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MIPS64 (64-bit)

Instruction Categories: ~ 5Addressing Modes: ~ R€gisters
A Load/Store. A Register direct (arithmetic).
A Computational. A Immedate (arithmetic). RO - R31
A Jump and Branch. A Base register + immediate offset
A Floating Point (loads and stores).
(using coprocessor). A PC relative (branches).
A" Memory Management. A Pseudodirect (jumps)
A Special. _ PC
Operand Sizes: A
A 1,2, 4,8 bytes. LO

Instruction Encoding: 3 Instruction Formats, all 32 bits wide.

OP rs rt rd sa funct
OP rs rt Immediate
OP jump target

* MIPS (Microprocessor without interlocked pipeline stagé



An Instruction: Set Example: MIPS64

A A RISC-type 64bit instruction set architecture based on instruction
set design considerations of Appendix A:

Use generalpurpose registers with a load/store architecture to
access memory.

Reduced number of addressing modes: displacement (offset size of
16 bits), immediate (16 bits).

Data sizes: 8 (byte), 16 (half word) , 32 (word), 64 (double word) bit
Integers and 32bit or 64-bit IEEE 754 floating-point numbers.

Use fixed instruction encoding (32 bits) for performance.

32 64bit generakpur pose I nteger regist
RO always has a value of zero.

Separate326dh it f |l oati ng point regi
When holding a 32bit single-precision number, half of the FPR
IS not used.



MIPS64 Instruction Format

R - type instruction 6 5 5 5 5 5

Registerregister ALU operations: rd« rsfuncrt Function encodes the data path operation:
Add, Sub ...

6 5 5 16

Encodes: Loads and stores of bytes, words, half words, double words.
All immediates (rt « rs op immediate) Conditional branch instructions
Jump register, jump and link register ( rs = destination, immediate = 0)

J - Type instruction 6 26

| - type instruction

Offset added to PC

Jump, and jump and link



MIPS Addressing Modes/Instruction Formats

AAIl instructions 32 bits wide

First Operand Second Operand Destination

—_ \ S —
Register (direct) op I rsI rt Irdl
R-Type

rpgiqtpr

Immediate op I rsl rt I immed
ALU

Displacement: I I I . g
Base+index op J rsjrt j imme Memory

(loads/stores) v 1
req ISter l( +)

op I rsI rt I immed

PC-relative

Memory

Branches
PC ( +)

Pseudodirect Addressing for jumps
(J-Type) not shown here




MIPS64 Instructions: Load and Store

LD R1,30(R2) Load double word Regs[R1]« 5, Mem[30+Regs[R2]]

LW R1, 60(R2) Load word Regs[R1]« ¢, (Mem[60+Regs[R2]])3? ##
Mem[60+Regs[R2]

LB R1, 40(R3) Load byte Regs[R1]« ¢, (Mem[40+Regs[R3]},)°° ##
Mem[40+Regs[R3]

LBU R1, 40(R3) Load byte unsigned Regs[R1]« 4, 0°6## Mem[40+Regs[R3]]
LH R1, 40(R3) Load half word Regs[R1]« ¢, (Mem[40+Regs[R3]})*e ##
Mem[40 + Regs[R3] ]
L.S FO, 50(R3) Load FP single Regs[FO]« 5, Mem[50+Regs[R3]] ##03?
L.D FO, 50(R2) Load FP double Regs[FO] « &, Mem[50+Regs[R2]]
SD R3,500(R4) Store double word Mem [500+Regs[R4]]« ¢, Reg[R3]
SW R3,500(R4) Store word Mem [500+Regs[R4]« 5, Reg[R3]
S.S FO, 40(R3) Store FP single Mem [40, Regs[R3]]« 3, Regs[FO],« 3 1
S.D F0,40(R3) Store FP double Mem[40+Regs[R3]]« -5, Regs[FO]

SH R3,502(R2) Store half Mem[502+Regs[R2]]« ;5 Regs[R3], 5 ¢ ¢ 3
SB R2, 41(R3) Store byte Mem[41 + Regs[R3]J« g Regs[R2]5 4 4 6 3



MIPS64 Instructions:
Arithmetic/Logical

DADDU R1, R2, R3 Add unsigned Regs[R¥ Regs[R2] + Regs[R3]

DADDI R1, R2, #3 Add immediate Regs[R&] Regs[R2] + 3
LUI R1, #42 Load upper immediate Regs[RI& 0°2 ##42 ## @6
DSLL R1, R2, #5 Shift left logical Regs[R1]« Regs[R2] <<5
DSLT R1,R2,R3 Set less than If (regs[R2] < Regs[R3])

Regs [R1]« 1 else Regs[R1k O



J name

JAL name

JALR R2

JR R3

BEQZ R4, name

BNEZ R4, Name

MOVZ R1,R2,R3

MIPS64 Instructions:
Control-Flow

Jump P& 63 « name

Jump and link Regs[31] « PC+4; PCg4 g3« hame;
(PC+4) 227y ¢ name < ((PC +4) +?2)

Jump and link register Regs[R31]« PC+4; PC« Regs[R2Z]
Jump register PC« Regs[R3]

Branch equal zero if (Regs[R4] ==0) P 43 « name;
((PC+4)-21) ¢ name < ((PC+4) + %

Branch not equal zero if (Regs[R4] 1= 0) P§ 53 « name
((PC+4)- 211 ¢ name < ((PC +4) +
Conditional move if zero
if (Regs[R3] ==0) Regs[R1k Regs[RZ]



MIPS R-Type (ALU) Instruction: Fields

R-Type: All ALU instructions that use three registers

1st operand 2nd operand Destination

OP rs rt rd shamt | funct
6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
[31:26] [25:21] [20:16] [15:11] [10:6] [5:0]
A op: Opcode, basic operation of the instruction. Rs, 1t , rd _
i\ For RType op = 0 are register specifier fields
| = =
A rs: The first register source operand. independent RTH:
A rt: The second register source operand. g‘[srg]uc(t('O”R\E\r’g]rdfu::ct FZ’EE;”[PC]
A rd: The register destination operand. PC « PC+4
A shamt: Shift amount used in constant shift operations.

A_ funct: Function, selects the specific variant of operation in the op field.

7
Funct field value examples:
Add =32 Sub=34 AND =36 OR =37 NOR =39

Operand register in rs

Destination register in rd Operand register in rt

Examples: add $1,$2,%$3 and $1,$2,$3/

sub $1,%$2,$3 or $1,$2,%$3



o To TIo T

MIPS ALU |

|-Type ALU instruction

Loads/stores, conditional branches

1st operand Destination 2nd operand
OP rs rt Immediate (imm16)
6 bits 5 bits 5 bits 16 | imm16
[31:26] [25:21] [20:16] [15t0;
op: Opcode, operation of the instruction. Independent RTN for addi:
rs: The register source operand. Instruction Word «  Mem[PC]
: : : R[rt] « R[rs] +imml6
rt: The result destination register. PC « PC +4

immediate: Constant second operand for ALU instruction.

Examples: \add immediate:

op=12| — and immediate

Source operand register in rs

oP=8 Result register in rt

ﬁ$l $2. 10— Constant operand

in immediate
andi $1,$2,10



