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ABSTRACT: We prove that the Smith is Huq condition for finitely cocomplete homo-
logical categories is equivalent to the Bourn-style condition that the inverse image
functors of the fibration of points reflect Hug-commutativity of pairs of normal sub-
objects. We give a version of this result for pointed weakly Mal’tsev categories. In
a semi-abelian context, we give a decomposition formula for the normal weighted
commutator of Gran, Janelidze and Ursini.
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This article has the following purposes: first of all, to suggest that the con-
text of pointed weakly Mal’tsev categories is still strong enough to work with
commutators, and more generally with the admissibility diagrams—which are
diagrams such as (Al) below—introduced in [I8]. We show that in this context
the Smith s Hugq condition is still equivalent to the condition that a reflexive
graph is multiplicative if and only if the kernels of its domain and codomain
morphisms commute (Proposition B)). We also characterise Smith is Huq in
terms of the fibration of points (Proposition ) and show that in the richer
context of semi-abelian categories, the Smith s Hug condition is equivalent
to several other conditions, relating thus many branches of categorical algebra
(Theorem []). Finally, we explain that the concept of weighted commutativity
of Gran, Janelidze and Ursini [9] is essentially equivalent to admissibility in
the above sense and show that Smith is Huq amounts to independence of the
chosen weight for cospans of proper morphisms (Example [6, Proposition [,
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Theorem [ and B). We also decompose their normal weighted commutator in
terms of binary and ternary Higgins commutators [11] (Theorem [).

Weakly Mal’tsev categories. A category is called weakly Mal’tsev [19]
if and only if it has pullbacks of split epimorphisms along split epimorphisms
and the splittings e; = (14, sof) and ey = (rog, 1¢) induced by the sections r
and s, respectively, are jointly epimorphic.

AxBCgC

=]
1 €1 g S
f
A ? B

In such categories, for any diagram of the shape
AxpC B——-8——D (A)

with for = 1p = gos and aor = (3 = ~yos there exists at most one morphism
w: AxpC — D from the pullback of f and g to the object D such that
@woe; = a and poey = . This means that if the points (= split epimorphisms
with chosen splitting) (f,7) and (g, s) are fixed, then the existence of ¢ is a
property of the triple («, 3,7). We shall say that («, 8, 7) is admissible with
respect to (f,r,g,s) whenever such a ¢ exists [1§].

Every Mal’tsev category is in particular weakly Mal'tsev. Nevertheless, there
are many examples of weakly Mal’tsev categories which do not satisfy the
Mal’tsev axiom saying that every reflexive relation is an equivalence rela-
tion [6]. The category of commutative magmas with cancellation and middle
four interchange associativity is one such example:

Example 1. We consider the quasivariety of algebras (X, +) with one binary
operation +: X x X — X which satisfies

r+y=y+ux,
(x+y)+ (z+w)=(x+2)+ (y+w),

r+y=2'4y = xz=21a
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for all w, x, 2/, y, z € X. In this category a triple («, 5,7) is admissible
with respect to (f,r,g,s) if and only if, for every a € A and ¢ € C with
f(a) = b = g(c), the equation

z + B(b) = ala) +7(c)

has a solution. See [§] for further details on this example.

This illustrates how the notion of admissibility changes from context to con-
text and in general may not be immediately related to “commuting elements”.
However:

Example 2. A classical instance of admissibility occurs when two equivalence
relations on a given base object in a Mal'tsev category Smith-commute [30),
20l 3]. This happens when in (Al we take B = D and § = 1 and the pairs
(f, ), (g,7) are jointly monomorphic. Then («, 1,7) is admissible with respect
to (f,r,g,s) if and only if the relations (f,r, «) and (g, s,7) commute—more
details will be given later.

Example 3. In a Mal'tsev variety V, a triple («, £, ) is admissible with respect
to (f,r,g,s) as in (Al if and only if the function ¢: A xg C' — D defined by
¢(a,c) = p(a(a), B(b),v(c)) is an algebra homomorphism; see [14]. Here a € A
and c € C with f(a) = b = g(c) and p is a Mal'tsev term of the theory of V.

New examples may be constructed using the following result.

Proposition 1. Let A and B be two categories with pullbacks and F: A — B
a pullback-preserving faithful functor. If B is weakly Mal’tsev then so is A.

Proof: Considering a diagram of the form (Al in A with for = 1p = gos
and aor = [ = ~os, we only have to prove that whenever a morphism
w: AxpgC — D with poe; = a and poey = v exists, it is necessarily unique.
This follows immediately from the uniqueness of F(¢) because B is weakly
Mal’tsev and F' is faithful. u

So when B is Mal’tsev, A will be weakly Mal’tsev. However, as soon as the
functor F'is not just faithful but also full, it is conservative, so it reflects also
the Mal’tsev property.

Example 4. One simple example is obtained as follows. We consider the
category whose objects are pairs (Ag, A) where A = (A, +,0) is an abelian
group and Ag € A is a subset of A containing the zero element. A mor-
phism f: (Ag, A) — (By, B) is a group homomorphism f: A — B such that
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f(Ap) € By. Here («, 3,7) is admissible with respect to (f,r, g, s) if and only
if

a(z) = B(y) +v(z) € Dy = D
whenever x € Ag € A and z € Cy € C are such that

f(z) =g(z) =y e By <= B.

When the category is also pointed (and hence has kernels of split epimorphisms)
it turns out that sometimes the admissibility of («, 3, ) with respect to (f, 7, g, s)
reduces to the admissibility of (aoker(f), 0, yoker(g)) with respect to (0,0, 0, 0).
This happens for instance in the category of groups—see Example B—but is
far from being the case in general, even for protomodular categories:

Example 5. In the variety of algebras [13] with two binary operations = + y,
r — vy, a constant 0 and satisfying  +0 =z = 0+ x, (v +y) —y =
(x—y) +y =z, a triple («, 3, ) is admissible with respect to (f,r, g, s) if and
only if

[ (@) + 7)) + B1) + (o) + 1) + B)) | - B + V)
U<<>+ (8)) + (a <>+ﬂww)—ﬁw+vﬂ

(8) + (1) + B(E)) = b+ )

for all =, 2’ € Ker(f), y, ¥ € Ker( ) and b, b’ € B. Observe that for groups,
this condition simplifies to a(x) + v(y) = Y(y) + a(z) for all x € Ker(f) and
y € Ker(g). The example in the category of loops considered in [I1] may be
used to show that in general, this latter condition on commuting kernels does
not suffice for the triple («, 3,7) to be admissible.

_|_

Another well-known counterexample, which was discovered by Janelidze, is
the category of digroups; see [, 2.

Example 6. In the article [9] the authors consider a weighted commutator
which, depending on the chosen weight, captures several classical commutators.
In a finitely cocomplete homological category, a weighted cospan is a triple
of coterminal arrows

f .
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in which (z,y) plays the role of cospan and w is the weight. It is imme-
diately clear from the definitions that the weighted centrality of x and y
over w from [9] amounts to admissibility of (<§‘;>,w,<§j’>) with respect to
(< 15V >, Lw, < 15V >, Lw) as in the diagram

<1W <1W

W+ X W+Y

2N / o

In fact also the converse holds: admissibility may be expressed as weighted
centrality (Theorem [IJ).

Reflected admissibility. Let A be a pointed weakly Mal'tsev category with
pullbacks. In this paper we study properties of the normalisation functor

N: Adm(A) — Cospan(.A),

where Adm(.A) is the category of admissibility diagrams in A, which are
diagrams of shape

f g
A=——B=—=cC
\lﬂ/ (D)
D

with for = 1 = gos and aor = 8 = yos. The functor N maps such a diagram
to the cospan

acker(f) D yoker(g)

X = Ker(f) Ker(g) =Y (E)

in A. Note that by taking the pullback of f with g, any admissibility diagram
such as (D)) may be extended to (Al) in which the square is a double split
epimorphism. We say that the triple (a, 3,7) is admissible with respect
to (f,7,g,s) if there is a (necessarily unique) morphism ¢: A x5 C' — D such
that poe; = a and poey = . We say that a and v Hug-commute if («, 0, )
is admissible with respect to (0,0,0,0). (That is to say, B is zero. This is
clearly equivalent with the definition from [12, [I].) We say that the functor N
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reflects admissibility if and only if (a, £, ) is admissible whenever aoker( f)
and 7yoker(g) Hug-commute.

Smith-commuting reflexive graphs. Consider a pair of reflexive graphs
(R,S) on a common object D as on the left

{r1p,1pyor:)
To S1 / \

R <p,ip>— D —1p,1p)> S’ R XD S o>

h ! <<1D,1D>°80715>\ g /‘91

and consider the induced pullback R xp S of r; and sg. The pair (R,.S)
Smith-commutes when there is a (necessarily unique) morphism € such that
the above diagram on the right is commutative. A span

D
VRN (F)
Dy D),

is a pregroupoid when the kernel pairs of ¢ and d Smith-commute [26] 30].

Smith versus Huq. As explained in [9], taking W = 0 in Example[@l captures
Huq (x and y are central over 0 if and only if they Hug-commute), and w =
1p captures Smith (the respective normalisations x and y of two equivalence
relations R and S on D are central over 1p if and only if R and S Smith-
commute).

It is well known that Smith-commuting equivalence relations always have
Hug-commuting normalisations [4]. However, the converse need not hold:
counterexamples exist in the category of digroups [I, 2| and in the category
of loops [I1]. A pointed weakly Mal’tsev category with pullbacks satisfies the
Smith is Huq condition (SH) if and only if two equivalence relations on a
given object always commute as soon as their normalisations do.

The condition (SH) is fundamental in the study of internal categorical struc-
tures: it is shown in [23] that, for a semi-abelian category, this condition holds
if and only if every star-multiplicative graph is an internal groupoid. As explai-
ned in [15] and in [11] this is important when characterising internal crossed
modules; furthermore, the condition has immediate (co)homological consequen-
ces [29].
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Any pointed strongly protomodular exact category satisfies (SH) [4] (in par-
ticular, so does any Moore category [28]) as well as any action accessible cate-
gory [9],[7] (in particular, any category of interest [24], 25]). Well-known concrete
examples are the categories of groups, Lie algebras, associative algebras, non-
unitary rings, and (pre)crossed modules of groups.

Conditions in terms of the fibration of points. Given any object B
in A, the category Ptp(A) of points over B in A is still weakly Mal'tsev by
Proposition Il

Proposition 2. In a pointed weakly Mal’tsev category with pullbacks A, the
following conditions are equivalent:

(2.1) for every morphism p: E — B in A, the pullback functor
p*: PtB(A) — PtE(.A)

reflects Huq-commutativity;

(2.2) for every object B of A, the kernel functor Ker: Ptg(A) — A reflects
Hug-commutativity;

(2.3) the normalisation functor N reflects admissibility.

Proof: Condition (22) is the special case of ([2l) where p is the unique mor-
phism !p: 0 — B. To prove that ([22) implies ([2I3) it suffices to rewrite Dia-
gram ([DJ) in the shape

,f> <v 9
><

\Lw 1)

and consider it as a cospan ({a, f),{v,g)) in Ptg(A). Then taking kernels
here gives the same result as taking the normalisation of the original dia-
gram (D). So condition (28] is an instance of the kernel functors reflecting
Hug-commutativity in the case where the point which is the codomain of the
cospan is a product.
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To see that ([23) implies ([22), let

A—"—>D«"—C
r p ﬁ S
f g
B
be a cospan in Ptp(A), and suppose that aoker(f) and ~oker(g) commute
in Ker(p). Then they certainly commute in D, and Condition (28] gives us
a morphism ¢: A xp C — D in A such that @poe; = a and @oey = . We
only need to check that this ¢ is a morphism of points, of which the domain is

p= forg = gomp: A xp C — B with section 8 = ejor = egos: B - A xp C.
Now

pepeer = poa = f = fompce; = Poey
and, similarly, powoes = poesy, so that p = pop by the weak Mal’tsev property
of A. Furthermore, @of = poejor = aor = .
The following standard trick shows (22) = (2). For any p: £ — B we
have the induced inverse image functors

® 1%

Ptp(A) — Ptg(A) —> Pty(A) =~ A.

Clearly !3,0p* =l = Ker. By assumption, this functor reflects Hug-commu-
tativity. But the kernel functor !, also preserves Huq-commutating pairs of
morphisms, and these two properties together give us (2U]). ]

Further conditions. In terms of internal categorical structures we have the
following basic conditions.

Proposition 3. In a pointed weakly Mal’tsev category with pullbacks, the fol-
lowing conditions are equivalent:

(3.1) every two effective equivalence relations over the same base object
Smith-commute as soon as their normalisations Huq-commute;

(3.2) every span is a pregroupoid provided the kernels of its domain and
codomain morphisms Huq-commute;

(3.3) every reflexive graph with commuting kernels of the domain and codo-
main morphisms 1s an internal groupoid;

(3.4) every reflexive graph with commuting kernels of the domain and codo-
main morphisms is an internal category;
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(3.5) every reflexive graph with commuting kernels of the domain and codo-
main morphisms 1s a multiplicative graph.

Proof: To obtain [B2) from (B it suffices to take the kernel pairs of the
domain and codomain morphisms. (B3) is a particular case of ([BI2) where the
span has Dy = DE), and d and c are split by the same morphism. (Bl4]) follows
from (Bl3) since every internal groupoid is an internal category. Finally (BIH])
follows form (BIE]) because every internal category is also a multiplicative graph.
To obtain ([BI) from (BH) we may repeat the proof of Theorem 1.6 in [23] as
it is still valid in the present context. u

Thus we see that in particular, in this context, the Smith is Huq property (BII))
implies that internal groupoids, internal categories and multiplicative graphs
are the same (cf. [22]).

Proposition 4. In a pointed weakly Mal’tsev category with pullbacks A, each
of the following conditions implies the next one:
(4.1) the conditions (A[1)-(213) of Proposition [2;
(4.2) the normalisation functor N reflects admissibility for those diagrams
(D)) where o and v are regqular epimorphisms;
(4.3) any two reflexive graphs over the same base object Smith-commute as
soon as their normalisations Hug-commute;
(4.4) any two reflexive relations over the same base object Smith-commute
as soon as their normalisations Hug-commute;
(4.5) any two equivalence relations over the same base object Smith-com-
mute as soon as their normalisations Huq-commute;

(4.6) the conditions (31)-(33) of Proposition [3.

Furthermore, (418) implies {{Jl4). When A is a semi-abelian category, (43)
implies ({|[3), so that conditions (412)-({ld) are equivalent.

Proof: Condition (4l3) is the particular case of condition (d2) with B = D
and f = 1p. (@) is a particular case of (@B]) where the graphs are jointly
monic spans. () is a particular case of (M) where the reflexive relations are
also symmetric and transitive.

(@0) = (AE) is the content of Remark 1.7 in [23], but in the semi-abelian
case we can go up to (@) in one step as follows.

Given (a, f,7) as in (D) we define a span (F) by d = coeq(a, Bof) =
coker(acker(f)) and ¢ = coeq(fog,y) = coker(yeoker(g)). Since the direct
image of a kernel along a regular epimorphism is a kernel, aoker(f) = ker(d)oa/
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and yoker(g) = ker(c)oy’ where o' and 4’ are regular epi. Suppose that
acker(f) and vyoker(g) commute. Then we have ¢: X x Y — D, which factors
as ¢'o(a’ x~") where o x~' is again regular epi. It follows that ker(d) and ker(c)
Hug-commute. But this gives a pregroupoid structure on D by assumption,
so that the triple («, 3, 7) is admissible. Indeed, the needed ¢: A x5 C — D
is given by ¢(a,b,c) = 0(a(a), f(b),v(c)) where R and S are the respective
kernel relations of d and ¢ and 0: R xp S — D is the pregroupoid structure
on (d, c). |

Even in the semi-abelian case, there is a gap between (@[Il)—the conditions
of Proposition 2—and the formally weaker (d2)—(@6): the following example
in the category of Heyting semi-lattices shows that indeed, (@) is strictly
stronger. On the other hand, in the category of groups, condition (4lI) holds:
see Example B

Example 7. An exact Mal'tsev category is called arithmetical [27, [I] when
every internal groupoid is an equivalence relation. In presence of finite coli-
mits, then the Smith commutator [R, S]° of two equivalence relations R and
S on an object D is their intersection R A S. It is also well known that if
the category is, moreover, pointed, then the only abelian object is the zero
object, and the Huq commutator [X, Y ]! of normal subobjects X, Y < D is
the intersection X AY. Since the normalisation functor preserves intersections,
it follows that any pointed arithmetical category with finite colimits has the
Smath is Huq property.

Two examples of this situation which are relevant to us are the category HSLat
of Heyting (meet) semi-lattices and DLat of distributive lattices. The latter is
only weakly Mal’tsev [21], but it is easily seen that it fits the above picture,
hence (trivially) satisfies Smith is Huq. On the other hand, the category HSLat
is semi-abelian [16]—in fact it even is a Moore category [28]—and satisfies the
conditions (A2)—(@G), but nevertheless does not satisfy ([@[I). This tells us that
the condition (4l) is strictly stronger than the Smith is Huq property, while
it is not implied by strong protomodularity.
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A concrete counterexample is the diagram (D) in HSLat defined as follows:

A=D={0,41} and B = {0, 1} with the natural order, and C'is

1
RN
a b;
NS
0
the tables
Ao 11 510 1 Cl0 ab 1
ri0 1
fl10 1 1 0 1 g|0 0 11
1 > vlo1 11

determine the morphisms between them. Let X = {3,1} and Y = {b, 1} be
the kernels of f and g, respectively. Then their direct images along a and
become {%, 1} and {1}, which Hug-commute in D. On the other hand, the triple
(e, B,7y) is not admissible with respect to (f,r, g, s). Indeed, the pullback of f
and ¢ is given by the following diagram.

(1,1)
N

(1,5) (3:1)
NN
(3:0) (0.)

NS
(0,0)

Hence if a function ¢ as in the definition of admissibility exists, then

p(0,a) = ¢(rg(a),a) = (a) =1

and (3,1) = ¢(3,5f(3)) = a(3) = 3; but this function cannot preserve the
order.

Expressed in terms of the normalisation functor N the problem is the fol-
lowing: reflection of diagrams (D) where o and « are regular epimorphisms
need not imply that N reflects all diagrams (D). However, the conditions of
Proposition [2] do hold in the category of groups:
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Example 8. We prove that when A is the category Gp of groups, the nor-
malisation functor does reflect admissibility for all diagrams (DI). In what
follows we use additive notation, also for non-abelian groups. Consider in Gp
the diagram

k f g l
X<]% _____ e A - B - C <= = %
P
D

in which k& = ker(f), [ = ker(g) and where k', I are the unique functions (not
homomorphisms) with the property that kk' = 14 —rf and ll' = —sg+ 1¢ (so
that 'k = 1x and I'l = 1y). Note that

a=kk'(a)+rf(a) and  ¢=sg(c)+1l'(c)

forallae A, ce C.
Assuming that ak and I commute, we have to construct a suitable group

homomorphism ¢: A x5 C — D to show that (a,3,7) are admissible. We
define

(0, ) = akk'(a) +(c)
and prove that p(a + d’,c+ ) = p(a,c) + ¢(d’, ). Note that
Kla+ad)=14(a+ad)—rfla+d)
= kk'(a) + rf(a) + kK'(a") + rf(a") —rf(a+d)
= kk'(a) +rf(a) + kk'(d) — rf(a).
~—~— -

~"

eX eX
Now for all x € X, b € B, we have that

ak(r(b) + k(x) —r(b)) = B(b) + ak(z) — 5(b).
Hence, on the one hand,
ola+ad,c+d)
= akk'(a +d') +y(c+ )

= ak(kk'(a) + rf(a) + kk'(a) = rf(a)) + 7(c) +7(c)

= akk'(a) + ak(r(b) + kK'(a') — (b)) + v(sg(c) + ll'(c)) +7(c)
— akk'(a) + B(D) + akk'(d") — B(b) + B(b) +~1l'(c) + ~()

= akk'(a) + B(b) + akk'(d') + y1l'(c) + v(c),
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where f(a) = b = g(c), while on the other hand

old', )+ o(d,d) = akk'(a) + v(c) + akk'(a") + v()
= akk'(a) + B(b) + ~Il'(c) + akk'(d") + ().

Since, by assumption, vll'(c) + akk'(a") = akk'(a") +~v1l'(c), these two expres-
sions are equal to each other, and ¢ is a homomorphism.

Furthermore, in any finitely cocomplete homological category the conditi-
ons (2I)-(@3]) are equivalent to the weighed commutator being independent
of the chosen weight (Proposition [).

Theorem 1. In a finitely cocomplete homological category, consider a dia-
gram (D)) and its normalisation (El). The triple (a, B,7y) is admissible with
respect to (f,r,g,s) if and only if x = aoker(f) and y = yoker(g) are weighted
central over [3.

Proof : 1t suffices to compare Diagram (DI) with the induced diagram (Cl). In
fact there is a regular epimorphism of admissibility diagrams from the latter to
the former which keeps D fixed and makes

S2ARS Y
X B B
LB LB

Crerth)) Ckerlg))

f g
A B C

r S

B+ +Y

commute. This already proves the “only if” in our claim. For the “if” suppose
that x and y are weighted central over . For the induced arrow

¢: (B+X)xp(B+Y)—>D
to factor over the regular epimorphism

Crer(h) ) %8 Crentg) ) (B+X) xp (B+Y) —> AxpC,
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we only need that it vanishes on Ker (< kef( f) >) x Ker (< kef(g) >) Indeed,

o (ker({fin D) x Ker(at )1, 0)
= ol Ly x, two ' ) yoker (Cier(s) )
= (B Yoker (Cxer(s) )

= aoCren(f) poker (Crer() )
is trivial, and similarly for Ker (< kef(g) >) ]

Thus we see that in this context, the theory of admissibility diagrams is essen-
tially equivalent to weighted commutator theory. This gives a new conceptual
interpretation for admissibility of diagrams such as (Dl)—as a way to encode
weighted commutativity—while, on the other hand, we may analyse some of
the concepts in [9] from a different point of view. First of all we obtain new
conditions, equivalent to those of Proposition 2k

Proposition 5. In a finitely cocomplete homological category, the following
are equivalent:
(5.1) the conditions (211)-(2I3) of Proposition 2;
(5.2) if a cospan (z,y) Hug-commutes, then x and y are weighted central
over every w which makes (Bl) a weighted cospan;
(5.3) weighted centrality is independent of the chosen weight. u

These “strong” conditions of Proposition 2 may be expressed in terms of
binary and ternary Higgins commutators as in the following theorem. We
recall the needed definitions from [0} [I7] [TT].

If k: K > X and [: L —» X are subobjects of an object X in a finitely co-
complete homological category, then the (Higgins) commutator [K, L] < X
is the image of the induced morphism

k
K@L»LLLKJFL@X,

where

K®L=Ker(('f{): K+L—> K xL).
When also m: M — X is a subobject of X, the ternary commutator
[K, L, M] < X is the image of the composite

(4
LK, L.M m

KQLIMr—— K+ L+ M —— X,
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where v 1 s is the kernel of the morphism

ik 1 0
i, 0 1
0 iy im

K+L+M (K+L)x (K+M)x(L+M).

Given any diagram (D)), let E: K — D be the image of acker(f),l: L — D
the image of yoker(g) and f: B — D the image of (.

Theorem 2. In any finitely cocomplete homological category, the following are
equivalent:

(1) the conditions of Proposition [2;
(2) [K, L] = 0 implies [K, L, B] = 0 for every diagram such as (D]).

Proof: The equivalence between ([2I3) and (2) is a key result in [I1]. |

It is explained in [I1] that the Smith is Hug condition is equivalent to the
vanishing of the ternary commutator [K, L, X] whenever K, L < X are com-
muting normal subobjects of an object X. A priori, condition (2) in Theorem
is stronger, as it considers the same implication but in a setting which is wider.
Indeed, K and L need not be normal in D, and the diagram (D) need not be
induced by their denormalisations. This makes us conclude that if we restrict
all conditions in Proposition 2] to the case of proper morphisms—so that the
images of these morphisms are normal monomorphisms—we should obtain an
equivalence with the standard Smith s Hugq condition. This is the content
of Theorem [l Let us first explain what we mean with “restricting to proper
morphisms.”

Recall that a morphism is called proper when it factorises as a regular epi-
morphism followed by a normal monomorphism, that is, the normalisation
of an equivalence relation—which in a homological category is the same thing
as a direct image of a kernel along regular epimorphism [17]. We shall restrict
the first two conditions in Proposition 2] and the conditions of Proposition bl to
Hug-commutativity of cospans of proper morphisms. In the case of (23], we
only consider diagrams (D) for which the two arrows in the induced cospan ([El)
are proper.

Theorem 3. In a finitely cocomplete homological category A, consider the
following conditions.

(1) the Smith is Huq condition;
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(2) the conditions (30)-(313) of Proposition (2, restricted to pairs of pro-
per morphisms;

(3) the conditions (3)-(33) of Proposition [3.

(4) the conditions ({J[2)-(418) in Proposition [4};

(5) the conditions (A)-([3I3) of Proposition (3, restricted to pairs of pro-
per morphisms.

Always ([I)-@)) are equivalent to (Bl), and as soon as A is semi-abelian, these
conditions are also equivalent to ().

Proof: The implication (Il) = (2)) is again a consequence of the result in [I1].
To see that (2)) implies (B]), consider a diagram (D) and its normalisation ([E).
Condition (28] says that (o, 5,7) is admissible with respect to (f,r, g, s) as
soon as acker(f) and yoker(g) are proper and Hug-commute. Condition (BII)
is just a special case where B = D and 8 = 1p. Note that indeed, the norma-
lisation of an effective equivalence relation is a kernel. n

Remark 1. Note that in the semi-abelian case, condition (4l2) is immediately
implied by the restriction of (28] to pairs of proper morphisms, as then the di-
rect image of a kernel (= normal monomorphism) along a regular epimorphism
is a kernel.

Remark 2. We did not investigate any further connections between the con-
ditions of Proposition 2 and the kernel reflected admissibility property, called
condition (III) in [20], but it is not difficult to observe that the latter implies
the former.

Thus in a semi-abelian category, Smith is Hug amounts to independence of
the chosen weight for weighted proper cospans. This is further refined by the
following decomposition result, a consequence of Theorem [2l

Theorem 4. Given a weighted cospan ([Bl) in a semi-abelian category, weight-
ed centrality of normal monomorphisms x and y over w is equivalent to the

vanishing of the commutators [X,Y] and [X,Y,Im(w)]. Hence the (W, w)-
weighted normal commutator
of [9] is the normal closure of [ X, Y] v [X, Y, Im(w)].

Proof: By Theorem [2 it suffices to prove that x and y coincide with the images
of <§§>oker (< b >) and <§’j>oker (< b >), respectively, as in ([Cl). To see this,
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we consider the diagram with short exact rows

B l X < 1w >
0— WbX e W+ X 0
€\/ \L< > \Ldow
0 X D RS Dy 0.

It is clear that <15V >OL x = 0 induces the factorisation n%¥ of tx over the kernel
kpx of < 1(V)V > Similarly, since

do(¥ Yok x = dows( 'y Horp x

is trivial we obtain the dotted factorisation £&. Now

$Ofo77)vg = <1:2}>°HB,XO77)V}/ = <§‘;’>OLX = T,

so fon¥ = lx because x is a monomorphism. In particular, £ is a regular
epimorphism. It follows that z is the image of <%’ >OI€B’X. u
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