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Review: Operand types

+» Immediate: Constant integer data
= Examples: $0x400, $-533
= Like C literal, but prefixed with “$~

"= Encoded with 1, 2, 4, or 8 bytes
depending on the instruction

+~ Register: 1 of 16 integer registers
= Examples: %rax, %rl3
= But %rsp reserved for special use

= QOthers have special uses for particular
instructions

+ Memory: Consecutive bytes of memory
at a computed address
= Simplest example: (%rax)
= Various other “address modes”

CSE351, Spring 2018
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Moving Data

» General form: mov_ source, destination
= Missing letter () specifies size of operands

" Note that due to backwards-compatible support for 8086
programs (16-bit machines!), “word” means 16 bits = 2 bytes
In Xx86 instruction names

" |ots of these in typical code

+ movb src, dst + movl src, dst
" Move 1-byte “byte” "= Move 4-byte “long word”
+ MOVW Src, dst » movqg Src, dst

" Move 2-byte “word” " Move 8-byte “quad word”
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mov(q Operand Combinations

Source Dest Src, Dest C Analog
( Reg movqg $0x4, %rax var_a = 0x4;
Imm
Mem movq $-147, (%rax) “*p_a = -147;
movq{ R Reg movqg %rax, %rdx var d = var_a;
: Mem movqg %rax, (%rdx) *p_d = var_a;
Mem Reg movqg (%rax), %rdx var_d = *p_a;

+» Cannot do memory-memory transfer with a single
instruction

" How would you do it?
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x86-64 Introduction

« Arithmetic operations

+» Memory addressing modes
= swap example

+» Address computation instruction (lea)
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Some Arithmetic Operations

+ Binary (two-operand) Instructions:

- [ Maximum of one ] m

memory operand

addg s dst = dst + src  (dst += src)
" Beware argument subg src, dst dst=dst-src
order! imulg src, dst dst=dst *src signed mult
® No distinction sarq src, dst dst=dst>>src Arithmetic
between signed shrq src, dst dst=dst>>src Logical
and unsigned shlg src, dst dst=dst<<src (sameassalq)
- Only arithmetic vs. Xorqg src, dst dst=dst"src
logical shifts andgq src, dst dst=dst & src
" How do you orq src, dst dst=dst [ src
implement toperand size specifier

“r3 =rl1 + r2”?
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Some Arithmetic Operations

« Unary (one-operand) Instructions:

__Format__| Computation

INCq dst  dst=dst+1 increment

decq dst dst=dst—1 decrement

negg dst dst =—dst  negate

notqg dst dst = ~dst  bitwise complement

«» See CSPP Section 3.5.5 for more instructions:
mulg, cqto, 1divqg, divqg
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Cnegiter | usels)

%rdi 15t argument (X)

Arithmetic Example

0 B nd
long simple_arith(long x, long y) el | 2Tl

{ %rax return value
long t1 = X + vy;
flong t2 = tl1 * 3;

return t2; !k\\\\

s ~

y = X;

y *= 3;
long r = y;
return r;

simple_arith:
addq %rdir, %rsi
imulg $3, %rsi
mov(q %rsi, %rax
ret
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Example of Basic Addressing Modes
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void swap(long *xp, long *yp)

swap:
movqg (%rdi), %rax
movqg (%rsi), %rdx
movq %rdx, (%rdi)
movq %rax, (%rsi)
ret

CSE351, Spring 2018
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Understanding swap ()

void swap(long *xp, long *yp) Registers Memory
{ —
long t0 = *Xxp; prdi bl I
long tl1 = *yp; %rsi L
*Xp — tl; ’ =y
*yp = 10: hrax
} %rdx
swap : (Register  Variable
mov(q (%rd!), %rax wrdi < Xxp
movq (%rsi), %rdx Brsi o
movq %rdx, (%rdi) : yp
movg %rax, (%rsi) hrax < 0
ret \%rdx < t1

11
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Understanding swap ()
Registers Memory Word
Address
%rdi| 0x120 123 | 0x120
%rsi| 0x100 Ox118
hrax 0x110
; 0x108
prax 456 | 0x100
swap:
movqg (%rdi), %rax # tO *Xp
movg (%rsi), %rdx # tl *VYp
movqg %rdx, (C%rdi) # *xp tl
movq %rax, (%rsi) # *yp t0
ret

12
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Understanding swap ()

Registers Memory Word
Address

%rdi 0x120 123 | 0x120
%rsi| 0x100 Ox118
%rax 123 0x110

, 0x108
%
X 456 | 0x100
swap:

movqg (%rdi), %rax # t0 = *xp
movqg (%rsi), %rdx # t1 = *yp
movq %rdx, (%rdi) # *xp = tl
movq %rax, (%rsi) # *yp = 10
ret

13
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Understanding swap ()
Registers Memory Word
Address
%rdi| 0x120 123 | 0x120
%rsi| 0x100 Ox118
wrax| 123 Ox110
; 0x108
hrdx 456 fe— 256 | 0x100
swap:
movqg (%rdi), %rax # tO *Xp
movqg (%rsi), %rdx # tl *Vp
movqg %rdx, (C%rdi) # *xp tl
movq %rax, (%rsi) # *yp t0

ret

14
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Understanding swap ()
Registers Memory Word
Address
%rdi 0x120 456 | 0x120
%rsi| 0x100 Ox118
orax 123 Ox110
; 0x108
prax) 456 456 | 0x100
swap:
movqg (%rdi), %rax # tO *Xp
movg (%rsi), %rdx # tl *VYp
movqg %rdx, (Q%rdi) # *xp tl
movq %rax, (%rsi) # *yp t0

ret

15
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Understanding swap ()
Registers Memory Word
Address
%rdi 0x120 456 | 0x120
%rsi| 0x100 Ox118
orax 123 Ox110
0 \ 0x108
prax) 456 123 | 0x100
swap:
movqg (%rdi), %rax # tO *Xp
movg (%rsi), %rdx # tl *VYp
movqg %rdx, (C%rdi) # *xp tl
movq %rax, (%rsi) # *yp t0
ret

16
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Memory Addressing Modes: Basic

+ Indirect: (R) Mem[Reg[R]]
= Data in register R specifies the memory address
" Like pointer dereference in C
= Example: movqg (%rcx), %rax

+ Displacement: D(R) Mem[Reg[R]+D]
= Data in register R specifies the start of some memory region

" Constant displacement D specifies the offset from that
address

" Example: movg 8(%rbp), %rdx

17



YW UNIVERSITY of WASHINGTON

L08: x86-64 Programming |

CSE351, Spring 2018

Complete Memory Addressing Modes

+ @eneral:

= D(Rb,Ri,S) Mem[Reg[Rb]+Reg[Ri]*S+D]

- Rb: Base register (any register)
- RI: Index register (any register except %rsp)
. S: Scale factor (1, 2, 4, 8) — why these numbers?

- D: Constant displacement value (a.k.a. immediate)

+ Special cases (see CSPP Figure 3.3 on p.181)

= D(Rb,R1) Mem
* (Rb,R1,S) Mem|
= (Rb,R1) Mem|
= (,R1,S) Mem|

Reg|
Reg
Reg

Reg

RD]

RD]
RD]
R

|+Reg|
+Reg
+Reg

]*S]

R1]

R1]
R1]

]+D] (S=1)

*S] (D=0)

] (S=1,D=0)
(Rb=0,D=0)
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Address Computation Examples

%rdx Ox¥000

%rcx 0x0100

L08: x86-64 Programming |

D(Rb,Ri,S) —

Mem|[Reg[Rb]+Reg[R1]*S+D]

CSE351, Spring 2018

Expression

Address Computation

Address

Ox8(%rdx)

(%rdx, %rcx)

(%rdx,%rcx,4)

Ox80(,%rdx,2)

19
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Address Computation Instruction

>

+ leaq src, dst

= “Jea’ stands for load effective address
" Srcis address expression (any of the formats we’ve seen)

= dstis aregister

= Sets dst to the address computed by the Src expression
(does not go to memory! — it just does math)

= Example: leag (%rdx,%rcx,4), %rax

« Uses:
" Computing addresses without a memory reference
. e.g.translationof p = &x[1];
= Computing arithmetic expressions of the form X+k*1+d
« Thoughk canonlybel,2,4,0or8

20
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Example: lea vs. mov

Registers Memory Word

Address

%rax 0Ox400| 0x120

%rbx OxF| 0x118

%X Ox4 B 0x110

Ox10| 0x108

%rdx| Ox100 ox1] 0x100
%rdi
WBrsi

leag (%rdx,%rcx,4), %rax
movqg (%rdx,%rcx,4), %rbx
leaqg (%rdx), %rdi
movg (%rdx), %rsi

21
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Arithmetic Example

long arith(long x, long y, long z)

{
long tl1 = X + y;
long t2 = z + t1;
long t3 = X + 4;
long t4 = y * 48;

long t5 = t3 + t4;
long rval = t2 * t5;
return rval;

+

arith:
leaq (%rdi ,%rsi1), %rax
addg %rdx, %rax
leaq (%rsi ,%rsi1,2), %rdx

salq $4, %rdx

leaq A4(%rdiu ,%rdx), %rcx
imulg  %rcx, %rax

ret

Cnegister | Usel)

%rdi 15t argument (X)
%rsi 2" argument (y)

%rdx 34 argument (z)

+» Interesting Instructions

= Jeaq: “address”
computation

= salq:shift
= 1mulq: multiplication

« Only used once!
22
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Cnegister | Usel)

%rdi X
long arith(long x, long y, long z) WIS
{ %rdx z, t4
long tl = x + y; %rax tl1, t2, rval
long t2 = z + t1;
long t3 = x + 4; Arcx €S
long t4 = y * 48;
long t5 = t3 + t4;
long rval = t2 * t5;
return rval;
+
arith:
leaq (%rdi ,%rsi1), %rax # rax/tl =X + Yy
addq %rdx, %rax # rax/t2 = tl + z
leaq (%rsi ,%rsi1,2), %rdx # rdx =3 *y
salq $4, %rdx # rdx/t4 = (3*y) * 16
leaq AC%rdn,%rdx), %rcx  # rcx/th =X + t4 + 4
imulq %rcx, %rax # rax/rval = t6 * t2
ret
23
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Peer Instruction Question

« Which of the following x86-64 instructions correctly
calculates %rax=9*%rdin?

A.

B. movg (,%rdr,9), %rax

C. leaqg (%rdi,%rdnr,8), %rax
D. movg (%rdi,%rdr,8), %rax
E. We're lost...

24
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Summary

+» Memory Addressing Modes: The addresses used for
accessing memory in moV (and other) instructions can
be computed in several different ways

" Base register, index register, scale factor, and displacement
map well to pointer arithmetic operations

+ leais address calculation instruction
" Does NOT actually go to memory

= Used to compute addresses or some arithmetic expressions

25
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