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networkX

Well established Python package for...

5.2K dependent packages, 3.14K forks

> 52 million downloads in last 30 days

”the creation, manipulation, and study of the
structure, dynamics, and functions of complex

networks”

Goal: Extension for graph drawing metrics
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Sebastian Röder · gdMetriX3

Features

Loading standard benchmark datasets

23 graph drawing metrics

Crossings
Orthogonality
Symmetry
. . .

Embedding manipulation
Planarization
Combinatorial embedding

⇒

Heatmaps
Edge/node/positional properties ⇒ heatmap
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Sebastian Röder · gdMetriX5

Benchmark datasets

[Di Bartolomeo et al., Northeastern University Vi-
sulization Lab, 2023]
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Benchmark datasets

Published on OSF

[Di Bartolomeo et al., Northeastern University Vi-
sulization Lab, 2023]

26 datasets, 19.597 graphs,
1.7 GB

If only there was a
way to import the
datasets into my
project...
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Benchmark datasets

Well, there is...

Get available datasets

Iterate all graphs of a dataset

Automatic downloading, caching and loading
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Sebastian Röder · gdMetriX8

Metrics

Crossings
Crossing angles

Crossing angu-
lar resolution

Area
Aspect ratio

Center of mass
Closest pair of points
Closest pair of elements
Concentration
Homogeneity
Balance
Node orthogonality
Gabriel ratio

Node distribution Boundary

Crossings

Edge directions
Angular resolution
Average flow
Upwards flow
Edge orthogonality

Symmetry
Node-based
Edge-based
Visual

Balance [Tamassia et al. 1988]

U

L

nU−nL

nU+nL

RL

nL−nR

nL+nR

0

5

5

6
4

0.1



Sebastian Röder · gdMetriX8

Metrics

Crossings
Crossing angles

Crossing angu-
lar resolution

Area
Aspect ratio

Center of mass
Closest pair of points
Closest pair of elements
Concentration
Homogeneity
Balance
Node orthogonality
Gabriel ratio

Node distribution Boundary

Crossings

Edge directions
Angular resolution
Average flow
Upwards flow
Edge orthogonality

Symmetry
Node-based
Edge-based
Visual

Node orthogonality [Purchase 2002]

’grid-likeness’
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1− g
gmax

gmax . . . number of violations
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min (W,H)
max (W,H)
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algorithm

[Mooney et al. 2024]
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Crossings
Crossing angles

Crossing angu-
lar resolution
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Crossings [Purchase 2002]

O((n+ k) log n) Bentley Ottman Sweepline
algorithm

1− c
cmax

cmax =
m(m−1)

2 − cdeg − ctri − c4cyc

[Mooney et al. 2024]

cdeg . . . neighbouring edges

ctri . . . triangles
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Metrics

Crossings
Crossing angles

Crossing angu-
lar resolution

Area
Aspect ratio

Center of mass
Closest pair of points
Closest pair of elements
Concentration
Homogeneity
Balance
Node orthogonality
Gabriel ratio

Node distribution Boundary

Crossings

Edge directions
Angular resolution
Average flow
Upwards flow
Edge orthogonality

Symmetry
Node-based
Edge-based
Visual

Crossings [Purchase 2002]

O((n+ k) log n) Bentley Ottman Sweepline
algorithm

1− c
cmax

cmax =
m(m−1)

2 − cdeg − ctri − c4cyc

[Mooney et al. 2024]

cdeg . . . neighbouring edges

ctri . . . triangles

c4cyc . . . cycles of length 4
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Metrics

Crossings
Crossing angles

Crossing angu-
lar resolution

Area
Aspect ratio

Center of mass
Closest pair of points
Closest pair of elements
Concentration
Homogeneity
Balance
Node orthogonality
Gabriel ratio

Node distribution Boundary

Crossings

Edge directions
Angular resolution
Average flow
Upwards flow
Edge orthogonality

Symmetry
Node-based
Edge-based
Visual

Crossing angles

Angular resolution for crossings
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Symmetry

Node-based

Edge-based

Stress-based

Force-based

Machine Learning

Automorphism detection

Reflective

Reflective, rotational, translational

n.a.

n.a.

Reflective

Reflective, translational

O(n7)

O(m2 +N)

O(n log n)

O(n log n)

O(n+m)

O(n log n)

Type Runtime
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Node-based

Edge-based
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Force-based

Machine Learning

Automorphism detection

Reflective

Reflective, rotational, translational

n.a.

n.a.

Reflective

Reflective, translational

O(n7)
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O(n log n)

O(n log n)

O(n+m)

O(n log n)

Type Runtime

Visual symmetry Reflective, rotational, translational O(n+m)
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Symmetry

Node-based

Edge-based

Stress-based

Force-based

Machine Learning

Automorphism detection

Reflective

Reflective, rotational, translational

n.a.

n.a.

Reflective

Reflective, translational

O(n7)

O(m2 +N)

O(n log n)

O(n log n)

O(n+m)

O(n log n)

Type Runtime

Visual symmetry Reflective, rotational, translational O(n+m)
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Sebastian Röder · gdMetriX11

Node-based symmetry [Purchase 2002]

Reflective symmetry only

Primarily concerned about node positions

3. For each axis α:
Obtain subgraph Gα containing all mirrored nodes
If |E(Gα)| > THRESHOLD: keep α

1. Elevate crossings to nodes
2. Create an axis α at perpenticular bisector of each

pair of nodes
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4. ∀α: Obtain symmetry estimate sα
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Obtain subgraph Gα containing all mirrored nodes
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4. ∀α: Obtain symmetry estimate sα
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Reflective symmetry only

Primarily concerned about node positions

3. For each axis α:
Obtain subgraph Gα containing all mirrored nodes
If |E(Gα)| > THRESHOLD: keep α

4. ∀α: Obtain symmetry estimate sα
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5. Final metric: ∑
α sα·area(Gα)

max(area(G),
∑
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1. Elevate crossings to nodes
2. Create an axis α at perpenticular bisector of each

pair of nodes

Convex Hull
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Node-based symmetry [Purchase 2002]

Reflective symmetry only

Primarily concerned about node positions

3. For each axis α:
Obtain subgraph Gα containing all mirrored nodes
If |E(Gα)| > THRESHOLD: keep α

4. ∀α: Obtain symmetry estimate sα

Next slide

5. Final metric: ∑
α sα·area(Gα)

max(area(G),
∑

α area(Gα))

1. Elevate crossings to nodes
2. Create an axis α at perpenticular bisector of each

pair of nodes

Convex Hull
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1 otherwise,
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∀e, e′ ∈ E(Gα) reflected over α:

se,e
′

α =


f2 if both pairs of endpoints are of different types

f if one pair consists of different types

1 otherwise,
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′

α over all reflected pairs of edges

α

Gα

f := 0.5
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4. ∀α: Obtain symmetry estimate sα

∀e, e′ ∈ E(Gα) reflected over α:

se,e
′

α =


f2 if both pairs of endpoints are of different types

f if one pair consists of different types

1 otherwise,

f ∈ [0, 1] . . . parameter for similarity between crossings and nodes

sα . . . average se,e
′

α over all reflected pairs of edges

α

Gα

f := 0.5

sα = avg(0.5, )
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Node-based symmetry [Purchase 2002]

4. ∀α: Obtain symmetry estimate sα

∀e, e′ ∈ E(Gα) reflected over α:

se,e
′

α =


f2 if both pairs of endpoints are of different types

f if one pair consists of different types

1 otherwise,

f ∈ [0, 1] . . . parameter for similarity between crossings and nodes

sα . . . average se,e
′

α over all reflected pairs of edges

α

Gα

f := 0.5

sα = avg(0.5, 0.5)
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Node-based symmetry [Purchase 2002]

4. ∀α: Obtain symmetry estimate sα

∀e, e′ ∈ E(Gα) reflected over α:

se,e
′

α =


f2 if both pairs of endpoints are of different types

f if one pair consists of different types

1 otherwise,

f ∈ [0, 1] . . . parameter for similarity between crossings and nodes

sα . . . average se,e
′

α over all reflected pairs of edges

α

Gα

f := 0.5

sα = avg(0.5, 0.5)= 0.5
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Node-based symmetry [Purchase 2002]

Reflective symmetry only

Primarily concerned about node positions

3. For each axis α:
Obtain subgraph Gα containing all mirrored nodes
If |E(Gα)| > THRESHOLD: keep α

4. ∀α: Obtain symmetry estimate sα

5. Final metric: ∑
α sα·area(Gα)

max(area(G),
∑

α area(Gα))

1. Elevate crossings to nodes
2. Create an axis α at perpenticular bisector of each

pair of nodes

Convex Hull
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Symmetry

Node-based

Edge-based

Stress-based

Force-based

Machine Learning

Automorphism detection

Reflective

Reflective, rotational, translational

n.a.

n.a.

Reflective

Reflective, translational

O(n7)

O(m2 +N)

O(n log n)

O(n log n)

O(n+m)

O(n log n)

Type Runtime

Visual symmetry Reflective, rotational, translational O(n+m)
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Symmetry

Node-based

Edge-based

Stress-based

Force-based

Machine Learning

Automorphism detection

Reflective

Reflective, rotational, translational

n.a.

n.a.

Reflective

Reflective, translational

O(n7)

O(m2 +N)

O(n log n)

O(n log n)

O(n+m)

O(n log n)

Type Runtime

Visual symmetry Reflective, rotational, translational O(n+m)
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Edge-based symmetry [Klapauk et al. 2018]

Previous approach:
Primarily based on nodes only
O(n7) runtime
Only reflective symmetry

⇒ faster edge-based approach

Reflective, rotational, translational symmetry
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1. Generate axes

Reflective symmetry:

∀e ∈ E(G):

∀e, e′ ∈ E(G):

axis α along perpindicular bisector

α
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Edge-based symmetry [Klapauk et al. 2018]

1. Generate axes

Reflective symmetry:

∀e ∈ E(G):

∀e, e′ ∈ E(G):
midpoints

axis α along perpindicular bisector

axis α along perpindicular bisector of

α

α
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of midpoints
perpindicular bisector
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of midpoints
perpindicular bisector

sα = 1
Axis score:
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Edge-based symmetry [Klapauk et al. 2018]

1. Generate axes

Reflective symmetry:

∀e ∈ E(G): perpindicular bisector

∀e, e′ ∈ E(G):
of midpoints
perpindicular bisector

sα = 1

sα = edge similarity

Axis score:

2. Group close axes

α′

α

⇒ α′

α

α′′
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Edge-based symmetry [Klapauk et al. 2018]

1. Generate axes

Reflective symmetry:

∀e ∈ E(G): perpindicular bisector

∀e, e′ ∈ E(G):
of midpoints
perpindicular bisector

sα = 1

sα = edge similarity

Axis score:

2. Group close axes

α′

α

⇒ α′

α

α′′

sα′′ = sα + sα′
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1. Generate axes

Reflective symmetry:

∀e ∈ E(G): perpindicular bisector
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of midpoints
perpindicular bisector

sα = 1

sα = edge similarity

Axis score:

2. Group close axes

3. Pick top N axes
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Edge-based symmetry [Klapauk et al. 2018]

1. Generate axes

Reflective symmetry:

∀e ∈ E(G): perpindicular bisector

∀e, e′ ∈ E(G):
of midpoints
perpindicular bisector

sα = 1

sα = edge similarity

Axis score:

2. Group close axes

3. Pick top N axes

4. Final score:

sref =
∑N

α number of edges that voted for α

N ·number of edges
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Edge-based symmetry [Klapauk et al. 2018]

1. Generate axes

Reflective symmetry:

∀e ∈ E(G): perpindicular bisector

∀e, e′ ∈ E(G):
of midpoints
perpindicular bisector

sα = 1

sα = edge similarity

Axis score:

2. Group close axes

3. Pick top N axes

4. Final score:

sref =
∑N

α number of edges that voted for α

N ·number of edges

Similar for rotational and translational symmetry
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Symmetry
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Edge-based

Stress-based

Force-based

Machine Learning

Automorphism detection

Reflective

Reflective, rotational, translational

n.a.

n.a.

Reflective

Reflective, translational

O(n7)

O(m2 +N)

O(n log n)

O(n log n)

O(n+m)

O(n log n)

Type Runtime

Visual symmetry Reflective, rotational, translational O(n+m)
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Symmetry

Node-based

Edge-based

Stress-based

Force-based

Machine Learning

Automorphism detection

Reflective

Reflective, rotational, translational

n.a.

n.a.

Reflective

Reflective, translational

O(n7)

O(m2 +N)

O(n log n)

O(n log n)

O(n+m)

O(n log n)

Type Runtime

Visual symmetry Reflective, rotational, translational O(n+m)
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Visual Symmetry

Random graphs with edge density 0.25
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Sebastian Röder · gdMetriX18

Visual Symmetry

− =

−

−

=

=

=−

−

−

−

=

=

=

45◦

90◦

135◦

180◦

225◦

270◦

315◦

0.71

0.75

0.73

0.69

0.73

0.76

0.71

·0.1 ·0.1

·0.3

·0.1

·0.5

·0.3

·0.1

⇓

Rotational symmetry:Subway of Tokyo
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Sebastian Röder · gdMetriX18

Visual Symmetry

− =

−

−

=

=

=−

−

−

−

=

=

=

45◦

90◦

135◦

180◦

225◦

270◦

315◦

0.71

0.75

0.73

0.69

0.73

0.76

0.71

·0.1 ·0.1

·0.3

·0.1

·0.5

·0.3

·0.1

x̄w = 0.78

1− x̄2
w = 0.39

⇓

Rotational symmetry:Subway of Tokyo Reflective symmetry:

−

−

−

=

=

=

=

0◦

45◦

90◦

135◦

−

0.67

0.78

0.54

0.75
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Reflective symmetry:
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0.39

0.57

0.52

Total: max(0.39, 0.57, 0.52) = 0.57
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Visual Symmetry

Draw heatmap of graph into constant size matrix

Center drawing and apply Gaussian blur

Calculate metric for each type of symmetry

srot =
1∑
α sα

∑
α

|xi−rot(xi,α)|
|x| · sα

sref =
1∑
α sα

∑
α

|xi−ref(xi,α)|
|x| · sα

sdih =
1∑
α sα

∑
α

|xi−dih(xi,α)|
|x| · sα

Final metric: 1−min(srot, sref, sdih)
2

Axis-specific factor
[De Luca et al. 2018]
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Problems

Weak correlation

Hard to optimize parameters

Which metric to use in which case?
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Summary

Crossings
Crossing angles

Crossing angular
resolution

Area
Aspect ratio

Center of mass
Closest pair of points
Closest pair of elements
Concentration
Homogeneity
Balance
Node orthogonality
Gabriel ratio

Node distribution Boundary

Crossings

Edge directions
Angular resolution
Average flow
Upwards flow
Edge orthogonality

Symmetry
Node-based
Edge-based
Visual

Implemented metrics

Loading standard benchmark
datasets

Embedding manipulation
Planarization
Combinatorial embedding

Heatmaps

Features
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