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A simplicial group is a simplicial object in the category of groups [J. P. May, Simplicial objects in
algebraic topology. Princeton, N.J.-Toronto-London-Melbourne: D. van Nostrand Company, Inc. (1968;
Zbl 0165.26004)]. The Moore complex of a simplicial group is its normalized chain complex [Séminaire
Henri Cartan: Algèbres d’Eilenberg-MacLane et homotopie. 7e année 1954/55. Vols. I, II. Exposés I–XI,
XII–XXII. École Normale Supérieure. Paris: Secrétariat mathématique. (1955; Zbl 0067.15601); Séminaire
Henri Cartan: Algèbres d’Eilenberg-MacLane et homotopie. 7e année 1954/55. 2e éd., revue et corrigée.
Paris: Secrétariat mathématique (1956; Zbl 0075.32002)], yielding a Moore complex functor from the
simplicial abelian groups to the category of chain complexes of abelian groups, which is an equivalence
called Dold-Kan correspondence [A. Dold, Ann. Math. (2) 68, 54–80 (1958; Zbl 0082.37701); D. M.
Kan, Trans. Am. Math. Soc. 87, 330–346 (1958; Zbl 0090.39001)] and which was generalized to abelian
categories in [A. Dold and D. Puppe, Ann. Inst. Fourier 11, 201–312 (1961; Zbl 0098.36005)], to semi-
abelian categories in [D. Bourn, Contemp. Math. 431, 105–124 (2007; Zbl 1143.18013)], and to more
general source categories and settings rather than simplicial objects in [S. Lack and R. Street, J. Pure
Appl. Algebra 219, No. 10, 4343–4367 (2015; Zbl 1317.18016); ibid. 224, No. 3, 1364–1366 (2020; Zbl
1423.18032)]. The author focuses on Bourn’s treatment of semi-abelian categories considering the Moore
complex structure on semi-abelian categories, of which the category of cocommutative Hopf algebras as
well as the category of groups and that of Lie algebras is an instance. Bourn’s work is based on [T.
Everaert and T. Van der Linden, Theory Appl. Categ. 12, 1–33 (2004; Zbl 1065.18011); ibid. 12, 195–224
(2004; Zbl 1065.18012)], while semi-abelian categories were introduced in [G. Janelidze et al., J. Pure Appl.
Algebra 168, No. 2–3, 367–386 (2002; Zbl 0993.18008)]. For brevity, the author uses the word “semi-abelian
category” for a category with binary coproducts which is pointed, Barr exact and Bourn protomodular.
It was shown in [P. Carrasco and A. M. Cegarra, J. Pure Appl. Algebra 75, No. 3, 195–235 (1991; Zbl
0742.55003)] that the Moore complex construction yields a functor from the category of simplicial groups
to the category of hypercrossed complexes of groups. The same thing holds for the Lie algebra case [P.
Carrasco and A. M. Cegarra, Theory Appl. Categ. 32, 1165–1212 (2017; Zbl 1377.55014)]. Hypercrossed
complexes, capturing crossed modules and 2-crossed modules for dimensions 1 and 2, respectively, are
strongly related to this paper.
A crossed module is a group homomorphism

∂ : E → G

together with an action ▷ of G on E by automorphisms obeying

∂ (g ▷ e) = g∂ (e) g−1 (equivalence)

and
∂ (e) f = efe−1 (Peiffer condition)

for all e, f ∈ E and g ∈ G. The notion was introduced in [Zbl 0040.38801] as an algebraic model of
connected homotopy 2-group [R. Brown and C. B. Spencer, Nederl. Akad. Wet., Proc., Ser. A 79, 296–
302 (1976; Zbl 0333.55011)]. Categorically speaking, crossed modules are equivalent to internal categories
of groups [J.-L. Loday, J. Pure Appl. Algebra 24, 179–202 (1982; Zbl 0491.55004)]. 2-crossed modules of
groups were introduced in [D. Conduché, J. Pure Appl. Algebra 34, 155–178 (1984; Zbl 0554.20014)]. In
the light of the close relationship between groups and Lie algebras, the Lie algebraic case of the whole
2-crossed module theory was given in [G. J. Ellis, J. Aust. Math. Soc., Ser. A 54, No. 3, 393–419 (1993;
Zbl 0824.17022)].
Hopf algebras [M. E. Sweedler, Hopf algebras. New York: W.A. Benjamin, Inc. (1969; Zbl 0194.32901)]
are to be thought of as a unification of groups and Lie algebras as being the group algebra of a group
and the universal enveloping algebra of a Lie group. Conversely, one has the functors Gl and Prim from
the category of Hopf algebras to that of groups and of Lie algebras assigning group-like and primitive
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elements, respectively. It is important to note that both the group algebra and the universal enveloping
algebra turn to a specific type of Hopf algebras called cocommutative . One has a coreflection functor
[H.-E. Porst, J. Algebra 328, No. 1, 254–267 (2011; Zbl 1232.18008)]

R : {Hopf} → {Hopfcc}

from the category of all Hopf algebras to the full and replete subcategory of cocommutative Hopf algebras,
which is semi-abelian. There exists a category {Grp ⋉ Lie} whose objects are triples (G, L, ▷), where G
is a group, L is a Lie algebra and ▷ is a representation of G on L by Lie algebra maps. One has functors

{Grp ⋉ Lie} → {Hopfcc}
{Hopfcc} → {Grp ⋉ Lie}

where one has to recall that the group of group-like elements acts on the set of primitive elements by
conjugation. Thus one is now on the scene of the Cartier-Gabriel-Kostant-Milnor-Moore theorem.
The principal objective in this paper is to define 2-crossed modules of cocommutative Hopf algebras,
unifying the theory of 2-crossed modules of groups and of Lie algebras when the functors Gl and Prim
are taken into consideration. There is no generally accepted definition of crossed modules of Hopf algebras,
but the author adopts S. Majid’s in [“Strict quantum 2-groups”, Preprint, arXiv:1208.6265]. As for the
group and Lie algebra case, the functorial relationship between simplicial objects and 2-crossed modules
within the category of cocommutative Hopf algebras is found out. To this end, the explicit definition of a
Moore complex of a simplicial cocommutative Hopf algebra is given, being constructed via Hopf kernels.
This unifies the Moore complex of groups and Lie algebras in the sense of the same functors. One then
obtains a 2-crossed module structure from a simplicial cocommutative Hopf algebra with Moore complex
of length 2 with the iterated Peiffer pairings, getting the functor{

SimpHopfcc
≤2

}
→ {X2Hopfcc}

On the other hand, one already has the functor{
SimpGrp≤2

}
→ {X2Grp}

from the category of simplicial groups with Moore complex of length 2 to the category of 2-crossed
modules of groups [A. Mutlu and T. Porter, Theory Appl. Categ. 4, 148–173 (1998; Zbl 0917.18006)],
while similarly one has the functor {

SimpLie≤2
}
→ {X2Lie}

for the category of Lie algebras [G. J. Ellis, J. Aust. Math. Soc., Ser. A 54, No. 3, 393–419 (1993; Zbl
0824.17022)]. One finally has the following comutative diagram{

SimpGrp≤2
}
←

{
SimpHopfcc

≤2
}
→

{
SimpLie≤2

}
↓ ↓ ↓

{X2Grp} ← {X2Hopfcc} → {X2Lie}

in which the horizontal arrows are extended from Gl and Prim, respectively. The outer vertical arrows are
known to be equivalence of categories, while the auther adds the middle vertical arrow as an equivalence
as well. This ensures the coherence of the 2-crossed module definition.
This study is the first step towards enhancing understanding of Hopf algebras in terms of category theory
and algebraic topology for higher dimensions with crossed modules considered as 1-dimensional categorical
objects, paving the way towards unification of higher dimensional structures for groups and Lie algebras
within the category of cocommutative Hopf algebras.

Reviewer: Hirokazu Nishimura (Tsukuba)

MSC:
16T05 Hopf algebras and their applications
16S40 Smash products of general Hopf actions
18G45 2-groups, crossed modules, crossed complexes
55U10 Simplicial sets and complexes in algebraic topology
55U15 Chain complexes in algebraic topology

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2021 FIZ Karlsruhe GmbH Page 2

https://zbmath.org/?q=an:1232.18008
arXiv:1208.6265
https://zbmath.org/?q=an:0917.18006
https://zbmath.org/?q=an:0824.17022
https://zbmath.org/?q=an:0824.17022
https://zbmath.org/authors/?q=ai%3Anishimura.hirokazu
https://zbmath.org/classification/?q=cc:16T05
https://zbmath.org/classification/?q=cc:16S40
https://zbmath.org/classification/?q=cc:18G45
https://zbmath.org/classification/?q=cc:55U10
https://zbmath.org/classification/?q=cc:55U15
https://www.fiz-karlsruhe.de/
http://www.euro-math-soc.eu/
https://www.hadw-bw.de/


Keywords:
Hopf algebra; simplicial object; Moore complex; 2-crossed module

Full Text: Link

References:
[1] Agore, A. L. (2011). Limits of coalgebras, bialgebras and Hopf algebras.Proc. Am. Math. Soc., 139(3):855-863. · Zbl 1223.16009
[2] Agore, A. L. and Militaru, G. (2018). Galois groups and group actions on Lie algebras. J. Lie Theory, 28(4):1165-1188. · Zbl

1446.17009
[3] Alonso Alvarez, J. N., Fern´andez Vilaboa, J. M., and Gonz´alez Rodr´ıguez, R. (2018). Crossed products of crossed modules

of Hopf monoids.Theory Appl. Categ., 33:868- 897. · Zbl 1401.18018
[4] Andruskiewitsch, N. and Devoto, J. (1995). Extensions of Hopf algebras.Algebra Anal., 7(1):22-61. · Zbl 0857.16032
[5] Baez, J. C. and Lauda, A. D. (2004). Higher-dimensional algebra. V: 2-Groups.Theory Appl. Categ., 12:423-491. · Zbl

1056.18002
[6] Baues, H. J. (1991).Combinatorial homotopy and 4-dimensional complexes.Berlin etc.: Walter de Gruyter.
[7] B¨ohm, G. (2019). Crossed modules of monoids I: relative categories.Appl. Categ. Struct., 27(6):641-662. · Zbl 1430.18003
[8] B¨ohm, G. (2021). Crossed modules of monoids III: simplicial monoids of Moore length 1.Appl. Categ. Struct., 29(1):1-29.
[9] Bourn, D. (2007). Moore normalization and Dold-Kan theorem for semi-abelian categories. InCategories in algebra, geometry

and mathematical physics. Conference and workshop in honor of Ross Street’s 60th birthday, Sydney and Canberra, Australia,
July 11-16/July 18-21, 2005, pages 105-124. American Mathematical Society (AMS). · Zbl 1143.18013

[10] Brown, R. (1987). From groups to groupoids: a brief survey.Bull. Lond. Math. Soc., 19:113-134. · Zbl 0612.20032
[11] Brown, R. (1999). Groupoids and crossed objects in algebraic topology.Homology Homotopy Appl., 1:1-78. · Zbl 0920.55002
[12] Brown, R. (2018). Modelling and computing homotopy types: I.Indag. Math., New Ser., 29(1):459-482. · Zbl 1423.55015
[13] Brown, R. and Gilbert, N. D. (1989). Algebraic models of 3-types and automorphism structures for crossed modules.Proc.

Lond. Math. Soc. (3), 59(1):51-73. · Zbl 0645.18007
[14] Brown, R. and Spencer, C. (1976).G-groupoids, crossed modules and the fundamental groupoid of a topological group.Nederl.

Akad. Wet., Proc., Ser. A, 79:296-302. · Zbl 0333.55011
[15] Carrasco, P. (1995). Complejos hipercruzados, cohomologias y extensiones.PhD. Thesis, Universidad de Granada.
[16] Carrasco, P. and Cegarra, A. (1991). Group-theoretic algebraic models for homotopy types.Journal of Pure and Applied

Algebra, 75(3):195-235. · Zbl 0742.55003
[17] 224KAD˙IR EM˙IR
[18] Carrasco, P. and Cegarra, A. M. (2017). A Dold-Kan theorem for simplicial Lie algebras. Theory Appl. Categ., 32:1165-1212.

· Zbl 1377.55014
[19] Carrasco, P. and Porter, T. (2016). Coproduct of 2-crossed modules: applications to a definition of a tensor product for

2-crossed complexes.Collect. Math., 67(3):485-517. · Zbl 1348.18008
[20] Cartier, P. (2007). A primer of Hopf algebras. InFrontiers in number theory, physics, and geometry. II, pages 537-615. Springer,

Berlin. · Zbl 1184.16031
[21] Casas, J. M., Casado, R. F., Khmaladze, E., and Ladra, M. (2017). More on crossed modules in Lie, Leibniz, associative and

diassociative algebras.J. Algebra Appl., 16(6):17. · Zbl 1407.17002
[22] Casas, J. M., Inassaridze, N., Khmaladze, E., and Ladra, M. (2014). Adjunction between crossed modules of groups and

algebras.J. Homotopy Relat. Struct., 9(1):223-237. · Zbl 1309.18002
[23] Conduch´e, D. (1984). Modules crois´es g´en´eralis´es de longueur 2.J. Pure Appl. Algebra, 34:155-178.
[24] Dold, A. (1958). Homology of symmetric products and other functors of complexes. Annals of Mathematics, 68(1):54-80. ·

Zbl 0082.37701
[25] Dold, A. and Puppe, D. (1961). Homologie nicht-additiver Funktoren. Anwendungen. Ann. Inst. Fourier, 11:201-312. · Zbl

0098.36005
[26] Duskin, J. (1975). Simplicial methods and the interpretation of “triple” cohomology. Mem. Am. Math. Soc., 163:135. · Zbl

0376.18011
[27] Ellis, G. (1993a). Crossed squares and combinatorial homotopy.Math. Z., 214(1):93-110. · Zbl 0789.55008
[28] Ellis, G. J. (1993b). Homotopical aspects of Lie algebras.J. Aust. Math. Soc., Ser. A, 54(3):393-419. · Zbl 0824.17022
[29] Everaert, T. and Van der Linden, T. (2004). Baer invariants in semi-abelian categories II: Homology.Theory Appl. Categ.,

12:195-224. · Zbl 1065.18012
[30] Faria Martins, J. (2011). The fundamental 2-crossed complex of a reduced CW-complex. Homology Homotopy Appl., 13(2):129-

157. · Zbl 1230.55012
[31] Faria Martins, J. (2016). Crossed modules of Hopf algebras and of associative algebras and two-dimensional holonomy.J.

Geom. Phys., 99:68-110. · Zbl 1332.57029
[32] Faria Martins, J. and Picken, R. (2010). On two-dimensional holonomy.Trans. Am. Math. Soc., 362(11):5657-5695. · Zbl

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2021 FIZ Karlsruhe GmbH Page 3

https://zbmath.org/?q=ut:Hopf+algebra
https://zbmath.org/?q=ut:simplicial+object
https://zbmath.org/?q=ut:Moore+complex
https://zbmath.org/?q=ut:2-crossed+module
http://www.tac.mta.ca/tac/volumes/37/7/37-07abs.html
https://zbmath.org/1223.16009
https://zbmath.org/1446.17009
https://zbmath.org/1446.17009
https://zbmath.org/1401.18018
https://zbmath.org/0857.16032
https://zbmath.org/1056.18002
https://zbmath.org/1056.18002
https://zbmath.org/1430.18003
https://zbmath.org/1143.18013
https://zbmath.org/0612.20032
https://zbmath.org/0920.55002
https://zbmath.org/1423.55015
https://zbmath.org/0645.18007
https://zbmath.org/0333.55011
https://zbmath.org/0742.55003
https://zbmath.org/1377.55014
https://zbmath.org/1348.18008
https://zbmath.org/1184.16031
https://zbmath.org/1407.17002
https://zbmath.org/1309.18002
https://zbmath.org/0082.37701
https://zbmath.org/0098.36005
https://zbmath.org/0098.36005
https://zbmath.org/0376.18011
https://zbmath.org/0376.18011
https://zbmath.org/0789.55008
https://zbmath.org/0824.17022
https://zbmath.org/1065.18012
https://zbmath.org/1230.55012
https://zbmath.org/1332.57029
https://zbmath.org/1209.53038
https://zbmath.org/1209.53038
http://www.euro-math-soc.eu/
https://www.hadw-bw.de/


1209.53038
[33] Faria Martins, J. and Picken, R. (2011). The fundamental Gray 3-groupoid of a smooth manifold and local 3-dimensional

holonomy based on a 2-crossed module.Differ. Geom. Appl., 29(2):179-206. · Zbl 1217.53049
[34] Fern´andez Vilaboa, J., L´opez L´opez, M., and Villanueva Novoa, E. (2007). Cat1-Hopf algebras and crossed modules.Commun.

Algebra, 35(1):181-191.
[35] Fr´egier, Y. and Wagemann, F. (2011). On Hopf 2-algebras.Int. Math. Res. Not., 2011(15):3471-3501. · Zbl 1236.16031
[36] Goerss, P. G. and Jardine, J. F. (1999).Simplicial homotopy theory.Basel: Birkh¨auser.
[37] Gran, M., Kadjo, G., and Vercruysse, J. (2016). A torsion theory in the category of cocommutative Hopf algebras.Appl. Categ.

Struct., 24(3):269-282. · Zbl 1351.18013
[38] Gran, M., Kadjo, G., and Vercruysse, J. (2018). Split extension classifiers in the category of cocommutative Hopf algebras.Bull.

Belg. Math. Soc. - Simon Stevin, 25(3):355-382. · Zbl 1398.16029
[39] Gran, M., Sterck, F., and Vercruysse, J. (2019). A semi-abelian extension of a theorem by Takeuchi.J. Pure Appl. Algebra,

223(10):4171-4190. · Zbl 1440.18013
[40] Janelidze, G., M´arki, L., and Tholen, W. (2002). Semi-abelian categories.J. Pure Appl. Algebra, 168(2-3):367-386. · Zbl

0993.18008
[41] Kamps, K. H. and Porter, T. (2002). 2-groupoid enrichments in homotopy theory and algebra.K-Theory, 25(4):373-409. · Zbl

1009.18007
[42] Kan, D. M. (1958). Functors involving c. s. s. complexes.Trans. Am. Math. Soc., 87:330- 346. · Zbl 0090.39001
[43] Kassel, C. (1995).Quantum groups.New York, NY: Springer-Verlag. · Zbl 0808.17003
[44] Kassel, C. and Loday, J.-L. (1982). Extensions centrales d’alg‘ebres de Lie.Ann. Inst. Fourier, 32(4):119-142. · Zbl 0485.17006
[45] Lack, S. and Street, R. (2015). Combinatorial categorical equivalences of Dold-Kan type. J. Pure Appl. Algebra, 219(10):4343-

4367. · Zbl 1317.18016
[46] Loday, J. (1982). Spaces with finitely many non-trivial homotopy groups.J. Pure Appl. Algebra, 24(2):179-202. · Zbl 0491.55004
[47] Majid, S. (1994). Algebras and Hopf algebras in braided categories. InAdvances in Hopf algebras. Conference, August 10-14,

1992, Chicago, IL, USA, pages 55-105. New York, NY: Marcel Dekker. · Zbl 0812.18004
[48] Majid, S. (1995).Foundations of quantum group theory.Cambridge: Cambridge Univ. Press. · Zbl 0857.17009
[49] Majid, S. (2012). Strict quantum 2-groups. Available at:arXiv:1208.6265.
[50] May, J. (1967).Simplicial Objects in Algebraic Topology. University of Chicago Press. · Zbl 0769.55001
[51] 226KAD˙IR EM˙IR
[52] Moore, J. C. (1954-1955). Homotopie des complexes mono¨ıdaux. I.S´eminaire Henri Cartan, 7(2):1-8. talk:18.
[53] Morton, J. C. and Picken, R. (2015). Transformation double categories associated to 2-group actions.Theory Appl. Categ.,

30:1429-1468. · Zbl 1334.18003
[54] Mutlu, A. and Porter, T. (1998). Applications of Peiffer pairings in the Moore complex of a simplicial group.Theory Appl.

Categ., 4:148-173. · Zbl 0917.18006
[55] Porst, H.-E. (2008). Universal constructions for Hopf algebras.J. Pure Appl. Algebra, 212(11):2547-2554. · Zbl 1168.16022
[56] Porst, H.-E. (2011). Limits and colimits of Hopf algebras.J. Algebra, 328(1):254-267. · Zbl 1232.18008
[57] Porter, T. (1982). Internal categories and crossed modules. In Kamps, K. H., Pumpl¨un, D., and Tholen, W., editors,Category

Theory, pages 249-255, Berlin, Heidelberg. Springer Berlin Heidelberg. · Zbl 0499.18009
[58] Porter, T. (2019).The Crossed Menagerie:an introduction to crossed gadgetry and cohomology in algebra and topology (14

chapter version).Available at: https://ncatlab.org/timporter/files/menagerie14.pdf.
[59] Radford, D. E. (1985). The structure of Hopf algebras with a projection.J. Algebra, 92:322-347. · Zbl 0549.16003
[60] Sterck, F. (2019).On the category of cocommutative Hopf algebras, talk at the International Category Theory Conference

2019, University of Edinburgh, Scotland. Available at:https://conferences.inf.ed.ac.uk/ct2019/slides/47.pdf.
[61] Sweedler, M. (1969).Hopf algebras. Mathematics lecture note series. W. A. Benjamin.
[62] Vespa, C. and Wambst, M. (2018). On some properties of the category of cocommutative Hopf algebras.North-West. Eur. J.

Math., 4:21-37. · Zbl 1433.16035
[63] Whitehead, J. (1949). Combinatorial homotopy. II.Bull. Amer. Math. Soc., 55(5):453- 496.
[64] Department of Mathematics and Statistics,
[65] Faculty of Science,
[66] Masaryk University,
[67] Brno, Czech Republic.
[68] Email:emir@math.muni.cz
[69] This article may be accessed athttp://www.tac.mta.ca/tac/
[70] THEORY AND APPLICATIONS OF CATEGORIES will disseminate articles that significantly advance
[71] the study of categorical algebra or methods, or that make significant new contributions to mathematical

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2021 FIZ Karlsruhe GmbH Page 4

https://zbmath.org/1217.53049
https://zbmath.org/1236.16031
https://zbmath.org/1351.18013
https://zbmath.org/1398.16029
https://zbmath.org/1440.18013
https://zbmath.org/0993.18008
https://zbmath.org/0993.18008
https://zbmath.org/1009.18007
https://zbmath.org/1009.18007
https://zbmath.org/0090.39001
https://zbmath.org/0808.17003
https://zbmath.org/0485.17006
https://zbmath.org/1317.18016
https://zbmath.org/0491.55004
https://zbmath.org/0812.18004
https://zbmath.org/0857.17009
https://zbmath.org/0769.55001
https://zbmath.org/1334.18003
https://zbmath.org/0917.18006
https://zbmath.org/1168.16022
https://zbmath.org/1232.18008
https://zbmath.org/0499.18009
https://zbmath.org/0549.16003
https://zbmath.org/1433.16035
https://www.fiz-karlsruhe.de/
http://www.euro-math-soc.eu/
https://www.hadw-bw.de/


[72] science using categorical methods. The scope of the journal includes: all areas of pure category theory,
[73] including higher dimensional categories; applications of category theory to algebra, geometry and topology
[74] and other areas of mathematics; applications of category theory to computer science, physics and other
[75] mathematical sciences; contributions to scientific knowledge that make use of categorical methods.
[76] Articles appearing in the journal have been carefully and critically refereed under the responsibility of
[77] for publication.
[78] Subscription informationIndividual subscribers receive abstracts of articles by e-mail as they
[79] are published. To subscribe, send e-mail totac@mta.caincluding a full name and postal address. Full
[80] text of the journal is freely available athttp://www.tac.mta.ca/tac/.
[81] Information for authorsLATEX2e is required. Articles may be submitted in PDF by email
[82] directly to a Transmitting Editor following the author instructions at
[83] http://www.tac.mta.ca/tac/authinfo.html.
[84] Managing editor.Geoff Cruttwell, Mount Allison University:gcruttwell@mta.ca
[85] TEXnical editor.Michael Barr, McGill University:michael.barr@mcgill.ca
[86] Assistant TEX editor.Gavin Seal, Ecole Polytechnique F´ed´erale de Lausanne:
[87] gavin seal@fastmail.fm
[88] Transmitting editors.
[89] Clemens Berger, Universit´e de Nice-Sophia Antipolis:cberger@math.unice.fr
[90] Julie Bergner, University of Virginia:jeb2md (at) virginia.edu
[91] Richard Blute, Universit´e d’ Ottawa:rblute@uottawa.ca
[92] Gabriella B¨ohm, Wigner Research Centre for Physics:bohm.gabriella (at) wigner.mta.hu
[93] Valeria de Paiva: Nuance Communications Inc:valeria.depaiva@gmail.com
[94] Richard Garner, Macquarie University:richard.garner@mq.edu.au
[95] Ezra Getzler, Northwestern University:getzler (at) northwestern(dot)edu
[96] Kathryn Hess, Ecole Polytechnique F´ed´erale de Lausanne:kathryn.hess@epfl.ch
[97] Dirk Hofmann, Universidade de Aveiro:dirk@ua.pt
[98] Pieter Hofstra, Universit´e d’ Ottawa:phofstra (at) uottawa.ca
[99] Anders Kock, University of Aarhus:kock@math.au.dk
[100] Joachim Kock, Universitat Aut‘onoma de Barcelona:kock (at) mat.uab.cat
[101] Stephen Lack, Macquarie University:steve.lack@mq.edu.au
[102] Tom Leinster, University of Edinburgh:Tom.Leinster@ed.ac.uk
[103] Matias Menni, Conicet and Universidad Nacional de La Plata, Argentina:matias.menni@gmail.com
[104] Ieke Moerdijk, Utrecht University:i.moerdijk@uu.nl
[105] Susan Niefield, Union College:niefiels@union.edu
[106] Kate Ponto, University of Kentucky:kate.ponto (at) uky.edu
[107] Robert Rosebrugh, Mount Allison University:rrosebrugh@mta.ca
[108] Jiri Rosicky, Masaryk University:rosicky@math.muni.cz
[109] Giuseppe Rosolini, Universit‘a di Genova:rosolini@disi.unige.it
[110] Alex Simpson, University of Ljubljana:Alex.Simpson@fmf.uni-lj.si
[111] James Stasheff, University of North Carolina:jds@math.upenn.edu
[112] Ross Street, Macquarie University:ross.street@mq.edu.au
[113] Tim Van der Linden, Universit´e catholique de Louvain:tim.

This reference list is based on information provided by the publisher or from digital mathematics libraries. Its items are heuristically
matched to zbMATH identifiers and may contain data conversion errors. It attempts to reflect the references listed in the original
paper as accurately as possible without claiming the completeness or perfect precision of the matching.

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2021 FIZ Karlsruhe GmbH Page 5

https://www.fiz-karlsruhe.de/
http://www.euro-math-soc.eu/
https://www.hadw-bw.de/

