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w-Operads of coendomorphisms and
fractal w-operads for higher structures

Camell Kachour

I dedicate this work to Michael Batanin.

Abstract. In this article we introduce the notion of Fractal w-operad emerg-
ing from a natural w-operad associated to any coglobular object in the cate-
gory of higher operads in Batanin’s sense, which in fact is a coendomorphism
w-operads. We have in mind coglobular object of higher operads which alge-
bras are kind of higher transformations. It follows that this natural w-operad
acts on the globular object associated to these higher transformations. To
construct the natural w-operad we introduce some general technology and give
meaning to saying an w-operad possesses the fractal property. If an w-operad
BY has this property then one can define a globular object of all higher B%-
transformations and show that the globular object has a B%-algebra struc-
ture.

1 Introduction

This article is the first in a series of three articles (see [14, 15]). Here we present a
notion of fractal property which may be possessed by an w-operad in the sense of
Batanin [2]. The property already exists in the simple case of the globular set of
globular sets (see [14]). Behind the technology of fractal w-operads of this article,
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we had in mind the desire to find an elegant way to prove and describe a globular
approach of the weak w-category of weak w-categories. Actually the article [15]
shows that the weak w-category of weak w-categories has a similar description up
to the contractibility of specific higher operads. These main ideas were exposed for
the first time in September 2010, in the Australian Category Seminar at Macquarie
University [11, 16].

The main result of this article can be summarized as follows. Let T-CAT,
be the category of T-categories over constant globular sets; in other words, it is
the category of coloured w-operads over constant globular sets (see Section 2.3
and Section 3). We start with the basic data of a coglobular object B} of w-
operads in T-CAT, equipped with a structure P. We say that the first w-operad
BY (the “0-step”) of this coglobular object B% has the fractal property, provided
there is a morphism of w-operads between BY and the corresponding w-operad
of coendomorphisms Coend(B},) associated to B}. If this is the case, then all
algebras for all w-operads B% (n € N) organise into a single algebra of BY.

The Batanin theory of higher operads which we describe in the first section
takes a large place of this article, and the new concept of fractal w-operad we
develop in Section 3, takes few pages compared to the first section where nothing
are new in it. However this first section is needed to fully understand the new
contributions of the Section 3, which is the core of our article. Applications of this
concept of fractal w-operad are given in the articles [14, 15].

Section 2 summarises Batanin’s theory of higher operads (see [2]) with the goal
of extracting Corollary 2.12, which is the basis for our article, and this corollary
is just a consequence of Proposition 7.2 in [2]. The material surrounding Corol-
lary 2.12 was described in [2]: globular categories, globular functors, monoidal glob-
ular categories (called M G-categories), monoidal globular functors (called M G-
functors), augmented monoidal globular categories (called AM G-categories), glob-
ular objects of a globular category, and so on. However we expose these concepts
using a more modern approach, essentially following Weber [23]. Then we explain in
detail the two most important M G-categories for Batanin’s theory of w-operads:
the MG-category Tree of trees and the MG-category Span of spans in Set (see
2.2), also described in modern terms by [3, 4, 22, 24]. In Section 2.3 we briefly
describe T-categories, where T is the monad for strict w-categories on globular
sets. T-categories are important for this article because we take the view that an
w-operad in the sense of Batanin is a T-category over the terminal globular set; see
Section 2.4.

In Section 3, we state the main result of the article. Using Corollary 2.12 men-
tioned above, to each coglobular object W* in T-CAT,, we associate its standard
action in T-CAT; which, roughly speaking, is a diagram in T-CAT; made of two
morphisms of w-operads. In particular each coglobular object W* shows us two
important w-operads: the w-operad WP (the “0O-step” of the coglobular object W*),
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and the associated w-operad
Coend(W) :== (HOM (W™, W) pen teTree

of its coendomorphisms. The w-operad W is fractal provided there exists a mor-
phism of w-operads from it to Coend(W).

The last section describes an important coglobular object in the category
T-Grp,. (see 2.3) which contains all combinatorics we need to build many kind
of higher transformations as described in [14]. This coglobular object is denoted
C*® and contains all kind of basic operations for higher transformations. It gen-
erates canonical standard actions which are useful in [14] for describing different
relevant fractal w-operads. The logical nature of this coglobular object C'® shows
quickly that the corresponding free generated operads have finite ranks. In the
article [15] we describe a very similar coglobular object which is more specifically
adapted for building higher operads for strict and weak higher transformations (see
also the last remark in the article [14]).

2 Batanin’s theory of w-Operads

Thoughout this paper, if C is a category then C(0) is the class of its objects (but we
often omit “0” when there is no confusion) and C(1) is the class of its morphisms.
The symbol := means “by definition is”. Also Set denotes the category of sets, and
SET denotes the category of large sets (for instance the proper class of ordinals is
an object of SET, but not in Set). Similarly Cat denotes the 2-category of small
categories, and CAT denotes the 2-category of categories.

The theory of higher operads was developed for the first time by Michael
Batanin in his seminal article [2]. What is more, he produced a theory of higher
operads in the general context of his monoidal globular categories.

In this section, we summarise the general approach of the theory of higher op-
erads of Michael Batanin, because it is in this general approach that the important
Corollary 2.12 was formulated. This corollary is the key result to develop the main
technology of this article. It is a result about the existence of the w-operad of
coendomorphisms which, as we will see, plays an important role for many kinds
of higher structure. A higher structure for us means a structure based on globular
sets. For instance, w-magmas are a basic example of such higher structure, but we
will consider also reflexive w-magmas as an other kind of higher structure, and also
other more complex higher structures such as the weak w-categories.

2.1 MG-categories and AM G-categories

A lot of material which surrounds Corollary 2.12 is described in [2]: globular cat-
egories, globular functors, monoidal globular categories (called M G-categories),
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monoidal globular functors (called M G-functors), augmented monoidal globular
categories (called AM G-categories), globular objects of a globular category, and so
on.

Definition 2.1. The globe category G is defined as follows. For each n € N, objects
of G are formal objects .. Morphisms of G are generated by the (formal) cosource

Sn+1

n —

and cotarget 7 ——=n + 1 such that we have the relations s?T1s? | = sntign |
tnt

and tp1n ) =7 tls | For each 0 < p < n, we put s := s os_jo..0osht!

and t; =1'_4o0 tz:é o0..0 tg'H

Definition 2.2. Starting with the globe category G above, we build the reflexive
globe category G, as follow. For each n € N we add in G the formal morphism

n
n+1

n+1 n such that 17, jos"™! =17 ot"™! = 1;. Foreach 0 < p < n,
we put 12 := 1§+1 ) 121; o..oln"!

The category of globular sets is the category of presheaves w-Gr := [G°P; Set]
(see for example [2]), the category of large globular sets is the category of presheaves
w-GR := [G°P; SET], and the 2-category of globular categories is the 2-category of
prestacks GCAT := [G°P; CAT.

Definition 2.3. Consider the terminal globular category 1 and a globular category
C. A globular object (W,C) in C is a morphism 1 . ¢ in GCAT.

Let us put w-Grr := [G%; Set], the category of the reflexive globular sets (see
[21]). We have the adjunction

U AR :w-Grr w-Gr

and we write (R, 7, u) for the generated monad whose algebras are reflexive globular
sets. Objects of w-Grr are usually denoted by (G, (12)o<p<n)), where the operations
(12 )o<p<n form a chosen reflexive structure on the globular set G.

Let us denote by w-Cat the category of strict w-categories. The forgetful functor

w—Cath—Gr, which associates to any strict w-category C' its underlying
globular set U(C), is monadic. The corresponding adjunction generates a cartesian
monad T which is the monad of strict w-categories on globular sets.

Consider CATp,;;, the 2-category of categories with pullbacks, with morphisms
functors which preserve these pullbacks, and with 2-cells natural transformations
between these functors. The functor Cat(—) which associates to any object C in
CATpyy the 2-category Cat(C') of internal categories in it, is a 2-functor

Cat(—)

CATpun 2-CAT
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where 2-CAT denotes the 2-category of 2-categories. Thus for the case of the
monad T on w-Gr we can associate the 2-monad 7 = Cat(T) on GCAT.

Definition 2.4 ([23]). An MG-category is a normal pseudo T-algebra for the
2-monad 7 on GCAT, MG-functors are strong 7T-morphisms, and M G-natural
transformations are algebra 2-cells of 7. These data form the 2-category MGCAT
of M G-categories.

There is a coherence result in [2] that any M G-category is equivalent to a
strict M G-category (a strict MG-category is just an internal strict w-category
in CAT'). Because of this coherence theorem we will not mention explicitly the
coherence isomorphisms in the M G-categories which can be found in [2]. Also, the
2-category MGCAT has a cartesian monoidal structure, which allows us to make
the following definition.

Definition 2.5 ([23]). An AMG-category is a pseudo monoid in MGCAT. An
AM G-functor is an MG-functor f : A — A’ equipped with a strong monoidal
structure. An AMG-natural transformation ¢ : f = f’ is an MG-natural
transformation such that ¢ is a monoidal 2-cell. These data form the 2-category
AMGCAT of the AM G-categories.

2.2 Main examples of monoidal globular categories

Globular categories can be defined also as internal categories in w-Gr because of
the canonical isomorphism Cat(w-Gr) ~ [G°P; Cat]. We will use this presentation
to define the strict M G-category of n-trees as a discrete internal category

T(1) T(1) T(1)

This M G-category Tree has a canonical globular object given by the unit of T :
1——=Tree, 1(n) —— 1(n) , where 1 denotes the terminal globular category,

and 1(n)! denotes the n-linear tree. It is shown in [3, 4] that it has the following
universal property: if C is an MG-category and (C,W) is a globular object in
it, then there is a unique, up to isomorphism, M G-functor W(—) which makes
commutative the following triangle.

Tree

W)

l——=¢C
w

'which is denoted by U, in [2]
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Let us set up some notation. Tensors of the monoidal globular category of
n-trees are denoted by symbols ;.

*;} : Tree,, x Tree,, ——— > Tree,,
Tree,

Also an n-tree t is degenerate if it is of the form t = Z¥(#') where ¢’ is a k-tree such
that 0 < k < n. In [2] the author used the letter ”Z” to express the reflexivity of
an M G-category, but we prefer use the notation ”1” to express these reflexivities
for the specific case of n-trees, to emphasis that a degenerate tree t = 1% (¢') is also
an n-cell in the strict w-category T(1). For example, for the n-linear tree 1(n), the
(n+1)-tree t =172, 1 (1(n)) of T(1) is degenerate.

Each n-tree ¢t has a unique decomposition

L N o o L R L [(:¥)

o Tm

where for each 1 < j < m — 1, we have z; < kjq1 < ij41 and z; < kj < ij, and if

k; = i; by convention we put 1?; (1(k;)) = 1(k;). From this unique decomposition,
the n-tree ¢ can be represented by the matrix of numbers

i1 9 . . . tm1 im
/A A

which we call the Grothendieck notation for the n-tree ¢ (see [1, 9, 20]). Many
authors have given their own approach to n-trees (see for instance [2, 5, 8, 10, 19,
22]), and all these approaches are equivalent.

The second class of important examples of M G-category is given by the Span
and Cospan construction. For each n € N, consider the following formal partially
ordered set Oct(n).



w-Operads of coendomorphisms and fractal w-operads

71

Jr —
1 >< ®._1
Jr —
®n—2 2
v N
+ —
® ®

OJF%

Let Octt(n — 1) be the poset obtained from Oct(n) by removing e, _; and e,,.
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We obtain the following diagram in Cat

Oct™(n —1)
e
Oct(n —1) Oct(n)

such that functors i;7, i, are just canonical inclusions, and the functors e;” and e,

are obvious isomorphisms. Put s”_; =i oel and t"_; =i, oe,. The family of

™

functors Oct(n — 1) % Oct(n) (n > 1), defines an object of GCAT.
tn1

Furthermore, for any category C' € CAT, the category Span,,(C) := [Oct(n); C]

of functors into C is called the category of n-spans in C'. The previous functors

sp_, and ¢7'_; induce a family of functors

™

Span,,(C) % Span,_1(C)

n—1

(that we still denote by sI'_; and ¢7_; because there is no risk of confusion), which
defines an object of GCAT. Dually, for any category C € CAT, the category
Cospan,, (C) := [Oct(n)°P; C] of presheaves is called the category of n-cospans in
C'. The functors s _; and t!*_; between the Oct(n), also induce a family of functors

s

Cospany,(C) % Cospany,—1(C)

n—1

which is still an object of GCAT'. These two constructions are functorial and define
the Span and Cospan constructions

Span

CAT GCAT .

Cospan

The case of a category C with pullbacks is more interesting for the span
construction because the corresponding globular category Span(C) is canonically
equipped with an M G-structure. We have a dual result for categories with pushouts
and their cospans (see Example 7 of Section 3 in [2]). For example consider a cat-
egory C' with pushouts and the two 2-cospans  and y in C (x is the diagram on
the left).



w-Operads of coendomorphisms and fractal w-operads 73

A/A\ B/Bg\q
| >1 >

Ay Ay Ay Ay

The 1-cospans s?(z) and 3(y) are equal to the following 1-cospan

and x ®? y is given by the following 2-cospan in C.

A, U B

A+/ AT \B+
| T

A Ay

Consider the category CATp,sp of categories with pushouts and with mor-
phisms functors which preserve these pushouts. Dually consider the underlying
category of the 2-category CATp,;; introduced in Section 2.1. We have the follow-
ing diagram

(CATPush

Cospan

) GMCAT

%

CATpyy
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where (.)°P is the basic isomorphism of categories coming from duality, and where
the functors Cospan and Span are defined on morphisms to yield M G-functors
since the morphisms are functors preserving pushouts and pullbacks, respectively.

Remark 2.6. If CAT},;, denotes the category of categories with pullbacks and
initial objects, and morphisms functors which preserve pullbacks and initial objects,
and CAT},,,, denotes the category of categories with pushouts and initial objects,
and morphisms functors which preserve pushouts and initial objects, then we have
the following constructions

CAT;ush
w
()°r AMGCAT
Span
(CAT;‘ull

Now consider a category C' with pushouts and a globular object (C,W) in
Cospan(C), which is also a coglobular object in C. Thanks to the universality of

the map 1 ——= Tree above there exists a unique map

W(-) : Tree

Cospan(C) .

This map W(—) sends each n-tree ¢ to an n-coglobular object in C:

65 n—1 % n—2 62*1
W(t) — (WO IH. WB t T> WB t > Wc’)t ? Wt),
Kg K1 Fn—1

where the 9t denotes the truncation of the n-tree t at level k (1 <k <n—1). In
this n-coglobular object W (t), the term W' denotes the colimit in C of the diagram

Wi Wis Win-2 i
iy i ig Ko i 57:m,1
Wh Wim—1

coming from the Grothendieck presentation of the n-tree t.
Span = Span(Set) is an important M G-category. Examples of n-spans in
Set are given by the HOM construction defined as follows. For each globular
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category C € GCAT, and each pair of objects A, B € C,, we associate the n-span
HOM (A, B):

n n
Sn—1 \

HOM(A, B),_,

HOM(A,B)y_o i3 HOM(A, B),,_»
\ \
HOM(A, By, HOM(A, B),

0
HOM(A, B), % HOM(A, B),

in Set, having HOM (A, B),, := home, (A, B), and, forall0 < k < n, HOM (A, B), :=
home, (sp(A), sp(B)), where (Sljz+1)0<k<nfl and (t]]z+1)0<k<n71 are given by the
source and target functors of the globular category C.

Now consider a category C with pushouts and a globular object (C, W) in
Cospan(C). If t is an n-tree we can associate between W(1(n)) and W (t) €
Cospan(C), the n-span HOM (W (1(n)), W(t)), such that elements of the set
HOM (W (1(n)), W(t)), are diagrams of the form
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Wn—(k—l)

—_—
Fa k1)
n—(k—1
n—(k—1) || n—(k-1) k-1 k-1
S ,H\’""n—k i 5%, tTTngkt ¢

ank %ﬁk. Wakt

AA P AA

W "t
_—

T
1 1 hi gn—1, an—1;
3o | | ko 58 kg
fo

wo wo

£

which commute serially; that is:

® fnln_q = fn_ 15 fnkin_1 = “atfn 1

n—(k—1 k—1 n—(k—1 k—1y
e VISk<n—Lf_(_1)0n v = gkttfnkvn(km l(c = Ko fa

k—1 k 1 k—1 k—1
and fn—(lc—l)(snfl(c ) = gkt e f (k—1)Fn— ( = gkt AR

See also Paragraph 9.2 in [19].

Remark 2.7. Spans in sets can be seen in a conceptual way: In [22], Ross Street
has shown that objects of Span are internal sets in the petit topos w-Gr of globular
sets, and in [24] Mark Weber has shown that Span is a discrete opfibration classifier
in the 2-topos GCAT of globular categories.

We can summarise many constructions of this section with the following dia-
gram in 2-CAT
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CATusn d CAT
Cospan Cospan
-)er ()"
MGCAT : GCAT
Span Span
CAT,u k CAT

Recall that in this section we denote by 1 the terminal globular category, and
according to Definition 2.1 we denote the globe category by G.

Lemma 2.8. We have the following identifications
e (1| i) is the comma category of the globular objects 1 W ¢ such that
C € MGCAT,

e (1] ioCospan) is the comma category of the globular objects 1 W Cospan(C)
such that C' € CAT e,

e (G| j) is the comma category of the globular objects G Yo ¢ inC such
that C € CATpysn,

o We have the following isomorphisms of categories
(1] io0Cospan) —— (G | j) (1 io0Span) ——= (G°? | k) .

2.3 Digression on T-categories

Let us recall the approach to w-operads by Tom Leinster using T-categories? (see

his book [19]). We recall the notions of T-graph and T-category defined in [13, 19].

2For an arbitrary cartesian monad M on a category with pullbacks the notion of M-
category was first suggested by Albert Burroni in 1971; see [7].
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Consider the bicategory Span(T) as defined in Leinster’s book [19]. A T-graph
(C,d,c) is a diagram of w-Gr such as

T(G) =% C—~@

T-graphs are endomorphisms of Span(T) and they form a category T-Gr.

If we fix G € w-Gr(0), the endomorphisms on G in Span(T) form a subcategory
of T-Gr which is denoted T-Grg. The category T-Gr¢ is monoidal with tensor given
by:

(C,d,c) @ (C",d',¢) = (T(C) x1) C', u(G)T(d)mo, cmry),

and with unit given by I(G) = (G,n(G),1¢). The object I(G) is also an identity
morphism of Span(T). The globular set G is called the globular set of globular
arities, or the globular set of arities for short.

Remark 2.9. A p-cell of G is denoted by g(p) and this notation has the following
meaning. The symbol g indicates the ”colour”, and the symbol p records that g(p)
is a p-cell of G. This is useful because G has to be seen as an globular set even
though it is just a set.

A T-graph (C,d,¢) equipped with a morphism I(G) & (C,d,c) is called a
pointed T-graph. This means that one has a 2-cell I(G) 2 (C,d,¢) of Span(T)
such that dp = n(G) and ¢p = 1. A pointed T-graph is denoted by (C,d, ¢;p).
We define in a natural way the category T-Gr, of pointed T-graphs, and also
the category T-Gr, ¢ of G-pointed T-graphs; their morphisms keep pointing in an
obvious direction.

A constant globular set is an globular set G such that, for all n,m € N, we
have G(n) = G(m), and such that the source and target maps are identities. We
write w-Gr, for the corresponding category of constant globular sets. We write
T-Gr, for the subcategory of T-Gr consisting of T-graphs with underlying globular
sets of globular arity which are constant globular sets. We write T-Gr, . for the
subcategory of T-Gr, consisting of pointed T-graphs with underlying globular sets
of globular arity which are constant globular sets. Also, for a given G in w-Gr., we
write T-Grp . ¢ for the fiber subcategory in T-Gr ..

Definition 2.10. Counsider a T-graph (C,d,c). If k > 1, two k-cells z,y of C are
parallel if s¥ | (z) = sF_,(y) and if t§_ (x) =t _,(y). In that case we write z||y.

A T-category is a monad in the bicategory Span(T) or, equally, a monoid in the
monoidal category T-Grg (for a specific G). The category of T-categories will be
denoted by T-CAT, and that of T-categories over the same globular set of globular
arities G will be denoted by T-CAT¢. Specifically, a T-category (B,d,c;7y,p) €
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T-CAT is given by the morphism (B,d,c) ® (B,d,c) % (B, d,¢) of operadic com-
position and the operadic unit I(G) 2, (B,d, c), satisfying axioms of associativity
and unity that we can find in Leinster’s book [19]. Note that (B,d,c;~,p) has
(B,d, c;p) as natural underlying pointed T-graph. Algebras for a T-category are
just algebras for its underlying monad.

2.4 Endomorphism and coendomorphism w-operads

Let C € GCAT. Recall from [2] that the category of collections w-Coll(C) in C

has as objects globular functors Tree A . ¢ and as morphisms, globular natural
transformations between such globular functors. It is straightforward to see that
this defines a strict 2-functor Coll := Homgcar(Tree, —):

GCAT — o CAT

Theorem 6.1 of [2] gives criteria for finding many categories of collections with
monoidal structure. Colimits commuting with the monoidal structure of an AM G-
category are defined in Definition 5.3 of [2].

Theorem 2.11. If C is an AMG-category such that colimits in C commute with
its monoidal structure, then Coll(C) has a natural monoidal structure.

For our purpose the main example of such an AM G-category as in this theorem
is Span. The monoidal category Coll(Span) is equivalent to the monoidal category
T-Gr; of T-graphs over the terminal globular set 1 (see 2.3 and [19]). The category
of monoids in T-Gr; is denoted T-CAT7, and objects of this category are thus w-
operads of Batanin in Span. So in this article we see the w-operad K of Batanin?
as a specific T-category in T-CAT].

Now we are ready to express the main result of this section, which in fact is
just a corollary of Proposition 7.2 of [2].

Corollary 2.12. For each object (C,W) in (G | j) we can associate an w-operad
Coend(W) of coendomorphisms, given by the collection

Coend(W) := (HOM(W”,Wt))neN,teTree .

Also for each morphism

(C,w) —L= (", w)

3In the article [13, 15] we have prefered to denote it B2 to emphasise that it is the
first step of a sequence of higher operads: The higher operads B& (n > 1) of the weak
higher transformations. The letter “B” indicates “Batanin”, and the subscript C' means
contractible.
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in (G| j) we can associate a morphism

Coend(f)

Coend(W) Coend(W')

of w-operads. Furthermore this construction is functorial; it defines a functor

Coend

(G 1 7) T-CAT; .

Also, for each object (C,W) in (G°? | k), we can associate the w-operad End(W)
of endomorphisms, given by the collection

End(W) := (HOM(W*, W"))nen teTree-
Also, for each morphism
(c,w) —Ls (¢ w)
in (G | k), we can associate a morphism

End(W) —2""  praowy

of w-operads. Furthermore this construction is functorial; it defines a functor

(Gop \L ki) End

T-CAT, .

Proposition 2.13. IfW € (G° | k) then End(W) —— Coend(W°P) inT-CAT}.

Definition 2.14. If B € T-CAT) then an algebra for B in the sense of Batanin is
given by a morphism
B

End(W)
in T-CATy, where W : G —— Set is an object of w-Gr.

Proposition 2.15 ([19]). If B € T-CAT:, then algebras for B in the sense of
Batanin and algebras for B in the sense of Leinster (see Section 2.3) coincide.

3 Standard actions associated to a coglobular object in T-CAT,

A T-category over any globular set can be seen as a coloured w-operad (see [13, 19]),
and the category T-CAT of coloured w-operads is locally presentable, thus it is a
category with pushouts. However it is in the context of the locally presentable
category T-CAT, of T-categories over constant globular sets (see the Section T-
graphs with contractible units of the article [14] and the article [13]) that we are
going to build the standard actions associated to a coglobular object in T-CAT.,.
This concept is an application of the previous section to the category T-CAT..
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Definition 3.1. A coglobular w-operadic object (T-CAT,, W) in T-CAT. is called
algebraic if it is additionally equipped with an w-operadic morphism

W (0) ks Coend(W) .

Definition 3.2. An w-operad A is fractal if there exists an algebraic coglobular
w-operadic object of the form (T-CAT,., W) in T-CAT, with W(0) = A.

Remark 3.3. At this stage it is important to notice that we can generalise these
definitions easily: Any coglobular object of higher operads in a category where
pushouts are well defined, leads to such notion of algebraic coglobular w-operadic
object and fractal higher operads (see [15]). We shall not require such generality
in the present article and in the article [14].

Consider the following diagram in CATpsp

. Ob(.
T-CAT, — 29 cager D gppor
For each coglobular object (T-CAT,, W) in T-CAT., we have the following diagram

in (G 4 j).

G

T-CAT, ————— = CAT°? —————— SET°P
Alg(.) 0b(.)

If we apply the functor Coend of Corollary 2.12 to this diagram, and if we use

Proposition 2.13, we obtain the following definition

Definition 3.4. The standard action in T-CAT; associated to the coglobular ob-
ject (T-CAT., W) € (G | j) in T-CAT, is defined by the following diagram in
T-CAT;.

Coend(Alg(.)) Coend(Ob(.))
_— > _—

Coend(W) Coend(A°P) End(Ayp)

Now we are ready to explain the philosophy of the standard action associated to
a coglobular object in T-CAT,. The category T-CAT, is locally finitely presentable
and the forgetful functor

’]T—(CATC %‘ T‘Grp,c

is monadic (see [19]), thus according to Proposition 5.5.6 of [6], V' has rank. Let
us call its left adjoint M and denote by Ty, the finitary monad generated by the
adjunction.
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Now consider a category PT-CAT, of w-operads, equipped with a structure
that we call “P”, whereby the category is locally finitely presentable and equipped
with a monadic forgetful functor

Up: PT-CAT, —— T-CAT., .

Various concrete choices for P will be considered in the article [14], when in
particular we shall consider some specific standard actions (see Section 4) called
standard action for higher transformations because it is built with the coglobular
object of higher transformations C*® in T-Gr .. The main problem for our philos-
ophy is to be able to build relevant examples of algebraic coglobular w-operadic
objects (see Definition 3.1) in this context of the combinatorics for higher transfor-
mations. More concretely, we want to build a morphism of w-operads between the
monochromatic w-operad BY (the “O-step” of the coglobular object B$) and the
monochromatic w-operad Coend(B%) (built with the whole coglobular object Bp).
If such a morphism exists, which means that B is fractal (see Definition 3.2), then
we have a morphism of operads

B?:) End(A(LP)

which shows that B%-algebras and all their higher transformations form a B%-
algebra. This motivates us to use the word fractal for such w-operads.
We denote by Fp the left adjoint to Up.

Up 174
PT-CAT, = T-CAT, 71 > T-Gr,,
= DY

Thus we are in a situation where V o Up is monadic and the induced monad Tp
on T-Gryp . has rank. Also we get the functor

P:=FpoM:T-Grp, PT-CAT,

which assigns the free PT-category on each pointed T-graph.

4 Standard actions for higher transformations.

We finish this article by describing an important class of actions which is used in
the article [14] to describe several interesting fractal w-operads.

Consider the following coglobular object C'* in T-Gr), ., that we call the coglob-
ular object for the higher transformations in T-Gr,, ¢, because it includes precisely
the combinatorics we need for such higher transformations? (see [13]):

“In [15] we use a slightly different coglobular object C'* which is used to generate oper-
ads for strict and weak higher transformations, but with the same globular combinatorics
C™ of this section, for each integer n € N.
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5 53 5
CO Cl 02 ; Cm,—l _ >/
/i[l) n% ﬂz,l

Let us recall what is involved in this coglobular object. Pointings p of each collection
involved in this specific coglobular object are denoted with the symbol A. The term

0
cY is Batanin’s system of compositions; that is, there is the collection T(1) &
C° <5 1 where C° precisely contains the symbols p7* € C%(m)(0 < p < m) for the
compositions of w-categories, plus the operadic unary symbols u,, € C°(m). More
specifically:

Vm € N, C° contains an m-cell u,, such that: s (uy,) = t"_;(um) = um—1 (if
m > 1); () = 1m)(= n(1 U2)(1(m))),  (um) = 1(m).

vm € N —{0,1}, ¥p € N, such that m > p, C° contains an m-cell p;* such

that: If p = m — 1, s _(u_1) =t 1 (p_1) = Um—1. If0 < p <

— Losig () = () = py =t Also d(py') = 1(m) %" 1(m), and
1nev1tably () = 1(m

Furthermore C° contains a 1-cell u§ such that s(ud) = th(ud) = uo, d®(ud) =

1(1) %§ 1(1), also inevitably ®(ud) = 1(1).

The system of composition C% has a standard pointing A\° which is defined by:
vm € N, X°(1(m)) = up,.

Firstly we will define a collection (C,d,c) which will be useful to build the
collections of n-transformations (n € N*). C contains two copies of the symbols
of OV each having a distinct colour: symbols formed with the letters u and u are
those of colour 1, and those formed with the letters v and v are those of colour 2.
Let us be more precise:

Ym € N, C contains an m-cell u,, such that: s, (um) = t7_ 1 (Um) = Uum—1 (if
m > 1) and d(u,) = 1(m), c(uy,) = 1(m).

vm € N — {0,1}, Vp € N, such that m > p, C contains an m-cell p;' such
that: fp=m—1, s (" _1) =t"_ (1) = tUm—1. HO<p<m-—1,
Sy () =t () = L Also d(um) = 1(m)wm 1 (m), e(ufr) = 1(m).

Furthemore C' contains a 1-cell u§ such that sf(ud) = t3(ud) = wo and d(ud) =
1(1) £ 1(1), e() = 1(1).

Besides, Ym € N, C contains an m-cell v, such that: s (vy,) =t _1(vy) =
Um—1 (if m > 1) and d(vs,) = 2(m), c(vy,) = 2(m).
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Vm € N —{0,1}, Vp € N, such that m > p, C contains an m-cell v;" such that:
Iftp=m-—-1,s" (vn_ ) =t _ (V" 1) = vpm_1. 0 <p<m-—1,
smo1(Vyt) =t (V) = vl Also d(vy)) = 2(m) % 2(m), c(vy?) = 2(m).

m—1

Furthemore C' contains a 1-cell v such that s{(v3) = t(vd) = vo and d(1}) =

2(1) x5 2(1), c(rg) = 2(1).

C! is the system of operations of w-functors. It is built by starting with C' and
adding to it a single symbol for functor (for each cell level): ¥m € N the F™ m-cell
is added, which is such that: If m > 1, s™_(F™) = tm_(F™) = F™~ 1 Also
d*(F™) = 1(m) and ¢! (F™) = 2(m).

C? is the system of operations of natural w-transformations. C? is built on C
by adding to it two symbols of functor (for each cell level) and a symbol of natural
transformation. More precisely

Vm € N we add the m-cell F" such that: If m > 1, s"_,(F™) =t _(F™) =
Fm=1 Also d*(F™) = 1(m) and c¢?(F™) = 2(m).

Then Vm € N we add the m-cell H™ such that: If m > 1, s}
tm_(H™) = H™'. Also d*>(H™) = 1(m) and ¢*(H™) = 2( )

And finally we add 1-cell 7 such that: sj(7) = F° and t{(7) = HY. Also d?(7) =
Li(o) and (1) = 2(1).

(H™) =

Observe that the 2-coloured collections C? (i = 1,2) are naturally equipped with a
pointing A\* defined by A\(1(m)) = u,, and A\ (2(m)) = vp,.

In order to define the general theory of n-transformations (n € N*), it is nec-
essary to define the systems of operations C™ for the higher n-transformations
(n > 3). This paragraph can be left out in the first reading. Each collection C™ is
built on C' by adding to it the required cells. They contain four large groups of cells:
the symbols of source and target w-categories, the symbols of operadic units (ob-
tained on the basis of C'), the symbols of the w-functors (sources and targets), and
the symbols of the n-transformations (natural w-transformations, w-modification,
etc). More precisely, on the basis of C:

Symbols for w-Functors Vm € N, C" contains m-cells off* and SB§* such that: if
m > 1, then sy (af') = tin_y(ag') = o'~ and s2_; (65") = ti_, (55") =
=1 Furthermore d"(a') = d™(8§") = 1(m) and ¢"(af') = *(By) =

2(m).

Symbols for Higher n-Transformations Vp, with 1 < p <n — 1, C" contains
p—cells oy, and (3, which are such that Vp with 2 < p <n-— 1 sp 1(ap) =
p 1(Bp) = ap 1 and tp 1ap) = p— 1(Bp) = Bp—1. If p =1, then 30(0‘1) =
s§(B1) = af and t}(ar) = t§(B1) = BY. Moreover, Vp with 1 < p < n —
L, d"(ay) = d(B,) = 19(1(0)) and c"(a,) = ¢"(8,) = 2(p). Finally C"
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contains an n-cell &, such that s ;(¢,) = an—1, B}_1(&) = Bn-1 and
d" (&) = 15,(1(0)) and c"(&n) = 2(n).
We can see that Vn € N*, the 2-coloured collection C" is naturally equipped with
the pointing 1 U 2 LN (C™,d, c) defined as:

Ym € N, A" (1(m)) = up, and A" (2(m)) = vy,

The set {C™|n € N} has a canonical structure of coglobular object. This coglobular
object is generated by diagrams

o
Cn g O+
—_—

n
Kn#»l

of pointed 2-coloured collections. For n > 2, these diagrams are defined as follows.
First the (n + 1)-coloured collection contains the same symbols of operations as
C" for the j-cells with 0 < j <n—1orn+2 < j < w. For the n-cells and
the (n + 1)-cells the symbols of operations will change: C™ contains the n-cell &,
whereas C"™*! contains the n-cells a,, and 3, in addition, contains the (n + 1)-cell
&nt+1. If one denotes by C™ — &,, the n-coloured collection obtained on the basis
of C™ by taking from it the n-cell &,, then d;,; is defined as follows: ;7 ,[cn ¢,
(i.e the restriction of 67, to C™ —&,) is the canonical injection C™ — &,, < C™T!
and 05, (&n) = . In a similar way ], is defined as follows: K} i|on_¢, =

oniqlen—e, and K7 1 (&,) = Bn. Notice that 67, and mnﬂ keep pointing; that is,
we have for all n > 1 the equalities 67 ;A" = A" ™! and !, | A" = A" L

The morphisms of 2-coloured pointing collections of the diagram

59 51 52
CO Cl 02 C3
K0 r K2

have a similar definition:
We have for all integers 0 < p < n and for all YVm € N:

50(/12) = /~L2§ 50(“m) = Um; “(1)(/~Lp) va K3 (Um)
Alsor 834 = s 83(um) = s G3(0) = v () =

5 () s VU 03 (F™) = F™. And
k3 (py) =ty K3 (Um) = ums K3 (1) = 15 K3 (Um) = Umi sy (F™) = H™.
Finaly: 8(63) = 5 8(0m) = s F07) = 7 3 0m) = v ) =

03(H™) = Bg"; 05(7) = a1 And w3(up) = ps K

R3(0m) = vms RA(F™) = o k3(H™) = B k3(7 ) "8,.
The pointed 2-coloured collections C™ (n € N*) are the systems of operations of
n-transformations.

wn
/\
\_/

= Um; /ﬁ%(y;‘) =y
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If we apply the functor P of the Section 3 to this coglobular object we obtain
a coglobular object in PT-CAT,

0 % 1 % 2 1 bha
> 4 n
BY, —= B}, —= B} EBy  ————= B}
Ko Ry Kp—1

which is also, when we forget its structure “P”, a coglobular object W = B} of
T-CAT,, and thus we obtain its resulting standard action

Coend(Alg(. Coend(Ob(.))

Coend(B%) ) Coend(AY) End(Ao.p)

where in particular, Coend(B%) is the monochromatic w-operad of coendomor-
phisms associated to this coglobular object.

The coglobular object C'* freely generates higher operads of different kind of
rather simple higher transformations which are described in the article [14], and
is an important step for building their standard actions. In the article [14] we use
it with four specific functors P to prove that the w-operad of globular sets, the
w-operad of reflexive globular sets, the w-operad of w-magmas ®, and the w-operad
of reflexive w-magmas, are all fractal.

Remark 4.1. In fact w-operad of globular sets, w-operad of reflexive globular
sets, and w-operads of their corresponding higher transformations, use a more basic
coglobular object G* in T-Gr): If we remove the symbols " and ;" from the
coglobular object C'* described just above, we obtain such G*°.

Remark 4.2. In the article [15] we use a different, but very similar, coglobu-
lar object of higher transformations C*® in order to build strict and weak higher
transformations.
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