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IEEE 754 WHGRLE T B0 FE VT mias sRRRORS B v mi b=, X W A 3 A4 =X 0l
XT—AHy @A £ 2-1 PEIRM long double Fl REAL*16 KMIE M T IEEE #x
8 S — POk B2 e 5o

LR L HE4IN T SPARC Fl x86 “F-& L H T IEEE % &k s R A-fig i =X

BIFEEN

IEEE RS EME i =N 2Bk 23 /b8 £5 8B RS e UK 1 RS s.
IR BOREGAEAELE A 32 AR (B 2-1 FTn) o 0:22 A& 23 f /b £, Hop
B0 RN BARE AL, 2 22 MR Rm AL 23:30 M 8 AifmETREL e,
23 A7 R BEIRBUNBRAE A, 58 30 MR A S B e 31 AL SRS AL
So

s e[30:23] f[22:0]

31 30 23 22 0

B 21 PG BEAFit A% X
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® 22 WoR— R =AM s
ES

® 22

IEEE HURS B % U B R s I

e A £ RIMES 55— 000 i BRS BE XA A SRR I (i
LI ROCRR s u RERAT A B BT B R AR B S B (B

BB AR

&

0 < e < 255

e = 0; £ # 0

(-1)8 x 2¢-127 x 1.£  CGEMHD
(-1)s x 27126 x 0.f (RIEMED

(f hRDLH—AANE
e = 0; £ =0
(£ TN AED

(1) x 0.0 (HF5MHE)

s = 0; e = 255; £ = 0 +INF CIEFLF KD
(£ PAEMENE
s = 1; e = 255; £ = 0 -INF (51555 K)

(£ FHIRA R
s = u; e = 255; £ # 0
(f HRLHE—NANED

NaN CIE#0D

VEREL, 2 e <255 I, SR BERS SRR 220 e (B A3 F DAR D5 iR By R — 3t o
HEHURHE N B S0/ N A A A 2, A — A B A 3 N B B R R A,
DALy A A B R TR R s — Nl B GBSO AN, Hep 0 < O3 /Ml < D

WA B AT 3 BORR A 24 F O A7 Z BT AR B L R B IR, A PR A%
AR A B AR e FAEL,  (H W B 807 BUMME RS SUR e T4

X TR AR I TR RO U IE B 22 A AE T IE AT R I A (il
JEMIIAL) D 1, T CIE RUECR B8 7 (T 474 0. /£ TEEE 754 priferr, SRS EERS 5C
URIE PR Ay SR A% AR RS A 2

FEHURS RERE SUIE O 23 /o B B i S AT B s i 1 24 0RS 1

A 2-3 oy T BN R B AT il SN R B . B K IE IE SO DA TEEE SRS 2
1% RSB R A i/ MEUOEMBUE L TEEE Holg EEA% SRR (1M ES. /)
IETEUECE H PO s B{E . (s KA g/ IE BN E IS )+ R REDR I A s X
THRIIBCT R, EADEIEFR. )

= 23 FORE A A X I TEEE 18

WA EH PR CHosHERD it
+0 00000000 0.0
-0 80000000 -0.0
1 3£800000 1.0
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2.2.3

x 23 FRS BEAT AR U A JL TEEE . (4D

WA A PR (FAEEHED A

2 40000000 2.0

B IE JETEEEEE 3.40282347e+38
e/NE IE 00800000 1.17549435e-38
BRI IE 007fffff 1.17549421e-38
/N E URIE R 00000001 1.40129846e-45
+00 7£800000 53

_oo ££800000 Uil

E[14 7£c00000 NaN

NaN CIE#O af LR A2 NaN & R BER IR /% 2-3 2R NaN o8
BB S W] T38 NaN (IR Z A2 —

WE IR F

IEEE XURE E# i = AN B 52 A/ £5 11 i EIRES e s DL 1 PIFF S
So RULPEBOESAFEIEA 32 7 (i 2-2 iR

fE SPARC R gikyrh, Brmtihib iy 32 £ A &5 /N 32 AL AR 2hr, e x86 14
AR, WBARIIER) 32-07 75 /N 32 A7 B AR AT 2L

USR] £[81:0] R/ N 32 AL AR RAL, WIAEIX 32 ALdmfA R, 5 0 /2%
AN INE AR R, TTER 31 A7 W2 de v A KA

ES—A 32 i, 0:19 Sl 20 AL /N B A 30y £[51:32], HiHEE 0 A2 iX
20 7 F5 T A A R R AR R, TS 19 A7 AN B A 3h s 20:30 fr 03
11 B e, HAEE 20 A2 B e BB ARA 20, M5 30 A7 2 5 B UL
EHE 31 S5 s.

B 2-2 BRI AN IELL) 32 AL 45— 64 AP IREERMT T 9s 5, b 0:51 A7 A7k 52 Af
HIZNEC £ 5 52:62 AiA7fl 11 M E e 5 e s EE 63 PMLAFERF 5L s,

s e[52:62] f[51:32]

63 62 52 51 32
f[31:0]

31 0

B 22 XURE FEAF fifi A% 5
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K= B AR AR g B LR R IR

R 24 o = AR B AL 53— IR0 A sURAR SRR A ARG YOG 2R 5
u SR LA RIE S 7 B PR R 4 0K LA U E TE K

x 24 IEEE XUH§ S i AU A AR 7s (K1

KUK BERE AL &

0 < e < 2047 (-1)s x 2e-1028 x 1. CIEMIEO
e = 0; £ #0 (<15 x 271022 x 0. (YIEMED
(£ haRbHERARE

e =0; £ =0 (-1 x 0.0 CHFFSHED

(£ RPN NED

s = 0; e = 2047; £ =0 +INF (IEFF KO
(f PRIFTHE M NED
s = 1; e = 2047; £ = 0 -INF (LK)

(£ WPMITAELE N ED
S = u; e = 2047; £ # 0 NaN (%D
(f PEDHFRARHE

THERE, M e <2047 I, WT 80K BERS SCARE X2 AT AR T dE M e A — k4
BB AN B AR /N Bdm AT AL K 2 K AN B A N B B AR ) 2
WA RV BC T PR RO 2 T AR B S A B A, A XORS BERS sU A i i
A7 e JLE, (B EAR B  BUR R TR € 1%

TR0k FEAK 3, IE RO IE B 22 3 AE T IE A 87 I A 3l o
FEMIEIAL) O 1, TR E AT 5 1T 3020 0. /£ TEEE ArifE 754 1, XURSEE RS
TR AERER g XUKS BEAS AR RUA% A £

FEXURS FE R SRIE I 52 A /NEoln F B & 1 S A 8L 5 T 53 A0k 1L

% 2-5 Hgy T B0 BAF it ks U R Bl 5 A R IR R R S P A 8
P NBEFRIE . T SPARC AR R E5H, el BURHIE K 32 A2 HfE, A 28w
HahERR) 32 AL 7R, TR T x86 PR R &k, At B ik (77, A2 B Ak bk )
Fo BNIEIEMBUE LL TEEE XUR RS SRR 1 B KA R B /DN IE RIE RAIGRE LA
IEEE XURS M SRR (R s M IER SN E IR RUBOR W K0 Pt B Gl KA /N IE
RN E B )+ BERELE IR s X TP i8Rk id, e ER. )

£ 25 XURE AT it A% AT R L2 3L TEEE A AR

LB AL (HREEHD FEfE
+ 0 00000000 00000000 0.0
-0 80000000 00000000 -0.0
1 3££00000 00000000 1.0
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£ 25 XURE FEAT it % AT RS2 3L TEEE (AR (20

ALK AR (HABEED HEHE

2 40000000 00000000 2.0

NI 7fefffff fEEFFEff 1.7976931348623157e+308
B/NMEIEHI% 00100000 00000000 2.2250738585072014e-308
R IRIE B 000Fffff FfEEFFFFE 2.2250738585072009e-308
B/NERIE S 00000000 00000001 4.9406564584124654e-324
+00 7££00000 00000000 55

-0 £££00000 00000000 iG]

B2 7££80000 00000000 NaN

NaN CIE#0 af LR A2 NaN & IR IR /% 2-5 1 52R 1 NaN o8
BB S W] T38 NaN (IR Z A2 —

W5 E Y ‘&3 (SPARC)

SPARC ¥ s F 58 (¥ DU K5 S A% U3 00K L™ A% U TEEE JE 3o DU A% o
32 L7 I LU N = A7 Be 112 /M8 £ 15 Afm EARE e M1 1 A24T S 5o X=A
TBUELAAE, W 2-3 PR,

Hhk 5 = 16 32 A F AL ANEUT) 32 A AT RN, T £[31:0] KR BABIKIAS 32 AT
Sy AL £163:32] Al £[95:64]. R 0:15 7405 /NERIK) 16 A7 46t 78 A 247 £[111:96],
s 0 AV 23X 16 A7 I ARA 20T, 55 15 A7 2 B /INE R B i 2y . 16:30 £ 4,
TS fimE TR e, LHREE 16 72 1% 0 E R BN AR R, T ES 30 A e A AL
s 5 31 M ER S s.

2-3 REIXDUANELER 32 Ar 45— 128 AL P IFEREAT T 45, L 0:111 ArArfifi/
£ 112:126 fifefits 15 fifmESRE e s 1020 127 MAFRERT 51T so
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s e[126:112] f[111:96]

127 126 112 111 96
£f[95:64]

95 64
f[63:32]

63 32
£[31:0]

31 0

K 2-3 R Y k%2 (SPARC)

£. e Ml s =P BRI e BRI R I 1E .

R 2-6 Won T = AT BURAE5 DU K A% AR RS A2 T R R OG R e u K
WA TR, MR T BORE L i R B (T G

R 2-6 PR R IME (SPARC)

SEEY RAERX (SPARC) i

0 < e < 32767 (1)s x 2e-16383 1.f GEM¥O
e=0.f#0 (1)s x 2-16382 o f (QIEMHEO
(£ D H—RARE

e =0.f =0 (1)s x 0.0 CHfSME)

(£ PPN ED

s = 0. e = 32767, £ = 0 +INF (IELEFH KO

(£ WPMITAELIE N ED

s = 1. e = 32767; £ = 0 -INF (5655 K0

(£ FHIRA N2

s = u. e = 32767, £ # 0 NaN (3EHD

(f PRSI AANED

R 2-7 gy T B DA RS EERURS LY RAF A RS SNBSS s o 55 B (7 485K
7R 8 RN IE. de Ze B Mk S AR 32 77 IO, s M B2
Mok 5 1K) 32 AL 7 I S K IE IE O LADY ARG BERS U R I B KA PR /N IE
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OCIEFRESOIE AU A5 RS BERS BERS SRR 1 B /N IR, i/ 1E TE RO K i B A
Cle KA R /N IERUBON E B BERMEZ B X T P87 ks, g2 iE

. D

x® 27 B FEP e A7 (SPARC)

ERAK LB (SPARC) +BEE

+0 00000000 00000000 00000000 00000000 0.0

-0 80000000 00000000 00000000 00000000 -0.0

1 3£f££0000 00000000 00000000 00000000 1.0

2 40000000 00000000 00000000 00000000 2.0

BARIFES 7ffeffff ffffffff ffEffffff ffEffffff 1.1897314953572317650857593266280070
e+4932

f/NE#I% 00010000 00000000 00000000 00000000 3.3621031431120935062626778173217526
e-4932

AVRIEI  O0000ffff ffffffff ffEfffff ffEffffff 3.3621031431120935062626778173217520

# e-4932

f/NEWIE 00000000 00000000 00000000 00000001 6.4751751194380251109244389582276466

FEL e-4966

+00 7£££0000 00000000 00000000 00000000 +00

-0 f£££0000 00000000 00000000 00000000 -©0°

% 7£££8000 00000000 00000000 00000000 NaN

2.2.5

ER 2-7 /R NaN 75 @EHIE B2 H T3R8 NaN R 2 iz —.

WA E T FRIEIN (x86)

AT R PR EEUUR B A% sUAF £ 00 L9 Jeps UK TEEE 2 3o e A7 B 63 fir
NECE 1AL R FEBEAL 5. 15 MilmE R e DU 147 55 s,

£ x86 KRR, XL 7 BOESAF AL T MHEHIER) 8 £ 4. 1T UNIX
System V Application Binary Interface Intel 386 Processor Supplement (Intel ABI) %
SKOUCKERES RE B0, T 43 e b = A HE AL I 32 75, Fosp St 5 19 16 0
B A AIA N, W 2-4 PR,

Mok SR AR 32 A7 L5 /NN 32 e fR A 2LA £[31:0], JLARE O fL2BEA /NI I
AT R, TS 31 A7 L 32 (7R AT R ) doe et A3 AU o il ) 32 £ 7
0:30 A& /NEHY 31 (i dee i A 284 £[62:32] (LrhaR O (i 31 A7 b A Rz ) fex
AR, T3 30 A7 2 A NN I AT 20D 5 Mk eh 32 A7 K2R 31 s B
AT AT AL 5.
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2-10

bk s 32 A2, 0:14 A 15 A E TR % e, HAEE O A7 2 B 8 B B A
A, TR 14 A A A B 15 SRS s. BARHNEE I 32 AL 7
i 16 PR x86 KR RFIMEH, Hin LATIR, B T 54 Intel ABI JE 2

BREEA,

2-4 WX ZAELER) 32 LT —A 96 ML IKEBEAT T w5, HrP 0:62 S A7-4i% 63 fif
N £ B 63 MIATAE R NI S E BT 5 5 64:78 PiAEfE 15 MM E SR E e s B 79 4
TR 54 s.

s e[78:64]
96 80 79 78 64
] £162:32]
63 62 32
£[31:0]
31 0

B 24 MG A% X (x86)

£v 3. e M s PUAST B IR SRS ok s A A 0T R (1

# 2-8 WoR T WAL BUR VB 5 i A B ARSI 2 ) R R R e u R L
e BIHR 7R 7 B IR ff e A e AR KB O

x 2-8 R AR (x86)

BURKBEY AL (x86) &

j = 0. 0 < e <32767 &

i = 1. 0 < e <32767 (1)s x 28-16383 x 1. f (IEMZD

j = 0. e=20; £#0 (1)s x 2-16382 x o f (RIEMZED
(£ PaRSHERANE

j = 1. e =0 (1)s x 2-16382 x 1. f (fhARIEMED
j =0.e =20, f =0 (1)s x 0.0 CHFASMHE)

(f PRIFTE M NED
32767; £ = 0 +INF (IELFK)

l; s = 0; e

j = -
(£ PRI AR
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® 2-8 PR R IFME (x86)

X EY RARR (x86) i

j =1; s =1; e = 32767; £ =0 -INF (555 K)
(f AN NED

j =15 s = u; e = 32767; £ = onaN (F& NaN)

.luuu uu

j = 1; s = u; e = 32767; f SnaN (f§'5 NaN)

.Ouuu uu # 0

(f WESF A u FAE)

TR OBORS PG A% R A A5 2 28 778l s AT R o AERORS P2 e ok, i
AR AE I T B 3 HHILT . 52 e 2 0 I, HEASTRHMEM 3 = 0 A,
X DN D A XA A S AR 77 R S (R A ks 3 BUC RN I 573

XK L M 3P R 23307 BE 3 FN £ SEHGRORFR N A 5440 7. 1 e < 32767 Fll § =1
I, B e=0RM 3 =0, GRETRENIIEBKN: R e a 8L 5 fvh
VR EIETE Sy CIVAPA LTE GV N i B2

£ x86 RURGIEA etk sUrl, i AT by 5 & 0 JF LW B8 HCT B e 2 0 A7 AES
RRUAEEG TS A AL 5 52 1 )F HAR B ECT B e AR F R AR IR IE

M AT AT 2 IR s ORI, AN AR B R R 3 R, BT L%
A2 B EOE 0 CHUAERBARLD , AT oA 2 1 A, B NiX
A A7 A5 S e g 0 7 ) Al B 0 7 BORE 1 IR R SRR AR IR PR, B I AR
VR AR ACRR N 257 1%, (FE TEEE brifE 754 h, IERERR N AR IEMAL A7 ) Th

FEIEME AL > x86 XUREREY M SN IO N iR, 2 o B8O, fmT LUK
FCR AN AR R E R, ASRER S N 45 R

R 2-9 Hay T B EROR LY A AR 7R B 58 A IR R e s —
A 4 SN, bl B 32 AL 16 AR AR L IE G idAT Bik
IR e 1 32 ALK 16 A dm e A AU AR T, BT DUR SR JAED a2 4> 8
PEANBERIVHE,  Frp A & Mk b iy 32 LM, A bk I 32 A7 1
flo S RIEIEMBOL UL x86 WKLY T ARSI d KA FRAL de /N IE CIE USRS AXL
K B RS SRR (R s D IE S S/ ME IERUBOE W A0 Pt B Gl KA/ IE R
ANRAE AL+ BEBMEZ TN s X TP i B kil EA 2 ERN. D

* 2-9 UK LA e AL R I (x86)

BRAAR AR (x86) THHIE
+0 0000 00000000 00000000 0.0
-0 8000 00000000 00000000 -0.0
1 3££f 80000000 00000000 1.0

2 4000 80000000 00000000 2.0
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£ 29 MURERE™ i AR S ILAE (x86) (48D

WA A PiRER (x86) T hIfE

NI 7ffe FEffffff fEFEEEEE 1.18973149535723176505e+49
32

TFE/N IE R 0001 80000000 00000000 3.36210314311209350626e-
4932

B VE IS 0000 7fffffff fEFFFEff 3.36210314311209350608e-
4932

B/ E WRIE BE 0000 00000000 00000001 3.64519953188247460253e-
4951

+00 7E£££f 80000000 00000000 +00

—oo fE£f 80000000 00000000 -00

WAHBKNDMFHE NaN 7fff ffEfffff fEEfEfff QNaN

WA NN BN NaN 7££f c0000000 00000000 QNaN

AT RN E S NaN 7Eff LEFfffff fEFEEEEE SNaN

W BANMIE S NaN 7££f 80000000 00000001 SNaN

2.2.6

NaN CIEHO  aTBURAEfT 2 NaN & SRR R . & 2-9 F1i) NaN -+ Nkl i
SRt ANEFBINET SN (RS A Y NaN il e/ = D ik
fFS GRS/ =00 19,

T HI R TIERSER IR E

A AP 0T AR RS . A5 G G LRI 5 TEEE 3088 R
RO ERE DL 55 SPARC il x86 143 £ | TEEE XURIE A0S BUHI AT
T R, FATH) TEEE SURSE R URSE SUE FHAVR R ES

IEEE FrifEdR e ] 32 A7 R Ao Bk A% I il T 32 MM —IA G AR
(K1, PrEAEH] 32 AT AN AER AT BRAS K7

T LA MR E R [

A PR IR 5 M SN R s KA /N IE B 2t s idoe A 42

T ATTRE K i SRR 5 R R -

fEHBE IS, AEH] TEEE SRS EERS XT DU R I 57 (e L2 AT 4 ?

% L& %) TEEE SRS FEMS U HERf e SC, BATTAT LLIEWI(EH] TEEE 5k A% AT LU IR (1)
PERVEURNE T (7 FROEAE IE I IE A B e R D 4k s :

1.175... x (10-38) F| 3.402... x (10+38)
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A AN R K B 25 A AR BT IR L OS5 A B o 8 7 B0
FOA AL T 1L — L ] R A SR A R X SR

TR RS TEEE ARUESE € o] DUT] SRS B b A B g . Wi ic A, AKX
FhBUC AR b —HEhT S 7 4. TEEE SRS A% QA sy 23 47, i b Rast
AL, nTCATSE) 24 A7 CaERD ORI
FATAr LA I BL R Oy AR B RSk O — AN B AR

x = (x.x, x3...xq) (10n)

(MTRALRIR A g MR R T e s .
Kl 2-5 s 2 X A G O -

+ kR R

0 1 2 3 4 5 6 7 8 9 10 20
}II NN
0 100 101 20
kIR RS

0 121 2 4 8 i

LzLZO 21 22 28 2

B 2-5 A BES R TR AN —HE IR R S B AR LR
TR, PINECFRE AR, BRI, ZEARSEARR T 24 A7 A 2 BEHI B A -t
R IR, R R Al B R

WHEAE i HIRsE GHEVE R R0 5Tk OH 2 8548 s
) ZMEHITE SN L, ER NS, F5E b, el Reas B T
B, RIS TREE T RE, B e N B A T, AR R .
TELFERN B SR, —CRUl, B THETEARR, FHR AR . 76 EFHRAT IS 5
T, B MEFNE TSR S — M ER Y, SS80ERE AN EF AT
HFI—A (YR, X2 —AN S AR ED .
Bk — 2ok . BUE B LA N IEEE Bk M aC 0 3kl R i R on g 7

x = x1.x2 x3... 10n
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2-14

HI T B TEEE Huks REA% SORS R s AT BRI SE 8, X IR Bea B8 iy b Te
KMHCT, Pril— Bk, TR AR X H T 1. filan, A
y =838861.2. z=1.3

JFIZATLA R Fortran F2/7:

REAL Y, Z
Y = 838861.2
Z = 1.3
WRITE (*,40) Y

40 FORMAT ("y: ",1PE18.11)
WRITE (*,50) Z

50 FORMAT ("z: ",1PE18.11)

IREI [ B DA Y AR AL

Y: 8.38861187500E+05
Z: 1.29999995232E+00

I v (IME 8.388612x105 S {2 % & 0.000000125, ‘Bt y /MENEUER . H
IEEE HUps RS SRR y RS TREL R 6 B 7 (AT 38080y, st i, Wi Bkonh
IEEE HURSEEM K,y REH A AT
FIPE, WAT z BOME 1.3 Sk {2 252 0.00000004768, ‘Bt z N\ EEY. T
IEEE ¥ MR R z FIRETEL N 7 8 8 M ARy, e, WiREHRRA
IEEE ks s, z KA Bh 75080 7

BUAE, AT 22 3CR R XA [ .

B R HEBIEF /8 a B0 He TEEE HORSEER X b IR asik b, ARJEHS b FH N
TREHE s WA, alya-c ZIHMEZDERYNE?

FATPREX o) B SOR 1 F

HY TEEE HURS M SNAIRIER IS a 1 7501 /2 780e 2 /b, B4 AT TEEE #
R EER RS x I, A7 2 D IR EOT DA S A A A i 1 2

AR T RSN T 6 A9 200, gl &b 64, EAMYL 9 M
FEIIN (BREBISMEDL, B, HHEHOEREHIREOL, 2 R 2 17 T L RS
Mo

Seadsk, K TEEE SOk REA% SRS 1K) HERI B4 00+ HERIEON AR5 e
R, RBORE, R A R 9 (Rt s, Do RAE L NS, RERE AR
P AT K5
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2.2.7

R 2-10 B T IX - ) 58 B UL -

R 210 Arfitrkis X v [ RORS

B BEEHF
(D BMEESN BAIER BT (HilH)
HORERE 24 1.175... 10738  3.402... 10*38 6-9
BURE S 53 2.225... 1073%8  1.797... 15-17
10+308
WUREFEY R 113 3.362... 1074932 1.189... 33-36
(SPARC) 10+4932
BAEREY e 64 3.362... 1074932 1.189... 18-21
(x86) 10+4932

Solaris IRiE H A E # 4%

HHEWAT I/0 HIFE, W CESHH printf Al scanf, Fortran i&5E Y read.

write fl print. X TIXEeThfeskul, @FEAEIEE 2 AIEEL 10 1B E Rk 2 s

ffie:

YA G IR RE R R B IR SO I A A, S T
MIEET 10 BIFEEL 2 (5.

R R BERIMEAE AR ASCIT A4 SR T BN, WIS HAT LS 2 2540 10 1)
il

1 Solaris I, HEPTAT I 5 A A A2 AR L) e B 5 AEARTHE C I 1ibe e X
LA REAL PR IX B 3%, TP ST LU B ARG 2R L A% o o) S IE A 53 A\ 1R %
o B T IORHPESN, ROKEH LG T IR AN SR S B 22 5 DL IR TR

IEEE sk 3t $m N 1044 2] 1044 {0 — BB B IEMS N, o SRR S0 2
VN Z 04 N . (35214 TEEE bk 754 1) 5.6 5. ) 1libe FIKENEL AT LUK Bk
FE . RURE FEFIRURS FE T s XA T IER B N

7 C o, MR¥E IEEE 754, & o] DI 13l 57 8 5 b i s A 2 TR) i e 4t AT I
Wi N BT 4 S 25 Bk T AR B, B4R AR 2 s T E,
RTS8 AU A N B B e { F HLBELAT T P54 n) 45 Ak R R i)
B W E A AT, DA 5 8 B 00 B AR S B 2 AR A X R T P T g i S AT
FRIEANRL F o B e, 33 R e A D B v A9 R R A T O B s

7t Fortran 1, 0 DURIES C ERINBEE AR AR, 300 2 7 o A0 30 )% et
ITIEHIRI AN . XF 1/0 ¥, 7 LU R B ROUNDING= i W 755 8 A H
-iorounding FRiCHRPE, G NBlBab i “e NBIMB . A5
&, B0 (Fortran /T /#5570 1 £95(1) FW T,

2w |EEE Hik  2-15



[ RIS HE R, S I3 Fo Coonen (iR Hl Sterbenz )15 #4& JF 111
STk

2.3

:LL
_F/ﬁﬁ
WMHZ, TaEEELLTHEN T Sk S aEmAN, B RiFAE KT 5
DL NRZE, A e LILTIA T B F5a XA S

NAL VT
2.3.1 i@ H{E
2 2-11 o T HORERE . UK FE RO RURS B2 A X0 1 W48 B 41

* 2-11 N ¥t ] i
AiRE T A
RS BE B/NEMST 1.17549435e-38

R IE NS 1.17549421e-38
KUK FE /N E S 2.2250738585072014e-308

T R IE IS 2.2250738585072009e-308
XS EY . (SPARC) /N TE LS 3.3621031431120935062626778173217526e-4932

12 R URIE 3 3.3621031431120935062626778173217520e-4932
KRGS R (x86) T /N E %L 3.36210314311209350626e-4932

I KR IE %L 3.36210314311209350590e-4932

IEIEMBOR /T F MR IE A 8. MM IEREOREAS Q) 528k
(I N BT A SRS . T4k, TN IE T RESR DLt m] LA Bk IE R

AR URIE RRECAS B (KRS BEA7 200 T E U, (ER) P I RHCRT B R il N B R i
SRR RSO, 2 R IE A 45 R I B AR S ME RO, s i
IERAE GiiAZRFIZ ), JXHR et T .

SEULFISCR TR, AT U LR T B . RO SR R L, Rt
S % . KA TR Store 0, 5| A TEEE FRHEZ T, BORKEBOCEHLINER
B

7 WREARIR AT (AT IR, 55— WA QUL T LA A

Pl ERUETIX P T TR R R, R TEEE ARifE 754 B A EALBEE A % e
NEZUDIRES
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2.3.2

2.3.3

IEEE B X anfar4b38 T itk ?

IEEE 3k 754 SEHEHTIE R A 0 Ab FE 1 V6 45 SR 10 ¥ 8 77 ¥ e S v T LAJAL 46 4 5 X
PRIk (B B Ty ¥ IE RO CE AL
B NAZIE A IE TR 801 TEEE KX

—1)sx (2(e-bias)y x 1. 1

Horbs RAFSAL, e RMESRE, fRME. ZERRERY, 2L sy e M fo
TSI R R BT P OE SO 1, P BLA B A7 il e

ToE, AT LAAE Ak 0 e/ I TE AR AT B K s KB R B 4 1K /. i Ry A
FEFMAE—, WATCLRG SN FEXURS R R, i TN 1 K 52
B (216 o FRERIECTD XA LA Ot MR RN 10-308 7 ) 10-324, dx kR
ARG IR IPTUIE R AR s 45 R RHT A %) it At F i«

RIS, DR, BN BOh AR A . AR R RS R TE S L IR AR
Bk SEPT AR AR B NRZETL AN o (HI, A SRHTHE T 1 SR AR LR
S S

m R S5 R SOV B A i N R 22 SR IRV L

m CYEURAEE NI, AL L FURRN A Hos S SR I

B PAZIEAAFRIE T R0 TEEE 3K
(—1)Sx (2(— bja5+1)) x 0. f

Horbs RATSAL, MESRE e 2%, [/ R, KX 2 MR 22 L IE RS 5U0W
ZER—, Basar e M2

Wt T VR R SRR B TR B AR TR NMEEK) Z MR, T H A AT T
WRIE . SR A B R GE R 2 BN IE S . T 1 T ik R 2 AR
P o

AT AERHET®?

UCERE AN S T o8 At Rt / Wi, X5 HAh — 2o 80 SR B 2 AN R Y o
UCIEFEAE AT PR R e 2 5 DRSS R S8 GE W JEAE AT INE 5 P T R
) o AARVEIHE, 2 W James Demmel [ (Underflow and the Reliability of
Numerical Software) #1S. Linnainmaa ]  (Combatting the Effects of Underflow and
Overflow in Determining Real Roots of Polynomials ) .

FESEP AT OE S, AEAT IR S, A MBURFIIR M T i OX R
WRAEWHEAERI L) 1o WR x My 32 2 IO, W x -y RBCHIRZEM . X1
i BT R R OB B T AR B I SEOR UG, I A T

JiAh, WA R R T R T R A SR T AN S L R i N R SRR o AR T LA AR B
RIS, XA UGE A BT, AT, 3 Sk A T e ) S AR A

Waow |EEE Hik 2417



234

A TN RANRERN
ERZHIEI T, Fg RA S NN
SR = HIFZER + A

PR ZET] LUK B 22 KFERE 2 ISR F N RN — P 818 RERR Sl 7 — 17 e )7, T
PR ulpo FARRHER VLR IR VT )BT A S B R L R A7, X RoR
ME CBn, BT iX—hrsh, Foniksg MR NS 7 40t 20 227
(LN HT AT W B SR AE g A N B S 1 R R B A 2
MBAR, NREARS KT R E G RN AL —4 . BA)E, E&AET]
BEIERR ) IEEE Hikd, & AiRE -

0 | A | 1/2ulp
e D i R =R S QTN

TR ulp RADEE . WERECTARR R, IE ulp ABARE R, TR ECT AR DN,
WL ulp A B ARF /o K ulp R B, RFOCR SR ulp(x) FomiF a8 x
S SR VN ISR (VA

A, VR AU ulp R TZECE R ORRE . i, R 2-12 WOR T RIRPYANIE AT
R ulp(1) -

R 212 PUMORFIREER ulp(l)

WE &

RS ulp (1) = 2%-23 ~ 1.192093e-07
KUK FE ulp (1) = 2%-52 ~ 2.220446e-16
KK B (x86) ulp(l) = 2%-63 ~ 1.084202e-19
VUfERESE  (SPARC) ulp (1) = 2°-112 ~ 1.925930e-34

i, A RECTEA B S HUEERE R R . BEAE BT I BORE Z BRI %
E%E, AW RN 2 B AR N MR BT BRI, AR RS
v 2 A ZEHUR AR K

B, e A R =AMS AL 3R A, AR 2 MmN, H
23 = 8 ANl R BT, WA 2-6 TR,
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0 121 16

Hmn

0 o 20 1 2 23 24

B 2-6 Hth

Kk Sl 780 2 8] R 22 B B A R O I n A% S0 £ o

£ TEEE HUREFER U, PSR N IEERIBCZ [ 22 K 24052 10-45, 1 P KA B AR
Z IR 22 K2 10 311

fER 2-13 1, nextafter (x,+) KNEWELGEIN + BEWLRES, x Z2)F5HMT—
OUIE T (&N

R 2-13  ZEME CAIRIRARS R Bz )

X nextafter(x, +) R

0.0 1.4012985e-45 1.4012985e-45
1.1754944e-38 1.1754945e-38 1.4012985e-45
1.0 1.0000001 1.1920929e-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

AL R I RmTF BN — AN Et, AMEMERNEESZE: SIA—DALS
THE SR — A RIARAH BB I PR B B 2R 22 o R O E RN 2 T R R 4 B ISt
WE NI, AHERR A R B s R S O FIANA KT SRR — AN Ko
A AR H 7 IR P B IR R 22
eI, FEFS /N A I X, AT R ANMAAR R 2 M S S TR S RN A
IEAPE TR EE 5 o R E R, m DO e MR B SIS AR ZE R TS
S RN IR R S

TWA T E LR &S NRZE S KT 5 RAT & v s B8 s, FrbAvr2
SRR VLB HAT & LT =4 @ k-
mxzyex-y#0
m (x-y) +y=x fEx My “HPERRKEHEANREN
m 1/ (1/x)=x, Y x 2IERMEE, XA 1/x20

Waow |EEE Hik 219



2.3.5

PN TR SE Store 0, B NEEE RN AE, R x -y Fi, Store o il
SRR AR A EME . AN, M 1/x TEN, Store o ML =4 B M.

FATH A FoRB/MEIEAEL W TR BIE. XFE, T U A SR EGE T i
Hl store 0 HIEZE B

WEHE R | B | < 2 K ulp
Store 0: | IRZ | = A
JI AR5 — R SR — 5 A AR SRR B .

BRHHFTHES Store 0 I RHY

P Y R SR HE - &N U N A7 I PR g AR AR A

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

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

return sum;

HHRE T, GORIHER RN & NIHEIE . E Store 0 1, AIRESRAEJLT-HT A%
P B A b AAHMERAEUNERM . R, APRTE, RATLAUKIN, 4T
Go HBUX LS, WG W AORE e SR 1L 2 & tH DU MBS M e A LN, > R
Fl ) o

B AFOIE T SR, AR T
ati-b=LXL9 e/ d<1
r+1-s

(/) + @+ 1(q-(1/5)—p)
s+ r-(r/s)

AR, BAREEAT TN, (ARG R AR S AE A R L I ZE AR T BL R R
IR SRS R % p+ 1o g Fr+ 1+ sSEEAMMERRZEHAKTILA ulp.
BT a N b HRHRAN, TP ZE ST ) R, R 2B AN 2R LU (KL
A ulp: la+ 7-blo A NHERBUH0 I, AR TIPSR,

MR BR I EEAR R SRR, IF OG-t M iR 2 0. 2448 Store 0
(I 00T F BN P RE SRR 28T 204 HAT v SR (R SR 2 A TG AE Store O
(IS OLT, 5 RB ARG, AT (KRR s PR SEEL L e R 31 1 I I8 L

HITHTRE s D R AE AT store 0 AR AR 2 L SCHRFE ] store 0 MR
BRI Z o V25 KB BRI ST il g SR IR i) 7 -
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2.3.6

LT R SR AR
2w
HUER 7>
o Sk 1
RHBRIE

T e &g ?

AR T Lo, H SRR ERATEMT R, Bk, AT 2B R A e
We? s b, XU RUEAS T

URRBAT IR TS, I R w0 K PR v S BB S UK. Bl AR SORS R T A
T RIS EE Ay R A T R, AR store o MINGULTR, 20ff TS5 R

oo, JUATRERIE I HERS B R BRIA B KL 10-31, A 10738, RIFURSEEFR BN — I~
B

REWA, R AT SR ANER BN S A SRR ik, S, R AR AR
SRR RRE I SE LA B

AT LA S 0%, XA, AERRE I IR X A S ATI . AL, TPy
HOATH SR R UL, A TSR ARSI AN #HE 1) B (B0 R 3 FLAE I

¥ 2 |EEE &k 2-21
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il

AR T Solaris #R/EFREEFI Sun Studio 9 HALHIECFFE. B T A AN E M HAE
ZAh, REIBHE T Mg as S R ECA S R — 22 fe, 5 IEEE 47
B, BEALECE gs LA N AE IEEE MR IEEE #% 2 2 (8] % 8504 1 pR 4.

Intro(3M) FM L LidFIH T 1libm fl libsunmath FEMI P .

3.1

— \p S,
*/T/E# I
libm 2= AL Solaris #AE IR BEBAR 15 AR AL ST 75 (R 2. nT LS FH W Fh s =0
WY Solaris FEAFI AR —HE: libm.a (FFASHRA) Fl 1ibm.so (JLFERR
A
libm eG4 H % N

/usr/lib/libm.a

/usr/lib/libm. so
libm SKkICHFRUE R IE A H 30

/usr/include/floatingpoint.h

/usr/include/math.h

/usr/include/sys/ieeefp.h

3-1



#* 315 T 1ibm PHIREL.

& 3-1 libm FIHA

*T Bz

AR £ cbrt. hypot. sqgrt

FEA ik asin. acos. atan. atan2. asinh. acosh.
PR atanh,

exp. expml. pOw.
log. loglp. logloO.

sin. cos. tan. sinh. cosh. tanh

o 2 R £ 30+ jl1. jn. yO. yl. yn.
erf. erfc. gamma. lgamma. gamma_r.
lgamma_r

IR o £ ceil. floor. rint

IEEE HFrdEHERE 1) R 2K copysign. fmod. ilogb. nextafter.
remainder. scalbn. fabs

IEEE 7R isnan

IH 2077 i R 3L logb. scalb. significand

HARHEAIE (AP E0 matherr

R, B3 gamma_r Al 1gamma_r & gamma Ml 1gamma [ 7] HARA

ﬁ?%zjlmwH?u%j;:U&ﬁfﬁu:‘_ﬁ:f_ﬁﬁf?ﬂTbDiXW%%?ﬁ%ﬂ’hﬁlﬁwﬂ AR %
5B, WEZ I 1d(1) Fguieds F M.

3.2 MinBYE = =

3.2.1 Sun #FFE

JE libsunmath ZMFTAH Sun &S = ML ER—3# 4. F libsunmath &
Sun libm PAFTARA AL 10— 41 R 2L

libsunmath PrE2e B EE H xR
/opt/SUNWspro/prod/lib/libsunmath.a
/opt/SUNWspro/lib/libsunmath. so
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libsunmath Sk CAFARE LSRG B3 h
/opt/SUNWspro/prod/include/cc/sunmath.h

/opt/SUNWspro/prod/include/floatingpoint.h

*£ 325 T libsunmath FHIRE. X THNEARE, K RAHREN C By

FH R IS BT AR P £ 008 S8 RRAS 1) 44 o

* 32 libsunmath [ P2

Bl A
£ 3-1 PR TGRSR 3 BRI / DUASHERE, {2 matherr FRAP
FEA exp2. explO0. log2.
PR sincos
DL g B 1) = A R AL asind. acosd. atand. atan2d.
sind. cosd. sincosd. tand
i ™ 4850070 =M% asinpi. acospi. atanpi. atan2pi.
sinpi. cospi. sincospi. tanpi
AN 1 44/ M= asinp. acosp. atanp.
R sinp. cosp. sincosp. tanp
A 45 iR 40 annuity. compound
I o £ aint. anint. irint. nint
IEEE FReBHER 14 signbit
IEEE 7 fp class. isinf. isnormal. issubnormal. iszero

RASEH IEEE {HMEEL

Ik P BRI A s

Lk IR Ax IR s

L A AR SR A BE R A P

min_subnormal. max subnormal.

min normal. max 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 . 1 _set lcrans . r_lcran .
r_lcrans_. d_lcran_ . d_lcrans_. u_lcrans_

i mwcran . i mwcrans . i init mwcrans .

i _get_mwcrans_. i_set _mwcrans. i_lmwcran_.

i lmwcrans_. 1i_llmwcran . i llmwcrans_.
u_mwcran . u_mwcrans_ . u_lmwcran . u_lmwcrans.
u_llmwcran . u_llmwcrans . r_mwcran .

r_mwcrans_. d_mwcran . d_mwcrans_. smwcran_




3.2.2

#£ 32 libsunmath IR (&)

el [2:p &

RENLEOR UG 3 i_shufrans_. r_shufrans_. d_shufrans_ .
u_shufrans_

PR L M convert external

P& ABGURIE AU ARG Leee_flags

TF R R AL B ieee_handler. sigfpe

BRIRE ieee_retrospective

S H /7 SRR HER S standard_arithmetic. nonstandard arithmetic

AL E

i libmopt H4EHET libm HHRLEFIFEMMILRA . E libcopt HIHET 1ibe H

TR AR A . 85, 7E SPARC® Z% &, libex TREET 3L 1ibe 37

R FE ) A% 5

libmopt. libcopt Ml libex bR Ze3ERIEE HEN:
/opt/SUNWspro/prod/lib/<arch>/1ibmopt.a
/opt/SUNWspro/prod/lib/<arch>/1libcopt.a
/opt /SUNWspro/prod/lib/<arch>/1libcx.a (X SPARC)
/opt/SUNWspro/prod/lib/<arch>/1ibcx.so.1 (fX SPARC)

sk,  <arch> RAR—MREE TARRGHNE B 78 SPARC |, XU HRAH v7.

v8. v8a. v8plus. v8plusa. v8plusb. v9. v9a fl vob. 7F x86 ‘P& I, #ft
fufE—H sk /& £80387.

5% -xarch H57E8HER, 1S Fortran. C 1t C++ f )18/

MPABEEHE ] 1ibcopt EERBIFE. EAVEART Libe T sl K sCHF
ZEE

libmopt A MHIFEFART Libm FFHNBIRE. W, libmopt IRASIHEE T
PR, AR, 5 libm A (ARG HECE A SR HHMT AT ANSI/POSIX. SVID.
X/Open 5k IEEE XU [ 55 15 AL #D) ANF, libmopt BIFEANSCKE IEEE XU ) 55
oAb, GES M E. )

T cc $54% 1ibmopt Al libcopt, HEMAATHIEE -1mopt M -lcopt L.
(EFPAF AL R, WF - lmopt EIEMAE -1m MFTT, 4 -lcopt MG, ) %
A FHAE AT St s PE RS BEHEX PN, AR AT AT — M B4R E -x1ibmopt ARid.

3-4  HfHIISRY ¢ 2004 4 8



3.2.3

SPARC: JF libex 8 BARRA K] 128 A7 VUSRS BV b Sk S RIS . D AR Ae B 8%
PR LS IFE; BEHRIFERIHAE T, C++ ik A8 1ibex, {H C 4iFHRIFA
Az 1ibex. 204 1libex HT C B, i -1lox.

BeAh, R T IRERRAN libex (AN libex.so.1) . Al RIS &
LD_PRELOAD W'H N libcx.so.1 XAFMAEIEH, (R TN PUMBUILRA . B3R
BAERITERE, W AMMNRAR libex.so.1 M T ALK RE K. Hln, 7¢
UltraSPARC £%: | (e %E 2348680 %) , LD _PRELOAD WHE U F:

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

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

export LD PRELOAD

REHFE (X SPARC)

7t SPARC V-5 &, JF libmvec &I BHEANSHUR R FHEEE BB R

libmvec ArfE2e3EMERE H 3N
/opt/SUNWspro/prod/lib/<arch>/libmvec.a
/opt/SUNWspro/prod/lib/<arch>/libmvec mt.a

Wht,  <arch> Fom—AReE TAAREMNEH 3. /£ SPARC L, XL H RS v7.
v8. v8a. v8plus. v8plusa. v8plusb. v9. v9a fl v9b. 7F x86 V& I, #ft
fRynE— H % & £80387.

% 337 T libmvec PIHIEE

* 3-3 libmvec [H%

Eil D €4

ARER 2L vhypot . vhypotf . vc_abs . vz_abs . vsgrt_.
vsgrtf . vrsgrt . vrsqrtf_

FEEAH K A vexp . vexpf . vlog . vlogf . vpow . vpowf .
vc_exp . vz_exp_ - vc_log . vz_log . VC_PpOwW . VZ_POW_

— R vatan_. vatanf . vatan2 . vatan2f . vcos_. vcosf .
vsin_. vsinf_ . vsincos_. vsincosf_

i, libmvec_mt.a $AE TR T 2 A I RATI R & R BOM TR . ZEAE
libmvec mt.a, MWL -xparallel.

HEREZEE, HZ L libmvec(3m) fl clibmvec(3m) -/ 1,



324

libmox # = E
libm9ox HUF PRALE— L84 C99 R E B FIVE A G R AL FEgm B R S A,
WA <fenv. h> VUG R HOMINY i pR K DA S SOk IR R AL 3
1libm9ox bRUEZZAL B4 H RN -
/opt/SUNWspro/lib/libm9x. so
libm9x SkICAFARAE BB H %A
/opt/SUNWspro/prod/include/cc/fenv.h

/opt/SUNWspro/prod/include/cc/fenv96.h

* 3-4F7HT 1ibmox FINEE . (NFE x86 & LIALKE 1A% fegetprec F

fesetprec, )

x 34 libmox MJNHE

R G e

C99 HRAETF RIABE R AL feclearexcept. fegetenv.
fegetexceptflag. fegetround.
feholdexcept. feraiseexcept. fesetenv.
fesetexceptflag. fesetround.
fetestexcept. feupdateenv

s Hl (x86) fegetprec. fesetprec
S AL RS W (1]t fex get handling. fex get_ log.

fex get log depth. fex getexcepthandler.
fex log entry. fex merge flags.
fex_set_handling. fex set_log.

fex set_log depth. fex setexcepthandler

R, libmox [UERNIEZEERM . co guiFfEREEN IR A EIRZE 23 H %+

HWRE. Fik, B cc 8548 1ibmox, 25 HE ST S T 82y

DL A% . ] LS DL =807 — 8 SRS BRI LLE A7 1ibmox:

m {EATATH -1mox WIHTHFEE -L/opt/SUNWspro/lib.

n EmASITHE N ERIEY /opt /SUNWspro/lib/1libm9x. so.

m ¥ /opt/SUNWspro/lib ¥siNFI AL & LD_LIBRARY PATH 47 E I H %1%
.

WM BL R =Rl oy vz — A FE AT R R 7 LB A7 1ibmox:

m EBEENTRE -R/opt/SUNWspro/lib.

n {EREHEINKS /opt/SUNWspro/lib WsHNEIHIAEIA & LD _RUN_PATH fi7E [ H %4
x2.
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m {EIEATINK /opt/SUNWspro/lib Wi HFAEi4& & LD _LIBRARY PATH f5iE )
Haxg) &,

FE—WHE /opt/SUNWspro/lib ivINEIAEEAF # LD LIBRARY PATH ', WfigT
5 Sun PRSP EABOE T4 E R (fE LIHEATREF) MIEIRA . %
A co BERMRR P ST 1ibmox M1 Sun PEREE, A EKE
/opt/SUNWspro/lib ¥ %] LD LIBRARY PATH "', fEM&1T, W -1mox
A8 -x1lic_lib=sunperf.

P HeAth Sun Studio 4 1% S8 & h A4 1 2 A SRR R H ok . ST
FEAT G AR BERE 1ibmox, MR ST HIRE -1mox HIF. (B libmox T2 ]
T C/C++ Py, EA LK & H T Fortran F47: A7 KM E], HS MR A

B, WIKNEE

REZHHUE BT LAE B X KBRS . 38 3-5 TPt 7 ARG 5 T AN R RS 2
A 7= 51 o

#* 3-5 B XUF DY ARG R R £
BwE [i*%ﬁ XK BE VU £ BE
C. C++ #include <sunmath.h> #include <math.h> #include <sunmath.h>
float x,vy,z; double x,vy,z; long double x,y,z;
kK = sinf(y); x = sin(y); x = sinl(y);
x = fmodf (y,z); x = fmod(y,z); x = fmodl (y,z);
Kk = max_normalf () ; X = max_normall () ;
k = r addran_ () ; #include <sunmath.h>
double x,y,z;
x = max_normal () ;
x = d_addran_ () ;
Fortran REAL x,Vy,zZ REAL*8 x,vy,z REAL*16 X,VY,z
X = sin(y) x = sin(y) x = sin(y)
x = r fmod(y,z) x = d_fmod(y, z) x = g_fmod(y, z)
Kk = r_max normal () x = d_max normal () X = g _max _normal ()
Kk = r addran() x = d_addran()

75 CHh, HORIE R BUN AR £ B 0B XOKS B 2 W) 05 TR B s DU RS 15 R
B 2Rl s 1 B . A Fortran FIH MBI FE, FTLl 1ibsunmath 2
B XURIDO GRS B R B R v oo Ay Rl g R LR PTE SRR
WH %K Fortran WK%,



FEAEFTA R B o ... AR . K 1ibm 1 1libsunmath ERENZFRAIE X, HS
W, math.h fl sunmath.h.

7t Fortran F2/7H, V0¥ v ... BEGE AN real s ¥ d_... BREGS BN XUE R, 1
¥ g ... BRI REAL*16. 0, W AES SHEERAARILE.

H— C T x86 MUA SCRFK AU L .

3.4

3.4.1

IEEE X35k %

A5 41 TEEE HEF R AL, XL B AT I HIME ieee_flags.

ieee retrospective PLK standard arithmetic Fl

nonstandard arithmetic. fKMEH iece flags Ml ieee handler MIVELI(H
B, S04

ieee functions(3m) #A ieee sun(3m)

ieece functions(3m) fl iece sun(Bm) iR REHLAL IEEE Frvfk 2K (1) ) g ol IL
Bt SR L DI B o K L6 R U 4T A A FE R IS I

& 3-6 ieee functions(3m)

ek R

math.h SCAE

copysign (x,y) x K&y WS

fabs (x) x  Mast

fmod (x, y) x BRUL y TRRARE

ilogb (x) L2 MR R x OiE IR
nextafter (x,y) oy b, x JEHET =N RARR L
remainder (x,y) x BRUL vy TR

scalbn(x,n) x X 2"
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x 3-7 ieee_ sun(3m)

ek R
sunmath.h Skseqf:
fp_class (x) VoS
isinf (x) AR
isnormal (x) I3
issubnormal (x) R
iszero (x) Vo
signbit (x) IR
nonstandard_arithmetic (void) pZIECTECE
standard arithmetic (void) ) A4}

ieee retrospective (*f)

remainder (x,y) A& IEEE ¥Frift 754-1985 H{g T’J;E’]:L:ﬁ remalnder ) A
fmod (x,y) E’JTIHJL&LE?, remainder (x,y) RIS R SRS x jZ y WIFF
SAE, M fmod (x,y) RIFIGIRITSHES x —5. Eﬂﬁ/\ziﬁi’] (DK A 1) &5
S FHHAA ARSI 5

M Fortran F1lH ieee functions

AR R B VUfERE
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 11iH] ieee sun

HRE RO YRR

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

AT a_function M q_function 1f] Fortran F2J7H, 2008 §T— AN B WA XL
KSEE, MR — R W) REAL*16.




3.4.2

ieee values(3m)

To55 K. NaN. & KRR/ IETF 4% [EEE {2 H ieee values(3m) T i1
PREARALR . R 3-10. F 3-11. & 3-12 fIFR 3-12 IR ieee values(3m) B
- E R 7S 3k TEEE KR .

3-10

% 3-10  IEEE fH: Pk
HbHME C. C++

IEEE & B Ay iIb. T Fortran

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

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

e KR IE A 1.17549421e-38 r = max_subnormalf () ;
007fffff r = r_max_subnormal ()

He/METFE 2 1.40129846e-45 r = min_subnormalf () ;
00000001 r = r_min_ subnormal ()

oo 55 r = infinityf();
7£800000 r = r_infinity()

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

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

% 3-11  IEEE fH: XK
Ak HME C. C++

|IEEE {8 +NEEIRR Fortran

5 KIE# S 1.7976931348623157e+308 d = max_normal () ;
7fefffff fEFFEEEf d = d_max normal ()

/N IE RS 2.2250738585072014e-308 d = min_normal () ;
00100000 00000000 d = d_min normal ()

e KAE IF R 2K 2.2250738585072009e-308 d = max subnormal () ;
000fffff fEEfffff d = d_max_ subnormal ()

He/NEE 2 4.9406564584124654e-324 d = min_subnormal () ;
00000000 00000001 d = d_min_subnormal ()
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#* 3-11  IEEE fH: Q& (4D
A C. C++

IEEE {8 FAEEHIRR Fortran

o Infinity d infinity () ;
7££00000 00000000 ! d_infinity()

A NaN NaN d quiet nan(0) ;
7fffffff ffffffff d d_quiet_nan(0)

{55 NaN NaN d signaling nan(0) ;

7££00000 00000001

d_signaling nan(0)

% 3-12  IEEE {f: PU{%ksE (SPARC)
TEEHIE C. C++

IEEE & +ARFHEIRS Fortran

BRI 1.1897314953572317650857593266280070e+4932 g max_normall () ;
7ffeffff FEFEffff FfEFEfff FEFFEEEf a g_max_normal ()

HB/NEHE 3.3621031431120935062626778173217526e-4932 Q min normall () ;
00010000 00000000 00000000 00000000 q g _min _normal ()

R AETE RS 3.3621031431120935062626778173217520e-4932 g max_subnormall () ;
0000ffff FEffffff FEFfffff ffEFEfff a q_max_subnormal ()

/N AEIE R 6.4751751194380251109244389582276466e-4966 g min_ subnormall () ;
00000000 00000000 00000000 00000001 q g _min_subnormal ()

o LK q = infinityl();
7£££0000 00000000 00000000 00000000 a q_infinity()

A NaN NaN q quiet nanl (0) ;
7£££8000 00000000 00000000 00000000 q g_quiet_nan(0)

{55 NaN NaN q signaling nanl (0) ;
7£££0000 00000000 00000000 00000001 q g_signaling nan(0)

& 3-13  IEEE {f: W3 EHE (x86)
+EHIE

IEEE f TASEHFER (80 DD C++

e KIE I $ 1.18973149535723176505e+4932 = max normall () ;
7ffe fEffffff fEfFEFfFff

1E 35/ IE %K 3.36210314311209350626e-4932 = min normall () ;
0001 80000000 00000000

e KAETE %K 3.36210314311209350608e-4932 = max_subnormall () ;

0000 T7fffffff fffEffFfff




3.4.3

3-12

% 3-13  [EEE {H: X ERIL (x86) (4E)
+HHME
IEEE TARHER (80 £ C. C++
TE /N EIE R % 1.82259976594123730126e-4951 x = min_subnormall () ;
0000 00000000 O0OOOOOO1
o Infinity x = infinityl();
7££f 80000000 00000000
A NaN NaN X =g
7££f c0000000 00000000
{55 NaN NaN X = signaling nanl (0) ;

7££f 80000000 00000001

ieee flags(3m)

ieee flags (3m) /&M T LA FIIEER Sun #211:
ARG E A TS AR

m AR E A AR AR

m A, TERE G E AR R AR

W ieee flags(3m) HIIETEA:

i =

ieee flags (action, mode, in, out);

T REAE BB ASCIL 47 E 3-14 Fik:

& 314 ieee flags MZHH

25 C 5§ C++ K& I T RRIN(E

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) FMILTFEANNH T X LELSH.

LR BEN A T oAl A ieee_flags BSUNFLER LI, 8 4 =P AEAK
ieee flags 1 IEEE R E 21 B

HfH 55T » 2004 4 8



344

W% mode Jy direction, WFREEAEEH T YT M. A HERT & N [ A .
MERPEIERE SN FESAN [+ AW - N, [EEE S48 N5 ik i B0
HIEEA . KBS, WIS RIER S5 R UL T WA AR A a AR BT 2 1),
MR B T B 4 R BT e CUNR B 5 BB UL T WA S e i o AR SR i 2
W], AR AL N B B E N g et . AT, A4 @ v i 1 ARERR N
] BT G E A A LA T35 . )

&4 N JE IEEE Z i AR Z VN CAE T, JFDBeF RS EW 4 R —3. 6
wn, WK 2/3 ENE] 6 ANHRERIECT, W2 A AR 1) B T O (E A N 4 R
666667, 8 NN 17 224 AT S5 666666,

L] ieee flags K. JERRERBEE S AT, PUANATREMEASELINZE 3-15
v

# 3-15 ieee flags & AJ MMM

B8 HREHIME (mode  direction)

action get. set. clear. clearall

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

R mode }j precision, WIHRERERMEEN T 40T K& AR . /£ x86 & L, W]
RERIAF ARG IE g B XU o 8R4 B S AKERE Y e FERXFELT, S fbF ma
a8 R ISR SR 8 R N B Y e XU A7 25 i UK S0 3 64 ARGS9 A
5 R O P EOOURS FE I, S I m 35 A7 s 45 R I SR I S 045 R 79 3 A 51| 24 1 53 4>
AR BIRKZ B FPAEAL N 5 ARG BEIN AR AR HER IO 25 5 CRISEAS 2 e Ay
2D, (ASEEE BRI EAE [EEE FATE LR P AEY e & ARS BER R ik IE S
AR, ZBURE S ARG LA Y 1 5 A BORG JE BOUOKRS B LIS AT IX SE R

FEAL ] SPARC ALHLER RS LA E & AN . EIXLERG L, ATH] mode =
precision W ieee flags KSR R

b, W mode &y exception, NIFEEMEAEEH T 400 IEEE R Arid. Al
H ieee flags fr& iz [EEE S WA iC MRS R, 1SN 4 &,

ieee retrospective(3m)

libsunmath % ieee retrospective FTEIA KA i FHEFRAE IEEE A
PR E. Bt

m ORAEFERE

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



3-14

ieee_retrospective fJEHMT K 7/ LMW 5% bR id LIS T AGHRA 72 0 BOAS B AR
WX FEAANEMGEE BT B 2t « mHRsIEwisd, WhiZzsw
RIEPITREP LR R — 2R A S 2w A T RERE, 55 v e 5 sk
KA (HMARET, &34t SIGFPE {5'5) . ieee retrospective JHEH TR
BEXURRFERENHNGEE (R IALT mitnid) , BN EE SR 7
TR CACE T Y (WA T WAL o 8 4TS T . 5 S FBERE,

FEut IR AT A S |k o BB A

FEP Al LA 230 ] ieee retrospective. ] £95 4 -£77 HAMAAX T
i1 Fortran FEP AR 2 i H3 A ieee retrospective. MM £95 AHE
B 9 PE C/C++ ¥ HI Fortran B 7 WA 2 AZ)HH] ieee_retrospective.
R AESRETENL T, £95 Jids i HIXH WL W AR, DI, BRAFR W4k
R E 24 T SIGFPE ALFIRLT, 5 MGG AE BRI SZEN &l 7 -£77 e
PERGUT, gmiEas I FA A AR, IS R AR TR R I, B4R AT, JFAEaR

il ieee retrospective iR IXLLH7H

W B R BB N
C. C++ ieee_retrospective (fp) ;

Fortran call ieee retrospective()
T C R, S8 fp RS NSOk . Fortran MUGRAAE stderr BATENiH .

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 WA HIEM ieee flags (3M) .
ieee handler (3M), ieee sun(3m)

AL R ARG R e i, A IS R .

FJLATE Fortran F /7o =Fp 72— K4E 1L ieee_retrospective Wi, —FPJs
PRI BR AT RIS, ZEHI AR, JFER PR TR R S AN BB IT M. &
FE AR, ik, W T 70U ieee flags. ieee_handler

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

T — VAN AN A S AT T3 B R AR B S

J— i 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)

IS 2 TP 434, TEEE SRt Pk AR B MO Pz 4R . 7EELt
SPARC FG¢ I, Wt Il i o 1 ) S0 R A 07 0B 20 SEBL AR o A SRAR 22 0 S B
N, WIEPERE R RES TR

LRI L LT IR 5 PP 2 5 X A SO AR R, AT DA

ieee retrospective B ieee flags KM M KA T N, SR
MR G ) A R A R G R A AR 2 B T 9F HS 1k T R iy, TR
BETR VR T A ) R SRR o AEIXAPE AL T, A AR IEEE S3%n] BUIMARFR P I P T 3
FEAE A e BB ORIHT h Z v Inbig i) 1) SPARC sEBLA,  eR 4L

nonstandard_arithmetic SFHCK TS5 HRMIHT 0 2. bR 55 1) £ 52 e e
i NI, IR R AT T T R B L

PR# standard_arithmetic FFAEMFE BN G4 TEEE S0k, XMk oo 6
L4y IEEE 754 KUK 1 BE A 5,  SuperSPARC® & — Pt 2 s i



3.5

3.5.1

C99 ;Z S INE R &

AYANH C99 ) <fenv.h> V7 RIAEI AL, EgmPESRESRAT, X RHUELE
libmox.so MM . EIHRMRL S icee flags MEHFRMITIAE, (HEAMEH
TR C s BUAEANEH C99 & I, it BUEAT IR e b AR HA TR 1)l #S b
.

W= N RAFAT A — 20 A LAEAR IR PRI AEH] 1ibmox . so H1#) C99 ¥ mFAEE
PREOR S A BR Y B2 DL K 1ibsunmath W] ieee flags fl ieee _handler H#{.

FEIRICERE

fenv.h A 5 4> IEEE ¥ s 5 H bR id T HORE— MRl 2 X T % FE_INEXACT.
FE_UNDERFLOW. FE_OVERFLOW. FE_DIVBYZERO fll FE INVALID. M4b, ¥f%:
FE_ALL_EXCEPT & SCAJTA 5 Ml il Ar4hr “s” 28, fELL F Ui,

excepts ZHLATLLJE 5 AMFRCE LT — AR AL “ 80”7 B8 sl #FHH

FE_ALL EXCEPT. X T fegetexceptflag Ml fesetexceptflag K, flagp B4
WAGEIR BN fexcept_t KN ZRMIRE. (XFEMESE fenv.h HE XK. )

C99 5E X T VAN S AR ic bR AL

R 316 C99 brME R bric R

Thig Bt

feclearexcept (excepts) TE BRI AR
fetestexcept (excepts) IR A48 E bRl R E
feraiseexcept (excepts) CIV & i-p 0B
fegetexceptflag (flagp, excepts) £ *flagp HORAFSE T HIbRIC
fesetexceptflag (flagp, excepts) M *flagp HPKE R E KIFRIC

feclearexcept HEGERIREMIRIC. fetestexcept BRI AR I YL E 1) excepts ZHIR &
(RIFRIC T BER N 1 2 AR i, “ 87 B FEgs . B, an SR R A T v B AR il A
fifiy F R ECH =R,

i = fetestexcept(FE INVALID | FE DIVBYZERO);
¥ i WH N FE_DIVBYZERO.

W s A R S I RERE, ) feraiseexcept MBS H —ANHEHE. (HXRREHH
BEEAI S S, HS I 45, ) BN, & HEEHENKRIC.
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3.5.2

3.5.3

fegetexceptflag fll fesetexceptflag MAELERML—Fh{aiME 1K) )5 158 I OR A7 T LEdR
WIPIRA, FFAELUERE e, Fralih, fesetexceptflag MEUGEAFEREN: &
KGR Eb It e .

=NEH

fenv.h XN 4 A TEEE & A J5 B 04— MEGUE T % FE_TONEAREST.
FE_UPWARD ([iiEJ5%5 k) . FE DOWNWARD ([fi]4#1 )55 k) #l FE TOWARDZERO.
C99 & ST HIA R A& A7 i BE: fesetround K24 i A N7 [ B & 3
ZHARERI T (WIELL 4 MEZ—), T fegetround iR[BIN N T 4 Hia A 7T
I6) [ A

£ x86 “F &5 I, fenv.h XN 3 A AKE FEREA A — M BEAUE R .
FE_FLTPREC (HK§/¥) . FE DBLPREC (XUF%) Ml FE_LDBLPREC (¥ XK,
JE) o BAREAIAE C99 [1—#B4y, 1H x86 L) 1ibmox. so HEALPIA & kb8 A
FEIER: fesetprec KA & ARG LB E W HSHHEMREEL (BAUELLE 3 4
HZ—), Il fegetprec IR[AIXF N T 2[5 & ARG 1) % 1H

INE R

fenv.h CE LEIEER fenv_t, BRIREBAVESIEL, G REAR D, SRR
B, SR AL ERICRT  (#F SPARC L)) JEARHERE. ELCL UMY, envp S5
SRR fenv t X ST .

C99 5E S 4 N B UL FIT BT . 1ibmox . so $RAEM—AN B i e B 2 e R e o
WA TRBENH T IXLE R

# 3-17  1ibm9x.so V5 KRR %L

Ihe BiE

fegetenv (envp) FIREHRAFAE *envp T

fesetenv (envp) M *envp HUKEIHEE

feholdexcept (envp) BRBRGEAE *envp ', IFEELARIBRF
feupdateenv (enuvp) M *envp HIKEIRETIFTIRSFH

fex merge_flags (envp) *envp PH) “E” HHEARD

fegetenv Fl fesetenv R A KRBEFRKEIF KRG, fesetenv MSETATLL
A5 LIATIL A fegetenv X feholdexcept fRAFIHIEIFREN, SETE
fenv.h 5 LKW B FE_DFL_ENV. Jo#& & /ntaHsE, BERMRITE RHRE. SA
PIRAEIERME (7 x86 Ly NBIY RAUERL) o ANIAIr i) i AL BEARE S CRIAE F A B
LA (7 SPARC ) ZEH]HEFRERIIR



feholdexcept BEUIRAFUHTHIIAEE, SRIGIEBRITA 79 bad 364 Jr 3 5 g S AN )
Wr ) 5 bR . feupdateenv HMEURERANIAEE (WL fegetenv 5
feholdexcept U g FE DFL _ENV), SR 5 | A S B BB AR ) 5
QRS R R Forh (AT AT e T BABE, WIS A S I, ORI SRR Il .
TGS AT XA s 2, AL R AR T SR 7 R Cn DU ARES 7 51
7R

#include <fenv.h>

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

/* DRAFEE TEERARIC IS B lE */
feholdexcept (&env) ;

/* PATAREFESTH RIS «/

/* KAl */
if (fetestexcept(...)) {
/% OEATEAT AN AL B I B HAR IR */

feclearexcept(...);

}
/* WEIAEIF SRR S5 */

feupdateenv (&env) ;

fex_merge_flags B&EON 2 FTIAEERIORAFIAEE o 1) S ARl AT 24 oR 188, A
P FATAT BB 7T DAYE 2 26 FEfe /7 i Al I s 3, 70 R FE T IR AT S T AR TR I 8
SIRRRCHIE R . BRER fex merge flags FERIRE, ES IR A

3.6

3-18

libm #A 1ibsunmath BRI INEE

AFiN4] 1ibm 1 libsunmath ISZHLTfE:

n AEHICIRR I 0 (S HCETE LR AT T o 480 — A eR 4.

n JIT-{E IEEE FlHE IEEE %2 [V 077 m a5 4 4 19 7
m BENLECA s
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3.6.1

3.6.2

XTE

7E SPARC R4t L, 1libm Fl libsunmath " [HIH)55 B0 AF H A W AR b R IK sl 57
2 iz / AU EENA &L . £ x86 & 1, libm fl 1ibsunmath H
1) L6 4] 5 R B AT x86 524 R UL 4] 55 BR BN i 8 2 SIEBIR IR s oAt i 002
SPARC Z %t LAl H AR R R IRSh kB 2 sl / A B AOE AU AVESEE N .

Libm IR 1ibsunmath 5 I8 FORT SEA)A5 R 2 A B Bl SV R 22 35X/
A BHOET AR HO R HERA 45 AL L B 5 i — A7 P (1 FRAL N (Mlp)o # SPARC I,
libsunmath "8 IE VU A5 AT A5 BRHOCRRE B 45 RAL 1L B — A ulp N, HZ expmll
Hl loglpl BRECRRAN, EATTHEAE IR RAL L B PIAS ulps o (3 L@é&@,?ﬁ‘éi&@%{
H AR B RR A T R BRI S A 3R = A ek . FUAR R, S it = £y R BOR e

R R B ARSI o ) 8 ds SR DN T e A B BRI e e 22 B R . T P el i
BeEF (Berkeley Elementary Function MR R R I SL ) F oG i vk, wT LA
M ucbtest BT H netlib 7] LIRS ZAEF, WhEN
http://www.netlib.org/fp/ucbtest.tgz.

= AR SE4E)

IS AL [n/4,m/4] SEIE 2 A0 = s BOE DR S8/ IR el Ok
m/2 [FEEEAT) RAATIE.

R AR RE LA 2R (B, DT DO ILBEAT I B = A eR B0 B v SR ZE
THNSHOE RN R (EAEERUR o A A ED DL TSR R 46 /2 ) —
MRBUS LR 2 . MR AR NS, SR 2S5 R AN 1R 2 AT REE e 1% 2 5
i hiRZss W TERINSEL S8/ N IE SRR 2 ] RE A LA R 22 K

HH, AR FTE R KRS ER = AR AR G Wt IRAE, mETH /SR
AR — L, X EFE TR RS JER KR AN R R BT R KT m MIBE
SRR

TR = A R B B A R PSS SRR ZE M N AE LR, NV A R BB B e AR 45 VA
FHEINAAERR . BESBUGEARWG N, S2hr DARMERDUE R m il UE 58 8 25040/
X—IE0L, X A KRS EANS B T T AN ES R,

libm F1 libsunmath =MAEEAIH “TTBR” K0 o EATSEL4 DN BHE 2/0 1T
SLAEREL 916 At NEERIECE, B A B kR T LIAES s /N i R R .

sinpi. cospi Ml tanpi BRE GESIE 3-2) il n RGNS E, Ll h
T4 M A R ZE



3.6.3

3.64

HRIEIRGITE

libm fl libsunmath H & ARG A 4501 F convert_external, BT
1t IEEE F13F TEEE #% 302 [A) 4 e — 377 s 290

ZHER U SPARC (IEEE). IBM PC. VAX. IBM S/370 Fil Cray i F ff) s L6 4%
Ko

A RALH Cray bR LA AE T B %L convert _external Kt el
SPARC %t LA IEEE X 1R#l, ES W convert external(3m) L[l
e

BEHE TR

DM =R TR R A RN 32 LB UK SOV i FOBURS BT U I R — A BEA LS

m addrans(3m) T U0 RIS IR EOE TR IR AN 1) VLN L A= A= 2% R A1

m lcrans(3m) T U IR 1) pR BOE T 2 M R 2 B ALE 2L RE 3%

m mwcrans(3m) T U0 IR K R B T 5 A A e I BEAL A AR Al 2% . X L8 PR HUE B
FGUL 64 f7 30k PR AL — D B L1 A s -

HAh,  shufrans(3m) TGP 1) e& BT L5 A (4T An] A8 Bl e 45 A 40 H LATRYE LY

BENLEC A, PR FF 22 e N AR PR R T R IR L . R, A TG 64

P AERB AL T = D

FEABEUECT FAB S U BB (A BB BBLED f491 2 LA
e AP A BSOS AL RO IR . R A R A BELEL pR BR  F Bo T
% 318 BRI .

* 3-18  FfEBEHLE AR IR DT

3-20

Tk

TH

+H

i addran_

r_addran__

d addran_

i lcran

r lcran_

d_lcran_

i _mwcran_

-2147483648

0

1

4.656612873077392578E
-10

4.656612875245796923E
-10

0

2147483647

0.9999999403953552
246

0.9999999999999998
890

2147483646

1

0.9999999995343387
127

2147483647
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® 318 PHBENIECE RS ()

B} LiEis L5

u_mwcran_ 0 4294967295

i llmwcran_ 0 922337203685477580
7

u_llmwcran 0 184467440737095516
15

r_mwcran_ 0 0.9999999403953552
246

d mwcran_ 0 0.9999999999999998
890

FE AN HT b A A BE A LB A ) R 8 Fo vF I P e AR BRBUTTE R X T, B A 45
T Les il A A BAE AN ] DX Ta] R A 5 23 A 1 BEATL B R A

R, addrans Ml mwecrans £ NSSE St Lerans AERSs EH R, HEMTHHE G
TEAN 2B RER . S. Park F1 K. Miller T 1988 4 10 A#  (Communications of the
ACM) FkFEH “Random Number Generators: Good Ones Are Hard To Find” i}
W T EEFRF RN R . Knuth 45 (The Art of Computer Programming ) 35 2 %
FRE T I B LA A R



3-22  Hih5idRN « 2004 % 8



il

SEMMEFEAAIE

AFAIA TEEE % mi W I s WA il . Ak B e AT,

15 SPARC® F1 x86 “F-&5 I, 1 Sun ONE Studio 43481 Solaris #/E PR HL AL (K177 5
KR35 7 FF IEEE bk i 75 10 458 5 i A BRI) B DL R 2 HERE I v 15 Th B . TEEE 854 bRk
(IEEE 854 [F)5 18 T1) XTiXLLTNREF A HARHEAT T A4
v B /MU X R AT AT B g k. AR RS B AR AT e K A M HEAT FrakiT
5, AP AR RS (B EEE SRS .

AT LB R H AR, AERRAERRUE T S IE S 4R, TR EORPT Sy SRRt R]
HUH VN BB B R IFPIR AR, DMESR 57 DA E . IR SShRHEIR g AL T sk
BLIR T SR N RE P A FfE R A S W IR K i (R, R ITIE R D - il
W, AR DR S IS AR B e A RO AR EEPAT, TR Bt — AN IR DA 24 5 304k
PSR A AR AL PR Y . ARFEHI il TEEE 754 52 SU S S ALEas 45 R BIER,  JF4
T SCRPRE IR . Tl SRAN SH AL B AT T RE -

4-1



4.1

4-2

¥ s
MARE"?
R A X RIS W, Kahan (9%

P ERPAT R R T HIEE ESE A W 2 45 R, s AR AR R
Wo “IRF7 A R WA RS SCAI A AT R . GES W
W. Kahan 851 (LA LRZHED . )

Blan, AT SR BRI, 7 R OX R LR — R

Blo D AEMBUZFERI R H I, REE LR ARk — BEAT W Y .

w WL AR TARAPIRGS  CGBEBEED . WARSL IR A8, JF
&1} TEEE 754 §1%) 5 12 5546 € 848 45 R HAT %L -

w WSRO R AL TR APIRES, MRS K SIGFPE fi Y. MR L w3
T SIGFPE i SALBIRESY, RGRHEHIF A Z MR S0, &P al.

IEEE 754 5& X OANEARR IR S RN BEREE, #ELE. i Fisi .
BI=AY O BRAEE D) BNERA A7, X — L, R
W%, ieee handler(3m) PAL—P U LR T VL. FAMNMRER (N
FIAKER) B W—5Lhr b, K2R SEHEASEARBTT -8 (RENERE)
] L2z 4 b 200
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R 4-1 W/ TEEE frifE 754 FPRBIIOE B o SRR TR ri 5w 8 DU AL LXK 28 5

I IEEE Sk IR (1548 Wi )3

# 41 IEEE 7% fi 50

IEEE TR AR A o I

L HBLRH KR | REER

TREH X AT B 5 0X oo oM NaN
FEA AR 0/ 0

oo/ oo
(ff x86 &, MiFH x REM 0
BT B B s e e
BLZRH, KA iﬁifi?iﬁf
4 IEEE *ﬁ?ﬁc) i ERE] il ’7fé 8

NaN #1E%L
b Wad &5
GEZWER D

TR GES IR 2)

B B A R ITIE x / o BEERNIEE x LI ENR T VEREA I W DN
BN ABAEWNTLTT N 1og(0)

g,

i HH IR SN ST S AR A & PR A (RM), A
MHEHAE RN DBL MAX + 1.0e294 SRR SN
ﬁl‘ﬁiﬂlﬁ?ﬁ% CE, I?Eﬁ exp (709.8) RM+ -
EHeEGERD . RN4oo —oo

Ep‘ﬂ%:)i RZ +max -max
(¥#4) DBL_MAX R - +max - e
FLT MAX + 1.0e32 R+ +oo - max
expf (88.8)

N ML REEMA AN SR & FIEH A%
S CARATIEE NS R TN S nextafter (min normal, -oo)

ORI /N IEH VMR
Z GEZHER 3).

nextafter (min_subnormal, -e)

DBL _MIN/3.0
exp (-708.5)

ORI
(¥#45) DBL_MIN
nextafterf (FLT_MIN,
expf (-87.4)




® 41

IEEE 7% s (40

IEEE TERERE AR A e I
L MR T RRE w5 LR
N HRIEHMENGERA 2.0 / 3.0 ZIBHE LR (AL
A T OE PR 45 (F#/5) 1.12345678 BT D
(REZHF HIs A log(1.1)
ST )
DBL MAX + DBL MAX,
BN Ik NN
N 04
4.1.1 xR 41 BFR

1. KRt S TATMT A K, RIS ORR, Har PLS e 18 T Lh g
WEEHWUMEFRR: N KT, HTEERF. TREWEZDH N EEECY
NaN (IZHET) .

A~ NaN #E5TME (BIeAG) 37T “ILF” b, £ 42 BRAERRNL
JPES,  EME— R e A S B SUE E RH

* 42 T Hig

Predicates TR
ez C. C++ a5 REFIE
= == .EQ. no
# = .NE. no
> > .GT. yes
2 >= .GE. yes
< < .LT. yes
< <= .LE. yes

2. R 2R NaN sG 77 REHON B, Bl A8 I A% U 0yt B i
e

3. IEEE FR§HE XORS BRI JRAR 3B R 1 B N IE RS 30k 27126, 271022 1
2-16382, A7 5% IEEE i nifg SN Bi, S W 2 5.

x86 V7 s M BL PPt Sy — ANARAE TEEE badErh 22U 570 . JFIEHERIF A - B RTIR
IEMBATIF s, Bz .

SR R Ps: ok (et « watiy BR. FUE. AKE# (R
WA o £ x86 - b, AR IE AR WA T AT S P L g IR
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RE NS [7] I R A AR v e i HUA ARl DR LR AN RS i ) S W IX AR 5 /E x86 1, F
TER AR B v DL AR S T AR AN R A Az RR TRk . R
ARG RO, R AR SR A e ms T ARSI A3k 2 x86 b, Wiih. Tl
ANASKE AR (D0 56 A i T IE A A il 3t

4.2

4.2.1

: iy
ol E=dd

1E4n IEEE drfEFTEESRIKIEHE, SPARC il x86 V& F VT S 4t ke id s oy R
VT R 5 RS PR . FRP n PRIX eby R 2 DR A TR 2, X bR &
WAL B AW BEANERR. ieece flags PREUHRME—FUiMIX AR E K 7k, £EH C
o C++ FERFEFT, 1ibmox.so W C99 ¥F S IAE: MBI S —Fh ik,

f£ SPARC L, BM A WA SRR E: MarfNT. Mare s E Bt
H B — AN RBIT T S8 5 I R I . IXbREIE B (B “807) BN &

WhRE T, MTTIdsR B R PTG B R BUGEBRN R E LR B R EM
T RS TE . CHVF S8 2 FEHI R 2w I, SWE S SEOZHIIR I 55 A B
FIET ARG, EHERE SR E. ) SH0 5w b G RN T i b S A S AR
RETAES sfsr o

75 x86 £, FFRURET (SW) Wik sUBA L7 iR (KPR A S AR A5

ieee flags(3m)

P ieee flags(3m) [MiGEVEN:
i = ieee_flags (action, mode, in, out);
TR AT B vexception” WG ILAENE NS, MMA{EH ieee flags

PREIIR . BB B BR N R E RS BOFR S . B, 2 Fortran P B H 5 % bx
A, .
iy -l’ﬁ’)h_:é‘—_;'-

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

B R AAE C 8L C++ TORAET S,

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

MEAEH “get” W, out FIRIFIMFFFH A
m “not available” —IH BHE EARH

BAE RENRELH 45



w7 CETERTEHD —WERBCA N AR, B X T x86, AR IE MR B E— N T
FH

w TR =S (in) A AR AR — WUOR L T %S

LIPS A (8 NN B2/ N vt = a il O BE R R Y 11

514, 7E Fortran Y.

character*8 out
i = ieee flags('get', 'exception',6 'division', out)

WER B T HFERFR, W out HIRFIFAFHY "division” 5 fUIR[MAIC HHL
(K1 e K5 W A PR ERL BRAR in 5808 BRI N, & e 42,
fltn, AE C MY, KAESE va11n:

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

bR T A out TR A FRLLSL, ieee flags IR [H—ANE5E 4T 51K A
FIEHE . AN bR E A, “50”, HhmS e RR, W
K 4-3 W SN REHN NN E B fp_exception type fH (TE
sys/ieeefp.h XM E ) A, GEFRE, XEARAE SHLEA A DBE
2, )

& 4-3 AL

i RLEIALE REiFEAL

Tk fp invalid i & (1 << fp invalid)

% fp_overflow i & (1 << fp overflow)

53 fp_division i & (1 << fp_division)
underflow fp_underflow i & (1 << fp_underflow)
ASKS 1 fp inexact i & (1 << fp_ inexact)
denormalized fp_denormalized i & (1 << fp_denormalized)

( KH x86)
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422

NI C 8 C+ TR BUR S P AR IR [HE AT RS 1) 05 12

/*
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 FEFREEREL

C/C++ PP LM 1ibmox.so T C99 ¥ riFABE s B0, 8B RN BRV7 AU
brdie kAT fenv.h € LA TAPRAER F AN NI % : FE_INEXACT.

FE _UNDERFLOW. FE OVERFLOW. FE DIVBYZERO Ml FE INVALID. '&ifE X # 5
AT X HAS S H A “B0” () FE_ALL EXCEPT %. AR IXSe 4 64—, LT
D T B3 B A (AR ART T AR s 5V RATE AT S IR 5 o 1 TR 73 48] 4 7S o X
FEEILA C9 iF RS S SR EZHEE, HEL
feclearexcept(3M) FMIl. (FiE: A THATHRF I, WAZEER—ETH
[FIINA A 1ibmox . so W) C99 ¥F MM BT s HOAY it LL K 1ibsunmath (1)

ieee flags fl ieee handler Fi%l.

SEHBR TR AN SRR AR, WS

feclearexcept (FE_ALL EXCEPT) ;




4-8

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 Al fesetexceptflag EEHLML—Fh FRARAAR K EhrE T 41
Jr¥ke T TH R 749 Ak 7 3K 6 o 5 1) — A Ui

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_INEXACT);

HH V5 » 2004 4 8 A



4.3

4.3.1

s B iy
EEHZ#%
R, R SRR I S, PR R B R I, R A0 U s R A

ST P SR SRR B 1 5 AR B AR A R AR SR ARG, (HR X
Tl R A O 12 5 AR 2 DK HL 2y R BB

Fok g T AR A R AR S 8 5 i e I e RO R . kA H T sk =%
i, #ERGEN RI% SIGFPE 55 GEZWES 5) FMID Kilsnizfir. K,

Wt g B S O ER, el BUR ek e B kR AN R BT IRIR B A
W SIGFPE 155, HiEE SIGFPE ACFHFE P LITENAE Horp R AR T 3 IR 48 2 1 s

hho AR, BAE S B A fE AR SIGFPE 55 WIRAZEAM kAR
W, MSREMANARE, IFEHE 41 PIeE iy g R P irie e, HAS K%
HTE 5.

FERRALRERRE

ARSI I T dbx CBHRTSSIRED 1 ado CLAIZLHRE K AT
SUIERDE RS R U MIE S TR, LTI dox IS IRE,
RO RS 0 . BRI 058, WE% O dox WitEYF) T

I NI C e

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

{

return sqgrt(x) - 1.0;

}

int main(void)

{

double x, vy;

bd -4.2;

y = sgrtml(x);

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




43.1.1

G PERIBAT R R

-4.2 NaN

g5 R NaN MR R W] ek B T ERua 5 . S ek, LU

- ftrap JEIHPTSH 15 LLS IR JCRO8 SR, FFHE dox B adb Kiafr ey If
fER W SIGFPE 7 G NE 1. Waf LMEH] adb 5% dbx, TG H g PR I%FEF (R 50
& AR e R0E S 3R 0 R Sh B RE AT BE R 0 T8 R TZAH ORI E -

£ dox REXSHFAERIES

ARG BOF A WA K B B8 S TEUE ] -g M - ftrap ARESERH I, AR5 ]
dox KBRS W AL E . HE, Hn R 7 SE g 6 %85

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

WA -g AT PE, W LUMTH dox MIPEARMEHERINEE. $5€ -ftrap=invalid &
FEETLREE E T E WA T 8 IO N I81T 1%, 854, W dox, Kili
catch fpe M4 LMEFE SIGFPE K K5 1L, RGEITIZIEF. £ SPARC I, 4%
W7

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)

i th g KRR, DR ESR T I IR I AE sqreml s A BB
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43.1.2

{EH adb EXSHFERIES

R adb ARER dbox FEAFITCAEAT 5, (HAEthn] LUEA] adb R K 4524 1)
JRA . e, PR -ftrap BB

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

BHE ] adb I TR Y. FEMIIEROSHAWIN,  adb f£580% 5 W 132 Ja
fifrabfs b, EAERSBOZR R KRS, HUMESHEAT RICH, IFE adb O
IEHR AR B R G — M e 4. 76 SPARC |, Z55LRTRESALTF MR AR
.

example% adb a.out

:r

SIGFPE:Arithmetic Exception (invalid floating point operation)
stopped at:

__sgrt+0x3c:be _ sgrt+0x98

_ sqgrt+30?4i

_ sgrt+0x30:sethi $hi (0x7££00000), %00
and %10, %00, %ol
fsgrtd %f0, %£30
be __sgrt+0x98

<f0=F

-4.2000000000000002e+00

a5 RRINZS N fsqred 182 FEUN. KR /7 d o KBz H i h Tk E
SRAKL Y7 MR 2

£ x86 b, DAONHRA VAT E L, Py LB N R AR REAT S I G5 (1 LE A 3L
MREEA N W, ARG, FRAARSE R BT AR A, BRI ATTAT AR e
. GEER, X4 EoE O -x1ibmil brEdn e TZFRF. ) Fiiin agt iy
DS

example% adb a.out
:r
SIGFPE:Arithmetic Exception (invalid floating point operation)
stopped at:
sgrtml+0x16:fstpl -0x10 (%ebp) [Oxfffffff0]
sqrtml?12i
sgrtml :
sqgqrtml :pushl %ebp
movl %esp, $ebp

"
N
¢
30
il
%:H
30
ZE
@
iz
&



subl $0x10, %esp [0x10, -]

movl 0xc (%ebp) , $eax [0xc, -]
pushl %eax

movl 0x8 (%ebp) , $eax [8, -]
pushl %eax

fldl (%esp, 1)

fsqgrt

addl $0x8,%esp [8, -]
fstpl -0x10(%ebp) [Oxfffffffo]

f1d1 -0x10 (%ebp) [OxEffffff£fo]
$x
80387 chip is present.
cw 0x137e
sw 0x3800
cssel 0x17 ipoff 0x691 datasel 0x1f dataoff 0x0
st [0] -4.2000000000000001776356839 VALID
st [1] +0.0 EMPTY
st[2] +0.0 EMPTY
st [3] +0.0 EMPTY
st [4] +0.0 EMPTY
st [5] +0.0 EMPTY
st [6] +0.0 EMPTY
st [7] +0.0 EMPTY

S RRINZH L fsqrt 84 FEUN; KR i A S KBz F it th Tk
P SR A7 KPR~ R T B

43.1.3 EAREFRFNF LT ERERK
TR BB T - £t rap b7 T B 5B 1 TR R % 08 S i

FEHLERG LU, FTREJCIA I H i Ry, RIS mT RE R A B T HeAtd U 2ok 4
Ko JA AT 2RI,
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R0 dbx, WA DUBN BB 00T RS T AR T30 8 k. X1
SPARC b4y ehRdmi, [Kh H ﬁ%l?f*if?ﬂfjﬁ{/\ﬁﬁﬁ(%ﬁ HEHZ SRS TR
B s TE2EARESNEE) 25, BERGA T AR, Bk, ZEEERE
FEDPIT T —AMNFEIRAZ )G, RT3 AR, EﬁaﬂJH‘Jﬂi‘WJEP, TE H
sqrtml FREZ AT EL Vi T % S HIG, UEE&H]T%?“&EI%ZE‘J)\D&& BEE KT,
FXT IS H R IR, @4 dox F1LBR SIGFPE (55, ARE4HLHUT. SR
TR GEER, TH assign A mEM $fsr, A HXTTER0E & 5 (14
P .

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 23086)
stopped in sqgrtml at 0x106d8
0x000106d8:sgrtml :save %$sp, -0x70, %sp
(dbx) assign $fsr=0x08000000
dbx:warning:unknown language, 'ansic' assumed
(dbx) catch fpe

(dbx) cont

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

(dbx)

Faw RENREWLH 413



15 x86 b, FEREHIHAT 4 FREF 200, s B R BN v 1 8 sh AR 2 4]
IRAIFE RURTC. BRI, R G, T AR T3 A AR R R 2R
Fr =D R

example% dbx a.out
Reading a.out
. etc.
(dbx) stop in main
dbx:warning: 'main' has no debugger info -- will trigger on first instruction
(2) stop in main
(dbx) run
Running:a.out
(process id 25055)
stopped in main at 0x80506b0

0x080506b0 :main :pushl %ebp

(dbx) assign $fctrl=0x137e
dbx:warning:unknown language, 'ansic' assumed
(dbx) catch fpe

(dbx) cont

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

AT AAEANE B g 16 R B A dox IS OL , e 57 FIOR R Rl 3k 0 2745 1L 4
FERJA AR . OZXATREAEF A, B, QORGSR BAE W A AN bRy, A
IBAT KA ) AR R ORI B R

WERAFAE LB AZ AL P I AR SCPEANAE, AT DU S 38 2 PR i A B R S BT B R i e
R HAER. EoG, AU AR Y C T

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

void trapinvalid()

{
/* FP_X INV et al are defined in ieeefp.h */
fpsetmask (FP_X INV) ;
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BUAE, giieizoctt, DMEGIE —A B AR SO IF % B AR SO I a0 T -

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

Arithmetic Exception

WA REAT EH Rz, (R %Ry O sh & aEE:, W nT LLE ok IS A7 I BB Fe 7
(ML R P B R 5 i3k, ZE4E SPARC R4 s Ik, el —ANn Eos
(K1 C PEICAF, AN Iy AT 25 1% -

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

BUE, SRR, WK init. so MR LISINE|H LD_PRELOAD MIEA H 17
SE MRS EX R PR, fl:

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

(CEPAGA RO PRICEN R INE LR, WS W (R RFETR) . )

JEO L, A mr AT I 4 A Ty AR =0k ok B SO i e A R A e A T
H2, THVER, FEIaATIN B Pl i A 4 B T E v AT SO IR R s AR 2 /Y, TG
WAL G B A A9 R A2 TR IR AE 2 S UBE R R, R AT 2 Hh s AT I B R P AT
Hlo ALK 5 @S ATl -ftraps -fround. -fns (SPARC) %
-fprecision (x86) 4Pk br L FEHIAEGR A B, PATALATJE T rI AT LA 4]
AR COSRIRLE SRR IR, e Rty TR . K, 7 SPARC
b () AT E AL b A AR A R ST PR T R IR (e A b e R Rl
O AL RN PAT R P R R R (RIS &) ¢ (@) AL AT g 45 2%
PRSP AR R o i L0 P A R S AR L ((EU, o 4
PR AR PR B R AN o AR SZRORESD) 5 (i) AT AT d s 1 T AT SO
@ﬁ%gﬁgfziﬁﬁﬁﬁ@ﬁﬁ@*ﬁﬁﬂ%%%EE%?X‘J‘%JT"H‘J?‘ﬂﬁﬁ%fﬁ‘]ﬁz@iﬁ‘]ﬁﬁ%ﬂU\
FIFEYALE 5 W,



4-16

fE x86 I, BRI, XA R TAFWPFERN, RENZH e By
V7 AR, ARG AT ERF 20, HgniFEas B IRt G SRS &
[ — e o E B e R, BRI, BRARSE ?XT%*H@W?H@CWJEE&E AR,
TENTRAELL BN FaiT: NI . R B R MR T 5 AR,
M HENKR R E I EN 53 NMERUL . (EisfT IR P4 HliAs o B sh g 2
Ja, ZARMAH  fpstart HIFE (AT CARUERE 1ibe W), WIMZEH A5
%)\ft}#ixﬁﬁ 64 MR ARG, TERATAT ] F A B B2 (10 ) s 1 481 o ol 42 il i AL
HERPZET, Batig# v H -fround. -ftrap oY -fprecision brGIEFEIIAT
ﬁiﬂfﬁﬁé&—ﬁ Ht, 7E x86 V& L, AT ik HWILG A FE TR 2 =506 Gk i i 3R
(ERFE ARG, UHERE  fpstart §IF2, DUEEAEERMIKE AR
MENKERA .  fpstart SR G EERUEGIFEASFE AT W AR A R £ 4
HRys AHAE, N H A R — R AT IZ AR 10

#include <ieeefp.h>
#include <sunmath.h>
#include <sys/sysi86.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 long _fp hw;

void _ fpstart()

{

char *out;

/* perform the same floating point initializations as
the standard _ fpstart() function defined by the
System V ABI Intel processor supplement but leave
all trapping modes as is */

__flt rounds = fltrounds() ;

sysi86 (SI86FPHW, & fp hw);

_fp hw &= O0xff;

ieee flags("set", '"precision", "extended", &out) ;
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R, FHEM  fpstart BIFRAH ieee flags (EEYE libsunmath H1) .
e, AT MZARIE A RIS, WAMER -R A1 -1 BETUORTR E NS
libsunmath.so WML E . AL T dnidas = M Re Xt . e O &N i s 2 de
BlgkA A, Wer CAE R R D Bk g 3R R ARY, DT A i X G IR T 1%
Iexb g, A 3.

example% cc -Kpic -G -ztext init.c -o init.so -R/opt/SUNWspro/lib
-L/opt/SUNWspro/lib -lsunmath -1lc

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

Arithmetic Exception

4.3.2

43.2.1

ERESAEREFREXRFE

E— 8t 7 LA RIRAERE P IR 0T Sk m PR LA AR 4R 28— U LR R W K ik . L9 22 A
5, A AERR A B R P SRR B 25 R B AT S . W SR TR, (R
RU%E SIGFPE ABIFE)Y, WAL FRAE T UGBk S i k. i, Wi
$ 7 SIGFPE ALBERESY, T U HH B 3R A0 S o I K 3 EIUR GRE 158 1 e e 4 i AR B e
7, ZACPERE RS IT RS WE B (eSO A T R IR k) SRR 22k ek
AREAT. O TIREEPAT AR ™ A B A RIS, ARy 7T Re s 200 5 0
BRI AER, W AR D

il ieee_handler nJ LLRFEIBS & HIX) HAY TEEE 7% s 5 HF IR AT 2 0 IRl 3, 22k
TER AR B i &2 P el #57 SIGFPE ARHIFRY . ik w] DUAH F B0 1K 6
¥ sigfpe(3)s signal(3c) ik sigaction(2) X —K %% SIGFPE ALHRE?; HAE,
KRG ieee_handler MFER IR (Uld, AT T X U R 2R
I, V% R A iR SIGFPE fi 5. )

ieee handler (3m)
ieee_handler WiIHIELZ:
i = ieee_ handlex(action, exception, handler)

RPN NS HL action R exception J& 77 o 5 = NN SEL handler 112874
sigfpe handler type, ZRAVEAE floatingpoint.h FHIHATE LK.



4-18

=AMASHOTAE T I

WA C & C++ £H TTRBII(E
action char* get. set. clear
S char* invalid. division. overflow.

underflow. inexact.
all. common

handler sigfpe handler type FH P R R
SIGFPE DEFAULT
SIGFPE_IGNORE
SIGFPE_ABORT

LR IERIE N vset i, ieee handler I IHI handler 453214 M exception S
(PR BE PR B, AbPE R AR it ) SIGFPE DEFAULT Bl SIGFPE_IGNORE, M# #iikFeHt
B IEEE 174, ¥R —IRE R, SIGFPE ABORT &5l P it &il, o
P B R i 5 D i B RERA] (A sigaction(2) TR 7464
SA SIGINFO fREWE NG 5 IEET iR S4). Wi mRT N
SIGFPE_DEFAULT E{ SIGFPE_IGNORE, 74t, f&E ¥ KN ieee handler £
B, MFHABMEFEF, ieee handler &R AHik. (£ x86 V& L, JLitf
I e IO SR AL T 55 FARAS IE B DRAR bR, 3 sl 5 AR . DRIk, sk G fi
i3k, FEFPNAETH ieee handler KJHH HBAZHIGEBREE—AN6 € 1 exception 15
ide )

YUK BRI "clearn I, ieee_handler fi4b Bl s H4 H IEET X 45 & 1)
exception ZHEN) T H AL E sk, (X544 SIGFPE_DEFAULT $A4T "set"
BRI ) MR /EN nclearn I, SZAMH =ASH.

T mset M vclear” #4E, WAEKMEAMEAT, W ieee_handler &[0 75
Y3 [l A

UG I ASEE "get" I, ieee_handler IRIFIETNIRE M exception LHEHIALEE
FEFP RO CUR AR ZBATAT AL B A7, iR 0] SIGFPE_DEFAULT) .

MR LM B, E AT R W] ieee_handler. i) C A4
2 BOZ A7 LRI B TR I 280 E

#include <sunmath.h>
/* uncomment the following line on xX86 systems */
/* ileee_ flags("clear", "exception", "division", NULL); */
if (ieee_handler("set", "division", SIGFPE ABORT) != 0)
printf ("ieee trapping not supported here \n");
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4.3.2.2

N2 Fortran G :

#include <floatingpoint.hs>

c¢ uncomment the following line on x86 systems

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

N C A BV S B AT 5% 1) TEEE 48 533 A 2

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

T /& Fortran A [A) A i He4F

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

MNESHEBEFRERE

il ieee_handler %K) SIGFPE ALBERE PP AN, #AE RGTE LA R,
IR P AR R KSR T EOZ A IR A I U LUR WL IR B HONF i 25 A7 A 1 Y
o AR AT DR AR S, AT BV ORAR RS W S LT A A BT R

LT RGP R, i R ORI AEBERE . CRE IR AL C 7-pl
fRi%; SAFH SIGFPE ALBIFLR ) Fortran 7nfil, W5 Wik A.)

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

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

{
}

YRR PR, sig S CORIEMNE SR . 555 R
sys/signal.h "EX; SIGFPE 5 T3 8.
sip ZHdR 0 A0 SA A S AR B4 . X T SIGFPE 155, X4 HIMAHK

Bt sip->si _code Ml sip->si_addr (K& sys/siginfo.h) . XL T

FEMEIRT RS U N HKAR SIGFPE {5 5 3.
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sip->si_code AV & 4-4 F1 SIGFPE {558 —. (FrE/RIIbRid e
sys/machsig.h P& X, )

* 44 FRFw kA

SIGFPE 257! IEEE 27!
FPE_INTDIV

FPE_INTOVF

FPE_FLTRES N
FPE_FLTDIV 143
FPE_FLTUND underflow
FPE_FLTINV JoRk
FPE_FLTOVF et}

EW ERPIR, REREAY TEEE ¥ nim W #0520 NV SIGFPE {7 5288, ##
B F K (FPE_INTDIV) MK H (FPE INTOVF) tHALHE7E STGFPE KMrh, (HE
M FEAIAZ IBEE V7555, FTLUEAREld ieee_handler RN EA B HFE
J¥. (Ml sigfpe(3) R AXLE SIGFPE KM R HRE T (Hig, KR, TEE
1) SPARC 1 x86 *F*&5 L, ARG O~ B E g o FRER 4R 2] S 8L
FPE_INTOVF K] SIGFPE 55, {HJE Sun 4l as AN A X LR 2. )

X145 IEEE V7 i 5w AN VK SIGFPE {55, 71 SPARC &% L, sip->si_code i
DRI TR R, AR x86 b, BHRHHARE  CAEIEARIEREAE RS B
IR MR SR 5 . 78 SPARC R4 &, sip->si_addr MOAAABUITET
MR sl e x86 V& L, EABUTRIEATHiIZRINTE-A 1okl Gl W R IRAE
FEGEE R ST SR .

BJa, uap ZHER RIS RKIIATHIN RGOS NG . ZEWNAES RRT S
THEE ML AN E X, WES N sys/reg.h.

A E RGREIE R, WL SIGFPE ABEREIY, iZACHRRR PR S BT R A 1
2RAL DL R TS R 2 ik . Gafd sl 4-1 SR IXFE b B o

S RE 4-1 SIGFPE AbFRFLA

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

void handler (int sig, siginfo t *sip, ucontext t *uap)
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B 4-1 SIGFPE AP (4

{

}
{

unsigned code, addr;

#ifdef 1386

unsigned sSw;

sw = uap->uc_mcontext.fpregs.fp reg set.fpchip state.status &
~uap->uc_mcontext.fpregs.fp reg set.fpship state.state[0];
if (sw & (1 << fp invalid))
code = FPE FLTINV;
else if (sw & (1 << fp division))
code = FPE FLTDIV;
else if (sw & (1 << fp overflow))
code = FPE FLTOVF;
else if (sw & (1 << fp underflow))
code = FPE FLTUND;
else if (sw & (1 << fp inexact))
code = FPE FLTRES;
else
code = 0;

addr = uap->uc_mcontext.fpregs.fp reg set.fpchip state.

state[3];
#else
code = sip->si code;
addr = (unsigned) sip->si_addr;
#endif

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);

4-21
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SRR 4-1 SIGFPE AbFEFEF (&6

/* cause an overflow exception (will be reported) */
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 F&¢ b, Ry 0% th 45 RRL T F N4

min normal = 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)

7E x86 V&5 b, TRV SIGFPE AFRRET LW, HAE RGIRAE LV R 0 A & R A,
RIGTHBRIX AR o BRARZACERRE P PAT SRR AP IR Lehn K P B, 5 R A 5K
ZAHBRFRFIZ G ER. Bk, @RS RIFRBHEIAT Ml T .

min normal = 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)

HERZHENEOT, AR T B HIRER, SR IR AMEL IBEE G445 R: &
b g RS, E Y max normal * maX_normal W M EAS & s s (|,

WHERTS ML R MR ER. W%, SIGFPE AIFFUAUY T8I H M
BRI, Ufﬁéﬁiﬁﬁﬁ BT . EA R PAT R EER Ry

%, s Ju/Ef/%429DL1J:E/] “REPRSEEE T

HfH 55T » 2004 4 8



4.3.3

4.3.3.1

A 1libmox.so R RABI REXEE

M 1ibmox.so i C99 77 siPhEa & B 57 W AL B i, C/Cort FJ T i 2 P51k
KRB H . XY AR A FLRL P IF AN A 3k (IEW ieee_handler T
PATIFRAIBFED (&%, (HZ IR MR I RS A A SCRRRAT OGPF R H I
W Rl Sk B3 e S

fex set handling(3m)

fex_set_handling PR VR SRR GE IR 2OR b AR M 2 AR (3 f R
fex set handling [FiHEVE&Z:

ret = fex set handling (ex, mode, handler);

ex ZHIREEN AR EES. EBIARIIER 4-5 P55 R I 47
“ml” . (IXE(HZEAE fenv.h PEXM. D

& 4-5 fex set handling M5
& AH

FEX_INEXACT kG & L

FEX UNDERFLOW underflow

FEX_ OVERFLOW s

FEX_DIVBYZERO Wi E

FEX INV ZDZ
FEX_INV_IDI
FEX_INV ISI
FEX_INV_ZMI
FEX INV SQRT
FEX_INV_SNAN
FEX_INV_INT

FEX INV CMP

0/0 LRUZH
ISR [ To535 RIS
THK - BHFRKIEMISH
0* TLF KIS H
SFOEF T R

K NaN HIEH

TER AR 4
T TE) Ty He s

NIFERE WL, fenv.h E X FHIMH: FEX NONE (A F¥H ). FEX INVALID (T
TS ) . FEX_COMMON (it M ZFBRAPIAT LM H) M FEX_ALL

(AT D

mode ZHHR & A 4R I S L IK i A BB AT TOM AT RE AR

m FEX NONSTOP BLxUfflt IEEE 754 44 (W ANRIWIAT o X A5 T00 e i SR ORFF 4%
. GEER, 5 iece handler A&, fex set handling VRN L
KA (1 T 808 55 L AR B b B SOl e Ok B TEEE S AR B, D

%4 AT 4-23
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m FEX NOHANDLER MG TAEATRALAL BIFR 7 5 0L N sk, ek A
W, WA 2% T SIGFPE AHR T, RAESKIERIF A A ZER T, &0
29I

PAREY o

m FEX_SIGNAL “%%¢H handler Z¥U0 g 105w 158 AL B 2. R AL AT —
SR, SHMARNSEORZAA T, MIHEE Ll ieee_handler %2 —
Bt

m FEX CUSTOM %3 handler iR 3 452 AL PG $L .  FEX SIGNAL #i:{
AR, ERETER, ARSI REZCEREY . XS5 dH—1
BA A RAER 4-5 PRI R—ANMEEE CE T8 0 45 R T Skd 5647 %
SEGZTH IS E NGB 4R, ESERM N AL TR
fex set handling(3m) FMITHNH.

W, WIRFEE M mode /& FEX NONSTOP. FEX_ NOHANDLER &{ FEX ABORT,
handler ZHox W 20 . AURIRE RO W IR H K W20, fex set_handling
SRMEHERAE, BWEIRAIZ . E R, 3R EE R b 20 .

T RFR & fex _set _handling FiEREFLFLRMK R . HLIL0/0

fex_set handling (FEX_INV_ZDZ, FEX ABORT, NULL);

Bkt AR 5% STGFPE MR, TS

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

76 BT R g,  ABERR S R AT AT Bl I sip S8R ALY SIGFPE A FEFR T2 i
B W B BRSO, NIRRT N A% T L SR AEL e A
FEX_CUSTOM B R FIGER. (EEFRHELZHNER, E3 0

fex set handling(3m) FM i, )

S 4-2 FTEHR L4 2235 7E FEX cusTOM Mk (0 AL BEFR 145 &

#include <fenv.h>

void handler (int ex, fex info t *info)
switch (ex) {
case FEX OVERFLOW:
printf ("Overflow in ") ;
break;
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Bl 4-2 ITEndefiten 22 4E FEX_CcusToM B M RALBIRF IR (28

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;
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4.3.3.2

S H 4-2 FTERR b 45 235 4E FEX_cusToM HX FIAEETFNER (&)

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) ;

B R AR BRERR PR P AR KSR ISR S EUE I SR A B e AR
SRR B BRI R R A A, WA [P B2 W ik

E 24
M 1ibmox. so S ALELY" A #5153 Bl 5vA 2 I8 FHRHAT OGTF s 57 5 1 [l B2

W g sk o SRR TR [EBT2 Wil SIS RN, RGEaid sy R0 14 B .
XUefE BAH R HRA, SEERiE R, FE bR T AL BT
SRR ERER AR ER R . I [RDB0Z Wrid SO0 sk (AR BR R S 48 S M A R Bt s 0 T3
RE R (AT BSOS, AT RS . )
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FFARSEAN P A 1) S A B A R B2 W H ST A R B T IR O, D S 1 oK
FEH R, T H AT BERR B S AN R R . AR, H SIS T BRTO AR R R
FELLUNAE 10T, M ESHIAATUR:

w DUHTfER A E (B, 4R MHERREREARRD 0% T4, BiE

m FEX_NONSTOP MU T ¥ A2, 1 H € MR LLAT#5 &l

JEIR, AERZHALFH, TR S R L3 GBS . (4
FEX_NONSTOP AbHBLHM TIA AN, Wb C99 ¥ s AT bR B Bk
B PR, W AVHEZR S T ORISR, RS EAE Il R e A S
Y420

LA M H LS, W fex set log pARUIR R NAGH BALIG B S, Bt 20K
TR SR BRSO, ] :

fex set_log(stderr) ;

it R 4-3 KLU RS REAL A ARl XIS WY R et b R R 3
EXNG IR R, W QI NI C ESCH BE g A LRSIl
LD_PRELOAD PR & vh S (AL ) 2 (1 B A2 4 R PR L =0 % . 41 FTRAP IR AR &
HHRE—ANEEANRE ML (HE 55T, wIR B E I i 2 by, Jf
SRUCR] S 7R A S 0 R AR A B (R 12 W i 1 45 A

g 4-3 X [ B2 Wi B R SRS 0 e T e 4 S AE i

#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 },

{ NULL, 0 }

}i

#pragma init (set ftrap)
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G pl 4-3 X LS W B LSRRI R D RS e i (2D)

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) ;

£ SPARC L, Z5i& Al i i AR AIA TS A S R R Py vl A 18T 21 45 2R

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

Fof e i 45 2R E W, T sqreml BIREH P ARIZHM S 8051k T RBIE A
(i B, 7E x86 1 &5 £, BEMILZX G igoIaa e B R e I3k, 208 ot

___fpstart #ilfE. )

Bk A ST 2 BoR M R R e, EEE - RER, B
fex_set_ log(3m) FM i,
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4.4

AR F T

FEUARG, K2 BBUE AT AES SN HOARFE BN (RN 2R 2R, FE2RF RL R
PSP G BRI S IAE, B E R R (W LAPACK) 45d 1
fFAneTt, MM T 5% C RRRREROEHD I E 8 o A [ LAHERR i
AT REA 5 10 Tt AEALFHLSR IR L85, WA e E ST g ol. (HE,
B NS IR P B RRR b N (AT RS A U U7 ) AL BRI A A HT I
B T RE S S BN, iy H e ulilE S B R T RERT BV 2 BRI A 3, OF
HIE SR E KA (352 W Demmel Fl Li #1f) “Faster Numerical Algorithms via
Exception Handling” , &7 X # 4 # - (IEEE Trans.Comput.) )% 43 1] (1994),
{7 T25 983 - 992 Ui, )

IEEE $EVEIGR A S8 Wi B o RS HR I I (R 3k DI e 5 (e R it 58 =M e DhRg: 1
FEAFAENI G DL N RS, RS R RN e AT AL E AT E N R AL B e AT
bk, ieee flags BY C99 V¥ m¥fsE s n Hl TAEH G %, ieee handler
W fex_set_handling A T8 FHHH 3R IF 2 B8 4E 5 W R AR INRRE AT I AL B P
B2, AT 4keit5, TEEE brifEER AT AE0% 4 320 T 7% 1is SR A 45 R sk At
PRSP, 7F FEX SIGNAL BizlHillid ieee handler { fex set handling %%
(1) SIGFPE ALBEFEFnI A A uap 240 (H Solaris #/E RAR LA (E T HEFE ) 58K
R ¥EAE. T fex_set_handling %) FEX CUSTOM FxlAb#HFR 7 ) ff A $ it
SR PR 1) info ZHERALEE R .

WAAE C TS 7 W] SIGFPE 15 5 A BT

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

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

{
}

4 iy FAEEIT LT STGEPE £ SR RRIPI . wap MR B4
g, SRR BB RO ORT (P R IR A, DLEOURR 1% 5 10 (KBUR 2%
(L IR0 AR AR AR, SUBFARAF (Mo WAL, R Mt 3 o
PRLEIAT . PRI, I R S RO MR AR P O L X0 BRI (o
f) BEFRFNENE, sores BAR T RINEM R R NARN
TSI
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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 BEFRIP M AR, ex SEIR IR AWM R GZBBEHIE
® 45 PHREAMED , info ZHIRN—MUEEZ FHEG LSRG R, %4
g — AR (RS T ZR W MERIZE) MR ER Culle
MIRT R R o XG5 TR s — AN R I B 25 2 (I SR e R B A 3R
IXLEEE BB R (SRR ANl (RAE N R S AR S AL “87) . Bk
A FRFE P AT G O8O 5 1) i THT R D8, DA R 48 ) — AN 4 R Bl B O A S R
GEER, WHZ A PR P AEAME SOX Le 5 s s 0L R R (B, WEFE P A 4k 22 B R ks
(ARG RRbR A, SAF G Rk —FF. )

ARSI T AR e e R e IS S I AT R . EAEE DR, ES I
Bk A

&% IEEE 3R T / B4

IEEE FrifE i 7R RS R olidh I, RG24 0 il SR AL PR 4 it — Rl vk
B 7FEOF SN AR, A, 2 0 Oh R i B B S AN GR35 ORI

AL T FRBOE FLE S A AR i S A GR D), I R A% 2 I a 2R AERE %
PUBI DR I, AT vk st ) 495 2R 4 i [ ) TSR] RERGE, IR b LS 1) T 5
BE— D DL i el R R REPE . L BRI T A A T v e P B, R RO E I 4
JBUER 28 S5 RARAMEREOIAGE . XA e / Wil “ VRO T AR S e A e

SR, I AT R SR UIYE R . G2 W P. Sterbenz 1K) (ZZAT7/52) < )

fE SPARC I, L7 Ais4 MR wN, RASMH HIRTARREFEAL. Fik, &
TR EA LG R, THE / da AL BRFR P AR A X S ARID . A A A A A RS
ARG A Y o Gatdmfl 4-4 B8 T —MUTRX =PRI . ChTEE
A FHZ AL BFE P AR UltraSPARC R 4840 340, 15 7EIZ1T Solaris 2.6+ Solaris 7 B,
Solaris 8 [N AR F4miF %I, & LA Rrid vePLUS. )

GGl 4-4 %}F SPARC R % IEEE #igk 1 N s / %t AL B RL &5

#include <stdio.h>
#include <ieeefp.h>
#include <math.h>
#include <sunmath.hs>
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#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) & O0x1f;

/* get the operands */

switch (opf & 3) {

case 1:/* single precision */
fsl = *(float*)&FPreg(rsl) ;
fs2 = *(float*) &FPreg(rs2) ;
break;
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XFF SPARC ZR4#%# IEEE i3k Nt / il Ab ATy 45 5

€9

case 2:/* double precision */
#ifdef V8PLUS
if (rsl & 1)

{

if (rs2 & 1)

case 3:/* quad precision */
#ifdef V8PLUS
if (rsl & 1)
{
assert (uap->uc_mcontext.xrs.xrs_id
gsl = *(long double*)&FPxreg(rsl &
}
else
gsl = *(long double*)&FPreg(rsl) ;
if (rs2 & 1)
{
assert (uap->uc_mcontext.xrs.xrs_id
gs2 = *(long double*)&FPxreg(rs2 &
}
else
gs2 = *(long double*)&FPreg(rs2) ;
ftelse

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

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

}

else
dsl = *(double*)&FPreg(rsl) ;

assert (uap->uc_mcontext.xrs.xrs id == XRS ID);
ds2 = *(double*)&FPxreg(rs2 & 0xle);
}
else
ds2 = *(double*)&FPreg(rs2) ;
#else
dsl = *(double*)&FPreg(rsl);
ds2 = *(double*)&FPreg(rs2);
#endif
break;

== XRS_ID);
0xle) ;

== XRS_ID);
0xle) ;
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gs2 = *(long double*)&FPreg(rs2) ;
#endif
break;

/* 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);

fpsetmask (0) ;

switch (opf) ({

case 0x41:/* add single */
fd = fscl * (fscl * fsl + fscl *
break;

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

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

case 0x45:/* subtract single */
fd = fscl * (fscl * fsl - fscl *
break;

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

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

/* disable traps and generate the scaled result */

fs2);

ds2) ;

gs2) ;

fs2);

ds2) ;

gs2) ;
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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)
/* convert quad to double */
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#ifdef VB8PLUS
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(rd) = £fd;
} else {
/* arithmetic operation */
switch (opf & 3)
case 1:/* single precision */
* (float*) &FPreg(rd) = £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;
ftelse
* (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 =Db = 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 /= vyi

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

£ x86 L, 4P nifEA- P EUHARD] M B 1, T HE R H AR A AR, AT
PHRHOAGE A R . HJE, MR AR B IR BT 36 B N, AR A
AGERAT A Gt B, WERAAESR S A RAE i — o, AT 1oL Rk,
UE, O 7SEBIEORGE, HAEAAEE S BRI, R /i A R e A0 R4
AR IHE IR Gl 4-5 BB T IXAF A BT

B 4-5 XFT x86 F Lk IEEE AR it / vt Ak FIURE P 4 21

#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

*/

#4 SR 4-37
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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;

IEWIHE SPARC —#f, iR PIE x86 HHrH &5 R &

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 LML 1ibmox.so 1) fex set handling BRHCK N T i Fli H 2
% FEX_CUSTOM MAHEFE/F. fF SPARC R4 I, L4 MU BAL 7 15 BE & A4S
SET RIS H LR, XA E BT UL AAVRZ A PR R 55 TEEE $REA LSS
Ry B 8 x86 L, WIME BIEA BRI S8 T W R e, fill, S5
WHEANERIES IR, info-sop ZHREN fex other. (EAFEN, iHS
W fenv.h . ) MH, x86 MfF A MIRHOAGA R, WRFHARS M HAr 27T
WA AR, R e A R AR

FI&ME, fex_set_handling YJRENTE FEX_CUSTOM Hl T 22%E (1 A BEFR 7 42 £t
TR R TS, R T e e IS ST TEEE FR ORGSR EE AL, ik B PR
R, ZERRFSRE

info->res.type = fex nodata;
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#include <stdio.h>
#include <fenv.h>

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

}

int main()

{

info->res.type = fex nodata;

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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AP SRAR AT O AT 58 Bl LB WAT: 55 7R ] o IX 2R 4] 2 H] Fortran 8¢ ANSI C %55
B, AR ZRBIHET HI) 1ibm 1 1ibsunmath A . XEEIRH] CLFE Solaris #AEIR
BE e Ad H 4T 9 C 1 Fortran 228 64T 7 K

A1

Vo Za2BRN
IEEE &%
NN ) e U IR R SAERET R G WA il B 7N (R R = PR S RN R R
KA E A EE NI R
LA C REFFATED v BRO0OKS B2 3 ABME LA R BRORS B TE 95 K«

KB A-1 XURE FE 7 151

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

int main() {

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

/* double precision */

A-1
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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;

fE SPARC® L, bE—FE/Pfith R BILL T A%

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

LAF Fortran £ /3T B AEFfs 30 S/ IEEEL

KRB A-2 T BNl 2 K d /N IE AR

program print ieee values
c
c the purpose of the implicit statements is to ensure
c that the floatingpoint pseudo-intrinsic functions
c are declared with the correct type
c
implicit real*lé6 (q)
implicit double precision (d)
implicit real (r)
real*16 z
double precision X
real r
c
zZ = g min normal ()
write(*,7) z, z
7 format ('min normal, quad:',lpe47.37e4,/,' in hex ',z32.32)
c
X = d min normal ()

A2 BfHiHSARE » 2004 £ 8 A
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write(*,14) x, X

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

end

14 format ('min normal, double:',6 1lpe23.16,"'

27 format ('min normal, single:',6 lpel4d.7,'

',z16.16)

',28.8)

f£ SPARC L, MM A4mH 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

A2

AT AL B P v R ) s

1 Rl 204 B 28

LR 7 e Y BEATLECAE 1eas R 2B il — N B 2, A I e BRI v S5 38 A

EXP fT{e I A :

REEH A-3 BEHLHCE Bt

#ifdef DP

#define GENERIC double precision
#else

#define GENERIC real

#endif

#define SIZE 400000

Ml A IRfl
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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

B PE L —oxl, ERIEARBAE RS FOGMAZ £) BSCE,  UEgs ik A 31
TR B, HAEM 24T € -DSp 5 -DDP LLIE$E U I s JE
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R 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 (j = 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;

Ml A IRfl
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d addrans_ (x, &n, &lb, &ub);
for (i = 0; 1 < n; i++)
y[il = sin(x[i]);
/* is sin(x) == x?It ought to, for tiny x. */
for (i = 0; i < n; 1i++)
if (x[i] != yI[i])
printf (
" O0PS:%d sin(%18.17e)=%18.17e \n",
i, x[11, yI[il);
1
printf (" comparison ended; no differences\n") ;

ieee retrospective ();
return 0O;

IEEE %A%
It Fortran 74 | TEEE FrifE 28 130 10 3 28 pr 5

IEEE i3 8 %

c
c Demonstrate how to call 5 of the more interesting IEEE
c recommended functions from Fortran.These are implemented
c with "bit-twiddling", and so are as efficient as you could
c hope.The IEEE standard for floating-point arithmetic
c doesn't require these, but recommends that they be
c included in any IEEE programming environment.
c
c For example, to accomplish
c y = X * 2%*n,
c since the hardware stores numbers in base 2,
c shift the exponent by n places.
c
c Refer to
c ieee functions (3m)
c libm double (3f)
c libm single(3f)
A-6  HfHIIHIEH ¢ 2004 F 8 JJ
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Q00000000 0000000 aQanan

*

The 5 functions demonstrated here are:

ilogb (x): returns the base 2 unbiased exponent of x in
integer format

signbit (x) :returns the sign bit, 0 or 1

copysign(x,y): returns x with y's sign bit

nextafter (x,y): next representable number after x, in
the direction y

scalbn(x,n): x * 2%*n

function double precision single precision
ilogb (x) i = id ilogb (x) i = ir ilogb(r)
signbit (x) i = id _signbit (x) i = ir signbit(r)
copysign(x,y) x = d_copysign(x,y) r = r copysign(r,s)
nextafter(x,y) z = d nextafter(x,y) r = r nextafter(r,s)
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

format (' The base 2 exponent of ', F4.1, ' is ', I2)
x = -5.5d0
y = 12.4d0

z = d_copysign(x,y)
write(*,2) x, y, z

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

Ml A IRfl
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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

A-8  HfHil54RE » 2004 £ 8 A
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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

ISR A-6 TR T R E R .

RERH A-6 ARG A-5 B4

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 MEAVEREI, W) o BUR B A & .

Note:IEEE floating-point exception flags raised:
Inexact; Underflow;
See the Numerical Computation Guide, ieee flags(3M)

Ml A IRfl
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It C P HAJLA ieee values(3m) E5L:

#include <math.hs>
#include <sunmath.h>
int main()
{
double X;
float r;
x = quiet nan(0);
printf ("quiet NaN:%.16e = %$08x %08x \n",
x, ((int *) &x) [0], ((int *) &x) [1]);
x = nextafter (max_ subnormal(), 0.0);
printf ("nextafter (max subnormal,0) = %$.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;
}

I FEREREIN I 752 - 1sunmath Al -1m.
£ SPARC L, HithZRAlan ~ 2

quiet NaN:NaN = 7fffffff ffffffff
nextafter (max_subnormal,0) = 2.2250738585072004e-308
= O000fffff fffffffe
single precision min subnormal = 1.40129846e-45 = 00000001

Kk x86 TR R 45 “/NREEE”, PTLh x86 LIt th s AT AN CUORS BE &7\ 1kl
E NI VA I L IR VAS Sl TR UL IO DI

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

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

A-10  HfEHTISEIRY ¢ 2004 4 8
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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

Q Q0 0aaQn

implicit real*1l6 (q)

implicit double precision (d)
implicit real (r)

real*lé z, zero, one

double precision x

real r

zero = 0.0

one = 1.0
g_nextafter(zero, one)
d _infinity ()

r = r max_normal ()

z

X

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

end

7t SPARC L, fthianh:

6.4751751194380251109244389582276466-4966
Inf
3.40282E+38

Bfsk A Rp
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#include <math.h>
#include <sunmath.h>

int main()

{

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

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

x = sgrt(.5);

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

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

return 0;
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demo% cc rounding direction.c -lsunmath -1m

demo% a.out

With rounding direction nearest,

sgrt (.5) = 0x3febal9e 0x667f3bcd = 7.071067811865476e-01

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

(x86) W] e 17 FR A H A oo 1) 25 AR -

demo% cc rounding direction.c -lsunmath -1m

demo% a.out

With rounding direction nearest,

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

With rounding direction tozero,
sgrt (.5) = 0x667f3bcc 0x3fe6al9e = 7.071067811865475e-01
demo%

M Fortran F2 /5 H0lE 8 N J7 R 38N ) 224 N

program ieee flags demo

character*16 out
i = ieee_flags('set', 'direction',6 '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
vt R

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

Bfsk A Rp
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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)

A25 C99 ;FEIfE R %
Ao B a4 P R C99 VMRS R A, norm BREUHE B TR LRSS
B, AT FHIREE BB A TR R RS o TR A 4 i o e O R B AR AR kA
TR Y Can el 2 W TR .

RERE A-7 C99 7% f I R B

#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, f£;

/* 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;
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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 * sqrt(s);

int main()

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

Wi A orfl A-15



A-16

RIGH A-7 C99 1F BT (&)

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;

f£ SPARC b, 4P MEsAT Ry Al AR B LU R i R

demo% cc norm.c -R/opt/SUNWspro/lib -L/opt/SUNWspro/lib -1m9x

-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

UG8 6] A-8 78 fesetprec BETE x86 FHIRUR . (MLMREUARESE SPARC 1§
. ) while fE¥RREET A FE LRI 1 W52 4 A M 2 I KRR e v RS 2
IS —MEFR TR, AR x86 HIMA RE5 1 IR LD REL BT I ROR, 2k
PRARLER LY ARG RITE T P g . ik, WTLMEH fesetprec BREURARE
WA &5 R NBI R R Cn sl = AMEH TR o

R A-8 fesetprec KL (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",

fesetprec (FE_DBLPREC) ;

X = 1.0;
while (1.0 + x != 1.0)
X *= 0.5;

printf ("$d significant bits\n",

return 0O;

-ilogb (x)) ;

-ilogb (x)) ;

1E x86 R4 b, MR A

64 significant bits
53 significant bits

B, RG] A-9 UL T —FhfE 2 LR R e P RIS s B ) vk, LUK AR FE v
P77 SR AL R B T4, IR TR TS IR N IR 7 T AR o | & 1 5 b
(Solaris ZZEFEHFEIERT) o )

e

REEH A-9

(RS Z LR REAER, WS

11 22 L RE R Fe P AR A 5 v K

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

fenv_t env;

void child(void *p)

{

/* inherit the parent's environment on entry */

fesetenv (&env) ;
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/* save the child's environment before exit */

fegetenv (&env) ;

void parent ()

{
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) ;

A.3 SENEEAIE

A.3.1 ieee flags —FHEHFE

W, R A 2GR AR R SR AL AR RG] A-10 & MR A A R R AR AL
(¥ C FEhys

R A-10 R A2 5 bl

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

int main ()

{
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int code, inexact, division, underflow, overflow,
invalid;

double x;
char *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 = ieee 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 priority */
printf (" Highest priority exception is:%s\n", out);
/* The value 1 means the exception is raised, */
/* 0 means it isn't. */
printf ("$d %d %d %d %d\n", invalid, overflow, division,
underflow, inexact) ;
ieee retrospective ();
return 0;

IBAT B -

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)

s A oRfl A-19



A-20

AELA Fortran i AT 4 7] (4545 -

RERF A-11 KA 77 A 1 7 % FRid — 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
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Highest priority exception is underflow
o 0 o0 1 1

HARB AT ] R oK 2 B ARl (E A T DLZ AR, R C sl W T

T
A Rl

#include <sunmath.h>

int main ()

{

out, code) ;

return O;

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",

#£ SPARC £, DL EFEFFIIHH

out is:division , fp exception code is: 2

1E x86 L, Mk

out is:division , fp exception code is: 4

ieee handler — X FE

HE— LU RBIOGER] T Solaris #AFHA 5.

Bfsk A Rp
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RERE A-12 i3k T # — SPARC

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
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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)

Bfsk A Rp
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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.h>

#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 leee 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;

Bfsk A Rp
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z =xX/Y;

/* 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/ Y;

/* 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;

{
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printf (

sig, sip->si code, label, sip-
> data. fault. addr);

}

" signal %d, sigfpe code %d:%s exception at address %x\n",

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

3. Overflow:-max normal() - 1.0e294
4. Underflow:min normal() * min normal ()

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)

signal 8, sigfpe code 3:division exception at address 10e44
signal 8, sigfpe code 4:overflow exception at address 10ee8

signal 8, sigfpe code 5:underflow exception at address 10£80

(SPARC) ffi%7=] A-14 BT AE T ieee_handler FIELE SCARAS L4 5

DL 45 2R .

BB A-14 1B S I DL R A 45 R

H

/*
* 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>

Bfsk A Rp
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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

7

* 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;

}

Bfsk A Rp
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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)

A.3.3 ieee handler —HIFERTL&IE
LA ieee handler HifilFE)T7E B HELETF 05 5 I 480 L

#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 =1r/s

print *, 'you should not see this; system should abort'

end

A.3.4 1ibm9x.so FEAIEIIEE

MT%W%%mﬁﬁmlmmXso%ﬁ%%%%%%ﬁ%%cf AR EL T

% YA x RAEM ay, ay,..., ayg B by, by,..., by o W ) RIL—B 35
fi(x), ,\EPfIElif:Q;EE/Jﬁ\%I

flx) =ay+by/(x +a; +by/(x+.../(x +ayq + by /(x +ay))..))e

f6 IEEE Jk, filrARaEm w0 BIAE— A rp )Rkt gh S B0 b i sl &

W, PSR ESE M (RFS IERTCIT RO IR IEMIN SR . ££5)—Jri, ﬁ
VIS U SR B DR A — 28, DR e e PR A o S S T e L T MR R e RS

BRI —AF AL E S E W AER 0/0, 0% BT RBCEITK / TITKRL—,
P X e P15 R S5 5% . W. Kahan $2H T — M@t Bl “ T e 1ahfg

SR A BRIX I S () ¥
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TRt TEEE G4 S5 w147 Jg P ml DS & SR AT 8 I T4 e s S 45 1
(. WIAE 1ibmox.so, FEFFAI{E FEX CUSTOM S AbFIAR R 423 4 BEFE P LA
Ty AEH SO e o X P FO VAL B L T LA R DR v R T O e is S A
RARMATATME: Wb 2 AT AR AR LA A FLRE 1) info 220014 1) BB 45 K B m] s
o PAUF/RBIFE A FEX_CUSTOM AbFEFE Y SEEL I FU ok oF SEE L i U L 5
#.

REERE A-15 f# /] FEX_CUSTOM Ab3EFR 71 5E 8200 B L I 5 5%

#include <stdio.h>
#include <sunmath.hs>
#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 a[j] and
* Pp[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; /* for saving/restoring handlers */
volatile double t;
double £, £1, 4, di, 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) ;

f1 = 0.0;
f = al[N];
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G =N-1; 3 >= 0; 3--) {
d =x + £;

dl = 1.0 + f1;

qg=D>blil / d;

/* the following assignment to the volatile variable t

for

is needed to maintain the correct sequencing between
assignments to p and evaluation of f1 */

t =f1l= (-d1 / 4d) * g;
p = bl[j-1] * d1 / bl[jl;
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 i;

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 — S B F 45 th o fEANFIAE, K%L continued fraction fRAFHEE
BN T AT ORGSR A 0 e o A B . e SRS R A R 5 T AN T TR (1 7 AL B
A=A X EE FEX CUSTOM ACBFET . MAFEFE 6 0/0 RTG53 K / 695 KB
WA IETIR, AR 0% Too3 K42 )R & p MfH. TEE, BRCE TR %R B
W, WAEEE A p AR IERR RER S 1 0* 55 KM ERUE . BT,
WK p A volatile LA IEGRBEAR A IEMIBR, A ZEDR A 1) HAth s 7 A7 ik 2
HRBE. B5, APgmEES p MEB RIS (p BRI HUR D
S B el R, GER S A R 4T volatile &R (EREFTREA ©) .

fex setexcepthandler {52 FI P 5245 2 B AN G 2a S 1) J 4 Ak BEAE 2

FRFHIL A fex _set_log BRAECK B A RIBHS I id k. FEPATIIRIEZ W7, &
FURAUES AR BT 1Rl sk AUEM S AR GERRAIBIAR—F, IEW% 4-26 vt b
(f “IRIBZ W RN —FE, {E FEX_NONSTOP B I, WIRTIKSHARL, W
A FIL T o ) FREPIEN— M BCE FEX ABORT X, LA {RATAT
continued_fraction AT WAL H A WAH & BRI £k, &B)a, BFEIL
AN AT REAE S 4. IE W LA R Rl T, oh S S 3 o R SR

£(-5) -1.59649, £/ (-5) = -0.1818
£(-4) = -1.87302, £r(-4) = -0.428193
Floating point division by zero at 0x08048dbe continued fraction,
nonstop mode

0x08048dcl continued fraction

0x08048eda main
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) = -4.44089%e-16, £ (-2) = -3.41667
£(-1) -1.22222, £/ (-1) = -0.444444
£( 0) -1.33333, £/ ( 0) = 0.203704
£( 1) = -1, £r( 1) = 0.333333
£( 2) -0.777778, £fr( 2) = 0.12037
£f( 3) -0.714286, £fr( 3) = 0.0272109
£( 4) = -0.666667, £/ ( 4) = 0.203704
f( 5) = -0.777778, £/ ( 5) = 0.0185185

(FE x =1 4 M5 AL fil) (IERE PR AR S A2 R EURBHZ Wi B, DUSERE
eSS x = -3 IR SR AE R L.
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SHF T FE S B A SR R AR Y, L — R eI AN R B U0 3 Ab
Jiike — AR, AFUGEACHE PRI #0020 T BV S PR A, T A A T R
U ZERXME DT, TS B V5000 % fiBRiE, (EHT 24 SPARC Fl x86 Ab B3
b VR AR RS R S . SAh, TRIRAR IRV R FIRYE, BT REZAL
SPARC Fl x86 AbH #5 iE T S AT AN AN I BRIEIS L, T LABRYE AT fe 2 06 3 ik
;I — NSRRI RDR SIS

A LU g S A PR LA 5 2 R, Rl e PR N AT S S ik, (B
FE T X IF g S, T L AUE T o B RN AR SR e 2 (] [ R )
XTI B 2 AN BRIEIS ST, AHAN S BRI AL S - AR AT SRS 5.

Ho W RO TR AN U R A S A R 4T volatile ARd, NIy 23k
ITHONONAFIE S, XIS ST R P IR o BRI AR By b V8% T HE
RIS T PT LTI, AR E AT Ay LU Ry 1k g v FB e AR e oG .

b, ARS8 P R RO R Ak B 1 7 SR BEAT BN N AFE 5, JRR IR Ak
AR BEPAT I . ) USEAT 2 Ak BRI 26 S 1 ?

D SR PR TR S0 PR RS IR A SRR S AR 7= 451 o S (10 5 AT 250 1R AR B 30T e A
pRid CHIRA R ARAS BT

REEH A-16 i HIARAC AL P 57 0

#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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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;

FEMCRRA, 2 — MRS AN W T fe) B f(x)o R G R e s

i, DS AR EDE L ) A F (o) BLESUBINEOR A5 I NaN. 0%, Ask/E
RO, IR AT — MEH . ZIEF AT volatile Z&H, Jf

HAPATHSNSAIZEL, NI, ERA I G0 a2 L o RIS AT . BRI
ARHT AL, T 2008 5 5 28— NI PR E A [ AR 35 AN PR LAA BE A A S I ) 15
Do XL PIF LT R 0 AL
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A.3.5

% 1ibmox.so FF Fortran £

1libmox.so FEMF C/C++ )7, (HilfEH Sun Fortran &5 A EAEEIRE, &
WA LU Fortran F2)7HH i34 1ibmox. so PREL.

J ieee flags fll ieee handler .

LAUR 788 27 Fortran JRAR IR, B AT IR HOR TH S0 S50 £ R JE S A (IR
SPARC) :

R H A-17 AT ok o S0 B2 70 B e 3L 3 $— 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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R A-17 PP R T S S0 £ ) SL S 2 — SPARC - (48)

(¢]

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

Bfsk A Rp
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R A-17 PP R o S 200 £ ) JL S B — SPARC - (48)

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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C
C

(¢]

Main program

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, -5.0d0/
data b /2.0d0, 4.0d0, 6.0d0, 8.0d0/

external fex set handling
Spragma c(fex set handling)

i

IEEE floating-point exception traps enabled:

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

c x'ffa' = FEX COMMON, 1 = FEX ABORT
call fex set handling(%val(x'ffa'), %val(l), %val(0))
doi= -5, 5
x = dble (i)
call continued fraction(4, a, b, x, £, f1)
write (*, 1) 1i, £, i, f1
end do
1 format('€£(', 12, ') ="', Gl12.6, ', £r' (', I2, ') ="', G1l2.6)
end
BRI (ryf o -
f(-5) = -1.59649 , £7(-5) = -.181800
f(-4) = -1.87302 , £7(-4) = -.428193
£f( -3) = -3.00000 , £/( -3) = -3.16667
f(-2) = -.444089E-15, f’ (-2) = -3.41667
f(-1) = -1.22222 , £ (-1) = -.444444
£f( 0) = -1.33333 , £7( 0) = .203704
£f( 1) = -1.00000 , £/ (1) = 0.333333
£f(2) = -.777778 , £7( 2) = .120370
f( 3) = -.714286 , £7( 3) = 0.272109E-01
f( 4) = -.666667 , £7( 4) = 0.203704
f( 5) = -.777778 , £/ ( 5) = 0.185185E-01
Note:IEEE floating-point exception flags raised:
Inexact; Division by Zero; 1Invalid Operation;

’
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A.4 EA]

A.4.1 sigfpe — BB EE

F—TNHTEH ieee _handler Hinfl. HH, MiEFEZMH ieee handler i&
& sigfpe B, HUBUEHRFH -

FE— sigfpe A LE Solaris 8 1EFR i

(SPARC) fEXLEAEOL T (Ui AR SIS ), sigfpe &AM AR BERE . MY
I A-18 FHAREEEAHCEF R

KRB A-18 IR <% S

/* 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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REGH A-18 WS e (L)

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 # @A Fortran

PLF & —/ MM Fortran THIFER) C XBNFEF RO BB~ B . A = C Al Fortran [
PEANE S, 1B IAHN C fl Fortran Flt. LU & C WahfE)yY CEHLGESL N
driver.c MISCHEH) .

AREERE A-19 M C i ff 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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REGH A-19 M C T 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 T HIREIRAFAEY N drivee. £ ISCIFH:

subroutine demo one (array)
double precision array(4,3)
print *, 'from the fortran routine:'
do 10 i =1,4
do 20 § = 1,3

print *, ! array[', i, '1[', 3, '] =
20 continue
print *
10 continue
return
end

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

', array (i, j)

SRIG, AT Y Rz«

cc -c driver.c
£95 -c drivee.f
demo_one:
demo_two:
demo_three:
f95 -o driver driver.o drivee.o
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from the fortran routine:

array[ 1 1[ 1 ] = 0.0E+0
array[ 1 1[ 2] = 1.0
array[ 1 1[ 3 ] = 2.0
array[ 2 ][ 11 = 2.0
array[ 2 1[ 2 ] = 3.0
array[ 2 1[ 3] = 4.0
array[ 3 1[ 1] = 4.0
array[ 3 ][ 21 = 5.0
array[ 3 ][ 31 = 6.0
arrayl[ 4 1[ 1] = 6.0
arrayl[ 4 1[ 2] = 7.0
array[ 4 1[ 3 ] = 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[1] [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

£, g:9.9749500e-01, 1.5000000e+00

x = sin(y) from a double precision fortran function
X, v:9.97494986604054446e-01, 1.50000000000000000e+00
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A.4.3

ERARGS

* A-1 BoRFHTF SPARC 1R R LM TR Ay

Ll

* A1 — LAy 4 (SPARC)
e dbx adb
T T R
1 ek Er stop in myfunct myfunct :b
TS stop at 29
e Hh 23a8:b
LEAR ik A main+0x40:b
“Hiz4T, HEFEBE S run :r
K AP list <pc,10?ia
W fp FAres
IEEE WURSE print $fo0 <£0=X
THEHHEMEEME (NEERD  print -fx $£0 <fo=f
IEEE UK print S$fofl <f0=X; <fl=X
THEHUEREEME (i) print -flx $£Of1 <f0=F

WA fp LA

KB o A7 3%

BHE fp RAEFIFH

BRERE 1.0 fAfEE £0
KRS 1.0 fRfEfE £0/£1
BT

L

BRI 2

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
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® A2 BoRT x86 K F S5 I A iy & s

® A2 EPHRHL (x86)
BiE dbx adb
15 T
G REH stop in myfunct myfunct:b
AT S stop at 29
e ik 23a8:b
LEAR T g main+0x40:b
—HIZAT, HEEBW run T
CORER/ YA L] list <pc,10?ia
K fp FFAEdE print $sto $x
print $st7
KT 1w examine &3$gs/19X $Sr
Bt fp IREFES examine &S$fstat/X <fstat=X
or $x
AT cont :c
iV} step (or next) :s
B H A quit $q

AR /R AR AEARRS 3k O R T adb HIHIFE myfunction) W& W AiffI 7
o H—AImBI N

myfunction:b

RS AR, e LUfiE 5 myfunction WA BT A B ) Zaxt tbdik, SR)5
FEAZLERS v ¥ T

myfunction=X
23a8
23a8:b

X adb &, fH £95 4k Fortran &7 1) £ 7 HIFEFRCh MAIN o 245 adb 1K
MAIN_ Kb &Ko
MAIN :b
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RV S AIE RN AN, dbx 14 regs -F BRI /NdblE L 16 R IR E
TRV, A ZE TR R ST SPARC, adb #ird $x Ml sx Won-T Nkl
KomiEn M+ 3EHIE. XT x86, adb 4 $x KB /R HHEHIE. %T SPARC, XUk %
G AE A B AT 28 5510 Won -+ HEHIME .

DR b A R GEAE HERE 25— A I ) T 2 B 2 ST s, B DU AE 8 1
REFF VI TF A AE AR s A T EUMB OX 225 47 4%

(SPARC) £ B RF Sy, NiZAEil: AN D 32 £, BORREEF A% H 32
. (R BEAPE EE— AN A28 ), MIORURE VT S 805 64 £ (b, AP
TBRARAERRE D o BT NHERIR R, 32 fixt N T 8 M. ELL R adb
ORI FPU #Aras i, SoRmALEw T

<fou F1FAHIE R > <IEEE | ANHHIE > < HF5/E> < Kg/E >

(SPARC) 55 = HIRAT S AE 55 8 b 175 B IR 1) 2okG 1 -+ b pe . 2R DU B AR
FEFAEaet. B, £11 4TINAEDUZ0NS £10 1 £11 MR h 64 f7 IEEE XURS 3.

(SPARC) A £10 fI £11 FFHRAARUGEM, Bl (£ £10 170D B ZEMIRT 32 47
7££00000 fREREN +NaN ZANEMT. KFrf 64 7 7££00000 00000000 RN
+Infinity WA AIRESE A B LA

(SPARC) I TSRl 16 N SIMUR % 1 210 adb i $x R for (FAURE 17
%)

$x

fsr 40020

fo 400921fb +2.1426990e+00

f1 54442d18 +3.3702806e+12 +3.1415926535897931e+00
£2 2 +2.8025969e-45

£3 0 +0.0000000e+00 +4.2439915819305446e-314
f4 40000000 +2.0000000e+00

f5 0 +0.0000000e+00 +2.0000000000000000e+00
fé 3de0b460 +1.0971904e-01

£7 0 +0.0000000e+00 +1.2154188766544394e-10
f8 3de0b460 +1.0971904e-01

f9 0 +0.0000000e+00 +1.2154188766544394e-10
f10 7££00000 +NaN

f11 0 +0.0000000e+00 +Infinity

f12 fEEEfEfff -NaN

£13 fEfffEfff -NaN -NaN

f14 ffffffff -NaN

£f15 ffffffff -NaN -NaN
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(x86) x86 I [FIAH N i AL T LR N %

$x

80387 chip is present.

cw 0x137f

sSwW 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

HE— (x86) cw 2EH s 1M sw ZIRE T
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b 5%

SPARC 17 A %0521

AR S SPARC® LAF sk b A KV RS0 A SR IR, A2l e ff e W
AMARBE A AR S I A E ARk

B.1

7 R REH

AFHHYFZ SPARC 17 A5 T0, FHNH NI LR S EM S A ThfE. 2T
NS R, SRS ERPE RN TR AR R SRR N R R
I s 2 [ R, B @iy (4R Lk IEEE  (AEFRHE) 250 SPARC SZHL vl B8

FIAT A RE, S0 (SPARC 25 FHF) 5 8 I3 N “SPARC IEEE 754 SZHL 4t
W” A 9 Mkt B “SPARC 28 9 W[t IEEE A5k 754-1985 #K” .

*® B-1 3 T 1 SPARC AR I AEAFE ri 5Bl VF2 FLI) SPARC REUHATEF
MG, XL E i TI B Weitek JFRZ 0

m TI &%) - f35 TI8847 F1 TMS390C602A
m Weitek %4 - fudf 1164/1165. 3170 #1 3171
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XIS FRA FPU # LA 4 Hofh CAESG AN R, KA AT e/ 54 SPARC LAE
i R B A SRS R R . PR R T P2

% B-1 SPARC 77 1% 30
VLB ER
FPU AR AAFR ETFHE L] BAEH) -xchip I -xarch
T Weitek  WEMNFA  CUdEH (R Moy AR -xchip=old
1164/1165 W fe4 -xarch=v7
FPU
W H FPU
BT TI 8847 TI 8847 ; Sun-4™/1xx 1989 -xchip=o0ld
M FPU Fujitsu & Sun-4/2xx KM -xarch=v7
LSI 3 Sun-4/3xx SPARCstation 1
Sun-4 /4% A A A
SPARCstation® 1 Weitek 3170
(4/60)
BT Weitek SPARCstation 1 1989, 1990 -xchip=o0ld
3170 [ FPU (4/60) SPARCstation -xarch=v7
1+ (4/65)
TI 602a SPARCstation 2 1990 -xchip=old
(4/75) -xarch=v7
T Weitek SPARCstation SLC 1990 -xchip=0ld
3172 ) FPU (4/20) -xarch=v7
SPARCstation IPC
(4/40)
Weitek 8601 4 cpu Al SPARCstation IPX 1991 -xchip=0ld
o Fujitsu FPU (4/50) IPX ffif] 40 MHz -xarch=v7
86903 SPARCstation ELC CPU/FPU; ELC (i
(4/25) H 33 MHz
Cypress 602 T AE Mbus BH SPARCserver® 6xx 1991 -xchip=0ld
e -xarch=v7
TI TMS390S10 microSPARC®- SPARCstation LX 1992 -xchip=micro
(STP1010) I SPARCclassic B b v AT -xarch=v8a
FsMULdA
Fujitsu microSPARC- SPARCstation 4 F 5 f#{Eh &L -xchip=micro2
86904 1T SPARCstation FsMULdA -xarch=v8a
(STP1012) Voyager
TI TMS390Z50 SuperSPARC®- SPARCserver 6xx -xchip=super
(STP1020A) I SPARCstation 10 -xarch=v8
SPARCstation 20
SPARCserver 1000
SPARCcenter 2000
B-2 HEITHIRTS » 2004 4 8



% B-1

SPARC ¥ RUEDT (48

ViR
FPU RbEE B S FR EFHA Vi BAEAY -xchip A -xarch
STP1021A SuperSPARC- SPARCserver 6xx -xchip=super2
II SPARCstation 10 -xarch=v8
SPARCstation 20
SPARCserver 1000
SPARCcenter 2000
Ross RT620 hyperSPARC__ SPARCstation -xchip=hyper
10/HSxx -xarch=v8
SPARCstation
20/HSxx
Fujitsu TurboSPARC SPARCstation 4 fl 5 -xchip=micro2
86907 -xarch=v8
STP1030A UltraSPARC® Ultra-1. Ultra-2 V9+VIS -xchip=ultra
I ExX000 -xarch=v8plusa
STP1031 UltraSPARC Ultra-2. E450 V9+VIS -xchip=ultra2
1I Ultra-30. Ultra-60. -xarch=v8plusa
Ultra-80. Ex500
Ex000. E10000
SME1040 UltraSPARC Ultra-5. Ultra-10 V9+VIS -xchip=ultra2i
IIi -xarch=v8plusa
UltraSPARC Sun Blade™ 100 V9+VIS -xchip=ultra2ze
IIe -xarch=v8plusa
UltraSPARC Sun Blade 1000 V9+VIS II -xchip=ultra3
III Sun Blade 2000 -xarch=v8plusb*

* fiif] veplusb AT HAT IO RAESE UltraSPARC III A4 FiEiT. EETH UltraSPARC

(I,II,III)

R Lty wAtk

-xarch WH&N v8plusa.

R G A R B R AN FPU SRAH e AR S 1 g e asbr i o X Sehy i 2 i)
AR I AN IS B -xarch frEMf g g ita T M4, -xchip fr&
if 0 G 1 2 VRS AR DR A S Ack B 88 P P RS i EAT (OB B8 AR BT 1) SPARC ¥7
MRITH R ASCINAE  (SPARC Z5H7FHED 5 7 Wb e SUIWIF S48 2%, Frbl
-xarch=v7 FiEMIFEE¥ 0] IZEARf] SPARC 245 FisAT L8 &l BETLvE 7840 FIH
BOBT AL BRI BE) o [FRE, JHEFEN -xchip (4 IRETFRESIEIT T
-xarch 52 MRS HE AT SPARC R4, (HE U RAEARG E AL AR R 4 LIEqT
B, RS TR
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B.1.1

£ EFRH, HEFAE microSPARC-T G H VT M L IGSEIL T (SPARC Z5#H)FH) 55 7
WA e LT e A, Y -xarch=v7 R IPRIX LA SIEAT T84 1 1K 875 5
JG (FPU) MRS ERIFR T o G 2% N4 I S A 5 8% () M BB RO TR IR R B, R e

fII# I H— -xchip & -xchip=old. GFAEFTHFILE £ B-1 F I RGEEHAIIRZ
Bl EER A FE AU TR H FE TR . B0 5 SCFRIX s R K 9 i 5
— AR SR EREE, ESHELRARN “BEIEEE )

microSPARC-I F1 microSPARC-II ¥7 & ¥ oS BAE  (SPARC Z5H) 741D 5 8 i e X
IV e 44 (FsMULA FIPUAE RS R A BRAM) « T -xarch=v8 43¢ MR K AE A
XA BERE R I RGBT, (HAE BT ARIIKE L8 W R G AL, K
A FsSMULA IR Clndh AT Ko 55 % B 02 501 Fortran F2)7) ITERETT g2
JEE N, MR ILZ A, W -xarch=v8a XX e b BRI R G g 1

FiF o

SuperSPARC-I. SuperSPARC-II. hyperSPARC Fl TurboSPARC 7 i B G SE LA
(SPARC ZEHyFAH) 25 8 W& I SR A% (MUK R kR « BAEATIX
e GRS R kA e ERE, B -xarch=v8 BATHiiF.

UltraSPARC I. UltraSPARC II. UltraSPARC Ile. UltraSPARC IIi #1 UltraSPARC III
FRICSEINAE  (SPARC Z5HFHE) & 9 B e XIiF iie 4% (VUSRS EEFE 2 kR
AR s FERDE, EATTRME 32 NXCKE VR R AT AR . A T RVFg PR FHIX S T A7 A
HFH -xarch=veplus (XFT7E 32 fif OS FIEfTHREF) B -xarch=v9 i T7E
64 it OS NI TR ST, XA HBHASE (L T FRUEFR S LMY . LA K
E Visual Instruction Set (A[#Fg44E) X VIS Fe41R /D> thgniFEss A3k, HE
EATTT AR g AR . Rk, A T AR X S A B P SRR R 4R, 1E
-xarch=v8plusa (32 f7) B -xarch=v9a (64 fii) .

WL -xtarget FETFNEE -xarch Al -xchip %W, (B, -xtarget b5
HEREY EF| -xarch. -xchip Ml -xcache FREMIE YA A D 48 1A A R IETH
& -xtarget=generic. EHEHELZNEE (B -xarch. -xchip fl -xtarget
HIN5EEIK) , ES I cc(1). cc(l) f £95(1) FMITLL K gmEss F M. HAl -xarch
FEAE  (Fortran J/ 9500 (C J/7#50) M (C++ /7 7557) hidft,

FRIRSEFFRRAT

XS T ) SPARC V7 mi ek, Joie eI SeBLER A ) SPARC &), "EAI1#HR
P MNFRURS A4S (FSR), A A8 T & 5 FPU MESGHPRE AL AR, . P AT s
PUSEIRF kA 3R K SPARC FPU #$Eflt—ANF BB (FQ), %A AL 547 % AT
(K177 AR IE B . FSR AT H I AR i, AR 28 R R 37 i, IRl A
JiT s FARAEERAER AR FQ i R WARATT, LAEALHF ridlisks M
JURAFIE AN Y5 ]
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HAFET STFSR Al LDFSR $54 K U7 MVF AURS /A8, X2 HI1EH 4 5 2%
FSR fEAELE NAE P RN AE T g e . 78 SPARC IC4wit = b, X 83543 7 X
=

st sfsr, [addr] | fESRCHLEAAfE FSR
14 laddr], %fsr | MIRwHlbing rsr

WIRB SCAF 1ibm. 11 FTAEM) H S h A& Bf Sun Studio 4w kSRt n A, % 3ciba
47 STFSR Fll LDFSR 354 (IR R ] o

B-1 S/ mUR AR 95 A7 8 AL 5 BURI A )

RD |res TEM NS | res ver ftt angreg 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 B-1  SPARC 7 rUREA A4

FES 7 RIS 8 WA SPARC 45t rh, FSR 5 I EFrosiy 32 7. 7EH 9 WA
1, FSR ¥ JEE] 64 47, LA 32 A7 5 iz EIAHIL RS i 32 AL KEr AMEM, HEd
T = AN R A AR T B

EIXH, res ZIEREAL, ver KRR FPU AR HiEFE, ftt Al gne HARSE
FRACHRTE pidli gk . HRTFBAGAE NRTPAA .

F B2 FrUREFAHTER

FB (Y

RM N7 I
TEM /=i
NS EprER

fece 7 A ATARTD
aexc VAR R T
cexc T A

RM “7-Bebr B AN AT s SR S A5 A AL NS AR SSBLE ) SPARC FPU _EJA Al
AEbHER AR AEMAR RS b, A8 foc BURE BT s RS ARk
(K197 R ARSI B 7y SCR A8 shia BEAE ] - feJa, TEM. aexc Al cexc TBtfl
BT, XESAL AR 1A TEEE 754 35 r 5 P I ARE NI SR T iC S N AT i

SRS £ B-3 XL T BT T A 0.
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B.1.2

% B-3 S AL B

FB RS AR AL
TEM (fizk g AR D NVM OFM UFM DZM 24 NXM 23
27 26 25
aexc (WilSHbrE) nva ofa ufa dza nxa
9 8 7 6 5
cexc CHETREHIRE) nve ofc ufc dzc nxc
4 3 2 1 0

(LB NV. OF. UF. DZ fl NX 730 afCR LR H . b T BEEBRACS
Vi

TR SHFRIFIRSE

ERZHHI T, SPARC V7 s 570 ] AZERE 4 58 B Fa 4 IR AT TG 7 A 1 52

Fio (B2, 7ELLTIUMIE T, BELEEIC B T e 58 BT s 4

m FAHIOHEE

m ISR FTSEEL (AN, 7E3ET Weitek 1164/1165 (¥ FPU FA#H £sqrt [sd],
1F microSPARC-I #1 microSPARC-II FPU i fsmuld, i {E4F-fT SPARC
FPU LAl USRS HR 4 -

n TEOTCVE TR SR E S IE IEA I 45 0

n BSKTE—A [EEE 754 iAW (BB H T ZREMRTO .

RS, SIS A SR R Wk BRENE, RGN
SETIAR JE R R B N (48 . ORI “Hligk” AR IEREHIR NPT, ) fER =FP
R, WA R TE S . HTE, B EAS LS s — 2w,
W Z 5w sk DA H -

A2 LT =AE 00T, WRBH R & AN S 80 IEEE i miop i GHlZkaam i ,
WU AR SE Z AR o I RAZ AR IR IF REUER S AR SR A PR LU S 45 2R 5
WERAZAR LR HARIZ S, RN I 45 RAR 1L B H AR A7 8% o IR 0T 2 i 10 3
bl DU Z AR U AT CRATIRD Sy, JRROX 8 R 5 Rk S b i b AT
“E” Is8E. WRZBE G HEGR S N SR SR T I R

BT B WAL AR RN 84 3 804> TEEE 37 nidw . (Ll Ca s
D MR R IR . HAREAras . 7 n AL AN o b S RS,
@ﬁﬁﬁﬁ&ﬁ%&%%ﬁ?&ﬁﬁ%ﬁ%%ﬁ,W&@ﬁﬁﬁﬁ%*ﬁsmﬂm%
T o
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B.1.2.1

PR R T AR AR B TR, aexc T BUE W HAE B EATHE 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; // R fpop & ANEAREAE
fcc ' fcc_result; // WH fpop WK
cexc ' texc;
aexc ' (aexc or texc);
else

cexc ' trapped IEEE exception generated by FPop;
throw SIGFPE;

WAL IRAUVE 237 (AR, PP HIVERER ™ B Bt BLAZ ) R A % v g
Wk T2ABER CHEQRHREL) .

FEIEHOUR, BEERE R HNV B fp_disabled filigk. RGWIZAEIF i
JG, HBEFANVERGE DOASIIN 1k, P BE AT IR 2R — AN A IE SR Ol
o FERLPLSE IR 5, WAL VR RUBAT0, R AE DU A RE R 7 P R 455 7 HTIR
&o CATLVE X B R A os, (EOR AN BOXFEA, 1m0 HURAE T A sl i
WK H I A KR O

TACTF AT B B e ARSI TE S, BRI unimplemented FPop %k,
T HETKZ 30 SPARC ¥ S c# 2 /0528l (SPARC ZE#FH) 26 8 e LI
B4 (JUSK TS 4) , 1 Sun Studio 4iit s A USRS T4, Bl
REBAG LN U ASBPIX MR W LR, WA EREISNE
microSPARC-I fll microSPARC-II 4bPE3S, EAIASLI FsMULd $84. A T # R EIX
Le4hPE F I unimplemented FPop fi3k, &M -xarch=v8a 4T,

AP AR unfinished Frop M3k IEEE R4 @ % 59 & NaN. L5k
AUCE B R BR VT S DUAE G o

IEEE ;25 5% % . NaN fikt3i X

BEATF AR E] N IBEE 77 M3 USROS R i, %82 ik se
MR, BRESIGHIEKYL A SIGFPE 55 . MR ZHMECLE T T SIGFPE {55
AEBEFEY, MRZABERE R p U, A NNZE R 21, 2R P A ST i Rm

IEEE V% s, PR, HlRu a0 B i e 7 AR 2Ry, ki r st
SV S5 A BEAR 7 DAFT B9 R I 28 1R P B8 7 AR S5 5 A R 7 B O AR B T &
GEERAAT A RS, 1IEWEE 4 TPk, v LU HHE 5 A BRI b iR IE A et s R
%éﬁi%#}lﬁﬁ TR, WUERAR BV 207 AU T X R 7 kAT AL B, IR e v] ey
HNfE.
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B.1.2.2

RUAEHERAT W B AE i F TR A T8O LR D . K24 SPARC 7755
T SRR LR P AR 3K, R0 e 95 k. NaN #§AE 8k IEEE ¥ s % 1)
LT RXFE . SRR A SRR R PRAE DU, K BRI, AR, ek A A
unfinished FPop i3Il WAL IF5E R 4. AH K SPARC FPU X S5
unfinished FPop ik IS SA AR RN : i, KZH 5K SPARC FPU
Hl hyperSPARC FPU 2:Hii3k A 1) IEEE V% pi e 3 M G iR i g2 5 ak i A e flifc
P8 FAR A AT & UV mU T S W R I 5 5 R, UltraSPARC
FPU #4443k, —J7Mi, SuperSPARC-I. SuperSPARC-II. TurboSPARC.
microSPARC-I Fl microSPARC-II FPU FEAf £ oAb BRI 0, I H AN A= 1
unfinished FPop fifi3k.

BT KZ4 unfinished FPop fli3R#-SVF i I, KILFEF st R A 5
WARIhRE (RPN AR R . AR A A R ECE 2 e D) Skl o T U Al
o IR, BHUNFLET LA A7 AR A A ALBESR N RVFRH P
unfinished FPop fifi3k.

RIEBFIEAREE

SPARC V% £ ¥ 64: unfinished FPop i3RI K Z R WA B0 A8 A e E AL
M3F B A R OE A R A S — AN E R MR IE S R (B, SEHER
RIEER) B, % SPARC FPU K3k, KR Nt /b I AE & SOAR e i i g i ke [
e, 117 ELR AR S A R ) G5 SR AR M R T S A R AR /N, BT SPARC 454
BIG JEpRAEEAREEC, GO PR — Pl 7 vk, oK 5 90 IR IE B
unfinished FPop fili#kAHICIHI T REM] T B

SPARC 5 MAS Redthfiff e SCIERRUESVERI: & JUE A iUk 18 DRSS, 32
FRE AR BEES 25 2E O I1E TEEE 754 ARt g . (HJE, B KRR f
SPARC SEPUHMHE F e R A FHMTE N, IR BT I8 U OE AR SR 45 S 3ok %
(A—"Ml5: Weitek 1164/1165 FPU RTEAEARERI PG X IER S KB AE, &
IR KIE R E R % . )

IFAEFT A1 SPARC SIS S AEFRER L. 52, SuperSPARC-I. SuperSPARC-
II. TurboSPARC. microSPARC-I Fl microSPARC-IT ¥ i B GHF Ak 38 V¢ i M ERVE HO
SEALERIE AR IR IE RS B, Dk, EIE T SR AEbRUME SR L . (RIS A FESS 1
S P ARAR R 2 AT ] 22 R0 e 2% . O DRI, Tk B AR X S A BB b IR R
REP K o
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h TR B T T AR PR RE, N e R SR, RE R A X
FERP I T 2 /DRG] O T 2 IR, ) DU I E07 e i 2
ieee_retrospective () KEFFETRIIET IR T Pl br&. EHE s
T, Fortran f2/7IH ieee retrospective (). C Hl C++ FE/F7EE 2 AT 77 2
A H ieee retrospective (). WERHILT (T Nii, ieee retrospective ()
AT EL— SR ARG T F 0 R -

WE: 91RT IEEE 7S SWFRC:
ANKEH; T
WS WA IMEYEM, ieee flags (3M)

WRAZRE B S N, EATREA B time A RN ERR T IRATHEAT VI, AT
T2 %A T 2 > RGN ]

demo% /bin/time myprog > myprog.output
305.3 real 32.4 user 271.9 sys

W RGN CRIEE RIS =) B, MR R T F i s K2 .
WIHE X R, I EL o SR e AN 1 s A e, 0T DUos B R AR MERL S LA
AT EAEMERE . B RN Ok e AR BB, WTRLH -fns FRAE CGXRERE
‘Bt -fast Ml -fnonstd ZEM 50 AT, DMEAERET I B0 G A AR ARk
Ko BB, WEMEAE libsunmath FEAEFAN 2 1 FH K o B RIAA H AR AEA = b
%: M nonstandard arithmetic () &8 HARFRMERI (IR EZLFT ,
M standard arithmetic () &K% IEEE 170, WXL E %1 C F Fortran
VR R R

C. C++ nonstandard_arithmetic() ;
standard arithmetic () ;

Fortran call nonstandard arithmetic ()

call standard arithmetic ()

et — T ARARESL ISR S W E N Al R (I HEA VR LF A AT P i, R R R AE A T e I 1
kgAML EEEWH TERIEZELR, WSIE2 %,
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B.1.2.3

FEFREREFIR AR

FESCHLARARHERL ) SPARC V7 mi ot by i HIZ A2 3 U1 4 U A VR O
FIFRUAEES RRFT A Z . (HRE, HI T B 7 s 52 K AR A AN S DL AR bR v
P, LB IR AAE Tz A X K ma ek SCHARO TS BL, i, S b sy
RIS SR R A AR LG, Ak PR 1T 8 B ok oA 1) BRI oA T s Ao

W R 2 B AR R ARSI W 1 F RS SRR (B, BB SCY) e o — A
TR FHEERN, A IS SR LIRS RO » R i AR bR dE TEEE 51
PREATEA . DL, EREO0T, EARARMERL N s AT Ry 77 MR A 28 48 D fir A 1k
ARG R AL AR IUERE AT o e S M S L850 AR 15 DU AR Rk
REFF: R TR 5 A 1 SRR s AT Kk 5 LR S 18 5

B.2

fpversion(1) K% - E¥XE X FPU BIEE

MR K fpversion AHEFFRIRE 22 CPU G THALEE 2R A R 48 L2 11
g )Y . fpversion MW ARRE M CPU M FPU {6 MRS Ekii E CPU A FPU
B, R R PAT S LIS AT )R] m) DAl TR T 48 4, IR RHATIE A BT 5 R
BFAD, TR T I R o AR PR AT 22 RT3 I vk s e ek i . DAL

fpversion AW REIZERNT; B RETEET L8,
fpversion B EEHA T TN AL B -xtarget AU A KR I .

f£ Ultra 4 LAEui &, fpversion TR FIMGEE . CGXEE(E BT RERE v I alibl 25
R NEITE

demo% fpversion

FF sparc 1 cpu A,

CPU WHMER KA N 461.1 MHz.
WHZ /R cpu H#PE % & 480.0 MHz.
WAZ s WAEI B2 120.0 MHzZ.

3 sun-4 FEHIZRA 0.

UltraSPARC A A,

FPU AR KLIN 492.7 MHz.

il -xtarget=ultra2 -xcache=16/32/1:2048/64/1 AU - ANk,

Hostid = hardware_host_id

EAERZNER, 1§30 fpversion (1) FMIT.
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b 5%

x86 1T /9 FASLE

AT 5 x86 V-G T HIF S5 0 I x86 Fl SPARC eI i it

fifi g sk [ x86 (1) 80386, 80486 Fl Pentium™ FH Ak ¥ 4% DL K 3k 11 Hift )38 7 () 3 4
IR TS . R % 1 x86 5 SPARC P& REraf 2, (HE F U Ede LA A,

1E x86 _L:

m VERUTIAEARIN RN 80 A, DRUR AT B 4 R R YRR B, T A,
ROTEH AT, -fstore MaE/MLiXeexE R, 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

m ERUR A KBS FELARRAEATIE AUE M B GES IR 2-8) o MR AR
XA NaN SRR frix e “AZSCRF kg 07, (R0 PEAE A B RE IR R R B )
FEAEAR—B . TR AR A & AR i, BRI e AT R Re = AR T B8 A7
S BN B R AR T, B = A2 T 8 ks 9 A7 o 85 N — s
R4 5y — MR (i, @ AgiE C il S union RS o Bk, &
REFBERRT, AEIX L3,

C-1
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b 5%

What Every Computer Scientist
Should Know About Floating-Point
Arithmetic

HE— A FAEXE L (What Every Computer Scientist Should Know About Floating-
Point Arithmetic) ({3 : David Goldberg, K% T 1991 4 3 H 51 (Computing
Surveys)) HEATHIZ G HIEENRA . ABUITAT 1991,  Association for Computing
Machinery, Inc., Z&VFr/HEHI,

D.1

M

=

VP2 NN RIF R85 — MR 38, XA 29 Nzt OB TR Se
A Ao JLT-RERNE 5 AV R R Y N PC BB SHLEAT 37 mOn sk A 5
2 VA T B IN MEAT O PEIE AU T HLSERR b, AR R AR RGEER AL SN T R

Chdgs ) AF WAL ARSOR s fe it — A8k, W AR i & X LR g ok A
DU E R W B RS SR R B SN 4 SR RIS AR ZEI T B, R
EH%HEEﬁﬁ%ﬁ,%EﬂﬁTﬁ%%%%ﬁW#ﬁﬂi&%mﬁ%ﬂﬂiﬁﬁ

\\\\\

FONA LR (2D CO[WHHRGEHLN . Mk — 7S D34 [
FRROE S 1 ABLES — iy, 2 G0 [ BT . Wik — 7/ EplE s,
R, G (RED

D21 [ %I ] sk / #iie — &7 D34 BEFEIHES | IERE MBS —
HX; DAL BAERS | RSB — .

ToAbSCBE 7 / ). ARRARACEUE, S0, VR VSRR, WTEE U, PRI,
NaN, #ith, HxFRZE. SFARE, AR, ulp, Nit.
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D.2

Y as

8] 71

TR B R GAE SAs 22 1 75 2T ST RS IR B o HUZ, A7 I J7 T 1 PR 405 Bk UE
b AR EER B HAER D, 1 HH A —&  (Floating-Point Computation )
(fE3: Pat Sterbenz) MO 4R, AL AR T 5 KRG G HHEAN K MPF AliE
HOCUUNTMA 28D FR. Bl GX =3 A o H—i
D20 L “EHNRET WX, I T BRIEAIS FAE AR A N s K
CIR LS A S AR ZE IR T ulp MR ZE T RS R B i iHe
IEEE V% RUbRifE, %AndE IE B I A A 0 i 10 45252 . TEEE AndfErh (i SIS 50 45
ANJi ke WERRUEMHE A B T 58 D-2 B0 R “EANRE" Sah . 5 =it
WIF RS HM RS SR 7 Z RO, A%, I gm e as il
WAL B

Ve CUR Iy e AE ANt IE 2 By (R 00 RO WP R, I B PR O AR WDRE ™ A
SORMBEAT L. WP R T XREEE MUY, ORI s R
Rz, ] DARLSE PR DL BRI BE 2y o 34k, BRERME A T VFE E BEIIIE
W. BEAMEM RIS RAIFICH TS 1. WURARIRBUIEY], B E A 5.

D.3

AN Ay =

& NIRE

Y TG 55 AT 1 S E NG R s o IR s Bl Tl RIEEAE B 23, 250
FE S IR R S5 S DL 32 AT . MR, WRIE 2 —AMTEE I 2 AR, B
Q2 BB B TR LU Fs e A BOR VE R R S B e . DRI, R A SOV ST
ERIITEN, DESHGREBE R . SN RZE SR S THcE . 58 D-4 1
FI “AIXT IR ZE RN Ulp” 515 Ud B aner i 5 4 Nt 22

WEAR 2 M0 T SEAR BAT S N, A MRS A 5™ A 1) i N R 22 LU S o 22
K8, ATHATRAR? %A@ B AT %O 8. 25 D-5 5UER “ORy A7
NS KL, e Bl PSR (BRI T R R 220 U5 . TBM A
PRI EAL AR R B, PR 1968 S E K PRI EUALAS N E System /360 SLHA XU
1% LI RS © B AT DR ERE) o IR SR 1Tz uskrb By B v 5L, sy
BB T R EAL O

IEEE FRifEAUAESRAE AR H . e fe it THI T ke 3. BRAP IR K S,
IR SEH B H EHEPAME R SR . P, BREFA ST EIB RS — 6N
I, WRGSX G AU SCRR TEEE drife, S ASEAIZ S RE LA A . XKL
T%il?ﬁ‘ﬂ%ﬁiﬁ%o FE2 D-10 R i NS s e T RS R (1 LAt
JJEpC
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D.3.1

/?:.Jl%i

EEEW T LRSI SL 3R sk, H2 B B A (A A e V7 s R ik 17 sl
TR AR R MED B MRS po Wik B =10, p =3, NPEEL
0.1 £7-H 1.00 x 10-1. W B =2, p=24, WIEEAEMERFREHI 0.1, (H2 e
4 1.10011001100110011001101 x 24,

W, KR SRRy £ ddd... d x e, M ddd... d BB AR, E R p M
Fo THEYL, £d,.d dy..od oy x B ZRLUR

1
i@%+dﬂs +”.+@%JB*P—1UB€wSCQ<B)O 1)

RESF BT RTS8, T LR S A THE I IR . 517 M2
WS SRR VSO BN VIR, Wle  Fle . AL
Be AR AT, Bl e — e+ 1 ANTTASHOSEHL, ERIETR AR Bk

(108 (€= it D1+ 1085 (B +1

frgfy, g +1 RS0, s, RignisF A,

AP S BUHOR EMER 47 PP A8 B WO LT BU B 0.1 .
SN R LG PR, (BRAE R e A RS s, B, 5B =
20, H01 T FAE AL, XPANTAHI AR R e BN
o5 UL B, SRR T B e s T 10xB%r . KX
AT Py i FO IR SN, AT, LAl Bk (655 D20 7 I
“F957 A D22 LI RITHHALIOEC T4 7 6.

FEBRA—E M. Flhn, 0.01 x 101 F1 1.00 x 101 #FE/R~ 0.1, WRITFEHTFA
% (e LmmEERX Q) B, dy=0), BARKIRIRA . 77 5%1.00 x 101 &
AR AL ﬁomXuﬁUTE MBp=2. p=3.¢,=-1He =21, f16 MM
ALV g, ik D-1 Fios. ﬁ%ﬁﬂhﬂﬁr?ﬂﬁﬂﬁ?%1m%ﬁ FRVE
TR A BRAL, WA DAE R IR — o R, BRRREPR CER R E Y Rox 0 [—Fh
H%ﬁ&%ﬁ%1oxwm“,ﬁ%ﬁﬁm%%Tu?Ei:#ﬁiﬁ%ﬁﬁmﬁﬁ&
TR SRR AT o 3 A FRBAEAELE Kk AL Bob iy, RuRAE AT 28 - 1 AME T HIE
/AL RO AR R —AMER R R 0.

WVER, WA H x REFRREN—HS, REFARZEEANR. x {5008 08
i BN SORE M AZAER . Blin, FiER (2.5 x 10-8) x (4.0 x 102) 1= 42 AT 5 3
e

1. B oRIE RO 2Z 50 R0 7 7 50 # [Matula Fl Kornerup 1985 ;  Swartzlander il Alexopoulos
1975].

2. LA Forsythe Fil Moler [1967] #2 i, 3052 4X T IHAE mantissa.
3. XBE R A 73, RIEHE B AT R i 22
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D.3.2

Bl D-1 B=2. p=3.¢, =-1. e =2 HHKMLIE

FEXTIRZEF Ulp

B R NRZE R TF AT S AR, TR — Ry ok B bR %, X—SRE
B, B B=10 H p =3 M7tk QA SAEARTT 2D o Wi iz st
SIS RIE 3.12 x 102, FEHEUICIRRE BRI 4E AL 0314, HS A% nT L 4 Hh o )
W JE—IAFAE 2 BN IRRZE . [FIRE, SRS 0314159 RKorl 3.14 x 102, AR
e —AFAE 159 BN IRZE . W, WIRVE S dd.. . d x Be FHTRR z, WLRHLE
G —RiArE |dd...d — (z/Be) | Bri BRI 2. 4 5 Rl ulp ¥ HE “ 55— b s
P FIfIS. WRFEAN R R R R T IEM 4 RTS8, WA eskalge
16 .5 ulp MR ZE . M55V m 305 © T L) SE B (R A0 o — Rl T Ve A0 i 2%, &
R P ZR LA T . Wi, 24 3.14159 3Ll 3.14 x 100 [ 77 A [RIAR % i 2=
S .00159/3.14159 = .0005.

SN 5 ulp IARXTR 22, R RS ST AT RS I N7 8 d.dd...dd x Be

EAE R, RZERIAE] 0.00...00B¢ x e, o B EECT B/2, FEVE EUIA KL
1 p AL, FERZIATEC A p AL 00 BRIRZETE ((B/2)B7) x Be. PIWIEAT

d.dd...dd x Be M RAMFE LRt x 22, HAEANT B M B x Be 2 HI{E, FrlAAH
XRZENT (B/2)B7) x Be/Be A1 ((B/2)B7) x Pe/Per? Zlfo BY,

%B*/’S %ulp < gﬁfp )

R, XNT .5 ulp HIARXT R ZE AT REREIN 7 B ISR TOAT 224t BEDN 7Bk 7757
FE K e = (B/2)Br BWEA LI (2) HHIEM, R A AN AR KT
A, AR ZER R e (BRA AL €O NFIR.

16 g, AN R ZE 2 .00159/3.14159 =~ .0005. 9 T 3BS85 /NS, I R R
ZERWA—NHET I e MIER, ZHpFIF e = (B/2)BP = 5(10)3 = .005. Fik, FHXR
Z¥ oK (00159/3.14159)/.005) € =~ 0.1€.

LASEHL x = 12.35 MBI ulp SAIA R ZEZ M 25 5 . B Rh X = 1.24 x 101, 1%
ZEat 0.5 ulp, AXFRZESE 0.8e. #: MoK, HHIEAKRET 8 Mk x o FffifE 2 8x =
98.8, MithHfEH /L 8x =9.92 x 101, WS 4.0 ulp, AHXTIRZEAIIRIE 0.8e, B A%
ZEARFEAA, HLL ulp B AR ZZEVE ORI 9 f. MW, ZAEHCH B I, Ml ulp %

7 PR T SE AR RS R ZE AT Hde KR B d#EAT e, R, W EiRARX (2) fion, BEERzE 5
ulp FEAHN BRI % B HEATIFE) .

4 BlEsz KT B +1 BN T Bin o SNYE S TMANL AT, KR 2% 1 DL 7 208 9 Bl P 3K«

5. Rz UMz (7T A, W4, ldd..d-(z/po)|prlsssss T |27z | rulp(z’). 5 5 22 10 SRS T 4
K2 |2zl lp(z). -Gt
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D.3.3

D.3.3.1

i NRZE R W T 5202 B ulp o B, S AN S TF U S T A
THEET 5ulp MR (HE, FEDHTHS R AT ER & AN RER, AR
—MELFI TR AE 9 D-38 T LR AR FEA R R TR A Y] T IX e
T T B IRR, e Al fe i w flivh & AN S ia v s BUR AR, B LAZEAE AT/
B TSN Ly XA SR ZE A v B RE A

FER RO AR ZERIRNBFIS,  ulp A1 e ATLAHARAE, BV ENTHE/ER T B EA
Feste B, ALV B EE D noulp B, SXERAT S IIALEUE logg ne WK
TS ARXHR ZE R ne, B4

BT 2 = logg 1. (©)

RIP LU

THE AN BB 22— P R S 8 2 28, ARIE A N R B 1977 0
o WRERRANEAERN RN ERAERE K, BARGTFEB B Fob. e p =3,
2.15 x 1012 - 1.25 x 105 ¥4t K

x =2.15 x 1012

y = .0000000000000000125 x 1012

x -y = 2.1499999999999999875 x 1012

AN 215 x 1012, 77 i A8 0 2 ] 52 A7 B AT I8 5, A S Al AT X e 47
BoEREALEUE p, FEHAEGBE/NERESR, RE&EHET (G&AMT) . I
2, 2.15%1012-1.25 x 105 34745 %

x = 2.15 x 1012

y = 0.00 x 1012

x -y =215x1012

R SR, BTG B TRI R, RE I TEAN. WHED AR
#: 10.1 -9.93. T

x=1.01x10!
y =0.99 x 101
x-y=.02x10!

IEMEE RS 17, BT ZEE R 72 30 ulp, 1 HA— N ECFIARIEM: =7 mTLL
SAE PN

T 1

WHHHZHB M p 17FRE T p 77522 SR R ZE I GE B -
1K,
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D.3.3.2

D.3.3.3

D.3.4

UEBA

) x=1.00...0 Ml y=pp...p i, RIEX x-y PRASRZEB-1, Hbhp=p-1.
tbit, vy B p 87 GY%T p) o KHEMRE x-y=BP. i, WRUER p $E
SR, WA T y A B s o, btk Rz E R prel. Bk, wxE2
BP-prHl=prB-1), MXBELBPB-1)/BP =p-1. 1

HB=2 I, M RZEWRES AR FER 2 B=10 I, MG ERZEW RELZ LRI 9 1.
H2, B =2, AR (3) BAVZEMIIRLUE log,(1/e) = log,(2) = p. I, 44
PIAT p Bl i b BOE BRI — ey (AR 20D g R R IR B, B
BN AT p + 1507, RJERATIRI SRS A p By RS S, i
K2

x =1.010 x 10!

y =0.993 x 10!

x-y=.017 x 101

, FEEEFERERI . AR B, SR RZETRERT ¢ (BT
110 - 8.59 1),

x =1.10 x 102

y = .085 x 102

x -y =1.015x 102

TN 102, 5IEMEE R 101.41 MLk, MXHRZER 006, KT e=.005. #H, 458
FIART R 22 HAELL € RS R BEARERIRI T VA2,

EIE 2

IR x Fly EEEITZH B Flp BAZRHTFRE A p + 1 27 (Bl —1
IRYENT) PUTT IR LGRS I A RZE RGP T 28

UESE B AESS D-38 BT LR “ ANBRIE” PEM]. AR R B RS T EIE S, KOy
x ATy AT L IE R

#Rid

A LUIXHE R b7 AEAE R R B IS D0 SR AE P A HH I L 1R AT ik
AP R ZER AR K. 52, MNUTHIEEHE (BERAH RS R
ZIRBEAT A S AR IR SORAE L AT G A BOR AR 8 22, DL v s 42
ARSI GEFL 1) o WERAE AT S T ATI8E, 2 B AR50 10 e A3 s
B D AR ST AR o AT LR PRI SRR AT R
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HEPEACH KA ARRAERCZ S N ZE I o Bildn, 78 oy b il 7 Rk 2 b2 -
dac. B b2 M dac ZHENRZEMEIL), FEYENRET ARG R . BoEkellaA
IR IR R PR e T HER PR 22 OREFAE 5 ulp Z Ao AT AR, R AT
e FEVFZRERECEN K, MR FR2& NRZEE M. B, ZEEMIRZE T RE
YZA ulp. LLb=334, a=122, c=228 A, b2-dac FIRSHHI{ERE 0292, {HZE b2
WAN 112, 4dac AN 111, HBEERAGIRE 1, BR%72 70 ulp (MIfF 11.2- 11.1
REA RS T D 60 KIS FIFRGINEMT R, M2 Bon th e i sfeikas 5 5T
B

R ARG AEAERE I O BUR Z MBI TI0E IS S . R x My Bl & ANRZE, KkiliE
2 mrgn, AR B AT IEIZ ST, B AZEH -y MAIXIRZESIET N ONT
2¢) .

AT, AT ARG (14 24 2 AT DUE R SR BB 0 5 sOR BRI ). BATE 2 BL =R
KA I

_—b+ b —dac = —bp-H —4ac
= 2a T2 = 2a )

Y p2yac, MK —dac AL EN, WH
Jb2—dac=1H o

(R ARZ WIS IS GRIEIEED A BIHEN. SRR R,
W v, 925 TR B e L

—b-Jb?—4ac
$F 1, HATAIbE, 135

2¢ 2¢ 5)

= ,]” =
—b- b2 —4ac ? — b+ P2 —4ac

WE K> ac Hb>0, WA (@) 5 r K AN, Bk, BHAR 6) i
v W (4) WL L SO7IE, WU b <0, WURER] (&) W, A6 (5) T 7.

Pk a2 - 2 AR HPBIEHRIE K 3 — A BETER (- y) (e + y) ERKEH. 7 5
SRR, XSt R AR S IR S, R E R R I R PRI (&
AENRE) , MAEEEHY . K E B 2, x—y TIARRHRZE R 280 WF T x +
y, WFEFEIEM . KPS BAT RN R Z SR SO AT, &7 AT RV IMIDE R 2=
MR GEZ UL D-38 BU LM “&ARE" T .

5

6. 700, TAE70. [ .1-.0292=.0708, Lk ulp(0.0292) KRNI % AL 708 ulp. - ihfi+

7. BARFGER (x—y)(x + y) AP R BRI, (R, MR AL PRI —, JORRIRE e 22 2 R 22
X» YRX« o ERFEIT, (x-y)+y) B SASARE, (R x2-y2 LA &AL, W5
X2 Ay RN I 71 TR e N ZEAN S IR S TR IIE B
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D.3.4.1

B AR S T SR, R R F Rk, x 0 y Ront B2 (i
BRI, T x -y R x My ORI . KU, ©. © M @ 4 AR
%y FERIBRE . RS B R KU THRE, W1 LN (x) 30 SQRT (x) o /N5 BRI
PGB R E FOR OB, W In(x) A1 Jx

B (x © y) ® (x ®y) 5 x2 — y2 IR, AFETF A x Ay A5 ] GET L. BELE FL
ScHcE: X Ry o BN, x Ny w] RS ARk %, HISH A Bk o R
Re FEXFMEN T, B x © vy 5 x—y AIEML, SEIERER Y-y Mk, sl
REELAT R R MAR 22, L (x + y)(x — y) AR 22 — y2 AR TIB A T . KR
T (0 + y)(x - y) ST 22-y2 I TAE S JLPARE, B DAZE R O R i i S22 1 0%
e SRMTAE— B DL R, R B P B ok R MR S B R T4, A
XAEGERAMERRN, BOVEANEH 2 (EARRE) —MNERUE. B2, R 2
AKEH, SEMERIRN  CrE O FEali) R E AN . A TR AR E 5LV
TF NSRS, LS ah R T RERE A

ikt 22—y FETHSy (x— y)(x + y) ISR, DR PEIRY b B PEIRY T
e PR PEIR A SRR, T DR AT, MU ) PG«

=M A HEH &S a b A e KRR, W FFiR:

A= Js(s—a)(s-b)(s—c), HH s=(a+b+c)/2 (6)

(BB =M THE, Wa=b+co WA s=a, 2 (6) PRI (s-a) WEHALIE
MH, Horp—ArRefT s ARz, B, Wik a=9.0. b=c=453. s KIEM{HA
9.03, JFH A 4 2.342.... BIETHE H 1 s (9.05) (% AT 2 ulps, MM A th
1 3.04, ®7:H 70 ulps.

HMITEAT LSS 250 (6), DMEBIR IR HEE R, 200 TP = Bt 2 XA
[Kahan 1986]. Efl

A= J(a+(b+ ) (c=(a=b)(c+(a=b))(a+(b=0c))
4

,azb2c (7)

Wk aw b e AL a2b>c, WMALLN (7) ZHAEHENEmL. K (6) M (7)
A A SEAH A — TR R S AR . A B3k e b AN e FROELASHE TSR AR
& 235, HARZER 1ulp, W —DAXLRHEZ .

TRk G, EARARK (7) o (6) T2, (HZ THF (7) Al HFOLT T
oL AR L 2

EIE 3

T 538 B AE T R HATH (e <.005), H il FHYF 7 1/2 ulp K, Frelft
I (7) i3 =S5 /GBI L ) A R ZE R A Y e
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D.3.4.2

FAt e <.005 JUTAERFA SEFR F R G DA REAF B AL . B, 2 p=2 Hp=281,
AR e <.005: M B=10H/, p=23 L2,

fEdr il CAERE 3) AR RIA DR ZER, A RIE LT R S 5 .
R, AR 2292 At dr DU RIE 07 A 1

SORT(@ @ (b @) ®(c©@Ob)®(c@®@OD)®@® (b © ) @4 (8)

{17 (8) IMBIPE, (ER BB RTINS E 0 2S70 TSRS 7 e
F5 0 Es

PR AR R £ LIRS R, (7) KSR 2.35, HI9UE
2.34216 HLL, MXHRZER 0.7e, XL 11e BNEZL . T8 22 BN A 35 2 5 AR S 3k
RGO AR, T ARSI 2 2R AN B 1)

WEBG ARGl TS M R RIER 1+ 2, HAr«l o HRIER
MO SRR . LUK 100 S50 —ANMRATIR P B, FAERIR R 6%, FFR
WERWE, W n=2365 Hi=.06, IBALEERNERMEGEN

j/n)”— 1

(1+
100 —

FTCo WIRIZZMET B =2 M p =24 WATIFEM, MMALHNKIE 37615.45 o0, Lk
g 37614.05 KICHLEL, ZEHUN 1.40 70, SEURENEEBRIE ., ®EX 1+
i/n B 3E1 A .0001643836 AN, XAESER i/n WIS, K1 +i/n ¥y K3 n IkKE
N, By R AR,

XA NSRRI (1 + i/nyr TLAECE 2y entn(+2/m) - SLAE 1) ) R AT x BN
BUF ST In(1 + x)o —FIOFERAEFBIM In(1 + x) ~ x, 7RISR0 BT 37617.26
Koo, EHA 321 oo, FLREAUEHIAN BRI ARG HE, 7 FhJrke
DAARHORS i vh 5 In(1 + x), WEH 4 P [Hewlett-Packard 1982]. A b 24 Aot
AL 37614.07, JURSHATEAE DR ZE AR FEAE M 50 2 A !

EHE 4 B LN (x) LT In(x), HARZELE 1/2 ulp Wo EERAMEZE: 2 x R/
N, LN @ x) AEET In(1 +x), B 1@ x7E x B ERTIERE. B2,
ERIER T, In(l+x) WUHSEREETIESERRE: x« 1,

EIE 4
AEAEH 2N ¢

X WFlIdx=1

I+ =200+ wF1 @1
(1+x)-1
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D.3.5

W In(1 + x) WSILR, 2080 < x < 3/4, W2 F2 R 517 (e < 0.1) HFTHY,
H In BYiH-EERZEA 12 ulp 24, WA RZER A be.

PEASGE T x BAERAE, (B e 1 5, ZMERIS A In(1 + x) F BB
TEIHTT o BARIE A SRR T R AT Lpi R, (B —AMAT R AR R A vl AU W) e K A
JEEL. K In(l + x) 5k

X(ln(if‘ﬂ) = xu(x).

APV 1, (ERAER 1A x MR M F uix) = In(1 + x)/x K r=a258

KN RE. R, w JLFREEN, B In(l + x) = x. B, FMESE x &3]
MNEKIRZE, HAiGd, W8 x=x, TH ) BE ) =In( +x) BRIELL. 2F
FAE—A X WOME, AT LR Y Mx+1? 21 ZEEx=10x) 01,
MG 1+ x 5 1@ x 5848 HH%.

AT BIRE R AT s (R RO 2B M FLRS O C A R CELPEIRND) I RAE
TR, AT, LU 0 R R S A AR A B A, DM R A
RETOBCRDRERPE s ELAE, 0 P BORE ATk i B o A R AR D A
BRI TR B, DS DU KR I 28 5. % T 54 RURE Ik ag, 4
IEIFFRD T 2%, DA AL, Esem2mE (AR (6) ity
AT ERRIZR R In(l + x)0 BOAZ IS BRI R, 2t — it
FOHL (A1 Cray R4 AT (5500

EREANRIEHE

FEAE PR B BEAT VT RB S, ISR i v 5513 55 AN B P (7 ) O RE
o LLIXFN T BEAT I8 SREFRN 705 A A 9857 8 SEARE R 2 Z AT A7 8] oty o
MR EAT A BRSNS R . L0 T W EH R B A REIE R T A
KL LR o A2 ) EESRORE R 38 A [ SRR 81

BIHACA L, MR AT ANTIE o S AR IRAF B, SR o A A ) $fr L
A NIETF; Bldn, Bzl 12.5 a7 K 12 B2 137 —ANFIRE 10 NCF 0 w2,
{0,1,2,3,4} I F&N, At {5,6,7,8,9} i LA Uk 125 K Ak 13, X JE4E
Digital Equipment Corporation VAX 5 HL L AT o —2#IRIWA . i T
5 S5 RINE T AT REM S AECT ], 10 F &AL ) E&ANTFRR N E . KX —
KA 50% AT TR — B R & AN G5 R AR B8 s, Bk 12.5 &
ANA 12 AR 13, Bh 2 2 AME%. HA sk s dn, 2m EdsANide s
ANJ %2 Reiser 1 Knuth [1975] 1] T4 A%, FEE&40E T LA N # .

8. MW WA N I AAMIEIE . — i

D-10  #{Evi554Ri « 2004 4 8



D.3.5.1

D.3.5.2

EIE 5

1% x Fily ZI7RE HE xy=x,x,=(x, ©yY) @y, .., x,=(x 0y ®y. YR
HEAG BERGHEA @ Fl ©, WA THHn, x,=x: HTHhAn21, x =x5.
1

h T WL R, WL B =10, p =3 AHl, JF4 x=1.00, y=-555. M7 LA
I, PP AL R

X, © y=156, x,=156 © .555=1.01, x, ©y=1.01® .555=1.57,

x, MRRANESAEECKS RN .01, HE x = 9.45 (n < 845)% Hyil-. FEAEHI& A A B A1
WF, x, WHAJE 1.000 MR : LEAEF 1) b NBUIIN, 52 1) Bl 2 ) 3
B, TR R, ORI LE AT 4 A O R 2 Rk o AR SC I EL R 22304 8 T
N BEL.

FErf s NN ] 22— 2 AT 2 RIRS B B A7 PIRP LA 1n] LSRR R ROR 5Eo —Fb
TP IR (AT 8 7 R i s B KA BT A AE e T, IR AT 8 5 e
BT A XL IR AR o 55 R S RS AR )R TR A BT
A, AR I JC PR L ) B 0 3R MR S e RS T i B, BLARF IR 2 Ay
o MAF KA BP0 T DME A e 2005 35 9 5 3L B AU, ER B 2R
T N RIE 5

Elﬁt%éjﬁ*%/ﬁﬁ’]%ﬁm%ﬁ xy R AR AN ERR R A S x Al y 4‘E|_JEI’J7|°£
WSy x Fy, AT WS x=x, +x, My =y, +y, WKHIRH

Yy = XY, Tx oyt Xyt Xy

WER x Ay BAT p A 88T B ABINER BT p AR08, HAIER x xs
%\%Tuﬁ%uﬁmuﬁﬁr épmﬁﬁﬁ 2 5 B — R gR oy T ik A xox,
eoxy g ATEVSOh xpx L F10.0 M. 2 p 2, z~m
R AR wm LﬁﬁﬁﬁﬁTuﬁwﬁ%u B, Wik B =2,
=5 H x=.10111, M2 x AL A x, = .11 Fl x,= mmmoﬁ%ﬁmﬁﬁﬁm~
Fio B T LR 4 J775 R 1 Dekker [1971] $EHAG, (R85 % A A R K

fiz.

EIE 6
Wik p LIFRiSE LKA B >2 I p BHE, TR EFREF R AR W4,
R k =[p/2] Z#/ENT—F (g LAAD Hm =+ 1, WAL x #5490 x = x, +

x, A

X =m®x) ©(mM®x © x), x,=x O x,,

9. Mn=_845H", X, =945, x_ +0.555=10.0, 10.0-0.555=9.45. Pk, n> 845, Xp = Xgygso
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D.3.5.3

D.3.5.4

FETS x;, 2 ATELEH] [p /2] 104512 Yo

h TAERBI UL E N, AT 4 B =10, p=4, b=3476, a=3463, c=
3.479. M4, b2 —ac 458 N K IAZIT I s 20 /& 03480, 1M b® b=12.08, a®c=
12.05, Bk b2 — ac PTHEAE S 030 IXFE, RZERLE 480 ulp. FHEH 6 S b= 3.5
-.024, a=3.5-.037 Ml ¢ =3.5-.021, b2 KA 3.52 - 2 x 3.5 x .024 + .0242, HE N
B RERAIY, I b2=12.25 — .168 + .000576, LI A& H PR, 2, ac =
3.52 — (3.5 x .037 + 3.5 x .021) + .037 x .021 = 12.25 — .2030 +.000777. )&, WX/
BHE AR 0 @ .0350 © .000201 = .03480 /) b2 — ac 15 4L, & 5HEME AN
g R AT UL ERE 6 Mt TERmE AN, WhRkp=3, =2, x=7.
4, m=5, mx=35 m®x=232, WRMHRARI LA BATHGEIS S, T4
(m®x) © x=28. K, x, =4, x =3, HILAH x, A6EH [p2] = 1 &R,

PRGN R — Do, BB 10 B me G588 — MFAEL — B OL PRA
T m/100 2 B =20, A 10 R m/10 BRI m, FAFRMAM TREA. Shrk,
AN ENHEI S (1 Kahan $2H) JEIEG. JAEAER 59, EXF g0y A K
DR ELE AT LA Bk AR 5 D-14 U B Y “IEEE bRifE” B

EIE 7

B =2 B W m Fin BB H \m| <21, n AGHEREL =2 + 2, W4 (m
O ) ®n=m, KALIEEEI RN,

UEBA

B0 2 MR RTTA P EA RN, BRI SR8, A SR 8y R
q=m/n, WALLGIAETE N n UAE 27 -1 <n <20, FREZLCHIGEHCH m UIAE 1/2 < q <
1o Bk, 2v-2<m <20, Wl m BA p ML, PrEME—SESA N EREZH —
B B8 m AT S AR EA R EN, Mt g > 0.

WMRG =m @ n, MWALUEW]IEE P LA 2

|ng—m < )

B

I AE A m 52 B 1AL, Kk ng &K me ATIE |ng -m)|
= 1/4 WSS, 1EERE, BTYIHORSRT m BE |m| <201, HAKAE2 0,
D E 48 T80T m (AR B2 0. Ik, R IAME BLE 8 AN h m

€ q = 9,9, ... WG =44, ... g le BN [ng -m|, WHEEIH

[ -ql = IN/2+1-m/n],
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Hp N A THEH. Whn=2+2 H2-1<n<2, LI THEKk<p-2—
SEAFAE n=2p-14 2k, [HIL

aN—2P+ 1,
H2p+ 1

@P-l-kyqyy_gp+1-k

lg—d =
H2p+1—k

o

DTN, FHECA N &, FTRAsEfr LA AR, ik,
|7 -q| =21/(m2r+1-k),

B g< g (5q>q MEZEBIED 104, n

g <m,

|m-ng |=mng =n(g-7) = n(g-(q -2#1)) < H(Z_p_ : _H2p+11 —kj

=(2p—1+2k)2—p—1_2—p-1+k =

o

OKARE] (9) JFUEW] e B 1T 0

B 20+ 20 B0 B+ B, ME BDO TAEAT AL B #OL AL . EE, BEE B Y
Ko B+ BB BEZE R BOR UK .

FATIAE T LA DR ) ORI ARSI TR K& AR, XA %A
KER? BRZWMEARFR, BT REH B) I AT FIATAT LAIE B 2 A B AT 8N
WM& IR . R, B D-6 1 LM “HRE” = WiHe T ILRA
2o T EARGE DB AR IR A S (R, i SR e 8 i A TSRS i 1) 7
KRR, M 2se B 3 FEH 4 RER AT ZRERE T JRBE: WA x Ay X
PR RS EACR AL, A REHRY x -y W Re A R B . (B2, BT TR
KR BE, RS RIS SR AT s DB RIS SR AT USRS G R (e
6 FE B 7 TR I IBLE R ) o RIAEREANIE R i U SEAS SERRE IR AL, A
BEAR AN,

10GHERE, 0 g REESET ¢ - i
LA GRS G RN B 2 (A - il 2
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D.4.1

D.4.11

IEEE #r/&

V7SS WA AN Y TEEE A#E. TEEE 754 J&— A Hbhlbrdt. 0 T 8oRs R, &gk
B=2. p=24: XTXK S [IEEE 1987], ‘& EK p = 53. ‘Blidfi e 5K RIRURS 5 o
PSR Js . TEEE 854 S B =2 5k B = 10. 15 754 N[, "EANHR & W7 5 50
MR [Cody 55 1984]. EANTE p [FIRFEME, 1ML A HORS BERIBUR B2 58 € X p (¥ 72
VHEMA R 7ETHEIXPAARAER A LB PR, $A RV IEEE 7/t

AYI TR 2 4 TEEE brfle SRS/ @I bttt — AT, LA SRRy e
PRUEIR S o A H AN R 1838 TEEE Frifid il R it mibndE, T2 K %52 0
fTOErsE, JFgemiliE. ARG R, 15 XL hriE [IEEE 1987 ; Cody %%
1984].

wRXEEE

22241

IEEE 854 fuiF B =10 M5t A2 2 0m 2y WL AATTH0 2 A0 F 2640 10 SRk ac ¥ % 18 47
Mo B =10 JUHES T, A IS ML LA v 58 Lk SR .

IEEE 854 Zisk: WIREHCZE 10, MVAUE 2. ERXFEERAJLAEK . % D-4 5 E
(1) “ARARZR Ulp” #3330 73— R 2 B J& 2 BB ZE 0T 145 R R
fif, DA EAT AR ZE VBN .5 ulp Ia N iR 2ET% B IR AR, i HEEFAH S
PR 22 IR ZE A3 W J LT AR 28 02 LU T B i) o L rp (R S DR A AR 5 KL B0 A 280 AT oo A
b B=16. p=15 B =2, p =4 Ihl. XHADRENABECEAE 4 67 AW 15/8
ITFEEE R, 2 B =2, 15 #&amA 1.111 x 23, 15/8 #kRnh 1.111 x 20, [t
15/8 /G (HZ&, 29 B =16 I, 15 #KRA Fx 160, Hrfr FE%oR 15 -F/Nik
W (H2 15/8 #iRRh 1 x 160, "B RA—/MNEMAL, WH, FE8 16 &2 Ak
34, DUMREIER p 0TS HERIEC T HAT A SO SRR 4p - 3, A2 4p A 1l
P BESR ORI B AEAEAEIX L, At IBM AL system/370 14T B =16 E? N
A IBM A Ay JE e, AR AT REM RN o 55— AN K TR A
system/370 LIRS RAT B =16 p = 6. KA HE 24 7. BRI
32 47, FTLAAfRBURT 7 A7, AT SRR 1 L. X8, R EUE 1R/ L2
Mo16-2° F) 162° = 22° . K TAE B =2 WRAGEMUNIRECERE, #2048 9 Mo THE0
Iy AU RBECA R 22 A, (HSE, RHEIRINIFEH: 24 B =16 B, A%k AL
R4 4p-3=21 17 FRIME, 24 B =21, A REFASPTIMOKEEN. QEWAEEY G
AT IE B0, BIUE B =2 MTF SN 23 SRR, 1 B = 16 M EALIN AT
21 - 24 {7 RS BEYE [
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PR B = 16 (K5 — Pl B BRLLAR SRR X0 PI/NE SBOIAT IR 5o, e
SRRSO, 3 — A BT AT R LA BN ES 55, 0 MR IT3E S
B, fE B =16, p=1KAS T, 1515 ZIHHTHETH A MR KT Fielixd
B P AR AR R S AT iz s, B () = 105 ATRER R, AT Ebfi i
fii. HZE, 7 B =2 p=4 WRGT, XL FaLEFE 2 M 0 2 3, 105 Xfh4 70 X
HEHATR AL

ST B4 K SRRV, 3ok o 5T ST 0 A MR 1T DA 20, [
B = 2 I A M T TR ST B = 2 5 M SR A A8 S
TR0 12 RV A 2 B AL, T AT R T O B AT A BT IRE 1, b
AT ISR — AR AR BL. (P B TS RO S BT L. % D-3 5T LY
“UR SRR P ORIR K N O MATHERL . B TR o — 1 SR
B, BRI AT

1.0x2%in™ ", i R 0.
IEEE 754 HRE R A H 32 fidmtd iy, K 1 475, 8 M T4a%0 23 M AR

Fo fHIE, EAH AR, AT 24 47 (p = 24), RMEEDUE 23 A7t
g it k.

IEEE e LT PUBIAS R RG L : BORGIE . RURSIE . RS REANXURS LY it o 7
IEEE 754 ", HURGSEROURS SR SO0 B K 2 B0 B e (RS 5 o RS 15 Ay ]
A B2 AL, RORSEE S AL 32 475 7 RRG RO — Bl =D P Mt — AR L
AR HHEH R (R D-1).

% D-1 IEEE 754 ¥:\54;

BR
BH HBRE BT R SRR MY R
p 24 > 32 53 > 64
Crax +127 > 1023 +1023 > 16383
€ in -126 < -1022 -1022 < -16382
BB (A0 8 <11 11 2 15
TR (I 32 > 43 64 > 79

IEEE FrifEFEE 3 RERE BEIR AL 2 D ANEIAM IR T St SV IR 5N WORS REd™ A% AT
Py 80 A%, RF ERBIREATUAEH 79 . JREEE, 57 R R RE A S B00E 5 A
ST RERAL, BRIBREAE I 80 friii AN 79 47. 13

12.3XALT- 2 1 56 1 Goldberg [1967] K& (1, L4 Knuth ([1981], 5211 50 Kt 777547 T Konrad Zuse.

13.Kahan I\, ¥ JEAEREHAT 64 ML A 8087, BURIX 2 n] AAE Intel 8087 b ANHY NG ER IS [A] (R 1 5 B b4 T 2E
7 A% 32 1) 55 56 K5 F¥ [Kahan 1988] .
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BREREY RS AT N B 2 H, BT O A SRS BE AR AT i 18, (HE S 2 A i S22
DG SEFFR DL T 1153 ARSI s ..

YRR R — B Rk B RA . E TR SR 10 47, (HAEN A 13 7.
WA 7R 13 A7) 10 A7, dHEESE T P B RV M 10 AR RS RR L. RX
SEH) CRRART o TR AR 10 AR LN THEIE W exp log F cos X K KL, Hik
HHMRCE, ETREAAH LML AR IR AR R A, ek
O BME I35 % 0 500 ulp. IXFE, AR 13 AE3EAT V0T AAS HE IR 10 745 5.
A AN 3 ALK, TSRS AR AL T AN B AR

IEEE At rh (F97 G BORERAUE A . el e v] DL ot ot S 8ok, He (X0
R R ZEAEL) 5 ulp W, DA HDISLE R AT P Bt 17— AR, BT RIS
B OV T SRR I8 SO 2 R R B R ) 2 iR [RDRG A S K29 7E .5 ulp P IAEL
HoZ, YRR, #iiRe A D P R AR 2. B, 7evh5ids b,
U R B AR R e A N B S (A R RDORS 12, DRt — 2D as S 45 RO Lk T
BB EL, I ELO L R BEBLP 2 AN nT UK

UL IEEE 754 Sk %55 1 0] 10 6 46 1) 5k (9 Sk dk— 20 U R RE R 15 o BRAEUG Ol

N BB R R FERL, DA Rl ) E sz [ i Ty DA R R A
9 AT BRI AL LATEIL RS R GE S WA D-46 Ul B« ZHERIE R
e 55y o T RERIBCRT A A e g ME— IR ORI, NA 1 ulp R N IR ZE
B A, UMK MR R IS5 o e — Py R BT s 2 G

o (EHRGREY TR, AFAAE— PR R A ik, e nT DKk ) 5O 4k ks
THHRE. EeN 9 AN THERIECAE N AL N BN, BB/, £ R D-1,p 232,
K 109< 232 = 4.3 x 109, N nJ LU FURSFEY R s . 3 1ok, T N I md
TR 10P, XK T HERIBIR AR R R (BRI RTE) B 2N B A B A
P 101P1, iR | P| <13, WXt &REHI#oR 1, K24 1013 = 213513 [ 513< 232, ff
Ji, N A0 A (i p <0, WPEEATHBR) o a5 i X AN I8 S R it
700, WK P B2 () 3. 56 D-46 UT_ER “ 0B i 2 30E i e e 7 543t
B T kG B 2R AT B S (AR R CBMIRRD o DAk, XHF | P| <13, TSRS Y A%
o ALK 9 A7 B 0 o e 1 kA CRORS i NI0ED « W | P >

13, DU FH SRS BE P TR AN DA L3R VR AR 21 B RS A N OS540 1 s B, (HE
g@mmn%qmwﬁiuﬁm%%iﬁ%ﬁ%ﬁﬁ+ﬁ%ﬁﬁﬁﬁ%&E%%ﬁ%%
GA 1

URSCHFFRORS L, ) b3 $5300Rs LIOSURS BE T AN RS BE 9 RIS AT, (HR R XURS PR e A
17 Az 328 SR A A8 [ R 5 EEOORS B2 e 1K

i

PR R 0T DO IE S8, P DL AU PR TR s AT 5 o BRI 1 B i
PR S /R 2 i e 755/ K/t TEEE AU AT 8807 47 5 11
ARG —MIHTRNFTS, HRAHIRERSER DN 2 IAME R H A1 B s 5
HUEH . AESETTR, Sa [-2071, 201 1] IECIAE TR L 20 VBRI AR K Bl
TR
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IEEE 3 BRAE AL I L AP (AT — iR FoR IR H 2 ST M &0 i 3oR  AEAT
FHRRS BRI DL T, $RELLL 8 Rifrfif, Wit 127 TR, B2 1023) « X
DR, W KRR A IO S RS R B A (B, IR i B FR 8O & - 127 Xl
WA L 746, LA T 2 5550k

M & D-1 i LLALE, BREAT e, =127, e, =-1260 3 e, | < e, MIBAZR /D
Ho(1/2miny KB L. B ECRBUR IR S AR N, U N R AN
L. 5 D-14 GULRRK “CEEEC MEOMERE T e, - 1 TR 0, H5 D-18 T LY
“CRPpRBR” BN e + 11— A&, 78 IEEE FOR T, IR R IRE T
i —1=-127 Fe  +1=128 Z[al, 1MMiaENT 0 M 255 Za (XIELZrTLL
i 8 AR AR AEED .

N— FIh

ZE5

IEEE FrifEZRM A AT ks o BRINETR . thgid i, DaUehifhit s R, 2%
Ja B NN L NP i B GEE S ANARED o 5 D-5 50 ER “ORIPEU” #5045 -
PN B FR RO AROR 225 I, F SO PN R B 1 2 A (R A 2 AR K
GE N T R AL, IR T PR CRUEATN R ZEAR /N (8 [ I T 2 (8 (0 S
o (HIE, AEA AR B AT T S B2 4 S T FOR B 4 R AT A A AT
gigte I GINE ARG B RN EE = A AL, BURENE LU L A DR B A v ) A
TSR, (HR SRS, S GO SR T S 2= (AT & N [Goldberg
1990 X, ol nT LA 2 sk b iR 1 o

SEARTERHARBE G RN —DHBLE N T SO AR T BRI, S NP G T
Lz R HIX P & v LSRR TEEE Ja 5, A RAE R b ) 45 R BN E, ) —
BT RAFEAR, A RIEHZE S . KRR E 1 00— Mo B R R HE P B
Sy AT o ATRTE RIAE W] C R INAE, oAb B2 Mg S A M 2 Rl 0. 1R W Hy
FEFF (AT PT CAUE IR, 37 RORE P (R TE At vy AE B, AN R s 100 22
HEBI IR G5 SR MR ZEFF AR AR . S B 4 URXFEI— MR B, 2 e e
PAERL RIS ST, ] DMK S R 5 15 2 . — BRI IAZIE WX TEEE 1857 1E
i, M4 e R AL SRR TBEE ARuE AT vF ML B IR AR

Brown [1981] ¥ & T K07 M A, XA HARE KL R TF Sl HE,
TEL R G AR TV 50 28 D-6 vL by “HR3H 7 AIZE D-10 vt By “Rmfiss A mis
S RS, eATR SRR T A AR L. bAh, S b e SUR
PATHIATSNEEALE, Brown MABE AR Y, Fik, M Brown [FIAHIEHE
P EU SR 8 18 S5 K R N 1 TR W B AT T

TEVF SRV N %05 KR eis SIX — o) b, WA e s SE N . BT HRAIEE 4. -,
x il / 24k, 1EEE beffEICHE 2 IEAa N AR« 42 B DA S HORIT: 55 B0 0] ) 5 46
BILEERIEA A NP A S T R CIEH RIS o Kulisch
Miranker [1986] 14 & i5CH AR N BRs i e 12 H A& . A1 3), 75 IEEE iz
BN B B A g S IR A R ZE T REAH S K. N, R R — R R AR O
FI((2 x 1030 + 1030) — 1030) — 10-30 [F4F45F 10-30, {HZ M A IEEE &8 /i Sl Ll
G2 Rk 2 -10-300 A FH Lo Sl s sfe 5 o FH BE A R SR 2245 1 ulp IR,
XA HER [Kirchner A Kulish 1987], 14 15
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P B i ARk e D P et =K 45y 13 <l NP (5 R w151 353wl L 1 0 255/ 01% 0 N 2N PR P
R NPT IZ S SR TR CRHBRA) o X T4, Co0 Il i 3.
TEIT P AR A SR LORS 1 7 NI 45 A 22 [Coonen 1984] .

IEEE A5k 5] /7 A f9 Al 0i AS B2 SRR i NI 28, 0 73X — i, BUE R IEAE

HIE 4 MEFRER SR . B4, exp(1.626) = 5.0835. W iZd4 ' Ak 5.083 & f 5.084?
MR TEAF A T3, g AR ) 5.08350. 4R )i AL 5.083500. 4XJi5 AL 5.0835000. [

exp ZHRE, FrELEH exp(1.626) /& 5.083500...0ddd i& it 5.0834999...9ddd 2

B PR Ak S AT R AR N ) o DRIIEE, i o R 80 R 5 e T FRORS S 7 5 e P b AT
S NFTAFIRE AR IR R AN o —Rh 7 vof & NEE Fde e ik 4. (RO, 72T
ARE AR AR RAF () SN BEALT R AEAE M. A HLEIT. CORDIC. 16 Ik
T AR SONL b U SR B ek ) = RO R e BRI VRIS TS R A,

RSB BT — P T DA M B )2 R P 2

A=

TE—S83F pi i b, B ECHR R — AN ATF R 2. IBM System /370 #tj&ix Ff
M=l S5, VAX™ (R — S AR IR BR N R B e A FO R R B 1% —
AT IB I 2] CDC 6600, ‘& HAR/NFFREE INDEFINITE Ml INFINITY ({715
Ko

IEEE b4k TIX—fE48, ©HAA NaN (AE40 FIET5 K. WHAE AT Rk 4L
WAL (IR SO R, AR LTS 5.
£ IBM System /370 FORTRAN *f*, it S50 (G -4) B9-FJ5 IR A A 4 3 5L
HRTH R AT ED o BRUOA R A B s — N R, T DA 7 MR AR (B — s 2 KA
VPN XT System/370 FORTRAN, &I/ J~4 = 2. {£ IEEE igfH, dhifn
Fi& [ NaN.

IEEE #r#Efe @ T UL MR GESILE D-2) : £0. RINFHAELIKIE. +eo Il NaN
(W F =353 PR, AFEZA NaN) o XSCREIRE A e +1 e . —1 4R
HORATambg T (D4R 0 9REZ e -1 -

% D-2  IEEE 754 k(4

£ =% %oy E.ZN
e =¢e, -1 f= 0 +o0
e=¢e,;, -1 f #0 0. £'x 28’”1.”

14— L8 [ PR WA D — TR AIE ST AR AE N 11918 +3 1 Kahan F1 LeBlanc [1985] 4 i1 .

15.Kirchner 52]: FEREIF £ A MK I AR, AEREPFH I STERZE4E 1 ulp WINABUZ ATREIN . 5340 22
T AT L D 3R A4 T 75 1 B R A AT L

16.CORDIC 2 Coordinate Rotation Digital Computer (AAFFEHE AU AL W4HS, TR v B H0r —

ok, TFEAARBALAING (AR D IRIEMERD  [Walther 1971]. ZERCTTvES, 5345 LA AR R] LA
53R#31E Intel 8087 Fl Motorola 68881 - {# FH [ 1 i it 7 2 (1) e B AU A BEAT LU AL o
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% D-2 IEEE 754 ¥Rkl (48

EiE )= & i xr

enn S e <e.. - 1.f x2¢
e=1¢. +1 f= 0 400
e=1¢e. +1 f %0 NaN
NaN

AL GE, ¥ 0/0 51 AN SBOFE A LI IR B . O, ARE— LR,
RYIEIXFE GO QRSE3AT o RO R LA IR B, IR Ak
R f T EIE, ML TR zero (£) o #MMESE, FERBERM AN
ANDXTE] [a, ], BECGEAEI € XY, ARG TR e i, roife2
LL zero (f, a, b) MEXMTN . HEATRINF A A LR oA LHOME R . IXF
PO [ A AR AR UG & Tk Sy, R IURBEAN AL R R i
SEE XK HJE, TLURZR Dy b 1 20K 2 B4 A 4R 7 20 SN SR . F Ak ds
AR M R A SR AL £ RBAT TR R AR £ 1€ e AMRE, W £ 1
RS RE 5L 0/0 B V=1, TR sk, (R &R R AR .

TR FIAFA NaN R, HEEm 0/0 fl J—1 23R ia Rtk 4 ) NaN
AR R, stal DLBE Sk i) i, % D-3 fail il 7 —2w] LLS 3 NaN B, X
¥, M zero (f) 76 £ I X2 AMERRS, £ FRIDKIRF] NaN, Jf HZ A sl
EPAT. WERH, zero (f) REMEHARMENMRZE “EH7 . idERE], 5t
W LMR R B T R 20K NaN 53875 m s S — RS RN Z A T4, e £ ik
Ja— 4N return (-b + sqrt(d))/(2*a). WME d <0, W £ Wi%ik[F NaN.
KA d<0, Frbl sqrt (d) &—4 NaN, 1MH -b + sgrt(d) #2&— NaN (Ui
NaN FUEf] HABE A NaND o 28000, R8RS H N —AMEESE NaN, U5
Ni%#& NaN. %, 824 NaN S 5F 08N, 48482 % — NaN.

% D-3 774 NaN iz

B 72k NaN RIRIER

+ o0 + (- o0)

X 0 Xoo

/ 0/0, oofeo

REM X REM 0, < REM ¥y
J Jr Cq ox<o B

G 55 AN SR P N E SCBR IR 22 SRR 1K) o0 — TR AR 5 e Ak as vl LU Kl
TR AME T BIR T . IXRE, R £ AR SO AN B R T A
W PR P IBGR P25 F M SERE Y o BRI SR R R 5 AR AT AN R A 5 A By
o CRE AR AR & A .
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£ IEEE 754 1, JH ¥ NaN Lo a4 e |+ 1 MARTRATAECT 1037 i, 52l
ATLLE B RGEARIE B EAA AL KR, A fAAEME— K NaN, 2% R
FIf NaNo K NaN M ETE m g G i, 2R i1%5 NaN #/E8 1H
U, R KA SR A5 RO NaN, - WA 2807 (0 AR GUAR AR SR e A vk S (1 2 —
N NaN I ERE R . Sbs b, X FRa— &80, A7 DPERmEruinl . wikp
MNERAEECHE NaN, MZER0R 2 HP A NaN, (HE W FEAZ 564K NaN.

3

IEW NaN $24t 7—Fr e 85 W1 0/0 58 V-1 2 JMRIE U gk 44T o 500 i —

FE, OO RHRAE T — P R A BRI RS HAT I 515 3K LUANGR [P AT 3R 7R 1 foe KB 4
3% LU Jx?+ 2 A, i B=10, p=3 He_  =98. WiH x=3x107 I H
y=4x107, W) x2 ¥4 B, PR 9.99 x 1098, KU, 12 T x2 + y2 #OKAK
W s, JFH 9.99 x 1098 Fiffe, [Rit, HmALEWIE J9.99x10% = 3,16 x 1049, %4k
R ERTIR: IS RN %L 5 x 1070, {F IEEE i85, 22 Mg R o, 12, 22 +
V2 AR+ 2 IR, DRI ARG B oo, X IR MM AR IEAE T IE A 45 S (338

T s, 7

0Bk 0 &774:—4 NaN. {Hi&, H—MNEFHEBRUENSIRFEILITK: 1/0 = oo,
-1/0 = o0 XXM JEEE : WARAE x il HEA BRI fix) - 0 H g(x) — 0, W
fx)/g(x) WTLAEAATRAE. B, Wi Ax) =sin x H g(x) = x I, WY x — 0 i
f(x)/g(x) = 1o fHIE, W Ax)=1-cosx, W Ax)/g(x) — 0. # 0/0 P ABAEH
(B R (R BRAS LIRS, 0/0 AT RARORATE 4. Mk, 76 IEEE fr#Erd, 0/0 7=A4—A
NaN. fH&, WH c>0, Ax) > c, Hgx)=0, MXFALRASHTRE f Al g,
f(x)/g(x) = tooo WIHXFF/NME x, £74E g(x) <0, M A(x)/g(x) — -0, FFMIBLRZ +oos
K, TEEE Ar#fEsE S c/0 = doo (KB c20) o BHEHH T, oo MFSHRT ¢ S
O MIFFS, XK -10/0 = oo, M -10/-0 = +ooo 1T LAX 3 [K_F- 348 17 75 5] 0o F1KI B3 LA
FMFENN oo, JERRARESIRE  CHTEH D-26 U0 B “hri&k” fo h gl it
W) o EH—FEO TS B bR, A O R E R LR AR

TG TCTTRAE A B Ia 5, e 045 SR LA 7 e K JE 95 R 4 o 1 B 4%
x IR A x — 000 I, 3/00=0, HN

lim 3/x =0,
X —> oo

K, 4 —oco = -0, Joo =00, MMIRALEERS, 455 NaN, P co/co ¥ —A
NaN (& D-3 B HARE) « X5HTEH 0/0 N4 NaN [F 458 R 2 —201.

17. 4002 i BRI S UL T TEEE 38 5204 /8 B3k 880 4 N o0, {FLR: B S0X — A8 1 T2 T MY
GHZILE D-26 T LI “a AL D
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N FRIERIF N NaN i, BARIEXME B L NaN. B2, 5T teo HITEH, RIE
FAIME AT RE A — AN R B, U AEAEZRAL 1/00 = 0 BRI, R AR LI KiE
ﬁﬂ%@%@mwouﬁﬁ@ﬁxmﬂ+n%woﬁ¢ﬁﬁ%ﬁﬂ,H%Iﬁzﬁxk
T BB, AHJE ST KA NS AR A R, AR SE B 0, A
AT 1/x 8. 2, x/(2+ 1) AIHES N 1/(x + x1)o X2k £ A 20K R
St B b, FHBETIEHTLT KISHEMN, M x=0:1/0+01)=1/(0+) =1/ =
0 WK A B IEM IO . WIRAIE R LI KIS H M), Fikz 1/(x + x1) FEXF x =0 3
TINR, AN SIS, T H S WHRAKE N . R BIRE I — Rl i
B, BUG S KIS S IE & R AT R R G A s (H 2, T A ST AT 4 2 DA
RIS KA SPATNIT A (I x/ (a2 + 1) BFHBAE) S

BHSE

Tt hietie . -1 MEBAMEBFRN . BTS00 URA WA A F I, Jreif
PIAZE +0 F1 -00 WRZELLEE +0 A1 -0 WP AT T X 40, WIZRELif (x = 0) AU ERPIER
BEE IR NAT R, BAIGRT x F555 . Kk, TEEE Aidke X, LA
+0 = -0, MAE -0 < +0, BARBEERFTSIHLREREN, {HiZ IEEE brdE A XFE
Mo MFRVEEERIEY KBRS BIZR, VRS RS il nT USRS R
Kk, 3-(+0) = +0, +0/-3 =-0. WRFBXKHRT, WA x = teo WK R 1/(1/x) = x ¥
TCVEIRAT e JRIFE 1/-00 FIl 1/ 400 (L RARIE 0, 10 1/0 LR +o, HEEREL
FE. MEHEZEX 1/1/x) = x W—MOrikB@MET ML K, HERKSHER L
i B PR B K PR 5 B

S FFIATRE TR 10 5195 R RERIE 0 4b BT RHELERE ML (W1 log) . 7F TEEE
IS, % x < 0 T4 log 0 = -0 Al log x & X NaN /& FAAM. i x %5 A0
o FREIZIN G T T AR 5%, L x BB, A log i LUEIH

NaN. fH/&, WRAGEAAHSE, Il log MEEEX S FRIGHES 0, I A
ARIEIE] o0, 5 0 2 ELATARHELERE (B 51 5 — R B signum B8, 2GRS0

AR5 MM CE AR T e HIE B ARis b o 26— AR Iel -, s
JU/z2=1/(J2) « Mz200, XEEEERT. W% z=-1, R EIELRA N

JIU/(CD) = =1 = 7 A/(J=1) = 1/i=—i. RSN J1/221/(Jz) ! T
I AT LN s CEROR 2 AR, WA T ORIERE, e A AN E
SEIELLEN) . AR, WRAE SRS P A S EU A7#, WSE T RS . IXFE,
RN T el A B AR SRR I R, SO - + 40, Hh x> 0. AT SRR
TR 526 T O x + i(+0) FIBCRA — NS (1Jx), 35—
RN x +i(-0) BT EE S S (—idx) « Fzb, WS ARAKS N
IXEegh

RIERN S/ 2z = 1/(J2) « WMHE z=1=-1+i0, 4

1/z = 1/(-1 + i0) = [(-1-i0)]/[(-1 + i0)(-1 - i0)] = (-1 - i0)/((-1)2 - 0?) = -1 + i(-0),
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HHFLAJL/ 2z = J=1+ 1(=0) = -1, Wi l/(Jz) = 1/i = —1. Xk, IEEE &8 N
oz R T IESER . S E 2R 6] Kahan [1987] 45 . BARX 2 +0 F1 -0 H
H, (HEERFESS R, i, ﬁﬁ%iﬁﬂzﬂﬁ%% x= y<:>1/x =1/y, {E x
=+0 H y=-0 RFE R0, B)E, TEEE 2 b £ A 21055 5 040 ok T 3k
Ro

2 15 A% 4 B9 28

UB=10. p=3 He_ . =-98 MIERMIET mBOAE . B x = 6.87 x 1097 F

Y = 6.81 x 1097 F e K56 A Wl V7 0548, e iR/ E 4L 1.00 x 1098 ) 10 %
Zo AR, ENEA-ADAENEE: x © y=0 (RIE x = y! 5 E:
x-y=.06x107 =6.0x 109 K/PNLABCT LR IS AL, DI EBatE%. )
il

x=yex-y=0 EIEAERREEER? (10)

BEGREARmE UL FMUILEE if (x #y) then z = 1/ (x-y), BFSHTHRBRUE
MAEISAT T BB () f5 . FRER LS RS AR R BE 2% ) XORERT . 5 A7 #7221 400
b, VNIRRT R . B S gy e KRR IE AR AT SERR ), (B IR
TR SRR R T AR Y, X S A A AR . il tar,  BIEARAR fk AN g F AR E B
F—55, SINEWREMESEHN. 7RG T AR —F: AT A
R PTIER Est . B, M0 As (6) i, T x/2<y<2x=>x 0 y=x-y &9
WA, B, WA (10) A& IEMAR, BinT DUE SRR g S AT ST A
W E AT TR A B BRI, IBAR e e kRIEE 1.

IEEE F5uEAl 1 S i R AL 11918 K, IXRAE T (10) LARHABAT DGR . EAT TR ixbrifE
AT RURR 4y, X AT RERE 754 LI ARACIN () (¥ AE IR A5 LA HE R IR . AR AT
IEEE A5 #E ) K 2 B P BERE AR T AN BLHE SORF S ) IR AL R 880, i R 7 A T ™ A AR I
TN SCHREREBE, IR LB 45 0 LU TEEE i . 19 SRR S i) R Ak 1) i S AR mT
B Goldberg [1967], IXFl BARIEH T o FEHUL e I, ARECTALEATIL
feAt, SXFEAE B=10" p=3 He_ =-98 I 1.00 x 1098 NI/ NMOTTF S EL B
0.98 x 1098 /& —MF fi8L.

4 B =2 HATHIBEIAII, fE7E— AN/ NIIRSNAAE, BUNIEECY e, HIECKaH 2 1 AT K
To&ET 1.0 AR S (BATAERNXI S « Bk ERmns 0 Il ik
L, JHCERTER D-2 . 8% emmﬁﬁﬂ:ié?ﬁfiﬁﬂ)@ﬁ’ﬂﬁlo FIEARRAE: ikl
AP A2 by, by L p 1 HIREUREDE e AT e>e -1 0, Jr&ns
MHE 1.bb,...b ><2‘3 Mfe=e_ -1, Fﬁz:'%TE'J%ZEObb b (x2e+1 R
o +1 ané‘ﬁE’] R 4 2 160 B T e .o MARZe

18.7E 854 11, "B IHEFR A subnormal “UIERMEL” « 167544, # denormal “ [ ERLIIHEL” o
19.1X 2 T BObRUE K BT 7 1.2 — ISR R ZEAT 3P B AR BE A b, 330 35 (0 R 0 S AT A R 1 o
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WA FAEARTR IR th ¥Rl B=10, p=3, e, =-98, x=6.87x10% H
y=6.81x10-7, X FREMEHEL x -y AEE, S0 SR EL .6 x 1098
KRATR o IXBIAT PR N ETLE s UESATHTHTE TN (10) 2 OLRARE 5 10

B D-2  EELEHE N u AL

D-2 BT AR AL IR P (0 LS O 2 W MR AL IF A8 TR 0 il
ANABACEL 1.0 Bmin 2 [a) K TR o R R v S A R TR IR R A, UK
Fo P SHCE A o S I MRS O I B AL BN R O IR T SRS, ik
SLEERANT 10 x Bmim i, g A e BT ) B i) MUK BOR 7R o K I 1) RS AL 11 20
INFISEHCELIS , QBITE o) ] B A 2R AT LI - I I BB A AN I
B BN T2 MR SR AR H, M EETARIN B=re 1B min AL 5]
Brmin GEBP=1 AT, AL B KA AT AL . d 3B, A0 ]
BE R IN SO0 v B RS A e BAT ORI R 22 I VP 22 SR, R
R R4 o

U SRAE T e i, D T RS AL B N SR i, TR R IA K & - y S HA RS K AH
PR %, I BTG I x = 6.87 x 1097 Al y = 6.81 x 10-7 [T %2 . BEALELE
W2, RIS RZER S KA, W FFIFTR [Demmel 1984]. LI NR 5 a + ib Fl c +
id MER R Bl R E, A

a+1b _ ac+ bd  bc—ad .
c+ 1d 02+d2 02+d2

SRLLT B WA BE ¢ + id BT — 385 KT BB, WA R E b

Wi, WAL Rl Rese A T E 2 W2 k. VAR A — Rl b il v A
Smith )2 3(:

a+b(d/c)  .b—a(d/c)
y c+d(d/c)+10+d(d/0) WA (ld <) )
5 11
‘d | bra(e/d), —a+b(c/d) BRI =)

d+ c(c/d) d+ c(c/d)

# Smith AT (2 - 1098 + i1098) /(4 - 1098 + i(2 - 10°98)) H45 H BAT Wi E T #Em
IEFEER 0.5, (I F €4 04, JEIRZE0 100 ulpe S FRURALIEN TRk
iR EL R —H PR 1.0 xp min .
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D.4.4

FE. RS HEHLIEIEF

7E IEEE iz 8 tHIURRIBR DL i 56 S i R U, B W B e fhik o B4R s

1T BRI EE W R X 0/0 Al J=1, 4590E NaN; % 1/0 fl B, 4558
JE ooo TN JLERSN 25 T A IR L4 {E 10 3 i Dl R 20U T B T A B E IR
Ble I, BB EIRSIRE. B PR Fhr e U E RS ER)
Jiik, WS IEEE brviE. XUskrEEAA MM, Db —HEBE, WAL B
TG 5R LR e AT TARR — BRI R 6 B . bR G X S 1/0 CERRH LR E ELTS
K HIME—T71

AT A IR 5 DI AR RANIER . 36 D-20 TR “Jo95” H4 i TR
Bl x/ (2 + 1)0 2 x> PR B, SFBHEEITR, FERELE 0, XA R

1o BARIEAX LB SIS 1/ (0 + 20 KA AS A, ERE S I B L R iR
YLl TEEE bR o 20 OS2 FeVF 2 e P DF AR By o 3XFE, BRI, B
PP BERE S, AR BB RS . FEBFCBRE PR PR s S A R T ER
B EUR SR S R BB PRSP I DA 50, SRVFAR SR 2 AR E LI

IEEE Ar#ERF 8 70 5 2K Bl Tih. BRAE . EROsSNAR . SR WA
FARFFPIRS RS . i =AW S SOEA T M. LRI R D-3 ol
Ut LR 4 NaN R . S0 Iia 5L Has 45 R 2 R A NaN,
HREARAIE#I . RN P N ERAEHUE NaN I, Zi585E NaN, HA
SURTCHAH, BARZS I 5% D-3 holth gt —. 20

% D4 IEEE 754* H i 55

Ly 1 R 024 R RN S
= oo H *x round (x2-0)
T o, +2Min gk round (x20)
[P +00 RS

ik NaN A E

TR round (x) round (x)

x SEIE SRR AR, X TR o =192 5 X TRURSIEA 1536, M H x, = 1.11 .11

e ax
X2 max °

VR RSB EE RN, Kol RAKEH . /£ =10, p=3 A&, 35®4.2=
14.7 JEXEHIN, B2 3.5 ® 4.3 =15.0 & AKEHN (Fh 3543 =15.05), X5k
KGR H . 28 D-46 TT_RW < Zg3b 2T BRI ” 8 T AR 8 10 5
o 2 D-4 AT BIR IR AT NI,

20.BrpARIESE R “Ali3k” NaN, BUAGIATERSHH . 1155 W IEEE brdk 754-1985 11 6.2 1. — S+

D-24 il 5idRH « 2004 4 8



D.4.41

A A DU SRS SR S B AKE ISR I G . R BT B QAR
& TR WA R G LU AP AR )5 W HOA s DUASKE R 3 10 B T S AR

feo MR RPERAE SRS HRE, WL ERBRRAS . B RGN, B E A N
BAThR, IR ENE R B MO R . B, TR 4R EOR AN T TR E R R
MO0 N AT M R IR PRI, R 0E R HIRE P B e -

FERF AL IEIE

BB AR BERE > 1) — AN WS A T T 1y e e . e 2s, Ada i 153 0 i Bl i b
1k WA R 22 B AL R R KRR R . 0 T AT Rl do s until (x
>=100) fEIAMAHS, EIIA. BT NaN SEEET <. <0 >0 280= (HA
AE 2 WWERHERAER, 52440k [A] “False”, G, N2 x o NaN, ARk
ANTCBRAEF

FEVHEEREIN T2 _ | x S5 R S B L BN, BB SRR Fe AT — b A A3 O i
o RIS AT BOFSCATHSE expE loga o RIS AFTER B2 HER
PR, Bt SsecA e TR A Ry, BUAERAT B i 2 k. 55— Fi e B
B A B 7 R AR R 5 A Lo ) e o 2 e ] DL IR A 1) # [Sterbenz
1974].

SO FMEA RS . WE ARSI HYIn o F . Hp, = TTA_ « 733
TP RAS kR A RS, MU Rt 2T A 1, IR R R R0
PrikJ5 ikl 7 IEEE 754 SRS, e =127, BULAIR p, = 1.45 x 2130, kA4
IS BOH H B P AL B, SRR PR R BRI E TS R Y, p, BETE R 1.45 x 2:62

GES W TFHANE) « F0, R p KA T, W 1, IR AR EdTiR b
IEARE. eI AT TRIENS, AR RIS R, MR p o WS 2 IEE
M I TR v s A SR s 2 s, MR IR N EE . WRSRA T — i A
YR, KA BERE A B, T L A ST RSN S A . RIS AEAE
/ R, vHEE AR LA R O S 2 R HER, AR py BB A S8 AR

Pl p  WWEK . Barnett [1987] #hi6 77— Ao, buE / Fisa vhEr) 56 e ki R 7E
BN R =4 T — AR 2,

IEEE 754 #i5E: 4R e PRt B b BRI, TR &5 SOkHE b S 8L . i

Prigi e o THEEs RN G T SRR B, FEBRUA 20, ARG S5 N BIAH SR
W ST s, BERRLL 20, B85 o 2 192 G FHOREREE) 8] 1536 (T XUk

B o Xmtie e LI Rl AT A0k 1.45 x 2130 40 1.45 x 2-62 [ JR A .
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D.4.4.2

D.4.4.3

EANEX

£ TEEE FrifErf, &F s 545 RAR 0 I #0R: LA A3t RO R 02 S
RGBS IR M) o S TEOLT, B AR 1A I
HARHAT AN o SR EEOR PP =Fh i AR, BIF O B AL ] 4oo AR -e0

BN AL THIIBEBOSTLI, ) -co B AMEHAMAZ N “ U/ BA M) +oo F7
AAEHHAR S “HCERR” e S AR B, DDA 0 3 A B -oo 5 NZERY
I, IR b AL AR 2 A B KK RIS IERL,  TAZ oo AU, FE[] +oo

FANE ] 0 A AR, SR ) R A R K T R A

BN — AR A X RIS SR () —AD N APRAESS D-46 5T LR« 3 20+
BRI RS hie k) o XSS, K x Ay KALE Xz, 2],
z 2l oo A x @y, Z JEIA] +eo AN x @ yo MNAIEH IS KA S AE X1
(2, 2] Fo WERAMA ALK, WX EI2HHEFELHz = (@ ) (1-g) M

7= (x®@y)(1+g), He ZUHHEHEE R, 21 X SECE ST XD FIAIX
)i 5 (RIs S A5 Rt — A IXTE], B A B o0 T s S A tOR 2 — X TAL . 20 R n
T [x, X1 My, 71, 4352z, 2], Wbz 2x@y (LEEABRKBEN R - &
AN 7 ftz® y LB ABKBE ] +oo A o

AR X IS AT RV R, SR AR MR A R IX A . R R
DATRIAROK CEIEHZIXFE) , WEXAEARH AT B o G IER 47 2R T LLAET-1% X 5] 9 1
EEAE . 5 ZHRERF R AN, XRS5 AT R H Rl ARSI p 44
ATVHEE . W SR IX (Al ST H B 28 45 RnT Be AN dERf, DA okl PRORS BE BT T 6,
B & XA A B

PR

IEEE bi#EAi VFZ RS Wndi i, BLR 250 oh g — 2R H BAT — AN RS
e e B BRUE. RS FAAR. A A LU DURR: ) S A 1
WAL ) Hoo TN ] O F AN -eo BN s ZUBON T TR H B RABEE
AR A T LR KR, B A AR SRR . R
AR AE S D-46 5T LM« HERI R H2E B R T AT .

21.Z W T Z Gl x Fly #RAE0 . - il
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ARG S DI o M7 BIRE, b n 2 DEE ZHn> 00, fa g
ABLT T T R Y 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
}

W n <0, WTHE xn (ISR T EA 2 PositivePower (1/x, -n), M2
1/PositivePower (x, -n), FENHE NREARL n ME, HhEIMREHRELE
KEBREZEE (B 1/x) PIHENRE. 8 AREPENERMHN (B, mA
A ERE R A — I iR ZE . TSRS, BESRIEE — MU G . R
PositivePower (x, -n) M T, AL NEEHHEOEERTY, EABEET
ROREFR . R RN, BAWMER o BB g, W) an B BE ekt TYERIN . 22 H
A&, WMF IEEE A R P Ui BT E pras, L FRIRERT DUEAA M G BEREATRE IE . &
JURE R i AT v B B S A, JEORA7 L A N EDIRSAL . RIG T
1/PositivePower (x, -n) BT, WNEEEA A& E L RS WEA R E N iaRE&
7, WFEIREE e A5 MR R AL — ek 2 . Wi g 7 R — PR, 7B R
HhrEIEH PositivePower (1/x, -n) CESZHHIIEMKIREE) BHiHHE.

o ME TR & R R A AR | A S AR L I

1-x
arccos x = 2 arctan |——=,
1+x

WS arctan(eo) HE K 1/2, N arccos(-1) ¥ IEMTTHE A 2-arctan(eo) = 1 (AN & TR
B o AHE, ANNEE, R (1 - x)/ (1 + x) BRSSOk S 805 LLR R bR
FiiE, BM# arccos(-1) NE T & 2 intt. b A s 7 iR i . Rl a5
SR L RRAEBR AR & ME, ARG ErH R 2 eI S L IHAE R A .

2. AT LIAEE R, OGS x <1, n<0 H o FURRMUNT P 2 in, ) 7 = 27 %in < 2%ax gt
APREAS L, DONAERTAT IEEERS/EH, e o <e

mi max”’
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D.5

D.5.1

E ]

XTI EHURGOR UL, LTS5 K B8R 27 OGP R THSEHL 2RI H R
AEFRARS, RS LAUVE SO EEF R4, 10 HERAE R GEA I e 2 L5 | A 2877
R IR 57 A DU P SR AT OB AT . THEERHLAR ST A SR MBI 0 # SCAS h 35
0, IXBESOAE H AT AT R G B, AR R AL A . AR
P B BTSSR AT S EUR TR T 0 107, 3§25 R i) BASIC Fi) o

q = 3.0/7.0
if g = 3.0/7.0 then print "Equal":
else print "Not Equal"

1t IBM PC 1§ /] Borland ) Turbo Basic #4749 e MIzfTIN, ZFEFTE! Not
Equal! MIREIETE T h AT 007

WRASE 5 — A28 NI RS 5 AR DR VA R AN LU B AR s 2 T AR A, T
e TRARZA R E WO ARSE . IXARAAZ MDD “ R
257, DUOYERM I RES E R @ F2. ERENMZZEZD? MR x <0 M
y> 0 #4E E W, IARSHENIZ e, BEEfRAARKAS? 1t
Ab, RE XK R a~be |a-b| <EANRZFEMKR, WhHa~b Hb~c Aiefd

Ha~co

EBESE
SRR T ARG i 2 SR T B SRS B R R AR, IR A L. AETIX
AR XFERTRY] (- b+ B2 —dac)/2a. G5 D-43 T LR “E P 4 AFW” #5
AT, Y b2 = dac B, S NGRZERZ T LS A SRR 2
T Ik DARURE B AT 715 b2 - dac 1, 43 FRARIRURS BEAL 1) — 2, X RO K IR B T
ARG AL o

TTRAT 20 P AN RS S SO AT A I 7= AR XORS JE 45 IR R iE R 2, Y ay b Rl ¢ 41
J2 HURE AU F RURS FETH BT b2 — dac SERB G M R T =AW p AL ORI i A\ Tfe
B, Fevkids W5 BA A 2p METORAN, RV B REAE QRS HAT IS I 5747 . IXFE, M
R S B B S5 00K TR A PR A 8 % S B SRR 3 R v 2% 1) A IS i — 1, iy L EE UK
E§?§@§$ﬁ@zoﬁﬁm%,H%%ﬁéﬁﬁﬁﬁ%&i&%%@ﬁ%ﬁ%ﬁﬁ
[FIT+E 4.

23X AT AEAE RN BV N R ER “IEAS” $R4 4R, EXFEIR S P AR A IR BE 5 SEBRIZ HTE G . TR Y
IR DLR WA IX— TEA
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DR SRAE P R RE AR A B U™ A XURS BRI R 2 DUE T T ka3, Ak izde 4
BmEFR SR RAMEA . HE, WIRSATVFZ IR . DR R ENE T R4 1 1)
At

A%y + X, +0 -+ a, x = by

Ay X) + Xy +- - -+ a, X = b,

A Xy + A%, + A X = b,
LA REE AW BN Ax = b,

4y 419 -+ 4dp
A= |91 Q2 - Q1)n

dp1 dpg wee App

BUEIEHM I (EVF R R Tei) SR T — M 2o A — Bl il 51007 17T
PSR IAERG S, X RI AR A & Ot oo

£=Ax0-b (12)
o ARJE R T REALHEAT SR A
Ay = & (13)

TR, W 20 AR, W RE MR, y BREFME. W, &My K
ShlEANRE, Wik Ay=E~AxO-b=AG0 -x), HLrhx & CRED Efk. I
Ly y=xW - x, IR SO Al vl

x@ = xM) — y (14)

FEHPAT =AM (12). (13) F1 (14), F x@ e x0), F x@ Biffe x@, XELT xi+1)
Et x® BORSRAREIRAGEAEER M. FRIEGE R, 20 [Golub Fl Van Loan 1989].

FEPATIERSIER, €A Ah, HIns BRI ARG T iUl 2, DI 32 2%k

RIS XA, IEABEEARAER A, BRAE € = Ax®) - b 2400 TSR A
FE, X THEANRE EEE (A R ) IRFRMR G, B2 E XU FEA R
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D.5.2

D.5.2.1

BT 2, SRAE (LR X PINT SOR O Tt IR P55 T bR B e
KRR, TSR &1 B A S AR o 8 TR 3, S kgl
B T H T AT

B S MHRIFER

i PR FIVT I8 LR I AH B Z WA 7E Farnum [1988] T Frisfie, A2 i (1 18 T
th HiZ8 3.

2R

BAREOUT, — P 5 1 SCAT LR 08 5 (T S, XXM R Y % 2 s e, DLER]
DA W AT R P I P ] o S0 1 5 B B0 20 1) S mT Ao A2 L3 85K, (HI [
BUPF SR I, 1 SCEH BATIROK MBI PE . SerP TRt B LU s i
2 E B AN DA R WA R s AT T RIR, O e g DS AR ZE . W EIX
e AR LSy DRI R 2810 . R e TR 5 e b S LR A
WITE, AT U AL EE AT A I

RIS, FELUTE 5RO TR MR e WR x i niAcE (B, RA{E 3.0/10.0),
W D 10, oxx R ILERA AT A FIME . LARE AT IR Ada i, &
ABL- B 5  da S T AT B A B, IXRERRIA AT LR 2 AT RE 2 . UK
PR 1)y A% R8T R TEEE B RG T BRI ROXTLE, X TR, BNE e 4h
RABIEHEWE LI £5 IEEE B, FRATATLIUEW] (3.0/10.0) *10.0 354 3
CEBL7) o fEAT BB, FRATAMIAZNX — x5

REZEOE S 2 ST 5y — P E iR e g B iR L TR DA HA S I i AR B 1 AT
Ko IEEE Fntf vl LAREG TS € 520 (AT A, IRIHORE b v £ 0 B8 10 3 5 mT LU S A7
RIX— L AT 5 Rk

o1 RIS B IR AT O AP AR AN iR, AREAE G Ed i+
PR P, 2 x =100, y=-10%0 H z=1", K&K (x+y)+z HERE

x+ (y+z) MEERZERARE (FERT— MO TS RA 1, RO N4 RE 00 . N
UL, TR B BRI R E B A AL 7. BB 3. 4 Al 6 PR VA ATN
we. i, AEEH 6, WERAMEABAG S, WARK x, = mx - (mx - x) KRLA

X, = x,EqﬁtﬁFi%T%/l\ﬁ%o X RIE S, ARG S RIS A 7 T 5 E X

KT
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TRIEATH AV LT PRARE L. BOE ds XK, HiE x Ml y 2 HR5E .
WMo, fEREX ds + xxy T, FBULHL PR EIL IO 53— Dorfil: 18 x
+m/n P m Al n Z28H0 1, BRARBEEISHIE T U5 A WFIE Ak
PO, LR R A A S 2 N 2 Fioiike, EREEX R
At R MF RS A, I ] AR 50k, EREH ki, HG, Bl
R T (W1 Pascal) SUVFR T 5 Vi I AC MR AR &, DN (TR R P AR
AIXURG A 2 N AR AT A 1 50 AN AT K. AERIEX 0. 1%x i,

RZHOEFHRE 0.1 MR RS H . DUAE, BUE LT SRR e K I A7 3 A2 () 75 WA
PR S SO OO B o RS ARRE 0.1 RLOU SRS K, IULKE H B 1IN A . TR 2
Kb J0HE 3 B R ANT R B0 SLE AT B

BRI o, SRVFE IR A RIE I, AR O N AR R S S R
W ATVFZ AR FIERG].  C A E SRR S TSR NF i IE 3 [Kernighan
H1 Ritchie 1978]. X453 HUHH I BUES 7> IF 4R Ab St 7R IR ALK S . RIA S
3.0/7.0 RALUURE RSN, HAZ, WUR g & U AR R, KRS R 8 A Bk
LMET A T 3/7 i MAEI —3EHI 35 DI R 30008 BE T SR 5 e LU
K FEAPAR IR A o IXHE, HUEL g = 3/7 KR, IR W2 e vy ol APRS 2T AR
BIE U ELTFANRE AN R

MRS REUE AR R AR BT I SRR R i R ZE ] e A AN Y

Ko WD BB NRIEI— TSRS B SR G — i A5 D-34 0t 11 “4ifk

a7 BT EREA D) o IR QXU AR, Hox [ Ay [ 2R
B, WANBIEHRKERRSEYT d = d + x[1] *y [1] . WERFIL R F R FE AT
(K1, A2 REROR L RARIIVF A0, D il A 389 0 0 00RS 15 A 5 2 1ir e B e 2 1 o
K BEHEAT AT o

WP AS 7 R, 2 6 DA R0 3P A ] A 6 ) e e g P T B0
Ko WA, g = 3.0/7.0 KERLHPRLIE, 24 FFRA AR true, W d=d+
x [1]*y [1] RHZXUREEVEL, 3RAG T OO 2B et sl HE, SR+
L BRSO WR ax I dy RXUEEAZRE, MEELy =

x + single (dx-dy) f& RO LA, (HUZAL00R SEREAT SRATHS 1 0L, I
N IX A A B A RS L 4 R R H

RN RIEAERW . H, WEANIEEIRE R ER R, R R Ak
B e R P o XN A 0 20 4 0 U A B (AT o SR S5 AR I B AT 28
T X, AREANE R BRI MR R A T R . £ q =
3.0/7.0 THOLT, REASUARE RS L), BRI s HAD R AT . £ a =
d + x[i]l*y[1] THOLN, etz S MR B O B, (R AR SR b e g e It
BIXCKE B, BN TFACIB S TR ARG EBAES. M H, £ v = x + single(dx-dy) H,
IS SR SR B AT . Farnum [1988] $24t T SEIR I A 31 AS R M (0 3iF 4

24 XPGEATUUT W MAE: 3. 02 DHRRFEHEL 3. 0D0 & DI EH L.
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SRR Rk i, RIS ST SOk T E B R A R IL 30 I A — 2 N IR

i piltn, BUE ROEAEWRIE IR A BEANE TR E . A RERT Sty R IA

AR, JFEORIEEE, PUNER P RIE IR T E iR AR IE . 56

TR e MER O TR 3R B o b ANa s, DS

Eggjﬁwﬂmﬂ*I‘iﬁ%ﬂﬁiﬁﬂﬁﬁﬁ%o AR RIS s AL (o, 1), X
HE g,

Y—ME SR RN LN E B —ARRAENR, BHIS — MR, S
HARIZHAF, *%Eﬁﬁ@@#IE‘%ET%EH@ [Kahan I Coonen 1982]. i **
TR BB AR, W) (-3) **3 —EHAMH 27, (B2, (-3.0)**3.0 EHEEMM. W
* % JE LR ﬁéﬂéﬁc%, MAEH (-3.0)**3.0 VN -3.03=-27, 55— 71, Wi
A v = evlosy T s S E X+, MR ATLUE NaN (34 x < 0 i, ] log(x) =
NaN [ HARE S , XHT log B3, HiE, W] FORTRAN cLoc %, Migh
JAf 2 -27, A2 ANSI FORTRAN itfiff CLOG (-3.0) JiE X4 im + log 3 [ANSI
1978]. FE/F&ITiET Ada WA AR ORISR T X — W8, 1M ANSI
FORTRAN 28 11X 7 503 AT S w44

#Haz b, FORTRAN ArvfERlE
A AT A AR BB e U ARIE S

AR, BEAE TEEE ARHEGIN doo, 4057 L7473 XK AT A 56 4 WA 1)

il TR A 2R D-20 5L B “I653” S RO E. B, R E ab E’Jfﬁ
G % SRR R AL f A0 g, EATHA LU EME: 4 x > 0 I, f77E fix) »> a F §()
—bo WIER Ax)s®) BT R —MBR, WX %A ab (. BE SO ®E 22= o, X
BATRA AR . 76 1.0= IIEOL T, 4 flx) =1 H g(x) =1/x B, HRREEE 1, (HE2
Bfx)=1-x Hgx)=1/x i, WM et Kk 1.0 MiZZE—4 NaN. 7E 00 [
Ty f(x)s@) = esWlog ), [KFy £ R g # 4 AT R AT 9T AE O ﬁi‘ﬁﬁ@ 0, PrEL flx) = ax!
+a?+ . Hog(o) =bxl+ b2 + .o X, lim, | (g(x) log f(x)

11mx_?0x log( x(a,+ax + . )) = hm x log(a, x) =0, Ak, XTﬂ:fA:LI g5 f(x)3@) — e0
=1, XEWKE 00=1. %25 26 ﬁfﬁlﬂﬁm)&ig‘ﬁﬁfﬁf@m)(ﬁfﬁ’%ﬂﬂ’]?aﬁ@ﬁ JeH 2R
(-3.0)**3.0 XN -27,

25,4516 00 = 1 B T-LL R FRM: fRRAR M. SR L RIRED, B4 AVE f RS T 0 R Bt a4 0 15N
lim | fOSC) HFTREAL, DA BEAAZNE 00 5 S —~ NaN.

26(J_OOE’JTH/RT o] DU AT S B8 S, (A AE RIS S ESSE  “Concrete Mathematics” (1E#:
Graham. Knuth fl Patashnik) 1, iZig e ZAE e o, S0He 00=1, —4mfs
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D.5.2.2

IEEE ¥R

# D-14 T ¥ “IEEE AifkE” #4008 7 IEEE FbRUEf4 240, ()%, I1EEE ArviEvk
U0 AT T R W T S R IR e v . BRI, A8 SRR R AR S TR R
HES (W C. Pascal 8 FORTRAN) X [i)#; # A7 {EH AIULHL . H4% IEEE Lhfg vl LA
R IR ESR S . BN, IEEE ARy kORI A SE 7R, 1-F 7 AR B0 S0l 3 12
HEAERE RS . TP TR BRI AT DU R A I e . B, ARV HiA
FTAGER S FRIFEREA LB Flin, KZEOHENIES B2 R WHE S 288, 1
IEEE Frf AT DURORFDRS BE RV R TC B2 SRS S0 N b Bk S 3 o ol o Bk 1

XURSE FEFIRURE PEH ) o S RBIETEFT K. TR doo K1 BT UL T HIFER 4. (H 2
Rk, BT RE LR AT RFRIERALE L, Bl kG —A 5 &

TS DU B S U EOCHR RS, RS s AR FEBEE A, BaRE AL B
JPRI S bR A . — 7R A ORI S RS T L IR . kg, Retg LR J7 5
VB IR (=] THAG 2 R IR . sl D-26 00 By “hri&k” &5 o iRl
Ji7R, & TEEE AR i WAL O A AE Pl R OV RN S e . 3XFE, &
IR E I OOIR S SRR R DA . WS & SRS Y RS
MEEARAS, KRR A . Modula-3 J&—FlCA b Bk A BEAR 7 SE IR AR TE =
[Nelson 1991],

et E b st TEEE ArvfERS, VP2 RERBUETHFHE. KA TIH x, x-x=
+0, Ll 27 (40) - (+0) = +0. fHE, -(+0) = -0, KIHAN % -x & XA 0-x. NaN
I REE S N, B NaN KA E T AL (B4 75— NaND , [H
o = x AFHEEIEFR. b, WRRARL IEEE #4750 Isnan, WFRARX
x # x AWK NaN 5Bk thah, NaN AN5ErE Has—id ., KA GER
x <y EXNAL x>y, BT NaN B5I N FEOF RV 808 i o HE 7, D Ad & A
<. =. > ik unordered 7 —If] compare HAEIELLFET D3 AT DL T A2 AA H AL BE L 545 1

H SR IEEE FRAEIE 0 RAT— R E 502 NaN MR AVTE 2 53R 7] NaN, (H2 X AT g
IR AIE A 8 Lo AN, T2 ) i 2 15 A0 T 38 24 B IR 7 IF, 20
MR K. EXFGHN T, BRI A 28 NaN 26 = .

e, ARSI  TEEE dRAEARHRGAIE ST &N, I HLE RO T4 AR
AEHIE. AN, XA U A e aliE 5 P25 round s UfF 78
MR Waiil, AL IEEE & AR P ICVEE ] ARTE 5 IEEA IR, ok,
S BB AR AN N (1) TEEE 715001 _EHEAT St

27 BrAR A AR [ o0 N (FEXFIEA T, x-x=-0).
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D.5.2.3 flLik=g

Y AR BB ZMETT SUX — . B, Aho %5 [1986] R EIE x/2.0 Bk

x*0.5, I FEEMEE x/10.0 MiZBHN 0.1*x, HIE, £ _SHEN XA
RIEXIAHGHFEITE X, FA 0.1 Tk 3 aI R R ER IR 3K

x*y-x*z FHHh x* (y-z), RERIMNCEEIE v =z HXWADARIEX T LA %4
AR RGP BRSBTS e X, TS “n] DU AT s H e 45
AARACHE” XU T B, HRESATE T TESESXOPAREZENHS . A
EIE ARSI E LI FRFEIOP RN, (x+y) +z BTLLEAE x+ (y+z) 56
EARFMEER, W Eprd. A SR8 R DI W8, a0l AR BT

eps = 1;
do eps = 0.5*eps; while (eps + 1 > 1);

PEARKS 15 AEAN S TSN E I PG B . REAT DAL I G P 8 E 2 eps + 1> 1 < eps >
0, Ko BBSART. Bl ARy (U1 x AKT x (x=e=p7?), MMk
WHE R x CHFFE, x/2 AN 0 (x =B™in Do BERXA “Piih” ZanhEE L
BT AR ) — L e 2SI AR A %

VP2 I CUnEE AR AN D7 REEEAR ) o8 Rt 2 AT . BN RS Iz
HAAWRETIN R 5 ulp iRZE, A B ECT TR SRAT 2 BATAH 2 K I 3 AR 22
A TEIX i (10 1] B0 VA K 38 I A7 A A SO AR S, A8 I UURS B AT R34
s R SOR A FOR LA TN, IR K 2 Bt SENLAR Gt _E 32000 BE R AT SR 1
RAEZ M. AHZ, WERCEALRU SEIEAT T8, WK I 5 s A At i 1. A
SRV BP0 B AT AR 12 A S B s K I A S . EE, AT
—ROROREE SR RIER S, T H SR RS 2 ik, B

D.5.2.4 T 8 (Kahan kF2z)
% SN e RABFILLFSEEIHSE

S = XI[1];

C = 0;

for j = 2 to N {
Y = X[3] - C;
T =S + Y;
C = (T - 8) - Y;
S =T;

}

W, HEHIFS HTEx (148 )+ OEDZ|x |, H# (|8 <2e) .
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MR AN Zx, IR TEx (1+8 ), L [8] < (n-jle. K5 Kahan 3k
MAX P BRZAT IR, W LLE A B Sl BBz 2 147 26 1403),
MAZF R AKX T2 R ne MPLE). AXRIFAER, ESIE D-47 i By “skAdm

AT RUs IR EGE N A28 1 13 DL R &5 iR C = [T-S] - Y = [(S+Y)-S] - Y =
0, MTIAR IZHE AL . 7T DUX AR X L8R 0] 7E00 Rz s AR s ik x b i
FAAR K S AT PR AG T, AR L /Ny, RS I e 25 A 0 BT s30T .

PEACES T DA 075 p ARSI o — Rl vk R BV, AERIEN 1. 0E-40*x H1, K&
e a5 £ o = 1 [ = S (2 e 8 v I i g o1 v o8 QR B 1
WHOCE U RS, FISTI AR R . ok, WA IR B
FH, W R EPRER R E. BT RECRARMA, b 2] 3 RS A e B e+
IEEE & A9 RTE . XFE, EgIFINE 1. 0B-40 FE80h —HERIBU AL 285 5

AR PRI Yo (HE, AT DA AR AT RS EERS B3R /s s 5 (ln 27.5) REREAEG 1R I

AT, PO BTSRRI, A9 R E EAZ &N, 4
ERTE G PR I BEAT S 40 10 BN AT 5 B, U const pi = 3.14159265.

KA T DL S0 i IR 55— sl A7 3Rk s xS A s

C = A*B;
RndMode = Up
D = A*B;

B axB W HER ERE A RISTRIENA, Hbr EIEAGE, AT A B S
MERXAIAR . g =A7Rbl: x=x AREMAM/REE true B, BN x 2
NaN B gr&RkmM: 2 x=+0 B, -x=0-x KM MH, x <y RS x 2y Mk,
P NaN BEAK FABA N T 07 A

RUEAAAEIX ST/ ], AH RARAFAE RS — L] DU S ACE AT 0 it . &ok, f44E
XV A S AREESE . IEEE s —2RfilE: x+y=y+x. 2X x=x+
X Ixx=x f05xx=x/2, {HiE, HEXHAFEEBSE—SAHH
CDC %2% Cray @B HEND BRI 54 1 BEFN P9 eI 5 25 4 2 A Py Bh a] GG H 1)
At

VEN B G — A, EHIERIEN dx = x*y, b x Fly RO, dx XU
AR g o AR EATHS P UK BB 3R LU AR SRS FE B R 2 I L L, ATERE ax =
xxy WURBIZHE A, AN G 13 0 R A1 e 0 XURS P8 P AT XK P2 KL 0K 1
BRI — RIIR L.

28.VAX 1) VMS Hi2# A% FH 95 % 20 o ek P4, DAL A A DA FE 2 v - 9 R 0 FH R BREAN Bk, T AR S A
1234 1) cALLS M CALLG 154 .
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D.5.3

e TR T SUA AR I (v + y) + 2 Bl x + (v + 2) RIS ARITE06, R
AN W R R T 1R R DA O B BRI o L VRARATTOA A I m B S IR R 2B A8, N
H 5 SBOH F R s e SEBOE S U2 E T SEIUSA A e BRI A e (7 20
Feirt, BUREEAT 2n (. REJCRE ISR B ZER K n CLEC NI, AP A 0 n +
FRBC T ZE . AR 2 AT LLEAT (emax - emin) 4+ n A7, BUKZ) 2-emax 4 n {7 P AERCT
BELETE (BT E T REALRED AKX BA V2 A A Tie s, Hizs
SRR N E . FERREL (4N sin Il cos) MSEILEE R BT fRIME, PRk L
R BREAS AT B R MO SOE A i lisp REUPRAL, X gt Lem) gl
RO . (H2, Rl miae 5L 2 8t .

L, FEMH (x+y) +z#x+ (y + z) FEOAHELE (W Kahan RAAKD , 1
HR AR

a®b=(@a+Db)(1+9d)

JEAL (AR AN -0 x AT/ BOSRLSERRD) , IR e il i o i T IS AR T LT
FITAT R A A5 AL 1, PR EUE R B3 R AE I SR AN 1, a5
N G I Dy BRI AR B BA SO SORBIR X L0k 2 AN 5T

S aE

S A 17 18 0 R 0 R R RORS O R e WA IR P e T —
SV R, TEEE AR s SURL LT I RE0S Jh 0K 3 TP 04— Ao
WP RRE, 5 D-25 U0 L« BaBFALTRERE " 5484 H1 T 1P 5 SIS W A
RIS R 1], 7 BLEAGE 554 PR DL S IO T 200 AL B (4 £
B, ERAEAORE B A A0S S AR AT R B 2 WD R Vi
RO U IR P 1 B . h T T S8, e IR P AT Al 5 U3 T AE AT
S8 5L 25 0 H AR A4

TEEE il 5 S /e M & E R P ATI0, R PR, U Eh 35 5 B SRR B 7T f
. 76 RNV A SR 2 MES TR E, ML, SUZ R
HIR R AR T MO T A ARSI T AT SRS R I H A B R
E

Iy WA AR R B B o

X = y*z;
Z = X*W;
a=>b + c;
d = a/x;
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BOE S A REBFG ek, BB A A a O(E. £ R LOFT AT N
IS HANFEIZ ST L, AT W RER IR I SR 2128 N Iikie 2T, DUE
INEIB UL A REE FIMT AT KR, M5 AL HAEIRN, a =
b + c BZIAT, WAENES T a IR, i as@t TR A2 a2, BB
ANEF RIS T REREER, AT LF P AT 4R 4 U LA BOR B B . B 2R R R B Ak
PR FLAR VS )Ry AT AR i, W] DURE X — . B, mT DUR AR Hoeli g R
VEAZHE L AL BT -

HZ, PRAFAEI . LR B

y*z;
a + b;

XWANMR L BVFRENE AT IT . WERSRIE SR, WIS 2z Wit agoikia &
A, JUHGE D INAIS S8 Rl W bRk ia SR . SR TEEE bR LR Sl
WEEMIRAE 2z KR i, BALEREPE T, BEALGN PR A B I S IXAE IR 1 DL o

W. Kahan 423U ] 777 A B B AR BERE e DUIBE Sk 28 ) . AESET7vE . T fi
SE NI LA R A BRAE I W I AR AR I AR08 — ARl BUEAE ] T8

(sin x)/x WIS, I W52 x = 0 it/ WL EAEC T 0K x = 0 fedemhfe, Rt
SOUAEIL 0/0 BN AR BOX RS Bl . 1] TEEE FEPFARBRRE I, TR 4 53Rk (7]
B 1 AR B IAET B sin x/x Z RT3 A U, I Hdia e R AR TG
IBEEIN NAZAE A 1. Kahan KOO PO, DR A S48 P FRRL 0 200 H B 5 2 i i
SE o T AE B IF A BRI, IR Bl ({8 ) LAAE BB B I EAT D15

TR e AR A B AT T B I R S I 29— ELA T e R, T ME A e oy
P is A RN R RG] BARTU I RAT 28 5 NI & 1, {H S TEEE FrifE)
AN AL A K AT BERRE A0 i )2 AT

D.6

s S slrs

IFHAER

AP C2AF I T W2 A RF Ria RN S« IUE, FRATGRE U HIE RO M
MEIBEAR, T & — ) EAFERC: LA A0 JERT 35 (0 1] 50 5 M) e B 20 =AM
H TN RIS, AR D-2 50 B “ERANGRZE” S TR TR, B R
IRV R e, X B D-14 T R “IEEE ARifk” AT 2 kh .

H =B ihie Kahan SRKATAZ, B ¥R D-28 0L L1 “RG 51" B HE—
NI

29, TR 0 (10 Rl T i 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

BNRE
FERHE A ABIENT, CLZRH AR SR LRI SRR SR 2 R

(1 (mﬁz) DUAETRA AR AR 01X — s 2B 2 70 PRy, —ANER 2> LT
BEL, o mo RIS T iAIs S o) 4

EIE 9

IR x Fly A IEHTIF R 2 HE G RGZEB Al p, lHBESTEE T p + 1 17
(Y FAREH] RGBS L) HITHT, SEZERATHIHIN AR 2 T

(g+1)[3_p= (1+%)€S260

UERA

A BERE, x Ay TS, FRGIA R x> y. AR, REs x Rl y % HBI%0K
PME x ATBURZR R X0, ..o x_ x B0 WERNKE y b vy, vy MIZEEERSTIN
W%HyiTﬁO%m Wﬁﬁﬁ@%%ﬂﬁ%%ﬁJ%%XﬁﬁﬁﬁMPﬁﬁﬁ
R iy N R ZE KN e X]LT et IE, 2y =00.. 0y, - <Y, B oy e
p+14if)y. Mo

y-7<@B-DEP 1 +BP 2+ + BPR) (15)

IR AL E S x -y WITHEADRE S AT B x -7, B (-7 ) + 8, P A
WRIE & WAL LL T AAT

|18] < (B/2)BF- (16)

P ZEER x -y, IRZER (-y) - (x -7 +8) = 7 -y + 8o fAAE = FEUL. WS x -
y =1, DUPAE S 22 1 S B A2

LoTED B [ - B + ...+ BY) + B/2] < BP(L+ B/2). (17)

B, W x-y <1, WE=0. BHx-ym/halLli

1.0-0. (TJ;OX?%) >@B-1DB+...+ph), Hhp=p-1,
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D.6.1.3

D.6.1.4

FEIXFPIG DL AT 18 22 ¥ S PR

y-7+8 CBDBB B a8)
B-DE L+ +phH  B-DE .+
TG R ILE: x -y <1 x -7 2 1. RARHSMAME 4R x- 7 = 1, ZERH
W R 8§ =0, HZ, WRS=0, W (18) ZiEM K, HILAIHEZERAREEL BP <
BP(1+PB/2). 1

B =20, FBRIELFE 26, HWHAFRZELE p — o BIAEMIR PN x=1 +22-P Fly = 21-P
- 20-2p SZHLA o KRS A R BB Ny, AN R P i RS B R AF RSB, B
NERTR

EIE 10

WRx 20 Hy =0, W5 x +y RN EZER LK 26, HIERTEHT (RY£007 1472 41
Lo

IEFR

T ke A ERGE (1 n2ae LN S0E S M T aas S ARSR L. Wk x>y, WX y
BATERAL, HE x My KBS &R p + k CLERAEMTAL. R T SOX
A p + k BLEURRT. RJEEAN p AL

FRA TR ACLIG AN ] OR3P BB N 12 B TR OT s — IR DU RN o ARt ]
Bx 2y 20 J0H v LUK BRI AAT ddd...d x B0 B B4, BuE AT dtfr.
M2, Wy ARSI ITRAE AT pP L, HAEAN 1, B3N T
BP1/1 =2e. WURATHENL, WZUKE RS AL 1% 2 1 I £

lo—p+2
2B rre.

FEDH B, KA R ZENT
(B‘p+1+%ﬁ‘p+2)/ﬁ — (1+B/2)B P <2¢ . 1

WG W, 4EXmA T LA 20 B 2 5 H T HAT—ANS AR R 2
BB x2-y2 A (x + ) (x — y) MU AR BORANERIIGE AR Z. x © y KA
BERS =[x oy -@-y]/@x-y), BL |8 |2 S, MU MiANE

xOy=(@-y)(1+93), [8§]<2e (19)

FAUH
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D.6.1.5

x@y=@x+y) (1+3,), |8, <2e (20)

B L I T SRS SR A AT S ARPAT I, MR IR ZE 8 R 5 ulp, A, %)
TAEATE R u M o

u®ov=uv(l+3,), |6,] <e (21)
o BIXEAEABE L (BRku=xoyHo=x®y), S/l

xeoyY®E®y) =(x-y) 1+3) x+y) (1+3)(1+39,) (22)
DIk, EHEL (x - y) (x + y) ISR AR 2 2

2 2
CNO AN =X o (148,)(1+8,)(1+8,)-1 (23)
(x =r)

PEAHAIRZESE T 8, + 8, + 8, + 8,8, + 8,8, + 8,8, + 8,8,8,, HILFtiE 5e + 82, #Hh)iff
Yi, RRAXIRZE KA EANRER 5 5 (B e 2 MRNEL o2 JLPA LA
W&
X (x ®x) © (v @ y) KR HT ik As AR A AR 228, URE x Ry A%

SERAN a2 y2 I, HRHEZEm A A K. R B Rk T (¢
O v) ® (x ® y) BATHIOHT, Il

x®x) © (y®y)= [x%(1+38)-y*(1+3,)] (1+3,)
=((x2-y?) (1 +6)) + (8, - 3,)y?) (1 + 9,)

M ox Fly BEEE, BT, - 8,)y? W LAG SR x2 - y2 —FER . XSS EE B BRAT A LA
TWIERIEME: (x—y) (x +y) b x2 - y2 TS,

BT RV ARG AR, O TIRSER (7) WSRO R,
LU A,

EIE 11
UL LS TN T RGBT HIAEFHA y/2 < x < 2y, W x -y W LLBGHHEH
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D.6.1.6

D.6.1.7

D.6.1.8

E A

VRS, W xRy WSROI, W x © y SRR . A, R S B A,
SRR TTLUNIE 1o W88, x Ry o LU HUBIASOR T #, NI 0 <y <x, IF
K x Bh 3, xR Oy, oy B, TS x © y LR
5L x - y FRRANE N, SRR 0.d, . d, WZEMEIKEEN 0% 2
p i, BHRBHEATEN. 0T x<2y,x-y<y, Hy B od, .. d, Kitx-y
B LR, B

28>0, EE 11 RSN y/B < x < Py Bl BI04 /2 < x <2y 17
BRIEBT. AEEI 10 MAEWIZ S5, BEEIX (- y) (v + y) TR SHET T 4007, Hop
R T AR PR A IS S IR 22 1 (B2 (19) A1 (20)) X — 95, X
BRI WL ZE AT . (R, AL S E AT R RRE, ST AR (7) &
WA, RE R 11,

EIE 12

QIS ARy, T a. b flc B=TEY (a=b2c), MifE
(a+(b+0)c-(a-b))c+(a-b))a+b-c) I IRZEZRA A 168, FK4E e <.005.

UERA

ERATE KT KA 10, b@c=(b+0)(1+8,), Hr s AR,
18,] <2e. FTEL, A FHIGRE

@®O®@c)=@+b®c) 1+8)=@+(b+c)(d+))(1+3,),

DAk

@+b+c)(1-28)2<[a+(b+c)(1-28)]- (1-2¢)
<a®@B®c)
Sfa+(B+c) (1 +2¢)] (1 +2e)
<(a+b+c)(1+2e)2

SKRRAAAE A m, WA
@@b®c)=@+b+c)(1+n)? |n| <2e (24)

T K e e © b KA REREIERARE, Kha o b WTREAEAEANRE. B

av b Ml c E=MIEMIL, FTEla <b+c, FILEHT c<b<a &G4 R LIS a
<b+c<2b<2a, B, a-bWiEs 11 M54 XEWRE a-b=a © bR,
Wit ¢ © (a-b) & NIEHFMM, wTCURGaERE 9 HEAT 5L, MhEEE5 RN
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D.6.1.9

co@oeb)=(c-@-b)@d+mny), [n,| <2 (25)

P =IUE PRSI E R, Bl

(c@(a@b)):(c+(a—b))(1+r|3),|n3|S2£ (26)
SR T
@® (1O )=+ @b-0) 1+n) |n,| <2, 27)

Ferp RN T e B 9 AE R 10. AR BUERFEHRHEAN, i x @y =yl +
O H || <&, JBakt (24). (25). (26) Fl (27) SitvdE— il n] ARG H

@eabd)(co(@eb)(cd(aob) @@ @® o)
Sa+B+0)(c-@-b)(c+@-b)(a+(b-¢)E
Horp
E=1+m)>?(1+m,) 1+mn) (1421 +E)T+E)(1A+E)

EM—AEF2& (1 +2e)5(1 + €)3, HREIFLERIE 1+ 158 + O(e2). FLEEH T2 T
O(e?) T, HILSPIHIX —TUEIRA S B 2 (1+28)5(1 + €)® =1 + 15¢ + eR(g), Hh
R(e) 22— MHAERN. e M2 mia, dhbnl e 2 e bk E. KA R(.005) =
505, FrLAATHiA I e <.005, R(e) <1, HIEA E<(1+2e)6(1 +e)¥<1+16e. K
Ef—AFAN, FANERE 1-15e -eR(e) < E, BIEY e <.005 i, 1-16e<(1-
2e)6(1 - €)3, KX FIRGE S E— Al 1-16e <E <1+ 168, KL, AXHREZEH K
Jy 16e. 1

SER 12 P R E AT (7) ARG . P, BARA R Bos A5 (7) AR
FRRUER, HRERATEEA AN TGS NN, XIE2S D-6 WL “3ki”
TERE 3 43 H .

EIE 3 HYIERA

Bt
g=(@+(b+0)(c-(@-b)(c+@-b)(a+(b-0)
H

Q=0®0bO®)N®CcO@Ob)®Cc®@Ob)®@d®® o ).
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D.6.1.10

D.6.1.11

D.6.1.12

WRIG, HER 128 Q=91 +38), H d<16e. nJLMRZ 512
1-0.5218| < /T[] < JT+0] < 1 +0. 52| (28)

ZAFRE 8 <.04/(.52)2 = .15, KN | 8] < 16g < 16(.005) = .08, LA & iy S2i /L b 4 1k
5)i4

JO= Ja(1+38) = Ja(1+38))

|6 |<.52|8|< 8.5e. WIHKETFHT I IR 257 hl4E 5 ulp N, WIS /@ I

VR (1+8)(1+38,), Hr|§,|<e. WA B=2, LU?I‘%MZLETT FEARRE— A 1R
Zeo N, Efﬂllﬁﬂiﬁﬁ\_ﬁﬁ%ﬁ Y 1+8, (|8, <e), MiAfHUENEEE 12 I
ik, (148)) (1 +8,) (1 +8,) M REAREGET 1+ 5, < 18, <11e). 1

SR AGE R 4 PRiR 2 Ja )8 A KU R i, N EBLERF B p(x) A
RN RO E

EIE 13

LR W) =In(1 +x)/x, WRT0<x<?, L <ux) <1 HFEHL |Wx)| <o

UERA

WERE, wx)=1-x/2+x2/3 - . REHAEBRIACEHEE, BT v <1, wx) =
1-x/221/2, WUBEEGHEH: B p MEECEAHM, Ll ux) <1. w'(x) MR
BB RS, T AR x <2 ,Eﬁzé%oilﬁ Mo -1 <w(x)<-1+20/3, 8

4 SWE) <0, Hk (W) <.

EIE 4 HYIERR

P24 In (¥4 8h K
23

In(l+x) = x- 2 +X .
n(l+x) = x 5 3

B MAEEREL L0 <x-In(1 + x) <x2/2, ¥ x ML In(1 + x) B P2 AR A R 22
TR x/2, W 1@ x=1, W |x| <&, FULADTIRZER RS /2.
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P1@x21 M, EXY WE1®x=1+x . X H0<x<1, iLA(1®x)©O1=% .
I RN TS BRVE AR O (KR ZEASRIAE L ulp Y, MERIAS In(1 + ) /(1 + %) - 1) 1

T
wfgi)@g (1+38) 0 +52)=---~1““; D (148) (1+8)=u(¥) (1+8)1+85) o)
Horp 18, <e B [8,] <e. TG (k). WA R, % HE L
w(x) - u(x) = (x - OWE) (30)

Hp g AT x Mx i, My e, e | X - x| <e, Kbbwar 13 4545
AT S | w(x) - ux) | <e/2, 3 [u(x)/uix)-1] <e/Q|ukx)|) <&, XEKRE
w(x) =p@) 1+38,), |8, <e. fJa, Pl x =5IN 8, Kk

xIn(1® x)/((1 @ x) © 1) K&l

po

In(1 + x)

T+0-1 (1+38

(1+81)(1+82) 3)(1+84), ‘81.‘5

BESEN: Wk e<0.1, N

1+8)(1+8)(1+3)(1+5)=1+3,

Hrp |8 <5e. 1

FEAZAZ (19). (20) Al (21) BEAT IR ZEHT R — N6 R H DA IR 7 RESRAR 23 28
(-bxJ2—dac)/2a . % D-6 5 M “HRIY7 B MRR S A RKITIN R £ I8
FHR IR . 2, RS d = by — dac IR AT ELY) — MR o 802 50
HEAT 18T B I B HE AN BT PR %I RIS « KELK, 4 b2 = dac I, &ANREREZAT
PLFE AR 7 RE SRR A SV S AR P A ) — 2. P2 — N EEGE (k5
TR FESRMR A AR 2 S — R 5k T Kahan [1972)) .

YR V2 = dac, WHEARZZLRZ 0] LUENEIT — K 7 FERIRA AT (- bt J12—4ac)/2a.
WEW]: il (b ®Db) © (4a ®c)= (21 +3§) - 4ac(1 +3,)) (1 +8;), H |§,]<e.30 %4
=02 -4dac, ERXATEER (1 +8) - 4ac(d, - 8,)) (1 + ;)0 ARAFULIRIEMIMG TR,

Z0W 5, Tt I, IR ORI d(S, + 5,) - dacd,, JLH [8,] = |8,-8,| <2e.
K1 %
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30.EdAR IERIE W], (BOE B=2, {HFF3RLL 4 LSRRG, HATES,.

HH V56 » 2004 4 8 A



D.6.1.13

D.6.1.14

d«dac, PTLLRTELZNSES 0 d(3, + §,). %“ﬁﬂﬁ IJ' A4 ax2+ bx + ¢ = a(x — )
(x—r,), Bt arr,=c. BN b2 ~4dac, ik r = 1B IR
dacd ~432r152 o XK, Jd IR

2.2
[d+4a r154

< VP-d? < P+ < pra b2 g >

[d+ 452r%84 = Jd+E

L

|4 < /4a2r%‘84‘

lJLt Ja/2a WIRARS KL 1, 5, o BN 8, = BP, BTLL [, = B2, ik
5y IAKEEAAIR THE 7, = v, 109 TR BN, Bbihi, PRS0 2
fdmza), I FLIE S AR T 7, AR 0 R B A 4, BT, FOEG
UTE%AIE’J 1

Bafa, ?ﬂaﬂJ%@JmIﬁ 6 MW . BT LURHESE CBAESR D-51 T by “wH 14 A
8”7 A HiE) .

M

EIiE 14

BE0<k<p, #m=pr+1, HEEFAEFHLIHTAN W4, (m®x) © (m®
X © x) GHEAL p —k AN x TR LHOHIHLE, FA x 197722 HK x 1)
HRCL,, LA BRAE Iy DI I kR BT HIZ I FE A Sy — B

EIE 6 HIILER

R 14, x R AT p—k = [p/2] fiif xo WRRATRRL W x, SR ATLA
Lo/ 2] AR s BOEAFAERERL . W x = 2y, oo x, B WSS x, ) I
1. AL L x, ) =B-1 ﬁ%ﬁ%%ﬁuﬁ%ml+%klo
Pt x, FIRET I Lo/2] «
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D.6.2

D.6.2.1

D.6.2.2

TIREIT xR LI x (SO AL Br -1 < < Br- 1 EEL. BB = X+ X
Hrhx, & x 0 p-kADEfiy, X, 2 K MEET. A =MIEHHEEEE. R
:Y1< (B/Z)Bk_ly I}_I\IJ#% X %)\@J p- k 1?%%%5ﬁl*ﬁiaﬁ, ﬁlﬁE_X/z = th %DX] = X’jo
Nx, A kAL, W p RAREL W, MR k =[p/2] =Lp/2] o B, B=
2 Hoxp<2f= 1t bl k-1 <[ p/2 ] MARAER R BRI OUEAE 3> (B/2)pA!
W, P x, WA EEN, By, =%, + Bt Hx=x-x,=x-%, B<x=x,-pk [
FE X, AT kL, PR UMEH] Lp/2) frdeos. Bm, Wi

X, = B/2BF L W xy, = x,Wx, +Br, EIMGRTRAEAAE EHEAN B &, 2 (B/2)pF -1
o (B/2)Bk-1-Br=-Bk/2, “EHHZ 1 EIRK. 1

EFL 6 P4 T — Rl WA TAERS B AR W 2 s A — AR . 7 — N TR
FoRFIIFAN A W (x| 2 |y|, Wx+y=x®y) +(x © (x ®y)) ® y [Dekker
1971 ; Knuth 1981, 4.2.2 g Clo (H2, (A ARM&E NIg 8, AU
% B =2 FIEHI, TORT B =10 ZAEMEK, Wak x=.99998, y=.99997 [

= I 2+ P R R

F ORI p =24, HL 22 <105, FTUMETTAES U4 AU h 8 AR
A5 L DU S5 IR (R, SR LR

EIE 15

2 JF ) IEEE SR /e BB AR HT ) Nl 1B M A A B — M P
HAHNETFARAE AT FENT o 104 WIRTETT I AL TG-S IRy a7 T
B IR SR I IF R

UERA

S FFIXC[H] [108, 210) = [1000, 1024) H i) 3kl BORE FE AT 10 A7 A5 = 3N B i A,
7 14 A7 HERP NS AN . Rk, EZX T (210 - 108)214 = 393,216 NAIAI)
HEHIEG W R EOR AL 8 AR AR, WAE R X R A (210-10%)104 =
240,000 Tt H1% . 240,000 ANHEERIBOTCIER R 393,216 M I b dI%. B,
8 AN-HEHIAT AL AME— R IR AEAN RS 5 3R %

SEULI] O 7RG, ST UL B ) (1 TR B8 4 2% K 2t i A T ) et 2
i 7o AFHA IR FAREASTREBIE N, DXTH]

[N - éulp, N +%ulp]

W A A IR, R RERIECHT A e T RE IR i RE L
i N A M 18 R
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D.6.3

PLX[a] [107, 107 + 1] Sy 4ok 15 B — 3R 02 1) 1 Ta) B 46 28 K T3l ) el . /2
WEIX ] b, LR B R TR R S 100+ D=9, £ [107, 2m] b (FLrh m &3 2 100
< 2m (Rt /R, BB IAIRR S 2m - 24, I HLAE X 1A o b I B AR 15 R ROK .
R, HFRUEM 1000+ D -9 < om =24 yidisg |, i F 10m < 2m, Frl 100+1D-9 =
107108 < 2m10-8 < 2m2-24, 11

ISP 00RS JEE (0 1] — 2 B s P SR OURS K 2 17 A+ Az

TR - bR O SR A T A ARG 1 S R (R TR AR D-15 TR A RE”
T8/ SN ORI N o1 S/ = 25 - VAP 101 = A e e R 2
R T R RS B N R 101P1 iR p < 13, WU FH RS A
P, RIGHNBIRREEE (CAE p <0, WS EAIAHER: XNFMELEREIND o 48K,
N - 101P1 [ iH ST 45 AR TT RE RGN DR RS #0102 A 518 5T round(N - 101P1),
Horp & NN RS LB SRS I . BT e A AT BEAS SRS N, 1 2SR
BlF: =10, p=2 CGFFHREE) S p=3 CGFFHREET B » WRREE 12,51,
TUDIRE A A BRE T e VLIS SN — B0y B A 12.5. S AR L4 Rl 12, 3
FEAREE RN ER, AR IR N B BRI S 2R B iZ 02 130 IR ZE R XE NS EL
.

R IEEE Arik, nICABEG RSN, WIFFR. PRAEAR ARG Yo, REH%
HEE. HHEABEREEN “BANE” . R, PUTRIZER N - 10171, KAR
WRERGFEAEAETE ixElag 1, HFRE S ALK FibrE. W ixflag £ 0, W
N - 10/P1 J& k56, Pl round(N - 101P1) B 38 G — M #E EMK . W ixflag
21, WIFSSHF AL T, RS A ER SRR L AT AR S AT
1b,...by,bys. by o WK by, by =100, WIWTREHBLRE AN RZE . SR POXPIRIG DL
RIS AT ixElag Fl by, MIEH OR IZ5. IXFE, ZEFTATENL T round(N -
101P1) #RAE LR A

kN BYIRZE

FD-34 T B LB SR TR SRR IR )8 SO R R B 1 B
TIVEAREASRGE BE IR o D KBU T HORS 2 DR IR KORG8 (R SOBE AR B, R s, = v, s, =

5,0 %,..., 8 =5-1@x. HMATs=(1+38) (s ;+x) HP 18,1 <e. 25 8, iy
RIS

n n n n n °
:H=ZXJ1+ZBk=ZXJ.+ZXJZSk an
j=1 k=7 j=1 7i=1 k=17 -
(31) A AER LR Z TSRS X . BB ERA T RGBSR 1) 5 RO AR RV«
00 x, WBRENEL e, BRI x, HUSRENAIE 2 e, (31) P AR Boris
ZETRI IR ne 2| x | o AIREBEIAE BATXT & HOP 5 AR . W RSR A LA TEEE XURS
FERSAPATI, WA 1/e = 1016, FEX T n AT EBE, ne« 1. XFE, fEREE N
ERH T kil ne, BB ne® « € o Kk, Kahan KA CGEHE 8) 1
2¢ R ZE SRS UAE I XORS BE 4T, (H PR AT o R B S £ .
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11 9% Kahan sKRA1 2 SO0 TG ELWRRE, 15525 F R

95]
+
iI
3

= =
ii

<
Il
@

g
alln

BRI A, #HE —MRIERT C, KN T4 F— IR P AN . Bk, 5
S X AR BT REIN 7 C, AR S B Yo SRS, Rk
BNBIEMBELAN S o AERI, Y ML (BRI YD B2k Bk, @dihs T-
SR Y BIEAL. MM Y I, Y BSOS IR . IX S8 ] i — YRR A
P o EATE R TR IER T EH 8 fIERIEHASES D-51 71 L
“SERE 14 FUEREE 87 4 (i B Knuth [1981] 25 572 1) .

D.7

D-48

INEG

TR GEBE A GUAEAE R R GE P 537 AT RIER 20 o IXAR AT REAL 1 T SEHLRL 2R
FE PR A I e X O B M AT ML A AR 8, P
PEPEAN I8 AL BT A AR A BT 22 K

ASSCUEN] T REATAT R il (K A B AT RER . B, T DAE W] A RSE R A BAT (R4
Az, WY R AR BT RUEE R A BN AR R 2, PR, AR — R T k] - ik
A A i R, R LAIE WA SCRFY RS BE K 26 AR N AR W10 o 10 At 1 T 5
BURGESC R RN, PAT R AT 507 R AR ST R 19 2 o BR T NI S UK A7
Bl CERIE R R ED 4b, ASCHISE D-28 U L “RE 7" e mE1r 2t
WA AT SE 4 M SRR 7R B, R ST R BT B G R LA A5 25 D T

Wi TEEE ¥ nUbRAERS SRR BT, R T2 bR v AR 28 Al 0 AR g A 45 58
Hulistart. 2 D-14 5O “IEEE ba#E” 0520t TRZ R0, BEWIAESG S SEhr
77 s A I 43 1) TEEE Ay fE (K25 RS 1

HH V56 » 2004 4 8 A



D.8

B it

A2 W. Kahan - 1988 4£ 5 H % 7 H{E Sun Microsystems JH%Z IRFR 13 &
ZURFEH Sun [¥) David Hough K502, Ay RS W] DL L T v il 5 LR 48
I EAE, AR LD B 8 iR, fEIXHL, KUK Kahan M Xerox
PARC £ A% (JLHL /2 John Gilbert) , AbATIBIEL T AL M FR I T2 4 H
PR S4b, eikhs i) Sod e ZA D) T Paul Hilfinger Fl—AL A1 N [0 # [ o
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D.10

D.10.1

D.10.2

EIE 14 FAEE 8

SRS 73 35 T ST A W R A BOR M B BB PRI AIE 1

EIE 14

BEO<k<p, m=pr+1, HEEZHEEERTHEAN. H4, m®x) © (m®
x © x) LEADp -k IMIRTNT x B EROIHT AL A x 9777548 x
HIBGECLL, LA D F Al IE 47 kAR R B9 A I A Sy — 1N

WEFR
T BRI, SKIRYCT mx = B + x SRR

e B AT o F LU IR x AL — N RO L FH . B4, mx = x + Bra T
HALT

aa...aabb...bb

+aa...aabb...bb

zz...zzbb...bb

Hrh o &AW WTAMIE k M bRId R b, T &6 p - kK NECF
WARICH ae I mx L m @ x ¥ K& FEAETARGLN k MLy (Beidh b 30y
it
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m ® x = mx - x mod(Br) + rk (32)
W b, b KFL, W DR 1, AN 0. HEAEM,
WE a.bb...b@EAKNa+1, Wr=1, FWr=0. (33)

BRK, 5 m @ x — x = mx — x mod(BK) + rBk - x = Bk(x + r) — x mod(B). FE LR
WA HEAN m @ x - x, Bl (m® x) © xo WATAZ Br(x + ), b B &K v 5EAGA
e b AN AR EC

aa...aabb...bB00...00

-bb...bb

ZZ. .. zzZ00...00

M .bb...b <L, Wr=0, WIEEFSEMFRY B MRTER, RGO
LN, BRI S R SN RS TIAT, U pa. IR bb...b> 1 W r=
1, TR B A 1, DS Bi. BUiE, DA bb...b =L Wl Wiy =
0, W B RMEE, 2 BAEL KEUAT LAAREHN Bre. Kb, M =10, B A
B, 7 RS, TS RN, BIERR B, 4 LTE,

(m®x) © x =Pk (34)

sh5 %50 (32) i (34) FTLAMEH (m ® x) - (m ® x © x) = x — x mod(BF) + p-Bk. AT
TS R
r00...00
+ aa...aabb...bb
- e bb...bb
aa...aA00...00

TR R CRIZEC (33)) H¥% a. .. ab...b & AF] p — k ALHIZ AR .
Pl 7E x + B WAL OL T, 4207 RUBSRE TS my — (mx - x) SR
¥ x A p -k fr5E %,

M ox + Brx B AR, mx = PRy + x BT
aa...aabb...bb

+aa...aabb...bb
ZZ...zZbb...bb

Fk, m® x=mx—-x mod(BF) + wpk, HHH w=-Z (KMHEZ<B/2), HE w 1K
MERAEER. BT, m®x—-x=pkx—-xmod(B) + whk. 7EKIH
aa...aabb...bb00...00
- bb... bb

+ W
ZZ ... zZbb ...bb3!
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D.10.2.1

D.10.2.2

S EHEANFH (m ® x) © x = P+ wpk - B, HH r=1 (G2 .bb...b>1 s

.bb...b=1 Hb =1,.32K%F,

(m®x)-(m®x © x)=mx - xmod(BF) + wpk - (Brx + wpk — rBk)
= x - x mod(B*) + rpk.

FFE, Ma...ab...b &ANE p-k & ESENN, =152 XFEHAENT
BT, IEH T EH 14, 1

T 8 (Kahan KFIAI)
1@&2;‘; o A H LN B A

J

S = X[1];

CcC = 0;

for j = 2 to N {

Y = X[3] - C;
T =S + Y;
cC=(T-398) -Y;
S =T;

}

W, i FHAIS FTS=2x(1+8)+ONe) X |x|, AP |5 <2e.

UEBA

HAE, RN T g MR AT, GIN s = x5, = (1+8) (s, | +
x)o IAITIBLRIY s, CORAFIAMEA, Frh iR AR x, L 8, I RIAA
x, MR REOE 1 +8,)(1+8) (1+38), B ENGS, x, MRE—EZ
(L+8)(1+8,) ... (1+dn), WU, w8 MIE IR EAAME, HUE x, MRECE
Bk BEUE, ikt s, =c,=0 H

V=% © 6= (o q) (T+my

S5k=5k .1 ®= Y= (Sk_l + ]/k) 1+ Gk)

=0 © 5.9 Oyl -5 ) T+7) -yl A +8)
b T A B B SRR e B s b x, MREUR TR MR A RIEX, (AIHE
S - Ao g MIREER 5.

2 k=1H,

314 b WA= AR, AKX o T b ow A AR N DL, WA SR - G
324224 Bx + o e By MBI, L EAARH By Bk Bk, - it
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¢ =60 +1)-y) A +4d)

=T +s5) A +7v)-1) A +4d)

=x,(s; +y; +5,8) 1 +d) (1 +h)

s;-¢=x [ +s)-(s5;+8 +58) A +d)I1+h)

=x[1 -8 -8d, - 518 - digy - 5,8, 1(1 + hy)
SBIRITEBAFIER C A S, T x, INREL B4

C,=2e + O(e?)
S;=+m, -y, +4e2 + O(e3)

WA S, M C M AR, IR s, Fl ¢ M0 X, 2SI & x, (i > 1) (00, 13
3|

s, = (5, a7t y )1 + o)
=[s 4+ (-0 M+l + 0y
=[5 - ) - MG 41(+0))
o= [s, - s JA + 7)) -y, @A + 8
=H(s - ) -mo_ DA +0) -5, J1+7)+c _(1+nld+35)
=[{(s_q - .o - M (L +0) - o JA +7) + ¢ (1 + I + )
=[5 .1 - - oL+ 7) - o (Y + N0 + ¥ + S YDIA + 8y,
S 0= (8169 M) L+ 0))
-6y - o Do (L + 1) - o (v, + My(o; + 7 + op)I(1 + )
= (8. 17 G 1)((1 +06)-o(1+y)1+ Sk))
+o (1 +0) + (v + (o + 7, + o) (1 +8))
=(5.q -1 (L-o (v, + 8 +v8))
o - M+ Y+ M+ o7 + (Y + N0 + Y+ 6,.7))5,]
11 S, M Cp AT R IE €2, PRI 28 22 5 UAT LA A6
C= (o, + O(€2)S, _; + (-7, + O@E))C, 4

5= ((1 + 2e% + O(e?))S + (2e + O(e2))C

k-1 k-1
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PR IX L8 22 AT BAAS
C,=0,+0(e?)
S,=1+m,-v, +10e + O(e3)
o RSO A Vg ] LR 7R S A 2
C.=o0o,+0(?)
S,=1+m, -y + (4+2)e? + O(e?)

BUR, FIRIOR s, x MR BRI, 4 x, =0, BEFRN 0+ 1 MPTH
FMFEHEET 0, 5, . WAL s, =5, Hs, o, 0RINFELE

Sopq THIRE, JEEM S =1+mn, -y, + @n+2)e = (1 + 2+ O(ne?)). 1

D.11

&£ Fh |EEE 754 LI By E 5

VE— LA R DR RIS SN hAh. MDA R Tl S0, IR IE i
ARSI 16 SCHEAT ¥4 % TEEE PR B4R, BUMPEIA 2 1 David Goldberg 4i%5
(1, ARLHIREERIE T AL VF T A (EIEAL 2 A

B SC 2R W ATV R SN A 20/ Do L, PR R B4 T RE M L ok
SR P I IE G PE A AERVE o Rp s 2 AESEBL TEEE bl f5 /Do, R ERT S harE
KRG LA RES 'S RS IR % LA IF 45 e 4 R0 IR . 13038 T RE e b A 1Y 45
W RPN AZ AT AR T A IEEE R4 L. b, R “H—RFEENE
SCHF TEEE 185 MTH AL BERE I, WSRAEAT v () 45 RO AR, W5 e el TR A F
i, MARFRER. 7 X —FMOL, ARSI BRI SRR ER G .

WKL,  TEEE S FANGRIE R —RE P A I 75 5 b (10 R 4 LA e fit 52 Al )
MrgsRo SEbr b, mTRERE, KREZHREPHSAEA RS L EARER SR I
NS, K2 BRI Rt kRS SO 2t A% X2 (R 807 e %, 1o TEEE
PRSI 58 A A PA T IXFE I e b AU P ITER R o g — AN RIS, VF2 R th
AGERPEYIE AL, MR EI BT TR U X e R B 28R, R MR e LA
EXLE DA O 2 T IEEE ARAER U H .
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D.11.1

VFZ R RO BE B RIR S, SR AUEH] TEEE bRl 807 i U B A 5 e e
WA BEAE AR RS TSR A R SEBr b, bR & RO a0 SR VAN
HISEERAG AN 45 R o £ TEEE 754 FrifErioRTE A A€ SRR IL 73X A&
B “HERT B 2R e, Wi Rkl gt (Bt rRIEAE0E RS
TR SR o FELSil 5 o b el oS 45 R EE I ekl Hdsh . (22, it
PRUERRAE 1% F b R sCRMAR B (€ SUB ST 45 3. 7 (IEEE 754-1985, i 7 U1) it
UG, TEEE ARifE 2GRN 2 R0 IE A 55 A 2R BOE € (10 H AR RS, (H A2 ARTfEA
ZOR I PR HE R HARRERE . DAL, AR R G ek JL A RS it 4n A [RDRS 2
Eébﬁ, R R AR SR N ZERARAD , RIEIRLE R GEHAT S b e IR
k.

FI T V8 SCH (R0 LA S 1) e AT 6 i A7 mds Sy s 28 il O 1 RS AT i funix
B ISefl, TRy b R RE RS UK T A R )y, JCHE, £ TEEE R4 L, RS
ARBE HAR RS BE AT Re AT 4. (R, IEEE badErh A gme LIRIRIFHISS 7727 0 50
R I AR R R RE o BRI, AR08 5 TR W B T R R Ry SEBLIN, iy
(K1 JLASSEA AT GEJCVAAE TEEE A& IR T, 0% R 45 R ey JOR B R 01 i
I H bR o oAb Sl al BE IR A, (HAUEM e & IR AT RE ) 17—
FEFY BAIRIRE ST o

FESEER Iy Th, FATTARAE TEEE 754 32 50T SE U A% (1 H bks QR BE e 01k
172K SRJa, [BIBR SO — 2o g, S5t B LA EERR Fr FIUUDRE 2 58 56 RO RS 2§ it 4t 2R
S PEE T AR I AR, B 0 B R L I e I W] R IE A 0. BRATTIE T B
FFAF RSP IR —ANIEN], DA W AR BER TRORH KRS B T 85 B0 0 TAF,  BIAEZ0RS ik
BRI R KLU U],  TEEE ARl SLVFAE AR SEBL 2 [0 47 78 22 5 2 B E F AT
G55 AT DAMERRTRREAT 0 I AT AR R R, TS ERUEM T WAL K. 2
FERIXFE A, W Se 2500 B TEEE FsvfE Fo i (0l AR 1k (R 3 B 5 RIER
B, IF SeVFRER SRS SR DT 7 i o

LHTEY |IEEE 754 LI

IEEE 754 &5 i s T LLoy g AL, EA R 3% SCRFREAE AN R ks s RE JEE IX
3. BETVEATREG, W Intel x86 RINALH AT, S84 SR REAIBURGEER A, (A
DUHR ) SCRF NG BERUSURS - BT B (s SR S AOURG SR N A it A 4R %, Kk
K Bdla £ SRS REAUURS 2 5 7 JR UK BES U2 TR [P 4, e AR SR bR A X
(AR RET) , AERFE IR 12 UK B sO00RS B2 NSEARIZ S 428, RMix ot
S R LAY XURS BEkS ARAFAE A A7 251 . (Motorola 68000 %41 &b B 2% 711X UL R 4%
PR P OO FE A% X R RG BE RV T A N4 L. Intel x86 B e 25 Ak 3 745 42 FPURE FE B XIURG
IR LA ANGER, (AR 59 RSO BEAS A R OVE I . ) 4247 /2 ) BT /ER St
BT K2 HL RISC APHLAS, 58 4 SCRF RS BERS sURTDOORS A% 5, (HANSZRRAT & TEEE [
RN A% . (IBM POWER ZEM OGS SCRFRS IS, (HH AL H I, 3K
TR ELI RS / BRI R S )
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D.11.2

LB EIAT AR T Y RN RS LSRR / SRS LA AR, %5
D-28 B LM “RGT5m” ALl C A

int main()
double qj;

q=3.0/7.0;

if (g == 3.0/7.0) printf ("Equal\n");
else printf ("Not Equal\n") ;
return 0O;

FEIXHL, KRR % 3.0 Al 7.0 MR UK LT i 2, iy HARIA 5K 3.0/ 7.0 SR SO B2 H b

KA. EFRGIE / REREXUARGE L, ReALXURE REVE S ARIE I, PR TS T DA P ) d
Ak Dk, CBALXOR BRI N 3.0/7.0 MEIR T gqo 6 N7, KR

MRS TS 0L 30 3.0/7.0 MR, 2SR E5 FUR A5 T RIS o MM, TR RIS
JEFEATED “Equal” .

EETY RMARG b, BIRIARX 3.0/7.0 MBI XURERE, A LA fe XORS B s X AE
WAL SCR, DS BT, Ry AR & AN E . (B, RS E I
TASE g N, ZJE AR EAAEE AT, DO g BRI UORS I, I LAKEHZ 00N 1
BN AE R ATH, ATREFF I AT EETH SRIA S 3.0/7.0 (MME, 7 EMEIRY
FEAEAE g TEITRORSREE AR, (EREFATED “Not equal” o« 488, HAhGR Lt ol g
(K. i il LU E AER R 1L 5K 3.0/7.0 (MBS g BT BUALZ H /28 AT A A i AEDF
TNE, HE ALY R R g IRAFAE DA AR E o DAL 2 1345 T RELE 2
PRI (VPRGOSO L, VPR XU D) 15 RIEK 3.0/7.0 M. (EHIH—
A x86 G i ar, (ENAHEATHIFINFERATED “Equal”, 84 AT 9 B I KT
Bl “Not Equal” . ) )i, H:T9 MRS LS 1% & B 8 5 e ARG EREK, LA
FEAE 25473 TR ™ AR G SR A2 S 4% PORs JSE BOUORS JEE 8 AISLE 45 L, RV A P B i FRdi 1
TREMT . XKF, FERXLERGEE, A ERAOE I B OIS JFIE Y TEEE 754 325711
AN VORTINRE P IAT J o BA A BER R BESR 4T & TEEE 754 (38 V1A FHli
oGy BEIE 2R IE A S AN E RSB IS R Hbr - (REEREMIFE) » i g
oy D2 e L b ) G 2RI T P i B (R SR vre e msse) .

AE T RIARS LIt ERIREE

B B YE, BTy IR G R DR AR, IMEALEAE ORI/ XU
JERGE EARAEAI RGO A GG 2 S U R e R (RS L, T LI LR e
sl Chn bain i C FRRe) LUORCEET T s 16 A SEA9 1 5 40 S0RE P B W X Al IR 2 20
SR E SR B AR R P A SO W AR BRS I / XURSFE R GBI, AEHE T
P I ARG LR BERTRINEIR, 82 b T 9SS AR D R TAE, SRt r A it
e LUy DT s (14
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TR B S AR AR AR E e DT R L. e D-30 B R “iEE g
&7 LI CEF GRS WA, VPR RO E S ARELR - BRI RA
Fika0 (1 10, 0%x) RGBT AZI S A R . AEIXO7 i, REiEE
Ada) W32 %| T IEEE Frt 2 B (AN I2 55 2 [0 22 57 (5 . ddln, 2RABL ANST C 11K
R TAEAREN . T RIRSN N, F5L b, ANSI C ARiEWIHf FL Vg P A
2 LU W 5 HSR IR (ARG 5 5 98 (1R S V507 )RR SN (. DI, RIASK 10, 0%x
(V3B AT BE AIRCR - LA A R DA 52 10 5 s0AR A e R0k s 7 BV T A8 fid S 1 1 &k 5
HOE SRR A RIEAR TS LR, RIEACE TS EAL S R, Wk
FEIXKE, SSHUR AR RALS AL, R R ga iR A g £
Gt TR P I i T DT AP 0 BB SR Rk s 550k 2555

AR RIS SEA TS 4 Bl il N T15 5 bedk . aTREMIIN A, AE9 RS % A7 4
THHRIEA, BT Y RN RS NEAT AR do i, AHE A R (RS 44 P o5 0 e 4 R L
FEREIR o LR Pl 5 AL 2R 10 oxx AEARMTAL E ARV SN A EDRF PR AR L R 4 1
PERE. AR, SVPAREE R GEAETE SC RS B R SOHHRE 10 o x TN AR 2
XTSI AT RE Y 5™ A F QR S e, e B ERR e SR LRy AR
IR TUE T 3L

HAIEMFR P R K2 @ RIE G L E N FE (B ? [BIARAE 2 2 4 PRIt AH T
T In(1 + x) &L, AL Fortran a5

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

TERETY R RS b, ka8 vl e/E 28 AT ey Rk vk Fia X 1.0 + x BEIRR
S5 1.0 TR HE, FRl—RIELLIELG AT HE log BN, Jnikdsnl
Rt HAGAAAEE AR, IR RS BN AT B N o IXFE, W SRR T4 RS FE AN Reds
1.0 + x &AM 1.0, x N/, HXTIEREE LUK 1.0 + x&AR 1.0, XTH
KA R/, A loglp (x) REIFMERKZFE, AL x, HIREKZ— -
KT 5e. [FRE, BOEHANTHREAWHRI S (AR FEREX 1.0 + x EHH
WD R A . ARG OL T, AR x BUMEEA /N B 2 UL RS
1.0 + x & AN 1.0, M loglp (x) IR[HIPME AT LUBE IEME T x, [RIFEARNT G2 1)
DIEE—. FIgs i —AN2ARM S, Bk x 55T 2-24 + 247, Ktk x & dm/ MR
B, L 1.0 + x EEARITT—MNEKME 1 +228, B4, log(1.0 + x) KA%ET 2
2B, KA NAT R RE UK 0 BER A RS BEvE B, I LU S R v SR RS it

x, XFfE loglp (x) RIFIFMERLAET 223, ZEJLTERBENPIME. (BD—Mm
PEAR LB ML XA B L. M T x86 R4 Sun WorkShop Compilers 4.2.1 Fortran
77 GmE A -0 A bR R Y i T ARG N, AR A S A AR U B ISR T B

1.0 + xo K, BECH loglp(1.0e-10) 4%, H loglp (5.97e-8) 4k
1.19209E-07. )
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A E P 4 (ENETEW TAE, AEREN 1.0 + x BRHBUN, D20 LM R 67 30 JE ik
T, EETYRNAS L, REY 1.0 + x B8 EERAE—AS92] oo i eSOk i
TR, AT — AP A RS B B XURE FE R ORI, IZSIE A T RECVAIE W TAE. 48R,

HT log J& Fortran " [)— Nl Y eREL, 4B o] BE IR 2 2R 9 RS e Skt 5

Tk 1.0 + x (fE, DUAH A ORS B2 01 5508 BRI, (R8s B 3RATTAS e i 1 4 i 2 4 X
FEAl.  GETT AR — N K P 8 LR B Rl . 7RG 00 T, BIASEHT  sE U
PRI HOR B[R 2 HORE FE S5, ik v ReAT LAY RS BEORAE S8, R RIS AT (T BRAT 1)

Fortran Za ¥ ayiXFEA, WARD . O Bk, FATATAZAAMOEL 1.0 + x IRESH K
ANAghE, DMESR M E AR B IE, WRBATEHARE real, TS #Hix
AR AR IS LAY JES B ORAE AR A AE 2 IR, USR8 ) — PR 7R LA SRS
FEAFAEAE N AE T, FRATT ARV MR TETR S ] o A, FRATT TR B 5 9 J RS AR 2Xxt
(R SRS 75 W %48 . bsdE FORTRAN 77 ASSEHEX A, 17 Fortran 95 NI T
SELECTED_REAL_KIND HLHIKHIR &Mtk 3, & AN 2K DAy ks e vh kil K
SERISEIL, CAARVER Y RS B AR . I 5 2, 7EFsiE Fortran 1% A HE1
J5 ok SR, AMRIFAR A LERATIAR M 7 i RIE 1.0 + x HIME.

TERETY R AR S b, A7 HAl— 2o, BIAE GRS 130k 3CHR A7 i I B T AR 7 1)
FEEBN, R ARIER T, JRRAUE A #A . ESERERNT, Ty RINARS
AR G5 R N Y FERURS L o AR A2 45 R LUSORS BEA7 A, 23X B FHREEA T
ENEAE o KPR N R AL A AT REALE A RSPRS00 e 26— IR IR 4 AR Al A R XURG J5E
PIARINERAR . 2 A ARG BE SR 2 P i, B, a8 RS I AE M
KRG LR R Tl wTRE I BRSO, P S U N s A BRI E .
R ARG — IR AR [ B ANB R E AN, A AR f A
P (PR, VX AN LSS XK TS . HE ] DAEW] % g > 2p +
2, WIS p- AL 9. . BR, BE A p MBI TRIESE, BRI g
IRJE AN p Ar g AN — IR B p A0S AR DI, 7 REAIXURS E 1K) 96 1 2 A2
i, HOREF AR IAT AN )

ARG IETR 2 NI — S5V S A AT e ZEs b, EE R ARBSRIER & N HAEARR
4 IEEE 754 ({45 Mt ML 00 TAE I — S Sk o 2 DR X8 N 2R e, b g F i
B THATAE S D-11 T R “5EFE 57 340 42 3 (KB 22 6 532 5 10 AT B A 4
e BN, e 6 thETIARI A THH T A BERA  m r FME AL 5 43 B I R AR R N S
ANRETERA TAF: R K XOURE B 252 + 3 x 226 — 1 553 N PIEBSY, BiBirie® N 26 .
YRS B IEff & NEEANE SN, AL 2524 227, fIRAVERN A2 226 — 1, {HAEY R
KUK B 4 NAEAN I8 S5 00K B NI, A%l R P AR M A 8 20+ 252 + 228, A i 47
& -22 -1, Ja— NS 27 On, R TCVEFE SUR IR v S0 Uy . 248k, v T Be
FE A FE XURG B v S B3 T, (B A5 A BOK AN T RE S R 0 B RS T / UK B &R
5. BLALN, SRRV ALV T K G S U R E F RURS BE LT L T A I e, IERf AL
P UURS 55 A0 B N i UK A8 B (KR A B R v S B ) AR o
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D.11.2.1

D.11.2.2

FIRE, 52 o RURS B B B AL I8 22 K B B N 18 m] B A Sk S E U NIs S 2k
W o IX BB B LIE B RS T Kahan SRATA U 77k, IEAISE D-47 T B “SRATH
HIRZE” ey IR A A AL E MR IR 1, Wik s F1y 2iF s eIt A
ls| = |y], W&:

t
e

S + Vi
(s - t) + vyi

Wa, ERZHECEET, e KRS ¢ W& RE. B, HITEENEAN
BEPAREIER T/ R s =22+1 Hy=1/2-2%, A, s + y SLI%d XL
BN 252 +3/2, WJGHAE “AEHIRTGIL R A MREC” R 00 R I 3 A0

22 + 25 JXFE, VA € IR AE NIRER 1/2 + 2%, ERIHEAUG R &R,
e e B s (W RGE SO BT 5. TR, TR % REXORS BV SRR & 38 AR
ZERE VT RENT, AHEIXAERE A L AT BUA T K A A RERs e it 29 T (R XURS R, XL
AW R TR, BRI X VAU 2 R s S ] AR R
E%E%’r‘iE‘Jﬁﬁ*ﬂiﬁﬁf-ﬁﬁﬁ%?ﬁf@i@ﬁ, ESEEA IR TP KRG EIFAMG T K
MARFEIZAT .

e, I LR i o NI eSS BT e A Nl R AR, A
RICKEOUT, AEBRE A SAAE T SEBL, AL T 5000 T 45 R IR T A4 T
M. A T RWIX gl RATEWER 7 (LU R AR

TR 7

WiIRm Filn 420 Ll#% IEEE 754 XKEG/REZNHIHE, |m| < 252, n AGHHAEAn =2
+ 2, L4 (mpn) ®n=m, FHEBNFE 7oL IEGEA NI LD
HIGSE ARG SE AN o

UERA

e m>0. Wa g=m o n. F AN BFIATIEE, AT LA & —EEM &
B, 252 <m <253, XF g 2SN, DUE m R g #R IR R LA S
A E CED ulp(m) = ulp(q) = D« EHIEZ AT, B2 m <252, FLEFEL
Ji, om R MEECER AN, R m g BRI m/2 < g < 2m, LA n (X
AR DA AT R i), HARHGR T m R g WRANROR: W g <m, B8R 1<
n <2, B4 WA ZIROR, I T2k, n=1+2%; FFE, Wi g>m,
Wa1/2<n<1, Wkn=1/2+2k+D, (B4 n £HASZRRRAL FILl n 58
TR n =1+ 252, B m/(1 + 2°52) AT m 1R —ANR/NBUR BEEOK,
FTUUAREAE g = m. )
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B e Ronilsl g I NREZE, UMEg=m/n+e, WHH g n 2 m+ne ) (—
B O Fx NH . 15 1 5675 B 00K B I i NN RUS T . AR PG ol
T el <1720 W n AATEK 1/2 + 2K+ D, U] ne = ng — m & 2-6+ 1 ({5 %,
H |ne| <1/4 +2-6+2), iXEWKE |ne| <1/4. iEFM—TF m 5 F —MERKIW RR
B2 ZERE 1, m AR NN RN M 2 1 (iRt m > 252) 5 1/2
Clnit m = 252) o 3XFE, A |ne| <1/4, m+ ne BHEANK mo (BIE m =252 H ne =
-1/4, FeRUKHL “TEPagtsol B & A EE BNEANK D me ) FIFE, Wk n BA
TR 1+ 2K, W ne /& 2k (RHfs, H |ne| <1/2+2-6+1; XK |ne| <1/2. ¢
XFMEOLR, AL m = 252, K m 4% KT g, B m 5 AT K v R om O 22
1. X, B |ne| <1/2, m+ ne FFERKEEAN mo (AT |ne| =172, Fefliti
o “AETRIE LT SN RARE” SN R m, B m 28 ) XS R T IE
W NBEIUER .

XN A, I ReRAELNFER: g 1L AR (R EsEls La AT

WO, FAR EAKE |e| < 1/2. AEXFHEO T, BATTCURBI T E—BH i s,

KA RFEIER] g @ n B ANNIRFIHEE . AT HEBFIX—A, 153FE [EEE FRf 2Ry
R R AR DH 64 NERAL, DMES m £ 1/2 Fom + 1/4 o] DL @ X0 HERE
Forko XFE, WE n AR 1/2 + 2-6+ D, DUE |ne| <1/4, WY XU E & A
m + ne WA= HEY m mEMZE 1/4 WS, W ER, WEBRICKEESAN m. [
B, Wi n BB 1+ 25, DT |ne| <1/2, WL BEXUSE SN m + ne M4 /E
5 m mEME 1/2 &R, M HME RIS S AR me GE[FIAR, 7EIXF g0
~m>252,)

I, BEHIEAA LIRS IR BIXEATFE g AR IEFEANR. fEixet
TN, BZERA |e| <1/2+2-@+ 1), JLoh g 24 XU EER b g & O
ATV RIIAT RGAB IR IELF A 64 DMLY FERUR B xFikigl, 4
=64-53=11.) KRTER “IR&EAH “TET@IESL T & A MEEC B E RN
A IEM S NG R, T g AU EECEE. X, WH n AfEL

1/2 +2-6+ D, | ne = ng — m & 2-5 [Kefs, H

lne| < (1/2+26+D)(1/2 + 2@+ D) = 1/4 4+ 2K+ 4 2@ +2) 4 pk+d+2)

MR k<d, WEWRE |ne| <1/4. WHE k>d, WAL |ne| <1/4+2-@+2), ¢
E—1EBL T, TR — RS Nt S m 2 A 22 1/4 MR, ks Bt o,
BoWENEENA mo FFE, W n AR 1 + 25 W ne & 2-6- D [k, H

| ne | <1/2 +2:k+1) L@+ 1) L ok +d+1)

W k<d, WEKRE |ne| <1/2, W k>d, WMENTELAG |ne| <1/2+2-@+D, 1§
10U F, BN RSN m B2 A2 1/2 MR, FRHKHE Eikig
B BB IRE NN mo

BTIRUE AR DO S DR AR, B4 25X E A, HEAEAE NS BUR & A
NIERIEIR . ZUEWNERY: R0 T R ANE mUs SRR U, 3 RATT
HERE AR FRAF AL XU A AT RE L m] LU AT BRAR PRI o X TSR IORE S, RGTHARRE XL
TN ISEM AR VAT RERT,  SEANLA YEXURS BE TSR JE SORS BE T 51K B — e 4L 45
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D.11.3 # REEMIEFRITES

AN 1% T (KD SE 05 R 9 R R A2 ot (KX — 4518 . ey DY RERE AT e Ft 1l ]
PRGNS, VFZ R UG RS2 2 RIS, il MRS P B ok i 5 e B4t
AT PR SRTRARE N AZAE T RS BE RN T A7 30 O T 4R P (03¢
By A5 RE T REAY S BT JRRS L AR A ) 7 3

FERS ORI FCRRAR AR B I nI R AR e o, JRATT P B A B2 1 5 G S8 F) A5 1T 11
JrAAT UL R R

1. AERETY IR LR T REAE YRR L REA T g 1%, LU AR e pRIACRS - AR,
K2 BOEAE A X S EOR DO MBS P AR R Z LD “ oSl vy e
TR e 2 A R B AL UG BEAF A I, N T REAL A Py B 2 1% R P
BRAR B ARZE, B CGEMEE R U EmAB IR gm AN C2d & A,
FEAF At G5 RN R ILHEAT A N o IXHF, ALY R FL VT 53— 28 v ) 45 SR T g
PRSI E R, ER YRR FEAE LT AEIRXFPEOLT, FRATATRE A AL
Y FRRG JREAN 2 W) A8 8 kI i P85 A P RS 1R, 5 DS P OURE JE

2. B AL LEOURS B2 8 ) — A R 2 b ELAZ O 5, A AT 5, 77 DU At A% 2
YRR LRI, et T DU R Sy AT, AT ] ARORS AT, (B
SN A DATHSO00RS BEH ) 2 (R LG O B 0 TS IT 3 105 LA
IEEE 754 § JEXURG ER% X CRE A LA S8 IO e D 3L, mT U S A E
e AR S M R S R R B . AR TR RS b, RO TR
Ko FEWRRGIE / WREPERGE b, 37 U BEAS AR b A A h O B CITRSRE —
otk A5 5 1y HLIZARE 0005 F0RE LU U I XURE EM 4322, kS 5 s U E e 77
R e B, WA IR, AH R E S TR, BESCRR R A
JFERIX G, T AR N SR B g v AR SR R (MR R n] DAk
FEAEFWRAR 73250 MR 7R RER R 2 RDORS B B IR BT S 8 (LU m] AL 36 5
T PR AL R T, BN, KR e 1 AT BEXURS S K D

3. R EEOUURS 5 5 9 (4% X ZAE SR A A B, B AT 2e A o X BRI LR A
LI SRR, R AT REA A S B S5 R P RUAR 5 22 M
RIS ks LRI LIS A e o AR, 1R 5 AR R 24, Ry 4 REI 2 It
5 A A% D i AR JE

4. HIMEI S RGE s RIECR Y R, ok 45 R IR A XURS A% X Xt
T BHOBUE T 5 A XRS5 AR S I RE Y COFE B s 2010 & m i)
HH DA R AR A Y RS RE 7 3, RIME AT DAAE 25 474 7 A L
UK 556 FFE B0 R RV 5 () 45 R AR AN REAE I 9 RS B (LA Oy ok B fiy v
A 45 RAEAFAE BN AFIN, QORI U5l REHAT WA A R AB SRS R
B IR AN 53 ML, ARG AU %4 R AT AR AR AE I, F R
NN AR, A A A R e NI, O AR AR AL T 71
%%KHO%%,ﬁﬁﬂ%A%%ﬁN&ﬁ%%%ﬁ?ﬁiﬁE%W%ﬂ%ﬁ%ﬁ
(i)
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5. 20Uk A% 2 0k B A B TR A A N8 o o6 T IR A At 0 UK % 2K 1)
0 BB RS BE R SR A IE AR 5 (ORE R, BEAT URS B ™ % s kiR S W . DA
TR T 2GS XA S R AR PR AR A R AR R A s 2 e AT s 5RO 1 R D
Pl Ty o b R e kg I N R, WS ENTEmE M (HAES ) o Rk, f#
HEETY RINARG I ki U TG [EEE 754 SEHUW AT SRR AR I, %
TR AR IR A5 B RGOS S R G 1 1a S T 75 RR (55 7

MBS HA LA X ML . F5 b, JLTPREIES SRR Rty e
K RE R RS Jr . — MBS ERIEI AT ISO/IEC 9899:1999 Fifv ik = - C kn
W, EE CHES BB, A TRl BB & B .

C99 Fritk o VF S B LA LG IE W 55 SR SR (1 s =X B 1A% T S e Ui, (R C99
Bt @ A F AU =R B A 52— @IUE 0 =Rk Lok RiE . “471”
BT SEAE AR AR, Bl S i e CTRAL HEAR P %% FLT EVAL METHOD KiH
S E A RN 77 W FLT EVAL METHOD & 0, T LU R T-JCIR T s ot 56
ANEIE W FLT EVAL METHOD & 1, WPRFVR s 3 IA SUAE T BT N T X0 B2 (1) 4%
X MR FLT EVAL_METHOD /& 2, WK ORISR [ 3 IA 2UA T B N T-K UK BE 1)
Ao (RVFSEIUK FLT EVAL METHOD W& A -1 LR/ &RE XI5 7R A RER
o) C99 FRHUEILEIK <math.hs> kIFw XEM float t fl double t, EfIH5!
20 5iF mONRURE E—FESE, SRS TR SORXOR BB A SR DL . ot
W FLT EVAL _METHOD /& 2, W] float t Ml double t #F/EKIUEE. &5, C99
ﬁ‘#&%s}‘z <float.h> SKICAE SCHR E X T RE i s 288 20 1 4% 2 1) 0 Bl BORS FE 1) il Ak
HRREY %% o

C99 byt ZE K B UK T B 445 SCRF BT A 1K) bR b (¥ — L8k 8%, (R AR
AL 0, RS IR KOOURS BE 2R AR M B9 R USRS 20, T

FLT EVAL_METHOD & XA 2, LR 53 AT DA PR GE 4 R RS B2 (R BE bR, DRIt
ABARR U FL AR B S0 R RS P L A XK B (B double_t) SEAY [ v i) A2 R W]
Fy—U7 M, A S AR Y RS R AR EE AL R, RSN AR A (i,
G R A AT VT 2 P AT A N L IR e ZTAE A I T 7 I Sk ORS A B 1) R 0A
XMEER, DUER I HO XU, R e AT DURAEE A AE i T o SRR, XK Bk

double_t FERIHRANREREAT G B LUE /RS T-0 R 1 2 BB A b A R de PR (R AR

[FIFE,  C99 FRifEFL At T b b S4B i W 1) — L8] (L (A2 AT 100 ) (1 i o Uy
Do K REN 1.0 + x PR CHEAERD HiZARZ [ 62L& 11,
WA LLRIE Loglp PRELT C99 bruERRA IEME TAFE. (HJE, FHT¥ R0 SR 2 b i i
P84y FMEA 2 AT RS RLIG  nR) C99 AR UERR P 50 R 7 TGV DR UEH XU, FE 1F
iy NRURS RERIE IS B0 5 AT e TE A (0 AL B AT F5 00 T S XU N2 — Rk 7
I double_t BAERKGE / XU LR G L2 O BE AT IRy, 7EIE T4 R
R Ly RS BERATIR Gy, DMELEAE 1500 FHCR IEf & NS 5. g B 14 5 UR AT
AT ATEAT AL A B AT R 4y, e A S nlis SRS &,  FLT _EVAL_METHOD Al
B2 50 N AZSR LA B
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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)

#telse

#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 RE, FEP DL ZIUAITE : RO R IA AT B ALY RERS RV Bl
DREIRUE N ) n] DL S S8k A KPR e B 14 W RECUR Y RS . T8 2 5 UL A
Yy v TR 8 0O B IE M s NN RIA AR, TP R RS b, xH Bk
T ARG FERE, (HAT S, C99 bk AT PR Bix — s i v B a7 ik
(Floating-Point C Edits (3 b SZHRFF Aoty C0 FrifEdbAT i) S i AR SCRD 1Y
FU R AW RAT 3 AR BRI R G B SEI it fegetprec il fesetprec M
DRV i ARG RS, X PIA BRSO B & i A7 10 1) £egetround
fesetround MRHFML. FEXT C99 FrufEREAT B L2 BIMMER T SEE I ZE . )

TiE A, C99 Witk SR A A R B2 ) RE ) R 2 R nT B ARk i A il T
RIS RN AT S A B A . RS C99 R SZELER IR <stdint . h> kX
PF, IO S BT SR IR LE R, e 3 MR R 44 i,
int32 t J& 32 fLTE MK, int fastle t JESKHLAHE S H 2> 16 A758 1)
R, intmax t 2SCRFIMEEHEECRAY . n] LUNTR R B BAR AN SR Uy 2%
B, floats3 t n[JHF w4 HATIELS 53 A7 K5 EAE AT fig FL A7 o8 5 90 Bl () —Fhy sl 2
M, float_fast24_t W M Twda S B et H B AT 2270 24 FrRG 2870,
floatmax_t AJ Ty 44 SCRF 155 o FOHBEAH PR AL, PO R T e VP T4
JEI R GE 0 g B35 A2 B r] RE B IR AR, X ASZ B LR AR5 . 488 B R EA
R DA 7 A7 A HH 7T AR o R B P SR AR S BURE T TR I R 40 LW 4 28 0 o AN RE AR
HBCE N ILIRERE RSN, WIS VF B8 B8 1R Y0 [ 52 3 W) — R IR s . dee )i
double t AT w4 —FllA I AT TEEE 754 XUKS ks 20 00K FE ARSI (0268, 44
JE A PR I RORE FE T8 A A 44 IR S 80—, IR RE U7 ST LASC R Bk
(I R RE,  JF SOVFRE P DA T At M s 1 SO e 35 R 7 R e
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PRERGRE I 5 SCRF L AUZAE 0 ? AEORSIE / XURSE RS b, L g1 i 10 bk
T DR — B0, RIEAS 0 DX DRSRORS B 6 LR . EE, BE TR RStk
AR INAE:  EATBEAN SCRFAEROR BT S BCR B AN SRR AUy RS BT LI 280 L5 X
Mg SRS m, 0 HA R R 2R A R R SRR . Jehh, AT
e BEAN Y 12 B 4 G VF 2 G 5 N 0%, AAT T8 % 52 SITRSLAE (K58m0 (TIN5 2R 20 B
SR ERGERD , K7 nUsSI ARG ARG, AR AN RE s T # Ko

SLo MR, IR RIATIERE, A TR 2 RE SRR JLE FE I 5 .

HERIE

ERVHRIF AR SRR T IO R S, M 2 LA B, MBI
IEEE 754 RGN0 R — R PR e AR M 428 . BA TG HR] TR T IR
L ORI ) BRI ARG AR, ARRAEIL PR RN KRG A AERE P 1)
AW i, SRR/ XURE R G AR K AN BT SR 15 28 = AN EAi i,
AT — R & N o WIS SREN B HIFE - A 2 3R] R AEAN R RS . /
FIERG L EAFER; 5P L, ERB2S T FFPAER—RE L™
PEANE I GR, XE TR A A AR . R IR 3R - it m] ABH k2 BE 6
(Fpds LR, A RENE LAAS AT RS R 5 3UAE T e R AT 2 SRRz 5, i AN L AT ¥
9o ) VA TEEE ARifESCAH UM SR EAE, EORE Lt — 8 PR 4y i
WA PRI “ HAR” . B 58 B LU A% IR, I R AN A o8 A\ LUIE A5 38
PR P BOUURS FEE H AR

HoE, DUREWREWSINK: TEEE 754 K& ME 4T € IR b R I 45 R . V2 FE
P S A A TRT LB R PP AT 0, JFIERER IR WIS AT, AN g P 2
WEEATE SN, AEVFR I, TSR SRR e B S B A BOR
SCRFMR L — AN A SO DI H bR, TIREIE, 9u0 LRNF nis S, % H s JLF
FEANTTRESCILIN . TEEE ArifEf il e & AE A T AR B ez Hbr . Dk, REFEREA
THSEHUT LT #8755 IEEE 754 brdE (IOREE WA, A IT A v BEAR A R 17
DA I AR S A AN T FIURN (R VB

W7 AR A TEEE 754 ()& F0REE,  WMAdATTHE 55 B 7 S 5 mT TN AR R e e v 1

Ho C99 MHEAE— @ R B T A, AR R B SLRE IR 2 AN R

A, X T4ES FLT _EVAL METHOD #%w™5 — MR . BIEEAHIE: ¥RES 2
Ok B SOV DA A P W 3 IAFR P 4] TREE 754 8 MR FERE I8, Rgi 'S A
PRI FET DA RGAZ AT ST 8y, B EAT M FRATTAR 25 5 B S i
PR ROZ WM {45 58 R GE EPAT VRS T AELURE Y BB AT . AR e e sl /M8 1
ST 48 R R MERA AN I T B P L, R U T N E A I &5 i8 s 7%
FPUh . gmidEds AR, B2 AT A BEAIE AR Le 4h iR T RE AT 4 .
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b 5%

wREETRE

HI T Solaris #5§(¥) Sun Studio % B &™ wh IS RS SOSCHFRIESCREZ A biitE: R
4V #1052 X (SVID) 5 3 iit. X/Open Fl ANSI C. MM HE, CXF42#FE 1ibm Al
KICAFAT TS, DM C Rl fR X e bifl . P RSP 3 AN B2 5, IR 22 1 3=
LW AR

E.1

SVID A5

H T fiR ¥ SVID M1 IEEE ARl PT AR RGBEAT (¥ 57 3 AL B2 (o) (1 225, A 20 2% R IX Y
FbRER A TS 5. SVID H AR 2 BRI T 5 W) UNIX CEIAE E7HSEHL B3k
PLUNIX ) o XEERUIB IR Fadafl +1 -« M/ B FHLERS, 1

sqrt BV rR ECBHR e e LKA A8 B R BT e AR 2 1 WL 82 AL 1

ZFE

DR R 3K B IR LS Tt AN T [ 5 AOR AR B i, P DU BRI AE RN S5 77 AR 2
JER A P S BN SRR R S Bk . DR 2o PR RE = AR AR H R s,
LA SVID AT 5 G ¥ k57 IO, e 2 Rl i o

LA IF RO, IR SR e SE AR S s XS B S R BT (A M iR
R AN PERE LB 5500 [AIE,  SVID ZORBEAT A A . a2 5w, st
SERAE R O TAIEM IS, 1% errno W& N EDOM ; A T H I b3 51 F i (1
i3, WBCE N ERANGE) , JFAE A& 57 41 15 1L SR T P 2 matherr () o 1E
A HTT R UNIX Les b, X JUPAS B ARG, HIZEHRA,
IARAER AR EEARBHE +. -« A/ PR W
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E.2

IEEE 754 [ &

IEEE FrifE 345 O35 5 LLRT S AR I A H . AR, AEFILT 57 Ab B s 58

I 25 B8 2 TR R P SR o XA AR AT BAOES (oy -0 * A1 /) AIERRE
GRS, PR ) R SN BARIEARTESUA fi o MR 2, (AR

AECRTRIT 2 PO A [ £ S 5 A B 5 508 T S AR 0 v 1A 58l o

IEEE 53 4k PEL IR 70 3 A0 38 AR it A 45 2R DL AR SR R SR I D0 R Pk vk 6.

E.3

SVID B3k AR A b

T SVID (“2 3 W B “SVR4A” ) AHERIRREIRY] T XL ). Hhz—k’Y
IEEE Fr#EIFEANE . Rk, SVID MK RMCAE A HUGE_vAL CEfE IEEE R4 4
LK) B HUGE CERBRAMAWED . i, R HUGE VAL 1E hi% 5 b (145
H. £ EBE-1 [ IEEE SR E Libm sECH 4 78 A S EOR I Ak,

A HERE errno.

E.4

SVID 3£ I)

PR 1ibm BRESAEXT NF SVID MR S &, FEMNEIT -x1ibmil f#H
libm WEY K C BRI, sqrt REURM:— RG4S SVID sk, Hh
X4 S EAL T ARE 5 4 fsqre [sd] BAREA

* E-1 SFEETE LA 1ibm pREL

HiR
hie errno HE SVID X/Open IEEE *
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

* -xc99=1ib WHMHINFHEATAIRE] IEEE 754 KUSHIME (RURERE, MARKE errno).
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% E-1

SRR 1ibm R (4D

L d
Theg errno HE SVID X/Open IEEE *
atanh (+-1) EDOM/ERANGE SING +-HUGE +-HUGE_VAL ELss
(EDOM) (ERANGE)
cosh overflow ERANGE - HUGE HUGE_VAL bt
exp overflow ERANGE - HUGE HUGE_VAL TI5
exp underflow ERANGE - 0.0 0.0 0.0
fmod (x, 0) EDOM DOMAIN X NaN NaN
gamma (0 EAIEHL ) EDOM SING HUGE HUGE_VAL 55
gamma overflow ERANGE - HUGE HUGE_VAL T55
hypot overflow ERANGE - HUGE HUGE_VAL 55
jo(|x| > X_TLOSS) ERANGE TLOSS 0.0 0.0 R %
j1(|x| > X TLOSS) ERANGE TLOSS 0.0 0.0 NRESES
jn(|x| > X_TLOSS) ERANGE TLOSS 0.0 0.0 NRESES
lgamma (0 EDOM SING HUGE HUGE_VAL I55
R )
lgamma overflow ERANGE - HUGE HUGE_VAL bt
log(0) EDOM/ERANGE SING -HUGE -HUGE_VAL S
(EDOM) (ERANGE)
log(x<0) EDOM DOMAIN -HUGE -HUGE_VAL NaN
logl0(0) EDOM/ERANGE SING -HUGE -HUGE_VAL -I65¥
(EDOM) (ERANGE)
loglo0 (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 (GHHHED 1.0 (GEHHE
pow (NaN, 0) EDOM DOMAIN NaN NaN 1.0 (EERR
pow (0, $1% ) EDOM DOMAIN 0.0 -HUGE_VAL EJ5S
pow ( it . EDOM DOMAIN 0.0 NaN NaN
PSS )
pow overflow ERANGE - +-HUGE +-HUGE_VAL 1Ex55
pow underflow ERANGE - +-0.0 +-0.0 +-0.0

* -xc99=1ib WAEMIEINFHITHIRM IEEE 754 RSN (BURERE,

MAZEERE errno) .

Wizt B ArdEmfE
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% E-1 SHAEBUR 1ibm ¥ (40

R
Theg errno HE SVID X/Open IEEE *
remainder (x,0) EDOM DOMAIN NaN NaN NaN
scalb overflow ERANGE - +-HUGE_VAL +-HUGE_ VAL 1Ex55
scalb underflow ERANGE - +-0.0 +-0.0 +-0.0
sinh overflow ERANGE - +-HUGE +-HUGE_VAL LTS
sgrt (x<0) EDOM DOMAIN 0.0 NaN NaN
y0(0) EDOM DOMAIN  -HUGE -HUGE_VAL -5
yO0 (x<0) EDOM DOMAIN -HUGE -HUGE_VAL NaN
y0(x > X TLOSS) ERANGE TLOSS 0.0 0.0 NS
y1(0) EDOM DOMAIN -HUGE -HUGE_VAL -5
y1l(x<0) EDOM DOMAIN -HUGE -HUGE_VAL NaN
yl(x > X TLOSS) ERANGE TLOSS 0.0 0.0 IEfE R
yn(n,0) EDOM DOMAIN -HUGE -HUGE_VAL - 55
yn(n,x<0) EDOM DOMAIN -HUGE -HUGE_VAL NaN
yn(n, x> X_TLOSS) ERANGE TLOSS 0.0 0.0 ER

* -xc99=11ib & EMHEINFEHIT NIRE] IEEE 754 KMEME (AIERAERH, MALKE errno).

E.4.1

* E-1 5 Ty 52X Lebrift g
). SVID #3K <math.h> ¥ HUGE & X} MAXFLOAT, 'B4J% T 3.4e+38. ff libc
Hff HUGE_VAL & XA EFF K. errno & C Ml C++ F/Fn] LAVF I ) — A4 A i

<errno.h> N errno & X 120 NEA T RERIME; HeE R IWANME N EDOM (HT
WAR) M ERANGE (FHTHEMHER) o EZ W intro(3) M perror(3).

m 7 -xc99=1ib wET,

BEXREFERM libm RERI—ALIRAA

W) Libm M4 {H X _TLOSS & <values.hs> H1i X

Libm BREERAE T St [H S R i DL E T

-xlibmieee —HFf. M SRy 5 O P 1 HCA IR IR ] TEEE 754 KRS IR

XIEERE -Xs. -
FIIR ) NS

Xt -Xa B -Xc B E MR G« Bt

. FERFEBERRERT, T -xc99=1ib,

Solaris 7F /usr/1lib AL FIbRE R G E AT S 1999 ISO/IEC C #x

m EIXEETFOC,  ANSIC 4aiEas T o0 -Xt. -Xa. -Xo. -Xs $8 14 28 5 il 51t 1) 1+
EARUERIGN . A RIX TR A, WS cc(1).
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E.4.2

m i 1ibm fi &, -Xt Al -Xa 437530 SVID Hl X/Open 174« -Xc XN T 44 (1)
ANSI C 174

TE¥RIE)E, BAMHTTF R -<x>1ibmieee AJiR |0 IEEE 754 X% F{E . 7E Solaris 2.6+
Solaris 7 fl Solaris 8 I, libm fll libsunmath WS IT N ERES SVID.

m XTI ANSI C (-Xc), &R E errno, A matherr(), FHHiR[A
X/Open ff.

m WF SVID (-xt 8% -xs), {#HAERFHEMGEEREHMRE natherr(). XHHHH
4 SVID iR [FI{H .

PR matherr() WHESTCRIRIEIE; E2 W matherr(3m). WHEH 1
L1 matherr (), W) libm & 'E errno, WHREK 50 B BbsvERE R, JFiR
B2 E-1 | SVID %t %) [K1{H

m X T X/Open (-Xa), HTHT matherr() HAHNMEE T errno, HATAHY
SVID #ld]. {HjE, ANBATMTERNE B S N EIbfEs b, ERZHENT,
X/Open & [F{E 5 TEEE & [FI{E AR o

m T libm A3, -xs 5 -xt BAT A A BRI, -Xs SmidmIRE AL
# E-1 A 1ibm R EK SVID FEZARRA

n AR, R sqre BRGNS, WAEFH AN BT SR R I EA AT
W EDOM B matherr () PriGIMESME . FEAK W] A E EDOM M5 6G, &
NaN £ B4 -

ik, T £sqart [sd] BN sart () REAAN C FBF#F4 [EEE 77 midnif,
ERTREA TR G RSV 42 18 RS PR

1ibm BY5% R

SVID 8 T W/ NMF AN : PLOoSS (BRI HFRM) M TLoss (GERETA N
). 5 sqrt (-1) AR, EHAREBRANIENLEET X 5 exp(+-10000) AH
A, IS S B S Iy s A7 it A% ) N E BR 1

{H PLOSS fl TLOSS XHL T fmod M= K%L (MEMNELEMARG T FRALSEAR TR H4F
TE ST R o

5 RZ % IBEE SLB—#F, libm HiABCA BIUERSR RN E, RIEAS RESHE
41 PLOSS. N TFr& SVID BAEHEME, fTRAMMASE, BHRW L eihilH
HERI 45 3, (H D28 JR B3y R AS S 40 TLOSS.

sin. cos Ml tan SEHALFEAETC 55 KA H B IE AT S 0 5 X 5 HAt L AR Ty 55—
AT IR ZHER Pl NaN JF ¥ E EDOM.

[FIFEHL, SVID MiE, R x/y B E#, M) fmod (x,y) A%, {H fmod W 1ibm 5L
I O IEEE SERBATAELRED IERERMTE x/y, G LIRAURSII0 55 R .
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E.5 LIA 1 E1EE

Ezlswlﬂ LIA-1 #5142 ISO/IEC 10967 -1:1994 {5 B3R — 538 5 IR (K E % —
Ay FEHONF S A,

Sun Studio %4 FAFHR AL %) C Al Fortran 95 4k & (cc Rl £95) fELLF 5 HIFF
4 LIA-1 (BE RN T LIA-1 28 8 Fi I BLE 7~ 8 -

a. TYPES (LIA 5.1): 54 LIA-1 128544 C int il Fortran INTEGER. lﬂtt%‘éf’f“mT
FEE b, HBEAEBATA AT B AR E IS TINS5 5 AN
HAREAL A AT LIA-1 W Sk kL.
b. PARAMETERS (LIA 5.1):
#include <values.h> /* defines MAXINT */
#define TRUE 1
#define FALSE O
#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/ M % u& Fortran / fl mod() $2fft DIVtI (x,y) Al REMtI (x,y). M4,
modal ( ) AT BT AR

int modaI(lnt x, int y) {
int t = x % vy;
if (y < 0 && t > 0)
t -=vy;
else if (y > 0 && t < 0)
t +=vyi

return t;
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integer function modal (x, y)

integer x, y, t

t = mod(x, y)

if (y .1lt. 0 .and. t .gt.0) t t -y
if (y .gt.0 .and. t .lt. 0) t =t + vy

modal = t
return

end

i. ®78E (LIA 5.1.3): FREZRH T LIA #5062 B 1R Rk,

* E-2 LIA -1 @M —Ronik

LIA c Fortran CIEARKIE
addI (x,y) X+y
subI (x,y) X-y
mull (x,y) x*y
divtI(x,y) x/y
remtI (x,y) X%y mod (x,y)
modal (x,Vy) Z WL N
negl (x) -X
absI (x) #include <stdlib.h> abs (x)
abs (x)
signI (x) #define signI(x) (x > 0 ZILULTFHNE
? 1 : (x < 0? -1 : 0))
eql(x,y) X==y x.eq.y
neql (x,y) x!l=y x.ne.y
1ssI(x,V) X<y x.1lt.y
leqI (x,Y) X<=y x.le.y
gtrI(x,y) x>y x.gt.y
geql (x,y) X>=y x.ge.y

PURACES 78 signl (x) M) Fortran &Rk

integer function signi (x)
integer x, t

if (x .gt.0) t=1

Wizt B ArdEmfE
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if (x .1lt. 0) t=-1
if (x .eq.0) t=0
return

end

jo MERIE KGR AT, WRARIEE, WLEL int (C) 8l INTEGER
(Fortran) K1 RIENLEG R, HERA TS . KigERBILH 5 RIEX W THEINY,
Ma+b+ciia*b*c.

k. SRS HI ik AU T ke .

n. A1 BEEIERX N x/0 A x%0 5 mod(x,0). {EHAIEN N, xR AN
SIGFPE. WIRAKY SIGFPE & SR 7, WISEFEL L H# N7

o. IEFHLH: WLIMEH signal(3) B signal(3F) &y SIGFPE i )7 FH Ab#E .
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b 5%

5% 54

NI TR AT C SPARC® V7 s i1 T 245 B

(SPARC Architecture Manual ), %5 9 l{, PTR Prentice Hall, New Jersey CHi¥
), 1994 4,

HRSHGORAE T TRATAL . A7 WATERAF AR AE SO 7 145 BAE A A
4.,
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