
Large scale analysis of the dynamical behavior of Central Pattern Generators 

(CPGs) formed by neuronal networks of even small sizes is computationally 

intensive and grows exponentially with network size. We have developed a suite 

of tools to exhaustively study the behavior of such networks on modern GPGPU 

accelerators using the directive based approach of OpenAcc. We also achieve 

parallelization across clusters of such machines using OpenMPI. Directive based 

approaches simplify the task of porting serial code onto GPUs, without the 

necessity for expertise in lower level approaches to GPU programming,  such as 

CUDA and OpenCL. 3-cell neuronal CPGs have been explored previously using 

various GPGPU tools [1]. As motifs form the building blocks of larger networks, 

we have employed our framework to study 4-cell CPGS and two connected 3-cell 

motifs. We discuss the performance improvements achieved using this 

framework and present some of our results.

An autapse is a synapse from a neuron onto itself where the axon of a neuron 

ends on its own dendrite. In addition to the reciprocal inhibitory connections, 

we  added excitatory autapses to each neuron. 

Fig. 1 : Left top : 3 cell CPG with mutual inhibitory connections.

Left bottom : Traces showing the red fixed point (Cells 1&3 in phase, cell 2 out of phase) 

Right : Phase diagram showing the penta rhythmic state with five different attractors – three 

pacemakers (blue, red and green) and two travelling waves (pink and black). For an initial 

condition in a basin of attraction, traces evolve towards the fixed point of the basin.
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Fitzhugh Nagumo - 3 Neuron CPGs
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V is the membrane potential; x – recovery variable; I – stimulus current; In a 

network, 'V' for each neuron receives additional inputs from its synapses, which 

could be excitatory (red), inhibitory(blue) or electrical (black).

OpenAcc Directive based parallelization

We study the dynamics of the network by computing traces for all possible initial 

conditions. Straight forward parallelization of the serial code with OpenAcc 

directives : 

#pragma acc routine seq
computeTraces(initialState){ … }

#pragma acc kernels loop independent private(initialState)
for initialState in initialStatesSet {

...
computeTraces(initialState);
...

    }

On an Nvidia Tesla K40 GPU, this readily yields 12~15 times faster results  than 

the serial version of the code running on a 3.1GHz CPU. A more complicated 

approach to efficiently make use of multiple levels of GPU parallelism with 

Coalesced Memory Access (CMA) yields a performance improvement of 40-60 

times the serial version.

Hybrid Computing – OpenAcc & OpenMPI

We combine OpenAcc with OpenMPI's message passing interface to make use of 

CPU level parallelization alongside the GPU. On a 12-core 3.1GHz CPU 

workstation with one Tesla K40 GPU, this improves performance to ~50-70 times 

the serial version. Further parallelization across clusters of such workstations 

greatly scales the performance with  the number of workstations in the cluster. On 

a 2-node cluster, we see 120~140 times the original serial version.

4-Neuron CPG Dynamics

Two Connected Motif Dynamics

Conclusions

More complicated models and networks

Fig. 2 : Left : 6 cell CPG with electric (black), excitatory(red) and inhibitory(blue) 

synapses. Right : Traces of the network computed using Plant model.

References
Hybrid computing approaches  yield significant improvement in 

performance and make it feasible to study large scale networks of 

neurons and connected motifs found in the nervous system. It also 

significantly reduces development and maintenance efforts compared to 

traditional GPU approaches like CUDA and OpenCL. 

Fig.3 Comparative 

performance of different 

approaches. For large 

grids, hybrid computing 

yield about two orders 

improved performance. 

*Timing information from 

clusters of GPUs 

normalized to Nvidia Tesla 

K40 for comparisons.Although we use Fitzhugh Nagumo model for this discussion, the framework also works for more 

complex models based on Hodgkin Huxley formalism with topologically similar dynamics.

Fig.4  : Two electrically 

coupled 3 cell motifs. 

Motif(4,5,6) starts at 

the pink travelling 

wave.

Cells 1 and 4 start in 

phase (top) or out of 

phase(bottom). Both 

motifs simultaneously 

evolve towards either 

travelling wave or 

pacemaker patterns 

together. 

Fig.5 : A 3 cell motif 

inhibitory coupled with 

a single neuron, which 

starts either in phase 

(top) or out of phase 

(bottom) with the first. 

Since the fourth 

neuron influences and 

shifts the oscillatory 

pattern of the first 

neuron by a little 

amount, the original 

pacemakers are shifted 

into travelling waves 

and vice versa.
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