Second International Conference "Cluster Computing"
CC 2013 (Ukraine, Lviv, June 3-5, 2013)
_____________________________________________________________________________________________________________

Design of Parallel Algorithm (3,2)-method for Stiff
Problems
Evgeniy A. Novikov1, Gennadiy V. Vashchenko2
1

2

Institute of Computational Modelling SB RAS, Academgorodok, Krasnoyarsk, Russia
Department of FAIT, Siberian State Technological University, Mira ave.,82,Krasnoyarsk, Russia
novikov@icm.krasn.ru, algo_v@mail.ru

Differential equations arise in many fields of application, such as in the simulation of phenomena in physics,
mechanics, chemistry, biology and so forth. These equations are often of the form of a stiff initial value problems. Such
systems are typically solved by L-stable methods [1]. We present a parallel algorithm L-stable (3,2)-method of the third
order for stiff ODEs.
We consider an initial value problem
(1)
y ′ = f ( y ) , y (t0 ) = y0 , t0 ≤ t ≤ t k ,
where y: [t0, tk]→RN, f: [t0, tk]×RN→RN, [t0, tk] - some interval of the integration. Assume that there exists a unique
solution y(t) to the problem (1) the convergence. The numerical solution to (1) will be based on using (3,2)- scheme in
which (n + 1) step is given by [2]
yn +1 =
yn + p1k1 + p2 k2 + p3 k3 , Dn =
E − ahf n′,
(2)
Dn k1 = hf ( yn ), Dn k2 = k1 , Dn k3 = hf ( yn + β 31k1 + β 32 k2 ) + α 32 k2 ,
where a, p1, p2, p3, β31, β32, α32 -coefficients method, f′n = ∂f(yn)/∂y - Jacobi matrix.
Assume that p is an amount of processors on computational system, N is a dimension of the system (1) and N >p,
we write a parallel analogous of the scheme (2)

ys( nj +1) =ys( nj ) + p1k1,( ns )j + p2 k2,( ns)j + p3 k3,( ns)j ,
N
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where 1≤j≤p, (j-1)s+1 ≤ sj ≤ j⋅s The ysj(n) , k1,sj(n) , k2,sj(n), k3,sj(n) are distributed onto a p of processes according to the
block-cyclic scheme to ensure "good" load balance as well as the scalability of the algorithm.
We design a parallel algorithm integration scheme in which an accuracy and stability control are included. For
solving a linear system of the form (3) we used explicit LU-factorization of the coefficient matrix Dn. LU-factorization
effective means for solving three systems with the same coefficient matrix Dn and different right side vectors g(n) , k1(n) ,
w(n) because the factorizations needs to be performed only once.
The performance and scalability analysis of our algorithm is supported by experimental results of the
implementations of our algorithm on the cluster MVS ICM (Institute of Computational Modelling SB RAS). Numerical
experiments have confirmed that total volume of communication is depend on a complication of right side f(y) and the
user requested local tolerance. The program code is written in C/C++ and MPI -functions.
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