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AVR d,M » C,.Jawo O 9 aJlse L;LQ,L'J ) d9>9R
om @ Juate LED 45 J,u8 ol<sl (ETHENET BOARD
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uint16_t http_home( uint8_t *rxtx_buffer ) }
uint16_t dlen;

dlen = tcp_puts_data_p ( rxtx_buffer, PSTR
("HTTP/1.0 200 OK\r\nContent-Type: text/
htmI\r\n\r\n" ), 0 );

dlen = tcp_puts_data_p ( rxtx_buffer, PSTR (
"<title>" ), dlen );

dlen = tcp_puts_data_p ( rxtx_buffer, (PGM_P)
web _title, dlen );

dlen = tcp_puts_data_p ( rxtx_buffer, PSTR (
"</title>" ), dlen );

dlen = tcp_puts_data_p ( rxtx_buffer,

PSTR ( "<a href=\"http://www.ECA.ir\" tar-
get=\"_blank\"><b><font color=\"#000099\"
size=\"+1\">" ), dlen );

return(dlen);
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dlen = tcp_puts_data_p ( rxtx_buffer, PSTR (
"<a href=\"./?11=" ), dlen );
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dlen = tcp_puts_data_p ( rxtx_buffer, PSTR (
"<a href=\"./?11=1"), dlen );
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FCA AVE-Ethearnet Board

Test Project

LED 1 OFF[ON ] LED 2 OFF [ ON ]

ADCD = 0003
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LD Line 1
LD Line 2

Refresh
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Jlo Olgie 4y 598 (0 pll httpc L6 5 59290 process
s Gl 0308 oo latwl C:LT 2 ﬁ) LSLQJS )l LED] gJ).Lf le);

if ( http_get_variable ( rxtx_buffer, dlength,
PSTR("I1" ), generic_buf))

{
if ( generic_buf[0] =="0")
LED_PORT |=_BV ( LED_PIN1
);

else
LED_PORT &=~ BV ( LED _
PIN1 );

} J
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dlen = tcp_puts_data_p ( rxtx_buffer, (PGM_P)
tag_form, dlen );

dlen = tcp_puts_data_p ( rxtx_buffer, PSTR (
"<input name=\"lcd1\" type=\"text\" size=\"16\"
maxlength=\"16\"> LCD Line 1<br><br>"),
dlen );

dlen = tcp_puts_data_p ( rxtx_buffer, PSTR (
"<input type=\"submit\" value=\"Write LCD\"></

form>" ), dlen );

J
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'X":’L’Lsﬁ)‘i) Q)M%LCD 69)0).‘::

i(f ( http_get_variable ( rxtx_buffer, dlength,
PSTR( "lcd1" ), generic_buf))
{

urldecode ( generic_buf );
lcd_putc ( \f');

lcd_print ( generic_buf );
flag1.bits.lcd_busy = 1;
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RCS 05,5 sls 5

($regfile = "m32def.dat"
$crystal = 8000000

Config Kbd = Portd , Debounce = 50

Config Lcd =20 * 4

Config Lcdpin = Pin , Db4 = Porta.2 , Db5 =
Porta.3 , Db6 = Porta.4 , Db7 = Porta.5, Rs =
Porta.0 , E = Porta.1

Config Portb = Input

Config Rc5 = Pinb.0

Config Portc = Output

Fnable Interrupts

~N

oS 50 28 ) JUS 525l 3590 sla ke oS o ghiilen
aabg ailb G b jao Al 0 a8 uaie opl = Dim A As Bit
90 3 9 313 exge i |, Chengpass]l cuwd 03,5 K>
23 50 s Jsl 5 dlose 03,5 (bl ne cnl 0345
Ol 5l gy sod 9 00l JSho s ael 1o saze 0357 3)ly Cond
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5l S 9 slael Gioles Slgsl )8 sl = Dim Key As Byte
0T b 3l 30 a5 Jgaz

S slael (438 5 > =Dim Keyread As Byte

3ly sla xS sl Gi,les sl = Dim Digits As Byte
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Do
Scan:
Keyread = Getkbd()
If Keyred >= 16 Then Goto Scan
If Keyread = 0 Then Goto Ch1
If Keyread = 1 Then Goto Ch2
If Keyread = 2 Then Goto Ch3
If Keyread = 4 Then Goto Ch4
If Keyread = 5 Then Goto Ch5
If Keyread = 3 Then Goto Remote

Loop

- J

g o U sl oo Jolis 45 . JU o - Chl (F
Bl (0 700 035 Dly 9 50y i 092

Ch1:
Cls : Home
Locate 1, 7 : Lcd "chanel1"
Locate 2, 1 : Lcd "Entercode:up”
Locate 3, 1 : Lcd "Chengecde:down"

Jols G UK 59, Slles 6l 308 iz cnl 02 = Q1 (0
|)%§f|M@o|6wa&ffgﬂ)ub;dw9A§M
Aile oo > Olea gds sy Jlid Gl a5 b g 1S (0 (Sl

N\

Ve

Keyread = Getkbd()
If Keyread = 7 Then Goto Enterpass1
If Keyread = 11 Then Goto Test1
If Keyread = 15 Then Goto Menu
If Keyread >= 16 Then Goto Q1
Loop

- J

3)le 9 asS gy 1) oKws Jsl ,b )fl e ol ,o = Testl (5
500 S 500 s Caond Goob Sl laal Bl apd b 5 98 JUI
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([ Test1:
B1=1
Waitms 50
If B1 =1 Then
If C1=1Then
Goto Lastcode1
End If
End If
If B1 =1 Then
If C1 =0 Then
Goto Chengpass1
End If
End If

A\ J

Jles 1 (up) YL ol JUI (g4, 39 = Enterpassl (v
GAWWM.?)JUJ)).XSGAUL)QMUJMML)J@J

www.ECA.ir

W

0 3)ly sae s> 4 % Ll sl =Dim Point As Byte
Rt )

28 51l 87 (38,5 sl = Dim Codel As Word
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L oS o Joe CODEI 20 ssla = Dim L1 As Word
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ot ,d 5l L oyl aze ol = Dim Address As Byte
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03w ,d Sl 1) ygiws urie ¢l = Dim Command As Byte
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oo oslazwl TEST1 s 5o o 5 =Dim C1 As Byte
ol

s o3liwl Remote oz 5 cwwd ,5 = Dim D1 As Byte
ol

oo o5zl TEST1 i 5o o 5 = Dim B1 As Byte
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Begin:
A=0
Code1=0
L1=0
Digits =0
L Point=0 )

9l 45" b salgs eals VLS Hlaw (sein C‘?L; ol 5= Menu (Y
.L.Z)la &° oK 6[& Juls d.gl.oa
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Menu:
Cls : Home
Locate 1, 8 : Lcd "MENU"
Locate 2, 2 : Lcd "chanel1”
Locate 2, 12 : Lcd "chanel2"
Locate 3, 2 : Lcd "chanel3"
Locate 3, 12 : Lcd "chanel4"

Locate 4 , 7 : Lcd "chanel5"
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Return
Point = Digits + 6
Locate 3, Point : Lcd "*"
Code1 = Code1 * 10
Code1 = Code1 + Key
Return

P 50 055 3l 45 by e

S 0ol JLEs b oasT enl atlgs ey 05,8 )y o g

dg 0 Obled 50, 03,5 3)ly gxe 0 )l el o5 s (38) o)l
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e 2l o9 al 3 9 358 (o Jlab abg e (2 5
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3,5 (00 BEGIN iz 4 4L 2z Sl ey

Gotkey11:
Key = Lookup(keyread , Number11)
Waitms 200
Incr Digits
Point = Digits + 6
Locate 3, Point : Lcd "*"

L1=L1*10
L1=L1+ Key
Return
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Lastcode1:
Cls : Home
Locate 2, 1 : Lcd "Enter last code:"
Stay_here111:
Keyread = Getkbd()
If Keyread <> 16 Then Goto Stay
here111
Do
Keyread = Getkbd()
If Keyread <> 16 Then Gosub
Gotkey11
Waitms 100
If Digits = 4 Then
If L1 = Mycode1 Then

A=0
Digits =0
Point=0

Goto Chengpass1

Else

Goto Error

End If

End If
Loop
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Enterpass1:
Cls : Home
Locate 2, 1 : Lcd "Enter code:"
Stay_here1:
Keyread = Getkbd()
If Keyread <> 16 Then Goto Stay

here1
Do
Keyread = Getkbd()
If Keyread <> 16 Then Gosub
Gotkey1

Waitms 100

If Digits = 4 Then
If Code1 = Mycode1 Then
Goto Opendoor1
Else
Goto Error
End If

End If

Loop

A\ J

M (o0 Stay_here pb slanl b a5 oalys - Stay_here (A
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Stay_here:
Keyread = Getkbd()
If Keyread <> 16 Then Goto Stay
here

&)b)lb.\.&.))'9.)..\.C&;da.by,ow)auil=G0tkeY(q
6I)a MLS).Q)J ol 30 .592' 65%0)@,’5')&&@9.&.&{
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t o) 03,5 3)ly 9 adyl 50y uis Gla cwnd 45 by e
Gotkey1: )
Key = Lookup(keyread , Number1)
Waitms 200
Incr Digits
Point = Digits + 6
Locate 3 , Point : Lcd "*"

Code1 = Code1 * 10
Code1 = Code1 + Key
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Wait 10

Reset Portc.7

Wait 10

Set Portc.7

Wait 10

Reset Portc.7

Wait 10

If D1 =1 Then
Goto Remote

Elseif D1 =0 Then
Goto Begin

L End If )
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Error:

Cls : Home
Locate 2, 5 : Lcd "code wrong"
Wait 2
Display On
Wait 3
Display Off
Wait 1
Display On
Wait 3
Display Off
Wait 1
Display On
Wait 3
Goto Begin

- J

4 23l 8l display on/oft jgiws Sl esliwul @bge s
ol e o3 3sl5 0n b 4 | display eslisul 5T plKia
5 2algss 1) g5 LCD (55, & )90
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lgs (oo o U8 (59, 03 At s 031> HLis b Il
oo Comd & S sl 9008 b 1) Lk 350 (295
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Remote:
Cls : Home
Locate 2 , 6 : Lcd "Remote Mode"
Do
Getrc5(address , Command)
If Address = 0 Then
If Command = 12 Then

Lis Chengpassl &5 sl » Chengpassll pul 4 asb
Chengpassl] cuusd )3 jo, uis Oldes 9 Gie Gloles cg

Chengpass1:
Cls : Home
Locate 2, 3 : Lcd "chenge code:"
Waitms 100
Chengpass11:
Stay_here11:
Keyread = Getkbd()
If Keyread <> 16 Then Goto Stay
here11
Do
Keyread = Getkbd()
If Keyread <> 16 Then Gosub
Gotkey1
Waitms 100
If Digits = 4 Then
If A=0 Then
Cls
Locate 2, 3 : Lcd "Repaet
code:"

A =1 : Digits =0 : Code11
Code1
Code1=0
Goto Chengpass11
End If
If Code11 = Code1 Then
Mycode1 = Code1
C1=1
Goto Begin
Else
Goto Error
End If
End If
Loop
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D1=1
Goto Opendoor1
End If
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g g0 ooy 9 ehid olsS” alin)
Opendoor1:
Cls : Home
Locate 2, 4 : Lcd "codeaccepted”
Locate 3, 3
Lcd "Unlockedreley1”
Set Portc.7




Do

Debounce Pind.O, O,
Debounce Pind.1, 0
Loop
Q.

Rc5send 0,0, 12
Wait 1

Return

W:

Rc5send 0,0, 13
Wait 1

Return

End

o 4l 51 Ao 8 0 a0 b a0 &5 philen sl ol )
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If Command = 13 Then
Goto Menu
End If
End If
Loop
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$regfile = "m8def.dat"
$crystal = 4000000
Config Portd = Input
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PCO0/ADCO
PC1/ADC1
PC2/ADC2
PC3/ADC3
PC4/ADC4/SDA
PC5/ADCS/SCL
PC6/RESET
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: AT90USB162 4il 5 Slasiv
* High Performance, Low Power AVR® 8-Bit
Microcontroller
» Advanced RISC Architecture
— 125 Powerful Instructions — Most Single
Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
* Non-volatile Program and Data Memories
—16K Bytes of In-System Self-Programmable
Flash
* Endurance: 10,000 Write/Erase Cycles
— Optional Boot Code Section with Independ-
ent Lock Bits
» USB boot-loader programmed by default in
the factory
* In-System Programming by on-chip Boot
Program hardware-activated after reset
* True Read-While-Write Operation
— 512 Bytes EEPROM
* Endurance: 100,000 Write/Erase Cycles
— 512 Bytes Internal SRAM
— Programming Lock for Software Security
» USB 2.0 Full-speed Device Module with In-
terrupt on Transfer Completion
— Complies fully with Universal Serial Bus
Specification REV 2.0
—48 MHz PLL for Full-speed Bus Operation :
data transfer rates at 12 Mbit/s
— Fully independant 176 bytes USB DPRAM
for endpoint memory allocation
— Endpoint 0 for Control Transfers: from 8 up
to 64-bytes
— 4 Programmable Endpoints:
* IN or Out Directions
* Bulk, Interrupt and IsochronousTransfers
* Programmable maximum packet size from 8
to 64 bytes
* Programmable single or double buffer
— Suspend/Resume Interrupts
— Microcontroller reset on USB Bus Reset
without detach

— USB Bus Disconnection on Microcontroller
Request

— USB pad multiplexed with PS/2 peripheral
for single cable capability

* Peripheral Features

— PS/2 compliant pad

— One 8-bit Timer/Counters with Separate
Prescaler and Compare Mode (two 8-bit PWM
channels)

— One 16-bit Timer/Counter with Separate
Prescaler, Compare and Capture Mode(three
8-bit PWM channels)

— USART with SPI master only mode and hard-
ware flow control (RTS/CTS)

— Master/Slave SPI Serial Interface

— Programmable Watchdog Timer with Sepa-
rate On-chip Oscillator

— On-chip Analog Comparator

— Interrupt and Wake-up on Pin Change

* On Chip Debug Interface (debugWIRE)

* Special Microcontroller Features

— Power-On Reset and Programmable Brown-
out Detection

— Internal Calibrated Oscillator

— External and Internal Interrupt Sources 8-bit
— Five Sleep Modes: Idle, Power-save, Power-
down, Standby, and Extended Standby

* [/O and Packages

— 22 Programable I/O Lines

— QFN32 (5x5mm) / TQFP32 packages

* Operating Voltages

-2.7-55V

* Operating temperature

— Industrial (-40°C to +85°C)

* Maximum Frequency

— 8 MHz at 2.7V - Industrial range

— 16 MHz at 4.5V - Industrial range
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s N

while((avr(PINB).P7)==1){}
while((avr(PINB).P7)==0)
{

PORTB=0B11111110;
PORTD=0B11011111;
_delay_ms(10);

PORTB=0B11111101;
PORTD=0B11101111;
_delay_ms(10);

PORTB=0B11111011;
PORTD=0B11110111;
_delay_ms(10);

PORTB=0B11110111;
PORTD=0B11111011;
_delay_ms(10);

PORTB=0B11101111;
PORTD=0B11111101;
_delay_ms(10);

PORTB=0B11011111;
PORTD=0B11111110;
_delay_ms(10);

1

. J
om 332 Kb a (rand()%6) sptes 51 oslizal b cls ol

#include <avr/io.h>
#include "avrlibdefs.h"
#include "avrlibtypes.h"
#include <util/delay.h>
#include <stdlib.h>

int main(void)

{
PORTD=0B11111111;
DDRD=0B11111111;

PORTB=0B11111111;
DDRB=0B01111111;

int segment []={

0b01111001, /1

0b00100100, //2
0b00110000, //3
0b00011001, //4
0b00010010, //5
0b00000010, //6

I
while(1)
{

PORTD=segment[(rand()%6)];
_delay_ms(3);
PORTB=segment[(rand()%6)];
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NXP ARM LPC17 68 DevBoard Cortex-M3

3.2"touchscreen LCD
with JLink V8 On board
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Features:

e Powerful MCU core: Cortex-M3

e processing rates of up to 100MHz, and includes a support eight areas of memory protection
unit (MPU)

e Built-in Nested Vectored Interrupt Controller (NVIC)

e 512KB on-chip Flash program memory, to support in-system programming (ISP) and In-
Application Programming (IAP)

e 64KB SRAM for high-performance CPU through the instruction bus, system bus, data bus
access

o AHB multi-layer matrix with 8-channel general purpose DMA controller (GPDMA)

e support the SSP, UART, AD / DA, Timer, GPIO, etc., can be used for memory to memory
transfers

e standard JTAG test / debug interface and debug serial line and serial line tracking port op-
tions

e Emulation trace module supports real-time tracking

e 4 low-power modes: sleep, deep sleep, down, deep power-down

e single 3.3V power supply (2.4V - 3.6V)

e Operating temperature: -40 °© C - 85 ° C

e non-maskable interrupt (NMI) input

e On-chip integrated power-on reset circuit

e built-in system tick timer (SysTick), easy operating system migration.
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(Hz) (Hz)

20 5.24
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\ . 100 26.2
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\ 50 13.1

\ \ 60 15.7

\ \ 250 65.5

\ \ \ 500 131

0/DRDY Zero| RS1| RSO |R/W | STBY| G1| G2
0 0 1 1 1 0 0 0

Read reg = &B00111000

il S el 9o s
(Complete_data - Makeint(data_msb , Data_Isb
Sy ab (Bl sla ol Sl 550 sae g5l SL Sl s
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,normal mode Vref

Read_reg = &B00111000 V= 1DC Resolution ™ Value

' same as comm_reg : selecting data , read esoiution

mode

' Spi Config _ 25v

Config Spi = Hard , Interrupt = Off , Data Order V= 65536 Value

= Msb , Master = Yes

Polarlty Low, Phase = 0, Clockrate = 128 , Slks b 55 3905 05955 Sy alewy & Mg g e s

Salys s 3, 5y lada 5 - G 6,8 05l g, & el (2
'----Sendig Configurations Data To Registers--- S92
Ad7715:
$regfile = "m32def.dat"
'reset off $crystal = 8000000
Spiinit $baud = 19200
Chip_select=0 $hwstack = 128
Reset chip=0 $swstack = 128
Spiout Comm_reg , 1 $framesize = 128
Spiout Setup_reg , 1
Chip_select =1 Config Lcd = 16 * 2
Reset_chip =1 Config Lcdpin = Pin , Db4 = Porta.2 , Db5 =
Porta.3 , Db6 = Porta.4 , _
Do Db7 = Porta.5 , E = Porta.1 , Rs = Porta.0
Bitwait Data_ready , Reset Cursor Off
Chip_select=0 Cls
Reset _chip=0 Lcd "AD7715 Simple Board"
Reset_chip =1 Print "AD7715 Simple Board"
Wait 5
Spiout Read _reg , 1 Config Pinb.3 = Input
Waitms 40 Config Portb.2 = Output

Config Portb.1 = Output
Spiin Data_msb , 1

Spiin Data_Isb , 1 Const Res = .3814
Waitms 30 Const Res_div = .0001
Chip_select =1
D|m Calc As Integer
Complete_data = Makeint(data_Isb , Data_msb) Pins alias
Data_read = Str(complete_data) Data_ready Alias Pinb.3
Calc = Complete_data * Res Chip_select Alias Portb.1 ﬂ
Calc = Calc * Res_div Reset_chip Alias Portb.2 )
Print Calc ; "Volt" i Registers alias %
Print Data_read Dim Setup_reg As Byte \,19
Print Dim Read_reg As Byte .
Print Dim Comm_reg As Byte ;
Lcd Calc ; "Volt" D|m Data_read As String * 16 §
Print " . Dimension 3
Waitms 500 Dim Data_msb As Byte 1
Dim Data_Isb As Byte !
Loop Dlm Complete_data As Word 3
registers codes-------------- 2
End Comm_reg = &B00010000 e
Setup_reg = &B01100110 E
L ) [steup config : self calibration , 2.4Mhz , 25 sps | =
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Implementation Of Low Power Floating
Point Adder On FPGA

Ali Farmani
University Of Tabriz, Ali_ Farmani88(@ms.tabrizu.ac.ir

Abstract. An efficient design of floating-point ad-
der onto an FPGA offers major area and perfor-
mance overheads. With the recent advancement
in FPGA architecture and area density, latency
has been the main focus of attention in order
to improve performance. Our research was ori-
ented towards studying and implementing stand-
ard, Leading One Predictor (LOP), and far and
close data-path floating-point addition algorithms.
Each algorithm has complex sub-operations which
lead significantly to overall latency of the design.
Each of the sub-operation is researched for dif-
ferent implementations and then synthesized onto
a STRATIX II FPGA device to be chosen for best
performance. our implementation of the standard
algorithm occupied 420 slices and had an overall de-
lay of 28 ns. The standard algorithm was pipelined
into five stages to run at 120 MHz which took an
area of 324 slices and power is 35mw.

Keywords: floating point adder,fpga,single preci-
sion.

1. Introduction

One of the first competitive floating-point ad-
dition implementation is done by L. Louca, T.
Cook, and W. Johnson [1] in 1996. Single precision
floating-point adder was implemented for Altera
FPGA device. The primary challenge was to fit the
design in the chip area while having reasonable
timing convergence. The main objective of their
implementation was to achieve IEEE standard
accuracy with reasonable performance parameters.
This is claimed to be the first IEEE single pre-
cision floating-point adder implementation on a
FPGA, before this, implementation with only
18-bit word length was present [2]. Floating-point
addition is the most frequent floating-point opera-
tion and accounts for almost half of the scientific
operation. Therefore, it is a fundamental component

of math coprocessor, DSP processors, embedded
arithmetic processors, and data processing units.
These components demand high numerical stabil-
ity and accuracy and hence are floating-point based.
Floating-point addition is a costly operation in terms
of hardware and timing as it needs different types
of building blocks with variable latency. A
lot of work has been done to improve the overall
latency of floating-point adders. Various algorithms
and design approaches have been developed by the
Very Large Scale Integrated (VLSI) circuit commu-
nity  [3-4,9-12] over the span of last two decades.
Binary floating-point arithmetic is usually sufficient
forscientific and statistics applications. However, it
is not sufficient for many commercial applications
and database systems, in which operations often
need to mirror manual calculations. Therefore, these
applications often use softwareto perform decimal
floating-point arithmetic operations. Although this
approach eliminates errors due to converting be-
tween binary and decimal numbers and provides
decimalrounding to mirror manual calculations, it
results in long latencies for numerically intensive
commercial applications. Because of the growing
importance of decimal floating-point arithmetic,
specifications for it have been added to the draft re-
vision of the IEEE-754 Standard for Floating-Point
Arithmetic (IEEE P754) [5]. The most important
functionality of FPGA devices is their ability to re-
configure when needed according to the design
need. In 2003, J. Liang, R. Tessier and O.
Mencer [6] developed a tool which gives the user
the option to create vast collection of floating-point
units with different throughput, latency, and area
characteristics. One of the most recent works
published related to our work is published by G.
Govindu, L.Zhuo, S. Choi, and V. Prasanna [7]
on the analysis of high-performance floating-point
arithmetic on FPGAs.
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2. Design and Implementation

In this section we express design and implementa-
tion algorithm of floating point adder with single
precision.

2.1. Algorithm Of Floating poinit Adder

In general, a floating-point number will be rep-
resented as + d.dd... d x BE, where d.dd... d
is called the significand and has p digits also called
the precision of the number, and B is the base being
10 for decimal, 2 for binary or 16 for hexadeci-
mal. If B= 10 and p = 3, then the number 0.1 is
represented as 1.00 x 10-1. If B= 2 and p=
24, then the decimal number 0.1 cannot be
represented  exactly, but is approximately
1.10011001100110011001101 x 2-4. This shows
a number which is exactly represented in one
format lies between two floating-point numbers
in another format. Thus the most important factor
of floating-point representation is the precision or
number of bits used to represent the significands.
Other important parameters are Emax and Emin,
the largest and the smallest encoded exponents for a
certain representation, giving the range of a number.
The Institute of Electrical and Electronics Engineer-
ing (IEEE) issued 754 standard for binary floating-
point arithmetic in 1985 [8]. This standardiza-
tion was needed to eliminate computing industry’s
arithmetic vagaries. Due to different definitions used
by different vendors, machine specific constraints
were imposed on programmers and clients. The
standard specifies basic and extended floating-

point number formats, arithmetic operations, con-
versions between various number formats, and
floating-point exceptions. This section goes over the
aspects of the standard used in implementing and
evaluating various floating-point adder algorithms.
There are two basic formats described in IEEE
754 format, double-precision using 64-bits and
single-precision using 32-bits. Table 1 shows the
comparison between the important aspects of the
two representations.

The single- precision floating-point number is calcu-
lated as (-1)S x 1.F x 2E-127 The sign bit is either
0 for non-negative number or 1 for negative num-
bers. The exponent field represents both positive and
negative exponents. To do this, a bias is added to the
actual exponent. For IEEE single-precision format,
this value is 127, for example, a stored value of 200
indicates an exponent of (200-127), or 73. The
mantissa or significand is composed of an implicit
leading bit and the fraction bits, and represents the
precision bits of the number. Exponent values (hexa-
decimal) of OxFF and 0x00 are reserved to encode
special numbers such as zero, denormalized num-
bers, infinity, and NaNs. The mapping from an en-
coding of a single-precision floating-point number
to the number’s value is summarized in Table 2.

The IEEE 754 defines five types of exceptions:
overflow, underflow, invalid operation, inexact re-
sult, and division-by-zero. Exceptions are signaled
by setting a flag or setting a trap. In evaluating hard-

Table 1: Comparison between single and Double precision

Format Precision Emax Emin
Single 24 +127 -126
double 53 +1023 -1022

Exponent bias | Exponent width | Format width

127 8 32

1023 11 64

Table 2: IEEE 754 Single Precision Floating Point

Sign Exponent Fraction Value Description
S 0XFF 0x00000000 (-1)% Infinity
S 0XFF F+0 NaN Not a Number
S 0X00 0x00000000 0 Zero
S 0X00 F#0 (-1)%0.F*2F126 Denormalized
number
S 0x00<E<Oxff F (-1)31.F*25"% Normalized number
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ware implementations of different floating-point ad-
der algorithms, we only implemented overflow and
underflow flags in our designs as they are the most
frequent exceptions that occur during addition.

2.2.  Standard Floating Point Addition Algorithm
Let sl; el; fl and s2; e2; f2 be the signs, expo-
nents, and significands of two input floating-point
operands, N1 and N2, respectively. Given these two
numbers, Figure 1 shows the flowchart of the stand-
ard floating-point adder algorithm.

Set appropriate implicit bit

o0 else set 1o *1°

Replace /2 by 2's

complement

Replace s by 2's

complement

Leading One Detector

Normalize Shift
“
Compute Sign

Adjust Exponent

Register Output & Exceptions

Fig. 1: Flow chart for Floating-Point Adder

A description of the algorithm is as follows :

1. The two operands, N1 and N2 are read in and
compared for denormalization and infinity. If num-
bers are denormalized, set the implicit bit to 0 oth-
erwise it is set to 1. At this point, the fraction part is
extended to 24 bits.

2. The two exponents, el and e2 are compared using
8-bit subtraction. If el is less than 2, N1 and N2 are
swapped i.e. previous f2 will now be referred to as
f1 and vice versa.

3. The smaller fraction, f2 is shifted right by the ab-
solute difference result of the two exponents’ sub-
traction. Now both the numbers have the same ex-
ponent.

4. The two signs are used to see whether the opera-
tion is a subtraction or an addition.

5. If the operation is a subtraction, the bits of the {2
are inverted.

6. Now the two fractions are added using a 2’s com-
plement adder.

7. If the result sum is a negative number, it has to be
inverted and a 1 has to be added to the result.

8. The result is then passed through a leading one

detector or leading zero counter. This is the first step
in the normalization step.

9. Using the results from the leading one detector,
the result is then shifted left to be normalized. In
some cases, 1-bit right shift is needed.

10. The result is then rounded towards nearest even,
the default rounding mode.

11. If the carry out from the rounding adder is 1, the
result is left shifted by one.

12. Using the results from the leading one detector,
the exponent is adjusted. The sign is computed and
after overflow and underflow check, the result is
registered.

Using the above algorithm, the standard floating
point adder was designed. The detailed micro-
architecture of the design is shown in Figure 2.
It shows the main hardware modules necessary
for floating-point addition.

’ sl Exp | Mantissa ] | .xl Exp | Mantissa ‘
- g=

Larger exp Sub

P 1

b A

Add/Sub I
8]

Exp Out Mant

lantissa Out
Fig. 2: Micro-architecture of standard floating-point Adder

The main hardware modules for a single-preci-
sion floating-point adder are the exponent dif-
ference module, right shift shifter, 2’s comple-
ment adder, leading one detector, left shift shifter,
and the rounding module. The bit-width as shown
in Figure 2 and following figures is specifically
for single-precision addition and will have to be
changed for any other format.

We express A part of VHDL Code for implementa-
tion of floating point adder that shown :

LIBRARY ieee ;

USE ieee.std logic 1164.ALL;

USE ieee.std logic_misc.ALL;

USE ieee.std logic unsigned.ALL;

USE ieee.std_logic arith. ALL;

entity floating point adder is

port(
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clk: in std_logic;

opa: in std_logic_vector (0 to 31);

opb: in std_logic_vector (0 to 31);

add: out std_logic_vector(0 to 31);
underflow: out std_logic;

overflow: out std_logic);

end floating point adder ;

architecture arch of floating point adder is

component adder is

port(

a, b: in std_logic vector(0 to 26);
sub:in std_logic;

sum: out std logic_vector(0 to 26);
cout: out std_logic);

end component;

end arch;

3. Conclusion

Floating-point unit is an integral part of
any modern microprocessor. With advancement
in FPGA architecture, new devices are big and fast
enough to fit and run modern microprocessors in-
terfaced on design boards for different applications.
Floating-point units are available in forms of
intellectual property for FPGAs to be bought and
used by customers. Floating-point adder is the most
complex component of the floating-point unit. It
consists of many complex sub components and their
implementations have a major effect on latency and
area of the overall design. Standard algorithm con-
sists of the basic operation which consists of right
shifter, 2’s complement adder, leading one detec-
tor, and left shifter. Different implementations for
all these various components were done using
VHDL and then synthesized for Stratix Il FPGA
device to be compared for combinational delay and
area. The objective was to reduce the overall laten-
cy; therefore each sub component is selected accord-
ingly. Standard algorithm is also considered as naive
algorithm for floating-point adder and is considered
to be area efficient but has larger delays in levels of
logic and overall latency. For a Stratix II FPGA
device our implementation of the standard algo-
rithm occupied 420 slices and had an overall delay
of 28 ns. The standard algorithm was pipelined into
five stages to run at 120 MHz which took an area of

www.ECA.Ir

Fig. 2: Final result of Floating Point Adder

324 slices and power is 35mw. In figure 3 shown
final result.
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