NH,

b5 JOURNAL OF
PURE AND
APPLIED ALGEBRA
ELSEVIER Journal of Pure and Applied Algebra 179 (2003) 49-63

www.elsevier.com/locate/jpaa

Abstract substitution in enriched categories
Brian Day, Ross Street*
Macquarie University, NSW 2109, Australia

Received 27 March 2002
Communicated by A. Carboni

Abstract

Enriched categories equipped with an abstract substitution process are defined in this paper,
and called substitudes. They generalize both monoidal enriched categories and operads, and are
a little more general than multicategories. They can bear braidings and symmetries. There are
two convolution processes with distinctly different properties.
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0. Introduction

Substitudes slightly generalize multicategories in the sense of Lambek (see [10,15]).
In [7] we called them lax procomonoidal categories as one of the many related struc-
tures. Our purpose here is to centre attention on substitudes in the enriched context
and to further study two convolution constructions which we now call standard and
non-standard. The standard convolution reduces to the original one defined by the first
author in [3] when the substitudes are (pro)monoidal where it was pointed out that the
monoids are the (pro)monoidal functors; this generalizes to the present setting. The
non-standard convolution was inspired by Bakalov et al. [1] as was our treatment here
of the “annihilator algebra”.

Substitudes generalize both monoidal categories and operads. It is therefore natural
to define braided and symmetric substitudes which generalize braided and symmetric
monoidal categories in the sense of Eilenberg and Kelly [8] (and Joyal and Street [13])
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and the symmetric operads of Peter May [16]. We define commutative monoids in
braided substitudes and Lie algebras in additive braided substitudes. Each substitude can
be symmetrized in a simple way that has no analogue for monoidal
categories.

We deal throughout with enriched categories for which the basic reference is Kelly’s
book [14].

1. Substitudes

Let ¥~ denote a symmetric closed monoidal category which is both complete and
cocomplete. We often write as if ¥~ were strictly associative and unital.
A ¥ -substitude is a ¥ -category .o/ together with:

e for each integer n > 0, a ¥ -functor

Ppd®® - QAP QA — Y
—_——

n

whose value at (4y,...,4,,4) is denoted by P,(A4y,...,A4,;4);
e for each partition! &:my + ---+ m, =m, a ¥ -natural family of morphisms

pie : Py(Ae; A) @ Py (A10;41) @ -+ - @ Py (Apes An) — Pe(Aee; A)
in 7, called substitution, where we use the shorthand

Pi(Xe; X) = Pr(X1,.... X X)
and

P:(Xeo; X) =Pu(Xi1, - s Ximys s Xnls« - s X, 3 X )

and
e a Y/ -natural family of morphisms

n:4(4,B) — Pi(4;B)
in 77, called the unit;
subject to the commutativity of the following three diagrams involving the partitions
Comyy+ -t myy b mp o my, =my Gimp sy, =my, iy £

n=n, (Em+--+m-=m, 1,:14+---4+1=n and !:m=m, and making use of a
slight extension of the shorthand.

! The summands in our partitions are allowed to be zero and in non-monotone order.
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r ron
P (As; A) i;Eani (AeiA) iE£<1P,n”,(,0»”..;Aij_)
O !

N
P(AGA) & X [Pni (AeiA) 5 K iji(Alji.;Alji)} o
=1 =1 P(Aee;A) & KOK P (A o3 A)
r i=1j=1 Ji i i
Iz K
i=1 ~° ,“gf
vag (Ac-c;A)

r
Pr(Ae;A) 2 K P (Aeei A) Ky

n X1
Py(Ad;A) 5 &lﬂ(Bi;Ai)\acnon A(AB) 8 Pr(Ae; A~ P,(A;B) 2 Pr(Ae; A)
i=

1% 5%1,, Po(Be;A) action 1

n
Po(AeiA) & 1 P1(B:A)~ T4, P.(A«:B)

A ¥ -substitude is what was called a “lax procomonoidal ¥ -category” in [7]; it
(or, more pedantically, a small one) is precisely a lax monoid in (7"-Mod). A pre-
monoidal ¥ -category in the sense of Day [4], later called promonoidal, is essentially
a substitude in which the morphisms u; are universal (that is, express their codomains
as coends over A4i,...,4, of their domains) and the morphisms # are invertible.

An oplax monoidal ¥ -category is a ¥ -substitude for which each of the ¥ -functors

P,(Ay,..., 4y —) A —

is representable. This agrees with the terminology of Day and Street [7] and amounts to
a lax monoid in (7"-Cat)®. If we denote the representing object of the above displayed
¥ -functor by ®,(41,...,4,) € o/ then we obtain functors

QAR QA — A
n N——

n

and isomorphisms
Pn(Ala' . :AH’A) = ’52{ (® (Als' . 'sAn)sA) >

¥ -natural in all the variables 41,...,4, and A. Notice that, by the Yoneda lemma, the
substitution p: induces a cosubstitution

55 : ®(A117~~~7Anm,,) - Q& <® (Alls---aAlml )""’®(AI119"'9A}’H71,,)>
m m my

n

and the unit # induces a counit ¢: ®; (4) — A satisfying the appropriate three condi-
tions. A monoidal ¥ -category is essentially an oplax monoidal 7 -category in which
all the é: and ¢ are invertible.
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A lax monoidal V" -category is a lax monoid in ¥ -Cat. This means that a lax monoid
structure on a ¥ -category .o/ amounts precisely to an oplax monoidal structure on .&7°P.
A monoidal ¥ -category is also essentially a lax monoidal ¥ -category in which all the
ue and # are invertible.

A lax monoidal 7 -category Z is called cocomplete when it is cocomplete as a
¥ -category and each of the functors ®, preserves colimits in each of the n variables.

Suppose .7 and Z are ¥ -substitudes. A ¥ -functor F :.o/ — % is called a substitude
morphism when it is equipped with, for each integer n > 0, a family of morphisms

O¢n:Pu(Ay,..., A A) — Py(FAL, ..., FA,; FA),

¥ -natural in all the variables 4,...,4, and 4, satisfying the conditions
$m o pe = g o ((bn ® r@ii)l ¢m,> and ¢ron=nolF,p

of compatibility with substitution and unit. The morphisms ¢, induce their mates
On /A Py(Ay,..., Ay, A) @ X(FA,X) — Py(FAy,...,FA; X).

The substitude morphism F is called strong when each p,, is invertible. Oplax monoidal
V" -category morphisms are substitude morphisms; we identify ¢, with the morphism
induced (Yoneda) between the representing multiple tensor products. Lax monoidal
¥ -category morphisms are defined dually.

A morphism between two ¥ -substitude structures on the same ¥ -category .of is a
substitude morphism structure on the identity 7 -functor of .o/. Similarly one defines
morphisms of (op)lax monoidal structures on .o7.

Suppose F and G:.of — Z are substitude morphisms. A substitude transformation
0:F — G is a natural transformation such that the following commutes:

PuAy,... A A) —— " . P(FAy,...,FA,;FA)

n J, l Py(1,..,1;04)

P,,(9A1 ..... GAn;l)
P,(GA,...,GAy; GA) P,(FAi,...,FA,; GA).

Write Sstd(.o7, %) for the category of substitude morphisms and transformations.

In any monoidal bicategory it is possible to define a notion of “representation”
of a lax comonoid in a lax monoid. Here we are concerned only with the case of
a representation F:.of — % of a ¥ -substitude .o/ in a cocomplete lax monoidal
¥ -category Z; it is a ¥ -functor F:.o/ — % together with a ¥ -natural family of
morphisms

Gn:Pu(Ay,..., Ay;A) ® @ (FA4,...,FA,) — FA
n

in & such that the following two diagrams commute.
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Pn(Ae;A) % Py (Ao A,) %.0¢ Py (Ane; Ag) 3 BILX (FAe).... 2 FAne))

canon
I3 & He
Pr(Ae; A) % [Pml(Al.;Al) %l(FAl.),...,Pnh(An.;An) X (FAn.)}

1% Py bimy)
Pri(Aser... AgwiA) 8 B FA,...,FA)

Pi(AsiA) 5 B FA.)
x FA —n

action

A (AL A) & FA FA

n EN A‘

PiAsA) & 5 (FA)

In the special case when % is monoidal, so that 2 is both a substitude and lax
monoidal, a representation F': .o/ — Z is precisely a substitude morphism.

By way of example, we conclude this section with some remarks about operads.
We believe that it is more convenient to use the term operad for what is commonly
called a “non-permutative operad”: the original operads of May [16] can then be called
“symmetric operads”. Accordingly, we define an operad T in ¥~ to be a ¥ -substitude
2T whose underlying category is the ¥ -category / with one object * and with hom
I(*,*) equal to the unit / for tensor in ¥". One writes 7, for the object P,(x,...,*; %)
of ¥7. We call the substitude X7 the suspension of the operad T'. A T-algebra in a
¥ -substitude .o/ is defined to be a substitude morphism A:X7 — /. On the other
hand, we define a T-algebra in a lax monoidal category 2 to be a representation of
2T in Z.

In particular, there is an operad which we identify with the unit /7 in ¥”; we have
I,=1. A monoid in a ¥ -substitude or in a lax monoidal 7 -category is defined to be
an [-algebra.

2. Standard convolution

We write [/, %] for the ¥ -category of 7 -functors from a ¥ -category .o/ to a
¥ -category 4 (see [14], for example).

Suppose o is a small ¥ -substitude and Z is a cocomplete lax monoidal ¥ -category.
For ¥ -functors F,...,F,:of — %, we define a ¥ "-functor ®,(Fy,...,F,):.od — X
by

Aty
®(F1,...,Fn):/ Pu(Al, ..., Ay, —) @ @ (FiA1,...,Fydy).



54 B. Day, R. Street!Journal of Pure and Applied Algebra 179 (2003) 49-63

A substitution morphism g ®, (Qm (Fle),---» Qm, Fre)) — @m(Fle,....Fre) 1s
defined by the composite

Ao Ale Ane
/ Pn(Ao; _) ® ®n (/ Pml(Alo;Al) ®F10Alos---s/ Pm,,(Ano;An) ®FnoAno>

~ A0>A105--~>Ano
;’/ Pn(Ao;f)(g)Pm](Alo;Al)@"’®Pmn(Ano;An)

(S <®(FIOAIO)7"'>®(FnOAnO)> 7
n m My fAlu"""A”' Hi@.ucf

Al.)"'>A)I.
/ Pm(Alo:n-:Ano;*)@®(F10Alo,---,FnoAno)
m

in which the isomorphism comes from the cocontinuity in each variable of the ¥ -
functor ®, of Z. A unit n:F; — ®(F) is defined by the composite

A A A
o n®
Ja w(Al,—>®F1AHL”/ P =) ® B(F A

in which the isomorphism is that of Yoneda’s lemma.

Proposition 2.1. [.«/, 2] becomes a cocomplete lax monoidal ¥V -category using the
above substitution and unit.

We shall call this the standard convolution lax monoidal structure on [.«7, Z]. The
case where Z°= 7Y~ was the first convolution structure defined in [7, Section 7]. That
case has further properties.

Proposition 2.2. Standard convolution defines an equivalence between the category of
substitude structures on any small ¥ -category o/ and the category of cocomplete lax
monoidal structures on [/, 7).

For cocomplete lax monoidal ¥ -categories 2 and 2, write CocLM(Z,Z") for the
category of morphisms of lax monoidal 7 -categories whose underlying ¥ -functors
preserve colimits (that is, are “cocontinuous”). The following result should be com-
pared with [11]; we refrain from stating the several variable form which also
holds.

Proposition 2.3. For any substitude </, the Yoneda embedding Y':.of — [of, V]
is a substitude morphism where [,V |? is the substitude represented by the stan-
dard convolution structure on [</,7"]. Restriction along Y' is an equivalence of
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categories

Sstd(.oZ, 2°P) ~ CocLM([.</, 7], %' )®.

For substitudes o7 and % there is an obvious substitude structure on the ¥ -category
A ® B, take

P,((41,B1),...,(An,Bn); (4,B)) = Py(Ay,...,Ap; A) @ Py(By,...,By; B)

and so on.

Proposition 2.4. For v -substitudes </ and %, and a cocomplete lax monoidal V-
category X, the canonical isomorphism

[/ @ B, %] = [A,[B,2]]

of ¥ -categories is a morphism of lax monoidal V" -categories where all three V-
functor ¥ -categories have the standard convolution structures.

Generalizing the observation of [3, Section 3.1, p. 72], we deduce from the last
proposition that a monoid in [.2Z, Z7] is precisely a substitude morphism from .7 to Z
as defined in Section 1. Hence, for any ¥ -operad T, the ¥ -category of T-algebras
in X is the V" -category of monoids in the standard convolution [XT,Z].

The final proposition of this section is a lax version of a result of Day and Street

[5].

Proposition 2.5. Suppose J : .o/ — A is a strong substitude morphism with </ small.
Suppose X' is a cocomplete lax monoidal ¥ -category. Then the ¥ -functor

5[ A, X — [H, %],

given by left Kan extension along J, is a strong morphism of lax monoidal ¥ -
categories.

3. Non-standard convolution

For any small ¥ -substitude .o/ there is a ¥ -substitude structure on the ¥ -category
[«7°P, "] which we described at the end of Day and Street [7] in order to include
the fundamental “pseudo-tensor category” used in [1]. For ¥ -functors F1,...,F,, F:
AP — 7, we put

A
Pn(Fl,...,Fn;F):/ F1A1®~~~®FnAn,/ Py(Ay,...,Ap;A) @ FA

Ay, A4,

=[P, ] :

A
Fl®~-®Fn,/ Pu(—:4) ® FA
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The substitution pig: Py(Fe; F) @ Py (Fle;F1) @ -+ @ Py (Fre; Fy) — Pi(Fee; F) is
defined by the following composite:

A
L7217 | oF., / Pu(—:4) ® FA

A,
®® [AE"P, ] ®F.,/ P (—4,) @ F, A,
r=1 my

1®é

A
B ®F.,/ P,(—A)®FA

=

Ao
SLA 5] | @ Fau, / & Py (—i4,) @ @ Fuds
14 r=1 n

comp

Ao, A
[%Q@mop’a/] ®F..,/ ®P,;,,_(—;Ar)®/ P,(Ae;A) ® FA
£ r=1

[lafA /‘§®l][&/®m op’ V]

>

A
®Faa,/ Pf(A..,A)@FA
¢

while the unit #: [/P, ¥"|(F\,F) — P1(F1; F) is the following composite:

A
(AP, V| (F1,F) = [P, 7] Fl,/ A(—,4) ® FA

‘A
[Lf ”®1][VQ/OP,“V']

A
Fl,/ Pi(—:4) @ FA

Proposition 3.1. For any small substitude of the Yoneda embedding Y :
o — [P, V7] is a strong substitude morphism into the non-standard convolution
substitude.

Proof. Using the Yoneda lemma, we have

v A
/PAA.;A)@[%”,"V](YA,F)%/ P,(4e;A) ® FA

A
& [o/OnP g (@YA.,/ Pn(;A)®FA> ~ P,(YA.,;F). O
n

By combining Propositions 2.5 and 3.1, we obtain the next result.
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Corollary 3.2. For any small substitude </ and any cocomplete lax monoidal V-
category X, left Kan extension along the Yoneda embedding Y :.of — [P, V7] is a
strong morphism

Iy : [ LX) — [[4*,77]. 2]

of lax monoidal ¥V -categories.
Let us define the K-annihilator of F by
v
AnngF = Iy(K)(F) = / FA® KA.

Corollary 3.2 explains the general mechanics behind the “annihilation algebra” of [1,
Corollary 7.1, p. 45]. The case of interest in that paper is where 2 =[.«7, "] with the
standard convolution structure, and K is a monoid in [«/,2] = [/ ® &/, ¥"]; in other
words, K is a substitude morphism K : .o/ ® o/ — ¥". Then Anng : [.o/°P, V] — [/, V"]
is a morphism between the non-standard and the standard structures.

4. Braided and symmetric substitudes

We begin by reviewing a few facts about some categories that involve braids. We
write B for the monoidal category of braids [13]; the objects are the natural numbers,
all morphisms are automorphisms, the hom B(n,n) is the Artin braid group B, on
n strings, and the tensor product is defined to be addition of natural numbers and
horizontal stacking of braids. We write P for the monoidal category defined similarly
using the permutation groups P, rather than the braid groups. Each braid f on n
strings has an underlying permutation f3:i — (i) of the set n={1,...,n}; this defines
a braided strict monoidal functor B — P which is the identity on objects and full. For
each finite sequence (41,...,4,) of objects in any braided monoidal category ¥~, we
obtain a canonical isomorphism cg: 4p(1) @ @ Apn) — A1 @ - @A, which is defined
to be

Ly @ @ Ly, @ty ® Ly, @42 @ 1y,

when f is the braid that crosses the ith string over the (i + 1)th string, the identity
when f is the identity braid, and c¢g = cp o cpr when =" o f.

The algebraic simplical category A has objects the natural numbers and has hom
A(m,n) consisting of the order-preserving functions &:m — n; composition is that
of functions. Moreover, A becomes monoidal under addition of natural numbers and
ordinal sum of order-preserving functions.

With respect to strict monoidal functors, B is the free braided strict monoidal cat-
egory generated by a single object, P is the free symmetric strict monoidal category
generated by a single object, and A is the free strict monoidal category containing
a monoid. First we need to recall from [12,13] the description of the free braided
strict monoidal category B [ .o on any category .«Z. The objects of B [ .o/ are finite
sequences (4i,...,4,) of objects of .«Z. Morphisms only occur between sequences of
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the same length; a morphism

(o f1seees fn)i(Ar,...sAn) — (B1,...,By)

consists of « € B, and f;:4;, — By in /. Such a morphism can be viewed as the
braid « labelled by f1,..., f, as, for example:

B B, B3 By Bs

Composition of labelled braids is performed by composing the labels on each string
of the composite braid. The operation of addition of braids extends in the obvious way
to labelled braids yielding a tensor structure on B [ .. There is an obvious braiding on
B [ .o/ obtained from the braiding on B by labelling the strings with identity morphisms.
We have an inclusion functor i:.o/ — B [ .o/ identifying ./ with the labelled braids
with a single string.

If #~ is braided monoidal, there is a “substitution” operation @ :B [ 7~ — ¥~ whose
composite with i: 7" — B [ 7" is isomorphic to the identity functor; explicitly, it takes
(41,...,4,) to ®,(44,...,4,) =4, ® --- ® A, (bracketed from the left, say) and takes
(o f1,..., fn) to the morphism

[ f1yeees fn] A1 ® - ®A4, 5B ®--®B,
obtained by composing f| ® --- ® f, with the canonical isomorphism
Coy:By1y® -+ @Bypy > B1® -+ ®B,.

In particular, we are interested in the case ¥"=B. We can identify an object (m;,...,m;)
of B [ B with the order-preserving function &:m — n whose fibre over i €n has car-
dinality m;. For any braid o € B, we write ,:m — n for the order-preserving function
determined by the object (7,1, ..., Myu)) of B f B. Then we have the morphism

uf = o Lyseeesly,]im —m
in B. In other words, we have defined a function
A(m,n) x B(n,n) — B(m,m) x A(m,n)

that takes the pair (¢, ) to the pair (o, &,); we call this the distributive law for A
over B. We can visualize this process as follows.
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A AN
a /%4/ (>

There is also a distributive law
A(m,n) x P(n,n) — P(m,m) x A(m,n)

for A over P which we can obtain similarly, or from the braid case by means of the
quotient homomorphisms B, — P, and B,, — P,,.

We can use this discussion to define monoidal categories BA and PA which are
the free braided and symmetric (respectively) strict monoidal categories containing a
monoid. In other terminology, PA is the PROP for monoids (a description occurs in
[17, Construction 4.1, p. 215] although there is a misprint? in which the outside product
should be a sum). To be explicit, the objects of BA and PA are the natural numbers.
A morphism (a,&):m — n in BA consists of a braid « € B,, and an order-preserving
function ¢:m — n. The composite of (o, &):m — n and (f,{):n — p is defined to
be (B oa,{o&g):m — p. There is a faithful functor B — BA taking o:m — m to
(o,1,,):m — m, and a faithful functor A — BA taking &:m — n to (1,,&):m — n;
both functors are the identity on objects and we identify morphisms in B and A with
their image in BA. So we may write (o, £)=¢oa and note that the morphisms of B are
precisely the invertible morphisms of BA. There is a braided strict monoidal structure
on BA for which B — BA is a braided strict monoidal functor and A — BA is strict
monoidal. The symmetric strict monoidal category PA is defined similarly; in fact, PA
is equivalent to the category whose objects are finite sets and whose morphisms are
functions with the structure of linear order on each fibre? .

Recall from [7] that lax monoids in a Gray monoid .# amount to strict-monoidal lax
functors M : A — 4. A braided lax monoid in a braided (see [6]) Gray monoid .# is
a braided strict-monoidal lax functor M : BA — .# whose composition constraints

to.p : M(PIM(0) — M(¢,0)

are identities whenever 0 is invertible. In particular, this last condition implies that the
composite of M with B — BA is a 2-functor. Of course the composite of M with the
strict-monoidal functor A — BA is the underlying lax monoid of M; we say that M
provides a braiding for the underlying lax monoid.

2 This misprint was pointed out to us by Teimuraz Pirashvili.
3 In the late 1980s, André Joyal pointed out this description of PA to the second author. He also remarked
that there is a corresponding fact for BA whereby “linear order” is replaced by “plane configuration”.
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Similarly, a symmetric lax monoid in a sylleptic (see [6]) Gray monoid .# is a
sylleptic strict-monoidal lax functor M : PA — .# whose composition constraints

to.g - M(PIM(0) — M(,0)

are identities whenever 0 is invertible.

A braided [respectively, symmetric] ¥ -substitude is a braided [respectively, sym-
metric] lax monoid in (7 -Mod)°P.

More explicitly, a braiding for a substitude .o/ assigns to each natural number »n and
each braid o on n strings, a ¥ -natural family of isomorphisms

Vo :Pn(Ala ce aAn;X)%Pn(Aa(l)a ce an(n);X)a
such that y, oy, =74, and the following two diagrams commute:

n Hey
Pn(Ax(o);A) ® ‘Q?lpml(i).(Aa(i)o;Aa(i)) — Pél(Ax(o)o;A)

7.®c; ! T T Vol

He

Py(Ae;A)® @ Py (Aiid;) —2 PodesiA)
i=1

Pu(Ae;A) @ @ Py (Are; Ar) ——s Pi(Aes; A)
i=1

1Q®7s; l i Yoyt tay
i

n He
Pn(AoaA) 2y A(?lpoc,(m,-)(Aioc,(o);Ai) ——— Pm(Aloq(o)a cee aAna,,(o))

The braiding is a symmetry when y,y,=1 if o is the basic left-over-right cross-over
of two strings.

A v -operad T is braided [symmetric] when the ¥ -substitude X7 is equipped with a
braiding [symmetry]. Symmetric operads are the original operads of May [16]. Braided
operads have been used for example by Fiedorowicz [9] and Tamarkin [18].

Proposition 4.1. Suppose </ is a small braided [symmetric] ¥V -substitude and Z is a
cocomplete braided [symmetric] lax monoidal ¥ -category. Then the standard convo-
lution [/, X has a canonical braiding [symmetry] induced on coends by the following
isomorphisms:

Pn(Ala---aAl’l;_)®®(F1A1,"'5FI’IAI’I)

V2 @y
P P A1)y - s Aatnys —) @ Q(Fo1yAa(1ys - - +» FomyAan))-
n

Proposition 4.2. Suppose of is a small braided [symmetric] ¥ -substitude. Then the
non-standard convolution [o/°P, 7] has a canonical braiding [symmetry] induced on
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ends by the following isomorphisms:

A
F1A1®---®Fnz4n,/ Pn(Al,,An,A)(X)FA

y
[Cxaf Y2 ®1]
—— | Fy)dyy @ - - - ®Fx(n)A1(n)a/ Py(Aurys s Aun); A) @ FA| .

We conclude this section with a construction in the case where ¥~ is Cartesian
closed.

Each substitude .o can be symmetrized. Explicitly, we define a new substitude struc-
ture Q = sym(P) on the same underlying category &/ by

OulAts -, A A) =Y Pu(Ag(tys > Agiay; A).

cEP,

To define the substitution operation we define its composite with the coprojection from

n
Pn(Aa(l)a oo aAa(n);A) X HPm,(Arar(l): oo aAra,-(m,-);Ar)
r=0

to

O0,(A1,..., Ay A) X Her(Arl,...,Am;A,) for ¢ €P, and o, €P,,,
r=0
to be the composite of the canonical isomorphism 1 X ¢,-1 into

n
Pu(Ao()s- s Aonys A) X T T P (o101 -+ Aotrosnimsons Aot )
r=0

the substitution u¢ , and the coprojection into Q,(411,...,4um,;A) for the permutation
Omyyy t 0+ Omy,y OF Mgy + -+ + mg(yy = m. Noting that

01(41;4) = P1(41; 4),

we take the same unit as before. The three substitude axioms can be verified. Moreover,
we have a natural isomorphism

Vet Qn(Al’ ce- ’An;A)%’Qn(AT(l)a cee aAr(n);A)

whose composite with the coprojection from P,(As(1),...,Asn);A) for 6 €P, is the
coprojection for tg € P,. The three axioms for a symmetry can be verified.
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5. Braided substitude morphisms

Suppose .7 and Z are braided 7 -substitudes. A ¥ -substitude morphism F: .o/ — Z
is called braided when the following square commutes for all objects Ay,...,4, and 4
of .o/, and all braids o

Py(4y,...,4,;4) —T Pu(Ayys s Aany; A)

ol e

Pn(FAl,...,FAn;FA) —>y Pn(FAa(]),...,FA“(n);FA)

If T is a braided [symmetric] ¥ -operad then a T-algebra in .o/ is defined to be
a braided [symmetric] 7 -substitude morphism 4:X7 — .o/. For example, when T is
the symmetric operad /, an [-algebra in .« is called a commutative monoid in /.
The commutative monoids in the standard convolution [.o/, #] are braided substitude
morphisms.

In the case where 7~ is the category of complex vector spaces, there is a symmetric
" -operad lie whose algebras in ¥~ are complex Lie algebras. We define a Lie algebra
in a ¥ -substitude </ to be a lie-algebra in .«/. Lie algebras in the non-standard con-
volution structure [H°P, 7] for a symmetric finite-dimensional Hopf algebra H were
extensively studied in [1]. Another connection between lie and substitudes will be
addressed in [2].

References

[1] B. Bakalov, A. D’Andrea, V.G. Kac, Theory of finite pseudoalgebras, Adv. Math. 162 (2001) 1-140.

[2] A. Davydov, R. Street, Roots of unity as a Lie algebra, Georgian Math. J. 9 (4) (2002) 683—690.

[3] B.J. Day, Construction of biclosed categories, Ph.D. Thesis, University of New South Wales, 1970.

[4] B.J. Day, On Closed Categories of Functors, Lecture Notes in Mathematics, Vol. 137, Springer, Berlin,
1970, 1-38.

[5] B. Day, R. Street, Kan extensions along promonoidal functors, Theory Appl. Categories 1 (4) (1995)
72-78.

[6] B.J. Day, R.H. Street, Monoidal bicategories and Hopf algebroids, Adv. Math. 129 (1997) 99-157.

[7] B.J. Day, R.H. Street, Lax monoids, pseudo-operads, and convolution, Contemp. Math., to appear;
< http://www.maths.mq.edu.au/~street/Multicats.pdf>.

[8] S. Eilenberg, G.M. Kelly, Closed categories, in: S. Eilenberg, D.K. Harrison, S. Mac Lane, H. Roehrl
(eds.), Proceedings of the Conference on Categorical Algebra at La Jolla, Springer, Berlin, 1966, pp.
421-562.

[9] Z. Fiedorowicz, The symmetric bar construction, preprint c., 1988; http://www.math.ohio-state.edu/
~fiedorow/symbar.ps.gz

[10] C. Hermida, Representable multicategories, Adv. Math. 151 (2000) 164-225.

[11] G.B. Im, G.M. Kelly, A universal property of the convolution monoidal structure, J. Pure Appl. Algebra
43 (1986) 75-88.

[12] A. Joyal, R. Street, The geometry of tensor calculus I, Adv. Math. 88 (1991) 55-112.

[13] A. Joyal, R. Street, Braided tensor categories, Adv. Math. 102 (1993) 20-78.

[14] G.M. Kelly, Basic Concepts of Enriched Category Theory, London Mathematical Society, in: Lecture
Notes Series, Vol. 64, Cambridge University Press, Cambridge, 1982.


http://www.maths.mq.edu.au/~street/Multicats.pdf
http://www.math.ohio-state.edu/
mailto:~fiedorow/symbar.ps.gz

B. Day, R. Street!Journal of Pure and Applied Algebra 179 (2003) 49-63 63

[15] J. Lambek, Deductive Systems and Categories: 11, Standard Constructions and Closed Categories, Lecture
Notes in Mathematics, Vol. 86, Springer, Berlin, 1969, pp. 76-122.

[16] P. May, The Geometry of Iterated Loop Spaces, in: Lecture Notes in Mathematics, Vol. 271, Springer,
Berlin, 1972.

[17] J.P. May, R. Thomason, The uniqueness of infinite loop space machines, Topology 17 (1978) 205-224.

[18] D.E. Tamarkin, Formality of chain operad of small squares, arXiv:math.QA/9809164 v1 28 Sep. 1998.



	Abstract substitution in enriched categories
	Introduction
	Substitudes
	Standard convolution
	Non-standard convolution
	Braided and symmetric substitudes
	Braided substitude morphisms
	References


