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1.

AoraEy<3y

Ai1—H—/—kI& NAG C Library, Mark 26.1 - CLL61261DL (S 4 73 1)) ®ZFIA
HiE (DO FER) #HALFT.

AR1—H—/ — FIZIE, NAG Library Manual, Mark 26 (5S4 75)<=a7I) IZIEE
FRHEVWRRBOBEBRNEFENTVET. S4TSR Za7NIz T2—H—/—+S
Bl BELEMTWVBBEX, K1—HF—/ —FrETSEFESL

SATSIVIL—FUDOTHAICELTIE, S4753)3=a7)L (5. F¥a A2 k]
SH) OLUTORXa1 AL FEEFEALESL.

(a) How to Use the NAG Library and its Documentation
(b) Chapter Introduction

(¢) Function Document

. BEMNTEER

A4 T OEERELCHAAECODVTORHOERIE, UTOOzIR—T%
CHERRCEEELN

http://www. hag. co. uk/doc/inun/c126/16i1dl/supplementary. html



http://www.nag.co.uk/doc/inun/cl26/l6i1dl/supplementary.html

3. —HRiEER

AHATIE, Intel ® Math Kernel Library (MKL) AY@#t9 % BLAS./LAPACK L—F > %
PRI DRETA 995475 libnage_mkl.a EEXUVEHES A TS5 libnage_mkl. so
&, NAG A9 5 BLAS/LAPACK W—F U 2FBT DR 2749954 T35 )
libnagc_nag.a 8L UHEES A TS libnagc_nag. so #IRELFET. XS54 TS VIE,
MKL version 2017.0.3 ZFALNTT R FENTULVETS. MKL version 2017.0. 3 [EARE FD
—MELTRHEEIAFTST. KL OFEMICDOLVTIHE Intel Oz TH A+
https://software. intel.com/intel-mkl ZZSB I, N TA—T2RO0OEMSIFE,
VKL ZFIRT B/8\—2 3 VD NAG 54 75 libnage_mkl.a E7=I& |ibnage_mkl.so D
FIRZHELETS.

NAGSATSVIEAEYY—IDRBELGVKSICHRIF SN TUVET. AT OERKIENAG
SA4TSVBEIZE->TH, B LLIEFA—H—H NAGFREEQ ZFUHT Z &IZK > TIT
hET. LHLEDAS, NG TFUMMRELTWLBHMDS 4TS (3214 5M
FUBALTATINGRE) NAEV Y=V FEZITMELELNFERA. ZDH, NAGS
ATV E)LTVWSTATSALICHLTRLOMIDAEY FL—RY—)LEFE ST
BRIZ, JBBRICEK>TIEATY Y= DBREEINDEIDE LNFEREA. U=V THAEID
BET7INVT—2a3VIC&>TELGBZERDNETH, NG54 TS5 ) OFFUHE LEKIC
B L TR EMT52EDTIEHY FEA.

AMGTRMIEEIN S MKL version 2017.0.3 [IRILFRALY KieEshTHY, BELEH
OMP_NUM_THREADS A% SN TUWVELMES, EHO Ty HFEIETILFaAT7F v I%
BDOVATLTIE, HEEEOHLOE-OHIZTIILFALY FTHEZITWET. £ L,
WKL IZEB#D TRty HE=IEFa7EFEHLER<EMEEE, REEZE 2 OMP_NUM_THREADS
271" (B LK, BELGRALY FH) ZHRELTLLEZIL. 4H, X06 )L—F »IE MKL
DALY FORDBEWVICEEEZSEZEFEA. HIAE,

CozILDGE

setenv OMP_NUM_THREADS 1

Bourne Tz ILDEE :

OMP_NUM_THREADS=1
export OMP_NUM_THREADS


https://software.intel.com/intel-mkl

RKIATFJIEMKL 10.3 &Y HWIN—2D 3D EFEBRENHY FEA.

Fr=, MKLIZIE, EHMHFEEyY FEEOBIRME Bit-wise Reproducibility (BWR))
AT avhibyEd.

A—H—a— FA—FNDEH (https://software. intel. com/en—us/node/528579 S8)
Zimf-LTLvniE, RIEEHMKLCBIR 2 ETHZ &ICKY BIRABMICHY FT.
HMIEIMKL D FFa A FEIZSELEEEL. LHALEDAS, 2D NG IIL—FUIES
NoDEHZE-LTOWERA. ®K-oT, KLZFIBRATEZN—2a32DONGCSATS)D
2IL—FUIZH LT, BLGS5C00PUT7—FTIFvIZEY MKL_CBWR 2k % BIR Z{REET S
CEIETEEEA. BRRIZEAT 5 & YU —RBIZIHEERIL, “How to Use the NAG Library and
its Documentation” K& A2 k@ 3.9.1 Bit-wise Reproducibility (BWR)| %%
B,



https://software.intel.com/en-us/node/528579

31 SA4TSVDY VI iE

At a2 TIlE [INSTALLDIR] IZKRSA TS UNA VA P—=ILENTLVS Z EDRIR
EHYFET.

T 7#J)L ~® [INSTALL_DIR] [ $HOME/NAG/cl16i261dl &%xYFET. Ff, 41 VX b—
JUBFIC [INSTALL_DIR] Z#6E$H_EHTEET.

VKL ZFIBT 5/N\—2 320D NAG 5S4 TS)EZFBATREEIE UTOLSI2arA
W) %EFo5TLEEL. (ZZTdriver.c AA—H—7O45LTT.)

AET4 v 34T3YYEMAT HBE

icc driver.c —I[INSTALL_DIR]/include [INSTALL_DIR]/lib/libnagc_mkl.a \
—WI, —start—group \
[INSTALL_DIR]/mk|_intel64_2017.0.3/1ib/libmkl_intel_ilp64.a \
[INSTALL_DIR]/mk|_intel64_2017.0.3/1ib/libmk|_intel_thread.a \
[INSTALL_DIR]/mk|_intel64_2017.0.3/1ib/libmk|_core.a \
—WI, —end—-group \
[INSTALL_DIR]/rtl/intel64/1ibiomp5.a \
[INSTALL_DIR]/rtl/intel64/1ibifcoremt.a \
—|pthread —Im

HEBESATSVEFRTHHE

icc driver.c —-I[INSTALL_DIR]/include [INSTALL_DIR]/lib/libnagc_mkl.so \
—|pthread —Im



VKL ZFIRALEBWLAN—23 2 DNAG S A TS #FIBTABE1E UTOLS(CarA
W) %F-5TLEEL. (ZZTdriver.c Aa—H¥—7O45LTT.)

ARATAvIS54TSUEFET 56
icc driver.c —-I[INSTALL_DIR]/include [INSTALL_DIR]/lib/libnagc_nag.a \

[INSTALL_DIR]/rtl/intel64/1ibifcoremt.a \
—|pthread —Im

#ESATSVEFRTHEHE

icc driver.c —-I[INSTALL DIR]/include [INSTALL_DIR]/lib/libnagc_nag.so \
—|pthread —Im

Bda A5 =& Intel a2A4 S5 (icc) DEGBN—2aVE2FERATRESIE
[INSTALL_DIR]/rtl T4 LU RUICIRIENZSATSVE) VI TEHEDELHY FT.



BIZIE, goc ZFERATHHEEIE, UTDELIICAUNSIL - YUY ETO>TLESL

MKL ZFIAT B/ =2 avDNGCRETA v 54T5Y 2FATHEE

gcc driver.c —I[INSTALL_DIR]/include [INSTALL_DIR]/lib/libnagc_mkl.a \
-WI, —start-group \
[INSTALL_DIR]/mk|_intel64_2017.0.3/1ib/libmkl_intel_ilp64.a \
[INSTALL_DIR]/mk|_intel64_2017.0.3/1ib/libmkl|_intel_thread.a \
[INSTALL_DIR]/mk|_intel64_2017.0.3/1ib/libmk|_core.a \
—WI, —end-group \
[INSTALL_DIR]/rtl/intel64/1ibiomp5.a \
[INSTALL_DIR]/rtl/intel64/1ibifcoremt.a \
[INSTALL_DIR]/rtl/intel64/libimf.a \
[INSTALL_DIR]/rtl/intel64/libirc.a \
[INSTALL_DIR]/rtl/intel64/1ibsvml.a \
—|stdc++ —-Ild| —Ipthread —Im

WKL ZFIFAT H5N\—2aVDONGHRESA TS Z2FAET H5E -

gec driver.c —I[INSTALL_DIR]/include [INSTALL DIR]/lib/libnagc_mkl.so \
—|stdc++ —Ipthread —Im

MKL ZFIALBEWNA—2D3 VDNGCRE T4y 54 T5 Y ERATHES

gcc driver.c —I[INSTALL_DIR]/include [INSTALL_DIR]/lib/libnagc_nag.a \
[INSTALL_DIR]/rtl/intel64/1ibifcoremt.a \
[INSTALL_DIR]/rt!l/intel64/1ibimf.a \
[INSTALL_DIR]/rt!l/intel64/libirc.a \
[INSTALL_DIR]/rt!l/intel64/1ibsvml.a \
—|stdc++ —-ldl —Ipthread —Im

WKL ZFIBBLEWLWNA—Sa v ONGCHESA TS5 2RRAT 5158

gcc driver.c —I[INSTALL_DIR]/include [INSTALL DIR]/lib/libnagc_nag.so \
—|stdc++ —Ipthread —Im



HESA TSV EFRAT HHEEICIE, REES LD_LIBRARY PATH ZIEL <E&REL, ET
FED) v IMTABDESIICLTLIEEL.

CoTILDEE -

setenv LD_LIBRARY_PATH [INSTALL_DIR]/lib: [INSTALL_DIR]/mkl_intel64_2017.0.3/1ib

FE, BREOREANHDSGEICITIROLSICHRLET.

setenv LD_LIBRARY_PATH \
[INSTALL_DIR]/Iib: [INSTALL_DIR]/mk|_intel64_2017.0.3/1ib:$ {LD_L IBRARY_PATH}

Bourne > T IILMDIEE :

LD_LIBRARY_PATH=[INSTALL_DIR]/lib: [INSTALL_DIRI/mk|_intel64_2017.0.3/lib
export LD_LIBRARY_PATH

FE, BEOREAHIBEICITIROKLSICHRLET.

LD_LIBRARY_PATH=[INSTALL_DIR]/Iib: [INSTALL_DIR]/mk|_intel64_2017.0.3/1ib:\
$ {LD_LIBRARY_PATH}
export LD_LIBRARY_PATH

BEICK-STIE BIAE, SFYHLWLA=2a300au(S2FRATHEELE),
ZOMDNR BIZIFE, aNRASDF034L54T5 )% E) % LD_LIBRARY_PATH
[CRET HIBLELAHEIM L LILFEEA.



3.2. Example 74 S L

RtEh 2 Example #ER(F, 1 VR =)L/ — D 12.2. BARERE] [CERHEIATLS
BETERSNATWET. Example 705 S LORTHEILX, ELSBRET WAL B
BHCaVNAZ, BGHaA14554TF5Y), %% BLAS £1=I1% LAPACK )L—F >
HE) TETELRDGENHYET. TOLSHEVINBEELHERKRLLTIE, BA
R ML (RAT— (BLDFEE -1) F0:EL), REBBCEMEEE ZE (Z0M
IVUBELRILLBLVNSVE) BELAHITONET.

Rt b Example $ERIENAG R Z T4 v 954751 libnage_mkl. a (MKL 24t BLAS
JLAPACK )L—F V%2 FER) ZHAWTEH I TULVET. NAG 12440 BLAS.~LAPACK JL—F
VEFERAL-EE, BEAEMIBLSIAMALLIAEEA.

Example 7AT S LIRS A TS VA EET 2HERBICELIRETREBEEINWET. £
D=8, SA4TS)I_aTFILIZEHE SN TS Example OS5 LIZLERT, FORA
BOETELRDIGENHY ET.

LTFTDORS YT rERAWTExample A4S S LZEHEIZHATIENTEET.
(ChBDARY Y T I, [INSTALL_DIR]/scripts T4 Lo FUIZIRESHET.)

® nagc_example_mkl
NAGRET 4995475 libnage_mkl. a B L UARE G TRHBSNEIMKLS 1 TS
DE)UILFEY.

® nagc_example_shar_mk|
NAG £H 4 T3 libnage_mkl.so 8L UARERZTRESNEMKL S TS )%
YU LETY.

® nagc_example
NAGRAT 49547351 libnagc_nag.aZx 1)U LET.

® nagc_example_shar
NAGEES4 TS libnagc_nag.so &) 9 LET.

SHBDRY Y T RE, Example TOTSLDOY—RT7A )L BEITKLT, T—47
TAN, FTLavIFAILEDOM) EHALYFTaLY FYIZaAE-LT, a2/A
W2y - RITETVET.



CFIADNAG SA TS UIL—FUDLEFERY ) T EDBIHIIEEL TSN
1)
nagc_example_mk| eO4ucc

ZDOHFITIE, ebducce. T (V—RT7AIL), elducce.d (T—42 T 74 JL), elducce. opt
(FT2avI740L) AL T4 LY MYICOE—LT, aViAIL- )Y -
EIT%ITLrve0ducce. r (FERI77AMI)L) EERLET.

3.3. 7—4H

NAG T—42 & Integer & Pointer &, XS4 TS UTIIUTOLIIZCERSIATLET.

NAG & (HEi] AL X ()
Integer long 8
Pointer void * 8

sizeof (Integer) & sizeof (Pointer) ME(L a00aac M Example OS5 S LM 51BE &
L TEFET. ZTOMDNAG T—REDOFERIES A TSV =a7I/L (6. FFxaAtrh]
M) M "How to Use the NAG Library and its Documentation” K¥ 1A k%%
BfZEL.

3.4 AUTFUARALARNL

FATSIVDAVTFURALRIIE, T4 TS5 JIL—F> al0aac D Example 7O 45 5 L
EIANNAI - )09 - RITTBHEICKYERT LI ENTEFET. COF, XYY
7 b nagc_examplex %35|%k a00aac & HICHWNIL, Example 7045 S LM /1)L -
)2y - RITEBRFICTITSENTEET (3.2, Example TAT S L) B8B). 547
F1)J—F > al0aac (54 T ) DM (24 bJL, BEFa—F, FASAD32/34
IELUVREE, N—23> (Mark) &) #HALFET.



4. )L—F EEDER
RKIATI)IL—FUEBEDERE (FvT2—8EIZ) LUTICTRLET.

a. f06, f07, f08, f16
libnagc_mkl.a, |ibnagc_mkl.so (&, MKL @ BLAS./LAPACK JL—F > Z2{FERLET.
=12 L, LLT®D BLAS/LAPACK JL—F 1, KL N\—2 a > DFERICRIEARH B 1=,
NAGNN—T 3 UERINET (FUOEINET) .
dgejsv dgesvj

b. s10 - s21

NoDF v T2 —OBEBOEERL 4TS VEERBICELGYFET.

—MRMGEHME S A TSR aTILESSBEEEL.
ASATSYEADEZLUTIZRLET

s10aac E_1 = 1.8715e+1
s10abc E_1 = 7.080e+2
sl0acc E_1 = 7.080e+2
s13aac x_hi = 7.083e+2
s13acc x_hi = 1.0e+16
s13adc x_hi = 1.0e+17

NE_REAL_ARG_GT if x > 1.70e+2
NE_REAL_ARG_LT if x < -1.70e+2
NE_REAL_ARG_TOO_SMALL if abs(x) < 2.23e-308
NE_REAL_ARG_GT if x > x_big = 2.55e+305

sl4aac fail. code

fail. code

fail. code

sl4abc fail. code

2. 65e+1

2. 65e+1

NW_HI if x >= 2.53e+307

NW_REAL if 4. 74e+7 <= x < 2.53e+307

s1badc x_hi

s1baec x_hi

s1bagc fail. code

fail. code

10



s17acc
s17adc

s17aec

s17afc

s17agc

s17ahc

s17ajc

s17ake

s17dcc

s17dec

s17dgc

s17dhc

s17dlc

s18adc
s18aec
s18afc
s18dcc

s18dec

fail.

fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.
fail.

fail.
fail.
fail.
fail.
fail.
fail.
fail.

code

code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code

code

code
code
code
code
code
code

code

NW_NEG if x < -2.66e+1

NE_REAL_ARG_GT if x > 1.0e+16

NE_REAL_ARG_GT if x > 1.0e+16

NE_REAL_ARG_TOO_SMALL if 0 < x <= 2.23e-308
NE_REAL_ARG_GT if abs(x) > 1.0e+16

NE_REAL_ARG_GT if abs(x) > 1.0e+16

NE_REAL_ARG_GT if x > 1.038e+2

NE_REAL_ARG_LT if x < -5.7e+10

NE_REAL_ARG_GT if x > 1.041e+2

NE_REAL_ARG_LT if x < -5.7e+10

NE_REAL_ARG_GT if x > 1.041e+2

NE_REAL_ARG_LT if x < -1.9e+9

NE_REAL_ARG_GT if x > 1.041e+2

NE_REAL_ARG_LT if x < -1.9e+9

NE_OVERFLOW_LIKELY if abs(z) < 3.92223e-305
NW_SOME_PRECISION_LOSS if abs(z) or fnu+n-1 > 3.27679e+4
NE_TOTAL_PRECISION_LOSS if abs(z) or fnu+n-1 > 1.07374e+9
NE_OVERFLOW_LIKELY if AIMAG(z) > 7.00921e+2
NW_SOME_PRECISION_LOSS if abs(z) or fnu+n-1 > 3.27679e+4
NE_TOTAL_PRECISION_LOSS if abs(z) or fnu+n-1 > 1.07374e+9
NW_SOME_PRECISION_LOSS if abs(z) > 1.02399e+3
NE_TOTAL_PRECISION_LOSS if abs(z) > 1.04857e+6
NW_SOME_PRECISION_LOSS if abs(z) > 1.02399e+3
NE_TOTAL_PRECISION_LOSS if abs(z) > 1.04857e+6
NE_OVERFLOW_LIKELY if abs(z) < 3.92223e-305
NW_SOME_PRECISION_LOSS if abs(z) or fnu+n-1 > 3.27679e+4
NE_TOTAL_PRECISION_LOSS if abs(z) or fnu+n-1 > 1.07374e+9

NE_REAL_ARG_TOO_SMALL if 0 < x <= 2.23e-308
NE_REAL_ARG_GT if abs(x) > 7.116e+2

NE_REAL_ARG_GT if abs(x) > 7.116e+2

NE_OVERFLOW_LIKELY if abs(z) < 3.92223e-305
NW_SOME_PRECISION_LOSS if abs(z) or fnu+n-1 > 3.27679e+4
NE_TOTAL_PRECISION_LOSS if abs(z) or fnu+n-1 > 1.07374e+9
NE_OVERFLOW_LIKELY if REAL(z) > 7.00921e+2

11



fail.
fail.

s19aac fail.
s19abc fail.
s19acc fail.
s19adc fail.

s21bcc fail.
fail.
s21bdc fail.
fail.

. x01

code = NW_SOME_PRECISION_LOSS if abs(z) or fnu+n-1 > 3.27679e+4

code = NE_TOTAL_PRECISION_LOSS if abs(z) or fnu+n-1 > 1.07374e+9
code = NE_REAL_ARG_GT if abs(x) >= 5.04818e+1

code = NE_REAL_ARG_GT if abs(x) >= 5.04818e+1

code = NE_REAL_ARG_GT if x > 9.9726e+2

code = NE_REAL_ARG_GT if x > 9.9726e+2

code = NE_REAL_ARG_LT if an argument < 1.583e-205

code = NE_REAL_ARG_GE if an argument >= 3. 765e+202

code = NE_REAL_ARG_LT if an argument < 2.813e-103

code = NE_REAL_ARG_GT if an argument >= 1.407e+102

LT OHEEZERANYHT—T 74)Lnagx01. h [TIREShFT.

X01AAC (pi) = 3.1415926535897932
X01ABC (gamma) = 0.5772156649015328

. x02

UTDIUEHAANYAE—T 74 )L nagx02. h TR ET.

FENREEORARN /NS A—F—

X02BHC = 2
X02BJC = 53

X02BKC = -1021

X02BLC = 1024

FEINIRBEOIREMG/INS A —F—

X02AJC = 1.11022302462516e-16
X02AKC = 2. 22507385850721e-308
X02ALC = 1.79769313486231e+308

12



X02AMC = 2. 22507385850721e-308
X02ANC = 2. 22507385850721e-308

AVEL— 2 —BREDZEDHD/INZ A —5—:

X02AHC = 1.42724769270596e+45

X02BBC = 9223372036854775807
X02BEC = 15

13



5. F¥xa AV
SATSYIZaTIIIEEREZD—EE L TREFEEEINET.
F=, NGOz THA b SAHO—KRTEHIEELTEET.
SATSIZATILDRFRIUTDOD T THA bETSELEELN

http://www. nag. co. uk/content/nag—c-|ibrary-manual

FATIVIZaTIVFLUTORRTRESLFET.

® HIMLS - HTML MathML ¥ =27/l (F FF 242 FDPDFRADY 2V ZET)
® PDF -PDFY=a7/)L PDFOLEY, FIEHIML BRI 7MILHHEET )

NoDBKICTHLT, UTOERIZ7AILHAREBEEINET.
nagdoc_cl26/html/frontmatter/manconts. html
nagdoc_c|26/pdf/frontmatter/manconts. pdf

nagdoc_c|26/pdf/frontmatter/manconts. html

Ff-, TRODBRI7ZFANLAD) VO EFEDEIRI—BRI7AILDNRESIHE
7.

nagdoc_c126/index. html

ERXDOBEEAES L VRERZIZOVTIE, UTORFa A2 FEISBIZELN

http://www. nag. co. uk/numeric/cl/nagdoc_cl26/html/genint/essint. html#onl inedoc

MAT, UTORFa A2 bAREEShET.

® inhtml - 42X bF—JL/—F (EERR)
® un html - —%—/— b+ (FEERR)

14


http://www.nag.co.uk/content/nag-c-library-manual
http://www.nag.co.uk/numeric/cl/nagdoc_cl26/html/genint/essint.html%23onlinedoc

6. HR—Fk

HEOZFACELTIERENSEVVELEZS, EFA—ILIZT TAKX NAG ALTT
AT ] FTHEVEDLECLESL. 0K, CFAORAORAI—F (CLL61261DL)
W, BEHD User 1D # TRV EFET LS5 BBULEBLET.
TREILTER 9 : 30~12:00, 13:00~17:30 [TfThE TV =FZ %Y.

BANGAILTTRY

Email: naghelp@nag-j.co. jp

1. aYA3 9 MER

BARZa2A—AYALTILITYXLXGTIL—TkKE4t (HA NAG)

T104-0032
HEREDRX/NTIHE 4-9-9 \NTEZ2OVTF4F7EIL 2F

Email: sales@nag—j.co. jp
Tel: 03-5542-6311
Fax:  03-5542-6312

NGOz THA FTREGBEL VY —ERICET S EREEHMICEHFLTLET.

http://www. nag-j. co. jp/ (BZ)
http://www. nag. co. uk/ (EEA)
http://www. nag. com/ (CkE)
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