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TR OMEE B ETRD 2 = ¢ 2 RIEED £ v 5,

WS DFENE B B BT (BRI 5 20 - T 3 BIRE 1A A b Tl - 72 B DS
KD BHLB) THBH, BSOHEZHE LN L D%,

2 TR O AR TRD 2 2 L PSRBT 5, & OLETIE | RO

1) 1(f) = / f(x) da

DIEZ KD 2 TTIEITOWTEHE 5L,

KRl fITf LT I(f) ZEtET20TIERL, HHEELVHEHPAD fi2onT, HED
DATIf) RAtET 2 HEEEET 5,

JEH BN ZEEAR BEED AR &, AP ROEE LTV 5,

(2) L(f) = Arf ().

22T o 43 [a, 0] WD HBEATCHEZL 2 5T, AR (sample point) EMEEN 5, Tz A, 13E
& (weight) L IEIN 5,
ZDOXETEY EIF3

(a) FAERERS LN
(b) ZEIEMBIMBLBUETR S 2TV (double exponential formula)
FnInd (2) OE LT3,

"2 RITTOBIERE IOV TR, TICMEW G RERE T RIE ZOthlEWGEIEE Y T - A niENERIT,
FAMEEEE WD, ERBEEBGHDOFIHEH TR WEEZ LN DTEHIKET 5,
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2 fAREBERDT LI

AT BEE f OMIFIZIAN f,(2) ZRDT, 2D I(f,) O I(f) DITLUEIZERH S %

DI EARIERE D N TH 2,

2.1 {#EZIER
2.1.1 TERC—EEFE

/ I
S8 2.1 (BESEXO—BEE) (0.0 13 R OERBXM. o1, o, 1% 0.8 O
. fila,b) =R &35k &,

(3) deg fo(z) <n—1, fulog) = flze) (K=1,...,n
Ziili7e T EBBZIHEN f,(v) B—EHIFET %,

\_ J

IR “ENMIMED B B &2 B 203, T IR RGEH A2 RS %, k=1,--- ,n T

LT,

4) LI V() = Hlji?” (= ;) (= mm) (=) (= wp) - (0 — 1)

Hl§i<n (x) — ;) N (g — 1) (2 — xp—1) (Tp — Tpg1) -+ - (T — )
T L V() BED B,
(5) L" V@) eRz], degL" V@) =n—-1, L V(@)=6p (j=1,...,n)

DD LD, Fey FEAE U TR B D3,

(©) Fufw) =] (r~ )
LBl

(n—1) Fn(x)
DI D LD
(8) Fal@) =" flan) LYV (@)

vl folr) X (3) BT

DUETHENTRE . n— 1 RZEROBRE (a0, a1,...,00-1) (OFD fo(z) wa AN

HTE) T Xy, Ty .., Ty COE fro(x1), fulxa), ..\ fulzn) %ﬁmé%%%{%bi ]R” o R
NORIFRTH 5, J:“C ZNDEHTH B Z 2:753 I ol MIPREBTHSIEHICE o T, £

THEFITH 2, UL fo(2) P—ENCEFZS I ZERL TV, =
LYV (@), o, LY (@) By a, . @, REEARS Y 5 Lagrange #RMEHK L IER,



LoEHD f,(z) Z f OHEZIER (interpolating polynomial) & FER, DR D & 77H> 5
K1

) o) = 3 G s F o)

k=1

t&E 5, Zh % Lagrange AT (Lagrange il ZIH, Lagrange interpolating polyno-
mial) & FE3,

(Newton DA (Newton ffiff1ZIH, Newton polynomial) W5 b Db H 5703, ffEZ
HATH 2 Z I3 EDL YRV, )

2.1.2 Runge DIRR

nZRELFT2E TRV MEZHEAPBEOLNZ S ITEZ 200 LALWA, ZUIFMET
H%,

EARZFRBICN-oTn 2RELST B L. fulz) & flz) EBRTHUOPLRVEDIRZ
L 23% % (Runge DIRR L TN TV S),

_b—a_ 1

a=-1, b=1, NeN, h= 5N N’ rj=a+jh (j=0,1,...,2N)
&35, EEITEK .
J@) = 5507

DFEZIEAZ RO T I 72/ TA LD,



* runge.c —-- FHFERAROMHEZIHENIIRS v 25 W5 Runge DHHH
* 2% RIER, MM, HIZHRR (1973, 55 2k 2002).

* gcc runge.c ; ./a.out > runge.data

* gnuplot> f(x)=1/(1+25%x*x)

* gnuplot> plot [-1:1] [-1:1] "runge.data" with lines, f(x)

* gnuplot> plot [-1:1] [-1:10] "runge.data" with lines, f(x)

*

* T ZTIld Lagrange fifIZIHA L LCAHEL TV,

*/

#include <stdio.h>
#include <stdlib.h>

/% [-1,1]1 TOFMBBEARND S FATLRNWI & THARBEE */
double f(double x)
{
return 1.0 / (1.0 + 25.0 * x * x);
}

/* Lagrange fHIfREL */
double L(double x, int k, int N, double xv[])

{
int j;
double t = 1;
for (j = -N; j <= N; j++)
if (j '= k)
t k= (x - xv[j+NI) / (xv[k+N] - xv[j+N1);
return t;
}

/* Lagrange fiffi/Azl */
double fn(double x, int N, double xv[], double fv[])
{
int k;
double s = 0;
for (k = -N; k <= N; k++)
s += fv[k+N] * L(x, k, N, xv);

return s;
}
int main(void)
{
int j, N, nn;
double h;
double *xv, *fv;
N = 10;
xv = malloc(sizeof(double) * (2 *x N + 1)); // T7—F =z v 7 X|EH
fv = malloc(sizeof (double) * (2 * N + 1)); // [k
h=1.0/N;
for (j = -N; j <= N; j++) {
xv[j + N] = j * h;
fvlj + N1 = £(xv[j + NI);
}
nn = 200;
h =2.0 / nn;
printf ("%g %g\n", -1.0, fn(-1.0, N, xv, fv));
for (j = 1; j <= nn; j++)
printf("%g %g\n", -1.0 + j * h, fn(-1.0 + j * h, N, xv, fv));
}




4 N

$ cc -o runge runge.c

$ ./runge > runge.dat

$ gnuplot

gnuplot> f(x)=1/(1+25*x*x)

gnuplot> plot [-1:1] [-1:1] "runge.dat" with linespoints,f(x)

gnuplot> plot [-1:1] [-1:10] "runge.dat" with linespoints,f(x)

o J

T
"runge.dat"

05

o

-0.5
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1

1: )}: - -
X 1: Runge DHE, f(x) T o522

N =10 (n=21)

75 7% 5. KEIOHFRERG TR, ZZF AP TETWE, lRhSEEn S 2 Fhh
KELRD, WOEL TRIFREFBLFELVWENELTWS, ZHUIERSOFEEEES L THkE
XY, LLAELT S, =

Fo f 2L OTFFAFOFNCHEAINTVS, KALWEEEE>TRWEEDbONS, Z
5\ S B D F MR AEA SIS X 2 M ZHEROE RIS £ LTk wvoik, RERREU’T S
Hd Ly FAIRAIFI -7 =2, ETHEXFLAL, sk b HEL 5 THREFRITED
F9),

2.1.3 Runge DIRXHHZDT
Runge OIRZEET 572012, KD 2ODMEKRBRL b5,

(a) XM [a,0] 2T OOMHEZHEAZMES 2 2hb 2o, XEZ/NXEICHEIL T, Zh
HE/NXIT, /MEW n 20 L THAZIEK f.(x) ZHV S,
o A7+ a1 (spline approximation)
o AREREDOX T ZIHK
o HUEIE T DEESRETRS R (H&id)
(b) EXZEADOR (FR) 2EAR L T 2MHZHEAZMHT 2 (EXZHEAORIZ, XE D

RO CIELLTWS), Gauss BBEE T RNAE n KDORAT, 2n — 1 RZIHAX DM
5% EHEICEETE 3,




2.2 HEBERERES A

XR [a,b] 2> BFEARE 2y, ..., x, ZXRCH L =, BB f OMBZIER f,(v) 2E X 255
FHIZTHERTH 205,

(10) Ln(f) = 1(fa)
FEZEIETE, BHT 2 L BITHN L

(348 (2)) L(f) =) Axf(ax)

DT B, TR I(f) OIEBUCHRA L= b O % MR RBIETES AT & .2,
INEV 0 S L THRIDPDOVNT WS, ZARENLES, (T RERET22L, )

FRARK [a,0] OFREZEARICHEMT 20 fi(z) = f (45°) & 0 XRZHK (%) TH 5.

(11) huj:hf<“;b>,iu:b—a
BEAN (0,0 DA a, b ZIEARRIERHAT 5, folz) X 1RBEETHD . L(f) IBEOMHME
PRI,
h
(12) L(f) =35 (fla)+ (), h=b-a

Simpson R [a,b] D a, b &R L ZIEARFUTIRAT 2, f3(2) 32 XBETDH 5,

h

(13) I(f) =3 (f(a) +4f (“'2”’) + f(b)) ="t

Simpson 2 R [a,b] Z3FEF Lt EDARBERRIRAT 50 f3(2) IZ3REKTH L, —
ZORNIFFEZEDIL N,

aa) =5 (f@var (250) e (C5R) v 1w), ne= 50

IS DRNKOEHIE, —MBANITS 2 dHK 2D, ERIHELNL2DIE, n=1,2,3 £T
ZODT, KURDLBWZ EIZLTHEET 2 (RHUIHK D), n >4 OHEITIFEAAEEDNLWY
(EWVWIH, Fidn=3DHEEdDIHHELAL),

BAERE D NS m DN (m ROFEE) TH % 21k, B f oBUERE D AR DOiEER B(f)
rELE,

(15) E(z*)=0 (k=0,1,...,m), E(z™")#0

DR DD LBV,

MR 7 23K () 3ED A6, 2l e d n—1 ORKTH 25, Eid n BEHK
DrE nMOLRRTH 3, HIzIE. FHEAR L(f) LBELR L(f) 1T DI 1MONNRT,
Simpson AT I3(f) & Simpsond R IL(f) 13E BIT3MDORKRTH 2,



2.2.1 EEFILR

[a,b] & N F5 LT, &/DXM [a;,0;] (j=1,...,N) THELARXEZHWT, Zh50fMEH 3,

N
. b—a
(16) My ::h;f(a+(j—1/2)h), hi=—.
BEPRANK, BEHAEL b2 0iFFIchEARE X85

222 EEEWAR

[a,b] & N LT, &/hXM [a;,0;] (j =1,...,N) TEEAREZHWT, Z060MZE 5,

(17) Ty ::h(%f(a)+;f(a+jh)+%f(b)>, h::b]_va.

BHEBIEAN, BEEBHAL &2 0WIEHIEEARE XX

2.2.3 #£8& Simpson AT

la,b] 2 m FEF LT, [a;,b5] (j=1,...,m) T Simpson AR ([a;,b;] DFHRBMES 21Tk %)
ZHWT, Zhoofzils,

(18)  Som = g (f(a) +2) Jla+2jh) +4 flat (2 = Dh) + f(b)) . hi=

B4 Simpson 2R, HE Simpson A, & 2 WIEHIZ Simpson A & K&,
Lol

_ Tp+2M,
="
LWOBMRDH B, ZHILEEEMHS LD B,

(DAIRE: FRARDEEIX, BEAROME L FFENW T, HMEIXIZIE 1/2 RoTW
5280, 22T, FEAREBEARXE 2: 1 1T L TE> ZARDBEEREWZ &3
Wit TZ %, D53 Simpson AR TH 2, LWVWH T eIZiRb, )

2.3 #Efh

DIRizd i 2060%, > 7 7arJ s (CEETHR) THAELTH %5, BGBIHER Mac
ThHHUE, F—IFATUTRDa<y FEEFTUIEI 13T,

curl -0 http://nalab.mind.meiji.ac.jp/ "mk/complex2/prog20190701.tar.gz
tar xzf prog20190701.tar.gz

cd prog20190701

make

FRAR. BEARK. Simpson ARUIRD a2 — FTEHRETE 2 (UTOBEESEHO 70 75
LDZLT, TDnc.c 27— FLTE-TWS),



- nc.c ~
/*
* nc.c —--- Newton-Cotes DL AIN: HEHLALARN, HEAFEAK, A Simpson AF
*/

typedef double ddfunction(double);

double midpoint(ddfunction, double, double, int);
double trapezoidal(ddfunction, double, double, int);
double simpson(ddfunction, double, double, int);

/* B £ @D [a,b] KBFIESOEESTHEARNIC X 2HIERST M_N */
double midpoint(ddfunction f, double a, double b, int N)
{

int j;

double h, M;

h=(d-a) /N;

M= 0.0;

for (j =1; j <= N; j++) M += f(a + (j - 0.5) * h);

M *= h;

return M;

}

/x BAEL £ @ [a,b] KBIIEDPOEEGEANIC X 28ERT T_N */
double trapezoidal(ddfunction f, double a, double b, int N)
{

int j;

double h, T;

h=(b-a)N;

T=(f(a) + £(b)) / 2;
for (j =1; j <N; j*++) T += f(a + j * h);
T *= h;
return T;
}

/x A% £ @ [a,b] IZBITFBHETDES Simpson BNRUT X 2EMEFEST S_{N} =/
double simpson(ddfunction f, double a, double b, int N)
{

int m =N / 2;

return (trapezoidal(f, a, b, m) + 2 * midpoint(f, a, b, m)) / 3;

¥
N J

2.3.1 KRR
o FEARK, AT L BIT 1D T, #FEDTBEEDY 1 REEK D & E1EEREE 5 X 5,
e Simpson NFUX 3 DANNT, HHETEEED 3 KD & X IEMEREL 5 X 5,

DI ZMENDTAHALS,




/
/*
* examplel.c -- ZIHXOHED
*/

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include "nc.c"

int degree = 0; // O or 1 or 2 or 3 or 4

// sum_{k=0}"m (k+1)x"k
double f(double x)
{
switch (degree) {
case 0: return
case return

1;

1 X;
case return 1

1

1

X + 3 % x *x X;
X +3 %X X+ 4 %X *x X % X;
X+ 3 %X *xXxX+4 *%xx*xx*xXx+5 %X * X * X * X3

w N - O

case return

+ 4+ + +
NN NN
L R

case 4: return
default:
return 1;
}
}

int main(void)
{
int N;
double a, b, I[5] = {1.0, 2.0, 3.0, 4.0, 5.0};
double M, T, S;
a=20.0; b=1.0;
printf ("Simpson AFRUIXE 3L TFOZIHAWHM L TIELWMEZE X %, \n");
printf ("FRAR. BEAREXE 1 LFOZHEKITH L TIELWERZ S5 Z %, \n");
printf ("D 272DI21E N=2 T+ \n");
printf ("X (= 4)="); scanf("}d", &degree);
if (degree > 4)
exit(1);
printf ("N="); scanf("%d", &N);
M = midpoint(f, a, b, N);
T = trapezoidal(f, a, b, N);
S = simpson(f, a, b, N);
printf ("FRAK  M=%20.15f, FF=Y%e\n", M, I[degree] - M);
printf "BFARX  T=%20.15f, #EFE=Ye\n", T, I[degree] - T);
printf ("Simpson AT S=%20.15f, FR#Z=e\n", S, I[degreel - S);
return O;

}

N
-
$ cc -o examplel examplel.c

$ ./examplel

JE=2

N=10

HFRAR M 2.997500000000000, #7#£=2.500000e-03
BRI T=  3.005000000000001, #&7£=-5.000000e-03
Simpson A3\ S=  3.000000000000000, #H7E=0.000000e+00
$

\_

AN

2.3.2 BSHEHEMDISE
52BN T 2 BIER T O, REDEEI R R TAL S,

10



1
:/ e® dx
0

-~

-

/*

* example2.c -- \int_0"1 e"x dx
* cc example2.c

* ./a.out > ex2.data

*/

#include <stdio.h>
#include <math.h>
#include "nc.c"

double f(double x)
{

return exp(x);

}

int main(void)
{
int N;
double a, b, If;
double M, T, S;
a=0.0; b=1.0; If = exp(1.0) - 1;
printf("# N I-M_N I-T_N I-S_N\n");
for (N = 2; N <= 65536; N *= 2) {
M = midpoint(f, a, b, N);
T = trapezoidal(f, a, b, N);
S simpson(f, a, b, N);
printf("%5d4 Y%1l4e %1l4e %1ld4e\n", N, If - M, If - T, If - S);
}
return O;

}

AN

-

$ cc -o example2 example2.c
$ ./example2

(ERIZEHTR>TAES)

$ ./example2 > ex2.data
$ gnuplot example2.gp -

(FEFIER) 2)

77 7 ORI N (FARE —1), #tiEEEE (WIS ERE) TH25, =

- BB N

L D5 (BIEARATHRARL DER TV S DT TR,

5572 BEERIT R LT,

1 1 1

g, —MICAROREE m LT 5 Y O (5m).
EROBBCHIIE LT 3 AU or B LV, BFEVDI TR, FLVEA

J

11



ex2: numerical integration for exp(x)

midpoint rule ——
trapezoidal rule —x— 73

102 3
i Simpson rule

104 E

108 3
1010 |
1012 | E

10714 E

10-16 ! ! ! !
100 101 102 103 104 10°

1
9 [ — / ¢ dr BN, BATR. Simpson AR TIELE L 2oH
0

2.3.3 BOSHTHLVERDIZS
O TRWVEBISHN T 2 BUER S ZARNTA X S,

z:/()lmdﬁ (=7).

-~

$ cc -o example3 example3.c

$ ./example3 > ex3.data

$ cat ex3.data
GiiRIE Z DCETIF AR

$ gnuplot example3.gp -

(G5 3)
_

3ERZ ., —INREZEDT A, ZOEIBINFETLDEL, F72 Simpson N D

ex3: numerical integration for sqrt(1-x?)
100 ‘ ‘

midpbint rule ——
trapezoidal rule —<— ]
Simpson rule

101 E
102 ¢ E
108 Lt
104k
10° k
10 |

107 F

108 |

10-9 I I I I
100 10! 102 108 10* 10°

1
3 I = / V1—22de ZHENR, AR, Simpson AR TEHE L7z 2 DfAE
0

EPPRAR. BEAREZEDLS VI EITKT L,

12
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HHES3
BAETH 20, B THRVEIE (FB » =1 TMOATEE TR W) IR LT, eI L
THINFIZEV, BROARDOEMEIZ N,
HTRVERICR L TX, 23 23BN EAARAERZdHD S 3,

3 Bl — 5F<1T<DZR3

BEra s, AREER DWIFFIZ S ATz 208N T %, b6 TAIEATR 1K
%y %,

3.1 BoHLREHREEH® 1 AHDES

5. IBo2RETREED 1 FAHOETICOWT, 2% f:R—-CEESNT, HLIERT
KRLT, fla+T) = flz) (zr eR) BRH IO L &,

[:/bf(x)dx, b—a=T

EHETRGATH S, fla) = f(b) THEDT,

20 Ty (%f(a) +Y flat g+ %f(@) =Y flat h)=h Y flat ih)

j=1 j=1 J=0
THsILITHERET %,
3.1.1  #fEf
2 dx 2 = /] SR > AN =2 =
I= —— = . 5D LEML D O L ITIUI. Bessel IR DORE 7 ERRA IR D
o 24coszr /3
FOEMOFELR Y,
4 N
$ cat exampled.c
$ cc -o exampled example4d.c
$ ./exampled > ex4.data
$ cat ex4.data
# N I-M_N I-T_N I-S_N
2 4.860061e-01 -5.611915e-01 -1.259323e+00
4 3.720712e-02 -3.759270e-02 1.369402e-01
8 1.927779e-04 -1.927882e-04 1.227385e-02
16 5.122576e-09 -5.122576e-09 6.425590e-05
32 8.881784e-16 4.440892e-16 1.707525e-09
64 4.440892e-16 -1.776357e-15 8.881784e-16
128 -1.776357e-15 -4.440892e-16 -4.440892e-16
N

$ gnuplot exampled.gp -

)
N =32 DERET, BIFARDIRE |1 — Ty| ~ 4.4 x 10716 1ZIZHEH L T 3RO R EIEE

1

2 —
n(z) = 2w

2m
/ cos (nt — xsint) dt.
0

13



ex4: numerical integration for 1/(2+cos(x))

midpbint rule —— |

100 | ¢
trapezoidal rule —<—
Simpson rule
102
10
106 |
108
1010
1012 f
10714 | ¥,<*:— X
‘4\%6{! K \H/W
10.16 I I I L
100 10' 102 10° 10* 10°

2
1 ~ .
4T — / o AR, AIBAR, Simpson ARCHELL ¥ &0
0

WERELTWVWA?, =

AIEIDHIZH] - 722 TlE. ZOFIDFERNPBEFICEZ L 5VRWI 2R3N THA,
HIHEA4
(R13) @SR EMHERD 1 Ao 2R AR TEET 28, /NEW N THERER
ERNEIY g

3.1.2 Euler-Maclaurin OEI2

JIMBR O — AR DB AT S FRETE 2 2. XROEHEHA WS Ze T X
THHHTE %,

a I
i@ 3.1 (Euler-Maclaurin &R, Euler (1736), MacLaurin (1742), Jacobi (1834))

fila,b) > R D C* fTHUL, FED neNIZXNLTh=(b—a)/n B & X,

b n—1 m 2r
/ f(z)dx=nh (%f(a) +) fla+jh) + %f(b)) > h@fﬁr (FE D) = £ (a))+ Ry,

j=1 r=1
p2m+l rl n—1 (om)
R, = /Bmt FOM (g kb4 th) | dt

DD LD, 72721 B, Bn(t) & 22N KXATEF S NS Bernoulli #. Bernoulli
ZIENTH 5:

s B, , se's > B,(t) ,
68—1:;:055’ 65—1:;:0 st (s < 2m).
\ _ _ J

Euler %° MacLaurin 3. Zkr (r==41,42,...) % Zlogk RS 27212 2 DN EE

k=1 k=1
L7 ZOXFEDVL TR, BEARDOREZR I AN ER L Z e KD, b—a ¥ f D

SED Y a D C SRR T, BN, IEEE 754 2 WS BfICHE > TW 3, double Bl 7 —
2 DONERINE. B 2 LT 53 7T, 10 ERICHE T2 &, 16 Hig5ICHY T 5, 21/V3 = 3.6275 - D
Ty BEMN 511070 s Zvid, EFE16HELWZ 2Tk 3,

14



FRICHIUE, 3 A 012D,

PAN
=

N

BROHGE = I(f) = T = R = O (h*"*)

THAZehiiFEhs,
Hotd, BARMLGEIEIIN LT, ZOARTHEEL Y DRREICK B30T TN 2 DITH L,

3.2 1 +oo TOFHEDORVRIFER DTS / ) do o BETAR

f: R — R DHTEIET, 2 — oo DL X2 f(z) 20 &2 T 5, DL

(21) I= /OO f(z) dx
LT, h>0 2D,
(22) Iy:=h Y f(nh)

B, BlIZLDEAIC L IZ T ORWERICHRZ Z e Mo TWBD, EBE R, MR
PHETAZLIFHLVWOT, T9KRER NeN ZH-T

(23) Ly =h Y f(nh)

THRHT %,
I, Iy BRI NS,
FIREIC & - Tk, FERFMCFIZEL S

Na
Innyn, = h Z f(nh)
n=—N1

DEFLWI LD DB, UNTREHEOZLD, FIT [,y ZHVWS,

3.2.1 FERI

ESEZRAS .
I:/ e du (: ﬁ)

Z. W47 h>0, Ne N ZEAT, I,y TEULTAS, ERXETH206INETLIFE
VAR AN AR N5 i /N Wl L D€ g
h=1,N=6,h=1/2, N=12; h=1/4, N =24 ¥ LTFEITL7 (N &, —6 <z <6 DHiH
FTLEIZTED |2/ >6 DX, 0< f(2)<24x1078 THD, b5 hf(jh) EMZTH
EDZED 5720,
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example5.c —-- WEZRFED
oo
I=f exp(-x"2)dx = V7
-00

& R OB ORI 6. BIERI
(o]

*

*

*

*

*

*

* Th=h2X f(anh) (7=721 £ WEHHETBEED
* n=-0o

x HBHWE, EOITHEYID

* N

* T_{h,N} =h X2 f(n h)

* n=-N

*
*
*

TIEFITHEBICHETE S 3T TH 5,

a4 )L cc -o exampleb exampleb.c

#include <stdio.h>
#include <math.h>

typedef double ddfunction(double) ;
ddfunction f;
double trapezoidal2(ddfunction, double, int);

/* BRETRAEL +/
double f(double x)

{
return exp(- x * x);
}
int main(void)
{
int m, N;
double pi, I, h, T;
/* FER, HERETOEME */
pi = 4.0 * atan(1.0); I = sqrt(pi);
printf ("HERFEDT DETERNC X 2 FUEFE 7 \n") ;
printf(" N h T I-T\n");
h =1.0;
for (m = 0; m < 3; m++) {
/* [-6,6] THIBEI2 */
N = rint(6.0 / h);
T = trapezoidal2(f, h, N);
printf ("%2d\t%g\t%20.156f %14e\n", N, h, T, I - T);
h /= 2;
+
return O;
}

double trapezoidal2(ddfunction f, double h, int N)
{

int j;

double T = 0.0;

for (j = -N; j<=N; j++) T += £(j * h);

T *= h;

return T;
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4 N

$ cc -o exampleb exampleb.c

$ ./exampleb

R D ATEANC & 2 BEkE s

N h T I-T
6 1 1.772637204826652 -1.833539e-04

12 0.5 1.772453850905516 -2.220446e-16

24 0.25 1.772453850905516 -4.440892e-16 )

h=1/2 £S5 HWGEIT (2N + 1 =25 HTOEZHWT), IZXHEHL 02RO &K
JEWCEFELTWS, =

AE 3.2 (N OFEVA) 'NiF 6<2<6DHFETLEITEDK] THE2, £5L7%
FHE

a N
In[1] flx_]:=Exp[-x~2]

In[2] Table[N[f[n]], {n, 0, 10}]
Out[2]= {1., 0.367879, 0.0183156, 0.00012341, 1.12535%10°-7, 1.38879%10°-11,

2.31952%107-16, 5.24289%107-22, 1.60381*%107-28, 6.63968*107-36, 3.72008*10"-4
o /

ZRTHLS CGHER27Z2557 =

4 DE-RXR &FEH
RETW - < DFIHT 2R RNIIENZWEA 5235, (R D7=DI) KEP BFHEEFENTEL,

4.1 Ez2H
b

I:/ f(z) dx
%g‘l_;é:bf:b\o
(24) p:R = (a,b), lim o(t)=a, lime(t)=>
27z ¢ ZWo T, x=o(t) EEBEHRT 5L
(25) = / F (o) (1) dt.
h>0, NeNZr-oT, (25 MNFT2BELAR
(26) Ii="h Y f(p(nh)¢(nh),

R
(27) Iy =h Y f(p(nh)¢(nh)

n=—N

EEZ D,

17
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DX ¢ BENIZRVD, @fF - &R
(28) f (1) (1) ~ Cexp (—C'e)

DEIWHD o BRVEFML. ¢ ODEMRBIZ G Z 7= (&H& - % [4], [5], [6], [7])e F7e. (28) %1
TSR e — BB R R L AT,

4.2 BIEHNEEHRER

BARBIGEIIS U T, EDXIBRELEL v = p(t) 25 DBRVLZIEXRSE, 206D
EFNIHRTE Z 50, RRICRBDINE, ¢ R (fop) ¢ DT T 7RFNT, &BE (BT
B) DEAHICBETAHEMTHL R HTRL2Z 2 EID 5 (2D 5 BRICIERT 2 FET
HHP, FTNETIIHEH[1] @852 2R X, ).

4.2.1 BARXEDZE
(a,b) DEFRXEDOHE X,
b
I:/ f(x) dx
¢

r=a+ a(u+1), ue(—1,1)
WS 1T RBEBITE D,

I=/11F<u>du, F<u>:=f(a+b;“<u+1>)b;“

1
Y EMER SRS DT, LTIk / (@) de OBEDBEZ B,
-1
(29) ©1(t) == tanh (g sinh t) (t € R)

VARE S0 SR i S

4.2.2 R tORERDEVEROBERS
(a,b) = (—00,00) THED. f D flx)=15 DEII

e
C
flx)y~—, r>1
() T
FEE DR WRE L L WEEik,
(30) = po(t) = sinh <g sinh t) (t € R)

TERZERS 2 & BED BRI BRI RINCRE T 2 £ 512k 5,

18



4.2.3 (0,00) LDORRDEVEHROKERS
(a,0) = (0,00) THBHB, f7 [ f(z)=+5 DEII

1+z2

C
fla)y~v——, r>1
() L

BEORNEE L LRWEGEEIR.
(31) x = p3(t) = exp (wsinht) (t € R)

TERENT % &, #HE BRI EERERINCHET 2 X 51k %,

4.2.4 (0,00) EO—EEHERHICHR T 5EBOBIERD

(L=
(a,b) = (0,00) THBH, [ 5 flx)= fi(z)e™ (fi(x) FRELPREAID. D2 WVITHITHR)
D &5 BGEIR

(32) r=gpyt)=exp(t—e") (teR)
TERERST 2 DR,
lim @4(t) =0, lim p4(t) =00, lim ¢)(t) = 0.
t——o00 t—o00 t—00

t— oo DEE, (1) WFHELROVD, f(pa(t)))(t) 1 BEIEBBIKANCTET 5,
ZOHEIEF. Iy DB

No
Innine = h Z [ (p(nh)) ¢ (nh)
——N;

ERRHAT 2T DBRWZ & hRZ2W,

4.3 BER)

i CH AN, AFEA. Simpson A TF & IR I o7

1:/_1@@ (=%)

2
%E ©1 PHW3 I)E)Qiiﬁ IhJV Tfﬁiﬂilzjrég’éo
h=1, N=42568®, h Z¥7n. NZ2F2LTwL,
e example6 DR (HiF) ~

% cc -o example6 example6.c
% ./example6
testl (sqrt(1-x~2) ODFET)
h=1.000000, N= 4, I_hN= 1.7125198292703636, I_hN-I=1.417235e-01
h=0.500000, N= 8, I_hN= 1.5709101233831166, I_hN-I=1.137966e-04
h=0.250000, N= 16, I_hN= 1.5707963267997540, I_hN-I=4.857448e-12
h=0.125000, N= 32, I_hN= 1.5707963267948970, I_hN-I=4.440892e-16
h=0.062500, N= 64, I_hN= 1.5707963267948968, I_hN-I=2.220446e-16
(fhg)
N J
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BAREZLIZ, h=1 N=24 T#HEMIT 107 BEIZZ > TV, z =1 IZHo7H
B, BBERICE DA TLE 72,

ZREZ DM, bo LRREDBN (z = +£1 THEH0 | 1)
]_/1 dv
B 1 \/1—1’2 B
WXL TH, GHEDIAIRETH 5,

e I
test2 (1/sqrt(1-x~2) DIED)

h=1.000000, N= 4, I_hN= 3.1435079763395439, I_hN-I=1.915323e-03
h=0.500000, N= 8, I_hN= 3.1415926717394895, I_hN-I=1.814970e-08
h=0.250000, N= 16, I_hN= 3.1415926194518016, I_hN-I=-3.413799e-08
h=0.125000, N= 32, I_hN= 3.1415926318228000, I_hN-I=-2.176699e-08
h=0.062500, N= 64, I_hN= 3.1415926343278699, I_hN-I=-1.926192e-08
h=0.031250, N= 128, I_hN= 3.1415926326210668, I_hN-I=-2.096873e-08
h=0.015625, N= 256, I_hN= 3.1415926323669527, I_hN-I=-2.122284e-08
h=0.007812, N= 512, I_hN= 3.1415926327540080, I_hN-I=-2.083579e-08
h=0.003906, N=1024, I_hN= 3.1415926312582507, I_hN-I=-2.233154e-08
h=0.001953, N=2048, I_hN= 3.1415926319069589, I_hN-I=-2.168283e-08
)
o J

h— % N = 8 THED 105 BRI > TWh, 203, SERMH < LT bR L

SRV, =41 OFET VI — 22 PEEREIEERR WO T, BUNTHEK (v = £1 2
JRARICK D X 5 AR TR T Z %, sHlllRFHEER T 2080 L - Tur 7 A
L ZDRERIFFNT L TE L,

- example6kai Difisk (#&¥F) ~N

% cc -o examplebkai example6kai.c
% ./examplebkai

(Fili%)

test2 (1/sqrt(1-x"2) @ (-1,1) TOED)

h=1.000000, N= 4, I_hN= 3.1435079789309328, I_hN-I=1.915325e-03
h=0.500000, N= 8, I_hN= 3.1415926733057051, I_hN-I=1.971591e-08
h=0.250000, N= 16, I_hN= 3.1415926535897940, I_hN-I=8.881784e-16
h=0.125000, N= 32, I_hN= 3.1415926535897940, I_hN-I=8.881784e-16
(LU

h=1 N=16 TEAED 1070 BECE> TV 5,

example6.c

/*
example6.c —-—— DE NT\

11 = § (1-x ) dx = /2

*
*
* 1 2 (1/2)
*
* -1
*

1Z DK% THIE®S (cancellation of siginificant digits) 2 Z 28] EE5AdWV5E, HLEHETIEIELWL
D, RREEARTVIH xPTH 2, IR 2= -1 (PEDEZARET 258, o= -1+y TEALLZK y
EHESZICTDE, 2=-1THdHh5 y=0. BFHVNREETIE, 01380wE 2ARIFHICZ DA o T
% Z EICHERT %,
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WENBUEICR RN D - T, HMAZBEE D AT S % ATHhRW,
double exponential formula (DE/AT) R HIXS FLFHHETE 3,

a4 )L: cc -o example6 example6.c

¥ X X X X X X X *

*
~

#include <stdio.h>
#include <math.h>
#include <string.h>

typedef double ddfunction(double);
double pi, halfpi;

/x ¢ */
double phil(double t)

{
return tanh(halfpi * sinh(t));

}
/x 27 x/

double sqr(double x) { return x * x;

/x @ ox/
double dphil(double t)

{
return halfpi * cosh(t) / sqr(cosh(halfpi * sinh(t)));

}

/* DE BNRUTEB (-1,1) BT BEMDOFF +/
double de(ddfunction f, double h, double N)

{
int n;
double t, S, dS;
S = f(phi1(0.0)) * dphi1(0.0);
for (n = 1; n <= N; n++) {
t =n * h;
ds = f(phil(t)) * dphil(t) + £(phil(-t)) * dphil(- t);
S += dS;
}
return h * S;
}

/* TAMHOWHETEER 2D 1 +/
double fi(double x)
{

return sqrt(l - x * x);

}

/* TANHOBRETBIR ZD 2 */
double f2(double x)

{
if (x >=1.0 || x <= -1.0) // ¢ (t) DFABETHERED T 1LITR25E5DLEM
return 0;
else
return 1 / sqrt(l - x * x);
}

21



void test(ddfunction f, double I)
{

int m, N;

double h, IhN;

/x 1t1=3 ETAHETZILITT 2 +/

h=1.0; N = 3;

/* h Y70, N Zf5IZ LT double exponential formula TafBE L TW<L =*/

for (m = 1; m <= 10; m++) {
IhN = de(f, h, N);
printf ("h=Y%f, N=Y/4d, I_hN=%25.16f, I_hN-I=Ye\n", h, N, IhN, IhN - I);
h /= 2; N *= 2;

}

}

int main(void)

{
pi = 4.0 * atan(1.0); halfpi = pi / 2;
printf ("DE ANFUT & 2 BUERE 77 \n") ;

printf ("testl (sqrt(1-x~2) DFfE7)\n");
test(f1, halfpi);

printf ("test2 (1/sqrt(1-x"2) OFED)\n");
test(£2, pi);

return O;

example6kai.c

(BEDD, PRDHMLFSHENRREL I LITT 5, )

example6kai.c —-— DE AR

1
§ (-x"2)~{1/2}dx = w/2
-1

I1

*
*
E3
*
*
*
* 1
x I2=§ (@@-x2){-1/2Y dx = =
* -1
*
*
*
*
E3
*
*
*

WEND ISR RED D o T, HBZRBUERE T AT S F AT R,
double exponential formula (DEANIN) R HIX5 £ FHETE 2,

x=t 1 (fIETOHEREBIC L DRERT 2 < 72D RN (RRBED

XA )L: cc -o examplebkai example6kai.c

#include <stdio.h>

#include <math.h>

#include <string.h>

typedef double ddfunction(double);

double pi, halfpi;

// tanh(t)-1 DFHE (t > 1 DHEHD)

22



double tanhmil(double t)
{
if (t <= 354)
return - 2.0 / (1.0 + exp(2.0 * t));
else {
printf("tahnm1: %g IRZFT X 2\n", t);
return O;
}
}

// tanh(t)+1 DFE (¢t <-1 DHEH)
double tanhpl(double t)
{
if (t >= - 354)
return 2.0 / (1.0 + exp(- 2.0 *x t));
else {
printf("tahnpl ) : %g /NSBEE S \n", t);
return O;
}
}

/x O */
double phil(double t)
{
return tanh(halfpi * sinh(t));
}

/*x & (£)=¢ (£)-1 */
double xi(double t)
{
return tanhml(halfpi * sinh(t));
}

/¥ N (®)=¢ (£)+1 */
double eta(double t)
{
return tanhpl(halfpi * sinh(t));
}

/*x 23 */

double sqr(double x) { return x * x; }

/x G o*/

double dphil(double t)

{
// printf("dphil: %g\n", halfpi * cosh(t) / sqr(cosh(halfpi * sinh(t))));
return halfpi * cosh(t) / sqr(cosh(halfpi * sinh(t)));

}

/* DE RN & B (a,b) WZBFI2EEDTDFHE, x=a,b THIHEBIE */
double de3(ddfunction f, ddfunction g, ddfunction H,
double a, double b, double h, double N)
{
int n;
double p, q;
double t, S, dS;
p=(-2a/20; q=(+b) /2.0;
S =0.0;
for (n = -N; n <= N; n++) {
t =n * h;
if (¢t > 0.5)
dsS = dphil(t) * gp * xi(t));
else if (t < - 0.5)

23



}

dsS = dphil(t) * H(p * eta(t));
else

dS = dphil(t) * £f(p * phil(t) + q);
S += dS;

}

return p * h * S;

/x TANHOWAETEE 2D 1 */
double fi1(double x)

{

3

return sqrt(1.0 - sqr(x));

// gl(y)=f1(y+b), b=1
// return fi(y + 1.0);
double gl(double y)

{

}

return sqrt(- y * (y + 2.0));

// hi(y)=fil(y+a), a=-1
double hl(double y)
// return f1(y - 1.0);

{

}

return sqrt(y * (2.0 - y));

/x TANHOWHETEE 2D 2 */
double f2(double x)

{

}

return 1.0 / sqrt(1.0 - sqr(x));

double g2(double y)
// return f2(y + 1.0);

{

3

return 1.0 / sqrt(- y * (y + 2.0));

double h2(double y)
// return f2(y - 1.0);

{
return 1.0 / sqrt(y * (2.0 - y));
3
void test(ddfunction f, ddfunction g, ddfunction H, double I)
{
int m, N;

}

double h, IhN;

/¥ 1t1=4 XTERHETLZILIRTE +/
h=1.0; N=4;
/* h ¥, N Zf5IC LT double exponential formula TatBE L TWL */
for (m = 1; m <= 10; m++) {
IhN = de3(f, g, H, - 1.0, 1.0, h, N);
printf("h=%f, N=Y%4d, I_hN=%25.16f, I_hN-I=%e\n", h, N, IhN, IhN - I);
h /= 2; N *= 2;
}

int main(void)

{
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pi = 4.0 * atan(1.0); halfpi = pi / 2;
printf ("DE AT & 2 BUEMRE /T \n") ;

printf("testl (sqrt(1-x"2) @ (-1,1) TOFED)\n");
test(f1, gl, hil, pi / 2);

printf ("test2 (1/sqrt(1-x"2) @ (-1,1) TOFET)\n");
test(f2, g2, h2, pi);

return 0;

4.4 DERKOFrs®

o (HHTDHIK) BT 2 ICEBERRITT NS BRI [ (p(1) ¢'(t) (t € R) 23 _Hi5%
BIRAICTRE S -

[ (p(t) ¢'(1)] < Cexp (=C"exp[t]) (| = o0).

o UimIC BT 2RFRMEITIH D, PIZIERD XS LEI TS 5 FLFETE 2,

1
1
I = dx
/_1 \/1—5(]2

Al ~ exp (—%) )

2C
A[h/g ~ exp (—T) ~ (AIh)Q

0o (RAEB TN NGE) ZAEEZFTITT 5 & FMROBNMED 2 F127%
%o (Inny WCOWTH, NE2THKEL ST, h 20, NE2ffIcT 2, FkkDZE
Hens L HRFHK S, )

e Simpson A7z ¥ & FEARTHREWIZ ETERE
— R CFHECTREIMIHT S BV
— [ UCKEEE 2 DICFRBHHEVITD 20
o Gauss AR (DE ARFERLANIHMDNKTZ o 72) L HARTD
— R DHHEWIZEMERE (Simpson Hll & @ ELEE & [F]#)
— BHEEDDHE 2 DIFER (ZHD KRR VDIE Gauss A DFHR)
— SRREADFHAE LTV (Gauss HOGEIXFMD D0 D EESHE — HE)
—7. LFOZ e 3ERITNETH 5,
o BXDZIHNITH L THIRED 0 iR o (BAFRE).
o 7R =70 — A—N=70-=pBRIDPITL, Tur7LeEL L SRXEEPLET
5,

DERXRDO 7077 I 27 EOFERIZOWTIE, & [8] BFEL V. H 2 Wid. KiFthREKDO/E
L7z DE " XD v F L (intde2.c) A3, http://www.kurims.kyoto-u.ac.jp/~ooura/
index-j.html TAXNTWEZ DT, ZOHEHLD D B,

o (AZEDMH)

Inn b
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4.5 BFFREOEHE: 1970 FFitk (BEXE)

72 TR w3 E <3 Rved Lhinzwidhe, BaBRTREDITERVWDT
(TR D Z DEHIINEE) - FDEEICE o TR, TIRERD2S LKW,

3HID LS RHIEH > T, HHWEE LTS, THRHFNHEE W, 2YIDIETTLES A
D2V BN a0, JFNRNEREES R0,

1970 4, FHHIER, ROZ—. SEENCL D, BE IMT 2R 2 WEN 2B AXHEE
7z ([9], [10])e ZAUIRED ZEBELUC & - T, B S22 AR 1 B e L T,
ZFRUTH L THEBLAREEAT 2, EWIBXWKHEDL, (BHARGRAYTDH 2 FHE - B [11]
DETEDDHIFTH L, ZIZTE Murota-Iri [?] BHITF 5N TWVWS, )

(K [12] 1Tk B . THRZBWTIRMICERINAMDZ  OFEELEF L A, HAE
WBWTIHFICHEE L2 2 13V WEES, SHEITHERITR D, BFEITR o THERANC A S A
ENZLVIREEE>TWEDER, BEakzreES5. )

IMT ANRUFIEFICEERETH 205, 2z bk y ML T, E5ICEMAER DE 2R (double
exponential formula, —BEISHEIBILEUER 2 3N) 2EEFH R e RERIC K DIBIES N7 ([4],
[5] 2SR X, [6], [7] DSHRRE A7z),

DE ARiE, IZIEREDONARTH 2 e EZ N TWVWS (FNEEMT ZEENFND D 3 ),

IMT 23 X%, DEZAX® . Mathematica @ NIntegrate[] THIHI ATV,

DR eMHKTDH 5,

HEHBEFETH 2 Z e b, HBELAREOERIIFRO TV FE R A RO TfT b7
7R R TORRIE. FERAEPEN AT R OJETRoTW T, 7V =17 7 X
k2 (IERBFRI TRV, HAGETEI»ATWEDD, FRETGECAERZEICEE L WD
H?2HLTEeELAIRESTH, MLV a 7 Y ARFEEPLT VDD LKWV,

HE - B - &SP (9] DRRDD - RS ( [RIEHEEATI A 77V —DT7 LT Y XA
DIFFEE] |, 1969/11/5~1969/11/07, i HEBRZEBIRMEATAIFTANC) T, ERDOFEXRIEE - &
[13] TH o7z (i [14] BRI N Z), ZAUIEERE S 2 EREEBGROFIE TIREMRT T 5 F
BT 2D TH o7,

5 BERDDOEE - HRICK DREMINIESR

CIMICHBERBEBE LTROMNLEVWHNET - H o3 ThOLETE, K%L 7%5
»b

5.1 EREDFFIEREAH

(MR — TEUERESY 7 — b [1] Off8k G 12 B, )
—o00<a<b< +oo, fIXCITBITS (a,b) DAL D TERIN-ERIBEKE T2 & =

b
I= [ f(z)dx,
H B WVIEAHESREABEE p: (a,b) > RIIHLT

1= [ ) a

Shttp://wuw.kurims.kyoto-u.ac.jp/ kyodo/kokyuroku/kokyuroku.html
Shttp://www.kurims.kyoto-u.ac.jp/ kyodo/kokyuroku/contents/91.html
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BRODBZEEEZ D,
Z < OFERET NNIE. 2, 2, € (a,0) & wy, -+ w, ZAWVWT

(33) L= wif(ax)

LRIND, Bk

DFHiiZ L7200
D=0, LURTIE a, b AR CIRET 5,

X D NORXZENC CL DO BARIAR T, [a,b] ZIEQRZIC—FALTWS 3 5,

z € (a,b) &35 &%, Cauchy DHEITARAD S
FIORS

2m Fz—x

L:LbC%grjfldapmﬁm.

FEITNERE DA E F I IR T,

125%-F(Lbfglm>f@)@.

(34) fz) =

DD LD, BRI

v &
b

[ plo)
(35) W@*_Z:z—x“
TEDD L.

1
(36) I= 37 F!P(z)f(z) dz
DI D LD,
¥ i p ® Hilbert Z#a X IZH, C\ [0, 0] TIEAITH 2 GEHIZES). p(z) =

W(z) = Mgz_z

THb, TZT Log lZFMEEFRT,
—7. (34) & (33) WkAT 3L

ZZT
(37 )=y
rBlt
1
(38) I, = 5 Flpn(z)f(z) dz.



Wz

I—1,=— [ ©&,(2)f(2) dz.
ZZT P, d
(39) D,(2) =W(z) —¥,(2) (2€C\ [a,b])

TERSINLZHHT, (BERSRID) REDHHEEH XN 2,
REPIZED &L Dy DVNESWIRBIE, BUERE T DFEZEDRE X | — L,| BN ZWEHARFTE
%, BUERED NROBLELDY &, 2#ANE Z e THETE 5,

FERR. FTH L 72 & 9 ZBUER D AT LT ¥, (2) = Z g, v o HTERRIEGE

PlezoTVWB ZemREINd GELWVWI &id ),
mife - ARl AREORMEEE LD X SITERL T, CAD [0,b] ZETHEMT |0, ZKR
LT\ m%bﬁ_ﬁo

5.2 BHEBBOBBDADIGH

f DEEZIGEX. (36) ZHWT, I PEBOFHETRE 3,
KB f(z) DHEBIT (f(2) = 33, P(2),Q(x) € Rla], (Va € [a,0] f(x) #0)), DROK
BOTTFOTEED B ENIRHIE

I= —iRes(f@;cj)

MDD, TZTeyp, -y emid f OFRDOTRNTOERERT, GEHIXERT — TEUERE
B)—Fi 1] BB, )m

5.3 FREDIFEREMDOA (1) BREEDFZEDOHHNAT
[a,b] = [~1,1], p(z) = 1 DFED 21 JGEES V7Y YRR Sy
b—a

2m

a=-1, b=1, m=10, n=2m+1, h=

I

Som =14 (f(a) +23 flat2jh) + 43 fa+ (25— Dh) + f(b)) .

J=1 j=1
AU
rp=a+kh (k=0,1,...,2m),
h/3  (k=0,2m)
wy =19 2h/3 (k=2j,j=12,...,m—1)
4h/3 (k=2j—1,7=1,2,...,m)
eBLl L.
2m
Wk
Womy1(2) = Z T~
k=0
LET 5,
z+1
¥(z) = Log PSR Dor1(2) = V(z) — Yopy1(2)
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=
2 -4 2.0 / /;::Tg%“x \
PR f//,/’“\ }3“\\\
[ \
ol -6 0.0 \ B ///
T ~ Tt~
-2 b -8 7.0 \\\\:::\h“wh;;—-——=—-;~f”/:j:/f//
-3.0p AN I e e sl v 4
AN =y
P e 8.0 5.0 2.0 1.0 0.0 1.0 2.0 /3,.0 4.0

5: 21 HEE S V7Y VIR DA E DY 6: &% [16] 2°5 |®,(z)| for Simpson’s for-
PEEREL (MaoHE D & FX4X) mula (h = 0.1)

ELT, |Poni1(2)] (4 <Rez<4, —4<Imz<4) OFEEHRZHNTHS,

(ZAUIRR [15] D BN RN ZTDTH S, )

A= B/ N> SR > A T

2 FHEICBWT, XM (0,0 22HREDR B L. [Dopay (2)| DEEIHD T 5 2 L0305,
ZD XS REHDL L OFEE ARICHBEL TR ONS Z 2id, 7?7 TR Z e H5HRT
=5,

Z ORNTFEBRN 2RI S & 2 A3HIK 5,
B 5.1 (F% [16] h535|H)

1
1
I :/ 5 dr = —log3 = —1.0986 12288 - --

1T —

AR BRI AT, 2 2HE—ocHEo, B

1
R 21 =1
o (5i2) =1,

n =21 OEE Simpson N TlX, FEHEXD S

®,(2)] =3 x 107°.

%77 ZHWT
|AIn| =

1
®,(2)Res [ ——:2 )| =3 x 1075,
(2) es(z_2 )’ X

FEFRIC 21 4 Simpson AR TEE T3 . [, = —1.0986 15504 --- 27 b, #8%Z —3x 1076 2
HATAIED

£, HRETBEBDOAEER TR VWEEIE. TAUICEEIZIZWDL RV, REFERE LT, BRE
(saddle point method) & MEHIN B HIEBEZ 2550352 (F% (17 #H X)), =

{1

b9 10, ARXHE LOBIEFRE T AR DOIREDFHEREK DI Z H T TH L, T DHEFETITMR
L TCWhRW2, H47% Gauss-Legendre ARDIGEZMHNT 5,
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7: (—1,1) IZB1F % 8 X Gauss-Legendre 8T DFEFE DI BIEL (et o H FRHEL)
8 XD Gauss-Legendre ZNFld. n = 8 RDERZIHAD 8 HOFRZAEARUIME, 2n—1 = 15
RETOZHARIWCOWTIEHELRED ZFHETE S, 2FD I5MOKRKTH 5, FEE |Us(2)] =

10716 OffiFR2 R A 21 & Simpson NI & D HABEITFRE DR EBAEDED/ N W (8 HT R, D
TH1IESDL) 2 0h b,

5.4 BREDFMHREHOA (2) EREXEAOSHEAT

Iz/_Zf(x)da:

Li="h Y f(nh)

n=—oo

A F B BIRAR

DGE. 1, =nh, w, =h (n €Z) IZh 6,

z—nh’

FF IS OIR LWV, L LRD X 5 I/MEIETHUT R,

N

. h Tz
Uy(z) = j\lg}noonZN Py 7 cot W

—FH. () I TREDL?AHROD (a,0) DHBED Log @ﬁémﬂﬁﬁﬁt LT

2+ R —im (Imz > 0)
v(z) = }%I_I}C]).OLOg —R { ir  (Imz <0).
(RDOFEAXDFEH S FELRFEED R ? LoD THRT, RiKk?? L AR Z LRV, ) EFRIZ

@ IZDOWNWT
1= [0 i) de

2w Jr
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DD 3D T REEE BRI T & 5,

Ihro .
Al =1—-1, = 5 O, (2)f(2) dz, @p(z) :=V(2) — Vy(2).
i Jr

@4(2)] DEBEHEHE S,

4T

X 8: R LM T 22BN I, (h=1/2,1/4) DFREDRHERE D HEHE

ol T BNV EBHETHNS,

4.0 Ar-10
"
P
LY
0.0 — 0
-4.0
-4.0 0.0 4.0

X 9: #% [16], R LOFER T 2 EBHAK I, (h=0.1) DFEZEORHERE OMHE: - 25750
T, ZBZ h=1 050N~ Bbh 3,

6 JREMGBEZAWVEDS—DDRERT — HEIESH
Z 2T ERIC X 2RRERN N2 (K2 - EBH (18], 25 [19]).

I DR DOFAM (FEH [20] D §§1.3) LEED Z e 2T 5H DD H %, L L., oFnIidE
WOT, EBRCIFFER L 23Rk, (KRB Z 5 £ < 34U, #RTE T, HHEBGRD
HMRELTERE b LW, )
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6.1 HR#EDRDIIHITIEELAN
T f: R — CIiIH LT,
(40) I = /oo f(z) dx

OELUEERD 2720, BIFRIZ AW 2 & DRREEFHNI WV,
h>0,NeNt32LE,

00 N
(41) Ty:=h > f(nh), Thy:=h > f(nh)
n=-—00 n=—N
B<o
fE®H5 d>01TR LT,
(42) D(d) :={z € C||Imz| < d}

L OIERAIZBRRICHRR E N S EARET 5,

EROBMEFETIE, T), ZERMTEEMZ /- T,y 2HOI 221820, ZOHEIE. B
f DEFTTOREDEESHHEL 725,

ZZTCETTOREDEEOWAL L7425 X5 RIERIFE w: D(d) — C ZFEEL T, |f(2)] <
E w(z)| (z € D(d)) 2T fIZOVWTE RS,

D(d) TIERIT 0 W62V w Z—2HD .

f(2)
43 =
(43) £l S G
(44) H(w,d):={f | f: D(d) — C EHI, || || < +oo}
>SRN
wlE, z— +oo DEZXD f(z) DWERDOEEVWERTEBMTDH 5,
e p

fEE 6.1 (ERFMSHAIDRESTM, Stenger [21], 1973 %) d > 0. f: D(d) — C FIEAI
Ty RO 2%&M%HWIT T 5,

(a) Ve e (0,d) iZxt LT,
(45) A(foc) = /_OO (f(@ +i0) + | f(z — ic)|) dz < +oo.

THI
A(f,d—=0):= lim A(f,c)

c—d—0

3HRMEETDH 5,

(b) Ve € (0,d) 125 L.
lim / F(x+ iy)| dy = 0.

r—+o0

ZDrE, EED >0 IR LT,

exp (—2md/h)
\(46) I —T,| < 1—exp(—27rd/h)A<f’d_O)' |
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(46) DALFE. h— +0 T2 %, RRCHET S (01ChDK) ZLKHEETI L, 20D
BEOBEXIE, d BRZFWVIZERZ W,

G ce (0,d), NeNZREELT. 4 —(N+1/2)h—ci, (N+1/2)h—ci, (N +1/2) h+ci,
—(N+1/2)h+ca ZIHRE T H2RABZEDRZIC—HT Mz Con & T 2,

7wz cos(mz/h)
= — = —= BT,
#(z) i= cot h  sin(wz/h) e

2 o (Fkez) %zzlm s (GkeZ) z=kh
kh ¥ ¢ ® 1AIOWTH Y,
cos (mz/h) h
Res (g; kh) = —2 V0
S = G w1y |y

HEBCERIZ XD,

Tz

/C N f(2) cot = dz = 2mi kZ_N f (kh) Res(y; kh) = 2¢th_N f(kR).

1 Tz
2_: f(kh) = — f(2) cot 5 dz.

)

ZORT, N oo bdaL,
S = [ (e T L e T
Th—kZoof(kh)—%/_oo( f (z +ic) cot 7 + f (z —ic) cot p )dx.
—77. Cauchy OfEDEBE LD

/Oof(x—i-ic)dazzl, /Oof(x—z'c)d:czf

THED 56,

1 [ : .

]:5/ (f(x +ic)+ f(z —ic)) dx.
Wz
00 2mi(x+ic) —2mi(z—ic)
) exp —,— . EXp —
Th—I:/ flx+1c —— — f(x —ic — | dx
e ( )1 — exp 2m(;vl+zc) ( ) 1— exp 72mglezc)

ThHodHN5H,

1~ 1) < L2 EE O [ (o) + 1@~ i0)) do

_exp (—2mc/h)
1 —exp (—2mc/h)

[e.9]

A(f,c).

c>d—0¥32L, (46) 2152, =
Thn DFREICDOVTIE, ROEHEE 2,
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e N
R 6.2 d > 0. w i D(d) TIEAIZRD 0122563, Aw,d—0) <o &T 5, £, [

D(d) TIERIZBIEL T, i/ 6.1 DM (a), (b) 2T T2, TOLE = /OO f(z) do

Ty =h Y f(nh) IO U TRAHED T2,

n=—oo

(47) ITMv<f<1a2$fgzzmA@mdW%izijw%@).

|k|>N

g
SEBE 2T F(2)] < |If) Jw(z)| WHEET B, ZADS A, d—0) < ||/|A(w,d - 0).
=AAFELD S

(1) [ = Tyn| < | =Ty + [Ty — Thn| -
(1) DAEMIE 1HIZOWTIE, 6.1 ZHVWT

exp(—2md/h)
1 —exp(—2nd/h)

exp(—2nd/h)

_ < — ‘
I =T, <A(f,d—0) 1 — exp(—2md/h)

< I/ 1A (e, d = 0)

(1) DAV 2THIZOWVWTIZ

T, — Thn| =

h) o f(kh)

|k|>N

<h YRR SHIALY S [e(kn)].

|k|>N |k|>N

Iﬂm4<(1?§M?i$hyw,dm+h§:(mo).

|k|>N

6.2 DE RNDREMNT
(T.=EH)
B 6.30<A<Z &z AWKNLT,

1

w(z) = cosh(Az)
EBLEE, (AR (N +1))
exp (— +
w(kh) <4
kl;\/ (kh) < 1 —exp (—Ah)
lob e o
s

YRBESITh N BERE,

u_nMgcwmmev%me)
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il 6.4

5 cosh z

~ cosh? (7—; sinh z)

rBLlE. 5 +too DEE

m
w(x) ~ Texp (—5 exp |x| + \a:']) .

h, N %

2nd

T = §exp(Nh)
CERE

[l —Thn| < C| fllexp (—=CN/log N) .
(FHEZ) TR~z XS5

d T T cosh z
— — — tanh <_ inh ) = 2
w(z) = i(z) e O R cosh? (g sinh z)

B, THUTEYT T ERBEBINICEET 5, FEK
w(x) >~ 7 exp (—gexp |z| + |£L‘|) (R >z — +o0).

2rd 0w
T = 5 exp(Nh)

ZWilz T LI h, N2, |, ==, - Ihn| 2722 ZEPHAFTE T
[ Inn — I| < C"||fllexp (=C'N/log N)

B, ZHIE N P2MEICRD e, BEN2FIIKRD, TROLEMNED 2 5L 12k %
ZEZERLTWS,

s R LA R w BB ZTRIC, 2 2IHIF LD (ZHEEKBEIBINCEET %) w DK
RBoEREETC 2 w72 (7).

BE Xk

1 HEHGRE BERES 2 — b, https://m-katsurada.sakura.ne. jp/lecture/
P Jp
applied-complex-function-2016/numerical-integration.pdf, T AFEDIAATL D
DTEFEL T3, (2016~).

[2] HEHH  B{EFE ST, https://m-katsurada.sakura.ne.jp/lecture/ouyoukaisekid/
notebook/numerical-integration.pdf (2000).

3] HARfE—EE, AR - RSB ER T RIR, SE N (2023/5/19).
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0149-07 . pdf.
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pdf/0172-06. pdf.
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