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POLYNOMIAL FUNCTORS FROM ALGEBRAS OVER A
SET-OPERAD AND NON-LINEAR MACKEY FUNCTORS

MANFRED HARTL &TEIMURAZ PIRASHVILI & CHRISTINE VESPA

Dedicated to the memory of Jean-Lowis Loday for his generosity and benevolence.

ABSTRACT. In this paper, we give a description of polynomial functors from (finitely
generated free) groups to abelian groups in terms of non-linear Mackey functors gen-
eralizing those given in a paper of Baues-Dreckmann-Franjou-Pirashvili published in
2001. This description is a consequence of our two main results: a description of func-
tors from (finitely generated free) P-algebras (for P a set-operad) to abelian groups in
terms of non-linear Mackey functors and the isomorphism between polynomial func-
tors on (finitely generated free) monoids and those on (finitely generated free) groups.
Polynomial functors from (finitely generated free) P-algebras to abelian groups and
from (finitely generated free) groups to abelian groups are described explicitely by
their cross-effects and maps relating them which satisfy a list of relations.
Mathematics Subject Classification: 18D; 18 A25; 55U

Keywords: polynomial functors; non-linear Mackey functors; set-operads

Polynomial functors play a prominent role in the representation theory of algebraic
groups, algebraic K-theory as well as in the theory of modules over the Steenrod algebra
(see, for instance, [I1]). In particular it is a main computational tool for computing
the stable cohomology of classical groups (considered as discrete groups) with twisted
coefficients (see [4], [12] and [7]).

The study of polynomial functors, in their own right, has a long history starting with
the work of Schur in 1901 in [27], even before the notion of a functor was defined by
Eilenberg and MacLane. In fact, without using the language of functors, Schur proved
that over a field of characteristic zero any polynomial functor is a direct sum of homo-
geneous functors and the category of homogeneous functors of degree d is equivalent to
the category of representations of the symmetric group on d letters. There were many
attempts to generalize Schur’s theorem for general rings. For polynomial functors from
(finitely generated free) abelian groups to abelian groups a satisfactory answer is given
in [2] where the authors obtained a description of those polynomial functors in terms of
non linear Mackey functors.

The principal aim of this paper is to generalize this result. The two main results
of this paper are a description of functors from (finitely generated free) P-algebras
(for P a set-operad) to abelian groups and a description of polynomial functors from
(finitely generated free) groups to abelian groups, obtained from the first result and
an isomorphism between polynomial functors on (finitely generated free) monoids and
those on (finitely generated free) groups.

More precisely, for P a set-operad, F'ree(P) the category of (finitely generated free) P-
algebras and Ab the category of abelian groups, we consider the category Func(Free(P), Ab)
of functors F': Free(P) — Ab. The first principal result of this paper is the following:

Date: September 10, 2012.

The third author is partially supported by project ANR blanc BLANO08-2_338236, HGRT and
ANR blanc HOGT. The authors gratefully acknowledge the hospitality of the Max Planck Institut fir
Mathematik in Bonn where this project started and where this paper was written.

1



2 MANFRED HARTL &TEIMURAZ PIRASHVILI & CHRISTINE VESPA

Theorem 0.1. There is a natural equivalence of categories:
Func(Free(P), Ab) ~ PMack(2(P), Ab)

where PMack(2(P), Ab) is the category of pseudo-Mackey functors defined in Definition
[1.28

This theorem is the generalization of Theorem 0.2 in [2] giving an equivalence of
categories between the functors from (finitely generated free) commutative monoids
and pseudo-Mackey functors. In fact, applying Theorem [0 to the operad Com we
recover Theorem 0.2 in [2] since Free(Com) is the category of (finitely generated free)
commutative monoids (see Example [[.3)).

In [2], in order to prove Theorem 0.2 the authors consider the category of finite
pointed sets I' and the category of sets where the morphisms are the surjections 2.
An essential tool of the proof is the Dold-Kan type theorem proved in [23], giving a
Morita equivalence between the categories I' and . In this paper, we replace the
categories I' and € by categories associated to the operad P denoted by I'(P) and
Q(P) (see Definitions and [[12)) having the same objects as I' resp. 2 and whose
morphisms are set maps decorated by certain elements depending on P. The extension
of the Dold-Kan type theorem to this context (see Theorem B.]) is an application of
the general result of Stomiriska in [28] describing general conditions which imply Morita
equivalences of functor categories. In this paper, however, we give another proof of
this result which has the advantage to provide an explicit description of the functors
constituting the equivalence. Theorem [0l proved in section M, then is obtained by
combining the following equivalences of categories:

e by Proposition the category Free(P) is equivalent to the category of Spans
on the double category S(P)s having as objects finite sets and where horizontal
maps are set maps and vertical maps are set maps decorated by certain elements
depending on P (see Definition [[.16]);

e in Proposition we obtain an equivalence of categories between the functors
on this category of Spans and the M-functors on I'(P) defined in Definition [£.4}

e in Proposition 4.8 we prove that the Morita equivalence between I'(P) and Q(P)
provides an equivalence of categories between the M-functors on I'(P) and the
pseudo-Mackey functors on Q(P) to Ab.

Applying Theorem [0.1] to the operad As, since Free(As) is the category of (finitely
generated free) monoids (see Example [[3]), we obtain a description of functors from
(finitely generated free) monoids to abelian groups in terms of pseudo-Mackey functors.
In order to obtain a description of polynomial functors from (finitely generated free)
groups to abelian groups we would like to obtain a relationship between polynomial
functors from (finitely generated free) monoids to abelian groups and those from (finitely
generated free) groups to abelian groups. This relation is the second main result of this
paper (see Proposition [5.34]). Recall that a reduced functor is a functor such that
F(0)=0.

Theorem 0.2. There is an isomorphism of categories between the reduced polynomial
functors of degree n from (finitely generated free) monoids to abelian groups and those
from (finitely generated free) groups to abelian groups.

This theorem is the generalization of Proposition 8.3 in [2] giving the equivalence of
categories between the reduced polynomial functors of degree n from (finitely generated
free) commutative monoids to abelian groups and those from (finitely generated free)
abelian groups to abelian groups. In [2] the sketched proof of Proposition 8.3 use, in an
essential way, the fact that the composition:

Homcom—mon(Ba C) X Homcom—mon(Aa B) — Homcom—mon(Aa C)
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is a bilinear map. In the non-commutative case, this map is linear in the second variable
(i.e. f(g+h) = fg+ fh) but no more linear in the first variable. So we can’t adapt
directly the proof proposed in [2] in the non-commutative setting. Consequently, to
prove Theorem we have to introduce, in section [3l several new tools of independent
interest. In particular, in Definition [5.19 we extend the notion of polynomial maps in the
sense of Passi (from monoids to abelian groups) to maps from a set of morphisms in a
(suitable) category to abelian groups. Using this notion we can characterize, in Theorem
(.23 polynomial functors in terms of their effect on morphism sets, like in the classical
case of polynomial functors between abelian categories. This leads us to introduce, in
Proposition 5.2} the categories T}, Z[C] extending the categories P,(.A) for A an additive
category introduced in [22]. These categories have the following important property
(see Corollary [(.20]): polynomial functors of degree n from C to Ab are equivalent to
additive functors from 7}, Z[C] to Ab. We then compute, in Corollary 5.31] the category
T,Z[C] for C being the category of P-algebras (for P a set-operad having a binary
operation for which 0p € P(0) is a unit). The desired equivalence between polynomial
functors from monoids and those from groups then follows from a canonical isomorphism
T,,ZImon)| ~ T, Z[gr] obtained in Theorem from the computation of these categories
given in Corollary (£.31]

We point out that these methods also allow to establish a similar isomorphism between
polynomial functors from (finitely generated free) loops (i.e. quasigroups with unit) and
polynomial functors from (finitely generated free) Mag-algebras where Mayg is the set-
operad encoding magmas with unit; the latter can be computed using the results of this
paper. This will be considered elsewhere.

Combining Theorems [0.1] (for P = As) and [0.2] we obtain in section

Theorem 0.3. There is an equivalence of categories between the reduced polynomial
functors of degree n from (finitely generated free) groups to abelian groups and the
category (PMack(S2(As), Ab))<,, where (PMack($2(As), Ab))<,, is the full subcategory
of PMack(Q(As), Ab) having as objects the functors which vanish on the sets X of
cardinality greater than n and on 0.

Applying our results to P = Com we recover the result of [2].

In section [1 we give a presentation of reduced polynomial functors generalizing the
one given in [2]. In particular we obtain an explanation of a phenomenon which could,
at first glance seem mysterious in [2]. In fact, in the presentation of reduced polynomial
functors given in [2] the longest relation curiously has only 8 terms, independantly of
the degree of the functor under consideration. In section [ we see that this property
arises from the fact that the operad Com is generated by a binary operation. Since
As is generated also by a binary operation the corresponding longest relation also has
only 8 terms. But, for an operad which has genuine higher than binary operations the
corresponding relation has a number of terms growing exponentially with the arity of
the generating operations.

In the case of reduced polynomial functors of degree two from (finitely generated free)
groups to abelian groups we recover the corresponding result obtained in [3].

CONTENTS

[ndey

1. Recollections on set-operads. double categories and Mackev functors
1.1.  Svmmetric set-operadd

[.2.  May-Thomason category S(P) and the categories I'(P) and Q(P)
-

W T U s




[2.1.  Cross-effects of covariant functors 13

- i Lo 14

: nted havine fui Tuctd 15

3. Dold-Kan type theorem for ['(P 17
4. _Equivalence between functors from P-alg and pseudo Mackey functors 23
5. __Polvnomial maps and polynomial functors 32
[5.1. Passi polynomial maps 32
5.2, _Polvnomial maps on the morphism sets of a Qai;eggr;zl 38
[5.3. Characterization of polynomial functord 39
5.4 Description of T,.Z[P-algl in terms of the generalized Passi functor 41
(6. _Application: polynomia ncto om abelian groups and from groups 44
G Polvnomial functo om_abelian groups 44
§ Polvnomia ncto OIm_groups 45
: Presentation of polvnomial functors 46
7.1. _Generators of Q(P) 46
7.2. _Presentation of polynomial functors 49
[2.3. Exampled 53
[Referenced 57

INDEX

Notations: We denote by Gr the category of groups, Ab the category of abelian
groups, Mon the category of monoids and by ComMon the category of commutative
monoids. We denote by gr (resp. ab, mon and common) the fullsubcategory of Gr
(resp. Ab, Mon and ComMon) having as objects finitely generated free objects.

1. RECOLLECTIONS ON SET-OPERADS, DOUBLE CATEGORIES AND MACKEY
FUNCTORS

1.1. Symmetric set-operads. Let S be the skeleton of the category of finite sets with
objects n = {1,...,n} for n > 0. We have 0 = () which is the initial object of S.

The category S is a symmetric monoidal category with product the cartesian product
x and unit object 1.

A set-operad P consists of sets P(j) with right actions by the symmetric groups &;
for j > 0 (with &y = {Id}), a unit element 1p € P(1) and product maps:

Y(nyma,..omy) - P(Tl) X P(ml) X ... X P(mn) — 'P(ml + ...+ mn)

that are suitably associative, unital and equivariant. For brevity, we will often write ~y
instead of Y(nm,,...m,)- (For further information about operads, see for instance [1a]).

We will assume that the operad P is unitary that is P(0) = 1. We denote by Op the
unique element of P(0).

Example 1.1. (1) For a set X, we have an associated set-operad Ex such that
Ex(n) = Homs(X"™, X).
(2) The unitary set-operad T is defined by Z(0) =Z(1) =1 and Z(n) =0 forn > 1.
It is the initial object in the category of unitary set-operads.
(3) The unitary commutative set-operad Com is defined by ¥Yn € N Com(n) = 1

equipped with the trivial &, -action. It is the terminal object in the category of
4
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unitary set-operads. In fact, for P a unitary set operad the constant maps:
VjeN, P(j)—Con(j)=1
form a morphism of operads: P — Com.
(4) The unitary associative set-operad As is defined by ¥Vn € N, As(n) = | &, |,

where | X | denotes the cardinality of the set X, equipped with the action of &,
giwen by right translations.

Let P be a set-operad. A P-algebra is a set X and a morphism of operads P — Ex.
We denote by P-Alg the category of P-algebras. More explicitely, a P-algebra is a set
X together with a family of maps:

i P(j) xe, X - X, jEN
that is associative and unital. We denote by 1x the element of X given by puo(0p, *)
where x € X° = 1.

The forgetful functor P-Alg — Set has a left adjoint functor Fp : Set — P-Alg,
where Set is the category of all sets. The category of finitely generated free P-algebras
Free(P) is the full subcategory of P-Alg whose objects are Fp(n) for n > 0. Recall
that Fp(X) = O P(n) x X"

n>0 Gn
Remark 1.2. There is an isomorphism of categories between Free(P) and the category

F(P) whose objects are the sets n and whose morphisms are given by F(P)(n,m) =
Free(P)(Fp(n), Fp(m)).

Example 1.3. (1) We have Free(Z) =T where I" is the skeleton of the category of
finite pointed sets having as objects [n] = {0,1,...,n} with 0 as basepoint and
morphisms the pointed set maps f : [n] — [m].

(2) We have Free(Com) = common where common is the category of finitely gen-
erated free commutative monoids with unit.

(3) We have Free(As) = mon where mon is the category of finitely generated free
monoids with unit.

Remark 1.4. Recall that a bijection h : n — n induces a bijection h : P(n) — P(n)
given by h(w) = w.h L.

1.2. May-Thomason category S(P) and the categories I'(P) and Q(P). The
following construction is due to May and Thomason in [18].

Definition 1.5. Let P be a unitary set-operad. The May-Thomason category
associated to P (or the category of operators): S(P), has as objects the finite sets
n = {1,...,n}, and morphisms from n to m in S(P) are the pairs (f,w’) where
f e Snm), w € WeyP(| fHy) |). For (fw!) : n = m and (g,w9) : m — 1
morphisms in S(P), the composition (g,w?) o (f,w’) in S(P) is the pair (g o f,w/)
where, fori € {1,...1} we have:

! !
e W)L )0

wi* = y(wiw

where g~ (i) = {j1,..., s} with j1 < ... < js, for h : p = q and a € ¢, W € P(]
h=Y(a) |) is the component of w" and o; is the permutation of | (g o f)~1(i) | defined
in the following way: let A; = (x1,...,y,) be the natural ordering of (g o f)~'(i) and
let B; = (y1,---,Yn,;) be its ordering obtained by regarding it as g~ f~'(j) so ordered
that:

o if j < j', all elements of f~1(j) precede all elements of f~1(5');

e cach f1(j) has its natural ordering as a subset of n;

o; then is defined by: Vk € {1,...n;}, o;(k) = such that y, = xy.
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Remark 1.6. For n € S(P) the identity morphism of n is (Id,, (1p,...,1p) € P(1)")
and the associativity of composition follows from the definition of operads.

Example 1.7 (Example of composition in S(P)). Let (f,wy € P(1),w2 € P(2)) :3 — 2
be the morphism in S(P) defined by f(1) = f(3) = 2 and f(2) = 1 and (9,04 €
P(2),as € P(1),az € P(3)) : 6 — 3 defined by g(1) = g(5) = 1, ¢g(2) = 2 and
9(3) = g(4) = g(6) = 3. We have:

(fa wlaWQ)(gaalaa%a?)) = (fg,v(wl,ag) € P(1)>7(W2>a1aa3)-0 € P(5))

1 23 4 5

wherea:(l 34 9 5

) (in this example As = (1,3,4,5,6) and By = (1,5,3,4,6) ).

Example 1.8.

o For P =1, §(Z) is the subcategory of S having as morphisms the injections.

e ForP =Com. Since¥Vn >0 Com(n) =1, a morphism in S(P) is a pair (f,w’)
where f € Homgs(X,Y) and w! € M,eyCom(| f~ (y) |) = Uyeyl. Consequently,
S(Com) =S.

o For P = As, S(As) is the category of non-commutative sets (see [24]) hav-
ing as objects the sets n and for n and m objects in S(As), an element of
Homg(As)(@,m) is a set map f :n — m together with a total ordering of the
fibers f71(5) for all j € m. The morphisms of S(As) are called non-commutative
maps. For f:n — m and g : m — k two non-commutative maps, the composi-
tion go f € Homg(as) (n, k) is the set map go f :n — k and the total ordering
in (go f)7Y(i) fori € n is given by the ordered union of ordered sets:

(g0 f)7'0) = Wieg100f 1 (5)-

In general, the disjoint union II is not a coproduct in the category S(P) but it defines a
symmetric monoidal category structure on S(P). The following straightforward lemma
will be useful in the sequel.

Lemma 1.9. Let (f,w/): X — S1 1.8, be a morphism in S(P) then:
(f7 wf) = (flawfl) nl (f?)wa)
where f; is the restriction of f on f~(S;) fori € {1,2} and w’' and w’? are defined by:

wl=whw?)ye T[T PU D= T PO w)hx [T PUF @) )

y€S1HSQ Yy1€S51 yQESQ
= [T Pa st )< IT P £ (we) D
y1€S51 y2ES2

In the sequel, we adapt the definition of May-Thomason category to the categories I
and €.

Definition 1.10. Let P be a unitary set-operad. Let I'(P) be the category of P-pointed
sets having as objects the pointed sets [n] and an element of Homppy([n], [m]) is a pair
(f,w!) where f is a pointed set map f : [n] = [m] and w' € WyepmypeoP(] 7 (Y) |).
The composition is defined in the same way as in the category S(P).

Example 1.11.

o For P =17, I'(Z) is the subcategory of I' having as morphisms the pointed injec-
tions.
e For P = Com, we have I'(Com) =T.
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o For P = As, we have I'(P) = I'(As) where I'(As) is the category of non-
commutative pointed sets having as objects the sets [n] and for [n] and [m] objects
in I'(as), an element of Homps)([n],[m]) is a set map f : [n] = [m] such that
f(0) = 0 together with a total ordering of the fibers f=1(j) for allj =1,...,m
We remark that this definition differs from the one given in [20]: here, we do
not suppose to have an ordering of f~1(0).

Let €2 be the category having as objects the sets n, for n > 0 and as morphisms the
surjective maps.

Definition 1.12. Let P be a unitary set-operad. Let Q(P) be the subcategory of S(P)
having as morphisms the morphisms of S(P): (f,w’) such that f is a surjective map.

Example 1.13.

o For P =1, QZ) is the subcategory of S having as morphisms the bijections.

e For P = Com, we have Q(Com) = ().

o For P = As, Q(As) is the category having as objects the non-commutative sets
and as morphisms the surjective maps.

The following proposition is a direct consequence of definitions.
Proposition 1.14. A morphism of unitary set-operad ¢ : P — Q gives rise to functors
S(¢) : S(P) = S(Q), ) : AP) — Q(Q) and I'(¢) : I'(P) — I'(Q).

For ¢ : P — Q a morphism of set-operad, the categories I'(P), S(P), Q(P), I'(Q),
S(Q), Q(Q) are connected by the functors in the following diagram:

(1.14.1) Q(P) s S(P) —L=T(P)

Q(¢)J/ 3(¢)l F(¢)l

Q) S(Q) —=T(Q)

where

e ¢ is the obvious faithful functor;
e j is the functor which adds a basepoint to a set, that is: j(n) = [n] and for an
arrow (g,w’) € Homgp)(n, m) we define j(g,w?) = (g+,w9+) where the map

wit =wd € H P(l g;" HP|9+ HP|9 (x)
z€[m],x#0 TEM TEM

1.3. Double categories, Mackey and pseudo-Mackey functors. First we recall
the notion of double category due to Ehresmann [§]. We refer the reader to [10] for a
complete definition of a double category.
Definition 1.15. A double category D consists of a set of objects, a set of horizontal
A
\
arrows A — B, a set of vertical arrows 1 and a set of squares:
v
C

A——B
| |
| |
v v

C——D

satisfying natural conditions. The objects and the horizontal arrows form a category
denoted by D". The objects and vertical arrows form a category denoted by DV .
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The following examples of double category will be useful in the sequel.

Definition 1.16. For the category S(P) (resp. I'(P), resp. Q2(P)) we define the double
category S(P)a (resp. T(P)q, resp. Q(P)s) whose objects are objects of S (resp. T,
resp. 1), horizontal arrows are morphisms in S (resp. T', resp. Q), and vertical arrows
are morphisms of S(P) (resp. I'(P), resp. QUP)). Squares are diagrams

where f and g are horizontal maps and (¢, w?) and (Y, w¥) are vertical maps of S(P),
(resp. T(P)a, resp. Q(P)s) , satisfying the following conditions:

(1) the image of D in S is a pullback diagram of sets,
(2) for all ¢ € C the bijection g. : P(| ¢~ (c) |) = P(| v (g(c)) |) induced by the
bijection ¢~ '(c) — ¥~ (g(c)) (see Remark[I.J) satisfies

¥

dy
9+(W2) = Wy(y)-

C

Example 1.17. For P = As, S(P); = S(As), where S(As) is the double category
defined in [24]. The condition (2) in the previous definition becomes: for all ¢ € C' the
induced map g. : p~1(c) — w71 (g(c)) is an isomorphism of ordered sets.

The following diagram generalizes the diagram (CI7.1]):

(1.17.1) QP); > S(P); —> T (P),

L

Q(Q)2—> S(Q) 5 I'(Q)2

Remark that a vertical arrow of I'(P)s: (f,w/) € Hompp)([n], [m]) is of the form
7(f,w!) if and only if f~1(0) = 0.

For an operad P such that P(1) = {1p}, (S(P)2)" and (S(P)3)" have the same class
of isomorphisms but, in general, the class of isomorphisms of (S(P)2)? is bigger than
that of (S(P)2)". So we can not apply directly the construction considered in section
5 in [24]. Nevertheless, we can adapt the construction of the Span category in our
situation considering the notion of double isomorphisms in a double category.

Let D be a double category and A, B be two objects of D). Consider a pair (f,u)
where:

e f: A — B is a horizontal isomorphism of ;
e u: A--> B is a vertical isomorphism of D;

provided with a square D in D:
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Equivalently, the pair (f,u) is provided with the square:

A1 A

\ |

D —  Id lu

v v

since we have:

Al 4 T B

\ | |
D= ul | Id | Id

% % v

where the left-hand square of ID is the horizontal inverse of D* and the right-hand square
is the square of I associated to the horizontal map f.

Definition 1.18. [13] Let D be a double category and A, B be two objects of D. A
double isomorphism from A to B is a pair (f,u) where:

e f: A— B is a horizontal isomorphism of D;
e u: A--> B is a vertical isomorphism of D.

equipped with a square D (or equivalently with D*) in D:

A-Lsp AL 4
! ! | |
D= ul l1d  (equivalently D* =  IdI )
v v v v
B—— B. A—B
Id f

Definition 1.19. Two squares of D

CV/

A—2>B and A ——B
| | | |
al b a | %
v v v v
C’Hﬁ D Cﬁﬁ/ D’

are isomorphic in D if there exists a double isomorphism (f,u) from A" to A and a
double isomorphism (f',u') from D to D’
such that o' = af, d =au, p' = f' and b’ = u'b.

The following lemma which describes double isomorphisms in the double categories
S(P)2, Q(P)2 and I'(P), is a straightforward consequence of the definition of squares
in these categories.

Lemma 1.20. Double isomorphisms in S(P)y (resp. QUP)s resp. I'(P)a) are pairs
(f, (f, 1;"4')) where [ : A — A is a bijection.

Proof. Let (f, (g,w)) be a double isomorphism in S(P)s (resp. (P)s resp. I'(P)2) from
A to A’ provided with the square:

At n

| |
D= ()] (1,134
\ \
A ——> A
Id

By definition, f is an isomorphism in S (resp. Q resp. I') from A to A’ so f is a bijection
and A = A’ since we consider skeleton of categories. Since the image of D in S (resp.
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Q resp. I') is a pullback diagram of sets we have g = f. Condition (2) in the definition
of S(P)y (resp. Q(P)y resp. T(P),) implies that w = 13, O

In order to define Mackey functors from S(P), and pseudo-Mackey functors from
Q(P)s we need the following lemma.

Lemma 1.21. Let g : C — D be a horizontal arrow of S(P)y (resp. Q(P)a) and
(Y,w¥) : B — D be a vertical arrow of S(P)y (resp. Q(P)s), there exists a unique
square in S(P)y (resp. QUP)2) up to isomorphism, of the form:

A%B

| |
D= (o091 | (w?)
\'2 A\

Proof. For S(P)2, since the image of D in § is a pullback diagram of sets, A is the
pullback of sets

defined up to a bijection o : A" — A. Then we lift the set map ¢ into S(P)s according
to property (2). Indeed, w? € [[ .. P(| ¢ () |) and for ¢ € C, w? € P(| ¢~'(c) |) such

that g.(w?) = w;b(c), so the lifting (¢, w?) of ¢ in S(P), exists and is unique. The square

A
0|
C

is defined up to the double isomorphism (a, (c, 17X;|A/‘)) from A’ to A.
For Q(P)s, in the pullback diagram of sets, since g and ¢ are surjective, f and ¢ are
also surjective. We lift the set map ¢ into Q(P), as previously. O

Remark 1.22. If we replace the category S(P)z by I'(P)2 in Lemma [[.2]], the statement
is no more true. If fact, for g : C' — D a horizontal arrow of I'(P), and (v,w?) : B — D
a vertical arrow of I'(P)s, for ¢ € C'\ {0} such that g(c) = 0, there is not a unique way
to define w?. However we have the following analogue of Lemma [L21] for ['(P)s.

Lemma 1.23. Let g : C — D be a horizontal arrow of T'(P)s such that g='(0) = 0 and
(Y, w¥) : B— D be a vertical arrow of T(P)y there exists a unique square in T'(P)y up
to isomorphism, of the form:

%

Jo
D

—
g

f

A——B
! |
D= (pw?) | (w?)
v v
Proof. Since g71(0) = 0 the lifting (¢, w?) of ¢ into T'(P), exists and is unique. O

Definition 1.24. Let A be a category.

o A Janus functor M from a double category D to A is:
(1) a covariant functor M, : D" — A
(2) a contravariant functor M* : (D")? — A
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such that, for each object A € D we have M,(A) = M*(A) = M(A).
o A Mackey functor M = (M., M*) from a double category D to A is a Janus
functor M from D to A such that for each square in D,

A%B
| |
é1 9

v v
C — D
we have:

M*(¢)M.(g) = M.(f)M*(¢).
The category of Mackey functors from D to A is denoted by Mack(D, A).

We give the construction of the category of spans of a double category:

Definition 1.25. Let D be a double category, such that for f € Hompn(X, B) and
W € Hompy (Y, B) there exists a unique square of D, up to isomorphism, of the form

Zf%Y

[ [
D = o1 | |

v v
The category of spans of D, denoted by Span(D) is defined in the following way:

(1) the objects of Span(D) are those of D;
(2) for A and B objects of D, Homgpanmy 45 the set of equivalence classes of diagrams

x-1.p
|

ol
\%

A
where ¢ € Hompe(X, A) and f € Hompn(X, B), for the equivalence relation

which identifies the two diagrams (A < * x-1.B ) and ( A< " xI.p )
if there exists a double isomorphism (h,u) from X' to X in D such that:

(Aedj f

- X' — o

B)=(A<" -

- x-S B,

We denote by [ A < _x-1.p | the map of Homgpanmy(A, B) represented by
the diagram A< x1.p.

(3) the composition 0f[A<?fX$B] and [B<%7Y$C] is the class of
1 gf1

the diagram A<--7 —— C where
z- Loy
! |
D: d)l\ |1/1
v v
Xﬁf B

18 a square in D.

The following lemma is a generalization of a result of Lindner [I7] in the context of
classical Mackey functors.
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Lemma 1.26. Let D be a double category satisfying the hypothesis of Definition [1.23,
there is a natural equivalence:

Mack(D, A) ~ Func(Span(D), A).

According to Lemma [[.21] the category Span(S(P)2) exists. We have the following
result.

Proposition 1.27. The disjoint union 11 is a coproduct in Span(S(P)2).

wf 4
Proof. Let S;, Sz and T be objects of S(P)y and g = [ S (ef’—lAfHT] , Y =

(Idﬂx‘sl‘ (Id,l;;‘SQ‘

(59 B L) = (ST S TS, and =[Sy €T - 8 —2a 5, T 5]
morphisms of Span(S(P)s).
Fora=[5 10 géwi)g(g’%)ﬂ FEALN T] we have:
aoli =0 and aoly=r.
The uniqueness of « is obtained according to Lemma [[L9 O

Although the notion of Mackey functors from Q(P), is well defined, we need to intro-
duce the notion of pseudo-Mackey functors from 2(P), in order to obtain a description
of functors from finitely generated free P-algebras to Ab. Let

A % B
| |
D= (o) | (,w?)

\'% \'%

be a square in Q(P),. (For fixed morphisms g and (¢, w¥), D is unique up to isomor-
phism according to Lemma [[L2])). For any subset A’ of A we let f4 and (¢, w?) 4 be the
restrictions of f and (¢,w?) on A’ (i.e., if i : A’ — A is the inclusion, we have (i,w’) €
Homgpy(A', A) where w' = (lé‘A/l,O;‘A/c‘) € IyeiaP(] i1 (y) |) % MyeianeP(0), so
(¢, w4 = (¢,w?) o (i,w?).) Following [2], we call A" a D-admissible subset of A if
far and ¢pa = ¢ o i are surjections. We denote by Adm(D) the set of all D-admissible
subsets of A.

Definition 1.28. A pseudo-Mackey functor M : Q(P)y — Ab is a Janus functor such
that:

(1) For a double isomorphism (f,u) of Q(P)s we have:
M. (f)M*(u) = Id.

(2) For a pair of horizontal and vertical morphisms of Q(P)y having the same target:

g:C — D and (¢,w¥): B——>D and the unique square, up to isomorphism,

we have

M*(,w¥) o Mu(g) = > M.(fa)o M*(¢,0)ar.
A’e Adm(A)
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Note that the notion of pseudo-Mackey functor is not weaker than that of Mackey
functor. There is no obvious link between the categories of pseudo-Mackey functors and
of Mackey functors of Q(P)s.

2. POLYNOMIAL FUNCTORS

In this section we generalize the definition of polynomial functors introduced by Eilen-
berg and MacLane [9] for covariant and contravariant functors from a pointed monoidal
category.

Let C be a pointed category (i.e. having a null object denoted by 0) and equipped
with a monoidal structure V , whose neutral object is 0. In other words, there is a
bifunctor V : C x C — C together with isomorphisms X V 0 ~ X and 0 V X ~ X such
that usual properties (associativity, etc) hold.

Example 2.1. (1) Any pointed category with finite coproducts is an example of such
category. In particular, the categories Gr, Ab, Mon and ComMon are pointed
categories with finite coproducts.

(2) Although T'(P) has no coproduct, it is an example of such a category. In fact,
the null object of T'(P) is [0] and the symmetric monoidal structure is given by
the wedge operation of pointed sets: [n]V [m] = [n + m].

In the sequel, we need the following notations: for X, Xs,...X,, € C, let
M XiVo VXV VX, 5 X VL VX VLV X,
be the composition:
XV VXV VX, 2 XV VOV VX, 5 XV VX VLV X,

where the second map is induced by the unique map 0 — Xj. Similarly one obtains
morphisms:

= (Ix,, .., 1x,,0,1x, .., 1x,) t X1V VXV VX, = XV VXV LV X

We have the relation:

n n __ R
T Y = 1X1v...vka...vXn-

In the following, D is an abelian category.

2.1. Cross-effects of covariant functors. Let ' : C — D be a functor.

Definition 2.2. The n-th cross-effect of F is a functor cr,F : C*" — D (or a multi-
functor) defined inductively by
crF(X) = ker(F(0): F(X) — F(0))
croF (X1, Xo) = ker((F(r3), F(r?))" : F(X1 V X5) = F(X;) & F(X5))
and, forn >3, by
CT’nF<X17 e 7Xn) = CTQ(CTnle(—7 X37 e 7Xn))(X17 X2)
We write also FI(X; | ... | X,) instead of er, F'(Xq, ..., X,).
Recall that a reduced functor F' : C — D is a functor satisfying F'(0) = 0. We denote

by Func,(C, D) the category of reduced functors F': C — D.
There is an alternative description of cross-effects.

Proposition 2.3. Let FF : C — D be a functor. Then the n-th cross-effect
crnF(Xy, ..., X,) is equal to the kernel of the natural homomorphism

M PG VL VX)) — HFXG V. VXYLV X,).
k=1

where ' is the map (F(r}), ..., F(ry))".
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The next proposition gives the cross-effect decomposition of F(X; V...V X,,).

Proposition 2.4. Let F : C — D be a reduced functor. Then there is a natural
decomposition

F(X1V...VX,)~ é B P, X

k=1 1<i1<...<ix<n
The cross-effects have the following crucial property.
Proposition 2.5. The functor cr,, : Func(C,D) — Func(C*", D) is exact for alln > 1.

Proof. For n =1 it is a consequence of the natural decomposition F'(X) ~ cri F(X) @
F(0). For n = 2 this follows from the snake-lemma. For higher n use induction. t

Definition 2.6. A functor F': C — D is said to be polynomial of degree lower or equal
ton if crp 1 F = 0. A reduced functor F is called linear if n = 1 and is called quadratic
ifn=2.

We denote by Pol,(C,D) the full subcategory of Func.(C,D) consisting of reduced
polynomial functors of degree lower or equal to n from C to D, Lin(C, D) the subcategory
of linear functors and Quad(C, D) those of quadratic functors.

If C is a preadditive category, the linear functors are precisely the additive functors.
In this case, we will denote Add(C, D) instead of Lin(C, D).

The category Pol,(C, D) has the following fundamental property which is an imme-
diate consequence of Proposition 2.5l

Proposition 2.7. The category Pol,(C, D) is thick i.e. closed under quotients, subob-
jects and extensions.

For X a fixed object of C we define the universal functor U$ : C — Ab as follows.
For a set S, let Z[S] denote the free abelian group with basis S. Since for all Y € C,
Home(X,Y) is pointed with basepoint the zero map, we can define a subfunctor Z[0]

of Z|Home(X, )] by Z[0)(Y) = Z[{X > Y}] for Y € C.
Definition 2.8. The universal functor U : C — Ab relative to X is the quotient of
Z[Home(X, —)] by the subfunctor Z[0].

Note that U is the reduced standard projective functor associated with X.
To keep notation simple we write f also for the equivalence class in U$(Y) of an
element f of Home(X,Y).

2.2. Cross-effects of contravariant functors. Let GG be a contravariant functor from
C toD.

Definition 2.9. The n-th cross-effect of G is a functor ér,G : (C?)*™ — D (or a
multi-functor) defined inductively by

r1G(X) = ker(G(0) : G(X) — G(0))
raG (X1, Xo) = ker((G(i3), G(i2))" : G(X1 V X5) — G(X;) ® G(X>))
and, forn > 3, by
crnG(Xy, ..., X,) = cre(cr,1G(—, X3,..., X)) (X1, Xo).

Proposition 2.10. Let G be a contravariant functor from C to D. Then the n-th cross-

effect

r,G(Xy,...,X,) is equal to the kernel of the natural homomorphism

i G V... VX,) — P V.. VE V. VX
k=1
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A.G . . .
where i% is the map (G(i%), ..., G(i}))".
Proposition 2.11. If G is a contravariant functor from C to D then for all n € N:

raG(X1, ..., X,) ~ coker(@ Gr}) « @PGXV.. VXLV, .VX,) — G(X1V.. VX))
k=1 k=1

Definition 2.12. A contravariant functor G from C to D is said to be polynomial of
degree lower or equal ton if ér,.1G = 0. A reduced functor is called linear if n =1 and
is called quadratic if n = 2.

Let G be a contravariant functor from C to D. We can consider the covariant functor
G . C — D associated to G.

Proposition 2.13. Let G be a contravariant functor from C to D and G? : C — D
be the covariant functor associated to G. If D is an abelian category, then:

crp(G?) ~ ér,(G) Vn € N.
Proof. In an abelian category, finite products and coproducts coincide.
crn(GP)( X1,y Xn)
= KerA (76" . GP(X, V...V X,) — @r_,GP(X,V...VX,V...VX,))
= coker®(7¢ . G(X,V...VX,) +— @}, G(X,V...VXpV...VX,))
~ cr,G(Xy, ..., X,).
Where the latter isomorphism is given by Proposition 2.111 U

Remark 2.14. When we consider polynomial functors with values in a suitable non-
abelian category D (for example, the category of groups or, more generally, a semi-
abelian category (see [6])) and suppose that D has products and kernels, cr, (G) is
defined but in general cr,(G) % ¢ér,(G).

2.3. Polynomial functors on a pointed category having finite coproducts. In
section Bl we will consider polynomial functors on a pointed category having finite co-
products C. In this setting the existence of the folding map V" : VI ; X — X gives us
an explicit description of the n-Taylorisation functor (see Definition 2.16]). Then, using
this description, we give several results on polynomial functors in this setting which will
be useful in section

We denote by Ap : C — C*" the diagonal functor. For n = 2 we write A¢ instead of
AZ.
Definition 2.15. For F' € Func(C,D) and X € C, we denote by SI the natural
transformation St : (cr, )AL — F given by the composition

inc

ernF(X,. .., X) 2 peve x) 2 p(x)
where V™ : VI' 1 X — X 1is the folding map.
In the sequel we denote by Func(C, D)<, the full subcategory of Func(C, D) consist-

ing of polynomial functors of degree lower or equal to n.

Definition 2.16. The n— Taylorisation functor T, : Func(C,D) — Func(C,D)<,, is
Sii

defined by: T, F = coker((cr, 1 F)ARTY =% F) for F € Func(C,D). We call Ty the
linearization functor and Ty the quadratization functor.

Let U, : Func(C, D)<, — Func(C, D) denote the forgetful (i.e. inclusion) functor.

Proposition 2.17. The n—Taylorisation functor T,, : Func(C,D) — (Func(C, D))<, is
a left adjoint to U,,. The unit of the adjunction is the natural epimorphism tf' : F — T, F
which 1s an isomorphism if F' is polynomial of degree < n.
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Thus, we obtain the diagram:

F
| N
ii— T FES T P T, (P T\F TyF = 0.

To keep notation simple we write ¢,, instead of t£ when the functor F' is understood.

Lemma 2.18. Let C,D be pointed categories with finite sums, € be an abelian category
and C 2D -55¢ be functors where F' is reduced. Then the natural transformation
T,(F*t%): T,,(G o F) — T,(T,,G o F)

1 an isomorphism.

Proof. To construct an inverse of T, (F*t%) we first show that the epimorphism
teF: Go F —T,(Go F) factors through the epimorphism F*tC.
Consider the following diagram.

G

craniG(FX, ..., FX)—S s GF(X)"™) 25 [T G(R(X)V™)
G((Fiy,..., anﬂ))l [IG(Fi,..., Fin))l/
v .
(G mx ( rpa(Go F)(X, ..., X) > (G o F)(XV"*) 25 [T G(F (X))

SGF

GF(X)

The right-hand square commutes: for 1 < k < n + 1, denoting by pry the projection to
the k-th factor, we have

pri o PF o G((Fiy, ..., Finp)) = GF(PG((Fiy, ..., Figy))

= G((F(T,Z“il), S F(TZH%H))

. . . n+1 . .
= G((Fiy,..., Fiy)r;™) since F' is reduced

= G((Fiy,...,Fi,))G(ri™)

= prio[[G((Fiy,..., Fi,))or¢

whence the dotted arrow exists making the left-hand square commute. By defini-
tion of the map S,; the right-hand triangle commutes , and so does the (graphi-
cally degenerate) left-hand triangle since GF (V%G ((Fiy, ..., Finy1)) = G(VEL).
Thus S¢,, factors through S¢F, which means that t$* = coker(SSF)) factors through

* G +GF
F*G = coker(tS)py, as (67 (G o F)(X) —% (T,G) o F(X) —2 T,(G o F)(X). As
T,.(G o F) is polynomial of degree < n, the map tff—F further factors as a composition

H

- iGF
1CF . (T,G) 0 F — T,(T,G o F) — T,(G o F)

where H = (T,,G) o F. Tt remains to check that ¢t is an inverse of Ty, (F*t):
(157 o Tu(F ) ) 157 = 15T o tfl 0 Fi§

= 1GF o It
ter
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whence tSZFoT W(F*t9) = 1. As T,,(F*t%) is an epimorphism this suffices to conclude. [

Lemma 2.19. Let C be a pointed category with finite sums and D be abelian. Let
M:C™ — D be a multireduced multifunctor (i.e. such that M(Xy,...,X,) = 0 if
Xr =0 for some 1 <k <m). Denote by A™: C — C™ the diagonal functor. Then for
1 <n < m one has T,(MA™) =0 (in other words, MA™ is cohomogenous of degree
<n).

Proof. We may assume that n = m — 1, thanks to the natural factorization of the mor-

m—1

phism t,: MA™ iiorey T (MA™) I T.(MA™) | where t, = 7,41 ... T,_1 (see the
diagram after the Proposition 2.17). So it suffices to show that the map SM2™ : er,,(MA™)o
A™ — MA™ is a pointwise epimorphism. For X € C,

m
MA

(Sr]‘r{Am)X: Crm(MAm)(Xa---7X)MM(va7---7va) = M(X”X)

But M (i1, ... 0m): M(X,...,X) = M(XY™, ..., XY™) is a section of M(V™,..., V™)
which takes values in cry, (MA™)(X, ..., X) since for 1 < k < m, MA™(r7") M (iy, . . ., im)
= 0 since r"iy = 0 and M is multireduced. Hence (XA )M iy, . . ., im) is a section

of (SMA™) ¢ whence the latter indeed is an epimorphism. O

The following proposition will be useful in section [Gl

Proposition 2.20. [Theorem 1.9 in [21] or Proposition 1.6 in [I5]] Let ¢ —— A -S> B
be functors where A and B are abelian categories. If F' is polynomial of degree < n and
G s polynomial of degree < m then G o F' is polynomial of degree < nm.

3. DOLD-KAN TYPE THEOREM FOR I'(P)

In [23] it is proved that the categories T' and ) are Morita equivalent i.e. we have
an equivalence of categories Func(T', Ab) ~ Func(2, Ab). In [2], the authors use this
result and its contravariant version. The aim of this section is to generalize this Morita
equivalence to the category I'(P). More precisely, we have the following result.

Theorem 3.1. Let P be a unitary set operad, there are natural equivalences:

Func(T'(P), Ab) % Func(Q(P), Ab)

cr

Func(T'(P)°P, Ab) Z: Func(Q(P)°P, Ab) .

These equivalences are already established in [28]. In this paper, Stominska describes
general conditions which imply Morita equivalences of functor categories. The previous
theorem is an application, given in section 2.7, of her general result. However, we here
give another proof of this theorem. We obtain the following explicit description of the
natural equivalences appearing in the previous theorem.

Proposition 3.2. For F, € Func(I'(P), Ab)
er(F)(m) = ery (1], .. [1]

where cry, is the n-th cross-effect of a covariant functor, and for (f,w’) € Homgp)(n, m)
we denote by (fi,w/*) the unique extension of (f,w?’) in T'(P), er(F.)(f,w’) is the mor-
phism induced by restriction of F(fy,w/*).

For F* € Func(T'(P)°P, Ab))

C~T(F*)(ﬁ) = Cf‘nF*([l]v SRR [1])
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where ciy, is the n-th cross-effect of a contravariant functor, and for (f,w’) € Homqp)(n, m)
r(F*)(f,w’) is defined as previously.
For G, € Func(Q(P), Ab),
=D cnl.
pnCn

For (g,w9) € Hompepy([n],[m]) the restriction of the morphism i)(G)(g,w,) to the
summand G (| pi |) of ii(G.)([n]) is 0 if 0 € g(u) and is the morphism:

GG, @) = G| p ) = Gl g(p) |)

followed by the injection into iy(G.)([m]) otherwise.
For G* € Func(Q(P)°P, Ab),
=D& ()

pucn

For (h,w") € Homppyor([n], [m]) the restriction of the morphism i.(G*)(h,wy,) to the
summand G*(| jt |) of i.(G*)([n]) is 0 to the factors G*(| v |) such that h(v) # p and is

the morphism:

G*(hyy, W) - G*(|p]) = G*(| v )
to the factors G*(| v |) such that h(v) = p.

The previous explicit description of natural equivalences let us to prove the following
result.

Proposition 3.3. The natural equivalences of Theorem [31] are natural in P (i.e. for
a morphism of set-operad o : P — Q we have commutative diagrams

Func(T'(P), Ab) % Func(Q(P), Ab)  Func(T'(P)°, Ab) Z: Func(Q(P)°P, Ab)
Func(T'(Q), Ab) Z:' Func(Q(Q), Ab)  Func(I'(Q)°P, Ab) Z:* Func(£2(Q)°P, Ab)
where the vertical maps are induced by precomposition by the functors T'(P) — I'(Q)
and QP) — Q(Q) induced by o.

Remark 3.4. For P a unitary set-operad, we have a unique morphism P — Com since
Com is the terminal object in the category of unitary set-operads (see Example [T (2)).
So, we obtain that the natural equivalences cr, 1, ¢r, i, extend the Morita equivalence
between ' and 2 in [23], i.e. we have commutative diagrams

Func(T'(P), Ab) =—= — Func(Q(P), Ab)  Func(T'(P)°?, Ab) Z: Func(Q(P)°P, Ab)
Func(T', Ab) =——= é Func(Q), Ab) Func(T°P; Ab) Z: Func(Q°P, Ab)

where the vertical functors are induced by precomposition by the functors Q(P) —
Q(Com) = Q and I'(P) — I'(Com) = I" induced by the unique morphism P — Com.

To prove Proposition 3.2] we use an argument combining the Moebius inversion and
the theorem of Gabriel-Popescu. This argument has been used in [30] to obtain a
description of the category Func(Span(&j,,(F2)), €) in terms of modules over orthogonal
groups where 5369(15‘2) is the category of Fo-quadratic spaces and £ is the category of
Fy-vector spaces and in the appendix of [7] to give an alternative proof of the Dold-Kan
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type theorem given in [23] which is very similar to the proof of Theorem B.J] presented
here.
First, we recall the two principal ingredients.

Theorem 3.5 (Theorem 3.9.2 [29]). Let (X, <) be a finite poset, in which every pair
{z,y} has a greatest lower bound x \y. Let 0 denote the smallest element in X. Suppose
that X has a greatest element 1. Let R be a ring (with identity element 1), and suppose
that o — e, is a map from X to R with the properties that eqep = eqnp for any o, f € X,
and e; = 1g. Fora € X, deﬁne

Z px (B, a)eg,

B<a

where px 1s the Mobius function of X. Then the elements f,, for o € X, are orthogonal
idempotents of R, whose sum is equal to 1g. Furthermore, we have e, = Eﬁga fa.

Theorem 3.6 (Gabriel-Popescu theorem; [26] Corollaire 6.4 p 103). For any abelian
category C the following assertions are equivalent.

(1) The category C has arbitrary direct sums and a set {P;};c; of small projective
generators of C.

(2) The category C is equivalent to the subcategory Func®(Q°P, Ab) of Func(Q, Ab)
whose objects are additive functors (i.e. functors satisfying F(f + g) = F(f) +
F(g) where f and g are morphisms of Homger(V, W) ) and Q is the full subcat-
egory of C whose set of objects is {P; |i € I}.

The proof of Proposition relies on the following lemmas.

Lemma 3.7. Let R be the ring Z[Endrp)([n])] (the identity element of R is (Id},), 13")),
A be a subset of [n] containing 0 and (ea,w) € Endrep)([n]) given by ea(j) = j if
j € Aandey(j) =0 else, and

W = (Ip,...1p,0p,...,0p) € [] P( = [I o x ] P
y€[n],y#0 a€A,a#0 a’ €A
where 1p € P(1) and 0p € P(0). Then the elements fa defined by:
fa =Y wpos(np (B, A) (e,w®) = > (=1)"V(ep,w®)
BCA BcCA
are orthogonal idempotents of R such that - 4,y fa = (Idpy, (1p, ..., 1p) € P(1)*"),
for Pos([n]) the poset of subsets of [n] containing 0 ordered by the inclusion.

Proof. Let [n] be an object in I'(P). The pointed set [n] is a greatest element of Pos([n]).
Every pair {A, B} of elements of Pos([n]) admits a greatest lower bound given by the
intersection AN B. Let R be the ring Z[Endr)([n])]. To an element A of Pos([n]) we
associate the endomorphism of [n] in I'(P) (e, w®*) defines in the statement. We have,
(ef), w™) = (Idpy, (1p, ..., 1p) € P(1)*") and (ea,w™)(ep,w”) = (€anp,w™"?).
Consequently, by Theorem the elements f4 defined in the statement are orthogonal
idempotents of R such that EAc[n} fa= Udpy, (1p, ..., 1p)). O

In the following proposition we give another description of the idempotents f4 which
will be useful in the sequel.

Proposition 3.8. Let A be a subset of [n]. We have the following identity:

fa=(ea,w™) H ((Ldp, 15") — (ep, w™)).

BCA
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Proof. The proof of this proposition is the same that the proof of Proposition 4.39 in
[30] mutatis mutandis. O

Let Pﬂp) Z[Homrp)([n], —)] be the standard projective objects of Func(I'(P), Ab).

Lemma 3.9. Let A be a subset of [n] and B be a subset of [m], we have:
HomFunc(F(P Ab) ( an [I;rE]P fB) = Z[HomQ(P)(| B \ {O} |7 | A\{O} |)]
Proof. By the Yoneda lemma we have

Hompynerp) Ab( an [I;E]P fB)

12

fAP[En(r)([n])fB
= faZlHomrp)([m], [n])]fp

Consider the linear map

k- Z[Homaep) (| B\ {0} |, | AN {0} )] = faZ[Homr)([ml], [n])] /5
given by

Ko, w®) = fA(&vw&>fB

where & is the unique extension of « such that & = 0 on (B \ {0})¢ and w® =
(@, 0p,...,0p) € Hyeuy20P(l a7 (y) |) = Myeaqy Pl @7 (y) [) x Hyea-P(0). We
will prove that k is an isomorphism. First, it is straightforward to see that, for
(t,w") € Homppy([m], [n]):

(1) (ea,w)(t,wt) = (t,w")(er-10a), W )

(2) (t,w') = (t,w')(ep,weP) for E'={0}U (t71(0))

if DcC

(3) (ec,w™) o :{ OD otherwise.

We compute

falt,w')fp = Z Upos(C, A) (e, we)(t,w") fp by definition of f,

CccA
= (W)Y ipos(C, A0, w =€) f by (1)
ccA
= (t.o') D hpes(C,A) f5 by (3)
t(B)CCCA
(t,w)fp if t(B)=A
{ 0 otherwise
B { (t,w')(ep,w®) fp if t(B) = A, for E = {0} U (t(0))
B 0 otherwise by (2)
B { (t,w)fp ift(B)=Aand BC E={0}U (t7%(0))°
n 0 otherwise by (3).

Since (t,w")fp depends only of the restriction of ¢ on B, we deduce from the previous
calculation that a non-zero element of the form f4(¢,w') fp induces a map in Q(P) from
B\ {0} to A\ {0}: (¢,w")(ep,w"®)|p\f03. Furthermore

H((tv wt)<er weB>|B\{0}> = fA<t7 wt)<er weB)fB = fA<t7 wt)fB
where the last equality is given by (3). We deduce that « is surjective.

To prove that k is bijective, we use a rank argument. On the one hand we have the
isomorphism:

@D  faZlHome)([m], [n])]fz =~ Z[Hompep)([m], [n])

AC[n];BC[m)]
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and, on the other hand, the bijection
Hompy([ml,n]) ~ [ Homae)(B\ {0}, A\ {0})
AC[n];BC[m)]

which associates to (t,w') € Hompepy([m], [n]) the elements B = {0} U (¢71(0))° ,
A = t([m]) and the map in Homqp) (B \ {0}, A\ {0}) induced by (¢,w").
U

Lemma 3.10. Let Q be the full subcategory of Func(T'(P), Ab) whose set of objects is
{P%P)fA}mAgn], there is a natural equivalence of categories:

Q7 ~ Z[Q(P)]
where Z[Q(P)] is the linearization of the category Q(P) (i.e. Obj(Z[Q(P)]) = Obj(UP))
and Homziopy (A, B) = Z[Homgp) (A, B)]).
Proof. Let ® : Q°? — Z[Q2(P)] be the functor defined by:

( P fa) = A\ {0} |

and for f € HomQFp( P fa P fB) we define F(f) using the morphism !

intro-
duced in the proof of Lemma To prove that ® is a functor we have to verify that « is
compatible with the composition. Let c¢ be the composition map in the category C and
consider (o, w®) € Homgpy(B\ {0}, A\ {0}) and (8,w”) € Homger) (C \ {0}, B\ {0}).
In one hand we have:

reziay (0, 0?), (B,07) = falao B,w?) fo

and in the other hand we have:

cgon (e, w®), K(B,0°)) = fal@ w?) fofa(B,w") fo.

We have:
Fa@,w®) fofp(B.w%) fo = fa(G,w®) f5(B,w%) fc since fp is an idempotent
= falG,w®) > up(D, B)(ep,w)(B,w”) fe by definition of fs

DCB
= 46w S 1ip(D, BY(B, wP) (€51 @) fo by (1) in the proof of Lemma B
DCB
= fa(a,w®) Z /,Lp(D,B)(B’wB)fC by (3) in the proof of Lemma B9l
B(C)cDCB
_ { fal@w®)(8,07) fo if B(C) =
0 otherwise

Since (8,w”) € Homqp)(C \ {0}, B\ {0}), B is a surjective map and B(C) = B so:

Fa(@w®) o f(B,w?) fo = fa(@w®) (B, fo = falao B,w™P) fo

and ¢ is a functor.
Since the morphism « is bijective, ® is fully faithful. For & € Q(P), the relation
(IJ(PF(P fir]) = k proves that @ is essentially surjective. O

Proof of Theorem[3.1. By Lemma [B.7], we have the decomposition

F(P @ PF(P

AC[n]
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Applying Theorem to C = Func(I'(P), Ab) and ) being the full subcategory of
Func(T'(P), Ab) whose set of objects is {P[%P) fatn.acp) we obtain an equivalence of
categories:

o : Func(T'(P),, Ab) — Func®(Q, Ab))
given by: O(G)(P[EL}(P)fA) = HomFunc(F('p)n,Ab)(P[E}(P)fA,G) for G € Func(T'(P)n, Ad).
So, we have the following sequence of natural equivalences:

Func(D(P), Ab) ~ Func™(Q°, Ab)
~ Func™(Z[Q(P)], Ab) by Lemma
~ Func((P), Ab)
Now we prove the explicit formulae of the natural equivalences given in the statement.
To obtain the explicit description of cr, recall that cr is given by the composition:

cr: Func(T'(P), Ab) = Func®(Q°?, Ab) SN Func(Z[Q(P)], Ab) — Func(Q(P), Ab)
where @ : Z[Q(P)] — Q% is an inverse of ® given by:
b(n) = P," fiu

and by s on morphisms. For a functor F : C — Ab let ' : Z[C] — Ab denote the
Z-linear extension of F. Then:

cr(F)(n) = HomFunc(F(’P),Ab)(P[EL](P)f[n}, F)~ F(f[n})F([n]) ~ Im(F(f[n]))-
By Proposition [3.8] we have:
fmp = T (Udpy, 157) = (e5,w0°))

BS&[n]
SO

(3.10.1) F(fu) =[] F(Udpy, 157) = (ep,w®)) = ] (1 = F(en,w®)).

BCn] B¢[n]
Recall that for two commuting idempotents E4, E'g we have:

Im(EsER) = Im(EA ) N Im(EpR).
So, by (8101 we obtain:
Im(F(fin))) = ﬂ Im(1— F(ep,w?)) = ﬂ Ker(F(eg,w®)).
B¢[n]
For B € Pos([n]) such that B # [n], let pp : [n] — B (resp. ip : B — [n]) be the
epimorphism (resp. monomorphism) such that:
e =1 O Pp.

We have (ep,w®8) = (ig,w?) o (pg, 1;‘3‘). Since (Idp, 17X3|B|) = (ps, 1;‘3‘) o (i, w"B)
we have:

Ker(F(ep,w™)) = Ker(F(ps, 15™).
Therefore:

Im(F(fp) = () Ker(Flps, 137) = [} Ker(F(ps,15™)

BEin) BElnl, | Bl=n
since for B C [n] such that | B |< n there exists B’ C [n] with | B’ |= n such that pp
factors through pg. We deduce that:

cr(F)(n) =cr, F([1],...,[n])

by Proposition
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Now we show that for G € Func(Q(P), Ab), the functor iy(G) : I'(P) — Ab corre-

sponds to G under the above equivalences. We must check that:
d*G = Hom(—,ii(G)) : Q — Ab.
We have ®*G(P," f4) = G(| A\ {0} |) while

Hom(Py” f4,0(G)) = Im (i (G)(£4))
= Im (Zums[nm&A)u<G><eB,weB> L i(G)((n]) — u<G><[n1>) .

BCA
Let 1 C n. Then i/(G)(ep, w®) () 18 0 if p ¢ B and is the injection
L G(| p ) = aG)([n])
if 4 C B. In particular, it is 0 if 4 ¢ A. For u C A, we have:
. . I, if p=A\{0
> 1postal (B, A)ir(G) e, 0P )ig(uy = Y (DML, :{ 0 ochrwise\{ }
BCA WCBCA

since B contains 0 while p does not. It follows that Hom(P[E](P).fA, 0w(G)) ~G(| A\ {0} )),
as desired.

4. EQUIVALENCE BETWEEN FUNCTORS FROM P-alg AND PSEUDO MACKEY
FUNCTORS

The aim of this section is to prove the following theorem.

Theorem 4.1. There is a natural equivalence of categories
Func(Free(P), Ab) ~ PMack(Q(P), Ab)

where Free(P) is the category of finitely generated free P-algebras and Q(P) is the
category defined in[112.

The proof is divided into three steps. In the first one, we prove the equivalence
of categories Free(P) =~ Span(S(P)) where Span(S(P)s) is the category of Spans
given in Definition Then, we define in Definition £4] the notion of M-functor
from P-pointed sets. In the second part, we prove in Proposition the equivalence
of categories Mack(S(P)s2, Ab) >~ M- func(I'(P), Ab). Recall that Mack(S(P)q, Ab) ~
Func(Span(S(P)2), Ab) by Lemma[[.26l Finally, we prove in Proposition [£.8 the equiv-
alence M- func(T'(P), Ab) ~ PMack(Q2(P), Ab).

In the following proposition we extend an analogous result already present in [24] and
corresponding to the particular case of a set-operad satisfying P(1) = {1p}.

Proposition 4.2. For P a unitary set-operad, there is an equivalence of categories:
Free(P) ~ Span(S(P)2)
where Span(S(P)sz) is the category of Spans defined in Definition [1.23.
The proof of this result relies on the following lemma.

Lemma 4.3. (1) Let f, f' € Homs(n,m) and w,w’ € P(n). The following asser-
tions are equivalent in the double category S(P)s:

(a) The diagrams 1 & n AN m and 1 b are equivalent.

w’)
(b) (w. (F(1),- . f(n)) = (@ (F'(1)..... f'(n)) € P W?ﬁ m".
(2) We have: Homgpansp),) (1, m) ~ I, P(n) x m".

n

f/
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Proof. (1) If the two diagrams in the statement are equivalent, by definition, there
exists a double isomorphism in S(P)s: (h, (h,15")) where h : n — n is a bijection
such that: f" = fh and (s',w’) = (s,w)(h, 15") = (s,wh). So, we have:

h(o', (f (1), /() = (WA A1), f(n) = (BT (F/(RTH (D), - (R ()

= (w, (f(1), ..., f(n)).
Therefore: (w, (f(1),...,f(n)) = (', (f'(1),...,f'(n))) € P(n) x m™

n

Conversely, if (w, (f(1),...,f(n)) = (', (f'(1),..., f'(n))) € P(n) X m™, there

n

exists 0 € 6,, such that
(W, (f(1), .., f(n) = 0w, (f(1),- ., f(0)) = (w0t ou(F(1), ..., f(n))
= (w.o L (fle7' (1), fle7H(n))

So the double isomorphism (o1, (671, 15")) provides an isomorphism between
the two diagrams.
(2) Consider the map : ¢ : Homgpan(s(p),) (L, m) = I, P(n) x m™ given by:

n

o1 Lo m]) = (w, (F(1), ..., f())).

This map is well-defined and is an injection by (1) and obviously is a surjection.

U

Proof of Proposition[].3. We define a functor F : Span(S(P)2) — Free(P). On ob-
jects we take F'(n) = Fp(n). Proposition gives the existence of coproducts
n Span(S(P)Q) S0 HomSpan(S(P)Q)(Ea M) = HHomSpan(S(P)Q)(lam)' Consequently, it

is sufficient to define F' on morphisms of the type [lés’fw)fn$m]. Let D =

(1 éslwl@ SN m ) be a diagram. Since Fp is the left adjoint to the forgetful func-

tor U : P-Alg — Set, to define a morphism in P-Alg: Fp(l) — Fp(m) is equiv-
alent to define a set morphism 1 — U(Fp(m)) = LI, P(n) x m" i.e. an element of

U(Fp(m)) =11,P(n) tiénesm”. So let

P12 n—om) = @, (F(1), . S () € Pln) x m™
Note that F( 1 &) 0 %m ) = (0p,*). Let D' = (1 bagh n EEAN m ) be another
diagram such that D and D’ are equivalent in Span(S(P)2). By Lemma
(w, (f(1),-., f(n)) = (&, (f'(1),..., f'(n)) € P(n) x m".
So we can define:
(s,w) ! n
F(l<-—n——m])=(w (fQ),.... f(n))) € P(n) x m".

One verifies that F' preserves composition. Furthermore F' is essentially surjective and
fully faithful since:

HomFree(P)(FP(Z_))a-FP(m) = HomSet(Ea U(fp(m))) = Hp HomSet(la U(fp(m)))
=~ Hp (Hkp(k:) GX mk) =~ Hp HomSpan(S(P)g)(la m) =~ HomSpan(S(P)g)(Bam)-

n

Definition 4.4. A Janus functor M : T'(P)y — Ab is a M-functor if:
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(1) for a standard inclusion i : [n] — [n] V [m] and a standard retraction r : [n] V
[m] — [n] one has

M.(r) = M*(i,w") - M([n] V [m]) — M([n])
M*(r,w") = M.(i) : M([n]) = M([n] V [m])

where w' = (13",05™) and w" = 13";
(2) for any square in T'(P)s

with f~1(0) = 0 we have:
M* (¢, w")M.(f) = M.(f)M* (¢, 0?).
The category of M-functors is denoted by M-func(T(P), Ab).
Remark 4.5. (1) For M a M-functor, by condition (2) we have, in particular, that
for an isomorphism f : [n] — [n] of T M, (f) = M*(f~1, 15").
(2) Condition (1) of the proposition also holds for all injections ¢’ : [n] — [n] V [m]

in T'(P) and their dual retraction 7’ : [n] V [m] — [n]. To see this choose a
permutation o of [n| V [m] s.t. i/ = o7 and ' = ro and use point (1).

Proposition 4.6. There is an equivalence of categories:
Mack(S(P)a, Ab) =~ M-func(T'(P), Ab).

In order to prove this proposition, we need the following construction and result.
For a horizontal morphism A : X — Y in I'(P), we consider the restriction of h on
X\ R7H0): ho : X\ R71(0) = Y \ {0} and the inclusion: i, : X \ h~1(0) — X \ {0}.
Similarly, for a vertical map (¢,w?) : X — Y in ['(P), where

o e 11 PG ) D
yeY\{0}
we define the restriction of (¢, w?) on X \ ¢71(0): (¢_,w?): X \ ¢71(0) = Y \ {0} and
the inclusion: (ig, w™) : X \ ¢71(0) — X \ {0} where w' = (1p,...,1p,0p,...,0p) €
[Liex\gop P iy () ).

Lemma 4.7. If

K] =1

| !
D= (¢w?) | | (Yw?)
v v

] —> [

is a square in T(P)y such that f~*(0) = 0 then
_ IIik\s—1(0) _
[E]\ ¢71(0) ———= [\ v7'(0)
| |
D= (p-w) | (- )

\4 v
m n
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and

H\ 670 SLLEUNG \u

/! . .
D" = (i,w'¢) | (i)
v v

k [

are squares in S(P)s.

Proof. Since the image of D in I is a pullback diagram we have bijections:

g7 (0) = f7(0) = {0} and ¥7'(0) ~ ¢ (0).

[1] \wl—l<0>
We compute the pullback of I (p—w?) in S
m I n
m <, ([\¢71H0)) = {(c;e) €mx ([]\¢7(0)) | f-(c) = 1-(e)}
= {le;e) e fm] <[] | f(e) = ()} \ {(c,e) € [m] <[] | f(e) = (e)
= [m] xp [\ (f71(0) x 7(0))

So, the image of D’ in S is a pullback diagram. Furthermore, for y € m we have
(0 ) Hy) = ¢~ Hy) and ()" (y) = ¥ "!(y) so the second condition to be a square in
['(P), is satisfied by D’ since it is satisfied by D.

[\ »~1(0)
!
We compute the pullback of | (ipw™) in S.
v
k l

Exi ([M\¢710)) = {(c;e) €k x ([J\¢7(0) | g-(c) = ¢}
~ {c€k|g-(c)e[]\v7(0)}
= {cck|ce[k]\ ¢ 0)} since g_(c) € v 1(0) iff ¢ € p(0)
= [K]\¢7(0).

So, the image of D” in § is a pullback diagram. Furthermore, for y € k since |
(i) "'(y) 1= 1 =[ (iy)"'(g(y)) |, we have a bijection (iy)~'(y) — (iy) '(g(y)) such

that the induced bijection P(1) — P(1) is the identity and satisfies w,’ = 1p > w'¥ | =
1p. 0

Proof of Proposition[{.6. Let M : I'(P)y — Ab be a M-functor. We define a Janus

functor F(M) = (F(M),, F(M)*) : S(P), EN (P), M=(M,,M*
of M with the functor of double categories j. Let

) Ab by precomposition

fi
—

L
\
| (w?)
v
—n

0}
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be a square in S(P)a,

4 & 4
J(D) = (64| )
m) — [n]

is a square in I'(P), such that f;'(0) = 0. Since M is a M-functor we have:
M*(¢py,0%) o M(fy) = M, (fry) o M* (61, w?)

F(M)* (¢, w") o F(M).(f) = F(M).(f1) o F(M)*(¢,w?)

so, FI(M) is a Mackey functor and we defined a functor F' : M-func(I'(P),, Ab) —
Mack(S(P)a, Ab).

Let N : §(P)y — Ab be a Mackey functor. We define G(N) = (G(N)., G(N)*) :
['(P)y — Ab by:

and, for h: X =Y € T(P)h
G(N).(h) = N.(h_) o N*(ip, ™)
and for (¢,w®): X =Y € ['(P)}
G(N)*(¢,w?) = N, (ig) o N*(6_,w?).

Let i : [n] — [n] V [m] be a standard inclusion and r : [n] V [m] — [n] be a standard
retraction. We have:

ro =1; = Idpqoy : [n] \ {0} — [n] \ {0}
. haveir =i ([n] v [m]) \ ({0} v [m]) = [n] \ {0} — ([n] V [m]) \ {0}.
G(N).(r) = G(N)*(i,w") and G(N)*(r,w") = G(N), (i)
zlzj\j)*(r) = N,(r_)oN*(i,,w") = N*(i,,w™) and G(N)*(i,w") = N,(i;)oN*(i_,w") = N*(i_,w")
and
G(N)*(r,w") = N.(i,)oN*(r_,w") = N,(i,) and G(N).(i) = N,(i_)oN*(i;,w’) = N,(i_).
Let

be a square in I'(P), such that f~1(0) = {0}, according to Lemma .7 the squares D’
and D" in this lemma are squares of S(P)s. Since N is a Mackey functor we deduce
that:

N*(¢-,w¥) o No(f-) = Nulgimpp1(0)) © N* (-, w?)
and
N*(iy,w") © Nu(g-) = Nu(gips-1(0)) © N*(ig, w™).
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Furthermore, since f~'(0) = g~*(0) = {0} we have i; = Id,, and i, = Idy. We compute
on the one hand:

G(N) (¢, w?) 0o GIN)L(f) = Nu(iy) o N*(¢_,w¥) o No(f-) o N*(ig,w')
N, (iy) o (9\ k\o-1(0) © N*(¢—,w?) o N*(ig,w™)
= N.(iy) o Nu(gppe-10) © N*(¢—, w?)
= N.(iy © gpe-1(0)) © N*(¢—,w?)

and on the other hand:
G(N).(g) 0 G(N)*(¢,w?) = Ni(g-)o N*(ig,w'") 0 Nu(ig) o N*(¢—,w”)
— Nu(g) o Nafig) o N*(6_,w?)
= Ni(g-ois) o N*(¢-,u?).

Since 7y © gjp\e-1(0) = g— © iy We conclude that G(N) is a M-functor.
We verify easily that the functors F' and G define an equivalence of categories. [

Proposition 4.8. There is an equivalence of categories:
M-func(T'(P), Ab) ~ PMack(Q(P), Ab).

Proof. (1) Let M = (M., M*) be a M-functor, we prove that (cr(M,),cr(M*)) is a
pseudo-Mackey functor.
First, we prove that (cr(M,),cr(M*)) is a Janus functor. Let n € Ob(Q(P)2)
we have:

cr(M)(n) = ernM.([1],...,[1])

= Ker HM*
k=1
= Ker HM* ,w't)) by Remark ELH (2)
-1

= CTnM*([l], - [1])
= ar(M)(n).

Let (f, (f, 17X3|B|)) be a double isomorphism from A to B in (P),. We consider
the double isomorphism (j(f), (j(f), 1;‘3‘)) from j(A) to j(B) of I'(P)s, where

7 is the functor which adds a basepoint. By Remark (1) we have:
M) = MG 1) and (), 17 = MLGU).

In the sequel, for simplicity, for f : A — B a bijection, we denote by f also the
vertical morphism (f, 17X3|B|). Since f is an isomorphism, by definition of 7, and
1) in Proposition we have the following commutative diagram:

cr(M)(B)—— @xcper(M)(X) = iu(crM*)(j(B)) — M(j(B))

\Lc”r(M*)(f) \Li*(érM*)(j(f)) lM*(j(f))
cr(M)(f(B)) = er(M)(A) = @y ca cr(M)(Y) = i(crM*)(j(A)) — M(j(A))
J/cr(M*)(f) J/i!(CTM*)(J'(f)) MG ()

cr(M)(B)———= @ cpcr(M)(Z) = i(crM)(j(B)) — M(j(B))
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Eotcr(M*)(f)c?(M*)(f) is the restriction of M,(j(f))M*(j(f)) on cr(M)(B),

M.GNM () = M.GUMG()
= M.(j())i(f))
Id
whence cr(M,)(f)cr(M*)(f) = 1d.
Let
e
D= (sw? ! ! (%w?)
C—D

g

be a square in Q(P),. Applying to D the functor j : Q(P)s — I'(P), we obtain
a square in I'(P)q such that j(g)~(0) = 0. Since M is a M-functor we have the
following commutative diagram:

M(G(A)) —T S M((B)) = @ ey crM(Z) —2 cr M(B)
M*(J’(@w“}))T TM*(j(w,w“’))
erM(C)—> M(J(C)) 2 Dy orM(X) ————> M(j(D)).

On the one hand we compute the composition p o M*(j(¢,w?)) o M.(j(g)) o i.
Since ¢ is surjective, by definition of i, and 4, in Theorem [B.I] we have the
following commutative diagram:

er(M)(C) ————— @ xcoer(M)(X) = i(erM.)((C)) — M(j(C))
lcr(M*xg) lir(ch*)(j(g)) M.(j(g))
er(M)(g(C)) = er(M)(D)— @ycp er(M)(Y) = ir(erM.)(j(D)) — M(j(D))
lmwxww) lu(cm*)(j(ww» M*((w*))

cr(M)(B) < P

So
(4.8.1) po M*(j(1h,w?)) o M.(j(g)) 0@ = ér(M*)(1h,w?) o er(M.)(g).

On the other hand we compute the composition po M, (j(f))o M*(j(¢,w®))oi.
By definition of i, the restriction of M*(j(¢,w?)) to the factor cr(M)(C) is 0 to
the factors cr(M)(L) such that L C A and ¢(L) # C and is the morphism

er(M*) (¢, w?), - er(M)(C) — er(M)(L)
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to the factors er(M)(L) where L C A and ¢(L) = C. So, we have the following
commutative diagram:

er(M)(C) i, (érM*)(j(C)) =~ M(j(C))

\I/ i (e M*) (§ ((60?))) =M™ (§ ((6,0?)))
&P eorM(L)<«—— @ oM(L)~——i.(crM*)(j(D)) ~ M(j(A))
LCA LCA
¢(L)=C;f(L)=B (L) =C
\L \L ir(er M) (5 (f)~M- (5 (£))
k
cr(M)(B) < D  rM(f(L)) «—ir(erM.)(§(B)) ~ M(j(B))
LcA
P(L) =
where we have k = @ cr(M,)(fiz). We deduce that:
LCA
o(L) =
f(L)=5
poM.G(N) o M (0,0 0i = 3 er(M)(fi) o er(M)(6,07);
LCA
P(L) =
f(L)=B
= > er(M)(fin) o er(M*)(d,w%)r.
LeAdm(A)

Combining this last equality and (A81]) we obtain:

aQr) W oerM)g) = 3 er(M)(fi) o er(M)(,e0);.
LeAdm(A)
(2) Let M = (M., M*) € PMack(2(P), Ab), we prove that (i\M,,i.M*) is a M-
functor.
First, we check that (iy(M.),i.(M™*)) is a Janus functor. For [n] € T'(P)a,

=P M.(n) @M* =i, (M,)([n]).

Let i : [n] — [n] V [m] be a standard inclusion and r : [n] V [m] — [n] be the
associated standard retraction. On the one hand, we compute i, (M*)(r,w").

M ([ p )@ M (L1 ]) = 0 (M")([n])

M*((r,w)wl e (M) ™)
M*([i(p) == DB, crnpm M ([ v ]) = i(M")([n] V [m])

since, the only subset v C n + m such that r(v) = p is i(u).
On the other hand, we compute (M. )(7).

M. (| p]) = ir(M.)([n])

M(p])———D

1= 1 uCn

M*(Z#)\L lZI(M*)(Z

M. ([ i) )= Drcpim M| ¥ M.)([n] V [m])
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Since 4, : g — i(p) and 7y, : i(pu) — p are isomorphisms inverse to each
other and M is in PMack(Q(P), Ab) we have: M*((r,w")i)) = M.(i|,). So

(M), ") = 0 (M) ().
We prove, in a similar way, that: i,(M*)(i) = i/(M.)(r,w").

Let
f1
(k] 1]
| |
D= (¢w?) | ()
\% \
[m] — [n]

be a square in T'(P), such that f~'(0) = 0. On the one hand, we compute
i (M) (1,0 (M, ) (£):

M| p )= B M| ) = 0x(M.)([m])

M*(ml J/is(M*)(f)
M. (] f(p) ) ir(M.)([n])
ul lu(M*)(ww)
D rcrvm=suy ME)C u(Mo)([1])

(since f71(0) =0, 0 ¢ f(p)) where u is the sum of the maps
M (4, 0)k) « Mi(] f (1) ) = Mi(K)

to the factors M, (K) such that K C [ and ¥(K) = f(u). For a fixed K C [ such
that ¢ (K) = f(u) we have the following square in Q(P),:

61 ) 0 i () ———>
($w?) : | () i

v \2
p————f(1) = Y(K).

f\u

Since (M., M*) is a pseudo-Mackey functor we have:
M ((0,0") ) Ma(f) = 2 M. (fayer) M (8, %)x).

K'e Adm(¢=1 ()N fy  (K))

On the other hand, we compute i,(M,)(f1)i*(M*)(¢,w®). We have:
M (| p > DBpucn M-(| 1 |) = " (M) ([m])

Ul li*(M*)(qﬁ,wd’)

@Lc[k]@(L):u M(L)( Z'(M*)([k?])
Drcim.om)=n M*(flL)\L li!(M*)(fl)
D rcmomy=n M(f1(L))° a(M.)([1])

where v is the sum of the morphisms M*(¢1,) : M.(] p |) = M(L) to the factors

M (L) such that L C [k] and ¢(L) = u. For afixed K C [ such that ¢(K) = f(u),
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the value of the composition € s(r)=, M« (f1)L)v to M(K) is equal to:

> M) M (6.0”)) = > MM ((6w”)).

Lclk],¢(L)=p, f1(L)=K LeAdm(¢=1 ()N f (K))
We deduce that:
(M) (W, w?)ir (M. (f)) = i (M (f1))i* (M*)(¢, w?).

As a corollary of Theorem 1] we obtain the following result:

Corollary 4.9. There is a natural equivalence of categories between the category of
reduced polynomial functors of degree < n from Free(P) to Ab and the category of
pseudo-Mackey functors from Q(P) to Ab which have zero values on O and on sets of
cardinality > n.

Remark 4.10. Applying Theorem [L1] for P = Z (the initial unitary set-operad, see
Example [[1] (2)), we recover the Dold-Kan type theorem of [23]: Func(T', Ab) ~
Func(§2, Ab). In fact, the vertical maps of Q(P)s are just the bijections, so by Re-
mark (1) the functor M* is determined by M,.

5. POLYNOMIAL MAPS AND POLYNOMIAL FUNCTORS

The principal aim of this section is to prove, in Corollary (.34 that polynomial
functors of degree n from finitely generated free groups to abelian groups coincide with
polynomial functors of degree n from finitely generated free monoids to abelian groups.
In order to prove this crucial result for this paper, we introduce intermediate material
interesting on its own. In fact, after recalling the definition of polynomial maps from
monoids in the sense of Passi, we extend this definition to algebraic theories and, more
generally to sets of morphisms of a suitable general category. This leads us to introduce a
category T, (Z|[C]) generalizing the categories P, (C) for C an additive category considered
in [22]. These categories have the important property that polynomial functors of degree

n from C to Ab are equivalent to additive functors from 7,,(Z[C]) to Ab (see Corollary
[£.25).

The proof of Corollary [5.34 relies on three main ingredients: the isomorphism between
polynomial maps from monoids and from their “groupification” in Proposition [5.4] the
link between polynomial functors and polynomial maps leading to Corollary and
the canonical isomorphism T},Z[gr] ~ T,Z[mon] obtained in Theorem from the
computation of these categories given in Corollary £.311

5.1. Passi polynomial maps. In this section, we begin by recalling the classical def-
inition of polynomial maps from monoids to abelian groups due to Passi and we prove
that polynomial maps on a monoid and on its groupification coincide (see Proposition
[£.4). Then we extend the definition of Passi to maps from algebraic objects of any type,
i.e. from models of any algebraic theory.

5.1.1. The classical case for monoids. Let M be a monoid with a unit element e and
I(M) be the augmentation ideal of the monoid algebra Z[M] (i.e. the kernel of the map
€ : Z|M] — Z such that €(}_, .\, amm) = > 4 &m). We know that I(M) is a free
abelian group having as free basis the elements m — 1 where m € M and m # e. For
k > 0, we denote by I*(M) the k—th power of I(M) with the convention I°(M) = Z[M].
Let A be an abelian group, for amap f : M — Alet f : Z[M] — A denote the extension
of f to a Z-linear homomorphism.
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Definition 5.1. [19] Let M be a monoid and A be an abelian group. A map f: M — A
such that f(e) = 0 is polynomial of degree lower or equal to n if f vanishes on I"1(M).

The abelian group (M) /1" (M) is denoted by P,(M) and is called the Passi group
of M of order n. The canonical quotient map I(M) — P,(M) is denoted by p,. The
following Proposition explains the importance of the Passi group.

Proposition 5.2. [19] Let M be a monoid and f, : M — P,(M) given by f,(z) =
pn(x — 1), then f, is the universal polynomial map of degree n from M to abelian
groups.

Let Map, (M, A) be the abelian group of polynomial maps f : M — A of degree < n.
By the previous Proposition we have:
(5.2.1) Map, (M, A) ~ Hom (P, (M), A).

In the sequel, we need the following elementary result which is wellknown.

Proposition 5.3. For G € Gr we have a natural isomorphism of abelian groups:
6:P(G)=1(G)/I*(G) = G = G/[G, G
such that for g € G, (g — 1) = 7.

Let Gr be the category of all groups and Mon the category of all monoids. The
forgetful functor U : Gr — Mon admits a left adjoint denoted by g and named groupi-
fication functor. The unit of this adjunction ny, : M — U(g(M)) for M € Mon induces
a homomorphism:

ny - Map,(Ug(M), A) — Map, (M, A).
In the sequel, we prove the following result:

Proposition 5.4. Let M be a monoid and A be an abelian group, the homomorphism:
My Map,(Ug(M), A) — Map, (M, A)
1S an isomorphism.
By (5.21)) it is sufficient to prove the following lemma:

Lemma 5.5. Let M be a monoid. Then the map
Po(n): Bo(M) — P (Ug(M))
s an isomorphism of abelian groups.

Proof. Recall that for a monoid (resp. group) N the natural injection ay: N — Z[N]
is the unit of the adjunction between monoids (resp. groups) and rings, sending N to
Z[N] and a ring R to itself viewed as a multiplicative monoid (resp. to its group of units
R*). Moreover, the augmentation map e: Z[N] — Z induces an augmentation map € on
the quotient ring Z[N]/I"**(N) such that €¢ = €, where ¢%V: Z[N] — Z[N]/I"**(N)
is the canonical projection.

It follows that the map ny: M — U(g(M)) successively induces unique homomor-
phism of augmented rings Z[M]| — Z[U(g(M))] and

s LM/ T M) — Z[U (g(M)]/ 1" (U(g(M))) = Zlg(M)]/ 1" (g(M))
such that MM ay, = qg(g(M))ozU(g(M))nM. So it suffices to construct an augmented ring
homomorphism 7a7: Z[g(M)]/I" (g(M)) — Z[M]/I"T (M) inverse to 77, since by

restriction to augmentation ideals we then obtain the desired isomorphism P,(n,s) and

its inverse.
The key point is that the multiplicative submonoid ¢ (1 + I(M)) of Z[M]/I"1 (M)
actually is a subgroup of its group of units since for © € I(M), ¢,(> r_o(—1)"z")
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is a multiplicative inverse of ¢,(1 4+ x). Thus the monoid homomorphism 5,,: M —
U(gM(1 + I(M))), Bu(m) = q.(m) = g.(1 + (m — 1)), extends to a group homo-
morphism 3 : g(M) — ¢M(1 + I[(M)) such that 8. my = [, since ny, is the unit
of the adjunction between monoids and groups. In turn, g/ induces a unique ring
homomorphism vy : Z[g(M)] — Z[M]/I"*t* (M) such that varog is the compos-

ite map g(M) N g1+ I(M)) = Z|M]/I"* (M) . Moreover, vy, commutes with
the augmentation maps, hence induces the desired augmented ring homomorphism
Tar: Z[g(M)]/ 1" (g(M)) — Z[M]/I™ (M) such that F37¢5™ = ~5. To check that

v and 7,7 indeed are mutually inverse ring isomorphisms, it suffices to precompose the
M

composite maps Ja7 7ar and a7 a7 with the maps M A Z[M] s ZIM] /T (M)

and
% Cg(M) 5™ 1
M =25 U(g(M)) = g(M) == Z[g(M)] “— Z[g(M)]/I"+(g(M))
and to successively use their respective universal properties. O

Remark 5.6. The isomorphism Map, (Ug(M), A) ~ Map,,(M, A) is the generalization
to the non-abelian setting of Lemma 8.1 in [2].

5.1.2. Generalization to algebraic theories. We introduce a generalized Passi functor P”
from algebras over any unitary set-operad P to abelian groups, and give a conceptual
interpretation which is new even in the classical case: it turns out that P” is the
polynomialization of degree < n of the canonical reduced functor from P-algebras to
abelian groups. This is used in the next section to describe the category T, Z[P-alg] in
terms of the Passi functor, at least for “good” operads P.

For sets Ay, ..., A, recall the canonical isomorphism
Z[A1]®®Z[Am] —>Z[A1 X ... XAm], a1®...®aml—>(a1,...,am)
for a;, € A;.

Definition 5.7. Let P be a unitary set-operad with composition operations Y, .. i, GS
before. Then an operad Z[P] in Ab is defined by Z[P)(m) = Z[P(m)] and composition
operations

Toisooi s LP(M)] @ Z[P(i1)] @ ... @ Z[P(i)] —> Z[P(m) x P(iy) X ... X Plin)]

lz[’ym;il ,,,,, zm}

ZIP(i1 4 ... +im)]

Similarly, if A is a P-algebra with operations fi,: P(m) xg,, A™ — A then Z[A] is a
Z[P]-algebra with operations

Z[um}

fip: Z[P(m)] ®s,, Z[A]™ — Z[P(m) xs,, A™] = Z|A]

For 0 € P(m) and x, € Z[A] we write 0(z, ®@ ... @ 2p) = H,(0 @ 21 @ ... @ 2,).
The constant map 0: A — * into the trivial P-algebra gives rise to a Z[P]-algebra map
e = Z[0]: Z[A] — Z[x| = Z; its kernel is an ideal denoted by 1(A) and has the canonical
basis a — 14,a € A\{lA}. Let

=D n(ZIP(m)] @6, I(A)*) = 3 _ Z o

m>n m>n 0eP(m
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PP(A)=1I(A )/I”“( ) and q,: I(A) — PP(A) .

Finally, P’ is a functor from P-algebras to Ab such that the map p,: A — PTF(A) is
natural.

Note that we do not decorate I(A) by an index P since, in contrast with [g“(A), it
does not depend on P.

Example 5.8. For P = Com and As, P’ coincides with the Passi functor recalled
in section [0 we have IZ,, (A) = > -, T, (Z[l] ®s,, [(A)*™) = > 5, 1™(A) =
I"(A) since I™(A) C I"(A) for m > n, and similarly I, (A) = Y2 o, 1 (Z[6,] ®s,,

In order to extend the above definitions to pointed algebraic categories we recall some
basic notions of universal algebra from the categorical viewpoint, cf. [5].

Definition 5.9. An algebraic theory is a category T with objects m, m > 0, such that
m = 1", i.e. m is the m-th cartesian power of 1. A T-model is a functor M : T — Set
which preserves finite products. The models of T form a category T-Mod with morphisms
being the natural transformations.

Moreover, we say that T is pointed if the object 0 is a zero-object in T.

For a set X let Fr(X) denote the free T-model generated by X, and F(T) be
the category with objects the sets m for m > 0, and with morphisms F(T)(k,[)
T-Mod(Fr(k), Fr(l))-

Remark 5.10. It is often useful to think of the product decompositions m = 1™ as being
specified, i.e. of the corresponding projection maps pr: m — 1, 1 < k < m, being fixed.

Any model M: T — Set takes the empty product 0 = 1° to an empty product in
Set, i.e. a one-point set. So if T is pointed the functor M naturally takes values in the
category of pointed sets Set,: the basepoint of M(m) is the element M (0)(*) where
0: 0 — m is the zero morphism and * is the unique element of M (0).

To any algebraic theory T one can associate a set-operad Pr, as follows. Let Pr(m) =
Homt(m, 1) with the right action of &,, induced by its natural left action on m. To
define the composition operation 7 let m > 1, 4y,... 4, > 0, § € Homg(m, 1) and 6, €
Homr (i, 1) for 1 < k < m. Then first let proiit . Al be the unique map
such thatplopr = Dirt..tip_ +1 for 1 <1 < k. Next let 0y <. x@jn: hWt...4+4,—>m
be the unique map such that pg(6; x ... x 60,,) = Hkpr for 1 g k < m. So we can define
7(9;91,...,9m):90(91><...><9m). —

Moreover, we need the forgetful functor Vﬂ? }ﬂ/lAcllg T-Mod — Pr-Alg which is defined
by ViEeAY(M) = M(1) as a set, endowed with the Pr-algebra structure given by the
maps

o

fm: Pr(m) Xg,, M(1)™ — Homrg(m, 1) xg,, M(m) — M(1)

~Y

given by the isomorphism AM(1)™ = M(m) coming from the fact that M preserves
products, and by the evaluation map ( x) — M(f)(x) for (f,z) € Homg(m, 1) xM(m).
So we can finally define the functor

PY = PPro VA9 T_Mod — Ab.

In the sequel, T always denotes a pointed algebraic theory; in this case the
operad Pr is unitary.

It is less obvious than in the example 5.8 to see that for the theories of groups Gr and
of abelian groups Ab the functor PE" also coincides with Passi’s functor P, in section
BTt in fact, Pgr(m) = Fgr(m) since a theory is always isomorphic with the opposite
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category of the category of its finitely generated free models. For a solution of this
problem see Proposition (.17 below.
For some letter a let a“* = a, ..., a denote its k-fold repetition.

Lemma 5.11. Let A be a P-algebra. Forp >0, q>1letay,...,ay €A, x1,...,24 €
I(A) and 0 € P(p+ q). Then

a1 ®.. ®aqR1Q...Q1,) Em(m@...@xq) mod I5T (A).
Proof. By induction on p, the case p = 0 being clear. For p > 1,
0a1®.. 0601 ®..01,) = 0(1®..Q0a, 10 (a,—14) @71 ®...Q07,)
01 ®.. ®ay 11407, ® ... 1,)
Y(0;057 13 ) (ap = 14) @ 11 © .. @ )
+9(0; 17705, 150 (1 ® ... Rap 1 DT D ... D ay)
mod [92(A)
V(3 (0; 1577, 0p,157), 057, 150 (11 @ .. @ )
mod T771(A)
~(6; O7u>p, 17u>q)(a:1 ®...Q0x,)

by associativity of ~. O

Corollary 5.12. Let A be a P-algebra. For n > 1 the subgroup I}(A) is an ideal of
Z[A]. Moreover, for 6 € P(p) and ay,...,a, € A we have

O(ar,...,ap) —1a = (61(a1) —1a) + ...+ (Bp(ay) — 14) mod I3(A)
where O = v(0; 0%’“_1, 1p, 07u;p_k).

Proof. For m > n, ay,...,a,,b1,...,b, € A, x1,...,2, € I(A), ¥ € P(m) and 0 €
P(p+ 1+ q), there is an obvious permutation ¢ such that

a1 ®.. 00, 0(11Q...0Ty) Qb ®...®b,)

= 0)(a1®..00,00®..0b0 (11 ®...0 x,))
= Y(0.0;17 (1 ®... R, @ ... Qb @ ... @ Tpy)

So the first assertion is immediate from Lemma [B.IIl The second assertion is proved
by induction on p, the case p = 1 being clear. For p > 1, we use Proposition 511l to see
that modulo I3(A),

Oar,...,ap) — 14 = Olar ® ... ®ap—1 @ (ap—1a)) +6(ar,...,ap-1,14) — 14
(V(6; 05", 1p)(ap) — 1a) + (65 15771, 0p) (a1, ., ap 1) = 1a

p—1
= (Op(ap) —1a) + Z (7(7(9; 12271 0p); 0551 1p, O%pflfk)(ak) - 1A>
=1

p—1

(Op(ap) = 14) + > (Bi(ar) — 1a)

k=1

Lemma 5.13. The functors P]: P-Alg — Ab and Pl': T-Mod — Ab are linear.
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Proof. Let A, B be P-algebras. Then AV B consists of the elements (ay, . .., ap,, b1, ..., b,)
with p,¢ > 0, 8 € P(p+¢q), a1,...,a, € A, by,...,b, € B. Hence by Corollary
we have I(AV B) = I(A) + I(B) + I’(AV B). It follows that the section
sap: PP(A) ® PP(B) — PP(AV B), defined by sap = (PF(iy), PP(iy)) of #FT is
surjective, whence an isomorphism. Hence 7% " is an isomorphism, as desired. The
same argument works for Pl O

Lemma 5.14. There is a natural exact sequence

Un qn—1

(5.14.1) Z[P(n)] ® PF(A)®" —> PP(A) ——= PF [(A) —0

of funtors on P-Alg where v,(0®a; — 1®---®a, — 1) = ¢,(0((a1 —1)®- - -®(a, —1)))
for @ € P(n) and ay,...,a, € A.

Proof. By definition of P” we have an exact sequence

qn—1

ZIP(n)] ® I(A)= s PP(A) 74 PP (A) — >0

So it suffices to show that 7, factors through id ® ¢©": Z[P(n)] @ I[(A)®" — Z[P(n)| @
PP (A)®". But by right—exactness of the tensor product,

=1 j>2
C oD Fues (B — 14 )] © I(4)* )
i=1 j>2
by associativity of 7, so 1, Ker(id ® ¢") = 0 since n — 1+ j > n for j > 2. 0

Proposition 5.15. The functors PT: P-Alg — Ab and PF: T-Mod — Ab are polyno-
mial of degree < n.

Proof. By induction on n: By the Lemmas and Proposition the functor
Z[P(n)] @ PP (—)®": P-Alg — Ab is polynomial of degree < n, hence so is P’ since
PP | is polynomial of degree < m — 1 by induction and the category of polynomial
functors of degree < n is thick. The same argument works for PT. O

Now we are ready to give a conceptual interpretation of the functors P” and PJ.
Recall that a category C is concrete if there exists a faithful forgetful functor Vo: C —
Set. Morally a concrete category is a category whose objects are sets endowed with
some structure and the morphisms are set maps compatible with this structure in some
suitable sense. If in addition C is pointed (with the one-point set being its null-object)
then V¢ naturally takes values in Set, (where Set, is the category of pointed sets). Thus
any pointed concrete category C admits a canonical reduced functor Z[—] o Ve: C —
Ab. Note that T-Mod is a pointed concrete category where Vi (M) = M(1) with
basepoint 11y = M(0g,1)(*), see Remark 510

Theorem 5.16. There are canonical isomorphisms
EEI Tn<Z[—] @) V’P—Alg) i Pf and EE Tn<Z[—] @) V’]T-Mod) i PT VTP%?(;‘Q

of functors on P-Alg and on T-Mod, resp., sending a and T to q,(a — 14) and g,(x —
Lyny) where a € A for A € P-Alg andazEM( ) for M € T-Mod, resp.

Proof. The natural isomorphisms =7 : Z[A] — I(A) and =T: Z[M(1)] — I(M(1))

sending a to a — 14 and T to x — 1, allow to replace the functors Z[—] o Vp_aig
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and Z[—] o Vipreq with T and T o V2724 yesp. By Corollary 515 the functor PP

is polynomial of degree < n, hence ¢,: I — P? factors through t!: [ —T,I ,

whence =7 is well defined. To show that it has an inverse it suffices to show that

the map (1) annihilates I37'(A) = Y, . 7, (Z[P(m)] ® I(A)®™). For m > n con-
sider the multifunctor M,,: (P-Alg)™ — Ab defined by (Ay,...,A,) — Z[P(m)] ®
I(A) ® - -+ ® I(A,), which is multi-reduced. The morphism g,f,,: M,,A™ — P? fac-
tors through t,: M,,A™ — T,,(M,,A™) since P” is polynomial of degree < n, but
T,,(M,,A™) = 0 by Lemma 219, as desired. For = the same argument works. O

We now are ready to compare the functors PT for T being the theory of groups Gr
or of abelian groups Ab with the classical Passi functor of section B.1.1]

Proposition 5.17. There are natural isomorphisms
P, = T,(Z[-)oVg,) = P¥ and P, = T,(Z]-]oVa) = P
of functors from Gr to Ab and from Ab to Ab, respectively.

Proof. The right-hand isomorphisms (invoking P®" and PA?) were already established
in Theorem (.16l Now the left-hand isomorphisms are obtained in exactly same way,
based on the well known exact sequence (G*)*" — P,(G) — P, 1(G) — 0 (proved
exactly in the same way as sequence (5.I4.1))) and the fact that P;(G) = G for any
group G (see Proposition £.3), whence the functor P, from Gr and from Ab to Ab is
linear in each case. U

5.2. Polynomial maps on the morphism sets of a category. Let A be a small
additive category. In [22] the author defines a preadditive category P,.A in the following
way: the objects of P,.A are those of A and Homp, 4(A, B) = P,(Hom4(A, B)). The
importance of this category lies on the following Proposition.

Proposition 5.18. [22] Let A be a small additive category. Then:
Pol,(A, Ab) ~ Lin(P,A, Ab).

In the next section, we extend this result from A to any category C having a null
object and finite sums (and from Ab to any abelian category).

In order to define a suitable analogue of the category P,C in this context we need to
define polynomial maps on the set of morphisms of C. We prove in Proposition
that for A a small additive category this definition is equivalent with the definition of
Passi polynomial maps.

Let C be a category having a null object and finite sums, and let n > 1.

Definition 5.19. Let X, Y be objects in C, A be an abelian group and ¢: Home(X,Y) —
A be a normalized function, i.e. p(0) = 0. We say that ¢ is polynomial of de-
gree < n if its Z-linear extension p: USL(Y) — A factors through the quotient map

tn: US(Y) — T,US(Y).

It is clear from the definition that the map #/,: Home(X,Y) — T,US(Y), t.(f) =
tn(f), is the universal polynomial map of degree < n on Home(X,Y).

Remark 5.20. The previous definition generalizes the definition of quadratic maps from
morphism sets of C to abelian groups given in [I4] section 2.3.

Proposition 5.21. There ezists a preadditive category T, Z[C] with the same objects as C
whose morphism sets are given by Homy, 7i¢/(X,Y) = T, US(Y) and whose composition

satisfies thgot,f =t,(go f).
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Proof. Consider the homomorphism v: US(Z) ® U$(Y) — U$(Z) defined by v(g ®
f) =go ffor g € Homp(Y,Z), f € Homp(X,Y). We must show that ¢, o~ factors

through t, ®t,: US(Z) @ US(Y) — T,,US(Z) @ T,,US(Y) . First note that a map

f € Homp(X,Y) induces a natural transformation f*: US — U$ and hence another
natural transformation T,,(f*): T,,US — T,,U$. Now consider the following diagram

Uy(2) @ T,US(Y) —— T,U%(2)

N
1®tnT tn

US(Z) @ UL(Y) —— US(2)

th)l\L tn\L
\4

T, US(Z) @ US(Y) —2= T, U$(Z)

where a(g ® t,f) = T,US(9)(tuf) = ta(gf) and b(tng @ f) = Tu(f*)(tag) = ta(gf). As
the diagram commutes we have Ker(1®t,,) C Ker(t,v) D Ker(t,®1); but Ker(t,®t,) =

Ker(1®t,)+ Ker(t, ® 1) by right-exactness of the tensor product, so ¢,y indeed factors
through ¢, ® t,,, as desired. O

We now exhibit a first case where the category T,Z[C] can be described in terms of
the Passi functor P,; we generalize this to P-algebras in the next section.

Proposition 5.22. Suppose that C is an additive category. Then for X,Y € C there is
an isomorphism T,U%(Y) = P,(Home(X,Y)) natural in Y.

Proof. The functor U$ factors as %OmC(X’_Ab T Set, 2] Ab . Thus

T,((Z[=] 0 Vap) o Home (X, —))

T,(To(Z[~] 0 Viap) o Home(X, —)) by Lemma 218
T,,(Z[~] 0 Vs3) o Home (X, —) by Proposition
P, o Hom¢(X,—) by Proposition 5.17

T,U%

e 1l

l12

g

5.3. Characterization of polynomial functors. Polynomial maps on the set of mor-
phisms allow to characterize polynomial functors on pointed categories with finite sums,
in terms of their effect on morphisms instead of their effect on objects which is used to
define polynomiality of functors. Actually Theorem [5.23] generalizes the corresponding
one for polynomial functors between abelian categories due to Eilenberg and MacLane
[9]. As a consequence of this Theorem we obtain a description of polynomial functors
on C in terms of additive functors on T, Z[C] extending Proposition 5.8l

Theorem 5.23. Let A be an abelian category and F: C — A be a reduced functor.
Then the following are equivalent:

(1) F is polynomial of degree < n.
(2) For all X,Y € C the map Fxy: Home(X,Y) — Hom(FX,FY), Fxy(f) =
F(f), is polynomial of degree < n.

If A= Ab, (1) and (2) are equivalent with

(3) Any natural transformation UG — F factors through t,: U — T, U$ , so if
C is small the map t*: Hom(T,,U$, F) — Hom(U$, F) is an isomorphism.

The proof of this theorem relies on the following lemma.
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Lemma 5.24. Let C —2> A—55 B be functors where A and B are abelian categories
and F' s reduced. Then:

(1) If G is additive there is a natural isomorphism G(F(Xi|...|Xn)) = (G o
F)(X1]...|Xm) form >2 and X,,...,X,, €C.

(2) Let A’ be a full subcategory of A containing all objects F(X1|...|Xp), m > 1
and X1, ..., X,, € C. If G is additive and faithful on A" then F' is polynomial of
degree < n iff Go F 1is.

Proof. Let X, Y € C. As F is reduced the exact sequence

LF ~
00— F(X|Y) X F(XVY) > F(X) & F(Y) —> 0

is split by the section (F(i2), F(i2)): F(X)® F(Y) — F(X VY). Whence the sequence
plit by 3), F (i3 q

G(ky) G(#F)
0—> G(F(X|Y)) —= (GF)(XVY) == G(F(X)® F(Y)) —> 0

is short exat since (G is additive. But the composite map

equals 797", whence G(F(X|Y)) & (GF)(X]|Y).

So we can assume that (1) holds by induction for m > 2. Then for X,..., X,,,1 €C
we have natural isomorphisms
G(F(X1] ... | Xms1)) G(F(Xy|.. | Xm-1]=)(Xm|Xms1)) by Definition
(Go F(X1].. .| Xm-1]=))(Xm|Xms1) by (1) in the case m = 2
(Go F)(Xi|...|Xm-1]=)(Xm|Xms1) by induction hypothesis
(G o F)(X|.. [ Xpir)
Now (2) follows from (1) and the fact that VA € A, G(A) = 0 iff G(14) = G(04) iff
14 = 04 since G is faithful. But the last equality is equivalent to A = 0. O

Proof of Theorem[5.23. Both (1) and (2) hold iff they hold for the restriction of F' to
any small full subcategory C’ closed under finite sums. So we can suppose that C is
small.

In a first step we suppose that A = Ab. We start by proving that here the state-
ments (1) and (2) are both equivalent with (3). Clearly (1) implies (3) since T, is
the left adjoint of the forgetful functor by Proposition .17 so let us prove the con-

111

I

verse. The Yoneda lemma provides an epimorphism of functors a: @yco B,cpyx US

— . But the restriction of a to any component U$ factors through T,,U$ by
hypothesis, hence a factors through G = @ . B, crx InUS. Noting that cr, G =
D P.cry a1 T,USG = 0, we conclude that G is polynomial of degree < n, and
hence so is its quotient F'.

Now let us prove the equivalence of (2) and (3). Recall that the Yoneda isomorphism

Vx: FX —5 Hom(U$, F) is given by the composite map

YV (2)y: US(Y) 25 Homuy(FX, FY) -2 FY
forx € FX andY € C, where ev, is the evaluation in . Now the map ev: Homa,(F X, FY)
— [Liepx FY such that pryev = ev, is injective, whence assertion (2) is equivalent with
saying that for all X|Y € C and x € FX the map Vx(z)y = ev,Fxy factors through
(t)y: USL(Y) — T,U$(Y). But this means that for all X € C and x € FX the
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natural transformation Yy (x) factors through ¢,, or equivalently, that every natural
transformation from U$ to F' factors through ¢,, as claimed.

Now suppose that A is an arbitrary abelian category. In order to reduce A to a small
subcategory, we consider the set of objects:

o= J{FX|. . |Xn)IX1,... X, € CY

m>1

and the full subcategory A" of A with objects in O. Consider the additive functor
G: A = [[4co Ab such that pryA oG = Homu(A, —). Then G is faithful on A’ since
a non-trivial map a: A — B in A’ is detected by the functor Homy4 (A, —). Thus
by Lemma (.24 (2) F' is polynomial of degree < n iff G o F' is, which means that
FA = Homy(A,—) o F: C — Ab is polynomial of degree < n for all A € O since
cross-effects of G o I’ are formed factorwise.

On the other hand, let X,Y € C. Then the map F’xy is polynomial of degree < n iff

Fyy (Ker(t,)) = 0 iff Grox py Fxy (Ker(t,)) = 0 iff for all A € O, Fy (Ker(t,)) = 0 iff
for all A € O, the map F)f(‘,y is polynomial of degree < n. But by the case A = Ab, the

functor F'4 is polynomial of degree < n iff the map F f(‘y is polynomial of degree < n
for all X,Y € C, whence (1) < (2), as desired. O

Note that there exists a functor
t,: C — T,Z[C]
such that ¢,(X) = X and ¢,(f) = t,,f. Theorem £.23 provides the following:

Corollary 5.25. For any abelian category A the functor t,, induces an isomorphism of
categories

t,": Add(T,Z[C], A) — Pol,(C, A).

Remark 5.26. Remark that strict polynomial functors of degree < n are defined in the
same spirit, namely to be additive functors on a category I',C, formed by replacing
morphism sets in an additive category C enriched in K-modules by their images under
the functor T, (see [25]).

5.4. Description of T,Z[P-alg] in terms of the generalized Passi functor. We
now show that for “good” operads P and algebraic theories T, the category T},Z[C] for
C being the category of finitely generated free P-algebras or T-models can be described
in terms of the functors P” or PT, respectively. But this description is only available if
cartesian products of P-algebras can be decomposed in terms of P-algebra operations,
as follows.

Let m > 1 and A4, ..., A, be P-algebras. For 1 <k <mleti;: Ay — A1 x...x A4,
be the canonical injection, i.e. i (a) = (a, 14,,...,14,,) etc. Note that i; is a P-algebra

map since P(0) = {0p}.

Lemma 5.27. Suppose that P(2) contains an element 0y for which Op is a unit, i.e.
v2:1.0(02; 1p,0p) = 1p = 72.01(02; 0p, 1p). Then there exists an operation 6, € P(m)
such that (ay, ..., am) = Op(ifay, ... 05 ay) for (a1, ... an) € A X ... X Apy,.

Proof. By induction on m; the case m = 1 is clear by taking 6; = 1p, and for
m = 2, we indeed have (ay,as) = (02(a1, 1a,),02(1a,,a2)) = 02((a1,14,), (14,,a2)) =
05 (i1 ay, 15 az). Suppose that the assertion holds for m — 1, m > 3. Writing I°: A; X
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X A1 — Ay X ... x A, for the canonical injection we have

(al,...,am) = 92 le(afla---aa'm—l)a'i;;am)
- X

(
= O([{Om—_1(i7a1,... 100 1Qm_1),iram) by induction hypothesis
(

Os (01 L1 (05 ar, ...y i 1Gm_1),inay) since I is a P-algebra map
92(9m 1(’&?(11, e ,Z;;L 1Am— 1), Z;;L(lm)
= 72771 11(8270771 17177)( ala"'a'é;;a'm)-
Hence the assertion also holds for m with 6,, = va.m—1.1(02, 0m—1, 1p). O

In the sequel, it will be convenient to replace the category Free(P) by F(P), see
Remark [[L2l The coproducts in Free(P) and in T-Mod are given by: k11[ =k + 1.
We also need the following elementary observation.

Proposition 5.28. For m > 1 the functor Homp_ui,(Fp(m), —) naturally takes val-
ues in the category of P-algebras such that for a P-algebra A the natural bijection
ev: Homp_ a1y (Fpaig(m), A) — A™, ev(f) = (f(1),..., f(m)), is an isomorphism of
P-algebras.

Proof. Let k > 0, 6 € P(k) and f1,..., fr € Homp_a19(Fpaiy(m), A). As m is a basis
of Fp_aig(m) we may define (fi,..., fi) to be the unique map such that for ¢ € m,

O(fr, -5 ) (@) = 0(F1(0), .-, fiu(D) - D

Theorem 5.29. Suppose that P(2) contains an element Oy for which Op is a unit, and
the same for Pr. Then for m > 1 there are isomorphisms of functors

UP -Alg =~ Pf o Homp_Alg<FP<m>7 _)

Fp(m)
on P-Alg and

TUF ) = P, o Homy_pea(Fr(m), —)
on T-Mod.

Proof. We have

TUZ, vy = Tn((Z[=] 0 Vpay) o Homp.a1y(Fp(m), —)) by definition of U
= T, (TW(Z]-] 0 Vp.ay) o Homp_ay(Fp(m), —)) by Lemma
= T, (P} oHomp.y(Fp(m),—)) by Theorem 5.16

So it suffices to show that the composite functor P”oHomp_yy,(Fp(m), —) is polynomial
of degree < n. By the same argument as in the proof of Proposition it suffices
to prove this in the case n = 1. First observe that by combining Lemma with
Lemma we have Pl (A™) = Y7 PP(i )Pl (A). Moreover, for Ay, Ay € P-Alg

the following diagram commutes for [ = 1, 2:

A — S A VA,

- X - X
\le \le

(A 205 (A v A
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Combining these observations with Proposition [5.28 and the fact that P[] is linear by
Lemma (.13, we obtain

PPAVBY™) = 3 PP()PP(ALV Ay)

= Y PP(i3) (PP (i) PP (Ay) + PP (i) PY (Ay))  since PP is linear
k=1

= 2 (S ) + P (S era)
k=1 k=1
= PP((0)™)PF((A)™) + P ((i2)™) P ((A)™).
Thus the section (P} ((i1)™), PF((i2)™)): PP ((A)™) @ PF((A3)™) — PFP((A; Vv Ay)™)
of #P is surjective, hence an isomorphism. Consequently the functor A — PP(A™) is
linear, as desired. The same proof works in the case of T-algebras. O

In order to compute T, Z[F(P)] and T,,Z[F(T)] we need the following definition.

Definition 5.30. The category PP F(P) is defined as follows: the objects are the sets
m, m > 0, the morphism sets are Hompp zp)(k, 1) = PT (Homzp)(Fp(k), Fp(l))), and
the composition satisfies pp(g)opn(f) = pn(go f). The latter identity means that there is
a functor p”: F(P) — P} F(P) which is the identity on objects and sends a morphism
fin F(P) to pn(f)-

The category PYF(T) is defined in an analogous way.
Corollary 5.31. For P as in Theorem the category T, Z|F (P)] is isomorphic to
the category PT F(P).

Similarly, for T as in Theorem the category T,Z|F(T)] is isomorphic to the
category P F(T). O

Finally we wish to compare the categories P**mon and P®"gr. For this we still
need the well known fact that the functor g preserves finite products. To make this
precise let My, ..., M,, be monoids. As g is left adjoint to U the monoid morphism
Nar =Ny X o X Mg, - My X oo x My, — g(My) X ... x g(M,,) induces a unique group
homomorphism 7y : g(My X ... x My,) — g(M;y) x ... x g(M,,). Then:

Proposition 5.32. The map 0y is an isomorphism.

Theorem 5.33. The functor g: mon — gr induces an isomorphism of preadditive
categories Po,g: P*mon — P®"gr such that P,g o ]_9;;‘8 = BST og.

Proof. First of all, we may replace both of the functors PA* and PS" in the definition of
the categories P*mon and PS"gr by Passi’s functor P,, according to Example 5.8 and
Proposition 5.17 we denote the resulting categories by P,mon and P,gr. In the sequel
we freely use the basic fact that by definition P, (G) = P,(U(G)) for any group G.

Now let k,1 > 1 and consider the following diagram of plain arrows where the map 7/)7“
renders the left-hand triangle commutative and is an isomorphism by Proposition (.32l

Frton()F <2— mon(k, 1) === P,(mon(k, 1))

g(Frron(D)¥) n* Bkl Palgey)

—

%

&(Frron(l))* <=— gr(k, 1) —— Py(gr(k,1))
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The left-hand square commutes since for f € mon(k,l) and i € k, prion®oev(f) = nf(i)
while
pricevogy(f) = g(f)()
= &(/)n0)
= n(f(7)) by naturality of 7.

It follows that the map gj; is a morphism of monoids since ev and n* are. Applying
the functor P, we deduce that the dotted arrow P,(g,;) exists, is a homomorphism
of abelian groups and renders the right-hand square commutative. We claim that
P,g: P,mon — P,gr defined by P,g(m) = m and (P,g)r; = P.(gk:) is an isomor-

phism of additive categories. To show that P,g is a functor let k $ l LN m . Then

Pn(g&m) (Pn(g) opu(f)) = Pn(g&m)(pn(gf)) by definition of P,mon
= DPn(8em(9f)) Dy definition of P (gkm)
= Dn(8m(9) o 8ry(f)) since g is a functor
= Pn(8Lm(9)) © Pu(gri(f)) by definition of F,gr
= Pu(8um)(Pn(9)) © Pu(gr) (Pn(f))

It follows that P,g is a functor since the composition in P,mon and P,gr is bilinear
and P,(mon(k,l)) is generated by the elements p,(f), f € mon(k,1).

It remains to prove that P,(gy,) is an isomorphism for all k£,1 > 1. To see this apply
the functor P, to the left-hand triangle and square of the above diagram: as P,(n) is
an isomorphism by Lemma [5.5] so is P,(n*) and hence P,(gy.;)- O

We now can state the main application of the results of this section:
Corollary 5.34. There is an isomorphism of categories Pol,(gr, Ab) = Pol,(mon, Ab).
Proof. We have:
Pol,(gr, Ab) = Add(T,Z[gr], Ab) = Add(PS"gr, Ab) = Add(P:*mon, Ab)
>~ Add(T,Z[mon], Ab) = Pol,(mon, Ab)

where the first and fifth equivalences follow from Corollary [5.25] the second and fourth
equivalences follow from Corollary £.3T] and the third equivalence is given by Theorem

B.33 O
6. APPLICATION: POLYNOMIAL FUNCTORS FROM ABELIAN GROUPS AND FROM
GROUPS

In this section we apply Theorem [Tl and results of section [ to the cases P = Com
and P = As. In the first case we recover the results of [2].

6.1. Polynomial functors from abelian groups. Applying Theorem [4.1] for P =
Com we obtain a natural equivalence of categories

Func(Free(Com), Ab) ~ PMack(Q(Com), Ab).
Since Q(Com) = Q by Example and Free(Com) = common by [L3] we obtain:
(6.0.1) Func(common, Ab) ~ PMack(), Ab)
which is the Theorem 0.2 of [2]. Furthermore, we have:

Theorem 6.1 ([2] section 8). Let n € N, there is an equivalence of categories
Pol,(common, Ab) ~ Pol,(ab, Ab).
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This theorem is generalized to the non-commutative setting in Corollary £.34l In the
sequel, we briefly recall the proof of Theorem sketched in [2] in order to explain
clearly why it can’t be adapted to the non-commutative setting.

The proof sketched in [2] consists in constructing a functor:

— @ Pol,(common, Ab) — Pol,,(ab, Ab)

which induces an equivalence of categories. A crucial tool in defining — is Lemma
8.1 in [2] asserting the equivalence between polynomial maps of degree < n from a
commutative monoid M to an abelian group A and polynomial maps of degree < n from
the commutative group gr(M) to A where gr is the group completion. (We generalize
this result to the non-commutative setting in Proposition [5.4]).

For F € Pol,(common, Ab) the functor E' : ab — Ab is obtained in the following way:

e For n € ab, F(n) = F(n);

e for the morphisms: the map ¢ : Homg(l,m) — Homu(F(1), F(m)) is the
unique polynomial map of degree n corresponding, by Lemma 8.1 in [2] to the
polynomial map of degree n: Homommon(l,m) — Homay(F(1), F(m)) given by
the polynomiality of the functor F;

e to prove that F' is a functor we have to prove the commutativity of the following
diagram:

Homg(l,m) x Homg,(m, k) e Homp(F (1), F(m)) x Homap(F(m), F(k))

o e

]?OTTlab(é7 E) HomAb<F(D7 F<E))

¥

In this diagram the composition map ¢ is bilinear since we are in the commuta-
tive case. By composition, ¥o¢ is bipolynomial of degree n in each variable. This
map corresponds to the unique bipolynomial map of degree n in each variable
associated to the map sending (f, ) € HomMeommon (L, m) X HoMcommon(m, k) to
F(go f), by Lemma 8.1 in [2]. The other composition is also bipolynomial of
degree n in each variable and corresponds, by Lemma 8.1 in [2] to the unique
bipolynomial map of degree n in each variable associated to the map sending
(f,g) to F(g) o F(f). Since F is a functor we deduce that F is a functor.

In the case of non-commutative monoids and non-commutative groups, the map corre-

sponding to ¢ in the previous diagram is no more bilinear (in fact we have f(g+ ¢') =
fg + fg’ but in general (f + f')g # fg + f'g). Consequently the composition ¢, a
priori, has no reason to be bipolynomial of degree n in each variable and we can’t prove
as above that a similar extension to gr of a functor from mon indeed defines a functor
from gr to Ab.

We deduce from (6.0.1)) and Theorem
Theorem 6.2 ([2] Theorem 6.1). Let n € N, there is an equivalence of categories
Pol,(ab, Ab) ~ (PMack(S2, Ab)) <y,

where (PMack(S2, Ab))<,, is the full subcategory of PMack(Q2, Ab) having as objects the
functors which vanish on the sets X such that | X |> n and on 0.

6.2. Polynomial functors from groups. Applying Theorem 1] for P = As we
obtain a natural equivalence of categories

Func(Free(As), Ab) ~ PMack(2(As), Ab).
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Since Free(As) = mon by [L3] we obtain:
Func(mon, Ab) ~ PMack((As), Ab).
By Corollary 5.34] we obtain.

Theorem 6.3. Let n € N, there is an equivalence of categories
Pol,(gr, Ab) ~ (PMack(2(As), Ab)) <,

where (PMack($2(As), Ab))<y is the full subcategory of PMack($2(As), Ab) having as
objects the functors which vanish on 0 and on the sets m such that m > n.

7. PRESENTATION OF POLYNOMIAL FUNCTORS

The aim of this section is to give a presentation of polynomial functors from Free(P)
to Ab in terms of minimal data.
First we give the generators of the category Q(P)s.

7.1. Generators of Q(P).

7.1.1. Horizontal maps. Since (Q(P)2)" = Q, the horizontal generators of Q(P), are
given in [2].
For all 7+ € N such that 1 <4 < n we consider:
e s!' :n — n — 1 the unique surjection preserving the natural order and such that:

sp(i) =si(i+1) =1
e 7' : n — n the transposition of &,, which exchanges 7 and 7 + 1.

Lemma 7.1 (Lemme 9.5 in [2]). The category 2 is generated by {s?, 7" | 1 <i<n}
submitted to the relations of the symmetric group G,, and to the following conditions:

(1) s?_ls? = s?__lls? fori <y
(2) si7)" = 7
siTp fork<j—1
nton_ ) SiaTiTiy fork=j—1
(3) T Sj - n n-n f k=1
SiaTi T, for k=

$iTiy, for k> 7.

7.1.2. Vertical maps. We have (Q(P)a)" = Q(P).
For all kK € N such that 1 < k < n and for all # € N such that 1 < ¢ <n —k we

consider:

° s?’"ik : n — n — k the unique surjection preserving the natural order and such

that:
sty = s M+ ) = o= s i k) =

Vw € P(k + 1) we obtain a morphism in Q(P):

(sn’"*k, (1;@_1), w, 1;(n_k_i))) n—n—k;

(2

in the sequel, this morphism will be denoted by (s?’"_k, w) for simplicity;

o (17,157 € P(1)*™) : n — n where 7" is the transposition of &,, which exchanges
1 and 7 + 1;
e (Id,, (aq,...,0p)) :n— n where Vi € {1,...,n}, oy € P(1).
Lemma 7.2. The category Q(P) is generated by the morphisms s/ ", w € P(k+1)),
(2, 15" € P(1)*™) and (Idy, (ou, ..., an) € P(1)*") submitted to the relations of the
symmetric group &, and to the following conditions:

(1) (Idp, (w1, .- wn))Ldp, (01, ...y an)) = (Idy, (Y(w1, 1), -« o,y (wn, )
(2) (Idn, (w1, -, wn)) (7, 157) = (70, 15" (Id, (w1, -+ s Whe1, Wi 1, Why Whet 2, - - -5 Wh) )5
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(3) ( n—ky Wi, « -, Wn— k)(snn k7w) = (8?7nik7fy(wi7w))<ldn7wl7'"7wi71717>;(k+1)7wi+17"'
(4) ( . k )(Idn,W1,...,wn)

- ([dn ky Wiy ooy Wi 171P7w2+k+17" wn)<8nn F fy<w;wi7wi+17"'7wi+k>>
(5) (s} k"kpwEP(p+1))(""ka€P(k+1))

(PP (w0 15V 1P TN e Pk p+ 1)) fori<j<i+p

Chid )< ?Jz’lw) for j < i
(7P E P ) (st P W) for j > i+ p

S

(6) (r " 1,7 € P )(s7" T 0 € Plp+ 1)

J

(87" P a)(ry, 15") for k< j—1

_ (sj” hon ) (T 1) (T e 15T (T 1) (], 157) for k=5 — 1
(S]Jrl p7a)< ]n 1><7l)< ]+17 1><n> (T]n-i-p—h 1’;<3n)<7—]+p7 1><n) fOI' k = j
(87" P ) (i, 15")  for k> .

(7) (55" " e Plp+1))(7, 15" € P(1)™")

J

(7, 15" (87" P a) fork>j+p ork<j—1

B { (s P amp_jy) for j<kE<j+p—1
j

Remark: For k =7+ p and k= j — 1 there are no relation.

7.1.3. The role of the generators. The following proposition allows us to reduce the
number of conditions to be verified to prove that a Janus functor is a pseudo-Mackey
functor.

Proposition 7.3. , Let M be a Janus functor; M is a pseudo-Mackey functor iff
conditions (1) and (2) in Definition are satisfied for horizontal (resp. wvertical)
generators h (resp. (v,w?)) of QP)a.

The proof of this proposition relies on the following lemma which corresponds to

Lemma 9.2 in [2].

Lemma 7.4. Let M = (M,, M*) : Q(P)2 — Ab be a Janus functor. For two squares in

Q(P)2
A g1 B g2 C
| | |
(¢3,w?3) | I (¢2,w?2) | (¢1,w%1)
\% \ \%
D—F—F
f1 f2
if
M*(¢1,w")Mo(fo) = D Mi(gap) M ((d2,w) )
B’c Adm(B)
and
M* (o, w”)M (1) = > Mu(gra)M*((¢3,0%) )
A’e Adm(A)
then

M (¢, 0™ )M(foo )= Y Mil(g2001) ) M*((d3,0%) ).

A’e Adm(A)

7wnfk)
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For two squares in Q(P)y

A—2sB
| |
(¥1,w¥1) | | (f1,071)
\'2 \'2
| |
(2,w¥2) | | (p2,w?2)
\ \
G—>H
if
M*(¢1,w™ )M (f) = > Mi(ga)M*((¢1,0") )
Al Adm(A)
and
M*(¢2,w™)Mu(e) = D M(fp)M" (12, 0") )
D'€Adm(D)
then

M*((¢2,w?) (1, w™)) M. (e) =
A’€ Adm(A)

Proof. [2] We have:

M (61,0 )Mo (foofr) = (M*(¢r, 0™ )Mo (f2)) Mu(f1) = Y Mu(gap)
B'€ Adm(B)

Let

A 9g1a B

| |

(¢3,w®3) 4/ | | (¢2,w?2) g/
% %
D——F
f1

be the unique square of Q(P), associated to (f1, (¢2, w??)p) we have:

S Mlgep)M (6 ™)p)MR) = Y Mlms) Y.

> Mu(ga) M (12, 0" (thr, ")) ).

M*((¢2, w™) ) Me(f1)-

M*(glAu)M*(gbg, w¢3)A//

B’'€Adm(B)

B’'€Adm(B)

= > >

A€ Adm(A")

M, (9259140 )M* (3, w0 ) )

B’'€Adm(B) A" € Adm(A")

= > >

M. ((g2 © g1) ar) M (3, 0" ) ar)

B'€Adm(B) A" € Adm(A’)

= > Md(g2091)a)M*((¢3,w*) )

A€ Adm(A)

The proof of the second part of the lemma is similar.

U

Proof of Proposition[7.3. The proposition is a direct consequence of the previous lemma
applied to a decomposition of horizontal and vertical maps into a product of the gener-

ators.

t
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7.2. Presentation of polynomial functors. Let (M., M*) be a Janus functor Q(P)y —
Ab. We put:

Iy = M*(Idy,, (aq, ..., ) - M(n) — M(n)
T = M.(7') : M(n) — M(n)
P = M(s}?) : M(n) = M(n—1)

(2 3

H™™ P 9= M (™" 7P W) s M(n — p) = M(n) forwe P(p+1).

7

Proposition 7.5. Let M = (M,, M*) be a Janus functor Q(P)s — Ab, M is a pseudo-
Mackey functor iff the following relations are satisfied:

(7.5.1) " = (M*(r", 13")™" for 1 <i<n-—1;

(752) Isli,inan—lpin — Pinjfbél7-..,ai—17ai,ai,...,an fOl" 1 S Z S n;
n+k—1,n—1) a pn n n+kn) «

(7.5.3) H"* Vepr = ppkp i

for1<i<j<n, 1<k<n and a€ P(k+1);

(754) H](n-l—k—l,n—l) aPin — P]:L_:rzkH](n-l-k,n) @

for1<j<i<n, 1<k<n and a€ P(k+1);

(755> Hi(nJrk‘fl,nfl) apn _ PnJrkPnJrkJrl o Pin+2kM* (O')Hi(nJer’nJrk) aH(nJrk,n) @

7 i+k ©it+k—1 i+1
k+1
E § n-+k y > n+2k—pA
+ P’L+k PUBPUI P’L M*<O'ul+€1(k+1) _____ uﬁ+66(k+1)>
ps=1 i§u1<...<uﬁgi+k €1yenny 656]

H(n+2k—67n+k—51—...—5[3) V(w1 yeeey wk+1)H(n+k—e1—...—55,n) (oW sy 1)
7 i+1

for1<i<n, 1<k<n and a€P(k+1),
where J = {(e1,...,65) € {0, 1} | B—k <e+...+e5 <k}, forl e {l,.... k+1}:

wl:{ 0p forle{(1+e)(us—i+1),...,(1+es)(ug—i+1)}\{0}
1p otherwise

where T is the class modulo 2 of x and
;o Op fOI‘lE{€1<U1—i+1),...,€5<U5—i+1)}\{0}
“I' =\ 1p otherwise
P
o is the permutation of n + 2k letters such that Supp(c) = {i+1,...,i+ 2k} and for
I'={iyi+1,...,01+ 2k, i+ 2k + 1} we have:

(i i+l i42 . ik i+k+1 i+k+2 . i4+2k+1
TI=\i 442 i4+4 ... i+2% i+1 i+3 ... i42%4+1)

.....

( wtealk+1) ) ( uz + ek +1) ) ( ug + es(k +1) ) and reindexing in order

to have a permutation of n + 2k — 5.
Remark 7.6. In the last family of equations we take the convention that

Xp—1 Xm—p
15 y w, 1p

ngm’m) © =1, for 1 <p<mandw e P(1).
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Remark 7.7. The last family of equations which decomposes Hf“kilﬁ*l) “P" as a sum
of (3¥+1 — 2)-terms is the generalization of the equation (M4) in Proposition 9.6 in [2],
which decomposes H"P/" as a sum of 7-terms. In fact, in [2], we have k = 1. Tt is a
consequence of the fact that Com is an operad generated by Com/(2) which is a situation

studied in the next section.

Proof of Proposition[7.5. According Proposition [7.3] it is sufficient to verify conditions
(1) and (2) in Definition on horizontal and vertical generators.

According Lemma [[:220, double isomorphisms in Q(P), are pairs (f, (f,15")) where
f is an isomorphism of n. Condition (1) in Definition applied to the double iso-
morphism (77*, (7%, 15")) becomes

(7.7.1) T = (M (7, 15)

Condition (1) in Definition applied to the double isomorphism (Id,, (Id,, 15"))
gives the condition:

17 = T

which is a consequence of ((Z.7.1]) since:

1Pt = M (T, 1E7) = M (77, LM (57 157) = M) M)~ = (M)~ = Ty,

)

For condition (2) in Definition [[.28, we consider the pairs (h,v) of horizontal and
vertical generators of Q(P), having the same target and the corresponding unique square
in Q(P)Q

o Let (f,wf) :n+p— n (for p € N) be a vertical generator of Q(P),. The pair
(h,v) = (77, (f,w”)) corresponds to the unique square in Q(P),:

n+p$n+p
| I
(Fw) ] | (Fw)
\4 \4
n—- —>n

n
7

where ¢ is a bijection. This square is equivalent, up to double isomorphisms, to
the square:

n+p$n+p

\
(7 15" )o(fw)

We have Adm(D) = {n + p}. So, in this case condition (2) in Definition
becomes:

(7.7.2) M*«Tina 1;") o (f’ wf)) _ M*«f, wf) o <gfl7 1;(n+p)))_

By Lemma [[.2]] the square associated to the pair (Id, (77*,15") o (f,w’)) is
unique up to double isomorphism so we have the following equality of vertical
maps in Q(P),:

(f,wf) o (g7 1 150y = (71, 157) o (f, w).

We deduce that relation (T.7.2)) is a consequence of the functoriality of M*.
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e The pair (h,v) = (s, (Id,_1, (1, ..., a,_1))) corresponds to the unique square
in (Q(P))Q
st

n—-sn-—1

I [
D= (Idn,(al,...,ai_l,ai,ai,aiﬂ,...,an,l)) I [ (Idn—l7(a17~~~7a1717ahai+17~~~7an—1))

v
ﬁ% n—1

n
Si

We have Adm(D) = {n}. So, in this case condition (2) in Definition
becomes:

Ialyinan—l Pn — Pnjoq,...,ai_l,ai,ai,...,an
n— 7 1 n

e The pair (h,v) = (s" (r 1 1p")) corresponds to the unique square in (Q(P)),:

i \"j

k
n—sn-—1
\ \
(g,15™) | | (7 1pm)
v v
n—sn-—1

where ¢ is a bijection. This square is equivalent, up to double isomorphisms, to
the square:

kog_1
n—-sn-—1
I |
D= (Id,15™) | | (Id,1p™)
v v
n—-sn—1.
Tj"_los?

Using a similar argument that for the pair (7, (f,w’)) we deduce that the rela-
tion obtained from this diagram is a consequence of the functoriality of M.,.
e Fori < j, the pair (h,v) = (s, (S;M_l’"_l, a)) corresponds to the unique square
in (QP))a:
n+k
ntk—sntk—1
! !

D= (ma (7R )
v v
n———>n-—1

83

We have Adm(D) = {n+ k}. So, in this case condition (2) in Definition

becomes:
(n+k—1,n—1) a pn __ pn+k rr(ntkn) o
H PP = pPreg

e Fori > j, the pair (h,v) = (s, (s?+k_1’"_1, a)) corresponds to the unique square
in (Q(P))Q
Sn-Hc
k41
n+k—sn+k—-1
| |
'D = (S;L-i»k’n,a) | | (S;L+k—1,n—l7a)

v v
n————n-—1

n
Si

We have Adm(D) = {n+ k}. So, in this case condition (2) in Definition
becomes:

(n+k—1,n—1) a pn _ pn+k ry(nt+kn) o
H Pr = PrH]
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n (Sﬂ+k—1,n—1

e For i = j, the pair (h,v) = (s?, (s; ,av)) corresponds to the unique square

in (2(P))a:
n + 2k 2o + k-1
| |
D= P N CA)

v

n———>n= 1
where

pi = (i a) (PR )

and

_ nt+kn+tk—1 nt+k—1n+k—2 n+2k—1,n+2k—2 n+2kn+2k—1

where o is the permutation of n+2k letters such that Supp(c) = {i+1, ..., i+2k}
and for I = {i,i+1,...,1+ 2k, i+ 2k + 1} we have:

(41 i+2 .0 a4k i+ k+1 i+kE+2 L0 142041

TI=N\i i+2 i+4 . ik2k i+l i3 . i 2k+1)
In the square D we have:
n+ 2k~ {(1,1),...,(i—1,i=1), (i,4), (i,i+1),. .., (i,i+k), (i+1,4), (i+1,i+1),. .., (i+1,i+k),
(i4+2,i+k+1),G0+3,i+k+2),....,(n,n+k—1)}

so we have Card(Adm(D)) = S (k;rl) k1=l 9 = 3kl _ 2,

There are 2(k+ 1) D—admissible subsets of n + 2k having n+ 2k — 1 elements
which are:

APy =y ok — {i+p} forpe{0,...,2k+1}.
For p € {0,...,k}, we have:

- n+k,n n+2k—1,n+k L1 XDp Xk—p
p1|A{i+P} - (Si-l—l 7a) (Si 77((1’ 173 70737 173 ))
with the convention that (s]"™,w) = (Idy,, (15" w, 13™7")) for 1 <i < m and
w € P(1) and
C_ ontkatk—1 n42k—(p+1)n+2k—(p+2) n+2k—pnt2k—(p+1)  n+2kn+2k—1
p2|A{1+P} - 8i+k c e Oitptl itp—1 S Sy Op

where o, is the permutation of n 4 2k — 1 letters obtained from ¢ removing the

+p

columns in 0|; and reindexing.

Forpe{k+1,...,2k+ 1}, we have:

7 n+tk—1n .1 xp—(k+1) x2k+1—p n+2k—1,n+k—1
DP1jatitey = <5i+1 ;v (a; 1p ,0p, 15 ))(s; , Q)

with the convention that (s[}]",w) = (Idy, (15',w, 15" 1)) for 1 <i < m and
w € P(1) and

) _ n+kntk-—1 n+2k—(p+1),n+2k—(p+2) n+2k—pn+2k—(p+1) n+2k,n+2k—1
pQ‘A{Z-H)}l — Si—l—k; c o Oi4ptl itp—1 e Si O'p

where 0, is the permutation of n + 2k — 1 letters obtained from o removing the

+p

column in 0|; and reindexing.

More generally, for g € {1,...,k+ 1}, {uy,...,ug} C {i,...,i+ k} such that
i<u <...<ug<i+kandt e J={(e,...,e5) € {0,1}*F | B -k <
€1+ ...+ ez < k} we consider the set:

U' ={(i+e€,u), (i +e€,u2),...,(0+€p,up)}.
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Therefore, for 5 < k (resp. § = k + 1) there are (k;l)Qﬁ (resp. 28+ — 92)
D-admissible subsets of n + 2k having n + 2k — 3 elements which are

AV =n 4+ 2k — U

We have:
prae = (57 0swh )R g, wn)
with the convention that (s}, w) = (Idyp, (LY w, 15 7)) for 1 < j < m and
w € P(1) and
Pajave = s?:kk’"Jrk_l e Sup e Sup S?+2k7n+2k_10u1+51(k+1),...7u5+e/3(k+1)

where, for l € {1,...,k+ 1},

wl:{ 0p forle{(I+e)(uy—i+1),...,(1+es)(us—i+1)}\{0}
1p otherwise

where 7 is the class modulo 2 of z and

W — O'p fOI‘lE{€1<U1—i+1>,---766<u6_i+1)}\{0}
7)1 1p otherwise

and Oy, yey(k+1),...,ugtes(k+1) 18 the permutation of n+2k— f3 letters obtained from
o removing the columns ( ur+e(k+1) ) ( uz + € (k +1) ) o ( ug +eg(k+1) )

and reindexing in order to have a permutation of n + 2k — 5. So, in this case
condition (2) in Definition [L28 becomes:

(773) Hi(nJrkil’nil) apn _ pntkpntk+l Pl-n+2kM* <0_>Hi(n+2k,n+k) aH(nJrk,n) a

7 i+k T it+k—1 i+1
k+1
E E n+k y 3 n+2k—A
+ Pl'+k e PUB e Pu1 e ‘PZ M*(OU1+€1(k+1),...7U5+65(k+1))
B=1i<ui<...<ug<i+k €1,...,6gE€J

H(n+2k76,n+k7617...76ﬁ) 'y(a;wl,...,wk+1)H(n—i—k—q—...—q;,n) Y(osw? sy 1)
) i+1
[

7.3. Examples. In this section we present several applications of Proposition [T.5l We
give the presentation of polynomial functors from P — alg for an operad P generated
by binary operations and the presentation of linear and quadratic functors.

7.3.1. Presentation of polynomial functors from P — alg for an operad P generated by
binary operations. We suppose, in this section, that P is generated by binary operations.
For example, Com and As are such operads. In this case, we have to consider less
generators for Q(P). For all i € N such that 1 <i <n — 1 we consider:
o (Id,,an,...,a,) :n— n where Vi € {1,...,n}, oy € P(1).
) s?’"_l :n — n — 1 the unique surjection preserving the natural order and such
that:
@) = S (i 1) =
Vw € P(2) we obtain a morphism in Q(P):

(st hw)in—n— 1

e (17,15" € P(1)*™) : n — n where 7" is the transposition of &,, which exchanges
1 and ¢+ 1.
By an easy computation we obtain the following simplification of Proposition [.5
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Proposition 7.8. Let P be an operad generated by binary operations and M = (M., M*)
be a Janus functor Q(P)e — Ab, M is a pseudo-Mackey functor iff the following rela-
tions are satisfied:

(7.8.1) " = (M*(r", 13")~" for 1 <i <n;

(782) Isli,inan—lpin — Pinjfbél7-..,ai—17ai,ai,...,an fOl" 1 S Z S n;
(n,n—1) a pn _ pn+lrr(n+ln) o . . )

(7.8.3) H; P! = P Hj\ for1<i<j<n andaeP(2);
(n,n—1) a n _ pn+l (n+1,n) o . . )

(7.8.4) H; Pl =P H; for1<j<i<n andae€P(2);

(18.5) HOD Py = PR PRI @) ¢ prtige i o
"‘P{_L:EIHZ‘(nJan) «a + Pin+1Hi(—1:;r1,n) @ + PinJrlcrﬁlei(nJrl,n) «a

n Li;“‘”,v(a;lp,op),v(a;op,17:),1;("""” L Irllé“‘”w(a;op717>m(a;17>707>)71;(”‘i‘”
for 1 <i<n and aeP(2).
Remark 7.9. In this case, the last family of equations decomposes H. i(n’"_l)aPi” as a sum

of 7 terms. For P = Com, since Com(1) = Com(2) = 1 we recover the relation given in
[2]. For P = As, since As(1) = 1 the last family of equations becomes:

(7.9.1) Hi("’"fl) ‘P = ]Difjjlpi"Jr?Tiﬁ?Hi("ﬂL?v"Jrl) aHi(ﬁrl,n) ay P;riljvinHHi(zirl,n) a

P E e PP HT 4 PPTIA T Ty + T

for1<i<n and a€ As(2) = G,.
7.3.2. Presentation of linear functors.

Proposition 7.10. There is an equivalence of categories between Lin(Free(P), Ab) and
the category of diagrams:

P(1) x M,

!
M.
where
e M, is an abelian group;
o Vwe P(l); 1Y :=I.(w,—): Me — M, is a group morphism;
satisfying the following relations Yw € P(1),Vw' € P(1)
(1) I7 = Idus,;
(2) I¢1v = 1)
Proof. According Corollary [£9] Lin(Free(P), Ab) is naturally equivalent to the cate-
gory of pseudo-Mackey functors from 2(P) to Ab which have zero values on 0 and on sets
of cardinality > 1. So, it is sufficient to consider horizontal generator: Id : 1 — 1 and
vertical generators (Id,w € P(1)) : 1 — 1in Q(P)a. Let M = (M,, M*) : Q(P)y — Ab
be a Janus functor which has zero values on 0 and on sets of cardinality > 1. In the

statement we replace M (1) by M, and Iy by I¥ for w € P(1). M is a Janus functor iff
we have the following relations:

M*(Id, o) M*(Id,w) = M*((Id,w)(Id,o)) id.e. I¢1¥ =),
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M is a pseudo-Mackey functor iff
M*(Id,1p) = Id e I =1Idy.
(the other conditions obtained in Proposition are empty). O

Remark 7.11. Using the description of linear functors recalled in [14] we have: Lin(Free(P), Ab) ~

T'Uz, ) (Fp(1))-mod ~ Z[P(1)]-mod where Uz, 1) is the reduced projective functor as-
sociated to Fp(1). We verify easily that this description coincide with that given in the
last proposition.

7.3.3. Presentation of quadratic functors.

Proposition 7.12. There is an equivalence of categories between Quad(Free(P), Ab)
and the category of diagrams:

P(1) x P(1) X Mee P(1) x M.

o ‘|

Mee Me

P(2) x M,

where
e M, and M., are abelian groups;
o VweP(l); 1Y :=1I.(w,—): Me — M, is a group morphism;
e Vwe P(1),w € P(1); 1% := Lo(w,w', =) : My — M., is a group morphism;
o Vwe P(2); HY := H(w,—) : M. — M, is a group morphism;
o P and T are group morphisms;
satisfying the following relations ¥(w,w’, wy,w)) € P(1)*4, Va € P(2),Va' € P(2)
(1) T.T = Idyy,,;
) PT =P;
3) [ 1% = [,
4) [9# e Wi IV(M w),y(whw )’
) I99'T = TI9%;
) HO‘[‘” = H“/(wo‘)
) 199 He = HY(ews),
) TH“ H*T where 7 is the transposition of &y exchanging 1 and 2;
) T
) 1
)

( (7, (1p, 1p))) !

HO‘P _ [ge(a i1p,0p),7(s0p,1p) + T[ge(a;op,lv)ﬁ(a;lv,op).

(2
(
(
(
(
(
(
(
1

(
(11

Proof. According Corollary [L.9], Quad(Free(P), Ab) is naturally equivalent to the cat-
egory of pseudo-Mackey functors from Q(P) to Ab which have zero values on 0 and on
sets of cardinality > 2. So, it is sufficient to consider horizontal generators:

s%:Z—)l
7‘12:2—>2

and vertical generators

(Id,weP(1)):1 -1
(Id, (w,w') € P(1)*?) :
(sih,w e P(2):

(7'1,(173,]_73)) 2—>2



56 MANFRED HARTL &TEIMURAZ PIRASHVILI & CHRISTINE VESPA

in Q(P)y. Let M = (M., M*) : Q(P)2 — Ab be a Janus functor which has zero values
on 0 and on sets of cardinality > 2. In the statement we replace M (1) by M., M(2) by
M,., I¥ by I for w € P(1), I by I for w € P(1) and ' € P(1), H*Y* by H®
for w € P(2), P by P and T? by T.

The conditions given in Lemma [ Ilimply that M, is a covariant functor iff conditions
(@) and () in the statement are satisfied.

The conditions given in Lemma imply that M* is a contravariant functor iff
conditions (3), ), (@), @), (@) and (8) in the statement are satisfied.

The conditions given in Proposition imply that M is a pseudo-Mackey functor iff
conditions (@), (I0) and (III) are satisfied. O

In the particular case P(1) = {lp} we obtain the following simplification of the
previous proposition:

Corollary 7.13. For P an unitary set operad such that P(1) = {1p}, there is an
equivalence of categories between Quad(Free(P), Ab) and the category of diagrams:

M. ——— M,

T

P(2) x M,

where
e M, and M., are abelian groups;
o Vwe P(2); HY := H(w,—) : M. — M., is a group morphism;
e P is a group morphism;
satisfying the following relations Vo € P(2),Va/ € P(2)
(1) PH*P =2P;
(2) H*PH® = H® + H*™ where T is the transposition of Gy exchanging 1 and 2.
Proof. If P(1) = {1p} the conditions ([B]), @), (@), (@), (@) and ([I0) of the previous

proposition are trivial.

Condition (III) becomes T'= H*P — Idy,,. So, we deduce that T is determined by
the other data.

Condition (Z) becomes PH®P = 2P; condition (§) becomes H*PH® = H® + H*'"
where 7 is the transposition of &, exchanging 1 and 2 and condition () is a consequence

of condition (). O

For P = Com, since Com(2) = 1 we recover the equivalence between Quad(ab, Ab)
and quadratic Z-module obtained by Baues in [I]. Recall that a quadratic Z-module is
a diagram of abelian groups

YA VR Vi
satisfying PHP = 2P and HPH = 2H.
For P = As, since As(2) = &5 = {1, 7}, we have two group morphisms from M, to
M,.: H' and H™. Relation (1) in the corollary becomes:

(1-1) PH'P =2P
(1-2) PHTP =2P
and relation (2) becomes:
(2-1) H'PH'=H'+ H
(2-2) H™PH'=H'+H"
(2-3) H'PH  =H'+H"
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(2-4) H"PH™ = H'+ H".

We deduce from relation (2-1) that H™ is determined by the other data. Then conditions
(1-2),(2-2), (2-3) and (2-4) are consequences of relation (1-1)

So, we recover the equivalence between Quad(gr,Ab) and abelian square groups ob-

tained by Baues and Pirashvili in [3]. Recall that an abelian square group is a diagram
of abelian groups

M, o, B

satisfying PHP = 2P.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
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