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Solving for differential algebra equation by Taylor series method
with floating point numbers as coefficients

HirosHl HIRAYAMAL®  Kowmrya Senit-P)

Abstract: The solution of the initial value problem of ordinary differential equations can be calculated up
to an arbitrary order in the form of Taylor series. If the obtained Taylor series solution is used for numerical
calculation, a numerical solution method of arbitrary order can be obtained. Furthermore, when the ob-
tained Taylor series is transformed into the Pad é expansion formula, A stable numerical calculation method
is given. [4]

There is a lot of research on the initial value problem of differential algebraic equations as a numerical cal-
culation method, but it seems that there is no method applicable to many problems [3]. It is known that
the differential algebraic equation can be transformed into an equation to which the Runge-Kutta method,
which is a numerical solution method for ordinary differential equations, can be applied by differentiating
this equation several times. The number of derivatives required to transform into such an equation is called
an index.

The DASSL method, which is often cited as a numerical method for solving differential-algebraic equations
and is registered in libraries such as IMSL, is a fifth-order calculation method that can be applied only to
problems up to index 1, and it is not possible to solve many differential-algebraic equations directly. Regard-
ing the solution of differential algebra equations using Taylor series, there is a study by Chang and Corliss
cite chang, but unlike the DASSL method, it is a problem that can be solved although there is no index
limitation, probably because it uses a preprocessor. Has various restrictions.

In this paper, we show that by expanding the solution of a differential algebra equation to a Taylor series
with floating point numbers as coefficients, it is possible to give a numerical calculation method of arbitrary
order of a high index equation.
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ZOHEREMEL ERD 7T ODEBELND, RAID 4 {E
WEs ZIEOHAMNCEIRE L TE LN, Z4ucHi 3 XA
DHENZFELTE LNz, ZORRER 1ITRT,

F1 KEFECJRICKZEEER

s v1 v2
1.23913  0.987519 1.80077
7.39822  0.712509  0.855747
31.3793  0.793267  -2.81385
49.0951 3.25325 -2.71235
-38.8619  -3.36941 2.51438
-47.3769 -3.4536 1.1443
-78.7825  -4.25544  -3.84461

5. ¥bHDIC

W (BT R DED Taylor BB % BUERNIZAT 5 1k
ZAH L 7.

WA REOTRERXE HWD TEAD Runge-Kutta K7 ¥
DREFEEETE T 5 720121%, MAaREBOTER % index 1]
WA RER T OWEMS HEROFEEE LRk ok
Wiz, ERRICETE T 2 Dk b EEREIUEETh R
U S0, EBRICEHE IR AIEDR v, Bl
¥ Taylor BFEIIEZICHEXEED TN TES
7o, WMRNLRFEETH 2 2 Bbh b,

BEXH

[1] Chang Y. F. and Corliss G.: ATOMFT: Solving ODEs
and DAE Using Taylor Series, Computers Math. Applic.,



BRNIBZSAICHRE Vol.2021-HPC-182 No.11
2021/12/7
IPSJ SIG Technical Report

Vol.28, pp. 209.233 (1994)

[2) Ellis M. A. and Stroustrup B.: The Annotated C+-+
Reference Manual, Addison- Wesley (1990)

[3] Hairer E., Wanner G.: Solving Ordinary Differential
Equations II, Springer-Verlag (1991)

[4] W, /NE, /£ Taylor fEIEIC & 2 EWMD HEXOMR
%, AARIGREEES, Vol.12, No.1. pp.1.8 (2002)

[5]  RallL. B.: Automatic Differentiation-Technique and
Applications, Lecture Notes in Computer Science,
Vol.120, Springer-Verlag, Berlin-Heidelberg-New York
(1981)

6] A4H, B ETEEY I 2L —yay, anFth (2002)

(71, EmA RS ERE O BUERH R T e 5
2 HIDMAS, HAGS B3 SCGE, Vol.1, pp.135.163
(1991)

(© 2021 Information Processing Society of Japan 7



