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FLIE FULOIC

GNU BHEEAMNEIE 7 4 777 Y (The GNU Scientific Library, GSL) (&, Bzl EOd D 7
N—FVETH D, LN TEY—ZAa—FiZTRTC FiET GSL Ddc#HzicHhrntn
T, Z® API (Applications Programming Interface) ZFH L T, MO EKSETHHT 272
DI vR— e N—F v 2HBELILHTES, Y—A2— FiF GNU General Public License (GNU
— ARG HERN) DI TAINTW» 5,

1.1 GSL THATZESIL—F>
GSL 12, DUT 22T 2 BUEEHE OB IE 8% H A— LT B,

(e % A D KA Rk BE%L X7 bV EFTH
B HAasbe Y —Fk BLAS DFf
BRI CBLAS 74 77V @iz —Y 24 [HAHENE
BLEL Y v S HEELECR Y

ERX NI T A #Eat TEvTAhrulEs Y7V

oy R Bz Lik BAEmy il
WEONENE  F sz 700 RiRE HiE SN v A VS
/N Rk oAl IEEE Z8I/MNERL IBE R

BA774 v 7xz—7LvFk

CORZaT7 A TIEINGDL—F v ORMGEZFEHL T0s, FETEEEERE IO 7v S
FLHE, WEBTHS>TWE 7L 3Y ZLIZOWTDSEHBH T TH 5,

GSL @H1iZid, FFTPACK %° QUADPACK D & I fBHMEDE A7 Y v 7 « XL v DY 7 b
7 r7% GSL BT —2L C SETEHEELZD DI EEFN TV D,

1.2 GSLIEZ7U—-YI7hD7ThHd

GNU BHEEiatE S 4 75 ) TSN TwuaL—F L iF T7Y— Y 7 v 27, Thd, i
SHBHHICHHTE, 32D 7Y —D 7175 LA TAR., FliAA L THbwv, Ll
GSL 1387 v 7 « FXA Vv TlE%\v, GSL ICIZZFEEED S . 2B, AR ICIZEE e Ty
5, ZOFME, WL THEEZITO TR RERDOALLEDITEI ELTWE I LD, TRTCTE
2L IEZTESENT WS, GSL DFIAEN L TdR ol bk, o7V 7 b7 =7 %Al
DABAF, HELEIHIETHILZ2UITLZETH S,



2 FB1E 1ZU DI

Fric, GSL 2fio o7 n 7 7 L2 G 2ADEEICTOH D, HHEIT B EHICITZD
V—=Z2a—REAFTHHNPH L L, 20707 0%2WETEIE, ARLLETRTTL4D
—#EZMHL D7) —D 70 77 L 2EaN»H 5 2 L, 7 2 D52 SRIHEDH > T
BLILEDEBETHD, L) DY GSL HFEF—LDEZLTH 5,

TV MENDHICH H D L2 HAT 27010, ZOMMIFHED DO AL &) 2 ETE
BudbDET 3, HEZIXGSL 2ffiol7n 7 L% b, BT 5 EZIE, GSLB3 7075 A
DEUWEFI G2 1M 2, 20707 7 52 0HL L) LT AN H5ABTNUIES RV, £
V—Aa—=Fb, 7947707077 LDMFITOVTRIIIILS LX) I LTRSS %20,
ZLTCZOMNEH 2 Z L ZFAFZIBAZTNE RS RV, DFED 2N, GSL & 7u 774
I 5% (EESIGEStIC X > THESN TV ) o 7u 77 LcBRATERwI L%
BRY 5,

F7:. GSL 3ERIETH B LT3, Z4UE GSL DFEER 7 TV 65F57:0TH 5, i
DY GSL A L THAR L 726, 22 AF L7 AICIE, Z20UIed GSL LI13EHI D TH
D, ZOWEIZL > THEL ZAHAD GSL A Y 2 F NV OBUWES LIZBIfRR W E3b2 5 K 9
IZLTIEL W,

GSL B X UOB# S 2 Y 7 + 7 = 7 DIER & EAi5fF1d GNU General Public License (GNU —
EARMATESRN, MR F ) Thd, 2DIA LY AICDWTIE GNU 78¥ 27 b D web
# A4 F D, Frequently Asked Questions about the GNU GPL IZFE L Wit 23 %,

http://www.gnu.org/copyleft/gpl-faq.html

79—+ 7 7z 7MW (Free Software Foundataion) (&, FiEFIH L 72 WBED 74 € A
IZOWTHHK, BuEbE2Z T v s FEfllE http: //www. fsf.org/ S,

1.3 GSL ODAFAHE

GSL ®Y =22 —FIZW D DHETAFTLILENTES, HIDALRLaE—LTHH 9,
CD-ROM ZAT 2, A ¥ —F%y bTY¥7vrua—F$25, RETHS, GSL ZEVTWV AR
FTP #—N—D Y X }+ 23 GNU D web ¥ A FTH 5,

http://www.gnu.org/software/gsl/

GSL #FIJHT277v b7 4—L &L TX, GNUC av 84 7% GNU C 74 77V DIL5RKE
BEDFIHITE 2720, GNU ¥ 27 LBEEMIFE L, LA L GSL 3Btk ic R RBRICEE L T
FELTHY, Car 4 703b1UL, L DD AT LTHa vV 4L TES,

GSL DFTLWVIHRD Y V=2 Ty 7T—F, ZOMDOTF 7 RAEAAL Y7 - YA FTiTD
%, LT ® e-mail % info-gsl@gnu.org SECICikD Z & T, ZHUIERFDE S R I D XA
Vo7 - YRMIEHRTE S,

To: info-gsl-request@gnu.org

Subject: subscribe

II9EL L, BEHEHERT 720D email BIESLNTL 5,
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1.4 {REEICDWT

:@7:;7»T%ﬁ§nfwév7FW;7u\ﬁ%ﬁ?%D\Mﬁéhkii®W%T&§§

FIftINz, V—RAa—F22H L OV—F v OB L ELBRET 20, H20IE R —
}‘ ERGEZ BT 243 L F T 2 001%, FIHFOBEMRICEOTHW L 20Uk 5 kv, 1300
EDFEL W I L2 DV TIE GNU General Public License (GNU —fARFIHFFHAN. (8% F)
G I ORep

1.5 I\Z'LR—bk

BIRETTTIHBAL TW 537103, GSL DA Sy r —JICE&ENT WS BUGS W) 774
WICVANT Y 7L THb, F1GSLDONT - b 79XV THDOY =2 7% A4 PTHRLZENT
&2, AV ASAVFIZAETR T WIEICOWTIE ‘INSTALL 12 & W) 7 7 A VKT TH D, 77
A NIRRT % BD1F 72 6 bug-gslegnu.org IZHEHE L TIE L\,

ZOBE, N - LER—=FMCEUTOBREAD TUZL W,

e GSL OD/X—Y a v
e N—Fo 7t OS
o {fio/-av 4L, ZON=VavBLiUavy34L - A7y ayv

o NJIZXD, EVVoBHRBEL 2D

VS Y AR = A VN

T, FAT7 V24 NTEEER, BT 7T a v ERETLIDEIDTEDNTNE
IR B EMERL TS 6 2 uUL, JERICHEHZERICR 2, TOEEV LW,
COR=Za7 VD, F YT FNVEERIZOWTE, BEVPREZED, AL E IAICHELT

FELV, ZOHARERICOWTIERE T, Fid e-mail 12 THEPEEE W2 TIUTENTH 2,

EAKKS: tominaga@cbre. jp

1.6 Zof, AWabEEGE

RZATNDE Y IA VIRRIEDPDOEE T 2 7 b, A4V VT YA NDT—hA T EI
HIHD web ¥4 MiZdH %,

D747 7VDOHARLA Y A —VICBHT 2EMIEFA ALY 7 - YR help-gsl@gnu.org
TRIMIT TS, BLTD email ZEIUE, ZOXL Y V7 - JAMISIMTE 5,

To: help-gsl-request@gnu.org Subject: subscribe

Ihttp://savannah.gnu.org/bugs/?group=gsl
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ZDAALY Y7 YA FTIE, ZOT=a7 LTS TWZARLI LIZOWTOEMP, GSL O
BHFEE TR & 22 EDZIT AT Tw 5,

b LI T2k E LT GSL Z/R L7z e Fi, 72 & 213 M. Galassi et. al.,, GNU
Scientific Library Reference Manual (3nd Ed.), ISBN 0954612078 & L TH 5372\,

URL (% http://wuw.gnu.org/software/gsl/ ThH 5,

1.7 ZDNYZaZILDERRAT A1)

IDv=aT7NE, F—R—FANDOHRL CBESNTV D, WAPSANINEa~vy Fid
DT X)icEHE»rNTwS,

$ command

FTHDORPIDLT $ A ETRREIN T Tay 7T, ZHEANLELSTL Y, 7r Y
7 MET AT LARHHEIC K > THRL IR L 208, TD~v=2 7L Tld bash Z8E L, FEARNIC
Fll~w—2 ¢ &9 %, csh/tesh % gnuplot % & DA ¥ 777478V 7 72712k %7
0y 7 MIGEE, o3 rEHV S,

FIRINTWB7u s Lk, GNU @ OS ETOEELZREL Tw5, 130DT AT LTI,
WAPETRZLZEVH D5, BEAKZRET S5 a3~y Fid GNU ¥ A7 A TEHED Bourne
> x )V (bash) TORIZZETTH %,

1.8 ERICDWT

FHEDHZE 2= 2 7L TlE, AHGEICOLTOEFBFEHELTWwBEI L EHREE, £T7 L
Y ZLOHIFIF S IZERYTELTBITIZ B> TRy, Flic O L TRESEEZ R L, v
IRZVATHY, BZ6 CBHHZFICESETHOHEMRZHEL T0ED7E59, 2T F 7,
HR7Z 6 Lo TT7N Y AL EHFEL 20 F RIS GSL 29 Z LIk 2L o B,
ELFZAEL LN, DY —RAa—FE2HTHIEFITT2 DRI LEIPNTE D, 50k
MY —=ADHFIZHENTHEIELHD, JFY —AZ R THEBIITON 282 R X, LD
Ayl =Y LHZITHNS,

ZITEE-DPVAEYS, REVBFICHHZMH 720, L7077 afz8ML 78 250
H2, EXOHRRIZALI RO TR, W) ETEIDLBEF LWL,

JFSCZ 2T CTH 5 SE W TN THGETH H . BEUCKEEL T, ALY S L 7, 2L <H
KEEDZE % W O Mli> T %, SCEROBINC Y72 > T LRV, WY 2 5650 £ 7213 HAGE
DXERDBHEDT 5T, FA VEEOSE 22T T\ 5% & 2 A03% % (Akima spline ® Wodicka
2 & %R L),

BB, 77700000 X FOHAGEICRLTWED, ZNE2ZDEE 7 74 WITIREL T
AVRANTREE, LFA—FRav A FICEkoTILI—ICh2 b HNHEZ, 20K
AV MZHIBRT 22 85EIC R B X v,

JF#E Tl3% DAY oNU plotutils Z > TR TV 228, 2O HAFERBPOMIZT T
GNUPLOT (ver. 4.2) TER L 7z, BHERSCH T plotutils O graph a< > FZ&flio7 7 v v MMEK



1.8. #licowT 5

BT K72 OHTL B2, ZHUSHi THlo T 2XI1E enupLoT THiWZ2 D TH % (GNUPLOT
D WHAFEDOSEE RN EAD L6, P TronTh2), CEHOMAKICIE ASCIT
AL T3 pBTEX %5 7% (Version 3.141592-p3.1.8), 7 ¥ A M AJJIZiZ Vim (ver. 7.2)
Zffiofz, Mac OS X ECTEIET 2206 Y 7 + 7 =7 OIERL. MR, BAGIC»0b 2 BIfREEEK
SRS EHT 2, BIRDH 2713, 2NENDT 22N,

GNUPLOT
http://www.gnuplot.info/
http://takeno.iee.niit.ac.jp/%7Efoo/gp-jman/gp-jman.html ¥k LEERAATE IS
2 (GNUPLOT HAGEY =27 V2R LT 3)

pITEX
http://ascii.asciimw.jp/pb/ptex/base/sources.html
Vim
http://www.vim.org/

B &I, plotutils 13 HAFEDEHS DL LDT, BOTZDY 7 7L v A« 2= 2 7L ZHEIR
L7, BIRDH 2713 N,

e CNU plotutils Y 7 7L VX« 2= a2 7))L
http://www.cbrc. jp/%7Etominaga/translations/index.html#plotutils






F£2E GSL OFEWA

ZDETIE GSL 2o 7 077202y 34 VDL, GSL NTOBEESERDm4ER
B2 oW TEHAT %,

2.1 70O LA
GSL Ol L LT, ~v 2 LB Jo(z) @ o =5 COMEIET 25071075 L %57,

#include <stdio.h>
#include <gsl/gsl_sf_bessel.h>

int main (void)

{
double x = 5.0;
double y = gsl_sf_bessel_JO(x);
printf("JO(%g) = %.18e\n", x, y);
return O;

}

Ta 77 AsOHNETICRT, AIEERIGEETH DL,
JO(5) = -1.775967713143382920e-01

Zo7ar 7 heay LN 5 ETOMALTIHZ, UBEOH THYIT 5,

2.2 dv)XA)LEVVY

GSL D~y ¥ 7 74 LI, ‘gsl’ 74 L7 MV IC@EDIND, LEd->T7Y 70ty Faficid,
AYIN=FF4L7 b)Y L LT igsl) &y 87 7 A VADHNCO T 5 BED B 5.

#include <gsl/gsl_math.h>

ZDgsl’ TALZMVDHLT4L 27 YD C 7Y 7T atky ¥ D#tinclude ADT 7 4L FD
NALEENTRVESRIR, ZO8i2avy P74 VY THRELZTNUELR SR\, 7740V D
‘gsl’ T4 L7 bV DETIE ‘/usr/local/include/gsl’ TH 5, Y —A7 74 )V ‘example.c’ &
GNU C 2234 7D gee TAVRANTE5EDa 2y Fid, —RIVIEMLTO X ) Ik 5,
IREOBNIE, aY 84 7077y 74— LMLk TEDZ I EDH D, ZFMNEZ LTHY, NI TEEW,




8 HE2oE GSL Offivg

$ gcc -Wall -I/usr/local/include -c example.c

INTHTY 27 b+ 774 ‘example.o’ DMESID, gec BT 74N FTENYF 7 741
% ‘/usr/local/include’ IZHELICITL 72, GSL 87 7 4 )V b DBFTICA Y A P =L E&NTW»
25A0E. -1 A7 a VIR,

2.2.1 GSL ZzU>7953ICiE

GSL D74 77 VAKX 1ibgsl.a’ L\WVW) —DD77ANELTA VA= NEINE, HGHF
A 77V (shared library) % A —F T2 AT LTIk, H£H 74 77V HOD ‘libgsl.so” b A ¥
AF—=1EN5 (Mac OS X Tld libgsl.dylib L Vo AHIICKR %), 774NV FTIEINGD
7 7 A WIE ‘/usr/local/lib’ ICED NS, Uy A—BINoDEMEE LT RWESAIE, 2
PV R4V TZOEZEE L 2T ULe S ke,

7477927 T 5kDIziE, GSL AKfkE, GSL TY A — b § 2 BN LHIPRE T 7
79 D cBLAS ZHEE L 2 J UL 572\, oBLAs PMHMFICHE I TV WLEAIX, GSL 04
VAR =)L EFIIRFIT ‘1ibgslcblas.a’ &\ 9 HAHIT CcBLAS 234 YA F—LE b, Tk, BIF
DEHICTHLEY VI TED,

$ gcc -L/usr/local/lib example.o -1lgsl -lgslcblas -1lm

gec 1377 4V 8T ‘/usr/local/lib’ Z HEIRICER L ICAT < 728, GSL 237 7 # )V F DALIE
A YA R =V ENTOIUI-L A 7 a3 Viddh B,

-lm A7 a Vi, HREEL L TR A Y AL —VENTL 2 IA 77V %)V 7T 5%
WOXT>avThs, BHRIC > TRIFEL R TH kv, 2

GNU C Compiler (GCC) B XV Z U 2 7’1 77 L7 EICOWTIE, An Introduction
to GCC (ISBN 0954161793) 23k WB#EIZ % 5, 3

(GSL DB R TAHY -1gsl -1gslcblas -1lm ZERT 20Tl A, HHIBFIC K> T
ik, BT LD -1lgslcblas ¥ -1lm BMHETHNWI LD H S, )

2.2.2 AlicA>YAM—=JLU% BLAS &V 273 3ICiE
7077 Lz hd cBLAs 74 77 Y, 7L ZIF ‘libeblas.a’ U V7T RITIIATD LI ICT 5,
$ gcc example.o -1gsl -1lcblas -1m

FHEDT Iy + 74— LIl Z 47z cBLAS DMEZ 276, Z%-1cblas TY V7T 5
R GSL THELTWE DD BEOAR 7 3 —< v A2 HETE2EDH 2, 2053475
IEEHED oBLAS L HHATZR T UL S v, BAEMEDSE  EilERE 7 BLAS A 777 VI cBLAS A
VEI—=T7 A RS ET ATLAS Xy =Y 2AHLTb Lk, TN 7Y— VY7 77T
b, R7 PRI ERIGEEFA A=V T B L K\, ATLAS 74 77V & ZD CBLAS A
V=T 2 AAREYV VI THIZR, UTDLHcT 35,

2Mac OS X TH& L Th &\,
Shttp://www.network-theory.co.uk/gec/intro/
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$ gcc example.o -1gsl -lcblas -latlas -1lm

ATLAS DMFHED 5 4 77 VR RIZ A>T LEEIE, Lofilic -L 4 7> a v %2BM L T, ATLAS
D74 77 VRME (BIZIE 1livatlas.a B &) 23H 5 T4 L7 PV ZIBETIUL K, FEHIIEE
13 % "BLAS OfH, 2o L,

2.3 HEZ14T7ZY

GSL OHHEIFA 77 VA v 7 LIBE, 20707 7 AOFEITRIC OS 2bh#ik C.so’ (7
i .dylib) 7 7 A VOB ZAI > TE S RBERH D, 74 77 VBHLI2» 620 UE, LMo X
VI T =B TIETTER L,

$ ./a.out
./a.out: error while loading shared libraries:

libgsl.s0.0: cannot open shared object file: No such file or directory

2 o ferid, Y AT LMEED Y V) —DEGE (GNU/Linux DY A7 L7%5 /etc/1d. so.conf)
% AT %>, BHEZH LD_LIBRARY PATH DERIC, 74 77 VBA VAP —LENTVLET 4 L
7 bUZEMA 5,

7z & 21X Bourne ¥ =)V (/bin/sh %713 /bin/bash) TIHLATD K HIZT 5,

$ LD_LIBRARY_PATH=/usr/local/lib
$ export LD_LIBRARY_PATH
$ ./example

C ¥ x)V (/bin/csh ¥ 71 /bin/tcsh) Tld, UMFD X H 12T 3,
% setenv LD_LIBRARY_PATH /usr/local/lib

FoflTid, C Yo VOEERLR 7Oy 72—y kY TRLTWS, EEEOEETIE, o
DXF%" N1 BT F 750,

KL= —F I AT L2k —F =Gk u 74y - 7740 kDavy FaFWT
B, Y20y yaviziit L2 AT 2 F:/»ET S,

FIT7 74 VIC GSL ZERY (static) 1ITY ¥ 7§ 5121F, gee D -static F 7> a3 v 2213
v,

$ gcc -static example.o -1lgsl -lgslcblas -1m

2.4 ANSI C %L

GSL {3 ANSI C TH2 3T T, ANSI C £ (C89) IZL7:2%) k) IfFo T3, ANSIC
AV IHEETHC AT LG, EZTH GSL M2 2137 CH 5,

GSL @ API & ANSIIZ L7235 TH D, JE ANSI k4 2IRRICIIIE L Thiavy, 7r s
7 508 ANSI LI 2 > Twiud, 207077 LT GSL 2> T3 ANSI #HJlTdh %, #l



10 HE2oE GSL Offivg

Freze ANSI C & H#altkD & 2 RRIZFIATREZ 23, S E a v A B8 Th 5, Tk
D, 777y b 74— LMEEOPEE GSL ZFFHCHAHT 2 2 £ 8 TE 3,

VAT AIZE o TIE ANSI C BERICEEIN TRV LB H B, GSL FoBED S L 2D
FEHITHEINDEIDHDIE, GSL DA VA F—IVRIZI9A4 77 )N nsg, 2o OB
o707 7 LZIEL W EZRTHREESH D, A VA =1 E N5 GSL »6MED H
LB EINE I ET, 2070l 83 v TERLL S,

KIS e A RTZE T A 7P 2 7 b LT 20 2B T 5720, 794 77 VNP SBIRTE S
BB & BTN TIRIAIC gs1_ 28, =27 1I2id GSL. 3ol s T\ 3,

2.5 AVo4 VB
¥—7—F inline (& FE¥#E ANSI C (C89) TIFEAIN TV ARWAD, GSL D77 4L kTl
AVIAVEEIEIA 77V DN S IER AR EoTwS, L LBIEITIE, C99 TL Vo4
VEIEIERIC C FEEOMRRICE) ANS NSRS, C89 HEYLD a v 34 T D% L MRk
LA v I4 vBEBER—FLTWV3

GSL Tl FETEREDIERICHEE L —FOBEBIc WL TIX, FENEa vy ML z2fTH 2 LT
AV IAVEBEL TR LIICLTH S, BBDA v 74 ViR, FIHEES72 7075 4
VR ANVT BRI D X 9 IC HAVELINLINE v 7 02 EH TS 2 & THHTE 3%,

$ gcc -Wall -c -DHAVE_INLINE example.c

autoconf 2SI TE 2B TIE, ZO~ 7 mIFHBIMICER SN S, HAVE INLINE ZEH L &
Jru, FITHEEDEL, 4 V74 v Tk WML S,

FBRIZIZA T A4 VBIRUZ extern inline D THPN T 5, ZHUT gee DIRIRIEAET, A
PRBBERVE»NS L) IZKR>TWw5, autoconf THIL S F=v 7§52 ET, gee DSD
a V84 T DA extern inline BAEEZEL 20 E I 2R T LI L TE S, HLL
138k C TAutoconf w27 ) RO L,

gce D C99 E— FTa v 81 )L § % (gecc -std=c99) &. HEIYIC extern inline 2°5 C99
DA v IA VBIBESICYUI) b 5, GSL.C99_INLINE % EHTIUL, hpa v 34 7TH DY)
D2 TbIS,

2.6 long double

GSL THEL T2 70TV A LBHARNIC, EREEHEEIY double 2T 2o T\ 2%, 541
JERID long double IFfHb 17z,

—2{Z1%, long double DFEEIX T T v 74 —LIKET 270 TH %, IEEE HligTIlx
double DAFEIZED T T v b7 4 —LTHREIL DS, Bl & DIRIRIC X B AhDAEITD VT,
ZDRMEROEEEZBEL T BT TH %,

L 2L long double D7 —% 2/ d 6 HAALMED D 5562 E AT, N7 FPVRILST
FIMIIZ 1% long double fkZ AL TWw 3



2.7. TEMHEERELR D 72 & DEFEL 11

AT LIZE 5 TIE, stdio.h OF AN & AHSIBIE printf B LW scanf @ long double D
WO FBDIEL CHEESN T RWI ENH S, £ T GSL DA A b —)LIRIZIZ, configure
MZDT AL 2ITe, BTG T, MEDAL 2 GSL Btz A Y A F— L LAakwk)icd s
ET, AEDHLVIFIEL K BWHIRDVEL 5 2 & 2#ET TV 5%, configure (&, ZDYEICUIT
DEHIHNT B,

checking whether printf works with long double... no

ZHUTED, A VA=V L &I ET B AT LT long double DAHNDIEL { fTbitiznE
s h7ma, ZOAMNZHMMT %2 GSL OB%3Y v 7 TER k5,

long double DAHNDIEL {fTbtiZz s AT A TAN N %2 20IHS NGEIE. A
HNTEANAL F VR Z M) 2, AT ORFICZ % double IZZHAT 2027 ETHIGTE 5,

2.7 BIEMEHERODTZOHDEK

BHEOE TR YT S v FRARBIZT 57:%, GSL Tlk, 72& 21X BSD ® math 74 77
DEIBMDFTA 77V DR Z G OPFEELTwE, Z2)0oBDRA T4 Thkz{fi>T
Tar I L5EECTH, ZNOBEARGI AT A ETREMMNEa ALV E2ITHIZET, 2D
B2 D GSL k2§25 Z L3 TE 5,

72 & 213 BSD O hypot BABHDMEZ 2 L &, LT D7 0 EHZ ‘config.h’ ITHE WTA ¥ 7
N—FFT5ZLT, ELOBHATEIENTES,

/* hypot 372\ AT LTI gsl_hypot ZfH9 */
#ifndef HAVE_HYPOT

#  define hypot gsl_hypot

#endif

FHEEL 7075 LTl #include <config.h> % {5 T, hypot 2MHZ 2\ & ElFY —
A7'0 77 5O hypot % gsl hypot ICIEHEHZA 5 Z EA3TE %, autoconf MR 25413,
COBESHAZ ZHET 5 2 L3 TE S, FEfllEftEk C TAutoconf D~ 7 1) £,

INoDREKIEL K DA, 24 T4 7ITIE 7 7 v b 7 4 — LMEEOR#ELIMfTONTOTH
MThH 27D, HAB5EEFA T4 7Tz, AW EEICR>TGSL kzf) L) icd
2003058 b kv, GSL BAEOREHTH 29 Vo kHFE XL TEEMTON TV,

2.8 EBE{IEINCEABICLIBEERZ

GSL OBIED—iBIEx, 77 v b 74 =Lk >oT, ZOEENPHT L ORBELEIFE A R0 &N
Hb, 12 ZZIERIAEBDOEIIZ L DD HERDH Y, KTETOEBRHEEIL TS v b
T7A—LIlEoTELELTHS, 2D GSL TRV L 220B%Ic>WT, ALA vy —7 =
A A FHEONEEBEZIEL T3, GSL BBz 7n /s s2EHnTEBE, 7V 7
oty Jih o TREBIBUCYI D B2 5 2 L3 T& %, SR I TuIUE, HH
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IR, RELEINENOBEBICY D B2 22 b TE S, UTNICIERIMELE D A RE2Y) h #
2T 799 b 74— MREOBEEH ) HlERT,

#ifdef SPARC

# define gsl_ran_gaussian gsl_ran_gaussian_ratio_method
#endif

#ifdef INTEL

# define gsl_ran_gaussian my_gaussian

#endif

o7 7aky i mid, ST LEBEM ) TRTOY =R - 7Tu 768064 I V—FT
B~y 87 74 ‘config.h’ DHFITEHWTE L, LoL 77y b 74— LMKEOBBIE, Ak
D5 EIFE-> THEMEDRIS L By MM TR HEUAMREEERT LIRS 3, RICEBOEE
Fol{ B2 R0 2 HETHI LD 5,

2.9 RABEBYERDYR—K

GSL ©%  OBEU, B4 2 BLCHW L TN ZNOBEDPHEI N Tw 5, ZnZnoBE L.
A X 287 (C++ 7 7L —FDOUORETHH 2) ICk>TROSN S, HlL LT, RD
Y 2 — VDS gsl_foo, BIEADS fn DA ICOT SN D, BDRL 2 TR TOBKAZDTIC
%bf\%o

gsl_foo_fn
gsl_foo_long_double_fn
gsl_foo_float_fn
gsl_foo_long_fn
gsl_foo_ulong_fn
gsl_foo_int_fn
gsl_foo_uint_fn
gsl_foo_short_fn
gsl_foo_ushort_fn
gsl_foo_char_fn

gsl_foo_uchar_fn

double

long double
float

long

unsigned long
int

unsigned int
short
unsigned short
char

unsigned char

HHE DK double 1277 40V FTH D, BAIEAIT v, 7o & 2 IXBIB gsl_stats mean (FHEEL
DGR EFEBIE DV 2 5HE T 503, P2 gsl_stats_int mean (F51 8T S 72 B H D T91E

% (RO T) IR,

GSL TEFIN TV LM gsl vector ¥ gslmatrix ICOWVWTHFEKTHZ, ZOHEHE
HEZDATDRICOT oD, e ZIX, HBHEY 22— T, FHLVIHEARD typedef (X

T gsl foo WERIN TV L5G

gsl_foo

BT D X )% % (foo #¥ vector ¥ matrix IZHIBT %),

double
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gsl_foo_long_double long double

gsl_foo_float float
gsl_foo_long long
gsl_foo_ulong unsigned long
gsl_foo_int int

gsl_foo_uint unsigned int
gsl_foo_short short
gsl_foo_ushort unsigned short
gsl_foo_char char

gsl_foo_uchar unsigned char

Y 2 VOERABRPRUKF L TR 256, GSL TREEL - VIHMEHD~NY 7 74 L%
BHENZOWTHELTVS, &7 7 AVAEMTIRT X BT HIck>Tw 50, FH%2H
(72D, T7ANEFDANY T T 7 ANDBTRCOBD 7 7 A NEA VY INL—FT S LI IHhoTw
5, L3> T, 7k Zld double DAY 7 7 A Ve ERFEDTIZ T2 A Y 7L —F L7

Bld. Z2D7 7 ANKHZIBET B,

#include <gsl/gsl_foo.h>
#include <gsl/gsl_foo_double.h>
#include <gsl/gsl_foo_long_double.h>
#include <gsl/gsl_foo_float.h>
#include <gsl/gsl_foo_long.h>
#include <gsl/gsl_foo_ulong.h>
#include <gsl/gsl_foo_int.h>
#include <gsl/gsl_foo_uint.h>
#include <gsl/gsl_foo_short.h>
#include <gsl/gsl_foo_ushort.h>
#include <gsl/gsl_foo_char.h>
#include <gsl/gsl_foo_uchar.h>

2.10 CH++E&DHHM

A1l types
double

long double
float

long

unsigned long
int

unsigned int
short
unsigned short
char

unsigned char

GSL D~y ¥ 7 740, C++ 70T 76064 70— F 3N & EITIFHBMNICBIEER
IZ extern "C" DA kI oTWwWE, ZDdH, GSL D% %E C++ o7 v /I L0 56HE

BWERZ ETE S,

Hr T w7 C++ OBISHMLEIL —F > 2518 e LT GSL DIV —F /L e\wi 6, GSL 2
AVARP=NTBHEZIZ, 2DV )L« F 7> a ¥ CFLAGS IZ ‘-fexceptions’ Z T TEL,
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2.11 FEH5|EDELA

7477 VBEBMIClEZATETE 558 E LT GSL OBICHEI N AR, X7 b, 1750,
ZHPELTIEHVIE, BEUOXAEY ETEA VAY VADREWICEE > TIEWL 2\ D &SRS
HoTWw3, ZOEHRICED 54 75 VHITIZA B Y FEEBER 2 X5 % — A2 FICHW T 2 40
e, EEARELZAHTES XS ICm %, EEmZ NS5 8L LTX T HEE)E
BLEA7Y 27 b 2ETLE, BREIANETHE, 74 77 VMITEHIHOFSHAZ L VLI ) I
LTWwaEE (L 2D 7 b 4 7EHS THEUC const 232 61T 3 &9 RGE)
. XEVHEEBSZA Y 7ATS, FLEHEL T THREIZZR W,

212 ALvhk-t—7

GSL OBifz=LF - ALy FOTu 77 ATHHTLI L TE S, EOBEKD., LS %E
Fiem Wt WIHIBKTAL Y F -2 —=7Th2, AEVIFHKIT LTI, IRTA 7P =7 b
TEICHER I NG, IR EEEIRA 7Y 2 7 2 BT, AU ALy BT EICHERR L
THHT2RETH S, 2T 2707200, AT LHEHAAEV L LTT =7V (£) £7
Pz b ERHEIBEBTIE, TN ATV 27 MIEREDAL Yy FTEITIN TS HUEEKT
FIRFCE D Z EDITE D, HIELTEINET—T N - A7V =27 Mk, B 7a r ¥4 7'E
FTIETARTconst & LTEEINTED, OAL v FTHLAIfE) T ENTE S,

GSL &R0 E{EZ HIHT 5 72 0 OFHNERDS, W ODHES N T2 (HERZ1T 5 5D
D7 F 7R, BmHL 7 — (fatal error) ORHIFEOH TS A L), TN DEBOMEIT 7075
LR CEERETE LD, 7077 ADORERFICHIMLE LT B HEZRETI2RETHD,
D ALy FTHEETREITIE R,

2.13 FEIFEDEK

REDSHEDIZ DI, GSL DWW O DBIBDEREZZEHE, H5VIFHIBRL 20 n ok %32 &
Db, ZH)woreity, 92O THEIETE (deprecated)) TH S & I, ZDHE, RD/N—
Parvd»ollEIng, BEON—Y a VIZEEN S FEIETEDBISUL, GSL_DISABLE_DEPRECATED
FERLTCAVALNTEIETCHAARRKICT A2 ENTES, Ihzffizid, T TIFoTH2B
GSL #FHT 2707 7LD, FKD GSL D= a v 7y 7127 2 Btk 2R TE 5,

2.14 11— ROBFA

GSL ®a—Fix, WBEARERY 7 74 VS 2 0WIZEY 2 — VIBIOEEFEDSA U v X 5 icErn T
W3, 20D, 7477V EL VAR =L L AL TH, MO ERSHL ) 2 L2
TELETTHD, 29 LTHOATDO 0T 7 L% FHTa v 84 )L § 35 728I2iE, GSL_ERROR
HREDeI/REEFRLIZD, W Ob tinclude XZHIRL D TE30HEDDH 5000 Lt 03,
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a— FOFEMMHIZ, GSL &7 1t & & LT GNU General Public License ##MH L 7-# D —
DOTHHN, GSLFEF—2 L L TUIENTH 5,
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E3E Io—NE

ZOETIE 70T 7 LOFETRHICHET 227 — %2 AL EHT 2572012 GSL THEL TV 1%
REZOWTHEIAT 2, KBBDNRT AT — % A2 MR T 5 2 & T, BN L 7208 %
B L, RBL TR 3HEICIEZDKZ FMHECHS 2 EXTES, $LMADTZ I — - NV F
7B EERL T, GSL DT 7 4V FOEEICRZZ LB TES,
CORICHT2ESPERIEI~NY Y7 71 ‘gsl errno.h’ ILH 5,

3.1 EAEUEIZ—ZH3BICE

GSL TOI 7 —fAIE PosIXx ALy F+ 74 77 VICHERL TED, ALy F - =7 TH%.
L= L FICEERE, M) L ol b EFiiE 0 KT,

int status = gsl_function (...)
if (status) { /x T 7 —DFRELLLGH */

/* status DEMVEL 72 L7 —DRBHZRL T3, */
}

GSL DV —F F, BRI NN RTE Lo GEIlT 7 —%21RT, 72& ZIERKB21TH
BI%E, ERINABEETINRTEL o720, MOBELEHEORIEDS EBIEL - L =
i, 0 A DfEZEZIRT, 29 \wok l ERBERIETIRECHZ 2 DT, BKORD fEidHE
ICHER T 2 RETH 5,

NW—FUPRLT7—%RLEEE, BYEIL I —OfEHZRL T, ZOMEEERKITC 7
A4 77V TD errno ZHEFAUETH S, V—F v ZFRHE L2 TIHR D EEZHERT 22 & T,
L7 —NMOEEE T3, FhEFLV LA I —TRIIUIERT S, 2EDORIGZINS 2 &1 T
X5,

I7—%ATIBDMEICMA, GSL TIEZ7— - " F 77— gsl_error bABEINTV 3,
ZDB%IX, GSL NOMDOBEN T 7 =354 L7z & Eic, WO LItk 2 IERTIC Z DRE%L
POMENS, TT7— NV FT7—DFT 73NV FOEEZ, MTDOXI BT I — Ay -V 2ER
LC7ur 7 50FET2ZDHETKRTILLILETH S,

gsl: file.c:67: ERROR: invalid argument supplied by user
Default GSL error handler invoked.

Aborted
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gsl error T7— NV F7—%fi2 X, TNy —TZDOHIZTVLA T + RA ¥ b EZDOPICH
ELT, ETHICIA 77 VATEL 27— 26252 L3 TE S, gslerror 35K L 7%
Tu 77 LR ClibN s I EEBMELTIOER Y, TNy Kb TRELE7u 7 5 LTl
I —EREDETHE, WHINEXETH 5,

3.2 IZ>—-IJ—NR

GSL OBEE»EdT =5 — - a—FlE7 71 )L ‘gsl_errno.h’ TEXEIN TS, 75— 2a—F
9 NTHRIHIC GSL. 230 6, 0 DA OBEBMEICEB S 1%, 1024 K D RS %MHIZT 77
r—a v 5 2 L2 MEL, GSL TiRffioTwiawy, =5— - a—FO4REIFE L D
BG, BHED C 9477 VCHIMNIET 27— - a— FOLFI» 6o T0es, DIFICkL
fibnzrs— - a—F%2RT,

int GSL_EDOM [Macro]

IR 7 — (domain error), BABHEICHE I NG DEDY, ERI LT 5N
IR WEHIEY (C 74 77 Y @ EDOM IZHEF),

int GSL_ERANGE [Macro]

#iH = 7 — (range error), BEEPBOIRSEIEEDS, A —N—T7 0 —PT7 ¥ —T7 10—
TEYNERIITE 2P 2 WEHISE T (C 74 77 Y O ERANGE (X W),

int GSL_ENOMEM [Macro]

AE YA (No memory available), 3 AT ADEER I N7 721F OB X € ) 2z i
T ELVRIGET (C 74 77 Y @ ENOMEME ([ZH)E), GSL )L—F ¥ %% malloc T
DRAEYMERICKRIRL 72 & S ITET,

int GSL_EINVAL [Macro]

AIERIEL (invalid argument), 74 77 Y OBEUCIETHIEDNIEL < oW X 9 &, BR%
BIRWTIBENS (C 74 77 Y D EINVAL IZHIE).

I7—-a—Fit, B8 gsl strerror Zffi) 2 LT, WETELI— Xy —JICEHITE 5,
const char * gsl strerror ( [Function]
const int gsl_errno)

5% gslerrno THREIN/L T — - a—FIIHIBT 227 —X v =Y LT7FI~D R
AV RBET, LFDa— T,

printf ("error: %s\n", gsl_strerror (status));

status #37z & 213 GSL_ERANGE 725> 78341213, error: output range error O
LI BAY -V HERT S,
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3.3 To7—--/I\YKkZ7—

GSLDOZI7— NV F7—=DOFT 74NV FDOEIEIX, B —Xv—%FA LT abort()
BRI ETHD, GSL DIV—F T 7 =054 L CZOEEBfTbNIEE, ik Th
DTVTILEFETLTCaAT - ¥ T RERT 5, ZiUud, GSL L—F v DiR D lHZHER L 72\
k9h7ul I LB ME L, 7240 & —7 (fail safe) R{LHETH 5 (GSL BFEF—2 L T
. 290k 7u s M3E,RVE I ICEID 2),

F74NVEDIEZT— NV F7—DEEREINIC L G51E, V—F v 2R 70 77 LT
GSL V—F v DiR D 2R L TZAUHn L2 BifE2 2 il 6 v, MEIER L7~ F
T—EFHIET, TIANIDEMEREZDL I ENBTEDL, REZRBELLZ I —%2 TR0
G LeD, 7o —70—DEI) BRI —%EEALLD, Ty A —%2EE L T T =285
ELEFTFDO 7R AT Y vFTE, Lok I— NV FT—%FELIENTES,

GSL DL 77—+ Ny F7—DHIEFTRT gsl error_ handler t TH D, ‘gsl errno.h’ THH
INTn3,
gsl_error handler t [Data Type]

INHGSL DL T — - NV F 7 —BHOERED O ICEIN TSI HTHS, =
F— NV EFITIZEINDGBUF 4 OT, 7 —DER (XF), =7 —EE %
BITDY — 27 74 V4 (LFH). 7 74 MRCOFRS (B8, =5— - a—F (%
) Thb, V—R77ANLETHETIE IV A NVRHCTY) Trky YD _FILE &
_LINE__ 74 L7 7 4 7 (directive, FHIEE 1) TRES, T7— - NV IFT—
DR Dl void TH B, LEB>TIZTI— - NV FI—BBIEHUTO LI ICERS
na,

void handler(const char * reason,
const char * file,
int line,

int gsl_errno)

MEER LT — - NV F 7 —%f9 1213, gsl set error handler P2 S, Tk

‘gsl_errno.h’ THF INTW 5,

gsl error handler t * gsl set_error handler ( [Function]
gsl_error_handler_t * new_handler)

ZOBIET GSL 74 77 VDL T — NV FI7—%H721C new_handler IZFKET 5,
CORNIRESINT VTNV BT —DBRDBRNEE 25 (L7235 TR TILICR T
EWTED), AR LI T — « NV R T —~DERA ¥ F G KIS E
BIN T30, —oD7a 77 LNTHFHMHZ2 77— NV FI7—iF—>
PIThHs, LEBoT7al 7089V F « ALy FOBE, EDAL Y FTHHS
MNHDOL I — - NV FF7—%2AY—AL vy FTHET LR, Z OBEE S
RETIRAEV, Uz — v F7—2RE, BT 02587,

/¥ DL T =NV F7—=%2FEL T, LAY T —%RET D +/
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0ld_handler = gsl_set_error_handler (&my_handler) ;

/* FL LAY R —2fl ) B +/

/* DNV BT —IZIRY */
gsl_set_error_handler(old_handler) ;

T 7 4V b OEIE (=7 —FAERFIC abort ) ZMER) ICT51E, 27— NV FI—
& LT NULL Z2&ET %,

0ld_handler = gsl_set_error_handler (NULL);

gsl error handler t * gsl set_error handler off () [Function]

M LEVWZTI— NV FI—2FETLILET, T7—DNY P T 2EHICT

5, ZUTED, 7 —HAELTH T I LIEZD0FEEETERITIZEIICRDD
T, GMnb~%/@Lbﬁ%ﬁmfﬁhtMT%m¢5&%?%b AT FERR L
7e7a 77 LTlE, 2)THERETH S, BRYEIEFMETHICRESIN TNV FT—
TH2 (LEh>THRTIRICRT 2 EMTES),

GSL #ffi9) RICFREED T 7V r—v avicBWVW T, 77V 7r—vavdy—Aa—FIFEZl
AFWLT— NV F7—DEEEEZ T\ EEIE, 774 ‘gsl_errno.h’ FIZdH % GSL_ERROR
7 uDEFRELZBLTGSL Z2Har 34 LT3 EHTE S (KHEZH),

3.4 MBEODOBEHT GSL OIT7— - LR—hZFATIICE

GSL OB EMAT 2 70 77 spc, JNCEFH O BlHG IR 2179 B EA TW 3 A TH GSL
WOBIE LRI L = 7 —RAEHESEZ 2 LR LD HB7E5 9,

INZFAMT5ICE, 2O 7 =220 THHT 235525188 L TR gsl_error 208,
17T gsl_errno.h "Cﬁﬁﬁﬁ“(b)%lﬁ- ca—FoEnd, E£hidzt 21X Nan O X 9 2kf
BfEZiRT, INZfTH) 720D 7 uNnD, ‘gsl_errno.h’ NIZEHEIN T3
GSL_ERROR (reason, gsl_errno) [Macro]

ZOvrul, GSL OIS T gsl errno I2H AfHZIRT, ZHUIMTD X IH I
JEFR S 5,

return gsl_errno;

gsl_error (reason FILE LINE__, gsl_errno);

== —_ -

D7 UERKIT ‘gslerrno.h’ IZH D, EREICEMX L 7 =235 X 91T do
while (0) 7Ry 7 TLOa—FRHENTVS

PTiczo=7aoffiflz, EREENE SN Lo BaIL—F VBIET I —TRT,
:@17—%m?tﬁuiw—%/iGﬂij%L?Mg#%%o
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if (residual > tolerance) {
GSL_ERROR("residual exceeds tolerance", GSL_ETOL);
}

GSL_ERROR_VAL (reason, gsl errno, value) [Macro]

Zo=wrzuld, GSLEEDL T — - a— FOfb DITERICER L 72 fH value 2187
Z &Lk, GSLERROR EFIUTH %, FHEZIEY & I RBERHRBELTHE ) 2 &
BTE 5,

LT OHITiZ, GSL.ERRORVAL w7 B % flio T, B TFHAE L7 NaN 2RI HiEE R T,

if (x == 0) {
GSL_ERROR_VAL ("argument lies on singularity", GSL_ERANGE, GSL_NAN);

3.5 OIS LA
PIFIZ, 27— L9 2 BOE D MEHET 3 7107 7 Lokl 5T,

#include <stdio.h>
#include <gsl/gsl_errno.h>
#include <gsl/gsl_fft_complex.h>

int status;
size_t n = 37;
gsl_set_error_handler_off();
status = gsl_fft_complex_radix2_forward(data, n);
if (status) {
if (status == GSL_EINVAL)
fprintf(stderr, "invalid argument, n=%d\n", n);
else

fprintf (stderr, "failed, gsl_errno=}d\n", status);

exit (-1);
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BY%L gs1 fft_complex radix2 l&, R & L THEETH D 2 DXREFOM L RIIT v, 2
Hon 032 OREFTHRP-IGE, WENTZ T4 77 D)V —F 13 GSLEINVAL %KL, 5%
PARIETH -7 2 & &R T, BAS gsl_set_error_ handler off ZM NN T I ETT 74V DT
T— NV EFI7=D7u T 7L EEIEIETLE) 2 L2, else fildfiofEHO T 7 — %A
HI2%0D0bDTH 5,
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ZDETIE GSL THEL T 2 5D RARN 22 BB DT

DR
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AT Z, SATFLIZE-TIE, 2

DHEDOHBL O TTICHEINTVL IS LW, Z0ESIZIE GSL 24 YA F—LT 3
ETHRHTES XIS,

COREIHETIESPERIE~NY Y7 74 ‘gslmath.h’ |

4.1 T

BSD BEHEDHET A 77 ) (BSD ZD OS @ libm.a & math.h) IJHEI N TV 5EH%Z GSL T
HEEL TS, UTFTHRZDYRALTH B,

M_E
M_LOG2E
M_LOG10E
M_SQRT2
M_SQRT1.2
M_SQRT3
M_PI
M_PI_2
M_PI 4
M_SQRTPI
M_2_SQRTPI
M_1_PI
M_2_PI
M_LN10
M_LN2
M_LNPI
M_EULER

HANBODE., e

e DIEDY 2 DXEL, logy(e)

e DIEH 10 DR, logy,(e)
2 DFHIR, V2

1/2 DI, /12

3 DV, V3

RVE Ny

MEAED 1/2, ©/2
MEED 1/4, m/4
(RISESOR ST NV

2 ZMEAROV IR TR L 7M. 2//7
MERDME, 1/

FMER DM D A%, 2/n
10 DEAXE. In(10)

2 DHARREL In(2)

MR O BRI, In(r)
FA4 7=, v

4.2 ERKEIFLE

GSL_POSINF

[Macro]

EDHER K 400 @ IEEE £, ZOffid +1.0/0.0 £ W) KZFHT 2 2 &£ THES

ns,
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GSL_NEGINF [Macro]
B DOMBK —co O IEEE £, ZOffiid -1.0/0.0 EWIRZFAMNT 2 2 &£ THS
ns,

GSL_NAN [Macro]

FEEE (Not-a-number) NaN @ IEEE &8, ZDfHi3 0.0/0.0 &9 X2 dHili§ 2
ZETRLN S,

int gsl_isnan (const double x) [Function]
x DIEEAE (NaN) Thaug 1 27, 29 ThiFiud 0 2iB7,
int gsl isinf (const double x) [Function]

x DIEOWRATHNUL +1, AOERKTHIUL -1, EH5THRITNIL 0 2K
j‘lo
int gsl finite (const double x) [Function]

x WEBETHIUL 1, HERADIFEETHIUL 0 2K T,

4.3 HEFEEHK

DITICHHT 20 —F &, BSD DEETFTA 7 7Y (BSD & OS @ lib.a & math.h) A LT
FELLLDTH D, 24 T4 7TIROBEMEA 2L EIE, ZORb DI s DBz o
EDTE D, autoconf ZfHEABBEITIE, 70/ 7% a2V 4 LT3 L EICHBNIIELLD
BIgZ () ok 2 2 L TE S (2.7 i TR O 720 OB%K, 2IR).,

double gsl loglp (const double x) [Function]

x DVNS BEDORFTHEEDE W ITET log(l +x) DEiZEHE T 5, BSD 74 7
79D loglp(x) & H¥alED H %,

double gsl expml (const double x) [Function]

x DYNS BAEDIRF T HIFEDFE W ITIET exp(z) — 1 DIEZFIET 2, BSD 74 7
79D expml(x) LFETH 5,

double gsl hypot (const double x, const double y) [Function]

F=N=70=DFELBVEIIT /22 +y2 OMEZEIET S, BSD AT A 77V
D hypot(x,y) &A% TH 5,

double gsl hypot3 (const double x, const double y, const double z) [Function]

LEEE C99 OBUKTIE, isinf BIEROMEEZIRT 2 LRIDBIESNTE D, R EDOFFZITOWTORIEII L. GSL
DPDN—=L a>» TR, 77y F 74— LICFEEIN T2 isinf 2> TR 57D, 77 v 74— AT K> TEHH
B EWDHB, LIhoT gslisinf Q) DRDEDFF S22 ZDE M) LD b, FHIHC x DS Z2HEEEL 72505 X,
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F—=N—=70—TEBEFBTT /2292 + 22 DfiZFET 3,

double gsl_acosh (const double x) [Function)]
arccosh(z) DIE%FET %, BSD BEF A 75 ) D acosh(x) LIHETH 2,

double gsl_asinh (const double x) [Function]
arcsinh(z) DEZFIHE T %, BSD B~ 74 77 Y D asinh(x) L% TH 5,

double gsl_atanh (const double x) [Function]
arctanh(z) OMEZEET 2, BsD ¥ 74 7V D atanh(x) & H%ETH 3,

double gsl ldexp (double x, int e) [Function]

r*2¢ DEZFIET 25, HHEEY-7 1 77V (ANSI C @ standard math library, libm)
D ldexp(x) L% TH 5,

double gsl_frexp (double x, int * e) [Function]

x & x=fx2° Ll BRBER f EAREGT e 12T B IREGEIZ 05 < f<1 &5 K
ICIEHE I NG, IRDMEIX f T, e FHIEICANTEING, 2 DBP0DEEIR f b
ed 01lhd, HFHEEYET 477 (libm) O frexp(x, e) LFHFETH 5,

4.4 INESHBEBEETONETE

BHEC 74 77V iciE, Uh&7) BETORNSERZEET 2B\ 8\ ) RddidH 5, GSL
32 DR EZMD BRI ZHEL Tws, SIREEZIAET 270, 2o OB TIEA —
N=—7u—%7ry—70—0fEE% L Tk,

double gsl pow_int (double x, int n) [Function]
double gsl pow uint (double x, int n) [Function]

o 12k BRER o ZEET S, SR E L 2822 a8 1 ((22)?)? DT,

3MOFEREZIFTTEL LI IfTbN s (4 —F —ik Horner scheme, William George

Horner), BI%( gs1_sf _pow_int_e (&[] UALFEZ1T 9 A3, WEFCTRIBEEZ AT - T,

zhziRy,
double gsl pow 2 (const double x) [Function]
double gsl pow_3 (const double x) [Function]
double gsl_pow 4 (const double x) [Function)]
double gsl pow 5 (const double x) [Function]
double gsl pow 6 (const double x) [Function]
double gsl_pow_7 (const double x) [Function)]
double gsl pow 8 (const double x) [Function]
double gsl pow 9 (const double x) [Function]
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22 023 R ED, BN B SRICEIE T 5, 2405 OBEUT HAVE_INLINE
MERINTVBRLEEREAVSAVIBESN S0, FUEEZRNICEEZDOE T
HOGA EHEOMRELZHNT I ETE S,

#include <gsl/gsl_math.h>
double y = gsl_pow_4 (3.141) /% 3.141xx4 Z it T 5%/

4.5 FEZORER
GSL_SIGN (x) [Macro]

L x DFFFEBRT70 T, ((x) >= 071 : -1) EEBEINTWVS, ZOE
ETIZ. x DIEEE F5EY FBEITH-TH, 0 DFFFIZEICR S,

4.6 (B FEOHER

GSL_IS_0DD (n) [Macro]
n DSEOKF 1, HEDR 0 2187, 518 n FBEITRTIER S R0,

GSL_IS_EVEN (n) [Macro]

D=7 1E GSL_IS.ODD(n) &T. n DMESDOK: 1. THOK 0 #1873, 5l n i3
BT T IUT R S 20,

4.7 &EKNfE. &/IMEREK

LUt o= 27aTid, 5I82EBINEHEST 2 2 E03d 570, 7ot AIFHEEEGOF R L k&%
ZOFEFIBUICEZEDIFEE LA,

GSL_MAX (a, b) [Macro]
at bDIBLRELRFZET, Zoer/mid (@) > () 7 (a) : (b)) LEHEI
nTns,

GSL_MIN (a, b) [Macro]
at bDILNSKTEET, Towrmid (@) < () 7 (a) : (b)) LERS
nTns,

extern inline double GSL_MAX DBL (double a, double b) [Function]

A4 VEBER S TERBEFEE a t bDIBRELTZ2RT, Bz T, =7
B EES>TAVRANRDORF 2y VDBEMTH D, ZE2THS, £V 74 B
ZB0T Ty P74 —LTiE, ZOREEIIHBINIC GSLMAX ICEE#b S,
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extern inline double GSL_MIN DBL (double a, double b) [Function]

A v vEBEEHS>THBEFEK a Lt bDIBNILT2IET, BfkoT, =7
0 LESTAVNANRDORF 2y I DBERTHY, BETHD, 4 v 74 VEEHEDMH
ZWT 7y P74 —=LTiE, ZOREEITABINIC GSLMIN ICESHDb S,

extern inline int GSL_MAX_INT (int a, int b) [Function]
extern inline int GSL_MIN_INT (int a, int b) [Function)]

B a & bDILRERHELIZNSLTE2RTA V74 VB, 1~ 94 B
2wy b7 x—24Tlk, ZOBBIIEBEINIC GSLMAX ¥ 7-1% GSLMIN ICEE
b 5,

extern inline long double GSL_MAX _LDBL ( [Function]
long double a,
long double b)

extern inline long double GSL_MIN_LDBL ( [Function]
long double a,
long double b)

A4 VBB EF->TIIGREES a L b DI LRERFTELIZNELGTEET,
A4 VEEMMEZ W T Iy P74 —ATlE, ZOBKIZEBINIC GSLMAX F 7
I3 GSL.MIN ICEXHab 3,

4.8 FEHIEDEBIRYER LR

TOOFEEMEE T B L F i, AOBELY) D IECREIC X 2B B - DIC, BEIC TR
L EPIIC IR T 2 E X W EH D, TDTA 7 7Y TlE, 7 X—A (Donald Ervin Knuth)
DA Seminumerical Algorithms (3rd edition) @ 4.2.2 fil & 2 TR 75 Hhilgh: 2 9288 L 7 Bi% %
MELTw»2,

int gsl fcmp (double x, double y, double epsilon) [Function]

x & y D3, MRS epsilon THME L 7c &£ ZICHEL W ERBE 20 E ) 2 HET 5,
FIBEAEL D& 20 KD REVRLEIDLTHD, TITH=2%THY, kI
frexp() TalBEIN 2 x & y O (D) HHEED I bRERITTH S,

x &y DENIOMEIDB/NI L, ZOODEMEIFEEMWICIZFECETSH 5 &H
EL, 0Z21BT, 29 ThL o<y DHAEITIE -1, 2>y DHEICIE +1 2IRT,

x &y OREIFMHNKECHEI NS 720, 2O L5 50023 0 ITIEVHAICIEZ D
BB S 7w,

GSL TDOFEEZ )V T 4 » 7 (Theodore C. Belding) 12 & % femp /Sy 7 —Y ZJGIC L
TWw3, femp 12DV Tl http://sourceforge.net/projects/femp/ MWD Z &,
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BHE BRI

Z DIEEIIEFEEL (complex number) %% 9 B O WTEHT %, EEVH (47 A, Gaussian
plane) LTINS DRI ZFHET 2 & &, BIBNETIEITE 27 vy —7u0—F —n"—7
O—PBREL VLI ICTRLTEEINTV S,

ZAMRY%L (multiple-valued function) 122 T, 77K (branch cut) DWNITIET 77 €7 4 v
Y & AT 7'~ (Abramowitz & Stegun, Handbook of Mathematical Functions, 1964) 12 L 72535
TED., GNU Calc &[F U Ffl (principal value) ZiE$, 2% D Common Lisp, The Language
(Second Edition) '8 X O HP-28/48 > V) — XD E bHU TH %,

BHEEZDOLDICHT2ESPERIET~NY Y 7 74 )V ‘gsl_complex.h’ 1T, HEHEE %I BI%K
KB 2 EHSPERIE~NY ¥ 7 7 1)L ‘gsl_complex math.h’ IZH 5,

5.1 BERUBDIE=x

BFEEL gsl_complex TREIINS, COMONIMEINE T 7Yy b7 4 —LIckoTHRE D%
O, Wz EESH BET 2XXE T3k, MMNCHT 2B80c~ 7 n2fii) 2 LT, Bk
DECEIEZIT) 2 LNTE S,

SEETITRT L, gslcomplex |37 7 4/ FCTIEM FOMEARTERI NS,

typedef struct {
double dat[2];
} gsl_complex;

FI LR IE O DA R ORI CHEE T 2 ERICRRI SN, ZHUC X DHEB LR, 0 F
D dat[0] £ XU dat[1] DED/AT 4 ¥ 7¥fTbik iz (Rdko X €Y EoY A4 X234
FMEHFICADY 270D 5 I —HEOH ALY, dat[0] & dat[1] DRI TR W), EEEOH
DILHN % packed IZL72HADIEL CHLES NS,

gsl_complex gsl complex rect (double x, double y) [Function]

G187 EAERER COBERME (x, y) &£ LT, #FE K 2 =z +iy ZiEJ, HAVE_INLINE
DEFRINTVELEIZ, A1V I74 VEINS,

gsl _complex gsl complex polar (double r, double theta) [Function]

515 % AR T D PERHIE (1, theta) & LT, HFEE 2 = rexp(if) = r(cos(#) +isin(6))
ZiRY,

1First edition TIZHE A 3 TEICKZ > T35,
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GSL_REAL (z) [Macro]

GSL_IMAG (z) [Macro]
BFEE 2z DFEHDH 5V I3EL 2 RT~70Th 2,

GSL_SET_COMPLEX (zp, x, y) [Macro]

KAV z2p P TEERA v A Y v ACEREEE (x, y) 260N b 8EEZE N
AT L2770 Thb, 72t 21X,

GSL_SET_COMPLEX (&z, 3, 4)
ET2E21334+40127%%,

GSL_SET_REAL (zp, x) [Macro]
GSL_SET_IMAG (zp, y) [Macro]

Inold~rzaThbh, K4 V8 z2p BHETEERA VA5 vV ZADIEDH 5 W IFEHIC
fHZRAT A LB TE S,

5.2 BRUOENKE

double gsl _complex_ arg (gsl.complex z) [Function]
B 2 DA arg(z) ZIBY, 7721 -7 <arg(z) <7 TH 2,

double gsl _complex_ abs (gsl.complex z) [Function)]
HEM 2 DRES (M) [2] 23R,

double gsl complex abs2 (gsl.complex z) [Function]
BHHEE 2z DREZI DR |2? 2T,

double gsl complex logabs (gsl.complex z) [Function]

BEB 2z DREZ |2| DHANE log|z| ZiKT, |2] 28 1 ITEWEDKHIZZHE Z D
% ¥ log(gsl _complex abs(z)) TalHE T 2 LIFENEL 2528, ZOHKTIEZN
LD bREREZES 2 ENTE S,

5.3 BERABHVEET
gsl complex gsl complex add (gsl.complex a, gsl_complex b) [Function]
BFEHalt bOW, z=a+b%ZERT,

gsl complex gsl _complex sub (gsl.complex a, gsl_complex b) [Function]
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HHEB a t bDE, z=a—-bZIRT,

gsl_complex gsl complex mul (gsl.complex a, gsl_complex b)
HHEB a & b DM, z=ab ZIKT,

gsl_complex gsl complex div (gsl.complex a, gsl_.complex b)
HWFEH a%x b TE-SLME, z2=a/b ZKT,

gsl_complex gsl complex_add real (gsl.complex a, double x)
HFEE a LEB x DN, z=a+2 ZIKT,

gsl_complex gsl complex _sub_real (gsl.complex a, double x)
BEB a EEB x DE, 2=a—2 ZIKET,

gsl_complex gsl complex mul real (gsl.complex a, double x)
BFEHB a EEB x OB, 2 =az ZIKT,

gsl_complex gsl complex div_real (gsl.complex a, double x)
WM 2 290 x CHIo M. 2 = a/z BET.

gsl_complex gsl complex_add_imag (gsl.complex a, double y)
BHEE a EBELiy ORI, z=a+ iy ZIRT,

gsl_complex gsl complex _sub_imag (gsl.complex a, double y)
BE a EEBLiy DE, z2=a—iy ZIBT,

gsl_complex gsl complex mul_imag (gsl.complex a, double y)
BHE a LB iy DM, 2 =ax* (iy) ZiET,

gsl_complex gsl complex div_imag (gsl.complex a, double y)
EFE a 2B iy THI- R, 2 =a/(iy) ZRT,

gsl_complex gsl complex conjugate (gsl.complex z)
BRI 2 DI 2% = o — iy ZIKET,

gsl_complex gsl complex_inverse (gsl.complex z)
BFEE 2z OWEL )2 = (v —iy)/(2? +y?) KT,

gsl_complex gsl complex negative (gsl.complex z)

BHFERE 2z DR 52 KR LR —2 = (—2) +i(—y) ZIRBT,
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[Function]

[Function]

[Function]

[Function]

[Function]

[Function]

[Function]

[Function]

[Function]

[Function]

[Function]

[Function)]

[Function)]
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5.4 HIEEREH

gsl_complex gsl complex_sqrt (gsl.complex z) [Function]

EHER 2z DVIR V2 2R, T2E A, FEPADKIRITES 2o, iR IF5T
HEFH DA DI D 5

gsl_complex gsl complex_sqrt_real (double x) [Function]
FH x DV TIR2BHEBTIET, x IZATL LW
gsl complex gsl _complex pow (gsl.complex z, gsl.complex a) [Function]

BE z OBFER a T, 2 ZIRT, THUIEFNE L EFEREZH > T exp(log(z) xa)
ELCEtHE SN S,

gsl_complex gsl complex pow real (gsl.complex z, double x) [Function]
BRI 2z DI x T, 2 2K,

gsl_complex gsl complex_ exp (gsl.complex z) [Function]
WIS 7 DIRM oxp(z) 2T

gsl_complex gsl _complex_log (gsl.complex z) [Function]
W 2 DEREE log() 2T, FHDEORILES 7\,

gsl_complex gsl complex loglO (gslcomplex z) [Function]
BFRE 2 OF B (23 10). logo(z) BT,

gsl _complex gsl complex log b (gsl.complex z, double a) [Function]

HEB 2z O b ZIKLET 208 log,(2) KT, DA log(z)/log(b) & L TElHI
N5 (2D log DI ),

5.5 BR=AREK

gsl_complex gsl complex_sin (gsl.complex z) [Function)]
BEHFEB 2 OBFEIETLBIEAE sin(2) = (exp(iz) — exp(—iz))/(2i) &K,

gsl _complex gsl complex_cos (gsl.complex z) [Function]
BFRE z DEFERIEBIBUE cos(z) = (exp(iz) + exp(—iz))/2 &K T,

gsl_complex gsl complex_ tan (gsl_.complex z) [Function]

BHE 2 DBEFRIEEBIBUE tan(z) = sin(z)/ cos(z) ZiRT,
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gsl_complex gsl complex sec (gsl.complex z) [Function]
WHEI 2 DEFBIEEIBE (£ H > 1) fifi sec(z) = 1/ cos(z) ZBET,

gsl_complex gsl _complex csc (gsl.complex z) [Function]
BRI 7 DEFEREBIB (2 h v F) i cse(z) = 1/sin(2) KT,

gsl_complex gsl complex cot (gsl.complex z) [Function]

B8 7 OBBRBIIE (287 22 = v 1) fif cot(2) = 1/ tan(z) %3

5.6 WER=ARK

gsl_complex gsl _complex arcsin (gsl.complex z) [Function]

WM 2 OB arcsin(z) 28T, FWE%EHEZ . HHH 1 kD HAS
VL EREEA 1 LD bR E RIS A,

gsl_complex gsl complex arcsin real (double z) [Function]

FRL 2z DEFRLIEEBIBAE arcsin(z) 2K T, z 2% —1 & 1 DEDMHEDOK;, [—7/2,7/2]
DHFFHDFEE ZIRT, 2z D% -1 LD NIV E EE, R EOFEEIE —r/2 12, JEH
BIEDEIC7 %, z D31 KD BRIV EZIZ, KD EOELRIZ 7/2 1, BEIZE DM
2%,

gsl_complex gsl _complex arccos (gsl.complex z) [Function]

BEHE 2 OEFWREBIBUE arccos(z) ZiRT, FlkzE 2, FH -1 LD L/
W, FREED 1T XD B RELRMRIE BRI R0,

gsl_complex gsl complex arccos_real (double z) [Function]

FEE 2z DBFRLRIEBIBUE arccos(z) 2B, z 23 —1 & 1 DEIDEDIE, [0, 7] DHi
POFEBZIET, 225 -1 LD H/NSwE EF, B HEOKERIE ©, BiFIZADMHIC K
o 231 KDBRESVE S, LD (FMIF 0) 145,

gsl_complex gsl _complex arctan (gsl.complex z) [Function]

R 2z OEFWIEEBEUE arctan(z) Z2iIBT, Dlk2HE 2, BEOMHEL —i X D/)
S, BEO @ LD RELMEIDRS 2,

gsl _complex gsl complex arcsec (gsl.complex z) [Function]
BFER 2z OBEFEWEHIBIBUE arcsec(z) = arccos(1/2) ZiKT,
gsl_complex gsl complex arcsec_real (double z) [Function]

FEE 7z OEFEIEFIBIEUAE arcsec(z) = arccos(1/z) 2K,
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gsl complex gsl complex arccsc (gsl.complex z) [Function]
BHRB 2 OMFESRFIBIBAE arcese(z) = aresin(1/z) ZiKT,

gsl_complex gsl complex arccsc_real (double z) [Function]
KBz DBFEREBIEH arcese(2) = aresin(1/z) KT,

gsl_complex gsl _complex_arccot (gsl.complex z) [Function]

BEE 2z DEFLREEBIBUA arccot(z) = arctan(1/z) ZiKT,

5.7 ERWANHREIE

gsl_complex gsl complex_sinh (gsl.complex z) [Function]
R 7 OB IERL BB sinh(2) = (exp(z) — exp(—2))/2 2T,

gsl_complex gsl complex_cosh (gsl.complex z) [Function]
BFB 2 DEFIHIRARTLIEUE cosh(2) = (exp(2) + exp(—2))/2 KT,

gsl complex gsl complex_tanh (gsl.complex z) [Function]
BFRB 2z DT IEREPIEAE tanh(2) = sinh(2)/ cosh(z) %K T,

gsl complex gsl complex sech (gsl.complex z) [Function]
BRI 2z DEFIUMFRIEFIBIEUE sech(z) = 1/ cosh(z) 23K,

gsl_complex gsl complex csch (gsl.complex z) [Function)]
BFRE 2 OBEFIUFRARFIBIEAE csch(z) = 1/sinh(z) 2K,

gsl_complex gsl complex coth (gsl.complex z) [Function]

BFEE 2 DEFEFRREEBISUE coth(z) = 1/ tanh(z) ZiKT,

5.8 WHERMNHMREEE

gsl_complex gsl complex arcsinh (gsl.complex z) [Function]

BEEE 2z OME TR IEFZBIBUE arcsinh(z) % T, %25 2, BSOME» —i
XD/PhZn, B X RERMEIDHRI 20,

gsl_complex gsl complex arccosh (gsl.complex z) [Function]

BEHEE 7z OWE TR IEBIEE arccosh(z) ZiR T, T2 E Z2 . EHHT 1 L D/
SHMHEILRSI B, ZO5E. 77774y YV &AT 7 D 4.6.21 K arccosh(z) =
log(z — V22 — 1) IC X D EADVHRZEHET 2,
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gsl_complex gsl complex arccosh real (double z) [Function]
FE 7z DM FTRFRARTEBIBUE arccosh(z) ZIBT,
gsl_complex gsl complex arctanh (gsl.complex z) [Function]

EHRE 2z OWHEFTI M IEEEBIBUE arctanh(z) ZiR§, Dz E 2, FHS -1 XD
NS, BEO 1 XD RS ARMEIFRS 20,

gsl_complex gsl complex arctanh real (double z) [Function]
HEL 7z OSEFRIUMBIERZBIIE arctanh(z) 2B 9,

gsl_complex gsl complex arcsech (gsl.complex z) [Function]
BFRE 2z OWHFEIMRRIEFIBISAE arcsech(z) = arccosh(1/2) &K,

gsl_complex gsl_complex_arccsch (gsl.complex z) [Function]
BFEB 2 OWEFEEFRIMRRFIBILAE arcesch(z) = aresin(1/z) 2K Y,

gsl_complex gsl _complex arccoth (gsl.complex z) [Function]

BFRE 2z DWEFTBUBRREEBIBUAE arccoth(z) = arctanh(1/z) ZiK ¥,

5.9 ZSZEXGK
FEARW B E ZABEOIFE X, UTO@RLIck>Tw3,

e T. E. Hull, Thomas F. Fairgrieve, Ping Tak Peter Tang, “Implementing Complex Elemen-
tary Functions Using Exception Handling”, ACM Transactions on Mathematical Software,
20(2), pp 215-244, Corrigenda, p553 (1994).

e T. E. Hull, Thomas F. Fairgrieve, Ping Tak Peter Tang, “Implementing the complex arcsin
and arccosine functions using exception handling”, ACM Transactions on Mathematical
Software, 23(3), pp 299-335 (1997).

DTk E Z DFHEATORIZSH 5,

e Milton Abramowitz and Irene A. Stegun, Handbook of Mathematical Functions, “Circular
Functions in Terms of Real and Imaginary Parts”, Formulas 4.3.55-58, “Inverse Circular
Functions in Terms of Real and Imaginary Parts”, Formulas 4.4.37-39, “Hyperbolic Func-
tions in Terms of Real and Imaginary Parts”, Formulas 4.5.49-52, “Inverse Hyperbolic
Functions - relation to Inverse Circular Functions”, Formulas 4.6.14-19, National Bureau
Of Standards (1964).

e Dave Gillespie, Calc Manual, Free Software Foundation, ISBN 1-882114-18-3 (1992).
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Pavaw

E568 ZIEL

ZDETIZZ A (polynomial) DFHfli (evaluation), KAR (solving) (ZBH9 % BIEIZ D\ CTHiEH
¥ %, K (quadratic) ¥ & V=X (cubic) DLIHAXIZDVTIE, BHTHY (analytic) IZFEED % \»
FEFEHOWR (root) 22NV —F Y BHEIN TS, ZNDNO—BDITEDOREIT OV TIE,
FERBDOGE IR VIE LFHECHRZ RO 2V —F VDPHIEIN TV 5,
CORICHT2ESPERIE~NY Y7 7 1)L ‘gsl poly.h’ IXH 5,

6.1 ZIENADFHE

I B BIBUILIER P(z) = c[0] 4 [z + c[2]a? + - - - + cllen — 1]zt~ Dfitiz ., BAENE
EPED T %2 X 3 728 F —F —k (Horner scheme) % ffi>TK® %, HAVE_INLINE 2SEFEI LT
W3 EZIEIAYIA VBRI NS,
double gsl poly_eval ( [Function]
const double c[],
const int len,
const double x)

FELER x ORBLBFROLHADMEZFHT 5,

int gsl poly eval derivs ( [Function]
cost double c[],
const size_t lenc,
cost double x,
double res[],

const size_t lenres)

FEE x DEBUFBOLIEA L Z DEIBDOEZFE L, K& X lenres DAL res 12
ATET, Bl res (213 R x IS8 2 EXEBIEOfE dX P/da* 23k = 0, ..., lenres—1
IZOWTANGNS,

gsl_complex gsl poly_complex eval ( [Function]
const double c[],
const int len,
const gsl_complex z)

EFRER z DFBRBOLIHADMHEZFHT 5,
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gsl complex gsl complex poly_complex eval ( [Function]
const gsl_complex c[],
const int len,
const gsl_complex z)

EHRER 2 DEFBRBDOLHADMEZEET 2,

6.2 ZIERAOENERIR

ZITlE=a— b rDESREERE (Newton’s divided-difference representation) % 9 Bz >\
THIT 2, R OWTE, T7IET4y Y &AT 7 VD 25.1.4 i, 25.2.26 filCHHWIH 5,
int gsl poly dd init ( [Function]

double dd[],

const double xal[],

const double yal],

size_t size)

& size DALY xa & ya ICPRFFS 725 (xa, ya) (& X 2L IHA D20 ra R %
RHET 5, 18607 (xa, ya) DAEDRRBIE, RS size DRI dd I ANTEI NS,

int gsl poly.dd eval ( [Function]
double dd[],
const double xal[],
size_t size,
const double x)

R & size DILF dd & xa ICEDEERBRTHREIN TV ELIEAD, 8 x ICBITA1HE
ZEHE L CIKJ, HAVE_INLINE BERINTVB L EIIA v I74(4 VEHEI NS,

int gsl poly dd taylor ( [Function]
double c[],
double xp,
const double dd[],
const double xal],
size_t size,

double w[])

GIHA DT ERB % 74 7 — )& (Tayler expansion) IZZ#179 %, ZoRGRBIZE
X size DESI dd & xa ICANTHET, ZHXZ 5 xp TEBL (Boh/74 7%
Bz, RIEHEZ size DELYI ¢ T ANTRINS, fFEEBE L TREZ size DELSI
w ZEI R TIUE R S R\,
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6.3 “—XR7AER
int gsl poly solve quadratic ( [Function]
double a,
double b,
double c,

double * xO0,
double * x1)

IR DA D KX (quadratic equation) DFEH (real root) Z3ked 5,
ar’ +bx+c=0

RO EIFFEROME (0 2> 1 2> 2) T, WOfHIZ x0 & xI ITANGND, ERI K
WEIAIE x0 & x] DEIREEI R, FERPI-OEFROND (L2 a=0)
&G, RiF x0 TANS NS, ZODERPESNIGGIE x0 & x1 ITHIHICA
o, HR (coincident roots, multiple roots) DE bRk b S, 7 & 21X
(-1 =0 DHEEIRIF 20D 20, ZOMHEIZERSFEALCTH 5,

WROMBUELHRNR 02 — dac DFFFICE>TRE S, L LEFKETEHRL THALOR
AEPHIEL TEXOREVED S 2 L3dH Y, FRLHADRBDHE TRV L EHMH
BIC% %, 206 DBEICK > TROMEDMEE > TROSND 2 LD D, Ll
LK DIREDVIN S BB OG &3, A OMEIZEE ICFHR I N5,

int gsl poly complex solve_quadratic ( [Function]
double a,
double b,
double c,
gsl_complex * z0,
gsl_complex * z1)

T oADK IGTFADEZHEMR (complex root) Z&15HE T 5,
az?+bz+c=0

BOMEIZEEROME (1 7213 2) THH, ROSNMRIF 20 & 21 ITANTEZ
N5, RIFETHEP, KIEBOMETHK I NERIFIZT Bl A s s, HBas—o
Lanigs (213 a=00DLERE) ZZD1RIF 20 T ANLEND,

6.4 =XAER

int gsl poly solve_cubic ( [Function]

double a,
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int

6.5

double b,
double c,
double * x0,
double * x1,
double * x2)

DITF oD =R A (cubic equation) DFEMRZFIHT 2,
2 +ar?+br+c=0

SIROEHDOREUZ 1 £ T2, IRV MEIZFROME (1223) THH, Z2051d x0, xI1.
x2 ICANTRI NG, 1536 NFEROMEEDHOE G x0 ZIBHESRZ 5 2,
FERB =S S NAEEE x0. x1. x2 ICHEIC AN SN, EROBEHEL L9
Wbz, LEZIE (2 —1)° =0 DEAR =205 BICEE ALERIAN L NS,
ZRITBRADGG L FRIC, BEFIEOBEIR O N TW» 5o Ic, FEEh EoFR L
filidd 2\ IZEEDIRPERIEICH 20D X HICHEINTL o, EROMEED:
M- CiltESINs2LbH 3,

gsl poly_complex_solve_cubic ( [Function]
double a,
double b,
double c,
gsl_complex * z0,
gsl_complex * z1,
gsl_complex * z2)

DT oBAD=ZRABRADELZR2EET S,
2B 4+az2+bz+c=0

WY fEIERD S N EEROMEE (12 3) TH D, BiF 20, z1. 22 ITANTEI N
2. FTEBO, RICELDFIEIZW R E ZDEFTANS NS,

—RDZEADTTER

TR, ZER, PURITRERX (quartic equation) D & 9 BRFR GGG 2R L. ZHEHADOMBRILEITIVIC
RNz, I TEERDEZIHK (higher order polynomial) D% TN KD 2 7= I H:
DR LEHRE %29 77 (iterative method) 12D W CHIHT 2,

gsl _poly_complex_workspace * [Function]

gsl poly_complex workspace_alloc (size_t n)

n HDOFRE % FF>LHAD/FEA % gsl poly complex solve Zffio T 7= DIE
I E LT, gsl poly_complex workspace MiEfAD A v 2% v A %2R T 5, K
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D EIZEIR L 72 gsl_poly_complex workspace “"DHRA V¥ TH 5, L7 —WELK
& &3 NULL K4 v ¥ 2K,

void gsl poly_complex workspace free ( [Function]
gsl_poly_complex_workspace * w)

YEEFEIE, w DX Y2RS5, 51503 NULL @ & Zi3 b L,

int gsl poly_complex solve ( [Function]
const double * a,
size_t n,
gsl_poly_complex_workspace * w,
gsl_complex_packed_ptr z)

%A P(r) = ap+arz+az? +...+a,_ 12"t D% BEfE4751 (companion matrix)
DAl (balancing) Zffi> 7% QR 77 (balanced-QR reduction) TRK® %, 514 n
THREZBEML TR 2IIOR S 2IHE T 5. REXDHEEIL 0 TH->TIR 54\,
WY R E IO w 252200k 6 kv, KBS 2(n—1) DFRLE (packed)
BEFBICI 2 12 n— 1 Oz ANTERY, BSINTHEE LA AN SN
52 LITED,

TRTCDEDRD D> T 5E BB DR D fElX GSL_SUCCESS TH %, QR 4 RHINH L
ot tild, L7 —+ 32— F GSL_EFAILED T 7 — NV F 7 —HWHEN 5, GHRNK
JEDSER &N T\ % 720, EHEE (multiplicity) DEWCIRDSS 2 HERXTIE, Z2HMED
OB D HAR (simple root) 2MEZ STV A LD X I IHIFHINTLE) 2 L23b %,
BRXDLHADRZ KD 5121, WOBEEELZER L 727 VTV XL %2l D %
(Zhongguan Zeng, Algorithm 835: MultRoot — A MATLAB package for Computing
Polynomial Roots and Multiplicities, ACM Transactions on Mathematical Software,
30(2), pp 218-236 (2004) =),

6.6 £
— 7 L TR DRREDOH & LT P(x) =2 — 1 OflZRT, RIFLTD52TH S,

1, 627Ti/5, 647Ti/5, 667Ti/5, 687Ti/5

INSDRERDT 27077 LD TIHIRT %,

#include <stdio.h>
#include <gsl/gsl_poly.h>
int main (void)
{
int i;
/¥ P(x) = -1 + x°5 DRE */
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double al[6] = { -1, 0, 0, 0, 0, 1 };
double z[10];

gsl_poly_complex_workspace * w

= gsl_poly_complex_workspace_alloc(6);
gsl_poly_complex_solve(a, 6, w, z);
gsl_poly_complex_workspace_free(w);

for (i = 0; i < 5; i++)
printf("zj)d = %+.18f J+.18f\n", i, z[2*i], z[2*i+1]);

return O;

}
7ar 3O NEZDX IR B,

bash$ ./a.out

z0 = -0.809016994374947451 +0.587785252292473137
z1l = -0.809016994374947451 -0.587785252292473137
z2 = +0.309016994374947451 +0.951056516295153642
z3 = +0.309016994374947451 -0.951056516295153642
z4 = +1.000000000000000000 +0.000000000000000000

FEFNL RN S N B R 2, = exp(2mni/5) & KL T3,

6.7 SEE
THHLE TS QR 598 & % ORI T ORI H 5,

e R.S. Martin, G. Peters and J.H. Wilkinson, “The QR Algorithm for Real Hessenberg
Matrices”, Numerische Mathematik, 14, pp. 219-231 (1970).

e B.N. Parlett and C. Reinsch, “Balancing a Matrix for Calculation of Eigenvalues and
Eigenvectors”, Numerische Mathematik, 13, pp. 293-304 (1969).

e A. Edelman and H. Murakami, “Polynomial roots from companion matrix eigenvalues”,
Mathematics of Computation, 64(210), pp. 763-776 (1995).

EZOTORTMNET T T 49V ERTF T VICK AU TORICH B,

e Milton Abramowitz and Irene A. Stegun, Handbook of Mathematical Functions, Sections
25.1.4 and 25.2.26, National Bureau Of Standards (1964).
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BTE FIARREK

COBETIERABEBICOWTHINT 5, GSL Tid, =7V —B#. Ry eV, 777 H
B, 7—arOWEREE. V4 7T —ORERE. F—V VBBL T4 OB, TENE,
M. Ya oM. 77 A0, HERT. 72 Vvi=T4 7 v 7OB%. A ~H
B, 7= voNy PRIEG MBS 77— VBIEL VY e v FOVBREE BRmERAIBE S, 7 A
(CHEA V) B v om b u BB, kRS, AR E Y-S BISmHEI N Tw S, &
BB DT, SR L ZBEBHEICE FN 23050 EM b FHRTE 5,

HBIBUTIE, 72 & 21T ‘gsl sf airy.h’ ¥ ‘gsl_sf bessel.h’ DX H)IXENEFN~AY I 7 74
WOBHEIN TS, L2L ‘gslsf.h’ TIRTEIIA VIV —FTE5ILTES,

7.1 FEE

FEERBIB OO LTI, BISiE 28§ DE%TE (natural form)y & X7 — - a—Fzikd =
7 —J& (error handling form)y @ @D DFENH 5, WO LT IE ) 23, BEIBHEDFHRICIX
ELLHHALa—FzflioTwa,

HHEClE, BIBOIRD fEI:Z ORI DO TH 2 7=, FelhTilEEE, HALETH) 2 &
TE 5, & 2T OBBIFOHI LT~y VB Jo(x) DiEZEIET %,

double y = gsl_sf_bessel_JO(x);

CORNTIE, 7 — - a— FPHEERA (error estimate) Z2H15 Z EITE R\, ZD7®IC
F. ERZANTRY 2 ERTE S5 B2 LA T, L7 - Tz TOHT,

gsl_sf_result result;

int status = gsl_sf_bessel_JO_e(x, &result);

L5 — ORI L 2479121k, BBLOREIC e DMtz MH, F— 1 —7 80—k
LREBHEELLZS, BOETZENBOD» S, 7 —0%IZHEL o o7z & Zld GSL_SUCCESS
ZRT,

7.2 gsl sf result BiER

I 7 —TEDRRBIEUE, FHRE S N7 BIEUEOHEERE D FIRICEHR L T b, ThziRd70oIcH
Bl L HEERR A 2 BERICF OMGEHRIERIN TV S, ZOMERIE ‘gsl_sf_result.h’ ITEFR
INTWw»3,

gsl sf result MG, BIBUH L HEERAEZRFFT 2720, DTO LX) ITERIN TV S,
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typedef struct {
double val;
double err;

} gsl_sf_result;

val |\ ZBAEUE, err (ZBIBUEDHEE HEXTFRAE (estimate of the absolute error) T&H %,

LA Lo TR A —N—7 00— 7 vy =70 —2RA L TUHT 2 L03H 5, 29
Wo a6, double % £ DOMUAM O RBIHIP 2 88 2 75t FA IR 2 RE T 2 72 o, BISUiE & i
B DM EURED 30 % L, DRI TIE R THO RN DTHEMTH 2, Z DRI
lX. gsl sf result HEEMRDBIEUE & HEE A ITM A T, BIBUED® result * 107 (e10) THS
N5 L&) %R el0 &£ LT gsl sfresult el0 MEHRTHEIN TV S,

typedef struct {
double val;
double err;
int el0;

} gsl_sf_result_el0;

7.3 E—K

BRI OfEIE, TR FEE TR OoND X IHICL TS, L LRERBEROREEIC X - T,
EHE 22 DIIFEROEZFHE L 2T UE % 6§, ZHUTIERICKE~DS 22200 H 5,
Z9 Vo BEITIE, mode Bl E M- T, BIEUHOREE 2 & U CEIMEAREZ R T4 2 8T
E%, ZORIBICIEDTOEIEETE %,

GSL_PREC_DOUBLE
SRS, AR BB X Z 210716 Th 3,

GSL_PREC_SINGLE
HURERE, MHNERZR BB LZ 1x1077 TH B,

GSL_PREC_APPROX
RREE, HANEAEIIBE X Z 5x 107 TH 5,

R E— Pl RO 220 DI, FHRIRLETHONS,

7.4 I7)-BEHEETOEEK

7Y —BI% (Airy function) Ai(z). Bi(z) 3o AN ¢ —2y =0 OfpE L TEEINSH
BThh, GSL TIE~NY ¥ 7 74 ) ‘gsl sfairy.h’ THEINTWwS, BHET B8 L &b
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45

TTITEIAY VAT VDE 104 FiIRINTWRED, ZOERIZUTOET EREZTH S,

Ai(z) = %‘/0 cos(t3/3 + wt)dt
Bi(x) = %/0 (e*t3/3+‘”t+sin(t3/3+xt))dt

7.4.1 I7Y—E%

double gsl sf airy Ai (double x, gsl_mode_t mode)
int gsl sf airy Ai e (

double x,

gsl_mode_t mode,

gsl_sf result * result)

7Y —BE Ai(x) Dz HRE S LK mode THRIAET %,

double gsl sf airy Bi (double x, gsl_mode_t mode)
int gsl sf airy Bi e (

double x,

gsl_mode_t mode,

gsl_sf result * result)

7Y —B% Bi(x) D% EE I NZHKEE mode TEHE T 5,

double gsl sf airy Ai_scaled (double x, gsl. mode_t mode)
int gsl sf airy Ai scaled e (

double x,

gsl_mode_t mode,

gslsf-result * result)

(7.1)

(7.2)

[Function]
[Function]

[Function]
[Function]

[Function]
[Function]

A=Y v 73Nty ) —BBDME Sa(x)Ai(z) 23RS 2 (BHEAKXTERL 7
DIBIEAV AT =) Y 2L D F 2 2L IN, x — oo TORWDDRERHICK D), 1R

BSa(r) 13 x>0 DEE exp(+(2/3)2%2), 2<0DEE 1 TH2,

double gsl_sf_airy Bi_scaled (double x, gsl.mode_t mode)
int gsl sf airy Bi scaled e (

double x,

gsl_mode_t mode,

gsl.sf-result * result)

[Function]
[Function]

A=Y v 73Ntz 7)) —FEBDME Sp(r)Bi(r) ZitH T 2 (WHEAKXTEML 72
BRI AT =) v Ik D F v e 3N, o — oo THBL R K D), B

Sp(r) d o >0 DEE exp(—(2/3)2%?). 2 <0DEE1THS,
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7.4.2 I7'Y—BEROEREK

double gsl_sf airy_Ai deriv (double x, gsl.mode_t mode) [Function]
int gsl sf airy Ai deriv_e ( [Function]
double x,

gsl_mode_t mode,
gslsf result * result)

7 ) — BB AV (z) D% EE S 1A REIE mode THET 2,

double gsl_sf airy Bi_deriv (double x, gsl.mode_t mode) [Function]
int gsl sf airy Bi deriv_e ( [Function]
double x,

gsl_mode_t mode,
gslsf result * result)

7Y —BAB DGR Bi'(x) D% HHE S LKL mode THET %,

double gsl_sf airy_Ai deriv_scaled (double x, gsl.mode_t mode) [Function]
int gsl sf airy Ai deriv_scaled e ( [Function]
double x,
gsl_mode_t mode,
gslsf result * result)

A=V 7ENx7 ) —BEEDOERE Ss(v)Ai (z) DIEZFET 5, (RE Sa(x)
>0 DEE exp(+(2/3)2%/2), 2<0DEE1ICK D,

double gsl sf airy Bi deriv_scaled (double x, gsl.mode_t mode) [Function]
int gsl_sf airy Bi deriv_scaled._e ( [Function]
double x,
gsl_mode_t mode,
gslsf_result * result)

2= vy ENFT T — OB Sp(x)Bi () DIEZFET 2, 25 Sp(x)
Fa2>0DLE exp(—(2/3)2%?), <0 DEE 11Tk D,

74.3 I7Y)—BHEOES

double gsl sf airy zero Ai (unsigned int s) [Function]
int gsl sf airy zero Ai e ( [Function]
unsigned int s,
gslsf result * result)

7Y =B Ai(z) D s ROFRDOMEREZFHHET 5,
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double gsl sf airy zero Bi (unsigned int s)
int gsl sf airy zero Bi e (

unsigned int s,

gsl_sf result * result)

7Y =B Bi(x) ® s ROFHROMEREZGIHT 5,

744 I7Y)—EFKOESR

double gsl sf airy zero Ai deriv (unsigned int s)
int gsl sf airy zero Ai deriv_e (

unsigned int s,

gslsf result * result)

T ) — B OBBR A (z) D s KOBEHOWERE T 5,

double gsl_sf airy zero Bi deriv (unsigned int s)
int gsl sf airy zero Bi deriv_e (

unsigned int s,

gsl_sf result * result)

7Y —BIBDOERE Bi'(x) D s ROFHOWELEEFIHET %,

7.5 Nvyt/LEK
Xy )V (Bessel function) &3, Xy 2L DI iR

d’y | dy
2 2 2y
x dx2+xdx+(x a®)y=0

DfFTH D R v )VBIEL (specical Bessel function) 13ER~R v & L5y R

Py, 2y () ol
dz?  xzdx

DIFETH 5,

47

[Function]
[Function]

[Function]
[Function]

[Function]
[Function)]

COffiTIE, MHEHEER DRy 2 )VEIEL (Cylindrical Bessel function, 25— X OV “f~y &
WEEE) J,(2). YVo(z), FIREEEER DL v 2 )VEIEL (Modified cylindrical Bessel function, £
—HEE L OEFOEERy VB 1, (2). K,(z). 3Ry 2 VB 5i(2). yi(z). BIFERR Y &
JVBI%L (Modified spherical Bessel function) i;(z). ki(x) IZ2WTHAT %, F65llIE7 77 €7 4 v
VATV VDEIBIN 10 EZSHDZ L, Xy 2 VBBUI~Y 57 71 )L ‘gsl_sf bessel.h’

TEHSINTW3S,
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7.5.1 F—EAEXNY/LEK

double gsl_sf bessel JO (double x) [Function]
int gsl sf bessel JO_e (double x, gsl sf.result * result) [Function]
0 RDF—FEMFER Y 2 IVBIEL (regular cylindrical Bessel function) Jo(x) DA% G145
¥ 5,
double gsl_sf bessel J1 (double x) [Function]
int gsl sf bessel_ J1 e (double x, gsl.sf.result * result) [Function]

—ROHE MR Y 2 VB J, (2) DIEZFHERT 5,

double gsl_sf bessel_ Jn (int n, double x) [Function]
int gsl sf bessel_ Jn e (int n, double x, gsl sf.result * result) [Function]
n ROE—FEIER Y 2 VBIEL J,(z) DEZGHET 5,
int gsl sf bessel Jn array ( [Function]
int nmin,
int nmax,

double x,
double result_array[])

nmin X E nmax KEAT OE—FEFIER Y VB J, (z) DfEZFIE L, 518THE
E T BHLH result_array ([ AVTIRY, BBl 13 FHEIR R O B D 72 9 1 Wil TEt
HINdd, MEBELEDLELRLZEBH S,

7.5.2 FH_EMAENYt)LEK

double gsl sf bessel YO (double x) [Function]
int gsl sf bessel YO e (double x, gsl.sf-result * result) [Function]

x> 0122V T, 0 ROHE FEMHR v & VB irregular cylindrical Bessel function)
Yo(x) DiEZEET %,

double gsl_sf bessel Y1 (double x) [Function]
int gsl sf bessel Y1 e (double x, gsl.sf.result * result) [Function]

x> 01220V T, —ROBMMMIEN v v I)VEE V) (2) DIEZEHRT 2,

double gsl_sf bessel Yn (int n, double x) [Function]
int gsl sf bessel Yn e (int n, double x, gsl sf.result * result) [Function]

x> 0122V T, n ROF MMy v VB Y, (z) DEZFIFET 5,
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int gsl sf bessel Yn array ( [Function]
int nmin,
int nmax,

double x,
double result_array[])

nmin XBL L nmax KPLT O “FMEXy VB Y, (z) DEZEIHE L. BT
E T BB result_array [ ANVTGRY, ERBIE 2 >0 Th 5, BIBUHEIZFHRFR O
D 72 DI LT R I NS 72, HERMEEP LR L2 ED3D 5,

7.5.3 F—EEZFEAENY)LEK

double gsl_sf bessel I0 (double x) [Function]

int gsl sf bessel I0_e (double x, gsl sf-result * result) [Function]
0 RO FE—TEZETEHER v 2 )VBIEL (regular modified cylindrical Bessel function) Io(z)
DitiZEHE S %,

double gsl sf bessel I1 (double x) [Function]

int gsl sf bessel I1 e (double x, gsl.sf-result * result) [Function]

—RDOF LT v v VB [ (2) DfEZEIHET 5,

double gsl sf bessel_In (int n, double x) [Function]
int gsl_sf bessel_ In e (int n, double x, gsl sf.result * result) [Function]

n ROF—FETGIIER v 2 VB I, () OEZFIRT 5,

int gsl sf bessel In array ( [Function]
int nmin,
int nmax,

double x,
double result _array[])

nmin XA F nmax KRLAT OHE—FEHHEN Y 2 VB 1, () OfEZEE L. 515
TIET 2871 result_array IZ AL TR T, nmin 1& 0 F72IFZIEQEETRITUL %
57\, BAEUEIEEI R R O RGO 7 D ISt AN CRME SN b 7o, BE R E DL
Bl thdb5,

double gsl sf bessel I0_scaled (double x) [Function]
int gsl sf bessel I0_scaled e (double x, gslsfresult * result) [Function]

A=Y v 7 E3NT 0 ROFE—FEEHER Y 2 V% exp(—|z|) Io(x) DiEZFHET
5 (Ar—=Vv7Ikh 2 — o0 THHELELED),
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double gsl sf bessel I1 scaled (double x) [Function]
int gsl sf bessel I1 scaled e (double x, gsl sfresult * result) [Function]

A=) v 73N —ROFE LN Y 2 VB exp(—|z|) 1 (z) DfiEz

ER-R
double gsl_sf bessel In scaled (int n, double x) [Function]
int gsl sf bessel In scaled e ( [Function]
int n,
double x,

gslsf result * result)

A=V v It n ROFEHZEGHHEN v VB exp(—|z|) [, () D% GHE
T 5,

int gsl sf bessel In scaled array ( [Function]
int nmin,
int nmax,
double x,
double result_array[])

nmin X b nmax KU OHE—FETEHENR v 2 VB exp(—|x|) [, (z) D% G
L. 51#THET 0% result_array IZ AU TIE T, nmin I¥ 0 £2IZIEDTREH TR
FAUE 7 o v, BIBE I EHEIR R O R O 7- O Il TEHR S NS 7o o W
fEEDLELLZEVH S,

7.5.4 FEZFEAEXNY /LB

double gsl_sf bessel KO (double x) [Function]
int gsl sf bessel KO e (double x, gsl.sf.result * result) [Function]

x>0 1220V T, 0 RDE FEEMEN Y 2 )VEIEL (irregular modified cylindrical
Bessel function) Ko(z) D% T %,

double gsl sf bessel K1 (double x) [Function]
int gsl sf bessel K1 e (double x, gsl sf result * result) [Function]

x>0 1Z2WT, ~ROFEMMEBITER Y VB Ky (2) DEZFIRT 5,

double gsl_sf bessel Kn (int n, double x) [Function]
int gsl_sf bessel Kn e (int n, double x, gsl sf.result * result) [Function]

x> 0122V, n ROFE FELTEHER v 2 VB K, (z) DEZETHET 5,
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int gsl sf bessel Kn array ( [Function]
int nmin ,
int nmax ,
double x,
double result_array[])

nmin XL nmax KEAF OF _FATEHER v 2 VB K, (v) OfEZGIE L, 515
THET A9 result_array ICANTE Y, nmin 1Z 0 £ IETRITNUUIERS 0,
BB DERIE L 2 > 0 Th 5., BIBEIREHERRORAED 72 0 12k CitHE I n %
e, WEREEDLELED I EDNDH D,

double gsl_sf bessel KO_scaled (double x) [Function]
int gsl sf bessel KO_scaled e (double x, gslsf result * result) [Function]

x>0 ICDVTATY =Y v 73Nk 0 ROFE _FMEGHEN Y 2 VBB exp(z) Ko(z)
DIEZFET 2 (A=Y 7L Th 2z — oo TOIKIERT 205, PURANES 2D K
Eh x 1T L TOEEGHR LORBEZ R L TR %),

double gsl sf bessel K1 scaled (double x) [Function]
int gsl_sf_bessel K1 _scaled_e (double x, gsl.sfresult * result) [Function]

2> 0 1DV TAT — U ¥ 7 S — RO AT » 2 VIS oxp(2) K, (z)

DtiZEHES %,
double gsl sf bessel Kn scaled (int n, double x) [Function]
int gsl_sf bessel Kn scaled e ( [Function]
int n,
double x,

gsl_sf result * result)

x>0 XDV TAYT =Y v 7 I n ROE FELTBHER v 2 V% exp(2) K, (z)
DiEzFET %,

int gsl sf bessel Kn scaled array ( [Function]
int nmin,
int nmax,
double x,
double result_array[])

A=) v FINTE AT MER Y 2 VBB exp(z) K, (x) D% nmin KB L
nmax XKLL N DXRBUZOWTEHE L, BIBTHRE T 2041 result_array I[CAILTR T,
nmin ¥ 0 FFIETRITNER S 2, BIROERRIE 2 >0 TH 5., BIEIZE!
R OGO 72 OICHifb XN TRIEA I NS 72, BEREED LB R L3 5,
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7.5.5 F—EERNvt)LEK

double gsl_sf bessel_jO (double x) [Function]
int gsl sf bessel_jO_e (double x, gsl.sf-result * result) [Function]

0 RDF—FHERR v & VIS (regular spherical Bessel function) jo(z) = sin(x)/xz ®
255 %, jo(x) ZIEERILS v 7B ERIL CTH %,

double gsl sf bessel j1 (double x) [Function]
int gsl sf bessel_jl e (double x, gsl.sf.result * result) [Function]

—RDEFEFEERR v 2 VBIEL 71 (2) = (sin(z)/x — cos(z))/z DEZEIET %,

double gsl_sf bessel_j2 (double x) [Function]

int gsl sf bessel_j2 e (double x, gsl.sf.result * result) [Function]
ZROE IRy VBB jo(z) = ((3/2% — 1) sin(x) — 3cos(z)/z)/x D% G5
¥5,

double gsl_sf bessel_jl (int 1, double x) [Function]

int gsl sf bessel jl e (int 1, double x, gsl sf result * result) [Function]
120,72 >01C2VT, | ROE—FEERNR v L )VBIEL ji () DEZEIRET 2,

int gsl sf bessel_jl array ( [Function]
int 1max,
double x,

double result _array[])

I RDOG—FHERN v 2 VB ji(z) DfEZ. 0 225 Imaz £ TD | DFEIZ DWW TEHR
T%, 2ZTlmax >022 x>0 THDH, BIAEAEIZACS] result_array IZANLSNLS,
BIEUE X AT R D FEHED 7z DI A THESI NS -0, MEREEV LB S Z
EDVDH D,

int gsl sf bessel_jl steed array ( [Function]
int 1max,
double x, double * result_array)

I ROE RNy 2 VBIEL ji(2) Dz, 0 2°5 Imaz £TD I DFEEIZ DWW TR
T4 —F (J. W. Steed) D7 A T 7IHD I HEEH>TEHRT 2, 22T lmaz >0
PO x>0 ThHYH, BEMIXES jlx array IZANLSL 5, GSL IZFEEINTWES
TNTY RALIEAN=F v b (R. A. Barnett) 23EFRLL 72 b DTH YD, Computational
Physics Communications 21, pp. 297-314 (1981) IZfEGi3H 5, AT 4 — FDIjk
. ROBIETRE > T 23T & 2 BTN TLETH 508, GHEITEY,
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7.5.6 HE_FEERN vt/

double gsl_sf bessel_yO (double x) [Function)]

int gsl sf bessel_yO0_e (double x, gsl.sf.result * result) [Function]
0 XD ZFEBRR v & IVBISK (irregular spherical Bessel function) yo(x) = — cos(z)/z
DIEZFIHET 5,

double gsl sf bessel yl1 (double x) [Function]

int gsl sf bessel_yl e (double x, gsl sf-result * result) [Function]

— RO RN Y VBB y1 () = —(cos(z)/z + sin(z)) /z DEZEHET %,

double gsl_sf bessel_y2 (double x) [Function]

int gsl sf bessel_y2_e (double x, gsl sf-result * result) [Function]
ZRDFEFEIRR y 2 VBB yo(2) = (=3/2% + 1/z) cos(z) — (3/x?) sin(z) DEZE G
"5,

double gsl sf bessel yl (int 1, double x) [Function]

int gsl sf bessel yl e (int 1, double x, gsl sf result * result) [Function]

1> 0122w T, I RDOHE FERR Y 2 VBB y, (z) DIEZEFHET 2,

int gsl sf bessel yl array ( [Function]
int 1max,
double x,
double result_array[])

I ROF—FEIRR v 2 VBB vy (z) Ofi%. 0225 Imaz £TD | DEAEICO VTR
T%, 22 Tlmazr >0 ThHD, BIEAEIZECT result_array AN SN S, BIEUEILET
BRI EMED 7z DI LR THE I NS D, MERMEEV L B2 t0H 5,

7.5.7 F—EEFIRNv)LEK

BT v 2 VB (regular modified spherical Bessel function) i;(x) 1&. JEFEEER DL
Ry R VB S i) (2) = /1) @0) T4 j2(x) & LTSN BBIRTH B,

double gsl sf bessel i0_scaled (double x) [Function]
int gsl sf bessel i0_scaled_e (double x, gsl sfresult * result) [Function]

A=) ¥ T ENF 0 ROEFEETERA v 2 VBB exp(—|z|)io(v) D% FHET 5,

double gsl sf bessel_ il scaled (double x) [Function]
int gsl sf bessel il scaled_e (double x, gslsfresult * result) [Function]

A=) ¥ P R AR D E—TEATUER 2 VI exp(—[2|)iy (x) DIEZ T 2.
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double gsl sf bessel i2 scaled (double x) [Function]
int gsl sf bessel i2 scaled e (double x, gsl sf result * result) [Function]

A=) v 7 INTZRDOFFELETEIRR v 2 VBB exp(—|x|)iz(z) DIEZEIRET 2,

double gsl sf bessel il scaled (int 1, double x) [Function]
int gsl_sf bessel_ il scaled.e ( [Function]
int 1,
double x,

gslsf result * result)
A=) v & | ROERRAR y 2 VBB exp(—a)i(z) D% FHT 5,

int gsl sf bessel il scaled array ( [Function]
int 1max,
double x,
double result_array[])

A=) v FEINT | ROEF—FEER Y VB exp(—|z|)i(z) D%, 0 5>5 Imaz
FTD I DEEIZOVWTCEET S, 22T lmaz >0 TH Y, BIBAEIZES result_array
ANS NS, BABMEIZFIFER R 0 MEMED 72 oIt N CciE I N2 70, B E
EVLEBRELZZEDDH D,

7.5.8 FEEERIRNvt)LEK

5 HZSTERN v 2 )VEEEL (irregular modified spherical Bessel function) k;(z) (3, FEEEER DH
“RATG Sy R VB S ki(x) = /1) (02) Kis1 jo(z) & LTSN BBECH B,

double gsl sf bessel k0 scaled (double x) [Function]
int gsl_sf bessel kO _scaled e (double x, gsl_sfresult * result) [Function]

A=) v 7INT 0 ROFE—HETBERR v 2 IVBIEL exp(x)ko(z) DfEiZ z > 0 TRl
"5,

double gsl_sf bessel ki1 scaled (double x) [Function]
int gsl sf bessel k1 scaled e (double x, gsl_sfresult * result) [Function]

A=Y v 7 INIe—RDE—FEETEERR v L )VBIEL exp(2)ky (z) DfEi%Z x > 0 Til
%T%O

double gsl sf bessel k2 scaled (double x) [Function]
int gsl sf bessel k2 scaled e (double x, gsl_sfresult * result) [Function]

R =) v 7 S F R OE— TR 2 VB oxp(2)ks(z) DI 2 > 0 Tt
¥t 7,
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double gsl sf bessel k1 scaled (int 1, double x) [Function]
int gsl sf bessel kl scaled e ( [Function]
int 1,
double x,

gslsf result * result)

A=) v 7 ENE | ROFE—RETER v 2 VB exp(a)k(z) D% 2 > 0 Tt
¥t 3,

int gsl_sf bessel kl scaled array ( [Function]
int 1max,
double x,
double result_array[])

A= v I Ntz | ROFE—FELETGR v 2 IVEIEL exp(x)ky(x) D%, 0 25 Imaz
FTO I DEMEICOVT 2> 0 TEHET S, 22T ilmar >0 Th O, BIBMEIZELS

result_array IZ AN SN 5, BIEUE I3 EHRIR R O & O 72 12X TRt S 5 7
O, HMELRMEEDLRLD I END D

7.5.9 FEBERDE—BENyYZ)LEK

double gsl_sf bessel_Jnu (double nu, double x) [Function]
int gsl sf bessel_ Jnu e ( [Function]
double nu,
double x,

gsl.sf-result * result)

IR D v ROFE IR v 2 )VBIEL (regular cylindrical Bessel function of frac-
tional order v) J,(z) DfEZEHET 5,

int gsl sf bessel_sequence_Jnu e ( [Function]
double nu,
gsl_mode_t mode,
size_t size,

double v[])

B % %Y © DZRZRDMEICOVT, FHHD v ROF—FEFHES » 2 LIS J, (x)
DMEZEFHET 5, x DIEIZE X size DI v ICANTHET, z DEIFTRTIET, V—
FENTOAFNEES KRV, v OfflE J,(z;) TEEE SN2,

7.5.10 FEEEBRODEFE_EN Y /LA

double gsl sf bessel Ynu (double nu, double x) [Function]
int gsl sf bessel Ynu e ( [Function]
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double nu,
double x,
gslsf result * result)

R D v RO FHIHER v 2 )VBIEL (irregular cylindrical Bessel function of frac-
tional order v) Y, (z) DEZEIHET %,

7.5.11 FEBEROFE—TEZTEANY /LB

double gsl_sf bessel Inu (double nu, double x) [Function)]
int gsl_sf bessel Inu e ( [Function]
double nu,
double x,

gslsf result * result)

D v ROFE—FETGHHER v 2 VEIEL (regular modified Bessel function of
fractional order v) I,(x) D%z z >0 72 v >0 TIHET %,

double gsl sf bessel Inu scaled (double nu, double x) [Function)]
int gsl sf bessel Inu scaled e ( [Function]
double nu,
double x,

gslsf result * result)

A= v T EINTIED v ROFE—FEEGIIER v 2 VBB exp(—|z|) 1, (z) D
r>002v>0 TilEd 3,

7.5.12 FFEBROB_BELN Y /ILEK

double gsl sf bessel Knu (double nu, double x) [Function]
int gsl_sf bessel Knu e ( [Function]
double nu,
double x,

gslsf result * result)

R D v ROUE T HER v 2 VI (irregular modified Bessel function of
fractional order v) K, (z) Dfi%z x>0 2*2 v >0 TR T 5,

double gsl sf bessel 1nKnu (double nu, double x) [Function]
int gsl_sf bessel lnKnu e ( [Function]
double nu,
double x,

gslsf result * result)
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IEEHL D v RO FHEEHER v 2 VIR In(K, (z) ONEfEZ 2 >0 2D v >0

Tl %,
double gsl_sf bessel Knu scaled (double nu, double x) [Function)]
int gsl sf bessel Knu scaled e ( [Function]
double nu,
double x,

gslsf-result * result)

A=Y v 7 INTIELD v ROB FEGHEN v 2 VB exp(+|z|) K, (z) D
filiz z>022v>0 TiET 3,

7.5.13 F—RBRYEILEHOES

double gsl_sf bessel zero_JO (unsigned int s) [Function]
int gsl_sf bessel zero JO_e (unsigned int s, gsl sf result * result) [Function]

Ry VB Jo(z) D s ROIEDERZRKD 5,

double gsl_sf bessel zero_ J1 (unsigned int s) [Function]
int gsl sf bessel zero_J1 e (unsigned int s, gslsf result * result) [Function]

Xy 2 VB Ji(z) D s RDIEDFRZRD S,

double gsl_sf bessel _zero_Jnu (doble nu, unsigned int s) [Function]
int gsl sf bessel zero_ Jnu e ( [Function]
doble nu,

unsigned int s,
gslsf result * result)

Ry VBB T, (1) D s ROIEDERZRD %, nu BEADEEICTOWTIE, BEDHE
WCEHEIFETE 2w,

7.6 o0 VEAHK

7 77X VB (Clausen function) (ZLA T DT TEREI L5,
Cly(z) = —/ log(2sin(t/2))dt (7.3)
0

779X VEBIE, 407 Lig(x) (ZENEL dilogarithm) & Cly(0) = Im(Lia(e®)) &> B
RBH 5, £V - DX —FHEBEPCT+ V7LD LERELBEREHZ, 777X /BEIL
‘gsl_sf_clausen.h’ THEINTW3,

double gsl sf _clausen (double x) [Function]
int gsl sf clausen_e (double x, gsl.sfresult * result) [Function]

779X Cla(x) Z2FHHET %,
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T J—OYEHK

27 —nu B (Coulomb function) (&~v ¥ 7 7 A )L ‘gsl_sf_coulomb.h’ THZF INTW5, W
FAIREE (bound state) & HAELIRAE (scattering solution) DI FAGEIHETE %,

7.7.1 KIEREREFORBILS NI RIEIREE

double gsl_sf hydrogenicR 1 (double Z, double r) [Function]
int gsl_sf hydrogenicR.1_ e ( [Function]
double Z,
double r,

gslsf_result * result)

R Z DKEREFORER (FEREED 1) OFRMIRE (1s Hul) OBkl
N7 PRI ENBIZL (the lowest-order normalized hydrogenic bound state radial wave-
function) Ry := 22V Z exp(—Zr) DEFHET 2, r 138 — 7 ERICNT 2 T
b5,

double gsl_sf hydrogenicR ( [Function]
int n,
int 1,
double Z,
double r)
int gsl sf hydrogenicR e ( [Function]
int n,
int 1,
double Z,
double r,
gslsf result * result)

FCEENS, 0 ROFIGREDOHIEL S N A B BIR M2 58T 2 (0 13 E
RTRG AR,

2732 (22r\' [(n—1-1) ols1
R, = Y (n) WGXP(_ZT/n)Ln—l—1(2ZT/”)
ZIT Li(z) 13—t 7 7 — VI (generalzied Laguerre polynomial) TH % (7
77— VBIEL, 7.22 HiZ), BEEIBAEL (wavefunction) v & ¢(n,l,r) = R, £V
THIEE L Tw 3,

7.7.2 J—0OYOKRENREK

7 —a v DWEEBIE Fr(n,2) BEXKX Gr(n,z) 1377774y Y &AT 7D 14 FITHH I
NTw3, Z0s OB TREBDMEDIEF IS CHIZ & 270, F—"—70—IJJEET 5
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DENH B, F—N—70 =030 7 & FiF GSL_EOVRFLW 2K L. B exp_.F & exp_G IZEH
FEROMEDIEE 2 A TRY, 2086, WHBBOMEIZUTO X I ICHHET 5 2 L TtRon s,

int gsl_sf _coulomb wave FG_ e (
double eta,
double x,
double L_F,
int k,
gsl_sf result * F,
gsl_sf_result * Fp,
gsl_sf_result * G,
gsl_sf_result * Gp,
double * exp_F,
double * exp_G)

= felkL] = exp(ezpp)
= gclkr] * exp(exps)
= JfeplkL] * exp(expr)
= geplkr] * exp(ezpg)

[Function]

7 —=u v OB Fr(n,2) BEY Gr_y(n,x) &, ZD o (BT 2 5B F (1, 2)
BLOG,_(n,x) Z2EltET 5, 5IBOMD ) 2HIZ LICK>THRED, Lk > —1/2,
x>0 2 IR RS v, kB IFERTRTIER SR, Lo L L HiRIZE
BThTH L, FHEMRE, BRE» 20z F £ Gz, HEEEDY Fp £ Gp
WANTGRING, A—"—7 80 —=24 U & ¥ GSL_EOVRFLW 25R S, 8B Lk %

DEBUE Z 15 5 72 O DIFBIREDIT K exp_F & exp.G ICANTEI NS,

int gsl_sf _coulomb wave F array (
double L_min,
int kmax,
double eta,
double x,
double fc_array[],
double * F_exponent)

[Function]

L = Lmin ... Lmin + kmaz (W TEEUE Fr(n,z) ZEtHE L, #iR% fearray IZA
NWCGRT, A= "—7a =T & ZITEEGREDS Fexponent IZANTGRING,

int gsl_sf _coulomb wave FG array (
double L_min,
int kmax,
double eta,

[Function]
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int

int

TR RIRBIMK

double x,

double fc_arrayl[],
double gc_arrayl[],
double * F_exponent,
double * G_exponent)

L = Lmin...Lmin + kmaz \Z2OWTEEIE Fr(n,x) & Gr(n,z) ZaltR L, %
% fcarray & gcarray ICANTIES, A —"—7 0 =L L ZITHEELRED
F_exponent & G_exponent IZANLTRI NS,

gsl_sf_coulomb_wave FGp_array ( [Function]
double L_min,
int kmax,
double eta,
double x,
double fc_arrayl[],
double fcp_array[],
double gc_array[],
double gcp_array[],
double * F_exponent,
double * G_exponent)

L = Lmin...Lmin + kmaz (ZOWTHEEBUE Fr(n,x) & Gr(n,z) &% OEBAEfE
Fj(n,z) & Gy(n,z) ZEBE L, #H % fearray. ge.array, fep_array. gep-array I
ANTRY, F—"—7 0 —=04:U 7z & Z13HEEREDS F_exponent & G_exponent 12
ANTREI NG,

gsl_sf_coulomb_wave _sphF array ( [Function]
double L_min,
int kmax,
double eta,
double x,
double fc_array[],
double * F_exponent)

L = Lmin ... Lmin + kmaz 122V C 27 — 0 v OWEEIBIZ 5.2 6 251 8ChR L 7-(4
Fr(n,o)/z ZEtHE L, #HR%2 fearray ICANTEY, A—N—70—0EC7 L ZiZ
TR BDS Fexponent I ANTIERI NS, ZOR%UIL, MR n — 0 TRy 2V
ik s,

7.7.3 J7—0OYDRHBEHDREIIRLE

7 —n v OEBEBOBMAARENZT 75F T4y V&AT D 14.1.7 fHilTEZEIN TV 3,
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int gsl sf _coulomb CL e ( [Function]
double L,
double eta,
gsl_sf result * result)

7 —u v OEBBIRDORMEARE CL(n) Z5tH T2, L> -1 Th 2,

int gsl_sf _coulomb CL_array ( [Function]
double Lmin,
int kmax,
double eta,
double c1[])

7 —a v OWEIBIBOBUMELRE CL(n) %2 L = Lmin ... Lmin + kmax {22\ TEHAE
9%, Lmin>—-17Tdh 5,

7.8 HEERE

7 4 7' — (Eugene Paul Wigner) ® 3-j, 6-j. 9-j sl ld. FAEBHRR 7 P LOGRICHV 51
L2RBTH 5, EENLRARBEITIEZ DI BT BB D 1/2 TH 57O, GSL DI
TIHEFNC L 7220, RV OfEZBIBICEG Z 2BRCEBROMEZ 5L THREELTHZ 5, 3
HFICOWTET 7 7E7 4y Y &AT 7Y O 219 fiz2oZ L, ZOHOMEE~y 57 7
A )V ‘gsl_sf_coupling.h’ THEIN T3,

7.8.1 3-ji&=

double gsl sf _coupling 3j ( [Function]
int two_ja,
int two_jb,
int two_jc,
int two_ma,
int two_mb,
int two_mc)
int gsl_sf _coupling 3j_e ( [Function]
int two_ja,
int two_jb,
int two_jc,
int two_ma,
int two_mb,
int two_mc,
gslsf result * result)
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IFICRT 7 4 7 F—D 3-j Bz itid %,

Jja jb  je
ma mb me

FIEUE 1/2 2847 E LT, ja = two_ja/2. ma =twoma/2 DL HITHZ 5,

7.8.2 6-j &3

double gsl_sf _coupling 6j ( [Function]
int two_ja,
int two_jb,
int two_jc,
int two_jd,
int two_je,
int two_jf)
int gsl sf coupling 6j e ( [Function]
int two_ja,
int two_jb,
int two_jc,,
int two_jd,
int two_je,
int two_jf,
gslsf_result * result)

DTFIRT Y4 7 F—D 6-j 17ExzitHT 5,

ja jb jc
jd je jf

FIEUE 1/2 2847 L LT, ja = two_ja/2. ma = two.ma/2 DL H)ITHZ 5,

7.8.3 9-j &5

double gsl sf coupling 9j ( [Function]
int two_ja,
int two_jb,
nt two_jc,
int two_jd,
int two_je,
int two_jf,
int two_jg,
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int two_jh,
int two_ji)
int gsl sf coupling 9j_e ( [Function]
int two_ja,
int two_jb,
int two_jc,,
int two_jd,
int two_je,
int two_jf,
int two_jg,
int two_jh,
int two_j1i,
gsl_sf result * result)
DTFICRT T 4 7 F =D 9§ [REEFHT 5,
ja  jb  je
jd je jf
Jg gh i
SI%0E 1/2 Z2847L LT, ja = two_ja/2. ma = two.ma/2 DX )IZHZ 5,

7.9 K—VY2EH

F—Y v O (Dawson integral) ¥ exp(—a?) [ exp(t?)dt & L TERI LD, 7 ADHAERM
# (Gauss error function) &I TH Y, ZOMEDBT 77T 4y Y &AT 7V DE 7.5 22T
ENTV5, ZOBETZEETIHBIE~Y ¥ 7 74 ‘gsl_sf dawson.h’ THF I N TV 5,

double gsl_sf dawson (double x) [Function]
int gsl sf dawson_ e (double x, gsl sf result * result) [Function]

HZ5N5 x ICOWTFR=Y YOS ZEET S,

7.10 T/\1 O

T34 DBIB (Debye function) IZML T DT & L TEREI NS,
DA@:JE/AJZ—M

" Jy et —1

% HEMNE (polylogarithm) V) —v > DX — YA LBRDH D, 77 I7E T4V KAT VD
27.1 fICZ DER EMEVH 5, T34 DBIEUL ‘gsl_sf debye.h’ THEIN TV 5,

double gsl sf debye_1 (double x) [Function]
int gsl sf debye_1_e (double x, gsl sf.result * result) [Function]
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1 XD T34 B8 Dy (z) = (1/x) fo‘/]c(t/(elt —1))dt DEZFHET 5,

double gsl_sf_debye 2 (double x) [Function)]
int gsl sf debye 2_e (double x, gsl sf result * result) [Function]

2R DT A B Do(w) = (2/22) [T(22/ (et — 1)) dt DIEEFETIT 5.

double gsl sf debye_3 (double x) [Function]
int gsl sf debye_3_e (double x, gsl sf result * result) [Function]

BRDTINABIB Ds(x) = (3/a®) [ (3/(e" — 1)) dt DIEZEFIEHET %,

double gsl sf debye 4 (double x) [Function]
int gsl sf debye 4 e (double x, gsl sf result * result) [Function]

ARDFNA B Da(x) = (4/2%) [T (#4/(et — 1)) dt DIEFET 5.,

double gsl_sf debye 5 (double x) [Function]
int gsl sf debye 5_e (double x, gsl sf result * result) [Function]

5RDT A BIB Ds(x) = (5/2°) [ (t°/(e" — 1)) dt DfEiZFHT 5,

double gsl_sf_debye 6 (double x) [Function]
int gsl sf debye 6_e (double x, gsl sf result * result) [Function]

6 XD 734 B3I Dg(x) = (6/2°) [ (t%/(e' — 1)) dt DfEZEHT 5,

7.11 —ENH

THXH (dilogarithm, 74 1B 7)) i3~y 57 7 4 )L ‘gsl_sf dilog.h’ THEIN T 5,

7.11.1 EHGIH

double gsl_sf_dilog (double x) [Function]
int gsl sf dilog e (double x, gslsfresult * result) [Function]

THNE R FEEOLIEICN L CEHR T 5, ZtUd T 1~ (Leonard Lewin) OFETI
Lig(x) TRIN, F x DEWNBOFITH 5, ZH1UIS) Lis(v) = —Re [ log(1—
s)/sds £ L TEHEIND, <1 DEZE Im(Liz(z)) =0, 2 >1D&EZ Im(Liz(x)) =
—nlog(z) TH 5,

TT7IETAYY &AT 7V 27.7 fiiTlE. Lia(x) Db DIZARY AT (Spence’s
integral) S(z) = Liz(1 —x) & LT EH 2R L T3,
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7.11.2 BEEREGI

int gsl sf _complex dilog e ( [Function]

double r,

double theta,

gsl_sf result * result_re,
gsl_sf result * result_im)

BEBDIIE 2 = rexp(if) [T L BN ZEEE L GHET 5, FHREAROEL
EREEIE Z N F N result_re & result_im I AN TIRI N5,

7.12 EHANEHEH
DToB#T, BEZ2E0 T DOFEEMEORIC, ZOBRENEORERETI2002EERETAZ &

MTES, ZNBIE~NY Y7 74 ‘gsl_sf_elementary.h’ THF INTW5,
int gsl sf multiply e (double x, double y, gsl.sfresult * result) [Function]

x &y DEOHEZHE L, & ZDEESE result ITANLTIRT,

int gsl sf multiply err e ( [Function]
double x,
double dx,
double y,
double dy,
gsl_sf_result * result)

x &y BENRZNHNE dx, dy 282 & L THOMEZAHE T2, ZOM oy +
zy+/(dz/x)2 + (dy/y)? #° result I AN TEIN 5,

7.13 BEHEEBES

COHIDBIEIE~NY 7 7 A )L ‘gsl sf ellint.h’ THEINTWS, 77 7EVAYV&ATS
YO 1T BlCEEASELA S T B,
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7.13.1 LI v Y RILDIZEFRDERER

857 (elliptic integral) IZIXEH—fE, ZH M, H=MABH D, ZUZNDOLY v ¥ FILORREE
J& (Legendre form) TOZEGL F(p, k). E(¢, k). H(d, k,n) FLATTERI NS,

FWM::/¢1ﬁ
0 /1 —K2sin’(¢)
E(p, k) = /()¢\/1—k2sin2(t)dt
(), k,h) = /¢ ! dt
0 (14 mnsin®(t))4/1 — k2 sin’(t)

BB L OHEMICEB LT, t IZOWTERET L kb DB E L 72 b DD 58T (complete
elliptic integral) TH D, L ¥ ¥ FILOEHMEFIC X 25 —Hik X O _MO5E2FE AT (complete
Legendre form) 2% K(k) = F(n/2,k) 8L E(k) = E(n/2,k) TRIND, ZOEETZITDR
Wb Dz ARG (incomplete Legendre form) & RS,

TR Eofddik, A —ny ¥ (Bile C. Carlson) @i “Computing Elliptic Integrals by Du-
plication”, Numerische Mathematik, 33, pp. 1-16 (1979) I L 723> TEH, 77 7€ 4y Y
QAT TV TDOm % K212, n % —n ICESWMZ GBI R>T03,

7.13.2 H—ILY VERDESZ

BHETOERIZE 2, A=Y ONFER (Carlson symmetric form) &M:XN% 4 DD
DA RC(x,y)s RD(x,y,2z) RF(x,y,2). RJ(z,y,2,p) ICL>THEINS,

RC(z,y) = 1/2/Ooo(t+x)_1/2(t+y)‘1dt
RD(z,y,z) = 3/2 /()Oo(t+x)1/2(t+y)1/2(t+2)3/2dt
RF(z,y,z) = 1/2/000(t+1’)1/2(t+y)1/2(t+z)1/2dt
RJI(z,y,2,p) = 3/2/000(t+1’)1/2(t+y)1/2(t+2)1/2(t+p)1dt

7.13.3 LI vV RILDIZEEFIC L D TLEAED

double gsl sf ellint Kcomp (double k, gsl. mode_t mode) [Function]
int gsl sf ellint Kcomp e ( [Function]
double k,

gsl_mode_t mode,
gslsf result * result)
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562G (complete elliptic integral) K (k) Z mode THE S N7 M TiHE T
5, T77FVAY VATV TENT A= m (= k) Z2flio TERIN TV 5,

double gsl sf ellint Ecomp (double k, gsl. mode_t mode) [Function]
int gsl sf ellint Ecomp e ( [Function]
double k,

gsl_mode_t mode,

gslsf-result * result)
MBS E(k) % mode THRESNIBETIH T2, 777749V &AT
Iy TIRART A= m (= k) Rl TERINT VS,

double gsl sf ellint Pcomp (double k, gsl. mode_t mode) [Function]
int gsl sf ellint Pcomp e ( [Function]
double k,

gsl_mode_t mode,
gslsf_result * result)

SERAGEMIRES Tl(k,n) % mode TIHESINIIEETIHHETZ, 777749V &A
T TE N O EFR n=—n ERKELTED, m=k% BX U sin?(a) =k* £L T
EFRINTVD,

7.13.4 LY vV RILDIZEFIC L ZFAZELBHED

double gsl sf ellint F (double phi, double k, gsl. mode_t mode)  [Function]
int gsl_sf_ellint F e ( [Function]
double phi,
double k,
gsl_mode_t mode,
gslsf.result * result)

A 5E2FEMHEST (incomplete elliptic integral) F((¢, k) % mode THIE S 117 K5 TRl
BT B, 779ET 49 Y KAT IV TRAT A= m (= k) ZflioTEESNT

bl%o
double gsl_sf_ellint E (double phi, double k, gsl. mode_t mode)  [Function]
int gsl sf ellint E e ( [Function]
double phi,
double k,

gsl_mode_t mode,
gslsf-result * result)

AELREHED E(), k) 2 mode THEINIIFETIHET S, 777€ 747V &A
FIUTIRAT A= m (= k) &llioTHERINTLS,
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double gsl sf ellint P ( [Function]
double phi,
double k,
double n,
gsl_mode_t mode)
int gsl sf ellint P e ( [Function)]
double phi,
double k,
double n,
gsl_mode_t mode,
gslsf result * result)

ARG (¢, k,n) % mode THEINLIFETIHET L, 777€ 7149V
QAT 7Tl n ODRFED n=—n ERKBELTED, m=k* BXWsin’(a) =k% &
LTEEINTNS,

double gsl sf ellint D ( [Function]
double phi,
double k,
double n,
gsl_mode_t mode)
int gsl sf ellint D e ( [Function)]
double phi,
double k,
double n,
gsl_mode_t mode,
gslsf result * result)

Jese

A=Y R RD(x,y, 2) 2o T T TERI N ATELEMARED D(¢, k) ZilE
5, )
D(¢, k,n) = g(sim $)>RD(1 — sin®(p), 1 — k? sin®(¢), 1)

D n I 3EHEICE bR, SREILSNS TETDH S,

7.13.5 H—ILY VFER

double gsl_sf ellint RC (double x, double y, gsl_ mode_t mode) [Function)]
int gsl sf ellint RCe ( [Function]
double x,
double y,

gsl_mode_t mode,
gslsf result * result)



7.13. FEMES
A5G RC (2, y) % mode THE I NI KEETRIAET %,

double gsl_ sf ellint RD (
double x,
double y,
double z,
gsl.mode_t mode)

int gsl sf ellint RD e (
double x,
double y,
double z,
gsl_mode_t mode,
gslsf.result * result)

ASERFEMEE T RD(x,y, 2) % mode THE I N/ IEETRIHET %,

double gsl sf ellint RF (
double x,
double y,
double z,
gsl.mode_t mode)

int gsl.sf_ellint RF e (
double x,
double y,
double z,
gsl_.mode_t mode,
gslsf result * result)

AERFEMTE D RF (2,y,2) % mode THHE I N/ KE TR T 5,

double gsl sf ellint RJ (
double x,
double y,
double z,
double p,
gsl_.mode_t mode)
int gsl sf ellint RJ e (
double x,
double y,
double z,
double p,
gsl_mode_t mode,
gslsf_result * result)

69

[Function]

[Function]

[Function)]

[Function]

[Function]

[Function]
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ARG R (2, y,2,p) % mode THE I NKEETHET 5,

7.14 BHES (VTIEDEER)

TEMRES DERIL F 727 2 EOEEER (Jacobian elliptic function) 12X > TH KI5, ZDER
7774V &AT VDR 16 BEICH b, LT ORI~y ¥ 7 74 )L ‘gsl_sf_elljac.h’
THSINTWV 5,
int gsl sf elljac_e ( [Function]
double u,
double m,
double * sn,
double * cn,
double * dn)

¥ a2 € OEEHEZIC X B HEFIBIEL sn(u|m), en(um), dn(ulm) % THEZ v 7 v ZH# (de-
scending Landen transform) % ffi-> TEIELT %,

7.15 HUXADIEREREK

FHFERIEL (error function) |IHEREN, #iat, WERELR EDIRAWAEClELN TV L ETALTH D,
TTIETAYY KAT VY OH THEICHHAVD 5, ZOHOBEII~Y 57 74 )V ‘gsl_sf erf.h’
THEINTW?,

7.15.1 FRERBH

double gsl sf _erf (double x) [Function]
int gsl_sf_erf_e (double x, gsl sf result * result) [Function]

A A DR erf(z) = (2/y/7) [y exp(—t?)dt ZEHT 5,

7.15.2 FREMEA

double gsl_sf_erfc (double x) [Function]
int gsl sf erfc_e (double x, gsl.sf-result * result) [Function]

erfe(z) = 1 — erf(z) = (2/y/7) [° exp(—t?)dt TEFRS 1% HAEBIBOMBIEL (com-
plementary error function) Dz 15HE 3 %,
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7.15.3 NHEREREK

double gsl_sf_log erfc (double x) [Function]
int gsl sf log erfc_e (double x, gsl_sf result * result) [Function]

A MBI R D AU log(erfe(z)) ZFHHET %,

7.15.4 HERBE

BRI (B A53AR) DHERBBIZT 77 €749 Y &AT 7 VD 26.2 fillCHHIN TS
double gsl sf erf Z (double x) [Functlon]
int gsl sf erf Z e (double x, gsl.sfresult * result) [Function]

A7 AG3 A DHERBE LB Z(2) = (1/V27) exp(—2?/2) D% FHET 5,

double gsl sf erf Q (double x) [Function]
int gsl sf erf Qe (double x, gsl sf result * result) [Function]

A7) A3 AR DOREFREERIE D LRAIER (upper tail) Q(z) = (1/V2) [ exp(—t?/2)dt
ZEET 5,

IEBU AR O FERBY%L (hazard function) &, )V XDl (Inverse Mills’ ratio) TH-Z 641, DA

TokHcgsnz,
h(I) _ Z(I) — \/56Xp(—172/2)

Q(x) T erfe(z/v/2)
x DY —oo ITMAD ) & EFRWUTIHD L. o DY +oo IT A9 & & h(x) ~ 2 ICHHET %,
double gsl sf hazard (double x) [Function]
int gsl_sf hazard e (double x, gsl sf result * result) [Function]

BB AT DY D fElRBE S 2 G T 5

7.16 ISHEE

ZOHiDBIEUI~Y 7 7 4L ‘gsl sf exp.h’ THFIN T3

7.16.1 IEEEEHK

double gsl_sf_exp (double x) [Function]
int gsl_sf_exp_e (double x, gsl sf result * result) [Function]

GSL THERHEN 2 “ODBBIF O LT, D F D BFBEBRDOOH L T B L UL 7 —
F v 72 T ) MO LT, FREPBE%L (exponential function) exp(z) DfEZFIET 5,

int gsl_sf_exp_el0_e (double x, gsl sf.result_el0) * result) [Function]
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gsl_sf result_el0 B2 {li>TX ) IAHIPHDOIELEIEUE exp(x) ZFHH L TGRY, BY
B exp(z) DIEHITKE  double DRBHPHZHA TH—N\—70—7F 5 k9 4
BICHHTS %,

double gsl sf exp mult (double x, double y) [Function]
int gsl sf expmult_e (double x, double y, gsl sf-result * result) [Function]

x DIEEE y LD, yexp(z) ZiRT,

int gsl sf expmult el0_e ( [Function]
const double x,
const double y,
gslsf result_el0 * result)

gsl_sf _result_el0 M CHZKT I LITX D, X DIEVHEHIPHCTHE yexp(z) DiEZFHA
T&E 5,

7.16.2 HENIEEEIEL

double gsl_sf _expml (double x) [Function]
int gsl sf expml_e (double x, gsl sf.result * result) [Function]

x DEI/NZ W & ZITHHED K WEMEIET exp(z) — 1 DfEZEET %,

double gsl_sf_exprel (double x) [Function]
int gsl sf exprel_e (double x, gsl sf result * result) [Function]

x DEDVNE D & FITKHEIED L VEMEIET (exp(z) —1)/z DIEZFET 5, (exp(z) —
/z=14+x/2+2%/(2%3)+23/(2+3%4)+... LIEBTE2 2 L %2FHT 3,

double gsl sf exprel 2 (double x) [Function]
int gsl_sf exprel 2 e (double x, gsl.sfresult * result) [Function)]

x DED/NI W E ZITEES L VEHEET 2(exp(z) — 1 — 2)/2? OfEZFIET 5,
2(exp(x) —1—x2)/a®> =1+ x/3+2%/(3*4) +23/(3*x4x5)+... LIBHITEL L%
MY %,

double gsl_sf_expreln (double x) [Function]
int gsl sf exprel n e (double x, gsl.sf result * result) [Function]

gsl_sf_exprel ¥ gsl sf_exprel 2 Z n KICHAEL ., N XOMNIEEEIEL (relative
exponential function) DEZFHHET %5, N XOMNEEBEIBIZLL T TEA 615,

N—1
exprely(z) = N!/zV (exp(a:) - Z xk/kz!>

k=0
= 1+z/(N+1)+2%/(N+1)(N+2)+...

= 1F1(1,1+N,.’L‘)
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7.16.3 REHEZITSEBBEBOFE
int gsl sf exp_err_e (double x, double dx, gsl sf result * result) [Function]
e dx 2 &0 x OIRBEIHET 2,

int gsl sf exp_err elO.e ( [Function]
double x,
double dx,
gslsfresult_el0 * result)

gsl sf result el0 MTHEZIET I LITK D, K DIAVHEIPT, it dx 288
x DIERZFET 5,

int gsl sf expmult err_e ( [Function]
double x,
double dx,
double y,
double dy,
gslsf-result * result)

Maxliie dx, dy 22N FnEg x £y 226, B yexp(a) ZilHT 5,

int gsl sf expmult err_el0 e ( [Function]
double x,
double dx,
double y,
double dy,
gsl_sf.result_el0 * result)

gsl.sf result el0 M TEZIKT I LICK D, K DIAWHEIPT, #nfiis dx, dy 2
Zhzngtx &y o, B yexple) ZEIHET %,

7.17 EHEER

FEHRE ) (exponential integral) I DWW TOFMIZT7 7774y Y &AT 7 VD 5 BICHHZ
N3, ZOHDOEEIE~NY ¥ 7 74 )L ‘gsl_sf_expint.h’ THSIN T35,

7.17.1 EEES

double gsl sf _expint E1 (double x) [Function]
int gsl sf expint El e (double x, gsl.sf.result * result) [Function]



74 BT E KRB
DUTIC/R 9 #5585 55 (exponential integral) Ey(z) ZFH5H T %,

Ei(z) :=Re /100 exp(—at)/tdt

double gsl sf expint E2 (double x) [Function]
int gsl sf expint E2 e (double x, gsl.sf-result * result) [Function)]

DUNIZR T ZRDIRBHT Ey(x) Z2atH T 5,

Es(z) :=Re /1OO exp(—at)/tdt

double gsl_sf expint En (int n, double x) [Function]
int gsl sf expint En e (int n, double x, gsl sf.result * result) [Function)]

DUNIZR Y n ROEHERDY Ey(x) 25T %,

E,(z) :=Re /1OO exp(—xt)/t"dt

7.17.2  Ei(z)
double gsl sf expint Ei (double x) [Function]
int gsl sf expint Ei e (double x, gsl.sf-result * result) [Function]

PUM ISR 18y (B BBI%) Ei(x) 255§ 2%,
Ei(z) .= —PV (/OO exp(—t)/tdt)

ZIZT PV BIOMOTOTEEET,

7.17.3 XHRED

double gsl_sf Shi (double x) [Function)]
int gsl sf _Shi e (double x, gslsfresult * result) [Function]

BUMHRIERR R Shi(x) = [y sinh(t)/tdt ZFHHT 5,

double gsl sf Chi (double x) [Function]
int gsl sf Chi_e (double x, gsl.sfresult * result) [Function]

BUMHRA LR ST Chi(z) == Re[yp + log(x) + [ (cosh(t) — 1)/tdt] 275 T 2, vg I3
A A7 —EHTHS (771 MEULER TSIHTE %),
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7.17.4  Eis(x)

double gsl_sf_expint_3 (double x) [Function)]
int gsl sf expint_3_e (double x, gslsf result * result) [Function]

x>0 ICDWTERDIBHET Bis(x) = [ exp(—t3)dt ZF1HT 5,

7.17.5 =ABEY

double gsl_sf Si (double x) [Function]
int gsl sf Si_ e (double x, gsl sf.result * result) [Function]

IEERESY (sine integral) Si(z) = [ sin(t)/tdt ZF5HT %,

double gsl_sf_Ci (double X) [Function)]
int gsl sf Ci_e (double x, gsl sf.result * result) [Function]
x>0 1CDWTRIERES) (cosine integral) Ci(z) = — [ cos(t)/tdt ZFHT %,

7.17.6 WFIEZXEBOESD

double gsl sf atanint (double x) [Function]
int gsl sf atanint e (double x, gsl.sfresult * result) [Function]

Atanlnt(z) = [ arctan(t)/tdt TERE S 1 2B EEBIEHTIT (arctangent integral) %
AHRET 2,

718 TIII - TFTaTvIEN

ZOHiOREIE~Y 7 7 £ )L ‘gsl_sf_fermi dirac.h’ THFIN TV 3,

7.18.1 2TV III - FTASVvIED

57 2V E T4 7 v 7857 (complete Fermi-Dirac integral) Fj(z) 3L T THEZ 615,

1 o0 7
F: = dt
i@ = 5 / ol —a) 11

SCHRIC & o TR BIELORBZ RO TERSIN TSI b H 5,
double gsl sf fermi diracml (double x) [Function]
int gsl sf fermi dirac ml e (double x, gsl.sf.result * result) [Function]

F_i(z)=¢€"/(1+€") THAONS, -1 RDERT =V T4 7y 7T zitH T 5,



76 TR RIRBIMK

double gsl sf fermi dirac 0 (double x) [Function]
int gsl sf fermi dirac 0_e (double x, gsl.sfresult * result) [Function]

Fo(z) =In(14¢") THEZS6N%, 0 RD%ERT7 2V « T4 7y VBT =HET 5,

double gsl sf fermi dirac_1 (double x) [Function]
int gsl sf fermi dirac 1 e (double x, gsl sf result * result) [Function]

Fi(z) = [°(t/(exp(t —x) + 1)dt THEZHNDE, 1 RDFERT =N - T 17y I/

DEFHET 5,
double gsl_sf fermi dirac_2 (double x) [Function)]
int gsl sf fermi dirac 2 e (double x, gsl.sf result * result) [Function]

Fy(x) = (1/2) [;°(t*/(exp(t —x) + 1)dt THALND, 2KDFERT 2V - T4 T

IR RS 5,
double gsl_sf fermi dirac_int (int j, double x) [Function]
int gsl sf fermi dirac_int e ( [Function]
it j,
double x,

gslsf result * result)

Fj(x) = (1/T( + 1)) [, /(exp(t — x) + 1)dt THASNS, j RDFELET7 =)L T -
T4 7y IR RERT 5,

double gsl_sf _fermi diracmhalf (double x) [Function)]
int gsl sf fermi dirac mhalf e (double x, gsl.sfresult * result) [Function]

SRT NI T4 Ty IR Py pln) REET 5,

double gsl_sf _fermi dirac_half (double x) [Function]
int gsl sf fermi dirac half e (double x, gsl sfresult * result) [Function]

%é7 s . :7::4' :?‘7 7%% Fl/g(x) ;ng‘%?éo

double gsl_sf _fermi dirac_3half (double x) [Function]
int gsl sf fermi dirac_3half e (double x, gsl.sfresult * result) [Function]

%é7 s . :7::4' :? V4 7%% Fg/g(x) ;ng‘%?éo

7.18.2 AZETIINZI=FT14ZvIEBD

AFERT7 2V E « T4 7 v 7857 (incomplete Fermi-Dirac integral) F;(z,b) ZML T TEZ 6N 5,

1 ° tJ
Fi(x,b) := t
0=ty | et
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double gsl sf fermi dirac_inc 0 (double x, double b) [Function]
int gsl sf fermi dirac_inc 0_e ( [Function]
double x,
double b,

gslsf_result * result)

0 RDOARGEET7 2V - T4 7y 75 Fo(z,b) =In(1+e"%) — (b—2) ZiltHT 5,

7.19 AVNEHEN—TEHK

COfDBIEIE. W ODOREREOBEE, B LUVEEE LOREEA Y B E R—F B TH %,
~y ¥ 774 ‘gsl.gammah’ THEIN T35,

7.19.1 HYVE#

A v < B (gamma function) IZPL T OB TEERI NS,

I(z) = /000 t* L exp(—t)dt

n DIEDBHEDO L E, T KL n OBEICIE T(n) = (n-1)! EWIHIBERLH 5, & v <BEuc>
WTOFMIET 77 E T4y YV &AT VY DH 6 HESHD L,

double gsl sf gamma (double x) [Function]
int gsl sf gamma e (double x, gsl sf result * result) [Function]

HEIE 0 THROVEE o 12O ThH v ~BIBUE T(x) ZEHET %, GHRICIEFEKT v
F 3 Ak (real Lanczos method) #{#%, =7 B GSL_SF_GAMMA_XMAX C. T'(z) 254 —
N=70—8FILTE ¢ DRANEZZSHTE 2, ZDfEIX 171.0 TH %,

double gsl_sf lngamma (double x) [Function]
int gsl sf lngamma e (double x, gsl.sfresult * result) [Function]

AERIZ 0 TRWER ¢ 120 TH v < BIBDONEIE log(T(x) Z3MHE T %, 2 <0
D& E log(D(z)) DI ZIRT 720, log(|T'(x)|) EMLUTH S, FERT v F a3 Ak
29,

int gsl sf lngamma sgn e ( [Function]
double x,
gsl.sf-result * result_lg,
double * sgn)

BFERIZ 0 THEVER 2 KOoOWTH Y BBROKS EZ20ONEBlEZER T v F 2
AETHET 2, BHBOMHEIZ, FHER result_lg ICANSN S “DDfED S I'(z) =
sgn x exp(result_Ig->val) & LT T BIBDENR LN S,
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double gsl_sf gammastar (double x) [Function]
int gsl sf gammastar_e (double x, gsl sf result * result) [Function]

IERL S 7 7 v < B (regulated gamma function) Ofi T*(z) 2 z > 0 TRT, Ik
BRI vy <BEIIL T Th A6 5%,

I (x) L(2)/(V2ra*= 12 exp(~))

1
(1++...> for x — oo

12z
7 & (Nico M. Temme) O XHRICHHZ2EH®1H 5,

double gsl_sf_gammainv (double x) [Function]
int gsl sf gammainv_e (double x, gsl sf.result * result) [Function]

7y BN 1/ (@) % FHT > F 2 AEZ M- TIET 3.

int gsl sf lngamma complex e ( [Function]
double zr,
double zi,
gslsf result * 1nr,
gsl_sfresult * arg)

BOBBE/IZ 0 TROBRE 2 KN LT, B 2 = 2 +iz OB v < BBIEON
Blog(T(z) 2HET v F 2 AETEIRT 5, BINZEFERIRIE Inr = log |T(2)]
BEY (=7, 7] OHEBD arg = arg(T(z)) TH %, |z| DIIEFICTKE Lad, #HiHz
(=, 7] ICHIR L T2 72 DICRE B ADEAEIEL, M (arg) 2R TE R &
3% %, ZDYE1E GSLELOSS DRI N5, ZOYE, HE (Inr) OREIZRAbN
AR

7.19.2 PEE

B3 (factorial) DX, FEEEHE n I L TR A Y <BZ-oTn!l =T (n+1) TIHETE 2
D, NS n ILTEGSL THHLHRZMEL TR D, 2hzfli) U FoBfs EEc
H%,

double gsl sf fact (unsigned int n) [Function]
int gsl sf fact_e (unsigned int n, gsl sf result * result) [Function)]

n OWERE n! Z5HH T2, Z2OfEIZ 0! =T(n+1) TH 2, nl A —"—70—%idZ
Sk Hen OFRAAEIZ 170 TH D, ZDfElZ~ 7 0 GSL_SF_FACT_NMAX IZEFEZ
nNTWn3,

double gsl_sf _doublefact (unsigned int n) [Function]
int gsl sf doublefact_e (unsigned int n, gsl sf result * result)  [Function]
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n O _HREHFE (double factorial) n!! = n(n —2)(n —4)... DEZFHET 5, nll 234 —
N=70 =%\ E) 7% n ODFKAMEIZ~ 7 12 GSL_SF_DOUBLEFACT_NMAX IZ/EH
INTEH, ZDOfHIZ 297 TH 5,

double gsl sf lnfact (unsigned int n) [Function]
int gsl sf lnfact_e (unsigned int n, gsl_sf-result * result) [Function]

n DFEFDNE log(n!) ZEIHT 2, n < 170 D & Fid gsl_sf lngamma % ffi> T
In(C(n+1)) Z5HHT 2 XD HEHEED, n BREL LD EES LD,

double gsl_sf_lndoublefact (unsigned int n) [Function]
int gsl sf lndoublefact_e (unsigned int n, gsl.sf.result * result) [Function]

n!! DN log(n!!) ZFHHET 5,

double gsl_sf_choose (unsigned int n, unsigned int m) [Function)]
int gsl_sf _choose_e ( [Function]
unsigned int n,
unsigned int m,
gslsf result * result)

ZHREL (binomial coefficient) ,C,. = n!/(m!(n —m)!) ZEIHT %,

double gsl_sf_lnchoose (unsigned int n, unsigned int m) [Function]
int gsl_sf lnchoose e ( [Function]
unsigned int n,
unsigned int m,
gslsf result * result)

THREONBEREIET 5, ZHUd log(n!) — log(m!) —log((n —m)!) EFELTH 5,

double gsl_sf_taylorcoeff (int n, double x) [Function)]
int gsl sf taylorcoeff e (int n, double x, gsl sf.result * result) [Function]

T A 7 —1%% (Taylor coefficient) 2™ /n! % x > 0,n > 0 IZDOWTEHET 5,

7.19.3 RyYRIN\VYY—E5

double gsl_sf_poch (double a, double x) [Function)]
int gsl sf poch e (double a, double x, gsl_sf result * result) [Function]

Ry F v 2 —ids (Pochhammer symbol) (a), = I'(a + z)/T'(a) DIEZEHET %,
Ry ANy =2 —il 51 E 7 VLS (Apell symbol) @ & HIFII (a, ) ERFLI NS Z
VDD, alatzVBELLHLADEHD 0 DL EFIE, SHRINZHOM (a), IT1F
HR23H 2
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double gsl_sf _lnpoch (double a, double x) [Function]
int gsl sf lnpoch e (double a, double x, gsl sf result * result) [Function]

Ry AN 2=l 5 DL log((a),) =log(T'(a+z)/T(a)) ZitHET 5,

int gsl sf lnpoch sgn e ( [Function]
double a,
double x,
gsl_sf_result * result,
double * sgn)

Ry FNY 2 —Glo DEONEE & HERZE, BLOFT2R0 2, FHREINIDIE
result->val=log(|(a).|) & sgn =sgn((a);) TH%, Z I T (a); =T(a+x)/T(a) T
b5,

double gsl_sf_pochrel (double a, double x) [Function]
int gsl_sf pochrel_e (double a, double x, gsl sf result * result) [Function]

MRy Fnv2—i5 ((a), —1)/z ZitE T2, 22T (a), =T(a+2)/T(a) T
H5b,

7.19.4 AEE2HVIEHK

double gsl sf gamma inc (double a, double x) [Function]
int gsl sf _gamma inc_e (double a, double x, gsl sf result * result) [Function]

Bt I T wATERA v < BI% (unnormalized incomplete gamma function)
D(a,z) = [[°t* texp(—t)dt 23t HT 5, a BFEE T2 >0 TH5,

double gsl_sf_gamma_inc_Q (double a, double x) [Function]
int gsl sf _gamma inc_Q_e (double a, double x, gsl_sf result * result) [Function]

IEHAL S A 5844 v < B3 (normalized incomplete gamma function) Q(a,x) =
1/T(a) [Zto Yexp(—t)dt ZFtHT 2, a>0 Tz >0 Thb,

double gsl_sf gamma inc P (double a, double x) [Function]
int gsl sf _gamma inc P_e (double a, double x, gsl_sf result * result) [Function]

IERUL S N7 A58 2AliA v < B2 (complementary normalized incomplete gamma func-
tion) P(a,z) =1 — Q(a,z) = 1/T(a) [y t* texp(—t)dt Zit5H T2, a >0 Tz >0
THhb, T77FT74yV&AT VTl Pla,x) ZA%ET VBB EMEATHYS
(6.5 fii).
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7.19.5 ~N—%E#K

double gsl_sf beta (double a, double b) [Function)]
int gsl sf beta_e (double a, double b, gsl sf result * result) [Function]

a & b VBADEKTHEVE E, 52— F BB (complete beta function) B(a,b) =
T(a)T(b)/T(a +b) 23T 2,

double gsl sf lnbeta (double a, double b) [Function]
int gsl sf lnbeta e (double a, double b, gsl_sf.result * result) [Function]

a kb WADBETRVEE, X—FBBDONEKLE log(B(a,b)) ZitHT 5,

7.19.6 AEEN—YEIK

double gsl_sf beta inc (double a, double b, double x) [Function]
int gsl sf beta e_inc ( [Function]
double a,
double b,
double x,

gslsf-result * result)

Bt S e A 582X — FBI% (normalized incomplete beta function) I,.(a,b) =
By (a,b)/B(a,b) DIEZFHT %2, 2T, By(a,b) = [j t* 1(1-t)*"'dt T.0<z <1
Th2, a>002b>0 D& FFTEFHUEML TGEHRI ML, 29 THLE S,
L.(a,b,z) = (1/a)x%Fy(a,1—b,a+1,2)/B(a,b) £\»I)EHREM > TEHREINDG (LF
(I A DEAMIBEL 2B 7.21 HiZ),

7.20 T—T VI T7EH
=27 v N 7 %I (Gegenbauer polynomial) 137 77 €7 4y Y & AT 7 VD 22 BITESR
SNTWw5, THUFHEBRZIAI (Ultraspherical polynomial) & HIFEN 5, Z OHiOBIEIZ~ Y
857 74 ) ‘gsl_sf_gegenbauer.h’ THZF I T35,

double gsl sf gegenpoly_1 (double lambda, double x)
double gsl sf gegenpoly 2 (double 1ambda, double x)

[Function]
[ ]
double gsl_sf _gegenpoly_3 (double lambda, double x) [Function]
[ ]

Function

int gsl sf gegenpoly_ 1 e ( Function
double lambda,
double x,
gslsf-result * result)

int gsl sf gegenpoly 2 e ( [Function]

double lambda,
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double x,
gslsf result * result)
int gsl sf gegenpoly 3_e ( [Function]
double 1ambda,
double x,
gslsf result * result)

=27 8 T HER O (o) Offie. n=1,2,3 KB L CHBIMBIEA % o it
T2, BcibdE N2 3k (A Tld s CEBIC 2 offiz) FHET 5,

double gsl_sf _gegenpoly n (int n, double lambda, double x) [Function]
int gsl sf gegenpoly n e ( [Function]
int n,
double 1ambda,
double x,

gslsf result * result)

fBE SN 0, lambda, x 1K LTP =7 v 7 4R Y (2) Ofiz (FefFic k-
T L T) BT 5, A > —-1/2, n>0 TH %,

int gsl sf gegenpoly array ( [Function]
int nmax,
double lambda,
double x,
double result_array[])

=27 v 3 7 HIERA OV (2) D%, n=0,1,2,...,nmaz (B LCEHEL, BY
ICANTEST, A>—1/2. n>0 Th 5,

7.21 BRI

HEAEATBAEL (hypergeometric function) (27 777 €7 4y YV & AT 7V D 13 HE LU 15 T
ERINTWS, ZOHIDOBMIL ‘gsl_sf hyperg.h’ THF I T\ 5,

double gsl_sf hyperg OF1 (double c, double x) [Function]
int gsl sf hyperg OF1_ e (double c, double x, gsl st result * result) [Function]

HRMIBIEL o Fy (e, z) DiEZEFET %,

double gsl_sf hyperg 1F1_int (int n, int m, double x) [Function]
int gsl sf hyperg 1F1 int e ( [Function]
int n,
int m,
double x,

gslsf result * result)
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O AT BI%L (confluent hypergeometric function) 1 Fy (m,n,x) = M (m,n,z) D
fiiZ, BB m, n ICHLTEHHET S,

double gsl_sf hyperg 1F1 (double a, double b, double x) [Function]
int gsl sf hyperg 1F1 e ( [Function]
double a,
double b,
double x,

gslsf result * result)

G AMEIS 1 [ (a,b,2) = M(a,b,z) D%, —MBDFEE a. b 1K L TEHE

ER-E
double gsl_sf hyperg U int (int n, int m, double x) [Function]
int gsl_sf hyperg U_int_e ( [Function]
int n,
int m,
double x,

gslsf result * result)
EIAGE AT U(m,n, o) OEZ, B8 m, n TN L TEHRET 5,

int gsl sf hyperg U int el0_e ( [Function]
int n,
int m,
double x,
gsl_sf_result_el0 * result)

AIBLEEMIBIE U (m, n, z) D%z, B8 m, n I L TEHET %, gsl _sf_result_el0
BZflio T INCHIPITIRY 2 LA TE S,

double gsl_sf hyperg U (double a, double b, double x) [Function]
int gsl sf hyperg Ue ( [Function]
double a,
double b,
double x,

gslsf-result * result)
GRS MBI U(a, b, z) D% DI a. b I L TEIHT 5,

int gsl sf hyperg U el0_e ( [Function]
double a,
double b,
double x,
gslsf_result * result)
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AR BI%L U(a,b,2) DiEZEHHE T 5, gslsf result el0 MZfi>TX DA
WHiPH TR Z LI TE B,

double gsl_sf hyperg 2F1 ( [Function]
double a,
double b,
double c,
double x)
int gsl_sf hyperg 2F1 e ( [Function]
double a,
double b,
double c,
double x,
gslsf_result * result)

A7 A DRI o Fy (a,b,c,2) D% || <1 DL EFHET 2,

5152 (a,b,c,x) DFFERSZAT 29 fHD & Eid, BRI ONCRDIER IES % 5
ZEDBHY, ZDOLEITIE GSLEMAXITER #IRT 2 EBH 5, BH m I L Tae =1,
c—a—b=m LB BZ ) oIl 5,

double gsl_sf hyperg 2F1 conj ( [Function]
double aR,
double aI,
double c,
double x)
int gsl sf hyperg 2F1 conj_e ( [Function]
double aR,
double al,
double c,
double x,

gslsf result * result)

BERBENVBD 77 A DEEBIE o Fy (ag +iar,ar —iar, c,x) DIEZFIHET 5, |z| <1
ThH5,

double gsl sf hyperg 2F1 renorm ( [Function]
double a,
double b,
double c,
double x)

int gsl sf hyperg 2F1 renorm e ( [Function]
double a,
double b,
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double c,
double x,
gslsf-result * result)

¢ O ZEN (renormalized) 77 2 DHFEMBIE o F (a,b, ¢, z) /T (c) DIEZEET %,
lz| <1 THh 5,

double gsl_sf hyperg 2F1 conj renorm ( [Function]
double aR,
double al,
double c,
double x)
int gsl sf hyperg 2F1 conj renorm e ( [Function]
double aR,
double al,
double c,
double x,
gslsf-result * result)

BEBLIBDOL Y 2 gl AT A OB o Fy (ag + iar,ar —iag, ¢, x) /T (c) DfE
RT3, 1] <1ThHB,

double gsl _sf hyperg 2F0 (double a, double b, double x) [Function)]
int gsl sf hyperg 2F0_e ( [Function]
double a,
double b,
double x,

gslsf_result * result)

A AIBI%L o Fo(a, b, ) DIEZFIET 2, OB —BICI3FILT 205, = <0 Tl
oFy(a,b,2) = (=1/2)*U(a,1 +a—b,—1/x) L%,

7.22 T —)LZIER

—ft 7 7 — V% IH (generalized Laguerre polynomial) (& & & BI%L (confluent hyper-
geometric function) D—FT, Le(z) = ((a+1),/n)1Fi(—n,a+1,2) L LTERINT 7T —1LD
Bifl% I (associated Laguerre polynomial) & IS, N6 I1ZLD 77 —VEHA L, (x)
(I0(2) = Lu(x) TH3) LV LE(2) = (—)(d*/da?) Lpsny (@) D 5B 505, FEMIET 75
EVAY Y KAT I VDE 2 HESHOI L,
ZOfiDBEII~Y ¥ 7 7 4 )L ‘gsl_sf_laguerre.h’ THEIN T35,

double gsl_sf laguerre 1 (double a, double x) [Function]
double gsl_sf_laguerre 2 (double a, double x) [Function]
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double gsl_sf laguerre 3 (double a, double x) [Function]
int gsl sf laguerre 1 e (double a, double x, gsl_sf result * result) [Function]
int gsl sf laguerre 2_e (double a, double x, gsl sf result * result) [Function]
int gsl_sf laguerre 3_e (double a, double x, gsl st result * result) [Function]

57— VSR Lo(x). L8(x). Li(x) D% B EE & 12 ST (IEAR T
i EBIC 2 ofie) #HET 3,

double gsl_sf laguerre n (int n, double a, double x) [Function]
int gsl sf laguerren e ( [Function]
int n,
double a,
double x,

gslsf result * result)

—MAL 77— NVEIHA L (z) Z a> -1, n> 0120V T (WHREARKT) 35T 5,

7.23 SIUNIILMND W B

7 v )L D W B%L (Lambert’s W function) W (z) 1&, W(z)exp(W(z)) =z DL L TEEZ
N5, ZORBIILAMBIZ T, v < 0 TEHEDITIL (branch) 73® % 23, BIEfiEDIFE 4 % HL % 43l
ORI THS, TITIE 2<0TW > -1 t%% Wy(x) ZFH (principle branch), z <0
TW <1 ERBEI % Woy(r) LT3,

7 v L+ DBIEIE ‘gs] _sf_lambert.h’ THEINTW5,
double gsl_sf lambert WO (double x) [Function]
int gsl sf lambert WO_e (double x, gsl sf.result * result) [Function]

v D W BEDTE Wy(x) DiEZEET %,

double gsl_sf lambert Wml (double x) [Function]
int gsl sf lambert Wmi_e (double x, gsl sf result * result) [Function]

vV D W BBOERTROERDTE W_(z) DIEZFET 5,

7.24 LYY RIVBEE & EKERMBEE
WP v FOVBAEL (Legendre function) &V ¥ ¥ FILEIHIA (Legendre polynomial) (22Tl
TTTETIAYY KAT I VOHE 8 HICHH SN T2

COHIDOBEUE~Y 7 7 4 )L ‘gsl _sf legendre.h’ THZ INLTWV5
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vy RILEZER

double gsl sf legendre P1 (double x)
double gsl sf legendre P2 (double x)
double gsl_sf _legendre P3 (double x)
int gsl_sf_legendre P1_e (double x, gsl sf.result * result)
int gsl sf legendre P2 e (double x, gsl sf result * result)
int gsl sf legendre P3_e (double x, gsl sf result * result)

7.24.1

Ny VA P(z) Z2icH
ZNFN1=1,2,3 ICOVTEET 3,

double gsl sf legendre P1 (int 1, double x)
int gsl sf legendre Pl e (int 1, double x, gsl.sfresult * result)

HEINMET. x ([ >02D |z| <1) ITO2VT, V¥ vV

iz & O il & 72 I RNE R <) FHRY 5,

int gsl sf legendre P1 array (
int 1max,
double x,
double result_array[])
int gsl sf legendre P1 deriv_ array (
int 1max,
double x,
double result_arrayl(],
double result _deriv_array[])

I=0,...
dP)(z)/dz DIESEIRT %

double gsl sf legendre QO (double x)
int gsl_sf_legendre QO_e (double x, gsl sf.result * result)

> -1, 2 #£1ICDOVTAT ¥ ¥ FUVBE Qo(z) Z5HHT 5,

double gsl_sf _legendre Q1 (double x)
int gsl sf legendre Q1 e (double x, gsl sf result * result)

r>—1, 2 £ 12V TV Y ¥ VB Qi (x) Z5HT 2,

double gsl sf legendre Q1 (int 1, double x)
int gsl sf legendre Ql_e (int 1, double x, gsl_sfresult * result)

r>—1, 2#1, 1>0IC20WTLY v ¥ FABEK Q(z) Z3HHET 2,

87

Functlon

Function

]
]
]
]
]
]

Z T INBEDIE (explicit representation) T

[Function]
[Function)]

FASHER P(2) % (5

[Function]

[Function]

Imaz, |z| < 1IZ20WTAY Y ¥y FALEHA P(r) 2. F7-FHKHCERK

[Function]
[Function]

[Function)]
[Function)]

[Function)]
[Function]
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7.24.2 LY v > RS & BREFEFREE

DUTN OBIBUI N v » FIOVEGEE%L (associated Legendre polynomial) P (z) ZitH$ %, DR
BOMEIZ 1B L THIAGDEBFHINHMT 27D, 1 2359 150 BEL D SRS D L4 —
N=70zEIT, m NS FIUIRTEIZ R VD, | & m OMTRELEICKR D LA —N—7
=040 %, LMFOBBTIEA —N"—70—DRAE2i 0, 1 & m OEPRETES LY
Wi S5 5 a I I3BIEUE P (2) DOFFREZ I L, GSL_EOVRFLW ZiX 9§,

BRIFFHAIBIZL (spherical harmonic) ZRIE L7c\WwE ZlLY v v PRS2 20 £9 D
3T ERETH L, 20RO, AL L) BIHET LTV RALTIEH 205, ERLIN T3
B9% gsl_sf_legendre _sphPlm Zfi9) RETH 3,

double gsl sf legendre Plm (int 1, int m, double x) [Function]
int gsl sf legendre Plm e ( [Function]
int 1,
int m,
double x,

gslsf result * result)
m>0, 1>m. |z| <1IDOVTAY v v FARBEK P (x) 238 2,

int gsl sf legendre Plm array ( [Function]
int 1max,
int m,
double x,
double result_array[])
int gsl sf legendre Plm deriv_array ( [Function]
int 1max,
int m,
double x,
double result_arrayl[],
double result _deriv_array[])

m >0, l=|m|,...,Imaz, |z| <1 IZDOWVT, V¥ ¥y FALEHADME P (z) 2. %
7o AR 12 Z OEBIBUE dP™ (x)/dx ZFHHE § 5,
double gsl sf legendre sphPlm (int 1, int m, double x) [Function]
int gsl sf legendre sphPlm e ( [Function]
int 1,
int m,
double x,

gslsf result * result)
BRITFRIBIB DG RICE L 7o, EBUL S N2 v > PV
V@L+1)/(4m) /(L= m)l/ (L + m)LP" ()
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DIEZEFIE T %, BIBUE m >0, I >m, |z| <1 THRIFIUSHRS B\, P(z) 23558
WICIEALT % Ll st —nN—7u—%, ZOEKTIRETE I ENTE S,

int gsl sf legendre sphPlm array ( [Function]
int 1max,
int m,
double x,
double result_array [])
int gsl sf legendre sphPlm deriv_array ( [Function]
int 1max,
int m,
double x,
double result_array [],
double result deriv_array [])

m > 0,1 =|m|...;Imazx. |z|] < 1 IZ2WT, IEEMLI N v FIVEGEIE
V@4 1) /(4m) /(T —m) /(L + m)IPm(z) Of, F 7213 Z Ui 2 CERIEUE % 515
5,

int gsl_sf_legendre array size (const int Imax, const int m) [Function)]

P (z) DEZES T % & I H01 result_array [| DRE S Imax—m+1
%3R3, HAVE_INLINE DSEZEIN TR L EZ, ZOBEDA v I4 VikdMEDbN S,

7.24.3 R

FISERIEL (conical function, i Kugelfunktion) P” | o) iyv Q% (1 o) 1in IEPWTRT 77 E7 4y
V&AT 7 VD 812 filCHIIIN T2,

double gsl_sf _conicalP half (double lambda, double x) [Function]
int gsl sf _conicalP half e ( [Function]
double lambda,
double x,

gslsf-result * result)

z > —1IZDWTIEBL S Ty 2 WERIEFIHERIEL (irregular spherical conical function)
P, (2) & G 5,

double gsl_sf_conicalP mhalf (double lambda, double x) [Function]
int gsl sf conicalP mhalf e ( [Function]
double lambda,
double x,

gslsf-result * result)
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z > —1 IOV TIERE S N7 BRIE M #EBI %L (regular spherical conical function)
P2 (@) EAET 5,

double gsl_sf_conicalP_0 (double lambda, double x) [Function]
int gsl_sf _conicalP 0_e ( [Function]
double 1ambda,
double x,

gslsf result * result)

x> —1 122V HHERIE P91/2+i/\(x) 2R %,

double gsl_sf_conicalP_1 (double lambda, double x) [Function]
int gsl sf conicalP_ 1 e ( [Function]
double 1ambda,
double x,

gslsf result * result)
> —1 DO THEB P, |\ (2) 27T 5.

double gsl_sf_conicalP_sph reg (int 1, double lambda, double x) [Function]
int gsl sf conicalP_sph reg e ( [Function]
int 1,
double 1ambda,
double x,
gslsf result * result)

> —1, 1> —1 122 CIFERIL S fu- BRiE ISR P20 (o) %31ET 2,

—1/24iA

double gsl_sf conicalP_cyl reg (int m, double lambda, double x) [Function]
int gsl sf conicalP cyl reg e ( [Function]
int m,
double lambda,
double x,

gslsf result * result)

x> =1, 1 > =1 2w TESRML S 7 FIAFMH#ERIS (regular cylindrical conical
function) P~ .\ (z) ZFlHET 5,

1/244A

7.24.4 FEAME_E DR

DUF D ERIHEI%L (spherical function) (3L v ¥ FUVBIBORKE TH H. =Roco Bk (3-
dimentional hyperbolic space) H3d D Z 7°7 > 7 v (Laplacian) D IEH]Z[EARI% (regular
eigenfunction) TH %, A\n DEZEEL 72 X — oo, n — 0 DR (Aat limit) TERR v 2 )VEIEUIC
BHIEBHLNT VS,
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double gsl sf legendre H3d 0 (double lambda, double eta) [Function]
int gsl sf legendre H3d 0_e ( [Function]
double lambda,
double eta,

gsl_sf result * result)

EXRICMHE LD S 7o 7 v o 0 RO BB %

H3d _ sin(An)
Lo™ () = Asinh(n)

% n>0 CRET 2, M (flat limit) TEBEEAEIZ LIBYN, 1) = jo(\y) 124 5,
double gsl sf legendre H3d_ 1 (double lambda, double eta) [Function]
int gsl sf legendre H3d 1 e ( [Function]

double lambda,
double eta,

gslsf result * result)

=R Eo s 75 7 v o, —RoOMEEERI%.

H3d .7 1 sin(An) o Ao
L0 0) = e () (cotho) — Acot(vg)

Zn >0 Cald 2, MBRCIRBIEMEIE L34\ n) = 1(\n) Kk 5,

double gsl_sf legendre H3d (int 1, double lambda, double eta) [Function]
int gsl sf legendre H3d e ( [Function]
nt 1,
double lambda,
double eta,
gsl_sf result * result)

“XouoBRhE D7 77> 7 v o, 1 ROMEEER%%E n >0, 1 >0 TiHET 3,
RBRCIEBEEE I L3N\, n) = ji(\n) 1275 %,
int gsl sf legendre H3d array ( [Function]
int 1max,
double lambda,

double eta,
double result_array [])

0 <1< lmaz TOMBEERE LI\, n) Oii%iHT 5,

7.25 XIEEAEDREIEL

REPIEL (logarithm function) DHEE % EICOWVTIET 77 E T4y YV &AT 7V OH 4 Hich
%, ZOMOEEIZ~NY ¥ 7 74V ‘gsl.sf log.h’ THSINTV5,
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double gsl sf log (double x) [Function]
int gsl sf log e (double x, gsl sf result * result) [Function]

x OXEUE log(z) # = >0 TEET %,

double gsl sf log abs (double x) [Function]
int gsl sf log abs_e (double x, gsl sf result * result) [Function]

x#0THD x DIXHEDNELE log(|z|) ZFtHET 5,

int gsl sf _complex_log e ( [Function)]
double zr,
double zi,
gsl_sf result * 1nr,
gslsf result * theta)

R 2 = 2, +iz; DWNBUEZFHE T 2, FHEMRIZ exp(lnr +i0) = 2z, + iz, £ 5
Inr & theta TH Y, BIBIZANTEREI NG, § DEPHIZ [—7, 7] TH %,

double gsl_sf_log 1plusx (double x) [Function]
int gsl sf log lplusx_e (double x, gsl sf.result * result) [Function]

x>—-1Th?s z XL T, ZOMHEIVNIVEZITHED I VT LY XL ZFH ST,
log(1 +z) ZEtHE T 5%,

double gsl sf log 1plusx mx (double x) [Function]
int gsl sf log lplusx mx_e (double x, gsl.sfresult * result) [Function]

x>—1TH3 z 2 LT, ZOMEINIVLEZITHED I W7 ILDY XL ZEFH-T,
log(1+ ) — 2 ZFH5T %,

7.26 NF OB

Z OHEiDBIEIT R~ F 7 BIEL (angular Mathieu function) ¥ X W&~ F 7 BI#K (radial Math-
ieu function) & Z ORI (characteristic values) Zal5H 9 %, < F 7EBUL. LT oMoy AR
DL LTHONS,

d?y

@—}-(G—Q(]COSQU);U =0
d2
d—é—(a—Qqcosh?v)f =0
u

—oOHERAE~F 7 R LI, ZDRBIE (periodic solution) ce,(z,q). se.(z,q) (%
NZIUEAW & AR e F VBB LTINS, ZRZNOMRIL, FEEDEI a = a-(q)
(BH) B8 XX a=0b.(q) (FHY) PREDHEINER & 2 & SICDRBIFIET 5,
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I~ 77 B Mcgj)(z,q) BLO Msgj)(z,q) k. B~ F 7 HEK (Mathieu’s modified
equation) &MHEN S ZOHOHGBEROME L TELEI NS, BIg~F 7BEICIEE 1 o5 4
HMETHS (125 4 £TOEZLE S j THRIND),

HME T 77 €Y 4y Y &AT 7V H 20 B Mathieu Function 22D 2 &, ZOffidBI%UE
~v 7 74 ‘gsl_sf mathieu.h’ THZF IN T35,

7.26.1 ~NFUBREBEZETET B DIEZEME

< F Y BBIERIRE R AL L7 L TV A LISk DBR, H 2 0IEAKICEHETE 2, 20k

DIZ, HH6 U OIESEGHEK E & 2 RCH 2 HER L TR X% 5 Lo,

gsl_sf mathieu workspace * gsl sf mathieu alloc ( [Function]
size_t n, double gmax)

<2 F 7 BB DO BLAIICTHRE 9 R 2 fEAR L TR, 518D n (3R F TRIE T 20,
gqmax ¥ q iz ZNZNIRET 5,

void gsl sf mathieu free (gslsf-mathieu workspace * work) [Function]

FEAR S LT 7 EEGEIR work 2RI %, 51808 NULL @ & Ei3fild L2,

7.26.2 ~NFUBEMOREE

int gsl_sf mathieu a (int n, double q, gsl.sf-result * result) [Function]
int gsl_sf mathieu b (int n, double q, gsl.sf-result * result) [Function]

2 F B cen (2, q) BED sen(z,q) DRBEER a,(9). bu(q) ZZNZTNEET 5,

int gsl_sf mathieu a array ( [Function]
int order_min,
int order_max,
double q,
gsl_sf_mathieu_workspace * work,
double result_array[])
int gsl sf mathieu b array ( [Function]
int order_min,
int order_max,
double q,
gsl_sf_ mathieu_workspace
double result_array[])

* work,

order_min 7% order_max £ TD n IZ2WT, v F VP ce,(z,q) BLD sen(z,q)
DR a,(q)s bu(q) ZZNZNEIE L. B result_array IZANLUTEY,
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7.26.3 HF—EYFUREK

int gsl sf mathieu ce (
int n,
double q,
double x,
gslsf result * result)
int gsl sf mathieu se (
int n,
double q,
double x,
gslsf_result * result)

Bt~ T VB cen(z,q) B sen(z,q) ZZNZTNEIHET 5,

int gsl_sf mathieu ce_array (
int nmin,
int nmax,
double q,
double x,
gsl_sf_ mathieu_workspace * work,
double result_array [])
int gsl sf mathieu se array (
int nmin,
int nmax,
double q,
double x,
gsl_sf_mathieu_workspace * work,
double result_array [])

TR RIRBIMK

[Function]

[Function]

[Function]

[Function]

nmin BA_E nmax LT D n RIZDOWT, F—F~F 7B ce,(n,q) BLD sen(z,q)

ZZ2NZFNGE L, B4 result_array 2 AUTIET,

7.26.4 AN F R

int gsl sf mathieu Mc (
mt j,
int n,
double q,
double x,
gslsf result * result)
int gsl sf mathieu Ms (

[Function)]

[Function)]



7.27. NERREL 95

int j,

int n,

double q,

double x,

gsl_sf result * result)

n &Q@Eﬂ%‘?ﬁ‘ﬁgﬁﬂﬁMcg)(q,x) BLO Msg)(q,x) ZZNZNGERT 5,

J Ot 1 D2 RIEET 2, j = 3,4 oBA&OMEME. MY = MY + a2,
MW = WD i@ LcEtEes 2, 2o MY = MY #2402 MsY k3,

int gsl_sf mathieu Mc array ( [Function]
it j,
int nmin,
int nmax,
double q,
double x,
gsl_sf_mathieu_workspace * work,
double result_array [])
int gsl sf mathieu Ms array ( [Function]
int j,
int nmin,
int nmax,
double q,
double x,
gsl_sf_mathieu_workspace * work,
double result_array [])

nmin P E nmax BUT D n RIZOWT, 3§ j HOEE > F v BEEOMZEE L, Bl
result_array \ZAIVTRT,

7.27 NEZFEFEH

DUF OB, BAHEE 2179 2 L DIAHE gsl pow_int (4.4 i VNI BB TORERE, 2H) &
HLThsb, ~v¥ 774N ‘gsl.sfpowint.h’ THEINTV5S,

double gsl_sf pow_int (double x, int n) [Function]
int gsl_sf pow_int_e (double x, int n, gsl sf result * result) [Function]

R n ICOVTRER o Z3HT 5, REFEF, BMOBEEPRL DL 2B
fELCiibh s, ez 2® % ((22)?)? OWICHMRT 2 ERER =TT, 3
MR LT 570, A—N—70—27 v ¥ —7 0 —0ANITb %,

#include <gsl/gsl_sf_pow_int.h>
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/* 3.0%x12 ZEHT B x/
double y = gsl_sf_pow_int(3.0, 12);

7.28 THA (ZEHVV) B

n XRDLEHN v 2% (polygamma function) ZA FOXTEEREI NS,

P — (;;) " b(x) = (CZE) ™ log(I'(x))

TR RIRBIMK

T o(z) =T"(2)/T(x) 13 _HEA ¥ vBI (digamma function) &MEINTWV 25, ZDOHIDEIE

E~Ny ¥ 7 74 ) ‘gsl sf psi.h’ THEIN T3,

7.28.1 Z—EHYVVEHK

double gsl sf psi_int (int n)
int gsl sf psi_int_e (int n, gsl.sfresult * result)

[Function]
[Function]

THA B p(n) Z RO 0 1SN L TEET 5, DHA V< BEIX 7Y A B

(psi function) & bM:IEN S,

double gsl_sf psi (double x)
int gsl_sf psi_e (double x, gsl sf result * result)

ZHEA VBB p(x) IR x (7272 2 #£0) ISR L TEHET %,

double gsl_sf psi_1piy (double y)
int gsl_sf psi_lpiy_e (double y, gsl.sfresult * result)

ERE 1+ iy O HD V< BIBDFELE Re[y(1 +iy)] 23R T 5,

7.28.2 Z=EHYVEH

double gsl_sf psi_ 1 int (int n)
int gsl sf psi_1_int_e (int n, gsl.sf-result * result)

[Function]
[Function]

[Function]
[Function]

[Function]
[Function]

ZHA V2B (trigamma function) 1’ (n) % IEOFEE n 1K L CRMET %,

double gsl sf psi_ 1 (double x)
int gsl sf psi_1 e (double x, gsl.sfresult * result)

SHEA Y 2B O (2) 2 FH x IR L CEHET 3,

[Function]
[Function]
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7.28.3 ZEHVVEK

double gsl_sf_psin (int n, double x) [Function]
int gsl sf psin_e (int n, double x, gsl.sf-result * result) [Function]

LES V2B L (2) ZE n>0BE DN 2 >0 kL TEET 3,

7.29 YyuOMOYVEHK

v 7u b u B (synchrotron function) (&, v 71 v VS (synchrotron radiation) @
A7 PVEEET 5 SIS, BEAEANy e VBB K; 2o TERS NS, ZOfii
DEIEUE~y ¥ 7 7 4 )V ‘gsl_sf_synchrotron.h’ THFIN T3,

double gsl_sf _synchrotron 1 (double x) [Function]
int gsl sf _synchrotron_ 1 e (double x, gsl sf.result * result) [Function]

v v 7u bu B (first synchrotron function) o [ K5 3(t)dt % x> 0 ITRf L

TR %,
double gsl_sf _synchrotron 2 (double x) [Function]
int gsl sf _synchrotron 2 e (double x, gsl sf.result * result) [Function]

Frvrnu bk u B (second synchrotron function) 2Ky 3(x)dt % x> 0 IZXf L
TitHET 5,

7.30 EIXEHE

HXBI%L (transport function) J(n, ) 1& J(n,x) := [ t"e'/(e! —1)*dt L\ H B TERS N, 7
A DHEG (Debye model, n = 4) PEIICE T 2 BEOEF RO 70y K- 7)) 2 -4 € DX
(Bloch-Griineisen relation of electrical resistivity of metals, n = 5) 7% &', #HBIR DA LK
LIgHN 5 (Allan J. MacLeod, “The numerical computation of transport integrals”, Computer
Physics Communications, 69, pp. 229-234, 1992), BA#s~> 57 7 4 )L ‘gsl_sf_transport.h’
THSINTWV S,

double gsl sf transport_2 (double x) [Function]
int gsl_sf transport_2_e (double x, gsl sf result * result) [Function]

WkBE% J(2,2) 2R T 5,

double gsl sf transport_3 (double x) [Function]
int gsl sf transport_3_e (double x, gsl sf result * result) [Function]

kB J (3, 2) ZRtHET 5,

double gsl sf transport 4 (double x) [Function]
int gsl sf transport 4 e (double x, gsl sf result * result) [Function]
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TR BEE J(4,2) 23T 2,

double gsl_sf transport_5 (double x) [Function]
int gsl sf transport_5_e (double x, gsl sf result * result) [Function)]

kB J (5, 2) ZatHd 5,

7.31 =ABEH

RBx27 7y F 74— LETORGHEPBUEEE O SEEZ MR T 570, GSL TIAHIZ=A
BI%L (trigonometric function) 25 LT3, BBUI~Y 7 7 4 )L ‘gsl_sf trig.h’ THS I
nTw»5,

7.31.1 HO=ARE%K

double gsl sf sin (double x) [Function]
int gsl sf sin e (double x, gsl sf result * result) [Function]

IEREBI%KL (sine function) sin(z) DIEZFIH T 5,

double gsl_sf_cos (double x) [Function)]
int gsl_sf _cos_e (double x, gsl sf result * result) [Function]

ARIBIBL (cosine function) cos(x) DIEZFIET 5,

double gsl sf hypot (double x) [Function]
int gsl_sf hypot_e (double x, gsl sf.result * result) [Function]

F—=N=70 =T V¥ —70—%TE572FilET TREABEL (hypotenuse function)
Vaz+y? OfEZFRT %,

double gsl sf sinc (double x) [Function]
int gsl sf _sinc_e (double x, gsl.sf.result * result) [Function]

BB S N7z v 7 B8 (sine function, sinc(z) = sin(nz)/(rx)) PEZEHET 5, =
DAEIZTHIBRIE 220

7.31.2 ERVEIHO=ARBY

int gsl sf complex sin e ( [Function]
double zr,
double zi,
gsl_sf_result * szr,
gslsfresult * szi)
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BFE LB sin(z, +i2;) ODMEZEIR L, FEEB LB Z ZNZI szr & szi ITANLT
B9,

int gsl sf _complex cos_e ( [Function]
double zr,
double zi,
gsl_sf_result * czr,
gslsf result * czi)

BEEREBIE cos(z, +iz;) DIEZFIE L, HIBLBHZ ZNZN car & czi ITANT
KT,

int gsl sf _complex logsin e ( [Function]
double zr,
double zi,
gsl_sf_result * 1szr,
gslsf result * 1szi)

BRIEKBEEB DO log(sin(z, +iz;)) DEZFIHE L, EF L EME Z2NZ I Isar &
Iszi IZAIVTRT,

7.31.3 WARHRBEE DXL

double gsl sf lnsinh (double x) [Function]
int gsl_sf lnsinh e (double x, gsl sf result * result) [Function]

log(sinh(x)) Z o > 0 IR L CEtE$ %,

double gsl_sf _lncosh (double x) [Function]
int gsl_sf lncosh e (double x, gsl sf result * result) [Function]

log(cosh(z)) 23R %, x OMEICHIRIZZ >,

7.31.4 BEEZTIRD =% DE

int gsl_sf polar to_rect ( [Function]
double r,
double theta,
gsl_sf result * x,
gslsf result * y)

MR FERSHIE (polar cooridnate, r, theta) % [EACHEIEE (rectilinear cooridinate, x, y) 12
x=rcos(),y =rsin(f) &L TEHT 3,
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int gsl sf rect_to_polar ( [Function]
double x,
double y,
gsl_sf result * r,
gslsf_result * theta)

IEAS R (x, y) ZHRESHE (1, theta) 12, o = rcos(f),y = rsin(f) 2 HEIHT %,
theta DI [—7, 7] DEIPHNICZ 2 (y 230 DIFIE, Z D55 x DEIZ K > T theta
DS pi D> —pi DDRE D, ZNUI atan2 BBOEEI L D),

7.31.5 HIRESEHEHANDEICEIERT ZE

double gsl sf angle restrict_symm (double theta) [Function]
int gsl sf angle restrict_symm e (double * theta) [Function]

fHEE theta % (—m,n] OHEIFHNICHRE T 2%,

GSL FTEZEL T A MHMROELUE MPI 13, BELZMEREOME © LD bbThic
INE W2, MPI & Z DTS % KEE L 7-fE -M_PI 1%, Z DRI H DD ) HiHDIEFL
ETiEnl, 2oRfNICR S,

double gsl sf angle restrict_pos (double theta) [Function]
int gsl sf angle restrict_pos_e (double * theta) [Function]

FHEE theta % [0, 27) ORI T 2, GSL HTEFR L TV 2 MJEROUELUE M_PT
. BEEZHBEAEOME 7 XD DD TLINI VD, 2«MPT DfEilE, Z DKL H
D) WPHDOBIR ETld7a ., 2NN 3,

7.31.6 REHEEZITS=ARK
int gsl sf sin err_e (double x, double dx, gsl_sf.result * result) [Function]

A x HHERIAE dx 28T L L L 2D Z DIRKBEEE sin(x + dz) 25T %, 5l
BOBAEDBBAEIC EDRIEE T 202 5 Il fibin s,

int gsl sf cos_err_e (double x, double dx, gsl sf.result * result) [Function]

FAIE x DSOS dx R & E L7z & 202 ORWMEIE cos(z + do) 23T 2, 7]
BOBGED BRI © ORISR ET 2 92 M2 701 ibN b,

7.32 T—YE¥

) —= DX —% % (Riemann zeta function) DEEIZT 77 €T 4y YV &AT 7 VD 23.2 i
Zh b, BBIE~Y ¥ 7 74 ) ‘gsl sf zeta.h’ THEIN TV,
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7.32.1 U—I>OtE—YEHK

Y — DX — 5 B, SRR C(s) = S0 kT TREEING,
double gsl sf zeta int (int n) [Function]
int gsl sf zeta int e (int n, gsl.sf result * result) [Function]

nA1 O BE LT —2 v DX — Sl C(n) 23T 3,

double gsl sf zeta (double s) [Function]
int gsl sf zeta e (double s, gsl.sfresult * result) [Function]

s#1 DIERBOEE s I LT —2 DX =Bk ((s) Z3lH T 2,

7.32.2 UY—IT 2 ODOE—TEEDS 1%Z5|W\IfE

SIBHBREBRIEOBDG G, ) —< DX —FBBDMEIX 1 I1ZTEI D, Z ) ot iZB%K
HONBERIDEETH 5, ZDld, MR T Z2EHT 552 EL Tw 5,

double gsl sf zetaml int (int n) [Function]
int gsl sf zetaml int e (int n, gsl.sfresult * result) [Function]

n#1 DB nlZHLT(n) -1 Z2iHT 5,

double gsl sf zetaml (double s) [Function]
int gsl sf zetaml e (double s, gsl sf result * result) [Function]

s#1 DEEDOFEE s ITRLT((s) -1 Z5IHET 5,

7.32.3 TILTavvVOt—7EK

77 4w Y (Adolf Hurwitz) DX — % BAEUL ((s,q) = D ook +q)° TERI N, HGwe 7 7
7 & VR, $EEs EDRIL TR e NS,

double gsl_sf hzeta (double s, double q) [Function)]
int gsl sf hzeta e (double s, double q, gsl_sf result * result) [Function]

s>1, ¢>0HLT7Z7VT 4y Y DX =B ((s,q) DIEZRIHET 5,

7.32.4 A —5E (nBE)

A =% (714927 LDA =%, Dirichlet eta function) 13V —< > DX — ¥z fli->T
n(s) = (1 —-2'79)((s) TERI N, Famkx ETHwLNS,

double gsl_sf_eta int (int n) [Function)]
int gsl sf eta int_e (int n, gsl.sfresult * result) [Function]

BE 0 TN LTA =B n(n) DEZEET 5,
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double gsl sf _eta (double s) [Function]

int gsl sf eta e (double s, gsl sf result * result) [Function]

ERDFE s 1T L TA —F BB n(s) DIz EtHRT 5,

7.33 {4
DIFOBITIE, Ry 2 VBB Jo(5.0) DFFETE I — OO L 2479,

#include <stdio.h>
#include <gsl/gsl_errno.h>
#include <gsl/gsl_sf_bessel.h>

int main (void)

{
double x = 5.0;
gsl_sf_result result;
double expected = -0.17759677131433830434739701;
int status = gsl_sf_bessel_JO_e (x, &result);
printf ("status = %s\n", gsl_strerror(status));
printf ("JO(5.0) = %.18f\n"
" +/- % .18f\n",
result.val, result.err);
printf ("exact = %.18f\n", expected);
return status;
}

VAV FNOE S Ey E S N

$ ./a.out

status = success

J0(5.0) = -0.177596771314338292
+/- 0.000000000000000193

exact = -0.177596771314338292

RDIT0 T I LTIE, AUHELZ - BZEOFOIHL TITH, ZDHAIFREDIHE result.err L
7 —%RTRDEIZFHTE 2w,

#include <stdio.h>
#include <gsl/gsl_sf_bessel.h>

int main (void)
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{
double x = 5.0;
double expected = -0.17759677131433830434739701;
double y = gsl_sf_bessel_JO (x);
printf ("J0(5.0) = %.18f\n", y);
printf ("exact = %.18f\n", expected);
return O;
}

BISUEDFIFRSRIIFAI L TH 5,

$ ./a.out
JO0(5.0) = -0.177596771314338292
exact = -0.177596771314338292

7.34 ZSEXEA

CDIATSYTIETEBRD, 7754y VAT vz s >Twb,

Abramowitz, Stegun (eds.), Handbook of Mathematical Functions, National Bureau of Stan-
dards, U.S. (1964).

BRSO R IC D W Tid, DT DI f@dinsd 5,

Allan J. MacLeod, “MISCFUN: A software package to compute uncommon special func-
tions”, ACM Transactions on Mathematical Software, 22, pp. 288-301 (1996).

G.N. Watson, A Treatise on the Theory of Bessel Functions, 2nd Edition (Cambridge
University Press, 1944).

G. Nemeth, Mathematical Approximations of Special Functions, Nova Science Publishers,
ISBN 1-56072-052-2

B.C. Carlson, Special Functions of Applied Mathematics (1977)

W.J. Thompson, Atlas for Computing Mathematical Functions, John Wiley & Sons, New
York (1997).

Y.Y. Luke, Algorithms for the Computation of Mathematical Functions, Academic Press,
New York (1977).

Nico M. Temme, Special Functions: An Introduction to the Classical Functions of Mathe-
matical Physics, WileyBlackwell, ISBN 978-0471113133 (1996).
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E8FE ~NIUKNILETH

ZDETIE, RN C SEOMINZH 577 FLETHIOEEICOVBTHHT S, EHE56D
AL RIS 223, GSL ONEBTIZ "7y 7 (block)) &9 —DDF—yRITcHEIN
TWw3, TN6DXRY bRl Zffiolc7u /7 L% EK, GSL TERL TW B HEEXIT
BOM %R 2 &R ZH) 2 LT, —oD5 5 E LT GSL OkA ZRBEEICiET 2 L8 TE
2, ZOKEERAIZ BLAS TEEIN TV ERY ML LTAIDBER L HTH %,

8.1 T—4H5DA

GSL THEL Tw 2 B%Ix, BHENZ 7 — 2 HZNZIU OV THESI N T %, double HD 7
DDOREEIE, ZDAFTDIEIHIC gsl block, gsl vector, gslmatrix DV TN DNT V5,
CNDHKEED float MDY#Id gsl block float, gsl_vector_float, gsl matrix_float A%
DTS, FRINTRDZHDD, block DHADY AP ZUTICHITF 2,

gsl_block double

gsl_block_float

gsl_block_long_double

gsl_block_int
gsl_block_uint
gsl_block_long
gsl_block_ulong
gsl_block_short

gsl_block_ushort

gsl_block_char
gsl_block_uchar

float

long double
int

unsigned int
long

unsigned long
short
unsigned short
char

unsigned char

gsl_block_complex complex double
gsl_block_complex_float complex float
gsl_block_complex_long_double complex long double

gsl vector & gslmatrix IZDWTHZENZFI, NIGT 2S5,

8.2 7JOwvY

AEVEEICH -t Bz 570, A€ VMERIZTXT gslblock MidAz i~
fTobisd, ZOMERIZIIA TV HEBOREI, AT VHEEBANDRA VI DZODOBEENDH 5,
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gsl block MHEAIZLL T D X ) ICEEIN TV,

typedef struct {
size_t size;
double * data;
} gsl_block;

R7 PV ETINZ, HERINZTay 7% TRAF74 A (slice)y T2 ETEONS, AT AL
Z. A 7%y b (70y JNTDRTA ZADFIIRIIE, Z 056 ZDATA4 ADT—FHEEI 1
%) EZAIE (step-size) THEI NS, 70y 7l EHETE»N S ~HO X E)VHEETDH
%, 90 E. OBRZFINT 2LARIEETRbBLITORITHL (DFh, JloFTE 11
T, XY ECTRITORIZTROBEHREZFET I LILH D), X7 PLOLAIR, AAIEE 2
F 74 F (stride) & HIES,

70y 7 O & ERCE 1T ) BI%IE ‘gsl block.h’ THEIN T3,

8.2.1 7OV DIER

7uy 7DXEY 2R T 250 malloc & free LMD VAN TE 2, ZUIMZ THA
DIT7— - Fxy 7219, 70y 7IZHHBTEH0RAEY BHERTERVEEIE, GSL O
I7— NYFJ7—%I7—%F5 GSLENOMEM TH-OH LT, NULL £A4 ¥ ¥ %iK7, L7di-o
T.GSLDZF— NV FI7—%ioT7u /7% 738 5%6, alloc % £EZ2WE7-C
I7—%2Fxy 7T 58IV (T74NVEDIT— - NV F 7= abort ZI5),

gsl block * gsl block_alloc (size_t n) [Function)]

EREEBDOELEY n flr o270y 7OXEY) 2R L, 70y 7 Gk~ R
AV RRT, 7uy 7 3PkIngnwizo, BERINLZ7ey 7NOEEEZDHE
BAETH S, fliz 0 TEHIL L 72 W& gsl block calloc %9,

TRREZDAEY DR TE o7 31d NULL K4 ¥ ¥ 2iKY,

gsl block * gsl block calloc (size_t n) [Function]
7Ry 7ICHIDETE AT 2R L, TRTOEEDMEE 0127 5,

void gsl block free (gsl_block * b) [Function]

gsl block_alloc ¥ 7zl gsl block_calloc T7 By 7 bIZTTICHID B TonTw
LAY ZMRNT 5, b IXIEFICHERS N 71y 7 703 NULL TA T Uik s %
W, GIEAS NULL @ & Z i3 fild L,

8.2.2 7JOvIDT7F7AILARA

GSL Tid, 7ny 7OWNEEZNALF IV HEVIFEAMET XX MEAT7? 74 VICHAESZ TS
By s nTw %,
int gsl block fwrite (FILE * stream, const gsl_block * b) [Function]
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70y 7 b DYEHEE T 7 A stream (8N4 F VB THEZAL, HZAAEIT
0 %, KT IUX GSLEFAILED ZiRY, A FVIBARF D7 =377 F %
IR L 7B 0 C, BRI IR PREE S ik,

int gsl block fread (FILE * stream, const gsl_block * b) [Function]
7y 7 b D¥EHEET 7 AN stream ZFATANA F VB THARL, ZO70y 7
DRE I LD > TRAIAARDTONL T, 70y 7 blEHorLHIELVKRES
THER L TE2RILA 5 v, GEAIABRDEI T 4L 0 %2, 1L GSL_EFATLED
ZiRT, T—FRUANCHEC 7T =% 77 F v O Af F IR THEZRAENL DL L
TanArrir,

int gsl block fprintf ( [Function]

FILE * stream,
const gsl_block * b,
const char * format)
7nay 2 bOUWHEZ 1173 format THEINLFHATT 74 )V stream IZT F A
MR THEH ZA L, FHAIEE JFE/NBURITA LT %g. %e. %E. BEEUTX L Tid %d
25, HEZAADEN X 0 &2, KT 4L GSL_EFATILED %K,
int gsl block fscanf (FILE * stream, const gsl_block * b) [Function]

Jav 7 b DOEERT 7 A stream 6T F A MEATHARAL, 2Ty 7D
KEIWZL D> THHAAADTONE-D, 70y 7 bliH 6P UDIELWVKEZ
THHR L TEPRIZ R o5\, HEAABEI T 0 2, KT 1IE GSL_EFAILED
ZIRT,

8.2.3 JOwvon7O7 % ALMF
DTFic7ay 7 s 26% 57,

#include <stdio.h>
#include <gsl/gsl_block.h>

int main (void) {
gsl_block * b = gsl_block_alloc(100);

printf("length of block = %u\n", b->size);
printf("block data address = %#x\n", b->data);

gsl_block_free(b);

return O;
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ko775 LD NEI DX ) IZ% 5 (block data address (313 & A EDHAIC T OB & IXE
IEIC 7 B3, BE TR ),

length of block = 100
block data address = 0x804b0d8

8.3 ~NJUKNI

X7 PVIE, 70y 7 DAF7 4 AL LT gslvector MG TEERI NS, 2D, —DD[HL
Tuy 7 BICEBORI P VERRT 2 ENBTEL, —DODRI ML AT RE, —DDRXE
V) FE T SRR I SE RO BEETH B,

gsl vector FHERIIMTO LI RERTH D, HODEENL KDL, ZNE N, KEZ size,
AN stride, 70y 7HTOXRY PVORIHBERAD KA ¥ data, BEMRFFIN TV 7
a7 ~\DKRA VH block, ZD7 0y 7 DEMWEEZEKT owner TH 5,

typedef struct {
size_t size;
size_t stride;
double * data;
gsl_block * block;
int owner;

} gsl_vector;

size [FHUIRY P LVOBEZEDEETH 5, L3> TR FMIVBEEDIRZFOHEPHIZ 0 525 size-1 T
H%, stride FYFLAEY) L TOH ZERDOLRODELE TORIET, ZOMDA 7227 +TD
TEEENLTH 2 (72 & Z21F double % 6, stride 234 D& E, FEXEY ETlX 4 * sizeof (double)
NA FHEICRB), B4 v data 1RV PLOREHEFED X E) LTOMERZET, K4 V¥
block 137 bVOBEEERFEFT L7 0y JANDRAL Y FTHD (ZH)\») 70y 7036 55H),
R IADBZD 7Ty 7 RFFL TS, LINBEHEITIE owner 77 712 1 DMUAZ I, R7
PSRRI ND L ZICZD 70y 7 BBIRINDG, 2D 78y IIMED R FOVITHFR S LT
2846, owner 12 0 BRAZINSE, ZDYE. X7 PVORBIRRRIZIZZD 70y 7 I3RS Nk
W (BIBD X7 VB XD MR (view)s &, X7 VD BV THO—E»S6/ES T LT
&2, 2OHAEIC, FILAMESBR = T2 ML X B Y HEE RO TlER L, I
DY FNVOBEFEZRITRA V7 LAREP SO D, LcB> Tt T =2 2R 570y
7D owner 1213 6%\, D MR BEXLH S I BITILDRY IV % gsl_vector_free TR
LCLEH e, 20 Ty 3HEEERS ZLITH D),
X7 PV RAER, BT 5B%0E ‘gsl vector .h’ TEFEINL T 5,

8.3.1 U KNILDFER

X7 FVDRAEY ZHARET 2B89%03% malloc & free EFRBEDHE VG TE 2, ZHUIINATHE
DIT—+F 2 I7%iTIH, X7 MVICE D YT+ AT BEHRTELRVEAEIE. GSL D
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I7— NV FJF—%I7—%K"T GSLENOMEM TH-OMHL T, NULL KA ¥ % 2iK$, Lidio
T.GSLDLF— NV F7—%2fioT70 77L& 7357456, alloc %4 EZ2PET N
II7—=%F 2y 7T HMEIER,

gsl_vector x gsl_vector_alloc (size_t n) [Function]

BI nDOR7 MVEERL, ERLERY FUVBERADRA V¥ %IRRT, X7 bl
OHEFIZIZ 70y 7D BT o, HHERD X > 23— block ILRFfS D, TD7
Ty 7 ZDORY FUVHBFFFT 522 EICRD, 2OXRT FPAABMRERING EEITTu Y
7 BRI NG,

gsl vector * gsl vector_calloc (size_t n) [Function]
RS nDORZ PVEERL, X7 PVOEEE 02T %,
void gsl vector _free (gslvector * v) [Function]

TICHERS N TV R bV v 2T 5, ZDX7 V)3 gsl vector.alloc T
WRINZHDRG, v IFFT2 70y 7RI NS, v EIH»DF 7Y =7 b
POERINTRI FPILTHL5EIE. 70y 713204 7Y =7 Fork; L 72 IREE
ISRz, RIS e, N7 RV v IZIERICHER S e b D% NULL ThiFiud
6%\, 5l NULL @ & Ei3fild LA,

8.3.2 RIUNIEZDERME

FORTRAN D a v 84 7 L5 T, C av 34 713l, X7 MVRITF O 2 T O #PHiER %
frb7wtl, GSL OBI%L gsl_vector_get & gsl_vector_set %l Z ISR FOHIPHMER LI TE, £
7ML H 5, HIFENE R EREZBREL I ELALZIZI—2 BT ILEHTES,

X7 PRI OEE L BET 2 B80T ‘gsl _vector.h’ T, BIBIFOH L DA —"—~v %
S T70 extern_inline & LTHEINTWS, IO EES) 7u /oL TL o4 v
JERAIC X 2 ME R B2 D 72w & FiFZ, w7 1 HAVE_INLINE Z2E#&E L Ta vy 34 v g kv,

b LAE D H UL, GSL_RANGE_CHECK OFF ZE# L CGSL #fHdT 2 7w/ 7 6% Har 4
NETBIET, V=R a— F2ZHETICHIPMER 2 S RICHNICT 2 2L TE S, a0 31
TP V74 VBB A —F LT3 gA1E, #HPAER 2 RIS 2 Lk, BB L 2R
GIBEHEANDT 72 ACEEWMZ 5L, 2%

e gsl vector_get(v,i) % v->datal[i*v->stride] (T,
e gsl vector_set(v,i,x) % v->data[i*v->stridel=x IC

’é’fﬁ&z.% LEFUTHD, o oflififEERZ1T ) Bz 70 77 A TfilioTwTdh | Hib
i %ﬂ)dj e gu1 i %ﬁ.%mu X Z)% JE’#@{RT T n i'@‘“(?ﬁ%

VHIPHAER X, ccc DT 7 4k« 4 YA =)L TRIERNIC R > T 208, cee DIRIEIERE bounds-checking (385
) BERETHIREIC 72 %, F 72, Valgrind (Linux IO X €Y 78y 7Y —)L) £, ccc D gee —fmudflap 4 7> a VT X
XY REREL TS B,
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VA FH C99 HEHLT, A v 74 VB EM ) FedIit~y &7 7 A )V HIT inline 721
extern inline DVABEZH#A, <71 GSL.C99_INLINE ZEHR L TEIFIF X EF 25 % M1~
74 BB, 28), cce T -std=c99 A 7> a v EMHoTCI9 E=FTary 4 )LT5LEIC
F. HBEIICERI NS,

AV IA VBB EREDR VWG, 7177 LNT gsl vector get & gsl vector_set ZMFUNHY
LTwa e, av A )URIZ GSL 74 77 UARNICFEE SN TV 3 ZNZTNOBED, 207
077 LDFEGTT7 7 AN 73D, O%E, IR 21T 5 E ) h IR D R
gsl_check range DETCHIHITE 5, 77 4V F TIHHIHHEZR ZIT) L) ITREINTED,
Nz FHFHAEZRZITO RV E ) ITEE T 5121, gsl check range Dffiz 0 ICTUX K\, LA L
44 VBIBEES TRIBITOH L DA — =~y F3d 270, HFAERZEIEL T, W
] I K E BRI 70,
double gsl vector_get (const gsl_-vector * v, size_t 1) [Function]

X7 Vv Di HHOBEREZIET, i 23056 n—1 OHIPHIZTFIUL, =F— -~

VEI—RIFOH L, 0 ZiKT, HAVE_INLINE MEZRIN TR EZIE. AV IF(4 v
ERIEN S,

double gsl vector_set (const gsl-vector * v, size_t i, double x) [Function]

R7 Vv D FHOERIZ x DEEZRATS, i 25026 n—1 QHEHIFIZR TN
E, 99— NV FI7 =0T, HAVE_INLINE DYERINTWBE EEE, A V7
A VEHINS,

double * gsl vector ptr (gslvector * v, size_t i) [Function]
const double * gsl vector_const ptr ( [Function]
const gsl_vector * v,
size_t 1)

RZ Vv DI BHOEEANDRA V¥ %ZRT, i 25006 n—1 OFHEIZ 2T 4UL,
I — NV EFI7—2OH L, NULL £4 » ¥ %iK9, HAVE_INLINE DMEFZEZ I LT
W3 EEIZ, A VIAVIEHEINS,

8.3.3 N7UKMILBEZROYHAL

void gsl vector_set_all (gslvector * v, double x) [Function]
N7 MV v DFRTOERDEE x DIEICT 5,

void gsl vector_set_zero (gslvector * v) [Function]
X7 MV v DTRTOEZDfEZ 0127 5,

void gsl vector_set basis (gsl vector * v, size_t i) [Function]

R7Z MV v OiBHOEZEDER 112, IZ0OEZEDEZ 02T 52 &T, HEXRY
FLEES,
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8.3.4 RNRIUIKNILODT77AILAKA

GSL T, X7 FZEALFVHZ0IEEAME T XA MPATT 7 4 VICHAE ST 5B
HEINnTw 5,
int gsl vector furite (FILE * stream, const gsl vector * v) [Function]

X7 PV v OHEFEE 7 7 4L steam 134 FUVBRTEZ AL, EXIALETH
X0 %, RIKTIUL GSL_EFAILED #iRT, A FVEBRIEFETHOT7—FT7 7 F v i
WFe L e 0 ¢, B IZAREES 1w,

int gsl vector fread (FILE * stream, const gsl_vector * v) [Function]

X7 ML v DEFEE 7 74 )L steam &\ TANAL F IR THAAL, GEAAT A
FEUIRZ P VDREIDSIROOEND 72D, XTIV v IFHODPLUDIELVREX
THER L TE2RITR S5 2V, SEAAADKEIITIUL 0 2, KT 4L GSL_EFAILED
ZRY, T—FRUHENCHAL 7 —=F%T7 7 F v DA FYEXTEZATN AL DLW
I Hif TR L,

int gsl vector fprintf ( [Function]
FILE * stream,
const gsl_vector * v,
const char * format)

X7 MV v DEFER 1177 format THESINZHEATT7 74 )L steam IZT F A b
A cE AL, HAIREIFE/NEUSICR L TR %g. %e. %f o FEEICKR L Tid %d
EHW?, EBEZAABRTNITX 0 2, KRBT GSLEFAILED %17,

int gsl vector fscanf (FILE * stream, gsl vector * v) [Function]

X7 M)V v OBEFE% 7 74 )L stream 2»5 T ¥ A MEATHAIAL, HAIALEAED
Az 7ay 7OREILEIEDOLNET-D, XTIV vIZHOPLHIELVWREX
THHR L TEPRIZ RS 0\, HEAABEIITNL 0 2, KT NIE GSL_EFAILED
T,

8.3.5 NI KNILDO&

TRy IDATA APPSR FILEELD EFERIC, X7 FLVDATA A 5T B ILOE (vector
view) A2 TES, 722, HERT FPILVDOEART PAZBGELTRET LI LT
&, TR PVOBBEHOEFTANT L, AMEHOER T N6, 22 DBRZ
L LENTES,

X7 FVOBIZ, AV RS v 7 BIEon 2 WA 727 b THH, X7 PILOBEEDH
FEAITNT BB 2 L3 TE S, X7 FLDOBIL, const BL W const TRV FLIZZ
NZIE L 7% > TERTE S, const TRWVLRY M SAELEDIIL gsl vector view,
const X7 AP SESLRIT gsl_vector_const_view TH 5, ELLDEEHL, ROKEEZED



112 FR¥E R L ELTH

fllx, BOA 7Y =27 D vector HFE % gsl vector & L THH 2 L TEMTE %, gsl vector
* M ¥ 7-1% const gslvector * L WvoZ, X7 MAMANDRA V&I INGDHEFIC & HHE
FzoFsl LtTREoNS,

FA VI ZHIBECIE, X7 PLVOBDRa—=TICKZ 2T RIERS A, ZDDITE, X7
FVDBAND KA v 8 ZH T gview.vector DIFTH ) D23 - EHHRTH 2, ZDfEZMD
ZRIRAT 2 2 L3I 2RETH 2 (BRI T ORAER L AR, Zh2EHE L BEED
FTLDARTEARY, LA TRORA v 8 2O RER R EITRALLE LT, KE
o6 —E return LTLEH L, b)) ZOMHITEE®RTH %),
gsl vector_view gsl vector_subvector ( [Function]

gsl_vector * v,
size_t offset,
size_t n)
gsl vector_const_view gsl vector_const_subvector ( [Function]
const gsl_vector * v,
size_t offset,
size_t n)

X7 MV v DERDTRZ bV, RZMLOBE L TRET, HTLWRZ P LDSRHHIT,
TEDRT FIVDSETED S offset P TNABEETH 2, FILOLRZ FALOBEERIL n
TH B, BEARIZIE, HILWRZ ML v @ i HHOBRIZLITTEINS,

v’ (i) = v->datal[(offset + i)*v->stride]

CICIRAT i OfiHIZ 025 n—1 TH 3,

RINTRT PG D data KA ¥ 713, 515 (offset, n) DSITGDXRT FILDKE
SN E 5 G AIld NULL &2 5,

FLESNDZRT P AVBTEDRTZ ML v DFf>7ay 70 U TLEw, v D
BEIEIN L Tay 7iF, BRELTGRINZH LT FADHET 50T
B3, ZOEEEMTHEZAa—TDHHTH, X7 MLy L2070y 73z
DEFED, TLORY FILDRXE) ZIRIRT 2121E, TLORY FILERRERIE%R 5
T, FBzEE ZRUTVRIE, JTLONT7 PV ZREL T »T &y,

B2 gs1_vector_const_subvector &, const EEHFEI NI FVICfIZ 5 Z LD
Md. gsl.vector_subvector &MU TH 5,

gsl vector_view gsl vector_subvector with stride ( [Function]
gsl_vector * v,
size_t offset,
size_t stride,
size_t n)

gsl vector_const_view [Function]
gsl_vector_const_subvector_with _stride (
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const gsl_vector * v,
size_t offset,
size_t stride,
size_t n)
X7 bV v D, Bl stride THE SN ANAREZ RO MV E2RITBELIET,
X7 bV gsl vector_subvector & FFRICIES L5203, FHL VRV FLIZInD
N7 FVITEWT, »2EHED S5 RDEHEE TOLAIED stride D n HDIEFE % Ff
D, BEANIZIE, FTILORZ PV v 0 i HFHOBEREBLITTEINS,
v’ (i) = v->datal[(offset + ixstride)*v->stride]
CITHAT 1 ORIFHIE 0225 n—1 TH 5,
WAR7 PVICK 8%/ &, TLORT PLVOEEZEREICSH, BEFTcE 5, %
EZREMTO70 77 5TIE, B nOXY PV v OMEFHOEZEOMHZ 0121,
WHFRHOBEEOMIILEL %2\,
gsl_vector_view v_even
= gsl_vector_subvector_with_stride(v, 0, 2, n/2);
gsl_vector_set_zero(&v_even.vector);
X7 VOB, &view.vector 2 T LT, X7 ML EFIEUCIEETE SBI%UC,
EBEAER SN PVEFRKRICET I EDNTES, ZEZEUTO 707 F L%,
BLAS DBJ% pNrRM2 25T, v OBBERHDUHED / VA Z25HT 5,
gsl_vector_view v_odd
= gsl_vector_subvector_with_stride(v, 1, 2, n/2);
double r = gsl_blas_dnrm2(&v_odd.vector);
BY%L gs1_vector_const_subvector_ with_stride lF. const EHF INRT LI
ffiz 52 2 & LSHE, gsl_vector_subvector with stride LHIUTH 5,
gsl vector_view gsl vector_complex real ( [Function]
gsl_vector_complex * v)
gsl vector_const_view gsl vector_complex const real ( [Function]
const gsl_vector_complex * v)
BHEBART PV v OEFH S % 582K,
BY% gsl_vector_complex_const_real X, const EEHZ I NI MLIZfEZ % Z
ELStE, gsl vector_complex real &[HLUTH 5,
gsl vector_view gsl vector_complex_imag ( [Function]
gsl_vector_complex * v)
gsl vector_const_view gsl vector_complex const_ imag ( [Function]

const gsl_vector_complex * v)
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BREERT PV v DREED»S 0 28 %2IKT,
B9# gs1_vector_complex_const_imag &, const EEHF I NI FILIEZ 5 Z
&L IE, gsl vector _complex imag &[F LU TH 5,

gsl vector_view gsl vector view array ( [Function)]
double * base,

size_t n)
gsl vector_const_view gsl vector_const view array ( [Function]

const double * base,
size_t n)

HESNLRIND S, N7 PADOREZIRT, LAY FILOJEAIE base T, B
i n THEET 2, BEME, HLeXZ bv v 0@ HFHOERIUTTRIND,

v’ (i) = basel[i]
CITCIRAT 1 OfiFHIZ 0 25 n-1 TH B,
v OEREZHERT BN, FTLVLAR2Z FADFET 32T TIER, B2 a— 7
SHEELICONINZZFDEEFTH S, JTLOEFID ATV IE, JTLDKRA ~ ¥ base %
o TORBITE B, BE2SE, BEL TV ABIZICOES % B L TIlEW T v,

BY%L gsl vector_const_view array |, const &HF INEINICfEZ 2 2 L DAt
I3, gsl.vector view array L[AUTH 5,

gsl_vector_view gsl vector_view array with stride ( [Function]
double * base,
size_t stride,
size_t n)
gsl_vector_const_view [Function)]
gsl vector_const_view array with stride (
const double * base,
size_t stride,
size_t n)

A S NS base 706, SIEBTIRE SN LAEZFFORX 7 PV OGZEIE S, #57
N7 P VL gsl vector view array & [FBRICIES 11258, HL W7 FLIZImORY
FLIZE LT, & 2 8ED 5 ROERE TOARIED stride D n HOEHKER>, &
FHNTEH L ARZ PL v @ 1 BHOBEREFLU T TRINS,

v’ (i) = basel[ix*stride]

CZTIRAT i OHiIPHIZ 025 n—1 TH 3,

R7 FPNVOBREMH Z LT, LD DEEZZERSH, BET22 085 TES, R
7 bV DBRIZ &view.vector 29 Z LT, X7 MV ZEFIEICIEETE 2%, H
BAERINART PLVERRRICE ST Z L TE S,
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BI% gsl_vector_const_view_array with_stride |*. const &EHF I #7/EFNIZfH
252 EDAE, gslvector view array with stride &MU ThH 5,

8.3.6 NI KN)LDOEH

MELFR R ED, X {fTbN s~ PR, TD 7477 YD BLAS Bl & LTH
EINTW5 (% 13 & [BLAS Support] Zi), L2 LW < D0 Offi Ak IC1d, BLAS ©a—
FafEzfbdicda Xl iic, UTOBERMHEIN TR,

int gsl vector memcpy (gsl vector * dest, const gsl_vector * src) [Function]

R MV sre DEFEZRRT PV dest IZaE—F 5, ZDDXRT7 PVIFFELCKRE I TR
FHuE7 6 %0,

int gsl vector_swap (gslvector * v, const gsl_vector * w) [Function]

RZMNV v ERT IV wZ, AL THT S (—Tind ) —Tiz LHET S
EDB), OO PIVIREUKE S TRIFIUEZRS 50,

8.3.7 EIXRDANMEZ

DT OB TR Y PV DEFE % S (exchange). & %\ IFEHR (permute) 5 2 LI TE 5,
int gsl vector_swap_elements (gslvector * v, size_t i, size_t j) [Function]

X7 My DiHFHE jBEHOEZEZ ANVKEZ 5,
int gsl vector_reverse (gslvector * v) [Function]

X7 MV v OFEHFEZ, MOMEFICHREZ S,

8.3.8 ~NJUMILDEH
int gsl vector_add (gslvector * a, const gsl_vector * b) [Function]

N7 MV b DREHRDEZ T PL a DFEFHIT, a; — a;+b; DEHITLTMATLE
FHET 5, b DEIFEEI NG, “DDOXZ FPILERFEUKE I TRITINUILS 2w,

int gsl vector_sub (gslvector * a, const gsl_vector * b) [Function]

X7 k)L b @%%%O){ﬁ%’\\7 kL oa @%‘g%ﬁ‘g\ a; «— a; —b; DEHIIHL TE
EHXT3, b DHEHIFEEI NV, “DODOXRY MLIFEICKE X THRIFIUI SRS &\,

int gsl vector mul (gslvector * a, const gsl_vector * b) [Function]

X7 MV b DEBZEDMEE T b)L a DEBERIZ, a; «—a; by DEXIHIICEL T LEE
&35, b DHIZAZAHINE Y, —DoDOXRY FILIEFEIUKE I TRIFUUER S R\,
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int gsl vector_ div (gslvector * a, const gsl_vector * b) [Function]

R PV a DEEFEEZRT PV b DFHEET, a; «— a;/b; DEIHRLTLEEET
%, b DMEHIFETEINZ >, ZODXR7 FLVIEFRICKRE I TRITFIUE R S &%\,

int gsl vector_scale (gsl.vector * a, const double * x) [Function]
R7 ML a DBEBICEBRE x % a; —za; DEIICELTCLEEEXT 3,
int gsl vector_add constant (gslvector * a, const double * x) [Function]

RZPM) aDEZRICERHE x 2 a;—a;+x DEIICLTMATEEET S,

8.3.9 ANJKNILHDORK. RINERDKER

DUF OB TR PVICOWTOARERIN TV 5,
double gsl_vector max (const gsl_vector * v) [Function]

N7 P v DEROHTRAD S DDEZIRT,
double gsl vector min (const gsl_vector * v) [Function]
X7 bV v OEHROPTRAD S DOEZIET,

void gsl vector minmax ( [Function]
const gsl_vector * v,
double * min_out,
double * max_out)

X7 MV v OBEZOFTRINE LORKD S DDEZ min_out B X X max_out IZA
NWGR,

size t gsl vector max_index (const gslvector * v) [Function]

R7 bV v OBEDOHTIRARDD DDIRZT2RT, BEOBERPFZLTILEEITL-
ELNIBHRAFERT,

size t gsl vector min index (const gslvector * v) [Function]

R Vv OBEFZEOHPTRAND S DDIRZ T %IRRT, HBEOBEEIZ YL TEHLEEITD-
ELNIBIRZATFZIRT,

void gsl vector minmax index ( [Function]
const gsl_vector * v,
size_t * imin,
size_t * imax)

X7 ML v OEZOFTRNBLORERDD DDORAF% imin B LV imax I AN
TIRT, HBOBEENZGUT L EIZ, ZNFNTL S ESNELIRAFEZIET,



8.3.

X7 L 117

8.3.10 NZ NILDEM

DUT D BIEI3 TEL & RO ST D7 P LIS L TER SN T %, HEBR7 PG, &
B & IO T 3527z LT b & ZIT 1 ZiRT,

int
int
int
int

int

gsl vector_isnull (const gsl vector * v) [Function]
gsl_vector_ispos (const gsl_vector * v) [Function]
gsl_vector_isneg (const gsl_vector * v) [Function]
gsl_vector_isnonneg (const gsl_vector * v) [Function]

Tz, X7 b v QEFPTRTO, $_TE, $XTH, IXTHFA DL F 1,
Z)ThHVEZ 0 ZIET,

gsl vector_equal ( [Function]
const gsl_vector * u,
const gsl_vector * v)

TODRZ ML u kv BHELOKR (R FPLVOFKRBEENZNENE L LK) 121 %,
ZHITHROEEZITIZ 0 ZIET,

8.3.11 AR N)ILO7O7Z L

DIz, BY%L gsl_vector_alloc, gsl_vector_set. gsl_vector_get Z{fi>T~R7 FILZHER,
WIHHL L CEiAirAte 7’0 775 L2,

#include <stdio.h>

#include <gsl/gsl_vector.h>

int main (void)

{
int i;
gsl_vector * v = gsl_vector_alloc(3);
for (i = 0; 1 < 3; it++) gsl_vector_set(v, i, 1.23 + i);
for (i = 0; i < 100; i++) /* LI LHPINICT 7R */

printf("v_%d = %g\n", i, gsl_vector_get(v, i));

gsl_vector_free(v);
return O;

}

Dricrym 77 aoliizmd, 7a7 7 AOREDON =713, @HIOEEICT 7 AL T
7 —ZFELE S, gslvector_get WOHIHIER L —F > T 7 v 73X 20DHDTH 5,
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./a.out

v_0 =1.23
v_1 = 2.23
v_2 = 3.23

gsl: vector_source.c:12: ERROR: index out of range
Default GSL error handler invoked.

Aborted (core dumped)
RDTOTFLTERZ bz 7 74 VICE iR,

#include <stdio.h>

#include <gsl/gsl_vector.h>

int main (void)
{
int i;

gsl_vector * v = gsl_vector_alloc(100);

for (i = 0; i < 100; i++) gsl_vector_set(v, i, 1.23 + i);

FILE x f = fopen("test.dat", "w");
gsl_vector_fprintf(f, v, "%.5g");
fclose (f);

gsl_vector_free (v);
return O;

}

X7 oL EFTA

o7y L6nETT5E, FX%.6g TR ML v OEFZEDED 7 7 4 )V ‘test.dat’ ITHE
AEND, HEIAENLRZ PVIEMTD X HIZ LT, BI% gsl vector_fscanf(f, v) Zffi>T

MABET I ENTE S,

#include <stdio.h>
#include <gsl/gsl_vector.h>
int main (void)
{
int i;
gsl_vector * v = gsl_vector_alloc(10);

FILE * f = fopen("test.dat", "r");

gsl_vector_fscanf (f, v);
fclose(f);
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for (i = 0; 1 < 10; i++)

printf ("%g\n", gsl_vector_get(v, i));

gsl_vector_free (v);

return O;

8.4 175

19ld, gslmatrix fGEAICK>T, 70y 7DRAIA R E L TEEI NS, X7 PV EFKIC
AEVHEBANICH 2 BROEL L L THRbNED, RAFIE—DTIE AL D TH %,

gsl matrix MEIERICIX 6 HOEZEDDH 5, 2Nz, [THDZODOXRE, VIFZKITE tda,
AEY ETITAIDORHERE Z REF L T 2 EEAD KA ¥ data, 175078 ks, LTwb7ay
7 NDIKRA Y block, FiffL TN EI0%2KT 777 owner ThH 5, YHRILH tda 1: X
TY L TOREZRD 570 flibi, o fTilz2i) & 2I3TADORITE & I3E> 7fEICT 5
ZEDNTED, gslmatrix MIERIZIERICHMIT, 2L ZRBMUTO LI ITERI NS,

typedef struct {
size_t sizel;
size_t size2;
size_t tda;
double * data;
gsl_block * block;
int owner;

} gsl_matrix;

AN THRR, D F D X VBN TIHITNOERE N L TS X J s, 2k C
B COXITRANOWM G EF U TH D, FliERD FORTRAN &3 TH %5, I OREERD X
Y ND sizel BTHNDITOETH D, [TOTWATFDHENHPHIZ 0 >S5 sizel —1 TH 3, FIOEH
size2 TH 5, FIDOWRATFTOHPIZ 0 225 size2 —1 TH 2, WM ZRRKICE tda 13 2 2 TIXER
RIT (trailing dimension) & HIFN, X €Y LIZEHIN T 2750 1TORES, D D IlO%
2T,

72 & ZIXLL N D79 TR, sizel 23 3. size2 23 4. tda D38 TH %, PHIN X € EE XA -
DWED S oD SAITATIZZ > TR, RDITITHE L,

00 01 02 03 XX XX XX XX
10 11 12 13 XX XX XX XX
20 21 22 23 XX XX XX XX

AEY EOfbTuARWLEiiz “XX” THRLTWS, RA V¥ data (ZXEY LOITHIDOFEIAD
TRz T. 4 % block 13 A€ EOITHNDERRH B 70y 7 DGz (7vy 7 2
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ABLTOREE), (TAZDO7 vy 7 %FR L Tt onwer 77 705 1 12> TED, TDOfT
TR E B L Z 270y 7 bRRE N5, DD, 1Z0DITFR~7 Fuas T LT
W57a Y VTDATAATL»EGEZIE onwer 1X 0 T, ZDfFZBIL TH 71 v 71X
Ik,

THNDHER £ 2, BE%2 1T 9 BB ‘gsl matrix.h’ TERIN T35,

8.4.1 1T5DHER

90D X €Y Z LR T 5 B2 malloc & free EMEBRDE VA TE %5, ZHUIMATHED
LF— - F 2y 7 2ITH. FIINSEID U TE103% A€ ) DHERTE ZVEIE, GSLOLF — -
NV F7—%I7—#5 GSLENOMEM THONH L T, NULL £4 ¥ % 2i&9, L7n3>T, GSL
DLF— NV FI7—%flioT70r 762K T3E5%5, alloc RERPRLVICL T —%
Fxv 7§ BB E N,

gsl matrix * gslmatrix alloc (size_t ni, size_t n2) [Function]

K&E DS nl 17 n2 FNoF751% ER L, #i L Wk - 55IE R~ R4 v & %
BT, fTHIEED - »Ic7ay 7 DR S 1, 1THIREERD block BHRICHRF SN 5,
70y 713 2 O FIRSEM I THrRE) S, TSRS 1% L ZICTOFFFL Tw
270y 7 bBIHIND, tda lE n2 Ik 5,

gsl matrix * gsl matrix calloc (size.-t ni, size_t n2) [Function]
KESH nl AT n2 DI ZER L, IO TXTOLEHEE 0 ISHIULT 5,
void gsl matrix free (gslmatrix * m) [Function]

TTICHER SN TV 2470 m 2T 2, Z DITHIDS gsl matrix_alloc 2> T
RE NS DDA, ZDITIIDFFIT 270y 7 RIS 5, 300477 b
POERINTATIDEGEE 70y 73D 7Y =7 PR L E icsih, @
S v, 75 m FIEFEICHER S 7D Dd NULL TR IUE%R S v, 5188
NULL @ & Zi3fd L,

8.4.2 1THIDERDIRE

IO EFEZ S, BT 2B~ 7 P L OE6 EFRICHE A FORPAZ R T 2 > A7 L 2 fii
ATw%, 7Y 7' 0%y ¥ T GSLRANGE CHECK OFF % define L C7R 77 A% a v /84 )L §
U, HPHMER 2 S35 2 L TE S (B 8.3.2 i TRV M VHEEOHAE, ),

TPIDYFIL, C SETONF, 2% ) “HHOBAFVAEY LTl L 28K 2E£T, 0%
D. B8% gsl matrix get(m,i,j) & gslmatrix set(m,i,j,x) TZMW, WEINLERIZDT
DEHICEBTE S,

m->datali * m->tda + j]
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2 2T tda ITHIOYHIIETH %
double gsl matrix get (const gsl.matrix * m, size_t i, size_t j) [Function]

79l m O (i,7) RAZIET, i 2 j23026 nl —1 713056 n2—1 OHFHNIC
UL, 27— NV FI7—%ZFOH L, 0 #i&7T, HAVE_INLINE DYEFEI LT \»
BEFIF. AVIAVIERHINS,

void gsl matrix set ( [Function]
gsl_matrix * m,
size_t 1,
size_t j,
double x)

790 m D (i,7) I x DfEZAAAT S, iR i 026 nl—1£7F30596 n2-1
DOEFNIZ TN, 57— - N F I —2UH T, HAVE_INLINE ASEZEI LTV
LEEIR AV IAVERHEINS,

double * gsl matrix ptr (gslmatrix * m, size_t i, size_t j) [Function]
const double * gsl matrix_const_ptr ( [Function]
const gsl_matrix * m,
size_t 1,
size_t j)

79l m D (i,5) MA~NDRA I ZIBET, i jHB 0256 nl —1 FkiF 025
n2 —1 QHEFHNICZ TN, =F7— NV FI7—ZFH L, NULL &4 v ¥ %K,
HAVE_INLINE SERINTWVAB L EIZ, AV I4 VIEFIE NS,

8.4.3 TSIEROIHAL

void gsl matrix set_all (gsl.matrix * m, double x) [Function)]
9 m DFNTOERDEZE x 12T 5,

void gsl matrix set_zero (gsl.matrix * m) [Function]
79 m OFT R TOHEROfEZE 0127 5,

void gsl matrix set_identity (gslLmatrix * m) [Function]

151 m OFOMEE BAATH] m(i,§) = 6(i, 7). 2 F D AKDDS 1 CIERNATH 0
DI DG 2 BHEOMHEIZT 2, ZOBIFUTIETTINIC S ZN PSS b 2 &3
TE3,



122 FR¥E R L ELTH

8.4.4 1ID7 74 ILAKA

GSL T, il "4 U H 2 IEEAME T X 2 MPATT 7 4 VIcHiAEH & T 2 By
INTn35,
int gsl matrix fwrite (FILE * stream, const gsl matrix * m) [Function]

150 m DEFZE% 7 7 4 )V stream [N A4 F VR TEEAL, ESAABPERNTUL
0 %, RECT I GSLEFAILED #iRT, N4 FUERIFETHOT7—F 77 F v ik
FeL 72T, Bk REE I s,

int gsl matrix fread (FILE * stream, gsl_matrix * m) [Function]

75 m DYEFE%R 7 7 A4 )L stream & HITNA F UK THAA L, Fiadie A ML
BITFIDRE S ordoN 2720, Tl miZH oL UHIEL WKREITHELTE
UL 6 R\, FEARABRDIEIITIUL 0 &, KRBT 4UE GSL_EFAILED ZiK$, 7—
FIEDHNZHEA L 7 =% 77 F v DAL FVIBATESIATN AL D E L TitAdtr,

int gsl matrix fprintf ( [Function]
FILE * stream,
const gsl_matrix * m,
const char * format)

15 m OHEEZ 1179 format TIREZINLENXT7 71 )L stream 27 F A FE
RoHZ AL, EXRE B/ NEOTIS L Td%g, %e. %E. BEE0T L TlE %d %
Hwv 2, EEAABETUL 0 %2, RKTL GSLEFAILED %217,

int gsl matrix fscanf (FILE * stream, gsl . matrix * m) [Function]

19 m DEFE% 7 74 )V stream D6 T F A MEATHRAAT, FeA T EE DB
X7ay 7OREIVPOIRDONG D, [Tl m IEH S L DIELVRE I THERL
TEPRIZE SR, HEIAADEIITIUL 0 2, KKT 11X GSL_EFAILED %187,

8.4.5 1T5DR

TG (matrix view) (& —HR%aA 72 27 FELTAXEY R v 7 RICREi S, 1THl0%E
DETEAITHNT 2HE T ) 2 LI TE S, THIDBIZ const B XU const THRWTHNTH L
TENZFNES 2o TERTES 70, 72L& 21F const BITHIDE %S 72T const T
Boat—%fFs L wo L F/IZAELE L, const THWITIIE const BRITHIDOKROEITZNZ
N gsl matrix_view 8 LU gsl matrix_const_view TH 5, &6 5DHEEBIROELIL, BoA
7Y 27 b D matrix BWHEZMH->TSM, BIET 2L TE S, gslmatrix *x B E 713 const
gslmatrix * BDITHINDKRA v ¥ 1E, matrix WRIC g HE 2O 5 L THons, 7.
ITE7B3INDBRD LI, A6 R7 PVOKREZES 2 LN TE 5,

gsl matrix view gsl matrix submatrix ( [Function]

K
gsl_matrix * m,
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size_t k1,
size_t k2,
size_t nl,
size_t n2)
gsl matrix const_view gsl matrix const_submatrix ( [Function]
const gsl_matrix *
size_t k1,
size_t k2,
size_t nl,

size_t n2)

m,

151 m DTN DB ER T, BRI NHoT571E, TTDIT5 m D (ki, k2) KT %
ElimeE L, BTEROKE I nl T n28TH%, WHNZAEY ETOIIEIZITTD
fIFIEFIL T, tda THAZ SN S, BEACIE, FTL WD (i,5) BAETFD &9
W27k 5,

m’(i,j) = m->datal[(kl*m->tda + k2) + i*m->tda + j]

CI2Ti OHFHIZ 0 225 nl — 1, j OHiIPHIZ 0 25 n2 -1 ThH 5.

LRI NBTFIIREEERD X v X—=TH DR A ¥ data X, fTHIDIEZDINT XA —%
(i,j,n1,n2, tda) PILDITHND DHIPAICINE & 2 Wié, NULL Lk 5,

B LwArdliz, mofrdl m oFf> 71y 7 OBICT Ev, JTDITH m OERIE
PNT w570y 7, L CATHIBHE T 201 Tldkwve, B LWirslofds, 2o
LERAMTHZAa—7 DG ES, fTlm L2077 ny 7 13Z20FE £5K5,
TLDATHND A EVIZ, JTLCDITHIZ MRS 2 £ THREF ST %, L7ds> TRZ 1.
ZI LT 2IE, LT 2 MR L TZ LT &,

B2 gs1 matrix_const_submatrix (X, const &'HE IN/ATINfEZ 2 Z & DIAME,
gsl matrix_submatrix LM UTH 5,

gsl matrix view gsl matrix view array ( [Function]
double * base,
size_t n1,
size_t n2)

gsl matrix const view gsl matrix const view array ( [Function]
const double * base,
size_t n1,
size_t n2)

Wi base DEEFFIOME LTET, SN 21501E nl £7 02 51cH 5, €Y
DYFAFIRD n2 127 %, BEFICIE, B L WD (1, j) RO T TR N3,

m’(i,j) = base[i*n2 + j]
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Z2Ti OHEIFIZ 026 nl — 1, j OHIPHIZ 0226 n2 -1 ThH 5,

B L CAES N BATHNEICS base DBRICT E v, ZOBEBZDEESHENTHL A a—
TOMZTIGE S, WS base 13 Z D% K5, LD A TV IIILORSN % RIS 5 £
THER SN T 5, Ledio THRZ#EME. ZHL Tw s/, Juofrdlz il T
W,

BY9%{ gsl matrix_const_view array |, const &HF I NfTFIcfiz 5 2 LDt
I3, gslmatrix view array &AL TdH 5,

gsl matrix view gsl matrix view array with tda ( [Function]
double * base,
size_t n1,
size_t n2,
size_t tda)
gsl matrix const view gsl matrix const view array with tda ( [Function]
const double * base,
size_t nl1,
size_t n2,
size_t tda)

tda TR S MW AT (FFAIDRTEARTIIOBE B o> TOTH £v) 4%
S, Wil base DFFFIOBAEET, KEHBFF1IE nl 47 n2 51T, X2 Y hoFloy
B TISE 5 2 5 U tda 107 %, BUFHICIE, BLWIFAID (i, ) AR
THIN3,

m’(i,j) = basel[ixtda + j]
ZI2Ti OHIFIZ 026 nl — 1, j OHIPHIZ 0226 n2 -1 Th 5,

L LMES N BFTHNEACH base DIRICT E R\, ZOBRMBZDESHNTH B Aa—
TOIMH A S . BFl base 13Z D F F55, LD X E VY IZITCORS 2 Fik T 3 £
THEFREINT VS, Lo TREZERE, 2L Cw sk, JTofTdlz FiRL <Tix
WiF R,

B2 gsl matrix_const_view array with_tda |%. const LEHF INATINfEZ S
Z LDIAHE, gsl matrix view array with tda LU TH 5,

gsl matrix view gsl matrix view vector ( [Function]
gsl_vector * v,
size_t n1,
size_t n2)

gsl matrix const_view gsl matrix const_view_vector ( [Function]
const gsl_vector * v,
size_t nl,

size_t n2)
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X7 MV v 2SO TEHREFE->TRT, BIN 51751 nl fTn251TH 3, X
7 b VDR AR stride 13 1 THRIFNUZZR S %\, XY hOWHNZRFIE S n2 127k
%, BEAIITIE, BT L WSSO (6, 5) AT IEDL T TRI NS,

m’(i,j) = v->datali*n2 + j]

CITi OHIBIZ 0 225 nl — 1, j OHIPIE 025 n2-1Th 5,

HLLAMESNBITANERT PL v ORRICT E R\, ZOEBZDEEHHTHE A a—
TOMHZGES, X7 ML v IEZDE FES, LD X TV IZCDOELS % RIS %
FTHERINT VS, Lich> TRZEME, SR TV 3IIE, JtoXT PV 2RI
LTiEwiFiw,

BY%L gs1 matrix_const_view_vector l%. const &EHF IN/AATINIIMZ 2 Z LD
lZ. gslmatrix view vector &[AUTH 5,

gsl matrix view gsl matrix view vector with tda ( [Function]
gsl_vector * v,
size_t nl,
size_t n2,
size_t tda)
gsl matrix const _view gsl matrix const_view vector with tda ( [Function]
const gsl_vector * v,
size_t n1,
size_t n2,
size_t tda)

tda CTHE I LB WE 5B (THDORILHRTINOE E Bix>THTH kW) T
X7 MV v DD TR EZES TRT, X7 FLVOXIAIE stride 12 1 ThIJUL
%5k, IBINS1TH0E nl 1T n2 51T, XY HOFI OV EEIL 5 2 6 -
filfl tda (27 %, BUEEINIZIE, FTLWITID (i,5) BRTIELLFTRI NS,

m’(i,j) = v->datalixtda + j]

CCTi OHIPIZ 0 225 nl — 1, j OHIPHIZ 025 n2-1Tdh 5,

L AEo B T5IER7 PV v ORICT E R\, ZOBRVBZDO L EFHMTHLAa—
TN GAE L, X7V v 3ZDF K5, JuD A€V IITLOES % R %
ETHER SN TV S, Lchio TRZEE, L TL3HEIE, JtoX7 Pz R
LTiwidin,

B2 gsl matrix_const_view_vector with_tda (X, const &EHF I N74TFICfix
% Z L DAL, gslmatrix view vector with tda &[HUTH %,
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8.4.6 1T/ IFFIDBERDERK

RIZAEY ATV 27 M7 7R RT3, SMEERDO OO TENH D, ZOHEITIE,
DT £ 7135 0B % ZRICE D X7 PURE L TERT 2B W THIHT 2, RS0
7eR7 PURETLDITAND T =2 I3 EL 5 bFRBEFAL A €Y 70y 7 TH LD, ROTEHRICE
HE2MA DL, TOTIIOEFEDEOEHI NS,
gsl vector_view gsl matrix row (gslmatrix * m, size_t i) [Function]
gsl vector_const_view gsl matrix const_row ( [Function]
const gsl_matrix * m,
size_t i)

79l m @ i Z#HDITOXRY bR ZRT, | DHFANDEA, HiL S ERI LR
FLD data BA v #1E NULL Ic&# 5,

BI# gsl_vector_const_row I¥ gsl matrix_row & U 7225, const EHE IN T
25N B R 5,

gsl vector_view gsl matrix_column (gsl.matrix * m, size_t j) [Function]
gsl vector_const view gsl matrix const_column ( [Function]
const gsl_matrix * m,
size_t j)

9l m @ jHEEHDINIDOR Y S VRZIRT, j PHEHIFEANDOEGE, L CERI N
FL®D data R4 %13 NULL IcE L5,

BI%L gsl_vector_const_column 1%, const &'EH T IN/ATHNIfEZ 2 2 & DA,
gslmatrix column &[HUTH 5,

gsl vector_view gsl matrix subrow ( [Function]
gsl_matrix * m,
size_t 1,
size_t offset,
size_t n)
gsl vector_const_view gsl matrix_const_subrow ( [Function]
const gsl_matrix * m,
size_t 1,
size_t offset,
size_t n)

75l m @ i HEHDITDHRIAD S offset HTHDOELZEZMIHE L, n HOERED» S 25X
7 PR EIRT, i, offset. n DWT NN DEGE., FiL BRI NIRRT P L
?D data R4 % 1E NULL I2& 5,

BY% gsl_vector_const_subrow |3, const L'HF IN/ATINEZ 2 2 L DAL,
gsl matrix_subrow &[AUTH %,
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gsl vector_view gsl matrix subcolumn ( [Function]
gsl_matrix * m,
size_t j,
size_t offset,
size_t n)
gsl_vector_const_view gsl matrix const_subcolumn ( [Function]
const gsl_matrix * m,
size_t j,
size_t offset,
size_t n)

79 m @ j HBEH DI DI S T offset HHDOHEFEZ I E L, n HOBEE»S %
LR MWV EIRT, j. offset. n DT NDBHEANDGE, HTL K ERI NIRRT
bV D data KA & NULL IcZ 3,

BY%X gsl_vector_const_subcolumn (E, const &HF IN/ATFNfEZ 2 Z & DIAMZ,
gsl matrix_subcolumn E AU TH 5,

gsl vector view gsl matrix diagonal (gsl.matrix * m) [Function]
gsl vector_const view gsl matrix const diagonal ( [Function]
const gsl_matrix * m)

750 m ORI D575 X7 P VAREIR T, 175 m FIEATIITRLETH L, Z
DHE. X7 FVORIZTHDORITTD/NI WIFIZHR S,

BI9% gs1 matrix_const_diagonal I%. const &EHE IN/ATHNIMHZ 2 Z & DA,
gsl matrix diagonal &[HU TH 5,

gsl vector_view gsl matrix subdiagonal ( [Function]
gsl_matrix * m,
size_t k)

gsl_vector_const_view gsl matrix_const_subdiagonal ( [Function]
const gsl_matrix * m,
size_t k)

90 m D k RO TANAETH S 7057 b WURZRT, 79 m IZIEGTHTHR T
blv, k=0 TDITINDTRTONMRTH»E %57 SR 5,

BY%L gs1 matrix_const_subdiagonal i, const LEHF INATINfEZ 2 Z LDI4
l¥. gslmatrix_subdiagonal L[HIUTdH %,

gsl_vector_view gsl matrix superdiagonal ( [Function]
gsl_matrix * m,
size_t k)

gsl vector_const_view gsl matrix const_superdiagonal ( [Function]
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const gsl_matrix * m,
size_t k)

190 m D k XD ERARGTH 6757 P VB ZIET, 75 m FESTHTRLT
b L, k=0 TImOITINDTXRTONARTD 6557 PABRLNS,

B2 gs1 matrix_const_superdiagonal . const LHF IN/ATHIMEZ 5T LD
d. gslmatrix superdiagonal &RIUTH 5,

8.4.7 1T5DEE

int gsl matrix memcpy (gsl.matrix * dest, const gsl_.matrix * src) [Function]

79 src DEFE%#1TH] dest ICAE—T 2%, ZODITHDORILIFHFEL  RIFNE k5
7\,

int gsl matrix swap (gslmatrix * m1, gsl_matrix * m2) [Function]

1190 m1 & m2 OEFEZ, WET (F—2 D LEHEEPHRV BV L)1) HHZITW R
VoS 5, “ODIHORITIFEL BT 5 7w,

8.4.8 {TFIZFDER

Z O TIHATHIDITE 72 I3FN 2B L TR7 PV ETRBUCO W THT 2, Jiudiiti>g
HLEST, MEOoNTRT PV ESTHIOBEEZ 2 ICHBMET 2 2 L TE S, [THIERT P23z
NZIHET ATV HESEL > TR 2581, BIEORFIIAETH S, DUFICHHT 2B,
FIINDITRIND XY b ARIK L TN DBEIEL gs1 vector memcpy %9 2 & T, HLU Z &43T
5,
int gsl matrix get row ( [Function]

gsl_vector * v,

const gsl_matrix * m,

size_t * i)

Il m D i FHDOFTZANZ bV vIiCat—=9%, X7 bLORIIIIIDITORS
R TRIFIUTR S 72,

int gsl matrix get_col ( [Function]
gsl_vector * v,
const gsl_matrix * m,
size_t * j)

i m® jHFEHDOINZRXY F)L v iIcabE—7%, X7 PILOEIRZTHDFOEZ
ERUTHRIINIER S R0,
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int gsl matrix set row ( [Function]

int

gsl_matrix * m,
size_t * i,
const gsl_vector * v)

X7 bV v z2ilm D i HFHOTIC2E—F2%, X7 VORI BIIIOITORS
ERIUTARTFIEZR S R,

gsl matrix set_col ( [Function]
gsl_matrix * m,
size_t * j,
const gsl_vector * v)

X7 Vv z2filmo jEEOINCIE—=F 2%, X7 PLVORIFIIIIDIDOES
ERIUTRTFIEZR S R,

8.4.9 ITXRIZFIDANEZ
TIADFTRIND AT Z 13, DT ORI E > T 9 2 L TE 5,

int

int

int

int

int

gsl matrix swap_rows (gslmatrix * m, size_t * i, size_-t * j) [Function]
Tl m i HFHE jEHOITZ ANEA 2,
gsl matrix swap_columns (gslmatrix * m, size_t * i, size-t * j) [Function]

Tl m o i HHE jERHDOINZ ANEA 2,

*

gsl matrix swap_rowcol (gslmatrix * m, size_t * i, size.t * j) [Function]

5l m @ i HHOT L jH/RHDINZ AL 5, 178 m FIEHTHITRITFNE% S
f;cl/)o

gsl matrix transpose memcpy ( [Function]
gsl_matrix * dest,
const gsl_matrix * src)

1% src ZEE LTI dest I2a ¥ —F 3%, src DEBEITHIDORIGE dest DRIGHS
—H L TR % s 2w,

gsl matrix transpose (gsl.matrix * m) [Function]

9 m %2, ZDOWRETIITESIA 2, 78] m ZIEAITAITRTIER 5 %,
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8.4.10 1T3IDEHE

FBE L OCEEBOTINH LT, UTOBENERIN TV 5,
int gsl matrix_add (gsl.matrix * a, const gsl_matrix * b) [Function]

151 b OBEEDEEITH] a DEFEIZ a(i, ) «— a(i,§) +b(i,5) DEIICLTMAT a
W EEET S, b IEHEING L, ZODITFIORICIEF L ThIFIUI % S 2w,

int gsl matrix_sub (gslmatrix * a, const gsl_matrix * b) [Function]

151 b OHEFEDMEZITH a DEFEDS a(i,j) « a(i,j) —b(i,7) DL IICLTHL T
all EHET 2, b BEHEINE, ODfFFORICIFF U TRiFiuEs s ke,

int gsl matrix mul elements (gslmatrix * a, const gsl.matrix * b) [Function]

191 b ODBEFEDEEITH] a DFFEIC a(i,5) «— ali,j) *b(i,j) DL IICLTELTall
F#HET S, b BEEINE NV, ZOOTHORIGIRE L TRIFIER S R,

int gsl matrix div_elements (gslmatrix * a, const gsl_matrix * b) [Function]

141 b DEFZEDETITH] a DEFE% a(i,j) — a(i,7)/b(i,7) DL IITLTHLT all
EHETZ, b BEFINZR, ZODTYORITIZFE L TRITIUL%E S e,

int gsl matrix scale (gsl.matrix * a, const double x) [Function]

EHME x 175 a DT RTOEFEIC a(i,j) « va(i,j) P IICLTELT alc bE
75,

int gsl matrix_add constant (gslmatrix * a, const double x) [Function]

TEHME x 2170 a DT RTOEFEIZ a(i,j) — a(i,j) +2 DEHIITLTMAT alzl
HET 5,

8.4.11 TIHDRK. RINERXRDER

PUF DG FEEATINCN L TOARER STV 5,
double gsl matrix max (const gsl.matrix * m) [Function]

19 m FOHERTRRD b DDEZIET,
double gsl matrix min (const gsl.matrix * m) [Function]
791 m hDOERTRAD b DDEZ IR T,

void gsl matrix minmax ( [Function]
const gsl_matrix * m,
double * min_out,
double * max_out)
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75 m FOHEETR/INE IR RKD S DDEZ . min_out 8 & U max_out 2 AL T
KT,

void gsl matrix max_index ( [Function]
const gsl_matrix * m,
size_t * imax,
size_t * jmax)

791 m HOEFETHRARD S DA FOEZ ., 518 imax B L jmax IZ ANTET,
FCED D DMEE D 5 & Zid, fTERTHREL TRIICEDD» > b D %R T,

void gsl matrix min_index ( [Function]
const gsl_matrix *
size_t * imin,
size_t * jmin)

m,

79 m FOHEFZETRAND D DIFEZFOME%E ., 512 imin B XX jmin I ANLTGEY, M
UMD b DEEED 5 & i, [TEAETHERL TRIICA D> bD%IKET,

void gsl matrix minmax_index ( [Function]
const gsl_matrix * m,
size_t * imin,
size_t * jmin,
size_t * imax,
size_t * jmax)

79 m FOUETRNE XORARD S DIRZAFDEZ, ZNZ N5 ¥ (imin, jmin).
(imax, jmax) I ANTEY, FUMHED S DR D 2 & Eid, [T THE L TRY
RO 572 b DZIRT,

8.4.12 1THDEMH

DT ORISR E EEBOE T OFHINCH L TEZRIN TV S, HERDOTHIDEA, EiL1E
HOM ST 2L TWwa EEIC 1 2KT,

int gsl matrix_isnull (const gsl_matrix * m) [Function]
int gsl matrix_ispos (const gsl.matrix * m) [Function]
int gsl matrix_isneg (const gsl.matrix * m) [Function]
int gsl matrix_isnonneg (const gsl.matrix * m) [Function]

ZnFn., 7l m POTRTOEEZEDEHN 0 O, 0 THRVIED L Z, 0 THRVWAD
i, JFEDL EIC1 %, 29 THRVEEIZ 0 2ET, fFHIBIEE@EIE I »IZ, aL
AFx =R (14.5 iz 2HH) THXRNLZ LB TE S,
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int gsl matrix equal ( [Function]
const gsl_matrix * a,
const gsl_matrix * b)

ZoD il a kL b BEL VR THOKEELIZNZTNFLWIR) IT1 2, 29 Th
WEEIZIZ 0 ZIET,

8.4.13 1T 7O%T Z LAl

DI d 7a 77 L5 Clk, BI% gs1 matrix_alloc, gsl matrix_set. gsl matrix_get %#fHi-
TATAIZ MG, K. SEARIAARZAT ),

#include <stdio.h>

#include <gsl/gsl_matrix.h>

int main (void)

{
int i, j;
gsl_matrix * m = gsl_matrix_alloc(10, 3);
for (i = 0; i < 10; i++)
for (j = 0; j < 3; j++)
gsl_matrix_set(m, i, j, 0.23 + 100*%i + j);
for (i = 0; i < 100; i++) /x DI LHPAICT 7 £ X +/
for (j = 0; j < 3; j++)
printf ("m(%d,%d) = %g\n", i, j, gsl_matrix_get(m, i, j));
gsl_matrix_free(m);
return O;
¥

DIMcBlR L7707 5 Lotz Rd, 7077 LOREEDILV—71E, gsl matrix get TOIT
Yl m OFPIER T — 2L Ch 7y 792700 DTH 5,

m(0,0) = 0.23
m(0,1) = 1.23

m(0,2) = 2.23

m(1,0) = 100.23
m(1,1) = 101.23
m(1,2) = 102.23
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m(9,2) = 902.23
gsl: matrix_source.c:13: ERROR: first index out of
Default GSL error handler invoked.

Aborted (core dumped)
RD7 Q77 LTETINZ 7 7 A VITHSE T,

#include <stdio.h>
#include <gsl/gsl_matrix.h>

int main (void)

{
int i, j, k = 0;
gsl_matrix * m = gsl_matrix_alloc(100, 100);
gsl_matrix * a = gsl_matrix_alloc(100, 100);

for (i = 0; 1 < 100; i++)
for (j = 0; j < 100; j++)

gsl_matrix_set(m, i, j, 0.23 + i + j);

{
FILE x f = fopen("test.dat", "wb");
gsl_matrix_fwrite(f, m);
fclose(f);

¥

{
FILE * f = fopen("test.dat", "rb");
gsl_matrix_fread(f, a);
fclose(f);

}

for (i = 0; i < 100; i++)
for (j = 0; j < 100; j++) {
double mij = gsl_matrix_get(m, i, j);
double aij = gsl_matrix_get(a, i, j);

if (mij !'= aij) k++;

gsl_matrix_free(m);

gsl_matrix_free(a);

range

133
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}

B8E AT R EfTS

printf("differences = /d (should be zero)\n", k);
return (k > 0);

D7 r 7 L%FETTHE, ‘test.dat’ LWV 7 P AN m DEFDEDNA F VA THE
AEND, ZNzBI% gsl matrix_fread TaonAiALr &, JTLDITH EERICFAL DRSNS,
DTo7a 77 LTER7 FVBOEREIE LT, 7510517 v LA DFHEZRT,

#include <math.h>

#include <stdio.h>

#include <gsl/gsl_matrix.h>
#include <gsl/gsl_blas.h>

int main(void)

{

}

size_t 1i,];

gsl_matrix *m = gsl _matrix_alloc(10, 10);

for (i = 0; i < 10; i++)
for (j = 0; j < 10; j++)

gsl_matrix_set(m, i, j, sin(i) + cos(j));

for (j = 0; j < 10; j++) {
gsl_vector_view column = gsl _matrix_column(m, j);
double d;

d = gsl_blas_dnrm2(&column.vector);

printf("matrix column %d, norm = %g\n", j, d);

gsl_matrix_free(m);

return 0;

MTic7a 77 5otz nRnd,

$ ./a.out

matrix column O

matrix column 1

matrix column 2, norm = 2.19316
3

matrix column

4.31461
3.1205

, norm

, norm

, norm 3.26114
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matrix column 4, norm = 2.53416
matrix column 5, norm = 2.57281
matrix column 6, norm = 4.20469
matrix column 7, norm = 3.65202
matrix column 8, norm = 2.08524
matrix column 9, norm = 3.07313

FEROIEL &1 aNU OCTAVE 2o THERTB Z L3 TE 3,

$ octave
GNU Octave, version 2.0.16.92
octave> m = sin(0:9)’ * ones(1,10) + ones(10,1) * cos(0:9);
octave> sqrt(sum(m."2))
ans =
4.3146 3.1205 2.1932 3.2611 2.5342 2.5728
4.2047 3.6520 2.0852 3.0731

8.5 ZSZEX K

GSL to7uay 7, X7 M, fFHXA 7Y 27 i C++ D valarray I 5->Tw5, Z
I T DOSE X CHRHI N TS,

e Bjarne Stroustrup, The C++ Programming Language (3rd Ed), Section 22.4 Vector Arith-
metic, Addison-Wesley, ISBN 0-201-88954-4 (1997).

FEOSTEROMRBU T OEFE L L THIKENTE Y., $/-Z20IFBREN WWW TR S, 5
FEDOEFMELZ 6 ENS,

e Bjarne Stroustrup (REMIAR), 7077 I Vv VS C++ (TAF =TTV V72 AL A ¥
) — X — Ascii Addison Wesley programming series), 7Y ¥ 7 2 AL AR 7Y v ¥ v —X
¥ ¢ % ISBN 978-4756118950 (1998).
1ERAZ%: http://www.longtail.co.jp/errata/
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Pavaw

E29E Bt

CDETIE, B (permutation) Z AR, #IET 2BIBICOWTHIIT 2, Efip 13 0225 n—1
FTO n HOBBDERZF ORI TEBLI L, BADEKEERDOME p; (FESIP T2 T4 7
GEND, T p 27 ML o IEAT 2, &, RZ PV w25 vl =0, ELTHLOLARZ B
W BMESND, Tl ZIFEFEE 4 ORY PVOKRED oDEHEE A Z 2 BEIE, B
(0,1,3,2) TEIN S, FkIC, MHEEW (identity permutation, @H L THImoX 7 bV EFELT
b OVR S NS ER) X (0,1,2,3) TRIN S,

PIGARBESED )V —F v THb i 2 B, 75052 AdUE 2 2 BFICHYS T 5, L7edioT
N7 PVICEBZEH T 2K, ZOX7 FUIFFIR7 FLTiEE L BIHIZTRZ PV LT
vV =vP DEX)ICKRINZBETH B EEZRITNUIR 6 700,

COFEIHT2EEPERIINY 7 74 ‘gsl permutation.h’ IZH 5,

9.1 EREBER

Bt 7Y 27 M, ZORE S LR R TIIINDORA ¥ 2R OMGER TR S 15, fiddl
DHEEZDOMILTRT sizet TH 5, gsl permutation MERIZMLTD LI BEERTH 5,

typedef struct {
size_t size;
size_t * data;

} gsl_permutation;

9.2 EBEBROER

gsl permutation * gsl permutation_alloc (size_t n) [Function]

KES n DEMRZHIIERT 2, UILTONZCOT, BEHRONFIZAERRIC
I ARETH S, —H. gslpermutation_calloc IFEFEWEZEKT 5, HEINX
RESDEMERIT LT DAY BHERTE Lo/ L Zid, NULL £4 ¥ 5 %
B9,

gsl permutation * gsl permutation calloc (size_t n) [Function]

KREE n OEFEWRZH/IERT 5, HEINALREI SOERZRIFT 22T DA
TYDMERTE o7 & X, NULL KA ¥ 2iKT,
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void gsl permutation init (gsl_permutation * p) [Function]
I N iEE p 2 HEER (0,1,2,...,n 1) IX9 %,

void gsl permutation free (gsl_permutation * p) [Function]
Efs p DX T ZFRT %, 51805 NULL @ & Zi3fild L,

int gsl permutation memcpy ( [Function]
gsl_permutation * dest,
const gsl_permutation * src)

B src DEEZE dest ICaAE—F 2, ZODEMOKREZ I IZIFEL THRIFIUIER S
7\,

9.3 BROEZRDSIREIRE

B B IET 2 U T OBSHE I T 5,

size t gsl permutation get ( [Function]
const gsl_permutation * p,
const size_t 1)

B p @ i FHOERZERT, i 250 25 n—1 OHEFHA» S 3TN TV EE5IFT T —-
NV R =g, 0 #)K7T, HAVE_INLINE DSTERINTVBEEEIZ, A v T4V
B XN 5,

int gsl permutation_swap ( [Function]
gsl_permutation * p,
const size_t 1,
const size_t j)

B p i FHOEKL j RHOEFEZ ANEZ S,

9.4 BROEM

size t gsl permutation_size (const gsl_permutation * p) [Function]
B p ORESZ2IRT,

size t * gsl permutation_data (const gsl_permutation * p) [Function]
B p DERERFET 2HII~DRA v 8 ZIKT,

int gsl permutation_valid (const gsl_permutation * p) [Function]

B p DEREROD DO EI D EHET S, n HOHEFEIZ 025 n—1 FTORE
B—oFoE&EFTNTVLIUT L\,
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9.5 Bz SEH

void gsl_permutation reverse (gslpermutation * p) [Function]
Efs p OBEZEOW N ZMIZT S,

int gsl permutation inverse ( [Function]
gsl_permutation * inv,
const gsl_permutation * p)

[EE p OMEHRZFIE L, inv ICANTET,
int gsl_permutation next (gslpermutation * p) [Function]

B p 2 REEIE TR OB E Z 17 T GSL_SUCCESS %K T, BFEIACTRIC 4 5 Eii
DMENR WA X GSLFAILURE ZiK L, p 3L L v, EHEEW)»SIZCOTID
BB EDIELEHL TW 28T, TRTODH NG EBRERS Z L TE 3,

*

int gsl permutation prev (gsl_permutation * p) [Function]

B p ZHEHIEC— DR OB E 241 2 T GSL_SUCCESS iR, HEEIE TR E
D7 0IAITIE GSLFAILURE 23R L, p 2L L 2w,

9.6 EMRDEMR

int gsl permute ( [Function]
const size_t * p,
double * data,
size_t stride,
size_t n)

EHL p Z XA stride TR EE n DELY data \EHT 5,

int gsl permute_inverse ( [Function]
const size_t * p,
double * data,
size_t stride,
size_t n)

B p OWENEE | ZAIE stride TR E E n OFLS data ISEHT 3,
int gsl permute_vector (const gsl_permutation * p, gsl_vector * v) [Function]

B p 27 PV v ICEHT 2, X7 FVBITRZ PV ERES N, BB IE
79 P #4600 o =oP DEXHIICLTHHT S Z LIk, ZOEBTH P D j
HHDOINZHAATI D p; HFHOIITH 5, Efap L X7 PV v BECKRESI TR
E7 6 7%\,
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int gsl permute_vector_inverse ( [Function]
const gsl_permutation * p,
gsl_vector * v)

[t p DWERZ TR TV v IS, £idr s o =oPT O XHICUTEN S 5, iR
F RETANC K ZEBEFCZ ETH D, ZOEBRTI P O j FHDOINFHAITS
D p; THOHTH %, BEfap EXT PV v IZEAICKRE I THRITNUIR S 0,

int gsl_permutation mul ( [Function]
gsl_permutation * p,
const gsl_permutation * pa,
const gsl_permutation * pb)

TOODER pa & pb Z—ODiEA p=paxpb ICE LD B, BoNBiES p 2
952 Lk, PN pb ZHEH L 724%IC pa ZHEHTA2DERLCZETH B,

9.7 BHBOT7 71 ILAES

GSL T3, Bz A TV HLIEERMMETIALLELT7 7 A VITH L TaisaE ST 2B
ZRABELTw 2,
int gsl permutation fwrite ( [Function]
FILE * stream,
const gsl_permutation * p)

B p OBREZEANALFY - 74— v b T7 74 )V stream IZHERAL, FHEAARIC
BRL T o —2FA L7 & Zid GSL_EFAILED #B T, EfFfFhO7—F 527 F v — Ik
7 LR, BREEIZE:,

*

int gsl permutation fread (FILE * stream, gsl permutation * p) [Function]

B p OEREZNAFTY - 74—y b ELT7 74V stream D6t dE, 2D
BIBUXEIRD K E I 63t AA LN, FEET 2720, Eftp ZHo»L o, IE
LWREZITHERIN TR TNUI RS BV, SAAARIRL T —BHEL L
Z | GSL_EFAILED %ik§, 7—42ERE, ETHho7—%7 7 F v DB ThiES
b D ERELTTWS,

int gsl permutation fprintf ( [Function]
FILE * stream,
const gsl_permutation
const char * format)

*p,

& p DEFEE 179D, sizet DEHITHE L 7245 EDEKX format 12 L 723> T7 7
AV stream ICEZH T, ISO C99 HIETIZEAR T z 28 size t ZERT DT, "Y%zu\n"
EEL OB L0, FBEAARICKEL T 7 —23%4 L7 L ¥k GSL_EFAILED %K,

SO C99 X W #id GNU C library Tl "2" THh o7z,
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int gsl permutation fscanf (FILE * stream, gsl permutation * p) [Function]

7 7 AV stream P> 5 {EH p ICBEEETAIAL, ZOBEBUIEIROKRE I D5 5EHA
OBEOMEZRET 220, Bt p 1ZHS51L D, FLLKESITHEIN TV
T o v, S ichd t Zlc 7 —23%4 L 7285412 GSL_EFAILED %1k 7,

9.8 XK[OlE#

BT — I, BUZERE (linear form) F 72 (ZK[AEHA (cyclic form) D =D DEATHRT Z L3 T
&5, JITHT2BBUI DO DIRADHDOLIRZIT ) bDTH B, MIERE LT EIEL T
EXHI, MATFOBEEMZFE2R LRI PV TH S, KREIFEH &k, EfhicHTE -3
2, KITHTL 2ERDOLNCES L) RETH D, HUTKE] (cycle) & IS,

7o & Z03Mm] (12 3) TR, SEHHOERE 2 FHIC, 2 HFHOERZ 3 FHIC, 3 HFHOERZ
FIHICEIT 2, L) KENRESHZ 2R, BRL2EROEAICH T &RIE, 2zl
SASHEAT A I ENTES, LEZIF (123) (45) 13K (123) &, BEFE4L52ANEZS
Kl (45) L3t onsg, —2OHEEPS L AKENLEH L THM (LI, THUIHRES
(singleton) &MHIXN S,

FTRCOEWIEBOKEN RS 2 Z LB TE S, ZOFRE MR —RITEE S R, K
D% % K DA TR 2 2 & TIEBE (canonical form) & L T—RICED S I ENTE S,
GSL TOIEHIEDFELEIL, 7 X — R (The Art of Computer Programming 3rd Ed., Vol 1, 1997,
p.178) ICK BERIC L > T3,

72— ADIERMZR2121E, DT XHI2T 5,

1. T RXRTOBELEKBIZT|ZET 5,
2. FZRKENZDOWT, o EL/NE b REIHICKET,
3. SEHHOEEDFFIEIZ KR 2 AR B,

7oL ZASRIBRBL (2430 1) IZIEBRITIE (14) (023) &% %, JHUIEFE 1 & 4 2 ANVEA,
023229 OF5THEIATHL,

BRI TR SN BN, RKE»S Ay a2l BICER T 5 LN TES, £Ahvaz
22 LT, BRe2BMOMBRELLESZ22LHTES, LOBITIZERR (24301) 1% (14
023)Ickh %, EHOHGRIECIE, 29 Vo kZBIEIfTbIhTwb,
int gsl permutation linear to_canonical ( [Function]

gsl_permutation * q,
const gsl_permutation * p)

B p DR Z T L 518 q ICANTEY,

int gsl permutation canonical to_linear ( [Function]
gsl_permutation * p,
const gsl_permutation * q)
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IERBDER g ZHERBUICE L THE g KANTRT,
size t gsl permutation_inversions (const gsl_permutation * p)  [Function]

B p ICEEND, “HHED N E (inversion) ) DHEEZEZ 5, T E, &,
IEFYBEER A3 L T A T2 D DHDHTH 5, 72 & LM 2031 13 (2, 0). (2,
. (3,1) YT 2320 THiaAZ, 28ATWw5, [HEEHRICIZ TiME, 3E6F
NnNTWwiw,

size t gsl permutation linear cycles ( [Function]
const gsl_permutation * p)

PIERBITEZ 6 N5 p IZEE N2 KM DB 2R %,

size t gsl permutation _canonical_cycles ( [Function]
const gsl_permutation * q)

ERECcHEZ o NBiER q I EN KB OMBEEZ %,

9.9
PTo7aroscid, 7y rhiEazlEml, Z2oWEis£RT 5,

#include <stdio.h>

#include <gsl/gsl_rng.h>
#include <gsl/gsl_randist.h>
#include <gsl/gsl_permutation.h>

int main (void)

{
const size_t N = 10;
const gsl_rng_type * T;

gsl_rng * r;

gsl_permutation * p = gsl_permutation_alloc(N);

gsl_permutation * q = gsl_permutation_alloc(N);

gsl_rng_env_setup();
T = gsl_rng_default;
r = gsl_rng_alloc(T);

printf("initial permutation:");

gsl_permutation_init(p);
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gsl_permutation_fprintf (stdout, p, " %u");
printf ("\n");

printf (" random permutation:");
gsl_ran_shuffle(r, p->data, N, sizeof(size_t));
gsl_permutation_fprintf (stdout, p, " %u");
printf ("\n");

printf ("inverse permutation:");
gsl_permutation_inverse(q, p);
gsl_permutation_fprintf(stdout, q, " %u");
printf ("\n");

gsl_permutation_free(p);
gsl_permutation_free(q);

gsl_rng_free(r);

return O;

3

DrMic7a 77 o122y (BB & > T, initial permutation MAHIFE L > 7fHICKR 5 2 &
bdH5),

bash$ ./a.out

initial permutation: 0 1 234567 8 9
random permutation: 1 3 5627 6 04 9 8
inverse permutation: 6 0 3 17 25 4 9 8

7V DRI NI E p[i] & Z O q[1] (FESEEE 2T, plqlil]l =i EWwIHH
RBdH D, Iz o QREBOMIESTE 3,
RD7 0T T hE, EEEEE»SWO T, ZROEHRE TRTHIET 5,

#include <stdio.h>

#include <gsl/gsl_permutation.h>

int main (void)
{
gsl_permutation * p = gsl_permutation_alloc(3);

gsl_permutation_init(p);

do {
gsl_permutation_fprintf(stdout, p, " %u");
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&
gl
i
=

printf("\n");
} while (gsl_permutation_next(p) == GSL_SUCCESS);

gsl_permutation_free(p);

return O;

}
DNic7a 77 5o 1z2m5R7,

bash$ ./a.out
12

N N, O O

2
0
2
0
1

O = O N -

BRI TRTT6OH 0, FEHEICERINTWS, HFEZBICT 3 I3 REOER (H5Ez
WIZL72b D) 22513 9T, gsl permutation next Dfib D IZ gsl permutation prev % ffl
ZIE X,

9.10 Z=EXt
BRI OWTIE 7 X —ZADHERICIRIA S BRSsTWwW 3,

e Donald E. Knuth, The Art of Computer Programming: Sorting and Searching 3rd Ed., Vol
3, Addison-Wesley, ISBN 978-0201896855 (1997).

IEBRDERIZOWTE, P22 Ho 2 &,

e Donald E. Knuth, The Art of Computer Programming: Fundamental Algorithms 3rd Ed,
Vol. 1, Section 1.3.3 “An Unusual Correspondence”, p.178-179, Addison-Wesley, ISBN
978-0201896831 (1997).
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£10E HHIEHLHE

ZDETIFHAEDE (combination) Z Bk, #IET BB OWTHIT 2, MArGDE c 3 k
THOBEEI X BEFITEBII N, FHFE ¢, 1Z 0256 n—1 DfEZID, EHT S I LIk (23
BENLRCEIZH N A 5), fMlAGDE 3, HEB 0 OXT P56 kEHOEFZEZESL ZD,
BERNEFRZRTIRATTH2, HOHEEDS k HOEHEZESR L THERINLETEETRT
IZDWT, BICPOBRIEZIT VW E ) 2 EBTE S,

COEICHT2ESPERIE~NY ¥ 7 7 1)L ‘gsl combination.h’ IZH %,

10.1 HAHEDLETEER

HAGOEIE, n. k. HAADEEIIND R A v ¥ DZODEE L FFOMERICiRR SN s,
AEOEMINDOEHZ DML sizet THH, AMHICHKEMNI NS, gsl combination MEMAITZLLT
DEHYITERIN T2,

typedef struct {
size_t n;
size_t k;
size_t *data;

} gsl_combination;

10.2 HHHAEDLEDHER

gsl _combination * gsl combination_alloc (size_t n, size_t k) [Function]

G n, k THRESINLMAGDLEDLOD X EY ZHERT 5, HAGOEIIPIHLLS
N, RO AGHDEDHNRIINETH %, B gsl_combination calloc
29 &, XY 2MERT 2 ERARIC, HDRIHAGDED ) LHEHFIHRTRYD b
DI B L HPLI NG, 0% AT DBMERTE RV E X, NULL K4 v %
S

gsl_combination * gsl combination calloc (size.t n, size_t k) [Function]

J#¥ n, k THESNAHAGDLEDLDDATY ZHHE L., FEEIECRYICZ 551
BEDVICHE D L)L T 5, OB XY DR TE LW E 2, NULL R4 v
5 %R,
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void gsl combination init first (gsl.combination * c) [Function]

HAaGbE ¢ ZUIHHL L., FEEECRUIC K 2lAaAbE, 72 21£(0,1,2,...,k—1)
29 5%,

void gsl combination init last (gsl.combination * c) [Function]

MABDE c 2L, BHHETRBICRZMAGDE, LEZE (n—kn—k+
1,...,n—1)ITF 3,

void gsl_combination free (gsl.combination * c) [Function]
flAaBDHE ¢ DATY ZMKT 2, 518H3 NULL @ & Zi3fifb L&,

int gsl combination memcpy ( [Function)]
gsl_combination * dest,

const gsl_combination * src)

HAGDE sre DEZEZHAEDY dest ICat—T 3, —O0fAGDLFIIFEL K
I THRIFNUIZE S v,

10.3 HAEDLETODEZDSREEIRE

DT oR#%E#E-> T, flAGbEOEEDSH LEENTE 2,

size t gsl combination get ( [Function]
const gsl_combination *
const size_t 1)

W

G,

HAatbeE c D i FHOBEEDEZERET, i 250 256 k—1 O TRIFILUE, =
T— NV T =N, 0 ZIKT, HAVE_INLINE 2MEZEI N T3 L&, A~
74 VIERHZINS,

104 HAGLEDOREE

size t gsl_combination n (const gsl_.combination * c) [Function)]
HAGDE ¢ DT RX—=F n OIEZIRT,

size t gsl_combination k (const gsl.combination * c) [Function]
flAasbE ¢ DT A= k OftiziRT,

size t * gsl_combination data (const gsl.combination * c) [Function)]

flAatHE ¢ DEEZRRET HEINNDRA 5 2IRT,
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int gsl combination valid (gsl.combination * c) [Function]

HAGOYE c DERZRODPEIDPZHAET S, L HOBERITXRTH 025 n—-1D
FH T, ZOHEMADMHEIZE ENZ 0, 1 RIZFEETATOUIUE X, I EEIC
RENTWRITIUIZR S W,

10.5 HAEDLEZIRSE

int gsl combination next (gsl.combination * c) [Function]

HAaGEDY ¢ ZRHEHTROMAGHEICEESHLZ | GSL_SUCCESS %K, FFEIET
ROFAGDED L\ & X GSLFAILURE ZiK L, c IZEEHZ 5 v, DM
AEHEDPSIILOT, ZOBEERL LHEAT S Z LT, IXRTOMHAGDLEYZE
B3I ENTE S,

int gsl combination prev (gsl.combination * c) [Function]

Hasbt ¢ 2HEIET—OROHAEHLEICESZHZ | GSL_SUCCESS #iRT, FEE
JECRDFAEGHED L E F1F GSL_FAILURE ZiE L., c i3E Sz ok,

10.6 HAEDLETEDOT7 7A1ILARS

GSL Tl, HAEOEZANAFTY - T FLEFFEAMNEZTIA P E LT 74 VD SaeAAIAR,
H50IE7 7 ANMTE AN FEEI N T 5,
int gsl combination fwrite ( [Function]
FILE * stream,
const gsl_combination * c)

HAGHLE ¢ DEER 7 7 4L stream 1234 F VIR TEZ AL, FXAAICEL
TII—0FA UL Fld, GSL_FAILURE ZiK¥, F—¥HER3ETho7—%5 7
F X IHAET B DT, B IZE,

int gsl combination fread (FILE * stream, gsl_combination * ¢) [Function]

HAGOE ¢ DEER 7 74 )L stream 2534 F VB THRAAE, FHAAT A
MU c DREZIDOIESI NG D, flAGDYE c l3Hor LD, ELWHED n
&k THERIN TR TIE RS v, AIARICEEL T 7 =234 L7z & &,
GSL_FAILURE %#iB§, T— Y ZETHFOT7—F 77 F vt X 3B cHERAEND
D, LIREI NS,

int gsl_combination fprintf ( [Function]
FILE * stream,
const gsl_combination
const char * format)

*C,
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THAGHYE ¢ DEEE 7 7 A )L stream IZ—1TT D, size_t DEEITX L CTEYICHE
ST format 1IZ L 72035 e EH RN TEE AL, I1SO C99 B TIE z 2% size t 25
W 270, "%zu\n" BELET 200X 0, FEEFAARBEL I =0 ELLEE
l%. GSL_FAILURE %X,

int gsl combination fscanf (FILE * stream, gsl_combination * ¢) [Function]

HAGDYE ¢ DIEER 7 7 4L stream D5 5iHrAT, AALEMEDOHEEIL ¢ DK
ZIVOHREZINDTD, ALY c lZHoL ., IELWED n & k THEHEIN
TWLRITNUER S BV, FHARAAICE LTI —nF4E L7 & ik, GSL_FAILURE %
BT,

10.7 fl

DFD7R 275 M {0,1,2,3} DT RCOEIEAE, ZORF SOMCERTHAT 2, K
& S 3 U I REEIAIC R B,

#include <stdio.h>

#include <gsl/gsl_combination.h>

int main (void)
{
gsl_combination * c;

size_t i;

printf ("All subsets of {0,1,2,3} by size:\n");
for (i = 0; 1 <= 4; i++) {
¢ = gsl_combination_calloc(4, 1i);
do {
printf("{");
gsl_combination_fprintf (stdout, c, " %u");
printf (" X\n");
} while (gsl_combination_next(c) == GSL_SUCCESS);

gsl_combination_free(c);

return 0;

}
MTic7a 77 5otz nd,

SO C99 X W #id GNU C library Tl "2" THh o7z,
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bash$ ./a.out
A1l subsets of {0,1,2,3} by size:

{12
{01}
{1}
{2}
{31
{011}
{027}
{037}
{127}
{137}
{23}
{0127
{01337
{0237
{12332
{01233

o EEIREH 16 b D, 253 ZDRE S LHEERTRIISHTH 5,

10.8 Z=EXEk
HAGOEICET 283, UTOXHICH B,

e Donald L. Kreher, Douglas R. Stinson, Combinatorial Algorithms: Generation, Enumera-
tion and Search, CRC Press LLC, ISBN 084933988X (1998).
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F£11E ZEESR

COETIFLHEES (multiset) 4 7Y =7 b DER, BE2T ) BRI OWTHT 2, ZHES
c 1% [0,n—1] DEIB OB 2 MHIC & B2 HFL kL DBSIITH 5, FHNEZEOMIZ, TR DfE & H
BLTH X, cld, Zoflin D7 AP SERED k HOEFRZEEZFF L THRY L ko,
WYL AEEDRATE L THRAOND, 2O n 1ZZDSEES ¢ D TEEE (cardinality) .
k3R ARZEE (maximum multipicity) &WHEIL5, n RILZEMT k ROXMNRZT >V I)Licow
THDIBLEIREZITIR R EICEEEGVENTH 5,
COREIHT2ESPERIINY Y7 74 )L ‘gsl multiset.h’ ICH 5,

11.1 ZEELGEENR

SLHREAIT, n. k. BHINDEAL v ¥, ODZ20EEN S G KRTRIN S, BHIEZEDOR
sizet TH D, FEBIIMEDOANMIHMNI NG, T OWEER gsl multiset ZLATD X ) RER
ThH5,

typedef struct {
size_t n;
size_t k;
size_t *data;

} gsl_multiset;

11.2 ZEEEFAVRAY Y ADIER

gslmultiset * gslmultiset_alloc (size_t n, size_t k) [Function]

S8 n, k THESINIREZIDSGEEAL 7V 27 P EFLICHREL, 204 VA
G UANDEAL VI BBRT, 4 Vv AY Y ZAThoRSIEEZEOYBLIZITHbI T, ZDfE
BARETHZ, ZOBEEDRD DIZ gsl multiset_calloc %9 L @IHA{LMTH I,
A VAY VADRINIFEHIETH - £ BRI BN WM 2 X ) ICHEEHENI N
%, AEY OMERICER L 72IKFI2id NULL R4 ¥ ¥ %2R,

gslmultiset * gslmultiset_calloc (size_t n, size_t k) [Function]

B n, k CHESNBIREIDSEELST 7V 27 M EFLIHHRL, 204 V2%
VANDEA VI RIRT, £ VAV ADOESNZEFFEIETH o £ bR LN AWML RIT K
BZX)ICHEEPHEMNINDG, XY OMEHIZRL 721213 NULL R4 v ¥ 2R 7,
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void gsl multiset_ init first (gslmultiset * c) [Function]
LEES c 2, BWHIETL LB RCBNINE, 2F0 EfHOERZR2T01I2T 5,
void gslmultiset_init_last (gsl.multiset * c) [Function]

SHES ¢ 2, FEEHTL - LORAICBININE, %D EfoEFEZzE2Tn—1
LCT%O

void gsl multiset_free (gsl.multiset * c) [Function]
SEEOAVAI VA c DXE) ZIRINT %,

int gslmultiset memcpy ( [Function)]
gsl_multiset * dest,
const gsl_multiset * src)

L EES src DINE% dest \ICAE—T 3%, src & dest 1ZFAIURKE I THEHEINLT WA
FUEZ 6 e,

11.3 ZEE/BAVAYIVADESRE

size t gsl multiset_get (const gsl_multiset * c, const size_t 1) [Function]

V)

LZHEES ¢ D i FHOHEZOMEZIRT, i 2% ¢ ® FFOMINEZOHIPH (0 225 k—1)
DNDIFZL T =NV R =0 TN, 0 28T, £ ¥ 74 VBB Z 28558124
VoA VIERENS,

11.4 ZEERAVARAIVADEMHDSR

size t gsl multiset n (const gsl.multiset * c) [Function]

\

ZHEES ¢ OHIP (n) 2IET,

size t gslmultiset k (const gsl.multiset * c) [Function]
ZHEES ¢ DEFOK (k) ZiET,

size t * gsl multiset_ data (const gsl_multiset * c) [Function]
LEES ¢ DEIINDHRA ¥ 2R,

int gsl multiset_valid (gslmultiset * c) [Function]

GEEL c DEBLEIDERHET S, k DEFIHD k HOBSEENOLS n—1D
HFHICH 20>, FIEHITHEHZI N TV E 0% HE L TERIFICE> TR WEER RS-
725 GSL_FAILURE ZiR7.,
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11.5 Z%ERCHIDERIE

int gsl multiset next (gsl.multiset * c) [Function]

SEES c ODNEE., BEEIET—2HRIEATHNARICE S Z T GSL_SUCCESS ZiET,
FTTICHEIHETREDHNEL 27254813 ¢c DNFIIRIZHEZ S5NT. GSL_FAILURE
ZRT, HEETH-> ESFRLENZERICHHLL, 2082 OBEZ#ED KL #E
HAT2ZLI2LD), TRTOHVBLMAGOEEGL I ENTE S,

int gsl multiset_prev (gsl.multiset * c) [Function]

SHEES c DB %, HEIET-OWONRICEESHZ T GSL_SUCCESS %#ikRT, T
TICHFHIETREDONEL > 72854103 ¢ DARIZZRIZHEZ 57, GSL_FAILURE %
B9,

11.6 ZEESDREFESTAIAH

NAFVELITFRAMNEATO 7 7 A VAMDEBBHEINTH S,
int gsl multiset fwrite (FILE * stream, const gsl.multiset * ¢) [Function]

LEES ¢c DINE%ZE 7 74 )V stream ~3A FVERcESH T, EEHLEHICHE
34 U 7-HFlZ GSL_EFAILED #iBR9, 79V F 74 —DMREDRA T4 T + 74—V
FeEEHINLLO, BEEHINLT—YORLL 7Ty b7+ — LBETORE
IR,

int gsl multiset fread (FILE * stream, gsl multiset * c) [Function]

LEES c ODNEZHDIN TS 7 74 )L stream D>6 234 F VIR THRAAD, FE
BIAL T = DEIFFIMTEINDI A VAT VR c DHRODSNETD, c lddH o5
U it 7 n, k THEEINTORITIUEE S R\, GEAIAARICRTELA U 7RI
GSL_EFAILED ZiRY, 77 v b 74 —LMRIEFEDFRA T4 7 - 74—y FTiiriAE
N5, 7= HEHLAEDLEL 77y b 74— L TARAAPTbINDE Z &
ZHIEE LT3,

int gsl multiset fprintf ( [Function]
FILE * stream,
const gsl_multiset * c,
const char * format)

LZHEES c DNE%ER 7 74 )V stream ~—179 D, format THEI N5 (size t
WGEH T E 2R %) ISO C99 Tl size t DIUESi7-13 z TH D, L7d>T
"%zu
n" LWVIHIREREVHENTH B, HEH LIRICRHEN A U 7K1 GSL_EFAILED %
KT,

11SO C99 MBI DOBIFKITHENLL T3 GNU C 74 79 U TIIALTD 2 TH 5
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o>

int gsl multiset fscanf (FILE * stream, gsl.multiset * c) [Function]

SEES ¢ DNER 7 74 )V stream 5 FiAAtr, GiAAAT T —F OEIZFI5THE
INDA VAT VR c PORDOENDTD, c lEHO»L OEY 7 n, k THEEIN
TWRITNEZR 57\, FEAA AR RIED: U 72 Hf 12 GSL_EFAILED ZiK 7,

11.7 4l

DTo7ur7onik, fHELTO0,1,2,3 ZF>ZEHEAZTXRT, ZOREIDEIZY—FL
TERTE, HCRESIDODLELGRITFHFEEHEIETERT S,

#include <stdio.h>

#include <gsl/gsl_multiset.h>

int main (void)
{
gsl_multiset * c;

size_t 1i;

printf ("All multisets of {0,1,2,3} by size:\n") ;
for (i = 0; 1 <= 4; i++) {

¢ = gsl_multiset_calloc (4, i);

do {
printf ("{");
gsl_multiset_fprintf (stdout, c, " %u");
printf (" }\n");

} while (gsl_multiset_next (c) == GSL_SUCCESS);

gsl_multiset_free (c);

return O;

}
to7u 76285935, DT XT3,

all multisets of {0,1,2,3} by size:
{17}

{0132

{1132



11.7. 41 155

O O O O © O O © W N NNMNFP FPH P P P P O O O O O O O O O O W MNNRKRLRP P O O O O W N

O O O O O O O O W W NN W NDNDNMNEREPL P P WONDNMRPR R P OO O O W WN WNEFE WN P O v W
N B, B P O O O O W W W N W W N WNEFPL W WDNDWNDEFE WP O YWY Y \YvY v vy v v W

N OWN R WN R O Y Y Y Y Y Y Y YN W Y Y W N W Y b b L

B S e T T T T Y = S S S e S I T e T T T T e T Y S S e S = = T = T S S S S S S
L A T S R S S S S S



156

M A A A A A A A A A A A A A A AASAAAASA A AASA A A A A
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£128 Y—~h

ZDETIEY —T 4 V7 (sorting/sort, ) ZEHz, B X (BANDFEFEIUREZ S 2 L T)
HEZRIICAT 9 BIEUC DWW THIT 5, EDBIEL 73 ) XAide—7Y — |+ (heapsort) TH 5,
=7V —rDFHERIZ O(NlogN) TH Y., EEGHRZIENIELE T2 L35, WOTHZ
NEDICEOEREZRIET 2, bo L bHMEMNEL L2854 (TTIRKY —FINTWE T =5 Ik
T2V —T4v7) TH, FHUNH L 0IEH o L bHOEHELE, RERBEDS BV, L Le—
7 — ME, FHUEZFEOERDOIT Rz TIEFLE (unstable)y 7 V3TV AL TH 5,
CITHEEL TV LHTIE, AUHOERDIEFBED L I ITEL>TLEILIET -2k 2
D, B2 7 79 b7 4—L ETEGFLTHRALMERELE RS,

12.1 VY—KhDEHOATI U b

DUTF oBI%E C SREDOEHET £ 75 ) BISD gsort & A DOBREZFFDO23, gsort 2Rz Ry
AT LDLDICHELTWEHDT, gsort b5 L ZICZNZESIZ 5 2 LBHINTIE R,
gsort (¥, WM UMHDEZEDIEF Z REFT 2L5E (stable) Z#INETH D, FBEIINTL W
T=IZH LT =7V —F X ODEHNIZHE 72D, 2254813 gsort Z2HHIRETH 3,
GNU C Library Reference Manual T gsort D% sitr 2 W TE 5,
O T 2 EHEPEEIE~NY ¥ 7 74 )L ‘gsl heapsort.h’ ILH %,
void gsl heapsort ( [Function]
void * array,
size_t count,
size_t size,
gsl_comparison_fn_t compare)

RO RNZ T 2 BI# compare %5 T. count DK E X size DHFE % KON
Gl array % FMAICHEES T 2, HIEBIBOBIZDIT O X ) ITERI NS,

int (*gsl_comparison_fn_t) (const void * a, const void * b)

g PAEIE, —FH DG a BFHDOGI B b LD /S FITZADELEZ, 1l
BOMEH D EBFEUKRICIZ 0 2, ~FHHOLGIBDP “HHOGIBEID bREIVLEFIC
BIEDBEZRTHDZ2IEET %,

Bz 2. EBxe ZOEDFNIEST 2 7-0121F, DT D &9 e HiBsce #2185 kv,

int compare_doubles (const double * a, const double * b)
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{
if (¥a > *b) return 1;
else if (*a < *b) return -1;
else return O;
}

B #{T97-0iciE, LT kyicLTte—7Y — b EEZFOHT,
gsl_heapsort (array, count, sizeof(double), compare_doubles);

gsort Li#E-ST, E=7YV—brDERA VFICXBEETIILREREINE2ITH T LIFT
v, HEBEBDOPTRICMHEZFIDEFEDORA v ¥ 2 ED X HICTRL THILL T
b, E=7Y—FONETT—F DWMRFZ 21T I, 0T —F DMVMITZE D >
TLE9,

int gsl heapsort_index ( [Function]
size_t * p,
const void * array,
size_t count,
size_t size,
gsl_comparison_fn_t compare)

DK E T 2 B8 compare %> T, count DK E X size DEFE % FFOMlL
G array % FAMEIZ, EZNICEESNT 5, WNFZ 2 RTEHEIIKRE S n ORLY p IZA
NTRING, p DEFE pli] 1F. BLAl array ZW_RBFEZTCLEFEZ T LS, i &
HIZZ 2 D3nolido EDEFED, 28T, 2D, p DmHIDERIL array 1T
o EU/NSHERZRL, p ODREDERIZ array T TIRORELUEFEZRT, B
§ array Z Db DITZEL I\,

12.2 X7 KMNILOY—h

DU oBI#IL, 12, B8 X (MAIDRTFZRUANEZ S 2 L T) MR P OLPRELTI O %2 5
5, N7 FNDOBITIFFBTOELTH L. GSL DHFEOMANC L 72h3>7, 22 naiiic
WIS U 7 AHT OB TRII S 5, Bl 21X, float DELIIZ Y — T+ 5 B%E gsl_sort_float &
gsl_sort_float_index TdH %, gsl sort_vector float & gsl sort_vector_float_index V3%
USRS R P L2y — T8 THE, 2070 M4 THFIZZNEN, ~v ¥ 774
)L ‘gsl_sort_float.h’ & ‘gsl_sort_vector_float.h’ IZH 5, BLA. X7 FILZNZIUINNT S
TRTOY =MD 70 by 4 7EHFIE, ~v ¥ 7 74 )L ‘gsl sort.h’ & ‘gsl sort_vector.h’
2H 5,

BEBDEINPRT PVICH L TE, HEBDIRF ST ERSI G v, RS TLE
WV, HEBDORY FVEEEINT ST, FTZOMNMEZER E TLHEHMRT FAZREEL, 20
FEAR 7 PNV (RATT) BT L L0, BINLBRATFIEZDE £, JuoEFEHIL
=BG $ B 2 £,
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void gsl sort ( [Function]
double * data,
const size_t stride,
const size_t n)

YFEE n DELY data %, LA stride TEAED FNAIEELS§ %,
void gsl sort_vector (gslvector * v) [Function]
N7 MV v OEREBIEO AN T 5,

int gsl sort_index ( [Function]
size_t * p,
const double * data,
const size_t stride,
const size_t n)

FFER n OELY data %, ZAIE stride THEAED FNEICFIEENIZEET T 2, FERIZT
FOELE LT p ICANTRY, BLdl p ik, BEH n OEBEZREFT 20155 K
SITHoP L DHERL TE L, p DEHK plil 1, AL data ZWAFZTEHET
3L, 1 BHICRZ2DRIGOES D EDEEL, 28T, JLORCY] data 13 L
e,

int gsl sort vector_index ( [Function]
gsl_permutation * p,
const gsl_vector * v)

X7 MV v OEFEZ AN NI 2 -0 0iE#z, p ITANTEY, p D
Flx, XN PIVOEREZEGL LD b EEE LA, FiLwXZ ML
HOHEFDITLDOR 7 FNVHPTOMEEZRTIFATTH S, B p 1, X7 PLOHFE
PWHREFEZCLEHETZLEEIC, FOLIICESWZZ20%2ET, p o ~HFHOEE
X v DEFED ) LIRIND S D, p DIREDEHEIZ v hORKDEEL, 2N Z 1Ly
BICEDMEIIC 2 2022 KT, JTGDORT PV v I3ZHLL kv,

12.3 B/N\FERIEZEROBEHOEZROEDO HUL

ZOMioBEIE, N HOEEZEEZEL T —Y DEAD»S kEHORKE 2 IZR/NOEZEZID HTY
DTH5b, Ztud, MY HBINDZEEH k OTWAEAD T — YRGB TT 5 L/hI VY
HIEL 72, FHRBEOA — =2 O(kN) DAY — F 73 XL (direct insertion algorithm)
ZiioTws, B3, FEDY 1,000,000 HD T =226 EAL 10 fHOT7—% ZENHT E VW) K
IRHEMIGHEL TW5, HLET—4%%56 100,000 A2 T LI R &iciE, HEHFEL TV
AR Wb&?ﬂﬁ#%%ﬁﬁ%wi X, DT —FHEE% O(Nlog N) D73 AL TlEEE
BHILCTH S, LRI TR OMEICIEL W A TRAE 2GR NDEEZ 52 I H5E N7
A9,
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void gsl sort_smallest ( [Function]
double * dest,
const size_t k,
const double * src,
const size_t stride,
const size_t n)

KEZ n, AR stride DELF] src DBEHFED H B, NS Wb D kAl % Bl FZNE I
NXCHH dest 1I2aE—F 2%, HOPEAOREZ kiF n P TRUINEZRS 2\, Jo
DT =% src FELL 2\,

void gsl sort_largest ( [Function]
double * dest,
const size_t k,
const double * src,
const size_t stride,
const size_t n)

KREZ n, AARIE stride DU sre DEEDH L, KE WL D k % BAED BENE I
NCHA dest IZaE—92%, HLAEEDOREZI kI3 n LFTRITNIER S v, T
DF—4 src 1AL L 72\,

void gsl_sort_vector_smallest ( [Function]
double * dest,
const size_t k,
const gsl_vector * v)

void gsl sort_vector_largest ( [Function]
double * dest,
const size_t k,
const gsl_vector * v)

X7 MV v ODBEED) LI KELIIRDD k fii% dest I2aE—F 5%, kI1EXT7 bV
DREIDLTTRIFNUI R S22\,

DT o, F— 2 EATDRAEZRRND kK HOEEZRIHRATZIET,
void gsl sort smallest_index ( [Function]
size_t * p,
const size_t k,
const double * src,
const size_t stride,
const size_t n)

RE X n, AAIE stride DBCY sre DEFEDH B, NIV D k ADOFEZ T 2ELS] p
WANTRT, ZOBRAFIREROFOHOFAICHRSN S, k& n AT TRITN
X% 6w, JLDT—% src XELL 2\,
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void gsl sort_largest_index ( [Function]
size_t * p,
const size_t k,
const double * src,
const size_t stride,
const size_t n)

KEZ n, DRI stride DI src DBEEDH B, KE VLD D k HORZF %S p
WKANTRT, ZORAFREZDOFRHEOEIAEICIERS51 %, ki n I TRITN
X757\, JTLDOT—F src 1ZZ4LL 72\,

void gsl sort_vector _smallest_index ( [Function]
size_t p,
const size_t k,
const gsl_vector * v)

void gsl sort_vector_largest_index ( [Function]
size_t p,
const size_t k,
const gsl_vector * v)

R MV v OEFEDIL, NEVRHDELIFIREVDLD kK HOBFZTFEEY] p ICA
NTEY, TOHRAFREZEORESMHEOBEIEIZERSNE, kK IZR7 PV v DREZ
PUF TR nuEz s i,

12.4 JBERIDETE

WRDOMNL (rank) &%, B I N7 T—F DHFTOIEZE (order) DI & TH %, MLLIFIRAFIC
XY BEM p DGR TEH D, LTFDOTNLITY ALTRHSL I LWBTE S,

for (i = 0; 1 < p->size; i++) {
size_t pi = p->datalil;
rank->datal[pi] = i;

3

EAZ (%, gsl_permutation_inverse(rank,p) BA%(%flio CTEHER 2 2 L3 TE 5,
UTFOBETIE, X7 ML v OFBEROMANZ2FTT 5,

void print_rank (gsl_vector * v)

{
size_t 1i;

size_t n = v->size;

gsl_permutation * perm = gsl_permutation_alloc(n);
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gsl_permutation * rank = gsl_permutation_alloc(n)
gsl_sort_vector_index(perm, v);

gsl_permutation_inverse(rank, perm);

for (i = 0; 1 < n; i++) {
double vi = gsl_vector_get(v, i);
printf ("element = %d, value = %g, rank = %d\n",
i, vi, rank->datalil);
}
gsl_permutation_free(perm) ;

gsl_permutation_free(rank);

12.5 4l
DTOHTIZ, X7 MV v 0%EFEE, Eil p 2o THIEICERT 5,

gsl_sort_vector_index(p, Vv);

for (i = 0; 1 < v->size; i++) {
double vpi = gsl_vector_get(v, p->datalil);
printf ("order = %d, value = %g\n", i, vpi);

}

ROFITIE, BI%K gsl sort_smallest % - T, FFNCHRIFZ 41TV 2 100000 {1 o ELEK A >
S/ 5 iz 19,

#include <gsl/gsl_rng.h>
#include <gsl/gsl_sort_double.h>
int main (void)
{
const gsl_rng_type * T;
gsl_rng * r;
size_t i, k = 5, N = 100000;
double * x = malloc(N * sizeof(double));

double * small = malloc(k * sizeof(double));

gsl_rng_env_setup();
T = gsl_rng_default;
r = gsl_rng_alloc(D);
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for (i = 0; 1 < N; i++) x[i] = gsl_rng uniform(r);

gsl_sort_smallest(small, k, x, 1, N);
printf ("%d smallest values from %d\n", k, N);
for (i = 0; 1 < k; i++) printf ("/d: %.18f\n", i, small[i]l);

free(x);
free(small);
gsl_rng_free(r);
return O;

X
D7y L%FTY 5 S DR/IMEDBAIRICEI S TSN s,

$ ./a.out

5 smallest values from 100000
0: 0.000003489200025797

1: 0.000008199829608202

2: 0.000008953968062997

3: 0.000010712770745158

4: 0.000033531803637743

12.6 EZ 3R

BIBKITOWTI, 7 X —ADIHIC & ) KOS5 2,

W%

e Donald E. Knuth, The Art of Computer Programming: Sorting and Searching 3rd Ed.,
Vol. 3, Addison-Wesley, ISBN 978-0201896855 (1997).

t—7"Y — MILTORICHHS D 5,
e Robert Sedgewick, Algorithms in C, Addison-Wesley, ISBN 0201514257.

% 72 GNU C Library Reference Manual &, ML FDOH A b THA R0 7 7 4 LTt X
T3, BRkH»s, 2EOAFIE R VL) TH 5,

e http://www.gnu.org/software/libc/manual/
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$£13Z BLAS OFH

HABICAE OV —F ~ 4 BLAS (The Basic Linear Algebra Subprograms) (&, X7 bV & 75 % &
)N EE O 7V —F VETH D, Tzl 2 ETE D ERD, maEfl S BB RE D
FHARE 2 T 5 2 LI TE B,

GSL Tl&, “cBLAS” (C B CHD N BLAS OFHES L 77 )) ZEERET 27 DKL
XL DBIEL (low level function, 7L Y AL E L TORRILL RUHMEL £ 9 FIR) &, GSL
TERT B PR ZEIET 27 0DE L VOO % HE L T3, GSL D7
MV EFTIIDA 7Y = 7 MITAT 5 Rl 2 5 1E . ‘gsl blas.h’ THEINTWLAEL AN
NVOBEZMES & X, ZEAEDLAERZINEM) ONWRETH D,

GSL Df1413. Bi4T51 (sparse matrix) T 4rfT4l (band matrix) TH 22— DE 21751
(dense-storage) & L THIFEEIN TS, HL VD BLas DFETINTHIL L 7%
ICHIET2bDDATH 5, HATINCRML L 721830 (B3, band-format) & BfifT41% i L T
T 2T (%Y 7T, packed-format) @ Z 1L ZAUK)E L % BLAs OFEREIX, KL LD
CBLAS DBIBTITRTME) 2 EMTE S, FHBRIC, cBLAS Tld BLAS DIEHERESFEE I LT W
570X 7 FVEIO LA (stride) ICIEOETH ADIETHIFETE 523, GSL TR IEDETA
FHu7 6 70t

KL X)L D gsl cblas DEIBDEF 1 ‘gsl cblas.h’ IZH D, TV HEED BLas ITXT
T2 C Btk 3 API OfLERZE D 7z BLAS Bilfi 7 4+ — 7 LIS X 2 EEHEISHIGE L T %, fho
CBLAS IZHEHL T 2 S23EMH 2 285413, GSL THEL T2 cBrLas Dfb hiczhddfliz 3,
FORTRAN @ BLAS 74 77 ) LA TYH, cBLAs £H17 v 3 —%{li>TZ D FORTRAN
7477 V% cBLAS £ LTH) 2ENTE S, 2D 7 v 38— cBLAS DIEHEICE TN TE D,
Netlib 725 AFCE 2, cBLAS KA ENSTRTOMMD Y 2 b % (T2 (6 D TGSL
CBLAS 74 77V 4, 589 X—Y £,

BLAS ICHEIN TV AHEIIX, 3 2DOL NN ahrnTwesb, UNTIE, o,y X7 FILT,
A, B,C D74, o, 3 DEBTH 5,

Level 1 X7 FVHELOWHE, y=az+y % &,
Level 2 fTHl & R7 FLVDHEE, y=ads+ Py 72 &,
Level 3 {4l LDE, C =aAB+C %L,

BN —F v DAFNIE, HEEOME, THl0fE, HEBE2 R I XFEBB0F 6 nTnw5b, 20D
BT, IO b ORENTH 5,

LoBLAS TREAIAIRICEAD & FZR7 PVOBEHEZWIEIZ-E S Z L1k %, XA incx 25 incx <0 D& X, ¢ &H
DUHEIZIF (N — i) # |incx| TP 7R ATES,
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DOT 2#A 77—, 2Ty & &,

AXPY R7 FUVDAl, ax+y 2L,
MV {55l&_7 P LD, Az & E,

SV 1791 £ X7 b VOBEDSGE, inv(A)x 7% &,
MM {15+ DR, AB k&,

SM f7HIA DD, inv(A)B %5 &,
FTIHDOFEBEIIILT O b DB %,

GE 7475 (General)

GB —#&i744#1751 (General band)

SY X741 (symmetirc)

SB M7 (symmetric band)

SP x5,y 74741 (symmetric packed)
HE T)U 3 — 741 (Hermitian)

HB T)l % — h4i#f74l (Hermitian band)
HP 1)L 3 — /%y 74741 (Hermitian packed)
TR =174 (triangular)

TB =f1i7{7141 (triangular band)

TP =fi,8y 74741 (triangular packed)
AR, WHEEORBE THEIN TS,
S HRGEEFEEL

D R

C HKEERE

7 RS R

L7et3oTHlZIE, scEMM &) AR THKSE T OTHIR L O/, zeemm (& TERSEE
FHTOAEDITHIFRLDRE, L) HEZET,

BLAS DBIBUZATHIR R P ZRGIBE LTHETLEE, ZNoD X T VHEEBPAVICEREL T
BV R IR S B\, 29 o A0 EIAETH S (5 2.11 fi TS
SIBDEL 1, 14 R—=YSIH),
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13.1 GSL H»5 blas ZF|HT 2E%

GSL Tld, — D% R (BiTRV) X7 VLD A 7Y 27 b % C FEEOSHIAAEIIR L T
AL Tw5, GSL THEL T3 &MEE 2179 B, T0o GSL OF 7Y = 7 I BLAS
TEFREIN TV AHEZEN T2, TN6D API X ‘gsl blas.h’ 77 A VIZH B,

13.1.1 Level 1

int

int

int

int

int

int

gsl blas_sdsdot ( [Function]
float alpha,
const gsl_vector_float * x,
const gsl_vector_float * y,
float * result)

TODEBR7 PV x by IKBAL Tl a+ 2Ty ZEFR L. I8 result I ANLTET,

gsl blas_sdot ( [Function]
const gsl_vector_float * x,
const gsl_vector_float * y,
float * result)

gsl blas dsdot ( [Function]
const gsl_vector_float * x,
const gsl_vector_float * y,
double * result)

gsl blas_ddot ( [Function]
const gsl_vector * x,
const gsl_vector * y,
double * result)

TODHEERIT PV x b y IBELTAD T Ty ZEME L. 515 result IZANT
KT,

gsl_blas_cdotu ( [Function]
const gsl_vector_complex_float * x,
const gsl_vector_complex_float * y,
gsl_complex_float * dotu)

gsl blas zdotu ( [Function]
const gsl_vector_complex * x,
const gsl_vector_complex * y,
gsl_complex * dotu)

TODEEBR 7 PV x £ y KL TRAA T8 2Ty ZEHE L. 515 dotu IZ AT
TKT,
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int gsl blas_cdotc ( [Function]
const gsl_vector_complex_float * x,
const gsl_vector_complex_float * y,
gsl_complex_float * dotc)

int gsl blas zdotc ( [Function]
const gsl_vector_complex * x,
const gsl_vector_complex * y,
gsl_complex * dotc)

TODEBEBAR7 bV x by KB L CEERSEA D 7 M oy ZEHE L. B dotc

ICANTIRY,
float gsl blas_snrm2 (const gslvector_float * x) [Function]
double gsl blas dnrm2 (const gsl_vector * x) [Function]

NZELx D=2y F - VL ||z|ly = /S a2 ZFHET 5,

float gsl blas_scnrm2 (const gsl vector_complex_float * x) [Function)]
double gsl blas dznrm2 (const gslvector_complex * x) [Function]

UTOEIBBEZERI ML x DI—7 Yy F - JIVAZEET 5,

lzlls = /" (Re(a)? + Im(x,)?)

float gsl blas_sasum (const gslvector_float * x) [Function]
double gsl blas_dasum (const gsl_vector * x) [Function]

N7 bV x DERDOHNEDOR Y 2| Z25HHT 5,

float gsl blas_scasum (const gsl vector_complex_float * x) [Function]
double gsl blas_dzasum (const gslvector-complex * x) [Function]

X7 bV x OEFDOFEE L BEBOHMANEDH Y (|Re(x;)| + [Im(x;)|) ZEHHET 5.,

CBLAS_INDEX_t gsl blas_isamax (const gslvector_float * x) [Function]

CBLAS_INDEX_t gsl blas_idamax (const gslvector * x) [Function]

CBLAS_INDEX_t gsl blas_icamax ( [Function]
const gsl_vector_complex_float * x)

CBLAS_INDEX_t gsl blas_izamax (const gsl_vector_complex * x) [Function]

X7 MV x DEEZETRRADD DDORATE2IET, FEEART ML TIIEZEDIENE T,
BHEBARY PV TRAEROEL L BB OMHEDOT S (|Re(2:)| + |Tm(z;)|) THRASA
ZRD D, RNEZFOUBVBEED 25513, BATBLo L /NI RbDZIRT,

int gsl blas sswap (gslvector_float * x, gsl_vector_float * y) [Function]
int gsl blas dswap (gslvector * x, gsl_vector * y) [Function]
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int gsl blas_cswap (
gsl_vector_complex_float * x,
gsl_vector_complex_float * y)

int gsl blas zswap (
gsl_vector_complex * x,
gsl_vector_complex * y)

X7 MV x &ty DIRNTOEREZZHT 5,

int gsl blas_ scopy (const gsl vector_float * x, gsl vector_float * y)
int gsl blas_dcopy (const gslvector * x, gsl_vector * y)
int gsl blas_ccopy (
const gsl_vector_complex_float * x,
gsl_vector_complex_float * y)
int gsl blas zcopy (
const gsl_vector_complex * x,
gsl_vector_complex * y)

R MV x DITXRTOEEZ ylcat—73%,

int gsl blas_saxpy (
float alpha,
const gsl_vector_float * x,
gsl_vector_float * y)
int gsl blas daxpy (
double alpha,
const gsl_vector * x,
gsl_vector * y)
int gsl blas caxpy (
const gsl_complex_float alpha,
const gsl_vector_complex_float * x,
gsl_vector_complex_float * y)
int gsl blas zaxpy (
const gsl_complex alpha,
const gsl_vector_complex * x,
gsl_vector_complex * y)

RIZMVxDafft yDMy=ar+y ZilBE L, y KANLTET,

void gsl blas sscal (float alpha, gsl vector_float * x)
void gsl blas dscal (double alpha, gsl vector * x)
void gsl blas_cscal (

const gsl_complex_float alpha,

169

[Function)]
[Function]

[Function]
[Function]
[Function]

[Function]

[Function]

[Function]

[Function]

[Function]

[Function]
[Function]
[Function]
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gsl_vector_complex_float * x)

void gsl blas zscal (

const gsl_complex alpha,
gsl_vector_complex * x)

void gsl blas csscal (float alpha, gsl vector_complex_float * x)
void gsl blas zdscal (double alpha, gsl vector_complex * x)

int
int

int

int

int

int

X7 MV x ZARE alpha 5 L. x ICANLTIRT,

gsl blas srotg (float a[], float b[], float c[], float s[])
gsl blas bdrotg (

double al],

double b[],

double c[],

double s[])

X7 bV (a,b) & 012§ 25X 7 v AZH (Givens rotation) (¢, s) ZRKd 5,

c s a '\ r!
-5 c b B 0
BIEOXRI7 b at bldZEnFinsy & 0TLEEEING,

gsl blas_srot (
gsl_vector_float * x,
gsl_vector_float * y,
float c,
float s)

gsl blas drot (
gsl_vector_float * x,
gsl_vector_float * y,
const double c,
const double s)

X7 MV x &y X T VREH (2 y) = (cx + sy, —sz + cy) Z#EHT 5,

gsl blas srotmg (
float d1[],
float d2[],
float b1[],
float b2[],
float p)

gsl blas drotmg (
double d1[],

[Function]

[Function]
[Function]

[Function]
[Function]

[Function]

[Function]

[Function]

[Function]
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double d2[],
double b1[],
double b2[],
double p[])

BIEX 7 v X% (modified Givens transformation) %K & %, ZEHRICZETTH 5
AV Y F D Level-1 BLAS DALFRIC L 7223> T 3%,

int gsl blas_srotm ( [Function)]
gsl_vector_float * x,
gsl_vector_float * y,
const float p[])

int gsl.blas_drotm (gsl-vector * x, gsl_.vector * y, const double p[]) [Function]

EIEx 7 v X2z @M § %,

13.1.2 Level 2

int gsl blas_sgemv ( [Function]
CBLAS_TRANSPOSE_t TransA,
float alpha,
const gsl_matrix_float * A,
const gsl_vector_float * x,
float beta,
gsl_vector_float * y)
int gsl blas dgemv ( [Function]
CBLAS_TRANSPOSE_t TransA,
double alpha,
const gsl_matrix * A,
const gsl_vector * x,
double beta,
gsl_vector * y)
int gsl blas_cgemv ( [Function]
CBLAS_TRANSPOSE_t TransA,
const gsl_complex_float alpha,
const gsl_matrix_complex_float * A,
const gsl_vector_complex_float * x,
const gsl_complex_float beta,
gsl_vector_complex_float * y)
int gsl blas zgemv ( [Function]
CBLAS_TRANSPOSE_t TransA,
const gsl_complex alpha,
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const gsl_matrix_complex * A,
const gsl_vector_complex * x,
const gsl_complex beta,
gsl_vector_complex * y)

FIINER7 P VDR ER y = aop(A)z + By ZilH T %, TransA 7% CblasNoTrans,
CblasTrans. CblasConjTrans D& EZNZH op(A) = A AT, AH TH 3,

int gsl blas strmv ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,
const gsl_matrix_float * A,
gsl_vector_float * x)
int gsl blas dtrmv ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,
const gsl_matrix * A,
gsl_vector * x)
int gsl blas ctrmv ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,
const gsl_matrix_complex_float * A,
gsl_vector_complex_float * x)
int gsl blas ztrmv ( [Function]
CBLAS_UPLOt Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,
const gsl_matrix_complex * A,
gsl_vector_complex * x)

AT A ERZ PV x D E 2 = op(A)x ZFIET %, TransA %3CblasNoTrans,
CblasTrans, CblasConjTrans D& EZNZHL op(A) = A, AT, AH TH %, Uplo B*
CblasUpper Dt ¥ A @ L= rdMlild, Uplo %% CblasLower D& & A O F=
A EDN S, Diag #% CblasNonUnit D & EITFIDX AT DI, Diag 3
CblasUnit @ & EATHIDMAMTIE 1 TH2 EHAIN A ICA> T 30T D
B3I N5,

int gsl blas_strsv ( [Function]
CBLAS.UPLO.t Uplo,
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CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,

const gsl_matrix_float * A,
gsl_vector_float * x)

int gsl blas dtrsv (

CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,

const gsl_matrix * A,

gsl_vector * x)

int gsl blas ctrsv (

CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,

const gsl_matrix_complex_float * A,
gsl_vector_complex_float * x)

int gsl blas ztrsv (

CBLAS_UPLOt Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,

const gsl_matrix_complex * A,
gsl_vector_complex * x)

173

[Function]

[Function]

[Function]

inv(op(A))x %518 %, TransA 73 CblasNoTrans, CblasTrans, CblasConjTrans
DEEZNZEN op(A) = A, AT A" TH %, Uplo »% CblasUpper D& E A O L=
AR 2MEH ., Uplo 2% CblasLower D & & A O T “fATMELN S, Diag »°
CblasNonUnit @ & ZfTFIDX AT DDA, Diag #% CblasUnit D & EfTFID R}

ARTIE 1 THELERLEEN A ICTASTOLANARTOEIZEHS NS,

int gsl blas ssymv (

CBLAS_UPLO_t Uplo,
float alpha,

const gsl_matrix_float * A,
const gsl_vector_float * x,
float beta,
gsl_vector_float * y)

int gsl blas dsymv (

CBLAS_UPLO_t Uplo,
double alpha,

const gsl_matrix * A,
const gsl_vector * x,

[Function]

[Function]
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int

int

int

int gsl blas dger (

int gsl blas cgeru (

¥ 13¥ BLAS OfH

double beta,
gsl_vector * y)

RFFATH AT L TTH EXT VDR ER y = ada + By ZEHHRT 5, 1751 A X
MFATFIE LTifbn 20T, EERE T ARSI A->Twiud kv, Uplo 28
CblasUpper Dt & A O E=ffsrdMEib 4, Uplo %% CblasLower D& & A DT =
R HMEb NS,

gsl blas chemv ( [Function]

CBLAS_UPLO_t Uplo,

const gsl_complex_float alpha,
const gsl_matrix_complex_float * A,
const gsl_vector_complex_float * x,
const gsl_complex_float beta,
gsl_vector_complex_float * y)

gsl blas zhemv ( [Function]

CBLAS_UPLO_t Uplo,

const gsl_complex alpha,
const gsl_matrix_complex * A,
const gsl_vector_complex * x,
const gsl_complex beta,
gsl_vector_complex * y)

IV I — Ml A IS L THTA E R 7 PV OREE My = adz + By ZEIHET 5, 1741
ATV =Ml LT b EDT, LG TEARTZTRA> Tt &
W, Uplo %% CblasUpper D & & A O L=y & NFAT S, Uplo % CblasLower
DEE ADTEZAEIT ERNARTMEDNS, NAKITOREHIE 0 THsERES
. AICAS T NARTDOEMOMEIZME NG,

gsl blas_sger ( [Function]

float alpha,

const gsl_vector_float * x,
const gsl_vector_float * y,
gsl_matrix_float * A)

double alpha,
const gsl_vector * x,
const gsl_vector * y,
gsl.matrix * A)

const gsl_complex_float alpha,
const gsl_vector_complex_float * x,

[Function]

[Function]
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int

int

int

int

int

int
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const gsl_vector_complex_float * y,
gsl_matrix_complex_float * A)
gsl blas_zgeru ( [Function)]
const gsl_complex alpha,
const gsl_vector_complex * x,
const gsl_vector_complex * y,
gsl_matrix_complex * A)

191 A © 5> 7 1 A (rank-1 update) A = axzy? + A ZElHET 5,

gsl blas cgerc ( [Function]
const gsl_complex_float alpha,
const gsl_vector_complex_float * x,
const gsl_vector_complex_float * y,
gsl_matrix_complex_float * A)
gsl blas zgerc ( [Function]
const gsl_complex alpha,
const gsl_vector_complex * x,
const gsl_vector_complex * y,
gsl_matrix_complex * A)

151 A D7 > 7 1 DIBERI (conjugate rank-1 update) A = axy? + A 25T 5,

gsl blas_ssyr ( [Function]
CBLAS_UPLOt Uplo,
float alpha,
const gsl_vector_float * x,
gsl_matrix_float * A)
gsl blas dsyr ( [Function]
CBLAS_UPLO_t Uplo,
double alpha,
const gsl_vector * x,
gsl_matrix * A)

WNFATIN A D7 > 7 1 ONFFAZ (symmetric rank-1 update) A = aza? + A %515
T 5, 750 A IZRFRMTIIE L CRbi 2D T, LEIET ARSI A>Toiud
&\, Uplo 7% CblasUpper D & & A @ E=A4y &£ MDD, Uplo %3 CblasLower
DEZE ADTEMEGT ERNARTBEbNS,

gsl blas cher ( [Function]
CBLAS_UPLO_t Uplo,
float alpha,
const gsl_vector_complex_float * x,
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gsl_matrix_complex_float * A)
int gsl blas zher ( [Function]
CBLAS_UPLO_t Uplo,
double alpha,
const gsl_vector_complex * x,
gsl_matrix_complex * A)

INVEI=MMiIIADF7v7 1 DXV I — bR (hermitian rank-1 update) A =
aref + A Z5HHT 2, 751 A 3L S — Mgl LCikbi a0, LRI
AT 72T A > Twiud kv, Uplo 25 CblasUpper D & E A O =57 & W4
45323, Uplo 2% CblasLower D& & A DT Ay L NAKSMELNS, MNAK
TOREHIE 0 THDS ERRIN, AICA>TOENAETDBEHOMITWEHI NG,

int gsl blas_ssyr2 ( [Function)]
CBLAS_UPLO_t Uplo,
float alpha,
const gsl_vector_float * x,
const gsl_vector_float * y,
gsl_matrix_float * A)
int gsl blas dsyr2 ( [Function]
CBLAS_UPLO_t Uplo,
double alpha,
const gsl_vector * x,
const gsl_vector * y,
gsl.matrix * 4)

MITH A DT v 7 2 DRFFARK (symmetric rank-2 update) A = azy” +ayzr? + A
ZEMET %, 751 A 3R T E LTifbii 2 DT, LI T MRS 7ZT 8 A->
TWwiuX kv, Uplo 7% CblasUpper D & & A O L= & NAKTD. Uplo 3
CblasLower D& ¥ A O N =M & NARTMEDbIS,

int gsl blas cher2 ( [Function]
CBLAS_UPLO_t Uplo,
const gsl_complex_float alpha,
const gsl_vector_complex_float * x,
const gsl_vector_complex_float * y,
gsl_matrix_complex_float * A)
int gsl blas zher2 ( [Function]
CBLAS_UPLOt Uplo,
const gsl_complex alpha,
const gsl_vector_complex * x,
const gsl_vector_complex * y,
gsl_matrix_complex * A)
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13.1.3 Level 3

int gsl blas_sgemm (

CBLAS_TRANSPOSE_t TransA,
CBLAS_TRANSPOSE_t TransB,
float alpha,

const gsl_matrix_float * A,

const gsl_matrix_float * B,

float beta,

gsl_matrix_float * C)

int gsl blas dgemm (

CBLAS_TRANSPOSE_t TransA,
CBLAS_TRANSPOSE_t TransB,
double alpha,

const gsl_matrix * A,

const gsl_matrix * B,

double beta,

gsl.matrix * C)

int gsl blas cgemm (

CBLAS_TRANSPOSE_t TransA,
CBLAS_TRANSPOSE_t TransB,
const gsl_complex_float alpha,
const gsl_matrix_complex_float * A,
const gsl_matrix_complex_float * B,
const gsl_complex_float beta,
gsl_matrix_complex_float * C)

int gsl blas zgemm (

CBLAS_TRANSPOSE_t TransA,
CBLAS_TRANSPOSE_t TransB,
const gsl_complex alpha,

const gsl_matrix_complex * A,
const gsl_matrix_complex * B,
const gsl_complex beta,

177

INI =Tl A DFv7 2 D) I — A (hermitian rank-2 update) A =
azy? +aryct + A ZEET 2, 751 A LS —MTFlE L THRbN DT, L
FETEZARDZ TSN A> TetuE kv, Uplo 4% CblasUpper D& & A O L=
53 & DS, Uplo 78 CblasLower D& & A DT ZMAK4 & AK DN
%o NS DORERIZ 0 TH S ERZIN, A A>T ARG DR O I 1
s,

[Function]

[Function]

[Function]

[Function]
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gsl_matrix_complex * C)

AR LD EM C = aop(A)op(B) + BC %2Et5H T %, TransA CblasNoTrans,
CblasTrans, CblasConjTrans D& ZEZNZHL op(A) = A, AT AT TH D, 5%
TransB ICH L THRILCTH 5,

int gsl_ blas_ssymm ( [Function]
CBLAS_SIDE_t Side,
CBLAS_UPLO_t Uplo,
float alpha,
const gsl_matrix_float * A,
const gsl_matrix_float * B,
float beta,
gsl_matrix_float * C)
int gsl blas dsymm ( [Function]
CBLAS_SIDE_t Side,
CBLAS_UPLO_t Uplo,
double alpha,
const gsl_matrix * A,
const gsl_matrix * B,
double beta,
gsl_matrix * C)
int gsl blas_csymm ( [Function]
CBLAS_SIDE_t Side,
CBLAS_UPLO_t Uplo,
const gsl_ complex_float alpha,
const gsl_matrix_complex_float * A,
const gsl_matrix_complex_float * B,
const gsl_complex_float beta,
gsl_matrix_complex_float * C)
int gsl blas zsymm ( [Function]
CBLAS_SIDE._t Side,
CBLAS_UPLO_t Uplo,
const gsl_complex alpha,
const gsl_matrix_complex * A,
const gsl_matrix_complex * B,
const gsl_complex beta,
gsl_matrix_complex * C)

ITAE LD L 2T 5, A IZRFRMTHIT, Side %% CblasLeft D& E C = aAB+
BC % Side 73 CblasRight D& & C = aBA+3C ZitH 3 %, Uplo %% CblasUpper
DEE A DLEZARS ENAKRSD, Uplo 2% CblasLower DL & A DT “fMAa L
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XN HEbI S,

int gsl_blas_chemm (

int

CBLAS_SIDE_t Side,
CBLAS_UPLOt Uplo,

const gsl_complex_float alpha,
const gsl_matrix_complex_float * A,
const gsl_matrix_complex_float * B,
const gsl_complex_float beta,
gsl_matrix_complex_float * C)

gsl blas_zhemm (

CBLAS_SIDE_t Side,
CBLAS_UPLO_t Uplo,

const gsl_complex alpha,
const gsl_matrix_complex * A,
const gsl_matrix_complex * B,
const gsl_complex beta,
gsl_matrix_complex * C)

179

[Function)]

[Function)]

Ao EMEFHET S, A lZ)L I — MTHIT. Side 7% CblasLeft D & X
C =aAB+ 3C %, Side 7 CblasRight D& & C = aBA+ 3C %it% 9%, Uplo
7% CblasUpper D & & A D L=y LXK 703, Uplo %% CblasLower D& & A
DT =AM EX AR BEDIN S, NABRTORERIZ 0 TH 2 EHLIh, M

N5,

int gsl blas strmm (

CBLAS_SIDE_t Side,
CBLAS_UPLO_t Uplo,
CBLAS_-TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,

float alpha,

const gsl_matrix_float * A,
gsl_matrix_float * B)

int gsl blas dtrmm (

CBLAS_SIDE_t Side,
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,

double alpha,

const gsl_matrix * A,

gsl_matrix * B)

int gsl blas ctrmm (

[Function]

[Function]

[Function]
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CBLAS_SIDE_t Side,
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,

const gsl_complex_float alpha,

const gsl_matrix_complex_float * A,

gsl_matrix_complex_float * B)

int gsl blas_ztrmm (

CBLAS_SIDE_t Side,
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,

const gsl_complex alpha,

const gsl_matrix_complex * A,
gsl_matrix_complex * B)

int gsl blas strsm (

CBLAS_SIDE_t Side,
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,

float alpha,

const gsl_matrix_float * A,
gsl_matrix_float * B)

int gsl blas dtrsm (

CBLAS_SIDE_t Side,
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,

double alpha,

const gsl_matrix * A,

gsl_.matrix * B)

int gsl blas ctrsm (

CBLAS_SIDE_t Side,

¥ 13¥ BLAS OfH

[Function]

TAIF LD ZEHE T %, Side 7% Cblasleft D& ¥ B = aop(A)B %, Side »3
CblasRight D & & B = aBop(A) Z&lt5H %, 175 A Z=A1741T. TransA 23
CblasNoTrans, CblasTrans, CblasConjTrans D& EZZ4 op(A) = A, AT, AH
TdH %, Uplo 7 CblasUpper D & & A O L=FK4r%%, Uplo %° CblasLower D & &
A DT ZATMEDILS, Diag »° CblasNonUnit @ & 1751 A ORAKTDMEH
11, Diag 7% CblasUnit @D & EfTHI A OXARTIE 1 TH S LREINEEINS,

[Function)]

[Function]

[Function]
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CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,
const gsl_complex_float alpha,
const gsl_matrix_complex_float * A,
gsl_matrix_complex_float * B)

int gsl blas ztrsm ( [Function]
CBLAS_SIDE_t Side,
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
CBLAS_DIAG_t Diag,
const gsl_complex alpha,
const gsl_matrix_complex * A,
gsl_matrix_complex * B)

TR LD Z R T 5, Side 2% CblasLeft D & Z B = aop(inv(A))B %, Side 3
CblasRight D & & B = aBop(inv(A)) ZitH§ %, 1751 A (Z=FATTHT, TransA 23
CblasNoTrans, CblasTrans, CblasConjTrans @& & Z4LZ4 op(A) = A, AT, AH
TdH 5, Uplo %’ CblasUpper D & & A O L=F475%, Uplo #° CblasLower D & &
A DTS BEDN S, Diag #5 CblasNonUnit D & E1751] A DX AR THMED
1. Diag 7% CblasUnit D & 174 A ORNARKITIZ 1 TH S L AR INIEHINS,

int gsl blas_ssyrk ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
float alpha,
const gsl_matrix_float * A,
float beta,
gsl_matrix_float * C)
int gsl blas dsyrk ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
double alpha,
const gsl_matrix * A,
double beta,
gsl_.matrix * C)
int gsl blas csyrk ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t TransA,
const gsl_complex_float alpha,
const gsl_matrix_complex_float * A,
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const gsl_complex_float beta,
gsl_matrix_complex_float * C)

int gsl blas zsyrk ( [Function]

int

int

int

CBLAS_UPLOt Uplo,
CBLAS_TRANSPOSE_t TransA,
const gsl_complex alpha,

const gsl_matrix_complex * A,
const gsl_complex beta,
gsl_matrix_complex * C)

RNIATH C DT v 7 k N3 (rank-k update) Zit5 9 %, Trans 2% CblasNoTrans,
CblasTrans D& TZNZFN C = aAAT +3C., C =aATA+BC TH %, 175 C 1%
WHITFIE LTifbni s DT, LB TE2ARS7ETBA>TotuL kv, Uplo 28
CblasUpper D & & C O _L=ffsr L XK 553, Uplo % CblasLower D& E C D
=G ENARTBMEDN S,

gsl blas_cherk ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t Trans,
float alpha,
const gsl_matrix_complex_float * A,
float beta,
gsl_matrix_complex_float * C)
gsl blas zherk ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t Trans,
double alpha,
const gsl_matrix_complex * A,
double beta,
gsl_matrix_complex * C)

IV =M C D77 kA (rank-k update) ZEIHE T 5, I THET %
Trans 2% CblasNoTrans, CblasConjTrans D& EZNZI C = adA +pC, C =
AP A+ BC TH B, 175 C IV I — ML LTI E DT, LEIZT=MA
A 72T A TetuX kv, Uplo %% CblasUpper D & & C O L= & AR
%3, Uplo 2% CblasLower D & & C DT “MARD ENARDMELN S, N
DFBIEEBIIC 0 ICHRESND,

gsl blas_ssyr2k ( [Function]
CBLAS_UPLO_t Uplo,

CBLAS_TRANSPOSE_t Trans,
float alpha,
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const gsl_matrix_float * A,
const gsl_matrix_float * B,
float beta,
gsl_matrix_float * C)
int gsl blas dsyr2k ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t Trans,
double alpha,
const gsl_matrix * A,
const gsl_matrix * B,
double beta,
gsl_matrix * C)
int gsl blas csyr2k ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t Trans,
const gsl_complex_float alpha,
const gsl_matrix_complex_float * A,
const gsl_matrix_complex_float * B,
const gsl_complex_float beta,
gsl_matrix_complex_float * C)
int gsl blas zsyr2k ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t Trans,
const gsl_complex alpha,
const gsl_matrix_complex * A,
const gsl_matrix_complex * B,
const gsl_complex beta,
gsl_matrix_complex * C)

RNTTH C D7 v 7 2k A (rank-2k update) Z &5 9 %, Trans 4% CblasNoTrans,
CblasTrans D & X ZNZNC = aABT +aBAT +3C., C = aATB+aBTA+BC T
H 5, 79 CIERTAI L LT 2 DT, EEIE T EMRD7Z T3 A>Toiud
X\, Uplo %3 CblasUpper M & & C O_ L= & MDY, Uplo %5 CblasLower
DEE C DOPEMEGT ENARTBEbNS,

int gsl blas cher2k ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t Trans,
const gsl_complex_float alpha,
const gsl_matrix_complex_float * A,
const gsl_matrix_complex_float * B,
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const gsl_complex_float beta,
gsl_matrix_complex_float * C)
int gsl blas zher2k ( [Function]
CBLAS_UPLO_t Uplo,
CBLAS_TRANSPOSE_t Trans,
const gsl_complex alpha,
const gsl_matrix_complex * A,
const gsl_matrix_complex * B,
const gsl_complex beta,
gsl_matrix_complex * C)

INE— M7 C DT v 7 2k A (rank-2k update) ZEHHE T %, S THET %
Trans % CblasNoTrans, CblasConjTrans D& EZNZILC = aABH +a*BAH +
BC. C=aA"B+a*BHA+pBC TH %, 1751 C 13T NI — M7l LTikbii 3
DT, EERITZARSZ TN A>T0UL kv, Uplo 7 CblasUpper D & & C
D _E=ZFRSY E XA, Uplo %% CblasLower D & & C DT =AM & /A
BlEibi s, MR OBERIEHBEINIC 0 ITRESI NS,

13.2
DUTIC Level-3 BLAS D% DeEMM Z2{fi> T, o DfTHDREZFHET 3412 T,
1011 1012
0.11 0.12 0.13 367.76 368.12
1021 1022 =
0.21 0.22 0.23 674.06 674.72
1031 1032

1A%, C SEECTORINDIENITIEIC S > TAE Y P TII TR TRINI LS,

#include <stdio.h>
#include <gsl/gsl_blas.h>

int main (void)

{
double a[l = { 0.11, 0.12, 0.13,
0.21, 0.22, 0.23 };
double b[] = { 1011, 1012,
1021, 1022,
1031, 1032 };
double c[] = { 0.00, 0.00,
0.00, 0.00 };

gsl_matrix_view A = gsl_matrix_view_array(a, 2, 3);

gsl_matrix_view B = gsl_matrix_view_array(b, 3, 2);
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gsl_matrix_view C = gsl_matrix_view_array(c, 2, 2);

/* Compute C = A B %/

gsl_blas_dgemm (CblasNoTrans, CblasNoTrans, 1.0,
&A.matrix, &B.matrix, 0.0, &C.matrix);

printf("[ %g, %g\n", cl[0], c[1]);

printf (" g, %g 1\n", c[2], c[3]);

return 0;

}
o7ur I LBETFLEEEORAIEIIDOL YIRS,

$ ./a.out
[ 367.76, 368.12
674.06, 674.72 ]

13.3 Z=EX@

BLAS DERHE(LIZBI 2 fIZ. H» b DPRHE L Bb¥ T, BLAs DA — L= L BLAS Hifilf
7 #—7 I (BLAS Technical Forum) @ web ¥4 F 6356415,

e BLAS Homepage
http://www.netlib.org/blas/

e BLAS Technical Forum
http://www.netlib.org/blas/blast-forum/

BLAS @ Level 1. 2. 3 DHALARIZ. T OIS TWES,

e C. Lawson, R. Hanson, D. Kincaid, F. Krogh, “Basic Linear Algebra Subprograms for
Fortran Usage”, ACM Transactions on Mathematical Software, 5(3), pp. 308-323, 324—
325 (1979).

e J. J. Dongarra, J. DuCroz, S. Hammarling, R. Hanson, “An Extended Set of Fortran Basic
Linear Algebra Subprograms”, ACM Transactions on Mathematical Software, 14(2), pp.
1-32 (1988).

e J. J. Dongarra, I. Duff, J. DuCroz, S. Hammarling, “A Set of Level 3 Basic Linear Algebra
Subprograms”, ACM Transactions on Mathematical Software, 16(1), pp. 1-28 (1990).

DR (Jack J. Dongarra) (2 X 45X |t http://www.netlib.org/blas/ T PostScript
FROVRFHE 11T %, FORTRAN blas 74 777 ) %9 720D cblas 7 v $S—bZ ZI1LH 5,
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F148 BEAREK

CDETIHIEHE (linear system) 2 i 72D DBIEI D THII§ %, GSL Tld gsl_vector
BXUW gslmatrix 7 7Y =7 MR L TEHESERE 2179 BBz HEL Twa, #B%UE Golub
& Van Loan (1996) 12X 2 7V 3 XL L BLAS D Level-1 8 XU Level-2 DV —F »2{fi5 2 &
T, D X WEHHEZIT .,

CORICHT2ESPERIEI~NY Y7 7 1)L ‘gsl linalg.h’ IKH 5,

14.1 LU ©f#

—HRDIETTTTH1 (square matrix) A (X, LU 73f# (LU decomposition) T L= (upper triangular)
B X O T =1 (upper triangular) @ = 2DfTFIC, LTDO X ) ICOIFE I ENTES,

PA=LU

2 2T P IFiEH#S TS (permutation matrix), L (ZHAZ T =174 (unit lower triangular matrix).
U 13 E=A175 (upper triangular matrix) Td % (LU 77f#iZ LUP 3¢, PLU Z0fiF £ MHEn s
EbH D), IEHTIITIE, ZOREEME) 2 L THIBME Az = b 2 — DO =fM#E (triangular
system) (Ly = Pb,Ux = y) ICEHATE, ZNZNHIHENZE (forward substitution) ¥ X VZIER
A (backward substitution) THF % X 9512745, LU 70f#3, Fi5AT5H (singular matrix) (2% L
THHEH L TE S,
int gsl linalg LU decomp ( [Function]
gsl_matrix * A,
gsl_permutation * p,
int * signum)
int gsl linalg complex LU decomp ( [Function]
gsl_matrix_complex * A,
gsl_permutation * p,
int * signum)

ESA A% PA=LU DI E% 5 X912 LU DRT %, 1751 A O L=y &t
ARy %5 U T EES L, 75 A D V=M% L TEEET 2, L OXfff
B 1 Th D2 EIFEAIZDOT, LITIEANS L,

EHTY P 3ERR p I AN SN S, EIERY FLVON jEEN k=p, DLE. T
G P O § FIDSHEAATIION k FIc7% %, BIAORF 5L signum ICANLE NS, T
W, n ZEBICE2-BONKETZEE, (-1)" ThHZions, 2 THwLN
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int

int

int

int

int

int

B4 T BIBARK

LT7NTYALIETERY T4 v T 2EBA LTI ZADWHEDLTH % (Golub & Van
Loan (1996), Algorithm 3.4.1 i),
gsl linalg LU solve ( [Function]
const gsl_matrix * LU,
const gsl_permutation * p,
const gsl_vector * b,
gsl_vector * x)
gsl linalg complex LU_solve ( [Function]
const gsl_matrix_complex * LU,
const gsl_permutation * p,
const gsl_vector_complex * b,
gsl_vector_complex * x)

gsl_linalg LU decomp ¥ 7-(% gsl_linalg complex LU.decomp % fi—> T 5415 Ik
Jifi5 A © LU 43f# (UL, p) %ffioT, Az =b %f#<,

gsl linalg LU svx ( [Function]
const gsl_matrix * LU,
const gsl_permutation * p,
gsl_vector * x)

gsl_ linalg complex LU_svx ( [Function]
const gsl_matrix_complex * LU,
const gsl_permutation * p,
gsl_vector_complex * x)

151 A % LU R L 7<f558 (UL,p) Z2fli>T Az =b 2R E. 5I8EMETEHET
%, 3% x icid, BB OH LIRHICAED b Z2RFFLTE L, IhdfEc hEEs
ns,

gsl linalg LU refine ( [Function]
const gsl_matrix * A,
const gsl_matrix * LU,
const gsl_permutation * p,
const gsl_vector * b,
gsl_vector * x,
gsl_vector * residual)
gsl linalg complex LU refine ( [Function]
const gsl_matrix_complex * A,
const gsl_matrix_complex * LU,
const gsl_permutation * p,
const gsl_vector_complex * b,
gsl_vector_complex * x,
gsl_vector_complex * residual)
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Az =b D% AT51 A O LU 3% (LU, p) Zfi-> 7D B LEHRTRO 0 & F I,
ZOMVBLES%E 1 LTI, GA6NKLSBICBI 2EE r = Ax — b 251HR
IN., residual ICANLENG,

int gsl linalg LU invert ( [Function]
const gsl_matrix * LU,
const gsl_permutation * p,
gsl_matrix * inverse)

int gsl linalg complex LU invert ( [Function]
const gsl_matrix_complex * LU,
const gsl_permutation * p,
gsl_matrix_complex * inverse)

151 A @ LU 73f# (LU, p) 226, Z Dif15 25158 L TTH inverse IZ ANUTR T,
WATHNI AT DO BINDOWT Ax = b 2 2 ETRHRETE 2, ZOBHMER
2%ad, HERICUATIZEITRT 52 X0 b 2 OBED AR L FEED M I 3 >
THMTH 2 GEL  BRIERBOEMERRICBE T 2 B8R E R 22D 2 &),

double gsl_linalg LU det (gsl-matrix * LU, int signum) [Function)]
gsl_complex gsl linalg complex LU det ( [Function]
gsl_matrix_complex * LU,
int signum)

151 A @ LU 3f# LU 6., 2005 %255E T2, 751 U oMo o &
fTOEML signum DFFFD6EIE I NS,

double gsl linalg LU lndet (gslmatrix * LU) [Function]
double gsl linalg complex LU lndet ( [Function]
gsl_matrix_complex * LU)

151 A © LU 53 LU 6. Z DATHIADMAED WE In |det(A)| ZFHH T 5, 17
SIAZERGR T2 LA —N"N—7 0 =27 ¥ —7 0= 258ICGHTH 5,
int gsl linalg LU sgndet (gslmatrix * LU, int signum) [Function]
gsl _complex gsl linalg complex LU sgndet ( [Function]

gsl_matrix_complex * LU,
int signum)

1191 A @ LU 23 LU 55, Z D9IOS (& 7213 0AHK T phase factor & bW
i$13) det(A)/|det(A)| ZFIHT 2,

14.2 QR 7fi#

IETHW»—MD M x N 75 A Z T X )iz, —#&iZ QR 7% (QR decomposition) % -
TER M RIE1T151 Q (orthogonal M-by-M square matrix, Q7Q =1 W) HEEKD) &
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M x N D4 =174l (right-triangular matrix) R IZ771F 5415,
A=QR

QR RIC & > THUBRMIE Az = b 3 =AME Re = Qo IAHITE, J4Uc X DRIBRA TR
F2E912%%, X7 PVOEEITH LT, ZDEIEK (orthogonal basis) 21325 DI H il
I)TEMTESL, ADT Vv I7DYHERTHRA (full column rank) D & &, Q DEMD N i, 17
G A DAt (range) ran(A) TELHEELY %7,

int gsl linalg QR decomp (gslmatrix * A, gsl_vector * tau) [Function]

M x N A7l A% A= QR DIFIC QR f#T %, A OXARD L E=AKRTIC R W3
EHFHEIND, XT MV tau & A DT EARTOINCZNZTNNT AFNY —RE L
NIARNY =« X7 FUBANGENDE, X7 L tau DES k 1& k = min(M, N)
ThHFIUE RO B, 2D 17 L AT Q 28, ROLkHICLTHGND, v &
NG AFNVEY =« R7 bV, = (0,...,1,A@ + 1,i), A(i + 2,i),...,A(m,i)) £ LT
Qi=IT—-7oul LT2LE T QIXQ=Qr...Q:Q, EEIN S, Z3UF LAPACK
EFELCTHY, Q 13 GSL BIBD gsl linalg QR unpack #{li>THEF 615,

CITHESTRE7LTY RLENTAFILEY — QR ETH %, (Golub & Van Loan
(1996), Algorithm 5.2.1 ),

int gsl_ linalg QR_solve ( [Function]
const gsl_matrix * QR,
const gsl_vector * tau,
const gsl_vector * b,
gsl_vector * x)

gsl linalg QR decomp IZ X > THR 6N B IETTHI A @ QR 77f# (QR, tau) Zfi~>T
Az =b 2 <, A DIESITHITHR VA1, gsl linalg RQ_1ssolve (2 & o TR/
TIRIETHEND ZENTE D,
int gsl linalg QR svx ( [Function]
const gsl_matrix * QR,
const gsl_vector * tau,
gsl_vector * x)

gsl_linalg QR_decomp I & > TS5 N5 IEHTTH A ® QR 7fE (QR, tau) %Z{H->T
Az =b 2R, 518 x BEBOWONH URFICAELD b 25 L TE L, ZhDf@T
EHEEINS,

int gsl linalg QR 1ssolve ( [Function]
const gsl_matrix * QR,
const gsl_vector * tau,
const gsl_vector * b,
gsl_vector * x,
gsl_vector * residual)
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int

int

int

int

int

QR 5% 191

15 A DL D L VAL, RN HET Az = b ODREZFET S, &
#= Az —b|| D=2V v K- 2V AERNMNIT 2RZHES, ZOBEBONEETIE
gsl linalg QR decomp Zfi>T A % (QR, tau) IZ QR T %, o N7MiE x I
ANTEREIND, FERAF TR THEI N, residual ICANTIEI NS,

gsl linalg QR _QTvec ( [Function]
const gsl_matrix * QR,
const gsl_vector * tau,
gsl_vector * v)

FEZ NI (QR, tau) 6B oNS QT X7 ML v OfEEFHEL, HRQTv % v
W EFEELGRY, TPloomEEIx, 771 QT O2MEOFEEZBIEE LawE H,
TARNY — - R PV REREES TfThNLs,

gsl linalg QR Qvec ( [Function]
const gsl_matrix * QR,
const gsl_vector * tau,
gsl_vector * v)

DRI NIz (QR, tau) oo NS Q EX7 ML v OMZEREL, #E Qu z v I
EHELGRY, TFIooEE I, 1771 Q O2fkoitE 2z E LanwEH, Ny
AFNE — « R bV EREEES> Tiibit s,

gsl linalg QR_QTmat ( [Function]
const gsl_matrix * QR,
const gsl_vector * tau,
gsl.matrix * A)

SRS NI (QR, tau) o602 QT L1715 A OREFIH L, R QTA % AL
EEELCGRT, (oo E X, 75 QT oot EZLEE Lk ),
JARNY — - X7 P AVEREEFS TiITbi s,

gsl_ linalg QR Rsolve ( [Function]
const gsl_matrix * QR,
const gsl_vector * b,
gsl_vector * x)

A R =b % x IZOWTEL, b = QTb 239 TIZ gsl_linalg QR_QTvec % ffio
THROLNTWAREARICEHTH 3,

gsl linalg QR Rsvx (const gsl.matrix * QR, gsl_vector * x) [Function]

SAME Re = b & x IZ2WTRLS, 518 x ICZBBOF O LIICHLD b %6
FLTEL, IndsmThFaEEINS, ¥V =QTb 9 TIC gsl linalg QR QTvec %
o THoN TV EEICEHTH 5,
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int gsl linalg QR unpack ( [Function]
const gsl_matrix * QR,
const gsl_vector * tau,
gsl.matrix * @,
gsl_matrix * R)

QR #RE N7 (QR, tau) ZEBLT Q & RICANTET, Q 25 M x M DIEAFT
SITRMBPMxN TH?,

int gsl linalg QR QRsolve ( [Function]
gsl_matrix * Q,
gsl.matrix * R,
const gsl_vector * b,
gsl_vector * x)

Re = QTb % x IZOW TS, 7510 QR HWHTTIES T T, (QR) £ L
TEBENTO 3 BAIHNTS 2.,

int gsl linalg QR update ( [Function]
gsl.matrix * @,
gsl_matrix * R,
gsl_vector * w,
const gsl_vector * v)

fi7lo QR 3f# (Q,R) ». wv” 12Xk %77 1 AR (rank-1 update) DFFE % 1T
5. BHHE QR = QR+ wiT) THAGN, B6N3 Q L R IZEH S HEAAS
AIZ7 %, w DEIRRTF S LR,
int gsl linalg QR solve ( [Function]
const gsl_matrix * R,

const gsl_vector * b,
gsl_vector * x)

R %5 N ROIESATHID & &, =fARE Re = b 2 <,
int gsl linalg QR svx (const gsl.matrix * R, gsl_vector * x) [Function]

R 73 N ROIESHTHID L &, =fE Ry =b 2 <, 518 x IZBIEDOW-ONH LIk
WCHAD b 2R L TE L, IhdpfThEsIN5,

14.3 FIERY FRIBEZTS QR 2FE

NS iR P 2 HEAT 2L, DTD LI, 77 (rank, BEE) PEOEAETS QR 711§
TE %,
AP =QR
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2D Q DHD r L, D F v 7h3r DFTFNTH LT A Ofill (range) THELEKZ %Y,
DITRTRIEITE Az = b 2 ZAE Ry = QTb,x = Py IC&HL T, HEUA L EfCTEL 2 &
DBCTEL LI Hhb, A=QRPT THB I Eh o, LUFTIRINIER Y 74 ~ 7 (column pivoting)
#1179 QR D Z &% QRPT L#ET,
int gsl linalg QRPT decomp ( [Function]

gsl_matrix * A,

gsl_vector * tau,

gsl_permutation * p,

int * signum,

gsl_vector * norm)

M x N 119 A % A=QRPT OWOMRICHET %, BIETEZ o 5175 A X
AT & LAY RISk D, EIRTH P ISIEOER p I A6 S, EIfRO
513 signum WCANSN D, ZDEMHAPTORBONEE n £ T2 L &, EIBEORF
FE (-1D)" 2D, XY PV tau 1SN RABIVY—REDS, 751 A OF =T
DINNT AFNY — « X7 FIUBANGI, ZN6DERTI Q 2EKT, X7 M
tau DRI k13 k= min(M,N) THITINUIHR SRV, v EATARLY — - X7 |
Wy =(0,...,1,A@G +1,4), A(i + 2,i),..., A(m,i)) ELTQ;=1—rvol LT5L&
EHQIFQ=0Q...Q:01 EEINB, ZNiF Lapack AL TH B, 7 b
Vnorm 13RI N T, WXy T4 v 7 %179H) I-ODIEEFERTH 5,

ZITIE IR Y 74 v T &RITINT AFRNET — QR ¥ (Householder QR decom-
position) ZEMH L T % (Golub & Van Loan (1996), Algorithm 5.4.1 i),

int gsl_ linalg QRPT decomp?2 ( [Function]
const gsl_matrix * A,
gsl_matrix * g,
gsl_matrix * r,
gsl_vector * tau,
gsl_permutation * p,
int * signum,
gsl_vector * norm)

JITEZOoNS A ZEHTZI L4, A% A=QRPT 2R T %, EHEHIE
BICEZ 5170 g & riITANTEI NS,

int gsl linalg QRPT solve ( [Function]
const gsl_matrix * QR,
const gsl_vector * tau,
const gsl_permutation * p,
const gsl_vector * b,
gsl_vector * x)
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gsl_linalg QRPT decomp IZ k> TfF 5% QRPT &, (QR, tau, p) ZflisoT Az =
b Z2 <,

int gsl linalg QRPT svx ( [Function]
const gsl_matrix * QR,
const gsl_vector * tau,
const gsl_permutation * p,
gsl_vector * x)

QRPT 431# (QR, tau, p) Zfli>T Az = b 2# <, 518 x ZBIBOWTOH LI A4
AD b 2L TEL, CORTEEEZINS,

int gsl linalg QRPT QRsolve ( [Function]
const gsl_matrix * @,
const gsl_matrix * R,
const gsl_permutation * p,
const gsl_vector * b,
gsl_vector * x)

RPTz =QTb % x ICBIL TR, %55 U D50 QR 43f#DS (Q, R) DIRITTF T
BonTwa ZICHHATH 2,

int gsl linalg QRPT update ( [Function]
const gsl_matrix * @,
const gsl_matrix * R,
const gsl_permutation * p,
gsl_vector * w,
const gsl_vector * v)

QRPT 43 (Q, R, p) D7 v 7 1 AXDFHEZTTI, 7v 27 1 28RF QR =Q(R+
wol) DI TRING, ZZTHALELTEBONS Q L R I3EDL S QEKH AT
GITH 5, BB w OMEIFRES L, Bl p 3L 2w,

int gsl linalg QRPT Rsolve ( [Function]
const gsl_matrix * QR,
const gsl_permutation * p,
const gsl_vector * b,
gsl_vector * x)

FIECchHZo5 QR D N x N 115 R TEFRI N ZAE RPTx = b %R <,

int gsl_ linalg QRPT Rsvx ( [Function]
const gsl_matrix * QR,
const gsl_permutation * p,
gsl_vector * x)
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FI¥chHEZ o5 QR D N x N 114 R TEFRI N ZAlE RPTx = b #f#<,
I8 x 3B LIRFICAAD b 2R FF L TE L, T hEEINS,

14.4 HEEDE

—fRDIET TR M x N D5 A1, M x N OEIRFA U L, FREZ2ET N x N O
7518 &, N x N OIEHERTH V OEETIOREE LT, UDTDLIH IR TE 3,

A=USVT

IR RAES % (singular value decomposition, SVD) & WES, FrEH o; = Sy E TR TIER
Ty op>02>...20y 20 %2 &)IC, BIHICKEIT 2 2 L0350,

FrEMED I I3% C DICTBID D 2, FFFED ) BLIRARD S D LRND S DD E LT, 175D
ZAFE (condition number) 235-2 5115, FFEMEIC 0 & FNT0UR, Z DITFIIRIERITIX 7%
v, EEORBEOEBIITIND 7> 7 Th D, 7 v 7 MRTHI 2 R RES RS 256, BEE
BOREOWRAN S, 0127 5 N SR REDHE I 0 1226202 LD 5, WY R EE %
1o, RTINS REOREZ 0 L AZTREDE ) PHBIERIER S R,

7V 7RO A, 0 TH 2 REEICHRT 21751 V O&FE A DZZEMH] (null space)
252 %, FKIC, 0 THROLRRIEISHES 21750 U D&FIIZ A Ol (range of A) 25.2 %,

GSL THEEL TV 2 FRRES RIS (“thin” SVD) TH %, 1751 U 25 M x N DEZRLTS
T, ANELTERALATINIGIERHBR T EHEIN S, oL ot Tw2/jiETH 5,
BN i3 — B OR BAE R IZ. U 25 M x M DIESRATH, S 55 M x N OMALFH] (ot sy
DADERIZTRT0) KL TERINT W3,
int gsl_ linalg SV decomp ( [Function]

gsl_matrix * A,
gsl_matrix * V,
gsl_vector * S,
gsl_vector * work)

M>NThs MxNIFH A% A=USVT OWMICKREDRT 2, 5I8TEZ5
N3 AIGGIETHEONS U TESIZ N5, FREETH S OARTIER7 ML
SicAn GG, FEEIZIEATHD, S 6 Sy ICEIEICIIR S5, 515D iTFl
VI T V BiEEINTICAN SN S, USVT OO EZR Ik, ZNZiKiE
TE0ENH L, EEEBE L TEI N O FL work DSETH 5,

ZITIEa7 7+ 74 ¥ 2(Gene Howard Golub, Christian H. Reinsch) D5 {E>
Rz R LT3,

int gsl linalg SV_decomp mod ( [Function]
gsl_matrix * A,
gsl_matrix * X,
gsl_matrix * V,
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gsl_vector * S,
gsl_vector * work)

BIEDZ 7 - 54 v 2k (modified Golub-Reinsch algorithm) % {8 - Ty S 53 g
219, COMEIE M >N OLZIHEETH S, EREFEE LTI ML work D
il N x N 1741 X 33T dh 5,

int gsl linalg SV decomp_jacobi ( [Function]
gsl_matrix * A,
gsl_matrix * V,
gsl_vector * S)

Al 2 €3k & 5 E5E (one-sided Jacobi orthogolization) % {ifi > TR %4l 734 %
79, YaCkEa77 « 74 vy 2RIl 2 LR KW,

int gsl linalg SV_solve ( [Function]
const gsl_matrix * U,
const gsl_matrix * V,
const gsl_vector * S,
const gsl_vector * b,
gsl_vector * x)

HoDLOKRDTH S gsl linalg SV decomp Zfli> T4l A % (U, S, V) (K5l
SRS A ET Az =b #fRL,

a0, EFEOREEOABHbLNS, 0 DRFEMEICHET 2 RIFEHI N
5. fMORMES ., ZOBBEZPEREIC 0 IcTAZ ETHHT A LENTE S,

190 A DI X D HITHL > K ) ZBEIRGE (over-determined) 7% DA, I3 RN "
TEMICEIE S L, VA ||Az — b ZIRAMNCT 5 x 28RS N5,

14.5 L XF*—7f&

IEEMEORFFIET T4 A 1Z, 2 L A% —53f% (Cholesky decomposition) Z179 Z & T F =174l
Lt ZORETH LT OffE LTRT I EDTE S,

A=LLT

2T DFTiM (square root) & LTI T b H B, 2L AFXF—3iE, fTFlOREGED

TRTCEDHAICOATI I EWNTE, FLIUTKD, BIBHE Ax = b 2 D0 = f[HE

(Ly=0b,LTz =y) ICHfRL, WHENEE X OBBRATHRS LW TEL LI ITR 5,

int gsl linalg cholesky decomp (gslmatrix * A) [Function]

int gsl linalg complex_cholesky decomp ( [Function]
gsl_matrix_complex * A)
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EEMEDIEHTTI A % A=LLT O EEBOHEE A=LLT) ICaLA¥—57
g %, FHEOMEIREINLDIZ L OXNAERIT E T=AKRSTTH 5, AJTELTHIE
THZ2 ADOEZMESIEEI N, A OXMART E T ZMEa0 LT, L=
S LT CEEmZ NG (NAKRSIE L & LT TRLTH D), 52 605751550E
EfH (positive-definite) TR WIEAIE, I L A X —fiIEpPcRkkL, 25—+ a—
F GSL_EDOM %#3iR 79,

Z OB R o TITAIMIECHEN» E ) 2R LB TE D, ZOKEFZI— -
VI =ML T, KN RO R S,

int gsl_linalg cholesky_solve ( [Function)]
const gsl_matrix * cholesky,
const gsl_vector * b,
gsl_vector * x)

int gsl_linalg complex_cholesky_solve ( [Function)]
const gsl_matrix_complex * cholesky,
const gsl_vector_complex * b,
gsl_vector_complex * x)

gsl_ linalg cholesky_decomp ¥ 7:!% gsl linalg comples_cholesky_decomp IZ K-
TA%Z aLVAXF—7F L TRSN 51T cholesky ZflioT, #IEME Az =b %
figt < o
int gsl linalg cholesky svx ( [Function]
const gsl_matrix * cholesky,
gsl_vector * x)
int gsl linalg complex _cholesky svx ( [Function]
const gsl_matrix_complex * cholesky,
gsl_vector_complex * x)

gsl linalg cholesky_decomp ¥ 713 gsl linalg comples_cholesky decomp |2 K-
TAZAVAX—MRL TR SN 5115 cholesky %o T, SYERIE Az = b %
o BIE x FBIBOMFOH LIFICAIAD b 27 L T, TN TEEZ SN,

int gsl linalg cholesky invert (const gsl_matrix * cholesky) [Function]
int gsl_linalg complex_cholesky_invert (const gsl_complex_matrix * cholesky) [Function]

gsl_linalg cholesky_ decomp ¥ 7-1% gsl_ linalg complex_cholesky_decomp IZ K-
TITAZ a L A ¥ =03 L TR 5 1L 54751 cholesky 726, MifTHlZ2E1H Y %, JLDAT
FNDWATHIFHR Z 4, BIBLD cholesky % LEHE L TRE NS,

14.6 EXFMTII O =ZEXH
RFRITHI A IZMLIZEHR (similarity transformation) TLAT D & 9) REDIBICR T I L23TE 5,
A=QTQ"
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22T Q FEAATH, T I3 =EX 175 (symmetric tridiagonal matrix) TH 5,

int

int

int

gsl linalg symmtd decomp (gsl.matrix * A, gsl_vector * tau)  [Function]

WFRIESTITH A % NP ZEN AT O QT ooy 3, Z&ExMirsl T 1%, 5l
BTHZ o517 A OXfE X TEINAETICANTREI NS, A O F =M
DY DETIIZERITHN Q ZEHA L 1N T ARNLY — « X7 FABANGI, N
AR R tau ICANSNDE, A DEZICRY PLDEDEENBANS DD
X, LAPACK EFIUTEATH 2, A O E=AKSTIC AN N AEICITERIZ RO,

gsl linalg symmtd unpack ( [Function]
const gsl_matrix * A,
const gsl_vector * tau,
gsl_matrix * Q,
gsl_vector * diag,
gsl_vector * subdiag)

BY%4 gs1_linalg symmtd_decomp IZ & - THF 6 L7 MR = E XA RO GRS (A,
tau) S ELZTIIZ Q 12, NAKD % diag 1<, BINAKS % subdiag IHLD 1T,

gsl linalg symmtd unpack T ( [Function]
const gsl_matrix * A,
gsl_vector * diag,
gsl_vector * subdiag)

BI%( gsl linalg symmtd_decomp (2 & > THF & N7 MFF=H XA 3RO FHEFT R (A,
tau) 2> 5N HK D% diag 12, BIX KT % subdiag 1D Hi9,

14.7 IIILZ—MTHID=EBEXNADHE
I3 — MTH A SHEPERTYUT DO L 5 BMOBICERT I LN TE S,

A=UTU"

ZITU E2=%Y —174l (unitary matrix), T [FFERNFF=ENAITITH 5,

int

gsl_ linalg hermtd decomp ( [Function]
gsl_matrix_complex * A,
gsl_vector_complex * tau)

IV I — M A 2R EE AT UTUT IS %2, ZENATH] T 1%,
FI8ch 2 6N 5475 A ORNAE X TENARTOIXFICANTREENS, A DT
SRR OED DTG IV — MIAU 2L 72N ARV T — « X7 b Lps
ANS I, NIRRT —RED tau IKCANSNDE, ADEZIIRT P LD EDHEE
BANSNDEE, LapacKk ERUTERATH 5, A O EZAE0 & AT DREERIC
AN S LB AEICIFTERIZ 2000,
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int gsl linalg hermtd unpack ( [Function]
const gsl_matrix_complex * A,
const gsl_vector_complex * tau,
gsl_matrix_complex * U,
gsl_vector * diag,
gsl_vector * subdiag)

P9%% gsl linalg hermtd decomp | & o TS N7 W = H X AT RDFER (A, tau)
o=y =74z U IS, NART%Z2FERRT F IV diag (&, BN E %2 BN
7 bV subdiag \ZHUY) 9,

int gsl linalg hermtd unpack T ( [Function]
const gsl_matrix_complex * A,
gsl_vector * diag,
gsl_vector * subdiag)

BY%% gsl linalg hermtd decomp | & - T 6 N7z WP =EH A3 RDFER (A, tau)
o N % FER T IV diag 12, BN % I8 7 + L subdiag [ZI) T,

14.8 ZEFITIIOANY IR DiE
— I FEEDITH A FHBERTYUT O &L 5 OB ICET Z B TE S,
A=UHUT

T U BERTA H 13 b~y X)L 71751 (Hessenberg matrix, BN & O 72 T3¢~
T0)ThHb, ~vEvyL75f# (Hessenberg reduction) 1, FENFREAMERTE (nonsymmetric
eigenvalue problem) % fi#< 729 D 2 — 7 73f# (Schur decomposition) DJRFID AT v 7 & LT
Tt 23, iz HAAHEIEZ

int gsl linalg hessenberg decomp (gsl matrix * A, gsl vector * tau) [Function]

M H = UTAU %3E T2 2 LIk > T A ISR L Ty 2 v RV 7 53 fid%
19, DROKERESNZITH H 1Z A o EficAnens, U %142 7OICahsl
2EHRIE A DT =M Ao Nng, U ld N -2 oy 2B LY —{TH0ETH
B, NWIARNY =« X7 P2 A OF =M (RIRARS XD b ToHD) KA
53, NT ATV —RZEDIR T b tau ICAN SN S, tau DEZIZ N THRIFUE
ACR RN

int gsl linalg hessenberg unpack ( [Function]
gsl matrix * H,
gsl vector * tau,
gsl matrix * U)
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Ny VI H EXT BV tau DS IETA U 23R 5, H & tau 320
Z1., gsl_linalg hessenberg decomp 2NRTHERTH 5,
int gsl linalg hessenberg unpack accum ( [Function]
gsl matrix * H,
gsl vector * tau,
gsl matrix * V)
Z DBY%IE gsl 1linalg hessenberg unpack EIZIEF U, FHELTRONS U
ZHlBchAons VICEHL, VV =UV LT VICARTEY, Ldo>TZ
DRABZPSR L Zlz, V ICiRfEZ AN TE2RIEZ S R, V ZHRATINICL TEL
& . gsl linalg hessenberg unpack &[RIUHKiIRICZA %, H 23 N XDIET{TID &
E. VOIDEIZ N TRIFUEZE S0, fTOBIZV DTS X,
int gsl_linalg hessenberg set_zero (gsl.matrix * H) [Function]

1150 H OEINAEIT LD D TOEEZ 0127 %, gsl-linalg hessenberg decomp D
Bic, NI ARNVY = - RZ P LE0ICY LY FTEDICH),

14.9 FEHTHDOAY IR =ZAHHE

“ODFEITI (A, B) BEFFSHERIC X > TUTF D X 5 12T 2.,

A = UHVT
B = URVT

IITU LV IRERTA. HZ Ny 2y L2575, R EEMTHTH S, ~v ey L
7 Zf57# (Hessenberg-triangular reduction) (&, —#¢H 7 EGMHEFEZ M 720 D—#t > 2 —
TAROBRYID AT v 7L L THibi s,

int gsl linglg hesstri decomp ( [Function]

gsl_matrix * A,
gsl_matrix * B,
gsl_matrix * U,
gsl_matrix * V,
gsl_vector * work)

TODITA (A, B) 125, 2Dy YT SR EHET 5, FHERERE LT,
H2AIZ, R BIANTEING, U &t VPEZoNLEAIE (HGABVES
& NULL 129 %), Z06ICHBIEE AN TRY, BE N OFFEEHE work %5 2
RIFUX 5 e,
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14.10 —ExA1
—HRIZATH A IFHMEE T T O L ) BBEOBICRT Z L8 TE %,
A=UBVT

ZITU & VIFERTI, B & N x N O _#Ex A7 (bidiagonal matrix) T, NAKT & L
HIRH R INDEFIZ 0 TH D, U DREIWE M XN T, VIiENxN ThH?,
int gsl linalg bidiag decomp ( [Function]
gsl_matrix * A,
gsl_vector * tau U,
gsl_vector * tau_V)

M x N Ofi5l A %2 UBVT OBICHET 5, A O E X O LR AR 121751
B O E X O EXNARSEZ ANLTGRT, ERTH U & Vi, A DZEBTn3
LIAICEEDTANSG NS, NI ATV —FEIZRZ PV tau U & tauV IZA
NTREINDG, tauU ODEZIITV A ONARTOMEEERL ., tau.V OEZ X Z1
0% 1 23EL 2Lk s ke,

int gsl_ linalg bidiag unpack ( [Function]
const gsl_matrix * A,
const gsl_vector * tau_U,
gsl_matrix * U,
const gsl_vector * tau_V,
gsl_matrix * V,
gsl_vector * diag,
gsl_vector * superdiag)

B9%( gs1 1inalg bidiag decomp IZ &> T 6N 7474 A O _BENATHE (A, tau U,
tau V) > 6 DODEZATHI U & V, XX 7 bV diag & B2 RV superdiag
ZMO T, AEVZRELfEI 20, UG UTU =1 %73 M x N DERTT
FlicAhensg,

int gsl linalg bidiag unpack2 ( [Function]
gsl_matrix * A,
gsl_vector * tau_U,
gsl_vector * tau_V,
gsl_matrix * V)

BY%( gs1 linalg bidiag decomp IZ & > TR 6 N7 AT A O HEX A7 (A, tau U,
tau V) 6 ZODEZATH U & V., AT bV diag & EXfARY 8V superdiag
ZINO YT, A DNEZ U TLEST 5,

int gsl linalg bidiag unpack B ( [Function]
const gsl_matrix * A,
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gsl_vector * diag,
gsl_vector * superdiag)

BY%L gsl linalg bidiag decomp IZ & > TS N7A751 A OXAKSy & —FEA A5y
fB%., NAXT ML diag & LAY IV superdiag 1D T,

14.11 I\ RRILY —ZiA

N ARIVY —ZH1 (Householder transformation) & GHAATINCNT 2 T > 7 1 A3 (rank-1
modification) TH D, ZHITL D7 PILVOEROUERZEATOICT I ENTES, NV R
RN =175 P I N OB Z S,

P=1—-71vw"

CIZToRBNTRARNY =« X7 PV ERENR, 7 =2/(vTv) 2T, ZOHOBEIE Y A

RN 175D 7~ 7 1 fid (rank-1 structure) 2> T, RLLIANAT ARV L1217,

double gsl linalg householder_transform (gslvector * v) [Function)]

gsl_complex gsl linalg complex hauseholder transform ( [Function]
gsl_vector_complex * v)

FIBTEAONENY MNVOEFEZ2RHEZDZ VB TIRT 0 IZTENT ARV =%
aP=T—700? ZHBTZ, BRI bLZ2 vICEEESL AR, AAT7—fHT %
BY

int gsl linalg householder hm ( [Function]
double tau,
const gsl_vector * v,
gslmatrix * A)

int gsl_linalg complex householder hm ( [Function]
gsl_complex tau,
const gsl_vector_complex * v,
gsl_matrix_complex * A)

AHN T —fl tau EX7 PV v TERINENTAFNVEY =70 P 2475 A IZED»S
TR S TLEZ1T ), RROFER PA THE A 2 EEET 5,

int gsl linalg householder mh ( [Function]
double tau,
const gsl_vector * v,
gslmatrix * A)

int gsl_linalg complex householder mh ( [Function]
gsl_complex tau,
const gsl_vector_complex * v,
gsl_matrix_complex * A)
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A7 —f tau £V PV v TERINDENT ATV =170 P 2475 A 1455
EM S TEBZ1T ), BROKIE PA THE A 2 EEET 5,

int gsl linalg householder hv ( [Function]
double tau,
const gsl_vector * v,
gsl_vector * w)

int gsl linalg complex householder hv ( [Function]
gsl_complex tau,
const gsl_vector_complex * v,
gsl_vector_complex * w)

AH T —fl tau LRV bb v TEBINBNT ARV =175 P 7 b )L w 1T
3%, ZHOFE Pw Tl w 2 LEXT 3,

14.12 I\ ZANILY —ZI(IC K B IRFERIRBED A

int gsl linalg HH solve ( [Function]
gsl_matrix * A,
const gsl_vector * b,
gsl_vector * x)

N AR = o CRIBIIE Ae = b 28, BT x ARSI, b DffilZ
L, 78] A DBEZER AT ARV - I ) ESRZ SN S,

int gsl linalg HH svx (gslLmatrix * A, gslvector * x) [Function]

NI A FRNY =2 o THIERIE Az = b 2, BEEPOHT & ST, x 12
b DfEZEANTEL, x 3RETLEEEINS, 75 A OBEZEII N A B LY —E#HIC
Ih&EEHZI NG,

14.13 =EXAMRE

ZOffiOBIEUE, W, FERFRE X ORI = EAARTE (symmeric, nonsymmetric, cyclic tridiagonal
system) ZER/ND AT VAR THRL RS SDTH 5, BIEDFLETHE ST L7 LTY X4
FaALAX—O—FEThH Y, 2D ZENATIIZIEEMETRIIUEE S kv, SA6Nhk
IOIIEEE TRV, =7 — - a—F & LT GSLESING ZiKT,
int gsl linalg solve_ tridiag ( [Function]

const gsl_vector * diag,

const gsl_vector * e,

const gsl_vector * f,

const gsl_vector * b,

gsl_vector * x)
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AN x N Q=BT (N >2) D& &, ZBHNAME Az =0 2, LA
BLOTHARKDTORZ F)Le & fF ORI ELS S, RAKDTRZ ML diag £ D
b 1 ZTELS BT Sy, ZERATIIE, A D 4x4 DEAERMTOL) &

Ech s,
dy e 0 0
| fo di er O
0 A d e
0 0 fo ds
int gsl linalg solve symm tridiag ( [Function]

const gsl_vector * diag,
const gsl_vector * e,
const gsl_vector * b,
gsl_vector * x)

AW N x N ONBZENATH] (N >2) DL E, BIPME Az = b 2R, JERA
BRAOTDRT L e DESIZ, RARTRZ L diag X0 H 1 2FEL ATEES
R\, RFRZENATIIE, A DY 4x4 DEARRUTOX IRk S,

do €p 0 0
A= €o d1 €1 0
0 €1 d2 €9
0 0 €9 d3
int gsl linalg solve cyc_tridiag ( [Function]

const gsl_vector * diag,
const gsl_vector * e,
const gsl_vector * £,
const gsl_vector * b,
gsl_vector * x)

A D3N x N ORI ZENAITH (N >3) O & S, BIERE Az =b 2@ <, &ALk
BIOPNAKRTORT FL e BEO f ORIE, NAKRZT R bV diag EIHCT
ZFUER o kv, KRIZEFENAITINIE, A4 x4 DGEEMTO LI ICk S,

do e 0 f3
A Jo di e 0O
0 fi d2 e
es 0 f2 ds
int gsl linalg solve symm cyc_tridiag ( [Function]

const gsl_vector * diag,
const gsl_vector * e,
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const gsl_vector * b,
gsl_vector * x)

A DN x N OMFER =EANATF] (N >3) DL E, BIUME Av =b 2, K
BIIER AR T D7 bV e DRESIX, WNAETR7 TV diag LR TRIFIUEES
0, WMFRKE ZERATTIIE, A D4 x4 DBEHREIUTOLI Ik,

do €0 0 €3
A= @

(43 0 €9 d3

14.14 Y1

Pl (balancing) & 13, HHZEHIZ X > TTHIO RS E JfTD ZNZEND ) VLA DIEZRED T %
ZEThHhB, Inefr) I ETHAR. MAMEEZE L EOMDEAEZMS T ENTE S,
191 A OFfHifiE, LTD X5 A ZHBAITIITEESIZ 2L TH 5,

A =D 'AD

22T D ENATIIT, 2 ORAERINFE/ NG OEBORNEFTH S,
int gsl linalg balance matrix (gsl.matrix * A, gsl_vector * D) [Function]

1191 A %2 Pt S 41729751 (balanced counterpart) TE E#aZ | LI {272 %
MO N TR Z N2 PV D ITANTEY,

14.15 3l
PDTo7a 77 s5TiE, BIEHE Ax =b 22 RT, REEUTOIHICEoTnw3,
0.18 0.60 0.57 0.96 o 1.0
0.41 0.24 0.99 0.58 || 20
0.14 0.30 0.97 0.66 z | | 3.0
0.51 0.13 0.19 0.85 T3 4.0

COHBRDMIITH A O LU 73z flioTiRoins,

#include <stdio.h>

#include <gsl/gsl_linalg.h>

int main (void)

{
double a_datal] = { 0.18, 0.60, 0.57, 0.96,
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double b_datal]
gsl_matrix_view

gsl_vector_view b

%14
0.41, 0.24, 0.99, 0.58,
0.14, 0.30, 0.97, 0.66,
0.51, 0.13, 0.19, 0.85 };
{ 1.0, 2.0, 3.0, 4.0 };

gsl_matrix_view_array(a_data, 4, 4);

=
]

gsl_vector_view_array(b_data, 4);

gsl_vector *x = gsl_vector_alloc(4);

int s;

gsl_permutation *p

gsl_permutation_alloc(4);

gsl_linalg LU_decomp(&m.matrix, p, &s);

gsl_linalg LU_solve(&m.matrix, p, &b.vector, x);

printf("x = \n");

gsl_vector_fprintf (stdout, x, "%g");

gsl_permutation_free (p);

gsl_vector_free(x);

return O;

}

Dic7m 77 Loz Rd,

x = -4.05205

-12.6056
1.66091
8.69377

w3
B

MAEL

GNU OCTAVE Zfli> T ¢ LITLDITH A ORiZEHR T2 L T X ) Ickh D, BoIEL & 2R

THIENTED

octave> A

octave> x

octave> A

ans =
1.0000
2.0000

o

[ 0.18, 0.60, 0.57, 0.96;
0.41, 0.24, 0.99, 0.58;
0.14, 0.30, 0.97, 0.66;
0.51, 0.13, 0.19, 0.85 1;
[ -4.05205; -12.6056; 1.66091; 8.69377];
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3.0000
4.0000

TLDH Az =b 1> T, THUTEDAEAD b RN 5,

14.16 ZZEX
COMTEHHL BTl T AT LT XAIBEL TE, UTORICHESNH 5,

e G. H. Golub, C. F. Van Loan, Matriz Computations (3rd Ed), Johns Hopkins University
Press, ISBN 0-8018-5414-8 (1996).

LAPACK IZDOWTIELL T2 =2 7 MICEHI N TV 3,

e LAPACK Users’ Guide (3rd Ed.), Society for Industrial and Applied Mathematics, ISBN
0-89871-447-8 (1999).
http://www.netlib.org/lapack

LAPACK DY — A2 —F & LD web ¥4 b5, FIHENE EHITAFTE S,
BIEDTS 7« 54 vy aiBIc o0 TRM TOHRICHRSNT W3,

e Tony F. Chan, “An Improved Algorithm for Computing the Singular Value Decomposi-
tion”, ACM Transactions on Mathematical Software, 8(1), pp. 72-83 (1982).

REMESR 2T Y a2 BRI VLT, Fo@mxXichresnTwna,

e J. C.Nash, “A one-sided transformation method for the singular value decomposition and

algebraic eigenproblem”, Computer Journal, 18(1), pp. 74-76 (1973).

e J. C. Nash, S. Shlien, “Simple algorithms for the partial singular value decomposition”,
Computer Journal, 30(3), pp. 268-275 (1987).

e James Demmel, Kresimir Veseli¢, “Jacobi’s Method is more accurate than QR”, Lapack
Working Note 15 (LAWN-15), (1989.10).

R Demmel (1989) 1% netlib http://www.netlib.org/lapack/ @ lawns ¥ 7z!% lawnspdf
TALZFVILH B,
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F£158 EHERE

COETIHTHIDEAME (eigenvalue) &[G FL (eigenvector) 2 5159 % BIEUZ D CTHiA
¥ %, GSL TIRRFEEXSTTH (real symmetric), FEEIERTHTH (real nonsymmetric), #5381
3 — M7 (complex Hermitian), SEED—MRNTREMETTH (real generalized symmetire-definite).
BHRHBOEMIIV S — M7 (complex generalized Hermitian-definite), FEE D —MIERNFRITS
(real nonsymmetric) D Z AL 23U $ 5 A MERI R ZREL T0 5, AN bLDH 5
FZN2MER 20, % CHERTE S, T3 — MIF & FEBONPTINCOWTIE, NP H
X4l (symmetric bidiagonalization) IZHil) T QR 3z 1T 73TV XL %29, IERNHITSI
IZ1& 7 7 v~ A (John. G. F. Francis) ® ~#¥ 7 I QR ¥ (double shift QR) Z {9, —MDIE
MNFRTFICIE, €7 — (Cleve Barry Moler) & AF 27— (G. W. (Pete) Stewart) 12 Xk % QZ
iy,
COEIHTI2EEPERIEI~NY Y7 7 1) ‘gsl_eigen.h’ IH 5,

15.1 SEEHXIFRTS

GSL T, EBONMHTII DA MR 3R —ENALIcki i < QR 2217 713y
AL %9 (Golub & van Loan (1996), & 8.3 fii), alE TR ONLEEMHOKEIELIX, ¢ ZilHEKE
JE (KA 7> 1 | machine epsilon) &9 5 & Z €Al TH 5,
gsl eigen symm workspace * gsl eigen symm alloc ( [Function]

const size_t n)

n x n DFEBOIFATIN O EZ G T 2 720 DTS A MR T 2, (FEFEROKE
EDA—=%—1x O(2n) TH %,

void gsl eigen symm free (gsl eigen_symm_workspace * w) [Function]
PRSI w DSHER L T2 A 'Y Z2RIKT %, 51808 NULL O & Ei3fils L,

int gsl_eigen_symm ( [Function]
gsl_matrix * A,
gsl_vector * eval,
gsl_eigen_symm_workspace * w)

FEENFRTH] A DEGIEZ IR T 5, EYRRE I OFEEFEEZ H 60 L OfER L T,
w & LTHETSZDERD S, fHETIZ A ORNANSE L O TFEZARTBSHEI N,
ZOMEIFEZONTLEI D, L=ARakmgdsns, iR INLEEHEIZR7 T
Woeval 12, BHIINTICANTRING,
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gsl eigen symmv_workspace * gsl eigen symmv_alloc ( [Function]
const size_t n)

n x n OEBOSHRITIIOEAGME & FA 27 b L 2T 2 720 OIEEEBRZ R T 5,
TEEFIRDORE Z DA =¥~k O(4n) TH 3,

void gsl eigen symmv_free (gsleigen_symmv_workspace * w) [Function]

TESETEIN w SHERR L TV 2 XY 2RI 2 (RA v & DRI RGO X =7
7 AL KD ET LD, NULL KA ¥ Z2518E LTHEL TUIE S B0,

int gsl eigen symmv ( [Function]
gsl_matrix * A,
gsl_vector * eval,
gsl_matrix *
gsl_eigen_symmv_workspace * w)

evec,

FHOIRITH] A OFHEEEFAR7 MV EFET 2, @Y% KE S OMFEEESE H 5
PUOMMRL T, w & LTRET 20ELRH 5, iHHETIE A DRARTE IO T=
RSB I N, ZOMHEIZEZoNTLEFHID, E=EARoIIEEINS, iMES
NEFEEMEIZRZ PV eval i2, BIIINTICANTRENS, WIETBEER7 L
13, 1750 evec 125 E L TANTTGREN S, 72 & ZITRMDINZ A TWBFEF R b
WiE, BRPNCAS T BEEMEICHIET 2, BAEXZ PVIEEBAEVICERLL, 2%
NOEIIF 11245 L5 Bt n s,

15.2 #BE=IILI— KT3I

IOV S — MTAIDGE I NI O “ENALE QR 77z - CTHEEEZ KD 5,
gsl eigen herm workspace * gsl eigen herm alloc ( [Function]
const size_t n)

nxn OEFEIIN I — MIFIDMEEEZFIET 2 700 OISR Z fER 5, (E3ERHIR
DREIDF—F—1F O(3n) TH 2,

void gsl_eigen herm free (gsleigen_herm_workspace * w) [Function)]

TR w DECR L T B XY 2T % (KA VI DM THGEGRDO X v N—12 7
72 AL LS ETH%S, NULL KA & &2515E LTHEL TEE S 20,

int gsl eigen herm ( [Function]
gsl_matrix_complex * A,
gsl_vector * eval,
gsl_eigen_herm_workspace * w)
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HHR IV I — M A DEEEEZFIRET 5, @Y% KRS S OEEHERZ & 52U O
LT, w & LTHET 28808 H 5, alHTIEZ A DRARITE L= %E‘Z’\z’)ﬁ’?
MaIn, Z20MEIZZZ6NTLE 92, REARTBEHIN S, AT OB
TH2ERZIN, EBA-> T TOHE I NS, SHHEINLEAEIZRY 1“11/ eval
2, BAIESnTICANTRE NS,

gsl_eigen hermv_workspace * gsl eigen hermv_alloc ( [Function]
const size_t n)

nxn DERIL I — MFFIOBEEMEEHEY V2T 2 70 0 (EEE % i
BT 3. (EEREROKE S OF —F—1% O(5n) TH 2.,

void gsl eigen hermv_free (gsleigen_hermv_workspace * w) [Function]
TEREHIR w DGR L T2 X B Y 2T 2, 51808 NULL @ & Z b Lz,

int gsl eigen hermv ( [Function]
gsl_matrix_complex * A,
gsl_vector * eval,
gsl_matrix_complex
gsl_eigen_hermv_workspace * w)

BEINLI— MY A DEAEEBEAX7 MV EFET 5, @Y% K E X O/EEHER
ZHoUOMMELT, w & LTEET 3L ERH B, iHHETIE A ONARSE L
TEZARTBSHIN, ZOMEBREZSNTLE I, EZANRTIIEEINS, KA
R DERIZ 0 TH B ERARIN, B A> T THEHEI NS, FEINEAHE
1FR7 BV eval 1T, BHIINTICANTRING, METEEEBREGR7 bz, 17
Fl evec 1IZHE L TCANTIRING, 72& ZIZRADINZ A>T AEF X7 FoLid
BN A TOBEAEMHICIET 2, A7 FLVIEBHWVICERZL, Z2RZFNDE
SF 1tk k) IKERBbENn 3,

* evec,

15.3 SREBGENTRTS

FEIEARITH] A OEEEREZ, UTDOY 2— 753 (Schur decomposition) % V> TgEn
ns,
A=21Z"

CITZiEya—7 X7 MADSBLELZTINTHY, T 13 E=MT5NE (7aey 7 |k

=ff75) ¢, ¥ 2 —7EA (Schur form) EMHEN S, T OXRNARED 1x1HEVIE2x2 DT

0y ZSABOTICHYS L, 1x1 o7 vy 7 (FEOEKRTONAER) FFERDOEAIE, 2 x 2

D70y 7 ZEFROEREOEFIETH S, GSL TIE7 7 v ZAD_#H> 7 F QR Lz

THEL TS

gsl eigen nonsymm workspace * gsl eigen nonsymm alloc ( [Function]
const size_t n)
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515 5 A EE

n x n DFEBIESTM T DOEGEZ HE T 2 72 O OEEEE 2 MR T 5, fEEfERO K
¥ X3 O(2n) DA—F—Tbh 3,

void gsl eigen nonsymm free (gsl eigen_nonsymm_workspace * w) [Function]

FEMR S LT\ BRI w 2T %, 51805 NULL @ & Zi3fald L2,

void gsl eigen nonsymm params ( [Function]

int

const int compute_t,

const int balance,

gsl_eigen_nonsymm_workspace * w)
[ G fiei % 3K 5 BH%K gsl_eigen nonsymm I ED K I ICHIEZITI 2R T 270D
BEZIT ) o
gsl eigen nonsymm T4 2 — 7 T 25T %5 79I21%, computet Z 11
LCIoBBZTS, Sz 0I1cd5E TIFEMEI NG ( hi)>7‘7ﬂ'llxl‘0)§bf’ﬁ
Thb), ey a—THAZHET 3 L, GIERKHS 1.5 26 2 512k 5,
balance % 1129 % LEAMHDEIHE%Z T % il Pl (balancing) 2179 BEICR %,
PRI X DT KAT. BIND ) )V ADIENSTE B2 TIEVEIC R 5 X ) ITAHS
N, VDR EROMHEDOHINRES R 2 L) BHA6TH, HEMHEIEORBEZ LI
L2 EMTED, (14.14 i TPy, 205 A=Y &), FELickoTya—7 - R
7 P VOERMEDI RIS 720, gsl eigen nonsysmm Z P Zfi->TRoNE S 2 —
7 e X7 Fvix, SO DI LS AT Db DIt B, Z DBIRIZ, DL
TSNS,

T—Q'D'ADQ

ZITQ P LINATIDY 2 —7 « X7 PV K 51750, D 1Pz T 9 42
#1175 TdH %, gsl_eigen nonsysmm Z (DA T DBARZ W72 3179 Z 2K 3,

T=27"1AZ

2ITZ=DQ ThH2, Z FEKTHTIEA, Eio#inc Xy, Fikid 77 4
NV TRITOAEVERTEICR STV,

gsl eigen nonsymm ( [Function]
gsl matrix * A,
gsl_vector_complex * eval,
gsl_eigen_nonsymm_workspace * w)

FERIEFHITH] A DA ZFE L. X7 b eval ITANTEY, Y a—7HA T
DHEZITIREILE>TVB EZIIXT ROt A D BB ANGNS, 29 Th
WEEIX, ADERNAMRED 1x1H20IF2x2 D7y ZICEAMBPANSND,
Ix1D7ay Z7IC3ERD, 2x2 D70y 7IZEEROEAHEOERELEBANS
N5, A DMORTIIFHBEICIVEESEDL S, HBEICL > TE TR TOREAMAFH
TERWVWIEDPHED, 2O LEIEFZI—a—FZRL., PUETEZFEEHEDEED
w->n_evals ICANGNS, PURL ZEHEF DD DI eval DI A5 D,
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int gsl eigen nonsymm Z ( [Function]
gsl_matrix * A,
gsl_vector_complex * eval,
gsl_matrix * Z,
gsl_eigen_nonsymm_workspace * w)

Z DRI gsl_eigen nonsymm EF U DY, P a—7 - X7 FVZEEFELT Z ITA
TR,

gsl _eigen nonsymmv _workspace * gsl eigen nonsymmv_alloc ( [Function]
const size_t n)

n x n DIERNHEEATHNOBEEM EBEE XY MV EFET 2 720 O/EEES 2 AR T
%, {EEBEIOKRE XX O(Bn) DA =¥ —Tbh %,

void gsl eigen nonsymmv_free (gsleigen_nonsymmv_workspace * w) [Function]
MERR S LT\ BRI w 2 RIS %, 51823 NULL @ & E13fal s L s,

void gsl eigen nonsymmv_params (
const int balance, gsl_eigen_nonsymmv_workspace * w) [Function]

COBBDOBICFUIH IS gsl_eigen nonsymmv BB T, [EHEREZE & D
FETHELS D ZIBET %, balance D% 1 12 LTI DEEZFATE S L, Pk
ZiTo TG lEAEZ KD 5 X ) 124k %, Fflllld gsl_eigen nonsymm params % 2
DT L, FHLEIT) Lo a—T - X7 PLVDERENRbONEDT, 774V Tl
FEHLIZ TO RV LT >TW 3,

int gsl eigen nonsymmv ( [Function]
gsl_matrix * A,
gsl_vector_complex * eval,
gsl_matrix_complex * evec,
gsl_eigen_nonsymmv_workspace * w)

n x n DIENHEBITI A OFEHELEREER7 MV eitEd 2, ZOBED
W Tlm#IC, EAMHE, >2—7BR T, >a2—7 - X7 FVZEHET 01
gsl eigen nonsymm 23, 2D 6 T DEAEMEZRD, 2 —7 X7 b zffio
TS 2, 2 a—7 X7 PUISEHHROME T 31523, gsl_eigen nonsymmv_Z
Z2fli) JETZDOMEZRIGE 2 EDITE S, R INIKEE N7 VRIS 1IC% 5 &
IIEHEI NG, A D EICIEZY 2 —7 A T AN TEI NS, gsl _eigen nonsymm
DEMEBRBL 258 FEAEX 7 PLVIEEHERINT, =7 —a—FmR3ns,

int gsl eigen nonsymmv_Z ( [Function]
gsl_matrix * A,
gsl_vector_complex * eval,
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gsl_matrix_complex * evec,
gsl_matrix * Z,
gsl_eigen_nonsymmv_workspace * w)

Z DBIFL gsl_eigen nonsymmv EFU7EDY, 2 —7 - X7 PAZREELT Z ITA
NnTRY,

15.4 EHEOIEEEXNIRITIIOEFERRE

FEHDOIEEMNFHTIIOEAMEMAEE X, DT L) ZEGEME N EEEXZ ML 2RkDB 2
ETH D,
Ax = ABx

ZZT AL BINHmTYIC, BRIEEETHZ, BEaLAXF—0ET22 LT, ZOMEIR
PITF D X9z, BN 2 R T 7 o [l A ERTRE IS 7 5,

Ax = M\Bz
Axr = MLL'z
(LT*AL L'z = AL'z

IITO=L1AL y=L'2 £ 35L& C3AHTIITHS70, 3FHORIZ Cy=Iy £

ez TCHED, NI OEAMEAEZ # FERZOEEMA2 2 Licn s, oD

IEEENFRTPIDE A & B~ 27 S VdFEIc % 5,

gsl eigen gensymm workspace * gsl eigen gensymm alloc ( [Function]
const size_t n)

n x n DIEEMNIRE G EREZ 720 OEEESZ R T 5, (EEFEROKRE 31X
0@2n) DA—F—TH%,

void gsl eigen gensymm free (gsl eigen gensymm_ workspace * w)  [Function]
flEfr STV 2 ESERUIR w 2T 2, 5103 NULL O & E i3 b L2,

int gsl eigen gensymm ( [Function]
gsl_matrix * A,
gsl_matrix * B,
gsl_vector * eval,
gsl_eigen_gensymm_workspace * w)

EOBEELL 7o 5T o O IEEMN T (A, B) 226 EHEEZFIE L. eval IZ AL
TRT, BiClid, 52607 BOaLAX—BBANTRINS, A DNEIZHEHE
INs,

gsl eigen gensymmv_workspace * gsl eigen gensymmv_alloc ( [Function]
const size_t n)
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n x n DIEEMENFRIECEAIE & EH X7 M LERD 2 7- O OIEEFEREZ MR T 5,
EEFIBOKRE Z X O(4n) DA —¥—Th 3%,

void gsl eigen gensymmv_free (gsl eigen_gensymmv_workspace * w) [Function]
WEPR S T B EEFHIK w 2 RIS 5. 51873 NULL @ & Ei3ffd L2\,

int gsl eigen gensymmv ( [Function]
gsl_matrix * A,
gsl_matrix * B,
gsl_vector * eval,
gsl_matrix * evec,
gsl_eigen_gensymmv_workspace * w)

ZODIEEMENHTI (A, B) 26 EAEEEAEXY7 PV ZFREL, 2021 eval &
evec CANTIRY, FEAERTZ PILIZEIN 1 Ik 3 k) EHENnS, Bicliz, &
Z6NT BOALVAXF—GBBANTOREINSG, A ONRIIBHRINS,

15.5 BEBRHOEEEIILI—MNMTIOBEEERZE

BEBOIEEMIL I — MIYIOEEHERMEE . DT L) ZEEHE N EEEXZ ML ¢ %
kb EThHD,
Ax = \Bx

IITAEBRIVI—MIAIT, B BIEEHTH 2, FHOBE LK, ¢ =L 'AL T,y = Liz

ET2LECRBRINVI—MMIAITHLD, Oy= y LWIHIREICARD, ZKHBEDOTIL I — MT

SIOEAEREZ R FREBSZOE EMA 22 LIcn s, ZOEFEHTV S — MiFloEAiERE

TRONBEAME & FEA N7 PIOVIZEICHBIC R 5,

gsl eigen genherm workspace * gsl eigen genherm alloc ( [Function]
const size_t n)

BEHOIEEM TV S — FEAEMEZ G 72O OMEEFIBZ R T 5, (RO
KE X O(3n) DA—F—Th 2.

void gsl eigen genherm free (gsleigen_genherm_workspace * w)  [Function]
PR S T 2 /3SR w 2T . 518003 NULL @ & S13fd Lz,

int gsl eigen genherm ( [Function]
gsl_matrix_complex * A,
gsl_matrix_complex * B,
gsl_vector * eval,
gsl_eigen_genherm_workspace * w)
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BB L 72 T OO IEE TV S — M1 (A, B) 25 FEAEZFIR L. eval I
ANTRYT, Bizld, 52607 B DaLAF—SBRANTEINS, A ODNEIT
RN 3,

gsl eigen genhermv_workspace * gsl eigen genhermv_alloc ( [Function]
const size_t n)

nxn OIEEMIIL I — FEECEAM L EER7 PV ERD 2 70 OVEERFI 2 T
T2, FEEFEEOKREZIE OBn) DA—¥—Th 2,

void gsl eigen genhermv free (gsleigen genhermv_workspace * w) [Function]
FEPR ST 2 MESERIR w 2T 5. 518073 NULL @ & Zi3ffd L 7\,

int gsl eigen genhermv ( [Function]
gsl_matrix_complex * A,
gsl_matrix_complex * B,
gsl_vector * eval,
gsl_matrix_complex
gsl_eigen_genhermv_workspace * w)

* evec,

TODEEMETN S —MTA (A, B) »SEAEEBEE R FLEEFRL, 20
eval & evec ICANTIET, FEARZ PLIZEIN 11045 L) EHtENn s, B
Wik, G267 BOaLAXx—0BANTOREINSG, A ONFIZIHEI NS,

15.6 RO —MRIENIRITI O EFIERE

TODIETTA (A, B) B35 2 SRy, FER D —BIERNTM T O M fERE & IZPLT O X 9 el
AN EFEER7 PV 2 ZRKDDLIETHD

Ax = \Bx
ZZCHEBRIC, EEME p EEERZ Ly 2RO ZMEEZERT D,
pAy = By

AL pd0oTROEA AN=1/u LBFR IO SOMEIZEMiTcH 2, L2rLZEITDEE,
A=0DEZIZ—TTOMBEIZMED X\ (well-defined %) BIAMEMEICE 205 Z2ETTTIEZ 9
v, BEAMEIC 0 (B2 WIFHERR) & ENnTbwewn k) ZRERIM T X )1k 2,

BAx = aBx

UTFTHHTZ2L—F v iE o b g OfEiEEL., ZOMlD5 A=a/f. pn=F0/a LilETHUEZ
NZENOEPEFEONE XHITL T3,
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A DT RTOMEIZDWCTTIIHR A — AB OFTFIAD 0 127 2856, ZOMEIZ NEAITIRZ W
(singular) . % 9 THWVEAIZIER] (regular) TH %, IEAITR WV, &5 WIFRERTH 255135
Wa=0=0%,%0D, THIHEAMMELE UTERAER L Rwd, FHEICK DR S 2 EAH
Wiz, ERENG, ZOOBIBISIEIZREZ E L TESNTE D, IRIITAR W REICN
L T2 DFFRERIETFHITE 2w,

ZODFTH (A, B) IZDWT D, EEDO—BIENTMT I O BIAEREDO M 2135 1213, BIFD—
W 2 —7 0z lT9,

A = Qszt
B = Qrz"

ZITQEZBZENENE, BIXOADY 2—7 - X7 b6 R 2ERTIITHY ., (S,T) 13—

e 2 =TT, ZONAEITIEa BELD B THS, HHEINTLLDIFE T — (Cleve Barry

Moler) & ZF 27— (G. W. (Pete) Stewart) IZ & % QZ ETH 5,

gsl eigen gen workspace * gsl eigen gen alloc ( [Function]
const size_t n)

n x n DFEBO—WIFATFNOFEFE L FEAR 7 bz RD 2 72 0 DTS % fi
T2, FEHEEOKREZIZ ON) DA =5 —TH 5,

void gsl eigen gen free (gsl eigen_gen workspace * w) [Function]
HEPR S T 2 ESEREIR w 2RI 2. 51803 NULL O & Ei3fd Lz,

void gsl eigen gen params ( [Function]
const int compute_s,
const int compute_t,
const int balance,
gsl eigen gen workspace * w)

WGt % KD 2 BI gsl eigen gen ICED X I IFEZITI 2R T 27D DHE
Z79,

computes Z 1 12 LTI OBBZITRL ., ZDRICIZNS gsl_eigen_gen TII5ESR
By a—7A S WETEINS, 01CT 5L SIFEHHEINEL (IO T 740D
WETHS), S F E=ATINCRE (7ay 7 E=A114) T, Z0&XAM LD
Ix1H20E2x2D7 0y 7 ARTITHYT 5, 1x 1 DEFIFE 2x2 D
PR IFEFRBOBEAMEITNIET 5,

compute_t % 1 12 L CZORBZIPSR L ZDRICHIZNS gsl_eigen gen TII5ER
Bya—7HAT 2EEINS, 01ICT5E T IFEHEI NG (IO T 740D
WRETHS), T IZTRXRTONAEENIFAD 70y 7 E=AfTITH S, S T2x2
D70y 7DERIIT D 2x2 D70y 7 NAERKITNIET 5,

BHEDFELETIE, J14K balancing (FEGII N5, —MNZ PHEH{EIEIARIZEEINT
VWD TH 5,
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int gsl eigen gen ( [Function]
gsl_matrix * A,
gsl_matrix * B,
gsl_vector_complex * alpha,
gsl_vector * beta,
gsl_eigen_gen_workspace * w)

ZODFERMIENTHTII (A, B) S [EAEZFHE L, (alpha, beta) 12 AIUTIR T,
alpha (T, beta IFFEEKITH 5, 5; 230 TRIFNUE, N\ = «;/3; DEAEFETD 5,
FIRRIC o 230 TRITFIUL, p= Bi/a; 236 9 —JFDEGEERE pAy = By O fETH
%, beta DEHRIFIEFAIZR S L) IcERLaI NG,

WEICED S DFIFEIERINT VD EEIX, S DWEIHIN A ICLEEHEELTGREIN
5, T OERINTW3 EEFIL BICE#FHEINS, (alpha, beta) DHTORIAED
WSMEE L, 2 —7RXS & T TCONMEZDIHFELRLCTH 5, HAEITL>TI
TRTCOMEEELZFETERWI EBH B0, ZOHEHIET I —a—FEIET,

int gsl_eigen gen QZ ( [Function]

gsl_matrix * A,

gsl_matrix * B,

gsl_vector_complex * alpha,

gsl_vector * beta,

gsl_matrix * @,

gsl_matrix * Z,

gsl_eigen_gen_workspace * w)

OB, EBELXTHDY 2 =7 - R PV EFFHLTZNZNQ 8LV Z I AN
TRT Z LDISHE, gsl eigengen LRIUTH 5,

gsl eigen genv workspace * gsl eigen genv_alloc ( [Function)]
const size_t n)

n x n DFEHO—MWIFRITFI ORI L FEGR7 b LERD 2 7 0 OIEFEFIZ i
92, FEEBOKEZIE O(Tn) DF—¥—Th %,

void gsl eigen genv free (gsleigen_genv_workspace * w) [Function]
MR STV B RSB w 2T %, 51803 NULL @ & Z i3l L,

int gsl_eigen genv ( [Function]
gsl_matrix * A,
gsl_matrix * B,
gsl_vector_complex * alpha,
gsl_vector * beta,
gsl_matrix_complex * evec,
gsl_eigen_genv_workspace * w)
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ZOD nx n DFEBWRIEIHITIN (A, B) 25 EAME L ELEEN7 ML EERT
%, [EHfHIZ (alpha, beta) 12, BH 2T PVt evec ICANTIRI NS, ZDORIEIL
WETH]#IIC gsl_eigen-gen ZM-ATHEGHE, > 2—7A a2 —7 - X7 L2
AR5, 2L T a—7ADEGIEZ KD, > a—7 « X7 bV 2o TS
b, Ya—7 + X7 PVIFEIHR OB THEI N 503, gsl eigen genv QZ %29 &
ZOMEEHLZENTES, KFEERZ MLVRESD 1 ICh2 k) EREn s, (A,
B) ITld—f&> 2 =7 (S, T) B EHSINTRERIN S, gsl eigen gen D3EFHH
DEIREICRB L 7256, BAEXZ PVIdEHREINT, =7 —a—Fzikd,

int gsl_eigen genv QZ ( [Function)]
gsl_matrix * A,
gsl_matrix * B,
gsl_vector_complex * alpha,
gsl_vector * beta,
gsl_matrix_complex * evec,
gsl_matrix * @,
gsl.matrix * Z,
gsl_eigen_genv_workspace * w)

CoOBBUE, EEXOEDY 2 =7 - R MLVEFELTQBLO Z ICTANTET Z
LD IE, gsl eigen genv EFLUTH 5,

15.7 EBEEEBXRT NLDEF)

int gsl eigen symmv_sort ( [Function]
gsl_vector * eval,
gsl_matrix * evec,
gsl_eigen_sort_t sort_type)

X7 bV eval ICAS TWAEFEE., ZHISHINT 2175 evec DAFNZ A>T 3
BEER7 FL%E, 518 sort_type THOIREIC L7235 THRIED 2 W IEIHICEST 3,
sort_type IZIZLA T DMEDIRETE 5,
GSL_EIGEN_SORT_VAL_ASC #fifi D HIE 12 251
GSL_EIGEN_SORT_VAL_DESC %fii o [ |2 371
GSL_EIGEN_SORT_ABS_ASC ifii i o> FME 12 #4251
GSL_EIGEN_SORT_ABS_DESC #fi i o [ENE | 451
int gsl eigen hermv_sort ( [Function]
gsl_vector * eval,

gsl_matrix_complex * evec,
gsl_eigen_sort_t sort_type)
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int

int

int

int

515 5 A EE

X7 P eval IZA> TV BEGEEE, 1751 evec IZA->TW S [EHEMEICAIGS 548
FEARZ P vz B sort_type TOIREIHE> THIED % W IZEENEICHEES T 2,
sort_type 12k LROMEDIEETE 5,

gsl_eigen nonsymmv_sort ( [Function]
gsl_vector_complex * eval,
gsl_matrix_complex *
gsl_eigen_sort_t sort_type)

evec,

X7 MV eval IS TOAEEHE, 8 X 206G L 72EFTT51 evec DI
REIN TV LV BEARY FLZEIIZ, RO sort_type DEIZ L 723> THNMEAD %
WIERNRIC BRSNS 2, [EEEIE MR ICEFER R DT, 2 2Tl GSL_EIGEN_SORT_ABS_ASC
% 7213 GSL_EIGEN_SORT_ABS_DESC X} MEETE %,

gsl_eigen gensymmv_sort ( [Function)]
gsl_vector * eval,
gsl_matrix *
gsl_eigen_sort_t sort_type)

evec,

X7 PV eval ITIREFEINTOBEAE, B X X2 USH)E L 72 R TF7481 evee D
FNRAFE I N TV BV EEFDMEE XY PV ZFERHC, FBD sort_type DfEIC L 72
o THIMED 2 W IXREIIZEET T 5,

gsl eigen genhermv_sort ( [Function]
gsl vector * eval,
gsl_matrix_complex * evec,
gsl_eigen_sort_t sort_type)

X7 bV eval IZHRESINTVLSEBEME. 8 X XZ UG L Z2EFTT5 evec D
TN EN TV B W AEERDOE A7 PV EFERHC, EBD sort_type DEIC L
723 THRIED 2\ IZBEIEICHES T 2,

gsl eigen genv_sort ( [Function]
gsl_vector_complex * alpha,
gsl_vector * beta,
gsl_matrix_complex * evec,
gsl_eigen_sort_t sort_type)

X7 F )V alpha 8 X beta IZHEINTWBEAFME, 88X XAZFHISRIEL ZIEFT
119 evec DEINREI N TR BV BEE XY PV ZFERHZ, ERD sort_type Dff
WL 703> THED 5\ IZBEIEICHES 5, [EAfEIR - RICEZ R RO T, 22 TiF
GSL_EIGEN_SORT_ABS_ASC ¥ 723 GSL_EIGEN_SORT_ABS_DESC 7Z I} HEETE 3,
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il

221

PUMICR D e vV MTH H (i, j) = 1/(i+ j+ 1) OREIAMEEBAR 7 PV 25T 2 7075

LEIRT,

#include <stdio.h>
#include <gsl/gsl_math.h>

#include <gsl/gsl_eigen.h>

int

{

}

main (void)

double dataf] = { 1.0 , 1/2.0, 1/3.0, 1/4.0,

1/2.0, 1/3.0, 1/4.0, 1/5.0,

1/3.0, 1/4.0, 1/5.0, 1/6.0,

1/4.0, 1/5.0, 1/6.0, 1/7.0 };
gsl_matrix_view m = gsl_matrix_view_array(data, 4, 4);
gsl_vector *eval = gsl_vector_alloc(4);
gsl_matrix *evec = gsl_matrix_alloc(4, 4);

gsl_eigen_symmv_workspace * w = gsl_eigen_symmv_alloc(4);

gsl_eigen_symmv(&m.matrix, eval, evec, w);

gsl_eigen_symmv_free(w);
gsl_eigen_symmv_sort(eval, evec, GSL_EIGEN_SORT_ABS_ASC);

int 1i;

for (i = 0; i < 4; i++) {
double eval_i = gsl_vector_get(eval, i);
gsl_vector_view evec_i = gsl_matrix_column(evec, i);
printf ("eigenvalue = Y%g\n", eval_i);
printf ("eigenvector = \n");

gsl_vector_fprintf (stdout, &evec_i.vector, "Yg");

gsl_vector_free(eval);
gsl_matrix_free(evec);

return O;

T 77 O, BYDOHFIEHUTDXIICH S,

$ ./a.out
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215 5 A fERE

eigenvalue = 9.67023e-05
eigenvector =

-0.0291933

0.328712

-0.791411

0.514553

GNU OCTAVE T TD X HcT 5L, FLFHEZITI ZENTE S,

octave> [v,d] = eig(hilb(4));
octave> diag(d)

ans =

9.6702e-05
6.7383e-03
1.6914e-01
1.5002e+00
octave> v

v =

0.029193 0.179186 -0.582076 0.792608
-0.328712 -0.741918 0.370502  0.451923
0.791411 0.100228  0.509579  0.322416
-0.514563 0.638283 0.514048 0.252161

EAN7 PVORFZIMER DT, 9B RLMEPROND I LMD,

R

WIERM A DB 28T, x = (—1,-2,3,4) IZD2WT, 77 ¥ 7I)LE Y P14l (Vandermonde

matrix) V(z;4,5) = 7 (n 1393, WROBRL 2EHL H ) OFEAMEEFEAE~NY b 2EH5E

ER-R

#include <stdio.h>
#include <gsl/gsl_math.h>
#include <gsl/gsl_eigen.h>

int main (void)
{
double datal] = { -1.0, 1.0, -1.0, 1.0,
-8.0, 4.0, -2.0, 1.0,
27.0, 9.0, 3.0, 1.0,
64.0, 16.0, 4.0, 1.0 };

gsl_matrix_view m = gsl_matrix_view_array(data, 4, 4);
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gsl_vector_complex * eval = gsl_vector_complex_alloc(4);

gsl_matrix_complex * evec = gsl_matrix_complex_alloc(4, 4);
gsl_eigen_nonsymmv_workspace * w = gsl_eigen_nonsymmv_alloc(4);
gsl_eigen_nonsymmv(&m.matrix, eval, evec, w);
gsl_eigen_nonsymmv_free(w) ;

gsl_eigen_nonsymmv_sort(eval, evec, GSL_EIGEN_SORT_ABS_DESC);

int i, j;
for (1 = 0; 1 < 4; i++) {
gsl_complex eval_i = gsl_vector_complex_get(eval, i);
gsl_vector_complex_view evec_i
= gsl_matrix_complex_column(evec, i);
printf ("eigenvalue = %g + %gi\n",
GSL_REAL(eval_i), GSL_IMAG(eval_i));
printf ("eigenvector = \n");
for (j = 0; j < 4; ++j) {
gsl_complex z = gsl_vector_complex_get(&evec_i.vector, j);
printf("%g + %gi\n", GSL_REAL(z), GSL_IMAG(z));

gsl_vector_complex_free(eval);
gsl_matrix_complex_free(evec);
return O;

}
T LhOHNE, BYIDHFIRHUTDL IR S,

$ ./a.out

eigenvalue = -6.41391 + 0i
eigenvector =

-0.0998822 + 0i

-0.111251 + 0i

0.292501 + 0i

0.944505 + 0i

eigenvalue = 5.54555 + 3.08545i1
eigenvector =

-0.043487 + -0.00763081
0.0642377 + -0.142127i1
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-0.51562563 + 0.0405118i1
-0.840592 + -0.001485651

GNU OCTAVE T TD X I3 L, RUEEZTH)I ZENTE S,

octave> [v,d] = eig(vander([-1 -2 3 4]));
octave> diag(d)

ans =

-6.4139 + 0.00001
5.5456 + 3.0854i
5.5456 - 3.0854i
2.3228 + 0.0000i

octave> v

v =

Columns 1 through 3:

-0.09988 + 0.00000i -0.04350 - 0.007551i -0.04350 + 0.00755i
-0.11125 + 0.00000i 0.06399 - 0.14224i 0.06399 + 0.14224]
0.29250 + 0.00000i -0.51518 + 0.04142i -0.51518 - 0.04142i
0.94451 + 0.00000i -0.84059 + 0.00000i -0.84059 - 0.00000i
Column 4:
-0.14493 + 0.00000i1
0.35660 + 0.00000i
0.91937 + 0.000001
0.08118 + 0.00000i

Il A5 it ]

A fE 5.54555 + 3.08545i 25T AR F L OED, BETERE->Tw5, i, K3

1 DEE DN T (phase factor) 0.9999984 + 0.0017674i #Fe U % Z L IZ Kk 5,

15.9 =&k

ZoETinAETALTY LW TIE, IO XRRICESSH 3,

e G. H. Golub, C. F. Van Loan, Matriz Computations (3rd Ed), Johns Hopkins University

Press, ISBN 0-8018-5414-8 (1996).
QZ DOV TOREL WEFUE, AN DXICH 5,

e C. B. Moler, G. W. Stewart, “An Algorithm for Generalized Matrix Eigenvalue Problems”,

SIAM Journal on Numerical Analysis, 10(2) pp. 214-256 (1973).
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EAZfAoEAHENEZ#E L L—F ~iZ, FORTRAN 74 79 Y @ LAPACK IZ3% %, LAPACK
WIZOWTIEM IR ST 3,

e LAPACK Users’ Guide (Third Edition), Society for Industrial and Applied Mathematics,
ISBN 0-89871-447-8 (1999). http://www.netlib.org/lapack

LAPACK Y =270l 55, 2—HF—2=2 7LDV 74 VKL &SI EED web ¥4 k
POoANFTES,
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F16E HER7—UIZE (FFT)

CDFETIFEME 7 — ) 24 (Fast Fourier Transforms, FFT) %2479 BI%Uc DWW HH$ %, GSL
TIRERRE T — 7 1 23 (radix) 282 O FFT (T—F Ed 2 OXRER) LA FFT
(EBDOT—FR) OMiFBREEIN TV %, ETHEEOM L2305 70, FEBUCIZFERR &
BHEREIRZHEL T 5, IBRAEEBDOBEEIZ 7))L - > 27 7)Y F 73— (Paul Swarztrauber)
D FFTPACK 74 77 V2 FE LIEL b D TdH %, FFTPACK @ FORTRAN 22— & Netlib 12
GENTVD (FFTPACK 1213 sin BE W cos D 70 77 A ZENTw 503, 206 I138IE
GSL TIRHEEL Twaw), 743 X L0FMPELIC oW TR, GSL ONEXE GSL FFT
Algorithms ZZWD L,

16.1 HEHNEE

7 — ) A L%, DU O 7 — ) 24 (Discrete Fourier transform, DFT) %% X <
fTIRIEETH 5,

n—1

T = Z 2 exp(—2mijk/n)
k=0

DFT (3—fic, BIEAEAHS el b % 72 (3 Z2MN OB 2 kTR o s & 1T, Z o 7 —
1) 24 (continuous Fourier transform) Ol e LTHw o %, ZO % £5H5H T 5 LHE# 7 —
Y ZZEHITIN ERT VDR WZ DFETH 2, 115~ PILVORDEHRRIZ, 77— 83
nDEE OM?) THb, ml7 — ) 2T EIHIGE (divide-and-conquer strategy) % fli> T
I W 2 F—=8 8K n OREINIE S 2 EEDAMTINC RS 5, n DSEEBDWE fifs... fn TE
INbLE, DFT OFRERIZ ONY. f;) TH2, HE 2 O FFT Tid O(nlogyn) 12755,

GSL O FFT B3¢ N TEMOBERE 2179 2 23T E %, 51 (forward), HZH (inverse),
WiJi (backward) TH 5, ENDBHARL L2 FFT ORANEERIZFA L TH 5, A7 —Y
I o = FFT(2) DERIZLLTTH %,

n—1

T = Z 2 exp(—2mijk/n)

k=0
FhWi7—) 28 2 = IFFT(z) DEZRIILLTTH %,

n—1

1
5= Z xr exp(2mijk/n)
k=0



228 16 % w7 —) 24 (FFT)
FRD 1/n FHEHATIRDOT—F LRI D D235 720 DIRETH %, gsl fft_complex forward
PIRTT—F%2ZDF £5|18& LT gsl fft_complex_inverse ZW-OMH$ &, (BfHFIE LD
ZERWT) LD T — % LH CBHE RO S,

NEZSH, Witz flAaGhE 2 & &, MBS (ICHET5E) OfF DI FITZ—5EY & 5,
GSL Tl FFTPACK &AL T, HETHDF S TH S, JHUT kb, WL TIIHEIIZ7 —Y
I AEHET LTI T—7Eo N5, (=2 XY AL - LT E (Press, et. al., 1986); T
F I E T, HARTIEDRFFICE>Tw5,

ZOoHZ, Wiiia 7 — ) 28 1k, UM TERI NS IERLZ T R WiliZsiTd 5,

n—1

z;“Ckwards = Z xy, exp(2mijk/n)
k=0
BB OB EMEORE I NH EFVEETIIR VL) REAIE. REZ{TORVOET. ¥
fak ) HWEHFADTBEETH B,

16.2 #EXRYET—YICXNIT S FFT

HFEBFFT (SN 57— OZIFE UISIZE/ N U EB DO FERLE DI (packed array, HEX €
VET7? 74 XY MibT, BUHEDORDRE S THRELDMER SN T 5) TH 5, HiAIhTIX
FTEBBOFE E BB LA SN D, 2 ZIFRS 6 DERIIZUTDO L) ITERT S &,

double x[3%*2];

gsl_complex_packed_array data = x;
=ODEFEREREFT B0 2[3] ZLAFD & ) Icfli) 2 e TE S,

data[0] = Re(z[0])
datal[1] = Im(z[0])
data[2] = Re(z[1])
datal[3] = Im(z[1])
datal[4] = Re(z[2])
datal[5] = Im(z[2])

AN DR Z T DNEFE DFT DEREFUTH 5, 7— % DIAFICEE T 2 2 e Eidfrb ik,
FFT B D518 D stride 29 Z & T, z[i] Td7% < z[stridexi] D7 —F T 2> 7%
a1 2 EDTE D, LA stride % 2 PLEICT 2 & f7HIDFNCKT 2 FFT <, f#k% 2
DIFFIDHRICEZAL Z LB TE S, AAMED 1 OBEIFEEMICREZ2ET5 2 L2 TF—%
W77 ATHI LIRS,
gsl.vector_complex * v M EDN7 ML Z5HE LT FFT ZiTw7cwha, UTo (L
CIFLAT L F%ER) BEMZ 217> T o, IS,

gsl_complex_packed_array data = v->data;
size_t stride = v->stride;

size_t n = v->size;
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BN IS T 254, DET TOW AP0 RRIN 72 IR L BEEICHE L T3 bl T
FawZ LICEEERIER S v, DET ORFZI AL A O & &, FFERERTIZ 0 213X A
T —1/(2A) 225 +1/(2A) T, EB XUCADMHEIEHN S, IEOMEHEFI DD & hit T
ARSI, ADMEIZIS D& S S ichRETICANS NS,

RiR50 57— % 7213 FFT OFER%Z R T 20051 data DIFT index &, WREFIKTOM 2.
BB TOME 2 BED X HITHIEL T2 2 U TORITRT,

index z x = FFT(z)
0 z(t = 0) x(f = 0)

z(t = 1) x(f = 1/(n Delta))
2 z(t = 2) x(f = 2/(n Delta))
n/2 z(t = n/2) x(f = +1/(2 Delta),

-1/(2 Delta))

n-3 z(t = n-3) x(f = -3/(n Delta))
n-2 z(t = n-2) x(f = -2/(n Delta))
n-1 z(t = n-1) x(f = -1/(n Delta))

n DEBORE, n/2 OIEICIERKDO B TOMEBANS NS (IEDFE +1/(2A) £ I3ADfE
—1/(2A) T, FFT OFRIZFACAEICR %), n BHAHOWES FORDIMD 7253, n/2 3R Tk
WDT n/2 DEFEITR W,

16.3 BRI IELK2D FFT

22 THMT BHE 2 @ FFT (radix-2 FFT) 743 X A0%, #h3Ki3 & < Rl ofiEc
Hb, 7—Y—Lt7T 2—%— (James William Cooley, John Wilder Tukey) O 7 /)L 3V XL % ffio
T2DREIRHD T — 7 100 UEHEBIEL FFT 2179, B2 D FFT B5A6N 57 —9 %2 #
EHZ 26 RMHEEZITH TEEE (in-place computation) ) TfTb a5 79, H& D EHEREI % £
BLE L%\, ZHUTH LT HCRIIRAEEGE (self-sorting mixed-radix FFT) (2352 515
TEEEREIR ) 2 & CRMICEIRZ1T I,
DIF I BV 2 B98U3~y 47 7 £ )V ‘gsl_fft_complex.h’ THZF IN T35,
int gsl fft complex radix2 forward ( [Function]
gsl_complex_packed_array data,
size_t stride,
size_t n)
int gsl fft_complex radix2 transform ( [Function]
gsl_complex_packed_array data,
size_t stride,
size_t n,
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int

int

int

int

int

int

H16 % mEl7 —) 24 (FFT)

gsl_fft_direction sign)
gsl fft complex radix2 backward ( [Function]
gsl_complex_packed_array data,
size_t stride,
size_t n)
gsl fft_complex radix2 inverse ( [Function]
gsl_complex_packed_array data,
size_t stride,
size_t n)

£ n THARED stride DEFEBECLS data (XL T, KREHG]E (decimation-in-
time) CTHE 2 DEHAT )V TV XA LT, MG, WiJ510, WD FFT 2179, 2
R nl320XEETHFNUIL S5, BIEAIC transform 232V T 5 H DT,
sign 518Z forward (-1) %> backward (+1) DWITND2ZHET 5,

gzl b =5 — s 2 U, S DRE%E GSL_SUCCESS #3iRd, F¥—
FE 12 DREIFETHWE XTI GSL_EDOM #iE T,

gsl fft_complex radix2 dif forward ( [Function]
gsl_complex_packed_array data,
size_t stride,
size_t n)

gsl fft_complex radix2 dif transform ( [Function]
gsl_complex_packed_array data,
size_t stride,
size_t n,
gsl_fft_direction sign)

gsl fft_complex radix2 dif backward ( [Function]
gsl_complex_packed_array data,
size_t stride,
size_t n)

gsl fft_complex radix2 dif_inverse ( [Function]
gsl_complex_packed_array data,
size_t stride,
size_t n)

NG T BRG] & (decimation-in-frequency) DHEEE 2 @ FFT Th 5,

DIz, =2 E 128 D\ OV AWED FFT 2582 7005 L%, BHGERNER
127 57012, BEEIREIEDOMEER & A OMHIECH U EBICEZR I N TR UL S % \w»

(=10 ...

10), BDRZID T — 5 BRI DRI SN TR TR 6 %\,

#include <stdio.h>



16.3. #HEHINT 2542 D FFT 231

#include <math.h>
#include <gsl/gsl_errno.h>
#include <gsl/gsl_fft_complex.h>

#define REAL(z,i) ((z)[2x(i)]1)
#define IMAG(z,i) ((z)[2*(i)+1])

int main (void)

{
int i; double data[2*128];
for (i = 0; i < 128; i++) REAL(data,i) = IMAG(data,i) = 0.0;
REAL(data,0) = 1.0;
for (i = 1; i <= 10; i++) REAL(data,i) = REAL(data,128-i) = 1.0;
for (i = 0; i < 128; i++)
printf ("%d %e %e\n", i, REAL(data,i), IMAG(data,i));
printf ("\n");
gsl_fft_complex_radix2_forward(data, 1, 128);
for (i = 0; i < 128; i++)
printf ("%d %e %e\n", 1,
REAL(data,i)/sqrt(128), IMAG(data,i)/sqrt(128));
return O;
}

ZITIE, 77 LRTRT7ANVEDLTI— NV FI—2RELTV0E EREL T2 (=
7 —FARFICIE abort BB SN ), HEVLETHVIL T — NV F 7 =25 5A1%,
P21 gs1 fft_complex radix2 forward DR fl%Z F =v 7 T RETH 5,

BRI NET =21 1//n TRATF =Y ¥ 730, ANF—FERALZ77ic7ny b CcE2k
o TWDE, AT =2 TRBETIZ 0 DT, EHLTE2RT, RREPEDOEHIL ¢ = 128
THOELTE Y, RKEOBRNFAIE k/n DT, DET EMATO X 9 I sin BI%cEifE 7 —V =
BRIl TwB Z eItk B,

/+“ ~rika g, _ sin(2mka)

e
—a wk



PN

232 16 % w7 —) 24 (FFT)

15 15
. +
1 1
0s 0s
P FE
. B N A e A s U T
L A,
L

05
60 &0 00 120 o 0

TEDRNNVAW () &, BImRL77a s LIk 572087 —) 288 (1),

16.4 EREBICHT ZEEGEH FFT

Z OHITIHEEHNT 2IRAESL (mixed-radix) FFT 743U ZAICOWTHAT 2, BAK
BOBBSERED T — Y RIS L CLHZIT) LA TES, GSL © FFT B> 27 70y
7 7 73— (Paul Swarztrauber) 12 & 5 FORTRAN @ FFTPACK 74 77V ZRIELELHDT
b5, BEm T RIET 28—k ¥ (Clive Temperton) D L E 2 —FlHFH b X510 Tw 5%, GSL
TORIIDRZ T DNEFRHEAN 22 7 )L 3 X L% FRTPACK AL TH 5,

REAEEIE ZEROLRILEOMAGHOETH 5, FivT —F I L CGREICR#EL S 117z FFT
ZOREALEL LT, ROT—FICNT 2 FFT 2179, M 2, 3. 4. 5. 6. 7IZx9 5%
HKOFE\ FFT PARSNTE D, AR TH2 4 &£ 6 TOEREIZNZN 2x2 % 2x3 Dffl
HREORICKS FFT k) b EHTH 2,

CITHEEINTOARVEETOMEIZ, DFT 221 X {79 >~ 7L+ ¥ (Richard C. Sin-
gleton) DjEZ MW —OT—F K n ICT 25 FFT 124 %, ZOHETOT—FK n 1Tk
T 5EMEEIZ O(n?) T, FEDHEEICKRHLL 2 EL D bV, RO T—F K n 10§ 5#HA
. WO ST oftbn s, AT —FRD 143 DA 11 x 13 120 Sh s, L
7o T, EZRT—IRZRBOIMRYT 2 & n=2x%x3x99991 D X I RRELEBLBLT 2
B IIZERD ED36 v, TOBEITIEZ DFERITHT 25 FE O(n?) BWRAROFHRRITN L
TERNC 7% (20 k9 RREICHEB L 72 & 2i12id, GSL OFfi Sy 7 —JICFil I Tw» 3
GSL FFT Algorithms ZZZI1CT 5% & k),

REREBDOLEDYINLEEE gs1 fft_complex wavetable alloc (&, GA 65T —F DA
A nH 5 GSL V—F Y SHBICRET DY A L 2ET, ThieF oy 7§52 LT
ICHEY 2RI Z TS 5 2 ETE S, I CRMEEICIE, FEATIRIIE 0 ) f; ICHBIT 2 L E
ZTEY (fi 1En o), Tk, T3 A XOMEOHBIRDH £ D HAERL BOEH
WWRESZHTRELT, 707702722 DEE2ERNSE K)ICTEILEHTE S,
MAEINTOHBUCIMBTE R &) BRI EIEZ 25674 8. OB X 2 FFT L —
F VBB L 7o WA IFENR DO AHESCE, GSL FFT Algorithms 23 % & X\,

DT OREBDOEFIZET~NY 7 74 )L ‘gsl £ft_complex.h’ IZH 5,
gsl fft_complex wavetable * gsl fft complex wavetable alloc ( [Function]

size_t n)

F— K n OEZER FFT o) ZAEBOEZ2 H o5 L 0B L E2E3, 25—
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DAL 2 TS gsl fft_complex wavetable BUD A VA ¥ Vv A& KL THRA v~
F2REL, L7 —DRCIE NULL 2387, 7—%&Kn 3, N7 —8%A X558l
LT FFT 2179 7 ®ICHE RS i, B e 2 0 =ABOREBBERI AN SN S,
SABBORBIIREEZVE E IR \0WE ), sin BX O cos BB E o CHEBER IR
%, REFLSFHET 272010tk ZHW2, 7075 40 THE TF—FREIZHL
THEO FFT %2179 L E12id, ROEBIIERMO—RIZITTI v, ZUck->7T2
Bl H DA D FET OFERBEEAZIT 2 2 Lk,

K2R T 2MEERDOA v AT v 21E, AL T—FETHIULZ D F FMETHHF
HT&2, £/t FFT BBOPOH LICk > TROEIEDLZ Z bRV, F—F
ESE L ChIURNEA S L O (5 X OEH) owTFrucbRUELHZ 3,

233

void gsl fft_complex wavetable free ( [Function)]

gsl_fft_complex_wavetable * wavetable)
=B DFE wavetable DA VA Y Y AZREEL, ATV ZMRINT 5., 51%H3 NULL

DEEFRMH LAV, MUF—FETO FFT 2 bl FfTb R wiEaid, E2mEL
Td L,

DU DBI% gs1 £t _complex_wavetable FHEAD A » 25 v A HMpFF T 5 = MBS 2>
THAEZIT ). BIBNED ST XA =8 ZEEBE T 20581300, 2o DftizF v 795 L
Fwltbdhs, 2T ROWNBGIIHBI Tl ZheTF 2y 735 LT
BICE T 2 INAPHHARGEZ WS 2 2 L3 CTE 5, =ABIBERZRE T 2G4 2 T ISR 305

ZHUE~NY 7 74 ‘gsl_fft_complex.h’ TEHRI N T3,

gsl fft_complex wavetable [Data Type]

CORESEHRITRARE FFT TR 2 b L =ZABSERZEE L. MToEE2 -,
size_t n
BEREBT — 5 D EE

size_t nf

T =% n R L 7% DIB DK
size_t factor[64] FHEZMHKFTAH5, RHID nf D AIMEDLINLS,

gsl_complex * trig

WIHEBIEUC & > THEPR S 1% n DR LD & 7% 2 —ABEAD R A %

gsl_complex * twiddle[64]
trig F o, BB TOREDD 2 HFT~DKRA v ¥

RAHEEGE TR 0GR 2 REF 3 2 72 0 OIEEFIR b L TH 5,

gsl fft_complex workspace * gsl fft complex workspace alloc ( [Function]

size_t n)

T— K n OEFEB FFT T ) (EEMERZ R T 2,



PN

234 16 % w7 —) 24 (FFT)

void gsl fft complex workspace free ( [Function]
gsl_fft_complex_workspace * workspace)

VESETEIE workspace ICEI DU THNTWBE AEY 2T %, 51455 NULL @ & &
BFMH LAV, AMCF—FETO FFT 2 2l Mo wBaid, B2WMELTY
X,

IVRNO): b ey S L X T
int gsl fft_complex forward ( [Function]
gsl_complex_packed_array data,
size_t stride,
size_t n,
const gsl_flt_complex_wavetable * wavetable,
gsl_fit_complex_workspace * work)
int gsl fft_complex transform ( [Function]
gsl_complex_packed_array data,
size_t stride,
size_t n,
const gsl_flt_complex_wavetable * wavetable,
gsl_fft_complex_workspace * work,
gsl_fft_direction sign)
int gsl fft_complex backward ( [Function]
gsl_complex_packed_array data,
size_t stride,
size_t n,
const gsl_flt_complex_wavetable * wavetable,
gsl_fft_complex_workspace * work)
int gsl fft complex_inverse ( [Function]
gsl_complex_packed_array data,
size_t stride,
size_t n,
const gsl_flt_complex_wavetable * wavetable,
gsl_fft_complex_workspace * work)

WA (Pakced) ZEFEBIS data THA 6N 5T —FIC LT, T—F K n THA
i stride DT, W70, WEHMDIBETIL FFT 2479, 7— 5 & n I<BT 21l
BRidZewv, 7—=28K 20 30 40 5, 6. TS0 5 Endli 2 BIZE )k 2 WEECfli 9, fho sk
BIZOWTE n 1T L CGEHFRR O(n?) O O L Z D v o s, Bz o
H9 & =A% wavetable & ESEHIR work ZfREXRIX%R S 72w, BABAAIC
transform 23TV 2 & D TIXGIH sign IT forward (-1) % 721% backward (+1) %
fHETE 5,
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L7 =B TICEPE T L ZJICid 0 28T, =7 —FAEROBRVEE LT,
DIF® gsl_errno 2YERKI LTV 5,

GSL_EDOM
T—=8F n BIEQEE TR (LZEAEn 20 %E),

GSL_EINVA
FT—4%F n EEMRICHW 3 ZMBA%EE wavetable DR E XI3—F L 72\,

DIMIZF—%K 630 (=2x3x3x5x%x7) DEWILRARED FFT #iEAEBGEETIHET 2 7
aryo LhRIRNT,

#include <stdio.h>

#include <math.h>

#include <gsl/gsl_errno.h>
#include <gsl/gsl_fft_complex.h>

#define REAL(z,i) ((z)[2*(i)]1)
#tdefine IMAG(z,i) ((z)[2%(i)+1])

int main (void)
{
int 1i;
const int n = 630;
double datal[2*n];
gsl_fft_complex_wavetable * wavetable;

gsl_fft_complex_workspace * workspace;

for (i = 0; 1 < n; i++) REAL(data,i) = IMAG(data,i) = 0.0;
datal[0] = 1.0;
for (i = 1; 1 <= 10; i++) REAL(data,i) = REAL(data,n-i) = 1.0;

for (1 = 0; 1 < m; i++)
printf("%d: %e %e\n", i, REAL(data,i), IMAG(data,i));
printf ("\n");

wavetable = gsl_fft_complex_wavetable_alloc(n);

workspace = gsl_fft_complex_workspace_alloc(n);

for (i = 0; i < wavetable->nf; i++)
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printf ("# factor %d: %d\n", i, wavetable->factor[i]);
gsl_fft_complex_forward(data, 1, n, wavetable, workspace);

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

printf("%d: %e %e\n", i, REAL(data,i), IMAG(data,i));

gsl_fft_complex_wavetable_free(wavetable);
gsl_fft_complex_workspace_free(workspace);

return O;

}

ZZTIE, a3 LR TIETI7ANLV IO T — NV R T—RRELTVBREKRELTVS (l
7 —JEEHFIC IS abort BIEOIFINHE B ), &% DEATHRLET — Ay F 72 Ba,
TRTD GSL BABNTENiZ F =y 7 T H5XRETH 5,

16.5 FEHT—FIcd9 5D FFT OHE

FRT — 21T 2 BIBIIER BT 2B L 1ZIZF U TH 223, MJ71A &S HAD IR & 7%
HOH 5, REINNT 27— ) TZBIZ IS, HEBUTIZZ 6 v, BRI, DITo X9
X2 RO BRBINIC 2 5,

*
Rk = Zp_k

2D X9 xR oI 2 HF I (conjugate-complex) ¥ 7213 FEEL (half-complex) & W
o ZDTDNETTIA (FEED & FEFRR) LWz CEEFERD S I8 TE - 7T — F BLED W EE
X%, Lo OV—F Y3 o T 5, —FIdFEBIN 22T 2 gsl fft real,
b ) — I PEFEEI 2 ZEHT % gs1 fft_halfcomplex TH 5,

gsl £t real DBIBUIEBDIGRINT— 5 0 6 FEEREZGIE T 5, FEI » »offons
FEBLRE c 1Z T 7 ) BTt h 2 65,

n—1

crp = Z zjexp(—2mijk/n)
§=0
gsl_fft halfcomplex DBIBUIMLIAD 2 \ T ZIT S, LN D & 9 12 L TREEER
Boelpo7—) LRBTHEESN 2 HET 5,

n—1

;= 1 Z ¢k exp(2mijk/n)
k=0
FEFELSNIANTE 2 RO DT, BHERR L L TRIN2BINI T TI LI LItk s, BRI Nk
WIED DL, PEFRATEN 635 ZEITES (TNUIT— R TR THHEE TR T
b5, BBOLEIETHRE=n/2 DIEIZFERICKL S, TFHTHMHELTH, k=0 OEIFFELTDH

3
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%), COVEEBIN T 2701013 n HOEEDHIUS X . FEEII LML FERIEFR T
KEZIDRGITRFFTE 2,

FARIC ED X I ICT—=F ZEL DTV T RLIKIF L, HEk 2 LIRAHENE TREZ-T
VWa, B2 O, BHESRE T Y LEERZ 570, KERZEGHBRE ST
%, BAHBOLEITIEZ 5 o kIO E ) vz, FHOEFRBOFIMLIEH L2 &
HDEICLTELSZEIKLTWE (XERY T 7L ADMEEEZ S & ZORLED L V),

16.6 FEHFT—FICHITZEIH 2 O FFT

COETRERT—FOMNT 2EE 2 D FFT KOV THMAT 2, 7—F R 2 OREFOLE
i, LT — Y A AR CEEZ 5, 7=V — ¢ T 2 —F%— (Cooley-Tukey) D7) Y A L%
ffioTwz,
FHUHEL 2 O FFT 2479 BIBUE~v 7 7 4 )L ‘gsl_fft real .h’ THFEIN T35,
int gsl fft real radix2 transform ( [Function]
double datal],
size_t stride,
size_t n)

HzZoNn357—% data IZ L CF— % E n THARIE stride THEL 2 D FFT %
119, ZHiERISEEBRIIT, 52065 T — Y 2R CTHESIZ 5, FEELS
WO X ) ICEFIPICIE S NS, k< n/2 (I L Tk HHOEEDIEHMES D
k#wmEIC, NIGT 2 BEHBEIND n—k FHICANSGN S, k> n/2 DEREIZNTHE
=2z, POROND, k=0BXY k=n/2 DREZEDS 5 LBHD L WERIC
%5, INSIEZENENESND 0 FHE n/2 FHICANS L, B0 EDOTEZIC
bE»NE,

FEHD FFT OFER data &, BHZTXRTOICLEERT—% D FFT OfRO%
JEE, LTDX9i1cas HAEE 1 ET35),

complex [0] .real = datal[0]

complex [0] .imag = 0

complex[1] .real = datal[1]

complex[1].imag = data[n-1]

complex [k] .real = datal[k]

complex[k] .imag = data[n-k]

complex[n/2] .real = dataln/2]

complex[n/2] .real = 0

complex[k’] .real = datal[k] k? =n -k
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complex[k’].imag = -data[n-k]
complex[n-1] .real = datal[1]
complex[n-1] .imag = -data[n-1]

WL RIL, gsl_fft halfcomplex_radix2 unpack % - T GSL DOEHEEIALTIIC
ANESTZ ENBTE S,

FEFERT—F I L THE 2 @ FFT 2179 BI%ud~v ¥ 7 74 )L ‘gsl_fft_halfcomplex.h’

THEIN TV,

int gsl fft halfcomplex radix2 inverse ( [Function)]
double datal],
size_t stride,
size_t n)

int gsl fft halfcomplex radix2 backward ( [Function]
double datal],
size_t stride,
size_t n)

5.2 5 EGFE B data \2xf L TTF— %K n, ZAME stride T gsl fft real radix2
2o THHEL 2 O FFT 2479, ZRHFIROEEINZ, KR L L THARRIET
TAn LGNS,

int gsl fft halfcomplex radix2 unpack ( [Function]
double halfcomplex_coefficient[],
gsl_complex_packed_array complex coefficient,
size_t stride,
size_t n)

gsl fft halfcomplex radix2 transform 2SR PEFELD 7 — Y ZRE halfcom-
plex_coefficient %, PHEFEETh\—MRIN R E R B L T complex_coefficient 12
ANTRT, FEHRBIRBTIIEDPN TR REUL 2, = 25, &) N SR
Iz, ZOTNIYALZA—FTRTEUTOLI TR S,

halfcomplex_coefficient [0];
0.0;

complex_coefficient [0] .real

complex_coefficient[0].imag
for (i =1; 1 < n - i; i++) {
double hc_real

double hc_imag = halfcomplex_coefficient[(n-i) * stride];

halfcomplex_coefficient[ i  * stridel;

complex_coefficient[ i * stride] .real = hc_real;
complex_coefficient[ i * stride].imag = hc_imag;
complex_coefficient[(n - i) * stride].real = hc_real;
complex_coefficient[(n - i) * stride].imag = -hc_imag;
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}
if (i ==n - i) {
complex_coefficient[i * stride].real
= halfcomplex_coefficient[(n - 1)*stride];

complex_coefficient[i * stride].imag = 0.0;

16.7 ZEHFT—YICWIT ZEEEH FFT

DI TIEERT =7 IR T 2IRAEE FFT IO WTHAT 2, IRAHEIE R TR 7=y Bkt
L’CLFH“C‘? 5, ZD74 77V THELTWLEEIZY 27 7LV 7 73— (Paul Swarztrauber)

2X % FORTRAN @ FFTPACK 74 77V 2FELEL b DTH %, HERNAERIZT ¥ /38—
T‘ ~ (Clive Temperton) DFELFITHERENT W5, DT A 75 Y TORII DG ZF DMKk
RiW7e 70 3 X L0% FRTPACK E[AILTH B,

COBBUE FrTPACK & AIRRICEEE R 2 R T 2, L 7ds> THEEBGIZ 2 L 7 FEFEED
EEBEL 0 226 M, BB T DI LB ZBED GbRIC LTRSS N5, B0 1T
%% 2 EDTDo TR LEROEHIZA»ND, FBE 0 ISHIET 23 DREEHIX 0 1k 2 L
Do TVREDT (ZIUIHUITAN T =% (BTHEETH D) ORICK D) Arhsl Licks,
T = BEPMERDG G FBE n/2 ITHIET 2T OB S AN S, T HUIZEHARE I I3
Yz =25, 3OO B 0 DBLR2E B 206TH S,

SR ORLE 3H 2 B2 D03 - EHHEL 2TV, LTORIBT—F R n =5, GHDHI
ThHb, ZDODIIT, gsl_fft_real_transform 25K 5 EDBEFRED 5 72 52 BLH halfcomplex
[ &, FUFELEINZBTHD 0 DEFEE LT gsl fft_complex backward (25272 & 61
B EFEBDIS complex|] & DIIGZRT,

complex[0] .real = halfcomplex[0]
complex[0] .imag = O

complex[1] .real = halfcomplex[1]
complex[1] .imag = halfcomplex[2]
complex[2] .real = halfcomplex[3]
complex[2] .imag = halfcomplex[4]
complex[3] .real = halfcomplex[3]
complex[3].imag = -halfcomplex[4]
complex[4] .real = halfcomplex[1]
complex[4] .imag = -halfcomplex[2]

Bi% complex|[] THD J7 DYEFE complex[3] & complex[4] DfEIZNFMZfi>THons, &
B0 12H 72 2IH complex [0] . imag DIFFILZ DXL S 0 TH B Z &ﬁ“%ﬂ%ﬂ"(bhé
ROFNET = RHMEE n=6 OHBITH 5, WEDOLAE. ~ODHTIER 01245,

complex[0] .real = halfcomplex[0]
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complex[0] .imag = O

complex[1] .real = halfcomplex[1]
complex[1].imag = halfcomplex[2]
complex[2] .real = halfcomplex[3]
complex[2] .imag = halfcomplex[4]
complex[3].real = halfcomplex[5]
complex[3].imag = 0

complex[4] .real = halfcomplex[3]
complex[4] .imag = -halfcomplex[4]
complex[5] .real = halfcomplex[1]
complex[5].imag = -halfcomplex[2]

fiL% complex THDJTDHE complex[4] & complex[5] DfEIFNFFEZ > TH/R SN,
complex[0] .imag & complex[3].imag DfHIZ 0 12122 T VT > T3,
DTFOBIDES 1Z~y ¥ 7 74 )V ‘gsl_fft real.h’ EX U ‘gsl_fft halfcomplex.h’ IZdH %,

gsl fft real wavetable * gsl fft real wavetable_ alloc ( [Function]
size_t n)
gsl fft halfcomplex wavetable * [Function]

gsl fft halfcomplex wavetable alloc (size_t n)

T—% K n OEHINNT 2 FFT AT 2 “ABEEZERT 2, Flco 77—
EURTFIUEH L CERL 2SO A VATV ANDEA VI RIB L, T —D3F%
AL EEIZ NULL 2387, n FHBEI N T 3RIZHICHIET 5 IREBUC o S 4,
ZOWE (=550 LHEBUTNIGT 2 ZAREERD, BINLHEEHRICA->THE, =
AR ORBUIREE 275 & vk 9. sin BX W cos BB Z - CEEH I NS,
REBFHET 220 Ilibt X222, 7077 TR 7= R L TH
Ko FFT %2179 & &2, BROFRIETRPIO—MZITF T, ZHUTL>TFFT
DIERDREZRZT D Z L,

RERFFT 2GR OAL v AY VA3, AL T =9 ETHULZ D F MEETH A
ATE %, £7:/D FFT BBOPEOH LIS X > TEDEIZLED S Z L b\, HGH
DEBNH T 288, F 3 BEEBINCT 282 I IZ 2 nF e o =AY
BEEZHBERIZZ S 20,

void gsl fft real wavetable free ( [Function]
gsl_fft_real wavetable * wavetable)
void gsl_fft halfcomplex wavetable free ( [Function]

gsl_fft_halfcomplex_wavetable * wavetable)

= ABIEEE wavetable IZEI DM ToNTWE X EY ZFILT %, 518D NULL @ & %
b Ly, BCTF—% ETO FFT 2 2l BfTbawgald, B2HEELTYH
J:l()o

RAEHLGE TR OEPREIR 2 R T 5 720 DIFEEHIR b L TH 5,
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gsl fft real workspace * gsl fft real workspace alloc ( [Function]
size_t n)

TR n OFBIINT 5 FFT OEEFZ MR T 5, REISH§ 2% &
PEFEINN§ 2 2RO 512 [ U2 ) 2 L3 TE 5,

void gsl fft real workspace free ( [Function]
gsl_fft_real workspace * workspace)

YEZETEIR workspace [ZEID BT oA€Y 2T 5, 518D NULL D & Z 13
bLZaw, ALT—2ETOFFT 2 2 EiTbhwiaid, ReBEEL T v,

DUT D BB I8 & P RBUCN§ 2 21217,

int gsl fft real transform ( [Function]
double datal],
size_t stride,
size_t n,
const gsl_fft_real_wavetable * wavetable,
gsl_fft_real workspace * work)

int gsl fft halfcomplex transform ( [Function]
double datal],
size_t stride,
size_t n,
const gsl_fft_halfcomplex_wavetable * wavetable,
gsl_fft_real_workspace * work)

T =K n OFEYE 7 BERELI data %, FBEEGRGHEEGETEHT 2, HiH
DBI% gs1_fft_real transform Tld data IEERDIKRINT -5 TH 5, BED
gsl_fft_halfcomplex_transform Tl data ZHIEDIEFIC X 2 PERH D7 —)
IRBTH D, n ITIFRHICHIBRIZ 2, FRPR A RIZRAI 2, 3, 4, 5 1L TH
HINTw 3, o TOMBILEERD O(n?) OINHD n HEEIC X 2BV IET
fTois, BB L OBICIZ=MABIBGE wavetable & R work Z2167E$ %
I H B

int gsl fft real unpack ( [Function]
const double real_coefficient[],
gsl_complex_packed_array complex_coefficient[],
size_t stride,
size_t n)

gsl_fft_complex L —F ¥ AT 27 dIc, —DDEHALS real_coefficient %, %
NN EFEE (BEDY 0 OEFEE) DELY complex_coefficient (CZ5H§ %, Zffa
FHHET, LT X9 iIcfrbns,
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for (i = 0; i < n; i++) {

complex_coefficient [i*stride] .real = real_coefficient[i*stride];

0.0;

complex_coefficient [i*stride].imag

3

int gsl fft halfcomplex unpack ( [Function]
const double halfcomplex_coefficient[],
gsl_complex_packed_array complex coefficient,
size_t stride,
size_t n)

gsl_fft_real transform DFtFL§ 2 PMERLBURE DALY halfcomplex_coefficient %
— M 2 B EL S complex_coefficient \ZAHAT %, ZHUIBLT D X HIZ LT, XFR
YE 2k =z¢ , 2o TILRMNGERZFHE L THO 5,

complex_coefficient[0] .real = halfcomplex_coefficient[0];
0.0;

complex_coefficient[0].imag
for (i =1; i <n - 1i; i++) {
double hc_real = halfcomplex_coefficient[(2*i-1) * stride];

double hc_imag = halfcomplex_coefficient [(2*1) * stride];

complex_coefficient[ i * stride] .real = hc_real;
complex_coefficient[ i  * stride].imag = hc_imag;
complex_coefficient[(n-i) * stride].real = hc_real;
complex_coefficient[(n-i) * stride].imag = -hc_imag;

}
if (1 ==n - 1) {
complex_coefficient[i * stride].real
= halfcomplex_coefficient[(n-1) * stride];
complex_coefficient[i * stridel].imag = 0.0;

}

DUNIC gsl_fft_real transform & gsl fft halfcomplex inverse Z{li—>7:7'1 7 5 A%\
§o 7077 LTRITHANVADFEREESZ2ERT 5, ZOEF I3 ABPEGEEIC 7 —) 22
1, gsl fft real transform HNRY 7 — Y ZLRED ) LARH BB OIEEK 10 lHZ5EL T, ZHLL
HMIHET 5,

ot 7 —Y) TARECR INIEIRHIBIC T A g 2 2 LT, RSV RIca — "R 7 4 V8 20 F 745
FEYIalb—1F¥5, 7Y ZRBUSFEENRTRES N TL 20T, HEBD IEOHE E
DFIBOM T TREDMNE S, WL TR S N RIS 713 FHEBINIC % 2,

#include <stdio.h>

#include <math.h>

#include <gsl/gsl_errno.h>
#include <gsl/gsl_fft_real.h>
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#include <gsl/gsl_fft_halfcomplex.h>

int main (void)

{
int i, n = 100;
double dataln];
gsl_fft_real_wavetable * real;
gsl_fft_halfcomplex_wavetable * hc;

gsl_fft_real_workspace * work;

for (i = 0; i < n; i++) datal[i] = 0.0;
for (i = n/3; i < 2*n/3; i++) datal[i] = 1.0;
for (i = 0; 1 < n; i++) printf("%d: %e\n", i, datalil);

printf ("\n");

work = gsl_fft_real_workspace_alloc(n);

real gsl_fft_real_wavetable_alloc(n);

gsl_fft_real_transform(data, 1, n, real, work);

gsl_fft_real_wavetable_free(real);

for (i = 11; i < n; i++) datal[i]l = 0;

hc = gsl_fft_halfcomplex_wavetable_alloc(n);

gsl_fft_halfcomplex_inverse(data, 1, n, hc, work);
gsl_fft_halfcomplex_wavetable_free(hc);

for (i = 0; 1 < n; i++) printf("%d: %e\n", i, datalil);

gsl_fft_real_workspace_free(work) ;

return O;
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02
o

BIR L7050k s, =27 4 LY T oNTEERD LA,

16.8 Z=ZEX@A

FFT IZDOWTHICHEZ RO 72w E ElE, 727 X)L (Pierre Duhamel) &' =% —Y (Martin
Vetterli) ICX B TDLE 2 —ldHin o /2 & X\,

e P. Duhamel, M. Vetterli, “Fast fourier transforms: A tutorial review and a state of the
art”, Signal Processing, 19(4), pp. 259-299 (1990).

GSL TffibTwa 73 A, GSL D8y 7= ICfHE L T3 GSL FFT Algorithms 12
FHHIN TS (7 74 )VIE ‘doc/fftalgorithms.tex’ TH D), ZDHIZ FFT IZDOWTH—
LI 72 30H & BB D I 1B 9 2 BRI XOE 2D %, fibic, W O EERHRE LT IS
2T %,

v INTu s L4ED FFT OAMIEI OO0 dH 5, DLTIC 28N 5%,

e E. Oran Brigham, The Fast Fourier Transform, Prentice Hall (1974).
e C. S. Burrus and T. W. Parks, DFT/FFT and Convolution Algorithms, Wiley (1984).

FEOZODOARTIZFEE 2D FFT 253 L{HFHI N TV 3,
FFTPACK DEREITH H 2R AHEGEIZLL T OMSUCHBHI N T W S,

e Clive Temperton, “Self-sorting mixed-radix fast fourier transforms”, Journal of Computa-
tional Physics, 52(1), pp. 1-23 (1983).

FRT—FIINT 5 FFT OB TO DD HICH 5,

e Henrik V. Sorenson, Douglas L. Jones, Michael T. Heideman, and C. Sidney Burrus, “Real-
valued fast fourier transform algorithms”, IEEE Transactions on Acoustics, Speech, and
Signal Processing, ASSP-35(6), pp. 849-863 (1987).

e (Clive Temperton, “Fast mixed-radix real fourier transforms”, Journal of Computational
Physics, 52, pp. 340-350 (1983).

1979 4E12 IEEE X, FORTRAN T#E2 7z FFT BEo 70 75 A 2 HEICHEA L GENH
L. ZOKMZFKELE, K FFT 7L 2 AL 2 HET 2B EIC R S,
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e Programs for Digital Signal Processing, Digital Signal Processing Committee and IEEE
=

Acoustics, Speech, and Signal Processing Committee (ed), IEEE Press (1979).

%2, C S

[=g:=]

HER 7077 LTFFT Zfivizwvw e ZiziEk, 7Y 3 (Matteo Frigo) & ¥ 3 ¥ ¥~ (Steven

G. Johnson) I2 &k % FFTW 74 77Uk, DI 77V RBEMT2N—F727 75y
k74 —LichbE CETEEORELZT), GNU GPL OJLTHi) 2 LM TE 5,

o FF'TW Website, http://www.fftw.org/

FFTPACK DY —A a2— F i Netlib 22582 Z LN TE 3,

e FFTPACK, http://www.netlib.org/fftpack/

TP AT X LDOFEDINERE LT 2 HFUR (WIROBHR) 235 5.

AXHT DFT OERDOGIMETHIKRINT WS T=a XY hn - L) ik, UTOEHETH

Recipes, Cambridge University Press, ISBN 978-0521308113 (1986).

e William H. Press, Saul A. Teukolsky, William T. Vetterling, Brian P. Flannery, Numerical
PR IR, BNIGEE, IMEGER), =2 — XU AL e - 4 &~

e William H. Press, Saul A. Teukolsky, William T. Vetterling, Brian P. Flannery (FFHE5,
> — HAGERR - C 53
ZHMEFHELO L > ¥ Biifiafamtt, ISBN 978-4874085608 (1993)

Iz &
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BITE BEED

il

CDFETIZ—RICOBIEUTH§ 2 Befitiftisr (R, quadrature) 234719 %)L —F V2D THW]
T2, 2D74 77V TRNMADSD L L THEIGH (adaptive) & IE@EIEA (non-adaptive) DIL—
FUERAELTED, I D9 DORHRAR T — AL LV —F b dH 5, ZHUTIZmRE &
OB (semi-infinite) DRI TORESr, RS (singular integral), WEURFE S (logarithmic
singularity) Z& Oy, 2 — —DFfH (Cauchy principal value), #REId 2O D% E03H
%, GSL THEEL T35 DI3E+L ¥ X (Robert Piessens), F¥ 74—+ /44 (Elise de Doncker-
Kapenga), 1 —/¥—7 —,¥— (Christoph W. Uberhuber). 7>} — (David K. Kahaner) (T X
2Btk 7 4 77 ) D QUADPACK TELN TV E 7N TV XL ZFELEL LD TH D,
QUADPACK ® FORTRAN @ ¥ — 22— i3 Netlib 226 AFTE %, F 7 IREIEGTY CRElER LD
AT A VY v v VIS (Gauss-Legendre integration) d NEE Tl 9 E 2 mMEEICLTH S D
DEFHEL TV,
COREICHT2ESPERIEI~NY Y7 714 ‘gsl_integration.h’ IZH 5,

17.1 (FU®IC
7NV XL TR TOERDEROREEDOTPUEZE FHET 3,

I_Zfﬂ@wuﬂx

C 2T w(x) FEABIE (weight function, —MRIVLBRETBIBTIE w(z) =1) TH S, ZOWD
il I ZH#EET 5 & ZOFIERGEIX, HONFFATRAE (epsabs) & MHNFFATAZE (epsrel) I &k > TUT
DEYIHEESINS,

|RESULT — I| < max(epsabs, epsrel|I|)

Z 2T RESULT I3&T7 NIV AL E>TRON LT DIEBMETH 5, HTHIZZOREIME 1 13
FERIIATH D &7 N TV R LTI N OAERZ 7 THNAE ABSERR = |RESULT 1|
ZHEET B,

|RESULT — I| < ABSERR < max(epsabs, epsrel|I|)

epsabs & epsrel XM L OIS E DIBET 2468 L0, HNFREOHIFHZ T ZBE LW E &
121% epsrel 7 0 12T %, HNRELZ T ZIBE L2\ E T epsabs 7 0125 %, TRIEE DR
LTELLHEAN—F VIFNRTER W LD B0, FICZ DR TORREDOERIAEZ RS X 5
27> T3,

QUADPACK THHLNTWAB 7N T XL TD L) AN L5 Tw 3,
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Q- KEFENL—F ¥ (quadratur routine)
N - JEEIGHIEE 5315 (non-adaptive integrator)
A - JEIGRIRE ST (adaptive integrator)
G - JLH (general integrand, #fEBIEZ HEER, HET %)
W - HEE SN BT EARBIE 2 2217 % (weight function with integrand)
S - KAz R oBIB 2 EsIC T % (singlarities)
P - MW7 K2 HE T E % (points of special difficulty)
I- MR TORST (inifinite range)
0 - MIHRENT 2 HARIEZ 9 (oscillatory weight function, sin % 7z 1d cos)
F- 7—Y 2855 (Fourier integral)
C- a—>—®Ffl (Cauchy principal value)

FEELTRBE 7)Y XA TR, W TER SRR B0 RBEEZH-> T3, BROGET
IR S N7/ S BRI TR Z IR D 5, INEERXTORMNE L X2 2 LT, iy
HOIWEE DA EHEET B,

17.1.1 EHBEHOLVWEBESBEROGE

GSL THIEL T 2 NHOKEE (EARBEZEOE W) X, YR - 7aray FiE (Gauss-
Kronrod method, Johann Carl Friedrich Gauss, Aleksandr Semenovich Kronrod) T %,
AR raray FIEERNC, N E m ROD 7 ADREEZIT I, J Uk L CRddih
FEDOEREDPS 2m+1 ROERD 7 v vyay FiEziT), 7aray FIETR, A7 RAETRO %
B 2 FA T L Tk 2 BT B,
FRO7a iy FIETRD 6N fiz v —F v OIEME (BOMEOELE) & L, BXRDOH
1B EABRRD T HEDOE S EDE N Z o> CEREEEZ T T 5,

17.1.2 EHEHDOHZ2BEDEHEHE

PREBIBUCEABIE G EFN TV REAIE, 7L vy a— & h—T 4 ADREE (Clenshaw-Curtis
method, Charles William Clenshaw, A. R. Curtis) Z {9,

JLvya—th—T4 ADHIKIFET n ROF =¥ = 7%IHA (Chebyshev polynomial) T
BRI 2T 5, Z OERIZHA OB IEMNTINC KRS &9, #efr B o7 O Bl
ETHIENTES, Fxy = 7RBIEREZ LIF2 2 & TEMEZ LI, GHEFEZHEE S
52 EMTE D,
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17.1.3 HBERZFOEHEROH BN DEHE

F Yz 7T, BREBEBICRRE R EDD 5 ENURDNEL 785, QUADPACK THEX
NTVLEBIEZLV Yy a— - h—T 4 AETIE, Kb EABD I LINEINES 255D
IZOWT, ZDDDN—F v EFNCHEL T3,

¥9F 2By =2 7L HAZ IS L CHABBDEIEF 2B 27 - E— XV 2 dH 6D
COFHELTEL, 20t, B2 AMT2F 28> 2 74HEAD 6, HNOBOBH oS, F
RSO % BTN T 5 2 £ T, EDRMEMED* ¥ VLT 3D IEMEICH S 2 EASTE,
Ry 2EolitE2m ET25 2 L3 TE S,

17.2 QNG%E - JFEGEAVR - 70>yAOy RER

QNG 7V 3 R Ll FICEE I CROK 87 M F THB B OMEEGH T2 YA - sa v
a2y F %% —y ik (Gauss-Kronrod-Patterson method, Thomas N. L. Patterson) T& %, &
5 25 B SIS § 5 DI L T B,
int gsl integration qng ( [Function]

const gsl_function * f,

double a,

double b,

double epsabs,

double epsrel,

double * result,

double * abserr,

size_t * neval)

BI%L f DX (a,b) TOREDEOHEE AL B THE S it B & O
7 epsabs, epsrel ICINH T % £ T, 10 5, 21 5i, 43 5, ST HODOAT I A - 7uray
FiE2 B IEH LT, BEa OFEUEDS result 12, #EEMERAEDS abserr 12, #
T BEE D B 508 neval I ZNZFNAN TR I NS, BT BIE D FEAMRIEL % I
5§ 7 Ol U 72 B 2 AT RE, FIHT 2 L) eI Tw s,

17.3 QAGE - BIbEED

QAG B 2 IS et H 24T 9, Ma#EMHZz 2E L, 7#l SN IXHD ) b #HEER

APRADOXIZ T2, 2L TEREXMTOFEZMEEL, RROKMZ “E77 %,

o OML WGP RESEN T2 2 LT, BRTORELZ KRR T2 ERTE 5,

gsl_integration workspace MG ToyH#l L 72 50y XIE O #EPH, BEorfs A, HEE 32 2 R Es

T 5,

gsl_integration workspace * [Function]
gsl_integration workspace_alloc (size_t n)
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n fADIX[E T ORIIHER & HEE TR 2 (TR EE TR AT T % 72 O DTS2 fiEIR T % o

void gsl_integration workspace free ( [Function]
gsl_integration_workspace * w)

EEGHIE w DX ) 2T %, 515D NULL @ & Zi3 s L,

int gsl integration_qag ( [Function]
const gsl_function * f,
double a,
double b,
double epsabs,
double epsrel,
size_t 1imit,
int key,
gsl_integration_workspace * workspace,
double * result,
double * abserr)

BEBL f 1o L CGEIDEIRE 5 %2 . X (a,b) TORSEOHEERED, G265
Ho B L ORI FFARGRAE epsabs, epsrel I E %2 X HICINRT 2 FCHAT %5, B
S DUEUEDS result 12, HEEMITELZEDS abserr ICZNFNANTRI NG, HWHT S
MaikiE, UTISRT key DETIHREI NS,

GSL_INTEG_GAUSS15 (key = 1)
GSL_INTEG_GAUSS21 (key = 2)

GSL_INTEG_GAUSS31 (key = 3)
GSL_INTEG_GAUSS41 (key = 4)
GSL_INTEG_GAUSS51 (key = 5)

GSL_INTEG_GAUSS61 (key = 6)

B2 o EHIZ 15 M, 21 5L 31 &, 41 5, 51 K., 6L DAY A - 7uruy FiKITH
T %, MROWETEE, WorREEEZBELCEI T2 I L8 TES, BRRDT
HE, BEDBIEIC AR 2 N 03D 5 L BaPH L WA ZETHAIC, GHRIRE
ZHRMETE 5,

SRS REOME VIR LR OKRITIE, #EREI M RAKOETXEEZ 50T %,
#IX[E & 2 DX DOHEERE T IX workspace 23T A BV ICRRE S 5, X DEE
D ER%Z limit TH 2 %, JHUIHELR L 78I CRRIT & 2 9 BfilBuc LTk <,

17.4 QAGSE - HERITXN U fcEIbBEED

BTN 23D 256, WIS TR R O IS NX RIS L Te 28, fE
SN BNXEDIEZZAIZA L NS K e T e, o) £ GEBLS T, MRTl
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B EPORT 5, 2 DOUPCRIFHS (extrapolation) Z > THIET 5 2 LA3TE 5, QAGS T
(&, GBI O ARSI 4 v (Peter Wynn) DA 7> a v - 7)L3Y XA (epsilon, € algorithm)
ZlAGDE D 2 L THRA BB RADOREREAICH LTRSS 21T S LB TE S,
int gsl integration gags ( [Function]

const gsl_function * f,

double a,

double b,

double epsabs,

double epsrel,

size_t 1imit,

gsl_integration_workspace * workspace,

double * result,

double * abserr)

B8 f DX (a,b) TORES %, 21 HDOH T A« 7avnmy Fefo THEE L E
EHEEAHNFRAE DR E S 117l epsabs & epsrel 2R T % ¥ CHET %, HEERDE
B34 7vaviEziio THAA SN bDOTH ), Nl Z ey ic s 1 2R =
b PREBIBUSH L TR Z IS 2 2 L3 TE B, BT OERUEDS result 12, #E
EAERFRAEDY abserr ICZNFNANTRING, FX[HE E Z DX CTOREER S E1X
workspace DME T X EVICRFF S N5, MELR L 7B CRF T 2 T, XA
DIEHD R % limit T5 2 %,

17.5 QAGP % - BEANDH > TWBEHICW T 2@ ED

int gsl integration qagp ( [Function]
const gsl_function * f,
double * pts,
size_t npts,
double epsabs,
double epsrel,
size_t 1imit,
gsl_integration_workspace * workspace,
double * result,
double * abserr)

BEINTREALERL T, HEHES QAGS %2179, KEZ npts DECLTI pts
I, B O E L TR HIPH QMBI R O FEER & R R O IEREZ A D, B 2138
THIPHDY (a,b) TREEMD 21, 20,23 (a <3y <33 <3 <b) IZH D & Z, pts ITITDA
T X9 ifliz Ad, npts=5 £T 5,

pts[0] = a
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BITE BEkT

ptsl[1] = x_1
ptsl[2] = x_2
pts[3] = x_3
pts[4] = b

FRR S DPEREDS o TV B 54121 QAGS 29 X D b 2 DA HEHEISH

17.6 QAGI% - #ERXEICXW T 2ENEEDETE

int gsl integration_qagi ( [Function]

il

gsl_function * £,

double epsabs,

double epsrel,

size_t 1imit,

gsl_integration_workspace * workspace,
double * result,

double * abserr)

B8 | DI (—00, +00) TORIMAZFIT 5. 2 = (1—1)/t & L TRMiM% ¥
BAXE (0,1) 1B LT, QAGS ¥TU T OMERIS 217 5.

“+o00 1
/ f()dx = / (P = 1)) + F(—(1 - t)/)) /2t

— 0o

QAGS Tl 21 MDA A - 7uvay FiEzf) 2, XKZBT I &k b FAA
WCREEDEL 2720, 22T 15 MCHEDZTIY . ZOESIHMERDFEED 503
AL,

int gsl integration gagiu ( [Function]

gsl_function * f,

double a,

double epsabs,

double epsrel,

size_t 1imit,

gsl_integration_workspace * workspace,
double * result,

double * abserr)

IS £ O FREIRIKIE (a, +00) CORUMEERIET 20 o = a+ (1— 1)/t & L TR
B % LRI (0, 1) 128 LT, QAGS T F OB %179,

+oo 1
/ flx)dx = / fla+ (1 —1t)/t)/t*dt
a 0
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int gsl integration qagil ( [Function]

gsl_function * f,

double b,

double epsabs,

double epsrel,

size_t 1imit,

gsl_integration_workspace * workspace,
double * result,

double * abserr)

BI%L f OFMERRIXHE (—o00,b) TOMGMEZER T2, 2 =b—(1—1)/t & L THTH
P 2 2B IXTE (0,1] 1B LT, QAGS T F ORI 21T,

b 1
/ f(x)dx:/ fo— (1 —1t)/t)/t3dt
e 0

17.7 QAWCE - A—Y—DOEEDHEIGEER

int gsl integration qawc ( [Function]

gsl_function * f,

double a,

double b,

double c,

double epsabs,

double epsrel,

size_t 1imit,
gsl_integration_workspace
double * result,

double * abserr)

* workspace,

K (a,b) T ¢ BRSO f 120w T, MFTHABNS 3—y —0Tfii# it

HY 5,

b c—e b

I :/ mdx = lim (/ mdx+ mdx)

e T—C e—0\ J, r—c c+e T—C
QAG (LRI 0E) 249 23, R 2 = ¢ LTS EIMThbznw X HIEIEL
THEDT %, DREDVR o =c &L, ZORIGEVWEGE, 25 SOV vy a— -
H—T 4 RAEMEON D, HEEPSEOXHETIE 15 HOFIR - 7avay FiEz
fiis,
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17.8 QAWSE - HERZR OEHDIH DEIGHED

QAWS 5Tl BEHiH OB LI ABIEI X 2R84 (algebraic-logarithmic singular point)
ZROMBOBIMELHETE 2, FHHEZEEICITI D, HOPLOFET 27 - E—RX Y
FEFHELTEBEYD B,
gsl integration qaws_table * [Function]
gsl_integration qaws_table_alloc (
double alpha,
double beta,
int mu,
int nu)

DT TERSNIFREDDH 2HAHBM W (2) L ZDIDDNT A=Y (o, B, p,v) 2
REFT 2 7 O DM E gsl_integration_qaws_table & L CHEIRT 5,

W(z) = (z — a)*(b— z)? logh(z — a) log” (b — x)

ZZTa>-1,8>~-1, u=0,1, v=0,1Th3s, EABELZT v & v DfEIc k>
T, UTol>DERD ) b o Enhz2ils,

W(z) = (& — )(b— 2)° (1= 0,1 =0)
W(z) = (z — a)*(b — x)° log(z — a) (un=1,v=0)
W(z) = (z —a)*(b— x)° log(b — z) (n=0,vr=1)
W(z) = (z — a)*(b — z)? log(z — a) log(b — z) (n=1Lv=1)

KRS (a,b) WEER EORA DT, MR 217 & 2IRETIEE . C0kE
15 BB IR B 22 o,

AT 7 —DFE L D5 725121 gsl _integration_qaws_table W&~ D
RAVEIREIN, 7 —DFRELHAIT 0 2EI N5,

int gsl integration gaws_table set ( [Function]
gsl_integration_qgaws_table * t,
double alpha,
double beta,
int mu,
int nu)

TCICHER ST % gsl_integration_qaws_table DA Y A ¥ ¥V A ¢ ITFRE I NT
V58T A =8 (a, B, p,v) DIEZGIEBTIRE § 2 TREE LIHT,

void gsl integration qaws table free ( [Function)]
gsl_integration_qaws_table * t)
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T TIMER I N T 5 gsl_integration_qaws_table DA Y AF VAt DX EY %R
’T %, 51D NULL @ & 3T d L,

int gsl integration gaws ( [Function]
gsl_function * £,
const double a,
const double b,
gsl_integration_qaws_table * t,
const double epsabs,
const double epsrel,
const size_t 1imit,
gsl_integration_workspace * workspace,
double * result,
double * abserr)

X[ (a,b) TRRKR OB 2 EABIEKD (v — a)*(b—z)P logh(z — a)log” (b —x) D& &
DBE f OWETMEZ AT 2, HAEBD T A= (a,B,p,v) 13 t ITRELTE
(o T OWDDITHONS,

b
I= / f(@)(z — a)*(b — )P log!(z — a)log” (b — x)dx

RIrEICIE QAG GEIGEL0E) 2MEbin g, WX ER N2 & LEA, 25 MDY
Lyya—- =74 REPMEOND, Z)THROEEIZ 15 RO TR-7nvray
Rz,

17.9 QAWOX - IREN T 2B D7 DBERHED

QAWO %13 sin(wz) % cos(wz) D X 9 2lRE) T 2 B2 FFOEAREZ > TR EZEH R 5
7ODIETH 5, stRZERIAT)I D, HOPCDUTOBEZFATTFzE 27 - E—X
YEEEELTE(REDLDH 5,
gsl_integration_gawo_table * [Function]
gsl_integration qawo_table_alloc (
double omega,
double L,
enum gsl_integration_qawo_enum sine,
size_t n)

DUT DIREYEARIE W (x) L Z DT XA =% (w, L) ZIRFFT 2 72D DIEERIE LT
gsl_integration_qawo_table DA ¥ A ¥ Y A% AT %,

2) = sin(wz)
Wiz { cos(wz) }



256 BT E HEES

G188 LA FIPH AN L =b—a Z216ET %, 518 sine ICL D ZDODED &
b ohefiiy 2 LT, BEARBICHE ) BIEE BB E REBEBDO EL SI2T 20 %
HET %,

GSL_INTEG_COSINE
GSL_INTEG_SINE

gsl_integration qawo_table |3 FIECHEII % 2 ZAEBOEXTH D, /37 X —
Z n 3EHEIN RO L NNVEZIEET 5, &LV IBRETHE L 2 —R %03
ZZEITHNSL, Lo T n oL UHUIKEDIEE L/2" $THhSL T3
LM TE S, M) —F v gsl integration gawo (F L ~IVEDE D 7%  THERKZ
NHRETHENTE AWV EE, 27— L LT GSLETABLE 2K,

int gsl integration qawo table set ( [Function]
gsl_integration_qawo_table * t,
double omega,
double L,
enum gsl_integration_qawo_enum sine)

FTTICHER SN TV BRI ¢ ICREIN TV 5/,37 X —% omega, L. sine Dff
ZEWET 5,

int gsl_integration gawo_table_set_length ( [Function]
gsl integration_qawo_table * t,
double L)

EEREI ¢ ICRESNT VBRI X =% L OfiziE LIET,

void gsl integration gawo table free ( [Function]
gsl_integration_qawo_table * t)

ESEFHIE t DX € ) RIS %, 515D NULL @ & Ei3fafd L 72\,

int gsl integration_qgawo ( [Function]
gsl_function * £,
const double a,
const double epsabs,
const double epsrel,
const size_t 1imit,
gsl_integration_workspace * workspace,
gsl_integration_qawo_table * wf,
double * result,
double * abserr)
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IR TR f DX (a,b) TORMEZ ., wi TERI LT 2 HABL sin(we)
% 7213 cos(wzx) 2> TEHHET 2,

b sin(wx)
I = d
/a /@) { cos(wz) } *

BMEDOIRIZA 7> n vk o TR I 1, IRINAEOMEIE 20U L - THIZF S
NI 72 5, fAMC X ZAEDNE LG ME & LT result 12, #HEEMOERZEDS abserr 12
ANTRE %5, D#ElZI XM &SRB TOMOEZ RFF T 2 fESEMHIE % workspace
ICIBET %, MR L 7 EfEE T cE 2 BE T, KEoEE D FIR% limit T5-
25,

do >4 E%% TRER) KN L TEIREIOBED LW L2 MEL T25 fio s L
viya— =T 4 AEMEOND, dw <4 LD NS (R V) KEICHLT
15 HOA YA - 7avay Fikzfi,

17.10 QAWF % - 7—YIBESDcHDBEIGEED

int gsl integration qawf ( [Function]
gsl_function * f,
const double a,
const double epsabs,
const size_t 1imit,
gsl_integration_workspace * workspace,
gsl_integration_workspace * cycle workspace,
gsl_integration_qawo_table * wf,
double * result,
double * abserr)

DT kHickRESn s, PEIRXME [a, +oo) TORE f 07—V 2R %EHHET 5,

+oo ;
I:/ f(x){ sin(wx) }dx
a cos(wx)
NIRX—=F w &, sin & cos DELLZMINIE, £ wf ITHELTES (BS LR

77—V LRI L 72 EHIC 2 OBEBONETEEINED T, EARMEIZE>TWT
b IV, MM TD L) T, BMXEIZOWT QAWO #ETfTbil s,

C: = [a,a+(] (
Cy = [a+ca+2] (17.2
(
(

Cr. = Ja+(k—1)c,a+ k]
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22T ce=(2foor(|w|) + 1)r/|lw| TH 2, IE ¢ B/NXHEOBHITHICKZE L HITES
N5, 2L fPIETHINHD ORI, K/NXEDEFEGIFF 52 5 HIZZEZ D3
SHA T 5, ZOKHEOFLGOBINOMOGIRIX, 4 7> ik > TUE
HICKDEtHE I N5,

O HEITHON A% abserr ATICT 2 X ) IfTbitd, ZO7LITY ZALTIE
BANX O THEAEZDTISRT TOL, LFICHA S X ) ICHET 3,

TOLy = uiabserr

CZTu,=1—-ppF 't BLXLp=9/10 Th %, FHOFLIFELEIITHY, %
DO R TDRKIEE abserr TH 5,
Mo DHEE R/ NS % & Eid, ZOXMTOERBEZLUTDO X HICTIF S,

TOLy, = uy max(abserr, ma}g{{Ei})
1<

I 2T Ey 3K Cp TOMEBRAETH %,

/ANXH & 2 2 TOREEIE workspace ICERFFS 115, HERR L 7RI CIRFFTE 2
RREET, K OMEED LR%Z limit THZ 5%, &/NXHETOBIEFIETIHTEZS
N5 QAWO D 7 & DIEFEEIRK cycle_workspace Z T %,

17.11 CQUAD —_E#LEES

CQUAD 33, RSP IEEE (Inf % Nan), 3 X OFEHCT 2 B804 EOHD e icfins, —H
G (doubly-adaptive) &I 2 NHADBAERIIETH %, FFRIBIRDRHMINEIX QuADPACK
ICHHEIN TV R HEMDTTEL D L 42205, BOTTETIEIRTD) £ wh kv k) BEAIc
BT 5 ENTE S,

CQUAD TR, 7V vy a— - A—74 ADMEDEE, ZOKNXEITE W TREZHPL
THEHY 22 ETRTZIT), —2DRIc7 vy a— - A—F 4 Az 2@ LT, 20Z
NTRONZMMLEADAED S, BMITDMREZMET 5, ZOMEFEIRZI VIGA, 8L OH
HEHADRKEDBRE ) §E 25003, XMz 0ET 5,
gsl_integration_cquad_workspace * gsl_integration_cquad_workspace_alloc
( [Function]

size_t n)

B X%z n 08T 256100 E %55 X2 ) HEZ R T 5, EERICBEE LT
b BB, BTORES NSNS £ T n LD BB GIXEEIE, BBEHGH
T ZEDH5H, n XD L VKBNS HEI L 7S 2R IEEE s 5, 2L
AEDYE n 13 3 DLEZIRET 205035 553, 100 MU ESREICR 5 2 L3k,

void gsl integration cquad workspace free ( [Function]
gsl_integration_cquad_workspace * w)
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RSN TV L AEVHK w 2T %,

int gsl integration cquad ( [Function]
gsl_function * f,
double a,
double b,
double epsabs,
double epsrel,
gsl_integration_cquad_workspace workspace,
double * result,
double abserr,
double nevals)

FERETBIE £ DX (a, b) 1B I Z MR, HNREZ N Z 1 abserr,
epsrel T, CQUAD ETR®D %, RMEIIZIS 5 N B REMEIE result 12, HEEHN IR IX
abserr 12, FERE BB DTN & 1172 [FI%T nevals I ANTIRI N5,

CQUAD HED 7))V 3 X AR XKEEEHO/NNLICE L, 2055 b oL bifEE
MADORKE /X HIZDWT, S 61l Bo. MERED fTbNLS, I THb
NEZDIFREDIA, 8, 16, 32DV L via—- - h—F4 AET, /—FHIZZhZFh
5. 9. 17. 33 HTH 5, BWHOKDXEIZEB LTI, $Tho L LR ETrL v
Ya— =T A AEPWHING, O TRICEHOXETHI 7Ly a— - H—
TAREDHEHAIN, 20 20OEHATHR NS ZNZENDORMSHADED Ly, /
WADSHEERAER G T 5, 32 XKD bERPBEIC L >, H D VIEDDH
ML EADENRETE 2 5AICE, DXEZ S 6o (a8 75,
F/NXENZ BT 2 51 R IE workspace TIEE I 1% X € ISR SN %, #EE
ML IERE 2y B £ o AT [RI4L 2 1 B 6B 2 IR IE . abserr % nevals IZ NULL % 5%
T2,

17.12 ADX - LY vV RILES

W ouEEH S OO SNIRBDLIHAZ D> TEHBICHES T2 HEE LT, A
T A - VT v v F)L (Gauss-Legendre integration) #87373% %, n KAV A « V¥ v v FILHNG
2n— 1 RF 73 ZNPL T OLREUHET §IUSE 2ozl TE 2720, HLLx vk (B
BREEFRTE 2 & OFRIR) 1B WIS 2 MK T 2 BIKBIB Oy 4 EIcHTH 5, GSL Dt %
RIS L B D ZON—F VIFHOTEGE, &2 VIFHNBGEOREZ XTI & 1k,
gsl integration glfixed table * [Function]

gsl integration glfixed table alloc (
size_t n)

n RDBEERBOENETHIE 8D, AT R VT v v FARET DI (abscissae)
LHEHAZHET S, Do U OHREL TH 2 EBELENEZ 23202, %
ITRhRVEZIE, ZOBBNTHEDORD & iz )ik LRIk > Tk 5,
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double gsl_ integration glfixed ( [Function]
const gsl_function * f,
double a,
double b,
const gsl_integration_glfixed_table * t)

zonsFE ¢ 2o B f oOBOMEZET TR - V¥ v v FARESEZR - TEHE
L TR,

int gsl integration glfixed point ( [Function]
double a,
double b,
size_t 1,
double * xi,
double * wi,
const gsl_integration_glfixed_table * t)

i DO0,...,t—>n—1DFEICOWT, X [a,b] TOH i ROWETH xi & &7 R
DEA Wi ZA TR VP vy FUVEMEZ - CGHET 5, BoREERIZ, BHIA
DIEDFAMNHET L TRE NS, 2TD i I22WT wix f(xi) DRZFET 2 I LT,
BAE £ DIXH [a,b] TOREDMHEINELIICE SN2,

void [Function]
gsl_ integration glfixed table free (
gsl_integration_glfixed_tab * t)

t THIND, HERIN TS X T HEMZRIKT %,

void gsl integration glfixed table free ( [Function]
gsl integration_glfixed_table * t)

It TIRESND AV A VP % ¥ FUVETED D DED AT Y FIHZ RIS 5,

17.13 IT= - J—R

COBETHHL 2 EERE Sy OB, EEOBEYTh W EERTZS— - a—FiZii,. UTFo
7 —a—FHiRT,

GSL_EMAXITER

N O SR R 2 B A 7 2 & 2,

GSL_EROUND
MDD - D ICHFHRPFLICFNETE B d o 7eh, fIIMIME) B TDFENIEL I L %
N
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GSL_ESING

RE SN XN T, FEAPEFTBEROZEE PR T A TH S 2 L 2T,

GSL_EDIVERGE
Bffiftor & U CMMEDSFERCT 22>, BORDSIERISE W C & 2R T,

17.14

B QAGS BEMOM DL 2D LN TE S, & ZIREFERPRBIINBEORRETH 2 M

Al

TOEP%EEZLTHD,

1
/ 272 log(z)dx = —4
0

DFo 7077 53 ZoRre, MREE 1e-7 TiRET %,

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

#include <gsl/gsl_integration.h>

double f (double x, void * params) {

int

double alpha = *(double *) params;
double f = log(alphax*x) / sqrt(x);

return f;

main (void)

gsl_integration_workspace * w =
gsl_integration_workspace_alloc(1000);

double result, error;

double expected = -4.0;

double alpha = 1.0;

gsl_function F;

F.function = &f;
F.params = &alpha;

gsl_integration_qags(&F, 0, 1, 0, 1le-7, 1000,

printf ("result % .18f\n", result);

printf ("exact result

printf ("estimated error = % .18f\n", error);

w, &result, &error);

% .18f\n", expected);
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printf("actual error = % .18f\n", result - expected);

printf ("intervals = %d\n", w->size);

gsl_integration_workspace_free(w);
return 0;

}
7077 LD TIORY, BOXKHEOBAH 8 D& Fic, ERKE LN THIRZHF TV 5,

$ ./a.out

-3.999999999999973799
-4.000000000000000000
0.000000000000246025
0.000000000000026201

result

exact result

estimated error

actual error

intervals = 8

COREFRIZ. QAGS EIC X 2 HiIAH T, FEEEDHEDN 2 517257 2 LTk 5, WHIED 7= H D
HIHEIC Ko TR o A HEERR T, FROBEL D bRz R-> TRMb N TE D, 22TE
B 1HIRE RMEICZ>T0 D (FHUTRBIICE D, exact result UANDEEIZR L E 2 L23H 5),

17.15 ZSEXEk

DT OEFE L QUADPACK BHIFEIC X o TEPNIRERTH 5, 7LV X LD, 707 7
LDYRAN, TANTORTTLEHBE-TWS, BEMES%1TH) L TOFEESS QuADPACK B
HefibsE D E - T\ 5,

e R. Piessens, E. de Doncker-Kapenga, C. W. Uberhuber, D. K. Kahaner, QuaADPACK A

subroutine package for automatic integration, Springer Verlag (1983).
72 cQuAD HKIZDWTIE, BUFOsCFER ST %,

e Pedro Gonnet, “Increasing the Reliability of Adaptive Quadrature Using Explicit Inter-
polants”, @citeACM Transactions on Mathematical Software, Volume FIXME (2010),
FIXME.
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B188 ELHDAR

GSL 12 I3hk% BB D EREPHEINTE D, $XTHEL API (Application Programming
Interface) THIHT A2 L3TE S, 707 7 LDOFTRHICEHRE I N TV A EREZEIC K> T, #l
BgEd (random number generator) DFEFHPLHLE DM (seed) ZHESZ ENTE S0, 70
FLDHAYRANE LB TOFEITRICZN G ZYIDFZATE) 2 L8 TE S, SLEFEERD
A VAZ v RFZENZN, ZDIRDIREBPLRE (state) ZANRFFL TWw 570, 2 LF ALY
FTHEITINE TR 77 L THRBERCME) 2 ENTE S, AL —HKELE (uniform random
number) 2>5 . 1IEBIS (Gaussian distribution), WHIE#LS A (log-normal d.), K7 V43
(Poisson d.) 7 &, #HEHf & X OBEROI RIS 2B BRI Tw 5,
CORICHT2ESPERIEI~NY Y774V ‘gsl rng.h’ IXH 5,

18.1 EFICEET ZE=

1988 D X— 7 (Stephen K. Park) & 2 7 — (Keith W. Miller 12 X %@ X (“Random number
generators: good ones are hard to find.”, Communications of the ACM, 31(10), pp. 1192-1201)
IC& % & HENLABGEAERD T TICRL D3 H 210 b 6T, XL RVLbDIREIL b
NT05, it 27 LI BOREFER TN I L1 H 500 Lz, —ICEHERED
B BIC U7e2io T, BLEFERICER I N 2L b4 koTE T, SHTIE, BLEEH
AHMBAER T2 LIk Iab—ravy, a—b—2FFITIBADD LKL T 2RI
boTLEI,

L ¥ 2. 1)L (Pierre L’Ecuyer) 238 \>7z Handbook on Simulation, Jerry Banks, ed. Wiley (1997)
D A BOEFIC L WSEIR 2, TOXEIED T = 794 + (ERZSM) 225 PostScript
TAFTLILENTES, 7 X—A (Donald Ervin Knuth) @ MEEfEGHRE) (FEH 1 1968 4
fil, BEARZSH) DEBCEREICEL T 170 R=Y2EwTE D, FEYGET 3 R Tw 2 (1997
), CHRIEHICENEEBORTH S, bLELRK>TVLALDOLS, O GSL Y7 7Ly
A2 =27V ESTCBICEC T, FEICES>Two T X—ADRZE L, 255 25EICH
NETH 5,

BEN LB A A BRI R E O O TN T W 2RI IUE % S kv, Bl
B S 2 HERT 2 0RHEL VT L Th s (HIEAECERIORT 2 0), Ll —c, FMaE
L MIBREIEIEDME S, TPRICESTLEH ) SEDRVE I RHEIEENS, GHES S 2
L—ya vicllva & EiTid, ZORNCHEIHRIREZT> TZ DRBDOIEEZHN XS TH
%, —MRINICIZ, MRS X > THE LB S N5 X ) 2 & OREICN LT, ez #EE
2T ) T OICHELBIE SR MEbN S, Z DB 5 & ELEZ Hii U T TIREZSPE (randomness)
Z (BRI FHlid 5,
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18.2 ELBREZFRDFEWVS

LA AR BRI, B Z X IERRBIEC REEB D &k 5 b 3 TAY) ) oBIBrTIxZw ( TBI%
Eld. WIEBD D HE2 IS & E, EREBOMEP—RICRELEHRTHS), Z 9 volB%
EE S THBFEARBEBONEEIZ, ) FCFHRTE R L I3 ERE ) 2K T, LB
B EZZDOOBIKED, TEEHRT 2O IZBBNIBICRAERD TREE (state); 24T
ER2REF L TR REDNDH 5, REIZ—-DDOBETRINL I LLH 508 (FUCERNICFAEL
BEDEDZ b HB), BT 2HLBe2Khz2RET 205D ETHL, Z2DHE. WIIDGEH A
FRI\ET S 2 L THEZE T, GSL THEL T 3EEFERIZ. 29 Lo 7REEDE LD,
TNTY ALK > TR ZUHOFEM AR L3S % THRHTE 5,

GSL DOELBFEA R 1 OSSR Z > T3, gsl_rng type HIEFRTIEAREOELEFA:
wmOVT, ZDMEWMZEY (static) ICIRFF S %, gsl rng MK Tl gsl rng type THI N5 A
(type) DEBFAERRDA v A8 v AT DOTFREHRFFT 5,

CORICHT2EEPERIEI~NY Y7 74V ‘gsl rng.h’ IZdH 5,

18.3 ELEREREZROHERL

gsl.rng * gsl rng alloc (const gsl.rng type * T) [Function]

BT ORBFERDA Y AY Y AZERL T, ZORA YIRS, 7oL ZIFUTD
23— FTlE F—A7—2A (Robert C. Tausworthe) DHELEFEEID A v 28 v 2 %24,
5,

gsl_rng * r = gsl_rng_alloc(gsl_rng_taus);

To37e X ) DHERTE 22\ & ik, NULL KA v ¥ %KL =7 —+ 2— F GSL_ENOMEM
TLT7— NV F7—%MER, BRI NEEFEROMIMICIE, FRCHEEs 2T
U3 gsl.rng default_seed VMl %, ZDMHIZT 7 4V FTIE 0 72535, Bz
O L THIRIVICIEE L T, & %\ 3B GSL_RNG_SEED Z2{li> TZEH T 5 Z L3
TE % (18.6 fii THLBFEAEMIZIT 2 BREIAHK, . 267 X—Y 2 M),

FIHIC & 2 ELEFE LR OMEFICOWTII R 5 (55 18.9 fili MELEBFRET LY X4,
269 R—T IR,

void gsl rng set (const gsl.rng * r, unsigned long int s) [Function]

LTSI THE (seed) 25251 T LT, BLBEEEZRZ WL T % (seeding, > —
T4 V7). ALBGEEROBDFEL ThHiuX, FUMEOME (s, 27ZL s>1)12k>T
L S U2 b [F CELBCRI Z ER T % (L7223 > T, FofEZilL Ts <
CETHBMEDH B2 T2 —ravT) TENTED), s TR LERZ 52T
CH L 2861, 2B R 28 8R» RSN S, s 120 %2525 L, GLEBFAESR
DEMMT LICFHEINTVL T 74V MEPHE E L Tflib 5, 7 & ZIXELEFE A4
ranlux DJG & 7% > 72 FORTRAN M TIZEEDBIESEIX 314159265 TH D, Z D GSL
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JiX gsl rng ranlux 29 & &, sI2 025256 L 0 Db DI DfENFEE LT
b s,

Al CELEFE I L TERRD Y — T4 v 7279 56, BERETIKT 740D
EMELNTLEI IIRILIFWITEIRETH S, ZDDIIFIFEDMEIZ 0 25
DEHETE I L TBOLIAR XY,

T, GABRETZLVIVRLDIFEAEIZ, 32 EY FOFBL2»RZIMTT. Z1kD
KRELMIT 232 CH-7-RY) DR LA D LERL Z itk b, FLEDF LR
WL ZLTIE—MRIZ, O LN L BRIT%R 5 22\,

void gsl.rng free (gsl.rng * r) [Function)]

GLBERAERDA VAT VA r ITEHID Y ToNTWwE AT 2T 5, 51505 NULL
DEEFIFMH LA,

18.4 ELERESRZFE > LEALBDAER

DUN oBIUE, BEBCE 72 13RS PSR B/ NBUR ST R B R L TR, — T AW DL
BOAERIT DT, 20 § THERDAG Ll 287 R—Y 2SO &,
unsigned long int gsl rng get (const gsl.rng * r) [Function]

LB r 2> TR Z TR S, IBE 2 MHD MR & ERIZEES 71 3) X4
k> TERL 20, BINSHIF [min,max] DHEIPHNT—RROERTAHL I 1L 555
TdH b, min & max DIEIZAI DI gsl rng max(r) & gsl rngmin(r) ZfH->T
MBI ENTES,

double gsl rng uniform (const gsl.rng * r) [Function]

#iPH [0,1) WIT—RRIC AT 28802 — 28R L <, SRBEZEV N FEETIR T, #i
PHNIC 0.0 3&EN 2528 1.0 FE& kv, Zhid¥d, B gslrng get(x) 23
IR9fl% gsl rngmax(r) + 1.0 T (fFHET) BRL7METH 5, SLEFEEROEEIC
Lo TEBREZBEENE TIE 1TV, 32 E MU LOBEAEZBoNbDb H
5 (BT HEBOMMIELEDRANE v FEUZ—DD unsigned long int DL TH
BN Tw20T, BHEMEZEV),

double gsl rng uniform pos (const gsl.rng * r) [Function]

#iBH (0,1) WIZ—BRICaM T 2 ELEZ —2HR L, IEOERKEREINERFEE TR T,
#PHIZ 0.0 £ 1.0 IFEFENAHV, GLEE. gsl rng uniform 7L X A% 0.0 Th
WEZ AR 2 TS 2 & THAET 5, 0.0 DRREE %2 X9 EtFEICfR 5,

unsigned long int gsl rng uniform int ( [Function]
const gsl_.rng *
unsigned long int n)
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GLBCRE AR 1 DR T 28 B E A=) v 7L, koTETHEIET, OB
L n—1MUTOEEZERL TGRY, R h%ﬁ%ﬁl I, ﬁa‘)fhé V2= NOY ¢

W&k 53 [0,n— 1] DHIFHNT A THL, bz 7Y AL L>THRAET
ZEBDIRAMEDNE D 720, 0 DFEMERZIEL { T 52D DEIEVPNIBTITON S,
C OELBE AR, WNEBTE 5 BLEGRE AR BR 0 AL BREIPH X D b SR T RLE R BT
X ICEEIENTWS, LedioTn IFELEBFEESR r ofiHORE S DNTRITN
X767\, n PEBFEROBET IEBDORAEEL D bREVESIE, =7 —
Y RFI—%x1 75—+ 32— F GSLEINVAL TFREOHIL. 0 2B T,

Feio, ZOBIBUIRT S 7 LEBEOHLD 9 2#iPH (0,232 — 1] &2 E L TEvikvy,
Z9 L7, gsl.rng ranlxdl, gsl rngmt19937. gsl_rng taus 2 ED T I
TY X L% gslrng get() CTHEHEL ) RETH 5, FHELEFEASROALHPHIZ, KD
HIBIBS R DI CHIT 5,

18.5 ELEREZR DHEBIEEE

IR L 7 BLBTE R IR DA v R v I B e S, BET 5 720 ORIBIBIEIC >\ TBUF I
T2, BLBREDRTA=21E70 T 7 LN —=F - a—F 1 v 7 (E#E2FHZALTE
CZE) LTLEbTIE, InoDBIBZM) XI)ICT2D0HE L v,

const char * gsl rng name (const gsl.rng * r) [Function]

AESEROAHDO XTI NDRA v 8 2R, EZFUTOEIICT 2L,
printf ("r is a ’%s’ generator\n", gsl_rng_name (r));
r is a ’taus’ generator & \»9) X Lo NG,
unsigned long int gsl rng max (const gsl.rng * r) [Function]
gsl.rng get ZNRIEDIRAMEZIE T
unsigned long int gsl rng min (const gsl.rng * r) [Function]

gsl.rng_get DR JIHDIR/MEZIR T, HilIZZDOMEIZ 0 IC4 203, 0 ZIBELWVT
NIV ZLbHD, ZH)0okbDITHLTIE 1 2T,

void * gsl rng state (const gsl.rng * r) [Function]
size t gsl rng size (const gsl.rng * r) [Function)]

TLEFE g ¢ DIREEBADORAL VP EZ2DREZIZIBET, ZOBKT, REEH%
EHESH, BETAIEMNTE S, LEZIFUTOa—FTid, SLBFHEmORES
77 ANICHIT B,

void * state = gsl_rng_state(r);
size_t n = gsl_rng_size(r);

furite(state, n, 1, stream);
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const gsl rng type ** gsl rng types_setup (void ) [Function]

FIATE 2EBEEERDO TR CORD A% P E L TROBII~ND R A > 5 %2R
T, BAIDORBDOEFEIZ NULL R4 v ¥ ThHs, 7077 LDFEfTR, BHEIZEL T
RN —ERTERONEE L, IFDa— FNid, SLEBFESRORZ R 2 E5
ZfioT, FIHTEZ 7L RLADEEEHFRT 5,

const gsl_rng_type **xt, **t0;
t0 = gsl_rng_types_setup();
printf("Available generators:\n");

for (t = t0; *t != 0; t++) printf ("¥s\n", (*t)->name);

18.6 EAHMALRDSRI DIRELH

T 7 AN P THEASNAEEFEET LV TY AL EfEIE, BZE GSLRNG_TYPE & GSL_RNG_SEED
B X UBI# gsl rng env_setup THET S 2 L TE 5, ThxfllT2 LT, 7ursoL4%
HaysSANd2 I L4, RALT7TLVITY) ALPHEZEBICY DB TR 2 LTE 2,

const gsl rng type * gsl rng env_setup (void ) [Function]

BRESZS GSL_RNG_TYPE % & U8 GSL_RNG_SEED DfiZHf$ L. GSL THEL T 5%
¥ gsl rng default & gsl rng default seed ICXINT 2HZHET 5, INHIEK
2L (global variable) & L TUAT O X ) ICERI N TV 5,

extern const gsl_rng_type *gsl_rng_default

extern unsigned long int gsl_rng_default_seed

BRBEIZ %% GSL_RNG_TYPE DfHICIZ taus % mt19937 7 &, LG LMoL 2T T
%, BREEZSHM GSL_RNG_SEED DOfiilx. fH\W7c WHEDfEICT %, ZDflx, C SiEDRE
5 4 7°7 VB9 strtoul 12X > T unsigned long int MUCEHAIN T LR E L
bz,

GSL_RNG_TYPE CHEGE RSz HE L 2\ Eiald, gsl rng mt19937 23BUEME & L Tl
bt s, gsl rng default_seed DFIAMEIZ 0 TH 5,

DU IcBRE5 2% GSL_RNG_TYPE & GSL_RNG_SEED % fili - C A7 2 a — 7 TR T & 5 fl8T%
EBA VAV ABERIRT DT RS T LERT,

#include <stdio.h>

#include <gsl/gsl_rng.h>
gsl_rng * r; /* i) GLEBGEERNZ KISZHLE LTES */

int main (void)

{



268 F18 LB

const gsl_rng_type * T;

gsl_rng_env_setup();

T = gsl_rng_default;

H
I

gsl_rng_alloc(T);

printf ("generator type: %s\n", gsl_rng_name (r));
printf("seed = %lu\n", gsl_rng default_seed);
printf("first value = %lu\n", gsl_rng get (r));

gsl_rng_free(r);
return 0;

}

BUARZRESTICI D777 L2979 % & GLBEEAATIE mt19937 3, RHICIE 0 A
s,

bash$ ./a.out

generator type: mt19937

seed = 0

first value = 4293858116

AR YR IA VTEODBRBEARZHRET 5L, TNLDREMELETE 2,

bash$ GSL_RNG_TYPE="taus" GSL_RNG_SEED=123 ./a.out
GSL_RNG_TYPE=taus

GSL_RNG_SEED=123

generator type: taus

seed = 123

first value = 2720986350

18.7 EALBELEROREDOER

BB L AT, AR EZPOHT 2L Twl, 20 HRIES cowTikEREN

B, L L Iz, At LX) BRI (e Ay 2 av—2avzhl, HiEL &

WEGRLE) ZREL, Z2000BKEMNEL TV,

int gsl rng memcpy (gslrng * dest, const gsl.rng * src) [Function)]
ALEE A sre 2T TICAERL T B ELBOEERDA Y A Y Y A dest 12, &CRAT
(REZGHT) BBk IICAE—F 5, sre & dest XA UHTRFIULE & 70,

gsl rng * gsl rng clone (const gsl.rng * r) [Function]

GLEFEESR r DAL a =24 L, 204 VATV ANDRAL V¥ ZIKT,
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18.8 FELIREZTRDIRRBDFHMAH ERF

DA77 VTR, 77 A NCle U TABFEGDOREZ, ~A FYEATRAaEETE5H
BEMEL T2,
int gsl rng furite (FILE * stream, const gsl.rng * r) [Function]

TLEFE AR r DIRAEZR 7 7 4 )L stream 283 FUTERTE = AL, EXIAADKD)
FIUL 0 &2, T IUL GSLEFAILED ZiR$, T—F 1377 v b 7 4 —LIREFED N4
FIERTEZATNS 2D, Bz —Fy o 7RIToOBMMIEIE R,

int gsl.rng fread (FILE * stream, gsl.rng * r) [Function]

BLECE RS ¢ ICELBDREEZ | BT\ 3% 7 7 4 )L stream D> 5 /N4 F VI THi A
A, BLBGFEABMOMOERIIAEFEINR VWD, r FIEL g anTu g
Bo%\v, HERAADRITIUE 0 2, KRIKT UL GSL_EFAILED ZiR 7, @iAiAE il
27— WLC77y F74—4 ETHPNIALFIVIEATHS LAESI NS,

18.9 &EEET7I IV LA

GSL Tk, ¥ SaLb—vavIicfIHTE2b D, D74 77V L OHIEZ RO IzOD b D,
D6 H 5N D7 ERkA RELETE AR D 05, T E TICEIB L 22 BIBcTIE, FERRICliD
NEZ7NITY RL%EBH BET22 LI TERY, 2RE7/R 770DV —2Aa—F%2EHT 2
TERCHBIET NIV AL 2YNEZOoNELH)ICTE-HDTH S,

DT oEBFRERE, Y2l —2aviCHHATELZEMELRLDTH S, FMIEL, FAL
7 ELBE DB . % DIEFHREIC A TE B, MHBZ Rz 2 WBHEOFAETRE L Tid, &
EJiR (2nd generation) @ RANLUX 28 o & S MEAELMED D O | BRI T LTV XL TH 5,
gsl _rng mt19937 [Generator]

IAARIE & PERHE 1S & 2 MT19937 1 TX L v X - VA4 AF —; L) AHTTHIS
TEH, oY 74 —F Ny 727 k- LY RF (twisted generalized feedback
shift-register) 7L TV AL TH 5, ZOREEDAIE, XLt > X FE (Mersenne
prime) 219937 — 1 (9 105090) T&H . 623 KILZEMTHEHEII AT 5, HaliIRE
DIEHARD TH O TH %, —DDELFEARICOWVT 624 7 — FTREZLRFFL, &
JE b MO FLBFERIC AR THRAEIE R, Aty X -V A A5 —DFEOfEIZTEZ 4357
Thh., s % 0L THFUOHIT L gsl rng set FZDEZES . KRRDALEL Y X -
VA REY—Tld 5489 29 £ ) Ik >7hs, GSL V—F ¥ THiz ZDfEICL 72\ &
%1% gsl._rng set TZDEZIRNWIZIEET 2, FEMlIETZ2ROZ &,

M. Matsumoto, T. Nishimura, “Mersenne Twister: A 623-dimensionally
equidistributed uniform pseudorandom number generator”, ACM Trans-
actions on Modeling and Computer Simulation, 8(1), pp. 3—-30 (1998).
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gslrng mt19937 (¥, [AUFH & 23R L 72K (2002 4) DI THIENLZT ),
TCOTETIE, MOMEICE > TEIEL L AZEHZ RS I L3H 205, ZOILDOT LT
Y ALb gsl rng mt19937.1999 & gsl rng mt19937 1998 THIHTE 5,

gsl_rng ranlxs0 [Generator]
gsl_rng ranlxsi [Generator]
gsl rng ranlxs?2 [Generator]

BLEGEA SR ranlxs0 13, Y 23 ¥ — (Martin Liischer) (2 X % RANLUX (“luxury random
numbers”) DWRMT VTV ALTH S, I OFREFEEGHI=BRED FHRE L0
(luxury level); ranlxsO, ranlxsl, ranlxs2 ZHib (BB#FIZEHIRI L XUDEV),
HKSEE (24 Ev b)) TEEZ T2, NI CTIRIEBEFEECHEHEZIT>TED, &
I264 Ev b CPU _LTIRHEEMD ranlux IHAIERFICH G, SBOMBIZEL X2
10" Th b, ZOTNTY ZLOWHDOR S BHANTHH SN TE D, EORED
BAEREDPRIL SN D D2 RT 2 EDTE D, HIRL~N)VE BIF 2 EFEAT 2 Bl
DOMHBIDIE D . F 7 RGEE S N AEAEL VI L TR —Y Y 25 2 L3 T

ERR
gsl rng ranlxdl [Generator]
gsl rng ranlxd?2 [Generator]

GLECEERR ranlxs Z > THEKEE (48 Ev ) DBz 74T 5, “BREOERL X
NMNZDWT, ranlxdl B XU ranlxd2 O DD ZHEL T35,

gsl_rng ranlux [Generator]
gsl_rng ranlux389 [Generator]

ranlux 3V 2 ¥ —DIHA DT LY AL X BEBFEAERTH 2, Zhud TERA
BLEL (“luxury random numbers”)y Z¥4E T 27201, ARTN 74 R+ F - 71T
) A L (lagged-fibonacci-with-skipping) Zffi> Tk ), Ju4 IEEE OHEEIL D7
DIEoNT 24 Ey FOEKTH 5, WEBTIFHEGERE 2T>o T 570, L7
TFEIINE R 289 55 R D ranlxs & ranlxd DHPEETH L 2 LM%V (FT vy
F7 A —LICkoTHREZ), BABORAUNIIK 1017 THD, TOTNITY RLBEY
MIZHFEOMEDEH SN TE D, ED < 5 LOMEREL ~ L THRAET 2 LD M
WIEHBEDS R W BbhroTwd, Jay v —I2 X 2MMHBL U577 1L MMEIZ
%o Twb7)NITY ALY gsl rng ranlux T, MHBIL NUPEREO 7L ITY X4
7% gsl_rng ranlux389 CTfiZ %, mEL VT3 24 Ey b THEAZ T2 T
22, ELoDMBTEARS 24 7 — FORBLEEZ M, FHMlicOwTiE, DF2E
Wz,

M. Liischer, “A portable high-quality random number generator for lattice
field theory calculations”, Computer Physics Communications, 79(1), pp.
100-110 (1994).
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F. James, “RANLUX: A Fortran implementation of the high-quality pseudo-
random number generator of Liischer”, Computer Physics Communica-
tions, 79 pp. 111-114 (1994).

gsl rng cmrg [Generator]

L ¥ 2.2V (Pierre L’Ecuyer) Df&% H ) (combined multiple recursive generator)

WX BEEFARTH 5, DT ool s T 5,
zn = (y, — yn) mod my

ZITua, Ly, 3 EZNZTN, 7TV RLONHTHONDELEFEERTH D, DL
TTtHEzZ6N%,

Ty = (a1Tp—1+a2Tp_2 + a3, _3) mod my
Yn = (b1Yn—1 +bayn—2 + b3yn—3) mod my
BB a1 = 0,ae = 63308, as = —183326,b; = 86098, by = 0,b3 = —539608 TH ),
TV 271 my =231 — 1 = 2147483647 B X U my = 2145483479 TH %,
SBORIIE m3—1 & mi —1 DRAAEETH D, 215 (1 105°) TH s, 20D
ALBGEAERIE 6 7 — FORBER 29, FMIcO>VLTIEIMTZ22Ho 2 &,
P. L’Ecuyer, “Combined Multiple Recursive Random Number Generators”,
Operations Research, 44(5), pp. 816-822 (1996).

gsl rng mrg [Generator]
L ¥ 2 2)L (Pierre L'Ecuyer), 78—+ ¥ (Francois Blouin), 7 % 2 —/L (Raymond
Couture) 12 & % 5 RDFEEL EHHIC X BEBFAERTH 2, DL T oW TELEZ
AT 5,
Tp = (@1Zp—1 + a5T,—5) mod m

22T ap = 107374182, (as = a3 = as = 0, )as = 104480 BX W m =231 —1 TH 3,

BLE D IR 106 TH 2, T ORLEFEAER I 5 7 — FOREELKZMH S, FHlic>
WTiE, P22 o Z &,

P. L’Ecuyer, F. Blouin, R. Couture, “A search for good multiple recursive

random number generators”, ACM Transactions on Modeling and Com-
puter Simulation, 3(2), pp. 87-98 (1993).

gsl_rng taus [Generator]
gsl_rng taus2 [Generator]

L % 2.2 (Pierre L’Ecuyer) 12 & 2, SF#lE 2 KRS L7 b — X7 — ZBERLEGEE
#C (Tausworthe generator) & %, HBUILA T DWiftalTcRAE I NS,

Tn = (s}, s Ds))
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(y
(y
A

shi1 = (((s1,&4294967294) <12) & (((s, <13) @ s),) >19))
o1 = (((s5&4294967288) < 4) @ (((s2 < 2) @ s3) >25))
(((s3&4294967280) <17) @ (((s2 < 3) @ s3) >11))

Si+1

% 282 2t LGRS 5, hoT ¢ 1d THHMERYERIEA] (exclusive-or)) 2T,
DT7NTYALIE 32y P TOEEZ 64 Ev PR ETOEITTES LI T,
OXFFFFFFFF ZEy b2 A7 L L) k) IcFEEIN T2,
LD I 288(%9 1026) T, REBZEHE LT3 7 —F2{95, FHlELT 22D
2L,

P. L’Ecuyer, “Maximally Equidistributed Combined Tausworthe Genera-

tors”, Mathematics of Computation, 65(213), pp. 203—213 (1996).
LB A8 gs1_rng_taus2 (%, gsl.rng taus E[H LU 72V ALY, fEART
TR DU DI K B ITRICAE L Tw 5,

P. L’Ecuyer, “Tables of Maximally Equidistributed Combined LFSR Gen-

erators”, Mathematics of Computation, 68(225), pp. 261-269 (1999).

gsl rng taus £ D b gsl rng taus2 ZHV ST E Lo,

gsl rng gfsrd [Generator]

LB ERR gfsrd X, 47 4 R F v Fk (lagged-fibonacci method) IZATE D, EH
HiE T 4 [HTHAE L 7B DO PRI exclusive-or Z X DELEME L T 5,

™ =Tn-ABTn-BDTn—CcPrn->D

#%iBDY 7 (Robert M. Ziff) OkIc X % &, Tk CAISNT WS ) ZRiE (two-tap
register, iR R250 % &) X, ZDEED 5 = KAMHE (three-point correlation) 234
CTLEIRE, BRALREBD D, =74 —F w7 -7 F - LY AT (GFSR,
Generalized Feedback Shift Register) TI3EAIC X WHEEHZRO I L23TE, FiC
Parizl (Four-tap GFSR) Tlt, 9 £<{ ¥ 7 PEZEXRF, FEMICHENTHE L
DBEFIZLDMETRINT VS,

CDI7A4T77VTlE, ¥7DXED 392 A=Y DfiZflioTws, Z2I Tk, A=
471, B = 1586,C = 6988, D = 9689 Tb %,

7 PEEZEYNGESZ LT, BLBOAMEZRAICTS I ENTES (GSL TIEZH
LTw3), ®ROY7 ez D &§5E, RAAME 2P 12 2 (RRAFIE 2P
EDb 1 2Z2PAZ0DiE, Bl rall TETRTOEEN 0 IZ2->TER SR VKD
WKHEEINTVEDTHD), ZOFEETIE D=9689 Thbh, FIIK 102917 T
b5,
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GSL D3T3, 32 €y MEKORLEF LR, 1 €y b oflEF Lz 32 [, I
FNCETT2DERUETHE I EZFHALTRS, 2%, 32 ©y MLEFERDO
ML 1 ey b SERERORPZALTH S, %1 €y MLBSEAERIZZ N UL
f%%k%&&ét@q&EVb@@vhﬂ&—y@f&f%ﬁ$fﬁiLﬁéoL
7o T, 0 ELEEE LTHEL I % (2D GFSR BUFELEE A S O MR,

%77 (Heiko Bauke) %% GSL % F — 2258 TL Nz, B 2), 3 iuT%
2D L,

Robert M. Ziff, “Four-tap shift-register-sequence random-number genera-
tors”, Computers in Physics, 12(4), pp 385-392 (1998).

18.10 Unix OELEFH LR

Unix OEEHES £ 77 VBRI & TN T 3L FE 4SS rand random, rand48 b, GSL THEL
Tw3, ZNSDBEBUIIERICE S D7 Ty b 74 —L ETHHTE 22, 2o TXRTEAMT
X279y b7 4—01F, 2%\, LEBoT, 2o oz Mo ThBiEoE 71
TIoL%ESILIREELVAD, GSLTELEDTHEL TS, L2l INnsDiLEFEERITID
FOEME TR, MEHIRRBE S, EHS2ERT 2 X)) ZA@ICIEES kv, 29 o ki
RH R TR ., 7u 2y 7 28R Z bz L 7w e R EICIIENTH 5,

gsl_rng rand [Generator]

BSD DELBFE S rand, LBz DUT Ot THIRT 5,
ZTnt1 = (axy, + ¢) mod m

Z 2T a=1103515245,¢c = 12345, m = 23" TH %, MOMEIFERE, RUIERI R
BEBDME v B, TORLBFAERTORE D AWIZ 231 T, REEKELT 1

7—Fzfli),
gsl_rng random bsd [Generator]
gsl_rng random libch [Generator]
gsl rng random glibc2 [Generator]

JL% BSD TN T g7 4+ — FNy 7«27 b « LY A% (linear feedback shift
register) RO ELBFE LS (random PHEHOBIEHE) 2FHE L 72 b DTH 5, BIE, random
121\ DB DBIBSH B 45, GSL TIETED BSD KR (% & 412 Sun0S4 % &), libe
fix (GNU/Linux @b D 7% L), glibe2 lBFIHTE 2, KR TIRFEDOM T35 5
e, R 3HLRINEHET S,

BSD FRIGHELEFE R OIREEK E L CHEROERZMHAT 2 2 LN TE, ROEH
iz, LB oNE., EIEREE B SZ ETE S, random TREBDEI L L
T 8, 32, 64, 128, 256 XA FEFIHT 27 LIV RLANZNZTNEEINTED,
FIAZEDEE L EBED T TRAD b OPFEBRIHEbNDE, Zo7La) ZL%FH
T 53503, ZNZFNLUTIORTAEIBHITFONT 3
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gsl_rng_random8_bsd
gsl_rng_random32_bsd
gsl_rng_random64_bsd
gsl_rng_randoml128_bsd
gsl_rng_random256_bsd

B3 EBEZLT, 764D BSD Tk random BI%UIE 128 /N A L Z2{lioTH D,
gsl_rng random bsd | gsl rng random128 bsd (U TH 5, £7 libeh BEL Y
glibc2 ITRHIEG U 72 hth® gsl_rng random8 1ibc5 % gsl rng random8 glibc2 &> 9)
FHITHIHICTE %,

gsl rng rand48 [Generator]
Unix O rand48 SLBFEERTH 2, LU O THEZ AR T 5,

Tpt1 = (axzy, + ¢) mod m

2T a=25214903917,c = 11,m = 28 THH, INolF 48 Ev b DOfFE 4R LI
HThd, GAonMIE, BYOHLEME v, O L 32 €y bicfibiiz, T 16
By M & 0x330E IO 51T %, BEL gsl rng get 1. WifLd 5155 11 2 64K
D47 32 v FEIKRY, Ju4 D rands8 OBEEHREIZ. 2D F FDIFTIX GSL TI3H
BELTouhkwd, ZoOBDIRY HOM % long int 12T 5 Z L T mrand48 & [H
CHihzfEoensd, 7B gsl rnguniform (&, 48 E v b ONIFIRERAZ >
THRHEEEESAE 2, /m %IE L., drand4s & [AUEIfEZFTH, DI GNUC 74 77
) Tl mrand48 12N 793 > T, FEAET HELEDR L 2 b DD H > 72 (R EHD Tz
16 Ey FEIDfHELINS),

18.11 ZODMOEEFEERR

DFICBED T4 77 E DR E O OICHE I N T AELERERICOVTHHT 2, ¥
TICH2B70r 7 L% GSL 2T 2 &9 ICBIET 2856, 22K kiF2B%zili-T, Juo7
077 L ELERDSDDECEMERL., FUEFTH 2 2 L Z2MEEL T 6. L) HEREOR VL
BT D B2 v,

2 I B 2 EEFE R DS  IIBIEATHE (linear congruence relation) D)L—F > TH D,
b o &S HFAFBERSTAD—>TH 5, MIEARNEZ, FICIERBZIELE L & 1ot
DL 2505, 290 BBBUTIIEEFNTVS (7L IE 2 DRER 231 £ 232 23kL T
25D0H5), TOHE, FBETLHEABO Ly FSEIMERZRFO Z i), MEAMEE R
ey Mfs 2 el s, ) o kBBE M) GO, FAEL ABo iy y RG2S
EITTRETH 5,
gsl rng ranf [Generator]

CRAY DELEFEA2E RANF TH 5, MU T Ot cHlBzRET 5,

Zpt1 = (azxy,) mod m
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ERIF A8y MISHRLEHTHH., I 2T a=44485709377909, m = 2*® TH 3,
5.2 BREIZRANCTEET 2E8 2 HO T2 32 € Mcfibn 323, EIEEICL: 3
DEEET B0, MLEY Ml 1icky FENb, 2. D16 EY Mo izt y
FEN2, LT ZoWifbaTld, BN 2DEELE3IDEE ADLEELEFDE
L. HURLERI 25 2 2BOMAEDLERDH 5,

Z OB%IZ CRAY @ MATHLIB I2&F4% RANF L H#aCcH 3, GSL THEL T
W3EH DI CRAY Db D & [FIBRIC, G ZEI/ NS B 2R T,

GSL TlZZ D7)V 3 ALDMONBDIFEIEIC, LT RZ LT3, FHREIR,
Wigl 4 (modular inverse) a mod m ZFF 2 ETL ATy 7HIRN T2 L) I12k->
T3, 2952 LT, CRAY DAY HIVIREFRIUCEMEZ T2 X HIkoT\n 3,
FRICIRETE 2AMEIX 232 TH B, J0D CRAY IKTIZBME:D T 4 FEgAl %
5 2T, K21 OEBORERZERFETES L) IZR>T0 5,

BH%( gsl rng get 3T X 2MHD A7 32 € v F2iRY, BI% gslrnguniform
1348 Ev FIRT2flio T, Bz EHEFEL x,/m TRT,

COEBDO I 216 TH 3,
gsl_rng ranmar [Generator]

RANMAR (Z= V% 7)) 7 (George Marsaglia), ¥+ (Arif Zaman), ¥ 7 ¥ (Wai
Wan Tsang) IC & 2347 4 K+ v F (lagged-fibonacci) BMOEEFEERTH S, T
13704 IEEE OHRIEFE/ BRI E LT 24 By FORBEFHET 25D TH %,
HI AL —YEE D F 4 75 ) CERNLIB O—iTdH 5.

gsl_rng r250 [Generator]

J1—27 3w 7 (Scott Kirkpatrick) & A& b —)b (Erich P. Stoll) I2k %> 7 F - L
A MOUBFE LR TH S, LU DML TEHEZHET 5,

Tn = Tn—103 D Tn—250

ZIToE32Ey bov—FIZERSINL THHIVERIER] (exclusive-or)) TH 5,
AL D FANERY 2250 T, IRIEAH L LT 250 7 — FZ2fli),
FRHCOWTIEM T 2SO 2 L,

S. Kirkpatrick and E. Stoll, “A very fast shift-register sequence random

number generator”, Journal of Computational Physics, 40, pp. 517-526
(1981).

gsl_rng tt800 [Generator]

VI O—{t ) 74— KNy 7 -7 b - LY RS (twisted generalized feedback
shift-register) B OEBEE LT, I MT19937 ICHET 2 HDODFMTH S, Lo
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LBUETHET T 282 K> T 5, SO FIINE 2800 T, RELEZ 33 7—F

Tbh 5,
FEC OV TR, M2l L,
Makoto Matsumoto and Yoshiharu Kurita, “Twisted GFSR Generators
11", ACM Transactions on Modelling and Computer Simulation, 4(3), pp.

254-266 (1994).
[Generator]

gsl_rng vax
VAX DOELEFEESS MTHSRANDOM TH %, LU T oMb cllsiz #4733,

ZTpt1 = (axzy, + ¢) mod m

22T, a=069069,c=1,m=2% Ths, MOMIZIRINFET 2O 2, 1<
bid, BBDRIL 2°2 TREZHII 1 7 —-FTH2,
[Generator]

gsl_rng transputer
INMOS Transputer Development system (2 & 2 8LEFE AL TH 5, AT ok
ALz 849 %,
ZTnt1 = (axy) mod m
Z 2T a=1664525, m = 2% TdH %, FHDOMEIIRYNIFEAET 2TBDMHE = (b

ns,
[Generator]

gsl_rng_randu
IBM O RANDU SLEFEASTH 5. LU TN OWH{LATHB 2 AT 5.

Zn+1 = (azy,) mod m

ZZTa=65539,m =23 ThHs, MOMIIRAIFEET ZELEDMHE 2, IfEibi s,
WEDOEBDORAAD L) b DTH B,

STEg=1

SBORENZ 229 12T E v, BUETIE, K
|Generator]

gsl_rng minstd
»3—7 (Stephen K. Park) & 3 7 — (Keith W. Miller) IC & % TiHR/MEHE (“minimal

standard”)y HLBGEEZ MINSTD ThH %, HMLBIBZERIEZ D, BWEARET? LT
JRALDFEORERVEE LAZBT S L) IcEESnT»3, DUTFoflik cilk%

#4935,
Znt+1 = (axy,) mod m
22T a=16807 Tm =23 — 1 =2147483647 T&H %, MOMHIZFHIFEA T 2 HL

BNz Wb s, ELBORBNIK 23 TH 5,
C DEBFEERE IMSL 74 77V (¥ 7)L—F > RNUN) & MATLAB (B4 RAND)

ICHEEEINTE D, “GOLY & BTN TL S (RADKRIEHN S H0AY),

FHCoOWLTIE, T2z &,
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S. K. Park, K. W. Miller, “Random Number Generators: Good ones are
hard to find”, Communications of the ACM, 31(10), pp. 1192-1201 (1988).

gsl_rng uni [Generator]
gsl_rng uni32 [Generator]

16 Ev b SLATEC Ol #5425 RUNIF TH 5B, Zh%E 32 Ey MHEELLZDD
7Y gsl rng uni32 TH 5, JLDRDY — A 2 — Fix NETLIB I£H %,

gsl rng slatec [Generator]

SLATEC DFELEF S RAND Th 5, ZHUFIEFICH V, TTORDY — 22— Fid
NETLIB I2&% %,

gsl_rng zuf [Generator]

R—% —+¥ > (Wesley P. Petersen) |2 &k 23¥E417 1 K+ v 78 (lagged-fibonaci) DL
Botkdr ZUFALL TH %, DLT Wit clliiz 549 5.

t = Up—273 + Un—607

u, =t — floor(t)
JLDORDY — A 2 — Fix NETLIB I2H %, ##fllicowTid, U220 Z &,

W. P. Petersen, “Lagged Fibonacci Random Number Generators for the
NEC SX-3”, International Journal of High Speed Computing, 6(3), pp.
387-398 (1994).

gsl_rng knuthran?2 [Generator]

Z#UE 7 X —A (Donald Ervin Knuth) @ Seminumerical Algorithms, 3rd Ed., p. 108
ZH oD, ZROSERIFIC K 2EBHERTH 2, DT O THLE 2 H4:7 %,

Tn = (alxn—l + a2$n—2) mod m
22T ay = 271828183, ap = 314159269, m — 231 —1 TH 3,

gsl_rng knuthran2002 [Generator]
gsl_rng knuthran [Generator]

Z1Ux 7 2 —A (Donald Ervin Knuth) @ Seminumerical Algorithms, 3rd Ed., Section
3.6 1CH D, “ROGEMIFIC L 2HBHELERTH S, 7 X—RAICLZCHEFHD TS
7LD %, gsl_rng knuthran2002 l&, FHEFEDE 9 MlT gsl_rng knuthran I2H >
72 ODPDREZBEIEL IS DTH 5,

gsl_rng boroshi13 [Generator]
gsl rng fishman18 [Generator]
gsl_rng fishman20 [Generator]
gsl_rng lecuyer21 [Generator]
gsl_rng watermanl4 [Generator]
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ZNlE 7 2 —A (Donald Ervin Knuth) @ Seminumerical Algorithms, 3rd Ed., pp.
106-108 I2dH 5. KDL HEMIC X 2 8B LEGTH 5, LT oWt Tl 2 5%
£I 5,

ZTnt1 = (axy) mod m

TEDMEIIIRMNCFAET BEBDME 21 12705, 8T A —F a & m DfElZ, ZHZE N
TTh s,

algorithm a m

Borosh-Niederreiter 1812433253 232

Fishman18 62089911 231 —1

Fishman20 48271 231 —1

L’Ecuyer 40692 231 —249

Waterman 1566083941 232

gsl_rng fishman2x [Generator]
L ¥ 2 X)L (Pierre L’Ecuyer) & 7 4 > 2% (George S. Fishman) (< & 2 BLEFAESRT
Hb, TITHDFEEIZZ 2 — A (Donald Ervin Knuth) @ Seminumerical Algorithms,
3rd Ed.. p. 108 2k %, LT oMb CHlEzAH4ET 5,

Znt1 = (T, — ypn) mod m
ZZTm=22-1TbhH2, z, & y, DX, fishman20 & fishman21 7L 3 Y X
DT EDAERT %, FOMIIRANTEET 2EBDME 21 127 %,
gsl_rng_coveyou [Generator]

71 ¥ 2— (Robert R. Coveyou) & 2EEFEERTH S, I TDIFHIT 7 X —Z (Donald
Ervin Knuth) @ Seminumerical Algorithms, 3rd Ed., & 3.2.2 fiilc X 5, DT Dl
ATHLBEHET 5,

ZTny1 = (Tn(Tn + 1)) mod m

I Tm=2%Ths, MOMIRMIIEET ZEBDME 2, b2,

18.12 %8, WmE
GSL THEL T AL ESROMRIEZ L TORIZRT, I a2l —>a VIGEHTE S

HEFOLDOTRLE DI taus, gfsrd, mt19937 TH 5, BEMWCROBENMEEZRFO D
D% RANLUX 2o T 24D TH 3,

1754 k ints/sec,870 k doubles/sec, taus
1613 k ints/sec,855 k doubles/sec, gfsr4d
1370 k ints/sec,769 k doubles/sec, mt19937
565 k ints/sec,571 k doubles/sec, ranlxsO
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400
490
407
243
251
238
247
141
b
%185
% 81
h 78
% 37

18.13

#iPH [0.0,1.0) O—FRAELBZFA T 2 720D, HEFELEHOMAUGIZLLTD 70 75 LTRT,

#inc

#inc

int

{

3

ints/sec,405
ints/sec, 389
ints/sec,297
ints/sec,254
ints/sec,253
ints/sec,215
ints/sec,198
ints/sec, 140

doubles/sec, mrg

R R R R R R R

2 k ints/sec,935 k doubles/sec, ran3
3 k ints/sec,575 k doubles/sec, ranO
7 k ints/sec,476 k doubles/sec, rani
9 k ints/sec,292 k doubles/sec, ran2

il

lude <stdio.h>

lude <gsl/gsl_rng.h>
main (void)

const gsl_rng_type * T;
gsl_rng * r;

int i, n = 10;

gsl_rng_env_setup();
T = gsl_rng_default;
r = gsl_rng_alloc(T);

for (i = 0; i < n; i++) {
double u = gsl_rng_uniform(r);
printf ("%.5f\n", w);

gsl_rng_free(r);

return O;

Zo7ur s 0l NENTICRT,

doubles/sec, ranlxsl

doubles/sec, ranlux
doubles/sec, ranlxdl
doubles/sec, ranlxs?2
doubles/sec, cmrg
doubles/sec, ranlux389

doubles/sec, ranlxd2

279
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./a.out

$
0.99974
0.16291
0.28262
0.94720
0.
0
0
0
0
0

23166

.48497
.95748
. 74431
.54004
.73995

FRSNBEBDMEE, BLBFERICEGZ 2EOMEIC X > TRR %, BETIHABRINEZEZ DI
1. FEDEOBUENE % B2 % GSL_RNG_SEED TAH T 4UX X\, A9 2 BLEF A8 O b B
BiZ# GSLRNG_TYPE TYI D 2 2 2 L b T& %, LANIC, fOfEIC 123, SLEFEESR L L CHEIM
JELECR AR 8 mrg 29 Bl 2R T,

$

GSL_RNG_SEED=123 GSL_RNG_TYPE=mrg ./a.out

GSL_RNG_TYPE=mrg
GSL_RNG_SEED=123

0.33050
0.86631
0.32982
0.67620
0.
0
0
0
0
0

53391

.06457
.16847
.70229
.04371
.86374

18.14 ZEM
ELBFR AR & Z DBEIZOWTIE, 7 X —ZAD Seminumerical Algorithms \ZIRIA  fREFLE LT

W3,

e Donald E. Knuth, The Art of Computer Programming: Seminumerical Algorithms Vol. 2,
(3rd Ed), Addison-Wesley, ISBN 0201896842 (1997).

IHIICEHIc oW T, ¥ =)L - L¥F 2TV OHIchRE T3,

e P. L’Ecuyer, “Random Number Generation”, Chapter 4 of the Handbook on Simulation,
Jerry Banks Ed., Wiley, pp. 93-137 (1998).
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http://www.iro.umontreal.ca/~lecuyer/papers.html {2 % ‘handsim.ps’ £\ »9 7 7
4,
SR EROMEETT) 7’02 F L DIEHARD DY —A2A—FbA v 74 YV TAFTE 3,
e G. Marsaglia, “The Marsaglia Random Number CDROM including the Diehard Battery
of Tests of Randomness”, http://stat.fsu.edu/pub/diehard/

Gl oREE IR, NIST SHEBNICE O T» 5,

e “A Statistical Test Suite for the Validation of Random Number Generators and Pseudo
Random Number Generators for Cryptographic Applications”, NIST Special Publication
800-22.
http://csrc.nist.gov/rng/

18.15 fg#&

FABFEBRDY — 22 —F DIy A% GPL I LT N-MAE, ki1, BEHREDOKK
W 5 (MT19937, MM&TN; TT800, MM&YK), ¥—7 4 ¥ + Y 23 ¥ — Martin Liischer
I3 RANLXS & RANLXD DY —Z a— FZDfizidft LTk, B 5,
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ZDOFETIE, ERERITDOUEGLLRT (quasi-random sequence) % F4ET 2 BT DWW THIHT 5,
HERLECRINIZ, d RouZE2ENC —BRICOAT T 2 2 R4 1234 L T, BERLEBCRIINE, EEO %
WEIHDS & bIRZ 5D, HERBCRIIFEAEGROMGTT X, SBGEER EFL TH 203, fziRiE
THRMED R, 207D, WOLFEUIEECHUCEMEZ 1§ 5,
CORICHT2ESPERIEI~NY Y7 71l ‘gsl qrng.h’ IXH 5,

19.1 FEFLHFEEF ORI
gsl qrng * gsl qrng alloc (const gsl.qrng_type * T, unsigned int d) [Function]

BEINA T %29 d RIGOMEILBFERDA VAV ALK L, ZDA VA
T UANDIRA VI ERT, ERDIDDo7m A€ ) DR TE 2\ & 2k, NULL
RA V¥ %BEL, T5—2—F GSL_ENOMEN TIL I — v B3I —Z2IEOHT,

void gsl qrng free (gsl.qrng * q) [Function]

YETLBRER DA VAT VA g BRIO AT Y 2T 35802 NULL &4 ¥ %25
AT EE D LA,

void gsl_ grng init (gsl.qrng * q) [Function]

TTIRAERINTORHEREFERDA VAY VR q %, FHWIHHLT 2, HERLECRS
T3, FBEHRETE2LESZL, WOLFEUIEECHU B2 H T 2,

19.2 EFLBRINDFELE

int gsl qrng get (const gsl.qrng * q, double x[]) [Function]

HWERLBHERDA VAT VA q Ty ZE TISHAE L HERLE DR DUERLB 2 F84: L
THLA x 1SR T, x OXRIT L HERLEFE AR ORXTTIE—H L TR iFiul e o kv, 7
BT 20 x DEEFE 2, ICO0T, 0<x; <1 &7 %, HAVE_INLINE BEZRI LT
LEEIF. AVIALVEBHINS,
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19.3 EEELECRIICEEET BB

const char * gsl_qrng name (const gsl.qrng * q) [Function]
HERLBGE A SR D BID A HT 2 I L T 2 XTFHNND KA ¥ 8 2R,

size t gsl qrng size (const gsl.qrng * q) [Function]
void * gsl grng state (const gsl.qrng * q) [Function)]

HERLBGE AR DA Y A Y v A r DIRBZ LT T—F OMERDORE S &, 2 DREHE
NDRA v F 2R, MERLBFEESROREZ EES, BT 2019, 72 & 21X
Toa—Fi, EiBFAEHOZD L EOREZNTT S,

void * state = gsl_qrng_state(q);
size_t n = gsl_qrng_size(q);

fwrite(state, n, 1, stream);

19.4 EFHREZRDIREOREFEHAEU

int gsl qrng memcpy (gslqrng * dest, const gsl_qrng * src) [Function]
HETLEFE AR sre &2, T CICHERR L 72 ERLECR BT DA © 25~ R dest ICHHIT 5,
ZODAVAY Y ARFAURTRITIUTE S %,

gsl qrng * gsl qrng clone (const gsl.qrng * q) [Function]
WERLBE A @ DEBZHIIITEK L, 2D VY AY Y ANDRAL V7 ZIRT,

19.5 ERABERET7I TV LA

DFo7Lay RABHEINTw 2,
gsl qrng niederreiter?2 [Generator]

77 b Y — (Paul Bratley), 7 #v 7 & (Bennett L. Fox), =—%—7 4 ¥ — (Harald
Niederreiter) (2 & % 73V XL (ACM Transactions on Modeling and Computer
Simulation, 2(3), pp. 195-213, 1992), K 12 XKILE TORZFHEET LI LD TE 5,

gsl qrng sobol [Generator]

7v b/ 7 (I A Antonov), YL —7 (V. M. Saleev) IZ X %Y K ILF (Sobol se-
quence) % {9 7775 (“An economic method of computing LP, - Sequences”, USSR
Computational Mathematics and Mathematical Physics, 19, pp. 252-256, 1980), <
UE 40 RITE THAETEZ 5,

gsl qrng halton [Generator]
gsl_qrng reversehalton [Generator]
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2NV VR KNV VR E ALY % 7575 (J. H. Halton, ”On the efficiency
of certain quasi-random sequences of points in evaluating multi-dimensional inte-
grals”, Numerische Mathematik, 2, pp. 84-90, 1960 ¥ X O' B. Vandewoestyne, R
Cools, “Good permutations for deterministic scrambled Halton sequences in terms of
Lo-discrepancy”, Computational and Applied Mathematics, 189(1&2), pp. 341-361,
2006), &6 5 b 1229 XL E THIHARETH 5.

19.6

PIMITRd 7a 75 ATld, 2 XouZEMND 1024 D% Y RV 2 9 7TETHEET %,

#include <stdio.h>

#include <gsl/gsl_qrng.h>

int main (void) {
int i;

gsl_grng * q = gsl_qrng_alloc(gsl_qrng_sobol, 2);

for (i = 0; i < 1024; i++) {
double v[2];
gsl_qrng_get(q, Vv);
printf("%.5f %.5f\n", v[0], v[1]);

gsl_qrng_free(q);

return O;
}
7a 75 Lo L TITRT,

$ ./a.out
0.50000 0.50000
0.75000 0.25000
0.25000 0.75000
0.37500 0.37500
0.87500 0.87500
0.62500 