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Arstract polytopes

Aerstract polytopes are compinatorial Orjects that ceneralise
ceometric ogjects such as

¥ Convex polytopes.
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Arstract polytopes

Aerstract polytopes are compinatorial Orjects that ceneralise
ceometric ogjects such as

¥ Convex polytopes.
¥ Maps on surfaces.

¥ Tessellations of E” and H".
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Arstract polytopes

An aestract n-polytope P is a partially ordered set that
satisfies:
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Arstract polytopes
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Arstract polytopes

An aestract n-polytope P is a partially ordered set that
satisfies:

¥ P has a maximum and a
MiNiMuM.

¥ Every maximal chain of
P has n-+ 2 elementts.

¥ P satisfies the diamond
condition.

¥ P is stronaly
connected.
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A&s—trae—t pOlytopes

Symmetries

¥ An automorphism Of an akstract poiytope P is an
order-preservina Bijection ¢ : P — P.
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Arstract polytopes

Symmetries

¥ An automorphism Of an akstract poiytope P is an
order-preservina Bijection ¢ : P — P.

¥ The aroup Aut(P) of automorphisms of P acts freely on
the set Of maximal chains.

* An aestract polytope is recular if the action of Aut(P)
on the maximal chains is transitive.
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Arstract polytopes

Given a fixed rase maximal chain @,
* Foreveryic{l,..., n—1} there is an automorphism p; s:t.

dp; = D
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Arstract polytopes

Given a fixed rase maximal chain @,
¥ Foreveryic{l,...,n—1} there is an automorphism p; s:t.

dp; = D

¥ The automorphismvis po, 01, ..., Pn—1 Satisky

o =¢
(pipj)* =eid [i—j| >2
(pi-10))” =e.
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Arstract polytopes

Given a fixed rase maximal chain @,
¥ Foreveryic{l,...,n—1} there is an automorphism p; s:t.

dp; = D

¥ The automorphismvis po, 01, ..., Pn—1 Satisky

Po 01 Pn—2 Pn—1
T P e S R s
¥ In this case we say that P is of tye {p1,...pn-1}
¥ The aroup elements po, ..., Pn—1 8lsO satisfy the
intersection condition

% Aut(P) = (oo, ..., Pn-1)
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Arstract polytopes

Theorem (E. Schutte, 1982)

Letil" = (poaats Pn-1) Be string C-aroup. Then there exists a
reaular polytope P such that Aut(P) =T.
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Arstract polytopes

Theorem (E. Schutte, 1982)

Letil" = (poaats Pn-1) Be string C-aroup. Then there exists a
reaular polytope P such that Aut(P) =T.

po p1 Pn—2 Pn-1
C=r—m—= = === =
P1 Pn—1
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Arstract polytopes

Quick review

¥ Faces of different ranks (dimenssions) =+ Incidence
relation.
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Arstract polytopes

Quick review

¥ Faces of different ranks (dimenssions) =+ Incidence
relation.

¥ Maximal chains have an element of each rank

¥ Diamond condition.

¥ Strona connectivity.

¥ Reaular: maximal reflectional symmetry.

¥ ARP are determined By their automorphism Groups.

- Involutions.
- String Coxeter diaaram.
- Intersection condition.
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Hypertopes

A hypertope is a thin, residually connected ceomertry.
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¥ Thinness

- Given a champer C and a specific type /, there exists a
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Let H e a hypertope
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Hypertopes

Let H e a hypertope

¥ A type-preserving automorphism is a permutation of the
faces of 1 that preserves type and incidence.

¥ The aroup Aut(H) acts faithfully on the set of champers.

¥ A hypertope is recular if this action is transitive.
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¥ 2-hypertopes = 2-polyopes = comeinatorial polyaons.
¥ 3-hypertopes = hypermaps.
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¥ 2-hypertopes = 2-polyopes = comeinatorial polyaons.
¥ 3-hypertopes = hypermaps.

¥ 4-hypertopes..

3 17-hypertopes..
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Hypertopes

Given a fixed champrer C of a reaular hypertope H,
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Hypertopes

Given a fixed champrer C of a reaular hypertope H,
% For every i € | there is an automorphism Cp; = C'.
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Hypertopes

Given a fixed champrer C of a reaular hypertope H,
% For every i € | there is an automorphism Cp; = C'.
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Hypertopes
Given a fixed champer C of a reaular hypertopre H,
% For every i € | there is an automorphism Cp; = C'.
¥ The automorphisms {p;: i € I} satisby
[
(pip;)P = e.
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Hypertopes

Theorem (Eer‘r\akr\des—Leemar\s—\Neiss, 2016

Let I' = (pg,....pn-1) Be 8 C-aroup. Let # Be the coset
Geometry associated to I £ T is flag—transitive on H, then
H is a reaular hypertope and Aut(H) =T

ero (Mork University)
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The halving operation

Given an agstract n-polytope P of type {p1,..., Pn—2,2s} and
automorphism aroup Aut(P) = (oo, ..., 0n-1) the halving
operation is Given By:
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The halving operation

Given an agstract n-polytope P of type {p1,..., Pn—2,2s} and
automorphism aroup Aut(P) = (oo, ..., 0n-1) the halving
operation is Given By:

where
0i, iP0<i<n—2
Pi = g
On—10n—20n-1, i$i=n—1,
tert Nori iver: Halving polytopes CMS Winter 2019

13718



The halving operation

Qo 01 On—2 On—-1
p1 2s
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The halving operation
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The halving operation
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The halving operation
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The halving operation
TR S N 4
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The halving operation

Theorem (M-\Weiss)

Let P re a non—decenerate, recular n—polytope Of type
{p1iee pn—2,2s}. Let H(P) pe the aroup resutting after
applyinG the halving opperation to Aut(P). Then there exists a
reaular hypertope H(P) such that Aut) (H(P)) = H(P).
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The halving operation

Theorem (M-\Weiss)

Let P re a non—decenerate, recular n—polytope Of type
{puee pn—2,2s}. Let H(P) Be the aroup resutting after
applyinG the halving opperation to Aut(P). Then there exists a
reaular hypertope H(P) such that Aut) (H(P)) = H(P). The
Coxeter diaaram of H(P) is
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The halving operation

¥ [Finite alorally toroidal hypertopes.
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¥ [Finite locally spherical hypertopes.
¥ [Finite locally toroidal hypertopes.
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The halving operation

¥ [Finite alorally toroidal hypertopes.
¥ [Finite locally spherical hypertopes.
¥ [Finite locally toroidal hypertopes.

¥ Infinite families of finite hypermaps of some particular
types.

¥ Reaular hypertopes with preseriged (aBels on the Coxeter
diaaram
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Thank youl!
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