3. INSTRUCOES

| nstrucéo € uma palavra da linguagem de maquina

Instruction Set do MIPS ( usado pela NEC, Nintendo, Silicon
Graphics e Sony.

Oper acoes
O MIPStrabalha com 3 operandos.

addab,c # a€b+c (#sgnificacomentario)

Programaem C Assembly MIPS
a=b+c; add a,b,c
d=a-c; sub d,a,c

f=(g+h)—(i +)); add t0,g,h
add t1,i,j
sub f,tO,t1

o compilador criatOetl.

Operandos

No MIPS séo 32 registradores de 32 bits ( $0 .... $31)

Exemplo
Programaem C Assembly MIPS
f=(g+h)—(i +)); add $t0,$s1,$s2
add $t1,$s3,$4
sub $s0,$t0,$t1
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| nstrucgdes de movimentacéo de dados = load e store
lw = instrucdo de movimentacdo de dados da memoria
pararegistrador ( load word)
sw =» instrucéo de movimentacao de dados do registrador
paraamemoria ( storeword )
Exemplo
Seja A um array de 100 palavras. O compilador associou a
variavel g o registrador $sl e a h $s2, além de colocar em
$s3 o endereco base do vetor. Traduza o comando em C
abaixo.

g=h+A[8];
Solucéao

Primeiro devemos carregar um registrador temporario
com A[8]:

lw $t0, 8($s3) # registrador temporario $t0
recebe A[8]

Agora basta executar a oper acao:

add $s1,$s2,$t0 # g=h + A[8]
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Observacdo: No MIPS a memoria é organizada em bytes,
embora 0 ender ecamento sgja em palavras de 4 bytes ( 32 bits):

12 100
PROCESSADOR

8 10

4 101

0 1

ENDERECOS DADOS

> MEMORIA

Exemplo

Suponha que h sega associado com o registrador $s2 e o
endereco base do array A armazenado em $s3. Qual o
codigo MIPS para o comando C abaixo ?

A[12] = h + A[8];

Solucéo:
lw  $t0,32($s3) # $t0recebe A[§]

add $t0,$s2,$t0 # $tOrecebeh + A[§]
sw $t0,48($s3) #armazenaoresultadoem A[12]
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Exemplo
Supor queo indice sgfa uma variavel:
g =h+A[i];
onde: i éassociado a $4, g a $s1, h a $s2 e ender eco base de
A a $s3.
Solucéo

add $t1,$4,$4
add $t1,$t1,$t1 # S$tlrecebed*i (porque???)

add $t1,$t1,$s3 # $tlrecebeoenderecodeAJi]

lw  $t0,0($t1) # $t0 recebe ai]
add $s1,$s2,$t0

Figura 3.4 — M| PSarchitecture

MIPS operands

T T

- D | 50, %= Fast locations for data. In MIPS, dala must be In reElsiers 10 nedanm aiinn
30 registers | 3obt 201 : i s for data. PS5, dala must be in reglsters 10 pedonm s
o Memony| ] Accessed anly by data transfer instructians in MIPS. MIPS uses byt addreaseey
el i P 4 &
‘ o emond4 3 squential words differ by-d, Memory holds data structures, such as amay
LLLELR i el e -tirle o]
Memond4 294957292 registers

MIPS assembly language

TS s

Ao i. ta | ":.-'_-'_::..l:':
Arithimatic o 5 three opérands; dala E

subtract aud. 3 .-! PR b e | "w = '|l c=9%83 mm.-:s uperanrj-:. data i neg BiElE
e ! load wiord y 851, 10005570 | 351 = Memory (352 + 100] | Daia from memarny 1o 1 IE:EE:H
Data transfer } e L] o i 5 : r

store wond w551 1D0C%s2) Memory 252 4+ 100] =35 : Data from regster to mesmary

FIGURE 3.4 MIPS architecture revealed through section 3.3. Highlighted portions show MIPS assembly langi
structures introduced in section 3.3, : .
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Formato de instrugbes - representacao de instrucbes no
computador

$s0 .. $s7=>» 16 .. 23
$t0..$t7=>» 8..15

Exemplo

Formato dainstrucdo add $t0,$s1,$s2

| » codigo
da
>
0|17 | 18 | 8 0 32 adicio
$s1 $s2  $t0 ndousado
f . nestainstrugéo’
bits bits bits bits bits bits
Formato das instrucdes e seus campos
R-type
6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
op rs rt rd shamt funct

op =>» operacao basica dainstrucéo (opcode)

rs = oprimeiroregistrador fonte

rt =>» 0 segundo registrador fonte

rd =>» oregistrador destino

shamt =» shift amount, para instrucdes de deslocamento

funct =>» function. Seleciona variacoes das oper acdo
especificada pelo opcode
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|-type

6 bits

5 bits

5 bits

16 bits

op

rs

rt

ender eco

Exemplo deinstrucédo |-type: lw $t0,32($s3)

Figura 3.5 Codificacao deinstrucdes M1 PS

Instrucédo | Formato | Op | rs | rt | rd [Sham | func | end.
t
Add R O |reg|reg|reg| O 32 n.d
Sub R O |[reg|reg|reg| O 34 n.d
Lw I 35 |reg|reg|nd.| nd n.d | end.
Sw I 43 |reg|reg|nd| nd n.d | end.
Exemplo

Dé o codigo assembly do MIPS e o cédigo de maquina para

0 seguinte comando em C: “A[300] = h + A[300];”

., onde

$t1 tem o endereco base do vetor A e $s2 corresponde a h.

Solucao

Assembly

lw  $t0,1200($t1) # $tOrecebe A[300]

# $tOrecebeh + A[300]

sw  $t0,1200($t1) # A[300] recebeh + A[300]
L inguagem de maquina

add $t0,$s2,$t0

Op rs rt rd end/shamt| funct
35 9 8 1200
0 18 8 8 0 32
43 9 8 1200
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- Figura 3.6 — MIPSarchitecture

MIPS apoarands
T
é-'-':"- ..... 557 |FastIoeations for data. In MIPS, data must be In ragisters to perform arithmetic.
£ Registers FaC-F27 map to 16-23 and 3L0-3t) map to 815,

Memory[0], - Accessed anly by data transfer instructions in MIPS. MIPS uses bvte addresses, so .
Memory[4], . .., sequantial words differ by 4. Memany holds data structures, such as arrays, and
Memory|429496T282] spilfed registers.

MIPS assembly language

d $51.352,%5 3 isl = §c? 4+ 953 [ Threa operands; cata in m-gistﬂrs
__'_s_ubtrsct :S'.::I $21. 857,853 |51 = $52 - 453 :anen opérands; data i ragnalié;s.__
fad word W $51.1004%527 [$5] = Me--nnrg,-i ’-'+1ﬂl:| Deata from rr*-um-:-rym regusier
| store word sW $51.100{352) |'l.'|arncr3,-[1'=.f +'1IIIL‘.I| ----- Data from ragistar to memory

MIPS machine language

0 18 19 1T o | 32
g | =& | 18 17 @ | 24 |cub ss1,8%

ag: | .18 |. 12 00 lw  $s1,10

=~ B 100 sw  $51,100(%s

Ghits | SbMs | Gbms 5bits | Sbits | Bbits | All MIPS Instructions 32 its
R op s rt rd snamt | fumel | Arithmetic instrustion formal
I op s Tt &ldress Pt transier fommal

£ 3.8 MIPS architecture revealed through section 3.4. Highlighted portions show MIFS machine language
s introduced in section 3.4. The two MITS instroction formats so far are B and [ The first 16 bits are the same: both
n o field, giving the base operation; an »: field, giving one of the sources; and the rt field, which specifies the other
nd, except for Joad word, where it specfies the destination register. B-format divides the last 16 bits intoe an nf
g the destination register; shant Beld, which i unused in Chapter 3 and honee always i 0; and the funct eld,
ifies the specific operation of K-format instructions. [-format keeps the last 16 bits as a single address field.
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| nstrucdes para tomada de decisbes

beg reqgistradorl, registrador2, L1 =» se o valor do
registradorl for igual ao do registrador2 o programa
sera desviado para o label L1 ( beq = branch if equal).

bne registradorl, registrador?2, L1 = se o valor do
registradorl nao for igual ao do registrador2 o
programa sera desviado para o label L1 ( beg = branch
if not equal).

Exemplo - Compilando um comando | F.

Seja 0 comando abaixo:

if (i==])gotolL]l;
f=g+h;
L1: f=f-1i;

Supondo que as 5 variaveis correspondam aos
registradores $s0..$s4, respectivamente, como fica o
codigo M| PS para o comando?

Solucao
beq $3,$4,L1 # vaparalLlsei=|

add $s0,$s1,$s2 # f=g+ h, executado sei !=j
L1: sub $0,$s0,$s3 #f="f—i, executado sei =
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I nstrucdes de desvio

j L1 =» quando executado faz com que o programa
sgadesviadoparall

Exemplo — Compilando um comando if-then-else

Seja 0 comando abaixo:

if (i==j)f=g+h; elsef=g—h;

Solucao
bne $s3,$s4,Else  # vaparaElsesei !=j
add $s0,$s1,$s2 #f=g+h,sei!=]
j Exit # va paraExit
Else: sub $s0,$s1,$s2  #f=g—h, sei =j
Exit:
L oops
Usando if
Exemplo

Loop: g=g+Ali];
I =i+];
if (i!'=h)gotoLoop
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Solucao

Loop: add $t1,$s3,$s3 # $t1=2%*i
add $t1,$t1,$t1 # $tl=4~*|
add $t1,$t1,8s5 # $tlrecebeenderecodeAli]
lw  $t0,0($t1) # $t0 recebe A[i]
add  $s1,$s1,$t0 #g=g+ AJi]
add  $s3,$s3,$4 #Hi=1+]
bne  $s3,$s2,Loop #sei!=hvaparaloop

Usando while
Exemplo

while (saveli] == k)
i=i+j:

Solucgéo

Parai,j e k correspondendo a $s3,$s4 e $s5, respectivamente,
e 0 endereco base do array em $s6, temos:

Loop: add $t1,$s3,$s3 # $t1=2%*i
add $t1,$t1,$t1 # $tl=4~*i
add $t1,$t1,$s6 # $t1=endereco desavei]
lw  $t0,0($t1) # $t0 recebe savei]
bne $t0,$s5,Exit  #vapara Exit sesave|i] =k
add $s3,$s3,$s4  #i=i+]
] L oop

Exit:
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Instrucao para teste de maior ou menor

dt _reg temp, regl, reg2 = se regl € menor que regz,
reg_temp ésetado, caso contrario éresetado.

Observacao: Para utilizacdes especificas, os compiladores
M1 PS associam o registrador $0 ao valor zero ($zer o).

Exemplo

Compilando o teste lessthan

Solucao:

sit $t0,$s0,$s1 # $t0 ésetado se $s0 < $sl
bne $t0,$zero,Less #vaparaless, se$t0!=0, ousgaa<b

Exemplo — Compilando o case/switch

Sgja 0 comando abaixo:

switch (k) {
case0: f=f+j; break;
casel: f =g+ h; break;
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Solucdo: supor que $t2 tenha 2 e f.k = $s0..$s5,
respectivamente.

gt $t3,$s5,5zero #testesek <0
bne $t3,$zero,Exit #sek <0vaparaExit

st $t3,$s5,$t2 #testesek <2
beq $t3,$zero,Exit #sek>=2va para Exit

add $t1,$s5,$s5 #Pt1=2*Kk
add $t1,%t1,$t1 # $tl=4*Kk

# assumindo que 4 palavras na memoria, comegcando
no endereco contido em $t4, tem enderecamento
correspondenteaLO,L1,L2

add $t1,$t1,%t4 # $t1 = endereco detabelalk]
lw  $t0,0($t1) # $t0 = tabela[k]
jr  $t0 # salto para endereco carregado em $t0

LO: add $s0,$s3,$s4 #Hk=0=>f=i+]
j Exit

L1: add $s0,$s1,$s2 #k=1=>f=g+h

Exit:
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- Figura 3.9 — MIPSarchitecture

Commants

: =1, ... : 3s7 Fast locations for data. In MIPS, data must be in reglsters to perf-nrrn arthmetic, |
$t0, 511 $t7. $ 2oy Registers 350-5£7 map to 16-23 and 3t0-5 €7 map to B-15. MIPS ragiater
- e T pRICTOAMEVEeGUAIST,. . -
Memony{ 0], Accossed only by data transfer instructions in MIPS, MIPS uses hyt\s addras-sns.
| Mermon{4]. . ... &0 sequential words diffar by 4, Memaory holds data structures, such as arays,
Memond 4294567292 | &nd spilled registers.
MIPS assambly language
= - . - .
- |ad-:| _ | h] Iﬂg( E-f. ; sl =%52+ 553 : $s2+ 853 | hree umra-nds datdunragr-atars |
i sublract sub  %51,%52.353 |%$sl=%57- 'F‘E-\- Thee operands; data in |uﬂl&tur$
s Ilnacl word Tw  %51,100(852) | #s5l —'Hen'nrﬂi { + 100] IDatal‘rw memery to reglster
Dlats § ' T N L
s | store word s $s1,1 Jfl’ Stf 3 Mﬁﬂﬂ"rﬁ" * 1”U| 51 [ '3‘3“‘ from | Tegister 1o memary
nrnrtrll:neul.cl beq  $51,%5¢ .I Wi¥sl == 357] goto | ,Eaua I%.a-nd branch
branch on not edqual : 357, i3 : I= k5] goto | Mot equal test ard branch
Iwr on l&ss than 11 £51,.552,%s] it i3 < 353} 5 =1 Compare Iess than: wsed with
| iE|5-I?"i.'. =0 had, hing
[ jumip R im to 1 D00 Jurnp 1o Tafpet SOdress
|_: imp register I $tl |goto 51 For switch statemients

MIPS machine language

T AL N | A 6 | 32 |add $s1.9s2,%¢3

A ) 18 19 17 | O | 34 |sub 351.8%7.%353
1 1, 10010%s7

| | £L]

6bits | 5bite Shils | Sbits | 5Dbis | Bbits | All MIPS instructions 32 bits
| R op rs i | shamt | funct | Arithmetic instruction format
[ I op | 5 | rt | address | Data anster, branch format

IRE 3.9 MIPS architecture revealed through section 3.5. Highlighted portions show MIPS structures introduced in
m 3.5. The J-format, used for jump instructions, is explained in section 3.8. Section 3.4 also explains the proper values in
s fields of branch instructions.
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Suporte a procedimentos
Para a execucdo de um procedimento deve-se;

Colocar os parametros em um local onde o
procedimento possa acessa-los

Transferir o controle ao procedimento
Adquirir osrecursos necessarios ao procedimento
Executar atarefa

Colocar o resultado em um local onde o programa
possa acessa-lo

Retornar o controle ao ponto onde o procedimento foi
chamado

Para este mecanismo, 0 MIPS aloca seus registradores, para
chamada de procedimentos, da seguinte maneira:

$a0 .. $ a3 => 4 registradores para passagem de
argumentos

$v0 .. $v1 => pararetornar valores
$ra=>» paraguardar o endereco deretorno

I nstrucao para chamada de procedimento
jal End _proc - (jump-and-link) =>» desvia para o

procedimento e salva o endereco de retorno (PC+4) em &a
(return address - $31)

I nstrucao para retorno de chamada de procedimento

jr $ra = desvia para o ponto de onde foi chamado o
procedimento
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Qual o problema para chamadas aninhadas ==. $ra é
destruido.

Qual a solucéo =» utilizar uma pilha (LIFO)

SP —»

STACK

Registrador utilizado para o stack pointer = $sp ($29)

Exemplo
Seja o procedimento abaixo:

int exemplo (intg, int h, inti,intj)

{
intf;
f=(g+h)—(+j);
return f;

}
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Solucéo:

Os parametros g, h, i e j correspondem a $a0 .. $a3,
respectivamente ef a $s0.

Antes precisaremos salvar $s0, $t0 e $t1 na pilha, pois seréo
usados no procedimento

sub $sp,$sp,12 # ajuste do sp para empilhar 3 palavras
sw $t1,8($sp) #salva $tlnapilha
sw $t0,4($sp) # salva $t0na pilha
sw $s0,0($sp) # salva $s0 na pilha

No procedimento

add $t0,%$a0,$al
add $t1,$a2,$a3
sub $s0,$t0,$t1

Pararetornar ovalor f
add $v0,$0,$zero

Antes do retorno é necessario restaurar os valores dos
registrador es salvos na pilha

lw $30, 0($sp)
lw $t0, 4($sp)
lw $s1, 8($p)
add $sp,$5p,12

Retornar

jr $ra
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Hghaddress

% $p
Qortents of register §1
Qrterts of register $0
$p Qrtertsd register $0
Lowaddress a h C

Figura 3.10 — Valores de sp antes, durante e depois da chamada
do procedimento

Observacoes

$tO0 .. $t9 = 10 registradores temporarios que nao sao
preser vados em uma chamada de procedimento

$s0 .. $s7 =>» 8 registradores que devem ser preservados em
uma chamada de procedimento

Exemplo — procedimento recursivo

Int fact (int n)

{
if (n<1) return(1);
elsereturn (n*fact(n-1));
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Supor n correspondente a $a0

fact:
sub  $sp,$sp,8 # ajuste da pilha
sw  $ra,4($p) # salva o0 enderego de retorno
sw  $a0,0(sp) #salva 0 argumento n
dt  $t0,%a0,1 #teste para n<l

beq $t0,$zeroL1 #sen>=1,vaparalLl

add $vO,$zero,1 #retornalsen<1
add $sp,$,8 #pop 2 itens da pilha

jr  $ra
L1
sub $a0,%$a0,1 #n>=1, n-1
ja  fact #chamada com n-1

lw  $a0,0($p) #retorno dojal; restauran

lw  $ra,4($p)
add $sp,$sp,8

mult $v0,$a0,$v0  #retorna n*fact(n-1)

jr  $ra

Alocacao de espaco para novos dados

O segmento de pilha que contém os registradores do
procedimento salvos e as variaveis locais € chamado de

procedur e frame ou activcation record. O registrador $fp é

usado para apontar para a primera palavra deste
segmento.
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Figura 3.11 — O que é preservado ou ndo numa chamada
de procedimento.

Registradores Preservados | Registradores Nao Preservados

Salvos. $s0-$s7 Temporarios: $t0-$t7

Apontador para pilha: $sp Argumentos. $a0-$a3

Endereco deretorno: $ra Valoresde Retorno: $v0-$vi1

Pilha acima do Apontador para| Pilhaabaixo do Apontador
pilha para pilha

High address

Hp $fp

$p $sp

$ip Saved argument
registers (if any)

Saved return address

Saved saved
registers (if any)

Local arrays and
structures (if any)

$sp

Low address
a b c

Figura 3.12 — | lustracdo da pilha antes, durante e depois da
chamada de procedimento.
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Figura 3.13 — Convencéao deregistradoresno M1 PS

Nome |Numero Uso Preservado em
chamadas?
$zero |0 Constante 0 n.d
$vO-$v1|2-3 Resultados e avaliacOes de|Nao
expr essdes

$a0-$a3|4-7 Argumentos Sim
$tO-$t7 |8-15 Temporarios Nao
$s0-$v7 |16-23 | Salvos Sim
$t8-$t9 |24-25 |Temporarios N&o
$ap 28 Ponteir o global Sim
$sp 29 Ponteir o para pilha Sim

$fp 30 Ponteiro paraframe Sim

$ra 31 Endereco deretorno Sim
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- Figura 3.14 — MIPSarchitecture

MIPS operands

Example Comments

Fast locations for aata, In MIPS, data must be In registers to perfom
arithmetic. MIPS register $Zar0 ahways equals 0. $0p (28] is the globa
paimter, 50 [29) Is the stack polnter, § T (307 is the frame pointer, and %73
(31} ie the retum address,

Accassed only by data transfer instructions, MIPS uses byte addresses, 50

..... sequential wards differ by 4. Memory holds data structures, sueh a5 amays,
Memangd2a94967292] and spliied registers. such as those saved on procedise calls,

MIPS assembly language

add | 5:. = 1';.# + 553 Three operands; dala in registers
[ gubtract sub’ §51.%52,353 tfl = s ?—h’l Three aperanis; data in (egisters

Hoad woed [ 1,-:1 = meﬂ': 7+ 1DD] Data from memary 10 register
gtare word [sw $51 101 [352) Mernurg.-f!-_-. S mm ="%5] bata from rF_'gI;lBr to Memony
[branch on equal | i Fi5s] = bsdjpotol Euualteat and branch
1 branch on nol liri3s] 1= $52) goto | | Not equal test and brarch
il beanch | equal
' £alonless than | St $5l,%557 553 [If (358 < $5%) 551=1; alse | Compare less than;: for beg, bna
isl=0

IHII'I'IFI . J
Jump register ir
jurmp and link dl

J-.rnp Ec targm oddress
Fcr 5wltuh pmﬁ:durc returm
‘A =PC+4, g0 \o lDDDD h‘.u DTEII."EUIJTEI r.all

MIPS machine language
| e ] o
EnEE T yel [aF [ene | 3% [ad 55'1':5;2_5%5 1
i P T T MR T T T T TE |
| ab 18 17 100 W 1*-'.1::[“1:5.2!
| 43 18 57 | 100 |sw ¥s1.100¢ ir{"
T 17 18 | 25 beq %s51,%52. 100
| 5 37 | 4l | 26 [Bre. $s1,5:2. :'|:r.:.
R 0 w | 2o | a7 0 42 £:1,857,953
J 2 ~ 2500 . E 10000 (see section 3.8) !
R 0 k31 0 o o | & |ir %ra '
J =l ' 2500 . [Ja1 10000 {see section 3.8)
Goits | Sbits | Gbits | Ghits | Bbits | ©bits | All MIPS instructions 32 bits '
Ten | s | rt | m | shamt | funct | Anthmetic instruction fomat
| ' ap s rt ' address _Dena transler, branch format

MIPS architecture revealed through section 3.8, Highlighted portions show MiFS assembly ngoage
froduced in section 3.6, The [-format, used for jump and jump-and-link instructions, 1s explained in section
ietion also explains why putting 25 in the address field of Deq and bre machine language instructions is equiva-
Hlin assembly Linguage,
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Enderecamento no MIPS
Oper andos constantes ou imediatos
Para somar uma constante ou um imediato
lw $t0,end_constante($zero) # end_constante = endereco

da cosntante na memoria
add $sp,$sp,$t0

Observacédo: Outraforma é permitir instrucdes aritméticas
dotipo | (constantes com 16 bits)
Exemplo

A instrucdo add do tipo | é chamada addi ( add
immediate). Para somar 4 a $sp temos:

addi $sp,$sp,4
8 29 29 4
opcode rs rt imediato

Em compracdes

dti $t0,$s2,10 #$t0=1se$s2< 10
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Em carga

lui $t0,255 #load upper immediate

00111 | 00000 | 01000 | 00000000 11111111

/

0000 0000 11111111 0000 0000 0000 0000 « $t0

Exemplo

Qual o cédigo MIPS para carregar uma constatnte de 32
bitsno registrador $s0 ?

0000 0000 0011 1101 0000 1001 0000 0000

Solucéao

lui  $s0,61 # 61,0 = 0000 0000 0011 1101,
addi $s0,$s0,2304 # 2304, = 0000 1001 0000 0000,
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Enderecamento em branchs e jumps

Instrucoes J-TY PE

op ender eco

6 bits 26 bits

Exemplo

j 1000 #vapara 1000

2 1000

Enderecamento relativo ao PC =» branch (I-TYPE)
Exemplo

bne $0,$s1,Exit

5| 16| 17 Exit

PC €& PC + Exit
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Exemplo

L oop:
add
add
add
Iw
bne
add

]

Exit:

$t1,$s3,$s3
$t1,$t1,5t1
$t1,$t1,$s6
$t0,0($t1)
$t0,$s5,Exit
$s3,$s3,$4
L oop

#Pt1=2%*|

#Pt1=4*|

# $t1 = endereco desavei]
# $t0 recebe savei]

#va para Exit sesave][i] =k
o= i+

Assumindo que o loop esta alocado inicialmente na posicao
80000 na memoria, teremos a seguinte seqtiéncia de codigo em
linguagem de maquina:

80000 0 19 19 9 0 32
80004 0 9 9 9 0 32
80008 0 9 21 9 0 32
80012 35 9 8 0

80016 5 8 21 8

80020 0 19 20 19 0 32
80024 2 80000

80028 | s
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Exemplo

Dado o branch abaixo, rescrevé-lo de tal maneira a oferecer um
offset maior

beq $s0,$s1,L1

Solucgéo

L2:

bne $s0,$s1,L. 2
i L1

Resumo dos ender ecamentos do M1 PS

Enderecamento por registrador = o0 operando € um
registrador

Enderecamento por base ou deslocamento = o operando &
uma localizacdo de memoria cujo enderego € a soma de um
registrador e uma constante na instrucéao

Enderecamento imediato => onde o operando é uma
constante na proépria instrucéao

Enderecamento relativo ao PC =» onde o endereco é a
soma de PC e uma constante da instrucao

Enderecamento pseudodireto =»onde o endereco de desvio
(26 bits) é concatenado com os 4 bits mais significativos do
PC
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Figura 3.17 — Modos de enderegcamento do M1 PS

1. Immediate addressing

| op | rs | rt | Immediate |

2. Register addressing

| op | rs | rt | rd | | funct| Registers

| Register

3. Base addressing

| op | rs | rt | Address | Memory
[

| Register | é—. | Halfword | Word

I )

4. PC-relative addressing

| op | rs | rt | Address | Memory
[
!
| PC | B—— Word
| )

5. Pseudodirect addressing

| op | Address | Memory
|
v
| PC | ®—> Word
| t
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Figura 3.18 — Codificacéo dasinstrucdes do M I PS

B{e00) 1po1) | 2(010) 01Y) | 41oD) | 5(101) | B{110) | 1) |
R-formatr -T:!'IIH:_!E -|urnv:.| I}ump& link | branch &g T braneh nETh|-'.'_'J [ ij[lt!
aud | acdiu setless | sitiu and| lor _I xori _land_u;m_
Immmadiate than imm [
1l8 F1Pt |
loac byle Ih | Tw !Dua{lra_ El} = 1hi Twr
Eoreoye | sh sl store ward WP
Iwco o i Ll b S| A TR T el G ] sl oY | 50
Swel swol
alr i CHOHOL)
DO00) | 1001) | 2(010) | 3(011) | 4(100) | 5(101) | 6(110) | 7j111)
= ! ! ! | i (e 5]
cfcl mteh ctch |
L) L L) 0
BBipony | 1001) | 2(010) | 3(011) | 4(100) | 5(101) | B(110) 71111) |
ST R e I TR
g feg. jair |syscall |break ] |
mEhi miflo mtla |
! e i e et — — |
milihu div divu
|-addu subtract  [subu  and ar o nor |
|

. sat L
| 2

shu

! |PSEST Y [P !
§ Instruction encoding. This notation gives the value of a field by row and by column. For example,
the figure 1 0ad word bs found in row number 4 (108, for bits 31-29 of the instruction] and column
r bits 28-26 of the instruction], so the corresponding value of the op field (bits 31-26) is 100011,
hie field Is used clsewhere. For example, B-format in row () and column O (op = 000000} is defined
‘the figure, Hence subtract in row 4 and column 2 of the bottom section means that the funct field
! i 100010, and the op field (bits 31-26) is 000000, The F1PT value in row 2, column 1 is
'_ on page 292 in Chapter 4. BlE2/ge2 is the apcode for four mstructions found in Appendix A
1, and bgezal. Instructions given in full name using color are described in Chapter 3, while instruc-
using color are described in Chapter 4. Appendix A covers all instructions.
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Figura 3.19 — Formato de instrugbdes do M1 PS

Field size . ﬁt:-it:sr | Ghbits | Shits | Sbita | 5 mite & bits -!n.IIMIPSInsl.m;hm
R-farmat cp s _ rt _ rd shamt | funct Arithmetic msmxtmﬂ

lformat op " rt address/immediate Transfer, branch i,
Iarmat op tasget address -Jul'l'lr} instnaction fo

FIGURE 3.18 MIPS instruction formats in Chapter 3. T—hghhghtcd portions show mstruction fg
duced in this section.

Figura 3.20 — Linguagem assembly do M IPS

MIPS operands

Es0=%s57, $t0=5t9. %zero, i Fast Iozations for data. In MIFS, data must be in registers to perform
fal-3a3, 3Iv0-Svl, %fap. | arithmatic. MIPS register §7er( always equals 0, Register 3at is resenad

£Fp., $5p. Y¥ra, sat | for the assembiler to handle large constants,
Memory[ O], Acoessed only by data ransfer instructions. MIPS uses byle addresses, so
Memory(4]. . . ., | sequential words diffar Oy 4, Memaory holds data structures, such as amsys
Memon428496T7292) | and =pilled registers, such as thoss saved on procedure catls.
MIPS assembly lm.:uage
add ladd 351 = §52 + §s Three operands; data in
registers
subtract Isub. $sT %87 %33 |95l = %51 = §53 Three operands: data in
;F-.E_MF-r'a
ﬂunrmmpmae | add i 1.1‘: =557 + 100 Used to add I:EI'IE:'L:‘I[H.S
 load word | Twi i5] =Memon[}sd + 100] | Word fram I'ﬁEI'I‘ﬁ]"p' to. register
stote word T 7] Memml?-':f +100]= %51 | Word from register to memory
load yte [ | §5i = I'uflr-_*'nl:l_rg.r_i ;. { 1I.'.H:Ii I_E_Srlfl_ .'_r_urn memory 10 register
stare byte |sb  351.1000%s2) |Memony[$57+1001= 351 | Byie from register to memony
load upper Tl %8 el =100 * 1€ LDdd5 constant in upper 16 bits
fmmediate |
branch an equal beg £5] 552,25 if{3s]l == %2 go e Egjual test: PC-relative branch
PC+ 4.4 100
{kanch on'notequal | bne  §51 552,25 it (§51 1= $52) gota Mot equal Test; PCrelative
el | PC 4+ 4 + 100
" [seton lass than sht <Rl $5F 553 |E(sdcbsd) 3slal: Carnpare less than: for beg; one
glse §51 =0
5et less than STET #8852, 100 ({852 <100)3=1 =1; Compire less than constant
immediate glage 3sl=0
junmp i 2504 £0 to 10000 Jun:'r: to targe! atddress
jumip registar ir £ra gom- fra | For switch, procedure return
jurrp and link | fal 2500 = PC+ 4:go1o 10000 | For procedure call

MIPS assembly language revealed in Chapter 3. Highlighted portions show portions from sections 3.7
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Traduzindo um Programa

C program ’

\

N

Assembly language program

\

M

Object: Machine language module

Object: Library routine (machine language

\

i

N

Executable: Machine language program

\

N

Memory
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$sp Tfff £fff hex Stack

|

Dynamic data

$gp 10008000 ., Static data

1000 0000  hex
Text
pc 0040 0000

hex
Reserved

0

Quando datraducéo de C para assembly deve-se fazer:

alocar registradores para as variaveis do programa
produzir codigo para o corpo do procedimento

preservar 0sS registradores durante a chamada do
procedimento

Exemplo
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