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REAL Y, Z
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Z = 1.3
WRITE(*,40) Y
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WK J 12N E 2.2250738585072014¢-308
B EHUE 2.2250738585072009¢-308
XS EY % (SPARC) 12N E 3.3621031431120935062626778173217526¢-4932
R VR IE K 3.3621031431120935062626778173217520e-4932
KRG EY & (x86) 2/ NE S 3.36210314311209350626¢-4932
o VR I B K 3.36210314311209350590e-4932
ERIEREBEN TEREBDERBZRIE . Ms/NERBOEEAD (E) 528150
TRNEORT DR IR IE R S Ah,  FH s/ IE 1E R DL — A AT LA Ik I
BRI B B BORE BEAT B0 F IE I BRI WE UEORT DR s N R 3 vt
SRS . TERCEATHE T, AR A I A 2 R WA A T B/ IE IE AU, s AR R
ERE GMAEIRFIZE) , XA AWETEET 4.
B PIXRP FUas R, B Hoph JURh iR M . — il R H R TR, R X sk
WhRIBAE. XRFERA Store 0, 7E5|I N IEEE Fr¥EZ WY, X2 K2 ECRKMLTIERIA
BEHE
— 7 SR — P IR BA R T R, 55— 7 T ) ad — i aT LUA RS ik i
Wi, ERUEIX P I R, YL IEEE $rdE 754 HIEE Z M HENR T N R % e
SUIE A L TR A
2.3.2 IEEE SyE ] fb BT ¥4 2

IEEE FrifE 754 1EHEHEE T Wi A 0 Ab PR W 45 RN L 7 ik . XA T E T LUH S5 04 58 X
PR AE IR R Tk IE BN IE AL

TN IZIE 1A IE U £ TEEE A% 2
1) x (2(e=b1as)y 5 1, 1

Horb s RATSOL, e RfmEIREL [N BEBRERY, AL s, e M £
TR TIEME KA R BT S 00E SO 1, P BLAT 247 ke
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2.3.3

234

T2, LA Mg/ E IE B A 90 1 i KB e B 4 9 2211 /MBI, R i 4
REMAE—, W UG ENOECT « LERCRE RS20, BT /NG K B8 52 47
(216 pr+HEHIET) , X a] DI K BN E BN 10308 31 10324, X8 2 L F
L IRPIROEIRE OSSR T g BB w2 sl it s

RIS, IEMEGE/N, TN RS 2 s AR R I E B s S B S IR
Boot ST AR A AR ZETD AN . (HRE, 5 IOCHiE P i R B A UL R
S U

m NESSE AR AV S 4 N R 22 5 K YRR S .

m S RARE NG, vk, W BRI A BUE AR R R EI .

TENAZIEALAF R OE T s ) TEEE A% 3K

\_1)5X(2( b1d5+1))><0' 7
s RS0, MERE e £%F, [/ R, KX 2 1R 2 L IE RS X
ZR—, BXHr SN 2%,

Wt M VYR AR R B N PR ARG DR NRBEN 2 MR T2 HAAR G
WIE. SRR B AR GE R 22 SN E A T R 2 T i 1 B AR
P

AAT 2 AL HTHE T i

UAERE A& AE ) T 58 Al S M / diath, X5 ofh— S B OBOR AR
UOE AL AATTA FHEO Tt 5 & Aok 50 80 IR 2 70T Ik 5 7 AT 3fe
%) o HXRIEH IR, 2 0. James Demmel [¥] (Underflow and the Reliability of Numerical
Software) F1 S. Linnainmaa ]  (Combatting the Effects of Underflow and Overflow in
Determining Real Roots of Polynomials) .

FESEP AT OEE,  AEPAT INENIIEIZ T, A 2 RS RI Pt Gk
BRI RD) T R x My 0t 2 UG, W x -y ERARZER . X TR
TR R BT B T ARSI Sk U, KR AR 2

GIAh, WHE TR RS TR TR PR R 2 AN e b SR A N AR 2 ORI . AN T LAk Ak B
R, XU AR T, AT, KSR A A T T R 1 R AR

Wk T v R 22 e 1

FERZHGFOT, 5 8 R BN
HHGR = HIEGIR + #A
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W25 ] DU B 2 KRERE? F SRR R RN I — P a8 RUEERR A R J7 ) s T 4407, TR
PR ulp o FIARUER 7R EFRIR I BN B ARAT U R 77—/ FIX AR IR I
B B, BT IX—frAh, RoRikss A R NP4 28D BT W &7 17
FENHTEAT o QRTS8 R L 0 I B0E 25 IR N B Bl (K o] s BeA 3 20,
W, BANREAS KT E RGN BAL . BA)ihyl, fEdi AN B ik
) IEEE Bk, & N RZE 2
0 | #A| 1/2ulp
XRARS T oh S Bk U

R, ulp AAHFME. REFARE K, Houlp AGaARE K, R AR N,
Houlp AGHAEH N ¥ ulp R N, XMRRESFEWE: ulpix) XRF S x 5
— L RN B AT

AN, A ulp BER T BT RSB B, 3£ 2-12 B8 7 LR VIANT kg
KM ulp(1) fH:

# 212 VUFRAS[RLRS BE 1) ulp(1)

B 1
HORGSE ulp(1) = 27-23 ~ 1.192093¢-07
UG 5 ulp(1) = 27-52 ~ 2.220446e-16
RAEEEY J#& (x86) ulp(1) = 27-63 ~ 1.084202¢-19
VUi K5 (SPARC) ulp(1) = 27-112 ~ 1.925930e-34

WA, A REC AR RV SRR o B B O S BRI %
%, AR RN LRI AN A, BT IO GG NI, AR R R
oy 2 A ZE B AR K

i, ABOE G A AT = ARG BRI R HTL . WA, AN 2 %R 10, 17
23 = 8 AMTRURELT, W 2-6 FR.

0 121 2 4 8 16
0 2120 ot 22 28 24
2-6 ik

HUR R 7R T BT 22 AP R B i O I O 1 hn £

£ IEEE HURSRERE U, PIAN SR/ IE VR IE B2 0] (K 22 K 2902 1045, TP A i K AT PR AR
Z M RHCRE 72 K252 10 311
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fE4 2-13 1, nextafter (x, +0) RIRIEME R +oo BT, x ZJFHTF —

AR

% 2-13 ] R TR ) R BV B TR 2 R

X

nextafter(x, +00)

E3i

0.0
1.1754944e-38

1.4012985e-45
1.1754945¢-38

1.4012985e-45
1.4012985e-45

1.0 1.0000001 1.1920929¢-07
2.0 2.0000002 2.3841858e-07
16.000000 16.000002 1.9073486e-06
128.00000 128.00002 1.5258789e-05
1.0000000e+20 1.0000001e+20 8.7960930e+12
9.9999997e+37 1.0000001e+38 1.0141205e+31

PrA A G AT GoRiF BT AN, AMERECR R =R DU SIAN DAY
THEEEE R AT R AN AR T A BE B S R IR 2 . 2R R OE RN B n] R AR O St
Wt Ry, AER SR B A R K IR ZERE DU SIAAK T 5 ER T ROR
R0 B D B PR AR 22

eI, AEFL /N AP T R X AT RPN AR AR 7 2 I A B 25 2 5 e/ A
HEPECZ TR B o MR, T DL St U DL SIS AR ZE R T
o SIS/ & 2l | R

HI BTSSR 1 AR Z 2 KT 5 T4 AL RO R AR 1B B, T 2
SRR ISR AT 7 LA =46 1k
mxzryeox-y=#0
m (x-y) +y~x, fEx Ry SHEPREREREANREN
B 1/(1/x) =x, M x BB, FoR 1/x#0

PN TR SE Store 0, BN NS ENIH AE, R x-y Ti#i, Store 0 #t
S EE NS TR 515k, M 1/x TN, Store 0 MG REE =K JE M

FATH A FoRBMEIEAEL, WRRA R .. XA, SrT DU A ok Busedr gt~ i Al
Store 0 HJiRZEE M,

WL Pl | B4 | < 2 0 B ulp

Store 0: |RZE |~ A

& doe e R AL A AR AR B 220 .
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2.3.5

FHIRWHE TS5 Store 0 KIS~

DI M SR A NE- & N P N I P R AR A T

sum = 0;
for (1 = 0; 1 < n; i++) {

sum = sum + al[i]l * yI[i];
1

return sum;

AUIHE s, SORIHER S & NIOHER S . /E Store 0 ', AIRESAE)LF T HT
P A XA B MERRUNEE R, SR, A RUE, BB AURIN, T
LI L e T, T PR RE > 0 A RO 8 2 BRI S M R E I, e KL S
¥

B A BT SR, ANE T T
a+1-b = w, {52],%_’|ZA/S|S1
r+i1-s

- W/ + )+ 1(q-(1/5)—p)
s+r-(r/s)

AL R, BAREET T8N, B9 I B R S HER 4 R 2 T8 (K ZE AN KT BUR 44
TRHIEE R SRS R Z MM ZE: p+ 1 g Mr+ 7 sSEMERIREHA KT ILA ulp.
BT 2 a A1 b A R uRAh, IXFPURZE MR E ) R, RIS LR L
A ulp: |la+ 7Bl 2K NERDITVFN, HIA S HIXFEE L.

RXRR VSR B ISR AR R SR, I HAE ] T8 i I 1R 22 73t . 2AE Store 0 1
LN REBIFERE SRR 23 T8 HAT v 5L R B (W HL 2 A 7T GEHT - E Store 0 [
TEOLT, BREARG. RN RN RO ST I SE L T R 2 7 R

At Tt IR R(E M store o HIRIKI ) ISR 2 LS R store 0 IAAR
BN . VF2 5 I ECE BRI B e R (1 1]

SAEWIPEE S

2w

HUER >

o Sk 1

REBRIE
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2.3.6

AT ) U ?

AR T U RG], BNl SAREA ERATEMT A, Dk, SO 2B m A E
We? s b, XA F T .

UTARBATIRE T, 7 R Tl N B (R R S B (R ) SR B, A RORE BB
o WERTEFSLI LAy R A T M, AEAEH] store o ITEDL R, S0R FHESE Ry
0, WP RRLRUEMIVHERD B L RRIAFIRZ) 1031, MAZ 1038, BIRGEEFRE0— i FRR .

IXERAT, FEFP Dl SAE AT AR B ELIN SE B SRR ik, B, R A AN
SRR ARE I SE LA 55 T

FATAT LA BOE LS, R, AEHOE T I ROE R AN AT . AR, W Ty
HeA T SR R UL, A TSR ARSI AN #E 17 B (B0 2 R e FLAE I
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iR =:)

e

ARFERGRT Solaris OS Fl Sun Studio 10 #RULIECEEE . B T ¥ A E LN HZ 4,
ARBIEITR T 2SR S IR B I BUR SRR I0— LLTh e, 45 IEEE SO, BlAL
ik R ge LA AE TEEE F19E IEEE #& 32 ) 4G #5034 (1 ok 55

Intro(3M) FM I LIEFIH T 1ibm il libsunmath FEMFINE .

3.1

3.1.1

Solaris 20 JE

KA HRGE T Solaris 10 OS UK e IXUEEJEAE N L0 R P2, 22%¢4E Solaris
JERIARUAERT &

PR ER S 2R
Solaris FRYE¥E 1ibm oh 4 4 M ACKC B BLLL L Solaris $ fSRBLUS 0 4 Bt
T S R

Solaris 10 OS ALIEPIFRAI 1ibm: libm.so.1 Fil 1ibm.so.2. libm.so.1l #fit
Solaris 9 OS K F-IHIA SZRFIFRAE T HF (A%, 1ibm.so.2 324t Solaris 10 OS ({345
C99) LHFHIFRUEFT T B S. 1libm.so.1 M THELMEHE, LUMRIUEAE Solaris 9 OS
SRR G F e R B R P AN s R T 4k 20217 1ibm.so.1 W HN A AEX LE
REMN IM F MO0 AT T . AR R NH libm.so.2 o« 13 KBNIARE:
PLRAf S AR IS AT RE e I i 2 R b L S IR A A I R BB 2 E . ES I 14(1)
g 228 T L.



2

# 3-1 51T Libm HRIRRE 0P TR AR EL, R UGS T RR B SORS L AR 4
Mo JE IR BRI SRS PERRAS, RITAIREI AR, JEER—A £ 5 A9 RS / 1Y
R, R FIRERI A FR, JEER— A 1.

% 341 libm [FI %

2 R %

ARAE ek £ cbrt. fdim. fma. fmax. fmin. hypot. sqgrt

)56 R asin. acos. atan. atan2. asinh. acosh.
atanh. exp. exp2. expml. pow. log.
loglp. loglO. log2. sin. cos. sincos.
tan. sinh. cosh. tanh

T S 1 PR jO. j1. jn. y0. yl. yn. erf. erfc. gamma.
lgamma. gamma_r. lgamma_ r. tgamma

H o o ceil. floor. 1llrint. llround. lrint.
lround. modf. nearbyint. rint. round.
trunc

IEEE brufEHERE 1) A 5L copysign. fmod. ilogb. nextafter.

IEEE 432 s 4

IH 2 R R 4R
R RSO
SR

C99 VT mi BT R AL

HAh C99 Bi%k

remainder. scalbn. fabs

isnan

frexp. ldexp. logb. scalb. significand

matherr

cabs. cacos. cacosh. carg. casin.
casinh. catan. catanh. ccos. ccosh.
cexp. cimag. clog. conj. cpow. cproj.
creal. csin. csinh. csqgrt. ctan. ctanh

feclearexcept. fegetenv.
fegetexceptflag. fegetprec. fegetround.
feholdexcept. feraiseexcept. fesetenv.
fesetexceptflag. fesetprec. fesetround.
fetestexcept. feupdateenv

fex getexcepthandler.

fex get_handling. fex get_log.

fex get log depth. fex log entry.

fex merge_flags. fex setexcepthandler.
fex set_handling. fex set_log.

fex set log depth

nan. nexttoward. remguo. scalbln

* 3-1 Ui

1. i3 gamma_r Ml 1gamma_r j& gamma fl 1gamma [ 7] H A RAS
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3.1.2

2. ¥ fegetprec Fll fesetprec HEEAE x86 R LA A . XL E I AE CO9 it i
FIE ) R £

3. Libm AR B PR A8 2 S IR MR ZE 2 4E 1ibm(3LIB) T/ 5041 i1

E\/ ’nl’
RERFE
JE libmvec $RETHEIEASHUR T 10 I ECEA R BUABIRE . N R T gg e xC ki
libmvec HHHIRE, i, HFH T -xvector Fridil, ZWiFasth <X Ll .

libmvec 2N FHLFEXNE libmvec.so. 1 SEIL, 2RI S0 G5 o4
R R A AR . BATIE A libmvec BEHEIFEFIS, 1847 B EEHERLT B 28
RETE EHLT & LE iR B A . Bk, ] libmvec ¥R FISITAEA
IR RGE LI, 7 AR R 45 R mT REmS A AN ] o

% 322 7T libmvec FHIKEL

* 32 libmvec N %

el Pk

ARH R L vhypot . vhypotf . vrhypot . vrhypotf . vrsgrt .
vrsqrtf . vsqgrt_. vsqrtf_

FRE ARG R 2L vexp . vexpf . vlog . vlogf . vpow . vpowf

=R vatan . vatanf . vatan2 . vatan2f . vcos . vcosf .

vsin_. vsinf_ . vsincos_. vsincosf_

SR L vc_abs . vc_exp . vc_log . vc _pow . Vvz_abs_ .
Vz_exp . Vvz_log . vz _pow_

3.2

. Mz ‘ﬁL’
Sun Studio %7 J#
A4 Sun Studio 10 ZaiFER T AR ECFE . BRAEFRBI VLN, 148 2 #RAE i A8 1A
SCURRAE . SRS, eI BRI H
/opt/SUNWspro/prod/lib/
B0 A BEAS SIS 2 Ty & TR AR AT AL ) R e e UL R TEIFH R R -
/opt/SUNWspro/prod/lib/<arch>/
WAL <archs JEFRA BRI AR fEHET SPARC MRS L, XL HFAR v7. vs.

v8a. v8plus. v8plusa. v8plusb. v9. v9a fl v9b. fF x86 &L I, IXLLHF
5 £80387 Al amde4.



H3k /opt/SUNWspro/lib/ f&+48 M 4G Sun Studio 22 (VF NILEXT S 42400 1

T e i
Sun Studio 27 FE Kk X AF 22 85 4F /opt /SUNWspro/prod/include/ HX M HFH
.

3.2.1 Sun £ 24

libsunmath #0022 F ih A & R AT AR R w2 R IE BUE AP AR SEFH I R 4. e p ik
HEWZL libm.so.2 #HH 1ibm.so. 1 REMHKIE . libsunmath [ K /E R IR

Xt G R AS RS SO

*® 3-3 JIH T4E 1ibsunmath H&{E, 1M7L 1ibm.so.2 WRFEMEN ¥ X FRA
HeFeR G b gy e BN C R rh il I i 4 000 00K P RRCAS 1) 44 R

4

% 33 libsunmath N

B3] EE A

) R K expl0

DL Sy BT 1) = £ pR B asind. acosd. atand. atan2d. sind. cosd.
sincosd. tand

o AR = S e

asinpi. acospi. atanpi. atan2pi. sinpi. cospi.

sincospi. tanpi
XU BE T 25046/ = asinp. acosp. atanp. sinp. cosp. sincosp. tanp
WoF 2% o 50 annuity. compound
H 3 o aint. anint. irint. nint
IEEE FrfEfES 1) R 2L signbit
IEEE 7328 i % fp_class. isinf. isnormal. issubnormal. iszero

P4t 47 | IEEE {H (1) i 5k

INIE K BERUECE s

LML) A B AL A 1

min_ subnormal.
max_normal.

max_subnormal. min normal.
infinity. signaling nan. quiet nan

i addran . i _addrans . i _init addrans .

i get addrans . i set addrans . r_addran .

r addrans_. r_init_addrans_. r_get_addrans_.
r set addrans_. d_addran_. d_addrans_ .
d_init addrans_. d_get addrans .
d_set_addrans_. u_addrans_

i_lcran . i_lcrans_. i_init_lcrans_.
i get_lcrans_. i_set_lcrans_. r_lcran .
r lcrans_ . d_lcran . d_lcrans . u_lcrans_

KEItHiER - 2006 51 R



3.2.2

* 33 libsunmath IR ( £E)

e EEE

L5 BERLAR 3R ) BENLECA: A% i mwcran . i mwcrans . i_init mwcrans .
i_get_mwcrans_. i_set mwcrans. i_lmwcran .
i_lmwcrans_. i_llmwcran_ . i_llmwcrans_.
u_mwcran . u_mwcrans_. U_lmwcran_. u_lmwcrans.
u_llmwcran . u_llmwcrans . r_mwcran .
r_mwcrans_. d_mwcran . d_mwcrans_. smwcran_

BEMECRVEZS i _shufrans_ . r_shufrans . d_shufrans_ .
u_shufrans

Bt convert external

Pl ARURTE i br leee_flags

id

7 Sl AR Ak ieee handler. sigfpe

Bk ieee retrospective

Jo 7 25 P AR AR IR B standard_arithmetic. nonstandard_arithmetic

Ak

libmopt FEHRHET libm Ml libsunmath -SSR E M E PR A . 73T SPARC 1)
R4 I, libcopt FEMHEHE—2LE 1ibe FFIFEIK B PRRA o 3K P PR UV Ry A5 U Y
SRR

libmopt THEEHIGIFERHMRT libm THHNAEIFE. %, libmopt WA Y &
T, 5 libm fRA (GZFHFMT ANSI/POSIX. SVID. X/Open 5 C99/IEEE K& i)
WAL T 20 ANF], 1ibmopt HIFHXSCHF COY/IEEE KU I 7 1 AL BT e (i
S B ) 5356, W RAAAIT A& AT A, Libm i AT 5% sk 504 4
PR AR I 45 9, TR 2 SCJ T 1ibmopt HRARAT 4 A7 1) 1M I 48 N A Je B30 1) B 8k
gk g Toie i U FARMER = s, T Libmopt [RIFEFT L6 Z5UA AR ER AR (K58 Nk fi
PAr A A B libmopt HEEAFET, &M -x1ibmopt Fri&.

P ARfEEZREM libcopt TRGHFIFE. ENEMRT Libe T asprl i sz fr
. HEI{EET SPARC WAL F AT FHEIX L FrHIFE. 124t libcopt HENT
P& 15 I LE S LI RRAS 1) SPARC A 3 48 1717 328 47 0L Ak (%) 10 4 18 72 )5 (10 12k g o 2 A8 )
libcopt FEEREY, A -lcopt g

FEHT SPARC IR L, JE libex HAFH Tibe WK 128 A7 DUAR RGBT m A SR
IR LM PR LB RRROAS o IXSEGIREAS EL et P U o A DR I (IRTUAE R Bk
REAL*16) B fhATIZFMRE P, Gk ael (M HDX L BIRE . 1ibox [Al A i 2 A
SCAFRILER 4R it



3.2.3

3.2.4

libex HFNVURRS B REBIFE LTS 1ibe HIM5EAM . 1ibex MRAVE SRR R4
SEAARIEAT T A A G M 1ibex ARRREAT 78R, KA A DU 5K B R
A RESIBAT I I — 28 . BT libex BEEEREY, WA -lex f3di, I -xarch
b s da s R 20 F IR 4R 2 SRR 1R

AR, IR T ILERRAN 1ibex (FRA libex.so.1) o Wl H M H LD PRE
LOAD W'E N libex.so.1 IFMAMES, (EIBITRHUNEM A . Bk it
fit, HEAHNRAN 1ibex.so.1 AT REMARL M. FIW, 7E5T UltraSPARC®
MRS (BEH R E LR HA A E) , K LD_PRELOAD BCEUI T :

csh:

setenv LD PRELOAD /opt/SUNWspro/lib/v8plus/libcx.so.1

sh:
LD PRELOAD=/opt/SUNWspro/lib/v8plus/libcx.so.1

export LD PRELOAD

KEHFE (fX SPARC)

7EXET SPARC MRS L, Sun Studio 24 EHE 1ibmvec MIPANEA AR SCARIRA
XL FESEAL A B 20 Solaris 1ibmvec IR $EALE AR SCOREER B &0 T A EH
IR i bR B N T RE R RS #E 12 4T Solaris 9 LR WIERER G I R A LigfT. T HHEE
Solaris 10 R FIE TN AT, NN ZH A Solaris 1ibmvecs

libmvec.a #&flt Y Solaris libmvec.so.1 H' 584 AH [A) ) 5 4 78 O & ki K. 248
libmvec.a #ATHHE, EMH -1nvec 3. libmvec mt.a PR 2 A B AT
IR BRI Z R FRRA . ZAAH libnvec mt.a, IR A xparallel il
-lmvec mt #EHz.

AREZEE, HZM libmvec(3m) Ml clibmvec(3m) T/ il,

1ibmox 2

1ibmox FFFEH A C99 <fenv. hs VT s IREE PRSI R PR, DASCRFSUE T i
WAL, & Solaris 10 OS 1, 1libmox MINACHIAAR] Libm e HIAEBATE I
Solaris OS fAS EfIN R AL T 1ibmox. X7 T HFELE Solaris 10 R4: FiBATHIN H
e, WMNAEH 1ibm,
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HLL OO RERGEE / DUAE RS JEE

N2 BB PR BT LU P B R L XURSREE S 7 8 (x86) K E s PUE RS (SPARC). & 3-4
2 T AN TR T8 5 25t o 5 1) AN [RDKS B2 RRCAS 1) 7<)

* 34 VR B XU i / T 5 4 1 R 4

EE B WHEE I RIEE | MERE

C. C++ #include <math.h> #include <math.h> #include <math.h>
float x,vy,z; double x,y,z; long double x,vy,z;
Xk = sinf(y); x = sin(y); x = sinl(y);
x = fmodf (v, z); x = fmod(y,z); x = fmodl (y,z);
#include <sunmath.h> #include <sunmath.h> #include <sunmath.h>
float x; double x; long double x;
k = max_normalf () ; x = max_normal () ; X = max_normall () ;
k = r addran () ; x = d_addran_();

Fortran REAL X,y,Z REAL*8 x,vy,Z REAL*16 x,Vy,Z

X = sin(y) x = sin(y) x = sin(y)

kK = r fmod(y,z) x = d_fmod(y, z) x = g_fmod(y, z)

Ik = r_max normal () x = d_max normal () X = g_max normal ()
Kk = r_ addran() x = d_addran()

ECH, PR R AROEEIR £ N0 BRI G T 3 RS s U £
K5 R B R BRI 1 BRI . K8 Fortran (K AR EIAR, L. 1ibsunmath
Jr, RURIVURERE A R v v A .. Al g ... BR3. AT DU T =FIoks B AT F 420k
14 Fortran N R,

FEETENEREERA g ... kA FX Libm Ml libsunmath BEIIAMHAE L, ESH

math.h fl sunmath.h.

7 Fortran F2J7H1, VIdds r_ ... MBS R real s K d ...
q_... REE N REAL*16, I, FRES FERAUARICH .

BREIR I D BORS JEE S RS

7 — Sun Studio Fortran (x86) BEASCHFY JEXCR B, A SR DUAE R FE




3.4

3.4.1

IEEE X FFrR 4

ARATS 4] 1EEE 47 103, XL R A M ieee_flags.

ieee retrospective UK standard arithmetic M

nonstandard arithmetic. HKHEl ieee flags fil ieee handler N4
B lZHE 4 5.

ieee functions(3m) fll ieee sun(3m)

ieece functions(3m) fil iece sun(3m) FliiA M pREER Gt IEEE Frfk TR (1) T fig ol IL
Bt s b ) D R . X R O H A A HE i s B

% 3-5 ieee functions(3m)

FE iR

math.h Sk

copysign(x,y) x Ky BIFF54r

fabs (x) x HI4axHE

fmod (x, v) x BREL y Bris a4l

ilogb (x) DL 2 S FEEL g 5 x o B e 4L
nextafter (x,y) ey Jili b, x SRR AT AR I E
remainder (x,y) x By P g

scalbn (x,n) x x 2"

% 3-6 ieee_ sun(3m)

EE i
sunmath.h 3
fp_class (x) Vo
isinf (x) AR
isnormal (x) I3 R
issubnormal (x) ek
iszero (x) Vo
signbit (x) WA
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% 36 ieee sun(3m) ( &)

ekt iR
nonstandard arithmetic (void) V) Heigi 4
standard_arithmetic (void) 1) e fidfi 4

ieee retrospective (*f)

remainder (x,y) J& IEEE #Ariff 754-1985 FM‘ *E’J[ﬁ remainder(x,y) Fi
fmod (x,y) BIAFZAET, remainder ( RIS Re S x 30y AT
FAR—E, 1M food (x,7y) LIEI,H%H’J?“?%ZZS%‘?X H. nzﬂﬁ/\ziﬁziﬁ [P RS i 11 25
W, I BAE ARSI 75

M Fortran Hi§H] ieee functions

BHE WHEE mEFEE
copysign(x,vy) t=r copysign(x,y) z=d_copysign(x,y) z=g_copysign(x,y)

i=ir ilogb (x) i=id ilogb (x) i=ig ilogb (x)
nextafter (x,vy) t=r nextafter(x,y) z=d_nextafter (x,y) z=q nextafter (x,y)
scalbn (x,n) t=r scalbn(x,n) z=d_scalbn(x,n) z=q_scalbn(x,n)

i=ir_signbit (x) i=id_signbit (x) i=ig_signbit (x)

M Fortran 11 ieee sun

BHE WHEE &R

i=ir signbit (x) i=id signbit (x) i=ig signbit (x)

7 — e d_function 1 q_function [¥] Fortran F&J7 1, DbZ00Hs Hi— > BRI 2505 BH 4 BUKS
JZ, TR S — R EUR B REAL*16.,




3.4.2

ieee values(3m)

JTH K. NaN. f KFIE/NEF 5 30% TBEE {2 ieee values(3m) FMIIHHIAK
PRACFEAE) . 3R 3-91 K 3-104 & 3-11 FIR 3-12 IR ieee values(3m) REHEALIN(H

(K31 REBIRT-T-/NBEH] TEEE KR

% 39 IEEE fH: RS
T HIE C. C++

IEEE & +RtHIERR Fortran

5 KIE#EL 3.40282347e+38 r = max normalf () ;
7£f7fffff r = r_max _normal ()

/N E 3 1.17549435e-38 r = min normalf () ;
00800000 r = r_min normal ()

B KIRIE# S 1.17549421e-38 r = max_subnormalf () ;
007fffff r = r_max_subnormal ()

He/NE IE$0 % 1.40129846e-45 r = min_subnormalf () ;
00000001 r = r_min_ subnormal ()

0 I r = infinityf();
7£800000 r = r_infinity()

A NaN NaN r = quiet_nanf (0);
TEEEEEEE r = r quiet nan(0)

{Z2 NaN NaN r = signaling_nanf (0);
7£800001 r = r_signaling nan(0)

% 3-10 IEEE fH: AUK§J¥
TiHIE C. C++

IEEE {& Rwaviti b Fortran

5 KIE % 1.7976931348623157e+308 d = max_normal () ;
7fefffff fEffffff d = d_max_normal ()

/N E % 2.2250738585072014e-308 d = min normal() ;
00100000 00000000 d = d min normal ()

B KR IE$0 % 2.2250738585072009¢-308 d = max subnormal () ;
000fffff fEffffff d = d max subnormal ()

e /NEIE L 4.9406564584124654¢e-324 d = min subnormal () ;

d = d min_ subnormal ()

00000000 00000001
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% 3-10 IEEE fii: XURE ( £E)
+ittI{E C. C#+
|IEEE & B Aviin E -2 Fortran
0 T 5 d = infinity();
7££00000 00000000 d = d_infinity()
##A NaN NaN d = quiet_nan(0);
JEfEFEEf EFEFFEEE d = d_quiet_nan(0)
{55 NaN NaN d = signaling nan(0);
7££00000 00000001 d = d_signaling_nan(0)
* 3-11 IEEE fH: VUf5¥51 (SPARC)
T HIE C. C++
IEEE & RWavifiE-mN Fortran
I K IE B 1.1897314953572317650857593266280070e+4932 g = max_normall () ;
7ffeffff FEFEffff FfEFEfff FEFFEEEf g = g_max_normal ()
B NEREL 3.3621031431120935062626778173217526€-4932 g = min_normall () ;
00010000 00000000 00000000 00000000 d = g_min_normal ()
BRI IE % 3.3621031431120935062626778173217520e-4932 g = max_subnormall () ;
0000ffff FEffffff FEFfffff ffEFEfff 4 = g_max_subnormal ()
5 /NETE I % 6.4751751194380251109244389582276466e-4966 g = min_subnormall () ;
00000000 00000000 00000000 00000001 d = g_min_subnormal ()
© x% g = infinityl();
7£££0000 00000000 00000000 00000000 a = g_infinity()
A NaN NaN g = quiet_nanl(0);
7£££8000 00000000 00000000 00000000 g = g_gquiet_nan(0)
{545 NaN NaN g = signaling nanl(0) ;
7£££0000 00000000 00000000 00000001 g = g_signaling nan(0)
= 312 IEEE fH: X JEAEE (x86)
+i#HE
IEEE {& +REHIRT (80 i) C. C++
e K IE % 1.18973149535723176505e+4932 x = max normall();
7ffe FEffffff FEFEEFEF
1E /N IF % 3.36210314311209350626e-4932 x = min normall();
0001 80000000 00000000
5 KIRIE# % 3.36210314311209350608e-4932 x = max subnormall();

0000 T7fffffff fffEffFfff




% 312 IEEE fH: My EFE (x86) ( )

T HE
IEEE f& FREFIFRT (80 £ C. C++
Fe/NME R IE % 1.82259976594123730126e-4951 x = min_subnormall () ;

0000 00000000 00000001

00 x5 x = infinityl();
7£££f 80000000 00000000

#4 NaN NaN X =g
7fff c0000000 00000000

{Z2 NaN NaN x = signaling nanl(0);
7f£ff 80000000 00000001

3.4.3 ieee flags(3m)

ieee flags (3m) &M T LA FIIAEMN Sun $211:

m AR E S A TS R

m AR E A AR R

m WA VERRECECE AR R bR L

H ieee flags(3m) MiBEVEN:

i = ieee_ flags (action, mode, in, out);

A IS UL ASCIL FAF Sk 3-13 Fis:

% 313 ieee flags MNS4E

2% C 5 C++ %7 P& AT RERY (B

action char* get. set. clear. clearall

mode char* direction. precision. exception

in char* nearest. tozero. negative. positive.

extended. double. single. inexact. division.
underflow. overflow. invalid. all. common

out char ** nearest. tozero. negative. positive.
extended. double. single. inexact. division.
underflow. overflow. invalid. all. common

ieee flags(3m) FMILTFEANH T IXLEESH.

UTFBENNAT AR ieee_flags MR LEH LG, 25 4 Erh UK
ieee flags fl IEEE ®iAric N E Z1F B
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3.4.4

WS mode 4 direction, MG EHAETEH T METMES AT Mo WTREMIE AT W A |7
BT FMESA . MESA. W+ SARWN - &N, IEEE S48 AN [k i &2 H
HaA. XEWE, WRIEF B RS UL T AR el PR RS- 2 ), )
RGBT B 45 R . (O R B 2 25 A 1A T P A S B I T AR 1 i b
0], 2B BART AL B BCTAE Ay g et T, K RV S AR ey
LRV A A LB T . )

M &4 N JE IEEE Z i AR Z VNI TAE 30, JF ABeF o XS AW 45 R — 3. B,
WK 2/3 S NE 6 ANHHERIE T, )2 e AR ) S B A A N SRR
666667, 8 NN [0 224 AT S5 N 666666,

EME] iece flags Kifr. JEBROLE E AN ME, PUAARERMASEEIE 3-14
v

% 3-14 ieee_flags & AT A (E

S AIEHI{E (mode /J direction)

action get. set. clear. clearall

in nearest, tozero, negative, positive
out nearest, tozero, negative, positive

W mode 4 precision, NIFEEMBAEEH T YW & ARE. 7EET x86 WAL
b ATREMIEARI I B RN . SR IS AR fERXAECT, fRE
T BB A A 4 R I SR IS SR L2 S N BT T Je XA A7 A b 2N IR 52 2 64 ARG B .
2 E ARG B R B OUORS FE I, SR TE R 35 A7 s 4 R I SR8 SR 85 300 0 4 N3] 24
B 53 MR . BARK 2 B AR I e ARG BE IR A AR HEAf R 45 3 (A 2
BHERI S5 R, (EIE SR P ORAE IEEE FkE INFE P AEY e & AR FERE R
VRIS TAE, DA Z0RE o ARG SEAH N b 15 7k B RG FE BOUKS 82 LIS AT X Se R 7

e SPARC AFRIRNI AL EARRKE ST AL, EXERE E, f/H mode =
precision ] ieee flags SR .

i, W mode Jy exception, MIFEEMIEAEGEH T 411 IEEE R Frd. A Af
Hl ieee_flags fa &M= IEEE S % brid MTELIME R, ES M 4 &,

ieee retrospective(3m)

libsunmath K%l ieee retrospective FTEIF AR AL B =4 FlAE AR #E TEEE #iX
ORERS WNEE S

U VGBLIE Ao

w AR

m UK AT 1) ORS B2V O AR B4 (.

m DR ARARAE LA R

MR RUR S T A7 2 PAH T 5 (15 6



14

ieee retrospective FTEIA K 7/ 41 5 bnic LA RS F BGHAG 78 1045 B AR
WX FEAANENGEE M ENTE B E ) RISk REFRL, WHZT s
RIEPITRE LR R — W ZR A0 . W 5w 8 H T FERE, 55 ] (e 9 sEbs
KA (HWREEET, 2424t SIGFPE /55) . ieee retrospective JHEH TR
ARG EREENRENELS (W LT RERID , B RAEE S ARy
TR CACE T B (WERAH T RN AN o 5 4 IS T R 55 FIERE,
FFut B AT A 5 |k S BB A

FE7 Al LRI 20 ] 1ieee retrospective. ] £95 #£ -£77 MAMER T
PEH) Fortran F2JP AR 2 i H3 A ieee retrospective. ] £95 AEHLEEI
YR C/C++ 2P A Fortran F2)F WA HE) A ieee retrospective.

R, EEEELL R, £95 Mikata X o W W sk, Rk, BRApf B aUhas
W3R EH %% T SIGFPE ACFERET, BN RmIFMRA RIS & ., £ -£77 %
‘fi*ﬁiﬁT, IR AR EAN A IR, I R AT s S i, FEPP 4k iaT, JH7EIR i

il ieee retrospective iR & IX L H7H

Ui FH e R B TR A -
C. C++ ieee retrospective (fp) ;
Fortran call ieee retrospective()

X C B, SR p fRE B NS Fortran B UG A AE stderr EATHIH

LR RBIE R 6 4~ ieee retrospective BHEHE T 4 4 :

WERE: 91K T IEEE ¥FAESHARC:
AKEM; N

AT R REEAN

BT IEEE VR REFEPE:
i H 5

WS HIEM ieee _flags (3M) .
ieee handler (3M), ieee sun(3m)

SAAE R IR DR e i, A IS .

A LLAE Fortran F&/7FEH =M ik —k2E 1l ieee _retrospective W& . —FiJ7
PRI BR AT AR IR ek, ZEHI AR, IFER PR TR R S AN BB IT M. &
FEREFIARERE A . i, 1 F 70 ieee_flags. ieee_handler Al

standard arithmetic:

character*8 out

i = ieee flags('clearall', '', '', out)
call ieee handler('clear', 'all', 0)
call standard arithmetic()
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3.4.5

i = SO AN A I DR 7 37 B R AR B A

J i E F] ieee retrospective WEM LA stderr TE M B HA 1.
MR, AR EEELMIE ieee retrospective HE M Ki%F stderr, A
AL X R 7 v

BRI RAERT A E1Y ieee _retrospective HWE, Fll:

subroutine ieee retrospective
return
end

nonstandard arithmetic(3m)

ES 2 TR P43 A, IBEE SAME W MR AP H L R A 45 3 . AESLLeat
T SPARC [ AR ZE b, Wit 1 il 4 o2 A8 ] SR i B O B o S B o W SRAR 2291 55
BT, WILPERE T RE2 T B

SORIPLAT SR e R b A L AE DL 2, WTLMIENT] ieee_retrospective
o ieee flags KMiERME KA T Mid i, AR RGN A, WRRER
GEh IR AT RS 2 I T I LS A T i et JUMTRE R ) BB el RIS R o AR Tl
fHOLT, AR IEEE S5 n] LUMPRRE > AT o

FEAT R e REAERE CRUHT A 22l InRIE LD (1) SPARC B, ek
nonstandard arithmetic FHEOKE NG RBIHT 2. 0PI ik § i 52 e 2 e
TR R B, KRR BAT T WTHE U TR AL

% standard_arithmetic RHfE{FH & oW HEE IEEE 50k X P A ek B0 4R
PR IEEE 754 WU ISR AAT 50T, SuperSPARC® gl — At RS

3.5

C99 iF KNI R L

A4 C99 ) <fenv.h> 7 A EE K $T . £F Solaris 10 OS #, XEEp {7 T 1ibm
o EARMIRZ 5 iece flags MEGHRAIZIAE, H e MERAESEM C #0;
FEATREH €99 & X W), FrLle i1 EH B KR a AR .

i - WRFHT AR BL EAEAER R RN 1iom TR C99 i mUIAE R EL
M AL B LL A 1ibsunmath 1] ieee_flags Hll ieee_handler Mi%(.




3.5.1

3.5.2

S0 B i R AL

fenv.h PR 5 A~ IEEE ¥ sl brid PR —MRid 2 X T % : FE_INEXACT. FE
_UNDERFLOW. FE OVERFLOW. FE DIVBYZERO #l FE INVALID. It4h, ¥t FE
_ALL_EXCEPT & AP 5 Ml B# A&l “o” iaff. fELLN BT,  excepts &
Bl LU 5 AFRid AR — A2 AL “8” 1858 {8 FE_ALL EXCEPT. X T
fegetexceptflag Hl fesetexceptflag MK, flagp S E L BIEIE TN
fexcept t MM ZIMIRE . CXMBEALAE fenv.h FE XKD

C99 3E X T LU ¥ bric R 2

% 315 C99 FrUfE R 8 Fric B2

T BIE
feclearexcept(excepts) 5 AR E T bR id
fetestexcept(excepts) IR [A1F8 R b id 0w
feraiseexcept(excepts) 5| A8 E 1
fegetexceptflag(flagp, excepts) 7E *flagp " IRAZHE IR FRIE
fesetexceptflag(flagp, excepts) M *flagp WK HE 2 IR BRI

feclearexcept PREUNERIEEMIFRIC. fetestexcept PREUR AW E ) excepts ZH 5 7E
(RIARIC SRR N IR 2B B fr “ 8”7 B S Eh R o filan, SR G 4 B B bR d AN ERf
R B,

i = fetestexcept(FE_INVALID | FE_DIVBYZERO);

¥ 1 WE N FE DIVBYZERO,

e AT IR 2 7 I BERE, W feraiseexcept HREUGE—aBE. (ARG
BERTEA G R, ESHE 4 . ) &0, & REEMENERIC,

fegetexceptflag Ml fesetexceptflag PREERAE— Pl i) {8 i) 7 v 87 B CR AT 3 LE bR
WHPRE, HAAELUEE e Feal, fesetexceptflag MEIEAFEIEHE, &
W F e Al FE

a NFE

fenv.h XA} 4 A IEEE & AJ7 B 6 —MEUE L T % FE_TONEAREST.
FE_UPWARD ([i]1F5%5 k) . FE_DOWNWARD ([fi]41 /555 k) #1 FE TOWARDZERO. C99
SESLT I BB L sl A A Fesetround B4R 1 Ay 1) BB H S HdR
T (e L 4 NEZ—) , 1l fegetround IR[BIXS N T 2457 & AN 7 1 [ %
fH.
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3.5.3

AT x86 MR [, fenv.h UMK 3 ANEr AR B b il f — A8 L2 .
FE_FLTPREC (Hif§/%) . FE DBLPREC (XUKi[¥) Fl FE_LDBLPREC (¥ JEXUKSIE) o
HAREATAZE C99 —4r, (H x86 L1 Libm $a At /> ek R 3 il i AN AR
fesetprec KL FT & AN B BCE N S HIR ERIRGE (LA LE 3 MEZ—),
M fegetprec IR [AIXT Y T 210 & AR 411 2 1H -

B R AL

fenv.h AFE XEHRRM fenv_t, BRBEEMNF NG, QHFARIRC, RS
By S A BN (FE SPARC LAY ARFRAERE. ZELL R U, envp SHULII
SEARMAEAS fenv_t WX IFRE

C99 5E X 4 NRREAAE BT R . Tibm SRALHT— AN R e 2 LR P AR A
e TR T IX L8R HL

# 3-16 1ibm ¥F s R A

T #BRE

fegetenv(enyp) HIERAEAE *envp

fesetenv(envp) M *envp HIKE LS

feholdexcept(envp) B IR RAFAE *envp ', FEEESLASTH] T R4 X
feupdateenv(envp) M *envp R R RIS R R
fex_merge_flags(envp) *envp M “E” REFR L

fegetenv fll fesetenv PRET AR FIK R T LS. fesetenv IS LLE
BRI LA L fegetenv B feholdexcept fRAFMIMELINIRE, ELE fenv.h
thE XK & FE_DFL_ENV. Ja# £onia i, NGRS EbR e S AR BRI
fH (FEFET x86 MRS L NBIY HEXURS ) « ANTa] T s A AR CENARFREEE) LA
K ({EFET SPARC RS ) 2 AbRER IR



feholdexcept BIEURAE MATIIIAEL, RETEIRITE T8 b0 IE 0 T =5 2 A ()
H 2w A A . feupdateenv AR ERANIAE (THE LM fegetenv I
feholdexcept U ia FE DFL _ENV), ARG T RAE S AT vh B AR iC B S .
S BVAEE A o AT 2w A T REBE, W kAR B0, wEXERd, o]
SEG AT X P SR, AT R R AR T 5 8 IR A Cn BU R AR R 7R )

#include <fenv.h>

void myfunc(...) {
fenv t env;

/* DRAEIRS . SEBRAR LIS RERE +/
feholdexcept (&env) ;

/* PATARESFESTH RIS «/

/* AR +/
if (fetestexcept(...)) {
/% W EATEAT AN AL P I B HAR IR */

feclearexcept(...);

}
/* WEIAEIESURARIAT */

feupdateenv (&env) ;

fex_merge_flags BRHOM 2T I ARAFFAEE b (10 5 W AR AT 12 4R OR 185, 1A
P FATATRERE . AT DATE 2 SR FEAR P A T b e 2, 75 QSR AR A7 AT G T e fE (1 v 4
IR ICHIE . HRER fex merge flags HVEMRH, ES R A,

3.6

libm fl 1ibsunmath H)SZEL I HE

AT 1ibm Ml libsunmath ST EE:

n IR n (WS ECRTE L RATHT o 47800 = ff pR 5

m 77t IEEE MIHE IEEE k& 2 [ 45007 mORCHE 1R Hiahs e e a1 7
n FEHLECE s .
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3.6.1

3.6.2

RTHIL

7E4:T SPARC IHRZ I, 1libm Fl libsunmath 11455 ek EOR A8 HIAR BRI 2 0K
SEVEMZ I/ A BBOL PR A AL I. R T x86 MRS L, libm A
libsunmath A ¥R EE4) A5 bR HOE ] x86 F5-4 4 4 (It (K1) 45 o B 9 A% 98 2 K BL Y
s HAt R B 2L T SPARC (138 48 A% AT [ 2 9 s S i 22 e/ A7 BB AU ST 3%
KDL .

libm T EAY)E R 1ibsunmath B35 18 FORS 455 oR B R IR B FVE N 2 I/
T IREE AL AR R 45 SR AL BN J5 — AP IR AL (ulp). 7E2ET SPARC B RS
F,  libsunmath ™ (19385 3 DY A5 kG BE 4] 55 oR HOR RS i 45 AR L B — A wlp W, (A2
expmll fl loglpl BRELERAL, EANTRREHSE RALLEBINA ulps . CGFIT R BTG TR
R, HARRTER R BN IR SOOI = . SofheR g, Xt =41 ek
O S5 R BSOS ARSI . D B IS LN M sk BUX SR ZE SR . g
{f | BeEF (Berkeley Elementary Function JIRFET) 1 AEALMIIX L8] F2 (W RG]
DI ucbtest BRI netlib REZFE T, MWHEH
http://www.netlib.org/fp/ucbtest.tgz.

— MR ZE i/

IS A [n/4,m/4] i [ 2 AMK = # o0 Bol b 6 2 5D 2R e el i /2
(KB A) RAATIHEL.

Pl 0 ANERERS LA AR Ky, P DAORELEATIE L. =1 B B die 8T R 2 R
TANSHOE BN AR ZE (R BL) o B A DR S8 I 4 /N2 5 =
PR (LB RZE o BIAER AR /NS, S S5 RN A DR 2 AT REHUR 1% 5 B 45
NRZE ;s M TECKINZH, S8 /NS R ZE AT REIF AN LE AR 22 K

T, AR T A K S50 = A R B S AER AR, 10 AT /NS B e
AN 2, XGRS TR SR JEE ORI AL B R R A e e B KT o R
A

T = A R B VA MER MRS AR A ZE I N E L BR , ASUERA 1 o8 B & AR 18 ek Al
HINTES IR . RS EURLAWGE /N, SR AR R IR o A 5 B0 S 5045 /1N
X, XAER A RSER NS T A AR EE R LR

libm Al libsunmath —MRELERH “TLR” BHE © 7S840 . B 2/
gE AL 916 A NI, IR LA AE A SR P LLEE S50 4s /N R R .

sinpi. cospi Ml tanpi B4l GESIUR 3-3) TH = kR4EmASE, Dl
a4 /N = AR R 2



3.6.3

3.6.4

20 HEITHEIER -

Wl e B e

libm Ml libsunmath G — DN RIGHEIFEHHIFE convert external, BHT
7t IEEE HNIFE IEEE #g 2U 2 1) e 4 ik T2 ROEds

T HR R A HG SPARC (IEEE). IBM PC. VAX. IBM S/370 FI Cray 1 JH (i I 26k% =X,

HRMEBE Cray b AR B E0HE DL R AT FH %L convert _external o #id % 4 4 B T
SPARC Y &4 AT H ) IEEE #:UM7R#l, ES 1 convert external(3m) T/
e

B T

AT L) =R T ROR AR 32 A48 K. BRI mUMDUURG VT ks X 8 — D BE L2

m addrans(3m) T TR ) pR BCEE T A BK S 1 InVE BEN LA A 28 R

m lcrans(3m) T DT A 1) o8 BOE T2 P R AR B AL B A il 2%

m mwerans(3m) TGO R ) pR BCRE T 5 HE T AH SR () BEA LR pe s o X S8 R B id £,
LA 64 £ 3R M S8 — Dy BE AL A A 1l o

Ak, shufrans(3m) T 0T R AR B o8 F00T 5 b AT ] 2F g &5 & 43 F LLYR Yt Bl
WLE I EAl, oA T B N H AR P RIBEN L. GER, BEH TIRYE 64 47
AR T H. )

FABENLEL T B A &R AR —ABEN L CRIEEAS 28 B0 — AN LED  BIFE DL
7E FL AN b AR Rl Bl HL BRI R o B TR AR R — AN B HTL 0T R SR R 1 R A T
* 3-17 FrosrvaE W .

= 317 R B AT 2R e 2 1 X T

FE T# L5

i_addran_ -2147483648 2147483647
r_addran_ 0 0.9999999403953552246
d_addran_ 0 0.9999999999999998890
i_lcran_ 1 2147483646

r lcran_ 4.656612873077392578E-10 1

d_lcran_ 4.656612875245796923E-10 0.9999999995343387127
i mwcran 0 2147483647

u_mwcran 0 4294967295
i_llmwcran_ 0 9223372036854775807

20054 1A



% 3417 A R AR R DX ) 4E)

EE T5& L&

u_llmwcran_ 0 18446744073709551615
r mwcran_ 0 0.9999999403953552246
d mwcran 0 0.9999999999999998890

FESEAN I HI ob AR A B LBCE A 1) R B AoV P i s AR BRBUTTE I X T . B SR A 2 i
T LeaR i, A A A E AN R] DX TR] 42 23 A 1 B R A

&, addrans Ml mwerans B IHE A 1crans AR EA R (HEMHEEE LAY
AR . S. Park F1 K. Miller T 1988 £ 10 A7E Communications of the ACM )&
Ff] “Random Number Generators: Good Ones Are Hard To Find” i-i& T & [F) & 5
IR H . Knuth 2851 The Art of Computer Programming 55 2 21018 T INE M FENLEL
AR
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$£4

=

S AL AL B

AEENIA TEEE % 5 7 % JF s kil . Ak Beql.

1EHT SPARC® F1 x86 M1 Z % [, [ Sun Studio ZiiF#sF1 Solaris #4E RGP (KITE 4
R3S FF IEEE bl i 75 10 450 5 0 A BRIh B DL R 2 HERE M 3£ Th 6. TEEE 854 bRk
(IEEE 854 (W5 18 T1) XX LT REMFAN HARIEAT T A4

o BT PR S SR EEAT 2 16 . SER R S8 B 72RO e K A AT 2k ot
S PG B S N A B R UL (BRERREE SRR .

AT LB HAR, AR RUE TR H RS 4R, IR EORPTSEBLIN Jy SR ptn]
HOH RN . B B s R PR FR A, MEFE % D@ kb KSRk IRl AE T S
BLIR T SR N RE P SR — FE R A S IR K ik (BRI, I e W i) o i,
REP AT LN e SR SR 45 RO FAREE AT, APt — N R L 24 Uy XAk B 7
WK IRAL BERE Sy o A S b1 TEEE 754 3 SRS L2 L ieas 45 R FI, FHHid T =2
FRRAPRA s i RAN S AL BNV R A BT (M Thhe . CRTE R 2L L8 BUUE T Solaris
10 #AE RS, X Solaris #AF R G WA AL - )



4.1

OB AL
R Ay o 2
IR AEXT S AT 2 . T 51 W. Kahan A1
R BT IR Bk IE R AR R R A R, AR AR
Wo “IRF7 A MR WA RS ORI A AT R, G
W. Kahan 905 ) (LPHFAZD o )

Bldn, BEANFEFZRABATHRE, &R . (R&EHEFRER—AR

W ) EHBUXFE TR, RES LU AR k2 — 347w .

n RZEE RS TAARRE (g E) , MRS W R —FH5,
H 1EEE 754 1% 5 % 18 545 2 IR 2 45 gk L BT %R )7

n R EZREOITAE T EARS, WRAKAEK SIGFPE 55 . MR ZAEF L LT
SIGFPE 5 5 AR, RASKIEHEAZSZAHETY; T, ZEFELILE.

IEEE 754 J& LCIANEARBRIF RIS L H $EE5R. Gt R A F . i

=AY CEMG BRANE 1D AT SR AR H . X - B AL, AR ] 4 2
ieee_handler(3m) fefit—F (AR WA H M7 (575 S350 MRS CR s AAK
ﬁ)%iﬂ—i%i,ﬁ%ﬁﬁﬁﬁﬁ%%ﬁﬁ%%%ﬁ—ﬁﬁ(EEIB%)ﬂMﬂ
b 2
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R 4-1 WS ATAE TEEE bRk 754 R BIMIE R EHd TR sl LR AL H BLIX 24 52

I IEEE SRR (1 544 Wi )3

% 41 IEEE ¥ f 5
IEEE TEFIRE B AR H IR
58 HRSEHER i REHR
TR H X TR E AT NI 5, 0 x © JCWE S NaN
FEABRAERCERL 0/0
0/ o
(1£ x86 b, MTFrkk  x REM O
Ves ol s IS Y E " N -
Prstst ORI poor s
W, SEREATE e i i
IEEE A, ) G ERER R liUE (S
NaN #/E%L
P A=
GEZ WAR D
TR GES WiER 2
e XA IREESEIITIE x /0 BEIFRMNAESE x GRS MREERENIP R DN
FEN SR ITETSK 1og(0)
iR,
i NREINGET S N E MR AR (RM), A4S
M HARE RSN DBL_MAX + 1.0e294 RIFTS
ARBOIRZ (RN, exp(709.8) RM+ -
EHEGEED . RN-oo -00
RS, RZ +max -max
(%) DBL_MAX R - +max - oo
FLT MAX + 1.0e32 R+ 4o - max
expf(88.8)
T AR EUER NI BRG LT IER %
SR LT HFs% A nextafter(min normal,-o0)

RN K N EH MR
% GHZIER 3.

nextafter(min_subnormal,-oo)

DBL_MIN /3.0
exp(-708.5)

FRG L -

(#/4) DBL_MIN

nextafterf(FLT_ MIN, -c)

expf(-87.4)

%
N
ot
in
i
2
i
i
54
|



% 41 IEEE % s34 (4L)
IEEE R Z AN LA
5% EREEEE Pl REHER
S BROEE NGB AR  2.0/3.0 WA (FAL
I T JC BRORS s 45 2 (P ) 1.12345678 i M D
CRZH0T s 5 log(l.1)
G )
DBI,_MAX + DBL_MAX,
VA i H A AR R
N ¥ 9 X
4.1.1 2 4-1 WTERE

1. TPt XFARMF S kU, B AT UARE, ] BL e T LA .
AWM FRER: M. KT ETETLF. TFEwE208 M EEECY
NaN CR285 .

B NaN # 5T AME (B AS) 3T “BF” . £ 42 BREXRALIT
B, M —FRH e & SELRS R .

% 4-2 T His

Predicates EHRE
¥ c. cH+ 95 (IR T FHIED
= == .EQ. no
#* I= .NE. no
> > .GT. lyes
> >= .GE. lyes
< < .LT. lyes
< <= .LE. yes

2. TR A NaN BiC 75 REEH LS, ol 76 T ssiA% 3 i) B e g
e

3. IEEE RS RURS R TR A s BE 2R s HO e /N IE M43 oy 27126, 2-1022 7
2-16382 473C IEEE ¥7 fifg X i, &0 2 &,

x86 VF IR Y —ANKAE IEEE bavE P3RBT H: JEIE AR R 25T IKE

HEHAT IR B I, SHIERE .

SEH ARSI R s R (el « wll. By Fie. AR (g

fiX) . 7T x86 ARG L, ARIEMBAES R HAET 7% Pt e k.
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RE RS A SR A F [ I O A2 (RIS 3 AT ANKE 0 it H RN KRS ) R I A R AL 750 A
T x86 AL L, ARIEMERAEECE W) LU ARS8 T AR AR A A 2R
JA TR . RIS B AR, S R R R R SR S e T ARSI B AEdE
T x86 WIFRSE b, Wt TEAIAKE SR S A T AR IE R A i3k

4.2

4.2.1

(RIUEREH

1E 4N IEEE FrUEFTESK KIIBRE, HET SPARC F1 x86 MR %0 LK AR BEHL L F ket %
BT B 5 25  H IRIR S bR A o R AT I R X S bR ok A 8 TR T RS S . X
SebR IR T LU B BN . ieee flags BECHRME Rl X EEAR B I vk £
Al C 8k C++ S IRL I, C99 ¥ i IR BT R BRI 5 —Fh ik

FEHT SPARC MRS L, REFRH AT AL ZARSCHIbR AR : RTINS %
P S i B NS R T I AR SRR IX SRR B (R “B07 )
BN SR ARG A, TR BRI IAT B8 B AP EOGE RN RS Bk
LREMPTARMPRH . CHFRTELS PEHRK R HE I, SwE S 380N
(R VAN 1B 2 TOn P (2 P o N A4 1V i S = 1 B o A1 A o o Aot o )
AL RS ALY $Esr o

FEFET x86 ARG L, W RURET (SW) Wk ik s L7 midk PR SR . 72
BT x86 M3 HF SSE2 FRAM RS [, MXCSR A A7-a A0 2 ic 5 t 2445 4 51 R BT
PR .

ieee flags(3m)

W ieee flags(3m) MiGEEN:
i = ieee_flags (action, mode, in, out);
FEF TR L2 fF 5 vexception" HKILAE N A4, M icee flags

BHOIR BT S R S R A ARG o B, BEMA Fortran iR 1 S b s
R

character*8 out
call ieee flags('clear',6 'exception', 'overflow',6 out)

BHERAAE C B CH+ HRAE T %, W]

i = ieee flags("get", "exception", in, out);




MEAER “get” I, out FIRIFIFFF R K
m “not available” —UIHFHAEEATH
m 7 (B —WREA N, SE T x86, AR IEMERAEEUEME— N T

s

5!
m A TABHL (i) A 08 R — I R T
m T, SRICUHIBLN . RS 5 1 4R

0, 4 Fortran Y.

character*8 out

i = ieee flags('get', 'exception',6 'division', out)

R T HEREFN, W out FIRMAIFKFFTH A vdivision"; HNERFIE HILA.
A F I AR B, AR in e e BRI SH, ek z2ms, 5,
£ CAY, KBRS a1l

i = ieee flags("get", "exception", "all", out);

B THE out IR H IAFRLISN, ieee flags MiRI[FI—ANGE & 2410751 K1 FTA 9
PIHERE . MO 2P N e W bR B A “8” , PR bR SR — M % os,
xK 43 PR, SBAREHN NI E B fp_exception type fH (fE
sys/ieeefp.h XA E ) SHll. GEFR, KA E S A BIELE, )

% 4-3 S A

58 I E RIit S &L

3K fp_invalid i & (1 << fp invalid)

& fp_overflow i & (1 << fp overflow)

B fp division i & (1 << fp division)

underflow fp_underflow i & (1 << fp_underflow)

N fp_inexact i & (1 << fp inexact)

denormalized fp_denormalized i & (1 << fp_denormalized)
( XK x86)
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4.2.2

NI C B CH R P BRI RO R (B HEAT A4 (14 53 o

/*
Decode integer that describes all accrued exceptions.
* fp inexact etc. are defined in <sys/ieeefp.h>

*/

char *out;
int invalid, division, overflow, underflow, inexact;

code = ieee flags("get", "exception", "", &out) ;
printf ("out is %s, code is %d, in hex:0x%08X\n",
out, code, code);

inexact = (code >> fp inexact)& 0x1;
division = (code >> fp division)& 0x1;
underflow = (code >> fp_underflow)& 0x1;
overflow = (code >> fp overflow)& 0x1;
invalid = (code >> fp invalid) & 0x1;

printf ("$d %d %d %d %4 \n", invalid, division, overflow,
underflow, inexact) ;

C99 7 br ks BR 2N

C/CH++ P u] LU HT €99 T A 1 58 ok BN K, B FNE BRI e W hn e Sk 30
fenv.h & X A5G HAFRAE R AIXT VIR %:: FE_INEXACT. FE_UNDERFLOW. FE
_OVERFLOW. FE DIVBYZERO Al FE INVALID. 'bif & SCH L AT FAN 2 fi
“Bi” i) FE_ALL_EXCEPT %, AJHIX8eRaiafr—ikd, DUEMas b i br s AT
A B 5 RATAT AL & B S0 o T B 7 B Sl s AR SR 22 5 LA C99 7 sl AT R
g e, EPREZHELR, W2 feclearexcept(3M) T,

E = N TAT AR B EAEAER AN I 1ibm T C99 VF M
BN LA & 1libsunmath ) ieee flags fl ieee handler H%l.

EHBR TR A SRR, WS

feclearexcept (FE_ALL EXCEPT) ;




8

LR T R B2 o RO8 HARE IR R bRE, WS

int 1i;

i = fetestexcept (FE_INVALID | FE DIVBYZERO) ;
if (1 & FE INVALID)

/* invalid flag was raised */
else if (i & FE DIVBYZERO)

/* division by zero flag was raised */

SR At 5 G, AR Tt iR, 5 A S

feraiseexcept (FE_OVERFLOW) ;

fegetexceptflag M fesetexceptflag BREIRME—F I RAEERMKE R E T

Jiike NI A7) s I L8 o B R T T ik

i

ib)

fexcept t flags;

/* save the underflow, overflow, and inexact flags */

fegetexceptflag(&flags, FE UNDERFLOW | FE OVERFLOW | FE_INEXACT) ;

/* clear these flags */
feclearexcept (FE_UNDERFLOW | FE OVERFLOW | FE_INEXACT) ;
/* do a computation that can underflow or overflow */

/* check for underflow or overflow */
if (fetestexcept (FE UNDERFLOW | FE OVERFLOW) != 0) ({

}

/* restore the underflow, overflow, and inexact flags */
fesetexceptflag(&flags, FE UNDERFLOW | FE OVERFLOW, | FE INE

XACT) ;
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4.3

4.3.1

i 8 O = T8
Eiftjfﬁﬁ
WY, BEREREPAEESR, KSR R S5, B oeEn p w8 W g4

FEHT R R E AL B I T AR AR T A RIS AR, (H2ZIX
Tl R U 1 O 2 5 AR 22 DO HL 2y R B AR

FH R0 5 S AR AR A o A 8 0 (8 PR vl 2 Ja B O 3R . 4R 2E e TR I e
i, #ERGEN RI% SIGFPE 55 (ESIMES 5) BMID kilsnizfir. Hit,
TR X o R ER, JEnl I BU R ok R R R AL E . BT R A I L
BN SIGFPE 59, & SIGFPE AbBEFE /T LUATENEH i R A T B e 2 1
hhe EERE, DAERN R B RS e A K SIGFRE 55 WIRAZEAMRE kAR
W, MSREMNARE, JEEHE 4-1 PHE S g R4k LT, EARSKIE
AR IR =R=

A A s A R
AT ) o AR 4523 ORI A6 R ot & . T
DB dox (PSRN, B2 A b AT P B0k 2 1015 AL,
WB% (U dbx HIEIE) TN

FIE T C L7

#include <stdio.h>
#include <math.h>
double sgrtml (double x)

{
}

return sqrt(x) - 1.0;

int main(void)

{

double x, vy;

bd -4.2;

vy sgrtml (x) ;

printf ("%g %g\n", X, Vv);
return 0;




43.1.1

G PERIBAT R R

-4.2 NaN

Bt 45 R h NaN (AN R AT REA A T CR0a 5% . SEfE R m ik, W LAH]
-ftrap LEIUE R 4 1% LUS DO RO Sk, JFER dox SKis4T iRy JFE K
SIGFPE {5 {51k, WA LAMER] dox, fEJCH BFTgs % e 1 o0 1~ @i il s
MR8 S BRI IR s B RE A T 4 5 T 30 Jn LAl PR A 2

) dbx SRS ECFH <

PR T B U A I B (] SR AU g M - frrap BRASEHTE, RIS AEH]
dox KRB AW AL E . H5E, R J7 SE g ik 14887

example% cc -g -ftrap=invalid ex.c -1m

Wit -g #AT7E, WTUME dbx MIIEAESZ0RIR T AE. $5€ -ftrap=invalid &
SRS AT R S R I2 TR . 845, W dbx, & catch
fpe & LMIYE STGFPE KA1, SRIGIZITEFEF. fE3ET SPARC WAL [, 4
AR TR

example% dbx a.out
Reading a.out
. etc.
(dbx) catch fpe
(dbx) run
Running:a.out
(process id 2532)
signal FPE (invalid floating point operation) in _ sqgrt at 0xff36b3c4

0xff36b3c4: sqrt+0x003c:be _ sgrt+0x98
Current function is sgrtml
6 return sqrt(x) - 1.0;
(dbx) print x
X = -4.2
(dbx)

g KRR, DRRESR U I IR I AE sqreml s A BB
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WAl UAEH dbx IRHNIE CRAEH -g ik, WEFRD PolEFHEK . EXRE
BN, dbx AAEA R LLEAT S, HAEEW BoR5 I R BHE eSS . M, £k
i -ftrap THmIFERET:

example% cc -ftrap=invalid ex.c -1m

BHE ] dbx, il catch fpe fir%, RITIErizfe)r. EHICRESF R I, dox
2P 02 R JE I R A0 A5 1k ZEAHR P EOZR W R4, TN LA RS
PG, FEAE dox TS IR 4R -4 1 I & K5 Ja — NF RifE 4. fE3ET SPARC M R4
AR ATRESALT T R SR AN

example% dbx a.out
Reading a.out

etc.
(dbx) catch fpe
(dbx) run

Running: a.out

(process id 2532)

signal FPE (invalid floating point operation) in _ sgrt at
0xf£2886£f0

0xff2886£0: sqgrt+0x0050:btst %05, %02
(dbx) dis _ sqrt+0x40/4

0xff2886e0: sqgrt+0x0040:sub %gl, %02, %04
0xff2886e4: sqgrt+0x0044:srlx %04, 63, %03
0xff2886e8: sqrt+0x0048:xo0r %03, 1, %02

0xff2886ec: sqrt+0x004c:fsqgrtd $f2, %foO
(dbx) print $£f2f£3

Sf2f3 = -4.2

(dbx)

Wi 25 R WL R Esqred 184 BEY. K AR AR RISt T
SRR3R 5



FEFET x86 IARGE b, TR BAT [ E L, Iy AL E R A AR 14T S T i )
IEftahl, WREEZ N R, ARG, S AERE BT kA A, I ERAT
AW S R, XM BUE CM -x1ibmil FRiSdi TiZREF. ) Tl
AREE S A R

example% dbx a.out
Reading a.out

. etc.
(dbx) catch fpe
(dbx) run

Running:a.out
(process id 2532)
signal FPE (invalid floating point operation) in sgrtml at 0x80506bf

0x080506bf:sqrtml+0x001f:fstpl Oxfffffff0 (%ebp)
(dbx) dis sqrtml+0x16/5
0x080506b6:sqrtml+0x0016:pushl Feax
0x080506b7:sgqrtml+0x0017:£1d1l (%$esp)
0x080506ba:sqgqrtml+0x001la:fsqgrt
0x080506bc:sgrtml+0x001c:addl $0x00000008, $esp
0x080506bf:sqrtml+0x001f:fstpl Oxfffffff0 (%ebp)
(dbx) print $sto0

$st0 = -4.20000000000000017763568394002504647e+00
(dbx)

43.1.2

L A RAE %5 Rl fsqre fR4 SRR, R miy R w7 as e %S Bk
PSR A7 KR~ i S 20

FEANFH g BRI 00 B A Ik

L s - ftrap bR HH G TR R RN S R0E S5 R AR
FEFAEAE UL, ATRETCVA T g 1 LR, DR R A v e i A B T LAt T v T Al
o IR ZFOTE,

WAL dx, AT LB B EAS S07 mURES W A7 ae ok Tl jn k. IXafid
JBRAT, TR A R AR R op i T i (R OIS B AR S S TR T AT (Rl 3R AL 4%
RPRE W16 25, BAERGA RIE sifoc. Wik, ZJafEsfr 2090417 —
MNEFRIRLZ )G, ARETah R IR, RN, £ sqreml MEZHTC 4
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ViR) TUF RURTC, DRI RATT AT BAAEAZ R BN T AR BEE T A, 8 R G 288 S5 5 il
ik, A% dbx fFIEIRI SIGFPE 5%, RJGAREEIAT. fEHET SPARC A4 L, L

WMT GEFEEMH assign A B sfsr DUE AN RS 5B 55 BP0 -

example% dbx a.out

Reading a.out

... etc.

(dbx) stop in sqgrtml

dbx:warning: 'sqgrtml' has no debugger info -- will trigger on first instruction
(2) stop in sgrtml

(dbx) run

Running: a.out

(process id 23086)

stopped in sqrtml at 0x106d8

0x000106d8:sgrtml :save %¥sp, -0x70, %sp
(dbx) assign $fsr=0x08000000
dbx:warning: unknown language, 'c' assumed

(dbx) catch fpe

(dbx) cont

signal FPE (invalid floating point operation) in _ sqgrt at 0xff36b3c4
0xff36b3c4: sqgrt+0x003c:be _ sgrt+0x98

(dbx)

FEFET x86 WAL L, [l —NERERERBIIT A2

example% dbx a.out
Reading a.out

... etc.
(dbx) stop in sqgrtml
dbx: warning: 'sgrtml' has no debugger info -- will trigger on first instruction

(2) stop in sgrtml

(dbx) run

Running: a.out

(process id 25055)

stopped in sgrtml at 0x80506b0

0x080506b0: sgrtml :pushl %ebp
(dbx) assign $fctrl=0x137e
dbx: warning: unknown language, 'c' assumed

(dbx) catch fpe

(dbx) cont

signal FPE (invalid floating point operation) in sqgrtml at 0x8050696
0x08050696: sgrtml+0x0016:fstpl -16(%ebp)

(dbx)
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fE LB, assign ar & ERBER (RIS AR & mifadl 7 P e 8us 5w . ek
FEFFAEH] SSE2 474, A2 MXCSR 27474 P KI5 W AR BR R, AT JE o X 2 4
SEIV-4Ea fIBE (R T

T AAEANER T g 1 A e s dlox IONS DL, S8 I e ST IR R TR K 274 1€ VR
KA k. GXATREARR A, B, W RGA BAE R W R BN ki iy, Az
AP as o ) AIE I P Al VR SRR IR .

WERAFAE LSRR T (K H AR SRR, DDAy DUE ek T3 4 4 a6 A 81 R BT 1 i A
KA AR EoG, BN C RS

#include <ieeefp.h>
#pragma init (trapinvalid)

void trapinvalid()

{
/* FP_X INV et al are defined in ieeefp.h */
fpsetmask (FP_X INV) ;

BUfE, gnikizscfl, DMERIEE S HARSCIEIF % B AR SO RER A A6 R«

example% cc -c init.c
example% cc ex.o init.o -1lm
example% a.out

Arithmetic Exception

WA REREAT HOBr R, (HOZ %R P Csh A Bk, T DO A 847 I e e Fe b
RIS Rk D e K 8 A 3k . SEAEHE T SPARC MRS BRI 3k, 1B —
PRI C YRS, B R Ty AT G

example% cc -Kpic -G -ztext init.c -o init.so -1lc

e, TR MIHEZR, 1K init. so MR IVEKIR AU INE] 1 LD_PRELOAD MMFAZ R E
IFRIL =R R sIE s, flhn.

example$ env LD PRELOAD=./init.so a.out
Arithmetic Exception

FORIHT REEMTEILEN RINE R R, WEW (R FRIGTIER) -

KIEitHiEmM - 2006 £ 1 A



JE O b, Ay DL a4 b ad Dy 2R I S0t ok S O e AR IR A AR A T
B2, R, EElr R R Sl Ac 4 B T v AT S R SR s 2w, 6
PRI G b BT AR AT R A IR 3 A 0 SR I, T T s AT I B R e AT
Ho Ja s AR RE 5 @ ATl -ftrap. -fround. -fns (SPARC) & -fprecision
(x86) Z AR S IE P ARG B, PATERTE T F v PAT AR A R (B dE
LA EIRE) , Ia i filfihss TP . Bk, 78 SPARC |, (i) AEfTH L
X G IR AR E S )77 RIS CUndE B S R 3R K70 1% RE 7 1 2
MPAT IR OREFA R (BRAEEAIETD 5 ) (A8 iR a8 br R 1L B 1K 7E 40 21
O 56 th 3L G A A R L IR (R, 8 g P2 b AR T PR I il 4 AL
A G AT D (i) AR B8 T 3 o] $AT ST AT AR A R B - R e A
B g N B K 5 bR LS G b B A A R P B ORI A S A B

ERT x86 WARSG L, HHESWKERE . B%, &8V H -fround. -ftrap
-fprecision bR IEREMATAT ARG A B WG HIBCE 45 F P a7, thdmdeas A 3
R BERIT A fpstart BIFE (L FHRUE C J&E Libe H) HIrH 17F s E
HONERVERE . Fk, 73T x86 MRS L, ATl I FE e == %) 4ok 5
gk (E 3 U Foph g 77 i) , WA RE  fpstart BiIFE, DMEEAE
BT R (R, fpstart FRGIFE )N Y GARAEGIFE HSFE AT I AR AL 2R 2
IR BT AR SR — B AT X AR B k. BRI R & ENLT B isiT T
Solaris 10 #/E RS L.

#include <ieeefp.h>
#include <sys/sysi8é6.h>

#pragma init (trapinvalid)

void trapinvalid()

{
/* FP_X INV et al are defined in ieeefp.h */
fpsetmask (FP_X INV) ;

}

extern int _ fltrounds(), _ flt rounds;
extern int _fp hw, _sse hw;

void _ fpstart()
{

/* perform the same floating point initializations as
the standard _ fpstart() function but leave all
floating point modes as is */

__flt rounds = _ fltrounds() ;

(void) sysiB86 (SI8B6FPHW, & fp hw);

/* set the following variable to 1 instead if the host
platform supports SSE2 instructions */
_sse_hw = 0;

HF4E REMRELE 15



4.3.2

43.2.1

S o A B R P R B R

R T LR PRI T S o P 3 LA PR LG S M ik 52 A
5, AT AR A £ A i P SRR 5 IR T (5 . A P Tk, (e
K94 SIGFPE ML, WIARFHAE R U DU RIS M 201k, ok, it %
Be T STGEPE AMBIFRIF, I F Uk HY DU $1 5o 36 IH 44 5 BRSO o 6 Aty 22 b L 7
K AR EIRL RGBS B (eI R T R S ) L AR ko
BRIANIT . Ol T ORSHT AT TR A R X5 B, LB T 7 2 53 9
EEHRAGR, WF AR, )

i ieee handler nJ LA JH F Xt TiA IEEE V% 5 5 0 A AT A0 S (Al 3k, Bk A
RAARE W T N & Z R P s @57, SIGFPE ACHERR R . 18 v LA FH 401G 2% 591) 1) oR B
sigfpe(3). signal(3c) B sigaction(2) X —K %% SIGFPE MHIFLY; (L, Xk
RN ieee _handler MFEE AT, (Uhid, RAERBH T XF S 7w AR, 17
HSEAME SIGFPE 5. )

ieee handler (3m)

ieee handler WJIHHIEVLE:

i = ieee_ handler(action, exception, handler)
B A HI NS 30 action R exception 7& 757 Ho =N ANSH handler B2 K
sigfpe handler type, %KM EfE floatingpoint.h PHEATE X,
EAANSEOTAE A

BMASH C = C++ A Al BERIME
action char* get. set. clear
T char* invalid. division. overflow.

underflow. inexact.
all. common

handler sigfpe handler type F P L Fe
SIGFPE_DEFAULT
SIGFPE_IGNORE
SIGFPE_ABORT

MUEKRINERIEN "set ], ieee handler #3/.H handler ¥85E 1% N exception 5t
(FIALBE R 4. AbPE PR Al fiE N SIGFPE_DEFAULT i{ SIGFPE IGNORE, ¥ #likFik
A0 TEEE 174, SR eSS, SIGFPE ABORT &5l F i &k, ik
F P SR P R b BE SRS % P R ] (W sigaction(2) FM UL T A
SA_SIGINFO b W B MG T AL B 7 i T fliR I 250 ). WAL #EFE /¥4 SIGFPE_DE
FAULT 8¢ SIGFPE_IGNORE, 74b, f&ERH K/EN ieee_handler &xZEHIHHZR, *f
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TIHABALBEFEFY, ieee_handler 4xJd FIHilidk. (7E x86 “F& L, JCiB Ml if 5 (H ik
ST e ARSI B AN ARG, V7 RUBEPE A k. BRI, ZEREGufidlik, RPN
7EMHA] ieee_handler K )3 M H B HNE KRR — AN E 1 exception bR )

MG KRB AE/ER "clear" I, ieee handler 54k B wR 224 7 1E X7 45 2 1M
exception ‘LN H IR C . (X544 SIGFPE DEFAULT #4T "set" ##
EMF . ) AN "clearn B, SBIEEZASH.

KT nsetn Ml nclear #HAE, WIAUEKIIEMATH], W ieee_handler [ 0;
UPEY R IR SIERe

YIE R AEER "get" I, ieee handler I&[F|4HI AR E I exception 3 AL IR
Fet bl Cin SRR AT AT A P FE ., WIR[M] SIGFPE_DEFAULT) o

MR B LM B, B E T R QT ] ieee_handler. FIfiff) C 4R
P BOZ A7 LRI B TR I 280 E

#include <sunmath.h>
/* uncomment the following line on xX86 systems */
/* leee_ flags("clear", "exception", "division", NULL); */
if (ieee_ handler("set", "division", SIGFPE ABORT) != 0)
printf ("ieee trapping not supported here \n");

N2 EERUY Fortran AU

#include <floatingpoint.hs>

c uncomment the following line on x86 systems

c ieee flags('clear', 'exception', 'division', %val(0))
i = ieee handler('set', 'division', SIGFPE_ABORT)
if(i.ne.0) print *,'ieee trapping not supported here'

NI C AR BUK R i AT 5 W 1K) TEEE SR 7 AL 2L

#include <sunmath.h>
if (ieee handler("clear", "all", 0) != 0)
printf ("could not clear exception handlers\n") ;

NI & Fortran P [FJAE (4R

i = ieee handler('clear', 'all', 0)
if (i.ne.0) print *, 'could not clear exception handlers'
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4.3.2.2

MG T A B PP T 5

4jf 3T ieee handler %3/l STGFPE AbFERLFFHE AT, BRARREHRHLILALL .,
SR BT A ISR IO 3 0 5 9 2 MU M B S B8 1 S ORIV 8 25 4728 1 4
o ZALBERLRE I LUK AR L, IFHT EIDRAR IR R R AR BN L

TS HARGRMEE R, EE T S AR . AT IR PR C RBIAR
i, A SIGFPE AHEFESFH Fortran /-, 1EZS W3 A

#include <siginfo.hs>
#include <ucontext.h>

void handler (int sig, siginfo t *sip, ucontext t *uap)

{
}

MZACHERRIF R, sig 8BS CRERNE SR . 79 8ERTE sys/signal . h
i fF); SIGFPE [FME S5 L 8.

sip ZHER A d A Kzfs 5 HAE B4l . XT SIGFPE (5%, %4 IIAHK
M sip->si code fll sip->si_addr (GEZ U sys/siginfo.h) . XLERL A

BT RS LU KR SIGFPE 155 10 H k.

sip->si_code MU EFIE K 4-4 ) SIGFPE 55K MY —. (BT nmiibric &
sys/machsig.h #5& X, )

* 4-4 SRS A

SIGFPE 28! IEEE 28
FPE_INTDIV

FPE INTOVF

FPE_FLTRES ANK§H
FPE FLTDIV F
FPE_FLTUND underflow
FPE_FLTINV Tk
FPE_FLTOVF b3

B EERFR, REMESEIY) IEEE ¥F U A AN B AN SIGFPE {5580, 3%
B F B (FPE_INTDIV) FIFEE(#: i (FPE_INTOVF) tHEHG7E SIGFPE KA, {HE
T EIA R IEEE 3% mi i, FTLUEARREE L ieee handler KN B %R AL FIFE
Fo (Wil sigfpe(3) K AIXLE SIGFPE KA 2 AN, (H2, iHER, Ef
1) SPARC Fl x86 V-3 I, STEGRATEIL N 2N EH . Rk I 2] $ 38Uk i8 FPE
_INTOVF ¥ SIGFPE {55, {HJ& Sun Juifas A4 BOXEEHE 4. )
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X5 IEEE ¥7 55 58 5 V¥ SIGFPE 55, sip->si_code b - THRWIHIIEL T WA=
o (FEFET x86 ARG L, ©skhs BRI THRI TR T Fobs & A dwe i DL SE S RIRE53: B ik
S X R SO IR R, D fEIET SPARC MRS I, sip->si_addr
FOAFIBCR BT SR mde A kb, MEEET x86 MRS b, SAFBUT R TR KR 4
(Rl Gl 2 RERAE S BUR IR 5 I KVE AR ) .

BJa, uap ZEER M RIS EAT IR RGOS S50 . ZS M NE S RGH K
FEHEEMRLRAME X, SN sys/reg.h.

M EAE RGARAEIE R, W LAS'S SIGFPE ABEREY, 1ZAbHRR FPHS BT R A 0 i
(KSR L 3 EUE IFRA bk AR 4-1 SR FE IR BRR Y o

RADHEB) 4-1 SIGFPE AbFLFE

#include <stdio.h>
#include <sys/ieeefp.h>
#include <sunmath.h>
#include <siginfo.h>
#include <ucontext.h>

void handler (int sig, siginfo t *sip, ucontext t *uap)

{

unsigned code, addr;
code = sip->si code;
addr = (unsigned) sip->si_addr;

fprintf (stderr, "fp exception %x at address %x\n", code,
addr) ;

int main ()
double x;

/* trap on common floating point exceptions */
if (ieee handler("set", "common", handler) != 0)
printf ("Did not set exception handler\n") ;
/* cause an underflow exception (will not be reported) */
x = min normal () ;

printf ("min normal = %g\n", x);
x =x / 13.0;
printf ("min normal / 13.0 = %g\n", x);

/* cause an overflow exception (will be reported) */
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x = max_normal () ;

printf ("max_normal = %g\n", x);
X = X * X;
printf ("max normal * max normal = $g\n", x);

ieee retrospective (stderr) ;
return 0O;

£ SPARC A% L, %27 [k th 4R PUT U W2

2.22507e-308
min normal 13.0 = 1.7116e-309
max normal 1.79769e+308
fp exception 4 at address 10d0c
max normal * max normal = 1.79769e+308
Note:IEEE floating-point exception flags raised:
Inexact; Underflow;
IEEE floating-point exception traps enabled:
overflow; division by zero; invalid operation;
See the Numerical Computation Guide, ieee flags(3M),
ieee handler (3M)

min_ normal

>~

£ x86 -5 £, L] SIGFPE ABIRE)Y 2, BRAERGORAF T 7 bR S M RIA, &
JETH BRIX SRS o BRARIZAC PR PP T HOR R A IR AR S KD 3R, 15 W NV A iR A 1%
WEFRRE PRI J5 2k e I, RIRRE PR R OF RGNS IR T i

2.22507e-308
min normal 13.0 = 1.7116e-309
max normal 1.79769e+308
fp exception 4 at address 8048feé6
max normal * max normal = 1.79769e+308
Note:IEEE floating-point exception traps enabled:
overflow; division by zero; invalid operation;
See the Numerical Computation Guide, ieee handler (3M)

min normal

>~

HERZHIEOUT, AERRAT R ARESK, SECRE s A ks IBEE g 458 1
b g5 R, £ A max_normal * max normal i MMEAZEE HEHE (I,
WATIEMTF SIS R MR 45 R, W5, SIGFPE ARHLFET AN T U3k =75 1)
EERAE AR, DIk S A B CEAT U . A A PAT LR EEER— Ry
P WS 27 I U .
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4.3.3

4.3.3.1

fiTH Libm 5 A By REOR &R H

f#H] 1ibm  C99 V7 ki FAEE bR I 7 W AL By e, C/CH++ Ry AT I 22 P vk A 4k
W o IR A HE T L AL FRE O IR R SR CE ieee handler FrHAT 1
PEISKE) A%, AHSR BTSSRI ARG Mk . e ATIE SCRPR A ST w5 12 i &
LSRRI E A

fex set handling(3m)
fex_set_handling PR & A VF 7800 35 AN 126 0048 2R Ak B 45 Ao 288 Y 1 9 1 57 6
fex set handling [FiHEVE&Z:

ret = fex set_handling (ex, mode, handler);

ex ZHIREENHHHAMN T HES . CUARIIER 4-5 155 PN “al” .
(IXE(HZAE fenv.h FTEXM. D

% 45 fex set handling M5 &MY
& 58

FEX_INEXACT AR 4
FEX_UNDERFLOW underflow

FEX OVERFLOW Bt}

FEX_DIVBYZERO W%

FEX_INV_ZDZ 0/0 TRz

FEX_INV_ IDI TG K 1 T KRB H
FEX_INV_ISI THK - TFKIEEH
FEX_INV_ZMI 0* L5 KRB H.
FEX_INV_SQRT GBI AR
FEX_INV_SNAN R H NaN i 4
FEX_INV_INT TER ) R B e
FEX_INV_CMP TRHIT 7 HAR

NIFERE I, fenv.h B X FFI{E: FEX NONE (¥ A% ). FEX INVALID (Hiff
MICRGE 57 ) - FEX_COMMON Clif th\ #¢FBRMPTA KL 5) Ml FEX_ALL (FF

A5HD .

mode 4 F & B ¥R H ) e AL IR S b AL BRAR . A UM T BRI AR

m FEX NONSTOP L&l IEEE 754 kA MIANTIWIAT Ko IR AR50 57 o i gk AR Hp 2
. GEEERE, 5 ieee handler ANFJJE, fex set handling foiVFfs ok Fhobk
RIS S i S AR A BRI FoAth S AR B IEEE St b #E. )
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m FEX_NOHANDLER RS54 T7E AR A BERE PP I 00 T 3 F S s i gk e R A S
i, TR LR %3 T SIGFPE AFIFESY, RESK IR R LI, FN&%
1k

m FEX_SIGNAL %% handler ZH0 45 KA 1 45 € AL BERR B R AL AT —
FEE, SHAMANSEORZEETET, M4 E &M icee_handler L1 —
FE.

m FEX_CUSTOM “%%¢H handler J48 IS f5 08 AL B %L . 55 FEX_SIGNAL A
IR, fERAEREN, MRS L RAIZAC IR T . XS H R A HEE
(FUERAIER 4-5 PIIEAED F—AMEEE Ce e m g Rk 3 3 80% 5
WSS RN ED A ZES N AL T YAl fex_set_handling(3m) T
VIR AR

WE R, WHRFEE M mode & FEX NONSTOP. FEX NOHANDLER o FEX ABORT,
handler ZH 205 20 o WERARE BB D3R R W @7, fex_set_handling &
RMEHEZRAE, BRI I R 7R, 3R R E R B 200 . )

RG] fex set_handling TRk RLERAR RN . HEIE 0/0 7

fex_set handling (FEX_INV_ZDZ, FEX ABORT, NULL);

Byt R B 224 SIGFPE ALBIAR Y, 1S :

fex_set handling (FEX OVERFLOW | FEX DIVBYZERO, FEX SIGNAL,
handler) ;

75 BT g, AR s A THT LI sip ZEUR LYY STIGFPE AFEFEF 5 .
W BT B7s . B2, R IIRZR BT BT %55 1 $fikeh 23478 FEX_CUSTOM
BTN OEE. (EEFETZMFEE, 2L fex_set_handling(Gm) T}
ﬁ‘o )

REEG 4-2 FTEHR L4 2235 0E FEX_ cusTOM Mk T (0 AL BEFR 145 8

#include <fenv.h>

void handler (int ex, fex info t *info)
switch (ex) {
case FEX OVERFLOW:
printf ("Overflow in ") ;
break;
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REBHER) 4-2 FIENFfIt4h 4285 4E FEX cusToM HEa FIABRL I B ( 4E)

case FEX DIVBYZERO:
printf ("Division by zero in ");
break;

default:
printf ("Invalid operation in ") ;

}

switch (info-sop)

case fex add:
printf ("floating point add\n") ;
break;

case fex sub:
printf ("floating point subtract\n") ;
break;

case fex mul:
printf ("floating point multiply\n") ;
break;

case fex div:
printf ("floating point divide\n") ;
break;

case fex sqgrt:
printf ("floating point square root\n") ;
break;

case fex cnvt:
printf ("floating point conversion\n") ;
break;

case fex cmp:
printf ("floating point compare\n") ;
break;

default:
printf ("unknown operation\n") ;

}

switch (info-s>opl.type) {

case fex int:
printf ("operand 1:%d\n", info-sopl.val.i);
break;

case fex llong:
printf ("operand 1:%11d\n", info-sopl.val.l);
break;

case fex float:
printf ("operand 1:%g\n", info-sopl.val.f);
break;




4332

RG] 4-2 FIEMR 45 22 257E FEX_cUuSTOM B T AL SRR G B ( £4E)
case fex double:
printf ("operand 1:%g\n", info-sopl.val.d);
break;

case fex ldouble:
printf ("operand 1:%Lg\n", info->opl.val.q);
break;

}

switch (info-s>op2.type) {

case fex int:
printf ("operand 2:%d\n", info-sop2.val.i);
break;

case fex llong:
printf ("operand 2:%11d\n", info->op2.val.l);
break;

case fex float:
printf ("operand 2:%g\n", info-sop2.val.f);
break;

case fex double:
printf ("operand 2:%g\n", info-sop2.val.d);
break;

case fex ldouble:
printf ("operand 2:%Lg\n", info->op2.val.q);
break;

}

fex set handling(FEX COMMON, FEX CUSTOM, handler) ;

A R A PR AR B BT R AR R R ISR S EUE IS SRR L R R E R e A
SRR B BRI R R A A, WA [P B2 W ik

A

A Liom Jp ki AL RGP 1K) 55— Py 0o Ja DO AT ST s 5 e 14 1 2 W 31 )
sk R XS R BHS B RIC R N, RGEaid o L R W (5 B . X485
AR PR, SECERIRA bl BB E Ty LT Il A ) B
ERRORRERES . CHI R0 Bi2 W B0 sk O BRI UL B 4R & Mk A pR 44 s ok T oA 3K
HE TS WA MSEAED , B O
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FEARAFA TR 535 AL TSI L6 P SR T AL, S ool
A, T ELAE T A B R RIS . AR, T3 S LBl 2 R T AR i
LU FAE BT, MELBUATIR:

o LR B (B, SRR O T A, s

= FEX_NONSTOP MUK TS HAT 4, T EL bR LT M3 A

RIS, AERZHR P, T RERF RIS 8 SR ER — O BLIK S W . (35 FE
X_NONSTOP AbBEAERN T A S H AN, wRIi L C99 ¥ i ML IE— PR B R 1%
SRR, WARVFHEZER N OO E, HETHRE AL T R e A E R
Ao

LA H &L, W fex set log pARUR R NAGH BALIG RIS, B, 2K
T A SR BRSO, ]

fex set_log(stderr) ;

FRAGEEG] 4-3 LA F A DIRedLA ek X RIBUSWHE Bt ks b1 R 3k
EXREIRE e WL QU P C WA Re g ik s EXT S ML AE LD_PRE
LOAD Ml Ar i h R AL S RN IR AR A R TR L =0 8L E FTRAP MABiATE e —
AN FHKAAR RIES2TF) )RR E 17 &bz fe)y, IFRIT 2
INEEA e R AR B 2 Wi a5 R

RAGHEH) 4-3 X [E B B i B PRI SR AL 0 PR T e 4 AE il

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

static struct ftrap string {
const char *name;
int value;
} ftrap tablel[] = {
{ "inexact", FEX_ INEXACT },
{ "division", FEX DIVBYZERO },

{ "underflow", FEX UNDERFLOW },
{ "overflow", FEX OVERFLOW },
{ "invalid", FEX_INVALID },

{ NnULL, 0 }

}i

#pragma init (set ftrap)

"
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REHEG) 4-3 X IS W S KL SR = R Dh R4 e e (&)

void set ftrap()
{
struct ftrap string *f;
char *s, *s0;
int ex = 0;
if ((s = getenv("FTRAP")) == NULL)
return;
if ((s0 = strtok(s, ",")) == NULL)
return;
do {
for (f = &trap table[0]; f->name != NULL; f++) {
if (!strcmp(s0, f->name))
ex |= f->value;
}
} while ((s0 = strtok(NULL, ",")) != NULL);
fex set handling(ex, FEX ABORT, NULL) ;
fex set log(stderr) ;
}

FEHT SPARC [MIARZE L, &5 5 A0 L1 (1 AR RAS 1Y I Sk AR $2 (1R s 91 R P mT A B
PIEE R

example% cc -Kpic -G -ztext init.c -o init.so -R/opt/SUNWspro/lib
-L/opt/SUNWspro/lib -1m9x -lc
example$% env FTRAP=invalid LD PRELOAD=./init.so a.out
Floating point invalid operation (sgrt) at 0x00010c24 sgrtml , abort
0x00010c30 sgrtml_
0x00010b48 MAIN
0x00010ccc main
Abort

Fnf e i 45 2R E W, T sqreml BIREH P RIZSHM S 851k T R8s 5

Can Eprak, 16 x86 V& b, ZMNILZX L I da 4 il FE 5 H il sk, 0 2008 o
_ fpstart #ifE. )

Bifs A $24L T 8 2 Bos M PSR KRBl AR BEE, 20 fex_set_log(3m)
FMT.
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4.4

SO ot

TECATT, KRE2BEEHRAAAE S N AL R (REZMER) , 2 RFREEE
B SRR LI RS . AR, e R A (W LAPACK) &80 T 41
vcrt, IR T 5w CnkE FRR A B0E 5D JF E 3 BeCE o A VG DU i A
AR I N (R IR LT VA, B R E S Ao, B2, 24—
AN NG5 R Bl R A N ORI RS B Js AR U7 I BB N D AEFH IR, 2200
ST e SRR, i H e ulilE S BT S T RER S 2 DI B oy 32, OF Hik
S RERNEA (152 W, Demmel F Li 3% (1) “Faster Numerical Algorithms via Exception
Handling” , &f X ELZH (IEEE Trans.Comput.) 155 43 1] (1994), {755 983 -
992 1. )

IEEE $EVE M4 S W Y o RS HR iC R Tk i SR Dh g 5 e de (b2 =N e o g 7
WARE R OL AR, IR SR IS B A AT R A I R AN AR B AT, G B
fitik, ieee_flags Bl C99 ¥ RiM ek Hn] ] TAEH ALl S 4, ieee_handler HL
fex_set_handling M T i FIAl 3R IF e e BAE S R AR N IRRE e AT I AL SRR o L
J&, AT ARSI, TEEE ARuEHER I H Re 08 4 3 30T S 10is FAR LSS Rl A B R
J¥. f£ FEX SIGNAL X il il ieee handler E§ fex set handling %%
SIGFPE ACFRFEF Al uap %0 (h Solaris #:1E RFEIR UL S AHEEF) 58 b
WEEME. Bid fex set handling Z %[ FEX CUSTOM B Ab BFLFF uf 4l I SR fit 45
FANIFEF I info SHELHEE R .

WWAE C Hh, AT R ] SIGFPE {5 5 A BRI

#include <siginfo.hs>
#include <ucontext.h>

void handler (int sig, siginfo t *sip, ucontext t *uap)

{
}

4y 4B 2854 TR STGFPE fif S ACBLRUFNT, wap ZECMIRI — LS
F, SR A LA I EBORIVE 0% (2 B IO, LU ROV A A, R4
0555 W R E AL SRR FER B, WFHR A (0 B Wb ST, SRR BB
PRANT o DR, LAV PSSP SR P I B A0 B PRI (7] g
BT (RAFIVBUR, STGFPE AR nT KL PSR B (e B MR 5 S S0 45 P4k
it



4.4.0.1

Al R 5 A FEX cusToM R AL PR

#include <fenv.h>

void handler (int ex, fex info t *info)

{
}

4 FEX_CUSTOM A BEFRJFH BT, ex IR PTR AN TR M G 24
45 PIEAMED 5 info ZEURIN MRS HE L FEAE BB 45 . Fral 2, %850
A MUY (RESHTIZFENHEARSHE) MEZARCFEELR Carfefinr
) BIE5H . ZSE R Is s — AT RAC B 45 R (I B Rl 3R, X sbgh
PR MR (RPN AR R AR R IL S “807 ) o IhAb s
J7 T DG OO S5 K4 I TR R 0y s DA 4 ) — AN 4 SR B s ON v AR R e . T
B WHRZ A BR3P A AME SOX SE IR (s O R IR B, UZ AR P 4k 4k B s A 1 A
RGNS, G 0 R I —FF. D

ARSI T AT R i R s S A A R . AR DR, WS
Bk A

e IEEE Hlisk i) R / 6 5 2R

IEEE FrifE il 7R R i s N, ZR G0N 1 R il SR AL BR AR 7 S i i vk i
R ZANEE R, W, AZ AR Ok T i s IS SR NG R A — B0 O A 2 b AE
TR AT I R S S B BE ), AT AT % 2 IR SR . AEE R L
DRI, AT ik e 45 R R B L RS AT BE R, KRR D DU T St
A VBT il AR PR T REE o A BRI T A AR T VR R e, R T 4
AL RORAMEARHOAGE . KRN TS / Wit TR EUEC” TR TAE TR e AR AR
0 KR T F VR U YE L. (3523 P. Sterbenz (1224771 5. )

TESET SPARC MRS L, M7 82 FEHI R TR IN, RAES(EH AR,
Nk, AT REIGHIAGLE R, T / i ACHERE P AU H5 4 0 G fihid . # AR
HATRE . AR IS A G AR 4-4 BoR T — NPT AP B AR, Ch
T G54 AL FRFR R R S K5 T UltraSPARC [ RS 4m PRI, 15 7EIE4T Solaris 2.6
BE RS, Solaris 7 #fF KRG Solaris 8 #E RA N RS T %A PR P, FE LT
R FRFR P FRIC V8PLUS, )

RIBAEG] 4-4 WHF5ET SPARC Z ¥t IEEE i3k R §s / it AL SRRy 45 IR

#include <stdio.h>
#include <ieeefp.h>
#include <math.h>
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#include <sunmath.h>
#include <siginfo.h>
#include <ucontext.h>

#ifdef V8PLUS

/* The upper 32 floating point registers are stored in an area
pointed to by uap->uc mcontext.xrs.xrs prt.Note that this
pointer is wvalid ONLY when uap->uc_mcontext.xrs.xrs id ==
XRS_ID (defined in sys/procfs.h). */

#include <assert.h>

#include <sys/procfs.h>

#define FPxreg(x) ((prxregset t*)uap->uc_mcontext.xrs.xrs ptr)
->pr un.pr v8p.pr xfr.pr regs[(x)]

#endif

#define FPreg(x) uap->uc_mcontext.fpregs.fpu fr.fpu regs[(x)]
/*

* Supply the IEEE 754 default result for trapped under/overflow
*/

void

ieee trapped default (int sig, siginfo t *sip, ucontext t *uap)

{

unsigned instr, opf, rsl, rs2, rd;
long double gsl, gs2, gd, gscl;
double dsl, ds2, dd, dscl;
float fs1, fs2, f£d, fscl;

/* get the instruction that caused the exception */
instr = uap->uc_mcontext.fpregs.fpu g->FQu.fpqg.fpq instr;

/* extract the opcode and source and destination register
numbers */

opf = (instr >> 5) & Ox1ff;
rsl = (instr >> 14) & Ox1f;
rs2 = instr & O0x1f;

rd = (instr >> 25) & Ox1f;

/* get the operands */

switch (opf & 3)

case 1:/* single precision */
fsl = *(float*)&FPreg(rsl) ;
fs2 = *(float*) &FPreg(rs2) ;
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case

#else

#tendif

case
#ifdef VvV

#else

break;

#ifdef V8PLUS
if (rsl & 1)

{

else

if (rs2 & 1)

else

dsl = *(double*)&FPreg(rsl);
ds2 = *(double*)&FPreg(rs2);

break;

2:/* double precision */

assert (uap->uc_mcontext.xrs.xrs id == XRS ID);
dsl = *(double*)&FPxreg(rsl & 0xle);

}

dsi1 * (double*) &FPreg(rsl) ;

assert (uap->uc_mcontext.xrs.xrs id == XRS ID);
ds2 = *(double*)&FPxreg(rs2 & 0xle);

}

ds2 = *(double*)&FPreg(rs2) ;

3:/* quad precision */

8PLUS

if (rsl & 1)

{
assert (uap->uc_mcontext.xrs.xrs_ id == XRS ID);
gsl = *(long double*)&FPxreg(rsl & Oxle);

}

else
gsl = *(long double*)&FPreg(rsl) ;

if (rs2 & 1)

{
assert (uap->uc_mcontext.xrs.xrs id == XRS ID);
gs2 = *(long double*) &FPxreg(rs2 & Oxle);

}

else
gs2 = *(long double*) &FPreg(rs2) ;
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gsl
gs2

* (long double*) &FPreg(rsl) ;
* (long double*) &FPreg(rs2) ;

#endif
break;

fpsetmask (0) ;

/* set up scale factors */

if (sip->si _code == FPE FLTOVF) {
fscl = scalbnf(1.0f, -96);
dscl = scalbn(1.0, -768);
gscl = scalbnl (1.0, -12288);
} else {
fscl = scalbnf(1.0£f, 96);
dscl = scalbn(1.0, 768);
gscl = scalbnl (1.0, 12288);

/* disable traps and generate the scaled result */

switch (opf) ({

case 0x41:/* add single */
fd = fscl * (fscl * fsl1l + fscl fs2);
break;

case 0x42:/* add double */
dd = dscl * (dscl * dsl + dscl ds2) ;
break;

case 0x43:/* add quad */
gd = gscl * (gscl * gsl + gscl gs2) ;
break;

case 0x45:/* subtract single */
fd = fscl * (fscl * fsl1 - fscl fs2);
break;

case 0x46:/* subtract double */
dd = dscl * (dscl * dsl - dscl ds2) ;
break;

case 0x47:/* subtract quad */
gd = gscl * (gscl * gsl - gscl gs2) ;
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break;

case 0x49:/* multiply single */
fd = (fscl * fs1) * (fscl * fs2);
break;

case 0x4a:/* multiply double */
dd = (dscl * dsl) * (dscl * ds2);
break;

case 0x4b:/* multiply quad */
gd = (gscl * gsl) * (gscl * gs2);
break;

case 0x4d:/* divide single */
fd = (fscl * fsl1l) / (fs2 / fscl);
break;

case Ox4e:/* divide double */
dd = (dscl * dsl) / (ds2 / dscl);
break;

case 0x4f:/* divide quad */
gqd = (gscl * gsl) / (gs2 / dscl);
break;

case 0xc6:/* convert double to single */
fd = (float) (fscl * (fscl * dsl));
break;

case 0xc7:/* convert quad to single */
fd = (float) (fscl * (fscl * gsl));
break;

case 0xcb:/* convert quad to double */
dd = (double) (dscl * (dscl * gsl));
break;

/* store the result in the destination */
if (opf & 0x80)

/* conversion operation */

if (opf == 0xcb)
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/* convert quad to double */
#ifdef V8PLUS
if (rd & 1)
{
assert (uap->uc_mcontext.xrs.xrs id == XRS ID);
* (double*) &FPxreg(rd & 0xle) = dd;

else
* (double*) &FPreg(rd) = dd;
#else
* (double*) &FPreg(rd) = dd;
#endif
} else
/* convert quad/double to single */
* (float*) &FPreg(xrd) = £fd;
} else {
/* arithmetic operation */
switch (opf & 3) {
case 1:/* single precision */
* (float*) &FPreg(xrd) = £fd;
break;
case 2:/* double precision */
#ifdef V8PLUS
if (rd & 1)
{
assert (uap->uc_mcontext.xrs.xrs id == XRS ID);
* (double*) &FPxreg(rd & 0xle) = dd;
}
else
* (double*) &FPreg(rd) = dd;
#telse
* (double*) &FPreg(rd) = dd;
#endif
break;

case 3:/* quad precision */
#ifdef V8PLUS

if (rd & 1)

{
assert (uap->uc_mcontext.xrs.xrs id == XRS ID);
* (long double*) &FPxreg(rd & Oxle) = qgd;
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!

else
* (long double*) &FPreg(rd & Oxle) = gd;

ftelse

* (long double*) &FPreg(rd & Oxle) = gd;
#endif

break;

}
}

}
int
main ()

{

volatile float a, b;
volatile double x, y;

ieee handler ("set", "underflow", ieee trapped default) ;

ieee handler ("set", "overflow", ieee trapped default) ;

a =b = 1.0e30f;

a *= b; /* overflow; will be wrapped to a moderate number */
printf ("$g\n", a);

a /= b;

printf ("$g\n", a);

a /= b; /* underflow; will wrap back */

o

printf ("$g\n", a);

X =Yy = 1.0e300;

X *= vy; /* overflow; will be wrapped to a moderate number */
printf ("$g\n", x);

x /= yi

printf ("$g\n", x);

x /= vy; /* underflow; will wrap back */

°

printf ("$g\n", x);

ieee retrospective (stdout) ;
return 0O;

7 B, B a. by x Ml y #FOHTEHN volatile, L HMANTE T Pi1k g8 1E
YR XS a * b ER{E. FEMTPHZEY, BATEHT volatile FHH.
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159.309
1.59309e-28

.14884e+137
.14884e-163

I NN

Note:IEEE floating-point exception traps enabled:
underflow; overflow;
See the Numerical Computation Guide, ieee_handler (3M)

FEHT x86 I ARLE L, MiF R4 T EHIR R Ml i HE 1 H AR 2 W A7 2RI,
TR PR MOA SE 4 R . (HO2, SRR Al e bt DU SR 2 101 v st I
SREERAEA S A i Gt B, WERAFAR TR Al — o, R AR D (oL b
ik Bk, O TSI BRI, AAEAE AR LINDUEZRINT, R / 6 AR B
UL R R . ANHEAER] 4-5 IR T IZAE AR BERE Y o

RDHEB) 4-5 XHT3T x86 RS IEEE i3k i T it / it AL FEFR > 45

#include <stdio.h>
#include <ieeefp.h>
#include <math.h>
#include <sunmath.h>
#include <siginfo.h>
#include <ucontext.h>

/* offsets into the saved fp environment */
#define CW 0 /* control word */

#define SW 1 /* status word */

#define TW 2 /* tag word */

#define OP 4 /* opcode */

#define EA 5 /* operand address */

#define FPenv (x) uap->uc_mcontext.fpregs.fp reg set.

fpchip state.state[(x)]

#define FPreg(x) * (long double *) (10* (x)+ (char*) &uap->
uc_mcontext.fpregs.fp reg set.fpchip state.state[7])

/*

* Supply the IEEE 754 default result for trapped under/overflow

*/
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void
ieee trapped default (int sig, siginfo t *sip, ucontext t *uap)

{

double dscl;

float fscl;
unsigned sw, op, top;
int mask, e;

/* preserve flags for untrapped exceptions */

sw = uap->uc_mcontext.fpregs.fp reg set.fpchip state.status;

FPenv (SW) |= (sw & (FPenv(CW) & 0x3f));

/* if the excepting instruction is a store, scale the stack
top, store it, and pop the stack if need be */

fpsetmask (0) ;

op = FPenv(0OP) >> 16;

switch (op & 0x7£8) {

case 0x110:

case 0x118:

case 0x150:

case 0x158:

case 0x190:

case 0x198:

fscl = scalbnf(1.0f, (sip->si code == FPE FLTOVF)?
-96 : 96);
* (float *)FPenv(EA) = (FPreg(0) * fscl) * fscl;

if (op & 8) {
/* pop the stack */

FPreg(0) = FPreg(l);

FPreg(l) = FPreg(2);

FPreg(2) = FPreg(3);

FPreg(3) = FPreg(4);

FPreg(4) = FPreg(5);

FPreg(5) = FPreg(6) ;

FPreg(6) = FPreg(7);

top = (FPenv(SW) >> 10) & Oxe;

FPenv (TW) |= (3 << top);

top = (top + 2) & Oxe;

FPenv (SW) = (FPenv(SW) & ~0x3800) | (top << 10);
}
break;

case 0x510:
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{

case 0x518:

case 0x550:
case 0x558:
case 0x590:
case 0x598:

dscl = scalbn(1.0, (sip->si code == FPE_ FLTOVF)?
-768 : 768);
* (double *)FPenv(EA) = (FPreg(0) * dscl) * dscl;

if (op & 8) {
/* pop the stack */

FPreg(0) = FPreg(l);

FPreg(l) = FPreg(2);

FPreg(2) = FPreg(3);

FPreg(3) = FPreg(4);

FPreg(4) = FPreg(5);

FPreg(5) = FPreg(6) ;

FPreg(6) = FPreg(7);

top = (FPenv(SW) >> 10) & Oxe;

FPenv (TW) |= (3 << top);

top = (top + 2) & Oxe;

FPenv (SW) = (FPenv(SW) & ~0x3800) | (top << 10);
}
break;

int main()

volatile float a, b;
volatile double x, y;

ieee handler ("set", "underflow", ieee trapped default);
ieee handler ("set", "overflow", ieee trapped default) ;
a =Db = 1.0e30f;

a *= Db;

printf ("$g\n", a);

a /= b;

printf ("$g\n", a);

a /= b;

printf ("$g\n", a);
X =Yy = 1.0e300;
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X *= y;
printf ("$g\n", x);

x /= yi
printf ("$g\n", x);
x /= yi

printf ("$g\n", x);

ieee retrospective (stdout) ;
return 0O;

IEWN7ERET SPARC RS E—FE, FIRFEFAE x86 L& 12

159.309

1.59309e-28

1

4.14884e+137

4.14884e-163

1

Note:IEEE floating-point exception traps enabled:
underflow; overflow;

See the Numerical Computation Guide, ieee handler (3M)

C/C++ FEF T LA A 1ibm () fex set handling BAECK N N Ml %% FE
X_CUSTOM AbHIFEFP. #E3ET SPARC WAL b, AL AL BLRR 7 1 (5 B R 4G
FECT A IS H UK, X E BL DL VR AL B P 5 IEEE $RBUA SE L
R bR, fEHEET x86 MRS L, ATHMEEIFA B2 S8 T FH IR e s i,
filn, 5 HEASEBRIE 251K, info->op ZHIXE N fex_other. (EEFE
X, iEZH fenv.h XfF. ) MH, x86 fliff AZNHLILREIFA LR, WA H IR
H bR TF A ATy, K 6 AR

SEIZIE, fex set handling MIfEATE FEX CUSTOM MK N 223 Ab BIRRE P4 AL T
R 5, K B USRNSSR EEE JRECAZEA I, iK1k T
SR, AT AR

info->res.type = fex nodata;

KIEitHiEmM - 2006 £ 1 A



fath N A PR IR HOA SR E R . T Il R ) B 7s SR AL A B F «

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

void handler (int ex, fex info t *info) ({

}

info->res.type = fex nodata;

int main()

{

volatile float a, b;
volatile double x, y;

fex set log(stderr) ;

fex set handling (FEX UNDERFLOW | FEX OVERFLOW, FEX_ CUSTOM,
handler) ;

a = b = 1.0e30f;

a *= b; /* overflow; will be wrapped to a moderate number */

printf ("$g\n", a);

a /= b;

printf ("$g\n", a);

a /= b; /* underflow; will wrap back */

printf ("$g\n", a);

X =Yy = 1.0e300;

X *= y; /* overflow; will be wrapped to a moderate number */
printf ("$g\n", x);

x /= Yi

printf ("$g\n", x);

x /= vy; /* underflow; will wrap back */

printf ("$g\n", x);

return O;
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Floating point overflow at 0x00010924 main, handler:handler
0x00010928 main

159.309

1.59309e-28

Floating point underflow at 0x00010994 main, handler:handler
0x00010998 main

1

Floating point overflow at 0x000109e4 main, handler:handler
0x000109e8 main

4.14884e+137

4.14884e-163

Floating point underflow at 0x00010a4c main, handler:handler
0x00010a50 main

1
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Fisk A

2N

A SR BRAE AT S G AR] 52 Jl ek AT 25 17 o IX 44 R 45 /2 F Fortran 8% ANSI C %5
1, IRZEIE T 24A0 ) 1ibm 1 libsunmath A, XEIRH4] CFF Solaris #1E &
e 24 AT C 1 Fortran 4nveasididT 705 .

A.l

IEEE 5.7k

DL R AR T — P TR 20T A S MR R o T, T LU i
AR 1 NI

LAR C FEFPATEN 80K BT B A S SRS TE 95 K-

REBREG] A1 KUK 7451

#include <math.h>
#include <sunmath.h>

int main()

union {
float flt;
unsigned un;
}ori
union {
double dbl;
unsigned un (2] ;
}od;

/* double precision */




REBHEG] A1 KRG B~ ( 4E)

d.dbl = M _PI;
(void) printf ("DP Approx pi = %08x %08x = %18.17e \n",
d.un[0], d.un[1], d.dbl);

/* single precision */

r.flt = infinityf () ;

(void) printf("Single Precision %8.7e :%08x \n",
r.flt, r.un);

return 0;

fEHET SPARC RS L, bR/ ik tH R LA N %

DP Approx pi = 400921fb 54442d18 = 3.14159265358979312e+00
Single Precision Infinity:7£800000

LAF Fortran #2347 B3Rk A0 B/ IE L EL

REBHEB) A-2 T B AR A de /) 1 R
program print ieee values
c
¢ the purpose of the implicit statements is to ensure
¢ that the floatingpoint pseudo-intrinsic functions
c are declared with the correct type
c
implicit real*1lé6 (q)
implicit double precision (d)
implicit real (r)
real*16 z
double precision x
real r
c
z = g _min normal ()
write(*,7) z, z
7 format ('min normal, quad:',6 lpe47.37e4,/,' in hex ',z32.32)
c
x = d min normal ()
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write(*,14) x, X

r = r min normal ()
write(*,27) r, r

end

14 format ('min normal, double:

27 format ('min normal, single:'

',z16.16)

',28.8)

7EH:T SPARC RS b, AN A -

min

in
min
min

normal, quad:3.3621031431120935062626778173217526026D-4932

hex 00010000000000000000000000000000

normal, double:2.2250738585072014-308 in hex 0010000000000000
normal, single:1.1754944E-38 in hex 00800000

A2

B

AT GG B P v e ) s

A2.1 BE ML A A

LR 7 P B A UECE B R A ple— A B 8L, IR o I e ORI o 5 45 E B

EXP {6 ) .
REBHEB A-3 BEHLEL A i
#ifdef DP
#define GENERIC double precision
#telse
#tdefine GENERIC real
#endif
#tdefine SIZE 400000

Mk A R
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program example

implicit GENERIC (a-h,o-2z)
GENERIC x(SIZE), y, 1lb, ub
real tarray(2), ul, u2

Q

compute EXP on random numbers in [-1n2/2,1n2/2]
1b = -0.3465735903
ub = 0.3465735903
c
c generate array of random numbers
#ifdef DP
call d init addrans()
call d addrans (x,SIZE, lb,ub)
#else
call r init addrans()
call r addrans(x,SIZE,lb,ub)
#endif
c
c start the clock
call dtime (tarray)
ul = tarray(1l)
c
c compute exponentials

do 16 i=1,SIZE
y = exp(x(1i))
16 continue
c
c get the elapsed time
call dtime(tarray)
u2 = tarray(1l)
print *,'time used by EXP is ',u2-ul
print *,'last values for x and exp(x) are ', 6 x(SIZE),y

call flush(6)
end

Bk b—on i, IR S SN FOGTIAZ £) S, DAfigaidas B3l
TR B SY, HAEA 24T E -DSp 5 -DDP LLIE$E Ul I s
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KEDHES A-4 {fiH] d_addrans

/*

* test SIZE*LOOPS random arguments to sin in the range
* [0, threshold] where

* threshold = 3E30000000000000 (3.72529029846191406e-09)
*/

#include <math.h>
#include <sunmath.h>

#define SIZE 10000
#define LOOPS 100
int main()

{

double x[SIZE], yI[SIZE];

int i, j, n;

double 1b, ub;

union {
unsigned ul2];
double d;

}  upperbound;

upperbound.u[0] = 0x3e300000;
upperbound.u[l] = 0x00000000;

/* initialize the random number generator */
d init addrans_ () ;

/* test (SIZE * LOOPS) arguments to sin */
for (§ = 0; j < LOOPS; j++) {

/*

* generate a vector, x, of length SIZE,
* of random numbers to use as

* input to the trig functions.

*/

n = SIZE;

ub = upperbound.d;
1lb = 0.0;
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KEBES A-5

REDHR) A-4 il 4 addrans ( %)

d addrans_ (x, &n, &lb, &ub);
for (i = 0; 1 < n; 1i++)
y[i] = sin(x[i]);
/* is sin(x) == x?It ought to, for tiny x. */
for (i = 0; 1 < n; 1i++)
if (x[1i] !'= yI[il)
printf (
" O0PS:%d sin(%18.17e)=%18.17e \n",
i, x[i], yI[il);
}
printf (" comparison ended; no differences\n") ;

ieee retrospective ();
return 0O;

IEEE 2131 pR 2L
I Fortran 7~ TEEE A5 fE g 130 F) 3 44 bR 4

IEEE #3 BR 5L

Q000 000000 0aan

Q0 QQQ

Demonstrate how to call 5 of the more interesting IEEE
recommended functions from Fortran.These are implemented
with "bit-twiddling", and so are as efficient as you could
hope.The IEEE standard for floating-point arithmetic
doesn't require these, but recommends that they be
included in any IEEE programming environment.

For example, to accomplish

v X * 2%*n,
since the hardware stores numbers in base 2,
shift the exponent by n places.

Refer to

ieee functions (3m)
libm double (3f)
libm single(3f)
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c
c The 5 functions demonstrated here are:
c
c ilogb (x): returns the base 2 unbiased exponent of x in
c integer format
c signbit (x) :returns the sign bit, 0 or 1
c copysign(x,y): returns x with y's sign bit
c nextafter (x,y): next representable number after x, in
c the direction y
c scalbn(x,n): x * 2**n
c
c function double precision single precision
P T
c ilogb (x) i = id ilogb (x) i = ir ilogb(r)
c signbit (x) i = id _signbit (x) i = ir signbit(r)
c copysign(x,y) x = d_copysign(x,y) r = r copysign(r,s)
c nextafter(x,y) z = d nextafter(x,y) r = r nextafter(r,s)
c scalbn (x,n) x = d_scalbn(x,n) r = r scalbn(r,n)
program ieee functions demo
implicit double precision (d)
implicit real (x)
double precision X, Yy, 2z, direction
real r, s, t, r direction
integer i, scale
print *
print *, 'DOUBLE PRECISION EXAMPLES:'
print *
x = 32.0d0
i = id_ilogb (x)
write(*,1) x, i
1 format (' The base 2 exponent of ', F4.1, ' is ', I2)
x = -5.5d0
y = 12.4d0
z = d_copysign(x,y)
write(*,2) x, vy, z
2 format (F5.1, ' was given the sign of ', F4.1,
* ' and is now ', F4.1)
x = -5.5d0
i = id signbit (x)
print *, 'The sign bit of ', x, ' is ', 1
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x = d min subnormal ()
direction = -d_infinity()
y = d nextafter(x, direction)
write(*,3) x
3 format (' Starting from ', 1PE23.16E3,
- ', the next representable number ')
write(*,4) direction, y
4 format (' towards ', F4.1, ' is ', 1PE23.16E3)

x = d min_ subnormal ()
direction = 1.0d0

y = d nextafter(x, direction)
write (*,3) x
write(*,4) direction, y
x = 2.0d0
scale = 3
y = d scalbn(x, scale)
write (*,5) x, scale, y

5 format (' Scaling ', F4.1, ' by 2**', TI1, ' is ', F4.1)
print *
print *, 'SINGLE PRECISION EXAMPLES:'
print *
r = 32.0
i = ir ilogb(r)

write (*,1) r, i

r = -5.5

i = ir signbit(r)

print *, 'The sign bit of ', r, ' is ', 1
r = -5.5

s = 12.4

t = r copysign(r,s)
write (*,2) r, s, t

r = r min subnormal ()

r direction = -r infinity()

s = r nextafter(r, r direction)
write(*,3) r

write(*,4) r direction, s

r = r min subnormal ()

r direction = 1.0e0

s = r nextafter(r, r direction)
write(*,3) r
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write(*,4) r direction, s

r =2.0
scale = 3
s = r scalbn(r, scale)

write (*,5) r, scale, y

print *
end

FRAGFEG] A-6 T IR T IR I o

BRG] A-6 FHEDREG] A-5 (%

DOUBLE PRECISION EXAMPLES:

The base 2 exponent of 32.0 is 5

-5.5 was given the sign of 12.4 and is now 5.5

The sign bit of -5.5 is 1

Starting from 4.9406564584124654E-324, the next representable
number towards -Inf is 0.0000000000000000E+000

Starting from 4.9406564584124654E-324, the next representable
number towards 1.0 is 9.8813129168249309E-324

Scaling 2.0 by 2**3 is 16.0

SINGLE PRECISION EXAMPLES:

The base 2 exponent of 32.0 is 5

The sign bit of -5.5 is 1

-5.5 was given the sign of 12.4 and is now 5.5

Starting from 1.4012984643248171E-045, the next representable
number towards -Inf is 0.0000000000000000E+000

Starting from 1.4012984643248171E-045, the next representable
number towards 1.0 is 2.8025969286496341E-045

Scaling 2.0 by 2**3 is 16.0

WARAEH] £95 GuikasIFTAT - £77 MAVEREI, ) WoR BUR B IR B .

Note:IEEE floating-point exception flags raised:
Inexact; Underflow;
See the Numerical Computation Guide, ieee flags(3M)
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It C BFHAILA ieee values(3m) HEE:

#include <math.h>
#include <sunmath.h>
int main()
{
double X;
float r;
X = quiet nan(0);
printf ("quiet NaN:%.1l6e = %08x %08x \n",
x, ((int *) &x) [0], ((int *) &x) [1]);
x = nextafter (max subnormal(), 0.0);
printf ("nextafter (max subnormal,0) = %$.1l6e\n",x);
printf (" = %$08x %08x\n",
((int *) &x) [0], ((int *) &x) [1]);
r = min subnormalf () ;
printf ("single precision min subnormal = %.8e = %08x\n",
r, ((int *) &r) [0]);
return 0;
}

THICE: FERERRIN SR I F75E - 1sunmath Al -1m,

fE3ET SPARC HIFR S L, vt Al T A 4

quiet NaN:NaN = 7fffffff ffffffff
nextafter (max_ subnormal,0) = 2.2250738585072004e-308

= O0Offfff fffffffe
single precision min subnormal = 1.40129846e-45 = 00000001

Kl x86 ARG “/NRBEE”, PTLh x86 L% tHuS AT AR (XK BEHCH /N adk il &
718 [ AL TE MR AL 7 TG R W B 3L KD

quiet NaN:NaN = ffffffff 7fffffff
nextafter (max_ subnormal,0) = 2.2250738585072004e-308

= fffffffe OOOfffff
single precision min subnormal = 1.40129846e-45 = 00000001
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program print ieee values

the purpose of the implicit statements is to insure
that the floatingpoint pseudo-instrinsic
functions are declared with the correct type

Q00 aa

implicit real*1l6 (q)

implicit double precision (d)
implicit real (r)

real*1l6 z, zero, one

double precision x

real r

zero = 0.0

one = 1.0

Z g_nextafter (zero, one)
x = d infinity ()

r r max normal ()

print *, z
print *, x
print *, r

end

fEFET SPARC [MARSZ L, filian T

6.4751751194380251109244389582276466-4966
Inf
3.40282E+38

Mk A R
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{

#include <math.h>
#include <sunmath.h>

int main()

int 1i;
double X, Vi
char *out 1, *out 2, *dummy;

/* get prevailing rounding direction */
i = ieee flags("get", "direction", "", &out 1);

x = sqgrt(.5);

printf ("With rounding direction %s, \n", out 1);

printf ("sqrt(.5) = 0x%08x 0x%08x = %16.15e\n",
((int *) &x) [0], ((int *) &x) [1], x);

/* set rounding direction */

if (ieee flags("set", "direction", "tozero", &dummy) != 0)
printf ("Not able to change rounding direction!\n") ;
i = ieee flags("get", "direction", "", &out 2);

x = sgrt(.5);
/*

* restore original rounding direction before printf, since
* printf is also affected by the current rounding

direction

*/
if (ieee flags("set", "direction", out 1, &dummy) != 0)
printf ("Not able to change rounding direction!\n") ;
printf ("\nWith rounding direction $%s,\n", out 2);
printf ("sqrt(.5) = 0x%08x 0x%08x = %16.15e\n",
((int *) &x) [0], ((int *) &x) [1], x);

return O;
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demo% cc rounding direction.c -lsunmath -1lm

demo% a.out

With rounding direction nearest,

sgrt (.5) = 0x3fe6al9e 0x667f3bcd = 7.071067811865476e-01

With rounding direction tozero,
sgrt (.5) = 0x3fe6al9%e 0x667f3bcc = 7.071067811865475e-01
demo%

(x86) BETA] R R 7 O B H A s ) 22 N

demo% cc rounding direction.c -lsunmath -1m
demo% a.out
With rounding direction nearest,

sgrt (.5) = 0x667f3bcd 0x3fe6ale 7.071067811865476e-01

With rounding direction tozero,
sgrt (.5) = 0x667f3bcc 0x3fe6ale
demo%

7.071067811865475e-01

M Fortran F5 /3% HoRE i A7 i) BEE N ) 48 N«

program ieee flags demo
character*16 out

i = ieee_flags('set',6 'direction', 'tozero', out)
if (i.ne.0) print *, 'not able to set rounding direction'

i = ieee flags('get', 'direction', '', out)
print *, 'Rounding direction is:', out
end

vy

demo% £95 ieee flags demo.f
demo% a.out
Rounding direction is:tozero

MR A R
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WEARAEH] £95 PRt IRt AT -£77 FCAVERTORG EREF, WA A5 LT B In 498
B

demo% £95 -£77 ieee_flags_demo.f

ieee_flags_demo.f:

MAIN ieee flags_demo:
demo% a.out

Rounding direction is:tozero

Note:Rounding direction toward zero

See the Numerical Computation Guide, ieee flags (3M)

C99 V¥ KL PR 2L

T —ANas 8 6 B 4T A SR8 €99 VR RIS R B, norm MRAETTEL R = I ER L BV
B, A EREE B AP R RS . R FH 48 0 o< U O R B AR AR AR
s A Cln e R 2 W TR .

REZHEG AT C99 F M N £

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

/*
* Compute the euclidean norm of the vector x avoiding
* premature underflow or overflow
*/
double norm(int n, double *x)
{
fenv t env;
double s, b, d, t;
int i, £;

/* save the environment, clear flags, and establish nonstop
exception handling */
feholdexcept (&env) ;

/* attempt to compute the dot product x.x */
d =1.0; /* scale factor */
s = 0.0;

14 H{EItHIER - 20061 B
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{

for (i = 0; 1 < n; i++)
s += x[i] * x[i];

/* check for underflow or overflow */

f = fetestexcept (FE UNDERFLOW | FE_OVERFLOW) ;

if (£ & FE OVERFLOW) ({
/* first attempt overflowed, try again scaling down */
feclearexcept (FE_OVERFLOW) ;

scalbn (1.0, -640);

d=1.0/ b;

o
]

else if (f & FE UNDERFLOW && s < scalbn(1.0, -970)) {
/* first attempt underflowed, try again scaling up */
b = scalbn (1.0, 1022);

d=1.0/ b;

s = 0.0;

for (i = 0; i < n; i++) {
t =b * x[i];
S +=t * t;

/* hide any underflows that have occurred so far */
feclearexcept (FE_UNDERFLOW) ;

/* restore the environment, raising any other exceptions
that have occurred */
feupdateenv (&env) ;

/* take the square root and undo any scaling */
return d * sgrt(s);

int main()

double x[100], 1, u;
int n = 100;

MR A R

15



REZHEG] AT C99 VF M NI ( &)

fex set log(stdout) ;

1 =10.0;

u = min normal () ;

d lcrans (x, &n, &1, &u);

printf ("norm:%g\n", norm(n, x));
1 = sgrt(max_normal ()) ;
u=1%*2.0;

d lcrans (x, &n, &1, &u);

printf ("norm:%g\n", norm(n, x));

return 0O;

FEFHE T SPARC (AR SE F, GiPE IS AT R il A DA R B

demo% cc norm.c -lsunmath -1m

demo% a.out

Floating point underflow at 0x000153a8 _ d lcrans , nonstop mode
0x000153b4  d lcrans_
0x00011594 main

Floating point underflow at 0x00011244 norm, nonstop mode
0x00011248 norm
0x000115b4 main

norm:1.32533e-307

Floating point overflow at 0x00011244 norm, nonstop mode
0x00011248 norm
0x00011660 main

norm:2.02548e+155

RIGEE] A-8 IR fesetprec MRAITERT x86 HIRLA FIRUE . (SLRECNREERT
SPARC NARZL LA . ) while fEM KM &R IZEM | HEEEAN 2 MR KR
KA e ] RS RS o IEANEE — MR, L7 AESRIE T x86 MR FKNIMA R L5 I
FEARBRER BT IR, R R UL RS R S R g5 0. ik, »f
DM fesetprec RECRIRIERITA S RS ANBINFEIREE  (E _AMERTR) .

KEBHEG) A-8 fesetprec K% (x86)

#include <math.h>
#include <fenv.h>
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int main()

{

double x ;
X = 1.0;
while (1.0 + x != 1.0)
X *= 0.5;
printf ("$d significant bits\n", -ilogb(x)) ;

fesetprec (FE_DBLPREC) ;

X = 1.0;
while (1.0 + x != 1.0)
X *= 0.5;
printf ("$d significant bits\n", -ilogb(x)) ;
return 0O;

15 x86 RGE L, BLREF R A .

64 significant bits
53 significant bits

e, ARSI A-9 U] T —FifE 2 AR R e P A S s U 5, DI SRR RE P I
AR R TR T, IR TR SCE TR G I R S AL 1 R 51 0 5 A
e (ARMEZUBEFRENGEE, ESW (Solaris ZLFEHFENTH) - )

REZHEG A9 T 22 LR TR 7 AR A FH A 858 iR 4

#include <thread.h>
#include <fenv.h>

fenv t env;
void child(void *p)

{

/* inherit the parent's environment on entry */
fesetenv (&env) ;

/* save the child's environment before exit */

MRA T 17
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{

void parent ()

fegetenv (&env) ;

thread t tid;
void *arg;

/* save the parent's environment before creating the child */
fegetenv (&env) ;
thr create(NULL, NULL, child, arg, NULL, &tid);

/* join with the child */

thr join(tid, NULL, &arg);

/* merge exception flags raised in the child into the
parent's environment */

fex merge flags (&env) ;

A3

A3.1

EL
j_l_‘

S A

ieee flags — "M RH

W, PR A2 SOF A A R A AR RER] A-10 S — AN A AR I AR I
C ®7.

RIBAEB] A-10 KA P A R ARl

{

#include <sunmath.h>
#include <sys/ieeefp.h>

int main ()

invalid;

int code, inexact, division, underflow, overflow,

18 KfEItHiEm - 2006 1 A
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double
char

X;
*out;

/* cause an underflow exception */

X = max_subnormal() / 2.0;

/* this statement insures that the previous */

/* statement is not optimized away */
printf ("x = %g\n",x);

/* find out which exceptions are raised */
code = ileee flags("get", "exception", "", &out
/* decode the return value */

inexact = (code >> fp inexact) & 0x1;
underflow = (code >> fp underflow) & 0x1;
division = (code >> fp division) & 0x1;
overflow = (code >> fp overflow) & 0x1;
invalid = (code >> fp invalid) & 0x1;

/* "out" is the raised exception with the highest
printf (" Highest priority exception is:%s\n",
/* The value 1 means the exception is raised,
/* 0 means it isn't.
printf("%d %d %4 %4 %d\n",

inexact) ;

invalid, overflow,
underflow,

ieee retrospective ();

)

priority */
out) ;

*/

*/

division,

return 0;
}
AT BRI A R -
demo% a.out

x = 1.11254e-308
Highest priority exception is:underflow
00011
Note:IEEE floating-point exception flags raised:
Inexact; Underflow;

See the Numerical Computation Guide, ieee_ flags (3M)

MR A R
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AELA Fortran AT A A (R4 4 -

REZHEG) A-11 K 277 AL 1 7 BR id — Fortran

/*
A Fortran example that:

* causes an underflow exception

* uses ileee flags to determine which exceptions are raised

* decodes the integer value returned by ieee flags

* clears all outstanding exceptions
Remember to save this program in a file with the suffix .F, so that
the ¢ preprocessor is invoked to bring in the header file
floatingpoint.h.
*/

#include <floatingpoint.h>

program decode accrued exceptions
double precision x
integer accrued, inx, div, under, over, inv
character*le out
double precision  d _max_subnormal
c Cause an underflow exception
x = d max subnormal() / 2.0

¢ Find out which exceptions are raised
accrued = ieee flags('get',6 'exception',K '', out)

c Decode value returned by ieee flags using bit-shift intrinsics

inx = and(rshift (accrued, fp inexact) , 1)
under = and(rshift (accrued, fp_ underflow), 1)
div = and(rshift (accrued, fp division) , 1)
over = and(rshift(accrued, fp overflow) , 1)
inv = and(rshift (accrued, fp invalid) , 1)

¢ The exception with the highest priority is returned in "out"
print *, "Highest priority exception is ", out

¢ The value 1 means the exception is raised; 0 means it is not
print *, inv, over, div, under, inx

¢ Clear all outstanding exceptions
i = ieee flags('clear', 'exception',6 'all', out )
end

KEItHi5m - 2006 51 A
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B R

Highest priority exception is underflow
0o 0o o0 1 1

BRI R K A5 Hobmad, EAH AT LUXAE. P C Bl il 13X
— 5

/o

#include <sunmath.h>
int main()
int code;
char *out;
if (ieee flags("clear", "exception", "all", &out) != 0)
printf (" could not clear exceptions\n");
if (ieee flags("set", "exception", "division", &out) != 0)
printf ("could not set exception\n") ;
code = ieee flags("get", "exception", "", &out);
printf ("out is:%s , fp exception code is:%X \n",
out, code) ;
return 0;

1 SPARC L, VL LR A

out is:division , fp exception code is: 2

1E x86 I, #ithh:

out is:division , fp exception code is: 4

ieee handler — i3k ¥

E = BUNRIGE AT T Solaris #4F R4t .
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program demo

c declare signal handler function
external fp exc hdl
double precision d min normal
double precision x

c set up signal handler
i = ieee handler('set', 'common', fp exc hdl)
if (i.ne.0) print *, 'ieee trapping not supported here'

c cause an underflow exception (it will not be trapped)
x = d min normal() / 13.0
print *, 'd min normal() / 13.0 = ', x

c cause an overflow exception

c the value printed out is unrelated to the result
x = 1.0d300%*1.0d300
print *, '1.0d300*1.0d300 = ', X

end

c the floating-point exception handling function

c
integer function fp exc hdl (sig, sip, uap)
integer sig, code, addr
character label*16

c

¢ The structure /siginfo/ is a translation of siginfo t

¢ from <sys/siginfo.h>

c

structure /fault/
integer address
end structure

structure /siginfo/
integer si signo

22 HEItHEER - 200564 1 R
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integer si code

integer si errno

record /fault/ fault
end structure

record /siginfo/ sip

¢ See <sys/machsig.h> for list of FPE codes
c Figure out the name of the SIGFPE

code = sip.si code

if (code.eq.3) label = 'division'
if (code.eqg.4) label = 'overflow'
if (code.eqg.5) label = 'underflow'
if (code.eqg.6) label = 'inexact'
if (code.eq.7) label = 'invalid'

addr = sip.fault.address

¢ Print information about the signal that happened
write (*,77) code, label, addr
77 format ('floating-point exception code ', i2, ',',
* al7, ',', ' at address ', z8 )

end

f

A

TH A

d min normal() / 13.0 = 1.7115952757748-309
floating-point exception code 4, overflow , at address
1131C

1.0d4300*1.0d300 = 1.0000000000000+300

Note:IEEE floating-point exception flags raised:

Inexact; Underflow;

IEEE floating-point exception traps enabled:

overflow; division by zero; invalid operation;

See the Numerical Computation Guide, ieee flags(3M),

ieee handler (3M)

MR A R
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/*

*

*

{

*/

Generate the 5 IEEE exceptions:invalid, division,
overflow, underflow and inexact.

Trap on any floating point exception, print a message,
and continue.

* Note that you could also inquire about raised exceptions by

i = ieee("get", "exception","", &out) ;
where out contains the name of the highest exception
raised, and 1 can be decoded to find out about all the
exceptions raised.

#include <sunmath.hs>
#include <signal.h>
#include <siginfo.hs>
#include <ucontext.h>

extern void trap all fp exc(int sig, siginfo t *sip,

ucontext t *uap);

int main()

double x, vy, z;
char *out ;

/*
* Use ileee handler to establish "trap all fp exc"
* as the signal handler to use whenever any floating
* point exception occurs.

*/

if (ieee handler("set", "all", trap all fp exc) != 0)
printf (" IEEE trapping not supported here.\n");
/* disable trapping (uninteresting) inexact exceptions */
if (ieee handler("set", "inexact", SIGFPE IGNORE) != 0)
printf ("Trap handler for inexact not cleared.\n");
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/* raise invalid */

if (ieee flags("clear", "exception", "all", &out) != 0)
printf (" could not clear exceptions\n");

printf ("1. Invalid:signaling nan(0) * 2.5\n");

X = signaling nan(0) ;

y = 2.5;

Z =X *y;

/* raise division */

if (ieee flags("clear", "exception", "all", &out) != 0)
printf (" could not clear exceptions\n");

printf("2. Div0:1.0 / 0.0\n");

X = 1.0;
y = 0.0;
z =x /vy

/* raise overflow */

if (ieee flags("clear", "exception", "all", &out) != 0)
printf (" could not clear exceptions\n") ;

printf ("3. Overflow:-max normal() - 1.0e294\n");

X = -max _normal () ;

y = -1.0e294;

Z = X + Y;

/* raise underflow */

if (ieee flags("clear", "exception", "all", &out) != 0)
printf (" could not clear exceptions\n");
printf ("4. Underflow:min normal() * min normal ()\n");

x = min normal () ;
Yy = Xj
zZ =X *y;

/* enable trapping on inexact exception */
if (ieee handler("set", "inexact", trap all fp exc) != 0)
printf ("Could not set trap handler for inexact.\

/* raise inexact */

if (ieee flags("clear", "exception", "all", &out) != 0)
printf (" could not clear exceptions\n");

printf ("5. Inexact:2.0 / 3.0\n");

X = 2.0;

y = 3.0;

MR A R
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z =x /vy
/* don't trap on inexact */

if (ieee handler("set", "inexact", SIGFPE IGNORE) != 0)
printf (" could not reset inexact trap\n");

/* check that we're not trapping on inexact anymore */

if (ieee flags("clear", "exception", "all", &out) != 0)
printf (" could not clear exceptions\n");

printf ("6. Inexact trapping disabled; 2.0 / 3.0\n");

X = 2.0;

y = 3.0;

z =x/ Vi

/* find out if there are any outstanding exceptions */
ieee retrospective ();

/* exit gracefully */
return 0;

void trap all fp exc(int sig, siginfo t *sip, ucontext t *uap) {
char *label = "undefined";

/* see /usr/include/sys/machsig.h for SIGFPE codes */
switch (sip-»>si code) ({
case FPE FLTRES:
label = "inexact";
break;

case FPE FLTDIV:
label = "division";
break;

case FPE FLTUND:
label = "underflow";
break;

case FPE FLTINV:
label = "invalid";
break;

case FPE FLTOVF:
label = "overflow";
break;

26 H(EItHER - 2005 1 8



REDHE A-13 WIRTERE . # 0 By Wit ARSI — SPARC ( £F)

printf (
" signal %d, sigfpe code %d:%s exception at address %x\n",
sig, sip->si code, label, sip-
> data. fault. addr);

}

B SR U P

1. Invalid:signaling nan(0) * 2.5

signal 8, sigfpe code 7:invalid exception at address 10da8
2. Div0: 1.0 / 0.0

signal 8, sigfpe code 3:division exception at address 10e44
3. Overflow:-max normal() - 1.0e294

signal 8, sigfpe code 4:overflow exception at address 10ee8
4. Underflow:min normal() * min normal ()

signal 8, sigfpe code 5:underflow exception at address 10£80
5. Inexact: 2.0 / 3.0

signal 8, sigfpe code 6:inexact exception at address 1106c
6. Inexact trapping disabled; 2.0 / 3.0
Note:IEEE floating-point exception traps enabled:

underflow; overflow; division by zero; invalid operation;
See the Numerical Computation Guide, ieee handler (3M)

(SPARC) ACHLFER] A-14 BT T] ieee handler FIE SO RAS Bl I 46 S5 5 5 Ul
(i as 45 4L

REBHED] A-14 B I LI B 4 2R

* Cause a division by zero exception and use the
* gignal handler to substitute MAXDOUBLE (or MAXFLOAT)
* as the result.

* compile with the flag -Xa
*/

#include <values.h>
#include <siginfo.h>
#include <ucontext.h>
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void division handler(int sig, siginfo t *sip, ucontext t *uap) ;

int main()

double X, Y, Z;
float r, s, t;
char *out ;

/*

* Use ileee handler to establish division handler as the
* gsignal handler to use for the IEEE exception division.
*/
if (ieee handler("set","division",division handler) !=0) {
printf (" IEEE trapping not supported here.\n") ;

/* Cause a division-by-zero exception */

X = 1.0;
y = 0.0;
z=x/Yyi
/*

* Check to see that the user-supplied value, MAXDOUBLE,
* is indeed substituted in place of the IEEE default

* value, infinity.

*/

printf ("double precision division:%g/%g = %9 \n",x,v,2z);

/* Cause a division-by-zero exception */

r = 1.0;
s = 0.0;
t =1r / s;
/*

* Check to see that the user-supplied value, MAXFLOAT,
* is indeed substituted in place of the IEEE default

* value, infinity.

*/

printf ("single precision division:%g/%g = %9 \n",r,s,t);
ieee retrospective ();

return 0;
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}

void division handler (int sig, siginfo t *sip, ucontext t *uap) ({

int inst;

unsigned rd, mask, single prec=0;
float f val = MAXFLOAT;

double d val = MAXDOUBLE;

long *f val p = (long *) &f val;

/* Get instruction that caused exception. */
inst = uap->uc_mcontext.fpregs.fpu g->FQu.fpqg.fpg instr;

/*
* Decode the destination register.Bits 29:25 encode the
* destination register for any SPARC floating point
* instruction.

*/
mask = 0x1f;
rd = (mask & (inst >> 25));
/*

* Is this a single precision or double precision

* instruction?Bits 5:6 encode the precision of the
* opcode; if bit 5 is 1, it's sp, else, dp.

*/

mask = 0x1;
single prec = (mask & (inst >> 5));

/* put user-defined value into destination register */
if (single prec) {
uap->uc_mcontext.fpregs.fpu fr.fpu regs[rd] =
f val plo0];
} else {
uap->uc_mcontext.fpregs.fpu fr.fpu dregs[rd/2] = d val;

}

MR A R
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IEQPTHUYIE 4, Rty

double precision division:1/0 1.79769e+308

single precision division:1/0 3.40282e+38

Note:IEEE floating-point exception traps enabled:
division by zero;

See the Numerical Computation Guide, ieee handler (3M)

ieee handler — L% I 241k

LM ieee_handler BRiIFEFTE H IS LETE (U7 8 I 2811

#include <floatingpoint.hs>
program abort
c
ieeer = ieee handler('set', 'division', SIGFPE_ABORT)
if (ieeer .ne.0) print *, ' ieee trapping not supported'
r = 14.2
s = 0.0
r = r/s
c
print *, 'you should not see this; system should abort'
c
end

Libm ¥ AL BT fiE

LAUR 7= Bl i e 1) 1iom $RALROIELSE R AL BT R 55— DBl T UL RS 4
A x BRI ag, ey ay B by, by by, o WEREL f) BIL— SR figo), H
R IESE L

Jx) =ay+byl(x +a; +b/(x+ . .Mx+ay, +by [x+ay)..)).

£ TEEE 5L, £l SR ARR A 50 IR rp i) Brid i 45 24 Hh LB i sl & B
W OARUEREMEEE (RS IERIINICST O MRS HIEMINET R 25 i, fi
TR R A2, DR R A R A R SO SR T R AT IMBR (7T e SRS
BRI E A AL BT EAER 0/0, 0% J55 KelE 55 K/ BIFRZ —, B
XTI 5 RIS H 55 . W. Kahan 48 T —Fi R FR g “ g (6 2h gk ib
PO LS 151

TRk it TEEE §e4s % W N4 g, ) a) U e g i s F Tk e W da B 45 2R

PE . WA Libm 0 5FE G T H, FEJP A {E FEX_CUSTOM S Ab IR T 223
AbFRRR e LA {3 b S B HURE e o b 5 £ VR Ak BEORE e U5 7 B i A Y DA g 9 BT Oy
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BRI TR

KEBHEDI A-15 i f FEX_CUSTOM AbFEFE 3 v 5034 2 7y 40 e 3L T4

#include <stdio.h>
#include <sunmath.h>
#include <fenv.h>
volatile double p;
void handler (int ex, fex info t *info)
{
info->res.type = fex double;
if (ex == FEX INV_ZMI)
info->res.val.d = p;
else
info->res.val.d = infinity();

/*

* Evaluate the continued fraction given by coefficients al[j] and
* Db[]j] at the point x; return the function value in *pf and the
* derivative in *pfl

*/
void continued fraction(int N, double *a, double *b,
double x, double *pf, double *pfl)
{
fex handler t 0ldhdl; /* for saving/restoring handlers */
volatile double t;
double £, £1, 4, d4di, qg;
int j;

fex_getexcepthandler (&0ldhdl, FEX DIVBYZERO | FEX INVALID) ;

fex_set_handling(FEX_DIVBYZERO, FEX NONSTOP, NULL) ;
fex set handling (FEX_ INV ZDZ | FEX INV_IDI | FEX INV ZMI,
FEX CUSTOM, handler) ;
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qg=D>blil / d;

/* the following assignment to the volatile variable t
is needed to maintain the correct sequencing between
assignments to p and evaluation of f1 */

t =f1l= (-d1 / 4d) * qg;
p = b[j-1] * d1 / bljl;
f = aljl + qg;

fex_ setexcepthandler (&0ldhdl, FEX DIVBYZERO | FEX INVALID) ;

*pf = £
*pfl = f1;
1
/* For the following coefficients, x = -3, 1, 4, and 5 will all

encounter intermediate exceptions */
double al] = { -1.0, 2.0, -3.0, 4.0, -5.0 };
double b[] = { 2.0, 4.0, 6.0, 8.0 };

int main ()

{
double x, £, f1;
int 1i;

feraiseexcept (FE_INEXACT); /* prevent logging of inexact */
fex set log(stdout) ;
fex set handling (FEX_ COMMON, FEX ABORT, NULL) ;
for (i = -5; i <= 5; 1i++) {

X = 1i;

continued fraction(4, a, b, x, &f, &fl);

printf ("£(% g) = %12g, £’ (% g) = %$12g\n", x, £, x, f1);
}

return 0O;
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AR — SR 4L 745 o FEANT1AE, %L continued fraction fRAFHEZFERAN

FT A TCROE B 0 2 E e A AR JE B R BN T I S A B, R =
AMAREREE FEX CUSTOM AEFEFEFE. ﬁtkiﬂz}?h 0/0 FIICFF K /T KNI K,

(EL5F 0% ToFT KB 2 B p HE. VERE, ARG VH579% R BORARERI, AU Bt
5o VLR AL IR DR B 5 im0 G595 KBRS 5. B2, AU p AW
volatile PARGIEGW AR HMER, DROAEMRPA AL 7 B Batfe e . &)a, 4
B kg Rk p A BT GE A E S W (p AR IED 1OTHEER) Bl M if, 36
KA RIS volatile B (FERFHHM £) » fex setexcepthandler [f]
B E I S AR BRI JC 08 F ) S AR Ak BEAR S

TP A fex set log BACK T XS RIS W% . ZERAT IERAE 2RI, BT
RARERIFFAC: X0 BT Il R A 2. GEIRAEA—F, sy 24 50 “[nli
W TR —FE, {F FEX_NONSTOP A3, 51k s brid, WA L&
o ) FRFEAN TR B E FEX_ABORT M, LMLRIT(T continued fraction

BAT BRI A W H P B LA e, %zf?f%ATHEﬁ RS AE
8 IEMELR R Bl s, U SR B ) S

£(-5) = -1.59649, £’ (-5) = -0.1818

£(-4) = -1.87302, £’ (-4) = -0.428193

Floating point division by zero
nonstop mode
0x08048dcl continued fraction
0x08048eda main

at 0x08048dbe continued fraction,

Floating point invalid operation

(inf/inf) at 0x08048dcf

continued fraction, handler: handler
0x08048dd2 continued fraction
0x08048eda main
Floating point invalid operation (0*inf) at 0x08048dd2
continued fraction, handler: handler
0x08048dd8 continued fraction
0x08048eda main
£(-3) = -3, £ (-3) = -3.16667
f(-2) = -4.44089e-16, fr(-2) = -3.41667
£f(-1) -1.22222, £fr(-1) = -0.444444
£( 0) = -1.33333, £/ ( 0) = 0.203704
£( 1) = -1, £fr( 1) = 0.333333
£f( 2) -0.777778, £fr( 2) = 0.12037
£( 3) = -0.714286, £( 3) = 0.0272109
£f( 4) = -0.666667, £fr( 4) = 0.203704
£f( 5) = -0.777778, £fr( 5) = 0.0185185

(fE x =1 4 M5 WS fig) B AR B R3 A S SR BUS Y R, RO ERE
ey x = -3 IR AR R AR A
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XTSRS SO P 570, AT R A B8 2 0 570 A
Jrik. — AR, WK IRERIN AL ORI S O, T G175 7 0
FFUSE. AR T, B0 U S0 JOF IR, (5T SPARC Al x86 AbILES
Ly VE BRI RATRBARAIE S, S0, IR ASHEW RPTFERIE, [T K ZH SPARC
Al x86 AL BT I BRIEIE S, BT LBk AR RSN (0, P
I RS RS,

A UUEFr g S0 A LAE 75 2 FRERE, Rl O B v AT 2 S k. (3
FL T B SR, UGS o B R TR 2 M HE .
XA B 22 AN BRSSO (EAS S I BR WS A vk S B A I P A SEAR B S 1
o W RO U AN U e S R 4T volatile A2d, DNy 24T
WM AFIZSE, X LI2 5] B IORE P IR o BUARIK IG5 12 1 2 FORT HF 7 5
Le 5GBS ST 5 10, AT T DAAT R B 1 g v B HAR TS RIS . TR,
ARG H 8 oL PR A B () 7 U SRIAT BN K AP B 5, IF Bk B2 A R AT T
BEPAT AL o o] DASEAT 2 Ak BRI S S 1 ?

D SR DR ST 8 (KR R A A SR, WA o S 8 (0 AT R 10 Ak By 3 m] i A AT
pRid CHIRA N ARAS )

REBAEG] A-16 A5 FH b i A e

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

/*
* Evaluate the continued fraction given by coefficients al[j] and
* Db[j] at the point x; return the function value in *pf and the
* derivative in *pfl
*/
void continued fraction(int N, double *a, double *b,

double x, double *pf, double *pfl)

{

fex handler t oldhdl;

fexcept t oldinvflag;
double £, £1, 4, d1, pdl, qg;
int j;

fex getexcepthandler (&0ldhdl, FEX DIVBYZERO | FEX INVALID) ;
fegetexceptflag(&oldinvflag, FE INVALID) ;

fex set handling (FEX DIVBYZERO | FEX INV ZDZ | FEX INV IDI
FEX INV_ZMI, FEX NONSTOP, NULL) ;
feclearexcept (FE INVALID) ;
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REZHEG A-16 {EHbRIC A B ( 4E)

f1 = 0.0;
f = a[N];
for (§ = N - 1; § >= 0; j--) {
d =x + £;
dl = 1.0 + f1;
g =Dblj] / d4;
f1 = (-d1 / 4) * q;
f = aljl + qg;
}

if (fetestexcept (FE INVALID)) {
/* recompute and test for NaN */
f1 = pdl = 0.0;
f = alN];
for (§ = N - 1; j >= 0; j--) {
d =x + f£;
dl = 1.0 + f1;
ag = bljl / 4;
f1 = (-d1 / 4) * q;
if (isnan(fl))
f1 = b[3] * pdl / blj+1];
pdl = di;
f = aljl + qg;

}

fesetexceptflag(&oldinvflag, FE INVALID) ;
fex setexcepthandler (&0ldhdl, FEX DIVBYZERO | FEX INVALID) ;

*pf = £;
*pfl = £1;

FEMERRA, 55— MR EAE S AW TS Ao AP0 o RS DR IERbrRL
W2 AR fo) T () DU AN 5 H L NaN. S8, AR AT
BOSH AW, BIRE T HBAT S MG . ZER AL volatile A&h:, JF HAAT
BOMAFAIZEE, I, & A E RIS 1 as4 f i o e AT . ZEPRAT AR A A it
s P 25 5 S NI AAR ] (05 MR UL B R B S W I S Ol I
TR INE ST R H AL B
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A3.5

1F Fortran F2FH 1 H 1libm 505 &b #H

T C/IC++ PP libm B AP T H, {Hi@dfE ] Sun Fortran & 5 A #AF
ThEe, Enl LIAE Fortran F27 H 3L 1ibm B4

E = TR BT, AR IR T RN AT ] 1im S AL R B DL K
ieee flags fil ieee handler K.

LA 75 49 (2 755 Fortran FRCAS IO RE 7, 8 AT FURE 4 ok o 5503 22 0 B e L 3 8 (AUBR
SPARC) :

REZHEG) A-17 A5 PO ke TF S 43 B M FE T 40— SPARC

c
c Presubstitution handler
c
subroutine handler (ex, info)

structure /fex numeric_t/
integer type
union
map
integer i
end map

map
integer*8 1
end map
map
real f
end map
map
real*8 d
end map
map
real*16 g
end map
end union
end structure
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REDHEG) A-17 A FH TR e ke v S 2 oy B 54— SPARC ( 4E)

(¢]

Q Q0 Q0 Q0

structure /fex info t/

integer op, flags

record /fex numeric t/ opl, op2, res
end structure

integer ex
record /fex info t/ info

common /presub/ p
double precision p, d infinity

volatile o)
4 = fex double; see <fenv.h> for this and other constants
info.res.type = 4
x'80' = FEX INV_ ZMI
if (loc(ex) .eqg. x'80') then
info.res.d = p
else
info.res.d = d_infinity()
endif
return
end
Evaluate the continued fraction given by coefficients a(j) and
b(j) at the point x; return the function value in f and the
derivative in f1

subroutine continued fraction(n, a, b, x, £, £1)

integer n

double precision a(*), b(*), x, £, f1
common /presub/ p

integer j, oldhdl

dimension oldhdl (24)

double precision d, dl, g, p, t
volatile p, t

MR A R
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RIBAEG] A-17 o FH TIOR3 20y B K I3 40— SPARC ( 4)

external fex getexcepthandler, fex setexcepthandler
external fex set handling, handler
c$pragma c(fex getexcepthandler, fex setexcepthandler)
c$pragma c(fex set handling)

¢ x'ff2' = FEX DIVBYZERO | FEX INVALID
call fex getexcepthandler (oldhdl, %val(x'ff2'))

¢ x'2'" = FEX DIVBYZERO, 0 = FEX NONSTOP
call fgx_set_handling(%vaz(x'2'), $val(0), %$val(0))
¢ x'b0' = FEX INV ZDZ | FEX INV IDI | FEX_ INV ZMI, 3 = FEX CUSTOM
call fex set handling(%val(x'b0'), %val(3), handler)
f1 = 0.0d0
f = a(n+1)
do j =n, 1, -1
d=x+ £
dl = 1.0d0 + f1
qg=>b(j) /d
f1 = (-d1 / d) * g

the following assignment to the volatile variable t
is needed to maintain the correct sequencing between

Q Q0 N

assignments to p and evaluation of f1

t = f1
p = b(3-1) * d1 / b(j)
f =a(j) + g

end do

call fex setexcepthandler(oldhdl, %val(x'ff2'))
return
end
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¢ Main program
c
program cf
integer i
double precision a, b, x, £, f1
dimension a(5), b(4)
data a /-1.0d0, 2.0d0, -3.0d0, 4.0d0, -5.0d0o/
data b /2.0d0, 4.0d0, 6.0d0, 8.0d0/

external fex set handling
c$pragma c(fex set handling)

call continued fraction(4, a, b, x, £, f1)
write (*, 1) 1i, £, i, f1

c x'ffa' = FEX COMMON, 1 = FEX ABORT
call fex:set_handling(%vgl(x'ffa'), $val(l), %$val(0))
do i = -5, 5
x = dble (i)

Note:IEEE floating-point exception flags raised:
Inexact; Division by Zero; 1Invalid Operation;
IEEE floating-point exception traps enabled:
overflow; division by zero; invalid operation;
See the Numerical Computation Guide, ieee flags(3M),
ieee handler (3M)

end do
1 format ('£(', I2, ') = ', Gl2.6, ', £/ (', I2, ') = ', Gl2.6)
end
BRI (ryf o -

f(-5) = -1.59649 , £/(-5) = -.181800
f(-4) = -1.87302 , £/ (-4) = -.428193
f( -3) = -3.00000 , £/ ( -3) = -3.16667
f(-2) = -.444089E-15, £’ (-2) = -3.41667
f(-1) = -1.22222 , £ (-1) = -.444444
f( 0) = -1.33333 , £7( 0) = .203704
f( 1) = -1.00000 , £/ ( 1) = 0.333333
£(2) = -.777778 , £/ ( 2) = .120370
f( 3) = -.714286 , £7( 3) = 0.272109E-01
f( 4) = -.666667 , £7( 4) = 0.203704
f£(5) = -.777778 , £7( 5) = 0.185185E-01
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A4 2= I

A4.1 sigfpe — i A T

E—TNE T ieee_handler HInfil. WH, HEFZ(EH ieee handler k&
sigfpe B}, FBUEFFTHE

3£ — sigfpe XA Solaris #:AF RG] .

(SPARC) AERLEAEIL T (AR B AN , sigfpe st 2AF A AOAL B (XA
FEG A-18 i PRAEH A TR

REDHEG) A-18 S v Ca

/* Generate the integer division by zero exception */

#include <siginfo.hs>
#include <ucontext.h>
#include <signal.h>

void int handler (int sig, siginfo t *sip, ucontext t *uap);

int main()
int a, b, c;

/*
* Use sigfpe(3) to establish "int handler" as the signal handler
* to use on integer division by zero

*/

/*
* Integer division-by-zero aborts unless a signal
* handler for integer division by zero is set up
*/
sigfpe (FPE INTDIV, int handler) ;
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A.4.2

REDHEG) A-18 TSI S ()

c =a / b;
printf("$d / %4 = %d\n\n", a, b, c);
return 0O;

void int handler (int sig, siginfo t *sip, ucontext t *uap) {
printf ("Signal %d, code %d, at addr %$x\n",
sig, sip->si code, sip-> data. fault. addr);

/*
* automatically for floating-point exceptions but not for
* integer division by zero.
*/
uap->uc_mcontext.gregs [REG_PC] =
uap->uc_mcontext.gregs [REG nPC] ;

M C F 1§ Fortran

PAFR&—AN A Fortran FHIFER C IXShFE i S~ . H 2 C F1 Fortran FHEE4
FE, 1ES WAMNE C 1 Fortran M. LR C s CHHARGFEAES N driver. c
IS -

RADHEG A-19 M C Hif ] FORTRAN

* a demo program that shows:

* 1. how to call £95 subroutine from C, passing an array argument
* 2. how to call single precision £95 function from C

* 3. how to call double precision £95 function from C

*/

extern int demo_one_ (double *);
extern float demo_two_(float *);
extern double demo_three_ (double *);

int main()

{

double arrayl[3] [4];
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REDHEB] A-19 M C #ifH FORTRAN ( ££)

float £, g;
double x, vy;

int i, 3,
for (i = 0; i < 3; 1i++)
for (j = 0; J < 4; j++)
array[i] [j] = 1 + 2*7;
g =1.5;
Yy = 9;

/* pass an array to a fortran function (print the array) */

demo _one_ (&array[0] [0]) ;

printf (" from the driver\n") ;
for (i = 0; i < 3; i++) {
for (3 = 0; J < 4; j++)
printf (" array[%d] [%d] = %e\n",

i, j, array[i]l [3]);
printf ("\n") ;

/* call a single precision fortran function */
f = demo two_(&9) ;

printf (
" f = sin(g) from a single precision fortran function\n");
printf (" f, g:%8.7e, %8.7e\n", £, g);

printf ("\n") ;

/* call a double precision fortran function */
x = demo_three (&y);

printf (
" x = gin(y) from a double precision fortran function\n") ;
printf (" X, v:%18.17e, %18.17e\n", X, V);

ieee retrospective ();
return 0;
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# Fortran THIFERAFAES N drivee. £ X

subroutine demo one (array)
double precision array (4, 3)
print *, 'from the fortran routine:'
do 10 1 =1,4
do 20 § = 1,3

real function demo_two (number)
real number
demo two = sin(number)
return
end

double precision function demo three (number)
double precision number
demo_three = sin(number)
return
end

print *, ' arrayl', i, '1I[', j, 'l ="', array(i,J)
20 continue
print *
10 continue
return
end

IRE S AT G AN BE 2 -

cc -c driver.c
£95 -c drivee.f
demo_one:
demo_two:
demo_three:
£f95 -0 driver driver.o drivee.o

MR A R
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from the fortran routine:
array[ 1 1[ 1 ] = 0.0E+0
array[ 1 ][ 21 = 1.0
array[ 1 ][ 31 = 2.0
array[ 2 1[ 1] = 2.0
array[ 2 1[ 2 ] = 3.0
arrayl[ 2 1[ 3 ] = 4.0
array[ 3 ][ 11 = 4.0
array[ 3 1[ 2] = 5.0
array[ 3 1[ 3 ] = 6.0
arrayl[ 4 1[ 1] = 6.0
array[ 4 ][ 21 = 7.0
array[ 4 ][ 3 1 = 8.0
from the driver
array[0] [0] = 0.000000e+00
array[0] [1] = 2.000000e+00
array[0] [2] = 4.000000e+00
array[0] [3] = 6.000000e+00
array[1] [0] = 1.000000e+00
array[1] [1] = 3.000000e+00
array[1] [2] = 5.000000e+00
array[1l] [3] = 7.000000e+00
array[2] [0] = 2.000000e+00
array[2] [1] = 4.000000e+00
array[2] [2] = 6.000000e+00
array[2] [3] = 8.000000e+00
f = sin(g) from a single precision fortran function
f, 9:9.9749500e-01, 1.5000000e+00
x = sin(y) from a double precision fortran function
X, ¥:9.97494986604054446e-01, 1.50000000000000000e+00
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A.4.3

A 2

#* A-1 ol T SPARC 1R Z G5k i il iy & 7= 1 o

= A1 — L7 4 (SPARC)
BRIE dbx adb
W E T A
ek stop in myfunct myfunct:b
AT S stop at 29
TE 48500 H bk v 23a8:b
TEARR HhhE A main+0x40:b
HIBAT, T run :r
K A PEACHS list <pc,10?ia
K fp 274708
IEEE Fptg [ print $£0 <f0=X
THERMERSENE CHoNEERD print -fx $£0 <fo=f
IEEE XUf & print S$fofl <f0=X; <fl=X
THERMERSENE CHoNEESD print -flx $fofl <f0=F

RAEPH fp 27474

RE T % A4

Ko fp IR 47 %

B RS 1.0 fRAF4E £0
KX 1.0 fRfEAE £0/£1
AT

LG

1B H A

print -£flx $dO

regs -F

regs
print -fx S$fsr

assign $f0=1.0
assign $f0£f1=1.0

cont
step (or next)

quit

sx for f0-f15
sX for f16-f31

Sr; sx; $X
<fsr=X
3£800000>£f0

3f£00000>£0; O0>f1l
:C
:s

$q

MR A R
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*£ A2 BT x86 1K R GEF IR Ay 2 7R il

* A2 — LB A 4 (x86)
#B1E dbx adb
T T
R stop in myfunct myfunct:b
EAT S stop at 29
e Xk 23a8:b
LEAR S Hu ik R main+0x40:b
—HIZAT, ELRE B run :r
K A ARG list <pc,10?ia
Kt fp T A7 0% print $sto $x
print $st7
KB E S50 examine &$gs/19X Sr
AT fp IR AE 2 examine &$fstat/X <fstat=X
or $x
ghLL AT cont e
=937 step (or next) :s
1B H A quit $q

PUR 7RG P FPAEARES 3k RN T adb W HIHIFE myfunction) B Wi 1751k,

myfunction:b

LEZ A RBIR, B LIfE S myfunction B BCIT AR B 4 bk, SR 5 4E
T2 MRk v T

myfunction=X
23a8
23a8:b

Xf adb 1 F, {FH £95 4K Fortran 27 H 3 THIFERR N MAIN o ZAE adb 1
MAIN Kb o
MAIN :b
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TR B RN AN, dbx 12 regs -F SoniToNsbflE 2 0L 16 N REE &R
IR, A REZEU T HER R . T 5EF SPARC A%, adb M4 $x M ¢x &
TS RERI R R IEFI T . T3 T x86 MRLE, adb 2 sx R ok filfh.
XHF3ET SPARC MRS, XUW ¥ (HAE A H A7 28 5510 Won 3k hiME

DRh A AR GEAE R SR — A I m SR TC 2 i RS 2SIV s s, o DU AE AR 1
REFF VI TF A AE AR L, A T LUMB OX 225 47 4%

(SPARC) 11 W RiF s, Nax7ad: TAA3 iR/ 32 A, SRS RER 8l 32 47
CR B WP ST — N A AR D), TIRURS BEE B0 L 64 6 (AL, A FH AN 7 474
KARGEREEHO o AT NBERIE R, 32 xRN T 8 A Nabhise . 4L N
adb /R FPU AifEas i, SR guEu

<fpu FFFAHIE R > <IEEE [ NHHIE > < PFFE> < K>

(SPARC) 5 = HIRAT SR A6 28 A rp (K17 3B R o ) o s 8 - b b R o 28 DU B A e
FAEBNT . B, £11 ATHIEEPUSN £10 M1 £11 BN 64 £ IEEE XUK: B4

(SPARC) 25 £10 F1 £11 FHFERAEXCREBE(E, ALl (4F £10 171D Kz E AT 32 £7
7££00000 fRFEN +NaN AN IEM M. T 64 {7 7££00000 00000000 FRERE N
+Infinity WA AIRESE A B LA,

(SPARC) W T Y7~ 16 NF S A 5 A28 10 adb 4 $x B in fsr GFIUREH A
)

$x

fsr 40020

fo 400921fb +2.1426990e+00

fi 54442d18 +3.3702806e+12 +3.1415926535897931e+00
f2 2 +2.8025969e-45

£3 0 +0.0000000e+00 +4.2439915819305446e-314
fa 40000000 +2.0000000e+00

£5 0 +0.0000000e+00 +2.0000000000000000e+00
f6 3de0b460 +1.0971904e-01

£7 0 +0.0000000e+00 +1.2154188766544394e-10
£8 3de0b460 +1.0971904e-01

fo 0 +0.0000000e+00 +1.2154188766544394e-10
fio 7££00000 +NaN

f11 0 +0.0000000e+00 +Infinity

fi12 fEffffff -NaN

£13 fEffffff -NaN -NaN

f14 i o -NaN

f15 fEfEfEEE -NaN -NaN
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(x86) x86 L [FIFH N B HH AL T DU N 2

$x

80387 chip is present.

cw 0x137f

sw 0x3920

cssel 0x17 ipoff 0x2d93 datasel 0x1f dataoff 0x5740
st [0] +3.24999988079071044921875 e-1 VALID
st [1] +5.6539133243479549034419688 e73 EMPTY
st[2] +2.0000000000000008881784197

EMPTY

st [3] +1.8073218308070440556016047 e-1 EMPTY
st [4] +7.9180300235748291015625 e-1 EMPTY

st [5] +4.201639036693904927233234 e-13 EMPTY
st[6] +4.201639036693904927233234 e-13 EMPTY
st[7] +2.7224999213218694649185636

EMPTY

iE - (x86) cw BT 1 sw ERE T .
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fisk B

SPARC 47 4 F1 =23

AFDE G IE T SPARC® LAEulih Tl I V7 s oe AT SR IR A, A4 — i ke
MR AN AR A R b A5 5l B 58 AR iR 5 12

B.1 V- s A

AN H|HHFZL SPARC 7F A H I, FFNMHEN I XS EM T H A HINGE. T L
TR B, AFETER IR B e I T R AR U TR B . il SR EN R i AR A 3R E
1 F s 2 [ R, BL R a3tk TEEE CHERRUE) S50 SPARC 2Pl m] GEIH)
ITANRE, ES W (SPARC 25/ FHF) 5 8 KBS N “SPARC IEEE 754 SZElail”
FIZE 9 RRIIF s B “SPARC 55 9 fitf¥) IEEE il 754-1985 3k ”

A& B-1 31 Tt SPARC TAES AR BB PHF 5K V2 HLWRI3E T SPARC RAHH
VE RV, IXESEITYR A W TI s Weitek JF A A% L

m TI &%) - {uFE TI8847 F1 TMS390C602A
m Weitek R4 - f045 1164/1165. 3170 Fi1 3171



XA RA FPU #B LA Hoth A st (N7, AT n] A AE 28 3T SPARC I

PRl b P RN ARSI E F e FRBE R TR h

% B-1 SPARC ¥ miIE T
1t BASE
FPU AhIBEEZ TR EFHE 13t BF X8 -xchip #1 -xarch
T Weitek WRBBIT S SR CRED Mo AR -xchip=old
1164/1165 1] e -xarch=v7
FPU
WA FPU
FET TI 8847 11 TI 8847 ; Fujitsu Sun-4T™/1xx 1989 -xchip=0ld
FPU B LST [l 2 Sun-4/2xx K% ¥ SPARCstation ~ ~Xarch=v7
Sun-4/3xx 1 TAERGHR AL
Sun-4/4xx Weitek 3170
SPARCstation® 1 (4/60)
T Weitek SPARCstation 1 (4/60) 1989, 1990 -xchip=o0ld
3170 ff] FPU SPARCstation 1+ (4/65) -xarch=v7
TI 602a SPARCstation 2 (4/75) 1990 -xchip=o0ld
-xarch=v7
T Weitek SPARCstation SLC (4/20) 1990 -xchip=o0ld
3172 11 FPU SPARCstation IPC (4/40) -xarch=v7
Weitek 8601 B £ CPU 1 FPU SPARCstation IPX (4/50) 1991 -xchip=o0ld
Fujitsu 86903 SPARCstation ELC (4/25)  IPX 1§ il 40 MHz -xarch=v7
CPU/FPU ; ELC 1
i 33 MHz
Cypress 602 I3 B AE Mbus SPARCserver® 6xx 1991 -xchip=o0ld
e -xarch=v7
TI TMS390S10 microSPARC®-I SPARCstation LX 1992 -xchip=micro
(STP1010) SPARCclassic fEf: 94 FsMULd ~——Xarch=v8a

Fujitsu 86904

microSPARC-II

SPARCstation 4 F1 5

%A FsMULd

-xchip=micro2

(STP1012) SPARCstation Voyager -xarch=v8a
TI TMS390Z50 SuperSPARC®-1 SPARCserver 6xx -xchip=super
(STP1020A) SPARCstation 10 -xarch=v8
SPARCstation 20
SPARCserver 1000
SPARCcenter 2000
STP1021A SuperSPARC-I1 SPARCserver 6xx -xchip=super?2

SPARCstation 10
SPARCstation 20
SPARCserver 1000
SPARCcenter 2000

-xarch=v8
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% B-1 SPARC V7 siik Il ( 4¢)
1EBASE
FPU QIBI/ AR EFHE 15t BH B1EH -xchip #1 -xarch
Ross RT620 hyperSPARC _ SPARCstation 10/HSxx -xchip=hyper
SPARCstation 20/HSxx -xarch=v8
Fujitsu 86907 TurboSPARC SPARCstation 4 f1 5 -xchip=micro2
-xarch=v8
STP1030A UltraSPARC® 1 Ultra-1. Ultra-2 V9+VIS -xchip=ultra
Ex000 -xarch=v8plusa
STP1031 UltraSPARC 1II Ultra-2. E450 VI+VIS -xchip=ultra2
Ultra-30,  Ultra-60+ -xarch=v8plusa
Ultra-80. Ex500
Ex000. E10000
SME1040 UltraSPARC 1Ii Ultra-5. Ultra-10 VI9+VIS -xchip=ultra2i
-xarch=v8plusa
UltraSPARC Ile Sun Blade™ 100 V9+VIS -xchip=ultra2ze
-xarch=v8plusa
UltraSPARC 111 Sun Blade 1000 Vo+VIS 1T -xchip=ultra3l

Sun Blade 2000 -xarch=v8plusb*

* Ml veplusb A MAI T AT 1 R BELE UltraSPARC 11 &% Fig4T. BAEFTH UltraSPARC (LILII) R4 FHig

17, Ik

-xarch & &N v8plusa.

BRI E— S B Z AR BEA FPU SRAH AT 1 2 PE Ao bR o IR AR FE AR

WA R AN ST IR -xarch bR e i 4% ol LUE A 05248,  -xchip bRabifiE
G 1 A U LA IR R AT X AR BELES IO PE ey s BEAT IO BBE . IR AT (1) SPARC ¥ i 70
HERASKHAE  (SPARC Z5F T 45 7 WHE ST e 4, BT -xarch=v7 %
PR PR ] IFEAE TR T SPARC REE HisdyT U BT REJCIE 7870 MU TR AL PLER )
NAED o [AKE, JHRHER -xchip (IR FREWIZAT TSR] -xarch fiRE RS2
(FALAMTHET SPARC REE, (HZUIRAEARRE MBS (1R G LIsATIN, W2 T F

7 L3R, HEFITE microSPARC-1 FITHIVF MU TSI TAE  (SPARC 45 ) 36 7 TR
o SRR e A, Y -xarch=v7 KO PEX LU AUEIT T & X KR ST
(FPU) M RZ LR . 40i% 05 A XT IX L Ah T 2% 10 P Ae b AT R IR U, I e TR
A -xchip I -xchip=0ld. GFIEFTEFIE £ B-1 "1 RE IR Z 2 9 i
SRR AU eI H AAE T REILILD; 3o A7 OG0T 5 S RFIX 28 R G0 (1) g e o — Al
MMACH A b G MR B, WS HIE SRR BT ERE 7 o)

microSPARC-1 I microSPARC-II {# fi s ICSKILTE  (SPARC 5/ FH1) 5 8 Wb LI
TFEIEA%E (FsMULd RIURSR R 2 BR40) « Fl -xarch=vs 9a i [IFE P54 Af X
LR P RS FigT, (HREB T ARSENTT SIELS LA H KRG WAL, Rk R
{fiH FsMULd [IFE7  CAIFAT KBRS B 2 B02 5711 Fortran F2)7) MIMERE T HES ™ &
NP, Skl ILZ RS, W -xarch=v8a £ S IX LA B FE T IR R GG PR o
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SuperSPARC-I. SuperSPARC-II. hyperSPARC Al TurboSPARC ¥F 5 ¥ JGSEBLAE  (SPARC
iR FAD) 5 8 hrbE TR AR5 (DURTAS BEAR S BRAM) o ZEAE A5 ix oAb L 3R 11
ARG LA MRS, M -xarch=v8 T4

UltraSPARC I. UltraSPARC II. UltraSPARC Ile. UltraSPARC IIi. UltraSPARC III.
UltraSPARC I11i Fl UltraSPARC IV ¥ pi 5L ICSEIAE  (SPARC Z5F7FH) o 9 hitrbe X
I EAE A5 (DURSRE TR ABRAN) 5 RRAlE, SR Mt 32 NRCK SIF S 8. A
T RVFYm i as i IX e 25 A7 8%, 1 -xarch=v8plus O T7E 32 fif OS TiE4TH)
) B -xarch=v9 CHT7E 64 i OS FBITHFET) AT, XLLAbHE 28 b 10t
THUEFE ST B . HABHEFRIE Visual Instruction Set (A #IEA4) B VIS 354
R Mgy B, HEEMITHEL AR Bk, KT 280 F H XL 25
P2 B e 44, W -xarch=v8plusa (32 1) B -xarch=v9a (64 {7) .

T UATH -xtarget ZIETE 45T -xarch Ml -xchip &I, (I, -xtarget fridi
HEd R -xarch, -xchip Ml -xcache Fr&EMEMA A D Haa AR A B IE T2
-xtarget=generic. EHEHFHEZNFEL (A4 -xarch. -xchip M -xtarget {H
SEHEBFRD , WS ce(1). cc(1) M £95(1) TM LA S i s Tl Hofth -xarch {52
1t (Fortran /i /'#5H5) « (C JH /#5170 R (C++ W #507) ik,

B.1.1 P RORA A A7 A A

XHF AT SPARC ¥ mU 0K YL, TR EA TSR RSUAS 1) SPARC &k, eATTHf R
—AERURE R AT A (FSR), i arAras P& L5 FPU ARG PR AL AP RN AT Ll
IRV 3R (Y SPARC FPU R fit— M i BA A (FQ), 1RSI AL 547 O i AT )
FRR IS . FSR AT B AFU ), ORI e R AR T i, IR HIE AT
W)y SRR AE R AR, FQ sl R WNAZ AL, LAEARBEYE nidifigh; ) K
PR R AT E .

BAFEIL sSTFSR Ml LDFSR 484 K U7 WV mURA A AF 4%, X ANE 2 I/ 70 0 2 4
FSR AAA#1E W AF T RN NAE T INECE . 7 SPARC JL4wil 5 Y, X EE4R 2~ U7 Xk

%
st $fsr, [addr] | IR E b EAE FSR
14 laddr], %fsr | MIReHubind rsr

PIRBEAR SO 1ibm. i1 FTE M H X 5B Sun Studio et it A, & X-a 4
STFSR Ml LDFSR 54 1 HERE] .

Kl B-1 Wi s R 2 A7 a7 B AT = o

‘ RD |res ‘ TEM ‘NS res ‘ ver ‘ ftt ‘qn%re% fcc aexc cexc ‘
31:30 29:28 27:23 22 21:20  19:17 16:14 13 12 11:10 9:5 4:0
& B-1 SPARC V7 iR T A7 2
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B.1.2

5 7 IAFIES 8 WA SPARC 45, FSR (5 M FFT/R 32 f7. 1255 9 AT,
FSR ¥ JE 3 64 {7, HAPMME 32 7 5i%EAAEH: & 32 AL RS AMER, RasgT=
A BRI SRS - B

FEXHL, res RARIAEAL, ver ERARIR FPU AR B, frt Ml gne RS
RIRAE B i gk . R TBORAE TRP A4

% B-2 FRUREF AR TR

FH as

RM HANTT A
TEM EHE/ =P
NS E[Nid e

fec 7 M AR
aexc IV
cexc IR bR S

RM 7 BUOR B AN W PF s SR E AT 1 (A2 NS AAESEBLE ) SPARC FPU 1) ]
AEFRAER AR R R SE b, ARG . foc TBUR B T s TR ARk
(K197 )RS I L 7 SCRM AR Bhia B AT ] - B, TEM. aexc M cexc ¥ By
TAME, IXEEQT B X T TBEE 754 37 mi i # P KRR — MR RO T 10 S B F A0 2 7 7
Wik & B-3 MK T BT T 45) .

% B3 AT B
FE F1FE P AR R
TEM (Higk)ia A0 NVM OFM UFM DZM NXM
27 26 25 24 23
aexc (MilFHARE nva ofa ufa dza nxa
9 8 7 6 5
cexc CYRTREHFRE nve ofc ufc dzc nxc
4 3 2 1 0

(LS NV. OF. UF. DZ Fl NX 7R TERIEH . L. T #EEAA
FER R . D

s B A SRR IR RF RS

(ER LN, SPARC (037 £LIE AT BLERE 115 b & T T K A 4K PR S8
I, EDLF YRR BRI S50 T 06

. T RURTERAR
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n FEA KRR SEL (., 7EEET Weitek 1164/1165 () FPU FA#H] £sqrt [sd],
£t microSPARC-I 1 microSPARC-II FPU F{#if] fsmuld, B{# 7EfEf] SPARC FPU
LAY RS .

w [EPEICTE AR 2R AU IR IE A 25 4L
m FERESE A IEEE 754 3 5w (D4 Tz H s

FERFRPNG DL N, BAIROm N AR AR ) BERE “Hi3R” BIRG N, HARBENZE
AR S R F RIBOF N (R 8 . ORAE “ ik ” R IE R h . ) ZEmT =Fi
OUF, WEAEHAE BB TR 2. RS B S aT BLS SN,
RS Rk S n i

FE EIRTRT = A SO0 T, W R 8- A 80 IBEE ¥ piSe s Lk Cam D
W N AR T % AR 2 o IR 2 R IF R LR 2, AR ST 25 XA L S e 45 28
WIRAZAR R FABEL, W RCRAN R 1 45 RALIR B H AR A Ar 8% o AL SEOFT 24 i ) 52
bR LA B HZ IR S S UR AR CREGFO S, IR IX e 5 Rt b kAT
7 IS, WIZBE G HEGR S N SR AT I R

AT AT B AR AR AN R & S 80 TEEE % mi i LR E LB A |
WRZFG KT TE M. HFRaF A7 8 IF A HACE AN T AR S R AL, i
BRSO A S T 8T AR R E R, AL IRZEE R A% > STGFPE 7 5

T PR R T AR AR B TR, aexc T BUE W HAE BEATHE R .

FPop provokes a trap;
if trap type is fp disabled, unimplemented FPop, or
unfinished FPop then
emulate FPop;
texc ' all IEEE exceptions generated by FPop;
if (texc and TEM) = 0 then
flrd]l ' fp _result; // Wi fpop & NEAEE
fcc ' fcc_result; // WH fpop K
cexc ' texc;
aexc ' (aexc or texc);
else
cexc ' trapped IEEE exception generated by FPop;
throw SIGFPE;

WLV 277 R, R e I PERERE ™ I T . B2 ) A 505 T g
Bk F2AE CHERRBMHRER) .

EIEFEO T, AR LN S HIL—IK fp_disabled i3k, RGN EENIT RS
TG, EAREA R OR SN ik, PR ez R AT 05— ANV s SR T B
Ko FEALBESEIZAAR L o, WA IV e, JFAEHAE DUS bR R b OR 55 5 AR
&o CATLUERX A RGN IF AT, (HR AR BOXFEG i H AR 1T A AR s
VAR H I A KR O
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B.1.2.1

B.1.2.2

TERTF SR IS B ARSI FE S, BARARS I unimplemented FPop f#i3k.
T H AR 2 8001 SPARC F S n#l B/ SEELH  (SPARC 54 FH) 5 8 Mg X Ifi4e
At (PUFERSEEFR A BRAN) , T H Sun Studio SRS AN E VUSRS BEFE 4, FTLIERE
BARY LN AL NP ARl . BTk, B9 LA A 2 microSPARC-1
F1 microSPARC-II 4L 2%, C I ASH FsMULd $54. & 7 ¥R fe X a3 F B
unimplemented FPop fifi3k, 15 -xarch=v8a LI IFIEIT .

HARMAFIRES unfinished FPop M3 IEEE Sl W 53 & NaN. JL75 KAl
UCIE R R T SAG DUAH G

[EEE V% &S 5% . NaN FfE55 kK

BHAVE RGBS IEEE W rin® CHHESRCZ D I, IR LG

I, RA SRR AL A SIGFPE i 5. WEARIZAREOAHT T SIGFPE fisht
BREY, WHZACFERE P gom T, SRR k. 2R A7 g3k 1K) IEEE
RSN, DA, SRR T H R H R AR P AR bR, Tk SO R
i 5 AR BERE e LUFT BV S F 4 1R R e ol AR AR 5 AL B 7 (175 0 R A B T R S A ik
BAT o AHE, IEWEE 4 B PTA, AT LU HEE S A B e Al SRR 2 SR A4 ROF 4k et
PAT o TR QORISR EVE 2 3 w5 T AR AT A B, IIPERERT BE ™ 3T B

RUAEHE AT W B B E R A BRIk C& D, K2 % SPARC V7 R
TR AERLEG SU R AR, B LGTT K. NaN #AF £k IEEE ¥ 25 K15
DUF XA R AN SCRF SR ABL RS RS DU I, R B0 R s A R AR
unfinished FPop fifi 3k I Al W AL KA B A 56 1 4R 2. AN IR B SPARC FPU X & 20
unfinished FPop RIS SAANF RN B, KZHH W SPARC FPU Al
hyperSPARC FPU 2 fiti #1411 1EEE ¥7 ji 533 M JCie i SR S i s AERE P JEvA
JERAR L 2 3 B mU W OF Az W i son IS 0, UltraSPARC FPU
P B liske S3— 51, SuperSPARC-I. SuperSPARC-II. TurboSPARC. microSPARC-I
A1 microSPARC-II FPU 7EAEA| A1 AL BEA M e i 15 0L, IF HAAAE R unfinished FPop
i3k

BT KZ % unfinished FPop ik 5VF A il L, DR oe ey vl adl i 1) ) S
AT RE CEN, PR bR il L SRR G AT 2 R 26 ) R S S o Bl 3R
S A N = T N N I T 0 A N £ LB S AR VIR P A= 2
unfinished FPop fifi3k.

VRCIE IR R R o 595

SPARC V7 fUHL0 42 unfinished FPop i3RI K2 £ UL 17 190 40 A2 BOK IE RUER
I RS SR O E IR A R 6 20 S — N IR R I E LSS R (R, ot Rt
MgE ) B, VY2 SPARC FPU Mgk PRI N5 /b WA & SCAR A3 i 4 R ok [
7 LA A T i P o T 25 SR PRI AR ) o vk S 45 SR s AR, T Bl SPARC 45 #4475
JER ST VAR EC, RO F P R Rl vk, R E Gt B 5 0 R U OE LB
unfinished_ FPop gk CIIPEREN T B
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SPARC &5 W ANREHER 2 LAEFRAE B AR & U 75 0 2 A T 8 ARSI, S HF
I PEZE 2 4 R ANEAG IEEE 754 FrUEMLE R, (B2, Fra sCEEiiNmA SPARC
SELAAE e R ZE A W s, TR RO UOE R E RO & R A &

(B —MMlsh: Weitek 1164/1165 FPU FAEAEARAERL 0 B O E L2 SERIBEN £, BT
PR IEMEAERAZ, )

JEAEFTE B SPARC ST EE L AEbRAERIZ . F5))E, SuperSPARC-I. SuperSPARC-II.
TurboSPARC. microSPARC-I 1 microSPARC-IT 7 f 8 7o #B A 3 v 1F AR Bt 58 2 7
T 1 o A R IE RS R, BRI, eI SRR AR E S . (W R I e b BEEE T )E AR
FRUERE A FROAT AT SR B 2 o O Rl ridE i A X LB AR B b AN I e Pk REBR 2R
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R T e N RS ARG, NS E R MRS TSR A, RER X
BrEHTZLR MM T e &8I0 N %, o DO 80 5k 5
ieee_retrospective () KEFFETRIFET IR T R br&. EHE s
T, Fortran F2)7 I ieee retrospective (). C Hl C++ FEFAEE H 2 BT 2 720
W ieee retrospective (). WHRHIL TILM] Fii, ieee retrospective() &
FTED— SRR AN R 1 v 5«

WE: 51K T IEEE VFAFHIRC:
AKEW; T
WS T HIEM, ieee_flags (3M)

MR PR T, ETReA BT A time v RANEFE P IPATREAT VH B, AT
T8 %R T 2 > RGN ]

demo% /bin/time myprog > myprog.output
305.3 real 32.4 user 271.9 sys

WERARGIN T CERE R 8 =807 B, BRI aeE T M fi K2 .
FORIXFEIG,  JF B Rz R e A OB o T s R v, 0T LS bR R U LA SR
R AEYERE . nlE I RO RSB ERE . S —, TR -fns b OXBERE 2
-fast Ml -fnonstd ZM—#B7) HEATHPE, LUMELEREE 8 s 5 FHAEPRAERIA. 26
=, WERECAE Libsunmath $EAEEHAN 730 R S HIANZE AR R HERC U R824 1)
nonstandard_arithmetic () &b HARFRAERA Cin R e 52 S ah) ik i
standard arithmetic () &Vk& IEEE 17 4. THIXLEE1 C F1 Fortran WA
B

C. C++ nonstandard_arithmetic() ;

standard _arithmetic() ;

Fortran call nonstandard arithmetic ()

call standard arithmetic()

EBE - i T AR SAR G W EE T WY R (R HE AP A AT P, DR AE A e
R A NG BRI MR ZE R, WS N 2 H.
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B.1.2.3

AEBRAESVL TN A AL A

FESEBUARFR RS ) SPARC ¥ ni ot b, i Ao 2 5 SR AR E IR A5 2500 0
FIRRGUAE A RRUE % . (H2, T RUUHIR I 95 2 I A AZ A AN S B AR pn v
P, AR SR AR T i e 08 SCHARR T SE0L, i L, SR h A
RIS SR R A AR LG, Ak PR 1T 8 B ok oA 1) BRI oA T s Ao

W RN 52 B AR BRI RE W0 10F RS SR (i, 2 I BRSPS AN
AR FESRN, SRR IEFOR IS0 » e i AR T bR vE TIEEE 551
IRl Dk, FESRHAEOL T, FEARRRERI N IS AT IRE I A7 gEMR I A S S 2B R A
A SR AESL P AR DUXFEIIAT A o BRI L DL 5 B0 AR H AU (K RE 1
FHRATE T 342 FI AR 1 s AT AR 27 DL IR 5 g 38 5

B.2

fpversion(l) BREL - A A< FPU {5 R

Hgmiege i KK fpversion AMFEFIRIRE ZEEM CPU JHAh 1 A HLZE A R G B
N4 BT . fpversion it #F:  CPU F FPU 265 briRAS BlHfi € CPU # FPU )
R BRI PAT IR L IZ A7 i ) AT DL P R R AR A, FEC SR A TR IR BT A e
(B, AT AT TF B B 10 O B o S % A1 B R AT 22 W o] 30 o B o Y o . R

fpversion AW EIZERITT; B AETEZET LB,
fpversion B EEHA T TN AL B -xtarget AU A K.

7t Ultra 4 TAE¥5 b, fpversion WondElun FRIER. CGXLef5 Bl GEEITHI B3
LM ENETE )

demo% fpversion

L+ sparc ) cpu AlH.

CPU INBHEAR KA N 461.1 MHz.

WiZ B~ cpu INEMERE 480.0 MHz.
WAZ s AR BdE%E 2 120.0 MHzZ.

KF sun-4 BEIEGISRA 0.

UltraSPARC 57 Al .

FPU MH KN 492.7 MHz,

fff] -xtarget=ultra2 -xcache=16/32/1:2048/64/1 {UIE - Az pliki.,

Hostid = hardware _host_id

ENERZMNER, 1520 fpversion (1) FMIL.
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Mix C

x86 17 A ASEHL

AT 53T x86 ARG T VT 5 5 06 2 x86 AT SPARC S 25 [l i

TR Sk 3 x86 (1) 80386+ 80486 Fll Pentium™ i Ah 38 2% L K7 Sk [ HoAth skl ik 7 1) Fe 4%
ML HE S . R B %% J1E x86 55 SPARC V& IRFFHZ, (HR T E AL A XA,

R x86 MRS I

m FEHAARMTEE N 80 . FRASVE VSR g R YRR, LAV &
ROTEH AT, -fstore & R/MLiXeex . HE, M -fstore &S
FEERE N

m RN B A A BROUURE LT s BT, R o B 0 30 U e i B e ML ks 2
AT H . DRI, INZRAA7 77 BT B BT -

m W R e A R AR S . WA AR TR

n AL fpversion AR

w7 REUURE A R S EEACRAE P mE AR GES IR 2-8) o BRIl H &
X NaN ISFEXT AR LS “ASZSCRFIORE N HUR B0 AR AR BIXAE IR s T 2
FAAEA— 2 T IR R AN S BB F A AR, DI EAT TR e 2 T e R N A
IR CBIIAE SR I e R ) sy A S SOoRs 9 A o ) et A — i
RUGRIFVFAR A oy — B (i, BRI C 5 union Bdl&it) o ML, 1E
R HBERE T, AN LK L A7
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ik D

What Every Computer Scientist Should
Know About Floating-Point Arithmetic

£ = ARSI (What Every Computer Scientist Should Know About Floating-Point
Arithmetic) ({F3#: David Goldberg, &K T 1991 4F 3 H*5 ) (Computing Surveys))

TS 2 JE W EDRRA . RRAUETH 1991, Association for Computing Machinery, Inc.,

ZEVF R EED,

D.1

i

VP NP7 I8 HOE — MR L8 XA A2, BOATE e LR ZEh 2
W AFAE N o JLPRERR 5 #AT P R m 2R I PC BN T ST UEAT 7 i N4 5
2 0 VE A% T BN B AT G VR VR SV iy HLSERR B, R ER AR AR ST AL O U SR
Chndgi D A IR o ASOR N S it — A0, 0 Ky e & v SR gk A
B A G RIS SR . B AR RF R R MR E T A, R
Ja VIR TEEE ¥F sibetfl, BoJa 1248 T VF 2 75 R0 W v AL AR Jld s o] B8 4 S0 KF 77
=]

\\\\\

HBIR LA (FED) C.O [WHENRELHL . Wit — 7584 %7 D34
FEHES |- kPIRE — A (0 G1.0 [ BN |- Wb — o EHEs, #
AT, HEEE (RED

D21 [ BAFTRE . Bk /MY — %5 D34 FUPRHES 1. B0 XAEE —
HX; DAL BERY | R — A

— AT H, Wi, 1BE

FoAt st 7/ im): ARRUMALEUR, S, WF AL TEaibeE, Wt TR, ORYEAL, NaN,
M, ARRZE. mARZE, WA, ulp, Fib.



D.2

Py

TR BRG0P MBI B e HU2, A7 G T TH I PR A5 B R R
Ew b, ARIETEERBHAER D, WEILF M — (Floating-Point Computation) ({E
#: Pat Sterbenz) LA . ASCHRUEEREA S 5 R G M HEACME s H (B
TRIFAZZAD G R B =M (X =3 A AR o F—HasE 2w “&
ANIRZE” BHERTIN. Wl 3. BREEAE FAT AN R 6 N SE0E (10 5 S e 5 A KAl e
HNRZE PRI TTE ulp FIAEXHRZN Y 55 B 28 #7118 IEEE V7 ribsifE, i%br
PR TE A s MU A A 1 5 7 s 2 52 o TEEE bRk 0 H5 S A S A AN T 0T RR e 18
BT 2 00 “EHEANRET WMATHMAE. B0 TN S S TR RSSO
PAEIPR e U KR =R 7 a7 N S ThE S Y I (S

VR TRy e AE A gy IR 2 B e IS D0 B R W AR, 3K 5 B0 O A WERE ™ A Bk
SORMIBEEATH AL W TR R TR B MU, CRILHE A TR e 1)
T, AT LIS B i DL PRI I Ay Si b, BEER IS T 2 BEAAE N
RN LW 25 AL B AL AT 5 0 WEARORARPHIER], W SRR E B W 2 5

D.3

\D‘
L= N R 7
F To 95 2 A7 1 SE B AW 26 o AT BRA B A Il BIMEAAAE C T 2 8%, £ 5
om0 S A DL 32 (AT R . A, TnERIRE - MEE BB E ML, A
RO EOT B TCVE AR B BB R R S b e . R, AN S B A
Hitfra N, UM SHEREBRHENT. SNRERFAFEIIME RS E. 35400 “H
KR ZER Ulp” F& 95 18 W G i &2 N R 22 o

BEAR 2 B0F S H A A S NR 2, A R I AR B ARIS = A 1 A N 2 L S r e B
KL, XEEERR? ZNWEEHFAETIZLES, 565010 “Ry 7 =40
V& R BNL, R — PR B AS AR IE A B S BT P AR AR 25 1) ¥ IBM A R R0 4
MR B, KT 1968 FE W LRI AT A INF] System/360 ZL44) [ RURE BEAS 20 (L
WORERE D HA R EAL) , R T A BT LA L. RTINS R B T
LR HAT I

IEEE FRifEADUBCESRAL ORI HA . e300 TR ol . BRAFIIIRINEER, JF
LRSS S APMA SR Bk, BTN -8 EIE R AL,
WX & THEHLI SRR TEEE brifE, TR ASEAIS ISR IB AL R . XKL T
FPIR AR R . AE55 10 00 RIS A MIZSE” P4 T IR A R AR T i .
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D.3.1

I Rk

CAFECT JURNAN A (0 S 3R 7R, AR 30 H 7 b b S5 7 i Ronike TR iR
TR AR B AL O E0D ARSI po W B =10, p =3, W¥% 0.1
FIRA 1.00 x 10-1. @ik B =2, p=24, WIIEAERFRTEEHIEL 0.1, (HEZEELY
1.10011001100110011001101 x 2-4.

B, BIFEARERRN £ddd... dx& Wb ddd... d R GRHF2, EHAT p M
To AL, +d,.d d, ... d, x B RARLH

i(qyfqp_1+“.+@%JB4P—1UB€40§dj<BL (1)

ARIEZERTEN T Ron— A, AZSEHT LR G A e IS HE 7R . i midon
A OCER I LA A S HUE B K VPR B R /D R VFIR S, W e  Fle . o HITAEAE BP

max mm

ANATREMIA T, WU e,, —e, . + 1 ANTTREROEREL, IR A8y DL

ax min

(10858~ €pin* DI+ [10g5(BP)] + 1

frdfiy, et a i +1 RS AL, SR, Rafhdn i IF A

AP PR3 BB BEVE A 7 A i B e LR BT DU R 0.1 BEH
BARERAAT IR, (H2AE 3t fh e BATERER &R, Bk, 4 p=2
I, S 0.1 A P F LI, P VF AN BEHE S AR S — RN L
(Kt %;@&itﬂmﬁﬁl Wt v, HARHERT B x B BN T 1.0 xB o ARSI
KBSy A AV SR P st DA S S i e AR, R Y B AE 2 20 10T “%”” A
5522 50 “ I AL AL i“ﬁEPlﬁﬁn‘ o

ﬁﬁ%%ﬁ*%%@*%owm,MnuwﬁmeNJﬂ%%th%W@ﬁ?K

T (e EHMEX (1) 1, dy# 0D, IBAZERIEN AE . 7R 1.00 x 101 2R
%mm ifi 0.01 x 100 WARZ. 4 B=2. p=3. e =-1 He =21, 1 16 M
17 S8 m@Dlﬁﬁ‘ﬁ%ﬁﬂhﬂﬁf?ﬂﬁﬂﬁ?%lm%ﬁ PRIF SRR
JFREAG, AT DA %R R ME— . BRI, BRSPS R R E D RO 0 R AR
TS 1.0 x penn=1, ﬁﬁﬁﬁﬁ%%?&?%i:%ﬁiﬁ%ﬁﬁm%ﬁ&%ﬁ
TF SRR o 3 K FR B AGAE k AL BRIy, RS HJ AT 26 - 1 AME T AESR
B, RO R R —AMER R R 0.

WVER, FABTH x RRRFEN 0, REFARKEEAR. x 555108
BN SCRB A% IR . i, FEIR (2.5 x 10-3) x (4.0 x 102) A7 A2 BANE ek

1. WA KIRIE R 772 71 26R 7 7750/ ¢ [Matula Fll Kornerup 1985 5 Swartzlander F1 Alexopoulos 1975].
2. BEARTE HH Forsythe Al Moler [1967] $& i, I8 3% #88 54X T IHARIE mantissa .
3. o R HES 20, B B AT BB 1 2e )
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D.3.2

& D-1 B=2. p=3. ¢, = -1. e =2 BHRHMLHEL

min ma:

AHXIRZE A Ulp

Rl Ry N AR ZE V7 AV S A R, BT AR —Mor ok kiR 22, X— SRE
B, EHEAEH =10 H p =3 B7F Akt KSR R 21D o WRE S
SIS RIE 3.12 x 102, I HUUICRRRS BT 145 02 0314, AT LIS # A 21 i
S —RLAEAE 2 AL ZE . [RRE, Wi s (0314159 FRonch 3.14 x 102, AAKGAE R
Ja—PLAFAE (159 AT R 2. T, WRF S dd...d x pe HTHRR z, WalrERE
—PIAEAE | dd...d — (z/Be) GH p1 BRI E . 4 S RIS ulp 5 FAAE “ L5 LIt %
RIS o WHRIEASTH A S5 B B o T IEM 45 BT S 8L A ek ol REAFAE .5 ulp
B 25 T V7 S A S e BT AR SE B2 T 2B 1 53— Rl i A i 22, e e W
Wz ZH LIS E T, B, 24 3.14159 LR 3.14 x 100 57 A= ) A %) it 2= 2
.00159/3.14159 ~ .0005.

BEHSOO N T L5 ulp AR R 22, TR S ST W] RE L IV L dodd..dd x Be T
ARIRI, RZEA[IA ] 0.00...00B¢ x Be, Ho B 2EF B2, R RUBINA M T E
p WAL, FEREMA BT p BALA 00 MR ZESE (BR)BP) x Beo KA TEA N
d.dd...dd x Be WHEEHA AR LT 7, (AHEAANT Be M B x Be ZMIM{HE, FrLiAf
SHREZAT (B2)BP) x Be/e F (B/2)B») x Be/pet! 2 ia). BI,

%B*ps %ulp < g[fp )

R, WRT .5 ulp PIARX R 22 ol BEREIN T B IS AT Pz tb . PR Foh 250 %
H. B e=B2)pr WEN LI 2) PR, R RS AN RIEIE T mi AL
I, A IRZESELL e (FRA AL ) AFHR.

76 B, ARHRZE R .00159/3.14159 =~ .0005. A T B R /INE, 38 B AT 22
FoRA—AE T L, e MBI, FEHHIT & = (B/2)B? = 5(10)3 = .005. Kk, xRz
RN (100159/3.14159)/.005) & ~ 0.1g.

PASEH x = 12.35 UL ulp S B2 2 AR 26 o B I X = 1.24 x 101, %
ZEHE 0.5 ulp, MW UEZEAE 0.8e. & Tk, BHBARET 8 Mt x o MFELS 8x =
98.8, M5 MHRE 8X =992 x 101, RZJE 4.0 ulp, AHXTIRZEVIIRIE 0.8s. BN R
FARFEARAS, (HUL ulp #rE AR ZEERFORK 9 5. W, S3EHCh B, Ll ulp Fr
([ 52 MR = AT i KIA 7 B B T80 . IRz, W LR A ) fias, BEiRZE .5 ulp
SEH R ET B HEATES).

4 BBz KT B 1 BN T B BIE AT, S A R LA 7 2 e R

5. (B2 ST VAR A, |dd..d-@pe) @ P HENmT |22z | rulp(z’). HFHE 22 0 S RS i 2 X
22z npe). -Gt
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D.3.3

D.3.3.1

e N R ZE (s TR LA ulp o B, & NN iR TF B 2 T — A/
TEEET 5 ulp MBRZE. (HAE, EHT A A SEUR & A RZER, AR
A T i AR B 38 BT “UEW]” EEATH AT ARG O] T ad. RS
T B IRR, e ARG LMl T S A IRIRIE T RO, P AERE B B ITH A
BLE, AR ZEN T K.

FEA RO AR ZERIRNBFIS,  ulp A1 e wf DU HAEH], BOVEATUE/ER T B EA
Fedte B, AEVF ROBEITRZEE N noulp B, IXEERAE B2 SN AR HURE logy ne WERIEANTH
SRR ZE 2 nes A

BT 2 ~ logg ne (©)

DRI AL

TN S W —Fh ot B 2 2, WEBILE N BREZIE T A
B WA RADNENERE K, MARETHEEBBM 2 LT e p=3, 2.15
x 1012 - 1.25 x 105 5N

x=2.15 x 1012

¥ =.0000000000000000125 x 1012

x -y = 2.1499999999999999875 x 1012

BN 2.15 x 1012, 77 pU A8 5 2 ] 8 A AT B 5, A 2 A0 A7 X L8 7
e REAEUE p, I BALBB/MIBESN, R2&E5H8T (SaAMP) . B4,
2.15 x 1012-1.25 x 105 4454

x=2.15x 1012

y=0.00 x 102

x-y=215x1012

QR SEAAMFEN, B RAe ZEAT R, ARG TSN WA SNl
10.1 - 9.93, "EHAR K,

x=1.01 x 10!

y=10.99 x 10!

x-y=.02 x 10!

IERE RS 17, BT ZEE R R ZE A& 30 ulp, 1 A —MNCFIIAIEM: 3% 1T LUk
EIE DN i

ER 1

T HSH B #p BRAREEC, FEEH p 2050 250, SRHIHN 25555 B -
I —FEK.
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D.3.3.2

D.3.3.3

D.3.4

UEW]

Y x=1.00...0 fly=pp A I, KEX x-y PRAHRNREREDB-1, P p=p-1. It
b, y HA p 87 (BT p) o WL x -y = B2 A1, WRMEH p it &
i, WAL Ty A M EC R a7, BT pPrle B, iRZER B P- B
PrL=82 (B - 1), MXEERBPB-D/PP=B-1.

M B=2 i, ARHR A SR —RER: 24 B=10 I, HIXRZE T AL RS B0 O f5.
B, M p=2 i, AR (3) BRSZEEMIAIEUR log,(1/e) = log,(2r) = p. W1, Z5Reh)
A p BT HGERRI ! BOE PRI AN CRPED DO R AR b, B, R
giﬁ&%%p+lﬁ?,%E%ﬁﬁ%%%%Aﬁpﬁ?oﬁm%%ﬁ&E,LW%

x=1.010 x 10!

y=0.993 x 10!

x-y=.017 x 10!

» I EEGUERERIN . A RARY B, 4R ARRHR ZE W RERT & (T 110
-8.59 1),

x=1.10x 102

y=.085 x 102

x-y=1.015x 102

NN 102, SIEHISEE 101.41 L, HIXHRZEHR 006, KT e =.005, #%, 4%
FIAINT 22 HARELL € RS K. BEARERIRI T VA2,

SEHE 2

IR x Fly L2 EIZH B I p AR HFRE THRE p + 1 27 (Bl — MR
PENL) PTTIIEIRA s LGRS HIHIN ZARZESG D T 280

Ve BDRAE RS 38 0 “EARZE” R fE LIAE R AR TnEIE S, B x My
A LU IE el i A

HH

FLUKRE S5 B0 AEAE R B RS DL 0 R AE YN ARIE B2 [0 AT ki
AP R ZER R K. BeF L, WNOEHEIEHE (ERA MRS EELZ
[RIBEAT IVEIZ S AR AT 0k SR AT RE ™ AR BRI AN R 22, LR A Ay 42
KEX GEH D o WRAEP AT ECZ RIAT L, A3 A 5P ) f AT 25 s
DU AR AR BRI o AT LA PARRIRI - PRI AT R AR
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A PEACIHT R A AR S NARZE I o filtan, A ko R Qb th B T3R8 5 b2 -
dac. it b2 F dac ZH NRZEWIENL), FACATRT SAHEMNLE R Bk elildN
AR T L RIS T R A R 2 R LE .5 ulp Z . e AR, HRIE AT
e TEF 2R, M FZaNRERm T . Bk, MR ZET R
WEZ AN ulp. LAb=334, a=122, c¢=228 Nfl. b2-dac KIKEHHIMESE 0292, {HZ p2
BAN 112, dac HANA 111, KIERAS RS 1, wER 70 ulp (HIfE 11.2 - 11.1 1
R a5 5T . 60 WIEIEHIFRGINATATIR 2, 12 o H 56 A R S b oI\ i
%,

RAEFETR ARG QA B 2 RIPATIILIE S0 . Widf x Ry AT & NRE, WKl e
B2 WTHN, AT RS BAT RS S, B A ZEE x-y AR IRZE SRR N ORT
2¢)

A, RIS PR 1 2 2CmT LA o B (1 Ok T R b 1) . FRATTIE R B IR
A A

_—b+br—dac = —b-H —4ac
Iy = 2a » Iy = 24 (4)

M p2%ac, W B —4ac Aep=A4KN, mH
Not—dac= |4 o

BRARZ A5 IEEH GRIEIES) FEA B . TR IR R L,
WS r, 09> T RIS EETRDL

—b- b —4ac
*F 7, HATAIbE, 135

2¢ 2¢ 5)

= ’]” =
—b- b2 —4ac ? — b+ P2 —4ac

R B2 » ac H b>0, MAEHAK (4) W r A5 R0 Btk A 6) 5 ),
MR (4) WS e SJr, W b <0, WHER (4) S5, A (S) I s

Pk X2 - )2 BERHGHEHHE I S — A BET A (- p)(x +y) TAKE. 75
KITREAF, XSt B RS dakis 55, (HRE RN KRR (A&
ANARZE) 5 MASEBPEARN « KHAEEE 2, x —y HIAIRIRZE BN 260 X T x+p,
IR IR . A5 P HAT BN R 2 SR I B AT, 27 A4 B AT U/ 3R 22 ) e AR
GHEZ WS 38 T “EHARE” T .

5

6. 700, MMiA2E 70, B2 .1-.0292=.0708, LLulp(0.0292) FI/RIJi%ZESE 708 ulp. - i #

7. BARSGER (v p) (v +y) AP EGHEIRH, , WURFFO LU R AR —, JORT R B LL o2 2 R %
X» JERX Yo ABXFSF, (c-p)c+y) T SA AR, (A x2 - y2 FT AN B AR 2, D i 522
Y2 H IR /N IR 2 ) N 535 AN B 5 22 11 I8 5

Mz D  What Every Computer Scientist Should Know About Floating-Point Arithmetic 7



D.3.4.1

Sy REGLERS T 5 T SRS, BRI F &Rk, x 0 y Rt el (A
TN, i x -y Fom x Ay BOREIZE(. KB, ©. ® 1 @ 205t 5Ern
s LR KT REBERARRE T A, W LN (x) 3 SORT (x) » /NG REMN
PGB RS FOR IO B, W0 In(x) B Jx .

HBR (x © p) @ (x @ y) 5 x2 —y2 WAHBTBL, (HEFF R x Ay A5 ] REIT ALY KELE B
SHCE: x My o B, x Ry TBERERERR O HRE R, HOGE A bR iR R
FERXFIESL T, WA x © y 5 x—y BB, HE9cRER -y MLk, gWiia
BURHIARR 3 72, P (o + y)( — ) AR 32 — y2 (AR A B2 T PG5
(o) - y) B 22 I TARELPARE, P DAEIXR S B0 1 58 ) 2 ik 1 8
o RMAEBEEOL T, WERCRES PR B Oy R 7 AR BRI T4, A Xl
WAERAMELR N, ROV (EAEZ) MU HZ, RIS ARG
(K1, SEARBRARN CAnE kO b ) R (AR o A SR 2ABUE SV R RN
FERERA, T HAT AT R .

A 2~ 2 (LRGN (v — )+ ) IR, B PERG B B PRI 7 5 4
B PR PEIR A SR, IR AT B, DML PG

MR A HEH &L av b Al e KRR, WHNFR:

A= Js(s—a)(s-b)(s—c), HW s=(a+b+c)/2 (6)

B =MGAEE T, Bl axb+co A s~a, AR (6) TR (s - a) WEWH LU
%, o —ANATRE T & NRZ . B, Wk a=9.00 b=c=4.53. s [NIEMEHN 9.03,
IEH 4 K 2342, AMETFSEH IOME 5 (9.05) (KR 22 14T 2 ulps, w5 HHIME 4 4 3.04,
2N 70 ulps.

TRk LSS AKX (6), LMEEIRERGHE R, 20T FHE = AT
[Kahan 1986]. EfI

4= dlat (b c))(c—(a—b)4)(c+(a—b))(a+(b— ) @)

W av bR e ML azb2c, WAENH (7) ZATEKEAMIER4. 7 (6) fl(7)
A I A SR ARHE 2 — TR (A 2 1 A . A B3k av b F o IO A5 i TS TH AR
& 235, HRZER Lulp, WH—ANARZREMM L.

TR, BARAR (7) L (6) TG 2, (HE TR (7) AL E TSI T AT
TR B Vi

EHE 3

[ T 7e38 A T IR HATHY (e <.005), -5 HI T e 1/2 ulp A, FrelfE
VAOQWE SV VAL A A=y O IR
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D.34.2

At e <.005 JLTAERRAN LR VR AR G AR B2 . B, M p=2 H p>8 K,
Ak e<.005; B B=10H1H, p=3 CLE®.

fEdr i CAE B 3) e RIE AN R ZE I, A RIS AL AT s S 5
R, AR 2292 At dr DU 0K 0 A 1

SQRT(@a @ (b @) ®(cC@© b)R®(c®(a@O bh)® W@ (D © )4 (8)

BT (8) BN, AeBMRRPIRATER XM E R o/ F7, mAESRE /B
S E.

RZ TR RAEW RN £ EREA R, (7)) WiFEAEZ 235 5 H%H
2.34216 AHEL, MIFFiRZER 0.7e, XL 11e BNEL . HHEREZE R R F 2R R LR
FEREM IR, AR50 2 S 75 AL 5 U v A

Rt ATELECE ] RGO RIESE (1 + 0 b r« L o BRI
HMBE R DURETOKE 100 SETnfe A —NHUTIR S ], JLEERAERT 6%, BER
FERE . W n=365 H i=.06, MATEFRE REAEH N

(1 + j/n)n— 1
100—1_/”

FITCo WHRXEMH B =2 Fl p =24 HATIFH M, ML 37615.45 70, SKif
259 37614.05 £ oA, ZHUCH 1.40 L0, SEULREFEIRBHE ., KEX 1 +im
B S 1 A .0001643836 MM, XFES TR im WA . ¥ 1+ i K3 n IR, ¥
¥RENRE.

XS NI IIZRIE R (1 + ifn)y WTLAECS g entn(+ i) PLLE () 1) SR AE x B8N B
THE In(1 + x)e —FPTVERAEHIEM In(1 + x) =~ x, FEIXFMEGL T NS 37617.26
JG, ZFA 3.21 i, EEEAMA XA EMPA SRR 22, B Mok Lk
WS E In(1 + x), WEH 4 P [Hewlett-Packard 1982]. 3 AL A WA TH B 45 51
A& 37614.07, REHIMEMR ZZRFFAEM LT Z N !

BB 4 B LN (%) JELT In(x), HRZEAE 12 ulp Wo ERERIIAEE: 2 x R/,
P

LN(1 @ x) AMEET In(1 +x), FR 1@ x 7F x PP ERTHEE. BElEi, 72T
THEOLR,  In(1 +x) BITHEA AL TR x« 1.

EH 4
A2

X WF1®x=1

I+ =200+ 0 wF1 @21
d+0-1

Mz D What Every Computer Scientist Should Know About Floating-Point Arithmetic 9



D.3.5

T In(1 +x) KW N, 08 0<x < 3/4, WlEG 21T REA (e < 0.1) #ATH,
H In BIFETRZEA 172 ulp Z . TN RZER A S

PEASGE T x AR, EIE x«l 7K, XKHEMS AR In(1 +x) i BUSTEK
TS o BARIE A B Rk T AT SE AR, ELE N TRTSR AR l mT DA D K A
L, K In(1 +x) BA

X(ln(if‘ﬂ) = xu(x).

AP THS 2N T, AR 1A x ARIE AR F wix) = In(1 + x)/x KAk
e N 22, SR, JLTPRIEER, B In(1 + x) = xo B, RIS x A5 AR
KirZE. BAaiEde, W ~x, tFH xu(x) #5 xpx) =In(1 +x) BAEL. ZEAFE
AN X OIME, RS TSRS Y R X+ 12 B ZEE x=010x) o1, BAf
MiZEE 1+ X% 51 @ x 5e8M%,

T DX R BV GEATT R B TR e EURS s DA B A CRAMEHRTE)D IRE T
FEIPE . A, T DOE A RO SR S T AR A R A, USRI A S &
PIBAERG I H2, KA ARS S 2h AT ki SN e A e . A PR3P 2k
SIS IEA TR, B e AU ESR G IR N 5E —47 . KT 54 700 BEInvkss, ¥nim
FFAE DT 2%, R Hunb Ry, S eirir28i: (nat 6) kitE =M
TR ARIE R In(1 +x)o BARZ AT AR RS, (2 — i 5HnL Can
Cray R40) WA R EAL .

Rt N is 5

FEAE ARG B BEAT VR RIS S, AT B RGBS 780 AR B (7 U BOI e K
o LA T A BEAT R3S S HR N A0 Ar A )2 5o 8 R ARSE B 2 2 i i) o i A
TRAPBALIFA B RS NI R . b8 T TR B A R 1EH AR
ISR o A4 Y SESRORS B 73 N ISR

FIH AT AL, AR AT A E o 8 NEIRUFFRAR A, B ] <8 N\ v i) Hi A
A NBETFs B, ROZE 12.5 S 12 528 132 —A2EIRE 10 ML s,
{0,1,2,3,4} i RN, ff {5,6,7,8, 9} I L N, BRI 125 B AN 13, XL
Digital Equipment Corporation VAX L BRI AT e 75 —22IRWAA: HTLL S 45
FRIEA TR RER S ANECh T, [ NS B AT E . S — R4
R 50% FAFM Tk — fBESR A N R BT R . e 12,5 Ak
12 WA 13, PR 2 & —MEE L mmsei 2 m i r, 2&m EENEEENN
H%0? Reiser 1 Knuth [1975] Ml [+ A5, 44t T DU N EE .

8. W WA EAAMELT s — G
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D.3.5.1

D.3.5.2

EHE 5

W& x Fly ZIFm#l, HEK xy=x % =(x, 03 ®y ...x,=(x,, 01 ®y. YRIE
HEHEA G HE G ZA © Fl ©, ;?/J’Z)?ff/?‘fﬁn, X, =X Xff/?‘fﬁnZI, x, =x. 1

R T AL, ELL B =10, p=3 A, 4 x=1.00, y=-555. HITH EHEAN
1N AR TIPS

X, © y=156, x,=156 © .555=1.01, x, ©y=1.01® .555=1.57,

x, AR ESLEHCKE N 01, HE x, = 9.45 (n < 845)% Ay ibo (R4 & A A 3 HL 15 10
T,x%%%lm SR s ZEAE T LA AR, H 5 T R A Wi i LR,
TR R B, SRS A 2 A W (BN AR A o ACSCIRI LA B A4 5 11T 4 A
WA,

FERf A NN 22— AT 2 MRS RIS 5. A PR AT E0] DRI i KRG S . — b
JTIEAL MR B P FRRIF B RAT B AR o3l R, IR G = i
T AL B LSRG GURE AR o B A 0RE S R P A S B R O I S R A
B, AE LR UGN FRORS B2 1) B4 ot 3% DU VR A i R 7 mi B AR R IHR 3 — Fhy
o AT RBI A M OL Rt T BT R 005 5 g 5 S0 AR, ER 8 2R
T AN IE 5

Eltt%/nﬁlﬂﬁfiﬂ’]%’ﬁéxdﬁ\ xy R AL AR ROINECE AT 5 x Ry A RIORS
ML x My, ATRMEEIX — . WE x=x, +x, Al y =y, +y, WRHIRH A

=Xyt Yy Xyt e

WA x Ry B p CEH B8, WA BA p A8, HAME X X,
Vi MTuﬁ%wmhﬁﬁm épmﬁﬁﬁ’ﬁﬁ%&ﬁ*ﬁmﬁﬁ% Hoxgx, ..
X ATEVER xox x o, A0 .. Ao 2 p TN, %
o s A WE,LﬂﬁﬁﬁﬁTuﬁHﬁ%U B, W p = 2, p=5
Hox=.10111, JB4 x afLARS A x, = .11 Fl x,=-.00001. F55HH 7 IEA 1k —Fh .

T 5 T ELIOHR 53 J5 1002 th Dekker [1971] $EHI, {H'E 75 B2 A A HLAT

EH 6

Wi p ZIFRHTE LA B>2 I p ZIHE HELIF R ie 2R AN W4,
AR k= [pl2] BHEHT—F (FLEAD Hm=Bk+ 1, WEJLLFF x #7724 x =x, +
A

x1; =

X, =(m®x) ©(m®x © x), x,=x O x,,

I x, A2 A LU [pl2] 1245182 -

9. Mn=_845H, x,=9.45, x +0.555=10.0, 10.0-0.555=9.45. Pk, 4 n> 8451, X, =Xgys0

Mz D  What Every Computer Scientist Should Know About Floating-Point Arithmetic 11



D.3.53

D.3.54

KT AERB R e PN, AT 4 B=10, p=4, b=3.476, a=3.463, c=3.479.

WA, b2 — ac LE NN BT F s BUR JE .03480, T b ® h=12.08, a ® c=12.05,

Ik 52 — ac FITHEAE R 030 XA, RZEHE 480 ulp. HEH 6 45 b =3.5-.024,

a=3.5-.037 Ml ¢=3.5-.021, b2 AT 3.52 — 2 x 3.5 x .024 + .0242, FFAMPHINEH
KEHIR, P p2=12.25 — 168 + .000576, JLIFRIFFHAPRA, KU, ac =3.52 -
(3.5 x .037 + 3.5 x .021) + .037 x .021 = 12.25 — .2030 +.000777. )5, HXPDEF)ZE
TRAHCK 0 @ .0350 © .000201 = .03480 ] b2 — ac Bl THE, &SRS AL R
seeME. T U EEE 6 ML BRI N, W& p=3, p=2, x=7. W&, m=
5, mx =35, m ® x = 32, WA AR BT HATIEE S, WA (m®x) © x =28,

B, x, =4, x,=3, HLEH x AR [p2] =1 %K.

VE TR A NI S — A7), B 10 B mo 45 e — AR AL — RIS FBAR
ST m/10. 24 B =2 1, 10 3 m/10 ¥ J5 m, SAERAEH TRfa . bR, —
AN D2 (1 Kahan 32D 2 EHE . HAEWAES 90, (F A0 A Y
FHEH T UL EEN SRS 14 70 “IEEE FrvfE” 2=,

EHE 7

UGB =2 W, WEm Fln ZES, Hm| <201, n AGHAEAn =20 +2, H4 (m
Qn) ®n=m, FILIFHEFZIIHTAL.

UEW]

WS 2 RIRTT AP AEAN R, KO SR Fe 4, A SR A R i
g =min, WAKEZLCEIG A n UME 20 -1 <n <20, FE3EHCBIAECA m DME 1/2 < g < 1.
Bk, 27-2<m<2r. BR m BAH p ML, FUSE R A MR A — 0. &
Bom PR SRR EAREW, Kb g > 0.

WRG =m @ n, WU E BT EA45 3

|ng—n <

©)

W=

RIEUNAE R R m 2 B 1AL, DI ng B8 A me h TAEEE |ng - m| =
/4 IR e B, SRR, T WA RGN m HAT |m| <20 -1, HARALRE 0, Db
CAETR) m PARAL A 00 DAL, RIS BL & A m.

B g=.q9,9, ... HEKq=.q4q,... q,1 BASE ng - m|, TEEICIE

|g-q| = |N/2?*Y-m/n|,
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Hh N R ATHEER W n=2i+2 H2-T<n<2, TN THEk<p-2 &
FEAE n=20-1+ 2k, Ik

n/v—2P+1w‘ _

lg—d =
H2p+1

@P-l-kypy_optl-ky
H2p+1—k

TN, AN N —ANEE, FTUAkE BE R AN e B,
| g -q| >1/(m2r+1-k),

Bt g < g (5 g > g BIEBLEIMED o 0O BA, »n

@<m,

|m-ng|=mng =n(g-g) =n(g-(q -271) < n(fz—p_ : —H“”Zp:1—kj

=(2p—1+2k)2—p—1_2—p-1+k =

AN

AR (9) JFUE] e . 110

HEDR 20+ 2 B0 B+ B, MO8 B TATAT AR B #O2 L. (AL, BEA B Y4
Ko B+ B BB ZE (RO

FATBLAE T LLPI R LAR )l R EEAR RIS LGN LT R R R AR 22, XA A
KA BFFRIEMEA LR, B IR (1 5 A2 S BATT AT LAIE I 2 AR B AT BN
WML T “IEMK” .« AR E, %6 i “Hl” HATRHe T LR AL, Tl
ity LR EL ME PR IR S R . EE, R 2 s A A 2 A i ) 7 SR 1Y
e, MasERL 3 RUER 4 B BRBIA T 2T T o BEE: QR x Ay (X022
ERCR I A RYEIRY x — y ATREA BRI (H, RIMERT T AR 6 (10 s
Feifis St A s OO IR i as SE AT T U IR i G 3R (e BE 6 AERE 7 vh
PR IR IAREE R R ) o BIAEARRANIF Rl AR SR A SE PR LI L, R afhis STt A7 T 11

10G5TERE, AE L ¢ RAESET g . —dmi
VARG B i ROERY REBIAGE 2 I0REEL. - gl
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D.4.1

D4.1.1

IEEE HrifE

T EAAWAASE Y IEEE ArvfE. IEEE 754 J&— A TiEHBIFRUE . X T 8AKS 8, B2k
B=2. p=24; XTXHEL [IEEE 1987], ‘BE K p = 53, ‘©IEF8 5 HORS 5 FUBURE & h
P B RS TAT )5 . 1EEE 854 o p=2 8 B =10. 5 754 R[El, CAIGE WATH T S 500w
A7 [Cody %5 19841, 'EANTE p INRFEAE, 1A RS FIXORE FE 3R 25 p 1 Ao
VHEMZA R . ETHRIX I MRER A SL B RN, KA FHARIE IEEE it

AT EA 4 IEEE brdfE. &AM HE A& AR HE R — AN D7 T, BLRCKE I 7 T e ok
BRI SRR o ASSCI H A8 3R TEEE bl v] REM S 7 b, 1 s JL 32 Ay
RERAE, HNHEWHE. FXFEAMES, EERIXERE [IEEE 1987 ;5 Cody %%
19847,

A Hie i

AL

IEEE 854 fLVF B =10 MBI E 1 2 Wit o AATTo A F AR5 10 SR AT 2% f& 4 v
M. B =10 LIHIES FIHHE, SEANISSM SR h v S as DLt s

IEEE 854 %K. W REEEAL 10, Hiid 2. ERXFFERA IR 5 4 50 “AHf
SFARZER Ulp” #3280 T bl — AN 5N 24 B A2 2 IR 2EHT 0 45 RS o, A
HATAIX IR ZEVH S .5 ulp M AR ZE4% B IR 7 A4k, 1y L3 A 22 (1 58 22
XM LT IR 26 02 PU A a7 B it v g s DR AR 5 R SR A RORS AT 6. AL B =
16 p=15B=2. p=4 NBl. XHANRENH I TR 4 i FIBE 15/8 1545
B M B=2M, 15#RRN L1 x 23, 15/8 $rkmN 1111 x 20, Rk 15/8 X5
o {HA, M B=16 1, 15 KR Fx 160, i FIREER 15 (- NEH%7. H
A 15/8 BRI 1 x 160, & RA—AIEMA . WH, 58 16 Enl Bk 3 6L, FIRE
FEA p B N3 E 7 B A SOS FEIRE 4p - 3, AR 4p A 3R BESR K B
EAFAE XSS ) {1, 44 IBM A3 system/370 26T p=16 8? RA IBM A 4iEfid)
JRA, AHEE AR RN o B — AR TIRE0EH . system/370 FIF SRS RA
B=16.p=6o BUILHEHUEFTE 24 A1, B IUEN 32 17, BTl AIRERE 7 17,
SRR 1A, XRE, FTRREE I NERE M 16-2° 5] 162° = 22° , HTHE P
=2 ISR TR EGE R, T2 o M THREGH 2, DU RT3 R 22 47,
B2, EHRIRIEFEH: 2 B =16 I, ARORERT MRS 4p -3 =21 i, HREMZ, 4B
=2 B, AT RESRAF BSOS B CE WA A3 5 T S s ol BRIk B =2 135
HUEAT 23 ANKERERL, 10 B =16 WS ALNEAT 21 - 24 ALK 5 EH
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D4.1.2

YEFE B =16 BT IR DR R R 560 AN ABOIAT NS ST, SR
(R RORIF], Sorh— AN OB W AT A 7 A A /N B OB 5, I AR A2 3 3
EB=16, p=1MAZLN, 1815 ZMEPTERTHELAMIFKIEE, PrLixgai s
RS AN RS R O AT iz 5, B () = 105 ATRERI T, AT EHATB AL H
ey TE B =2+ p=4 MRS, XEHIEHGEELM 0 ] 3, 105 % 70 X 2 ik
TR

T ILA RS BRI, i S B 3T S0 7 R B T S B M RE T LA 22, i
B = 2 {0 /INE B H e S AT BT B = 2 1953 AN AR AR A AN
AL o 12 DIV SR A BRI, T LA O O B 1 R R 1, BCRE AR I
TR — N AR o BT LRI (0 X AT ST . 658 3 50 “VF A X7
EZIR I XTI 0 TR E. BRSO e~ | HREL AEIY
T AT

1.0 x 2%in™ ! i RER 0,
IEEE 754 SRR 32 figmtd iy, K 1 T4 5, 8 M T4a% 23 M AR

To AR, B AN ERGEAL, AT 24 47 (p = 24), BIAEEDUE 23 A7
AT g R e

K

IEEE brifte ST PURIAS R ORE I HOREIE . RUREJE . HORGEd E FIXURS 4™ e . 76 1IEEE
754 v, RS RERURURS B K BIO6 R 1K 2 80 SRR BT AR (RGBSR A 32
PEF, XK BE AT AN L1 32 7o 4 R FE Je—Fh 28 /D B At — RUAA RS B RN 2500
Flf# 0 (% D-1),

% D-1 IEEE 754 #% 2k
test

B8 RS BAEREYR WEES EIER
p 24 > 32 53 > 64
. +127 > 1023 +1023 > 16383
e . -126 <-1022 -1022 < -16382
R (B 8 <11 11 > 15
A (B 32 > 43 64 > 79

IEEE #r#EQLTE € HERG RESR L2 DA BUIMEL I T S o FoVF (1 5 N XURS L9 i A 3 I
Ay 80 Arf%C, RAF ERBIREATLAEH 79 7. JRERUE, 57 FE R RE A S 3008 5 A
AT RRGRAT, IR 80 fr i AN 79 fir. 13

123X B0 F 2 15 56 1 Goldberg [1967] & 211, JL4% Knuth ([1981], #5211 50) K5t J79% 43T Konrad Zuse»

13.Kahan W\ b, ¥ EREEEHAT 64 17T 58T, A IX & 0 LLYE Intel 8087 b NI InAG A I 8] () 15 B0 R4 3247
L% IR B 55 K5 1 [Kahan 1988].
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D4.1.3

GEMER Y RS BEA D 2 B, PO R A SRR BE AR AT i 8, (EE S R i SE
D SEFFR DL T 1T 1953 BRI g ..

16 YRGB B — A Eh Kk BB 2% . WH T E R BoR 10 £, BELENIBEE 13 7.
R ER 13 A2 10 A7, TFEISAEH P ERBUE —NM% 10 SR SRR, &%
S BT . IEIEAE 10 AN TFEE W expy log Fl cos Z KRS, HikF
AR, CFHEERILNIIML. AR BIXFE— AT AR BARIA R, ek
BOTAMEFIRZE S 500 ulpo. IXFE, A 13 AL THFE AT USRS 10 A s R, 18
TN 3 ALK, IR R AL T — AN R SR AR A

IEEE A5k rH i RS FORE AL ] Al e ] L ot - S 80, LA (B0 kS
FEMIRZEAEL) 5 ulp W, Do ERTISSE 2 (R T B it 17— AR, B RN JEACER AT
CANE 2 fi] B (¥ SReVA 18 S04 2 X0 B D A iR PR Al K20 4E .5 ulp IR, fH
&, YRR N, B ORE A BB AR . B, fEvkSEas b, W
RGN A B AR s BeAT 8 AN B S (BT R ARORS B, IRt 2D s S 1R 45 OB B g 1
SRR AL, I LGP ORGP 2 AN T T o

UL IEEE 754 SRS 545112 18] 1 4 46 1m) 2504 ) Sk gk — 0 UL RS % o BRARS 0L F
W FH R A B R RS B, DMEAE s T 1 S Az [ml i v AP ISR 2. &5 2 9 A
AR L DAL RS A GE S WA 46 TU “ kI BRI 0 R 5
1) o K HEHIEC A R e — EERIER ORI, ANE 1 ulp B N IR ZE RS B A
A X 45 B R I &5 o 302 — By R B T U R G L G L. (SRS
PRI, ArAE P aARE R R s, e nT DOR - R AR e o Bk S R 1
SR 9 AN HERECTFAE B N N, BUE/NELS . fE 3R D-1,p>32, BN 109<232 ~
4.3 x 10°, N o] LI SORS JE ™ RGBTk, BT N Tl iiE u s 107, X6
Je I HI B R L R CBIH AT 1R B 2 N EUT I B AL A . T 1081
|P| <13, NXEREHRRM, K2R 1013 = 213513 H 513<232, I )5, ¥ N Al 1041 A1
Cans p < 0, WPEEATAEERD o W o X ANs SRR HEE T 0, WK T B s B2 (1)
THEHIEC B 46 U« HE 012 IR A 5 43 U0 I e A AT S S AR IR (BR
FABRD o PR, XSF 1P| < 13, AFA SRS Y Rk 2, mTLAKE 9 A3k s B 4 o i
() BRI CEDRS R N B0 o Wi (P> 13, USSR B2 e A 2 LS B3R Sk
LTS R A NS ) B E, {H)2 Coonen [1984] 1IEWIIX & DAARIE G4 i3k il
A /S i T SR < L B AR Gl o s - o

WIERSCRPRURT I, ) b SR 300K LOSURS P i AN A FORG RED B AT,  (ELA g MUK L e 4
17 (S E A 0 [P ROH 5 ZEXURS B JRe A% 3

A

R R Fe o] DU IE S 0 5, B A AUE TR kBRI 5 . B a /S 8mm
M AR S  R/ANAL 2 M. 555 / K/ IEEE M H A /A5 1 &
4. —MIHTENFG S, ERAHREREI KD 2 PIAMED R IR E F 7E s H
%ﬂﬂo TELLTT S, JEHE [-20-1, 201 — 1] WIS T 2 LA 20 B &5 R0 /N E T
TNo
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D4.1.4

IEEE 3R HEAAL HI L P (AL — D5 iR R 48 8 M SUT A B T3k R« AEAE
FURGRERUIE LT, SRBOL 8 fiAEfE, (RS 127 OO TRUREE, "2 1023) o XU
o IR kSRR N O S BN R B AR, R R AU R U & — 127 I H AR
A A£G AT R A &

I\ % D-1 ALLRIE, MR e = 127, e, =-126. JC e, | <e,. MEDIEIE
(1/2°0in) FOBIHO R b3k AR KB S 2 R R sl (AL TSkl A -
P, 414 0 KB MR T o, - | TR 0, 518 5T HRBREE” 540
ey + 1 A&, 15 TEEE SR T, SCRERAS i B HN T e, — 1 =127 Al e,
ST 128 20, TEMHEEA T 0 A1 255 2 GXIELHRITBME' 8 261k 51
5 .

B

IEEE FafE B RAFEHIA A0 Jk 3. BRISER. Wt ul, DA R, RE
NN EBAER T S GRS ANBED « 55 70 “URP5hr” #a4at: LPANT
RBRIRBE R R ERN, THERXHANE SRR ZES AT S AR K. &l
TR BAL, EHRAE T —FIAE R ARR R 2Z RN RIS 2 s k. B2,
BRI A BTV A S B S S ORI 4 R T AR S R . Jil
SINEE ZAMREPBALFN S = A #AA,  wh RES DA LE S AR B B o i A 1 224
HREE SIEMIFR, BTG R T R 2 1T 8 N [Goldberg 19901, iXA¥, AT
DL A St AR T

SEATREHARB RN T SRR B . S DM RPAEN ST
PLZ A% 5 HaX Wy & T LA SRR IBEE 18500, i RAE R b (e 45 R AN A], ) —
SER TR R, A RIBE S . REHRE K )P mU2 e AT R I B A
Dy AT o ATRTE R NE W] CAE W R ME, JCEAMALBE 2 P Ia ST A (K 2 Rl O . 1E a5
FEFF (A2 aT DAEW ), V7 s PP B IR A P 2 ol DOIE I, A IR S 00 T 22
UL S5 RN NIRZEAF A e T IR e B 4 g2 XA MIEW R RS 4R
PAERL I IE S, Bin] DX UE I R 515 2 . — HIACR SRR WX+ TEEE 8511
i, A2 eFAE SRR TBEE ARUEMATAT P EHL B IE# T A

Brown [1981] B & T HIF SN AR, XLENMARE KL PG T Sl ff, HE,
TR RS R B TCVAAT S 56 6 0 “HRWH 7 FIZE 10 70 “REfia ANBEs 8 o &
%, MR BN IRE AR T A b BeAh, SR e SURBHIAT B3R T8 A
Kz 5 L, Brown FUAHE & 4. Kk, M Brown f)/HUE W & #HIE %t G EIE
BT R N T TR W A TR IR

TEVE SRR UEN %05 SOMFLLiE S — 8 b, BESE—SEN. BRTEREBSE +. -,
x F/ 24k, 1EEE brHEETRE IEHIS NT R . R B CL SOV B 2 M 3. &
R IE A N 3% X T B TR e CHE® KRR 4M) o Kulisch F1 Miranker
[1986] & i U0 W RIS N B i Fis 2 1M ia 553 . AR S 3], 7€ IEEE i H i3 W
TR e 2 85 I 5 E A 8 I 2 ZEmTREAH 29 K. B dm, FLZ ARG — Pk od, F (2 x 10-
30 4+ 1030) — 1030) — 10-30 JE4FEET 10-30, {H & LR IEEE ia ST SML Bk 585 ok 2
-10-30, 7 T bl SEER R T e $5 o FH 5E /D AR TH SR ZETE L ulp NI IR, X2 RTRE I
[Kirchner A1 Kulish 1987]. 1415
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D.4.2

FEARE R T B (K T 18 SR TR ER B A N, (BT RN B TR (R e R Ah o TR BRI
K NI B S TN CEHERIN o 3T, O I s A 30
YR HE I 4 B EURE A N 1) 45 S FH ZE [Coonen 1984].

IEEE FrUE R A 26 A H9 0 &0 AN B SRS i e N AR R R £, 0 T X — i, e S EAE
Vi 4 frfeBei k. M4, exp(1.626)=5.0835. Mi%f e 4 A4 5.083 it/ 5.0842 U
A A, W5 RAR Y 5.08350. SRJE AL 5.083500. AR5 & 5.0835000. K4 exp
FERHER L, FTLAEER) exp(1.626) F2 5.083500...0ddd & & 5.0834999...9ddd 2 Wii%il
PRSI EAT KGN R o DRI, i 0 60 R 25 00K 5 5 e T BRORS 5 v 5 e T A T AT
PRERE AR AL 55— Mk 2 N GE g e B 3. (B2, EFrailitt
ek B TAR RAF AN AL R AAFAEN . A ELET . CORDIC, 16 AUKERZH T
AL BT S R B = RN R 5 . AR VEE T TR R R R ORELE,  H RTiE
WA — PSR DR 2 w2 R ez

4 b L
SRR/ e
OB SRIAE I, AR BRI RI0FE S TBM System/370 i AL PR

—APle F—T5 T, VAX™ R e DLR IR FR Ky AT FEE S R B, X — 1
AERHEWIR] CDC 6600, ‘& HAG R FFKEGE INDEFINITE Ml INFINITY {745

IEEE FrifEgksk TIX—1640, ©HAT NaN CAEED T K. WAL FAT TR ik %
i, AR R oL (B ez 2 SO PO i, ARt 8D 1 k. (8
IBM System/370 FORTRAN 1, Wi i 547 EL (Ut -4) ({77 AR I 8 S 5 B0 R
ST o PR B P B AR R — AN RE T DL 5 AR AR TR — 5 S HE AT A
¥, %F System/370 FORTRAN, R[FIff)/E =4 = 2. f¢ IEEE 88 b, Jehful Mg
NaN.,

IEEE WUESE T UL TRiR(E (ES & D-2): £0. A MEALIKIE. 1 Al NaN (i
T TR, AFEZ A NaND o IXSERP R e +1 Ble , — 1 MIFRECIEAT
GRgy (D4R 0 IEEUE e, — D o

mn

a:

% D-2 IEEE 754 $#RME

it = S FR

e=e . -1 =20 10

e=e . -1 f#0 0.f><28”’j”
min

14,88 S 0 R b — B B ARG ST AL H 7 9 11918 45 Kahan #1 LeBlanc [1985] 11 .

15.Kirchner 5 3|: ZEAEN AW — A BF, EREPEF TSI 24 L ulp WIOABUZ ATRER . BANT B
TR T LA g SR 20 T (1) e B R AT L AL

16.CORDIC /& Coordinate Rotation Digital Computer (AABRTER E TN MARE, & V15 ek 20—y
ik, FEEHBAAINE (RIEER D RISRIERIERIE) [Walther 19717, EMTTI%r, 59 405 B AORE {1 ] LA 35
#37F Intel 8087 1 Motorola 68881 |- F Iy 8¢ Jifr 55 2 11 e B 4l WEAT L%
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D.4.3

% D-2 IEEE 754 ¥RR1H ( £E)

EisE ! BEERS FRR
€min <es< € nax - 1.f>< e
e=e .t 1 f=20 +00

e=e  t+1 f#0 NaN
NaN

LS, K 0/0 BUV-1 MO FEOT LA TTRE R (R, FE—2Rp], %
BITEIXFEI A D0 N AREE AT U R A RO A=A A6, %R T &4k
s mE, BB BIREA zero (£) o fZIALEE, TAELMSEORT A — X
8] [a, b], BRECRAEIL g SO, FA R ILEAT R, B, 7HlfZU
zero (£, a, b) MBI, AN EFE LI AZORA A BEIMEE . IXFE
Wil ) % A A UG & ok Sy, R U e RIS (IR 2R
S e (HE, TRURE By 1 21K 2 B A 4R G 7 e S I . A iRt e il
RAESAME BRI £ RPAT TARR . WRIR A B £ 152 SUBRZ SMKE, W) £ AR
FIREITEE 0/0 B V-1, THEK S AL, (R AR R AR

TR IR NaN BERRAL, IR 2 0/0 M J—1 2 KA KB R E kA 1k NaN 1
AR, sl LB et ) . 3R D-3 A T 2 n LS8 NaN S il . IXFE,
M zero (£) 78 £ T X2 AMEAI, £ FACHSKRR ] NaN, Ff H 2 A Has n) LLgk sk
PAT. MEEUEL, zero (£) REMEHETGRHENMZE] “&507 . WdEMRE], B LR
F o T RN NaN 535007 S s G —RME KRz et 4. BE £ s —4%
A return(-b + sqrt(d))/(2*a). WMHE d<0, W £ Ni%Zik[F NaN. KK
d<0, ATl sgrt (d) 22— NaN, 1MH -b + sqgrt(d) #&—4 NaN (@1 NaN 1
ATAT LA A& NaND o ZERUth, WS BRvas B — MBSO NaN, R Y 102
NaN, #H, &2 NaN 257 SI850, 4550402 75— NaN.

% D3 77 NaN fis

]RIE PR NaN BFRIER

+ %+ (- )

X 0 x o0

/ 0/0, co/00

REM x REM 0, o0 REM y
J Jx Cix <o

G 55 AN R AL i N E SO AR SR P 10 93— Jr ik e AR 5 . adkas vl LU
R ME AR . R, AR £ e U AN AT TR SR T AN
W PR R BCR [B145 ZE R SR o LT LI 1)U RPN 5 5 R A AR A5 5 A By
o REA AR AR & R A .
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D.4.3.1

£ IEEE 754 1, JH K NaN R i et e + 1 AEEZAT R80T 10 i, Sl
AILLA R R GG IR BN R KR, BEAFAEME [ NaN, T2 54 R 51
(1] NaN.o #f NaN FI85 0@ 07 ni 8 ah S 70—k hy, 458V i% 5 NaN 8E80M . Bk,
RIS RE NaN, WA 807 P B R GO AT B e A vt 5P 35— NaN
AR E . SKbe b, e 4R, A ADBERMEI U] DR PSR R
A NaN, Wigs of 2P —> NaN, (He il BEANZ 1 58 42 ) NaN.

75

IE 40 NaN 4246 7 —FhEB 203 0 0/0 3% /-1 2 MR IE I Gk gL b AT 500 ik —
FE, o958 RERAE T — PP 7E A& Az b N R SR PAT IR 57 . 1K ELAGR [ v] 3R 7R (1) de K BB 22
% LU Jx2+ 2 A1, e B=10, p=3 He =98, WH x=3x 107 jfH
y=4x 107, W x2 ¥Kk4 Bk, IEHEEHAN 9.99 x 1098, KL, 12 F1 X2 + 32 #EHK
W B, FFH 9.99 x 1098 i, Fit, mEEEHKGE J9.99 x 1098 = 3,16 x 1049, %4k
RA R IEHREE R NZAE 5 x 1070, fE IEEE i85, x2 MR e o, 12, X2+
V2RS4 2 WRIXRE . IR R85 R o, X IR IR A RN FEUT T IE 0 45 SR 1) 3 v
A A, 17

10 B 0 74—/~ NaN.o {H)E, H—MNEZRHLBRUFNSIRMEILEITR: 1/0 =0, -
1/0 = -o00 IX—X I JE R WHERAE x Feali JAM BRI Ax) — 0 H g(x) > 0, W fix)/g(x)
A LLEAEEM. B, 8 Ax) =sinx H glx) =x &, W% x - 0 1 Ax)/gkx) - 1.
HE, 8 Ax)=1-cosx, M fix)/g(x) = 0. H 0/0 B ABIASIER /NI (1A% B
B, 0/0 A LLRRAEE S NIk, 4 IEEE dsvfErb, 0/0 77/E—A> NaN. {HAZ, E ¢
>0, fix) >c, Hgx)—>0, MWXTAEEDSPERE LA g, fx)/gx) = Mo WERXTT /NI
x, AR g(x) < 0, M fix)/g(x) = -0, FMIMLESE +oo. Pk, IEEE A5 X ¢/0 = 1
(HE c#0) . BHHHNT, o FFFFIRT ¢ MRS 0 TS, XFE -10/0 = -0,
1M -10/-0 = +ooo B HJ LAX 43 BA F 34 17 759 3] oo AR R AT AF 2K 00, J5 10 A 2R A FR
EOCKAES 26 T “hr&” MO VEATHE) o BRI N R E LA E, T
BT BEE R U EAR

TR IC TS RAE N BRI IS 5, fff e L4 R 00 LR 7 o R JIe 55 R 4k 7 Rk
x HWEHIEI R x — 000 Ik, 3/0=0, KK

lim 3/x =0,
X—>

KAUHL, 4 — 00 = -0, Joo =00, UMIRALELERS, 45552 NaN, Kk o/ 42— NaN
(F D3 @WEHARED o XS5HTAH 0/0 N4 NaN 858 R —300.

V740000 BRSSO T TEEE S8 540K & 2 it i a4 A by 00, B T M0 — B4 1 2 Tl RE 1Y)
GEZ I 26 1T “HAEER7)
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B RIERIF N NaN i, BEARIEXME B 2Z NaN. {BIE, ST f i, £ER
IR ] B — AN T S8, UATEAE SR 1/eo = 0 AUFRI . R A AL Kis &
mwﬁ%ﬁmwouﬁﬁ@ﬁﬂw+uﬁmoﬁ¢®ﬁ%ﬁﬁ,ﬁ%ﬁﬁzﬁxk%
BB e SRS KB NG LS R A R, B E RIS Rl 0, A A
BL Ux 8. (H2, x/2+ 1) WESA U(x+x). X—i@3HREREASTE -
e, JFHMFEAILE KEEHN, 2 x=0: 1/(0 + 01) = 1/(0 + o) = 1/oo = 0 I ¥2E 1k
ERRE . WRANEH I KIS, KL 1+ x1) FFEX x =0 BATINK, XA
NS BA AN TE 4, T S P Wi K. R BIE s — R o, BIEST K
ESTRNGE HC T IATR R G R A (2, TEX AT iR & UM SR e 14 L
FREASPATNAT A x/(2+ 1) BEIBEE .

A%
TR ¢, - 1 MEATMREEORI . i T4 S0 LA R A, 7 DA P

AF +0 F -0, WERAELLE +0 F1 -0 BT TIX 40, WL if (x = 0) AT iaors
AR AR AT R, BARBGRT x 9555, Bk, IEEE dre XEEE, LUME +0
=0, MARE -0<+0. BRBIEFENFF THLZ RN, {H2 IEEE AR Aa X FEM .
Ik ol bR MBS I EN, AV RS It n DU E R A S . A
M, 3-(+0) =+0, +0/-3 =-0, WRBEAFS, WTE x =1 BXR 1/(1/x) = x B TREK
Vo JRIKFE 1/-00 FI 1/+00 (&5 RERAR 0, T 1/0 L5 R +oo, FFSERCEER. KE
AR 1V/(x) = x —MTERNEE —FEH K, HEEESHER LEHENTS
BRI 45 R

A RS F W 5w B S N ANAE 0 A FATANELLNE K R 80 (Wl log) - 7 IEEE 12
H, 2 x <0 PR log 0= -0 F1 log x 5 34 NaN J& AR M. Bk x Rom—AHO&k
i 2 F N E T TS, B xR Y, XA log ATELR A NaN. {H
& WERAEAEA TS %, W log BREUTCIEX 7> T A7 EL 0, PR AF AR ] -0,
15 0 A A AELNE I B 55— - Bl signum pREL, &R BIEIFT 5 .

AR SR MR R R T IE B s Frp o 28— AN f) 7, st
JU/z=1/(J2) « Mz>0 0, XEELEMG. W z=-1, RIS ELS N
JU/(-1) = =1 = 7 Fl/(J=1) = 1/7 = —i. FISBL: J1/221/(Jz) ' WL
Bb ) R PR T LR s SPTALE ZAR, WA T SRIE R, e A S
SRS . AR, WA [BESE BT COLEUN 2, WP TR L. IXFE,
WU R T e A P A SR ), ORI x + 0, Horh x> 00 AR LT
iRk o B 536 T7 e AR x + i(+0) IECRAT — AN S (i), 3 r# s — 1
Bl x +i(-0) METRA S5 (—ifx) o« Fe b, W MARAREA X
sBEER

RIEF S/ 2z = 1/(J2) « WFE z=1=-1+i0, B4

1/z=1/(-1 +i0) = [(-1-i0)]/[(-1 + i0)(-1 - i0)] = (-1 - i0)/((-1)2- 0% =-1 + i(-0),
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HHIU J1/2 = =1+ 1(=0) = —1, M 1/(J2z) = 1/7 = -1, Xk, IEEE &8N
oz R T ESSE R, — S G IR 6 1 Kahan [1987] 4. BARIX 4r +0 F1 -0 H AT
PR, EEAT IR A Nk i, ﬁﬁ%iﬁﬂTﬁgx)wﬂa—wuﬁx—m
Hy=-0 We 24500, (HE, IEEE 20 aWie FHZ MRS 7S KT IL6l.

S Tl KRS PR A

UB=10. p=3 He_  =-98 KIEMMT SECAHI. H x=6.87 x 1097 H

= 6.81 x 1097 F il K58 A2 3l 1VF 8L e e /INT UL 1.00 x 1098 1) 10 f5 2,
HE, EMEA—ATFEAEN: x 0 y=0 (R x = p! JFRE:

x-y=.06x 1097 =6.0 x 109 X/PNCABCTICIER R ARG EL, b e 20 % R

x=yox-y=0EMHAEFREEE? (10)

IRES WG LU UL E: if (x #y) then z = 1/ (x-y), e TR LI
EIBAT TR IO 18] S5 R M. BREF S BESRU A R BE 2% ) RN . A6 T8 ¥ B 1 2
b PENEREAEE R B S EE S KRR EAE AN D) SEBR R, (B FHAE
TP 0 BARCR WY, X &7 R AR . flhn, BRAEANAS & A o 1R iE i
H—&45r, SINEWEMEYE M. 7RG AT AT HABARS — 4. e HBTHEH
AR TR RS2 B, M AR 6) N, T x2<y<2x=x O y=x-y &%
HHRBI . R, WRAE (10) ZIEM, BT LU A4 g 5 m] SE (177 SRS .
R AT K I BT B, ARG & AEH—Y) .

IEEE Al S I R AL 018 B, IXPRIE T (10) AR AR IR R EAT I i%hs
TR AT N R 7Y, XA BEAE 754 28I AR AN [R] A SE IR A 7 DLHEME (R B DA . P RRAS £
IEEE 14 19K 2 e Pk BEAE 1 O AN B4 SCHF I 1) MU AL K 2 ﬁmfﬁmﬁ;$#E
FUEIRT SRR, JEH 30 45 31 LB TEBE bt o 19 SCRE S AR A 1) 250 S AR v]
WIF) Goldberg [1967], IXFPBARIEH T8, MIHLE e I, ﬁxﬂlﬁl%ﬁ%lﬁﬁﬂfgﬂc
KFEE B=10. p=3 H e, =-98 I 1.00 x 1098 AR dm/ NS4, B2 0.98 x 10-
9% e —MF AL

4 B =2 HAEFRRMALIN, A NGRS EAE, TSN o HIECK S AT K
THRAT 1.0 A% (TR T S0 o Rk S 0 FHlT )72k
B, IHCMAER D2 o 398 e TR IR 08 B IEAR 68 e 151 2L
WARTIRRE b, by o by o HIFEUOMR €0 WA > e, - 11, FrH
HUE 1byb,.. b x 2 TitEe=e . -1, %ﬁmMﬁmobb b_x%“o%ﬁ
P 1 T, R SRR ¢, T e

m@ﬁ*?ﬁﬁﬁﬂﬁiﬁﬁmmWﬂilmp &e.fQ&x—6meWEy—
6.81 x 107, b T2 FIMUS KL, x -y A%, Mk dR 1 BUS AL HO%L .6 x 1098 K&
INo IXFPAT KRR A Tt U S TETRE N I (10) 45 2RO AR A 5 1

22 HEHEES -

18.7F 854, BIANIHHR N subnormal “URIEMINE” « 75754 %, FRh denormal “RIn IEMIEL”
193X /2 BObRdE (R 5T 7 2 — (R N o AEAE FER AR BA B B A 1, A0 3 RS Pl s AT A AR 18

200518



B D-2 5% Lk i ) LR AR

Kl D-2 Ui WS T AR AR KR P v 10 S B A8 s AR A )7 i B TR JRE O TR /)
MURALEL 1.0 x B 2 [ M o A ST sk SR 6 BBy B A, WKL %, R
SEHUH S pofig S e W s S I 1 — ALV B S Bl “T0 kR IS, US04
RN 10 x Brmim I, K S R 10 S 1) RS BBOR AR 7s o K 1) AR A 110 K8 o 1) 5 5
LA, ARIUTTE B [ P B AR A A R R I BE B A AR, A% B
(KIAL 7224 o UURANE T S 1) RUAR 2, D] BRSR AR AN B P+ LB min AR fp 3] B min (g g
W7 5 A BRI AR A . T IX — ], At MR, T
P Vi L (K RS P o AT ORI 1R 22 (K VF 22 SRR, A2 LV T 3R T LA

L AN R s, TR AR A K UG, TP RIE R x - y & HATARE K IAR T
W2E, FEW RIS R x = 6.87 x 1097 Fl y=6.81 x 10-97 [HIXTiR 2. BRI ARLELEN
%, KEMHRZ WS KA, W FHT7R [Demmel 1984]. I ANEE a +ib Al ¢ + id
AHER A, RHE, Az

a+1b _ ac+ bd  bc—ad .
c+id 6‘2+d2 02+d2

SZHILLT S W RE ¢ + id BT — 350 KT JBB mar , W2k k6 Es,

Bt e 2 R T e S kb a2 A2 ke oF SRS A — B I VA2 8] Smith
AW

a+b(d/c) , .b—a(d/c)
b |erddro) T evddre) R (ld <) .
id b+a(c/d) , —a+b(c/d)

d+ c(c/a’)-{-Z d+ c(c/ d) WR(d > |dl)

# Smith AN T T (2 - 1098 + 71098)/(4 - 1098 + i(2 - 10-98)) W45 H BAT W HE FHEm
EffEEE 0.5, Eﬁ%%iﬁﬁ'gﬁie 0.4, BEEFIRZEH 100 ulp. S [HEUS AL BT TARIES 3L
(PR 21— F R3] 1.0 xp min,
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D.4.4

FEH S PR FE B AL HRR

78 1IEEE & 80 LSRR LA B F 3 2% S W S U I, 4 0 R A 36 45 SR O 4k 830
170 MG RN T 0/0 Al J=1, 45%JE NaN ; X 1/0 Flbgs, 45582
0, HI T JLER 225 tH T M B AT X Lo S 44 (5 10 7 15 P R T B T & BRI OR
Ble MEUALTREN, ESRERSKHEE. A PRI 5 RS ER
Jik, WESEME IEEE brvE. XESPREEA MW, R —BWRE, Mo B
TEER LR e 18R — R R & E . WA EZX S 1/0 CER_RK A LkE IELS
K HIME—T71

AN LIRS 5 1 D I AR AT R AN IER . 56 20 5T <8557 #or4ath T orpi x/(x?
+ 1) 2 x > /BRI I, SREREITR, PAERALR 0, KT RN, AR
NAATBUE S U + o) SR GRIXAS ) R, B 205 JF AN B2 RE NS A i) il
IEEE bk Z0 i s il 22 o Vi e S5 P AL BEAR 1Y o XA, LR R, K B
BREFS, MAGEBCERR G B B R P s B S 4 8 W R el IR s
PR B BERE PRI BT I, SR VAR S K2 AR E LI

IEEE FrifRi i 70k 5 98 L. i BRUAE . EROsSAMARG . RER 0 # AT
MPPREIRE . 0T =W 1S SOEAF MWK . JCROe HAREER D-3 HHIH KL,
LA™ A2 NaN (AEAT L. S SO0 1 Ia S sag 25 38R [F]— 4> NaN, {Hx i
KGEANEMK . ARSI — DM RAEEUE NaN I, 458052 NaN, HAGIR LXK

S, BARZIS IR S %R D-3 Iyt . 20

% D4 IEEE 754* H 55

2% 21 BB AT 02 R BB IRIE R B
s Wl B, = round(x2-a)

T 0, 22N 5 [ s round(x201)

[ L2 +00 BEERL

JoRL NaN BEEAL

ASKG round(x) round(x)

*r JEIB S HIHER SR, X TR a =192 5 X TROREA 1536, MH x = 1.11 ...11

e ax
x 2 max

VR RS G RN, HTIRAKE SR /£ B=10. p=3 R&ET, 3.5®4.2=
14.7 RAEHIN, {22 3.5® 4.3 =150 & AREHM (FH 3.5-43=15.05, XK5IRA
WM. 5 46 T “ R FEb R E s e T AR R L. R D-4
BT BRI AT

20.FpARIE ST A “HliER 7 NaN, ISR TEGRH . 1152 UL IEEE #-UE 754-1985 11 6.2 1. — 4idH
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D.4.4.1

AT AN LU ST K S 1R s AV B 2 8BS e AR i AT BeAT H bR
& T TR AT ARG LA AT AE TR 5 R IS S AN S 3 (0 A T e AR
feo ML AR YESORSHRAE, TELEBRICA . 1005 R I, 1 A 2R Y
BAbR, JRATE R ROZIR TR . BEIa, TR a2k R AR AN T T R R S
MO0 N AT M R IR PRI, R 0E R HIRE P B e -

B¢ B A PR

FE B AL BRFE PP () — AN B IR R A T Ja g 2% . A 25, AU 4 i 150 10 H B i e o
1k, T Al 2 B A PR ke P X EE R HERE . XA 2Rl do S until (x>=
100) PEAARACHD, EIHA M. BT NaN 5EEIHT <. <0 >, 2 8= (HAEHE
=) WEEAEN, &R LR “False”, [EIE, H# x @ik NaN, BACHD s HE A TR
I

FEVFRAE N T2 _ | o, S5 T RE S B AOFRBUN ,  FEBF AL BERE oA — P SE{ELA9 OGO ]
@ PR T E AL HBOF SO T exp 2 Logr Jo IXPTIAAF AL HEUE : HEW
PG, HF S o T B a0, RUESAT tH L B o2 ke 55— R F B
WF A BERE e (KI5 S8R Loyt / 1ot o 20, "8 P LARE Gy E3R AN ) i [Sterbenz 1974].

2T R FEA DA WE AR RSP R % . Ny, = TTE_ |« 733
RETHA kAR B, WP BERE Fe sl 2 e v Bas I 1, JF ¥ s e (0 15 B0 7 i
JRi&IH]. {E IEEE 754 SRS, e =127, BISLUIR p, = 1.45 x 2130, W&k A4 b if
SE BB B, AR TR RIS N, p BRSO 1.45 x 262 (S AL
THNAD o KU, R p KA, WARTEEE 1, PR FEREETR b IESR 4.
TESEHITA REGEI, MR EE, WRAFPA p o WERTHEE S EH, W3] ofe
BULE s RV B 8, WISR IR Rt G SRS R AT — 4 4 #0 S0A BE H E TH
WA 2 BB PR e, i Hoob St AN 5 DA SA . WA 7E B / Tkt
VA5 R BT R Bk ST 45 SR S UER . BRUASEAS py #ORAT T S8 RS ETRIE py
VL. Barnett [1987] i T A2, R/ MU0 AUER A Z AKX
bopgesipen T A,

IEEE 754 Bl5E: A LU ak FuiPapRC BRIy, FTIREE KW AE A S Hitkid. i
R e s HSEG RIS TSR TE RO B, TR A 200 SRS S N BT SC RS
J¥o W F R, KRR 200 $REL o 2 192 GRS Bk 1536 ORFFRUR )
RARAE LIS T 24 1.45 x 2130 35400 1.45 x 262 ({5 [A.
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D.44.2

D.4.43

A

£ IEEE FrdfErf, 4 218545 RAKG I HORE L DL N, DDA BN da ST SRS
TSR E R TN (S bR ER AN o BAETEDLT, A AR R ARLT
BRI TN o b AE LRI =Fh 3 AR, B 0 &AL [ oo EAMNE -0 7
Ao FEFI TR BEBOB SIS, ) -0 S ANAERRAZ L “ BN B8 MU +oo A
ARl “ ORI PR B ARG B, DO ) 0 i A B -0 B N AL,
TEFRE IR F 38 A 754 45 RSO T KA R7s IERL, AN +oo. BB, FET +oo 5 A B
] 0 F NAERUN, S (0 bR ™ AR e KK ] s 8

SN — NN AR AEEXEEE S A=A 46 70 “ BRI -3 r
By iR o MR EEEN, WA x oy AR X[z, 2], Hfz 2R
-0 BN x @y, Z &I +oo A x @ yo IS SRS I 45 RS X [z, 2] o
WMRAEHEABA, WX HZEZEEEEI T Ez = (@ y)(1-9) F
z=x®n(1+e), e BIFFENLIEETERE. 21 X T80 @b v X N R X
(s S a5 g Bt — A X ], Brbh— s il R is S A & — AN X ). an 38
TWARN [x, x] Fl[y, 7], &Rz 2], Hz Bx®y Ui ABRKERENN -0 A
ANy z st z® y (HEABXBE R +oo A .

A DX ()38 AT S, e R G RS NS R S A5 R NI E) . 2R 45 R
DTRAROK CEMEHZIXFE , WEXAEARR AT Do DG IER 45 2R AT LU %X TR P9 1)
EEAE . 5 2T R BB I, DRSS AT R E Rl ARG p
Arb S WUR DI 514 B 28 45 R T REANHERG, LA R s (R B ik 4,
B I & DX IE 2 A B

bk

IEEE FrfEA V2 hr G AR, Wai ik, DAN 250 i ds — 8 HAT — MRS hx
e P bR BRUCE. BTN . & A DU DURR: i S A ) ot
WAL oo AL ] 0 FARI] -0 AN SRR T TR H P AR I E
BN R DAL SN A 15 e =3 LNl b 7 P R T EB Sy e W 0 S i~
AR BIASAESS 46 7T« 2B R HIERIFA B0 Th AT IR

21.Z WHERT Z Cln x My @R 080 . — Gl
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AR EH S — N xn P ERE, b on Je— MR M > 0 I, i RGIREEA
T R B

PositivePower (x,n) {
while (n is even) {

X = X*X
n=n/2
}
u =X
while (true) {
n =n/2
if (n==0) return u
X = X*X
if (n is odd) u = u*x
}

WH n <0, WIHE x» R ITEAZ A PositivePower (1/x, -n), 12
1/PositivePower (x, -n), BEHH —ANRENRL n Mg, LhgMEHELE
KAREEE () 10 MENRE. 7R3 RPN RN (B %, B
Ja I BRIE R = — N s N R 2=, AT RS, BRI — NN BB R
PositivePower (x, -n) I N, IBAZEAWH T fEPHAERETY, EABRKE T
EORASRE XRHEIRN, FAME e BIUFE, W) xn B g ek i FiuEn . 2EE,
i+ IEEE #s#E R VFH P U5 R T briE, BUbF R e DU o AT E. BT
KW EwmMTwmENR AN FREAEEN THERESMN. REIHTE
1/PositivePower (x, -n) BT, IR G KE LERSMVBEAERE FRE
O, WF IR ES S A — R E . R EE T —FeR &L, W FHIFER
&I PositivePower (1/x, -n) CESEUHILEMIM ) HHH&E.

I3 MRS & R R A AR R 1) A TS AR R I

1—x
arccos x = 2 arctan | ——
1+x

ik arctan(oo) THE A /2, W arccos(-1) F IEMATHH A 2-arctan(oo) = (K242 TG RiE
B o AR, A AVDBREE, O (1 - x)/(1 + x) BOTHSESE 0K 5 B DL 5230 bl i) 1%
B, BME arccos(-1) ANE T Fid 2wtk b SRR g 7 iR T . AR R R
R HTRAFER A RS G A, RS AT Ja S L IHAE R AT

2 EA LG A, BB x<1, n<0 R FERHANT R 2 e, 0 17~ 2" Wi < o%ax , p
AIREAN it DG fERTH TEEE REBEH, e

L <
‘min = “max°
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D.5

D.5.1

AGUU7

XTSRS YL, LTRSS #8752 OG0 R AR TSRS T 3 R
ATIF T2, G PR L I RIS LS 7 iR 2, T AR AT R G IR 8 2 L5 | A £43F
RUTRA 7 H R DU P AT (44 o T SELR GEBETE A AR D BB 0 SCAS rh 3ReA
FT, RSSO H A AT AN 5N 5L, AR B R N B Bl
T B BT RS T P BOR FURMT N 7n B, 152 7% T i BASIC Ry

g =3.0/7.0
if g = 3.0/7.0 then print "Equal":
else print "Not Equal"

£ IBM PC L 1§ f] Borland ] Turbo Basic #F4T % ¥ AE4TH, &% P $]E) Not
Equal! BOREIELE T35 AT 007

A — T, A5 ATk 2R AR ok 7 V2 P R EU RV A B DA S8 R AR, T2
AT T IHRANRZRE E ARSI S . XRARN E— AR — DI m @y “R
257, BN ERBM R B EHERmnE-—HL. ERENZEZD? MR x<0 fly>
0 #4E E N, FBAREHSEN I eI AL, MEETIEAEARMGS? b, 1t
FME XIRR a~bs|a—b|<ENEENKR, Bl a~b Hb~c AigfHH a~co

4%

TP A T A R & T T T ORI R AR, IR A R L. IR
ANRPHIZRERIRG] (- b+ B2 —4ac)2a. W 43 T “EB 4 FREW” 35 TR,
M p2 & dac I, A ANARZE B Z AT LSS ik A R SLRAR T 2y . il AR
WEEPAT T b2 - dac B, S ERBPIRREEAL R —2F, XEWE KGR P 2R

o

T RA — Z 0 AN B B AT R A O 7 AR ORS BE 45 R IS4, T2 a b AT ¢ 4
T HURE FE RN H2 0 FETT BT b2 — dac RARBE S K D T 77 B p L0 ECIRS i 38 A\3fe
B, SR A il B A A 2p AL IR, RV E AT REAE QR AL AT I A . I, MRS
P A B SOUORS R SRR 1A 13 L L PR PSRV 2 (0 AN S v — 2%, it EL LR UK 1
FALA I RAMRIRZ o« WL, H AR AR AR AR g R 5 B R S A )

R4 23

A S /B A1 0 B A UK B TR 36 4 DU P T A, TR %04
SNEE S P RN o (2, SR AT VF 2 SO AR H e )y AL ol
y‘j’fﬁ”’

23X RERE R BV A BB “IEAS” fRAHE, (RIS 4 TTIT AR R S SR is k. SRIE MY
IR DLR WA IX— TEA
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allxl + alzxz +-- -+ alnxn—

Ay Xy + AyX, +- - - +a, X = b,

a X+ agX, +o ot ag X = b,
LA IE ARG E BN Ax = b,

4y 419 -+ 4p
A= |91 Q2 - Q1)n

dp1 dpg wee App

BOEHLIERI 75 (VR EE R SR T — Ml xDo JBAA — Bl il 510 7 57T 24
SR HERG S, KRR A & Ot 5o

&=Ax-b (12)
o SNJERT T R HEAT SR AR
Ay = & (13)

WVER, R xO AN, W e 2FmE, y T, B, &My WilES
SlESNIRZ, I Ay~ &~ AxD-b=AD - x), Hbx & CREK)D EfE. B4,
yax® - x, KR ST e

X = x _ y (14)

FEHPAT =AU (12). (13) 1 (14), FH x@ e x0, F x® B x@, X HEFET xi+ D
bt x@ SRS IANOEIEE . A ENE R, 1S W [Golub F Van Loan 1989].

FESHATIEABSGER, & o2, HOTFRAEAR T A8 %, BRI 2 2%k
R RIS . IR, ARG ARR A M, BRAE € =Ax® - b RO ET 5. (7]
FE, XTSI R A (A4 A X)) BRI B, ETE E S AR A R .

BTS2, WRAFAEIXAE IR 2 R PN r BB SR A IR 32 [P P T e A1 ORs E

(KU, 8 205 205 SIS AT P . X PARPRBR T 3o i
BT H T AT
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D.5.2

D.5.2.1

R TheE

Y 1A FITF s S AR B2 W 4E Farnum [1988] A FTiie, A5
HEIZB L.

k
N
v

+H
=
ZL
&
>%
£

R

AR DU T, — il 35 A8 SOnT DARERRZ3T 5 1R S, TP R WAz e W s, LS AT
DAE WA SRR (KA o A0 TV 5 BB 20 1) SOE R m] AT A2 BB 205K, HI &
FUF R, E E SGE R RAMRKIROIYE . LR T REH A T LU Ss8.
2 E WO N A TR WA S R R TR IR, PO e g AR ZE . W 2K
B, BT JLHR 7> A UE X — RS2 B0 . B DB IE 5 e b — S8 DL AR
WTE, AT R A BE AT I

RIAE, FEESRAE R « 2FaLE (W, BfHE3.0/10.0), 1
(Flan) 10, 0*x MR BLAR LU LA FHFME .. DASE T B AL ) Ada R fil, EfRLT
RN EE AT CAEA, XEREXRTUEE LA TREEZ —. LUXF
WK 5 % R S5 IBEE BEAVE R T SEH X LG, X JE 3, AT IS HE 145 1A
TR XK. 76 IEEE #ifrp, AR LLUEW] (3.0/10.0)*10.0 #H& N 3 CEH
7)o EATEIERI R, BATHABIX — 55,

REHOEF € XIS —Fr SRS I b s DA R A S I i R A A DA
%o IEEE Al T LAMER R 52 520 104720, DRIMOREAZARAEAE D R 20 3 5 T LU o %
K m AR 5 R

T B SRR R A G, TR AR, REEENEEEA—EEH T
TR B, 2 x=10%, py=-10% H z=1HK, &KX (x+y)+z WERE x+ (y+2)
M RE AR ER— M IGO0 R R R 1, G — MO FERE 00 o M, X1
{RE AL B B A AT . EHE 3. 4 Al 6 R EIRHBILTE.
i, AEEEL 6, WERAMER S, WA x, = mx - (mx - x) BN x, =x, B
IR THEANEE . IR S, AERSE T B R FR I N A 5 e 2
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TRIEATFAVF LT PRARE L. BOE ds XA, {Hik x Ml y .
WA, EFIEX ds + xxy o, FBUTL PRGOS FLXRG LY 75— Aok £ x +
m/n A m A n 28880, BRiJO2BEO2 SO ST nUB Y AT PR 5 ¥E T LLAR X
K, PR — M2 N Mk, EOREEX TP 2R
HATARIM SR . QOB I ] R Ry ik, (BT S8, oL, RAT PR
M6 (W0 Pascal) SRVFIRG 1 G HIAZ S IR ARG, A HAE (190 & RS AR B XU
JEAR R A NS AR T o 0 NS R K. KRB 0. 1xx h, KREHE
TR 0.1 R SRS R L. IUAE, BUE R 53 W A A T 5 A R R A DA BORS JE E
SO XURGE o WURATIIRAG 0.1 BN RS BEH AL, DKt UG P I B 8 . T BKE i 2504
BRI AR BOP AT

MR, RV A RIE I, AR O R b AR ] T R8s S
Wo ATVFZ 4R FYERG]. C I ] e SCESRALOUR S T SRR NF mi I8 5 [Kernighan 11
Ritchie 1978]. RORF 3 HUNBL L LA 2 T AR AL AL 7R IS i . ik 3.0/7.0
FEHVORE BEVE S0, AR, R o e N FORS REAR R, UDRE g 67 N Oy BRS 82 LASSE T A7 fik
HIT 3/7 J—AMEPA BB DRI E IR H0O00RS FE VT SRR e ASORS LA i R (A2
K/ﬁl_\JE"Jo XFE, LB g = 3/7 H5 KW IXR W2t e vl AR BE T SRS RIA IR A 2
R

3 MR SR GE AR R N B BT I R R R S R 2 ) RE S AR A A
Ko WD BB NRIEI)— T 5 AU BERM O — i AE 2 34 70 “fifbas” #8o)
AT VR IR o IR QR DU R, Hox[1 Ay [1 2R, W)
WREAR B RPRLT a = d + x[11*y [1] o WERIRILREIL PR EIATH, A2
B‘%ﬂ%fﬁ%%ﬂﬁ‘ﬁ@%ﬁtﬁ, DR g sl 385 0 2810 XURG 3 A% 2 T SR AR A% I RS B A TR
\j‘_‘ro

PO BT AN A (PRI 2, 4% HE IR 8 X P IR AT A 2 ) B v b B T S R s K
WA, g = 3.0/7.0 Boe ARG ST, 249 A A /R true, T d =d + x[1] *y [1]
B RURG E 5, R8T X0 S BRI s (E2, SRR Fiajse, Tk ads
PTG Wi ax fl dy AXURS AR, MFRIAXy = x + single (dx-dy) & —4
RORE AR L, R F00R AT SR A 2 Te R ), RO PN RO 2 SR L, &5
RS R AL

ER T RIS E RN W T B8, AN EE R R, 2R R e E
BN B RS o X PR 5 Wb 20 31 B oh AHE BAR AU 04T o AR S5 AR 21 -3h AT 26
T XK, NEEANEEIE SRS N RIEE TR EIRE. £ q =
3.0/7.0 HHOLT, SAMEARE RN, BEULIrF B8RS B REHITI. 46 d
d + x[i]*y[i] THOLF, BB E IR IG R 2 SORE B, (HJR S il b e i3 7t 3
XUKE B, R g A IE B TEAURE 8B4 T H., f£ v = x + single(dx-dy) ", M
RIS F IR NG BEAT . Farnum [1988] 4241 T SICHILI S50 I AN R HE (1) 1E 4

24 X PGEATUUT W MAE: 3. 02 DHRRFEHEL M 3. 0o & DI EH L.
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SRR R ke i, 7 RIB T SR T E R A RIL 30 I A28 N AR
il piltn, BUE B IEAE R T A AN T RIA . ROARERT B Rt 13RIk
SRS, JFESRIE S, BOAER P o R U IR T e BR A R0k 30 %
TrARIE I a— MNERE T i B o R Nes, IEA
FRNIE S ma g -+ BE ) B iR . W FARELL —REBR R s S (oL 1), X
R

MBS K RFIEAN LN EEE  —GEAENR, BFHIS— MR ERHIM, S5
HARIBHAN, KFEFREIHFA B L RS WL [Kahan Al Coonen 1982], G4 ** J&
SREFBHEAE, W (-3)**3 —FHHMH -27. HE, (-3.0)**3.0 ZHFERM. WHE +*
AR EERRE, B (-3.0)**3.0 tHHN -3.03=-27, H—J7H, WRERAX
xy = evlogy I s X owx, NEER AL NaN (2% x < 0 I, f#H] log(x) = NaN [f)
HARE SO, IXEURT log . HZ, WA FORTRAN CLOG RREL, W45 R K -
27, K2 ANSI FORTRAN #r#Eds cLoOG (-3.0) & XN in + log 3 [ANSI 1978]. FEF ¥
THES Ada O BER € ORFIEE B4 T X — @, 1 ANSI FORTRAN 2% 1%
OB AT SEECRERAE

452 |, FORTRAN hrvfERlE
AR AT L5 AR B U A ARGE S -ee

ARSI, BEAE TEEE ARvfEDIN W, 72405 LR A& K& AT e . —Fh
SE SCHTREZAE ISR 20 5T “Jo53” o h Rt k. B, BEHE o BIE, EFEAE
MR F R g, EMEBUTEMN: x> 08, 775 fix) > a M gx) - b W
R )™ BORBEE R, WXL ab fH. e SCR B E 20 =00, XALT AR
MEHP, 7E 1.0 FEOT, 2 Ax) =1 H gx) = Ux i, REEE 1, H2E24 Ax) =1
-x H g(x) = 1x i, #RBRZ ele BRI 1.0° NiZ2E—4 NaNo. ££ 00 FHELL T, Ax)e® =
eeog ) [K 2y ORI g H & O AEHTIIFEAE 0 A HAME 0, Tl Ax) =ax! +ax2+ ... H
gx)=bx'+bx2+ ... XFf, lim, _ g(x) log fix) = lim__ ,xlog(x(a, +ayx +...)) = lim_
% log(ax) = 0. UL, X+ Al g, fx)2®) — e0 =1, XEIEF 00=1.25 26 fifi ] sz
X%%ﬁﬂﬁ%%ﬁ%ﬁm%ﬁ&ﬁ,ﬁE%%(%JﬂH&OiX%QL

2545 00= LR TBUF IR £RAFN (R 5. USRI, T4 S VE FARA% T 0 M S 245 0 16
lim )80 M fgfi, DUEEAATH 00 i X h— /> NaN.

26.76 00 UL, WU AT A B A, HA SRS S A “Concrete Mathematics”  (fE3 :
Graham. Knuth fl Patashnik) ™', g g B I #Aor, SA0% 2 00=1. —4ila
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D.5.2.2

IEEE #nif:

%5 14 B0 “IEEE baifE” #8520 1118 T TEEE ArvERI 245 PE. (H)E, TEEE FruEdAA i B
AT 38 ok R TR S RS IR SR . DRI, AE SRR AR I F AR S R R S
(1 C. Pascal 3 FORTRAN) 2 [8)% ¥ A7F4E4 ANILHC. KL IEEE Bhag ] Ll 141 fE
W R kAT . B, TEEE FRfEZERRE 00 NP7 R, 11 75 W bR S0 5 2 1 e il rp
SEILIR) o TR R R T LR AA MRS L T B . (EUR, btk 1 At AN e L
TRIFERBEAA L. B, KREZHTHENES &2 e WM S8, 1 IEEE brifk
B VURPAS AR B RV SIS0 TE B 2 PRORS T b ORGP R B SR 8 OUHG 5 R XK
JET IR o i RBlR I K. Ko M (0H ] DL IR R AL . (EJRIXREOk, el
AlRETSVE TR B RRIERALE L, Bl kea —AN &

ERE TS DR ST B OGRS, ZRAS B & AR YR AL, B R
AR ARG — P72 iR S ARSI I RE . A, Reig DUR 75 =X
VEEHE IR [l F AR A S O B 5 IR . W8 26 00 “hi&” 34 TP IR R, 1
B IEEE IR K — Py WAL (/BB I RE Ve I B e . XA, Ak
A DI RARR S O R TR)T R TR . S S SRR VR I RS A B IR
A, WK EREHHMK. Modula-3 J&—F Jy ke B &b #LFE /3 52 B 0k B AR 1975 5 [Nelson
19917,

et E b st IEEE ArvfERS, VP2 IRERFIUE T % IE. B T x, x - x=+0,
JITLA 27 (+0) - (+0) = +0. {HZ, -(+0) = -0, KRUEANIZHE -x & X H 0-x. NaN {5
A HEE A NIRZ), KOh NaN RASE AR HARE (455 —4 NaND , Bl x =x A&
R, F5 b, WAt IEEE #E#E K%L Isnan, WRERK x = x &
X NaN [ i 7. Ak, NaN A5 g HAbE— &y, KR x <y @ XHh
S x> yo BT NaN 5| N5 307 fUECR e o HE P it I AR Il < =, > 8%
unordered 7. — W] compare HEISLFET 7 A] DARTEE A M AL BE LU BE 31

H AR IEEE FrAfE L W RAL— A H0UE NaN WIFEAPE s 510k 7] NaN, (H2X AT REdn
LR G SIS SN R o B, TS 2 P AR (3 S LU B I, 2R
S AEN R KA AERXFEFIUT, SO H R 2 NaN A

e, SAALGE AN TEEE ARAEARHRGAHE ST E N, i HE T & AR
FEUEE. A, X5 2R K U AN LEiE 5 P 0 0 round B UEAE P
Ko WL, AL IEEE & NKIRP IS ARG T IEAZR, KLk, &
AR ICAE RO AW N ) IEEE TSN B 34T S

27 BrAE AR Z [ -0 AN (FEXFELL T, x-x=-0) .
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D.5.2.3 etk as

i VF A FORE AT AT 2B VR N IX — . B, Aho &5 [1986] $EEINE x/2.0 Bk
x*0.5, 51 FIEEEMBE x/10.0 MIZFHA 0. 1+x, HE, EZHHIEH LXHAE
BRI HGHENE S, Eh 0.1 Tk B R~ . BRI IR RO x*y-
xxz BN x* (y-z), RERMNCEERTE y ~ z MRXADFREA T LLEF RS R
. RELAIRHUAIB AR ET S, A ] DUE AR S e S R
i ” XA ULEA T IR, R R AT T THESESOEAREEME S, AEIES K
W2 B LA T ERHFEINF N R, (x+y) +z #BTULEE S x+ (v+z) EEANFT
i, W R . AEE— A SR FFE A D) AR S ), i DL AR B

eps = 1;
do eps = 0.5*eps; while (eps + 1 > 1);

SEARHS 15 AEAN S TS E S U B . W R BEAT IR (R P A8 TE 2 eps + 1> 1 < eps >
0, Hoe A AT WA BN x (DML 1@ x IRART x (rxexBpr), iMI2
TR R x G TE, X2 AR 0 (B ™n ) o BEGUXFD “IRA0” & it 5 2 DAEL
TR — L BRI AR R AT STk

VPR AR > A T3 RE BB W R L2 AT AT DU RS IR IS 5
HAFBESIAKRE 5 ulp IRZE, BT BT ISR & BT 2 R 8 N ik . 4
TEIZ R BTV 0 08 20 B I B A2 00K AR o, A 00K REBAAT B I v
B WORTF SR AL ARG L REAT 0, WA R 2 MO SR S8 B2 00K L AT SRAZ AR
KO AR, WERCEALROR AT TS, WIEERS RSNG4 T 5 7o A7 I
B — PO o e B IEAT HE e, AR 14 Mt/ B K K LA . (HE, A —
PRI mRMAERG L, T H AR s 2 7k, |

D.5.2.4 SEH 8 (Kahan KAAR)
i N _ ey AR DL RS

S = X[1];

CcC = 0;

for j = 2 to N {
Y = X[j]1 - C;
T =S + Y;
C=(T-98) - Y;
S = T;

}

WL, A FTEx (1+8 )+ 0Ve2)E|x ), HH (|8 )<28)

34 XKEItHEER - 2006 4F 1 A



AT AR Sx, WHRMETSx (148 ), K (5] <(n - je. ¥4It Kahan KFI
AR R AT L, T DAt 5 5 et . R IO SR 2e TOIRED, TR
R AT Z R ne ME). ARVEAGER, WES I 47 90 “RRPIRE"

WA I F R AECE N A 2 K 3 LU R 4518: C = [TS] - ¥ = [(§+Y)-S] - Y =0,
MR IZFVEZ T AL o T LUK FEREFR X SR ] (23 J037 i At 3 ik s b b AR
Ha AT AL, RAZARIE /NG, RS IR e A UK X AT SERUST .

el 2% v LUSE B AT TG L33 — PO Va3 R B B, ERIER 1. 0E-40*x 1, &
T T AR R e A R B ek T e A, Tk
WGV IR R R, A 5URAKE T H . BeAh, WK SR e R T
B, W wAR KRR B . TR SO AR, BRI B i R A B I R T
IEEE & AN MR . IXFE, EGIERE 1. 0E-40 R8O —HERIBI AL 230 58 B
FEPHTE o (HIE, A DA AR ] FRS BERE R s R B0 (i 27.5) REMEAEGN PRI 22 4
AT R, RO EATTUR SRR, A5 RATA o HASZ & AN . 7531 7E
Y PN AT R B 10 8 B AT 5 B, U const pi = 3.14159265.

KA AT DL S0 i 0 55— sl A 3Rk s Br - an U A s

C = A*B;
RndMode = Up
D = A*B;

BAR a+B W fgE LR — AT RIEL, HSEb BIFAE, AWM AL RS
B g =A7nhl: x=x NEEHAA/RE &= true Bk, FEAY x & NaN
NRTE RN M x=+0 B, -x=0-x KRMG mH, x<y IiFARS x>y Mk, BN
NaN BEA KT WA /N T 077 2

REAFAEIXELTR ], ARRATRAE AR — 2o n] DUNP7 ni ARG AT (A ARG 58, ffEe
WVE R AR E S . IEEE i@ H P i — 2R flJE: x+y=y+x. 2x x=x+x,
Ixx=x A1 0.5xx=x/2. {Hi, FLRIXLH A REEB ALY (1 CDC
Cray BN ERM. $52 AN B R 2 HAb py AT se A ik . 28

YEN IR G — st WEHIERIEN dx = x*y, W x My JE RS EAR R, dx EXUR L
AR o A1 HATHG A BN P SO 3T L™ A 00RS BE RN 1 TS E, AT LIRS ax = xxy
WS BURZAR 2, AN I G 1 A g 45 11 B e 0 URG 5 50 PR AT XOURS 3 5805 XOURS B BAR ofe
K—RIHEL .

28.VAX 11y VMS H2 AT 559 T8 30 o It A 48, DR e (VAR 368 1 - 00 e ol FH ) B Bk, AN 2 £ P 4
(1) cALLS Ml CALLG 154 .
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LGRS TN VBRI (v +y) + 2 Oy x o+ (v + 2) MRBIS BTG, 1T
AN WIREAE T VR RSP DA OGO B BRI o B VF AT A D T RO SE AR R 2R 8L, i
R 5 S B R R s e SERGE S DU E AT SEBUS A o REUCRE A e A7 50
Feirs, BUREEAT 2n Ao RFUCRE ISR BN ZZAR K n AL BRI, AR L4062 n + fi
B2 M 2L A W LUERAT (emax - emin) + n fif, BKZ) 2-emax + n A7, /KT I8
SIS (BRI B4R AR B2 AL TIs 5, His§i
JESAF A N DT T . PERREL (140 sin R cos) [FISEILFE 42 5T RME, TRk i 6 0 ik iy
HOEA AT PLEL . S0 K MBS S Wt Lisp RGehetlt, X T v HE L i) i AR g
(Fro (HSZ, KGRI RIeSLF2 3 .

HYIGE, FAEMH @+ p) +z=x+ (@ +2) FEHMSEE (W Kahan KA , 1
HIZF R

a®b=(a+b)(1+95)

JEAL (LUK /N v s flL 7 SRR, IR @ o i T I 8E AR T LT
AT NP AEPF AL ALK, DR ES{E RS P DA XA A S0k AN 1, 20 2 40 5
N G I Dy BRI AR BA SO ORI X L 0k 2 AN 5T

D.5.3 S Ab PR

2 HET R b P Ie B R KRR TR LR R G R . BRI B RS R T —
SR R GE . TEEE s 2 SO N BE 8 b T2 5 vh i) — 2R AT 4
SERAPFACBRR S, 55 25 00 “BABRAC BRI B g T T E SR BE P AR B
SeRy . AR BLUCROE SRR MR LR AW RO T, NOZOy A BRI SR AR AR 2, A
WU N i SR RS Af e AN PR 2 R AR P AR AT IR iR 55, DR AC PR PPt VF Ik RERE
) RE e P K Al AR i T RT A SR, S AC R A AR RE s UM I EAE AT A A I8 LA
LAZIB S H AR A A

IEEE #r#EBOE I8 FAEME S Eo2 AT 10, o BRI, UM s 5 &% S A B mT g
(K1 AR RURLBAR B EAT Z AN F A Tu o L, B, FUZ kPR
PR A AR P v B TR BN . AT RETT B REAERS B VL) L 4 R AR A 18 S Al 1 52
Fro

I3 WA LA R R R B R o

X = y*z;
Z = X*W;
a=>b + c;
d = a/x;
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BOE S A FEBFHG s, BB A A a O(E. 2R ROFT AT N
Fia HASEIE H ORI b, U T RER IR ISP 5 A aikis 2y, DUME
IEIEHAT S 5 — A REBEIFAT AT R, 40 A RIS IR, a =
b + c BZIAT, WAENIES T a ISR, Gk as@t TR AR G2, A AF
AN RO SLEAT T RERLA R, T IL-F- B AT 35 2 I B AU AL R B B . B I 25 1B P b
PR LS R R AR T A o, AT LU dX — ). B, T UK A Bl g 2R
VEAZHE L AL BT -

HZ, PRAFAEI . LR B

y*z;
a + b;

KA WVFRE IFATIAT . WERIRe SRR, WIS z nTREC Lpnikia i
B, JUHIE R s S5 Pl LR as S . SCHF IEEE AR THE LR S
DERPBRAT 2 (IR %, B ALERIAET, SRS 1 &% B S0t S X eI UL

W. Kahan 8 $2 380408 T 70 2F A2 W F AL PR e DLGBE S S8 1) J, £ v, T R
AN DL R A A I S N AR S R . A Ao, B AR TR A (sin
x)x AT, F R E x = 0 kb UL RIS 8 R x = 0 B E i RE, RSOk (e
HEL 0/0 PGB AL PRI PP . 2448 TEEE FEBTACFERS BT, 0K g S 3R [RE 1 11
ACBRRE P AE VA sin x/x Z RT3 . M TR, RS e kAR G R E S
ZAERME 1. Kahan FFUCFR R TR e, DA B F O 04 BB 0 2 BT F6 8 . 124
A5 P B R AL B PP Iy, B3R ] R AT DAAE H B R B 1A T 1T 5

TIRR e (R AR RO e AT T SR IO RE AR S . 29 — ELAf S S i (2R Y, ol vl A e o
Pt 18 S A R IR IE RG] BARTUEHI AT — Lol 5 N Bk, {HE TEEE bruEff)
T2 AN AT LA AT BERERE P I i )2 AT

D.6

pA A I

EENAY ]

TEARSCT OB T2 A 07 rUa SN S . e, FRATGRS UL VF AR
FEIBEA, T2 — AT DAZE R A U0 L0 35 I T e S B 1 8. B 43 o = AN 43
H—i AR ZE T, JHRILEE 2 T “HARE” WA MR TR, B R
PEHR B3R 0 e, 65 14 TU “IEEE bidfE” 384> AT — 24 72 o 2 =371 Kahan
RFAT, BEAESE 28T “KGE W7 o HAE—rpl.

29, TR 0 (10 VRl T T BB S Bl m] R (KPR i BB O RAE A GBI © — G2
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D.6.1

D.6.1.1

D.6.1.2

38 HEIHEES -

HNIRE

FEVHE SN RN, T4 tljﬁ/‘{%f)jéﬂluiu{%ﬂﬂﬂ/iiéﬁﬁﬂﬁ&‘iﬁhﬁﬁ%%@%

o GERL2) . SRR WS, ST 2 SRS, N Tk
B, 5T NG S, TS S I 4 A
EH9

IR x Fly EIERTIFERiHe, HIEA G RGZEB Flp, THREESFEE T p + 1 07
(Y FAREH]—TRY B L) HTTHT, SEZERAHIHIN AR 2 T

(g+QBﬂ7=(1+9es2eo

e

HAEME, x My nfCLE#, EEAGHAN x> y. [FFE, TZZBH x Al y 1% LI 48 %,
PAE x T RAR IR ER x,.x, .. x B WK y KIRA v, M ZE{E RERERA . 40
Bkt y 2ok 0y, ... )”'H%% iﬂ\/ﬁfﬁ%tl RPN Rt %%)\7’3{% RS R 2R, X
A NRZER KR e XJ‘? RIETE, 2y =00 . 0y oy, Ly ZHWE p+1
Ll yo HBA

y-7 <@-DEFPT+BP 2+ L+ BT (15)

FLRARY BRI E S x -y IR FEANF S x -7, W (x-7) +6, HH&EA
WRIE 8 WAL LT AAT

|8] < (B/2)BF- (16)

W ZEEE x -y, FIRER x-»)-G-7+8) =7 -y +8. FHE=FMEN. WHE x -
y > 1, MAHRHRZE R AR 2

LZEO <o [(B - DB + .. + B + /2] < BH(L+ /). (a7)

B, W x-y <1, WE=0. P4 x-y B/l Lo

1.0-0. (ﬁ’%)(ﬁ%} >SEB-DPL+...+ph, Hhp=p-1,

200518



D.6.1.3

D.6.1.4

FEIXFPIG DL AT 18 22 ¥ S PR

yoy+3 BB a8)
B-DE L+ +ph  B-DE . +pH
BRI x-y <1 {Hx- > 1. RAKHESLIME— S0 -7 =1, fEiH
BoiF 8= 0. {HE, W5 =0, W (18) SEiE M, BHHLAIRERIE K SRR 2 B <
B2(1 + B/2). 1

B =20, FRIEELE 2e, BLFABIELE p — o BRAEMT N x=1+22-P fl y =21-P
- 2022 SEEL . R AE S AR I RO BOR NI, AN R Boh B RE1S 21 AP IO I 5, LA
FERTR.

EFE 10

DR x>0 Hy>0, Jil5x +y IWHIHXRFZR A 26, BIERTEHT (R 2007 1442 201
Y

it

T & A PRI EL (e S SE S R aas S SRR i x>y, WX p Bt
IrA AL, B x My BN FF . FRBL p + b ALERAEAAL R SEEX A
p+ kLB . RGN p L.

FRA TR ACL G AL P PR B I 202 B A IO — IS DU RN . AR e,
Bx >y >0 JFH x Fe LA AT AAT ddd...d x BO B, w56, BUE AT L.
W2, Iy BIRRB AT RATMEADNT P+l HMERADN 1, B Rz T
BPUL =2e. WURATHERL, WAV RS AL 1 2 1 I £

Lo pa?
2P pres

AN B, FERARR R ZENT
(B_p+1+%ﬁ_p+2)/[3 = (1+B/2)BP <2 . 1

S W, S IX AN E BT DL E R 2. BB 2 4 T HUT NS SRR R 2
PLAE x2-p2 Fll (x + y) (x — y) W8 NIRZE SR ENE RV s HIAIN IR 7. x © p AR
RS =[x 0y)—(x-»]/(x—y), EWLIS|<2e. BFH, U MABE

xOy=@x-y)1+35), |6]<=<2e (19)

FAUH
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D.6.1.5

D.6.1.6

x®@y=(x+y) (1+35,), [5]<2e (20)

B Sfevh A T 1L F SRS 0 SRAR PR AT 8 ACRBAT K], XS IRZE B KON .5 ulp, M4, X
TAEATE R u ATy

u®v=uv(l+3,), 15, <e 1)
o XA (Rt u=x 0y Hv=x®y), &l

O »®@x®y) =(x-y) 1+5)(x+y) (1+5,)(1+3) (22)
I, FETEEE (e - p) (o + ) IS DR ARG 32 22 2

K-NO ()i+Y)f(X2‘y2) = (1+8,)(1+8,)(1 +8y)-1 (23)

(Xz—yz)

PEARX AR 224 T 8, + 8, + 8, + 8,8, + 8,8, + 8,8, + 8,8,8,, HIULFZ& 5¢ + 8e2. #MAJiliii,
RN IRZE KL ANIREN 5 45 (KDY e & MR, e JLF LA .
X (x @ x) © (v ® y) MR AT ICTEAF AR IR FEAE, UM x ATy (P20
EHACA x2-y2 I, AR Z TR ORAN R BN k2 EEX (x © y)
® (x @ y) HATI T, KA

x®x) © (y®y)= [x2(1 +3,) - y*(1 +3,)] (1 +5,)
= ((x2 _y2) (1 + 61) + (61 - 52)}’2) (1 + 63)

M x Fly B, BN (3, - 8,)y? BG4 AL x2 - y2 —RER. ETHSTIE I BRAT 1 LA
TR S (- y) r+ ) Hox - 2 SR

Bk, BT =SB A D8 TSR (7) TSN ML R =, K
ity ZELL R e B

TEH 11
UGS Y T LB AR v/2 < x < v, W x -y WTLUSTHER ).

UEW]

WEE, R x My MIREAERE, W x © y —E k. BN, e+ R4,
B Z T UM ZE 1o WARE, x My o] LB 4o T, Ml 0 <y <x, I
W x B H xpx, . X, ¥y Fomh 0y, vyo WA, HTHE x © y BB R
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D.6.1.7

D.6.1.8

P x -y JEA NS AN MR 04, .. d, WM KIEE LR p
fr, PUERBHEAT &N, BT x<2px-y<y, By W0KR 0.4, ... d, Fx-y i
AR B

M >0 W, R 1 MERRAE B <x < By Bt BRI 172 < x < 29 DHR A
DAL AEE 10 WAEWIZ 5, BEEAT Gr-y) (c+ y) PIRIEREAT T 5007, JCHRI T
IR FNEE PR FEA IS SR AR A B ZE AR CEIAES (19) 1 (20)) X ik, X2 il
HOLMBIENT . LR, BIFILL FUES R R AR, AT AR (7) 3 LA
e, RIGEEL 11,

EH 12
YR E AR E 7, TTH av b F ¢ B=HETL a=2b>c), Wil 5

(a+ (b +c)(c-(a-b)lc+ (a-b)a+b-c) MNHIMAIRELZL N 168, KL e <
.005.

UEW]

NS A& (HET 10, b@®c=(b+0) (1 +5), Hrit o, BHRHRE2E, |5,
<20 FTBL, 2P T

@@ B®c)=(a+bB®c) (1+8)=(a+(B+c)(1+3))1+5,),

Pl

(@a+b+c)(A-2e2<[a+(Bb+c)(1-2)]-(1-2¢)
<a®Bdc)
<la+ (B +c)1+2)] (1 +2)
<(a+b+c)(l+2)2
KERAAAE A n, L
@@b®c)=@+b+c)(1+mn)?% |n| <2 (24)

T—IW Kk c Mla o b MEWRAEGHEMHE, BN ao b TiEESANRE. EHHN
a. b Al c E=MBMIL, Fibla<bte, BUESHT c<b<a GHEERTLUEL o
<b+c<2b<2a. K, a-b T 11 M. XEWE a-b=a © b KM,

Rt ¢ © (a-b) B—NIFHEAMM, LUK 2P 9 HTME, (RN

(ce(@ob)=(c-(a-b)1+mny), [n,| <2 (25)
B T P A KSR I R, PR
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D.6.1.9

(c®(a©b)=(c+(a-b)(1+mny, [ny| <2 (26)
e — Wi
(@@Boc)=@+(B-0)@+n) |n,| <2 (27)

Serp RINAGE T e 2 9 AUEHL 10, WEREBUE RILIBSRGHIEN, 1 x @ y =xp(1 +0)
Higl<e MaFE (24). (25). (26) M (27) GiE A il LA

@®bD®)(cO@ODb)(c®@Ob)(@®® o )
Sa+B+0)(c-(@-b)(c+(@-b)@+®-c)E

Hrp
E=(0+n)> 1 +my) 1 +ny) (1421 +C)A+C) A+

E A 52 (1 +2e)0(1 + e)®, HEITERZ 1+ 156+ O(e2). A74EAEH THezng 1
O(e?) T, (HILSLPLHIX —TUERAE G 1. & (1+2e)5(1 +e)3 =1 + 15¢ + eR(e), L
R(e) —MEAIEREM. e MZH, dbnl A id e MGG K. Ko R(005) =
505, LTI e <.005, R(e) <1, HIAI{E E<(1+2e)6(1 +e)p3<1+16g. K E
F—A R, A1 1- 158 -eR(e) <E, M e <.005 I, 1-168<(1-2¢)5(1 -
ePo WX FIRL O 1- 166 <E <1+ 16e. FIk, MIXHREZER AR 168, 1
EHE 12 A BRAE A (7) PAEEBVERGY . Bk, BARAR SR AKX (7) fEEUE
L%ﬁ%ﬂ’ﬂ, R B AT AN X AR IR A AR, X IEJZA 6 00 “HR 7 ik e 2
3 4ty

SEBE 3 AR
585
g=(a+(b+c)(c-(a-b)(c+(@-b)a+(-0)
H
0=@@®b®cH)®C O @Ob)®®(@Ob)®@® (b O c).
RIE, BT 1215 Q=q(1 +6), H 8<16e. nJLIRZE LT3

1-0.5218| < JT—[8] < JT+8] < 1 +0. 523 (28)

ZAF AL & < .04/(.52)2 = .15, IR |8] < 168 < 16(.005) = .08, FTLL & fify Siziph 2 b 41 BRIk
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D.6.1.10

D.6.1.11

D.6.1.12

o= Ja(1+38) = Ja(1+35))

HL[8,|<.5208|< 8.5 W AT ST 7 HRINF (K) 3 2 B4 .S ulp I, WURTAEL @ IR
A(L+8)(1+8), Hrd<e. W =2, WFERRLL 4 WAL ER-PIIRE. &
W), FERERRTEI AR — N 1+ 8, (|8, <e), MIFAEMEE 12 BTk, (1
+8,) (1 +38,) (1 +8,) MmRAREFREBILT 1+8, (§,/<1le). 1

SR HOE B 4 PRIR 25 IR A U AR ARG i, 1 AN BRI S B ) EABL—
U R HIE R L

EH 13

D14 w(x) = In(1 + x)/x, WXF0<x< <) < 1 HFEHL W) <L

21
47 2
Wk

ER, u@) =1-x/2+x¥3 - .. AT A E, IR T x <1, p) > 1 -
x/2 > 12, ATLAER G A T Iﬁulﬂ’]ﬂiﬁa/"ﬁalﬂﬁ FrEd pix) < 1. pw(x) MR
B R AZHE I, iy LR x <2 BATIGI, B4 -1 <wx) <-1 +2x/3, B

LS wE S0, Bt el< L !

EH 4 1UFEH
K4 In HIZ2 82550
2 3

In(l+x) = x—=—+=—=-—...
n(l+x) = x 7 *t3

T MAEEREL TLL 0 <x - In(1 +x) <x2, & x TERL In(1 + x) B4 AR R 25 1
R x2. R 1@ x=1, W [x|<e, PIHAXIREZERFIRE /2.
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Y l@x£1 0, EXY WL 1®x=1+x  XFHO<x<1, il (1 @®x)O1=%x,
IR S BRVE AU O (KR 224 BIZE L ulp 9, WRIES In(1 + x)/((1 + %) - 1) HI3F

HAE R

mllé(i)(%g) (1+8) (1 +38)= 1—“9;1{) (1+3)1+8)=pn(x)(1+8)(1+35) 20
(8, <& H I8, <eo TS p(x), WA A, %58 MR

u(x) - px) = (x - x)u'(e) (30)

Hi g b o Al 2o M B9 30, AT X - x| <6, KRULSERL 13 45645
IR (X)) - p@)] < /2, B u(x)/pex) - 1] < /2 <& EERE p(x) =
pe) (1+38,), 18, <e. ffa, #ellx5IN 5, Kt

xIn(1®x)/((1 ®x) © 1) it5AH

po

lhj(Xl—)t?(l +8(L+3)(1+85)(148,), |54

BESEH: R e<o0.1, W

(1+6)(1+06) (1+06)(1+38)=1+3,

Hrp 3] < 5¢e. 1

AL (19). (20) FT(21) BEAT VR ZE 53 H7 0 — AN @8R 9 BRFE — Ik 7 FE SR AR A =X
(-bxJb—4dac)/2a . 6T “HUN” SRR S A 0K el B + B85S IR
AR . (H2, TEUHE d = b, — 4ac WIERTHEH IS — MR Jdl 0 2 AT fj 5
I HHEY AN REN Bz A 3R o RERIRk, 2 B2 = dac I, S NRZE & Z A LA ff
T RE SRR A S SR R B 10— . R — M EEERIEH 8 RO FEsR
AR ZM S —Fh 516 LT Kahan [1972]) -

IR B = dac, WYEARFERE 1] LUGHITEN — KT FER LA (- b+ J b2 —4ac)/2a .

HEW]: i (b ®b) © (4a ® ) = (bX(1 +8)) - 4ac(l +8,)) (1 +8,), Hrh[§|<e.30 4 d=
b2 - 4ac, ERFEEN d(1+38) - 4ac(3, - 8))) (1 +8,). AIRMILBEMMKN, 2
WS, P I, IR EXHRZE ) d(S, + ;) — 4acd,, (8, =[5, -8, <26, BN

30.EdAR ERIE WA, (€ B=2, MEfIIRLL 4 MEURRREMK, HATGES.
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D.6.1.13

D.6.1.14

d«dac, JrUAvLLZBSGEE—I0 d(3, + 8,)c NS — 0T, W4 ax2+bx+c=alx—r)
(x — r), B arry= co BH B2 =~ dac, TBh  r ~ ,, WAFH CRZETA
dacd,~4a’r 5,% . IXFE, «/Zf HIT AR

/ 2.2
d+4a r184

< - < P+ < p+ag p =2 qg >

ld+ 4521”%64 = Jd+ F

L

|4 < /4a2r%‘84’

Bk Jd/2 a BIARIERL I 1[5, « By 8, ~ B2, LA, 5, ~ p=7/2, IXFF 1y ﬁ
200 1% ZE LR TR ) ~ 1, H’JT#*‘B&J‘%IH gt i, Hﬂ?*ﬁﬁ’]ﬁﬁu&ﬁﬁ
(Jad)/(2a) ﬁﬂlﬂ:i‘%ﬁiﬁ?ﬂ]f?r () AR (K7 B B ATAT AL, LAy IR AL
AEH L. B

I, WATFERIEE 6 MAEW . BRTLUFHSE CHBAES 5170 “xH 14 A 87 3
SHEERD .

M

ET 14

BE0<k<p, #m=pk+ 1, HEETFHEHEEHEAN. WL, mM®x) © (m®
x ©x) GEAZ p -k GEAHI x ZEME TR R L2 TA x HI 758K x /9
BRT, AL S D ECT IE A kN R ﬁx)?//ﬁ?f///}f‘éf/\ﬁ IS

SEH 6 UFH

WAE e B 14, x, EHEAR p—k=[p/2] QE’Jx ﬁﬂ%ix'ﬁiﬁu W x, éﬁkTuJﬂLp/Zj
MBS« BEAFAEREL . ﬁﬂ% x = x Be, 'J%)\J%x T/ P
AEAUERL I ME T DlE X, =B - 1E|JH:HTxh E’Hfﬁuiﬁ—?mlﬂc e 170 G x,
FIFERT I Lp/2] o
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D.6.2

D.6.2.1

D.6.2.2

TR x, RO x AL Bl <x < Br - 1 RS By = X, + X, ML
Hx, fEx M p-k MR, X, Rk MR T RS E SR R
X, <(B/2)BA-1, WK x AR p - k ALE R EEWOAEE, 1 Hx, = %, Flx, = X0
Nx, mEA kAL, WA p RS, WX, M ERZ A k=[p/2] =Lp/2] . BN, B=
2 H 3 <2k-0 WTDME k- 1 <[ p/2] MHBAEL R 5 FMEORAE X> (B/2)pA-!
W, VR X, WA EEA, B X, =%, + B Hox=x-x,=x- X, - Bk =X, - Bk [AIKE,
¥, A kA, AT LA Lp2) from. Boa, W

X, = B2 WX, = 3, Bix, +pF XIGRTREAAAE BN B x 2 (B2)pr- 1 5L
(B/2)Bk-1-Bh=-Br2, —FHHZM 1 fikoRm. 1

FEHL 6 AL T Ploke AN AR O BRS8NI T e A AN TR
FORAPIFN AR H 2, Mx+y=x®y +(x © (x D) ® y [Dekker 1971 ;
Knuth 1981, 4.2.2 J5 {52 Cl. fHZ, fEAHFRSHa NZH, AKX g =2 2
EARE, TN T B =10 A IEMR), WoRh] x=.99998. y=.99997 JJix.

IR ) - 2 R ) ik

HITHRG AT p =24, H 224 <108, PrRAREnTRES IR b B o 8 A1t il s
K2 R st 2B R (o2, R ANIERII.

EM 15

247 ) IEEE 4558 BFII R ILUTNT ) 12 FIEOT A A-H A FEe— e I
HHETFARAEATFENT o 1H2 WIRAESTIL A AL, T FF 1 BBy i T
B IR SR I 7F R

UEW

FFFR ] [103, 210) = [1000, 1024) 5 1) HEH 5RO 10 78 3k il N Eles i 2ol
14 ALAE R NBUS A . R, EIZX A (210 - 10%)214 = 393,216 ANARIA )
TR R EOR A 8 AR, AR R — X [ AT (210-103)104 = 240,000
Ak %, 240,000 ANSHRERIEOCEE R 393,216 MR —dkfi%. Kk, 8 ANk
TS AN A2 DARE — R AR REAS FORG FE 1Bk

SEULI] 9 (A ARE 0, S U R R T (10 ) B £ DK B3 e 1) S T o gl A2
i 7o AR DR RS HREBIAL N, X

[N - %ulp, N +%ulp]

S Z DN R 0 G S SO S AN L e - PR T a1 4 88
i N A M 18 — BE I
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D.6.3

DL TE] [107, 107+ 17 gk i B — 3 02 1) (4 1) B 4f 28 K T3kl 8 .t o a) b o 72
XA b, S R A ARG A2 100+ D=9, 5 [10m, 2m] b (3t m 232 100
< 2m W /NEEED TR (AT RE S 2m - 24, %E?El?[lmqﬂﬁtl‘mﬁ%w%ﬂéﬂ%ﬂéko
A, RFE 1000+ D -9 < om-24, ﬁﬁ%%L, i 107 < 2m, JrLL 1000+ 1D -9 = 10710
8 < 2m](-8 < Qmp-24, 1

JS2 P 00RS JEE (0 1] — 2 B s P SR OUNS B 2 17 A3 Az

R - - RERIEE Bl B T AR E R S Bl AR TR 15 TR S
W BN R kb E, DA IURS T B 0 B R e . R 1)
FRIE Y RS SR N A 108 (iR p < 13, W # AR T, KRG
NB R (s p <0, WEKE e IABR; Jéﬁﬁﬁ” RSB o 48R, N - 10# )it
SLGERORTT R KGRI, DARFFR A 2 41 &1 5 round(NV - 1071, Hidids N2
T RN 15 B R ;cTﬁﬁ?ﬂJﬁ‘ﬁxﬂﬁEK%ﬂ%ﬁﬁE’] 1HZE— ARG T B=10, p
=2 CWFHKE) Bp=3 ITHRBFEY R . WHERRZ 12.51, NWEIXEAE R 2k
P R RIEIBF I — i A 12.5. S ANBIHORE B 4E SN 12, (B2 1% 45 B E A IEH
1, RN KSR f s N BSR4 RN %2 13, IREANENFBUN .

WA IEEE #3i&, WTLABEGRXUEN, W Fi7R. RAFAKEHIbRE R S0, K5
HEE., BEAEARED “GANE” A5, BITRIEEHE N - 10P. KA bR
BIGFEAARAE ixflag 1, IR HEABAMAKbrE. WA ixflag & 0, W N
- 10PL S R§f Y, KL round(V - 10/7) FLEU e RIA R . WOR ixflag A2 1, W
%ﬁ%ﬁ%%ﬁ@sz lﬁ%)\ﬁ IR A T R BLI AT RhE SR LT
byybyy by MR by by =100, WIATREH B AR ZE . R PRl LY
IDJ$7)%/£§T}MT ixflag oL b31 32 4 OR B . OB, EFHATIUL R round(V - 10/Pl) 48
REIEAATT

SRAH iR 22

534 B0 CORILHE HOAMERE] TOREHETSLAR B KRR ) . GRS R R B R B S
BERSEE NI o o KRt R DS A OR R PO BRI, BB s, = x,, 5,= 5, @ ..
5,25, 1 ® x,0 BRI 5,= (1+8) (s, +x) H0oft 87| < e 2200 5, thit it i

= ZX{1+Zsk_zx+z [Zs

31
j=1 ] i=1 i=1 k=17 - 1)

(1) M AEAL ATy, TSR X, BTN AT RS Bl SR AT I ) 45 %%*HIHJE‘JG
H—I x, KWIBTE S ne, )5 x, E%'EULZSMEEIZE g. (31) FHIE AEXEIRER
%Iﬁﬂﬁiﬁﬁﬁﬂzﬂsm){{ 4f#irﬂﬂfn/\7ﬁXT e B I . iRk FiZ LA IEEE KUK &
A BATH, WA e = 1016, LT T n MATAI S B, ne « 1o IXFE, RS IMATR
T S KRE) ne, BT ne? « e . FHitk, Kahan SKFAZ GEFEL8) (K] 2¢ it
22 LR AN QA F OURS B2 4, (R EL A FH RS TS 2

11Kk Kahan KA SO0 BOL 1 EALERE, W65 2% i i FE &l
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RN I B, #A —AMRIEH 7 €, R T B8R RN . K, ¥
JEN X IR A A LA IE D C, ﬁH&EF%&MﬁY WG, Rkl
IR FE LR S . ZER Y ARG, (R Y) ©F%. #Fk, @diHE -8
KPS Y AL Mk 2s Y I, Ymﬁuﬁﬁﬁ XA P o B — USRI 2R 1
o EATE R T TG ER T EH 8 MIFRIE RS/ 51 0“8 14 fig
B 8” #Arh (3 Knuth [1981] 48 572 7)) -

D.7

48 HEIHEES -

N

THENLR G BT N SUEAE B R G 5 7% A SRR 7y o IXAR AT R B o SRR IR
PP AR R AR A8 T X SO B FRAT IR 1 ﬁﬁﬁm ANAERAL A, D
SETVEAN I 18 A BRI A (R A 54T 22 K 3
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D.10.1

D.10.2

B 14 FEHE 8

U 0 5 T SC AP A WS (R P A SR B SR PR A

T 14

BEO<k<p, #&m=pk+ 1, HEETFHEHEEHEAN. W4, (m®x) © (m®
x ©x) GHEAZ p-k NG x EEHEF BRI LR, A x HI U728 H] x
HIF RN, i LA g D F T iE 277 ke ANRAMEH BT HI A g — N4

1k
UERH A PR E DL, KGR T mx = PR + x HUTHAE & B AT,
e B AT o F A G gk x A8 — A REEORTEFER . A, mx =x + B IHE
HALT
aa...aabb...bb

+aa...aabb...bb
zz...zzbb...bb

Horpr x B2 AT o A TARLLE) &k DN RARICA b, AT RAL p - k DECTHE
PRICA ae Momx WL m @ x W R SR TARALIN £k AN ECY (hidoh b 980y, Ik

m ® x = mx - x mod(BF) + rpk (32)
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WER b, . b KFL, W PR 1, IR 0o SEHEMMLL,
WH a.bb...b&AKa+1, Wr=1, FM r=0. (33)

Rk, W m ® x —x = mx — x mod(BF) + 1Bk - x = BA(x + ) — x mod(B). KR
TSN m @ x - x, B (m®x) © xo WfTAE PG + 1), Hrh B IS v 5 RATRIL
o AR AR

aa...aabb...bB00...00

-bb...bb

ZZ... zzZ00...00

W bb...b <L, M r=0, WSS FEGEY B ST, (HR IR T
EaA, LRI R LT A 75 T T, B Bxe WL .bb...b> L I =
1 TSR B Rk 1, BEAHE B, B, LU bbb = L Jfal. Tkt =
0, W B AEHL, 7 RAE KEUAT EA AL B, K0UE, M= 1B, B R
B,z RABHL TEKET T AN, FUERFER B S LATIE,

(m®x) © x=pkx (34)

g A% (32) A (34) MM H (m ® x) - (m ® x © x) = x — x mod(B¥) + p ik HATIE
ENEE

r00...00

- .. bb...bb
aa...aA00...00

TE RO CBIZ%EE 33) H¥ a. .. ab...b &AF] p— k ALAIFME AR .
B, 75 x + Bl AR B GL T, 4277 SUSHRE FE T mx — (mx — x) &R 5%
x BmNE] p — k Log A .

M x + B BSEEEAIT,  mx = Bhe + x BT
aa...aabb...bb

+aa...aabb...bb
ZZ...zZbb...bb

FEE, m ® x = mx — x mod(BF) + wpk, i w=-Z (K& Z<B2), (HiE w FRHE
TAELER . TR, m®x—x =Pk —x mod(B¥) + wpk. fEKH
aa...aabb...bb00...00
- bb... bb

+ W
zZ ... zZbb ...bb3!
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D.10.2.1

D.10.2.2

S EHENRFH (m ®x) © x = B+ wpk - rph, Jihr=1 (PR bb...b>1 F
bb...b=1 H b =1.3255F,

(m®x)-(m®x © x) =mx - xmod(Br) + wk - (Bkx + wpk — rpk)
= x - x mod(B¥) + rpk.

FFE, M a...ab...b FANE| p- kK EsmAR, r=15%2W. XEERAENASE
W, R T EE 14, 1

EH 8 (Kahan KFTAR)
A UL R 5 ST 1

J=1"J

W4, I EHIHIS FTS = Tx(1+38)+ONed) T |yl Ho I8,] < 2e.

kR
B, A R RAR S x, B RS, 5N s, =x, 5, = (1+8) (5| +x)-
ARIVHSCR Dy s RS TR, TP A I X TR 8, URIEA. x) 1
K RECE (1 +8)(1 +8;) (1+38,), B ENH 'S, x, MRE—ERL 1 +8,)(1 +
8,) ... (1 +8n), fKILIHE. EH 8 ML RG], HUE x, WARKEE R, Ak
P Bt s, =c¢,=0 H

V=%, 0 ¢ =k P +ny

S =85 Wy =5 t3) (1 +0y

Ck= (Sk © Sk_ 1) © yk= [(Sk - Sk_ 1) (1 + Yk) 'yk] (1 + Sk)
SO B AT A5 B BRI SR 60 HUR s, x, MRBCR TG B RKIL S, i s,
-e, Bl e, x, MBRMTZ 5
M k=1,

Cl = (Sl(l + Yl) 'yl) (1 + d])

32424 (B + wfh iy Brye WIEARS, S ENA RN Bl 4o BE- B, — g3
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=y»M+s)d+y)-1)d+d)
=x,(s; ty, gD (1 +d) (1 +h)
sy =x [ +s)-(s; t g +sg) (L+Hd)IA + hy)
=x[l-g -5d -5¢g-dg-5gd]1+h)

S RIE A LGA C RS, X, IR, B4
C,=2e + O(g?)

S;=+m, -y, + 42 + O(ed)

YA S, F C, BB A, ERTT s M e, BIE X, ZEITH W Mo x, (0> 1) B, 432
5= (s Ty + o))
=[5t (- ) A +mpld + o))
=[5y - e y) - 1(0+0))
o= Hsg - s ppd +y) - »1d +8)
=[{(s - a P - Pt o) -5 HAFy) +e ((T+Hn)I(L+8)
=[{(s - Do - (o) -¢  Jd+y) +e (1N +3)
=[(s_ ;- PoI +v) - (v, T o, Ty, T oy DI +8),
S == (- P -me P A +op
sy ma Doy - o oyt oI+ 8)
= (S - )t o) -o 1yl +8))
to (md+o)+ @, +nlo,+v,toy)) 1 +3))
=6 - ) d-0(v, T8+ 7,8))
toe - T vty t o) T (gt o, v T or))d,]
H1T S, 1 C, AT B E €2, BRIGIX AL 4 5 UrT LA AL
C= (0, + OEM)S, | + (-7, + O(E))C, _,
S=((1+ 282+ 0(e3))S, | + (2& + O(e?)C, _,
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RO N g T DU S S 2
C,.=o, +O(e?)
S,=1+m; -7, + (4+2)e2 + O(e3)

e, Praaitsg s, o ox, MRS ZERMEIME, £ x, . =0, 8 Mk n+ 1 M
TR T 0, WL s e WAL s, =8, - Hos T ox IRBUNTEE

n

Soyq THIREL JEHEM S, =1+n, -y, + (4n+2)e2 = (1 +2& + O(ne?). 1

D.11

& Fh IEEE 754 SZHRIT 22 5]

i = AR TR R MR SO 5 o BN ET 32 ok T W SR L, R IR
7] HE I I 18 SCHE SN I HE LA ¢ TEEE *T@E'Jw:ﬁﬁ A BLIAS & i David Goldberg %i 5
1, (HEREE T A R AR .

B SC 2R PATIF RIS SN 2N, RO R B3 T RE MRS LI 1ok
SCIURE T K ERRPEAAEGVE . Rpn) 2 AESEIL TIEEE FRyfEIn a5 /N0 fe, U e A heiE
MRGE b fedm S HREMS IE W LAE R4 M HERI &5 RO IR T . B nl el b rg th &
W XFERRF N AZ A I AE BT A IEEE R4¢ Lo FSE b, Wk “H—DMRFENG
SCRF IBEE ST HNLZ BTN, i RAT AT o ) 45 RO AN R, )58 2 i T
ik, MARFRER. 7 X —5FMHOL, ARSI BRI S Z R ER G .

WIEHSE, IEEE AR JEARRALE R — R FAE FTE 15 & %A HE I R G L ARK AL 58 4 A TR
g9, SEfn b, BTFMIRE, KEFREFBESENRMNRE LF-EARNRIME R, L
rh—ANRIE, K2 B e A9 8 il 20R — i s X 2 o) A B0 - #5310 TEEE
FRUERAE 58 T8 e PUT X FE R 3 b U RIS . 55— AN RIBE, 2R H
RIS R B, THZASHEIE A R I IX L g 2. 28R, K2R AR N
JBIXLEThRE S H T IEEE AniERIIE .
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D.11.1

VRS R BT AT RS, AR O TEEE RRAERLE (50T A% SRR B A
W TR AE AN IR 248 b BRI S, 2B b, bl 2 00 BT A0 VR )
By BLSREE R IR0 L. 75 TEEE 754 b bR 8 £7 4705t SURS b 3k T 1A 2% 1
CHARATLLBR P BRI, Bl R AR (i, ikt R s
LA . HEREE B 2 b I A SR A TR BB F b, EE, i
HRAR 2% bR sURIAE B0 (152 X8 FERO4E . 7 (IEEE 754-1985, 55 7 00 Hefin
Ui, IEEE bR SR i/ 45 HU I 0 e A S HCE S 10 HBRIORSIE , (PLIE RIE A2 ol
FIL P A2 19 FBRRE . DRI, IR 0 3R 6 T A S S IR AR D RS FE R
()RR A RIS R IR A | BV R SEAR 7 bR it

BTV SCHH IR LA S 1 it A7 0 s A7 s 15 SR 2R 280 O 1 35 A 7 ik 28
G5 IS, R SR RE RS U U T iR R/, JCIL2, #€ IEEE R4t b, A
AIZELI H AR FORE BT g S AT 4 o (B, TEEE Afkrh A 47 IR HI 59 7 F2 )5 b1 Ji
TR RE P (K)o DA, AR i 55 P AR D0 WS r RS AR R 3 SEBLIN B TR 1Y
JUASSEGIAT RETCIAAE IEEE R 48 EAEW TAE, WO 45 REL ALy LRSI S5 R 1y 52 B 1O
?ﬁ?ﬁgoﬁmiwﬂﬂﬁﬁﬁlﬁ,@%E%EW%%E%L%ﬂ%E&T*%E
T IBET .

FERE T, BATARG TEEE 754 32 5O BUAT S DUE % A 10 H AR 2X 008 O e A 1
175338 WA, [RUBOS SO — L8], SR W LA EERS P PUUIRS 62 5T 5 14 K5 182 B A 45 2R
S PECETH AR SR, RV AE AL S0 R FRORS L I E I W] IR 1 o FRATTIE W] LA
FAF RSO —ANMIEY], DU WIAEBOR FORH RS DT 5 (R 0 A, BIAE 208 208
BT R P IRk o XL Ui, TEEE ARk SLVFAEA R S B (W) A7AE 22 57 2 L 34T 4
5 AT AR TR AT A TR i R R, T S ERE T Rk . 2T
FXAERRAT, T ET 55620 Gt B TEEE AR #E ST VF K T ARV 1R 7 BTV 5 AR,
IF SeVFRER 27 SRRy DT 7 s i o

M HT 1A IEEE 754 SZHE

IEEE 754 & S0 207 SEBUTT Loy 4L, B A 1S 3 SRR AE i AN [A)3% ks QO R B X 40
(. BT RENERS, W Intel x86 RAIALFNEE, 24 iy RN B =X, (HENE
O3 SR BORE FE NRURS 15 . AT TR A 45 SRS 1 R SUUKS 2k N B B (K9 4, R
B AE SR FSEFOURS FE 5477 e U A% 50z TR [l e, e TR SR (R R AR o OR 2 B
BRI , ERFERIR N AR B S N AR IZH AR, R segs R oLy
JE XK i b SR AFAE 254735 . (Motorola 68000 Z& 41| &b B 58 75 336 L6 5 20 e B kS o5 ik
WURE FE K U RS FE TG NS5 5, Intel x86 J% 3 75 b T B iz PR FiF Bl OURS BE #4% 20 fr0 S
JE NGERL, (EAR B S R XORE R A I Va . D 43/2° ) WAF/ER S, i K2 H
RISC AbEEES, 584 S FRRs BEAS AR FE K 30, (BEANSCRETF A IEEE WP 8 XU BEA%
A . (IBM POWER ZEMA 4 R RE E, HEHE TATHSWEK, FATEILPA R
FEIE | RS RS0 )
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LB NI T Y RN RS LR / XURERGE LA AN, S5
28 WU “ ARG LB C A

int main()
double qj;

g =3.0/7.0;

if (g == 3.0/7.0) printf ("Equal\n");
else printf ("Not Equall\n") ;

return 0;

FEIXHL, KW HL 3.0 A0 7.0 iR XURS BT s B, T HLARIA X 3.0/7.0 4R 7K UG B K 2K
Mo FERRGE | ROWARGE b, R 35O00Rs BT SEARIE SCMEL, DR ORI A vl LA 1) B AT
R e BRI, CREROBURS BERE A N 3.0/7.0 IOMEIR T g 76 N AT, K PRI UURS
JEV S AGAI 3.0/7.0 (fE, RGO AE T RIS g IO(E, TRFER G0 & Ik
fTEN “Equal” .

FERETY MM ARG b, BIERIAIC 3.0/7.0 (SRRN AR, BURE LAY FEXURG LA X AE &
fras b v SR, LR AT, Ry XU S N e B, 2Rt S 7
g N, ZJE P RER EAF RN AR, DY g $OR IO RABEE, T LUKEHZOUURS JEE 8 A
A AE T AT, AR UGS R BT RIA S 3.0/7.0 (4, P AEIER R S AP 4
q TIXCE EEEARR, AIFRFATED “Not equal” o« 244K, ARG R FTREM: iR
ALV E AR RIESN 3.0/7.0 HME Y g AT HEBLZ ATE S — AT PAF I N E, 5.
B LMY RGO g IRAFAEZFAE 85 IR E o UAL 20 1E a8 1T BECES PRI (W VF
FEALOURG L, MVFIRR AT REXUR ) TH5ERIE 5 3.0/7.0 194 (AEHIIR— 4> x86 4 i
Wy AENRALEAT e R RE PR AT BN “Equal” 78 YHREEAT S PE MK 4T B0 “Not
Equal” o ) i, JEF3 R RGUHIRE LG 0% F 30 3 s AR R, DUMEAE 7 £ 4%
Hh P AR A5 SR KA S PR PR BORORS J5E i NISSEEE AL, RV AT BE 58 RN L2 T e . X
B, AEIXLE RS E, FATTICTA DOE I B R RS J R 1] TEEE 754 Ja S EEA R OR T
AL AT Mo FATWABER R BESLBEAT 5 TEEE 754 FPA8E 1 A T4l 1 i i 16 5 Al
PR IER S NGRS R H AR CIEEREMIEE) T Hgi 4% i i
S rh ) 25 R TR A I B RS G Ve iee) .

TERET I RS i S

e B, TR R G AT E R ARSI AR, MBS AL PR/ XURS
FERGE ERALI R, 0T ah P S T RE R RS B, T L LU R A e TR
sl Con B C RERe) DASE T T i 18 ) S 81 ) 5 40 S50RE e 5 W XA IR 2 2
ORI LS AR R IR S T DA SRS/ RUR I RSB AR I, RS T
JEM ARG LR PRI AR, Se 42 TG Be s AN BEAF B i) A%, SR St FRoRs AT Ik
EURE P P 0 1)
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T IRE P BT S AR AR AR E S TR R L . WS 30 T “HEE MRS L
CIRH MR R PITE, VFZ R ROHE E AR EAE R — LR Soh AR (i
10. 0%x) FEXIEAT N oS AR [ (K. AEIX D510, HE28iE 5 (W1 Ada) #3231 IEEE
PRUEZ T AN RS S22 0] 22 57 I . B, SREL ANSI C 1 5 52 2 1A A hn e
BTV R ARG . F5E b, ANSI C brifE W Fo g 15 a4 LU 3 Ly JLSR SRR
K P56 B 5 FRDORS P S i A Ui DIk, R3ASC 0. o%x (BT RELUGR LU R 4%
PRI R (05 AR A e 0 A 37 RV A2 3 S A O 528 5 IUAE 5K K RIE S
RiIEAREGSHWE RIEAREASHALBE AL W, %SGR L
SEAET I AR AT RS R PR N AR G0 s A G PR I e PR BT A
Kok RERE AR IE 571 4655

AR RIE S A & S BRI T S haik. ATREMIIN AR, 79 G Ar f7 2o
THHRRIE, BT RN RGBT AR i, HI U il R (RS 4 P 4 1A e 7 g 1
AR o LR Pl 5 AL 2R 10 ovx AEARMTAL B ARV SN A EDRF PR AR L R 4 11
PERE. AIEIRE, SVPIREE R GEAETE SC RSO B R SOHRRE 10 o x TN A FIII(E &
XTI ARG B A IRE e 53 28 A SIS, e BLIERR Y SRR 15Tk
BN TUE T 3o

FLIE PIFE P& A s e Rk SR A 5O [ — (B Rk 2 [RIARAE e 21 4 Pyt T
P In(1 + x) 5075, EULALA Fortran 45 -

real function loglp (x)
real x
if (1.0 + x .eqg.1.0) then
loglp = x
else
loglp = log(1.0 + x) * x / ((1.0 + x) - 1.0)
endif
return

ERTY RNARS L, wmiFSRTRETESE ATy RS REX 1.0 + x WEFE
il 1.0 BT (B2, BR—RA KL HE AT log T, 1% 1T RE
P A W AETD, FRI RS B AT S N o IXHE, W3 T4 RS LA Re ¥
1.0 + x HAN 1.0, x A/, (HXF TR ERT LK 1.0 + x &AK 1.0, KT
BEOLEE /N, B4 loglp (x) RMIFMERK LR, MAL x, HRERLE— -Zik
KF Se. [FFE, e A MTHRIAAMILRIMS (BFFTFREX 1.0 + x WEHFHID
RV RS AEXFE T, R x B/MEEE/DNRE DI RREER 1.0 + x
FHAN 1.0, W loglp(x) R[FIFME R LA IESEBIT x, FIFEARRZ 0] LR
—o N —NEARWSEE], Rk x ST 2-24+ 247, Ft x S5/ RRgEE, o
PL1.0 + x EHARIF—AERME 1 +22, B4, log(1.0 + x) KLET 223, A
RENAT RIS A BRI RS SIS, Ve R Rt S et <, X8
loglp (x) IR[FIFMEKATET 2-23, % EHIL T 2R E AT . (D Fhdgn s 5B H
W X P . 24T x86 R 411 Sun WorkShop Compilers 4.2.1 Fortran 77 23 4% 14
-0 A AR & G B FT T (ARSI, AR R AL S B UL I TRFETHE. 1.0 + xo BRI, B
M loglp (1.0e-10) 2%, H loglp(5.97e-8) #24 1.19209E-07, )
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AR 4 PSVEIER TR, AERER 1.0 + x BRUCHBL, 220 LUK ] (1 7 206 Hhak
TS EETYRNAL L, RA% 1.0 + x PSSR — S92 b o e SRS 13
TR, AE Ty AN b ok BUORS BE BUORS B R ORI, i SVEA T RECVE IR TR, 4R,
H1T log J& Fortran (1 —ANE FH P9 BEEL, 4o il AEMIA B LR P RS R LR
B 1.0+ x IOME, DUH R RORE VT 50e o 4, (H 882 B BRATAS BB B g 4 A H XA
il GERPLBAR AN B e LR BN ABR Bl Az o0 F, BIEHT 7  SLR R
HOR (R (1 2 BORG B 45, g RS TR AT DAY RS B ORAE S B, (B2 BT AT ] IR AT 1)
Fortran 4 P28 X FEAL, AR, ) B, AT L2t f 1.0 + x femgniim
A, DMEGE—HEa K. mi& e, RN E AL R real, T EEHHHIZAL
PSR IR DAY R FE DRAPAE B AP35 TP AL, DA SO St o — P A LR 7 DA SRS
AEAEAENAE P B, BRATHIARIMR VLB A, FRATT T 597 Ji A 5 s 5ot v
i) 5 Fh A0 75 W i% A8 . AR iE FORTRAN 77 ANSZEFIXFEM, 17 Fortran 95 W24 T
SELECTED_REAL_KIND HLHIKHIR &Rk 2, & I A W B K Ay J A B v S ik X
SRS, LAARVER Y KSR AR & . 6175 2, fEARUE Fortran i A HHEIY 7
ok 5T, DMRIES A LRI T A RER 1.0 + x M,

FERETY IR S b, A7 AL —287= i), RIAEREAS 70k TCHE A7 T DK AH [ PR
JERN, ERARIER T e XA A fEREREEAAT, T RINARS R
PISHG RN GUR BN Y BRI o WER PRI S R CLOUR A7, S0 Ef AT &
ANERAT o TXP R N (KDL B mT e AL A RS PR S 30 K 28— R 10 45 SR LA 53 N D UK 5 i
FHIEERANA . 255 NG FERORS LA A5 A2 “ Pl e i, B, SRR AP
K BEEL A rha]In, W REH Bl L DL, BTRLSE s AN i A BRI e . W SR
Y PN LAV VN < b T N A LT NN (7R 5= N 8 £ PV = = VAL M1
RN GERL RV AR T (R i DAEWI RS g > 2p + 2, W
A p- LA W s BR, sE A p MBI OTRIE S, IR AN g (RS
HEANN p A5 RENRE p ALERA . Kk, § RO BEM 985 S g,
R BEVH S0/ HEAT R AN 6 )

MR B N B — S S R U AT R e SRS b, R 2 R NSRBI & N HAEAST
¥ IEEE 754 H)#-FvhSEHL L IE AR — L8805 W s PUOR S AT R . Herb i A TG
SERA R THATAESS 11 00 “E B 57 7 PR SR BHU 2R I SR B RSk .
i, GER 6 IR I TR R R 20 O A AV B (K AR A X N JE S AN BEIE
B TAE: IR DORS LR 252 + 3 x 226 — 1 HRIp AR S, 02 0 26 fir. F2XUKG
JEIEM & NEEAN BN, AR 2 252+ 227, (IRALERZM 2 226 — 1, {HSEI%Y REXURZ
o NBFANS SO LA NI, A2 R ™ A I s R 70 2 252 + 228, ARG AR 73 2 -226 —
Lo Ja—MNEGEHT 27 A7, DI IEVEFZXURG BERS I VST 7o 248K, U541 n] RESL Y XL
K BEVHSLUREU 5, AR A (RO R A B A2 R B BN T/ RURSE R St BEAh,
2 K P T B v [0 ) S0 BRABUE 44 SORS FE VT 5 T I A FR 8 23 e AR . IE 1 Ak BHLUURS P2 AR
SRR R OORS 2 AR 5 PR R 45K ROR R i ST AR FEAS

I 4 s Dy UURG JSE B B 1R 22 65 S AT N ) ] RS A ST > AE X N S 2Rk
Mo IXEEHIETE AR T Kahan SRAM AR 3. IEWIH 47 50 RN R %"
A8y g IR AN A AR IE AR PR IK), W s Ay R2F AR H. |s| > |yl, o
B

t
e

S+y,'
(s - t) + vyi
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D.11.2.1

D.11.2.2

Mo, ERZHIZHEF, e HMKE I ¢ RIS N RZE . B, R ENE AN
BEBARRIEE T W s=22+1 Hy=12-2%, B4, s + v 5Ct&y B
NN 252+ 372, RIGREE “AEPIRECT A 0 B2 BURS B BE AR A Ny 252
+ 2 XFE, HE t INIEAES NIRERE 1/2 + 25, CILERIE LR, Hibe
T F LI TR (R IE RS S. [FAE, I 4% B SURS B T SRR 8 N 20
FETTRENR), (HFEIXFERE 6 D 2 HEA T A0 ) T AE A R s doe 20 HH 2 185 [0 BURS B, S8 A
2t B, TR R, BARIE I IR VA 2 S S T B R A &
ARV BN E BT R HIZ AT, EREAERTY R RS EIFEAME TR0
FEIBAT

JE, EHIE L ELCER R & N e H kg s EATRE S e N IFEa TAE. 7F
IXEERESUT, AEFRRUE AN AR ANAE 5280, M AE T X S92 A5 A R B AE AT
FIR S . A T U — 5, RATEHER 7 (LN

ER 7

YR m Fln 21 LL#% IEEE 754 XUFg/ZEnHIBEE, |m| < 252, n AGHFHEn =20 +
2, A4 (mpn) ®n=m, FAHIIFRIEHAFR2IEKITE IR AN LI 1LY XK
FFIETAFFIXGSE AN -

UEW]

BE m>0. WA g=m @ no B _HIRAENE T AT, BATTLLEE—NENE
B, Hrp 252 <m <29, X g 2, CUE m AT g #ZXFE RS HEARE R
AT AL S CET ulp(m) = ulp(q) = 1) - FEVHIEZ 1T, BOE m <252, KA REZ G,
m SR MEEEEE AN, R m RN g RREEE R m/2 < g <2m, FTLL n (0 S AE 26
BHAPHMIER P —F, BAKEGRT m f g AR R g<m, B 1<n<2,
R on WA T HRAL, TS T 2k, n=1+2F%, FEE, WHE g>m, BAa 12
<n<l, Rt n=12+2C*D, (KK n LW KRR, BTl o R0 — ] fE
e n =142, FA m/(1+252) REAT m 0 F—ADNBANSS RO, FreURfefd
q=m,)
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B e Ronit®E g WIAISENIRZE, UM g=min+e, WHMH g@n & m+nell (—
R IR 5 N 15 B 5675 RE 3 0URE B IE i a5 NN IS E I B AERXMELLT,
le] <1/2. W n BHERX 172+ 2-6+D, | ne =ng —m & 2-C+D {3856, H |ne| <
14 +2-6%2), JXFEIRAE |ne| < /4. WERIM—T m 5 F—ANEKM TR REC R )2 2
L, m AR =N RRB B ZERZ 1T R m>2%2) 512 (R m=2%2),
XEE, KA |nel < 1/4, m + ne B AN mo (BIE m =252 H ne = —1/4, FeRB K%
CHEPIRTEOL N &N RS BN m. ) Rk, R o B 1+ 25, W ne 2
2-K RS, H ne| < 172+ 2-KF D 5 JXBAE |ne| < 1720 FEIXFHMESL T, AFEAE m = 252,
K2 m P24 KT g, Pl m H5IEGER W RREHHZE 1. XFE, R nel < 172, m
+ne FFEHEEAN mo (BUME |ne| = 172, FBMIGIE “AH@RIEN FHAAMEE” B
BN m, B m 205 D IXFERLE R T I NS H U .

EX A Nis S, ek AL M EOL: g 2 EMEANNRE (BEE S L&A T W
00O, B G EIEE e < 1720 fEXFMED N, FATATCAKE T E—Beh g s, &M
EHIER] g ® n W AW IRIIFSL . T ERIX— 5, 15 A IEEE a2k JEX
W E DT 64 NEHAL, UMEE m £ 172 1 m + 1/4 v LA JE XU FEXS T 71 o
AL, I e BRI 172 + 2-6 D, LU |ne| < 1/4, W3 REICKE BN m + ne W0
PR m B MZE 14 SR, W EATR, BREG IO E SN me FIFE, R o H
HIE 1+ 25, DUE |ne| < 172, WHZY EXCRE S N m + ne DAY m I Z 47 1/2
(g g, T HI S5 B SR AR me GERIAR, BRSO m > 252, )

g, BEHEERAUNEARIEAEN: HXSANMFE g RNEEMHE NN £iXik
BT, IERA || < 12 +2-@+ D, Hrh g By IR E P RaisMiE. (i
ETY RIIMA REH LR LGB 64 MY XGRS Tk, d=
64— 53 =11, ) BIATESE ZIRENM “FEHP @GOl R AN EE” B0 e B XA A
FEAEARIEM NG R, L ¢ BARMEBEER. XFE, Wi HATEX

12+ 2-6+ D W] ne = ng —m J& 2-F BEERE, H

|ne| < (1/2+2:k+D)1/2 +2:@+ 1)) =1/4 4+ 2:k+2) 4 2(d+2) 4 -k +d +2) .

W k<d, WEWEHE ne| < 1/4. W k>d, WIRATHA |ne| < 1/4 +2-@+ D, LT
BT, R H IR NI S m 2 M2 1/4 MR, KPS Bk s, 26 — k&
ANWEENA me FRE, W o BETEA 1+ 25 W) ne & 2-¢- 1 sy, H

|ne| <1/2 +2k+1D 4 2@+1) 4y pk+d+1),

WR k<d, WEWRE ne| < 1/2. WR k>d, WERATEAT |ne| < 1/2 +2-@+ D, FEAE—1h
DUR, RPN — XA IS m 2 ANZE 12 (SR, FFKkE Bidignl, 9
RENGEEANT m. 1

BHRE R R SUCY R S EXGE AR, A 2 50ENE AN, AR IR 3 A
NIERRES R o ZUEWER W] BIAEZ X T U PANE RUe SR Pk il 3 AT
FERE ARG AF AU NI ) el ol IO A R PR . X TSR IORR S, R GE MR
ENMFEEAB VA ATREN,  SEAN D BLOURS B vF AN J 0K B SIS — iR 5 o
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D.11.3

bR IO A 5 S

ANINEZ% PRI (R S5 RER AR ot KX — S 8. AR DL RERS A I eI A ]
PRERGRENS, VEZ R il LY RS2 o IR, 2 IRRE PP B vh i 35 Ve 1 it
A7 PR BT ORI 52 N A T s BE IR Tl Ay e O TR T 105
B, AT IE T REAY A B RR L AR A 1) 7 3

FEXS UK A SRR TARRE LKl RO AR 7o, BRATT T REAy 2 2 S 6 K5 L 1) A 1 11
JrAATUL R R

L FER T R AR GE LR R 9 RERG BEBEAT S8, DL AR B DRI AR . B8R,
K2 BOEAE A X SR EOR DO MBS P AR R Z LD “ oSyl vy e
TR 2 A R B AZ UG BEAF At I, 8 N T REAL A Py B 2 12 R P )
BRA B ARZE, B CEMEE R U EmAS R Em AN C2d & A,
FEAF At G5 RN R ILHEAT A N o X0, ALY R BE VT 53— 28 ) 45 SR T g
PRAETRS IO AE R, ER Y RS FEAE LT AEIXFPTOLT, FRATATRE A AL
Y FRORG REAN 2 W) A8 8 kI i 185 A P RS 188, 5 DS P OURE JEE

2. B AL LEOURS B 8 ) — Ak R 2 b ELAZ O 5, A AT 5, 77 DU At A% =X
YRR LRI, et T DU R Sy AT, AT T ARORS AT, (B
SN A DATHSO00RS B8 2 (R LG O . TS Te 3R 105 LA
IEEE 754 ¥ JEXURS FEA% X CRE A LA S8 IO G B S0 IEAn, mT Uy S 2
e AR S M G St R R B . AR TR AR S b, ORISR Sy
o FEWPRGIE / WU ARG L, 3 FSORS A% AR A A A h A 5 CITRES R —
otk A5 5 1y HLIZARE O 005 0K LE U I XURE BEM 4322, kS 5 s AR E 77
KA e B, AR, AH R E S TR, BESCRR R A
JFERIX AT, T AR N SR 2 B g v AR SR s CUMERR R n] DAk
FEAEFWRAR 73200 MR 7R R R 2 RDRS B B IR S S 8 (LU m] A 36 5
T PR AL R T, BN, KR e 1 AT BEXURS S S K D

3. RV OURS 52 B 5 A S AU B P 3, A i o X T LRI LHLAE
BN E SRR, R AT REAA S B 5 R P A RRUAR 5 225 MT
R ks FE IR LIS A e o AR, R 5 AR R S, REP A R 2 It
5 A A% X i AR L

4. TEAEE SR s RIS RE ROV, ks 45 L LA 53 A D UK A% e X6
T BHOBUE T 5 A XRS5 AR R S I RE . COFE B s 201K & m i)
HH DA R RS AHE A Y RS RE 7 3, RIME AT DAAE 25 4748 7 A L
UK P 556 FFE SO R RV 5 () 45 R AR AN REAE I 9 RS B (LA Oy ok B fy v
A 45 RAEAFAE BN AFIN, QORI A, U5l REHAT WA A R AB K45 R
B IR AN 53 DML, RGO Z S R BAT AR AL BRI, F R e
NN AR, AT A A R e NI, O AR RS AL T 71
%%KHO%%,ﬁﬁﬂ%A%%ﬁN&ﬁ%%%ﬁ?ﬁiKE%W%ﬂ%ﬁ%ﬁ
Ko )
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5. FOUORE FEAR PCRDRS LRI R I A i NS85 5 60 T D 8 8 0P el OOKS P2 A% =X
05 [ JORS 2 (R AR PR 8 AN B3 R P, AT OURS S8 ™ A st g A A AT TR BT
R )5 2 55 T A0 R AR P AR R AR RHE A s = e AT Tl 2008 P Oy 1 R A G
g Ty sz Ry e M U NGRS AN CHAS M « Bk,
ZETY R R GETT S b i n] UM AL I P41 TEEE 754 SEBLI TSR RE 7 53, #%
IRPCACBLRT LU ECHRG I / UURS BE AR e Ja St e w30 (K155 5

MR S HA ST X AR, FHe b, JUTPEAE S S R Rty e
K5 RE BOAE B ) o —AMEASTE R B 4672 ISO/IEC 9899:1999 Fi Pk 1Tl 5 - C brifk,
T CEF MBI, B ThruEtb i i &3 B

C99 Frtk foVFSE I LA LG IE 5 JL 2 A DG I A% X 5 (A Sk il i, (& €99
PRAE R DA AL = ARk R 57k 2 —. BBUEF M =R Lok R IA R “4 7t
B 5 G A AU R B DR AE, s SE I e CIRAL PR /¥ % FLT _EVAL_METHOD K i
S EAE IR 7 vE: W FLT_EVAL_METHOD & 0, L6 R T~ H A (i Lot H AR
FikA; WIR FLT EVAL_METHOD & 1, WPRHESRE UG TH 20X B T TS E A6 X

W FLT_EVAL_METHOD & 2, WK% s SUAS B 21k 3R T 216 B 1 SUAE BE 1) 4%
Ko (VLB FLT EVAL METHOD W N -1 LAFR /R Kk 0T 5 05 i AN Re i o
o ) C99 FRUEIEFEK <math.hs> kXl XFEM float t fl double t, ‘Ef1H 7l
ROHZRMBUEE 9, ST EZESMNAEE LA RA L. 5,
Wi FLT EVAL METHOD & 2, W] float t fl double t #BZEKWIEE. 5, C99
W&%ﬂ‘z <float.h> SKkICPFE IR E RT3 Rl s 8 2L PR A% 2 100 Bl BORS FEE 1 o Ak
PSS O

C99 Ayt ELK B BLK T REZH & SCRF IS H (10 TURPE Perh (f)— 2816 8%, (R AN SCHE T
3 Feo B0 i, BES B K K RS BE 2R A me O B BT O XURE B A% K, OF
FLT EVAL_METHOD & & 2, WRE 53 AT LA BB GE 4 R A 2 (K BE b, DRI 2
BARR L LAY B S I R e AT A AR XUAE . (1 double_t) ZEAUK v i) A2 H BT AT
U T, (R S Y RS B AR AR A Rk, RIS IR TE AT (A,
MG P AL VT A A A A D, IR L DA A A I T W RS R 1) AR R IR Rk
I EE R, DA SR e o XU B2, RIS B AT ) DUGR AR AR 25 A7 3 e 3K FF, XU 5L
double_t FERIHRANREREAT G B LUE AR T4 R 1 2 BB b A= 3 R de PR R4

[FIHE, C99 FrfESR AL 1 il o3 i Sz 5 e Ui W 11— L8 [l ({ELAS S AT Tl () Ak g J 3
WARKRIENX 1.0 + x TR CUEMRE) HizAe it B2 201, Wy
LAGRIE loglp PREK C99 bRUERUA LM TAF. HJE, HIT-KeXURS BEER 3 i B i 23
AURAL B> AT REAEIN) S v 241K CO9 ARuERE > S0 RE: £ TG DRAIE H4OUURS B LE A 73 A\
WAEFEARIEXMINGOUT W AR AR A7 B AT IR0 TR X N2 — B o I 5 2 A
Ml double_t JRRUAEHURSRL / XURSIE R GE LALAURS FEPAT IR 90 FE2E T4 eI R 48 4%
P IERE FEAAT IRy, DMEAEAE 1500 R AR IEdf i Nis 5. 52 B 14 SR DLEAE R
BLHIAL B BEAT IR, ZAF R AEFEREE SRR, FLT_EVAL_METHOD AP S 4L N
SR
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#include <math.h>
#include <float.h>

#if (FLT EVAL_ METHOD==2)
#define PWR2 LDBL_MANT DIG - (DBL_MANT DIG/2)

#elif ((FLT EVAL_METHOD==1) || (FLT_EVAL METHOD==0))
#define PWR2 DBL_MANT DIG - (DBL_MANT DIG/2)

#else

#error FLT EVAL METHOD unknown!

#endif

double x, xh, x1;
double_t m;

m = scalbn(1.0, PWR2) + 1.0; // 2**PWR2 + 1
xh (m * x) - ((m * x) - x);
x1 X - xh;

MR, BRI, FRT LIS . WA RIA A TRy RS A B
BRI N )] DL S B R A IR e B 14 mTRECOH Y RERE I . B Wi & LI fid
PeJg ik R B 10O 8 IR NSRRIl ZERE TP RINARS L, X R EK
AR AR ER S, HATE S, C99  AnfE A e AR AR R X — 1 T B R T
(Floating-Point C Edits (¥§7E J LT AT CO0 ARMEREAT IO BE ) TAE SO #5438
BRI BEA S AR ER RN RR BRIt fegetprec Al fesetprec MELLIELR
RS AR, XA RS SRR S S AT fegetround A
fesetround L. FEXT C99 AruEbAT Sl HUMIBR T bt . D

TIEI2, C99 bRt S+ HAT AR 4 s S D Re (M R G0 2 18] (1) ] B AR VE I At e 1l T
— PSRN [FIVE R 2R B S . RS C99 bRifELIR AR — A <stdint . hs> kL
PFs &S BT SCRF RIS Ee B HER A, AT RN R an 44 B, int32 t
& 32 AL TEMREERAY, int fastle t ESEILAHEE R H 3D 16 {0 % a5k A,
intmax_t b SCRF IR o5 v AR A, ) DO VR AR B RAR AN SRALI U % il
float53_t WM T4 HAT IEUF 53 A7 Kk BE AR ) g A7 53 96 Yo [l I — Fh i mi 2R Y,
float_fast24_t WH T ALK EERIHEAGRD 24 (K EREN,
floatmax_t AJH T 44 SCHF 0 B i O BEAH PRI SR AL . PR A vl BE VAL T4
R GE b 1) G P28 A T BB R AR, X A2 BILL AR g F7 e A S A fe
DRI 27 7 2 v HA T AR o RS M 50 B SR TRDK 3 B T4 R () R 8 b 1) 0 T 25 i AK BE AR X
BB IR ERE BN, NI SO VE 58 58 (R YE 52 B[R — 2R W 520 . B, double t
AT i 44— MR I 2 AT TEEE 754 UK S 2 H0RS L AINE Bl A2, A A2 AT T ™ 4
(RIXORE BE 5. S AH N i 44 IR S50k kS, XAEIR 7 S8t n] LSRR Bk 16 A7 el
EHE, I SVFRRIT DL AR AT B Aff 4 LR e i 5 (7 i Lo
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D.11.4

PRERS RE I 5 SCRP L AUXAE 200 ? AEORSRL / XURERER ZE b, i 41 b i) Tu ok 4%
T DRI — B0, PIAN DA I PRENURE A 56 R B . EE, JE T R R G dyit
AR INME: AT AN SCHRFAUUURS BEH S IR AN SCRF A RS BT S e L X
Floa SRR — P, 1 H AN RS 7 EORAN R R A R . BeAh, ZEFATIN A9
Ko BEAN Y 12 B 403 G 1 e i 5 N 0%, AT DI 3 32 SRR R i (A I 15 BB 20 W B2
M ERERD , K7 nUsSA “AS ARG, NI A th AR TN s 5. A
B WA R AT RE B, AATTRE RS EERENE RIK LR PR IR S

2

LE@RVFR I E B EARE TV RN RS, AR RILNMER, BB w2l [EEE
754 RGN R —REF RSN R, RNEERHTETY RHRSESH
FEE ) WK E R 2 EWAFE, (ERFEH PN RINVN N RA 2 WAFLERE— AR,
il —SEEURERE ) RURS B RSP AN R AR AN SO SR I 5 2R AN B I, kT
—IREE N WWIBHEI A & FEHITE - 1), 2 FER—FRP AT ARG E 1 DRSS R 5L
FreA AR R, S R&E 8, CREES3EE-BEFER RS L EARFK
g, XER T A A E. (BIERR - T LA E B 6 1 il
e, RUEReM LA B M 7 Ul e R PAT Z RS iz &, A TR . O R
& 1EEE pryEE A TUHBNIXAC I ERE, HE2T 58 Wi s ates i i
Mjﬁi;ﬂ; El:/ﬁ” » ERITE SR CURE I A AN Z RN, I 2 RN 1 A8 N LAIE A L UK 1 Bk
XUKERE H o

(B2, BAFREWREIAM: TEEE 754 KSRIMLIE L 2 0T 0 ROk 4 . VST
B AR T LB R R 4T, HEAE W C E AT, T AN SR 1 % 5%
SIEAFE M TN (EVFZ T, T o SENUR SRR B8 2 (i A BOR I, %
FRULR L AN B IORE Jf0 F b TR, M9 R ST S S, % A LT S
RATRESZBLIN . TEEE bR b2 % A i1 A RSB H b LI, S (EREAN 351
BUTAL LT #5554 TEEE 754 bivfe (RO 2D o (LI T T B R P IO R 5400 2
i 4 A T T 9 5

WSROI Y TEEE 754 B RRFPE, AT H 5 A7 fs S m] R0 B0 R e B v 1
o C99 brtEAE— R LGk T A ik, AU EORRE Y RGN E R I 2 AN UA,
X TBEA FLT_EVAL_METHOD #%i 5 — MRA . BUEEAKIIE: KRIE 52 RSy
PR SCVPRR B A8 FH WA R SA FR P X TEEE 754 8 SCIUARIRE BE (T8, SRgn 'S s FE
o FETH TR A IUAT RGO AT SR R T By, DR AT A BAT AR 2 2 5 S 1 5 AN A
X AL UL € R G EPAT TS T AR LURE S DY BT . e 258 — AN Be: T4
Rt (HER BEAN IR T A E I SEHL, T2 DU T W E A IS5 18 AEREF 5 4
PERSRIRELErh, B AR A REAE TR 4 T e AT 4
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Fisk E

Sun Studio %1% it 5 Solaris 10 5 4F PR 5T b (1) 3k SCAF S PESCRE 2 AN bR, A 45
System V Interface Definition Edition 3 (SVID). X/Open. ANSI C (C90). POSIX.1-2001
(SUSV3) F1 ISO C (C99). GEHZ[krUE (5), TGt ) X Hr f)—sekrufk o vr
SEIAERE € J7 10 AT AT AN [A] o AESEBet 00T, IXSERRAERTE 2 R A b oo o T80 I
A RN B R R R A OC . PN SR A T Libm H ) eR B IR LR AT
Ky IVTRAEM RN SAF T A C BEFP AT G T AR AE . ARME R Ba — 84 T
Sun Studio C FI Fortran ¥ & /™ it LIA-1 U0 KGO0 .

E.l

1 ibm i)

® E-1 I T A ZA IR UESR 2 Libm oK AT I R AR PSS B . C R
VGG AT RAT by BT G B RN B R 5 I8 F (R G B s b s o Wl B HOAT M A0 HE A AR V7 A
S WA R R 5L mathery, DUAAT DG H ELREG] 5 SR ZLR I (U
Z % matherr(3M)) . FTEFRAERS IR SCAF ETH B MK E 2 )L & errno (5 W
intro(2) fl perror(3C)) »

F OE-1 R 20 E R 5B A IR BEE T errno 8 N H % B M. errno
P BEMAE <errno.hs FE X BU#PE DAY AME: EDpoM (Jk45i%) Fl ERANGE
GGUHAESR) o W =% [FR4s 1 EDOM Fl ERANGE, NZEE 1 errno {8 5 VU4
S AN R bR (I R TIR) YRoE . S =R M EAEAT AT R R S P AT BN
AR . SEU. Fiy ANBUS AR HE E SRR [RI 44 S sRBUE . 72 R Se 50l R,
PR matherr BIFE AT LA 060X SEME JEER AL 55 — AR RIME

XL {51 B A B pR B R e IR E ) e TR AR AR S DUE, R TR . WRIRE T -
xlibmieee B -xc99=1ib, WIHHILE E-1 P FIMRHEIIN, P AR M7 0, R
R [FZ A SN B Frg 0 ek 2 fe

WRBEARMH -x1ibmieee, WA -xc99=1ib, WIIAT AL TFE 7 HEH I BT i

SE M 5 VEARAS -



8 -Xa brE NS X/Open MVE. W BN T R PR ARATATER ], K r= A2 AH Y 1)
TR WHE errno, FFIRIFIR P TLA0 45 H R B . R4 T H 2w LK
matherr BIFE, WIVLHIRE AT N . TEVER, WRRS E M HALE S G, WEeE
A -Xa.

o -Xc bR NS EAR I CO0 v . Wi HEL T Re i, W= AR A Y VT S i &
H errno, JFIRBIERAE LG HIREE. XFHER F AL A natherr.

)G, 18F -Xs B -Xt PRGNS EFE SVID . 3 3L TR, D7 A A B
AR, WA matherr. #1E matherr JR[AIZE, WHE errno JHFEI—44 1R B
FRIEH matherr 55T, 75 WPKRIR A1 2R Hho DU 51 25 1 bR 2501

HK -xc99. -Xa. -Xc. -Xs Ml -xt EMEZHEL, EHSH cc(l) FMITM Sun
Studio C % i%#% T

* E- FEBIAT Libm BREL

Hix
Thie errno HE SVID X/Open. C90 IEEE. C99. SUSv3
acos (|x|>1) EDOM DOMAIN 0.0 0.0 NaN
acosh (x<1) EDOM DOMAIN NaN NaN NaN
asin(|x|>1) EDOM DOMAIN 0.0 0.0 NaN
atan2 (+/-0,+/-0) EDOM DOMAIN 0.0 0.0 +/-0.0,+/-pi
atanh (|x]|>1) EDOM DOMAIN  NaN NaN NaN
atanh (+/-1) EDOM/ERANGE SING +/-HUGE?® +/-HUGE_VALZ +/-E5S

(EDOM) (ERANGE)

cosh overflow ERANGE - HUGE HUGE_VAL I3
exp overflow ERANGE - HUGE HUGE_VAL x5
exp underflow ERANGE - 0.0 0.0 0.0
fmod (x,0) EDOM DOMAIN X NaN NaN
gamma (0 TfA%EHE)  EDOM SING HUGE HUGE_VAL 15
gamma overflow ERANGE - HUGE HUGE_VAL x5
hypot overflow ERANGE - HUGE HUGE_VAL x5
3O (|x|>X TLOSS?) ERANGE TLOSS 0.0 0.0 FEREz=
jl(|x| > X _TLOSS) ERANGE TLOSS 0.0 0.0 FR%XE
jn(|x| > X_TLOSS) ERANGE TLOSS 0.0 0.0 FHEE
lgamma (0 Bf EDOM SING HUGE HUGE_VAL I3
AEEED
lgamma overflow ERANGE - HUGE HUGE_VAL %
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% E1 BRI 1ibm % (4E)
HiR
I8 errno HE SVID X/Open. C90 IEEE. C99. SUSv3
log(0) EDOM/ERANGE SING -HUGE -HUGE_VAL - 3[—,';-}'
(EDOM) (ERANGE)
log (x<0) EDOM DOMAIN -HUGE -HUGE_VAL NaN
logl0(0) EDOM/ERANGE SING -HUGE -HUGE_VAL - %¥
(EDOM) (ERANGE)
1og10 (x<0) EDOM DOMAIN -HUGE -HUGE_VAL NaN
loglp(-1) EDOM/ERANGE SING -HUGE -HUGE_VAL -5
(EDOM) (ERANGE)
loglp (x<-1) EDOM DOMAIN NaN NaN NaN
pow (0, 0) EDOM DOMAIN 0.0 1.0 GEEHEIR 1.0 GEEHEIR)
pow (NaN, 0) EDOM DOMAIN  NaN NaN 1.0 GEBHIR
pow (0, x<0) EDOM DOMAIN 0.0 -HUGE_VAL +/- %¥
pow (x<0-+ EDOM DOMAIN 0.0 NaN NaN
ELEHD
pow overflow ERANGE - +/-HUGE +/-HUGE_ VAL +/-K5
pow underflow ERANGE - +/-0.0 +/-0.0 +/-0.0
remainder (x,0) EDOM DOMAIN NaN NaN NaN
scalb overflow ERANGE - +-HUGE VAL +/-HUGE VAL +/-H
scalb underflow ERANGE - +/-0.0 +/-0.0 +/-0.0
sinh overflow ERANGE - +/-HUGE +/-HUGE_ VAL +/-K5
sgrt (x<0) EDOM DOMAIN 0.0 NaN NaN
y0 (0) EDOM DOMAIN  -HUGE -HUGE_VAL B ]
yO0 (x<0) EDOM DOMAIN -HUGE -HUGE_VAL NaN
y0(x > X TLOSS) ERANGE TLOSS 0.0 0.0 &S
y1(0) EDOM DOMAIN -HUGE -HUGE_VAL - 3[—,';-}'
y1l(x<0) EDOM DOMAIN -HUGE -HUGE_VAL NaN
yl(x > X TLOSS) ERANGE TLOSS 0.0 0.0 =
yn(n,0) EDOM DOMAIN -HUGE -HUGE_VAL - %¥
yn(n,x<0) EDOM DOMAIN -HUGE -HUGE_VAL NaN
yn (n, x>X_TLOSS) ERANGE TLOSS 0.0 0.0 ERXzE
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E.1.1

R
1. HUGE % <math.h> FE X . SVID %K HUGE £ MAXFLOAT, K#ZA 3.4e+38.

2. HUGE VAL 7f <iso/math iso.h> (H&7E <math.h> 1) $1E Y. HUGE VAL
L P DN

3. X_TLOSS 7F <values.h> T & X,

S MDA HE TV P At G 1 2% B i

THVB H PR G B AR AR A EL R AR AR B E-1 R T ARG IR TR bR . A ) G 1 2R
s AT LRI S i Ry e 75 1 R AT 0 hAT .

HIG, -x1ibmil Fl -xlibmopt FREFRSE Libm H HE L g BT A P 1 S
XS R S AN IS SVID. X/Open 5% C90 A5, AT AE W E errno ol
 matherr. DL EMEF=ERIERIF SR, HA&# IEEE 754 1/ 8 C99 18 & (145
B -xvector bRk S5 HIL, Ay bR 2 AT LU G 3 35 5o o o K2 ok K01 1 FH A 45
R A R

HR, T -xbuiltin Fr&, Fasn DOELE <math.hs F02 AIFRMER 20 0
AR RS 4 N BRI AL B, DASRAS SE AP IR RE o 5 RIS AT LAARIESG SVID. X/Open.
C90 5% C99 k. B LA E errno, WL matherr B AEVF S AW .

B, ¥EE X T C AR bRl MATHERR ERRNO DONTCARE Hf, 44w
<math.h> PRI #pragma F§5 . XEFRAK 5 SN g0 P 2R Bebr it B 0%
AT RIME T o TERXAMBRE T, g B as v LA 416 25027 bR H00 1 DL RO 4 Jm 25 1 51
e ZXHLE 4 AR errno SATREH] R ML) matherr GIRRMET OIS 850
CAE P IOFUIAT 40 I8 . 0, 5% R8N i A B

#include <errno.h>
#include <math.h>

errno = 0;
X = acos(2.0);
if (errno) {
printf ( # rror\n”) ;
1

DR ARSI 2 T MATHERR _ERRNO DONTCARE, i %% n] LME MM acos
HAREY errno, JHIILEAACS, S8 2MERXS print£ KW,

HH R, -fast ZFACHEFE -xbuiltin, -x1ibmil. -x1ibmopt Fl
-D__ MATHERR_ERRNO DONTCARE #5iki.
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E.1.2

I, T Libm F A AR o B REAR Y 75 2™ A2 07 RS, B AT | i TR I
SR I RO, R 2 P EUR L i 8 I AR R E AT ZANRAT . DI,
-ftrap G bRkt RENS 2 AR TV PRI ARG o

KT C99 FNyE vy B hn i3 °H

C99 485€ T MR I e 7k, SEBL AT LA HTIX PR T VEAL SN E-1 vh T 41 1) 45 FioRy
Bl h T ARWIIL SRR PRI VAT W — A, SEBLE AR 4T math_errhandling it
H—/f {1 MATH_ERRNO (1) B{ MATH ERREXCEPT (2) Bk & 3% “oi” (AR
B, X2 <math.h> HE X, ) WHRKEX (math_errhandling &
MATH_ERRNO) AAEFAR, AT R E S H AL T HAEC A B AN B, S8l errno
WE 4 EDOM ;IS T BR800 N i BAE T e 5 s B, WK errno WE A
ERANGE. Wik (math errhandling & MATH ERREXCEPT) NIEEAL, WX T
BB S B T IR A AN DL, SEIUHG ™ AR e R A i s T T R R R R
iR 1A R s A 0 RV TR 3 | D Ol A 2 AN i B 1 e ] S 2 B

7t Solaris |, <math.h> % math errhandling & ¥4 MATH ERREXCEPT. QL4
& E-1 31 H e8] BEXS e 41 L A B AT S Al A, H T 1ibm s (QLEE
float Ml long double PA%L. EHH R ELL L C99 F55E K HAL B KD e BT R ST
AR AR W o X2 AL BT C99 BRI GE— SCHF IR R I — Tk

BeJa, VHTER, A=A C99 B SUSV3 #RERHAAT 5 Solaris $A ANFIWAT R . TR
MEHE T X0 Rrp RAIH T RA R double WA, {HIX L8 ) h FAEAETE T
float fl long double A, {EREFMELLT, WARFEFAEH -xc99=1ib HATHEHL,
WA SUSV3 Y, 750544 L Solaris [RIHAE HEAT

* E2 Solaris 5 C99/SUSV3 (11X %

EE Solaris {73 C99/SUSV3 174

pow pow (1.0, +/-inf) iR[F] NaN pow (1.0, +/-inf) iR[F]1
pow(-1.0, +/-inf) J&[F] NaN pow(-1.0, +/-inf) iRlA[1
pow (1.0, NaN) iR[A] NaN pow (1.0, NaN) ig[A] 1

logb logb (subnormal) i&[A] Emin logb (x) = ilogb (x) (34 x MNIKIFMEL

D)

ilogb  ilogb(+/-0), ilogb (+/-inf), ilogb(+/-0), ilogb(+/-inf),

ilogb (NaN) A5k 54 ilogb (NaN) 5K aERAE

MR E foEEEME 5



E.2 LIA 1 381F M

FEA R, LIA-1 811 /& ISO/IEC 10967-1:1994 {5 AR - HilEEHRMIMEL - & 1
oy AT EA
Sun Studio F-4miFgEi AL 5 1) C A Fortran 95 4mi¥gs (cc Fl £95) fELL F TS
LIA-1 (BtiE RSN T LIA-1 28 8 WP BE 78 «
a. TYPES (LIA 5.1): fF& LIA-1 {12854 C int il Fortran INTEGER. HAth2ERIbn]#E
FEEizbrE, (RALBAT T EATEAT B . A Ok W S TR, 520 A NRTE
HAREA LA R AT LIA- 1 8 S kL
b. PARAMETERS (LIA 5.1):
#include <values.h> /* defines MAXINT */
#define TRUE 1
#define FALSE 0
#define BOUNDED TRUE
#define MODULO TRUE
#define MAXINT 2147483647
#define MININT -2147483648
logical bounded, modulo

integer maxint, minint

parameter (bounded = .TRUE.)
parameter (modulo = .TRUE.)
parameter (maxint = 2147483647)
parameter (minint = -2147483648)

d. DIV/REM/MOD (LIA 5.1.3):

C/ F1 % LAK Fortran / I mod() $&fit DIVELT (x,y) M REMtI (x,y) . HA4h, modal (x,y)
W rf T LU A

int modaI(int x, int y) {

int t = x % vy;
if (y < 0 && t > 0)

t -=vy;
else if (y > 0 && t < 0)
t +=vy;

return t;
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e

integer function modal (x, y)

integer x, y, t

t = mod(x, V)

if (y .1lt. 0 .and. t .gt.0) t
if (y .gt.0 .and. t .1lt.

modal = t
return

end

t -y

0) t =t +vy

i. %Rk (LIA 5.1.3): FRE/RT B LIA BEus SRRk,

* E-3 LIA-1 fEE - Rk
Fortran (ZRAEIRY
LIA C &)
addI (x,vy) X+y
subI (x,y) X~y
mull (x,y) X*y
divtI(x,y) x/y
remtI (x,Vy) X%y mod (x,y)
modal (x,y) ESEUENS
negl (x) -X
absI (x) #include <stdlib.h> abs (x)
abs (x)
signI (x) #define signI(x) (x > 0 iGZ R LU A
? 1 : (x < 07? -1 : 0))
eql(x,y) X==y x.eq.y
neql (x,y) x!l=y X.ne.y
1ssI(x,y) X<y x.1lt.y
leqI (x,Y) X<=y x.le.y
gtrI(x,y) X>y x.gt.y
geql (x,Vy) X>=y x.ge.y

DL AS 7R signI (x) (9 Fortran £Rik,

integer function signi (x)

integer x, t
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if (x .gt.0) t=1

if (x .lt. 0) t=-1

if (x .eq.0) t=0

return

end

§ AT RIAR G (AL T, AR E AL, ML) int (C) B¢ TNTEGER (Fortran)
WA RIAAGE R, ZIEBTHS . KigeXRPLHESREXMUFIBUT, a+b+c
ofa*b*c.
k. SRS Tk FERAE S Bl L.
n. SN BEHEIEAN /0 F x%0 5% mod(x,0). 7Bk TH M T, X%k LAk
SIGFPE. WK% SIGFPE fRE(5 LBy, WIBEREZ EIFAG N AE
o. WFALH: LU signal(3) 5k signal(3F) & SIGFPE i I /' i b # .
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4Gk

NI TR A OC SPARC® I fUREAF 1 245 B

(SPARC Architecture Manual), %5 9 Jix, PTR Prentice Hall, New Jersey CH#/4) ,
1994 4,

HRSHGORAE T RATAL . A7 RWATERAF AR HE SO 7 1145 BAE A A
4,

F.1
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