MASTER THESIS

DESIGN OF SINGLE
PRECISION FLOAT ADDER
(32-BIT NUMBERS)
ACCORDING TO IEEE 754
STANDARD USING VHDL

Arturo Barrabés Castillo

Bratislava, April 25" 2012

Supervisors: Dr. Roman Zalusky
Prof. Viera Stopjakova
Fakulta Elecktrotechniky a Informatiky

Slovenska Technicka Univerzita v Bratislave






e 1= PP 3
ST o 0 5
74 2 1 o 0 U = PP 5
AN 013 o o= o PP 5
Chapter 1: Introduction......cccicciiiiciiisssrr s srr s s s rr s rra s rr s annnnans 7
1.1. Floating Point NUMDbErsS ..o e e eees 7
1.2, The Standard IEEE 754 ..o e e e e 8
1.2.1. OV VIBW 1ttt 8
1.2.2. Binary Interchange Format ENcodingsS ......ccoviviieiiiiiininineininnenens 9
1.2.3. Precision and RoOUNAING ....coviriiiiiiii e 10
Chapter 2: Code Development ......cciiciiiiss i snss s sns s sss s sss s snna s snnn s nns 13
2.1. 32-bits Floating Point Adder DesSign ......cccoveeiiiiiiiiii i 13
2.1.1. Addition/Subtraction Steps ....civiiiiiiiii i 13
2.1.2. BlOCK Diagram. ...t e 15

2.2. 2] T Yol X B 1] [ | o 1R PP 17
2.2.1. Pre-Adder DESIGN . .cueieie i e e 17
2.2.2. Adder DESIgN cuii i i s 17
2.2.3. Standardizing DeSigN .....oeiiie s 19
Chapter 3: Pre-Adder......cccicriimiimmmnmi i s s s s s s ssnsansassansassnsnasnnss 21
3.1. SPECIAl CAS S . ittt ittt i i it e 21
3.1.1. o= TSI =] ool 21

3.2. Subnormal NUMDErs ... e 25
3.2.1. TR 810 0 T = 1o ol 25

3.3. Mixed NUMDEIS ... e e naens 27
3.3.1. [l 0] 0 30 =1 (o T P 27
3.3.2. Zero BIOCK ..voeiii 30
3.3.3. Shift_left/shift BlOCK.....cooiiiiiii i i i i e iaees 32
3.3.4. NOFM BIOCK .. e raeanenaens 35

3.4. Normal NUMDEFS ... 38
3.4.1. COMP_EXP BIOCK .. e 38
3.4.2. ] L1 =] T Y of P 41
3.4.3. N_NOMAl BlOCK vviiiiiiiii ittt e e s e s reaenens 41



Arturo Barrabés Castillo

3.5. Pre-Adder ... 44
3.5.1. Selector BIOCK ... 44
3.5.2. MUX/DEMUX BIOCKS ..vuuiueiiiiiieieieeee et iene e e e e eenenneneeenees 48
3.5.3. preadder BlOCK ....uiiiii i e 50

Chapter 4: Adder ........ccimiiiirir s s s s s s s s s s aa s nanamsnnsnnsnnss 55

2 T Vo o = o 55
4.1.1. SigNOUL BlOCK .. it e 55
4.1.2. Adder BIOCK ... s 59
4.1.3. Block_Adder BlOCK ....uuiiiiiiiiii i i riiis s rsssn s ianaee e 62

4.2, Standardizing BIOCK ..o e 65
4.2.1. (018 o o I =1 [ Yol QPP 65
4.2.2. Shift_left/Zero BloCK ... viiiii i i i i i e riaees 65
4.2.3. 0] [0 Yol ZQ 101 5 0. T = o Yo <<, 67
4.2.4. VECEON BlOCK .. e e 70

Chapter 5: 32-Bits Floating Point Adder ........coivmiiimiriesmne s snnsnesnnas 73

5.1. Floating Point Adder.....cciiiiiiiiiii i e 74
5.1.1. Mux_fpadder BIOCK ...c.iiiiiiiii i 74
5.1.2. 1= o (e 1= ol =1 [Tl G 74

5.2. SIMUIALIONS .. e 77
5.2.1. SPECIAl CASES .. et 77
5.2.2. NOrmal NUMDEFS ... e e aens 80
5.2.3. Subnormal NUMDbBErs ..o 81
5.2.4. Mixed NUMDEKS ..o e e 82

Chapter 6: ReSUItS ......cciciiiiriii s s s s s s s ne s s s na s s nnnnn 83

6.1. ] 0 = 83
6.1.1. Gap between NUMDbDErs ......ccoi i 83
6.1.2. Rounding or TrunCation .....o.oriiiii e e 85
6.1.3. Floating Point Addition ......cciiiiiiiiiiiii e 86

6.2. RESUIES @NalySiS. . v e e 86
6.2.1. Subnormal NUMDBErs ... s 86
6.2.2. Mixed NUMDErS ..o 88
6.2.3. NOrmal NUMDEFS ... e e aens 89

6.3. (@0 Lol [T T=] 1o o 1= 91

Chapter 7: Bibliography....cccciicciiiiciiisssn s sr s sr s sra s nra s ssr s n s s nna s nns 93
ANneX: VHDL Code.....cciciimmimiummammanmansesiasanssassnsansansassnssnsansansassassnssnsnnsas 95



RESUM

La aritmética de punt flotant és, amb diferéncia, el métode més utilitzat
d’aproximacié a la aritmética amb nombres reals per realitzar calculs numérics
per ordinador.

Durant molt temps cada maquina presentava una aritmética diferent: bases,
mida dels significants i exponents, formats, etc. Cada fabricant implementava el
seu propi model ,fet que dificultava la portabilitat entre diferents equips, fins que
va apareixer la norma IEEE 754 que definia un estandard Unic per a tothom.

L'objectiu d'aquest projecte és, a partir del estandard IEEE 754, implementar un
sumador/restador binari de punt flotant de 32 bits emprant el llenguatge de
programacio hardware VHDL.

ZHRNUTIE

Praca s cislami s pohyblivou desatinnou ciarkou je najpouzivanejsi spdsob pre
vykondvanie aritmetickych vypoctov s realnymi Cdcislami na modernych
pocitacoch. Donedavna, kazdy pocita¢ vyuzival rézne typy formatov: baza,
znamienko, velkost exponentu, atd. Kazda firma implementovala svoj vlastny
format a zabranovala jeho prenosu na iné platformy pokial sa nevymedzil
jednotny Standard IEEE 754. Cielom tejto prace je implementovanie 32-bitovej
sCitaCky/odcitacky pracujucej s Cislami s pohyblivou desatinnou ciarkou podla
Standardu IEEE 754 a to pomocou jazyka na opis hardvéru VHDL.

ABSTRACT

Floating Point arithmetic is by far the most used way of approximating real
number arithmetic for performing numerical calculations on modern computers.

Each computer had a different arithmetic for long time: bases, significant and
exponents’ sizes, formats, etc. Each company implemented its own model and it
hindered the portability between different equipments until IEEE 754 standard
appeared defining a single and universal standard.

The aim of this project is implementing a 32 bit binary floating point
adder/subtractor according with the IEEE 754 standard and using the hardware
programming language VHDL.






CHAPTER 1:
INTRODUCTION

Many fields of science, engineering and finance require manipulating real
numbers efficiently. Since the first computers appeared, many different ways of
approximating real numbers on it have been introduced.

One of them, the floating point arithmetic, is clearly the most efficient way of
representing real numbers in computers. Representing an infinite, continuous set
(real numbers) with a finite set (machine numbers) is not an easy task: some
compromises must be found between speed, accuracy, ease of use and
implementation and memory cost.

Floating Point Arithmetic represent a very good compromise for most numerical
applications.

1.1. Floating Point Numbers

The floating point numbers representation is based on the scientific notation: the
decimal point is not set in a fixed position in the bit sequence, but its position is
indicated as a base power.

Sign Exponent Sign Exponent

- - e ——

+6.02 - 10 %3 +1.01110 - 2 -1101
H_/ \_Y_) . ~ J\_Y_)

Mantissa base Mantissa base

All the floating point numbers are composed by three components:
« Sign: it indicates the sign of the number (0 positive and 1 negative)

Mantissa: it sets the value of the number

-7 -
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« Exponent: it contains the value of the base power (biased)

Base: the base (or radix) is implied and it is common to all the numbers (2
for binary numbers)

The free using of this format caused either designed their own floating point
system. For example, Konrad Zuse did the first modern implementation of a
floating point arithmetic in a computer he had built (the Z3) using a radix-2
number system with 14-bit significant, 7-bit exponents and 1-bit sign. On the
other hand the PDP-10 or the Burroughs 570 used a radix-8 and the IBM 360
had radix-16 floating point arithmetic.

This led to the need for a standard which would make a clear and concise format
to be used by all the developers.

1.2. The Standard IEEE 754

The first question that comes to mind is “What’s IEEE?”. The Institute of
Electrical and Electronics Engineers (IEEE) is a non-profit professional association
dedicated to advancing technological innovations and excellence.

It was founded in 1884 as the AIEE (American Institute of Electrical Engineers).
The IEEE was formed in 1963 when AIEE merged with IRE (Institute of Radio
Engineers).

One of its many functions is leading standards development organization for the
development of industrial standards in a broad range of disciplines as
telecommunications, consumer electronics or nanotechnology.

IEEE 754 is one of these standards.

1.2.1. Overview

Standard IEEE 754 specifies formats and methods in order to operate with
floating point arithmetic.

These methods for computational with floating point numbers will yield the same
result regardless the processing is done in hardware, software or a combination
for the two or the implementation.

The standard specifies:

Formats for binary and decimal floating point data for computation and
data interchange

. Different operations as addition, subtraction, multiplication and other
operations

« Conversion between integer-floating point formats and the other way
around

- Different properties to be satisfied when rounding numbers during
arithmetic and conversions

- Floating point exceptions and their handling (NaN, *oo or zero)
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IEEE 754 specifies four different formats to representing the floating point
values:

Simple Precision (32 bits)
- Double precision (64 bits)
Simple Extended Precision (=43 bits but not too used)

Double Extended Precision (=79 bits, usually represented by 80)

1.2.2. Binary Interchange Format Encodings

Representations of floating point data in the binary interchange formats are
encoded in k bits in the following three fields ordered as shown in Figure 1:

1hbit MmsB whits LB M8 t=p—1 bits LSE
S E T
isign)| (biased exponent) (trailing significand field)

Figure 1. Floating Point format

If a Simple Precision format is used the bits will be divided in that way:

The first bit (31% bit) is set the sign (S) of the number (0 positive and 1
negative)

. Next w bits (from 30" to 23" bit) represents the exponent (E)
The rest of the string, t, (from 22" to 0) is reserved to save the mantissa
The range of the enconding biased exponent is divided in three sections:

- Every integer between 1 and 2"-2 (being w=8 - 254(,) in order to
encode the normal numbers

. The value 0 which encodes subnormal numbers and the zero value

« The reserved value 2"-1 (being w=8 > 255(;;) to encode some special
cases as NaN or oo

The exponent value has a bias of 127. It means the exponent value will be
between -126 (00000000,) and +127 (11111110,) being zero at the value
(01111111,).

Exponent and mantissa values determine the different number r cases that it can
be had.

If E=2"-1and T #0, then r is NaN regardless of S
. If E=2"-1and T =0, then ris xinfinity according with the sign bit S
. If1<E<2"-2, then ris a normal number
. If E=0and T #0, then ris a subnormal number
« If E=0 and T =0, then ris x£zero according with S

-9 -
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The mantissa value is 23 bits long but it contains an implicit bit depending on the
type of data (1 for normal numbers and 0 for subnormal).

A number can be represented by different ways. As an example, the number
0.11-2° can be described as 110-22 or 0.011-2°,

It is desirable to require unique representations. In order to reach this goal the
finite non-zero floating point numbers may be normalized by choosing the
representation for which the exponent is minimum.

To cope with this problem the standard provides a solution. The numbers will be
standardized in two ways:

Subnormal numbers will start with a zero an it has a form like +0.XX 2°
Normal numbers MSB will be high (+1.XX2F) where 0<E<255

Both normal and subnormal numbers MSB will be implied but taken into account
in order to get the proper value in decimal.

To calculate the value of the binary bit sequence in decimal this formula will be
used:

22
— —(a+k
M =Y m,,, & (1)
k=0

Finally the different format parameters for simple and double precision are
shown in table 1:

Table 1. Binary interchange format parameters

Parameter binary32 | binarve4
k, storage width in bits 32 64
P, precision in bits 24 53
emax, maximum exponent e 127 1023

Encoding parameters

bias, E—e 127 1023
sign bit 1 1
w, exponent field width in bits 8 11
f, trailing significand field width in bits 23 52
k, storage width in bits 32 64
1.2.3. Precision and Rounding

The number of values which can be represented by floating point arithmetic is
finite because it has a finite number of bits.

-10 -
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Negative Positive
Underflow Underflow

Negative Positive
Ov:rflaw Negative Numbers Positive Numbers overflow

A ) A
IS ~ ~

///// /_L//// ik, :

F Y

_(2 O 2-23) 2127 '1 0 2 128 1 O 2 128 (2 O 223) 212_." -

B e I O I O I B

-n 0 n 2N 4-n

Figure 2. Floating Point values range

As it can be seen in the figure 2, the standardized numbers range is described as
the values between the higher exponent and mantissa value and the lower ones.
The subnormal numbers are between zero and the lowest number (positive or
negative) which could be represented by normal numbers. However, these
ranges are discontinuous because between two numbers there are also infinite
real ones. The quantities of numbers, which can be represented, are the same
than in fixed point but at the expense of increasing the distance between
numbers a higher range is achieved.

The standard IEEE 754 requires that the operation result must be the same
which would obtain if a calculation with absolute precision and rounded had been
done.

Four types of rounding are described by the standard:

Rounding to the nearest (to even number in case of tie) is the floating
point number that is the closest to x.

« Rounding to +co0 is the smallest floating point number (possibly +o0)
greater than or equal to x.

Rounding to -oo is the largest floating point number (possibly -co0) less
than or equal to x.

Rounding to zero is the closest floating point number to x that is no
greater in magnitude than x (it is equal to rounding to -co if x=0 and to
+oo if X<0

-11 -
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Rounding to =zero
Rounding to nearest Rounding to +co
Rounding to -™@

Figure 3. Rounding Modes

The finite number of representing values and the rounding cause the appearance
of errors in the result. This topic should be discussed when the results will be
analyzed.

-12 -



CHAPTER 2:
CODE DEVELOPMENT

Once the standard IEEE 754 has been explained it is time to start with the
implementation of the code. First of all thinking about the different steps we
should do to perform the operation required is compulsory. It is because of this
that this section will talk about the procedure in addition/subtraction operations
and a first look at the code design in block diagram way.

A complete description will be done first and the subblocks will be explained
immediately afterwards at successive subsections.

2.1. 32-bits Floating Point Adder Design

The main goal of this project is the implementation of a 32-bit Floating Point
Adder with VHDL code. The format and the main features of the standard have
been described before but nothing about the steps to achieve the target has
been said.

The first logical step is trying to specify what operations should be done to obtain
a proper addition or subtraction. Once the idea will be clear the block diagram of
the entire code will be designed.

2.1.1. Addition/Subtraction Steps

Following the established plan, the way to do the operations
(addition/subtraction) will be set.

This point will be also used to try to explain why these steps are necessary in
order to make clearer and easier the explanation of the code in the next section.

The different steps are as follows:

1. Extracting signs, exponents and mantissas of both A and B numbers. As it has
been said, the numbers format is as follows:

-13 -
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1 bit 8 bits 23 hits
—r— - A ~— — —
|Sig‘n| Exponent Mantissa

Figure 4. Floating Point Number format

Then the first step is finding these values.

. Treating the special cases:

- Operations with A or B equal to zero
Operations with +co

- Operations with NaN

Finding out what type of humbers are given:
Normal
Subnormal
Mixed

. Shifting the lower exponent number mantissa to the right [Expl—Epo] bits.
Setting the output exponent as the highest exponent.

A’s Exponent - 3 B’s Exponent - -1 Difference (A-B) > 4
Number B:
S
1101001 > 00001101001

. Working with the operation symbol and both signs to calculate the output sign
and determine the operation to do.

Table 1. Sign Operation

A’s Sign | Symbol | B’s Sign | Operation

+ + +
+ + - -
+ - + -
+ - - +
- + + -
- + - +
- - + +

6. Addition/Subtraction of the numbers and detection of mantissa overflow

(carry bit)

-14 -
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1.001000%*23

1.1100017*23
Carry bit > @).1 1 IDDI:IC@ )
1.0111001%¢9

Figure 5. Example

7. Standardizing mantissa shifting it to the left up the first one will be at the first
position and updating the value of the exponent according with the carry bit

and the shifting over the mantissa.

<—
0.1010101-2° > 1.010101-2°

8. Detecting exponent overflow or underflow (result NaN or o)

This is the way forward to proper operation. Obviously there are some parts
which have to be discussed because there will be more aspects to be taken into
account but this will happen in next sections where the code will be explained.

2.1.2. Block Diagram

The main idea has been described before. Once the different steps to follow have
been explained it is time to start to think in the code implementation.

In this subsection a first block diagram -as a draft- will be made. It still does not
go into the most difficult points because in the next section, once a division of
the project in three parts will be done, a complete description of each step will be
performed.

These three parts are as follows:
- Pre-Adder Block
- Adder Block
- Standardizing Block

They make reference to the three main processes of the project. First the
numbers should be treated (pre-adder) in order to perform the operation
properly (adder) and finally, standardizing the result according with the standard
IEEE 754 (standardizing).

In figure 6, a first approximation of the design has been done:

- 15 -
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S15Sx  E15Ex  M1-5Mx
S2-Sy E2-Ey  M2-My

Special Cases?

|

- Obtaining the result

Extracting signs, exponents and mantissas
from both numbers A and B

Distinguishing between Special Cases or

— No Normal/Subnormal/Mixed case

v

o Numbers are Normal,

Subnormal or Mixed?
o Setting the exponent
o Shifting Mantissa

) |

o Calculating Sign
o Making the operation
(addition/subtraction)

v

o Operation overflow —
Increasing Exponent

o Standardizing Mantissa

o Recalculating Exponent

Figure 6. Block Diagram Code

Output (Special Case or
Operation Result)
| Ss | Es | Ms | - Result

- 16 -

Pre-Adder Block:
- Treating the numbers to make
the operation

Adder Block

Standardizing Block:
- Treating the result according
with IEEE 754 standard
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2.2. Blocks Design
In this section the main blocks described in the previous block diagram will be
explained.

The diagram has two branches:

The special cases one is quiet simple because only the combination of the
different exceptions are taken into account. This will be explained in the
next chapter over the code directly

« The second one is more interesting. It includes the main operation of the
adder. The different operations that should be done are divided in three
big blocks: pre-adder, adder and normalizing block.

During the next subsections a first description of each block will be done. A block
diagram will be designed to support the explanation and facilitate the
comprehension. Moreover it will be used to design the different blocks in VHDL
which form the 32-bit Floating Point Adder.

2.2.1. Pre-Adder Design
The first subblock is the Pre-Adder. The goals are:

1. Distinguishing between normal, subnormal or mixed (normal-subnormal
combination) numbers.

2. Treating the numbers in order to be added (or subtracted) in the adder block.
- Setting the Output’s exponent
« Shifting the mantissa

- Standardizing the subnormal number in mixed numbers case to be treated
as a normal case

The block diagram which display this behaviour is shown (figure 7) in the next
page.

2.2.2. Adder Design

Adder is the easiest part of the blocks. This block only implements the operation
(addition or subtraction). It can be said the adder block is the ALU (Arithmetic
Logic Unit) of the project because it is in charge of the arithmetic operations.

Two functions are implemented in this part of the code:
1. Obtaining the output’s sign
2. Implementing the desired operation

In this block two related problems should be taken into account. Firstly, the
calculation symbol (+ or -) depends on itself and the A and B’s signs. Secondly,
positive or negative numbers addition gives the same result. The problem will
appear when the signs are different. In these cases the positive number will be
kept in the first operand and the negative one in the second operand. All these
problems will be explained in detail in next sections.

-17 -
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As it is normal the easiest block has the easiest block diagram (figure 8).

S1-Sx  E1-Ex  M1-Mx Extracting signs, exponents and mantissas
S2-Sy E2-Ey  M2-My from both numbers A and B

Distinguishing between Subnormal or

Subnormal? No Normal/Mixed case
Yes
——No— — Yes ——
Shifting Mantissa
EQut = 0 (Subnormal Number)
My — MB Mixed Numbers:
- Subnormal Number must be
standardized —
New exponent and Mantissa
Recalculating
Sx - SA Exponent
Sy - SB Ey > EB
Mx - MA
My — MB
>
Subnormal Numbers: - Setting Output's Exponent
- Output's exponent is zero Max(Ex,Ey) — EOut
- Signs and mantissas - Determining difference
Normal Numbers: |E1-E2|
- Making equal the exponents
- Shifting the mantissa according
with the exponent

-Shifting lower Mantissa
|E1-E2| positions
My — Mshft

;

Sx —» SA

Sy - SB

Mx - MA
Mshft - MB

Outputs
Signs and Mantissas SX / MX
Exponent Eout

Figure 7. Pre-Adder Block Diagram

- 18 -
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SA MA
SB MB

Output's Sign:

- Knowing which number is higher
and what is the operation to do (+/-)
the Sout could be determined

- Determining SOut
according with SA, SB and
+/- operation

l

- Making the operation (+/-)

l

Outputs
Mantissa MOut
Sign Sout

Result:
- Implementation of the Adder (CLA)

Figure 8. Adder Block Diagram

2.2.3. Standardizing Design

Finally the Standardizing Block takes the result of the addition/subtraction and
gives it an IEEE 754 format.

The procedure is as follows:
1. Shifting the mantissa to standardize the result

2. Calculating the new exponent according with the addition/subtraction
overflow (carry out bit) and the displacement of the mantissa.

The exponent value must be controlled when these steps are going to be made
because it could be the number of positions the mantissa must be shifted are
higher than the exponent value. In this case the result becomes subnormal.
Another exception is when exponent and number of displacements are equal:
mantissa will be shifted and exponent will be one.

-19 -
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As the previous subsections a block diagram with this description has been
made. It can be seen in the figure 8 where the different steps to standardize the
value are shown.

SOut EOut MOut
Carry_Out

- Determining Mantissa N©
Positions shifting (Shft)

”= No = EOut >= Shft =Yes 7‘
- Shifting Mantissa EOut - Shifting Mantissa Shft Obtaining Mantissa value
positions positions
' Obtaining Exponent value
- New Exponent E = 0
(Subnormal Result) | yes: No
E=1 | E = EOut-Shft+Carry_Out

| Sign | Exponent | Mantissa |

Figure 9. Standardizing Block Diagram

-20 -



CHAPTER 3:
PRE-ADDER

The first block is the Pre-adder. It is in the charge of distinguishing the type of
numbers which are introduced as an input.

Four different cases are possible:

1. One of the different combinations which have been explained and labeled as
special cases: NaN-Infinity, Infinity-Normal, Zero-Subnormal, etc.

2. A two subnormal numbers introduction.
3. A mixed option between normal and subnormal numbers.
4. A two normal numbers introduction

All this cases must be treated separately because of the process to achieve a
successful operation must be different.

3.1. Special Cases

The adder is not always necessary to operate the numbers: there are some
special cases which can be solved without it.

As it has been said, in addition to normal and subnormal numbers, infinity, NaN
and zero are represented in IEEE 754 standard. Some possible combinations
have a direct result, for example, if a zero and a normal number are introduced
the output will be the normal number directly. Time and resources are saved
implementing this block. The n_case block has been designed to run this
behaviour.

3.1.1. n_case Block

Both number A and number B are introduced as inputs. Vector S is one of the
outputs and it contains the result when there is a special case, otherwise

-21 -
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undefined. Finally, enable signal enables or disables the adder block

needed or not.

Number A (31 :0)

Number B (31:0)

5(31:0)

b= cnable

if it is
entity n case is
Port | NumberZ : in Std_logic_vecto:(EI downto 0} -- Number &
MumberB : in std_logic_vector (3l downto 0);  -- Humber B
enable : out std logic; -- Enable Adder
3 ©oout Stdilogicivectorwl downtao 0)); -- output

end n_case;

Firstly the possible number values are coded (zero, infinity, NaN, normal and
subnormal numbers) in two signals outA and outB according to the mantissa and
as it can be seen in table 2.

exponent value

outh «= "000" when ER = X"00" and MA = 0 else
"001" when ER = X"00" and MA > 0 else
"011" when (EA > X"00" and EA « X"FF"} and MA = 0 else
100" when ER = X"FF" and MA = 0 else
110" when ER = X"FF" and MA > 0 else
I'I'DDDI’I’;
outBE «= "000" when EB = X"00" and MB = 0 else
"001" when EB = X"00" and MB > 0 else
"011" when (EB = X"00" and EB =« X"FF"} and MB = 0 else
100" when EB = X"FF" and MB = 0 else
110" when EB = X"FF" and MB > 0 else
I'I'DDDI’I’;
Table 2. Data coded
Exponent | Mantissa Output Output Coded
=0 =0 Zero 000
=0 >0 Subnormal 001
0<E<255 >0 Normal 011
= 255 =0 Infinity 100
= 255 >0 NaN 110

Zero
Subnormal
MNormal
Infinity
MNall

Zero
Subnormal
HNormal
Infinity
MNall

Once both A and B numbers have been coded the different signals combinations
are taken into account.

Sign, mantissa and exponent are calculated depending on outA and outB values.
For example, if outA is a zero and outB is a normal number, the result is the
normal number coded in outB.

All the possible values are shown in table 3 and also in the VHDL code added.

-22 -



32-bits Floating Point Adder

process
begin

(34, 3B, outh, outB)

if {outA = "000"} then
35 <= 3B,
ES <= EB;
M5 <= MB;

elzif {outk =
58 <= GA:
ES <= EA:
M3 <= MA:

end 1if;

"oooTy then

1f (outa(d) =
35 «= 3B,
ES <= EB;,
M5 <= MB;

alsif foutB(0) =
35 <= B3A;
ES <= EA:;
M3 <= MA:

end 1if:

and outB =

"l" and outh =

if ({outhk and outB) =
55 «= BA;
ES «= EA;
M3 <= MA;

alsif {{outA and outh}
85 <= "17;
ES <= X"FF";

"100" and

Nall

= "100" and 8A /=

-- Zero +/- Number B

-- Mumber A +/- Fero

Infinite
"100Ty

then -

"100"y then -=

SA = 3B) then -

3B} then

Ms <= "000000000000000000DO0O0L"

if (outh =
55 <= "17;
E3 <= X"FE";
M3 <=

end if;

1f {{outh ({0} and outB{0)
55 <= "-7;

= 1m

end process;

110" or outk = "110")

then

"ooooooooonoooooooooooooL”

Normal / Subnormal

then

Table 3. Output coded

-- + Infinity - Infinity

Hormal or Subnormal +/- Infinity

Infinity +/- Mormal or Subnormal

+/- Infinity +/- Infinity

Sign Out A Out B Sign Output | Output
X Zero Number B SB Number B
X Number A Zero SA Number A
X Normal / Subnormal Infinity SB Infinity
X Infinity Normal / Subnormal SA Infinity
SA=SB Infinity Infinity SX Infinity
SA+SB Infinity Infinity 1 NaN
X NaN Number B 1 NaN
X Number A NaN 1 NaN

X: do not care SA: Number A’s sign SB: Number B’s sign SX: Sign A or B (it is the same)

Finally an enable signal has been made. If any normal or subnormal combination

is had the enable signal is high, otherwise low.

—-— If A and B are normal or subnormal numbers, enable = 1
—— If not, enable =10
enable <= "1" when {{outA{0) and outB{0}) = "1") elze "07;
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3.2. Subnormal Numbers

The operation using subnormal numbers is the easiest one.

It is designed in just one block and the procedure is as follows:
1. Obtaining the two sign bits and both mantissas

2. Making a comparison between both A and B numbers in order to acquire the
largest number

3. Fixing the result exponent in zero

3.2.1. n_subn Block

Obviously Number A and B are the entries. The outputs are six. SA-MA and SB-
MB contain the sign and mantissa of A and B respectively. Comp signal is
referred to the result comparison and EO is the result exponent.

entity n_subn is

Number A (36 : 0 > ——» SA port ¢ mumberh : in std logic wector (36 downto 0); —— Number A
umber A (36 : 0) ———> SB wumber® : in std logic_wector (36 downto 0); ~— Number B
b » EO (7:0) Conmp roout std logic; -- Comparison A & B
nosuen r MA (27 : 0) EEN : out std logic: —- gign A
Number B (36 : 0) ™ MEB (27 : 0) 5B : out std_logicl' -- Bign B
p : _logic;
L1 emp EC :oout std_logic vector (7T downto 0); —-- Exponent output
MA :oout std_logic vector(27 downto 0);  -- Mantissa A
MB 1 oout std_logic vector(27 downto 0)); -- Mantissa B

end n_subn;

The code is so simply. Sign and mantissa of both numbers are obtained directly
from the entries NumberA and NumberB. The outputs exponent EO is always
zero because the input exponents are zero as well and Comp signal is high when
A is bigger than B and low in the opposite case.

The comparison operation does not take into account the sign of the numbers. If
the result is negative or positive it will be calculated in the Adder block using SA,
SB and Comp signals.

52 <= Numberh (36); -- Zign A & B
5B <= NumberB{38);

MAa <= NumberA (27 downto 0); -- Mantissa A & B
MEL <= NumberB (27 downto 0);

——————————————————————————————————————————————— Number Comparison
C <= "1" when MRa »>= MBh elze -- A > B
0" when MBb > MAa else -- B >2

LI
.

Conp <= C;

——————————————————————————————————————————————— Cutput’s exponent

——————————————————————————————————————————————— Mantissa
MB <= MBb when C = '1" else
MAa when C = '07 else
" "
MA <= MAa when C = '1" else
MBh when © = "07 else

- 25 -



Arturo Barrabés Castillo

3
|

]
]

Qw.u_:__ _.m_ﬂomm_______m_ﬂonwm_______m.ﬂam_ﬂ_____w‘__g_*._____ __m_._.om_m_ Il _wﬂjm_____ __m_ﬂ_um_m______w_ucm__w____:Wucm_ﬂ______w_‘__jﬁ__ Ll __m“.;uﬂm______hmm..ru
Induy ap woly pejoenxa
aie esspuel| pue ubls -
0 shemje s1jusuodxs Jnchng -
IequinnN [ewiouqns
D0G0000O00T000T 10D0000HDTTID O000000RODT000T 1000000000010 ODODOTOTOTOTQIOI0T0T0TOTDI00 qqL/ugnsTu/
&SSSBHBE,,_S:QSBSO &8033282,,“8539:5 BMBSSSSSMB:BBBS eewugnsTu/
&888583,,588835 &8088282#8808985. Swssssss_ﬂaosssﬁs quifugreuf
00000000 o=fugns™uy
| gsfugnsTuy
1 esfugns"u)
1 dusoafugns—u/
000000000010001 1000000001 110000000001 000000000010001 T00000000001000000000T 00000TGT0TOTOICI0I0IOI0IDIO000O000000 GHRqun ugns uf
e e 6300000000000 TIOATEEHEO 11500003000 e L o e

L -~ / Vs

530 PJEND + ESSIIUER + 310 w2dwi  OF

VI

Figure 11. n_subn Entity

- 26 -



32-bits Floating Point Adder

3.3. Mixed Numbers

When there is a mixed combination of numbers (one subnormal and other
normal) the subnormal one must have a special treatment in order to be added
or subtracted to the normal one.

The subnormal number treatment is going to be discuss in this block because
once both numbers will be standardized the next block (normal numbers block)
will be in charge of the operation between normal ones.

Number A (36 : 0) i~ MA (36:0)

NumberB_aux (36 : 28)

exponent i~ MB (36:0)

Number B (36 : 0)

-

o

p| Shift_left — MB_aux (27 : 0)
Zcount_aux (4:0)

norm

Figure 12. Mixed numbers block diagram

The work operation can be summarized in the following points:

1. Finding out what the subnormal number is

2. Counting the number of zeros the subnormal number has on the beginning

3. Shifting the vector and calculating the new exponent

This block is formed by three entities and each one is responsible for one of the

points described.

3.3.1. comp Block

First block is comp entity. The block entries are both numbers and the outputs
are the same numbers ordered as normal NA and subnormal NB.

entity comp is

X NA (36:0 Port Humber® : in std logic vector(36 downto 0}; -- Number R
Number A (36 . 0) —» > { ) HumberB : in std_logic_vector (36 downto 0}; -- Humber B
comp HA :oout stdilogicivector(BG downto 0); -- Normal number
Number B {35 H 0) > »NB {36 ' 0) MB : out std_logic wector (3@ downto 0)); -- Subnormal number

end comp;

The code is not very extensive. A and B Mantissas are ordered according to the
exponent: null exponent indicates what the subnormal number is and then this
number is fixed in NB, leaving the normal one in NA.
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Er <= Numberh (35 downto 28); --  Exponent & Mantissa
EE <= NumberB (35 downto 28);

process {(Numberf, NumberB, EA, EB)
begin

if EA = X"00" then -— If Mumker A is subnormal...
ME <= Numberk;
MR <= NumberB;

elsif EB = X"00" then -— If Mumker B is subnormal...
ME <= NumberB;
MNA <= Numberk;

else
NA _{= " "

end process;
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3.3.2.

zero Block

Counting zeros is the zero block target. The mantissa which is needed to shift is
introduced as an entry in T vector and the output Zcount contains the number of
zeros the mantissa has on the beginning which corresponds with the number of
positions the vector must be shifted.

T(27:0) B zero counter P Zcount (4: 0)

entity zero is
Port | T

Zcount

end zero;

: in std logic_vector (27 downto 0};

out std_logic_vector(4 downto 0});

-- 8ignificand
-- Number of Zeros

A zero vector is created (Zero_vector) and compared with the T vector. The
Zcount value depends on the number of matches.

aux = Mo " when
H"1C" when T{27
H"IR" when T{27
H"1A" when T{27
H"19" when T{27
H"18" when T{27
H"1TT when T{27
H"1a"™ when T{27
H"15" when T{27
H"14" when T{27
H"1E" when T{27
H"12" when T{27
H"11"™ when T{27
X"10" when T{27
H"OE" when T{27
X"OE"™ when T{27
X"O0D"™ when T{27
X"O0C" when T{27
X"OR™ when T{27
H"O0R" when T{27
X"09" when T{27
X"08" when T{27
X007 when T{27
X"0a"™ when T{27
X"O05" when T{27
X"04" when T{27
H"O0E" when T{27
X"02" when T{27
X"O01"™ when T{27
X"DD";

Foount <= aux {4 downto 0);

T(Z27 downto
downto
downto 1
downto 2
downto 3
downto 4
downto 5
downto A
downto 7
downto 8
downto 9
downto 1
downto 1
downto 1
downto 1
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
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3.3.3. shift_left/shift Block

Shifting is required to match the normal and mixed mantissas to perform the
addition/subtraction properly.

A logarithmic shift schematic as the figure 15 is used but with some differences.

28 bits (1 implicit bit + 23 mantissa’s bits + 4 guard bits) is had in the Floating
point Adder design then up to 28 positions must be able to shift. Because of the
fact that this shifter consists of 5 stages: the first stage shift one position, the
second stage 2, the third one 4, the fourth one 8 and the last one 16. Using any
combination 32 positions are able to shift which is big enough to the design
purpose.

Both shifting left and shifting right are used in the Floating Point Adder
implementation. In this chapter, the first one is explained but the code is quite
similar to the second one. There is only a difference: the T vector order. If the
bits order is changed from 0-27 to 27-0 a shifting right is achieved.

0 a, a; dg a, a

4-bit right shift

! ! 2-blt right shift

1-blt right shlft

Figure 15. Logarithmic shift

The T vector and the number of positions to shift (Shft) are the entries of the
shift entity. The shifted signal is set in S.

. entity shift is
T (27 " 0) —> shift >S5 (27 : 0) Bort ( T 1 in std logic vector{27 downto 0); —- gignificand to shift
Shft (4 : 0) > shft : in std_logic_vector{4 downto 0); -- Exponent’s subtractiocn
H ©oout stdilogicivector(ﬂ downto 0)); -- dutput
end shift;

The code is implemented as follows. A multiplexor has been designed and
exported to this block. Afterwards a loop for has been used to generate the
different 5 stages. Following the cascade design which has been shown before a
32 positions logarithmic shifter is implemented.
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signal %1, @2
begin

-— Components

, B3, B4, 25 : std logic wvector

generation

Conpl: for 1 in 0 to 27 generate

shifterl 0:

shifter0_i:

shifterl 0O:

shifterl i:

shifterz O:

shifterz i:

shifter3 0:

shifterd i:

shifterd 0:

shifterd i:

end generate;

g <= Z5;

if {i=0) generate

shifterl Ocomp: MUX port map (A
end generate;

if ({i>0) and (i<28)) generates
shifter0_icomp: MUX port map (A
end generate;

if {{i»=0) and {i<2)} generate
shifterl Ocomp: MUX port map (A
end generate;

if ({i»1) and (i<Z8)) generate
shifterl icomp: MUX port map (A
end generate;

if {{i>=0} and {i<4)) generates

shifterZ Ocomp: MUX port map (A
end generate;

if {{i»3) and (i<2B8)) generate

shifter2 icomp: MUX port map (R
end generate;

if ({i»=0) and (i<B)) generate
shifter3 Ocomp: MUX port map (A
end generate;

if {{i»7) and (i<Z8)) generates
shifter3 icomp: MUX port map (A
end generate;

if ({ix=0) and ({i<1A)} generate
shifterd Ocomp: MUX port map (&
end generate;
if ({i»15) and {(i<28)) generate
shifterd icomp: MUX port map (&
end generate;

(27 downto 0);

== "0", B =» T(0), Sel =» 3hit{0), & =» E1(i}}:

=» T{(i-1)}, B =» T{i), 8%el =» Shft(0;, 2 =» Z1{i}}:

== "0', B =» E1{i}, §el =» shit(l), © =» EZi{i));

== El{{i-2Z}}, B == Z1{i}, 3=l =» 3hit(l), & == Z2{i)};

== "0", B =» E2{i), gel =» Shit(2), Z == Z3{1)});

=» B2 ({i-4})}), B =» Z2{i), Sel =» Shft(Z), & == E3{i));

== "0', B =» E3{i}, §el =» shit(3), © =» E4i{1i));

== E3{{i-8)), B == Z3{i), 3=l =» 3hit(3), & == Z4{i)};

=» 0", B =» Z4{i), Sel =» Shft{4), T =» E5(i}};

=x 24({i-16}}, B == £4({i), gel => shftid), & == Z3{1)};
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3.3.4. norm Block

Finally, the rest of the entities are all included in the norm block. It also performs
the output exponent treatment.

The inputs are the numbers A and B. Once the subnormal one has been shifted it
is fixed in MB. The normal number is set in MA.

Number A (36 : 0) i~ MA (36:0)

NumberB_aux (36 : 28)

exponent i~ MB (36:0)

Number B (36 : 0)

-

—

> shift_left — MB_aux (27 : 0)
Zcount_aux (4:0)

norm

entity norm is

Port | Numberd : in std logic vector (36 downto 0}; -- Numberh
HumberB : in std logic vector (36 downto 0); -- NumberB
M2 : out std_logic_vector(Bﬁ downto 0); -- Normalized MNumberZ
MB : out std_logic vector (36 downto 0}); -- Normalized MumberB
end norm;

The code could be divided in two parts. The first one implements the connection
between the different blocks which the mixed numbers entity works with. The
block diagram is coherent with the VHDL code.

———————————————————————————————————————————————— Components declaration

compld : zero
port map (T => NumberB_aux(Z? downto 0), Zcount =3 Zcount_aux):

compl : shift left
port map (T => NumberB aux (27 downto 0}, shft =» Zcount aux, i =» MB aux);

compZ @ comp
port map (Numberh => NumberA, NumberB => NumberB, NA => MA, NB => NumberB auxj;

The second one is pretty interesting. As it has been explained before, negative
prebiased exponents are not considered by the standard IEEE 754 but there is a
possibility a normal and subnormal number may be operated. The number of
positions the vector MB is shifted could be saved as a positive exponent but
introducing a mark in the last guard bit which indicates the positive exponent is
actually “negative”.

So if a normal number with a quite small exponent is had it is possible that
normal and subnormal numbers are able to be operated.
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process (Zcount aux, NumberB aux, EB, MB aux)
begin
if Zcount aux /= "----- " then
EB <= "000" & Zcount aux;
MB {27 downto 0} <= MB aux (27 downto 1)

elze

EB _‘{: " r ;

MB (27 downto 03 <= MB aux:
end 1if;

MB {35 downto 2Z8) <= EB;
MBE {36} <= NumberB aux(36};
end process;

- 36 -
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Figure 17. norm Simulation
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3.4.

Two normal
represents the main operation

The procedure is as follows:

1.
largest number
2.
3. Shifting the smallest manti

Number A (36:0)

Number B (36: 0)

Normal Numbers

numbers are the most common operation mode because

without any exception.

Obtaining the output exponent (the largest one)

ssa to equal both exponents

Ly SA
> — » SB
- EO(7:0)
omp — P MA(27:0)
¥ Comp
-
MShft_aux (27 : 0)
DExp_aux (4:0)
shift ~MB (27:0)

n_normal

Figure 18. Normal numbers block diagram

3.4.1.

comp_exp Block

it

Making a comparison between both A and B numbers and obtaining the

The comp_exp entries are the two introduced numbers again. There are several
outputs: SA and SB are the sign of A and B respectively, EMax is the output
exponent, MMax the largest mantissa, Mshft the mantissa to shift, Dexp the
number of positions Mshft must be shifted and Comp indicates what number is

the largest one.

» SA
» SB
p EMax (7:0)
comp exp —» MMax (27: 0)
- Mshft (27: 0)
> DExp (4: 0)
> comp

Number A (36:0)

Number B (36:0)

Exponents and signs are obtained from the

entity comp_exp is
Port Numberh :
Number® :

in std_logic_vector (36 downtc 0);
in std_leogic_vector ({36 downto 0);
: out std logic;

: out std_logic;

: out std legic vector (7 downto 0);
: out std legic vector (27 downto 0);
1 out std_legic wvector (27 downto D} ;
: out std_logic vector (4 downto 0);
T oout std_legic);

end comp_exp;

—- Number A

—- MNumber B

-- 3ign A

-~ 5ign B

-- Output exponent

—-- Largest Mantissa

—-- Mantissa to shift

-- Subtraction of exponents
—-- Determine largest number

introduced numbers directly. Once

the exponents are fixed in EA and EB signals, these values are used to determine
the largest number: if A is larger than B or number B’s LSB (negative exponent
mark) is high, Comp will be *1’, otherwise ‘0.

Using this signal the output ex

ponent could be determined.
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3A <= Numberh(3a);

3B <= NumberB {36} ;

E2 <= MNumberZ (35 downto 28);

EB <= MNumberB {35 downto 28);

MA <= NumberA (27 downto 0} ;

ME <= NumberB {27 downto 0} ;

C <= "1" when (EA > EB) or
'0" when ER < EB elsze
'l" when MA >= MB else
'0" when MA < MB else

Comp <= C;

Emax <= EA when C = "1" else

EB when C = 0" else

(MB(0) =

-— SBign A & B

Exponent & Mantissa

Exponent Comparison

17y else -- Exponent B > Exponent B
Exponent B » Exponent A
EA =EB -—-> A > B

EA = EB --> B > A

Largest exponent

Next step is determining the difference between both exponents. Once more time
comp signal fixes the largest exponent and determines the subtraction order.

If B's LSB is high a negative exponent

is had. In this case EA and EB are added.

————————————————————————————— Difference between exponents
dif <= BA-EB when (C = "1") and (MB{0) = '0") else
EB-EA when C = "07 else
EA+EBR when {(C = 1"} and (MB{O0) = "1") else
process (dif)
begin
if dif <= ¥"1B" then -- If the difference is less than or equal to 27...
Dexp <= dif {4 downto 0); -- Use directly the subtraction hetween exponents
elsif dif > X"IE" then -— If the difference is greater...
Dexp <= "11100"; -- The difference is 28
else
Dexp <= "-———- "
end if;
end process;
————————————————————————————— Mantissa
Mshft <= MB when C = "17 else
MA when C 0T else
Mmax <= MA when C = "17 else
ME when C 0T else

The mantissa to shift corresponds with the smallest number (using comp again).

Finally a maximum value is set if the difference between exponents is greater
than 28 which is the maximum number of bits that the mantissa has.
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Figure 19. comp_exp Simulation
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3.4.2. shift Block

A shifter is needed to match the exponents. The entity is the same than in the
mixed case. The vector T is the input which contains the mantissa to shift, shft
fix the number of positions to move and S is the output with the result of the
operation.

T(27:0) —» entity shift is

shift »S(27:0) Port ( T : %n std_log%c_vector(z'i downto 0); -- Significand to shif‘F
Shft (4:0) » shit @ in std logic vector(4 downto 0); -- Exponent’s subtraction
3 ©out 5td_logic_vector(27 downto 0)); -—- output
end shift;

The code is quite similar. Only a part is added because it is enough to see its
operation.

-- Components generation

Compl: for i in 0 to 27 generate

shifter0 0: if [i=0) generate
shifterl_Ocomp: MU port map (& == 07, B =»T{27)J 3el =» shft (0}, & =x|51{Z7-1)};
end generate;

shifter0_i: if {(i»>0) and (i<28)} generate
shifter0_icomp: MUX port map (A =3 T{Z27-{i-1)}}, B => T(27-i), %el =» shft{0), & => ZL1(27-1i));
end generate;

shifterl 0: if ({i»=0] and (i<Z)] generate
shifterl Ocomp: MUX port map (A =»> '07, B =» Z1(27-1i), Sel =»> Shft({l), 2 =» ZZ{27-1));
end generate;
shifterl i: if ({(i»1) and (i<28)) generate
shifterl icomp: MUX port map (A =» Z1(27-(i-2}), B =» 21(27-i), Sel =» Shft{l), & =» Z2(27-1i));
end generate;
Changing the order of the vector, a displacement in the other direction is
achieved. The simulation is not required because the result is the same but on

the right.

3.4.3. n_normal Block

The n_normal block includes the two blocks which have been explained above.
The entries are NumberA and NumberB and the outputs are both sign A (SA) and
sigh B (SB), the result exponent (EO), the Comp signal and the two mantissas
(MA and MB).

Ly SA
Number A (36 : 0) > | — » SB
_ — EQ (7 : 0)
comp_exp —————— P MA(27:0)
¥ Comp
Number B (36: 0) >
MShft_aux (27 : 0)
DExp_aux (4:0)
shift - MB (27:0)
n_normal
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entity n_normal is
Port

Conp

SR

3B

EC

MR

MB
end n_normal;

Number®
NumberB

in std logic vector (36 downto 0);
in std logic vector (36 downto 0);
out std logic:

out std logic:

out std logic;

out std logic wvector{7 downto 0};
out std logic vector{Z7 downto 0};
out std logic vector {27 downto 0)};

Number A

Number B

2 & B Comparison
Sign 2

dign B

Exponent Output
Greatest Mantissa
fhifted Mantissa

The VHDL code implements just the interconnection between the different blocks.

Comp_exp fix the mantissa which has to been shifted and the number of
positions it must be displaced.

Shift block collects these two signals and gives the mantissa in order to be
operated in the next block: the Adder block.

component comp exp port (NumberhA, NumberB :
SR, OB

Emax

Mmax,

Dexp

Comp
end component;

component shift port (T
shit

: out
I oout

Mshit : out

I oout
I oout

in std logic vector (36 downto 0);

std logic;
Std_logic_vector(7 downto 0);
std_logic vector {27 downto 0);
std_logic_vector (4 downto 0);
std_logic);

in std_logic vector (27 downto 0);
in std_logic_vector (4 downto 0);

g :oout std logic vector (27 downto 0));

end component;

signal Mshft_aux
zsignal Dexp aux

begin
compl © comp_exp
port map (NumberZ => Numbera,
SR =» SR,
compl : shift
port map

3 =» MB) ;

¢ ostd logic wvector ({27 downto 0);
H 5td_logic_vector(4 downto 0);

NumberE = NumberB,

[T =» Mshft aux, shft =» Dexp_aux,
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3.5. Pre-Adder

Finally a complete Pre-Adder block diagram will be shown and explained. As it
could be seen there are some blocks which are not discussed. These blocks are
4:

1. The first one is so important: Selector block
2. A demultiplexor (demux) to route the signal in the correspondent block

3. A multiplexor (mux_ns) to choose between the mixed numbers or the normal
ones

4. A multiplexor (mux_adder) to choose between the normal or subnormal
numbers

SComp
B_sub (36 : 0) Esub (71 0)™] | psA
| MASub (27 0)™ I SB

> MBSub (27 : 0), = C
Number A (31: 0) > — Sanor > mux_adder—(—#= Eout (7 : 0)
. — | AN,

Number B (31:0) B selector — W 2 Anor(36:0) | | I - SBnor » MAout (27 : 0)

enable > 3 —Bmor(36r0lT 2 e e | NComp ——" MBout (27 : 0)
— — > | Enarl?:l)): :

e 3 BMux(27:0) MANor (27 : 0) {
edats

=
MBNor (27 0
MShft_aux (27 : 0) t L

MixBaux (36 : 0)
MixAaux (36 : 0)

A_mix (36:0)
B_mix (36:0) *w\_ NumberB_aux (36 : 28)

NumberB_aux (27 : 0) | expoment

preadder

Figure 21. preadder block diagram
These blocks are going to be grouped in two different chapters. First one includes
only the selector block which is more important and has more complexity.

The second group contains the different multiplexors and demultiplexors. They
are going to be treated all together because of code’s simplicity.

3.5.1. selector Block

Selector block prepares the numbers: the entries are shorter than outputs
because the implicit bit (high if the number is normal and low in subnormal’s
case) and the guard bits are added in this block. Enable signal enables this block
(and therefore the entire preadder block) when we do not have a special case.

The outputs are the two numbers with the added bits and the e_data signal
which distinguish between normal, subnormal and mixed numbers.
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entity selector is

[ Port { Number? : in =td logic vector (31 downto 0); —-- Number A
Number A (31:0) —p» » NA(36:0) HumberE : in std logic wector (31 downto 0);  —— Number B
Number B (31:0) P selector » NB (36:0) enable : in std_logic; -- Enable
enable 4 » e_data e data : out std logic vector(l downto 0); —- Enable type data
NA : out std_logic_vector(Sﬁ downto 0); -- Number AT
NB 1 out std logic vector (36 downto 0)); -- Number B'

end selector;

If enable signal is high it means we do not have a special case. Then the outputs
signals NA and NB are made: first the sign and exponent bits are placed in its
positions.

Next step, the implicit bit is fixed according with the exponent value. The
mantissa and the guard bits are added too.

SA <= Numberi{31);
SBE <= NumberB{31);
EA <= Numberi {30 downto 23);
EE <= NumberB {30 downto 23);
MA <= Numberh (22 downto 0);
ME <= NumberB (22 downto 0);

process (SA, SB, EA, EB, MA, MB, enable)

begin
if enable = 1" then
NA (36) <= SA; -- Exponent & sign A
MNA {35 downto 28) <= EA;
NE (326} <= &B; -- Exponent & sign B
NB (35 downto 28) <= EB; If the exponent is bigger
T Te——— T Mantissa A than 0 > Normal Number
if WEA > X"00"p—then >
NE(Z2T) == "1'; —— Implicit bit Implicit bit > *1”
NA (26 downto 4) <= MA; -- Mantissa
NA (3 downto 0} <= X"0"; -- Guard bits .
elsif( EA = X"DDE, then y» 1f the exponent is 0 >
NE{27) <= "07; -- Implicit bit Subnormal Number
NA{(Z6 downto 4) <= MA; -- Mantissa
NA (3 downto 0) <= X"0"; -- Guard bits Implicit bit > ‘0’
else
NA <_ M I'I',
end 1if;

____________________________________ Mantissa B
if (BB > X"00") then

NEB{(27) <= T1T7; -- Implicit bit
NBE {26 downto 4) <= MB; -- Mantissa
NB {3 downto 0) <= X"0"; -- Guard hits
elsif BB = X"00" then
NE(Z27) <= "07; —— Implicit bit
MNBE {26 downto 4) <= ME; -- Mantissa
MNBE {3 downto 0) <= X"0"; -— Guard bits
else
ME <= " ¥
end if;
else
HA <= Moo "
HE <= Moo "
end if;

end process;
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Finally the e_data signal is fixed as follows:
1. Subnormal numbers = e_data := “00”
2. Normal numbers - e_data := 01"

3. Mixed numbers > e_data := “10”

e data <= "00" when EA = X"00" and EB = X"00" and enable = "1" else
01" when EA > X"0U0" and EB » X"00" and enable = "1" else
T10" when (BA = X"00" or EB = X"00") and enable = "1' =lse

m__m.
B

- 46 -
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3.5.2.

subnormal, normal or mixed block according with the e _data value.

MUX/DEMUX Blocks

The operation of the demux demultiplexor is routing the A and B numbers to the

NumberA, NumberB and the enable signal e_data are the entries and the outputs

are 3 pairs of signals but only one pair is activated in each time.

demultiplexor’s behaviour.

NumberA (36 : 0) > ng? gg
£ NA2 (36
NumberB (36 : 0) - I | Ng? }gg
NB2 (36 :
e_data

ocooooo

entity demux is

Port |

end demux;

process (Numberhd, NumberB, e data)

begin

case e data is

when 007
when "017
when "107

when others

end case;

Mumber?;
Mumberb;

Mumber?;
MumberB;

Mumber?h;
MumberB;

Numberd :
NumberB :

e_data
NAD
HBO
NAL
NB1
NAZ
NBZ

in std logic vector(36 downto 0};
in std_logic_vector (36 downto 0};

std_logic_wector(36
std_logic_wector (36
std logic vector (36
std_logic_wector (36
std logic vector(36
std logic wector(36

downto
downto
downto
douwnto
downto
downto

:in std legilc vector(l downto 0);
:oout
: out
:oout
: out
T oout
:oout

The typical

-- Humber A
-- Humber B
-- Enable type data
-- Humber Al
-- Humber B1
-- HNumber AZ
-- HNumber BZ
-- HNumber A3

; -- Humber B3

The mux_ns multiplexor’s target is selecting which signal must be introduced in
the normal numbers block: normal numbers or a standardized numbers from the

mixed numbers block.

- 48 -



32-bits Floating Point Adder

The entries are the two pairs of numbers and e_data signal and the outputs are
the A and B numbers according with e_data value.

NorA (36 :

NorB (36 : 0) o 2 —>nNA@36:0)
MixA (36 : 0) » .
MixB (36 : 0) - 7 > NB (36 : 0)
e_data
NA <= NorA when = data =
MixA when e data =
"
NB <= NorB when = data =
MixB when e data =

entity mux_ns is
Port

HA
NE
end mux ns;

1" else
10" else
1" else
10T else

Norh
NorB
Mixn
MixB
e _data

: in std_logic vector
: in std_logic wector
: in std logic vector
: in std_logic vector H
:in std logic vector{l downto 0);

1 out Std_logic_vector(Eﬁ downto 0}; --
: out std logic vector (36 downto 0)); —-

36 downto
36 downto

36 downto

o)
0y
36 downto 0);
0)

-- MNormal A

-- Mormal B

-- Mixed R

-— Mixed B

-- Enable type data
Humber A'

Humber B'

Mormal numbers
Mixed numbers

Mormal numbers
Mixed numbers

Finally mux_adder multiplexor is in charge of selecting which data are going to
be introduced in the adder.

The entries are the comp signal, the two mantissas, signs and exponents and all
of them multiplied by two: one for the subnormal numbers and another for the
normal/mixed numbers. The output is one of the pair's members according with

e_data.

NorSA

NorSB

SubSA

SubsSB

CompN
CompS

NorE (7 : 0)
SubE (7:0)
NorMA (27 : 0)
NorMB (27 : 0)
SubMA (27 : 0)
SubMB (27 : 0)

mux_adder

Hithriit

e_data

» SA
- SB

» C

» E(7:0)
= MA (27 : 0)

| MB (27 : 0)

entity mux_adder is
Port {  NorSa
NorsB
SubSA
SubsB
Compll
comps
NorE
SubE
NorMa
NorMB
SubMA
SubMB

e_data

SR
5B
C
E
A
B

end mux_adder;
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std_logic; -
std logic; -
std_logic; --
std logic; -
std_logic; --
std logic; -
std_logic_vector(7 downto 0); -
std logic vector(7 downtc 0): -=
std_logic_vector (27 downto 0}; -
std logic vector{(27 downto 0); -=
std_logic_vector (27 downto 0}; -
std logic vector{(27 downto 0); -=
std_logic_vector(l downto 0); -
std logic: -
std_logic; -
std logic: -
std_logic_vector (7 downto 0); -
std logic vector (27 downto 0}; -=
std_logic_vector (27 downto 0)); --

normal

normal

Sign 2 subnormal

5ign B subnormal
Comparison Normal numbers
Compalison Sub numbers
Exponent Output normal
Exponent output subnormal
Mantissa normal A
Mantissa normal B
Mantissa subnormal A
Mantissa subnormal B
Enable type data

sign &

Sign B

Comparison

Output Exponent

Mantissa A

Mantissa B

Sign 2
sign B
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A <= NorMA when e data =

SubMA when e data =

"
B <= NorMB when e data =

SubMBE when e data =

"
C <= CompN when e data =

Compd when e data =

T_T.
S3A <= NorSA when e data =

SubfA when e data =

T_T.
3B <= NorSBE when e data =

SubSB when e data =

T_T.
E <= NorE when e data =

SubE when e data

3.5.3.

"01" or e data = "10" else
"ooT else
"01" or e data = "10" else
"0o" else
"01" or e data = "10" else
"0o" else
"01" or e data = "10" else
"oo" else
"01" or e data = "10" else
"a0" else
"01" or e data = "10" else
"a0" else

preadder Block

Mormal/Mix numbers
Subnormal numbers

Mormal/Mix numbers
Subnormal numbers

Mormal/Mix numbers
Subnormal numbers

Mormal/Mix sign A
Subnormal sign A

Mormal / Mix sign B
Subnormal =sign B

Mormal / Mix exponent
Subnormal exponent

Finally the preadder block is going to be explained. The special cases block is not
considered in this block diagram because it will be added next to adder block in a

complete block diagram.

NumberA, NumberB and enable are the inputs. A and B sign (SA and SB), the C
signal, output’s exponent Eout, and both MAout and MBout mantissas are the

outputs of the design.

A_sub (36 : 0)

Number A (31: 0)
Number B (31 : 0)
enable

» -
» selector —

demux

edata

B_sub (36 : 0)

- AMux (27 : 0)

>
n_nor (36 10 — |
r‘mrps—_zut R omp ‘
— L >
ol 3 [emux@rio)
MShft_aux (27 : 0)

L& DExp_aux (4 : 0) ‘

edata n_normal

MixBaux (36 : 0)
MixAaux (36 : 0)

entity preadder is
Fort

enable

SA

3B

C

ECut

MAGUE

MECOUL
end preadder;

A_mix (36 : 0)
>

Number? :
Numberb :

NumberB_aux (36 : 28)

NumberB_aux (27 : 0)

‘:’ﬁ MB_aux (27 : 0)
Zcount_aux (4 : 0)

nter
norm

g EXPONENE

in =td logic vector {31 downto 0);

in std leogic wector {31 downto 0}

in std_logic;

: out std logic;

:oout std logic;

T oout std logic;

: out std logic wvector {7 downto 0);

: out std logic vector {27 downto 0);
: out std logic vector {27 downto 0)}); --
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1L seaar ™
B —

Shsub

-
Esub (7 : l‘o)b
oo (370

s (o |

»SA
»SB

»C

» Eout (7 : 0)
» Maout (27 : 0)
T MBout (27 : 0)

o
ot (71012
v 7012
C J.

edata

preadder

HNumber
HMumber
Enable
Sign A
Zign B
Comparison
Exponent Output
Greatest Mantissa
Shifted Mantissa
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The components description is shown in this part of the code. Normal numbers
block (n_normal), subnormal numbers block (n_subn), mixed numbers block
(norm), the multiplexor and demultiplexors (mux_ns, mux_adder and demux)
and the selector entity are added there.

component n_normal port (NumberA, NumberB

in std logic vector {36 downto 0Oj;

Comp out std logics
SA out std logic:
SE out std logic;
BEO out Std_logic_vector(7 downto 0);
Mz, MEB out std_logic_vector(Z? downto 033
end component;
———————————————————————————————————————————————————————————————————————————————— MU/ DEMIT
component mux_ns port (MNorA, NorB, MixA, MixB : in =td logic vector (36 downto 0};
e data in std logic wvector (1l downto 0);
NAE, NB out Std_logic_vector(BE downto 0));
end component;
component demux port (NumberZ, NumberB in Std_logic_vector(SE downto 0);
e _data in std logic vector({l downto 0};
NAO, NBO, MNAl, NB1l, NAZ, NBZ out Std_logic_vector(36 downto 0));

end component;

component mux_adder port (NorSA, NoriB, SubiA, Sub3B in Std_logic;
CompN, Comps in std logic;
NorE, SubE in std logic vector({7? downto 0};
MNorMA, NorMB, SubMA, SubMB in std logic vector {27 downto 0);
e data in std logic vector{l downto 0j;
SA, SB, C out std_logicy
B out 5td_logic_vector(7 downto 0} ;
L, B out Std_logic_vector(27 downto 0));

end component;

(Mumber?, NumberB
MA, MB

component norm port

end component;

component n_subn port (Humberd, NumberB

in std logic vector (36 downto 0);
out std logic vector ({36 downto 0));

in std logic vector ({36 downto 0);

Comp : out std logic;

Sh : out std logic:

SE :out std logic;

EC : out std logic vector(7 downto 0Oj;
MA, MB : out Stdilogicivector(ZT downto 0));

end component;

component selector port (Number?, NumberB

Selector

in std logic vector (31 downto 0);

enable in std_logic;
e _data out std logic wector(l downto 0};
NZ, MNB out std logic wector (36 downtc 0));

end component:

Finally the connection between the different components is described in

second part of the code.
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compl : n_normal
port map {(Numberh => Amux, NumberB => Bmux,
Comp =»> NComp, SR =»> SRnor, SB => §Bnor, EO =» Enor, MA =»> MAnor, MB => MBnor):;

compl : n_subn
port map (Numberh => A sub, NumberB => B_sub,
Comp =»> SComp, SA => SAsub, SB =»> SBsub, EO =»> Esub, MA => MAsub, MB => MBsub):

CcompZ ! norm
port map (NumberA => A mix, NumberB => B_mix,
MAE =» MixRaux, MB =» MixBaux);

comp3 : demux
port map (NumberZ =» NA out select, NumberB => NB_out select, e data =»> =sdata,
NAQ => A sub, NBO =»> B_sub, NAl => A nor, NBl => B_nor, NAZ => A mix, NBZ => B_mix);

compd : muz_ns
port map (NorR => R nor, NorB => B nor, MixA => MixAaux, MixB => MixBaux, e_data => edata,
NA =» Amux, NB => Bmux):

comph @ selector
port wap (Numberhi => NumberA, NumberB => NumberB, enable => enable,
e data =» edata, NA =»> NA out select, WB => NB out select);

compt : mux_adder
port map (NorSA =» SAnor, NorsSB => S5Bnor, S5ubSa => SAsub, SubSB =» 5Bsub, CompN => NComp, CompS => SComp,
MNorE =» Enor, SubE =»> Esub, MNorMh => MAnor, NorMB => MBnor, SubMA => MAsub, SubMB => MBsub,
e_data => edata, SA =» B5A, §B =» 5B, C =» C, E => Eout, A => MAout, B => MBout);
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Figure 23. preadder Simulation
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CHAPTER 4:
ADDER

This chapter will deal with the adder and the standardizing block. The first one is
in charge of operating the numbers which have been prepared in the Pre-adder
block. The second one will standardize the result according with standard IEEE
754.

The block procedure is as follows:

1. Calculating the output’s sign according to the sign numbers and the operation
symbol

2. Addition/Subtraction of the both A and B humbers
3. Standardizing the result as IEEE 754 standard says
4. Grouping sign, exponent and mantissa in a single vector

The result is reached and the last step is multiplexing this value with the other
one obtained as a special cases event explained in previous chapters.

4.1. Adder

The adder is a fundamental piece of the design because it implements the
addition/subtraction operation, main purpose of the 32 bit Floating Point Adder.

The Adder block is composed by two entities: signout and adder. Signout is
responsible for the sign operation and the adder is the adder strictly speaking.

4.1.1. Signout Block

Signout entity has six inputs: numbers A and B, both signs SA and SB, signal
A_S which indicates if we add or subtract and the bit Comp (high if A is greater
than B otherwise low).

- 55 -



Arturo Barrabés Castillo

The outputs are the two numbers Aa and Bb, the outputs sign SO and the signal
AS that has the same function than A_S: determine the sign of the operation.

entity signout is

SA » » AS port 2 ¢ in std_logics -- sign A
5B ¢ in std_logic; -- Sign B
A ¢ in std_logic_vector ownto 0); -- Humber A
SB —» > S0 in std_logic_ (27 d 0) b
AS B ¢ in =std_loglc_vector (27 downto 0); -- MNumber B
— » signout A_S : in std_logic; -- 2dd (0) or sub (1)
comP + > Aa (27 : D) Comp : in std_logic: -- Determine largest number
A (27 H 0) > Ra : out std_logic_vector (27 downto 0); -- Number AT
B (27 s 0) » b > Bb (27 . 0) Bb : out std_logic vector(27 downto 0): -- Number BT

RS roout std_logics -- A 5T
50 : out std_logie): -- Determine output's sign
end signout:

Three different parts are visible in the code.

Firstly the outputs sign will be determined using the bits A_ S, Comp, SA and SB,
A’s sign and B respectively.

5B aux <= §B ®or A §; -- 5ign B because of the operation
80 <= 3A when Comp = '17 else -— A > B —-» 3ign A
SB_aux when Comp = "0' else -- B » A —-» 3ign B

T_t.
;

An exclusive OR operand performs the function that is shown in table 4.

Table 4. SB xor A_S

A_S | SB | SB_aux
+ + +
+ - -
- + -
- - +

Basically, it does the mathematical combination between the operation’s symbol
and the B number sign. Once the “new” B’s sign is found out, the outputs sign
SO is determined with the aid of SA and the bit Comp.

Table 5. SO determined

SA | SB_aux | Comp | SO

+ + 0

+ + 1

+ - 0 -
+ - 1 +
- + 0 +
- + 1 -
- - 0 -
- - 1 -

First of all, the two vectors A and B are reordered according with their original
value (remember the numbers have been exchanged -or not- in preadder block
when the exponents have been made equal)
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When A is greater than B, the outputs sign SO will be equal to A’s sign, SA.
Otherwise, if B is greater than A, the output will keep the sign of the number B
(the “new B’s sign” one, SB_aux).

Secondly, if both SA and SB signs are equal is realized that both number A and
number B will be added with the only difference of the sign. On the other hand, if
SA and SB are different, what number is the negative one will be determined in
order to simplify the adder implementation.

Laux <= A when Comp = "1" else
B when Comp = '07 =lse
L " o.
Baux <= B when Comp = "1" else
A when Comp = "0" else

process (5A, 5B _aux, A, B)

begin
——————————————————————— if Sign A 15 equal to Sign B
i1f (5A ®or 5B aux) = '0' then
Aa <= A; -- HNothing changes
Bb «= B;
——————————————————————— if 3ign A is 1 and Zign B is O
elsif 5A = '1" and 5B _aux = '0" then
ha <= B; -— & iz changed by B
BbL <= &;
——————————————————————— if 8ign A iz 0 and Zign B iz 1
elsif SA = "0" and SB _aux = '1' then
Aa <= A; -- HNothing changes
Bb <= B;
else
Ag <= T "
Bb <= " rr;
end if;

end process;

As it is seen in the code, the negative number when we have two different signs
always will be in the vector B called Bb setting the positive one in vector Aa. In
another way it does not care: Aa will be A and Bb will be B.

Finally a bit indicating when a subtraction is produced is needed in order to
achieve a properly operation in the adder. If A and B signs are equal that means
an addition will be calculated (AS low). In the other hand, if A and B are
different, the number A Aa and the negative number B, which had being moved
to the vector Bb, are going to be subtracted (AS high).

A% <= "1" when SA /= 8B aux e=lse -— Complement to 1 is needed when
- P
ar; -- the signs are different
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4.1.2. Adder Block

The Adder block is in charge of the addition/subtraction operation. The two
numbers A and B and the bit A_S which indicates the operation’s symbol are the
entries. The outputs are the result vector S and the Carry bit Co which shows if
there was an overflow.

entity adder is

AS Port | i ¢ in std_logic vector (27 downto 0): - Number A

> . -
C0l1_'1|:l » »S (27 " O) B 1 in std_logic vector (27 downto 0); —-- Number B
adder A8 in std logic; -- Rdd (0} / sub (1)
A (27 : 0) > » CO 5 :oout stH_logic_vecto:(Z? downto 0); —- Output
B (27:0) > Co oout std_logic): -- Carry out

end adder;

First of all the type of adder will be explained. A Carry Look Ahead structure has
been implemented. This structure allows a faster addition than other structures.
It improves by reducing the time required to determine carry bits. This is
achieved calculating the carry bits before the sum which reduces the wait time to
calculate the result of the large value bits.

Ci
i %
\PG
N
a; b,
c g <= A and B; -- Carry generation
C p <= A xor B; -- Carry propagation
Cout <= c g or {c p and Cin}; -- Carry out
5 <= c_p #or Cin; -- Bit's sum

Figure 25. 1-bit Carry Look Ahead Structure

The implementation of the Carry Look Ahead structure is shown at the figure
above. The idea is to obtain the carry generation and the carry propagation
independently of each bit in order to obtain last carry faster.

The code has been designed implementing a 1-bit CLA structure and generating
the other components up to 28 (the number of bits of the adder) by the function
generate. Before that the A_S signal is used to determine if the second operand
should be in complement to 1 (subtraction) or not (addition) using an exclusive
or gate.
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-- Components generatlon
Compl: for i in 0 to 27 generate
Bl{i}) <= B(i) xor A §;
sumador 0: if (i=0) generate
sumador Ocomp: CLA port map (A =» A{i), B =» BL1{i), Cin =» A §, 3 =» §5{i), Cout => aux{i)};
end generate;
sumador_i: if {{i»0) and {i<Z8}) gensrate
sumador_icomp: CLA port map (AR =» A(i), B =» BLl{i), Cin => aux{i-1), 9% => 5({i}, Cout => aux(i});
end generate;

end generate;

Co <= aux (27} ;

Finally the Co bit is fixed by the carry of the last component.
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4.1.3. Block Adder Block

Finally the Block_Adder block joins both signout and adder entities to implement
the complete adder. The inputs are the signhs and the value of A and B (SA-SB
and A-B respectively), the bit Comp and A_S. Moreover the outputs are the
result S, the carry CO and the outputs sign SO.

Aa_aux (27 : 0)
SA ™ ] » S(27:0)
SB RN E— Bb_aux (27 : 0) adder
— =
A_S ™ signout AS » CO
Comp — ™ = I
A (27 :0) . —
B (27 :0) 1 D= - SO
block_adder
entity block adder is
Port | <1 ! in std logic; -- dign A
3B : in std logic; -- Sign B
-y 1 in std logic vector ({27 downto 0}; -- MNumber A
B i in std logic vector {27 downto 0); -—- Number B
A g ! in std logic; -— Add{0) / Sub (1)
Comp : in std logic; -- Comparison
3 T out Std_logic_vector(Z? downto 0); -- Jutput
30 1 oout std logic; -— Cutput’s sign
Co 1 out std logic); -- Carry out

end block adder;

The code is quite brief. Basically the connection of the different blocks is done in
this block.

component adder port (A, B : in Std_logic_vector(Z? downto 0j;

A S : in atd logicy
3 : out std logic vector(Z7 downto 0);
Co : out std logic);
end component;
component signout port (8A, SB 1 in std logic;
A, B : in std logic vector (27 downto 0};
A 8, Comp : in std logic:
Aa, Bb 1 out std_logic_vector{Z7 downto 0};
A3, 80 : out std logic);
end component;
signal Ra aux, Bb_aux, §_aux : std loglc vector (27 downto 0 ;

signal R3_aux, 50 aux, Co_aux : Std_logic;
begin

componentll: signout port map (SA => SA, 5B => §B, A =» A, B =» B, A & => A §, Comp => Comp,
ARa =» RAa_aux, Bb =» Bb_aux, AS =» AS_aux, 350 =» 50 _aux);

componentll: adder port map (A =» Ra aux, B => Bb_aux, A 5 = AS_aux, 5 =» 5_aux, Co =»r Co_aux):
————————— If a complement to 1 iz used and Output’™s sign is 1 a CZ is needed
5 <= (5_aux xor X"FFFFFFE")+'1" when ({(AS_aux and 50 _aux) = 1"} else

S_aux;

Co <= "07 when ({SB zor A 5) /= SR} else
Co_aux;

30 <= J0_aux;
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The most interesting part is on the bottom: if a subtraction operation is done and
the outputs sign is set (that means negative number is greater than the positive)
that means a complement to 2 is needed over the result because as it has been
explained the negative number always is moved to the vector B and the result is
“negative” (C to 2) when truly it is not. An example is shown:

Table 6. Example correct operation

SA| A |SB| B | A_s | SO | Result

- (101 | + |100| + - 001

At the table 6 it is shown the correct and theoretical operation of the adder. The
signs are not taken into account because they have their own bits. The result is
1-decimal positive with SO negative.

Table 7. Example wrong operation

Aa | Bb | AS | SO’ | Result
100 | 101 | - - 111

At table 7 the operation of the adder is shown without the complement to 2 part.
The negative vector is move to Bb then a negative binary result (-1) is obtained
not being correct according to the IEEE 754 standard. AS is recalculated in
signout according to the sign values. Then if AS (subtraction) and SO (negative)
are set a complement to 2 is necessary to reach a correct result.

Note the complement to 2 is not necessary when we have two negative numbers
because it has been considered like an addition of two positive humbers.

Finally the carry value is also corrected in the same circumstances: when a
subtraction is operated and we have a negative number at the output it will
always have a carry out high. If the complement to 2 is needed that implies a
carry low to obtain a proper result.
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4.2. Standardizing Block

The Standardizing block, as its name suggest, is responsible for displaying the
addition/subtraction operation value according to the IEEE 754 standard.

This block is composed of four entities. Shift_left and zero blocks have been
explained in the previous chapter. Round and vector are the two new ones.
Basically they are in charge of dealing with the result obtained from the adder
and showing it in the same format as the numbers had been introduced

4.2.1. round Block

Round block provides more accuracy to the design. Four bits at the end of the
vector had been added in the Pre-Adder block. Now it is time to use these bits in
order to round the result.

1001000-2"° Z> 1001000 .23
1101001-21 0000110/1001[-2°
Guard Bits

This block has only one input and one output. The input is the vector Min and the
output Mout. Note Min is larger than Mout (27 bits against 22). The reason is Min
contains the implicit and round bits that will be treated during the round code
execution.

entity round is
A Port | Min o in std logic vector(27 downto O}, -- Input's mantissa
Min (27 H 0) » round — Mout (22: D) Mout @ out std logic vector(22 downto 0)); -- Cutput's mantissa
end round;

The process to round is chosen arbitrarily: if the round bits are greater than the
value “1000” the value of the mantissa will be incremented by one. Otherwise
the value keeps the same value.

process (Min)

begin

if Min {3 downto 0) = "-——-" then
M aug <= Mooooooo oo "

elsif Min (3 downto 0) »= "1000" then —-- Round Mantissa
M _aux <= Min(Zé downto 4} + '17;

else
M aux <= Min ({26 downto 4};

end if;

end process;

Mout <= M_aux;

4.2.2. shift_left/zero Block

Both shift_left and zero blocks are completely reused from the mixed number
block. It has been explained in the last chapter and it is not going to be
commented again.
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4.2.3. block _norm Block

The block_norm implement the standardizing function. It is composed by the
entities signout, shift_left and zero_counter. The entries are the result’s mantissa
(MS) and exponent (ES) and the add’s carry Co. The outputs will be the
standardized result (its mantissa (M) and exponent (E)).

Co B | » E(7:0)

ES (7 :0) | - Shift (4 : 0)
exponent
‘ shift_left P round > M(22:0)
- Number (27 : 0)
MS (27 : 0) = zero_counter —-

Zcount_aux (4 : 0)

block_norm

entity block norm is

Port | M% : in std logic vector ({27 downto 0); -- Humber 3
ES : in std logic vector(7 downto 0}; -- Exponent 3
Co : in std logic; -- Carry out
M : cut std_logic_vector(ZZ downto 0); -- (utput's Mantizsza
E @ out std logic vector(7 downto 0}}); -- Output's Exponent

end block norm;

The first part of the code implements the connection between the different
components which compose the block. Zero, shift_left and round are connected
as shown in the code and the block diagram.

———————————————————————————————————————————————— Components declaration
compld @ zero
port map (T == M5, Zcount => Zcount_aux):

compl : shift left
port map (T =»> MS, shft =» Shift, 5 => Number);

compz : round
port map (Min =» Number, Mout =»> M);

The second part of the code refers to the exponent treatment. Three different
cases have been taken into account:

1. If the exponent is larger than the number of zeros (number of positions the
vector should be shifted) it means the number is normal and the standardized
exponent will be the exponent minus the positions shifted plus the carry.

2. If the exponent is shorter than the number of zeros it means the output will
be subnormal, only the value which marks the exponent could be shifted and
the final exponent will be zero.

3. Last case referred when the exponent is equal to the number of zeros. On this
occasion the vector will be shifted the number of positions the exponent
marks (or the signal zero counter) and the result will be normal with
exponent one.

-67 -



Arturo Barrabés Castillo

process (M3, ES, Shift, Zcount_aux, Co)
begin

if Zcount aux = "---——- " then
ghift <= "-———- "
E <: " " ;

elsif ES > Gcount aux then
Shift <= Zcount aux;
E <= ES - Shift + Co;

elsif ES < Gcount aux then
shift <= E3 {4 downto 0);
E <= X"00";

elsif ES = Gcount aux then
Shift <= Zcount aux;
E <= X"01";

end if;

end process;

————————— Mormal or Subnormal MNumber
-— & New Wxponent

-- If the number is normal...
-- ... the number is shifted --» Output normal

-- If the number is normal...
-- ... the number is shifted --> Output subnormal

-— If N® Zeros = Exponent...
-- ... the mantissa is shifted and EO = 1
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4.2.4. vector Block

This block has an easy function: regrouping the sign, exponent and mantissa in a
single vector to be consistent with the format adopted for data entry.

It has three inputs: sign S which it comes from the adder block, mantissa M and
exponent E. The output is the vector N which keeps the format of numbers A and
B (the main entries of the system).

entity vector is

S Port 5 1 in =std logicy -- Sign
E : in =td logic vector(7 downto 0); -- Exponent
E(7:0) vector » N(31:0) M : in std logic vector (22 downto 0);: -- Mantissa
N : out std logic vector (31 downto 0)); -- Wector
M(22:0) —— — —

end vector;

The code is so simple. Sign, mantissa and exponent are set in the proper position
as follows:

M{31l) <= 3;
M{30 downto 23) <= E;
M{22 downto 0) <= M;

Table 8. Bit positions

31 30..23 22..0

Sign | Exponent | Mantissa

Note this entity will be out of the standardizing block because it uses sighals
from two different blocks. However it is part of the standardizing process and it is
clearer to be explained in this chapter.

Two simulations are added: the first one test the entity operation and the second
one perform the behaviour when it is joined to the block_norm entity.
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CHAPTER 5:
32-BITS FLOATING
POINT ADDER

Finally all the different entities and sub-blocks has been described and explained.
In this chapter the blocks will be joined in order to test totally the Floating Point
Adder. The procedure will be as follows:

1. n_case Entity sort the data type according with the standard IEEE 754 and
enable the adder if it is needed to operate the numbers. Otherwise (special
cases) the result is done by it.

2. If the numbers are normal, subnormal or a mix, the Pre-Adder sub-block
deals with the treatment of the numbers in order to be added / subtracted.

3. The Adder Block adds or subtracts the two numbers given

4. It is time to standardize the result according with the standard: shifting the
mantissa and recalculating the new exponent.

5. Finally the result will be choose between the special case or the operated one
depending on the input values

Two more entities will be explained in this section: the multiplexor which takes
care of the last step of the list and the fpadder grouping all this points and
making them work together.

On this occasion, the simulations will not be added to the code. Being the
complete Floating Point Adder it is considered make another point in this chapter
to demonstrate the proper functioning.

Moreover a table will be used to collect the different binary values, convert to
decimal and as similar or different the results are.
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5.1. Floating Point Adder

As it has been said, this first section will contain two entities: the multiplexor
that is in charge of setting the correct result in the output (special cases or
operated result) and the entity which groups all the blocks.

Continuing with the format used before, the ports and the block diagram are
explained at the beginning and immediately afterwards the behaviour.

5.1.1. Mux_fpadder Block

The multiplexor is not so complicated. It has three inputs: N1, N2 and enable.
The first signal refers to the n_case result and the second one to the vector
obtained in the adder block. Enable decides which one will be at the output.

Finally, the output is Result which contains the 32 bits (Sign, exponent and
mantissa) result.

entity mux_fpadder is

N1 (31:0) 3 Port { Nl : in StdilogicivectorBl downto 0); -- N_case number
5 > Result (31 : 0) NZ : _}n Std_long.c_vectorBl downto 0); -- Adder number
N2 (31:0) g enable @ in std logic; -- enabls
B Result : out std logic vector (31 downto 0})); -- Result

»

end mux_fpadder;

enable

The code is pretty simple. If enable is high it means the numbers were normal,
subnormal or mixed and then the vector which comes from the adder is the
correct result. Otherwise, if enable is low, a special case combination is had and
the block n_case is who has the proper value.

Eesult <= N1 when enable = 0" else -- M _case number
MZ when enable = 17 else —— Adder number
5.1.2. fpadder Block

Finally, the entire Floating Point Adder is designed. The last entity is fpadder
which joins all the different blocks previously described.

The inputs are both NumberA and NumberB numbers and the operand A_S.
Obviously, the output is the final result of the operation according with the
standard.

entity fpadder is

Fort | Numberd : in std logic vector {31l downto 0}; -- MNumber A
NumberB : in std logic vector ({31l downto 0}; -- Number B
A5 i in std logic; -- Add / sub
Result : out Std_logic_vector(BI downto 03); -- Result

end fpadder;

On the next page a complete block diagram is shown:
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The first part of the code includes all the component declarations. As it can be
seen all the main blocks are here: n_case, preadder, block_adder, norm_vector
(norm + vector blocks) and mux_fpadder.

———————————————————————————————————————————————————————————————————————————————— n case
component n_case port (Numberh, NumberB : in std_logic_vector(Sl downto 0);
enable © out std logic:
3 T out Std_logic_vector(Bl downto 0));
end component;
———————————————————————————————————————————————————————————————————————————————— Fre-hdder
component preadder port (Numberd, NumberB : in std logic vector (31 dewnto 0}
enable : in std logic;
S4A, 5B :oout std logicy
C : out std logic;
ECut : out std logic vector (7 downto 0);
MACUt, MBOIut : out std logic vector({Z7 downto 0));
end component;
———————————————————————————————————————————————————————————————————————————————— Adder

component block adder port (S&, 5B : in std logic;

A, B : in std logic vector (27 downto 0);
R ¢ in std logic;

Comp : in std logic;

5 : out std logic vector (27 downto 0);
50 ooout std logic;

Co ©oout std logic);

end component;

compeonent norm_vector port (53 : in std logic;
ME : in std logic vector ({27 downto 0);
E5 : in std logic vector ({7 downto 0};

Co : in std logic;

N @ out std logic vector(31 downto 0));
end component;
———————————————————————————————————————————————————————————————————————————————— Mux fpadder
component mux_ fpadder port (N1, W2 : in std logic vector ({31 downto 0};

enable : in std logic;

Result : out std logic vector (31 downto 0)};
end component;

The second part of the code is responsible for connecting the different blocks
properly as it is represented in the block diagram.

compl : preadder
port map (NumberA => NumberZ, NumberB => NumberB, enable =»> enable_aux,
SA => SR aux, SB => SB aux, C => Comp aux, EOut => EOut aux, MAOUt =»> MR aux, MBOUt =»> MB aux);

compl : block adder
port map (SA => SA_aux, SB => SB_aux, A => MA aux, B => MB aux, A § => A &, Comp => Comp_aux,
g =» MOut_aux, 50 =» §_aux, Co = Carry;;

CompZ : norm_vector
port map (855 => S_aux, M5 =» MOut_aux, ES =» EOut_aux, Co =» Carry,
N =» Nadder);

comp3 : mux_fpadder
port map (N1 =» Hcase, N2 => Nadder, enable =» enable aux,
Result =»> Result);

compd : n_case

port map (NumberZ => Numberz, NumberB => NumberB,
enable =» enable aux, 3 =>» Ncase):;
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5.2.

At this point the simulations to test the operation will be comment. As it has
been done before four different cases could happen: special case, normal,
subnormal or mixed numbers.

Simulations

All the different possibilities must be tested and this is the reason why the
different data types will be treated separately.

The procedure will be as follows:

1. Enough different cases for each data type to demonstrate the correct working
will be taken into account. The binary values of the entries and the output will
be grouped in a table.

2. Using the simulation the result will be obtained and added to the table.

3. Decimal value of the numbers and the result will be calculated with the
formula which had been explained at the standard IEEE 754 chapter.

4. Simulation value will be compared with the arithmetic value in order to see as
similar or different the numbers will be.

The discussion about the accuracy of the 32-bit Floating Point Adder and the
general standard IEEE 754 will be carried out in the next chapter.

5.2.1.

Recovering the table added in the second chapter, 8 different cases are possible.

Special Cases

Zero-NumberX, NaN-NumberX and Normal/Subnormal-Infinity cases can be
taken into account only one time (Zero-NumberX or NumberX-Zero tests the
same result). Then the simulation will contain 5 combinations.

Table 9. Special Cases combination

Sign Out A Out B Sign Output | Output
X Zero Number B SB Number B
X Number A Zero SA Number A
X Normal / Subnormal Infinity SB Infinity
X Infinity Normal / Subnormal SA Infinity
SA=SB Infinity Infinity SX Infinity
SA+SB Infinity Infinity 1 NaN
X NaN Number B 1 NaN
X Number A NaN 1 NaN

X: do not care SA: Number A’s sign SB: Number B'’s sign SX: Sign A or B (it is the same)
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Figure 33. Special Cases Simulation
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The results are collected in the next table

Table 10. Special Cases Results

- MNEMN TOO00ODOO00000000000000 | TTTTITTTIT T
- MEM TO0O0000O0O00000000000000 | TTTTTTTT T
- co- 00000000000000000000000 | TITTITTIT T
- co- 00000000000000000000000 | TTTTTTTT T
--- BEO+=8PEE6EOTOTEFELTH T+ || TOTOTOTOTOTOTOTOTOTOTOT | TOTTTITT 0

SH s3 Ss
e 1000T0T0TOTOTOTOTOT0TOT | TTTITTIIT | O - 00000000000000000000000 | TTTTITIT | T
ot 00000000000000000000000 | TTTITTIIT | O - 00000000000000000000000 | TTTTITIT | T
- 00000000000000000000000 | TTTTITITT | I o= 00000000000000000000000 | TTTTITTIT | T
- 00000000000000000000000 | TTTTTITT | T || 8E0+2k6Ee69T9TEFELT+ I+ | TOTOTOTOTOTOTOTOTOTOTOT | OTTTITIT | O
BE0+8bEREEITITEFELTH T+ || TOTOTOTOTOTOTOTOTOTOTOT | TOTTTTITT | 0 0 00000000000000000000000 | 00000000 | O
otlg din a3 das R YA v3 Vs

SX: Sign Number X EX: Exponent Number x MX: Mantissa Number X XS: Result X(10: Base-10 Number

As it can be seen the results are consistent with the theoretical explanation.
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Subnormal Numbers

5.2.3.
Turn to the subnormal numbers. Different possibilities with the sign of the

numbers and the operation symbol will be treated in order to test more

combinations.
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Figure 35. Subnormal Numbers Simulation
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Mixed Numbers

5.2.4.
Finally, the mixed numbers. The other combinations will be tried.
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Figure 36. Mixed Numbers Simulation
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CHAPTER 6:
RESULTS

Finally in the last chapter the results, they have been obtained before, will be
evaluated.

Firstly a theorical and brief introduction about floating point errors is compulsory
because this information is important to understand the behaviour of the results
achieved.

At last, the report will finished with a conclusion where the main goals of the
adder will be discussed.

6.1. Errors

There is a lot of literature which speaks about errors in a floating point system.
The most of these errors are produced in the conversion between the internal
binary format and the external decimal one or conversely.

Usually the computers use a fixed quantity of memory to represent each sort of
number. This representation makes the electronic design easier but it involves
rounding and it can lead to erroneous values.

This project focuses on the design of the binary floating point adder. Hence this
type of errors will not be taken into account unless when a decimal
representation with MATLAB is used (we will see it later).

The floating point format is discontinuous. It means not all real humbers have
representation and this is another error source especially important with high
numbers where the gap between them is largest.

6.1.1. Gap between Numbers

Once again, the real numbers could have an infinite number of digits and the
floating point format is used to represent it with a computer.

The accuracy of the number is represented by the number of digits of the
mantissa. A 24bits mantissa could be represented by 7 decimal digits.
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In numerical analysis, errors are very often expressed in terms of relative errors.
And yet, when errors of “nearly atomic” function are expressed, it is more
adequate and accurate to express errors in terms of the last bit of the significant:
the last significant weight give us the precision of the system. Let us define that
notion more precisely. William Krahan coined the term u/p (unit in the last place)
in 1960 and its definition was as follows:

Ulp(x) is the gap between the two floating point numbers nearest to x, even if x
is one of them.

Mathematically the ulp could be defined as follows:
ulp=pg"°* (2)

The value in our system will be (when e=e,;,) ulp=27*" =1.192110"'

As it has been said, the floating point format is discontinuous that means not all
the real nhumbers have a representation in this format. The ulp represents the
step between two consecutive numbers. Using MATLAB with p=6, =2 and
0<e<3 (simplifying results) a representation of this discontinuous format has
been obtained:

16+ g

16 a

14+ :

121 .

IR oo O OO oo 00 0 oo 00 O 0 0+

0.8

0.6

04

0.2

Figure 37. ulp representation

The ulp is doubled as the exponent increases by one because of the base (power
of two).

-84 -



32-bits Floating Point Adder
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Figure 38. ulp increase
6.1.2. Rounding or Truncation

To represent a real number in a computer an adequate floating point number
must be chosen. At first glance it seems the nearest one will be the best choice
but sometimes this will not be an option unless all the number digits are known.

We need a procedure which requires only one digit more to represent the
number. Using this condition rounding and truncation are our two possibilities.

Truncation consists of chosen the m more significant bits/digits of a nhumber x.
On the other hand, rounding needs to know the next bit/digit too and according
with it add one to the LSB/last digit (5, 6, 7, 8 and 9 cases) or not (1, 2, 3, 4).

We use an example to find out what method is better and why.
Rounding (2/3) = (0.666....) > 0.667
Truncation 2/3) = (0.666....) > 0.666

If a mantissa of 3 bits is considered we have a maximum truncation error when
the number ends with a periodic 9 as 0.66699999. The error is 0.999-10*~10™
which matches up with the bit error (or the ulp).

The maximum rounding error is produced when the numbers have a decimal part
ended in 4 plus infinity 9 digits as 0.66649999. The error is calculated rounding
the maximum error 4.9999-10“~5-10™*. Then the relative error is equal to half
the last digit (Vaulp).

In conclusion we have demonstrated the relative error caused by truncation is
equal to the ulp and the rounding one Yaulp.

As it has said the error increases according with the exponent of the number.
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6.1.3. Floating Point Addition
Finally a brief comment about the floating point addition/subtraction will be done.

The basic arithmetic operations have their equivalent in floating point format.
The goal is noting these operations always have errors.

Let see an example:
Being x=1867=0.1867-10* and y=0.32=0.3200-10°, then:
fl(x+y) = fl(0.1867C10" + 0.000032710*) = 0.1867010" #186732=x+Yy

The floating point representation is correct but anyway we have an error. A
mantissa shifting is necessary to add two numbers with different exponents and
we can lose some “information” during the procedure.

6.2. Results analysis

Once a small introduction to the errors is done we are going to use the values
from last section tables.

To show the result we have implemented a simple program using MATLAB. First,
inside the for loop we calculate the mantissa value and set its value in Aux. Then
according with the data type (normal or subnormal) we use the appropriate
formula for each case.

for [i=1:m Mantissa size

AUX=A (L) *2~- (1+{i-1) )} Mantissa value
M=M+Aux;
end
if |Ns==0] Normal or Subnormal?
Number={ (-1} ~3) # (H34M) *2~ (=12A) ;
(-1178) = } ( ) Subnormal Number
ellse |
Number={ (-1} ~3) * (NS+M) *2~{E- 127} ; Normal Number
and
end
6.2.1. Subnormal Numbers

In the table 14 we have grouped all the results obtained during a new simulation
with subnormal numbers.

As it can be seen the relative error is always zero. The error for a subnormal bits
is 202129 =1 4012[10*. The number is small enough. In addition there is not any
shifting and the double precision format of MATLAB provides this great accuracy.
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Table 11. Subnormal Numbers Results

EF0-35TRE0RESTSE09T "L~

TITTTTTTTON000000000000] 00000000 |T

EF0-35TR009E5TSE09T "L~

EF0-302TESE0REL08E8E "2~

OTOTOTOTOOO000000000000[ 000000001 T

EF0-30E0LFEERLLERELL -

TOTOTOTOTOOO00000000000] 00000000|T

QE0-F00TLSTLRTSZELES T

OTTO0TOTOTOTOTOTOTOTOTOI TO000000] 0

QE0-200TLSTLRTSEELOS T

BE0-2EEFERERESRZ99E8 7L

TOTOTOTOTOTOTOTOTOTOTOT| 00000000

BE0-ITLS2BTEERZZO9ER "L

TOOOTOTOTOTOTOTOTATOTOT | a00oaaoal o

BEO-SLETARGZALOZTLOE L

TOTOTOTOOTOTOTOTTOTOTOT| 000000000

BE0-2LETA9GZALOZTLOE L

GEO-3FLZRBT0ETETZRLEE "E-

OTOTOTOTTOTOTOTOOTOTOTOl 0000000l T

2E0-FTFFE0A0TEROFSLT T

TTTTTTTTTITTTITITITITTITTIT! 00 oaoanal

GEO-3ILETIR0E0L0ETL0E L

TOTOTOTOOTOTOTOTTOTOTOT | 00000000|T

GE0-ILETIR0E0L0ZTL0R L~

2E0-3TFFEeR0TEROFELT " T-

TTTTTTTTTTTTTITITITITITTI 0000o00nlT

BE0-FRLIBSEETETZRLEEE

OTOTOTOTTOTOTOTOOTOTOTO! 000000aal o

GE0-32eFTTIFSLTLRLLE "S-

0000000000000000000000T [ a000000a]T

GE0-22eFTTTIFSLTLFLLE "S-

BEO-3Z0009FLEERTRERL "2

TOTTTOTTTOTTTOTTTOTTTOO 000000l T

GE0-30eFTLSTER06E020 72~

TOTTTOTTTOTTTOTTTIOTTTOT | o0oooooo| T

QE0-3006LZESL50E0FTL T

TOOTTTOTOTATTTOTOTOTTTOI TO000a00|T

QE0-3006LZESLERE0RTL " T-

BEN-FEERTLSTAOO0GZ0Z9 7S

TOTTTOTTTOTTTOTTTOTTTOT] 000000l o

GEO-3LTTR0LTR0560225 "2~

QOTTTOTTOOTTTATTOOTTTOT | ad0000aal T

SFO0-=Z06aFasal06lilr g

OTTO0000000000000000000] 00000000] 0

SFO0-=Z06aFasal06lL0r e

SFO-3LTRFZEFoFRaeI0r "1-

TOO00000000000000000000] a0000000]T

SPO-2580P2ATEEZERO00 7L

TOTOO000000OO00000000000] 000000000

BE0-3F6REFETSBLETLA0 T

OTTOTTTOTTTOTTITOTTTOTTT I 00000onol T

BE0-IFLREFEZTSBLETLA0 T

BEO-3ZB6TRSBO5ETERTE £~

OTOTOTOTOTOTOTOTOTOTOTO! 00000000|T

GE0-3FSaFalERaF962a0 "L~

OOTTOOTTOOTTOOTTOOTTOOT [ o0000onal T

n_l....m

otgF oFly

5v

n_ﬁuﬂ .\_n_:ﬂ—

a/ o

- 87 -



Arturo Barrabés Castillo

Mixed Numbers

6.2.2.

Table 12. Mixed Numbers Results

- 88 -



32-bits Floating Point Adder

The smaller the number, the greater the relative errors we have because each
time, we are nearer to the bit error value.

10
20 T T T T

dia -

10

Er

MNumbers
Figure 39. Relative error

The reason to get this error is that using mixed numbers we have to shift the
subnormal number, first to standardize it and later to make equal the exponents
causing a big displacement because the other number is normal and its exponent
will be greater.

6.2.3. Normal Numbers
Finally the normal numbers turn. The results have been grouped in the table 13.

The relative error is not so big in most cases but there are two values where it
increase so much. Two possible causes: the first one, as we have said, the
greater the number, the greater the error we can have. The second one, as in
the mixed numbers, we must shift one of the numbers losing some bits in the
operation and increasing the error if the exponents are very different.
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Table 13. Normal Numbers Results
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6.3. Conclusions

The importance and usefulness of floating point format nowadays does not allow
any discussion. Any computer or electronic device which operates with real
numbers implements this type of representation and operation.

During this report I have tried to explain the operation and benefits of using this
notation against the fixed point. The main feature is that it can represent a very
large or small humbers with a relatively small and finite quantity of memory.

The clear utility of the floating point format was the main reason why I decide to
do this work. The other reason was the possibility of implementing it in VHDL. I
could work on something that I like as programming and design something which
has a current use. What is the result?

The reached goal is the implementation of a 32bits adder/subtractor based on
floating point arithmetic according with the IEEE 754 standard.

This design works with all the numbers defined by the standard: normal and
subnormal. Furthermore, all the exceptions are taken into account as NaN, zero
or infinity.

The VHDL code has been implemented so that all the operations are carried out
with combinational logic which reaches a faster response because there are not
any sequential devices as flip-flops which delays the execution time.

If I have to defend this project I will appoint two features.

The first one deals with type of architecture used. For example, the adder or the
shifter is implemented with a known structure. Predetermined operations as
addition (+) or shifting (SLL or SLR) are allow but I decided using a generate
function and designing my own device which improves the time response.

Finally the mixed numbers option. IEEE 754 does not say anything about the
operations between subnormal and normal numbers. I have designed a trick
which allows the operation. I standardize the subnormal number and set a “false
positive subnormal exponent” (truly it is negative but IEEE 754 does not allow
negative exponent prebiased). Adding the normal exponent and the false
subnormal one I know the number of positions I must shift the mantissa and
then the operation is done properly.

Obviously the design is not perfect. The accuracy is not optimal. In the future
using a double precision format would be an improvement. The execution time
would increase but the accuracy also would be better.

Maybe a complete FPU design would be another good improvement.
Multiplication and division have an easier implementation than the
addition/subtraction and it would do the project more complete.

Finally using the code over a FPGA and testing it physically over a board would
be the last aim which would leave the design completely finished.
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PRE-ADDER BLOCK: n_case Block

L= I VO B S R I A

-- Floating point adder (32 bits)

-- Block 01 --» n_case
-- Description: Identify the types of data hetween:

- ~Hal ——» E=255 & T=0
- -Infinity --» E=255 & T=0
- -Normal —-—> 0<E«<Z55 & T>0
- -3ubnormal --= E=0 & T=0

- -Zero -—> E=0 & T=0

-- and solve the operations which we can made without the adder

library IEEE;

use IEEE.STD_LOGIC_llﬁil.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE. STD_LOGIC_UNS IGNED .ALL;

entity n_case is

Port | Humber® : in std logic vector (31 downto 0Oj; -— Mumber A
HumberB : in atd_logic_vector (31 downto 0}; —-— Humber B
enable : out std logic; -- Enable Adder
3 : out =td_logic_vector (3l downto 0}); -- output

end n_case;

architecture behavioral of n case is

-- Signals declaration

signal outh, outp : std_logic vector(Z downto 0Oj;
signal EA, EB : std_logic vector (7 downto 0Oj;
signal MA, MB : std logic vector (22 downto 0);
=ignal SA, SB : std logic;

signal 55 : ostd logic;

signal ES 1 std logic wector(7 downto 0);
signal MS 1 std logic wector {22 downto 0);
begin

5% <= Numberh
5B <= NumberB
EA <= Numberh
EBE <= NumberB
MA <= Number?h
ME <= NumberB

21
31
30 downto 23);
30 downto 233
22 downto 0);
22 downto 0);

outA <= "000" when EA = X"00" and MA = 0 else -- Eero
"001" when EA = X"00" and MA > 0 else -- Subnormal
"011" when (E&A > X"00" and EA < X"FF") and MA > [ else —-— Mormal
"100" when EBA = X"FF" and MA = 0 =lse —-— Infinitw
"110" when EA = X"FF" and MA > 0 else -— Nal
"ooor;

outB <= "000" when EB = X"00" and ME = 0 else -- Zero
"001" when EB = X"00" and MB > 0 e=lse -- Subnormal
"011" when (EB > X"00" and EB < X"FF"} and MB > [ else —-— MNormal
"100"™ when EB = X"FF" and MBE = 0 else —— Infinity
"110" when EB = X"FF" and MB > 0 else —-— Nall

LY
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-- If A and B are normal or subnormal numbers, enable
—-- If not, enable =10
enable <= 1" when ({outA{0] and outB{0)) = "1"} else
process (8k, 5B, outk, outB)
begin
—————————————————————————— Zero
if {outd = "000") then
33 <= 3B:
ES <= EB:
MS <= MB:
elsif (outB = "000") then
5353 «= BA;
ES <= EA;
ME <= MA;
end if;
—————————————————————————— Infinite
1f {outA{(0) = "1" and outkE = "100") then
33 <= 3B:
ES <= EB:
MS <= MB:
elsif (outB({0} = "1' and outA = "100") then
553 «= 5A;
ES <= EA;
ME <= MA;
end if;
if {{outk and outB) = "100" and SA = SB) then
59 <= 3A:
ES <= EA;
M35 <= MA:
—————————————————————————— Nal
elgif ({outh and outB) = "100" and SR /= SB) then
98 <= "1
ES <= X"FF";
M3 <= "O0000ooooOooooooooooooolL™:
end if;
if {outh = "110" or outB = "110") then
58 <= "17;

E3 <= X"FF";
M3 <= "OO000OO0O0OOOCOOOOOOOOOOL"™;
end if;
—————————————————————————— Normal / Subnormal

1f{{outA{0) and outBi0)} = "1") then
55 <= '-7;
ES <= Mo ",
MS €= Mo L

end 1f;
end process;

§(31) <= 58§;
S(30 downto Z3) <= ES;
S(22 downto 0) <= M3;

end behavioral:
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PRE-ADDER BLOCK: Select Block

1 ________________________________________________________________________________________
2 -- Floating point adder {32 bits)
3 ________________________________________________________________________________________
4 -- Block 0Z --» Pre - Rdder
5 - S5ub Block 1 --» Selector
5 -— Description: Identify the type of the numbers betwesn:
7 - - Mormal & Subnormal f{or Subnormal & Normal)
B - - MNormal & Normal
9 - - Subnormal & Subnormal
10 -- and activate the correspondent block.
11 -- Moreower, I add the implicit and the guard bits
1 e
13
14 library IEEE;
15 use IEEE.STD LOGIC 1164.ALL;
1la use IEEE.3TD LOGIC ARITH.ALL:
17 use IEEE.3TD LOGIC UN3IGNED.ALL;
18
19 e
20 -- Entity declaration
21 e
22
23 entity selector is
24 Port Humber? : in std logic vector (31 downto 0); —-- Number A
25 NumberB : in std logic vector (31 downto 0); —-- Number B
26 enable : in std logic; -- Enable
27 e data : out std logic vector(l downto 0); -- Enable type data
Z8 MA : out ztd logic vector (36 downto 0); -- Number &'
29 MEBE :oout Std_loqic_vector(Bﬁ downto 0)); -- Number BT
30 end selector;
31
32
23 -— Architecture description
344
35
36 architecture behavioral of selector is
37
3B -- Signals declaration
B
40 signal ER, EB : std logic vector (7 downto 0);
41 signal MA, MB : std logic vector (22 downto 0);
a4z signal S5a, SB : o=std logic:
43
44 begin
45
a6 SA <= NumberaA {31);
47 3B <= NumberB{31);
a5 E2 <= NumberA{i0 downto 23);
449 EE <= NumberB (30 downto 23);
50 MA <= Numberhi (ZZ downto 0};
51 MBE <= NumberB (22 downto 0);
52
53 process (5A, 3B, EA, EB, MA, MB, enable)
54 begin
55 if enable = "1" then
56 NA{36) <= SA; -- Exponent & sign A
57 MNA ({35 downto Z8) <= EAi;
58 NE {36 <= 3B; -- Exponent & sign B
59 MNB {35 downto Z8) <= EB;
a0 e Mantissa R
6l if (BR > ¥"00") then
(34 MR{(ZT) <= T17; -- Implicit bit
[ NA (26 downto 4) <= MA; -— Mantissa
a4 NA (2 downto 0) <= X"0"; -— Guard bits
65 elsif ER = X"00" then
[ala] NA(Z7) <= "07; -- Implicit bit
a7 NA (26 downto 4) <= MA; -- Mantissa
68 NA (3 downto 0) <= X"0"; -- Guard bits
69 else
70 NAh <= M- "
71 end if;
T2 e Mantissa B
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MNE(Z2T7) <= "17;

NB (2f downto 4) <= MB;

NE {3 downto 0) <= X"0%;
elsif EB = X"00" then

MNE{27) <= "07;

NB ({26 downto 4) <= MB;

MNEB {3 downto 0) <= ZX"0";
else

HE <= "o

end 1f;
else

Mp <= Moo
WME <= " ——

end if;
end process;

e data <= "00" when EA = X"00"
"01" when EA » X"00"
"10" when (EA = X"00" or EB

m__r.
H

end behavioral;

-- Implicit bit
-- Mantissa
-- Guard bits

-- Implicit bit
-- Mantissa
-- Guard bits

and EB = X"00" and enable = "1' else
and EB > X"00" and enable = 1" else
= X"00") and enable = '1" else
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PRE-ADDER BLOCK: Normal Numbers: Comp_Exp Block

(== B T R

e
M= oW

13

-— Block 0Z --»> Pre - Adder
-— Sub Block 2 --»> Normal MNumbers
-- Description: Prepare normal numbers for addition or subtraction operation

-- Comp exp: Calculate the difference between exponents and the largest one
-= Determine the largest number (to calculate the output’™s =zign)
- Determine the shortest mantissa to shift in the next block

library IEEE;

use TEER.STD LOGTIC 1164 .ATL;

use IEEE.STD_LOGIC ARITH.ALL:
use IEEE.STD_LOGIC UNSIGNED.ALL;

entity comp_exp 1is

Port f Number® : in std logic vector ({36 downto 0); -— MNumber A
NumberB : in std logic vector {36 downto 0); -- Number B
SR : out std logic; -- Sign A
5B : out std logic; -- Sign B
Emax : out std logic vector(7 downto 0); -- Qutput exponsnt
Mmax : out 5td_logic_vector(27 downto 0); -- Largest Mantissa
Mshft :out std logic vector (27 downto 0); -- Mantissa to shift
Dexp : out std logic vector (4 downto 0); -- Subtraction of exponents
Comp :oout std logich; -- Determine largest number

end comp_exp;

architecture behavioral of comp_exp is

-- 3ignals declaration

zignal ER, EBE : std logic vector {7 downto 0);
signal MR, ME : std logic vector {27 downto 0);

signal dif : std logic vector {7 downto 0);

signal C : o=std logic:
begin
5A <= Numberd (36) ; -- Sign A & B

SB <= NumberB({36);

EL <= NumberZ {35 downto 2Z8); -- Exponent & Mantissa
EB <= NumberB (35 downto Z8);
MA <= NumberR (27 downto 0);
MEB <= MNumberB (27 downto 0);

————————————————————————————— Exponent Comparison

C <= 1" when (EA > EB) or {(MB(O) = "1%) else -— Exponent & » Exponent B
"0" when ER < EB else -— Exponent B > Exponent R
"1" when MA »>= ME e=lse -— EAR=EB --» A = B
"0T when MR <« MB else -— ER =EB --> B » R
.

Comp <= C;

————————————————————————————— Largest exponent
Emax <= EA when C = "17 else
EB when C = "0 else
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-- If the difference is less than or equal to Z7...
-- Use directly the subtraction betwsen exponents

73 e Difference hetween exponents
T4 dif <= EA-EB when (C = "1") and (MB{O) = "0") el=se

75 EB-E& when C = 0" else

16 EA+EE when {(C = "1") and (MB(O) = "1") else

77 v __ "

78

79 process (dif

a0 begin

a1

a2 if dif «= X"1B" then

a3 Dexp <= dif {4 downto 0} ;

g4 elsif dif » X"1B" then -- If the difference is greater...
85 Dexp <= "11100"; -- The difference is 28
aa elze

a7 Dexp <= "-———- "

38 end if;

a9

a0 end process;

91

9z Mantissa

93

04 Mzhft <= MB when C = "17 else

95 MA when C = 07 else

96 o ",

97 Mmax <= MA when C = T1T7 else

98 MB when C = 07 else

99 o ",

100

101 end behavioral;

PRE-ADDER BLOCK: Normal Numbers: Shift Block:
l ___________________________________________________________
2 -- Logarithmic Shifter
g
4 likrary IEEE:

5 use IEEE.STD_LOGIC_1164.ALL;

=] use IEEE.STD LOGIC ARITH.ALL:

7 use IEEE.STD LOGIC UNSIGNED.ALL;

8

9 ___________________________________________________________

10 -— Entity declaration

1 ————-——-—-

12 entity MK is port |

13 A, B, fel in =std_logic;

14 7 : out std logicy;

15 end MUX;

16

17 e

1a -— Architecture description

19 e

20 architecture behavioral of MUX is

21

2z begin

23

24 Z <= A when 3el = 1" else

25 B;

26

27 end behavioral:
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PRE-ADDER BLOCK: Normal Numbers: Shift Block

1

2 -- Floating point adder (32 bits)

R

4 -- Block 02 --»> Pre - Rdder

5 - Sub Block 2 --» Normal MNumbers

&l -- Description: Prepare normal numbers for addition or subtraction operation

7 ——

a -- 3hift: Shift the shortest significand to do the addition/subtraction

0
10
11 library IEEE;
12 use IEEE.STD LOGIC 1164.ALL;
13 use IBER.STD LOGIC ARITH.ALL;
14 use IEER.3TD _LOGIC UNSIGNED.ALL;
15
16
17 -- Entity declaration
‘s -——
19
20 entity shift is
21 Port | T 1 in std logic vector (27 downto 0); -- 3ignificand to shift
22 shft : in std logic vector (4 downto 0); -- Exponent’s subtraction
23 3 :out std logic wvector(Z7 downto 0)}); -- Cutput
24 end shift;
25
o
27 -— Architecture description
2B e
29
30 architecture behavioral of shift is
31
3z -- dignals and components declaration
33
34
35 component MUX port (A, B, Sel : in std logic; % : out std logic); end component;
368
37 signal 1, 22, %3, 24, Z5 : std logic vector (27 downto 0);
38
39 begin

40

41 -- Components generation

42

43 Compl: for i in 0 to 27 generate

44

45 shifter0_0: if (i=0) generate

44 ShifterD_Dcomp: MUX port map (& =» '0", B => T(27), Sel => Shft{l), 2 =» 21(27-1})}

a7 end generate;

48 shifterD i: if ((i»0) and (i<2B8)) generate

49 shifter0_icomp: MUX port map (A => T(27-(i-1}}, B => T{27-i}, Sel => Shft(0}, 2 =» Z1(27-1});
50 end generate;

51

52 5hifter17D: if ((i»=0) and (i<2)) generate

53 shifterl Ocomp: MUX port map (A => '07, B =» E1(27-1), Sel =» shft(l), & =» &2(27-1})

54 end generate;

55 shifterl i: if ((i»1) and (i<28)) generate

56 shifterl icomp: MUX port map (& =» Z1(27-(i-2)), B =» 21(2Z7-i), Sel =»> shft(l), & =» E2(Z7-1))
57 end generate;

58

59 shifterz 0: if ((i»=0} and (i<4)) generate

&0 shifterz Ocomp: MUX port map (A => '07, B =» Z2(27-1i}, Sel =» Shft(2), Z =»> B3 (27-1})

a6l end generate;

A2 5hifter2_i: if ((i»3) and (i<ZB8})) generate

a3 shifterZ icomp: MUX port map (A =» Z2(27-(i-4)), B =» 22(27-1), Sel =» shft(2), & =» E3(27-1))
64 end generate;

a5

(1] shifter3 0: if ((i»=0) and (i<8)) generate

a7 shifter3 Ocomp: MUX port map (& =» '07, B =» B3(27-1), Sel =» Shft(3), & =» B4(27-1})

&8 end generate;

a9 shifter3 i: if ((i»7) and (i<2B8)) generate

70 shifter3 icomp: MUX port map (A => Z3(27-(1-8)), B =» Z3(27-1i), Sel =»> Shft (3}, % =» E4(27-1))
71 end generate;

72

73 shifterd 0: if ((i>=0) and (i<lf)) generate

T4 shifterd Ocomp: MUX port map (A => '07, B =» E4(27-1), %Sel =» shft(4), & =» &5(27-1})

75 end generate;

16 shifterd i: if ((i>15) and (i<Z8)) generate

77 shifterd4 icomp: MUX port map (& =» Z4(27-(i-16)}), B =» 24(27-i), Sel =» sShft(4), & =» B5(27-1})
78 end generate;

79

a0 end generate;

a1

8z § <= Z5;

a3

84 end behavioral;
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PRE-ADDER BLOCK: Normal Numbers: n_normal Block

1 e [
2 -- Floating point adder (32 bits)
3 e [
4 -- Block 0Z --> Pre - Rdder
3 - Sub Block 2 --» Normal Numbers
5] -- Description: Prepare normal numbers for addition or subtraction operation
7 Y —
g
9 library IEEE;
10 use IEEE.STD_LOGIC_llGQ.ALL;
11 use IEEE.STD_LOGIC ARITH.ALL;
12 use IEEE.STD_LOGIC_UNSIGNED.RLL;
13
14 e -
15 -- Entity declaration
16 - -
17
18 entity n_normal is
19 Port Mumberz : in std_logic_vector(BE downto 0); —— Number A
20 HumberB @ in std_logic vector (36 downto 0} ; —— Number B
21 Conp : out std logic; -- & & B Comparison
22 3R : out std logic; -- 8ign A
23 3B : out std logic; -- 8ign B
24 EC : out std logic vector(7 downto 0); -- Exponent output
25 MR : out std logic vector(Z7 downto 0); -- Greatest Mantissa
26 MB : out std logic vector (27 downto 0)); -- Shifted Mantissa
27 end n_normal;
28
29 e -
30 -- Architecture description
31 e -
32
33 architecture behavioral of n_normal is
34
35 -- Signals and components declaration
36 - -—-
37
38 componant comp_eXp port (MumberR, NumberkB : in std_logic_vector (36 downto 0);
29 SA, SB 1 out std_legic;
40 Bmax : out std_logic_vector(T downta 0);
41 Mimax, Mshft : out Std_logic_vector(ZT downtao 0);
42 Dexp o out Stdilogicivector(4 downto 0);
43 Comp : out =td logic);
44 end component;
45
48 component shift port (T : in std_logic_vector (27 downto 0};
a7 shft : in std_logic_vector (4 downto 0);
48 3 : out Std_logic_vector(ZT downto 0));
49 end component;
50
5l zignal Mshft aux ¢ std logic vector (27 downto 0)
52 zignal Dexp aux ¢ std logic vector (4 downto 0}
53
54 begin
55 compl : comp_exp
56 port map (Numberh => MNumberZ, NumberB =:> NumberB,
57 SA =» 34, 8B =» 3B, Emax => BO, Mmax => MA, Mshft =» Mshft_aux, Dexp =» Dexp_aux, Comp =» Comp} ;
58
59 compl : shift
a0 port map (T =» Mshft aux, shit =» Dexp aux,
61 S => MB);
62
63 end behavioral:
64

- 103 -



Arturo Barrabés Castillo

PRE-ADDER BLOCK: Subnormal Numbers: n_subn Block

g
2 -- Fleoating point adder {32 bits)
g
4 -- Block 02 --» Pre - Adder

5 -- Jub Block 3 --> SubMNormal Numbers
&l -- Description: Prepare subnormal numbers for addition or subtraction operation
S
g
9 library IEEE;

10 use IEEE.STD_LOGIC_1164.ALL:

11 use IEEE.3TD_LOGIC ARITH.ALL;

12 use IEEE.STD_LOGIC UNSIGNED.ALL:

13

4 - -
15 -- Entity declaration

16 s
17

18 entity n_subn is

19 Fort | Number® : in std logic wvector {36 downto 0}; -- Number 2

20 HumberB : in std logic vector{3a downto 0}; -- Number B

z21 comp : out std logics -- Comparison & & B

22 SR : out std logic; -- 3ign B

23 3B : out std logic; -- 8ign B

24 EQ : out std logic vector({7 downto 0}; -- Exponent <utput

25 MR : out std_logic wvector (27 downto 0}; -- Mantissa A

ZA MB : out std logic vector {27 downto 0)); -- Mantissa B

27 end n_subn;

28

28 -—-—-—
30 -- Architecture description

3] e
3z

33 architecture behavioral of n_subn is

34

35 -- Signals declaration

3
37

38 signal MAa, MED : std_logic_vector (27 downto 0);

39 signal C 1 o=std logic:

40

41 begin

4z

43 SA <= NumberR(3a); -- Sign A &= B

44 3B <= NumberB{36);

45

4G MAa <= NumberA (27 downto 0); -- Mantissa A & B

47 MBb <= NumberB (27 downto 0);

48

A0 Mumber Comparison

50 C <= "1" when MARa >= MBb else -—- L > B

51 0" when MBb > MARa e=lse -— B > A

52 -

53

54 Comp <= C;

55

56 0000 e cutput’'s exponent

57 EQ <= Numberi (25 downto Z8);

58

58 Mantissa

60 ME <= MBb when C = "1' else

a1 MAa when C = "0" else

62 Wl ",

63 MA <= MRa when C "1 else

64 MEL when C = "0' else

65 W "

1)

67 end behavicral;
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PRE-ADDER BLOCK: Mixed Numbers: Comp Block

L= B R R N R N

-- Floating point adder {32 bits)

-- Block 02 --» Pre - RAdder

- Jub Block 4 --> Mixed numbers

-- Description: Prepare a mix of numbers (normal & subnormal) for addition
- or subtraction operation

—— Comp : Determine the subnormal number

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.RLL;

entity comp is

Port Numberd : in std_logic vector (36 downto 0); —-- Number A
NumberB : in std logic vector (36 downto 0); -- Number B
jor:y : out std logic vector (36 downto 0); -- MNormal number
WB : out 5tdilogic7vector(36 downto 0)); -- Subnormal number
end comp;

architecture behavioral of comp is

-- Signals declaration

signal EAR, EB : std logic vector(7 dowmto 0);
begin
EA <= NumberA (35 downto Z8): -- Exponent & Mantissa

EB <= NumberB (35 downto Z8):

process (Number?, NumberB, EX, EB)
begin

if BA = X"00" then -- If Number A is subnormal...
NB <= Numberd;
NA <= NumberB;

=lsif EB = X"00" then -- If Mumber B is subnormal...
HE <= Numberk;
NA <= Numbera;

else
NA <= ’___ _ " ;
NB < = L " ;

end if;

end process;

end hbehavioral;
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PRE-ADDER BLOCK: Mixed Numbers: Zero Block

1
2 -- Floating point adder (32 bits)

3 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
4 -- Block 02 --» Pre - Adder

5 - Sub Block 4 —-» Mixed numbers

d] -- Description: Prepars subnormal numbers to be operated with the normal ones

7 —

g -- Zero: Count the number of zeros to shift the subnormal number
=
10

11 library IEEE;

12 uze IEEE.STD LOGIC 1164.RLL:

13 use IEEE.STD LOGIC ARITH.ALL;

14 uze IEEE.STD LOGIC UNSIGNED.ALL;

15 B B

L
17 -- Entity declaration

1B e
18

20 entity zero is

21 Fort | T ¢ in std_logic_wector (27 downto 0); -- Significand

22 Gcount @ out stdilogicivectort4 downto 0)); —— MNumber of Zeros

23 end zero;

24
e
26 -- Architecture description
 —.,.,,_—,_——_—————— L  a“_€_—€—_——€=€=€_€e€—€_—€§e L I H - —_—__—__”_..
28

29 architecture behawioral of zero is

30

31 -- Signals and components declaration

32
33

34 signal Zero vector stdilogicivector(ZT downto 0);

35 signal aux : 5td logic vector {7 downto 0);

36 B B

37 begin

38

28 Zero vector <= X"0000000";

40 B

41 aux = Mo " when T({Z7 downto Z7) = "-" el=ze

42 X"1C" when T(Z27 downto 0} = Zero_vector(z7 downto 0} else

43 X"1B" when T(Z7 downto 1} = Zero_vector (27 downto 1) else

44 H"IR™ when T(27 downto 2) = Zero_vector(Z? downto 2) else

45 X"19" when T(27 downto 3) = Zero_vector(z7 downto 3) else

46 X"18" when T(Z27 downto 4} = Zero_vector(z7 downto 4) e=lse

47 X"17" when T(Z27 downto 5) = Zero_vector(z7 downto 5) else

48 X"16" when T(Z7 downto 6} = Zero vector(Z7 downto &) else

49 H"15" when T{27 downto 7)) = Zero_vector(Z? downto 7) else

50 X"14" when T(27 downto 8) = Zero_vector(z7 downto 8) eslse

51 X"13" when T(Z27 downto 9) = Zero_vector(z7 downto 9) else

5z X"12" when T(Z27 downto 10} = Zero_vector(Z7 downto 10) else

53 X"11" when T(Z27 downto 11} = Zero vector({Z7 downto 11) else

54 X"10" when T(27 downto 12} = Zero_vector(Z7 downto 12) else

55 X"OE" when T(27 downto 13) = Zero_vector(Z7 downto 13) else

S5a X"OE" when T(Z27 downto 14) = Zero_vector(Z7 downto 14) else

57 X"OD" when T(Z7 downto 15} = Zero_vector(Z7 downto 15) else

58 X"O0C" when T(Z27 downto 16} = Zero vector({Z7 downto 16) else

59 X"OB" when T(27 downto 17) = Zero_vector(Z7 downto 17) else

60 X"OA" when T(27 downto 18) = Zero_vector(Z7 downto 18) else

al X"09" when T(Z27 downto 19) = Zero_vector(Z7 downto 19) else

a2 X"08" when T(Z7 downto Z0} = Zero_vector(Z7 downto Z0) else

a3 X"OT" when T(Z27 downto Z1} = Zero vector({Z7 downto 21) else

64 X"06" when T(27 downto 22) = Zero_vector(Z7 downto Z2) else

65 X"05" when T(Z27 downto 23} = Zero_vector(Z7 downto Z3) else

[aa] X"04" when T(Z27 downto Z4) = Zero_vector(Z7 downto Z4) else

a7 X"03" when T(Z7 downto 25} = Zero_vector({Z7 downto Z5) else

a1} X"OZ2" when T(Z27 downto ZA} = Zero vector{Z7 downto 26) else

69 X"01" when T(27 downto 27) = Zero_vector(Z7 downto 2Z7) else

70 X"oo";

71

12 Soount <= aux {4 downto 0);

13

74 end behavioral;
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PRE-ADDER BLOCK: Mixed Numbers: shift_left Block

M -1 o U1 s LN

-- Block 0Z --» Pre - Adder
- gub Block 4 --»> Mixed Nunbers
-- Description: Prepare normal numbers for addition or subtraction operation

-- 5hift left: shift the subnormal significand to get a normal one

library IEEE:

use IEEE.STD LOGIC 1164.ALL;

use IEEE.3TD LOGIC ARITH.ALL;
use IEEE.S3TD_LOGIC UNIIGNED.RLL;

entity shift left is

Fort T :in std logic vector {27 downto 0}; -- Significand to shift
shft : in std logic vector {4 downto 0); -- Exponent’'s subtraction
3 : out std logic vector(27 downto 0j); -- Output

end shift left;

architecture behavioral of shift left is

-- dignals and components declaration

component MUX port (A, B, Zel : in std logic; £ : out std logic); end component;
aignal %1, %2, %3, %4, %5 : std_logic vector {27 downto 0);

begin

-- Components generation

Compl: for i in 0 to 27 generate

shifter0_0: if {i=0) generats
shifterl_Ocomp: MUX port map (A == "0, B =» T(0), Ssl =» shft{l), & == Z1{i)};
end generate;
shifterd i: if (({i»0) and (i<Z8)) generate
shifter0_icomp: MUX port map (A =»> T{{i-1}), B =»> T{i), Sel => shft(0},  =» E1(i)}};
end generate;

shifterl 0: if {{i»=0} and (i<Z)) generate
shifterl Ocomp: MUX port map (A =» "07, B =» 51(i;, sel =» ghft({l), & =» Z2(i)};:
end generate;
zhifterl i: if {{i»1) and {(i<ZA)) generats
shifterl icomp: MUX port map (A =» 21{{i-2}), B =» 21{i), sel =» shft(l}, 2 =» B2(i)};
end generate;

zhifterZ 0: if {{i»=0} and {i<4)} generats
shifterZ Ocomp: MUX port map (A == "07, B == B2{i}, sel == shft{2), % =» 23{i)};
end generate;
shifterz_i: if ((i»3) and (i<Z8)) generate
shifterZ icomp: MUX port map (A == ZZ{{i-4})], B =» Z2{i}, Sel =» 3hfti{Z}, © =» E3(i}}:
end generate;

shifter3 0: if {{i==0) and (i<B)) generate
shifter3_Ocomp: MUX port map (A =» '07, B =» Z3(i), Sel => Shft(3), @ =» Z4{i}};
end generate;
shifter3_i: if {({(i»7) and (i<Z08)) generate
shifter3_icomp: MUX port map (A =»> B83{(i-8)), B => E3(i), Sel =» shft(3), 2 =» 24{i));
end generate;

shifterd 0: if {(ix=0) and (i<16}) generate
shifterd Ocomp: MUX port map (A =»> '07, B =» B4(i), gel =» Shft{d), @ =» E5(i});
end generate;
shifterd i: if {(i»15) and (i<Z8)}) generate
shifterd4 icomp: MUX port map (A =» R4{(i-16)}, B =» Z4(i), Sel =» shft(4), % =» E5(i)};
end generate;
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end generate;
5 <= £5;

end behavioral:

PRE-ADDER BLOCK: Mixed Numbers: norm Block

[2= R o & NV N Y

-- Floating point adder (32 bits)

-- Block 0Z --» Pre - Adder
- sub Block 4 —-»> Mixed numbers

-- Description: Prepare the subnormal number for addition or subtraction

- with the normal one

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC ARITH.ALL;
use IEEE.STD_LOGIC UNSIGNED.ALL;

entity norm is

Port Numberd : in Std_logic_vector(36 downto 0); -- Numbera
NumberB : in std_logic vector (36 downto 0); -- NumberB
MR oout Std_logic_vector(36 downto 0); -- Normalized Numberh
MB oout Std_logic_vector(36 downto 0)); -- Normalized NumberBE
end norm;

architecture behavioral of norm is

-- Signals and components declaration

component zero port (T : in std logic_vector (27 downto 0); Zcount : out std_logic vector (4 downto 0});

end component;

compeonent shift left port (T

5hft

3
end component;

component comp port (Number?®
NumberB
A
NB

end component;

signal Fcount aux
signal ER
signal NumberB ausx

signal MB_aux

begin

in std logic vector{Z7 downto 0};
in std logic vector {4 downto 0};
out std logic vector {27 downto 0});

in std logic vector ({36 downto 0);
in std logic vector ({36 downto 0);
out std logic vector (36 downto 0);
out std logic wector {36 downto 0));

std logic wvector {4 downto 0);

std logic wector {7 downto 0);
std logic vector (36 downto 0);
std logic vector (27 downto 0O);

———————————————————————————————————————————————— Components declaration

conpl @ zero

port map (T = NumberB_aux{z7

compl : shift left

port map (T = NumberB_aux{z7

COmps : comp

port map (Mumber? => Numberh,

downto 0}, Zcount =»> Zcount_aux);

downto 0}, shft => Zcount_aux, 5 =»> MB_aux);

NumberE => NumberB, NA =» MA, NE =»> NumberB_aux]:

———————————————————————————————————————————————— New BExponent
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71
Tz
3
T4
75
Ta
7
78
79
B0
Bl
Bz
B3
B4
B3

process (Zcount_aux, NumberB aux, EB, MB_aux)
begin
1f Zcount_aux /= "----- " then
EE <= "000" & Zcount aux;

MB (27 downto D} <= MB aux (27 downto 1)
else

EB <: " n ;

MB (27 downto 0} <= MB_aux;
end 1f;

ME (325 downto Z8) <= EB;
MB (36} <= NumberB aux (36} ;
end process;

end behavioral;
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PRE-ADDER BLOCK: MUX/DEMUX

1
2 -- Floating point adder (32 bits)
R
4 -— Block 0Z --» Pre - Adder
5 -= Sub Block 5 --» DEMUE
4} -- Description: Demultiplexor
T
a
9 library IEEE;
10 use IEEE.3TD_LOGIC 1164.ALL;
11 use IEEE.STD_LOGIC ARITH.ALL;
12 use IEEE.STD LOGIC UNSIGNED.ALL;
13
14—
15 -- Entity declaration
16—
17
18 entity demux is
19 Port | Humber® : in std logic vector {36 downto 0j; -- Number 2
20 Humberk : in std logic vector (36 downto 0}; -- Number B
21 e data : in std logic vector(l downto 0); -- Enable type data
22 WA0 : out std_logic vector{3d downto O); -- Mumber Al
23 MED : out std logic vector (36 downto 0); -- Number BI1
24 Al : out std logic vector (36 downto 0); -- Number AZ
25 NEL : out std logic vector (36 downto 0); - Number BZ
26 A2 :oout std logic vector (36 downto 0); -- Number A3
27 HNEZ : out std logic vector (36 downto 0)); -- Number B3
28 end demux;
29
30—
31 -- Architecture description
32 e -
33
34 architecture behavioral of demux is
35
36 begin
37
38 process (NumberA, NumberB, = data)
39 begin
40
41 case = data is
42 e Subnormals
43 when "00" =» NAO <= Numbesrh;
44 NEO <= NumberB;
45 HAL <= Mo "
45 Bl <= " ";
47 NAZ <= " "
48 NBZ <= Mo e m e e e "
48 e Normals
50 when "017 =r NAD <= Mo "
51 NBO <= " "
52 NAl <= Numberd;
53 NBl <= NumberB;
54 NAZ <= Moo "
55 NBZ <= Mo m e e "
56 | e MiX
57 when "107 =r MNAD <= Mo "
58 NBO <= " "
59 NAL <= Mo "
a0 Bl <= " ";
6l NAZ <= Numberh;
a2 NBZ <= NumberB:
63 when others => NAD <= "-————-—————— - —— "
64 NBO <= Me—mmmm e e "
a5 MAl <= " "
Ba NBlL <= Moo "
a7 NAZ <= M- ";
68 NBZ <= Moo "
k] end case;
70
71 end process;
T2
73 end behavioral;
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L= R R Bt o N

S S U B PR X I PO UL R PR FUR FURE U B SUR e T 0 N O e T o O B e o T T O Y Sy I Sy Py Py PP
M WP OWD 300 s W O W 00 WP OO ;0 s W MNP o

-- Floating point ad

der (32 bits)

-—- Block 02 --» Pre - Adder

-- Gub Block 6 --

= ML

-— Description: Multiplexor

likrary IEEE;

use IEEE.STD LOGIC_1164.ALL;
use IEEE.3TD LOGIC ARITH.ALL;
uzge IEEE.3TD LOGIC UNSIGHNED.ALL;

entity mux ns is
Port NorA

Nork
Mixh
MixBE
e _data
NA
NB

end mux_ns;

architecture behavio
begin

NA <= Nork when
MixA when

NB <= NorBE when
MixE when

end behavioral;

in
in
in
in
in

out std logic vector ({36 downto 0);
out std logic vector {36 downto 0)}; --

ral of

std logic vector
std logic vector
std logic vector
std logic vector

36 downto
36 downto
36 downto
36 downto

0}
oy;
0}
0}

std logic vector({l downto 0);

nux_ns

= ngqn
= nmgn

= npg1r
= n1gr

is
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1 e e
2 -- Floating point adder (22 bits)
g
4 -- Block 0Z --» Pre - Adder
5 -- Fub Block 7 --» MUX
6 -- Description: Multiplexor
J o e e
g
g library IEEE;
10 use IEEE.STD_LOGIC_1164.ALL;
11 usge IEEE.3TD LOGIC ARITH.ALL;
1z use IEEE.3TD LOGIC UNSIGNED.ALL:
13
Rttt e e
15 -— Entity declaration
18
17
18 entity mux_adder is
19 Port { Morsh :in std logics -- 8ign A normal
20 Horse : in std_logics -- Sign B normal
21 Subsa : in std logic: -- 3ign A subnormal
22 Subkse : in =td logic: -- Sign B subnormal
23 Comph : in =td logic: -- Compariscon Normal numbers
24 Compd :in std logic; -- Compailson 3ub numbers
25 HNorE : in std logic vector (7 downto 0); -- Exponent Output normal
26 SubE : in std_logic_vector (7 downto 0); -—- Exponent Output subnormal
27 HorMa : in std logic vector (27 downto 0); -- Mantizsa normal R
z8 HNorMB : in =td logic vector (27 downto 0); -- Mantiszsa normal B
28 SubMa :in std logic vector (27 downto 0); -- Mantissa subnormal 2
30 SubMB :in std logic vector (27 downto 0); -- Mantissa subnormal B
31 e data : in std logic vector(l downto 0); -- Enable type data
32 SR :out std logic: -- 3ign A
33 SB :out std logic; -- Sign B
34 C :out std logic; -- Comparison
35 B : out std logic vector{7 downto 0); -- Qutput Exponent
36 R : out std logic vector(27 downto 0O); -- Mantissa A
a7 E out std_logic_vector {27 downto 0}}; -- Mantissa B
38 end mux_adder;
39
Al s e
41 -— Architecture description
4 e e e
43
44 architecture behavioral of mux_adder is
45
46 begin
47
48 A <= NorMA when =_data = "UD1" or & data = "10" else -- Normal/Mix numbers
49 SubMA when e data = "00" =lse -- Hubnormal numbers
=n T "
51
52 B <= NorMB when & data = "01" or e data = "10" elze -- Neormal/Mix numbers
53 SubMB when e_data = "00" else -- &ubnormal numbers
54 e
55
58 C <= CompM when e_data = "01" or e data = "10" else -— Normal/Mix numbers
a7 Compd when e data = "00" else -- dubnormal numbers
58 -
59
a0 5A <= NorSA when e _data = "01l" or e_data = "10" else -- Normal/Mix sign &
6l SubsSA when e data = "00" s=lse -- Subnormal sign A&
a2 -1
a3
64 5B <= NorSB when e data = "01" or e data = "10" else -- Meormal / Mix =ign B
65 5ubsB when e_data = "00" else -- Subnormal sign B
[ala] -
a7
68 E <= NorE when e _data = "01" or e data = "10" else -—- Normal / Mix exponent
6y 3ubE when e_data = "00" else -- Hubnormal exponent
10 W "
71
iz end behavioral;
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PRE-ADDER BLOCK: preadder Block

o= T I S, RN PRI AN

-- Floating point adder (32 bits)

-- Block 02 --> Pre - Adder
-- Prepare the numbers to be used by the adder

library IEEE;

use IEEE.STDiLOGIC71164.RLL:

uze IEEE.STD LOGIC ARITH.ALL;
uzge IEEE.3TD LOGIC UNSIGNED.ALL:

entity preadder is

Fort | HumberA : in std logic vector (3l downto 0Oj; -- Number A
Humberk : in std logic vector (31 downto 0O); -- Number B
enable : in std_logic; -- Enable
A ;out std_logic: -- 8ign A
3R : out std_logic; -- 8ign B
C : out std_logic; -- Comparison
Edut :oout std_logic_vector(7 downto 0); —- Exponent futput
MROUL out std logic_vector({Z7 downto 0); -- Greatest Mantissa
MEoUL out std logic vector (27 downto 0)); -- Shifted Mantissa

end preadder;

architecture behavioral of preadder is

-- dignals and components declaration

component n_normal port [NumberA, HNumberB
Comp
SR
5B
EQ
MA, MBE
end component;

component mux ns port (Mord, MNorB, MixA,
e data
NA, MB
end component;
component demux port (Number?, HNumberB
s_data
NAD, NEBO, NALl, NBL,

end component:

component mux_adder port (MorSA, NorSBE, SubSA, SubsSB @ in

CompN, Compd

MorE, Subb
MorMA, NorMB,
e data

SA, 5B, C

E

A, B

end component:

(Numberk, NumberB : in
MR, MB

component norm port

end component:

component n_subn port (NumberA, NumberB
Comp
SR

FubMA,

in std_logic vector (36 downto 0};
out std_logic:

out std logic;

out std_leogic:

out stdilcgicivectort7 downto 0);
out Std_logic_vector(ZT downto 0));

—————————————————————————————————————— MU/ DEMUX
MixB in std logic vector (34 downto 0);
in std_logic vector(l downto 0):
out std logic vector{36 downto 0));
in std_logic_vector {36 downto 0);
in =ztd logic_vector{l downto 0j;
NAZ, MNBZ out Stdilogicivector(36 downto 0));

std_logic;
in std logic;

¢in std_logic_wector (7 downto 0);
SubMB @ in std_logic vector (27 downto 0);

1 in std logic vector(l downto 0}
out std_logic:
out stdilogicivectOE(T downto 0);
out Std_logic_vector(Z? downto 0));

H

_____________________________________ Mixed Nunmbers

std_logic vector(3é downto 0Oj;

out std logic vector {36 downto 0));

in std_logic_vector (36 downto 0);
out std_logic;
out std_logic;
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SB : out std logic;
EQ ¢ out =td logic vector (7 downto 0}
MA, ME : out Std_logic_vector(ZT downto 0});

end component;

———————————————————————————————————————————————————————————————————————————— Jelector
component selector port [NumberZ, NumbsrB : in Std_logic_vector(Bl downto 0);
enable : in std logic;
e _data : out std_logic_vector(l downto 0}
MNA, MNB : out Std_logic_vector(36 dowinto 0));

end component;

signal NA out_select, NB out_select : std_logic vector (36 downto 0);
signal A_sub, B_sub : std_logic_vector (36 downto 0};

signal A nor, B nor : std logic vector (34 downto 0);

signal A mix, B mix : std_logic vector (36 downto 0);

signal MixRaux, MixzBaux : std_logic_vector (36 downto 0);

signal Amux, Bmux : std logic vector (36 downto 0);

signal SAnor, SBnor, SAsub, SBsub, NComp, SComp : std logic:

signal Enor, Esub : std_logic vector (7 downto 0);

signal MAnor, MBnor, MaAsub, MBsub : 5td_logic_vecto:(27 downto 0},

signal edata : std_logic_vector (1l downto 0);

begin

compl @ n normal

port map (Number? => Amux, NumberB => Bmux,

Comp =» NComp, SA =» SAnor, §B =» §Bnor, EOQO =» Enor, MA => MAnor, MB => MBnor):

compl @ on_subn

port map (NumberhA => A sub, NumbsrB => B sub,

Comp =»> SComp, SA =» SAsub, 5B =» &Bsub, EO => Esub, MA => MAsub, MB => MBsub):;

CcompZ @ norm

comp3

compd

compa

compéa

port map (Numberd => A mixz, NumberB => B mix,
MA => MixRaux, MB => MixBaux};

demux
port map {(Numberz =: NA_out_Select, NumberB == NB_out_Select, e_data => edata,
MAD =» A_sub, NBO =» B_sub, NAl =» A nor, MBl =» B_nor, MAZ =»> A mix, NBZ =» B_mix);

Iomux ns
port map (MorA => A nor, NorB =» B_nor, MixA =» MixRaux, MixB =» MixBaux, & data =» edata,
MNA =»> Amux, NBE => Bmux);

selector
port map (MumberX => Number®, NumberBE =»> NumberB, enable => enable,

e data =»> edata, MA =» NA out select, NB =» NBE out select);

: mux_adder

port map (MNorSA => SAnor, NorSB => SBnor, Sub3A => SAsub, SubSBE =»> SBsub, CompN => NComp, CompS => SComp,
MorE =» Enor, SubE == Esub, NorMA == MAnor, MNorMB => MBnor, SubMA => MAsubk, SubMB == MBsub,

e_data =» edata, 8& =»> 8A, §B =»> §B, C =» C, B =» Eout, A => MAout, B => MBout);

end behavioral;
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ADDER BLOCK: Signout Block

M 1o s N

B = T =T == = N M S e e S B R B S JU RN SU RN FUN SUR FURN SUNE SURN SR SURN SN oG B o B G T T e e T T O T O T . S S S S S S PP Y
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-— Block 03 -—-» Rdder
-— Description: Prepare normal numbers for addition or subtraction operation

-- 8ignout: Calculate the B's and output’s sign because of addition or subtraction

library IEEE;

use IEEE.STD_LOGIC_1164.ALL:

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;

entity signout is

Port | =1 : in std_logic; -- Sign A
sha} : in std_logic; -- Sign B
:y : in std logic wvector (27 downto 0}; —-— Number A
B 1 oin std logic vector (27 downto 0} ; -— HNumber B
L : in std_logic; -- Add {0} or sub (1
Comp :oin std logic: -- Determine largest number
Ra :out std logic vector (27 downto 0); —-- HNumber A’
Bhb : out std logic vector (27 downto 0); -- MNumber B'
A : out std logic; -- A 57
il : out sztd logic): -- Determine Cutput's sign

end signout;

architecture behavioral of signout is

-- dignals declaraticn

signal 3B aux : std logic:

signal Raux, Baux : std logic vector (27 downto 0};
begin
8B _aux <= SB xor R §; -- 5ign B because of the operation
30 <= 8A when Comp = 17 =lse -- A > B --» 3ign A
S5B_aux when Comp = "07 else -- B > A --» 3ign B
T,
A5 <= "1" when S5A /= 5B _aux else -- Complement to 1 is needed when
oT; -- the signs are different

Laux <= A when Comp = "1' else
B when Comp = '0'" else

Baux <= B when Comp = "1" else
2 when Comp = "0" else

process (A, 9B _aux, ARaux, Baux)
begin
——————————————————————— if Zign A i3 equal to Sign B
if (8A& xor §B_aux) = T0' then
Ra <= Raux; -- Nothing changes
BL <= Baux:
——————————————————————— if 8ign A is 1 and Sign B is O
elsif SA = "1' and SB_aux = '0' then
Aa <= Baux; -— & iz changed by B
Bb <= Raux;
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73

Td e if Sign A iz 0 and Sign B is 1
75 elsif §A = "0 and B aux = "1' then

76 Aa <= Aaux; -- Mothing changes
T Bb <= Baux;

78 else

79 B €= Mo ";

80 Bb <= Mommmmm e "

81 end if;

Az end process;

83

84 end behavioral:

ADDER BLOCK: Adder Block: CLA Entity

l ________________________________________________________________________________________
2 -- Adder Carry LookAhead
3 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
4 library IEEE;
5 use IEEE.STD_LOGIC_1164.ALL:
a] uze IEEE.3TD LOGIC ARITH.ALL:
7 uge IEEE.3TD _LOGIC UN3TIGMNED.ALL;
g
g
10 -- Entity declaration
11 -
12 entity CLA iz port |
13 &, B, Cin : in std logic;
14 5, Cout :out std logic);
15 end CLA;
16
17
18 -— Architecture description
% -
20 architecture behavioral of CLA is
21
2z -- Fignals declaration
23 --—-—
24 signal ¢ g, ¢ p : std logic;
25
26 begin
27
2a c g <= A and B; -- Carry generation
29 C p <= A zor B; -- Carry propagation
30
31 Cout <= c_g or {(c_p and Cin); -- Carry out
3z g <= c_p Zor Cin; -- Bit's sum
33
34 end behavioral;
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ADDER BLOCK: Adder Block

1 e
2 -- Floating point adder ({32 hits)

3 e
4 -- Block 03 --> Adder

5 -- Description: Implement the addition with a CLA adder

B e e
7

] library IEEE;

] use IEEE.STD_LOGIC_1164.ALL;

10 use IEEE.STD _LOGIC_ARITH.ALL:

11 use IEEE.STD _LOGIC_ UN3SIGNED.RLL:

12

13
14 -- Entity declaraticn

13 e
16

17 entity adder is

18 Fort | R :in std logic vector {27 downto 0); -- HNumber A

19 B : in std logic wector (27 downto 0); -— MNumber B

20 LA :in std logic; -- R4d {0} / Zub (1)

21 3 : out std_logic_wvector (27 downto 0); -- Output

22 Co :out std logic); -— Carry out

23 end adder;

24

25 e
26 -- Architecture description
21—
28

29 architecture behavioral of adder is

30

21 -- Signals and components declaration

32 e
33

24 component CLA port (A, B, Cin : in std logic; 5, Cout : out std logic); end component;
35

36 signal Bl, aux, 4 _aux : std logic vector (27 downto 0);

37

38 begin

39

40 -- Components generation

41

42 compl: for 1 in 0 to 27 generate

43

44 Bl(i) <= B(i}) =xor A_S5;

45

45 sumador 0: if (i=0) generate

47 sumador_Ocomp: CLA port map (A => A(i), B =» Bl{i), Cin => A &, & => §_aux(i), Cout => aux(i));
43 end generate;

49 sumador_i: if {{i»0) and {i<Z8)} generate

50 sumador_icomp: CLA port map (& == A{i), B =» B1l{i}, Cin =» aux{i-1), § =»> §_aux(i), Cout =» aux{i));
51 end generate;

52

53 end generate;

54

EE] 5 <= §_aux;

568

57 Co <= aux(27);

58

54

a0 end behavioral;
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ADDER BLOCK: Block_Adder Block

[= = B w Y O BTN FU T SN Y

-- Block 03 --»> Adder
-- Description: Implement the addition with a CLA adder

library IEEE;

use IEEE.STD_LOGIC_1164.ALLJ

uzge IEEE.3TD LOGIC ARITH.ALL;
uzge IEEE.3TD LOGIC UN3IGNED.ALL;

entity block adder is

BOTL | a8 : in std logic; -- Fign A
3B : in std logic; -- dign B
N : in std logic vector{Z7 downto 0); -— Number A
B : in std logic vector{Z7 downto 0); -— Number B
A3 tin std logic: —-— Add {0} / Sub 1;
Comp : in std logic; -- Comparison
3 1 out std logic vector ({27 downto 0O}; —— OQutput
30 1 out =td logic; -— Qutput’s sign
Co : out std logich; -— Carry out

end block adder:;

architecture behavioral of block adder is

-- 8ignals and components declaration

component adder port (A, B : in =td logic vector(Z7 downto 0j;

B & & in =td logic;
5 1 out ztd logic vector (27 downto 0}
Co : out std logic):
end component;
component signout port (SR, 5B ¢oin std_logic;
A, B 1 in std_logic_vector (27 downto 0);
A 8, Comp : in std logic;
Aa, Bb : out 5td_logic_vector(2? downto 0);
AS, S50 : out std logic);
end component;
signal Ra aux, Bb aux, § aux : =td logic wvector(Z7 downto 0Oj;

signal AS aux, 50 aux, Co aux : =td logic;
begin

component00: signout port map (SA =» SA, 9B =» SB, A =» A, B => B, A_3 =» A 3, Comp =» Comp,
Aa =»r Aa_aux, Bb =» Bb aux, AZ =» AZ_aux, 50 =» 30_aux);

componentDl: adder port map (A =»> Aa aux, B =» Bb aux, A 8 =» A5 aux, 8§ =» 5_aux, Co =» Co_aux};
————————— If a complement to 1 is used and Cutput's sign is 1 a C2 is needead
5 <= (8_aux xor X"FFFFFFE")+'1" when {{AS_aux and 50 _aux) = "17) else

5 aux;

Co <= '07 when ((SB xor A_§) /= SRA) else
Co aux;

50 <= 5O aux;

end behavioral:
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STANDARDIZING BLOCK: Round Block

[= =T I w S O N PR SN S

e e e
W oo

14
15
16
17
13
19
z0
21
22
23
24
25
Za
Z7
Z8
Z9
30
31
3z
33
34
35
ki)
27
38
39
40
41
42
43
44
45
46
47
43
49
50
51

-- Block 04 --» Normalize
-- Description: Normalize the result

-— round: Round the result deleting the guard bits

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.3TD LOGIC ARITH.ALL:
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity round is

Fort Min : in std logic vector{Z7 downto 0); -- Input's mantissa
Mout : out Std_logic_vector(ZZ downto 0)); -- output's mantissa

end round;

architecture behavioral of round is

-- dignals and components declaration

signal M aux : std logic vector(ZZ downto 0);
begin

process (Min)
begin

if Min{3 downto 0} = "-——-" then

M aux <= "-----------——-ooo oo ";

elzif Min (3 downto 0) »= "1000" then -— Round Mantissa
M aux <= Min{Zf6 downto 4) + "17;

else
M aux <= Min({Z6 downto 4);

end if;

end process;
Mout <= M aux;

end behavioral;

STANDARDIZING BLOCK: Vector Block

[== R I o O B Y S PR SN

e e el
A e W N R OWw

-- Block 04 --» Normalize
-- Description: Normalize the result

-- wvector: Regroup sign, exponent and mantizsa in & single vector

library IEEE;

use IEEE.STD_LOGIC_1164.ALLF

use IEEE.STD_LOGIC ARITH.ALL;
use IEEE.3TD_LOGIC UN3IGNED.ALL;
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18
19
z0
Z1
ZZ
Z3
z4
Z5
26
27
z8
z9
30
31
32
33
34
35
38
37
38
38
40
41

entity wvector is
Port

= = mow

end vector;

in std logic; -- 3ign

in std logic vector ({7 downto 0}; -- Exponent
in std_logic vector {22 downto 0); -- Mantissa
out std logic vector (31 dewnto 0)}); -- Vector

architecture behavioral of vector is

-- 8ignals and components declaration

begin

M{31) <= 3;
Ni{30 downto Z3)

<= E;

N{ZZ downto 0) <= M;

end behavioral;

STANDARDIZING BLOCK: Block_norm Block

(== R R, BT VR VI

-- Floating point adder (32 bits)

-- Block 04 --» Normalize

-- Sub Block 4 --»

Normalize the result

library IEEE;

use IEEE.STD LOGIC 1164.ALL;
use IEEE.STD_LOGIC ARITH.ALL:
use IEEE.STD_LOGIC_UNSIGNED.ALL:

entity block norm is

Port M5 : in =td logic vector{Z7 downto 0}; -- Number 3§
ES : in std_logic vector({7 downto 0O}; -- Exponent 3
Co : in =std_logic: -- Carry out
M : out std_logic_vector(ZZ downto 0); —-- output’s Mantissa
E : out Std_logic_vector(7 downto 0)); -— output's Exponent

end block norm;

architecturs behavioral of block_norm is

-- Signals and components declaration

component zero port
end component;

component shift left

end component;
component round port

end component;

[T : in std_logic_wector (27 downto 0); Zcount

port (T ¢ in std logic vector (27 downto 0);
shit : in =td logic vector (4 downto 0j;

g 1 out std logic vector (27 downto 0));

(Min : in std logic vector (27 downto 0);
Mout : out std logic wector(2Z downto 0));

signal Zcount aux, Shift : std logic wector (4 downto 0);

signal Number

std logic wector (27 downto 0);
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———————————————————————————————————————————————— Components declaration
compl : zero
port map (T => M3, Zcount => Zcount_aux);

compl : shift left
port map (T =» M3, shft =» Zhift, 2 => Number):

comp? @ round
port map (Min =» Number, Mout =» M);

———————————————————————————————————————————————— Normal or Subnormal Number
- & New Wxponent
process (M5, ES, Shift, Zcount aux, Co}

begin

if Zcount aux = "----- " then
shift <= "---—- "
E <= "—oommo o "

elsif ES »> Zcount aux then -- If the number is normal. ..
Shift <= Zcount aux; -— ... the number iz shifted --> Output normal
E <= ES - Shift + Co;

elsif ES < Zcount aux then -- If the number is normal...
ghift <= E3{4 downto 0); -- ... the number is shifted --» Output subnormal
E <= X"00";

elsif ES = Zcount_aux then -— If N® Zeros = Exponent...
Shift <= Zcount aux; -- ... the mantissa is shifted and BO = 1
E <= X"01";

end 1if;

end process;

end behavioral;

STANDARDIZING BLOCK: norm+vector Block

[==E B VO B O PR I S

-— Floating point adder (32 bits)

-- Block 04 --»> Normalize
- Sub Block 4 --» MNormalize the result

likrary IEEE;

use IEEE.STD_LOGIC_1164.ALLJ

usge IEEE.3TD LOGIC RRETITH.ALL;
use IEEE.5TD LOGIC UNSIGNED.ALL;

entity norm_ vector is

Port | 8% : in std logic; -- dign §
M5 : in std logic vector{Z7 downto 0j; -— Number 3
ES : in std logic vector({7 downto 0}; -- Exponent §
Co : in std logic; -- Carry out
N out std_logic vector (31 downto 0)); -- output Number

end norm_vector;

architecture behavioral of norm vector is

-- 8ignals and components declaration
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33
34
33
36
37
38
39
40
41
4z
43
44
45
45
47
48
49
50
51
52
53
54
35
56
37
o8
o9
&0
61

component block norm port (MS : in std logic vector (27 downto 0);
E5 : in std_logic vector (7 downto 0O);
Co : in std logic;
M : out std logic wvector(2Z downto 0};
E : out std logic vector({7 downto 0});
end component;

component vector port (5 @ in std logic;
E : in std logic vector {7 downto 0j;
M : in std logic vector({ZZ downto 0j;
N : out std_logic_vector(Sl downto 0));
end component;

signal Maux 1 std logic vector (22 downto 0);
signal Eaux : std logic wvector {7 downto 0);
begin

———————————————————————————————————————————————— Components declaration
compd : block norm
port map (M3 =» M3, ES =» ES, Co =» Co, M =» Maux, E =» Eauxj;

conpl @ wvector
port map {8 =» 58, E => EBaux, M => Maux, N == N};

end hehavioral;
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32bit Floating Point Adder BLOCK: MUX

1
2 -- Floating point adder {32 bits)

3 ________________________________________________________________________________________
4

5 library IEEE;

f use IEEE.STD_LOGIC_1164.ALL;

7 uze IEEE.STD _LOGIC ARITH.ALL;

g use IEEE.STD_LOGIC UN3IGNED.ALL;

a

m -
11 -- Entity declaration

12 e
13

14 entity mux fpadder is

15 Port | Nl : in std logic vector (31 downto 0}; -- N_case number

16 N2 1 in std logic vector {21l downto 0j; -- Adder number

17 enable : in std logic; -- enable

18 Result : out std logic vector (31 downto 0)); -- Result

19 end mux_fpadder;
20
21—
zz -- Architecture descripticn
e
24
25 architecture behavioral of mux_ fpadder is
26
27 begin
Z8
29 Result <= N1 when enable = '0' else -- N_case number
30 NZ when enable = "1" else -- Adder number
31 ’_ I'I';
32
33 end behavioral;

32bit Floating Point Adder BLOCK:

l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2 -- Floating point adder {32 hits)
g
4

5 library IEEE:

a} use TEEE.3TD_LOGTC 1164 .ALL;

7 use IEEE.3TD_LOGIC ARITH.ALL;

8 use IEEE.3TD_LOGIC UNSIGNED.ALL;

]

L0 e
11 -- Entity declaration

12 e
13

14 entity fpadder is

15 Fort | Number® : in std logic vector (31 downto 0); -- HNumber 2

16 NumberB : in std logic wvector {31 downto 0}; -- HNumbesr B

17 S : in std_logic; -- Add / sub

14 Rezult : out std logic vector(3l downto 0)}; -- Result

19 end fpadder;

20

2]l
22 -- Architecture description

O T et et
24

25 architecture behavioral of fpadder is

26

27 -- Signals and components declaration

28 e
29

- ——_—_———— n case
31

32 component n_case port (Numberd, NumberB : in Std_logic_vector(Bl downto 0);

332 enable :oout std logic;

34 3 : out std logic vector (31 downto 0));

35 end component;
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i Pre-Adder

39 component preadder port (Number®, NumberB : in std_logic_vector(3l downto 0);
40 enable :in std logic;

41 3h, SB : out std_logic;

42 C : out std logic;

43 Eout :oout std_logic wvector (7 downto 0);
44 MrOut, MBOUL T oout std_loqic_vector(2? downto 0));
45 end component;

49 component block adder port (52, SB : in std logic;

50 A, B :in std logic vector {27 downto 0);
51 A S : in std_logic;

52 Comp :in std logic:

53 3 : out sta_logic_vector(Z? downto 0} ;
54 50 :oout std logic;

55 Co :oout std leogic);

56 end component;

58 component. norm_vector port (85 : in std_logic;

59 M5 : in std logic vector (27 downto 0);
a0 E3 : in std logic vector{7 downto 0);

61 Co : in std logic;

6z N @ out std logic vector (31 downto 0));
63 end component;

2 T Mux_fpadder

67 component mux fpadder port (N1, NZ . in std logic vector (31 downto 0);
68 enable : in std_logic;

69 Result : out =td logic vector (31 downteo 0));
7o end component;

72 signal MA_aux, MBE_aux, MOut_aux : std_logic_vector(27 downto 0} ;
13 signal ECut_aux : std_logic_vector {7 downto 0);

74 signal Comp aux, Carry : std logic;

75 signal SR _aux, SB_aux, S5_aux @ std logicy

16 signal enable aux : std logic;

T7 signal Ncase, Nadder : Std_logic_vector(31 downto 0);

79 begin

81 compl : preadder
82 port map (Numberh => Numberh, MNumberB => NumberB, enable => enable aux,
83 Sk = SA aux, 5B =»> 5B aux, C =»> Comp_aux, EOut => EOut_ aux, MACUt =»> MA aux, MBOuUt => MB_aux];

85 compl : block adder
86 port map (3A => SA aux, 3B => SB_aux, A => MA aux, B => MB_aux, A 5 => A &, Comp => Comp_aux,
87 8 =» MOut_aux, 50 =»> §_aux, Co == Carry);

89 compZ @ onorm_vector
a0 port map (85 == § aux, M5 =»> MOut aux, ES =»> EOut aux, Co =x Carry,
91 N => Nadder) :

93 comp3 : mux_ fpadder

94 port map (N1 = Ncase, WZ =» Nadder, enable => enable_aux,
95 Result => Result);

o7 compd : n_case

98 port map (Numberh => Number?, NumberB => Numberh,

99 enable => enable aux, 5 =» Ncase];

101 end behavioral;
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32-bits Floating Point Adder

- 125 -



