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Hurwitz's Regular Map of Genus 7
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1, 4],[12, 5, 4],[13, 6, 5],[14, 7, 6],[ 8, 7,

5, 4]1,[12,26, 5]1,[13,27, 6],[14,28, 7],[ 8,15,29],
, 4,18],[13, 5,19],[ze0,14, 6],[21,15, 7],[2zZ, 9, 8],
,25,18],[19, 5,26],[z2e, 6,27],[21, 7,28],[22, 8,29],

rzz,s1, 91,[16,52,10],[11,17,53],[12,18,54],[55,13,19],[56,14,20],[21,57,15],
[46,23, 9],[47,24,10],[48,25,11],[49,26,12],[50,27,13], [44,28,14],[45,29,15],
[46, 9,32],[47,10,33],[48,11,34],[49,12,35],[50,13,36], [44,14,30] , [45,15,31],
3z, 9,511,[10,52,33],[11,53,34],[12,54,35],[55,36,13],[30,14,56],[31,15,57],
[36,16,23],[30,17,24],[31,18,25],[32,19,26],[20,27,33],[21,28,34],[22,29,35],
[36,42,16],[30,43,17],[31,37,18],[38,19,32],[39,20,33], [21,34,40], [22,35,41],
[s8,16,42],[59,17,431,[37,60,18],[38,61,19],[39,62,20],[21,40,63], [64,22,41],

[58,52,16],[59,53,17],[54,18,60], [55,19,61],[56,20,62],[21,63,57], [64,51,22],
[36,23,37],[30,24,38],[39,31,25],[40,32,26], [41,33,27], [34,28,42] ,[35,29,43],
[37,23,60],[38,24,61],[39,25,62],[40,26,63],[64,41,27],[58,42,28],[59,43,29],
[46,60,23],[47,61,24],[48,62,25],[49,63,26],[50,64,27],[44,58,28],[45,59,29],
[44,30,38],[45,31,39],[46,32,40],[47,33,41],[48,34,42],[49, 35,431, [50, 36,371,
[30,56,43],[31,57,371,[38,32,51],[39,33,52], [40,34,53], [54,41,35], [55,42,36],
[50,37,57],[44,38,51],[45,39,52],[46,40,53] , [47,41,54], [48,42,55] , [49,43,56],

[44,51,65],[45,52,66],[46,53,67],[47,54,68],[48,55,69],[49,56,70],[50,57,71],
[44,65,58],[45,66,59],[46,67,60],[47,68,61],[48,69,62],[49,70,63],[50,71,64],
[64,65,511,[58,66,521,[67,53,591, [68,54,60], [55,61,69], [56,62,70], [63,71,57],
[58,65,66],[67,59,66],[67,68,60],[68,69,61],[69,70,62],[63,70,71], [64,71,65],
[66,65,72],[67,66,72],[67,72,68],[68,72,69],[69,72,70],[71,70,72]1[65,71,72],
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Point Line Configurations

pseudoline configurations,

rank 3 oriented matroids
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2-manifolds

2-manifolds

visualizations

realizations
with flat cells and
without self-intersections



Example: 2-dimensional manifold,
genus 6, 44 triangles, 12 points

A Jirst example of a non-realizable 2-manifold
A. Guedes de Oliveira, J.B., 2000

topological visualizations , J.B. & Carlo Sequin, Berkeley

All other 58 examples of this type are not realizable,
L. Schewe, 2006




A regular map

two dimensional manifo

such that every flag can

is a decomposition of a

d into topological disks,

oe transformed into any

other flag by a symmetry of the decomposition.

Flag 1: ({1}, {1,2}, {1,2,6,5})

Flag 2: ({3}, {3,7}, {3,7,8,4})
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Notiz Uber eine regulare Riemannsche Flache vom Geschlecht 3
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Uber algebraische Gebilde mit eindeutigen Transformationen in sich,
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Polyhedral regular map {3,7} 8
of Felix Klein
Jorg M. Wills and Egon Schulte




A. Hurwitz 1893
(A. Macbeath 1965)

F. Klein 1884
Polyhedral regular map {3,7}_8
W. Dka 1880 of Felix Klein

Jorg M. Wills and Egon Schulte
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A First polyhedral regular map
of Walther Dyck {3,8} 6
J.B.

Symmetrical polyhedral
version of Walther Dyck’s

Regular Polyhedra regular map {3,8}_8

with U. Brehm
Hidden Symmetries

i
.o . | |
J.B. & Jorg Wills
Springer-Verlag New York Berlin Heidelberg Tokyo




Regular Maps

M. Conder, P. Dobcsanyi,
“Determination of all regular maps of small genus®, 2001

R3.2 : Dyck’s regular map R3.1: Felix Klein’s map

Type {3,8} 6 Order192 mV=1 mF=1 Type {3,7} 8 Order336 mV=1 mF=1
Defining relations for automorphism group: | Defining relations for automorphism group: |
TA2,RA-3, (R*S)22, (R*T)*2, (S*T)*2,S"8,(S T~2,R™-3,(R*S)72, (R*T)*2, (S *T)r2, SA-7,
*RA-1*S)A3 ] (R * SA-2)74

R7.1: Hurwitz’s regular map

Type {3,7} 18 Order 1008 mV=1 mF=1
Defining relations for automorphism group: |
T2, RA-3, (R * S)2, (R * T)A2, (S * T)N2, SA-7,
SA-2 * R *SA-3* R *SA-2 ¥ RA-1 *SA2 * RA-1 *
SA2 * RA-1 * SA-2 ¥ R * SA-1 ]




Regular Maps

visualization, computer graphics

Jarke J. van Wijk, Visualizations of regular maps, 2009.

Carlo H, Sequin, My Search for Symmetrical Embeddings
of Regular Maps.

Faniry Razafindrazaka & Konrad Polthier, FU Berlin
Regular Surfaces and Regular Maps







WZ1{1.%] Griongles  BELT {18} Goclaguns 437 6,4 125exnpans  H93' {f, 4] 32 heagnns

» 17, —H, T sR2I 17,

Computer graphics
Visualizations of regular maps
by Jarke van Wijk,
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Jarke J. van Wijk (2014), TU Eindhoven
Topological visualization of Hurwitz's regular map




(1, 2,3],[1, 3,41,[1,4,5],[1,5,6,[1,6,7],[1, 7 8],[1, 8, 2],
C 2, 8, °1,[ 2,10, 3],[ 3,11, 4],[12, 5, 4],[13, 6, 5],[14, 7, 6],[ 8, 7,15],
L 2, 9,23],[ 3,10,24],[11,25, 4],[12,26, 5],[13,27, ©],[14,28, 7],[ 8,15,29],
[ 2,16,10],[ 3,17,11],[12, 4,18],[13, 5,19],[2@,14, 6],[21,15, 7],[22, 9, &],
[ 2 33 4.7 C 9 O S5a 420 C a4 SC 207 Can E_23c oo o 3270 34 =2 S0 35 8,29],

[46, ! ,11],[49,26,12],[50,27,13],[44,28,14],[45,29,15],
[46,?%?1%?3%%%@'2,34] ,[49,12,35],[50,13,36],[44,14,30], [45,15,31],
[32, 9,51],F1® 52 231 r11 s3 241 r1? s4 351 [55,636,13],[30,14,56],[31,15,57],
[36,16,23], ,[20,27,33],[21,28,34],[22,29,35],
[36,42,16], ,[39,20,33],[21,34,40],[22,35,41],
[58,16,42], ,[39,62,20],[21,40,63],[64,22,41],
[58,52,16], ,[56,20,62],[21,63,57],[64,51,22],
[36,23,37], ,[41,33,27],[34,28,42],[35,29,43],
[37,23,60], ,[64,41,27],[58,42,28],[59,43,29],
[46,60,23], ,[50,64,27],[44,58,28],[45,59,29],
[44,30,38], ,[48,34,42],[49,35,43],[50,36,37],
[30,56,43], ,[40,34,53],[54,41,35],[55,42,36],
[50,37,57], ,[47,41,54],[48,42,55],[49,43,56],
[44,51,65], ,[48,55,69],[49,56,70],[50,57,71],
[44,65,58], ,[48,69,62],[49,70,63],[50,71,64],
[64,65,511,_ . ., _._ . . _._ . . _,[55,61,69],[56,62,70],[63,71,57],
[58,65,66],[67,59,66],[67,68,60],[68,69,61],[69,70,62],[63,70,71],[64,71,65],
[66,65,72],[67,66,72],[67,72,68],(68,72,69],([69,72,70],[71,70,72]][65,71,72],



















Summary of my talk in Berlin 2017

Investigation with Michael Cuntz, Hannover
resulted in a very strong conjecture that
Hurwitz’s regular map {3,7} has no polyhedral realization







Methods for Geometric Realization Problems

use topological models
use oriented matroids

use symmetries

use try and error methods
use related realizations
use partial realizations

use a dynamical geometric
software like Cinderella

use the software Magma or GAP
for symmetry investigations

use models instead or in addition
to computer graphics

use functional programming
for combinatorial support

use intuition

don’t be frustrated when you
find no solution.
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Kepler-Poinsot type models




Who is familiar with the powerful

Blender software ?

























