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When discussing the floating-point capabilities of a new machine, we always
ask the manufacturer two questions:

Does the machine use IEEE arithmetic?

Does it support graceful underflow and provide user control of rounding
mode and exception flags?

Frequently the designer believes his machine is using IEEE arithmetic when
it is using only the IEEE formats without the other required features.

- W. J. Cody -
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2.3 IEEE7540 000000 CPU

IEEE7540 000000 CPUOOOOOOOOOOOODOOO

Intel x86 O (Pentium O O O 0 )0 Compaq/DEC Alpha 212640 SUN SPARCO
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e TestFloat O OO O QOO ~

No errors found in float32_to_floatx80.

No errors found in float64_to_floatx80.

No errors found in floatx80_to_int32, rounding nearest_even.
No errors found in floatx80_to_int32, rounding to_zero.

No errors found in floatx80_to_int32, rounding down.

No errors found in floatx80_to_int32, rounding up.
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Pentium4 Laserd Linux 7.1 gee 2.96

O0000O00OO0OcpPUOOOOOOODOODO SPARCO Alphall Pentium4
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O 3: IEEE 75400000

oo 00 oo
€= emin — 1 f=0 +0
e=éemn—1 fF#£0 0.f x 26min

€min < € < €max - Lf x2°
€= emnax +1 f=0 +o0
€ =¢émax +1 f#0 NaN

5.1 00 (NaN)

NaN(Not a Number)0 0/00 /=100 00000000000000000
0000000000000 000 Invalid operation0 00000000000
00 (020000000000 NaNOODODOOOODOOOOOOOO00000
00 NaNOOOOOOOOOOOOONaANOOODOODODOOO00D000000
40 NaNOODODOOOOOOOOOO0O0000000000000000000
00000

0 4: NaNOODOOODOO

OO0 NaNOOOOOOOd
+ 00 + (—00)

X 0 x o0

/ 0/0,00/00
J~ VT (z<000)

- NaNOOOODOOOOOO (Linux0O) 2 ~

/%
NaN [ O OO
*/
#include <stdio.h>

int main(void)

double a, b;
a=0.0/0.0; /¥ NaNO OO x/
printf("a=),1f isnan=)d \n ", a, isnan(a));
b=1.0+a; /* NaNOOOOO %/
printf ("b=1f \n", b);
) return O;
N J
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a=nan isnan=1
b=nan

OooOoboO0o000b00 snanJ 000000 NaNOOO 10000O0ODDOO

5.2 000 (Infinity)

000 (Infinity) 0 00 0000000000000 0O0O00O0O0O0OO0OO0OO
goobobobO0ooooboboobo0oobobobobooooboo0D mfobOoOo O
O0Wf0000000D00000 cOOODODODOODOODDOOODOD
DDDDDDDDDDDDDDInfDDDDDDDDDDDlimx_,OO%:0DDD
gbogoguoogbgbbodoooboboodboboooooobooogon
e 000000000000 (LinuxO) 3 ~

/%
infOOOO

*/
#include <stdio.h>

int main(void)

double a, b;
a=1.0/0.0; /x 0000 gQg =/
printf("a=)1f isinf=)d \n ", a, isinf(a));
b=1.0/a; /[ 00000000 =*/
printf ("b=Y1f \n", b);
return O;
}
N J
e oogn ~N
a=inf isinf=1
b=0.000000
N J

OO0O0OoooDobDOobo0sinf000000O000000O0O0O0 1000000 DO

5.3 000000 (signed zero)

IEEE7M40002000000000+00-0000000000000040=
—-guoodggubobobubodbuogoooouobuoboobbobbooo
gboboooboboobdago

xl—1>r-|{100 1/—$ - ml—1>r-l{loox - +OO’ a:gr—noo 1/—$ -

28plaris00 isnan 0000000000 O0SPARCO0ODODOOOODDOOOODOD isnan O
gooooooogooooboo

Solaris00 isinf 0000000000 OSPARCODOODDOOOONODDOOO isinfd0
gooogobooooboo
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11 11
o = =
F 0 —

ODooooodoodooooooooooooooooooood OIEEET 4
goboodooobooobdogdabogoooogd
e oobooooddgooadadn ~
/*

gobodoaood

*/
#include <stdio.h>

int main(void)

double a, b, c, d;

a=1.0/0.0; b=-1.0/0.0; /¥ inf 000 */
printf ("a=)1f b=}lf \n", a, b);
c=1.0/a; d=1.0/b; /* DO0000oO0ooo =/

printf ("c=)1f d=%1lf \n", c, d);
printf ("ans1=%1f, ans2=Y1f\n", 1.0/c, 1.0/d);

return O;

}
N .

gooo

a=inf b=-inf
c=0.000000 d=-0.000000
ansl=inf, ans2=-inf

54 0UU0OOOO

IEEE75400000000000000000000O0O0OCOODGCODOOOO
0000 100000000000 o0O0OOOOOOOOOCOOOOBGOEOOOO
00000000 (denormalized number) 000 000000000000 0O0OO
0000000000000 0000 (gradual underflow( graceful underflow) O
ooOoooo400000C000O000O0ODOODODOO

|
|
0 /Bemin /Bemin+1 Bemin‘i‘z /Bemin+3

|

|

0 /Bemin /Bemin+1 Bemin‘i'z /Bemin+3
04 000000000000000O0DO00O0O0O00

oooooooooop=--g00pooooboooobbobobobOoboobog
godgbbbobbouogoooobbobooobouogooboboboobogd
gooobooon
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6 OOoUgn

IEEE 400 0400000000000 O0DbO000DODOODbDObODbDDbDO
I[EEEH A0 D00 000000000000 bObOOoOO

6.1 40000000

IEEES A0 DO000000DO00ODOODODOO0DbOO000DbODbDbDzeRO0
god

(1)O0O0ODODOO0O (round upward)
00000000 000bO00b00obooobooooo

(2) 000000 (round downward)
rUgogdbbbougboobougoooboaoon

(3) 0000000 (round to nearest)
stO00b0b00bbbgouogoboouoooobobobooog 20000
gbogboobobboobboboooooouoouoooonooaon
00000 (round toeven) D000 OO

(4)0000 (round toward 0)
bbb 0000000000000 200000000000

A ™ A A

afafsfsfsls 000000 oooo o 00
0000000 000000 0O

oo
oood

00000 000000000000000000000000000000
00000000 ([10)0

6.2 0JOUOooond

gobboogobbobbobouoobobobooboobobobbobood
0000000000000000000x86000 SPARCODODODO [10)000
O00CAlpha 00000000000 OO00ODO PROFIL(B)DOOOOODODO
00O

YOoppDOoOoOoO00O0O000000000000000000000000D0O0O0D0O000O0
OO000oOoo0oO0Oo cpUOOOOOOOOOOOUNIXO OSCOO0OO0O Ofloatingpoint.h O
fpucontrolh O OO OOOOOOOOOOOOOOOOOO
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/¥ O00000000000 (x86 + Linux + gcc ) */
#include <stdio.h>

#define Near asm volatile("fldcw _RoundNear'")
#define Up  asm volatile("fldcw _RoundUp")

#define Down asm volatile("fldcw _RoundDown'")

int _RoundNear = 0x133a;
int _RoundUp = 0x1b3a;
int _RoundDown = 0x173a;
int main(void)

int i;

double a;

Down; /x OJOOOOO =x/

a=0.0;

for(i=1;i<=1000000;i++) a+=1.0/10.0;
printf ("%30.201f\n", a);

Up; /* ODOOOO0O =/

a=0.0;

for(i=1;i<=1000000;i++) a+=1.0/10.0;
printf ("%30.201f\n", a);

return O;

SPARCOOODOOCODOOOODODOO

/¥ O00000000000 (SPARC + Solaris + gccll) */
#include <stdio.h>

static int _RoundNear = 0x00000000L;
static int _RoundUp = 0x80000000L;
static int _RoundDown = 0xCO000000L;

#define Near() asm volatile("1ld %0,%kfsr" : : "g" (_RoundNear))
#define Up() asm volatile("1ld %0,%%fsr" : : "g" (_RoundUp))
#define Down() asm volatile("1ld %0,%%fsr" : : "g" (_RoundDown))
int main(void)

int 1i;

double a;

Down(); /* ODOODOOO x/

a=0.0;

for(i=1;i1<=1000000;i++) a+=1.0/10.0;
printf ("%30.201f\n", a);

UpQO; /+ OOOOO0O */

a=0.0;

for(i=1;i1<=1000000;i++) a+=1.0/10.0;
printf ("%30.201f\n", a);

return O;
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e Alpha OO0 DOODOD DODODODDOO ~

/*
000000000000 (Alpha + Linux + gecU)

*/
#include <stdio.h>

#define RND_MASK 0x0C00000000000000
#define RND_DOWN 0x0400000000000000
#define RND_NEAR 0x0800000000000000

#define RND_UP  0x0C00000000000000

void Near(void){
register long int fpcontrol;

asm volatile ("mf_fpcr %0" : "=f" (fpcontrol));

fpcontrol &= "RND_MASK;

fpcontrol |= RND_NEAR;

asm volatile ("mt_fpcr %0" : : "f" (fpcontrol));
}

void Up(void){
register long int fpcontrol;
asm volatile ("mf_fpcr %0" : "=f" (fpcontrol));
fpcontrol &= “RND_MASK;
fpcontrol |= RND_UP;
asm volatile ("mt_fpcr %0" : : "f" (fpcontrol));
}

void Down(void){
register long int fpcontrol;

asm volatile ("mf_fpcr %0" : "=f" (fpcontrol));

fpcontrol &= "RND_MASK;

fpcontrol |= RND_DOWN;

asm volatile ("mt_fpcr %0" : : "f" (fpcontrol));
}

int main(void)

int i;
double a;

Down() ;

a=0.0;

for(i=1;i<=1000000;i++) a+=1.0/10.0;
printf ("%30.201f\n", a);

UpQ);

a=0.0;

for(i=1;i<=1000000;i++) a+=1.0/10.0;
printf("%30.201f\n", a);

return O;

}
- A/

gbobbobobogoobbbbuobobbbooooboobaon
gbobooboggbbouogogoo

99999.99999613071850035340
100000.00000432481465395540

gooodgbboodgooboobobbbobbboboouobobbodobd
goobd 1oooo0bbbbobouooogooogoogn
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O00x8 000 SPARCOODO gecOODOOODOOOODOODOODODODOODO
000000 O0oO00bO0000oOoooDogAlphab OO0 O0OOOOOOOOd
O000000-mfp-rounding-mode 00 0000000 O0OOOOOOOOOOO0O
000000 rnd_alpha.cO00000O

[gcc -mfp-rounding-mode=d rnd_alpha.c ]

O000oooooohbo

6.3 Double rounding(0 0 00)

00000000000000000 200000000000 000000
20000000000000 doublerounding(2000)000000000 00
0000000000000 oO0o0OOooOoO00oDOooooooOOoDoOobooDo
OOobOoOooobOOoooOooOOooOoOOoO0OOoboOoOooboboboOooooDoooo
OoopoOooooo
e Double rounding0 0 OO0 OO0 OO OO ~

#include <stdio.h>

int main(void)

double a, b, c, d;
a=4600000000000006.0;
b=1.5;

c =a+ b; ct= b; /*x 20
d=a+b+ b; /* 00
printf ("c=)1f\n", c);

printf ("d=)1f\n", d);
printf("d-c=/41f\n", d - c);
return O;

}
N J

gouguooboobbuobbobibdodogobouoobboooon ad
0002200 2%000000000000001™

BApha 000 0000000000000 O0O0OOO0O0DODOOOOOOOOOO00OOOO
O000OmO0D0OO0O0O0O0cODOO0OO0DOOO0O0dODOOOOODOODOOOODOOOO0O0OOO0
goooboooobOooooboooobooooobooooboobooOobbOOoobbOOOobObOOobbOOoo
goboogoobobooog

0000000000000 1000000000000000000000 1000000
020000

"000 (400000000 «w=2"%000000000000000000000000
gooooooo
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Pentium4 O O O

c=4600000000000010.000000
d=4600000000000009.000000
d-c=-1.000000

Petivm4O0 O 000000000 O0OOO0O0O0OOOOO? OO0 OPentium40O
Ooodoooooooodooouooooboooooooobodddidc=atb+b
O00Da+p+b 0 000000 0OO00O0OO0OO0OO00O0000OOOO0O00O0O0OO
0000000000 d=4600000000000009.0000000 D OOOOOOOOOOOO
ccatb;c+=b 00 000 0a+b0 0 0O0000O00OOO0OOO0O0OOOOOOO
ODo0doodoooooodddodddc=4600000000000008.000000 00 000
O0000c+pO0000O00O0O00O0O0O0OO0OO0OOO0OOO0O0O0O0OO0O00O0
000000 oooooodnddnde=4600000000000010.0000000 00000
00000000 SPARCOO0OOOO0OOODOOOO0O?
UltarSPARC-I10 O O

c=4600000000000010.000000
d=4600000000000010.000000
d-c=0.000000

O0OOAlpha0 00000 SPARCOO0O0ODOODOODODOO0OOOOODODOSPARC
O Alpha0D0D00CODOOOODOOOODOODOODOOOOOODDOODOO
gboogogo
IEEESAD0DO00000000000DO0O00ODbODbOO0bObO0b0ob0ogaon
goooboooboboooboUlIEEEmD40 00000 oo ooooonon
Oo0oOo00booooobooboobouobbobi0O0ODDOIEEETS4D000
gbobbogooobbooooboooogo
gbobodgbobuobodooooooboobbobbbodoooooagan
000000000000 00000000000000000000000O3%0

BOO00DO000000 PentiumO0OOO0OO0DDO0O0OO00O 80O OOOSPARCOODOODO
oooo0o0oO 128000000 O00oOooOoOOO0OOoOoOOoOoOoOoOoOooSPARCOOOOOO
gooooo
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e ggooopogoog ~
#include <stdio.h>

int main(void)

long double a, b, c, d; /x JOOOOOOO =/

a=4600000000000006.0;
b=1.5;

c a + b; c+= b; /
d=a+b+ b; /
printf ("c=JLf\n", c);
printf ("d=)Lf\n", d);
printf("d-c=}Lf\n", d - c);
return O;

00000000 (Pentium4, SPARC) ~

c=4600000000000009.000000
d=4600000000000009.000000
d-c=0.000000

J

OOOAlphaD00000000O0O0O0ODODOOODODOOODODOODDOOD
O00O0000oogDnDbCompaq C Compiler V62O D OO OOOOOODOOO
goooboooooog

type long double has the same representation as type double on this

platform

goooooon

T Qoo oooggd

IEEE 400 000000000000 DO0O0O000000000000O00n
googboooooboooobooulIEEEmD40 00O oobooooon
OO000000D0D0O0D0 Fortran, COODOODOOOOOOOOOOODODOO
gooooobbooooboobobOoU0ObIEEETMOD0ODO0DbLO0OODO
ggbobbobbbbuouooooobobbobuooobbobbboobbobo
gogboboooboobbood

gbogbbboouboboooboobbobbboboboooooboo
D00(@+b)+c=a+(b+c)=a+b+c00000000000000000
gogoobbbbdbdooboodgbobbboooooboobbobboooood
gooobgodgoog

gobboobobbobuouoooobobbougboobobobobobob
(recursive summation) 0 0000000000000 0O00O (compensated summa-
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tion®) 000 0000000000000 ®0000000000000O0O0O0O0
gobogboobgobboboobbobobaon

s gooobobobduobgoooboood
/¥ 010 NOODODOOOOO0O %/

#include <stdio.h>
#tdefine N 1000000

int main(void)

double a, b, c, d, tmp;
int i;

/* Recursive summation */
a=0.0;

printf ("%30.201f \n", a);

/* Compensated summation*/
b=0.0; ¢=0.0;
for (i=1;i<=N;i++){

tmp = b;

d 0.1 + ¢;

b =tmp + d;

c

}
printf ("%30.201f \n", b);
return O;

}
N

for (i=1;i<=N;i++) a+=0.1;

/¥ O0000O00O000
/* c=(tmp-b)+d0 00O 0O

goo
goo

, */
00 =/

(tmp - (tmp + d) ) + d; /* c=(tmp-(tmp+d))+d 00 000 */

~

-

100000.00000133288267534226

\‘100000.00000133288267534226

Pentium4+gec(00 0D OO0 O0O)0DOO

100000.00000133288267534226
100000.00000000000000000000

- SPARC+gec(0000000)000

(
100000.00000000087311491370
100000.00000000000000000000

N

Pentiumd+gec(-02 00 000)000

100000.00000133288267534226
100000.00000000000000000000

SPARC+gec(-O2 00 000)000

~

J

OO0D0AlphaD SPARCOODOOO0OO0OCOODOODODOOAIphal SPARCO
double rounding 0 D 0O OO OO0O0OOO0OOOOOOOOO
gbobbodoobbbbogbbboooooabboobbooooooon

9Kahan summation formulaD 000000000 ([3))0
20Compensated summation 0 00 000000000 0000000O00DOOOOOOOOO

goooboooobooooooon
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0000000000000000000000000000000000000
0000000000000000000000000000000000000
double rounding 0 00000 000000000000000000O00O00
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000

00000000000000000 (70000 v, =1.1102x1071°, 57 |z;| =
1000000 00 O s, — §,| < 0.00001110220 00000000002000000
00000 |s,— & ~0.0000013330 00000000 (7) 0000000000
0000000000000

8 IEEE740 00000000

D000 IEEETMO0D000000DO00DOO0OO0bO00ooooooooon
OUOIEEESADODDOOODOODODOOO0O0ODLOOOObOObOOObDbObOoonDo
gboooobobobbboobuoobbo0oobOUIEEENB4DDODDOO
gogoon

[EEETSA0DOD00000000

(1)0° (2)1° (3)1 (rrer (5)2%
(6)NaN®  (T)log(0) (8)log(—o0) (9)exp(o0) (10)exp(—o0)

gbobbbboobobobooubobbooboonoobboo
s IEEET 4000000000 ~N

/%
IEEE7540 0 00000O000O0O0O0O0O

*/

#include<stdio.h>

#include<math.h>

int main(void)
double a[10], tmpl, tmp2;
int i;
tmpl=pow(2.0,3000.0); tmp2=sqrt(-1.0); /* tmpl=Inf, tmp2=NaN */

al[0]=pow(0.0,0.0) ; all]l=pow(1.0,0.0) ;
a[2]=pow(1.0,tmpl); al3]=pow(1.0,tmp2);
al4]=pow(2.0,tmpl); al[5]=pow(tmp2,0.0);

a[6]=10g(0.0) ; al7]=log(-tmpl);
a[8]=exp (tmp1l) ; al9]=exp(-tmpl);
for(i=0;i<10;i++) printf (" (%d)=%1f \n",i+1,alil);
return O;
}
\_ /

200000000100 2,0 2;,(1+6)000000000000000O
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000000000000ooCcPUOUOUOONDOOODOOOOOOOO®0O

00 | Pentium4 SPARC Alpha
(1) | 1.000000 1.000000 1.000000
(2) | 1.000000 1.000000 1.000000
(3) nan NaN nan
(4) nan NaN nan
(5) inf Inf inf
(6) | 1.000000 NaN 1.000000
(7) -inf -Inf -inf
(8) nan NaN nan
(9) inf Inf inf

(10) | 0.000000 0.000000 0.000000

IEEE7540000000000000000000()0000000000
00000000000 000000000 IEEE74 00000000000
0ooo

OOOIEEE7540000 NaNOOOOOOOOOOO0OO0OO00O0O NaNODOO
0000000000 NaNOOOOOO (4)0NaNOOOOODODOODOoooo
log(—00)0 0000000000000 D NaNOODOOOODOODOD

IEEE7540000000000000000000000000000000
00D00D000(G)(7)(9)(10)0 0000 Dinf, -inf, inf, 000000000000
00D000((2)01000000000000000

000(3)000000000000

1° = lim 1+ = lim(1 — x)%

z—0 z—0
0000000000000000lm,,1: =100000000000000
000lim, (1 —-2)> =1000000000000000000000000
00(3)0NaNOOOODOODOOOOD0DD0DO00D000000000

00O0()0 (6)0000(1)0 10000000000000000000 CPU
0000000000000000000000000 Op(z) =", az0000
00p(0) =ap = apx0°0 000 (z+y)" = Tp (})a*y" #0000 02z =0,y =1
000001=0'000000

000 (60000000 OSPARCO NaNOOOODDOOD NaNOODODO
0000000000D00000000000000000000000000
00 0Pentium 0 Alpha 0 0000000000 00000 100000000
000000000020

200000000000000000000000000O0000D000000
BOOO0O 0’0 100000000
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9 OO0

DO0OOOIEEE740000000000000000000000000
IEEE7540000000000000000000000000000000
D000000D00000000000000000000000000000
000000O000000IEEE754000000000000000 ([3),[4),[7)0
D000000000000000000

1. 1970000000 IEEE74000000000000000O00000O000
goubotodgobooooooboooooobbooooooood
gbboggbodbbodoooouoogbbobboobbobbobob
ggd

2.00 (NaN)DODODOOOOOOOOODOOOOODOOOODOOOOODOOO
gboboobobaobboo

.40000000000000b000bLbO0O00bbLbOooobLOo0uDbon
ggbogoobogouoboon

4. 0DODOOOODOODODDOOOoOO?

. bbb bbuobtbobboooouoooboooboon
gobooboooobo

goglvooooobogoguoooooboooboboboobobooon
gbobogobobobbuobooooobbbooobboboobbobbo
gbbbuoobooooogobbuoooooboboooobbobbood
Oobobooooobbobobbob IEEE 400000000 oboon

obooboooboboobbooboooobb IEEET40000D000000D0
OO0 IEEETM40000000000000O00O0O0ODOOO0ODDbOObOObOon
goguooogogo

gbogobbobogggbbbuoobbboogouoboobbuobood
000 00 O Ofloating exception D NaNO OO OO OOOOOOOOOOOODO
gboboboguobbdobiooggboodbooboobooooubooooon
gobbbbobobodoboboobbbooduooooboobobobboooon
gbbooooggoooooan

oo
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