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describe program structure
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Compute A

L 4

Do 2 by 2 pivot
With
permutation

Compute A,

r

Do 1 by 1 pivot
With permutation

F

Dol x 1 pivot
Without
permutation

Do 1 by 1 prvot
Without
permutation




Bunch Kaufman linear

solver
Bunch Kaufman / b /
Solve Lz = Pb for z forward

substitution( cheap for
column major,resp )

w

Since D is block diagnoal with

Solve Dy =z for y block size 1byl or 2 by2 , inv(D)

Is cheap.

Solve L' w=yforw Backward substitution

( expensive for column
major ,resp)

L 4

Solve Px = w for x Must scan w to get

X



How to verify your program

| write a function named rand matrix to produce
“‘random” matrix . ( In fact , it can only produce matrix
with integer element between 0~32767 )

Use rand matrix under double precision to test different
matrix with size n = 10, 20, 30, 50, 100 . And plot the
result 1000 time supnorm of residual r =b — Ax.

Do the same thing above for different precision( double-
double, quad-double, arbitrary precision ) , then compare
the reults .

Since they are produced by psuedo-random, the test
matrix are the same.



It produce a randon svmnetric matrix &

Bvold rand_matrix( lowerTriangleMatrixHandler® dh_ptr, integer m, integer n, int izSyn , orderVar zel )

{
integer j @
donblersal **i ;
dowblersal *memd ;// contizuoug memory block of 4
integer size ; // nunber of entries in matrix &

azgert{ Ahoptr ) ;
aggert{ n=0)
aggert{ n =0 ;

Hallocate an enpty natrixHandler
aggert(*h_ptr) ;

if{ COL_MAJOR = zel
A0 iz useless, A[J] neans pointer of j-th colum
b = (doublereal**malloc) zizeof(donblereal®) ¥ (ntl) 3
aggert(d)

ffim=n N
glze = w*(mi 1)
gize = mize »» 1
telzef
gize = n¥(n+l) ;
glze = mize s+ 1
gize 4= n*(n-n) ;

J
Z#ifdef HIGH_PRECTSION_PACKAGE

nendt = new doublercal [mize]

#elze
- memd = (doublereal®inalloc{ size*sizeof{donblereal) ) ;

gendif

*h ptr = (loverTriangledatrixHandlerimallocl sizeof(lowerTriangledatrix) ) ;

<stdlib.h> Int rand(void)
rand returns a pseudo-random

#endif

agzertimend) ;

for( j =03 j <aize; jH )
nemb[j] =rand(); !/ reset matrix & with random element

'
A01] = nemk - 1 ;
forl j=1;7«<n; j++ 3
fOALITI0] ig umeless, A[J101] means &4(1,1)
L0341] = (doublereal ®)A(5] + n-j

}

lelae]
printf{"Error
exit{1) ;

we don't support row-mahor so far.in") ;

}

{i met paraneter of a matrix
(*8h_ptri-=n=m ; (*Lh_ptr)-=n =1 ;
(*ih ptr)-=1eSym = iaSyn ;
if( 0l= {=Syn

ife m =)

(*¥4h_ptr)-»zel = gel ;

integer in the range 0 to 32767.

(*¥4h_ptr)-»4 = & ;

cerr << "L iz symmetry,then & must be square matrix" << endl ;

exit{1) ;
}
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e Conclusion one:

the code is deserve to trust, since with different
precision (twice each time), the residual almost has the
same magnitude improve .

e Conclusion two :

when n large enough, the maximun residual will be
Increasing .( It is not true If you compare n =10 with n
=20)



Comparison with MATLAB implementation

In MATLAB, you don’t have to announce variable before you use it
but in C, you mustto .

In MATLAB, it much easier to find error( maybe just for me), since it
IS easy to show the thing you want to know on the screen . But in
C , you need to write some code.

In MATLAB ,it Is very easy to create a matrix .Moreover, if you want
to copy a vector, for example x which is a nx1 vector , you can
wite  y(1:n,1) =x(1:n,1) in stead of a “for loop “.

But in MATLAB , you can’t create a matrix only use storage of a
lowertriangular. In C, you can create many kind of structure .

And in C , you can use high-precision package to justify your code .



Memory usage (do you need extra storage?)

* When solving Ax = b, you can use only two variable rather than
X,¥,Z,w in the orlglnal version .
Lz=Pb,Dy=z,L'z=y ,Px=w=2Ly=Pb,Dx=y,L'y=X%X,Px=y

int bunch_kanfman{ lowerTriangleMatrixHandler Ah, int_matrixzHandler Ph,
int_matrixHandler pivoth, denblereal alpha )

{
int main{ int argc, char® argv[] ) integer m, n ;
{ integer 1, i, k ;:
int t ; doublereal **4 ;
integer **p .
integer **pivot ;
integer r
: : donblereal lambda 1 ; /¢ lambda 1 = max ([&0k+1:m, k010
void test BunchKaufman( void ) doublereal lambda_r ; /¢ lambda_r = max of offdiagonal of col-r
{ ) doublereal tmp ; // temporary real wvariable
%nteger m =80 ; integer int_tmp ; ¢/ temporary integer wvariable
integer n = 80 matrixHandler Lh ;
lowerTriangleMatrixHandler 4h doublereal **L ;
lowerTriang leMatrixHandler Ah_dup ; doublereal detE ;

int_matrixHandler Ph ;
vold bunch kaufman lin sol( lowerTriangleMatrixHandler Ah, int matrixHandler Ph,

1nt_maI1_;Ir1§IiIandéir.plv0th ; int_matrixzHandler pivoth , matrizHandler bh, matrizHandler xh )
matl—?“ andler ' ) matrixHandler bh_dup ; /¢ duplicate b, in order to permute b
matrixHandler xh ; // = = inwid) * b doublereal #%4 ;
matrixHandler bh_hat ; // b_hat = L%y doﬂﬂerﬁﬂi:b;
matrixHandler rh : // rezidval r = b - 4x gougrreahxzi jjgz = Pb
doublereal r_supnorm ; e i
on _2up : doublereal®**y ; // L'vw = ¥
doublerea ] ¥*4 doublereal**y ; // Fx =w
doublereal**b ; doublereal**b_dup ;
doublereal alpha ; integertipivot ;
: : : . Integer m, n ;
integer izSingular ; natrixHandler vh
FILE*fp matrixHandler zh

matrixHandler wh ;
integer i, i, 1 ;
doublereal detE



Speedup strategy

e void *memcpy( s, ct, n)

« void *memset(s, c, n)



