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\lstinputlisting[style=matlabstyle]{resources/solve.m}
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function y=solveSEPSS(B,LNp,UNp,pNp,LCpbet,UCpbet,pCpb,x,semi)
%Summary of this function goes here
%y=inv (SEPSS)x; y=[y1;y2]; x=[x1;x2]
mi=size(B,2);
x1=x(1:m1,1) ;x2=x(ml1+1:end);
if semi==

s2 (pCpb, : )=UCpbet\ (LCpbet\ (x2 (pCpb)));
else

s2=gmres (LCpbet*UCpbet ,x2) ;
end
s1=x1-B'*s2;
y1 (pNp, :)=UNp\(LNp\(s1(pNp)));
t2=x2+B*y1l;
y2 (pCpb, : ) =UCpbet \ (LCpbet\ (t2(pCpb)));
y=[yl;y2];
end
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\begin{theorem}
This is a theorem
\end{theorem}
\begin{proof}
This is a proof.
\end{proof}
\begin{remark}
remark...
\end{remark}
\begin{lemma}
lemma. ..
\end{lemma}
\begin{example}
example. ..

\end{example’
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@book{brezzi2012,

title={Mixed and hybrid finite element methods},
author={Brezzi, Franco and Fortin, Michel},
volume={15},

year={2012},

publisher={Springer Science \&Business Media}
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Listing 1: English reference

@article{benzi312009,

title={A generalization of the {Hermitian} and skew-{Hermitian}
splitting iteration},

author={Benzi, Michelel},

journal={SIAM Journal on Matrix Analysis and Applications},

volume={31},

number={2},

pages={360--374},

year={2009},

publisher={SIAM}

}
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Algorithm .3 IEPSS method

1. Choose an initial guess u

0

2. For £k =0,1,2,..., until convergence, Do

2.1.
2.11.

2. 1ii.
2.1v.

2.v.

2.vi.

Compute r¥ = b — Au”

Solve (X + P)zF = r¥F by a Krylov subspace method to compute the
approximate solution z* satisfying ||r* — (X + P)z*|| < e||r*||, where ¢
is a given tolerance

ubts = uk 4+ zk

Compute r**2 = b — Auf+
Solve (X + S )z“% = rkts by a Krylov subspace method to compute the
approximate solution z**2 satisfying ||t*t2 — (2 + S8)zF 2 || < ny|rktz ],
where 7, is a given tolerance

[NIE

A
aF = uk 4 Zh s

e gl ¥l bl s Je sb 4 ls gl 0l 5 e Vb S 51 G 2

Algorithm .4 Computation y = 2.

Require: n >0
Ensure: y = 2"

y+—1

X +—x
N<+n
while N # 0 do
if N is even then
X+ XxX
N« N/2
else {N is odd}
y—yxX
N+ N-1
end if
end while
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Gride n m nnz(A)  nnz(B) n m nnz(A)  nnz(B)
16 x 16 578 192 6,698 2,084 578 190 6,178 1,967
32 x 32 2178 768 29,546 10,142 2,178 766 28,418 9,868
64 x 64 8,450 3,072 124,550 45,062 8,450 3,070 122,206 44,516
128 x 128 33,282 12,288 511,152 192,174 33,282 12,286 506,376 191,084
256 x 256 132,098 49,152  207,0764 791,738 132,098 49,150  206,1140 789,560
Grid or Pixel n m nnz(A)  nnz(B) nnz(C) cond(A)
32 x 32 2178 1022 16818 7682 3064  9.88e+-03
Example 1 64 x 64 8450 4094 70450 31746 12280  8.62e+4-04
128 x 128 33282 16382 288306 129026 49144  1.38e+-06
256 x 256 132098 65534 1166386 520194 196600 2.20e+07
32 x 32 2178 1022 16818 7682 3064  1.40e4-06
Q\G‘) 64 x 64 8450 4094 70450 31746 12280  2.21e+4-07
@7‘3‘0 128 x 128 33282 16382 288306 129026 49144  3.52e+408
256 x 256 132098 65534 1166386 520194 196600 5.62e+09
Example 3 256 x 256 65536 65536 65536 5966336 196096 8.77e+06
480 x 640 307200 307200 307200 29395200 920320 8.77e+06

Ascalebox {/} « \scalebox {/} sde s b Jsd o310 o0



Cilites Johle 5 Laat) oS digai - il g

L)l 6l O 5 B oA Gla b NS cliasein 1¥. il Jsd

srid or Pixel n m nnz(A)  nnz(B) nnz(C) cond(A)
32 x 32 2178 1022 16818 7682 3064 9.88e+03

64 x 64 8450 4094 70450 31746 12280  8.62e+04
128 x 128 33282 16382 288306 129026 49144 1.38e+06
256 x 256 132098 65534 1166386 520194 196600 2.20e+07

32 x 32 2178 1022 16818 7682 3064  1.40e+06
""‘71;1 64 x 64 8450 4094 70450 31746 12280  2.21e+407

Die 2 128 x 128 33282 16382 288306 129026 49144 3.52e+408
256 x 256 132098 65534 1166386 520194 196600 5.62e4-09
256 x 256 65536 65536 65536 5966336 196096 8.77e+06
480 x 640 307200 307200 307200 29395200 920320 8.77e+06
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Gride n m nnz(A)  nnz(B) n m nnz(A)  nnz(B)
16 x 16 578 192 6,698 2,084 578 190 6,178 1,967
32 x 32 2178 768 29,546 10,142 2,178 766 28,418 9,868
64 x 64 8,450 3,072 124,550 45,062 8,450 3,070 122,206 44,516
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a=10"% a=10"2 a=1 a =102
r  Preconditioner 1T CPU 1T CPU 1T CPU IT CPU
Prss 5 0.05 6 0.06 7 0.07 17 0.21
4  Pruss 3 0.02 3 0.03 3 0.02 4 0.03
PREHSS 3 0.02 3 0.02 3 0.02 3 0.02
Prss 9 0.48 10 0.5 13 0.72 47 2.84
5 PRrHSS 5 0.22 5 0.22 5 0.2 9 0.47
PrREHSS 5 0.21 3 0.09 3 0.07 3 0.06
Prss 21 5.94 13 3.46 28 8.39 498 154.59
6  Pross 8 2.08 8 2.06 8 1.96 21 6.15
PrREHSS 6 1.45 3 0.4 3 0.4 3 0.38
Prss 48 96.57 15 28.06 83  169.45 320  1089.81
7 PrHSS 17 32.79 16 30.53 15 28.83 86 178.1
PREHSS 5 7.45 3 2.84 3 2.65 3 2.52
Prss 169  3093.67 20  336.76 - i - i
8 PRrHSS 42 758.74 37  654.38 34 603.85 - i
PREHSS 4 40.52 3 24.29 3 22.11 2 16.03
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Grid or Pixel n m nnz(A)  nnz(B)  nnz(C) cond(A)

32 x 32 2178 1022 16818 7682 3064  9.88e+03

Example 1 64 x 64 8450 4094 70450 31746 12280  8.62e+04
128 x 128 33282 16382 288306 129026 49144 1.38e+06

256 x 256 132098 65534 1166386 520194 196600 2.20e+07

32 x 32 2178 1022 16818 7682 3064 1.40e+-06

«\"'QI)I 64 x 64 8450 4094 70450 31746 12280  2.21e+07
Die 2 128 x 128 33282 16382 288306 129026 49144 3.52e+08

256 x 256 132098 65534 1166386 520194 196600 5.62e+09

Example 3 256 x 256 65536 65536 65536 5966336 196096 8.77e+06
480 x 640 307200 307200 307200 29395200 920320 8.77e+06




cilibes Jold sz,.g))f//‘o}@ o il g YA

Y7 x rrwpgﬁmu:xﬁpo,baué\ﬂ;w@u 19, Wl J g

a=10"1 a=10"2 a=1 a =102
Mt [ Pwon [[ IT CPU J[IT _CPU [ IT _GPU [ IT __GPU |
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PHss 115 2064.44 ||| - = ; T 5 3
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Abstract

Some Results on the Preconditioning of the Saddle
Point Problems

Mohsen Masoudi

In this thesis, we investigate the solution of a system of linear equations and
propose an iterative method which is a generalization of positive definite and skew-
Hermitian splitting method. Then we study the saddle point problems and propose
some iterative methods and preconditioners for these systems. In continuation,
we utilize the positive definite and skew-Hermitian splitting method for the saddle
point problems and study its convergence and semi-convergence properties. We
will see that this method is a generalization of many existing methods which have
been presented for the solution of these problems. Finally, an special case of this
method is investigated and the optimal parameters of the method are computed.
Numerical results are presented to verify the theoretical results and comparison
with other methods.

Keywords: Saddle point problems, Periconditioner, Convergence, Semiconvergence
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