BS1E A2 IlRAEAA (ASRBRFARR) Vol. 51 No.2
2012 4E 3 A ACTA SCIENTIARUM NATURALIUM UNIVERSITATIS SUNYATSENI Mar. 2012

— SRR 2 A RN | BF5E 5

KR, T, G, i
(PLRXFRLEAFERRFR, & S M 510006)

W OE. RIEEUEM S, FE R bR R BE S R X ] L A B BRI R 25 40 S Rk B
b A AE A — B FHGERME . (FXT TR R0 BAR S, 225 0 225028 20T B DR A0 B0 dle 45 A2 1T G ok 18
Mo 74, HERRE—B FEE BAR S AL AT BB & A I AE 1k, Wil (J5) M2 R R T s B s,
Al RETCTEE N IR AR AL, T SAUE IR 22 B K. LR b, AP EEE A R B BAR, A0S 220 A NI R
“HIRS” —RURIE —Br S8, Nk, — S arEE 220 A R B ST . P EPLBE SR R . — S ATk
{H 2250 3] TR E A s — 9 S B A 5 TSR B

KEEW : KM EARREG — R — AT B2 A R E

HESES. 0241.3 XWERE: A XEHS. 0529 -6579 (2012) 02 —0001 - 05

Proposing, Investigation and Practice on One-Node-Ahead
Numerical Differentiation Formulas

ZHANG Yunong ,CHEN Yuxi,CHEN Jinhao ,YIN Yonghua
(School of Information Science and Technology, Sun Yat-sen University, Guangzhou 510006, China)

Abstract; Based on the numerical differential theory, it is available to calculate the approximate first de-
rivative of the target-node by using numerical differentiation formulas when the discrete sampling points of
the unknown target function on specified interval are given. But for the target-nodes close to the bounda-
ry, it may be unable to use the center differentiation formulas involving multiple nodes because of the lack
of sampling points on one side of the target-node. Besides, an accelerating change of the first derivative
of the target-node may occur in some target functions. However, the use of forward/backward differentia-
tion formulas simply takes the nodes on one side of the target-node into consideration, which probably
makes the formulas difficult to adapt to such a change, and thus leads to less accuracy in estimating the
first derivative of the target-node. Actually, for the target-nodes close to the right boundary, it is availa-
ble to move the backward differentiation formulas one node ahead to calculate the first derivatives. There-
fore, one-node-ahead numerical differentiation formulas are proposed and investigated. Experimental re-
sults verify and show that the first derivatives of the target-nodes with high computational precision can be
obtained by using the one-node-ahead numerical differentiation formulas.
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Table 1 ~ Equidistant one-node-ahead numerical differentiation formulas with 2 to 8 data points
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Table 2 Optimal step sizes for one-node-ahead numerical differentiation formulas with 4 to 8 data points
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Table 3 Solution errors of first derivatives of target functions f; (x)= sin(x) and f, (x) = arctan(x)

KA (x) =sin (x) —Br PRI RE

Kf(x) = arctan (x) —Br FHEOHRRE

g . T : : o :

Ja 253 — AT 22 A Ja 253 — AR 22 5 A
g 1.934 629 641 x 10’ 1. 065 370 237 x 10’ 1. 601 753 001 x 10’ 9.350 864 283 x 10 ~°
T 1. 065 370 015 x 10’ 3.153 701 011 x10~* 6.017 535 115 x10°* 3.517 530 467 x 10 °
75 4,187 038 870 x 10 ~* 1.412 963 962 x 10 ® 5.982 480 089 x 10 ~* 4.017 532 584 x 10 ~°
+ 1. 120 368 634 x10~® 1. 046 297 383 x 10 ® 7.728 246 693 x 10’ 1.271 753 198 x10 "’
N 5.593 915 098 x 10 * 7.367 727 189 x10~° 7.574 678 285 x 10 * 1.396 108 451 x10~°

OrMTER 3 TLUR B, M — KU ATEUEZE
AT F AR R RO TR R 22 B/ N T s 1) 22
Oy R B AR R B RO TS R 2E . XU T,
— SRR 2 AR SR TR M 220
3, mH, 2 EBReRE— B S BUE H AR AR
ARAEIY , — nB AR EL 25 8 S REAR I i I 1728
b, MHRRRIR —Br S BE A S R AR L

3 45

— B B Sl 7E R 2 0 58 A 2 E A T
AR B o Tk, AIRZE A T1%
BRI 220 3 R 22 A LR [ 22002
3, ENHETTE BAR R AE RS 2 X T A A B
P st B — [ S S A B L e B ) 7 P R At
SR TAE 1T X[ A AR 2 FAm s, PR MY
TR S BORA AP, B Z
Z R 22 AT RETCIEE T . T H H bR ek &

— B SR A bR AL AT RE I AL fl, X T IR
BRI AET OF) m2En A3 0k, BT 6
TCIEVAY IZZE A R B ERZEREME o T — AR AL
{ELZE 0 A FUE R FE X IR T3 VA BBl G A5 R A4
WA BRI AR, B BA XA KM T A1
PEAINS H Bs R R S RO AR A & B, 52
PRACR SEEREIL TR 10 2200 A 50, PRI oy —Fif o
NIRRT SRt — A
BRI — U AR 22 23 2 3T US4 /9
— B R

PR JUZ 7SR A A (A B — s i
EH2E A

HSCE A T =2 /AR 5 00 A A R — s
RPBUEZE 3 A, % R )7 (AT 5T RS I
XA TRAB TR, A BATHS L=+
NSRS KU S TR IR — AUB AT RUEL 22 0 A 5K, Wnsk
4 R



52 1 TRETR A — AU RTEE 22 0 AR . IFSE S Sk 5
F4 LB AR S AF R — SR RTEE 22 50 A5
Table 4 Equidistant one-node-ahead numerical differentiation formulas with 9 to 16 data points
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S (xg) =~ (280f (xy) +4 329 (x5) — 10 080f (x,) + 11 760f (x¢) — 11 760f (x5) + 8 820f (x,) — 4 7041 (xy) +
+ 1 680f (x,) — 3601 (x,) + 35/ (x,))/(2 520h)
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S (%) = (24 024f (x,5) + 811 373 (x,,) — 2522 520f (x,;) + 5465 460f (x,) — 10 930 920 (x,,) + 18 036 018
+75 S (x0) — 24 048 024f (x,) + 25 765 740f (x5) — 22 084 920f (x,) + 15030 015/ (x,) — 8 016 008f (x5) + 3 279 276
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