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Abstract

Dilatations modify categories by imposing that some morphisms factorize through some others.
This is formalized by a universal property. This text is devoted to introduce and study this con-
struction. Examples of dilatations of categories include localizations of categories and dilatations
of rings.
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1. Introduction

Given a subset S of a commutative ring A, one has the localization S™'A of A relatively to S.
Needless to insist on the fact that this is a fundamental construction. The localization process
of a commutative ring is extended in several ways, among them:
1. localization of categories [7] (cf. also [2, 8]), a basic construction used in many branchs of
mathematics;
2. dilatation of rings |9, 11|, the building blocks of dilatations of schemes [9] (cf. also [4, 5, 10]
and the large number of references therein).
In this text, we provide a construction unifying all of these constructions in a single construction:
dilatations of categories. Intuitively, localization is a process that adds and imposes inverses of
elements or morphisms. In other words, localization adds some "fractions" with prescribed
denominators. Intuitively, dilatations do the same thing except that it only adds some fractions
where both numerators and denominators are prescribed. Let C be a category, and let 3 be a
collection of morphisms of C. Let us recall some properties of the localization C[¥~!]. We have
a functor L : C — C[X~!]. The objects of the localization C[X~!] coincide with the objects of C,
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i.e. L is the identity on objects. Given a morphism d in ¥, L(d) is an isomorphism in C[¥1.
If F': C — D is another functor such that F'(d) is an isomorphism for all d in 3, then F factors
through L. Now assume that for any d in 3 we have a sieve Ny, in C over the codomain of d.
The dilatation process will provide a category C’ and a functor © : C — C’. The objects of C’
will also coincide with the objects of C. For any d € ¥ and any n € Ny, there exists a unique
arrow b in C’ such that the diagram

X ———Y
b O(d)
5
A

commutes. The element b is thought of as a non-commutative fraction d\n = d~!on. Dilatations
also satisfy a natural universal property (Theorem 3.10), namely © is universal among all functors
F : C — D such that

1. the sieve generated by F'(Ny) is included in the sieve generated by F'(d), for all morphisms
d in the collection 3,
2. the localization D — D[X71] is faithful.

Condition (1) allows existence of the factorization morphisms "b" as before and condition (2)
allows unicity. To prove the existence of dilatations in this note, we use directed graphs.

We now discuss the structure of this paper. Definition 2.13 and antecedent material provide
the definition of dilatations of categories. It holds in a very general framework. Proposition 3.1,
Theorem 3.10 and Proposition 3.12 are the main results. Facts 2.15 and 5.1 make connections
with localizations of categories and dilatations of rings. We also discuss a related notion in
§4, that of codilatations of categories. After that, using the fact that algebraic structures (sets
with composition laws and axioms) are in particular categories with a single objects, we intro-
duce dilatations of some non-commutative structures (e.g. monoids). Finally, Fact 5.2 shows
that the "natural generalization" of another characterization of dilatations of rings, in terms of
localizations, does not hold for categories.

2. Dilatations of categories: definition via fractions

We now fix a category C with objects ObC and morphisms MorC.

2.1 Sieves Recall that if X % Y belongs to MorC, dom(a) := X is called the domain and
cod(a) :=Y the codomain (note that dom and cod also make sense for directed graphs). Recall
that a sieve in C is a collection of morphisms stable by precompositions. Note that a union
of sieves is a sieve. A sieve over an object Y is a sieve made of morphisms with codomain Y.
Similarly, a cosieve is a collection of morphisms stable by postcompositions.

Definition 2.1. Let E be a collection of morphisms of C. The collection e on with n € MorC,
e € E and cod(n) = dom(e) is a sieve called the sieve generated by E. This sieve is denoted
SS. If E = {d} is a singleton, we put S%, = Sg. Note that if d = Idx, S?dx is the sieve made
of all morphisms with codomain X. Similarly, we use the notation COS% to denote the cosieve
generated by FE.
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2.2 Directed graphs and localizations In this section, we discuss localizations of cate-
gories. The content of this subsection is classical and does not claim originality (cf. e.g. [7],
[8] and [2]), however we provide a self-contained description of this construction. Let 3 be a
collection of morphisms of C.

Definition 2.2. Let G be the oriented graph defined as follows. The vertices of G are equal to
the objects of C. The directed lines of G are made of
1. for each morphism a of C, a directed line dom(a) < cod(a) of G,

2. for each morphism d in ¥ a directed line cod(d) la, dom(d) of G (in particular dom(ly) =
cod(d) and cod(ly) = dom(d)).

Definition 2.3. A Y-sequence of directed lines in G is a sequence, finite and possibly empty, of
directed lines xy,x9,...,x, of G such that cod(z;) = dom(z;+1) (n > 0 is an integer). By
convention, an empty sequence is just an element in the collection ObC. For a non-empty
sequence s = (x1,...,%,), we define the domain as dom(s) = dom(x;) and the codomain as
cod(s) = cod(xy). If a sequence s is empty and given by an object X, then we put dom(s) =
cod(s) = X. Note that ¥-sequences of directed lines with compatible domains and codomains
can be composed (by convention, composing a sequence s with an empty sequence e gives s).

Definition 2.4. We say that two Y-sequences of directed lines s and s’ in G are equivalent if
dom(s) = dom(s’), cod(s) = cod(s') and if one can be obtained from the other by a chain of
elementary equivalences of the following types:

1. a sequence x1, ..., %, such that z;, x;11 are equal to a,a’ € MorC and cod(a) = dom(a’),
for some 1 < 4,7 + 1 < n, is equivalent to the sequence x1,...,2; 1,2, x;19,..., 7, where
x’ is the composition of a and o’ in C,

2. asequence i, ..., T, such that x;, x;+1 are equal to l;,d with d € X, for some 1 < i,i+1 <
n, is equivalent to the sequence x1,...,2;—1,Zit2,...,Zn,

3. asequence x1,...,x, such that z;, x;11 are equal to d, 5 with d € X, for some 1 < 7,7+1 <
n, is equivalent to the sequence x1,...,2;—1,Zit2,...,Tn,

4. for any object X, the sequence Idx is equivalent to the empty sequence at X.
In other words and informally, two Y-sequences of directed lines are equivalent if one can be
obtained from the other by the operations consisting in exchanging parts of sequences as follows:

a’oa

X5Y 2 7w X 2% 7
Y 7%y any (the empty sequence at Y)
25y 7wz (the empty sequence at Z)

X 19 X X (the empty sequence at X).

The equivalence class of a sequence s is denoted by [s]. Note that equivalence classes of X-
sequences of directed lines with compatible domains and codomains can be composed associa-
tively.

Definition 2.5. A Y-fraction is an equivalence class of Y-sequence.

Fact 2.6. Let d,d' in ¥ such that cod(d) = dom(d') and let d" be their composite. Assume that
d” belongs to X. Then

lcod(d') L5 dom(d') % dom(d)] = [cod(d') s dom(d)].
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Proof. This follows from the equalities

= [cod(d) 2 dom(d') % dom(d)]

= [cod(d) 2 dom(d') 2 dom(d) L cod(d') 2 dom(d)]

— [cod(d) 25 dom(d') 25 dom(d) & cod(d) L3 cod(d) s dom(d)]
— [cod(d') s dom(d)]

O

Definition 2.7. The localization of C relatively to X is the category C[X~!] whose objects are the
objects of C and whose morphisms are -fractions. We have a canonical functor L : C — C[¥ 1.

Proposition 2.8 (Universal property of localization). Let F' : C — D be a functor such that
F(d) is invertible for all d in 2. Then there exists a unique functor F' : C[X Y] — D such that
F=FolL.

Proof. We first prove unicity. Assume that F” exists. Let X be in ObC = ObC’, then F'(X) =
F'(L(X)) = F(X). Let a be in MorC, then F'([a]) = F'(L(a)) = F(a). Let d be in X, then
F'([la)) o F(d) = F'([la) o [d]) = Idgom(r(ay) and F(d) o F'([la]) = F'([d] o [la]) = Idcoa(r(ay)- This
implies that F”([l4]) = F(d)~!. This proves unicity. To prove existence, it is enough to prove that
the assignements X — X, [a] — F(a),lq = F(d)™! (as before) provide a well-defined functor
F’. For this it is enough to prove that the assignements are compatible with the elementary
equivalences of Definition 2.4, which is immediate. O

2.3 Dilatations of categories: definition Let C be a category.

Definition 2.9. A center in C is a collection {[V;, d;] }ier of pairs [N, d;], indexed by a collection
I and such that, for all 7 in I, d; is a morphism of C and N; is a sieve over cod(d;).

We now fix a center {[N;,d;|}ier in C (we sometimes use the notation Ny, to denote N;).
Put ¥ = {di}ie[.

Definition 2.10. A {[N;, d;|}ics-fraction is a ¥-fraction such that a representative can be written
as

ldi ldi ldi
X5 5 XY 5 X3 X 5 Y, —5 X 5 Xjo
with a € MorC, k > 0 and i; € I, n; € N;, for all j € {1,...,k}.

Fact 2.11. {[N;, d;|}icr-fractions with compatible domains and codomains can be composed as-
sociatively.

Proof. This is immediate since the N/s are sieves. Associativity is immediate. O

Remark 2.12. 1. If X % Y is amorphism in C, the {d; };c-fraction [X & Y]isa {[N;, d]}icr-
fraction. In particular, the class [Idx]| of the identity at an object X is a {[N;,d;|}icr-
fraction.
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2. The Y-fraction

ni ldil n2 ldiz ng ld’ik
X1 —Y —Xo =Y —=X3...X;; =Y, — X1
is a {[IV;, d;] }ier-fraction since it is equivalent to

X, My, aiy X, "2y la;y la; Tdxy gy
1 —> Y1 — X9 — 2—>X3 Xk—>Yk—>Xk+14>Xk+1

Definition 2.13. The dilatation of C with center {[N;, d;]}ic; is the category C’ defined as follows.
The objects of C’ are equal to the objects of C. If X and Y are objects in C’, morphisms between
X and Y are given by {[N;, d;]}icr-fractions (cf. Definition 2.10) with domain X and codomain

Y. Fact 2.11 shows that C’ is indeed a category, which is also denoted C [{(di)*l o Ni}ie[} .
Fact 2.14. We have a faithful functor C [{(di)_l o Ni}ie[} —C [({dz‘}ie[)_l]-

Proof. The functor is obtained regarding {[N;, d;| };c/-fractions as Y-fractions. O

Fact 2.15. Assume that, for alli in I, N; is the sieve Sg/’dcod(d-)’ then C [{(di)_l o Ni}ie[} 1s the
localization C[({d;}icr)™1].

Proof. In this case, the faithful functor of Fact 2.14 is also full, as any {d; };cr-fraction is equiv-

alent to a {[SY, d;]}ier-fraction. O

cod(d;) ’
Corollary 2.16. Assume that C is small, then C [{(di)*l o Ni}ie[} is small.

Proof. Combine Fact 2.14 and |2, Proposition 5.2.2]. O]

3. Universal property of dilatations and related results

We proceed with the notation from §2.3. Recall that ' =C [{(di)*l o Ni}i61:|'

Proposition 3.1. The following assertions hold.
1. We have a canonical functor © : C — C' defined as follows. If X is an object of C,
OX)=X. If X %Y is a morphism of C, O(a) = [X L Y].
2. For any i in I and any n € N;, there exists a um’que morphism dom(n) LN dom(d;)

do ] cod(n)

m(
in C' such that the following triangle commutes \ /

dom(d;)
-1

Intuitively, the morphism b is thought of as a non-commutative fraction d;\n = (d;)™" on

of morphisms. Mathematically, we have
b=[X 5% Y . — Z).

Proof. 1. Obvious.
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la,
2. Put X = dom(n),Y = cod(n) and Z = dom(d;). The class [X &Y SN Z| composed with
the class [Z N Y] equals the class [n]. This shows that there exists an arrow b in C’ such

that the triangle commutes. We now prove unicity. Assume that m € MorC’ satisfies that
O(d; © .
the composition X = Z M Y equals X ﬂ Y. Let s be a representative sequence of
. lg, la,
m. Then the class [X 5 Z Ly 7] is equal to the class [X > Y SN Z] and also to

ld,
the class [X = Z]. This shows that m equals [X =Y 4y Z].
O

Recall that a bimorphism is defined as a morphism which is both a monomorphism and an
epimorphism. Bimorphisms are also called regular morphisms.

Fact 3.2. A morphism whose image under a faithful functor is a bimorphism is itself a bimor-
phism.

Proof. Let F : A — B be a faithful functor. Let f be a morphism of A such that F(f) is a
bimorphism. Let a,b, c,d be morphisms of A such that ao f =bo f and foc= fod. Then
F(a)o F(f) = F(b)o F(f) and F(f)o F(c) = F(f) o F(d). So F(a) = F(b) and F(c) = F(d).
Consequently a = b and ¢ = d. This proves that f is a bimorphism. O

Proposition 3.3. Let i € I, then ©(d;) is a bimorphism in C’.

Proof. A morphism whose image under a faithful functor is a bimorphism is itself a bimorphism
by Fact 3.2. Now Proposition 3.3 follows from Fact 2.14. O

Definition 3.4. For any i € I, let Sg(Ni) be the sieve over cod(©(d;)) in C’' generated by
{©(n)|n € N;}. Similarly, let Sg(di) be the sieve over cod(O(d;)) generated by O(d;).

’

Proposition 3.5. Let i € I, then Sg(Ni) C Sg(di)'

Proof. Let x be in S(%,(Ni)' Then x = [n] ot with n € N;. We have

la.
x = [n]ot=[d]o[dom(n) 2 cod(n) iy dom(d;)] o t.
This finishes the proof. O

Definition 3.6. Let Cat?'reg be the full subcategory of the comma category C/Cat whose objects
F : C — D are arbitrary functors out of C such that the localization functor D — D[F(X)7!] is
faithful.

Fact 3.7. The functor © : C — C [{(di)*l o Ni}ig} is an object in the category Cat?'mg.

Proof. Fact 2.14 says that C [{(di)*l o Ni}iel} — Cl({di}icr)™Y] is faithful. Now we observe

that C [{(di)*l ONi}iEI:| [({©(d;)}icr) ] identifies with the localization C[({d;}ic;)~"]. This
finishes the proof. O

Fact 3.8. Let ¥/ C X be a subcollection. If L : C — C[X71] is faithful, then L' : C — C[X/™1] is
also faithful.
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Proof. Observe that C[X~!] = C[¥'7!][L/(X)7!], so that we have a commutative triangle of

functors
lL\

clxt — ¢z

Now let a, b be two morphisms such that L'(a) = L'(b). We obtain I(L'(a)) = I(L'(b)) and a = b.
So L' is faithful. 0

Remark 3.9. We remark that 3, Lemma 4.4] shows that if C is semi-abelian and integral (cf.
[3] and references therein for precise definitions) and if B is the collection of all bimorphisms of
C, then the identity functor C — C itself belongs to C’at?'reg. Still in the above setting of [3],
[3, Lemma 4.4] together with Fact 3.8 implies that the identity functor C — C itself belongs to
C’at?_reg for any subcollection ¥ of B. Note that we do not use [3, Lemma 4.4] in the present

paper.

e

Theorem 3.10. (Universal property) Let F' : C — D be an object in C’at?' 9 such that for any

1 in I, we have
D D
Sk © Sea)

Then there is a unique functor F' : C' — D such that the triangle of functors
c—~% p
“ V
C/

commutes (recall that C' = C [{(dz o N; }IGI}

Proof. Assume that such a F’ exists, then F'(X) = F/(0(X)) = F(X) for all X in ObC = ObC'.

Now any morphism in C’ is a composition of morphisms of the form [X Y ld—i> Z] with 1 €

I,n € Ny, or of the form [dom(a) % cod(a)]. Necessarily we have F'([X &Y ld—i> Z]) =t where
F(X) Fin) . F(Y)

t is the unique morphism such that \ F @lz/ commutes (this ¢ exists

since F'(n) belongs to S?(d-) by assumption and is unique because D — D[F(X)~!] is faithful

and so F'(d;) is a bimorphism by Fact 3.2). Necessarily we have F'([a]) = F'(©(a)) = F(a). This

shows that F” is unique and given by the formula above if it exists. Reciprocally, the assignement
la,

X — F(X),[a] = F(a),[X &Y 4y Z] + t (the unique ¢ as before), is a well-defined functor

F’ satisfying that F' = F' 0 ©. O

Fact 3.11. Let H : A — B be a functor between two categories. Let E be a collection of
morphisms of A. Then SE(E) =SB

H(Sy)

Proof. We have E C Sé, SO S nE) C SB(SA) Reciprocally, let x be in SE(SA)’ then there exists
E

be MorB, a € MorA and e € E, such that z = H(eoa)ob. Since H is a functor, we have

x = H(e)o (H(a)ob). So x belongs to S?I(E)' O
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Proposition 3.12. The functor © : C — C [{(di)_l o Ni}ie[} represents the covariant functor

C’at?“mg — Set given by

F {{*}7 if SI?(NZ) C S?(dz) fO?” anyi i I; (31)

(C = D) —
a, else.

Proof. Let (C <> D) be an object of Caty™®. If F' € Home(C', D), then for all 4 in I we have

D _ oD _ oD D _ oD D
Srvy = Srrewy) = Sese ) C Spiser ) = SFiew) = SF)-

O(N;) O(d;)

We used Proposition 3.5 and Fact 3.11. Therefore, if there exists ¢ such that S?( No) (04 SI?( d;)
then Home(C',D) = @. If SJQ(N) C S?(d_) for all ¢ in I, Theorem 3.10 implies that Hom¢(C', D)
is a singleton {*}. This finishes the proof. O

Fact 3.13. For each i in I, let M; be a subsieve of N;. Then we have a canonical functor
0:C [{(di)—l o Mi}id} Ny, [{(di)—l ° Ni}id} .
The functor ¢ is faithful.

Proof. Any {[M;,d;]}icr-fraction is a {[N;, d;]}ier-fraction since M; is a subsieve of N; for all
i O

Proposition 3.14. Let K C I be a subcollection. Then we have a canonical functor

o:C {{(di)_l o Ni}z‘eK} —C [{(di)_l ONi}iEI} .

Moreover
1. if N; = Sccli for all i in I ~ K, then ® is full,
2. if C[({di yie) ™Y = Cl({d; }ier) Y] is faithful, then ® is faithful.

Proof. Put T = {d;};cx. We have a natural application from I'-sequences to 3-sequences. This
induces an application from I'-fractions to X-fractions. This provides ® by restriction. To prove
(i), we observe that for each piece of X-sequence of the kind /g, on with i € I ~\ K and n € N,
by assumption n = d; o f for some f in C, so that /g, disappears and the remaining sequence is
a I'-sequence. To prove (ii), consider the commutative diagram of functors

¢ [{(d) o N}y | — e [{d) o N}

ClIr—1 Clx1

The vertical arrows are faithful by Fact 2.14. The lower arrow is faithful by assumption. This
shows that the upper arrow is faithful and finishes (ii). O

Proposition 3.15. Let {[Nj,d;]};es be another center in C. Put I' = I U J. Proposition 5.1
provides functors

©:C— C[{(d)"' o Ni}iel]
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and
@, :C—=C [{(dl)il o Ni}ié[’] .
We observe that { [Sg[({]sf%)ilONi}ieﬂ,G)(dj)] } o is a center in C[{(d;) ™! o N;}ic1], so that we get
je

a dilatation functor

_ _ — Cl{(di)"toN;};
B+ Cl{(d:) ™" o Nikier] = Cl{(di) ™" o Nikie] [{(@(dm oSaiy E”}je,] -
We observe that Proposition 3.14 provides a canonical functor
@ : C[{(di)~" o NiYier] = Cl{(di)™" o Ni}icp]-

1. The functor ® belongs to C’atéiiﬁi;iﬂi‘;ﬁil],
2. The functor B o © belongs to Catédi}ig'_mg.

3. There exists a unique functor
_ _ — Cl{(d;)~toN;};
o: C{(di) ™ o Nikier] = C[{(ds) ™" o Niiel] [{(@(dm Lo Sany }E”}je,]

such that 0O = ao©’.

4. There exists a unique functor
)" toNi}; -
o : Cl{(d:) ™" o Ni}iel] [{(@(dj»-l o Sgny 6”}).6,} = C{(d:) ™" o Ni}ier]

such that ® = o/ o 3.
5. The functors a o’ and o' o « are identity functors.
6. There exists an isomorphism of categories

Cl{(di) ™" o Ni}iel] [{(@(dm-l o Sé&{fv‘ja“"m“eﬂ}jg] == Cl{(d) ™" o Niier].

Proof. 1. We have to prove that C[{(d;) " oN;}icr] = C[{(di) "o N bicer ] [({®(O(d;)) }jes) ']
is faithful. It is enough to observe that ® o © = ® and apply Fact 3.7 and Fact 3.8.
2. Applying Fact 2.14 twice, we get a faithful functor

CI{(d) " o Nitien)[{(0(d;) ™" o S M el ) = el({dibien) M ({d)sen) ]
(3.2)
Now we observe that

Cl({di}ier) {[d]}e) "] = Cl({di}ier) '] (3:3)

and that

;)" 1oN;}, - -
CH{(d:) " oN}ie|[{(O(d)) oSl Metly i 11({(800) (di)ier) ™ = Cl({ditier) ™).
(3.4)
Now (3.2), (3.3) and (3.4) together implies that the functor 50© belongs to C’atédi}iéﬂ_reg.
3. By Theorem 3.10, it is enough to prove that, for all k£ in I’:

ClH(a) ™ N hier]H(O(d) oSG T Ny ) el T oV ier[H(O(dy) oS T N ey )
(89©)(Ni) © 9(800)(d) :
(3.5)
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Let us first take k in I. By Proposition 3.5, we have

CH{(d)YoNi}ier] — CH(d)~ToN;}ict]
So(Ny) < C S, <

therefore we get

Cl{(d:) " oN: e [1(O(d)) oSGl NIy ) Cl(d) ToNher[{(O(dy)) oSGl N ey )
o(selegy o) " (s o)
(3.6)
Now (3.6) and Fact 3.11 implies (3.5) for all k € I. Now let k € J. By Proposition 3.5, we
have
C[{(di)_1ONi}iel][{(@(dj))_losg[({z\(,j;)_lONi}'iEI]}jeJ] c C[{(di)_loNi}iEI][{(G(dj))_1OS5)[({I\(7j;)_10Ni}iEI]}jeJ]
ﬁ<sé[<{1\<lzi)>—1ofvi}ien> B(©(dx)) ’
(3.7)

Now (3.7) and Fact 3.11 implies (3.5) for all k € J. Finally, (3.5) holds for all k£ € I'.
4. By Theorem 3.10, it is enough to prove that, for all k in J,

Cl{(di) " oNi}se ) Cl{(di) " oNi}ie ]
clttan—tomierl, © Sa(@(dy)) = (3.8)
(Senh )

Using that ©' = ® o ©, Proposition 3.5 shows that, for all k£ in J,

Cl{(di)~'oNi}icp] Cl{(di)~*oNi}icp]

Seeve)  CSe@@) (39)
Now (3.9) and Fact 3.11 implies (3.8) for all k£ € J, as required.

5. This is an immediate consequence of Theorem 3.12.

6. This is an immediate consequence of (5).

O

Remark 3.16. One can prove Proposition 3.15 (6) directly using explicit computations on
fractions. However, Proposition 3.15 (3) (4) and (5) provides stronger uniqueness assertions.

Fact 3.17. Let H : A — B be a functor. Let N, N’ be two sieves of A. Then

SE[(N) U SE[(N’) = SS(NUN’)'

Proof. The inclusion C is immediate. Let x be in SE(NUN’)’ then x = H(n)oy withn € NUN'.

So x belongs to SE(N) U SE(N,). O

Proposition 3.18. For alli € I, let N} be another sieve over cod(d;) and let N|' be the union of
N; and N!. Then C[{(d;)™" o N;}ier, {(d;)™1 o N!}ic1] identifies with C[{(d;)™* o N/'}icr] (more
precisely there are unique C-functors from each category to the other and these morphisms are
isomorphisms).

Proof. We observe that ©1 : C — C[{(d;) ™' o N;}ier, {(di)™ o N!}ies] and ©2 : C — C[{(d;) ! o
N!'}ier] belongs to Cat?’reg by Fact 3.7. For k € I, by Proposition 3.5 we have

SC[{(di)71ONi}ieI:{(di)floN{}ieﬂ

[{(di)~*oNs}ier,{(di) " oN/}ier] c SC[{(di)floNi}ieb{(dz‘)710N{}ieﬂ
91(Nk) O1

c
USe, () (d) :
So by Fact 3.17 we have

Cl{(ds)"*oNi}ier,{(di)"toN/}icr] - SC[{(di)_1ONi}ieh{(dz‘)_loN{}ieﬂ
©1(NxUNY)) O1(dg) ’
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So by Theorem 3.10, we get a unique C-functor
a:Cl{(di)~" o Ni'Yier] = C[{(di) ™" © Nitier, {(di) ™" o Ni}ier)-
For k € I, by Proposition 3.5, we have

Cl{(di)~'oN/"}ier}ier] Cl{(di)~toN;}ier]
S@g(N,;/) < < C S@Q(dk) €l .

Since Ny, N, C N}/, by Theorem 3.10, we get a unique C-functor
o C[{(di) ™" o Nitier, {(di) ™" o Ni}ier] = C[{(di) ™" o N}'}ier].

Proposition 3.12 implies that a o o/ and o' o a are identity morphisms. O

4. Codilatations of categories

We used fractions of morphisms (d;)~! o N;, the construction given in this note also makes sense
for fractions V; o (d;)~! (each V; is now a cosieve), pictorially:

X —r Y

&‘ AT VWiel,VweV

Z

In this section, we introduce this construction formally. We define codilatations using dilata-
tions and opposite categories. Let C be a category.

Definition 4.1. A cocenter {[V;, d;]}icr in C is a collection of pairs [V}, d;] where d; is a morphism
of C and V; is a cosieve from dom(d;).

We now fix a cocenter {[V;,d;]}ier-

Fact 4.2. In C°, for all i in I, V; can be regarded as sieve over cod®” (d;) = domC(d;). In
particular {[Vi,d;]}ier can be regarded as a center in C°P.

Proof. By definition, the collection of morphisms of a cosieve is a sieve in the opposite category.
O

Definition 4.3. We put C[{Vio(d))'}icr] = (C% [{(di)~'oViticr])”. The category
C [{Vio (d;) '}ier] is called the codilatation of C with cocenter {[V;,d;]}icr-

Fact 4.4. Let A be a category. Let E be a collection of morphisms of A. Then CoSA = SEOP.
Proof. CoS# = {x o4 eldom™(z) = cod?(e)} = {e 0400 2|dom™™ (€) = codA(2)} = SA™. O

Proposition 4.5. 1. We have a canonical functor YT : C — C [{V; o (d;) ' }iex].
2. We have a canonical faithful functor C [{V; o (d;) ' }ier| = C [({di}ier) '] -
3. The functor Y is an object in the category Catédi}ig'reg.

4. The functor Y represents the covariant functor C’atédi}iel'reg to Set given by

(C = D)
7, else.
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Proof. 1. The canonical functor C? — C% [{(d;)~' o V;}icr]| of Proposition 3.1 induces a
canonical functor Y : C — (C [{(d;) ™! o V; }ier]) ™.

2. Fact 2.14 provides a faithful functor C% [{(d;)™' o V;}ier] — CP[({di}ici)™"]. Since
CP[({d;}iei) ™ = (Cl({di}ici)™]))” (e.g. using the explicit descriptions with fractions),
we get the desired faithful functor (C [{(d;)~' o Vitier])™ — Cl({di}ici) ')

3. Fact 3.7 implies that C°? — C° [{(d;) ™" o Vi}ier] is an object in the category C’at({fol;}ie"reg.
This implies that the functor Y is an object in the category Catédi}ie] s,

4. Combine Proposition 3.12 and Fact 4.4. O

5. Some examples and remarks

5.1 Universal property of localizations of categories Let C be a category and let X be
a class of morphisms of C. Fact 2.15 shows that the localization C[¥7!] is equal to the dilatation
Cl{d 1o Ny} 4ex]| where Ny = Sgdcod@. Obviously, C[E71][[X] 7] = C[E7!] and so C[X7!] belongs
to C’at?_reg. Now if F': C — D is another C-category, such that F'(¥) is made of isomorphisms,
again D = D[F(X)7!] so that D also belongs to C’at?'reg. Moreover in this case it is obvious
that for any d € 3, we have
D D
SpNg © SFy:

So by Theorem 3.10, F factors uniquely through C’. So the universal property of dilatations
generalizes the universal property of localizations.

5.2 Dilatations of commutative rings an semirings

Proposition 5.1. Let A be a commutative unital ring. Let I be a set and let {[M;, a;]}ier be a
center in A in the sense of [9]. Let A[{i}icr] be the dilatation of A with center {[M;,a;)}ier

a;

as in [9]. Let C be the category attached to A. In particular a; is a morphism of C and M; is a
sieve for all i in I. We have ObC = {o}, a singleton. Let C[{2:};ci] be the category attached to

[¢23

the ring A[{%}Zg] We have an identification of C-functors C[{(a;)™* o M;}ier] = C[{%}lg]

m la,
Proof. Let ® be the functor C[{(a;) ™" o M;}icr] — C[{i};cs] given by [0 2 o 25 o] o It

a;
is well-defined, surjective, injective and provides the desired identification. O

This shows that dilatations of categories generalize dilatations of rings. As noticed in [9],
dilatations of commutative semirings make sense. The same argument as before shows that
dilatations of semirings also provide examples of dilatations of categories.

5.3 Dilatations of monoids Let C be a small category with a single object, i.e. a (not
necessarily commutative) monoid M. Let {[N;, d;]}ics be a center of C. Then C[{(d;)™! o N;}ie/]
is a category with a single object endowed with a functor C — C[{(d;)™! o N;}ics]. In other
words, C[{(d;)~! o N;}ics] is an M-monoid M’. We refer to this construction as dilatations of
monoids. This generalizes localizations of monoids. Codilatations of monoids also make sense.

5.4 Dilatations of pre-additive categories and non-commutative rings Let C be a
pre-additive category, in general a dilatation of C is not pre-additive as we know that this fails
already for localization, cf. e.g. [1|. Nevertheless, as in the case of localizations, it should
be possible to study dilatations of pre-additive categories once we have an adapted calculus of
fractions. This is related to investigate dilatations of non-commutative rings.
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5.5 A characterization of dilatations of rings that does not hold for categories In
the context of dilatations of rings, |9, §2] shows that for any sub-A-algebra B of a localization
A[({a;}ier) '], there is a multi-center in A such that B identifies with the associated dilatation
of A. Here we explain that this characterization does not extend to dilatations of categories.

Fact 5.2. There exists a category C, a collection of morphisms I, a functor C — D that is the
identity on objects, and a faithful functor D — C[I' "] such that

c— s crY

N

commutes and such that C — D is not isomorphic to C — C[{(d;)
{[N:, diltier-

o N;}ier] for all centers

Proof. Let C be the category with two objects X and Y and whose morphisms are as follows
Home(X,X) =Idx,Home(Y,Y) = Idy, Hom¢(Y,X) = 0 and Home(X,Y) = {a,b}
Let ' be the collection of morphisms of C given by

I' = {b}.
Then C[I'"1] is the category whose objects are X and Y and whose morphisms are as follows

Homep-1(X, X) = {Idx,b"'a,b""ab""a,..., (b a)", ... (n € N)},
Homep- 1](Y Y) = {Idy,ab ", ab tab™, ... (ab™H)",... (n € N)},
Homep-1)(X,Y) = {b, a,ab ta,ab tab ta,. .., a(b"ta)", ... (n € N)},
Homep—1(Y, X) = Lo tab b tab tad L b (@b, (n e N) L

Now let D be the subcategory of C[I'"!] whose objects are X and Y and whose morphisms
are as follows

Homp(X, X) = Idy,
Homp(Y,Y) = Idy,
Homp(X,Y) = {b a,ab ta},
Homp(Y, X) =

Then we have canonical functors C — D and D — C[I'"!]. We claim that there is no center
{[Ni, di] }ier such that D identifies with the associated dilatation. To prove this claim, we chose
a center {[N;,d;]}icr in C, put ¥ = {d;};cs; and exhaustively distinguish two cases:

1. if (a € ¥ and (Idy € N, or b € Ng)) or (b € ¥ and (Idy € N, or a € Np)), then

#Home (X,Y) is infinite,
2. if (ae ¥ = N, C{a}) and (b€ X = N, C {b}), then C' =C.
In all cases C’ # D. O



Dilatations of categories 75

Acknowledgements

I am grateful to the referee for his suggestion to remove an unnecessary assumption, which led
to many improvements. The author has received funding from the ISF grant No. 1577/23 and
ERC grant agreement No. 101002592.

References

[1] M. Artin. Non commutative rings. Class notes Math 251 Berkeley, 1999.
https://math.mit.edu/.zyun/Artin _notes.pdf

[2] F. Borceux. Handbook of categorical algebra I Basic category theory. Encyclopedia of Math-
ematics and its Applications, 50. Cambridge University Press, Cambridge, 1994.

[3] A. Buan, B. Marsh. From triangulated categories to module categories via localization II:
calculus of fractions. J. London Math. Soc.(2) 86 (2012) 152-170.

[4] A. Dubouloz, A. Mayeux. A polyptych of multi-centered deformation spaces,
ArXiv:2411.15606.

[5] A. Dubouloz, A. Mayeux, J.P. dos Santos. A survey on algebraic dilatations, Proceedings
of the workshop “Langlands Program: Number Theory and Representation Theory”, BIRS-
CMO, 2023

[6] N. D. Duong, P. H. Hai, J. P. dos Santos. On the structure of affine flat group schemes over
discrete valuation rings, I. Ann. Sc. Norm. Super. Pisa Cl. Sci. (5) 18, no. 3, 977-1032, 2018

[7] P. Gabriel, M. Zisman. Calculus of fractions and homotopy theory. Ergebnisse der Mathe-
matik und ihrer Grenzgebiete, Band 35. New York: Springer-Verlag, 1967

[8] S. Gelfand, Y. Manin. Methods of homological algebra. Second edition. Springer Monographs
in Mathematics. Springer-Verlag, 2003.

[9] A. Mayeux. Multi-centered dilatations, congruent isomorphisms and Rost double deformation
space, Transformation Groups (2024). https://doi.org/10.1007/s00031-024-09894-9

[10] A. Mayeux, T. Richarz, M. Romagny. Néron blowups and low-degree cohomological applica-
tions, Algebr. Geom. 10 (2023), no. 6, 729-753.

[11] The Stacks project authors. The Stacks Project. https://stacks.math.columbia.edu,
2018


https://math.mit.edu/~zyun/Artin_notes.pdf
http://arxiv.org/pdf/2411.15606
https://stacks.math.columbia.edu

