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ABSTRACT

In this research we studied the numerical stability for Implicit-
Explicit Additive Runge-Kutta (IMEX-ARK) methods which have the
Ala ]-stability .This stability is equivaent A-stability of (B(a )-
ARK) methods where B(a )=a B;+(1-a )B, of second and third order for
different intervals of valuesa .This methods are suitable for solving stiff
non-linear differential equations which has the form :

yo=1(y)+9(y) ,1>0

which contains «iff and non-stiff terms. We have used Matlab as
programming tool .
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&3 (IMEX-ARK)-( 2,2,2) b aaituls (1.8) dlluadl Ja @it (1.9) Jssa
(1.6.8) 4y allly 45 wall Ala |- i)

ClS Bmhia | il Lalsh | Aad o adias 4 Sl o oSl Jetadl (e Bady
SN A L A B duai o) ) Jadl A i)

Yy



G L8 i g9 (5 i gy AU

Ay ) Ui o | Lyl ) U] 8 | Al A Jia o
€ o (IMEX-ARK)- (IMEX-ARK)- | (IMEX-ARK)-
Jalws | -stable Alee](3,3.3)- | -stable A Ea'] (3,3,3)- | -stable Aler](3.3.3)-
. h hi2

dglall

EUpg EVai EUsd EVad | CUmd | CVait
00000 | 5.96e™ | 2.10e™ | 2.20e™ | 1.28¢™ | 1.43755 | 0.71812
0,39811 | 6.98¢™ | 2.41e™ | 4.05¢™ | 1.68¢™ | 1.28634 | 0.70181
0.12589 | 7.56¢™ | 1.23¢™ | 3.00¢™ | L11e™ | 147698 | 1.00965
0.03981 | 9.12¢™ | 4.22¢™ | s5.06e™ | 1.10e™ | 1.80228 | 1.94442

0.01585 | 115" | 5.76e™ | 6.27¢™ | 2.46¢™ | 1.10448 | 1.15208
0.00631 | 1.26e™ | 6.28¢™ | 6.61e™ | 3.08¢™ | 0.97539 | 1.02933

0.00251 | 1.26¢™ | 6.41e™ | 6.68¢™ | 3.25¢™ | 092225 | 0.97894
0.00100 | 1.26e™ | 6.44e™ | 6.70e™ | 3.30¢™ | 091116 | 0.96771
0.00040 | 1.26e™ | 6.45¢™ | 6.70e™ | 3.30¢™ | 090910 | 0.96551
0.00016 | 1.26e"™ | 6.45¢™ | 6.70e™ | 3.30e™ | 0.90872 | 0.96508
0.00006 | 1.26¢" | 6.45¢™ | 6.70¢™ | 3.31¢™ | 0.90863 | 0.96503
0.00001 | 1.26e™ | 6.45¢™ | 6.70e™ | 3.31e™ | 0.90862 | 0.96502

<3 (IMEX-ARK)-(3,3,3) 4ab aadiuly (1.8) dlwad Ja miid (1.10) Jsaa
(1.7.14) 45y lally 45 pall Afa]- 4 sy

JO Ul sl Agiaidall g day puall 45y el Jal yall dae ) LalS 03] Jgaadl (e Jaadly

O S Jadl A ) s b | ocals Liss | Lad le aatas 4 ) i) La g
A ANaY ) A b s

Y¢



(IMEX-ARK) duiecal-day pall Lmpandll oS- il (3l bt Lyssnl] & J i) dusd o

[—- E‘

18
BT R = By 1 73 ¢ =5 § 35 4 45 &
2 o |
] =H|
W 15
] I_ b
(=7 05\
. T ——
u —— 1 ——
- I B Giogi 5 ) |
r nn 1 L 3 i 1 an i in " a (il i 15 2 ] = 105 I i G
t

I S W T W W R W
o T TR S Wil - TN PT| (T L B S - T VN 1 G S I

® (IMEX-ARK)-(2,2,2) 4y alasialy (1.8) Aluall gasdl Jadl (1.11) Jsi
A ) W) Gl gl Aad dgall B (IMEX-ARK)- (3,3,3) 48kl g s mull dgad)
1=10110210"% latie (1.7.14)«(1.6.8) ¢y jhall; 46 el Ala]

Yo



Cpd L8 g g (5 i g AU

G Jsa gl S5 |l Liks 2l Bilaall Jal @l 1Dl Sel aga ) e
A dall oSy aﬁyﬁ)pzﬁqﬁjtﬂ‘u@‘g.\\ 1 .’3]"\‘5\3)333\@\
Loy Adal) ol uanlly

claliingy (1.12)

A s e Agteall- day peal) Dpepeadll B Sl ) GBIk s Gl 4l L aal
idad) e Al Alalil eVl e Wla Jal Ala]- sy @ e,
o b IR el ALl e Jin >0 G y¢:f(y)+%g(y) Aol

Gkl ) el dal el e 2o S e ol dag pall @kl 4 ) jELY) Jlaal
s Ada saa e ogind ) Ale) edlelal Jilie Jal dulie o Ciiall 13 0
A ) s ) e (IMEX-ARK) G99kl daoaall 25 ) iau) 4 e ey, dba
o8 Aaali 30l edn of g 85 bl Adal) e sy Aa]- 1)) @l
- (3,33) Giob A o s S L bam &l e L dpanl S50Y Al )
Gk e3a of cas 5 Alal ekl Ut Ala]- @5 @l s (IMEX-ARK)
Jshy dad) 8 el Ayl Jasd (K ) — dies ad 2ied, dulial) Zalall) 3 daals
O (e Caeadind Lo 1Y 4 lEie gl Akl s daad Law saclie &85 ¢ (e D 35ha
<3 (IMEX-ARK) 4,k Jumdl st (S adde 5K dabeall (5 a0 2l s gl Jsh
58 A Jead O K ded Lgal ol BN, 480 Gas ) Ge 5 Ala]-3 e

Aaalie

AR



(IMEX-ARK) duiecal-day pall Lmpandll oS- il (3l bt Lyssnl] & J i) dusd o

[1]

[2]

(3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

laad

Araujo, A.L., A noteon B-stability of splitting methods ,AMS,
http://www.mat.uc.pt/~alma/papers/B-stability N.pdf (2002).,(2002).

Araujo , AL. , Mu Rua , A .and Sanzserna, JM Symplectic
methods based on decomposions ,SIAM, Journa .Numer . Anal.,
Vol.34 , No.5,(1997), p(1926-1947) .

Cooper, G.J. and Sayfy, A., Additive Runge kutta methods for
stiff ODE's, Maths.Com. Vol.40, No.161,(1983), p(207-218).

Eberhardt , B. and EtzmuB, O., Implicit - Explicit Schemesfor fast
Animation with Particle systems,
http://www.gris.uni-tuebingen.de/publics/paper/Eberhardt-2000-
Implicit Explicit.pdf, (2000).

Kenndy, C.A. and Carpenter ,M.H. , Additive Runge — Kutta
Schemes for convection —diffusion-reaction equation , App.
Num. math ., (2003) .

Pantanio,C.,A non-stiff Additive semi — implicit Runge —Kutta
schemes for finite Rate reacting flows, http://www.hyke.org
/preprint/2004/ 01/014.pdf , (2003) .

Pareschi,L. Russo ,G., High order time discretization methods
for hyperbolic sysems with relaxation,
http://www?2.unife.it/~prl , (2003) .

Pareschi,L.,Russo,G.,Implicit-Explicit Runge-Kutta schemes for
stiff systems of differential equation,Recent Trends in Num.Anal.,
(2000), p(269-289) .

Pareschi,L.and Russo,G., Implicit-Explicit Runge —-Kutta and
applications to hyperbolic sysems with relaxation,
http://www.utenti.unife.it/lorenzo.pareschi/papersimexrk-brown.zip,
(2003).

Hairer,E.and Wanner,G.,Stiff differential equations solved by
Radau methods, Journal of Computational applied Mathematics
(1112),(1999), p(93-111).

Yy


http://www.mat.uc.pt/
http://www.gris.uni-tuebingen.de/publics/paper/Eberhardt-2000
http://www.hyke.org
http://www2.unife.it/~prl
http://www.utenti.unife.it/lorenzo.pareschi/papers/imexrk-brown.zip

