Conjunto de Instrucoes
MIPS
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Conjunto de Instrucoes

* Instrucdo é uma palavra da linguagem de maquina

 |ISA (Instruction Set Architecture)

— Conjunto de instru¢cbes de uma maquina

 |ISA MIPS

— 3 formatos de instrucdes
— instrucbes de 3 operandos

Programaem C Asmbly MIPS
a=b+c add ab,c
d=a-c¢ ubd,ac

f=(g+h)—(i +j); add tO,g,h
addtl,i
ub f,t0t;

o compilador criatOetl.

Paulo C. Centoducatte

? 1998 Morgan Kaufmann Publishers

Ch3-2



 Operandos

— No MIPs os operandos das instrucdes sao registradores
o 32registradores de 32 bits

Prooramaan C Assmbly MIPS
f=(g+h)—=(i +j); add $10.$s1,$2
add $1,$s3 54

b $OH0HL
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Instrucoes de Movimentacao de Dados

e Load e Store

— Iw : instrucdo de movimentacéo de dados da memadria
pararegistrador (load word )

— SW: instrucao de movimentacao de dados do registrador
paraa memoria ( store word )

— Exemplo:

Segja A um array de 100 palavras. O compilador associou a
variavel g oregistrador $sl ea h $s2, além de colocar em $s3
0 endereco base do vetor. Traduza o comando em C abaixo.

g=h+Al[8];
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Solucao

Primeiro devemos carregar um registrador temporario com A[8]:
lw $t0, 8($s3) # registrador temporario $t0 recebe A[g]

Agora basta executar a oper acao:

add $s1,$2,$t0 # g=h + A[§]

Paulo C. Centoducatte ? 1998 Morgan Kaufmann Publishers Ch3_5



MIPS - Organizacdo da Memaoria

 No MIPS a memodria é organizada em bytes, embora o
enderecamento seja em palavras de 4 bytes (32 hits)

Paulo C. Centoducatte

PROCESSADOR

A

12

100

10

4

101

0

ENDERECOS

> MEMORIA

DADOS
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? Exemplo: Suponha que h seja associado com o registrador
$s2 e 0 endereco base do array A armazenado em $s3. Qual o
codigo MIPS para o comando A[12] = h + A[8];?

Solucéo:
lw  $t0,32($s3) # $tOrecebe A[8]

add $t0,$s2,$t0 # $t0recebeh + A[8]
sw $t0,48($s3) # armazenao resultadoem A[12]
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Exemplo: Supor que o indice sga uma variavel:
g =h+A[l];

onde: | éassociado a $4, g a $sl, h a $s2 e o endereco base de A a $s3.

Solucao

add $t1,54,54
add $t1,$t1,$t1 # S$tlrecebed*i (porque???)

add $t1,5t1,$s3 # $t1recebe o endereco de AJi]

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

Comments

= $5l, %51, Fast locations for data. In MIPS, data must be in registers to perform arithmetl
32 registers $+0. $t1
s Memory[0], Accessed only by data transfer instructions in MIPS. MIPS uses byte addresse
27 memory Memory[4], ..., sequential words differ by 4. Memory holds data structures, such as arrays, ang
words Memory[4294967292] registers.

MIPS assembly language

Comments

e add $51,%s2,%53 $51=$s52 + 853 threa operands; data in registers
rithmetic -
subtract sub $51,%52,%53 $s1=$52-$s3 ' three operands; data in registers
= loadword | Tw $s1,100($s2) | 351 = Memory[$52 + 100] | Data from memory to register
Data transfer : e — :
store word sW  $s51,100(%52) | Memory[$sZ + 100] = $51 | Data from register to memary

FIGURE 3.4 MIPS architecture revealed through section 3.3. Highlighted portions show MIPS assembly langt
structures introduced in section 3.3. 3
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Formato de Instrucoes

e Formato dainstrucdo add $t0,$s1,$s2

| » codigo
da
—>

0 17 18 8 0 32 adicio
$s1 $s2  $t0 ndousado
: nestainstrugéo§

6 s 5 s 5 6

bits bits bits bits bits bits

 Formato das instrucoes tipo R (R-type) e seus campos

op

rs rt rd shamt funct

op
rs
rt

rd

& operacao basica dainstrucao (opcode)
& O primeiroregistrador fonte

& 0segundo registrador fonte

& 0oregistrador destino

shamt &5 shift amount, parainstrucoes de deslocamento
funct & function. Seleciona variacoes das oper acéo
especificada pelo opcode
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« Formato das Instrucdes tipo | (I-type)

op

rs

rt

ender eco

« Exemplo de instrucdes I-type
— Iw $t0, 32($s3)

 Codificacao de Instrugcoes MIPS

Ingrucéo | Foomao |Op | rs | rt | rd [Sham| func | end.
t

Add R O |regjregireg| O 32 | nd

Qb R O |reg|reg|reg| O A | nd

Lw I H | reg|regind.| nd | nd | end.

Sw I 3 reg|regind| nd | nd | end.
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Exemplo:

Dé o codigo assembly do MIPS e o codigo 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.

lw  $t0,1200($t1) # $tO recebe A[300]
add $t0,$s2,$t0 # $tOrecebe h + A[300]
sw  $t0,1200($t1) # A[300] recebe h + A[300]

? Linguagem de maquina

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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MIPS operands

£50, 851, .. k8T Fast locations for data. In MIPS, data must be in registers to perform arithmetic.
$EOL S0 ... BT Registers $s50-%$s57 map to 16-23 and $L0-5t7 map to 8-15.

Memary[0], Accessed only by data transfer instructions in MIPS. MIPS uses byte addresses, so
Memory(4], . .., sequential words differ by 4. Memory holds data structures, such as arrays, and
Memory[4294967292] | spilled registers.

MIPS assembly Ianguaga

B T B

[add $s1,952.%s3 |$s51 = $s52 + $s3 Three operands; data in regmters
subtract Psub %51, %52 853 sl = $.s? = $%;. Three operands; data in reg|sters
load word [1w $51,100(%52) | P51 = Memory[is? + 100] | Data from memaory to r'eg.'s'& |
store word |sw $s51,100(3s2) | Memory[$52 + 100]= $s1 | Data from register to memory

MIPS machine language

0 A AT 17 o [ e ClEndT 95,482,553
o[ s [ s9T [ v 0 | 34 [sub $s1,852,$53
35 __L_ 18 1"{_ | 100 Iw iis'_,ll‘.”.f bsZ)
43 | 18 17 ; 100 S $51,100(%s2)
| 6 bits 5 bits 5 bits : 5 bits 5bits | 6bits | All MIPS instructions 32 bits
' op | rs rt i rd shamt ' funct Arithmetic instruction format
op | s | rt | address Data transfer format

E 3.6 MIPS architecture revealed through section 3.4. Highlighted portions show MIPS machine language
introduced in section 3.4. The two MIPS instruction formats so far are R and I. The first 16 bits are the same: both
op field, giving the base operation; an rs field, giving one of the sources; and the rf field, which specifies the other
and, except for load word, where it specifies the destination register. R-format divides the last 16 bits into an rd
ing the destination register; shamt field, which is unused in Chapter 3 and hence always is 0; and the funct field,
xifies the specific operation of R-format instructions. I-format keeps the last 16 bits as a single address field.
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Instrucoes de desvio condicional

 Dbeq registradorl, registrador2, L1

— se o valor do registradorl for igual ao do registrador2
0 programa sera desviado para o label L1
( beq = branch if equal).

 bne registradorl, registrador2, L1

— se o valor do registradorl nao for igual ao do registrador2
0 programa sera desviado para o label L1
(beqg = branch if not equal).
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Exemplo - Compilando um comando | F.
Sgja 0 comando abaixo:

If (1i==))gotoL1];
f=g+h;
L1: f=f-1;

Supondo que as 5 variavels cor respondam aos registrador es
$0..$s4, respectivamente, como fica o codigo MIPS para o
comando?

Solucao

beq $s3,$4,L1 # vaparalLlsei=|
add $0,$s1,$s2 # f=g+h, executadosei!=|
L1 sub $s0,$s0,$s3 # f=1—1i, executado sei =|
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Instrucao de desvio incondicional

« JL1

— quando executado faz com que o programa seja desviado para
L1

Exemplo — Compilando um comando if-then-else
Sgja 0 comando abaixo:

if (i==))f=g+h; elsef=g-h;
Solucao

bne $s3,$4,Else  # vaparaElsesei!=j
add $0,$s1,$s2 # f=g+h,sei!=j
] Exit # va para Exit
Elsee sub $0,$s1,$s2 # f=g—h,sei =]
EXit:
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Loops

e Usando IF
Exemplo

Loop: g=g+Ali];
| =1+];
If (i!'=h)gotoLoop

Solucao

Loop: add $t1,$s3,$s3 # Ht1=2%*|
add SHt1,$t1,Ht1 # $t1=4*i
add $t1,$t1,$s5 # $tlrecebeendereco deAfi]
lw  $t0,0($t1)  #$t0recebe Afi]
add $s1,$s1,$t0 #g=g+AJi]
add $s3,$s3,$s4 Hi=i+]
bne $s3,$s2,Loop #sei!=hvaparalLoo
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e Usando while

Exemplo

while (save]i] == k)
=i+

Solucao

Parai,j ek correspondendo a $s3,$4 e $s5, respectivamente,
e 0 endereco base do array em $s6, temos:

Loop: add $t1,$s3,$s3 # OHtl=2%i
add $t1,$t1,%t1 # $t1=4%*i
add $t1,%5t1,$s6 # $t1 = endereco de savei]
lw  $t0,0($t1) # $t0 recebe save]i]
bne $t0,$s5,Exit  #vaparaExit sesave[i] =k
add $s3,$s3,$4  Hi=1+]
j L oop

Exit:
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Instrucoes para teste de maior ou menor

« slt reg_temp, regl, reg2

— se regl é menor que reg2, reg temp é setado, caso
contrario é resetado.

— Nos processadores MIPS o registrador $0 possui o valor
zero ($zero).

Exemplo: Compilando o testelessthan
Solucéo:

dt  $t0,$s0,$sl # $t0 ésetado se $s0 < $s1
bne $t0,$zero,Less #vaparaless se$0!=0, ou sgaa<b
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Exemplo — Compilando o case/switch
Sgja 0 comando abaixo:

switch (k) {
caseO: f=f+]; break;
casel: f =g+ h; break;
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Solucdo: supor que $t2 tenha 2 e f.k = $0..$s5,
respectivamente.,

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

dt $t3,$s5,%t2 #testesek <2
beq $t3,$zero,Exit #sek>=2vapara Exit

add $t1,$s5,$s5 #Pt1=2*k
add $t1,$t1,$t1 # $tl=4*K

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

add $t1,$t1,%t4 # $t1 = endereco de tabelalk]
lw  $t0,0($t1) # $t0 = tabealk]
jr $to # salto para endereco carregado em $t0

LO: add $s0,$s3,$4 #k=0& f=i+]
j Exit

L1: add $s0,$s1,$s2 # k=1« f=g+h

Exit:
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32 registers | $t0,5tl,

(550,351, ...,

MIPS operands

$s7 Fast locations for data In MIPS, data 'must be in reg:sters to perform arithmetlc |
..3t7, $zero ‘ Fteg:sters $50-$57 map to 16-23 and $t0-$t7 map to 8-15. MIPS register |
$zero always equals 0. '

MIPS assembly language

| Memony[0], Accessed only by data transfer instructions in MIPS. MIPS uses byte addresses,
2 memory |
E ' Memory{4], .. ., so sequential words differ by 4. Memory holds data structures, such as arrays,
| Memory[4294967292] | and spilled reglsters

Paulo C. Centoducatte

| add 206 |add $s1,$s2,%s3 El;ﬁ:sZ_-rvi:_sfi_ | Three operands; data in registers

subtract _ sub $sl ,$82,3583 | %51 =9s2-9s3 | Three uperands data in registers
[loadword  [1w  $51,100($s52) | $51 = Memony[$s2 + 100] ﬁaﬁr&Emﬁorﬁu’ register
| store word _Ew_ $s1,100($52) | M?ﬁ;o_a $52 + 1{}0] = $51 [ Eégﬁme&,fer_io_ memor:,fd_u.
_i.@cﬁn@;i_ﬁ_i E E’j :l |fﬁ~; ] == EK} €0 to L : ﬂ|E‘_unal tcsﬁndgranch : t

Conditional |branchon notequal |bne $s51,%s2,1 if (35 ] 1= $5 Z)goto L | Not equal test and branch-

nch | set on less than f slt  $s51. %57 %5 _Fi i?:] T :_1'. = Compare less asln,_-.jsed_x-asih_ =
| | else 351 =0 LGRS =50 SO Wy |
anditional ijump__ R _—I_ g i_ :: _| go to EL'I bt : ., Jump to target address _|
| Jump register I $tl 'go to $t1 | For switch statements .
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MIPS machine language

0 Tadd $s1,8s2,$s3
B | 0 8 1 | 0|0 _3'4_ ]ﬂn_ssl_ $52,853 |

10 Gl 85 fEEY o vy 100 [Tw_ $s1,100($52)

W2 A L AR R R S TP Tae0  [sw $s1,100($s2)
M FAL .t i AP TG AT A
| fer AL P abnls iy ie) 25 (bne  $51,$52,100 |
TR T g i A s T B R T A A e L e 1
S ol e e B T ST 7|7 10000 (eee section 3.8) |
RS I P00 AR 1Shag S| TatT ey 6 g i Rl ¥
'___ 6 bits | 5b|t5_]_5b‘rts_ .' E_tmits_]h ams_'i S_I:fns_ |_ﬁ MIPS in: mstructmns 32 DIT.S :|

R | op | s | it | rd | shamt | funct |Arithmetic instruction format

FE I_ op ‘I_ rs 1 rt .' address | Data transfer, branch format 1

URE 3.9 MIPS architecture revealed through section 3.5. Highlighted portions show MIPS structures introduced in
on 3.5. The J-format, used for jump instructions, is explained in section 3.8. Section 3.8 also explains the proper values in
ress fields of branch instructions.
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Suporte a Procedimentos

? Paraaexecucao de um procedimento deve-se:

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

— Transferir o controle ao procedimento
— Adquirir os recursos 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 fol
chamado
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? Para este mecanismo, o MIPS aloca seus registradores, para
chamada de procedimentos, da seguinte maneira:

— %a0 .. $ a3 « 4 registradores para passagem de
argumentos

— $v0 .. $v1 & pararetornar valores
— $ra & para guardar o endereco de retorno

e Instrucao para chamada de procedimento
— jal End_proc - (jump-and-link) < desvia para o
procedimento e salva o endereco de retorno (PC+4) em
$ra (return address - $31)

? Instrucao pararetorno 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 ¢
destruido.

? Qual a solucao < utilizar uma pilha (LIFO)

SP

stack

— Registrador utilizado para o stack pointer & $sp ($29)
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« Exemplo:

— Os parametros g, h, i e j correspondem a $a0 .. $a3,
respectivamente e f a $s0. Antes precisaremos salvar $s0,
$t0 e $t1 na pilha, pois serao usados no procedimento

Exemplo
Seja 0 procedimento abaixo:

int exemplo (int g, int h, inti, int))

{
Int f;
f=(g+h)—=(@+]))
return f;

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

No procedimento

add $t0,%$a0,$al
add $t1,$a2,%a3
sub $s0,5t0,$t1

Pararetornar ovalor f
add $v0,$30,$zero

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

lw $s0, O($sp)
lw $t0, 4($sp)
lw $s1, 8($sp)
add $sp,$sp,12

Retor nar

jr $ra
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Hohaddress

Conterts f regjter $t1

Qorternts of regster $0

¥ ——  Coterisdregister 80

Loveddess a b C
Figura 3.10 — Valores de sp antes, durante e depois da chamada
do procedimento
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? ObservacoOes

— $t0 .. $t9 & 10 registradores temporarios gque nao Sao
preservados 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(l);
elsereturn (n*fact(n-1));

Paulo C. Centoducatte ? 1998 Morgan Kaufmann Publishers Ch3_3o



Supor n correspondente a $a0

fact:

sub $sp,$p,8
sw  $ra,4($sp)
sw  $a0,0(sp)

dt  $t0,$a0,1
beqg $t0,$zero,L1

add $v0,%$zero,1

add $sp,$sp,8
jr %ra

L1

sub $a0,%$a0,1
jal  fact

lw  $a0,0($sp)
lw  $ra,4($sp)
add $sp,$sp,8
mult $v0,$a0,$v0
jr %ra

Paulo C. Centoducatte

# ajusteda pilha
# salva 0 enderego deretorno
#salva o argumento n

#teste para n<l
#sen>=1,vaparalLl

#retornalsen<l1
#pop 2 itensda pilha
#a>=1 n-1

#chamada com n-1

#retornodojal; restauran

#retorna n*fact(n-1)
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? Alocacao de espaco para novos dados

— O segmento de pilha que contém os registradores do
procedimento salvos e as variaveis locais é chamado de
procedure frame ou activcation record. O registrador $fp é

usado para apontar para a primeira palavra deste
segmento.

? Figura 3.11 — O que € preservado ou nao nhuma chamada
de procedimento.

Registradores Preservados | Registradores Nao Preservados
Salvos. $s0-$s7 Temporarios. $t0-$t7
Apontador para pilha: $sp Argumentos: $a0-$a3
Endereco deretorno: $ra Valores de Retorno: $v0-$vi
Pilha acima do Apontador para| Pilhaabaixodo Apontador
pilha para pilha
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High address

$fp —] $fp —]

$sp —»| $sp —

$fp  — Saved argument
registers (if any)

Saved return address

Saved saved
registers (if any)

Local arrays and
structures (if any)

$SPp —p

Low address
b c

Figura 3.12 —| Iuétra(;éo da pilha antes, durante e depois d.a
chamada de procedimento.

Paulo C. Centoducatte ? 1998 Morgan Kaufmann Publishers Ch3_33



? Figura 3.13 — Convencao deregistradoresno M1 PS

Nome |[Numero Uso Preservado em
chamadas?
$zero |0 Constante 0 n.d
$v0-$v1 |2-3 Resultados e avaliagdes de|N&o
expr essoes
$a0-%a3 |4-7 Argumentos Sim
$t0-$t7 |8-15 Tempor arios Nao
$s0-$v7 |16-23 | Salvos Sim
$t8-$t9 [24-25 |Temporarios Nao
$ap 28 Ponteir o global Sim
$sp 29 Ponteiro parapilha Sim
$fp 30 Ponteiro paraframe Sim
$ra 31 Endereco deretorno Sim
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MIPS operands

| $50-$57, $£0-$t9, Fast locations for data. In MIPS, data must be in registers to perform
$zero, $a0-$a3, $v0- arithmetic. MIPS register $zero always equals 0. $9p (28] is the global '
$v1, $ap, $fp, $sp, $ra | pointer, $5p (29) is the stack pointer, $ fp (30) is the frame pointer, and $ra |
i | (31) is the return address. ‘
|

4 Memﬂ_ry[ﬂ]_. Accessed only by data transfer instructions. MIPS uses byte addresses, so
pory words | Memory[4], . . ., sequential words differ by 4. Memory holds data structures, such as arrays,
Memory[4294967292] | and spilled registers, such as those saved on procedure calls.

MIPS assembly language

I T S

add $51,8s2, %53 [86s1= $52 + 553 | Three nperands, data in regasters
:Eubtract sub $s51,%52,%53 | $51=$52 — $53 ] 'Three operands; data in reglsters
lloadword 1w $s1.100(%s2) | $51 = Memory[$52 + 100] | Data from memory to register
| store word qi sw $51,100(%52) Memory[$32_+ 100] = $s1 | Data from register to memory
branch on equal th $s1,%s2,L |if{$sl == $S;EJ' goto L  Equal test and branch
branch on not |bne - 351, $32,L |if (351 1= %$s2)goto L Not equal test and branch
equal ks W _ _
seton lessthan |51t $s51,%52,%53 |if($s2 < $53) $51=1; else | Compare less than; for beq, bne
: $s1=0
jump j 2500 | go to 10000 Jump to target address
jump regaster ir $ra g'c to $ra For switch, procedure return
jump and hnh jal 2500 $r:a = PC + 4; go to 10000 | For prhcedure call =
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MIPS machine language

R ETE T 17 0 32 |add $sl,$s2,353
R | 38 | 19 ET 0 | 334 |sub $sl,$s2,$s3
7y 35 T T R RS T SRR TR TR T
1 43 | 18 LA 100 lsw  $s1,100($s2)
] 4 17 18 | 25 |beq $sl1,%$s2,100
| 5 37— | 48 - 25 bne $s1,%$s2,100
TR Tl RS T BT 7 e 42 |slt $s1,$52,$s3
J 2 2500 1§ 10000 (see section 3.8) |
R T [ S I i e 8 |ir Sra B
J 2L [ 2500 jal 10000 (see section 3.8) |
| 6bits | Sbits | 5bits | 5bits | 5bits | 6bits | All MIPS instructions 32 bits :
op | rs rt | rd shamt funct | Arithmetic instruction format
] | op I rs o ¥ address - ' Data tran;fer. branch fum:rat

MIPS architecture revealed through section 3.6. Highlighted portions show MIPS assembly language
troduced in section 3.6. The J-format, used for jump and jump-and-link instructions, is explained in section
ion also explains why putting 25 in the address field of beq and brie machine language instructions is equiva-
0 in assembly language.
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Enderecamento no MIPS

? Operandos 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 aritmeéticas
dotipo | (constantes com 16 bits)
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« Exemplo

— A instrucao add do tipo | € chamada addi ( add immediate).

Para somar 4 a $sp temos:

addi $sp,$sp,4

29

29

opcode

— Em comparacoes

e slti $t0,$s2,10 # $t0 =1 se $s2 < 10

Paulo C. Centoducatte
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Instrucoes de Carga

lui $t0,255 #load upper immediate

00111 | 00000

01000

0000 0000 1111 1111

/

0000 0000 1111 1111

0000 0000 0000 0000

Paulo C. Centoducatte
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Exercicio:

 Qual o cédigo MIPS para carregar uma constatnte de 32 bits no
registrador $s0 ?
0000 0000 0011 1101 0000 1001 0000 0000

Solucéao

lui  $s0,61 # 61,0 = 0000 0000 0011 1101,
addi $30,$s0,2304 # 2304, = 0000 1001 0000 0000,
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Enderecamento em branches e jumps

 Instrucoes J-type

op ender eco

6 bits 26 bits

Exemplo

j 1000 # vapara 1000

2 1000
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Enderecamenteo relativo ao PC

 Branch (I-type)

Exemplo
bne $s0,%s1,Exit
51| 16| 17 Exit

PC = PC + Exit

Paulo C. Centoducatte
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Exemplo

L oop:
add $t1,$s3,$s3
add $t1,5t1,$t1
add $t1,$t1,$s6
lw  $t0,0($t1)

bne $t0,$s5,Exit

add $s3,$s3,$4
] L oop
Exit:

Assumindo que o loop estd alocado inicialmente na posicéo
80000 na memoria, teremos a seguinte sequiéncia de cédigo em

linguagem de maquina:

HPL1=2%*|

#P1=4*]|

# $t1 = endereco de save]i]
# $t0 recebe save|i]

#va paraExit se saveli] 1=k
Hio= i+

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 | e
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Exemplo

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

beq $s0,$s1,L1

Solucao
bne $s0,$s1,L 2
j L1
L2:
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Enderecamento MIPS - Resumo

? Enderecamento por registrador = o0 operando € um
registrador

« Enderecamento por base ou deslocamento « 0 operando é
uma localizacdo de memaodria cujo endereco € a soma de um
registrador e uma constante na instrucao

« Enderecamento imediato => onde o operando € uma
constante na propria instrucao

« Enderecamento relativo ao PC &« onde o endereco € a soma
de PC e uma constante da instrucao

« Enderecamento pseudodireto < onde o endereco de desvio
(26 bits) € concatenado com os 4 bits mais significativos do
PC
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Figura 3.17 — Modos de ender ecamento do M I PS

1. Immediate addressing

| op I rs I rt | Immediate |
2. Register addressing
| op | rs | rt | rd I | funct | Registers
L I Register
3. Base addressing
| op | rs | rt | Address | Memory
|
| Register | é—» | Halfword Word
I i}
4. PC-relative addressing
| op | rs | rt | Address | Memory
| PC | <—B Word
[
5. Pseudodirect addressing
| op | Address | Memory
L
| PC | ¢— Word

Paulo C. Centoducatte
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? Figura 3.18 — Codificacao dasinstrucoesdo MIPS

UL

0(000) | 1(001) { 2(010) | 3(011) 4100) [ 5(101) [ 6110) [ 7(211)
|R-format Eﬂt‘_;gez ||LH:: . W, -'j_ump_&lir? Eemch_eq'—-l_:-réﬁaw n_e_lr_t}_f(; == Dgtz__—
add = __a_ddi-uJ_- Tseﬁass_ lsitid' andi | ori ;mri_ - ' load upper
| immediate e = el - S ollge ' e o e |
|18 AC| 1 | | [ sl

e A T e e P - L
load byte 1h l 1wl load word ba”, [ Vthu S ! 4‘
store byte sh |js..w1 : store word _T__ T [ R o S '
Twc0 | Iwel —i AN LS M it L R et | | b i, o R
L G R T i L AR R
|

O b D100040
0(000) | 1(001) 2(010) | 3(011) 4100) | s§(01) | e@10) | 7(11) |
T R SR G ENCE, W RRURe o sl e |
7 [ cfcO | mtcO | | ctcl |
gt e
R T BRI MR NS Ve S
I._ === | —— =H 1= _l | R
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op(31:26)=000000 (R-format), funct(5:0)

0(000) 1(001) 2(010) 3(011) 4(100) ‘ 5(101) | 6(110) | ?;111}_"‘
srl SPE S o LELIN. e | srlv srav |
et syscal 1_J: break | 3 '
mfio mtlo | 1_

div divu | i | Al yadiagy - 1
subtract suE____ and | or xor. _|nor .

- t set I.t. situ s _] e ]
s e Bl e e e Sy K BEARE
| e Wi il S el | hiid - 2 L)

PS instruction encoding. This notation gives the value of a field by row and by column. For example,
of the figure 102d word is found in row number 4 (100y,,,, for bits 31-29 of the instruction) and column
T bits 28-26 of the instruction), so the corresponding value of the op field (bits 31-26) is 100011y,
field is used elsewhere. For example, R-format in row 0 and column 0 (op = 000000,,,) is defined
e figure. Hence subtract in row 4 and column 2 of the bottom section means that the funct field
ction is 100010,,,, and the op field (bits 31-26) is 000000y,,,. The F1Pt value in row 2, column 1 is
‘on page 292 in Chapter 4. Bl1tz/gez is the opcode for four instructions found in Appendix A:
, and baezal. Instructions given in full name using color are described in Chapter 3, while instruc-
s using color are described in Chapter 4. Appendix A covers all instructions.
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Figura 3.19 — Formato de instrucoes do MIPS
R R L N S

Field size | 6 bits 5bits | 5 bits 5bits | 5bits | 6 bits All MIPS instructions 32 b
! R-format op rs_ rt ’ _"r'cf shamt -funct Arithmetic instruction
Iformat [T rt address/immediate Transfer, branch, imm. for
| Mormat | op target address | Jump instruction format

FIGURE 3.19 MIPS instruction formats in Chapter 3. Highlighted portions show instruction forms
duced in this section.
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Figura 3.20 — Linguagem assembly do MIPS

MIPS operands
$s0-%57, $t0-%$t9, $zero, i Fast locations for data. In MIPS, data must be in registers to perform
$a0-$a3, $v0-$vl, $gp, | arithmetic. MIPS register $Zero always equals 0. Register $at is reserved
$fp, $sp, $ra, $at | for the assembler to handle large constants:
Memory[0], | Accessed only by data transfer instructions. MIPS uses byte addresses, so
Memory[4], . . . | sequential words differ by 4. Memory holds data structures, such as arrays,
Memory[4224967292] | and spilled registers, such as those saved on procedure calls.

MIPS assembly language

B I N

$s51,%s2, $s51 = $52 + $53 Three operands; data in
registers
subtract |sub  $s1,$52,8s3 [$s1 = $s52 - $53 Three operands; data in
registers

add immediate |addi $s1.%s2,.100 |%$sl=3%s2 +100 Used to add constants

load word [ Tw ‘.’p%l 100($s2) | $s]1 =Memory[$52 + 100] | Word from memory to register
store word SW $s'l 100(%s2) __Memory[$52 +100] = §5] !Word from register to memory
load byte 1b $51,100(%s2) $5l= Memory[S_c?_+ 100] ;_E!yt_g_f_rg[n memory to register
store byte | sb $51,100(%s2) |Memory[$57 + 100] = $s1 | Byte from register to memory

. e — e :

load upper lui  $s1,100 |$51 = 100 * 216 Loads constant in upper 16 bits
immediate ; i s v il

branch on equal beq $s51.8$s2.25 if ($s1 == $52) go to Equal test; PC-relative branch

PC+ 4+ 100 e
branch on not equal | bne $s1,%s2,25 if ($s1!1= $sZ)goto | Not equar test PC relative
SASPESAE RO | | i
| set on less than sTHE  $5l $s2o e3[R (hs2 < $53) $sl=1; Compare less than; for beq, bne
else §51 =0 . i 1o o)

set less than s1ti $s1,%s2,100 |[if($s2<100) $51= Compare less than constant
immediate else j5l=0 :

jump J 2500 go to 10000 _lump to target address

jump register jr $ra goto %ra | For switch, procedure return
jump and fink Fal 2500 $ra =PC+4; go to 10000 LFor procedure call

Paulo C. Centoducatte
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? Traduzindo um Programa

C program

N\

Assembly language program

Object: Machine language module| |Obiject: Library routine (machine language

/

Executable: Machine language program

Memory
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$sp VaiiRiiii hex Stack

|

Dynamic data

$gp 1000 8000 | Static data

1000 0000  hex
Text

pc 0040 0000 ,_,

Reserved

0

? Quando datraducao de C para assembly deve-se fazer:
? alocar registradores paraasvariaveis do programa
? produzir codigo para o corpo do procedimento

? preservar oS registradores durante a chamada do
procedimento
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PowerPC (Motorola, Apple, IBM)

« 32registradores de 32 bits, instrucdes de 32 bits

 Indexed addressing
— example: |w $t 1, $a0+$s3 #$t 1=Menor y[ $a0+$s3]
— What do we have to do in MIPS?

« Update addressing
— update a register as part of load (for marching through
arrays)
— example: |wu $t 0, 4( $s3)
#$t O=Menor y[ $s3+4] ; $s3=$s3+4
— What do we have to do in MIPS?
o Others:
— load multiple/store multiple

— aspecial counter register “bc Loop”
decrement counter, if not O goto loop
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80x 86

« 1978: The Intel 8086 is announced (16 bit architecture)
« 1980: The 8087 floating point coprocessor is added

« 1982: The 80286 increases address space to 24 bits,
+instructions

« 1985: The 80386 extends to 32 bits, new addressing modes

e 1989-1995: The 80486, Pentium, Pentium Pro add a few
Instructions
(mostly designed for higher performance)

e 1997: MMX is added

“Thishistory illustrates the impact of the “ golden handcuffs’ of
compatibility

“adding new featur es as someone might add clothing to a packed bag”

“an architecturethat isdifficult to explain and impossibleto love”
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A dominant architecture: 80x86

« See your textbook for a more detailed description

« Complexity:
— Instructions from 1to 17 bytes long
— one operand must act as both a source and destination
— one operand can come from memory

— complex addressing modes
e.g., “base or scaled index with 8 or 32 bit displacement”
e Saving grace:
— the most frequently used instructions are not too difficult
to build
— compilers avoid the portions of the architecture that are
slow

“what the 80x86 lacks in style is made up in quantity,
making it beautiful from the right perspective’
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Conclusao

 Erro: instrucdes mais poderosas aumentam desempenho

« VAX:

— CALL: salva endereco de retorno, n° de parametros, quaisquer

registros modificados e valor antigo do SP
— instrucéao para apagar lista duplamente ligada

 |IBM 360:
— 10 instrucbes mais frequentes
— 16 instrucbes mais frequentes
— 21 instrucbes mais frequentes
— 30 instrucbes mais frequentes

e MIPS

: 80% das ocorréncias
: 90% das ocorréncias
: 95% das ocorréncias
: 99% das ocorréncias

classe instr gcc | spice
arit. add, sub, addi 48%
transf. dados lw, sw, Ib, sb, Iui 33%
desvio cond. beq, bne, slt, slti 17%
jump i, r, jal 2%
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Maquinas de 0, 1, 2 e 3 enderecos

X=A*B+C*C ondeX, A, B, Cséaoenderecos de posicdes de

memaoria

/ Um enderego\

LOAD A
MULTI PLY B
STORE T
LOAD C
MULTI PLY C
ADD T
STORE X

AC ? AC op END
\C 7

Paulo C. Centoducatte
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Dois enderecos

MOVE T, A
MULTI PLY T, B
MOVE X, C
MULTI PLY X, C
ADD X, T

E\IDl ? END1 op ENDZ/

/ Load-Store \

| oad R1, A
|load R2, B
load R3, C
mult R1, R1,
R3,
R1,

mul t R3,
add R1,
store R1, X

R2
R3
R3

Trés enderecos

MULTI PLY T, A, B
MULTI PLY X, C, C
ADD X, X, T

END1 ? END2 op END3
\C P

-~

Zero enderecos \

& R1? R2op R3 /

push A
push B
mul t
push C
push C
mul t
add

pop X

K tos ? tos op tos /
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Maquinas de 0, 1, 2 e 3 enderecos

e Qual € o melhor?
— tamanho do codigo fonte
— tamanho do codigo objeto
— tempo de execucao

— simplicidade e desempenho do hardware para suportar
arquitetura

Paulo C. Centoducatte ? 1998 Morgan Kaufmann Publishers Ch3_58



