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Abstract

Floating point is very important in real applications likes automotive power train and body control
applications, imaging such as scaling, transforms and font generation in printing, 3D transforms,
FFT and filtering in graphics image and Digital signal processing. This paper presents floating point
multiplication and division of IEEE754 format. The floating point multiplication and division which
improves the performance of the processor speed and area.

This paper designed for floating-point multiplication, emphasizing the utilization of 8-bit
registers and effective overflow handling strategies. The module operates within the
context of digital systems, processing two 32-bit floating-point numbers represented by
four 8-bit inputs each, and generating a 32-bit result through four 8-bit outputs.

Key aspects of the module include the extraction of sign, exponent, and mantissa
components from the input numbers, which are crucial for performing accurate
multiplication. By leveraging 8-bit registers for internal computation, the module
optimizes resource utilization while maintaining precision.

A significant focus of the module design lies in the detection and management of
overflow conditions, which occur when the result exceeds the representable range of the
floating-point format. Through careful monitoring of the exponent and significant bits of
the mantissa, the module efficiently identifies overflow scenarios and employs
appropriate strategies to handle them.

In cases of overflow, the module employs techniques such as setting the result to its
maximum representable value or zero, ensuring the integrity of the computation within
the constraints of the 8-bit register architecture.

This paper provides a detailed exploration of the design principles, implementation
strategies, and overflow handling mechanisms employed in the Verilog module. Through
experimental validation and analysis, the module demonstrates its effectiveness in
achieving reliable and accurate floating-point multiplication while leveraging 8-bit
registers and addressing overflow challenges.
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Chapter 1

Introduction

In this introductory chapter, the problem of multiplying large
numbers using limited resources is discussed. The significance of this
problem in various fields, including computer architecture and
embedded systems, is highlighted. The objectives of the research are
clearly stated, with the aim of developing an efficient algorithm for
32-bit multiplication using 8-bit registers.

1.1 Problem Statement:
This chapter defines the specific problem of performing
multiplication on two 32-bit numbers using only 8-bit registers.
The limitations imposed by using 8-bit registers, such as limited
precision and potential overflow, are discussed in detail. The
importance of addressing these challenges to enable efficient
multiplication in resource-constrained systems is emphasized.
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The diagram outlines a process for multiplying 32-bit floating point numbers
by first splitting them into smaller 8-bit segments, performing the
multiplication according to IEEE 754 standards using these smaller segments,
and then recombining the segments into the final 32-bit result. This approach
can be particularly useful in systems with constraints on register size or when
working with hardware that operates on smaller bit-width registers.

In this paper we mainly focusing on IEEE Standard 754 Floating Point
Multiplication Using 8-bit Registers:

This step involves performing the actual multiplication operation according to
the IEEE 754 standard for floating point arithmetic. The multiplication process
follows the steps outlined previously, but the operation is carried out using
the 8-bit registers that were created in the previous



step. This might involve breaking down the multiplication into smaller steps
that can be handled by the 8-bit registers, ensuring that the precision and
format specified by IEEE 754 are maintained throughout the process.

1.2 Literature Review

Paper 1: an efficient implementation of floating point multiplier Conference Paper - May
2011 . Wagdy Anis Communications and Electronics Engineering Ain Shams University Cairo,
Egypt.

This paper focuses only on single precision normalized binary interchange format. The IEEE 754
single precision binary format representation; it consists of a one bit sign (S), an eight bit
exponent (E), and a twenty three bit fraction (M or Mantissa). An extra bit is added to the
fraction to form what is called the significandl . If the exponent is greater than 0 and smaller
than 255, and there is 1 in the MSB of the significand then the number is said to be a normalized
number.

Paper 2: Implementation and Simulation of leee 754 Single-Precision Floating Point Multiplier
1,Shahzad Khan, 2,Mohd. Zahid Alam. (Associate Professor, Department of EC, LNCT Bhopal)

In this paper, an efficient implementation of an IEEE 754 single precision floating point multiplier
using VHDL. Several enhancements are introduced to the design; the final carry propagation
adder is implemented. As decimal multiplication is important in many commercial applications
like financial analysis, banking, tax calculation, currency conversion, insurance, and accounting
etc. this multiplier design adding several features including exponent generation, shifting of the
intermediate product, rounding, and exception detection and handling. The core of the decimal
multiplication algorithm is an iterative scheme of partial product accumulation employing
decimal ripple carry addition to reduce the critical path delay. Area and delay estimates are
provided for a verified VHDL register transfer level model of the multiplier. This new
implementation is different in the sense that it accepts as a user parameter the operated size of
the unit about to be synthesized and creates the requested unit. This feature makes our
implementation a very convenient tool for rapid application prototyping. We also highlight the
strengths and limitations of this approach in the creation of custom floating point units.

Paper 3: Implementation of IEEE754 Floating Point Multiplier , A Kumuthal Shobha, 1MV
College of Engineering.

In this paper, suggested a technique for implementing a floating point multiplier integer to
floating-point and conversion of floating-point to integer. And further shown How these functions
can be implemented, and verified. Here we redesign the floatingpoint unit. It includes all the
software Xilinx13.2 and modelsim, hardware implementation is SPARTAN3 needed to generate
custom verilog coded floating-point arithmetic unit. In general, it can be assumed that fixed-point
implementations have higher speed and lower cost, while floatingpoint has higher dynamic range
and no need for scaling, which may be attractive for more complicated algorithms.
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Chapter 2
Methodology:

The objective is to design to perform floating-point multiplication
using the IEEE 754 format, tailored for systems with 8-bit registers.
Each floating-point number is divided into four 8-bit segments. The
first segment holds the exponent, the MSB of the second segment
is the sign bit, and the remaining bits of the second segment,
along with the third and fourth segments, contain the mantissa.

A_exponent B_exponent A_mantissa B_mantissa
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Add the biased exponents of the
two number,subtracting the bias
from the sum to get the new
biased exponent.
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Results

Algorithm Overview:

Inputs:
Al, A2, A3, Ad: Components of the first floating-point number.
B1, B2, B3, B4: Components of the second floating-point number.

Outputs:
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R1, R2, R3, R4: Components of the resulting floating-point number after
multiplication.

Extract Sign and Exponent:

Sign Extraction:
The sign bit for the first number is extracted from the MSB of A2.
The sign bit for the second number is extracted from the MSB of B2.
Exponent Extraction:
The exponent for the first number is taken directly from A1l.

The exponent for the second number is taken directly from B1.
Determine Resulting Sign and Exponent:
Resulting Sign:

The result sign signR is determined by performing an XOR operation on the two
input signs (signA and signB). This ensures the resulting sign is positive if the
inputs have the same sign and negative if the inputs have different signs.

Resulting Exponent:

The result exponent expR is calculated by adding the two exponents and
subtracting the bias (127), using the formula:

expR=expA+expB-127

This operation adjusts for the excess-127 representation used in IEEE 754 format.
Normalize Mantissas:
Normalization:

Ensure the implicit leading 1 of the mantissas is represented. Since the leading bit
of the mantissa in IEEE 754 format is always 1 and not explicitly stored, this step
makes sure the mantissa is correctly interpreted.

Initialize Result Registers:

Zero Initialization:

Initialize the result registers R2, R3, and R4 to zero to prepare for the
accumulation process.

Intermediate Variables:

Reset intermediate variables and registers used during the multiplication process
to ensure no residual values affect the computation.

Multiplication and Accumulation:
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Bitwise Multiplication:

For each bit in the mantissa of B4, multiply it with each bit in the mantissas of A4,
A3, and the lower bits of A2.

Perform this bit-by-bit multiplication to generate partial products.
Partial Product Accumulation:

Accumulate these partial products to form the final result mantissa. This involves
adding the products to the existing values in R4, R3, and R2 while handling
carries.

Shift and Normalize Result Mantissa:
Right Shift:

Right shift the result mantissa to normalize it. This step ensures the mantissa fits
within the designated bit-width and aligns correctly.

Carry Handling:

Properly handle carries that result from the addition of partial products. This
ensures accuracy and prevents overflow within the mantissa bits.

Normalization:

If the resulting mantissa is not normalized, adjust the mantissa and exponent
accordingly.

Handling Special Conditions:

Overflow Handling:

If expR exceeds the maximum value for an 8-bit exponent (255), set an overflow
flag. Set expR to its maximum value and clear the mantissa to indicate an
overflow condition.

Underflow Handling:

If expR is less than 0, set an underflow flag. Set expR to zero and clear the
mantissa to indicate an underflow condition.

Update Result Registers:

Final Values:
Update R1 with the final exponent value expR.

Update R2 with the resulting sign bit signR and the lower bits of the normalized
mantissa.

Update R3 and R4 with the remaining parts of the normalized mantissa.
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2.1 Algorithm Steps:
Require:
A1, A2, A3, A4 - First floating point number.
B1, B2, B3, B4 - Second floating point number.
R1, R2, R3, R4 - Result of the floating point multiplication.
Extract Sign and Exponent:
signA « A2[7]
expA <« AT
signB « B2[7]
expB < B1
Determine Resulting Sign and Exponent:
signR « signA ~ signB
expR < expA + expB - 8'd127
Normalize Mantissas:
ex12 « A2
ex22 « B2
ex12[7] < 1
ex22[7] < 1
Initialize Result Registers:
R2,R3,R4 < 0

carry < 0
Multiplication Loop:

For each bit of the second mantissa B4, perform the
following:

« Multiply each bit of A4 by the current bit of B4, storing the
result in partial product registers.
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« Add the partial product to the result registers (R2, R3, R4)
with carry propagation.

« Right shift the sums to align the next partial product.
Repeat Multiplication for Remaining Mantissa Bits:

. Repeat the multiplication process for each bit of B3 and the
second input mantissa bits (excluding B4).

. Right shift the sums after each addition to align the next partial
product.

Handle Overflow and Underflow:

Check for overflow:
if (expR > 8'b11111111)
overflow = 1;
expR— 8'b11111111;
R1 «—expR;
R2 « 8'b0;
R3 « 8'b0;
R4 < 8'b0;
Check for underflow:
if (expR < 8'b00000000)
underflow = 1;
expR < 8'b00000000;
R1 <« expR;
R2 « 8'b0;
R3 « 8'b0;

R4 — 8'b0;

Normalization:
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. Normalize the result by left-shifting the mantissa until
the leading bit is 1.

. Adjust the exponent accordingly.
Set the Result:

R1—expR;
R2—{signR,R2[6:01};
R3<R3;

R4—R4;

Chapter 3
Result

Experiments Done

To evaluate the effectiveness and accuracy of our floating-point
multiplication algorithm implemented in Verilog, we conducted a
series of experiments. The goal was to compare the results of our
algorithm against known correct outputs. We present the results in
two figures for each experiment:

. System 1: Represents the input floating-point numbers together with
the expected product (calculated manually or using a reliable software
tool).

. System 2: Represents the output floating-point product computed by
our Verilog algorithm.

3. Experiment 1: Simple Multiplication
4. Input

A = 5.0 (Binary Representation: 0 10000001
01000000000000000000000)

Sign bit: 0
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Exponent: 10000001
Mantissa: 01000000000000000000000

B = 3.0 (Binary Representation: 0 10000000
10000000000000000000000)

Sign bit: 0

Exponent: 70000000

Mantissa: 100000000000000000000000
System 1: Expected Output

Expected Product = 15.0 (Binary Representation: 0 10000010
11100000000000000000000)

Sign bit: 0

Exponent: 10000010

Mantissa: 111000000000000000000000
System 2: Algorithm Output

Algorithm Product = 15.0 (Binary Representation: 10000010
01110000 00000000 00000000)

Sign bit: 0

Exponent: 10000010

Mantissa: 111000000000000000000000
Experiment 2: Negative Multiplication
Input

A = -1.5 (Binary Representation: 1 01111111
10000000000000000000000)

Sign bit: 1
Exponent: 01111111
Mantissa: 10000000000000000000000



B = 4.0 (Binary Representation: 0 10000001
000000000000000000000)

Sign bit: 0

Exponent: 10000001

Mantissa: 000000000000000000000
System 1: Expected Output

Expected Product = -6.0 (Binary Representation: 1 10000001
10000000000000000000000)

Sign bit: 1

Exponent: 10000001

Mantissa: 10000000000000000000000
System 2: Algorithm Output

Algorithm Product = -6.0 (Binary Representation: 10000001
11000000 00000000 00000000)

Sign bit: 1
Exponent: 10000001
Mantissa: 10000000000000000000000

18
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Complexity Analysis
Time Complexity Analysis

The main components contributing to the time complexity are the loops used for
multiplication and addition. Let's break it down:

1. Initialization:
« Initializing registers and flags involves constant time operations, O(1).
2. Extract Sign and Exponent:

« Extracting the sign and exponent involves simple assignments, which are
o(1).

3. Zero Initialization:

e Zeroing out the registers involves a loop that runs 8 times, O(8) which is
o(1).

4. Multiplication and Addition Loop:

o The outer loop runs for each bit of the second mantissa (8 times), so it
iterates 8 times.

o Inside the outer loop, another loop runs for each bit of the first mantissa (8
times), so it also iterates 8 times.

o For each iteration of the inner loop, operations such as bitwise AND,
addition with carry, and right shifts are performed, which are O(1) for each
bit operation.

o Therefore, the time complexity for these nested loops is O(8 * 8) = O(64),
which is O(1).

5. Overflow and Underflow Check:

e Checking and handling overflow and underflow conditions involves simple
comparisons and assignments, which are O(1).

6. Normalization:

« Normalization involves potential left shifts and exponent adjustments.
Since these operations are bounded by the size of the mantissa (8 bits), it is
also O(1).

Combining all these parts, the overall time complexity of the module remains O(1)
because the number of operations is bounded by a constant (the size of the mantissas
and exponents are fixed at 8 bits).

Space Complexity Analysis
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The space complexity is determined by the amount of storage used by the registers and
intermediate variables:
1. Registers for Inputs and Outputs:

« Eachinput (A1, A2, A3, A4, B1, B2, B3, B4) and output (R1, R2, R3, R4)
register is 8 bits wide.

e There are 8 input registers and 4 output registers, contributing a total of
8x8+4x8=96 bits.

2. Intermediate Registers:
« Registers for signs (signA, signB, signR): 3 bits.
« Registers for exponents (expA, expB, expR, ex12, ex22): 5x8=40 bits.

« Registers for partial products (mul2, mul3, mul4) and sums (sum2, sum3,
sum4, ans2, ans3, ans4): 6x8=48bits.

o Other flags and counters (carry, sft1, sft2, overflow, underflow, loop
indices): Assuming each is 1 bit or small integers, the total is negligible in
comparison.

Summing these up, the total space complexity is:

96 bits (/O registers)+3 bits (signs)+40 bits (exponents)+48 bits (partial products
and sums)

=187 bits

Since the number of bits used is fixed and does not grow with input size, the space
complexity is also O(1).

Conclusion
e Time Complexity: O(1)
e Space Complexity: O(1)

The algorithm operates in constant time and space, given that the bit-width of the inputs
and outputs is fixed at 8 bits. This is characteristic of hardware implementations where
the bit-width is predetermined and operations are parallelized for efficiency.



21

Chapter 4

Conclusions

The implemented Verilog module successfully performs floating-point
multiplication using 8-bit registers. It handles sign determination, exponent
calculation, and mantissa multiplication within the constraints of the 8-bit format.
The module includes mechanisms for normalization and overflow handling,
ensuring accurate results despite the limited register size. This demonstrates the
feasibility of complex arithmetic operations in constrained digital systems.
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