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SetX Condition Description
set e ZF Equal / Zero
set ne ~ZF Not Equal / Not Zero
set s SF Negative
set ns ~SF Nonnegative
set g ~( SF^OF) &~ZF Greater (Signed)
set ge ~( SF^OF) Greater or Equal (Signed)
set l ( SF^OF) Less (Signed)
set l e ( SF^OF) | ZF Less or Equal (Signed)
set a ~CF&~ZF Above (unsigned)
set b CF Below (unsigned)
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%eax

%edx

%ecx

%ebx

%esi

%edi

%esp

%ebp

%al%ah

%dl%dh

%cl%ch

%bl%bh

i nt  gt  ( i nt  x,  i nt  y )
{

r et ur n x > y;
}

movl 12( %ebp) , %eax # eax  = y
cmpl %eax , 8( %ebp) # Compar e x :  eax
set g %al # al  = x > y
andl $255, %eax # Zer o r est  of  %eax
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jX Condition Description
j mp 1 Unconditional
j e ZF Equal / Zero
j ne ~ZF Not Equal / Not Zero
j s SF Negative
j ns ~SF Nonnegative
j g ~( SF^OF) &~ZF Greater (Signed)
j ge ~( SF^OF) Greater or Equal (Signed)
j l ( SF^OF) Less (Signed)
j l e ( SF^OF) | ZF Less or Equal (Signed)
j a ~CF&~ZF Above (unsigned)
j b CF Below (unsigned)
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i nt max( i nt x,  i nt y )
{

i f  ( x > y)
r et ur n x ;

el se
r et ur n y ;

}

_max:
pushl %ebp
movl %esp, %ebp

movl 8( %ebp) , %edx
movl 12( %ebp) , %eax
cmpl %eax , %edx
j l e L9
movl %edx , %eax

L9:

movl %ebp, %esp
popl %ebp
r et

$% &'
() *,+-

./0 /1 2
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movl 8( %ebp) , %edx # edx  = x
movl 12( %ebp) , %eax # eax  = y
cmpl %eax , %edx # x :  y
j l e L9 # i f  <= got o L9
movl %edx , %eax # eax  = x

L9: # Done:

i nt got o_max( i nt x,  i nt y)
{

i nt  r val  = y;
i nt  ok = ( x <= y) ;
i f  ( ok)

got o done;
r val = x;

done:
r et ur n r val ;

}
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i nt f act _do( i nt x)
{

i nt r esul t  = 1;
do {

r esul t  * = x;
x  = x - 1;

}  whi l e ( x  > 1) ;
r et ur n r esul t ;

}
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i nt f act _got o( i nt x)
{

i nt r esul t  = 1;
loop:

r esul t  * = x;
x = x- 1;
i f  ( x > 1)

got o loop;
r et ur n r esul t ;

}
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i nt f act _got o
( i nt x)

{
i nt r esul t  = 1;

loop:
r esul t  * = x;
x = x- 1;
i f  ( x > 1)

got o loop;
r et ur n r esul t ;

}
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%edx x

%eax r esul t

_f act _got o:
pushl %ebp # Set up
movl %esp, %ebp # Set up
movl $1, %eax # eax = 1
movl 8( %ebp) , %edx # edx  = x

L11:
i mul l %edx, %eax # r esul t  * = x
decl %edx # x- -
cmpl $1, %edx # Compar e x :  1
j g L11 # i f  > got o l oop

movl %ebp, %esp # Fi ni sh
popl %ebp # Fi ni sh
r et # Fi ni sh
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) ;
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loop:23 45

i f  (

678 9

)
got o loop
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i nt f act _whi l e
( i nt x)

{
i nt r esul t  = 1;
whi l e ( x > 1)  {

r esul t  * = x;
x  = x - 1;

} ;
r et ur n r esul t ;

}

½¾¿À Á ÂÃ Á Ã ÄÅ ¿À ¾ ÃÆ

i nt f act _whi l e_got o
( i nt x)

{
i nt r esul t  = 1;

loop:
i f  ( ! ( x  > 1) )

got o done;   
r esul t  * = x;
x = x- 1;
got o loop;

done:
r et ur n r esul t ;

}
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i nt f act _whi l e( i nt x )
{

i nt r esul t  = 1;
whi l e ( x > 1)  {

r esul t  * = x;
x  = x - 1;

} ;
r et ur n r esul t ;

}
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i nt f act _whi l e_got o2
( i nt x)

{
i nt r esul t  = 1;
i f  ( ! ( x  > 1) )

got o done;   
loop:

r esul t  * = x;
x = x- 1;
i f  ( x > 1)

got o loop;
done:

r et ur n r esul t ;
}
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i f  ( !

opq r

)  
got o done;

dost uv

whi l e(

wxy z
) ;

done:
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i f  ( !

��� �

)
got o done;

loop:�� ��

i f  (

���  

)
got o loop;

done:
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zi = 1 Ø ÙÚÛ pI = 0
zi = x Ü ÝÞß pI = 1à áâ ãä åæç èéê O(log p)

/ *  Comput e x  r ai sed t o nonnegat i ve power  p * /
i nt  i pwr _whi l e( i nt x ,  unsi gned p)
{

i nt r esul t  = 1;  
whi l e ( p)  {

i f  ( p & 0x1)
r esul t  * = x;

x  = x * x;
p = p>>1;

}
r et ur n r esul t ;

}
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i nt  i pwr ( i nt x,  unsi gned p)
{

i nt r esul t  = 1;  
whi l e ( p)  {

i f  ( p & 0x1)
r esul t  * = x;

x  = x * x;
p = p>>1;

}
r et ur n r esul t ;

}

r esul t x p
1 3 10

1 9 5

9 81 2

9 6561 1

531441 43046721 0
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i nt r esul t  = 1;  
whi l e ( p)  {

i f  ( p & 0x1)
r esul t  * = x;

x  = x * x;
p = p>>1;

}

i nt r esul t  = 1;
i f  ( ! p)  got o done;  
do {

i f  ( p & 0x1)
r esul t  * = x;

x  = x * x;
p = p>>1;

}  whi l e ( p) ;
done:

i nt r esul t  = 1;
i f  ( ! p)

got o done;
loop:  

i f  ( ! ( p & 0x1) )
got o skip;

r esul t  * = x;
skip:

x = x* x ;
p = p>>1;
i f  ( p)

got o loop;
done:G HIJKL KM NOP Q O RL KM RS QSKM TIUV R T Q OSM QK Q O J Q TM RW P TM L X TP K UM RU V R T Q OL K R O YZ[\] Z^_\`\a `c l ass06. ppt

b!cd ef g4h ij k�l e f m gd n m l o
pushl %ebp # Set up
movl %esp, %ebp # Set up
movl $1, %eax # eax  = 1
movl 8( %ebp) , %ecx # ecx  = x
movl 12( %ebp) , %edx # edx  = p
t est l %edx, %edx # Tes t  p
j e L36 # I f  0,  got o done

L37: # Loop:
t est b $1, %dl # Tes t  p & 0x1
j e L38 # I f  0,  got o ski p
i mul l %ecx, %eax # r esul t  * = x

L38: # Ski p:
i mul l %ecx, %ecx # x * = x
shr l $1, %edx # p >>= 1
j ne L37 # i f  p got o Loop

L36: # Done:
movl %ebp, %esp # Fi ni sh
popl %ebp # Fi ni sh
r et # Fi ni sh

pq r q stuv w qx

i nt r esul t  = 1;
i f  ( ! p)

got o done;
loop:  

i f  ( ! ( p & 0x1) )
got o skip;
r esul t  * = x;

skip:
x  = x * x;
p = p>>1;

i f  ( p)
got o loop;

done:yz{ |} ~ z�}

%ecx x

%edx p

%eax r esul t
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f or  (
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;  
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i nt r esul t ;
f or  ( r esul t  = 1;

p ! = 0;
p = p>>1)  {

i f  ( p & 0x1)
r esul t  * = x;

x  = x * x;
}

©ª« ª¬­ ®¯° ¬ ±

²³ ´µ

r esul t  = 1

¶·¸ ¹

p ! = 0

º» ¼½ ¾¿
p = p >> 1

ÀÁ ÂÃ {
i f  ( p & 0x1)

r esul t  * = x;
x  = x * x;

} ÄÅÆÇÈ ÅÉÊÇËÆ Ê Ëc l ass06. ppt
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f or  (

ÙÚ ÛÜ ;  

ÝÞß à

;  

áâ ãä åæ

) çè éê

ëì íî ;
whi l e (

ïðñ ò

)  {óô õöø÷ù õú ûü

;
} ýþ ÿ þ �� �� � þ �

�� �	 ;
i f  ( !


�� 


)
got o done;

l oop:�� ����� �� �� ;
i f  (

��� �

)
got o loop;

done:

� �� � ! " # �$ %&$ " ! " #�$ %

'$ ( � � � � ! " # �$ %

)* +,

;
i f  ( !

-./ 0

)
got o done;

do {12 34657 38 9: ;
}  whi l e (

;<= >

)
done:
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r esul t  = 1

`ab c

p ! = 0

de fg hi

p = p >> 1

jk lm

{
i f  ( p & 0x1)

r esul t  * = x;
x  = x * x;

}

no p o qrs t u ov

wx yz ;
i f  ( !

{|} ~

)
got o done;

loop:�� ��6�� �� �� ;
i f  (

��� �

)
got o loop;

done:

r esul t  = 1;
i f  ( p == 0)

got o done;
loop:

i f  ( p & 0x1)
r esul t  * = x;

x = x* x ;
p = p >> 1;
i f  ( p ! = 0)

got o loop;
done:
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t ypedef  enum
{ ADD,  MULT,  MI NUS,  DI V,  MOD,  BAD}  

op_t ype;

char  unpar se_symbol ( op_t ype op)
{

swi t ch ( op)  {
case ADD :

r et ur n ’ +’ ;
case MULT:

r et ur n ’ * ’ ;
case MI NUS:

r et ur n ’ - ’ ;
case DI V:

r et ur n ’ / ’ ;
case MOD:

r et ur n ’ %’ ;
case BAD:

r et ur n ’ ?’ ;
}

}
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45 67 89 5: ;<Tar g0:

=> ?@ AB >C DETar g1:

FG HI JK GL MNTar g2:

OP QR ST PU VWX YTar gn- 1:

•
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Tar g0

Tar g1

Tar g2

Tar gn- 1

•
•
•

j t ab:

t ar get  = JTab[ op] ;
got o * t ar get ;

swi t ch( op)  {
case 0:Z[\] ^_

case 1:`abc de

• • •
case n- 1:fghi jkl m

}

no pqr st uv w
xy y v uz|{ }v~ �� �~ q p u �

�� wy }~ � �� �� wy }~ v� � q �
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pushl %ebp # Set up
movl %esp, %ebp # Set up
movl 8( %ebp) , %eax # eax  = op
cmpl $5, %eax # Compar e op :  5
j a . L64 # I f  > got o done
j mp * . L72( , %eax, 4) # got o Tabl e[ op]

³´µ ¶·¸ ¹ º· »¼ ¹ ½µ ·¾

ADD 0
MULT 1
MI NUS 2
DI V 3
MOD 4
BAD 5

t ypedef  enum
{ ADD,  MULT,  MI NUS,  DI V,  MOD,  

BAD}
op_t ype;

char  unpar se_symbol ( op_t ype op)
{

swi t ch ( op)  {
• • •

}
}
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. LXX
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 � � 
 	�� 
�� �� �� �� � � �� � �� �� �� �� � �� ���  � ! !"  � � � # . L72$% &' () *

j mp . L64+ ,- . / 012 34 0 56 748 9 04 7: ; < 1 : 4 <

. L64

j mp * . L72( , %eax, 4)= >?@ A? B CD EF G ?@ HIJ KJ L B? J K HM I@ HJ ION L72P QRS TU V RW %eax

XY Z[\ op] ^_` a` bc de fg h c b aij i hk ai le a i h h` e a mn a i ac f de] oe a b p ac j le a hj i q e h he b a mr e s t tj e ` ` u L72 + op* 4

vw xyz w{ |y} x~ }c l ass06. ppt
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ADD 0
MULT 1
MI NUS 2
DI V 3
MOD 4
BAD 5

. L72:
. l ong . L66 #Op = 0
. l ong . L67 #Op = 1
. l ong . L68 #Op = 2
. l ong . L69 #Op = 3
. l ong . L70 #Op = 4
. l ong . L71 #Op = 5

�� ��� ��� �� � � 

. L66:
movl $43, %eax # ’ +’
j mp . L64

. L67:
movl $42, %eax # ’ * ’
j mp . L64

. L68:
movl $45, %eax # ’ - ’
j mp . L64

. L69:
movl $47, %eax # ’ / ’
j mp . L64

. L70:
movl $37, %eax # ’ %’
j mp . L64

. L71:
movl $63, %eax # ’ ?’
# Fal l  Thr ough t o . L64
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� �� �� � �� � � �  ! "# $ � %& �' ()* +, -/. 012 34 15 6 78 5 9 :; <= >?@ A B C= DE

. L64: # Done:
movl %ebp, %esp # Fi ni sh
popl %ebp # Fi ni sh
r et # Fi ni sh

FG HIJ GK LIM HN Mc l ass06. ppt

O PQ RS T UWV X R

YZ [\ ]^ _` ab c . L64

defg h ei j k kl e i i 0x80487b5m no pq r

. L72

stuv w tx y z z{ t x x

0x8048770

804875d: 89 e5 movl    %esp, %ebp
804875f : 8b 45 08 movl    0x8( %ebp) , %eax
8048762: 83 f 8 05 cmpl    $0x5, %eax
8048765: 77 4e j a     80487b5 

<unpar se_symbol +0x59>
8048767: f f  24 85 70 87 j mp    * 0x8048770( , %eax , 4)
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804876c: 04 08 
804876e: 89 f 6          movl    %esi , %esi
8048770: 88 87 04 08 90 movb   %al , 0x87900804( %edi )
8048775: 87 
8048776: 04 08          addb   $0x8, %al
8048778: 98             cwt l    
8048779: 87 04 08       xchgl   %eax, ( %eax, %ecx, 1)
804877c: a0 87 04 08 a8 movb   0xa8080487, %al
8048781: 87 04 08       xchgl   %eax, ( %eax, %ecx, 1)
8048784: b0 87          movb   $0x87, %al
8048786: 04 08          addb   $0x8, %al
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804876c: 04 08 

804876e: 89 f 6          

8048770: 88 87 04 08 90 

8048775: 87 

8048776: 04 08          

8048778: 98             

8048779: 87 04 08       

804877c: a0 87 04 08 a8 

8048781: 87 04 08       

8048784: b0 87          

8048786: 04 08          

ÿ� � �� � � �� � ��
8048770: 08048788 

8048774: 08048790     

8048778: 08048798   

804877c: 080487a0 

8048780: 080487a8

8048784: 080487b0
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gdb code- exampl es

( gdb)  x/ 6xw 0x8048770( )*+ , -./ 0 1/ 23 456 78 3 9:; <8 3 = >?@ A BC D EFHG IJ KL C LMN OP

Q RC LN @ S SMT BU

hel p x

VWX YZ W [X \]^ W _X `a ] Zb W^ W cX b

0x8048770 <unpar se_symbol +20>:

0x08048788

0x08048790

0x08048798

0x080487a0

0x8048780 <unpar se_symbol +36>:

0x080487a8

0x080487b0

defg h eijgk hf kc l ass06. ppt

lm n on n p q rs p t u ov w p xn

y z{| {}~ �� � � {�� �

nop

���� �� � � � ��� ��� � �� �� � �� � � � �� � ��

8048788: b8 2b 00 00 00 movl    $0x2b, %eax
804878d: eb 26          j mp    80487b5 <unpar se_symbol +0x59>
804878f : 90             nop    
8048790: b8 2a 00 00 00 movl    $0x2a, %eax
8048795: eb 1e          j mp    80487b5 <unpar se_symbol +0x59>
8048797: 90             nop    
8048798: b8 2d 00 00 00 movl    $0x2d, %eax
804879d: eb 16          j mp    80487b5 <unpar se_symbol +0x59>
804879f : 90             nop    
80487a0: b8 2f  00 00 00 movl    $0x2f , %eax
80487a5: eb 0e          j mp    80487b5 <unpar se_symbol +0x59>
80487a7: 90             nop    
80487a8: b8 25 00 00 00 movl    $0x25, %eax
80487ad: eb 06          j mp    80487b5 <unpar se_symbol +0x59>
80487af : 90             nop    
80487b0: b8 3f  00 00 00 movl    $0x3f , %eax
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8048788: b8 2b 00 00 00 movl
804878d: eb 26          j mp
804878f : 90             nop    
8048790: b8 2a 00 00 00 movl
8048795: eb 1e          j mp 
8048797: 90             nop    
8048798: b8 2d 00 00 00 movl  
804879d: eb 16          j mp  
804879f : 90             nop    
80487a0: b8 2f  00 00 00 movl  
80487a5: eb 0e          j mp  
80487a7: 90             nop    
80487a8: b8 25 00 00 00 movl   
80487ad: eb 06          j mp  
80487af : 90             nop    
80487b0: b8 3f  00 00 00 movl    

²³ ³´µ ¶ ¶ ·¸ ¹´º

8048770: 08048788 

8048774: 08048790     

8048778: 08048798   

804877c: 080487a0 

8048780: 080487a8

8048784: 080487b0
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J KLM NO PQ RST U PS L S O V OW S PX P O

YX VZ S L [\ O P

]^ _ `ab a ^ _c a _ ]d e ]

f gh i gj kl mno pq r po ps k t tu m kv p
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cmpl e $16, 1, $1
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