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Give us some feedback on course so far

On your index card:
+ Please Keep doing this:
+ Please Quit doing this:

+ Please Start doing this:
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Relevant Course Information

+» HW6 due TONIGHT, Friday (10/11) @ 11:59 pm
+ Lab 1b, due Monday (10/14) @ 11:59pm

" No major programming restrictions, but should avoid magic
numbers by using C macros (#define)

" Submitaisle manager.c, store client.c, and
lablBsynthesis. txt

» HW7 due Monday (10/14) @ 11:59 pm
+» Lab 2 (x86-64) coming soon!

" |earn to read x86-64 assembly and use GDB
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Lab extras

+ All labs starting with Lab 2 have extra “components”
" These are meant to be fun extensions to the labs

+» Extra components are not graded, nor do we expect
you to do them

" Make sure you finish the rest of the lab before attempting
any extra components
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Arithmetic Example
.
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Y34

long simple arlth(long X,

{ o (s
long tl = x + y;
long t2 = tl1 * 3;

return t2;

long v)

~—

\J

simple arith; 73

53.:
l_l

addq Srdi, %
imulqg $3, %¥si
movq $rsi, srax

ret

<\>

CSE351, Autumn 2024

Cnegiser | Usel)

$rdi 15t argument (x)
Srsi 2" argument (y)
$rax return value
y t= X;
y *= 3;

long r = y;
return r;
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Example of Basic Addressing Modes

void swap (long* xp, long* yp)
{ 74

long t0 = t;p;

long tl = *yp;

2xp = tl;
wyp = t0;

}

swap :
movqg (3rdl), Srax
movqg (3rsl)|, Srdx
movq Srdx, \|\(5rdi)
movq Srax, |[($rsi)
ret ﬁ

T
Mew orera»AS

Compiler Explorer:
https://godbolt.org/z/zc4Pcq
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Understanding swap ()

CSE351, Autumn 2024

rd ) re,
void swap (long (Axp, long *yp) Registers Memory
{ JO‘Q' .
/ _ X . srdi o—|>
" long t0 = *xp; Arediny
long tl = *yp; Srsi @ | piness
*Xp = tl,’ - -~
*yp _ tO; s raXx
srdx
yo/\dﬂ—
swap: / (Register  Variable |
movqg (%rdi), %rax srdi © xp
movq (3srsi), %srdx o
, srsl1 & yp
movqg <Srdx, (srdi) ]
movqg %rax, (%rsi) srax < t0
ret  srgdx < tl-
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swap () walkthrougl\1 (1 of 5)

Memory

Address

CSE351, Autumn 2024

apers fum S!c”éii

Word

Ox118

O0x110

0x108

0x100
Tee—

Registers
‘/] , srdi| 0x120 <
C T"D srsi|( Ox10§:>
Srax 123
\rdx l{’Sé
swap: //”\‘
——movqg (3rdi), %rax
mov (35rsi) srdx
moi%k %rdiffi%id;)
movq srax, (%rsi)

— *Xp
= *yp
= t1
= t0
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swap () walkthrough (2 of 5)

ret

Registers Memory Word
Address
srdi| 0x120 123 | 0x120
5rsi| 0x100 Ox118
5 0x110
s¥raXx
0x108
srdx
456 | 0x100
swap :
movq t0 *Xp
movq t1 *yp
movq # *xp = tl
movq ¥ *yp t0

CSE351, Autumn 2024
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swap () walkthrough (3 of 5)

Registers Memory Word
Address
Srdi 0x120 123 | 0x120
5rsi| 0x100 Ox118
Srax 123 Ox110
0x108
Srdx 456 [e—
456 | 0x100
swap:
movqg (%rdi), %rax # tO0 *XP
movq (%rsi), %rdx # tl * yp
movq S%$rdx, (%rdi) # *xp = tl
movq %rax, (%rsi) # *yp t0

ret

CSE351, Autumn 2024
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swap () walkthrough (4 of 5)

ret

Registers Memory Word
Address
srdi 0x120 456 | 0x120
5rsi| 0x100 Ox118
5 0x110
s raXx
0x108
Srdx
456 | 0x100
swap:
movq # tO *XP
movq #  tl *yp
movq # *xp = tl
movq ¥ *yp t0

CSE351, Autumn 2024
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swap () walkthrough (5 of 5)

Registers

L08: x86 Programming Il

Memory

Srdi 0x120

Srsi 0x100

srax 123

Srdx 456

Word
Address

0x120
0x118
0x110
0x108
0x100

swap :
movq
movq
movq sr
movq sr

ret

# *xp
i *yp

*Xp

tl
t0

CSE351, Autumn 2024
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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: movqg 8 (%rbp), S$rdx

13
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Complete Memory Addressing Modes

+ @eneral:
[ L

—
" 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?

arlt) & ¥ (ar + i) — Mehl[jr + ¥ sizeof (dﬁh‘*\/r: )-]

data 4\”@ lold’ﬂl\;

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

+~ Special ca s (see CSPP Figure 3.3 on p. 181)

G e
)

Reg

'(Rb,R1,§7 Mem
" (Rb,R1) Mem
" (,R1,9) Mem

Reg

Reg
Reg

Rb.
Rb.
Rb.
Ri.

C 6 vey nome nd inferpected as Rb

+Reg
+Reg
+Reg
*S]

[Ri]
[R1]
Ri

1]

+D]
*S]

1)

0)
S=1,D=0)

Rb=0, D=0)

14
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defaut values
S N —m—————

Address Computation Examples s=1
ReﬁEt:(E]:()
R%[K’J-’—O
Srdx 0x£000 D(Rb,Ri,S) -
Srex 0x0100 qu[Reg[Rb]*(Reg[Ri]*SyD]

ignore the memory access for now

: : Address
. Ex;\rj:ssmn Address Computation (8 bytes wide)
0x8 (srdx) O&-\\—(X)() = Oxb OXQOO%
R RE

(3rdx, oécx) - | 0«xF00 +pxdl00 0K 100
(55, 5t8x, 4) | hL000 + (0100 #1)|0x $900
Ong ¢, Erdx, %) \O)d,@OOO +Ox80 Nxle 080

/Cxl‘r

‘a o o O 15
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Reading Review

+» Terminology:
= Address Computation Instruction (lea)

On Monday:

" Condition codes: Carry Flag (CF), Zero Flag (ZF), Sign Flag
(SF), and Overflow Flag (OF)

= Test (test)and compare (cmp) assembly instructions
= Jump (j *) and set (set*) families of assembly instructions

16
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Review Question N0 memory access, 5 mistbe lea

. . . sef{124,8}
« Which of the following/x86-64 instructions correctly
calculates: %rax = 9 x %rdi

Mt o ualid sc»lmf By ehr-

>‘< Vi

2 +A3 )

* . | )nvall‘d\ 5YY\+M
C. leaq (%rdi,—E%rdi,By, $rax Torox = A*%rdi

movg ($rdi, Srdi 8y—% ro, = Mem [A* Nord’]

17
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Address Computation Instruction

\\Meml/ Re%
« leaq src, ds

"lea" stands for load effective address

src is address expression (any of the formats we’ve seen)
dst is a register L Colculate Reg[Rb]-FR%[R\T_\*S +D
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
) _ . ). oddvess -of opwaj'or
e.g. translation of p = @&ﬁ Reg(RIHRJJ* S+ D

" Computing arithmetic expressions of the form x+k*i+d

- Though kcanonlybel, 2,4, 0r8

18
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Example: lea vs. mov

CSE351, Autumn 2024

Registers Memory Word
Address

srax[Ox | | 0 0x400| 0x120

> +bx OXX( OxF|] O0x118

= x$ \/ 0x8| 0x110

0x10| 0x108

o 0

x| 0x100) —— 0x1| 0x100

srdi| (OxIDO "
. - —Ox

srsi| O« | /- Ox 0 qu bw

Ox|00 /DH*‘”

—)| leaq (Srdx, < orcx 4), Brax -+ O0x\10 (“ao\o\r")
movqg (%$rdx, $rcx,4), %rbx 4> oxz (isda)
leag (%rdx), %rd% LS ovioo Cae?)
movqg (%$rdx), %rsi B ool ()

19
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lea — “It just does math”

20



YA UNIVERSITY of WASHINGTON

L08: x86 Programming Il

Arithmetic Example

CSE351, Autumn 2024

Cnegiser | Usel)

$rdi 15t argument (x)

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

long tl = x + y;

long t2 = z + t1;

long t3 = x + 4;

long t4 = y® 48; <&— replaced By

long t5 = t3 + t4;

long rval = t2 (*) t5;

return rval;

Srsi 2" argument (y)

Srdx 34 argument (z)

lea. ¢ hift

\

arith:
leaqg
addg
leaqg
salqg
leaqg

%ﬁi,%ﬁ%i), srax Frox=

%rﬁé, srax

o\°

—

4 vay =
(2751, 351, 2), %rdx.ﬂ:{?&()
S4, Srdx *krﬁ«-—
4 ($rdi, 3rdx), S%Srcx
$rcx, %rax

\ W“.\*\p y(\r\ﬁ Ft-bdo \[a(\aufj

Interesting Instructions
>(-|—y (1‘ )

<+{+z (

leaq: “address”
computation

L\8y(%‘l) salq: shift
= imulqg: multiplication

Only used once!

21
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Arithmetic Example

Register

srdi X
long arith (long x, long vy, long z) orsi Y
{ Srdx z, t4
long t1 = x + y; Srax \tl, t2, rva
long t2 = z + t1;
long t3 = x + 4; srex £
long td = Y W Ao [imit e y-ej{s"‘e(} P&~ f
long t5 = t3 + t4; they often gei ransed!
long rval = t2 * t5;
return rval;
}

arith:

leaqg
addg
leaqg
salqg
leaqg
imulg
ret

(%rdi, $rsi),
Trdx, %rax
(%rsi,%rsi,g:
S4, %Srdx

4 ($rdi, 3rdx),

Trcx, %srax

N Comment ( AT &T Syn‘\'&X)

$rax # rax/tl = x + vy
Sefb%%?}# rax/t2 tl + z
, srdx # rdx ERE
# rdx/t4 = (3*y) * 16
$rcx # rcx/th = x + t4 + 4
# rax/rval = t5 * t2

22
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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

23
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