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1984 Changes in the LINWOOD Program

The 1984 LINWOOD program has been revised to provide computer
centers with a choice of versions for their users. 3upport
programs, REPLACE and MODIFY, are included along with the
appropriate card images to automatically make versions that
are either in FORTRAN IV (66) or in FORTRAN 77. The
resulting source code is designed to be compiled elther with
the FORTRAN H EXTENDED (ENHANCED), Version 1.3.0, opt 3
compiler or with the V3 FORTRAN, Version 1.3.0, opt 3
compiler., If desgired, versions can be provided which allow
users to observe on their terminal-scope (KTTY) file both
summary statistics and error messages. Users can then follow
the progress of the calculations and decide whether to take
action to remedy any difficulty with the data or model, or to
wait for the more detailed printout.

Three versions are provided to handle different size
problems. They are:

Maximum Variables

Before After Maximum
Transformations Transformations Qbservations
35 10 200
65 40 1000
105 80 1000

In order to allow a larger or smaller number of Cp searches,
five alternative choices are made avalilable., They allow
searches of 30, 40, 50, 60 or 70 variables to look for
candidates of the more influential combinations of wvarlables.
As the number of variables searched increases, so do the
computer core redquirements. The number of possible
comblnations searched equals two to the power of k variables.
However, the search is relatively rapid.

Confidence intervals are now provided as well as lower and
upper limits at given levels of probability. This allows the
user to observe where the fit of the equation is well known,
and where it is not. The wider intervals may be due to a
limited amount or lack of data in some areas of factor space.
Such iInformation may be crucial and 1s often useful 1in
designing experiments and collecting future data.




LINWOOD and NONLINWOOD —Linear and Nonlinear

1. INTRODUCTION

The LINWOOD and NONLINWOOQOD linear and
nonlinear least squares curve-fitting programs are
designed for the analysis of both global and interior
characteristics of data—determining the influence of
each observation on the fit, assessing the plausibility
of assumptions, searching for influential subsets of
variables, estimating measurement error to judge the
fit of candidate equations, providing statistics on the
range and relative influence of variables to recognize
the strengths and limitations of the fit, and checking
the validity of fitted equations as additional observa-
tions become available.

This summary considers the programs dated January
1980. Documentation is found in the second edition of
Fitting Equations to Data by Daniel and Wood (1980},
including the user’s manuals and glossary of terms used
in the programs. Supplementary information is issued
with the programs from the various program libraries
as changes occur. For the past six years, the programs
have been the most requested programs in both the
SHARE Library (double precision for IBM computers)
and the VIM Library (single precision for CDC com-
puters). They are also now available from libraries for
Burroughs, DECsystem, Honeywell, and UNIVAC
computers. The cost for transmitting each program
and associated test problems on tape varies from $35
to 364, depending on the library. (A list of program
libraries and their addresses can be found in the
appendix at the end of this article.)

Because of the many options and voluminous output
{to see by means of plots and tables if anything un-
expected is going on), the programs are run in the
batch mode from cards or selected files. Some users,
howecver, submit jobs and view portions of the output
from interactive computer terminals. This summary
describes some of the analytical options and features
of the programs.

2. FEATURES

In addition to the usual statistics, the linear program
lists the minimum and maximum values of each vari-
able as well as its mean, range, and root mean square.
The program also calculates the ““relative influence™
of each variable. If a coefficient has a moderate-size
¢t value and its variable has been vuried over a rela-
tively small range, its relative influence may be far less
than one with a smaller s valuc carried over a larger
range. Thus, the relative influence of each variable
provides usctul insight into both the data and the fitted
equation.

© The American Statistician, August 1980, Vol. 34, No. 3

Least Squares Curve-Fitting Programs

2.1 Influence of Qutlying and Far-Out Observations

The weighted squared standardized distance (WSSD)
of each observation from the centroid of all observa-
tions is calculated. This helps the user ascertain
whether the response to the outlying observations is
the same as the response to inner observations. The
outer points will be controlling and often are the most
closely fitted of all the data. They may represent
start-up conditions, unstable process conditions, or
unusual sales conditions, which should be fitted sep-
aratcly. The WSSD of each observation is weighted by
the sum of the squares of the b,(x;; — %;) components
of the equation (where b; is the coefficient, x;; the
independent variable, X; its mean, / the index of the
variable, and j the index of the observation). There
is little interest in observations that are far out in
dimensions that are not influential. However, there is
always the possibility that a defective far-out observa-
tion is controlling and making a variable appear to have
little influence. To allow the analyst to check this
possibility, the ratio of the variance of each fitted
observation to the variance of its residual is calculated,
These values depend solely on the relative location of
the observation. Hence, far-out observations of both
influential and noninfluential variables can be easily
spotted.

2.2 Estimates of Measurement Error

In order to determine how well an equation fits the
data, one must have some knowledge of measurement
error. If the data have been obtained from a well-
designed experiment, this information is usually avail-
able, If the data have been taken by observing "*normal"’
operations, there are seldom exact duplicates. There-
fore, the program estimates the standard deviation of
the measurement error from near neighbors (points
separated by small standardized distances). This
¢riterion provides a basis on which to decide when
to stop modeling.

2.3 Information From Residuals

The programs hst ali residuals—the differences
between the observed and fitted values of the de-
pendent variable—both in the sequence in which
observations were given to the computer and in the
order of the magnitude of the residuals. Plots of the
residuals are made to indicate (a) whether they are
(roughly) normally distributed, (b) how they are dis-
tributed over the fitted values of the dependent vari-
able, and (c) how they are distributed over each of the
independent variables. With this information, potential
outliers can be spotted. Studentized residuals are
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calculated to provide the needed statistics.

The component effect of each variable at each
observation can readily be seen when plotted against
each variable. Adding the residual of each observa-
tion to the component effect at each observation allows
the user to obtain some insight into patterns in the
residuals and their dependence on each component of
the fitted equation. These plots are called component
and component-plus-residual plots. They are used as
an aid (a) to choose an appropriate form of the equa-
tion, (b) to observe the distribution of the observations
over the range of each independent variable, and (¢) to
estimate the influence of each observation on each
component of the equation.

The program allows the assignment of indicator
variables to selected observations. With the help of
these indicator variables and the C, search technique
for the selection of infiluential variables, far-out ob-
servations can be tested to see if their responses are
compatible with those of the remainder of the data.

2.4 Selection of Subset Equations

The C, search helps the user judge if there are sub-
sets of variables that fit the data as well as the full
equation. This search for candidate equations with
influential variables is quite rapid. In an equation with
25 variables, the modified leaps and bounds search
of ail possible 33 million subset equations has taken as
little as three seconds. The 20-40 lower C, candidate
equations are displayed in a single plot and identified on
a separate page. In contrast to stepwise regression,
which selects one “*best” equation, the C, slate of
candidate equations allows the user to choose the appro-
priate subset equation depending on its expected use.

2.5 Tests of the Candidate Equations

An index of the required precision of each inde-
pendent variable helps to guard against overoptimism
in the fitted equations. Knowing this precision allows
the user to determine for a particular equation whether
the data have been recorded to a sufficient number of
places or to more places than the source of data
warrant.

The user can also cross-verify the coefficients of
candidate equations with a second sample of data. This
provides a relatively rigorous test of both the model

and the fitted coefficients. Plots of the components of
the cquation from the first sample of data and the
component-plus-residuals of the second sample reveal
which observations fit well and which do not. As a
result, new insight may be gained into the strengths and
limitations of the fitted equation.

Fred 8. Wood

Mail Code 1801

Standard Qil Co. (Indiana)
200 East Randolph Drive
Chicago, IL 60601

(312) 856-5860

APPENDIX: PROGRAM LIBRARIES

CUBE Library for Burroughs 4700 and 6700 computers. U.S. Air
Force Academy, Dept. of Computer Science, CO 80840:
Programs WIS/LINWQOD and WIS/NONLINWOOD.

DECUS Library for DECsystem computers. One Iron Way,
Marlboro, MA 01752; DEC 10/20 Programs LINWOQOQD - 10-257
and NONLIN-10-258, DEC PDP—1} Programs LINWQOD-
11-419 and NONLIN=-11-420.

HLSUA Library for Honeywell 600/6000 computers. Software
Library Mail Station K16, Honeywell Information Systems. P.O,
Box 6000, Phoenix, AZ B85005: Programs GES-1206 and
GES-1207.

SHARE Library for IBM 360- 370 computers, Triangle Universities
Computation Center. P.O. Box 12076, Research Triangle Park.
N.C. 27709; Programs 360D— 13.6.008 and 360D-13.6.007.

UNIVAC Source for UNIVAC 1108-(110 computers. Johnson
Space Center, Mail Code TN74. Houston. TX 77058: Programs
LINWOQOD and NONLINWQOOD.

VIM Library for CDC 6400-6700 computers, Source Vegelback
Computing Center. Northwestern University, 2129 Sheridan
Road, Evanston., IL 60201: Programs (Single Precision) LIN-
WOOD and NLWOOD.

REFERENCE

Damel, Cuthbert, and Wood. Fred 5., with the assistance of
Gorman., John W. (1980). Fitting Equations to Dara. Computer
Analvsis of Multifueror Data (2nd ed.). New York: John Wiley
& Sons.
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Historical Operation of LINWOQOD and NONLINWOOD Programs

These programs have operated satisfactorily using the
following compilers and IBM computer systems:

Compilers: H with Opt=2, H EXTENDED with Opt=2, and H
Extended (ENHANCED) with Opt=3 with and without overlays.
G and 31, with and without overlays.
VS FORTRAN, Version 1.3.0 with Opt=3.

Computer Systems:
360 - 50 PCP
65 EMFT
75 EMFT
85 MVT

370 - 138 DOs-vS
145 DOS-VS
155 MVT
158 vs2
165 MVT
168 MvT
168 MVS
195 MVT

3033 - MVS
CMS

For future reference, please notify the undersigned of your
experience in operating with other compiler and/or computer-
system configurations.

Fred S. Wood

Fred Wood and Assoclates
1414 Del Vista Drive
Valparaiso, Indiana 46383
(219) 462-4017
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LINWOOD LINEAR LEAST-SQUARES CURVE-FITTING PROGRAM

ABSTRACT

Examples on the use of the LINWOOD and NLWOOD linear and nonlinear
least-squares curve-fitting programs are described in detail in the second
edition of FITTING EQUATIONS TO DATA, Computer Analysis of Multifactor
Data, by Cuthbert Daniel and Fred Wood, Wiley Publisher, 1980. Examples
on the use of these programs are provided together with interpretation

of results, glossary of terms, and User's Manual. For the past six years,
these have been the most requested programs in both the SHARE library
for IBM computers and the VIM library for CDC computers.

The LINWOOD program has many options which ellow the user to transform
data into an appropriate form, fits specified equations to the transformed
data by linear least-squares, and provides both statistics and plots to

aid in evaluating the fit. A modified leaps-and-bounds Cp search technique
determines rapidly if smaller sets of the variables will represent the data
equally well.

In addition to the usual statistics, the program cealculates the maximum

and minimum value of each variable as well as its range, the relative infiluence
of each variable, and the weighted squared standardized distance of each
observation from the centroid of all observations. Near neighbors are

used to estimate the standard deviation of the dependent varisble. Component
and component-plus-residual plots are used: (1) to choose the appropriate
form of the equation, (2) to determine the distribution of the observations
over the range of each independent variable, and (3) to ascertain the
influence of each cbservation on each component of the equation. A table

of functions related to the variance of the fitted value provides informeation

on the influence of the location of each observation in x-space. Cross
verification of coefficients can be made as additional observations become
available.
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FILE 1 DOC DOCUMENTATION OF CONTENTS OF TAPE 1784 LINWOOD PROGRAM

MAGNETIC TAPE KEY
TAPE IS5 UNLABLED. TRACK AND DENSITY AS ORDERED.
CARD FILES 1-19, DCB=(RECFM=FB,LRECL=80,BLKSIZE=6000)

PRINT FILES 20-21, DCB=(RECFM=FBA,LRECL=133,BLKSIZE=305%)
CONTENTS OF TAPE

***************KK*K********X*K**!***************K******************K
*x *
* NOTE: WHEN COPYING THE FILES OF THIS TAPE, DO NOT RESEQUENCE THE X
X CARD IMAGES. THE SEQUENCE NUMBERS ARE USED IN THE REPLACEMENT %
¥ PROGRAM TO IDENTIFY AND CHANGE THE DIMENSIONS OF THE PROGRAM. *
* *
X**X*!****X*****X*****K******X**)E)G(************K******X************X

LINWOOD PROGRAM
FILE

1 DOC

CARD
IMAGES

12%

CONTENTS OF TAPE AND INSTRUCTIONS ON USE OF FORTRAN REPLACEMENT
PROGRAM (1) TO REPLACE CARDS TO MAKE LARGER AND SMALLER VERSIONS
OF PROGRAM AND (2) TUO MAKE A FORTRAN 77 VERSION OF PROGRAM FROM
THE FORTRAN IV SOURCE DECK. IMSTRUCTIONS ARE ALSO INCLUDED ON USE
OF FORTRAN MODIFICATION FROGRAM 10 CAR

STATISTICS AND ERROR MESSAGES ON USERS TERMINAL SCOPE IF DESIRED.

2 Fa4

5651

FORTRAN IV SOURCE DECK OF LINEAR LEAST1-SQUARES CURVE FITTING
PROGRAM. AS DIMENSIONED, THE PROGRAM WILL HANDLE 65 VARIABLES
BEFORE TRANSFORMATIONS, 40 AFTER, AND 1600 GBSERVATIONS.

3 TEST

SAMPLE TEST PROBLEMS FROM BOOK FITTING EQUATIONS TO DATA BY
DANIEL AND WOOD, SECOND EDITION, WILEY PUBLISHER.

355

% RPL
FORTRAN SOQURCE DECK OF REPLACEMENT PROGRAM.

REPLACEMENT PROGRAM INSTRUCTIONS

22

AFTER COMPILING THE REPLACEMENT PROGRAM FROM TAPE FILE 4, THE
ORIGINAL F4 FORTRAN IV SOURCE OF THE LINWOOD PROGRAM IS READ FROM
TAPE FILE 2 ON UNIT 8. THE REPLACEMENT CARDS ARE READ FROM ANY
TAPE FILE 5 THROUGH 16 ON UNIT 5. THE CHANGES ARE PRINTED

ON UNIT & AND THE HEW RAN SOURC G ut
IN CARD IMAGES ON UNIT 7.

5 R10IV

204

FORTRAN 1V REPLACEMENT CARDS TO REDUCE PROGRAM TO 35 WMAX VARIABLES

BEFORE TRANSFORMATIONS, 10 VARIABLES AFTER TRANSFORMATIONS AND
200 OBSERVATIONS MAX.

& RGOIV

FORTRAN IV REPLACEMENT CARDS TO MAKE PROGRAM WITH 65 MAX VARIABLES
BEFORE TRANSFORMATIONS, 40 VARIABLES AFTER TRANSFORMATIONS AND
1000 OBSERVATIONS MAX.

204

7 R3DIV
FORTRAN IV REPLACEMENT CARDS 7D INCREASE PROGRAM TO 105 MAX VARS.
BEFORE TRANSFORMATIONS, 80 VARIABLES AFTER TRAMNSFORMATIONS AND

91

1000 OBSERVATIONS MAX.

8 RFT77
REPLACEMENT CARDS TO MAKE A FORTRAN 77 SOURCE DECK FROM THE

115

FILE 2, F4 FORTRAN IV SOURCE DECK.

9 R1077 '
FORTRAN 77 REPLACEMENT CARDS TO REDUCE PROGRAM TO 35 MAX VARIABLES

204

BEFORE TRANSFORMATIONS, 10 VARIABLES AFTER TRANSFORMATIONS AND
200 OBSERVATIONS MAX.
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10 Ra4977

204

FORTRAN 77 REPLACEMENT CARDS TO MAKE PROGRAM WITH 65 MAX VARLABLES
BEFORE TRANSFORMATIONS, 40 VARIABLES AFTER TRANSFORMATIONS AND
1000 OBSERVATIONS MAX,

11 R&077
FORTRAN 77 REPLACEMENT CARDS TO INCREASE PROGRAM TO 105 MAX VARS.
BEFORE TRANSFORMATIONS, 80 VARITABLES AFTER TRANSFORMATIONS AND
1000 OBSERVATIONS MAX.

92

12 SR30
FORTRAN REPLACEMENT CARDS TO REDUCE CORE REQUIREMENTS AMD
NUMBER OF SEARCHES TO 30 VARIABLES, SAME AS 40 VARIABLE PROGRAM.

13 SR40
FORTRAN REPLACEMENT CARDS TO INCREASE CORE REQUIREMENTS AND
NUMBER OF SEARCHES T0 40 VARIABLES, SAME AS 80 VARIABLE PROGRAM.

14 SR590
FORTRAN REPLACEMENT CARDS TO INCREASE CORE REQUIREMENTS AND
NUMBER OF SEARCHES YO 59 VARIABLES IN THE 80 VARIABLE PROGRAM.

15 SR60
FORTRAN REPLACEMENT CARDS TO IHCREASE CORE REQUIREMENTS AND
NUMBER OF SEARCHES TO 60 VARIABLES IN THE 80 VARIABLE PROGRAM.

16 SR70
FORTRAN REPLACEMENT CARDS TO INCREASE CORE REQUIREMENTS AND
NUMBER OF SEARCHES TO 70 VARIABLES IN THE 80 VARIABLE PROGRAM.

17 MOD _
FORTRAN SOURCE DECK OF PROGRAM MODIFY.

93

PROGRAM MODIFY INSTRUCTIONS
AFTER COMPILING THE PROGRAM MODIFY FROM TAPE FILE 17, THE
ORIGINAL F4 FORTRAN IV SOURCE OF THE LINWODD PROGRAM IS READ FROM
JAPE FILE 2 ON UNIT 8. THE MODIFY CARDS ARE READ FROM FILE 18.
THE CHANGES ARE PRINTED O
PROGRAM IS PUNCHED OR PUT IN CARD IMAGES ON UNIT 7.

18 MKTYY

%%

MODIFICATION CARDS TO INCLUDE KT1Y WRITE STATEMENTS TO A SCOPE
TERMINAL (FILE 30) FOR VIEWING THE SUMMARY OF RESULTS AND ALL
ERROR MESSAGES BEFORE REQUESTING PRINTING OF QOUTPUT. CAN BE USED

WITH EITHER THE FGRTRAN IV OR 77 VERSIONS OF LINWOOD,

19 JCL
EXAMPLES OF JOB CONTROL LANGUAGE CARDS TO COMPILE, LINK WITH
OVERLAY, PLACE IN LIBRARY, RUN FROM LIBRARY, AND COMPILE LINK AND

116

GO WITH THE REPLACEMENT PROGRAM. EXAMPLES OF DOS JGCL ARE GIVEN.

20 PRINT
PRINTOUY OF TEST PROBLEMS.

21 PRINT
PRINT OF SUMMARY STATISTICS ON USERS TERMINAL SCOPE,

TOTAL NUMBER OF CARD IMAGES

7733




1983 VERSION OF THE LIMWQOD 40 VARIABLE,

REFER TO FITTING EGUATIONS TO DATA RY GANIEL AND WODD, SECDRE EBITION, WILEY PUBLISHER,

FOR GLOSSARY DF TERMS, USER'S MANUAL, DETAILS OF CALCULATIONS AND IMTERPRETATION OF RESULTS.

1000 OBSERVATION PROGRAM

LINEAR LEAST-SQUARES CURVE-FITTING PROGRARM

Page 4

CONTRDL CARD_INFGRMATION

CRDER DF CARDS

COL. TINPUT HMAX. ITEM {HOTE: BLANK DN CARD = 0) FIRST PROBLEM
i-18 PROBLEM IDENTIFICATION. 1 CONTROL CARD.
19-20 4 HUMBER OF INDEPERDENT VARIABLES READ IN 2__FORMAT CARD(S), IF ANY.
T CALLOW SPACE FOR TRARSFORMATIGNS?. 3 DELETE OBRSERVATIONS CARDUS), IF ANY
21-22 NUMBER OF DEPENDENT VARIABLES READ IM. % JHDICAFOR-VARIABLE- DBSERVATIDNS CARD(S). IF ANY.
65 TOTAL MUMBER OF VARIABLES (BEFODRE TRANSFGRMATIONS, IF ANWY). 5 TRAKSFORMATION CARDC(S), IF AR
— 2% E CAUSES Y, FITTED Y AND RESIDUALS TO BE & INFORMATION CARD{3) FOR PRIHTOUT, IF AMNY,
- LISTED WITH AN E RATHER 'THAN AN F FORMAT. 7 MAMES OF VARIABLES CARD(S) FOR PRINTOUT, IFTANY.
25 1 D TRANSFORMATICNS. 8 CP_SELECTED SEARCH CARD(S5), IF ANY.
26 1 WETGHT DBSERVATIONS. WEIGHT EMTERED IM LAST POSITIDM. 9 DATA CARDS (IF HDY READ FROM A FILE).
2 HEIGHT BY 1/VAR, OF OBSERVATIOH. VARIANCE ENTERED. 0 END CARD [(ERD TN COLUMNS 1 - 3 OF IDENTIFICATION__

43-44
45 0

9647 12

48 1

3
7
£
1
Q
2T
0
[
o
1T
0

1'b0 BDT LIST

TTTTT3TPLOT

1 LET B(O) = ZERQ, OTHERWISE B(0) 15 CALCULATED VALUE.
1 CHECK OBSERVATION HUMBER SEQUENCE.

1 CHECK SEQUENCE WITHIH CBSERVATION HUMBER,
1_DO BACK TRARSFORMATION OF DEPENDENT VARIABLE.

'H

FIELD).  ‘THE NUMBER DF END CARDS MUST EQUAL TRE
NUMBER OF CARDS PER DBSERVATION. (END CARBS
ARE HGT NEEDED IF DATA ARE READ FROM A& FILE).

17READ CONFIDENCE INTERVAL CARDCS?,

0 LIST ALL INPUT DATA.

1 LIST ONLY 15T OBSERVATIDN.

Z DD NOT LIST ANY INFUT DATA.

07LIST YRAHSFORITATIONS AND ALT TRANSEORMED DATA.

1 LI5T TRAHSFORMATIONS AND 15T TRANSFERMED OBSERVATION.

z NOT LIST TRANSFORMATIONS OR TRAKNSFORMED DATA.

1 = _SUNS OF YARIABLES. T
LIST RAY SUMS AND CROSS PREDUETS NHEH BIO=dT

LI5T RESIDUAL SUNS AND €ROSS PRGDUC

LIST MEANS AND RBOT MEAN SQUARES uF VARIABLES.

1.DD KOT LIST SIMPLE CORRELATION COEFFICIENTS.

11 ESTINMATE DF_VARTANCE CARD{S), IF ANY. FOR EACH
DEPENDENT VARIABEE
12 CONFIDENCE INTERVAL CARD{S), IF ANY.

__ SECOND PROBLEM_
IF DATA ARE REDSED FRCOM FiRST PRDBLEM,
DELETE THE FGRMAT, DATA AND END CARDS.
IF HAMES ARE REUSED,
__. DELETE THE HAME CARDS.
IF DIFFERENT IRPUT DATA AND NaAMES.
REPEAT 1 - 12 ABOVE.

IHVERSE MATRIX.

HOT PRINT PLOTS OF RESIDUALS ¥5. FITTE

2 PLOT (A) RESIDUALS AND (B} CONPGHENT AND CDMPOHENT-
PLUS-RESIDUALS ¥S. EACH INDEPERDENT VARIABLE.

(A)Y RESIDUALS ONLY

4 FLOT (B) COMPONENT AND CDNPDNEHT PLUS-RESIDUAES ORLY.
5 PLOT (3> BUT EXPAND SCALE TO FILL EACH PLOT.

6 SAME AS 2 WITH STUDENTIZED RESIDUALS.

T 7 SANE AS 3 WITH STUDCHTIZFED RESIDUALS.
& SAME A5 6 WITH STUDENTIZED RESIDUALS.
® SAME AS 5 WITH STUDENTIZED RESIDUALS.
79 OMIT PLOTS OF SPECIFIC INDEPEHDENT VARIABLES,

"ON THE TRANSFORMATIOM CARDS PUT & 2 IN THE OMIT
COLUMKS OF THERSE VARIABLES.

0 READ DATA WITH STANDARD FCRMAT (A&, 164, I2, 10Fé.5).

1 READ DATA WITH FORMAT TO BE READ, 1 CARD (72G0L) ASSUMED,

T 2 READ DATA WITH READ DATA {REDATA) SUSROUTINE.
0 DB NOT SAVE DATA FOR HEXT PROBLEM.

1 SAVE DATA FOR NEXT PROBLEM

.2 _REUSE DATA FROM PREVIOQUS PRUBLEH.

-1 HAKIPUM NUMBER OF VARIAELES IN CP SEARCH IF GREATER THAN
IN

THLS VERSIOH DOF PROGRAM.
NUHBEP 0+ FORMAT CARDS IF GREATER THAH 1.

12 NUMBER BF _THFORMATION CARDS TO BE READ_FOR DISPLAY ON
) PRINTOUT IF DESIRED, 72 CGE. EACH
1 READ }AMES OF VARIABLES FOR DISPLAY ON PRINTOUT.
RAMES IN SAME POSITIORS AS VARIABLES ON TRANSFORMATION
CARDS - COLS. -6, 11-i%,

%9 3

-6
RAMESTARE HOT MOVED, OHLY LISTED &R BELETED;
2 REUSE NAMES DF VARIABLES FRON PREVIOUS PROBLEM.
CP _SEARCH FOR CANDIDATE EQUATIONS. WUSE ESTIMATE
OF VARIANCE (RNS) FROM:

50 1

51 T

T FULL EQUATION,
2 SUBSET EQUATION WITH MIRIMUM RMS VALUE, OR
3 ESTIMATE OF VARIANCE CARD, F16.8 FORHAT.

3 MUMBER OF CP _SFLECTED SEARCH CARDS TO BE REA

T KEYPUNCH WITH A 18T2%X,12) FORMAT TﬂgiscEHDIHG—ﬁRﬁER
THE IDERTIFECATION NUNEER GF THE VARIARLES (AFTER
TRANSFORMATIONSY TO BE WSED IN THAT SEARCH.

ALL BTHER VARIABLES_WILL BE PLACED IN BASIC EQUATION.

IF THE TOTAL HUMBER™ OF YARIABLES TOD BE SEARCHED I5

LARGE, GIVE TBTAL IH COLUNNS 43-44.

1 LIST CESMPONENT-EFFECT TAGLE., REQUIRED X(I1) PRECISTON,
ESTINATE OF $TANDARD DEVIATION FROM NEAR NEIGHBORS,

52-53
54-55 0
56=58

69 1

[} T 5 HUMBER OF INDICATCR-YARIABLE-ORSERVATIDNS CARDS.

FUNCTIOHS OF FITTED ¥ AWD AUTOCORRELATIONS OF RESIDUALS.
2 LIST OMLY ESTIMATE OF 5TD. DEVIATIOHS, FUNCTIONS,

AND AUTOCORRELATIONS OF RESIDUALS.
3 LISY DHLY FUNCTIGNS OF FITTED Y.

1] HUMBER OF FILE IF DATA ARE READ FROM SEPARATE FILE,

RO _END CARD IF ONLY OME SEY OF DATA 1S OM EACH FILE.
NUMBER OF INDEPEMDEMT VARIABLES GREATER THAN THE $9
ALLOWED IN CDLS 19-21

TH REDUCE PRINIOUT WITH MANY OBSERVATIONS,
MUMBER DF CENTRAL OBSERVATIONS AKD RESIDUALS NOT
T0 BE PRINTED. THIS REQUIRES AM E IN COL 24.

____CRDSS VERIFICATIEN OFf MODEL_AND COEFFICIENTS WITH &

SECOND SANMNPLE OF DATA:
1 WRITE B{0) AND B(I)5 ON FILE IN DNE PROBLEM
LTRANSFORMATIONS ARE NOT SAVED).
2 READ B{0) tND B(I)S FROM FILE IN NEXT PROBLEM

WITH SECOMD SET OF OBSERVATIONS.

5 NUMBER OF DEtETE-OBSERVATIONS CARDS, KEYPUN
OBSERVATION HUMBER OF DAYA TO BE DELETED IN DRDER READ
BY COUMPUTER USTHG 7(I4,6X> FORMAT.

USING A 7(I4,2X,13,1X) FORMAT, KEYPUNCH OBSERVATION
NUMRER ¢IN ORDER READ) AKD VARTAELE MUNBER (BEFDRE
— TRANSFORNATIONS? INTO WHICH & 1 IS T BE INSERTED.




Page 5

T LIREARTEAST-SQUARES CURVE-FITTING PROGRAM

DRDER OF CONFIDENCE INTERVAL CARDS
{PLACED AT END DF EACH PROBLEM DECK)

1 CONTROL CARD FOR CONFIDENCE INTERVAL CALCULATIONS.
NOTE - FOR DATA OF FITTED EQUATION, NO ADDITICNAL CARDS
ARE NEEDED.

2 CARDS WITH NEW VALUES OF INDEPERDENT VARIABLES, OR
CARDS TO GENERATE MATRIX OF INDEPENDENT VARIABLES
(READ WITH RETAINED PROBLEM FORMAT).
3 END CARD -
¢ ADDITIGNAL MATRIX CARDS: i
5 END CARD.

CONFIDENCE INTERVAL

COHNTROL CARD INFORMATION

COL. MAX. ITEM
1 0 USE DATA OF FITTED EQUATION.

"1 READ KEW VALUES OF INDEPENDERT VARIABLES WITH SAME
FORMAT AS DATA OF FITTED EQUATION.
2 GEHERATE MATRIX OF INDEPERDENT VARIABLES.
3 9 HNUNMBER GOF SETS OF CARDS TO GEHERATE DATA.

"5 6 HNUNBER OF PROBABILITY LEVELS TO BE CALCULATED.

7- 8 NUIBER OF FILE IF DATA ARE READ FROM SEPARATE
FILE (NO END CARD NEEDED).

10-16 15T STANDARD ERROR MULTIPLIER TO GIVE CONFIDENCE INTERVAL _
TCVALUE ASSUMED 70 BE 1.0 IF NOT GIVEN).

15-19 15T PERCENT FROBABILITY LEVEL (DISPLAYED ON PRINTOUT -
VALUE ASSUMED TO BE 86 1IF NOT GIVEN).

20-24  2ND MULTIPLIER. )

25-29 2ND PERCENT PROBEBTUITY.

30-34 IRD MULTIPLIER.

35-39 3RD PERCENT PROBABILITY.

G0-44 4TH MOLTIPLiER. ) B

4549 4TH PERCENT FRJBABILITY

50-54 5TH MULTIPLIER.

55-59 5TH PERCENT PFOBABILITY.

60-64 _6TH MULTIPLIER.

65-69 6TH PERCENT PROBABILITY.

SETS OF CARDS TO GENERATE ALL COMBINATIONS OF
SELECTED LEVELS OF EACH VARIABLE IN SAME_ORDER

AS 'IN PROBLEM BEFORE TRANSFORMATIONS.

LOWEST LEVEL OF EACH VARTABLE.

(A)
(B) INCRENENT SIZE OF EACH VARIABLE.

A
B

“tA) AND (B) READ WITH SAME FORMAT AS DATA OF FITTED EQUATIGN:
(C) NUMBER OF INCREMENTS OF EACH VARIABLE ABOVE, (8 ACCEPTED)
COL. VARIABLE
FIRST CARD 1- 2 1

3= g 2
5- 6 3
71-72 36

T SETOND CARD ~ 1- 2 37
ETC.
(D) CARD MITH END IN COLUMNS 1-3 OF IDENTIFICATION FIELD.
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/7% EXAMPLE GF JCL T0O RUN LINWGOD PROGRAM JCL 0010
/7% PROGRAM ATO072AA IN LOAD LIBRARY CAP.LDLIBTW JCL 0029
/% FILE 30 PRINTS OR SHOWS SUMMARY STATISTICS OH USERS TERMINAL-SCOPE JCL 6021
//7RUN EXEC PGM=ATO072AA,REGION=226K JCL 00390
#7/STEPLIB DD DSMAME=CAP.LDLIBTW,DISP=SHR JCL 00490
//GO.FTO01F001 DD SPACE=(TRK,(65,203),UNIT=8YSDA, xJCL 0050
4 DCB=(RECFM=¥BS, LRECL=644,BLKSTIZE=1936) JCL 06060
Z7/GO,.FT02F00] DD SPACE-(TRK,{65,20)),UNIT=(SYSDA,SEP=FT0I1F001), *JC{ 00790
s DCB=(RECFM=VBS, LRECL=644,BLKSIZ2E=1936) JCL 0089
//GO.FTO3F0CG1 DD SPACE=(TRK,(65,20)), *JCL 0098
s/ UNIT=(SYSDA,SEP=(FTO1F001,FT02F001)), ¥JCL G100
A DCB=(RECFM=VBS ,LRECL=644,BIKSIZE=1936) . JCL 6110
/G0 . FT04F00L DD SPACE=(TRK,(65,20)), ¥JCL 0120
s UNIT=(SYSDA,SEP=(FTO1F001,FT02F0D1,FTO3FO012), ¥*ICL 0130
g4 DCB=(RECFM=VBS, L RECL=644%,BLKSIZE=1936) JCL 0140
//G0.FTO06F001 DD SYSOUT=A, ¥JCL 0150
4 DCB (RECFM=FBA,BLKSIZE=19%95, LRECL=133), ®¥JCL 0160
/7 SPACE=(133,(10000,0)) JCL 0170
//G0. FTBSFOOI DD SPACE=(TRK, (65, 20)) UNIT=SYSDA, JCL 0180
Lf DCB={RECFM=FB,LRECL= 2E= 19040) JCL 0181
/7% AT OPTION OF THE USER SOME OF THE DATA ARE READ FROM FILE 9 JCL 0190

#/CGO.FT09F001 DD DISP-SHR,LABEL=(,,,IN),DSN=CS5D.S0R.WO0D.DATA(K3499072) JCL 6200
//GO.FT30F001 DD SYSUUT=A,DCB=(RECFH=FBA;LRECL=133aBLKSIZE=6118) JCL 201
//GO.FTO5F001 DD % JCL 0210

CONTROL AND DATA CARDS GO BEFORE TYHIS CARD JCL 220
TO RUN PUT /% IN COLUMNS 1 AND 2 OF THE PREVIOUS CARD. JCL 0238

/% EXAMPLE OF JCL TO COMPILE, LINK WITH OVERLAY AND PLACE IN LIBRARY JCL 2010

/7 _EXEC FRTNHCL,PARM.COMP="MAP,XREF,DPT=3",CREGS

/ZCOMP.EYSIN DD * FORTRAN DECK FOLLOWS THIS CARD JCL 203g
/7/LINK.SYSLMOD DD DSN=CAP.LDLIBTW,DISP=SHR JCL 2040
r/7LINK.SYSIN DD x JCL 2050
BVERLAY AAA JCL 2066
INSERT BASPGM,CCARD,CICARD JCL 2070
OVF2LAY AAA JCL 2080
IVSERT STAT.REDATA JCL 2090
OVERLAY AAA JCL 2100
INSERT FIT,INV,YBACK,MINMAX,FALPHA,AUTD JCL 2110
OVERLAY AAA JCL 2120
INSERT PITCHA JCL 2130
DVERLAY AAA JCL 2140
INSERT LBMAIN,LANDB,VARSET,SWEEP,STORE,BACK,COEF,PIVDT,CPPLOT JCL 2150
DVERLAY AAA JCL 2151
INSERT CONFID,CONCRD JCL 2152

ENTRY MAIN JCL 2160

NAME ATOO072AA(R) JCL 2170

JCL 2180

NOTE PROGRAM ATG072AA IS PLACED IN LOAD LIBRARY CAP.LDLIBTHW. JCL 2190
T0 RUN PUT /% TN COLUMNS 1 AND 2 OF THE PREVIOUS CARD. JCL 2200
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SUBRCUT
SuBR
CCONT

VARIABL
IDENTIF

INE REDATA
QUTINE TO READ DATA.
R4 CARD SHOULO INDICATE THE NUMBER OF INDEPENDENT

ES BEING HETURNEL IN ARRAY LABELLED DATA{l06).
ICATION CAN BE RETURNED USING A6 FORMAT IN IDENTa

NUMBER OF OBSERVATICNS (NOQBSVY ARE COUNTED IN CF2.

THE GCBSERVATION NUMBER CAN BE RETURNED USING 14 FORMAT IN I0BSV.

THE SEQUENCE NUMBER CAN EE RETURNED WSING 12 FORMAT [N ISEQ IF

DESIRED
GAT
CONTREOL
ARR
ARE (OM
EQUIVAL
KSL
CONTROL

DIFFERE

IMPLICH
COuUBLE
DINMENSI
COMMON
COMMCN
COMMGN
COMMON
CCMMON
COMMEN
COMMOGN
COMMON
COMMON
CUMMON

CUMMUN

1
COMMCHN

COMMON
COMMCN

EQUIVALENCE {COMLI{1)+AVATR
1

EQUIVALENCE (COMZ2(1).0ATA

EQUIVAL

REACI{NFILE«FMT +END=99) 1D

A CAN BE READ FRCM NFILE SPECIFIED IN COLUMNS 52-53 OF
CARDS

- [
AYS THAT CAN BE USED IN REDATA TO SAVE COMPUTER CCORE SPACE CFa

4 ¢ LSORT AND IDZEs E«Ge
ENCE {COM4.NEWARY) WHERE NEWARY .JS USED IN REDATA.

2 CAN BE USED AS A SwITCH. KS5L2 15 SET = 1 IN MAIN AFTER

Page

CAN BE REVISED 7O SUIT SPECIAL NEEDS. CF&

N CARD IS5 READ. IF KSL2 IS S5ET = 2 IN RCDATA AFTER READING CFa
FIRST UBSERVATIUNs SUBSEGUENT OBSERVATIGNS CAN EE READ IN

NT MANNER USING K5L2 AS A SWITCH.

T REAL*EB{A-H,0-2Z}
PRECISION IDENTs IEND

ON AVATR{ 65})s DATALl 6G6)}s FMTI{l4a}. IOMIT{ 65). ITLOC( 65} CF4
=

S AAAAAAY COMLL1G00)

/B8888Bs COM2{184)

SCCCCCCy CEM3(2a0)

/DDDODDD/ COM4A{3500)

S EEEEEES LSORTIL1000)

FFEFFFF/ VARTRI €5). ITRFM[ 65)

/GGGLOGY BI(6S). EQUILS4Y)

FHARAHH, BETA{ 413, CL40+403s Z{41141)s NNNN. MXSIZE

AAIJIdds 1DZBL1000)

/RKKKKKZ IQ(40)s PR1s PRZs PR3s K+ KFM, NODEF, NOIND,
NQOBSVs ICURY

/MMMAMM/ IDENT. IEND. BZRDs 10BSV, ISEQ, JOBSVs KSL2,
NCERR, NVP1s NOEQ
20000007 KNCDEP, KNGINDs KNOVAR. KNVPLs L NOVAR
/QUAREAs KTINs KTOUs KTPCH, KKKs KONEs KTWOs MNOs NFILE
/RRARRR/KTEBINL, KIBINZe KTBIN3s KTBIN&s KTIBINS
EGUIVALENCE STATEMENTS IN CF 4 ARE THE SAME AS IN CF 1
{1)}s {COML{LI06}+ITLOCL1) )
ICGM:(JZIJ'KGTI:EI)!
1
ENCE (COM3I(1)+FMT{1})
ENT+IOBSY e ISEQL(DATAL JZ)s JSZ=1.401

IFUICENT — 1END ) 4:99.4

[A = TA
RETURN
IDENT =
HE TURN
ENDG

ILEND

8
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/7% THE FOLLOWING JCL ASSUMES THAT 50ME OF THE FILES ON THE SHARE TAPE JCL 3010

/7% HAVE BEEN STORED AS FOLLOWS: FILE 2 = LINFTN, ¢ = LINRPL, JCL 3020
Vs 5 = LINR10 AND 7 = LINR3O. JCL 3030
h o JCL 3040
77%  JCL TO COMPILE REPLACEMENT PROGRAM, LINK AND GO REPLACEMENT CARDS JCL 3050
#7% TO INCREASE DIMENSIONS OF PROGRAM. JCL 30680
/7% (TO REDUCE DEMINSIONS, CHANGE LINR80 TO LINR1O0 AND LINWOODS TO JCL 3070
s/7% LINWOODYY. SJCL 3630
77%  SUBSTITUTE YOUR COMPUTER CENTER'S COMPILER NAME FOR FTNGICLG. JCL 3090
7%  FILE 30 PRINTS OR SHOWS SUMMARY STATISTICS OM USERS TERMIMAL~SCOPE JCL 3091
7/7C0OPY EXEC PGM=IEBGENER,REGION=64K JCL 3100
//SYSIN DD DUMMY JCL 3110
Z/5YSPRINT DD SYSOUT=A JCL 3120
£75YSUT1 DD DISP=(OLD,KEEP),DSN=CSP.SORCELIB.YURFILECLINRSO) JCL 3130
£75Y5UT2 DD DISP=(NEW,PASS),DSN=Z&TEMP,UNIT=SYSDA,SPACE=(80,308,RLSE), JCL 3148
// DCB=(RECFM=FB,LRECL=80,BLKSIZE=4%000) JCL 3150
77 EXEC FTHGICLG JCL 3160
#7/COMP.SYSIN DD DISP=SHR,DSN=CSP.SORCELIB.YURFILE(LINRPL),DCB=0PTCD=W JCL 3170
/7GO.FTO6F001 DD SYSOUT=A JCL 3130
//GO.FT07F00]1 DD DISP=(HEW,PASS), DSN=4STEMP2, UNIT=SYSDA, JCL 31940
s/ DCB=(RECFM=FB,LRECL=80,BLKSIZE=4000),5PACE=(80,5000,RLSE) JCL 3200
//GO.FT08F001 DD DISP=SHR,DSN=CSP.SORCELIB.YURFILECLINFTHN), JCL 32190
/7 DCB=OPTCD=MW,LABEL=(,,,IN) JCL 3220
//G0.FT30F006]1 DD SYSOUT=A,DCB=(RECFM=FBA,LRECL=133,BLKSIZE=6118) JCL 3221
//GD.FTO05F001 DD DISP=(OLD,.DELETE),DSN=2&TEMP JCL 3230
//7C0OPZ EXEC PGM=IEBGENER,REGION=64K JCL 3240
//SYSIN DD DUMMY JCL 3250
//SYSPRINT DD SYSOUT=A JCL 3260
S/78YSUT1 DD DISP=(OLD,DELETE) ,DSN=&&TEMP2 JCL 3270
//5¥SUT2 DD DISP=(OLD,KEEP),DSN=CSP.SORCELIB.YURFILE(LINWODD8) JCL 3280
TG RUN PUT /% IN COLUMNS 1 AND 2 OH JCL JCL 32%¢

s/% EXAMPLE OF DOS JCL TO COMPILE LINWODD, LINK AND PLACE IN LIBRARY. JCL 4010

77 JOBNAME LINWOGw CATAL TO C/I/L JCL 4020
77 OPTION CATAL JCL 4030
PHASE JOBNAME, % JCL 6040

7/ EXEC FFORTRAN JCL 6050
FORTRAN DECK GOES BEFORE THIS CARD JCLT4060

TO RUN PUT % IN COLUMNS 1 AND 2 OF THE PREVIOUS CARD. JCL 4070
INCLUDE ILFGHTAB JCL 4080

77 EXEC LNKEDT JCL 4099
JCL 4100

TO RUN PUT /% IN COLUMNS 1 AND 2 OF THE PREVIOUS CARD. JCL 4110
//% EXAMPLE OF DOS JCL TO RUN LINWOOD PROGRAM. JcL 5018
/7 _JOB JOBNAME LINWOOD JCL 5020
77 PAUSE MOUNT & SCRATCH TAPES ON 280,281,282, & 283 JCL 5038
/7 ASSGN SYS001,X'280° JCL 5040
/7 ASSGN SYS5002,X'281" JCL 5050
7/ ASSGN SYS003,X'282" JCL 5060
77 RSSGH SYS5004,X7283" JCL 5070
/7 EXEC JOBNAME JCL 5080
CONTROL AND DATA CARDS GO BEFORE THIS CARD JCL 5090

T8 RUN PUT ~% TH COLUMNS 1 AND 2 OF THE PREVIOUS CARD. JCL 5100
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AKX ICU T8 LIST FILES FROM HONLABLED SHARE TAPE CALLED W3HAREI™, TIRWOOD Pl
//% JCL 7O LIST FILE 1. DOCUMENTATION OF TAPE FILES.

//COPY EXEC PGM=IEBGENER,REGION=64K

Z/SYSUDUMP DD SYSOUT=A

#75YSIN DD pUMMY
//SYSPRINT DD SYSDUT=A

4r5Y5UT1 DD DSM=CSD.SHARE,.UNET=T9%,LABEL=(L,NL,,1H).

/7 __ VOL=SER=SHAREI, B o .

/7  DCBS(RECFM=FB,LRECL=80,BLK3IZESA000, DEN=G Y, DISPS(OLY, KEEPT
#/5Y5UT2 DD SYSOUT=A

#/% JCL TO LIST FILE 2, FOGRTRAN SDURGE DECK OF LINWOQD.

#/C0P2 EXEC PGM=IEBGEMER,REGIONZ&4K

s/8YSIN DD DUMMY
//75YSPRINT DD SYSDUT=A

#73Y30T1 DD DSH=CSD.SHARE,UNIT=T9,LABEL=(2,NL,,IN},

77 VOL=SER=SHARELl, o o

£/  DCB=(REGFM=FB,LRECIS KSIZE=3000, DEN=4), DISP=(0LD. KEEF)
##5YSUT2 DD SYSDHT=4

/7% JCL TO LIST FILE 3, CARDS DF SAMPLE TEST PRUBLEMS.

£/COP3 EXEC PGMSIEBGEHER,REGIOH=64K

Z/SYSEN DD DUMMY
#/SYSPRINT DD SYSQUT=A
#735YSUT]1 DD DSN=CSD.SHARE,UNIT=T9,LABEL=CY,NL.,IN),

£/ _ _VOL=SER=5HARE1, - o

’r DCB=LRELCFM=FD,LRECL=80,BLKSXZE=4{ 00, DENS4T, DISPS(OTD, REER)
£/5YSUTZ DD SYSOUT=A

/¢% JCL TO LIST FILE 4, FORTRAM SOURCE DECK OF REPLACEMENT PROGRAM.
/#C0P4 EXEC PGM=IEBGENER,REGIGNZ64K

#73YSIN DD DUMMY

S#SYSPRINT DD SYSOUT=A
//5YSUT1 DD DSH={SD, SHARE, UNIT=T9,LABEL=(6G,HL.,IN),

/4 _VOLZSERSSHAREL, - ) B
/s DCB=(RECFM=FB,LRECL=80,BLKSIZESR400 . DEN=ES, DISP (0L, KEEP)
//3YSUT2Z DD SYSOUT-A

s/% JCL 70 LIST FILE 5, FORTRAN REPLACEMENT CARDS TO REDUCE SEZE OF LINNOOD.
##COP5 EXEC FGM=IEBGENER,REGION=§4K

//SYSIN DD DUMMY
#/SYSPRINT DD SYSOUT=A
/#5YSUT1 DD DSN=CSD.SHARE,UNIT=T9,LABEL=(5,NL,,IN},
/7 VOL=SER-SHAREL, o o e -
#/  DCB=(RECFM=FB, LRECLZ80,BLKSIZE=4000, DENZE Y, DISP=E 0L KEEPT
#75YSUT2 DD SYSOUT=A

A% JCL TO LEST FILE 6, FORTRAM REPLACEMENT CARDS TO INCREASE SIZE OF LINKDOD.
/7COP6 EXEC PGM=IEBGENER,REGION=§4K

/7SYSIN DD DUMMY -
##SYSPRINT DD SYSDUT=A

//SYSUTL DD DSHN=CSD.SHARE,UNIT=T9,LABEL=({6,NL,,IN},

/7 _ VOL=SER=SHAREI, L ~

e DCB:(RECFM=FB,LRECLZSU.BLK512E=EDDU7DEN=4),DISP=IOL51KEEP)
s/5¥35UT2 DD STSOUT=A

s#® JCL TQ EIST FILE 7, EXAMPLES OF JOB CONTROL LANGUAGE CARDS.
#/COP7 EXEC PGM:IEBGENER,REGIDN=64K
//5YSIN DD DumMMy

//SYSPRINT DD 5Y50UT=A
S/SYSUT1 DD DSH=CSD. SHARE,UNIT=T9,LABEL=(7,NL,,IN),

//  VYOL=SER=SHAREIL, . . B ) N B

£, DCB=(RECFM:FB.LRECL:SD,HLKSIZE=4009,DEH=4).HISP=(ULD.KEEP5 - T
//5YSUT2 DD SYSOUT=A

4#% JCL TD LIST FILE B, FORTRAN REPLACEMENT CARDS FOR 30 VARFABLE SEARCH PROGRAM
£/COPE EXEL PGMETEBGEMFR.RFGINN=L4K N

#7/5Y5IN DD DUMMY

#/5YSPRINT DD SYSOUT=A

//SYSUT1 DD DSH=CSD.SHARE,UNIT=T%,LABEL=(S,HL,,INY,
£/ VOL=SER=SHAREl, I .
/7  DCB=(RECFM=FB,LRECL=&0,BLKSIZE5000, DEN=E Y, DISESTOLI, KEER)
A,SYSUTZ DD SYSOUT=A

£r% JCL TO LIST FILE 9, FORTRAM REPLACEMENT CARDS FOR 40 VARIABLE SEARCH FROGRAM
//COPY EXEC PGM=IEBGENER,REGIGH=44K

#75YSIN DD DUMMY

#/5YSPRINT DD SYSODUT=4

#r5Y5UT]1 DD B5H=CSD.SHARE,UNIT=T9,LABEL=(9,NL,, IN},
## __VDL=SER=SHARE1, N -
/7 " DCB={RECFM=FB,LRECLZ8U,BLKSIZE=4000, DENS4 Y, BYSF={OLY, REEFY
£#5YSUTZ2 DD SYSOUT=4

7% JCL TO LIST FILE 10, FORTRAN REPLAGEMENT CARDS FOR 50 VARIABLE SFARCH PGM,
£/COP10 EXEC PGH=IEBGENER,REGIDN=64%X

7/SYSIN DD DURMY

F/SYSPRINT DD SYSBUT=A

//5YSUT1 DD DSN=CSD.SHARE,UNIT=TY9,LAREL=(16,NL,,.IN}.

/s __ VOL=SER=SHAREL, _ o _ I
#/T T DCB=(RECFM=FB, LRECL=80, BLXS12ZES4000, DENS4 Y, DISES(OLT, REEPT

£/8YSUT2 DD SYSOUT=A

//% JCL TG LIST FILE 11, FORTRAN REPLALEMENT CARDS FOR 60 VARIABLE SEARGCH PGM.
#/C0P11 EXEC PGM=TEBGENER,REGIGN=64K

#/5YSIN DD DUMMY
/#SYSPRINT DD SYSGUT=A
//5YSUTI DD DSN=CS5D.SHARE,UNIT=T9,LABEL=(11,HL.,IN),
/44 __VOL=SER=SHAREL, . o .
##  DUB=(RECFM=FB,LRECL=80,BLKSIZE=40480,DENSE), DISP=LOLD, KEEP?
/75YSUT2 DD SYSGUTTA

cr% JCL TD LIST FILE 12, FORTRAM REPLACEMENT CARDS FOR 78 VARTABLE SEARCH POM.
£7COP12 EXEC PGM=IEBGENER,REGION=64K B

775YSIN DD DUMMY
//S5YSPRINT DD SYSOUTSA
Z#5Y5UT]1 DD DSH=CSD,SHARE,UNIT=T9,LABEL=(12,HL,,IN),
/7 . VOLSSERZSHAREL, o
/s  DCB={RECFM=FB,LRECL=80,BLKSIZE=4000,DEN=4),DISP=(0CD,REEPY
#/3YSUT2 DD SYSGUT=A

A7¥ JCL TO LIST FILE 13, PRINTOUT OF TEST PROBLEMS.

/7COP13 EXEC PGM=IERGENER,REGIONZ64K
//SYSIN DD DUMMY

Z/5YSPRINT DD 5YSOUT=A

//5Y5UT1 DD DSH=CS5D.SHARE,UNIT=T9,LABEL=(13.HL,,IHJ,

77 VOL=SER=SHAREl, . . L _

i DCB=(RECFM=FBA,LRECLE133, BLKSIZE=3059,DEN=4), DISP=¢OLD, KEEP)
s78Y5UTZ DD STSOUT=A

/7% JCL 10 LTST FILE 14, PRINTOUT OF TERMINAL~SCOFE FILE.
#/C0P14& EXEC PGM=IEAGENER,REGION=64K _ ..
//SYSIN DD DUMMY

//SYSPRINT DD SY5DUT=A

#75Y5UT1 DD DSN=CSD.SHARE,UNIT=T9,LABEL=(14,HL,,IN},

s4  VOL=SER=SHAREL, : o

o DB (REGFM-FBA,LRECL=133,PLKSIZE=3059, DEN=4), DISP=(4LD,KEEP)
£/78YSUTZ DD SYSOUT=A
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Machine Requirements

FORTRAN Compiler

Card Reader (file 5, set in Subroutine BASPGM,
card CF1 0900)

5 Scratch Filles (files 1, 2, 3, 4 and 8 set in BASPGM,
cards CF1 0820, 0840, 0860, 0880, and 0940)

Printer (file 6, set in BASPGM, card CF1l 0920)
Scope-Terminal (optional, file 30, set in BASPGM,
card CFl1 0942)

Dimensions for Loading Various Versions -of Program

FORTRAN IV
H Compiler
10 Variables, 200 Observations 164K
k0 variables, 1000 Observations 270K
80 Variables, 1000 Observations,
with 40 Variable Cp Search 414K
Effect of Various Options:
With Overlay Subtract 73K
With Scope-Terminal File Add 3K
With VS FORTRAN Compiler Add 167K
With Vs FORTRAN Compller and
Scope~Terminal File Add 172K
With 50 Variable Cp Search Add 100K
With 60 Variable Cp Search Add 240K

Time Required for Cp Searches, 3033 IBM Computers

Variables Number of

Searched Searches CPU Run Time
18 262,144 0.3 Seconds
25 34 Million 3.1 Seconds
hé 70 Trillion 25 Seconds
55 36 Thousand 8  Minutes

Trillion




