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W - 5 (1) BBECR B,
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- LS . o]

g™ (i=1,--,n) BHIZIET 4 RF v FEHRHOTHRD 5,
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1oy, -+, as BQE1IXMIARBIE, fe C([0,1]°) iTRLT

N
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(1) /N == /N(f) = / fN(X) dx.

TIT iy idf OFAZEN. bbb {5}, ZEANL LT
(2) fn(x) € R[x], degfu(x) < N—-1, fn(xj)=Ff(xj)) (G=1,---,N).
i j=1,---,N) &
pi(x) ER[x], degy;(x) <N-1, ¢j(x)=0dx (,k=1,--,N)
il TR T2 & (ZRE—BNCHELET 3).

N
fu(x) = F(x)e(x)
j=1
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N b
(3) In= Z f(x)wj, wj:= / ©j(x) dx.
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FHEIFRIEA RIS & 2 M A ERE 0 2 3K

N =1 DOHEFHRRRR (midpoint rule)

h:Mﬂ:f( )m h:=b—a.
f ZEBERTAEMLTWS, f 251 XREEREZHIE I(f) = h(f).

N =2 DHEEIFBHLAR (trapezoidal rule)

a+b
2

b = b(f) = g(f(a) L F(b)), hi=b—a.
f % LRBICEML TN, £ 251 KBHERA S 1(F) = b(F).

N =3 OHEX Simpson 2T (Simpson’s rule)

I3:13(f):g(f(a)+4f(a—;b) +f(b)), h=222

f % 2 RETEBL TV 3, £ 253 KBRS 512 I(F) = h(f).
N = 4 O5EE Simpson? 2 (Simpson's 3/8 rule — £ 7N b fib7ew)

= () = 2 <f(a)+3f(2a; b) +3f(’”+32b) +f(b)), he—b-2

8
f % 3 RBRCCELL TV 2, f 453 REHERA 512 1(F) = h(f).

3

JEFHEEEREEL 55 10 [H] 2020 £ 7 H 15 H

10/24



B »%#f# Runge DR

N ZRELT2EVWARICHZS ?NO!
Runge DITHR

1
1
| = /1 f(X) dX, f(X) = m

[-1,1] % 20 F55 L7z B AR LS (N =21). fiZEK fH
DrI 7R, KEOHELL TRATY S,

1 1 f EBBITHRODR WV, N ZRELSTHEH o UL KD,

SIS 45 10 [b] 2020 4 7 A 15 H 11/24



Runge DR D XL

KEXLPIFT2Oo0DNULEDD 5,

Q@ XHZ/NXEITHEI L, NXHETIEDMECZIHAZ AN 2,

(KRI2AT 1 OO EREES = L1k
Bb B CHE T,
o RS ZA Vil

HELDZ),

o AMRERZEDBRERZR (LLIE. HABRBIKDE S 5 22H])

o BUER T OEARERD AN

Q@ EXRZEAORZEALL T LMHEZHIZFHT 2,

(BERXZHADRIX, XE DR DI 128
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N—1
(5) TN::h(l )+ fla+jh)+ 5 f(b)) h::b;/a.

j=1

o #& Simpson A ([a, b] & mET LT, [a), bj] T Simpson AHZfES, )

h m—1
(6) 52,,,=3( a)+2jz;f(a+2jh —|—4Jz;f a+(2j—1)h )—i—f(b)),
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Mac DX —IFILTYUTD 40D a<wy FEET

curl -0 http://nalab.mind.meiji.ac.jp/ “mk/complex2/prog20200715.tar.gz
tar xzf prog20200715.tar.gz

cd prog20200715

make

@ curl -0 URL &, 77 ANV%A VX —Fv MEHTAFITL2a<F,

o .tar.gz X, tar TEBOD 77 A4V %2 1DD7 =AW AT - 774 NMIZF L
B, gzip THEMLT7 7 A VOIFRTTH %, 1EILT 2121
tar xzf 77 AV T 5,
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directory) T %,
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1
- / o dx BHEATR, AIFAR, Simpson ARTHET 2 &
0

ex2: numerical integration for exp(x)

16 L L L
10°
10° 10 10° 10° 10° 10°

Figure: HilliiZ N = 2,4, ... 216 = 65536, MElllXAR2E (Miff & DL E )

M, AR, AFARTIE O (&), Simpson ARTIE O (&)).
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1
/:/\h—x%u%¢ﬁﬁﬁéﬁ%ﬁiﬁmwmﬁﬁfﬁﬁﬁét
0

ex3: numerical integration for sqrt(1-x%)

10° 10 107 10° 10* 10°

HHETIED 205, WO TIERVEIE (B x = 1 T ATRETR W) XL
T RN O &IP3 2 (01 23, S 2 OHFET B D
BE LR Z EED,

Fiz. HRA, BIEAR, Simpson AR TEDH RV, SRXD N X DOERE
[ETALAN
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15 O 72 vs 1 & 2272 TRV ERE

x2: numerical integration for exp(x) x: numerical integration for sqri(L)

15 L L
10° 10° 107
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SEERZR AR (1) 18 © 27z JE B EL o JE HHAE 70
2T

= / _ A (: 2”) BT, AIHAR, Simpson AT
0

2 + cos x V3
RIS
ex4: numerical integration for 1/(2+cos(x))

=32 THEAR., ALK, Slmpson NRO|EZ, ThZzh
4.44 x 10716, —1.78 x 10716, 1.70 x 107°.
SRR D double AUZ 10 EIEICHAE LT 16 HiF9DFEE 2 DT,

(bFH) N =32 DABAKTHEITNEMHEEF R %,
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(1 N—1 )
Ty =h a)+Zfa+jh)+ f(b)|, h:=b—a

j=1

Thotp. FEEO RIS OB f(a) = f(b) BRDTODT
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—%. FRARE
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SRR (2)  x o too TOHEOECRKENO R EoORS

/_/ F(x) dx IR LT, h>0, NeN ZEHICE 5 AT

—00

00 N
Ih:="h Y f(nh), lyn:=h > f(nh)

n=—o0 n=—N

LB by Iy SERAR LTINS,
ﬁﬁx%ﬁl:/heﬂ'W@qﬁjmomf

N h .
6 1  -1.833539¢04
12 0.5 -2.220446e-16
24 025 -4.440892e-16

(BBESIZICE>T x € [-6,6] DEPEHEFE L2 LI >T W5,

Xx=46 DL E e =23x10710 T, FTIXHHNEW, )

N =12 (25 EDIEAST) T\ il 21T < AFEZE DT BUE (IEIXLER OFE)

IR DR E —H) R o TW5,
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BF ) Gauss BIEUEFE 7 /N

COMDBIEM D AR EE Z 5 & X, EZ 2 EMD
b
/:/ f(x)w(x) dx

DEDHDIZT DN EETH 5, w lZEABEE I 2IEABEEKT
H5,
1, x, x2, .-« ZNE

b
(o, ) = / ()W (x) d

WZOWTEIAL L CTEZBIRER {Pr(x)}nzo Z1F 50
n RETHI Po(x) DEM {x}1_; ZEARICERAT 2 &, EHEICENE
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MEEY T AL REZDOWTUE, 1ZEALMBAISZNDT, BEZOMMIEAE LT
Z %o

BEBEIICOWTHELWTF A e LTE, E - 2l (1] 288935, (UTIXE
Bame UTEBARD S LA WAY) Haselgrove O iEIE, 2R - BHMK DX [3] T.
ETHFVRTLWBEINTL,

[ R, =H, BEF RO, HIREE (1994).

B $ERoIGH, Bt I —, 19844 11 HE, 12 A= (pp. 90-96).

[ Masaaki Sugihara and Kazuo Murota, A Note on Haselgrove's Method
for Numerical Integration, Mathematics of Computation, Vol. 39,
No. 160, pp. 549-554 (1982).

[4 C. B. Haselgrove, A Method for Numerical Integration, Mathematics
of Computation, Vol. 15, No. 76, pp. 323-337 (1961).
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