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Spiking Temporal Processing Unit
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Synaptic Response Functions in the
STPU
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Neuromorphic Comparison
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« The STPU 3D mesh is enabled due to the temporal buffer
« The synapse model in the STPU is implemented via the temporal buffer
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Liquid State Machine

" |nput (spike trains)
= Maps input streams to output streams
= Liquid (or microcircuit)

= Arecurrent neural network of sp|k|ng
neurons (leaky integrate and fire)

= Acts a preprocessor (temporal)

= State
= Measure the state of the liquidatany =~ e .
given time t
= Readout neurons
= Plastic synapses

= By assumption, has no temporal , readout n
integration capability of its own
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Living on the Edge of Chaos
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Effects of Synaptic Response Function

Synaptic Response | Train Sep | Train Rate | Test Sep | Test Rate | SVM
Dirac Delta 0.129 0.931 0.139 0.931 0.650
First-Order 0.251 0.845 0.277 0.845 0.797
Second-Order 0.263 0.261 0.290 0.255 0.868
First-Order 30 0.352 0.689 0.389 0.688 0.811
First-Order 40 0.293 0.314 0.337 0.314 0.817
First-Order 50 0.129 0.138 0.134 0.138 0.725
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Red indicates the best values for default parameters
Blue indicates values that improved over second-order




Liquid State Machine Results

Encoding Scheme 20 15 10 5.5 3

TrainSep | 0.263 | 0.409 | .0378 | 0.334 | 0.324
Current Injection | ghikerate | 0.261 | 0580 | 0.750 | 0.843 | 0.873
SVMacc | 0.868 | 0905 | 0.894 | 0.873 | 0.868
TrainSep | 0.271 | 0.310 | 0.338 | 0.350 | 0.353
Bit Encoding | gpikeRate | 0434 | 0497 | 0544 | 0592 | 0.634
SVMacc | 0741 | 0741 | 0735 | 0.755 | 0.764
TrainSep | 0.164 | 0.364 | 0.622 | 0.197 | 0.047
Rate Encoding | gpikeRate | 0.146 | 0.199 | 0594 | 0.952 | 0.985
SVMacc | 0747 | 0733 | 0.643 | 0.601 | 0.548

Red indicates highest training separation and SVM
classification accuracy for each encoding scheme




Liguid State Machine Results (cont)

Linear Model 3X3X15 |5X5X5 |[4X5X10 |2X2X20
Linear SVM 0.906 0.900 0.900 0.914
LDA 0.921 0.922 0.922 0.946
Ridge Regress 0.745 0.717 0.717 0.897
Logistic Regress 0.431 0.254 0.254 0.815

Red indicates highest classification accuracy
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