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Administrivia

e Today

o HW?7 due (11:59pm)

o Lab2 out!

m Due 7/19

e Wednesday, 7/10

o RD10 due (1pm)

o HWS8due (11:59pm)

o Lablb due (11:59pm)
e Friday, 7/12

o RD11 due (1pm)

o HW10 due (11:59pm)

o Quiz1due(11:59pm)




long absdiff(long x, long y)

- . %rdi X {
Review Question Long results
: %rsi y if (x > y)
What should go in the two blank result = x-y;
lines? %rax | result else
result = y-x;
A) cmpq %rsi. %rdi g'-"‘v"lvj‘i‘o-c.’r return result;
’ , ’ . .
j-Le . L4 1-0-.‘.‘(- = a-u\,L ('n)-w'tu\ }
( B))cmpq %rsi, %rdi v Lely oo 4|, | aDSATFF:
jg .L4 wJ'A, R =°‘d
. . ] =
testq %rsi, %rdi R movq %rsi, %rax # ooy
j'[_e . L4 U\.q Fsy, ves ?:.l:q %rdi, %rax
testq %rsi, %rdi == o L4 o # x<=y:
. » &= Y movq %rdi, %rax
jg .L4 o] b 2l Isﬁ:!zq %rsi, %rax

xb: A xeazy, x-«bcti%bu




Lecture Topics

Condition Codes

Conditional and Unconditional Branches
Loops

Switches




Recap: Condition Codes

e 4 1-byte registers that store information about the result of a previous
instruction
o CF: Carry (unsigned overflow)
o ZF: Zero
o SF: Sign (negative)
o OF: Overflow (signed)
e Implicitly set by any arithmetic or logical instruction
e Explicitly set by two instructions:
o cmp_ srcl, src2 setsflags based on the result of src2-srcl
o test_ srcl, src2 sets flags based on the result of src2&srcl




Recap: Set Instructions

e Sets lowest byte to 1 if the
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condition is met, O

otherwise
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Instruction Conition Description
sete dst ZF Equal (to zero)
setne dst ~ZF Not Equal (to zero)
sets dst SF Negative
setns dst ~SF Nonnegative
setg dst ~(SFAOF) &~ZF Greater (signed)
setge dst ~(SFAOF) Greater or Equal (signed)
setl dst (SFAOF) Less than (signed)
setle dst (SFAOF) | ZF Less or Equal (signed)
seta dst ~CF&~ZF Above (unsigned “>”")
setb dst CF Below (unsigned “<”)




Recap: Reading Condition Codes srdi | x

) %rsi
e set* Instructions y

o Seta byte to 0 or 1 based on condition codes %rax | Return
o Operand is byte register (e.g., %al) or a byte in memory
m Does not alter remaining bytes in register

m Typically use movzb_(zero-extended mov) to fill in the rest of the register
set P\n-as Lete L oy (Lt'- (4, = X -4

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

b o (luwsk Bobrad Wb 08 oy D= mos T ) g o




Recap: Jump Instructions

e Sets%ripto targetifthe
condition is met
O jmp is unconditional -
always jumps
e Used to create if
statements, loops, etc.

(Letrn v dut! w‘i» = yustvechion fu'u'l‘e
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Instruction Condition Description

jmp target 1 Unconditional

je target ZF Equal (to zero)
jne target ~ZF Not Equal (to zero)
js target SF Negative

jns target ~SF Nonnegative

jg target ~(SFAQOF) &~ZF Greater (signed)
jge target ~(SFAOQF) Greater or Equal (signed)
jl target (SFAOF) Less than (signed)
jle target (SFMOF) | ZF Less or Equal (signed)
ja target ~CF&~ZF Above (unsigned “>”)
jb target CF Below (unsigned “<”)




Choosing Instructions for Conditionals

e All arithmetic instructions set condition flags based on result of operation (op)
o Jump and set are comparisons against O (op) s, d
e Come in pairs je  “Equal’ d (op) s == 0
. . . - i “ ” 1=
o Firstinstruction sets condition codes Jne  NotEqual d (op) s =0
o Second instruction uses them Js  "Sign’ (negative) d (op) s < ©
jns  (nonnegative) d (op) s >= 0
4 b N\ . "\ jg  “Greater d (op) s > ©
?e.q 2 b+a == 0 ;.’;C,I i bla == © jge “Greater or Equal’ d (op) s >= 0
jne: b+a != 0 jne: bla != 0 jl  “Less’ d (op) s < ©
jg: b+a > 0 j%: E'a > 0 jle “Less or Equal’ d (op) s <= 0
jL: bta < © j < 0
Q ° % Q |2 /) Ja “Above” (unsigned) | d (op) s > 0OU
jb “Below” (unsigned) d (op) s < -U




Choosing Instructions for Conditionals (pt 2)

e Reminder: cmp works like sub, and test works like and

o Result not stored anywhere ~ =
Use test, a, a
(op)s, d cmpq a, b

- - - — o bea == 0 to set the flags
je Equal d (op) s == 0 Je- 1= based on a single
jne  “Not Equal’ d (op) s =0 J.ne‘ a = value!
. e : q <o jg: b-a > 0
js Sign” (negative) (op) s jl: b-a < 0
jns (nonnegative) d (op) s >= 0 k /
ig “Greater” d (op) s >0 \ \
jge “Greater or Equal” d (op) s >=0 'Festq a, b 1.:estq a, a
jl “Less” d (op) s < 0 J.e: b&a == 0 J_e: a ==0
. - - jne: b&a != 0 jne: a l=0
jle Less or Equal d (op) s <= 0 jg: b&a > 0 jg: a > 0
ja “Above” (unsigned) d (op) s > ouU jl: b&a < 0 il a< 0
jb “Below” (unsigned) d (op) s < -U k / k /




ek cowv\.h(“z{uual—uk \o-l.c.\f, Ml-c-nb
Labels i tle Lo (LB

e A jump changes the program counter (%rip)
o %rip tells the CPU the address of the next instruction to execute
e Labels give us a way to refer to a specific instruction in assembly code
o Associated with the next instruction found in the assembly code
o Eventually, each use of the label will be replaced with something that indicates the
address of the instruction that it is associated with

max :
swap: movq %rdi, %rax
movq (%rdi), %rax cmpq %rsi, %rdi
movq (%rsi), %rdx jg done
movq %rdx, (%rdi) movq %rsi, %rax
movq %rax, (%rsi) done:
ret ret




Putting it all Together (pt 1)

long max(long x, long y)
{

long max;

if (x > y) {
max = X3

\ 0&\:4‘\ %rdi | x
;‘,}If' — \c" \o"fs' %rsi |y
e e 0w
[~]
o ;‘ %rax | Return value

} else {
max = y3
+

return max;

\ 4

1f x<y, jump to else
movq %rdi, %rax
jump to done
else:
movq %rsi, %rax
done:
ret

\
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Putting it all Together (pt 2) %rdi | x

%rsi |y

4x > O3 5 ¥X

|

%rax | Return value

long max(long x, long y)
{ max : S1=rdiz a-X
Long max; cmpg %rdi, %rsi # jump if
if (x>y) { jge else #y >= x
max = X3 movq %rdi, %rax
} else { > jmp done
HERC =3 else:
¥ movq %rsi, %rax
return max; done:
} ret




Expressing with Goto Code | 1,ng absdiff_i(long x, long v)

long absdiff(long x, long y) ! long result;
{ b

int ntest = (x <= vy);

if (ntest) goto Else;
result = x-y;
goto Done;

long result;

if (x > y)
result

else
result = y-x; Else:

return result; result = y=x;
! Done:

return result;

A
v

X7Y5

}

e C allows goto as a means of transferring control exids For Uidborree | seos s,

o Closer to assembly programming style Mimigs ..‘.g._.,n\.lj
o Don’t do this!!! Bad!!!




Expressing with Goto Code (pt 2)

15
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Compiling Loops

Example: while loop %rax = sum

loopTop:
while ( sum !'= 0 ) {

testq %rax, %rax # exit loop if
<loop body> je loopDone # sum ==
} <loop body>

jmp loopTop # restart loop
e Other loops compiled similarly | teopbone:

o Examples on the next slide

e Most important to consider:
O

When should conditionals be evaluated (ex: while vs do-while)
o How much jumping is involved?

m Compiler may optimize to reduce jumping (as in the above example)




More While Loop Examples i s =2 Ooud Ha Sagjuive, Suig He Lo

While Loop (other version)

C.l°‘u—r L‘b
C CeLa. Lk

Lessd

while ( sum !=
<loop body>

}

eflicien

0 ) {

+g>

# skip loop if
# su

L> testq %rax, %rax
je loopDone ==

loopTop:

Do-While Loop

'I'L |'f5 wlk&.l'l al
1%

C ca

do {
<loop body>

} while ( sum != 0 )

st o5 Ha

<loop body>
# restart loop

q{?estq %rax, %rax
jne loopTop

loopDone:

# 1f sum != 0

U

exes bt oo

L,

toleent an e

\ 4

loopTop:
<loop body>
testq %rax, %rax
jne loopTop
loopDone:

# execute first
# restart loop
# if sum != 0




For Loops e Just turn it into a while loop!

” e Caveats: break and continue

Eor SBALEY EESE] Upetiie) o break is easy, just add another jump outside
body of the loop

+ o For continue, need to introduce a new

label for Update, and jump to that
init <init> ) Lo, )
- loopTop: € lesg et hintae

\f[vhﬂe (test) o shwks, Ny Lo ¢
body —> <update>
update <test>

} <conditional jump to loopTop>

loopDone:
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Switch Statement Example

e Specify cases depending on the result of

an expression
o Multiple case labels

w"[L ol 40 vse_ e

l‘/aAfb l,aLLuo

m ex:5&6 bt Hais |, oks
o Fall through cases deohed”

m ex 2
o Missing cases

m ex4

o Default case
m Executed if the switch expression

doesn’t match any other case

~—

long switch_ex
(long x, long y, long z)
{
long w = 1;  ix==
switch (x) {
_‘$_;L§ase 1:‘//
1 - - . .
\q w = y*z; break;
case 2: Z wse will 2\ae
w=vy/z; ext e cop
/* Fall Through *x/ % ce
case 3:
w += z; break;
case 5:
case 6:
w —-= z; break;
case T:
otagy 75 w = y%z; break;
L > default:
e w = 2;
kL
return w;




Jump Table Structure

e Jump table = array of addresses to the start of each case

Switch
Form

Approximate
goto form

switch (x) {
case val_0:
<lock 0>
case val_1:
<block 1>
case val_n-1:
<block n-1>

target = JTab[x];
goto target;

Jump Table
Targo 31—
Targl \\
Targn-1 |
Coae = Tult® in
yovep Feble

Jump Targets

Targo:
<block 0>

Targl:
<block 1>

Targn-1:
<block n-1>




Jump Table Structure (pt 2)

switch (x) {
case 1: <code> break;
case 2: <code>
case 3: <code> break;
case 5:
case 6: <code> break;
case 7: <code> break;
default: <code>
+ ‘ .ﬂfb’*;:§
- 40
oWh ”—S—""fj e ‘:S"\"

if (

else

<= 7)
goto JTab[x];

7

goto default;

=4

~ @ v s W N = O

Memory

-

Jump Table

L1t

Lo I

Code Blocks




Switch Statement Example (pt 2) Note: compiler chose not to

initialize w
long switch_ex(long x, long y, long z)
{ /
lor)g w = 1; » switch_ex:
switch (x) { ig (e g™ ~_[movq %rdx, %rcx
o e o Vo 4| ecmpq $7, %rdi # compare x:7
b AN ‘3—\\' ja .L9 # default
: return w; uke ﬂjmp *x.L4(,%rdi,8) # jump table
/ Ny s
srdi | x T R
%rsi y ja = jump above. Unsigned >,

catches negative cases

%rdx Z




Switch Statement Example (pt 3)

long switch_ex(long x, long y, long z)

switch_ex:
movq %rdx, %rcx
cmpq $7, %rdi
ja .L9
# default

jmp ?.L4(.%rdi.8)

# compare x:7

# jump table

[

{
long w = 1;
switch (x) {
}
return w;
}
%rdi X
%rsi y

Indirect jump

%rdx Z




Whed  bov

Switch Statement Assembly Explanation et ‘\"\“’“

o - L4: L
Table Structure L — quad .19 # x = ©
o Each element stores an address, 8B each [ , Llle .quad .L8 # x = 1
o Label . L4 marks start of table .quad .L7 # x = 2
- : . .quad .L10 # x = 3
e Direct jump: jmp .L9 ‘quad L9 # x = 4
o Jump target denoted by label . L9 .quad .L5 # x = 5
e Indirectjump: jmp *.L4(,%rdi,8) -quad .L5 # x =6
. : .quad .L3 # x =7
o Uses memory addressing computation T
O . .
L4 gets the qddress that label . L4 refers to )t = OB (2L
o Scaled by 8, since each table element is 8B 1
O

Set %rsp to the label stored at address L4+%rdi*8

m  x means “get the data at that address” (kind of like a C dereference)
vy #, b w":u‘l ru-l"' TS bo Xw\’»‘:‘*—-{/& : u.f/ +*, ‘u}‘) ﬂ" bes -\'e-\:\»l-a\'.#x




Summary

e Control flow in x86 is determined by condition codes (CF, ZF, SF, OF)
o Set flags implicitly with arithmetic/logical instructions, or explicitly with cmp and
test
O Set (setx) instructions set a given 1-byte memory location to 1 or O depending
on condition
o Conditional jump (j*) instructions set %rsp point to a given instruction if
condition is true
m  Unconditional jump (jmp) always sets %rsp
o Most control flow constructs (e.g., if-else, for-loop, while-loop) can be implemented
in assembly using combinations of conditional and unconditional jumps
m [ndirect jumps and jump tables are used to implement switches
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