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Abstract /27

Transferring Fortran subroutines fram one manufacturer's machine

to ancother, or fram one operating system to another, puts certain

constraints on the construction of the Fortran statements that

are used in the subroutines. The reliable performance of mathe-

matical software should be unaffected by the host enviromment in g
which the software is used or by the campiler from which the code

is generated. In short, the reliable performance of the algorithm

is to be independent of the camputing envirorment in which it is

run.

The subroutines of ROSEPACK (Robust Statistics Estimation

Package) are Fortran IV source code designed to be semi-portable

where semi-portable is defined to mean transportable with minimum ‘1;>

change.®* This paper described the guidelines by which ROSEPACK

subroutines were written.
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Introduction

Semi-portability of Fortran subroutines puts certain constraints on the
construction of Foftran statements, the declaration of variables, and the
representation of constants that are used in the subroutines. Many of
these constraints are needed for Fortran subroutines that are to be
imbedded in applications subsystems that are written in another language,
say PL/1.

Frequently, the numerical algebra algorithms themselves are strengthened
when their performance is unaffected by the arithmetic of the machine on
which they are used and the Fortran campiler by which their code is generated.

The rules for structured programming [1,2,3] and structured documentation
(see Part Two, Section X of this document) should be followed insofar as
possible. The camments within the program or subroutine should be sufficient
to inform the user about input parameters, output parameters, temporary
storage parameters, error exits, and the algorithm that the program
implements. Sample programs are given in the Appendix.

This document presents certain suggestions for programming that
will tend toward requirements for semi-portability of ANSI Fortran IV
(as described in CACM, Vol. 7, No. 10, October '64) subroutines and
programs. We also suggest certain conventions for comments and general
formatting of the Fortran code. By "formatting" we mean the spacing
and indentation that determine the general appearance and readability
of the code. Such foarmatting is suggested to help the reader or the user
understand the algorithm, the program, and the flow of control within

the program.




Part One

Same guidelines for programming are

I.

IT.

ITT.

Iv.

VI.

COMMON storage should not be used for arrays. This is not

an ANSI restriction, but driver programs become simpler to
write, and the use in a paged environment is enhanced if

one does not use COMMON. COMMON storage requires a particular
ordering of declarations so that boundary aligrments conform.
Arrays in COMMON must have fixed dimensions at compile time
which may cause excessive storage allocation or a requirement
to recompile if a user needs arrays of dimensions higher than
those originally defined in the COMMZN block of storage.

All array arguments should have adjustable dimensions. These
dimensions should be made explicit in the declarations of the
formal parameters for each subroutine. TFor example,

REAL  A(NM,N)
not

REAL  A(NM,1)

The latter construction may be rejected by some compilers.

EQUIVALENCE statements should not be used: EQUIVALENCE
statements may inhibit automatic conversion between single
and double precision.

Certain Fortran compilers do not distinguish more than six
characters of an identifier. Hold identifiers to six charac-
ters or fewer.

Do not use multiple entry points or non-standard retuwrns. Such
constructions are not necessarily available for all compilers.

Be sure that the precision of any Fortran library routine or
built-in function is explicit in all statements. For example,
DABS, not ABS, for absolute value for long precision computing.
Do not use mixed mode arithmetic or assume there is an implied
conversion anywhere, not even for constants. For example

DOUBLE PRECISION X

X = X + 10.0D0
not

DOUBLE PRECISION X

X = X+ 10.0
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VII.

VIII.

Constants that are used in iterations or convergence criteria
should be functions of the machine's precision, i.e., the
smallest floating point number, €, representable in the machine
for which the floating representation of l+e#l. Certainly, a
constant that cannot be converted precisely on the machine
should never be used. For example, .l, is representative of
such numbers. Numbers that can be represented exactly are
integer powers of the base of the arithmetic of the camputing
machine. Such numbers must be within the range of arithmetic
of the computing machine.

Test cases must be devised so that data can be converted uniformly
on all target machine. The word length of the machine determines
the truncation of the intermal representation of floating point
numbers, and conversion routines do not treat floating point
numbers uniformly. The integers are treated uniformly with respect
to conversion so long as they lie within the precision range of
arithmetic of the computing machine. One suggestion for portability
for test cases used as input numbers is to read them in as integers
and then DEFLOAT to get the internal floating point representations.
It is extremely important that the internal representation of data
for test cases represent the same numbers on all target machines.
Different internal representations can create perturbations (on
input data) sufficient to cause changes in computed solutions that
are awkward to analyze.

Obscure underflows can often produce side effects that give
divide checks or overflows. This problem is particularly acute
because the range of arithmetic on many machines is not symmetric
about zero. For example’ the range of arithmetic on the IBM 360/
370 machines is about 107° >|x{> 10™7%. On the

IBM 360/370 machines, the number 10777 is within the tolerated
range of arithmetic; the reciprocal of 10777 is not within the
machine's range of arithmetic. That an algorithm will exhibit
overflow, underflow, or divide check problems is often not known
in advance ; moreover, some linear systems routines have this
problem when an inner product is formed or when multiple multiplies
are encountered. Be prepared to isolate such problems. Different
operating systems and different computing machines do not treat
underflow interrupts uniformly. The variations in underflow
processing range fram ignoring the underflow completely to causing
a termination fram the operating system. One solution to avoid
underflow is to reorder arthmetic expressions. Another solution
is to resort to extended precision arithmetic for critical
sections of code.

The usual rules for separate sections for error handling and
input-output that are required for applications subsystems

are equally applicable for semi-portable Fortran programs.

For convenience, the error handling from the subroutines should
be uniform. The input-output should be confined to main programs
or special I-P subroutines; that is to say, computation




subroutines must be I-® free. The goal of the error
recovery is to permit camputation to continue without
resorting to system termination, yet give the user
information about the performance of the algorithm on
his problem. See the example of IERR in the QRF sub-
routine in the Appendix.

XI. We expect the subroutines in ROSEPACK to be compiled
with Fortran campilers with the highest level of optimi-
zation. We have not used hand optimization in the sub-
routines. That we do not use hand optimization is a matter
of style that we believe enhances the exposition of the
algorithm. The indirection of addressing in QRF is an
example of such exposition.

Part Two
The suggestions for formatting aré

I. Identifiers

Identifiers, i.e., variable names, should correspond to
default declarations in Fortran. However, explicit declara-
tions should be written for each identifier.

Variables from the calling sequence, internal variables, and
function names should all be declared separately. For a
suggestion on how to accamplish this see X Internal Documen-
tation Section B (PARAMETERS), Section C (LOCAL VARIABLES),
and Section D (FUNCTIONS) of the description of the Prologue.

IT. Iabels

If the order of labels within a subroutine is not linear the
convention used should be explicitly described. This order-
ing of statement labels should be linear and could proceed
in multiples of 10 for interior program sections. The next
level of program section could proceed as 100, and perhaps
the next as 1000.

Do not use unreferenced labels. Warning meésages are given
by same campilers for unreferenced labels.

Code for error exits should be surrounded by comments and
located at the end of the program or subroutine so that error
exits are easy to find. The labels for error exists should
be 2 or 3 digits, the first of which is 9, the last non-zero.
The convention for labels is arbitrary.

One format statement may be used by more than one print state-
ment in a program. Therefore we suggest that all format state-
ments be labeled with 4 digit numbers the last of which is non-
zero and placed after the RETURN statement and before the END
statement of the program.




ITT.

IV.

Preferably all input-output should be written in subroutine
form. We suggest that a DATA statement be used to fix units
of I-® and that this DATA statement be made particular to a
given installation. An example of such a construction in a
driver program could be

DATA I@IN /S/
DATA I@&UT /6/

The variables containing this I-@ unit information should be
passed as parameters to all subroutines using these I-0 units.
This device allows a global change of an I-@ unit without
recompiling individual subroutines.

Use of blank spaces

There should not be extra blank spaces around dummy variables
or constants in D@ loops. Blank spaces should delimit = symbols
in assigmment statements. This use of blank spaces avoids
confusion between the use of = for assigmment and for indexing.
Blank spaces should be used wherever such use will enhance
readability of elements of expressions or statements.

Tab Spacings

Throughout this document we are assuming tab setting in columns
1, 7, 10, 15, 20, 25, etc. The tab spacing is a matter of
style and convenience in reading.

Continuation Characters

Second and subsequent lines of all continuation statements should
be numbered 1 through 9, then A through Z in column 6. The text
of each continuation statement should be indented one tab space
from the initial line of the statement. The convention for
continuation characters and tab spacing is imposed for consistent

style.

D@ loops

All D@ loops should be surrounded by comment statements which

may be blank. Text comments should follow a blank comment state-
ment. If more than one statement is in the range of a D? loop,
the closing statement of the DO loop should be a CONTINUE. This
CENTINUE should be unambiguous. Statements between DO and
CONTINUE should be indented one additional tab space to correspond
to a block structure.

Inner loops should be indented one tab space to the right of their
surrounding outer loop.

For examples of indentation of DJ loops see the examples in
the Appendix.




VII. DATA Statements

Data statements should be used to set installation-dependent
constants, such as data-set numbers for I/@, and machine preci-
sion, underflow tolerances, or other machine-dependent constants.
See X, Intermal Documentation, Section L, for more details.

If a non-numeric character string must be used in a DATA state-
ment, it should be packed as one character per machine word
and always stored in an array since different machines allow

a varying number of characters to be stored in one machine
word .

VIII. Structured programming

The programming and formatting conventions that we describe
are similar to structured programming in the following ways:

1. format is for readability and understanding

2. 1indentation is done for major and minor loops

3 array dimensions are adjustable

4. temporary storage arrays are passed as parameters
5

documentation is structured such that it is contained
within the routine.

IX. Printed output

In order to aid in reproduction of the output, all printed
output should be formatted such that it is not greater than

8 1/2 inches in width. Most line printers print 10 characters
per inch, and 80 characters per line allows ample margins.

X. Internal Documentation

All Fortran programs should be well documented by liberal use

of comment statements. Proper documentation will enhance read-
ability and appearance of the code, improve understanding of the
algorithm used, help ensure proper use of the program, and aid

in future modifications. When semi-portability is also considered,
proper documentation serves to isolate those portions of the code
which are installation-dependent.

In-line documentation of Fortran programs in ROSEPACK has been
considered in two major sections, the Prologue and the Program-
flow caments. The latter consists of the camment statements
embedded within the code describing how the algorithm is being
carried out as the flow of control passes fram statement to
statement. The former consists of certain non-executable
Fortran statements found at the beginning of the subprogram
which fully describe the proper use of the software, as well

as information concerning its development. Any user familiar
with the guidelines has the added advantage of knowing where to
find specific information concerning the program. The Prologue
also identifies and isolates installation-dependent aspects of
the program and thus enhances semi-portability. The Prologue
is the major documentation for the use of the program or sub-
routine.
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The Prologue consists of the declarations of the calling
sequence and variable names of the subprogram, a number of
sections of text on the subprogram, and any DATA statements.
It contains a number of headings denoting the different
logical sections of the Prologue. The headings are comment
statements with the character "*#" in columns 7 through 11
and the heading name beginning in solumn 12 and followed
by a colon (:). A blank camment statement should not
immediately follow a heading. If the section denoted by
the heading line is empty, the heading should be followed
by a camment statement containing "NONE" in columns 7
through 10 and then a blank camment statement.

The different headings, in the order they should appear, are:

~PARAMETERS

~LOCAL VARTABLES
~-FUNCTIONS

~-PURPOSE

-PARAMETER DESCRIPTION
-APPLICATION AND USAGE RESTRICTIONS
-ALGORITHM NOTES
~-REFERENCES

-HISTORY

-GENERAL

-BODY OF PROGRAM

Six delimiter lines, consisting of two blank comment statements,
two camment statements consisting of the special character colon
(:) in columns 7 through 72, and then two more blank comment
statements, should occur immediately before the PURPOSE heading
and immediately after the GENERAL section. All lines between
these delimiters should be camment statements. When columns

73 through 80 of each line contain serialization of identifica-
tion characters, this gives a box-like appearance to the part

of the Prologue containing text.

An example of two programs following these guidelines is in
the Appendix.

What follows is a brief description of each section of the
Prologue. Note that no blank camment statements should occur
until after the FUNCTIONS section.

A. CALLING SEQUENCE

The SUBROUTINE or FUNCTION statement should be the
first line of the subprogram. Blanks should be used
to enhance readability.

B. PARAMETERS

Declaration statements should be grouped by type, i.e.,
first INTEGER, then REAL, then D@UBLE PRECISION, or REAL*8,




then REAL*16, then CEZMPLEX, COMPLEX*32, then L@GICAL.
Within each type grouping, variable names should be
listed in the order they occur in the calling sequence.
By parameters, we mean all of the variable names appear-
ing in the calling sequence.

LOCAL VARTABLES

As with the preceding section, declaration statements are
grouped by type, and in the same order. Within each type,
variable names should be listed alphabetically.

ALL variables used in the program should be explicitly
declared.

FUNCTIONS

All functions called by the program should be explicitly
declared. Declaration statements are grouped by type.

PURPOSE

Briefly describe the purpose of this subprogram. Give
references when necessary. More detall can be given
in later sections.

PARAMETER DESCRIPTION

This section contains 3 subsections. The first describes
input parameters, the second describes output parameters,
and the third subsection describes parameters used for
temporary storage by the subprogram. If the contents of
any parameter variable can be changed by the subprogram,
it should be considered an output parameter. See the

examples in the Appendix for the format, keywords, punctua-

tion and indentation used in this sectlon
APPLICATTON AND USAGE RESTRICTIONS

If any other programs in this package can call this
subprogram, or are called by it, they should be
described here. If this subprogram is part of a
group of programs which are called in scme specified
order, this should also be included. Give references
except when a reference is implicit, as with another
member of the same package.

Also included in this section are any warnings about
special cases or possible errors which can occur if
there are errors in the subprogram call. Warnings
about misuse of tolerance parameters belong here.
The entry in PARAMETER DESCRIPTION should refer the
reader to this section where applicable.

ALGORTTHM NOTES

Anything special about the algorithm used or its imple-
mentation should be listed here. Any special conventions
regarding statement labeling or commenting should be
mentioned. If there is anything special about error
handling which has not yet been mentioned, it should be

described here.




I. REFERENCES

References from elsewhere in the documentation, as well
as any other references pertaining to the subprogram,
should be listed.

J. HISTORY

The author of this subprogram, we well as the date and
place of origin should be listed. If the subprogram is
a translation of a program in another language or is
based on another program, a reference should be given.
If the program has been modified since it was written,
the date and person making the modification whould be
noted. If this subprogram has been released as part of
a subroutine library, the current release data of the
library, and machine version, should be given.

K. GENERAL

If this subprogram was developed under research supported
by a grant requiring acknowledgement, the required informa-
tion should occur here. The person to contact concerning
caments and problems with the subprogram should have his
address in this section.

L. DATA Statements

Following the second occurrence of delimiting comment
statements (two blank comment statements, two comment state-
ments with colons in columns 7 through 72, and two more
blank comment statements) is where all DATA statements
should occur. If a DATA statement contains an
installation-dependent constant, comment statements explain-
ing its value and mentioning the installation's designation,
should precede the DATA statement. Those camment statements
should conform to the standards of program-flow comments.

M. BODY OF PROGRAM

This heading denotes the end of the Prologue and the
beginning of the program body.

Program~-flow camments should be delimited by special characters to
enhance their readability and appearance. In ROSEPACK the colon (:)
is used. Such camments should also follow the rules for statement
indentation described elsewhere in this document.

In most cases, the text of the comment should be preceded and
followed by a string of 10 special characters (colons). At least
one blank space, but not more than three blank spaces, should be
put between the special character strings and the text of the
camment. If this method is used for a comment extending over
several lines, all lines whould have a "C" in column 1, and all
but the first line should be indented one addltlonal tab (beyond
the current level of indentation).
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Building on the suggestions of Boyle and Cody, an alternative
method of delimiting comments, recommended for important comments
or those extending over several lines, is to surround them by

a "box" of special characters. The following is an example of
what is meant by a "box":

‘% THTS IS A COMMENT

OO0O000

Blank comment statements (i.e., comment statements containing
blanks in columns 2 through 72) may be used wherever their use

enhances the readability of the program.

The statement immediately before the END statement should always
be a comment statement delimiting the end of the program and con-
taining the name of the program. The consistent wording can help
in separating several subroutines in one file. An example follows:

c Lelaliiie LAST CARD OF (NAME OF SUBROUTINE) .-:ciiiiii.




w

1]

L2]

[3]
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Appendix <:>

This appendix contains listings of two subroutines that are samples of
candidates for inclusion in ROSEPACK. The reader is reminded that we

are relying on Fortran compiler optimization of sub-expressions within

loops.
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SURROUTINE QRF(NMsMyN»QRsALFHA»IFIVOT» IERRs IHTTC,Y »SUM)
XKAKKKFARAMETERS $ :
INTEGER NMyMosNy IFIVOT(N) y IERRy IHTTC(N)

REAL*8 QR(NMsNI yALFHA(N) » YON) y SUM(N)

KKkkXkkL.OCAL VARIARLES:?

INTEGER IsJyJEARYKyK1sMINUM

REAL%X8 ALFHAKyBETA»QRKKyQRKMAX»SIGMAs TEMFYUFETA»UFTOL
KAKAKKKFUNCTIONSS

INTEGER MINO

REALX%8 DARS»DSQRT

*e oo
*e oo
*e oo
% e
*o eo
*o o
os Se
*e o0
e 4o
os o

*e oo
*e oo
*e oo
*e e
*e oo
*e oo
*e oo
*e oo
*e o0
*e oo
*e o0
*e oo
e oe
o oo
*e oo
*e oo
*e oo
*e oo
*e oo
*e oo
oe oo
*o oo
oe oo
ce oo
*e oo
*e oo
*e oo
*e oo
*o oo
*e oo
oe oo
*e o0
*e ¢&
*e oo
.o oo
*e o0
*c o0
*e oo
*o oo
oe oo
*e oo
*o o
EX R 13
.o oo
oo oo
*o o
*e oo
*o oo
*o oo
*c oo
*o o
*o oo
*o> o

XkxxkFURFOSE $

THIS SURROUTINE DOES A QR-DECOMFOSITION ON THE M X N MATRIX QR
WITH AN OFTIONALLY MODIFIED COLUMN FIVOTINGs AND RETURNS THE
UFFER TRIANGULAR R-MATRIX» AS WELL AS THE ORTHOGONAL VECTORS
USED IN THE TRANSFORMATIONS.

KKKKKFARAMETER DESCRIFTIONS
ON INFUT?

NM MUST RE SET TO THE ROW DIMENSION OF THE TWO LIMENSIONAL
ARRAY FARAMETERS AS DECLARED IN THE CALLING FROGRAM
DIMENSION STATEMENT $

M MUST BE SET TO THE NUMRBER OF ROWS IN THE MATRIX;

N MUST BE SET TO THE NUMRBRER OF COLUMNS IN THE MATRIX:

QR CONTAINS THE REAL RECTANGULAR MATRIX TO BE DECOMFOSEID;

IHTTC IS WUSED TO CONTROL FIVOTING. IF IHTTC(J) IS SET TO
ZERO FOR ALL J THEN NORMAL COLUMN FIVOTING IS USED,.
IF IHTTCC(J) IS LESS THAN O THEN THE J-TH COLUMN OF THE
INFUT MATRIX CANNOT EBE IN THE FIRST N COLUMNS OF THE
QR-DECOMPOSITION. ALL ELEMENTS OF THIS VECTOR SHOULD
EE SET TO ZERO TO INSURE NORMAL FIVOTING: '

Y IS USED FOR TEMFORARY STORAGE FOR THE SUBROUTINES}

SUM IS USELD FOR TEMFORARY S8TORAGE FOR THE SUEBROUTINE,

ON QUTFUTS

QR CONTAINS THE NON-DIAGONAL ELEMENTS OF THE R-MATRIX
IN THE STRICT UFFER TRIANGLE. THE VECTORS Us WHERE
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Q-TRANSFOSE = IDENT - EBETA X U % U-TRANSFOSE,
ARE IN THE COLUMNS OF THE LOWER TRIANGLES?

ALFHA CONTAINS THE DIAGONAL ELEMENTS OF THE R-MATRIXS?

IFIVOT REFLECTS THE COLUMN FIVOTING FERFORMED ON THE INFUT
MATRIX TO ACCOMFLISH THE DECOMFOSITION., THE J-TH
ELEMENT OF IFIVOT GIVES THE COLUMN OF THE ORIGINAL
MATRIX WHICH WAS FIVOTED INTO THAT COLUMN DURING THE
DECOMPOSITIONS

IERR I8 SET TO:
0 FOR NORMAL RETURNS
K IF NO NON-ZERQ FIVOT COULD EE FOUND FOR THE K-TH
TRANSFORMATIONs OR
-K FOR AN ERROR EXIT ON THE K-TH THANSFORMATION.
IF AN ERROR EXIT WAS TAKENy THE FIRST (K - 1)
TRANSFORMATIONS ARE CORRECT.

KIKKKAFFLICATIONS AND USAGE RESTRICTIONS!
THE FORTRAN SUBROUTINE QRS0L SOLVES A SYSTEM AX=KE BY USING
QRF . :

KAKKKALGORITHM NOTES?
THIS VERSION OF QRF TRIES TO ELIMINATE THE OQCCURRENCE OF
UNIERFLOWS DURING THE ACCUMULATION OF INNER FRODUCTS.

ADAFTED FROM THE ALGOL ROUTINE SOLVE (1),

XKRKKREFERENCES $

(1) BUSINGERsF. AND GOLURyG.H.» LINEAR LEAST SQUARES
SOLUTIONS RBY HOUSHOLDER TRANSFORMATIONSsy IN WILKINSONsJ.H.
AND REINSCHyC. (EDS.)» HANDROOK FOR AUTOMATIC COMFUTATIONY
VOLUME TII: LINEAR ALGEPRAy SFRINGER-VERLAGy 111-118 (1971)3
FREFUBLISHED IN NUMER.MATH, 79 269-276 (1965,

HORKKKHISTORY ¢

ROSEFACK RELEABE 0.2 FEBRUARY 1976
IBM 360/370 VERSION

DOURBLE FRECISION DECK

WRITTEN BY NEIL E. KADEN (NRER/CRC) 1974
MODIFIED 20 AFRILe 1975 RY N. KADEN

K KKGENERAL 3
QUESTIONS AND COMMENTS SHOULD BRE DIRECTED TOS
SUFFORT STAFF MANAGER
COMFUTER RESEARCH CENTER FOR ECONOMICS AND MANAGEMENT SCIENCE
NATIONAL BUREAU OF ECONOMIC RESEARCH
575 TECHNOLOGY SQUARE
CAMRBRIDGE» MASS. 02139,
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a

c

C

10

20

30

40
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DEVELLOFMENT OF THIS FROGRAM SUFFORTED IN FART RY
NATIONAL SCIENCE FOUNDATION GRANT GJ-11354X3 AND
NATIONAL SCIENCE FOUNDATION GRANT DCR75-08802
TO NATIONAL BUREAU OF ECONOMIC RESEARCH» INC.

[ B BN B BN A B A A A A I I AR A A A A S AR B A B AR B B E BE AR BE BE IR ZE IR BN BX IR SR AR BE IR SR K BR K B IR X 2K R K R BN B N BN B K IR X 2R 1

LRI B S AR SR BE XA BN BE K SR 2K X SRR B IR K I R B R X BE K BE 23X B 2K 2N 2 I BN 2N B 2N 2R B K BN 2K 2R 2E BX 2R 2K 2N 2N 2N 2N 2N 2 BN 2N 2N 2N 2N 2R 2N 2 4

IR I B SR B AR B S B I B I I A A A A A R A I AR IR A I AR B AR B I IR B A IR AR AR AR SX BN BX SR BE SR IR ZE BN BE AR R SR AL 2N BN BN IR 2K IR IR BN 1

IR IR EE B AN A A A A I IR B AR B AR A B AR 2 IR SRR B T N I B AE IR AR AR BE X B X B EEZE BE 2K BN BN B 2N 2N B 2N B 2R K R B BN 1

sttt UFETA IS THE SMALLEST FOSITIVE FLOATING FOINT NUMRER
S.T. UFETA AND -UFETA CAN BOTH BE REFRESENTED.

IBM 3460/370: UFETA = 16.%X%-465 033380338
DATA UFETA /Z0010000000000000/

UFTOL = DSARTC(UFETA)

*okiokRODY OF FROGRAM:

IERR = 0

DO 40 J=1+¢N
I3 LU-TH COLUMN SUMSSsssstose
QRKMAX = 0,000 '

DO 10 I=1+M
IF (DABSC QR(IsJ) ) .GT. QRKMAX) QRKMAX = DARS( QR(IsJ)

CONTINUE

SUMCJ) = 0.0D0

IF (QRKMAX .LT. UFTOL) GO TO 30

D0 20 I=1+M
IF (DARSC QR(IsJ) ) LE. QGRKMAX X UFTOL) GO TO 20
TEMF = QR(I»J) / QRKMAX
SUM(J) = SUM(J) + TEMF % TEMF

CONTINUE

SUM(J) = QRKMAX % QRKMAX X SUM(J)

CONTINUE

IFIVOTC(S) = J

CONTINUE

MINUM = MINO(MsN)

00 200 K=1sMINUM
I3 IK-TH HOUSEHOLDER TRANSFORMATIONSSS:iiiol:
SIGMA = 0.0D0
JBAR = 0
$ILLLILILIFIND LARGEST COLUMN SUMIsssssssss
DO 110 J=KsN
IF (IHTTC( IFIVOTC(JY > LLT. 0> GO TO 110

+e oo
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IF (SIGMA .GE. SUM(J)) GO TO 110
SIGMA = SUMOD
JEAR = J

CONTINUE

IF (JBAR EQ., 0) GO TO 999

IF (JEAR +EQ. K) GO TO 130

i iiCOLUMN INTERCHANGES S22t
I = IPIVOT(K)

IFIVOT(K) = IPIVOT(JRAR)

IFIVOTC(JRAR) = I

SUMCJRAR)Y = SUM(K)

SUMIK) = SIGMA

Do 120 I=1sM
SIGMA = QR(IYK)
QR(IZK) = QRC(IsJBAR)
QRCIy JRAR) = SIGMA
CONTINUE
SR ILILIEND OF COLUMN INTERCHANGESS$S$$idi8s:
CONTINUE

seddiiiiit SECOND INNER FRODUCT st
QRKMAX = 0.,0D0

00 140 I=K+M :
IF (DABRS( QR(IsK) ) .GT. RRKMAX) QRKMAX = DABS( QR(IyK)
CONTINUE

SIGMA = 0.,0D0
IF (QRKMAX JLT. UFTOL) GO TO 998

00 150 I=KyeM ‘
IF (IABSC QR(IYKY ) JLE. QRKMAX % UFTOL) GO TO 150
TEMF = QR(IsK) / QRKMAX
SIGMA = SIGMA + TEMF X TEMF

CONTINUE
SIGMA = QRKMAX % QRKMAX % SIGMA
iy END SECOND INNER FRODUCT  $3ssssses:

IF (SIGMA LEQ. 0.000) GO TO 998

QRKK = QR(KsK)

ALFHAK = DSART(SIGMA)

IF (QRKK .GE, 0.,0L0) ALFHAK = -ALFHAK
ALFHA(K) = ALFHAK

BETA = 1,010 / (S8IGMA ~ QRKKXALFHAK)
QR(KYK) = QRKK - ALFHAK

Ki = K + 1

IF (K1 .GT. N» G0 TO 200

N 170 J=K1sN
TEMF = 0.,0D0

[0 160 I=KsM
TEMF = TEMP + QR(IsKIKQR(IyJ)

)

o~

9

w




.

1460

170

298

P99

1000

-]l7=

CONTINUE

Y(J) = BETA % TEMF
CONTINUE
Do 190 J=K1sN

D0 180 I=KsM

QR(IyJ) = QR(IsJ)

CONTINUE

SUM(J)Y = SUM(J) - QR(KyJ)IXkX2

CONTINUE

- QRCI«KIXY (DD

$23 st SEND OF K~TH HOUSEHOLDER TRANSFORMATION:
CONTINUE

GO TO 1000

$LEIRETURN TO CALLER

*e

$$3LAST CARD OF QRF?

$ERROR EXIT ON K-TH TRANSFORMATION?

[ I 2 B L N A 4
LA B E

4
®
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SUBROUTINE WANDRW(NyUsCONST»SQW) ‘ i)
XXKKKFARAMETERS ¢

INTEGER N

REALX8 UN)yCONSTySQWIN)

RKKKKKLOCAL VARIARLES!

INTEGER I

REALXE Cl!OFLIM!F[thTOLvUFETﬁ!UFLIMyUI

KKKKKFUNCTIONS

REALX8 DARSyDSINYDSQRT

»

*e oo
*e oo
*e oo
*e o2
*e o0
*e oo
*e o2
*e o0
°e oo
*e oo
*e oo
*e oo
*e oo
*e oo
*e oo
*e oo
*e oo
*e oo
*e oo
*e oo
*e oo
*e e
*e oo
o oo
*e o0
*e o@
*e oo
*e oo
*e oo
*e oo
v oo
*e oo
*e o0
* oo
*e e
*e oo
*e oo
*e oo
*e 20
v oo
*o oo
*s o
*e oo
*e oo
*e oo
*e oo
*e oo
*e oo
o o
*e oo
o e
*e o2
*e o
*e oo
*e oo
*e oo
*e oo
*e oo
e oo
*e o0
*e 2@
ce o0
*e oo
*e oo
*e oo

*****FURFUQE
THIS SUBROUTINE FRODUCES THE SQUARE ROOTS OF THE WEIGHTS -
DETERMINED BY THE INFUT VECTOR U OF FREVIOUSLY COMFUTED

SCALED RESIDUALS AND THE ANDREWS WEIGHT FUNCTION. (REFERENCE 1)

XKRKAKFARAMETER DESCRIFPTION?
ON INFUT:

N MUST EE SET TO THE NUMBRER OF ELEMENTS IN THE VECTORS U AND

SQWs ,:>
U CONTAINS THE STANDARDIZED RESIDUALS FROM A FREVIOUS LINEAR

FIT. THAT ISy UCI) = RC(I) / 8§ WHERE R(I) IS THE I~-TH

RESIDUAL FROM A LINEAR FITy RCI) = Y(I) - YFITTENCI),

ANDY S = S(R) IS A RESIDUAL SCALING FINCTION (E.G. § COULD

RE THE OUTFUT OF THE FORTRAN SURROUTINE SMALDD.

CONST IS THE ‘TUNING CONSTANT’ FOR THE WEIGHT FUNCTION
WU« IF CONST IS NOT FOSITIVEy OR EXCEEDS UFLIMy AN
ERROR EXIT WILL BE TAKEN. (SEE AFFLICATION ANU USAGE
RESTRICTIONS)

ON QUTFUT:

CONST IS UNCHANGED IF NO ERROR EXIT OCCURREID.
IF CONST WAS LESS THAN OR EQUAL TO ZEROs THEN
CONST REMAINS UNCHANGED.,
IF CONST WAS GREATER THAN THE ALLOWARLE UFFER
LIMITy THEN CONST IS SET TO MINUS ONE.

SQW CONTAINS A VECTOR OF THE SQUARE ROOTS OF THE WEIGHTS
DETERMINED RBY THE SCALED RESIDUALS AND THE WEIGHTING
FUNCTION.

KKKKKAFFLLICATION AND USAGE RESTRICTIONS? ’;>
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THE ROQT-WELGHTS ARE NEEDED FOR THE COMPUTATION OF THE
TTERATIVELY REWELGHTED LEAST SQUARES ESTIMATES USTHE THE
FORTRAN SUBROUTINES MINFIT AND MINSOL, 1IN THIS COMRUTATTON
SQUCT) MULTIPLIES THE CORRESFONDING RONS OF THE %-maTsixX -
AHD THE Y-VECTOR: (REFERENDE 2) ‘ S

THE LARGER THE VALUE OF CONST, THE MORE NEARLY ALL THE UALUES
OF WU WILL EQUAL UNITY. ~ ' :

VECTOR OF RDOT-WEIGHTS ALL OF WHICH EGUAL DE NEARLY EQUAL
ZERD, ANI THIS WILL BE USELESS AS INFUT T0 THE WEIGHTED LEAS
SQUARKES COMFUTATIONS., - |

';.IFVCUNST‘ISvTAKEN TO BE VERY SMGLL IT IS FOYSSIBLE TO FRODUCE A

IF A TUNING CONSTANT VALUE oF 1.33% ‘IS USED, UNDER THE

ASSUMPTION OF GAUSSIAN ERROSS, THE RESULTIMNG ESTIRATOR
WILL HAVE 95 FERCENT ASYMETOTIC EFFICIENCY. ' h

IT IS FOSSIELE TO COMFUTE S0 WHEN COMST EXCEEDS THE UPFER LIMIT
IMFOSED, BUT AS THIS REQUIRES ADDITIORAL: TESTS FOR UNDERFLOWS AND
OVERFLOWS s IT WILL LE ITMPLEMENTED WHEN THIS CAFARILITY IS,
JUSTIFIED, ‘ , o

WARNING - A5 AN ERROR EXIT MAY CAUSE THE "VALUE OF CONST TO BE
OVERWRITTEN: IF A CONSTAMT (RATHER THAN A VARIALLE) WAS FASSED BY
THE CALLING FROGR&M» THEN THZS CALLER’S COMSTANT TaABLE MAY ’
-RBE CHANGEDy CAUSING INCORRECT BEHAVIOR OF THE FROGRAMN.

RRALEALGORITHY NOTESS -~ | . o

THE INPUT FARAMETERS ARE CHECKED TO AVOTD UNDERFLGHS AND
OVERFLOWS, _ N _ D
FOR- SUFFICIENTLY SMALL UALUES OF U(I) AM ARFPROXIMATION RY POUER
SERTES EXFANSION IS USED. '

KUCKKEREFERENCES ¢ ' S ‘ .

(1)  ANDREWS,DL.F. (1974), TECHNOMETRICS 14, 523-520,

(2) EEATON,AVE. AND TUREYsd,U. (1974)» TECHNONETRICS 14,
o 147-192, B

XEOOKHISTORY ¢ ' :
ROSEFACK RELEASE 0.2 FEERUARY 1974
I 360/370 VERSION )

DOURLE FRECISIOM RDECK

WRITTEN BY NEIL KADEM (NRER / COMFUTER RESEARCH CENTER)
JUNE 23y 1975,

MODIFIED 23 JULYs 1975 RY NEIL KAUEN

HOOIFIED 29 OCTORERy 1975 EY NEIL KADEN

XEKEKGENERAL 2 ,
QUESTIONS AMD COMMENTS SHOULD EE DIRECTED TO¢
SUPFORT STAFF MANAGER -
- COMFUTER RESEARCH CENTER FOR ECONDHICS AND MANASEMENT SCIENCE
NATIONAL RUREAU OF ECONOMIC RESEARCH |
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KXHHEROTY LF FROGRAM? -
ITF (CONST +LE. Q0,000 RETURM
$I3LITIY . ERROR EXIT IF CONST IS NOT PUS[FIUF
IF CCOMST LLE., UPLIM) GO TD.10 :
PIIILLIILIERROR EXIT IF CONST IS TOD LARGE. REE:
CONST = -~1,000 o '
RETURN o
$433333080 CONST IS IM RANGE  s2i132:33t
CONTIMUE , : '
Cl = CONST % DSART(12,000)
0 100 I=1,N
Ul = DBARSC ULL)Y ) .
IF (Ul JLE. FI % CONSTY B0 TO 20
PIESIIIINY DABRSC UCIY ) JGT. FI % CONS N
SOUCIY = 0,000
GO0 TO 100
CONTINUE : 4 .
IF (Ul JGE. UFETAXCL) 60 T0O 30
sIseitistY DIVISION MOULB-UNLLul:UJ HHHE
SQWCIY = 1,0D0
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30

40

100 CON

* &0
LR 2N 4

ENI

RETURN

CONTINUE
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ut = UCIy» / Cit

* 400

LN 4 *
(
*
*

(DAR
)

I ee (B o

SQAUW(L) =
TINUE

*

* LK 2 2N J
LK ] L K B K

*
*

(

*
*

CHECK IF U1l IS IN RANGE $3:i332832
Ut » +GT. RKTOL) GO TO 40

USE ALTERNATE METHOD FOR SMALL VALUES
0.500 + Ul + 0.500) % (0,500 - UL + 0.3D0

~r e

FUNCTION CAN EBE COMFUTED NORMALLY 33332333833
Ut = UCI) / CONST

DSQRTC( DSINCUL)Y / ULl )

I.LAST CARD OF WANDRW $2d32d3ils




