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AddresgComputation




Address Computation Instruction

leal SrgDest
Srcis address modexpression, lik®Rb,Ri,
SetDestto address denoted by expression

Uses
Computing addresses without a memory reference
E.g., translation ob = &x|J;
Computing arithmetic expressions of the form x + k*y
k=1,2,4,0r8

Example Converted to ASM by compiler:

. (LN leal (%eax,%eax,2), % eax t< - X+X*2
return x*12;

) sall $2, % eax ‘return t<<2




Arithmetic operations




Some Arithmetic Operations

Two Operand Instructions:

Format

addl  Src,Dest
subl  Src,Dest
I mull Src,Dest
sall  Src,Dest
sarl  Src,Dest
shrl  Src,Dest
oxrl  Src,Dest
andl  Src,Dest
orl Src,Dest

Computation
Dest = Dest
Dest = Dest
Dest = Dest
Dest = Dest
Dest = Dest
Dest = Dest
Dest = Dest
Dest = Dest
Dest = Dest

Watch out for argument order!

+ Src
- Src
* Src
<< Src
>> Src
>> Src
N Sre
& Src
| Src

Alsocalledshll
Arithmetic
Logical

Nodistinction between signed and unsignied (why?)



Some Arithmetic Operations

One Operandnstructions

Format Computation
I ncl Dest Dest = Dest +1
decl Dest Dest = Dest - 1
negl Dest Dest = - Dest
notl Dest Dest =~ Dest

See book for more instructions



Arithmetic Expression Example

int

{

int
int
int
int
int
int

arith  (int X,

tl=x+y;
t2=2z+1tl;
t3=x+4;
t4 =y *48;
t5 = t3 + t4;
rval =12 *1t5;

return rval ;

int

Y,

int

Z)

arith
pushl
movl

movl
movl
leal
sall
leal
addl
addl
imull

popl
ret

%ebp
%esp, % ebp

8(%ebp), % ecx
12(%ebp), % edx
(Y%edx,%edx,2), % eax
$4, % eax
4(%ecx,%eax), % eax
%ecx, % edx

16(%ebp), % edx
%edx, % eax

%ebp

} Set Up

\

> Body

J

} Finish



Understandingrith

int  arith(int X, int y, int 2)
{
int tl=x+y;
int t2=z+1t1;
int t3=x+4;
int  t4=y*48; Offset
int t5=t3 + t4;
int rval =1t2*t5; 16 Z
return  rval ;

} 12 y

Stack

p ST S

movl 8(%ebp), % ecx 8 X
movl 12(%ebp), % edx
leal (%edx,%edx,2), % eax 4 Rtn Addr
sall $4, % eax
leal  4(%ecx,%eax), % eax 0 |Old % ebp | «—2%bp
addl %ecx, % edx

addl 16(%ebp), % edx
I mull  %dx, % eax




Understandingrith

int arith( int x, int vy, int 2)
{ A Stack
int tl= x+y ;
int 2= z+tl A
int t3= x+4 ;
int t4=vy*48; Offset A
int t5=t3 +t4;
int rval =1t2*t5; 16 7
return rval ;
} 12 y
8 X
movl 8(%ebp), % ecx # ecx =x
movl 12(%ebp), % edx # edx =y
leal (%edx,%edx,2), % eax # eax =y*3 4 Rtn Addr
sall  $4, % eax # eax *=16 (t4) 0 0
leal  4(%ecx,%eax), % eax # eax = t4+x+4 ( t5) 0 Old % ebp /oebp
addl %ecx, % edx # edx = x+y (t1)
addl 16(%ebp), % edx # edx +=z (t2)
imull  %edx, % eax # eax =t2*t5( rval )




Observations abourith

'{“t arth(int X, int "y, int 2} Instructions in different order from C code
int tl= x+y ; Some expressions require multiple
int 2= z+tl ; instructions
int t3= x+4 ; S instructi ltiol
int t4=vy*48; ome II’]_S ructuons cover multipie
int  t5=13+t4; EXPressions
int rval  =t2*t5; Get exact same code when compile:
return  rval ;

} ( X+y+2)*(x+4+48*y)

movl 8(%ebp), % ecx # ecx =X

movl 12(%ebp), % edx # edx =y

leal (%edx,%edx,2), % eax # eax =y*3

sall %4, % eax # eax *=16 (t4)

leal  4(%ecx,%eax), % eax # eax = t4+x+4 ( t5)

addl %ecx, % edx # edx = x+y (t1)

addl 16(%ebp), % edx # edx +=z (t2)

imull  %edx, % eax # eax =t2*t5( rval )




Another Example

logical:
pushl %bp } Set Up
movl %esp,%ebp

int logical( int x, int vy) ~
{ 0 0
nt = xhy: movl 12(%ebp),% eax
int t2=tl>>17; xorl  8(%ebp),% eax > Body
int  mask = (1<<13) - 7; sarl  $17,%eax
int rval =12 & mask;
return rval ; andl $8185,%eax p
}
popl %ebp } Finish
ret
movl 12(%ebp),% eax # eax =y
xorl  8(%ebp),% eax # eax = X0y (t1)
sarl $17,%eax # eax =t1>>17 (t2)
andl $8185,%eax # eax =t2& mask(rval )




Another Example

logical:
pushl %bp Set U
movl %esp,%ebp } etlp

int logical( int x, int vy)
{ 0 0 )
nt tl= xy: movl 12(%ebp),% eax
int t2=t1>>17; xorl  8(%ebp),% eax
int mask = (1<<13) - 7; sarl  $17 %eax > Body
int rval =t2 & mask; ’
}

0 ..
popl %ebp } Finish
ret

movl 12(%ebp),% eax # eax =y

xorl  8(%ebp),% eax # eax = X0y (t1)
sarl $17,%eax # eax =t1>>17 (t2)

andl $8185,%eax # eax =t2& mask(rval )




Another Example

logical:
pushl %bp Set U
movl %esp,%ebp } etlp

int logical( int x, int vy)
{ 0 0 )
nt e Xty movl 12(%ebp),% eax
int t2=t1>>17; xorl  8(%ebp),% eax
int mask = (1<<13) - 7; sarl  $17 %eax > Body
int rval =t2 & mask; ’
return rval : andl $8185,%eax y
}

0 ..
popl %ebp } Finish
ret

movl 12(%ebp),% eax # eax =y

xorl  8(%ebp),% eax # eax = X0y (t1)
sarl $17,%eax # eax =t1>>17 (t2)

andl $8185,%eax # eax =t2& mask(rval )




Another Example

logical:

int logical( int x, int
{
int tl= x"y;
int t2=t1>>17,
int mask = (1<<13)
int rval =12 & mask;
return rval ;

y)

_7’

pushl %bp
movl %esp,%ebp

movl 12(%ebp),% eax
xorl  8(%ebp),% eax
sarl $17,%eax

213=8192, 23¢ 7 = 8185

andl $8185,%eax

sarl $17,%eax
andl $8185,%eax

popl %ebp
ret

movl 12(%ebp),% eax # eax =y

xorl  8(%ebp),% eax # eax = X0y (t1)

# eax =t1>>17 (t2)

# eax =t2& mask(rval )

} Set Up

~

> Body

-

} Finish



Control: Conditiorcodes




Processor State (IA32, Partial)

Information about currently Ybeax
executing program

Temporary data Y0eCxX
( %eaxt A & Opedx
Location of runtime stack [g

( Y%ebp, Y%esp ) /oebX

. Y
Location of current code Yoes|
control point %edi

\

> Generalpurpose registers

. J
( %ipt A & =
7 Current stack to
Status of recent tests oeSP P
( CF,ZF,SF,OF ) %ebp Current stack frame
Yoeip Instruction pointer

CF| |ZF| |SF| [OF Condition codes




Condition Codes (Implicit Setting)

Single bit registers
CF  Carry Flag (for unsigned) SF Sign Flag (for signed)
ZF Zero Flag OF Overflow Flag (for signéd

Implicitly set (think of it as side effect) by arithmetic operations
Exampleaddl / addq Src,Dest T t= atb
CF seff carry out from most significant bit (unsigned overflow)
ZF setft ==
SFsetft<0 (as signed)

OF seth T {icamplénient (signed) overflow
(@>0 && b>0 && t<0) || (a<0 && b<0 && t>=0)

Not set bylea instruction

Full documentatior{lIA32)



http://www.jegerlehner.ch/intel/IntelCodeTable.pdf

Condition Code@Comparé

Explicit Setting by Compare Instruction
cmpl/ cmpq Src2, Srcl
cmpl b,a likecomputinga- b without setting destination

CF seftf carry out from most significant bit (used for unsigned comparisons)
ZF setf a ==
SF setf (a-b) <0 (as signed)

OF seth T {itampléndent (signed) overflow
(a>0 && b<0 && (a -b)<0) || (a<0 && b>0 && (a - b)>0)



Condition Codefles])

Explicit Setting by Teststruction
testl /testg Src2, Srcl
testt b,a likecomputinga&bwithout setting destination

Sets condition codes based on valu&so1& Src2
Useful to have one of the operands be a mask

ZF seivhena&b ==
SF setvhena&b <0



Reading Condition Codes

SetXlInstructions
Set single byte based on combinations of condition codes
SetX Condition Description
sete ZF Equal / Zero
setne ~ZF Not Equal / Not Zero
sets SF Negative
setns ~SF Nonnegative
setg ~(SF*OF)&~ZF Greater (Signed)
setge ~(SFMOF) Greater or Equal (Signed)
setl (SFMOF) Less (Signed)
setle (SFOF)|ZF Less or Equal (Signed)
seta ~CF&~ZF Above (unsigned)
setb CF Below (unsigned)




Reading Condition Codes (Cont.)

SetXInstructions:

Set single byte based on combination of voeax %ah |%al
condition codes
%ecx %ch |%cl
One of 8 addressable byte registers
. %edx %dh | %dI
Does not alter remaining 3 bytes
Typically usenovzbl to finish job Yebx obh 1%bl
int gt (int x, Int
{ ot Y) oesi
return x > Y,
} %edi
Bod
Y %esp
movl 12(%ebp),%eax # eax =y
cmpl %eax,8(%ebp) # Compare x : y 3
setg %al # al=x>y e
movzbl %al,%eax # Zerorestof %  eax




Reading Condition Codes: X386

SetXlInstructions:
Set single byte based on combination of condition codes

Does not alter remaining 3 bytes

int gt (long x, long vy) long Igt (long x, long y)
{ {
return x >y return x > y;
} }
Bodies
cmpl %esi , % edi cmpq %si , % rdi
setg %al setg %al
movzbl %al, % eax movzbl %al, % eax

IS%ax zero?
Yes: 32oit instructions set high order 32 bits to O!



Conditional branches & Moves




Jumping

jXInstructions
Jump to different part of code depending on condition codes

X Condition Description

jmp 1 Unconditional

e ZF Equal / Zero

jne ~ZF Not Equal / Not Zero
IS SF Negative

jns ~SF Nonnegative

[ ~(SF"OF)&~ZF Greater (Signed)

jge ~(SFMOF) Greater or Equal (Signed)
JI (SFAOF) Less (Signed)

jle (SFMOF)|ZF Less or Equal (Signed)
ja ~CF&~ZF Above (unsigned)

jb CF Below (unsigned)




Conditional Branch Example

int

{

absdiff (int X,

int result;
if (x>y){

result=x -vy;

} else {

result=y -Xx;

}

return result;

int

y)

absdiff
pushl  %bp
movl  Yesp, % ebp
movl  8(%ebp), % edx
movl  12(%ebp), % eax
cmpl  %ax, % edx
jle . L6
subl Yeax, % edx
movl  %edx, % eax
jmp .L7

. L6:
subl %edx, % eax

.L7:
popl %Y%ebp
ret

} Setup

» Bodyl

 Body2a

”

} Body2b

} Finish



Conditional Branch Example (Cont.)

int goto_ad (int x, int y) absdiff
{ pushl  %bp
int  result; 0 0 Setup
if x<=y)  goto Else: movl  Yesp, % ebp
result=x  -y; movl  8(%ebp), % edx
el movl  12(%ebp), % eax - Bodyl
result=y -x; cmpl %Y%eax, % edx
Exit : jle L6 <
return result;
} subl Yeax, % edx
D - _ movl  %dx, % eax - Body2a
[ | { gowal & YSIya i TL7
transferring control 6 Z
Closer to machinéevel subl Yedx. % eax } Body2k
programming style 7
Generally considered bad coding  popl %bp Finish

style




Conditional Branch Example (Cont.)

{
int result;
if (x <=y)
result = x
goto Exit;
Else:
result =y
Exit :
return result;

}

int goto_ad (int

X, int vy)

goto Else;

-y,

- X;

absdiff

. L6:

. L7:

pushl  %bp

movl  %esp, % ebp
movl  8(%ebp), % edx
movl  12(%ebp), % eax
cmpl  %ax, % edx

jle . L6

subl Y%eax, % edx
movl  %dx, % eax

jmp .L7

subl % edx, % eax

popl %Y%ebp
ret

!

'

Setup

Bodyl

Body?2a

Body2k

Finish



Conditional Branch Example (Cont.)

int goto_ad (int

{

int result;
if (x <=y)

goto Exit;
Else:

Exit :
return result;

}

X, int vy)

goto Else;

result=x -y,

result=y -Xx;

absdiff

. L6:

. L7:

pushl  %bp

movl  %esp, % ebp
movl  8(%ebp), % edx
movl  12(%ebp), % eax
cmpl  %ax, % edx

jle . L6

subl Yeax, % edx
movl  %edx, % eax

jmp .L7

subl % edx, % eax
popl %Y%ebp
ret

} Setup

~ Bodyl

- Body2a

Body2k

'

Finish



Conditional Branch Example (Cont.)

int goto_ad (int

{

int result;
if (x <=y)

goto Exit;
Else:

Exit :
return result;

}

X, int vy)

goto Else;

result=x -y,

result=y -Xx;

absdiff

. L6:

. L7:

pushl  %bp

movl  %esp, % ebp
movl  8(%ebp), % edx
movl  12(%ebp), % eax
cmpl % ax, % edx

jle . L6

subl Yeax, % edx
movl  %edx, % eax

jmp .L7

subl % edx, % eax
popl %Y%ebp
ret

} Setup

~ Bodyl

- Body2a

Body2k

'

Finish



General Condition&xpression Translation

C Code

val = Test ? Then_ Expr : Else Expr ;

val =x>y?X -y:y

- X;

Goto Version

nt = ITest ;
if (nt) goto Else;
val = Then_ Expr;

goto Done;
Else :

val = Else Expr ;
Done:

Test is expression returning integer

= 0 interpreted as false

r n AYGSNLINBGSR |a O
Create separate code regions for then
& else expressions

Execute appropriate one




Using Conditional Moves

Conditional Move Instructions C Code
Instruction supports:
if (Test)Desta Src val = Test
Supported in postl995 x86 processors ? Then_EXxpr
GCC does not always use them - [BEe 2
Wants to preserve compatibility with ancient
processors .
Enabled for x8&4 Goto Version

Use switchi march=686 for IA32
tval = Then_Expr;
Why? result=  Else Expr ;
Branches are very disruptive Yy 7| t=Test
to instruction flow through pipelines if (t) result = tval ;
Conditional move do not require control return result
transfer




Conditional Movénstructions

Instruction Synonym Move condition Description
cmove S,R cmovz 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 S, R 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 Example86-64

int absdiff (int x, int y) {

int  result;
if (x>y){
result=x -vy;
} else {
result=y -x;
ieturn result;
}
absdiff
movl %di , % edx #Xxin% edie yin% esi
subl %esi , % edx # tval =x-y
movl %esi , % eax
subl %edi , % eax #result=y -Xx
cmpl %esi , % edi # Compare x:y
cmovg %edx, % eax #If >, result = tval
ret




Bad Cases f@&@onditional Move

Expensive Computations
val = Test(x) ? Hardl(x) :Hard2(x);

Both values getomputed
Only makes sense when computations are very simple

Risky Computations

val = p ? * :0;

Both values get computed
May have undesirable effects

Computations with side effects

val = x>0 ? x*=7 :x+=3;

Both values get computed
Must be sideeffect free



Loops




N\

Ga52KAf S¢ [22L) 9EI

C Code GotoVersion
int pcount_do (unsigned x) int pcount_do (unsigned x)
{ {
int result =0; int  result = 0;
do { loop:
result += x & 0x1; result += x & 0x1;
X>>=1; X>>=1;
} while (x); if (x)
return result; goto loop ;
} return result;
}

| 2dzy i ydzYo SNJ 2 T popd@éng &y I NB dzY Sy i

Use conditional branch to either continue looping or to exit loop



G5-2KAf Seg [22L) / 2Y

Goto Version int pcount_do (unsigned x)
{
int  result = 0;
loop:
result += x & Ox1;
X>>=1,;
if (X)
goto loop ;
return result;
}
Registers: movl $0, % ecx # result=0
Yedx X L2: # loop:
YeCX result movl %dx, % eax
andl $1, % eax # t=x&1
addl %eax, % ecx # result+=t
shrl Y%edx # x>>=1
jne L2 # If10, goto
loop




DSYSNRKAGDZ ¢ NI y:

C Code Goto Version
do loop:
Body Body
while ( Test); if ( Test)
goto loop
Body:.
{

Statement ;;
Statement ;
A

Statement ;
}
Test returns integer
= 0 interpreted as false

r n AYUSNLINBGISR & ONXzZS



\\

G2 KAfSE [22L) 9EI Y

C Code Goto Version
int pcount_while (unsigned x) { int pcount_do (unsigned x)  {
int  result =0; int result =0;
while (x) { if (1) goto done;
result += x & 0x1; loop:
X >>=1; result += x & 0x1;
} X >>=1:
return result; if (X)
} goto loop ;
done:
return result;
}

Is this code equivalent to the dwehile version?
Must jump out of loop if test fails



DSYSN}Yf a2 KAfSE ¢

While version

while ( Test)
Body

4

Goto Version

Do-While Version f( Test)
if ! Test) goto done;
goto done; loop:
do Body
Body if ( Test)
while( Test); goto loop ;
done: done:




a C ZA.dbp Example

C Code

#define WSIZE 8* sizeof (int )
int pcount_for (unsigned x) {
int 1
int  result = 0;
for( 1 =0; i <WSIZE; i ++){
unsigned mask =1<< i;
result += (x & mask) != 0;

}

return result;

}

Is this code equivalerb other versions?



a C ZA.dhpForm

General Form Init
I =0
for( Init ; Test; Update )
Body Test
i <WSIZE
f i =0; i <WSIZE; i ++
{or( | | | ++) Update
unsigned mask =1<< i; i ++
result += (x & mask) != 0;
} Body
{

unsigned mask = 1 << i
result += (x & mask) != 0;

}




