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Bessel F#; Subroutine QIFERFEICDOWNT*

k%

MmoE X

program %7 < ¥4 subroutine library program
BREHERL DD, L L subroitine A1ED L
BUWEATE 200 2 T 5. —IT, subrou-
tine DORFEHILFFEL BEM% comment T3 &
7> TwT, FIAEXEREEL TRAT b
A3, comment DEERE, program DFHED check
R v 2 —OFEAEBH TH B, HEKFEAH
BB+ % — 124 subroltine library 23% - T,
BHEDPOEREN TV B, TANED L LWER
TEBMEND Z EizonT, FIREOHKNT, ERAT
EHWENTbRBEGIEIDE b Enic. &
v v &~ AFTREN S, BEH X hi: program
HREALEFDEETZFTARTFIAET copy b
LTW5, ZRhTIRBDE BRI OC, B, FE,
Fefl, AB%, 2BCIZE T FENEbOLAVY, &
BRIDEZDOWTHEANTHRIS EWd Z kicie o,
T, T test DXFIT/e 5 Fo DI, Bessel B

I o P
A 2y A

Bessel BEEUCIY, FHEED A -5 -5 WA ZH
7o AJBES LEKB=MEH BF] 0 _2aid - T,
T Chbo BEREN BRI, BT Nl
(x=0 (0.1)17.5) < BAMZEE LT print L, NBS
D tablec % ADLET 5 &\ 5 Z LR Ty,
OFEEDEVHER LY 5~ 5 LhbRDT, T
NEEELT s Lo, 2RI, fok SR
Do Th vk, IERE7: Bessel function 5+
HT%5 program ¥ HE L, Zh& test 3 hy
subroutine |Z X 2% H#+% program %< -
7o, EREed ORBERFE CHRMBRMORS SR
5. D/ multiple precision DOINER, FH
%€, FRIZED subroroutine ¥A®E L, zhxfHwT
* On Vf;;ecision Check of Subroutines of Bessel
Function, by Eiiti Wada (Faculty of Engineering,
University of Tokyo) and Atsuko Yamamoto)
(Computer C3ntre, University of Tokyo)
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Jo(@) (x=0 (0.1) 20.0) XFHE LA =5 (BER
438 (128 » b)), /MR AGETHELL. T
W—=F S & EEORETY FHEWETH ),

it NBS o table &/NALATF 10 £ 1547 ¢
EfEC —F L. Zhi T3 LT AJBES & Hik
L, FOMEEAYFIC plot LTHx%E, Fig. 1 ©
X 5i2i A, out put NTH T CICHANZORER
EE, BHEP, kA, BERKEOSGTbHLTE
BT LHER, BRNEKAY, o error curve ([Zi3EHAHS
HD, Thtbxr 3 E1LERE L. 2% D error
OHEFHENKE o> T B E T AL, 1.9,2.9,3.9,
4.9 b, Zhitforuh WL Th
b, T TCLEDET, AJBES o source program
ARBE, Thitnk x LM EbABEHE
NM 56 Jyu(x)=0 & LTEHLR T Jo DF~

P E-TLB., ZOHFES NM 02D bbb\ &
WAz kit ot ZOHFEL NM (3 AJBES it
Jo By table 1 &k Y. LA,
J+(2) =0.0001749441
Jo(3) =0.0000843950
J11(4) =0.00003660009
J15(5) =0.0000152096
z 1<z<? | 2<2<3 | 3<a<4
NM 7 s | n
2x[]x]1+5
Table 1.

CRTIXeHBESHIOBELE L., FOgEn
BERD wichid, KEKH error curve & 7chih, HE
AEd ) 2bLeR bl vbhlicDT,
FHX-% < program ¥BELT NM=2x[|z|]
+7 »5 back T3 k5 Lich EWEEIT K&
5.1077 LA Tl » 7.

OHRBEE NM OEHHTIXAADDH X5 T,



286 ) #

813"
74168

6+10° *
5+10°

4410°
340°
2:18°
14109

-1408
~246°
-346°
-4408

m By Sept. 1963

Fig. 1 Error Curve of AJBES
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Fig. 2 Starting points NM in evaluating
Ja(x) by recurrence formula
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Fig. 3 Available ranges of power series
expansion and asymptotic expansion
(|absolute error|<5.10"7)

EHBLTATARD L, Fig. 2 DX 5igTc.
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248 ] HHich, TRICRARKORRND - T, DEIEKED BF] @ fo(x) iwonT, Rk
CHTHRE NM o2 OMERFRLI-b)T e B s TahIzb Z T error © maximum 2% x
BEH, A0, HEHBENI107TUFC 55 =7.4,7.6 pichdbbh T, ThXEEOE

oS A NM #3E L, BIERiD AJBES &) 4 CEEiz/e b source program (FAHIRA&D 7 1
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T3 = Trr 7 ABIEHTHD) ¥RDE)
DOFEL r=8 THRERNE AR hIrNS.
7TIXHERBERD R Y DJC, single precision®d
LD BN BXLOKRAS Lo kithkh,

=8 ¢ maximum {755 k=4 DI Lz/2)** DKk

(k1)?
EXAHFEOLENRE IR,
xz 2:4
(7) 65536 _ 2! 2. ..,
412 242 432 9

T, L& 2HIT T2 noise XEALTL 3. *
=€ term D BEHT5HE AT % double preci-
sion 2T 5LEMND D, %D double iz LTH {HE
BRI bEDESKVELV I ERKOREIZL &3
\»T double precision iz LT BFJ % test L/, F

-
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A L 3 D HERTEREIIKRME 107° LATF s o fe.

Jo(x) e W TR T R TRIBMR Lich, —RRiTK
Fnok 2oMEEENREEERH L OHEADE DT
MG TH A, BF] Tk z % n4+8 X hH/hInL &
O MEREURR, SLuvhREWEXTEERME
52 LTV EE, nhiKELARDEEZ LR
BTHD. £ CHEHBYE - TNRERS & #nT b
CHEMEREDS 5.1077 PATFicic @B E A TR
B3 Fig. 3 ©3 2 (NEEEMO term OFEDH
4% double precision, filix single precision T
HE), ChhbBLRX5iIcadi10 X/
%2 BFJ off%P LBEETHIE IV, adxith
IDARELALEABMRBEALERTET, L
Ferio T D HRENIVET AL X, xgg
+20) ¢L# BFJ ATz
ez b o .

program BfifD Erbid,
AJBES 3 NM opRE#HUst
L RIES D B EBREAER
L. Fhitx D range X
- Fig. 4(a) wL»T X5
iz program I35,
DX T HH 2-107° <z

<10M3Z DI EIE A —F % <

evaluation of J by
recurrence formula
startind from NM

(b)) After
modification

2% X 5 7\ program 72K
WL X SHAEER, 3]
XELNELLEVHIBERCKE-
THIEHER L T4 5 L Fig. 4
®) DX 57 bDNTEL.
AJBES B DX j3WEFETS
z Eizin ot

LB o E CiofTico ofF
EOMETHHD, ThITHL

TEEEE(E Vv E —R)DHR
DY 57 comment 3D o7,

i) multiple precision @

NM=Mazc(n,fa)+1

subroutine T MFEFEIC X
v J RHETHHE, &RO

evaluation of T by
recurvence formula
starting from NM

term (L1 X b KB E
N BHhE, term DOFEITIX

Fig. 4 Branch tree in AJBES

+51Xbh EETHEE>TE
LB B sum (JNEE
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UTFrRLTHT XV, EED program [TIEE
TR E TR LT

i) =R xrKEWEHTIREMERDOHEI
BIEAEHERESS, Jo i TeE3—BDOnHD sub-
routine T {HHOLDOEXAZTHDOIMN I .

7+ 33, multiple precision dsubroutine (KD
multiple precision DEIRE D program #{EH LT
FIEMEB LY, BP0 BERIIMAN T
1oy, MEROBE E L DD program {EHL, sub-
routine DEIEITILALEY L.
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Abramowitz, M. and Stegun, L.A. ed.:
Handbook of Mathematical Functions with
Formulas, Graphs, and Mathematical Ta-
bles. U.S. Department of Commerce,
National Bureau of Standards, Applied
Mathematics Series. 55,1964. June
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