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ON THE GENERAL LINEAR INTEGRATION METHODE

-

Dilinm COVROMA™Y

Abstract, For the numerical solution of the initial value problem (1.1 - (1.21 a
family of DMSIM methods (Diaronally Implicat bMult-Stge Intepraton Melwods)
of opder p=3, are demrad,
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The methods given by (1.3)-(1 4) are charactenzed by the real matrices
A =|Ir.:.r":|. i) _|t||.ll_l:|., if= r".l! F _|:"'.;._j'
and they melede a5 panticular cases many known nomenical methods: lines
multistep methods, Runge-Kulta methods, predictor-comecton methods, psendn

Runge-Kutta methods ete.
Methads of the forn (1.33-01.4) are investgated in [2],[3].[41.15L]6]

The valuwes }'f'" Y i=12, s are called the internal Slages and they prosvade
Approximarions of the solutinng of the problem (1 13- (1.2 at the prosnls
xokeh =12 6 Alsn the values ].-_.""”, F-12 s, ame called the external

stages (or external approsdmations) and they provade approximations of the solarion
of the gaoblem {1 13012} at the end of the n - step for the mmput 1o the next

=lep, thar is al the point @ = r A

Sumlarly, as for the Runpe-Kulla methods, the matx A determines e
insplementarion costs of the general linear method {1 371 A0, wmd of this matrix s
strictly lower miangular, then we have the explicit methods and in opposte citse the
method {1 390140 ane imglicit,

Une special case of implicit imethods imvestigared by L Butcher [3], and
called, ™ Diagonally Implicil Multi-Stage Integration Methods * (THMS M, are
characterizaed by a matrix A with lower manzular foom having a constant valne L

un the I1|-’|HUI]il|. This class of miethods can be devide:d i|||_|_| |4ar s .:'_?._':l}._':”._h"_g
o the simichure of the matrs A

Phe matiis W determines the stabiliy of the mathod {1 311 4],
The: general linear meethaod {1331 43 is stable § or zero-stable) o e marrix ¥ is
pawer lomded, |

sup | B Ao
=

Hzmg kroneker product @ of two matnices, the general lingar methods {1 3 1.4}
can be rewiite i the fonn
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wed 135 the clentily matox,
We recall alzo that the general linear method (1300 43 s preconsistent if thers
cxists a wector v such that
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where FETE P U o
and we say that the method 15 consistent if iz preconsiztent and there exsts e

veeted v B such that
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Fun applving ihe peoeral lnear methad (8 300D we need the startng viadues
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number w- 1 Inthe nest, we suppose Dhal Bere exs) vocion
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[ this stuabien we iy e sencral linear method ©1.5% (040 has the stage
arder o and the erder g2

The aims of this paper 15 to denve a Tanily of DIMSIM meethods af crder p- 1
and stage arder g—J3 by a suntable chosce of the matrices A 2000
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L A Tamily of DIMSIM methods of type 2

W recall the Theorem 3.1, |3): Ifthe method (1 3} (0.4) sansly
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Then the method has the order poand the stage order o - o
Lising. thes theorem with x—r—2, p-g-4 and choosmg marrices A, 8.0 1 of the furm
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the foens {2 dhhas p-g -3, then the order conditions {2 5102 &% s eguevalent 1o
the alpeheaic svstem
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(210} AvoaTw, = 11,
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Proal, From (2 50,0267 by develogang in power semes for W - fww i one has,
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The relatpons {260,217 ) by subsiraction, e

e gtz zef(a-Abt Azl by )t (b —hy et Lz

Using the power expansion of < aad equating the coefficients m the bioth sides.

we ohtain the equations (27102 8),42.9)

T we replace w, from (2. 147 m (2 16) and equating again the cosfhicients of
rhe both sides, then we find e equations (210} - (2 13)
THEQT FM 21, Thers exists a family of DIMAIM methods of type 2 depending
an e parametes, having s—r 2 and g g - 3, chargeterized by the meinees
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Prool, The conclusion Tollows withont difficalry by solang, the algebraie linear
syl (2 T2 1350

REMARK 2.1, For -0 we finst i 1vpe foar DIMSIM method of ordes g 3, given
by the mastnees
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