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> A homotopy n-type is an object X of Ho(Topg) in which
(X) =1 for k > n.
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Introduction Homotopy Types

n-Homotopy Types e VESTROIA,

> A homotopy n-type is an object X of Ho(Topg) in which
(X) =1 for k > n.

» The category of homotopy n-types is the full subcategory
HnTyp C Ho(Topg).

> Moreover, H1Typ C H2Typ C HnTyp C Ho(Top,).
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Connected Homotopy 1-Types e VESTROI,

» The functor 711 : Top® — Grp induces

H1Typ® ~ Grp
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Connected Homotopy 1-Types e

» The functor 711 : Top® — Grp induces
H1Typ® ~ Grp

» Groups model connected homotopy 1-types.

> [X, Y]top = Grp(m1(X), m1(Y)) where X, Y are connected
homotopy 1-types.
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Crossed Modules R wist oI,

» A crossed module [G : 0] is a homomorphism of groups
d: C; — Cq with a right action x* of Gy on G, satisfying

CM1 9(x") =a '9(x)a
M2 W =y 1y
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Crossed Modules R wist oI,

» A crossed module [G : 0] is a homomorphism of groups
d: C; — Cq with a right action x* of Gy on G, satisfying

CM1 9(x") =a '9(x)a
M2 W =y 1y

» A morphism f : [G,d] — [H, ] is a commutative diagram

G o,
Gy - s Hq

such that f, is fi-equivariant.
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Crossed Modules

» A crossed module [G : 0] is a homomorphism of groups
d: C; — Cq with a right action x* of Gy on G, satisfying

CM1 9(x") =a '9(x)a
M2 W =y 1y

» A morphism f : [G,d] — [H, ] is a commutative diagram

G o,
Gy - s Hq

such that f, is fi-equivariant.

» Crossed modules with morphisms form a category xm.
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Connected Homotopy 2-Types e VESTROIA,

The Moerdijk-Svensson model structure on xm induces the equivalence

H2Typ® ~ Ho(xm)
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Connected Homotopy 2-Types e VESTROIA,

The Moerdijk-Svensson model structure on xm induces the equivalence
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> Crossed modules model connected homotopy 2-types.
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Connected Homotopy 2-Types WW—ESTPOINT

The Moerdijk-Svensson model structure on xm induces the equivalence

H2Typ® ~ Ho(xm)

> Crossed modules model connected homotopy 2-types.

» The morphisms [X, Y]xm model morphisms of connected homotopy
2-types.
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Morphisms of H2Typ R wist oI,

» [H,Glxm = xm(Q,G)/ ~ where Q is a cofibrant replacement of H.
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Morphisms of H2Typ E

» [H,Glxm = xm(Q,G)/ ~ where Q is a cofibrant replacement of H.
> We would like to avoid computing cofibrant replacements.
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[H, Glxm — 7o(B(H, G))
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Morphisms of H2Typ E

» [H,Glxm = xm(Q,G)/ ~ where Q is a cofibrant replacement of H.
> We would like to avoid computing cofibrant replacements.

There is a bijection

[H, Glxm — 7o(B(H, G))

where B(H, G) is the groupoid of butterflies.

» The connected components of B(G, H) model morphisms of
connected homotopy 2-types.

Gregory (lvan) Dungan Il Young Topologist Meeting 2015



Butterflies R st oI,

A butterfly from [G: 9] to [H : §] is a commutative diagram
Gz
L N /
/, \
G " H

where both diagonals are complexes, Hy — E — Gy is short exact and for
x€EgeGy,heH;

w(g") = xa(g)x BH)) = x~"p(h)x
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Introduction Homotopy Types

Morphisms of Butterflies e VESTROI,

» A morphism of butterflies is an isomorphism © : E — E’ such that

Ho

o’

G, *>-:E =

commutes.
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Introduction Homotopy Types

Morphisms of Butterflies e VESTROI,

» A morphism of butterflies is an isomorphism © : E — E’ such that

Ho

commutes.

» Butterflies from [G : 9] to [H : 6] with morphisms form a groupoid
denoted by B(G, H).
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Introduction Morphisms of Higher Homotopy Types
Question 5

NTe

» Can we model morphisms of other spaces up to homotopy type?
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Introduction Morphisms of Higher Homotopy Types
Question e

» Can we model morphisms of other spaces up to homotopy type?

» In particular, is there an analog of butterflies for these spaces?
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Crossed Complexes over a Groupoid e VESTPOINT.

» A crossed complex [G, ] over a groupoid Gy is a sequence

26—
1 — Y0

01

3

Ok+1 Ok 01
Gy Gr-1 Gy
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Crossed Complexes over a Groupoid e VESTPOINT.

» A crossed complex [G, ] over a groupoid Gy is a sequence

26—
1 — Y0

01

3

k41 O 01
Gy Gr-1 Gy

1. For k > 2, Gp = {Gy(x) }xeq, where Gi(x) is a group.
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Crossed Complexes over a Groupoid e VESTPOINT.

» A crossed complex [G, ] over a groupoid Gy is a sequence

26—
1 — Y0

01

3

k41 O 01
Gy Gr-1 Gy

1. For k > 2, Gp = {Gy(x) }xeq, where Gi(x) is a group.
2. For k > 3, Gi(x) is abelian.
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Crossed Complexes over a Groupoid e VESTPOINT.

» A crossed complex [G, ] over a groupoid Gy is a sequence

26—
1 — Y0

01

3

k41 O 01
Gy Gr-1 Gy

1. For k > 2, Gp = {Gy(x) }xeq, where Gi(x) is a group.
2. For k > 3, Gi(x) is abelian.
3. J is a functor which respects Gy such that o d = 1.

Gregory (lvan) Dungan Il Young Topologist Meeting 2015



Crossed Complexes over a Groupoid e VESTPOINT.

» A crossed complex [G, ] over a groupoid Gy is a sequence

26—
1 — Y0

01

b3 G
2

k41 O 01
Gy Gr_1

For k > 2, G = {Gg(x) }xeg, where G(x) is a group.
For k > 3, Gi(x) is abelian.

. 0 is a functor which respects Gy such that o d = 1.

. Gy acts on Gj on the right and satisfies:

B wn e
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Crossed Complexes over a Groupoid e VESTPOINT.

» A crossed complex [G, ] over a groupoid Gy is a sequence

26—
1 — Y0

01

b3 G
2

k41 O 01
Gy Gr_1

For k > 2, G = {Gg(x) }xeg, where G(x) is a group.

For k > 3, Gi(x) is abelian.

. 0 is a functor which respects Gy such that o d = 1.

. Gy acts on Gj on the right and satisfies:

4.1 Fora € Gi(x),f € Gi(x,y), then & € Gi(y).

4.2 For k > 2, J; preserves the action.

4.3 Imdy acts by conjugation on G, and trivially on G for k > 2.

B wn e
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Crossed Complexes over a Groupoid e VESTPOINT.

» A crossed complex [G, ] over a groupoid Gy is a sequence

26—
1 — Y0

01

01 J3
o Gy

k41 Ok
Gy Gr_1

For k > 2, G = {Gg(x) }xeg, where G(x) is a group.

For k > 3, Gi(x) is abelian.

. 0 is a functor which respects Gy such that o d = 1.

. Gy acts on Gj on the right and satisfies:

4.1 Fora € Gi(x),f € Gi(x,y), then & € Gi(y).

4.2 For k > 2, J; preserves the action.

4.3 Imdy acts by conjugation on G, and trivially on G for k > 2.

B wn e

» [G,d] is a reduced crossed complex if Gy is a group.
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Categories of Crossed Complexes e VESTPOINT.

» A morphism f : H — G is the data:
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Categories of Crossed Complexes e VESTPOINT.

» A morphism f : H — G is the data:

1. Set mapfo :Ho — Gp
2. Functors fi : Hy — Gy over fy compatible with § and the action.

> Crossed complexes with morphisms form a category Xc.
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Categories of Crossed Complexes e VESTPOINT.

» A morphism f : H — G is the data:

1. Set mapfo :Ho — Gp
2. Functors fi : Hy — Gy over fy compatible with § and the action.

> Crossed complexes with morphisms form a category Xc.

> Reduced crossed complexes form a full subcategory xc.
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Categories of Crossed Complexes e VESTPOINT.

v

A morphism f : H — G is the data:
1. Set mapfo :Ho — Gp
2. Functors fi : Hy — Gy over fy compatible with § and the action.

v

Crossed complexes with morphisms form a category Xc.

v

Reduced crossed complexes form a full subcategory xc.

v

Reduced n-Crossed Complexes nxc : Gy =1 forall k>n
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Truncated Examples e VESTROI,

» xc! Gy =0fork>1

xc! ~ Grp ~ H1Typ®
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Truncated Examples e VESTROI,

» xc' : Gy =0fork>1
xc! ~ Grp ~ H1Typ®
» xc2: G =0fork>2

xc? =~ xm ~ Ho(xc?) ~ H2Typ"
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Examples -

NTe

> Initial object in Xc is the empty crossed complex @
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Examples e

> Initial object in Xc is the empty crossed complex @

» Final object in Xc

1: 1 1 1 1
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Examples e wisT RO,

> Initial object in Xc is the empty crossed complex @

» Final object in Xc

1: 1 1 1 1

» The unit interval crossed complex I:
1. lp={0,1}
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Examples e ViSTHONT,

> Initial object in Xc is the empty crossed complex @

» Final object in Xc

1: 1 1 1 1

» The unit interval crossed complex I:

1. 1y = {0,1}
2. |k(0) =1 and Ik(l) =1
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Examples e ViSTHONT,

> Initial object in Xc is the empty crossed complex @

» Final object in Xc

1: 1 1 1 1

» The unit interval crossed complex I:
1. lp={0,1}
2. |k(0) =1 and Ik(l) =1
3. 11(0,1) =< ¢ > and 1(1,0) =< 71 >
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Extended Dold-Kan Theorem

The Moore complex gives an extension of the Dold-Kan correspondence
to the category of reduced crossed complexes xc.

sAbGrp ") Ch.o(2)

Moore(—) |(,\

Grp’ Cmplx ———>XC

sGrp
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k-Fold Left Homotopy e CETIONT.

A m-fold left homotopy (g, ¢} : Hr — Griyy) : [H: 0] = [G: 4] is a
morphism

G2 — Gy e Gy Gy
gm+2T gm+1T ng Tgl
- ——=Hpy2 ——=Hpu e H» Hy
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k-Fold Left Homotopy e CETIONT.

A m-fold left homotopy (g, ¢} : Hr — Griyy) : [H: 0] = [G: 4] is a
morphism

) - G+1 = T Go Gy
gm+2T gm+1T " o Igz Tgl
- ——=Hpy2 ——=Hpu =H, —=H;
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k-Fold Left Homotopy e CETIONT.

A m-fold left homotopy (g, ¢} : Hr — Griyy) : [H: 0] = [G: 4] is a
morphism

: > Gm—&-2<\> Gm+l‘ Gz G1
gm+2T gm+1T T~ ~py B ~7' _ Igz Tgl
+—> Hipo —Hypa o —=Hy——=H,;

1. ¢ (ab) = ¢ (a)$1 ) (b) for a,b € Hy;
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k-Fold Left Homotopy e CETIONT.
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k-Fold Left Homotopy e CETIONT.

A m-fold left homotopy (g, ¢} : Hr — Griyy) : [H: 0] = [G: 4] is a
morphism

o >Gm+2<\>Gm+l‘ Gz G1
gm+2T gm+1T T~ ~py B ~7' _ Igz Tgl
-+ ——>Hppo —=Hun o —=Hy——=H,;

L. ¢f'(ab) = ¢T(a)gl(b)¢lm(b) for a,b € Hy;
2. ¢ (xy) = I (x) ¢} (y) for x,y € Hy where k > 2;
3. ¢ is g1-equivariant for k > 2.
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Internal Hom and Tensor Ww—mwomr

For crossed complexes H, G, there is a crossed XC(H, G) given by
XC(H,G)o = Xc(H, G)
XC(H, G)x = {k — fold left homotopies}
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Internal Hom and Tensor Ww—mwomr

For crossed complexes H, G, there is a crossed XC(H, G) given by
XC(H, G)o = Xc(H, G)
XC(H, G)x = {k — fold left homotopies}

For every C,D, E € Xc,

Xc(C ® D, E) & Xc(C, XC(D, E))

which makes (Xc, ®,1) a closed symmetric monoidal category.
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Homotopy Theory of Crossed Complexes Model Structure on Crossed Complexes
n-Homotopy Groups

For a crossed complex [G : §] and x € Gy
» Connected Components: 710(G) = 710(G1);
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Homotopy Theory of Crossed Complexes Model Structure on Crossed Complexes
n-Homotopy Groups

For a crossed complex [G : §] and x € Gy
» Connected Components: 710(G) = 710(G1);
» Fundamental Homotopy Group: 711(G, x) = cokerd,(x);
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Homotopy Theory of Crossed Complexes Model Structure on Crossed Complexes
n-Homotopy Groups R WEST PO,

For a crossed complex [G : §] and x € Gy
» Connected Components: 710(G) = 710(G1);
» Fundamental Homotopy Group: 711(G, x) = cokerd,(x);
» n-Homotpy Group: 71,(G,x) = H,(G(x)).
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Weak Equivalences and Fibrations e VESTPOINT.

» A weak equivalence is a morphism f : H — G in Xc which induces

mo(H) = 70(G)
e (H, x) = m (G, fo(x))
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Weak Equivalences and Fibrations e VESTPOINT.

» A weak equivalence is a morphism f : H — G in Xc which induces

1%

7'[0(H)
nk(H,x)

7'[0(G)
(G, fo(x))

> A fibration is a morphism f : H — G in Xc such that
1. f : H{ — Gy is a fibration of groupoids;

1%
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Weak Equivalences and Fibrations e VESTPOINT.

» A weak equivalence is a morphism f : H — G in Xc which induces

1%

7'[0(H)
nk(H,x)

70 (G)
(G fo(x))
> A fibration is a morphism f : H — G in Xc such that

1. f : H{ — Gy is a fibration of groupoids;
2. f(x)k : Hi(x) = Gi(fo(x)) is a surjection for all x € Hyg and k > 2.

1%
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Homotopy Theory of Crossed Complexes Model Structure on Crossed Complexes
Model Structure e VST RO,

Weak equivalences and fibrations form a closed model structure on Xc.
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Homotopy Theory of Crossed Complexes Model Structure on Crossed Complexes
Model Structure

Weak equivalences and fibrations form a closed model structure on Xc.

» The homotopy category of Xc has as morphisms
[H, Glxc = Xc(Q,G)/ ~

where Q is a cofibrant replacement of H.
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Homotopy Theory of Crossed Complexes Relationship to k-Fold Homotopies

Homotopy

For f,g: H — G, a homotopy from f to g is a morphism

h:H®I =G
such that
H
. l f
Ip
Hel--"_ 3¢
T .
H
commutes.

Gregory (lvan) Dungan Il Young Topologist Meeting 2015

WW—ESTPOINT




Relation to 1-Fold Left Homotopy e VESTPOINT.

> Let f,g: H— G be morphisms of reduced crossed complexes.
Defining a homotopy & : f o~ ¢ is equivalent to defining a 1-fold left
homotopy

(8 ¢r - He = Grp1)
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Relation to 1-Fold Left Homotopy e VESTPOINT.

> Let f,g: H— G be morphisms of reduced crossed complexes.
Defining a homotopy & : f o~ ¢ is equivalent to defining a 1-fold left
homotopy

(8 ¢r - He = Grp1)

> Moreover, f is determined by

fi(a) = g1(a)d2(¢1(a))
fi(x) = k(%) k11 (Pr (%)) Pr—1 (9 (x))
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Relation to 1-Fold Left Homotopy e VESTPOINT.

> Let f,g: H— G be morphisms of reduced crossed complexes.
Defining a homotopy & : f o~ ¢ is equivalent to defining a 1-fold left
homotopy

(8 ¢r - He = Grp1)

> Moreover, f is determined by

fi(a) = g1(a)d2(¢1(a))
fi(x) = k(%) k11 (Pr (%)) Pr—1 (9 (x))

» In other words, the quotient set [H, G]xc = Xc(Q, G)/ =~ can be
described using 1-fold left homotopies.
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Definition .-

NTe

» We would like to model [H, Glxc = Xc(Q,G)/ ~.
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Definition R wist oI,

» We would like to model [H, Glxc = Xc(Q,G)/ ~.
» Define derived morphisms to be the elements of the set Xc(Q, G).
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Results Derived Morphisms

Definition R wist oI,

» We would like to model [H, Glxc = Xc(Q,G)/ ~.
» Define derived morphisms to be the elements of the set Xc(Q, G).
» Derived morphisms can be viewed as fractions:

where p: Q — H is a cofibrant replacement of H.
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Derived Groupoid R s oI,

» The derived groupoid Rhom(H, G) is defined by
Rhom(H, G)p = Xc(Q, G) and morphisms of the form
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Derived Groupoid R CETIONT.

» The derived groupoid Rhom(H, G) is defined by
Rhom(H, G)p = Xc(Q, G) and morphisms of the form

where ¢ is a 1-fold left homotopy.
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Derived Groupoid R CETIONT.

» The derived groupoid Rhom(H, G) is defined by
Rhom(H, G)p = Xc(Q, G) and morphisms of the form

where ¢ is a 1-fold left homotopy.

> By definition, there is a bijection

[H, Gxe = 7mo(Rhom(H, G)).
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Model of Derived Morphisms .-

» The main result:

NTe
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Model of Derived Morphisms R WEST PO,

» The main result:

Let H, G be reduced n-crossed complexes. Then there is an equivalence
of categories

Rhom(H, G) ~ nB(H, G)

where nB(H, G) is the groupoid of n-butterflies.
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Model of Derived Morphisms R WEST PO,

» The main result:

Let H, G be reduced n-crossed complexes. Then there is an equivalence
of categories

Rhom(H, G) ~ nB(H, G)

where nB(H, G) is the groupoid of n-butterflies.

Let H, G be reduced n-crossed complexes. Then there is a bijection

[H, Glxe = 710(nB(H, G))

where nB(H, G) is the groupoid of n-butterflies.
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Algebraic Replacement -

NTe

» Goal: avoid computing a cofibrant replacement of H.
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Results Derived Morphisms

Algebraic Replacement e VESTROI,

» Goal: avoid computing a cofibrant replacement of H.

» Instead, find a crossed complex E which satisfies
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- 0000000 |eouhs Cowedlwgms 00
V Factorization R VS BOINE.

» For a derived morphism f : Q — G, consider the morphism

V/:Q = HXxG.
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Results Derived Morphisms

V Factorization R VS BOINE.

» For a derived morphism f : Q — G, consider the morphism
V/:Q > HxG.

» Then the following diagram commutes.
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Results Derived Morphisms

V Factorization R VS BOINE.

» For a derived morphism f : Q — G, consider the morphism
V/:Q > HxG.

» Then the following diagram commutes.

» But not necessarily a fraction!
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n-Pushout below V, R vt HO

» For a derived morphism f : [Q : ] — [G : §] in nxc, there is a
reduced n-crossed complex

f
Hn X Gn - Qn—l xv" Hn X Gn Qn72 Qn73
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n-Pushout below V, R vt HO

» For a derived morphism f : [Q : ] — [G : §] in nxc, there is a
reduced n-crossed complex

f
Hn X Gn - Qn—l xv" Hn X Gn anZ Qn73

where in the n = 2 case replace product with semidirect product.
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n-Pushout below V, R vt HO

» For a derived morphism f : [Q : ] — [G : §] in nxc, there is a
reduced n-crossed complex

f
Hn X Gn - Qn—l xv" Hn X Gn anz Qn73

where in the n = 2 case replace product with semidirect product.

» We will call this crossed complex the n-pushout below V{l and
denote it by [Q : &].
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n-Pushout below V, R ST HOI

» Let f:[H:9] — [G: 6] be a morphism nxc and Q a cofibrant
replacement of H. Then we have the factorization:

\v/i
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n-Pushout below V, R ST HOI

» Let f:[H:9] — [G: 6] be a morphism nxc and Q a cofibrant
replacement of H. Then we have the factorization:

vf

The morphism ¢ : Q — Q is a weak equivalence.
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n-Pushout below Vj; - :

» Let f:[H:9] — [G: 6] be a morphism nxc and Q a cofibrant
replacement of H. Then we have the factorization:

vf

Q—— Q/‘—>p HxG

The morphism ¢ : Q — Q is a weak equivalence.

The morphism cotr,,_1 (1) : cotr,_1(Q) — cotr,_1(Q) is an isomorphism
in degree n — 1 and the identity for k < n — 1.
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Results n-Pushout

Induced Fraction e visT IO,

» The following diagram commutes.

L
Py o f
ip
HxG
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Results n-Pushout

Induced Fraction ’WW—ESTPOINT

» The following diagram commutes.

f

//”“\

26

The induced morphism Qf ——GxH KL G is a trivial fibration.
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Results n-Pushout

Induced Fraction ’WW—ESTPOINT

» The following diagram commutes.

AN

The induced morphism Qf ——GxH KL G is a trivial fibration.
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Unfolding Q R wTTORT,

» By unfolding the map Q — P HxG , we have a commutative
diagram

Qn-1 x Vi (Gn X Hn)
Hi 1

an 2

— \
/ \

Hon2 G<p2
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Definition .

A n-Butterfly from H to G is

Hy X Aﬁ/ Gn
an P E]’l—l ﬁi 571
/ \
Hi1 Tn—1 Gn1
an—l P ESTZ—Z f (5n—1
— T
Hepo GSn—Z
where [E: 5] — [H<,—1:9] and [E : 7] S [G<po1: 0]

are morphisms of reduced (1 — 1)-crossed complexes;
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Definition Continued R WESTPONT,

» the induced sequences

p

Up

1 Gy Ev1

ker#, 2 Xyera, , Hi-1 ——1

Uy
Ex —— ker 7x_1 Xkera,_, Hk —1

for k <n — 2 are exact;
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Definition Continued R WESTPONT,

» the induced sequences

p

Up

1 Gy Ev1

ker#, 2 Xyera, , Hi-1 ——1

Uy
Ex —— ker 7x_1 Xkera,_, Hk —1

for k <n — 2 are exact;

» the compositions 77,1 o (& x B) and f, o« are complexes
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Definition Continued R WESTPONT,

» the induced sequences

p

Up

1 Gy Ei1 ker#, 2 Xyera, , Hi-1 ——1

Uy
Ex —ker 1 Xyerg,_, Ht —1

for k <n — 2 are exact;
» the compositions 77,1 o (& x B) and f, o« are complexes

> «, 3 satisfy the compatibility conditions

a (@) =a( and  B(y@) = ply)
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Folding a n-Butterfly R WESTPONT,

Let ([E, %], p.f, &, B) be a n-butterfly from G to H. Then the induced
morphism

H, x G, H,
' |
axp o
¥

Egn—l —P) Hgn—l

of reduced 7-crossed complexes is a trivial fibration.
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Folding a n-Butterfly R WESTPONT,

Let ([E, %], p.f, &, B) be a n-butterfly from G to H. Then the induced
morphism

H, x G, H,
' |
axp o
¥

Egn—l —P) Hgn—l

of reduced 7-crossed complexes is a trivial fibration.

> We denote the folded n-butterfly on the left by E*.
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n-Butterfly over Q R wist oI,

Let p: Q — H be a cofibrant replacement of H. Then there exists a lift
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n-Butterfly over Q R wist oI,

Let p: Q — H be a cofibrant replacement of H. Then there exists a lift

Let Q be a cofibrant replacement of H. A n-butterfly over Q is an
n-butterfly with a lift I such that cotr,_1(1) : cotr,—1(Q) — cotr,_1(E*)
is an isomorphism in degree n — 1 and the identity for k < n — 1.
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Results  n-Butterflies

Morphisms of n-Butterflies R WESTPONT,

A morphism of n-butterflies over Q from H to G is a diagram

Hy —E,1
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Results  n-Butterflies

n-Butterflies Groupoid R WEST PO,

> where @ is an isomorphism in degree n — 1, the identity for
k < n—1, and makes the diagram

commute up to a left 1-fold homotopy ¢.
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Results  n-Butterflies

n-Butterflies Groupoid R WEST PO,

> where @ is an isomorphism in degree n — 1, the identity for
k < n—1, and makes the diagram

commute up to a left 1-fold homotopy ¢.

The n-butterflies from H to G over Q with the morphisms form a
groupoid denoted by nB(H, G).
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Property of Morphisms of n-Butterflies ’W‘W—ESTPOINT

Let (©,¢) : ([E n],p.f, &, B) = ([E,7'],p,f, &', B") be a morphism of
n-butterflies. Then the induced morphism E* — (E’)* of reduced
n-crossed complexes is a weak equivalence.
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Property of Morphisms of n-Butterflies ’W‘W—ESTPOINT

Let (©,¢) : ([E n],p.f, &, B) = ([E,7'],p,f, &', B") be a morphism of
n-butterflies. Then the induced morphism E* — (E’)* of reduced
n-crossed complexes is a weak equivalence.

Let H, G be reduced n-crossed complexes. Then there is an equivalence
of categories

Rhom(H, G) ~ nB(H, G).

Moreover, there is a bijection

[H, Glxc = 1p(nB(H, G)).

Gregory (lvan) Dungan Il Young Topologist Meeting 2015



Results  n-Butterflies

WEST POINT,

Thank you. Questions?

Gregory (lvan) Dungan Il



