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4.1 FPU Control Word
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R: reserved

IC: infinity control

RC(2): rounding control (00: near, 01: down, 10: up, 11:chop)
PC(2): precision control (00: 24bit, 01: not used, 10: 53bit, 11:64bit)
PM: inexact precision mask

UM: underflow mask

OM: overflow mask

ZM: divide by 0 mask

DM: denormals mask

IM: invalid numbers mask
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4.2 MXCSR Control/Status Register
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5.1 FPU Control Word

unsigned short int model; // 16bit unsigned

o000 16bit 00000000 0ODO0OOO0O0OOODOObOOODOOn
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asm volatile__ ("fnstcwy %0" : "=m" (model));

000000000 meder 0OODOOO

asm volatile__ ("fldcwpy%0" : : "m" (model));

Omodel 00O 0O0OO0OOO0OOOOOOOOOO
windows O Visual C++0000

_asm {fnstcw modell}

gbo0obobb0Omeder O OOOO

_asm {fldcw model}

Omodel 00 O0OD0OOOOODODOOOOOO
5.2 MXCSR Control/Status Register

unsigned long int mode2; // 32bit unsigned

0000 32pbitd0000000000000O000ooDoboooon
linnxO OSO gecOOODO

asm volatile ("stmxcsry%0" : "=m"(mode2));

000000000 mode20 00000

asm __volatile__ ("ldmxcsr_ %0" : : "m"(mode2));

Omode20000000C0OOOOOOOOO
windows 0 Visual C++0000O



_asm {stmxcsr mode2}

U000b0000Omede20 00000

_asm {ldmxcsr mode2}

Omode2 0000000 OOOODOODOO

O00SSE2000000000Intrinsic0 0000000 OODO OO Inline Assembler O O O
OO0 SSE20000000000000000000000000O0OO0Ogee, Visual C++00
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mode2 = _mm_getcsr();

gboobobobdmede2d 00000

_mm_setcsr (mode2) ;
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#include <emmintrin.h>
O include 0000
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_asm__ __volatile__ ("fnstcw %0" : "=m" (model));
model &= “0x0c00;
model |= 0x0400;
__asm__ __volatile__ ("fldcwp %0" : : "m" (model));

0000000000000 00O0O000000OO 2vit000 0000000000 (CO bitO
0)0and00O0O000O 2bit00000downOO000O0O or 0000 downOOOOOOODO
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#include <stdio.h>

/*
* Only for Little Endian
*/
void bit_view(void *p, int size)
{
int i, j;
unsigned char *p2;
for (i=size-1; i>=0; i--) {
p2 = (unsigned char *)p + i;
for (j=7; j>=0; j--) {
if ((xp2 & (1 << j)) !'= 0) printf("1");
else printf("0");
}
}
printf ("\n");
}

int main()
{
unsigned short int model; // 16bit unsigned



double x = 1.;
double y =
double z;

// default

z=x/y;
printf("%.17g\n", z);
bit_view(&z, sizeof(z));

// mearest

__asm__ __volatile__ ("fnstcw,%0" : "=m"(model));
model &= ~“0x0c00;

model |= 0x0000;

__asm__ __volatile__ ("fldcwpy%0" : : "m" (model));
z =x/7y;

printf ("%.17g\n", z);
bit_view (&z, sizeof(z));

// down

__asm__ __volatile__ ("fnstcwy%0" : "=m"(model));
model &= ~“0x0c00;

model |= 0x0400;

__asm__ __volatile__ ("fldcw %0" : : "m"(model));
z =x/7y;

printf ("%.17g\n", z);
bit_view(&z, sizeof(z));

// up

__asm__ __volatile__ ("fnstcw %0" : "=m"(model));
model &= ~“0x0c00;

model |= 0x0800;

__asm__ __volatile__ ("fldcw, %0" : : "m" (model));
z=x/7y;

printf ("% .17g\n", z);
bit_view(&z, sizeof(z));

// chop

__asm__ __volatile__ ("fnstcwy %0" : "=m"(model));
model &= ~“0x0c00;

model |= 0x0c00;

__asm__ __volatile__ ("fldcw %0" : : "m"(model));
z =x/ y;

printf ("%.17g\n", z);
bit_view(&z, sizeof(z));

gboooooao

0.10000000000000001
0011111110111001100110011001100110011001100110011001100110011010
0.10000000000000001
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0.099999999999999992
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0.10000000000000001
0011111110111001100110011001100110011001100110011001100110011010
0.099999999999999992
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#include <stdio.h>

/*
* Only for Little Endian
*/
void bit_view(void *p, int size)
{
int i, j;
unsigned char *p2;

for (i=size-1; i>=0; i--) {

p2 = (unsigned char *)p + i;

for (j=7; j>=0; j--) {

if ((*p2 & (1 << j))

else printf("0");

printf ("\n");
}

int main()

{
unsigned long int mode2; // 32bit

double x = 1.;
double y
double z;

1]
-
o

// default

z =x/1y;

printf ("%.17g\n", z);
bit_view (&z, sizeof(z));

// mearest

__asm__ __volatile__ ("stmxcsr_ %0"
mode2 &= ~“0x00006000;

mode2 |= 0x00000000;

__asm__ __volatile__ ("ldmxcsr_ ,%0"
z =x/7y;

printf("%.17g\n", z);
bit_view(&z, sizeof(z));

// down

__asm__ __volatile__ ("stmxcsr_ %0"
mode2 &= ~“0x00006000;

mode2 |= 0x00002000;

__asm__ __volatile__ ("ldmxcsr_ %0"
z =x/7y;

printf ("%.17g\n", z);
bit_view(&z, sizeof(z));

// up

__asm__ __volatile__ ("stmxcsr_ %0"
mode2 &= ~0x00006000;

mode2 |= 0x00004000;

__asm__ __volatile__ ("ldmxcsr_ %0"
z =x/1y;

printf("%.17g\n", z);
bit_view(&z, sizeof(z));

// chop
__asm__ __volatile__ ("stmxcsr%0"
mode2 &= ~“0x00006000;

= 0) printf("1");

unsigned

"=m" (mode2)) ;

"m" (mode?2)) ;

"=m" (mode2)) ;

"m" (mode2)) ;

"=n" (mode?2));

"m" (mode?2)) ;

"=m" (mode2)) ;



mode2 |= 0x00006000;

__asm__ __volatile__ ("ldmxcsr %0" : : "m"(mode2));
z =x/73;

printf ("%.17g\n", z);

bit_view (&z, sizeof(z));
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#include <stdio.h>

/*
* Only for Little Endian
*/
void bit_view(void *p, int size)
{
int i, j;
unsigned char *p2;
for (i=size-1; i>=0; i--) {
p2 = (unsigned char *)p + ij;
for (j=7; j>=0; j--) {
if ((*p2 & (1 << j)) !'= 0) printf("1");
else printf("0");
}
}
printf ("\n");
}
int main ()
{
unsigned short int model; // 16bit unsigned
double x = 1.;
double y = 10.;
double z;
// default
z =x/y;

printf("%.17g\n", z);
bit_view(&z, sizeof(z));

// mnearest

_asm {fnstcw model}
model &= ~“0x0c00;
model |= 0x0000;
_asm {fldcw modell}

z=x/y;
printf ("%.17g\n", z);
bit_view(&z, sizeof(z));

// down

_asm {fnstcw modell}
model &= ~“0x0c00;
model |= 0x0400;
_asm {fldcw model}



z =x / Y
printf ("%.17g\n", z);
bit_view (&z, sizeof(z));

// up

_asm {fnstcw model}
model &= ~“0x0c00;
model |= 0x0800;
_asm {fldcw modell}

z =x/73;
printf("%.17g\n", z);
bit_view (&z, sizeof(z));

// chop

_asm {fldcw modell}
model &= ~“0x0c00;
model |= 0x0c00;
_asm {fldcw modell}

z =x/y;
printf("%.17g\n", z);
bit_view(&z, sizeof(z));

Windows O 64bit O O O O Inline Assemler 000000 OO IntrinsicO0 000

#include <stdio.h>
#include <emmintrin.h> // for _mm_getcsr, _mm_setcsr

/*
* Only for Little Endian
*/
void bit_view(void *p, int size)
{
int i, j;
unsigned char *p2;
for (i=size-1; i>=0; i--) {
p2 = (unsigned char *)p + i;
for (j=7; j>=0; j--) {
if ((*p2 & (1 << j)) 1= 0) printf("1");
else printf ("0");
}
}
printf ("\n");
}

int main()
{
unsigned long int mode2; // 32bit unsigned

double x = 1.;
double y =
double z;
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// default

z=x/y;

printf ("%.17g\n", z);
bit_view(&z, sizeof(z));

// mnearest

mode2 = _mm_getcsr();
mode2 &= ~“0x00006000;
mode2 |= 0x00000000;

_mm_setcsr (mode2);



z =x / Y
printf ("%.17g\n", z);
bit_view (&z, sizeof(z));

// down

mode2 = _mm_getcsr();
mode2 &= ~“0x00006000;
mode2 |= 0x00002000;

_mm_setcsr (mode2) ;

z =x/73;
printf("%.17g\n", z);
bit_view (&z, sizeof(z));

// up

mode2 = _mm_getcsr();
mode2 &= ~0x00006000;
mode2 |= 0x00004000;

_mm_setcsr (mode?2);

z =x/y;
printf("%.17g\n", z);
bit_view(&z, sizeof(z));

// chop

mode2 = _mm_getcsr();
mode2 &= ~“0x00006000;
mode2 |= 0x00006000;

_mm_setcsr (mode2);

z=x/1y;
printf ("%.17g\n", z);
bit_view(&z, sizeof(z));

T ODoooououdoooooooon

cOoOOOoDO CYDOOO0DOfenv.hd include 00 fesetround 000000 O0O0ODODO
oobooboooobooo

#include <stdio.h>
#include <fenv.h>

/ *
* Only for Little Endian
*/
void bit_view(void *p, int size)
{
int i, j;
unsigned char *p2;
for (i=size-1; i>=0; i--) {
p2 = (unsigned char *)p + i;
for (j=7; j>=0; j--) {
if ((xp2 & (1 << j)) !'= 0) printf("1");
else printf("0");
}
}
printf ("\n");
}

int main()

{



double x
double y
double z;

// default

z =x/1y;

printf ("%.17g\n", z);
bit_view(&z, sizeof(z));

// mnearest

fesetround (FE_TONEAREST) ;
z=x/7y;

printf ("%.17g\n", z);
bit_view(&z, sizeof(z));

// down

fesetround (FE_DOWNWARD) ;
z=x/y;

printf ("%.17g\n", z);
bit_view (&z, sizeof(z));

// up

fesetround (FE_UPWARD) ;
z=x/y;

printf ("%.17g\n", z);
bit_view (&z, sizeof(z));

// chop

fesetround (FE_TOWARDZERO) ;
z=x/y;

printf ("%.17g\n", z);
bit_view(&z, sizeof(z));

}

00000000 -im0000000000000000C0000000O00000000 Intel
000 cpUOOO0O0O0OOO

O00OVisual C+40 C9900000000 fenv.hOOOODOOOOVisual C++000float.h
O include O _controlfp OO OO

#include <stdio.h>
#include <float.h>

/*
* Only for Little Endian
*/
void bit_view(void *p, int size)
{
int i, j;
unsigned char *p2;
for (i=size-1; i>=0; i--) {
p2 = (unsigned char *)p + 1ij;
for (j=7; j>=0; j--) {
if ((xp2 & (1 << j)) != 0) printf("1");
else printf ("0");
}
}
printf ("\n");
}
int main ()
{
double x = .3
double y = 10.;
double z;
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// default

z=x/y;

printf ("%.17g\n", z);
bit_view (&z, sizeof(z));

// mearest

_controlfp (_RC_NEAR, _MCW_RC);
z =x/7y;

printf ("% .17g\n", z);
bit_view(&z, sizeof (z));

// down

_controlfp (_RC_DOWN, _MCW_RC);
z =x/1y;

printf("%.17g\n", z);

bit_view (&z, sizeof(z));

// up

_controlfp (_RC_UP, _MCW_RC);
z=x/y;

printf("%.17g\n", z);
bit_view(&z, sizeof(z));

// chop

_controlfp (_RC_CHOP, _MCW_RC);
z =x/73;

printf ("%.17g\n", z);
bit_view(&z, sizeof(z));

0000000o0o0oocCcPUOOOD 32/64bit 000000000000 O0OOOOOOODO
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gboboooooooooobobooobooboooboobooboooboOoooon
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#if defined (_WIN32) || defined(_WIN64) // Windows
#if defined (_WIN64) // Windows 64bit

#include <emmintrin.h> // for _mm_getcsr, _mm_setcsr

void roundnear ()

{
unsigned long int mode2; // 32bit unsigned
mode2 = _mm_getcsr();
mode2 &= ~“0x00006000;
_mm_setcsr (mode?2);
}
void rounddown ()
{
unsigned long int mode2; // 32bit unsigned
mode2 = _mm_getcsr();
mode2 &= ~“0x00006000;
mode2 |= 0x00002000;
_mm_setcsr (mode2) ;
}
void roundup ()
{
unsigned long int mode2; // 32bit unstigned
mode2 = _mm_getcsr();
mode2 &= ~“0x00006000;
mode2 |= 0x00004000;
_mm_setcsr (mode2) ;
}
void roundchop ()
{
unsigned long int mode2; // 32bit unsigned
mode2 = _mm_getcsr();
mode2 |= 0x00006000;
_mm_setcsr (mode?2) ;
}

#elif defined(_WIN32) // Windows 32bit

#if _M_IX86_FP == 2
#include <emmintrin.h> // for _mm_getcsr, _mm_setcsr
#endif

void roundnear ()

{
unsigned short int model; // 16bit unsigned
unsigned long int mode2; // 32bit unsigned

_asm {fnstcw model}
model &= ~0x0c00;
_asm {fldcw modell}
#if _M_IX86_FP == 2
mode2 = _mm_getcsr();
mode2 &= ~“0x00006000;
_mm_setcsr (mode2);
#endif
}

void rounddown ()
{
unsigned short int model; // 16bit unsigned
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unsigned long int mode2; // 32bit unsigned

_asm {fnstcw model}
model &= ~“0x0c00;

model |= 0x0400;
_asm {fldcw model}
#if _M_IX86_FP == 2
mode2 = _mm_getcsr();
mode2 &= ~“0x00006000;
mode2 |= 0x00002000;
_mm_setcsr (mode2) ;
#endif
}
void roundup ()
{
unsigned short int model; // 16bit unsigned
unsigned long int mode2; // 32bit unstigned
_asm {fnstcw model}
model &= ~0x0c00;
model |= 0x0800;
_asm {fldcw modell}
#if _M_IX86_FP == 2
mode2 = _mm_getcsr();
mode2 &= ~“0x00006000;
mode2 |= 0x00004000;
_mm_setcsr (mode?2);
#endif
}
void roundchop ()
{
unsigned short int model; // 16bit unsigned
unsigned long int mode2; // 32bit unsigned
_asm {fnstcw model}
model |= 0x0c00;
_asm {fldcw modell}
#if _M_IX86_FP == 2
mode2 = _mm_getcsr();
mode2 |= 0x00006000;
_mm_setcsr (mode2) ;
#endif
}

#else // Windows other CPU
#include <float.h>

void roundnear ()

{
_controlfp (_RC_NEAR, _MCW_RC);
}
void rounddown ()
{
_controlfp (_RC_DOWN, _MCW_RC);
}
void roundup ()
{
_controlfp (_RC_UP, _MCW_RC);
}

void roundchop ()

{
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_controlfp (_RC_CHOP, _MCW_RC);

}

#endif

#else // Linuxz, etc

#if defined(__x86_64__) // Linuz 64bit

void roundnear ()

{
unsigned long int mode2; // 32bit
__asm__ __volatile__ ("stmxcsr_ %0"
mode2 &= ~“0x00006000;
__asm__ __volatile__ ("ldmxcsr_ %0"
}
void rounddown ()
{
unsigned long int mode2; // 32bit
__asm__ __volatile__ ("stmxcsr_ %0"
mode2 &= ~“0x00006000;
mode2 |= 0x00002000;
__asm__ __volatile__ ("ldmxcsr_ %0"
}
void roundup ()
{
unsigned long int mode2; // 32bit
__asm__ __volatile__ ("stmxcsr %0"
mode2 &= ~“0x00006000;
mode2 |= 0x00004000;
__asm__ __volatile__ ("ldmxcsr_ %0"
}
void roundchop ()
{
unsigned long int mode2; // 32bit
__asm__ __volatile__ ("stmxcsr_ %0"
mode2 |= 0x00006000;
__asm__ __volatile__ ("ldmxcsr_ %0"
}

#elif defined(__i386__) // Linuz 32bit

void roundnear ()

{

// 16bit
// 32bit

unsigned
unsigned

short int model;
long int mode2;

__asm__ __volatile__ ("fnstcw %0"
model &= ~“0x0c00;
__asm__ __volatile__ ("fldcw_ %0"

#if defined (__SSE2_MATH__)

__asm__ __volatile__ ("stmxcsr %0"
mode2 &= ~“0x00006000;
__asm__ __volatile__ ("ldmxcsr_ %0"
#endif
}

void rounddown ()

{

// 16bit
// 32bit

unsigned short int model;
unsigned long int mode2;

14

unsigned
"=m" (mode2)) ;

"m" (mode2)) ;

unsigned

"=m" (mode2)) ;

"m" (mode2)) ;

unsigned

"=m" (mode?2)) ;

"m" (mode?2)) ;

unsigned
"=m" (mode2));

"m" (mode?2)) ;

unsigned
unsigned

"=m" (model));

"m" (model)) ;

"=m" (mode2)) ;

"m" (mode2)) ;

unsigned
unsigned



__asm__ __volatile__ ("fnstcw_ %0"
model &= ~“0x0c00;

model |= 0x0400;

__asm__ __volatile__ ("fldcw_ %0"

#if defined (__SSE2_MATH__)

__asm__ __volatile__ ("stmxcsr %0"
mode2 &= ~“0x00006000;
mode2 |= 0x00002000;
__asm__ __volatile__ ("ldmxcsr_ %0"
#endif
}

void roundup ()

{

// 16bit
// 32bit

unsigned short int model;
unsigned long int mode2;

__asm__ __volatile__ ("fnstcw_ %0"
model &= ~“0x0c00;

model |= 0x0800;

__asm__ __volatile__ ("fldcw_ %0"

#if defined (__SSE2_MATH__)

__asm__ __volatile__ ("stmxcsr_ %0"
mode2 &= ~“0x00006000;
mode2 |= 0x00004000;
__asm__ __volatile__ ("ldmxcsr %0"
#endif
}
void roundchop ()
{
unsigned short int model; // 16bit
unsigned long int mode2; // 32bit

__asm__ __volatile__ ("fnstcw_%0"
model |= 0x0c00;
__asm__ __volatile__ ("fldcw_ %0"

#if defined (__SSE2_MATH__)

__asm__ __volatile__ ("stmxcsr %0"
mode2 |= 0x00006000;
__asm__ __volatile__ ("ldmxcsr %0"
#endif
}

#else // Linuz other CPU
#include <fenv.h>

void roundnear ()

{
fesetround (FE_TONEAREST) ;
}
void rounddown ()
{
fesetround (FE_DOWNWARD) ;
}
void roundup ()
{
fesetround (FE_UPWARD) ;
}

void roundchop ()

{
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"=m" (model)) ;

"m" (model));

"=m" (mode?2)) ;

"m" (mode?2)) ;

unsigned
unsigned

"=m" (model));

"m" (model));

"=m" (mode2)) ;

"m" (mode2)) ;

unsigned
unsigned

"=m" (model));
"m" (model));
"=m" (mode2));

"m" (mode?2)) ;



fesetround (FE_TOWARDZEROD) ;
}

#endif
#endif

9 Oooooono

gbooooboooboobooboooboobooooooobooobooboooooboooon
ooboobooooboobooooobooboooobobooboooooboon

#include <stdio.h>
#include "roundingmode-universal.c"

double div_down(double x, double y)
{
double r;

rounddown () ;
r=x1/1y;
roundnear () ;

return r;

}

double div_up(double x, double y)

{
double r;

roundup () ;
r=x/1y;
roundnear () ;

return r;

}

int main()

{
double x
double y
double z;

z = div_down(x, y);
printf ("%.17g\n", z);

z = div_up(x, y);

printf ("%.17g\n", z);
}

000000 gec4400000000O0O0O0O0O0O0O0DOO0O-0000000

0.099999999999999992
0.10000000000000001

gobooboooobodno-o1, -02,-03000

0.10000000000000001
0.10000000000000001

boboboooobooboooooooooboobobooooboobOobooboooobooDo
oono

e JO00ODOODOOODOODOOOOODO
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#include <stdio.h>
#include "roundingmode-universal.c"

double div_down(double x, double y)
{
#pragma STDC FENV_ACCESS ON
double r;

rounddown () ;
r=x/1y;
roundnear () ;

return r;

}

double div_up(double x, double y)

{
#pragma STDC FENV_ACCESS ON
double r;

roundup () ;
r=x1/1y;
roundnear () ;

return r;

}

int main()

{
double x
double y
double z;

o
-

z = div_down(x, y);
printf("%.17g\n", z);

z = div_up(x, y);

printf("%.17g\n", z);
}
COO00D00OD0 FENV_ACCESS O OO OODODOUODOOUOOODOUOoOoDOooooooon
gbobobooboooooboobobobo0o0ob0obU0obUobdg geeboboooobobOo
oo

#include <stdio.h>
#include "roundingmode-universal.c"

double div_down(double x, double y)

{
volatile double r, x1 = x, y1 = y;
rounddown () ;
r = x1 / yi;
roundnear () ;
return r;
}

double div_up(double x, double y)
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volatile double r, x1 = x, yl1 = y;

roundup () ;
r = x1 / yi;
roundnear () ;

return r;

}

int main()

{
double x
double y
double z;

non
=
o -

z = div_down(x, y);
printf ("%.17g\n", z);

z = div_up(x, y);
printf ("%.17g\n", z);
}

Uob0ooboboobOooboobooboooboboOononnog velatileDOOOOOOOODOO
goboooboooooboobooobboboooboooboooobooooooooobooooboooooa
oood

10 dJdd: dggoooboogd

10.1 gcc

-m320 32bit 000 000000-m640 64bit0000000O0OOOOOOOO
32bit 000 0-msse2 0 SSE200000000000 -mfpmath=sse 10000000000
000 SSE200000 0 -mfpmath=387 0 FPUO -mfpmath=sse,387 000000000

10.2 Visual C++

64bit OS O O Visual Studio 2005(2008) x64 Win64 000000000000 OOOO clOO
0000 64bit 00 0000O00O32bit0000000O0 Visual Studio 2005(2008) OO0 OO0
oooooo

32bit 0000 /arch:SSE20 SSE200000000000000O0OOOOCOOOO0OO
O00o0oDoOoO0o0ooooOoOooFrpPUO SSE20000000O

11 000

00000 fesetroundd Visual C++00 _controlfpd0 0000000
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