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Introduction
The occurrence of reinforced random walks are found in many 
complex systems, everything from biological systems such as 
construction of blood vessels or neural networks to trail-laying 
ants can at some level be described by a reinforced random walk. 

PPrevious studies have shown how biological systems can be 
modelled by so called current-reinforced random walks. When 
utilising non linear current-reinforced random walks, a 
combination of path length and path maintenance is optimised. 
For example, ants may want to construct one big road rather 
than many small ones to easier keep needles and dirt of the road 
while not making each individual path that much longer. 

The implementation of these cuThe implementation of these current-reinforced random walks 
was done in C++ with the library OpenMP for parallelism. 

Simulations
SiSimulations showed that the path maintenance parameter, µ, 
strongly affects the characteristics of the constructed network. 
This result is shown below. It can be seen that when µ=1, the 
particles move along the shortest path between each source and 
the sink, while even a small non-linearity where µ=1.05 shows a 
clear preference to share paths from the sources to the sink.

Another graph was created using road data for the city of 
Uppsala, Sweden. The figure in the next column shows the result 
of the simulation when sources are placed in the residential areas 
and sinks are placed in the city centre. This can be seen as a 

simulation of traffic flow during rush hours. By running a 
simulation like this the necessary road sizes for sustaining traffic 
demands, or if to put a road block in a residence area to prohibit 
traffic flow through there can be predicted.

Parallelism
This is the first high performance, shared memory parallel 
implementation of current-reinforced random walks. To get 
better memory access patterns the graphs were partitioned with 
the software METIS to suit the number of cores .

The measuThe measurements used to benchmark the performance were 
speedup and sizeup. As the figure below shows the 
implementation was successful in increasing performance for 
multicore systems.

Conclusion
The simulations model ant networks and traffic flow within a city 
well, since particle movement and network characteristics are 
very similar to real world scenarios. The parameter µ strongly 
affects the characteristics of the constructed networks.

The parallelisation gThe parallelisation gave significant speedup and sizeup, both of 
roughly 0.5 times the number of cores used. 

A natural progression of this work is to introduce 
communication between cores that do not share memory, e.g. via 
message passing. 


