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Control



Outline

» Jump instructions
- PC-relative Address

» Translate Control constructs in C o assembly
- Goto. Branch. Loop

- Conditional Move

* Translate switch in C to assembly



Control

» Two of the most important parts of program
execution
- Data flow (Accessing and operating data)

- Control flow (control the sequence of operations)



Control

* Sequential execution is default

- the instructions are executed in the order they
appear in the program

* Chang the control flow
- Jump instructions
- JPSCERINPEREAR — R, 70 SCIRIN AR MU BRI
AT CIRVEAE T WAFVT IR IR I (K - CPUIs HE 5D



Jump Instructions

1 xorl %eax, %eax Set %eax to 0

2 jmp .L1 Goto .L1

3 movl (%eax), Y%edx Null pointer dereference
4 .L.1:

S popl %edx



Unconditional jump

- Jumps unconditionally

* Direct jump: jmp label
- jmp L

* Indirect jump: jmp *Operand
- jmp *%eax

- jmp *(%eax)



Conditional jump

- BCEBRE, BCE ARSI AT

- BT — 7€ condition codes

- Jz(je), jnz(jne)

- Js, jns

- AR5 jlI(jnge), jg(jnle), jle(jng), jge(jnl)

- BfF 5% ja(jnbe), je(jnae), jae(jnb), jbe(jna)
- #h 2direct jumpIEZy



Accessing Conditional Codes

Instruction | Synonym Effect Set Condition
Sete Setz ZF Equal/zero
Setne Setnz ~ZF Not equal/not zero
Sets SF Negative

Setns ~SF Nonnegative
Setl Setnge SF"OF Less

Setle Setng (SF”OF)|ZF Less or Equal
Setg Setnle ~(SF"OF)&~ZF Greater

Setge Setnl ~(SF”OF) Greater or Equal
Seta Setnbe ~CF&~ZF Above

Setae Setnb ~CF Above or equal
Setb Setnae CF Below

Setbe Setna CF|ZF Below or equal

HAT
A

p/ii]
A



Jump Instructions

1 jle .L2
2.L5:
3  movl %edx, %eax

4 sarl $1, %eax

5 subl %eax, %edx XA EE IR
6 Leal (%edx, %edx, 2), %edx %Eﬂﬁﬁ/é\ ?

7 testl %edx, %edx

8 jg L5

9.1.2:

10 movl %edx, %eax

10



Jump Targets in Binary

+ Two forms to represent a jump target
* PC-relative (direct jump)

- SE B AETR THIdaR PR BhE R H sl (Br s
FrEfhl) SR 4B EME (Al 1EA
)

- BT EERITE %18 S, 8% B3RPcHAT Z 1]
BN —%1E%. R REpkf:, HFHEZEPC += 545
i joffset B AT

» Absolute address (indirect jump)
- Jump target is an absolute address

11



Example

1 jle .L2

2.L5:

3  movl %edx, %eax

4 sarl $1, %eax

5 subl %eax, %edx

6 Leal (%edx, %edx, 2), %edx
7 testl %edx, %edx

8 jg L5

9.1.2:

10 movl %edx, %eax

12



PC-relative in the Relocatable Object

8: 7eld
a: 89d0
c: c118

e: 29c2

: 8d 14 52

13: 85 d2
15: 71 13

17: 89 d0

R I &N U AL W 9
—
&

d+ta=17
17+13(-d) =a

jle 17<silly+0x17>

mov %edx, Y%eax destl:
sar %eax

sub  %eax, %edx

lea (Yoedx, %edx, 2), %oedx
test %edx, %edx

ig a<silly+0x10>

movl %edx, Y%eax dest2:

13



PC-relative in the Executable Object

804839: 7Te 0d
804839%e: 89 d0
80483a0: c1 {8
80483a2: 29 c2
80483a4: 8d 14 52
80483a7: 85 d2
80483a9: 71 13
80483ab: 89 d0

R 1 N U AL W I -

d+804849¢ = 80483ab
80483ab+13(-d) = 804839¢

jle 17<silly+0x17>

mov %edx, Y%eax destl:
sar %eax

sub  %eax, %edx

lea (Yoedx, %edx, 2), %oedx
test %edx, %edx

ig a<silly+0x10>

movl %edx, Y%eax dest2:

14



I IHEW 24

© FAIXXXXHE 47

- 1)
. 0x804828f: 74 05 je  XXXX
. 0x8048291: e8 1e 00 00 00 call 80482b4
- 2)
. 0x8048357: 72 &7 jb XXXX
. 0x8048359: c6 05 10 a0 04 08 01 movb $0x1, 0x804a010
1) [1B==1]

2) [15%52]




r/\2%$

© FAIXXXXHE 47

- 1)
. 0x804828f: 74 05 je  XXXX (0x8048296)
. 0x8048291: 8 1e 00 00 00 call 80482b4

- 2)
. 0x8048357: 72 e7 jb XXXX (0x8048340)

»+ 0x8048359: c6 05 10 a0 04 08 01 movb $0x1, 0x804a010



I HEE 345

. 3)
- XXXX: 74 12
- XXXX: b8 00 00 00 00
. 4)
- 80482bf: €9 €0 ff ff ff
- 80482c4: 90

1) [E=1] [E=2]
2) [R/%3]

je 8048391
mov $0x0, %eax

jmp XXXX
nop

17




r/\2%$

. 3)

. 4)

- 0x804837d: 74 12 je 8048391
- 0x804837f: b8 00 00 00 00 mov $0x0, %eax
- 80482bf: €9 e0 ff ff ff jmp 0x80482a4

- 80482c¢4: 90 nop



Outline

- Jump instructions

» Translate Control constructs in C to assembly
- Goto, Branch, Loops

- Conditional Move

* Translate switch in C to assembly
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Control Constructs in C

* Gotos
- goto L

- break

- continue

* Branch
-ifO{ }elseif(){

- switch () {case

}

}else{ }

20



Control Constructs in C

* Loop
- while () { }
- do{ }while()

- for (init; test; incr) {

}

21



Translating Conditional Branches

if (test-expr)
then-statement

else

else-statement

—

true:

done:

T = fest-expr .
if (t)

goto true ;
else-statement
goto done

then-statement

22




Translating Conditional Branches

1. int absdiff(int x, inty) ||1. int absdiff(int x, inty)
2. { 2. {
3 if (x<y) 3 int rval ;
4, returny - x; 4 if (x<y)
5 else 5. goto less
6. return x -y 6 rval = x -y
7. } 7 goto done;
8. less:
9. rval =y - x;
10. done:
11. return rval;
12. } >




Jump Instructions

movl 8(%ebp), Yoedx
movl 12(%ebp), %eax
cmpl %eax, %edx
jl .L3
subl %eax, %edx
movl %edx, %eax
jmp .LS

L3:
subl %edx, %eax

10. .L5:

A AN

# get X

# gety

#calx-y

#if x <y goto less

# compute X - y

# set return val

# goto done

# less:

# compute y — X

# done: Begin Completion code

24



TR 25 D] * Movl 8(%ebp), %eax ;x
* Movl 12(%ebp), %edx y

+ Cmpl $-3, %eax
F(eax NREULRIEME) . Jge L2

Int ’res’r(m’r X, int y) { + Cmpl %edx, %beax
intval=___ . Jle L3
'f. f( ) Imull %edx, %eax
| \fal :) Jmp .L4
else L3: leal (%edx, %eax), %oeax
val= - Jmp L4
else if () + L2: cmpl $2, %eax
val=____ ; - Jg .Lb
else - Xorl %edx, %eax
val= _____ . Jmp L4
refurn val; - L5: subl %edx, %eax

) - L4



REER

Movl 8(7%ebp), %eax ;x
Movl 12(°/o€bp), Yoedx Y

HHA (eax Y R AR [9]H)
Int test(int x, int y) {
int val = _x"yalix-y__

if (x<-3 ){

if (x>y )

val = __ x*y __
else

val = __ x+y __

else if ( x>2 Bix<=2 )
val = _ x-yskixy__
return val;

}

Cmpl $-3, %eax

Jge L2

Cmpl 7%edx, %eax
Jle .L3

Imull %edx, 7%eax
Jmp .L4

L3: leal (%edx, %eax), %eax
Jmp .L4

L2: cmpl $2, %eax
Jg LD

Xor| %edx, Joeax
Jmp .L4

L5: subl %edx, %eax
L4



RE LR

void cond(int a, int *p) {
if (p && a>0)
*p += a;
}
Geer= AR 9w N -
~-Movl 8(%ebp), 7edx .a
-Movl 12(%ebp), 7%eax P

-Test| %eax, %oeax 1. B/ CiE = Hgo-tol
-Je L3 7,

-Testl %edx, 7%edx 2. M 4ACESERRFE
-Jle L3 —ANifief), MiCmEds

-Addl %edx, (%eax) e i A

-L3



Do-while Translation

do
body-statement
while (test-expr)

loop:
body-statement
t = test-expr;
if (1)
goto loop ;

28



Do-while Translation

int fib_dw(int n) L6:
{ lea (%ebx, %edx), %eax
inti=0; movl %edx, %ebx

intval=0;
intnval=1;

movl %eax, %edx
incl %ecx

do { cmpl %esi, %ecx
int t=val + nval ; jl L6
val = nval ; movl %ebx, %eax
nval =t; register | value | initially
I %ecx i 0
} while (i<n) ; .
return val ; Yoesi n n
} %ebx val 0
%edx nval 1
%eax t -

29



While Loop Translation

while (test-expr)
body-statement

loop:
t = test-expr
if (!t)
goto done;
body-statement
goto loop;
done:

if ( !test-expr)
goto done;
do
body-statement
while(test-expr)
done:

30



While Loop Translation

int fib_w(int n)
d
int i=1;
int val=1;
int nval=1;

while (i<n) {

int t=val+nval ;

val =nval ;
nval =t
i++:

9

}

return val ;

int fib_w_goto(int n)
d

int val=1;

int nval=1;

int nmi, t ;

if (val>=n)
goto done ;
nmi = n-1;

loop:
t=val+nval ;
val =nval ;
nval=t;
nmi--;
if (nmi )
goto loop
done:

return val 3

;




While Loop Translation

Register usage L. movl 8(%ebp), Yoeax
Register  Variable Initially 2. movl §1, %ebx
0
9 edx ami o1 3. movl $1, %ecx
. 4. cmpl %eax, ebx
Yoebx val 1 5 ige .L9
Yoecx nval 1 6. lea—1(%eax), Yoedx
: : 7. .L10:
int fib_w_goto(int n)
int val=1; 8. lea (%ecx, %ebx), Y%oeax
int nval=1;
int nmi, ¢ 9. movl %ecx, %ebx
::u.vil:,go)to done ; 10. movl %eax, %ecx
loop: 11. decl %edx
t=val+nval ;
X%L.T;‘Iﬁ."; 12. jnz .L10
wmi) 13. .L9:
dOne:return Valg ' 3 2
}




For Loop Translation

For Version

for (Init; Test; Update)
Body
While Version I

Init;
while (7est) {
Body

Update;

33



"For" Loop Do-While Conversion

C Code

Goto Version

long pcount for
(unsigned long x)
{
size t i;
long result = 0;
for (i = 0; 1 < WSIZE;
{
unsigned bit =
(x >> i) & 0x1;
result += bit;
}

return result;

i++)

* TInitial test can be
optimized away

long pcount for goto dw
(unsigned long x) {
size t i;
long result = 0;
i=20;
1 1

Init

i< )
o s ! Test
loop:
{
unsigned bit =
(x >> i) & 0x1; Body

result += bit;

;{++ : Updafe
if (i < WSIZE)
goto loop;
done:
return result;

Test




25 | Wi 2% 1 B L B A

b

- WHEHIEH

while (sum < 1000) and (count = 24) loop
.. { body of loop }

end while;

P2 Db JUHR AL < = = >AE— PN A ROLARIE H

whileSum:

cmpw $1000, $sum ; sum < 1000 ?

jni ; exit if not
cmpw $24, %cx rcount <= 247?
jnle ; exit if not

; body of loop . .
jmp whileSum ; go check condition again

35




25 | Wi 2% 1 B L B A

b

- WIS

while (sum < 1000) or (flag=1) loop

.. { body of loop }

end while;

whileSum:

body:

cmpw $1000, $sum
jl body
cmpb $1, %dh

jne

jmp whileSum

rsum < 1000 °?

; execute body if so
; flag=1?

» exit if not

; body of loop . .

; go check condition again

36




Loop #H2SEH for TEHF

« LOOP label

— M ECX 1H8as H a1, J7 B SCliH- 2 3 H A2 Fr 45
4

— ECX «— ECX—1 :dec ecx

— WR ECX#0, *%#55 label 48 57E jnz label

— AR L PATIE AT 21 T 5 H)

— HAEEL label R AR F2 T 070, K m 51281
WEL A T 127 20




fEF “loop” 180x867 4t

for count ;=20 downto 1 loop
... { body of loop }

end for
movl $20, %ecx : number of iterations
forCount: - ; body of loop
loop forCount ; repeat body 20 times
movl $number, %ecx ; number of iterations
forIndex: . ; body of loop

loop forIndex ; repeat body number times




A SEH) for FEIA

+ HecxTHMENONT, TEHASIAT

movl $Snumber, %ecx

cmpl $0, %ecx

jle endFor
forIndex:...

loop forIndex
endFor:

; number of iterations

; number =0 ?

; skip loop if number =0
; body of loop

; repeat body number times

movl $Snumber, %ecx
jecxz endFor
forIndex:...

loop forIndex
endFor:

; number of iterations
; skip loop if number =0
; body of loop

; repeat body number times
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FWER 104

FEFPIET, REM R R,
R R 2 D Re

Int fun_a(unsigned x) {
int val = O;

while ( ) {

}

return

+ x@%$ebp+8

Mov| 8(7%ebp), 7oedx
Mov! $0, %eax
Testl %edx, 7%oedx
Je .L7

.L10:

xor| %edx, %oeax
shrl %edx ;ZHEAZIU
jne .L10

L7:

andl $1, %eax

1’E§ 41




RE LR

%?i,ﬁf, AR e LR OC R,
FF ke R F I Re

Int fun_a(unsigned x) {
int val = O;

while ( x ){
val "= x;
x>>=1
}
return val&0x01;
}

+ x@%$ebp+8

Movl 8(7%ebp), 7eedx
Mov! $0, %eax
Testl 7%oedx, 7%edx
Je .L7

.L10:

xor| %edx, %oeax
shrl %edx ;ZHEAZIUT
jne .L10

L7:

andl $1, %eax



RE LR

K1 %fun_b(unsigned long x) {
- Long val = O;

- Longi;

- For(..;..;.){

-}
- Return val;

}
Gec I A a4 Bz
SERL T T LAE:
- A R#EICEICHS, HECAMEI
i
- B. R ET AT 4 B8 E W] aE IR
, WA VGG B EE 2IE3A P9 3 a0
R4
- C. HERIES MR KA R TI6e

# x in %rdi

1 func_b:

2  Movl $64, Y%edx
3  movl $0, %eax
4 L10:

5  movq %rdi, %orcx
6 andl $1, %ecx
7 addq %rax, 7%rax
8 orq $rcx, %rax
9 shrq %rdi

10 subq $1, %rdx

11 jne L10

12 ret

43



r/\2%$

fun_b(unsigned long x) {

- Long val = O;

- Long i;

- For (i=64; i=0; i--) {
+ Val = (val << 1) | (x&1)
- X»»=1;

-}

- Return val;

}
2) NG IRE R
3) RixBifR I Fe

44



Outline

- Jump instructions

» Translate Control constructs in C o assembly
- Goto, Branch, Loops

- Conditional Move

* Translate switch in C to assembly

45



Conditional Move

+ N4 75 E Conditional Move
- Bl SRxAlyZ [B] 218 B A48 0
— 1 int absdiff(int x, int y) {
— 2 returnx <y ? y-X: X-y;
— 3}

— B EES . K Kiflelse
— k. — B ST R, AT BER
o RINTFEMNAEINETES, 1R1Z; M I, wf CLAAIR R
HJcache P IN# g & (F5842THO
o WIRCPURIKZ:

46



KL (pipeline)

- EvielEfa)s

liff——  3DUBNbBS JBWOISN)

- fefit:

PedEE . MR A, BUEW. R

- BN I it
- KA, HRAEE B RIS 2 5 F R )

|
Customer 1
| ]

| ]
|
Customer 2

Customer 3
| ]

Evie: Bert: Dionysus: Mary:
plate/fish chips mushy peas tea/cash
Evie: Bert: Dionysus: Mary:
plate/fish chips mushy peas tea/cash
Evie: Bert: Dionysus: Mary:
plate/fish chips mushy peas tea/cash

Time




KL (pipeline)

(/W5
o BRTE A, D FEBARS TA]
» BNTANWIAER S, B8, A, AF 5

ek
= Mary—if8%, —ia3kFe, BOvaPIH TR (
#£53)

= DaphnefiiLola—it2}, Daphne/3EZs, NiLolaAsSLZ
Fro Frillola%t £ M EDaphnes& 5 E£ % (KiE)

s SHEZEARUFHICyril, E&EMary S 584k, Evied 4 mkdE
 (CyrilZ AT =i H i 5 JE—Mary, 5t
)

48



KL (pipeline)

+ AR ST ORI

- WEFRINBGIT AR, RN E RN, KL AT
BA R T BT, LTINS, hRe M

A
S4 1 o | 3| 4| s
S3 1 2 3 | 4 | 5
S2 1 2 3 4 5
S1| 1 2 3 4 5

4&
S4 1 2 23
S3

1 2 23 | 24
RERE!

S2 1 2 3 23 24 25 49
S1| 1 2 3 4 23 24 | 25 | 26




Conditional Move

(a) Original C code

1 int absdiff(int x, int y) {
2 returnx <y ?y-Xx:Xx-y;
33

(b) Implementation using
conditional assignment

1 int cmovdiff(int x, int y) {

int tval = y-x;

int rval = x-y;

int test=x<Yy;

/* Line below requires
single instruction: */

if (test) rval = tval;

return rval;

o 0 d1 N Ut A W N

50



Conditional Move

(c) Generated assembly code °%ecx X
(x at %ebp+8, y at %ebp+12) Y%edx y
%ebx y-x
1. movl 8(%ebp), %ecx Getx %eax x-y
2. movl 12(%ebp), Y%oedx Gety
3. movl %edx, %ebx Copy y
4. subl %ecx, %ebx Compute y-x
S. movl %ecx, %eax Copy x
6. subl %edx, %eax Compute x-y and set as return value
7.cmpl %edx, %ecx Compare x:y
8. cmovl %ebx, %eax If <, replace return value with y-x

51



Conditional Move

Instruction Synonym Move condition Description
cmove SR CIMOVZ ZF Equal / zero
cmovne S, R Cmovnz ~ZF Not equal / not zero
cmovs S, R SF Negative
cmovns S, R ~SF Nonnegative
cmovg S.R cmovnle ~(SF ~ OF) & ~ZF Greater (signed >)
cmovge S.R cmovnl ~(SF ~ OF) Greater or equal (signed >=)
cmovl SR cmovnge SF ~ OF Less (signed <)
cmovle S.R cmovng (SF =~ OF) | ZF Less or equal (signed <=)
cmova S.R cmovnbe ~CF & ~ZF Above (unsigned >)
cmovae S.R cmovnb ~CF Above or equal (Unsigned >=)
cmovb S, R cmovnae CF Below (unsigned <)
cmovbe S, R cmovna CF | ZF below or equal (unsigned <=)




Conditional Move

- Conditional Move[t] 1] &
- 5EIFH)iEAIFEEL, Conditional Move 75 2 s2 ) %
AN SOIE AR RAE, AR IR IR IF e e — A
= T4 SR W B H A — AN T SR AE
- FRLL, SFERAGIERA “EIEHY (SBIENTHF
AR mME) B, AHefdi FHConditional Move

53



Invalid Situation

int cread(int *xp) {
return (xp ? *xp : 0);
}
WK1 FH conditional move, FERIILCYw A :
# xp@Tordi
1 cread:
2 movq (7rdi), %erax # v=*xp
3 testq %rdi, %rdi  # xp==0?
4 movl $0, %edx

5 cmove %rdx, %rax # if xp==0, return O

6 ret

W xp=0, WA E2
47 FAINULL$841 341k
H PR IR

54




EMT 104

#x @ %rdi,y @ %rsi

5 CEF Y-

Long test (long x, long y) {

long val =

if (

){

if (

val =
else
val =

} else if (

){

val =

)

return val;

Test:

leag  O(,%rdi,8), %rax

testq %rsi, Jorsi
jle L2
movq %rsi, 7%rax
subq  %rdi, %rax
movq 7%rdi, %ordx
andq  %rsi, Jordx
cmpq  %rsi, %ordi
cmovge %rdx, %rax
L2:
addq %rsi, Jrdi
cmpq  $-2, %rsi
cmovle %rdi, %rax
ret

E&
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-7 \EIK%
: . # x @ %rdi,y @ %rsi

Test:
Long test (long x, long y) { leag  O(,%rdi,8), %rax
|on9 val = 8x testq %rsi, %rsi
if ( X<y ) { movq "/or'si., Torax
| - subq %rdi, %rax
val = y=x movq %rdi, %rdx
else andq %rsi, %rdx
val = x&y ; cmpq %rsi, %rdi
} else if ( y<=-2 ) cmovge 7ordx, 7orax
val = __ x+y : L2: |
addq %rsi, %rdi
return val;

cmpq $-2, %rsi
} cmovle %rdi, %erax  s6
ret



Outline

- Jump instructions

» Translate Control constructs in C o assembly
- Goto, Branch, Loops

- Conditional Move

» Translate switch in C to assembly
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Switch Construct

* Properties of Switch Construct
- Integer testing
- Multiple outcomes (may be a large number)
- AR Hif/elseif 0>, 733KARZ, B KK
W, PEAETFEITE (emp)
» IR 3, R !
- Improve the readability of the source code

58



Switch Statements

K7

int switch_eg(int x, int ;1) case 103 Co, Q/z;-
{ ,&&o,&} result += / G “
int result f)y ’/%O e, break:
switch ( n®) { case 104: case 106:
case 100: result *= result ;
result *=13 ; break ;
break ; default:
case 102: result =0 ;
result += 10 ; }
/* fall through */ return result ;
}




Switch Form

switch(op) {
case val_0:
Block O

case val_1:
Block 1

case val_n1:

Block n-1
}

60



Jump Table

BRI
.+ BWRIRZif-elseitf)
. FrifE
- Casel ¥ &=, LULAcaseld 15740

- CasefiE K/>, M if-else’s f#
+ CasefH /M K] Kb, jump tableJT4Hid K

61



From Cases to Targets

switch(op) {
case val_0:
Block O

case val_1:
Block 1

case val_n1:
Block n-1

TargO:
Targl:

Targ2:

Targn-1:

Code Block 0

Code Block 1

Code Block 2

Code Block n—1

62




Construct a Jump Table

Jump Table

jtab:

TargO

Targl

Targ2

Targn-1

val O
val_l

val_2

val_n—l

Jump Targets

TargO:
Targl:

Targ2:

Targn-1:

Code Block 0

Code Block 1

Code Block 2

Code Block n—1

63




Implement the Switch

Approx. Translation

target =
goto *target;

JTab[op];

Jump Table

Jjtab:

TargO

val O
vaL_l

vaL_2

val_n—l

Jump Targets

TargO:
Targl:

Targ2:

Targn-1:

Code Block 0

Code Block 1

Code Block 2

Code Block n—1

64




long switch eg

{

(long x, long y, long z)

long w = 1;
switch(x) {
case 1:
w = y*z;
break;
case 2:
w=y/z;
/* Fall Through */
case 3:
w += z;
break;
case 5:
case 6:
w -= ZzZ;
break;
default:
w = 2;

}

return w;

Switch Statement
Example

* Multiple case labels
- Here: 5 & 6

» Fall through cases
- Here: 2

* Missing cases
- Here: 4



Jump Table Structure

Switch Form

switch(x) {
case val 0:
Block 0
case val 1:
Block 1

case val_n—l :
Block n-1

Translation (Extended C)

goto *JTab[x];

Jump Table

jtab:

TargO

Targl

Targ2

Targn-1

TargO:

Targl:

Targ2:

Targn-1:

Jump Targets

Code Block
0

Code Block
1

Code Block
2

Code Block
n-1




Switch Statement Example

long switch eg(long x, long y, long z)
{
long w = 1;
switch(x) {

}

return w;

}

Setup:

switch eg: m
movq srdx, %rcx %rdi Argument x
cmpq $6, %rdi # x:6 Srsi Argument y
ja .L8
Jjmp * L4 (,%rdi,8) %rdx Argument z

$rax Return value
Note that w not

initialized here



Switch Statement Example

long switch eg(long x, long y, long z)
{
long w = 1;
switch (x
(x) Jump table
} T .section .rodata
.align 8
return w; L4-
} .quad I8 # x =0
.quad I3 #x =1
. .quad L5 # x = 2
Setup: .quad L9 # x =3
. .quad .18 # x =4
SWltCh_eg: .quad L7 # x =5
movq $rdx, %rcx .quad L7 # x=6
cmpgq $6, %$rdi # x:6
] .L8 # Use default

ja
Indirect ‘jmp *.L4(,%rdi,8) # goto *JTab[x]
jump



Assembly Setup Explanation

- Table Structure

. Jump table
- Each target requires 8 bytes )
.section .rodata
- Base address at .14 ‘align 8
.L4:
.quad I8 # x =0
. . d I3 #x =1
. Jumplng .x:d L5 # x = 2
. r .quad I9 # x =3
— Direct: jmp .L8 quad 18 # x = 4
- Jump target is denoted by label .] -quad .17 # x =5
.quad L7 # x =6

— Indirect: ymp *.L4 (,%rdi, 8)
- Start of jump table: .14
- Must scale by factor of 8 (addresses are 8 bytes)

- Fetch target from effective Address .14 + x*8
* Only for O<x<6



Jump Table

Jump table

.section .rodata
.align 8

.L4:
.quad .18 # x =0
.quad I3 #x=1
.quad L5 # x =2
.quad L9 # x =3
.quad .18 # x =4
.quad L7 # x =5
.quad L7 # x =6

L

\

switch (x) {

case 1: // .L3
w = y*z;
break;

case 2: // .L5
w=y/z;
/* Fall Through */

case 3: // .L9
w += zZ;
break;

case 5:

case 6: // L7
W = Z;
break;

default: // .L8
w = 2;




Code Blocks (x ==

1)

switch(x) {

case 1: // .L3
w = y*z;
break;

.L3:
movq
imulq
ret

%$rsi, %rax
$rdx, %Srax

#y
# y*z

Repster sl

$rdi
$rsi
$rdx

$rax

Argument x
Argument y
Argument z

Return value




Handling Fall-Through

long w = 1;

swi£c£(¥) {

case 2: —

w=y/z;

case 2:
w=y/z;
goto merge;

/* Fall Through */
case 3:

break;




Code Blocks (x == 2, x == 3)

long w = 1;
switch(x) {

case 2:

w=y/z;

/* Fall Through */
case 3:

w += z;

break;

L5

movq
cqto
idivqg
Jmp

.L9:

movl

.L6:

addqgq
ret

# Case 2
%$rsi, %rax
$rcx # vy/z
.L6 # goto merge
# Case 3
$1, %eax ¥ w=1
# merge:

$rcx, $rax # w += z

Repserusel)

$rdi
$rsi
$rdx

$rax

Argument x
Argument y
Argument z

Return value




Code Blocks (x ==

5, x == 6, default)

switch (x) {

case 5: // .L7

case 6: // .L7
W = Z;
break;

default: // .L8
w = 2;

L7: # Case 5,6
movl $1, %eax # w=1
subg %rdx, %Srax # w -= z
ret

.L8: # Default:
movl $2, %eax ¥ 2
ret

Regser L Usel)

srdi Argument x
srsi Argument y
Srdx Argument z

$rax Return value



