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Abstract

This paper presents an asymmetric high-radix signed-digital (AHSD) adder that performs addition on the basis
of neural network (NN) and also shows that the AHSD number system supports carry-free (CF) addition by us-
ing NN. Besides, NN implies the simple construction in high-speed operation. The signed-digit number system
represent the binary numbers that uses only one redundant digit for any radix r > 2, the high-speed adder in the
processor can be realized in the signed-digit system without a delay of the carry propagation. A Novel NN de-
sign has been constructed for CF adder based on the AHSD () number system is also presented. Moreover, if the
radix is specified as r = 2", where m is any positive integer, the binary-to-AHSD;, conversion can be done in
constant time regardless of the word-length. Hence, the AHSD-to-binary conversion dominates the performance
of an AHSD based arithmetic system. In order to investigate how the AHSD number system based on NN de-
sign achieves its functions, computer simulations for key circuits of conversion from binary to AHSD () based
arithmetic systems are made. The result shows the proposed NN design can perform the operations in higher

speed than existing CF addition for AHSD.

1 Introduction

Addition is the most important and frequently used
arithmetic operation in computer systems. Gener-
ally, a few methods can be used to speed up the ad-
dition operation. One is by using neural network
design convert the operands from the binary number
system to a redundant number system, e.g., the
signed-digit number system [2][3] or the residue
number system, so that the addition becomes carry-
free (CF). This Neural Network (NN) design implies
fast addition can be done, at the expense of conver-
sion between the binary number system and the re-
dundant number system. In this paper we focus on
exploring high radix signed-digit (SD) numbers and
we also present the asymmetric high-radix signed-
digit (AHSD) number system using NN [4][5]. The
idea of AHSD is not new. Instead of proposing a
new number representation, our purpose is to ex-
plore the inherent CF property of AHSD by using
NN. The CF addition in AHSD based on NN is the
basis for our high-speed addition circuits. The con-
version of AHSD to and from binary will be dis-
cussed in detail. By choosing r = 2™, where m is any
positive integer, a binary number can be converted
to its canonical AHSD representation in constant

time. We will also present one simple algorithm for
converting  binary bit pattern to make pairs in
AHSD for radix-r. NN design for converting AHSD
numbers to binary: the first stresses high speed and
the other provide hardware reusability. Since the
conversion from AHSD to binary has been consid-
ered the bottleneck of AHSD-based arithmetic com-
putation based on NN, these NN design greatly im-
prove the performance of AHSD systems. For illus-
tration, we will discuss in detail the example on
AHSD (), i.e., the radix-4 AHSD number system.
The proposed approach is practical thanks to the
simple conversion.

2 Basic definitions
Here, few basic definitions will be discussed.

2.1 Neural Network

A neural network is a powerful data-modelling tool
that is able to capture and represent complex in-
put/output relationships. The motivation for the de-
velopment of neural network technology stemmed
from the desire to develop an artificial system that
could perform "“intelligent" tasks similar to those



performed by the human brain. Neural networks
resemble the human brain in the following two
ways:

1. A neural network acquires knowledge through
learning.

2. A neural network's knowledge is stored within
inter-neuron connection strengths known as synaptic

weights.
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Figure 1: Neural Network prototype for AHSD
number system addition.

In the figure, the simple prototype for NN is shown.

2.2 Asymmetric Number System [1][3]

The radix-r asymmetric high-radix signed-digit
(AHSD) number system, denoted AHSD(r), is a
positional weighted number system with the digit set

S¢=4{10, ..., r -1}, where r > 1. The AHSD

number system is a minimally redundant system
with only one redundant digit in the digit set. We
will explore the inherent carry-free property in
AHSD and develop systematic approaches for con-
version of AHSD numbers from binary ones.

An n-digit number X in AHSDy is represented as
X= (X N1y Xne2y eeey Xo)r,

Wherex; e S, fori=0,1,...,n-1,andS,={-1,

0,1, ..., r- 1} is the digit set of AHSD,. The value
of X can be represented as
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Clearly, the range of X is[(l— r )/(r ~1),r" —1]

2.3 Binary to Asymmetric Number Sys-
tem conversion

Since the binary number system is the most widely
used, we have to consider the conversion between
the AHSD and binary number systems. Although
the radix r may be any positive integer, simple bi-

nary-to-AHSD conversion can be achieved if r = 2™
for any positive integer m. The reason for such sim-
ple conversion will be explained later. We assume r
= 2" in what follows, unless otherwise specified.
Note that there may be more than one AHSD(,
number representation for a binary number. For in-
stance, the binary number (0, 1, 1, 0, 0) , can be
converted to two different AHSD () numbers, i.e.,
(1, - 1, 0) 4 and (0, 3, 0) 4. Hence, the binary-to-
AHSD(r) conversion, being a one-to-many map-
ping, may be performed by several different meth-
ods. We would like to find an efficient and system-
atic conversion method that takes advantage of the
carry-free property. Here we follow a general algo-
rithm to make pairs to convert Binary to AHSD .

Algorithm for the conversion of AHSD from binary
number system:

Step 1. Suppose given binary #bits=n

Step 2. If radix=2", where m is any positive integer
then 2P<m<2"** Where p=1,2,3......

Step 3. # Zero (0) will be padded in front of binary
bits pattern 2°**-n

Step 4. Divide the array by m

Step 5. If each sub array is =m

Then stop

Step 6. Else

Divide each sub array by m

Proof:

Recurrence relation for the conversion from binary-

to- AHSD numbers system is:

¢ if n=m where c is a constant & m>2
T(n)= .
m T (n/m) if n>m

T(n)=mT(n/m) ...... Q)
If n=n/m

Replace itinto ....(1)
T(n/2)=mT(n/m"2)

So, T(n)=m"2T(n/m"2)

T (n) =m*T(n/m* ) where k=1,2,3..
Assume n=m

T(n)=m* T(m* /m*)

T(n)=m* T(1)

T(n)=m¥* n=m*

Logmn = Log,m* =k

Complexity of the algorithm to make pairs to con-
vert Binary to AHSD (: O (log m n)



2.4 Addition of AHSD (s number system
[1]

Here the addition process will be shown for AHSD
number system. This addition process can be for 1-
bit to n-bit adder design without considering the
carry propagation and its delay as well.

Example: Here two 4-bit AHSD (4 numbers are
added.

X> 11111111
Y~ 1100 01 00
X (ahsd)> (3 3 3 3),
Y (ahsd)> (3 0 1 0),

X+Y(2): 6 34 3

Transfer digit: 11 1 10¢c
Interim sum: 2-101p
FinalsumS: (13011),

Result=(01 11 00 01 01) ,=(453) 1

The final result is in binary format. The given ex-
ample illustrates the addition process without carry
propagation.

3 Proposed Design of adder using
Neural Network

The neuron will work on the basis of feed-forward
network with parallel processing. This technique can
be viewed as doing addition in adder in parallel. The
concept of parallel addition using neural network
can be shown as the block diagram below.
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Figure 2: Trivial 1-bit AHSD radix-4 adder using
NN.

The figure 2 shows the atomic view of the adder
using Neural Network. If we make it more general-
ized then the figure will be just like the following.
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Figure 3: N-bit adder generalization.

The N-bit adder generalization is shown in figure 3.

Lemma: The total number of neurons for generating
interim sum and carry of a radix-n asymmetric g-bit
adder design is gx2(n-1).

Proof: As n is the radix, so each bit will contain the
value of n-1. So the interim sum will be in the range
of 0 to 2(n-1). The total number of neurons for 1-bit
adder design will be 2(n-1). For the design of a g-bit
adder, the total number of neurons will be gx2(n-1).

Here we proposed an algorithm for n-bit adder from
binary to AHSD (4 using NN.

Algorithm:

Step 1: Create 4" input vectors (2n elements each)
that represent all possible input combinations. For
example, for 1-bit addition, there will be 4 input
vectors (2 elements each): {0, 0}, {0, 1}, {1, 0}, {1,
1}

Step 2: Create 4" output vectors (ceiling of [/, + 1]
elements) that represent the corresponding target
combinations. For example, for 1-bit addition, there
will be 4 output vectors (2 elements each): {0, 0},

{0, 1}, {0, 1}, {0, 2}.

Step 3: Create a feed-forward back propagation
neural network.

Step 4: Train the neural network for the input and
output vectors of steps land step2.

Step 5: Simulate the neural network with the input
vectors of step 1, getting the sum in AHSD (4 as the
target.

4 AHSD addition for Radix-5

The asymmetric high radix number system consider-
ing radix-5 is not well suited for addition. The first
conversion from binary to AHSD requires pairing
bits by 3-bit binary. It will convey the values from 0
to 7 in decimal. But radix-5 will need O to 4 values.
So we will get 5, 6, 7 as undetermined values.
Hence the addition process will not be possible as
well. Thus radix-4 AHSD is best suited for addition
that is carry free and fast.



5 Simulations

Here the few simulations are described. We per-
formed the simulation using Matlab 7.1 neural net-
work tools in a computer with Pentium IV proces-
sor. At first conversion from binary- to- AHSD
numbers is done for the manual simulation, then to
get self-consistent adjustment (SCA) and adjacent
digit modification (ADM) two AHSD numbers is
added. Then arithmetic addition of SCA and ADM
is done. Now NN design for addition of AHSD is
considered. Finally by using Mathlab-7.1 simulation
tool simulation is performing for NN design and
getting addition result of AHSD numbers. In the
figure 4 this workflow procedure is shown.
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Figured: The Workflow of simulation procedure for
AHSD numbers
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Figure 5 -1:(TF- Logsig) 1-bit adder simulation. and
epoch is 100.
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Figure 5-2: (TF-Tansig) 1-bit adder for simulation
and epoch is 12.
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Figure 5-3: (TF-Purelin) 1-bit adder for simulation
and epoch is 8.
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Figure 6-1: (TF-Tansig) 2-bit adder for simulation
and epoch is 100 epochs.
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Figure 6-2: (TF-Logsig) 2-bit adder for simulation
and epoch is 100 epochs.
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Figure 7: (TF-Logsig) 3-bit adder for simulation and
epoch is 100 epochs.

6 Experimental Results

The tablel is summarized here from the experiments
done.

Table 1: NN experimental results for AHSD adder

design.
Bit | Layer | Neuron Activation Func-
numbers tion
1- 2 1=2/0=2 Tan-
bit sig/Logsig/Purelin
2- 2 1=4/0=2 Tansig/Logsig
bit
3- 2 1=6/0=3 Logsig
bit

Satisfactory performance is found in the design of
AHSD-radix-4 adder using NN. This performance
shows the better implementation of the adder of
redundant number system than radix-2 signed digital
adder using NN [5].

7 Conclusion

In this paper one CF digital adder for AHSD (4
number system based on NN has been proposed.
Additionally, if r = 2™ for any positive integer m,
the interface between AHSD and the binary number
system can be realized and it can be easily imple-
ment able. To make pairs at the time of conversion
from binary to-AHSD, an algorithm has also been
proposed. Besides, NN design with Matlab-7.1
simulation tool is used to achieve high speed for
addition on AHSD. Even though hardware imple-
mentation is not done here but realization shows, the
proposed NN design can be flexible. Since both the
binary-to-AHSD and AHSD-to-binary converter .CF
adder operate in a constant time, we can conclude
that the AHSD-to-binary converter dominates the
performance of the entire AHSD based on NN de-
sign system. The time complexity of the entire
AHSD CF adder is O (log , n). Finally, it is ap-
pealed that additional studies is necessary includ-
ing not only the implementation of CF adder with
different design skills, but also the applications of
various CF adders to design fast arithmetic. Hope-
fully, in future this paper can be extended for the
digital adder of AHSD number system based on NN
and which can be realized by using hardware, using
current mode CMOS or voltage mode CMOS [6]
and using SPICE simulation tool for hardware reali-
zation.
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