
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be a monomorphism in RG(C), with
dy

W ”"ZIY,
do

an internal groupoid in C. Tt determines a monomorphism (f, 1, f1) in 2-Eq(C)

R[do] X1 R[d]
f fr f
R[do] Y1 R[d]

where (R[dp], R[d1], Y1) belongs to Conn(C). It follows that (R[do], R[d1], X1) also
belongs to Conn(C) and

dy
X1 T/<ZXo
do
is an internal groupoid, as desired.
3. = 1. Any reflexive relation

di1
R—TX
do

is a subobject of the largest equivalence relation

P1
XxX_—Z
Po

on X. Accordingly, R is a groupoid, hence an equivalence relation. O

In order to show that connectors can be used to characterize regular Maltsev
categories, we first need the following

6.2. Lemma. Let D be a regular category. If C is a full subcategory of D closed in
D under finite limits and subobjects, then C is regular.

Proof. The regular epimorphism - monomorphism factorization in D of any arrow
in C is also the factorization in C (by the assumption that C is closed in D under
subobjects). Since finite limits in C are calculated as in D, regular epimorphisms
are stable under pullbacks and the proof is complete. O
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6.3. Proposition. Let C be a finitely complete category. Then the following con-
ditions are equivalent:

1. C is reqular Maltsev
2. Conn(C) is regular Maltsev
3. Grpd(C) is regular Maltsev

Proof. The equivalence between 1. and 3. was proved in [12].

1. = 2. If C is regular Maltsev, then Grpd(C) is regular Maltsev; this implies that
Eq(C) is regular Maltsev, being a full subcategory of Grpd(C) closed under finite
limits and subobjects. It follows that 2-FEq(C) is regular Maltsev and, by Lemma
6.2, so is the category Conn(C).

2. = 1. There is a discrete functor D: C — Conn(C) associating the pair of
connected equivalences

1 1

X X X
1 1

with any object X in C. This functor D: C — Conn(C) is fully faithful, so C is
Maltsev. The category C is closed in Conn(C) under finite limits and subobjects,
then by Lemma 6.2 the category C is regular since Conn(C) is so. O
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