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Abstract. Arti cial neural networks can solve complex problems such
as time series prediction, handwritten pattern recognition or speech processing. Though software simulations are essential when one sets about
to study a new algorithm, they cannot always ful ll real-time criteria
required by some practical applications. Consequently, hardware implementations are of crucial import. The appearance of fast recon gurable
FPGA circuits brings about new paths for the design of neuroprocessors.
All arithmetic operations are carried out with on-line operators. This
short paper brie y describes recon gurable FPGA-based neural networks
and gives an introduction to on-line arithmetic.

1 Introduction
The brain is a \computer" which exhibits characteristics such as robustness, distributed memory and calculation, interpretation of imprecise or noisy sensorial
information. The design of electronic devices demonstrating such characteristics
would be very interesting from the engineering point of view. Applications of
these circuits include arti cial vision, autonomous robotics or speech processing. Arti cial neural networks constitute a possible way to realize such devices.
The appearance of fast recon gurable Field-Programmable Gate Arrays (FPGA)
o ers new paths for neuroprocessor implementation. However, FPGAs are too
small to implement a large fully connected neural network and its learning rule.
We exploit two philosophies to solve this problem:
❑ All arithmetic operations are carried out with on-line operators. Section 2
describes the advantages of this methodology.
❑ A neural algorithm is split into several steps executed sequentially, each of
which is associated with a speci c FPGA con guration. Such an approach
leads to an optimal use of hardware resources. The eciency of this method
has been proven by J. G. Eldredge [1]. The recon guration paradigm also
allows the implementation of multiple algorithms on the same hardware [2].

2 On-line Arithmetic
A neural network contains numerous connections, thus requiring a substantial
amount of wires. As parallel arithmetic requires large buses, it is not well suited

for such implementations. Bit-serial communications seem to be an e ective
solution.
Bit-serial data transmission may begin with the least signi cant bit (LSB)
or with the most signi cant bit (MSB). Though the LSB paradigm seems more
natural (the digits of the result are generated from right to left when we carry
out an addition or a multiplication using the \paper and pencil" method), it
does not allow the design of algorithms for division or square root. In general,
the implementation of complex serial operations makes use of LSB and MSB
operators. Let us consider the example depicted by gure 1. All digits of (a +
b) + (c  d) must be known before the computation of the square root.
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Fig. 1. Computing p(a + b) + (c d).
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The on-line mode, introduced in [3], performs all computations in MSB mode
thanks to a redundant number representation1. It allows to overlap computation,
leading so to a lower processing time ( gure 1).
Pi=,1 air,i, where ai 2
Usually, a number a 2 R is written in radix r as 1
Dr = f0; 1; : : : ; r , 1g. Dr is the digit set. On-line algorithms described in the
literature use Avizienis' signed-digit systems [4], where numbers are represented
in radix r with digits belonging to Dr = f,a; ,a + 1; : : : ; a , 1; ag, a  r , 1.
Our neuroprocessor exploits on-line arithmetic in radix 2, i.e. the digit set
is f,1; 0; 1g. It uses a bit-level representation of the digits, called Borrow-Save,
de ned as follows: two bits, a+i and a,i , represent the ith digit of a, such that
ai = a+
, a,i . Consequently, digit 1 is encoded by (1; 0), digit ,1 is encoded by
i
(0; 1), while digit 0 is represented by (0; 0) or (1; 1).
Many on-line operators are described in the literature. Each of them is characterized by a delay , which indicates the number of clock cycles required to
compute the MSB of the result. Figure 2a depicts the schedule diagram of an
operator of delay 2. An input signal i is provided at time t = 0. Two clock cycles
are required to elaborate the MSB of the output signal o. A new bit of the result
is then produced at each clock cycle.
1

In a redundant system, additions can be performed without carry propagation. This
property allows the design of MSB adders.
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Fig. 2. (a) Delay of an on-line operator. (b) Pipeline with on-line operators.
Suppose now that the result of a rst operator , is needed for further computations. The second operation may begin as soon as , has generated the MSB
of the partial result. Figure 2b shows how to chain di erent on-line operators.
The addition and the rst multiplication are carried out in parallel. As the delay of the adder is smaller than the one of the multiplier, we use a register to
synchronize the inputs of the second multiplier.

3 Conclusions
We have exploited the recon guration principles and on-line arithmetic to implement a neuroprocessor with on-chip training. The recon gurable approach
allows an optimal use of hardware resources and on-line arithmetic leads to a
space-ecient implementation of data transmission. This approach is e ective
to implement large neural networks on a single FPGA, which is for instance
intersting for autonomous robotic applications.
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