
!"#$%&'#()*+,*-.'/#"0(+"*

1+2.)3'*1+4#5'*

!  6%4&%'%"(.7+"*+,*#"(%0%&'8*9"'#0"%2*."2*'#0"%2*

!  :+"$%&'#+";*5.'7"0*

!  <=4."2#"0;*(&9"5.7"0*

!  >22#7+";*"%0.7+";*?9@74@#5.7+";*'/#A#"0*

:B<CDE*F*>9(9?"*GHEH* E*

!"#$%&'#()*+,*-.'/#"0(+"*

<"5+2#"0*I"(%0%&'*

!  :*short*G*J)(%'*@+"0*

!  B#0"*K#(*
!  !"#$%&'$(")*+,),-./$)"'.$'01-02(3-.$40.$0-50(3.,'$'01-$

!  6$7"#$-"-8-,139:,$

!  ;$7"#$-,139:,$
**'/+&(*#"(*=*L**EGCMDN*
**'/+&(*#"(*)*L*FEGCMDN*

!"'#0"%2* 1O+3'*:+?4@%?%"(*

B#0"*
K#(*

:B<CDE*F*>9(9?"*GHEH* G*

*F=*!*P=*Q*E*



!"#$%&'#()*+,*-.'/#"0(+"*

<"5+2#"0*<=.?4@%*R:+"(ST*

:B<CDE*F*>9(9?"*GHEH* C*

$$<$=$$$$$$;%>?@A$66;;6666$66;;;66;$
$$B$=$$$$$8;%>?@A$;;66;;;;$;;666;;;$

!"#$%&'#()*+,*-.'/#"0(+"*

B/#A*U4%&.7+"'*
!  V%A*'/#A8* *x << y 

!  CD0E$40.8:,(."#$x$+,E$4B$y$*"'09"-'$
!  FD#"G$3G3B$,<.#3$40.'$"-$+,E$
!  !0++$G0.D$6'$"-$#01D.$

!  HI+9*+B$4B$%JJB$

!  6#0/(*'/#A8* *x >> y 
!  CD0E$40.8:,(."#$x$#01D.$4B$y$*"'09"-'$

!  FD#"G$3G3B$,<.#3$40.'$"-$#01D.$

!  K"10(3+$'D0E$L7"#$I-'01-,5M$
!  !0++$G0.D$6'$"-$+,E$

!  N#0.D),9($'D0E$L7"#$'01-,5M$

!  O,*+0(3.,$)"'.$'01-02(3-.$40.$"-$#01D.$
!  H30-.30-$'01-$"7$<$

!  P0:05,$4B$%JJB$

HEEHHHEH*>&09?%"(*=*

HHHEH!!!*WW*C*

!!HEEHHH*V+0S*XX*G*

!!HEEHHH*>&#(/S*XX*G*

EHEHHHEH*>&09?%"(*=*

HHHEH!!!*WW*C*

!!EHEHHH*V+0S*XX*G*

""EHEHHH*>&#(/S*XX*G*

HHHEH!!!*HHHEH!!!*

!!HEEHHH*!!HEEHHH*

!!HEEHHH*!!HEEHHH*

HHHEH!!!*

!!EHEHHH*

""EHEHHH*

HHHEH!!!*

!!EHEHHH*

""EHEHHH*

:B<CDE*F*>9(9?"*GHEH* M*

Undefined behavior when 
y < 0 or y ! word_size 



!"#$%&'#()*+,*-.'/#"0(+"*

!'#"0*B/#A'*."2*Y.'Z'*

!  <=(&.5(*G"2*?+'(*'#0"#[5."(*J)(%*+,*."*#"(%0%&*
!  !0#'.$'D0EA$$$$$$$$$<$QQ$L%$J$RM$
!  FD,-$)3'SA$L$<$QQ$;T$M$U$6<!!$

!  <=(&.57"0*(/%*'#0"*J#(*
!  L$<$QQ$>;$M$U$;$$$8$-,,5$.D,$VU$;W$."$(+,3#$"I.$3++$".D,#$40.'$,<(,*.$KCX$

!  :+"2#7+".@'*.'*K++@%."*%=4&%''#+"'*R*=*#'*H*+&*E*T*
!  07$L<M$3=B$,+',$3=YZ$$$$GD0(D$0'$.D,$'3),$3'$$$$$$3$=$<$[$BA$YZ$

!  \3-$4,$#,8G#0],-$3'A$$$$$$3$=$L$L<$^^$>;M$QQ$>;M$U$B$_$L`<$^^$>;$M$QQ$>;$M$U$Y$
:B<CDE*F*>9(9?"*GHEH* D*

HEEHHHHE*HEEHHHEH*HEEHHHEE*HEEHHEHH**=*

HHHEH!!!*=*XX*E\*

!!HEEHHH*
R*=*XX*E\T*]*H=^^*

HHHEH!!!*HHHHHHHH*HHHHHHHH*HEEHHHHE*HEEHHHEH**

!!HEEHHH*!!!!!!!!#!!!!!!!!#!!!!!!!!#""""""""#
HHHHHHHH*HHHHHHHH*HHHHHHHH*HEEHHHEH**

!"#$%&'#()*+,*-.'/#"0(+"*

_9?%&#5*6."0%'*
!  !"'#0"%2*`.@9%'*

!  !"#$ $= $6$
666a6$

!  !"%&$ $= $$%'$b$;$
;;;a;$

! *1O+3'*:+?4@%?%"(*`.@9%'*

!  ("#$ $= $$b%'b;$

;66a6$

!  ("%&$ $= $$%'b;$b$;$
6;;a;$

! *U(/%&*`.@9%'*

!  H0-I'$;$
;;;a;$

`.@9%'*,+&*$*L*E\*



!"#$%&'#()*+,*-.'/#"0(+"*

`.@9%'*,+&*a#b%&%"(*-+&2*B#c%'*

!  UJ'%&$.7+"'*
!  c("#$)c$ $=$ $("%&$_$;$

!  N'B)),.#0($#3-1,$
!  !"%& $= $%$J$("%&$_$;$

!  :*d&+0&.??#"0*
!  d0-(+I5,$^+0)0.'eDQ$

!  P,(+3#,'$("-'.3-.'/$,e1e/$
!  fKghijHNk$

!  KghijHNk$

!  KghijHlh$

!  m3+I,'$*+3n"#)$'*,(02( $

:B<CDE*F*>9(9?"*GHEH* e*

!"#$%&'#()*+,*-.'/#"0(+"*

!"'#0"%2*]*B#0"%2*_9?%&#5*`.@9%'*
!  <f9#$.@%"5%*

!  C3),$,-("50-1'$7"#$-"--,139:,$
:3+I,'$

!  !"#f9%"%''#
!  o:,#B$40.$*3],#-$#,*#,',-.'$

I-0pI,$0-.,1,#$:3+I,$

!  o3(D$#,*#,',-.34+,$0-.,1,#$D3'$
I-0pI,$40.$,-("50-1$

!  :."*I"$%&(*Y.44#"0'*
!  f%XL&M$$=$$X%f8;L&M$

!  X0.$*3],#-$7"#$I-'01-,5$
0-.,1,#$

!  F%XL&M$$=$$X%F8;L&M$
!  X0.$*3],#-$7"#$.G"&'$(")*$
0-.,1,#$

*) KG1R%T*KG!R%T*
6666$ 6$
666;$ ;$
66;6$ %$
66;;$ >$
6;66$ ?$
6;6;$ @$
6;;6$ T$
6;;;$ q$

bR$R$
bq$r$
bT$;6$
b@$;;$
b?$;%$
b>$;>$
b%$;?$
b;$;@$

;666$
;66;$
;6;6$
;6;;$
;;66$
;;6;$
;;;6$
;;;;$

6$
;$
%$
>$
?$
@$
T$
q$

:B<CDE*F*>9(9?"*GHEH* g*



!"#$%&'#()*+,*-.'/#"0(+"*

F%f$
F%X$ X%f$

1O+3'*:+?4@%?%"(* !"'#0"%2*

H30-.30-$C3),$X0.$s3],#-$

x! ux!X!

Y.44#"0*K%(O%%"*B#0"%2*]*!"'#0"%2*

f%F$
f%X$ X%F$

1O+3'*:+?4@%?%"(*!"'#0"%2*

H30-.30-$C3),$X0.$s3],#-$

ux! x!
X!

!  h%%4*J#(*&%4&%'%"(.7+"'*."2*&%#"(%&4&%(*

:B<CDE*F*>9(9?"*GHEH* i*

!"#$%&'#()*+,*-.'/#"0(+"*

Y.44#"0*B#0"%2*!*!"'#0"%2*

0 

1 

2 

3 

4 

5 

6 

7 

-8 

-7 

-6 

-5 

-4 

-3 

-2 

-1 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

!G1*

1G!*

:B<CDE*F*>9(9?"*GHEH* EH*



!"#$%&'#()*+,*-.'/#"0(+"*

Y.44#"0*B#0"%2*!*!"'#0"%2*

0 

1 

2 

3 

4 

5 

6 

7 

-8 

-7 

-6 

-5 

-4 

-3 

-2 

-1 

0 

1 

2 
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4 

5 
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7 

8 

9 

10 

11 

12 

13 

14 

15 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

L*

QE\*

:B<CDE*F*>9(9?"*GHEH* EE*

!"#$%&'#()*+,*-.'/#"0(+"*

+ + + + + + • • • 
- + + + + + • • • 

ux!
x!

w–1! 0!

6%@.7+"*J%(O%%"*B#0"%2*]*!"'#0"%2*

V.&0%*"%0.7$%*O%#0/(*
+,-./,0)

V.&0%*4+'#7$%*O%#0/(*

F%f$
F%X$ X%f$

1O+3'*:+?4@%?%"(* !"'#0"%2*

H30-.30-$C3),$X0.$s3],#-$

x! ux!X!

:B<CDE*F*>9(9?"*GHEH* EG*



!"#$%&'#()*+,*-.'/#"0(+"*

6$

("%&)

("#$)

b;$
b%$

6$

!"%&)
!"%&$b$;)

("%&)
("%&))_$;)

%&'$\")*+,),-.$
O3-1,$

f-'01-,5$
O3-1,$

:+"$%&'#+"*`#'9.@#c%2*
!  G3'*:+?4S*"*!"'#0"%2*

!  g#5,#0-1$l-:,#'0"-$
!  h,139:,$"$X01$s"'09:,$

:B<CDE*F*>9(9?"*GHEH* EC*

!"#$%&'#()*+,*-.'/#"0(+"*

B#0"%2*$'S*!"'#0"%2*#"*:*
!  :+"'(."('*

!  XB$5,73I+.$3#,$("-'05,#,5$."$4,$'01-,5$0-.,1,#'$
!  f-'01-,5$07$D3:,$VfW$3'$'It<$

0U, 4294967259U 

!  :.'7"0*
int tx, ty; 
unsigned ux, uy;$

!  o<*+0(0.$(3'9-1$4,.G,,-$'01-,5$U$I-'01-,5$'3),$3'$f%F$3-5$F%f$
tx = (int) ux; 
uy = (unsigned) ty;$

!  l)*+0(0.$(3'9-1$3+'"$"((I#'$:03$3''01-),-.'$3-5$*#"(,5I#,$(3++'$
tx = ux; 
uy = ty; 

:B<CDE*F*>9(9?"*GHEH* EM*



!"#$%&'#()*+,*-.'/#"0(+"*

 0  0U  ==  9"'#0"%2 
 -1  0  <  '#0"%2 
 -1  0U  >  9"'#0"%2 
 2147483647  -2147483648  >  '#0"%2*
 2147483647U  -2147483648  <  9"'#0"%2 
 -1  -2  >  '#0"%2 
 (unsigned) -1  -2  >  9"'#0"%2 
  2147483647  2147483648U  <  9"'#0"%2 
  2147483647  (int) 2147483648U  >  '#0"%2 

:.'7"0*B9&4&#'%'*
!  <=4&%''#+"*<$.@9.7+"*

!  l7$)0<$I-'01-,5$3-5$'01-,5$0-$'0-1+,$,<*#,''0"-/$$
&'()*+#,-./*&#'01.'2'3.4#2-&3#35#/)&'()*+#

!  l-(+I50-1$(")*3#0'"-$"*,#39"-'$<;*>;*==;*<=;*>= 
! o<3)*+,'$7"#$1$=$>%A$$$$1YI_*L*FG;EMe;MgC;\Mg*******1Y>j*L*G;EMe;MgC;\Me*

!  :+"'(."(E *:+"'(."(G *6%@.7+" *<$.@9.7+"*
$6 $6f $$
$8; $6 $$
$8; $6f $$
$%;?q?R>T?q $8%;?q?R>T?q8;$ $$

$%;?q?R>T?qf $8%;?q?R>T?q8;$ $$
$8; $8%$ $$
$LI-'01-,5M8; $8%$ $$
$$%;?q?R>T?q$ $%;?q?R>T?Rf$ $$

$$%;?q?R>T?q$ $L0-.M$%;?q?R>T?Rf$   
:B<CDE*F*>9(9?"*GHEH* ED*

!"#$%&'#()*+,*-.'/#"0(+"*

:+2%*B%59&#()*<=.?4@%*R&%$#'#(%2T*

/* Kernel memory region holding user-accessible data */ 
#define KSIZE 1024 
char kbuf[KSIZE]; 

/* Copy at most maxlen bytes from kernel region to user buffer */ 
int copy_from_kernel(void *user_dest, int maxlen) { 
    /* Byte count len is minimum of buffer size and maxlen */ 
    int len = KSIZE < maxlen ? KSIZE : maxlen; 
    memcpy(user_dest, kbuf, len); 
    return len; 
} 

#define MSIZE 528 

void getstuff() { 
    char mybuf[MSIZE]; 
    copy_from_kernel(mybuf, MSIZE); 
    printf(“%s\n”, mybuf); 
} 

:B<CDE*F*>9(9?"*GHEH* E\*



!"#$%&'#()*+,*-.'/#"0(+"*

Y.@#5#+9'*!'.0%*

/* Kernel memory region holding user-accessible data */ 
#define KSIZE 1024 
char kbuf[KSIZE]; 

/* Copy at most maxlen bytes from kernel region to user buffer */ 
int copy_from_kernel(void *user_dest, int maxlen) { 
    /* Byte count len is minimum of buffer size and maxlen */ 
    int len = KSIZE < maxlen ? KSIZE : maxlen; 
    memcpy(user_dest, kbuf, len); 
    return len; 
} 

#define MSIZE 528 

void getstuff() { 
    char mybuf[MSIZE]; 
    copy_from_kernel(mybuf, -MSIZE); 
    . . . 
} 

/* Declaration of library function memcpy */ 
void *memcpy(void *dest, void *src, size_t n); 

:B<CDE*F*>9(9?"*GHEH* Ee*

!"#$%&'#()*+,*-.'/#"0(+"*

B9??.&)*
:.'7"0*B#0"%2*k*!"'#0"%28*K.'#5*69@%'*
!  K#(*4.l%&"*#'*?.#"(.#"%2*

!  K9(*&%#"(%&4&%(%2*

!  :."*/.$%*9"%=4%5(%2*%b%5('8*.22#"0*+&*'9J(&.57"0*GO*

!  <=4&%''#+"*5+"(.#"#"0*'#0"%2*."2*9"'#0"%2*#"(*
!  0-.$0'$(3'.$."$I-'01-,5``$

:B<CDE*F*>9(9?"*GHEH* Eg*



!"#$%&'#()*+,*-.'/#"0(+"*

B#0"*<=(%"'#+"*
!  1.'Z8*

!  i0:,-$'840.$'01-,5$0-.,1,#$&$
!  \"-:,#.$0.$."$'_2840.$0-.,1,#$G0.D$'3),$:3+I,$

!  69@%8*
!  H3S,$2$("*0,'$"7$'01-$40.A$

!  *$#$=$$&'b;$/a/$&'b;$/$&'b;$/$&'b%$/a/$&6$

6*5+4#%'*+,*YBK*

• • • X $

X #$ • • • • • • 

• • • 

')

')2)
:B<CDE*F*>9(9?"*GHEH* Ei*

!"#$%&'#()*+,*-.'/#"0(+"*

B#0"*<=(%"'#+"*<=.?4@%*

!  :+"$%&7"0*,&+?*'?.@@%&*(+*@.&0%&*#"(%0%&*2.(.*()4%*

!  :*.9(+?.75.@@)*4%&,+&?'*'#0"*%=(%"'#+"*

  short int x =  12345; 
  int      ix = (int) x;  
  short int y = -12345; 
  int      iy = (int) y; 

Decimal Hex Binary 
x 12345 30 39 00110000 01101101 
ix 12345 00 00 30 39 00000000 00000000 00110000 01101101 
y -12345 CF C7 11001111 11000111 
iy -12345 FF FF CF C7 11111111 11111111 11001111 11000111 

:B<CDE*F*>9(9?"*GHEH* GH*



!"#$%&'#()*+,*-.'/#"0(+"*

B9??.&)8*
<=4."2#"0;*1&9"5.7"08*K.'#5*69@%'*

!  <=4."2#"0*R%S0S;*'/+&(*#"(*(+*#"(T*
!  f-'01-,5A$Y,#"'$355,5$
!  C01-,5A$'01-$,<.,-'0"-$
!  X".D$B0,+5$,<*,(.,5$#,'I+.$

!  1&9"5.7"0*R%S0S;*9"'#0"%2*(+*9"'#0"%2*'/+&(T*
!  f-'01-,5u'01-,5A$40.'$3#,$.#I-(3.,5$
!  O,'I+.$#,0-.,#*#,.,5$
!  f-'01-,5A$)"5$"*,#39"-$

!  C01-,5A$'0)0+3#$."$)"5$

!  7"#$')3++$-I)4,#'$"-+B$b$GDB[$

:B<CDE*F*>9(9?"*GHEH* GE*

!"#$%&'#()*+,*-.'/#"0(+"*

_%0.7+"8*:+?4@%?%"(*]*I"5&%?%"(*
!  :@.#?8*^+@@+O#"0*m+@2'*,+&*G3'*:+?4@%?%"(*

 ~x + 1 == -x 

!  :+?4@%?%"(*
!  g4',#:39"-A$~x + x == 1111…111 == -1 

!  :+?4@%(%*d&++,n 

;$6$6$ ;$6$;$;$;$$<$

6$;$;$ 6$;$6$6$6$v<$_$

;$;$;$ ;$;$;$;$;$8;$

:B<CDE*F*>9(9?"*GHEH* GG*



!"#$%&'#()*+,*-.'/#"0(+"*

:+?4@%?%"(*]*I"5&%?%"(*<=.?4@%'*
=*L*EGCMD*

=*L*H*

:B<CDE*F*>9(9?"*GHEH* GC*

!"#$%&'#()*+,*-.'/#"0(+"*

!"'#0"%2*>22#7+"*

!  B(."2.&2*>22#7+"*^9"57+"*
!  l1-"#,'$(3##B$"I.*I.$

!  I?4@%?%"('*Y+29@.&*>&#(/?%75*
0 $$= $$fN55'L3$/$4M $= $3$_$4$$)"5$%')

• • • 
• • • 

u!
v!+!

• • • u + v!
• • • 

F#I,$CI)A$'_;$40.'$

g*,#3-5'A$'$40.'$

P0'(3#5$\3##BA$'$40.'$ UAddw(u , v)!

:B<CDE*F*>9(9?"*GHEH* GM*



!"#$%&'#()*+,*-.'/#"0(+"*

`#'9.@#c#"0*RY.(/%?.75.@T*I"(%0%&*>22#7+"*

!  I"(%0%&*>22#7+"*
!  ?840.$0-.,1,#'$3/$4$
!  \")*I.,$.#I,$'I)$
N55?L3$/$4M$

!  m3+I,'$0-(#,3',$+0-,3#+B$
G0.D$3$3-5$4)

!  !"#)'$*+3-3#$'I#73(,$

>22MR/*;*,T*

/#

,#

:B<CDE*F*>9(9?"*GHEH* GD*

!"#$%&'#()*+,*-.'/#"0(+"*

`#'9.@#c#"0*!"'#0"%2*>22#7+"*

!  -&.4'*>&+9"2*
!  l7$.#I,$'I)$w$%'$

!  N.$)"'.$"-(,$

6$

%')

%'_;$

!>22MR/*;*,T*

1&9%*B9?*

Y+29@.&*B9?*

g:,#x"G$

U$%&o+O*

/#

,#

:B<CDE*F*>9(9?"*GHEH* G\*



!"#$%&'#()*+,*-.'/#"0(+"*

`#'9.@#c#"0*G3'*:+?4@%?%"(*>22#7+"*

!  `.@9%'*
!  ?840.$.G"&'$(")*e$

!  O3-1,$7#")$8R$."$_q$

!  -&.4'*.&+9"2**
R.(*?+'(*+"5%T*
!  l7$'I)$%$%'b;$

!  X,("),'$-,139:,$
!  l7$'I)$^$b%'b;$

!  X,("),'$*"'09:,$

1>22MR/*;*,T*

d+'U$%&*

_%0U$%&*

/#

,#

:B<CDE*F*>9(9?"*GHEH* Ge*

!"#$%&'#()*+,*-.'/#"0(+"*

:/.&.5(%&#c#"0*1>22*

!  ^9"57+".@#()*
!  F#I,$'I)$#,pI0#,'$'_;$40.'$

!  P#"*$"y$HCX$
!  F#,3.$#,)30-0-1$40.'$3'$$

%&'$(")*+,),-.$0-.,1,#$

R_%0U$%&T*

Rd+'U$%&T*

u 

v 

^$6$ Q$6$

^$6$

Q$6$

h,139:,$g:,#x"G$

s"'09:,$g:,#x"G$

1>22R/*;*,T*

2w 

2w 

:B<CDE*F*>9(9?"*GHEH* Gg*



!"#$%&'#()*+,*-.'/#"0(+"*

Y9@74@#5.7+"*
!  :+?497"0*<=.5(*d&+295(*+,*'FJ#(*"9?J%&'*&;*5)

!  o0.D,#$'01-,5$"#$I-'01-,5$
!  6."0%'#

!  f-'01-,5A$6$z$&$J$5$z$L%'$b$;M$%$$=$$%%'$b$%'_;$_$;$
!  f*$."$%'$40.'$

!  FG"&'$(")*+,),-.$)0-A$&$J$5$$w$Lb%'b;MJL%'b;b;M$$=$$b%%'b%$_$%'b;$

!  f*$."$%'b;$40.'$
!  FG"&'$(")*+,),-.$)3<A$&$J$5$z$Lb%'b;M$%$$=$$%%'b%$

!  f*$."$%'$40.'/$4I.$"-+B$7"#$L("#$'M%$

!  Y.#"(.#"#"0*<=.5(*6%'9@('*
!  {"I+5$-,,5$."$S,,*$,<*3-50-1$G"#5$'0Y,$G0.D$,3(D$*#"5I(.$(")*I.,5$
!  P"-,$0-$'"EG3#,$4B$V3#40.#3#B$*#,(0'0"-W$3#0.D),9($*3(S31,'$

:B<CDE*F*>9(9?"*GHEH* Gi*

!"#$%&'#()*+,*-.'/#"0(+"*

!"'#0"%2*Y9@74@#5.7+"*#"*:*

!  B(."2.&2*Y9@74@#5.7+"*^9"57+"*
!  l1-"#,'$D01D$"#5,#$'$40.'$

!  I?4@%?%"('*Y+29@.&*>&#(/?%75*
fHI+.'L3$/$4M$=$3$|$4$$)"5$%')

• • • 
• • • 

u!
v!* 

• • • u · v!
• • • 

F#I,$s#"5I(.A$%J'$$40.'$

g*,#3-5'A$'$40.'$

P0'(3#5$'$40.'A$'$40.'$ UMultw(u , v)!
• • • 

:B<CDE*F*>9(9?"*GHEH* CH*



!"#$%&'#()*+,*-.'/#"0(+"*

B#0"%2*Y9@74@#5.7+"*#"*:*

!  B(."2.&2*Y9@74@#5.7+"*^9"57+"*
!  l1-"#,'$D01D$"#5,#$'$40.'$
!  C"),$"7$GD0(D$3#,$50y,#,-.$7"#$'01-,5$

:'e$I-'01-,5$)I+9*+0(39"-$

!  K"G,#$40.'$3#,$.D,$'3),$

• • • 
• • • 

u!
v!* 

• • • u · v!
• • • 

F#I,$s#"5I(.A$%J'$$40.'$

g*,#3-5'A$'$40.'$

P0'(3#5$'$40.'A$'$40.'$ TMultw(u , v)!
• • • 

:B<CDE*F*>9(9?"*GHEH* CE*

!"#$%&'#()*+,*-.'/#"0(+"*

d+O%&F+,FG*Y9@74@)*O#(/*B/#A*

!  U4%&.7+"*
!  u << k****10:,'$$$$u * 76#
!  X".D$'01-,5$3-5$I-'01-,5$

!  <=.?4@%'*
!  u << 3   ==  u * 8 
!  u << 5 - u << 3  ==  u * 24 
!  H"'.$)3(D0-,'$'D0E$3-5$355$73'.,#$.D3-$)I+9*+B$

!  \")*0+,#$1,-,#3.,'$.D0'$("5,$3I.")39(3++B$

• • • 
0 0 1 0 0 0 ••• 

u!
2k!* 

u · 2k!F#I,$s#"5I(.A$'_2$$40.'$

g*,#3-5'A$'$40.'$

P0'(3#5$2)$40.'A$'$40.'$ UMultw(u , 2k)!

••• 

k!

• • • 0 0 0 ••• 

TMultw(u , 2k)!
0 0 0 ••• ••• 

:B<CDE*F*>9(9?"*GHEH* CG*



!"#$%&'#()*+,*-.'/#"0(+"*

 leal (%eax,%eax,2), %eax 
 sall $2, %eax 

:+?4#@%2*Y9@74@#5.7+"*:+2%*

!  :*5+?4#@%&*.9(+?.75.@@)*0%"%&.(%'*'/#Ap.22*5+2%*O/%"*
?9@74@)#"0*J)*5+"'(."(*

int mul12(int x) 
{ 
  return x*12; 
} 

 t <- x+x*2 
 return t << 2; 

:*^9"57+"*

:+?4#@%2*>&#(/?%75*U4%&.7+"'* <=4@.".7+"*

:B<CDE*F*>9(9?"*GHEH* CC*

!"#$%&'#()*+,*-.'/#"0(+"*

!"'#0"%2*d+O%&F+,FG*a#$#2%*O#(/*B/#A*
!  q9+7%"(*+,*!"'#0"%2*J)*d+O%&*+,*G*

!  u >> k*10:,'$$&*u / 76#'#
!  f','$+"10(3+$'D0E$

0 0 1 0 0 0 ••• 

u!
2k!/ 

u / 2k!P0:0'0"-A$$

g*,#3-5'A$ ••• 

k!
••• ••• 

••• 0 0 0 ••• ••• 

& u / 2k '$ ••• O,'I+.A$

e$

X0-3#B$s"0-.$

0 

0 0 0 ••• 0 

:B<CDE*F*>9(9?"*GHEH* CM*



!"#$%&'#()*+,*-.'/#"0(+"*

 shrl $3, %eax 

:+?4#@%2*!"'#0"%2*a#$#'#+"*:+2%*

!  !'%'*@+0#5.@*'/#A*,+&*9"'#0"%2*

!  ^+&*r.$.*!'%&'**
!  K"10(3+$'D0E$G#0],-$3'$>>> 

unsigned udiv8(unsigned x) 
{ 
  return x/8; 
} 

 # Logical shift 
 return x >> 3; 

:*^9"57+"*

:+?4#@%2*>&#(/?%75*U4%&.7+"'* <=4@.".7+"*

:B<CDE*F*>9(9?"*GHEH* CD*

!"#$%&'#()*+,*-.'/#"0(+"*

B#0"%2*d+O%&F+,FG*a#$#2%*O#(/*B/#A*
!  q9+7%"(*+,*B#0"%2*J)*d+O%&*+,*G*

!  x >> k****10:,'$$$$&*x / 76#'#
!  f','$3#0.D),9($'D0E$
!  O"I-5'$G#"-1$50#,(9"-$GD,-$u < 0 

0 0 1 0 0 0 ••• 
x!
2k!/ 

x / 2k!P0:0'0"-A$$

g*,#3-5'A$
••• 

k!
••• ••• 

••• 0 ••• ••• 
RoundDown(x / 2k)! ••• O,'I+.A$

e$

X0-3#B$s"0-.$

0 ••• 

:B<CDE*F*>9(9?"*GHEH* C\*



!"#$%&'#()*+,*-.'/#"0(+"*

:+&&%5(*d+O%&F+,FG*a#$#2%*
!  q9+7%"(*+,*_%0.7$%*_9?J%&*J)*d+O%&*+,*G*

!  {3-.$$(*x / G6#)****LO"I-5$F"G3#5$6M$
!  \")*I.,$3'$$&*(x+G6-1)/ G6#'*

!  l-$\A$(x + (1<<k)-1) >> k*
!  X03','$50:05,-5$."G3#5$6$

:.'%*E8*_+*&+9"2#"0*

P0:0'"#A$$

P0:05,-5A$

0 0 1 0 0 0 ••• 

u!

2k!/ 
 ( u / 2k  )!

••• 

k!
1 ••• 0 0 0 ••• 

1 ••• 0 1 1 ••• e$

X0-3#B$s"0-.$

1 

0 0 0 1 1 1 ••• +2k –1! ••• 

1 1 1 ••• 

1 ••• 1 1 1 ••• 

8'-&')(#9-&#)5#*:*23#
:B<CDE*F*>9(9?"*GHEH* Ce*

!"#$%&'#()*+,*-.'/#"0(+"*

:+&&%5(*d+O%&F+,FG*a#$#2%*R:+"(ST*

P0:0'"#A$$

P0:05,-5A$

:.'%*G8*6+9"2#"0*

0 0 1 0 0 0 ••• 

x!

2k!/ 
 ( x / 2k  )!

••• 

k!
1 ••• ••• 

1 ••• 0 1 1 ••• e$

X0-3#B$s"0-.$

1 

0 0 0 1 1 1 ••• +2k –1! ••• 

1 ••• ••• 

8'-&')(#-++&#"#35#;)-.#<*&/.3#

••• 

l-(#,),-.,5$4B$;$

l-(#,),-.,5$4B$;$

:B<CDE*F*>9(9?"*GHEH* Cg*



!"#$%&'#()*+,*-.'/#"0(+"*

 testl %eax, %eax 
 js  L4 
L3: 
 sarl $3, %eax 
 ret 
L4: 
 addl $7, %eax 
 jmp  L3 

:+?4#@%2*B#0"%2*a#$#'#+"*:+2%*

!  !'%'*.&#(/?%75*'/#A*,+&*#"(*

!  ^+&*r.$.*!'%&'**
!  N#0.De$'D0E$G#0],-$3'$>> 

int idiv8(int x) 
{ 
  return x/8; 
} 

 if x < 0 
    x += 7; 
 # Arithmetic shift 
 return x >> 3; 

:*^9"57+"*

:+?4#@%2*>&#(/?%75*U4%&.7+"'* <=4@.".7+"*

:B<CDE*F*>9(9?"*GHEH* Ci*

!"#$%&'#()*+,*-.'/#"0(+"*

>&#(/?%758*K.'#5*69@%'*

!  >22#7+"8*
!  f-'01-,5u'01-,5A$h"#)3+$35509"-$7"++"G,5$4B$.#I-(3.,/$

'3),$"*,#39"-$"-$40.$+,:,+$

!  f-'01-,5A$35509"-$)"5$%G$

!  H3.D,)39(3+$35509"-$_$*"''04+,$'I4.#3(9"-$"7$%G$

!  C01-,5A$)"502,5$35509"-$)"5$%G$L#,'I+.$0-$*#"*,#$#3-1,M$

!  H3.D,)39(3+$35509"-$_$*"''04+,$35509"-$"#$'I4.#3(9"-$"7$%G$

!  Y9@74@#5.7+"8*
!  f-'01-,5u'01-,5A$h"#)3+$)I+9*+0(39"-$7"++"G,5$4B$.#I-(3.,/$'3),$

"*,#39"-$"-$40.$+,:,+$

!  f-'01-,5A$)I+9*+0(39"-$)"5$%G$

!  C01-,5A$)"502,5$)I+9*+0(39"-$)"5$%G$L#,'I+.$0-$*#"*,#$#3-1,M$

:B<CDE*F*>9(9?"*GHEH* MH*



!"#$%&'#()*+,*-.'/#"0(+"*

>&#(/?%758*K.'#5*69@%'*

!  V%A*'/#A*
!  f-'01-,5u'01-,5A$)I+9*+0(39"-$4B$%S$

!  N+G3B'$+"10(3+$'D0E$

!  6#0/(*'/#A*
!  f-'01-,5A$+"10(3+$'D0E/$50:$L50:0'0"-$_$#"I-5$."$Y,#"M$4B$%S$
!  C01-,5A$3#0.D),9($'D0E$

!  s"'09:,$-I)4,#'A$50:$L50:0'0"-$_$#"I-5$."$Y,#"M$4B$%S$

!  h,139:,$-I)4,#'A$50:$L50:0'0"-$_$#"I-5$3G3B$7#")$Y,#"M$4B$%S$

f',$403'0-1$."$2<$

:B<CDE*F*>9(9?"*GHEH* ME*


