A2 1SSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software,2015,26(6):1306-1321 [doi: 10.13328/j.cnki.jos.004589] http://www.jos.org.cn
O R Bt A0S T RAUIT A7 Tel: +86-10-62562563

e IS} M < e *
—MEARFEREN LT &
1&?&% 1 _/%\7](/':&1 g g‘ H %) i %

(B TR S e v 50 5 T GOS0 & (R 245 B DR R 2), g 45 450002)
WAEE: YFHE R, E-mail: atao728208@126.com

“yap

 E RFRHEEA CPU M T2 AR A T &t AL & ey A3t A TRt bR
Hy KALGAE ) A 69 K T B R ﬁﬁ)% & W st B SR AT K, A AE A . A E A B AEIX 3 T E Al H
T B 4E4E R4 — £ B ARk A 4 PR PR AT LA MK T BG4k R T @& 2 BATRA LM, 2B THL
0 — AR KT & BMItest(basu: math library test).)iX-F & 4 & B4 45488 . |EEE-754 42k B A) A 5 545
A AN I AF EIRAR A 6 |IEEE-THA MR H M T MR E A BR S T MREF LR BEF R BT A
F % 44 % & MPFR(multiple-precision floating-point reliable library)## & w3k 75 ik 385 T A5 MK 49 7T S04 38
T T ARALIG & 69 b G MK 7 ok R KPR E SR T P30 3RS0t A i o) T AT K Z 69 EMKE R A T
SR 6 45 RPN KR SRR 69 MK EFAE S BB T AR K MM R B PRIET MR 7 k) EE M ad i
2+ 6.4 GNU,Open64 A Mlib & 3% & 1 B 855 A~ & %k 49 MK 25 F & P :BMltest P & t4 MK iB £ E A& . A 2K,
ALK Ty ok BT 48, 5 AR KT 6 AR M AR S R S . A8

KR F BRI KT G IEEE-T54 45 K 14 A8 ) 3K,

HREESES: TP31L

sl R A o VR R SR, BEAEE T A RBE — H oR B B P L O o 41, 2015,26(6):1306-1321.
http://www.jos.org.cn/1000-9825/4589.htm

5| F#%20: Xu JC, Huang YZ, Guo SZ, Zhou B, Zhao J. Testing platform for floating mathematical function libraries. Ruan
Jian Xue Bao/Journal of Software, 2015,26(6):1306-1321 (in Chinese). http://www.jos.org.cn/1000-9825/4589.htm

Testing Platform for Floating Mathematical Function Libraries

XU Jin-Chen, HUANG Yong-Zhong, GUO Shao-Zhong, ZHOU Bei, ZHAO lJie

(State Key Laboratory of Mathematical Engineering and Advanced Computing (PLA Information Engineering University), Zhengzhou
450002, China)

Abstract:  As one of the most important essentials of CPU, mathematical function libraries play a key role in scientific and engineering
computing with high performance computers. Existing testing techniques and platforms can only evaluate function libraries from one or
two aspects, therefore are unable to provide an evaluation result as a whole picture. Consequently, they are applicable for a specific
targeting architecture and the scalability is restricted. To address this problem, this study proposes a novel testing platform BMltest (Basic
math library test). It constructs the testing suite, which is composed of eigenvalues, IEEE-754 special values and IEEE-754 normalized
values, to improve the cover rate of the floating numbers. A MPFR (multiple-precision floating-point reliable library) based precision test
is introduced, and as a result, the reliability is improved. A code isolation based performance test is also described, so as to further
eliminate the impact from enclosing circumstance. Some practical evaluating strategies are proposed to evaluate the test result. Such
design makes the testing suite not correlated to mathematical functions, thereby ensuring the applicability. The experimental results show
that, by testing 855 functions from various libraries, including GNU, Open64 and Mlib, the testing suite provided by BMltest is more

« FEGIUH B K@ BORWT TR 41 (863)(2009AA012201)
W s IR ) 2013-04-25; 1&gk i) 1a]: 2013-12-09; & i) [a]: 2014-02-17

© PERREERSMROT  httpy/ www. jos. org. cn



HFHRE F—AFEHF RBHENRT S 1307

efficient and the precision test is more reliable. At the same time, compared with those of other testing platforms, the performance test is
more stable.
Key words: mathematical function library; testing platforms; IEEE-754; precision test; performance test
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FEME AL b AR SORS BEIRASR H R 18 TS AR, I LU ULP AR i 8 4025 s 372 5 MPFR RS h
2 b i

| Function(x),,;, — Function(x)
UIpmpfr

JLHh Function(X)mi 1378 15 W 2R 25028 o bR 200 U1 5 45 SR Function(X)mpre AR ML R E4E MPFR LT85 R,
Ulpmper F82 MPFR [ 1545 S ULP i LU ULP AR 1y 2 A 2t 7 3 1 22 A B P AN 5 T A A Ak — 2 3L
ANAEAE 8 %58 1% 22 I AN BE 58 4 H 2 78 AT ABM P 1R 2 IR R JSE 1) i) AL, 6 0L e I e ot B 5 K8 A 4 - T) PR A B A
J5E; 2 R 0 B WL S B VR U 2 TR R AL
32 EFRERBEENRAE

5 TH I DA R I AT AR ek e U, B T e T R R R 5 g T A R P R VA

relativeULPM"b = mpfr |l
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HEAT H502 R B30 W I A 88 M 8 A 29 PR v IR 7 B b ) ) T ) S 00388 100 T 5 22 A8 Sk TF 5 R B0 AT I
M), 76 DR R 2 52 3 R A oA 58 BRI U AV R 50 N2 I R e, 5 0 3K & R I A 12k AR AR R A
0 S M T ¥R R DN ) Sy o, T 4 R P 1 SE R B TRV R @, a>>b B FRAT AT LA K g b %R 45 RIEAAR
T R A X W 22 B R e A A S T S 92 1 R A 5 5 T 3 R i g S 110, 4% T R
48 TR I 7™ T i 22 AN S (0, B0 R B T )R — A R B R XA TR AR

B2 o AT = v R TR SR B BOE AT I (R R AL B HOARSE, AR ST MILib R 7R
sin BRECHERE A 78 47, fabs BECH 17 JH0SAT V& MBS 1000MHz, AN [F] K7k 22 454 1 R $i08 47 I i) o] fEAR
[F0), J3T LA 471 308 A 558 1 Ak 55 56 10 248 T 56 5% W R 50 1 AR P o A ek 5 T L AN SR B BT L A A M S5 A R
I 125 5 AR B8 AT A1 38 A 15 6 i 500 3R, 19 35 i, LA S T M A 140 4 e DA

PERENNR 2R RS RTC SRS 2% TC N4, v i 2% (time counter, fii & TC)RA J4 174 #% PCC,
KBEA 64 A7, 7 2SR AT it A0 B4 21 BT I8 AT 9705 1A 250 000 200 a8 PR A JS7 £ A 0 o 80, £ 8P 17 /5 43 i Sk Al
I 18] T Al 00T, 79 3 11 2 (L AR 2 b ol 0k o 5 ) e R T4, a0 181 4 B b rpee R AIGRER 2 B0 191 41 45 aa
AT bb Hd] v 23 904 J3CRE VR P BR BT S I T A K 7E timeuse B4 Hh A SO AS T 10 B0 2 1, th 5 2 e B
1) e T4

for (i=0; i<10; i++) Function(0);
for (i=0; i<N; i++)

{
MEMB; | s
aa[il=rpcc(-);
Function(-); -
bbli]=rpcc(.); { AFAEREH
MEMB; B
} SIS
For (i=0; i<N; i++) bec

timeuseli]=bb(i]-aalil;

Fig.4 Kernel of the performance test
K4 PERENAAZ LA

IR T SRR N BR BT A B 1 3 R 1 o R S T A 0 R B TN 28, DA 1 2R AN 2 R
S8 JIT I PD RF ) 55 280 B B0 AT INF ) P L 0Pk b, 5 T T DG T [ A2 A A A P £ P 3K 2 AR AT 00 3 B 35 12 e
PRI RO

BATAAAERA MEMB . $i 4 1, 2L Ath, b F3 A% /o M0 280 1) ARAZ 0 S HS (0065 AN [ by ik 245 1] £ A7 24 D ) 3540 ]
AEEL P HAT 0T MEMB 454 I H T 18 OR U5 A7 43 AR DU 64T ORIE MEMB 582 J5 10 TG A6 25 U 1nl 48 4 4 4b 21
B F] MEMB 54 2 B I TG A7t 2335 15) 40 B1L 58 . MEMB $i5 2 BE 0% HE I3 032 B8 B 0 38 (0 U7 A7 4546 W HE o 85 31 o
Ak JL 10T B, REAE AT 280 R AT A58 B 58 0t 2 3 TR 10 T, R0k ) M A

K 2 URAB I 7 2K, 35 T BRI A0 AR R P e TR T P SR DR T A 3 T 15 B I 1) %
3 010 35 01400, B g LR vk o g R L K P 0 0 2 7 R R B B SR 1, SR 22 UK A BRI 1T DA A%
R IXA In) R, — R 80 9N DU BB 10 38 8, 0 — 25 B e WA (¥ v A 2 G 1 22 U BR i (A 45 SR
R Rb B 77 10 AR 4 4.2 1 P AT VRGN I IR

4 MRERINAR
DS A B 00 30 e 0 a2 R S A UGS B3 16 A5 4 SR S 0 o 0 P52 0k, A B2 1 A R B o SR

© PERREERSMROT  httpy/ www. jos. org. cn



1314

P E IR, 0 A5 BT R Hs AT
EATZ W fiﬂﬂ%ﬁliﬂnlﬁﬂ‘l?ﬂmuﬁﬁﬁﬁ'

41 FEMRER

X5 oK RE IR G b A AR T, T AR R 2 SR SRR ULP i
Lt 45 RAE R ULP X ] AR 77 20 bl R It 4 SR 2647

DAAS VR A8 4 SE I R
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Table 1 Results of precision test of the mathematical functions (%)

RE. AT ER 3 15 (1 PR 75 9200 bR B AT 0, K 7 A KRR 77 s DK 45
Hetk BE K2 AR SORERIBC R 3 5 ORI 45 R 2t 1

TLEE VRN

SE¥) ULP i

T4¥2 1 ULP X 1] 24[0,0.5),[0.5,1),[1,2),[2,10),[10,inf)[*").
HPE Mlib. T e6 L% GNU F1 Open64 4 491, Ho A 45 3 0L 3% 1.

R 1 RBUFHR DA S R (%)

K [0,0.5) [0.5,1) [1,2) [2,10) [10,inf)

Open64 GNU Mlib | Open64 GNU Mlib | Open64 GNU Mlib | Open64 GNU Mlib | Open64 GNU Mlib
acos 99.97 100.0 99.22 0.03 0.0 0.78 0.00 0 0 0.00 0 0 0 0 0
acosf 92.35 99.75 100.0 1.04 0.25 0.00 0.94 0 0 1.69 0 0 3.97 0 0
asin 99.99 100.0 99.95 0.01 0.00 0.04 0.00 0 0.01 0.00 0 0 0.00 0 0
asinf 100.0 99.78 99.97 0.00 0.22 0.03 0.00 0 0 0.00 0 0 0.00 0 0
exp 99.23 99.95 99.95 0.12 0.05 0.05 0.00 0 0 0.00 0 0 0.65 0 0
expf 94.07 99.62 99.61 0.25 0.38 0.39 0.00 0 0 0.01 0 0 5.67 0 0.01
atan 99.98 100.0 100.0 0.02 0.00 0.00 0.00 0 0 0.00 0 0 0.00 0 0
atanf 100.0 99.85 99.96 0.00 0.15 0.04 0.00 0 0 0.00 0 0 0.00 0 0
cosh 97.87 99.82 99.94 0.23 0.18 0.06 0.00 0 0 0.00 0 0 1.90 0 0
coshf 84.94 98.88 99.68 0.27 1.12 0.32 0.00 0 0 0.00 0 0 14.79 0 0
log10 71.13 99.86 100.0 | 26.29 0.13 0.00 2.58 0 0 0.00 0 0 0.00 0 0
logl0f | 66.11 98.59 100.0 | 28.77 1.36 0.00 5.12 0.05 0 0.00 0 0 0.00 0 0
sqrt 100.0 100.0 100.0 0.00 0.00 0.00 0.00 0 0 0.00 0 0 0.00 0 0
sqrtf 100.0 100.0 100.0 0.00 0.00 0.00 0.00 0 0 0.00 0 0 0.00 0 0

R P B AR I B B> A BE A B B RO DT PR R o e AR 0 23 B R Al AR HE R
DR 5 R AR M 4 vy 1 VP A MUK 45 SR, O 1 S U M AL o 7 AR R, T AR R HOKS T A %R BE MR X ] IR
DU AR ST FE I IIRF- 15 K0 B Ik 4 R LT 3 W (070 32 B, 55 0 1B 47 K5 B2 20 7. LA sqrt,log 10f,coshf bk

A2 455 B8 R 4], B 1 1) 6 38 Tl o A i B S s

[0,0.5]
100.00% |
(10,inf) S000%1- 051
0.00%

(210 g
Open64 =——=GNU Mlib
(a) sqrt A %L
[0 0. 5]

100.00% - }
(10,inf)- 50.90/ ~~_M(O_5V1]
0.00% "
@10 @
Open64 =———GNU Mlib

(c) coshf r& %

Fig.5 Evaluation results of the precision test of mathematical functions

bR HSCRS FE MR 45 R VF O

K5

[0.05]
100.00% |
(10,inf) ~"'5°-99% B o (05.4]
0.00% <
@10] a2
Open64 =———=GNU Mlib
(b) log10f &%t
[0,0.5]
100.00%
50.00%
a0inf) & 7 (051]
0.00%
(2.10) (1.2]
Open64 =———GNU Mlib

(d) “FEIRESE
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B 5 HE] LA T A5 31003 AN R sqrt B8 H0RS BE AT 1RD; log10F A1 coshf 5% £ 1045 B2 A 7 2K Mlib,GNU Al
open64;1-3475 3k, Mlib Fl GNU i £ 22 K5 FE FE A LR 45— 5,35 T Open64 i £/

T8 3k 7R O P A 1 L A T ARG 0 R VPR FR AR I R A BRI R — R EOR FE T B B

(1) AMEEAELT B L T[0,0.5] A4 brkh, 45 04 B AL, Wi 18] S(a) B

(2) A s S e WU £ J7 17 55 [0,0. 5] AR bR il T 1 1) 58 P X 45 1 AR /N T B, Wl ] 5(b) s

(3) B MHHH LR AL I 1 77 ) 5 [0,0. 5] A8 b 4l M J 1) A IX ISR B K F AL B 5(c) Boms;

(4)  HEEQ). ZBE)PE BLIRI B I, A 5 5 R L (3).

4.2 MEREMIRGE R

T 4 v A DA PR A 2, DA R i B ST 3R B AR AR ST A AL A S o K A e A A e 2
Ll 4 K 1R 000, AT 5 B 28 5 R 5 R 5 BV A s 22 LU AR B AR B 3.2 1 wp R T 22 o AR D I 3 Bl AR LA sl
R4 R T sl T B A, (R A SE PR IS AT I R, 8 TU0: 1 4 2 B AR MR &5 SR AN I At 2 K 1T 4.

AT N 22 55 K 0 0 B et e A R 0 e, T T ISR B AT — e ) A BT B ok e 2 K
(A L IR 7802 4D K3k, AR AZ 7 1k ST B ] B (L HC BB Y ff b SI TSI 100 O 22 A% 228, M il A2 v 40
DR EHE 7 A ) 2R AR BENHRIE AR 15 ™ R K B dls ag,@,, .. s, 2R /N BRHES X T ay,8p,804,805 70 90 EAT
WM ag,ay,...,ai3 3 11 AN EEESEIIME p AEIMZE d=(jag—p|+...+aws—p[)/1L.40 Wikt ag JEA7 R 45
ag—p|>4xd, ] ay 25 40K, IR Ay 25 TR Xof F A 55 R 00 1) 080 0 AT A B 90 3% 11 5008 g BB AP 344

L cos BAECA B, HEAT 100 vk REMR, R &5 R E 6. B 7 s,

cos bR 0 E A 0t e s H i cos B Fi Pt A I A 1 KAl
2600 2600
2500 . . . ‘e - 2500
** . * ¢ te .
. 2400 s e o P . 2400
3 . 3
B 23000 Mg s M, T 2300
Ay + 4 s Ay < MPEF TR
P o0l ¥ ﬁ*’ﬁo’m"’ :’:“0:»’0" &8 = 2200 0 * N6, &, B X T
2100 * 2100
2000 2000
0 20 40 60 80 100 0 10 20 30 40 5 60 70
Fig.6 Original data distribution of Fig.7 Data distribution of performance test of
performance test of function cos function cos after deviation check
6 cos bR EIE BE I K i 46 Kl gl 7 WK cos BREIE B IR Ko

6 A e DK A B A6 B, M P i AT LRI, B 23 DR 8 SR o0 A AN v B 3 Bt 4 2 5 B Ak e
TR A5 RIS K 5 ) WA R HERf k. 1 7 2T 4D RN A B S 1 B A S B S A T AR
SR TR S5 R A VR B 1L 4D A, AT DOREINR 45 R 1077 22 IR AR 1 87.79 BEE 22.74, 4 2HRER T 1k
AE DN 45 AL b Al B8 A7 10 5 3 o, AT TSl B D A, B A HE Al DP A D45 R

5 REHERSHN

T BMItest *F- & IR AH DG HE AR SR AR IR AL AR A% AL S5 A b B3 L IEAT , R 05 ) B ) 5 4% S A ¥ 5502 oA
HBPEBEAT DR A B AN AT, A AL BE 28 45 1000MHz, A 77 32 45 400MHz, A 77 4% B 1.8GB; A% AL FE
% F Ak 1200MHz, 4 A7 =524 800MHz, P 4745 & 1.8GB.

AR = ZL 50 3 A7 B 4R 10 A et At . RS DU D7 v IR P B I 7 vE I

o MU B I AT S AR e 5 12 50 43 A HOHE B (IR AT T R OSSR 38 A BEHL AR A AR i 8 4

G A BR L) AT X AR
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o RGREMATT VAN AR W I 5 KL T 5 UURE RS Af (B v S 77 1 (UCBTEST, Berkeley K27 AT 38 T
RAEFRRHA T W75k, 32 5 il i 3 A B3, G 4 s 0T U v SE I T S BRORG JEE OO 3 B A R oK
AR FEAT 0T LUK, DL RS B AR 5 923 i o] S 2k
o PERRIMNR 7 VA IR AR I L B TR I A 0k B AR vk (O B A AR B % MR 2 A I AR T £ e
AR 7 ) 1EAT %8 E W, D38 T 1 e DAk 7 2 (1 M 0 ek A 12
5.1 #REMA NN
AR SN R W0 8 1) 43 BT B I B e 008 6 ) e 0y OB Ty T 3 B B 1 A v AT I 43
A DR A AR 7] FRORS BE IR 7 vk % ML 50757 ek B vh 5 SRR B (= A28 L FRBCE L wR2E38 . XU L X8k
H A 3 FE2E) IR 20 e 7R e BOREAT IR, A A v K R 2 D 2 100 7, R A R LR 2.
Table 2 Efficiency test of testing suite
F 2 BRI

- — B B R
N N2 A 3
WA | RO e o I i ) | [005) %) WRAEEAN LB ELEW
cos 14 99.82 12.5 89.29 99.61 14 100.00
cosf 13 100.0 11.5 88.46 99.99 13 100.00
asin 6 99.99 55 91.67 99.95 6 100.00
asinf 7 99.97 6 85.71 99.97 7 100.00
exp 9 99.98 8.5 94.44 99.95 9 100.00
expf 9 99.62 75 83.33 99.61 9 100.00
erf 8 100.0 7 87.50 96.58 8 100.00
erff 8 99.81 7 87.50 99.24 8 100.00
Cosh 9 99.97 9 100.00 99.94 9 100.00
Coshf 9 99.78 9 100.00 99.68 9 100.00
loglp 10 100.0 10 100.00 99.98 10 100.00
log1pf 10 100.0 10 100.00 99.97 10 100.00
sqrt 7 100.0 6 85.71 100.0 7 100.00
sqrtf 8 100.0 6 75.00 100.0 8 100.00
Average 9.07 99.92 8.25 90.94 99.61 9.07 100.00

FLrp 6T DA 25 40 ST ISR T T — 285 M KRR 3 40 BT B, A G T B3040 4R b A AN S8 48 3o 1) v 20
43 3 IR 56 53 SCHCH I NEOE X, 2 R A 15358 43 R 500 SC R A7 AE 22 ARG I, 224 I DA e 26 0 B A )
W I HB BB 2, ) 22 i 43 32 1% AT 2SS BRI B — BT I, X A B e v 0.5 AN E.

LA cos bR R 59 20 23 A1 Kot S 1A T 03K 811, [0,0.5) DX ) (A G JSE A2 AR W14 2 100 5 fY9 ik Mol £
W 99.8200 1 B HEVE A cos BRELIM A AN TE LS I 25 RO RS A, L AR 0.180% IR T I 45 B LR B T AR 22
TR 75 5 SR 12.5 32 B R R B 50 4 A Bl SR 1EAT I R 1 0K 21 ek 25 b ) 12 AN SE B 43 S A I — AR
STHL 58 IR 1) 03 S 1 RS0 15 0 AR 7 55 2 S Ak DA BR B4y S B

I i T 75 25 1Y) R B SR SR A SCEUR SR AT I 3 Re s 2 70 55 10% 5 4 I R Bor X (B R R
A o AT B AE 1K 90.94% 4% 5131 100.00%), LA L PRAIE g 8 Ik 31) 58 £ 1) BT A5 43 32 AL[0,0.5) DX 7] (1) R 52 3k
S8 A SC B R AT IR T R REE 2 R B 0.31% 119 BA J0TE 70 K JE 9 0k (B8 BORS 15 M 99.929% B 1% 3
99.619%), fit 5 5 TSI (¥ 03K H B 201K S B A B

HE— 25 R FH AR SCT7 95 ST R A B R 6T GNU BRI IZE (G046 1A% R £ 124 > A% R 4 103 AN)E4T Tl

DR L5 IR A DT :GNU - B B BE S S BT U7 3 AL A R B0 B A% A e B8 1Y) 9.68%, 7E A% I
Ak 9.719%. AL vl LUK T GNU b £ 78 K 22 B ek HOE ik 8 3o 7 i S A B 00 35K, R 00 100 vl 5 M AGS A5022  d 2R
AP B 1ty 289 59 2 A Bl AR AT DK, 0K 45 2RI Sk 7= DA e A o K TS DK pR BB S O

T BR S o R R HORE I e e A BRLRE ) DK ) 20 W AT DR B A ST S B A U R
RE 8 A LS 22 bR BT BEAF A IOV A ), 20 4R T A 24
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90.32%

90.29%

S AR ORI S ot S AR L
(a) WA (b) Azt
Fig.8 Exception test of GNU function library

8 GNU A% ZE i b B
5.2 ¥EE MR E A S 4R
WRR AR [ 2 H2 (2 100 J7), %5 2002 R 2503 A 4% 288 R 00 190350 20 i 20 g 5030 A0 k. 1 58, BA cos
PR BR8], R W P s AT R RE AR, R &5 R an 1 94 1] 10 B,

1.0 1'0 S —
0.5 0.5
0.0 0.0

Fig.9 Precision test result using our method  Fig.10 Precision test result of double precision testing method

B9 ARSI VAR IR RS o 45 21 Bl 10 SOURS BERS AL v 5 1) 7 i i iR R & 24

Dt &5 2R W R A ST 1000T R B AR S 0 1 ) & 2R 2 24 vh 7 OULP~0.5ULP 1 0.5ULP~1ULP [y
JEE 0 B, B 00 R Aff i e i 50 1 SIZ B R 525 T T B OO0 SRS At A v S5 R MR T VAR A R B 52 B & A
S S ) R A ORS S R 7 ARR, TEVE ORAIE U 45 SR 1 vy e 7 T o R o B S 40 R A 1L (0~0.5ULP X [1] )l
BN AEAS HAAE(0.5ULP~1ULP) =48 A A 300358k s 8 1.
T 3 e 8 4 TR e 5 R, IR vy AP 3 _Fk 4518, gl R LK 3.
Table 3 Reliability test result of some representable function’s precision tests (%)
Fe 3 MU ek 0K SE NI Uy ¥ 1 T S I 45 2 (%)

e SR UORS BERS BB VH SR O v ATk
0 1 2 [0,0.5) [0.5.1) [1,2)
cos 100.0 0 0 99.61 0.39 0
cosf 100.0 0 0 99.99 0.01 0
asin 99.96 0.04 0 99.95 0.04 0.01
asinf 99.97 0.03 0 99.97 0.03 0
exp 99.95 0.05 0 99.95 0.05 0
expf 99.62 0.34 0.04 99.61 0.39 0
erf 97.82 2.18 0 96.58 3.42 0
erff 99.85 0.15 0 99.24 0.76 0
cosh 99.96 0.04 0 99.94 0.06 0
coshf 99.88 0.12 0 99.68 0.32 0
loglp 100.0 0 0 99.98 0.02 0
log1pf 100.0 0 0 99.97 0.03 0
sqrt 100.0 0 0 100.0 0.00 0
sqrtf 100.0 0 0 100.0 0.00 0

H TR 205 B 2R DK BUE AT TR B4 T, DRl 2 SO08 B/ 0UKE SRS A L v 557 109 77 ¥ R AR SC 7 V& B A e
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() K ob Rt 2 ) AT T 0K, 12 D07 1)1 65 6 AR 1] A e 28R A 1) £ 00 s 4 (B 4R /oA 2 100
J3)REAT R, LIOSORS SRS B (8 v S5 35 il 45 SR 0 1, 45 R an B 11, & 12 P,

200 EGURS BERS AR V5 5 1 MRSV, 1.4 —— TVOUHE PR 4 (e V- 5775 v AR SC5 vk
. 1.2
9 150 @ 1.0
= =
= = 08
100 7
. & os
& 50 w 04
0.2
0 0.0

cos asin exp erf cosh sart sin abs cos asin exp erf cosh sart sin abs

Fig.12 Spatial comparison of
precision testing methods

12 AN[EDRS AR 77 V5 i 2 ) T4

Fig.11 Temporary comparison of
precision testing methods
Bl 11 R [RDRS BE DU 7 v 1R N ) 45
T 3 0 2 o A b - S ek BT S 40 TR e BB T D AR S 9 A IR TSP 34 BU UORS B R 1 T 5
75 :% 8.65s; RN, P-4 22 W FE 0.1G IR A 3 8] b T i vk BB v 557 6 AT 110 53X FF (10 74 56 42 T AR 2.
5.3 EEEMIR 773k BRI R IR E
oh T SR UE AR S B I R 7 9 ) YR it T RS S A, AN SCSR L AH D PR B 4 (10 7)), 0 B2 B B v 4% 2K R B
o R 23 i 2R o BOIEAT M R K, O v S A — Al e B0 1 R R R T 2, DA A 4 IR e AR 1 A
R 1, I 45 TR I3 4 H v A G 7 b BT v I 4 10 1 R T vk
Table 4 Performance Variance of some representable performance testing methods
F 4 TRk REINR T R T R 4 R TS %

o E# WA
I WAReS A5k RS A7k
sin 9149 1 7717 53
log 12 422 24 5950 17
ceil 1779 221 129 6
cos 7280 1 9 546 28
exp 8923 1 3338 57

MR 5 SR AT LA B A P AR SC (1 75 AT P R e R 45 2R 10 5 223 A TR AR e 7 vk ks (K 7
72, 78 DL T AR 3L R HERS P ARG L.

6 & &

ny =R

X R BUEE B S B FR AT 5 ] SR T (00 1 (0 455 B0 E )t 1 A 0 22 MR F) T A Y R A e A, A B AR R
R 0T T SRR B2 AR S BRI A5 R 6 B A PR P 15 9 1480, 00 2 o 80 4 S A T e A

ASCSEIL T i B PR G — I B e S T IERA TR R U PR RE I 3 ATy i i
BT B R R 73 2 A4S B B i T DA 1 1 [0 I PRI 77 S B0 M, O x4 R 45 21 40
T AR TR AN () 1 & BMItest 1~ 65 SR B (1 DX b 4 A 105 12 AT 28 G il 1 A A AR 0 0 3
PG T 12 78 i o1 5005 2 S 10 el AL, B v 17 37 0 7 8 () I £ E R T T SN T 2R R R T
DR PRy vy S A A AR T e e R A 68l 25 1 i 22 A D) 3¢ AR A bR A OC Bl B A2 X 1) A AT 3K, BRI T 408
SRR TP, 3w T PR RENNR A w5 H AT AEAE RO AT 2 B TR AR B, BMItest <1 5 AT
B, D2, ¥tk siar, W& 5.
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Table 5 Comparison of testing platforms and methods
Fz5  AFEDER T E I FERRXT LY

WK TR PG PR A 5 S5 WA Th fig ek e
BMltest i3 KAtk A 45 Vi EHPEDNR . RS EEAR. PEREMNA  Fortran. C. 4w G
UCBTEST o eR AL biid IEAAPEIR . R RE AR Fortran, C 59
ELEFUNT U 5 IE A P C,Java 55
Berkeley N A Ak ERPEINR . ORGRE AR Fortran, C. L% 95

ARSI T D0 AR 16 2 R 0 00 1 R T v 2 B, 7 00 R 4 SR PR A AR AT T PRI A 0
WFSE, A -2 R B8 A MR AL T — M RO S B T7 5 B 1 1% 07 5, R MERA 15 20 0 45 R OF 647 4 B 43
At BAT R ) 52 B B T BE .

BUft ARk, ) VPR AR ST R L KR s B0 IR R0 AR SC AR 4 T SRR IR ()47, JC 2 TR AL 1 )
E B R3]
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