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Abstract This paper describes mapping of a twenty one CLUMP module network onto three
Intel's ETANN (80170NW) chips. ETANN is a sixty four neuron general purpose neural network
chip. The chip essentially has sixty four single layer neurons, with enough flexibility to use in
different configurations. We use the chips in a time multiplexed mode to enhance utilization of
chips. To avoid conflicts in using various resources, a program was written to show the usage of
inputs, neurons, and weights. By studying the results of the program it was possible to bring down
the number of chips from nine in the initial draft to three chips in the final design.

Introduction The simulated neural network used for handwritten digit recognition consists of
twenty one CLUMP (clustered multi layer perceptron) modules [1]. Each module comprises of
three layers, with 10, §, and 1 neurons in the input, the hidden, and the ouput layers respectively.
Figure 1(a) shows the architecture of the CLUMP module. Each module has thiry two inputs and all
modules are fed with the same input data. Figure 1(b) shows the network configuration with
twenty one CLUMP modules. Intel's ETANN (80170NW) is essentially a single layer sixty four
neuron network with a flexible architecture . Flexible architecture facilitates it to be used as a two
layer network , or as a128 input network, etc. Details of some configuration are given in [2].

Methodology In order to map the twenty one CLUMP module network onto ETANNS and to
keep the chip count to a minimum, time multiplexing was adopted. Concepts utilized are stated

below :

1. Repeated use of neurons is possible by feeding select inputs to the network during each clock
phase. For example, in ETANN chip#1 neurons 1 to 60 are used with inputs 1 to 32 active
during phase 1. While during phase 4, inputs 33 to 64 are active and same neurons 1 to 60 are

used.
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2. Different sets of inputs can be fed on the same input lines during different phases, such
multiplexed usage of inputs is possible, since only selected outputs are considered.

Based on the above mentioned techniques, a twenty one module network was mapped onto a
circuit consisting of three 80170NW chips.

Operation A total of twelve phases are required to obtain the desired twenty one outputs. Figure
2 shows utilization of chips during different phases. Hardware details for operation are not shown
in fig. 2. During phase one, chip 1 implements the first layer of six CLUMP modules. During
phase two, chip 2 operates in feed forward mode. It receives input from six input layers, resulting
in forty eight outputs. During phase three, chip 3 in the feedback mode (external inputs) gives the
final six outputs. During following phases similar operations take place with variation of inputs and

modes of chip operation.

Results The total number of neurons in the CLUMP architecture is 399 (19*21), and the number
of weights is 8568 (408*21). A network of three ETANN chips consist of 192 (64*3) neurons and
24,576 (8192*3) weights. Thus effective mapping of several small networks onto a general

purpose large network is possible.

Conclusion Very effective utilization of neurons was acheived. Mapping of a large number of
small networks resulted in marginal utilization of weights. However further explorations may result
in better utilization of all the weights available.
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Figure (1b) CLUMP Network used for handwritten digit recognition system.
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U - Unused :
1 thru C - Clock Phases (Hex notation)

0- Weights set to zero because smaller networks are mapped onto a larger ne

twork and inputs are given at the

same instant. Hence to nulfify the other layer inputs weights are initialized to zero.
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U - Unused

Y thru C - Clock Phases (Hex notation)
0- Weights set 10 zero because smaller networks are mapped onto a larger network and inputs are gwen at the

same instant. Hence to nullify the other layer inputs weights are initialized to zero.
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