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Abstract -- Computations concerning large dynamic range use 

floating point operations but they require suggestively extra 

resources than integer operations. Floating-point 

implementations are becoming more relevant as they can 

represent values between integers and also because they can 

represent a much larger range of values. They make 

numerical computation much easier. Floating point numbers 

are a likely way of representing real numbers in binary 

format. The IEEE 754 is a technical standard for floating 

point numbers Two different floating-point formats, Binary 

interchange format and Decimal interchange format are 

presented by the IEEE 754 standard. This paper stresses only 

on single precision normalized binary interchange format. A 

32-bit floating-point multiplier with IEEE 754 Standard has 

been designed using VHDL code and tested on Xilinx.  

Index Terms – Floating Point, Multiplier, VHDL.  

.  

I.INTRODUCTION  

A Floating-Point number means that the decimal point can 

float implying that there is no fixed number of digits before 

and after the decimal point. Overall, floating-point 

representations can handle a larger array of numbers.   

Various fields which require high precision operations use 

floating point operations due to its inordinate dynamic 

range, high precision and easy operation instructions.In this 

paper, we are using IEEE 754 standard decimal 32 format 

representation for floatingpoint multiplication. It is the 

most common representation today for real numbers on 

computers.  

The IEEE 754 single precision binary format is represented 

by:  

1) One Sign bit (S)  

2) An 8-bit Exponent (E)  

3) A 23-bit fraction called Mantissa (M)  

 

Fig. 1 Representation of IEEE 754 Floating-Point Standard  

 

LITERATURE SURVEY  

Reference [1] Design and Implementation of floatingpoint 

multiplier for better timing performance. It presents an 

implementation of a floating-point multiplier with pipelined 

architecture.  

Reference [2] Design of FPGA based 32 bit floating point 

arithmetic unit. It describes floating point operations ehich 

are useful for computations involving large dynamic range 

numbers.  

II. BINARY MULTIPLICATION  

While multiplying two numbers in decimal format the most 

difficult part is doing the partial multiplication and shifting 

it and again obtaining all partial multiplied output and 

adding them together. This is difficult as a decimal number 

system includes values from 0 to 9. But when its 

multiplication comes to a binary number system the 

multiplication becomes much easier as it includes only two 

numbers 0 and 1. If we multiply a long sequence of number 

with 1 the same number repeats an if we multiply it with 0 

the result, we be 0. Hence, shifting this partial output and 

adding them becomes much simpler when compared to the 

decimal number system and here no need to remember any 

multiplication tables just shift the partial output and add 

them. In binary multiplication even we can perform the 

signed multiplication without involving any operators like 

‘+’ and ‘- ‘for positive and negative numbers respectively 

as in binary the MSB of the number signifies the sign of the 
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number. If the number is negative the MSB will be 1 and if 

the number is positive the MSB will be 0. When two 

positive numbers or two negative numbers are multiplied 

the resultant output will also be positive having MSB 0 and 

if one negative number is multiplied with one positive 

number the resultant will be negative with MSB 1.  

This binary multiplication method is mostly significantly 

used by computer and other systems because this type of 

calculation is much simpler and the CPU’s can perform this 

type of calculation in short time duration with less memory 

consumption. This requires less time as it has only two 

numbers 0 and 1 and only two operations involved: shift 

and add.]  

 

Fig 2: Binary Multiplication  

III. FLOATING POINT MULTIPLICATION  

For floating point multiplication IEEE 754 has two 

different standard formats one is Binary Interchange format 

and the other is Decimal Interchange format. In this paper 

the multiplication method used is based on the Binary 

Interchange format. There have been many methods 

developed for floating point multiplication but the most 

commonly and widely used method is this IEEE 754 

format. Even the floating-point multiplication has a larger 

advantage when compared to fixed value is that it can 

support a large range of values as here the values can be 

increased before  decimal as well as after decimal point.  

In this binary format of multiplication, the 32-bit number 

which has to be multiplied will be divided into three parts 

the sign bit which is the MSB of the number, second the 

exponent bits which an eight-bit number and the third part 

is the mantissa bit which is 23 bits. Mantissa bit is nothing 

but the numbers which has to multiplied written in 

normalized format excluding the exponent part. When we 

are added or subtracting or multiplying two number the 

simplest way is to first write them with same exponent 

value. As it makes the operation easier. A simple example 

has been given to understand floating point multiplication.   

 

1023.02 X 156.4  

(10.2302 X 10^2) X (1.564 X 10^2)  

= (10.2302 X 1.564) X 10^ (2+2)  

= 16.0000328 X 10^4  

= 160000.328  

Here first the given two number were converted to have 

same exponents values. Then their numerical values where 

multiplied and the exponents of base 10 were added up. 

Finlay the exponent was multiplied with the numerical 

result and the final answer is recorded. This is they which 

going to be followed by floating point multiplication but in 

binary format where only 0 and 1 makes the multiplication 

easier. The exponents biasing has to be done in binary 

format to control the overflow and underflow of the 

exponent’s values.  

IV.  ALGORITHM  FOR  FLOATING 

 POINT MULTIPLICATION  

Considering two floating point numbers and performing the 

multiplication but the mantissa bits are reduced to 4 for 

simplification and still it is represented in IEEE 754 

normalised format retaining a hidden bit  

‘1’ with it  

X = 1 10000011 1110 = -30  

Y = 0 10000000 0010 = 2.25  

Multiply X and Y  

1. Multiply the normalised significands i.e. M1*M2  

1.1110                                    X 

1.0010  

                      ----------------------  

                                       00000  

                                     11110  

                                   00000  

                                 00000  

                               11110  

             ----------------------  

                      1000011100     

            -----------------------     

2. Place the decimal point in the result.  
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                       10.00011100  

3. Add the exponents i.e. E1 + E2  

     But the exponents which we are going to add are already 

biased and they are not the true exponent values. Here as 

both the exponents are biased if we added them directly out 

result will have a value which is biased twice but we want 

out output to be biased only once hence we have to subtract 

127 as we biased each exponent with 127.  

               10000011  

          +   10000000  

 -  1111111  

 

     10000100  

3.Get the sign bit:  

1 xor 0 = 1  

Hence, the result is a negative value.  

 

4. Normalizing the significands         The result is 

10.00011100 this has to be normalized in such a way 

that the radix has the MSB as 1 and according to the 

IEEE 754 format the mantissa bits has to be written in 

form of ‘1.’  

 

:.  The normalized significand is   

                       1.000011100  

 

As we shifted the mantissa bit by one the exponent 

should be added with 1. Hence the output will be 

along with sign bit and exponent is     1 10000101 

000011100  

 

5. Rounding off the bits to fit into size:  

As we took our input mantissa bits to be 4 digits 

for simplification, we have to round off our 

mantissa bits to 4 bits hence, the final output will 

be  

     1 10000101 0000  

Which is equal to   

Z = 1 10000101 0000 = -67.5  

                        But in this paper, we are building a  

floating-point multiplier where the mantissa remains as 23 

bit as the rounding off operation is not available. To do 

rounding off the output shout be given separately to a 

rounder. Therefore, here the mantissa multiplication will be 

happening between two 23 bits number and the result will 

be 46 bits number which will stored aa it is. In the example 

we used round off for simple calculation as manual 

calculation two 23 bits number will be difficult.     

After calculation the final binary format representation can 

be converted back to the decimal values as the MSB 

represents the sign and the exponent bits can be written 

with base 10 and binary to decimal conversion has to be 

down for the mantissa bits in normalized form with the 

radix MSB ‘1.’  

Hence, by the above described method of conversion leads 

this binary representation value to be  

            Z = 1 10000101 0000 = -67.5  

V. IMPLEMENTATION  

As described in the algorithm first the sign bit of the 

numbers has to be taken and XOR operation has to be 

performed between them. Then the exponents with base 2 

i.e. 2
e1 

and 2
e2

 these exponents have to be added after 

biasing and finally once bias has to be removed from the 

sum as to over the condition of overflow or underflow 

2
e1+e2-bias

. The third step is the multiplication of mantissa 

bits which has to be done and normalized after multiply and 

again converted back to mantissa while writing the result.  

 

Fig 3: Block Diagram Of Floating Point Multiplication  

This method of performing multiplication is very less time 

consuming as the whole multiplication is divided into three 

parts sign bit, exponent bit and mantissa bit and operations 

on all this three will be performed simultaneously as shown 

in the block diagram hence the result will be obtained within 

3 stages.   

The operation performed on them are as follows:  

1. The MSB of the 32-bit number will be taken as the sign 

bit and the XOR operation will be performed on them.  

2. The next 8 bits of the binary number sequence are the 

exponent bits these exponents bits are obtained by 
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converting the decimal number into binary form and 

writing in form of exponents of base 2 as it is a binary 

number. These exponents bits will be small in value 

when represented in binary form hence, to avoid 

underflow condition we do bias to the exponents. 

Biasing is nothing but adding 127 i.e. 2
7
 to the 

exponents. This is done because if exponent value is 2
2 

or 2
4 

which is smaller value as our exponent is an 8-bit 

number this will lead to underflow condition to avoid 

this underflow we are adding 127 and making it an 8-bit 

number. If the exponent is 2
0 
then bias is not required it 

is done only when the exponents are smaller in value.  

3. This exponent is again adjusted depending upon the 

normalization. If we are shifting the number for 

normalization of mantissa product then the exponent 

value will be altered. If the products decimal position is 

shifted left then the exponent value will added by 1 and 

if the products decimal position is shifted right then the 

exponent should be subtracted by 1 which mostly 

doesn’t occur.  

4. The mantissa parts are the numbers excluding the radix 

‘1.’ Now these number has to be multiplied. This is 

done in normal binary multiplication method. Then 

normalization has to be done. Normalization is done 

only when required, if the multiplied output is already 

in radix form then no need to do normalization but if it 

is not then normalization has to be done to bring it in 

radix form.  

5. This may change the exponent value. Then the final 

exponent value is considered.   

6. The mantissa is a 23-bit number therefore when we 

multiply two numbers the result becomes 46 bit and as 

it is large value even rounding off can also be done but, 

in this design, we are not including any rounding off 

circuit hence here it remains 46 bits itself.  

7. All the three parts outputs are combined together to get 

the final output in binary form. Which will again have 

the same IEEE 754 format which first bit as the sign bit 

and next 8 bits as exponents and the last 23 bits are the 

mantissa bits.  

8. As we are doing multiplication of 32 bits numbers this 

is the format for 64-bit numbers the numbers of 

exponent and mantissa bits will vary where as the 

number of sign bit always remains same i.e. the first bit 

of the sequence.  

 

VI. SIMULATED OUTPUT  

 

1.When the inputs are  

X=010000000 00100000000000000000000=2.25  

Y=1 10000011 11100000000000000000000= -30  

 

The output should be   

Z=11000010100000000000000000000000=-67.5  

        The output is given in figure 4.  

 

Fig. 4   

2.When the inputs are  

X=01000010001000000000000000000000=40  

Y=11000000111100000000000000000000= -7.5  

 

The output should be   

Z=11000011100100000000000000000000= -300  

        The output is given in figure 5  

 

Fig.5  

3.When the inputs are  

X=01000001001000000000000000000000=10  

Y=11000000001000000000000000000000= -4.5  

 

The output should be   

Z=11000001110010000000000000000000= -45  

        The output is given in figure 6.  
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Fig.6  

 

VII. CONCLUSION AND FUTURE SCOPE  

Thus, a 32-bit floating-point multiplier is designed and 

implemented using VHDL code on Xilinx. The main aim is 

to reduce power consumption and to upsurge the speed of 

execution. Underflow and overflow conditions are also 

handled by this multiplier. Normalization is performed for 

high accuracy of results. For further enhancements, we can 

dump the code into an FPGA kit by converting the binary 

value into decimal value and displaying the result using a 

seven-segment display.  
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