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1 SUMMARY

Given the pattern of nonzeros of a spar se matrix , this subroutine attempts to find a row per mutation that makes
the matrix have nonzer os on its diagonal.

The method used is a simple depth-first search with a look ahead and is described by Duff, ‘On algorithms for
obtaining a maximum transversal’, ACM Trans. Math. Software, 7 (1981), 315-330, and Duff, Algorithm 575,
‘Permutations for a zero-free diagonal’, ACM Trans. Math. Software, 7 (1981), 387-390.

ATTRIBUTES — Version: 1.0.0. (12 July 2004) Types. Real (single, double). Original date: April 1977. Origin:
I. S. Duff, Harwell. Remark: MC21AD differs from MC21A in name only.

2 HOW TO USE THE PACKAGE

2.1 Argument list
The single precision version
CALL MC21A(N, I CN, LI CN, I P, LENR | PERM NUMN\Z, | W
The double precision version
CALL MC21AD(N, I CN, LI CN, | P, LENR, | PERM NUMNZ, | W
N isan | NTEGER variable which must be set by the user to the order of the matrix. It is not altered by MC21A/ AD.

ICN is an | NTEGER array of length LI CN which must be set by the user to contain the column indices of the
nonzeros. Those belonging to a single row must be contiguous but the ordering of column indices within each
row is unimportant and wasted space between rows is permitted. It is not altered by MC21A/ AD.

LI CN isan | NTEGER which must be set by the user to the length of array | CN. It is not altered by MC21A/ AD.

I P isan| NTEGER array of length N and must be set by the user sothat | P(1) containsthe positionin array | CN of
the first column index of anonzeroinrow |, forl=1, 2,..., N Itisnot atered by MC21A/ AD.

LENR is an | NTEGER array of length N. The user must set LENR(1) equal to the number of nonzeros in row |,
1=1,2,..., N Itisnot atered by MC21A/ AD.

| PERM is an | NTEGER array of length N in which the row permutation is output. | PERM | ) gives the position in the
original matrix of row | in the permuted matrix, | =1, ..., N.

NUMNZ isan | NTEGER output variable which gives the number of nonzeros on the diagonal of the reordered matrix. If
thisislessthan N, the matrix is structurally singular and will be afortiori numerically singular. For an example
of this, see Section 2.2.

I'W isan| NTEGER work array length at least 4*N.

2.2 Error returns

There are no error returns. However, the user may input a matrix for which there is no permutation that makes the
diagonal zero-free. An example of thisis

x 0
% d
In such instances the algorithm will produce a permutation which will put as many nonzeros on the diagonal as

possible (1 in the above example). This number will be output in NUMNZ. The array | PERM will till hold a
permutation of the integers 1, 2,..., Nbut in this case N NUMNZ of the elements (I PERM | ), 1) will be zero.

All useissubject to licence. MC21 v 1.0.0
http://wwmv hsl.rl.ac. uk/ 1 Documentation date: 30th May 2023



MC21 HSL

3 GENERAL INFORMATION

Workspace:  See argument | W

Use of common:  None.

Other routines called directly:  MC21A/ AD calls MC21B/ BD which never needs to be called directly by the user.
Input/output:  None.

Restrictions: None.

4 METHOD

The method used is a simple depth first search with look ahead technique and is described by Duff, * On algorithms
for obtaining a maximum transversal’, ACM Trans. Math. Software, 7 (1981), 315-330, and Duff, Algorithms 575,
‘Permutations for a zero-free diagonal’, ACM Trans. Math. Software, 7 (1981), 387-390.

5 EXAMPLE OF USE

An example to permute a matrix so asto remove zer os from the diagonal

In the example code shown bel ow, we read in the entries of a sparse matrix by rows. We then call the routine MC21A
to find a row permutation that will minimise the number of zeros on the diagonal.

I NTEGER MAXN, MAXNZ, LICN
PARAMVETER( MAXN = 5, MAXNZ = MAXN*MAXN, LICN = 4* MAXNZ )
INTEGER ICN(LICN), N, I, J, NUM\Z
+ LENR(MAXN), | P(MAXN), | PERMMAXN), | W(4* MAXN)
READ(S, *) N
P(1) PO NTS TO THE START OF THE |' TH ROWOF THE MATRI X
c LENR(1) HOLDS THE NUVBER OF ENTRIES IN THE |' TH ROW
P(1) =
DO 10 1=1,N
READ(5, *) LENR(I), (1ON(J), J=IP(1), I P(1)+LENR(1)- 1)
IP(I+1) = IP(1) + LENR(I)
10 CONTI N
CALL I\/C21A( N, ION, LICN, IP, LENR |PERM NUWNZ, |W
F (NUMNZ. LT.N) WR TE(6, 20) N-NUM\Z
WRI TE(6, 30) (I PERV(1),1=1,N)
20 FORMAT(/' WARNING THE MATRI X |'S STRUCTURALLY SINGULAR ,/,
+ ' THE NUVBER OF ZERO ENTRIES ON THE DIAGONAL IS ', 12 /)
30 FORMAT( / ' THE PERMUTATI ON ARRAY |PERM) IS:' , 412)

1
1,

STOP
END
1 00 4
. |0 0 7 8 .
Thus for the matrix 9 0 0 12 we could have as input
014 01
4
2 1 4
2 4 3
2 4 1
2 2 4

and we would get the following output
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THE PERMUTATION ARRAY IPERM) 1S: 1 4 2 3

100
. . 0001 . . . . .
Thearray | PERM ) represents the permutation matrix P= 0100 and using this permutation our input matrix
0010
1 00 4
0 14 0 16
would be transformed to 0o o7 sl
9 001
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