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SUMMARY

The QR algorithm used to solve over-determined systems of linear equations
was adapted to execute efficiently on the Control Data STAR-100 computer. Us-
ing the new vectorized algorithm, the STAR-100 computer solved a system of
250 equations in 50 unknowns in less than 8.5% of the time it took using the
original scalar version. This paper describes how the scalar program was adapted
for the STAR-100 and indicates why these adaptations yielded an efficient STAR
program. Program listings of the old scalar version and of the new vectorized
SL/1 version are presented in the appendices. Execution times for the two ver-

sions, applied to the same system of linear equations, are compared.

INTRODUCTION

Programs written in standard FORTRAN language for serial computers do
run on the Control Data STAR-100 computer, but very inefficiently. To take
advanatage of the architecture and vector-processing capabilities of the
STAR-100 computer it is necessary to vectorize the algorithms in these programs.
Frequently one must rearrange the data and computations. This paper describes
how the QR algorithm to solve over-determined systems of linear equations was
vectorized and what factors were considered in developing an efficient STAR
program.

The vectorized program utilizes SL/1, a high level language developed by
NASA's Langley Research Center for the STAR-100 computer. SL/1 incorporates
many features designed to see that programs if compiles take full advantage of
the STAR's architecture and capabilities, including half-word storage and
arithmetic. SL/1 is compatible with FORTRAN in the sense that programs written
in either language can call subroutines written in the other. In utilizing the
program presented in this paper, familarity with éome of the notations used in

the SL/1 language will be helpful.
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General suggestions concerning the adaptations of algorithms for efficient
use on the STAR may be found in the paper, "Star Adaptation for Two Algorithms
used on Serial Computer," by Lona M. Howser and Jules J. Lambiotte (see ref. 1).

ADAPTATION OF QR ALGORITHM TO SOLVE OVER-DETERMINED
SYSTEMS OF LINEAR EQUATIONS

The NASA computer mathematics library preéently has a subroutine called
QRASOS, written in FORTRAN for serial computers, to solve an over-determined
system of linear equations. This subroutine decomposes the matrix A of the

system AX=B using Householder transformations. (For details of this algorithm

see ref. 2). To compute these transformations, it uses subroutines SAXPY, SSCAL,

SCOPY and function SDOT from the Basic Linear Algebra Subroutines (BLAS). For
an mxn (m>n) matrix A it makes n2 calls to these subroutines and functions to
solve the given system. Subroutine calls are very expensive on the STAR-100
computer.

In SL/1, a matrix can be stored either column-wise or row-wise. Column
storage means that elements in one column of the matrix are stored as one
vector (contiguous locations). Similarly, row-storage means that elements in
one row are stored as one vector (contiguous locations). In vectorizing this
algorithm both row and column storage of matrices A and B were tried.

With row-wise storage, reordering of the scalar-version computations is
required but use of the inner product macro to decompose matrix A is avoided.
With column-wise storage the computational steps are the same as in the scalar
versions with vector instructions replacing scalar instructions, but use of the
dot product macro is required. It was expected that, because of the avoidance
of the dot product macro, the row-wise approach would offer a considerable
saving in CPU time.

Test results show that in using the STAR computer for this algorithm both
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vectorized versions offer considerable CPU time savings over the scalar program,
but that contrary to expectations column-wise storage is more efficient than row-

wise storage (see table).

CPU TIME IN SECONDS CPU TIME IN SECONDS
TO DECOMPOSE TO DECOMPOSE AND SOLVE
New Vectorized New Vectorized New Vectorized

Size of Version (Column Version (Row 0l1d Scalar Version (Column
Matrix A Storage) Storage) Version Storage)
250 x 200 2.169 2.695 26.34 2.239
120 x 100 .405 .588 3.396 .433
250 x 50 .158 .863 2.223 .178
100 x 10 .006 .069 0.056 .009
200 x 30 .053 416 0.698 .063

Algorithms for both row-wise storage and column storage to decompose the
matrix A are given. Back substitutions are not discussed here. In both

algorithms, A is an mxn matrix and WK is a vector of length n.

COLUMN STORAGE

When matrix A is stored column-wise, the decomposition of A is achieved

h

as follows: (Note: All references to it column refer to column entries on

and below the diagonal).
(1) Take the inner product of ith column with itself and store in WK;
(2) Take the square root of WK,
(3) If WK, = 0, go to step (10)

i

4) WKi = WKi x Sign of Ai,i

(5) Divide column i by WKi

(6) Add 1 to Ai,i



These 6 steps compute the Householder transformation for column i.
To apply this transformation to the columns K = it+l,....n do the follow-
ing steps:

(7) Take the inner product of column i with column K and store the
result in t

(8) Divide t by Aii and then store the negative of the result in t
(9) Multiply column i by t and add the result to column K

; - in A and t in WK,
(10) Store Ai g In t, WKi in i,i i

When i=n perform steps 1 thru 6 and 10.

ROW STORAGE
When the matrix A is stored row-wise, the decomposition of A is achieved
as follows: (Note: 1In the steps 1 thru 6 below, all references to the row j
in the ith step of decomposition refer to the entriés on and to the right
of the diagonal. All references to the vector WK refer to its ith, (i+1)th
....nth elements. In steps 7 thru 10 all references to the row j in the
ith step of decomposition refer to the entries to the right of the diagonal
and all references to the vector WK refer to its (i+l)th, (i+2)th....nth elements) .
At jth step of decomposition (i=1,2,....n-1).
(1) . Set WK=0
(2) For j=1,2....m, multiply row j by Aj,i and add the result to WK
(3) Take the square root of WK,
(4) 1f WKi=O'go to step 11
(5) ° Multiply WKi by sign of Ai,i
(6) Divide Ai,i by WKi and add 1 to the result

(7) Divide WK by WKi and add row i of A to WK

(8) Divide WK by _Ai,i

(9) For j=i+l, i+2,....m
Divide A, ., by WK,
i, i i
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(10) For j=i, itl,....m, multiply WK by Aj i and add the result to row
j of A i

(11) Store Ai,i in t, -WK in Ai,i and t in WKi

When i=n, perform Steps 1 thru 6 and 11.

WHY ROW-STORAGE IS SLOWER THAN COLUMN-STORAGE

As pointed out earlier, if the matrix A is stored row-wise, the use of the
inner product macro is avoided and the computation of the Householder trans-
formations and their application to other columns at each step of the decomposi-
tion is accomplished by the use of a vector multiplication by a scalar and then
a vector addition. This should result in a considerable savings of the CPU time
for a large matrx. However, our ﬁﬁmerical experiments show just the opposite.
" This can be explained as follows: When an mxn (m>=n) matrix A is stored row-
wise, the vector lengths in that algorithm are proportional to n, the smaller
dimension. On the other hand, for column-wise storage the vector léngths are
proportional to m, the larger dimension. Equivalently, we see that the row-
stored algorithm requires more vector start-ups ((m-n) (m-n+l)/2 more) to do
the same number of total computations as the column-stored algorithm, thus requir-.. -
ing more CPU time to do the same amount of work.

Another factor which makes the row-stored algorithm slower is that the
transformation elements are stored in the columns of the decomposed matrix.
If the matrix is stored row-wise, this leads to additional scalar computations,
notably in step 9 of the algorithm. This slows down the computations considerably.
Also, if m is large, then not all m vectors in row-wise storage reside in the
memory at the same time. Because of need to reference different columns at
different stepé of algorithm, this could lead to excessive paging. Thus, any
advantage gained by avoiding the use of the inner product in tﬁe row—wise storage
is offset by the need to perform many scalar operations, more iterations and

excessive paging.
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APPENDIX A

SL/1 Coding of QR Algorithm
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MODULE M1 s $OPT=1:¢SCURCEC1.7D);
R FEEEAKIOCONEF R RS OO IO OO SO R RN AR KOO T NN %/

/% %/
/%PURPOSE ' ¥/
% 10 SOLVE M SIMULTANEORS EAQUATIONS TN N UNKHOWNS WITH 1P ®/
/% RIGHT HAND SIDES SO THAT THE SOLUTIONS ARE THE EEST FASSIBLEX/
% FIT IN THE LEAST SGUARES SEMSE. THE ROUTIHE YUSES HOUSE- x/
/% HOLDER TRANSFCRMATIONS TO PERFORM. THE QR DECAMPOSITICN %/
CI% OF THE COEFFICIENT MATRIX. - x/
/% .7 x/
/%®USE */
/% x/
/% CALL Q4QRASOS(MAYM,MAXN,M,N,1P,A,B,WT,J08,X,k5D,SUM, WK, IERR) %/
/% %/
/%FARAMETERS x/
1% x/
1% MAXM AN INPUT INTEGER TPECIFYING THE FIRST CIMENSION OF THE %/
/% A,B, AHD RSD ARRAYS IN THE CALLING PROGRAM. MAXM MUST =/
/% BE GREATER THAN OR EGUAL TO M. x/
/% . x/
1% MAXN AN INPUT INTEGER SPECIFYING THE FIRST DIMENSION OF THE %/
/% X ARRAY IN THE CALLING PROGRAM. MAXN MUST BE CGRFEATER %/
1% THAN OR EQUAL 7O N. x/
/% ®/
/% M AN INPUT INTEGER SPECIFYING THE HUMBER OF ROWS OF THE %/
/% ' A AND D ARRAYS. M MUST BE GREATER THAN OR EQUAL TO N. ¥/
/% ®x/
/% N AN INPUT INTEGER 3PECIFYING THE HUMBER OF COLUMNS OF */
/% THE A ARPAY. ‘ %/
/% , %/
/% IP AN INPUT INTEGER SPECIFYING THE NUMBER OF COLUMNS OF */
1% THE B ARRAY. ¥/
/% %/
Ix A AN NPUT/OUTPUT THO-DIMEMSIONAL ARRAY WITH FIRST DIMEN- %/
/% SIGN EGUAL TO 11AXM AND SECONHD DIMENSIGH AT LEAST M. N/
/% ON INFUT, A MUST CONTAIN THE MATRIX OF COEFFICIENTS CF %/
/% THE SYSTEM OF EQUATIONS. ON OUTPUT, A CONTAINS 1HFOR- %/
/% MATION DESCPIBING THE 2R DECOMPOSITION OF A. x/
I */
% B AN INPUT THO-DIMENSIONAL APRAY WiTH FIRST DIMERSICH %/
/% EQUAL TO MAXM AND SECOND DIMENSIGH AT LEAST IP. *x/
/% THE COLUMNS OF 8 MUST CONTAIN THE IP RIGHT HAND SIDE %/
/% VECTORS. */
1z 3 ¥/
/% . WT AN INPUT OHE-DIENSIONAL ARRAY OF WEIGHTS. IT MUST %/
1% HAVE LEMGTH AT LEAST M. IF WEIGHTING IS DESIRED, %/
/% THE FIRST M LOCATICHS MUST CONTARIN REAL HUMBERS GREATER €/
/% THAN ZERO. IF WEIGHTING 1S NOT DESIRED, WT (1) MUST BE #/
1% A NCGATIVE REAL HUMBER. %/
/% x/
/% J0B AN INPUT INTEGER SPECIFYING RESULTS TO EE COMPUTED. x/
/% ¥/
1% =1 COMPUTE SOLUTICHS ONLY. ®/
/% =2 COMFUTE RESIDUALS OMLY. x/
I* =3 COMPUTE BOTH SOLUTIOHS AND RESIDUALS. %/
/% */
/% X AN CUTPUT THO-DIMENSIONAL ARRAY CONTAINING THE SOLU- - %/
/% : TIONS. ¥ MUST BE DVYMEMSIOMED WMITH FIRST DIMEHIION %/
/% CQUAL TO MAXN AND SECOMD DIMEMSICHN AT LEAST iP. IF x/

I , SOLUTICAS ARE DESIRED INTO MATRIX B THEM MAYN MUST BE %/
4 A ' -7 EQUAL TO MAXM FOR THIS FARTICULPR CASE. : ®/
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/%
1%
/%

/%
/%
1%

1%
1%
%

- SPECIAL ACTION WHEN M=1

IF M =~ 1 THEN
’ 1F WKI11 = 0 THEN
ItRR;=1;
GO TO LAB4
ENDI;
1F JOB <>2 THEN
FOR 1:=1 TO IP DO
XCIdE1l:= BCIST13/7AC1D(1];
ENDF 3
ENDIL
IF JCB <> 1 THEN
RSD(1)(1:1P1:=2.03
ENDI
GO TO LAB4;
ENDI;

COMPUTE TRANS(Q)xB

FOR 1 :=1 TO N DO
1F WKTIY <> C THEN
FOR J:=1 TO 1P DG
Ti:= ACIDII:M) .COT. BCIDI1l:MIg
Ti= ~T/HCIOTT1T;
S5CJITT Y e= BCIILT MY « TEACIICTI:MD;
ENDF 3
ENDI
ENDF 3
FOR 1:=1 TO IP DO
{12024 :NY :=B(IX[1:N];
ENDF 3
1F JD0B > 1 THEN

COMPUTE THE RESICUES

FGR 1 :=1 TO 1P DN
PSDCIS[1:HY:=0.0;
ENDF 5
FOR 1 :«1 TO IP DO
K:=HN+1is
PSDCIDIK:MY:=BCIIIK M,
ENDF ;
FOR K := N DCWNTO 1 0O
FGR L :=1 TO 1P DO
Te=ACKI[K:M? .DOT. RSDCLI{K:M1:
IF WKIKJ)=0 THEN
IERR:=K; GO TO LA34
ENDI; '
Te==T/ALKIIKT;
RSDCLIIK:i13:=REDCLIIK M + TRACKI K 41,
SUMIL):=RSDCLII1:M) .DOT. RSDCLOI[1:M3;
ENOF 3
ENDF 5
T1F WTI41 > 0 THEN
FOR [ := 1 7O 1P DO
REDCID[1:i4):= RESDCIDIL:MMI/WTE L M)
ENDF ;
WTTL MY mWTOL:MIN¥MTIL MY,
ENDI;
EHDI «

%/
%/
x/

x/
*/
%/

x/
x/
®/
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IF JOB ¢>2 THEN

/%
/% comMpPuUTE
ia 3

ENDI;
/%
/%
/%
LAB4:

ENDP;
ENDM;
L

Brewlo . . :
R B S T M T 2 AT T AL

THE SOLUTIOHMNS

FOR I:= N DOMWNTO Z DO
IF WK{T11=0 THEN
1ERR:=13 GO TO LAB4
ELSE
Ki=I-1;
FOR J:= 1 TC IP OO :
XCII[IY:= -XCOOILTTI/WKITT; -
Ti= -XCDI17; '
XCIDT1:K = XKCIIT1:KT + TXACID[1:K];
EMDF 3
END1
ENDF s
FOR I:=1 T2 1P DO
1F WKI[11=0 THEN
IERPRs=13; GG TO LAB4
ELSE
XCIDE1d:= ~XCIDIZ1/WKI11;
ENDI
ENDF;

SAVE THE TRANSFORMATICH
FOR 1:=1 TO N DO

T:=ACIIITTy ACIOTIT:=~KKITY; WKIYD:=T;
ENDF

*/
%/
x/

*/
*/
x/
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FORTRAN Coding of QR Algorithm

.13



SUBRCOUTINE QRASOSCMAXIA, MAXN,M,N,IP,A,E,WT,J0B,.X,R50,5UM, WK, 1ERR)

arasoo1o 14

C!!&i%)(.‘.!!ﬂ#:!l‘!!l‘.&!!!!!!!&%%%?‘.K&K*’!Kﬁ{‘.‘?‘i!!&1!!***3&1‘*!!i%i!’:&%’&‘ﬁ'&!*ﬁ!*!*K%iXGRAS 00290

Cx
Cx
Cx
cx
C¥
Cx

Cx

Cx
Cx
Cx
Ccx
Ccx
ox
Ccx
cx
Cx
Ccx
Ccx
Cx
cx
cx
Cx
Cx*
Cx
cx
cx

.Cx

Cx.

PURPOSE

TO SOLVE M SIMULTAHEOUS EQUATIOMS IN N UNKNOWNS QITH 1P

%QRAS0030

¥*QRAS0040

*QRASC0RS0

RIGHT HAND SIDES S0 THAT THE SOLUTIONS ARE THE BEST POSSIBLEXQRAS0060

FIT IN THE LEAST SQUARES SEIlSE.

THE ROUTIHRE USES HOUSE-

HOLDER TRANSFORMATICHE TO PERFORM THE QP DECOMPOSITION

OF THE COEFFICIENT MATRIX.

USE

CALL QRASCS(MAXM,MAXN .M,N,1P,A,B,WT,J08,X,RSD,5UM,HK, IERR)

PARAMETEFS

MAXM

MAXH

IF

AN THPUT INTEGER SPECIFYING THE FIRST DIMENSION OF THE
A,B, AND RED ARRAYS IN THE CALLING PROGRAM. MAXM MUST

BE GREATER THAN OR EGQUAL TO M.

AN TNPUT INTEGER SPECIFYIHIG THE FIRST DIMENSICGH OF THE
X ARRAY IN THE CALLING PROGRAM. MAXN MUST BE GREATER

THAH CR EQUAL TO H.

AN THPUT THTEGER SPECIFYING THE NUMBER OF ROWS OF THE

A AMD B ARRAYS. M MUST BE GREATER THAH OR EQUAL TO N,

AN IHPUT IMTEGER SPECIFVYING THE NUMBEP OF COLUINS OF

THE A ARRAY.

AN INPUT IHTEGTR SPECIFYING THE HUMBER OF COLUMNS OF

AN M T WAS AR oY T A s e . e e

*¥QRAS0070

*0RAS0080

®*QRAS0030

%®QRAS50100

%QRAS0110

¥QRAS0120

¥ARAS0130

*QRAS0140

¥QRAS0150

*QRASCIS0

*#¥QRAS0170

*QRAS0180

¥*QRAS0120

#QRAC0200

#0RAS0210

*QRAS0220

*QPAS0230

¥ARAS0240

#QRAS0250

#QRAS06260

*XQRAS0279

#QRNSD280

%QARAS0290

*#*0RAS0300

*¥QRA50310
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Cx

Cx

cx

Cx

Cx

Cx

- C¥

cx

Cx

cx

CX%

Cx

Cx

Ccx

Cx

Cx

C*

Cx

Cx

cx

Cx

Ccw%

Ck

Cx

Cx¥

Cx

Cx

Cx

C*

Cx

Cx

J0o8

THE B ARRAY.

AN INPUT/O0UTPUT TWO-DIMEMSIGHAL APRAY WITH FIRST DIMEN-
SIONVEGUAL TO MAXM AND SECOND DIMENSION. AT LEAST N.

ON INPUT, A MUST CCNTAIN THE MATRIX OF COEFFICIENTS OF
THE SYSTEM OF EQUATIONS. OGN OUTFUT, A CD&TA!NS INFOR-

MATION DESCRIBING THE QP DECOMPOSITION OF A.

AN INPUT TWO-DIMENSIONAL ARRAY WITH FIRST DIMENSIOH
EQUAL TO MAXM AND SECOND DIMENSION AT LEAST IP.
THE COLUMMS OF B MUST COHTAIM THE IP RIGHT HAND SIDE

VECTORS.

AN INMPUT ONFE-DIMENSICNAL ARRAY OF WEIGHTS. IF WEIGHT-
ING 1S DESIFED, MWT MUST HAVE LENGTH AT LEAST M, AND
THE FIRST M LOCATIONS MUST CONTAIN REAL NUMBERS GREATER
THAN ZERNA. IF WEIGHTIMG IS NJT DESIRED, WT CAN CUHélST
OF A SINGLE LOCATION WHICH MUST COMTAIN A NEGATIVE REAL

HUMBER.
AN INPUT INTEGER SFECIFVYING RESULTS TO BE COMPUTED.

=1 COMPUTE SCLUTIONS ONLY.
=2 COMPUTE RESIDUALS ONLY.

=3 COMPUTE BOTH SOLUTIONS AND RESIDUALS.

AN QUTPUT TWO-DIMEMSIOMNAL ARRAY COMTAINING THE SOLU-
TICHS. IF JOP=1 OR J08=3, ¥ MUST BE DIMEHSIOWED WITH
FIRST DIMEHSICH EGUAL 70 MAXN AND SECOMD DIMENSION

AT LEAST 1P. IF JeB=2, X CAN BE A DUMMY FPARAMETER.

*QARASC320
%QRAS0350
*QRASH340
*QRA50350
*QRAS0360
*QRAS0370
XQRAS0380
XQRAS0330
*¥QRAS0400
¥QRAS0410
*¥QRAS0420
XQRAS0430
XQRASG440
¥QRAS0450
®¥GRAS0460
¥QRAS0470

*¥QRAS0480

*#QRAS0490

*QRAS0500

%QRAS0510

*(,RAS0520

%®QRAS0S30

*QRAS0540

*¥QRAS0S50

%QRAS0560

®¥QRAS0S70

*¥QRAS05S80

#*GRAS0SS0

¥QARAS0OGCO

*QRAS0610

¥QRAS0620
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Cx

Cx

Cx
Cx
Cx
‘Ox
cCx

Cx

19 3
Cx
Cx
Cx
Cx
Cx
Cx
c%

Cx

Cx
cx
Cx
Cx
Cx
Cx
C¥

Cx

Cx

sum

WK

1ERR

REQUIRED

FORTRAN FUNCTIONS

SOURCE

LANGUAGE

AN QUTPUT TWO-DIMEHSIONAL ARRAY éOHTQINIHG THE RESID-
UALS. IF J0B=2 QR J0B=3, RSD MUST BE DIMENSIONED WITH
FIRST DIMENHSION EQUAL TO MAXM AND SECONTD DIMENSION

AT LEAST 1IP. IF J0B=1, RSD CAN BE A DUMMY PARAMETER.
AN OQUTPUT ONME-DIMEMSIONAL ARRAY CONTAINING TQE WEIGHTED
SUMS OF SQUARES OF THE RESIDUALS. IF J08=2 OR JOB-3J,
SUM MUST BE DIMENSIONED AT LEAST 1P. IF JOB=1. SUM

CAN BE A DUMMY PARAMETER.

A CHE-DIMENSIONAL WORK ARRAY WHICH MUST BT DIMENSIONED
AT LEAST N. ON OUTPUT, WK CONTAINS INFCRMATION QN THE

QR DECOMPOSITION OF A.
AN INTEGTR ERROR CODE.

=0 NC ERRGR DETECTED.
*1 N 1S GREATER THAN M.
=2 THE DECOMPOSED MATRIX IS SINGULAR.
=3 WEIGHTING WAS REQUESTED AND ONHE OR MORE WEIGHTS
1S NEGATIVE.
ROUTINES NORMS ,SQRDC2 ,S5QRSL2,S5SAXPY1,5007L,SSCAL

SCOPY
485, AMAX1 ,MINO ,MOD,SIGN,SART

COMPUTER SCIENCES CGRPORATION,

HAMPTOH, VA.

FORTRAN

#QRAS0630
#ORAS0640
*QRAS0ES0
*QRAS0660
#QRAS0670
*QRAS0680
*QRAS0690
*QRAS0700
¥QRAS0710
%QRAS0720
*QRAS0730
*QRAS0740
XQRAS0750
£QRAS0760
¥QRAS0770
¥QRAS0780
¥QRAS0790
*QRAS0800
*QRAS0810
#QRAS0E20
*QRAS0830
%QRAS0S40
*QRAS0850
®*QRAS08S0
#QRAS0870
*QRAS0830
*GRAS0890
*QRAS0S00
*GRAS0910
¥QRAS09Z0
*QRASCO30

®Nnopacnadn
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~C.ve
Cx
Cx
cx

Cx

DATE RELEASED

LATEST REVISION

AUGUST 1, 1978

OCTOBER 10,

i978

#QRAS0950

®IRAS0560

£GQrAS0970

%XQRAS0980

%¥QRAS0930

C!!Ki!i!!!!%x!!%!%%i*!’!**!X!X}X!i!*ﬁ!){!!!*l!ié&?ﬁ!*li%i!!&*!%%!!‘.(!’(!!%??‘—“-‘-’QRAS 1000

DIMENSION ACMAXM,13 ,BCMAXM, 1), X (MAXN,1) ,REDC(MAXM, 1) ,WT (1) ,UKI1)

DIMENSION SUMC1)

IERR = 0

CHECK FCR

IFCM .GE. N GO TO
1ERR = 1
GO TO 160
CHECK FOR

10 IFC(WTC1) .LT. 0.0)

CHECK FOR

DO 20 1 = 2, M
IFCUT (1Y .LE.
20 CONTIHNUE
GO TG 40
30_ IERR = 3

GO TG 160

INEIGHT THE A AND B ARRNAYS BY THE SQUARE ROOT

M LESS THAM N.

io0

NO WEIGHTING

GO TO 80

ILLEGAL WEIGHTS

0.0> GO TO 30

QRAS1010

aRAS1020

ARAS1030

3IRAS1040

QRAS10%0

QRAS1060

ARAS1070

ARAS1080

QRAS1090

QRAS1100

--GRAS1110

QRRAS1120

QRAS1130

QRAS1140

IRAS1150

QRAS1160

nRAS1170

QRAS1180

QRAS13190

GRAS1200

NRAS1210

GRAS1220

QRAS1230

QPAS1240

QRAS12580
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40

S50

60

70

80

ae

OF THE MWEIGHT ARRAY.

WTCI) = SERTCWTCI))

D0 S0 J = 1, N

ACL,J) = WTCII®ACT, ) -

CONTINUE
Do 60 J = 1, IP
BCT,J) = WTCII*3(1,H
CONTINUE
CONTINUE

COHTINUE
CALL SQGRDC2 TO DECOMPOSE A
CALL SORDC2(A,MAXM,M,N,WK)
CALL SCFSL2 TO SOLVE FOR IP RIGHT HAKND SIPES

CALL SQRSL2CA,MAXM,M,N,MAXN, 1P MK ,E,X,RSD,JU8, 1ERR)

IFCIERR .EG. 0> GO 70 9C

1ERR = 2
GO TO 1i6¢
CONTINUE

COMPUTE THE SuUM OF WEIGHTED SQUARES OF RESIDUALS.

IFC(JOB .EQ. 1) GO T2 140

b0 110 J ~ 1, 1IP

SuMcJ) = 0.C
bO 100 1 = 1, M

e asGUMES) = SUMCJS + RSDCI,JIXRSDCT, ).

QRAS1266C
GRAS1270
QRAS1280
QRAS1290
AQRAS1300
ARAS1310

QRAS1320

QRAS1330

" BRAS1340

GRAS1350

QRAS51360

aQRAS1370

GRAS13E0

QRAS1390

IRAS1400

QRAS1410

GRAS51420

QRAS1430

GRAS1440

QRAS1450

QRAS1460

GRAS1470

QRAS1480

QrRAS14990

QRAS1500

QRAS1510

GRAS51520

AkAS1530

QRAS1540

QRAS1550

arRAS1560
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ig0 COMTINUE

110 CONTINUE

COMPUTE UNWEIGHTED RESIDUALS

IFCWMTC1) .LT. 0.0) GO TO 160
DO 130 1 = 4, M
Do 120 J = 1, IP
REDCI,J) = RSDCI,JI/WTCI)
120 " CONTINUE
130 CONTINUE
140 .CONTINUE
IFCWTCL) .LT. 0.0) GO T3 160
DO 150 1I=1,M
MTCI) = WYCII¥MTCID
150 CONTIMUE
160 COMTINUE
RETURN
END
‘GUBROUTINE SOPDC2CX,LDX,HN,P,QRAUX)
INTEGER LDX,N,P

REAL X(LDX,1),QRAUX(15

SQRDC2 USES HOUSEHDLDER TRANSFORMATIONS TO COMPUTE THE GR

FACTORIZATION OF AN N BY P MATRIX X.

ON ENTRY

X REAL CLDX,P), WHERE LDX .GE. N.

X CONTAIHS THE MATRIX WHOSE DECOMPOSITIGHN IS TO BE

COMPUTED.

QRAS1580
QRAS1590
GRAS1E00
QRAS1610
QRAS1620
GRAS16390
QRAS1640
GRAS1650
QRAS16€0
QRAS1670
ARAS1H80
QRAS1690
QRAS1700
QRQSI?lO
QRAS17290

QRAS1730

QRAS1740

QRAS17S0

QRAS1760

QRAS1770

QRAS178C

QRAS1790

QRAS1EC0

QRAS51810

GRAS1820

QRAS1850

QRAS51840

QRAS185)

QRAS186D

GRAS1870

QRAS18A0
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(1

c

LDX

ON RETURHN

QRAUYX

INTEGER.

LDX IS THE LEADING DIMENSIGH OF THE ARRAY X.

INTEGER.

N 15 THE NUMBER OF ROWS .0F THE MATRIX X. -

INTEGER.

P IS THE NUMBER OF COLUMNS GOF THE MATRIX X.

X CONTAINS IN 1TSS UPPER TRIAMNGLE THE UPPER
TRIANGULAR MATRIX R QF THE QR FACTORIZATIOHN.
BELOW ITS DIAGOMAL X COHTAINS INFORMATION FROM
WHICH THE OFTHOGONAL PART COF THE DECOMPOSITION

CAN BE RECOVERED.

PEAL (P,
QRAUX CONTAINS FURTHER IMFORMATICOH REQUIRED TO RECOVER

THE DORTHOGOMAL PART OF THE DECOMPOSITION.

LINPACK SUBROUTIME SGRDC VEPSIGN DATED ¢7/14/77, REVISED EY

COMPUTER SCIENCES CORPCRATICN, KAMPTON, VA,

BLAS SAXPY1,5D0T1,358CAL

10/710/78.

LRC NORMS

FORTRAN ABSSIGN,SQRT,MOD

INTERNAL VARIABLES

I:e,,", . 5
RIS e AT A R R SR

QRAS51820
GRAS13900
@RAS1310
QR%SIS?O
GRAS1330
GRAS1940
GRAS1350
QRAS1960
GRAS1970
GRAS51280
GRAS1990
QRAS20050
QRAS2010
QP452020
QARAS2030
QRAS2040
QRASZ050
QRASéOGO
CRAS2070
QrRAS2080
GRAS2590
ARAS2100
QRAS2110
QFrA521260
CRAS2120
QRAS2140
RRPS52150
0RA32160
Q@RNAS2170
QRAS2180

GRAS21350

aras2200
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140

150

INTEGER J,L,LP1

REAL SDOT,HNRMXL,T

PERFORM THE HOUSEHOLDEP REDUCTION OF X.

PO 180 L = 1, P
QRAUXCLY = 0.CED

IF CL .EQ. MY GO TO 170

COMPUTE THE HOUSEHOLDER TRANSFORMATION FOR COLUMN L.

NLEN = N-L+1

.CALL NORMS CNLEM ,HLEN,1,X(CL,L) ;2 ,NRMXL)

1F CNRMXL .EQ. 0.0E0Y GO TO 160
1IF (XCL,L> .NE. 0.0EQ) MRMXL = SIGNCHRMXL,ACL,LdD
CALL SSCALCN-L+1,1.0E0/NRMXL,NCL,L),1)

XCL,L) = 1.0E0 + X(L,LD

APPLY THE TRANSFORMATION TO THE REMAINING COLUMNS.

LtP1 = L + 1
IF (P .LT7. LP1) GO TO 150
CO 140 J = LPL, P
T = ~SDOTI1CH-L+1,X{L,L),XCL,0)3/XCL,L)
CALL SAXPY1(N-L+1,T,XCL,L) , X(L,JI)
COMNTINUE

CONTINUE

QRAS2210
QRAS2220
QRAS2230
GRAS2240
QRAS2250
QRAS2260
QRAS2270
QRAS2280
QRAS2290
QRAS2300
QRAS2310
QRAS2320
QRAS2330
QRASZ340
QRAS2350
QRAS2360
QRAS2370
GRAS2380
GRAS2390
GRAS2400
QRAS2410
QRAS2420
QRAS2430
QRAS2440

QRAS2450

'QRA32460

QRAS2470

akac2480

QRAS2490

QRAS2500

QRAS2510
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SAVE THE TRANSFORMATION.
GRAUXCL) = XCL,L)
YL,L) = -NRﬁXL
160 COHTINUE
170 CONT INUE
180 CONTINUE S
RETURM
END
SUBROUT INE saRSszx;Lox,N,K,Loa,xp,aaaux,v,eera,Rso,Joa,1nro)
INTEGER LDX,N,K,LDB,1P,J0B, INFO

REAL X{LOX,1),GRAUX(1),Y(LDX,1),BETACLDB,1) ,RSDCLDX,1)

SQRSL2 APPLIES THE OUTPUT OF THE SUBROUTINE SGRDC2 TO
COMPUTE A SET OF 1P LEAST SQUARES SOLUTIONS AND RESIDUALS. THE
OUTPUT OF SQRDC2 1S TrE DECOMPOSITION OF THE N BY ¥ MATRIX

X IN THE FORM

X = 0 % (R

€0)

MHERE Q IS ORTHTGONAL 2ND R IS UPPES TRIAHCULAR. THIS
INFCRHATION (S CONTNAINED IN CODED FORM IN THE ARRAY X

AND THE ARRAY QRAUX.

"ON ENTRY
X REAL CLDX,K>, HHERE LDX .GE. N.
X CONTAINS THE OUTPUT FROM SQRDRC.
LDX INTEGER.

LOX IS THE LEADING DIMENSION OF THE ARRAY X.

ARAS2520
QRAS2530
GRAS2540
QRAS2550
GRAS2560
QRAS2570
GRA52580
QRAS2590
QRAS2€00
QRAS2610
QRAS26520
QRAS2630
GRAS2640
ORAS2650
QRAS2660
QRAS2670
QRAS2680
QRAS2€E9C
QRPS2700
CRPS2710
QRAS2720
aQRAS2730

QkAaS274C

QGRAS27S0

QRAS276G0

QRAS2770

RRAS2780

GRAS2730

QRA52800

QRAS2810

QRAS2B20

CRAS2830
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K

LDB

1P

QRAUX

JoB

0N RETURN

BETA

INTEGER.

N IS THI MUMBEP OF ROMS OF VHE MATRIX X.

INTEGER.

K 1S THE NUMBER OF COLUMNS GF THE MATRIX ¥.

-

INTEGER.

- LDB IS THE LEADING DIMENSION OF THE ARRAY BETA.

INTEGER.

IP 1S THE NUMBER OF RIGHT HAND SI1DES.

REAL (KD

QRAUX CONTAINS THE OUTFUT FROM SQRDC2.

REAL (LOX, 1P).
Y 1S THE N BY IP RIGHT HAND SIDE MATRIX THAT 1S

MANIFPULATED BY SQRSL

INTEGER.

JOB IS A PARAMETER THAT CONTROLS WHAT IS TO BE

COMPUTED.
IF JOR .EQ. 1 COMPUTE SOLUTICHE COMNLY.
IF J0B .EQ. 2 COMPUTE RESIDUALS OHNLY.
IF 438 .€0. 3 COMPUTE SOLUTIONS AND RESIDUALS.

REAL(LDB, IP).

QRAS2840
QPAS?8$0
ARAS2860
QRAS2870
QRAS2880
@RAS2890
QRAS2900
GRAS2310
QRAS2920
QRAS2230
QRAS2940
QRAS23SS0
ARAS2950
QRAS2979
QRAS2980
ARAS2390
QRAS3000
GRAS3010
QrRASZ2020
GRAS3030
GRAS3040
QRAS3050
GRASI060
QGRAS3070
ARAS3080
QRAS3020
QRAS3100
GRas3110
QRAS3120
QRAS3136

AKA33140
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R R

SETA COMTAINS THE SOLUTICOMS CF THE LEAST SQUARRES

PRCBLEMS

MINIMIZE NORMZ(Y(I) - X¥EETACIJ3,

IF THEIR COMPUTATIOH HAS BEEN REQUESTED.

RSD REAL{LDX,1P)

RSD CONTAINS THE LEAST SQUARES RESIDUALS

YCI) - X%BETA(CID), 1-1,2,...

, IP

1F TEEIR COMPUTATION HAS BEEMN REQUESTED.

INFO INTEGER

INFO 15 TERO UNLESS THE CALCULATIGN JF BETA HAS BEEN
REQUESTED AND P 1S SINGULAR, 1IN WHICH CASE INFG IS
THE INDEX OF THE FIRST ZERC DIAGONAL ELEMENT GF R.

IN THIS CASE BETA 1S5 UNALTERED.

LINPACK SUBROUTIME SQRSL VERSION DATED 07/14/77,

COMPUTER SCIENCES CORPORATICN, HAMPTON.

PBLAS SAXPY1,SCOPY,S5DCTL

FORTRAN ABS,IMINO,MOD

INTERNAL VARIABLES

INTEGER 1,J,JJ,JU,KP1

REAL SDOT,T,TEMP

SET INFC FLAG

INFG = O

JU_=» MINOCK,H-1)

va.,

16/10/73.

I=1,2,...

, 1P

REVISED BY

QRACT1S0

GRAS3169

QRASS170

QRAS3180

GRAS3120

QRAS3200

@RASTZz1Q

QRASS220

QRAS3230

QGRAS3240

QRASS250

ARAS3260

QRAS3270

QRASZ2€0

QRAS3290

QRAS3300

GRAS3310

QRAS3320

AQRAS3330

QRAS3340

QRAS3350

CRAS3360

QRAS3370

QRAS338D

QRAS3390

GRAS3400

QRAS3412

GRAS3420

RRASTIA30

GRAST440

GRAS3450

ARAT3460
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c SPEClAL ACTION WHEN Nfi
c
1IF (JU .HE. 0) GO TO 20
1T¢XC41,1Y .NE. 0.C) GO TO S
INFO = 1
GO TO 229
S CONTINUE
po 10 L =1, 1P
IFCJ08 .NE. 2) BETACL,L) = Y{(1,L)/X{1,1)
1FCJOB .ME. 1) RSD(1,L) = ©.0EO
10 CONTINUE
GO TD 220
20 CCONTINUE
c
c CCHMPUTE TRANS(QJxY
‘C

1F CQRAUXCJ> .EQ. €.CEZd) GO TC 40
TEMP = XL,
XCJ3,J) = QRAUXTID

00 30 L =« 1, 1P

T = -SDOTICN-J+1,%CJ.I,YI,LII/X(I,D

CALL SAXPY1(N-J+1,T,X0{J,I,¥YWI,LI)

30 CONTINUE

X¢J,d) = TEMP

40 CONTIHUE

SO CONTIHUE

¥P1 o= K 4+ %

IF (JOB .EG. 1 .OR. K .EQ. H) GO 70 790

poso0 L = 1, IP

GRAST472d

GRAS3480

ARAS3490

GRAS3500

GRAS3S190

QRAS3520

QRASSS30

QRASIS40

QRAS3550

GRAS3S60

QRAS3E70

QRAS3580

QRASSSSD

QRAS3600

QRAS36190

QRAS3G20

QRAS3IBIC

ORASS3640

QRAS36S0

GRASTEG0

QRASTIS70

QRAS3680

GRAS3620

QRAS3700

QRAS3710C

QRAS372C

GRASZ7320

QRAS3740

QRASZ750

GRAS3760

GRAS3770
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60

70

75

80

30

a5

100

110

CALL ZCOPY(H-K,Y(KP1,L2,2,R30CKPL,L),1)

CONTINUE

CONTINUE

IF (JOBR .EQ. 23 GO TO 120

COMPUTE BETA

DO 75 L = 1, 1P

CALL SCOPY(K,Y¥(1,L),1,BETAC1,L),12
CONTINUE
DO 100 JJ = 1, K

J=K - JJ + 1

IF (X(J,J) .NE. 0.0ED0)Y GO TO 80

INF2 = J
ceee s JEXIT

GO TO 220
CONTINUE

D0 9SS L = 1, IP
BETACJ,LY = BETACJ,LI/X(I,N
IF (J .EQ. 1) GO TO 990
T = -BETAWI,LD
CALL SAXPY1(J-1,T,X(1,J),BETACL,LY)
CONTINUE
COHTINUE
CONTIHUE

CONTINUE

CONTINUE

IF (JOB .EQ. 1) GO TO 210

COMPUTE RSD iF REQUIRED

MDO 160 L - 1, IP

QRAS3I780
QRAS3790
QRAS3800
QR;SSBID
QARAS3IB20
GRAS3830
GRAS3840
GRASS8BS50
QRAS386¢C
ARAS3870
QRAS3880
QRAS3IBI0
aRAS3S00
QRAS3S10
QRAS3820
QRAS3830
QRASI340
ARAS3350
QGRAS3960
QRASZA70
QPAS3980
QRAS3AS0
GRAS4000
QRAS4010
aRAS4G20
QRAS4030
GRAS4040
QRAS4050
aRA54060
QR&54070
GRAS4080

QPAS4030
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