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Abstract— We introduce here a multiplication approach for
16 bit input using modified booth algorithm. This reduces
the number of digits in a multiplication compared with a
binary multiplication. In this paper we will compare the
complexity of binary against ternary multi-pliers. The
design is simulated using Model Sim 6.5e and synthesized
using Xilinx ISE design .Results obtained from proposed
design is in terms of area, delay and speed have been
compared with conventional multiplier design.
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I. INTRODUCTION

Arithmetic operations are fundamental to modern digital
computer. Addition and multiplication are used ubiquitously
in various applications and their importance cannot be
overemphasized. For carry-propagation addition (CPA),
although there have been many algorithms developed to
achieve optimal performance, new algorithms are still being
proposed to further improve the performance and they are
always claimed to be superior to the old ones based on some
benchmarks.

However, none of them gives formal proof at
algorithm level. Therefore we develop a set of operators and
notations to describe CPA algorithms at first. Based on the
derived equations and notations, we find that it is possible to
achieve optimal performance for CPA by the scheduling of
bit-level Boolean operations. To solve the scheduling
problem, dual-bit forward prediction (DFP)and generalized
earliest-first (GEF) bit-level scheduling algorithms have
been proposed herein.

For parallel multiplication, although there have
been various previous works focus on the design of
multiplier, many of them do not provide quantitative
analysis at algorithm level. Therefore we divide
multiplication operation into three steps and analyze each of
them to obtain more accurate model. The first step is partial
product generation, the second one is partial product
reduction, and the third one is final addition. For partial
product generation, two popular approaches are evaluated.
The first approach, direct-generation, generates partial
products directly via two-input AND gates. The second
approach is based on modified-Booth encoding (MBE).

Il. INTRODUCTION ABOUT MULTIPLICATION

Multiplication (often denoted by the cross symbol "x") is the
mathematical operation of scaling one number by another. It
is one of the four basic operations in elementary arithmetic
(the others being addition, subtraction and division).

A. Multiplication:

If a positional numeral system is used, a natural way of
multiplying numbers is taught in schools as long
multiplication, sometimes called grade-school
multiplication: multiply the multiplicand by each digit of the

multiplier and then add up all the properly shifted results. It
requires memorization of the multiplication table for single
digits.

This is the usual algorithm for multiplying larger
numbers by hand in base 10. Computers normally use a very
similar shift and add algorithm in base 2. A person doing
long multiplication on paper will write down all the products
and then add them together; an abacus-user will sum the
products as soon as each one is computed.

1) Example:
This example uses long multiplication to multiply
23,958,233 (multiplicand) by 5,830 (multiplier) and arrives
at 139,676,498,390 for the result (product).
23958233
5830 x
00000000 (= 23,958,233 x 0)
71874699 (= 23,958,233 x  30)
191665864 (= 23,958,233 x 800)
119791165 (= 23,958,233 x 5,000)
139676498390 (= 139,676,498,390 )
2) Multiplication algorithm:
A multiplication algorithm is an algorithm (or method) to
multiply two numbers. Depending on the size of the
numbers, different algorithms are in use. Efficient
multiplication algorithms have existed since the advent of
the decimal system
3) Types of Multiplication Algorithms
— Booth’s Algorithm
— Modified Booth’s Algorithm
—  Wallace Tree Algorithm
4) Booth's Algorithm:
Booth's algorithm is a multiplication algorithm which
worked for two's complement numbers. It is similar to our
paper-pencil method, except that it looks for the current as
well as previous bit in order to decided what to do. Here are
steps
—  If the current multiplier digit is 1 and earlier digit is
0 (i.e. a 10 pair) shift and sign extend the
multiplicand, subtract with previous result.
— Ifitisa01 pair, add to the previous result.
— Ifitisa00 pair, or 11 pair, do nothing.
Let's look at few examples.
4 bits
0110 <-6
x 0010 <-2
00000000
- 0110
11110100
+ 0110

(1) 00001100 <-12  (overflow bit ignored)
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8 bits
In Booth's algorithm, if the multiplicand and
multiplier are n-bit two's complement numbers, the result is
considered as 2n-bit two's complement value. The overflow
bit (outside 2n bits) is ignored. The reason that the above
computation works is because
0110 x 0010 = 0110 x (-0010 + 0100) = -01100 + 011000 =
1100.
A long example:
10011100
x 01100011
00000000 00000000
- 11111111 10011100
00000000 01100100
+11111110 011100
11111110 11010100
- 11110011 100
00001011 01010100
+110011100
11011001 01010100  <--9900
Note that the multiplicand and multiplier are 8-bit
two's complement number, but the result is understood as
16-bit two's complement number. Be careful about the
proper alignment of the columns. 10 pair causes a
subtraction, aligned with 1, O1 pair causes an addition,
aligned with 0. In both cases, it aligns with the one on the
left. The algorithm starts with the 0-th bit. We should
assume that there is a (-1)-th bit, having value 0.
Booth Algorithm Advantages and Disadvantages
— Depends on the architecture

— Potential advantage: might reduce the # of 1°s

in multiplier
— Inthe multipliers that we have seen so far:

— Doesn’t save in speed (still have to wait for the
critical path, e.g., the shift-add delay in
sequential multiplier)

— Incr

— Eases area: recoding circuitry AND subtraction

5) Modified Booth:

— Booth 2 modified to produce at most n/2+1 partial
products.

—  Algorithm: (for unsigned numbers)

1) Pad the LSB with one zero.

2) Pad the MSB with 2 zeros if n is even and 1 zero if
nis odd.

3) Divide the multiplier into overlapping groups of 3-
bits.

4) Determine partial product scale factor
modified booth 2 encoding table.

5) Compute the Multiplicand Multiples

6) Sum Partial Products

— Can encode the digits by looking at three bits at a
time

— Booth recoding table:

— Must be able to add multiplicand times -2, -1,
0,1and?2

<--100
<-99

from

— Since Booth recoding got rid of 3’s, generating
partial products is not that hard (shifting and
negating)

I1l. LITERATURE REVIEW

Considering the requirement of the complete idea of the
booth algorithm, Author collected additional knowledge on
various adders and filters through the literatures in order to
make improved performance. P.song etal in [4]
implementations of high-performance parallel multipliers
are discussed. Circuit building blocks required for partial-
product reduction are analyzed and two schemes leading to
highly regular layouts are proposed. The circuit
implementations related to the first-scheme in three different
BiCMOS technologies are discussed. Ron.S etal in [5]
Wallace high-speed multipliers use full adders and half
adders in their reduction phase. Half adders do not reduce
the number of partial product bits. Therefore, minimizing
the number of half adders used in a multiplier reduction will
reduce the complexity. adders.Renteria et.al in [6] This
paper presents the design of 8192-bit Montgomery
multipliers based on radix-8 Booth encoding and coded-
digit. Both multipliers use a systolic architecture and
simultaneously carry out two multiplications. Kumre, L et.al
in [7]. Here we presents Modified Gate Diffusion Input
technique used to implement radix 4 Booth Multiplier. Use
of Booth algorithm as compare to other multiplication
algorithms in multiplication process shows less computation
and less complexity as it minimizes the total number of
partial products to half of it.

IV. SIMULATION RESULTS

The below figures shows the simulation results of test cases
applied to the Multiplier
| S

Fig. 1: Simulation Result of Multiplier

A. Synthesis Result:

The figure below shows the RTL schematic after synthesise
the results.
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Fig. 2: combinational multiplier
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Fig. 4: Internal circuit of booth multiplier

B. Design Summary
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Fig. 5 Detail Summary
C. Analysis:
Comparison of Area Occupied and Speed of Various
AREA (Number

NO. OF BITS DELAY (ns) of LUTS)

8 bit existing (ternary) 19.33 -
3 bit existing 2.864 210
8 bit existing 2.863 331
12 bit existing 2.863 423
16 bit proposed 1.437 358

Table 1: Delay and area comparison for Multiplier
Architectures

V. CONCLUSION

The complete design and implementation booth multiplier
for 16 bit discussed here.

This new approach provides us better results in
terms of Area, delay and speed than conventional multiplier.

The power consumption is reduced by improving
partial product compression ratio. The power and delay is
optimization is main aim of all designs. Various techniques
for applied for achieving this.
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