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NOTICE

THIS COMPUTER-PRODUCED PUBLICATION IS AN EXPERIMENTAL EFFORT TO PUBLISH
{MORE RAPIDLY AND MORE EFFICIENTLY) INFORMATION ON COMPUTER-ORIENTED THEOQRIES
AND TECHNIQUES

AT THE SAME TIME, WE ARE TRYING TO IMPROVE SUSCEPTIBILITY OF THE
INFORMATION TO AUTOMATED SEARCH AND RETRIEVAL. THE INITIAL SUMMARY AND THE
ENTIRE TEXT OF THE PAPER ARE IMMEDIATELY SUITABLE FOR COMPUTER SEARCH 8Y VIRTUE
OF ALREADY BEING ON PUNCHED CARDS. AN IDENTIFIER AT THE TOP OF EACH PAGE
SERVES 7O MATCH IT WITH ITS PARENT DOCUMENT IN CASE OF SEPARATION OR MIXUPS.

FINALLY, COMPUTER-PROCESSED TEXT IS EASILY REVISED AND REPUBLISHED.

THIS IS AN IMPORTANT CONSIDERATION IN FIELDS WHERE CHANGES AND NEW DEVELOPMENTS
ARE OCCURRING SO RAPIDLY.

THE COMPUTER PROGRAM 'PRN', WRITTEN BY THE AUTHOR IN FORTRAN-4 LANGUAGE,
WAS USED TO PRINT THIS RESEARCH PAPER AS WELL AS EARLIER U.S. FOREST SERVICE
RESEARCH PAPERS PSW—-13 AND PSw-21.

PROGRAM LISTING AND SOURCE DECKS FOR *REX* CAN BE MADE AVAILABLE TO

INTERESTED ORGANIZATIONS HAVING ACCESS TO A SUITABLE LARGE COMPUTER.
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UeS.FOREST SERVICE RESEARCH PAPER PSH—-44. {GRIGINAL VERSION DATED 5-01~67)
PACIFIC SOUTHWEST FOREST AND RANGE EXPERIMENT STATION, BERKELEY, CALIFORNIA
FOREST SERVICE, U.S.DEPARTMENT OF AGRICULTURE

REX —— FORTRAN-4 SYSTEM FOR COMBINATORIAL SCREENING OR CONVENTIONAL ANALYSIS
OF MULTIVARIATE REGRESSIONS.

L.R.GROSENBAUGH

*REX® [S AN EXPANSIBLE COMPUTERIZED SYSTEM THAT PROVIDES DATA NEEDED 1IN
REGRESSION OR COVARIANCE ANALYSIS OF AS MANY AS 50 VARIABLES, 8 OF WHICH MAY
BE DEPENDENT. ALTERNATIVELY, [T CAN SCREEN VARIQUSLY GENERATED CLOMBINAT IONS
OF INDEPENDENT VARIABLES TO FIND THE REGRESSION WITH THE SMALLEST
MEAN-SQUARED-RESIDUAL, WHICH WILL BE FITTED IF DESIRED. USERS CAN EASILY
PROGRAM ADDITIONAL PROCESSING.

THE SYSTEM WILL ACCEPT INPUT IN THE FORM OF WEIGHTED OR UNWEIGHTED
OBSERVATION VECTORS THAT CAN BE REARRANGED, TRANSFORMED, DR TRANSGENERATED.
IT WILL ALSO ACCEPT MATRIX INPUT IN THE FORM OF THE COMPACT UPPER TRIANGLE
OF A SYMMETRIC MOMENT MATRIX AND WILL CORRECT THE MATRIX FOR MEANS, IF THIS
ACTION 1S DESIRED. ALTERNATIVELY, IF REGRESSION THROUGH ORIGIN IS DESIRED
DESPITE INPUT OF A CORRECTED MATRIX, THE SYSTEM WILL 'UNCORRECT' THE MATRIX.
IN ANY CASE, THE COMPACLT UPPER TRIANGLE OF THE FULL RESULTANT MATRIX CAN BE
PUNCHED FOR LATER USE IF DESIRED.

REGRESSION ANALYSIS MAY INVOLVE THE FULL MATRIX OR ONLY SELECTED ELEMENTS.
CUTPUT MAY INCLUDE MOMENT AND/OR CORRELATION MAYRICES OF SELECTED ELEMENTS,
WITH OR WITHOUT THE INVERSE MATRICES. STANDARDIZED REGRESSION COEFFICIENTS
ARE AVAILABLE AS WELL AS CONVENTIONAL REGRESSION COEFFICIENTS, MEANS,
VARIANCES, AND ANALYSIS OF SOURCES OF VARIATION. IF DBSERVATION VECTORS HAVE
BEEN INPUT, COMPARISONS OF PREDICTIONS WITH OBSERVATIONS CAN BE PRINTED.

ALONG WITH CORRESPONDING ERRORS.

WHERE COMBINATORIAL SCREENING HAS BEEN SPECIFIED AND THE NUMBER OF
GENERATED COMBINATIONS OF VARIABLES EXCEEDS MAXIMUM MACHINE OR PROGRAM
CAPABILITY, THE USER HAS SEVERAL METHODS AT HIS DISPOSAL FOR BRINGING FTHE
GENERATED NUMBER DOWN TD SOME TOLERABLE NUMBER.
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mzsszsooooz=x REGRESSION FITTING, SCREENINGs AND ANALYSIS ===s=s==ss===

PROBLEM SIZE—-LIMITS FOR EACH APPLICATION APPEAR ON THE FIRST
PAGE OF QUTPUYT INVOLVING THAT APPLICATION. HOWEVER, MAXIMUM
NUMBER OF INDEPENDENT VARIABLES THAT CAN BE FITTED TO ONE DEPENDENT
VARIABLE IS5 CURRENTLY 49y WHILE MAXIMUM NUMBER OF VARIABLES THAT CAN
BE COMBINED LINEARLY IN ALL POSSIBLE WAYS FOR PREDICTION OF ONE
DEPENDENT VARIABLE TS CURRENTLY 13. BY FIXING OR FORCING VARIABLES,
COMBINING THEM INTO SETS AND GROUPS, OR LIMITING THE MAXTMUM NUMBER OF
OF SETS ALLOWED IN COMBINATION, THIS LATTER LIMIT CAN BE EXTENDED
UPWARDS. BY EMPLOYING LESS THAN MAXIMUM NUMBER OF INDEPENDENT
VARIABLES, AS MANY AS 8 DEPENDENT VARIABLES CAN BE PROCESSED AT ONCE.
WHEN PARAMETERS EXCEED LIMITS HANDLED BY PROGRAM, A MESSAGE OR
ASTERISK FLAGGING THE OFFENDER IS PRINTED QUT ON THE FIRSYT PAGE, AND
NO FURTHER COMPUTATIONS ARE PERMITTED.

THE ABOVE LIMITS ASSUME AVAILABILITY GF 32K WORDS OF HIGH-SPEED
STORAGE. IF 280K WORDS ARE AVAILABLE, CHANGING A FEW PARAMETERS AND
DIMENSIDNS WILL ALLOW EXPLORING ALL POSSIBLE LINEAR COMBINATIONS OF
30 INDEPENDENT VARIABLES TAKEN 14243...,17 AT A TIME, THE PROGRAM
CURRENTLY REQUIRES USE OF 'OVERLAY' {AN IMPROVED TYPE OF CHAIN
EXECUTION) TO AVOID EXCEEDING AVATLABLE STORAGE. TWO BINARY SCRATCH
TAPES *JW®' AND "Jx* (NOT NEEDED BY 'OVERLAY®} MUST BE SPECIFIED IN
BLOCK DATA SUBROUTINE ¥BLRM', AND UNNEEDED BUFFERS MUST BE ELIMINATED
BY SOME DEVICE SIMILAR TO SUBROUTINE *BUFK®. APPENDIX A ILLUSTRATES
DECK ARRANGEMENTS AND MODIFICATIONS NEEDED BY A NUMBER OF DIFFERENT
COMPUTERS.

FIVE CONTROL CARDS MUST BE PROVIDED TO INITIATE PROCESSING OF
EACH PROBLEM. THESE MUST BE FOLLOWED 8Y DATA VECTORS OF QUANTITIES
OBSERVED IN ASSOCIATION OR BY A DATA MATRIX OF SUMMED SQUARES AND
CROSSPRODUCTS UNLESS INPUT FROM EARLIER PROBLEM HAS BEEN SPECIFIED ON
SECOND CONTRUOL CARD. IF OBSERVATION VECTORS NEED TO BE TRANSFORMED,
TRANSGENERATED, OR REARRANGED, SUBROUTINE TRNX CAN BE MODIFIED
APPROPRIATELY. THE SIMPLEST WAY OF DOING THIS IS TO USE THE '#ALTERT
PROCEDURE AVAILABLE ON THE IBM T090-7094 (ILLUSTRATED IN APPENDIX B),
BUT ANOTHER METHOD AVAILABLE ON ANY COMPUTER IS TO REPLACE *TRNX®
CARDS NUMBERED 18, 19« 20y 21 WITH A GREATER OR LE£SS NUMBER UF CARDS
SPECIFYING THE DESIRED FORTRAN MANIPULATION.

ARRANGEMENTY OF VARIABLES IS CRITICAL ONLY IN SCREENING, WHEN
IDENTIFICATION OF BEST=FITTING REGRESSIONS IS5 BEING ATTEMPTED. THEN
TTRNX® MUST ARRAY VARIABLES SO0 THAY FIXED VARIABLES OCCUR BEFCORE ANY
NDNFIXED VARIABLES, AND ALL DEPENDENY VARIABLES MUST OCCUR
CONSECUTIVELY IN A TERMINAL STRING. VARIABLES IN SAME SET AND SETS IN
SAME GROUP MUST ALSO BE CONSECUTIVE, WHILE *TRNX' SHOULD IGNORE
UNNECESSARY VARIABLES.

A CARD PUNCHED *DONE® IN COLUMNS I-4 MUST FOLLOW LAST OBSERVATION
VECTOR DR LAST CARD OF MATRIX ELEMENTS {OR LAST CONTROL CARD WHERE
EARLIER DATA WILL BE USED) OF EACH PROBLEM.

P
i n
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A CARD PUNCHED *DONE DONE DONEe+...' STARTING IN COLUMN 1 SHOULD
FOLLOW THE ®DONE* CARD OF THE LAST PROBLEM TC RETURN CONTRDL TO THE
MONITOR BEFORE ENCOUNTER ING END~OF-FILE.

AFTER READING THE *DUNE DONE DONE4...' CARD FOLLOWING A *DONE*
CARDy *REX® PRINTS NUMBER OF SUCCESSFUL COMPLETIONS AND TOTAL NUMBER
OF PROBLEMS ATTEMPTED, THEN RETURNS CONTROL 1O SYSTEM.

*REX® SHOULD RUN ON ANY COMPUTER WITH FuLL FORTRAN—4 CAPABILITY,
WORD-LENGTH OF AT LEAST 4 CHARACTYERS, TOVERLAY® OR 'CHAIN® CAPABILITY,
AND AT LEAST 32K WORDS OF MEMORY. THIS I[NCLUDES 18M T04A0-T7044,
T090-7094, 360/65, ETC., AND CDC 6400-6600. WHERE MONITORS OCCUPY
EXCESSIVE SPACE, DIMENSIONS OF "A'IN *SKRN' MUST BE SHRUNK BY CHANGING
CARDS NUMBERED SKRN 11, PALM 63, PALM 28B4 (SEE CDC IN APPENDIX A).

SINCE MAJOR PROCESSING OPTIONS O AND 1 OFTEN INVOLVE NULL OR
NEARLY NULL MATRICES, IT IS TIMPERATIVE THAT USERS SET SYSTEM
SUBROUTINES SO THAT UNDERFLOW IS RESET TO NORMAL ZERO WITHOUT ERROR
MESSAGES DR ERROR TRACE.

FIRST CONTROL CARD -

COL. 1— 4 —— ALWAYS BLANK
CoL. 5-72 ~—— BLD PROBLEWM IDENTIFICATION
COL. 73—-76 —— LABEL FOR OPTIONAL INITIAL MATRIX PUNCHOUT

SECOND CONTROL CARD (FIELDS MUST BE RIGHT—-JUSTIFIED) ——

¢OL. 1~ 8 —-— NUMBER OF OBSERVATION VECTCRS = NOB

COL. 11-12 — NUMBER OF RAW VARIABLES TO BE READ-IN BEFDRE
TRANSFORMATION OR MATRIX FORMATION = NVR
{BLANK IMPLIES SAME AS COL. 15-16)

COL. 15-16 —— MAXIMUM SIZE OF MATRIX AVAILABLE = NVS
[EXCLUDES VECTOR OF TOTALS AND WEIGHT)
CoL. 17 —— *W* IF WEIGHTED REGRESSION IS DESIRED, ELSE

TBLANKT' OR ANY CHARACTER BUT 'W*

LIMIT ON NUMBER OF SETS OF NONFIXED INDEPENDENY
VARIABLES TQ BE INCLUDED IN LARGEST
COMBINATORIAL REGRESSION = LM (BLANK OR
ZERD IMPLIES NO LIMIT)

CoL. 19-20

|
I

THE 5 PRECEDING FIELDS CAN BE OMITTED COMPLETELY WHEN DATA
FROM EARLIER PROBLEM ARE BEING USED.

SIX GROUPS OF PROCESSING OPTIONS ARE CONTROLLED BY COLUMNS 67-T72.

COlL. 67 —— MAJOR PROCESSING ALTERNATIVES
0 = IDENTIFICATION OF BEST FITTING REGRESSIODNS
1 = SAME AS 1 PLUS FITTING OF BEST REGRESSIONS
2 = FITTING OF SPECIFIED REGRESSIONS

3—9 ARE AVAILABLE FOR USER-PROGRAMMED OPTIONS
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SECOND CONTROL CARD (CONTINUATION}

COL.

REX 5-01-67

68 —— DATA DESCRIPTION, USE {**CORRECYED OR UNCDRRECTED)

o OBSERVATION VECTOR INPUT,
TGO BE #**CORRECTED BEFORE USE
1 = OBSERVATION VECTUR INPUT,
TO BE USED UNCORRECTED
2 = UNCORRECTED MATRIX INPUT,
TG BE **CORRECTED BEFORE USE
3 = UNCORRECTED MATRIX INPUT,
TG BE USED UNCORRECTED
4 = *%CORRECTED MATRIX INPUT,
TO BE USED #*CORRECTED
5 = *XCORRECTED MATRIX INPUT,
TO BE UNCORRECTED BEFORE USE
6 = UNCORRECTED MATRIX FROM EARLIER PROBLEM,
TC BE #+(LORRECTED BEFORE USE
7 = UNCORRECTED MATRIX FROM EARLIER PROBLEM,
TO BE USED UNCORRECTED
8 = **CORRECTED MATRIX FROM EARLIER PROBLEM,
TO BE USED **CORRECTED
9 = **CORRECTED MATRIX FROM EARLIER PRDBLEM,
TO BE UNCORRECTED BEFDORE USE

it

EVEN NUMBERS [MPLY REGRESSION THROUGH MEAN.
0DD NUMBERS IMPLY REGRESSION THROUGH ORIGIN.

=,

HITH OQBSERVATION VECTOR INPUT, NVR RAW ELEMENTS
ARE AUTOMATICALLY READ INTO VECTOR D AND ARE
AVAILABLE TO *TANX®*. THESE MAY B8E COMBINED OR
TRANSFORMED, BUT IN ADDITION TO SUCH ACTIONS,
THE USER MUST MODIFY 'TRNX® 50 THAY RESULTANT
QUANTITIES ARE STORED IN DESIRED ORDER AS THE
NVS ELEMENTS OF VECTOR X. ALSO, °"TRNX' MUST
SET W £QUAL TO AN APPROPRIATE WEIGHT IF
WEIGHTING HAS BEEN SPECIFIED ON CONTROL CARDS.

"TRNX®' IS BYPASSED WHEN MATRICES ARE INPUT, BUT
DATA MUST CONFORM TO FORMAT {4E16.8)s AND CROER
MUST CONFORM TO THAT DESCRIBED BELOW FOR MATRIX
PUNCHOUT.

CODE NUMBER APPROPRIATE TO USE OF DATA ALREADY
IN STORAGE FROM EARLIER PROBLEM IS 4 GREATER
THAN THE CODE NUMBER REQUIRED TO INPUT AND
SIMILARLY USE THE SAME MATRIX CURRENTLY.

EARLIER-STDRED DATA {COUDES &6-9} CANNOT BE USED
WITH SCREENING {MAJOR ALTERNATIVE O DR 1),
WITH FIRST PROBLEM OF ANY RUN, OR IMMEDIATELY
AFTER ANY PROBLEM THAT HAS FAILED TO RUN.

J”’M ™
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SECOND CONTROL CARD (CONTINUATIODN)

COL. 69 —— PUNCHED—-CARD OUTPUT
0 = NONE
1 = MAXIMUM MATRIX AVAILABLE
AFTER TRANSFORMATIONS AND /OR CORRECTIDN
BUT BEFDRE SPECIFICATION QF CLEMENTS

CARDS WILL BE LABELLED AS SPECIFIED ON FIRST
CONTROL CARD, WITH O OR 1 APPENDED TO SHOW
WHETHER THE MOMENTS ARE ABQUT MEAN (CORRECTED}
OR ABOUT ORIGIN (UNCORRECTED).

ROW ELEMENTS OF COMPACLT UPPER TRIANGULAR MATRIX
APPEAR SUCCESSIVELY, IMMEDIATELY FOLLOWED BY
VECTOR OF SUMS OF WEIGHTED X*S OR Y'S. SUM OF
WEIGHTS IS LAST. ALL MATRIX ELEMENTS HAVE BEEN
MULTIPLIED By FACTOR NEEDED TO MAKE SUM OF
WEIGHTS EQUAL NUMBER GOF OBSERVATION VECTORS.

COL. 70 —=— MATRIX PRINTOUT AFTER SPECIFICATION OF CLEMENTS
0 = NONE
1 = MOMENT MATRIX
2 = CODED MATRIX (CORRELATICON IF ABOUT MEAN)
3 = BOTH MATRICES
COL. 71 —— INVERSE MATRIX PRINTOUT AFTER SPECIFICATION
0 = NONE
1 = MOMENT MATRIX INVERSE
2 = CODED (CORRELATION] MATRIX INVERSE
WITH (STANDARDIZED) REGRESSION COEFF.
3 = BOTH MATRICES
€OL. 72 ——— PREDICYIONS, OBSERVATIONS; AND ERRORS
o NO COMPUTATION OR PRINTOUT

Il H

1 COMPLETE COMPUTATION AND PRINTOUT, ALONG
WITH SUM OF WEIGHTED ERRORS AND

SUM OF WEIGHTED SQUARED ERRORS

THIS OPTION IS AVAILABLE ONLY WITH CURRENT“OR
CARLIER INPUT OF DATA IN FORM OF OBSERVATION
VECTORS, NOT WITH MATRIX INPUT. INTERVENING
MATRIX INPUT OR FAILURE OF PROBLEM WIPES QUY
AVAILABILITY OF EARLIER DATA.

SUM OF WEIGHTED ERRORS SHOULD APPROXIMATE ZERO
WHEN REGRESSION IS THROUGH MEAN.

SUM OF WEIGHTED SQUARED ERRORS SHOULD ALWAYS
EQUAL ERROR SuM OF SQUARES IN EARLIER TABLE,
EXCEPT FOR ROUNDING ERRORS.
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THIRD CONTROL CARD FOR MAJOR PROCESSING ALTERNATIVES O AND 1 ~—~———w=w— -
{TDENTIFICATION OF BEST FITTING REGRESSIONS)

REX 5-01-67

COL. 1 —— 7'BLANK' IMPLIES G'S PUNCHED IN THIS AND ALL

FOLLOWING COLUMNS UNTIL THE FIRST *¥Y* OCCURS.

ANY COL.—— *S' IN A COLUMN IMPLIES THAT THE ORDINAL OF THAT

COLUMN IS THE SUBSCRIPT OF THE FIRST
INDEPENDENT VARIABLE IN A SET. WHEN THE *S°
OCCURS BEFORE ANY 'G*, MEMBERS OF THE SET ARE
TREATED AS FIXED (I.E., THEY WItL ALWAYS BE
INCLUDED IN ANY REGRESSION TESTING COMBINAT IONS
OF NONFIXED VARIABLES). MEMBERS OF SETS
OCCURRING AFTER A *G' HAS APPEARED ARE TREATED
AS NONFIXED, AND ARE INCLUDED IN REGRESSIONS
ONLY WHEN CALLED FOR BY SPECTIFIC COMBINATORIAL
RULES. GRDINALS OF BLANK COLUMNS FOLLOWING AN
*S* DENCTE SUBSCRIPTS OF OYHER INDEPENDENT
VARTABLES BELONGING TO THE SET. ALL MEMBERS
OF A GIVEN SET ARE SIMULTANEQUSLY PRESENT OR
ABSENT IN ANY PARTICULAR COMBINATION.

WHEN SEVERAL S5'S OCCUR BEFORE ANY *G*, THEY WILL

IGI

1y

BE FITTED CUMULATIVELY {NOT INDIVIDUALLY},
S0 THAT A SPECIFIC PATH OF FIT CAN BE EXPLORED
AND OBSERVED AT EACH SUCCESSIVE STAGE.

IN A COLUMN IMPLIES THAT THE OROINAL OF THAYT
COLUMN IS THE SUBSCRIPT OF THE FIRST
INDEPENDENT VARIABLE IN THE FIRST NONFIXED SET
OFf A GROUP CONSISYING OF ONE OR MORE SETS.

NOT MORE THAN ONE SET FROM A GIVEN GROUP WILL
APPEAR IN THE SAME REGRESSION UNDER
COMBINATORIAL CONTROL (T.E., THEY ARE MUTUALLY
EXCLUSIVE]. BLANK COLUMNS IMMEDIATELY AFTER
ANY *G* DENDTE (BY COLUMN ORDINALS) SUBSCRIPTS
OF INDEPENDENT VARIABLES BELONGING TO THE FIRSY
SET IN THAT GROUP, WHILE EACH SUBSEQUENT *S*
BELUNGS TO THE *G® THAT STARTED THE SEQUENCE

OF SETS IN WHICH THE ‘'S" OCCURS.

IN A COLUMN IMPLIES THAT THE ORDINAL OF THAT
COLUMN IS THE SUBSCRIPT OF A DEPENDENT VARIABLE
THAT IS TO BE PREDICTED BY VARIOUS LINEAR
COMBINATIONS OF INDEPENDENT VARIABLES.

YY" MUST APPEAR IN SUCCESSIVE COLUMNS AFTER ITS
FIRST APPEARANCE, TERMINATING WITH THE COLUMN
WHOSE ORDINAL CORRESPONDS TO THE NUMBER *NVS®
PUNCHED IN COLUMNS 15-16 OF SECOND CONTROL
CARD. THE CHARACTER FOLLOWING THE LAST *Y?
MUST BE SAME AS IN COLUMN 17 DF SECOND CONTROL
CARD {("W®' REQUIRES WEIGHTING, ALL DTHER
CHARACTERS AND BLANKS IMPLY UNIT WEIGHTS).

P e
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THIRD CONTROL CARD FOR MAJOR PRGCESSING ALTERNATIVE 2
(FITTING OF SPECIFIED REGRESSIONS} -—— T e

ANY COLUMN WHOSE ORDINAL DOES NOT EXCEED THE NUMBER TNYS®
{PUNCHED OR IMPLIED IN COLUMNS 15-16 OF SECOND CONTROL CARD)
MAY CONTAIN AN *X* OR 'Y* TO SHOW FHAT THE VARTABLE

WITH SUBSCRIPT INDICATED IS TQ BE CONSIDERED AS AN TNDEPENDENT
OR DEPENDENT VARIABLE IN A PARTICULAR REGRESSION TO BE FITTED
BY LEAST SQUARES. THE SAME CHARACTER MUST APPEAR IN COLUMN
(NVS+1) OF 3RD CONTROL CARD AS IN COLUMN 17 OF 2ND CARD {*W®
REQUIRES WEIGHTINGs ANYTHING ELSE IMPLIES UNIT WEIGHTS).

FOURTH AND FIFTH CONTROL CARDS (MUST BE PRESENT THD QFTEN BLANK) ————

THESE CARDS ARE FOR OBJECT-TIME SPECIFICATION OF VARIABLE
FORMAT NEEDED FOR DATA INPUT IN FORM QF CBSERVATION VECTORS.
NO FORMAT SPECIFICATION IS NEEDED FOR MATRIX INPUT, WHICH
MUST BE IN FDRMAT (4El6.8}. THUS, THESE TWO CONTRAOL CARDS
CAN BE LEFT BLANK EXCEPY WHERE COLUMN 68 OF SECOND CONTROL
IS PUNCHED 0 OR 1, BUT THE TWO CARDS MUST ALWAYS BE PRESENT.

WHEN USER ELECTS TO FIT AND ANALYZE A SPECIFIC REGRESSION,
MINIMUM SUCCESSFUL ODUTPUT WILL CONSIST OF ONE PAGE LISTING IMPLICIT
OR EXPLICIT PARAMETERS OF PROBLEM, ONE PAGE DF REGRESSION COEFFICIENTS
WITH THEIR VARIANCES ON THE FOLLOWING PAGE, ONE PAGE FOR QUANTITIES
NEEDED IN REGRESSION-COVARIANCE ANALYSIS, AND ONE PAGE GIVING MEAMS
AND VARIANCES OF ALL VARIABLES INVOLVED IN THE SPECIFICATION OF
VARTABLES ON THE THIRD CONTROL CARD.

WHEN USER ELECTS IDENTIFICATION OF BEST FITTING REGRESSIONS,
MINIMUM SUCCESSFUL OUTPUT WILL CONSIST OF ONE PAGE LISTING IMPLICIT
OR EXPLICIT PARAMETERS OF PROBLEM, AND ONE OR MORE PAGES OF RELATIVE
MEAN SQUARED RESIDUALS FOR €ACH REGRESSION GENERATED BY THE SPECIFIC
COMBINATORIAL MUODEL ESTABLISHED BY THE SECOND AND THIRD CDNTROL CARDS.
THESE RELATIVE MEAN SQUARED RESIDUALS (RELATIVE TO SIMPLE VARIANCE
ABOUT MEAN Y} ARE IDENTIFIED AS TO COMPONENT COMBINATORIAL SETS
INVOLVED, ALL FIAED SETS ARE IMPLICITLY INCLUDED IN ANY COMBINATORIAL
REGRESSION. COUMBINATORIAL REGRESSIONS HAVING MINIMUM VARIANCES ARE
IDENTIFIED IN TABLE ON LAST PAGE.

THE COEFFICIENT OF COLLINEARITY, A MEASURE OF RELATIVE NULLITY OF
THE MATRIX OF INDEPENDENT VARIABLES, IS ALSC LISTED AT THE LEFT OF
THE RELATIVE MEAN SQUARED RESIDUALS. A ZEROD OR NEAR-ZERO COEFFICIENT
{WITH NEGATIVE EXPONENT MORE THAM DOUBLE THE NUMBER OF INDEPENDENT
VARIABLES INVOLVED) WARNS OF NULL OR NEARLY NULL MATRIX WHOSE INVERSE
MIGHT NOT BE COMPUTABLE BY SUBROUTINE CBXR, USUALLY BECAUSE OF HIGH
CORRELATION AMONG INDEPENDENT VARIABLES. COMPLETELY ORTHOGONAL
VARIABLES WOULD BE INDICATED BY A COEFFICIENT OF UNITY, SINCE IT IS
MERELY THE RATIQ DF THE DETERMINANT GF THE UNCQRRECTED MOMENT MATRIX
1ABOUT ORIGIN) OF INDEPENDENT VAREABLES TO THE CONTINUING PRODUCT
OF THE MATRIX DIAGONALS. REGRESSIONS THROUGH THE MEAN CONSIDER THE
VECTOR OF VARIABLE SUMS AND AGGREGATE WEIGHTS AS AUGMENTING THE
BASIC UNCORRECTED MATRIX, BUT OTHERWISE THE COMPUTATION IS THE SAME,
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A COEFFICIENT FOR THE IMPLIED CONSTANT PSEUDD-VARIABLE °*UNITY® IS
ALWAYS COMPUTED WHEN A PARTICULAR REGRESSION THROUGH MEAN 1S
SPECIFIED. THIS CONSTANT IS ALSO KNOWN AS THE INTERCEPT [ON THE Y
AXIS) AND IS SUBSCRIPYED 'U' FOR UNITY. IT IMMEDIATELY FOLLOWS THE
COEFFICIENT FOR THE LAST REAL VARIABLE, AS DGES ITS VARIANCE DN THE
NEXT PAGE. SIMILARLY, A FINAL COLUMN OF ELEMENTS CII,U) FOR THE
MOMENT MATRIX INVERSE IS ALWAYS COMPUTED WHEN REGRESSION THROUGH MEAN
IS SPECIFIED. THIS 1S THE IDENTICAL COLUMN OF ELEMENTS THAT WOULD
BE COMPUTED LESS ACCURATELY IF REGRESSION THROUGH ORIGIN WERE
SPECIFIED AND TERMINAL PSEUDO-VARIABLE OF UNITY WERE PROGRAMMED IN
SUBRGUTINE *TRNX'. THE LATTER PROCEDURE RESULTS IN AUGMENTING THE
UNCORRECTED MOMENT MATRIX BY A TERMINAL VECTOR OF SIMPLE TOTALS,

AN UNDESIRABLE PROCEDURE EXCEPT FOR ITS CONVENIENCE IN COVARIANCE
ANALYSIS.

ALTHOUGH SCREENING OF REGRESSIONS BY THE CONVENTIONAL STEPWISE
PROCEDURE WILL ORDINARILY NOT LEAD TO AS GOOD REGRESSIDNS AS THE
COMBINATORIAL APPROACH DESCRIBED EARLIER, SOMETIMES THE USER MAY
WISH TO VIEW THE BEHAVIOR OF THE MEAN SQUARED RESIDUAL AS VARIABLES
ARE ADDED ALONG A SPECIFIC PATH OF FiIT. THIS CAN BE DONE B8Y CHOOSING
MAJOR PROCESSING ALTERNATIVES O OR 1 AND PUNCHING °S*' IN THE FIRST
COLUMN OF THE SECOND CONTROL CARD, AND IN SUBSEQUENT COLUMNS WHERE
A CUMULATIVE VALUE FOR THE MEAN SQUARED RESIDUAL IS5 DESIRED. ALTHOUGH
NO ®*BEST' REGRESSION ALONG THIS PATH WILL BE PROGRAM-SELECTED, THE
USER CAN EASILY LOCATE IT BY INSPECTION. THE COMPLETE REGRESSICN
CONTAINING ALL VARTABLES ALONG THE PATH WILL NOT BE FITTED,

EVEN WITH MAJOR PROCESSING ALTERNATIVE 1, UNLESS THE LAST SPECIFIED
SET IS PUNCHED *G'.
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THE SIMPLEST METHOD FOR ANALYZING COVARIANCE DOES NOT REQUIRE
DRTHOGONAL DUMMY VARIABLES OR WEIGHTING INVERSELY ACCORDING TO GROUP
SIZE, ALTHOUGH SULH DEVICES IMPROVE ACCURACY WHEN MATRICES ARE
IL1—-CONDITIOMNED. IF {G) IS THE NUMBER OF GROUPS INTO WHICH
OBSERVATIONS CAN MEANINGFULLY BE DIVIDEDe. AND IF (K} IS THE NUMBER OF
INDEPENDENY VARIABLES, THEN 'REX® CAN EASILY ANALYZE COVARIANCE 1IN
CASES WHERE (G#1l}*{K+1) DOES NOT EXCEED 49, AND CAN HANDLE SLIGHTLY
LARGER PROBLEMS WITH A BIT MORE TROUBLE.

USER MUSTY MODIFY SUBRQUTINE *TRNX® SO THAT AN ENLARGED OBSERVATION
VECTOR IS DEFINED WITH (G+1) SETS OF [K+#1) INDEPENDENT VARTABLES AND
WITH ONE OR MORE DEPENDENT VARIABLES. THE (K} ACTUAL INDEPENDENT
VARIABLES ARE PLACED IN THE FIRST (K) ELEMENTS, WHILE UNITY IS PLACED
IN THE {(K#1}TH ELEMENT. THIS SAME SET OF {K+1) VARIABLES IS ALSO
PLACED [N THE SUBSEQUENT SEY OF ELEMENTS WHOSE ORDINAL IS ONE GREATER
THAN THAT FOR THE GROUP. ALL OTHER INDEPENDENT VARIABLES MUST BE
EQUATED TO ZEROD.

THREE REGRESSIGNS MUST NOW BE SPECIFLED TO OBTAIN ALL NEEDED DATA.
ALTHOUGH THEY ARE NOMEINALLY SPECIFIED TO PASS THROUGH THE ORIGIN, THE
CONSTANT DUMMY FORCES THEM TO PASS THROUGH THE MEAN. THE SAME MAXIMUM
MATRIX SERVES ALL 3. 7THE FIRSY, CALLED Al, REPRESENTS UNGROUPED DATA.
THE SECOND, CALLED Bls ALLOWS DIFFERENT INTERCEPTS FOR EACH GROUP BUT
REQUIRES POOLED SLOPES. THE THIRD ALLOWS EACH GROUP TO HAVE ITS OWN
REGRESSIDN.

THE THIRD CONTROL CARDS FOR THESE REGRESSIONS WOULD APPEAR AS
FOLLOWS WHERE THERE WERE 6 GROUPS WITH 3 INDEPENDENT AND 2 OEPENDENT
VARIABLES, AS IN THE LAST EXAMPLE OF INPUT IN APPENDIX B8 ————

Al"S CARD ===XXXX YY=
B1'S CARD ===XXX X X X X X XYY=
Cl'S CARD === AAXKXKXRKEXXXXXXXXK X AKX AKXYY =

FROM THE 3 OUTPUTS THUS SECURED, THE DEGREES OF FREEDOM {DFS) AND
SUMS OF SQUARES (55} ATTRIBUTABLE TO REGRESSION (R) AND TO ERROR (E)
CAN BE OBTAINED, ALONG WITH THE MEAN SQUARED RESIDUALS (MSQR) OR
ERROR VARIANCES. NEXT {Al€ MINUS BLE) AND (BEIE MINUS ClE} ARE
COMPUTED BY HAND, BOTH FOR DFS AND FOR SS. LASTLY, CORRECTION TERMS
MUST BE SUBTRACTED FROM B1R (BOTH DFS AND S$S5). THE APPROPRIATE
SUBTRACTION IN THE CASE OF BIR DFS IS UNITY, WHILE TN THE CASE OF
B1R 58Sy IT IS (SQUARED MEAN Y)}*{NUMBER OF OBSERVATIONS}.
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AN ANALYSIS OF COVARIANCE USUALLY DETERMINES THE FOLLOWING
(DEGREES OF FREEDOM FOR *F* CAN BE INFERRED FROM S5S OR MSQR) ———

F = (CORRECTED B1R SS)/U(BLE MSQR}*(CORRECTED B1R DFS}}
FOR SIGNIFICANCE OF POOLED REGRESSION COEFFICIENTS

F = [(BlE SS MINUS C1E 5S)/((CLE MSQRI*(B1E DFS MINUS C1lE DFS)?
FOR SIGNIFICANCE OF DIFFERENCES AMONG SLOPES OF
INDIVIDUAL GROUP REGRESSIONS

F = {ALE 5S MINUS BIE SS)/U{BlE MSQR)#*{AlE DFS MINUS BLE DFS}))

FOR SIGNIFICANCE OF DIFFERENCES AMONG -GROUP INTERCEPTS
WHEN SLOPES ARE POOLED (TEST DOF DIFFERENCES AMONG
ADJUSTED MEANS)

GENERALLY, THERE IS LITTLE USE IN CONDUCTING THE SECOND AND THIRD
TESTS UNLESS THE FIRST SHOWS SIGNIFICANCE. SIMILARLY, THE THIRD TEST
ES USUALLY OMITTED EXCEPYT WHERE A SIGWNIFICANT FIRST TEST AND A
NONSIGNIFICANT SECOND TEST HAVE OCCURRED.

POOLED SLOPE COEFFICIENTS AND INDIVIDUAL GROUP INTERCEPTS MAY BE
READ DIRECTLY FROM THE OUTPUT OF REGRESSTON Bl, WHILE INDIVIDUAL
GROUP REGRESSTON SLOPES AND INTERCEPTS OGCCUR IN SETS OF (K+1) ENTITIES
IN THE OUTPUT OF REGRESSION C1. THE VARIANCES OF THESE COEFFILIENTS
ARE DERIVED FROM THE POOLED SUM OF SQUARED RESIDUALS FRDM INDIVIDUAL
REGRESSIONS RATHER THAN FROM SUM FOR JUST THE PARTICULAR GROUP, BUT
OTHERWISE HAVE VALIDITY. THE OQUTPUT OF MEANS AND VARIANCES FOR C1
REQUIRES SOME DECODING TO PLACE THEM ON AN INDIVIDUAL GROUP BASIS,
BUT COMPUTATIONS ARE SIMPLE AND 0OBVIODUS.

AN ANALOGGOUS PROCEDURE CAN BE FOLLOWED WITH ORTHOGOMAL DUMMY
VARTABLES SECURED FROM DELURY'S TABLES (#*2}) IF ALL 3 REGRESSIONS ARE
SPECIFIED TO PASS THROUGH THE MEAN INSTEAD OF THE ORIGIN. HOWEVER,
EACH GROUP MUST BE CHARACTERIZED B8Y (G-1} DUMMIES AND THEIR SUITAALY
LOCATED CROSSPRODUCTS WITH THE (K) REAL VARIABLES, INSTEAD OF SIMPLY
BY THE LOCATION OF A SECOND SET OF THE REAL VARIABLES AND UNITY.
THESE DUMMIES MUST BE DIVIDED BY GROUP SIZE UNLESS ALL GRUOUPS CONTAIN
THE SAME NUMBER OF OBSERVATIONS. ALTHOUGH NO CORRECTION IS NEEDED
FOR THE SECOND REGRESSION {(AQ, BOy CO WILL BE USED TO DISTINGUISH
REGRESSIONS THROUGH THE MEAN HAVING ORTHOGONAL DUMMY VARIABLES), EACH
GROUP INTERCEPT AND INDIVIDUAL GROUP COEFFICIENY MUST BE CALCULATED
AS THE SEPARATE SUM OF (G) QUANTITIES, {6~1} OF WHICH ARE SECURED AS
THE PRODUCT OF A DUMMY COEFFICIENT MULTIPLIED BY A DUMMY VARIABLE
APPROPRIATE TO THAT PARTICULAR GROUP. PROBLEMS WHERE {(G*(K+1)-1)
DOES NOT EXCEED 49 CAN BE SIMPLY HANOLED BY THIS TECHNIQUE. {ARGER
PROBLEMS WILL REQUIRE GETTING THE CO OR C1 REGRESSION COMPONENTS FROM
SUMMING QUANTITIES SECURED BY SEPARATING DATA INTO GROUPS AND FITTING
EACH GROUP REGRESSION INDIVIDUALLY. EXAMPLES AORX, BORX, CORX IN
APPENDIX 8 ILLUSTRATE COVARTANCE INPUT USING ORTHOGONAL POLYNOMEALS.

A‘,.n-k?\s?
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THE SIMPLER COVARIANCE PROCEDQURE (USING UNITY AS A DUMMY VARIABLE
WITH THE SAME RAW INPUT DATA) IS ILLUSTRATED BY EXAMPLES ALRX, BI1RX,
CIRX IN APPENDIX B. FORMAL REQUIREMENT THAT THE REGRESSIONS PASS
THROUGH ORIGIN IS EFFECTIVELY CANCELLED BY USE OF UNITY AS A DUMMY
VARIABLE.

IT CAN BE SEEN THAT THERE ARE 6 GROUPS, EACH CONTAINING 5 'SETS OF
OBSERVATIONS. ALTERATIONS TO *TRNX® SHOW THAT THE GROUP CODE IS READ
AS RAW VARIABLE D{2), AND THAT RAW VARTABLES D(3), D(&)}, D{L10) SERVE
AS FINAL VARIABLES X({1l)s X(2), X{3), WITH X{4) ALWAYS BEING UNIYY,
ADDITIONALLY, EXACTLY THE SAME SETY OF VARIABLES 1S STORED IN A
SEQUENCE OF 4 X*'S APPROPRIAYE TO THE OBSERVED GROUP CODE. THE OTHER
SUPERFLUQUS GROUPS OF & X*S ARE SET TO ZERO, WHILE THE 2 DEPENDENT
VARIABLES ORIGINALLY READ AS D{11) AND D{12) ARE MOVED TO X{29} AND
X{30} AT THE END OF THE 7 SEQUENCES DF 4 X*S RESERVED FOR THE POOLED
REGRESSION AND 6 INDIVIDUAL GROUP REGRESSIONS. FROM THE SUBSEQUENT
OUTPUT THAT REX PRODUCES. QUANTITIES APPEARING IN THE MULTIPLE
COVARTANCE ANALYSIS BELOW ARE EASILY OBTAINED.

SOURCE DFS 29Y SS A0y 55 29Y RSQR  30Y MSQR
AlE 26 2187.5C 1173.59
B1E 21 28.80 731.73 1.371 34.84
ClE 6 21.94 Ti.64 3.657 11.94
BIR{+) 9 9426.20 40T74.27
{UNCORRECTED LINE ABOVE NEEDS CORRECTION TERMS BELOW)

CORR. L~} 1 7207.50 3456.13

B1R=B1R{+)~CORR. 8 2218.70 6l8.14

AB = Alt-BlE 5 2158.7C 441.87

BC = BlE~-ClE 15 6.B6 660.09

SRS TIE

= 7o i it e o ===

TO TEST SIGNIFICANCE OF DIFFERENCES OF PUOLED REGRESSION
COEFFICIENTS FROM ZERO ——
F={B81R SS)/{(B1R DFS)}*(BLE MSQR})=202.2%* FOR 29Y.
= 2422 FOR 30Y.
DF5= 8/21

TO TEST SIGNIFICANCE OF OIFFERENCES OF INDIVIDUAL GROUP REGRESSION
COEFFICIENTS FROM POOLED REGRESSION COEFFICIENTS -~
F= (BC SS)/({8C DFS)I*(CLE MSQR} )= -13 FOR 29vY,
= 3469 FDR 30Y.
DFS=15/6

TO TEST SIGNIFICANCE OF DIFFERENCES AMONG INDIVIDUAL GROUP MEANS
ADJUSTED BY POOLED REGRESSION COEFFICIENTS (INTERGCEPT DIFFERENCES) ——
F= {AB SS)/U{AB DFS)*(B1lE MSQR}}=314.8%% FOR 29Y.

= 2.54 FOR 30Y.
DFS= 5/21
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PROGRAM LOGIC IS BRIEFLY AS FOLLOWS. *REX® IS THE EXECUTIVE

- ROUTENE (OR ZERO LINK IN THE OVERLAY STRUCTURE} THAT CONTROLS ALL
OTHER SUBROUTINES. 9YPALM' INTERPRETS CONTROL CARDS 2 AND 3. THEN
SHATX® WITH *TRNX® HANDLE DATA INPUT, TRANSFORMATIONS, CORRECTIONS 1O
CURRENT OR EARLIER DATA INPUT, AND WHATEVER PUNCHED-CARD DUTPUT THE
USER MAY HAVE SPECIFIED. THEN, DEPENDING ON USER'S CHOICE OF MAJOR
PROCESSING OPTIONS, CONTROL PASSES EITHER TO °*SKRN', TO PSKRNY
FOLLOWED 8Y *CBXR*', TO *CBXR' ALONE, OR TO SOME USER-SUPPLIED SET OF
SUBROUTINES WHICH MAY INCLUDE *SKRN" AND/OR "CBXR'. FINALLY. CONTROL
RETURNS TO *REX' FOR STARTING ON THE NEXT PROBLEM IN THE STACK.

THE BRDAD OUTLINE FOR °PREX™ WAS CONCEIVED BY THE AUTHOR AS A
RESULT OF HIS EXPERIENCE IN DESIGNING AND USING A GROUP OF REGRESSION
PROGRAMS FOR THE IBM 704 IN THE PERIGD 1957-60, THE FIRST OF WHICH
HWAS DESIGNATED G2-TV—REM (SHARE DISTRIBUTION AGENCY NUMBER 822). THIS
WAS THE FIRST COMBINATORIAL APPROACH TO REGRESSION SCREENING, MADE
POSSIBLE BY THE REVOLUTIONARY SPEEDS OF NEW ELECTRONIC COMPUTERS (#4).
TREM? WAS SO0ON SUPPLEMENTED BY ®REA' FOR MATRIX INPUT, 'XXR' FOR
ACCUMULATION OF LARGER CORRELATION MATRICESs AND 'CBY®' AND *CBZ* EOR
FITTING PARYICULAR REGRESSIONS BY THE MODIFIED FISHER-DOOLITTLE
METHOD.

IN CONTRAST TO THE COMBINATORIAL APPROACH WHICH EXPLORES ALL
POSSIBLE LINEAR COMBINATIONS UF VARIABLES WITHIN CERTAIN CONSTRAINTS
IMPOSED TD KEEP THE DIMENSIONS OF THE PROBLEM WITHIN COMPUTABLE
LIMITS, THE MORE WIDELY KNOWN STEPWISE APPROUACH ADDS OR DELETES ONE
VARTABLE AT A TIME TOD SOME PREVIOUSLY SELECTED GROUP OF VARIABLES,.
UNFORTUNATELY, THIS PROCESS IS NOT CAPABLE OF FINDING THE COMBINATION
OF INDEPENDENT VARIABLES THAT BEST EXPLAINS THE VARIAYION OF THE
DEPENDENT VARIABLE (EXCEPT IN THE TRIVIAL CASE INVOLVING NO MORE THAN
2 VARIABLES), AND MOST TESTS OF SIGNIFICANCE APPLIED TO REJECTION OR
ACCEPTANCE OF VARIABLES FOR A GIVEN STEP ARE INVALID.

A,

IT WAS THE AUTHOR®S DISSATISFACTION WITH THE MORE POPULAR STEPWISE
PROCEDURE WHICH CAUSED HIM TO EXPLORE THE COMBINATORIAL APPROACH.
HE EARLY DISCOVERED THAT SUMS OF SQUARES OR MULTIPLE CORRELATION
COEFFICIENTS WERE NOT GOOD CRITERIA FOR DETERMINING THE *BEST'
REGRESSION FOR A PARTICULAR SET OF UBSERVATIONS, BECAUSE THEY
INCREASED OR DECREASED MONOTONICALLY AS THE NUMBER OF VARIABLES
INCREASED, HOWEVER, THE MEAN SQUARED RESTDUAL {OR VARIANCE OF THE
REGRESSION ESTIMATE} IS NOT A MONDTONIC FUNCYION, BUT FLUCTUATES IN
AN UNPREDICTABLE MANNER DOEPENDING ON BOTH SUMS OF SQUARES AND DEGREES
OF FREEDOH. IT IS A FIGURE OF MERIT WHOSE MINIMUM FLAGS A *BEST BET'.

THE FIRST EXAMPLE IN APPENDIX B (®ABST") HAS OUTPUT FROM MAJOR
OPTION @ SHOWN IN APPENDIX (., AND ILLUSTRATES A SITUATION WHERE
THE COMBINATORIAL APPROUACH SUCCEEDS IN FINDING THE *BEST® REGRESSION
{INVOLVING VARIABLES S5+ 6, 71}.
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STARTING WITH EXACTYLY THE SAME DATA, NEITHER YHE ASCENDING NOR THE
DESCENDING STEPWISE REGRESSIUON ANALYSIS CAN REACH THE CORRECT ANSHER,
SINCE THEIR SELECTION OF PATHS 15 IRREVOCABLY LIMITED BY INITIAL
INCLUSION OF VARIABLES 1 AND 2 OR BY INITIAL DELETION OF YARIABLES 5,
6y AND 7.

ALTHDUGH NO ONE CAN SAY WITH ASSURANCE THAT ANY VARIANCE IS
A GLOBAL MINIMUM UNLESS ALL POSSIBLE COMBINATIONS HAVE BEEN TRIED,
EXPERIENCE HAS SHOWN THAT THE *BEST® COMBINATION FROM A LARGE NUMBER
OF VARIABLES USUALLY DOES NOT INVOLVE MORE THAN 3 TO 7 VARIABLES.
HENCE, THE INTRODUCTION CF SOME SUCH MODERATE LIMIT TO KEEP THE
PROBLEM WITHIN CAPABILITIES OF THE PROGRAM USUALLY WILL NOT CHANGE
THE OUTCOME.

THE PRESENT PROGRAM REFLECTS THE FOREGOING AS WELL AS A NUMBER OF
ADDITIDNAL IMPROVEMENTS STEMMING FROM THE AUTHORYS EXPERIENCE. THERE
ARE SEVERAL MAJOR IMPROVEMENTS FOR WHICH OTHERS SHOULD BE CREDITED,
HOWEVER.

FURNIVAL (%3) REALIZED THAT RESIODUALS FROM REGRESSION COULD BE
COMPUTED BY DETERMINANTS {METHOD OF SINGLE DIVISION) MUCH MORE EASILY
THAN BY THE USUAL METHOD INVOLVING MATRIX INVERSIDON, IF DTHER
REGRESSTON STATISTICS WERE SACRIFICED. THIS MADE THE COEFFICIENT OF
COLLENEARITY CHEAPLY AVAILABLE AS A BYPRODUCT. HE ALSO DEVISED AN
INGENIOUS COMPUTATIONAL SEQUENCE TGO MINIMIZE DETERMINANTAL ARITHMETIC,
AND RECOGNIZED THAT SET AND GROUP CONSTRAINTS MIGHT BE USEFUL YOOLS
FOR KEEPING PROBLEM DIMENSIONS WITHIN REASONABLE BOUNDS. THESE
IMPROVEMENTS HAVE BEEN EMBODIED IN SUBROUTINE "SKRN'.

THE AUTHOR ORIGINALLY FELT THAT ACCUMULATION OF THE MATREIX OF
SUMS OF SQUARES AND CROSSPRODUCTS FROM OBSERVATION VECTORS COULD BE
MOST ACCURATELY AND EFFICIENTLY ACHIEVED BY INTEGER ARITHMETIC MITH
MULTIPLE PRECISION, AS HE DID IN °XXR*. RODDEN {#T} LATER SUPPORTED
THIS VIEW, BUT THE AUTHOR DECIDED AGAINST IT IN 'REX® BECAUSE ASSEMBLY
LANGUAGE WOULD BE REQUIRED IN AN OTHERWISE ALL-FORTRAN PROGRAM.

WELFORD®'S TECHNIQUE (*9) INVOLVING USE OF SEINGLE-PRECISION,
FLOATING~-PUINT, PROGRESSIVE AVERAGES WAS EMPLOYED INITIALLY, BUT IYS
NOTICEABLE INACCURACY ON SMALL TEST PROBLEMS WAS A DISAPPOINTHENT.
NEELY [#6) LATER DOCUMENTED SIMILAR EXPERIENCE.

FINALLY, THE STRAIGHTFORHARD USE OF A SINGLE PASS WITH DOUBLE-
PRECISION FLOATING-POINY ARITHMETIC SEEMED PREFERABLE YO THE USE DOF
THO PASSES WITH SINGLE-PRECISION FLOATING-POINT ARITHMETIC {FIRST
PASS TO COMPUTE MWEANS, SECOND PASS 7O CODE DEVIATIONS AND FORM
CROSSPRODUCTS). HENCE, FORMATION OF MATRIX AND ITS SUBSEQUENT
CORRECTION FDR MEANS (IF SPECIFIED) ARE PERFORMED WI!TH DOUBLE-
PRECISION, BUT THE FINAL MATRIX IS STORED WITH SINGLE-PRECISION.
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RECENT I[MPROVEMENTS IN HIGH-SPEED COMPUTERS HAVE MADE THE SQUARE-
ROOT METHOOD OF MATRIX INVERSTION MUCH MORE ATTRACTIVE THAN THE MODIFIED
JORDAN ELIMINATION METHOD FOR SYMMETRIC MATRICES, ESPECIALLY IF THEY
HAPPEN TO BE ILL-CONDITIONED. BODEWIG (%1) POINTS THIS OUT, ALTHOUGH
DWYER AND OTHERS SURMISED THE SAME THING PRIOR TO THE AVAILABILITY OF
MODERN COMPUTERS. CONSEQUENTLY, THE AUTHGR WROTE A DOUBLE-PRECISION
FORTRAN-4 MATRIX INVERTER FOR 'REX®? THAT USES THE SQUARE-ROOT METHOD.

THUS, REX EMPLOYS DOUBLE—PRECISION ARITHMETIC FOR ACCUMULATION
AND CORRECTION OF MOMENT MATRIX, FOR MATRIX INVERSION BY THE SUPERIOR
SQUARE-ROOT METHOD, AND FOR COMPUTATION OF MOST OF THE [MPORTANT
REGRESSION STATISTICS. HENCE, 'REX® RETAINS MORE SIGNIFICANT DIGITS
THAN PO LEAST-SQUARES PROGRAMS TESTED BY LONGLEY {#5), WHICH EMPLOYED
SINGLE-PRECISION ARITHMETIC AND LESS ACCURATE INVERSTON METHODS.

REGRESSION STATISTICS FOR YREX®" ARE COMPUTED BY THE MODIFIED
FISHER-DOOL ETTLE METHOD DESCRIBED IN {#B8}. HOWEVER, STANDARDIZED
REGRESSION COEFFICIENTS ARE NOT CALCULATED UNLESS REQUESTED. CODING
OF MATRIX ELEMENTS PRIOR TO MAYRIX INVERSION IS ALWAYS BY DIVISION
BY SQUARE-RODT OF PRODUCTY OF DIAGONAL ELEMENTS WITH SUBSCRIPTS
INVOLVED, SO THE MATRIX DOES NOT BECOME A TRUE CORRELATION MATRIX
EXCEPT WHERE REGRESSION THROUGH MEAN HAS BEEN SPECIFIED. RSQUARED
THEREFORE, [S MERELY THE RATIO OF TwWw0 SUMS OF SQUARES WHEN REGRESSION
THROUGH ORIGIN HAS BEEN SPECIFIED. THE MAIN ARGUMENT IN FAVOR OF SUCH
CODING IS THAY IT IMPROVES MATRIX CONDITION.

THE AUTHOR CONSIDERED USING HIS COMBINATORIAL GENERATOR DEVELOPED
FOR ANALYSIS OF VARIANCE PROGRAM G4-BC~ANV (S5HARE DISTRIBUTION AGENCY
NUMBER 3337), WHICH_.COULD HAVE HANDLED AN UNLIMITED NUMBER OF GROUPS
COMBINATORIALLY WITHOUT ANY PRACTICAL STORAGE LIMITATION, BUT MATRIX
OPERATIONS AFTER EACH GENERATION WOULD START ANEW, WHICH INVOLVED
A CONSIDERABLE EXTRA EXPENDITURE OF TIME, S50 THE IDEA WAS DISCARDED.
PERSONS INTERESTED IN MASSIVE COMBINATORIAL ANALYSES MIGHT STILL WEISH
TO EMPLOY THIS ALTERNATIVE BY MODIFYING THE PRESENT VERSION OF *SKRN'.

IN VIEW OF THE RELIABILITY OF THIRD-GENERATION SOLID-STATE
COMPUTERS, THE ELABODRATE SUM AND PRODUCT CHECKS OF 'REM', 'XXR'.
"CBY'y AND *CBZ* HAYE BEEN DISCARDED. NO CHECKS AT ALL HAVE BEEN
PROVIDED FOR THE SIMPLE SCREENING OPTION {MAJOR PROCESSING
ALTERNATIVE 0)s BUT MOST MACHINE ERRORS WOULD CAUSE QUTPUT FIELD
OVERFLOW FLAGGED BY MONITOR. MAJOR PROCESSING ALTERNATIVE 1 HAS RMSQR
OF BEST REGRESSIONS COMPUTED BY 2 [NDEPENDENT PROCEDURES. MAJOR
PROCESSING ALTERNATIVES 1 AND 2 (WITH PREDICTIONS) HAVE SUM OF
SQUARED RESIDUALS COMPUTED 8Y 2 INDEPENDENT PROCEDURES, AND IF
REGRESSION IS THROUGH MEAN, THE SUM OF RESIDUALS SHOULO APPRUXIMATE
ZERD FOR AN ADDITIONAL CHECK.

DYNAMIC MODIFICATION COF FORMATS STORED AS BCD ARRAYS SAVES SPACE
AND HAS BEEN USED FREELY, ALTHOUGH THE AUTHOR ATTEMPTED TO MAINTAIN
COMPATIBILITY BETWEEN MACHINES INCAPABLE OF HANDLING FORMATS BIGGER
THAN A4 (IBM 260, CDC 3500) AND THOSE CAPABLE OF HANDLING A6 {SUCH AS
THE IBM T040—7044+ 7090-7094, COC 6400-6600).
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"REX* HAS BEEN DESIGNED AS AN OPEN-ENDED SYSTEM RATHER THAN AS A
SINGLE PROGRAM. HENCE, USERS WISHING TO EXPAND IT CAN CALL ON OTHER
MAJOR PROCESSING OPTIONS OF THEIR OWN. THIS WOULD MERELY INVOLVE
PUNCHING AN APPROPRIATE INTEGER (FROM 3 THROUGH 93 IN COLUMN 67 OF
Of THEIR SECOND CONTROL CARD AND REPLACING CORRESPONDING FORTRAN
STATEMENT NUMBERED 300 THROUGH 900 IN 4REX* BY AN APPROPRIATE fCAfLL".

WITH A LITTLE ADDITIONAL PROGRAMMING, SUCH EXPANSIONS CAN EMPLOY
TPALMY, TMATXY, AND *TRNX®' FOR INPUY PRGCESSING AND ACCUMULATIONS,
AND *'CBXR* FOR INTERMEDIATE CALCULATIONS. LUCATIONS OF RESULTS
DBTAINED AND PRESERVED BY 'CBXR' ARE GIVEN BELOW.

ELEMENTS OF THE MOMENT MATRIX INVERSE (AUGMENTED BY C{I,U} WHERE
APPROPRIATE) ARE STORED DOUBLE-PRECISIDN IN UPPER TRIANGLE OF A(I,Jd).
B{I,+K)yTHE MATRIX OF REGRESSION COEFFICIENTS, IS STORED SINGLE-
PRECISION IN VB(I4+K} AND DOUBLE-~PRECISION IN B{I,K), WITH B{U,K}
FOLLOWING THE LAST REAL COEFFICIENT WHERE APPROPRIATE. VB{51,K)
CONTAINS RSQUARED, WHILE BU(S514K) ANG VY{51,K) EACH CONTAIN THE VARIANCE
OF THE REGRESSION ESTIMATE. VAREIANCES OF THE REGRESSION COEFFICIENTS
ARE STORED SINGLE-PRECISION IN V(I4Ki.

IT SHOULD BE NOTED THAT NEITHER OF THE DOUBLE-PRECISION ARRAYS
TA" AND *8' IS IN COMMON STORAGE CURRENTLY. USERS WOULD HAVE TO
DECLARE THEM AS LABELLED COMMON IF THEY ARE TO BE MADE AVAILABLE T@
TO ANY OTHER SUBROUTINE THAN 'C8XR* IN THE SAME LINK AS 'CBXR®.

MNC{K) CONTAINS THE NUMBER OFf INDEPENDENT VARIABLES INVDLVEDy AND
SUBSCRIPTS OF BOTH INDEPENDENT ANO DEPENDENT VARIABLES ARE STORED IN
KX{T}. H{K,1) CDNTAINS RSQUARED, HIK,2} CONTAINS {1-RSQUARED}, AND
HiKy3) CONTAINS TOTAL SUM OF SQUARED DEVIATIONS ABOQUT MEAN Y OR ABQUY
ORIGIN, ALL SINGLE-PRECISION. ULIK) CONTAINS *'RMSQR', THE SINGLE-
PRECISION VARIANCE OF REGRESSION ESTIMATE RELATIVE TO VARIANCE ABOUT
ME AN.
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TREX®' SOURCE DECK ARRANGEMENTS AND MODIF ICATIONS NEEDED BY DIFFERENT COMPUTERS



PAGE 18 REX 5-01-67

ARRANGEMENT 0OF PROGRAM DECKS FOR INPUT WITH APPROPRIATE OVERLAY CONTROL CARDS
FOR USE ON IBM T090—7094 UNDER IBSYS

$s0B XX 5,150,800 GROSENBAUGH-59.REX

$IBJOB REX MAP

$IBFTC TRNXHH DECK TRNX O

S$IBMAP BUFK DECK BUFK O

SIBMAP UND4 DECK UND& O

$1BMAP UNOB DECK UNOB O

$IBFTC REX DECK REX )

$IBFTC BLRM DECK BLRM O
DATA MRE/ S/¢MPR/ &/ MPU/ T/4JH/ 474X/ 8/4MEQF/0/ BLRM 44

{ASSIGNMENTS APPROPRIATE TO INSTALLATION I/0 CONFIGURATION)
$ORIGIN ABLE

$IBFTC PALMHH DECK PALM O
$IBFTC MATXHH DECK MATX O
$ORIGIN ABLE,REW

$IBFTC SKRNHH DECK SKRN O
$ORIGIN ABLE,REW

$IBFTC CBXRHH DECK CBXR O
SENTRY REX

§DATA

{FOLLDWED BY APPROPRIATE DATA DECK)
$EOF
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REX 5-01-67 PAGE

ARRANGEMENT OF PROGRAM DECKS FOR INPUT WITH APPROPRIATE CHAIN CONTROL CARDS
AND CHANGES FOR USE ON IBM 7040-7044 UNDER IBSYS

$J0B T 592026 GROSENBAUGH—8 18  ZOREXSKN 26
$:SCRATCH L2 AND L3
$0PEN SeSU02=101,5.5U03=102
$18408 REX MAP
$CHAIN REX Uo4
$NAME SIXIT=S. IXIT
$IBFTC TRNXHH DECK TRNX
$IBMAP BUFK DECK BUFK
$IBFTC BLRM DECK BLRM
DATA MRE/ S/+MPR/ 6/3sMPUS T/4JW/ 2/ ¢JX/ 3/+MEOF/0/ BLRM
[TASSIGNMENTS APPROPRIATE TO INSTALLATION I/0 CONFIGURATION)
$IBFTC REX DECK REX
CALL CHAINI D) REX
CALL CHAIN{1) REX
CALL CHAIN{2) REX
200 CALL CHAIN{L) REX
250 CALL CHAIN{3) REX
1000 CALL SJXIT REX
$ENTRY REX
$LINK LINK1
$IBFTC PALMHH DECK PALM
C SUBRDUTINE PALM PALM
231{(NONFIXED) REGRESSIONS {(CURRENTLY MUST NOT EXCEED LPP= 8200/(NY#1)PALM
200 LPP= 8200/NYY PALM
CALL CHNXIT PALM
$IBFTC MATXHH DECK MATX
SENTRY
SLINK LINK2
$IBFTC SKRNHH DECK SKRN
C SUBROUTINE SKRN SKRN
1A{ B8200),0RD{2)RMSI2},0FS{2),VOL(2) ,DEN{G) SKRN
CALL CHNXIT SKRN
$ENTRY
$LINK LINK3
$IBFTC CBXRHH DECK CBXR
C SUBROUTINE CBXR CBXR
261 CALL CHNXIT CBXR
$ENTRY
$ENDCH

(FOLLOWED BY APPROPRIATE DATA DECK}
$I1BSYS

19

308



PAGE £0 REX
ARRANGEMENT DF PROGRAM DECKS FOR INPUT WITH APPROPRIATE OVERLAY CONTROL CARDS
AND CHANGES FOR USE ON COL 6400-6600 UNDER SCOPE 3.0
T S T E S S R F R ST S S S S S R S S S S S S S S S S S S S S S S S S S S S S T S R S S T I T S S S S S S S S S S S S S S S E S S =SS
JEXXLAA 3 To300,55000. XXX, GROSENBALUGH-5] <REX
RUNIP 95000y ppe o L2000, 141 )
LGO.
EXIT.
DMPI1OL:3336)
OMP 13336, 6062
CDC RECORD SEFPARATOR CARD, WITH T.8,9 PUNCHEDL IN COLUMN ONE.
DVEHLA?iREIU.D-UI
OPROGRAM REXIINPUTDUTPUT PUNCH,TAPES=INPUT yTAPES&=0UTPUT 4
LTAPET=PLUNCH:TAPEL, TAPER)
$IBFTC REX DECK REX 0
CALL OVERLAY{&HREXO,1 404 &HRECALL) REX &T
CALL DVERLAY[{4HREND 104 6HRECALL] REX TO
CALL OVERLAY(S4HREXO +2+0D«SHRECALL) REX TS5
200 CALL OVERLAY{4HREXD 1,0 86HRECALL) REX R3
250 CALL OVERLAY(SHREXD y3,0.,6HRECALL ) REX a5
$IBFTC BLEM DECK BLAM 4]
DATA MRE/F S/yMPRS S/ MPUS TredWS S5 JdXS BSWMEOF/Q/ BLREM &4
{ASSIGNMENTS APPROBRIATE TO PRDGRAM CARD I40 EQUIVALENCES)
$IBFTC TRNXHH DECK TRNX Q
OVERLAY [ 1,010
$IBFTC PALMHH DECK PALM & ]
[ SUBROUTINE PALM PALM 1
231INONFI XED) REGRESSIONS [CURRENTLY MUST NOT EXCEED LPPRP= 3200/(NY+1JPALM &3
200 LPP= BZ200/NYY PALM 284
$[BFTC MATXHH DECK MATX 0
REAL S511326) 21510 MATX &
OVERLAY (2401}
SIBFTC SKANHH DECK SKRN 4]
C SUBROUTINE SKREN SKREN 1
LAl HZ200}),0R002)RM5(2).,0F5{2),VOL12),DEN[IB] SKRN 11
OYVERLAYL3,0)
$IBFTC CRBYXRHH DECH CRBXR 4]
L SUBROUTINE CBER CBXR 1
CREAL AlSLySLY4BISLy Bl D0OLSLYp XXIBL )y ¥Y I8P PPPPP,QQ,CBAR 10
4024 .0E 0O/ +DLS.LE OL/ CHER 54
DOIIY= SOQRT (0DIL)) CBXR 157
YY1 JJy= SQRT (ODLI)) CBXR 160
AlJdedd= SQRT (ALY ed I=P] CBXR 277

CBC RECORD

SEPARATOR CARD, WITH T.8,9 PUNCHED IN COLUMM OME.

(FOLLOWED BY APPROPRIATE DATA DECK)

COC END-OFFILE CARD,

WITH &G47¢8s9 PUNCHED [N COLUMN ONE.
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REX 6-0L1-67 PAGE

ARRANGEMENT OF PROUGRAM DECKS FOR PART SOURCE AND PART BINARY INPUTS TO
CDC 6400-6600 UNDER SCOPE 3.0

JXXXKAA, T+300455000 . XXXX+ GROSENBAUGH-51.REX
RUN{S5+55000++49+1200041,41)
LGAD( INPUT)

LOADILGO)

LOAD{ INPUT)

EXECUTE.REX,

{OC RECORD SEPARATOR CARDy WITH 748,9 PUNCHED IN COLUMN ONE.

$IBFTC TRNXHH ODfECK (TRANSGENERATION SQURCE PROGRAM SUPPLIED BY USER) TRNX

CDC RECORD SEPARATOR CARD,y WITH 7.,8,9 PUNCHED IN COLUMN ONE.

{FOLLOWED BY BINARY DECKS FGR ALL OF 'REX* LINK (0,0} EXCEPT "TRNX"}
CDC RECORD SEPARATOR CARD, WITH 7,8,9 PUNCHED IN COLUMN ONE.

(FOLLOWED BY BINARY DECKS FOR ALL OF "REX" LINKS (1,0),(2,0)4(3,0))
CDC RECORD SEPARATOR CARD, WITH 7,8,9 PUNCHED IN COLUMN ONE.

{FOLILOWED BY APPROPRIATE DATA DECK)
CDC ENO-OFFILE CARDy WITH 6,7:8,9 PUNCHED IN COLUMN DNE.

21



PAGE 22 REX 5-01-67

ARRANGEMENT OF PROGRAM DECKS FOR INPUT WITH APPROPRIATE CONTROL CARDS
AND CHANGES FOR USE WITH I8M 360 UNDER OPERATING SYSTEM 360

JAIYYYYRX  JOB  {YYYY,50,50,1000),GROSENBAUGH, MSGLEVEL=1

//CLG  EXEC FORTGULG,PARM.FORT='DECK,LOAD, SOURCE,BCDsNAME=REX", X1
rf PARMJLKED="XREF+LET,LISTyOVLY? ,COND.GO={16,LT) 2
//FORT.SYSIN DD ¥

(USE DECKS DENOTED BY FOLLOWING LABELS, BUT DELETE ALL S$SIBMAP AND S$IBFYC CARDS)

C REX—REGRESSION EXECUTIVE PRUGRAM {GROSENBAUGH 05-01-67) REX
BLOCK DATA BLRM
DATA MRE/ 5/7yMPR/ &/+MPUS T/9JdHW/ 4/ X/ 8/+MEOF/Q/ BLRM

(ASSTGNMENTS APPROPRIATE TO INSTALLATION 170 CONFIGURATION AND DD CARDS}
SUBROUT INE TRNX TRNX
SUBROUTINE PALM PALM
231INONFIXED) REGRESSIONS (CURRENTLY MUST NOT EXCEED LPP= 8200/(NY+1)IPALM
200 LPP= B200/NYY PALM
SUBROUTINE MATX MATX
SUBROUTINE SKRN SKRN
1AL 8200),0RD(2},RMS(2),0FS(2}1,VOL(2),DEN{S) SKRN
SUBROUTINE CBXR CBXR

%

J/LKEDJSYSIN OD *
OVERLAY ABLE
INSERT PALM,MATXH
OVERLAY ABLE
INSERT SKRNH
OVERLAY ABLE
INSERT CBXRH

ENTRY REX
I*
//GD.FT04F001 DD DSNAME=RTAPE4,UNIT=SYSSQsSPACE=(CYL, (20,20}, X1
rf DISP={NEW,DELETE} 2
//GOLFTOBFO01 OD OSNAME=&TAPEB,UNET=S5YSS5Q,SPACE={CYL,120,20)), X1
r/ DISP={(NEW,DELETE} 2

//GO.S5YSIN DD *

(FOLLOWED BY INPUT DATA DECK PUNCHED ACCORDING TO EBCDIC CODE)
FE
¥4

COND.GO={16,LT) ON EXEC CARD IS NEEDED ONLY BECAUSE OF BUG IN I8M LINKEDITOR.
IN THE EVENT THAT 13IK-BYTE COMPILER IS UNABLE 7O COMPILE SUBROUTINE CBXR,

1
1
44

1

1
63
284
1

1
11
1

IT CAN BE COMPILED ON A LARGER MACHINE AND OBJECT DECK OBTAINED. OBJECT DECKS

FOR THE REDUCED VERSION OF REX SHOWN ABOVE WILL RUN ON A 131K-BYTE COMPUTER.

PARENS AND PLUS SIGN MAY NOT PRINT PROPERLY UNLESS EBCDIC SOURCE DECKS ARE USED.
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APPENDIX B8

_mm——====

EXAMPLES OF INPUT DATA THAT TEST 'REX' PROCESSING AND QUTPUT QPTIONS
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MODIFICATION TO SUBROUTINE TRNX NEEDED BY TEST PROBLEMS *'ABST' THROUGH °HCBW!
FITTING SPECIFIC REGRESSIONS AND COMPARING RELATIVE GOODNESS OF FIT
(TEST PROBLEMS *ABST' THRO *HCBW' CAN USE SAME VERSION OF *TRNX®)

*ALTER 18,21 TRNX
C KEEPS VARITABLES AND SEQUENCE UNCHANGED WITH WEIGHT{IF ANY} FOLLOWING TRNX 18
{318} 1 J=1,NVS TRNX 19
1 X{J)1=0(J4} TRNX 20
W=D (NVR} TRNX 21
ENDAL TARNX

S
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REX 5-01-67 PAGE

EXAMPLE OF FAILURE OF STEPWISE PROCEDURE TO FIND BEST REGRESSION ABST

8= 100111ABST

ABST

ABSY

ABST
o 2 ¢ ¢ 1 -2 o1
0 2 ) 0 1 2 02
0 Y 0 ¢ 4 2 03
o 0 0 o] & 6 0%
¢ 0 0 o) 8 6 as
¢ 0 0 ¢] 8 10 06
50 =50 o 0 12 10 07
—50 50 0 0 12 14 08
o 0 0 0 16 14 09
o 0 0 0 16 18 10
o 0 0 9 0 7 11
0 c ¢ 9 0 11 12
-3 ¢ ¢ 16 0 14 13
-3 o g 1té6 0 18 14
0 0 0 25 0 23 15
0 0 0 25 0 27 i6
0 0 0 36 C 34 17
0 0 0 36 0 38 18
0 o 0 36 0 34 19
0 0 0 36 0 38 20
0 -4 25 0 0 23 21
0 -4 25 0 o 27 22
-50 50 16 0 0 L4 23
50 -50 16 ¢] 0 18 24
o 0 25 0 0 23 25
4] 0 25 0 o 27 26
0 o 36 0 0 34 27
0 0 38 o c 38 28
S 0 49 0 0 41 29
5 0 49 0 0 51 30
31

25

Wb ) A

ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABST
ABSY
ABST
ABST
ABST
ABST
ABSY
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REX 5—-01-67

TV—REM REGRESSION TEST DATA (REVISED} WITH PART PROCESSING BY REX AREX

30
GG
4.0}

MM p LR REBWLNRNNNNE S w =00 000

12
YY=

FLUNFHFOPWUNEOPRONHOPRNROPRRNHFQPWN=O

12=

i
MOoCONODHPONLVDOIWODOLNODOPIPWN~NOOODOOO

= -

LCODLD VPSPPI~ 0000

- - t Pt

...o
PO OO Lo O~ OOrDL,~OO RO PO

1

100331AREX

AREX

AREX

AREX
4] 0 o] 4] 2 g o1
o o 6] 1 1 23 02
0 1] 0 8 4 17 03
4] c 0 27 3 5 04
0 Q 0 64 & 8 05
0 c 0 0 5 9 06
L 1 11 i 8 8 o7
2 4 4 8 7 5 o8
3 9 9 27 10 15 09
4 16 16 64 9 2 10
0 0 0] o 12 3 11
& 2 4 1 11 3 12
8 8 16 B 14 T 13
12 18 36 27 13 4 14
16 32 64 64 16 9 15
Q ¢] 0 0 15 7 16
9 3 9 1 18 11 17
18 12 36 8 17 T 18
27 27 81 27 20 4 19
36 48 144 64 19 18 20
0 0 0 0 22 9 21
16 4 16 1 21 5 22
32 16 b4 8 24 11 23
48 36 laa 27 23 14 24
64 64 256 64 26 23 25
0 0 0 0 25 7 26
25 5 25 I 28 18 27
50 20 100 8 27 13 28
75 45 225 27 30 19 29
100 80 400 64 29 29 30
31
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AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AR EX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
AREX
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UNCORRECTED MATRIX INPUT USED CORRECTED [THRO MEAN} AREX 1
30 12 L 200008REFX i

G3G GG GYY BREX i
HREX i

BREX 5

C.94550000E 04 0.16000000F C4 O0.9900C000E 03 0.33500000F 04 BREXI 1
06453000006 04 0.30300C00F 04 O.13450000E 05 010200000 05 BREX1T 2
D.40900000F 05 0.10224000F 05 C.94400000F 04 0.559%0000E 04 BREX]1 3
0.27500C000E 03 0.15000000E C3 0.55000000E 03 0.11250000F 04 BREX] 4
D.45000000F 01 0.22500000F 04 0.165%00000E D4 D.67500000E 04 BREX! 5
0.15000000E 04 0.15970000F 04 C+91000000E 03 0.18000000E 03 AREXL &
0.45000000E 03 Q.55000000F 03 C.60000000E 03 0. 16500000EF 04 BREX1 7
0.15000000E 04 0.55000C00F 04 0.21240000E 04 D.99000000F 43 BREX1 &
0.72700000F 03 0.1&6500000E 04 0.22500000E 0% 0.15000000F 04 BREX]l 9
0.6T500000E 04 Q.55000000F 06 0.225000008 05 D0.53100000F 04 BREXT 10
0.33440000E 04 0.22570C00F 04 L.4B8950000Ff 08 D« 16500000F 04 BREXL 11
D.27900000F Q4 D.6TS500000E 04 0.29370000FE 05 0.55000000E 04 AREX1 12
D.64350000F 04 J.37080000F 04 0.21240000E 04 0.55000000E 04 BREX1 13
C.53100000FE 0% 0.19470000F 0% C.7TBODOODOE 04 0.30300000E 04 BREX] 14
U.22810000E 04 029370000 5 0.22500000E 05 0.97900000F 05 BREX1 15
0.19470000F 05 D.134200C0€ 05 0.93130000E Q4 0.1947T0000F 05 RREXL 16
0.79650000E 05 D0.195000CCE 05 0.10170000E 05 0740300008 04 BREX1 17
O0.34656600E 06 0. 71500000 0s C.40750000F 05 D.30619000F 05 BREXL1 113
0.29340000F D5 0. 10224000F 5 0.7TB9L0000E 04 T.94550000F N4 BREX1 19
D.56190000E 04 0.48060000E 04 C.46500000E 03 0.75000000F 02 BREX1 20
0.60000000E 02 0. 15000CC0F 3 0.27500000E 03 0.1B80000008 03 BREX1 21
C.55000000FE 03 0.450C0C00E 03 0.16500000F 04 0.60000000€ 03 BREX1 22
0.46500000E 03 0.322000C0F 03 C.30000000FE 02 BREX1 23
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UNCORRECTED MATRIX INPUT USED CORRECTED (THRO MEAN) BREX 1
30 12 120000BREX 2

GSG GG GYY BREX 3
BREX 4

BREX 5

0.94550000F 04 0.1600000CE C4 0.99000000E 03 0.33500000E 04 BREX1 1
0.64500000F 04 0.30300000F 04 0.13450000E 05 0.10200000E 05 BREX1 2
0.40900000E 05 0.,10224000E €5 0.94400000E 04 0.55990000E 04 BREX1 3
0.27500000E 03 0.15000000E €3 0.55000000E 03 0.11250000E 04 BREX]1 4
0.45000000E 03 0.22500000E 04 O0.16500000E 04 0.5TS500000E 04 BREXYL 5
0.150C00000E 04 0.15970000E 04 C.91000000E 03 0.18000000E 03 BREX1 6
0.45000000E 03 0.55000000FE 03 0.60000000€ 03 0.16500000E 04 BREX1T 7
0.15000000E 04 0.55000000E 04 0.21240000E 04 0.99000000E O3 BREX1 8
0.T2700000E 03 0.165000006 04 0.22500000E 04 0.15000000EF 04 BREX1 9
0.67500000E 04 0.55000000E 04 0.22500000E 05 0.53100000E 04 BREX1 10
0.33440000E 04 0.225T0000F 04 0.48950000E 04 0.16500000E O4 BREXL 11
0.97900000E 04 0.67500000E 04 0.29370000E 05 0.55000000C 04 BREX1 12
0.64350000E 04 0.37080000E 04 0.21240000E 04 0.55000000E 04 BREXL 13
0.53100000E 04 0.19470000E 05 (.78000000F G4 0.30300000t 04 BREX1 14
0.22810000F 04 0.29370000E 05 0.22500000E 05 0.97900000E 05 BREX1 15
0.19470000E 05 0.134200CCE 05 0.93130000E 04 0.19470000E 05 BREX1 146
0.79650000E 05 0.19500000E 05 0.10170000E 05 0.T74030000E 04 BREX1 17
0.34656600E 06 0.715000005 05 0.40750000E 05 0.30619000E 05 BREX1 18
0.29340000E 05 0.1022400CE 05 0.78910000E 04 0.94550000E 04 BREX1 19
0.56190000E 04 0.48060000E 04 0.46500000E 03 0.75000000E 02 BREX1 20
0.60000000E 02 0.15000CC0E C3 0.27500000E 03 0.18C00000E 03 BREX1 21
0.55000000E 03 0.45000000E 03 0.16500000E 04 0.60000000E 03 BREX1 22
0.456500000E 03 0.32200000E 03 0.30000000E 02 BREX1 23

DONE BREX1 24



PAGE 28 REX 5-01-67

CORRECTED MATRIX INPUT USED CORRECTED WITH MAX. ND. SETS PUT AT 5 CREX

30 12 5 140000LREX

YY CREX

CREX

CREX

0.2247T5000E 04 0.43750000€ 03 0,.60000000E 02 0.10250000& 04 CREXO
0.21875000E 04 0.24000000F 03 0.49250000E 04 (0.32250000E 04 CREXOD
0.15325000E 05 0.92400000E 03 0.22325000E 04 0.60800000£ 03 CREXO
0.87500000E 02 —0.00000000E-38 0.17500000E 03 0.43750000& 03 CREXD
—0.00000000E~38 0.875000C0E 03 (0.52500000E 03 0.26250000E 04 CREXO
-0.00000000t-38 0.43450000C C3 0.10500000E 03 O0.6000000CE 02 CREXC
0.150C00000E 03 -0.00000000E-38 0.24000000E 03 0.55000000E 03 CREXOD
0.60000000E 03 0.22000000E 04 0.92400000E 03 (.60000000E 02 CREXO
0.83000000€ 02 (0.90000000E 03 0.87500000E 03 0.60000000E 03 CREXO
0.40000000E 04 0.32500000E 04 0.L4250000E 05 (0.23100000E 04 CREXD
0.10190000E 04 O0.64T7T00000E 03 D0.23741667TE 04 —0.00000000E-38 CREXO
0.4T7T483333E 04 0.262500008 ¢4 0.14245000€ 05 —-0.C0000000E~-38 CREXO
0.21725000E 04 0.756333233E 03 0.10440000E 04 0.22000000E 04 CREXO
0.26100000E 04 0.95700000E 04 (0.42000000E 04 0.24000000E 03 CREXO
0.34900000E 03 0.1928666TE C5 0.14250000FE 05 0.67T450000E 05 CREXD
0.84TCOCO0E 04 0.48950000£ 04 0.34096667E 04 0.12720000E 05 CREXC
0.54900000E 05 0.10500000E 05 0.31950000E 04 0.25730000E 04 CREXO
0.25581600E 06 0.38500000E 05 0.15175000€ 05 0.12909000E 05 CREXO
0.17340000E 05 0.924000C0E 03 0.14510000E 04 0.22475000E 04 CREXO
0.62800000E 03 0.13498667TE 04 0.46500000E 03 0,75000000E 02 CREXO
0.60000000E 02 0.15000CC0E 03 0.27500000E 03 0.18000000E 03 CREXO
0.55000000E 03 0.45000000E 03 0.16500000E 04 0.60000000E 03 CREXO
0.46500000E 03 0.32200000E €3 (0.30000000E 02 CREKO
DONE CREXO

W PN S W
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CALCULATING PARTICULAR REGRESSION FROM LARGER MATRIX [MAX. NO. ¥'S} DREX 1
30 18 18= 2000000REX Z
KXXXXKEXKYYYYYY Y Y= DREX 3
({L8F4 .01 DR EX 4
DREZ 5

1 0 o ) 0 0 o 5] 0 v} g d 2 2 & ? 2 2 OlDREX
2 o L 0 0 L e} ] 0 I 23 1 1 1 L 1 1 I OZDREX
3 0 2 0 0 4 o] o 0 4 L7 4 4 [ & & 4 4 INEEX
4 o 3 a o 9 0 o o 27 5 3 3 3 3 3 3 1 D4DREX
5 0 4 0 o1& 0 0 0 &% e & & & 5 & & f OSDREX
[ 1 a 0 L 0 o C i} 0 4 5 5 5 5 5 5 5  OADAEX
7 1 E 1 1 i 1 1 1 1 8 8 A B C B a 8 OTDREX
! 1 2 2 1 4 Z 4 4 B 5 7 T 7 7 T 7 7 OQBOREX
9 1 3 3 1 9 3 9 9 27 15 10 190 10 10 L0 w0 10 O9DREX
10 1 4 [ 1 1a 5 l& 16 &4 2 9 9 g 9 g g 9. 1QOREX
11 2 o 0 4 0 D o 0 0 3 12 12 12 12 12 12 12 |11DREX
12 2 L 2 & 1 4 z 4 i i L1 11t it 1Lt 11 1l 11 1Z0REX
13 2 2 & 4 4 a 8 1l& a8 T ls 1% 14 14 14 1% 14 |3DREX
L4 2 3 & 4 9 12 18 38 27 4 13 13 13 1% 13 13 13 14DREX
1% 2 & a & l& 1& 32 64 64 9 16 16 16 14 16 16 L& |SOREX
16 3 o o] 9 0 0 0 0 v} T 1% 15 1% 1% 15 1% 1S 16DREX
17 3 1 3 9 1 g 3 g L 1L LB 18 18 18 18 18 8 1TDREX
18 3 ? & 9 4 18 12 38 a T 47 ¥ ¥ 17 LT 17 1T LADREX
19 3 3 9 9 5 2T 27 81 27 4 20 20 20 20 20 20 20 19DREX
20 3 4 12 9 16 36 48 144 &4 1B 19 19 19 1% 19 19 19 Z00REX
21 4 o] 0 1& 4] o o 0 t] 3 2p P22 22 22 2% 22 22 ZIDREX
22 & 1 4 16 1 1& 4 14 L 5 21 21 21 21 ?1. 21 21 27DAREX
23 & F B 14 & 37 16 A4 B Ll 24 24 24 24 24 24 24 23DREX
24 & 3 12 16 9 48 36 l4e 2T L4 23 23 2% 2373 P23 23 24DREX
25 4 4 16 1& 16 64 44 25 &4 23 26 26 26 26 24 26 26 2SDREX
26 5 ] 0 25 0 o 0 G 0 7T 25 25 25 25 25 25 25 Z6DREX
27 = | 5 25 1 25 & 25 L 18 28 28 28 28 78 28 28 3?270REX
z2a 5 2 10 28 & S50 20 100 4 13 27 27 21 ZT 2T 21 27 ZBDREX
29 5 3 15 25 9 TS5 4% 225 27 19 30 30 30 0 30 30 A0 29DREX
30 5 4 20 25 16 100 BO 400 &4 29 29 29 29 29 29 7?9 29 3I0DREX

DONE ILDREX

B T



PAGE 30 REX 95-01-67

SPECIFIC REGRESSION WITH NONTERMINAL Y,

YXXXXKAAXX =

DONE

USING DATA INPUT EARLIER EREX
280000EREX
EREX
EREX
EREX
EREXLAS

1
2
3
4
5
I

P
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MINIMUM WEIGHTED REGRESSION TEST FOR REX (OLD XXR-C8Y, THRO DRIGIN} FCBW

YYH
(5F4,

82
85

10
o

-17
-17
-13
-15
~15
-13
-17
-15
~14
-14

5

4H

LS e R VR

NNMNMNRNNNONNND

110000FCBYW
FCBW

31
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FCBW
FCBW
FCBW
FCBW
FCBW
FCBW
FCBW
FCBW
FCBH
FCBHW
FCBW



PAGE 32 REX 5-01-67

WEIGHTED UNCORRECTED MATRIX INPUT USED CORRECTED BY REX (THRO MEAN} GCBH

10 4 120000GCBHW

YYH GCBY
GCBH

GCBW

0.90432000E 05 —0.14058000E 05 O.T0119000E 05 0.45420000E 04 GCBH1
0.22720000E 04 =0.11049000E 05 —0.71200000E 03 0.55505000E 05 GCBNWL
0.35930000E 04 0.23300000E 03 0.93000000E 03 -0.15000000E 03 GCBWE
0.729000Q00E 03 0.47T000000E 02 (0.10000000E 02 GCBH1

DONE GCBHI

U WIS e U PP e
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REX 5-0l1-67 PAGE 33

WEIGHTED CORRECTED MATRIX INPUT USED UNCORRECTED {THRO ORIGIN) HCBW 1

10 GW 050000HCBH 2

SGYYH HCBW 3
[4E16.8) HCBW 4
HCBW 5

0.39420000E 04 —-0.10800000E 03 0.23220000E 04 0.171C0000E 03 HCBWO 1
0.22000000€ 02 ~0.11400000F €3 ~0.70000000E 01 0.23609000E 04 HCBWO 2
0.1667T0000E 03 0.12100000E 02 0.93000000E 03 -0.15000000E 03 HCBWO 3
0.72900000E 03 0.47000000£ 02 0.10000000& 02 HCBWO &
DONE HCBWO 5

DONE DONE DONE DONE DONE DONE DDNE DONE DUNE DONE DONE DONE DONE DONE DONE DONE
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MODIFICATION TO SUBROUTINE TRNX NEEDED BY TEST PROBLEMS *ADRX!
COVAREANCE ANALYSIS USING ORTHOGONAL PDLYNOMIALS

34

L TEST PROBLEMS

TAQRX!

THRO

REX 5-01-67

THROUGH

TCORX® CAN USE SAME VERSION OF “TRNX')

COVARIANCE {6 GROUPS,

20

30

50

*ALTER 18,21
X{131=D(3)
X{2)1=D{(6}
X{31=0{10)
X124)=D1{11)
X125)=D112})
IF (D{2} .NE.
X{4}=—5./5.
X(5)=+#5./5.
Xt6)=—5,/5.
X{TTi=+1./5.
Xl8)="'1-/5-
GO 1o 7¢

IF {D{2) .NE.
X{4)=—3./5.
X{S5)=—1./5.
Kl6)}=+T./5.
X{7)=—3./5.
X{8)=+5./5.
GO 1O 7¢C

IF (D(2) .NE.
X{4)=—1a./5.
X{5)=—4./5.
X{6)=+4./5.
Ki{T)=+2./5.
GO TQO 70

IF (D{2) .NE,
X{4}=¢1./5.
X(5)=-4./5.
Xte)=—a./5.
XT)=+2./5.
X{B8i=#10.75.
GO Ta 70

IF (D(2) .NE.
X{4)=+3,/5.
Xi531=—1./5.
R{6)=~T./5.
X(Ty=—3./5.
K{81=-5,/5,
GO TO 7O

1.0,

2.0}

3

GD

60

GO

GO

X'Sy 2 Y25,

TQ

70

¢

10

10

20

3o

40

S0

60

CORRECTED MATRIX,

DRTHO. POLY.)

YCORX®

TRNX
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REX 5-01-67 PAGE 35

60 X{4)=+5./5,
X{51=+5./5.
X{bl=+5.75,
X{T)=¢t1l./5.
X{Bl=+l./5.

T0 K=8
DO 7% J=1,3
DB 75 I=1.5
K=K+l
L=1+3

T5 XUK)=X0J)y=X{(L)

*ENDAL TRNX



PAGE 36 REX §
COVARIANCE {6 GROUPS, 3 X'S, 2 Y'5)
30 12 25=
XKX YY=
{12F4.0}
1 0 0 0 0 G 0 Q 0 0
2 0 1 ¢] 0 1 0 0 o 1
3 0 2 0 0 4 0 0 0 8
4 o 3 0 0 9 0 0 o 27
5 ¢ 4 0 g 16 ¢ Q 0 64
6 1 o o 1 0 o 0 0 Q
T 1 1 H 1 1 1 1 1 1
8 1 2 2 1 4 2 4 4 8
9 1 3 3 i 9 3 g 9 27
10 1 4 4 1 16 4 16 16 &4
11 2 0 0 4 0 0 0 0 0
12 2 1 2 4 1 4 2 4 1
13 2 2 4 4 4 8 8 16 ]
14 2 3 6 % 2 12 18 36 27
15 2 4 8 4 16 1le 32 64 64
16 3 0 0 g o] a 4 0 ¢
17 3 1 3 g 1 9 3 9 1
18 3 2 & 9 4 18 12 36 8
19 3 3 9 9 9 21 27 8l 27
20 3 4 12 9 16 36 48 144 64
21 & 0 0 16 o ¢ 0 0 o
22 4 1 4 16 1 16 4 16 i
23 4 2 8 1le 4 32 16 64 8
24 4 3 12 1é 9 48 36 144 27
25 4 4 16 16 16 b4 64 256 64
26 5 ¢ 0 25 V) 0 o 0 Q
27 S 1 5 25 1 25 5 25 1
28 5 2 10 25 4 S0 20 100 8
29 5 3 15 25 9 T5 45 225 27
30 5 4 20 25 16 100 8C 400 64
DONE
COVARIANCE {6 GROUPSs 3 X°54 2 Y'S)
XXXXXXXX Yy=
DGNE
COVARIANCE {& GROUPSy 3 X'S,y 2 ¥*'5)

EXKAXXKX LK KKK X XXKK XK XXRKY Y=

DONE
DONE DONE DONE DONE DONE DONE DONE DONE

-01-67
REAL AORX 1
200000A0RX 2
AORX 3
AORX 4
AORX 5
2 9 01 AREX
1 23 02 AREX
4 17 03 AREX
3 5 04 AREX
b 8 05 AREX
5 9 046 AREX
8 8 07 AREX
1 5 0B AREX
10 15 09 AREX
9 2 10 AREX
i2 3 11 AREX
11 3 12 AREX
14 T 13 AREX
13 4 14 AREX
16 9 15 AREX
15 T 16 AREX
18 11 17 AREX
17 7 18 AREX
20 4 19 AREX
19 18 20  AREX
22 9 21  AREX
21 5 22  AREX
24 11 23 AREX
23 14 24 AREX
26 23 25 AREX
25 7 26 AREX
28 18 27 AREX
27 13 28 AREX
30 19 29 AREX
29 29 30 AREX
31 AREX
REAL #DUMMY BORX 1
28000080RX 2
BORX 3
BORX 4
BORX 5
BORXLAST
REAL+DUMMY+INTERACTION CORX 1
280000CORX 2
CORX 3
CORX 4
CORX 5
CORXLAST

DONE DONE DONE DONE DONE DONE DONE DONE
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REX 5-01-67

MODIFICATION TO SUBROUTINE TRNX NEEDED BY TEST PROUBLEMS

PAGE 3T

YALRX* THROUGH '"CI1RX®

COVARIANCE ANALYSES USING DUMMY UNITY VARIABLES
{TEST PROBLEMS PAL1RX* THRO *CIRX® CAN USE SAME VERSION OF *TRNX')

#*ALTER 18,21

TRNX

c COVARIANCE (6 GROUPS, 3 X'5, 2 V'S, UNCORRECTED MATRIX, UNITY VAR.)

X{1)=D{3)}
x{2)1=0{6)
X{3)=D{10}
X(4)=1.
X1293=D{11)
X{30)=bDl12)
Do 5 I=5,28

S XtI)=0.0
K=4.0%(DL2)+1.])
DO 6 [=1+4
J=K+I

6 X{J)=X{1)
*¥ENDAL

TRNX



PAGE 38 REX 5-01-67
COVARIANCE (6 GROUPS, 3 X'S, 2 ¥'S) UNGROUPED (SINGLE TOTAL REGR.) ALRX 1
30 12 30= 210000A 1IRX 2
XKXX YyYy= ALRX 3
(12F4.0) ALRX 4
ALRYX 5
1 0 0 o 1 0 0 0 0 0 2 9 01 AREX
2 0 1 G 0 1 o] ¢ 0 1 1 23 02 AREX
3 0 2 0 0 4 0 0 4] 8 4 17 03 AREX
& 0 3 0 0 9 o 0 o 27 3 5 04 AREX
5 0 4 0 0 16 0 0 0 64 & 8 05 AREX
6 1 ¢) 0 1 0 0 8] 0 0 5 9 06 AREX
T 1 1 1 1 1 1 1 1 1 B 8 07 AREX
8 1 2 2 1 % 2 4 4 8 T 5 08 AREX
9 1 3 3 1 9 3 9 9 27 10 15 09 AREX
10 1 4 4 1 16 A 16 16 64 9 2 10 AREX
11 2 0 0 4 0 0 0 4] o 12 3 11 AREX
12 2 1 2 4 1 4 2 4 1 11 3 12 AREX
13 2 2 4 & 4 8 8 16 8 14 7 13 AREX
14 2 3 b 4 9 12 18 36 27 13 4 14 AREX
15 2 4 & 4 16 16 32 64 64 16 9 15 AREX
16 3 0 0 9 0 4] 0 Y 0 15 7 16 AREX
17 3 1 3 9 1 9 3 9 1L 18 11 17T  AREX
18 3 2 6 9 4 18 12 36 8 17 T 12 AREX
19 3 3 9 9 9 27 21 81 27 20 4 19 AREX
20 3 4 12 2 16 36 48 l44 64 19 18 20  AREX
21 4 0 o 16 0 0 0 G 0 22 9 21  AREX
22 4 H 4 16 1 16 4 16 1 21 5 22  AREX
23 4 2 8 16 4 32 16 64 8 24 11 23 AREX
24 4 3 12 16 9 48 36 144 2T 23 14 24 AREX
25 & 4 16 16 16 64 64 256 64 26 23 2% AREX
26 5 0 o 25 0 0 o Q 0 25 7 26 AREX
2t 5 1 5 25 1 25 5 25 1 28 18 2T AREX
28 5 2 10 25 4 50 20 1060 8 27 13 28 AREX
29 5 3 15 25 9 75 45 225 27 30 19 29 AREX
30 5 4 20 25 16 100 B0 400 64 29 29 30 AREX
DONE 31 AREX
COVARIANCE {6 GROUPS, 3 X'S, 2 Y*S} PUOOLED COEFF., MULTIPLE LEVELS B1RX 1
2700008 1RX 2
XXX X X X X X xXYy= B1RX 3
B1RX 4
BIRX 5
DONE B1RXLAST
COVARIANCE (6 GROUPS, 3 X'S, 2 Y*S) SEPARATE GROUP REGRESSIONS C1RX 1
2T0000C1IRX 2
RARXAARRAXRAALLAXK KK XXX XXKY Y= C1RX 3
C1RX 4
C1RX 5
DONE CIRXLAST

DONE DONE DONE DONE DONE DONE DONE DONE

DONE DONE DONE DONE DONE DONE DONE DONE
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REX 5-01-67 PAGE

TLLUSTRATIVE OUTPUT FROM INITEAL INPUT (PROBLEM LABELLED "ABST!)
USING 'REX' MAJOR PROCESSING OPTION 1
{PRINTOUT SLIGHTLY CONDENSED TO SAVE SPACE)

39



EXAMPLE OF FAILURE OF STEPWISE PROCEDURE TO FIND BEST REGRESSION ABST
30 -G = -0 10011 l====

Y= mE¥ESTISSTz®SS=============

PARAMETER NUMBERS SPECIFIED IMPLICITLY OR EXPLICITLY BY CONTROL CARDS 2,3.
PARENTHESIZED ALLOWABLE LIMITS HAVE BEEN EXCEEDED WHEN PARAMETER NUMBERS BELOW ARE ASTERISKED.
A BLANK COLUMN ONE ON THIRD CONTROL CARD [S INTERPRETED AS MEANING ALL X'S ARE PUNCHED WITH G'S.

{3,NO8, NOB) 30 = NUMBER OF OBSERVATIONS

[29NVR, 51t 8 = NUMBER DOF RANW VARIABLES [ALL TYPES INCLUDING WEIGHT IF NGT UNITY)

{24NVS, 50} 8 = NUMBER DF FINAL VARIABLES [Y'S AND ALL X'S5, SUT NOT INCLUDING WEIGHT}

{1aNY, g} 1 = NUMBER OF DEPENDENT VARIABLES [Y'S)

{LeNXK, 49) 7 = TOTAL NUMBER OF INDEPENDENT VARI[ABLES (X*$ IMPLIED BY ANY Gs S+ DR BLANK PRIOR TD FIRST Y)
(OyNXA, 49} T = NUMBER OF NONFIXED X*S (OCCURRENCE GOVERNED BY COMBINATORIAL RULES)

{0sNFA, 49} O = NUMBER OF FIXED X'S (ALWAYS INCLUDED WITH EACH COMBINATION OF NONFIXED X'S)

{LeNSET, &T) T = TOTAL NUMBER OF SETS OF X'S {6 OR S STARTS SET, AND MEMBERS APPEAR OR DISAPPEAR TOGETHER)
{0+NX5y 30} T = NUMBER OF SETS OF NONFIXED X*S [ANY G, OR S AFFER OCCURRENCE OF FIRST G, STARTS SET}

{QyNF, 17) 0 = NUMBER OF SETS OF FIXED X'S {ANY $ PRIOR TO OCCURRENCE OF FIRST G STARTS SET)

{D+NGXy 17T} T = NUMBER OF GROUPS OF NONFIXED SETS {G STARTS GROUP, COMBINATIONS LIMITED TO ONE SET PER GROUP)
[OyLM, NG X} 7 = ARBITRARY MAXIMUM DR LIMITING NUMBER OF GROUPS OR SEFS ALLOWED IN COMBINATION)

[0sLGK, LPP} 127 = TOTAL NUMBER OF GENERATED {NONFIXED) REGRESSIONS (CURRENTLY MUST NOT EXCEED LPP=16400/{NY#11}
[MXyNXX, MX) MACHINE ERROR~—-SORYT OR SUM

{M5+NSET, MS) MACHINE ERROR—-SORT OR SUM

GROUP LETTER A B C D E F &

SET ORDINALS 1 2 3 4 5 6 7

X SUBSCRIPTS 1 2 3 4 5 &6 7

DATA INPUY FORMAT
(8F4.0)
LESTING OF FIRST TWO OBSERVATION VECTORS (AFTER TRANSFORMATIONS, IF ANY).

—-0.2000000E Ol 0.0000000E~38 0.0000000£-38 0.2000000E 0! 0.0000000£~38 0.0000000€-38 0.l000000F 01-0.2000000€ OL
0.1000000E 01

-0.2000000E 01 0.0000000E-38 0.0000000&-38 0.2000000E 01 0.0000000E-36 0.0000000E-38 0.1000000€ 01 0.2000000€ O1
0.1000000E 01

LISTING OF LAST OBSERVATIOM. VECTOR——IF ABSENT, DATA CARDS ARE INCONSISTENT WITH NUMBER OF DBSERVATIONS
ON SECOND CONTROL CARD [0OR WRONG FORMAT HAS BEEN USED).

0.4200000E 02 0.2000000E Ol Q.5000000E 01 0.0000000E-38 0.4900000E 02 0,C000D000E-38 0.00DDOOOGE-38 0.5100000E 02
0.1000000F Ol

39vd

0%

29-10-¢ X3¥
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REX 5-01-67 PAGE 41

=== EXAMPLE OF FAILURE OF STEPWISE PROCEDURE TO FIND BEST REGRESSION ABST
e 30 8 8= 7 10011 l====
===GGGGGGGY= Y P P L e k]

COEFFICIENY OF COLLINEARITY AND RATIOS OF MEAN SQUARED RESIDUALS FROM VARIOUS
'YI* REGRESSIONS TO MEAN SQUARED RESIDUALS FROM CORRESPONDING MEAN “tYI',
WITH ORDINALS OF NONFIXED SETS INVOLVED {ALL FIXED ARE IMPLICIT)

ORDINALS
NO. RMSQR. OF SETS
SETS C.OF C. Yl INVOLVED

0.30E 00 C€.0975
0.10E 01 1.0283
0.10E 01 1.0339
1.0355
O0.71E 00 0.6075
0.72E 00 0.8871
0.77E 00 0.8926

o e ek e P e e
[}
[ ]
—
o
i
o
-
EER S G- RN

0.27E 00 0.0436
0.30E 00 0.1009
0.3C0E 00 0.1011
0.15E 00 0.0772
0.17E 00 0.0938
0.20E 00 0.1011
0.10F 01 1.0644
0.10€ 01 l.0661
0.6BE 00 0.5741
0.62E 00 0.9160
0.76E 00 0.9220
C.11E-01 1.0057
0.7LE 00 0.6299
0.72E 00 C.9174
0.77E 00 0.9239
0.6300
0.72E 00 0.9196
0.77E 00 0.9254
0.43E 00 0.1131
CuetTE 00 0.6045
G.49E 00 0.8488

(o T T O I Y N O R e
EVENY. ST IR, RN IR RPN AN TV REN I ST B PU

0.27E 00 0.0452
0.2TE 00 0.0453
0.10E 00 0.0434%
0.14E 00 0.0448
0.18E 00 0.0452
0.32E-02 0.0723
0.15E 00 0.0801
0.17E 00 0.0973
0.20E 00 0.1048

Wb W W W NNMNNMNMNNNNNNNNNNNNNNNNNRRON
(=]
.
-
e
m
]
(=]

[ N e N S Y
WW WM NNMN
= O T e O



PAGE

*‘#-P*‘#-P¢‘b-b$‘$-b¢‘k-9¥‘b-b4‘¢-P¢\¢J5b WRWWWLWWWRWwWWEWWwwwwo Wwwww

42

0.15€E 00
0.17E CO
0.20E 00
0.17E-01
0.95E-01
0.11E 00
0.11E-01
C.67E 00
0.62E 00
0.7T6E 00
0.67E 00
C.562E 00
0.T6E 0O
0.37€ 00
0.44E 00
0.42E OO
0.68E-02
C.7T6E-02
Q.826~02
0.43E 00
0.47E DO
0.49E 00
0.43E 0O
0.47E 00
0.49€ GO
0.20E 00

0.28£-02
0.10E 00O
0.14E OO0
0.18E 0C
0.10E QO
C.14E 00
0.18E 00
0.9TE-D2
0.65E-01
0.87E-01
0.17€-02
0.21E-02
C.l78-01
0.95E-01
0.11E Q0
0.17E-01
0.95E~01
0.11E 0C
0.37£-02
0. 64E-02
0.65F-02
0.81E-02
0.37E 00
G.44E 00

0.0801
0.0974
0. 10590
0.0665
0.0796
0.0969%
1.0297
0.5961
0.9486
0.9556
D.5961
0.9509
0.9572
0.1174
0.5804
t.8792
0.6520
0.8524
G.8874
0.1174
0.6276
0.8791
O0=1174
0.6277
0.8811
0.0245

0.0252
0.045]
0.0465
0.0470
0.0451
0.0465
0.0470C
0.0436
0.0448
0.0466
0.0641
0.0722
0.0750
0.0691
0.0827
0.1006
0.0692
0.0827
0.1007
0.0254
0.6163
0.8848
0.9137
0.1220
0.6035

NP P PWLWWWRWNRNNND N NN N R b

PN A P N - e et 2 P bk e ek Pt et et ot e Pl e e et e

PPV VMAVVLERLPOANVDDPLWWWO NS DD

WWRWWU PSS PWWWWEWRNNRONNNN NN

e B B B+ S N L T RN IR, SN, NET SR, Y N - ST, S . Y |

VIAL 2L OC AR NS Dl NS> DWW wWww
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0.42E 00
0.37E 00
O.44E 0O
0.42E Q0
0.17E 00O
0.41E-02
Cat4E-02
0.51E-02
0:20E 00
0.20E 00

N N L N A

0.97&-03
0.14E-02
0.186-02
0.97E~-02
0.65E-01
0.87TE-01
0.97E-02
0.65E~01
0.87E-01
0.95E-03
0.156-03
0.88E-03
0.11E-02
0.37E-02
0.37E-02
0.358-02
0.41E~02
0.44E-02
Q.17 00
0.17E QO
0.18E~02

(LR R R REREBURGRT SURGRURERY R RUNCRURY RS BT

0.84E-04
0.60E-03
0.88£-03
0.94E-03
0.95E-03
0.22E-04%
0.15E-02

~N >

0.88E-07

0.9120
0.1221
0.6036
0.9141
0.0255
C.1199
0.6475
0.8154
0.025%
0.0255

0.0262
0.0262
0.0262
0.0454
0.0467
0.0484
0.0454
0.0467
0.0484
0.0264
0.0588
0.0668
0.0745
0.0265
0.0265
0.1248
0.6222
0.8487
0.0265
0.0265
0.0264

0.0274
0.0274
0.0274
0.0276
0.0276
0.0276
0.0276

0.0286

ORDINALS OF SETS

Yl G.20E 00

0.0245

W WNIWN NN NN

WO N DR N P e g e e e e e e B e b e

PN et b b e e et

1

(SR IR T g N T

W™ N A NN

2

SFruRRWwSrOBRENNNNDRONNND DN

o B0 s e RN AN e e SN (Y e )

[E IR I R R T T R I RN R TR LR T R VIR AUt

PP WO LW

3

N ad O = O

o e 0o e ST IC (e e e QAT TN e RN o B T o AT BT R g

(S IN (RN R )

o

REX 5-01-67

L - T E- T RNy NP, SRR AT

[+ e B = s R T IRV

5

B R . &

7

PAGE

43

IN REGRESSION WITH SMALLEST RELATIVE MEAN SQUARED RESIDUAL

5

6

7

MS5QR ABOUT MEAN ¥Y1= 0.19074023E 03
0.2086666TE 02

MEAN Y1
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44 REX 5-01-67

EXAMPLE OF FAILURE OF STEPWISE PROCEDURE TO FIND BEST REGRESSION
30 8 8= -0 10011

=== XEXY= R L
VARIABLE SUBSCRIPT IN MOMENT MATRI X [REGRESSION THROUGH MEAN)
XX 5 6 7 XX

5 0.73658664E 04 —0.2456266T7E 04 —0.82546666E 03 5

6 0.51234666E 04 —0.66693333E 03 6

T 0.73786666E 03 7

=== EXAMPLE OF FAILURE OF STEPWISE PROCEDURE TOD FIND BEST REGRESSION ABST
=== 30 8 8= -0 10011 1====
=== XXXY¥= D mmusoosSoooTooEEmE oo
VARIABLE SUBSCRIPT 1IN MOMENT MATRIX [REGRESSION THROUGH MEAN}
XY 8 Xy

5 0.41042667TE 04 S5
5 0.2016%333€ 04 6
7 ~0.75106667TE 03 7

=== EXAMPLE OF FAILURE OF STEPWISE PROCEDURE TO FIND BEST REGRESSION ABST
== 30 8 8= =0 10011 ) ====
=== XXXY= B L e
VARIABLE SUBSCRIPT IN MOMENT MATRIX INVERSE (REGRESSION THROUGH MEAN}
C 5 6 7 u c

5 0.23958586E-03 0.16972008E—03 0.42143403E-03 —-0.494414076E-02 5

6 034143514803 0.4984B131C-03 —-0.58480369E-02 6

T 0.22772862E~02 —0,.14521333E~01 7

u 0.170356003E 00 U




i

i

[+ S I |

> ii W
Xoon

TABLE SUBSCRIPY IN REG. COEFF. MATRIX

REX 5§-01-67 PAGE 45
EXAMPLE OF FAILURE OF STEPWISE PROCEDURE 70 FIND BEST REGRESSION ABST
30 8 8= =0 10011 L====

0.10090454E 01 5
0.10106991E 01 6
0.10244881c 01 7
-0.31167755€E 00 U

< i
[= =2~ S | I [ ]

b I T

IABLE SUBSCRIPT IN B—VARIANCE MATRIX

EXAMPLE OF FAILURE OF STEPWISE PROUCEDURE TO FIND BEST REGRESSION ABST
a0 8 = =0 100111====
XXXY= mmmmmmm=x —ommomT YT =

C.11189170E-02
0.15945T49E—Q2
0.10635411F01
0.79561761E 00




PAGE 46 REX 5-01-67

EXAMPLE OF FAILURE OF STEPWISE PROCEDURE TO FIND BEST REGRESSION  ABST

=== 30 8 8= -0 10011 1====
== XKXXY= e e Y Y Y
{REGRESSION THROUGH MEAN}

SOURCE OF I DEG. OF I SUMS OF SQUARED Y DEVIATIONS

VARIATION I FREEDOM 1 8Y
REGRESSION 3 0.54100410E 04

ERROR 26 0.12142554E 03

TOTAL 29 0.55314666E 04

MEAN SQUARED RESIDUAL OF PREDICTION MINUS MEAN Y
=VAR. OF REG. ESTIMATE 8Y
=MSQR (ABBREVIATIONI)= C.467C2130E 01

RMSQR=MSQR/(VAR, ¥} = 0.0245
1-RSQUARED 0.0220
RSQUARED 0.9780

EXAMPLE OF FAILURE OF STEPWISE PROCEDURE TO FIND BEST REGRESSION ABE?H

=== 30 8 B= «( 10011)====
=== XXRY= ST ECTTIEESNSSsEE s T
(REGRESSION THROUGH MEAN)

I MEAN X OR Y VARIANCE X DR ¥

5 0.1006666T7TE 02 0.253%9540E 03
6 0.81333333E 01 0.17667126E 03
T 0.27333333€ 0} 0.25443678E 02
8 0.20866667TE 02 0.15074023E 03

\/\/\\/\\\, N 4
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REX S5-01-67 PAGE 47

=== EXAMPLE OF FAILURE OF STEPWISE PROCEDURE TO FIND BEST REGRESSION ABST
=== 30 8 8= -0 10011 L====
m= XXXY= S EsooTooooSSSTS=TTToT==on
(REGRESSION THROUGH MEAN)
PF. NO. PREDICTION MINUS OBSERVED 8Y = ERRDR
1 0.71281054E 00 —0.20000000E 01 0.27128105E 01
2 0.71281054E 00 0.20000000E 01 -0.12871895E 01
3 0.37B62748E 01 0.2C000000E 0L 0.17862748E 01
4 0.37TB62748BE 0) 0.60000000E Q1 —-0.22137252€ 01
5 (0.78842272E 01 0.60000000E 01 0.18842272E 01
6 0.78842272E 01 0.10000000E 02 —-0.21157728E 01
7 0.11982180E 02 O0.10000000E 02 0.19821795E 01
8 0.11982180F 02 0.14000000E 02 ~0.20178205E 01
9 0.16080132E 02 C.14000000E 02 0.208CL318E 01}
1¢ 0.16080132E 02 0.180C0000E 02 —-0.19198682€ 0]
11 0.87846143E 0O} O0.70000000E Q1 0.17846143E 01
12 0.87846143E 01 0.11000000E 02 -0.22153857TE 01
13 0.15859508E 02 0.14C00000F 02 0.18595082F Cl
14 0.15859508E 02 0.180C0000E 02 -0.21404918E Q1
15 ©0.24955800E 02 0.23C00000E 02 0.19557998BE 01
16 0.24955800E 02 0.27000000E 02 -0.20442002E 01
17 0.36073490E 02 0.34000000E 02 0.20734897E 01
18 0.36073490F 02 0.38000000F 02 -0.19265103F 01
19 0.36073490E 02 0.34000000E 02 0.20734897E 01
20 0.36073490E 02 0.38000000E 02 -0.19265103E 01
21 0.24914457E 02 0.23C00000E 02 0.19144573t 01
22 0.24914457€ 02 0.27000000E 02 -0.20855427€ Ol
23 D0.15833049F 02 0.14000000FE 02 0.18330489E 01
24 0.15833049E 02 0.18000000E 02 —~0.21669511E 01
25 (0.24914457TE 02 0.23000000E 02 0.19144573¢ 01
26 0.24914457E 02 0.27000000£ 02 -0.20855427€ 01
27T 0.36013957E 02 0.34000000E 02 0.20139565E 01
28 0.36013957E 02 O0.38000000E 02 ~0.19860435E 01
29 0.49131547E 02 Q0.47CCO000E 02 0.2I315470F 01
30 0.49131547E 02 0.51000000& 02 -0.18684530€F Q1

N

= EXAMPLE OF FAILURE OF STEPWISE PROCEDURE TO FIND BEST REGRESSION ABST
= 30 8 8= -0 10011 ====
= XXXY = mimoamimosowemes memasam s e wmenan oo
EGRESSION THROUGH MEAN)

PT. NO. PREDICTION MINUS OBSERVED 8Y = ERROR

CHECK SUM OF WEIGHTED ERRORS EQUALS —0.14990568E-04
CHECK SUM OF WEIGHTED SQUARED ERRORS EQUALS 0.12142562E 03

\/\/\/\/\\ /\/
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