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ABSTRACT

In this paper we try to determine the best solution to
this problem by comparing a few multipliers. This paper presents
an efficient implementation of high speed multiplier using the
shift and add method, Radix_2, Radix_4 modified Booth multiplier
algorithm.

Keywords: Binary Multiplier, MAC, Radix 2^n Multiplier,
BOOTH Multiplier.
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1. INTRODUCTION

A system’s performance is
generally determined by the perfor-
mance of the multiplier because the
multiplier is generally the slowest clement
in the system. Furthermore, it is generally
the most area consuming. Hence,
optimizing the speed and area of the
multiplier is a major design issue. However,
area and speed are usually conflicting

constraints so that improving speed
results mostly in larger areas. As a
result, whole spectrums of multipliers
with different area speed constraints
have been designed with fully parallel.
Radix 2n multipliers which operate
on digits in a parallel fashion instead
of bits bring the pipelining to the digit
level and avoid most of the above
problems.
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2. Binary Multiplier

       The rules for binary multiplication
can be stated as follows:

1. If the multiplier digit is a 1, the
multiplicand is simply copied down
and represents the product.

2. If the multiplier digit is a 0 the
product is also 0.

For designing a multiplier circuit we
should have circuitry to provide or do
the following three things:

1. It should be capable identifying
whether a bit 0 or 1.

2. It should be capable of shifting left
partial products.

3. It should be able to add all the partial
products to give the products as sum
of partial products.

4. It should examine the sign bits. If
they are alike, the sign of the product
will be a positive, if the sign bits are
opposite product will be negative. The
sign bit of the product stored with
above criteria should be displayed
along with the product.

Notations:
a – multiplicand,
b – Multiplier,
p – Product
Binary multiplication (eg n=4)
p = a X b
an-1 an-2………..a1a0
bn-1 bn-2………...b1b0

p2 n-1 p2 n-2…….p1 p0

          x x x x a
          x x x x b
          ————
           x x x x b0a20
        x x x x b1a21
     x x x x b2a22
  x x x x b3a23
———————
x x x x x x x x p

Figure 1: Basic Hardware Multiplier.

3. Multiply accumulate circuits

Multiplication followed by accu-
mulation is an operation in many digital
systems,  particularly  those  highly
interconnected like digital filters, neural
networks, data quantizes, etc. One
typical MAC (multiply-accumulate)
architecture is illustrated in Figure 1.
It consists of multiplying 2 values, then
adding the result to the previously
accumulated value, which must then
be restored in the registers for future
accumulations.

4. Architecture of a radix 2n Multiplier

This Figure 2 shows the multi-
plication of two numbers with four
digits each. These numbers are denoted
as V and U while the digit size was
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chosen as four bits. Each circle in the
Figure 2 corresponds to a radix cell
which is the heart of the design. The
dots in the Figure 2 represent latches
for pipelining. Every dot consists of
four latches. The ellipses represent
adders which are included to calculate
the higher order bits. They do not fit
the regularity of the design as they
are used to “terminate” the design at
the boundary. The outputs are again
in terms of four bit digits and are
shown by W’s. The 1’s denote the
clock period at which the data appear.

Figure 2: The architecture of a radix
2n multiplier.

5. Booth Multiplier

The decision to use a Radix-4
modified Booth algorithm rather than
Radix-2 Booth algorithm is that in
Radix-4, the number of partial products
is reduced to n/2. Though Wallace Tree
structure multipliers could be used but
in this format, the multiplier array becomes
very large and requires large numbers
of logic gates and interconnecting
wires which makes the chip design large
and slows down the operating speed.

6. Booth Multiplication Algorithm

6.1 Booth Multiplication Algorithm for
radix 2:

Booth algorithm gives a procedure
for multiplying binary integers in signed
–2’s complement representation.

I will illustrate the booth algorithm
with the following example:
Example, 2 ten x (- 4) ten
0010 two * 1100 two

Step 1: Making the Booth table

I. From the two numbers, pick the
number with the smallest difference
between a series of consecutive
numbers, and make it a multiplier.
i.e., 0010 — From 0 to 0 no change, 0
to 1 one change, 1 to 0 another
change, and so there are two changes
on this one.
1100 — From 1 to 1 no change, 1 to 0
one change, 0 to 0 no change, so there
is only one change on this one.
Therefore, multiplication of 2 x (– 4),
where 2 ten (0010 two) is the multi-
plicand and (– 4) ten (1100 two) is the
multiplier.

II. Let X = 1100 (multiplier)
Let Y = 0010 (multiplicand)
Take the 2’s complement of Y and call
it –Y
–Y = 1110

III. Load the X value in the table.

IV. Load 0 for X-1 value it should be
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the previous first least significant bit
of X

V. Load 0 in U and V rows which will
have the product of X and Y at the
end of operation.

VI. Make four rows for each cycle; this
is because we are multiplying four bits
numbers.

Step 2: Booth Algorithm

Booth algorithm requires exami-
nation of the multiplier bits, and shifting
of the partial product. Prior to the
shifting, the multiplicand may be added
to partial product, subtracted from the

partial product, or left unchanged
according to the following rules:

Look at the first least significant bits
of the multiplier “X”, and the previous
least significant bits of the multiplier
“X - 1”.

I. 0 0 Shift only
1 1 Shift only.
0 1 Add Y to U, and shift
1 0 Subtract Y from U, and shift or
add (-Y) to U and shift

II. Take U & V together and shift arith-
metic right shift which preserves the
sign bit of 2’s complement number. Thus
a positive number remains positive,
and a negative number remains
negative.

III. Shift X circular right shifts because
this will prevent us from using two
registers for the X value.

Repeat the same steps until the four cycles are completed.
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We have finished four cycles,
so the answer is shown, in the last
rows of U and V which is:
11111000 two

Note: By the fourth cycle, the two
algorithms have the same values in the
product Register.

6.2 Booth multiplication algorithm for
radix 4

One of the solutions of realizing
high speed multipliers is to enhance
parallelism which helps to decrease
the number of subsequent calculation
stages. The original version of the
Booth algorithm (Radix-2) had two
drawbacks. They are: (i) the number
of add subtract operations and the
number of shift operations become
variable and become inconvenient in
designing parallel multipliers. (ii) The
algorithm becomes inefficient when

there are isolated 1’s. These problems
are overcome by using modified Radix
4 Booth algorithm which scans strings
of three bits with the algorithm given
below:

1) Extend the sign bit 1 position if
necessary to ensure that n is even.

2) Append a 0 to the right of the LSB
of the multiplier.

3) According to the value of each
vector, each Partial Product will be 0,
+y, -y, +2y or -2y.

The negative values of y are
made by taking the 2’s complement
and in this paper Carry-look-ahead
(CLA) fast adders are used. The
multiplication of y is done by shifting
y by one bit to the left. Thus, in any
case, in designing n-bit parallel
multipliers, only n/2 partial products
are generated.
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CONCLUSION

We found that the parallel
multipliers are much option than the
serial multiplier. We concluded this
from the result of power consumption
and the total area. In case of parallel
multipliers, the total area is much less
than that of serial multipliers. Hence
the power consumption is also less.
This speeds up the calculation and makes
the system faster. While comparing the
radix 2 and the radix 4 booth multi-
pliers we found that radix 4 consumes
lesser power than that of radix 2. This
is because it uses almost half number
of iteration and adders when compared
to radix 2. When all the three multipliers
were compared we found that array
multipliers are most power consuming
and have the maximum area. This is
because it uses a large number of adders.
As a result it slows down the system
because now the system has to do a
lot of calculation.

Table 1: Radix4 Modified Booth algorithm scheme for odd values of i.
7. RESULTS OF DIFFERENT MULTIPLIERS

ARRAY RADIX 2 BOOTH RADIX 4 BOOTH
Number of Slices 229 130 229
Number of 4 input LUTs 302 249 302
Number of bonded INPUT 16 16 16
Number of bonded OUTPUT 16 17 16
CLB Logic Power 104mW 79mW 47mW
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