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DISCLAIMER

Although these programs were tested by the author
prior to inciusion, no varranty is expressed or implied as to
the acéuracy and functioning of these programs and related
program material and no responsibility is assumed by the author

in connection therewith.



FOREWORD

This manual is the result of the authofs efforts to generate
and assemble a useful group of general statistical programs for the
Honeywell 400 Computer. Each of the programs in the text has been
used in some area of the Public Health Service or the Federal Water
Pollution Control Administration and each was written at the request

of scme member of one of these agencies.

These programs are written in a campiler language called
AUTOMATH, the Honeywell LOO version of FORTRAN II, and can be adapted

through simple modifications to operate on IBM equipment.

It is the author% hope that these programs may serve as an aid
in stimulating both the use and future development of the more complex
statistical camputer programs needed for the solution of problems in

the area of envirommental health.
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Determination of Regression Coefficients
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GENERAL ROUTINE AXRSO4
DETERMINATION OF REGRESSION COEFFICIENTS
Doolittle Method

PURPOSE: To find regression coefficients of a matrix of sums of

squares and cross products.

RESTRICTIONS: 1) A maximum of 25 variables (independent plus

dependent) can be treated at a time.
2) The maximm number of dependent variables which
can be processed in any one run is ten.

3) Input to computer is on cards.

ACCURACY: Single precision floating point computations with eight

significant digits.

OPTIONS: 1) The complete square matrix and its vectors or
2) The upper right triangularized portion of a matrix
with its vectors may be sutmitted. (The program assumes that the
first variables treated are independent and the last variables are

dependent).,

INPUT: Data may be punched on cards in any format which can be suitably
described by an Autamath Format statement. A considerable amount of
running time can be saved by arranging the data so that they are
treated by the READ statement in this manner (a) one observation of
each variable in every read cycle (b) observations of all independent
PRECEDE

variables should proceed observations of dependent variables in the
N et tene,

same read cycle, Standard card format is seven fields of 10 digits

each; the last 10 digits may be used for identification.



CARD DECK SETUP:

1., Program Source Deck - camplete with modified FORMAT statement
(statement #1001).

2. Name Card - Describes run - uses card columns 2-80,

3. Parameter Card = Gives total number of variables (dependent

plus independent) in card columns 1 and 2, the number of dependent
variables only in card columns 11 and 12, number of degrees of
freedam in card columns 21=2L4 and matrix configuration in card column
31 (1 = square matrix, O = right triangular portion of matrix).

L. Mean for each variable (7F10.5).

5. Total sum of squares for each dependent variable (7F10.5).

6. Data cards with FINIS.

OUTPUT: The following printout is presented for each dependent variable.
in the problem: Degrees of freedom - Total sums of squares - Sums of
squares for error - Mean squares for error - Regression sums of squares =
Multiple correlation coefficient (R2) - Each regression coefficient
with standard error - Student's T - Constant regression term - Inverse

matrix solution.



DESCRIPTION &
PROGRAM LISTING




CCMPTLEX

TITLEAXRSO4
C DETERMINATION OF REGRESSION COcFFICIENTS
C DCOLTITTLE METHOD

DIMENSION X(25)+A1(325)4R(328) ,RFGSS(10)eX0(25)¢AVGI(25)4AV(26)
INDIAG(25) «D(25425)9C(25425)
DIMENSION TSS(10)
C READ SQUARE MATRIX INTO C “SNR=1
C READ TRIANG MATRIX INTO Al MSAR=0
111 READI00OWNCI4NDs1DF+MSQR
IF END OF FILE 3343
3 NC=NCI
READIO0024 (AVII) s1314NC)
READ10N2+(TSS(I)el=1eND)
ERASF (REARSS)
MzNCeND=1
MMM
NPaNC=MD
NJ2NC=ND
N@=NC=ND
Nl=1
NN=NCe+1
NZ=2
L2=1
NT=NC
NXs0
NOELMaNQ# (MQ+ 1) /2+NDRND
TF(MSQR) 20192024201
201 READIOUOL((C T od) adsloNC) s121,,MQ)
KK=0
NC 2051=1NG
OC 205 J=T1.NC
206 KK=KKe+]
205 Al (KK)=C(IJ)
GC TO 2064
202 READIO0OC1+(AL(TI) ¢ 1=14NDELM)
206 DC 12J=N140NG
300 NC S51=N14NC
5 B(I)=Al1(1)/A1(N]D)
DIAGONAL FLEMENTS
DIAG(J)=ALl(N1)
MCXSNC =MD+l
PC 36 KKR=14ND
REGSS (KKR) =AY (NCX) %3 (MCX) +REGSS (KKR)
36 NCX=MNCX+1
NNC=NC
NN1=N1
NNX=NX
LL2=12
1 NN=2=NNel
10 1L2=1.2+1
N1=NC+]
2 MX=NXel
NC=NC+NT=NX
K2=L2



11

12

31

39
391

40

42

41

45

DO 81=N14NC
Al(I)=Al(1)=A1(K2)#*53(L2)
K2sK2+1

1F (NC=NOELM) 10011011
L2=LL2+NN

NXsNMXel

Nl=NNMCel

NC=NNC+NT=NX »

BACK SUBSTITUTION'

DG 31 1=1.NOELM
Al(1)=8B(1)

1120

START INVERSE COMPUTATIOGONS
NC=NCT=ND

ERASE (Q)

KK=0

DO 39171=1,NC

DO 39 J=I.NC
KK=KK+1
D(TsJ)=A1(KK)
D(Jes1)=D(1eJ)
KK=KK+ND

J=NC

NN=1

NO=0

NM=NC=1

NX=NC=1
D0401=14NC
C(l1s1)=21,0/DTAG(T)
D04 1KK=1 4NX
K=NC=NO

1=NC=NN
NC42N=1 M
Ctlad)=ClIad)=D(Tek)®RCIKsJ)
I1s1=1

NN=NNe+1

NG=NQ+1

NMESNM=]

START GROUP 2
NT2NCe»3

NK=1

MT=NC=2

N2z2
DCS54MA=] 4MT
NO=0

Jsd=1

NNz2N2

K=NC=NQ
DQ45KZ=1,NK
ClJed)sClUWJ)=D(JoKk)RC(KodJ)
K=K=1

MK=NK+}
NMsSNC=NT
K=NC=ND



49

50

53

51

52

54
55

60

63

34

35

14

1=NC=NN
DCS50NF =1 ¢NK
DO49N=] ¢NM
Cllad)eC(lod)=D(1eK)RC(KodJ)
151=1

K=Ke1l

NC=NQe+1

[=NCaNN

NN=NNe1

NMENMa]
IF(NM)55,55453
NR=NX=NK
NDS2KK=1,4NR
KsNC=NO

1sNC=NN
DCS1N=14NM
Cllod)sCtIod)=D(14K)*C(KyJ)
1=1=1

NN=NNe+1

NC=NO+1

NMzNM=]

NT=NT+1

N2=N2+1

K=2

J=1

DOAOKZ=1 4NK
C(Jod)=C(Jed) =D (JeK)*C(KyJ)
KsKe]

DC 63 1=14NC

DC 63 J=14NC
ClJda1)=C(Ied)
END cOMPUTATION OF INVERSE
DC 664 KK=14ND
I1B=1

TEN=NP

IE=1EN

K=0

NO 35 1=1B41E
K=K+
B(K)=Al(])
111=1e11
BiKe))=ALI(IID)
K=K+
1ENz=1E=]R=1
1B=1FeNDel
IE=IR+IEN
IF(IEN) 141034436
Nlsl

Mz=MM

NZ2=1

NCsNNC=NP#* (ND=1)
NO=NC

DC 151=N1oNJ
X(1)=B(NN)
NZ=NZel



15

13
17

19
18

20
22

62

1776

65

b4
1777

1788
1888
1889

1666

NC=NO=N2
N2=22
LaNJ=1
NA=z23
DO 18J=1,L
NOaNC=NA
NC=2NQ
N1z3N1+1
DO 161=aN1sNJ
X(1)a2X(1)=RINQ)RX(Nl=])
NZ=aN2+1
NO=NQO=NZ
NASNA+]
=M=
NZ=NZ=M
LK=NJ
DC 20 1=14NJ
XC(1y=X (LK)
LK=LK~1
112171
DFs IDF
NCT=NCIwrMDel
NXXzNCl=ND
CONST=AVINCT)
DO 62 1=14NXX
CONST=CONST=XO (1) *Ay(])
RSGR=REGSS (KK) /TSS (KK)
SSE=TS5S (KK)=REGSS (KK)
EMS=SSE/DF
PRINT 17764+KK
FORMAT (1M1/50B¢19HDEPENDENT VARIABLE 12)
PRINT 1777 sIDF+TSS(KK) 9SSE+EMS,REGSS(KK) +RSAR
PRINT 1888
D0 65 J=14NJ
STDERR=SNARTF (EMS%C(JeJ) ) .
T=X0(J) /STDERR
PRINT18894JeX0(J)sSTDERRST
PRINT 1788 .CONST
CONTINUE
FORMAT (1M /9B ¢2HDFSB¢3HTSS14X ¢ 23HSSF 14X ¢ 3HMSEL4X ¢ 3HSSR12X s

18HR SQUARE//6B15+E15e804(2XeF15e8)/////77)

FORMAT (1H /10Bs11H CONSTANT =E17,9////)
FORMAT(1H /13Bs1HB417R+10HREGRESSTION18R,

114HSTANDARD FRROR18B9+10HSTUDENTS T/
2308,4114COEFFICIENT///)

FCRMAT(13841243(1534E15,8)//)
PRINT 1646
FORMAT (1H1/68H

1 MATRIX SOLUTION///7)

DO 66J=21NXX

66 PRINT 8010 (C(IeJ)eI=1eNXX)

GC 10 111}

33 TYPE.2000

STOP

800 FORMAT(12+13412)

INVERSE



801
1000
1001
1002
2000

FORMAT(1R+7E1749)

FORMAT (12+48B9]2+8B9e]1%468B0e1l)
FORMAT(TF1045)
FORMAT(TFLl04¢5)

FORMAT (84 JOB END)

END

END

JOBSEND



SAMPLE
INPUT & OUTPUT




INPUT TEST DATA

TEST DOOLITTLE METHOD
06 01 77 1

95,987
166987778 066826433=-125134720 000700000 000000000=129941662

066826433 241148995=047857129 066826433.0731712802304462385
=1251364720.047857129 137651808 000000000 000000000 116804144
000000000 066826433 000000000 074161217-158523880=174520723
000000000073171280 00000000N-158523880 498759156 479101401

FINTS



DF TSS

SSE

7700 0,95987000g 02 =0,1260485T7E 04

CONSTANT =

REGRESSION
COEFFICIENT

~0,68568214E 00

~04,34524596E 00

~0,60977730E-01

~0,62409480E 00

-0,29091332€ 00

0+.000000000E 00

DEPENDENT VARIABLE 1
MSE SSR
=0416369944E 00 0,13564727€ 04

STANDARD ERROR

0+00000000E 00

0.00000000E 00

0026478724E-02

0429642471E=01

0629642471E-01

R SQUARE
0,14131837E 02

STUDENTS T

0.00000000E

0.00000000E

=0023028954E

«0421054075E

«=0,98140712E

00

00

02

02

o1



0598846222E=03
«00,99838914GE=03
=06156626189E~03
0,437824956E=-04
0,155949461E=04

=04998389149E=-03
0,249480300E~02
0.311181558E~03
«0,140021430E=-02
0,169152335€-03

INVERSE

=0s126626189E-03
0.311181558E£=03
«0,428298861E-04
=0,689338542E-03
0e111144314E.03

MATRIX SOLUTION

0,%37824956E=064
w0,140021430E«02
«0,689338542E»03
«0,536761818E~02
0,109832193E=02

0,155949461E=06
0,169152335E-03
0,111144314E=03
0,109832193E=02
0,200731841F=03
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GENERAL ROUTINE AXRSOY
ANALYSIS OF VARIANCE
FACTORIAL DESIGN WITH NESTING OPTION

PURPOSE: Analysis of variance for a factorial design

METHOD: Least squares estimates

RESTRICTIONS: 1) There are no missing values

2) Maximum of 1000 words of data (observation)
3) Input to computer on cards - data punched one
observation per card. This can be modified by changing format state-

‘ments in the program,

ACCURACY: Single precision floating point computations truncated to

eight significant digits.

TRANSFORMATIONS: There are two transformations available - log and square

root ~ others can be easily inserted upon recompilation of the program.

INPUT :

CARD DECK SETUP:

l. Execute card
2. Binary Decks

3. dJobend card

=

Control cara

Data deck

\Ji

Finis card

Ch

Control Carda Format
Beginning in Card Column Punch
1 No. of Observations

5 Levels of Factor A



Control Card Format (cont'd)

Beginning in Card Column Punch
T levels of Factor B
9 Levels of Tactor C
i1 Levels of Factor D
13 Levels of Factor E
1 Computational codes
45 Transform Number
46 Run Identification (9 characters)

IF the number of factors in a problem is fewer than 5, punch 1 for the

number of levels for each unused factor.

COMPUTATIONAL CODZS Result
3 Means and sums of squares are calculated
2 Sum of squares is calculated
1 Neither means nor sum of squares is calculated

COMPUTATIONAL CODE ORDER

Card Column Card Column
1. A 15 13. CD o7
2. B 16 1. CE 28
3. C 17 15. DE 29
4. D 18 16. ABC 30
5. E 19 17. ABD 31
6. AB 20 18. ABE 32
T. AC 21 19. ACD 33
8. AD 22 20. ACE 34
G. AR 23 21. ADE 35
10. BC 2l 22. BCD 36
11. BD 25 23. BCE 37

12. BE 26 2. BDE 38



COMPUTATIONAL CODE ORDER (cont'd)

Card Column Card Column

25. CDE 39 28. ABDE 42
26. ABCD 4o 29. ACDE 43
27. ABCE 41 30. BCDE Lk
TRANSFORM CODE: Result

1 Linear

2 Logs of data are taken before computation

3 Square roots of data are taken before camputation
DATA CARDS:

1., Observations are ordered with leftmost factor (A) varying most
frequently.
2. Punch one or more words per card depending on format statement in

main program deck - (generally set to handle one word per card).

OUTPUT :

1, Complete listing of transformed data by row,

2. Grand Average.

3. Jdentification number and averages for each cambination with Code 3.
L4, Each line includes the identification number, number of observations
per sum, degrees of freedom*, sum of squares*, degrees of freedom**,

sum of squares*¥*, for each cambination with code 2 or 3. Identification

numbers 31, 32, and 33 do not require code 2 or 3 request.

*The degrees of freedam and associated sum of squares are adjusted
only for the grand mean.
*¥The degrees of freedom and associated sum of squares adjusted for
each interaction and the grand mean.



Internal work order and output identification number are:

Identification Number Combination Idemtification Number Combination

1 A 17 BCD

2 AB 18 C

3 ABC 19 “TD

b ABCD 20 D

5 BCDE 21 AC

6 CDE 22 ACD

T DE 23 AD

8 E ok ABD

9 ACDE 25 BE

10 ADE 26 CE

11 AE 27 BDE

12 ABDE 28 BOE

13 ABE 29 BD

14 ABCE 30 ACE

15 B 31 Adjusted Total

16 BC 32 Correction Term
33 Unadjusted Total

For problems with fewer than five variables duplication of computing may

be avoided by using Code 1 for the highest order combination in the problem.

Code 1 should additionally be used for all combinations which would have

no meaning.
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NENSTACK
CC¥pP11 ES
SLAROUTINE PRAMOy
CCRRECT ANN PRINT SUYM SC'IAPES AND DESRFES OF FPEEDNNM IN ANNYA
PIMENSTOM 55(33) 4NO(5) sNP5133) JNNF(33)42(33) 9A5(33)sM(33)4A2(33)
NIMENSTON CODE(373)
CCMMON SSeMCeiiP 54 IDF o CODE
nc37=1'33
3 AS(1)=55(1)
ASSTGN 11 TO KON
4 A=AS (1)
Rz48(15)
AE=AS(2)=A=B
TEANN(3))14N04045
A €=45(18)
AC2AS(2]1)=A=C
RC=AS(16)=R=C
ABCzAS(3 )=AR=RCaAC-A~Ba(
TFIND(4))4N986D47
7 n=as(20)
AD=A§(23)=4=D
8D=2AS(29)=3=D
CD=AS(19)=C=D
ABNzAS(24) =AR=P)eADaAHD
ACNzAS(22) =ACelDaANel=Cal
RCN=Ag(17) =B =CD=3N=B=C-D
ABCD=Ag(4) ~-ARD=ACN=BCD- ARCaCDefDaANB(=ACelSnluBul=D
TF(ND(5))4044048
B EsAS(8)
AE=AS(11)=A=F
REzAS(25) =R=F
CE=AS(26)=C-E
DE=AS(7)-0=E
BREsAS(13)~AR=RE-AF=A=B=F
ACE=AS(30) ~AC=CfeAE=A=CaF
ADE=AG(10)mANeNEcAFefeDaF
RCE=AG(27) =8C=CE-HE=3=CaE
ANCzAG(28) ~BNeNtalE«B=D=F
CUEZAS(6)=CR=NFaCE=C=D=F
APCE2AS(14) ~ARFalCfat(EeABCal(fel3FeAfeACeAC(wABoAcRaCaF
ARDE=AG(12) =ABFaADFaBDE<ASNASANARD  oAFe3F_DE-A.R.D=E
ACCE=AS(9) =ACE=ANE=(DE=ACD A cAD=(NeAfaCfalfwA=l=D=E
RCNE=AS(9) =RCN=BCE=BNE«(NE=lCelDalNaBEal(fudfeRalalaF
ARCDE=25(31) ~ARCF=-ARDE~ACDE=YCNE=CNE-BNE=CE =
LALFeACFaARFaNF=CFabE-AF=-ABCD=BCD-ACD=ARD~
2CD=BN=AD=ARC=-3C=AC=AR=A=RaC=NaF
40 2(1)=4
7(2)=4AR
7 (3)y=ARC
2{4)=ARCH
7(5)y=RCDFE
7 (4)=CNE
2(7y=DF
72{R)=E
7(9)=ACDF



7(10)=ADF
7(11)=sAE
7(12)=ABNE
7(13)=ARF
7(14)=ARCE
2(15)y=R
7(16)=RC
7{17y=RCH
7(18y=C
2M19y=CD
2t20)=D
7(21)y=AC
7(22y=ACN
7(23)=aD
Z224)=ARD
2(25)=RE
2(261=CE
7(27)=8CF
7(28)=8DE
7(29)=8D
2 (30)y=ACKE
7(31)y=ARCNF
2(32)255(32)
7(33)=55(33)
0 TO KOMe (11012
11 NO 10.J=1433
AS(J)y=NDF ()
10 A2(0y=2t)
ASSIGN 12 TC KNy
6C TO 4
172 DC 13 Jy=s1,413
13 “(dry=2(N
PRINT2009
90 NC 951=1430
TFI(NPS(]))95475496
96 PRINT 2000CCDF (1) oNPSUET)Y oNDF (1) 9S8 (T) oN(T)sA2(T)
95 CCNTTINUE
PRINT 2400 NPS(31)sNDF(I1) +5S(31)eM(31)4242(31)
PRINT 24N14NPS(32)sNDF(32)+5S(32)4M(32)4A2(32)
PRINT 24N24NPS(33)+NDF133)455(33)0%(33)4,A2(33)
2400 FORMAT (RX1ISHADJUSTFED TOTAL 12B134172B134F17,746XI134F17,7)
2401 FORMAT(TYX16HCORRECTION TERM 12XI13012XI34F17.7¢6X13,F17.7)
2602 FCRAMAT(6X1THUNADJUSTED TOTAL 12XT3412X134F17,7¢6X134F17,7)

PETURN
2009 FCOMAT(1H1/93H NUMRER OF DEGREES
1 CF Si1M QF DEGREES 0OF SUM QF/ '
204K SCURCFE OF VARTATIAN ORSFRVATIONS FREEDOM [Q
3UARES FREEDQW SQUARES// /)
2000 FCRMAT (148A8412B1361284134F17.7458B134F17.7)
FND
FNDY
JC2REND
CCMDTLFX

TITLEAXRSO?
CCMMON SS4MCWNPS G NNF 4 CODE



C

. FACTCRIAL ANALYSIS OF VARTANCE,

C  MAXTMUY FI1VE FACTNRS.

4400
10l
4002
3313

208

209

215

303
3p7

306
203

2555

2005
2n10
6003

229
230

204

RIMEMSTOM S5(33) 4NN(5) eNSER(30)
NIMEMSTON ¥ (1000) 9NPS(33) 4MDF (33)

DIMENSTIOM TITLF(10)Y,CODE(33)
PEAD 44NnNNLCCNE

FCRMAT(20A4)

PEAD «QO02+TITLF

FCRMAT(10AR)

1F END OF FILE 333.208

TYPE L2001

STOP

READPOOSeNGNC (1) «MNO(2) oNO(3) ¢NN(4) JNO(B)

IMEFR (1) «NSERIILS) ¢NSER(18) 4 NSFRI(

120) oNSFR(8) oNSFR(2) ¢MSER(21) o NSER(23) oMSER(11)
CMESFER(16) sNGER(29) ¢ MSER(25) +NSER(19) ¢NSER(26) o
ANSFERIUT7) «MSER(3) ¢NSER(24) oNSED(13) WNSER(22Y
SGMSER(3IN) ¢NSER(10) «NSER(L17) 4NSER(2T)YWNSFER(28)
SNSFR{A) aMNSFR{4) 4NSER(L14) «NSER(12) +MSFER(9) (NSER(5)
6 NTRAN

NPC 215 1=1,33

NPS(1)=0

MCF{TY=0

SS(I):O.

FNsN

SUM=0.

RC 203 1=1«N
READ2006,X (1)

eC TO (2N343074306) 4NTRAM
X(1)=ILAGF (X (T))*,434294481
GC To 203

X{T)Y=SORTF (X(I})

UMz SYeX (1)

PRINT 2585,TITILE
FCRMAT(1H1/64H

1 OF vARIANCE///10A8//53H
2NGRAM INPUT/ /)

FCRMAT(144+51242171)
PRINTZ20L10D0 (X (1Y aT1=10N)
FCRMATI(I0OF1245)

PRINY 4003

FCRMAT (564H
CAVGR=SUM/EN
PRINT20024+GAVG
$S(32)=SUM%GAVA,
NMPS(32) =N

NOF(32)=1

NCF(31)=sN=1

MPS(33)=1

MCE(33) =N

~NC 204 T=lai
X{1)y=x(1)=GAVA

S (31)1=SS(3Ll)exX(T)HX(])
£5(33)=55(32)+55(31)

¢ SETUP LOOPS FOR A4AR4ABCABCD,

FACTNRTAL ANALYSIS
PR

PROGRAM OUTPUT/)



JUMp=1
10UT=1
TBACK=1
12=1
13=1
JANRD=Ne-1
JPS=N
NC 1 NSS1le4
12=12#M0INS)
J3=12
JPS=JPS /MO (NS)
MTFST=MSFR(NS)
GC TO (14243)MTFEST
2 MPS(NS)=JPS
GC TO 4
1 CCONTINUE
C SETUP LOOPS FCR BCDFCDEWDESE,
TCUT=TI0UT 1
1BACKk=TBACK.+1
13=1
J3=1
12=N
DC 5 NG=548
13213I#MOINS=4)
JPS=13
MTEST=MNSFR(NS)
GC TO (Seb643) yMTEST
6 JAND=13=)
NPS (NS) =JPS
GC TO 6
5 CCONTINUE
aC TO 7
C  SUMMATION LOOPS FNAR AWABWABCANRCD 43CNF9CDF 4DEE,
4 NC 8 1=1412913
SLMz0,
J2=1+,ADD
PO 9 uUsled2eJ3
Q@ sUMzsuMeX (J)
GC 10O 101
8 CONTINUE
GC TO (145)sIBACK
C SETUIP LONPS FOR ACDF ADEAE,
7 1BACK=1
JUuMpPz=JUMP« ]
TOUT=T0UT+1
¥3=ND(1)
JAND=K3 =]
13=2NN(1)
JPS=1
DC 10 NS=9.11
I13=13%NO(NS=7)
JPS=JPS#MNO (NS=T)
NTEST=NSER(NS)
GC TO(1041103) oNTEST
11 KADD=13-1



MP& (NS) =.JPS
~C TO 12
10 CCNTINIIE
C SFETUP LOQPS FNR ANDFLARE.
1BACK=T1RACK*]
1CLT=10UT+1
K3=NO(1)*NND(2)
JAND=K3=]
13=¢1
JPg=1
NC 13 MS=z12913
JPS= JPS#ND(NS=9)
13=213I#NO(NS=9)
MTEST=MSER(NS)
GO TOt13414e3)eNTEST
14 KADD=13=]
NPS (NS)=JPS
GG TO 12
13 CONTINUE
¢ SETUP FOR ARCF.
1ICUT=T10UT+1
1BACK=IRACK*+]
NS=14
MTEST=NSER(14)
GO TO (15916e3)eNTEST
16 13=N/NDL(S)
CADN=13=-1
K3=13/MO(4)
JADD=K3=1
JPSNO (&)
MPS(14Y=JPS
C SUMMATION LOOPS FOR ACDE4ANF 4AE 4ARDE ¢ ABF s ARCE .
12 DC 17 1=1eNyI3
J2=21+JADD
NC 17 J=T14J2
SU-’-‘=O.
K2=J+kKADD
nC LR K=J0K20K3V
18 SUMz=SUM4X (K)
GC 10 101
17 CCNTINUE
GC TO(10413415)41BACK
C SETUP LOOPS FOR B+BC4BCDs
15 1BACK=1
JUMp= JIIMP+ 1]
ICUT=TOUT+1
JPS=N
13aNO(1)
12=N0(1)
KADD=13=1
NC 19 NS=15e17
JPS=JPS/NO (NS=13)
12=12#N0O(NS=13)
MTEST=MNSFR(NS)
6C TOU1962003) WNTEST



20

19

MPE(NSY)2UPS
GC T0 21
CONTINUE

C SETUP LCOPS FOR C,o.Ch.

23

22

TRACK=T1BACK+]
10UT=10UT+]

JE&=n

13aN0(1)%#NN(2)

12=113

KADD=13=1

NC 22 NS=18419
JPS2UPS/NO(NS=15)
12z12%N0(NS~15)
MTEST=NSER(NS)

GC TN(2242343) (NTEST
MPS(NS)=JPS

GC 10 21

CCNTINUE

¢ SETUP FOR D,

25

1BACK=1BACK+1
ICUT=1NUT+1

NEz20

NTEST=NSFR(20)

GC TO(24¢2593) ¢NTEST
13=NO (1) #NO(2) #NC ()
12=13#N0O(4)

KADD=13=]

HMPS(20) =N/NC (&)
JPS=NPS(2N)

C SUMMATION LOOPS FOR H43CeBCNsCaTdy D,

21

27

26

PO 26 131,412,413
SUM=z0.

BC 27 J=l.My]2
K2=J+KADD

NC 27 K=JaK2
SUM=SUM+X (¥)

GC TN 101

CONTINUE

GC TO(19422024) 9 T3ACK

C SETUP |_LNnOPS FNR AC,ACH,

24

18ACK=1
TICUT=1NUT+1
JUMP= JUMP+ 1]
L3=ND(1)
13=NO(1) #NO(2)
12=13

LADD=13=]
KADD=N=1
JAND=1.3=]

J3=1
JPS=N/NO 1)

PO 28 NS=21422
JPSzUPS/NO(NS=18)
12=12%N0O (NG=18)
MTEST=NSER(NS)



C

C

C

29

28

GO T0D(2842943) +NTEST
NPS(NS)=JPS

K3z12

GO TO 30

CONTINLUIE

SETUP FOR AD4ABD,

32

31

IBACK=1BACK+]
TOUT=T10UT+]
13=NO(1)YRND(2)#NC(3)
12=13%N0(4)

K3=12

J3s1

KADD=N=1

LADD=13=1

13=s1

JPS=N/NO(4)

NDC 31 N§=223,24
L3=L3%NO(NS=22)
JPS=JPS/NO(NS§=22)
NTEST=NSER(NS)

GO TO(314320¢3)NTEST
NPS (NS)=JPS
JADD=L3=]

GO 1O 30

CONTINUE

SETUP FOR BE+CE.

35

1BACK=1BACK*1
10UT=10UT+1

12=N

13=N/ND(5)

L3=1

KADD=13=1

Jaz1l

K3aNO (1)
JPS=NO (1) #MO (3)#ND (&)
DO 33 NS=254+26
K3=X3%¥NO (NS=23)
J32J3#NO (NS=24)
NTEST=NSER(NS)

GO TO(344¢3543) +NTEST
NPS(NS)=JPS
JADD=K3=1

LARD=J3=1

GO TO 30

34 JPS=NO(1)Y%NO(2)#NO(4)
33 CONTINUE
SETUP FOR BCE.BDE,

1BACK=1BACK*1
TOUT=T0UT+1
12=N

J3=N0(1)
LADD=J3=1

L3=x}

K3zNO (1)
132NO(1)#NO(2)



JPS=NO(1)#NO(3)
DC 36 NS=27+28
13=13%NQ(NS=24)
K3=K3InNO (NS=25)
NTEST=NSER(NS)
GC TO(37¢3R43) yNTEST
38 NPS(NS)=JPS
JADDzK3=1
KADD=13-]
GC TOH 30
37 JPS=NO(1)*MO(4)
36 CONTINUE
GO TO 41
SUMMATION LOOPS FOR AC,ACDWADARDGBFsCEWBCE+3DE,
30 PO 39 1=1412,13
J2=14+JADD
NC 39 JsTeJ24J3
sUmM=0,
K2z J+KkADD
DO 40 K=JsK2+K3
L2=K+ ADD
DO 40 L=Kel2+L23
40 SUM=SuUMeX (L)
GO 10 101
39 CONTINUE
GO TO(28¢31934437) s IBACK
SETUP AND SUMMATION FOR BDs
41 JUMP=.jUMPe1
10t)T=10UT+1
NS=29
NTEST=NSER(29)
GO TO(42443e3) ¢NTEST
43 J3=Nn(1)
L3=NO(1)%NO(2)
13=L3%#N0(3)
12213%ND(4)
JADD=L3=1
LAND=13=1
MAND=J3=1
MPS(29)sNO (L)Y *NQ(3)#ND(5)
JPS=NPS(29)
DO 44 121412413
J2s1+J4ADD
DC 44 JzleJ20J3
SUM=z0,
DO 45 K=JeNsT2
L2=K+LADD
DO 45 L=KeL2sL3
M2s +MADD
DO 45 Mz M2
45 SUMsSUMeX (M)
GO T0o 101
44 CONTINUE
SETUP AND SUMMATINN FOR ACE,
42 10UT=10UTe1



C

C

JUMP= JUMP+ ]
NS330
NTEST=NSER(30)
GO TO(46¢4793) NTEST
47 M3aNO(1)
J3IzNO(1)#NO(2)
L3z J3xNO(3)
13s 3IxNO (&)
JADD=L3=1
KADD=M3=]
LADD=13=1
MADD=j3=1
NPS(30)aNO(2)#NO(4)
JPSsNPS(30)
DO 48 I=21sNs!3
J2z1+JADD
DO 48 Ja14J24J3
K2z )eKADD
DO 48 K=JeK2
SUM=0.
L2aK+LADD
DO 49 L=KeL24L3
M2z +MADD
DO 49 M3 M24M3
49 SUMsSUMeX (M)
GO 10 101
48 CONTINUE
46 CONTINUE
DO 95 121,30
IF(NPS({I)) 95495496
986 NDF(1)=N/NPS(1)=1
95 CONTINUE
CALL PRANOV
GO TO 301
COMPUTE AVERAGES ANN SUMS OF SGUARES,
101 RECIP=JUPS
RECIP=1,/RECIP
AVG=SUM®RECIP :
SSINS)ZSS(NS) e+SUMRAYG
GO TO (102+102,103) ¢NTEST
103 AVG=AVG#GAVG
105 PRINT20324AVG
102 GO TO(8¢17926439,44,448) ,JUMP
IDENTIFY AVERAGES By CODE NUMBER,
3 PRINT 2003, CODE(NS)
IF(I0UT=9)1069106,107
106 GO TO(2+60110164916,20023025929),10UT
107 10UT2=210UT=9
GO TO(32438¢38443047)10UT2
2000 FORMAT(3110+F1l6,5)
2001 FORMAT(8HJOB ENN)
2002 FORMAT(5X11H GRAND MEAN/F1l6,5)
2003 FORMAT{4XAB)
2006 FORMAT(F12,8)
2032 FORMAT(F16,5)

END

END

OVERLAY
STACKPRANOV
JOB END



SAMPLE
INPUT & OUTPUT




INPJUT TEST DATA

A AB ABCABCDBCNDE CPgE DE EACDE ADE AEABDg ABEABCE B8 BC Be¢D ¢ €D
AC ACD AD ARD PRE CE BDE BCE RO ACE
~ M 6=8

002%3;023235513333133313313113313113111311111
122,

110,

108,

85,

108,

60

66

50

80,

60,

332,

330,

276,

310,

2648,

295,

248,

275,

276,

310,

640,

500,

612,

500,

563,

450,

612,

610,

696,

610,

192,

170,

136,

130,



122,
85,
108,
75.
136,
78,
384,

363,
333,
330,
318,
330,
472,
3s%0,
“99,
390,
810,
725,
779.
670,
810,
750,
893,
890,
1820.
890,
FINIS

CARDS 572



TEST POCALFM 6-8

1224600022
332,00C90
640.0nC00
192,00000
386.00C00
8l0,02600

110,20000
330,00000
$00,00000
170,00000
365,20000
725,00000

GCRAND MEAN
392,68333
A
426,03333
359,.,33333

AB
%13,66667
366,66667
374,00000
337,50000
358,16667
328,33332
396,83333
375,00000
584,50000
386,16667

ABC
157.00000
14C,0n000
122,00000
107,.50000
115.,00000

72,50000
27,00000
A2 50000
108,0000N
67.,50000
359.00000
347,5000C
374,50000
32¢,0000C
283,00000
312,500C0
34C.0NN00C
312,500C¢C
3r7,500C"
380,20020
125,20002
12,5000
£75,5N0N0C

CACTNRTA

108,000090
276,00000
612,01000
136,07000
333,00000
779,00000

PRAGRAM INPUT

a5,CN0N0
310,00000
500,000N0
130,00010
330,00000
670,00000

103.00000
248,00700
543,00000
122,00000
318,00000
810,00000

PRIGRAM OyTPUT

ANLLYSIS JF VARIANCE

60,00000

"295,00000

450,00000

Rr5,00000
330,00000
750,00000

6600000
268,00000
612,00000
108,00000
472,00000
893,00000

50.00000
275,00000
610,00000

75,00000
350,00000
890,00000

p0,00000
276,00000
696,00000
136,00000
499,00000
1820,00000

60,00000
310,00000
610,00000

75,00000
390,00000
890,00000



575,00000C
676,50000
606,,0000N
762.50000
750,00000
1258,00n000
750,90000
ARCD

122,00000
11C,00000
108,00000

85,00000
108,00000

40 e000CH

66,00000

5C.00000

RC 00000

6C.00000
332,00000
3320,00000
276,00000
310,00000
248,00000
295,00000
248,00000
275,00000
276,00000
312,00000
640,nd000
500,00000
612,00000
500,0000¢0
543,00000
450,00000
612,00000
61C, 00000
696,0N000C
610,00000
192,00000
170,20000
136,00000
130,00000
122.,00000

£5,00000
108000000

75,00000
136,00000

75.00000
326,00000
345,00000
333,00000
330,00000
318,00000
330,00000
472,00000
350,00000



499,00000
39C,00000
A1C,00000
725,00000
775,00000
670,00000
810,000600
75C,0000N
893,00000
89¢,0000C

162C,00000
870.00000
fs
39C,16667
355,75000
343,25000
37,41647
4R6,83333
RC
148,50000
114,750M0
93,75000
74,75000
R7,750N70
353,25000
314,2500N
297,75000
336,25000
368,75070
666,750N0
64C,25000
638,25000
781,25000
1004 ,00000

BCD

116.00000
06,50000
284,00000
58,00000
70.00000

321,00n000
293,0000C

271,50000

2K1,50000

203,00600

57G,00000

556,00000

406,50000

611,00000

653,00000

181,00000

133,00000

103,50000
81,50000

105,50000

375,50000



Al . 50000

324,000

411 ,00000

Y Yalelals

(67,5000

124 4800C

reC,0nann

Kal,s50000
138800000

C

ThE annnl.

323468002

74C 50000
Ci;

R4, 30000
<G, nonnn
577.30000
122.90000
371,30000
5N3,70000
U
3740000
4hT,966AT7

ag

117,80000
qf. ,n0onNC
338,80000
32&,50000
g2l,5n00n0
686G ,50000
ACDH
96 ,80000
73,00000
27¢,00000
3n4.00000
£2C,600NC
534,00000
13g ,ROCOND
157,00000
4nl,e000C
383,00000
1022 44000C
725,00000
rD
33]1,13333
3N3,666L7
£?2(,93332
41E,00000
ARD
364 ,66667
313,33322
33Z.,0000C7
208 ,33233
209 6667
2h8,33333
308, 666K7



31,66647
IRC,66667
A6 ,66667
GhE 66667
4?2C 00000
41e,00000
376 ,606647
41€,66667
1A8,33332
491,00000
428,33333
B1E£433332
481 ,6A6K7
h ',l")

336,00000
315,1K667
R4, 00NCH
31C41A667
338,66667
441,33333
396,33333
4N2,500N00
40h 466607
€35,00000



CLLRCF OF YAGRTATION

A

£
Fag
ARCO

nC

nen

C

co

D

AC

ACD

L0

ATD

er,
RLEJUSTED TaTog
CrPRECTIMY TERuM
VRATJUSTE™ TOTAL

MUMIFR OF
NREEDYATTIOMS

»
[l B @)

DEGRFES O
FREEDODM

1

F suM OF
SQUARES

£6733,3499700
282081 ,.4832000
4862948,4680000
5833180,9563000
152472,2330000
45646708 ,2250000
5343804 ,4680000
4157143,6220000
4735154,8740000
340054,8165000
4292758,.2740000
4906609,7750000
429876,9833000
800916,3166000
§A0830,4426000
5R33180,9560000
9252012,.,0150000
15085192,3700000

DEGREES OF
FREEDNY

L LN NNDX S 00 H -

51

n12
192 15N85192,9700000

SJM OF
SAUARES

66733,3499700
62872,9003000
09749,6910000
87908,2305000
152472,2330000
255092,3700000
112781,5585000
41%57143,6220000
23795%,4355000
3400%4,8165000
68881,3030000
127541 ,4335000
23n88,8169000
67:87,7669000
88203,4331000
5745272,7640000
9252012,0150000



AXRS09



GENERAL ROUTINE AXRSO9
STEPWISE MULTIPLE REGRESSION

PURPOSE: To obtain the best fit of a set of observations of independent
and dependent variables by an equation of the form

Y = by + byxy + by, + «e.e. + b x where Y is the dependent

0 1
varisble X, Xp) --.-8re the independent variables; and b ,bl,

0 -
are the coefficients to be determined.

This program computes a sequence of multiple linear regression
equations in a stepwise manner. At each step one variable is added
to the regression equation. The variable added is the one which
makes the greatest reduction in the error sum of squares. Eguiv-
alently it is the variable which has highest partial correlation
with the dependent variable partialed on the variables which have
already been added; and equivalently it is the variasble which if
it were added would have the highest F value. Variables can be
added to the regression equation and automatically removed when

their F values become too low. Regression equations with or

wvithout the regression intercept may be selected.

RESTRICTIONS: 1) A maximum of 30 variables (independent plus

dependent) can be treated in each run.

2) Input to computer is on cards

ACCURACY: Single precision floating point computations with eight

significant digits.



OPTIONS: Transformation of any variable can be made by inserting

the proper automath statements between the two transform

comment cards in the source program deck (i.e., X(1) = LOGF X(1)

or X(6) = SQRTF (X(6)) or X(13) = A + B * X(13) where A and B

have been defined on preceding transform cards.

INPUT:

Data may be punched on cards in any format which can be

suitably described by the Automath Format statement. The

standard card format is seven fields of ten digits each; the

last 10 digits may be used for identification.

CARD DECK SETUP:

1.

2.

Compilex card
Program source deck - complete with modified Format statement
(#1001), Transforﬁ Statements, overlay card, Binary Subroutine
Decks and Jobend card.
Name Card - describes run-uses card columns 2-80
Control card
Parameter Card Colum
No. of variables (NCI) (Max 30) 1-2

1 + degrees of freedom for error
for matrix calculated from Residual SS-

otherwise use the count (DEFR) observations 3-6
Tolerance - usually .00l (TOL) T-12
F - Level for entering a variable (EFIN) 13-18
F - Level for dropping a varisble EFOUT 19-2k

maybe _F-level for entering



*¥Note:

Data - Cards punched in most any form can be
handled by this program (several variables per
card or one per card) and is described by a
FORMAT statement included in the program source

deck.
Finis card

Repeat steps 3-6 for each additional run.
FINIS card

When generating additional variables (transforms)
allow for reading them in the FORMAT statement.



DESCRIPTION &
PROGRAM LISTING




454

456

6
1998

200N
1222

6

NEWSTACK

CCMPILES

SUBROUTINE CORR3

CCMMAN A1 45S+AVG.IICT

COMMON DEFR2TOLWEFTNMGEFQUT AN
DIMENSION Al(465)AyG(30)¢S51(3n)4R(445)
COMPUTATION OF CCRRELATION MATRIX
PRINT1222

MC=NC T

NCQ=NC

K=1

MCAsSD

Ml=1l

NE=1

DC 456 L=14NC

DO 454 [=N1.NCO
B{11=A1(T)/SCRTF (AL (N]1)#ALIK))
K=K+ NCO=NCA

NCA=NCA+1Y

PULL SUM SQUARES

SS{L.y=Aal(N])

N1=NCO+*1

K=N1

NCO=NCn*NC=NE

ME=NF+1

Nl=z1

MNaNC1T

NE=1

DO 6 K=l NCI

PRINT1998+K
PRINT2000¢ (R{T) o I=N1sNN)

NO 7 JzN1yNN

Al (Jy=R YY)

Ml=NNe]

NN=NN+NC T =NE

NE=NE+]

RETURN

FCRMAT (54 20w 12}

FORMAT (1Rs7E1T749/7)
FCRMAT{1HL1/T79H

1LE CORRELATION CCEFFICIFENTS/ 2/ /)
FND

END

JCREND

COMPILES

SUBRROUT INE STEP

COMMNN Al eSS9AVGNCI

COMMAN DEFReTOLWEFINJEFOHUT AN

MATRIX OF SIup

DIMEMSTION AL(455)4AYGI(30)955(30)+A(30430)¢INDEX(30)COEFN(30)y

1SIGCN(30)
NC=NCI
KK=0
DCAl=14NC
SS(I1=8QRTF{(55{I}))
DC&I:I.NC



NC4J=1,NC
27 KKs3KKkel
A{l+J)=Al (KK)
4 A(Jsliz=A(T )
DEFR=DEFR=140
NQVM1=sNC=1
NOENT=0
NSTEP=z=1
1000 NSTEP=NSTEP+]
SIGY=SQRTF (A(NC4NC) /UEFR) #85 (NC)
PEER=DFFR=1.9
IF(DFFP)Y1IN174101741020
OUTPUT NN.1.DEGREES JOF FREFDNM RFDUCED TO ZERD
1017 PRINT100,NSTEP+DFFR
GO TO 1580
1020 VMIN=0,0
VMAX=z0,0
MOTN=0
DO10501=1+NOCVMI
IF(A(I+]))104241050,1060
OUTPUT NDe2eR(1s1) IS NMEGATIVE MAJNR DIAGONAL
1042 PRINT200.NSTEPs!
GC To 1580
1060 YF(A(141)Y=TCL)1050+105041080
1080 VAR=A(TINCY®A(NCyI)/A(LW1)
1F(VAR) 1100410501110
1100 NOTNz=NOINs1
INDEX (MOTN) =1
CCEEM(NOINY=A (T JNCIRSS(NC)Y /S8 (1)
SIACO(NOIN) =SQRTF (A(T+ 1)) *S1RY/SS(T)
1F{VMIN) 1160411704904
OUTPUT NOL3.VMIN 15 POSITIVE,PRDG RESETS
304 PRINT300,VMIN
RETURN
1170 VMIN=VAR
NOMIN=T
GO To 1080
1160 IF(VAR=VMIN)1050,1050,1170
1110 1F(VAR«YMAX)1050+1950+1210
1210 VMAX=VAR
NCVAX=sT
1050 CCNTINUE
TF(NOTM) Q034124041250
FRROR=NMOIN IS NEGATIVE
903 RETURN
OUTPUT .5,STANDARD DEVIATION NnF Y
1240 PRINT400,S1GY
G0 To 1350
1250 CNST=AVG(NC)
DC12R0T=1+NOIN
JEINPEX (D)
1280 CNST=CMST=CCEFN(T)#AyG(J)
Mz
1310 TFINONENT)13114131141313
. OLUTPLITeb« VARTARLE K REMOVED. PRINT STEP Nne,



KeFLEVL +5eDe0F YosCONSTANT =02
1311 PRINTSO0NSTEPK
6GC TO 20 .
CUTPUT.T, VARIABLE X ENTERED, DRINT &
1313 PRINTS00,NSTEP K
20 PRINT6004FLEVLISTIGYCNSToA(Nr 4NC)
DCQJSI !NOIN
9 PRINTTOO0,INDEX(J) «COEFN(J)+S15C0 (N
GC TD11320,1580) oM
1320 FLEVL =sVMIN®DEFR/A(NCWNC)
IF(EFOUTSFLEYLY135G,135041340
1340 K=NOMIN
MCENT=0
GC To 1301
1350 FLEVL =VMAX #DEFR/ (A (NCoNCI=YMAX)
TF{EFIN=FLEVL )1370,1370,138n
1370 K=NOQMAX
NCENT=K
1391 1F(K)1392+139241400
1332 PRINTS500«NSTEPWK
RETURN
1400 DClat101=1NC
1F{1-K)143041410,1430
1430 DCl440gs14NC
TF(J=K)14609144041460
1460 A(T o) 2A (] o Jd)=A(T oK) ®A(KsJ) /A (KoK)
1440 MCsNC
1410 NC=NC
NC14807=1NC
1IF(1«K)1500+1480,41500
1500 A(lek)==A(Ie¢K) /A(KsK)
1480 CCNTINUE
NC1520Js1eNC
1F(J=k)1640+1520,1540
1540 A{xeJ)eA{Ked) /ALK IK)
1520 CONTINUE
Alkak)=1,0/7A(KeK)
6C To 1000
1380 PRINT9004NSTEP
mM=2
G¢C 7O 1310
1580 PRINTLO02
PRINT 101v(JeAlded) sd=14NQ)
RETURN
100 FCRMAT(19v124E1749)
101 FCRMAT(BRs+12415B89E16,9)
102 FORMAT (27H DIAGANAL ELEMENTS//34H VARGNO,
1 VALUEZ /)
200 FCOMAT(1Rs12438413)
300 FCRMAT (1B4E17.9)

400 FORMAT (30H STANDARD FRROR OF Y =£1649)

500 FCAMAT(17H STEP NQ. 127294 VARTIABLE ENTERING 12y

600 FORMAT(21H F LEVFL E16,9/30H STANDARD FRROR OF
1 Y =F16,3/22K CONSTAMT E16,9/15+4 CORR =£16,9/)

700 FCRMAT(88H VARIABLE COEFFICTENTY



C

1 STD ERROR OF COEFFICIENT/33H
2X= 12e9B4E16,999R4EL16,9)
900 FORMAT(1B+]12)
FND
END
JOBEND
COMPILEX
TITLEAXRSO9
STEP WISE MULTIPLE REGRESSION
COMMON A1+5S+AVGyNCI
COMMON DEFRyTOL+EFINGEFOUT AN
DIMENSION TITLE(10)
DIMENSTION Al(4645) +AVG(30)+55(30),X130)
100 REWIND 6
PRINT 2003
2003 FORMAT(1HL)
READ 2002+TITLE
PRINT2002sTITLE
2002 FORMAT(10A8)
COMPUTATION OF CORRELATION MATRIX
READ 10004NC1+DEFRsTOLCEFINSFFOUT
1000 FCRMAT(12+F4,093F6,3)
1001 FCRMAT(F5:2¢F5.002F54242F5,0)
1F END OF FILE 25,30
30 NCaNC!
NQELMeNC#* (NCel) /2
ERASE ( (A1 (K) oK=14NOELM))
AN20,0
1 READIOO1+(X{I)sIaleNC)
IF END OF FILE 42
2 NCaNC
INSERT TRANSFORMS HERE
END OF TRANSFOQORMS
DO 3 1elNC
3 Altny=sAY ()X (1)
ANZAN®1,0
WRITE TAPE 64(X(I)s1=1sNC)
GC T0 1
4 END FILE 6
REWIND 6
DO 5 1=1,NC
5 AVG(T)=A1(1)/AN
PRINT 1003 +NCI1+DEFRIEFINLEFOUT
1003 FORMAT (31H NUMBER OF VARTABRLES 12/727H
U FREFDOMF4,0/37TH F LEVEL TO ENTER VARIABLE
1 F LEVEL TO REMOVE VARIABLF Elha9//)
PRINT 2011
2011 FORMAT(1HO///60H
1 SUMS //)
PRINT 20004 (A1(1)9I=1eNC)
PRINTY 2010
2010 FORMAT(1wW0///60HK
1 MEANS//)
PRINT 20004 (AVG(1)41=214NC)
PRINT2020

DEGREES OF
El6,9/38H



2020

3000
8

6

FORMAT (1H0///69H
18ER OF ORSERVATIONS//)
PRINT3000+AN

FCRMAT (56B84F5,0)

ERASE( (A1 (K) eK31eNOELM))
READ TAPE 8+ (X(1)e1=21sNC)
IF END OF FILE41+6

MN=1

11=1

K=l

D09I=I14NC
TEMP=X (1) =AVG(])

DO 7 JaNNeNC

- AL(KYSTEMP# (X (J) =AVG (J) ) +ALl (K)

7
9

41
1111

45

1999
41

46
15

25

2000
802

KzKel

NNeNNe+}

[ IaNN

GO TO 8

PRINT1111

FORMAT (1H0/82H
1 DEVIATIONS AND CROSS PRODUCTS////)
N1z}

NNaNC!

NE=1

D046 Kzl (NCI
PRINT19994K

FORMAT (14H ROW 129
PRINT20009 (A1(I)sI=N1oNN)
NlsNNel
NNeNNeNCT=NE
NE=NE+1

IND3=20
NOELMENOELM+NC¥NC
CALL CDRR3

CALL STEP

GC To 100

TYPE 802

STOP
FORMAT(1BsTE17.9//)
FORMAT (8HTHATS IT)
END

EMD

NVERLAY

STACKCORR3
STACKSTEP

JCBEND

BER

SuM OF SQUARES oF



SAMPLE
INPUT & OUTPUT




STEPWISE MULTIPLE REGRESSION

060068 L001 o5 3

002500002502500001500003400064
013000002102100000870003600065
003500002202200000430004100082

001750000900130001800001%00023
00300000230230000200000330V064
002000001000060003300001300016
005500000700140003400001400012
006000000600080005000001100027
001300000800270001500001900048
00%000001800360001800002700050
0050000003001000014000016400012
003000000800270001000002500013
002000000600300001500002100020
002000000800100002500001800023
001000002202200001100004600118
004000001301300002800001700050
000500002600120000730004800063
00025000230230000010000340V150
014000000300100003%00000500072
00250000150025000028000330005¢4
003500002801400000010004400109
003500000600060005000001000010
002500003503500005700003800128%
000500001100200003400001600044
002000001101100000500002000048
007000003203200006600003800108%
004000000800100004500001200009
015000002302300000150004900130
001000003803800002200004300160
003500001500500001500003300048
01300000060012000370000090003¢
002000002502500001000003500150C
012000000500170000300002100078
004000000900075001900001700023
003000000700350002600001200042
008000002002000002200003000072
009000000600086002500001500020
006000001200400001200002000036
0080000026001460001100003500056
001500001500300001400002900036
007000001000090010000001200026
008000002802800004200004000108
002000003403400000900004200106
006000000400080003600001100016
015000003203200001800004400104
017000001101100002300001400047
016000000200050001800001100027
003000001800160001100003200012
006000000300040001300001500007
014000000800110002000001700018
006000001400090000700002900028
001800001200260001500002100025
015000000300150000800001300011
018000000600550005700000900020
005000001200200004100001600014
03n000001101100002000002200038
029000000800800001000002200103
001800002402400001100003800106

B8IMED TEST

EFROYNSON
CONTROL DATA



013000002602600001700003800063
019000002902900048000002900208
011000001701700001600002500032
010000001500500003500001900028
006000001000%500001000002600032
00%000002202200001200003900100
001000001500500000800002900030
017000000900300013000001000080
005000003003500000900005800065
001300001000130009000001000025
FINIS

CARDS 344



STERJISE

JUIMBED

.0 TIPLE REGREISINN
NF VAQTARLFS 6

SEGR-EG JF CREENDY 48,

w

LFvEL

F LE/SL TO Q2ZMIvE

Va4 T757U000UE N3

0.6729558824F N1l

o ENTER VARTAIDLE

VARTABLF

N,.103700900E 04

0.152500000€ 02

Q0w 1

0.2R07933464F N4 =2,716225001F 03
ROW 2

0e5ATSN0DE 04 0,632733248E 04
ROw 3

0e9N05758106F N4& 1,538022755E 03
RPOw 4

0e2409691A3F NG =N0,704198088F 03
0w 5

0,176342794r 05 0_,234945587E 0S
RO 6

041279731175 06

AIYED TEST

EFRAVNSON

N,5000N0009¢ 00
0+370000030nE 00

0.,708710000F

0,104251471¢

SIUM OF SQUARES

0,2589254137€
0.,378697570F
N.731702101¢€

0.599451383¢

S51UMS

03 0.,210770000E 03 0,172700000E né
YEAMNS

02 0,309955882E 01 0,253970588E N2

BER OF NBSFRVATIONS

68.
OF DEVIATIONS AND CROSS PRODUCTS
02 0.664559868E 03 =-0,105923088F 946
03 0,687824998E 04 0,204674999F 05
04 N.,266678320E 05
064

0.386200000E 06

0.567941176¢ 02

0.156998824F O#



ROwW

Ne LuOINNNE N1

RO
RCA
RO
R3aw

ROwW

SATTX OF STMPLN CANRFLATION

1
=N 17Th%aARGGASE UD

051342283 7F.02

Na?5648179NnE

2
0.1200090N% Nl N RETIP2IS55F U) J,109719349F 00 0,379119542E
1
04 129)703NANE AL N 1258A5666E 00 3,75193.697F 00 0,786058292E
[
De 1707029001 AL =0,)14063743N0F 07 D,342%67679F 00
r,
0.1°0WI0a00r 9l 0,645167154E 00
t\
0610070900 5F Y1
S5TAKIARN ERROP NF vy = N,435501284% 02
STFP NE, 1
VARTAZLE FNTERING 3
F LEVEL D.136724064E 03
STANDARN EZRROR 2F v = 0,271237928F n2
CONSTANT 0,260998222F N2
(CRE = Ne382112362c 00
VARIABLE COEFFICIENT sSTD
X~ 3 0.2364425540F 0l
STEX N, 2
VARTARLF FNTERING 4
F LEVEL 0,121820955E 02

STAMDARD FRR2 nF v = 0,250821120F Q2

CONSTANT V.217444916E 02
CORR = N,321401363F 00
VARTASLE COEFFICIENT SID
X= 3 0.282754921% 01
VARTABLE COEFFICIENT STD
X= 4 0.,179767834F 01
STRP ~Nf, 3
VARTABLE ENTERING 5
F LEVEL 04739256605 01!
STANDARN ERRAOR NF Y = 0,23932R426F Q2
CANSTANT 0.,291071780€ 01
CORD = D«2BR479437E 00
VARTABLE COEFFICIENT sTD
Xe 3 0.195839757E 01
VARTABLE COEFFICIENT sTD
Xe & 0.231239125€ »nl
VARTABLF COEFFICIENT STD
Xe 5 0,103553033€ 01
STFP NN, 4
VARTABLRE ERTERING 1
F LFVEL NeTAT546375g 00

STAMRARD ERRQP CF Y = 0.239726654F 02

COMSTAN

T

-0,1252R4238¢ 0

1

CREFFICIENTS

00 -0.,1956888055 ")
0n 0,.749616545F NQ

00

ERROR NF COEFFICTENT
0.284999634E 0N

ERROR OF COEFFICIENT
0.265659659E 00
ERROR OF COEFFICIENT
0.515051861E 0N

FRROR OF COEFFICTENT
0.,497973952E 00
ERROR NF COEFFICIENT
0.526652073E 00
ERROR IF COEFFICIENT
0.380859873E 0N

NeR20555R36E-01



rann

STES e,

V12843177545, 79

‘y

VAL TALE
Xe 1
VAQTARIF
X- 1
VAP TARLF
Kem &
VAR T LN P
Ya &

JARQTAULE FAT=RINS 1

FLEVEL

Ny17J759077E 40

COEFFICIENT
0.427207761%
CoEFFICIE™T
0,135676592~%
CREFFICTIENT
0.223334554¢F
CREFFICIENTY
0al11674116F

STANOARD TRROR AF f = N,2VIT2hK54F 02
SCMSTANT
7428431 775%E 00

cexe

«0,1252R4238F N1

YARTAQLF
Y= 1
VARQTARLE
K= 3
VARTAASLEF
Yuo &
VARTASLE

X 5

D1A3HNAL ELEMENTS

VAR, N0,

TN DWW N

VALUE

N.113228649E
0,102907634¢
0.2708933N9¢
0,12001313RE
0,279448337F
N14.7284917755E

COEFFICIENT
04427207769F
COEFFICIENT
0.189676592F
COEFFICIENT
0e223334554F
COEFFICIENT
0elll1574116F

nn
n1
01

71

00
0l
0l

01

ST
STO
5™
ST

ST
STD
STH

STH

rrRRV? IF CNEFFICTENT
N.4313684432E 07
FRRO2 NF THEFFICrICNT
D.,41l431208%E 0O~
FRRCR IF THNEFFICrENT
N0.536395316E UN
FRRCRA OF COEFFICIENT
0.392315853% 00

cRRUP OF COEFFTICTIEMNT
0.481394632E 0N
FRROR NF COEFFICIENT
9.414512080E 09
FRRIR NF COEFFICIEMT
N0.534995314E 00
FRROR W COEFFICIEMNT
0.392315R53E 0On



AXRS14




OUTPUT: 1) Computes and prints a matrix of sums squares deviations
and cross products.

2) Camputes and prints means and standard deviations of all
variables.

3) Camputes correlation coefficients of all variables against
each other and tabulates them as a triangular matrix.

L) Extracts eigenvalues and eigenvectors from the correlation
coefficient matrix.

5) Usiﬁg the eigenvectors the independent variables are
transformed into principal components (which are ordered as to
importance and which are not interdependent).

6) Computes by least squares the multiple regression
coefficients of each dependent variable versus all of the principal
camponents .

7) Works backwards from the dependent variable versus
vrincipal component regression coefficient to get dependent
variable versus independent variable regression coefficients and
prints one set of coefficients using each additional principal

camponent,

References:



GENERAL ROUTINE AXRS1k
PRINCIPAL COMPONENTS ANALYSIS

T. A. Entzminger

PURPOSE: Performs a regression on the principal components of a group

of closely relasted variables.

RESTRICTIONS: 1) A maximum of 20 variables (dependent and independent)

can be treated in each run.

2) Input must be on cards.

ACCURACY: 8Single precision floating point computations with eight

significant digits.

INPUT: Data may be punched on cards in any format which can be suitably
described by an Automath FORMAT statement. Arrange data so that
they are treated by the READ statement in the following manner:
(a) one observation of every variable in each read cycle
(b) observations of all independent variables should precede

observatiors of dependent variables in the same read cycle.

CARD DECK SETUP:

1. Program decks

2. Name cards

3. Control card Card Column
Total number of variables 1-2
Number of dependent variables 3=4

4. Data deck

5. FINIS card



DESCRIPTION &
PROGRAM LISTING




MEWSTACK
CCH4PILES
SUBROUTINE CCRREL
DIMENSION R(210)4A1(210) 4DT1AA(20)411{20420)+51G(29)
CCAMNN AL JMOELMGNCT JNDGPTAG,I1,S]A
COMDYTATION OF CNRRELATINN MATDIY
PERINTL1222
NC=NC1
NCO=NC
=1
NCAzQ
Nl=1
NE=]
NC 456 L=14NC
NC 454 T1=N1oNCO
RITY=A1(T)/SCRTF (A1 (NL)#A]1(K}Y)
K2+ NCO=NCA

456 NCAzNCA+1
N1=NCO+1
K=N1
NCC=nCQ+NC=NE

456 ME=NF4
Nl=1
NN=NCIT
NE=z1
NC 6 K=14,NCI
PRINTLI9984K
PRINT2N00D4 (R(I) s 1=N1 o IN)
MI=NN+1
NNSNN+NC T =NE

6 ME=NF+1
NC 171=1,NDELM
17 AL(IY=R(T)

RETURN

1998 FORMAT (5H RCW 12)

2000 FCRMAT (1R47EL17.9//)

1222 FCRMAT(1H1/79H MATRIX OF Slwvwp
1LE CCRPRFILATION CREFFICIENTS/ 2/ /2)
END
FND
JCRENMD



CCPILES

SURRAUTINE EIGFEN

DIMENSION H(20020)2U(20420) 90X (20)e1Q(20)0+A1(210)+DT1AG(20)951G1(20
CCMMAN AL +NOELMoNCT 4 NDSDTIAG e 816G

CCNSTRUCT SGUARE MATRIX AF INDFPFNDEMYT yARIABLES
KK=0

N=NCT=ND

DC S1=1N

DC“J:I.N

KKaKK+1

H(TlsJ)=zA1(KK)

HiJeI)=H(IeJ)

5 KKsaKK+ND

10 NCl4ay=14N

NClag=s14N
IFl1ay)12s1lel?
11 UtTley)=1,0
GC TO 14
12 U(lsgy=0,
14 CCNTINUE
15 NRz20Q
IF(N=1)1000+1000s17
17 NMI1=N=1
DC30T1=14MMT1
X(1)=0.
TPL1=Ts1
NC3I0J=1PL LN
IFIX(IY=ABSF(H{T14J)))120e2Ce3N
20 X(1)y=A3SF(H(T+]))
1Ic(1Yy=J
30 CCNTINUE
PAN=7,450580596E=9
HDTEST=1,7F38
40 DC101=14MMI 1
TF(1=1)60060445
45 TF{XMAX=X(T1))60470s7D
60 XMAX=X(I)
ARV
JPTY=1G(T)
70 CONTINUE
1F (XMAX) 10004100080
87 1F(HYNTFST) 90490485
85 1F(XMAX=HDTEST)90e90,148
90 HDIMIN=ZARSF(H({1s1))
Nol101=24N
TF(HDIMIN=ABSFIH{]41)))110,110,100

100 HDIMIN=ARSF(H(T4T))

110 CONTINUIE
HDTEST=HNIMIN®RAP
IF(HNTFST=XMAX) (434100041000

148 MR=NP+}

&



150 TANG=SIGNF (2400 (HUIPIVyIPIV)wd(JPIVeJPIV))IRH(IPTIVeJPIV)/ (ADSF(A(]
IPIVeTPIV) =H(JPIVeJPIV)) +SQRTF ((HIIPIVIPIV)=H(UPIV4JPIV) ) *%244,0%4
2{ICIV.JPTV) *#2))

COSINE=1,0/SCGRTF(1,0+TANG*#2)
SINE=TANG*COSINE
HIT=SH(IPTVWIPIV)
HITPIVeIPIV)2COSINEX#2% (HIT+TAMGH (2o #H(IPTVoJPIV) +TANGRH (JPIV Y
1LJPIvVyY))
HUJPTVeJPIV) =COSTNE##2% (H(JPTy4JPTY) =TANGX (24 #H (TPTVeJPLV) =
1TANGHHTT)Y)
HIIPIV.JPIV) =0,
TF(H(IPIVeIPIV)=H (JUPIV,JPIV))182,153,153
152 HTEMPzH (IPIVLIPIV)
HIIPIV,IPIV)=2H(JPIV,,JPIV)
H{JPTVJPIV)=HTEMP
HTEMP=SIGNF (1o D4=SINE) #COSINF
CCSINE=ABSF (SINME)
SINE=HTEMP

153 CCNTINUE
DO35n01I=1,NM]I1
IF(I=-1PIV)210,35N0,200
200 IF(1=UPIV)21043504210
210 IF(1Q(1)=1PIVv)2304241,4230
230 IF(IN{1)=dPIVv)350,424U¢350
240 K=TQ(I)
250 HTEMP=A (1K)
HI{Tsk)=0,
TRPL1=tT.1
X(1)=0,
NC320J=1PL 1N
TF(X(1)=ABSF{H(14J)1)300+300,320
300 X(1)=ARSF{H(TIeJ))
{1y sJ
320 CCNTINUE
H{TyK)=HTEMP
350 CONTINUE
X(IPTV)Y=Ds
DOS30T=14N
TF(TI=TPIV) 370,530,420
370 HTEMD=4(T1e1PIV)
H(T41PIV)SCCSIMERHTEMPLSINERR(T,1PTV)
TF{X(I)=ABSF(H(TIsIPIV)))382:337,4390
380 X(1)=ABSF(H(T+IPIV))
1C€{1y=1D1V
360 H{l4JPIV)IZ=SINE*HTEMP+COSINEXA(T,,JPIV)
TF(X{1)=ABSF(H(T s PIV)))4DDe837yR30
40N X(1)Y=ARSF(H(]IsJPIVY))
IG(1Y=JPTY
GCTN530
420 1F(1-JPIv)430,530,480
430 HTEMP=H(IPIVeI)
H{T1PTV4l)SCOSINERHTEMP+SINERH (1, JPTV)
IF(X(IPIV)«ARSF(N(IPIVeI))I44044R50+450
440 X(IPIV)=ABSF(H(IRPIV.I))
1IStiPIVY =t
450 (T 4JPIVI==SINEX®KTEMP+CCSINERS (I JPIV)
TFIX(IY=ASSF(H{T+JPIV))I)I4Q0sR3Ne53N



480

490
500
510

530
540

550

1000

600

HTEMPzH(IPIV,e1)

HUIPTIV IYSCOSINEXRTEMP+ SINF*Y(JPTV,.I)
IF(X(IPTIV)=ABSF(R(IPIVs1)))14Q04500+500
X({IPIV)I=ABSF(H(IPIVL.I]))

1CtIpIV) =1
HUJPIVeI)==SINEXHTEMP+COSINE®H (JPIVY 1)
TF(X(JPIV)=ABSF(H(UPTV4s1))1510,530,530
X(JPTV)=ABSF (H(JPIV,I))

1G(JPIV)Y =]

CONTINUE

DO5501=1N

HTEMPsU(TWIPIV)
UGT4IPIV)=COSINERHTEMPLSTINE*I(T4JPTV)
UlT+JPIV)IS=SINEXRTEMP+COSIME*J (T +JPIV)
GOT040

DO A001=14M

DIAG(I)=H(Ts])
RETURN

END

FNC

JCBEND



aNANA!

COMPILES
SURRNUTINE REGRES
DETERMINATION OF REGRESSINOM ¢NFFFICIENTS
NDIMENSTION X(20)9A1(210)eRB(210)*RFGSSIL0) 9XD(20) oNTAGI20) 43U (20020)
151~ (20)
CCMMNN A1 oNOELMJNCTWMD4DIAGI14SIG
FRASE {(REGSS)
MC=NCE
3 MaNC=ND=]
MM=M
NP=NC=ND
NJ=NC=ND
NGeNC=ND
Nl=1
NN=NCe1
MZs2
L2=1
NT=NC
NX=0
NDC 12J=N1.NQ
300 NC 51=NL1eNC
5 R(1)=A1(1)/7A1(ND)
NCX=NC =ND+1
NC 36 KKR=1ND
REASS(KKR) =A1 (NCX) #B (NCX) +REASSG (KKR)
36 NCX=NCXel
NNCz=MC
MN1=N)
MNNX=NX
LL2=L2
1 NNSNN=1
10 2= 21
Nl1zNCel
2 NX=NX+1
NC=NCe+NT=NX
K2sL2
NC 81aM1WNC
Al(1)=sA1(])=A1(K2)%3(L2)
R K2zK2+l
IF(NC=NOELM) 10011011l
1l 1 23LL2eNN
NXSNNXe]
N1=NNCel
12 NC=NNC+NTeNX

MULTTIPLE CORRELATION COMPUTATIAN
PDC 37 1=1.ND

37 REASS(1)=REGSSIIY/X(D)
PRINT 1555



31

34

35

14

13
16
17
19
18

20

77

PRINT 8014 (REGSS{I}sI=1eND)

BACK SUBSTITUTION

DC 31 T1=1.NCELM
Al(IysR(])
11=0

DG 22 KK=1.ND
1821

TEN=NP

TE=I1EN

K=0

NC 35 1=1B,I]E
K=Ksl
B{ky=AL1(1)
T1T=1+11
Ri{k+1)=A1(1IT
KzkKel
TENSTE«IR=1
IB=1F+NDs
IE=IR+1EN
TFITENY14134434
Ml=)

MMM

ﬂZ:l
NC=NNC=NP* [ND=1)
NC=NC

PO LBT=N1WMJ
X({1)=B(NN)
NZ=SNZ+1
NG=NQO=NZ

MZ=22

L=NJ=1

MAZ3

DC 18J=1,L
MO=NC=NA

MC=ND

Ml=Nlel

DO 16T=N1+MJ

X{I)=X(1)=BIND)%X(N]1=1)

NZ=NZ+1
NC=NO=N2Z
MAZNA+]
M:N-]
MZENZ =M
LK=NJ

DC 20 I1=14NJ
XC{I) =X (LK)
LK=LK=1
PRINT1444

PRINT K01+ (XQ(1)el=1eN)

FRASE (R)
PC 78J=14NJ
PC T771=1,NJ

RI1)=X0( ) *U(1e ) /591G

PRINT 14454J



1445 FORMAT(S50BOHUSING 12¢21H PRINCTIPAL COMPONENTS//)
78 PRINT 8014 (B(IYaI=1sNJ)
22 11=114+1
RETURN
R00 FCRMAT(124+13,12)
1333 FORMAT (142/70H
LRMFEDYATE SOQLUTIONS////)
1444 FCRMAT (1H2/70H
15S10MN COFFFICIENTS////)
1555 FCRMAT (1H2/ 74K
LRRFLATION COEFFICIENTS////)
801 FCRMAT(1RyTEL17.9)
END
FND
JCBEND

INTE
REGRE

MULTIPLE €D



CCMPTILEX

TITLEAXRS1G
C REGRFSSION QN PRINCIPAL COMPANENTS
C CORRFCTED SUMS OF SCUARES ANN CROSS PRODUCTS

DIMENMSTOM X(20Y981(Z210)+NTAGI20)8YGI2N) o (20+27)¢81G(20)
DIMENSION 2{20)
100 REwWIND 6
REWIND 5
1201 FCRMATI(3IFZ2,14F3,1)
READIOONSNCTWND
IF END gfF FILE 25430
30- NC=nN(T
MCELMaNCH(MCel) /2
FRASE T (AL (K) oK=1 e NOFELM) )
AN=0,0
1 PEADLOOL«(X{(TYeI=1aNC)
1IF END OF FILE 442
2 NC=NC
TNSERT TRAMSFQPMS WERE
FND OF TRANSFQORMS
PC 3 1=1enNC
3 AL(TYy=al(IYeX ()
ANZAMSY O
WRITE TAPE &4 (X{T1)sl=14NC)
GC 101
4 END FILE 6
SEWIND 6
ASsSInNg  TO N8D
ASSI&N 1R TC N115S
50 DC 5 1=1,MC
5 AyG(T)=A1{]) /AN
FRASF { (A1 (K) 4K=148NELMY)
GC 70O NBOs(8,48M)
B READ TaPE 64 (X{IYsI=14NO)
IF END OF FILE&4Lla6
5 NNzl
I11=1
K=
NCAt=114MC

A

TEMP=X{1)=AVG(T)
RC 7T JsNNWNC
AVIKYSTEMPR (X (J)=AVG (U} +AY {K)
T KzKe1
NN=NMN+}
9 1I=NN
GG TN NBQ«(3480)
RO RBEAD TAPEC S4({X(I)aI=z14NO)
IF END OF FILE 41,46
]l PRINTIIIY
1111 FORMAT (1W1/82H SUM DF SUUARES AF
1 CFVIATINNG AND CRDSS PROADUCTS////)
4% Nl=1
MM=NCI
NE=1
NC4h Kzl NCIT
BRINT19994¥
1799 FCOMAT(14H ROW 12)



303 AL(T)sAL(DY+2(T)
AN:AN"‘I.O
"WRITF TAPE 54(2(1)4I=14N7)
GC TN 201
206 END FILE 5
REWIND 5
ASSIGNRO TN N8O
ASSIGN 115 TC NI15
GC TN 50
115 NCELM=N#(N+1) /2+N%#ND
CALL REGRES
GO To 100
25 TYPE,802
s7aP
1700 FCRIMAT(212)
2000 FORMAT(1Re7E1749//)
202 FORMAT(BHTHATS IT)
END
FAD
OVERL AY
STACKCORREL
STACKE 1GFN
STACKREGRES
JOREND



SAMPLE
INPUT & OUTPUT



TNPUT TEST DATA

Ng01

111112223
141511223
171820292
171718270
181918285
161819304
191820311
2021211314
232425328

252524340
FINIS
FINTS
FINIS

CARDS 444



QOw 1
0,145A00000F N}
R 2
0,150400000¢ 91
ROy 3
0181600000 01
ROW 4

Del45540000 N3

De00221h0a3rF N9

D.1820C00008 1

Ve lanwgQO00NE 01
0,151200000g 01

D,1572700000g 02

Na404792259E 00

34186000000E 01

SuUM JF SWUAeES JF

0,151400000E 01 0,146600000e 02

0,13410V000E 02

STHNDARD DEVIATIUNS

De491968B14F D0 0,402133201c 01

AEANS

J.188000N00E 01 (,289000000c U2

NUVAER OF D3SERVATIQONS

10,

DEVIATIONS AND CROSS PRUDICTS



MATRIX OF SIUPLE CO~SRELATION CQEFFICIENTS

ROnw L .
0,1000CNN00K O1L 0,98%264689F 00 D.9310UB073¢ 00 0.,93Rr380181c On
ROwW ¢
0,100067000e 01 0.,914892¢55E 00 0.,3063870t4E U0
ROW 3
0.100000000E N1  0,970024238E 00
ROwW &
0.,10000000n0E N1
EIGENVALJES

0s288781533 Nl ,985219262E-01 0,1360927204E=01
EIGENVECTORS

D.5H3ZLLRa2y N0 0N,9800n70728 00 0,568r3l973g 20
0,320839305, ND N, 714736511 00 &J,BLl7<35244F 00
«DeT46274975E NI 0,65q092579E 00 DJ,931155504k=01



S JF SQUARES JF DEVIATIUNS AND CRUSS PRUDLICTS

PO 1
0e259903303F (02 =0e¢9M00000NE=08 0,260000000E=08 04587999961t 02
ROW 2
DeB8HHEG 1335 MU N4107000000E=08 ~0,20900188%¢ 01
) RNW 3
0,122969483F ) «1,45%014871g 00
ROW &

N,1a5540000E N3

MULTTeLFE CORRELATIONM COEFFICIENTS

04343510401 F=15

REGRESSION COEFFICIENTS

06226237902 N1 «D,235708258E 01 -0,370237643F 01

JSING 1 PRINCTPAL COMPONENTS

0328043979 N1 0,320993316F 01 0,286%41745¢ D1
JSING 2 PRINCIPAL COMPONENTS

wDe 1HBNOLAHTIOR Nl =N,2735037R81E 0) 0,428=%300%8L 0]
JSING 3 PRINCIFAL COMPONENTS

De68B05TURLUE N1 =1,.9946U8904E 01 «J,757UbARISE 0D



AXRS28




GENERAL ROUTINE AXRS28
LINEAR DISCRIMINANT FUNCTION ANALYSIS

T. A. Entzminger

PURPOSE: This program performs calculations which aid in discriminating
between two groups of objects or conditions on the basis of several
properties of these objects or conditions. The procedure for
discriminating consists of finding a critical value of the index
such that any object whose index value falls below the critical
value is classified as belonging to one group otherwise to the

other group.

RESTRICTIONS: A maximum of 10 descriptive variables for each group.

ACCURACY: Single precision floating point computations with eight

significant digits.

INPUT: Data may be punched on cards in any format which can be

suitably described by the Automath FORMAT statement.

CARD DECK SETUP:

1, Program source deck

2. Control card Card Column
Number of variables for discrimination 1-2

3. Data for group 1 variables

b, Date for group 2 variables

5. Finis card



OUTPUT: The program sets up a two way classification of the data to
determine the linear discriminant function Z = f ( , x, + 2 x 2
4+ ....n xn) and prints out Z values for each observation entered

along with the coefficients ( 's).

REFERENCE: "Introduction to Mathematical Statistics", Paul G. Hoel,

3rd Edition, John Wiley and Sons, Inc., New York.,



DESCRIPTION &
PROGRAM LISTING




COMPILEX
TITLEAXRS28
C LINEAR DISCRIMINANT FUNCTION
DIMENSINN X(10) eSUM(66) +D(10)eND(10) B(66)+XX{10)eX0(10)
PRINT 5000
5000 FCRMAT(1H1/30X37HLINEAR DISCRIMINANT FUNCTION ANALYSIS//)
REWIND 6
READ1000 NV
NCzNy+]
MOFELM=NC# (MCe1)/2=1
FRASE ((SUM(I)e131eNV) ¢sANsD4DD)
1 PEAD2000(X(T)eI=1leNV)
IF END OF FILE 544
DO 31=1,NV
SUM(1)Y=sSUM(I)+X(T)
AN=AN+1,40
WRITF TAPE 64(X(1)9I31eNV)
GOTO1
5 END FILE 6
PRINT 4000,AN
DO 7 1=1.NV
7T DU1Y=SUMT) ZAN+D (I
FRASE ((SUM(1) 41314NV))
ANz0,0
11 READ 2001+ (X(1)e7=1.NV)
1F END OF FILE 6410
10 DO 13 f=a14NV
13 SUM(T)=SUM(T)«X(])
AN=AN+1,,0
WRITFEF TAPE 64(X(1)sI214NV)
GC T0 11
6 FND FILE 6
PRINT4001 AN
REWIND 6
DO B8 I=14NV
8 PDIT)sSUMIT) ZAN+DDI(])
FRASE((SUM(I)+I214NOELM))
18 RPEADTAPEG« (X(I)4I=14NV)
IF END OF FILE 20416
16 NN=1
11=1
K=1
NC191=11.NV
TEMP=X(1)=D(1)
DC17JaNNGNV
SUM(K)YSTEMPR (X (J)=D(J) ) +SUM{K)
17 K=K+l
SUM(K) =D (NN)
K=Kel
MN=NNe+1
19 11=NN
CT018
20 FEADTAPEG s (X(1) o121 4NV)
TF END OF FILE 31,21
21 NNh=1

w o



11=1
K=1
NC291=11 NV
TEMP=zX(1)=DD (1)
DC27J=NN NV
SUM(K)sTEMP* (X (J)=DD(J)) #SUM(K)
27 K3Kel
SUM{K) =D (NN)=DD (NN)
K=K+
NN=Nh+l
29 112NN
GC TO 20
SIMULTANEOUS EQUATION SCLUTINN
31 Mz2NCe2
MJzsNC=1
NG=NC=1
Mlzl
MN=NCe1
NZx2
L2=1
NT=NC
MX=0
DC 120 J=NlsNQ
NC 50 1=N14NC
50 R(l)=SumM(I)/SuUM(N])
NNCENC
NN1sNL
MNX=NX
LL2sL2
NNzNNe=]
100 L2=L2e1
Ml=NCel
MX=NX+]
NCeNCoNT=NX
K2=L2
NC 80 1=N1NC
SUM(T)=SUMLI)=SUM(K2) * B(L?)
BO x2sK2+1
TFINC=NOFLM)10N4110,4110
110 L2=LL2+NN
NX=NNX+]
Nl1zNNCe]
120 NC=NNCeNT=NX
140 Nl=1
NZ=1i
NCaNMC
NO=NC
NDC 150 [=NlsNy
¥X(1)=R(NO)
NZ=N7+)
150 NO=NQO=N2Z
NZ=2
L=NJ=1
NA=3
NC 1R0 J‘loL



NC=NC=NA
NC=NQ
MleNtel
DC 1601=N1sNJ
XX(1y=XX(I)=R(NOY*XX(N1l=1)
NZ=N2e+1
160 NOsNQ=N2
NA=NA+]
MzZMel
180 NZ=N2=M
PEWIND 6
K=NJ
PRINT4002
PC 200 I=1.NJ
XO(1y=XXtK)
PRINT8O014+X0D(T)
200 ¥=K=]
PRINT 4003
XTC=xX0(1)
DC 2061=14NJ
¥XO(1)ysX0(1)/XTO
206 PRINT B8014X0O(1)
PRINT 401
202 PEAD TAPE 6+ (X(T1)s1=1oNV)
IF END OF FILE 2719216
216 2=0,0
PC 219 I=1sNV
219 Z2=72+Xx0(I1)*X (1)
PRINY 8012
6GC T 202
221 PRINT 402
220 READ TAPE 69 (X(I)elz1leMV)
1F END OF FILE 2304226
226 2=0,0
DC 229 I=14Nv
229 7=7+X0(1)#X (1)
PRINT BO01,2
GG 70220
230 TYPEL803
B03 FORMAT(8H THE END)
STCP
400 FCRMAT (4B E16,9)
401 FCRMAT(31H INDICES (2 VALUES) FOP GROUP 1)
402 FCRMAT(31H INDICFS (Z VALUES) FOR AROUP 2)
801 FORMAT(1Rs7E17.9)
4002 FGPMAT (42H COEFFICIENTS OF THE DISCRIMINANT FUNCTIOM)
4003 FCRMAT(58H STANDARDIZED COEFFICIENTS OF THE DISCRIMINANT FUNCTION)
1000 FORMAT(12)
2000 FORMAT (2F9,0)
2001 FORMAT(2F9.0)
3000 FCRMAT(SF1043)
4000 FCORMAT(17H COUNT GROUP 1 =F9,1)
4001 FORMAT(17H COUNT GROUP 2 =F9,1)
FND
FND

JCREND



SAMPLE
INPUT & OUTPUT



02
6.36
5.92
5.92
6,44
6,40
6.56
6.6"
6.68
672
6.76
6a72
FINIS
6.00
5,60
5,664
5.76
5,96
5,72
5,64
5,44
5.04
4.56
5.48
5.76
FINIS
FINTS

CARDS

5,264
5,12
5,36
5,64
5,16
5,56
5,36
4,96
5,48
5460
5,08

4,88
4,66
4,96
4,80
5,08
5,064
4,96
4,88
A
4,04
4,20
4,80

199

INPUT TEST DATA



LINEAR DISCRIMINANT FUNCTION ANALYSIS

COUNT GROUP 1 = 11,0
COUNT GROUP 2 = 12,0
COEFFICIENTS OF THE DISCRIMINANT FUNCTION
0.275932185F 00
0e136711531€ 00
STANDARDIZED COEFFICIENTS OF THE DISCRIMINANMT FUNCTION
0,100000000f 01l
0.495453349F 00
INDICES (2 VALUES) FOR GROUP 1
048956175645€ 01
0.845672125F 01
0.857563006F 01
00923435700F Ol
0.895653939F 01
00931472073F 01
00929563006F 01
0,913744871F 01
06943508446F 01
0,9534538R7F 01l
06923690312F 01l
INDICES (2 VALUES) FOR GROUP 2
0.841781244F 01
0.789890343F 01
0,809744871F 01
0.,813817617F 01
0,847690312F 01
N.82170R4498F 01
0.,809744871F 01
0,7R5781244F 01
0.723981296F 01l
06656163161F 01
0.756090415F 01
04813817617F 01



AXRS33



GENERAL ROUTINE AXRS33
MULTIPLE REGRESSION

T. A. Entzminger

PURPOSE: To find the least squares linear relationship

(y; - y) = b, (xli - &) + by (xgi - Xp) + ..+ bp(Xni=-Xn)
of p dependent variables y;, (i =1, ..., p), on the

independent variables xj, (3 =1, eos 5 n).

RESTRICTIONS: 1) A maximum of 25 variables (independent plus dependent)

can be treated in a run,

2) Input to computer is on cards.

ACCURACY: Single precisions floating point computations with eight

significant digits.

OPTIONS: 1) Transformation of any variable can be made by inserting
the proper Automath statements between the two transform camment
cards in the source program deck (i.e., x(1) - LOGF x(1) or x(6) =
SQRTP (x(6) ) or x(13) = A+B*x(13) where A and B have been previously
defined). (The program assumes that the first variables treated are

independent and the last variables are dependent.)

INPUT:

Data may be punched punched on cards in any format which can be
suitably described by an Automath Format statement. A considerable
amount of running time can be saved by arranging the data so

that they are treated by the READ statement in this manner (a)



INPUT (cont'd)

one observation of each variable in every read cycle (b)

observations of all independent variables should proceed

observations of dependent variables in the same read cycle.

Standard card format is seven fields of 10 digits eachj; the

last 10 digits may be used for identification.

CARD DECK SETUP:

1,

2

Program Source Deck - camplete with modified FORMAT statement
(Statement #1001), transform statements, overlay card, Binary
Subroutine Decks and Jobend card.

Name Card - Describes run uses card columns 2 - 80,

Control Card - Gives total number of variables (dependent plus
independent) in card columns 1 and 2, and the number dependent
variables only in card columns 3 and 4. To compute uncorrected
(raw) sums of squares, enter a 1 in card column 5. If sums of
squares are generated externally, enter a 1 in card column 6.
For corrected sums of square and internally generated sums of
squares, columns 5 and 6 must have a blank or zero entered.
Data - Card punched in most any form can be handled by this
program (several variables per card or one per card) and is |
described by a FORMAT statement included in the program source deck.
FINIS CARD

Repeat steps 3 - 6 for each additional run,

FINIS CARD

*Note - When using additional transforms allow for reading them in

format statement.



OUTPUT ¢

1, Computes and prints a matrix* of sums of squares (raw or
corrected) and cross products.
2. Computes and prints a matrix* of simple correlation coefficients.
3. Camputes and prints the following for each dependent variable:
Degrees of freedam.
Total sum of squares.
Sum of squares for error.
Mean square for error.
Sum of squares for regression.
Multiple correlation coefficient (R2)
Each regression coefficient.
Standard error and Students T for each regression coefficient.
Constant term in the regression.
Analysis of variance Teble.
4, Computes and prints the inverse matrix.

5. Camputes and prints means and number of observations.

* = Only the upper triangular portion of the sums squares matrix

and simple correlation coefficients matrix is printed.



DESCRIPTION &
PROGRAM LISTING



454

456

b R

~

3000
1998
2000
1222

MEWSTACK

CCMPILES

SUSROUTINE CORREL

DIMENSION R(325)4A1(325)eX(25)AVYG(25) sAV(26)
COMMON X oAl oNOELM¢NCI oNDoAVG4AVeTRAWSANG1SS541DF
CCMPUTATION OF CORRELATION MATRIX

PRINT1222

NC=NC1

NCC=NC

K=l )

NCA=0

Nl=1

NE=}

DC 456 L=1eNC

DC 454 I=N1eNCO

Z=A1(N1)#A1l(K)

IF(2)YT74242

Z2=SQRTF(AL(N1)#*ALl (K))

RtIY=A11(1)/2

K=sK+NCO=NCA

NCAsNCA+1]

N1=NCO+1

K=N1

NCC=NCO+NC=NE

NE3NE+1]

Nlsl

NN=NC 1

NE=1

DO 6 K=1,NC1

PRINT19984+K

PRINT2000¢ (R(I)eT1=N1eNN)

N1=NNe+1

NNSNN+NCT=ME

NE=NE+ 1

RETURN

PRINT 30004A1(NL)sAL(K) oL ol

PRINT 20004 - {(A1(1)41I=14NOELM)
sTOP

FORMAT (2F16494212)

FCRMAT (54 ROW 12)

FORMAT(1B7E17.9//)

FORMAT(1HL1/79H MATRIX OF SImP
1LE CORRELATION CQEFFICIEMNTS///7)

END

END

JOREND

COMPILES

SURROUTINE DooLIT

DETERMINATICON OF REGRESSION COEFFICIENTS
NDIMENSTION X(25)4A1(325)¢B(325) 4RFGSS(10) +XD(25) ¢sAVG(25) 4AV (28)
INTAG(25) 4D (25425) 4C(25925)95t10425)

DIMENSION TS5S(10)

COMMON X oAl oNOELM 4oNCI ¢NDoAVGoAY + TRAWGANGISS4IDF
FRASE (REGSS)

NC=NC1!



3 MsNC=ND=1
MM=M
NP=NC=ND
NJ=NC=MD
NG=NCe=ND
Nl=}
NN=NC+1
N2=2
L2=1
NT=NC
NX=0
DC 12J=N1 NG
300 DO S51=N1NC
5 B(I)ysAl1(1)/A1(N])
DIAGONAL ELEMENTS
DIAG(J)=AL1(NY)
NCX=NC «NDe¢l
DC 36 KKR=14ND
REGSS (KKR) =A1 (NCX) *B (NCX) ¢REGSS (KKR)
SIND4J)Y=AL (NCX) %3 (NCX)
36 NCX=NCX+1
NNC=NC
NN1sN1
NNX=NX
LL2=st2
1 NN=NNei
10 L2=12+])
NleNCel
2 NX=NXel
MCENC+NT=NX
K2z 2
DO 81=N14NC
Al(I)y=a1(1)=A1(K2)#B(L2)
B K2=K2+!
IF(NC=NQFLM) 10411011
11 L2sLL2+NN
NXz=NNX+1
M1=NNCel
12 NCaNNC+NT=MX
DC 37 1=1ND
37 TSS(1)y=X(I)
RACK SUBSTITUTION

DC 31 1=14NOELM
31 Al(I)y=B!(])

1120

START INVERSE COMPUTATIOMS

NC=NC1leND

ERASFE (C)

KK=20

N0 39171=14NC

PO 39 J=1eNC

KK=KK+1

D{l+J)=A1(KK)
39 D(Je1)=D(10d)



391

40

42

41

45

49

50

53

51

52

KKsKK+ND

J=NC

NN=]

NQO=0

NM2NC=1
NX3NCe1
DC&401=14NC
C(1e1)=1,0/D1AGI(T])
POGIKK=1 ¢NX
K=NC=NO
I=NC=NN
DO42N=1 oMM
Cllod)=C(Tod)=D(ToK)RC(KoJ)
121=-1

NN=NN+1
NOsNQe+ ]
NMzNMe]

START GROUP 2
NT=NC=13

MKzl

MTSNC-Z

N2=2
DOS4MA=] JMT
NQ=0

JsJ=1

MN=N2

K=NC=ND
DO45KZ=14NK
Cldoed)=C(Ja ) =D{JoK)#C (Ko J)
K2Ke]

MKENK+1
MM2NC=NT
KsNC=ND
1aNC=NN
DOSONF=1 ¢NK
NO49N=1 4MNM
Clload)=CtIod)=D(TeK)*C(KyJ)
I=1-]

KzKe]

MNC=NQ+]
1=NCaNN
MN=zNN+ ]

MMz NM=1

IF(NM) 55455453
NRzNY=NK
DCS2KK=] 4NR
KzNCeNQ
1=NC«NN
DOS1N=1¢MM
Clle ) =CUI o) =D(TK)RC(KoJ)
[st=1

NN=NNe+1
NC=NQ+ 1
MMaNMe= |
NT=NTe+1



54
55

60

63

34

35

14

20
22

N2ZN2e)

K=2

J=1
DO60OKZ=140NK
ClJaJ)=C(JeJ) =D (JaK)¥C(KeJ)
K=K+

DC 63 1=14NC
DC 63 J=1.NC
ClUs)=C(1ed)
FND COMPUTATION OF INVERSE
NC 64 KK=14ND
1B=]

1EN=NP

1F=1EN

K=0

DC 35 1=1BlIF
K=Kel
R(K}y=A1 (1)
111=Te71
RIK+1)=AI(IID)
K=Kel
1EN=JE=-1B=1
TR=IE+NDe1l
1ES]R+TEN
IFLIEN) 14934434
Nlz]

Ma=MM

NZ2=]
NMC=NNC=NP#* (ND=1)
NC=NC

DO 15I=N14MJ
X(1)Y=B(NO)
NZENZ+)
NO=NQ=MZ

NZ=2

L=NJ=1

NAz3

DG 18J=1,L
NCaNC=NA
MCSNO

MlzNTe)

DC 161=N14NJ
X(1)=X(1)=B(NOQYRX (N]1=1)
NZ2NZ+1
MC=NO=MN2
NA=NA+]

M=Mal

MZ=NZ2=M

|.K2NJ

DC 20 1=1NJ
XC(I)ysX (1K)
LK=sLK=1
Tis]1e+1

DF=INF
NCT=NC1=ND+1



62

1776

65

67
64
1777
1788
1888
1889

1666

66
800

801
1890

1892

NXX=NCT=ND

CCNST=AV(NCT)

NC 62 I=1e¢NXX

CONST=CONST=X0 (1) #AV ()

RSOR=RFGSS(KK) /TSS (KK)

SSE=TSS (KK)=REGSS (KK)

EMS=2SSE/DF

PRINT 17764KK

FORMAT (1H1/50B8+19HDEPENDFNT VARIABLE 12)

PRINT 1777+ IDFsTSSIKK) +SSE+EMS REGSS (KK) sRSQAR

PRINT 1888

DC 65 J=1sNJ

STDERPR=SQRTF (EMS#C(JeJ))

T=X0(J) /STDERR

PRINT1889¢J9X0(J) +STNERR,T

PRINT 17884.CONST

PRINT 1890

PC 67J=1NJ

PRINT 18924JeS5(KKsJ) 9S(KKsJ)

CONTINUE

FORMAT (14 /9B e2HDFSB¢3HTSS14Y ¢3IHSSEL4X IHMSELGX 43HSSR12X o
18HR SQUARE//6B15+E15,894 (2X4F15,R)///////)

FCRMAT(1H /10Be11H CONSTANT =E17,9///7/)

FORMAT(1H /13Bs1HB+17By10HREGRESSION18A,
114HSTANDARD ERRORLBB10OHSTUDFNTS T/
230R,11HCOEFFICIENT///)

FCRMAT (13841243(15R,E15,8)/7)

PRINT 1666

FORMAT (1H1/68H INVERSE
1 MATRIX SOLUTION////)

DO 66J=14NXX

PRINT ROl (C{IeJ)eIz1oNXX)

RETURN

FORMAT (12+13412)

FORMAT (1BsTEL17,9)

FCRMAT (1H1/+47B+26HANALYSIS NF VARTANCE TABLE////5B.
119HSCURCE OF VARIATION11R,184DEGREES OF FREEDOM14F,
215HSUMS OF SQUARES17R,11HMEAN SQUARE//)

FCRMAT(BRyOHDUE TO B412424B41H1422BeE16,9414B4E16,9//)

FEND

END

JOREND



CCMPILES
SUBROUTINE SSCP
COMPUTES SUMS SQUARES,CROSSPRODUCTSWMEANS
DIMENSTON X(25)9A1(325) sAVG(25) eAV(26) 4AVC(25)
COMMON X oA1¢NOELMoNCT «NDsAVG.A'/ s TRAWGANLISS,IDF
NC=NCI
MIND=NC=ND
DO 5 1=214NC
AVG(T)=A1(T) /AN
AV{1)=AVG(])
AVC(1)=AVG(])
IF(IRAW) 5545455
55 AVC(1)=0,0

5 CONTINUE
ERASE ((A1(K) sK=14NOELM))
8 READ TAPE 6+ (X(I)sI=14yNC)
IF END OF FILE 4246
6 NN=a)
Il=1
K=l
DCAI=114NC
TEMP=X(T1)=AVC(])
DO 7 J=NNNC
AL(K)YSTEMP® (X (J)=AVC(J))+Al(¥)
T K=K+
NN=zNN+1
9 II=NN
GC 70O 8
42 ASSIGN 23 TC 123
NQFELM=NC®# (NCe1) /2
REWINDS
WRITE TAPE 6+ (AL(1) 121 oNOFLMW)
41 1F(1CCYa3444443
43 PRINT1005
GC To 45
44 PRINT 1006
45 NMls}
NN=NC1
ME=1
P46 K=14NCI
PRINT1099.4K
1999 FCRMAT(14H ROW 12)
47 PRINT2000+(AY(I)9sI=N1sNN)
Nl1zNNel
NN=NNeNC1=NE
46 NE=NE+]
GC TO 1234+(23,22)
23 ASSIGN 22 TC 123
15 CALL CCRREL
PULL SUM SQUARES DFVIATIONS FOP Y
22 NY=ND
MCY=NOELM
M2=ND=1
NPCl271=1ND
X (MNY)y=AL (NOY)
NYzNYe])
NCY=NOY= (ND=NY) =1



12 N2zN2-1
NCELM=NIND* (NIND+1)/2+NDENTD
NNA=AN
IDF=NNA= (NCI=NDe*1)
CALL DOOLIT
PRINT 2010
2010 FORMAT(1HO///60H
1 MEANS//)
PRINT 2000+ (AV (1) 41=1,NQ)
PRINT2020
2020 FCRMAT(1H0///69H

IRER OF OBSFRVATICNS//)

PRINT3000+AN
3000 FORMAT (56B+F5,0)

RETURN
1005 FORMAT(1H1/T6H

1UARES AND CRCSS PRODUCTS///7)
1006 FORMAT(1H1/T6&H

1JARES AND CROSS PRODUCTS////7)
2000 FORMAT(1R4TE17.9//)

FND

FND

JCBEMD

UNCORRECTED 8UMS QOF 83

CORRECTED SUMS OF SQ



CCMPILEX

TITLEAXRS33
C Te A, ENTZMINGER
C MULTYPLE REGRESSION
CCMMON XoALINCELMoNCI sND9yAVG4AY ¢ TRAWIAN,15S,1DF
DIMENSICN X(25)+A1(325)4sAVGI25)4AV(26), TITLE(10)

C=0,4342945
100 REWIND 6
READ 2003TITLE
IF END OF FILE 25430
30 PRINT2002+TITLE
READ 1000+NCI4NDyIRAW,ISS
NC=2NCI
NCELMsNC*(NCel) /2
FRASE ((A]1 (K) K21 4NOELM))
AN=0,0
1 PEADIOOL«(X(]1)el=1eNC)
1F EMD OF FILE 442
2 TND3=IND3
C INSERT TRANSFORMS AFTER STATEMFNT 2
X(1)=LOGF (X {1))*C
X(2)=2LDGF (X (2))#C
X{3)=LOGF (X (3))xC
Y(4)=s{ NGF (X (4) ) »C
1001 FORMAT(Fee09sF2,04F4e0DsF4&,1)
C FND TRANSFORMS HERE
NC 3 1=1,,NC
3 AL (I)y=sAL(I)Y X (])
AN=AMe+1.0
WRITE TAPE 64 (X(1)el=14NC)
GC TO 1
4 END FILE 6
REWIND 6
CALL SscCP
GC TO 100
25 TYPE 802
STOP
B02 FORMAT(BHTHATS IT)
1000 FCRMAT(2124211)
2002 FORMAT(1H1/20B+10A8)
2003 FCRMAT (10AS8)
FNDR
END

QVERLAY
STACKSSCP
STACKCORREL
STACKDOOLIT
JCREMD



SAMPLE
INPUT & OUTPUT




0401

0929023553
0929022713
0929021809
0929020904
0929063553
0929062713
0929061809
0929060904
0929243553
0929242713
0929241809
0929240904
1646022713
16460218009
1646020604
1646063553
1646062713
1646061809
1646060904
1646243553
1646242713
1646240908
2535023553
2535022713
2535021809
2535020908
2535063553
2535062713
2535061809
2535060908
2535243553
2535242713
2535241809
2535240908
3869023553
3869022713
38690218049
3869020908
38690613553
3869062713
38690618049
3869060908
3869243553
38692427113

3869241809

3869240504
FINIS

CARDS 445

Pt et b s b et et WO e = = N NN~ NONWW S DPUVUNES N

SANNLVVCPUVLIVIDBV YNV WUNDON= WO VMNRIRNONDINNNSWONO NSO

s o O
N W W

o o
- N

INPUT TEST DATA
MULTIPLE REGRESSION TEST



ROW

1

0,251437906F 0l

ROW

2

0eB87754K287F N1

nROow

3

04233406599 01

ROW

4

0s123917686€ 02

ROw 1
04100000000F
ROW 2

0170000000
ROW 3

0«100000000F
ROW 4

0.1000000N00F

01

n1

11

71

MILTIPLE PEGRESSION TEST

UNCORRFCTEN syUMS CF SQUARES AND CROSS PRODUCTS

0,337120500E~-02 0,195050981F-01 -0,455995363E 01
0,153649237F U0 .0.377022927€ 01

n,105252206E 01

YATRIX OF STMPLE CORRELATION COEFFICIENTS

0,717686369E-03 0.7639071%6FE.02 =0,816917736k 00
0.339499321F=01 -0342411170F 00

0.195707779E 0N



DEoENDET VARIABLE 1
DF *58 55E Mo F SSR R SQUARE

42 0.12291759F N2 0,19303435¢ 01 N,45961037F~01 0.10461405E 02 0.R4%22211E 00

5 REGRE&S TN STAMPDARD ERROR STUDENTS ¥
COFFFICTFNT
1 ~1,18155292F 0} 0.13520086E 00 «0413436300E 02
> _0.43841%02F 00 0.72370238E-01 ~0460606961E 01
3 N.49421A20E 00 0e14V41l111E 0O 035197800E 01

CONSTANT = N,474517932F "]



ANALYSTS OF VARTANCE TABLE

SOURCF OF VARTATINN DEGOEES OF FRFEEDOM SUMS OF SQUARES
ALF TO B 1 1 0+826970362E 01
PUFE TO R 2 1 06162229702E 01
nUE TO R 3 1 0e569404441F 00

INVERSE MATRIx SOLUTION

0e397712365F N0 =0,15278631LE=03 ~Ne«314707799£.02
«0e152786311F=03 N,1139564162F 00 «0«750037197E.02
=0e314707709F="2 -0,750937107E-02 0,42B05638%4F 00

MEANS

0.329737853F Nl 0,818892172E 01 0,329511522F 01 0,244354565E-01

NIJMBER OF ORSERVATIONS

46,

MEAN SQUARE
0.826970362E 01
0.162229702E 01

0.569404441E 00



AXRS38




GENERAL ROUTINE AXRS38
LEAST SQUARES CURVE FIT

PURPOSE: This program generates an gpproximating polynomial by the
least squares technique. The equation so derived contains as
many terms as necessary to bring the standard error of the

dependent variable within a range specified by the user.

RESTRICTIONS: Provision has been made for a maximum of 400 observations

(can be enlarged) and a polynomial expansion up to the 15th degree.
This program is based on the assumption that a set of experimental

date can be fitted to a polynomial of the form:

2 15

Yu Ao+ AL X +8pX° + Ag X5 eemmeoemen + Aj5 X
PURPOSE: The linear form Y = Ap + A) X is tried as a first approximation.
The coefficients are computed and the standard error of the dependent
variable (Y) is compared to a predetermined tolerance. If the error
is greater than this maximum value the process is repeated, adding
a term of the form A, x B (where n = 2, 3 ...., 15) until the error

is within the tolerance.,

ACCURACY: ©Single precision floating point camputations with eight

significant digits.

INPUT: The inmput to the program comsists of two types of records.
The first is a control which contains N, the number of pairs, the
tolerance and the highest degree of fit. The next N records are the

observations of X, Y, and the weighing factor W,



CARD DECK SETUP:

1, Control card Card columns
Mumber of pairs 8-10
*Tolerance 20=30%
Highest degree of fit 39-40

*Decimal point must be punched on card

2. Data cards

May have any format - programmer must change Format statements

#2000 and #3000 accordingly. Standard format as follows:

Card columns

X value l-10%
Y value 11-20%
Weighing factor 21=30%

*Decimal points must be shown unless values are integers.

OUTPUT: Program prints tolerance, standard deviation, number of pairs
fitted, least squares coefficlents, X values, Y values, predicted Y
values, and the difference between observed and predicted Y values

for each order of the polyncmial.



DESCRIPTION &
PROGRAM LISTING




COMPILEX
TITLEAXRS38
C LEAST SQUARES CURVE FIT
C TeAFNTZMINGER
DIMENSIONX (400) oY (400) ¢A(16016) o5UMX(31) 4SUMY (15) sW(400)
1 READIOOOWN+TOLWLAST
IF END OF FILE 174418
18 TF(SENSESWITCH1)30+20
20 READ 20006 (X (1)eY(I)osI=1eN)
GC TO 40

30 READ 3000¢(X(I)oY(I)oW(T)sI=Ton)

40 1F (SENSESWITCH1)70450

50 DCAOTI=14N

60 Wil)=1,

70 SUMX(1)=0,

§$52=20.0

SUMX (2) =0,

SUMX (3)=20.

SUMY (1)=0.

SUMY (2)=20.

DC90T=14N

SUMX (1) sSUMX (1) eW(I)

SUMX (2)sSUMX(2)+W{T) %X (1)
SUMX (3)sSUMX(3)+W(T)y %X (1) RX(T)
QUMY (1)=SUMY (1Y+W(T)®Y(])
S52=8S2eY (1) RY(I)#W(])

G0 SUMY (2)=SUMY (2)+WII)#X(T)*Y(])
§52=2552=5UMY (1) #SUMY (1) /SUMX (1)
MORD=1

91 L=NORD+1
KK=La+1
NDC1011=1.L
NC1Lo0J=140
IKzJ=1+¢1

100 A(T4J)esSUMX{TK)
101 A(T,,kK)=SUMY (1)
PO140T=14L
A(KKyl)z=l,
KKK=1+1
NC110J=KKK KK
110 A(KK,J)=0,
C=le/A(1l 1)
DC12011=24KK
NO120JsKKK o KK
120 ACTTaJ)=A(TIT e ) =A( (Yo ) RA(IT0Y)2C
DCl40IT=s1 el
DOl1anJ=sKKK KK
140 A(TIJ)=A(IT*14U)
52=O.
DC160J=14N
S1=0,
S1aS1+A(1+KK)
NC1501=1,NORND
150 S1=S1+A (Tl oKK)RX () %%]
160 S2=524+(S51=Y(J))*(SleY(J))



RzNe|
FTEST=(552=52)#%#B8/52
£52=92
§2=(82/B) %%,5
163 PRINT3
PRINT4 NORDsTOLeS24N
"PRINT1010FTEST
1010 FCRMAT(1HO/45B¢10HF VALUE = F1449/7/)
PRINT10
DC1641=1,L
\’31-1
164 PRINT S+JeA(14KK)
167 PRINT 11
DO 1A9 I=lsN
Sl=0,
S1lzA(]l4KK)
DOl168BJ=] «NORD
168 S1=S1+A(Js1oKK)RX(]) %)
S3=2vY(1)~51
169 PRINT 6eX(1)oY(I)951e853
TF(NORD=LAST) 17041730173
170 TF(S2=-TOL)1734173,171
171 NORD=NORD+1
JE22#NORD
SUMX (J) =0
SUMX (Je1)20,
SUMY (NORD+1) =0,
DO1721=14N
SUMX (J)YSSUMX(J)+X(T) %R (J=1)RW(T)
SUMX (Je1)2SUMX (Jel) e X (1) Ry (1)
172 SUMY (NORD+1)=SUMY (NORDeL)+Y (1) %X (1) %%NDRD®W(])
GCTD91
173 GG T0 1
174 TYPE,175
175 FCRMAT(8H THF FND)
sTeP
1000 FCRMAT(7TR+13+10B9F10s0988412)
2000 FORMAT(2F10.0)
3000 FORPMAT(15B4F3,04F10,49F10,4)
3 FCRMAT(1H1/70H LFAST
1 SQUARES CURVE FI1T/77)
4 FCRMAT (93H ORDER TOLERANCE
1 S1GMA N//72TRBy12¢8BeE16,949B3F16,49
21584137777 7)
10 FCRMAT(67H C
1NEFFICIENTS/ /)
S FORMAT(45B41247B4E1649)
11 FCRMAT (95H2 X(I) Y(1)
1 F(x) Y=F(X)Y//)
6 FCRMAT(17B+4E21.9)
END
FND
JCREND



SAMPLE
INPUT & OUTPUT




INPUT TEST DATA

016 .001
0.5 N0eb7 0652 0,52
1.0 0.87 057 0,56
1.5 1.04 059 0659
2.0 1.21 0061 0061
2,5 1.38 063 0.63
3,0 1.55 D65 0665
3.5 1.72 0.67 0,66
4,0 1.86 0,66 0,66
4,5 2.00 0,65 0,66
.0 2.4 D66 n,65
5.5 2.28 0e63 0,564
6,0 2.42 062 0,62
6.3 2.56 0.61 0,60
7.0 2.67 Ne57 0,58
7.5 2.81 De56 0,55
8.0 2.92 0e52 0652

FINIS
CARDS 130



ORDER

X(I)

0+500000000E
0,100000000€
0,1%50000000F
0,200000000F
0.250000000€
0.300000000E
0,350000000F
0,400000000€
0,450000000E
0,500000000E
0.550000000E
0,600000000€E
0,650000000€
0,700000000¢
0,750000000F
0,800000000€

00
01
01
01
01
01

01
01
01
01

01
01

01

LEAST SOQUARES CURVE F17

TOLERANCE 5 1GMA

Ne100000N00F~=02 0,484711646E-01

F VALUE = 0e321661260E 04

COEFFICIENTS
0 0.614000001E 00
1 0,298176471F 00
Yl F(X)

0+670000000E 00 0.763088236E
0,870000000f 00 0,912176472E
0,104000000f¢ 01 0,106126471E
0.,121000000f¢ 01 0,121035294E
0,138000000F 01 0.,135944118E
0.155000000€ 01 0,150852941E
0.,172000000g Ol 0,165761765E
0,186000000¢ 01 0,180670588E
0,200000000¢ 01 0,195579412F
0214000000 01 0,210488235E
0.228000000E 01 0,225397059€E
0,242000000F 01 0,240305882E
0,256000000¢ O} 0,255214706E
0267000000 01 0,270123529E
0,281000000¢ O1 0,285032353F
0,292000000f 01} 0,299941177E

N

16

Y=F (X))

«0,930882362E=01
«0,42176671%F-01"
«0,212647060FE-01
«0,352962000.03
0,205588230g.01
0.,414705880F-01
0,623823530¢01
0,532941170g-01
0,442058820€E-01
0,3511766470€.01
0,260294120E-01
0,169411760E201
0,785294100E-02
«0,312352940F-01
«0,794117650¢c-01



ORDER

X(I1)

0,500000000E
0,100000000E
0,150000000E
0,200000000E
0,250000000E
0,300000000E
0,350000000E
0,400000000F
0.450000000E
0,500000000E
0,550000000€
0.600000000€
0,650000000E
0.700000000€
0,750000000E
0,800000000E

00
01
n1
01
n1
01
ni
n1
01
01
01
01
01
Nl
01
n1

LFAST SQUARES CURVE F1IT

TOLERANCE S1GMA
0.,100000000E=02 0,870826460E=02
F VALUE = 0e420762233E 03
COEFFICIENTS
0 00493464291E 00
1 0.378533610F 00
2 ~0¢945378118F=02
Y1) F(X)
0,670000000¢ 00 0,680367651E
0.,870000000¢ 00 0,862544120E
0,104000000 Ot 0,103999370E
0.,121000000¢ O1 0,12127163%9E
0.138000000F O1 0,138071219E
0155000000 O} 0,154398109€
0.172000000F O1 0,170252311E
0.186000000f O1 0,1854633823E
0,200000000f O1} 0,200542647€
0,214000000F 01 0,214978781E
0,228000000¢ 01 0,228942227E
0,242000000¢ O1 0,242432983E
0,256000000€ 01 0,285451050E
04267000000€ 01 0,267996429E
0.281000000f 01} 0,280069118E
0.292000000F O1 0,291669118E

00
00
01
01
01
01

01
01
01
01
01
01
01

01

16

Y=F (X))

=0,103676511F.01
0, 745587960F=02
0,630100000F.08
«0,271638700802
«0,712185000€03
0,601890800E-02
Ve174768920E=01
0,366176600E02
«0,5426%6900E02
«0,978781400€-02
«0,942226800F«02
-0,432983100€g-02
0,548949600€-02
*04996428600E~02
0.930882200F-02
0,330882100FE=02



ORDER

X(1n

0,500000000€
0.100000000€
0,150000000€
0,200000000E
0,250000000€F
0,300000000E
0,350000000E
0.400000000€
0,450000000E
0,500000000E
0,550000000€
0,600000000€
0,650000000F
0,700000000€
0,750000000E
0,800000000E

00
Nl
01
01
01
01

01
01
01
N1
01
01
01
01
N1

LEAST SQUARES CURVE FIT

TOLERANCE S1GvA

N.100000000F=02 0,776470968E=-02

F VALUE = 0e435144521E 01

COEFFICIENTS

0 0,477829689E 00

1 0397755512 00

2 w0e149396066E=01

3 0.430260818E=03

Y F(X)

0.670000000E 0O 0,673026326E
0870000000 0O 0,86107585%6E
0.104000000¢ 01 0,104230097E
0,121000000¢ 01 0,121702437E
0,138000000¢ 01 0,138556875E
0.,155000000€ 01 0,154825681E
0.172000000FE 01 0,170541123E
0.,186000000F O} 0,185735472E
0,200000000E 01 0,200440998E
0,214000000E 01 0,214689969E
0,228000000 O1 0,2285144655E
0,242000000 O} 0,2641947326E
0,256000000 01 0,255020252E
0.267000000¢ O1 0,267765701E
0.,281000000 01} 0,280215944F
0.292000000F 01 0,292403250€

16

Y=F (X))

©0,302632610€.02
0,892414450E.02
«0,230097300E~02
«0,702437300€.02
«0,556875300E.02
0e174319200€-02
0,145887670E01
0,264527600E=02
«0,440997700E~02
«0,689968800E-02
«0,514655000E+02
0,526738000F.03
0.9797648300E.02
«0,765701200€-02
0,784055800E+02
«0,403250300€.02



ORDER

X(1)

0.500000000E
0, 100000000E
0,1850000000F
0.200000000E
0.250000000F
0,300000000E
0,350000000€
0,400000000€
0,450000000F
0,500000000€
0,550000000E
0,600000000E
0,650000000F
0,700000000E
0,750000000€
0,800000000E

no
01
01
01
01
N1
n
01
01
01
N
01

01
n1
01

LEAST SQUARES CURVE FIT

TOLERANCE SIGMA

Ne100000000E=02 0.,810379424F=02

F VALUE = 0e¢167851096E-01

COEFFICIENTS

) 0.476346231F 00

1 0.%400505548F 00

2 «0.162954878E-01

3 064673166142F=03

4 «0e142885480E=04

Y(l) F(X)

0.6T0000000E 00 0,672608386E
N«870000000E 00 0,861215169E
0104000000 01 0,104263931E
0.,121000000¢ 01 0,121733209¢E
04138000000 01 0.,138572338E
0155000000 01} 0,154822160E
0,172000000F 01 0,170521375€
0,186000000¢ 01 0,185706538E
0,200000000 O} 0,200412043F
0.214000000€ 01 0,214670220E
0,228000000g 01 0,228511134E
04242000000 01 0,241962788E
0,256000000¢ 01 0,255051023¢
0.267000000¢ 01 0,267799535€
0,281000000¢ 01} 0,280229876E .
0.292000000F 01 0,2923616456F

16

YeF (X))

«0,260838600E.02
0.878483120E-02
«0,263930500E=02
«0,733208800€-02
=0,572337600E-02
0,177840400E=02
0,147862550E.01
0,293461800¢-02
«0,012063400€-02
«04670219900E=02
«0,511133800€.02
0,372117000E-013
0,948976900E-02
©«0,799534500E-02
0.770124400€-02
«V,361456400E.02



AXRS43




GENERAL ROUTINE AXRS43
GERERAL: CORRELATION PROGRAM

T. A. Entzminger

PURPOSE: This program computes simple correlation, partial correlation

and partial regression coefficients of a matrix.

RESTRICTIONS: 1) A maximum of 24 variables can be treated in each run.

2) Input to the computer is on cards.
ACCURACY: Single precision floating point - with eight significant digits.

OPTIONS: Transformations may be made on any of the input variables by
inserting the proper automath statements in the appropriate place

in the source program deck.

INPUT: Data may be punched on cards in any format which can be suitably

described by the automath FORNAT statement.

CARD DECK SETUP:

1. Program source deck

2. Name card

3. Control card Card Column
No. of variables 1-2
Calculation route 3

one if simple correlation coefficients are required only.

Blank or zero for simple correlation, partial correlation
and partial regression coefficients.

L. Data cards
5« Finis card



§

1)
2)

3)
L)

6)
7)

Matrix (*) of sums of squares deviations and cross products
Matrix (%) of simple correlation coefficients

Elements of the inverse of the simple correlation matrix
Matrix (%*) of partial correlation coefficients

Matrix (#*) of partial regression coefficients

Mean value of each variable

Total number of observations

* - only the upper triangular portion of this matrix is printed

** - printout for partial regression coefficients in this form:

T11.234=-n,

T11.23%==-n, F12.34=--n, T21.34eecpn. 713.24-m-n, etc

Reference - "Methods of Statistical Analysis',
Cyril H. Goulden - 2nd Edition
John Wiley & Sons

New York 1952



DESCRIPTION &
PROGRAM LISTING




19

20
454
459

455

460

456

10

NEWSTACK

COMPILES

SUBROUTINE CORREL
DIMENSIONX(24) sA1(B76) 4B (600)sR(8BTA)
COMMON XAl oNOELMeNCIZND,IND3
COMPUTATION OF CCRRELATION MATRIX
ERASE((R(I)sI=1eNOELMW))
IF(IND3)2v142

PRINT 1221

GO TO 3

PRINT 1222

NC=NC1

NCQO=sNC

JJz=0

K=l

NCA=0

Nl=1

NE=1

J=0

N=t

DC456L=14NC

D04541=N1sNCO

JsJel
R(JY=AL1(1)/SQRTF (AL (NL)*ALl(K)Y)
IF(IND3)19420419
R{J)=0,0=R(J)
BINY=(AL(I)Y/AL(INL1))%(=]1,0)
B(N+1)=(A1(I)/AL(K))*(=]1,0)
Nz=Ne2

K=K +eNCO=NCA

NCAsNCA+1
IF(IND3)46004594460

Mz J+NC

JeJe+l

DC455MM= oM

R(MM)=0De0

MMMz Je JJ

R(MMM)=1,0

Jd=dJe+1

J=M

Nl=NCO+1

K=N1

NCOsNCOeNC=NE

NE=NE+1

Nl=1

NN=NC1?

NE=1

DO 6 K=14NCI

PRINT1998,4K

PRINT20009 (R{T)o12N1oNN)
IF(IND3)10,8,10
N1=NNe1+NCIT
NN=NN+NCI~-NE+nNCT

GC TO 6

Ml=NNel



29

30

7

3l
1998
2000
1221

1222
1223

NNSNNeNCT=NE
NEaNFe+1

IF (IND3)294304+29
N1=NOELM#®2

PRINT 1223
PRINT2000+¢(B(I)s131,N1)
GC TO 31
DOT1=1,NOELM
AlL(I)=R(I)

RETURN

FORMAT (5H ROw 12)
FORMAT(1B9TELT749//)
FORMAT (141/79H

1LE CNORRELATION COEFFICIENTS///7)

FORMAT (1H1/79H

1AL CORRELATION COEFFICIENTS///7/)

FORMAT (1H1/T9H

11AL REGRESSION CCEFFICIENTS///7/)

END
END
JCBEND

MATRIX OF SIMP
MATRIX OF PART]

MATRIX OF PART



nnmn

300
400

10

11

12

31

COMPILES
SUBROUTINEINVERT

MATRIX INVERSION By THE DOOLITTLE METHOD
DIMENSTONX (24) oA1(876) 9B (876) +X0(24)
COMMNN X oAl ¢NOELM ¢NCIoND,IND2
PRINT1333

REWINDS®

ND=NC1

NCsNCI®2

MsNC=ND=1

MM=M

NP=NC=ND

NJ=NC=ND

N@=NC=ND

Ml=]

NN=NCel

N2=2

L2=1

NT=NC

NXx=0

DO 12J=N1NG

DC 51=N1,4NC
B(Iy=A1(1)/AL1(N])

PRINT BO1s(A1(1)sI=N1sNC)
PRINT 801¢(B (I)eI=N1sNC)
NNC=NC

NN1=N1

NNX=NX

LL2=L2

NN=NN=]

L2=L2+]

N1aNCel

NX=NXel

NC=NCeNT=NX

K2=L2

DO 81=N1yNC
Al(I)=A1(])=A1(K2)*B(L2)
K2=K2+1

IF (NC=NQELM)10e110ll
L2=LL2+NN

NX2ZNNXel

N1=NNCel

NC=NNCeNT=NX

BACK SUBSTITUTION

PRINT1444

DO 31 1=1.NOELM
Al(I)y=B(T)

11=0

DO 22 KK=1+ND
1B=1l

TENSNP

1E=TEN

K=0



34 DO 35 1=1B,IE
K=K+l

35 B(K)=A1(])
111=s1el1
B(Kel)=AI(IIT)
K=Kel
1ENs1E=-]1R=]
1B21E+NDe1
1ESIBeIEN
IF(IEN) 14934434

14 N1=1
M=MM
NZ=1
NCINNC=NP#* (ND=1)
NC=NC
DO 15I=sN1NJ
X(1)=B(NO)
NZ=NZel

15 NO=NNe=NZ
N2=22
L=NJ=1
NA=3
DC 18J=1,4L
NC=NC<NA
NC=NO
MlzN1lel
DC 161=N1eNJ
X(1)=sX(1)=B(NQ)#X(N]l=~1)
NZ2NZ2+1

16 NC=NQ=NZ
NAZNA+1}
MaM=1

18 NZ3sNZ=M
LK=aNJ

DC 20 1=1sNJ
XC(1)=x(LK)

20 LKz K=]
PRINT+WRITE C PRIME MATRIX ON wDRK TAPFE
PRINT 1443,KK

1443 FORMAT (1K /6H ROW 12)

PRINT BO1+(XOU(I)el=1leND)
WRITE TAPE6+(XO(1)4I=14NJ)

22 1l=11e1
REWIND6
NOELMaNCI*(NCI+1)/2
K=0
Nl=]
DO 23 JUsz1lWNJ
READ TAPE 64+ (XO(TI)s1=14NJ)
DO 24 KK=N1sNyJ
K=K«

24 Al {K)=X0(KK)



23 Nl=Nle+d

RETURN

BO00 FORMATI(12+13412)

801 FCRMAT(1R+7E17,9)

1333 FORMAT(141/70H
INGULARIZED MATRIX ///7)

1444 FORMAT (1H1/70KH
1SE ELEMENTS /7/7)
END
END
JOBEND

TRTA

INVER



[a Na

[aNakaKake

COMPILEX

TITLEAXRS43

100

30

2
9

41
1111

CORRECTED SUMS OF SQUARES ANR CROSS PRODUCTS
PARTTAL+MULTIPLE REGRESSTION+CORRFLATION
DIMENSIONX (24) 9A1 (876) ¢AVG(24)

COMMON Xo+Al o NOELM4NCIWNDoIND?

1IF KIND 15 BLANK=PROGRAM

FOLLOwS NORMAL PATH= (COMPLETF PARTIALS)
IF KIND =1 PROGRAM COMPUTES

§S DEVIATIONS, MEANS AND SIMpLE
CORRFLATION COEFFICIENTS ONLY,

REWIND 6

READYIO0O0WNCI+KIND

IF END OF FILE 25930

NC=NCI

NOELM=NC*(NC+1)/2

ERASE( (Al (K) sK=1eNOELM))

AN=0,0

READIOOL1 s (X(I)eI=1aNC)

IF END OF FILE 442

NCaNC

INSERT TRANSFORMS HERE

FORMAT (4F2.1)

END OF TRANSFQRMS

DO 3 1=1,4NC

AlL(IY=AL(1)+X(])

ANSAN+1,.0

WRITE TAPE 64 (X(1)eI=1sNC)
GO T0 1

END FILE 6

REWIND 6

DO 5 1s1,NC
AVG(1)=Al1(1) /AN

ERASF ( (A1 (K) +K214NOELM))
READ TAPE 6¢(X(1)eI=1eNC)
IF END OF FILE41+6

NN=1

11=1

K=1

DC91=1TNC
TEMP=X (1) =AVG(T)

DC 7 JsNNWNC
ALIKYSTEMP* (X (J)=AVG(J))+Al(K)
K=K+l

NM=NNel

TI=NN

GC TO 8

PRINT1111

FCRMAT(1H1/82H

1 DEVIATIONS AND CROsS PRODUCTS////)

SUM OF SQUARES 9F



45 Nl1=1
NN=zNC T
ME=]
DGas K=l ¢NCI
PRINT16994%
1399 FORMAT!14H ROW 12)
47 PRINT2000s (AL{T) o I=N1sNN)
N1sNNel
NNSNN®NCT=NE
46 NE=NF+1
15 I8D3=0
NQELM=NOFLM+NCRNC
CALL CORREL
IFIKIND)2003+420034+2005
2003 CALL IMVERT
IND3=1
CALL CORREL
2005 PRINT 2010
2010 FCRMAT(1KO///760H
1 MEANS//)
PRINT 20004 (AVG(I)e1=14MC)
PRINTZ2020
2020 FCRMAT(1HO///69H
18ER OF ORSERVATICNS//)
PRINT3I00N+AN
3000 FORMAT(56B,4F5.0)
GO TO 10N
25 TYPE 802
STQP
1000 FCRMATI(I2s11)
2000 FCRMAT(1R7TEL749//)

802 FORMAT (8HTHATS 1IT)
END
FEND
OVERLAY
STACKCORREL
STACKINVERT
JCBEND

NUM



SAMPLE
INFUT & OUTPUT




06
20711187
43721286
35731385
24841491
50651592
34761193
39871287
36681391
25691488
27711592
407211R8
46731293
FINIS
FINTS

CARDS 303

INPUT TEST DATA



500 ¢ SQUARLS JOF DEVIATIONS AU CROSS PRUIDICTS

WY 1
DeF5clhban i =Nellund Y

S . #3334 01 <0,8250000n0E-01 0.%44166667: U0
0e#383LASAKE V1 21,247500000E 00 =0.,240434333¢ 00

Wleoo3 -
0e2425C0000= M) 1.132500003k 00

Rdw “

De9NFLIFARARKE 1)



RO 1

De LONITONN0E DL
RO‘v’v 2

U6 LN3200000F 1
ROwW k)

D.,10008090 )= 01
RIn ¢

De1NSHCNNNJI DL

“Ueld3yairaesy 00
~)ed37d9334<4F ID

DeZ82LRTHL4E 0O

MATRIX OF STYPLE CORRELATION

~0e539HBRrON3EV]

04120560158 00

De1l5Cl16934c UN

COEFFICIENTS



0.10000N00008
Qe NOIVCHOOVE
0.100900000F
0+0020CNONHE
0.9h6L64661F
0,10920CN0NVE
0.9324B4477E
0,1000C300N0E

0.80926494741F

0,1000003NN0E

71
PN
Ml
I
19
2!
20
21

a1

«0,1839%3344E
~0,133943844E

«0,249829830E
) 4254578934k
D.26A4258¢99E
0,28953604LE
«0,161418239E
«0,130851433E

00
00
090
00
00

00
00

TRIANGQULARIZED MAIRIX

«)¢539H8R80N3IFEL0L
-D,53958848003g.01

-0,929470607€01
-0,9462020911E-D1
0,101%52811E 00
0,108905641& 00
0.223583819E«01
0,250827043E=01

0s190116994c
0,150116994¢

0,183943848r
0,190345609¢
0,258578935¢L
0,277301063¢c

=0,285536441t
=~0,319929954¢t

J0
90
Q0
00
oo

00
0o

0,100000000L
0,100000000E

0,100000000€E
0,103502026E
0.100000000L
0,107240391¢
0,100000000t
0,112045227E

01

ol

01
0l
01
0l
0l
01

0,000000009€
0,0000000090¢

0,000000000E
0+,000000000E
0,000000000E
0,000000009E

0,000000000€E 00
0,000000000E 00

0,000000000E 00
0,000n000000E 00



ROW 1
D 107521427

RO 4
Dall+50N736¢

ROw 3
Da1le07481A1F

Rf) N ‘+
=0elidd61l433F

1y "

RN

DJ

N,21450073%E 09

TaliNT28%09E O1

D LTIl 747E D0

N dHbIlnl 1U4up =01

[MVERSE ELEMEMTS

0,150248141F

D.2701997417¢

De116375557k

=0,3199299 4¢

20 «0,1%808616433k VO

20

71

3d

04220627043 -01

=0,319923954t 00

0a11204522 7 U1



AaTIX UF PARTIAL CIRRSLATION COFFICIENIS

ROW |

«0e 1l 10INN0E YL <0 ,19A5%0 146F 00 <J,163%202a02¢ 00 0,15947743720 J0
QON 4

=0s LVTIONINDE L ~0e2319TINLNE 0N =0,22590984 701

RO~ 7
=04 1700 NNNNE VL N,287L73881E QO
ROw &

0o LOIOCINNOE V]



<0,1006U00000E

0,161418239¢

«04100000000E

0,349166667E

Ol -0,100000000g 01

NN -0,100000N00g 01

Nl =0.100000000E O1

Nl 0,734166667E 01

MATRIX OF PARTIAL REGRESSION CQEFFICIENTS

<0,199484672F 30 «0,193717713c VU0 =0,149309033¢ 00 ~0,137956943g 00 0,168200280€ 00
-0,100000000E 0l «0,243970366t V0 =0,232131862E 00 -0,2263¢3735E.01 -0,223683819E=01

Ue2749L1641E 00 0.285536441t 00 =«0,100000000E U1l =-0,100000000E 01

MEANS

0,127500000E 01 0,894166667E 01

NUM3ER OF DBSERVATIONS

12,



AXRS49




AXRS49 MULTIVARIATE ANALYSIS OF VARIANCE

PURPOSE: Generalizes the univariate analysis of variance F test to
the problem of testing the significance of differences among pgroups.
Major coﬁputations are of Hl - the null hypothesis of the equality
of g group dispersion matrices, H2 - WIIKS' lambda and Fl and F, the

related significance tests.

LIMITATIONS: Ten groups consisting of not more than ten variables.

Input on cards.

ACCURACY: Single precision floating point computations truncated to

eight significant digits.

INPUT: 1. Control card #l ce
" Number of groups 1-2
Nurnber of variables per group 3=-4

2. Control card #2 ce
Number of variables per group l=-2

Number of observations per
variable 3-T7

3. Data cards (observations) in
group #1

y, Repeat steps 2 and 3 above for each
additional group to be analyzed.

5. FINIS CARD



ro

OUTPUT: Printed output includes:
1. Program title and number of groups.
2. (Croup means, standard deviation and the dispersion matrix Tor each groum.
3. Log base e of determinant of each group dispersion matrix and corre-
sponding determinant.
k. Loc base e of determinant of pooled within groups estimste VW and
corresponding determinant.
5. llean, standard deviation, dispersion matrix, and correlation matrix
for totel sample.

6. ILog base e of determinant of SS matrix and corresponding determinant.

T. Wilks' lambda and corresponding F values.

REFFRENCE: This program, which was extracted from a text book by
Cooley and Lohnes (Multivariate Procedures for the Behavioral Sciences,
Wiley 1962) has bheen modified for use on the lloneywell LOO computer.
A complete discussion, outpult synbols and mathematical procedures can

be found in the text.



DESCRIPTION &
PROGRAM LISTING




370
375
376

405
406

430
435
441
450
451

475

486
628
50
61
62

63
700

12
13

18
17

NEWSTACK

covpll ES

SUBRNUTINE CCRR
DIMENSTOMSX{10) +SSD(10¢20) +45S(10410)+D1L0210)2R{1041ID}
IXMI10)Y oSPI10) «H{10210) *UL10410)
DIMENMSTIONTITLE(L2Y o X (10} «JX(IO)

COMMANGSX ¢ SSD ¢SS s D yR XM SDGH UM NG, TITLE
ENG=NG

1IF{LR)1405+4054375

PRINT376

FCRMAT (39H4 RAW SUMS OF SQUARES AMD CROSS pRODUCTS)
TNK=1

GC TO ¢

PRINT406

FCRMAT (45H DEVIATION SUMS NOF SAUARES AND CROSS PRODUCTS)
INK=?

GC 10 4

TF(L1)T00+7004435%

DC&4611=14M

NC&aY . g=T M

D{1eJ)=55SD(14J)}/(ENG=140)

DiJe1y=DII I N

DISPEFRSTION MATRIY

PRINT4S]

FORMAT (27H VARITANCFE=-COVARIANCE MATRIX)
INK=3

C TO 4

DC486 1=149"

NC486,)21 M

R{1eN=D(Lla )7 (SDLI)*SRC 1))

R{JeT)=zR(14J)

CORRELATION MATRIX
PRINTSCs(TITLE(I)+T=1412)4NG

FCRMAT (21H CCRRELATION MATRIX 412A641B,2HN=,14)
INK=z4

GC TD 4

PRINT 42«4 (XM(J)eJd=14V)

FORMAT (6H MEANS+4Bs1OF11,2/(10R110F1142))
PRINT 63+(SD(J)edzleW}

FORMAT(8H STD DEV2B210F11,27/(10B+10F11,2))
RE TURN

L1=9

J1=0

Jé=0

JSEC=0D

nDRI=l.M

JXLTY =1

Jl=J2e]

J2=4t+L ]

TF1J2=)113413¢12

J2=M

JSEC=JSEC+]

TF{USFC=1)18¢18+19

PRINT1 74Tl JSEC

FCRMAT{1HO4Ab+9H SECTION J3/)



19
20
26
27
231
242
253
264
29
30

32

10

11
12
14
15

17

20
30
40
45

60

70

GO TN 26

PRINT20,4,TI4JSEC

FORMAT (1H1,A6¢9H SECTION 13/)
PRINT279(JX{1)0]l=dleJ2)
FORMAT (6HO ROW 3Bs10I11y

DC 29 1=14M

GC TN(231424242534,264) 4INK

PRINT 30414 (SS({IeJ)ed=dled?2)
GG TC 29
PRINT 30414(8SD(T1eJ)eJdz=dleJ2)
6C TO 29
PRINT 30414 ( D(I¢J)ed=dlel2)
GC 10 29
PRINT 30414 R(I4J)sJd=JleJ2)
CONTINUE

FORMAT(I16+4Bs10F11.2)
1F(J2=M) 9932432

GC TO (6304430447596 1)0INK
FND

END

JOBEND

CCMPIILES

SUBROUTINE EIGEND

DIMENSGTIONSX (10) oSSD(10910) o5S(10410)4D(10+410)9R(1C410)
LXM(10)YeSD(10)oH(10°10)sUC10+10)
DIMENSTIONIQ(10)+X(10)
COMMONSX ¢ SSD eSS eDeR e XM SD4H UM eNGyTITLE
N=M

DO141=14N

NCl4aJd=1eN

IF(1«J)12411412

U(!OJ):I.O

GC TO 14

UlleJ)=0e

CCNTINUE

NR=0

IFIN=1)1000+1000417

NMII:N-I

NC30T=1+NMI1

X(11=20,

IPL1=1+1l

DC3I0J=TPLL,N
IFIX(T)=ABSF(H(T4J)))20420430
X(T1)=ARSF(H(1+J))

IG(1)Yy=J

CONTINUE

RAP=7.450580596E=9
HCTEST=1,0E38

POTOTI=14NMT1

IFt1«1)60e60445

TF (XMAX=X(T))60470970

XMAx=x (1)

IPTv=1

JPTv=10Q1(1)

CONTINUE



GO TN 26

19 PRINT204.TI4JSEC

20 FORMAT(1H14A649H SECTION 13/}

26 PRINT274(JX(1)el=dleJ2)

27 FCRMAT(6HO ROW 3B+10111)
PC 26 I1=1M
GC TN(23102424253,4264) 4INK

231 PRINT 301 4(SSH{I4d)ed=dled?2)

GC T 29

242 PRINT 30414(8SDU(TsJ) ed=dlel)
GC TO 29

253 PRINT 3041e( DI 4J)wJ=dled2)
GC 10 29

264 pRINT I0¢T R(IQJ)9J=J10J2)
29 CONTINUE
30 FORMAT(16+4B410F11,2)
1F(J2=M) 9932432
32 GC TO (43044304475961)0INK
FND
END
JOBEND
CCMPILES
SUBROUTINE ETGEND
DIMENSTIONSX (10) e8SD(10910)455(10410) 4D(10410)9sR(10C410)
IXM{10)YeSDU10) sH(10910)sU(10410)
DIMENSTIONIN(10) X (10)
COMMONSX ¢ SSD ¢SS e gR e XM SN g H U sMeNGWTITLE
N=M
10 D014T1=14N
NCl4J=1eN
IF(1=U)12911012
11 U(IoJ):l.o
GC TO 14
12 Ull1+4J)=0,
14 CCNTINUE
15 NR=0
IFIN=1)1000+1000,417
17 NMT1=N=l
NC3I0T=1sNMI1
X(I)=Oo
IPL1=1+1
DC30J=1PL14N
IF(X(1)=ABSF(H(]4J))120+420430
20 X(1)=ABSF(H(1+J))
1G(1)Y)=J
30 CONTINUE
RAP=7.4505805968E«9
HCTEST=1,0E38
40 DOT0I=1sNMT1
1IFt1=1)60e60445
45 TF(XMAX=aX{T))60470270
60 XMAx=x(1)
IPtv=1
JPTv=10(1)
70 CONTINUE



IF(XMAX) 100041000480
80 IF(HDTEST)O90490+85
B5 1F(XMAX=HDTEST)904+90+148
90 HDIMIN=ABSF(H(ls1))
NC1101=2eN
IF(HDIMIN=ABSF(H(I¢1)))1104110,4100
100 HDIMIN=ABSF (H(TeI))
110 CONTINUE
HOTEST=HDIMIN®RAP
TF(HDTEST=XMAX)14841000,1000

148 NR=NR+)

150 TANG=SIGNF (2400 (H{IPIVeIPIV)wrA(JPIVeJPTIVI))RH(IPIV«JPIV)/ (ABSF (A (T
1PIVLIPIVI=H(JPIVsJPIV)) +SQRTF ((HIIPIVeTPIV)=H(JPIVJPIV))%%244,0%H
2(IPIV,.JPIV)#®%2))

COSINE=1e0/SCRTF (1e40+TANGH®®2)
SINE=TANG®COSINE
HIT=H(IPIV.IPIV)
HITPIV IPIV)SCOSINER®.2%# (M T+TANGX (2, #H(TPIV JPIV) *TANGHH(JP]IV
1JPIV)))
H(JPIV4JPIV)=COSINEX%2% (H(JPTV 4 JPIV)=TANG® (24%H(IPIVsyPIV) =
I1TANG*HIT)Y)
HIPIV.JPIV)=0,
IF(H(TPIVSIPIV)=H(JPIVsJPIV))I152,153,153
152 HTEMP=H(IPIVIPIV)
HIIPIVLIPIV)=H(JPIVeJPIV)
H(JPTV.JPIV)=HTEMP
HTEMP=SIGNF(1e0e~SINE) #COSTINE
COSINE=ABSF {SINE)
SINE=HTEMP
153 CONTINUE
DO350T=14NMI1
IFl1=-1PIV)210,350,200

200 [F(1=UP1V)2104350+210

210 1F(10(1)=1PTV)2304240,+230

230 1F(I0(1)=JPIV)350424V4350

240 K=101tT)

250 HTEMP=H (1K)

H{T+k)=0s
IPL1=1+1
X(I)'-'Oo
DO3204=1IPL1sN
TIFI(X(T)=ABSF(H(I1+J)))3004300,320
300 X(1)=ARSF (H(T+J))
1G(1)=J
320 CCNTINUE
H('.K):HTEMP
350 CONTINUE
X{IPTV)I=0.
NCS5301=1eN
IF{I=IPIV)3704530,420
370 HTEMDP=H(TIPTV)
H{T+T1PTV)SCOSINE#HTEMP+STNE®H (T4 JPTV)
1F(X(1)=ABSF(H(I,IPIV)))380,390,39n
380 X(I)=ABSF(H{(I+IP1V))
1IC(1)Yy=1P1V



390 H(ToJPIV)==SINEXHTEMP+COSINE*H (I 4JPIV)
IF(X(1)=~ABSF(H(I4JPIV)))4004530,4530
400 X(1)y=ARSF(H(IsJPIV))
IG(I)sJPIV
G0T0530
420 TF(1=JP1V)43045304480
430 HTEMP=HI(IPIVel)
H{TPTV4I)=SCOSINE#®HTEMP+SINERH (T JPTV)
1FI(X(1PIV)=ABSF(H(IPTIVeI)))44044500450
460 X(IPIV)=ABSF(H(IPIVsI))
ICLIPTIV) =1
450 H{T4eJPIV)S=SINEXHTEMP+COSINE#4(T+JPIV)
IF(X(1)=~ABSF(H(I,JPIV)}))400,530,530
480 HTEMP=H(IPIVsID)
H(IPTVsI1)=COSINEXHTEVP+ SINEXH(JPIV,I)
IF(X(TPIV)=ARSF(H(TPIVe1)))14904500+500
490 X(I1PTv)=ABSF(H(IPIV,1))
1Gt1PIV)Y =1
500 H(JPTV4I)S=SINEHTEMP«COSINE®H (JPIVeT)
1F(X(JPIV)=ABSF(H(JPIVs1)))51045304530
510 X(JPIV)SABSF(H(JPIVsI))
1C(JPIV) =1
530 CONTINUE
540 NO5501=1,4N
HTEMP=U(TsIPIV)
U(TotPIV)=COSINEXHTEVP+SINERU (T4 JPTV)
550 (] ¢eJPIV)==SINE®HTEMP+COSINE#U(],4JPIV)
GCT040
1000 RETURN
FND
FND
JOBEND
CCMPTI EX
TITLEAXRS49
COMMONSX ¢ SSD 4 SS1D R e XM o SDoaH et eMyNGSTITLE
DIMENSTONSX (10) 955D (10¢10)45S5(10410)+D(10+10)R(10410)
IXM{10)+SD(10)sH(10910)sU(10910)
DIMENSTONSUMT (10) oW (10910)4T(10+10)
DIMENSTON TITLE(12)4X(10)
READ1 4K oM
1 FORMAT(212)
PRINT2 4K
2 FCRMAT(51H GENFERALTIZ2ED ANALYSIS OF VARTANCE, NO. OF GROUPS = 12)
EN=0,0
EK=K
FRASF (SUMT oWeTsHILOGS GAL15,FALS)
GROUPS=K
100 READ 21+TTsNG
21 FCRMAT(F2.0415)
READ22 ¢ (TITLF (1) 4I=1012)
22 FORMAT(12A6)
PRINT22 4 (TITLE(I)#1=1912)
210 M=TT
FNGzNG
NC230N1=]1,M



220 SXx(1)=040

DC23n.=1+M
230 S55(14+J)=0e0
CASES=ENG

240 READIOOYI e (X(1)oel=l9oM)
DC 241 l=1wM
X(1)=ARSF{X(1))
241 X(1)=ILOGF(X(1))#0,43429448
1C01 FORMAT(3FB8,0)
DC2601=1eM
SX(1)=SX(Iy+X (1)
D0260.=1 M
260 SSUT4.J)=8S(1ed)+X (1) %X(J)
PAW SUMS OF SQUARES AND CROSS PRODUCTS
CASES=CASES=1.0
1F(CASES) 280,280,240
280 DC2BAI=1 M
NC286J=T1,47
CSD(T4J) =SS (I ed)=SX(T)®SX(J)/7ENG
§S(Je1)=551(14J)
286 SSD(Je1)=5SD(Iod)
DEVIATION SUMS OF SGUARES AND CROSS PRODUCTS
D02951=1sM
XM(1)=5X(])/ENG
295 SD(1)=SQARTF(SSD(1+1)/(ENG=l,N))
MEANS AND STANDARD DEVIATIONS
PRINTI] J(TITLE(I) o1=1412)4TT NG
31 FORMAT(26H CQRRELATION ANALYSIS FOR 1246//
1234 NUMBFR CF VARIABLES = 4F3,0//
236H NUMBER CF SUBJECTS IN THTS GROUP = +15//)
PRINT34,4 (XM(T)el=14M)
34 FORMAT(20H MEANS OF THIS GROUP//S5F14,7)
PRINT33,4(SN(])el=1leM)
33 FCRMAT(34H STANDARD DEYIATIONMS OF THYS GROUP//S5F14,7)
CALL CORR
FNG=NG
EN=ZEN+ENG
DO6I=1.M ,
6 SUMT(1)=SUMT (1) +SX(I)
DC71=1«M
DC7U=1eM
WlTad)sWITod)+SSDITs))
T T(Te)=ST(L9J)+SS{Is )

DC70J=1eM
DO7OT=1.M

70 H(TeY=D(I4J)
CALLFIGEND
PCT1J=1e¢M
DOT1T=s14M
SS(T.0)sU(Ted)

71 DITey=H(IsJ)
DETERPM=0,0
DORI=1M

B DETERM=DETFRM+LOGF (D(1+1))



91

10
11

12

35
25

36

37

371

38

381

391

382

383

PRINTG (DETERM

FORMAT (29H LOG DETERMINANT OF GROUP D = F14.7)
DET=FxPF (DETERM)

PRINTQ),DET

FCRMAT(17H DETERMINANT D = Fl14,7)
HILOG=(ENG=1,0)%#DETERM
PRINT10+sHILOG

FORMAT (24H H1LOG FOR THIS GROUP
HILOGS=HILOGS+H1L0G
FA121.0/7(ENG=1.0)

PRINT114FAl

FCRMAT(22H FALl FCR THIS GROUP
FA1S=FAl1S+FAl
GA1=1.0/((ENG=140)%%2,0)
PRINT12+GA1

FORMAT (22H GAl FOR THIS GRNUP
GA15=GA15+GAL
GROUPS=GROUPS=1.0

1F (GROYPS) 35435,100

GRQUP DISPFRSIONS AND T AND w ARE DONE

CONTINUE

FORMAT (5Fl4e7)

D036T1=1 M

NO36J=14M

SSD(Tad)=W (1)

SS(Te)=2T(10J)

T(1eJ)=SS(T0d)=(SUMT (1) %SUMT (J) /EN)

T(1eJ)y 1S MOW THF TOTAL DEVIATION CROSS PRODUCTS MATRIX
PO37J=1M

NO3T71=1M

H({T1¢J)=25SSD(14J)

CALLFE1GEND

DO371J=1eM

DC3T711=14M

DS EWIEIVIS E))

SSD(Te)=H(]14J)

NDETERM=0,0

DC381=1¢M

NDETEPM=DFTFRM+LOGF (SSD(141))

PRINT3R1+DETERM

FORMAT(31H LCG DETERMINANT OF DPOOLED W = Flé.7)
NETsFXPF (DETERM)

PRINT301,DFT

FORMAT(17H DETERMINANT W = F19,7)

FM=Mm

WATE=LNGF (EN-EK ) #EM

PRINT382WATE

FORMAT(10H WEIGHT = Fl4.7)

H1LOG= (DETFRM=WATE) # (EN=EK)

PRINT383,HILCG

FCRMAT (9H HILOG = Fl4,7)

XMMz=H1LOG=-HLLOGS

FlzaS# (EK=1e0) *EM*{EM+]140)

ALAz (FA1IS=(LleO/(EN=EK) ) ) ®((2e0% (EMEX240)) ¢ (3,0%EM)=1,0)
ALlz=A1A/ (6eOR (EK=140)%(EMs1,0))

Flee.?)

Fla.7)

Fl4e.7)



A2z (GA1S=(1e0/ (EN=FKI*2e0) )% ((FM=leO)YR(EM4240)) /7 {640%(EK=1,0))
DIFsA2a(ALl®%2,0)
PRINT3IO o XMMoFLl4DIF
39 FORMAT(22H FCR TEST OF H1 M = Fl4,7//6H F1 = F
X14.,7/719H A2 = Al SQUAREN = Fl4,7)
IF(DIF)424424442
62 F22(F142,0)/7((Alx®2,0)=p2)
B=F2/(1es0=Ale(2.0/F2))
FSF2%#XMM / (F1#(B=XMM))
GO0T04473
442 F22(F142,01/DIF
RzF1/(1.0=Al=(F1/F2))
FXMM/B
443 PRINT4IWF24FsAl4A24B
43 FORMAT(6H F2 = F16,7//721H FOR TEST OF Hle F = Fla,7//
X6H Al = Flé4,7//6H A2 = F14,7//5H B = Fl14.7)
44 DO451=14M
DO4B =]l M
45 DT o) =TI WJ)/LEN=1,0)
N(T+J) 1S NCW THE TOTAL VARIANCE COVARIANCE MATRIX,
DO450T=14M
00450421 4M
450 R(T ) 2T (I J)/SQRTF(T(T+T)%T(JeJ))
DO4ET=14M
XM(1y=SUMT (I) Z/EN
46 SD(1)=SQRTFI(D(I+1))
PRINT4?
47 FORMAT (22H MEANS OF TOTAL SAMPLE)
PRINT254(XM(1)a]l=14M)
PRINT4S
4B FORMAT (37H STANDARD DEVIATIONS FOR TOTAL SAMPLE)
PRINT25+(SD(1)sl=1sM)
PRINT49
49 FCRMAT(44H VARIANCE=COVARIANCE MATRIX FOR TOTAL SAMPLE)
50 PRINT254((D{lsJ)elzleM)ed=leM)
PRINTS2
52 FORMAT(36H CCRRELATION MATRIX FOR TOTAL SAMPLE)
53 PRINT2S59((R{IoJ)yI=1oM)ed=1eM)}

DCB4 =] WM

DCS41=]14M
54 Hila)=T(I4J)

CALLETGEND

NO55J=14M

NCS551=1 M

D{lsyzsUtI o d)
55 T(1euysH(IWJ)

DETERT=0,0

DC571=14M
57 DETERT=DETERT+LOGF(T(Is1))

DEY=FXPF (DETERT)

PRINTSTL1,DETERTWDET

571 FCRMAT(24H LCG DETERMINANT OF T = F19,7//
X)TH DETERMINANT T = F19,7)
XLAMPR| =DFTERM=DETERT



XLAMRzEXPF (XLAMBL)
IF(EM=2e¢0)5734573,574
573 Fl=2,0%(FK=1,0)
F2z2,0% (EN=EK=1,0)
Y=SQRTF (XLAMB)
F=t1,0=Y)®*F2/(Y®F1)
GCTOS579 :
574 S=SORTF(((EMXR2) % ((EK=100) %%#2) =4 ¢0)/ ((EM¥22) ¢+ ((EK=160)%%2)254,0))
1IF(S)57545754576
575 Fl=Ek=1.0
F2=EN=FK
FS{(1e0=XLAMR) /XLAMB)I®(F2/F 1)
GCT0R79
576 Y=XLAMB¥%(]1,0/5)
XM= (ENwleQ)=( (EM*EK) /240)
XLz { (EM# (EK=140))=220)/64,0
Rl=(FM* (EK=140))/2,0
Fl=2,0%R}
F2= (XM1%S) e (2,0%XL)
FE((1s0=Y)/Y)R(F2/F1)
ST9 PRINTS8XLAMRGF14F24F
58 FORMAT(9H LABMDA=z F14,7//6H Fl = F14,7//6H F2 = Fla,7//
X21H FOR TEST QOF K2y F = Fl4,7)
STCP
FND
END
NVERLAY
STACKETIGEND
STACKCORR
JOBREND



SAMPLE
INPUT & OUTRPUT




0303
n300005

89000,
46000,
76000,
66000,
300000,
0300005

11000,
11000,
61000,
5200.
18000,
0300005

92000,
50000,
240000,
590000,
140000,

CARDS 4138

16000,
7600,
200.
2600,
13000,

2000,
4700,
2800,
300,
300,

1100,
2100,
1400,
3800,
2200,

LOCATION

LOCATTOM
17,
42,
2,
1400,
51,

LOCATION
3.
36,
1.

be



GENERALIZED ANALYSIS OF VARIANCE, NO., OF GROUPS = 3

LOCATION 1
CORRELATION ANALYSIS FOR LOCATION
NUMBER OF VAKIABLES = 3,
NUMBER OF SUBJECTS IN THIS GROUP = 5
MEANS OF TH1S GROUP
4,9617863 3,6181943 0,67703132

STANDARD DEyIATIONS OF THIS GROUP

0.3069251 0,7073527 0.,5622085
RAw SUMS OF SQUARES AND CROSS PRODUCTS
500200 SECTION 1

ROW 1 2 3
1l 123,47 90,05 16,78
2 90,05 67,46 12,09
3 16,78 12,09 3,47

VARIANCE-COVARTANCE MATRIX
500200 SECTION 1

ROW 1 2 3

l 0,09 0,07 -0,01

2 0.07 050 =0.06
3 ~-0,01 -0,04 0,29 :
CORRELATION MATRIX o LOCATION 1

500200 SECTION 1

ROW 1 2 3
1l 1,00 0.33 =0,08
2 0,33 1,00 -0,11
3 -0.05 -0011 1.00
MEANS 4,96 3,62 0,68
sTD DEV 0,31 O0s71 O0.54
LOG DETERMINANT OF GROUP D = 444069946
NETERMINANTY D = 0,0121918
H1LOG FOR THIS GROUP = -17,6279782
FAl FOR THIS GROUP = 02500000
GAl FOR THIS GROUP = 0.0625000
LOCATION 2
¢cORRELATION ANALYSIS FOR LOCATION

NUMRER OF VARIARLES = 13,

NUMBER OF SUBJECTS IN THWIS GRoUP = 5



MEANS OF THIS GROUP

4,1678782 3,1953177 1,6016853
STANDARD DEvVIATIONS OF THIS GROUP

043953076 0,6751475 1,0279227
RAW SUMS OF SQUARES AND CROSS PRODUCTS
/w/ 00 SECTION L

ROW 1l 2 3
1l 8T7.48 66,86 31,93
2 66,86 52,87 23,82
3 31,93 23,82 17.05

VARTANCE=COVARTIANCE MATRIX
/W/ 00 SECTION 1

ROW 1 2 3
1 0,16 0,07 =0,36
2 0,07 0,46 0,44
3 -0.36 -0.44 1.06

CORRELATION MATRIX o
/w/ 00 SECTION 1

ROW 1 2 3
1 1.00 0.25 .0089
2 0.25 1.00 0,64
3 -0.89 ~0.64 1.00
MEANS 4,17 3,20 1,60
STn DEV 0440 0,68 1,03
LOG DETERMINANT OF GROUP D = -6¢3374859
DETERMINANT D = 0.0017687
HI1LCG FOR THIS GROUP «25,34994135
FA1 FOR THIS GRNOUP = 0,2500000
GAl FOR THIS GRNUP = 0,0625000
LOCATION 3
CORRELATION ANALYSIS FOR
NUMBER OF VARIABLES = 13,
NUMBER OF SUBJECTS IN THIS GROUP = 5
MEANS OF TH1S GROUP
5.19198098 3,2863892 0,6r27270

STANDARD PEyIATIONS OF THIS GROUP

0.4085819 0.,2062767 0.5672603
RAW SUMS CF SQUARES AND CROSS PRODUCTS

LOCATION 2

LOCATION

3



/W/ 00 SECTION 1

ROW 1 2 3
1 135,45 85.49 17.16
2 85,49 54417 11,38
3 17416 11,38 3,62

VARTANCE=COVARIANCE MATRIX
/W/s 00 SECTION 1

ROW 1 2 3
l 0,17 N.0¢ «0,16
2 0404 004 0.0¢4
3 0,14 0,04 0,32

CORRELATICN MATRIX
/w/ 00 SECTION 1

ROW 1 2 3

1 1.00 0,53 w0,61
P4 0.53 1.00 0.34
3 w0461 0.34 1.00

MEANS 5,19 3,29 0,68

STD DEV 0,41 0,21 0,57

LOG DETERMINANT OF GROUP D = =10e3906692

DETERMINANT D = 0.0000307

HILCG FOR THIS GROUP = «41,5626770

FA1 FOR THIS GROUP = 02500000

GA1 FOR THIS GROUP = 0,0625000

LOG DETERMINANT OF POOLED w = 3.1936105

DETERMINANT w = 2443762791

WEIGHT = T.4547200

H1LOG = «51,1333135

FOR TEST OF W1 M= 33,4072852

Fl = 12,0000000

A2 = Al SQUARED = «-0,1130401

F2 = 123,8498301

FCR TEST CF Hls F = 2.2149437

Al = 0.3611111

A2 = 0,0173611

B = 189,0728913

MEANS OF TOTAL SAMPLE
4,7738848 3,3666337 0.9874152

STANDARD DEVIATIONS FOR TOTAL SAMPLF
05704920 0.,5663318 0,8246039

VARTANCE=COVARIANCE MATRIX FOR TOTAL SAMPLE

LOCATION

3



003254611 0,0943781 -0,3453174
«0,1833733 =0,3453174 =0,1833733
CORRELATION MATRIX FOR TOTAL SAMPLE

1,0000000 0,2921129 «0,7360444
«0,3926629 «0,7340464 «0,3920629
LOG DETERMINANT OF T = 443303271
DETERMINANT T = 75.,9698948
LABMDA= 0,3208676
Fl = 6.,0000000
F2 = 20,0000000

FOR TEST CF H2y F = 2.5512511

0,0943781
0e6799717

0.,2921129
1,0000000

063207317

1,0000000



AXRS59



GENERAL ROUTINE AXRS59
NUMERICAL INTEGRATION - TRAPEZOIDAL RULE

T. A, Entzminger

PURPOSE: Computes the area under a curve having the form

g=f(x) fromx=o0ton

A=-/.n f£(x) ax
)

RESTRICTIONS: 1) Function may have a maeximum of 5 constant values.

2) Program deck must be recompiled for each new

function by using a programmer defined function statement.

ACCURACY: sSingle precision floating point with eight significant

digits.
INPUT: Control card Card Column
1st constant | 1-10
2nd constant 11-20
3rd constant 21-30
Lkth constant 31-40
5th constant 41«50
Intervals for calculations 51=60

Maximum value of the argument (n) 61-70

Interval for printing 71-80

OUTPUT: Program prints the argument (x) and the corresponding area
under the curve between limits o to n at each print interval

designated by the input.



COMPTLEX

TITLEAXRSS9

C
1

10

¢ VY

» o

20 ~d

1000

2000

3000
1

FINIS

CARDS

MUMERICAL INTEGRATION TRAPEZNINAL nULE
READ 10004+C1eC2eC3eC4sC5eHeXMAXPRIN
1F END OF FILE 7,10

KTR=N

PRINT3000

Xz0.0

PMAX=PRIN

FUNAZFUNF (C14C24C3eC4eC54X) /2,0
FUNT=FUNA

X=XeH

FUNB=FUNF (C1eC24C3eC49C54X)
IF{XaXMAX) 304646

TF (X=PMAX) 514,44

FUNT=FUNT+FUNB

GO To 2

KTR=1

FUNP= (FUNT4FUNB/240) #Ha (FUNBaF{INA) /12 O H# %2

PMAX=X+PRIN

PRINT 20n04+XsFUNP
IF(KTR=1)541,1

TYPE,8

FORMAT (BHEND JOR)

STOP

FCRMAT(8F1040)

FORMAT (20B4E1649+20B%E1649)

FORMAT (141/40B+21HNUMERICAL TNTEGRATION//208+8HARGUMENT208,

16HAREA UNDER CURVE//)
FUNF(C14C24C34C44C54X)=SINF(X)
FND

END

JOBEND

TNPUT TEST DATA

041

0001

3,1415927 ,05



ARGUMENT

0+500000000E«01

0.,100000000E
0,150000000E
0,200000000E
0.25%50000000E
0,300000000E
04350000000E
0.400000000E
0,450000000E
0«500000000E
0.550000000E
0+600000000E
0.650000000E
0+700000000E
0.750000000E
0.,800000000E
0.850000000E
0.900000000E
0.950000000E
0,100000000€
0.105000000E
0.110000000F
0,115000000E
0.120000000€E
0.125000000E
0.130000000E
0.135000000E
0,140000000E
0,145000000E
0,150000000E
0.155000000E
0.160000000E
0.165000000E
0+170000000E
0,175000000E
0.180000000E
0.185000000E
0+190000000E
0.195000000E
0+200000000E
04205000000E
0210000000E
0.2135000000E
0,220000000E
0.225000000E
0.230000000E
0.235000000E
04240000000E
0.245000000E
0¢250000000E
0.255000000E

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
ol
ol
0l
01
ol
ol
0l
ol
ol
ol
ol
ol
ol
ol
ol
0l
0l
ol
ol
ol
0l
ol
0l
ol
ol
ol
ol
ol
ol
ol
ol
ol

NUMERICAL INTEGRATION
AREA UNDER CURVE

0,124973533F=02
0,499582596F=02
0,112289086€~01
0,199334036F=01
0,310875545€=01
0,646634816E=»01]
0,606272524E=01
0,789389656E=01
0,995528514E=01

0,122617384F
0,147675416F
0,174664315F
0,203916123¢
0,235157726E
0,268311036EF
0,303293187¢
0,340016743F
0,378389912F
0,418316782F
0,459697587F
0,502428807E
0,546403725E
0,591512397¢
0.,637642076F
0,684677460E
0,732500986F
0,780993120F
0,830032657¢
0,879497023¢
0,929262%83F
0,979204950F
0,102919928¢
0.,1079120¢2E
0,112884%20F
0,117824573€
0,122720174E
0,127558986F
0.132328915¢
0,137018039¢
0,141614637F
0,146107220€
0,150484558F
0,154735711F
0,158850084F
0,162817301E
0,166627539F
0170271242
0,173739304F
0,17702308SF
0,180114289E
0,183005278E

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
01
01
01
01
01
ol
01
01
01
01
01
01
01
01
01
01
01
01
0l



0.260000000E
0.265000000E
04270000000E
0,275000000E
0,280000000E
04285000000E
04290000000E
0.295000000E
04300000000E
04305000000€
0.310000000E
0.314200000€

ol
ol
ol
ol
ol

ol
0l
ol
ol
o1
0l

0,185688798F
0,188158140€¢
0,190407132E
0,1924301%3E
0,194222147E
0,195778635E
0,197095726¢
0,198170127¢
0,198999155€¢
0,199580735¢
0,199913415F
0,199999890F

0l
01
01
01
0l
0l
0l
01

01
01
01



AXRS68




GENERAL ROUTINE AXRS68
TIME SERIES ANALYSIS AUTOCOVARIANCE,
AUTOCORRELATION AND POWER SPECTRAL ANALYSIS

PURPOSE: This program camputes the autocovariance, autocorrelation,
power spectrum, cress-variance, cross-correlation and co-spectrum

of time series.

RESTRICTIONS: 1) Card Imput

2) 500 discrete data pairs

3) Maximum of 100 lags

ACCURACY: Single precision floating point camputations with eight
significant digits.

OPTIONS: Transformation of & variable can be made by inserting the
proper statements between the transform camment cards in the source

deck.

INPUT: Standard card format is seven fields of ten digits each; the

last ten digits are used for identification.

CARD DECK SETUP:

1. Execute card

2. Program Desk (Binary)

3. Control Card - Total number of observations of variable pairs
in card columns 1-3 and the maximum lag wanted in columns L4-6. A
time interval (usually 1.0) appears in columns 7-17.

4., Data cards

5. FINIS card



QUTPUT ¢

1.

3.
L,
5.
6.

Printout
Printout
Printout
Printout
Printout
Printout

Printout

of input data

of autocorrelations

of autocovariance

of power spectral estimates
of cross=correlations

of cross-covariances

of co-gpectra



DESCRIPTION &
PROGRAM LISTING




TITL

1001
1002

16

26

30

CCMPILEX
EAXRS68

DIMENSTONW2 ( S1)ewW3( S51)ewWs( 51)eW1( 51)¢X(1000)
1Y{1000) POWL( 50) +POWZ( 50)ePOW3( 50)95P1(
2SP21{ 50)+SP3( 50)eCLl( 50)+C2¢ 50)9C3( 501 9C4( 50)

EQUIVALENCE (X (1) oPOW1) o (X 51)¢POW2) e (X(101)+POW3)

LUX(151)4SP1) 4 (X(201)4SP2)4(Y (1) eSP3)
READ1000sNsM4DELT

PRINTY 3002

READ 1001¢(X(1)el=1eN)
PRINT 1002+ (X(1)sl=leN)
READ 1001e(Y(I)el=1aN)
PRINT 10024(Y(1)eI=1sN)
ASSIGN 40 TO ISIGN

1FORK=0

FORMAT (4Re15F4,.1)

FORMAT (10F10,1)
ERASF(TXoTYSICXY4C1loC2+4C34C4955YySSY)
EMzM

MPl=Ms1

NO6T=1,N

TX=X(1)+TX

TY=Y(])+TY

AN=N

AVGX=TX/AN

AVGY=TY/AN

DO3I=1 4N

X{1)=X(1)=AVGX
Y(T)=Y(1)=AVGY

DOl61=14N
CXX=CXXeX (1) ®X (1)
CYY=CYY+Y(1)#Y(])
CXY=CXYsX (1) %Y (])
DO301P=14M

NMIPz=NeIP

D0261=14NMIP

I1PIP=21+1P

POSITIVE TAU
C3(IP)=CA(IP)+X(T)*Y(IPIP)
C2(TIP)=C2(IP)eY(T)%Y(IPID)
CLL{IPI=CL(IP)+X (1) %X (IPID)
NEGATIVE TAU
CatIP)I=CO(IP)+Y(T)RX(IPIP)
FMTP=NMIP
W1l(Ipe1)eCl(IP)/FMIP
W2(ipe+l)=C2(1pP)/FMIP
W3(IPel1)=C3(1IP)/FMIP
we(1pel)=Cée(IP)/FMIP

Wl(l )=CxX/AN

w2(1l )=CvYY/AN

W3(l Y=CXY/AN

We(l Y=wal(l )

PRINT 1011

PRINT 1008

PRINT100Qs (W1(T1)oW2(1)sW3I(I)anwa(1),l214MP])



W ~ »

10

11

12
13

14

15

20

21

40

P1=3,1415927
CALCULATE RAW ESTIMATES

TERM2=22,0%DELT/P1

FRASE (POW1 +POW2,4,POW3)

H=-1.0

DO101H=1MP1]

HzH+1,.0

NO91IP=14MP1

PzlPal

IF(IP=1)4+544

EP=0,.5

GO TO 8

IF(IP=MPL1) 745,47

FP=z1,0

TERM=COSF (H*P%P1/EM)

POWL (TH)=POWY (IH) +EP*W1 (IP) ®TERM
POW2 (TH)=POW2 (TH) +EP*W2{IP) *TERY
POW3(TH)=POWI (TH)+EP% (W3 (IP) WG (TP))#TERM
POW1 (1H)=POW] (TH)*TERM2

POW2 (IH)=POW2 (TH) *TERM2

POW3 (IH)=POWI(IH)#*DELT/PI
DO15TH=1,MP1l

IF(IHe1)129¢11,412
SPI(TH)=54%POWL(IH) +,46%POWY (1H+1)
SP2(IH)=,54RPOW2(IH) +,46#POW2 (THel)
SP3(IH)=¢54%POWI (TH) ¢ 446%#POWA(THe L)
GO TO 15

IF{1m=MP]) 14413414
SPL(TH)=,54%POW]L (IH) +,46%POWY (TH=1)
SP2(TH)YS54RPOW2(IH) +,46%#P0W2(TH=1)
SPA(TH)3,54%*POW3I(IH)+446*POWA(TH=1)
GC TO 15

SPL(TH)Y = 23#POW] ([Hal)+o54%PNWNY (THY+o23%POWL (IHel)
SP2(TH)2,23%POW2 (THel) 4454 %PPN2(TH)+,23%8POW2(THs1)
SPA(TH)=2423%#POW3 (TH=1)4,54#PONI(TIH) +423%#PONI(THe])

CONTINUE

PRINT100¢4

COUNT==1,0

NC201=1sMP1

CCUNT=COUNT+1,0
PRINT10059yCOUNT4POWL(1)+POW2(T)ePOW3(])
PRINT1007

COUNT:-].O

NO211=1sMP1

CCUNT=CQOUNT+1,0
PRINT1I006¢COUNTSPL(I)eSP2(1yssP3(])
GO TOISIGNe(40e41)

ASSIGN 41 TO ISIGN

CCMRPYUTE AUTO CORRELATION COEFFICIENTS

TI=SARTF (W1 (1) )*SQRTF(W2(1))
T2=w21{1)



T3=W1(1)
NO 31 121.MP1
W1(Iy=wl(I)/T3
W2(IyswW2(I)/T2
W3(I)y=w3(I1)/T1
31 WatT)y=zWae(IN/T1
PRINT 1011
1011 FCRMAT(1HL1)
PRINT 1010
PRINT10090 (WL (T)aW2(I)aW3I(T)gwa(1)eI=14MP])
1FORK=1
GG TO 2
41 TYPE,1003
1003 FORMAT(8H JOB END)
STOP
1004 FOPMAT(1H1/10B22HRAW SPECTRAL FSTIMATES//
118R3NLAGIORIAHPOWER SPECTRUM 1
25Bl16HPOWER SPECTRUM 26BlOHCO SPECTRA//)
1007 FORMAT(1H1/10B27HSMQOOTHED SPFCTRAL ESTIMATES//
118834 AGIOR1AHPOWER SPECTRUM 1
25B16HPOWFR SPECTRUM 26B10HCO SPECTRA//)
1008 FORMAT(14B37HAUTO COVARIANCE 1 AUTO COVARIANCE 2
113816HCROSS COVARIANCE/56B124UPASTITIVE TAUBBL2HNEGATIVE TAU//)
1010 FORMAT (14B38HAUTO CORRELATIOM | AYUTO CORRELATION 2
112B17HCRNSS CORRELATION/S6B12400SITIVE TAUBB12HNEGATIVE TAy//)
1005 FORMAT(10B4E20.9)
1006 FORMAT(10B4E20.9)
1009 FORMAT(1nB4E20.9)
1000 FORMAT (213+F10,0)
3002 FORMAT(1H1/40B23HPOWER SPECTRPU" ANALYS1S////10B10RHINPUT DATA//)
FND
END
JOBEND



SAMPLE
INPUT & OUTPUT



INPUT TEST DATA

075030 1.0

00h1 070 069 062 061 063 062 062 089 060 089 059 059 061 065 066 Uil
0062 066 066 0kK6 066 069 066 0A4 0kG4 043 060 059 066 071 074 079 ull
0063 083 088 086 ORe 0B4 086 091 0a3 002 095 094 092 087 079 079 ull
0064 080 078 0”7 091 0R6 083 088 090 OR9 086 088 082 075 069 060 Uil
0071 064 0s2 082 062 062 042 N&3 0&p 072 076 085 084 083 083 085 utl
0061 320 482 482 376 3K2 415 374 451 565 498 430 429 444 444 405 22
0062 38C 478 5N0 255 349 454 470 4al 439 410 410 409 424 292 437 A22
0063 376 386 307 356 375 408 474 5N4 438 440 429 416 413 447 479 A22
0064 485 509 499 530 402 394 411 435 471 411 544 480 435 457 440 A22
0071 434 448 423 403 525 699 438 438 351 356 389 436 367 461 416 A22
FINIS

CARDS 161



POWER SPECTRUWM AMALYSIS

INPUT DATA
7.0 6.9 662 6.1 6e3 6,2 6,2 59 6,0 59
5.9 5.9 60l 6,5 6eb 6,46 6,6 6e6 6e6 6.9
6e6 6% bot 6,3 640 5,9 6,6 7ol Toé 7.9
8.3 8.8 Beb B.56 Bebl B.6 9.1 943 9,2 965
9.4 9.2 8e7 7.9 79 8,0 7,8 8e7 9.1 846
8,3 8,8 9.0 8,9 8.6 8.8 8,2 Te5 6,9 6,0
6% 6,2 6.2 6,2 6e¢2 6,2 643 be6 7.2 7.6
BeS Be4 8,3 8,3 8.5
32,0 4B, 2 48,2 17,6 3642 41,5 37,4 45,1 5645 49,8
43,0 42,9 G444 44,4 40,5 38,0 47,8 50,0 25,5 34,9
45,4 47,0 4601 43,9 4140 41,0 40,9 42,4 2942 43,7
37.6 3846 3067 35,6 37.5 40,8 47,4 50e4 3,8 44,0
42,9 41,6 41,3 46,7 47,9 48,5 50,9 49,9 53,0 40,2
39,4 4l,1 43,5 47,1 4lel 54,4 48,0 43,5 5,7 44,0
43,4 4448 4243 40,3 5245 69,9 43,8 43,8 35,1 35,6

38,9 43,6 3667 46,1 4let



AUTO COVARTANCE 1

0,134397155F
0,128772394F
0,118785858F
0,106697289E
0,926484780€
0,777291300E
0,645145351€
0,534963738E
0,435451329F
0,334573899E
0,241806906F
0,162547195E
0,120453842F
0,110245650¢
0,111049210F
0,116239556E
0,119874773¢

01
01
01
01
0o
00
no
00
00
00
00
00
00
00
00
00
00

0,876836172E-01

0,370506647€-
<0,487167929€-

-0,154606707E
-0,255023407E
=0,378275957E
-0,525489503F
-0,677331031F
-0,800531583F
-0,925881757¢
-0,1034464655E
~0,108059850F
-0,105404402F
-0,100200414F

01
01
00
00
00
00
00
00
00
01
01
01
01

AUTD COVARTANCE 2

0,411486219F
0,125936120¢F

02
02

-0,6N1929915Fa01

-0,139784444F
-0,138911048¢
-0,442180318F
0,621899518F
0,847220915F
0,310527828F
0,595654950F
0,467067008F
«0,34235q9096F
0,132452044F
«0,2564345018F
-0,292119453¢
=-0,1096472223F
«0,509011375¢
-0,178546130¢
0,481672281F
0,329904444F
-0,213984647¢
«0,175472099F
-0,443945241F
-0,843436582¢
-0,6R5608626F
-0,568122222F¢
«0,352557459F
-0,267778888F
0,796081040F
0,14746R213F
=0,460577778F

01
01
01
00
00
01
01
01
01
01
01
00
01
01
01
01
01
01
01
01
01
N1
01
01
01
01
01
01

CROSS COVARIANCE

POSITIVE TAU

0,661352222¢
0,104973196€
0,125192063F
0,167927807F
0,256374601F
0,289994534F
0,293843555F
0,288775521F
0,256867444F
0.,228564613F
06222974595
0,200037362F
0,200691999€
04239618545¢
0,233367157F
0,179625778F
0,106287683F
0,B46720808F
0,736472592F
0,104716847F
0.,160928598F
0,205116497€
0,22804T645F
0,200327002F
0,120359944f
0.,915403876F
0,309973720F

=0,5172088R9F

=0,402924444EF 00
-0,274706186F 00
«0,110335467F=01

00
0l
0l

NEGATIVE TAU

«0,402924444E 00
-0,824825105€E 00
~0,8576%5418€ 00
«0,704453333F 00
«0,699770391€ 00
«0,246959364E 00
=0,155587632¢ 00
«0,961265348E=-01
«0,345720331F 00
-0,312614949F 00
«0,624923760F 00
«0,975160971E 00
«0,121850201€ 01
«0,156428416F 01
~0,139791709F 01
«0,121884000€ 01l
=0,135245183€¢ 0Ol
w0,141999739¢ 01
-0,127046971€ 01
«0,154963746F 01
-0,186866343F 01
=0,177900395¢ 01
«0,154752084E 01
«0,129788837€ Ol
~0,552390587E 00

0,185505779E 00

0¢513865943E 00

0,54777%446F 00

0,842064871F 00

0.669744737E 00

0,806518520E 00



LAG

0,000000000E
0,100000000F
0,200000000E
0,300000000F
0,%00000000F
0,500000000E
0,600000000E
0,700000000E
0,800000000F
0,900000000F
0,100000000EF
0,110000000€
0.120000000F€
0,130000000E
0,140000000€E
0,150000000F
0,160000000F
0,170000000€F
0,180000000€E
0,190000000E
n,200000000F
0,210000000E
0,220000000E
n,230000000F
0,240000000F
0,250000000F
0,260000000E
0,270000000F
0,280000000F
0,290000000E
0.,300000000E

RAW SPECTRAL ESTIMATES
POWER SPECTRUM 1

00
01
01
01
01
01
01
01
01
01
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
n2

0,9R0047562F 00
0,881128685€ 01
=0,189075483F Q0
0,262068719¢ 01
0.,526573766F 00
-0,798280057F=01
0,238576838F 00
0,852581304F=01
0,219045312¢ 00
-0,928551069F=01
0,587225791lf=01
=0,5646707458F=01
0,574164016F=01
-0,350748341F«01
0,929440848F«01
-0,35673R649F-01
0,494651427F=01
«0,503370567F=02
0,181229710F=01
0,132546437F=01
0,109502391F=01
-0,128477986F-01
0,166563278F=01
0,331534625F=02
0,114848712F=01
«0,107112923¢F~01
0,194361002F«01
=0,739695123¢-02
0,642912749F=02
0,150132256F=02
0,123983201FE=01

POWER SPECTRUM 2

04505792247
0,336283569€F
0e177665045F
0,544467795EF
0«272686398F
0,184126674E
0.438838671F
0.300746600€
0,132999443¢
0,26008596%E
0,100071314F
0,104755052F
0,B12977282F
0,285901663F
0.925531447F
0,114659656F
0.527161593F
0,216627062F
«0,122484155F
0,209020315F
0,139148756F
0,965566924F
«0,148126158F
0.501665321F
0,464321528F
0.,945258720¢
0,602108585F
=0,140123552¢
0,700341660F
0,573906102€
0,165729240€F

CO SPECTRA

0,826002837€ 01
-0,558702618E 00
-0,158408633F 00
=0,605685541E 01
«0,211007279€ 01
«0.376337828E 00
~0,247220091F 01

0,335347283E 01
=0,567276577E 00
«0,500709203E€ 00

0,107297245€ 00
«0,236162190E=01
=0e676891327E-01
«0,312317845E=01

0,153527185€ 00

0,203372590€ 00
«0e768807726E~»01

0,570575943F 00
~0,160270514¢ 00

0,457357964E 00
«0,101753709F 00

0.186736951F 00
«0,166718740E 00

0,199004696E 00

0,108841576€ 00

0,143228990F 00

0,173606870€ 00

0.680751459F-01
=0,503536026E=0D1
«0,248871020F 00

0.503845500F«01



SMOOTHED SPECTRAL

LAG

0,000000000E
0,100000000F
0,200000000F
0,300000000F
0,400000000E
0,500000000F
0,600000000F
0,700000000¢
0,800000000E
0,900000000¢
0,100000000F
0,110000000€
0.120000000F
0.130000000€
0,140000000F
0.150000000F
0,160000000F
0.170000000F
0,180000000F
0,190000000F
n,200000000F
0,210000000F
0,220000000F
0,230000000F
0,240000000F
0,250000000F
0,260000000F
0,270000000€E
0,280000000€
0,290000000F
0,300000000F

ESTIMATES

POWER SPECTRUM 1

00 0,458241763¢ 01
N1 0,494001848F 01
01 0,252725327F 01
01 0,149279569F 01
01 0,868747445¢ 00
01 0,132877516F 00
01 0,130080421¢ 00
01 0,181292485F 00
01 0,116537164F 00
01 0,137448573¢-01
02 -0,222075338F.02
02 -0,2/1N23719F=02
02 0,103633735€=01
02 0,156425014F.01
02 0,339176050F=01
02 0,134902353F.01
02 0,173484358F=-01
02 0,128270651F=01
02 0,116772201¢.01
02 0,138443459r.01
02 0,600670350F-02
02 -0,634300832F~03
02 0,669395760F-02
02 0,821677355F.02
02 0,450N76748F=02
02 0,132772540€ .02
02 0,633059809F«02
02 0,195064869F <02
02 0,211573425F.02
02 0,514102713F-02

02 0,738570124¢<02

POWER SPECTRUM 2

0.182003223F
0,234089309E
0,185807104F
0,132982093F
0,164008328F
04173593606F
0,310379514F
04293925930F
0,200811189¢
0,194052694E
0,137951943€
0,982826077€
0,133751818F
0,194372599F
0,142107801E
0.953281542F
0,104662671F
0,126286195E
0,912847523F
0,142058049¢
0,145423040€
0,807379262F
0.257475291F
0,343624209F
0.583528155E
0,755718635F
0510319725
0.223896907E
0e%477954645F
0,852165197F
0,115893470F

CD SPECTRA

0,420341211E O1
0,156167313F 01
-0,160711901€ 01
«0,379245265E 01
«0,261907375F 01
«0,125714538F 01
«0,650267439F 00
0.111179581¢ 01
0,349806283F 00
-0,376178216€ 00
«0,626543348FE=-01
«0,364289246E=02
=0,491671725E-01
0,2B7758829E=02
0,1224970845€ 00
0,127449873F 00
0,136492550¢ 00
0,253564224E 00
'0,149878726€ 00
0.,186707729F 00
0,931948276E.01
0.390892905E=01
«0,130754075E-02
0,941507880E=01
0,137488199F 00
0,142306797€ 00
0,142347661E 00
0,651088303E=01
«0,687739945€=01
»0,134383231F 00
«0,872730074E=01



AUTO CORRELATION 1

0,100000000F
0,958148210F
0,883842055€
0,793895440E
0,689363387E
0,578353983¢
0,480029024F
0,398046921F
0,324003333€
0,248944182€
0,179919661F
0,120945413€

0,896252917€E-

01
00
00
00
00
00
00
00
00
00
00
00
0l

0,820297496F=01
0,826276494F-01
0,864895959F =01
0,891944276F-01
0.,652421676E=01
0,275680439F<01

«0.362483811E-

-0,115037187E
«0,189753575¢
-0,281461283F
«0,390997430F
«0,503977209€
-0,5956%6205F
-0,688914699F
-0,769693787E
-0,804033762F
-0,784275542E
«0,745554580F

01
00
00
00
00
00
00
00
00
00
00
00

AUTO CORRELATION 2

0,100000000F 01
0,305903172F 00
«0,1462108649F=02
«0,339541228F-01
~0,337419718Fa01
«0,1076407122F 00
0,151n061534F.01
0,205792877¢-01
0,7584282785¢.01
0,144686638F 00
0,113452184F 00
~0,831602033F.01
0,321730624F <01
-0,617812805¢.01
-0,709568306F=0N2
-0,265911798F01
~0,123440615F 00
«0,433694696F=01
0,116999855 00
0,801349254F=01
«0,519776075€-01
=0,426227771F=01
-0,107835827F 00
«0,204R73650F 00
-0,146536696F 00
=0,137998844¢ 00
-0,856374207E-01
-0,6506444139F.01
0,193370825F 00
0,358205367F.01
-0,111875928F 00

CROSS CORRELATION

POSITIVE TAU

-0.5416832595'01
«0,369309294F~01
-0,148332711g-02
0,889108198F«01
0,141123785¢ 00
0,168305611 00
0,225758657¢g 00
0,34466469lF 00
0.,389862631¢ 00
0.395037176¢ 00
0.388223815F 00
0,345327260¢F 00
0307277522 00
0,299762417¢ 00
0.268926077€E 00
0,269806158¢ 00
0.322138198¢ 00
0,313733981F 00
0,241485167F 00
0.,142890954F 00
0,113831388¢ 00
0,990098465F=-01
0.140779155¢ 00
0,216349087¢ 00
0.,275754361 00
0,306582519¢ 00
0.269315463F 00
0,161809411 00
0,123064997F 00
0,416722235g-01
=0,695324804%F =01

NEGATIVE TAU

«0e¢541683289€-01
-0,110887775€¢€ 00
-0,115300070¢ 00
w0,947052437F.01
«04940756787€~01
«0,332007043€-01
~0,209168782€=01
«0,129230518F=01
w0,464779236E-01
=0,420273048€-01
w0,840134531F-01
«0,131098617E 00
«0,163812881F 00
-0,210299115¢g 00
«0,187933071€ 00
-0,163858319¢ 00
-0,181820816€ 00
«0,190901502€E 00
«0,170799310¢ 00
«0,208330043F 00
«0,251219233€ 00
«0.239165598F 00
«0,208045489F 00
«0,176485419F 00
w0,742622438E=01

0,249390119€=01

0,690830706E=01

0,736416594FE-01

0,113205453F 00

0,900390921F.01

0.,108426676F 00



RAw SPECTRAL ESTIMATES

LAG

0,000000000F
0,100000000€
0,200000000F
0,300000000F
0,400000000F
0,5000000N00E
0,600000000F
0,700000000€
0,800000000F
0,900000000F
0,1000000n0F
0,110000000F
0,120000000€
0,130000000F
0,140000000€
0,150000000€
0,160000000€
0,170000000¢
0, 180000000F
0,190000000¢
0,200000000E
0,210000000F
0,220000000F
0,230000000F
0,240000000¢
0,250000000F
0,260000000F
0.270000000F
0,280000000E
0,290000000F
0,300000000€F

no
01

01
01
01
01
01

01
02
02
02
02

02
02
02
02
02
02
02

02
02
02
02
02
02
02
02

POWER SPECTRUM 1

0,729217490F 00
0,655615579F 01
-0,140684140F 00
0,194995734F 01
0,391804251F 00
-0,593970951F=01
0,177516286F 00
0,634374515€.01
0,162983593F 00
=0,690000841F01
0,416933199¢-01
«0,406784999F~01
0,427214411e-01
«0,260078995F-01
0,691562892F.01
~0,265434155F=01
0,3468052009F.01
=0,374539577F=02
0,1364846388F01
0,9R6229494F=02
0,814767191F=02
~0,955957607F=02
0,122445511F-01
0,266684263F<02
0,854547185F-02
«0,796988037F=02
0,144616900F =01
-0.550380073F-02
0,478367867F =02
0,111707899F=02
0,922513571f-02

POWER SPECTRUM 2

0,122858678F 00
0.B816844366E 00
0,431554511 00
0,132253102F 00
0.662364649E 00
0,447250030¢=-01
0,106595424 01
Ne730523849¢ 00
0,323060227F 00
0,631757761F 00
04243076667 00
0,254453627¢ 00
0,197474980¢ 00
0,694464983F 00
0,224814775¢ 00
0,278512252¢ 00
0,128049346€ 00
0,526194594F 00
~0,297518231F-01
0,507717543¢ 00
0337997120¢ 00
0,234539530F 00
«0,359803537F=01
0,121856234F 00
0,112785298¢ 00
0.229606598E 00
0,146254248¢ 00
0,170115473¢ 00
0,139403768E 00
0,402562030E 00

€O SPECTRA

0,111046107E 01
«0,7511082N5€=01
=0,212961289E=-01
-0,8142710&48€ 00
=04,283673806E 00
«04505940763E=01
«0,332357558€ 00

0.,450833924E 00
»w0,762634855E=01
=0,6731430586FE-01

0,144248188Fe01
«04317491531F=02
=0,909998651E=02
=0,419873615F=02

0,206398741E=01
0,273400887E=-01
«0,103356914E01
0,767070480E=-01
«0,215464354E=01
0,614862552E-01
»04136795575E-01
0,251045280E-01
=0,224133214E=01
0,267537783E=01
0,146324355€=01
0,1925540R81E=01
0.,233393474E<01

De915188111€=-02
~0,676943386E=02
«0,4334577033E=01

0,677359548F-02



SMOOTHED SPECTRAL

LAG

0,000000000E
0,100000000€
0,200000000F
0,300000000F
0,400000000F
0,500000000F
0,600000000F
n,700000000F
0,800000000F
0,900000000E
0.100000000E
0,110000000¢
0,120000000€
0,130000000F
04.140000000F
0.150000000€
0,160000000F
0,170000000€
0,180000000F
0,190000000¢
0,200000000F
0,210000000F
0,220000000F
0,230000000F
0,240000000F
0,250000000F
0,260000000F
0,270000000F
0, 280000000F
0.290000000F
0,300000000F

ESTIMATES

00
01
01
01
01

01
01
01
01
02
02
02
02
N2
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

POWFER SPECTRUM 1

0,340060911F 01
0,34756R679F 0]
0,188043658F 01
0,111073459F 01
0,646403151F 00
0,988692923F-01
0,947RB80764F <01
0,112571196F 00
0,867110348F=01
0.102270446F-0)
=0,14523R154F 02
«0,209099488F=02
0,771100636F=02
0,116390122¢=01
0,252236R477F =01
0,100375903Fa01
0,129083359F=01
0,984414941F-02
0,868R59176F=02
0,103010707g=-01
0,466936817F=02
=0,671956797=03
0,498072888F=02
0,611380029F=02
0,324885612F=02
0,9R7911814F=-03
0,471036592F-02
0,145438239F=02
0,157424048F =02
0,382524996F=02
0,549542942F =02

POWER SPFCTRUM 2

0,442092095FE QO
0,568610991l¢ 00
0.,451331853¢ 00
0.,323018082¢€ 00
0,398381874F 00
0,421664845g 00
0,75392252%E 00
0.713956205¢ 00
0.,487777292F 00
0,471360676F 0O
0,335090019¢ 00
0,238731838fF 00
0,324R87770F 00
0,472137735g 00
0.345184743F 00
0,231555369F 00
0,254229232F 00
0,30675351%¢g 00
0.,221733806¢ 00
0,345063891F 00
0353237572 00
0,196115203F 00
0,625416347g-01
D¢834675034F=01
0,141740512¢ 00
0,1835466658¢€ 00
0,123958418¢ 00
0.543853297g=~01
D,1160N096829F 00
0,206993861F 00
0,281509230F 00

CJ SPECTRA

0.565097998E 00
0,209948093€ 00
«0,216057744E 00
~0,509849461F 00
-0,352102838€ 00
«0,16900R015F 00O
«0s874179158€=01
0.,1494674R0F 00
0,470272305€=01
«0e505726184F=01
«0,842311848F=02
«0,489742849E=03
«0e660993255E-02
0,3868570R4E=03
0e164682512E-01
0,1713409664F=01
0,183497750€<01
0,3408891467E-01
0.201493846E-01
0,251005995F=01
04125289191E=-01
0,525508298F«02
«04175783094E-03
0,126574385F-01
0,1R4836281F=01
0.1913143064F=01
0,191369261F=01
04875309592E=02
«0e924583339F=02
«0.180662026Fa01
=0e11732R020E-01



