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Motivation - Octilinear Berlin Subway Map
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Motivation - Orthoradial Berlin Subway Map (incl. local trains)
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Motivation - Hexalinear London Subway Map
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Goal

Given a line graph G = (V, E, L,L) with edge lines L(e) ⊆ L,
render a schematic drawing of G following a predefined layout

Input line graph G
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→
→
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Goal (ctd.)

• Allow arbitrary number of edge bends to circumvent
obstacles and approximate geographical courses

• Preserve the topology of the input graph (no crossings,
preserve the (circular) edge order at nodes)

• Maintain a minimim distance between nodes
• Optimize number and accutenes of bends, node
displacement, segment length
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Existing Approach

Basic idea: Find a minimum-cost image of G in an octilinear
grid graph Γ covering the (padded) bounding box of G.

1. Build (octilinear) grid graph on
which edge bends in paths are
penalized

2. For each v ∈ V , find image node
V(v) in Γ.

3. For e ∈ E, e = (s, t), find image
path P(e) through Γ.

4. Image paths must start at
corresponding image nodes and
must be node-disjoint.
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Existing Approach

Optimization either globally using integer linear programming
(ILP) or an approximate approach (A): greedily route image
path through the grid, local search on neighboring node
positions for final polish.
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Near-optimal drawing typically found in under 1 second. 7



Example (before local search)
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Problems

• Only node degrees ≤ 8 supported see paper
• Only octilinear layouts this presentation
• Inadequate grid graph density this presentation
• Stalling of the approximate approach see paper
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Problem: Grid Graph Density Problems

Grid density too high

G

Grid density too low

We would like to have adaptive sparse base grids.
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Grid Graph Density: Convex Hull Grids

Simple idea: Crop the grid graph to the (padded) convex hull
of the input graph nodes.

G

GH
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Quadtree Grids

Idea: Build a quadtree from the input nodes.

Ensure that each cell only contains one input node, but
maintain a minimum cell size.

G

G
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Octilinear Hanan Grids

Idea: Build an octilinear Hanan grid (vertical, horizontal, and
diagonal lines through each input node, add nodes at
intersection points)

G′

d

G′

G′ is obtained from G by snapping all node positions to the
nearest grid position.
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Hanan Iterations

Idea: Take the nodes of the octilinear Hanan grid as input
points for another octilinear Hanan grid)

14



Results - Sparse Grid Sizes

Grid graph size reductions (measured in number of edges)
when compared to the full grid

Convex Hull Quadtree OHG-1 OHG-2∗

Freiburg 51% 75% 68% 0%
Vienna 57% 81% 74% 0%
Stuttgart 43% 80% 62% 0%
Berlin 45% 83% 67% 0%
Sydney 37% 87% 74% 0%
avg 47% 80% 69% 0%

∗ After second iteration, all but one OHG were already the full grid.
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Results - Sparse Grid Quality Loss

Average additional approximation error of sparse grids

Convex Hull Quadtree OHG-1 OHG-2
ILP 1% 10% 2% 1%
A -1% 9% 2% 0%
A+D 3% 40% 8% 0%
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Results - Visual Comparison
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Results - Sparse Grid Speed Up

Solution time reduction by sparse grids, on average

Convex Hull Quadtree OHG-1
ILP -169% -66% -136%
A 7% -90% 9%
A+D 14% -32% -13%
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Results - Sparse Grid Speed Up

Solution time reduction by sparse grids, maximum time
reduction

Convex Hull Quadtree OHG-1
ILP 35% 77% 84%
A 57% -1% 34%
A+D 57% -2% 40%
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Problem: Layout Flexibility

• Ortholinear maps: Use a classic grid graph (without
diagonal edges)

• Hexalinear maps: Use a triangular grid
• Orthoradial maps: Radial grid?

d

Problem: Node-density decreases with distance to center. 20



Pseudo-Orthoradial Grids

• Double number of beams each time the radius doubles
• Center at node of highest line degree

d
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Results - Average solution times for different layouts

Hexalinear Grid Pseudo Orthorad. Grid

ILP A A+D ILP A A+D
F 3.8m 138ms 313ms 50s 234ms 283ms
V 6.5m 146ms 654ms 18.2m 145ms 351ms
ST 43.6m 616ms 1.3s 28.7m 706ms 1.9s
B 1.8h 470ms 1.4s 8.4h 2.4s 2.5s
SD 23.5m 1.6s 2.2s 23.2m 468ms 1.7s
avg. 0.6h 594ms 1.2s 1.9h 791ms 1.3s
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Results - Visual Inspection
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Results - Visual Inspection
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Results - Visual Inspection
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Results - Visual Inspection
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Results - Visual Inspection
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Results - Visual Inspection
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Results - Visual Inspection
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Results - Visual Inspection
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Results - Visual Inspection

U2
U13

U
1
2

U7 U7

U7

U6 U13U
14

U9 U13

U7
U8

U7
U8

U7
U8

U7
U8

U7
U8

U7
U8

U
13

U7

U
4

U4

U13

U
14

U
14

U
14

U
14

U
14

U
14

U7 U8

U
5

U
3

U3

U1

U5

U
14

U
14

U
14

U
14

U
14

U
14

U1

U
13

U
1
2

U3U3

U
3

U6

U
9

U4
U9

U1

U1

U1

U1

U1

U1

U4

U
5
U
6

U2

U2

U2

U2

U2

U6

U13

U2

U

14

U
14

U9

U9

U7
U8

U14

U6

U6

U 13

U
5
U
6

U
7

U
7

U
7

Vaihingen

Botnang

Hedelfingen

Nellingen

Mönchfeld

Gerlingen

Hallschlag

Leinfelden Bahnhof

Neckargröningen Remseck

Plieningen

Fasanenhof Schelmenwasen

Stammheim

Neugereut

Killesberg

Lutherkirche

Hauptbf (A
rn

ulf-K
lett-

Platz)

Pragsatte
l

Wilhelmsplatz

RosensteinbrückeLöwentor

Staatsgalerie

Stöckach

Möhringen Bf

Öste
rre

ich
isc

her P
latz

Olgaeck

Pragfri
edhof

Eckartshaldenweg

Wasenstraße

Ebitzweg

Zuffenhausen Kelterplatz

Bergfri
edhof

Neckartor

Vaihinger Straße

Sta
dtbiblio

th
ek

Riedsee

Stuttgart Rathaus

W
einsteige

Sta
dtm

itt
e

Degerloch

Peregrinastraße

Degerloch Albstraße

Bopser

Sonnenberg

Mineralbäder

Bockelstraße-Heumaden

SS
B-Ze

ntru
m

Jurastraße

Wallgraben

Schemppstraße

Sillenbuch

Silberwald

Heumaden

Lindpaintn
erst

raße

Borsigstraße

Wangen Marktplatz

Scharnhauser Park Kreuzbrunnen

Feuerbach

Elti
nger S

tra
ße

Technische Akademie

Wilhelm-Geiger-Platz

Sieglestraße

Uff-Kirchhof

Millö
cke

rst
raße

Hedelfinger S
tra

ße

Beeth
ove

nstr
aße

Bergheim
er H

of

Sportpark Feuerbach

Salamanderw
eg

Friedrichswahl

Hohensteinstraße

Rasta
tte

r S
tra

ße

Ruit

Möhringen Freibad

Wolfb
usch

Landauer S
tra

ße

Waldau

Rohrer Weg

Im Degen

M
arienplatz

Südheimer Platz

Vogelsa
ng

Weilim
dorf 

Löwen-M
arkt

Scharnhauser Park

Parksiedlung

Zinsholz

Herderp
latz

Bihlplatz

Giebel

Unte
rtü

rk
heim

 B
ahnhof

Vogelrain

Gerlingen Siedlung

Salzwiesenstraße

Wimpfener Straße

Glockenstraße

Esslinger Straße

EnBW City

Mühlsteg

Kraftwerk Münster

Europaplatz

Fasanenhof

Steinhaldenfeld

Nordbahnhof

Höhenstraße

Himmelsleiter

Suttnerstraße

Freiberg

Kirchtalstraße

Beskidenstraße

Antwerpener Straße

Nürnberger Straße

Max-Eyth-See

Mühlhausen

Aldingen Hornbach, Remseck am Neckar

Aldingen Mühle, Remseck am Neckar

Aldingen Brückenstraße

Salzäcker

Landhaus

Leinfelden Frank

Unteraichen

Münster Viadukt

Münster Rathaus

Freibergstraße

Elbestraße

Wagrainäcker

Auwiesen

Eugensplatz

Gaisb
urg

Wilhelma

Kienbachstraße

Breitwiesen

Ta
pach

str
aße

Fü
rfe

lder S
tra

ße

Riethmüllerhaus

Milc
hhof

Obere Ziegelei

Gnesener Straße

Kursaal

Daimlerplatz

Korntaler Straße

Heutingsheimer Straße

Ostendplatz

Waldeck

Kaltental

Engelboldstraße

Vaihingen Viadukt

Fauststraße

Schillerplatz

Hauptfriedhof

Geroksruhe
Stelle

Plie
ninger S

tra
ße

Augsburger Platz

Sch
lotte

rb
eckstr

aße

Esze
t

Blick

Schwabenlandhalle

Hofen

31



Summary

• Sparse grids are able to reduce the problem instance size
with only small effects on optimality, octilinear Hanan
grids work best

• This size reduction does not always lead to speedups.
Often, it takes considerably longer to find a solution.

• Our original method is able to render orthoradial, and
hexalinear maps fast (< 2.5s), and in great quality.

32



Future Work

• Improve labeling
• Sparse grids for alternative layouts?
• Local enlargement of high-density areas without
distorting the rest of the map

• Better assessment of the esthetic quality of the maps,
and different target function weights
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Thank you!

Thank you!
http://octi.cs.uni-freiburg.de/flexmaps
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