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DESIGN AND SIMULATION OF CELLS,
THAT REALIZE ARBITRARY
FUNCTIONS OF ACTIVATIONS OF
NEURONS IN SELF-LEARNING
EQUIVALENT-CONVOLUTIONAL
NEURAL STRUCTURES

V.G. Krasilenko®, A.A. Lazarev', D.V. Nikitovich*
Vinnytsia National Technical University, Vinnytsa, Ukraine

Annotation. We consider the urgent need to create hardware
accelerators for CNN. We show a overview of the equivalent models
(EMs), EM-paradigms for recognition images and learning with CL-
operations as: "equivalence". We consider approaches to the design
of arrays of neuron-equivalentors (NEs) with different activation
functions. Approach is based on the use of mixed methods, building
NEs (with number of synapsis 128) and their cells based current
mirrors. Simulations show that the efficiency of NEs relative to the
energy is estimated at a value of not less 10'? an. op. / sec on W.

Introduction

The equivalence models (EMs), nonlinear
transformations of adaptive-correlation weighting for
recognition, clustering, neural networks, auto-associative
memory and hetero-associative memory are described [1,
2]. The EM has such advantages as a significant increase
in the memory capacity, the possibility of comparing
correlated noised patterns. Hardware implementations of
EMs are based on equivalentors (Eqs) [2]. And the latter
are EMs in self-learning paradigms of CNNs [3-5] that
combine the process of multi-level images recognition
with the learning [3-4]. But for EMSs, nonlinear
transformations of signals are necessary. For SLECNS
[3], we need certain new devices capable of calculating



normalized spatial equivalence functions (NSEqFs).
Therefore, the problem of increasing the performance of
CNNs and their neurons-cells, new 2D array of EqQs, non-
equivalentors (NEQs) is acute [5]. Thus, at the inputs of
each Eq we have 2 arrays of analog currents and output
is signal, nonlinearly transformed in accordance with the
F-activation. Non-linear component-wise transformations
allow even without WTA network to allocate the most
Eq with the greatest activity [4]. From described it
follows that for SLECNS is the design array of non-linear
transformations cells that adequate to auto-equivalence
operations, allows to selecting of pixel-winners in maps
for clustering using only several steps.

The main material

The Fig. 1a shows the structure of SLECNS, main
unit, allowing compute set of convolutions. Each NEq
can consist of smaller sub-pixel base nodes. At the inputs
of each NEqg we have 2 arrays of currents (fragment and
filter), output is signal, transformed in accordance with
the F-activation: equivalence (eq), nonequivalence (neq).
The base node, Fig. 1b, contains N counters of maximum
and minimum currents, normalizer on CM, which forms
2 outputs, corresponding to eq and neqg. Modeled results
of transformations are shown. The results of modeling for
filter 3x3 (9 inputs) showed, that processing time is 0.1-
1us for Imax=5uA, power is 50-200uW. We synthesized
a circuit having 8 nodes, resulting in a NEq having 2
inputs of 64 dimensions, which realizes a piece-wise
approximation of the F-activation (auto-equivalence).



Fig. 1. a) The SLECNS - NEgs array, b) The unit Eq
(NEq) by averaging the peak, minima of currents.
The simulations of 64-input NEq showed that NE does
time characteristics, has power 2mW (1.8-2.5V), contains
less than 1000 transistors (Ts). On the basis of combining
nine 9-input NEs, NEs were designed for 2 bus 81-
component inputs for convolution by 9 x 9 filter, Fig. 2.

Bitasi vised iz reqgaast ugei

Fig. 2. On the left: The result of a network simulation of
8 9-input NEs, on the right: The Mathcad windows
We created a mini-NN of eight 9-input NEs. The
question of the approximations of functions was solved.
The cell consisted of only 18-20Ts, allowed to work with
a time 1-2.5us. Result of constructing of transfer
characteristics (TC) in Mathcad environment is shown.

To approximate, we offer (2-step) basic N-functions:



af (xs ,xp) := [obs(xs ,obs(xs,xp)) + obs[xs ,(DP — xp)]](%j .

2
afS(xs,VaF,KaF) := Z af xs,VaFjy - KaFjy -
iv=0

The number of components in composition can be
arbitrary, but we used 8, 16 and adjustment vectors.

Design, simulation with Orcad Pspice. Let us first
consider the design cell using of a 4-piece approximation
(AP) by triangular signals (TS) and scheme (Fig. 3). To
form 4 TSs from the inputs, we use 4 sub-nodes, each of
which consists of 14 transistors (Ts) and a CM (2Ts), and
for propagation of the input current, threshold levels, the
auxiliary circuit consists of 14Ts. The cell consisted of
68Ts. In this scheme, we used 4 gain values for each TS.
The power is 150uW at 2.5V, Imax =D = 8uA, N=4,p
= 2uA, and the periods of signals are 200us and 100us.
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Fig. 3. Circuit for simulation of nonlinear converter cell
The scheme realizing TC with 8-piece-wise AP contains
170-200Ts, consists of 8 nodes. The A-node consists of
7Ts, generates a TS from input signal. For 2.5V, Imax =
D = 8uA, N =8, p = 1uA, the period of input increasing



TS equal to 1ms. For the simplest functions the cells
consist of 17-20Ts, have T = 0.25ps, a power (100uW).

Conclusions

Several schemes have been developed, modeled of
cells for TC, neuron-equivalentors. The NEs have a
conversion time of 0.1-1us, voltages of 1.8-3.3V, errors
(1-5%), consumptions (1-2mW), can operate in low-
power (100uW) and high-speed (10-20MHz) modes. The
efficiency of NEs relative to the energy intensity is
estimated at a value of not less than 10 an.op./sec on W.
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