
                                                                

Design and Implementation o
Floating Point Adder,

Abstract— This paper describes the development of a Decimal 
Floating Point adder/subtractor multiplier and division 
in   verilog with the help of ModelSim and will be synthesized by 
using Xilinx tools. These are available in single cycle and 
pipeline architectures and fully synthesizable with performance 
comparable to other available high speed implementations. The 
design is described as graphical schematics and code. This 
representation is very valuable as allows for easy navigation over 
all the components of the units, which allows for a faster 
understanding of their inter relationships 
aspects of a Floating Point operation. The presented DFP 
adder/subtractor supports operations on the decimal 64 format 
and our extension is decimal floating point multiplier. 
point design is extended to support floating-point mu
by adding several components including exponent generation, 
rounding, shifting, and exception handling. And DFP multiplier
is compared with the booth multiplier technique.

Keywords— DFP, Booth multiplier, IEEE 754
Floating point multiplication. 

I.  INTRODUCTION  

Decimal arithmetic plays a key role in many commercial
and financial applications, which process decimal values
and perform decimal rounding. However, current software
implementations are prohibitively slow prompting
manufacturers such as IBM to add decimal
(DFP)arithmetic support to their 
Furthermore, the IEEE has developed the newly IEEE 754
2008standard for Floating-Point Arithmetic adding the 
decimal representation to the IEEE754
Floating-point operations have been acknowledged to be 
useful for many real-time graphic and multimedia 
applications since it provides a wide dynamic range of 
representable real numbers. Most modern processors 
perform floating-point operation according to the IEEE 754
1985 Standard for binary floating-point arithmetic 
has been recently revised to include specifications for
decimal floating-point arithmetic (IEEE 754R) 
1985 floating-point multiplication is typically perfor
first generating the partial products of two n
normalized significand in parallel, followed  by reducing 
these partial products with an addition tree into the 
and carry (c) terms. Next, a carry-propagate adder is used to 
sum up these two 2n-bit terms to produce a 
which is then normalized and rounded to produce the final 
rounded n-bit product. The exponent of the product is the 
sum of the exponents with proper bias adjustment and 
increment if the prenormalized product requires a 1
normalization shift.  
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Figure 1. IEEE-754 double precision floating point 
format

2. Implementation of Double Precision Floating Point 
Adder/Subtractor  
The black box view and block diagram of double precision 
floating point adder/subtractor is shown in Figures 2 and 3 
respectively. The input operands are separated into their 
sign, mantissa and exponent components. This module has 
inputs opa and opb of 64-bit width and clk, enable, rst are of 
1-bit width. One of the operands is applied at opa and other 
operand at opb. Larger operand goes into ‘mantissa_large’ 
and ‘exponent_large’, similarly the smaller operand goes 
into ‘mantissa_small’ and ‘exponent_small’. 
which operand is larger, compare only the exp
two operands, so in fact, if the exponents are equal, the 
smaller operand might populate the mantissa_large and 
exponent_large registers. This is not an issue because the 
reason the operands are compared is to find the operand 
with the larger exponent, so that the mantissa of the operand 
with the smaller exponent can be right shifted before 
performing the addition. If the exponents are equal, the 
mantissas are added without shifting. The inter
of sub-modules of double precession flo
adder/subtractor is shown in Figure 4. Subtraction is similar 
to addition in that you need to calculate the difference in the 
exponents between the two operands, and then shift the 
mantissa of the smaller exponent to the right before 
subtracting.  

Figure 2. Black box view of double precision floating 
point adder/subtractor
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Figure 3. Block diagram of double precision floating point adder/subtractor

Figure 4. Inter-connection of sub
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2.1 Algorithm  
1. Compare exponent and mantissa of both numbers. Find 
the large exponent and mantissa and small exponent and 
mantissa.  
2. If both exponents are equal then put leading 1 and 0 in 
front of each mantissa for overflow, i.e., 52+2 bi
3. If overflow occurs the exponent must be increased by 
one. 54th bit will be shifted out of mantissa and this will be 
saved for rounding purpose.  
4. The leftmost 1 in the result becomes leading 1 of mantissa 
and next 52 bits are actual mantissa.  
5. If there is overflow 1 in result, the exponent of larger 
operand is increased by one. Then add both mantissas. 
6. If one exponent is larger than other then subtract smaller 
exponent from larger exponent, and difference is saved. 
7. Now shift smaller mantissa by that subtracted exponent 
difference.  
8. If exponents are equal, i.e., larger exponent is equal to 
smaller exponent after shifting then put leading 1 in both 
mantissas and perform addition for mantissas. 
9. For subtraction if both exponents are e
implied 1 in front of mantissa and perform subtraction. 
10. Store that result in “diff” register. Count the number of 
zeros in “diff” before the left most 1.  
11. Reduce the large operand exponent by number of zeros 
in front of least 1.  
12. The left most 1 will be leading 1 in front of mantissa. 
13. Finally rounding and normalization is done.

3. Implementation of Double Precision Floating Point 
Multiplier  

3.1 Floating Point Multiplication Algorithm 

Multiplying two numbers in floating point format is done by 
1. Adding the exponent of the two numbers then subtracting 
the bias from their result.  
2. Multiplying the significand of the two numbers 
3. Calculating the sign by XORing the sign of the two 
numbers.  
In order to represent the multiplication result as a 
normalized number there should be 1 in the MSB of the 
result (leading one).The following steps are necessary to 
multiply two floating point numbers.  
1. Multiplying the significand, i.e., (1.M1*1
2. Placing the decimal point in the result  
3. Adding the exponents, i.e., (E1 + E2 – Bias
4. Obtaining the sign i.e. s1 xor s2  
5. Normalizing the result, i.e., obtaining 1 at the MSB of the 
results ‟significand”  
6. Rounding the result to fit in the available bits 
7. Checking for underflow/overflow occurrence 

3.2 Implementation  

In this paper we implemented a double precision floating 
point multiplier with exceptions and rounding. Figure 5 
shows the multiplier structure that includes exponents 
addition, significand multiplication, and sign calculation. 
Figure 6 shows the multiplier, exceptions and rounding that 
are independent and are done in parallel.  
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Figure 5. Multiplier Structure

 

Figure 6. Multiplier structure with rounding and 
exceptions

3.2.1 Multiplier  

The black box view of the double precision floating point 
multiplier is shown in figure 8.The Multiplier receives two 
64-bit floating point numbers. First these numbers are 
unpacked by separating the numbers into sign, exponent, 
and mantissa bits. The sign logic is a simple XOR. The 
exponents of the two numbers are added and then subtracted 
with a bias number i.e., 1023. Mantissa multiplier block 
performs multiplication operation. After this the output of 
mantissa division is normalized, i.e., if the MSB of
obtained is not 1, then it is left shifted to make the MSB 1. If 
changes are made by shifting then corresponding changes 
has to be made in exponent also.

Figure 7. Black box view of floating point double 
precision multiplier
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Table design summary of DFP multiplier
The multiplication operation is performed in the module 
(fpu_mul). The mantissa of operand A and the leading ‘1’ 
(for normalized numbers) are stored in the 53
(mul_a). The mantissa of operand B and the leading ‘1’ 
normalized numbers) are stored in the 53
(mul_b). Multiplying all 53 bits of mul_a by 53 bits of 
mul_b would result in a 106-bit product. 53 bit by 53 bit 
multipliers are not available in the most popular Xilinx and 
Altera FPGAs, so the multiply would be broken down into 
smaller multiplies and the results would be added together to 
give the final 106-bit product. The module (fpu_mul) breaks 
up the multiply into smaller 24-bit by 17-
Xilinx Virtex-6 device contains DSP48E1 slices with 25 by 
18 two’s complement multipliers, which can perform a 24
bit by 17-bit unsigned multiply. 

Table  Rounding modes selected for various bit 
combinations of rmode

4. Rounding and Exceptions  

The IEEE standard specifies four rounding mo
nearest, round to zero, round to positive infinity, and rou
to negative infinity. Table  shows the rounding modes 
selected for various bit combinations of rmode. Based on the 
rounding changes to the mantissa corresponding changes has 
to be made in the exponent part also. 
module, all of the special cases are checked for, and if they 
are found, the appropriate output is created, and the 
individual output signals of underflow, overflow, inexact, 
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 In the exceptions 
module, all of the special cases are checked for, and if they 
are found, the appropriate output is created, and the 
individual output signals of underflow, overflow, inexact, 

exception, and invalid will be a
each case exist. 

II.  BOOTH  MULTIPLIER

Figure 8 Booth Multiplier

A. Schematic block 

Figure 9: Schematic block booth

B. Synthesis Report 

Table1: Design summary
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exception, and invalid will be asserted if the conditions for 
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9: Schematic block booth multiplier 

Table1: Design summary 

 



                                                                

Table design summary of booth multiplier

Comparison between booth multiplier and decimal 
floating point multiplier

III.  DFP DIVISION 

.

IV.  INTERNAL  SCHMATIC  BLOCK

V. DESIGNSUMMARY
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VI.  RESULTS

VII.  DFP ADDER

VIII.  DFP SUBTRACTOR
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IX.  DFP MULTIPLIER  OUTPUT 

 

X. DFP DIVISION  OUTPUT 

XI.  CONCLUSION 

In these paper DFP adder/subtractor/division are 
implemented and DFP multiplier is compared with booth 
multiplier by using Xilinx software.In booth multiplier 
327.997ns delay is obtained, but in floating point multiplier 
the delay has reduced to 4.283ns. So from the obtained 
results, it is clear that the floating point multiplier can 
perform better performance than the existed booth 
multiplier.  
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