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1. Register addressing

op rs| rt | rd funct Register
2. Base (displacement) addressing : word operand
op r1s| nt offset ‘ Memory
. D-» word or byte operand
base register
3. Immediate addressing
op rs| rnt | operand
4. PC-relative addressing
op /S It oﬁ‘sl.et Memory

A 4

Program Counter (PC)

5. Pseudo-direct addressing

op

ump Iaa’a’ress

A 4

D_. branch destination instructior

Memory

vV

// Jump destination instruction

Program Counter (PC)
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cb> Cop i Crpjlead Sias

416

offset

‘ 0Q
7 > 7>
32 L 32U qq
PC 732 SAdd 32
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|II rt, offset(rs)
sc rt, offset(rs)

store conditional
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try: add $t0,%$zero,$s4 ;copy exchange value
Il $t1,0(%$sl) ;load linked
sc $t0,0($sl) ;store conditional
beq $t0,%zero,try ;branch store fails
add $s4,%zero,$tl ;put load value 1In

$s4
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Pseudoinstruction |Usage

Move move regd,regs
Load address la regd,address
Load immediate I regd,anyimm

Set less or equal sle regd,regl,reg2
Set greater or equal sge regd,regl,reg2
Rotate left rol regd,regl,reg2
Rotate right ror regd,regl,reg2
NOT not reg

Load doubleword iId regd,address
Store doubleword sd regd,address
Branch less than blt regl,reg2,L
Branch greater than bgt regl,reg2,L
Branch less or equal ble regl,reg2,L
Branch greater or equal bge regl,reg2,L

- Copy
3
> Arithmetic
J
Shift
Logic

} Memory access

Control transfer
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C program

N

assembly code

N

assembler

anlp SS9 csan2 S =—

object code

library routines

N

-

machine code

executable
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Compiled with gcc for Pentium 4 under Linux

3 O Relative Performance 140000 O Instruction count
25 120000

5 100000

80000
1.5
60000

1 40000
0.5 20000

0 T T T O T T T

none o1 02 03 none o1 02 03

180000 O Clock Cycles 2 OCPI
160000
140000 15
120000
100000 1

80000

60000 —

40000 - 0.5

20000 ——

0 T T T O T T T
none o1 02 03 none o1 02 03
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O Bubblesort Relative Performance

25

1.5

0.5

1

C/none

C/01 C/02 C/03 Java/int

25

Java/JIT

O Quicksort Relative Performance

1.5

0.5

[ 1]

3000
2500
2000
1500
1000

500

C/none

C/01 C/02 C/03 Java/int

Java/JIT

O Quicksort vs. Bubblesort Speedup

[ ]

C/none

C/01 C/02 C/03 Java/int

Java/JIT
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e =
Register File 1
1...1100
src1 addr—£» srcl
S 2 data
src2 addr—#4» 32
dstiadd o registers -
: addr
write dataé» 1132 data A > 2%
" 32bits > "1
branch offset 7?:_2>>Add ‘read datg
32 .
write data
32 ]
N 4 15|16 |7
A ) / 32bits ~ worda wld
(binary)|% b
byte address >
(big Endian) w T
10
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ARM Partnership Model
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User FIQ

r8

ro
ri0
ril
ri2

ri3 (sp)
ri4 (Ir)

spsr
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IRQ SVvC Undef Abort
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1500)s Slaeimaw sly asijlsy 933dglsis ARM e

Data addressing modes

Registers

Input/output

Memory
mapped

W00
ARM MIPS
Date announced 1985 1985
Instruction size 32 bits 32 bits
Address space 32-bit flat 32-bit flat
Data alignment Aligned Aligned
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Olygdws sy Cuaidg slaesp ) ARM ) o
13000 d3aTw] gy
— Negative, zero, carry, overflow

3,0 o)sy PSW il )y aeay o3l —
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Register-register

Data transfer

Branch

Jump/Call

ngmlS cs oz

ARM

MIPS

ARM

MIPS

ARM

MIPS

ARM

MIPS
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31 28 27 20 19 16 15 12 11 4 3
Opx* op® Rs1! Rd* Opx® Rs2*
31 26 25 21 20 16 15 11 10 6 5
op° Rs1® Rs2® Rd® Const® Opx®
31 28 27 20 19 16 15 12 11
Opx* op® Rs1* Rd* Const'
31 26 25 21 20 16 15
op° Rs1® Rd® Const®
31 28 27 24 23
Opx* op* Const™
31 26 25 21 20 16 15
Op° Rs1° Opx°’/Rs2° Const'®
31 28 27 24 23
Opx* op* Const™
31 26 25
op° Const®®

O Opcode [ Register O Constant
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03 )] (,09)5 331030 a5 Sl (5)oTws shls ARM o

39 a)AS )

(B0 § (s (sla)giws )3 B9y OILI (593as (¥as0
) 1y sl Gk cubE

= |lmm

integer sub

OldCarryOut

Load immediate addi, $0,
Not Rd = ~(Rs1) mvn nor, $0,
Move Rd = Rs1 mov or, $0,
Rotate right Rd=Rsi>> i ror

Rdo. . .i1 =RS31 . .31
And not Rd = Rs1 & ~(Rs2) bic
Reverse subtract Rd = Rs2 - Rs1 rsb, rsc
Support for multiword CarryOut, Rd = Rd + Rs1 + adcs —
integer add OldCarryOut
Support for multiword CarryOut, Rd = Rd - Rs1 + shcs —
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S hddrewmgmose | hamws | wes

Register operand X

Immediate operand

Register + offset (displacement or based)

Register + register (indexed)

Register + scaled register (scaled)

Register + offset and update register

Register + register and update register

Autoincrement, autodecrement

X | X | X | X | X | X | X | X | X

PC-relative data
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GOMA 19V

MY 19VA

)oLuh jaos (5o33)l3pSaS  19A.
MMU G slyas ¢ TuPIE ooyt 19AP
s3a posamsT slasgs osib astsl ¢, 30 WP 19AQD
olgd sabdls «y) ba shls  19A9

superscaler 1qqw
38 S)leas)y) 1996
1999

Pool

Technical elegance # market success
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8086 —
8087 —
80286 —
80386 —
1486 —
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Name

31 0

EAX GPRO

ECX GPR 1
EDX GPR 2
EBX GPR 3
ESP GPR 4

EBP GPR 5

ESI GPR 6

EDI GPR7

Code segment pointer

Stack segment pointer (top of stack)
Data segment pointer 0

Data segment pointer 1

Data segment pointer 2

Data segment pointer 3

EIP Instruction pointer (PC)

EFLAGS

PeunlS cs)loxn
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=Address in register

sAddress = R, .. + displacement

sAddress = R, + 2@ x R ... (scale =0, 1, 2, or 3)
sAddress = R, + 25% x R, ... + displacement

Register
Description restrictions MIPS equivalent

Register indirect Address is in a register. Not ESP or EBP | 1w $s0,0($s1)
Based mode with 8- or 32-bit | Address is contents of base register plus Not ESP Tw $s50,100($s1)# <= 16-bit
displacement displacement. # displacement
Base plus scaled index The address is Base: any GPR | mul $t0.%s2.4
Base + (25°€ x Index) Index: not ESP | add $t0,$t0,$s1
where Scale has the value 0, 1, 2, or 3. Tw $s0,0(3t0)
Base plus scaled index with The address is Base: any GPR | mu] $t0,$s2,4
8- or 32-bit displacement Base + (25%@€ x Index) + displacement Index: not ESP | add $t0,$t0,%$s1
where Scale has the value 0, 1, 2, or 3. Tw $s0,100($t0) # 816-bit
#displacement
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| nstruction | Functon
je name ifequal(conditioncode) {EIP=name};
EIP-128 <=name < EIP+128
Jmp name EIP=name
call name SP=SP-4; M[SP]=EI1P+5; EIP=name;
movw EBX, [EDI+45] EBX=M[EDI+45]
push ESI SP=SP-4; M[SPJ=ESI
pop EDI EDI=-M[SP]; SP=SP+4
add EAX,#6765 EAX=EAX+6765
test EDX, {42 Set condition code (flags) with EDX and 42
movs ]| MCEDTI=M[ESI];
EDI=EDI+4; ESI=ESI+4
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| nstruction | Meamng |

Control Conditional and unconditional branches

jnz, jz Jump if condition to EIP + 8-bit offset; JNE (for JN7), JE (for J7) are
alternative names

Jjmp Unconditional jump—~8-bit or 16-bit offset

call Subroutine call—16-bit offset; return address pushed onto stack

ret Pops return address from stack and jumps to it

loop Loop branch—decrement ECX; jump to EIP + 8-bit displacement if ECX # 0

Data transfer

Move data between registers or between register and memory

move Move between two registers or between register and memory

push, pop Push source operand on stack; pop operand from stack top to a register

les Load ES and one of the GPRs from memory

Arithmetic, logical Arithmetic and logical operations using the data registers and memory

add, sub Add source to destination; subtract source from destination; register-memory
format

cmp Compare source and destination; register-memory format

shl, shr, rcr

Shift left; shift logical right; rotate right with carry condition code as fill

chw Convert byte in eight rightmost bits of EAX to 16-bit word in right of EAX

test Logical AND of source and destination sets condition codes

inc, dec Increment destination, decrement destination

or, xor Logical OR; exclusive OR; register-memory format

String Move between string operands; length given by a repeat prefix

movs Copies from string source to destination by incrementing ESI and EDI; may be
repeated

lods Loads a byte, word, or doubleword of a string into the EAX register




a. JE EIP + displacement

4 4 8
Condi- | .
JE tion Displacement
b. CALL
8 32
CALL Offset
c.MOV  EBX, [EDI + 45]
6 11 8 8
r/m ;
MOV d|w Postbyte Displacement
d. PUSH ESI
5 3
PUSH |Reg
e. ADD EAX, #6765
4 3 1 32
ADD |Reg|w Immediate

f. TEST EDX, #42
7 1 8

32

&g I =—

Ol pais )glws Job ©

@ 1) Ol)olws Yl °
SPoslw (sla)glws
35,0 as)3 ()0Tws §3))

TEST |w| Postbyte

Immediate
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1000
900 -
800 -
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600
500 -
400 -
300 -
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Number of Instructions
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