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TLL BE IN YOUR CITY TOMORROU
IF YOU LIANT TO HANG OUT.

BUT LIHERE WILL YOU BE IF
I LSONT ANTTO HANG oUT?!

YOU KNOW, I JusT
REMEMBERED I BUsY.

WHY TTRy NOT 10 BE
PEDANTIC ABOUT CONDITIONALS,

http://xkcd.com/1652/
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Administrivia

<« Lab 2 released tomorrow

" |Learn to use gdb and look at assembly code

<+ Homework 1 due on Friday (10/21)



WA/ UNIVERSITY of WASHINGTON L09: x86 Programming Il CSE351, Autumn 2016

Address Computation Instruction

leag 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 rrbwerEoryl it just does math)
R

= Example: leag (%rdx %rcx, 4 %rax
W\OVGL (% Yokx % ch)"f fvray — P = xt{)

+ Uses:
= Computing addresses wit a memory reference
- e.g., translationof p = &x[1]; oo (chgress ~oF)

= Computing arithmetic expressions of the form X+k*1
- Though kcanonlybe1l,2,4,o0r8 "<
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vox ) esk |\ ax/ lﬂ
Example: lea vs. mov

Registers Memory X\godrﬁiess
%rax| Ox o O0x400| 0Ox120
%rbx O OxF| 0x118
%rcx Ox4 Ox8| Ox11
%rdx <0x109 ,q_ O)(;)l(O giigi /

%rdi| O« igyo

== Ox\6o 4+ OyY ¥ Y 35 = Oxllp
Arsi| Ox RegTRL] +R ¢gTR:J¥ S +1D

leac D(%‘Fax,%ﬁ:x,ﬂ), Brax - osx\te (cprar)

movqg (%rdx,%rcx,4), %rbx 4= o« Cam)
RY ot =

leaq (%rdx), %rdi 45 Ox 100

movqg (%rdx), %rsi 45 Ox|
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Example: lea vs. mov (solution)

Registers

%rax

0x110

%rbx

Ox8

%rcx

Ox4

%rdx

0x100

%rdi

0x100

wrsi

Ox1

Memory

0x400

OxF

Ox8

0Ox10

Ox1

Word
Address

0x120
0x118
0x110
0x108
0x100

leao
MOVO
leao

MOVO

(%rd
(%rd
(%rd

(%rd

X,%rcx,4), %rax
X,%rcx,4), %rbx
X)), %rdi
X), %rsi
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Arithmetic Example

ret

long arith(long x, long y, long z)
{
long t1 = X + y;
long t2 = z + t1;
long t3 = X + 4; 5 leag + sal
long t4 = j_48;///‘ ! 1
long t5 = t3 + t4;
long rval = t2 * t5;
return rval;
¥
arith:
leaq (%rﬁ'i,%r)éi), %Brax — X+y
addg %rﬁ&, Y%rax —> XAY+Z
leaq (%P5 ,%PSi ,2), %hrdx—3
salq $4, %rdx — (6*By) = 4g
leaq A(%rdi ,%L‘P(‘Ax), BIrCX —> x+gy+
imulg  %rcx, %rax— (wy+?) (x+L\Xy-¥L\

Cnegiser | Usels)

Y%rdi 15t argument (X)
%rsi 2" argument (y)
%rdx 34 argument (2)

addr = ReglRe]+Reg(Ri]¥ S +D
v o+ Y72 40 :’5\/

+ Interesting Instructions

= Jeaq: “address”
computation

salq: shift
imullg: multiplication

«  Only used once!
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Arithmetic Example
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Cnegiser | Usels)
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%rdi X
long arith(long x, long y, long z) nrsi
{ %rdx z, t4
long t1 = X + y; %rax tl, t2, rval
long t2 = z + t1; :
long t3 = x + 4; hrex €S
long t4 = y * 48;
long t5 = €3 + t4;
long rval = t2 * t5;
return rval;
+
arith:
leag (%rdi ,%rsi), %rax #rax/€hy =x+y
addg %rdx, %rax # rax/t2 = tl + z
leaq (%rsi,%rsi,2), %rdx # rdx =3 *y
salq $4, %rdx # rdx/t4 = (3*y) * 16
leaq A4C%rdr,%rdx), %rcx # rcx/th =X + t4 + 4
imulqg %rcx, %rax # rax/rval = t5 * t2
ret
7
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x86 Control Flow

+ Condition codes

» Conditional and unconditional branches
«» Loops

+ Switches

CSE351, Autumn 2016
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Register | ___Use(s)

Y%rdi 15t argument (X)

Control Flow

%rsi 2" argument (y)

%rax return value

long max(long x, long y)
{ -
long max; max:
iT x>y { )
max = X- 1> movq %rdi, %rax
} else {
max = y; ——— )
1 =, MOV(Q %rsi, %rax
return max;,
1 ret
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Control Flow
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long max(long X,

{

long max;

iT x>y {
max = X;

} else {
max = y;

}

return max;

}

long y)

CSE351, Autumn 2016

Cnegiser | Usels)

%rdi 15t argument (X)

%rsi

2"d argument (y)

%rax return value

Conditional jump

JievSe \#TR\/A"E I
ﬁﬁ:&/\{st en jump to e Se\

%Brdir, %rax
.

movq %Brsi, %rax <>

\Jdone -
L ret

10
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Conditionals and Control Flow

+» Conditional branch/jump

" Jump to somewhere else if some condition is true,

otherwise execute next instruction

+» Unconditional branch/jump

= Always jump when you get to this instruction

CSE351, Autumn 2016

» Together, they can implement most control flow constructs in
high-level languages:

iIT (condition) then {.} else {.}
while (condition) {..}

do {..} while (condition)

for (initialization; condition; iterative) {..}
switch {.}

11
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Jumping

= J* Instructions

= Jumps to target (argument — actually just an address)
= Conditional jump relies on special condition code registers

Instruction Condition Description

——¢ SR
Jmp_target /1 \ Unconditional €—Spedal e condition!)
je target / ZF N Equal / Zero

Jjne target I ~ZF Not Equal / Not Zero

JS target / SF Negative

Jns target ! ~SF Nonnegative

Jg target ~(SFMOF)&~ZF || Greater (Signed)

jge target ~(SFMOF) Greater or Equal (Signed)
Jl target \ (SFMOF) Less (Signed)

Jle target \(SF’\OF)|ZF / Less or Equal (Signed)
ja target \ ~CF&~ZF / Above (unsigned)

Jb target \\CV Below (unsigned)

don't swest the detals 12
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Processor State (x86-64, partial)

+ Information about Registers
. 0 0

currently executing Arax Ars

%rox %ro
program %rcx %rio
"= Temporary data %rdx %ril
(%rax, ...) %rsi %r12
" Location of runtime hrdi #ris
stack (%rsp) Arsp ¥rid
_ %rbp %ris

" | ocation of current

code control point current top of the Stack

(%riup, ...)

Program Counter
(instruction pointer)

Coxry Zero Sif‘)\f\ Overflow
CF||ZF || SF || OF | Condition Codes

13

%rip

= Status of recent tests
(CF, ZF, SF, OF )

- Single bit registers:
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Condition Codes (Implicit Setting)

« Implicitly set by arithmetic operations
" (think of it as side effects)
" Example: addq src, dst « t = atb

CF=1 if carry out from MSB (unsigned overflow)
= ZF=1 if t==
SF=1 if t<0 (assuming signed, actually just if MSB is 1)

= OF=1 iftwo’s complement (signed) overflow
(a>0 && b>0 && t<0)]](a<0 && b<O0 && t>=0)

" | Notset by lea instruction (beware!)

[CF Carry Flag ZF| zero Flag SF Sign Flag OF Overflow Flag]

14
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Condition Codes (Explicit Setting: Compare)

« Explicitly sebt by Com a
cmpg SrcC ) srél
cmpg b, a sets flags based on a-b, but doesn’t store

N N O
L
[
=

instruction

~ -k

(a>0 && b<0 && (a-b)<0) ||
(a<0 && b>0 && (a-b)>0)

—=1 if carry out from MSB (used for unsigned comparison)
if a==Db
=1 if (a-b)<O0 (signed)
OF=1 if two’s complement (signed) overflow

[ CF Carry Flag

ZF

Zero Flag

SF

Sign Flag

OF

Overflow Flag]

15
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Condition Codes (Explicit Setting: Test)

+ Explicitly set by Test instruction
= testq src2, srcl
= testq b, a setsflags based on a&b, but doesn’t store

- Useful to have one of the operands be a mask

= Can’t have carry out (CF) or overflow (OF)
= /F=1 if a&b==0 Zl=1 - i f A ba== O — o6==0
= SF=1 if a&b<0 (signed) SF=1: f abka <O o a<O

ZF SF| &

O O | a7
o | <
I
l

—

oG

= Example: testg %rax, %rax
Tells you if (+), 0, or (—) based on ZF and SF

-
—

S oD
o

O =
| l net r)oSS.l\a\e

[CF Carry Flag ZF| zero Flag SF Sign Flag OF Overflow Flag

16
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Reading Condition Codes

» Set™ Instructions

le

stoces ‘°5:°°‘\ renlt

of conddion (L= Trues

= Set a low-order byte to 0 or 1 based on condition codes

"= Does not alter remaining 7 bytes

O: F&\‘C)

Instruction Condition Description
- sete dst /ZF\\ Equal / Zero
su“:j\,b‘ao,s setne dst / ~ZF \\ Not Equal / Not Zero
.\4\;\0‘5” > .| Sets dst / Sk Negative
er'§" iri;%“ setns dst / ~SF | Nonnegative
‘,(fe— X setg dst | ~(SF"OF)&~ZF || Greater (Signed)
D setge dst \ ~(SFMOF) Greater or Equal (Signed)
setl dst \ (SFMOF) / Less (Signed)

setle dst \ (SFMOF) |ZF/ Less or Equal (Signed)
seta dst \ ~CF&~ZF/ Above (unsigned “>”
setb dst \ Cy Below (unsigned “<”

17
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X86-64 Integer Registers

+ Accessing the low- orde py

Yrax hal
%rbx bl
%rcx hCl
%rdx d 1
%rsi %S|
%rdi 05 1
%rsp hspl
%rbp %bpl
——

% bits

Or

CSE351, Autumn 2016

lova - order e’ \f Bhlyte
%r8 %1r8b
%ro %1r9b
%ri10 %1 10b
%Bril %r11b
%ri2 %r12b
%ri3 %5r13b
Wrl4d Yor14b
%ri15 %r15b
\~N—

18



WA/ UNIVERSITY of WASHINGTON L09: x86 Programming Il CSE351, Autumn 2016

Meger | sl

Reading Condition Codes %rdi 1% argument (x)
%Brsi 2" argument (y)
» Set™ Instructions %hrax return value

= Set a low-order byte to 0 or 1 based on condition codes
" Operand is byte register (e.g. al, dl) or a byte in memory

" Do not alter remaining bytes in register
- Typically use movzbl (zero-extended mov) to finish job

int gt(long x, long y)
{
return x > y;
ks
{.cmpq %rsi, %rdi  # x-v
setg | %al R # logl = (x2y)
movzbl %al, %eax Ho %vnx = (o)
ret

19
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Meger | sl

Reading Condition Codes %rdi 1% argument (x)
%Brsi 2" argument (y)
» Set™ Instructions %hrax return value

= Set a low-order byte to 0 or 1 based on condition codes
" Operand is byte register (e.g. al, dl) or a byte in memory

" Do not alter remaining bytes in register
- Typically use movzbl (zero-extended mov) to finish job

int gt(long x, long y)
{
return x > y;
}
cmpq %rsi, %rdi # Compare X:y
setg %al # Set when >
movzbl %al, %eax # Zero rest of %rax
ret

20
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Aside: mMOvZ and movVvs

movz__ src, regDest Move with zero extension
MOVS  src, regDest Move with sign extension

" Copy from a smaller source value to a larger destination
= Source can be memory or register; Destination must be a register
= Fill remaining bits of dest with zero (movZz) or sign bit (novs)

movzSD / movsSD:
S —size of source (b =1 byte, w = 2)

D —size of dest (W =2 bytes, 1 =4, = 8)

c | ’_UO\/*C

xample: L .

movzbg %al, %rbx 0x??|0x??|0x??|0x??|0x??|0x??|0Xx? 2 pxFlij—%rax
" Q bybes /\ Ox00|0x00|0x00[0x00|0x00[0Ox00|0x00[OXFF|<%rbx

<
Z ero—extend

21
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Aside: mMOvZ and movVvs

MOVZ__ _ src, regDest
MOVS___ src, regDest

CSE351, Autumn 2016

Move with zero extension

Move with sign extension

" Copy from a smaller source value to a larger destination

= Source can be memory or register; Destination must be a register

= Fill remaining bits of dest with zero (movZz) or sign bit (novs)

movzSD / movsSD:
S —size of source (b =1 byte, w = 2)

D —size of dest (W =2 bytes, 1 =4, = 8)

[ Note: In x86-64, any instruction that

generates a 32-bit (long word) value
for a register also sets the high-order
portion of the register to 0. Good

| example on p. 184 in the textbook. |

Examme‘_/'lL Th 0x00|0x00|0x7F|OxFF|OxC6|0x1F|OxA4|OXE8
0 0
movsb I‘\‘ (%rax), %ebx - |0x?2[0x?? 0x8(ﬂ0x?’? 0x??|0x??| - - -
\'—'—_—-HLY € \\./
Copy 1 byte from memory into — N
8-byte register & sign extend it | [0X00[0x00]|0x00]|0x00|0XFF|OXFF|OXFF|0x80

<
S\gn- esd"ené‘

<W%rax

<« MEM

<%rbx
22
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Choosing instructions for conditionals

YQP\O‘(e \\:)” \,_,'\’\L \\je"’ 7 40 6€'\' o-ﬂ\er ]V\dru\dtb\t\j
( ~cmp b,a | test a,b>
= ‘
Aﬂ/e\ “Equal” a==">b a&b == 0 je- c;mpp _5_, (p)
/jne\ “Not equal” al=»>o a&b 1= 0 jné: *p 1= 5
Js \ “Sign” (negative) \ a&b < 0 jg: *p > 5
i1l - *
JNs | (non-negative) \ ad&b >= 0 _]l- p < 5
jg “Greater” \ a> b a&b > O
Jge | “Greater or equal” \ a>=n>b ag&b >= 0 _ test a,a
je. a ==
jl “Less” ‘ a< b | a&b < 0 jne: a 1= 0
jle/ ”Less or equal” a<=o>b adb <= 0 jg: a> 0
ja/ “Above” (unsigned >) a> b k jl: a< 0
W “Below” (unsigned <) a< b
: e test a,0x1
Dty come 27 je: g ==
@) +est or Compay e jne: a . ==

@ 3\AM‘> or Se"r

23
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Choosing instructions for conditionals
Register | Use(s)

cmp b,a | test a,b _
=2 %rdi  argument X
je “Equal” a == aéb == 0 0 n
hrsi argument y
jne  “Notequal” al=Db | aéb 1= 0
%rax returnvalue
Js “Sign” (negative) aéb < O
JNS  (non-negative) ag&b >= 0 IT (x <3) {
jg “Greater” a> b | akb > 0 ) return 1;
Jge  “Greater or equal” a >=B a&b >= 0 return 2:
jl “Less” a< b | akb < O
Jle “Lessorequal” a<=Db | a&4b <=0 (_3mpq $3, %rdi
ja “Above” (unsigned >) a> b Jge T2
T1l: # X < 3:
jb “Below” (unsigned <) a< b »movq $1. %rax
/g ML
cmpa igz ‘ ] T2: # 1(x < 3): %23
Jae I N abel movg $2, %rax
(addv) ret

” 24
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Meger | sl

Your Tu rn! %rdi 15t argument (X)

%rsi 2" argument (y)

%rax return value
long absdiff(long x, long y) absdiff:
{ long result: cmpq 670r5'\)7°r&l
if (x > y) le L4
result = x-y; ; # X > Y-
else movq %rdi, %rax
result = y-x; subg %rsi, %rax
return result; ret
¥ L4 # X <= y:
movq %Brsi, %rax
subq %rdir, %rax
ret

% Can view in provided control .s
= gcc -0g -S —fno-i1f-conversion control.c

25
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Your Turn! (solution)

Meger | sl
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% Can view in provided control .s

Y%rdi 15t argument (X)
%rsi 2" argument (y)
%rax return value
long absdiff(long x, long y) absdiff:
{ G e _
long result: cmpq hrsi, %rdir # XIy
1T (X >y) jle L4
result = x-y; # X > y:
else mov(q %rdi, %rax
result = y-x; subq %rsi, %rax
return result; ret
¥ L4 # X <= y:
movq %Brsi, %rax
subq %rdir, %rax
ret

= gcc -0g -S —fno-i1f-conversion control.c

26
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700\)\ %\ 73\9 ==0 L.)\'\Gv\ e:‘H\ey
%cl or Dbl i false

)t"\’\'\'\s $ “'Le Q\Se (&S(’.,

cmp b,a | test a,b
je  “Equal’ @a == b Pagb == 0
jn “Not equal” al=Db | aéb =0
Js “Sign” (negative) a&b < O
jn (non-negative) a&b >= 0
Jjg “Greater” a> b | ab > 0
Jge  “Greater or equal” a>=>Db | akb >= 0
JI “less’ Ya< blagb< 0
Jle Llessorequal’ a<=»Db | akb <=0
ja  “Above” (unsigned >) a> b
jb “Below” (unsigned<) | a < b

CSE351, Autumn 2016

Choosing instructions for conditionals

IT (X <3 && x ==y) {

return 1;
} else {

return 2;

3

N\

. cmpg $3, %rdi}.] _ ]
@setl %al had=

cmpq %rsi, %rdiy, |
@ sete %bl bl

@ testb %al, %bl

je T2 é—\]\xmr‘l’oTZ 4 (2&9~ &'Zb“)

T1l: # X < 3 && X == y:
movg $1, %rax

Ty

ret

T2: # else
movg $2, %rax
ret
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Summary

+ leais address calculation instruction

"= Does NOT actually go to memory
= Used to compute addresses or some arithmetic expressions

+» Control flow in x86 determined by status of Condition
Codes

= Showed Carry, Zero, Sign, and Overflow, though others exist

= Set flags with arithmetic instructions (implicit) or Compare
and Test (explicit)

= Set instructions read out flag values

" Jump instructions use flag values to determine next
Instruction to execute

28



