ooooboooao
6130 19870 144-153

144
BEMaE2F AL 2 Ronberg BAOFERIcH> T
FERZFTES FHXHE (Hideo Toda)
W BEEER NEFLZE (Harumi Ono)
HINAKETEEW MAWIIEX (Masao Iri)
1, FANBE

REHEOSBC, BMRE2AVTELIAGZFEEIS L. LbL,
WRBEXRDIcE, D2FEBEBEA AL S Z0HBEHRLHcE
ARG I LRV e s, R, BRBROEAIHBIEHES N,
R TAVs s cRBMABs AT L, BHEES AR
onwTHB L, GREAIMBAHECI > TEBELARBE SN 58,
WMARK2ES 2D, I iTFbLAT, BEKZESTCRALRZL O
Grerory OARDH 5 .

Ldl, FE, Rall? S l-oTRBEIATVEEADWMSESR
Aohd, BEHELANRCBRBB L EroFHcELNE 5,
SOMABOH B2 EB T AHBETE 2. BEEAIARCHRS
BB 2B D ANLFEITIS - L HEEBNCELDATIVEEDNS.,

22T, BBRBEBVTHSR2PMELBEND SHIFET 5
Romberg O 2 & b »if, ZOWRELFP oW TEH2RALB.



145

2., @NEe s AR

FHRER [a, b] WsiT2EHS

521 (&) dx

OBEES T, BEHSICHMA BT 2 8REL2 D AnEER
¥ -3 { Romberg MO DMRELEFERTS. ¢, | WHARH [ a,
b] BV TAESHEHBAETMARMEL T5.

=¥ il |

v, 01
'r0=h{—ﬂ@+213@ﬁ¢+3umn11=——T,N=2”

{3 Euler-Maclaurin AR 2H 5 &

2

B
-4 ) —f7@)}+h?- il @ ) —1 @ (@)} e
LEI B, ¢ B,; & Bernoulli £, B,=1/6, B,=—1/30, -~

THdH. —FH 2k—1 ROWBEFL2BUHI T ANLEEAR

Baj (s i
DS=T, =2 by Gttt &7 ) —1 47 @)

REABE, B AR

B
DS~ 1=h5"*. (212{:;)2! {f D ) —p @D Gy

tELleedBcED.

Richardson #Mi#t 2T %7 28 0HETc2HEL AR
A5, AEMcovwTE, vwh® B Romberg O THDH, T, o
Toor 5 Too 2AVT T Feisbdnid v, ¢

4°T . —T

Tj.d— vJ Z 1 1 — , (i=1,2, -, n; d=1, 2, -, j)

THBH. 2k—1 ROWREZ2ELEHITL h ANKAEBARZS LT
g, BEFROKE ORI, D D% o, Do 2AVWT T, &




146

BUMER 23 0H0E 23 TOMMcE ik D 28R T5.
ZZT m=zZn—k,

£p* p®

DWam —hemt mhent (o 9w d=kel, k+2, -, min(n, §))
£—1
THB.
MARDOEHAOHEEE Z2h ZFh
T.. n(n+l) /2 B, Do - (n—k)(n—k+1) /2 H
ThHE.

I, BEORES 2R ZNZFNIROLS>RRs., HBEROLD
F P01 V@ 2 79 rmETEE, BEOBIHLIE2HEITZN
i

Pitial

n{n+l) /2., 2n+2 B2n+2

— n {(2n+1)
Tn'n I=(1) 4 hn ——(2n+2)!F
- (n+1)
) ny (n+D) (n+2) /2 1—4 B 20t 2n+4 F (2n+3)+.“
' 3 n (2n+4)! ’
K
D (k) 1= (-] n4n(n+1) 72 3 . 15 4 —1 2otz Bonie F (2n+1)
mon T (— ) n+1 2 n+l ™ n+1 % m
4—4 4 —4 4 —4 (2nt+2) !
K ~ (n+1)
B 215 LR 4-_12‘1“4 |
4__-4n+ 4 _4n+ 4K_____4n+ 3
Xh2n+4 an+4 F {(2n+3) 4o

m o (2n+4)!

THH.

3. REDKE
HBAROEEFEORAUBF2HBOLDIL K, L BETH. 74
Hb



147

2n+2 B2n+2 (2n+1)

Konra= (b—a) oy F
LEL .
Tral Do) OREOEEHOAS SR ZNZN
E,=4"""V"2 K, ., =c K,
K
B =4 (n+1) /2 (n=m) (ak) 4n+31—4 . 41+51~42- e ﬁszmz
ECD K2n+2

THB. LD ¢k ey W TBL, m=n D2 &, ZOKRE

3 15 £—1 _ -
:—4n+1_4 : 4n+1_4é et 4n+1_4}< = 1’ (n= )§

THhH, m=n—k O& EiCX, zoOkX
3 15 4~1

¢, 1—4" 1—4 Doy kD
T

TlbhbARsEW, k=102 & n ¥ 2 DETcdhhid c, & ¢,
DHIF[FEBECAER L.,

I, BZE0FE 2HOE 1HCETAEOKREXT, 2 ZFh
1 K

4
o (1__ 1) 2n+4 ,
3 4‘ I{2r|+2
4 w1 1 K 4 L kem 1
Ap="" 4" o7 — ) Bt — (1 n+1 K)
3 4 4 K,iz 3 4
THbH, kzl, mzn—k » 5
n—k—m 1 P 1
4 =1, 1 4n+1—K 1 4n+1
BOT, Wi A,<A, BEHIL-., TRhhL, TR IHRE
ORFHIWE T, b DI wHLTrh rTvigRegacns,



148

suorrexsdo I8Ya0--+J ‘UOTSTATP @ ‘U0T3ROTTATITnUW-|

‘U0T408I1qNS /UOTLTPPE ¥

: , e (pavo Gy | ;e (an)e 2y P me |
Yo+ S+Q+ LI Yer W+ LHYi+al+ L1 L) _ ?x é%w ny _ N?LN :nL P np
. + RONNEY A A 3 sl 0 4 N (3P ¥ _3Y Ir.n
prelgsaisLliyishesale Ll T+ LI 1) S RF - are-5y) | T OFa owR) | P o
P (V= 3PP 1Y 3% 1P [ oS ¥ p [TV~ e
VE+WE+LT| Vi+ W+ Lz| Wi +1z| 1) m.wisngﬂm?wsﬁﬂmw: o { e +~?®3; E1 B A g
| e3Y o 1P AY . Y Y 2P ¥ Y Eid
Ve+W9+ LI| VI+We+Ll| WI+ L)L} WP m+ :%éx? WP P 5%51,3“ P p o
Lo faw P 3P Poap._ P\ O(AY 3 3p., AP\ L3P . 3P\
VL +WH+ T Yo+ W9+ TV I+Ne+Q) T q:@..%élﬂﬂ%m«wﬂ.sxm 07 ;ﬂﬂﬂé ap mp ¢ 7/ An%a ﬁwv n
+ APy 2P AP, TP 2P oy q P |2FP v, P 3P w | 3p
WL+ Wi Vi+ W9 bl + e | W G rp St ap sty TP o AT ap MHlpp| A
3P 2P ¥ — P p 3P
V7 ve vz o |vl oy F np ar Ty 29 Fwp |LF0
ct¥P ¢ ¥P S| 2¥P ¢ IP ¢ xy <«
mmmﬁx wp éuﬂ wy | T Y4 ¥ 2P m
P P é
sqiunoo uotyeIado ¢
suoTtrexado oTSBq JIOJ SSATABRATISC | 9T149BIL




1489

4, BEHOEC I 2BRBA0OFHELFH

WA BT AWMERR [C OEHESEC LA HEOBWKIRD &
5ub0OTHBH Y

1) x 56 § 2FHEIT2EBE22HEE w: =uOv 53010
HMIFHEE w: =Qu 0¥ LTHEDLT. x, I BITF w O35
e, x WHETAMEREANBEH DY (x), DY (1), DY (w),
(k=1, ") 2HET 5.

2) WHREBoHEoOLDMHHREELLT

DY (x): = {1, (k=1)
0, (k=2)

L.
x 6 | RFHEITAER2IEICWUY 26, EREHEL2IT-T
WL LA MARROHERITS . |
FlZEHTE w: =uxv OBSRCIXROL > CHE T3,
1R OB DV (w) i=vaD ¥ (0)+uxD ¥ (v)
2B DR D@ (w)i=vaD @ () + 22D Y (u)xD Y (v)
+uxD @ (v)
SEEOWMEI DO (w)=v+D® (u)+3+D® (u)*D Y (v)

(1)

+3xDY (W*D® (v)+uxD® (v)

.........

EAFEH N T2EEH2HE L FHM % Tablel WRT.

5. XNXOFH OLE & B EF
BHMAEC L sMRE2AVAAR D, OHEOFHIT RO L
S REb B ENTES,



150

BEGtEea I 2 ZXEBEORYE L2 L), 1EO0BIHEOFH
2 M 2y ae

2k—1 ROWAREE Tt
?amm%%%ﬁﬁm%@ < 2 (k1) Q=DM - L (D)

LREL 615
Fr, ROISBREZES

{?ﬁ‘%ﬁiﬁeﬁ'““'“'"'-“'ﬁﬁ‘ﬁ ) ('T S
HATEE e R T HRE non
T5L, 2k—1 ROWBHBKITRDA2DETARSOFHI
k=1 o¢& 4M: -LI(), k=2 MO&tx 18M - L ()

L%, COREDH L TOREORE S LFHOLEE % Table 2
1 N

Table 2 ® D.° OWTCTHOHZE 0O T, , IHFHOLE
WEDOTHBY, BEROBMECIEBRHTEIHIE I IRV,
ZOHRE, MARAAHEBOHBECIBEBIRIY S FESI» 255 6
RIZBY 2BRBFEOFHOLSD 2 AT - 2oL 55, %
e, BEORSIIEUMRBoL ca2TcHiA 2z ¥ BTD
BB 5820 CH-T, BAOFELHSI DV, TTHEI LN
» & Romberg AN S AW k3 BWAR W, 2 coBRED
Toehzxdzs,

WMMEH e LT

5o e dx
ORCVEAWCH T 2RER Fig., 1IkA7T.

cofipes DO, BHAES2HEOL BT T, , L IEITAE
EBERINTVWECLBbd 5

Nl



151

e | =
1 Y ? 1
X .w.,mmlilmﬂ Rarpri-iiinal .2 7759 mm:ml\ N AETYEY N%hm 4 32 %m.\ R (COFS Aa%m_mw.«;
YAl Ww%n@. RS lm.m;mmn 5T | 7+ EE WMM 5T |29 3‘3, 2| 57 ﬁh .z ax ) hmw:«:s
TIE| B |z ) | ST 28 e | 255 e |20 2 @ -0 o
gy | ETE | 7w e e Lz (wedr | 28 2l wr | 25 2 (@)~ Qﬁwbh.m\%?i
wee | A | ET F B wE | Ay | T eE] ¢ | e (@ QP o)
&+ Z %9 ol |8 *+€ | R ETEY u%l A RAS) ;oﬂmn LT ww.w N,N xﬁ QAWV wmw@ 7)
#4027 | 4 |7 | HrE .,\N z| e W 2| (@t~ ) wm,\.&
T | b |,z (b 6%«;3
e mwl 4| pe m.wx ﬁﬁsmw..%ﬁsmun%ashu# Ty
(=14 (=2 -1+ (=005 | (2108 |(-nf |xeigions
fowrw - it Slafulaf i i “e
- < &

,M.wemm pue ““| JO $9800 pUB SWIS] IOIIT T OTABT
%



LOG2 (N) :
.00 8. 00 10. 00 12.00 14. 00

1 1 1 1 1 ! | { }

00

0.

-6. 00 -4.00 -2.00

-8.00

a>

£l

LOG16 (RELATIVE ERROR)

-10. 00

~12.00

Pl

-14.00

I
Fig. 1 Relative error in evaluation of Se“xdx
[~}

(in double precision on FACOM M340S)



153

s 2 A
6 . i

(K}

D,, BHEUVAAsMWcHLT T, , XVREBDI WL L, RED
Romberg W TWMKHEB RN L 5. - THAME 2 45
DECHBTHMEINED, AUAAWDE CBHET VL -TERLIKY
HI4ThHa5. COBE, iterr»aFHILRLL THELL, MA
TOMRMHATOFHIBME T oL, —Bic R E T R
RITEB0»sH, HE2RCHED 5 RABEFHOE S Table 2
Thwad-edbnuv,

H->THEATOIEOBREL2HAVEEEARIFHOE» 6 HER
INBHRNHXEAB.,

% E XM
1) Iri, M. : Simultaneous Computation of Functions, Partial
Derivatives and Estimates of Rounding Errors — Complexity and
Practicality — , Jpn, J, Appl., Math, , Vol, 1, N6, 2, pp. 223
-252(1984) .
2) Rall, L, B, : Automatic Differentiation— Techniques and
Applications, Lecture Notes in Computer Scieﬁce, Vol, 120,
Springer—Verlag, Berlin-Heidelberg-New York (1981),

3) Ralston, A, and Rabinowitz, P, : A First Course in
Numerical Analysis (Second Edition), McGraw-Hill, New York
(1987) (FHZEHE, /NEFFHE G BFHHEEO LD ORAGHT OH
MEA<k>, 7v 4 v XEHE, HE (1986)).

_10_



