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Simplified Newton Method for the Application
of Runge-Kutta Methods to Index-3 DAEs
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We considef an application of implicit Runge-Kutta methods to index-3 differential-algebraic equations
(DAEs). Specifically we discuss approximation properties of simplified Newton method applied to
nonlinear equations which arise in the evaluation of the implicit formula at each time-step. We prove the
convergence of the iterative method for such nonlinear equations applying a Kantorovich type theorem.
Moreover, we discuss, based on some numerical experiments, the smallest number of the iterations

: required'to obtain proper approximate solutions to DAEs,
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LB EIED, LDOBOB VR L & %
&5, 2B, EEI0, n/4] (a=0,b=r/4) & L,
EpE SR

u(0)=~0.5, z(0)=1, y(0)=1, 2(0; =0,

w(0)=1 ' (5.5)

TH A7, 2Ok &, (5.4) DHERIX

u(t) = —(sin(2t) +cos*(21))/2,

x(t) =cos(t) +sin(t)cos(2¢), y(t)=cos(2?),
2(t) =sin(t), (5.6)
INFQUR-F A% (-1

DT, BEER > W CHEIZEARS. § 3, %
1.3, 1.b, 1.c it, RHE %K p #°1,2,3 DH A2V T,
SEBN 2B Lo

w(t)=cos(t)

—log o) v(n/d) —v®y|,
—log,g| x(n/4)=x¥, |,
~log | w(r/4) —w®y|

DEERLTVE. (28, yEH 2B#HiIc>2w T
W, s BB E BIIEAEEEERT LI OEIEL

FEOVFRO plk LT b, B, KR, v

EE M OM?), » TE OGRS, w & &4 0k
(h=(x/)IN) L > Tw5d, L L, REEk @A
HChI CEHMEE h B L 3 DERC) kA5 &, p=1
OBEEp=2,3 DHE L TIHEL M LMHENDH B
(= 1 £H8).

T/, p=20HE L p=8 DHE L DILEE, T2
IZRYT.S 2T,

)
Il

AUN= ,_,(2)N_ v(a)N , AxN.:x(mN_x(s)N ,
Awy=w?, —w®,
TH5H, MEOEZ, T, vBEI ORS), x BEHt
O(h4), wEHATOh2) L & o T\ 5(H 2 ).

—log, | win/d)—w'®y|

A
*
B *
.
. °
20 F . °
M ‘o
¢ o O =1
0l e ® p=2
1.0 20 _log,(h)
1 wTHORE
—log,y| Awy |
A
| a
a
50 | ' o
o
40 | o
0 a —log, (k)
1.0 2.0
X 2

DEDHER» LR EHHE I NE: £ 7,1
B2 o— L YEORMY 1ETIT B - T b, A%
(5.3) DREBY L HHIIRIES D 2L, 205
BOBREERIL, ARXEROLDLIERELL AL D
WhEE A H 5. F /0, RIEH 2 8 DAL bR, JE
MR O RG> & 4 U 2582, (5.3) RO KGR
ELHBLT, 4 — SWICIIERTE 3. ‘

RN 2T IE, SROBETH 5.
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Fla uEBOBE

p N 4 8 16 32 64 128 256
1 2.415 | 2,736 | 3.262 | 3.857 | 4.466 | 5.073 | 5.678
2 3.003 | 3.553 | 4.146 | 4.748 | 5.351 | 5.954 | 6.556
3 2.977 | 8563 | 4.157 | 4755 | 5.355 | 5.956 | 6.558
FT1b xETROBE
p N 4 8 16 32 64 128 256
1 3.840 | 4.587 | 5.433 | 6.310 | 7.120 | 8.096 | 8.996
2 5.487 | 6.236 | 7.128 | 8.032 | 8.938 | 9.842 | 10.75
3 5.302 | 6.214 | 7.124 | 8.032 | 8.937 | 9.842 | 10.75
Flc wEHROBE
p N 4 8 16 32 64 128 256
1 1.055 | 1.045 | 1.229 | 1.486 | 1.769 | 2.063 | 2.360
2 1.662 | 1.808 | 2.061 | 2.344 | 2.637 | 2.934 | 3.233
3 1.597 | 1.805 | 2.065 | 2.347 | 2.639 | 2.935 | 3.234
]®2 p=2¢& p=30DLH#K
N 4 8 16 32 64 128 256
-log,olauy| || 4.20 | 5.19 | 5.74 6.54 7.40 8.23 9.17
~log,lax,| || 5.76 | 7.50 | 9.21 | 10.84 | 12.32 | 13.67 | 15.00
~log,,|aw,| I 2.46 | 8.95 | 4.13 4.51 5.03 5.60 6.18
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