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5&.47+".6*=#".&)*9:;<%&'?*AE.;36%'*

!! R.6:% *F%3&%'%"(.7+"*

!! <%.-=%>?@ %%

!! 7%.-=%A?B %%

!! C>?C@ %%

!! S<'%&$.7+"'*

!! D"E"=2%,/%7%,/%$)"F"-(%'"()#%

!! G95405/%,/%7%,/%$)"F"-(%52F%

!! H9:,2'$%&*%#)2%*&':%0.111111…2%.'2%I9$#%,25&6%JKL%

!! J?7%M%J?@%M%J?B%M%N%M%J?7"%M%N%!%JKL%

!! O$2%-&#.4&-%JKL%P%"%

JK*L3&#6*MJNM* K*56+.7"0*8+#"(*9:;<%&'*

101.112 

10.1112 

0.1111112 
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!! T#;#(.7+"*

!! Q.-%&-5/%2R.3#5/%'20'2$2-#%-9:,2'$%&*%#)2%*&':%R?7S%

!! T#)2'%'.4&-.5%-9:,2'$%).E2%'202.4-(%,"#%'20'2$2-#.4&-$%

!! R.6:% *F%3&%'%"(.7+"*

!! J?> %0.0101010101[01]…2 
!! J?< %0.001100110011[0011]…2 

!! J?JL %0.0001100110011[0011]…2 

JK*L3&#6*MJNM* U*56+.7"0*8+#"(*9:;<%&'*
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5#E%2*8+#"(*F%3&%'%"(.7+"*

!! B+.(*V*QM*<#('W**2+:<6%*V*XK*<#('*

!! -%*;#0/(*(&)*&%3&%'%"7"0*,&.47+".6*<#".&)*":;<%&'*<)*

3#4>#"0*.*DE%2*36.4%*,+&*."*#;36#%2*<#".&)*3+#"(*

!! +UR2=%0&"-#%,"-.'/%-9:,2'$1%

!! T%(Y'*2+*(/.(G*:'#"0*Z*<#(*B+.7"0*3+#"(*":;<%&'*.'*."*

%E.;36%*

!! VJ;%#)2%,"-.'/%0&"-#%"$%,2#622-%,"#$%7%.-=%>%

%%%%,A%,C%,<%,@%,>%%WKX%,7%,J%,L%

!! V7;%#)2%,"-.'/%0&"-#%"$%,2#622-%,"#$%@%.-=%<%

%%%%,A%,C%,<%WKX%,@%,>%,7%,J%,L%

!! Y)2%0&$"4&-%&*%#)2%,"-.'/%0&"-#%.Z23#$%#)2%'.-(2%.-=%0'23"$"&-%

!! '.-(2;%="Z2'2-32%,2#622-%5.'(2$#%.-=%$:.552$#%-9:,2'$%0&$$",52%

!! 0'23"$"&-;%$:.552$#%0&$$",52%="Z2'2-32%,2#622-%.-/%#6&%-9:,2'$%

JK*L3&#6*MJNM* X*56+.7"0*8+#"(*9:;<%&'*
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!! 8&+'*

!! [#\$%$":052K%%Y)2%$.:2%).'=6.'2%#).#%=&2$%"-#2(2'%.'"#):243%3.-%=&%

UR2=%0&"-#%.'"#):243%

!! [-%*.3#]%#)2%0'&('.::2'%3.-%9$2%"-#$%6"#)%.-%":05"3"#%UR2=%0&"-#%

P! ^K(K]%"-#%,.5.-32_%%??%-9:,2'%&*%02--"2$%"-%#)2%.33&9-#%

!! "-#$%.'2%I9$#%UR2=%0&"-#%-9:,2'$%6"#)%#)2%,"-.'/%0&"-#%%

#&%#)2%'"()#%&*%,L%

!! H+"'*

!! Y)2'2%"$%-&%(&&=%6./%#&%0"3S%6)2'2%#)2%UR2=%0&"-#%$)&95=%,2%

!! `&:24:2$%/&9%-22=%'.-(2]%$&:24:2$%/&9%-22=%0'23"$"&-%

!! Y)2%:&'2%/&9%).E2%&*%&-2]%#)2%52$$%&*%#)2%&#)2'%

JK*L3&#6*MJNM* [*56+.7"0*8+#"(*9:;<%&'*

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

-/.(*%6'%*4+:62*\%*2+P*

JK*L3&#6*MJNM* Z*56+.7"0*8+#"(*9:;<%&'*
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@AAA*56+.7"0*8+#"(*

!! 5#E#"0*DE%2*3+#"(?*.".6+0+:'*(+*'4#%"7D4*"+(.7+"*

!! H&#%J7LLLLLL%,9#%JK7%R%JLA_%-&#%LKLLLLLJ7%,9#%JK7%R%JLaC%

!! @AAA*I(."2.&2*[UK*

!! ^$#.,5"$)2=%"-%JbB<%.$%9-"*&':%$#.-=.'=%*&'%c&.4-(%0&"-#%.'"#):243%

!! !2*&'2%#).#]%:.-/%"="&$/-3'.43%*&':.#$%

!! `900&'#2=%,/%.55%:.I&'%QdO$%

!! C&#$%"*<)*":;%&#4.6*4+"4%&"'*

!! H"32%$#.-=.'=$%*&'%'&9-="-(]%&E2'c&6]%9-=2'c&6%

!! e.'=%#&%:.S2%*.$#%"-%).'=6.'2%

!! H9:2'"3.5%.-.5/$#$%0'2=&:"-.#2=%&E2'%).'=6.'2%=2$"(-2'$%"-%

=2U-"-(%$#.-=.'=%

JK*L3&#6*MJNM* ]*56+.7"0*8+#"(*9:;<%&'*

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

56+.7"0*8+#"(*F%3&%'%"(.7+"*

!! 9:;%&#4.6*5+&;?**

* * *^_N`'*a*b*a*MA*

!! `"(-%,"#%!%=2#2':"-2$%6)2#)2'%-9:,2'%"$%-2(.4E2%&'%0&$"4E2%

!! `"(-"U3.-=%f:.-4$$.g%"%-&':.55/%.%*'.34&-.5%E.592%"-%'.-(2%WJKL]7KLgK%

!! ^R0&-2-#%#%62"()#$%E.592%,/%0&62'%&*%#6&%

!! A"4+2#"0*

!! G`!%s%"$%$"(-%,"#%!$

!! frac%U25=%2-3&=2$%"$f,9#%"$%!"#$%&'()$#&%Gg%

!! exp%U25=%2-3&=2$%#$f,9#%"$%!"#$%&'()$#&%^g%

JK*L3&#6*MJNM* NJ*56+.7"0*8+#"(*9:;<%&'*

s exp frac 



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

8&%4#'#+"'*

!! I#"06%*3&%4#'#+"?*QM*<#('*

!! C+:<6%*3&%4#'#+"?*XK*<#('*

!! AE(%"2%2*3&%4#'#+"?*ZJ*<#('*^@"(%6*+"6)`*

JK*L3&#6*MJNM* NN*56+.7"0*8+#"(*9:;<%&'*

s exp frac 

s exp frac 

s exp frac 
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!! d9+&;.6#c%2e*;%."'*;."7''.*/.'*,+&;*NOEEEEE*

!! LKLJJ%R%7<%.-=%JKJ%R%7>%'20'2$2-#%#)2%$.:2%-9:,2']%,9#%#)2%5.h2'%:.S2$%

,2h2'%9$2%&*%#)2%.E."5.,52%,"#$%

!! `"-32%62%S-&6%#)2%:.-4$$.%$#.'#$%6"#)%.%J]%=&-\#%,&#)2'%#&%$#&'2%"#%

!! *f+\*2+*\%*&%3&%'%"(*JOJP*f+\*.<+:(*NOJgJOJP*

JK*L3&#6*MJNM* NM*56+.7"0*8+#"(*9:;<%&'*
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!! d9+&;.6#c%2e*;%."'*;."7''.*/.'*,+&;*NOEEEEE*

!! LKLJJ%R%7<%.-=%JKJ%R%7>%'20'2$2-#%#)2%$.:2%-9:,2']%,9#%#)2%5.h2'%:.S2$%

,2h2'%9$2%&*%#)2%.E."5.,52%,"#$%

!! `"-32%62%S-&6%#)2%:.-4$$.%$#.'#$%6"#)%.%J]%=&-\#%,&#)2'%#&%$#&'2%"#%

!! *I3%4#.6*$.6:%'?*

!! Y)2%c&.#%E.592%LLKKKL%'20'2$2-#$%i2'&%

!! [*%#)2%2R0%jj%JJKKKJ%.-=%#)2%:.-4$$.%jj%LLKKKL]%"#%'20'2$2-#$%#%

!! ^K(K]%JKL?LKL%j%!JKL?!LKL%j%M#]%%JKL?!LKL%j%!JKL?LKL%j%!#%

!! @,*(/%*%E3*hh*NNOOON*."2*(/%*;."7''.*ih*JJOOOJG*#(*&%3&%'%"('*9.9*

!! +H&#%.%H9:,2'1%

!! 82$95#$%*'&:%&02'.4&-$%6"#)%9-=2U-2=%'2$95#%

!! ^K(K]%$k'#fPJg]%# ! #, # " 0%

JK*L3&#6*MJNM* NQ*56+.7"0*8+#"(*9:;<%&'*

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

9+&;.6#c%2*R.6:%'*

!! H+"2#7+"?*exp*$*000j0*."2*exp*$*111j1*

!! AE3+"%"(*4+2%2*.'*%&'!()*$.6:%?*(*+$$h$$#$,$-&'!$
!!exp "$%.-%9-$"(-2=%E.592%'.-("-(%*'&:%J%#&%72a7%

!! l55&6$%-2(.4E2%E.592$%*&'%^%f%j%2R0%P%!".$g%

!!*+(,%j%72aJ%a%J]%6)2'2%2%"$%-9:,2'%&*%2R0&-2-#%,"#$%f,"#$%"-%2R0g 

!! `"-(52%0'23"$"&-;%J7A%f%-.;%JN7<@]%/;%aJ7CNJ7Ag%

!!D&9,52%0'23"$"&-;%JL7>%f%-.;%JN7L@C]%/;%aJL77NJL7>g%

!! I#0"#D4."2*4+2%2*\#(/*#;36#%2*6%.2#"0*N?*"$$h$ 1.xxxjxM 

!! %xxxjx;%,"#$%&*%frac*

!!G"-":9:%6)2-%000j0 f0%j%JKLg%

!!G.R":9:%6)2-%111j1 f0%j%7KL%P%"g%

!! m2#%2R#'.%52.="-(%,"#%*&'%+*'221%

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* NK*
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9+&;.6#c%2*A"4+2#"0*AE.;36%*

!! R.6:%?*Float F = 12345.0;*

!! J7>@<JL%%j%JJLLLLLLJJJLLJ7%%%%

%%%%%%%%%%%%%%%%%%%%%j%JKJLLLLLLJJJLLJ7%R%7
J>%

!! I#0"#D4."2*

0% %j% %1.10000001110012 

frac =    100000011100100000000002*

!! AE3+"%"(*

/ $% %j% %J>%

*+(,% %j% %J7A%

exp  =% %J@L% %j %100011002 

!! F%':6(?*

0 10001100 10000001110010000000000  
s exp frac 

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* NU*

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

f+\*2+*\%*2+*+3%&.7+"'P*

!! @'*&%3&%'%"(.7+"*%E.4(P*

!! f+\*.&%*(/%*+3%&.7+"'*4.&&#%2*+:(P*

JK*L3&#6*MJNM* NX*56+.7"0*8+#"(*9:;<%&'*



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

56+.7"0*8+#"(*S3%&.7+"'?*=.'#4*@2%.*

!! x +f y = Round(x + y) 

!! x *f y = Round(x * y) 

!! =.'#4*#2%.*

!! n"'$#%3&:09#2%2R.3#%'2$95#%

!! G.S2%"#%U#%"-#&%=2$"'2=%0'23"$"&-%

!! d&$$",5/%&E2'c&6%"*%2R0&-2-#%#&&%5.'(2%

!! d&$$",5/%'&9-=%#&%U#%"-#&%*'.3%

JK*L3&#6*MJNM* N[*56+.7"0*8+#"(*9:;<%&'*
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56+.7"0*8+#"(*b:6736#4.7+"*

*******************************^_N`'N*bN**MAN***a***^_N`'M*bM**MAM*

!! AE.4(*F%':6(?*^_N`'*b**MA*

!! `"(-%$;% % %$J%o%$7%%%%%%%%%%%%??%R&'%&*%$J%.-=%$7%

!! `"(-"U3.-=%G;% %GJ%p%G7%

!! ^R0&-2-#%^;% %^J%M%^7%

!! 5#E#"0*

!! [*%G%q%7]%$)"F%G%'"()#]%"-3'2:2-#%^%%

!! [*%^%&9#%&*%'.-(2]%&E2'c&6%%

!! 8&9-=%G%#&%U#%*'.3%0'23"$"&-%

JK*L3&#6*MJNM* NZ*56+.7"0*8+#"(*9:;<%&'*
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*******************************^_N`'N*bN**MAN***l***^_N`'M*bM**MAM*********1,,'2%$/3$4$/5$

!! AE.4(*F%':6(?*^_N`'*b**MA*

!! `"(-%$]%$"(-"U3.-=%G;%%

!! 82$95#%&*%$"(-2=%.5"(-%r%.==%

!! ^R0&-2-#%^;%^J%

!! 5#E#"0*

!! [*%G%q%7]%$)"F%G%'"()#]%"-3'2:2-#%^%%

!! "*%G%s%J]%$)"F%G%52F%S%0&$"4&-$]%=23'2:2-#%^%,/%S%

!! TE2'c&6%"*%^%&9#%&*%'.-(2%

!! 8&9-=%G%#&%U#%*'.3%0'23"$"&-%

JK*L3&#6*MJNM* N]*56+.7"0*8+#"(*9:;<%&'*

^_N`!.$".$$

^_N`'M*bM**

/3P/5$

M%

^_N`'*b*

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

f;;j*#,*\%*&+:"2*.(*%$%&)*+3%&.7+"j*

JK*L3&#6*MJNM* MJ*56+.7"0*8+#"(*9:;<%&'*
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b.(/%;.74.6*8&+3%&7%'*+,*58*S3%&.7+"'*

!! 9+(*&%.66)*.''+4#.7$%*+&*2#'(&#<:7$%*2:%*(+*&+:"2#"0*

!! @"D"#7%'*."2*9.9'*4.:'%*#'':%'*

!! S$%&B+\*."2*#"D"#()*

JK*L3&#6*MJNM* MN*56+.7"0*8+#"(*9:;<%&'*

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

56+.7"0*8+#"(*#"*H*

!! H*m:.&."(%%'*1\+*T%$%6'*

float %$"-(52%0'23"$"&-%

double %=&9,52%0'23"$"&-%

!! H+"$%&'#+"'gH.'7"0*

!! Q.$4-(%,2#622-%int]%float]%.-=%double 3).-(2$%,"#%'20'2$2-#.4&-%

!! %Double/float t%int 

!! Y'9-3.#2$%*'.34&-.5%0.'#%

!! u"S2%'&9-="-(%#&6.'=%i2'&%

!! H&#%=2U-2=%6)2-%&9#%&*%'.-(2%&'%H.H;%(2-2'.55/%$2#$%#&%YG"-%

!! %int t%double 

!! ^R.3#%3&-E2'$"&-]%.$%5&-(%.$%"-#%).$%!%<>a,"#%6&'=%$"i2%

!! %int t%float 

!! v"55%'&9-=%.33&'="-(%#&%'&9-="-(%:&=2%

JK*L3&#6*MJNM* MM*56+.7"0*8+#"(*9:;<%&'*
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b%;+&)*F%,%&%"4#"0*=:0*

MQ*

double fun(int i) 

{ 

  volatile double d[1] = {3.14}; 

  volatile long int a[2]; 

  a[i] = 1073741824; /* Possibly out of bounds */ 

  return d[0]; 

} 

fun(0)  –>  3.14 

fun(1)  –>  3.14 

fun(2)  –>  3.1399998664856 

fun(3)  –>  2.00000061035156 

fun(4)  –>  3.14, then segmentation fault 

Saved State 

d7 … d4 

d3 … d0 

a[1] 

a[0] 0 

1 

2 

3 

4 

T+4.7+"*.44%''%2*<)*

fun(i) 

AE36.".7+"?*

JK*L3&#6*MJNM* 56+.7"0*8+#"(*9:;<%&'*

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

F%3&%'%"7"0*QONK*.'*.*C+:<6%*58*9:;<%&*

!! NJ[Q[KNZMK*h*JNJJ*JJJJ*JJJJ*JJJJ*JJJJ*JJJJ*JJJJ*JJJJ*

!! QONK*h*NNOJJNJ*JJNN*NNJN*JNNN*JJJJ*NJNJ*JJJj*

!! ^_N`!$"$$M#$

!! `%j%L%%2-3&=2=%.$%%L%

!! G%j%JKJLLJ%LLLJ%JJJL%JLJJ%JLLL%LJLJ%LLLNK%f52.="-(%J%52F%&9#g%

!! ^%j%J%%2-3&=2=%.$%JL7@%f6"#)%,".$g%

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* MK*

s exp (11) frac (first 20 bits) 

J***NJJ*JJJJ*JJJJ*****NJJN*JJJN*NNNJ*NJNN*NJJJ*******

JNJN*JJJJ*j*

frac (the other 32 bits) 
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b%;+&)*F%,%&%"4#"0*=:0*^F%$#'#(%2`*

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* MU*

double fun(int i) 

{ 

  volatile double d[1] = {3.14}; 

  volatile long int a[2]; 

  a[i] = 1073741824; /* Possibly out of bounds */ 

  return d[0]; 

} 

fun(0)  –>  3.14 

fun(1)  –>  3.14 

fun(2)  –>  3.1399998664856 

fun(3)  –>  2.00000061035156 

fun(4)  –>  3.14, then segmentation fault 

0 

1 

2 

3 

4 

T+4.7+"**

.44%''%2**

<)*fun(i) 

d7 … d4 

d3 … d0 

a[1] 

Saved State 

a[0] 

JNJJ*JJJJ*JJJJ*NJJN*JJJN*NNNJ*NJNN*NJJJ*******

JNJN*JJJJ*j*

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

b%;+&)*F%,%&%"4#"0*=:0*^F%$#'#(%2`*

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* MX*

double fun(int i) 

{ 

  volatile double d[1] = {3.14}; 

  volatile long int a[2]; 

  a[i] = 1073741824; /* Possibly out of bounds */ 

  return d[0]; 

} 

fun(0)  –>  3.14 

fun(1)  –>  3.14 

fun(2)  –>  3.1399998664856 

fun(3)  –>  2.00000061035156 

fun(4)  –>  3.14, then segmentation fault 

0 

1 

2 

3 

4 

T+4.7+"**

.44%''%2**

<)*fun(i) 

d7 … d4 

d3 … d0 

a[1] 

Saved State 

a[0] 

JNJJ*JJJJ*JJJJ*NJJN*JJJN*NNNJ*NJNN*NJJJ*******

JNJJ*JJJJ*JJJJ*JJJJ*JJJJ*JJJJ*JJJJ*JJJJ*
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b%;+&)*F%,%&%"4#"0*=:0*^F%$#'#(%2`*

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* M[*

double fun(int i) 

{ 

  volatile double d[1] = {3.14}; 

  volatile long int a[2]; 

  a[i] = 1073741824; /* Possibly out of bounds */ 

  return d[0]; 

} 

fun(0)  –>  3.14 

fun(1)  –>  3.14 

fun(2)  –>  3.1399998664856 

fun(3)  –>  2.00000061035156 

fun(4)  –>  3.14, then segmentation fault 

0 

1 

2 

3 

4 

T+4.7+"**

.44%''%2**

<)*fun(i) 

d7 … d4 

d3 … d0 

a[1] 

Saved State 

a[0] 

JNJN*JJJJ*j*

JNJJ*JJJJ*JJJJ*JJJJ*JJJJ*JJJJ*JJJJ*JJJJ*

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

56+.7"0*8+#"(*."2*(/%*8&+0&.;;%&*
#include <stdio.h> 

int main(int argc, char* argv[]) { 

  float f1 = 1.0; 
  float f2 = 0.0; 
  int i; 
  for ( i=0; i<10; i++ ) { 
    f2 += 1.0/10.0; 
  } 

  printf("0x%08x  0x%08x\n", *(int*)&f1, *(int*)&f2); 
  printf("f1 = %10.8f\n", f1); 
  printf("f2 = %10.8f\n\n", f2); 

  f1 = 1E30; 
  f2 = 1E-30; 
  float f3 = f1 + f2; 
  printf ("f1 == f3? %s\n", f1 == f3 ? "yes" : "no" ); 

  return 0; 
} 

$ ./a.out  
0x3f800000  0x3f800001 
f1 = 1.000000000 
f2 = 1.000000119 

f1 == f3? yes 

JK*L3&#6*MJNM* MZ*56+.7"0*8+#"(*9:;<%&'*



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

I:;;.&)*

!! L'*\#(/*#"(%0%&'G*B+.('*':n%&*,&+;*(/%*DE%2*":;<%&*+,*<#('**

***.$.#6.<6%*(+*&%3&%'%"(*(/%;**

!! Q.-%(2#%&E2'c&6?9-=2'c&6]%I9$#%5"S2%"-#$%

!! `&:2%+$":052%*'.34&-$1%).E2%-&%2R.3#%'20'2$2-#.4&-%

!! ^K(K]%LKJ%

!! Q.-%.5$&%5&$2%0'23"$"&-]%9-5"S2%"-#$%

!! +^E2'/%&02'.4&-%(2#$%.%$5"()#5/%6'&-(%'2$95#1%

!! b.(/%;.74.66)*%o:#$.6%"(*\.)'*+,*\&#7"0*."*%E3&%''#+"*;.)*

4+;3:(%*2#n%&%"(*&%':6('*

!! w"&5.#2$%.$$&3".4E"#/?="$#'",94E"#/%

!! 9ARAF*(%'(*B+.7"0*3+#"(*$.6:%'*,+&*%o:.6#()i*

JK*L3&#6*MJNM* M]*56+.7"0*8+#"(*9:;<%&'*
M]*

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

L22#7+".6*2%(.#6'*

!! C%"+&;.6#c%2*$.6:%'*_*(+*0%(*D"%&*3&%4#'#+"*"%.&*c%&+*

!! 1#")*B+.7"0*3+#"(*%E.;36%*

!! C#'(&#<:7+"*+,*&%3&%'%"(.<6%*$.6:%'*

!! F+:"2#"0*

JK*L3&#6*MJNM* QJ*56+.7"0*8+#"(*9:;<%&'*



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

C%"+&;.6#c%2*R.6:%'*

!! H+"2#7+"?*exp*h*000j0 

!! AE3+"%"(*$.6:%?*#$h*%E3*_*-&'!*l*N*^#"'(%.2*+,*A*h*%E3*_*=#.'`*

!! I#0"#D4."2*4+2%2*\#(/*#;36#%2*6%.2#"0*J?*"$h$0.xxxjxM 

!! xxxjx;%,"#$%&*%frac*

!! H.'%'*

!! %exp*h*000j0G*frac*h*000j0 

!! 820'2$2-#$%E.592%L%

!! H&#2%="$4-3#%E.592$;%ML%.-=%PL%f6)/xg%

!! exp*h*000j0G*frac*$*000j0 

!! H9:,2'$%E2'/%35&$2%#&%LKL%

!! u&$2%0'23"$"&-%.$%(2#%$:.552'%

!! ^k9"$0.32=%

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* QN*

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

I3%4#.6*R.6:%'*

!! H+"2#7+"?*exp*h*111j1 

!! H.'%?*exp*h*111j1G*frac*h*000j0 

!! 820'2$2-#$%E.592 # f"-U-"#/g%

!! T02'.4&-%#).#%&E2'c&6$%

!! !&#)%0&$"4E2%.-=%-2(.4E2%

!! ^K(K]%JKL?LKL%j%!JKL?!LKL%j%M#]%%JKL?!LKL%j%!JKL?LKL%j%!#%

!! H.'%? exp*h*111j1G*frac*$*000j0 

!! H&#a.aH9:,2'%fH.Hg%

!! 820'2$2-#$%3.$2%6)2-%-&%-9:2'"3%E.592%3.-%,2%=2#2':"-2=%

!! ^K(K]%$k'#fPJg]%# ! #, # " 0%

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* QM*



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

R#':.6#c.7+"?*56+.7"0*8+#"(*A"4+2#"0'*

+#%a#%

aL%

MD2-&':% MH&':.5"i2=%aD2-&':%aH&':.5"i2=%

ML%
H.H% H.H%

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* QQ*

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

1#")*56+.7"0*8+#"(*AE.;36%*

!! Zk<#(*56+.7"0*8+#"(*F%3&%'%"(.7+"*

!! #)2%$"(-%,"#%"$%"-%#)2%:&$#%$"(-"U3.-#%,"#K%

!! #)2%-2R#%*&9'%,"#$%.'2%#)2%2R0&-2-#]%6"#)%.%,".$%&*%AK%

!! #)2%5.$#%#)'22%,"#$%.'2%#)2%frac*

!! I.;%*0%"%&.6*,+&;*.'*@AAA*5+&;.(*

!! -&':.5"i2=]%=2-&':.5"i2=%

!! '20'2$2-#.4&-%&*%L]%H.H]%"-U-"#/%

s exp frac 

N* K* Q*

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* QK*



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

C)".;#4*F."0%*^8+'#7$%*S"6)`*
s exp  frac  #  R.6:%   

0 0000 000  -6  0 

0 0000 001  -6  1/8*1/64 = 1/512 

0 0000 010  -6  2/8*1/64 = 2/512 

… 

0 0000 110  -6  6/8*1/64 = 6/512 

0 0000 111  -6  7/8*1/64 = 7/512 

0 0001 000  -6  8/8*1/64 = 8/512 

0 0001 001   -6  9/8*1/64 = 9/512 

… 

0 0110 110  -1  14/8*1/2 = 14/16 

0 0110 111  -1  15/8*1/2 = 15/16 

0 0111 000  0  8/8*1    = 1 

0 0111 001  0  9/8*1    = 9/8 

0 0111 010  0  10/8*1   = 10/8 

… 

0 1110 110  7  14/8*128 = 224 

0 1110 111  7  15/8*128 = 240 

0 1111 000  n/a  inf 

35&$2$#%#&%i2'&%

5.'(2$#%=2-&':%
$:.552$#%-&':%

35&$2$#%#&%J%,25&6%

35&$2$#%#&%J%.,&E2%

5.'(2$#%-&':%

C%"+&;.6#c%2*

":;<%&'*

9+&;.6#c%2*

":;<%&'*

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* QU*

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

C#'(&#<:7+"*+,*R.6:%'*

!! Xk<#(*@AAAk6#>%*,+&;.(*

!! 2%j%>%2R0&-2-#%,"#$%

!! *%j%7%*'.34&-%,"#$%

!! !".$%"$%7>aJaJ%j%>%

!! 9+74%*/+\*(/%*2#'(&#<:7+"*0%('*2%"'%&*(+\.&2*c%&+O**

s exp frac 

N* Q* M*

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* QX*



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

C#'(&#<:7+"*+,*R.6:%'*^46+'%k:3*$#%\`*

!! Xk<#(*@AAAk6#>%*,+&;.(*

!! 2%j%>%2R0&-2-#%,"#$%

!! *%j%7%*'.34&-%,"#$%

!! !".$%"$%>%

s exp frac 

N* Q* M*

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* Q[*

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

@"(%&%'7"0*9:;<%&'*

*C%'4&#37+" *exp  frac *9:;%&#4*R.6:%*

!! y2'& %LLNLL %LLNLL %LKL%

!! `:.552$#%d&$K%D2-&':K %LLNLL %LLNLJ %7P%z7>]<7{%p%7P%zJ7C]JL77{%

!! `"-(52%&%JK@%p%JLP@<%

!! D&9,52%&%@Kb%p%JLP>7@%

!! u.'(2$#%D2-&':.5"i2= %LLNLL %JJNJJ %fJKL%_%"g%p%7P%zJ7C]JL77{%

!! `"-(52%&%JKJB%p%JLP>B%

!! D&9,52%&%7K7%p%JLP>LB%

!! `:.552$#%d&$K%H&':K %LLNLJ %LLNLL %JKL%p%7P%zJ7C]JL77{%

!! |9$#%5.'(2'%#).-%5.'(2$#%=2-&':.5"i2=%

!! T-2 %LJNJJ %LLNLL %JKL%

!! %u.'(2$#%H&':.5"i2= %JJNJL %JJNJJ %f7KL%_%"g%p%7zJ7A]JL7>{%

!! `"-(52%&%>K@%p%JL>B%

!! D&9,52%&%JKB%p%JL>LB%

psingle,doubleq*

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* QZ*



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

I3%4#.6*8&+3%&7%'*+,*A"4+2#"0*

!! 56+.7"0*3+#"(*c%&+*^Jl`*%E.4(6)*(/%*'.;%*<#('*.'*#"(%0%&*c%&+*

!! l55%,"#$%j%L%

!! H."*^L6;+'(`*!'%*!"'#0"%2*@"(%0%&*H+;3.&#'+"*

!! G9$#%U'$#%3&:0.'2%$"(-%,"#$%

!! G9$#%3&-$"=2'%Lk%j%LM%j%L%

!! H.H$%0'&,52:.43%

!! v"55%,2%('2.#2'%#).-%.-/%&#)2'%E.592$%

!! v).#%$)&95=%3&:0.'"$&-%/"25=x%

!! %T#)2'6"$2%T}%

!! D2-&':%E$K%-&':.5"i2=%

!! H&':.5"i2=%E$K%"-U-"#/%

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* Q]*

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

F+:"2#"0*

!! F+:"2#"0*b+2%'*^#66:'(&.(%*\#(/*r*&+:"2#"0`*

% %rNOKJ *rNOXJ *rNOUJ *rMOUJ *_rNOUJ%

!! Y&6.'=$%i2'& %~J %~J %~J %~7 %P~J%

!! 8&9-=%=&6-%fa#g %~J %~J %~J %~7 %P~7%

!! 8&9-=%90%fM#g% %~7 %~7 %~7 %~> %P~J%

!! H2.'2$#%f=2*.95#g %~J %~7 %~7 %~7 %P~7%

!! -/.(*.&%*(/%*.2$."(.0%'*+,*(/%*;+2%'P*

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* KJ*



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

H6+'%&*T++>*.(*F+:"2k1+k9%.&%'(*

!! C%,.:6(*F+:"2#"0*b+2%*

!! e.'=%#&%(2#%.-/%&#)2'%S"-=%6"#)&9#%='&00"-(%"-#&%.$$2:,5/%

!! l55%&#)2'$%.'2%$#.4$43.55/%,".$2=%

!! `9:%&*%$2#%&*%0&$"4E2%-9:,2'$%6"55%3&-$"$#2-#5/%,2%&E2'a%&'%9-=2'a%

2$4:.#2=%

!! L336)#"0*(+*S(/%&*C%4#;.6*86.4%'*g*=#(*8+'#7+"'*

!!v)2-%2R.3#5/%).5*6./%,2#622-%#6&%0&$$",52%E.592$%

!! 8&9-=%$&%#).#%52.$#%$"(-"U3.-#%="("#%"$%2E2-%

!! ^K(K]%'&9-=%#&%-2.'2$#%)9-='2=#)%

JK7>@bbbb %JK7> %fu2$$%#).-%).5*%6./g%

JK7><LLLJ %JK7@ %fm'2.#2'%#).-%).5*%6./g%

JK7><LLLL %JK7@ %fe.5*%6./�'&9-=%90g%

JK7@<LLLL %JK7@ %fe.5*%6./�'&9-=%=&6-g%
HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* KN*

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

F+:"2#"0*=#".&)*9:;<%&'*

!! =#".&)*5&.47+".6*9:;<%&'*

!! +e.5*%6./1%6)2-%,"#$%#&%'"()#%&*%'&9-="-(%0&$"4&-%j%100N2 

!! AE.;36%'*

!! 8&9-=%#&%-2.'2$#%J?@%f7%,"#$%'"()#%&*%,"-.'/%0&"-#g%

w.592 %!"-.'/ %8&9-=2= %l34&- %8&9-=2=%w.592%

7%>?>7 %10.000112  10.002  fsJ?7�=&6-g  7 

7%>?JC %10.001102  10.012  f�J?7�90g  7%J?@ 

7%A?B %10.111002  11.002  f%%J?7�90g  > 

7%<?B %10.101002  10.102  f%%J?7�=&6-g  7%J?7 

HIAQUN*k*@".:0:&.6*A2#7+"*k*I3&#"0*MJNJ* KM*


