Technische Universität Chemnitz-Zwickau

DFG-Forschergruppe “SPC” · Fakultät für Mathematik

Sergej V. Nepomnyaschikh

Domain Decomposition and Multilevel Techniques for Preconditioning Operators

Computing Center Siberian Branch of Russian Academy of Sciences Novosibirsk, 63090 Russia e-mail: svnep@comcen.nsk.su

Preprint-Reihe der Chemnitzer DFG-Forschergruppe “Scientific Parallel Computing”

SPC 95 30 November 1995

1 Introduction

In recent years, domain decomposition methods have been used extensively to efficiently solve boundary value problems for partial differential equations in complex–form domains [4, 13, 16]. On the other hand, multilevel techniques on hierarchical data structures also have developed into an effective tool for the construction and analysis of fast solvers [2, 5, 15, 17]. But direct realization of multilevel techniques on a parallel computer system for the global problem in the original domain involves difficult communication problems. I this paper, we present and analyze a combination of these two approaches: domain decomposition and multilevel decomposition on hierarchical structures to design optimal preconditioning operators.

Let Ω ⊂ R^2 be a polygon. In the domain Ω we consider the boundary value problem − 2∑ i,j=1 ∂ ∂x_i ( a_{ij}(x) ∂u ∂x_j ) + a_0(x)u = f(x), x ∈ Ω

u(x) = 0, x ∈ Γ_0 ∂u ∂N + σ(x)u = 0, x ∈ Γ_1.

(1.1)

where ∂u ∂N = 2∑ i,j=1 a_{ij}(x) ∂u ∂x_j cos(n, x_i)

is the conormal derivative, n denotes the outward normal to Γ, and Γ_0 is a union of a finite number of curvilinear segments, Γ = Γ_0 ∪ Γ_1, Γ_0 = Γ̄_0. Here Γ̄_0 denotes the closure of Γ_0.

By H^1(Ω, Γ_0) we denote the subspace of the Sobolev space H^1(Ω)

H^1(Ω, Γ_0) = { v ∈ H^1(Ω) | v(x) = 0, x ∈ Γ_0 } . We introduce the bilinear form a(u, v) and the linear functional l(v) : a(u, v) = ∫ Ω (_2∑ i,j=1 a_{ij}(x) ∂u ∂x_j ∂v ∂x_i + a_0(x)uv ) dx + ∫ Γ1 σ(x)uv dx

l(v) = ∫ Ω f(x)vdx. Let us suppose that the operator coefficients and the right-hand side of the problem (1.1) are such that the bilinear form a(u, v) is symmetric, elliptic, and continuous on H^1(Ω, Γ_0) × H^1(Ω, Γ_0), i.e. a(u, v) = a(v, u) ∀u, v ∈ H^1(Ω, Γ_0) α_0‖u‖^2_H1_{(Ω)} ≤ a(u, u) ≤ α_1‖u‖^2_H1_{(Ω)} ∀u ∈ H^1(Ω, Γ_0) and the linear functional l(v) is continuous on H^1(Ω, Γ_0):

|l(u)| ≤ α‖u‖_H1_{(Ω)} ∀u ∈ H^1(Ω, Γ_0).

The generalized solution u ∈ H^1(Ω, Γ_0) of (1.1) is, by definition, a solution to the projection problem [1]

u ∈ H^1(Ω, Γ_0) : a(u, v) = l(v) ∀v ∈ H^1(Ω, Γ_0). (1.2)

We know that under these assumptions for a(u, v) and l(v) there exists a unique solution of (1.2).

Let Ω be a union of n nonoverlapping subdomains Ω_i, Ω̄ =^n⋃ i=1 Ω̄_i, Ω_i ∩ Ω_j = ∅, i ≠ j,

where Ω_i are polygons with diameters on the order of H. Let us consider a coarse grid triangulation of Ω Ω^h_0 = n⋃ i=1 Ω^h_{i,0}, Ω^h_{i,0} =

M (0)_i⋃

l=1 τ̄^{(0)}_{i,l} ,

diam (τ^{(0)}_{i,l} ) = 0(H) and we refine Ω^h_{i,0} several times. This results in a sequence of nested triangulations Ω^h_{i,0}, Ω^h_{i,1}, . . . , Ω^h_{i,J} such that Ω̄^h_{i,k} =

M (^k)_i⋃

l=1 τ̄^{(k)}_{i,l} , k = 0, 1, . . . , J , where the triangles τ^{(k+1)}_{i,l} are generated by subdividing triangles τ^{(k)}_{i,l} into four congruent subtriangles by connecting the midpoints of the edges.

Introduce the spaces W_{i,0} ⊂ W_{i,1} ⊂ . . . ⊂ W_{i,J} = H_h(Ω_i), V_{i,0} ⊂ V_{i,1} ⊂ . . . ⊂ V_{i,J} = H_h(Γ_i), (1.3) Γ_i = ∂Ω_i, i = 1, 2, . . . , n. Here the space W_{i,k} consists of real-valued functions which are continuous on Ω and linear on the triangles in Ω^h_{i,k}. The space V_{i,k} is the space of traces on Γ_i of functions from W_{i,k}: V_{i,k} = { φ^h | φ^h = u^h|_{Γi} , with u^h ∈ W_{i,k} } . We define the space H_h(Ω) of real continuous functions which are linear on each triangle of Ω^h and vanish at Γ_0.

Let us consider the projection problem u^h ∈ H_h(Ω) : a(u^h, v^h) = l(v^h) ∀v^h ∈ H_h(Ω) (1.4) which is an approximation of the problem (1.2).

Each function u^h ∈ H_h(Ω) is put in correspondence with a real column vector u ∈ R^N whose components are values of the function u^h at the corresponding nodes of the triangulation Ω^h. Then (1.4) is equivalent to the system of mesh equations Au = f, (Au, v) = a(u^h, v^h) ∀u^h, v^h ∈ H_h(Ω), (1.5) (f, v) = l(v^h) ∀v^h ∈ H_h(Ω), where u^h and v^h are the respective interpolations of vectors u and v; (f, v) is the Euclidean scalar product in R^N .

The goal of this work is to construct a symmetric positive definite preconditioning operator B for (1.5) so as to satisfy the inequalities c_1(Bu, u) ≤ (Au, u) ≤ c_2(Bu, u) (1.6) where the positive constants c_1 and c_2 are independent of h and H, the multiplication of a vector by B^{−1} should be easy to implement.

Using a combination of Additive Schwarz and Fictitious Space Methods, optimal preconditioning operators have been constructed in [11, 12, 13] for the case of arbitrary (unstructured) grids. However, that construction involves explicit extension operators whose implementation for three dimensional problems is optimal from the arithmetic cost and the condition number points of view but difficult for practice realization. The main goal of this work is to construct, using the hierarchical structure (1.3), a robust optimal preconditioning operator. One of the crucial points in [11, 12, 13] and this paper is using of non–exact solvers in subdomains and explicit extension operators. It means, to construct optimal preconditioning operators, we can design norm preserving operators of functions given at Γ_i into Ω_i with the optimal arithmetic cost (a number of arithmetic operations should be proportional to a number degrees of freedom) and then, instead of exact solvers in subdomains, we can use any spectrally equivalent preconditioning operators. Optimal extension operators have been presented in [8, 9, 11] for unstructured grids and robust explicit extension operators on hierarchical data structures in [5, 14].

The paper is organized as follows. In the Section 2, using Additive Schwarz Method, we describe general construction of a preconditioning operator with local multilevel preconditioning operators. In the Section 3, we present an optimal multilevel extension of grid functions from boundaries subdomains into inside subdomains. In the Section 4, we propose an optimal interface preconditioning operator at the boundaries of the subdomains which involves a multilevel decomposition and corresponding explicit extension operators at interfaces.

2 Domain decomposition – additive Schwarz-Method

To design the preconditioning operator for the system (1.5), we use the additive Schwarz– Method [7] and realize the main idea of the construction of preconditioners from [13] for the hierarchical grids. Denote by^∘H_h(Ω_i) the subspace of H_h(Ω_i) ∘ H h(Ωi) = { u^h ∈ H_h(Ω_i) | u^h(x) = 0, x ∈ Γ_i } and define the local preconditioning operators B_i such that

B_i :^∘H_h(Ω_i) →^∘H_h(Ω_i),

c_3‖u^h‖^2_H1_{(Ωi)} ≤ (B_iu, u) ≤ c_4‖u^h‖^2_H1_{(Ωi)} ∀u^h ∈^∘H_h(Ω_i), where c_3, c_4 are independent of h and H. We hereafter use the same designation for an operator and its matrix representation. For instance, to define B_i, we can use the so-called BPX–preconditioners [3]. To do it, denote by {f^{(k)}_l } nodal basis functions from the k–th level and define

B^{−1}_i u^h = J∑ k=0 ∑ f (^k)_l ∈ ffi Hh(Ωi) (u^h, f^{(k)}_l )_{L2(Ωi)} f^{(k)}_l . (2.1)

Let us assume that we can define the extension operators t_i t_i : V_{i,J} −→ W_{i,J} such that t_iφ^h = u^h, u^h(x) = φ^h(x), x ∈ Γ_i, (2.2) ‖t_iφ^h‖_H1_{(Ωi)} ≤ c_5‖φ^h‖_H1/2_{(Γi)} ∀φ^h ∈ V_{i,J} , with c_5 independent of h and H. Here ‖φ^h‖_H1/2_{(Γi)} is the norm [10] in the Sobolev space H^{1/2}(Γ_i)

‖φ^h‖^2_H1/2_{(Γi)} = H ∫ Γi (φ^h(x))^2dx + ∫ Γi ∫ Γi (φ^h(x) − φ^h(y))^2 |x − y|^2 dxdy. Then, we can define the extension operator t t : H_h(S) → H_h(Ω), where H_h(S) is the space of traces of functions from H_h(Ω) at S S = n⋃ i=1 Γ_i

and for any φ^h ∈ H_h(S) tφ^h = u^h, u^h(x) = φ^h(x), x ∈ S, ‖tφ^h‖_H1_{(Ω)} ≤ c_5‖φ^h‖_H1/2_{(S)}.

Here ‖φ^h‖^2_H1/2_{(S)} = n∑ i=1 ‖φ^h‖^2_H1/2_{(Γi)}.

The operator t_i from (2.2) is constructed in the Section 3.

Let Σ satisfies to the following inequalities c_6‖φ^h‖^2_H1/2_{(S)} ≤ (Σφ, φ) ≤ c_7‖φ^h‖^2_H1/2_{(S)} ∀φ^h ∈ H_h(S), (2.3) where c_6, c_7 independent of h and H. Then, according to [11], we can define the preconditioning operator B as follows

B^{−1} = 0 B^{−1}_1 ... B^{−1}_n + tΣ^{−1}t^∗. (2.4)

Here 0 is the null-matrix which corresponds to nodes of the triangulation Ω^h at S and B_i is from (2.1).

The following theorem is valid Theorem 2.1 If the operator B is from (2.4), then the constants c_1, c_2 from (1.6) are independent of h and H.

3 Multilevel explicit extension operators

The main goal of this section is to construct the robust operator t_i from (2.2). During this section, we omit the subscript i.

To design the extension operator t : V_J → W_J , we follow to [5, 14]. Denote by φ^{(k)}_i , i = 1, 2, . . . , N_k, the nodal basis of V_k and denote by Φ^{(k)}_i the one-dimensional subspace spanned by this function φ^{(k)}_i . Define Q^{(k)}_i : L_2(Γ) → Φ^{(k)}_i

the L_2-orthoprojection from L_2(Γ) on to Φ^{(k)}_i and denote

Q̃_k =^{Nk}∑ i=1 Q^{(k)}_i , k = 0, 1, . . . , J − 1. For k = J we define Q̃_J as the L_2-orthoprojection from L_2(Γ) on to V_j. The following lemmas are valid [14].

Lemma 3.1 There exists a positive constant c_8, independent of h and H, such that for any φ^h ∈ V_J

‖φ^h_0 ‖^2_H1/2_{(Γ)} + 1 H ‖φ^h_1 ‖^2_{L2(Γ)} + |φ^h_1 |^2_H1/2_{(Γ)} ≤ c_8‖φ^h‖^2_H1/2_{(Γ)},

where φ^h_0 = Q̃_0φ^h, φ^h_1 = φ^h − φ^h_0 . (3.1) Here |φ^h|^2_H1/2_{(Γ)} = ∫ Γ ∫ Γ (φ^h(x) − φ^h(y))^2 |x − y|^2 dxdy.

Lemma 3.2 There exists a positive constant c_9, independent of h and H, such that

‖φ^h_0 ‖^2 + 1 H ( ‖Q̃_0φ^h_1 ‖^2_{L2(Γ)} + J∑ k=1 2^k‖(Q̃_k − Q̃_{k−1})φ^h_1 ‖^2_{L2(Γ)} ) ≤ c_9‖φ^h‖^2_H1/2_{(Γ)},

where φ^h_0 , φ^h_1 from (3.1).

The construction of the operator t is based on the decomposition from the Lemma 3.2. Denote by x^{(k)}_i , i = 1, 2, . . . , L_k, the nodes of the triangulation Ω^h_k (we assume that nodes x^{(k)}_i are enumerated first on Γ and then inside Ω) and define the extension operator t in the following way. For any φ^h ∈ V_J set ψ^h_0 = Q̃_0φ^h, ψ^h_k = (Q̃_k − Q̃_{k−1})φ^h, k = 1, 2, . . . , J. (3.2)

Then φ^h = ψ^h_0 + ψ^h_1 + . . . + ψ^h_J .

Define the extension u^h_k ∈ W_k as follows

u^h_0 (x^{(0)}_i ) = ψ^h_0 (x^{(0)}_i ), x^{(0)}_i ∈ Γ, ψ̄, x^{(0)}_i /∈ Γ,

u^h_k(x^{(k)}_i ) = ψ^h_k (x^{(k)}_i ), x^{(k)}_i ∈ Γ, 0, x^{(k)}_i ∉ Γ, (3.3)

k = 1, 2, . . . , J. Here ψ̄ is, for instance, the meanvalue of the function ψ^h_0 on Γ

ψ̄ = 1

N_0 N0∑ i=1 ψ^h_0 (x^{(0)}_i ).

Define tφ^h = u^h ≡ u^h_0 + u^h_1 + . . . + u^h_J (3.4) Remark 3.1 We can use the L_2-orthoprojections form L_2(Γ) on to V_k instead of Q̃_k, k = 0, 1, . . . , J − 1. But in this case the cost of the decomposition (3.2) is expensive (especially for three dimensional problems).

Theorem 3.1 There exists a positive constant c_{10}, independent of h and H, such that ‖tφ^h‖_H1_{(Ω)} ≤ c_{10}‖φ^h‖_H1/2_{(Γ)} ∀φ^h ∈ V_J .

Here the operator t is from (3.2)–(3.4). Remark 3.2 It is obvious that

Q^{(k)}_i φ^h =

(φ^h, φ^{(k)}_i )_{L2(Γ)} (φ^{(k)}_i , φ^{(k)}_i )_{L2(Γ)} φ^{(k)}_i and the cost of the action of t and t^∗ is proportional to the number of nodes of the grid domain.

4 Interface preconditioning operators

In this section, we construct an optimal interface preconditioner in the space H_h(S) which satisfies (2.3). To do it, we use the idea of Additive Schwarz Method at interface S from [13]. Let S be a union of K nonoverlapping edges E_i of the triangulation Ω^h_0 S = K⋃ j=1 Ē_j, E_j ∩ E_i = ∅, i ≠ j.

Split H_h(S) into a vector sum of subspaces H_h(S) = U_0 + U_1 + . . . + U_K, (4.1) where U_0 is the coarse space which consists of continuous functions linear on the edges E_j, j = 1, 2, . . . , K, and U_j , j = 1, 2, . . . , K, correspond to E_j and are defined below.

Denote by Ů_j = {φh ∈ H_h(S) | φh(x) = 0, x ∉ E_j}, Ũ^{(k)}_j = V_k |Ej , k = 0, 1, . . . , J. For any edge E_j we define the explicit extension operator τ_j τ_j : Ũ^{(J)}_j → H_h(S) as follows. Denote by φ^{(k)}_{j,i} , i = 1, 2, . . . , I^{(k)}_j , the nodal basis of Ũ^{(k)}_j (the functions φ^{(k)}_{j,i} are differ from the functions φ^{(k)}_i from the Section 3 only at the end points of E_j) and denote by Φ^{(k)}_{j,i} the one-dimensional subspace spanned by this function φ^{(k)}_{j,i} . Define Q^{(k)}_{j,i} : L_2(E_j) → Φ^{(k)}_{j,i} corresponding L_2-orthoprojection. Set

Q̃^{(k)}_j =

I(^k)_j∑

i=1 Q^{(k)}_{j,i} , k = 0, 1, . . . , J − 1 ,

and define Q̃^{(k)}_J as the L_2-orthoprojection from L_2(E_j ) onto Ũ^{(J)}_j . Now we can define the extension operator τ_j according to (3.2)–(3.4). For any φ^h ∈ Ũ^{(J)}_j set ψ^h_0 = Q̃^{(0)}_j φ^h, ψ^h_k = (Q̃^{(k)}_j − Q̃^{(k−1)}_j )φ^h, k = 1, 2, . . . , J

(4.2)

and u^h_k = ψ^h_k (x^{(k)}_i ), x^{(k)}_i ∈ E_j 0, x^{(k)}_i ∉ E_j, k = 0, 1, . . . , J (4.3)

τ_j φ^h = u^h_0 + u^h_1 + . . . + u^h_J . Define U_j = Ů_j + τ_jŨ_j .

Then from the Theorem 3.1 and [13] for the decomposition (4.1) we have the following theorem.

Theorem 4.1 There exists a positive constant c_{11}, dependent of h and H, such that for any function φ^h ∈ H_h(S) there exist φ^h_j ∈ U_j, j = 0, 1, . . . , K, such that φ^h_0 + φ^h_1 + . . . + φ^h_k = φ^h, ‖φ^h_0 ‖^2_H1/2_{(S)} + ‖φ^h_1 ‖^2_H1/2_{(S)} + . . . + ‖φ^h_K‖^2_H1/2_{(S)} ≤ c_{11}‖φ^h‖^2_H1/2_{(S)} Let the operator Σ_0 generates an equivalent norm in U_0. c_{12}‖φ^h‖^2_H1/2_{(S)} ≤ (Σ_0φ, φ) ≤ c_{13}‖φ^h‖^2_H1/2_{(S)} ∀φ^h ∈ U_0, (4.4) where c_{12}, c_{13} independent of h and H. Define local preconditioners for U_j , j = 1, 2, . . . , K. Denote by Σ̊_j and ~Σ_j the BPX-like preconditioners in the spaces Ů_j and Ũ_j, respectively

Σ̊^{−1}_i φ^h =^J∑ k=0 ∑ supp φ (k) j,i ⊂Ej (φ^h, φ^{(k)}_{j,i} )_{L2(Ej)} φ^{(k)}_{j,i} ∀φ^h ∈ Ů_j ,

Σ^{−1}_i φ^h = J∑ k=0 ∑ supp φ (k) j,i ∩Ej≠∅ (φ^h, φ^{(k)}_{j,i} )_{L2(Ej)} φ^{(k)}_{j,i} ∀φ^h ∈ Ũ_j.

Then, define the interface preconditioning operator Σ in the following way

Σ^{−1} = Σ^+_0 + K∑ j=1 (Σ̊^{−1}_j + τ_j ~Σ^{−1}_j τ^∗_j ). (4.5)

Here Σ^+_0 is a pseudo-inverse of Σ_0 from (4.4), τ_j is from (4.2), (4.3), and we extend the operator Σ̊^{−1}_j by zero outside E_j. The following theorem is valid.

Theorem 4.2 If the operator Σ is from (4.5) then the constants c_6, c_7 form (2.3) are independent of h and H.

Remark 4.1 The method suggested in this paper can be generalized evidently for three dimensional problems.

Remark 4.2 Using combination of presented technique and technique from [10], effective preconditioning operators for elliptic problems with jump coefficients can be constructed.

Acknowledgment

The author wish to acknowledge the DFG–Forschergruppe “SPC” Chemnitz and the ISF for supporting this research under grants La 767/3 and NPB 000.

References

[1] J.-P. Aubin. Approximation of elliptic boundary–value problems. Wiley–Interscience, New York, London, Sydney, Toronto, 1972.

[2] J. H. Bramble. Multigrid Methods. Research Notes in Mathematics Series. Pitman, Boston-London-Melbourne, 1993.

[3] J. H. Bramble, J. E. Pasciak, and J. Xu. Parallel multilevel preconditioners. Math.

Comput., 55(191):1–22, 1990.

[4] M. Dryja and O. B. Widlund. Multilevel additive methods for elliptic finite element problems. In W. Hackbusch, editor, Parallel Algorithms for Partial Differential Equations, pages 58–69, Braunschweig, 1991. Vieweg–Verlag. Proc. of the Sixth GAMM–Seminar, Kiel, January 19–21, 1990.

[5] G. Haase, U. Langer, A. Meyer, and S. V. Nepomnyaschikh. Hierarchical extension and local multigrid methods in domain decomposition preconditioners. East–West J. Numer. Math., 2(3):173–193, 1994.

[6] W. Hackbusch. Multi–Grid Methods and Applications, volume 4 of Springer Series in Computational Mathematics. Springer–Verlag, Berlin, 1985.

[7] A. M. Matsokin and S. V. Nepomnyaschikh. A Schwarz alternating method in a subspace. Soviet Mathematics, 29(10):78–84, 1985.

[8] A. M. Matsokin and S. V. Nepomnyaschikh. Norms in the space of traces of mesh functions. Sov. J. Numer. Anal. Math. Modelling, 3:199–216, 1988.

[9] S. V. Nepomnyaschikh. Domain decomposition and Schwarz methods in a subspace for the approximate solution of elliptic boundary value problems. PhD thesis, Computing Center of the Siberian Branch of the USSR Academy of Sciences, Novosibirsk, 1986.

[10] S. V. Nepomnyaschikh. Domain decomposition methods for elliptic problems with discontinuous coefficients. In R. Glowinski, Y. A. Kuznetsov, G. A. Meurant, and J. Periaux, editors, Domain decomposition methods for partial differential equations, pages 242–251, Philadelphia, 1991. SIAM. Proceedings of the 4th International Symposium, Moscow, 1990.

[11] S. V. Nepomnyaschikh. Method of splitting into subspaces for solving elliptic boundary value problems in complex–form domains. Sov. J. Numer. Anal. Math. Modelling, 6:151–168, 1991.

[12] S. V. Nepomnyaschikh. Mesh theorems on traces, normalization of function traces and their inversion. Sov. J. Numer. Anal. Math. Modelling, 6:1–25, 1991.

[13] S. V. Nepomnyaschikh. Decomposition and Fictitious Domains Methods for Elliptic Boundary Value Problems. In T. F. Chan, D. E. Keyes, G. A. Meurant, T. S. Scroggs, and R. G. Voigt, editors, 5th Conference on Domain Decomposition Methods for PDE, pages 62–72, Philadelphia, 1992. SIAM.

[14] S. V. Nepomnyaschikh. Optimal multilevel extension operators. Preprint SPC 95 3, Technische Universität Chemnitz–Zwickau, Fakultät für Mathematik, 1995.

[15] P. Oswald. Multilevel Finite Element Approximation: Theory and Applications.

Teubner Skripten zur Numerik. B. G. Teubner Stuttgart, 1994.

[16] P. Le Tallec. Domain Decomposition Methods in Computational Mechanics. Computational Mechanics Advances (North Holland), 1(2):121–220, Feb. 1994.

[17] J. Xu. Iterative methods by space decomposition and subspace correction. SIAM Review, 34:581–613, 1992.

Other titles in the SPC series:

95 1 T. Apel, G. Lube. Anisotropic mesh refinement in stabilized Galerkin methods Januar 1995.

95 2 M. Meisel, A. Meyer. Implementierung eines parallelen vorkonditionierten Schur-Komp-lement CG-Verfahrens in das Programmpaket FEAP. Januar 1995.

95 3 S. V. Nepomnyaschikh. Optimal multilevel extension operators. January 1995 95 4 M. Meyer. Grafik-Ausgabe vom Parallelrechner für 3D-Gebiete. Januar 1995 95 5 T. Apel, G. Haase, A. Meyer, M. Pester. Parallel solution of finite element equation systems: efficient inter-processor communication. Februar 1995 95 6 U. Groh. Ein technologisches Konzept zur Erzeugung adaptiver hierarchischer Netze für FEM-Schemata. Mai 1995 95 7 M. Bollhöfer, C. He, V. Mehrmann. Modified block Jacobi preconditioners for the conjugate gradient method. Part I: The positive definit case. January 1995 95 8 P. Kunkel, V. Mehrmann, W. Rath, J. Weickert. GELDA: A Software Package for the Solution of General Linear Differential Algebraic Equation. February 1995 95 9 H. Matthes. A DD preconditioner for the clamped plate problem. February 1995 95 10 G. Kunert. Ein Residuenfehlerschätzer für anisotrope Tetraedernetze und Dreiecksnetze in der Finite-Elemente-Methode. März 1995 95 11 M. Bollhöfer. Algebraic Domain Decomposition. March 1995 95 12 B. Nkemzi. Partielle Fourierdekomposition für das lineare Elastizitätsproblem in rotationssymmetrischen Gebieten. März 1995 95 13 A. Meyer, D. Michael. Some remarks on the simulation of elasto-plastic problems on parallel computers. March 1995 95 14 B. Heinrich, S. Nicaise, B. Weber. Elliptic interface problems in axisymmetric domains.

Part I: Singular functions of non-tensorial type. April 1995 95 15 B. Heinrich, B. Lang, B. Weber. Parallel computation of Fourier-finite-element approximations and some experiments. May 1995 95 16 W. Rath. Canonical forms for linear descriptor systems with variable coefficients. May 1995 95 17 C. He, A. J. Laub, V. Mehrmann. Placing plenty of poles is pretty preposterous. May 1995 95 18 J. J. Hench, C. He, V. Kučera, V. Mehrmann. Dampening controllers via a Riccati equation approach. May 1995 95 19 M. Meisel, A. Meyer. Kommunikationstechnologien beim parallelen vorkonditionierten Schur-Komplement CG-Verfahren. Juni 1995 95 20 G. Haase, T. Hommel, A. Meyer and M. Pester. Bibliotheken zur Entwicklung paralleler Algorithmen. Juni 1995.

95 21 A. Vogel. Solvers for Lamé equations with Poisson ratio near 0.5. June 1995.

95 22 P. Benner, A. J. Laub, V. Mehrmann. A collection of benchmark examples for the numerical solution of algebraic Riccati equations I: Continuous-time case. October 1995.

95 23 P. Benner, A. J. Laub, V. Mehrmann. A collection of benchmark examples for the numerical solution of algebraic Riccati equations II: Discrete-time case. to appear: December 1995.

95 24 P. Benner, R. Byers. Newton’s method with exact line search for solving the algebraic Riccati equation. October 1995.

95 25 P. Kunkel, V. Mehrmann. Local and Global Invariants of Linear Differential-Algebraic Equations and their Relation. July 1995.

95 26 C. Israel. NETGEN69 - Ein hierarchischer paralleler Netzgenerator. August 1995. 95 27 M. Jung. Parallelization of multi-grid methods based on domain decomposition ideas.

November 1995.

95 28 P. Benner, H. Faßbender. A restarted symplectic Lanczos method for the Hamiltonian eigenvalue problem. October 1995.

95 29 G. Windisch. Exact discretizations of two-point boundary value problems. October 1995. 95 30 S. V. Nepomnyaschikh. Domain decomposition and multilevel techniques for preconditioning operators. November 1995.

95 31 H. Matthes. Parallel preconditioners for plate problems. November 1995. 95 32 V. Mehrmann, H. Xu. An analysis of the pole placement problem. I. The single input case. November 1995.

95 33 Th. Apel. SPC-PM Po 3D — User’s manual. December 1995.

95 34 Th. Apel, F. Milde, M. Theß. SPC-PM Po 3D — Programmer’s manual. December 1995. 95 35 S. A. Ivanov, V. G. Korneev. On the preconditioning in the domain decomposition technique for the p-version finite element method. Part I. December 1995.

95 36 S. A. Ivanov, V. G. Korneev. On the preconditioning in the domain decomposition technique for the p-version finite element method. Part II. December 1995.

Some papers can be accessed via anonymous ftp from server ftp.tu-chemnitz.de, directory pub/Local/mathematik/SPC. (Note the capital L in Local!) The complete list of current and former preprints is available via

http://www.tu-chemnitz.de/~pester/sfb/spc95pr.html.