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N O T I C E  ------ ------ 
T H I S  COMPUTER-PRODUCED P U B L I C A T I O N  I S  AN E X P E R I M E N T A L  EFFORT TO P U B L I S H  

[MORE R A P I D L Y  AND MORE E F F I C I E N T L Y )  INFORMATION ON COMPUTER-ORIENTED T H E O R I E S  

AND TECHNIQUES,  

AT THE SAME T I M E *  WE ARE TRYING TO IMPROVE S U S C E P T I B I L I T Y  OF THE 

I N F O R M A T I O N  TO AUTOMATED SEARCH AND RETRIEVAL .  THE I N I T I A L  SUMMARY AND THE 

E N T I R E  T E X T  OF THE PAPER ARE I M M E D I A T E L Y  S U I T A B L E  FOR COMPUTER SEARCH BY V I R T U E  

OF ALREADY B E I N G  ON PUNCHEO CARDS. AN I D E N T I F I E R  AT  THE TOP OF EACH PAGE 

SERVES TO MATCH I T  W I T H  I T S  PARENT DOCUMENT I N  CASE OF SEPARATION OR M I X U P S *  

FIN.ALLY, COMPUTER-PROCESSED T E X T  I s EASILY REVISED AND REPUBLISHED. 

T H I S  I S  AN IMPORTANT C O N S I D E R A T I O N  I N  F I E L D S  WHERE CHANGES AND NEW DEVELOPMENTS 

ARE OCCURRING SO RAPIDLY .  

THE COMPUTER PROGRAM ' P R N ' r  WRITTEN BY THE AUTHOR I N  FORTRAN-4 LANGUAGE* 

HAS USED TO P R I N T  T H I S  RESEARCH PAPER AS Y E L L  AS E A R L I E R  U.S. FOREST SERVICE  

RESEARCH PAPERS PSW-13 AND PSW-21.  

PROGRAM L I S T I N G  AND SOURCE DECKS FOR 'REX'  CAN B E  MADE A V A I L A B L E  TO 

I N T E R E S T E D  O R G A N I Z A T I O N S  H A V I N G  ACCESS TO A  S U I T A B L E  LARGE COMPUTER. 
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+----...----------THE AUTHOR---------------------+ 

I I 
I L.  R. GROSENBAUGH J O I N E D  THE U. S. F O R E S T  S E R V I C E  I 
I I N  1 9 3 6  A F T E R  R E C E I V I N G  H I S  MASTER O F  FORESTRY 1 
I DEGREE FROM Y A L E  U N I V E R S I T Y .  H E  SPENT 2 5  YEARS I 
I W I T H  THE SOUTHERN R E G I O N  A N D  THE SOUTHERN F O R E S T  I 
I E X P E R I M E N T  S T A T I O N I  AND I N  1961 S T A R T E D  T H E  FOREST I 
I S E R V I C E ' S  F I R S T  P I O N E E R I N G  RESEARCH U N I T  ( I N  I 
I F O R E S T  M E N S U R A T I O N )  AT T H E  P A C I F I C  SOUTHWEST I 
I F O R E S T  AND RANGE E X P E R I M E N T  S T A T I O N .  I 
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U.S.FOREST S E R V I C E  RESEARCH P A P E R  PSW-44. ( O R I G I N A L  V E R S I O N  D A T E D  5-01-67) 
P A C I F I C  SOUTHWEST F O R E S T  A N 0  RANGE E X P E R I M E N T  S T A T I O N I  B E R K E L E Y *  C A L I F O R N I A  

FOREST S E R V I C E ,  U.S.OEPARTMENT O F  A G R I C U L T U R E  

R E X  - FORTRAN-4 S Y S T E M  FOR C O M B I N A T O R I A L  S C R E E N I N G  OR C O N V E N T I O N A L  A N A L Y S I S  
OF M U L T I V A R t A T E  REGRESSIONS.  

'REX '  I S  A N  E X P A N S I B L E  C O M P U T E R I Z E D  S Y S T E M  T H A T  P R O V I D E S  D A T A  NEEDED I N  
R E G R E S S I O N  OR C O V A R I A N C E  A N A L Y S I S  OF AS MANY AS 50 V A R I A B L E S *  8 O F  WHICH MAY 
B E  DEPENDENT. A L T E R N A T I V E L Y ,  I T  C A N  SCREEN V A R I O U S L Y  GENERATED C O M B I N A T I O N S  
O F  I N D E P E N D E N T  V A R I A B L E S  TO F I N D  THE R E G R E S S I O N  W I T H  T H E  S M A L L E S T  
MEAN-SQUARED-RESIDUAL, W H I C H  WILL B E  F I T T E D  I F  D E S I R E D .  USERS C A N  E A S I L Y  
PROGRAM A D D I T I O N A L  PROCESSING.  

THE S Y S T E M  W I L L  A C C E P T  I N P U T  I N  T H E  FORM O F  W E I G H T E D  OR U N W E I G H T E D  
O B S E R V A T I O N  VECTORS T H A T  C A N  B E  REARRANGED. TRANSFORMEDI OR TRANSGENERATED. 
I T  W I L L  A L S O  ACCEPT M A T R I X  I N P U T  I N  T H E  FORM O F  T H E  COMPACT UPPER T R I A N G L E  
OF A S Y M M E T R I C  MOMENT M A T R I X  AND WILL CORRECT T H E  M A T R I X  FOR MEANS*  I F  T H I S  
A C T I O N  I S  D E S I R E D .  A L T E R N A T I V E L Y ,  I F  R E G R E S S I O N  THROUGH O R I G I N  I S  D E S I R E D  
D E S P I T E  I N P U T  O F  A CORRECTED M A T R I X q  T H E  S Y S T E M  W I L L  'UNCORRECT'  THE M A T R I X .  
I N  ANY C A S E *  T H E  COMPACT U P P E R  T R I A N G L E  O F  T H E  F U L L  R E S U L T A N T  M A T R I X  C A N  B E  
PUNCHED FOR L A T E R  USE I F  D E S I R E D .  

R E G R E S S I O N  A N A L Y S I S  MAY I N V O L V E  T H E  F U L L  M A T R I X  OR ONLY S E L E C T E D  E L E M E N T S -  
OUTPUT MAY I N C L U D E  MOMENT AND/OR C O R R E L A T I O N  M A T R I C E S  O F  S E L E C T E D  E L E M E N T S *  
W I T H  OR WITHOUT T H E  I N V E R S E  M A T R I C E S .  S T A N D A R D I Z E D  R E G R E S S I O N  C O E F F I C I E N T S  
ARE A V A I L A B L E  A S  WELL AS C O N V E N T I O N A L  R E G R E S S I O N  C O E F F I C I E N T S t  MEANS, 
V A R I A N C E S v  A N 0  A N A L Y S I S  OF SOURCES O F  V A R I A T I O N .  I F  O B S E R V A T I O N  VECTORS H A V E  
B E E N  I N P U T .  COMPARISONS OF P R E D I C T I O N S  W I T H  O B S E R V A T I O N S  CAN B E  P R I N T E D .  
ALONG W I T H  C O R R E S P O N D I N G  ERRORS. 

WHERE C O M B I N A T O R I A L  S C R E E N I N G  HAS B E E N  S P E C I F I E D  AND THE NUMBER OF 
GENERATED C O M B I N A T I O N S  O F  V A R I A B L E S  EXCEEDS MAXIMUM M A C H I N E  OR PROGRAM - -  - - - 

C A P A B I L I T Y ,  T H E  U S E R  H A S  S E V E R A L  METHODS A T  H I S  D I S P O S A L  FOR B R I N G I N G  T H E  
G E N E R A T E D  NUMBER DOWN T O  SOME T O L E R A B L E  NUMBER. 
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- - - - - - - - - - - - ------------ R E G R E S S I O N  F I T T I N G ,  S C R E E N I N G t  AND A N A L Y S I S  ============= 

PROBLEM S I Z E - L I M I T S  FOR E A C H  A P P L I C A T I O N  A P P E A R  ON THE F I R S T  
PAGE D F  OUTPUT I N V O L V I N G  T H A T  A P P L I C A T I O N .  HOWEVER, MAXIMUM 
NUMBER O F  I N D E P E N D E N T  V A R I A B L E S  T H A T  CAN B E  F I T T E D  T O  ONE DEPENDENT 
V A R I A B L E  I S  CURRENTLY 49, W H I L E  MAXIMUM NUMBER OF V A R I A B L E S  T H A T  C A N  
B E  C O M B I N E D  L I N E A R L Y  I N  A L L  P O S S I B L E  WAYS FOR P R E D I C T I O N  O F  ONE 
DEPENDENT V A R I A B L E  I S  C U R R E N T L Y  13. BY F I X I N G  OR F D R C I N G  V A R I A B L E S ,  
C O M B I N I N G  T H E M  I N T O  S E T S  AND GRDUPS, OR L I M I T I N G  T H E  MAXIMUM NUMBER OF 
O F  S E T S  ALLOWED I N  C D M B I N A T I D N I  T H I S  L A T T E R  L I M I T  C A N  B E  E X T E N D E D  
UPWARDS. B Y  E M P L O Y I N G  L E S S  T H A N  MAXIMUM NUMBER O F  I N D E P E N D E N T  
V A R I A B L E S ,  A S  MANY A S  8 DEPENDENT V A R I A B L E S  C A N  BE PROCESSED A T  ONCE. 
WHEN PARAMETERS EXCEED L I M I T S  H A N D L E D  B Y  PROGRAM. A MESSAGE OR 
A S T E R I S K  F L A G G I N G  T H E  OFFENDER I S  P R I N T E D  OUT ON THE F I R S T  PAGE, AND 
NO F U R T H E R  C O M P U T A T I O N S  ARE P E R M I T T E D .  

T H E  ABOVE L I M I T S  ASSUME A V A I L A B I L I T Y  OF 3 Z K  WORDS O F  H I G H - S P E E D  
STORAGF. I F  ZROK WORDS ARE A V A I L A B L E *  C H A N G I N G  A FEW PARAMETERS AND .~ ~- ~~ 

DIMENSIONS WILL ALLOW EXPLDRING ALL POSSIBLE LINEAR CDMBINATIDNS  OF^ 
30 I N D E P E N D E N T  V A R I A B L E S  T A K E N  l r 2 r 3 . . . v 1 7  A T  A T I M E .  T H E  PROGRAM 
C U R R E N T L Y  R E Q U I R E S  USE O F  'OVERLAY'  I A N  I M P R O V E D  T Y P E  D F  C H A I N  
E X E C U T I O N )  10 A V O I D  E X C E E D I N G  A V A I L A B L E  STORAGE. TWO B I N A R Y  SCRATCH 
T A P E S  'JW' AND ' J X '  (NOT N E E D E D  BY ' O V E R L A Y ' )  MUST B E  S P E C I F I E D  I N  
B L O C K  D A T A  S U B R D U T I N E  'BLRM'.  AND UNNEEDED BUFFERS MUST B E  E L I M I N A T E D  
BY SOME D E V I C E  S I M I L A R  T O  S U B R O U T I N E  'BUFK' .  A P P E N D I X  A I L L U S T R A T E S  
D E C K  ARRANGEMENTS AND M D D I F I C A T I D N S  N E E D E D  B Y  A NUMBER O F  D I F F E R E N T  
COMPUTERS. 

F I V E  CONTROL CARDS MUST B E  P R D V I D E D  T O  I N I T I A T E  P R O C E S S I N G  O F  
E A C H  PROBLEM. THESE MUST B E  FOLLOWED B Y  D A T A  VECTORS OF Q U A N T I T I E S  
OBSERVED I N  A S S O C I A T I O N  OR B Y  A D A T A  M A T R I X  D F  SUMMED SQUARES A N 0  
CROSSPROOUCTS U N L E S S  I N P U T  FRDW E A R L I E R  PROBLEM H A S  B E E N  S P E C I F I E D  ON - -. . - - . . - 

SECOND CONTROL CARD. I F  O B S E R V A T I O N  VECTORS N E E D  TO B E  TRANSFORMED. 
TRANSGENERATEDI OR REARRANGEOI S U B R D U T I N E  TRNX C A N  BE M O D I F I E D  
A P P R O P R I A T E L Y .  THE S I M P L E S T  H A Y  O F  D O I N G  T H I S  I S  T D  U S E  T H E  ' * A L T E R '  
PROCEDURE A V A I L A B L E  D N  T H E  I B M  7 0 9 0 - 7 0 9 4  I I L L U S T R A T E D  I N  A P P E N D I X  0 ) .  
B U T  ANOTHER METHOD A V A I L A B L E  ON ANY COMPUTER I S  TO R E P L A C E  ' T R N X '  
C A R D S  NUMBERED 1 8 .  19, 20, 21 W I T H  A G R E A r E R  OR L E S S  NUMBER O F  CARDS 
S P E C I F Y I N G  T H E  D E S I R E D  F O R T R A N  M A N I P U L A T I O N .  

ARRANGEMENT OF V A R I A B L E S  I S  C R I T I C A L  ONLY I N  S C R E E N I N G t  WHEN 
I D E N T I F I C A T I O N  O F  B E S T ' F I T T I N G  R E G R E S S I O N S  I S  B E I N G  ATTEMPTED. T H E N  
....... . . ~  ~ ~ - ~ .- ~ ~ - - - -  - - - ~  - 

N O N F I X E D  V A R I A B L E S ,  AND A L L  DEPENDENT V A R I A B L E S  MUST OCCUR 
C O N S E C U T I V E L Y  I N  A T E R M I N A L  STRING.  V A R I A B L E S  I N  SAME S E T  AND S E T S  I N  
SAMF GROUP MUST ALSO B E  CONSECUTIVE.  W H I L E  ' T R N X '  SHDULD I G N O R E  - - . - .  
UNNECESSARY V A R I A B L E S -  

A CARD PUNCHED 'DONE'  I N  COLUMNS 1-4 MUST FOLLOW L A S T  O B S E R V A T I O N  
VECTDR OR L A S T  CARD OF M A T R I X  ELEMENTS ( O R  L A S T  CONTROL CARD WHERE 
EARLIER D A T A  W I L L  BE USED)  OF EACH PROBLEM. 
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A C A R 0  PUNCHED 'DONE DONE DONE....' STARTING I N  COLUMN 1 SHOULD 
FOLLOW THE 'DONE' CARD OF THE LAST  PROBLEM TO RETURN CONTROL TO THE 
MONITOR BEFORE ENCOUNTER ING END-OF-F I LE .  

AFTER R E A D I N G  THE 'DONE DONE DONE....' CARD FOLLOWING A 'DONE' 
CARD, 'REX'  P R I N T S  NUMBER OF SUCCESSFUL COMPLETIONS AND TOTAL NUMBER 

'REX'  SHOULD RUN ON ANY COMPUTER WITH F U L L  FORTRAN-4 C A P A B I L I T Y .  
WORD-LENGTH OF A T  LEAST 4 CHARACTERS* 'OVERLAY' OR ' C H A I N '  C A P A B I L I T Y I  
AND AT L E A S T  3 2 K  WORDS OF MEMORY. T H I S  INCLUDES I B M  7 0 4 0 - 7 0 4 4 ,  
7 0 9 0 - 7 0 9 4 .  3 6 0 1 6 5 .  ETC.. AND COC 6 4 0 0 - 6 6 0 0 .  WHERE MONITORS OCCUPY 
EXCESSIVE SPACE, DIMENSIONS OF 9 ~ ~ 1 ~  'SKRN* MUST BE SHRUNK B Y  CHANGING 
CARDS NUMBERED SKRN 11, PALM 63 .  PALM 2 8 4  ( S E E  CDC I N  APPENDIX A ) .  

S I N C E  MAJOR PROCESSING OPTIONS 0 AND 1 OFTEN INVOLVE NULL OR 
NEARLY NULL M A T R I C E S *  I T  I S  I M P E R A T I V E  THAT USERS SET  SYSTEM 
SUBROUTINES SO THAT UNDERFLOW I S  RESET TO NORMAL ZERO WITHOUT ERROR 
MESSAGES OR ERROR TRACE. 

F I R S T  CONTROL CARD 

COL. 1- 4 -- ALWAYS BLANK 
COL. 5 -72  -- BCO PROBLEM I D E N T I F I C A T I O N  
COL. 7 3 - 7 6  -- L A B E L  FOR OPTIONAL  I N I T I A L  M A T R I X  PUNCHOUT 

SECOND CONTROL CARD ( F I E L D S  MUST BE R I G H T - J U S T I F I E D 1  ----------------- 
COL. 1- 8 -- NUMBER OF OBSERVATION VECTORS = NO8 
COL. 11-12 - NUMBER OF RAW V A R I A B L E S  TO BE R E A D - I N  BEFORE 

TRANSFORMATION OR M A T R I X  FORMATION = NVR 
(BLANK I M P L I E S  SAME AS COL-  1 5 - 1 6 )  

COL. 1 5 1 6  -- MAXIMUM S I Z E  OF M A T R I X  A V A I L A B L E  = NVS 
(EXCLUDES VECTOR OF TOTALS AND WEIGHT)  

COL. 1 7  -- ' W '  I F  WEIGHTED REGRESSION I S  DESIRED.  ELSE 
'BLANK' OR ANY CHARACTER BUT ' W '  

COL. 1 9 - 2 0  -- L I M I T  ON NUMBER OF SETS OF N O N F I X E D  INDEPENDENT 
V A R I A B L E S  TO B E  INCLUDED I N  LARGEST 
COMBINATORIAL  REGRESSION = L M  (BLANK OR 
ZERO I M P L I E S  NO L I M I T )  

THE 5 PRECEOING F I E L D S  CAN BE OMITTED COMPLETELY WHEN DATA 
FROM E A R L I E R  PROBLEM ARE B E I N G  USED. 

S I X  GROUPS O F  PROCESSING OPTIONS ARE CONTROLLED BY COLUMNS 67-72. 

COL. 67 -- MAJOR PROCESSING ALTERNATIVES 
0 = I D E N T I F I C A T I O N  OF BEST  F I T T I N G  REGRESSIONS 
1 = SAME AS 1 P L U S  F I T T I N G  OF BEST REGRESSIONS 
2 = F I T T I N G  OF S P E C I F I E D  REGRESSIONS 

3 -9  ARE A V A I L A B L E  FOR USER-PROGRAMMED OPTIONS 
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COL. 68 -- D A T A  O E S C R I P T I O N I  USE (**CORRECTED OR UNCORRECTED)  
0 = O B S E R V A T I O N  VECTOR I N P U T ,  

T O  BE *+CORRECTED BEFORE U S E  
1 = O B S E R V A T I O N  VECTOR I N P U T .  

T O  B E  USED UNCORRECTED 
2 = UNCORRECTED M A T R I X  I N P U T ,  

TO BE **CORRECTED BEFORE U S E  
3 = UNCORRECTED M A T R I X  I N P U T ,  

TO B E  USED UNCORRECTED 
4 = **CORRECTED M A T R I X  I N P U T .  

TO B E  USED **CORRECTED 
5 = +*CORRECTED M A T R I X  I N P U T ,  

TO BE UNCORRECTED BEFORE U S E  
6 = UNCORRECTED M A T R I X  FROM E A R L I E R  PROBLEM, 

TO B E  **CORRECTED BEFORE U S E  
7 = UNCORRECTED M A T R I X  FROM E A R L I E R  PROBLEM, 

T O  B E  USED UNCORRECTED 
8 = **CORRECTED M A T R I X  FROM E A R L I E R  PROBLEM, 

TO B E  USED **CORRECTED 
9 = **CORRECTED M A T R I X  FROM E A R L I E R  PROBLEM, 

TO BE UNCORRECTED B E F O R E  U S E  

E V E N  NUMBERS I M P L Y  R E G R E S S I O N  THROUGH MEAN. 
ODD NUMBERS I M P L Y  R E G R E S S I O N  THROUGH O R I G I N .  

W I T H  O B S E R V A T I O N  VECTOR I N P U T I  NVR RAW E L E M E N T S  
ARE A U T O M A T I C A L L Y  R E A D  I N T O  VECTOR 0 AND ARE 
A V A I L A B L E  T O  'TRNX' .  T H E S E  MAY B E  C O M B I N E D  OR 
TRANSFORMED, BUT I N  A D D I T I O N  T O  SUCH A C T I O N S t  
T H E  USER MUST M O D I F Y  ' T R N X '  SO T H A T  R E S U L T A N T  
Q U A N T I T I E S  ARE STORED I N  D E S I R E D  ORDER A S  T H E  
N V S  E L E M E N T S  OF VECTOR X .  A L S O *  ' T R N X '  MUST 
S E T  W EQUAL T O  AN A P P R O P R I A T E  WEIGHT I F  
W E I G H T I N G  H A S  B E E N  S P E C I F I E D  ON CONTROL CARDS. 

' T R N X '  I S  B Y P A S S E D  WHEN M A T R I C E S  ARE I N P U T ,  B U T  
D A T A  MUST CONFORM T O  FORMAT ( 4 E 1 6 . 8 ) .  AND ORDER 
MUST CONFORM T O  T H A T  D E S C R I B E D  BELOW FOR M A T R I K  
PUNCHOUT. 

CODE NUMBER A P P R O P R I A T E  TO U S E  O F  D A T A  ALREADY 
I N  STORAGE FROM E A R L I E R  PROBLEM I S  4 G R E A T E R  
T H A N  T H E  CODE NUMBER R E Q U I R E D  TO I N P U T  AND 
S I M I L A R L Y  U S E  T H E  SAME M A T R I X  CURRENTLY. 

E A R L I E R - S T O R E D  D A T A  t C O O E S  6 - 9 1  CANNOT B E  U S E D  
W I T H  S C R E E N I N G  ( M A J O R  A L T E R N A T I V E  0 OR 1). 
W I T H  F I R S T  PROBLEM OF ANY RUN. OR I M M E D I A T E L Y  
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SECOND CONTROL C A R D  ( C O N T I N U A T I O N )  

C O L -  69 --- P U N C H E D - C A R 0  OUTPUT 
0 = NONE 
1 = MAXIMUM M A T R I X  A V A I L A B L E  

A F T E R  TRANSFORMATIONS AND /OR C O R R E C T I O N  
BUT BEFORE S P E C I F I C A T I O N  O F  E L E M E N T S  

C A R D S  WILL BE L A B E L L E D  AS S P E C I F I E D  ON F I R S T  
CONTROL CARD, W I T H  0 OR 1 APPENDED TO SHOW 
WHETHER T H E  MOMENTS ARE ABOUT MEAN ( C O R R E C T E D 1  
OR ABOUT O R I G I N ' I U N C O R R E C T E D ) .  

ROW E L E M E N T S  O F  COMPACT U P P E R  T R I A N G U L A R  M A T R I X  
APPEAR S U C C E S S I V E L Y I  I M M E D I A T E L Y  FOLLOWED B Y  
VECTOR 9 F  SUMS O F  W E I G H T E D  X ' S  OR Y'S. SUM O F  - -  . 
W E I G H T S  I S  L A S T .  A L L  M A T R I X  E L E M E N T S  H A V E  B E E N  
M U L T I P L I E D  BY FACTOR N E E D E D  T O  MAKE SUM O F  
W E I G H T S  EQUAL NUMBER O F  O B S E R V A T I O N  VECTORS. 

COL. 70 -- M A T R I X  P R I N T O U T  AFTER S P E C I F I C A T I O N  O F  ELEMENTS 
0 = NONE 
1 = MOMENT M A T R I X  
2 = CODED MATRIX ICORRELATION IF ABOUT MEANI 
3 = B O T H  M A T R I C E S  

C O L -  71 -- I N V E R S E  M A T R I X  P R I N T O U T  A F T E R  S P E C I F I C A T I O N  
0 = NONE 
1 = MOMENT M A T R I X  I N V E R S E  
2 = CODED I C O R R E L A T I O N J  M A T R I X  I N V E R S E  

W I T H  ( S T A N O A R O I Z E D I  R E G R E S S I O N  COEFF. 
3 = B O T H  M A T R I C E S  

C D L -  72 --- P R E D I C T I O N S t  O B S E R V A T I O N S I  AND ERRORS 
0 = NO C O M P U T A T I O N  OR P R I N T O U T  
1 = COMPLETE C D M P U T A T I O N  AND P R I N T O U T .  ALONG 

W l T H  SUM O F  WEIGHTED ERRORS AND 
SUM O F  W E I G H T E D  SQUARED ERRORS 

T H I S  O P T I O N  I S  A V A I L A B L E  O N L Y  W I T H  CURRENTT'OR 
E A R L I E R  I N P U T  O F  D A T A  I N  FORM O F  O B S E R V A T I O N  
VECTORSI NOT W I T H  M A T R I X  I N P U T .  I N T E R V E N I N G  
M A T R I X  I N P U T  OR F A I L U R E  OF PROBLEM W I P E S  OUT 
A V A I L A B I L I T Y  OF E A R L I E R  DATA. 

SUM O F  WEIGHTEO ERRORS SHOULD A P P R O X I M A T E  Z E R O  
WHEN R E G R E S S I O N  I S  THROUGH MEAN. 

SUM O F  WEIGHTED SQUARED ERRORS SHOULD ALWAYS 
E Q U A L  ERROR SUM OF SQUARES I N  E A R L I E R  T A B L E .  
E X C E P T  FOR R O U N D I N G  ERRORS. 
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T H I R D  CONTROL CARD FOR MAJOR P R O C E S S I N G  A L T E R N A T I V E S  O AND 1 -------- 
( I D E N T I F I C A T I O N  O F  B E S T  F I T T I N G  R E G R E S S I O N S 1  

COL. I -- ' B L A N K '  I M P L I E S  G ' S  PUNCHED I N  T H I S  AND A L L  
F O L L O W I N G  COLUMNS U N T I L  T H E  F I R S T  'Y '  OCCURS. 

ANY COL.--- ' S '  I N  A COLUMN I M P L I E S  T H A T  T H E  O R D I N A L  O F  T H A T  
COLUMN I S  T H E  S U B S C R I P T  O F  T H E  F I R S T  
I N D E P E N D E N T  V A R I A B L E  I N  A SET. WHEN T H E  ' S '  
OCCURS BEFORE ANY 'G'. MEMBERS O F  THE S E T  ARF - - - 
T R E A T E D  A S  F I X E D  (I.E.9 T H E Y  WILL ALWAYS BE 
I N C L U D E D  I N  ANY R E G R E S S I O N  T E S T I N G  C O M B I N A T I O N S  
O F  N O N F I X E O  V A R I A B L E S I .  MEMBERS O F  S E T S  
O C C U R R I N G  AFTER A 'G' HAS A P P E A R E D  A R E  T R E A T E D  
AS N O N F I X E D .  AND A R E  I N C L U D E D  I N  R E G R E S S I O N S  
O N L Y  WHEN C A L L E D  FOR BY S P E C I F I C  C O M B I N A T O R I A L  
RULES.  O R D I N A L S  OF B L A N K  COLUMNS F O L L O W I N G  AN 
' S '  D E N C T E  S J B S C R I P T S  OF OTHER I N D E P E N D E N T  
V A R I A B L E S  B E L O N G I N G  TO T H E  SET. A L L  MEMBERS 
O F  A G I V E N  S E T  ARE S I M U L T A N E O U S L Y  PRESENT OR 
A B S E N T  I N  ANY P A R T I C U L A R  COMB.INAT1ON. 

WHEN S E V E R A L  S ' S  OCCUR BEFORE ANY ' G g t  T H E Y  W I L L  
B E  F I T T E D  C U M U L A T I V E L Y  ( N O T  I N D I V I O U A L L Y I 1  
SO T H A T  A S P E C I F I C  P A T H  O F  F I T  C A N  B E  E X P L O R E D  
AND OBSERVED A T  E A C H  S U C C E S S I V E  STAGE. 

'6 '  I N  A COLUMN I M P L I E S  T H A T  T H E  O R D I N A L  O F  T H A T  
COLUMN I S  T H E  S U B S C R I P T  O F  T H E  F I R S T  
I N D E P E N D E N T  V A R I A B L E  I N  T H E  F I R S T  N O N F I X E D  S E T  - - - -  

O F  A GROUP C O N S I S T I N G  O F  ONE OR MORE SETS. 

N O T  MORE THAN ONE S E T  FROM A G I V E N  GROUP WILL 
A P P E A R  I N  THE SAME R E G R E S S I O N  UNDER 
C O M B I N A T O R I A L  CONTROL I I.E. v T H E Y  ARE M U T U A L L Y  
E X C L U S I V E 1  . B L A N K  COLUMNS I M M E D I A T E L Y  AFTER 
ANY 'G '  DENOTE [ B Y  COLUMN O R D I N A L S )  S U B S C R I P T S  - ~ .  ~~ - -  ~ ~ 

O F  I N D E P E N D E N T  V A R I A B L E S  B E L O N G I N G  TO THE F I R S T  
S E T  I N  T H A T  GROUP, W H I L E  E A C H  SUBSEQUENT ' S '  
BELONGS T O  T H E  ' G '  T H A T  S T A R T E D  T H E  SEQUENCE 
O F  S E T S  I N  W H I C H  T H E  ' 5 '  OCCURS. 

' Y '  I N  A COLUMN I M P L I E S  T H A T  T H E  O R D I N A L  O F  T H A T  
COLUMN I S  THE S U B S C R I P T  O F  A DEPENDENT V A R I A B L E  - -  - 

T H A T  I S  TO B E  P R E O I C T E O  BY V A R I O U S  L I N E A R  
C O I ' B I N A T I O N S  O F  INDEPEiXDENT V A R I A B L E S .  
' Y '  MUST APPEAR I N  S U C C E S S I V E  COLUMNS A F T E R  I T S  
F I R S T  APPEARANCE. T E R M I N A T I N G  W I T H  THE COLUMN 
WHOSE O R D I N A L  CORRESPONDS T O  T H E  NUMBER ' N V S '  
PUNCHED I N  COLUMNS 1 5 - 1 6  O F  SECOND CONTROL 
C A R D -  T H E  CHARACTER F O L L O W I N G  T H E  L A S T  ' Y '  
MUST B E  SAME AS I N  COLUMN 17 O F  SECOND CONTROL 
C A R D  ( ' W '  R E Q U I R E S  W E I G H T I N G .  A L L  OTHER 
CHARACTERS AND B L A N K S  I M P L Y  U N I T  W E I G H T S ) .  
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T H I R D  CONTROL C A R D  FOR MAJOR P R O C E S S I N G  A L T E R N A T I V E  2 
( F I T T I N G  O F  S P E C I F I E D  R E G R E S S I O N S )  

ANY COLUMN WHOSE O R D I N A L  DOES NOT EXCEED T H E  NUMBER 'NVS'  
( P U N C H E D  OR I M P L I E D  I N  COLUMNS 15-16 OF SECOND CONTROL C A R D )  
MAY C O N T A I N  AN ' X '  OR ' Y '  T O  SHOW T H A T  T H E  V A R I A B L E  
W I T H  S U B S C R I P T  I N D I C A T E D  I S  T O  B E  C O N S I D E R E D  A S  AN I N D E P E N D E N T  
OR D E P E N D E N T  V A R I A B L E  I N  A P A R T I C U L A R  R E G R E S S I O N  T O  B E  F I T T F O  - - 
BY L E A S T  SQUARES. THE SAME CHARACTER MUST A P P E A R  I N  COLUMN 
( N V S + 1 )  O F  3 R 0  CONTROL CARD A S  I N  COLUMN 17 O F  2 N D  CARD ( ' W '  
R E Q U I R E S  W E I G H T I N G I  A N Y T H I N G  E L S E  I M P L I E S  U N I T  W E I G H T S ) .  

F O U R T H  AND F I F T H  CONTROL CAROS (MUST B E  P R E S E N T  THO O F T E N  B L A N K )  ----- 
T H E S E  C A R D S  A R E  FOR O B J E C T - T I M E  S P E C I F I C A T I O N  O F  V A R I A B L E  
FORMAT N E E D E D  FOR D A T A  I N P U T  I N  FORM O F  O B S E R V A T I O N  VECTORS. 
NO FORMAT S P E C I F I C A T I O N  I S  N E E D E D  FOR M A T R I X  I N P U T .  W H I C H  
MUST B E  I N  FORMAT ( 4 E 1 6 . 8 ) .  THUS, T H E S E  TWO CONTROL CARDS 
C A N  B E  L E F T  B L A N K  EXCEPT WHERE COLUMN b B  O F  SECOND CONTROL 
I S  PUNCHED 0 OR l r  B U T  T H E  TWO CARDS MUST ALWAYS B E  PRESENT. 

WHEN U S E R  E L E C T S  T O  F I T  AND A N A L Y Z E  A S P E C I F I C  REGRESSION.  
M I N I M U M  SUCCESSFUL O U T P U T  W I L L  C O N S I S T  O F  ONE PAGE L I S T I N G  I M P L I C I T  
OR E X P L I C I T  PARAMETERS O F  PROBLEM, ONE P A G E  O F  R E G R E S S I O N  C O E F F I C I E N T S  
W I T H  T H E I R  V A R I A N C E S  ON T H E  F O L L O W I N G  PAGE. ONF P A G F  F n R  O l l d N T I T I F C  ~ ~~ ~~. ~ .-. 
N E E D E D  I N  R E G R E S S I O N - C O V A R I A N C E  A N A L Y S I S *  AND ONE PAGE G I V I N G  MEANS 
AND V A R I A N C E S  O F  A L L  V A R I A B L E S  I N V O L V E D  I N  T H E  S P E C I F I C A T I O N  O F  
V A R I A B L E S  ON THE T H I R D  CONTROL CARD. 

WHEN U S E R  E L E C T S  I D E N T I F I C A T I O N  O F  B E S T  F I T T I N G  R E G R E S S I O N S *  
M I N I M U M  SUCCESSFUL O U T P U T  W I L L  C O N S I S T  O F  ONE PAGE L I S T I N G  I M P L I C I T  
OR E X P L I C I T  PARAMETERS O F  PROBLEM. A N 0  ONE OR MDRF P A G F Z  n F  R F l A T I V F  

~ - - - .- -~ . ~- . -. 
MEAN SQUARED RESIDUALS FOR EACH REGRESSION GENERATED B Y  THE SPECIFIC 
C O M B I N A T O R I A L  MODEL E S T A B L I S H E D  B Y  T H E  SECOND AND T H I R D  CONTROL CAROS. 

~ ~. 
T H E S E  R E L A T I V E  MEAN SQUARED R E S I D U A L S  I R E L A T I V E  TO S I M P L E  V A R I A N C E  
ABOUT MEAN Y )  A R E  I D E N T I F I E D  A S  TO COMPONENT C O M B I N A T O R I A L  S E T S  
I N V O L V E D .  A L L  F I X E D  S E T S  ARE I M P L I C I T L Y  I N C L U D E D  I N  ANY C O M B I N A T O R I A L  
REGRESSION.  C O M B I N A T O R I A L  R E G R E S S I O N S  H A V I N G  M I N I M U M  V A R I A N C E S  A R E  
I D E N T I F I E D  I N  T A B L E  ON L A S T  PAGE. 

T H E  C O E F F I C I E N T  OF C O L L I N E A R I T Y ,  A MEASURE O F  R E L A T I V E  N U L L I T Y  O F  
T H E  M h T R I X  O F  I N D E P E N D E N T  V A R I A B L E S r  I S  A L S O  L I S T E D  AT T H E  L E F T  OF 
T H E  R E L A T I V E  MEAN S Q U A R E D  R E S I D U A L S .  A ZERO OR NEAR-ZERO C O E F F I C I E N T  
( W I T H  N E G A T I V E  E X P O N E N T  MORE T H A N  D O U B L E  T H E  NUMBER O F  I N D E P E N D E N T  
V A R I A B L E S  I N V O L V E D )  WARNS O F  N U L L  OR N E A R L Y  N U L L  M A T R I X  WHOSE I N V E R S E  
M I G H T  NOT B E  C O M P U T A B L E  BY S U B R O U T I N E  CBXR,  U S U A L L Y  B E C A U S E  O F  H I G H  
C O R R E L A T I O N  AMONG I N D E P E N D E N T  V A R I A B L E S .  C O M P L E T E L Y  ORTHOGONAL 
V A R I A B L E S  WOULD B E  I N D I C A T E D  B Y  A C O E F F I C I E N T  O F  U N I T Y *  S I N C E  I T  I S  
M E R E L Y  THE R A T I O  O F  T H E  D E T E R M I N A N T  O F  T H E  UNCORRECTEO MOMENT M A T R I X  
I A B O U T  O R I G I N 1  O F  I N D E P E N D E N T  V A R I A B L E S  TO T H E  C O N T I N U I N G  PRODUCT 
O F  T H E  M A T R I X  D I A G O N A L S .  R E G R E S S I O N S  THROUGH THE MEAN C O N S I D E R  THE 
VECTOR O F  V A R I A B L E  SUMS AND AGGREGATE W E I G H T S  AS A U G M E N T I N G  T H E  
B A S I C  UNCORRECTED M A T R I X I  B U T  OTHERWISE T H E  C O M P U T A T I O N  I S  T H E  SAME. 
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A COEFFICIENT FOR THE I M P L I E D  CONSTANT PSEUDO-VARIABLE 'UNITY '  I S  
ALWAYS COMPUTED WHEN A PARTICULAR REGRESSION THROUGH MEAN I S  
SPECIFIED.  T H I S  CONSTANT I S  ALSO KNOWN AS THE INTERCEPT I O N  THF Y -~ 

AXIS, AND I S  SUBSCRIPTED 'U' FOR' UNITY. I T  IMMEDIATELY FOLLOWS THE 
COEFFICIENT FOR THE LAST REAL VARIABLE, AS DOES I T S  VARIANCE ON THE 
NEXT PAGE. S IMILARLY.  A F I N A L  COLUMN OF ELEMENTS C I I . U I  FOR THE 
MOMENT MATRIX INVERSE IS A L W A Y S  COMPUTED WHEN REGRESSION THROUGH MEAN 
I S  SPECIFIED.  T H I S  I S  THE I D E N T I C A L  COLUMN OF ELEMENTS THAT WOULD 
BE CORPUTED LESS ACCURATELY I F  REGRESSION THROUGH O R I G I N  WERE 
S P E C I F I E D  AND TERMINAL PSEUDO--VARIABLE OF U N I T Y  WERE PROGRAMMED I N  
SUBROUTINE 'TRNX'. THE LATTER PROCEDURE RESULTS I N  AUGUENTING THE 
UNCORRECTED MOMENT MATRIX BY A TERMINAL VECTOR OF SIMPLE TOTALSI 
AN UNDESIRABLE PROCEDURE EXCEPT FOR I T S  CONVENIENCE I N  COVARIANCE 
ANALYSIS. 

ALTHOUGH SCREENING OF REGRESSIONS BY THE CONVENTIONAL STEPWISE 
PROCEDURE W I L L  ORDINARILY NOT LEAD TO AS GOOD REGRESSIONS 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 S P E C I F I C  PATH OF F IT .  T H I S  CAN BE DONE BY CHOOSING 
MAJOR PROCESSING ALTERNATIVES D OR 1 AND PUNCHING 'S'  I N  THE F I R S T  
COLUMN OF THE SECOND CONTROL CARD* AND I N  SUBSEQUENT COLUMNS W E R E  
A CUHULATIVE VALUE FOR THE MEAN SQUARED RESIDUAL I S  DESIRED. ALTHOUGH - - -  --. 
NO *BEST0 REGRESSION ALONG T H I S  PATH WILL BE PROGRAM-SELECTED, THE 
USER CAN EASILY.LOCATE I T  BY INSPECTION. THE COUPLETE REGRESSION 
CONTAINING ALL VARIABLES ALONG THE PATH WILL  NOT BE FITTED. 
EVEN WITH MAJOR PROCESSING ALTERNATIVE 1, UNLESS THE L A S T  SPECIFIED 
SET I S  PUNCHED 'G ' .  



REX 5 0 1 - 6 7  PAGE . 9 

......................... ......................... COVARIANCE ANALYSIS ........................ 

THE SIMPLEST METHOD FOR ANALYZING COVARIANCE DOES NOT REQUIRE 
ORTHOGONAL DUMMY VARIABLES OR WEIGHTING INVERSELY ACCORDING TO GROUP 
SIZEI  ALTHOUGH SUCH DEVICES IMPROVE ACCURACY WHEN MATRICES ARE 
ILL-CONDITIONED. I F  I G )  I S  THE NUMBER OF GROUPS INTO WHICH 
OBSERVATIONS CAN MEANINGFULLY BE DIVIDEDI AND I F  I K )  I S  THE NUMBER OF 
INDEPENDENT VARIABLES. THEN 'REX' CAN E A S I L Y  ANALYZE COVARIANCE I N  
CASES WHERE ( G + l l * l K + L I  DOES NOT EXCEED 49, AND CAN HANDLE SLIGHTLY 
LARGER PROBLEMS WITH A B I T  MORE TROUBLE. 

USER MUST MODIFY SUBROUT1,NE 'TRNX' SO THAT AN ENLARGED OBSERVATION 
VECTOR I S  DEFINED WITH l G + 1 )  SETS OF l K + 1 )  INOEPENDENT VARIABLES AND 
WITH ONE OR MORE DEPENDENT VARIABLES. THE I K I  ACTUAL INDEPENDENT - - -  

VARIABLES ARE PLACED IN THE FIRST-IKI ELEMENTS, WHILE UNITY IS PLACED 
I N  THE l K + 1 ) T H  ELEMENT. T H I S  SAME SET OF l K + l )  VARIABLES I S  ALSO 
PLACED I N  THE SUBSEQUENT SET OF ELEMENTS WHOSE ORDINAL I S  ONE GREATER 
THAN THAT FOR THE GROUP. ALL  OTHER INDEPENDENT VARIABLES MUST BE 
EQUATED TO ZERO. 

THREE REGRESSIONS MUST NOW BE S P E C I F I E D  TO OBTAIN ALL  NFFnEO OATA. ~~ - ~ -  ~~~ -~ --. ~ - -  - -  - ~~ ~. 
ALTHOUGH THEY ARE NOMINALLY SPECIF IED TO PASS THROUGH THE ORIGIN. THE 
CONSTANT DUMMY FORCES THEM TO PASS THROUGH THE MEAN. THE SAME MAXIMUM 
MATRIX SERVES ALL  3. THE F IRST.  CALLED A l .  REPRESENTS UNGROUPED DATA. 
THE SECOND* CALLED 81, ALLOWS DIFFERENT INTERCEPTS FOR EACH GROUP BUT 
REQUIRES POOLED SLOPES- THE THIRD ALLOWS EACH GROUP TO HAVE I T S  OWN 
REGRESSION. 

THE THIRD CONTROL CARDS FOR THESE REGRESSIONS WOULD APPEAR AS 
FOLLOWS WHERE THERE WERE 6 GROUPS WITH 3 INOEPENDENT AND 2 DEPENDENT 
VARIABLES, AS I N  THE LAST EXAMPLE OF INPUT I N  APPENDIX B ----- 

A L - s  CARD ===XXXX YY= 
8 1 ' 5  CARD ===XXX X X X X X XYY= 
~ 1 ' s  CARD === X X X X X X X X X X X X X X X X X X X X X X X X Y Y =  

FROM THE 3 OUTPUTS THUS SECURED, THE DEGREES OF FREEDOM I O F S )  AN0 
SUMS OF SQUARES ( S S I  ATTRIBUTA8LE TO REGRESSION I R )  AND TO ERROR ( € 1  
CAN BE OBTAINEDt ALONG WITH THE MEAN SQUARED RESIDUALS IMSQR) OR 
ERROR VARIANCES. NEXT ( A L E  MINUS B l E )  AND I B 1 E  MINUS C l E I  ARE 
COMPUTED BY HAND, BOTH FOR OFS AND FOR SS- LASTLY, CORRECTION TERMS 
MUST BE SUBTRACTED FROM B1R (BOTH OFS AND SSI. THE APPROPRIATE 
SUBTRACTION I N  THE CASE OF B1R DFS I S  U N I T Y *  WHILE I N  THE CASE OF 
B1R SSI I T  I S  ISQUARED MEAN YI*INUMBER OF OBSERVATIONS). 
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AN ANALYSIS OF COVARIANCE USUALLY DETERMINES THE FOLLOWING 
(DEGREES OF FREEDOM FOR ' F '  CAN BE INFERRED FROM SS OR MSQRI -- 

F = (CORRECTED B1R S S I / l  I B l E  MSQRI*ICORRECTED B1R OFS1 I 
FOR S I G N I F I C A N C E  OF POOLED REGRESSION COEFFICIENTS 

F = l B 1 E  SS MINUS C1E S S ) / l l C l E  M S Q R I * I B l E  OFS MINUS C1E D F S ) )  
FOR SIGNIF ICANCE OF DIFFERENCES AMONG SLOPES OF 
I N D I V I D U A L  GROUP REGRESSIONS 

F = l A l E  SS MINUS B1E S S I / l I B l E  M S Q R I * I A l E  OFS MINUS B1E 0 F S ) I  
FOR S I G N I F I C A N C E  OF DIFFERENCES AMONG GROUP INTERCEPTS 
WHEN SLOPES ARE POOLED (TEST OF DIFFERENCES AMONG 
ADJUSTED MEANS1 

GENERALLY* THERE I S  L I T T L E  USE I N  CONDUCTING THE SECOND AN0 THIRD 
TESTS UNLESS THE F I R S T  SHOWS SIGNIFICANCE. S IMILARLY,  THE THIRD TEST 
I S  USUALLY OMITTED EXCEPT WHERE A S I G N I F I C A N T  F I R S T  TEST AND A 
NONSIGNIFICANT SECOND TEST HAVE OCCURRED. 

POOLED SLOPE COEFFICIENTS AND I N D I V I D U A L  GROUP INTERCEPTS MAY BE 
READ DIRECTLY FROM THE OUTPUT OF REGRESSION B1. WHILE I N D I V I D U A L  
GROUP REGRESSION SLOPES AND INTERCEPTS OCCUR I N  SETS OF l K + 1 )  E N T I T I E S  
I N  THE OUTPUT OF REGRESSION C1. THE VARIANCES OF THESE COEFFICIENTS .~ - - -  - - ~ - -  - -  - ~ - ~ ~ .-.- 
ARE DERIVED FROM THE POOLED SUN OF SQUARED RESIDUALS FROM INDIVIDUAL 
REGRESSIONS RATHER THAN FROM SUM FOR JUST THE PARTICULAR GROUP, BUT 
OTHERWISE HAVE V A L I D I T Y .  THE OUTPUT OF MEANS AND VARIANCES FOR C 1  
REQUIRES SOME DECODING TO PLACE THEM ON AN I N D I V I D U A L  GROUP BASIS, 
BUT COMPUTATIONS ARE SIMPLE AN0 OBVIOUS. 

AN ANALOGOUS PROCEDURE CAN BE FOLLOWED WITH ORTHOGONAL DUMMY ~~. ~~~ ----.- - - - - -  - ~ - -  - - - -  ~~ 

VARIABLES SECURED FROM DELURY'S TABLES l * Z )  I F  ALL 3 REGRESSIONS ARE 
S P E C I F I E D  TO PASS THROUGH THE MEAN INSTEAD OF THE ORIGIN. HOWEVERt 
EACH GROUP MUST BE CHARACTERIZED BY IG-11  DUMMIES AND THEIR SUITABLY 
LOCATED CROSSPRODUCTS WITH THE I K )  REAL VARIABLES, INSTEAD OF SIMPLY 
BY THE LOCATION OF A SECOND SET OF THE REAL VARIABLES AND UNITY. 
THESE DUMMIES MUST BE D I V I D E D  BY GROUP S I Z E  UNLESS ALL GROUPS CONTAIN 
THE SAME NUMBER OF OBSERVATIONS. ALTHOUGH NO CORRECTION I S  NEEDED ~- - - .. - - - ~ -  ~ ~- -.. ~- .. 
FOR THE SECOND REGRESSION IAOI 801  CO WILL BE USED TO D I S T I N G U I S H  
REGRESSIONS THROUGH THE MEAN HAVING ORTHOGONAL DUMMY VARIABLESI r  EACH 
GROUP INTERCEPT AND I N D I V I D U A L  GROUP COEFFICIENT MUST BE CALCULATED - - -  

AS THE SEPARATE SUM OF ( G I  QUANTITIESv IG-1 )  OF WHICH ARE SECURED AS 
THE PRODUCT OF A DUMMY COEFFICIENT M U L T I P L I E D  BY A DUHMY VARIABLE 
APPROPRIATE TO THAT PARTICULAR GROUP. PROBLEMS WHERE I G * I K + l I - 1 1  
DOES NOT EXCEED 49 CAN BE SIMPLY HANDLED BY T H I S  TECHNIOIIF. I ARGFR - - - -  .--- ~~ - ~ - -  - -  - ~~~ ---. .~ ~ 

PROBLEMS W I L L  REQUIRE GETTING THE CO OR C I  REGRESSION COMPONENTS FROM 
SUMMING QUANTIT IES SECURED BY SEPARATING DATA INTO GROUPS AND F I T T I N G  
EACH GROUP REGRESSION INDIV IDUALLY.  EXAMPLES AORX. BORX. CORX I N  
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THE SIMPLER COVARIANCE PROCEDURE (USING UNITY AS A DunnY VARIABLE 
W I T H  THE SANE RAW INPUT DATA) I S  ILLUSTRATED BY EXAMPLES AlRX. B l R X *  
C l R K  I N  APPENDIX 8. FORMAL REQUIREMENT THAT THE REGRESSIONS PASS 
THROUGH O R I G I N  I S  EFFECTIVELY CANCELLED BY USE OF U N I T Y  AS A DUMMY 
VARIABLE. 

I T  CAN BE SEEN THAT THERE ARE 6 GROUPS* EACH CONTAINING 5 ' S E T S  OF 
OBSERVATIONS. ALTERATIONS TO 'TRNX' SHOW THAT THE GROUP CODE I S  READ 
AS RAW VARIABLE 0121. AND THAT RAW VARIABLES D(3) .  D ( 6 ) r  D( 10) SERVE 
AS F I N A L  VARlABLES X f l l r  X121v X l 3 ) r  WITH X I 4 1  ALWAYS BEING UNITY. 
AOOITIONALLYI EXACTLY THE SAME SET OF VARIABLES I S  STORED I N  A 
SEQUENCE OF 4 X'S APPROPRIATE TO THE OBSERVED GROUP CODE- THE OTHER 
SUPERFLUOUS GROUPS OF 4 X'S ARE SET TO ZERO. WHILE THE 2 DEPENDENT 
VARIABLES ORIGINALLY READ AS 0 1 1 1 1  AND 0 1 1 2 1  ARE UOVED TO X ( 2 9 1  AND 
X 1 3 0 )  AT THE END OF THE 7 SEQUENCES OF 4 X'S RESERVED FOR THE POOLED 
REGRESSION AND 6 I N D I V I D U A L  GROUP REGRESSIONS- FROM THE SUBSEQUENT 
OUTPUT THAT REX PROOUCESI QUANTITIES APPEARING I N  THE MULTIPLE 
COVARIANCE ANALYSIS BELOW ARE E A S I L Y  OBTAINED. 

SOURCE DFS 29Y SS 30Y SS 29Y MSQR 3 0 Y  NSQR --- -- ---- -------- 
A1E 2 6  2187.50 1173.59 
B 1E 2 1  28.80 731.73 1.371 34.84 
C1E 6 21.94 71.64 3.657 11.94 ---- 
B l R ( + I  9 9426.20 4074.27 

(UNCORRECTED L I N E  ABOVE NEEDS CORRECTION TERMS BELOW) 
CORR- 1-1 

------===-- 
1 7207.50 3456.13 

_I__ ............................... 

BIR=BlRI+l-CORR. 8 2218.70 618.14 
A 0  = A1E-B1E 5 2158.70 441.87 
BC = B1E-CIE 1 5  6 - 8 6  660.09 
......................................... 

TO TEST S IGNIF ICANCE OF DIFFERENCES OF POOLED REGRESSION 
COEFFICIENTS FROM ZERO -- 

F = ( B l R  S S I / l ( B l R  D F S I * I B l E  MSQRl)=202.2+* FOR 29Y. 
= 2.22 FOR 30Y. 

OFS= 8 / 2 1  

TO TEST S I G N I F I C A N C E  OF DIFFERENCES OF I N D I V I D U A L  GROUP REGRESSION 
COEFFICIENTS FROM POOLED REGRESSION COEFFICIENTS -- 

F =  I B C  S S I I I L B C  D F S I * ( C l E  N S Q R I I =  -13 FOR 29Y. 
= 3.69 FOR 30Y. 

OFS=15/6 

TO TEST S I G N I F I C A N C E  OF DIFFERENCES AMONG I N D I V I D U A L  GROUP WEANS 
ADJUSTED B Y  POOLED REGRESSION COEFFICIENTS ( INTERCEPT DIFFERENCES] -- 

F= t A B  S S ) / ( I A B  D F S I * ( B l E  USQRbl=314.8** FOR 29Y. 
= 2.54 FOR 30Y. 

OFS= 5 / 2 1  
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---------------- ---------------- BACKGROUND AN0 DEVELOPMENT OF SYSTEM ================ 

PROGRAM LOGIC I S  B R I E F L Y  AS FOLLOWS- 'REX' I S  THE EXECUTIVE 
ROUTINE (OR ZERO L I N K  I N  THE OVERLAY STRUCTURE) THAT CONTROLS ALL  
OTHER SUBROUTINES. 'PALM' INTERPRETS CONTROL CARDS 2 AN0 3. THEN 
'WATX' WITH 'TRNX' HANDLE OATA INPUT. TRANSFORMATIONSr CORRECTIONS TO 
CURRENT OR EARLIER DATA INPUT, AND WHATEVER PUNCHEWCARD OUTPUT ThE 
USER MAY HAVE SPECIF IED.  THEN, DEPENDING ON USER'S CHOICE OF MAJOR 
PROCESSING OPTIONS, CONTROL PASSES EITHER TO 'SKRN'r TO 'SKRN' 
FOLLOWED BY 'CBXR'. TO 'CBXR* ALONE, OR TO SOME USER-SUPPLIEO SET OF 
SUBROUTINES WHICH MAY INCLUDE 'SKRN' AND/OR 'CBXR'. F I N A L L Y *  CONTROL 
RETURNS TO *REXg FOR STARTING ON THE NEXT PROBLEM I N  THE STACK. 

THE BROAD OUTLINE FOR 'REX1 HAS CONCEIVED BY THE AUTHOR AS A 
RESULT OF H I S  EXPERIENCE I N  DESIGNING AND USING A GROUP OF REGRESSION 
PROGRAMS FOR THE I B M  7 0 4  I N  THE PERIOD 1957-60. THE F I R S T  OF WHICh 
WAS DESIGNATED GZ-TV-REM (SHARE D I S T R I B U T I O N  AGENCY NUMBER 822 1- T H I S  
WAS THE F I R S T  COMBINATORIAL APPROACH TO REGRESSION SCREENING. MADE 
POSSIBLE BY THE REVOLUTIONARY SPEEDS OF NEW ELECTRONIC COMPUTERS 
SREMO WAS SOON SUPPLEMENTED BY 'REA' FOR MATRIX I N P U T p  'XXR' FOR 
ACCUMULATION OF LARGER CORRELATION MATRICES. AN0 'CBY' AND 'CBZ' FOR 
F I T T I N G  PARTICULAR REGRESSIONS BY THE M O D I F I E D  FISHER-OOOLITTLE 
METHOD. 

I N  CONTRAST TO THE COMBINATORIAL APPROACH WHICH EXPLORES ALL  
POSSIBLE L I N E A R  COMBINATIONS OF VARIABLES W I T H I N  CERTAIN CONSTRAINTS 
IMPOSED TO KEEP THE DIMENSIONS OF THE PROBLEM W I T H I N  COMPUTABLE 
L I M I T S .  THE MORE WIDELY KNOWN STEPWISE APPROACH ADDS OR DELETES ONE 
VARIABLE AT A T IME TO SOME PREVIOUSLY SELECTED GROUP OF VARIABLES. . . - - -  
UNFORTUNATELY, T H I S  PROCESS I S  NOT CAPABLE OF F I N D I N G  THE COMBINATION 
OF INDEPENDENT VARIABLES THAT BEST EXPLAINS THE V A R I A T I O N  OF THE 
DEPENDENT VARIABLE (EXCEPT I N  THE T R I V I A L  CASE I N V O L V I N G  NO MORE THAN 
2 V A R I A B L E S I 1  AND MOST TESTS OF S IGNIF ICANCE A P P L I E D  TO REJECTION OR 
ACCEPTANCE OF VARIABLES FOR A GIVEN STEP ARE INVALID .  

I T  WAS THE AUTHOR'S D ISSATISFACTION WITH THE MORE POPULAR STEPWISE 
PROCEDURE WHICH CAUSED H I M  TO EXPLORE THE COMBINATORIAL APPROACH. 
HE EARLY DISCOVERED THAT SUMS OF SQUARES OR MULTIPLE CORRELATION 
COEFFICIENTS WERE NOT GOOD C R I T E R I A  FOR DETERMINING THE 'BEST' 
RFGRFSSION FOR A PARTICULAR SET OF OBSERVATIONS. BECAUSE THEY - .. . - ~~~~ - - -  - - -  

INCREASED OR DECREASED MONOTONICALLY AS T H E ~ N U M ~ E R  OF VARIABLES 
INCREASED. HOWEVERI THE MEAN SQUARED RESIDUAL (OR VARIANCE OF THE 
REGRESSION ESTIMATE1 I S  NOT A MONOTONIC FUNCTION. BUT FLUCTUATES I N  -~ - - - -  - ~ ~ 

AN UNPREDICTABLE MANNER DEPENDING ON BOTH SUMS OF SQUARES AND DEGREES 
OF FREEDOM. I T  I S  A F I G U R E  OF MERIT WHOSE MINIMUM FLAGS A 'BEST BET'. 

THE F I R S T  EXAMPLE I N  APPENOIX B ( ' A B S T ' I  HAS OUTPUT FROM MAJOR 
OPT lON 1 SHOWN I N  APPENDIX C* &NO ILLUSTRATES A S I T U A T I O N  UHERE 
THE COMBINATORIAL APPROACH SUCCEEDS I N  F I N D I N G  THE 'BEST' REGRESSION 
( I N V O L V I N G  VARIABLES 5 .  6 9  71.  
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STARTING WITH EXACTLY THE SAME DATA. NEITHER THE ASCENDING NOR THE 
DESCENDING STEPWISE REGRESSION ANALYSIS CAN REACH THE CORRECT ANSWER, 
SINCE THEIR SELECTION OF PATHS I S  IRREVOCABLY L I M I T E D  BY I N I T I A L  
INCLUSION OF VARIABLES 1 AN0 2 OR BY I N I T I A L  DELETION OF VARIABLES 5 ,  

ALTHOUGH NO ONE CAN SAY WITH ASSURANCE THAT ANY VARIANCE I S  
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 OF SOME SUCH MODERATE L I M I T  TO KEEP THE 
PROBLEM W I T H I N  C A P A B I L I T I E S  OF THE PROGRAM USUALLY W I L L  NOT CHANGE 
THE OUTCOME. 

THE PRESENT PROGRAM REFLECTS THE FOREGOING AS WELL AS A NUMBER OF - - ~  - - - - . - -  ~- ~- . ~ 

ADDITIONAL IMPROVEMENTS STEMMING FROM THE AUTHOR'S EXPERIENCE. THERE 
ARE SEVERAL MAJOR IMPROVEMENTS FOR WHICH OTHERS SHOULD BE CREOITEDI 
HOWEVER. 

FURNIVAL l * 3 1  REALIZED THAT RESIOUALS FROM REGRESSION COULO BE 
COMPUTED BY DETERMINANTS (METHOD OF SINGLE O I V I S I O N I  MUCH MORE E A S I L Y  
THAN BY THE USUAL METHOD INVOLVING MATRIX INVERSION* I F  OTHER 
REGRESSION S T A T I S T I C S  WERE SACRIFICED. T H I S  MADE THE COEFFICIENT OF 
COLLINEARITY CHEAPLY A V A I L A B L E  AS A BYPROOUCT. HE ALSO DEVISED AN 
INGENIOUS COMPUTATIONAL SEQUENCE TO M I N I M I Z E  OETERMINANTAL ARITHMETIC. - -  - - -. 
AND RECOGNIZED T H A T  S E T  ANO GROUP CONSTRAINTS MIGHT BE USEFUL TOOLS 
FOR AEEPING PROBLEM DIMENSIONS WITHIN REASONABLE BOUNDS. THESE 
IMPROVEMENTS HAVE BEEN EUBOOIEO I N  SUBROJTINE 'SKRN'. 

THE AUTHOR ORIGINALLY FELT THAT ACCUMULATION OF THE MATRIX OF 
SUMS OF SQUARES AN0 CROSSPRODUCTS FROM OBSERVATION VECTORS COULO BE 
MOST ACCURATELY AND E F F I C I E N T L Y  ACHIEVED BY INTEGER ARITHMETIC WITH 
MULTIPLE PRECISIONt  AS HE D I D  I N  'XXR'. ROOOEN 1*71 LATER SUPPORTED 
T H I S  VIEWI BUT THE AUTHOR OECIOEO AGAINST I T  I N  'REX' BECAUSE ASSEMBLY 
LANGUAGE WOULO BE REQUIRE0 I N  AN OTHERWISE ALL-FORTRAN PROGRAM. 

WELFORO'S TECHNIQUE 1 * 9 1  INVOLVING USE OF SINGLE-PRECISIONv 
FLOATING-POINT1 PROGRESSIVE AVERAGES WAS EMPLOYED I N I T I A L L Y I  BUT I T S  
NOTICEABLE INACCURACY ON SMALL TEST PROBLEMS WAS A DISAPPOINTMENT. 
NEELY l * 6 1  LATER DOCUMENTED S I M I L A R  EXPERIENCE. 

FINALLY,  THE STRAIGHTFORWARD USE OF A SINGLE PASS WITH OOUBLE- 
PRECISION FLOATING-POINT ARITHMETIC SEEMEO PREFERABLE TO THE USE OF 
TWO PASSES WITH SINGLE-PRECISION FLOATING-POINT ARITHMETIC ( F I R S T  
PASS TO COMPUTE MEANS, SECOND PASS TO CODE DEVIATIONS AN0 FORM 
CROSSPROOUCTSI. HENCE. FORMATION OF MATRIX AN0 I T S  SUBSEOUENT - -.-- 
CORRECTION FOR MEANS (IF S P E C I F I E D )  ARE PERFORMED WITH OOUBLE- 
PRECISIONI BUT THE F I N A L  MATRIX I S  STORED WITH SINGLE-PRECISION- 
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RECENT I M P R O V E M E N T S  I N  HIGH-SPEED COMPUTERS H A V E  MADE T H E  SQUARE- 
ROOT METHOD O F  M A T R I X  I N V E R S I O N  MUCH MORE A T T R A C T I V E  T H A N  T H E  M O D I F I E D  
J O R D A N  E L I M I N A T I O N  METHOO FOR S Y M M E T R I C  M A T R I C E S ,  E S P E C I A L L Y  I F  THEY 
H A P P E N  TO B E  I L L - C O N D I T I O N E D .  BODEWIG l * l 1  P O I N T S  T H I S  OUTt  ALTHOUGH 
DWYER AND OTHERS S U R M I S E D  T H E  SAME T H I N G  P R I O R  TO T H E  A V A I L A B I L I T Y  O F  
MODERN COMPUTERS. C O N S E Q U E N T L Y *  T H E  AUTHOR WROTE A D O U B L E - P R E C I S I O N  
FORTRAK-4 M A T R I X  I N V E R T E R  FOR 'REX '  T H A T  U S E S  THE SQUARE-ROOT METHOO. 

THUS, R E X  EMPLOYS D O U B L E - P R E C I S I O N  A R I T H M E T I C  FOR A C C U M U L A T I O N  
AND C O R R E C T I O N  O F  MOMENT M A T R I X ,  FOR M A T R I X  I N V E R S I O N  B Y  THE S U P E R I O R  
SQUARE-ROOT METHODt AND FOR C O M P U T A T I O N  O F  MOST O F  THE I M P O R T A N T  
R E G R E S S I O N  S T A T I S T I C S .  H E N C E *  'REX '  R E T A I N S  MORE S I G N I F I C A N T  D I G I T S  
T H A N  DO LEAST-SQUARES PROGRAMS T E S T E D  B Y  LONGLEY 1 * 5 1 9  W H I C H  EMPLOYED 
S I N G L E - P R E C I S I O N  A R I T H M E T I C  AND L E S S  ACCURATE I N V E R S I O N  METHODS. 

R E G R E S S I O N  S T A T I S T I C S  FOR 'REX '  ARE COMPUTED B Y  T H E  M O D l F l E D  
F I S H E R - D O O L I T T L E  HETHOO D E S C R I B E D  I N  1 * 8 ) .  HOWEVER. S T A N D A R D I Z E D  
R E G R E S S I O N  C O E F F I C I E N T S  ARE NOT C A L C U L A T E D  U N L E S S  REQUESTED. C O O I N G  
O F  M A T R I X  E L E M E N T S  P R I O R  T O  M A T R I X  I N V E R S I O N  I S  ALWAYS B Y  D I V I S I O N  
B Y  SQUARE-ROOT O F  PRODUCT O F  D I A G O N A L  E L E M E N T S  W I T H  S U B S C R I P T S  
I N V O L V E O I  SO T H E  M A T R I X  DOES NOT BECOME A TRUE C O R R E L A T I O N  M A T R I X  
EXCEPT WHERE R E G R E S S I O N  THROUGH MEAN HAS B E E N  S P E C I F I E O .  RSQUARED 
T H E R E F O R E t  I S  MERELY T H E  R A T I O  O F  TWO SUMS O F  SQUARES WHEN R E G R E S S I O N  
THROUGH O R I G I N  HAS B E E N  S P E C I F I E D .  THE M A I N  ARGUMENT I N  FAVOR O F  SUCH 
C O D I N G  I S  T H A T  I T  I M P R O V E S  M A T R I X  C O N D I T I O N .  

T H E  AUTHOR C O N S I D E R E D  U S I N G  H I S  C O M B I N A T O R I A L  GENERATOR D E V E L O P E D  
FOR A N A L Y S I S  OF V A R I A N C E  PROGRAM G4-BC-ANV ( S H A R E  D I S T R I B U T I O N  AGENCY 
NUMBER 3337). W H I C H - C O U L D  H A V E  H A N D L E D  A N  U N L I M I T E D  NUMBER O F  GROUPS 
C O M B I N A T O R I A L L Y  WITHOUT ANY P R A C T I C A L  STORAGE L I M I T A T I O N 1  B U T  M A T R I X  
O P E R A T I O N S  A F T E R  E A C H  G E N E R A T I O N  WOULD S T A R T  ANEW. W H I C H  I N V O L V E D  
A C O N S I D E R A B L E  E X T R A  E X P E N D I T U R E  O F  T I M E t  SO T H E  I D E A  WAS D I S C A R D E D .  
PERSONS I N T E R E S T E D  I N  M A S S I V E  C O M B I N A T O R I A L  A N A L Y S E S  M I G H T  S T I L L  W I S H  
TO EMPLOY T H I S  A L T E R N A T I V E  B Y  M O D I F Y I N G  T H E  P R E S E N T  V E R S I O N  O F  'SKRN'.  

I N  V I E W  O F  T H E  R E L I A B I L I T Y  O F  T H I R D - G E N E R A T I O N  S O L I D - S T A T E  
C O H P U T E R S V  T H E  E L A B O R A T E  SUM AND PRODUCT CHECKS O F  ' R E M g r  'XXR' .  
'CBY' .  AND ' C B Z '  H A V E  B E E N  DISCARDED.  NO CHECKS A T  A L L  H A V E  B E E N  
P R O V I D E D  FOR T H E  S I M P L E  S C R E E N I N G  O P T I O N  [ M A J O R  P R O C E S S I N G  
A L T E R N A T I V E  01 .  B U T  MOST M A C H I N E  ERRORS WOULD C A U S E  OUTPUT F I E L D  - - ~ ~ . ~ ~ - -  ~ - ~ -  - -  - 

OVERFLOW F L A G G E D  BY MONITOR. MAJOR P H O C E S S I N G  A L T E R N A T I V E  1 H A S  RMSQR 
O F  B E S T  R E G R E S S I O N S  COMPUTED B Y  2 I N D E P E N D E N T  PROCEOJRES. MAJOR 
P R O C E S S I N G  A L T E R N A T I V E S  1 AND 2 I W I T H  P R E O I C T I O N S I  H A V E  SUM OF 
SQUARED R E S I D U A L S  COMPUTED BY 2 I N D E P E N D E N T  PROCEDURES1 AND I F  
R E G R E S S I O N  I S  THROUGH MEAN*  T H E  SUM O F  R E S I D U A L S  S H O U L D  A P P R O X I M A T E  
Z E R O  FOR AN A D O I T I O N A L  CHECK. 

D Y N A M I C  M O D I F I C A T I O N  O F  FORMATS STORED A S  B C D  ARRAYS SAVES S P A C E  
AND HAS B E E N  U S E D  F R E E L Y *  ALTHOUGH THE AUTHOR A T T E M P T E D  TO M A I N T A I N  
C O M P A T I B I L I T Y  BETWEEN M A C H I N E S  I N C A P A B L E  O F  H A N D L I N G  FORMATS B I G G E R  
T H A N  A 4  l I B M  3 6 0 1  COC 3 5 0 0 )  AND THOSE C A P A B L E  O F  H A N D L I N G  A 6  ( S U C H  AS 
T H E  I B M  7040--7044. 7 0 9 0 - 7 0 9 4 .  COC 6400-6600). 
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- - - - - - - - - - - - - - - - - - - - - - - - A I D S  F O R  U S E R S  M O D I F Y I N G  OR E X P A N D I N G  S Y S T E M  ============ 

'REX '  H A S  B E E N  D E S I G N E D  AS AN OPEN-ENDED SYSTEM RATHER T H A N  AS A 
S I N G L E  PROGRAM. HENCE, USERS W I S H I N G  T O  E X P A N D  I T  C A N  C A L L  ON OTHER 
MAJOR P R O C E S S I N G  O P T I O N S  O F  T H E I R  OHN. T H I S  WOULD M E R E L Y  I N V O L V E  
P U N C H I N G  A N  A P P R O P R I A T E  I N T E G E R  (FROM 3 THROUGH 9 1  I N  COLUMN 67 OF 
O F  T H E I R  SECOND CONTRUL C A R 0  AND R E P L A C I N G  C O R R E S P O N D I N G  FORTRAN 
S T A T E M E N T  NUMBERED 300 THROUGH 900 I N  ' H E X '  B Y  AN A P P R O P R I A T E  ' C A L L ' .  

W I T H  A L I T T L E  A D D I T I O N A L  PROGRAMMING, SUCH E X P A N S I O N S  C A N  EMPLOY 
'PALM' ,  ' M A T X g r  AND ' T R N X '  FOR I N P U T  P R O C E S S I N G  AND A C C U M U L A T I O N S t  
AND 'CBXR'  FOR I N T E R M E D I A T E  C A L C U L A T I O N S .  L O C A T I O N S  O F  R E S U L T S  
O B T A I N E D  AND P R E S E R V E D  B Y  ' C B X R '  ARE G I V E N  BELOW. 

E L E M E N T S  OF THE MOMENT M A T R I X  I N V E R S E  ( A U G M E N T E D  B Y  C 1 I . U )  WHERE 
A P P R O P R I A T E )  ARE STORED D O U B L E - P R E C I S I O N  I N  U P P E R  T R I A N G L E  O F  A ( 1 . J ) .  
B I I I K ) . T H E  M A T R I X  O F  R E G R E S S I O N  C O E F F I C I F N T S .  I S  S T O R F D  S l N G L F -  ~. . ~ .. -. 
PRECISION I N  V B ( 1 v K I  AND D O U B L E - P R E C I S I O N  I N  B I I . K l t  W I T H  B1U.K) 
F O L L O W I N G  T H E  L A S T  R E A L  C O E F F I C I E N T  WHERE A P P R O P R I A T E .  V B l 5 1 , K l  
C O N T A I N S  RSQUARED. W H I L E  B ( 5 1 . K I  A N 0  V l 5 1 . K )  E A C H  C O N T A I N  T H E  V A R I A N C F  . -- 
OF THE REGRESSION ESTIMATE. VARIANCES O F ~ T H E ~ R E G R E S S I D N  COEFFICIENTS 
ARE STORED S I N G L E - P R E C I S I O N  I N  V I I I K ) .  

I T  SHOULD B E  N O T E D  T H A T  N E I T H E R  O F  T H F  O n l l R I  F - P R F C f S l n N  A R R d Y Z  .. ~ - -. " 

- A *  AND * a *  r s  IN COMMON STORAGE CURRENTLY. USERS WOULD HAVE TO 
D E C L A R E  THEM AS L A B E L L E D  COMMON I F  THEY A R E  T O  B E  MADE A V A I L A B L E  T O  
TO ANY OTHER S U B R O U T I N E  T H A N  'CBXR'  I N  T H E  SAME L I N K  AS * C B X R g .  

M N C I K )  C O N T A I N S  T H E  NUMBER O F  I N D E P E N D E N T  V A R I A B L E S  I N V O L V E D f  AND 
S U B S C R I P T S  O F  BOTH I N D E P E N D E N T  AND DEPENDENT V A R I A B L E S  A R E  STORED 1 N  
K X I I  lr H I K v l I  C O N T A I N S  R S Q U A R E D ?  H I K p 2 )  C O N T A I N S  I l - R S Q U A R E D ) r  A N 0  
H l K . 3 1  C O N T A I N S  T O T A L  SUM O F  SQUARED D E V I A T I O N S  ABOUT MEAN Y O R  ABOUT 
O R I G I N I  A L L  S I N G L E - P R E C I S I O N -  U I K I  C O N T A I N S  ' R M S Q R g r  T H E  S I N G L E -  
P R E C I S I O N  V A R I A N C E  O F  R E G R E S S I O N  E S T I M A T E  R E L A T I V E  TO V A R I A N C E  ABOUT 
MEAN. 
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l o l l  BODEWIG, E. 1 9 5 9 .  M A T R I X  CALCULUS.  I N T E R S C I .  PU8L. r  INC.. 
NEW YORK C I T Y .  2NO. ED.. R E V -  4 5 2  PP. 

1 0 2 1  OELURY,  0.0. 1 9 5 0 .  V A L U E S  A N 0  I N T E G R A L S  OF T H E  ORTHOGONAL 
P O L Y N O M I A L S  U P  T O  N = 2 6 .  U N I V .  O F  TORONTO PRESS. TORONTO. 
33 PP. 

I t 3 1  F U R N I V A L ,  G.M. 1 9 6 5 .  MORE ON THE E L U S I V E  FORMULA OF B E S T  F I T .  
P R O C E E D I N G S  SOC. AMER. FORESTERS M E E T I N G  SEPT. 27-OCT. 1, 
1964, DENVER, COL. WASHINGTONv 0.' C. 1, PP. 2 0 L - 2 0 7 .  

( 0 4 1  GROSENBAUGH. L.R. 1 9 5 8 -  THE E L U S I V E  FORMULA OF B E S T  F I T  -- 
A C O M P R E H E N S I V E  NEW M A C H I N E  PROGRAM. U. S. F O R E S T  SERV. 
SOUTH. FOREST EXPT. STA. OCCAS. P A P E R  1 5 8 ,  NEW ORLEANS. LA. 
9 PP. 

1 0 5 1  LONGLEY,  J. W. 1 9 6 7 .  AN A P P R A I S A L  OF L E A S T  SQUARES PROGRAMS 
FOR THE E L E C T R O N I C  COMPUTER FROM T H E  P O I N T  O F  V I E W  O F  T H E  
USER. JOUR. AHER-  S T A T I S .  ASSOC. 621 PP. 8 1 9 - 8 2 9 .  

I 0 6 1  N E E L Y ,  P. M. 1966. C O M P A R I S O N  OF S E V E R A L  A L G O R I T H M S  F O R  
C O M P U T A T I O N  OF MEANS*  STANDARD D E V I A T I O N S  A N 0  C O R R E L A T I O N  
C O E F F I C I E N T S .  C O M M U N I C A T I O N S  OF T H E  ACM 9, PP. 496-499. 

( 0 7 1  ROODENI 0. E. 1967. ERROR-FREE METHODS FOR S T A T I S T I C A L  
C O M P U T A T I O N S .  C O M M U N I C A T I O N S  OF T H E  ACM 101 PP. 1 7 9 - 1 8 0 .  

( * 8 1  WALKER. H. M.. AND J. LEV. 1 9 5 3 .  S T A T I S T I C A L  I N F E R E N C E -  
HENRY H O L T  AND CO., NEW YORK C I T Y .  5 1 0  PP. 

I t 9 1  WELFORO. 8. P. 1 9 6 2 .  NOTES ON A METHOO F O R  C A L C U L A T I N G  
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ARRANGEMENT OF PROGRAM DECKS FOR I N P U T  W I T H  APPROPRIATE OVERLAY CONTROL CARDS 
FOR USE ON I B M  7 0 9 0 - 7 0 9 4  UNDER I B S Y S  

$JOB xx  5 ,  150vBOO 
$ I B J O B  REX MAP 
S I B F T C  TRNXHH OECK 
S I B M A P  BUFK OECK 
S I B M A P  U N 0 4  DECK 
S I B M A P  UNOB OECK 
S I B F T C  REX DECK 
S l B F T C  BLRM DECK 

DATA M R E l  5/.MPR/ 6/.MPU/ 7 / r J W /  4 / 1 J X /  8 / r M E O F / O /  
(ASSIGNMENTS APPROPRIATE TO I N S T A L L A T I O N  1/0 CONFIGURATION)  

S O R I G I N  ABLE  . -.. 
S I B F T C  PALHHH OECK 
S I B F T C  HATXHH DECK 
S O R I G I N  ABLEIREW 
S I B F T C  SKRNHH DECK 
$ O R I G I N  ABLEtREW 
S I B F T C  CBXRHH OECK 
SENTRY REX 
$ o A r A  

(FOLLOWED BY APPROPRIATE DATA DECK1 
$EOF 

TRNX 
BUFK 
UND4  
UNOB 
REX 
BLRM 
BLRM 

PALM 
HATX 

S  KRN 

CBXR 
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ARRANGEMENT O F  PROGRAM DECKS FOR I N P U T  W I T H  A P P R O P R I A T E  C H A I N  CONTROL CARDS 
A N 0  CHANGES FOR U S E  O N  I B M  7 0 4 0 - 7 0 4 4  UNDER I B S Y S  ......................................................................... ......................................................................... 

$ J O B  T  5 9 2 0 2 6  G R O S E N B A U G l t B  1 8  ZOREXSKN 
$*SCRATCH L 2  AND L 3  
$OPEN S . S U O Z = I O ~ . S . S U ~ ~ = I O ~  
$ [ & J O B  R E X  M A P  
SCHAIN R E X  U 0 4  - ~ .  
SNAME SJXI T=S. JXIT 
L I B F T C  TRNXHH DECK 
I I B M A P  B U F K  DECK 
I I B F T C  BLRM DECK 

D A T A  M R E l  S / V M P R /  6 / r M P U /  7 / r J U /  2 / 1 J X /  3 / r M E O F / O /  
( A S S I G N M E N T S  A P P R O P R I A T E  T O  I N S T A L L A T I O N  110 C O N F I G U R A T I O N )  

S I B F T C  R E X  DECK 
C A L L  C H A I N (  1) 
C A L L  C H A I N (  1 )  
C A L L  C H A I N I Z )  

2 0 0  C A L L  C H A I N 1 1 1  
2 5 0  C A L L  C H A I N ( 3 )  

1 0 0 0  C A L L  S J X I T  
$ENTRY R E X  

i 1 S L I N K  L I N K 1  
I I B F T C  PALMHH OECK 

2  6 

TRNX 0 
B U F K  0 
B L R M  0 
B L R M  44 

R E X  0 
R E X  67 
R F X  70 . . 
R E X  7 5  
R E X  8 3  
R E X  8 5  

. . . - . . - 
C  S U B R O U T I N E  P A L M  P A L M  1 

2 3 1 l N O N F I X E D )  R E G R E S S I O N S  ( C U R R E N T L Y  MUST NOT EXCEED L P P =  8 2 0 0 / I N Y + l l P A L M  63 
2 0 0  L P P =  8 2 0 0 1 N Y Y  P A L M  2 8 4  

C A L L  C H N X I T  P A L M  3 7 5  
S I B F T C  MATXHH DECK M A T X  0 
SENTRY 
S L I N K  L I N K 2  
S I B F T C  SKRNHH DECK 
C  S U B R O U T I N E  SKRN 

1 A 1  8 2 0 0 ) ~ O R O 1 2 ) ~ R M S l 2 l ~ O F S ~ 2 ~ ~ V O L l 2 ) ~ O E N l 6 )  
C A L L  C H N X I T  

SENTRY 
$ L I N K  L I N K 3  
S I B F T C  C B X R H H  OECK 
C  S U B R O U T I N E  CB,XR 

2 6 1  C A L L  C H N X I T  
SENTRY 
SENDCH 

( F O L L O W E D  B Y  A P P R O P R I A T E  D A T A  D E C K )  
$IBSYS 

SKRN 0 
S K R N  1 
S K R N  11 
S K R N  3 3 7  

C B X R  0 
CBXR 1 
C B X R  3 0 8  
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ARRANGEMENT OF PROGRAM DECKS FOR PART SOURCE AND PART B I N A R Y  I N P U T S  TO 
CDC 6 4 0 0 - 6 6 0 0  UNDER SCOPE 3 - 0  

R U N I S ~ 5 5 0 0 0 ~ ~ ~ ~ ~ 1 2 0 0 0 ~ l r l )  
L O A D I  I N P U T )  
L O A D I L G O )  
L O A D I  I N P U T )  
EXECUTEIREX. 
CDC RECORD SEPARATDR,CARD1 WITH 7 1 8 9 9  PUNCHED I N  COLUMN ONE. 
I I B F T C  TRNXHH OECK (TRANSGENERATION SOURCE PROGRAM S U P P L I E D  BY USER)  TRNX 0 
CDC RECORD SEPARATOR CARD, WITH 7 r 8 r 9  PUNCHED I N  COLUMN ONE. 

(FOLLOWED BY B I N A R Y  DECKS FOR A L L  OF 'REX'  L I N K  1 O 9 0 I  EXCEPT 'TRNX ' )  
COC RECORD SEPARATOR CARD. W I T H  7.8.9 PUNCHED I N  COLUMN ONE- 

(FOLLOWED B Y  BINARY DECKS FOR A L ~  OF ' R E X -  LINKS ~ ~ , o I , I ~ . o I ~ ~ ~ , o ) )  
CDC RECDRD SEPARATOR CARD, W I T H  7 , 8 * 9  PUNCHED I N  CDLUMN ONE. 

IFDLLDWEO B Y  APPROPRIATE DATA OECK) 
COC E N D - O F F I L E  CARDv W I T H  6r7 .819 PUNCHED I N  COLUMN ONE. 
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ARRANGEMENT OF PROGRAM OECKS FOR I N P U T  W I T H  APPROPRIATE CONTROL CAROS 
A N 0  CHANGES FOR USE WITH I B M  3 6 0  UNDER OPERATING SYSTEM 3 6 0  ..................................................................... ..................................................................... 

/ / JYYYYRX JOB lYYYY.50 .50 .1000 )  .GROSENBAUGHHMSGLEVEL=~ 
/ / C L G  EXEC FORTGCLGtPARM.FORT='OECKrLOAD~SOURCErBCOrNAME=REX*.  X I  
/ / P A R M . L K E O = ' X R E F ~ L E T I L I S T I O V L Y ~ I C O N O . G O = ( ~ ~ , L T ~  2 

[ U S E  DECKS OENOTED BY FOLLOWING LABELS*  BUT DELETE A L L  S IBMAP AND S I B F T C  CAROS) 
C REX--REGRESSION E X E C U T I V E  PROGRAM (GROSENBAUGH 05 -01 -671  REX 1 

BLOCK DATA BLRM 1 
DATA MRE/ 5 / r M P R /  6 l r M P U l  7/.JW/ 4 / , J X /  8/.MEOF/O/ BLRM 44 

[ASSIGNMENTS APPROPRIATE TO I N S T A L L A T I O N  1/0 CONFIGURATION AN0 OD CARDS) 
SUBROUTINE TRNX TRNX 1 
SUBROUTINE PALM PALM 1 

2 3 1 I N O N F I X E D l  REGRESSIONS [CURRENTLY MUST NOT EXCEED LPP=  ~ ~ O O / I N Y + ~ ) P A L M  6 3  
2 0 0  L P P =  8 2 0 0 / N Y Y  PALM 2 8 4  

SUBROUTINE MATX MATX 1 
SUBROUTINE SKRN SKRN 1 

1 A l  8 2 O O l ~ O R O ( 2 l r R M S l Z ) ~ O F S l 2 l ~ V O L ~ 2 l ~ O E N ~ 6 )  SKRN 11 
SUBROUTINE CBXR CBXR 1 

/ * 
/ /LKEO.SYSIN OD * 

OVERLAY ABLE 
INSERT PALM#.MATX# 
OVERLAY ABLE 
INSERT SKRN# 
OVERLAY A B L E  
I N S E R T  CBXR# 
ENTRY REX 

/ * 
/ /GO.FT04F001  DO D S N A M E = & T A P E ~ ~ U N ~ T = S Y S S Q ~ S P A C E = I C Y L ~ ~ ~ ~ , ~ ~ ) ~ ~  X 1 
I /  DISP=(NEW.OELETE I 2 
/ /GO.FT08FOOl  DO OSNAME=&TAPEBrUNIT=SYSSQtSPACE=ICYL.  120 .20  I 1, X 1 
/ / OISP=(NEW,DELETE1 2 
//GO.SYSIN 00 * 

[FOLLOWED BY I N P U T  OATA DECK PUNCHED ACCORDING TO EBCDIC  CODE1 
/* 
/ /  

C O N D . G 0 = 1 1 6 ~ L T I  ON EXEC CARD I S  NEEDED ONLY BECAUSE OF B U G  I N  I B M  L I N K E D I T O R .  
I N  THE EVENT THAT 131K-BYTE COMPILER I S  UNABLE TO COMPILE  SUBROUTlNE CRXR. ~~ ~ ~ - - -  -.- 
IT C A N  B E  COMPILED O N - A  LARGER MACHINE AND OBJECT DECK OBTAINED. OBJECT.OECKS 
FOR THE REDUCED VERSION OF REX SHOWN ABOVE WILL RUN ON A 131K-BYTE COMPUTER. 
PARENS AND P L U S  S I G N  MAY NOT P R I N T  PROPERLY UNLESS E B C D I C  SOURCE OECKS ARE USED. 
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EXAMPLES OF INPUT DATA THAT TEST 'REX'  PROCESSING AND OUTPUT OPTIONS 
............................................................................... 
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MODIFICATION TO SUBROUTINE TRNX NEEDED BY TEST PROBLEMS * A B S T *  THROUGH 'HCBW*  
F I T T I N G  S P E C I F I C  R E G R E S S I O N S  AND COMPARING R E L A T I V E  GOODNESS O F  F I T  

( T E S T  PROBLEMS ' A B S T '  THRO 'HCBW' C A N  U S E  SAME V E R S I O N  OF ' T R N X ' )  

* A L T E R  1 8 . 2 1  T R N X  
C K E E P S  V A R I A B L E S  AND SEQUENCE UNCHANGED W I T H  W E I G H T ( 1 F  ANY)  FOLLOWING T R N X  18  

TRNX 19 
T R N X  20 
T R N X  21 
T R N X  
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F I N D  BEST REGRESSION ABST 1 EXAMPLE OF FAILURE OF 
3 0  B= 

Y =  
(BF4.01 

STEPWISE PROCEDURE TO 
100111ABST 2 

ABST 3 
ABST 4 
ABST 5 
0 1  ABST 
0 2  ABST 
0 3  ABST 
0 4  ABST 
0 5  ABST 
0 6  ABST 
0 7  ABST 
0 8  ABST 
0 9  ABST 
1 0  ABST - ~ 

11 ABST 
1 2  ABST 
1 3  ABST 
14 ABST 
1 5  ABST 
1 6  ABST 
I7 ABST - - - 

1 8  ABST 
19 ABST 
2 0  ABST 
2 1  ABST 
2 2  ABST 
2 3  ABST 
2 4  ABST - .  
2 5  ABST 
2 6  ABST 
2 7  ABST 
2 8  ABST 
29 ABST 
3 0  ABST 

DONE 3 1  ABST 
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TV-REM R E G R E S S I O N  T E S T  DATA ( R E V I S E D 1  W I T H  P A R T  - 

30 1 2  1 2 =  
GSG GG Y Y =  
l l 2 F 4 . 0 )  

DONE 

P R O C E S S I N G  BY R E X  AREX 1 

AREX 5 

04 AREX 
0 5  AREX 
06 AREX 
0 7  AREX 
0 8  AREX 
0 9  AREX 
10 AREX 
11 AREX 
1 2  AREX 
1 3  AREX 
14 AREX 
1 5  AREX 
16 AREX 
17 AREX 
18 AREX 
19 AREX 
2 0  AREX 
2 1  AREX ( 
2 2  AREX 
2 3  AREX 
2 4  AREX 
2 5  AREX 
2 6  AREX 
2 7  AREX 
2 8  AREX 
2 9  AREX 
3 0  AREX 
3 1  AREX 
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CORRECTED l T H R O  

PAGE 

UNCORRECTED M A T R I X  I N P U T  U S E 0  
3 0  1 2  

GSG GG GYY 

MEAN) 

0 . 3 3 5 0 0 0 0 0 E  

BREX 
, 2 0 0 0 0 B R E X  

BREX 
BREX 
BREX 
B R E X l  
B R E X l  
B R E X l  
B R E X l  
- - -  

B R E X l  
B R E X l  
B R E X l  
B R E X l  
B R E X l  
B R E X l  
B R E X l  
B R E X l  
B R E X l  
B R E X l  ~ - - 

B R E X l  
B R E X l  
BR EX 1 
B R E X l  
B R E X l  
B R E X l  
B R E X l  
B R E X l  
B R E X l  DONE 
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CORRECTED M A T R I X  I N P U T  U S E 0  CORRECTED W I T H  MAX. ND. S E T S  P U T  
3 0  1 2  5 

Y Y  

AT 5 C R E X  1 
1 4 0 0 0 0 C R E X  2 

C S E X  3 
C R E X  4 
C R E X  5 - - 

CREXO 1 
CREXO 2 
CREXO 3 
CREXO 4 
C R E X O  5 
CREXO 6 
CREXO 7 
CREXO 8 
CREXO 9 
CREXO 10 
CREXO 11 
CREXO 12 
CREXO 1 3  
CREXO 14 
CREKO 1 5  
CREXO 16 
CREXO 17 
CREXO 18 
CREXO 19 
CREXO 2 0  
C R E X O 2 1  j 
CREXO 2 2  
CREXO 23 

DONE C R E X O  24 
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S P E C I F I C  R E G R E S S I O N  W I T H  NONTERMINAL Y .  U S I N G  DATA I N P U T  E A R L I E R  E R E X  1 

- 2 8 0 0 0 0 E R E X  2 YXXXXXXXXX - EREX 3 

DONE 

EREX 4 
EREX 5 
EREXLAST 
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MINIMUM WEIGHTED REGRESSION TEST FOR REX I O L D  XXR-CBYI 
1 0  5 4W 

YYW 
( 5 F 4 . 0 1  

8 0  - 1 4  7 9  5 2 
DONE 

PAGE 3 1  

THRO O R I G I N )  FCBW 1 
1lOOOOFCBW 2 

FCBW 3 
FCBW 4 
FCBW 5 
0 1  FCBW 
0 2  FCBW 
0 3  FCBW 
0 4  FCBW 
0 5  FCBW 
0 6  FCBW 
0 7  FCBW 
0 8  FCBW 
0 9  FCBW 
LO FCBH 
11 FCBW 
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WEIGHTED UNCORRECTED MATRIX INPUT USE0 CORRECTED BY REX (THRO MEAN) GCBW 1 
1 0  4 W IZOOOOGCBY 2 

YYW GCBW 3 

GCBW 5 
0.90432000E 05 -0.14058COOE 05 0.70119000E 0 5  0.45420000E 0 4  GCBHl I 
0.22720000E 04 -0.11049000E 05  -0.71200000E 0 3  0.55505000E 05 GCBUl 2 
0.35930000E 04 0.23300000E 03 0.93000000E 03 -0.15000000E 0 3  GCBWI 3 
0.72900000E 03 0.47000000E 02 O.1OOOOOOOE 0 2  GCBWl 4 

DONE GCBWl 5 
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W E I G H T E D  CORRECTED M A T R I X  I N P U T  U S E 0  UNCORRECTED ( T H R O  O R I G I N 1  HCBW 1 
10 4 W 0 5 0 0 0 0 H C B W  2 

SGYYW HCBW 3  
l 4 E l 6 . 8 )  HCBW 4 

HCBW 5 
0 . 3 9 4 2 0 0 0 0 E  04 - 0 . 1 0 8 0 0 0 0 0 E  0 3  0 . 2 3 2 2 0 0 0 0 E  04 0 . 1 7 1 0 0 0 0 0 E  0 3  HCBWO 1 

DONE HCBWO 5 
DONE DONE OONE DONE OONE DONE DONE OONE DONE OONE OONE OONE DONE DONE DONE DONE 
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W O O I F I C A T I O N  T O  S U B R O U T I N E  TRNX NEEDED B Y  T E S T  PROBLEMS 'AORX'  THROUGH 'CORX'  
C O V A R I A N C E  A N A L Y S I S  U S I N G  ORTHOGONAL P O L Y N O M I A L S  

( T E S T  PROBLEMS 'AORX'  THRO 'CORX' C A N  U S E  SAME V E R S I O N  OF ' T R N X ' )  

* A L T E R  1 8 . 2 1  T R N X  
C C O V A R I A N C E  16 GROUPS*  3 X ' S *  2 Y ' S I  CORRECTED M A T R I X .  ORTHO. POLY.)  

X I  1 1 = D 1 3 l  
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TRNX 
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C O V A R I A N C E  I 6  GROUPS, 3 X'S.  2 Y ' S I  R E A L  
3 0  1 2  2 5 =  

XXX YY= 
( 1 2 F 4 . 0 1  

29 5 3 15 2 5  9 75 4 5  2 2 5  27  30  19 
30 5 4 2 0  2 5  16 100 8 0  400 64 29 29 

DONE 
C O V A R I A N C E  ( 6  GROUPSt 3 X ' S *  2 Y ' S I  REAL+OUMNY 

XXXXXXXX YY= 

OONE 
C O V A R l A N C E  ( 6  GROUPS, 3 X 'S,  2 Y ' S I  R E A L + D U M M Y + I N T E R A C T I O N  

AORX 1 
ZOOOOOAORX 2 

AORX 3 
AORX 4 
AORX 5 
01 AREK 
02 AREX 
0 3  AREX 
04 AREX 
0 5  AREX 
06 AREX 
07 AREX 
0 8  AREX 
09 AREX 
10 AREX 
11 AREX 
12 AREX 
13 AREX 
14 AREX 

1 8  AREX 
19 A R E X  
2 0  AREX 
2 1  AREX / 
2 2  A R E X  
2 3  AREX 
24 A R E X  

2 8  AREX 
2 9  AREX 
3 0  AREX 
31  AREX 
BORX 1 

2 8 0 0 0 0 B O R X  2 
BORX 3 
BORX 4 
R O R X  5 -. .. 
B O R X L A S T  
CORX 1 

2 8 0 0 0 0 C O R X  2 
CORX 3 
CORX 4 
CORX 5 

DONE C O R X L A S T  
OONE DONE DONE OONE OONE OONE OONE OONE DONE OONE OONE DONE OONE DONE OONE OONE 
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M O D I F I C A T I O N  T O  S U B R O U T I N E  T R N X  NEEDED B Y  T E S T  PROBLEMS ' A L R X '  THROUGH ' C I R X '  
C O V A R I A N C E  A N A L Y S I S  U S I N G  DUMMY U N I T Y  V A R I A B L E S  

( T E S T  PROBLEMS ' A I R X 1  THRO ' C l R X '  C A N  U S E  S A N E  V E R S I O N  O F  ' T R N X ' I  

* A L T E R  18r21 T R N X  
C C O V A R I A N C E  16 GROUPS, 3 X ' S *  2 Y ' S t  UNCDRRECTED M A T R I X v  U N I T Y  VAR.1 

X l l ) = O I 3 l  

T R N X  



P A G E  3 8  R E X  5 - 0 1 - 6 7  

C O V A R I A N C E  1 6  GROUPS, 3 X'S, 2 Y ' S )  UNGROUPEO ( S I N G L E  T O T A L  REGR.1 A l R X  1 
30 12 30= 2 1 0 0 0 0 A l R X  2 

X X X X  YY= A l R X  3 
1 1 2 F 4 . 0 1  A l R X  4 

A l R X  5 
1 0 0 0 0 0 0 0 0 0 2 9  01 AREX 
2 0 1 0 0 1 0 0 0 1 1 2 3  02 AREX 
3 0 2 0 0 4 0 0 0 8 4 1 7  03 A R E X  
4 0 3 0 0 9 0 0 0 2 7 3 5  04 AREX 
5 0 4 0  0 1 6 0  0 0 6 4  6 8 05 &REX 
6 1 0 0 1 0 0 0 0 0 5 9  06 A R F X  

07 AREX 
0 8  AREX 
0 9  AREX 
10 AREX 
11 AREX 
12 AREX 
1 3  AREX 
14 AREX 
1 5  AREX 
16  ARFX . - .  
17 AREX 
18 AREX 
19 AREX . 
2 0  AREX 
2 1  AREX { 
2 2  AREX 
2 3  AREX 
2 4  A R E X  
25 AREX 
26 AREX - 

27  5 1 5 2 5  1 2 5  5 25 1 28 1 8  2 7  AREX 
28 5 2 10 2 5  4 50 20 100 8 2 7  13 2 8  AREX 
29 5 3 1 5  25 9 75 4 5  2 2 5  27 30 19 2 9  AREX 
30 5 4 20 25 16 100 8 0 4 0 0  64 29 29 30 AREX 

DONE 31  AREX 
C O V A R I A N C E  1 6  GROUPS, 3 X ' S *  2 Y ' S J  P O O L E D  COEFF.. M U L T I P L E  L E V E L S  B l R X  1 

2 7 0 0 0 0 8 1 R X  2 
X X X  X X X X X XYY= B l R X  3 

B l R X  4 
8 l R X  5 

DONE B I R X L A S T  
C O V A R I A N C E  16 GROUPS, 3 X 'S1  2 Y ' S 1  S E P A R A T E  GROUP R E G R E S S I O N S  C l R X  1 

2 7 0 0 0 0 C l R X  2 
X X X X X X X X X X X X X X X X X X X X X X X X Y Y =  C I R X  3 

C l R X  4 
C l R X  5 

DONE C l R X L A S T  
DONE DONE DONE DONE OONE DONE DONE DONE OONE OONE DONE DONE DONE DONE OONE OONE 
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========== 
APPENDIX C ---------- ---------- 

I L L U S T R A T I V E  OUTPUT FROM I N I T I A L  INPUT (PROBLEM LABELLED ' A B S T ' I  
USING 'REX'  MAJOR PROCESSING OPTION 1 

(PRINTOUT SLIGHTLY CONDENSED TO SAVE SPACE) 
-------------====s=====-- ..................................................... 



==' EXAMPLE O F  F A I L U R E  OF STEPWISE PROCEOURE TO F I N O  BEST REGRESSION ABST --- .-. 3 0  -0 B= -0 ~ o o l l l = = = =  
--. --. Y= ......................... 

PARAMETER NUMBERS S P E C I F I E D  I M P L I C I T L Y  OR E X P L I C I T L Y  B Y  CONTROL CAROS 2.3. 
P A R E N T H E S I Z E D  ALLOWABLE L I M I T S  HAVE B E E N  EXCEEDED WHEN PARAMETER NUMBERS BELOW ARE ASTERISKEO. 
A BLANK COLUMN ONE ON T H I R D  CONTROL CARO I S  INTERPRETED A S  MEANING A L L  X q S  ARE PUNCHED W I T H  G'S. 

NO0 I 30 
5 1 1  8 
5 0 1  8 

8 1 1 
4 9 1  7 
4 9 1  7 
4 9  1 0 
4 7  1 7 
3 0  1 7 
1 7 1  0 
17 1 7 

N G X I  7 
L P P l  1 2 7  

M K I  
r 6 5 1  

= NUMBER OF OBSERVATIONS 
= NUMBER OF RAY V A R I A B L E S  ( A L L  TYPES I N C L U D I N G  WEIGHT I F  NOT U N I T Y 1  
= NUMBER OF F I N A L  V A R I A B L E S  I Y ' S  AND A L L  X'S. BUT NOT I N C L U D I N G  WEIGHT)  
= NUMBER O F  DEPENDENT V A R I A B L E S  I Y ' S I  
= TOTAL NUMBER OF INDEPENDENT V A R I A B L E S  I X ' S  I M P L I E D  BY ANY G. 5, OR BLANK P R I O R  TO F I R S T  Y 1  

NUMBER OF N O N F I X E D  X 'S  IOCCURRENCE GOVERNED BY C O M B I N A T O R I A L  RULES1 
= NUMBER O F  F I X E D  X'S (ALWAYS I N C L U D E 0  Y l T H  EACH C O M B I N A T I O N  OF N O N F I X E D  X'S1 
= TOTAL N M B E R  OF SETS OF X'S ( G  OR S STARTS SET. AND MEMBERS APPEAR OR D I S A P P E A R  TOGETHER1 
= NUMBER OF SETS OF N O N F I X E O  X ' S  I A N Y  GI OR S AFTER OCCURRENCE O F  F I R S T  GI STARTS SET1  
= NUMBER OF SETS OF F I X E D  X'S ( A N Y  S P R I O R  T O  OCCURRENCE OF F I R S T  G STARTS S E T )  P 
= NUMBER OF GROUPS OF N O N F I X E O  SETS I G  STARTS GROUP, COMBINATIONS L I M I T E D  TO ONE SET PER GROUP) 

A R B I T R A R Y  MAXIMUM OR L l M l r l N G  NUMBER OF GROUPS OR SETS A L L W E 0  I N  C O M B I N A T I O N )  
= TOTAL NUMBER OF GENERATED I N O N F I X E D I  REGRESSIONS ICURRENTLY MUST NOT EXCEED L P P = 1 6 4 0 0 1 l N Y * l l !  
MACHINE FRROR--SORT na ccru '+ . . . . . . . . - 
MACHINE ERROR--SORT OR SUM 

I 
0 

GROUP L E T T E R  A B C D E F G 
S E T O R D I N A L S  1 2 3 4 5 6 7 
X S U B S C R I P T S  1 2 3 4 5 6 7 

OATA I N P U T  FORMAT 
18F4 .01  

L I S T I N G  OF F I R S T  TWO OBSERVATION VECTORS L I F T E R  TRANSFORMATIONS. I F  ANYI. 

- 0 - Z 0 0 0 0 0 0 E  01 0.000000OE-38 0 ~ 0 0 0 0 0 0 0 E - 3 8  0 . 2 0 0 0 0 0 0 E  01 0 ~ 0 0 0 0 0 0 0 E - 3 8  0 . 0 0 0 0 0 0 0 E - 3 8  O.1OOOOOOE 0 1 - 0 . 2 0 0 0 0 0 0 E  01 
0 . 1 0 0 0 0 0 0 E  01 

L I S T I N G  OF L A S T  OBSERVATION..VECTOR-IF ABSENT, OATA CAROS ARE I N C O N S I S T E N T  W I T H  NUMBER OF OBSERVATIONS 
ON SECONO CONTROL CARO I O R  WRONG FORMAT HAS B E E N  USEOI.  

0 . 4 2 0 0 0 0 0 E  0 2  OrZOOOOOOE 0 1  0 .5000000E 01 0 . 0 0 0 0 0 0 0 E - 3 8  0 . 4 9 0 0 0 0 0 E  0 2  0 . 0 0 0 0 0 0 0 E - 3 8  0 . 0 0 0 0 0 0 0 E - 3 8  0 . 5 1 0 0 0 0 0 E  0 2  
0 . 1 0 0 0 0 0 0 E  01 
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--- --- E X A M P L E  O F  F A I L U R E  O F  S T E P W I S E  PROCEDURE TO F I N O  B E S T  R E G R E S S I O N  A 8 S T  
--- --- 30 8 8= 7 100111==== 
===GGGGGGGY= ------------------------- ......................... 

C O E F F I C I E N T  OF C O L L I N E A R I T Y  AND R A T I O S  O F  MEAN SQUARED R E S I D U A L S  FROM V A R I O U S  
' Y I '  R E G R E S S I O N S  TO MEAN SQUARE0 R E S I M J A L S  FROM C O R R E S P O N D I N G  MEAN'Y I ' v  
W I T H  O R O I N A L S  OF N O N F I X E D  S E T S  I N V O L V E O  ( A L L  F I X E D  ARE I M P L I C I T 1  

O R O I N A L S  
NO. RMSPR. O F  S E T S  
S E T S  C.OF C. Y 1  I N V O L V E D  
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7 0 . 8 8 E - 0 7  0 .0286  

ORDINALS OF SETS 

1 2 3 4 5 6 7  

I N  REGRESSION WITH SMALLEST RELATIVE MEAN SQUARED RESlOUAt 

MSQR ABOUT MEAN Y1= 
MEAN Y 1  - - 



PAGE 44 REX 5 - 0 1 - 6 7  
. . .-.~ . . .  . . . . .  . --- --- E X A M P L E  O F  F A I L U R E  OF S T E P W I S E  PROCEDURE T O  F I N O  R E S T  R E G R E S S I O N  ABST --- -- - 3 0  8 8 =  -0 1 0 0  11 I==== 

--- --- x x x y =  ......................... ......................... 
V A R I A B L E  S U B S C R I P T  I N  MOMENT M A T R I X  ( R E G R E S S I O N  THROUGH MEAN)  
XX 5  6 7 X  X  ............................................................................... ............................................................................... 

........................................... --- 1 --- E X A M P L E  O F  F A I L U R E  OF S T E P W I S E  PROCEDURE TO F I N O  B E S T  R E G R E S S I O N  A B S T  --- --- 30 8 B= -0 100111==== 
--- --- X X X Y =  ......................... ......................... 
V A R I A B L E  S U B S C R I P T  I N  MOMENT M A T R I X  ( R E G R E S S I O N  THROUGH M E A N )  
XY 8 XY ............................................................................... ............................................................................... 

5  0 . 4 1 0 4 2 6 6 7 E  04 5 
6 0 . 2 0 1 6 5 3 3 3 E  0 4  6 
7  - 0 . 7 5 1 0 6 6 6 7 E  03 7  

E X A M P L E F F ~ ~ K I R E  OF STEPHISE PROCEDURE TO FINO BEST REGRESSION ABST 
8=  - 0  1 0 0 1 1  I==== 

xxxy=  ----------------=-------= ---------------- 
V A R I A B L E  S U B S C R I P T  I N  MOMENT M A T R I X  I N V E R S E  I R E G R E S S I O N  THROUGH MEAN1 

6 7 U  C  
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EXAMPLE OF FAILURE OF STEPWIJECEDURETO 
1001* I==== ......................... ......................... 

V A R I A 8 L E  S U B S C R I P T  I N  REG. C O E F F -  M A T R I X  I R E G R E S S I O N  THROUGH MEAN)  

............................................................................... ............................................................................... 

~ ~ 

i === EXAMPLE OF FAILURE OF STEPWISE PROCEDURE TO FINO BESF REGRESSION 
30 8 8= -0 1 0 0 1 1 1 = = = =  - - - - - - - - - - - - - - -- - -----------------======== 

V A R I A B L E  S U B S C R I  PT I N  8 - V A R I A N C E  M A T R I X  ( R E G R E S S I O N  THROUGH MEAN1 
8 VB 

................................................................................ i 
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--- --- - .- - --- E X A M P L E  O F  F A I L U R E  O F  S T E P W I S E  PROCEDURE TO F I N O  B E S T  R E G R E S S I O N  
--- --- 3 0  8 8 =  -0 1001fl==== 
-- - --- X X X Y =  ......................... ......................... 
( R E G R E S S I O N  THROUGH M E A N )  

SOURCE OF I OEG. O F  I SUMS O F  S Q U A R E 0  Y O E V I A T I O N S  
V A R I A T I O N  I FREEDOM I 8 Y  ............................................................................... ............................................................................... 

REGRESS I ON 3 0 . 5 4 1 0 0 4 1 0 E  04 
ERROR 2 6  0 . 1 2 1 4 2 5 5 4 E  0 3  

T O T A L  2 9 0 . 5 5 3 1 4 6 6 6 E  04 ............................................................................... ............................................................................... 
............................................................................... ............................................................................... 

MEAN SQUARED R E S I O U A L  O F  P R E D I C T I O N  M I N U S  MEAN Y 
=VAR. O F  REG. E S T I M A T E  8 Y  
=MSQR I A B B R E V I A T I O N I =  0 . 4 6 7 C 2 1 3 0 E  01 ............................................................................... ............................................................................... 

I RMSQR=MSQR/IVAR. Y I = 0 . 0 2 4 5  
1-RSQUAREO 0 . 0 2 2 0  

RSQUAREO 0 . 9 7 8 0  

--- -. --- 
--- E X A M P L E  O F  F A I L U R E  OF S T E P W I S E  PROCEDURE T O  F I N O  B E S T  R E G R E S S I O N  --- 30 8 8 =  -0 100 111==== 
--- --- xxxy= ......................... ......................... 
I R E G R E S S I O N  THROUGH M E A N )  
I MEAN X OR Y V A R I A N C E  X OR Y ............................................................................... ............................................................................... 
5 0 . 1 0 0 6 6 6 6 7 E  0 2  0 . 2 5 3 9 9 5 4 0 E  0 3  
6 0 . 8 1 3 3 3 3 3 3 E  01 0 . 1 7 6 6 7 1 2 6 E  0 3  
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I 
--- -- - EXAMPLE OF FAILURE OF STEPWISE P R E U X  TO FINO BEST REGRESSION A ~ S T  
--- --- 3 0  8 8= - 0  100111==== 
--- -- - x x x y =  ------------------------- ------------------------- 
IREGRESSION THROUGH MEAN) 
PT. NO. P R E D I C T I O N  MINUS OBSERVED 8Y  = ERROR ............................................................................... ............................................................................... 

- . - 
EXAMPLE OF F A I L U R E  OF S T E P H I S E  PROCEDURE TO F I N O  BEST REGRESSION A B S T ~  

100111====  
--- X X X Y =  ......................... ----__---_---_----_------I 

I 
. . . . . . . 

[REGRESSION THROUGH MEAN) 
PT. NO. P R E D I C T I O N  M I N U S  OBSERVED 8Y = ERROR 

CHECK SUM OF WEIGHTED ERRORS EQUALS - 0 . 1 4 9 9 0 5 6 8 E - 0 4  
CHECK SUM O F  WEIGHTED SQUARED ERRORS EQUALS 0 . 1 2 1 4 2 5 6 2 E  0 3  

- 
GPO 915-122 
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