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Arquitetura MIPS
.. Diagrama simplificado
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Convencao de uso dos registradores

Registrador NUmero

$zero 0 Valor constante igual a zero
$vO-$v1 | 2-3 Retorno de fungoes

$a0-%a3 |4-7 Argumentos de funcoes

$t0-$t7 |8-15 Temporarios, ndo precisam ser salvos

$s0-$s7 | 16-23 Salvos por uma funcdo chamada
$t8-$t9 | 24-25 Mais temporarios

$gp 28 Apontador global
$sp 29 Apontador de pilha
$fp 30 Apontador de quadro

$ra 31 Endereco de retorno ’




Principios de projeto MIPS

1. Simplicidade favorece regularidade
2. Menor significa mais rapido
3. Agilize os casos mais comuns



Instrucoes MIPS
- Armazenamento na memoria

e O espaco de enderecamento de memoria do MIPS € de
230 palavras (de 32 bits)

e MIPS exige que todas as palavras comecem em
enderecos que sao multiplos de 4 bytes

Bytes na palavra

endereco dados
0 100 O 1 2 3
4 10
8 101 Nao
12 1 Alinhado

4294967292 77 5




Instrucoes MIPS
- Armazenamento na memoria

Big endian - byte mais a esquerda marca endereco da
palavra

Little endian — byte mais a direita marca endereco da palavra

Exemplo: palavra = 6151CE94,, endereco = OF40
1) Big Endian:

“mmm

) Little Endian:

_---

OF44 . 00 | 00 00 | 00 _



Instrucoes MIPS
. Instrucoes de transferéncia de dados

n°. registrador dados endereco dados

90166000 00000000, [90166000
66630 00000004, [Ff666e30
00000008, (00000000
0000000c,, (00000000
! 00000010, (00000000
00000014, (00000000
00000018, (00000000
0000001c, (00000000

WNEFEO

31| 0000000b

fFfffffc, |0000000b

Banco de Memoria
Registradores



Instrucoes MIPS
. Instrucoes de transferéncia de dados

e Load word (Iw)

Banco de registradores Memoria
ne.
registrador dados [ lw $30,4($2) } endereco dados
019016 6000 00000000,, | 9016 6000
1|ff66 6e30 00000004,, | ff66 6e30
210000 000c N 00000008,, | 0000 0000
3 0000000c¢;, | 0000 0000
»00000010,. | 0000 012Ff
000 2, | 0000 0000
300000 012f|« 0000018,, | 0000 0000
310000 000b 0000001c, | 0000 0000
fFfffffc, | 0000 000b




Representando instrugcoes no
computador

e Formato registrador (R)
Op-Code Rs Rt Rd Shamt Function Code

000000 |[sssss |ttttt | ddddd |00000 |(f£f£ff£f£f

e Formato imediato (l)
Op-Code Rs Rt Immediate

fEfEffff| sssss|ttttt| 11iiiiiiiiijiiii

e Formato jump (J)
Op-Code Target

00001f | tttttttttttttttttttttttttt




Lei de Amdahl

“O maior aumento de desempenho possivel introduzindo
melhorias numa determinada caracteristica € limitado pela
percentagem em que essa caracteristica é utilizada”

T, afetado pela melhoria
Tempo de execugdo (Tex) apos melhoria = + T, ndo-afetado
Quantidade da melhoria

Tnovo — F . -gvelho + (1_ F) | Tvelho — Tvelho I:% + (1_ F ):|

Melhoriaglobal — Tvelho _ = 1
novo §_|_ (1_ F)
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Instrucoes MIPS

®
e Logicas
®
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Instrucoes MIPS
.. Instrucoes Ldgicas

Operacéo logica Instrucao MIPS Significado
Shift a esquerda sil Shift left logical
Shift a direita sri Shift right logical
AND bit a bit and, andi E

OR bit a bit or, ori OR

NOR bit a bit nor NOR
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Instrucoes MIPS
.2 Instrucoes Logicas

e Operacoes de deslocamento (shift)

O Deslocam todos os bits de uma palavra para esquerda
ou direita, preenchendo os bits vazios com zero (nao
ciclico)

O Sao instrucoes do tipo R (registrador)

O A quantidade de bits a serem deslocados €
especificada pelo campo shamt (shift amount)
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Instrucoes MIPS
.. Instrucoes Logicas

e shift left logical (sll)

{sll $t2. $s0. 4  # $t2 « $s0 << 4

Conteudo:

$s0 0110 1000 1111 OOOO O111 0110 1111 1111

S S S

$t2 1000 1111 OOOO 0111 0110 1111 1111 0OO0OO
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Instrucoes MIPS
.. Instrucoes Logicas

e shift left logical (sll)

lel $t2, $s0, 4 # $t2 — $sO << 4 J
g op rs rt rd shamt funct
Instrucao
(decimal): 0 0 16 10 4 0
sl —— $s0 $t2 shamt sl
Instrucao

000000 | 00000 | 10000 | 01010 | 00100 | OOO0O00

(binario):




Instrucoes MIPS
.. Instrucoes Logicas

e shift right logical (srl)

Lsrl $t2, $s0, 8  # $t2 « $sO >> 8

Conteudo:

$s0 0110 1000 1111 OOOO O111 0110 1111 1111

\

$t2 0000 0000 0110 1000 1111 OOOO 0111 0110
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Instrucoes MIPS
.. Instrucoes Logicas

e shift right logical (srl)

Lsrl $t2, $s0, 8  # $t2 — $sO >> 8 J
g op rs rt rd shamt funct
Instrucao
(decimal): 0 0 16 10 8 2
sri —— $s0 $t2 shamt sri
Instrucao

000000 | 00000 | 10000 | 01010 | 01000 | 000010

(binario):




Instrucoes MIPS
.. Instrucoes Logicas

e shift right arithmetic (sra)
O Desloca bits a direita, preservando o sinal (compl. a 2)
O Deslocamento de n bits corresponde a divisao por 2"
O Dica: para divisbes com valores de tipo integer

{sra $t2, $sO, 4 # $t2 «— $s0 >> 4 }

Conteudo:

$s0 110 1000 1111 OOOO 0111 0110 1111 1111

N

$t2 111 1110 1000 1111 OOOO 0O111 0110 1111
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Instrucoes MIPS

.. Revisao — Complemento a 2

20



Instrucoes MIPS
.. Instrucoes Logicas

e shift right arithmetic (sra)

Lsra $t2, $s0, 4 # $t2 «— $s0 >> 4 J
g op rs rt rd shamt funct
Instrucao
(decimal): 0 0 16 10 4 3
sra —— $s0 $t2 shamt sra
Instrucao

000000 | 00000 | 10000 | 01010 | 00100 | 000011

(binario):




Instrucoes MIPS
.. Instrucoes Ldgicas

e AND Dbit a bit (and)

{and $t0, $t1, $t2  # $t0 « $tl & $t2 J

Conteudo:

$t1 0000 0000 1111 0000 0000 0110 OOOO 1111
$t2 0000 0000 0110 0000 0000 0000 0000 1110

$t0 0000 0000 0110 O0O0OO OOOO OOOO 0000 1110
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Instrucoes MIPS
.. Instrucoes Logicas

e AND Dbit a bit (and)

{and $t0, $t1, $t2  # $t0 « $tl & $t2 J

g op rs rt rd shamt funct
Instrucao
(decimal): O 9 10 8 O (24),
and $tl $t2 $t0 —— and
Instrucao

000000 | 01001 | 01010 | 01000 | 00000 | 100100

(binario):




Instrucoes MIPS
.. Instrucoes Logicas

e OR Dbit a bit (or)

{or $t0, $t1, $t2  # $t0 « $tl | $t2 J

Conteudo:

$t1 0000 0000 1111 0000 0000 0110 OOOO 1111
$t2 0000 0000 0110 0000 0000 0000 0000 1110

$t0 0000 0000 1111 OOOO OOOO 0110 0000 1111
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Instrucoes MIPS
.. Instrucoes Logicas

e OR Dbit a bit (or)

{or $t0, $t1, $t2  # $t0 « $tl | $t2 J

g op rs rt rd shamt funct
Instrucao
(decimal): 0 9 10 8 0 (25),
or $tl $t2 $t0 —— or
Instrucao

000000 | 01001 | 01010 | 01000 | 00000 | 100101

(binario):




Instrucoes MIPS
.. Instrucoes Logicas

e NOR bit a bit (nor)

O A operacao NOT (negacao) tem apenas um operando

O Para acompanhar o formato de dois operandos, a
instrucao NOR foi projetada no lugar do NOT

O Se um operando for zero, NOR ¢é equivalente ao NOT:
e ANOR 0 = NOT (A OR 0) = NOT (A)
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Instrucoes MIPS
.. Instrucoes Logicas

e NOR bit a bit (nor)

[nor $t0, $t1, $zero # $t0 «— ~ $tl

|

Instrucao
(decimal):

Instrucao
(binario):

op rs rt rd shamt funct

O 9 0 8 0 (27),

nor $tl $zero $tO —— nor
000000 | 01001 | OO000 | 01000 | 00000 | 100111
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Instrucoes MIPS
.. Instrucoes Logicas

e XOR Dbit a bit (xor)

[xor $t0, $t1, $t2  # $t0 — $t1 @ $t2 J

Instrucao
(decimal):

Instrucao
(binario):

op rs rt rd shamt funct

0 9 10 8 0 (26),

XOr $tl $t2 $t0 —— XOr
000000 | 01001 | 01010| 01000 | 00000 | 100110
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Instrucoes MIPS
.. Instrucoes Logicas

e AND imediato (andr)

Landi $t0, $tl, 40  # $t0 « S$tl1 & 40 J

Instrucao
(decimal):

Instrucao
(binario):

op rs rt Immediate
() 9 8 40
andi $tl $t0 constante
001100 | 01001 | 01000 0000000000101000
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Instrucoes MIPS
.. Instrucoes Ldgicas

e OR imediato (ori)

o

$t0, $t1, 40  # $t0 « $t1 | 40 J

Instrucao
(decimal):

Instrucao
(binario):

op rs rt Immediate
(D), 9 8 40
ori $tl $t0 constante
001101 {01001 |01000| 0000000000101000
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Instrucoes MIPS
.. Instrucoes Logicas .. Resumo

Categoria Nome

logicas

Exemplo

Operacao

Comentarios

or or $8.59. S10 $8 = SS9 or S10

and and $8. $9. 510 $8 = $9 and $10

XOr xor $8. $9. 40 $8 = S9 xor 40

nor nor $8. $9. $10 $8 =$9 nor $10
andi andi $8. $9. 5 $8 =89 and 5 Imediato em 16 bits

orl ori $8. $9. 40 $8 = $9 or 40 Imediato em 16 bits

sll sl $8.59. 10 $8 =S99 << 10 Desloc. <32

srl srl $8. $9. 5 $8 = $9 >> 5 Desloc. < 32

sra srl $8. $9. 5 $8 =89 >>5 Desloc. < 32, preserva sinal

Tabela 2.3: Operacodes Aritméticas do MIPS
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Instrucoes MIPS

e Controle
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Instruc;oes MIPS
Processando Instrucoes sequenC|als

Memoria
enderecos conteudo significado
00000000,

~00400000,| 3c08 1000 | Iui $8, 0x1000
00400004, 8d09 0004 | Iw $9. 4($8) . .
N 00400008,| 8d0a 0010 | Iw $10,16($8) iInstrucoes
Regiao de » 0040000c,,| 012a 4820 add $9, $9, $10
Codigos 00400010,| ad09 0008 | sw $9. 8($8)

\ OFFFFffc,| 0000 0000
(10000000, 0000 0003 X
e 10000004, | FFFF FFFO
Regiao de | 10000008, 0000 0000 nro variaveis
Dados 1000000c,| 0000 0000 | n[1

10000010,/ 0000 0003 | n[2]

. - -
10007 fc,
10008000,
10008004,
10008008,

FFFFFffc, 3




Instruc;oes MIPS
Processando Instrucoes sequenC|als

PC

IR

Processador <—>

00400000

3c081000

|

Offffffc,

Execucao da instrucao
lul na via de dados

0000 0000

Memoria
enderecos conteudo significado
i 00000000,
i 00400000,| 3c08 1000 | Iui $8, 0x1000
g 8d0a 0010 Iw $10,16($8)
| n| 012a 4820 | add $9, $9, $10
ad09 0008 | sw $9, 8($8)
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Instruc;oes MIPS
Processando Instrucoes sequenC|als

PC

IR

Execucao da instrucao
Iw na via de dados

Processador

00400004

8d090004 |-

|

OFfFFFFfc,

0000 0000

44_%___-’. Memaoaoria
5 enderegos conteudo significado
00000000,
00400000, 3c08 1000 | Iui $8, 0x1000
4>OO4OOOO4h/,8dO9 0004 Iw $9, 4($8)

8d0a 0010 | 1w $10,16($3)
012a 4820 add $9, $9, $10
ad09 0008 sw $9, 8($8)
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Instruc;oes MIPS
Processando Instrucoes sequenC|als

Processador < ——p Memboéria
5 enderegos conteudo significado
00000000,

00400000,| 3c08 1000 | Iui $8, 0x1000
; 00400004,| 8d09 0004 | Iw $9. 4($8)
PC 00400008 ; — 00400008, | 8d0a 0010 | Iw $10,16($8)

g 0040000er7” 012a 4820 | add $9, $9, $10
; 010,/ ad09 0008 | sw $9, 8($8)

Offffffc,,| 0000 0000

IR |{8d0a0010 |+

|

Execucao da instrucao
Iw na via de dados
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Instruc;oes MIPS
Processando Instrucoes sequenC|als

PC

IR

Processador <—>

0040000c

012a4820

|

OFfFFFFfc,

0000 0000

Execucao da instrucao
add na via de dados

Memoaria

enderecos conteudo significado

00000000,
i 00400000,| 3c08 1000 | Iui $8, 0x1000
| 00400004,| 8d09 0004 | 1w $9, 4($8)

_______—_L________’00400008h 8d0a 0010 Iw  $10,16($8)

g 0040000c,| 012a 4820 | add $9, $9, $10
; 00400010+ ad09 0008 | sw $9, 8($8)
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Instruc;oes MIPS
Processando Instrucoes sequenC|als

PC

IR

Processador <—>

00400010

ad090008

Memoaria

enderecos conteudo significado
: 00000000,
i 00400000,| 3c08 1000 | Iui $8, 0x1000
| 00400004,| 8d09 0004 Iw  $9, 4($8)
| 00400008,| 8d0a 0010 Iw  $10,16($8)
; 0040000c,| 012a 4820 | add $9, $9, $10
; 00400010,| ad09 0008 | sw $9, 8($8)

|

Execucao da instrucao
SW na via de dados

OFfFFFFfc,

0000 0000
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Instrucoes MIPS
.. Instrucoes de controle

e Instrucoes para tomada de decisao

O Alteram o fluxo de controle do programa
O Alteram a “proxima” instrucao a ser executada

e |Instrucoes de controle:
O Salto condicional
O Salto incondicional

39



Instrucoes MIPS
.. Instrucoes de controle

e Instrucoes MIPS para salto condicional:
O Branch on equal (beq)
O Branch on not equal (bne)
O Set on less than (slt)
O Set on less than immediate (sl ti)

e Instrucoes MIPS para salto incondicional:
O jump (J)

40



Instrucoes MIPS
.. Instrucoes de controle

e Branch on not equal (bne)

O Desvia o programa para <label1> se $t0 != $t1

[bne $t0, $t1, labell #if ($t0 1= $t1) goto labell }

e Branch on equal (beq)

O Desvia o programa para <label2> se $t0 == $t1

[beq $t0, $t1, label2 #if ($t0 == $t1) goto label2 }

41



Instrucoes MIPS

.. Instrucoes de controle :: Ex 01

e Exemplo
d bne $8, $9, sai A
add $10, $8, $9
sal : nop
\_ /

42



Instrugoes MIPS
Instrugoes de controle :: Ex 01.1

Processador —— Memoéria
’ enderecos conteudo significado
00000000,

$8 (00000004 00400000, 150970002 | bne $8, $9, sai

00400004,| 0109 5020 add $10, $8, $9
$9 00000003 00400008,,| 0000 0000 sal: nop
$10

Offffffc,,| 0000 0000

PC 00400000

|

Execucao da instrucao
bne na via de dados
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Instrucoes MIPS
.. Instrucoes de controle :: Ex 01.1

Processador —— Memoéria
’ enderecos conteudo significado
00000000,
$8 00000004 00400000,/ 1509 0002 | bne $8, $9, sai

00400004,| 0109 5020 add $10, $8, $9
00400008,,| 0000 0000 sal: nop

$9 |00000003
$10

Offffffc,,| 0000 0000

PC 00400008

|

desvio para o label sal
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Instrugoes MIPS
Instrugoes de controle :: Ex 01.2

Processador —— Memoéria
’ enderecos conteudo significado
00000000,

$8 (00000004 00400000, 150970002 | bne $8, $9, sai

00400004,| 0109 5020 add $10, $8, $9
$9 00000004 00400008,,| 0000 0000 sal: nop
$10

Offffffc,,| 0000 0000

PC 00400000

|

Execucao da instrucao
bne na via de dados.
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Instrugoes MIPS
Instrugoes de controle :: Ex 01.2

Processador —— Memoéria
’ enderecos conteudo significado
00000000,
$8 00000004 00400000,| 1509 0002 | bne $8, $9, sai

00400004, 0109 5020 add $10, $8, $9
00400008,,| 0000 0000 sal: nop

$9 |00000004
$10 |00000008

Offffffc,,| 0000 0000

PC 00400004

|

Execucao da instrucao
add na via de dados
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Instrucoes MIPS
. Instrugoes de controle :: Ex 01.2

Processador —— Memoéria
’ enderecos conteudo significado
, 00000000,
$8 00000004 00400000,/ 1509 0002 | bne $8, $9, sai

00400004,| 0109 5020 add $10, $8, $9
00400008,,| 0000 0000 sal: nop

$9 |00000004
$10 |00000008

Offffffc,,| 0000 0000

PC 00400008

|

Fim de execucao
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Instrucoes MIPS
.. Instrucoes de controle :: Formato

e Branch on not equal (bne)

{bne $t0, $tl1l, label J
Instrucdo op rs rt Immediate
(decimal): 5 8 9 WX

bne $t0 $tl n°. words saltadas

Instrucao
(binario):

000101 | 01000 | 01001 xxx (16 bits)
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Instrucoes MIPS
.. Instrucoes de controle :: Formato

e Branch on equal (beq)

Lbeq $t0, $t1, label

|

Instrucao
(decimal):

Instrucao
(binario):

op rs rt Immediate

4 8 9 XX

beq $t0 $tl1 n°. words saltadas
000100 | 01000 | 01001 xxxX (16 bits)

49



Instrucoes MIPS
> Instrucoes de controle :: Formato

e As instrucoes de desvio condicional armazenam, no
campo immediate, a quantidade de palavras (words) que
devem ser saltadas para chegar ‘a instrugcao marcada
pelo label (rotulo)

e Um numero positivo indica que o salto deve ser no
sentido para frente (ate o fim do codigo)

e Um numero negativo indica que o salto deve ser no
sentido para tras (até o inicio do codigo)
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Instrucoes MIPS
.. Instrucoes de controle

e Set on less than (slt)

O Compara dois registradores

slt $sl1, $s2, $s3 #if ($s2 < $s3) $s1
#else $s1 = O

e Set on less than immediate (slti)

O Compara um registrador e uma constante

slti $s1, $s2, 100 #if ($s2 < 100) $si
#else $s1 = O
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Instrucoes MIPS
.. Instrucoes de controle

e Instrucoes do tipo “Set on less than” combinadas
com instrucoes do tipo “Branch” permitem criar
todas as condicoes relativas:

O igual

O diferente

O maior

O maior ou igual
O menor

O menor ou igual

52



Instrucoes MIPS
* Instruc”)es de controle

e Jump (J)

O Desvio incondicional para um endereco de memoria
apontado por um label

{j label }

O Instrucdes do tipo branch indicam desvio da sequéncia
do programa mediante analise de uma condicao

O Instrucoes do tipo jump indicam desvio incondicional da
sequéncia do programa

53



Instrucoes MIPS
.. Instrucoes de controle :: Ex 02

e Exemplo

4 bne $8, $9, else D
add $10, $8, $9
J sal

else: sub $10, $8, $9

\?ai: nop y




Instrugoes MIPS
Instrugoes de controle :: Ex 02.1

Processador —— Memoéria
’ enderecos conteudo significado
00000000,
$8 00000004 00400000,| 1509 0003 | bne $8, $9, else

00400004,| 0109 5020 add $10, $8, $9
00400008,/ 0810 0004 J sai

0040000c,| 0109 5022 |else: sub $10, $8, $9
00400010,| OOOO 0000 |sai: nop

$9 |00000003
$10

PC 00400000

|

Execucao da instrucao
bne na via de dados
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Instrugoes MIPS
Instrugoes de controle :

Processador

$8
$9
$10

PC

Execucao da instrucao
sub na via de dados

' Ex 02.1

00000004

00000003

00000001

0040000c

|

00400010,

0000 0000

Memoaria

enderecos conteudo significado

00000000,

00400000,| 1509 0003 | bne $8, $9, else

00400004,| 0109 5020 add $10, $8, $9

00400008,/ 0810 0004 J sai

0040000c,| 0109 5022 |else: sub $10, $8, $9
sai: nop

56



Instrucoes MIPS
. Instrugoes de controle :

Processador

$8
$9
$10

PC

Fim de execucao

' Ex 02.1

00000004

00000003

00000001

00400010

|

00400010,

0000 0000

Memoaria

enderecos conteudo significado

00000000,

00400000,| 1509 0003 | bne $8, $9, else

00400004,| 0109 5020 add $10, $8, $9

00400008,/ 0810 0004 J sai

0040000c,;,| 0109 5022 |else: sub $10, $8, $9
sai: nop
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Instrugoes MIPS
Instrugoes de controle :: Ex 02.2

Processador —— Memoéria
’ enderecos conteudo significado
00000000,
$8 00000004 00400000,| 1509 0003 | bne $8, $9, else

00400004,| 0109 5020 add $10, $8, $9
00400008,/ 0810 0004 J sai

0040000c,| 0109 5022 |else: sub $10, $8, $9
00400010,| OOOO 0000 |sai: nop

$9 |00000004
$10

PC 00400000

|

Execucao da instrucao
bne na via de dados
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Instrugoes MIPS
Instrugoes de controle :

Processador

$8
$9
$10

PC

Execucao da instrucao
add na via de dados

: Ex 02.2

00000004

00000004

00000008

00400004

|

00400010,

0000 0000

Memoria

enderecos conteudo significado

00000000,

00400000,| 1509 0003 | bne $8, $9, else

00400004, 0109 5020 add $10, $8, $9

00400008,/ 0810 0004 J sai

0040000c,;,| 0109 5022 |else: sub $10, $8, $9
sai: nop
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Instrugoes MIPS
Instrugoes de controle :

Processador

$8
$9
$10

PC

Execucao da instrucao
J na via de dados

: Ex 02.2

00000004

00000004

00000008

00400008

|

00400010,

0000 0000

Memoaria

enderecos conteudo significado

00000000,

00400000,| 1509 0003 | bne $8, $9, else

00400004,| 0109 5020 add $10, $8, $9

00400008, 0810 0004 J sai

0040000c,;,| 0109 5022 |else: sub $10, $8, $9
sai: nop
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Instrucoes MIPS
. Instrugoes de controle :: Ex 02.2

Processador —— Memoéria
’ enderecos conteudo significado
00000000,
$8 |00000004 | 00400000, 1509 0003 | bne $8, $9, else
! 00400004,| 0109 5020 add $10, $8, $9

$9 100000004  0040000c,| 0109 5022 |eiieaub $10, s8, $9
$10 [00000008 '

00400010,,; 0000 0000 |sai: nop

PC 00400010

|

Desvio incondicional
Fim de execucao
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Instrucoes MIPS
* Instruc”)es de controle :: Ex

e Exemplo

// sit $11, $8, $9 ﬁ\\
beg $11, $0, else
add $10, $8, $9
J sal
else: sub $10, $8, $9

\fai: nop ///




Instrugoes MIPS
Instrugoes de controle :: Ex 03.1

Processador e Memoria

$O 00000000 enderecos conteudo significado

00000000,

$8 |O000000A 00400000, 0109 582a sit $11, $8, $9
; 00400004,| 1160 0003 beq $11, $0, else

$9 |0000001C 00400008,| 0109 5020 add $10, $8. $9
$10

0040000c;,| 0810 0005 j sai
$11 |00000001

00400010,| 0109 5022 |else: sub $10, $8, $9
00400014,| 0000 0000 |sai: nop

PC 00400000

|

Execugao da instrucao
st na via de dados | 63




Instrugoes MIPS
Instrugoes de controle :: Ex 03.1

Processador e Memoria

$O 00000000 enderecos conteudo significado

00000000,

$8 |O000000A 00400000, 0109 582a sit $11, $8, $9
; 00400004,| 1160 0003 beq $11, $0, else

$9 |0000001C 00400008, 0109 5020 add $10, $8. $9
$10

0040000c;,| 0810 0005 j sai
$11 |00000001

00400010,| 0109 5022 |else: sub $10, $8, $9
00400014,| 0000 0000 |sai: nop

PC 00400004

|

Execugao da instrucao
beq na via de dados | 64




Instrugoes MIPS
Instrugoes de controle :: Ex 03.1

Processador e Memoria

$O 00000000 enderecos conteudo significado

00000000,
$8 |O000000A 00400000,| 0109 582a sit $11, $8, $9
; 00400004,| 1160 0003 beq $11, $0, else

00400008,;,| 0109 5020 add $10, $8, $9
0040000c,;,| 0810 0005 J sai

00400010,| 0109 5022 |else: sub $10, $8, $9
00400014,| 0000 0000 |sai: nop

$9 |0000001C
$10 100000026
$11 |00000001

PC 00400008

|

Execugao da instrucao
add na via de dados | 65




Instrugoes MIPS
Instrugoes de controle :: Ex 03.1

Processador e Memoria

$O 00000000 enderecos conteudo significado

00000000,
$8 |0000000A 00400000, 0109 582a slt $11, $8, $9
; 00400004,| 1160 0003 beq $11, $0. else
; 00400008,| 0109 5020 add $10, $8., $9
$9 |0000001C ; 0040000c,| 0810 0005 j sai

00400010,| 0109 5022 |else: sub $10, $8, $9
00400014,| 0000 0000 |sai: nop

$10 |00000026
$11 |00000001

PC |0040000c

|

Execugao da instrucédo |
J na via de dados | 66




Instrucoes MIPS
: Instrugoes de controle :: Ex 03.1

Processador e Memoria

$O 00000000 enderecos conteudo significado

. 00000000,
$8|0000000A] ooy weitmm | plmgs
$9 |0000001C 00400008, | 9109 2020 aed wilo, o ve
$10(00000026| | Soieele £108 5635 |etee: b sao. o
$11 00000001

PC 00400014

|

Desvio incondicional.
Fim da execucao | 67




Instrugoes MIPS
Instrugoes de controle :: Ex 03.2

Processador e Memoria

$O 00000000 enderecos conteudo significado

00000000,

00400000, 0109 582a slt $11, $8, $9
00400004,| 1160 0003 beq $11, $0, else

$8 |0000001C
$9 | 0000000A
$10
$11 |00000000

00400008,;,| 0109 5020 add $10, $8, $9
0040000c,;,| 0810 0005 J sai

00400010,| 0109 5022 |else: sub $10, $8, $9
00400014,| 0000 0000 |sai: nop

PC 00400000

|

Execugao da instrugao
st na via de dados | 68




Instrugoes MIPS
Instrugoes de controle :: Ex 03.2

Processador e Memoria

$O 00000000 enderecos conteudo significado

00000000,

$8 |0000001C 00400000, 0109 582a sit $11, $8, $9
; 00400004,| 1160 0003 beq $11, $0, else

$9 |0000000A 00400008, 0109 5020 add $10, $8. $9
$10

0040000c,;,| 0810 0005 J sai
$11 00000000

00400010,| 0109 5022 |else: sub $10, $8, $9
00400014,| 0000 0000 |sai: nop

PC 00400004

|

Execugao da instrucao
beq na via de dados | 69




Instrugoes MIPS
Instrugoes de controle :: Ex 03.2

Processador e Memoria

$O 00000000 enderecos conteudo significado

00000000,
$8 |0000001C 00400000, 0109 582a slt $11, $8, $9
; 00400004,| 1160 0003 beq $11, $0. else
; 00400008,| 0109 5020 add $10, $8., $9
$9 | 0000000A ; 0040000c,| 0810 0005 j sai

00400010,| 0109 5022 |else: sub $10, $8, $9
00400014,| 0000 0000 |sai: nop

$10 |00000012
$11 00000000

PC 00400010

l

Desvio condicional.
Execucao da instrugéao |
sub na via de dados 0




Instrucoes MIPS
: Instrugoes de controle :: Ex 03.2

Processador e Memoria

$O 00000000 enderecos conteudo significado

00000000,
$8 |0000001C 00400000, 0109 582a slt $11, $8, $9
; 00400004,| 1160 0003 beq $11, $0, else
; 00400008, 0109 5020 add $10, $8, $9
$9|0000000A ; 0040000c,| 0810 0005 j sai
$10 ; 00400010, 0109 5022 |else: sub $10, $8, $9
: 00400014, 0000 0000 |sai: nop
$11 00000000 a a ah

PC 00400010

l

Fim da execucao
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Instrucoes MIPS
.. Instrucoes de controle :: Formato

e Set on less than (slt)

sit $t0, $t1, $t2 #if ($tl < $12) $t0 = 1
#else $tO0 = O

g op rs rt rd shamt funct
Instrucao
(decimal): O 9 10 8 O (2A),,
slt $tl $t2 $t0 —— st
Instrucao

000000 | 01001 | 01010 | 01000 | OO000 | 101010

(binario):
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Instrucoes MIPS
.. Instrucoes de controle :: Formato

e Set on less than immediate (shti)

slti $t0, $t1, 100 #if ($tl < 100) $t0 = 1
#else $t0 = O

Instrucdo op rs rt Immediate
(decimal): (A), 9 8 100
slti $tl $t0 valor
Instrucao

001010 | 01001 | 01000 0OOOOOO0001100100

(binario):
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Instrucoes MIPS
.. Instrucoes de controle :: Formato

e Jump (J)

Lj label # PC «— endereco[label] J

Instrucao op target
(decimal): (2), XXX

J endereco da Instrucao
Instrucao .
(binario) 000010 XXX (26 bits)
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Instrucoes MIPS
.. Instrucoes de controle :: Formato

e Ao contrario das instrugcoes de desvio condicional
(beq e bne), o campo target da instrucao jump
armazena o endereco da memoria
correspondente a instrucao marcada pelo label

e Como o0 endereco de memoria € um multiplo de 4
bytes (100,), seus dois Ultimos bits ndo sdo
representados na instrucao jump

e O novo endereco consiste de 4 Bits mais
significativos do PC atual e de 26 (+2) Bits da
instrucao 75



Instrucoes MIPS
.. Instrucoes de controle :: Resumo

(Categoria

suporte a
decisdo

Nome

Exemplo

Operacdo
se $8 = $9 entdo

bne bne 38, $9, rotulo PC « enderegofrotulo] |
se $8 = §9 entdo
beq beq 383, 39, rotulo PC « endereco[rotulo]
1 I rotulo PC < endereco[rotulo]
se $8 < §9
slt sit$10, $8, $9 entdo $10 « 1
sendo $10 « 0
se $8 < 100
slti slti $10, $8, 100 entdo $10 « 1

sendo $10« 0
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O gue voceé aprenderam hoje?

e Instrucoes logicas

O Formas de shift
O AND, OR, NOR, XOR e versoes imediatas

® Processo de instrucoes sequenciais

e Instrucoes de controle

O Condicional, incondicional

O Formato



Questoes

Como fazer?
e “while loop”
while (saveli] = k) {

| +=1;

Codigo de assembly
1 $s3 =i, $s5 = k, $s6 = base of save][]
Loop: sll $t1, $s3, 2 #1 = 4%

add $t1, $t1, $s6 #t1 = end. de save]i]

lw $t0, 0($t1) # t0 = valor de saveli]
beq $t0, $s5, Exit # if saveli] = k vai p. Exit
addi $s3, $s3, 1 #i=i+1

j Loop

Exit: NOp



Questoes

Como fazer? Codigo de assembly
e “for loop” /I $s1 = j, $s2 = k
for (j < k) { Loop: slt $t1,$s1,$s2  #t1=1ifj<k,elset1 =0
j+=1: beq $t1, $0, Exit # if j>= k then Exit
addi $s1,$s1, 1 #i=j+1
} j Loop

Exit: nop



