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Graph Layout

• A graph...

- consists of a set of vertices and a set of edges;

- does not inherently possess information on how 
to position graph vertices in space to obtain a 
meaningful graphical representation of the data.

• The goal of a graph layout algorithm is to 
compute this representation.

- Only useful if allows to see structure, reveals 
patterns in data.
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Motivation

• Graphs are used in many diverse fields to 
represent relationships between data items.

• Visualization of large graphs is becoming 
increasingly important.

• Many existing graph layout algorithms are 
very computationally expensive and don’t 
scale to larger graph sizes.
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Goal

• Parallel graph layout algorithm that delivers 
an approximation to the force-directed 
model.

• Requires minimal pre-processing.

• Minimizes inter-processor communication.

• Achieves scalability.
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Force-Directed Algorithms

• Force-directed algorithms - methods of 
choice for drawing general graphs.

• Start with a random placement of vertices 
and apply optimization methods to find the 
minimum of a chosen energy function. 
Minimum energy is achieved when an 
equilibrium state is reached. A layout with 
minimum energy represents the most 
aesthetically pleasing drawing of a graph.
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Related Work

• Many force-directed algorithms; most do 
not scale to graphs of large size.

• Approximate solutions that employ 
heuristics: partitioning of the spatial 
domain, clever initial positioning of 
vertices, multi-level approaches.

• There are only few parallel graph layout 
algorithms.
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Parallel Layout Algorithms

• [Frishman and Tal, Vis ’07] - multi-level 
force-directed graph layout algorithm on 
the GPU.

• [Monien et al., Graph Drawing ’05] - 
parallel simulated annealing algorithm for 
computing 3D graph drawings.

• [Mueller et al., EG PGV ’06] - graph layout 
and visualization on display walls.
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Naive Approach

• Distribute vertices to processors.

• Conduct layout computation:

- iteratively compute local and global attractive 
and repulsive forces;

- update vertex positions;

- rescale graph;

- repeat until an equilibrium state is reached.
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Data Locality

• Vertex migration (vertices can move from 
one processor to another) vs. keeping the 
same set of vertices throughout the entire 
layout computation.

• Vertex migration requires to re-distribute 
vertices regularly for better load balancing.

• Without vertex migration, each processor 
has to determine which other processors 
to communicate with only once, but a good 
vertex distribution strategy is necessary.
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Vertex Distribution

• Simple vertex distribution strategy - every 
processor gets⎣n/p⎦data elements - may 

lead to poor load balancing.

• We use a vertex distribution scheme that 
takes vertex degrees (number of edges) 
into account - it guarantees that the sums 
of degrees of the vertices assigned to each 
processor are approximately equal.
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Performance Results
graph |V| |E| Description

Timing Results for Different Number of Processors (s)

4 8 16 32 64

kazaa288 1550 8028 P2P network 21.78 12.38 6.95 5.08 3.56

add32 4960 9462 32-bit adder 154.37 87.06 49.07 28.89 16.23

4elt 15606 45878 2D FE mesh 1777.95 1004.62 549.37 291.53 157.08

gcc-fail 71991 81764 Memory graph N/A 18989.61 9817.32 4940.71 2850.63
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Approach does not demonstrate desired scalability!

Graph with 4960 nodes,  9462 edges Graph with 15606 nodes,  45878 edges
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Optimized Algorithm

• Pre-processing step:

- Employ importance metric to assign a level of 
importance to each vertex.

- Divide vertices into groups according to their 
importance.
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Optimized Algorithm

• Compute layout:

- Take a group of vertices;

- Compute layout for this group (compute 
attractive and repulsive forces, update vertex 
coordinates, rescale);

- Make vertices static;

- Repeat for the next group.
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Optimized Algorithm

• Inter-processor attractive and repulsive 
forces are computed between all pairs of 
vertices only during the first stage of the 
algorithm.

• Afterwards, the inter-processor forces are 
computed only between the processors in 
the same processor neighborhood.
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Performance Results
graph |V| |E| Description

Timing Results for Different Number of Processors (s)

4 8 16 32 64 128 256 512

kazaa288 1550 8028 P2P network 14.53 6.10 2.28 0.95 0.47 0.18 0.12 0.09

add32 4960 9462 32-bit adder 74.76 19.91 5.06 1.33 0.39 0.14 0.08 0.06

4elt 15606 45878 2D FE mesh 440.57 169.80 69.87 31.14 7.89 2.66 0.81 0.38

gcc-fail 71991 81764 Memory graph 9309.18 3518.41 1099.88 638.34 299.40 84.12 27.45 9.91

109 209581 260385 Internet map N/A 26533.60 6845.16 2567.89 694.24 228.89 77.07 29.09
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Graph with 4960 nodes,  9462 edges Graph with 15606 nodes,  45878 edges
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Graph with 209581 nodes,  260385 edges
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Videos

• add32 

• 4elt
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p =1, iter = 200 p = 4, iter = 50

p = 8, iter = 25 p =16, iter = 12
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Future Work

• Use fisheye view or multi-level display 
algorithms to layout larger graphs.

• Try other vertex distribution schemes: take 
into account vertex degree distribution, use 
a parallel graph partitioning scheme.

• Try other importance metrics: vertex/edge 
weights, vertex connectedness, etc.
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Conclusion

• Designed a parallel graph layout algorithm 
that scales to a moderate number of graph 
vertices and processors.

• Visual quality is comparable to other graph 
layout methods.

• Useful for getting an overview of the data 
quickly (in mere seconds/minutes vs. hours/
days).
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Questions... ?
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Thank you!
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