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Administrivia

+» Lab 1 due tonight at 11:59pm

" You have late days available
+» Homework 2 due next Friday (10/20)

+» Lab 2 (x86-64) released on Tuesday (10/17)
= Due on 10/27

CSE351, Autumn 2017
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Review: Operand types

+» Immediate: Constant integer data
= Examples: $0x400, $-533
] ] ]/\ex . cc'\vy\O\\
= Like C literal, but prefixed with “$~
" Encoded with 1, 2, 4, or 8 bytes
depending on the instruction
+ Register: 1 of 16 integer registers

= Examples: %rax, %rl3

= But %Irsp reserved for special use S‘\fé\f‘}
| Cr

= Others have special uses for particular
instructions

+» Memory: Consecutive bytes of memory

at a computed address
" Simplest example: (brax)c——

—
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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 X86 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 » movq src, dst

" Move 2-byte “word” " Move 8-byte “quad word”
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X 36 C

T —

movg Operand Combinations T... <= Conchant
Req Vavria\de

Menn € Jeveterendn

Source Dest Src, Dest C Analog <~ PD'\““er
[ Reg movqg $0x4, %rax var_a = 0x4;
lmm
Mem movqg $-147, (%rax) *p_a = -147;
movq < e Reg movq %rax, %rdx var_d = var_a;
5 Mem movq %rax, (%rdx) *p_.d = var_a;
kMem Reg movqg (Wrax), %rdx var d = *p_a;

% Cannot do memory-memory transfer with a single
instruction LMem— Reg g Corc), %o
= How would youdo it? (D Reg = Men~ Movg Tovdoe, (bt )

5
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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: T, Reg, o7 Menn

. : -
[ Maximum of one ] Format Computation
memory operand addqg src, dSt  dst = dst + src (dst += src)

" Beware argument subq 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 shrg src, dst dst=dst>>src Logical
and unsigned shlg src, dst dst=dst<<src (sameassalq)
. Only arithmetic vs. Xorq src, dst dst=dst " src
logical shifts andq src, dst dst=dst& src
= How do you @ sSrc, dst dst=dst | src

implement opergtion 7 t operand size specifier(b,w, 'y c&)
“r3 =rl + r2”? Q)mov( 2D # =
D addq rl,x>  Hd=vaery
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Some Arithmetic Operations

% Unary (one-operand) Instructions:

__Format__| Computation

incg dst dst=dst+1 increment

decq dst dst=dst—1 decrement

negqg dst dst =—dst  negate

notq dst dst = ~dst  bitwise complement

«» See CSPP Section 3.5.5 for more instructions:
mulg, cqgto, 1divg, divg
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Cnegiser | Usels)

15t argument (X)

Arithmetic Example —
long simple_arith(long x, long y) %rS'_ 2" argument (y)
{ donk ac‘hml(\/ hecd nes variGbler! ]%rax_ return value
long A1\ = X + Vy; convertion!
long t2/= t1 * 3;
return t2;
¥ \\)
y += X;
y *= 33
long r = vy;
return r; }“ftfg“

simple_arith:
%rdr, %rsi

addq
imulqg $3, %rsi
movq Brsi, %rax

@ T retorn
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Example of Basic Addressing Modes

void swap(long *xp, long *yp)
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swap: sre, dst (AT &T -
movq (%rdr), %rax
movq (%rsi), %rdx
movq %rdx, (%rdrn)

movq %rax, (%rsi)

-yy;fax)

CSE351, Autumn 2017
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Understanding swap ()

void swap(long *xp, long *yp) Registers Memory
{ —
long t0 = *xp; prdi -
long tl1 = *yp; %wrsi LN
*Xp = ti1; : =
*yp = 10: nrax
} %rdx
swap: " Register Variable |
movg (%rdr), %rax wrdi < Xp
movg (%rsi), %rdx Brsi o
movq %rdx, (%rdrn) : yp
movq %rax, (%rsi) hrax < 0
ret L%rdx < t1

11
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Understanding swap ()

Registers Memory Word
/\ Address
- )
%rdi| 0x120- /l 123 | 0x120
%rsi| 0x100 / 0x118
hrax - 0x110
r 0x108
%
e 456 | 0x100
S o<
swap:
movq (%rdr), %rax # €O = *xp
movq (%rsi), %rdx # t1 = *yp
movq %rdx, (%rdi) # *xp = tl
movg %rax, (%rsi) # *yp = 10O

ret

1

\ CQN\—MQA 4
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Understanding swap ()

Registers Memory Word
Address
%rdi| 0x120 123 | 0x120
%rsi| 0x100 0x118
%rax 123 Ox110
r 0x108
% | —
ks < ———1456| ox100
swap:
movq (%rdi), %rax # 10O *Xp
movq (%rsi), %rdx # tl *Vp
movq %rdx, (%rdi) # *xp tl
movg %rax, (%rsi) # *Fyp t0

ret

13
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Understanding swap ()

Registers Memory Word
— —_—— _Address
%rdi| 0x120 5 123] 0x120
%rsi| 0x100 0x118
wrax| 123 Ox110
0x108
0
hrdx 456 e— 256 | 0x100
swap:
movq (%rdr), %rax # tO *Xp
movq (%rsi), %rdx # tl *Vp
movq %rdx, (%rdi) # *xp tl
movg %rax, (%rsi) # *Fyp t0
ret

14
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Understanding swap()
Registers Memory Word
Address
%rdi| 0x120 456 | 0x120
%rsi| 0x100 0x118
%rax 123 Ox110
0x108
0
prdx] 456 456 | 0x100
swap:
movq (%rdr), %rax # tO *Xp
movq (%rsi), %rdx # tl *Vp
movqg %rdx, (%rdi) # *xp tl
movg %rax, (%rsi) # *Fyp t0

ret

15
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Understanding swap()
Registers Memory Word
Address
%rdi| 0x120 456 | 0x120
%rsi| 0x100 0x118
%rax 123 Ox110
0
prdx] 456 123| ox100
swap:
movq (%rdr), %rax # tO *Xp
movq (%rsi), %rdx # tl *Vp
movq %rdx, (%rdi) # *xp tl
movq %rax, (%rsi) # *yp t0
ret

CSE351, Autumn 2017
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Memory Addressmg Modes: Basic
NnaGme \rej\S‘\'er- l/_’keacl' Merm &5 an arrax>/

+ Indirect: (ﬁ?) Mem[Re§[R]]
. . . e Value stored in rejis’\’ er
" Data in register R specifies the memory address

" Like pointer dereference in C
= Example: movqg (%rcx), %rax

aC
+» Displacement: D(FS“b ¥ Mem[Reg[R]+D]
= Datain register R specifies/the start of some memory region

" Constant displacement D/'specifies the offset from that

address
= Example: movq 8(%rbp), %rdx

17
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Complete Memory Addressing Modes

ar‘l:'t—l > * (ar + L) — M@V\[ar + -L\¥ sizeo‘f(da}adyre )]
+« @General:

* D(Rb,Ri,S)
- Rb:
- RI:
- S:
- D:

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

Base register (any register)

Index register (any register except %rsp)
Scale factor (1, 2, 4, 8) — why these numbers?
Constant displacement value (a.k.a. immediate)

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

= D(Rb,R1) Mem|[Reg
= (Rb,R1,S) Mem[Reg
= (Rb,R1) Mem|[Reg
= (,R1,S) Mem[Reg

R

R
R
R

t 50 (€4 nawe net in+er,ore+eA *S Kb

0.

i O. (@)

+Reg|

]+Reg

+Reg
*S]

R

R1]

R1]

+D] (S5=1)

*S] (D=0)

] (5=1,D=0)
(Rb=0,D=0)

18
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i nt ¢ Pn,iﬂa 0 refaot values:

Address Computation Examples ;ié
Reﬁft:(l;lj()
L\=0

%rdx 0xF000 (1)

%rcx 0x0100

D(Rb,R1,S) -
Mem[Reg[Rb]+Reg[R1]*S+D]

_ Expression Address Computation Address
0x8 (%erkélx) ResTUHD = UxFu0 T 0<§ | OxTO0Y
(% rdx % rcx) Res[1] +HRey TR ¥4 O <100
(%rax %rcx 4) *y OxFU60
OX80( %rdx 2) ReyTRIV¥2 4 0x50 Ox\e90

Oxf 06012,

Oxfudo K4 = OxAeO0D

|1t Qooo

1 VW0 0o .. o 19
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Address Computation Instruction

2 Ieaq Q F’é ggq:
“lea’ stands for load effective address
" Srcis address expression (any of the formats we’ve seen)
= dstis aregister G olewlates RESEKQ“L R%[R‘TXS D
= Sets dst to the address computed by the Src expre%\ﬂ
(does not go to memory! — it just does math)
= Example: leaq (%rdx,%rcx,4), %rax

«» Uses:
= Computing addresses W|thout a memory reference
= oMress-sf p@m’:‘br
- e.g. translationof p = @X[ 1:

= Computing arithmetic expressions of the form x+k*i1+d
- Though kcanonlybe1l,2,4,o0r8

20
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Example: lea vs. mov

Registers Memory mon
ress
%rax| Ox\(0 0x400| 0x120
%1Irbx OxEF \OXF 0x118
%rcx Ox4 o
0x10| 0x108
0
hrdx| Ox100 — oxt 100

%rsi ox\ |&
Oxl00+ 0xd x4 =|Ox | D

0x1(0

leaq (%rdx,%rcx,4), %rax —>oawo Cod’)
movq (%rdx,%rcx,4), %rbx 4+ oxz (s
leag (%rdx), %rdi 45 000 Casde")
movqg (%rdx), %rsi + ol (date)

O \AD
(W S R~ A

21
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Cnegiser | Usels)

Arithmetic Example wrdi 1% argument (x)

%rsi 2" argument (y)

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

1 %rdx  3argument (z)
long t1 = X + Vy;
long t2 = z + t1;
long t3 = X + 4; ’
long t4 = y B 48; <— replaced by lea € chift
long t5 = €3 + t4;

long rval = t2 &) t5;
return rval;

ks
arith: o
leas (%%‘du WOSTY ., rax oy &+y Interestl?glnstructlons
addq %hrax, %rax 4 (xm +z( Ieaq. address”
leaq (%ﬁél,%béi,Z) Brdx 4 4 £ {' computation
salg  $4, %rdx A = L\g (2 salq: shift
leag  4%rdi,%rdx), %rcx )i

= 1mulg: multiplication

%rcx, %rax
ret

< k ] |
NG mu\’r'\g\y;n_@ o Verialeg Only used once!

22
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Arithmetic Example

Cnegiser | Usels)

%rdi X
long arith(long x, long y, long z) nrsi
{ %rdx z, t4
long t1 = X + y; %rax tl1, t2, rval
long t2 = z + t1; :
long t3 = x + 4; Are =
long t4 = y * 48; limteX vegictes means
long t5 = t3 + t4; they often get reused!
long rval = t2 * t5;
return rval;
+
arith: \’f(;omw\en‘f (it b sm\’mx)
leaq (%rdi ,%rsi), %rax # rax/tl =X +Yy
addq %rdx, %rax ~SE€{AEl# rax/t2 = tl + z
leaq (%rsi,%rsi,gs, %rdx # rdx =3 *y
salq $4, %rdx # rdx/t4 = (3*y) * 16
leaq A4%rdr,%rdx), %rcx # rcx/th =X + t4 + 4
imulqg %rcx, %rax # rax/rval = t5 * t2
ret

23
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Peer Instruction Question

+» Which of the following x86-64 instructions correctly
calculates %rax=9*%rdiu?

= \/ote at http://PollEv.com/justinh
~S€ 11,2485

JK movg (,%rdir,9), %rax

(€. leaq (%rdi,%rdi,8), %rax [— =1 %
D. movg (%rdi,%rdi,8), %rax = H{4 )
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



