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1. Preconditioner

2. A-biconjugation

3. Gaussian Elimination process

4. Generalized Minimum Residual
5. Left-looking version

6. Robust Incomplete Factorization
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6. Right-looking version
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1. Krylov subspace methods
2. Unit lower triangular

3. Schur Complement

4. Dropping

5. Unit upper triangular
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Input: 4 € R"™ is a nonsymmetric matrix and 7,,7, €(0,1) are the drop tolerance

parameters for matrices L and U

Output: 4 ~ LDU where L" and U are unit upper triangular matrices and D is a block
diagonal matrix with diagonal blocks of order 1x1 or 2x2

1. L =U =1
2.1 =1
3. while i <#n do

nxn ?

1 c ; 1
4.v. = max —— > S ——
l {|Si(il Y |j:i+l ! ,|Si(il ! |j

) . -1 )
(i-1) (i-1) ()]
5. = i Sii Si,i+1 Sij
Wi = gu-h gD gD
00

Jj=i+2 i+, i+1,i+1 i+1,j

S©=4,D=0eR"™

> ISy |}
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. . -1
n S(lfl) S(tfl)
2 _ (i-1) (i-1) ii i+l
6.wi= 2 |(si™ S gD gD
J=i+2 i+1,i i+1,i+1
0

7.w, =max{wl.1,wl.2}
8.if v, <w, then
9.D, =857
10.L,,,,,=S"0.D

i+ln,i i+ln,i

11. Suppose that L, ., . =(L, ). For k >i +1,if |Lki | <7,,thenset L,, =0.

12U, =D;'S¢)

i,i+ln i,j+ln

13. Suppose that U, ;. =(U, ). For k >i +1,if |Uik|<z'U,then set U, =0.
14. S0 =St . =Li....D,U

i+ln,i+ln i+ln,i+ln i+ln,i
15.i =i +1
16. else

i,i+ln

(i=1) ()]
17. D _ Sii Si,i+l
s i+l T S(i—l) S(i—l)
i+, i+li+1

18. L. =5tb  p-l

i+2n,i0+1 P+2m, i+ i+ +1

19. Suppose that L =(L,;). For k and j , if ‘ij‘<TL ,thenset L, =0.

i+2mn,i0+1

=D S

iii+li+2:in 4L+ i+, +2in

21. Suppose that U =(U,;)-For k and j , if ‘Ukj ‘ <7, ,thenset U, =0.

20. U

iid+li+2:n
(i+1) - _
22' Si+2:n,i+2:n - Si+2:n J+2n Li+2:n ,i:i+1Di:i+l,i:i +1Ui:i+l,i+2:n
230 =i +2
24. end if

25. end while
26. Return L = (Ll.j )lsi,an ,U = (Ul.j )lsi,an and D

— ith column
i
—+({i+1)st column

ith row

\\ (i+1)st row «

\. Schur-Complement

Matrix (Sl,(:r" )“?!

is available
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Input: 4 € R"™ is a nonsymmetric matrix and 7_,7, ,7,,7, €(0,1) are the drop

zobwo

tolerance parameters for matrices Z ,W ,L and U

Output: 4 = LDU
1L Z=[7,29,..., 2] =1
2.for i =1 to n do

3.for j =1toi—1do
(j=DN\T
4oy ) :Wi<j—1>_((wij D) Ae Ly wUb
Ji
G
5.2 =z U (ejAz & SREC U
i D J

J

nxn

0
wo=w®w,.

owM=1_,L=U=1I,,D=0eR"™

6.Foralll£j,if‘ ])‘<Tz,thenset V=0, AlSO,lf’W(])‘<T ,thenset w /) =0

e AzU

7.0, = .If‘Uﬁ‘<TU,thenset U,
D,
8., _ Wi e, | If‘L ‘<TL,thenset L,
! D Ji
9. end for
10.D, =e] Az ™"
11. end for

12.Return L =(L;), ,.,» U =U;), ., and D =diag (D,

=0

=0

i )1<l <n
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Input: 4 e R is a nonsymmetric matrix and 7,7 ,7,,7, €(0,1) are the drop
tolerance parameters
for matrices W,Z ,L and U

Output: 4 ~ LDU where L" and U are unit upper triangular matrices and D is a block
diagonal matrix with diagonal blocks of order 1x1 or 2x2
1. logic z =logic w =true
2. status (i)=0, 1<i<n
—1,0 () () [
3.Z=[z,",z, ,...,z, ]=1
4.1 =1
5. while i <n do
6. if logic z then
7.call Update _factor(Z,t,,A,D,U,t, ,1,status)
8.else
9.logic _z =true
10. end if
11. call Update _factor(Z,z,,A,D,U, 7, ,1+1,status)
12. SV =el 4z "7V
13.for j =i +1ton
(-1 _ T (i-1) (-1 _ T (i-1)
4.8, " =e;Az;", S/ 1=e;Az;,
15. end for
16. if logic _w then
T T T :
17. call Update _factor W ,z,, ,A" ,D" ,L ,7,,1,status)
18. else
19. logic _w =true
20. end if
T a T :
21. call Update _factorW ,z,, ,A" ,D" ,L ,7, ,i1+1,status)

22. S0V =(wi' ") de;, jzi+l
23. S0 =wi Y de;, jzi+2

i+l,j i+l

1 C ; 1 c ;
— z (i) z @-
24'Vi _max{|S(i-1)| ‘ |Sij |’|S(i—l)| ‘ |Sji |}
ii J ii J

0 0 0 X
s W= OO w=1 | L=U=I_,D=0cR"™

=i+l =i +1

. : -1 .
(i-1) (i-1) (i-1

25 I _ C Sii Si,i+1 Slj
W, = E - - -
Sty s\ SSY

i+l i+1,i+1 i+1,j

n gun gD -l
2 (i-1) (i-1) ii ii+l
26.w7= > |(S5 s G g

J=i+2 i+li i+1,i+1

27.w, =max{wl.1,wl.2}
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28.if v, <w, then

29.D, =S
oy e Az
30. z 0 =z ) (=) D Forall [ <i, if ‘Z D al<7,, then set z{), =0
efAz ")
31.U,,, =— If‘U”Jrl T, ,thenset U, =0
D.
)
w Ae
32. W,(lzl _W1(1+11) (%)W 0D For all [<i, if ’W,(lzﬂ 7, , then set
Wl(13+l =0
)
w Ae
33. L., —% JIf ‘Lz+1z‘< ,thenset L. =0
D

34. logic _z =false, logic w =false
35. status (i ) =1

36.i =i +1
37. else
S(i—l) S(z -1)
i+l
38. Di:i+l,i:i+l S(z -1) S(z -1
i+1,i i+1,i+1

(i-1)

@) _ -1 (i) _
39. z ' =z W =Wy

i+l i+l i+l
40. status (i ) =2
41.0i =i +2
42. end if
43. end while

44. if status (n —1) =0 then

45. call Update _factor(Z,7_,A,D,U,7, ,n,status)

46. call Update _factor W ,t,,,A" ,D" L'z, ,n,status)
41. D, =el Az"

48. end if
49. if status (n —1) =1 then

50. D, =e 4z
51. end if

Uy Z sbgm pilo 3,5 o0 4:F 5,65

Update _factor(Z,r_,A,D,U,1,,i,status)
Input: 7 _[ O M, ,z0D, 2O ZﬁO)J eR"™, 7. €(0,1) is the drop tolerance

i-1 [
parameter for matrix Z, 4 € R"™ is a nonsymmetric matrix, D € R"™ is a block
diagonal matrix, U is an unit upper triangular matrix, 7, €(0,1)is the drop tolerance

parameter for matrix U , { is an integer value and stafus is an integer array
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Output: updated version of matrices Z and U

1. j =1
2. while j <i —1do

3. k = +status (j) —1
4. if status (j) =1 then
5

*) _

(-1 _
<z, z; z; X% xA,; x

Jj

1

6. U . =LxAj:xz(H)

s .. !

J
7.If‘Uﬁ‘<TU,thenset U, =0
8. j=j+I1
9. else if status (j ) =2 then
10. Zi(k) =zi(j'1) _[Z G-, (j)JXDjl

J J+l
— -1 -
11. Uj:j+1,i _Dj:j+l,j:j+l XAj:j+l,: Xz,
2.1V, |<7, and U,
13. j = +2
14. end if

1, 1 L U1

x A

Jij+Ljj+1

‘<TU,thenset U, =0and U

(j-1)
Jie X2

=0

J+Li

15. Suppose that zi(k) = (zﬁik)) . For all / ,if ‘Zgl.k)‘ <t,, then set zgik) =0

16. end while
17. Return Z and U
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