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Administrivia

% Lab 1 due today at 5pm

" You have late days available

+» Lab 2 (x86 assembly) released next Tuesday (10/18)
+» Homework 1 due next Friday (10/21)
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C: Java:
x86 assembly
car *c = malloc(sizeof(car)); Car ¢ = new Car();
c—>miles = 100; c.setMiles(100);
c->gals = 17; c.setGals(17);
float mpg = get_mpg(c); float mpg =
free(c); c.getMPG();
Assembly get_mpg:
language: suEing Ao
mov(q »rSp, »rbp
popg %rbp
ret I OS:
Machine 0111010000011000 -. i
code: 1000110100001 0010
’ 1000100111000010 .
110000011111101000011111
Computer

system:
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x86 Topics for Today

» Registers
» Move instructions and operands
+» Arithmetic operations

+» Memory addressing modes
» Swap example
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What is a Register?

« A location in the CPU that stores a small amount of

data, which can be accessed very quickly (once every
clock cycle)

+ Registers have names, not addresses
" |n assembly, they start with % (e.g., %rsi)

+ Registers are at the heart of assembly programming

" They are a precious commodity in all architectures, but
especially x86
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x86-64 Integer Registers — 64 bits wide

v/(}\ bits \Cn it \/( (4 b \["S”L L5
%rax %eax %r8 %r8d
%rbx %ebx %r9 %r9d
%rcx Y%ecx %ri10 %r10d
%rdx Y%hedx %rill %rild
%rsi Y%esi %rl2 %ri2d
%rdi %edi %rl3 %r13d
%rsp %esp %ri4 %r14d
%rbp %ebp %ril5 %r15d

= Can reference low-order 4 bytes (also low-order 2 & 1 bytes)
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Some Hlstory IA32 Registers — 32 bits wide

\C‘n bt s Same &5 previons J‘ 0\6)

general purpose

A

—

Yeax %ax %ah %al accumulate

=TT
%ecx %cXx %ch %cl counter
Y%edx %l %dh %d 1 data
%ebx %bx %bh %bl base
Y%esi %s1 source index
%edl %di destination index
%esp %sp stack pointer
%Ebp %bp base pointer

\ )

16-bit virtual registers
(backwards compatibility)

Y

Name Origin
(mostly obsolete)
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x86-64 Assembly Data Types

+» “Integer” data of 1, 2, 4, or 8 bytes
= Data values
= Addresses (untyped pointers)

+ Floating point data of 4, 8, 10 or 2x8 or 4x4 or 8x2
= Different registers for those (e.g. %xmm1, %ymm2)
= Come from extensions to x86 (SSE, AVX, ...)

" Probably won’t have time to get into these ®

+~ No aggregate types such as arrays or structures

= Just contiguously allocated bytes in memory

< TwO common syntaxes
J = \@ used by our course, slides, textbook, gnu tools, ...
X ® “Intel”: used by Intel documentation, Intel tools, ...
= Must know which you’re reading
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Three Basic Kinds of Instructions

1) Transfer data between memory and register

" |oad data from memory into register

- %reg = Mem[address] Remember: Memory
= Store register data into memory 'S '”de’;es JtUStI like an
array of bytes!

- Mem[address] = %regd

2) Perform arithmetic operation on register or memory
data
"Cc =a + b; Z = X << Vy; 1 = h & Qg;

3) Control flow: what instruction to execute next
= Unconditional jumps to/from procedures
" Conditional branches
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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 %rsp reserved for special use stack

= Others have special uses for particular
instructions

+» Memory: Consecutive bytes of memory

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

ih“’e -

—

CSE351, Autumn 2016

%rax

%rcx

%rdx

%rbx

%rsi

%rdi

%rsp

%rbp

%rN

~& - IS

teke Ada tw Tvex ,
Yrear as Gddress ,

= Various other “address modes”  pu\ adta ot that address

10
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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

a
» movb src, dst » movl src, dst ) s
s
" Move 1-byte “byte” 2 hits = Move 4-byte “long word”
+ MOVW Src, dst = movqg src, dst

CH bs
= Move 2-byte “word” | b Lits " Move 8-byte “quad word”

11
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%36 C
movq Operand Combinations . .. ~ ot

registe— ~ variable
M emory operavxbx —~ o\crf‘cmnc'wﬁ

Source Dest Src, Dest C Analog *“ ponte,
[ 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;
® Mem movqg %rax, (%rdx) *p_d = var_a;
kMem Reg movqg (Wrax), %rdx var d = *p_a;

% Cannot do memory-memory transfer with a single
instruction O movg  (%rad, % rdx
= How would you do it? ® MoV q %ordw, (Torbx)

12
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Memory vs. Registers

« Addresses vs. Names
" OX/FFFD024C3DC %rdi
+ Big vs. Small
= ~8GiB (16 x 8B)=128B
« Slow vs. Fast
= ~50-100 ns sub-nanosecond timescale
+» Dynamic vs. Static
"= Can “grow” as needed fixed number in hardware

while program runs

13
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Some Arithmetic Operations

+ Binary (two-operand) Instructions:

- [ Maximum of one ] m

memory operand addq s

" Beware argument subg src, dst dst=dst—src
order! imulq src, dst dst=dst *src
= No distinction sarq src, dst dst=dst>>src
between signed shrq src, dst dst=dst>>src
and unsigned shlq src, dst dst=dst<<src
- Only arithmetic vs. Xorq src, dst dst=dst”src
logical shifts andq src, dst dst=dst& src
" How do you orq src, dst dst=dst | src
|mp|ement t operand size specifier
‘“« I)?U M OVE S ; 3=yl
r3 =rl1+ r2 e
Oo\ L rl WS )'r’iﬁri-\'rL

dst dsty+ src

CSE351, Autumn 2016

(dst += src)

sighed mult
Arithmetic

Logical

(same as salq)

14



WA/ UNIVERSITY of WASHINGTON LO8: x86 Programming | CSE351, Autumn 2016

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

15
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Register | ___Use(s)

Arithmetic Example wrdi 1% argument (x)

%Brsi 2" argument (y)

long simple_arith(long x, long y)
{ %rax return value( )

long 1 = X + y; Y= Xy by convention
long £2 = t1 * 3; v=VY*>5

return t2; ﬁk\\\\

} >
y += X;
y *= 33
long r = vy;
return r;
simple_arith; ér””’)y
addq  %rdi, %rsi * yfx
imulq $3, %rsi  #y«fd
movq %hrdi, %rax =y
ret

16
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mov(q
ret

void swap(long *xp, long *yp)
A 7
long t0 = *Xxp;
long tl1 = *yp;
*Xp = ti;
*yp = t0;
}
swap:
movq (%rdr), %rax
movq (%rsi), %rdx
movq %rdx, (%rdrn)

%rax, (%rsi)

17
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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 Y%rax, (%rsi) hrax < 0
ret L%rdx < t1

18
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Understanding swap ()

Registers Memory Word
\ Address
ne! o fwrdi | 0x120 123 | 0x120

\“33-
“& %rsi| 0x100 Ox118
Y%rax 0x110
r 0x108
%rdx

i 456 | 0x100
swap: - comment N X6

Omovg (wrdi), %rax # t0 = *xp

@movg (%rsi), %rdx # €1 = *yp

@movqg %rdx, (%rdr) # *xp = €l

@movg Yrax, (wrsi) # *yp = 1O
ret

19
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Understanding swap ()

Registers Memory Word
_ Address
%rdi| 0x120 123 P 0x120
%rsi| 0x100 0x118
%rax 123 Ox110
0x108
0
prdx 456 | 0x100
F12o RN
swap: Cox'wo)
movqg (%rdi), %rax # t0 = *xp
movq (%rsi), %rdx # t1 = *yp
movq %rdx, (%rdi) # *xp = €l
movg %rax, (%rsi) # *yp = 10O
ret

20
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Understanding swap ()

§uSe
(o,g\()D)

Registers Memory Word

Address
%rdi| 0x120 123 | 0x120
%rsi| 0x100 0x118
%rax 123 Ox110
0x108

%rdx 456 fe— B
264 0x100

swap:

movq (%rdr), %rax # tO *Xp
mov(q (%£§jjfﬁ%rdx # tl *Vp
movq %rdx, (%rdi) # *xp tl
movg %rax, (%rsi) # *Fyp t0

ret

CSE351, Autumn 2016
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Understanding swap ()

Registers Memory Word
Address
%rdi| 0x120 456
%rsi| 0x100 Ox118
%rax 123 Ox110
0x108
0
prdx|] 456 456 | 0x100
swap:
movq (%rdr), %rax # €O = *xp
movq (%rsi), %rdx # t1 = *yp
movqg %rdx, (%rdi) # *xp = tl
movg %rax, (%rsi) # *yp = 10O

ret

CSE351, Autumn 2016
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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 2016
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Memory Addressing Modes: Basic

eS\S’\'W nowne ’\'reo\’\' W\'ew\w\/ \\<€ an avra/

+ Indirect: (F{) Mem[Reg\’]

A\’\’o\ lV\ re \S‘\'er
" Data in register R specifies the memory address )

" Like pointer dereference in C

= Example: movqg (%rcx), %rax
et e
+ Displacement: D(R) Mem[Reg[R]+D]

sHheet
" Datain register R specifies the start of some memory region

" Constant displacement D specifies the offset from that

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

24
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Complete Memory Addressmg Modes

Poirrter Arthetic.

Genera/

« D(RL.RI,

ar[k] &,

S\%ed("()
S Mem|[Reg[Rb]+Reg[R1]*S+D]

- Rb:
- RI:
- S:
- D:

Base register (any register)

1@0 register (any register except %rsp)
(Scal® factor (1, 2, 4, 8) — why these numbers?

Constant displacement value (a.k.a. immediate)

Or-" c) (G— Mew\ or ¥+ 1 5\2204(3]

Lk valwes

+ Special cases (see CSPP Figure 3.3 on p.181) /u\w ¥

= D(
= (R
= (R
= (,

Rb,R1)
0,R1,S)
0,R1)

Ri,9)

Mem
Mem
Mem
Mem

Reg|
Reg|
Reg|
Reg|

R

R
R
R

0.

-I O. (@)

+Reg|
]+Reg

|+Reg
*S]

RI

R

R

SY’ c \Ca\

1+D] (S5=1)

1*S] (D=0)
I (5=1,D=0)

(Rb=0,D=0)

25
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T omitted:
1 D=0
Address Computation Examples . °%0
Rea[&l] =0
g=1
%rdx O0xf000 D(Rb,Ri,S) -
%rcx 0x0100 Mem[Reg[Rb]+Reg[R1]*S+D]
Expression Address Computation Address
0X8 (%F'ax) OxFON+ O%1 + Ox¥
(%ﬁax,%%x) OxFo00 +0x0100¥1 +0
(%rK(k:Ix,%ch,il) 0xfo0d +0x 01004 + 0
OX‘éO(,%‘Fdx,i) 0 * omfooozl + 0% 80

Uggme a5 Shifk lefd hy A
Oxle 00O

26
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Address Computation Examples

%rdx Ox000 D(Rb,R1,S) -
%IrCX 0x0100 Mem[Reg[Rb]+Reg[R1]*S+D]
Expression Address Computation Address
Ox8 (%rdx) Ox¥O000 + 0x8 Ox¥008

(Y%rdx,%rcx) OxfO000 + 0x100 Ox¥100
(%rdx,%rcx,4) |OxfFO00 + 0x100*4 |0x¥400
0x80(,%rdx,2) |0xfO000*2 + 0Ox80 |0Ox1e080

27
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Peer Instruction Question

+» Which of the following statements is TRUE?
= \ote at http://PollEv.com/justinh

(A) The program counter (%rip) is a register

: ‘\ il GF 16 &wj\o.\o\e.
that we manually manipulate 7.7, © % 0 edialy

(B) There is only one way to c\}o\rrlr\)ileﬁ C
program into assembly “*° 77 7

(C) Mem to Mem (src to dst) is the only «w%a‘-“e oo Hypes
Gve Aww, 96 ) ™"\,

disallowed operand combination i} hive T o1 dst.

Db k,S) — Just omT™ Rb and Ri

(D) We can compute an address without using
any registers Eeample © B4 () aeeses sddeess

28
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Summary

+ Registers are named locations in the CPU for holding
and manipulating data
= x86-64 uses 16 64-bit wide registers

+» Assembly instructions have rigid form

" Operands include immediates, registers, and data at
specified memory locations

" Many instruction variants based on size of data

+» 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
29



