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'Partition of unity method

' Hp-cloud method

¥ Element free Galerkin method

¥ Reproducing kernel particle method

®Boundary node method

” Meshless local boundary integral equation

method
Y Meshless local Petrov-Galerkin method
“Radial point interpolation method
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'* Shape parameter
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1. Choose n discretization points in the domain set Q.
2. Classify discretization points into three sets X/ = {z[1 ... 2] (in-
terior points), X? = {zl#+1 z[#nd} (Dirichlet boundary points) and
XN = {ghtndtl] 4711 (Neumann boundary points).
3.Fori=1,...,ndo
4. Set a stencil §; = {xg] oy
5. Form Matern kernel matrix Bl = (K (z,71))1<j<ns corresponding to
the stencil .5;.
6. Set c¢(x) as a scale function.
7. Form Matern kernel with scale function matrix Al = (K (x;, ¢(z;)), (zx, c(21)))1<jk<ns
corresponding to the stencil S;.
8. Obtain Cholesky decomposition of the matrix All as All = LI (LT 9,

Set Newton kernel matrix N = (N;(x;)) as N =,

1<j,k<ns

10. Form matrix & (NW) = (L K (2, 24))1<j sens * (N 1T, corresponding

to the stencil S;.

11. Form matrix 25 (NW) = (L5 K (2, 24))1<j pens * (N7, correspond-
ing to the stencil S;.

12. End for

13. Fori=ni+nd+1,...,ndo

14. Form the vector I; containing the indices of center X1 and it’s ns — 1
nearest neighbouring points.

15. Form sparse matrix W, where W (i — ni — nd, I;) = Z(N) « N1,

A



corresponding to the stencil S;.

16. END FOR

17. fori=1,...,nido

18. Form sparse matrix Dy, where D1 (i, ;) = Z(NU) « N1,
19. Form sparse matrix Dy, where Dy(i, ;) = 25 (NU) « N1
20. ENDFOR

21. Set vector G = (g (Xitnd+ll ¢) [ gV (X[”],t))T.

22. Set initial vectors U (0) = (Uy (X)) _._ .

23. Solve the system of ODEs

U =—-U.x (D xU)+ 2 (Dyx U),

where U = (U, UP, UM)T, UN =W-'(.,ni4+nd+1:n)*(G—-W(,1:

ni)* U —W(:,ni+1:ni+nd)*UP)
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Abstract

In this thesis some meshless methods based on the local Newton and the
local radial basis functions are used to solve some time dependent partial
differential equations. For stability reasons, used variably scaled radial ker-
nels for constructing Newton basis functions. Also for more stability and
accuracy, radial basis functions eqquiped with variable shape parameter. In
continuation, with considering presented basis functions as trial functions,
approximated solution functions in the event of spatial variable with collo-
cation method. It lead to a system of ordinary differential equations for the
time-dependent PDEs. Then, with aid of method of lines obtained a sys-
tem of ordinary differential equations according to solution function in the
event of time. Methods applied for solving the nonlinear Burgers’ equation
and couple Burgers’ equation. The numerical results show that the proposed
method is efficient, accurate and stable.

Keywords:
Local meshless method, Method of lines, Newton basis functions, Variably
scaled radial kernel, Variable shape parameter, Burgers’ equation
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