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Preliminaries

@ From now on C denotes a braided monoidal category with tensor product denoted
by ® and unit object K. With ¢ we will denote the braiding.
Recall that a monoidal category is a category C equipped with a tensor product
functor ® : C x C — C, a unit object K of C and a family of natural isomorphisms

aunp: (MON)®P - M (N® P),
m - MRK-—->M, Iyy:KQM-— M,

in C (called associativity, right unit and left unit constraints, respectively) satisfying
the Pentagon Axiom and the Triangle Axiom, i.e.,

am,N,PeQ © aman,p,q = (idu @ anp,Q) © am nwP,Q © (am,n,p © idQ),

(idm ® In) 0 am,k,n = rv ® idy,
where idx denotes the identity morphism for each object X in C.
On the other hand, C is braided if for any couple (M, N) of objects in the category
there exists a natural isomorphism

cmn:MRN—>NM

satisfying the Hexagon Axiom, i.e., for all M, N and P in C, the following identities
hold:

an,p,m © cm,Ngp © am,n,p = (idy ® cm,p) © an,m,p o (cm,n ® idp),
1 1 . 1 .
ap N © MNP O ay y p = (cm,p ® idy) © ayp.n° (idy ® cn,p),
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Preliminaries

o Taking into account that every non-strict monoidal category is monoidal equivalent
to a strict one (the constraints are identities), we can assume without loss of
generality that the category is strict and, as a consequence, the results contained
in this talk remain valid for every non-strict braided monoidal category.

@ We also assume that every idempotent morphism ¢ : Y — Y in C splits (C is
Cauchy complete), i.e. there exist an object Im(q) (image of g) and morphisms
i:Im(q) — Y (injection) and p: Y — Im(q) (projection) such that ¢ = i o p and
poi = idim(q)-

The categories satisfying this property constitute a broad class that includes, among
others, the categories with epi-monic decomposition for morphisms and categories
with equalizers or coequalizers.

o For simplicity of notation, given three objects V, U, M in C and a morphism
f:V — U, we write

M® f for idyy @ f and f ® M for f & idy.
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Preliminaries

@ The triple
(A7 nA, l"’A)

is a unital magma, if ng : K — A (unit) and pa : A® A — A (product) are
morphisms in C such that

pac(A®na) = ida = pao(na® A).
If (A,na,1a) is a unital magma and
pao (A® pa) = pao (pa® A)

we will say that A is an algebra.

Let (A,na,a) and (B,ng, ug) be unital magmas (algebras). A morphism
f:A— B
in C is a morphism of unital magmas if

ng=fona, foua=pgo(fefr).
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Preliminaries

@ The triple
(C7 ¢, 6C)

is a counital comagma if ec : C — K (counit) and ¢ : C — C ® C (comultipli-
cation) are morphisms in C such that

(ec®C)odec =idc =(C®ec)odc
If moreover, the following identity holds
(bc®C)odc=(C®6c)odc

we will say that (C,ec,d¢) is a coalgebra.
Let (C,ec,dc) and (D, ep,dp) be counital comagmas (coalgebras). A morphism

f:C—D
in C is a morphism of counital comagmas if
SCZEDOf, (5D0f:(f®f)0(5C

Let (D,ep,dp) be a counital comagma (coalgebra). We will say that D is cocom-
mutative if
(SD = CDp,D © 6D.
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Preliminaries

o If f,g: C — A are morphisms between a counital comagma C and a unital magma
A,
fxg

denotes the convolution product defined by

frg=pao(fRg)odc.
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Weak Hopf quasigroups

Definition

A weak non associative bialgebra H in C is a unital magma (H, ny, uy) and a coalgebra
(H, e, dn) such that the following axioms hold:

(1) dnopp = (kn® pu)o (H® chy ® H)o (dn ® op).

(2)  enopno(un®@H) = ((enopn)® (enopn)) o (H®Iy @ H)
= ((er 0 1) ® (er © pr)) o (H ® (¢ 3y © 61) ® H).

(3) (dn®H)odyony=(H®pn®H)o ((x0nH) ® (61 ©nH))
= (H® (pr o cty) ® H) o ((5r 0 n) ® (81 © nw)).-

o If the product ppy is associative, the previous notion is the one of weak bialgebra
in a braided monoidal category.

o If the product ppy is associative and ey and 0y are algebra morphisms, we have
the notion of bialgebra in a braided monoidal category.

o If the ey and dy are morphisms of unital magmas, we have the notion of non
associative bialgebra in a braided monoidal category.
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Weak Hopf quasigroups

Let H be a weak non associative bialgebra.The morphisms

ﬂLH:((sHo,u,H)®H)o(H®cH7H)o((6HonH)®H):H—>H,
Nf = (H® (enopn)) o (cuu ® H)o (H® (8 onp)) : H— H,
i = (H® (e 0 im)) © (8 0 ) ® H) - H — H,

and
R

My =((enoun)®@H)o (H® (0ponny)): H—>H

are idempotent.

Let H be a weak non associative bialgebra. The morphism I'I,L_, will be called target
morphism and I'If, will be called source morphism.

v
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Weak Hopf quasigroups

Let H be a weak non associative bialgebra. The following identities hold:
Nk oMy =Nk, NLofiy =My, TyoNk=Ms, Myonk=nk,

MRofly =My, NRofy =Nk Thonf=nk Tyonk=T5.
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Weak Hopf quasigroups

Let H be a weak non associative bialgebra. Any equality containing the idempotent

morphisms Mk, N&, ﬁb, ﬁf,, the (co)product and the (co)unit, that holds for weak
bialgebras also holds for H.
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Weak Hopf quasigroups

For example:

o (H@NE) = ((en o pr) @ H) o (H® cu,p) o (6 @ H),
pr o (N @ H) = (H® (en 0 ) o (e, @ H) o (H & 61),
pr o (H@ M) = (H® (e 0 un)) o (51 @ H),
o (M5 ® H) = ((en 0 ) ® H) o (H @ 81y),

(H® M) 080 = (un ® H) o (H® cyn) o (51 0 mi) @ H),
(NE ® H) 00y = (H® ) o (ch,u @ H) o (H & (31 © np)),
(Ml ® H) 061y = (H® uw) o (5 0 mi) © H),
(H®TR) 061 = (un © H) o (H® (5 0 mi1)),

Nk o py o (H®NE) =N o pp,
NEopuyoMB@H)=NRopupy,
(H®NE) o8y 0N =6dyo0Mj,

(NB® H)ody o NE =4 0NE,
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Weak Hopf quasigroups

Let H be a weak non associative bialgebra. Put H; = lm(rlb) and let p; : H— H; and
i : H. — H be the morphisms such that I'I,L_, =i op and p; o i = idy, . Then,

i OH
H —— H H®H
(H® NkL)ody

is an equalizer diagram and

H
pL

HeH H —— H
-

pro (H® ML)

is a coequalizer diagram.

As a consequence, (Hy,mH, = pL © NH, bH, = PL © pi © (iL ® ir)) is a unital magma in
C. Also, (Hr,en, =€eH 0,04 = (PL ® pL) © 6y 0 i) is a coalgebra in C. J
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Weak Hopf quasigroups

Let H be a weak non associative bialgebra. The following identities hold:
pH o ((1H o (it ® H)) ® H) = py o (iL ® pr),

w0 (H® (py o (it ® H))) = py o ((kr o (H® L)) ® H),
pr o (H® (ph o (H® L)) = pr o (ky ® i)

As a consequence, the unital magma H; is a algebra in C.

If Hr = lm(ﬂﬁ) we have the same properties and then Hg is a algebra in C. J
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Weak Hopf quasigroups

Definition

A weak Hopf quasigroup H in C is a weak non associative bialgebra for which exists an
endomorphism Ay : H — H in C (called the antipode of H) such that the following
equalities hold:

(1) ML = idy * Ap.

(2) MR = Ay * idy.

(3) A x Nk =08« Ay = Ay

(4) pro (Mm@ pn) o (§n ® H) = pp o (N @ H).

(5) prHo(H®un)o(H® Ay ® H)o (8 ® H) = pp o (M ® H).
(6) m o (up ® An) o (H® o) = pupy o (H @ N).

(7) wro(un @ H)o(H®Ay® H)o (H®6éy) = un o (HNE).
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Weak Hopf quasigroups

o If the product ppy is associative, the previous notion is the one of weak braided
Hopf algebra introduced in

J.N. Alonso Alvarez, J.M. Fernandez Vilaboa and R. Gonzalez Rodriguez, Weak
braided Hopf algebras, Indiana University Mathematics Journal 57, No. 5, 2423-2458
(2008).
If the product py is associative and C = gVect, weak Hopf quasigroups are weak
Hopf algebras as was defined by:
G. Bohm, F. Nill, K. Szlachanyi, Weak Hopf algebras, |. Integral theory and C*-
structure, J. Algebra 221, 385-438 (1999).
o If the product uy is associative and ey and Jy are algebra morphisms, we have
the notion of Hopf algebra in a braided monoidal category.

If ey and 6y are morphisms of unital magmas and C = gVect, we get the notion
of Hopf quasigroup defined in:

J. Klim, S. Majid, Hopf quasigroups and the algebraic 7-sphere, J. Algebra 323, 3067-
3110 (2010).
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Weak Hopf quasigroups

Definition

A Hopf quasigroup H in C is a unital magma (H,ny, ) and a coalgebra (H,ep, o)
such that the following axioms hold:

(1) The counit ey and the coproduct §y are morphisms of unital magmas.
(2) There exists Ay : H — H in C (called the antipode of H) such that:

(2-1) pro (A @ pu)o (0 ® H) =en ® H = pp o (H® pp) o (H® An @ H) o (61 ® H).

(2-2) pHo(pH @ H)o(HR®AH ® H)o (H® 1) = H® en = pr o (uH ® An) o (H® o).

Suppose that C = Set. Then L is a Hopf quasigroup in C if, and only if, L is an I.P.
loop.

An |.P. loop is a set L with a product, identity e;, and with the property that for each
u € L there exists u~! € L (the inverse of u) such that

v Hw)=v, (wul=v, VvelL

Note that in this case L is a cocommutative Hopf quasigroup because §; (u) = (u, u).
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Weak Hopf quasigroups

The antipode of a weak Hopf quasigroup H is unique and leaves the unit and the counit
invariant, i.e. Ay ony = ny and ey 0 Ay = €.

Let H be a weak Hopf quasigroup. The following identities hold:

NfoXy=MNHoNE=XyoNfk, NEoXy=NFoNf=x\yonNf,

ML =Tif oAy = Ay oy, NE =TTy 0 Ay = Ay o T

Ramén Gonzalez Ro: Weak non associative objects



Weak Hopf quasigroups

Let H be a weak Hopf quasigroup. The antipode of H is antimultiplicative and antico-
multiplicative, i.e. the following equalities hold:

AH O Pt = f1H © CH,H © (An ® Ap),

01 0 A = (AH ® AH) © cp, 1 © OH,

Ramén Gonzélez Rodriguez Weak non associative objects



Weak Hopf quasigroups

Definition

Let H, H' be weak Hopf quasigroups. We will say that f : H — H’ is a morphism of
weak Hopf quasigroups if it is a coalgebra morphism such that

Nk, of =rfong,
ﬁ,L.,/of:foﬁ,L_,,

nk onk, of =fonfonk,
fopy=p o(f®f)oVy,

hold, where Vi, : H® H — H ® H is the idempotent morphism defined by

Vi =(H® (un o (N ® H))) o (55 ® H).

@ The previous definition is similar to the one introduced in

G. Béhm, J. Gémez-Torrecillas, E. Lépez Centella, On the category of weak bialge-
bras, J. Algebra 399 (2014), 801-844.

for weak Hopf algebras.
With WHQ we will denote the category of weak Hopf quasigroups.
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Weak Hopf quasigroups

Therefore, excepting associativity, weak Hopf quasigroups satisfy the relevant equalities
that we can find in the theory of weak Hopf algebras (or quantum groupoids following
Nikshych and Vainerman).

D. Nikshych, L. Vainerman, Finite quantum groupoids and their applications,

New directions in Hopf algebras. Cambridge: Cambridge University Press. Math.
Sci. Res. Inst. Publ. 43 (2002), 211-262.
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Galois morphisms and the characterization of weak Hopf quasigroups

Let H be an algebra-coalgebra in C.

(i) The right Galois morphism 8 : HQH — H®H is defined as 8 = (uy@H)o(HR®dy).
(i) The left Galois morphism v : H® H -+ H®H is defined as v = (H®up)o (dp@H)

)

Let H be a bialgebra. The following assertions are equivalent.
(i) H is a Hopf algebra.

(ii) The right Galois morphism is an isomorphism.

(iii) The left Galois morphism is an isomorphism.

o ()= (i) B t=(un®H)o(H®Ay®H)o(H®dy)
o (i)=> () A=(H®en)oB to(ny®H)
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Galois morphisms and the characterization of weak Hopf quasigroups

Now let H be a weak non associative bialgebra. Define the Q2-morphisms,
Q! = (uy @ H)o (H® Nk @ H)o (H® 6n),
Qk = (pn @ H) o (H@ M ® H) o (H® én),
Q2 = (H® pp) o (HRNL ® H) o (5 ® H),
Q2 = (H® puy)o (HRNE ® H) o (64 @ H).

These morphisms are idempotent and, as a consequence, there exist objects H X% H,
H ><,1? H, H XE H and H Xf? H and morphisms

pr:H®H—HX[H, itl:Hx]H—H®H,

pr:H®H— HxkH, it :HxpH—H®H,

pP:H®H > HxX2H, i2:Hx?H— H®H,

pa:H®H—> Hx%H, i2:Hx3H—H®H,
such that, for o € {L, R} and « € {1, 2},

ig opy =Qg, p5oiy =idyxan, HxgH=Im(Q7).
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Galois morphisms and the characterization of weak Hopf quasigroups

Let H be a weak non associative bialgebra. Then we have that:

(i) The diagrams

H®H, ®H

(1H o (H

_—

1

®i))®H
H® H—— Hx!H

H® (1 o (i ® H))

and

H® Hg ® H

(rHo(H®ir)) ® H

_—

2
H®H—F— Hx2H

H®& (un o (ir @ H))

are coequalizer diagrams.
The diagrams

i2

(H®pL)odny)® H

"H@H @ H

L
Hx?H——+H®H

and a

H® ((pL ® H) o 61)
((H®pr)odn)®@ H

HxlH - s HeoH
R

CHRH @ H

are equalizer diagrams.

H® ((pr ® H) 0 dp)
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Galois morphisms and the characterization of weak Hopf quasigroups

Definition

Let H be a unital magma. We say that a morphism ¢: HQ H - H® H is:
(i) Almost left H-linear, if ¢ = (uy ® H) o (H® ¢) o (H ® ny ® H).
(i) Almost right H-linear, if ¢ = (H® pp) o (¢ ® H) o (H® ny @ H).

By dualization, if H is a counital comagma, we will say that a morphism ¢ is almost
left H-colinear if
¢=(H®ey®H)o(H®¢)o(dn®H),

and almost right H-colinear if

p=(HRey®@H)o(¢p®H)o(H® ).
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Galois morphisms and the characterization of weak Hopf quasigroups

Let H be a unital magma and a counital comagma. The following assertions hold.
(i) The right Galois morphism 8 = (uy ® H) o (H ® dy) is almost left H-linear and
almost right H-colinear.
(if) The left Galois morphism v = (H ® py) o (64 ® H) is almost right H-linear and
almost left H-colinear.
(i) The morphisms Q] and Q% are almost left H-linear and almost right H-colinear.

(iv) The morphisms Q2 and Q% are almost right H-linear and almost left H-colinear.
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Galois morphisms and the characterization of weak Hopf quasigroups

Note that, if H is a weak Hopf quasigroup, we can express the Q-morphisms as
compositions of the Galois morphisms in the following way

Qi =0, Qp=p0f, Q=707 Q=707

where

B=(pn®@H)o(H® Ay ®H)o(H®n)

and
¥=(H®pn)o (H® Ay @ H) o (6n ® H).

Moreover, if the weak Hopf quasigroup H is a Hopf quasigroup,
=L =R
Ng=N{=Ny =T} =cn®nu

and then the Q-morphisms are identities. As a consequence we have that in this case
the Galois morphisms 3 and ~ are isomorphisms with inverses 3 and 7, respectively.
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Galois morphisms and the characterization of weak Hopf quasigroups

Let H be a weak non associative bialgebra. The following assertions are equivalent:
(i) H is a weak Hopf quasigroup.
(if) The morphisms
f=phoBoil :Hx}H— HxkH
and
g:pfowoi,%:HX%H—)HXfH

1

are isomorphisms, the morphism il of ~op} is almost left H-linear and i20g ~1op?

is almost right H-linear.

o ()= (i) fl=ploBoitand g t=p2o7oi?
L R R L

o ()= (1)) Ay=(H®en)oitofLopko(ny® H)
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Galois morphisms and the characterization of weak Hopf quasigroups

Let H be a unital magma and coalgebra such that ey and §y are morphisms of unital
magmas. Then H is a Hopf quasigroup if and only if the Galois morphisms 3 and
are isomorphisms and they have almost left H-linear and almost right H-linear inverses,
respectively.

@ This result was proved by T. Brzezinski for Hopf quasigroups in xVect in:

T. Brzezinski, Hopf modules and the fundamental theorem for Hopf quasigroups,
Internat. Elec. J. Algebra 8, 114-128 (2010).
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Galois morphisms and the characterization of weak Hopf quasigroups

Let H be a weak bialgebra. The following assertions are equivalent.
(i) H is a weak Hopf algebra.

(if) The morphism

f=ppofBoil :Hx}H—HxkH

is an isomorphism.

(iii) The morphism
g:pfo'yoi,%:HX%H—)HXEH

is an isomorphism.

@ This result was proved by P. Schauenburg for weak Hopf algebras in Vect in:

P. Schauenburg, Weak Hopf algebras and quantum groupoids, Noncommutative geo-
metry and quantum groups (Warsaw, 2001), 171-188, Polish Acad. Sci., Warsaw,

(2003).
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Quasigroupoids

O Quasigroupoids
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Quasigroupoids

Let X, Y, Z be sets and
a: X—>2Z, p:Y—>Z

be maps.
Then
X aXﬁ Y

denotes the pullback of a and 3, i.e.,

X axg Y ={(6y) €EXXY; ax) = B(y)}
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Quasigroupoids

Definition

A quasigroupoid (I.P. Loopoid) A is an ordered pair of sets A = (Ao, A1) such that:
(1) There exist maps sa : A1 — Ao, ta : A1 — Ao, and ida : Ag — Ay, called source,
target and identity, respectively, satisfying
SA(fdA(X)) = tA(fdA(X)) =x, Vx€Ao.
(2) There exist a map, called product of A,

[ 3 A1 SAXtA A1 = Al,

defined by e(a, b) = ae b and a map Aa : A1 — Az, called the inverse map, such
that:

(2-1) For each a € Aq,
ida(ta(a)) @ a = a = aeida(sa(a)).
(2-2) For all (a, b) € Az spX1tp As,
sa(a e b) = sa(b), ta(aeb) = ta(a).
(2-3) Forall (a, b) € A1 sy Xty A1, (Aa(a), 2@ b) and (a e b, Aa(b)) are in Ay 55X, Az and

Aa(a)e (aeb)=0b, (aeb)ea(b)=a.
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Quasigroupoids

@ The set Ag wil be called the base set, or also the set of objects, of A. The set A;
wil be called the set of arrows of A. We will say that a quasigroupoid A is finite if
its base set is finite.

o Note that a finite quasigroupoid where |Ag| = 1 is an I.P. loop.

o If the product of a quasigroupoid A is associative, A is a groupoid, i.e., a category
where every morphism is an isomorphism.

@ A quasigroupoid is an inverse semiloopoid satisfying the unities associativity as-
sumption. These notions were introduced by J. Grabowski in

J. Grabowski. An introduction to loopoids, Comment. Math. Univ. Carolin. 57 (2016),
515-526.
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Quasigroupoids

If A is a quasigroupoid, the following equalities

sa(Aa(a)) = ta(a),
ta(Aa(a)) = sa(a),
Aa(a) @ a = ida(sa(a)),
ae Aa(a) = ida(ta(a)),

Aa(Aa(a)
Aa(aeb

= Aa(b) @ Aa(a),

hold for all a € A; and (a, b) € A1 spXt5 Al

- =
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Quasigroupoids

Definition

Let A, A’ be quasigroupoids. A quasigroupoid morphism I : A — A’ is a pair of maps
r=(lo,M1),
Fo:Ag— Ag, T1:A; — Al
such that
(1) Toosa =saroly,
(2) Toota =taroly,
(3) For all x € Ag, I1(ida(x)) = idas(To(x)),
(4) For all (a,b) € A1 spxtq A1, T1(a®b) =T1(a)e’ I'1(b).

The obvious composition of quasigroupoid morphisms is a quasigroupoid morphism.
Then with QGPD we will denote the category whose objects are quasigroupoids and
whose morphisms are morphisms of quasigroupoids. With QGPD we will denote
the full subcategory of QGPD whose objects are finite quasigroupoids.
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Quasigroupoids

Let A be an |.P. loop with product - and let X be a set. Assume that there exists a map
PYx tAX X =X
satisfying the following two conditions:
Yx(ea, x) = x,

wX(a - b, X) = "pX(ard)X(va)):

for all x € X and a, b € A (in this case we will say that 1x is an action of A on X).
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Quasigroupoids

The quasigroupoid B = (Bg, B1) associated to the action x is defined by the sets
Bo = X, B1 = A X X and maps

ss 1 B1 = Bo, sg(a,x) = x,
tg : B1 — By, tB(a, X) = ’l/}x(a,X),
idg : Bo — B1, idB(X) = (eA,x).

Then,
B1 spxtg B1 = {((a, ), (b,¥),) € B1 X B1 / thx(b,y) = x}

and the product is defined by

(a»X)*(b»y) = (a' b’y)'

The inverse map A : By — B1 is Ag(a,x) = (a=1, ¥x(a, x)).

@ As was proved in

J.N. Alonso Alvarez, J.M. Fernandez Vilaboa and R. Gonzélez Rodriguez Quasigrou-
poids and weak Hopf quasigroups Journal of Algebra 568, 408-436 (2021)

examples of this kind can be obtained by working with Moufang loops of small
order and the 4-dimensional Taft Hopf algebra.
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Quasigroupoids

Let A be a I.P. loop and let X be a set. Denote by T the set
T={(axy)/acA xyeX}
The quasigroupoid T = (To, T1) associated to T is defined by the sets

To = {(eA7X7X) € T}7 T1=T

and maps
st:T1— To, st(a,x,y) = (eay,y),
tr: T1 — To, tr(a,x,y) = (ea,x,x),
idr : To — T1, idt(ea,x,x) = (ea,x,x).
Then,

T1 stXtr T1= {((37X,Y)7(b,y, r)) €Ty x Tl}
and the product is defined by

(a,x,y)x(b,y,r)=(a- b,x,r).

The inverse map At : T1 — T1 is Ar(a, x,y) = (@=L, y, x).
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Quasigroupoids

Let A be a quasigroupoid, let P be a set and let 7 : P — Ag be a surjective map. The
quasigroupoid P(A)™ = (P(A)Z,P(A)T) is defined by the sets P(A)§ = P,

P(A)Y ={(p,a,9) / (p,a,q) € P x A1 x P, (p) = ta(a), m(q) = sa(a)}

and maps
’ sp(a)~ : P(A)T = P(A)g, spa)~(p,a,q) =g,
tpeay~ : P(A)Y = P(A)g, tpay~(p;a,q) =p,
idp(ay= : P(A)g — P(A){, idpay=(p;a,q) = (p, idr(p), P)-
Then,

P(A)T spiay<tpays P(A)T ={((p,a,q), (g, b,n)) € P(A)] x P(A)T}
and the product is defined by
(p,a,q) x(q,b,n) = (p,aeb,n).
The inverse map Apayr : P(A)] — P(A)T is
A7 (P, a,a) = (a,2a(a), p)-




Quasigroupoids

Let K be a field and let A = (Ao, A1) be a finite quasigroupoid. The quasigroupoid
magma K[A], defined by the free vector space

K[A] = €P Ka,

acA;

is a cocommutative weak Hopf quasigroup with unit 1 = Z ida(x), product
xEAo

aeb, if (a,b) € Ay spXtp A1,
piial(a ® b) =
0, if (a,b) & A1 spXta A1,

counit egjaj(a) = 1k, coproduct dgiaj(a) = a2 ® a and antipode Agjaj(a) = Aa(a) on
the basis elements. )
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Quasigroupoids

Let K be a field and let I = (g, 1) : A — A’ be a morphism of finite quasigroupoids.
Then the linear extension

K[F1] : K[A] — K[A], K][F1](a) = 1(a),

is a morphism of weak Hopf quasigroups that we will denote by K[I].

There exists a functor, called the WHQ-functor,

F: QGPD — WHQ

defined on objects by F(A) = K[A] and on morphisms by F(I') = K[I].
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Categorical equivalences

Categorical equivalences

© Categorical equivalences
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Categorical equivalences

In this section we will assume that C = gVect.

If S is a set, with K[S] we will denote the free K-vector space on S, i.e.,
K[S] = P Ks.
seS

This vector space, called the grouplike coalgebra, has a coalgebra structure determined
by
ekis)(s) = 1r, Jgis)(s) =s®s.
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Categorical equivalences

Definition

Let D = (D,ep,dp) be a coalgebra in C. We will say g € D is a grouplike element if

dp(e)=e®¢g

and
ep(g) = 1.

We will denote by G(D) the set of grouplike elements of D.The set G(D) is a subcoal-
gebra of D. J

If S is a set, the coalgebra K[S] satisfies
G(K[S]) = S. J
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Categorical equivalences

Let H be a weak Hopf quasigroup and consider t € H such that §4(t) = t ® t. Then

the following equalities hold:

(i) Nf(e)e = My(e)t = eNf(e) = eMTa(e) =

(ii) The elements Mk (t), HH(t) Nk (t) and ﬁZ(t) are idempotent.
(iit) ou(NE (1)) = NE (1) ® NE(t), Sn(NF()) = NF(t) ® NF(t).
(iv) (NLoNR)(t) =NR(), (nR o ML)(t) = NE(t).
n&(e) = ().

Su(TTR(2)) = T (t) ® ().
(MR o Ap)(t) = ML () = (Aw o NL)(2).

(A2, 0 NB)(t) = NR(t) = (MR o A2)(¢).

(vi) (M (1) = k(1) © My(e),
(vii) (M 0 Aw)(t) = NE(t) = (A 0 NF)(1),

(viii ()\2 o I'I}_,)(t) = I'I}_,(t) (I'I;-_, o /\2H)(t),
2(t) =t.

i)
) 8
)
(v) Mk (t) = (),
i)
)
)
X) A

(i
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Categorical equivalences

Let H be a weak Hopf quasigroup. If g € H is a grouplike element of H, then so are

Nk (g), N¥(g) and Ay(g). )

Let H be a weak Hopf quasigroup in C. The algebras H; and Hg are separable, finite
dimensional and semisimple.

v

Let H be a weak Hopf quasigroup. The group-like elements of H are linearly independent.
Therefore, the cardinality of
G(H) N Hg

is finite.
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Categorical equivalences

Let H be a weak Hopf quasigroup. The ordered pair of sets T (H) = (T (H)o, 7 (H)1),
where

T(H)o = G(H)NHg, T(H)1 = G(H),
is a finite quasigroupoid where the source, target and identity morphisms
5 T(H)l — 'T(H)o7 t: T(H)l — T(H)o, i T(H)o — T(H)l,

are defined by
s(g) = Ni(e), tg) =Mk(g), () =r,

the product
* I T(H)l sXt T(H)l = T(H)l

is defined by hx g = py(h ® g), and the inverse map A : T(H)1 — T(H)1 is

Ag) = An(g)-
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Categorical equivalences

Let f : H— H’ be a morphism of weak Hopf quasigroups. The pair
T(f) = (T(F)o, T(Fa),

where

T(f)o 8 T(H)o = T(Hl)o, T(f)]_ 5 T(H)]_ = T(H/)]_

are the maps defined by 7(f)o(r) = f(r) and T(f)1(g) = f(g), is a morphism of
quasigroupoids between 7(H) and T(H').

There exists a functor, called the QGPD-functor,

L: WHQ — QGPD

defined on objects by L(H) = 7 (H) and on morphisms by L(f) = 7(f).

.
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Categorical equivalences

The WHQ-functor is left adjoint of the QGPD-functor.
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Categorical equivalences

The functors F and L induce an equivalence between the category QGPD and the full
subcategory of WHQ of all pointed cosemisimple weak Hopf quasigroups.

If K is algebraically closed, the functors F and L induce an equivalence between the
category QGPD and the full subcategory of WHQ of all cocommutative cosemisimple
weak Hopf quasigroups.

v

o In the associative setting (replace quasigroupoids by small groupoids with finitely
many objects), the previous results are the ones proved in

G. Béhm, J. Gémez-Torrecillas, E. Lopez Centella, On the category of weak bialge-
bras, J. Algebra 399 (2014), 801-844.

for weak Hopf algebras.
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Categorical equivalences

The category of I.P. loops is equivalent to the one of pointed cosemisimple Hopf qua-

sigroups.
y

If K is algebraically closed, the category of |.P. loops is equivalent to the one of cocom-
mutative cosemisimple Hopf quasigroups.

V

(i) The category of groups is equivalent to the one of pointed cosemisimple Hopf
algebras.

(i) If K is algebraically closed, the category of groups is equivalent to the one of
cocommutative cosemisimple Hopf algebras.
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Matched pairs of quasigroupoids

Matched pairs of quasigroupoids

© Matched pairs of quasigroupoids
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Matched pairs of quasigroupoids

Definition

Let A and H be quasigroupoids with products e and x and with the same base. A left
action of H on Ais a map @4 : Hy s;xt4 A1 — Ay, satisfying:

(1) For all (h,a) € Hi gXts A1, ta(pa(h,a)) = tu(h).
(2) Forall (h,a) € H1 sx<ta A1, (g, h) € Hi sy H1, wa(gxh, a) = 0alg, pa(h, a)).
(3) Forall a € A1, pa(idu(ta(a)),a) = a.

o
Similarly, a right action of A on H is a map ¢y : H1 Xty A1 — Hi, satisfying:
(1) For all (h,a) € H1 gXta A1, sH(¢n(h, a)) = sa(a).
(2) For all (h,a) € Hi gXta A1, (3, b) € A1 spXtn A1, dH(h, aeb) = ¢r(on(h,a), b),
(3) For all h € Hy, ¢n(h, ida(su(h))) = h.
W
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Matched pairs of quasigroupoids

Definition

A matched pair of quasigroupoids is a pair of quasigroupoids (A, H) with the same base
together with a left action of H on A, pa : Hy s}ty A1 — Az, and a right action of A
on H, ¢y : Hi §Xtn A1 — Hi, satisfying the following properties:

(1) For all (h,a) € Hy sxt5 A1,
sa(ea(h, a)) = tu(en(h, a)).
(2) For all (h,a) € Hy sp<ta A1 and (a, b) € A1 spXtp Az,
wa(h,aeb) = pa(h,a)epa(on(h,a),b).

(3) For all (h,a) € Hy sxts A1 and (g, h) € Hy syxty Hi,

dH(g x h,a) = du(g, pa(h, a)) x pu(h, a). )
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Matched pairs of quasigroupoids

Let (A, H) be a matched pair of quasigroupoids. For all a, b € A1, g, h € Hy for which
the operations are defined, the following identities hold:

ea(h, ida(sh(h))) = ida(t(h)),
#n(idu(ta(a)), a) = idu(sa(a)),
Aa(wa(h, a)) = pa(en(h, a), Aa(a)),
AH(dH(h, a)) = du(An(h), pa(h, a))
(b e pa(h,a)) e pa(Pn(h, a),Aa(a)) = b,
SH(AH(h), palh; ) x (du(h,a) x g) = g,
ea(An(on(h, @), Aalea(h, a))) = Aa(a),
H(AH(BH(h; 2)), Aa(pa(h, a))) = Au(h),
Aa(a) @ pa(An(h), b) = oA(An(SH(h, a)), Aa(pa(h, a)) @ b),
#H(g, Aa(a)) x An(h) = dn(g * An(on(h, a)), Aa(pa(h, a))).
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Matched pairs of quasigroupoids

Let (A,H) be a matched pair of quasigroupoids. The pair
A<t H = ((AxH)o, (A H)p),

where (A >1 H)o = Ao, (A > H)1 = A1 syx¢y Hi, is a quasigroupoid with source
morphism sapqn(a, h) = sy(h), target morphism tasqn(a, h) = ta(a), identity map
idapan (x) = (ida(x), idn(x)), product

(avg)"u(b7 h) = (a O ljJl(g7 b)? \Uz(gv b) * h)7

where W : Hy gxtp A1 — A1 spXey Hi is the map with components W1 (g, b) = ¢a(g, b)
and V3(g, b) = ¢u(g, b), and inverse map

AasaH (@, ) = V(Au(h), Aa(a)).

Definition

Let (A, H) be a matched pair of quasigroupoids. The quasigroupoid A <t H will be called
the double crossed product or the diagonal quasigroupoid of A and H.
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Matched pairs of quasigroupoids

Let (A,H) be a matched pair of quasigroupoids. Then, A and H are subquasigroupoids
of A 1 H where
A TA = AdaH

is defined by i = (i : Ao — (A H)o, it : Ay — (A b H)1) with
i6 =idng, it'(a) = (a,idu(sa(a))),

and M H — A > H is defined by i' = (i}! : Ao — (A1 H)o, it : Hy — (A > H)1)
where

i§ = idng, i1(g) = (ida(tn(g)),8)
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Matched pairs of quasigroupoids

Let A be a I.P. loop with product - and let X be a set. Assume that there exists an
action of A over X denoted by 1¥x : Ax X — X. Let B = (Bo, B1) be the quasigroupoid
associated to the action x. Let X? be the discrete groupoid.

Then, (X9, B) is a matched pair of quasigroupoids where

SDXd((avx)zx) = Illx(a,X), ¢B((37X)ax) = (a,x).
In this case the double crossed product X9 < B, is defined by
(XY aB)o = X, (X9 aB)1 =X{ s xe5 B1,
SXquB(ya(avx)) =X, thqu(ya(avx)) =Y, ’.dxdqu(X) = (X,(6A7X)),

(y7 (avx))'\U(X» (b7 t)) = (y7 (‘2 - b, t))

and

/\XdMB(yv (a,X)) = (¢X(3717y)7 (ailvy))'
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Matched pairs of quasigroupoids

Definition

Let A, H and B be quasigroupoids with the same base. Assume that A and H are
subquasigroupoids of B with associated inclusions i* : A — B and iH : H - B
satisfying that ioA = i('f = idp,- Let © be the product defined in B. Then we will say
that [A, H] is an exact factorization of B, if in the case that the products involved are
defined, we have that

(1) i(g) o ("(a) 0 iA(b)) = (i (g) 0 i*(a)) o i (b),
g) o (i"'(h) o i*(a)) = (i"(g) o i"(h)) o i*(a),

i

(
(2) i
(3) iM(h) o (i(a) o i"(F)) = (M (h) o i*(a)) o F(f),
(4) iA(c) o (iM(h) o i*(a)) = (iA(c) o M (M) o i*(a),
(5) iA(a) o (iM(b) 0 iM(g)) = (if(a) o if(b)) o i (g),
(6) if(a) o (iM(g) o M(h)) = (A(a) o M (h)) o M(g)
hold and

(7) The map g = oo (iA X iH) : A1 spXty H1 — By is a bijection.
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Matched pairs of quasigroupoids

Let [A, H] be an exact factorization of a quasigropupoid B. Then, there exists a matched
pair of quasigroupoids (A, H) and an isomorphism of quasigroupoids between A <1 H
and B.
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Matched pairs of quasigroupoids

Let (A, H) be a matched pair of finite quasigroupoids. Let pa be the left action of
H on A and let ¢y be a right action of A on H. Then, we can define the following

morphisms in g Vect by:

wa(h,a) if (h,a) € Hi gyx<tp A1
exia) - K[HI®K[A] = K[A],  ogiaj(h®a) =
0 otherwise,
#n(h,a) if (h,a) € Hy gxtp A1

g * K[HIQK[A] — K[A], - dypj(h®a) =
0 otherwise.
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Matched pairs of quasigroupoids

Let ¢ : K[H] ® K[A] — K[A] ® K[H] be the morphism defined by
@ = (pxia) ® diH)) © (dka) ® ckiH)k[A] © idiiH)) © (Sx[H) © dKkia])
and let Vo : K[A] ® K[H] — K[A] ® K[H] where

Vo = (ugia) ® idgqh)) o (idgja) @ (@ o (idgH) ® 1kia))))-
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Matched pairs of quasigroupoids

Then,
oa(h,a) ® pu(h,a) if (h,a) € Hy gxey A1
d(h®a) =
0 otherwise,
and
a® h if (a, h) c A saXty Hy
Vo(a® h) =

0 otherwise.
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Matched pairs of quasigroupoids

Therefore, V¢ is an idempotent morphism with image
Im(Vo) =({a®h / (a,h) € A1 spX1, Hi}).

If we denote by K[A] >t K[H] the image of Vg, in this K-vector space we can
define a product by

BraakH] = (Bx[a) ® HkH) © (idgia) @ @ @ idgn))-
Then,
aepp(h,b) ® da(h,b)* g if (h,b) € Hy s}t A1

0 otherwise.

BK[AKH] (2@ h®bRE) = {
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Matched pairs of quasigroupoids

Let (A,H) be a matched pair of finite quasigroupoids. Then
K[A] < K[H]
is a cocommutative weak Hopf quasigroup with unit

IxiapaxiH] = D, ida(x) ® idn(x),
x€EAg

product ug[ax[H] and where for all not null element a® h € K[A] > K[H], the counit
is defined by eg[ap<xH](2 ® h) = 1, the coproduct by

SxjakH(@® h) =a®@h®a®h
and the antipode by

Ax[al<k[H] (2 ® h) = pa(An(h), Aa(a)) ® dr(An(h), Aa(a)).
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Matched pairs of quasigroupoids

Let (A, H) be a matched pair of finite quasigroupoids. The cocommutative weak Hopf

quasigroups K[A > H] and K[A] <1 K[H] are isomorphic in WHQ. )

Let (A,H) be a matched pair of I.P. loops. The cocommutative Hopf quasigroups
K[A > H] and K[A] > K[H] are isomorphic in the category of Hopf quasigroups.
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Matched pairs of quasigroupoids

Thank you very much for your attention
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