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Design of Simplified Neuron for High I ntegration

Michinori Andoh, Norikazu Ohta, Akihiro Watanabe
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Abstract

Recently, various neural network ( NN ) LSIs have
been devel oped with practical applications of NN. In
real-time handling of large problemsin fields such as
image and speech signal processing, however, the
integration and processing speed of these L SIs are till
insufficient. For higher integration of adigital NN
LSl, amethod of simplifying neuron models was
examined.

A new neuron model with weights expressed with
power of two has been proposed as a simplified model.
In this model, multiplications of the input signal and
the weight are replaced with shift operations.
Therefore, the circuitry scale reduction is achieved.

Character recognition and learning simulations were
carried out to examine the validity of the simplified
neuron model. Asaresult, it was found that the
simplified model had the character recognition ability
almost equal to these of conventional models. The
learning simulation revealed that the amount of time
necessary to converge with the ssimplified model were
longer than these with conventional ones.

Finally, asimplified neuron whose application was
specified to the recognition was designed. The total
pattern area of one neuron was 1.47x 1.66mm°. The
new structure, by which the network structure of the
NN LSI could be changed has been proposed and used
for the design of neurons.
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Fig. 1 A multilayer neural network.
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Fig. 2 Example of neuron block diagram.
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Table 1 Teacher signals.

Input Output

Pattern A B E S
A 1 0 0 0
B 0 1 0 0
E 0 0 1 0
S 0 0 0 1

Table 2 Recognition results ( conventional model ).

Input pattern Output
A B E S
A 0.996 0.002 0.003 0.003
B 0.003 0.995 0.003 0.004
E 0.003 0.003 0.996 0.003
S 0.003 0.004 0.003 0.995

Table 3 Recognition results ( simplified model ).

Input pattern Output
A B E S
A 0.969 0.016 0.016 0.016
B 0.016 0.945 0.008 0.023
E 0.008 0.008 0.961 0.031
S 0.016 0.008 0.016 0.969

0000000 R&DOOOOOVO. 31 No.4 (199.12)



16

obobOooos3sgoobcoobooboonooono
OO00000O0Fg. 40000000 Table 4,5
OO000Table4DOOOOOOOOOOOOOO
Table50000000000CCOOOOOO0OOO
oooooooooobooobooooooogo
ooboooooobooooboooo
gooobooobobzeO0oOonOOoOoOOoooa
ooooooobooobooobooobooooaon
oobDoOoboOoONNODODOOoOOoOoooonosso
oobz2000002e00000000000
Table 60000000000 00000OOOO
oobooooobooobooobooobooogo
o000000000C000D0O000

HBE:

Fig. 4 Character patterns corrupted by random noise.

Table 4 Recognition results ( conventional model ).
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Input pattern Output
A B E S
A 0.992 0.009 0.006 0.001
B 0.002 0.994 0.010 0.003
E 0.003 0.007 0.996 0.002
S 0.004 0.001 0.020 0.983

Aby () = 3 v + oAby (n- 1)

0o0oo()

Table 6 Recognition results ( simplified model ).

Table 5 Recognition results ( simplified model ). Input pattern Output
A B C D E F

Input pattern Output A 0.963 0.000 0.000 0.000 0.002 0.002
A B E S B 0.000 0923 0.000 0.016 0.002 0.000

A 0.953 0.047 0.023 0.008 C 0.000 0.000 0.924 0.000 0.013 0.000

B 0.008 0.930 0.031 0.016 D 0.000 0.002 0.000 0.945 0.000 0.000

E 0.008 0.016 0.961 0.023 E 0.000 0.020 0.000 0.000 0.960 0.000

S 0.016 0.000 0.070 0.930 F 0.006 0.000 0.000 0.000 0.015 0.975
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Fig. 5 Learning curves.
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Table 7 Specifications of the simplified neuron.

Input resolution 8 bits

Output resolution 8 hits

Internal data resolution 16 bits

Weight resolution Expornent 4bits
Mantissa 2bits

Number of synapses 64

Internal network Bus network
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Fig. 6 Network diagramonLSI.
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Fig. 8 Layout of the neuron.

Table 8 Comparison of number of transistors
(‘automatic design).

Conventional model Simplified model

6000Tr
8500Tr

3300Tr
3300Tr

Processing unit
memory

Total 14500Tr 6600Tr
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Table 9 Comparison of number of transistors.

Conventional model Simplified model
Processing unit 5200Tr 1400Tr
memory 8500Tr 3300Tr
Total 13700Tr 4700Tr

Processing unit : manual design
Memory : automatic design
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