
1. Tentative Abstract  
Most neuromorphic IC designed so far have largely ignored the 

role of nonlinear dendritic processing while choosing to focus on 
synaptic plasticity and nonlinear integration at the soma. Here, we 
shall present some of our recent work that includes dendritic 
nonlinearities in increasing level of detail. First, we show that even 
with lumped branch nonlinearity, dendritic neurons can have high 
memory capacity even with binary synapses. Since we employ 
binary synapses, learning involves formation or elimination of 
connections--hence, it modifies network structure and the algorithm 
can be called structural plasticity. We show architectures for binary 
and multi-class classification and present results on standard 
databases like MNIST where inputs are rate encoded binary vectors. 

 Second, we show extensions of the above method for 
classifying spatio-temporal spike patterns in supervised and 
unsupervised manner. We compare our supervised method with 
tempotron learning and our unsupervised method with STDP. 

Next, we mention how spatio temporal spike trains can be 
classified even more efficiently if multi-compartmental dendritic 
models are considered. We present some initial results of combining 
delay learning with structural plasticity and comment on future 
directions of work. 
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Finally, we show some results from VLSI implementations of 
the dendritic neurons where learning is performed in software while 
the learnt connections are downloaded to hardware. We analyze 
performance limits and conclude with future research directions in 
this area. 
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