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FCMOVcc: EFLAG CF ZF PF
ST(i) ST(0)
FILD: 16 32 64 FPU

ST(0) '
FIST/FISTP: ST(0) 16 32

FISTP
64
I P
FBLD: 80 BCD FPU
FBSTP: FPU ST(0) 80
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64
2 ( 1
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I D O U P
FIADD: 16 32 FPU
ST(0) 1 DO

u P

FSUB/FSUBP/FSUBR/FSUBRP: floating-point subtract — FSUB/FSUBP FADD/FADDP

(

ST(0) 1 ) FSUBR/FSUBRP
FSUB/FSUBP
| D O U P
FISUB/FISUBR: subtract integer (converted to double-extended format) from floating-point —
FIADD ( ST(0) 1
) FISUBR FISUB
1 D OUP
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FMUL/FMULP: floating-point multiply — FADD/FADDP

| D O U P
FIMUL: multiply floating-point and integer (converted to double-extended format) — FIADD
1 D O U P
FDIV/FDIVP/FDIVR/FDIVRP: floating-point divide — FDIV/FDIVP FADD/FADDP
( ST(0)
) FDIVR/FDIVRP
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I D Z O U P
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1 D Z O U P
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; | D P
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D O U P
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( ) :

| D U
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| D U
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: I D Z
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32 64 FPU
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FPU 2
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Co QNaN
| D
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FUCOM/FUCOMP/FUCOMPP: unordered compare real - FCOM/FCOMP/FCOMPP

QNaN
D
FICOM/FICOMP: 16 32 FPU
FICOMP ST(0)
FPU C3 C2 CO
QNaN
| D
FCOMI/FCOMIP: FPU FPU
EFLAGS FCOMIP ST(0)
QNaN
I
FUCOMI/FUCOMIP: FCOMI/FCOMIP QNaN
: |
FTST: ST(0) 0.0
FPU C3 C2 Co
| D
FXAM: ST(0) NaN 0
FPU
C3 C2 CO :
FSIN: ST(0) ST(0)
| D U P
FCOS: ST(0) ST(0)
| D PU )
FSINCOS: ST(0) ST(0) FPU
: I D U P
FPTAN: tangent - ST(0) tan(ST(0)) FPU 1.0
( 2% ) : |
D U P
FPATAN: arctangent - ST(1) arctan(ST(1)/ST(0)) ST(0)
: I D U P
66 T ( )
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e FYL2X:ST(1) ST(1)* log, ST(0) ST(0)
DZOU@P
e FYL2XP1:ST(1) ST(1)* log, (ST(0) + 1.0) ST(0)
: | D O UP
e F2XM1:ST(Q) 25@0_1 |
D UP
e FSCALE:ST(0) ST(1)
| D O UP
FPU ( )
e FINIT/FNINIT:
(FINIT) (FNINIT) 64
FPU
e FLDCW:2 FPU
FPU
FPU
e FSTCW/FNSTCW:
(FSTCW) (FNSTCW) FPU 2
o FSTSW/FNSTSW:
(FSTSW) (FNSTSW) FPU
2 AX
e FCLEX/FNCLEX:
(FCLEX) (FNCLEX)
e FLDENV:( )14 28
FPU 1 FPU
e FSTENV/FNSTENV:
(FSTENV) (FNSTENV) (
)14 28 FPU
e FRSTOR: ( )94 108
FPU FPU
FPU
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e FSAVE/FNSAVE:

(FSAVE) (FNSAVE) (
)94 108 FPU FPU
e FINCSTP: FPU TOP (
)
e FDECSTP: FPU TOP (
)
o FFREE: ST(i)
e FNOP:

e FWAIT/WAIT:

FPU FNINIT
FNSTENV FNSAVE FNSTSW FNSTCW FNCLEX

FNSTSW  FNSTCW

FPU
FNSTSW FNSTCW
2.7
( FPU )
C([3] ) FPU IA-32
“mov”
IA-32
DWORD PTR 32 TBYTEPTR 80
|EEE [1] 16
( 10 ) 0x00800001
1 (0) 8 (00000001) 24
(100...001) 1-127=-126
0x00800001 +1.00...01 * 2'%
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1] r%jv

|IEEE [1]
“fpexpr”
if (fexpr == res)
printf (*“SUCCESS\n“);
el se
printf (“FAIL\n");
3 q)s”
if (-eps<fexpr—res&& fexpr—res< eps)
printf (“SUCCESS\n");
else
printf (“FAIL\n");
VX x (VX)m
X X
(
)

((\/X)m * (\/X)m Jn =X

#i ncl ude <stdio. h>
void main () {

float x, vy, z;
char *px, *py;
int i;
unsi gned short cw, *pcw;, // control word and pointer to it
pcw = &cw,
/1 set control word
cw = 0x003f; // round to nearest, 24 bits, floating-point exc. disabled
/1 cw = 0x043f; // round down, 24 bits, floating-point exc. disabled
/[l cw = 0x083f; // round up, 24 bits, floating-point exc. disabled
/1 cw = 0x0c3f; // round to zero, 24 bits, floating-point exc. disabled
__asm{
mov eax, DWORD PTR pcw
fldcw [ eax]

for (i =0 ; i <11 ; i++) {

x = (float)i; // x =1.0, 2.0, ..., 10.0

/] conpute y = sqgrt (x)

px = (char *)&x;

py = (char *)&y;

__asm{
mov eax, DWORD PTR px
fld DAWORD PTR [ eax]
fsqrt
mov eax, DWORD PTR py
fstp DAORD PTR [ eax]

01/12/06
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}
z =y *y,;
printf ("x = 9% = 0x%\n", x, *(int *)&);
printf ("y = 9% = 0x%\n", y, *(int *)&y);
printf ("z =% = 0x%\n", z, *(int *)&z2);
if (z == x)
printf ("EQUAL\n\n");
el se
printf ("NOT EQUAL\n\n");
}
}
X z x=3.0 50 10.0
7.0 8.0
X
4:

#include <stdio.h>
void main () {

float a, b, c; // single precision nunbers (of size 4 bytes)

unsigned int u; // unsigned integer (of size 4 bytes)

char *pa, *pb, *pc; // pointers to single precision nunbers
unsi gned short sw, *psw, // status word and pointer to it
unsi gned short cw, *pcw;, // control word and pointer to it

[l will conpute c = a * b

psw = &sw,

pcw = &cw,

/!l clear and read status word, set control word

cw = 0x033f; // round to nearest, 64 bits, fp exc.disabled

di sabl ed

/1 cw = 0x073f; // round down, 64 bits, fp exc.disabled
/1 cw = 0Ox0b3f; // round up, 64 bits, fp exc.disabl ed
/1 cw = OxOf3f; // round to zero, 64 bits, fp exc.
__asm{

fclex

nmov eax, DWORD PTR pcw
fldcw [ eax]
nov eax, DWORD PTR psw
fstsw [ eax]
}
printf ("BEFORE COWVPUTATI ON sw = %l. 4x\n", sw);
pa = (char *)&a; u = Ox00fffffe;
a=*(float *)&u; // a =1.11...10 * 27-126
pb = (char *)&b; u = 0x3f000001;
b =*(float *)&u; // b = 1.00...01 * 27-1
pc = (char *)&c;
/1 conmpute ¢c = a * b
__asm{
nmov eax, DWORD PTR pa;
fld DWORD PTR [eax]; // push a on the FPU stack
nov eax, DWORD PTR pb;

01/12/06
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fld DWORD PTR [eax]; // push b on the FPU stack
frulp st(1), st(0); // a* b in st(1l), pop st(0)

mov eax, DWORD PTR pc;

fstp DAMORD PTR [eax]; // ¢ = a * b from FPU stack to nenory, pop st(0)

nmov eax, DWORD PTR psw
fstsw [ eax]

}
printf ("AFTER COVPUTATI ON sw = %jt. 4x\ n", sw);

printf ("c = 98.8x = %\n", *(unsigned int *)&c, c);

}

1.0* 271 )
BEFORE COVPUTATI ON sw = 0000
AFTER COVPUTATI ON sw = 0220
¢ = 00800000 = 0.000000
0.11...1* 2%

)
BEFORE COMPUTATI ON sw = 0000
AFTER COVPUTATI ON sw = 0030
c = 007fffff = 0.000000

5. FPU IEEE
x87 IEEE  [1]
2 |EEE |EEE
FPU |EEE
|EEE
|IEEE ( 8 15 )
( FPU
53 64
|EEE 24 ) FPU |EEE
FPU
d=(@*h)/c
(a=1.0*2'" p=10*2'* c=10*2" )
a*b=10*2%°
|EEE FPU
a*b=10*2% FpU ( 15
) d=(a*b)/c=1.0*2"°
FPU 2
|IEEE ( |EEE
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FPU 64
fst

53
FPU

#i ncl ude <stdio. h>
void main () {
float a, b, ¢, d; // single precision floating-point nunbers
unsigned int u; // unsigned integer (of size 4 bytes)
char *pa, *pb, *pc, *pd; // pointers to single precision nunbers
unsi gned short sw, *psw, // status word and pointer to it
/1 will compute d = (a * b) / c
psw = &sw,
/1 clear and read status word; set rounding to nearest,
/1 and 64-bit precision
__asm{
finit
mov eax, DWORD PTR psw
fstsw [ eax]
}
printf ("BEFORE COWP. sw = %.4x\n", sw);
pa = (char *)&a; u = 0x79000000;
a="*(float *)&u; // a =1.0 * 27115
pb = (char *)&b; u = 0x7e000000;
b =*(float *)&u; // b = 1.0 * 27125
pc = (char *)&c; u = 0x7b800000;
c = *(float *)&u; // ¢ = 1.0 * 27120
pd = (char *)&d;
/1 conmpute d = (a * b) / ¢ holding the internmediate result
/[l a* b = 22240 on the FPU stack
__asm{
mov eax, DWORD PTR pa;
fld DWORD PTR [eax]; // push a on the FPU stack
nov eax, DWORD PTR pb;
fld DWORD PTR [eax]; // push b on the FPU stack
frulp st(1), st(0); // a * b = 27240 in st(1), pop st(0)
nmov eax, DWORD PTR pc;
fld DWORD PTR [eax]; // push ¢ on the FPU stack
fdivp st(1), st(0) // st(1) / st(0) = 27120 in st(1l), pop st(0)
nov eax, DWORD PTR pd;
fstp DAMORD PTR [eax]; // d = 27120 from FPU stack to mem, pop st(0)
/1 read status word
mov eax, DWORD PTR psw
fstsw [ eax]
}
printf ("AFTER FI RST COWP. sw = %l.4x\n", sw);
printf ("d = 98.8x = %\n", *(unsigned int *)&d, d); // d = 27120
/1 conmpute d = (a * b) / ¢ saving the intermediate result
/[l a* b = 27240 to menory
/1 round to nearest, 64-bit precision, floating-point exc. disabled
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__asm{
fclex nov eax, DWORD PTR pa;
fld DAMORD PTR [eax]; // push a on the FPU stack
nov eax, DWORD PTR pb;
fld DWORD PTR [eax]; // push b on the FPU stack
frulp st(1), st(0); // a* b 27240 in st(1), pop st(0)
nov eax, DWORD PTR pd;
fstp DAMORD PTR [eax]; // d = a * b fromthe FPU stack to mem pop st(0)
fld DWMORD PTR [eax]; // push d = +Inf fromnmenory on the FPU stack
mov eax, DWORD PTR pc;
fld DWORD PTR [eax]; // push c on the FPU stack
fdivp st(1), st(0) // st(1) / st(0) = +Inf in st(1l), pop st(0)
nov eax, DWORD PTR pd;
fstp DWORD PTR [eax]; // d = +Inf fromthe FPU stack to mem pop st(0)
/1 read status word
nmov eax, DWORD PTR psw
fstsw [ eax]
}
printf ("AFTER SECOND COVP. sw = %l. 4x\n", sw);
printf ("d = 98.8x = %\n", *(unsigned int *)&d, d);

}

1 (FPU ) (
) |EEE (

AFTER FI RST COWP. sw = 0000

d=7b800000= 1329227995784915900000000000000000000. 000000
AFTER SECOND COWP. sw = 0028

d = 7f800000 = 1. #l NFOO

6:
R
R
‘rn53’ 53
‘rn6d’” 64
((R)rn64)rn53 = (R)rn53
R ( )
( 64 )
( 53 ) 2
1.00...01 - 2% * 1,00010...0 - 2* ( 24 ) 2
1 ( 24 )
FPU ( 15 ) ( 24
8 ) 0.100010...0- 2%  1ulp
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( 53

)
0.100010...01 - 2%

53

2 FPU
15 ) ( 24

#i ncl ude <stdi o. h>

void main () {
float a, b,
unsi gned i nt
char *pa, *p
unsi gned sho
unsi gned sho

c;
u;
b,
rt
rt

/1 single precision floating-point nunbers
/1 unsigned integer (of size 4 bytes)

*pc; // pointers to single precision nunmbers
sw, *psw, // status word and pointer to it
cw, *pcw;, // control word and pointer to it

[l will compute c = a * b

psw = &sw,
pcw = &cw,

/1 clear status flags, read status word, set control word

cw = 0x003f;
__asm{
fcl ex

11

round to nearest, 24 bits, fp exc. disabled

mov eax, DWORD PTR pcw

fldcw [ eax

]

mov eax, DWORD PTR psw

fstsw [ eax

}

]

printf ("BEFORE FI RST COVP. sw = %i.4x\n", sw);
pa = (char *)&a; u = 0x00800001;

*)&u; // a = 1.00...01 * 27-126

pb = (char *)&b; u = 0x3f080000;

*Y&u; // b = 1.00010...0 * 27-1

pc = (char *)&c;

a = *(fl oat
b = *(fl oat

c = 123.0; /
/1 conpute c

/i

nitialize ¢ to random val ue
a* bwth 24 bits of precision;

/1 result a* b with “unbounded' exponent on FPU stack

__asm{

nmov eax, DWORD PTR pa
fld DWORD PTR [eax] // push a on the FPU stack
nov eax, DWORD PTR pb
fld DWMORD PTR [eax] // push b on the FPU stack

frul p st(1

),

st(0) // a* bin st(l), pop st(0)

mov eax, DWORD PTR pc

fstp DAORD PTR [eax] // ¢ = a * b fromFPU stack to nenory,
/1 read status word

mov eax, DWORD PTR psw

fstsw [ eax

}

]

printf ("AFTER FIRST COWP. sw = %l.4x\n", sw);

printf ("AFTER FIRST COWP. ¢ = 98.8x = %\n", *(unsigned int
// ¢ = 0.100010...00 * 27-126

/1 clear status flags, read status word, set control word

cw = 0x023f;
__asm{

11

round to nearest, 53 bits, fp exc. disabled

01/12/06
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fcl ex
nmov eax, DWORD PTR pcw
fldcw [ eax]
mov eax, DWORD PTR psw
fstsw [ eax]
}
printf ("BEFORE SECOND COWP.
/] conmpute ¢c = a * b with 53
/1 result a * b with ~unboun
__asm{
mov eax, DWORD PTR pa
fld DWORD PTR [eax] // pus
nov eax, DWORD PTR pb
fld DWORD PTR [eax] // pus
fmulp st(1), st(0) // a*
mov eax, DWORD PTR pc
fstp DAMORD PTR [eax] // c
/1 read status word
mov eax, DWORD PTR psw
fstsw [ eax]
}
printf ("AFTER SECOND COMP.
printf ("AFTER SECOND COMP.
/[l ¢ = 0.100010...01 * 2

BEFORE FI RST COMP. sw = 0000
AFTER FI RST COWP. sw = 0030
AFTER FI RST COWP. ¢ = 00440000
BEFORE SECOND COWP. sw = 0000
AFTER SECOND COWP. sw = 0230
AFTER SECOND COWP. c¢ = 0044000

(FDIVP 1 0.

FWAIT )
__tryl _except

“ ”

_try
__except ()
“EXCEPTION_EXECUTE_HA
(

#i ncl ude <stdio. h>

#i ncl ude <excpt. h>

void min () {
float f;
unsi gned short cw, *pcw, //
pcw = &cw,

sw = %. 4x\n", sw);
bits of precision;
ded' exponent on FPU stack

h a on the FPU stack

h b on the FPU stack
b in st(1l), pop st(0)

=a* b fromFPU stack to nenory,
sw = % 4x\n", sw);

c = 98.8x = %\n", *(unsigned int
n-126

= 0. 000000

1 = 0. 000000

0 )

FSTP

( )
NDLER” “__except ()"

(3] )

control word and pointer to it

01/12/06

pop st (0)
*)&c, C);
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/1 clear status flags, set control word
cw = 0x033b; // round to nearest, 64 bits, zero-divide exceptions enabl ed
__asm{

fcl ex

mov eax, DWORD PTR pcw

fldcw [ eax]

}
_try {
printf ("TRY BLOCK BEFCORE DI VI DE BY 0\ n");
__asm{
fldpi // load 3.1415926... in ST(0)
fldz // load 0.0 in ST(0); 3.1415... in ST(1)
fdivp st(1l), st(0)
/1 divide ST(1) by ST(0), result in ST(1), pop
fstp f // store ST(0) in menory and pop stack top
}

printf ("TRY BLOCK AFTER DIVIDE BY 0 \n");
} __except (EXCEPTI ON_EXECUTE_HANDLER) {
printf ("EXCEPT BLOCK\n"):

)

TRY BLOCK BEFCRE DI VI DE BY O
EXCEPT BLOCK

FSTP

TRY BLOCK BEFCRE DI VI DE BY O
TRY BLOCK AFTER DI VI DE BY 0O

(1.0.-2™*10.2'%
)

i nclude <stdio. h>

#i ncl ude <excpt. h>

void min () {
float a, b, c¢; // single precision floating-point nunbers
unsigned int u; // unsigned integer (of size 4 bytes)
char *pa, *pb, *pc; // pointers to single precision nunbers
unsi gned short t[5], *pt;
unsi gned short sw, *psw, // status word and pointer to it
unsi gned short cw, *pcw;, // control word and pointer to it
psw = &sw,
pcw = &cw,
/1 clear exception flags, read status word, // set control word
cw = 0x0337; // round to nearest, 64 bits, // overflow exceptions enabl ed
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__asm{
fclex
nmov eax, DWORD PTR pcw
fldcw [ eax]
nov eax, DWORD PTR psw
fstsw [ eax]
}
printf ("BEFORE COWP. sw = %.4x\n", sw);
pa = (char *)&a; u = 0x79000000;
a="*(float *)&; // a =1.0 * 27115
pb = (char *)&b; u = 0x7e000000;
b =*(float *)&u; // b = 1.0 * 27125
pc = (char *)&c;
c = 0.0;
pt = 1t;
_try {
printf ("TRY BLOCK BEFORE OVERFLOWN N");
/1 conmpute ¢c = a* b
__asm{
nmov eax, DWORD PTR pa
fld DWMORD PTR [eax] // push a on the FPU
nov eax, DWORD PTR pb
fld DAMORD PTR [eax] // push b on the FPU

st ack

st ack

frulp st(1), st(0) // a* b in st(l), pop st(0)

/1 cause the overfl ow exception
mov eax, DWORD PTR pc

fstp DAORD PTR [eax] // ¢ = a * b fromFPU stack to nenory, pop st(0)
fwait // trigger floating-point exception if any

}
printf ("TRY BLOCK AFTER OVERFLOWN");

} _ _except (EXCEPTI ON_EXECUTE_HANDLER) {

printf ("EXCEPT BLOCK\n");
/1 clear exception flags, read status word,
cw = 0x033f; // round to nearest, 64 bits,
__asm{

nmov eax, DWORD PTR psw

fnst sw [ eax]

fncl ex

mov eax, DWORD PTR pcw

fldcw [ eax]

/1 set control word
/1 exceptions disabled

B=1, TOP=111, ES=1, CE=1

fstp TBYTE PTR [eax] // ¢ = a * b fromFPU stack to nenory, pop st(0)

}
printf ("sw = %. 4x\n", sw); // sw=0xb888:
__asm{
mov eax, DWORD PTR pt
}
printf ("t = %l 4x%}. 4x%. 4x%. 4x%. 4x\ n",
[l t = 27240
}

01/12/06
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FPU (sw=0xb888) ( B=1
TOP=111 ES=1 OE=1 ) (Ox40ef8000000000000000  22%°
)  FPU

BEFORE COWP. sw = 0000
TRY BLOCK BEFORE OVERFLOW

EXCEPT BLOCK

sw = b888

t = 40ef 8000000000000000

FSTP FSTP FPU
32
9: FPU
2

FPU (
1.0...01- 2% 10.,.01 . 2! )

#i ncl ude <stdio. h>
#i ncl ude <fl oat. h>
#i ncl ude <excpt. h>
void main () {
unsi gned short a[5], b[5], c[5], *pa, *pb, *pc;
unsi gned short sw, *psw, // status word and pointer to it
unsi gned short cw, *pcw, // control word and pointer to it
psw = &sw,
pcw = &cw,
/1 clear exception flags, read status word, // set control word
cw = 0x0b37; // round up, 64 bits, overflow exc. enabl ed
__asm{
fcl ex
mov eax, DWORD PTR pcw
fldcw [ eax]
mov eax, DWORD PTR psw
fstsw [ eax]

}
printf ("BEFORE COWP. sw = %t. 4x\n", sw);

// a =1.0* 2716000, b = 1.0 * 2216000

a[4] = Ox7e7f; a[3] = 0x8000; a[2] = 0x0000; a[1] = 0x0000; a[0] = 0x0001;
b[ 4] = Ox7e7f; b[3] = 0x8000; b[2] = 0x0000; b[1] = 0x0000; b[0] = 0x0001;
pa = a; pb =b; pc = c;

_try {

printf ("TRY BLOCK BEFORE OVERFLOMN N");

/[l conpute c =a* b

__asm{
nmov eax, DWORD PTR pa
fld TBYTE PTR [eax] // push a on the FPU stack
nov eax, DWORD PTR pb
fld TBYTE PTR [eax] // push b on the FPU stack
frulp st(1), st(0) // a* b in st(1l), pop st(0)
fwait // trigger floating-point exception if any
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printf ("TRY BLOCK AFTER OVERFLOW n");
} __except (EXCEPTI ON_EXECUTE_HANDLER) {
printf ("EXCEPT BLOCK\n");
/1 clear exceptions, read status word, set control word
cw = 0x0b3f; // round up, 64 bits, exceptions disabled
__asm{
nmov eax, DWORD PTR psw
fnst sw [ eax]
fncl ex
nmov eax, DWORD PTR pcw
fldcw [ eax]
}
printf ("sw = %. 4x\n", sw); // sw=0xbaa8:
/[l B=1, TOP=111, Cl=1, ES=1, PE=1, OCE=1
__asm{
mov eax, DWORD PTR pc

fstp TBYTE PTR [eax] // ¢ = a * b fromFPU stack to nenory, pop st(0)

}
printf ("c = %t 4x%t. 4x%4. 4x%4. 4x%4. 4x\n", c[4],c[3],c[2],c[1],c[0]);
[l ¢ = 27~32000 / 2724576 = 277424 (bi ased exponent is 0Ox5cff)

BEFORE COWP. sw = 0000
TRY BLOCK BEFORE OVERFLOW
EXCEPT BLOCK

sw = baa8
¢ = 5cf f8000000000000003
FPU 224576
(Ox5cff8000000000000003 32000-24576  praza ) FPU
(sw=baa8) B=1 TOP=111 Cl=1 ES=1 PE=1 OE=1
(C1=1 )
FMUL 32000
15
01/12/06
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3 SIMD
SIMD (SSE)( )
)  SIMD
SSE
1 (
FPU )
0 NaN
2D 3D
3.1 SIMD
SSE 8 128 ( 3)
(FPU
FXCH )
(
IA-32 )
XMM7
XMM6
XMM5
XMM4
XMM3
XMM?2
XMM1
XMMO
3: SIMD
SIMD 4 (4 X1 X2 X3 X4 X1
) 128
127 96 95 65 64 32 31 0
X4 X3 X2 X1
4:
16
128 32
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16
SSE (
) ( ) 4 (
)
3 ( 127 32
) 1

3.2 SIMD /
SSE 32 / ( 5 31

16( ) 6 0
FPU  / SSE/

MMX SSE
SSE2( 4 ) MMX
FPU TOP=0

o( FPU )

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

FZ |RC |RC [PM [UM |OM |ZM (DM (IM |Res |PE |UE |OE |ZE |DE |IE

5: / MXCSR 16
15 7 /
5 0
SSE MXCSR
(PC)
15
(MXCSR FZ )
0 MXCSR
SSE
FZ
14 13 (RC)
|EEE [1]
(RC=00B RC=01B RC=10B
RC=11B ) 2

12 7(PM UM OM ZM DM M)
SIMD (
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5 O(PE UE OE ZE DE IE)

1
( ) FPU
MXCSR SSE
4
(OR)
10:
SSE
2 |EEE 1
MULSS FPU
2 (FMUL  FST) FPU
FMUL 1
2 a b
a=11...10. 27~ 10
b=10...01-27~05
24
( 24 )
a-b=10...0. 27 ( )
a-b=111...1. 27 ( )
a-b=10...0. 27 ( )
a-b=111...1. 27 ( )
( 24 )
( 0
)
a-b=10...0. 27 (P )
a-b=+0.0 (P U )
a-b=10...0. 27* (P )
a-b=+0.0 P U )
3.3
SIMD FPU
( ) 6
MXCSR  / / ( |/
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(
( )
( ) SIMD FPU
1
MXCSR
(OR)
( ) SIMD FPU
SIMD 19
FPU SIMD
COMISS
UCOMISY( ) EFLAGS
x87 (x87
) SSE SIMD
MXCSR
(OR) (
)
SSE FPU
( )
SIMD FPU
. (SNaN NaN)
e ONaN ( QNaN
[ ]
[ ]
)
[ ]
[ ]
MXCSR
FPU

01/12/06

FPU

36



AP-943 FPU SSE SSE2

FPU
SIMD
3 SSE
0
)
0
(
)
3.4
SSE
MXCSR
SSE
MXCSR
(
SIMD

[1]

(1

SSE

/ FPU

1 SIMD /
( MXCSR Fz

(PM

COMISS UCOMISS)

(
EFLAGS

SSE

x87

01/12/06
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3.5 NaN
FPU SIMD QNaN
( /
( 2 )FPU

NaN 3 SSE  OQNaN

3: SSE  QNaN

QNaN
SNaN  QNaN 1 NaN( 1 SNaN
QNaN )

2 SNaN 1 NaN(QNaN )
2 QNaN 1  NaN
SNaN 1 SNaN  QNaN( NaN)

SNaN
QNaN 1 OQNaN

QNaN
NaN OQNaN
3.6 SIMD
SSE ( ) MMX

3?2 IA-32 ( [2]

4

“PS’ (“packed single precision”)
“SS’(“scalar single precision”)
128
32
SSE

¢ MOVAPS/MOVUPS: move aligned/unaligned packed single precision floating-point;
SIMD SIMD 128

e MOVHPS/MOVLPS: move aligned, high/low packed single precision floating-point;
SIMD / 64

)

01/12/06
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MOVHLPS/MOVLHPS: move high/low to low/high packed single precision floating-point;

/ 64 /
64 ( / 64 ) :
MOVMSKPS: move mask packed, single precision floating-point to r32; 4
32 IA-32 r32
MOV SS: move scalar single precision floating-point; SIMD

32 SIMD 32 32

ADDPS/ADDSS/SUBPS/SUBSSMULPS/IMULSS: add/subtract/multiply packed/scalar, single

precision floating-point; 1 SIMD
2 SIMD
1 D O U P
DIVPS/DIVSS: divide packed/scalar, single precision floating-point; 1
SIMD 2 SIMD

12 D O U P

SQRTPS/SQRTSS: square root packed/scalar, single precision floating-point;
SIMD
SIMD 1 D P

MAXPSMAXSS/MINPS/MINSS: maximum/minimum packed/scalar, single precision floating-
point; 1 SIMD 2
SIMD
1 D( NaN )

CMPPS/CMPSS: compare packed/scalar, single precision floating-point; 1

SIMD 2 SIMD
10 ) o ) 32
1 D( It le nlt nle

NaN SNaN )
COMISS/'UCOMISS:. compare scalar single precision floating-point ordered/unordered and set
EFLAGS;, 1 SIMD

2 SIMD
EFLAGS ZF PF CF
1 D( COMISS

NaN UCOMISS SNaN )
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CVTPI2PS. MMX 2 32
SIMD ( 2 )2
P
CVTSI2SS: 1 32 SIMD
( )1 :
CVTPS2PI/CVTTPS2PI: SIMD 2
2 MMX 2
32 CVTTPS2PI MXCSR
( )
1P
CVTSS2SI/CVTTSS2Sl: SIMD
1 32
CVTTSS2S MXCSR
( ) I P

( )

ANDPSANDNPS/ORPS/XORPS: packed logical AND, AND-NOT, OR, XOR,;

RCPPS/RCPSS. packed/scalar, single precision floating-point reciprocal approximation(

15.27%); SIMD
SIMD
RSQRTPS/RSQRTSS: packed/scalar, single precision floating-point square root reciprocal
approximation( 15.27%; SIMD
SIMD
FXSAVE/FXRSTOR: 512 FPIMMX
SIMD CY(
) 1P( ) FOR(
) FTW(FPU ) FSW(FPU ) FCW(FPU
) MXCSR(SIMD / ) DY
) DP( 8 FPU IMMX
8 SIMD :
STMXCSR/LDMXCSR: 32 SIMD /

/

01/12/06
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FXSAVE FXRSTOR FSAVE FRSTOR
/
SSE SIMD SIMD
( SIMD )
32 SSE
x87 MMX
MMX SIMD
3.7 SSE
SSE |A-32 (
8086 ) SSE
SSE
. : CRO.EM( 2)=0
. SSE : CPUID.XMM(EDX 25)=1
. FXSAVE/FXRSTOR : CPUID.FXSR(EDX 24)=1
e OS SIMD FP
CR4.0SFX SR( 9)=1
SIMD
( [2] ) SIMD
SSE
e OS SIMD : CR4.OSXMMEXCPT( 10)=1
3.8
2 SSE
11: SSE
SIMD (1.0,1.0,1.0,1.0) (0.0...01-27% 0.0,
1.1...11- 2 SNaN) ( ) 1 MXCSR
( ) 2
3
+0.0
MXCSR
MXCSR
SIMD (+inf, +inf, 0.0, QNaN) QNaN 1
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SNaN NaN MXCSR
MXCSR

#i ncl ude <stdio. h>
void main () {
char *nmem
unsi gned int ui neni4];
int nxcsr, *pnxcsr;
mem = (char *)ui nem
/1 set and then read new val ue of MXCSR
mkcsr = 0x00009f 80;
/[l ftz =1, rc = 00 (to nearest), traps disabled, flags clear
pnxcsr = &MXcsr;
__asm{
nmov eax, DWORD PTR pnxcsr
| dnxcsr [ eax]
st mxcsr [ eax]
}
printf ("BEFORE SIMD DI VIDE: MXCSR = 0x%8. 8x\n", nxcsr);
/1 load first set of operands

ui menj 0] = 0x3f800000; // 1.0
ui nrenf 1] = 0x3f800000; // 1.0
ui meni 2] = 0x3f800000; // 1.0
ui meni 3] = 0x3f800000; // 1.0
__asm{

mov eax, DWORD PTR nem
novups XMML, [eax];
}

/1 load second set of operands

ui menf 0] = 0x00000001; // 0.0...01 * 27~-126
ui meni 1] = 0x00000000; // 0.0

uimen 2] = ox7f7iffff; // 1.1...1 * 2°~127
ui meni 3] = 0x7f bf 0000; // SNaN

__asm{

mov eax, DWORD PTR nmem
nmovups XMW, [eax];
}
/1 perform SIM divide and store result to nmenory
__asm{
di vps XMML, XMWR;
nmov eax, DWORD PTR nem
movups [eax], XMML;
}
/1 read new val ue of MXCSR
__asm{
nmov eax, DWORD PTR pnxcsr
st mkcsr [ eax]
}
printf ("AFTER SINMD DI VI DE: MXCSR = 0x%B.8x\n", mnxcsr);
printf ("res = %8.8x %8.8x %B.8x B.8x = % % % %\n",
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uinmen{0], uinenf1], uinmeni2], uinmen3],
*(float *)&uinmenf0], *(float *)&uinenl],
*(float *)&uinmeni2], *(float *)&uinmeni3]);

}

The output is:

BEFORE SI MD DI VI DE: MXCSR = 0x00009f 80

AFTER SI MD DI VIDE: MXCSR = 0x00009f bf

Res = 7f 800000 7f800000 00000000 7fff0000 =
1. #1 NFOO 1.#l NFOO 0. 000000 1.#QNANO

MOVUPS SIMD SIMD
16
MOVAPS 16
12: SSE 1.0/ (sqrt (a) — 1.0)
2 1.0/ (sort (@) — 1.0) a 4 1 1.0
(@a=1.0...01-2° =1+2%) (

a=1.0...01 XMM1

#i ncl ude <stdio. h>
void main () {
char *nmem
unsi gned int *ui mem
mem = (char *)(((int)malloc (144) + 16) & ~0x0f); // 16-byte aligned
ui mem = (unsi gned int *)mem

/1 load x[i] in XMML, i = 0,3

ui menif 0] = 0x40000000; // 2.0

ui meni 1] = 0x40400000; // 3.0

ui menf 2] = 0x40800000; // 4.0

ui meni 3] = 0x3f800001; // 1.0 + 1 ulp (1.0 + 27-23)
__asm{

mov eax, DWORD PTR nmem
nmovaps XMML, [eax];
}
/1 load y[i] = 1.0 in XMW
ui meni 0] 0x3f 800000; //
ui meni 1] 0x3f 800000; //
ui meni 2] 0x3f 800000; //
ui meni 3] 0x3f 800000; //
__asm{
nmov eax, DWORD PTR nmem
novaps XMW, [eax];
}
/1 calculate 1.0/ (sqrt (x[i]) - 1.0), i =0,3
__asm{
/1 calculate sqrt (x[i]) in XMM, i =0,3
sgrtps XMMVIL, XMVL;
/1 calculate sgrt (x[i]) - 1.0 in XMM, i = 0,3

PR ERET
cocooo-
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subps XMML, XMWE;
/1 calculate 1.0/ (sqrt (x[i]) - 1.0) in XM, i = 0,3
di vps XMVR, XMMWL;
/] store result in nenory
nov eax, DWORD PTR nmem
novaps [eax], XM\E;
}
printf ("res = 98.8x %8.8x ¥B.8x ¥8.8x = % % 9% %\n",
uinmenf{0], uinenf1], uinmeni2], uinmen3],
*(float *)&uinmenf0], *(float *)&uinenl],
*(float *)&uinmeni2], *(float *)&uinmeni3]);

res = 401a827a 3faed9ec 3f 800000 7f800000 =
2.414214 1.366025 1. 000000 1.#l NFOO

a=1+ 22

) SSE2
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4 SIMD
SIMD (SSE?) 1A
MMX / SSE?2
SSE?2 MMX
SSE SSE2 2
(128 2 128 )
SIMD
SSE2
1 ( FPU
) 0
NaN /
FPU
4.1 SIMD
SSE2 SSE 3) 8 128 SIMD
(XMM )
SSE2 / OS SSE
/
SIMD 2 ( 6 X1 X2 X1 )
128
127 64 63 0
X2 X1
6:
16
128 64
16
4.2 SIMD /
SSE / (MXCSR)  SSE2
SSE2 MXCSR
(PC)
1
( ) SSE MXCSR
SSE?2 1 2
2
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2
(OR)
SSE2 (
) ( ) (
)
( 64 127
) 1
4.3
SSE2  FPU SSE
( ) 6
MXCSR  / / ( |/
) (MXCSR
SSE )
(
)
( )
( ) SIMD FPU
1
MXCSR
(OR)
( ) SIMD FPU
SIMD 19
FPU SIMD
COMISS
UCOMISS( ) EFLAGS
FPU (FPU
) SSE2 SIMD
MXCSR
(OR) (
)
SSE2 FPU
(
)
SSE2 FPU SSE
MXCSR
SSE
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FPU ( FPU
)
FPU SSE2( SSE )
2 SIMD
3 / SSE2  FPU /
SSE 1 SIMD /
0 ( MXCSR  FZ UM
) (PM )
0
( COMISS  UCOMISS) EFLAGS
(
) EFLAGS
4.4
SSE2 FPU SSE
SSE2
MXCSR SSE2
SSE
MXCSR 2
x87
( )
SIMD ( IEEE  [1]
)
2
(
)
( )
4.5 NaN
FPU SSE SSE2 QNaN
( /
) SSE2 2 FPU QNaN
3 SSE NaN
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46 SSE?
SSE2 ( ) MMX
32 1A-32 2] )

double precision”)
“SD” (“scalar double precision™)
128
64

“PD” (* packed

SSE2

e MOVAPD/MOVUPD: move aligned/unaligned packed double precision floating-point;

SIMD SIMD

128

e MOVHPD/MOVLPD: move aigned, high/low packed double precision floating-point;

SIMD /
/ )

o MOVMSKPD: move mask packed, double precision floating-point to r32; 2
32 IA-32

¢ MOVSD: move scalar double precision floating-point;

64 SIMD 64

64

r32

64

¢ ADDPD/ADDSD/SUBPD/SUBSD/MULPD/MULSD: add/subtract/multiply packed/scalar,

double precision floating-point; 1

2 SIMD

:1,D,0,U, P

o DIVPD/DIVSD: divide packed/scalar, double precision floating-point;

SIMD

e SQRTPD/SQRTSD: square root packed/scalar, double precision floating-point;

SIMD

SIMD :1,D,P
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MAXPD/MAXSD/MINPD/MINSD: maximum/minimum packed/scalar, double precision
floating-point; 1 SIMD
2 SIMD
1, D( NaN )

CMPPD/CMPSD: compare packed/scalar, double precision floating-point; 1
SIMD 2
SIMD () o ) o4
1 D( It le nlt nle
NaN SNaN

)
COMISD/UCOMISD: compare scalar double precision floating-point ordered/unordered and set

EFLAGS;, 1 SIMD
2 SIMD
EFLAGS ZF PF CF
1 D( COMISD NaN
UCOMISD  SNaN )
CVTPD2PI: MXCSR SIMD
MMX 32
CVTSD2SI: MXCSR SIMD
1 32 IA-32
32
CVTTPD2PI: SIMD
MMX 32
CVTTSD2SI: SIMD
1 32 IA-32 32
CVTPI2PD: MMX 2 3
SIMD 2
CVTSI2SD: 32 IA-32 1 32
SIMD
CVTPD2DQ/CVTTPD2DQ: SIMD 2
SIMD 2 32 CVTPD2DQ
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MXCSR CVTTPD2DQ
e CVTDQ2PD: SIMD 2 32
SIMD 2
e CVTPS2PD: SIMD 2
SIMD 2
e CVTSS2SD: SIMD
SIMD
e CVTPD2PS: SIMD 2 SIMD
2
e CVTSD2SS: SIMD SIMD
e CVTPS2DQ/CVTTPS2DQ: SIMD 4
SIMD 4 32 CVTPS2DQ
MXCSR CVTTPS2DQ
e CVTDQ2PS: SIMD 4 32 SIMD
4
6. ( )
« ANDPD/ANDNPD/ORPD/XORPD: packed logical AND, AND-NOT, OR, XOR;
7. SSE2 : SSE
(FXSAVE, FXRSTOR, STMXCSR, LDMXCSR)
SSE2 SIMD SIMD
( SIMD )
64
SSE
4.7 SSE2?2
SSE2 IA-32 (
8086 ) SSE2
SSE2
. : CRO.EM( 2)=0
. SSE2 : CPUID.WNI=1
. FXSAVE/FXRSTOR : CPUID.FXSR(EDX 24)=1
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o OS SIMD FP
CRA4.0OSFX SR( 9)=1
SIMD
( [2] ) SIMD
SSE2
(O SIMD : CRA.OSXMMEXCPT( 10)=1
4.8
13: SSE2 1.0/ (sqrt (a) — 1.0)
12 SSE 1.0/ (saort (a) — 1.0) a 2
1 1.0 (a=1.0...010...0-2° =1+2 %)
R=(1+ 225 98B0 T4 597 L 02
a=1.0...010...0

#i

XMM1

ncl ude <stdi o. h>

void main () {

char *nmem
unsi gned int *ui mem

mem = (char *)(((int)malloc (144) + 16) & ~0x0f); // 16-byte aligned

[l printf ("mem= %\n\n", (int)nmen)

ui rem = (unsigned int *)nmem

/1 load x[i] in XWL, i =0,1

ui menf 1] = 0x40000000; uinenf0] = 0x00000000;
/1 2.0 (in uimenf1], uinmeni0])

ui menf 3] = 0x3ff00000; uinenf2] = 0x20000000;
/1 1.0 + 27-23 (in uinmen]3], uinmeni?2])

_asm{
nov eax, DWORD PTR nmem
novaps XMML, [eax];

}
/[l load y[i] =1.0in XM, i =0,1
ui menf 1] = 0x3ff00000; uinenf0] = 0x00000000; // 1.0
ui men{ 3] = 0x3ff00000; uinmen{f2] = 0x00000000; // 1.0
_asm{
nmov eax, DWORD PTR nmem
novaps XM\, [eax];
}
Il calculate 1.0 / (sqrt (x[i]) - 1.0), i =0,1
__asm{
Il calculate sqrt (x[i]) in XMM, i =0,1
sqrtpd XWMML, XMVL;
I/ calculate sgrt (x[i]) - 1.0 in XMML, i = 0,1
subpd XMML, XMWR;
Il calculate 1.0 / (sqrt (x[i]) - 1.0) in XMR, i =0,1
di vpd XMVR, XMWL;
01/12/06

51



AP-943 FPU SSE SSE2

/1 store result in nenory
mov eax, DWORD PTR mem
novaps [eax], XW\;

}

printf ("res = 8. 8x%8.8x %8.8x%8.8x = % %\n",
ui menf 1], uinmen{0], uinmeni3], uinmen?2],
*(doubl e *)&ui nenf 0], *(double *)&uineni2]);

res = 4003504f333f9de5 4170000008000004 = 2.414214 16777216.500000

(uimem[3] uimem[2] )a=1+ 27 R

e=|(R-R*)/R|=(™®-2"+2% - )/(1+2%-20+27.29+ )x27%

12 ( 12

) (
1.6 (e~5-27%9
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5
4 1A-32FPU SSE SSE2
4: 1A-32 FPU SSE SSE2
FPU SSE SSE2
FPU SSE oS SSE2 oS
FPU OS SSE OS SSE2
oS oS
4 SIMD 2 SIMD
IA-32
IA-32
(
8 80 8 128 8 128
(SSE2 (SSE
) )
/ /
/
FPU / /
MXCSR(SSE2 ) MXCSR(SSE )
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4: 1A-32 FPU SSE SSE2 ( )
FPU SSE SSE2
4
(OR) (OR)
2 19 19
16
/ / /
(I D 2 (I D 2 (I D 2
O U P (O U P O U P
(
)
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4: 1A-32 FPU SSE SSE2 ( )
FPU SSE SSE2
FPU
|EEE
754-1985 100% IEEE ~ 754-1985 IEEE 754
100% 1985 100%
( (IEEE 754
) ) (IEEE 754 )
FPU ( SSE SSE2 SSE2 SSE
)SSE SSE2 NaN ( NaN (
NaN )FPU )FPU
FPU SSE SSE2
14: FPU SSE SSE2
( )

(17 ((1/20)/(1/3))+3/10)/11) * (1/(1/99) + 11)) * 39 = 1417

SSE
4

#i ncl ude <stdio. h>
void min () {

float res[4], *pres = res,
al[4] = {1.0, 1.0, 1.
a3[4] = {3.0, 3.0, 3.
alo[ 4] = {10.0, 10.0, 10.
all[4] = {11.0, 11.0, 11.
a39[4] = {39.0, 39.0, 39.
a99[4] = {99.0, 99.0, 99.
__asm{
nmov eax, DWORD PTR pal
novups XWMVb, [eax] // 1 in

(

w P

11
39

OO0O00O0O

xnmb

.0},
.0},
10.

0},

.0},
.0},
99.

0},
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}

novaps XWML, XMvb // 1 in xnmml
nmov eax, DWORD PTR palO

movups XMW, [eax] // 10 in xm®
di vps XMML, XMWR // 1/10 in xmil
novaps XWMM2, XMvb // 1 in xmm®
nmov eax, DWORD PTR pa3

movups XMMB, [eax] // 3 in xmB
divps XM, XMMB // 1/3 in xm?®
divps XMML, XMMWVR // 3/10 in xmil
novaps XWMM2, XWVb // 1 in xmmR
divps XM, XMML // 10/3 in xm®
nmov eax, DWORD PTR palO

novups XMML, [eax] // 10 in xmml
divps XMVB, XMML // 3/10 in xm8B

addps Xmwve, XMMB // 109/30 in xmm2

nmov eax, DWORD PTR palil
novups XMML, [eax] // 11 in xmml

divps XMW, XWML // 109/330 in xmR

nmov eax, DWORD PTR pa99

nmovups XMMB, [eax] // 99 in xmB
novups XM, XWb // 1 in xmm#
di vps XMW, XMMB // 1/99 in xm+
di vps XMvb, XMW4 // 99 in xnmb
addps XwML, XMvb // 110 in xnml

mul ps XWML, XMV // 109/3 in xmil

nmov eax, DWORD PTR pa39

movups XMW, [eax] // 39 in xmP
mul ps XWMML, XMWV // 1417 in xmml
nmov eax, DWORD PTR pres;

novups [eax], XMVL;

printf ("res = \n\t%.8x 98.8x ¥8.8x %8.8x = \n\t% % % %\n",
*(unsigned int *)&es[0], *(unsigned int *)&res[1],
*(unsigned int *)&es[2], *(unsigned int *)&res[3],

res

res[0], res[1], res[2], res[3]);

IEEE

= 44pb12001 44b12001 44b12001 44b12001 =
1417. 000122 1417.000122 1417.000122 1417. 000122

1417 lulp

res = 1417 + 1 ulp = 1417 + 2% =

e=+2"

g, =8.6147-10°8

FPU

SSE2 (2417.0
2

1417 + 2%

FPU

|EEE
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#i ncl ude <stdio. h>
void main () {

doubl e res[2], *pres = res,
al[2] = {1.0, 1.0}, *pal = al,
a3[2] = {3.0, 3.0}, *pa3 = a3,
alo[2] = {10.0, 10.0}, *pal0 = alo,
ali[2] = {11.0, 11.0}, *pall = ali,
a39[2] = {39.0, 39.0}, *pa39 = a39,
a99[2] = {99.0, 99.0}, *pa99 = a9y,

unsi gned int *uint;

uint = (unsigned int *)res;

__asm{
nmov eax, DWORD PTR pal
novupd XWMVb, [eax] // 1 in xmb
movapd XMML, XMVb // 1 in xmml
nmov eax, DWORD PTR palO
novupd XMW, [eax] // 10 in xm®
di vpd XMV, Xwmwve // 1/10 in xml
movapd XMV, XMVb // 1 in xm®
nmov eax, DWORD PTR pa3
novupd XMMB, [eax] // 3 in xmB
di vpd XMW2, XMMB // 1/3 in xm?®
di vpd XmML, Xwmwve // 3/10 in xml
nmovapd XMMV2, XMVb // 1 in xm®
divpd XM, XMML // 10/3 in xm®2
nmov eax, DWORD PTR palO
movupd XMML, [eax] // 10 in xmml
divpd XMVB, XWMML // 3/10 in xmB
addpd Xmve, XMMB // 109/30 in xm®
nmov eax, DWORD PTR pall
movupd XMML, [eax] // 11 in xmml
divpd XMW, XWMML // 109/330 in xmmR
nmov eax, DWORD PTR pa99
novupd XMMVB, [eax] // 99 in xmB
movupd XMV, XMVb // 1 in xmid
divpd XM, XMMB // 1/99 in xmd
di vpd XMvb, XMW // 99 in xmmb
addpd XwWML, XMvb // 110 in xmml
mul pd XMML, XMWR // 109/3 in xmrl
nmov eax, DWORD PTR pa39
novupd XMV, [eax] // 39 in xm®
mul pd XMML, XMW // 1417 in xmml
mov eax, DWORD PTR pres;
nmovupd [eax], XMWL;

}

printf ("res = \n\t%B. 8x%8.8x . 8x¥B.8x = \n\t% %\n",

uint[3], uint[2], uint[1], uint[0], res[1], res[0]);

IEEE
res = 409623fffffffffe 409623fffffffffe =1417.000000 1417.000000
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1417 2ulp
res= 1417 - 2ulp = 1417 -2 - 2" = 1417 - 27"
e=-2"
£,=3.2092-107"
(e 1= 8.6147 - 10®)
FPU 53 FPU
|EEE
FPU
(FPU PC=11 )
#i ncl ude <stdio. h>
voi d
main () {

float a3 = 3., al0 = 10., all = 11., a39 = 39., a99 = 99.
char *pa3, *palO, *pall, *pa39, *pa99

/1 pointers to single precision nunbers
unsi gned short t[5], *pt; // 10-byte (80-bit) result
unsi gned short cw, *pcw;, // control word and pointer to it
float res; // result, used just to print the deciml value
char *pres;
pa3 = (char *)&a3;

pal0 = (char *)&alo;
pall = (char *)&all;
pa39 = (char *)&a39
pa99 = (char *)&a99
pt = t;

pres = (char *)&res;

pcw = &cw,
/'l set control word

cw = 0x033f; // round to nearest, 64 bits, exceptions disabled
/1 (doubl e- ext ended preci sion)

/1 cw = 0x023f; // (use for pure | EEE doubl e precision)
/1 round to nearest, 53 bits, exceptions disabled

/1 cw = 0x003f; // (use for pure | EEE single precision)
/1 round to nearest, 24 bits, exceptions disabled

__asm{
nmov eax, DWORD PTR pcw
fldcw [ eax]
/1 conmpute E = 1417.0
fldl // 1 in st(0)
mov eax, DWORD PTR palO
fdiv DAWORD PTR [eax] // 1/10 in st(0)
fldl // 1 in st(0), 1/10 in st(1)
mov eax, DWORD PTR pa3
fdiv DAWORD PTR [eax] // 1/3 in st(0), 1/10 in st(1)
fdivp st(1), st(0) // 3/10 in st(0)
fldl // 1 in st(0), 3/10 in st(1)
fxch // 3/10 in st(0), 1 in st(1)
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fdivp st(1), st(0) // 10/3 in st(0)
mov eax, DWORD PTR pa3
fld DAWORD PTR [eax] // 3 in st(0), 10/3 in st(1)
nmov eax, DWORD PTR palO
fdiv DAWORD PTR [eax] // 3/10 in st(0), 10/3 in st(1)
faddp st(1), st(0) // 109/30 in st(0)
mov eax, DWORD PTR palil
fdiv DAWORD PTR [eax] // 109/330 in st(0)
fldl // 1 in st(0), 109/330 in st(1)
nmov eax, DWORD PTR pa99
fdiv DAWORD PTR [eax] // 1/99 in st(0), 109/330 in st(1)
fldl // 1 in st(0), 1/99 in st(1), 109/330 in st(2)
fxch // 1/99 in st(0), 1 in st(1), 109/330 in st(2)
fdivp st(1), st(0) // 99 in st(0), 109/330 in st(1)
mov eax, DWORD PTR palil
fadd DWORD PTR [eax] // 110 in st(0), 109/330 in st(1)
frulp st(1), st(0) // 109/3 in st(0)
nmov eax, DWORD PTR pa39
fmul DWORD PTR [eax] // 1417 in st(0)
nmov eax, DWORD PTR pres
fst DWORD PTR [eax] // res fromthe FPU stack to nmenory, pop st(0)
nmov eax, DWORD PTR pt
fstp TBYTE PTR [eax] // res fromthe FPU stack to nenory, pop st(0)
}
printf ("res = %l. 4x%. 4x%. 4x%d. 4x%. 4x\ n",
t[4], t[3], t[2], t[1], t[O]); // t = 1417.0
printf ("res = 9%.6f\n", res);
}
IEEE

res = 4009b120000000000001
res = 1417.000000
1417 lulp
res=1417 + Lulp = 1417 + 219 = 1417 - 2%
e=-2"

£3=10842-107"

£,=8.6147 - 10°® >¢,=3.2092 - 10° > ¢ ;=1.0842 - 10%°
3
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6
FPU
BCD  ( )

SIMD
SSE

SSE2

|A-32 FPU SSE SSE2 |EEE
|EEE
(
SSE SSE2 )

IA-32 |EEE

01/12/06

60



	1 はじめに
	2 IA FPUを使用した浮動小数点計算
	2.1 FPUアーキテクチャ
	2.2 FPUステータス・ワードと制御ワード
	2.3 浮動小数点例外
	2.4 ソフトウェア例外処理
	2.5 NaNの処理
	2.6 FPU命令
	2.7 例

	3 ストリーミングSIMD浮動小数点命令
	3.1 ストリーミングSIMD浮動小数点命令アーキテクチャ
	3.2 SIMDコントロール/ステータス・レジスタ
	3.3 浮動小数点例外
	3.4 ソフトウェア例外処理
	3.5 NaNの処理
	3.6 ストリーミングSIMD浮動小数点命令
	3.7 SSEを使用したアプリケーションの開発
	3.8 例

	4 ストリーミングSIMD浮動小数点命令
	4.1 ストリーミングSIMD浮動小数点命令アーキテクチャ
	4.2 SIMD制御/ステータス・レジスタ
	4.3 浮動小数点例外
	4.4 ソフトウェア例外処理
	4.5 NaNの処理
	4.6 SSE2
	4.7 SSE2を使用したアプリケーションの開発
	4.8 例

	5 相違点のまとめ
	6 結論

