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AHANN3 BAPUAHTOB PEAJIU3ALIMU CMELUUATIbHBIX MATEMATUHECKUX
®YHKUUN B BUBJTMOTEKAX A3bIKA NPOrPAMMUPOBAHUA C/C++

Ilposeden ananus apuanmos pearu3ayuu CREYuaIbHbiX MAmeMamuieckux QyHKyuil 6 NONYIsIPHbIX NPUKIAO-
HbIX U cmanoapmubix ubnuomexax sizvikos C u C++. [Iposedeno mecmuposanue peanuzayuil QyHKyuYU owuoKu u
00NOIHUMENILHOU DYHKYUU OUUOKU 8 CIAHOAPMHBIX U PACAPOCTNPAHEHHBIX C80000HbIX NPUKIAAOHLIX OUOIUOMEKaX
azvikos C u C++. Onpedenenvl uHmepeanvl UsMEHeHUs. apeyMeHma, 6 KOMopblX 3HAYeHUe a6CoIOMHOU NO2PEUHO-
CMu 8bIMUCTICHUS. PACCMAMPUBAEMBIX (DYHKYULL CYUECTNEEHHO U S6TISLeMC UCHOYHUKOM OONOJIHUMENbHbIX HOSPell-
Hocmetl svryucienutl. Tlokazano, umo 6 ciyuae npUMeHeHUss KOMRUIIMOPO8 CeMelicmea gec, ONsl YMEeHbUeHUs: 00~
NOJHUMENbHOU NOSPEUHOCTU GIYUCACHUTL 63 CHUNCEHUS. UX NPOU3EOOUMENbHOCIU NPEONOUMUMENbHO UCNOb30-

seamo bubnuomexu quadmath u boost.

Knrwouessle cnosa: cneyuanvuvie pynkyuu, cmanoapmuule U NPUKIAOHble OUOIUOMEKU, NOSPEUHOCTb GbIYUC-
Jienutl, QYHKYusi omuboK, npou3eo0UmenbHOCHb GblYUCTCHULL.

BBepeHue

IIpo6sema n ee cBA3b ¢ HAYYHBIMH U NPaKTH-
YecKUMH 3afadaMu. VIMUTAIIMOHHOE MOJEIMpPOBaHUE
(MM), xak MeToA Hay4HBIX HCCIIEIOBAHHM, ITONYYHIIO
pacIpocTpaHeHHe B Ka4eCTBE bTEPHATHBEI PEAIbHBIM
(pU3MYECKUM SKCIIEPUMEHTaM U B Ka4eCTBE METOJa WC-
CJIe/IOBaHUSI CJIOXKHBIX MPOIIECCOB PA3JIMYHOMN PUPOJBL.
Jnst pa3pabotku mporpamm MM momydwiaw pacrpo-
CTpaHEHHE Takue SA3bIKU nporpammupoBanus (SI1), kak
Fortran, C, C++, Python u np. Ucnons3oBanue C u C++
JUIS 337124 JaHHOTO Kiacca o0yclioBieHo: 1) Hajauduem
OOJIBILIOrO YHCIIA TPHUKJIATHBIX OHOIUOTEK; 2) BEICOKHM
OBICTPOJICHICTBUEM MOJYYCHHOTO KOAA; 3) BO3MOXKHO-
CTSIMH TTOCTpOeHHs HHTepdeiica arodoro tuna u 1.1. B
mporiecce pa3paboTKH U MCIONb30BaHus nporpamMm MM
BO3HMKAIOT YCTPaHHUMBIE — OIIMOKM BHIOOpa MeTona,
QITOpPUTMA, OMIMOKM B TNPOrPaMMHOM KOJIe, Herpa-

BIWJIbHBIN BBOJ| JIaHHBIX, U HEYCTPAHUMBIE OIIMOKH —
MOTPENIHOCTH MCXOMHOW MOJIENH; OIIUOKM M HOrpell-
HOCTH BBIYHCIICHUM, BO3HHMKAIOIIME M3-3a OTrpaHUYEH-
HOW pa3psiHON CeTKH KommbioTepa. s ycTpaHeHHS
OUIMOOK M YMEHBIICHUS ITOTPELIHOCTEH BBIYMCICHUH
HCMONB3YIOT CIEeUaIbHbIE IPUEMbI BBIYUCICHUH — HH-
TepBaJIbHBIE BBIYUCICHUS U BBIYUCICHHS C IIPOU3BOJIb-
HOHM TOYHOCTBIO, UITK U3MEHSIOT CIIOCOOBI OTOOpaKEHHSI
JIAHHBIX B TaMsTh KOMIIbIOTEpa. B mpukiagHeix OuoO-
morekax C m C++ ncnonb3yroTcs oba moaxona, Nmpu
STOM BO3HHKAET 33/1a4a OLEHUTH d((EKTHUBHOCTH Mpe-
JIOXKEHHBIX Mep KaK MUHHUMYM IO JIBYM OCHOBHBIM IIa-
pameTpaM — MOTPELTHOCTh U BpeMs BBIYUCIICHUI.
AHanu3 wuccaenoBaHuii m myOnukanmii. IIpo-
0J1eMa TOYHOCTH BBIYMCIICHUS CIEIUATILHBIX MaTeMaTH-
YecKUX (YHKLIHUHA JEXKHUT B IABYX IUIOCKOCTSX — Tpe.-
CTaBJICHUE JIAaHHBIX B ITaMSTH KOMIIbIOTepa (¢ (UKCUpO-
BanHo# (®T) u mmasatomiet Toukoit (I1T)) u peanusa-
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LUK aJTOPUTMOB Ul KOPPEKTHBIX BbluuciaeHuil. dop-
MaT ¢ OT mpumeHsieTcsi B UTPOBBIX NPUCTABKaX, MO-
OMNBHBIX Tene(oHaX, BCTPaUBaEMbIX YCTPOMCTBAX, T.€.
B yCTpoHCTBax 0e3 MaTeMaTH4eCKOro COIpoleccopa
(FPU), a taxxke B CYBJ| u mexoropeix SIT (PL/I,
COBOL, Ana95 u Cu (B peanusanuu gee [1]) mis pea-
JU3anny (PUHAHCOBBIX OIEpalHi.

B ob6nactu Hay4HBIX BBIYMCIIEHUH, Kak MpPaBUIIO,

ucnone3yot ¢popmat ¢ IIT B Bume J_rM-qip , Tme M —

MaHTHUCCA,  — OCHOBaHWE CHCTEMbI CYMCIICHUsI, p — TO-
PSIOK, TIPH STOM TOYHOCTH (YHCIIO JECATHYHBIX paspsi-
noB) orenuBaroT kak M-logl0(q). B IEEE 754-2008

orpeziesieHbl 6a3oBbie (hopMaThl I TBOMYHBIX U AECs-
TruHbIX yucen ¢ IIT u crmocoObl ux pacmupenus [2].
Jecstuunbie uncna B popmate ¢ [T monyunnu pacmpo-
CTpaHEHHsS B MHKPOIPOIIECCOPHOW W MHKPOKOHTPOJI-
nepuot texnuke [3]. K Hemocratkam ¢opmara ¢ IIT
OTHOCST OTpaHUYEHHYIO HEPaBHOMEPHYIO Pa3MEPHYIO
CEeTKY, HEaCCOLMAaTUBHOCTh omepaiuii u T.1. [4]. B [5]
Mpe/IaraloT «IocTOMHapHbI» (GopMar uucine ¢ IIT,
KOTOPBIH JTOKHBI 00eCIICYUTh OoJiee THOKYI0 00paboT-
Ky AaHHBIX. OLEHNUTh NPEIUIOKEHHBIN MOJX0/] HE Mpe/-
CTaBIISIETCS BO3MOXHBIM, T.K. OTCYTCTBYET COOTBETCT-
BYIOILI[EE armapaTHOE U NPOorpaMMHOE oOecrieueHe.

B ocHOBe peanmzanuu MareMaTn4eckux (yHKIUHA
(9J1€eMeHTapHBIX U CHEUUATIbHBIX) B MPUKIAIHBIX OHO-
morekax SI1 nexat pabotsl [6, 7], coBpeMeHHbIE 1O/~
XOJIbl K PELIeHUI0 ITOMO00HBIX 3a1ayu U3JI0XKeHbl B [8] u
np. YuutbiBas Oonbmioe 4ucio akTyadbHbIX AT,
ISO/IEC Bemyctmina crangapt ISO/IEC 10967 [9],
MIPE/ANICHIBAIONINN OpPraHU3alfio BBIYMCICHUH U pea-
JU3alIUN MaTeMaTH4ecKuX (YHKIHHA, HE3aBUCUMBIX OT
peanuzanun koHkpetHoro AIl. B [10] mpenmoxenst
MOAXOMBI K pa3paboTke U TECTHPOBAHUIO MaTeMaThye-
ckux ¢Qynkimid B A1, mokazaHo, 4TO CyIIECTBYET IpO-
OneMa OTCYTCTBHSI CHCTEMAaTHYECKOW METONUKH JUIs
orpezieieHust TpeOOBaHM K MaTeMaTuieckuM (hyHKIIHU-
SIM, TaK)K€ OTCYTCTBYIOT CUCTEMATH4ECKHE TECTBI, JJIs
MPOBEPKH aJ€KBaTHOCTH M TOYHOCTH peai3aluyl Ma-
Temaruueckux Qynkiuii B SI1.

IMocranoBka 3axauyn. B MMUTaMOHHOM MOENH-
POBaHHMH CJIOXHBIX TEXHHYECKUX CHCTEM HaXOJsT MpHU-
MEHEHHE PsJl CHEeUUaTbHBIX (DYHKIMHA, Cpelrd KOTOPBIX
¢byuknuu  Beccens, wWHTerpaigsl  OMIMOOK,
¢byukmusa I'(x) u gp. B cranmaptHoii oubnuoreke SI1

ramMma-

C, cootBetctBymomero crauaapram C99 u Cl11, B 3aro-
noBoyHOM (paiiie math.h BxiroyeHs! peanuzanuu QyHK-
it omm6ku (1) [(7.1.1), 6] u nomomHuTeIbHAS (QYHK-
uust ook (2) [(7.1.2), 6], ramma-dyakuun ['(z) u ee

HatypanbHoro norapupma In|T(z)|. B 6ubmaorexe

quadmath nonomHuUTENBHO omnpeneneHsl GpyHkuKu bec-
censt IepBoro u Broporo poxa. lllupokuii BIOOp peanu-
3alUi CrieNUabHBIX (DYHKIHMA CONEpKUTCS B OMOIHO-
Tekax boost::math u gsl. B yepHoBUKe cranmapra C++

TR1 (ISO/IEC DTR 19768:2005) natop C® pacupen
W YaCTHYHO peaNn3oBaH B boost n gcc, HO HE BXOAUT B
nociennuii cranaapt (C++11).

Paccmotpum npoOiieMbl, CBSI3aHHBIE C peasTu3aliy-
el crienuaibHbIX (yHKIMH B Onbnnorekax SI1 Ha npu-
Mepe peanuzanuu QyHkuuu ommbdku erf(x) (1) u mo-
noNHUTENbHON (yHKIUIO ommoku erfc(x) (2). B cBsizu
C TeM, YTO paccMaTpuBaeMble (DYHKIMH HE MOTYT OBITh
BBIPKEHBI B AJIEMEHTAPHBIX (YHKLUSIX, HCIOJIB3YIOT

pasznoxenue ux B psg, Harpumep (3) [(7.1.5), 6] u (4),
(7.2.14), 6].

erf(x)% { et 1)
erfo(x) = 1—erf(x) = 2 j e, )
n X
2 e
erf(x)—ﬁnzzg) n!(2n+1) , 3)
erfc(x) = 5 (211)! 4)

xm aToni(2x)"

J1y1s OBBINIIEHHST TOYHOCTH BBIYUCICHUH (QYHKIMI
(1) m (2) W.J. Cody Obina npemiokeHa panyoHajbHas
anmpoKCUMAaIHs PU TOMOIIY MHOTO4JIeHOB YeObinieBa
[11] u ee peanuzauus Ha s3bike Fortran B OuOmmoreke
Netlib/Specfun ¢ TouHOCTBIO 10 18 AECATUYHBIX 3HAKOB
nocine 3ansaToi [12], koTopas ¢ U3BMEHEHUSIMU HCIIOJb-
3yercst B Oubaunorekax pasnuunbix Il u maTemaTnde-
CKHUX IaKeTax, HarmpuMep, B Matlab.

Beruncnenus crienuanbHbIX QyHKOUH (Kak U JIto-
Oble BbIuMCIeHus ¢ AaHHbIMH B Qopmare ¢ I1T) moryr
ObITh WCTOYHHUKOM JIOMOJHUTEIBHBIX IIOTPEIIHOCTEN
Pe3yNIbTaToOB MOJEIHPOBAHHMS, TIPH ITOM, KaK HMpaBUIIO,
HU 3aKOH MU3MEHEHHUS ITOH IMOIPEIIHOCTH, HH €€ Bellu-
YHHA HE YKa3bIBAa€TCs, O3TOMY TpeOyeTcs aHallnu3 J0C-
TYIHBIX MCXOMHBIX KOJOB OMOJIMOTEK W TECTUPOBAHUS
peanu3anuii ykazaHHbBIX (QYHKIUH.

Lean cTraTbn — KCClIEIOBAaHUE BAPUAHTOB pEav-
3alUi CreIMaNbHBIX (QYHKIMA B TPUKIAJAHBIX OHOIHO-
TeKax s3bIKoB nporpammupoBanusi C u C++ u oneHka
JIOTIONTHUTENBHON TIOTPELIHOCTH  BBIYUCIICHUH, 00y-
CIIOBJICHHONH KOHKPETHOM peanu3aiueil ClenuagibHbIX
¢yHkmii B Oubmmorexax SAI1.

Peanusauunsa cneuunanbHbIX (pyHKLUN
B oubnmortekax C n C++

B pabote Ha ocCHOBE MCXOIHOrO KOAa OMOIMOTEK
AIl C nu C++ npoaHanM3UPOBaHBl pealn3alliyl CIHeLHU-
albHBIX (YHKIMH B WX CTaHIAPTHHIX OHMOIHOTEKaxX
(glibc 2.18, libstdc++ 4.8.2), u npUKIIaTHBIX OUOIHOTE-
kax — quadmath (C, 128-6utHble uncna), boost::math
(C++, boost 1.54) u GNU scientific library (C+,
gsl 1.15)
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Peanuzayus 6 popmpane [11] monoxkuna Havajao
HCTIOJIb30BAHUIO PAIMOHATIBHOM aNPOKCUMAIIAH MHOTO-
yiieHaMu YeObIIeBa, B pa3HbIX MOTU(DHUKAIIUIX, CBSI3aH-
HBIX C BEJIMYMHOM MHTEPBAJIOB U3MCHEHHS apTyMEHTA.

1. |x|£0,5:erf(x)zx~Rij(x2).

2

2. 0,46875<|x|<4,0: erfe(x) ~e ™ x-Rj(x).
_x2 _x2

3. x>4,0: erfc(x)ze—+e_}{ij (LJ’

xWroox? x>
rae Rij(x)zPi (x)/Qj(x) — OTHOILUEHUE MHOI'OWIECHOB
UYeOpIneBa CTEIICHH 1 B YUCIUTCIHM M CTCIICHH | B

3HaMeHareJe.
Peanuzayua ¢ glibc (1993 r., Sun Microsystems,
1997 1., N. Shimizu):__erf(x) =1-erfc(x), |x| >1.0,

erfc(x) =1-erf(x), |x| <1/4. OcoOsbie TOUKU:
erf(0)=0, erf(eo)=1, erf(-o)=-1, erfc(0)=1,
erfc(0) =0, erf(—w0) = 0. Ucnone3zyetcs pa3doueHue Ha
ClIeIyIOIIe UHTEPBAJIBI U3MEHEHHUS apTyMeHTa:

1. |x| <7/8, erf(x) us (2).

2. |x|e[7/8, 1], erf(s+c)=sign(x)-(c+Rij(s)),
s=|x|-1, ¢=0,84506291151 .

3. |x|e[1/4, 5/4], erfe(s +c) = erfe(c) +s-Ryi(s) ,
c=1/4,3/8,...,9/8, s e[O 1/8] .

4. |x|e[5/4, 107]: erfe(x)= oS )
5. |x|€[107, o): erf(x) =sign(x)-(1-¢),

2
€ x>0 _
’ , rme €=10 300 IS JTAHHBIX

erfc(x) = {
2—¢, x<0

tuma double, & =101 w1g nanmbIx long double.
Peanusayus 6 quadmath (1993 1., Sun

Microsystems, 2001 r. S.L.Moshier) anajgoruuna

glibc, HO ¢ OOJBIIMM YHCIIOM HHTEPBAJIOB Pa30HCHUS

byuxrmii (1):

1. |x| <7/8 ,erf(x) u3 (2).

2. Jlns x| €[0;1,125] : erfe(x +c) = erfe(c) + xR (%) ,
rae ¢=0,125n, n=2,3,...,9.

le(—x_2—0.5625+Rij(x_2))

3. |l/x|<l: erfc(1/x) = )

X

rae Gynkuums erfc(x) pa3OuBaercs Ha MHTEPBAJbI pas-
mepom 1/x+1/8, a x €[1;128].

Peanusayus gsl (2003 r. J.Theiler,
G. Jumgman) ocHoBana Ha (7.1.5) u (7.2.14) [6]:

1. |t|<1 erfc((t+1)/2).
2. |x|<1: t=2x-1.

2006 r.

3. |x|e[L;5]: erfc(x)zexz, x=2t+3,f<I.

2
4. x| €[510]: erfe(x)=xe* , x=(5t+15)/2, |t| <1.
5. |x| > 8 ucnonb3yercs paznoxenue B psag Ne5725 [13].

Peanuzayus 6 boost::math (2006 r., J. Maddock)
OCHOBaHAa Ha Pa3JIOKEHUH B psij (2), MO3BOISET MPOU3-
BOJIMTH BBIYUCIICHUS C TIPOM3BOJIHON U (PMKCUPOBAHHOM
— double, long double, quadruple — Tounoctu. JInsa kax-
JIOTO THIIA JAHHBIX CYIIECTBYET OTAENbHAas IalOIOHHas
peanu3anys U cOOCTBEHHasi cxeMa pa30ueHust GpyHKImi
(1) Ha wHTEpBAJIBI, HA KOTOPHIX MPOUCXOAUT AIIPOKCH-
Manys nomHoMaMy YeObIleBa BBICOKOH CTETIeHH.

TectupoBanue peaamsammii ¢QyHkuui. (s
OLIEHKH TOTPENIHOCTH BBIYUCICHUH (QYHKIMH OLUIMOOK
ObUTH cocTaBiieHbl porpaMMel Ha Cu u C++. B coot-
BeTCTBUU C MeToaukol [10] B KkadecTBE 3TaJIOHHOU
(YHKIMU [UIs TECTUPOBaHUs ObUIM BBIOpAaHBI peain3a-
unn ¢pyHknui (1) u3 OMOMMOTEKH BBIYMCICHUH C MPO-
u3BosibHON TOUHOCTRIO GNU mpfr (www.mpfr.org),
KOoTOpas ucnonsdyercs B Maple, Matlab, Sage w np.
[Mapamerpsr kommbioTepa — npoueccop Intel Core2 Duo
T5750 (2 TTu, 2 M6 xam, FSB 667 MI'), O3V 4 I'6,
OC Linux (amd64, kernel 3.13).

Ha puc. 1 npuBeneHs! pe3ynbTaThl pacyera abco-
JIIOTHOW TIOTPEUTHOCTH BBIYUCICHUH (DYHKIIMU OLIMOKH
(1) nna aprymentoB long double (puc. 1,a) u double
(puc. 1, 6).

1,1E-m9

boost::math::erf(x)
9E-020
) long double
E TE-020
5
g sE0m
e
2
7 3020
8
<<
1E-020 i ‘i
PUNTCRONTOOONITLNODOINOXN @G NG
-1E-020 T QO H IO ANN GG EO AN NN TEH OO~ ®o

boost::math::erf(x)

ABC.NOTPeWHOCTE

Puc. 1. AGcomntoTHas! MOTPEITHOCTh BEIYUCIICHHS
GbyHKIMY ONIMOKU: a — GYHKIMS boost::math erf(x) mns
aprymenTa long double; 6 — mis aprymenra tuna double

AOCOMOTHAs TOTPEIIHOCTh Bhuucienuit (1) co-
CTaBJISIET:

1) s nannbix tuna double He Gonee 2-10718 s
X € [—3; 3] ;

171



Cucmemu 0opooku ingpopmauii, 2014, eunyck 4 (120)

ISSN 1681-7710

2) nnst nannbix tana _ floati28 (binaryl28) ne Gonee
1,7-1071 nua x e[-33];

3) g naHHbIX THNA long double — He Oonee 107 u
JIOKaJIU30BaHA B JBYX O0ONacTIX X € [—7; - 3]
X € [3; 7] .

AOCOMIOTHASI TOTPEITHOCTh BHIYUCICHHS (DYHKIIUH

erfc(x) :

1) nnst nannbix Tamna double (puc. 2, a) He MpeBbIIIaeT
1,2:107'® nng x € [-6;-2,5];

2) mst panHbIx tana _ float128 He Gonee 1073* s
xe[-9;-2,5];

3) nns manubIX TUNa long double (aHainor. puc. 2, a) —
(1..3)-107"% s xe[-6;2,5] (C99 glibcerfcl(x),

puc. 2, 6) u e 6omee 2,5-1071¢ wix x e [-3;3].

1.2E-M6

gsl_sf_erfc(x)
1E-M6

II
8E-M7 I H

6E-M7 I

AE-m7 H |

ABC.NOTPEUIHOCTL
b
B
(=] ~

3,50E-16

3,00E-16 |IJ

erfcl(x
2,50E-16 ) 1

2,00E-16 |\

150E-16

1,00E-16

ABC. NOTPeIHOCTE

5,00E-17

-6,78E-32
g

5,00E17 L

Puc. 2. AGcontoTHas! TOrPEITHOCTh BBIYHUCIICHHS
(GyHKIMY, TUIT AaHHBIX long double: a — OubnmoTeka
gsl; 6 — oubmumoteka glibe (C99)

AHanu3 pe3ynbTaToB MOKa3bIBa€T, YTO IOrpEll-
HOCTb BbIuUCiIeHus GpyHKimi (1) 3aBucut or Gubnmore-
KA U THNAa JaHHbIX. [orpenrHocTs BBIYUCIEHUS (YHK-
uun erf(X) nNpuOIM3UTENHHO HAa TPH TOPSAKA MEHbIIE,
YeM TOrpelHocTh BbuucieHus gynkuun erf(x). Coe-
IIyeT OTMETUTb, YTO:

1) pe3ynbTaThl, IONYyYEHHBIE ISl NAHHBIX THHA long
double B 1ienOM HE COTJIACYIOTCS ISl pa3IMYHBIX OUO-
JIUOTEK;

2) He

erfc(x) =1—erf(x), morpemHocTh ~ (10_16 ...10_15)

BBITIOJTHACTCS CTporoe PaBCHCTBO

s x<0.

JlaHHBIE IO CpeHEMY BPEMEHH BBIYMCICHHS TECTH-
pyembIxX (yHKIMH (Tadi. 1) momydeHsl MPU BBIYHUCICHUU
3HaueHnil uccnenyeMbix dynkmuit 10°pa3 mms 30 ucrmbI-
TaHUH Kaxaon QyHkimu. Pe3ynbraTsl H3MepeHus Bpeme-
HH BBIYUCICHUH CIIPABEIMBBI TOIBKO JUIS TIPUBEACHHOM
BBIIIE KOH(HUT'YPAIMU TECTOBOM CHCTEMBI U MOTYT OTJIH-
YyaTbCs Ui ApYruxX KoH(urypauwmid. J{ns BbrMuCICHHUIH
BBIOpaHBI IJAHHBIE MAKCHMAaJIbHO BO3MOXXHOM CTaHAAPTHOM
touHoctH (1o IEEE 754-2008) mst naHHO#M OMOIMOTEKH.
Jlns oubnmoreku boost HE WCMIOIB30BATUCH OUOIMOTEKH
BBIYMCIICHUH C POU3BOIIBHOM TOYHOCTBIO, T.K. OHU OCHO-
BaHbI Ha mpfr(gmp) ¥ quadmath.

Tabnuna 1
Bpewmst Beruncnenuit QyHKINHA OMIMOKH

bubnmoreka | Mantucca, pasp. | Cpentee Bpems, C.
qaudmath 113 2,55
glibc 64 0,09
boost 64 0,14
gsl 53 0,22
mpfr 23 14,67
mpfr 53 36,21
mpfr 64 45,16
mpfr 113 93,86

Haugeiciiee ObICTpOneiicTBHE MOKa3alia peann3arys
¢yHKIMM OmMOKM B craHmapTHoi Oumbmoreke C/C++.
BeictponeiictBue peammzaimu B guadmath B 10-20 pa3
MEIeHHEe, a peanusaiust B mpfr — Ha 2-3 u Goree nopsi-
Ka MEJICHHEH B 3aBUCHMOCTH OT TOYHOCTH, (pHC. 3).

C TOYKH 3peHUs BPEMEHU BBIYHMCICHHUH, MPEanoy-
TUTENBHO HUCIIONBb30BATh Pealiu3aliii boost U CTaHIAPT-
HOM OUOJIMOTEKH, [UIS MOBBIMICHUS] TOYHOCTU TIPU TPHU-
€MJIEMOM BPEMEHH BBIUUCIEHUN — qaudmath (iu aHa-
qor u3 boost). Peanuzanust mpfr He obecrieunBaeT 10c-
TATOYHOrO OBICTPOACHCTBHS, MOITOMY MOXKET TpUMe-
HSTBCS TOJBKO JJIsI TECTUPOBAHUS WM CIEIUATBHBIX
HCCIIEeIOBAHUH, CBI3aHHBIX C TOYHOCTHIO BBIYUCITCHHI.

Bpems BbluUCneHWA tyHiaam owmbia (Guinuotexka mpfr)

i{x) = 33,6513586111x"3 - 275,1602127381x"2 + 679,3730800794x - 441,43464
RZ=0,9820911279

1200
1000 )

4]
= 400
0 e
=TT W . :
z3 a3 64 113 200 200

MaHTucca, pa3paacs

Puc. 3. Bpems BerurcineHuii pyHKIuu erfc
(peanu3anus mpfr)

BbiBOAbI U NepPCNEeKTUBLbI
AanbHeWwWnxX nccnegoBaHum
B pa60Te IMpoaHaJIN3UPOBAHBI CHOCOGH pcainsa-

MM CTICNUATBHBIX MATeMAaTHIeCKUX (YHKIUN B MpH-
knaxHeix Oubnmorekax C/C++. BoJBIIMHCTBO aKTyallb-
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Heix Oubimorex SI1 C/C++ paspaboraHbl jaecsaThb-
JIBAIATH JIET Ha3aJ M 10 OOJBIIMHCTBY W3 HUX HET
CBelleHHH 00 HMCIOJIb30BAHHBIX METOJMKaX TECTHPOBa-
HUSL U TIOTPEITHOCTAX BBIYMCICHUH, MPOU3BOJUMBIX C
UX TOMOIIBIO.

Paccmorpennble peanmuzanuu (QYHKIUA HCHONB-
3YIOT JIpOOHO-PAIMOHATBHYIO AIPOKCHUMAIHIO (YHK-
i (1) monmHOMamMu YeOblmeBa BBICOKHX ITOPSIIKOB.
Hcnonp3oBanue pacmmpenHoro gopmara yucen c¢ [T
(80 6HT) ¢ 1ETBI0 YMEHBIICHUS TOTPEITHOCTH BBIUHC-
JIEHUI HeXKeNaTebHO BBUY €r0 OTCYTCTBUS B [2], mpu-
BS3KH K OIIPEACICHHON apXUTEKType M OTCYTCTBUS
MOAJIEP)KKA B psiie KOMIMIATOPOB, YTO JeEJaeT Ipo-
rpamMMmy HenopraOenbHOH. [IpennodTUTeNnbHBIM SBIISIET-
Cs WCIONBb30BaHUE OUOMMOTEK boost wiu quadmath,
KOTOpBIE 00ECIIeYNBAIOT BBICOKOTOUHBIE BBIYHCIICHHS
0e3 CHIKEHUs (WK C TPUEMIIEMBIM CHIDKEHHEM) IIPO-
W3BOJUTELHOCTH BHIYUCIICHUH.

[TonyueHHsle pe3ynbTaThl MOTYT OBITH HCIIOIB30-
BaHbl JUI1 BBIOOpPA NPUKIAAHBIX OHOIMOTEK S3bI-
koB C/C++ mpu pa3paboTke mporpaMMHOro obecricue-
HUSI IMUTALMOHHOTO MOJICIIUPOBAHKS C YMEHBIIEHHOM
JIOTIOTHUTENBHOMN TTOTPENIHOCTHIO BEIYHUCIICHHH, a TaKKe
NIPY aHaJHM3€ CYMIECTBYIOIIUX MPUKIAIHBIX ONOIHOTEK
SI3BIKOB ITPOrPaMMHUPOBAHHUS C LIENBIO TIPUBEACHHUS MX K
TpeOoBanusaM craHmapra ISO/IEC 10967,  CHWKCHUS
MOTPENTHOCTEH BHIYUCICHUH U YCTPaHEHHST BO3MOXKHBIX
OLIHOOK.
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AHATI3 BAPIAHTIB PEANI3AUII CNELIANBHUX MATEMATUYHUX ®YHKLIA
B BIBITIOTEKAX MOBU NPOrPAMYBAHHA C/C++

O.B. Muymka

IIpogedeno ananiz eapianmis peanizayii cneyianbHux MamemMamuyHux QYHKYii y nonyaapHux npukiaoHux i cmaHoapmHuux
6ibniomexax mos C/C++. [Iposedeno mecmyesanns peanizayiii pynkyii noxubxu ma 000amrogoi gynkyii noxubku 6 cmanoapm-
HUX Ma NOWUPEHUX BiNbHUX Npukiaonux 6ioniomexax mog C ma C++. Busnaueni inmepsanu 3minenHs: apeymenmy, 6 aKux 3Ha-
uenHsi abCconOmMHOI NOXUOKU 00UUCTeH s QYHKYIU, Wo pOo32TA0alOmbCsl, € CYMMESUMU A CAYACAMb OHCEPELOM 000aMKOUX
noxubox obuuciens. Iloxasano, wo y pasi suxopucmanns komninamopie C/C++ cimeticmea gcc, 015 3meHuienHs 000amKo8oi
noxubKu obuucienb be3 3HUdICeH s ix NPOOYKmMueHoCmi basicano sukopucmosyseamu dioriomexu quadmath ma boost.

Knrouogi cnosa: cneyianvui ¢hynxyii, cmandapmui ma npuxiadui 6ibniomexu, noxubka obuucienv, QyHKYiss NOMUTOK,
NPOOYKMUBHICMb 0OYUCTEHb.

ANALYSIS OF THE SPECIAL MATHEMATICAL FUNCTIONS IMPLEMENTATIONS
IN THE LIBRARIES OF THE C/C++ PROGRAMMING LANGUAGES

0.V. Mnushka

The paper deals with the analysis of the implementation of special mathematical functions in popular applied and standard
libraries of C and C++. Implementations of the error function and complementary error function in the C and C++ standard
and common free applied libraries were tested. Intervals of the argument, in which the value of the absolute calculation errors of
the considered functions are significant and cause the additional calculations errors, have been calculated. To conclude, for gcc
compilers, to reduce additional computational errors without reducing (or with acceptable reducing) their performance is pref-
erable to use quadmath and boost libraries.

Keywords: special functions, standard and applied libraries, computational error, the error function, performance computing.
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