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MIPS64

- Arquitetura do tipo Load/Store

32 registradores de uso geral de 64 bits.

32 registradores de ponto flutuante de 64 bits.
 Tipos de dados:

" Inteiros: Byte (8 bits), Half-word (16 bits),
Word (32 bits) e Long-word (64 bits)
" Ponto Flutuante: padrao IEEE 754 de
precisao simples (32 bits) ou dupla (64 bits).
" Modos de Enderecamento: Deslocamento,
Imediato e Registrador Indireto.

" As instrucoes sao um superconjunto do
MIPS32.

" Tamanho fixo das instrucoes (32 bits).
" Ortogonalidade e simplicidade.



Operandos Inteiros

Figure 5-4 Word Fixed Pomt Format (W)
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Operandos em Ponto Flutuante

Fizure 5-1 Single-Precizsions Floating Pomnt Format (5)
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Figure 5-1 Double-Precisions Floating Pomnt Format (D)
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Alinhamento

) Aumento dos
) Enderecos
7 6 5 4 3 2 1 0
4
lavra alinhada (endereco multiplo de 4).
2
Palava nao alinhada (endereco multiplo de 2).
1
Palavra nao alinhada (endere¢co multiplo de 1).




Ordenacao

Aumento dos

r 3

Enderecos
7 6 5 4 3 2 1 0
4 Ordenacao Big-endian
0 (LSB) 1 2 3 (MSB) (byte com endere¢o menor

é colocado no byte
mais significativo da palavra)

Ordenacao Little-endian

3 (MSB) 2 1 0 (LSB) (byte com endere¢o menor

é colocado no byte
menos significativo da palavra)




When configured in big-endian order, bvie 0 15 the meost-sigmficant (left-hand) byvte. Figure 2-10 shows this

confguration.

Ordenacao

Higher Word E'il #
Address  Address| 31 24 23 18 15 g 7 o
12 12 13 14 | 15 |
g 2 | 10 11
4 g 5 i Fi
Lower 0 0 1 2 3 }-— 1 wiord = 4 byles
Address

2.9.6.2 Little-Endian Order

configuration.

Fizure I-10 Biz-Endian Byte Ordering

When configurad i little-endian order, byte 0 15 abwavs the lsast-significant (mght-hand) bvte. Figure 2-11 showes thas

Higher Ward EI',‘#
Address  Address | 21 24 23 16 15 5 7 o
12 [ 15 | 14 | 13 || 1z |
2 11 2 || =
7 8 5 [ a4
Lowar 3 I 2 I " 1] |
Addrass

Fizure 1-11 Little-Endian Byte Ordering




Ordenacao

Word

Most-significant byt Lea 5t—5ig?'ﬁ-::ant bogte

Sit# 62 Y58 55 48 &7 4038 32131 24 23 1515 =7 fol
3 — - —
Byte | 00 || v J 2 J[ 2 | <+ || s || &8 || 7" |

L | | |
Halfaword Byt

I
Bit# |7 8 5§ 4 3 2 1 0]

N

Bits in a byte

Figure 3-12 Biz-Endian Data in Doubleword Format

Maost-significant byie Least-signjficant byta
Wiord /
1
Sitx 62 458 55 48 47 40 20 22lat 24 23 1515 e 7 Jol
—_1 r
Byte | 7' || 8 | 5 [ 4 | 3 [ 2 || 1 J o |

| : | | |
Halfword Byt=

|
Bit# 7 8 5 4 3 2 1 0l

.

Bits in @ byte

Fizure 3-13 Little-Endian Data in Donbleword Format



Modos de Enderecamento

Modo Exemplo Significado (RTL)

Imediato dadd R4, R4, 3 R[4] . R[4]+3

Registrador dadd R4, R4, R3 R[4] . R[4]+R[3]

Direto dadd R1, (1001) R[1] . R[1]+M[1001]
Indireto dadd R4, (R1) R[4] . R[4]+M[R[1]]
Deslocamento ld R4, 100(R1) R[4] . MEM[100+R[1]]
Indexado dadd R3, (R1+R2) R[3] . R[3]+M[R[1]+R[2]]
Indireto Mem. dadd R1, @(R3) R[1] . R[1]+M[M[R[3]]1]

Na sintaxe na coluna em linguagem de montagem os
parenteses ( ) indicam acesso a memoria.

Na sintaxe RTL a direita, [ ] denota acesso a um
elemento de um vetor, seja Registrador ou Memoria.



Modos de Enderecamento

Campo da Banco de
Modo N .
Instrucdo Registradores

,/_\
Imediato ( \imed)
Registrador | €€
Direto endes
Indireto reg | S~ ——

/

Deslocamento

reg

in}ed

Memoria

endereco

‘ “base”

deslocamento



Modos de Enderecamento

Modo Campo da

Banco de
Registradores

Memoria

endereco

Instrucg
Indexado |Tegl |reg2-
Indireto reg

Via Memoria

‘Cbase’9

deslocamento



Tipos de Instrucao

* Aritméticas e Logicas: Aritmeética inteira e
operacoes logicas, cadeias de caracteres.

* Transferéncia de Dados: Instrucoes de Load/Store.

* Transferéncia de Controle: Desvios, chamadas e
retorno de procedimentos.

* Sistema: Chamadas ao sistema operacional,
gerenciamento de memoria virtual, HALT.

* Ponto Flutuante: operacoes de ponto flutuante.

* Graficas: operacoes em pixel, compressao e
descompressao.



Arquitetura MIPS64

Instrucoes de 32 bits.
32 GPRs de 64 bits, R0-R31.

— RO é apenas a constante 0.

32 FPRs 64 bits, FO-F31

— Permitem operandos de 32-bits (2 nao utilizado).
— Extensoes “SIMD” operam com dois operandos em
1 FPR.

Poucos registradores especiais:
— Floating-point status register

Load/store de inteiros de 8, 16, 32 e 64-bits

— Todos tem o sinal estendido para caber no
registrador de 64 bits.

— Também operam os registradores de ponto
flututante (32 ou 64 bits)



Modos de Enderecamento
MIPS

Registrador (apenas operacoes arit./logicas)

Imediato (apenas arit./logica) &

Deslocamento (apenas load/stores)

— Imediato de16-bits / deslocamento

— Registrador indireto: usa o valor 0 como
deslocamento

— Direto (absoluto): usa R0 com base para o
deslocamento

— Memoria enderecada a byte, enderecos de 64 bits.

Ordenacao big-endian/little-endian escolhida
por SW.

Alinhamento dos dados é necessario.




Modelo de Programacéao

* A seguir sao mostrados os conjuntos
de registradores inteiros e de ponto
flutuante vistos pelo programador.
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Formato das Instrucoes MIPS

I-type instruction
6 5 5 16
Opcode rs rt Immediate

Encodes: Loads and stores of bytes, half words, words,
double words. All immediates (rt < rs op immediate}

Conditional branch instructions (rs is register, rd unused)
Jump register, jump and link register
(rd = 0, rs = destination, immediate = 0)

R-type instruction
6 5 5 5 5 6

Opcode Is rt rd shamt funct

Register-register ALU operations: rd - rs funct rt
Function encodes the data path operation: Add, Sub, . .
Read/write special registers and moves

J-type instruction
6 26

Opcode Offset added 1o PC

Jump and jump and link
Trap and return from exception



Instrugdes Tipo |

I-type instruction
6 5 5 18
Opcode s rt Immediate

Encodes: Loads and stores of bytes, half words, words,
double words. All immediates (it < rs op immediate)

Conditional branch instructions (rs is register, rd unused)

Jump register, jump and link register

(rd = 0, rs = destination, immediate = 0)




Instrucoes Tipo R

R-type instruction
6 5 5 5 5 6

Opcode rs It rd shamt | funct

Register-register ALU operations: rd « rs funct rt

Function encodes the data path operation: Add, Sub, . ..

Read/write special registers and moves



Instrucoes Tipo J

J-type instruction
B 26

Opcode Offset added to PC

Jump and jump and link
Trap and return from exception



Transferéncia de Dados

AMupemonic Instruction Defined 1 MIPS I5A
LB Load Byvie MIPS32
LBU Load Bvie Unsigned MIP532
LD Lzad Doublewaord MIPSE64
LH Load Halfwrord MIP532
LHU Load Halfword Unsigned MIP532
LW Load Word MIP532
LWL Load Word Unsizpned MIPS64
SB Store Byte MIP532
sSD Store Douzleword MIPEG4
SH Store Halfword MIP532
SW Store Word MIP532




Transferéncia de Dados

Id R1, A (R3) 5 R1=MEM(R3+A)

Id R2, 0 (R4) 5> R2=MEM (R4)

Id R5, A (RO0) > R5=MEM(A)ouR5=A
sdR16,B(R3) = MEM(R3 +B)=R16
sdR12,0(R4) = MEM (R4)=R12
sdR15,A(R0) 9 MEM (A)=R150uA=R15

Obs: Todas as operacoes acima transferem 64 bits.



Aritméticas/Ldgicas c/

Imediato

Mnemonic Inztruction Defined in MIPS ISA
ADDI Add Imunedizte Ward MIFS32
ADDIU* Add Inunedizts Unsizned Word MIFS32
ANDI And Inunedizts MIPS32
DADDI Daubleword Add Immediate MIPS52
DADDIU Donbleword Add Immediare Unsigeed MIF5E=
LUI Load Upper Inunediats MIF532
ORI Cr Immiedlizte MIPS32
SLTI Set on Less Than Immediata MIPS32
SLTIU Set on Less Than Immedizte Tnsiznad MIFS32
XOPI Exclusive Or Inunedizta MIPS32




Aritméticas/Ldgicas c/
Imediato

addi R2, R3, #5 2 R2 = R3 + 5 (32 bits)
dsubi R6, RS, #10 = R6 = R8 — 10 (64 bits)
andi R6, R9, 0xFFFF = R6 = R9 AND 0xFFFF (32 bits)

lui R8, R7, 0OXAAAA = R8 = (R7 AND OxAAAA) << 16
(32 bits)

siti R1, R2, #3 =2 Se R2 <3 entaoR1 =1
SenaoR1=0
xori R1, R5, #6 = R1 =R5 xor 6



Aritméticas/Ldgicas

Mupemonic Instruction Defined in MIPS ISA
ADD Add Word MIPS532
ADDU* Add Unsigned Word MIPS532
ANDY And MIP532
DATD Donbleword Add MIPS&4
DADDU* Dioulzleword Add Unsigned MIPS64
DSUB Dioulzleword Subtract MMIPSE4
DSUBL Doubleword Subtract Unsignead MIPS64
MO Mor MIPS532
DR [y MIPS532
SLT Set on Less Than MIPS52
SLTTC Set on Less Than Unsigned MIPS32
SUB Subtract Word MIPS532
sUBL! Submact Unsigoned Word MIP532
HOR Exclusive Or MIPS52

1. The term “unsigned” m the insmaction name is 2 misnomer; this operation is 32-0it module arithmetic that does not Tap on overflow.




Aritméticas/Ldgicas

dadd R1,R2, R3 =2 R1=R2 + R3 (64 bits)

addu R1, R2, R3 =» nunca gera excecao (32 bits)

and R4,R5,R6 = R4=R5AND R6

dsub R6, R9, R11 = R6 = R9 — R11 (64 bits)

sit R8, R19, R20 = Se R19 < R20 entao R8 =1
senao R8 =0

xor R11, R12, R13 = R11=R12 XOR R13



Deslocamento

Mnemonic [nstruction Delimed in MIPS ISA
LROTR Pioubeword RBetaie Righi SIFSEd Release 2
DROTRSEE Pisubleward Eetare Right Plos 52 MLPS6d Eelese 2
DECTEY Prautdeword Ectare Bight Yarmble MILFS64 Kelease
&L Pranblewerd Shil Leli Logiesl MIPSGA
DSLL5E Pisubleward Shin Leti Logical + 52 WIS G
(RN Dol ewvord Shafi Lefi Logical Yanahle L8 | | BT
1= B Dol ewvord Shafi Baght Anihmeie SAIPS64
e LR Pioubd eword Shin Kight Anthmetie + 32 NIFS64
(RS CE Dol ewvorc Shafi Baghi Anibmeix Marable b [ B
BRI Diaubleword Shif Right Logical WIPS64
DSRL32 Diouldeword Shafi Baghi Logical + 32 SIS




Deslocamento

LBRLY Lt weird Skt Kight Logical Vinahle WIS
RTR Fofatz Word Righi MIF332 Relee: 2
REITRY Rotais Word Right Vanable MPSED Eelees

all shitt Ward Lefi Lagizal WPl
ALLY shitt ¥ord Left Logical Yanable MIFsil

A RA Shitt Ward Fight Anthmetic WIS32
SHAY Shitt Ward Eight Anthmetic Sarinkla WSS

Bl Shatt Word Bight Logieal WIPS3?
SHLY Shit Ward Bight Lagiesl Vbl IS5




Deslocamento

dsllv R1,R2,R3 =

sri R10, R11, R12 >

dsra RS5, R7,#20 =

sra R6,R7,R8 =

dsra32 R5, R7, #20 =

R1=R2<<R3

(64 bits sem sinal)
R10 = R11 >> R3
(32 bits sem sinal)
R5 = R7 >> 20

( 64 bits com sinal)
R6 = R7 >> R8

( 32 bits com sinal)
R5 = R7 >> (32 + 20)

( 64 bits com sinal)



Multiplicacao / Divisao

Alnemonle Instructlon Delined In ALIPS 154
(KIRILY Devhbewond Dirvde Ml IPER
ERILYN Desberrord Dreid e Llneggrd M IFE

[y Cireade Ward M IFEED
DL Direide Unagued Word Ml IPE:D
D&LLT Db bevrord Mudliply M IPE5
DIMLILTL Covh bervrord Mudtiply L o read Ml PSR
MDD Mdulitply and Add Vol Ml IPE:D
MADDL Miulitply and Add Weord U ipeed MIFEED
MFHI Mca Fream HI M IFEED
MELC Moww From L Ml IPERD




Multiplicacao / Divisao

MELE Muliply and Zubtract Wand Ml IPE:]
MSLIEL Muliply and Zubiract Ward U ied Ml IPE:]
MTHI Mewe Ta HI Ml IPEEL
MTLO Mewe To L0 Ml IPE:]

MLIL Muliiply Werd ko Ragariar Ml IPE:]
MLLT Mulizply Werd Ml IPE:]
MLILTU Muliply Uragined %ond Ml IPE:]




Multiplicacao / Divisao

ddiv R4, R6
div R6, R7
dmult R13, R15
mfhi R5

mtlo R7

mult RS, R9

v

v ¥V ¥ ¥ V¥

LO,HI = R4 / R6 (64 bits)
LO, HI = R6 / R7 (32 bits)
LO, HI = R13 * R15 (64 bits)
R5 = HI

LO =R7

LO, HI = R8 * R9 ( 32 bits)



Desvio Incondicional

Ddimed in MIPS

Mupemonic Instruetion Lovation to Which Jump Is Made IS4

1 Tump 2584 Megabyie Begion MIPSSEE
TA] Tump ani Link 254 Megabyie Begion MIPSSED
TLLE lump ani Link Begister Ahsaluie Address b | |

lump anid Link Eegsier with - 4

! = 2 . I:H" Se Pl EE L

IALE.HE Hazand Barnier Abhsolube Aiddress Ml Relense
IALX lump and Link Exchange Absalube Address MIPslie
IE lump Register Absalute Address MIPSSED
Jump Register with Hazard .
IR.HH P ' Absalute Address MIFRE2 Release 2

Rarner




Desvio Incondicional

j LABEL
jal ROTINA

jalr R20
jr R31

= PC =LABEL

= R31 = PC+4; PC = ROTINA
( chamada de procedimento)
= R31 = PC+4; PC = R20

= PC = R31

(retorno de procedimento)



Desvio Condicional

Table 4-14 PC-Relative Conditional Branch Instructions Comparing Two Repisters

Defined in MIPS

Mnemonic Instruction 154
BEQ Branch on Equal o I B
BNE Branch on Mot Fopal MIP=32

Tahle 4-15 MC-Relative Comditional Branch Instroctions Comparing With £ero
Defined in MIPS

Mnemonic Instruction 154
BGESAL Branch on Greater Than or Fqual to feno and Link MIP=32
BGTS BEranch om Greater Than fem MIPsE2
HLEZ Branch on Less Than or Fqual o fero MIP=32
BLTE Branch on Less Than #em MIP=32

BLTFAL Branch o Less Than Zero and Link o I B




Desvio Condicional

begq RS, R9, LABEL= se R8=R9 entao PC=LABEL
senao PC=PC +4
bgez R10, LABEL = se R10 >= 0 entao PC= LABEL
senao PC=PC +4



Sistema

Table 4-18 System Call and Breakpoint Instructions

Munemonic Instroe tion Defined in MIPS IS A
HREEAK Fereakpoin MIPS3E2
SYRCALL Bvstem Call MIPSE2

Table 4-19 Trap-en-Condition Instructions Comparing Two Rewisters

Mnpemonic Instruction Delined in MIPS ISA
FEQ Trap it Equal MIFssE2
I'GE Trap it Greater Than ar Equal MIFssE2
[GEL Trap if Greater Than or Fqual Unsigned MIPsE2
'Ll Trap it Less Than MIPSE2
AL Trap if Less Than Unsigned MIP=5211
I'WE Trap if ot Equal MIFS5E2




Sistema

break

syscall #5

teq R12,R13,#10
tegi RO, #5, #4

tge R9,R11,#5



Ponto Flutuante

Mnemonic Instruction Defined in MIPS IS5A

ABS fint Floating Point Alsohite Walne it 35
R . - " — . e LATESG4

ABS o (P5) Floating Point Absohate Walue (Paired Single) MIPS32 Release 2
ATD fint Floatins Polnt Add MIPS32
o P PR MIESSG4

AT far (F5) Floating Point Add (FPamred Single) MIPS32 Release 2
C_cond fiar Floaring Polot Comnmars MIES3IZ2
- - o o N . . RIESEG4

Cocond fioe JPE) Floaring Poiwt Connpars (Paired Singled MIPS32 Release 2
DI fiat Floating Point Diivide MMIES3Z
BAUIL. frovi Floating Point Mdultphy MMIES3Z
- I - e . o S LATESG4

BAUT frmt (P50 Floating Point Bdultply (Pammed Single) MIPS3Z Release 2
HMEC fot Floating Point Hezate it 35
= - - R e RIESEG4

WEG fint (P51 Floating Polwt Mezate (FPamred Single) MIPS32 Release 2
SOET fimt Flomting Point Sguare Foot MMIPE32
SUHE. fint Floating Point Subtract MIES3I2
LIPS G4

SUB. fmt (5]

Floating Point Sukiract (Paired Smela)

MMIP522 Belease 2




Ponto Flutuante

add.s f0, f1, 2
add.d 0, f1, f2
mul.d f3, f4, f5

div.s

f9, f11, f12

>

>
>
>

f0 = f1 + 2 (32 bits)
f0 = f1 + f2 (64 bits)
f3 = f4 * 5 ( 64 bits)
f9 =11 / f12 (32 bits)



+ MIPS

* Figuras 2.27-2.31 no livro texto, apé€ndice C
online (@ www.mkp.com

* Patterson & Hennessy, Computer Organization
& Design: The Hardware/Software Interface,
apéndice A-10 tem uma descri¢ao da
arquitetura MIPS.



