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Representacao de Ponto Flutuante (IEEE 754)

* Representa numeros entre £1.4x10% a + 3.4x103%

e Erro de arredondamento
— 45.45 — 45.45000000000000284... (double)
—> 45.4500007629... (single)

Single precision (32-bit) form: (Bias = 127)
(1)sign (8) exponent (23) fraction

Double precision (64-bit) form: (Bias = 1023)
(1)sign  (11)exponent (52) fraction

(_ 1 )sign b“(1+fraction) x Pexponent - bias

Conversor: https://www.h-schmidt.net/FloatConverter/IEEE754.html



Representacao de Ponto Flutuante (IEEE 754)

e Sinal:
— Bit31=0— (-1)°= 1 (Positivo)
— Bit31=1— (-1)! =-1 (Negativo)

Single precision (32-bit) form: (Bias = 127)
(1)sign (8) exponent (23) fraction

(_ 1 )sign b“(1+fraction) x 2exponent - bias



Conversao de Decimal para Ponto Flutuante (ieee 754

* 45.45 (decimal)

— Converter inteiro para binario: 45 —.10 1101
0.45x2=0.9

— Converter a fracao para binarie~

090x2 k1.8

45.45 — 101101.011100... 1.6
Normalizacdo — 1.01101011100... 12 =
b . 04 S8
(_1)3|gn b|t(1+fraction)x2exponent - bias ' c>ts L
0.4 0.3
(—1)°(1. 011010...)x2132-127= 1 011010 %2 o —
0 10000100 01101011100110011001100 U11100..

Single precision (32-bit) form: (Bias = 127)

(1)sign (8) exponent (23) fraction



Conversao de Ponto Flutuante para Decimal

Single precision (32-bit) form: (Bias = 127)
(1)sign (8) exponent (23) fraction

0 10000100 01101011100110011001100

binario decimal

. Sinal: 0 —> Positivo l l

0.1=21=05
. Expoente: 10000100 —> 132 0.01=22=0.25
e Fracdo: 01101011100110011001100 0.001 =2 =0.125

(_1)sign bit(1+fraction)xzexponent - bias
(—1)°(1. 011010...)x2132-127=1,01101011100110011001100 x2°

101%01.0lllOOlllOOllOOllOO

45 0-21+1.2241.23+1-24+0-2° +... = 0.25+0.125+0.0625+...
45.4500007629...



Soma ou Subtracao com Ponto Flutuante

 Checar se existem zeros

Ilgualar expoentes

Soma ou subtracao
Normalizar resultados

Exemplo (8 bits : bias = 7)

X+Y

X=7=01001110— 1.110 x 22

Y=1=00111 000 — 1.000 x 2° — 0.01000 x 22

1.110 x 22
+ 0.010 x 22
10.000 x 22

— 1.000 x 23— 0 1010 000

Mesmo
Expoente

X+Y=38



Como se iguala os expoentes?

* Logical Shift Right (LSR) ou Logical Shift Leght (LSL)

b31

ba

312-bl1t word

b3l

b1

k0O

LSR Rd, Rm, Op2

LDR R2, =0x0001 0000

LSR RO, R2, #8

RO = 0000 0010

C=0

before

after

LSR #:

b31

bBO

Carry

32-bit word

b3l

1]

LSL Rd, Rm, Op2

befora

@— after LSL #1

LDR R2, =0x0001 0000

LSL RO, R2, #8

RO = 0100 0000

C=0



Addicao - inteiros e ponto flutuante

e Comparacao

int a = 2; float a = 2.0;
int b = 2; float b = 2.0;
int ¢ = 0; float ¢ = 0.0;
c = atb; c = atb;

22 ticks de clock 98 ticks de clock

com o KL25Z com o0 KL25Z
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Multiplicacao (MUL) — Unsigned Int
MUL Rd, Rn, Opt2 ; Rd = Rn x Opt2

e Cortex MO+ possui duas implementacoes possiveis:

— Rapida — executa em um unico ciclo—> Usado pelo KL25Z (Hardware)
— Pequena — multiplicador iterativo executa em 32 ciclos

I_. Instrucdes add/sub/shift usadas quando
nédo existe a opcao de 1-ciclo (Software)

* Alnstrucao MUL realiza a multiplicacao de dois numeros de
32 bits (Rn e Opt2) e retorna em Rd um numero de 32 bits
(LSBs).

 Multiply and Accumulated (MLA)
MLA Rd, Rm, Rs, Rn ; Rd=Rm x Rs +Rn

Instrucao nao
disponivel no
Cortex MO+




Multiplicacao Long

* |nstrucdes que multiplicam numeros de 32 bits e

retornam numeros de 64 bits

UMULL — Unsigned Multiply Long

UMLAL — Unsigned Multiply with Accumlate Long
SMULL — Signed Multiply Long

SMLAL — Signed Multiply with Accumlate Long

Disponiveis
— a partir do
Cortex M3




Multiplicacao- inteiros e ponto flutuante
(Cortex MO+)

e Comparacao

int a = 2;
int b = 2;
int ¢ = 0;
C = a X b;
22 ticks de clock
\ com o KL25Z |
|
Utiliza MUL

(Hardware)

float a
float b
float ¢
C = a X

l

178 ticks de clock
com o0 KL25Z

ONDNND
o O O

e

O2NN | | I |

K )

f

Utiliza add/sub/shift
(Software)



Divisao — Signed and Unsigned Int

* Signed Divide: SDIV{cond} Rd, Rn, Rm
* Unsigned Divide: UDIV{cond} Rd, Rn, Rm

\ )
f

Disponiveis a partir do Cortex M3
(Hardware)

Como fazer divisao no

Cortex MO+ ? 7
J | Y/.
b



Divisao Inteiro — Cortex MO+ (Software)

RO = 2012
R1=10

RO =R0-R1
Increment R2 (Quotient)

]

Exemplo: R2 = RO/R1

iInt RO = 2012;

Int R1 = 10;
Int R2 = 0;

while (RO >= R1)

{
RO = RO - R1;
R2 =R2 + 1;

}

Quando RO for maior
ou igual a R1,
R2=201eR0=2



Divisao - inteiros e ponto flutuante (Cortex M0+

e Comparacao

int a = 2; float a = 2.0;
int b = 2; float b = 2.0;
int ¢ = 0; float ¢ = 0.0;
c =a / b; c =a / b;
88 ticks de clock 429 ticks de clock
\ com o KL25Z | \ com o KL25Z7 |
| |

Software Software
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Assembly Pseudo-Instrucoes

e Auxiliam na programacao
* Nao utilizam memoria

e S3o indicacoes para o Assembler traduzir o codigo
de Assembly para Codigo de Maquina

Directive Description

AREA Instructs the assembler to assemble a new code or data section

END Informs the assembler that it has reached the end of a source file.

ENTRY Declares an entry point to a program.

Gives a symbolic name to a numeric constant, a register-relative value or a PC-

EQU relative value.

INCLUDE It adds the contents of a file to our program.
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Instruction Sets - ARM

* Processadores ARM possuem diversos grupos de
instrucoes dependendo da versao do processador:

— 32-bit ARM instruction set
— 16-bit Thumb instruction set }
_ , , Cortex MO+
— 16/32-bit Thumb-2 instruction set
— Jazelle DBX for Java byte codes (multi-tasking Java Virtual Machine)
— NEON 64/128-bit SIMD instruction set (Media ARM Cortex A e R52)
— VFP vector floating point instruction set (rFpu)



Instruction Sets

a1:16 15:0

Irnmedi ate
Drata Data
Bus MU
\ Thumb
: . : D
Thumb — instruc3do precisa e ARM
oo, /’ = Instruction
ser descomprimida Decoder
Todas as instrucdes ARM
podem ser condicionais | arddress bit 1 Thureh enable
15 1

1y v 4
cond  opcode dst  src immed12

on 110 Thumb Instr.
ADD BEd, <imimed&=
| ¥
‘1110 lockup |« ‘0 ‘0000°
0

1110fo0o10100 1D

(always) ARM instruction:

ADD E4dEd <immedl2=



Dhrystone 2.1/sec
@ 20MHz

[ ARM
B Thumb
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32-bit 16-bit 16-bit with
32-bit stack

Memory width (zero wait state)

Thumhb-2 code size 26%
smaller than ARM

Thumb-2 Performance 25%
faster than Thumb

] ARM

I Thumb-2

D Thumb

[] ARM

B Thumb-2
] Thumb



