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do this, we harness living neural networks directly as a computing element, imple-

menting biological neural networks as an information processing device. We use the

networks as a reservoir computer, applying it to two tasks: MNIST digit classification,
and MNIST digit classification with induced STDP.

Optically Interfaced Biological Neural Networks

Our computing platform with biological neural networks is based on neural cells ob-
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Figure 3b, based on the recording of these neurons, shows that the responses to the

two classes are linearly separable. In addition, we see in Figure 3c that usable infor-

mation does flow from the stimulated region to the unstimulated region since the linear

decorder shows strong performance on the test set in both regions.

First PCA Dimensions of Neuronal Responses to Each Class
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regions of copula space (red) where the preferred stimulus assigns greater depen-

dence mass, while low values indicate stronger relative mass under the alternative

stimulus (blue). In particular, elevated values near the diagonal indicate more synchro-

nized responses under the preferred stimulus, whereas negative values away from

this structure suggests deviation from this dependence structure under the alternative

stimulus.
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Conclusion

Region Precision Recall F1-Score
Stim. 0.95 0.95 0.95
3 C Non-stim. 0.96 0.96 0.96 Biological neural networks demonstrate performance capabilities along with unique

learning mechanisms. The MNIST classification task highlighted how neurons can pro-

cess and transmit spatial information robustly. MNIST classification in conjunction with

Classification with Spike Timing Dependent Plasticity

STDP activation induced selective synchronization. This implies that the group firing

observed in induced STDP neural networks are spatiotemporal patterns which require

group observations to detect.
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