F08 — Least-squares Problems (ScaLAPACK)

FOSAUFP (PZUNMQR)
NAG Parallel Library Routine Document

Note: Before using this routine, please read the Users’ Note for your implementation to check for implementation-dependent
details. You are advised to enclose any calls to NAG Parallel Library routines between calls to ZO1AAFP and Z0O1ABFP.

1 Description

This routine is intended to be used after a call to FOSBASFP (PZGEQRF), which performs a QR
factorization of an m by r complex matrix A;. FOSASFP (PZGEQRF) represents the complex unitary
matrix @) as a product of elementary reflectors.

FOSAUFP (PZUNMQR) multiplies an m by n complex matrix C by @ from a QR factorization procedure,
where C; is a submatrix of a larger m¢ by no matrix C| i.e.,

Cs(l:m,1:n)=C(ic:ic+m—1,jc:jc+n—1).

This routine may be used to form one of the matrix products
QCs, QHCsa CsQ or CSQH7

overwriting the result on Cs.

2 Specification

SUBROUTINE FOBAUFP(SIDE, TRANS, M, N, K, A, IA, JA, IDESCA, TAU,

1 C, IC, JC, IDESCC, WORK, LWORK, INFO)

ENTRY PZUNMQR(SIDE, TRANS, M, N, K, A, IA, JA, IDESCA, TAU,
1 C, IC, JC, IDESCC, WORK, LWORK, INFO)
COMPLEX*16 A(x), TAU(x), C(x), WORK(LWORK)

INTEGER M, N, K, IA, JA, IDESCA(9), IC, JC, IDESCC(9),
1 LWORK, INFO

CHARACTER*1 SIDE, TRANS

The ENTRY statement enables the routine to be called by its ScaLAPACK name.

3 Data Distribution
3.1 Definitions

The following definitions are used in describing the data distribution within this document:

myp - the number of rows in the logical processor grid.

Np - the number of columns in the logical processor grid.

Dr - the row grid coordinate of the calling processor.

Pe - the column grid coordinate of the calling processor.

MX - the blocking factor for the distribution of the rows of a matrix X.

N - the blocking factor for the distribution of the columns of a matrix X.
numroc(c, by, q, s, k) - a function which gives the number of rows or columns of a distributed

matrix owned by the processor with the row or column coordinate ¢ (p,
or p.), where « is the total number of rows or columns of the matrix,
be is the blocking factor used (M;X or N;¥), s is the row or column
coordinate of the processor that possesses the first row or column of the
distributed matrix and £ is either n, or m,. The Library provides the
function Z0OICAFP (NUMROC) for the evaluation of this function.

indxg2p(ig, be, q, s, k) - a function which gives the processor row or column coordinate which
possess the row or column index ¢, of the distributed full matrix A.
The arguments by, q, s and k have the same meaning as in the function
numroc. The Library provides the function Z01CDFP (INDXG2P) for
the evaluation of this function.
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3.2 Global and Local Arguments

The input arguments SIDE, TRANS, M, N, K, TA, JA, IC, JC and the array elements IDESCA(1),
IDESCA(3),...,.IDESCA(8), IDESCC(1) and IDESCC(3),...,.IDESCA(8) are all global and so must have
the same values on entry to the routine on every processor. The output argument INFO is global and so
will have the same value on exit from the routine on each processor. The remaining arguments are local.

3.3 Distribution Strategy

On entry to this routine, the input values of M, A, TA; JA, IDESCA and TAU must be identically equal
to the output values of the corresponding arguments on exit from the QR factorization routine FOSASFP
(PZGEQRF).

The matrix C should be partitioned into M, bc by Nbc rectangular blocks, which are stored in the array C
in a cyclic 2-d block distribution. This data distribution is described in more detail in the FO8 Chapter
Introduction.

This routine assumes that the data has already been correctly distributed, and if this is not the case will
fail to produce correct results. However, the Library provides some utility routines which assist you in
distributing data correctly. Descriptions of these routines can be found in Chapters FO1 and X04 of the
NAG Parallel Library Manual.

4 Arguments
1: SIDE — CHARACTER*1 Global Input
On entry: indicates how Q or Q¥ is to be applied to Cj as follows:

if SIDE = 'L’, then Q or Q' is applied to C; from the left;
if SIDE = 'R’, then Q or Q! is applied to C, from the right.

Constraint: SIDE = 'L’ or 'R’.
2: TRANS — CHARACTER*1 Global Input
On entry: indicates whether Q or Q' is to be applied to C, as follows:
if TRANS = 'N’, then @ is applied to Cj;
if TRANS = "T’, then Q' is applied to Cs.
Constraint: TRANS = "N’ or "T".
3: M — INTEGER Global Input
On entry: the number of rows, m, of the matrix Cj.
Constraint:

if SIDE = 'L’, 0 < M< min(IDESCA(3), IDESCC(3));
if SIDE = 'R’, 0 < M < IDESCC(3).

4: N — INTEGER Global Input

On entry: the number of columns, n, of the matrix Cs.
Constraint:

if SIDE = 'R’, 0 < N < min(IDESCA(3), IDESCC(4));
if SIDE = 'L, 0 < N < IDESCC(4).
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5: K — INTEGER Global Input

On entry: the number of elementary reflectors, k, whose product defines ). These reflectors are
computed by a call to FOBASFP (PZGEQRF).

Constraint:

if SIDE = 'L’, 0 < K <M;
if SIDE = 'R’, 0 < K <N.

6: A(x) — COMPLEX*16 array Local Input/Local Output

Note: array A is formally defined as a vector. However, you may find it more convenient to consider
A as a 2-d array of dimension (IDESCA(9),7), where

v > numroc(JA + K — 1, IDESCA(6), p., IDESCA(8), n,,). See the example program for FOSASFP
(PZGEQRF).

On entry: details of the vectors which define the elementary reflectors as returned by a call to
FOSASFP (PZGEQRF).

On exit: A is used as workspace, but restored on exit.

7: IA — INTEGER Global Input

On entry: the row index of matrix A, i4, that identified the first row of the submatrix A, as
defined in FOSASFP (PZGEQRF).

Constraints: 1 <TA <IDESCA(3) — M + 1.

8: JA — INTEGER Global Input

On entry: the column index of matrix A, ja, that identified the first column of the submatrix A
as defined in FOSASFP (PZGEQRF).

Constraint: 1 < JA < IDESCA(4) — K + 1.

9: IDESCA(9) — INTEGER array Local Input

Distribution: the array elements IDESCA(1) and IDESCA(3),...,IDESCA(8) must be global to the
processor grid and the elements IDESCA(2) and IDESCA(9) are local to each processor.

On entry:  the description array for the matrix A as defined in the QR factorization routine
FOSASFP (PZGEQRF). This array must contain details of the distribution of the matrix A and the
logical processor grid.

IDESCA(1), the descriptor type. For this routine, which uses a cyclic 2-d block distribution,
IDESCA(1) = 1;

IDESCA(2), the BLACS context (ICNTXT) for the processor grid, usually returned by
Z01AAFP;

IDESCA(3), the number of rows, m4, of the matrix A;

IDESCA(4), the number of columns, ny4, of the matrix A;

IDESCA(5), the blocking factor, ng, used to distribute the rows of the matrix A;
IDESCA(6), the blocking factor, Ng4, used to distribute the columns of the matrix A;
IDESCA(7), the processor row index over which the first row of the matrix A is distributed,;
IDESCA(8)

distributed;

IDESCA(9), the leading dimension of the conceptual 2-d array A.

, the processor column index over which the first column of the matrix A is

Constraints:
IDESCA(1) = 1;
IDESCA(3) > 0; IDESCA(4) > 0; IDESCA(5) > 1; IDESCA(6) > 1;
0 < IDESCA(7) <m, —1; 0 < IDESCA(8) <n, — 1;
IDESCA(9) > max(1, numroc(IDESCA(3), IDESCA(5), p,, IDESCA(T), m,)).
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10:

11:

12:

13:

14:

TAU(%) — COMPLEX*16 array Local Input

Note: the dimension of the array TAU must be at least
numroc(JA + K — 1, IDESCA(6), p., IDESCA(8), np).

On entry: details of the elementary reflectors, as returned by a call to FOSBASFP (PZGEQRF).

C(x) — COMPLEX*16 array Local Input/Local Output

Note: array C is formally defined as a vector. However, you may find it more convenient to consider
C as a 2-d array of dimension (IDESCC(9),y), where

v > numroc(JC + N — 1, IDESCC(6), p., IDESCC(8), n,). See the example for FOSASFP
(PZGEQRF).

On entry: the local part of the matrix C.
On ezit: overwritten by QCs, Q1 Cy, C,Q or C,QY

IC — INTEGER Global Input

On entry: the row index of matrix C, i¢, that identifies the first row of the submatrix Cs.

Constraint: 1 < IC < IDESCC(3) — M + 1.

JC — INTEGER Global Input

On entry: the column index of matrix C, j¢, that identifies the first row of the submatrix Cj.

Constraint: 1 < JC < IDESCC(4) — N + 1.

IDESCC(9) — INTEGER array Local Input

Distribution: the array elements IDESCC(1) and IDESCC(3),...,IDESCC(8) must be global to the
processor grid and the elements IDESCC(2) and IDESCC(9) are local to each processor.

On entry: the description array for the matrix C'. This array must contain details of the distribution
of the matrix C and the logical processor grid.

IDESCC(1), the descriptor type. For this routine, which uses a cyclic 2-d block distribution,
IDESCC(1) =1

IDESCC(2), the BLACS context (ICNTXT) for the processor grid, usually returned by
Z01AAFP;

IDESCC(3), the number of rows, m¢, of the matrix C;

IDESCC(4), the number of columns, n¢, of the matrix C;

IDESCC(5), the blocking factor, M, used to distribute the rows of the matrix C;
IDESCC(6), the blocking factor, Nbc, used to distribute the columns of the matrix C;
IDESCC(7), the processor row index over which the first row of the matrix C is distributed,;
IDESCC(8)
distributed;
IDESCC(9), the leading dimension of the conceptual 2-d array C.

, the processor column index over which the first column of the matrix C is

Constraints:
IDESCC(1) =
IDESCC(2) = DESCA( )
IDESCC(3) > 0; IDESCC(4) > 0
IDESCC(5) > 1; IDESCC(6) > 1
0 < IDESCC(7) < m, — 1; 0 < IDESCC(8) < np — 1;
IDESCC(9) > max(1, numroc(IDESCC(3), IDESCC(5), p,, IDESCC(7), m,));

if SIDE = 'L,
IDESCC(5) = IDESCA(5);
mod(IA — 1, IDESCA(5)) = mod(IC — 1, IDESCC(5));
mod( IDESCA(7) + (IA — 1)/IDESCA(5), n,) =
mod( IDESCC(7) + (IC — 1)/IDESCC(5), n,);
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if SIDE = 'R’,
IDESCC(6) = IDESCA (5); IDESCC(7) = IDESCA(7);
mod(IA — 1, IDESCA(5)) = mod(JC — 1, IDESCC(6)).

15: WORK(LWORK) — COMPLEX*16 array Local Workspace/Local Output
On exit: 'WORK(1) contains the minimum value of LWORK.

16: LWORK — INTEGER Local Input

On entry: the dimension of the array WORK as declared in the (sub)program from which FOSAUFP
(PZUNMQR) is called.

Constraint: LWORK > max((IDESCA(6) x (IDESCA(6) — 1))/2, # x IDESCA(6)) +
IDESCA(6) x IDESCA(6), where

if SIDE =1, 0 =dy + ds ;

if SIDE = 'R’, § = dy + max( f1 + numroc( \,IDESCA(6),0,0, ;s /0y ), d1); where
A = numroc(N + ez, IDESCA(6),0,0,n,),

and l,,, is the least common multiple of m, and np;

with,

d; = numroc(M + 1, IDESCC(5),p,.e3,mp);

ds = numroc(N + e, IDESCC(6), pe,ea,np);

e1 = mod(IC — 1,IDESCC(5));

ez = mod(JC — 1,IDESCC(6));

es = indxg2p(IC,IDESCC(5),p, IDESCC(7),m,);
eq = indxg2p(JC,IDESCC(6),p.,JIDESCC(8),n,).
f1 = numroc(N + f5,IDESCA(5).pr,f3,mp);

f2 = mod(TA — 1,IDESCA(5));

fs = indxg2p(IA,IDESCA(5),p,, IDESCA(7),m,).

This value of LWORK can be calculated by using the Library function Z01CCFP:; i.e.,
LWORK = Z01CCFP(SIDE, M, N, IA, JA, IC, JC, IDESCA, IDESCC)

17: INFO — INTEGER Global Output

On ezit: INFO = 0 unless the routine detects an error (see Section 5).

5 Errors and Warnings

If INFO < 0 an explanatory message is output and control returned to the calling program.

INFO <0

On entry, one of the arguments was invalid:

if the kth argument is a scalar INFO = —k;
if the kth argument is an array and the jth element is invalid, INFO = —(100 x k + j).

This error occurred either because a global argument did not have the same value on all logical
processors, or because its value on one or more processors was incorrect. An explanatory message
distinguishes between these two cases.

6 Further Comments
6.1 Algorithmic Detail

See [2] and [1].
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6.2 Parallelism Detail

The Level 3 BLAS operations are carried out in parallel within the routine.
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8 Example

See the Example Program for FOSASFP (PZGEQRF).
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