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Abstract

This paper deals with design techniques that
allow adoption of off-the-shelf binary arithmetic
circuits to perform multi-operand addition and
multiplication of negabinary numbers. The multi-
ple operands could be easily added with augmented
binary adders connected -in the form of a tree.
The same hardware could be used to perform multi-
plication. But; from an LSI implementation view-
point, the use of. cellular array structures is
explored and necessary changes to design a com-
bined binary/negabinary multiplier unit, are also
outlined. i

Introduction

The concept of a negative base number system
is not new. But only recently, growing interest

has been shown by various reseualrchersl-2 Nega-
binary or -2 base is a special case of negative
radix system and because of its numerical close-
ness to the binary system, negabinary is the most
frequently selected negative base system utilized
in designing logic circuits for arithmetic opera-

tions3-12. Range extension in a negative radix
system requires addition of leading zeros and
this simplicity has been used in describing al-

gorithms for multi-operand additionz. This
property has also been used in designing special
purpose hardware such as implementation of digi-

tal filtersm_14
15

and the fast-fourier transforma-

tion

The addition of two negabinary numbers has

been observed to require two carriesl’2 Thus,
for a general purpose application, the units for
the negabinary system is considered to be more
complex than the binary system. This generalized
notion has been shown to be not exactly true and

it has been demonstrated by Agrawal9 that a logic
circuit for a negative addition of two negabinary
numbers is no more complex than the binary addi-

tion. It has also been shown that, how minor
modifications allow the use of off-the-shelf
binary circuits for negabinary negative addi-
tion16-17.
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The objective of this paper is to extend the
usefulness of negative negabinary addition to
achieve multiple-operand addition. A similar
scheme could also be utilized for negabinary mul-
tiplication. From ISI suitability viewpoint,
cellular-array-type structures are to be prefer-
red. A combined binary/negabinary multiplier
design necessitates that the basic arithmetic
cell of the cellular array has to be more general
than for the array performing only one base arith-
metic.

Multiple Operand Addition

One scheme of negative negabinary addition
(n.n.b.a.) using the usual binary adders, has been

16

presented by Murugesan An alternative proced-

ure has bee described by Agrawal17 where, in place
of odd-positioned input bits, even-positioned bits
are to be inverted. Similar complementary changes
are needed at the output of the added. The two
possible approaches have been illustrated in Figs.
l.a and 1.b.

Either one of the two n.n.b.a. could be used
to perform multiple operand addition. Let A, B,

C, D ... etc. be the negabinary numbers to be add-
ed and let Z be their sum, then:
Z=(A+B+C+D+ ...)
=~[-(A+B) - (C+D) ...] (1
The relation (1) is written in such a way so

that n.n.b.a. could be used as a primitive opera-
tion. This leads to realization of (1) in a tree-
structured from with n.n.b.a. employed at each
step. The corresponding logical scheme is shown
in Fig. 2.

Negabinary Multiplication

The multiplication operation requires nothing
but bit-successive addition and shift operations.
In other words, once the multiplier is known, the
problem of multiplication is the same as the addi-
tion of the properly shifted multiplicand. This
means that a multiple-operand-addition technique
could be easily utilized. Thus, the scheme of
Fig. 2, with minor adjustments for shifts, could
perform multiplication.




The design of Fig. 2, is not suitable for
its LSI implementation. This dictates the use of
iterative arrays. Several binary multiplier ar-
rays have been considered in the literature, Be-
fore we start considering the actual array, it is
worth considering one special case of n.n.b.a.
when the bit b0 of Fig. 1.a and Fig. 1.b. is

2zero. This leads to a simpler version of n.n.b.
adders as shown in Fig. 3.a and 3.b. This form
is useful in every alternative step of multipli-
cation where a shift is required and n.r.b.a. is
carried out. The two alternatives of Figs. 1 and
3 require either inversion at inputs or at the
outputs of the full-adder. This requires the use
of two types of arithmetic cells and the two such
cells. are shown in Fig. 4.a and 4.b. The func-
tion of the two cells is to work as a controlled
adder and can be described as follows:

Type 1:
1 ) = S =
(i) when bi 1, Sout Sin -] a; '] Cin (2.a)
and Cout = Cin(sin+ai) + Sin-ai (2.b)
(ii) when bi=0, Sout = Sin [ ] Cin (3.a)
and Cout = Cin (3.b)
Type 2: _ _
i ) = g =
(i) when bi 1, Sout Sin ] a, (] C1n (4.a3)
and'cout = Cin(sin * ai) * Sin.au (4.b)
i1 = g = E: .
(ii) when bi 0, Sout = 5, @ Cin (5.a)
and Cout = Cin (5.b)

The two cells can be used to obtain two multi-
plier structures as shown in Figs. 5.a and 5.b.
The multiplier of Fig. 5.a is based on Figs. 1.a
and 3.a while Fig. 5.b utilizes the design back-
ground indicated in Figs. 1.b and 3.b.

It may be noted that the result Z = A(Bb3 +

4b2 + 2b1 + bO), where Z and A both are negabi-
i = 2

This means B = (8b3+4b2+mbl+b0)
represented by 4 bits b3b2h1b0 must be a binary
number. Thus, the arrays of Fig. 5.a and Fig.
5.b will be working on negzbinary multiplicant A
wile the multiplier B will be in binary form.
Conversion from binary to negabinary is not at
all difficult and several algorithms have already

nary numbers.

been presented in the 1iteraturel7.

The advantage of negabinary system in digi-
tal filter applications has already been demon-

strated13-15. The filter works on a mixed radix
system. Thus, there is a growing need to design
a multiplier that could work on both binary and
negabinary numbers. This requires modification
of the basic arithmetic cell and a single control
line can decide the operating mode (X=0 for bi-
nary, X=1 for negabinary). Thus two basic cells

(with minor differences) will be used and are
shown in Figs. 5.a and 6.b. Once these cells are
used as basic modules, then inverters will no
longer be needed and the array structure will com-
pletely look uniform. Of course, all even-posi-
tioned columns utilize the cell of Fig. 6.a while
all odd-positioned coclumns utilize the cell of
Fig. 6.b.

Conclusion

This paper describes the design of a multiple
operand adder for negabinary numbers. Two alter-~
nate cellular array structures for negabinary
multiplication, have also been given. It is hoped
that the arithmetic units described in this paper
will find wide acceptance in the area of signal
processing.
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Fig. 3.b Simpler version of Fig.lb when ho = 0.
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