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ZROSND) TH 22, EODFHEIREL VI L%,

Z 2 CEMAOMEE BHEFIE TR 2 2 LI 5, ZOETIE 1 BBy

(1) Hﬁ:/ﬂwm

DA% R D B ITHEICOWTEHL 31,

KRl flcsf LT I(f) ZEHT20TIE R, HEREINGHIHO flzowT, H@Eoe
DT I(f) Z3TET 2 T1E2EET 5,

JEH EBNZERIAR (BEESAR) F . 1ZEAEBROEE L TW»3,

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

C 2Ty i3 [a,b) W HEA T 2 55T, #RAE (sample point) &IN5, £7- Ay 13E
H (weight) LIS,
COXETIY LT3

(a) BARBER?AR
(b) —EEHMBIBBELEERS 2 (double exponential formula)
Fwing (2) oz L Tw s,

2 HEREHERSAN
PR BB f OISR £, (x) 2RO T, 2 ORI I(f,) D% 1(f) OELUEICERAT 2
DIMHRIEBAERE T AT H 5,
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2.1 #HEZER
2.1.1 TERE—EFEFE

4 N
ME 2.1 (HEAZERO—EBERE) [o.b) 13 R OERAXE. 21,..., 2, 1& [a,b] NOMHEL
20, filab) =R ETBEE,

(3) deg fo(z) <n—1, folzg) = flzx) (k=1,...,n

it T RGBS TR £, (o) B—HINHET 2., )
\

SRR SASNMEED & ZAEADM L H 503, T 2 TR ZERIT 5, k=1,--- ,n (C
i‘j‘l/‘(\

=0 = HKQ” (2 — ;) _ (z—21) (@ —mp1) (@ — Tpy1) - (T — T0)

[Tisizn (21 = 25) (e — 1) (e — 2ee1) (T — Tpg) - (2 — T)

<L V() 2ED D,
(5) L") eRlz), degL" V(@)=n—-1, L"V(@)=6p (=1,...,n)
BIE D ST, Fio, AL L CTIRRERIC R B 95,

(6) Fo(w) =] (=)
i S
S D AT
(8) Fal) =" fla) L (@)

EEL L, fulr) X (3) 2727,
n—1
PLETHEDRE 72, n— 1 REHERXDERE (ag,a1,...,a,1) (PFD fo(z) = Zakxk &

VT E) & T, Ty, oo,y TOME fr(xy), fulze), -y fulz,) ZRIESE 55K, ’ I(é” »5 R?
NOMMERTH 5, LTZENBRHTH D I Egh oz, MIBRETHESERICE>T, 2
TUIHNTH 5, T3 fo(z) BD—BHUICEES I L2ERL TS, =
L V@), L V(@) 2. ox, . x, AT 5 Lagrange MRREL T,
LOEMD f,(z) % f OWAZIER (interpolating polynomial) & M5, L&D 5705
91

9 () =
EFRE %, 2%k Lagrange @EAT (Lagrange iM% 1H5, Lagrange interpolating polynomial)
&S

(Newton DMAI (Newton fliff]%HZ, Newton polynomial) &9 Db dH 503, Hiift]
LA TH L LIFEDL YD, )




2.1.2 Runge DRR

nZRELT2LE TR #iFZEHAPIESNZ ) I 200 LN wds, ZUIERMET
b5,

AR ZFRIRICN-STn 2RECT DL, fule) & flz) EUTHRODR0HDIRS Z
ED3% % (Runge DIRR EMFIIN TV 2),

b—a 1
¢ ) » NVeN, 5N N

rj=a+jh (j=0,1,...,2N)

ET %, FEERIZBEES X

H@) = o522
DOFEIZIHEAZRDTT T 7 2T HR LI,



* runge.c --- FHREAROHMMLHNIIR S v 2 £ Runge DR

* 2 FRIER, FAEMNT, I (1973, S5 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 linespoints, f(x)
* gnuplot> plot [-1:1] [-1:10] "runge.data" with linespoints, f(x)
*

* Z I Tl Lagrange flifIZHAE LTEHEL T3,

*/

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

/% [-1,1] TOEMRBEASNDI) L0V ETHARBE */
double f(double x)
{
return 1.0 / (1.0 + 25.0 * x * x);
}

/* Lagrange fiilfIfREL */
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 flifFIAZN */
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 * N + 1)); // T7—F v 7 ZIFD
fv = malloc(sizeof (double) * (2 * N + 1)); // ML
h=1.0/N;
for (j = -N; j <= N; j++) {
xv[j + N] = j * h;
fvlj + N] = £(xv[j + N]);
}
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));
}




/

$ 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

‘ “runge.data” [
00 |

05 - t
\
-
- R et N
0 Vo
| |
||
05 | v
1
X 1: R DI =——— N=10 =21
X unge DHER | f(x) [ 2522 (n )

79 7% 1AL, XBOHPIRESTIE, 22Z2 EMTETOED, s iins L ¢¥nn
RELZD, WO TIRIFREZE L WEPEL TWw5, ZHUIEASEOFEE 2P L THHE

T, BLAELT S, m
FED fIEZL 0T XA POFIICRHAIN TS, RALVWEKES> TR ERDNS, 2

39 BB OSRIREA SIS & 2 IS ER O £ ok, FEHRLEL 2T 3
b Lz (FMImgH->7E, ETHESELL, tax LHEL 7245 THARERITT
£7).

2.1.3 Runge DBEKRHHZDT
Runge DEIRZEET 272 DIZ, XD 2 DODMENRfibns,
(a) X[ [a,0) ZET1OOHIMZEREZMH ) L2 bE oo, KEEZ/MXMIcH#EIL T, 20
5 &/NXHT, ANE o iaw LTHIZER f,(z) 25,
o A7 54 Uik (spline approximation)
o HIRERLEDX 3% IHK
o Bty DEABERS AR (1)

(b) ERZHEADMR (FR) 2IEAR & T 2MiHLHEAZAM T 2 (ERXLHEADRIE, XHE D
WDEICELRL T ), Gauss EER D ANIE, n RORANT, 2n — 1 XLEADOH

57 % IEMEICEHRTE 5,



2.2 HARMERESAN

K[ [a,b] 2 5 BEAR 21, ... xp 2RI L7 2. B ORIISIER [, (0) 78 £ 295,
2SR TH 505,

(10) L(f) = 1(f2)
FEBICHETE, BT 5 LB L%

(FH8 (2)) L(f) = Axf(ay)

DI B, Tk I(f) OEBUTERA L7 b 0 % BRIRSERS AT &IP3,
NEV R IR L TARIDDOVLT S, ZREFEML LI, (RETE. ReksTs L, )

AR (0,0 OHEEBASICIRAT 5. fi(2) = [ (22) 13 0 REFR (%) Th 5,

(11) huvzhf(“;b>,iu:b—w
BEARK (0,0 Dl a, b ZERRICERHT 2, folr) 1 1XEETH D, L(f) FBEEOMHE
ZERT,
h
(12) L(f) =5 (f@)+ f), h=b-a

Simpson B/ [a,b] DU a, b &l L2 2RI T 2, f3(z) F2XBIETH 5,

(13 L=y (rw+ar (SF) s rw). =t

3 2 2

Simpson 2 AR [a,b] Z 3% L7 & EDARZIEARIERMNT 2, f3(x) 33REHTH B, —
ZonRIFFEIEHb iz,

an) =3 (fw+ar (25 e (E2) 1 sw), w30

N6 DRADEHIL, —KIIZIT) 2 & bk, HEEICHELNLDIE, n=1,2,3 T
BDOT, [IESHBWI EICLTAKT 2 (PULHHK D), n >4 DERIFIZEAAL bR
(EwI, HiIn=3D8abbE Vflilbniw),

BUERE D N m MDA (m ROKEE) Th 2 L3, B f oBUERE T AROBEE B(f)
EECLE,

(15) E(@*) =0 (k=0,1,...,m), E(2™")#0

DD DT EE VT,

MEIRBAERT T A L,(f) BIED T o, 2 ed n—1MDORKTH 253, Fid n 3G
DEE, nMDORNTH S, PIAIF, HRANX L(f) EBBANX L(f) & BIT1MDORAT,
Simpson A3 I3(f) & Simpson? A IL(f) 13 & BIZ3MLDAKTH 5,



2.2.1

EEPRAN
[a,b] % N %3 L T, &/DXM [a;,b;] (j=1,...,N) THRAAXZHVT, 216 DFZE
%O
N

hY fla+(i—1/2)h), h

h =
j=1

b—a
N
HEF RN, Eahall Hsuidichasle X5,

2.2.2 EABEAR

[a,b] & N %553 LT, &/NXH [a;,b5] (j=1,...,N) TABAXZHVT, 216 0%
3,
1 iy 1 b—a
(17) TN::h<§f(a)+;f(a+jh)+§f(b)>, h = T
HEBEA, HEEE

I, &2 EICABAR E k3.

2.2.3 8% Simpson 2

[a,b] Z m %53 LT, [a;,b;] (j=1,...,m) T Simpson 2 ([aj,b;] DFHRGM) 2 L1k 2)
ZHWT, 2o oMzl 5,

h
(18) Som = 5

(f(a) +2Z_f(a+2jh)+42f(a+(2j —1)h) + f( )) . h

B4 Simpson A3, # 4 Simpson HI, & % WIEHIZ Simpson A & K 5
ol

T +2M,,
(19) Sy = —m T =Mm

3 ) TQmZTm+Mm
EWVWIHBERBH S, TNIFEEEEMHIZ LD B,

(DHEPE: FEAROIGE, ABARDEE L FEHHT, HHIHIZE 1/2 EhoTw

52 E0%w, 22T, MREAREBERAAZ 2:1 ICHT L TE> ARXDOKEELE Z &3
WfFcE 2, 2033 Simpson AHTH L, L) T eIl b, )

2.3 BUEH

DFIcHF 260, > 7L 70754 (

=sh
= nd

CEHR) &AL TH 2. BEHOER Mac
THIE, F— I FATUTOawy FEEFTIUSH X,

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

make
AR, BIBAZEL Simpson ARXIEFXKDa— KT
LD%L T, ZTDn

AIRTE 2 (MU T ORHESEE G D 70 775
c.cZA VI N—FLTUE>TWw3),
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(‘nC.C \
/%
* nc.c —-- Newton-Cotes DEAAIN: HHETHRAN, HABWAX, #HA Simpson A
*/

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] ICBT 2R OEEHRANIC X 28MERT MN */
double midpoint(ddfunction f, double a, double b, int N)
{
int j;
double h, M;
(b - a) / N;
M= 0.0;
for (j =1; j <= N; j++) M += f(a + (j - 0.5) * h);
M *= h;
return M;

}

=
1]

/x B £ @ [a,b] ICBT AT OEEAEEANIC X 2 Bl S TN */
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;
}

/* B%C £ D [a,b] BT EHETDES Simpson ARUC K 2Bl 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;

U )

2.3.1 AHXDHE
o TRAA, BIEANIZE SIT1MORAT, BhITBED 1 XD & Z IEEREZ G2 5,
o Simpson AU 3O RT, BREITEIEDY 3 XKD & F LML EZ 5 R 5,

DI ERMENPDTHAL I,




/

/*
* examplel.c -- ZHXDOWES
*/

#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
case 4: return
default:

return 1;

+ 4+ + +
NN NN
L R

}
}

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 AFUIXE 3 U TOLIHNXIIHN L TIEL WEZ 52 %, \n");
printf ("tFHEARK, AEARIEIXE 1 ITOLEKICN L TIELWEEZ 52 %, \n");
printf ("D ® 72D N=2 TH+\n");
printf ("XE (= 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 ("HAARX  M=%20.15f, #E=Ye\n", M, I[degree] - M);
printf ("BIBARX  T=%20.15f, #iE=fe\n", T, I[degree] - T);
printf ("Simpson AF S=%20.15f, #7E=%e\n", S, I[degreel - S);
return O;

}

o
-
$ cc -o examplel examplel.c
$ ./examplel
RE=2
N=10
LIS/ M 2.997500000000000, #R7£=2.500000e-03
=YY T=  3.005000000000001, #H7E=-5.000000e-03
Simpson AZ\ S=  3.000000000000000, #t7=0.000000e+00
$

\_

2.3.2 BoSHEHDIES
WS BRI T 2 EMEE S D, BEDEFHE R TARLI,
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1
:/ e® dx
0

s ™
/*
* 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

(RS TR-THE D)

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

(FEFIZIK 2)
\_ J

757 DR N (BAE 1), SEIIZEE (TR O KHE) TH5. .
WS 2 N
S D ABIRIZ AT L T

1 1 1
LJM—O(ﬁJ,I—M—O(m),f%h—O&w)(Nﬁm)
Seld, EAROREE m T3 L O (vde).

ER OB THIRZ LT A AGRIZHE W or HL W, B THOWbIT TR, HL S
kﬁ%%(é%ﬁﬁﬁ¢ﬁ®ﬁi@@ﬂfw%bﬁfutm%

J

11



ex2: numerical integration for exp(x)

T T T
*~ midpoint rule —+—
102 E 0 trapezoidal rule ——
F RN Simpson rule
TR
\\\ P -
e
4 N
107 F I 4
3 ANGN
R
~ - K -
+
-6 | ~_% |
107 E *\\: X
R
e
X
108 b SN 4
F S0
S ~
\X ~
-10 S X
1010 £ S 3
~ X
%
1012 b -
lO-l4 E 4
-16 | | | |
10
10° 10t 102 10° 10* 10°

1
HZI:/eﬁm%$ﬁ®ﬁ\é%@ﬁ\&mmmﬁﬁfﬁﬁbk&§®%%
0

2.3.3 BOSHTHRVERDIRS
WS THRWLEBITNT 2 By 2 FHTA X9,

I:/Olmdw (-7).

s ™

$ cc -o example3 example3.c

$ ./example3 > ex3.data

$ cat ex3.data
(FEHIE Z DXCETIEEM)

$ gnuplot example3.gp -

(I3 R] 3)
\_ J

3RS E, —IREAEZWAT 2D, ZOMEIVBINETLDIEL, £ Simpson AXDHE
EhE AR, AAREZEDL S WL LIZAA L,

HHES3

HHETH 25, O TRV (FEE, © =1 THMOWRETZ ) ISR L Tid, PRk L
THIRIZE Y, ERONRDEAMEIZ 20,

HHE TR VBRI L TR, 252 b HEAATH AR L HD ) B,

3 B — SFLITKDZRS

B3, AL C o WIERIC) £z 20T %, £E660 TEBA, 1I2H
HRY 5,

12



ex3: numerical integration for sqn(l-xz)

T

midpoint rule —+—
trapezoidal rule —<—
10tk x_ Simpson rule

10—7 L

10-8 L

10-9 | | | |
10° 10* 10% 10° 10* 10°

1
m&z:/Uﬁizzm%¢ﬁ@ﬁ\ﬁ%@ﬁ\&mmm@ﬂvﬁﬁbkagwﬁﬁ
0

3.1 BSHIEHAREE® 1 BHOFES

£9, WBo R AMEED 1 ORI IcOVnT, 2D f:R— CIREeNT, HBIEKRT
ICNLT, fla+T)=f(z) (x€R) DIKH LD E &,

[—/ f(x b—a=T
ZEET 256 TH 5, f(a)= f(b) THEHDT,
1 N-1 1 N N-1
(20) TN:h<§ﬂﬁ%+§:ﬂa+ﬂw+§f®0::h§:fm+qh-_h§:fa+]m
j=1 j=1 Jj=0
ThHhsZEITHEET S,
3.1.1 HBUYEH
T dx 2m . ™~ 9 =
I:/ —_— = D UMD DD L IF UL, Bessel IO ZR2, kD
o 2+cosx V3
TORBOGER L,
- R
$ cat exampled.c
$ cc -o example4d exampled.c
$ ./exampled > ex4d.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
(LA )
$ gnuplot exampled.gp -
J

N =32 DBRET, AIARDIGE I —Ty| ~ 4.4 x 10716 (ZIFFHH L T 2 WHR O Ik E

1 27
2Jn(x) = / cos (nt — xsint) dt.

21 Jo

13



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

o mi&poim rule —+—
10" F trapezoidal rule —<— 3
Simpson rule
10
104 L
108 L
108 b
1010 L
1092 ¢ \
\
\ X
14 \ N &
1077 F " <N 1
A N / *—Lse —X / X
k> 774‘//
-16 I I I I
10
10° 10 10° 10° 10* 10°

27
1 - .
B4 1= [ de s, BIBAR, Simpson AXTHIL 1 & 3 ORE
0 cos

WCEEL T3S, =
IO %2 > 72 Tld, ZOBDFERBEEICEZ 26 VEWI EBRTFNETH A9,
HIH4
(EI2) o2 RMBEED 1 Ao 2 BIAXTEET 2 L, /NS N THEBEER
E»E N5,

3.1.2 Euler-Maclaurin O EE

FIIBIS O IR D ATHART ) £ CHHITE 2 2 LIk, ROEMEGS 2 ETOL %
FHHTE 5,

~
g 3.1 (Euler-Maclaurin R, Euler (1736), MacLaurin (1742), Jacobi (1834))
fila,b] = R CP fhThiur, EED neNIHLTh=(b—-a)/n B LE,

/ flz) dz=h <%f(a)+z_:f(a+]h + f ) Zthz’“ Cr=(b) — fO = (a))+ R,

J=1

h2m+1

B n—1 (Zm)
Ry, = —(Qm)‘/BQm (;;f (a+kh+th)> dt

DD LD, 7272 L B, B,(t) 3. ZNZFNRXANTEE I 115 Bernoulli #. Bernoulli
ZIERTH %:

= B, =~ B, (t
Z—, : ) gn (|s] < 2m).
=0 n=0 ’
\_ J
Euler * MacLaurin &, E'(r==41,42,...) ¥ Zlogk Al 5 7201 2 DAz E

k=1

SEORED /Y a v o C SR T, VNS EIE. IEEE 754 & W) Bk ICHE> T 3, double Bl 57—
8y OWNEERBUL, KBEHAY 2 #EEET 53 M T, 10 MBI T 2 L | 16 591 T %, 27/v/3 =3.6275--- %D
T, BENFIX1070 2wy Z Eid, FIFI6HELWVWZ EIZk B,

14



U7, ZoXEDVLTIE, ABARDOREZRIANER L ZEHRE, b—a DS f D
I chIUL, S 250120,

W

BIVARDEE = [(f) — T = Ry, = O (h2)

ThHs I EnMFEINS,
bobd, BEANAZMEICN LT, COARNTHEENREDBEICL 202 TR DIFHE L v,

3.2 1 oo TORBOEVEATEROES / " fe) de iCXE B ATRAR

fiR = R DPEHBIET, 2 - oo DEZAHM f(2) 50 &% BETH, ZDLEE

(21) I:/mf@ym
ICRLT, h>0 ZHD,
(22) Iy:=h Y f(nh)

EBL, BIEEL DA, 13 T ORVERICR 2 2 RSN T W53, EES RFid, MR
ZEET A EIIHELVDOT, 9 KREL NeN 2o

N
(23) Iy :=h > f(nh)
n=—N
TRAHT %,
I, Iy bBEAR LI 2,
I X - TE. FEXFRICHTIZ B S

N2
InnyN, = h Z f(nh)

n=—N1

DEFEFLWIEDH L0, UFTEERDOZO, FIT Iy ZHV5,

3.2.1 EH

o N
]:/ e d (: \/7_T)

Z, %% h>0, N e N ZEAT, I,y TEMUL THS, MRXETH 275 NFETLIFHE
750, TNHAREAR EWFIEN S,
h=1,N=6,h=1/2, N=12; h=1/4, N =24 £ L TETL%Z (N 1Z, -6 <z <6 DHiJH
FTLEBEZTED, |2 >6DEE, 0< f(r)<24x107THDH, b9 hf(jh) ZMATH
EDZED 572\,

15



* exampleb.c ---— TRy

* 0o

* I =) exp(-x"2)dx =+ &

* -00

* 13 R OB OET 6. BIEA

* (e @)

* Th=hZX f(nh) (72720 £ 3B BIE0
* n=-00

* HoH0IE, ZDIBED

* N

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

* n=-N

* TR TE 2139 CH 5,

*

* 284 )L: cc -o example5 example5.c

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

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

/x BRETBEEL +/
double f(double x)

{
return exp(- x * x);
}
int main(void)
{
int m, N;
double pi, I, h, T;
/* PR, MM OEME */
pi = 4.0 *x atan(1.0); I = sqrt(pi);
printf ("HERFE S D BN X 2 K ER~ S \n") ;
printf(" N h T I-T\n");
h=1.0;
for (m = 0; m < 3; m++) {
/* [-6,6] THHY2 */
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;

16




s N

$ cc -o exampleb exampleb.c

$ ./exampleb

ERR T DRIPANC X 2 Bfilhi sy

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

N /
h=1/2 L W) HWGEIT (2N +1 =25 HTOfEZHT), (ZIFFHEH L T 2 WBLR O
JEICEREL T2, m
AR 3.2 (N DFEUVA) 'NIiF, 6<2<6DHPHEF TLEZTEDN) THDW, 29 L7
PEHH I3
In[1] := f[x_]:=Exp[-x~2] h
In[2] := Table[N[f[n]], {n, O, 10}]

Out[2]= {1., 0.367879, 0.0183156, 0.00012341, 1.12535%x10°-7, 1.38879*%10"°-11,
2.31952%107-16, 5.24289%10°-22, 1.60381%107-28, 6.63968*10°-36, 3.72008*10‘i§

-
ZHTH5 ) LINGHERZ7Z5 97, =

4 DELAR FE
BETW - DFHT IR R \WE 5 9 23, (EMD7-o10) RED»LZHZH TEL,

4.1 EZXA
b

I:/ f(z) dx
ZERMEL 72\,
(24) p: R = (a,0),  lim o(t)=a, lim o) =b
iz S o ST, v =0(t) EEBEHT S L
) 1= [ rewemad
h>0 NeNZ%L&E->T, (25 T 2HBAKX
(26) In="h Y f(p(nh)¢(nh),

N
(27) Iiv =h Y f((nh) ¢ (nh)

n=—N

BEZD,

17
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EDX) o BENFRGD, Hif - AR
(28) f (p(£) () ~ Coxp (~C'el)

DEITHRD o BROERL., ¢ DEMAGIZ S Z 7 (FfG - 7% (2], [3], [4], [B])s T72. (28) %
7o AR — EIE BB BT R TR L IWPA L,

4.2 BHENLBZEHZTIR

2 BBEIEC T, EDXI) REREH v = p(t) Z2fH) DBRVHLZIBRRE, 6D
EBNZRTEHZ 2035, REICRBDBIHIUL, ¢ ® (fop) ¢ DT T 7 &HENT, BE (BT
BI%) 3R0RICHR T 2B CH AL I L2 HTHS Z L 2E10 5 (2D ) LAMRICIERT 5 TiE
ThHH, ZNETIEHEH [1) 8§52 2H K, ).

4.2.1 BREEDBES
(a,b) VWEFRIXE DL,
b
I:/ f(z) dx
Es

Ywr1), uwe(-1,1)

r=a+

EWd 1T RBEIEIZ XD,

1
I:/ F(u) du, F(u):zf(a—i—b_a(u—i—l))b_a
. 2 2
1
a%ﬁ%@gmamf\uvm/°ﬂ@dmm%é@a%zao
-1

(29) ©1(t) := tanh (g sinh t) (t € R)

DA T

4.2.2 R EORBREDEVEBOHERSD
(a,b) = (—00,00) THEH, [ f(z) =25 DLIHIT

jEw
C
flx)~—, r>1
|z|"
FRIEEDFEINE L 2> L 2 WA,
(30) T = o(t) = sinh <g sinh t> (t € R)

TR 2 &, Wy BIBUE “HERBEIBINICHRE T 5 X )Xk 5,

18



4.2.3 (0,00) LOFRDEVEHOHEES
(a,b) = (0,00) THBH, f25f W fla)=—"L5 DEIIC

1422

C
fla)y~—, r>1
() L

FREE DR GIRE L 2> L 2 WHiE,
(31) r = p3(t) = exp (wsinht) (t € R)

TR 5 & W BIBUE EBBBIBINICERE T 5 K )2k b,

424 (0,00) EO—EISBERNICHET 3 HRORIEES

(Lgrh)
(a,b) = (0,00) TH DD, fDf(x) = fi(z)e™ (fi(z) FREDINEIND, H 5 VIFHITER)
D &) BHEEIE.

(32) r=pst)=exp(t—e") (t€R)
TERBEMS 5 DR,

lim @u(t) =0, lim pu(t) =00, lim ¢)(t) =0.

t——o0 t—o00 t—o00

t— oo DEZ, (1) 1FTE L VD3, fpa(t)) @) (t) 13 ZHEIFLEIBIIIRE T 5,
ZOEIE Ly 0

No
Inny Ny = D Z f (p(nh)) ¢'(nh)

ZERMT 2RI EDL 0,

Hiffich A, BAIL Simpson AR TE & ITRIT o7

I:/_llmczx (:g)

% ©1 %Fﬁb)% DE ./A\;T:t Ih,N Ti&ﬂJLT&%o
h=1, N=4256MKD, h 275, N2 2fFIcLTwL,
~ exanple6 DGR (i) ~

% cc -o example6 example6.c

% ./example6

testl (sqrt(1-x~2) DFET)

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

(T2 Ms)
N

19




JEXREZLIC, h=1L N =24 THEEMNIIFT 107 BEILE>TWw D, v==+11XH> 7k
WM, BBEHRIZIDEATLE> 2,

ZNETHD, bo ERREDE (v =41 THRD 0 )
[_/1 dx
N -1 \/1—I2
N LTH, GIEDPHRETDH %,
4 N

test2 (1/sqrt(1-x~2) DIE)

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=-2.0963873e-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
YA

\ J

hz%JVzST%%ﬁlWBEEK&OTW%O%@%ﬂ\ﬁ%%%#<bf%%ﬁﬁiﬁ

5V, ZHUINTEDS (cancellation of siginificant digits) D7z & T, WYX IULMIR T
&5, WROFMIZANME T 528 (B THERICTD AILD), RD L) BERVBBS NS,
~ example6kai DGR (1F) ~

% cc -o examplebkai example6kai.c
% ./example6bkai

(i)
test2 (1/sqrt(1-x72) D (-1,1) TOEIT)
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-I1=8.881784e-16
h=0.125000, N= 32, I_hN= 3.1415926535897940, I_hN-I=8.881784e-16
(LU T HS)
N J

h=1 N=16 THED 10710 BEICH> T 5,

example6.c

example6.c —-—— DE A

1 2 (1/2)
i) (1-x ) dx = m/2
-1

I1

2= J (1-x ) dx = T
-1

WIS B RFRIED D o T, I 2 B ERE AU ) £ AT,

*
*

*

*

*

*

* 1 2 (-1/2)
*

*

*

*

* double exponential formula (DEAF) % 5I1E9) £LFHHETEZ 2,
*

20



* 234)L: cc -o example6 example6.c
*/

#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 2% */

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

/% ¢ x/
double dphil(double t)

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

/* DE "I X % (-1,1) BT LEETDEE */
double de(ddfunction f, double h, double N)

{
int n;
double t, S, dS;
S = £(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;
}

/x T ANHOBETEEK 2D 1 %/
double f1(double x)
{

return sqrt(l - x * x);

}

/x T A NHOBRETEE 2D 2 %/
double f2(double x)

{
if (x >= 1.0 || x <= -1.0) // ¢ (t) DFIETHERES T 112k 255D LM
return 0;
else
return 1 / sqrt(l - x * x);
}

void test(ddfunction f, double I)
{

int m, N;
double h, IhN;

/* 1t1=3 ETRMHATEI LTS */
h=1.0; N=3;

21



/* h Z¥5r, N Zf%I2 LT double exponential formula TaIEEL TH (L =*/
for (m = 1; m <= 10; m++) {
IhN = de(f, h, N);
printf ("h=Yf, 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 AFIT K 2 BfEE 77 \n") ;

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

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

return O;

4.4 DEARDIXEY

o (HHTDHIK) B 2 ITRBERITT S N B BHETBIE f ((t) ¢'(t) (t€R) D

BT § 5
| (e(@) ' (t)] < Cexp (=Cexpt])  ([t| = o0).

o Uik lCH T BREMEICH, PIZIFRD L) BEITTH ) FLFHETE 5,
_/1 L
B —1 \/1—1’2 v

Al ~ exp (—%) )

2C
Al s ~ exp (—7) ~ (AL

o (RAEDMH)

o

HA

S (ABEDS T3NS EE) A2 TS 2 & KEROFINTEDS 2 fFIc 7%
2, (Inny C2WThH, NE2THRELLEST, h 20, N22f5cT 5L, Mo

Bz E MK S, )
e Simpson Hll7¢ & & HeATHE W IZ S TERE

— AU FHECTHEDMHT S R
— [FAUKSEZE 2 OIS FHEBHEG ISP 220

o Gauss HANX (DE AXFERLANIZEMO NN > 7)) EHRTH

— RF O HHEWISEMERE (Simpson HI & @ FUER & [AkE)
— HEWEDHK 2 DA (ZN3HERZ DI Gauss AKX D55

22



— DRPEADFEL LTV (Gauss BOGE IZ TR0 D HEEHHE — [HE)
—Ji. LTI LIRERTRETH S,
o IERDLIHAICTKH L THIRAD 0 L3 o2 (BBRE).

o Ty =70 — F—N=70=—I DT, TusILeEFEL L EIHEELBLET
»H5,

DEARD 7075 I v 7 EOWEREITOWTIE, & 6] D5FEL v, &5\, K& KO
L7 DE /"RAD7 v 7 L (intde2.c) #3, http://www.kurims.kyoto-u.ac.jp/ ooura/
index-j.html TABINTWE DT, ZD@HZHEDH R\,

4.5 HFHEDIBHE: 1970 FaiE (BEXTE)

72 TR L0 EEHCEALLL LABLTRE, HADRTRED T TRAELOT
(XFDUAD Z DEUANFE) S DFEICE > T, FIEELD S Lk,

3HID X ) A>T, HHVEERL TS, THRAKGFIGHE 2w, LVUIDFETTLEIA
D%\ EBbis . JEMNBENTRES 0,

1970 4, PHERIER, BRNEE—, ®SEGFLICX D, BE IMT AR L MHIEN 2 B AR A
St ([7], 8])s ZHUIBED ZEBELIC X > T, Wo A% 1 MRS £ L <,
ZHUCH L TaAAZEM T, LvwIEXITHED L,

(—I[9) Itk B &, THRIZB W TRINCHEA I Lo ORI LR & Mk, HARIC
BOTEFICFRREL 72 L3, AETHEAICRD, BEICZ > TR BRI A I
NDZEVHIREBEIES>T0EDIE, Bkl EElH )

IMT ARIFIEHICEERETH 223, 2Nz by ML T, X5 ICEEREZL DE A (double
exponential formula, HEIFBEIBILBUER 0 ~) BEEHR EARERIC X D RBS N (2],
3] 23 S, [4], [5] MRS i),

DE AR, ZIFREONKXTH L EEZ o Tw5 (22 EMNT 28RS %),

IMT AEd, DEXAFH D, Mathematica @ NIntegrate[] THIHI LT3,

DU I35k <d %,

HRIBEFRCTH 5 2 LD 6, FRYFOEWDEL T, HEARABOREITII e Tfrb i
WIS TOFERIZ, FHCREBIMNTII eI OIETHR>TwT, 7Y —Ic7 7 2 A
K% (IERZFX TR0, HAETHEIN TV SO, FRIEEEICAENLAAEICIZE L w2
B2 LD THLEESHITLESTH, V=27V AVRHEZPTVLR2L Litkv),

L - AR - W0 [7) OFRDD > TR ER ( TRIFEEITRIEAR I A 77 —D 7T Y X4
DL, 1969/11/5~1969/11/07, Y BLEBRLBILMBEHTHIIEAT) T, EER DRI GG - &
[10] TH o7 (BT [11] SIS 1L 2), T UI AR % 1 ZBIEGR O Tk CREMNT T 2 F
HBICBET2bDTHo 7,

5 HERDOERE - FKRiC K ZREFINIER
CIMICHEEREE L TROMNAN L BT H-o 3 Th0iiT L, K%< %5
7,

‘http://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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http://www.kurims.kyoto-u.ac.jp/~ooura/index-j.html

5.1 FREDISFHERIE
1o GIcd s, )

(MEfR — TEfiERE Y/ — by
—co<a<b< oo, fiE CItBI2 (0,b) DIHEH D CERS N FHERE T2 L X

Izzfﬂ@d%

b 5 WIFAEST R EABB p: (a,b) > RICHLT

b
I = (z)p(x) dx
BROHLZEREZ S,
% ODBMERE D AE. 21, 2, € (a,b) & wy, -+, w, ZHWT

(33) I, = Z wy f (1)

LRIND, B

DEHi 2 L 72\,
D7, LN T a, b WARERET 5,
[ Z D NOXIrHic CH O PHMFR T, [a,b] ZIEDMZIC—ALTw5 LT3,
z € (a,b) €95 L E, Cauchy DEITAADS

(34) )= = [ 1C)

2m Jp z —x

b1
I :/ (2—7” F% dz) p(z) dz.
T NER D SZHADIZ 1 KT

IZ%Eﬁ(L:%%@Of@””

dz

DR VLD, WA

v %
(35) myjfﬂﬁd
2) = . T
TEDD L,
1
(36) I= 5 FW(Z)f(z) dz
DD ARVASH
v ¥ p @ Hilbert LI IXN, C\ [a,b] TIEAITH 2 REHIZES). p(z) =1 DHEE
z—a
VU(z) = Log po—

THb, TIT Log IFTEEET,

24



—Ji. (34) % (33) IcfRAT % &

2 o
zzT
(37) 7, (2) :kilzfzk
LB
(38) I = % 0,1
W 21

-1, - % [ 2,(:)1(2) dz
SITd, 1
(39) Bo(2) = W(2) — Up(z) (=€ C\ [a,0])

TERINLEE T, (BEBIARD) REDRFEREE L WTIXNn 2,
REPIZE D &, @, DINS 0o IE, BUEETOIRAEDKREZ I |I — 1| /NS v EWRFT
5, B AR OB LE LY ¢, 25 2 ETHETE 3,

B, WETHIIL 72 59 BBIERS ARTH LT, 0(2) = Y —— 13, v O BBIHOE
PERS>TREIEDIRIND GELWV I L),

il - AR, HEOREREZ Lo X ) ICEEL T, C D [q,b] ZETHEET |9, Z2KR
LT, 5L 7,

5.2 BEEHOBWANDILH

f DG, (36) ZHWT, T SEEOFETRE 3,
FEE. f(x) DEHEBIET (f(z) = %Eii, P(z),Q(x) € Rz], (Va € [a,b] f(z) #0)). TEDOX
BT FDOREED bR 613,

I= —iRes(f@;cj)

J=1

BIRD LD, ST Ter, e, om & f OFFROTRTOESEFET, GEVIZMERT — T8l
95—t [ KH%, )m

5.3 MEOKMBEROL (1) EREEOSAOHMIAR

[a,b] = [—1,1], p(z) = 1 DEFHD 21 HEEGS ¥ 7V VB Sy

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

(f(a) +22f(a+2jh) +4Zf(a+ (27 —1)h) +f(b)> .

25



rp=a+kh (k=0,1,...,2m),
h/3  (k=0,2m)

we=14 2h/3 (k=2j,j=1,2,...,m—1)
Anj3 (k=2j—1,j=1,2,....m)

I SN
2m
Wy,
\If2m+1(z) - Z Z— T
k=0
EEIT S,
z+1

ELT, [Poni1(2)] (-4 <Rez<4, —4<Imz<4) OEEGMZHIHTHS,
(AR 12] ITH BN ERERNZT-DTH S, )

4 4.0 =
v f’““““\slﬂaff"i
J P ) s o NN
S //}/fﬂ\)ﬁﬂxﬁ\\
- NS
2L -8 2.0 \\\\H\‘-—H_.___.——-___.-r-—-"‘"////
x,,‘h‘____________ﬁ_.-"
*”“\X\‘~HH #/#,///,
~4 |- R EEEEEEEEE———————————. -4.0 [~ T =
-4 -2 o - 4 -4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0

5: 2l WG v 7Y v D FEDF 6: #% [13] 25 |®,(2)| for Simpson’s for-
PRI (il o 5 F AT mula (h = 0.1)

a7 7 ME, ik 2?7 2R X,

2 BT, BETIXHE [a,b] 25mE D2 L, [Poyi(2)] DRI T2 2 00 H 5,
Dk BEHNL L OBEEARICHB L THON S Z EF, 7?7 TR Z & o HfET
=

C DT TR 22 35T IS ) 2 E 2SR S,
Bl 5.1 (F% [13] B53IA)

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

1T —

BRI BB A RERE T, 2 2 ME— DRI D, BB

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

n =21 O#EA Simpson N TIX, FEEHRXD 5

|®,(2)] =3 x 107°.
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22?7 ZFHWT
|AL| =

1
®,,(2) Res < 5 2)’ =3 x 107"
FRRIZ 21 4 Simpson AR THET 2 £ I, = —1.0986 15504 --- 7 b, #HAEIF —3x 1070 &2

HATAIZD

B, BB ERIEIEB TR WA IR, JHUR EffRICIE Vs, RETRE LT, BRE
(saddle point method) &MEIN 2 ITIEBMEZ 28560305 (Ff [14] 2R X)), =

b9 1o, BIRXHA LEOBHER ) @ﬁ@aﬁwﬁ@%ﬁww%%ifk<obwﬁﬁfimﬁ
LCwZWwh, H47% Gauss-Legendre AR DEGE % FH/

4

7: (=1,1) 1B % 8 K Gauss-Legendre 22TNDFR7E DRFEBIEL (#aHi o H F X 40)

8 XD Gauss-Legendre AR (E, n = 8 RDELLIHAAD 8 D K 2 BRI, 2n—1 =15
RETOHZHAOWTIEMLE T 2R TE S, 2F ) I5MORKXTH 5, FHEE |Us(2)] =
1016 @H?Hﬁ?b)%?\.\ 21 & Simpson A & D HIEBRICEEDRHEBIBOMEI /NS W (8HTTF, D
D IESDL) 2L h D,

5.4 FRREDWFHEKOA (2) ERXEHOEHEAR

I:/Zf(x)dx

Li="h Y f(nh)

n=—oo

X 2 BIEAN

DG, Ty =nh, w,=h (n€Z) Hh 5,

Up(z) = "

= z—nh
FIFINRBERRZLEDVSIORL v, LALRD X ) I/MEIETIUIR W,
al nz
Uy(z) = A}l_r}rloon:_N Py 7 cot W
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—Ji. U(z) BEITREL?HRD (a,b) DEHHD Log @@é&mﬁ& LT

¥(z) = lim Log

z+R ) —ir (Imz>0)
R—o0 R

i (Imz <0).

(FEEOFEXDIEH b FEAMED 2 ? LB oD TET, Rik?? L RIRZ E R, ) FERRIC
D PITONT

1
I= 51 /. U(2)f(2) dz
DR LD T LR EEHUICEETE 5,
N g/ .
Al =1—-1, = 57 O (2)f(2) dz, Pp(2) ==V (2) — Vp(2).
™ Jr

| (2)| DEFEMZ L ).

A

8: R LORTICHNT 2 BAK I, (h=1/2,1/4) OiRZEDOFRERIB Do

Fo T2 E/NZ W EBRTHNS,

d":l An=-10
s
a5
T
0.0 — 10
-4.0
-4.0 o.0 4.0

9: % [13], R EOBEFIHT 2 EEAR I, (h = 0.1) OEZEDORHERIB DM E: - %57
T, EBZ h=1 DBAEOREEEbNS,
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6 EXRBEEGHRZAWEHSI—DODRERT — CRER
2T, BEIC X 2ERTZHRRS (2 - EH [15], 25 [16]).

WO RO (KEH [17] @ §§1.3) & BED = & 2175 8400 5, Lo L. o iam
VOT, EBIIRME LA LAY, (RS E D F TS, #ETE T, MRS
WELLCHIEE »10b LIk, )

6.1 E#HLOBEDICHITIAEELAR
FERTZ £ R — C IR LT,

I:/_Zf(x)dx

DIERMEZ KD B 70, BIFAIZ V7 & EOBAEZHRT 0,
h>0, NeN&¥3LZ,

Ty:=h > f(nh), Thy:=h > f(nh)

n=-—oo n=—N
EH <,
flEdsb d>0I1TxLT,
D(d):={2€C||Ilmz| <d}
EOIERI 2B IR R S 5 ERET B,
D(d) TIEAIT 0 122 52V w 2 —2HD
1(z)
w(z)]’
H(w,d) .= {f | f: D(d) — C 1E], || ]| < 400}

IfI}:= sup
z€D(d)

k%(o
wlE, T — +oo DEZD f(z) DIWHEDELGVZRTEBTH S,

4 N
#RE 6.1 (FERMAFNORETM) f: D(d) - C IFEAIT, XD 25420 TET 2,

(a) Ve e (0,d) IZxL T,
A(f,c) = /_OO (|f(z +ic)| + | f(z —ic)|) do < +o0.

51
A(f,d—0):= lim A(f, c)

c—d—0

IHRMECTH 5,

(b) Ve € (0,d) 12X LT,
lim / f(x+ )| dy = 0.

r—+0o0

CDLE,AEED h>0 IR LT,

exp (—2md/h)
\(40) I —T,| < 1—exp(—27rd/h)A(f’d_O>' |
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(40) DFAF, h— 40 T2 L &, SURITHET S (010A9C) SEIKERTAILE, 20
WHEOEIE, d BPREVIZERZV,
SEEA c<c (0,d), Ne NZEEL T, 45— (N+1/2)h—ci, (N +1/2)h—ci, (N +1/2) h+ci,
—(N+1/2)h+ci ZIHRET2REGEZEDRMESIC—HT 2% C.xn £T %,
@(z) := cot % = % IZEWT,
Vv

20l & (GkeZ) S =kr & (3keZ) z=kh

kh iZ o D 1HADOMRTH D,
cos (mz/h)
(sin (rz/h))’

h

- .

Res (¢; kh) =

z=kh

HECEHIC KD

N N
/C N (2) cot % dz = 2ri k:Z_N F (kh) Res(g; kh) = Qihk:Z_N F(kh).

> (k) = < Q () ot IZ .

ZDORT, N—>oo £T5 &,

T, = kah /OO(—f(xﬂc)cot@+f<x—@'c)cot@)dm.

k=—o00

—77. Cauchy DT EBH LD

/Oof(x—l—ic) dr =1, /Zf(x—ic) dr =

ThH2H05

1 [ , .

1:5/ (f(z+ic)+ f(x —ic)) dx.
W ZIZ
00 2mi(x+ic) —2mi(z—ic)
., eXp—5— ., e&Xp———
Th—[:/ flx+1c — — f(x —ic dx
. ( ) 1— exp 27m(a;:l+w) ( ) 1— exp 271*1(:1: ic)

exp (—2mc/h)
—exp (—2mc/h
exp (—2mce/h)
1 exp (—2mc/h)
c—d—0 ET5E, (40) 255, =
Ty DIEEIZOWTIE, ROEHER S,
-

Ty, —I| < 1

)/m (If( +ic)] + | f(x —ic)]) da

A(f,c).

W& 6.2 fc H(w,d) 2 6.1 DM (a), (b) Zilizz T 742513,
xp (—27wd/h
(41) 11— Thn| < | £l <1ifx(p(—7r27r/d/>h)A(f’d 0)+h Y w(kh)) .
|k|>N
\_
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SERR =9
|\ —Thn| <L —Tu +|Th — Thn|-
AAEE 1IHIZOWTIE, filiE 6.1 THAIEATH 5, HUE 2HIZOWTIE,
f(kh)
Ty —Tin=h > fkh)=h)_ w(kh)-os

|k|>N |k|>N w< )

THE205
(T = Tinl < RIS Y Jw(kR)].

|k|>N

PEds (41) 252, =

6.2 DERXNDREMIN
(L)
B16.30<A<g Ziilifcd AITHLT,
1

w(z) = cosh(Az)
EECLEE, (AR )
exp (—Ah (N +1
w(kh) <4
k|§v (kh) < 1 —exp (—Ah)
W 21 o
™

LHBEHIC b N BESE.
11— T, x| < C|If]|exp (—\/27rAd\/N> .
5l 6.4

d T cosh
w(z) := — tanh <z sinh z) = 22COS ‘Z
dz 2 cosh (g sinh z)

EBLE,. 2> F+oo DEE

T
w(z) ~ mexp <_§ exp |z| + |x|> .

h, N %z

2rd 0w

T = §exp(Nh)
EESE

[ = Thn| < Cllfllexp (=CN/log N).
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