Technical Report No. 34
CURRENT GENERALIZED COMPUTER PROGRAMS

USED IN GRASSLAND BIOME ANALYSES

Coordinated by D. M. Swift

Contributors:

Baker
Bledsoe

. Gustafson
. Robinson

raro
D0 G <

GRASSLANDS BIOME

U. S. International Biological Program

January 1970




'NTRODUCT ION

This report deals with the functioning programs which are available
at the Natural Resource Ecology Laboratory at CSU and have been useful
in the IBP Grasslands Biome activities. These include generalized statistical
programs as well as generalized mathematical programs such as routines for
solving differential equatlions.

All programs are described In general terms so that investigators not
familiar with programming may evaluate their utility to various types of
data. Those programs which are mot frequently used or which are deemed most
useful to the flield investigator or the moieler are discussed In some detail.
The reader will note that most of the programs can be set up and run very
simply by-merely adding a few control cards and a data deck to the source
deck. Others, however, require a user-supplied subroutine, which presupposes
that the potential user have a knowledge of FORTRAN programming. FORTRAN
listings arelincluded for these programs unless such listings are readily
obtainable from some other source. Programs less frequently used or of

less general interest are discussed briefly in Appendix 1.



REGRES]
INTRODUCT ION

REGRES]1 1s a general multiple regression and correlation program which
can handle up to 60 variables with 9999 observations per variable. It is
written in FORTRAN extended and operates on both the SCOPE and NCAR compilers.
It provides summary statistics on the Input varlabies as well as correlation
and regression analyses. Devlations from the model are calculated. Options
within the program allow reading data from cards or tape, variable format or
standard format, names for variables generated or names read in, a variety
of transgenerations, regression through the origin or not through the
origin, and weighted or nonweighted regression.

This Is a fairly quick program which can be used for multipie correla-
tion and regressions in cases where screéning of variables Is not required.
tnformation in this report was drawn liberally from ORNL-TM-1288,
REGRESS - 4 multiple regression and correlation program with graphic output

for model evaluation, George M. Van Dyne, published by Oak Ridge National

Laboratory.

HOW TO USE THE PROGRAM
The sequence of input Is given below. Systems cards vary from
computer center to computer center and are not described herein, except that
the program as compiled here requires a standard input tape, a standard
output tape for printing, two scratch tapes for intermediate calculations
and storage, and an output tape for the Calcomp plotter. Three tapes, logical
units 2, 3, and 4, ne ' to be specified on the job card. The "Glorjus'

dump system is utilized, thus requiring one of the standard scratch tapes.



-

Sequence of input to REGRESS!

REGRESS|

Program ~ System cards are required before and
after the program deck

Control card Always required

Name card(s) _

Variable format card(s) Each of these may or may not be required
Transgeneration card(s) as specified by the control card

Constant card(s)

Data deck Data may be read from cards or from
tape 4 as specified by the control card

Plot dimension card(s) Required only If type 9 plots are
specified on the control card

Centrol card

Repeat as above following control card
for as many sets of data as desired

Blank card After last data deck

The control card is described below. The control card always must
be read by REGRESS! but the actual information required may be minimal. For
example, If a standard Input format (s used, if no transgenerations are
required, if no plots are to be made, and if the data is to be unweigh ted
and not through the origin, then all that is required is the number of observa-
tions (NOBS) and the number of variables before transgeneration (N). |f
the number of variables after transgeneration is left blank, it is assumed
that the number of variables after transgeneration is the same as the number
before transgeneration {(NA = N}.

A varlable can be an Independent variable, a dependent variable, or a
weighting factor. |(f no transgenerations are to be made the dependent

variable must be the right-most one which is read.



The controt card, the Input format, the transgenerations, and the
constants are read and are printed on the output for purposes of checking
the results,

If variable names are read In, they should be read in order of the
variables after transgeneration rather than before traﬁsgeneration. These
variable names are listed In the printed and graphic output and may be
checked readily. If ro variablie names are called for, then numbers 1 through
60 are generated for variable names,

Variable formats are allowed for the input by making NCARDS > 1 thereby
specifying the number of cards to be read contalning the variable format.
For example, If NCARDS = | and the following format Is used

(3F5.1,21X,F7.2)
then four variables would be read per input card. The left parenthesis
should be in column i of the format card.

Descrivtion of the control card for REGRESS!

Columns Designat -on on Designatlon
in cards gprinted cutput in program Meaning and ccded values
1-2 Printed statement NTAPE Controls the source of the data: < 0

means read data from tape 4; 0 means
read the data from cards; and > 0
means read the data from cards and
write it on tape 4, |f NTAPE > 0 then
NTAPE should be the number of cards
per data point (see Appendix example).

3-6 8¢S NORS Number of data points (2 < NOBS < 9999} .

7, 8 NBL M Number of variables before transgenerati
(2 < N < 61).

5, 10 HAE NL Number of varlables after transgeneratio

{2 < NA < 60).

12 Wa T FWY < 1 do not weight data; > | weight data.



14

16

18

20

21, 22

23,24

25-80

PLT

ORG

NAM

FMT

TRN

CON

IDENTIFICATON

IPLOT

IORIGIN

I NAME

NCARDS

NTRAN

NCON

ID

< 1 do not plot

= 2 plot deviations against variables

= 3 plot independent variables against
each other

4 plot dependent variables against
Independent variables

5 do as 2 + 3

6 doas 2 + 4

7 do as 3 + 4

Bdoas 2 +3 + &

9 plot each Independent variable with
the dependent variable which is
adjusted for the varlation of all
other Independent variables from
their means (see text for description
of plot dimension card).

v o a uw

1 not through the origin
2 through the origin

[v]a

] generate numbers for names
2 read names of variables

0 read data according to standard

format

1

2 number of variable format card
to read

LY+ IR

no transgenerations

-0

number of transgeneration codes
. to read (up to 10 codes per card)

99

nNo constants

N O

number of constants to be read
= . (up to 8 constants per card)

39

Alphanumeric identification of the
problem

| f NCARDS < 0 then the data are read according to a standard format of

10X,10F7.0



'""Transgenerations,' meaning transformations of variables and generation
of new variables, are described below. Each transgeneration is defined by
an 8 digit code and up to 10 transgeneration codes are read in on a card.
The first 2 digits of the transgeneration code define the type of trans-
generatlon which Is to be made, the second two digits define the index of
the variable after transgeneration, the next two digits define the index of
the variable before transgeneration, and the last two digits, if required,
define the Index of a second variable Involved in the transgeneration or the
Index of the constant Involved.

An example transgeneration is as follows:

05030102
This means to use transgeneration 5 and make varlable 3 from variable 1
times variable 2, Caution must be taken not to eliminate a variable while
in the process of transgenerations.

Constants are read with an F10.0 format, thus allowing up to 8 constants
per card.

If weighted regression is to be run it is the user's responsibility to
transfer the weight to variable 61. For example, if the weight was the
6th of & variables read in, the transgeneration would be as follows:

01610600
If weighted regression is not run a 1 i{s automatically placed In variable
61 which 1s used as the welghting factor. If the regression is not
welghted the output will show that the number of data equals the sum of
weights. The number of variables printed on the output should be equal to

the number of variables after transgenerations.



Transgeneration codes {n, i, j, k}*

Code Meaning

01 Xi = Xj
02 = Xj X Xk
03 _ = xj + X
04 ' =Xy + X
05 = )(-l - Xk

[
06 xj
07 = xj + ck
08 B = xj + €
09 - Gt X
10 ' = )(-I x €
1" -k

1
12 = Loge Xj
13 = Log,, X
14 = &%
15 = sln Xj
16 = arctan Xj
17 = sin (x). - C) o+
18 X, = max(xj,xk)

* where n = transformation code

index of the variable after transgeneration

—
n

index of the variable before transgeneration

x~
]

index of a second variabte or constant used in

the transgeneration



CUTPUT
The sequence of output is constant and generally is self explanatory
(see Appendices |!1-1V). The upper triangular portions of the sums of
squares and cross-product matrix and the correlation matrices are given in
the output, To be comparabie to the standard notation of writing an upper
triangular matrix, each row of the output should be adjusted to the right

as shown in the following hypothetical example:

Program Qutput Form Conventional Form
1.00 .26 .35 .78 1.00 .26 .35 .78
1.00 .75 .61 1.00 .75 .61
1.00 1 1.00 L
1.00 1.00

PROGRAM OPERATION

Most of the routines used herein are found in regression programs and in
statistical textbooks. A complete 'well commented' 1isting of REGRESS] is
given in Appendix 1, therefore, only speclial features of the program will be
discussed.

The structure of the program and the subroutines and sequence of use of
subroutines is as follows:

REGRESS
INVERT TRANSFRM

TRANSFRM Is a subroutlne which will make the required transgenerations.
INVERT is a subroutine whfch is called to invert correlation matrices.

Some important steps in the input sequence are as follows:

1. After clearing certain storage areas and setting certain counters,

the control card is read and the number of variables before transgeneration



(N) is evaluated. If N < 1, control is transferred to the exit to return to
the monitor. A message Is printed indicating the END OF RUN. If N > 2 the
control card values are printed.

2. |If name cards are not to be read then NAME {I) is set equal to | for
all |, Otherwise names are read In a 10A8 format.

3. |If a variable format card(s) is (are) not nee&ed the data are read
according to a standard format of 10X,10F7.0. Otherwise the varlable data
input format, (FMT, is read.

4. If transgenerations are to be made the necessary transgeneration
codes are read and printed. Then If constants are to be read, they are read
and printed,

5. The data are read, according to the format (IFMT) defined above, In
a list of X(1) with | = 1,...N,

6. Data normally are read from cards (NTAPE = 0}, but they may be read
from tape 4 (NTAPE > 1) or they may be read from cards and written onto tape
b (NTAPE < -1). |If data are read from cards and written onto tape 4 or if they
are read from tape 4, then NTAPE should be the number of card images (80 column
units) to be read per observation. |If transgenerations are to be made, the
transgeneration subroutine (TRANSFRM) is called to make them.. Calling the
transgeneration subroutine involves giving a list of X's, the transgeneration
codes, and constants {(if required). |If the data are not to be weighted then
X(61) is automatically set equal !|. Otherwise, a transgeneration must be made
to set some given X into X(61).

7. After the transgenerations have been made the list of X's is searched
and compared to he values stored as the maximum and minimum values for each X({I).

If a given X(I} Is larger or smaller than the one previously stored that value

is replaced.



8. The count of data points is then incremented by 1 and the string of X's
s written on scratch tape (tape 2), and the weighting factor is added to the
sum of welights. The weighted sums, sums of squares, and sums of cross-products
are accumuiated while reading the data in.

The above procedures are repeated until all the observatjons, NOBS, have
been read.

The ranges and corrected sums of squares are then calculated. The
corrected sums of squares defined as XX(1) and XY(I), and the total sum of
squares, TOTSS, are set aside for later use, The coefficients of variation,
cv({J), standard errors, SE(J), and standard deviations, X{(J), of the variables
are then calculated. These statistics are printed in table form and are
identified by either the generated name-numbers of the alphabetic names
which were read in {see Appendices |-V},

Calculations proceed with formation of a matrix of simple correlation
coefficients which Is then printed. This simple correlation matrix (composed
of all independent variables plus the dependent variable) Is inverted by a
Gauss-Jordan elimination method (subroutine INVERT) and the inverse of the
matrix is printed.

A compariscn of the computational scheme used in this program with-other
commonly used schemes is given in Table 1. An essential point is that this
program inverts the complete or augumented matrix of correlation coefficients
rather than the predictor matrix of correlation coefficients. The highest
order partial correlation coefficients among the variables are calculated
according to the method in Table and then are printed. A check is made
to see if the regression is to be through the origin, !f not, (I10RIGIN <

0), the regression coefficients are calculated by the method described in



Table 1. If the regression Is through the origin (IORIGIN > 1} then a
matrix of 'pseudo' correlation coefficients s formed and Inverted before
the regression coefficients are calculated.

The standard error of estimate, SY, the square of the multiple
correlation coefficient, RSQ, the standard partial regression coefficlents,
BPRIME(J), the partial regression coefficients, 8(J), the standard errors
of the partial regression coefficients, S{J), and ''t" tests of the
regression coefficient, T(J), are calculated next,

If the regression is not through the origin the constant term (BO}
is set equal to XBAR{N) and the regression coefficienfs are multiplied by
the mean values for each independent variable and summed for all Independent
variables.- This value is subtracted from BO to give the intercept value.
The "'t" test of the intercept is calculated as the value of the intercept
divided by the standard error of estimate. |If the regression is to be
through the érlgin, the intercept value is set equal to 0 and the ''t" test
for the intercept is also set equal to O,

Vélues are predicted for each data point (using the regression ecuation)
from the independent variables which are read in from a scratch tape. This
predicted value is compared to the observed value for the independent variable
to obtain the deviation. The deviation is checked against the maximum and
minimum deviations that have been obtained up to that point and these are
replaced If necessary. The data are again written onto a scratch tape (to
save the input variables as remaining after transgeneration}, along with the
predicted value for the independent variable, and the deviation.

Regression coefficients are printed with their standard errors, 't
values, and simple and partial correlations. A test statistic for "outliers"

is calculated. This Is the absolute difference of the maximum and minimum

10



deviations from the mode! divided by the standard error of the estimate.

The analysis of variance is printed and in the process the analysis of
variance for each variable (as if it were a simple linear regression) fis
calculated.

Sample Run of Program

The sample Is a regression of streamflow In the Cache La Poudre River
on varlous snow course measurements for 15 years of record. As they appear
on the data cards: item | Is water equivalent, Cameron Pass snow course, April,
in inches (name-CPA); ftem 2 is water equivalent, Cameron Pass snow course, May,
in inches (name-CPM); item 3 is water equlvalent; Big South snow course, April,
in inches (name-BSA); and item 4 is stream flow, April through September, In
thousands of acre feet (name-POUDRE). Before the regression was performed, item
1 (CPA) and Item 2 (CPM) were transgenerated Into a single varlable (CPAM) such
that CPAM = CPA + 2 (CPM). The regression then had two independent variables
(CPAM and BSA) and the dependent (POUDRE). A listing of the program control

cards and the data deck from this run Is attached, along with the resultant

output.

il
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REGRES] FORTRAN EXTENDED VERSION 2,0 03/14/70 %0039,

PROGRAM REGRES1
l(INPUT;OUTPU?.TAPESiINPUToTAPEb!OUTPUToTAPEZIZOZBOTiPEQUIOEB'TlPlﬁ

2e2(28)
¢ TaAPe 57 [S uSED fOR THE GLORIUS DuUMP PROCEDURE
C NGO UDUMP UNTIL ROUTINE IS SUPPLIED

LI I T PET P PO ST PR L LRSS LA LA L EE b LS DAL L LT Y A3 P P e i gttt Ty
DIMENSION X(61)s SUMX{(60) s XBAR{60) s DMAX(60)s OMIN(60)+ RNG(60)

SEPTEMBER 1965 VERSION = OFORGE Me VAN DYNE
REVISED #/6/67 FOR ¢cDC 6400 L J BLEDSQE
REVISED 9729769 FOR SCOPE: OAVID M, SHIFT
PLOT ON TAPE 9
NO PLOUTS UNTIL SUBRNUTINES ARE REVISED
SCRATCH TAPES 3 aAND 2 (2s56)
wRITE DATA ON OR READ DATA FROM TAPE 4
DIMENSION SIGMAX(80)e SE(60)s CV(6D)s SAVER{EO}s BPRIME (407 B{g0)
UIMENSION S(60)y T(60)y XX(60)y XY(60), FS5(60)
UIMENSION IFMT(90), NAME(60)s 1D(7)s CARD(100)s XLABEL (4)
DIMENSION NT{99)s NT(99}s NJ(99)s NK(99)y C(99)y ZZ(14)
UIMENS[ON A(60460)y R(60+s60)1s RPRIME(60460)9 UNCOR(60,60)
UIMENSION y1(3600), V2(3600)y VI{3A00D)
COMMON VIoV2ey3

O0CO0O000

LUUIVALENCE (UNGCORyv1) s (A9V2) s (RyRPRIME,V3I)

C=========:==3===Slttﬂzst-ﬂlllllzea=l=8"‘llﬂﬂllll"SIIII.'.I"IIIIIIIIBBBI.:‘
C BeGIN PROGRAM 8Y SETTING UP NECESSARY COUNTERS AND CLEARING STORAGE AREAS
1 REYJANLD 3 % REWJIND &
DO 44%4 =),
dhan XLADEL (L)=0,
LO 4444 I=x1e}s
aadc, L7 (118U,
wTenTOTALRDEVMINEDE yMAXESMALL= o JENTAPEaANUBSaNaNAS I N TaIPLOTeD
LOANLGN=INAMESNCARDSaNTRANBNCUONS JVARSMTAPESKKK»WsNNaTOTSSaPH =Dl Y20
XNESYERSURRMUL TSRDETR®_ S30=DEVSQEa]l I=YPREDSJJEDEVRSSREGuSMREGeD
SMLEVERFTOTRF = ICOUNTENPLUTSaLASTal
U0 222 I%ly60 § DMAX(])==99,E99 § DMIN(I)®e99.E99
SIGHAX ([)@SE(] )} aXbARIIIEX([)mS(])=CV([)=2T(1)aSUMX(I)wB(I}m0,.0
BPRIME (L) SAX (1) aFSS (1) akY (1) sSAVER (11m0,0
KN f T BFSSITI®g .0
DO 222 J=l60
282 AlleJ)zsR{LeJ)aUNCORIIJ)=O,
VEVMAXEa9Y E99 3 DNEVMINE.99,£99 § SMALLm+99,E99

It Y T P P T E PP T F P Y P I PR I T PP PP P PP e P F I f 3y T E e
C RrEAD CONTROL vATA
KK7m]
KEAU 99 ¢NTAPE ¢NOBSoNoNAsIWT#IPLOTrIORIGNs INAME ¢yNCARDS NTRAN,
INCone L1
1F (NU4S) 5001,9002,5002
S0V RKZ=2 % NUHS=-NOBS
8002 jF () BUen0,k1

&1 WRITE (066663,
WRITE (6 e999INOBS N NAIWT o IPLOT, TORIGN, INAME 4NCARDS ¢NTRANSNCON, 10

C:I='===l=l‘!:!::atsnit..:lls:!t:IIl::l'.lBIlIlIlBlﬁtlIII.ll'III-IIIll.'tlll--
C SFE 1fF NAMES ARE GIVENy IF NOY THEN GENERATE NUMBERS FOR NAMES
VO JO 19159514) INAME

13



HEGREST FOHTRAN EXTENDED VERSION 240 03/16/70 _ *00439,34

S19 00 200I=slsb0
S0 name (fyel & GO To S5le
814  REAULVOLs (NAME (I} sTalonA)

C====8=z======-t-zz:::a-====‘I====-==_=IBIII==-33883EI833'88BB'.#I:.I.ISSIIS.IB.
C CHECR 10 SEE IF VARIABLE FORMAT CaRDS ARE NEEDED

516  JF ({NCARUS) 3001e 300ls 3000

3001 IFMT(L)=BH(10Xe10F & [FMT(2)=8K7,0)

IFMI(J)alFMT(u):lFMT(S):IFMT(6)=IFMT(7)=IFMT(BJlIFMT(Q).sH
O 10 31002
A00p JVAREEHNCARDS
REAOLUGO0Y (EFMT (1) o123 s JVAR)
3002 wRIIE(6s6066T)(IFMT (I},lzlUVaR)

LELATAPE} 3005,3004,3003
Aany3 wRITE(Heb0662) % a0 10 3400
30U4 wRITE(O,0H663) § 60 TO 3000
3005 WR{TE(h,66664) s a0 TU 3006
3006 LUw ENGE

(xotssc oSSR SESES SRS =S EARS T IXE EECREIRE SRR RN IRS X SE RS E NN NS S ENEREENERED

¢ CrEiLn TO SEE IF TRANSGFNERATIONS AND CONSTANTS ARE To BE READs IF S04 THEN

C RFALD ainD PRINT THEM,
IF (NTRANSLE U )u022,5020

ROAY hcuualnu;lNT(l)oNlttlvNJ(I)oNK(ll|1=1-NTRAN)

*RITFIbcalul)t”TtI),NI(I;:NJ(IloNK(I)¢I=1.NTRAN)
JF(WCUKGLE ) 8p22 8021

021 wEaw B1O3y (C(T)elmlenCON)  $ WRITE(5,8104) (C(I)r1al,NCON)

Hnze wRIVE(P,990)

Cz==—===========88=-=== ====ﬁ=l:8=8=8=l=38=:=8—RBIBSBII"S:III.SIS’S'B==Bllg:l'
¢ RFEAD DafAas WRITE ON TaAPE & IF REQUIREDs TRANSGENERATE IF REQUIRED

¢ wrltnT [F REWUIREDs SEARCH FUR EXFREMES

G LET 9TaPE = THE ~UMBER OF CARDS TO BE READ PER DATA POINT, CHANGE TO BE ABLE
C T KEAU W1Tm AN BALO FORMAT AND TO WRITE ON TAPE 4 IN CARD IMAGE

ST A = NTAPE*Q
¢ Sum CLunNTSe wRITE ON TaPEs anND GEY SUMS AND SUMS OF SQUARES
IF{in)ribbyROBH B30T
Syte Ay

Hut? nrky=sNULS
U By KKARL *KKY
IFOINTAPE) Q002,9001,9003
Soyd  READ 910us (CARD([). I=zlyNTAPE)
Wh[TE(w9l00) (CARD (I}, lmlNTAPE)
UECODE (MO IFMT«CARDY (X{I)sIm19oN) $ GG TO 9004
YUl wenu LEMTUX(I)eI=1,N] % GO To 9004
G RFAU (4 fFMTY (X(IYeIx=1lev)
Juig 00 TO (S0UAB,50u3) K2
5003 vl 5004 I=14N
IF (XK(L)Y) 5004,5005,5004
Ballg LUNT Ny
G {0 53306
Wigy BDRSENIES=1 % 30 TO BUsY
GUuden 1F (ATHAN) Bokl.dosl.B082
Bnas 110 oge3 1=l NTRAN
diny Latin TINSFRMINT oNI pNJINKsCoe Xy 1)
dyby LF(lwT)Buba, 8064 ,80k5
Hiae  A{nl}3]eG
gums U0 b3e 121,88 § IR (XtI1=pMAX(1))83]1+831+832

.]h



KREARE ST FORTRaN EXTENDFD VERSION 2,0 ‘ 03/14/70 . ®00,439,94

632 uMAX ([)aX ()

431 IF (X (I)y=DMINII) )B334834%83¢6

833 vaIn{[y=mK(])

83q CONTINGE
¥2X{el) % NTOTALsnTOTAL*] % WTaWTew
WRITE(3) (x(I)slmlend)
LO 11 12lenNA & SUMX(1)sSUMX(I)eWaX(])
L Ll =l enA

il B{Ted)is{ToJ) oW {])®X(J}

A06G; COUNTINYE

NBA
[FINTAPE}900699006,5007
9007 LND FILE 4
9006  CUNTINUE

C IF HEGRLSSIUN IS TQ BE THROUGH THE ORIGIN THEN SAVE YHE UNCCRRECTED SUM OF
C  SHUARES AMD CROSS=PRODUCTS
IF c1onlon LLE, 1) @0 TO 12
874 L0 8T IslyN & XX (I)=A(L+I) $ XY(Il)mA(IsN) $ 00 875 y=misN
oa?7% UNCORTIeJd)BA(T o)

Cg::=a::======su-===:s=:-===a=====:ss:llsllu=-llt:alsnaaulaautssu-:a:alanll-==;
C  PRINT CuunTsS THEN GET MbANSs RANGESs AND CORRECTED SUMS OF SQUARES AND PRINT
17 ARITE(BsZU2)INTOTAL yneWT & NRITE(6'203)(SUMX(I)-I-I-N) $ WRITE
Libecus)
Vi LU J=ilN
14y wRITE(ne229) (A(]aJd) gJd=10N)
Rtwiny 3 3 WRITE (89€06)
VO 15 f=mieN & XHAR(I)sSUMX(I)/wT
vu 19 gejrny
15 A{Tad)sAlTamSUMX (T)RSUMX [J) /WT
UOT33 =]eN
Ty RNG(I)aNMax (11 «UMIN(I)
L L&)l IwsLaN
lal MRITE(R €25 LA(T4J) gJd=]eN)

C::=ga==============xtzn:==a=z======8=al=IBI:::II:!::I.::II:lﬂ.l::::.ll::atl:aal
C SET ASINE LORRECTED SUMS OF SWUAKES
Nhen=1 % TOTSSzA(rleN)
IF (JuwlGn L,GE, 2) 60 TO T13)
Tiau DO Yi3I=leN & XX(p)}=4A{leD)
713 AY{ly=a(liN)
7131 CONTINYE

C:::::::z:as:::==8l:a!Iluza=alsuzzilaﬂltﬂIIIIIBIlBllI.t'-l-ag-g-g-.gtult.s::,==:
C CALCULATE STue DEVIATIOMSs STO. ERRORS. AND COEFFICIENTS OF VARIATION

PHI = w0BS « ]

VO €0 1=l4n

SIGHAK (1) aSORT (A(1,1)) $X(1)eSIGMAX(L1)/SQART (WT=1,)

SE(1)®A (1} /SURT (Pup+1,0)
&9 CviL)=100.*xi1}/x8a0l])

C====== —EETTTREERIRNSSSEES nuz3:.lln!8SlSIISISS.SSICIIIIIRI.'ES‘.IHSIIISI-.IIIIBSQI
C PrRINT MEANSY ST, DEV,s 5TUs ERHORSy COEFF. YAR,» MAXIMUMS, MINIMUMS. RANGES
WRITE (04996) § wRITE (64736} § WRITE(69737) $ WRITE(6,997)
by 139 1x].N
Ty *lettbglas)NAME(I;.xenﬂql)vxtlz.SE(I}.CV(I).DMAxirlvDHIN!I)oRNell
1)
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HEGRES) FoORTRAN EXTENDFD VERSION 2,0 D3/14/70 *00.39,34,

C:::.8:======stlﬂI!==============B=:==sﬁ:tal=====ﬂ88==aﬂﬂsa.gg.ggg.g..-g.'-g-g-'
C CaALCULAYE MATRIX DF SIMPLE CURRELATION COEFFICIENTS AND PRINT
wRITE{Hp9I996} $ WRITE(&62207)
LD 21 T=leN % DO 21 Jmlaen
21 Hiled) 3 A(ledy/7(SIGMAX(L)eSIGMAX(U))
DO 2007 Ia1oN F SAVER(II=R{IN)
2207 wRITE(0e300)NAME(L),y (ROLoJg} e =T eN)

c====:z======a======:====;=====:==:===Iﬂgw:a===t=sssa==l==a:sl=a:=utlnltg---..--
C SET MalRIx A = CORRELATIUN ATRIX THEN INVFRT A AND PRINT INVERSE
L0 2297 IRL,N $ Do 2297 galen
22917 A(ledaRilsd)
CALL INVERT (AN
wHITE(RL*298)
) 2294 I=l,N
2798 wRITE(62E€29){A{1rJ) s J=ToN)

C===gﬂ::t::=:===.====-====:====B=I=l===ﬂaﬂl====8=IEIBIl'zSSIIII-8==-'=I==-I:==QI
C CakCULATE AND PRINT HIGHEST ORDER PARTIAL CORRELATION COEFFICIENTS
WRITE(ns70T) . )
WD 1086 [slyN 0§ Do TO6 uslen
Ton hPHIME (IsJ)mmA(TyJ) /SURT (A(Iy[1%A(Jed))
VU 0B Ixlemn % RPRIME(Is]) = 1,0
7n4  wRITE(6e3V0INAME (1) y (RPRIME(TsJ)sgmlen)

C=z=================================I==B=HBSSS§=8=SSBI==338=8l'=t=='-lll'.====g-
¢ CrECK 10 SEE IF THE REARESSIUN IS TO BE THROUGBH THE ORIGINe IF SQs THEN
c Fukil 4 MaTRIX OF PSUEND CORRELATION COEFFICIENTS AND INVERT THAT MATRIX
C  THEwN FURM PSUEDD STANDARU DEVIATIONS

AN T NN

LF (1uwiGM ,LE, 1) GO TO 8711
874 FRISPH ] =Ansl

LO 870 IxlsN § DO BT6 JEleN
Hreé AlT9J)aUNCOR(ITIsJI/Z/SORT (UNCOR(]o1)#UNCOR(JedJ))

CALL LNVERT (AgN)

LD a7l Is]leN
#70k  SluMAX(]) & SORT {(UNMCOURSLIsL))

G0 10 5712

C===g=====n=:==:==========s======s====:n===::==8=tz::zaE:l:zg-tng==a=zI==Il=2g==
€ CaLtllaTe REGRESSION COEFFICIENTSs STDe ERRORSe T VALUES, AND CONSTANT TEnm
BFll FHI=2VHI=XN
HT12  SY=SO[GYAX (NI %SQART {1e/{A(NgN)#PNI})
HSO = la=l,/A(NsN) & RMU TESURT (RS@) $ RUETRE=RSU®100,
DO 770§ L=l 4NN
PPRIME (L)Y 2=A(LsN)/A(NIN) § BIL)=BPRIME (L) *SIGMAX (N} /SIGMAX (L)
S{L ) sSuRrT (tA(LvL)iAtNoN)-A(LvN}*AtLrN))/A{N-NDI“SY/SIGMAX(LI
TT0 Tl y=m(LI/STIL)
1P (luprleN ,Ge, 2) g0 TO 504
505 HUusAFak (n)
vUblal sl e AN
Hah BUsA0>R{L)#XBARIL) % T(n)aBQssY % 60 TO 507
Rve vz, % T(N)zp,
LY} CONTINGE

======:========s::==========l;'====t==l=l=a===a=!=Huﬂ:ltla:z:nl:lalz:l:s.tlgssl
C CrLCULATE THE DEVIATIONS FROM THE MODEL AND THEIR RANGE aND WRITE ON TAPE
LEVOU=U. $ REWIND 2
UQ 22011I=)«NTOTAL § READ (3) (XtI)eI=leN}) $ YPRED=Bg
w2202 Jdm]gNN

16



REGKES)  FORTRAN EXTENDED VERSION 2,0 | 03714/ *00,39.3

22ue  YPRED=YPRED+B{JJ}I®X(JI)
VEvEX {4 “YPRED
LF (UEV=REVMAXN) T4d s TAB,y 749

Tay VEVIAXeDE Y

Tai IF(UEVAIN=DEV) 750,781 4751

751 VEVMINaUEY '

751 LOMTINGE
LIF (aBsS (VEV)=AuS (SMALL))ISOBeHUQe509

39 SMALLSOEV

509 VEVSUaEVSW+DEVSDEY

2207 wRITELZ) IXesiX(I)oImleN) »YPREDDEVY

C8===8='=:..="'Ill’.l':'.ﬂll.’ﬂl.ll‘ﬂ..'--ssﬂﬂlili.-llﬂllls‘...l"'.'.l.."-.

C Cay CULATE anvALYSIS OF VARIANCE FOR REGRESSION
IFtIURIGNSGEL2) 2201122022

22001 TUTSSaXX {v)

22027 SSPREGRTOTSS-DEVE5Q & SMHEGESSREG/XN § SMDEV=UDEVSQ/PHI
DFTOTEANSFHAT % FagMHEG/SMDEY

C====8=====S:llll358!.8’:;8588:!:..&8alﬂalltalIIIIIISHa'..l:’.lla.al"lll"‘.u
€ PwlInT rEGHESSION CHARACTERISTICS
WRITE(5e996) & WRITE(6e743) $ WRITE(69753) § WRITE(6+754) $
1l wHITE (Be997)
WHITE Cog ISS)HOETRsRMULT 9 SY J DEVMAX s DEVMING B0 ¢ T (N)
C FHE FOLLUWING wAS ADJUSTEL B8Y 8 A PETTY, 6/8/67,
SHALLS (DEVMAX=DEVMIN) /SY
S)d "R1TE(teD)3)SMALL

C============a==:::=======:=====:=a===::gs--===-:::-:n-u:.:.-ua:-:-l-lauzalssa
 PRINT REGRESSIONM COEFFIcIENTSy STD. ERRORSe T VALUES s AND CORRELATIONS WITH
NRITE(He745) £ WRTITE(6,997;
1F (e ) 157,756,767
75n HPR b (1eN) = SAVER(1)
157 LOTeL el vaN
Tan HRITE(LsT4RINAME(T) oB (L) 9S (1) 2T (]} ¢BPRIME(]) 9ySAVER (1) yRPRIME (I 4N)

C===========:=8=I=================a==:tl:l!'s:::t!ltl:l::l:s:.uhs:st:s.t::t:=:|
C PuloT aNal YSLS OF VARTANCE OF RLGRESSION
PRITE(5eTU9)Y ¢ WRITE(6:997)
ARTTE (e TLU)SSREGIXNISMREG,F & WRITE (6971)1)VEVSQ@,PH] +SMDEV
IFIORIGNGBEL2,0RTwTaGEL2) T161s 7160
Ied  wO7le I=1enN
KX (Iymxy (lyway(Iy/xxtl) * FSSIIImAX(I)®(DFTOT=le)/(TOTSS=XX{I))
71 wRITE(he994)namE{L) s AX(I)y XX(I), FSS(L}
Tiol  wRITE(6e 712VTOUTSSIDFTUY

l=======allt=====Sag==8...aatzll=l':ll!lal.ﬂSSISIIll?‘l'll.ll:ﬂ.:!l:ll.gll
AU DATA POINTS anND DFVIATIUNS FROM TAPE, CHECK FOR OUTLIERSs PRINT
RE#INU 2 5 WRITE(8+996) $ WRITE(64995) 8 WwWRITE(6,997)

bu 67 11ml4NTOTAL

PEAD (LT ICUUNT (X (tyel=len) 2 YPREDSDEY

LF (A0S (VEY)w@ 0SY) 74T 74747727499
1699  IF (AB% (DEv)=3,0%SY)7500+75004 7488
700 wWRITE(ne992) § GO TO 7477
743 WwRITE(61993)
T47l wRITE(re200)X(N)s YRPREDS DFV
Ta? WRITE (ba€0l) ITe (X¢I)gl=l,NN)

A H
0

c=ﬁ::¢======g=='=l.Il.l.ln:ﬂﬂﬂsﬂ88!:33..=BES--'-I'.Ilﬂ-Ii.'l..'.ﬂ.ll:...".’ﬂll

G SfFct IF PLOTS ARE CALLED FOR

.]7



REGNES]  FORTRAN EXTENDED VERSION 2,0 03714/70 $00,39,34,

LF (LPLOTeGE 4L 4AND W IPLOTHLE.B)B00&»R00S
BOUGe  CalLl UNAW{INAMEsNAME ¢sUMINGOMAX s RNGyNeNPLOTS e SY WD LAST4NTOTALY Xy
L 10Ty vie v, v3)

ZE RS I A E IR IS IR A S N E S E S ISR AT N I R S I S A E A Al R RSN E RS AN S EREA RN
PLOT v AGAINST EACHW X wHEN Y IS CORRECTED FOR DEVIATIONS QF ALL OTHER
A S FRIM THEIR HRESPECTIVE MEANS
GUS  LF (LPLOT eE@e 91501
CALL COMRECT (BgBOsNMIXBARSNINAMEy IDSNTOTALsY1aV2eVIINAME o )

rFac O

o e e P PP EEE RN RS FT PRI FE R FT 200 B F e e I T T P Ty
C RETURY 7O WREAD NEXT SET OF DATA
LU TO 2

C=====‘=====3=ﬂ=8==88'38.:85‘3‘.3SSBISHISII'BI.III8'SlllII.ISSSI-IIBUICBSI-.IBI'.
C E~0 Or RuU} 50 QUIT
&n #JTelnsoebbe)y % WRITE(H.998) % CALL EXIT
C=================8====8==.888!88"—'8$====HBIII=8==38I-III=-.'.'..:EIII‘.HBIII'I..
C [riPUT FORMATS == IF VARIABLE FOKMaT ISN T SP@CIFIED- THE STANDARD INPUT IS
C (1vaelUFT fi}e CONTROL CARD AND NAME INPUT FURMATS ARE AS FOLLOWS
99 rURMAT (12016997247 AR)
tuldn FURMATIBALY)
1007 FORMAT (LUAR) - T A - T T T -

C OLTPUT FurmATS

200 FORMAT (1M o TeXs IF14,5)

2ni FORMAT {1H® o T4 45F14, .84/ (5Xy5F16,5)) :

2¢7 FORMAT (1610NG, OF DATA =215+5Xs19H NO, OF VARIABLES =,
LiasaAsy]6MS5UM OF WEIGHTS ®meFl9.5)

203 FORMAT (1BROSUMS OF VARIABLESs/ (1M (6F19,5))

206 FORMAT (SLNORESIDUAL SUMS OF SQUARES AND CROSS«PRODUCTS MATRIX}

en7 FURMAT (33N0SIMPLE L INEAR CORRELATION MATRIX)

ezs FORMAT (1M 4y 6F19,95)

251 FORPMAT (1MU 3 I5,8X 93 (6XsF16,5))

2is FORMAT (46HORAW SUMS OF SQUARES AND CROSS-PRODUCTS MATRIX)

29n FURMAT {3UHQINVERSE oF COURRELATION MATRIX)

304 FORMAT (1A ¢ ABy L2FQ.4/(9X, 12F9,%)) :

514 FORMaT {3Br0TEST STATISTIC FOR UUTLIERS (IF MORE
le2rirAn 30 DATA POIWNTS) =eFl4,5)

7ot FORMAT (35HQHIGHEST qRUDER PARTIAL CORRELATIONS)

70\ FURMAT (TRGSOURCEZSX14nSUM OF SQUARESSX2HDFu X 2HMEAN SQUARESOX]LHF)

710 FORMAT (2TAODUE Yo PFGRESSINN OF ALL X»Fl9e59F6,04F19.5,F13,.3)

711 FORAAL (€TRIUEVIATIONS FROM REGRESSTONIF1I9sSeF6,04F19,5/)

T17 FORMAT (6HUTOTALs 21X, FlFe59F6,0)

Tak FUMAT (JOMQCHARACTERISTICS OF INPUT DATA)

T3t FURAAT (L1 THOVARTIABLF MEAN S0 SE
1 Cv MA X MIN RNG)

138 FORan! (1M » Ady BF 185 FL1S.5)

743 FORMATLIINOCHARACTERISTICS OF HEGRESSIUON ANALYSIS)

Tau FORMAT (1H o AB, 2F20nebs 2F20.54 2F15,4)

Teb FORMAT (120HOVARIABLF COEFFICIENT STDs ERROR OF B8
1 T TeSY OF B ST0s CUEFFICIENT SIMPLE & PARTIAL R )
7513 FORMAT(111H0  COEF, MULT. STANDARD ERROR MAXIMUM DEVIATION
1S #ROM THE 4UDEL Y INTERCEPT T OF CUNSTANT)
154 FOrmAT (69 DETRs COKR. OF ESTIMATE POSITIVE
i NEGATLVE)

T5% FORMAT (LM o F7,29 FTe4y SF19,5)

99 FORMAT (BOH CHECK THWE NEXT DATA POINT AS AN OUTLIER, IT DEVIATES FR
1UM The MODEL MDRE THAN 2 SIGMA)



HEA
993

99w
945

99m
997
99~

999
H10p
ALYy

Bld3
Blae

QLU
BhABD
66661
66664
6bhAbK

.11-1-TN
bbb 7

RESYT FORTRAN EXTENDFD VvERSION 2,0 03slaes0 #00,39,1

FORMAT (BN CHECK TRFE NEXT CATA POINT AS AN QUTLIER, 1T DEVIATES FR
luM [HE MOUEL MORE THAN 3 SIGMA)

FORMAT (1 o4 XoAB ol INDEPENDENTLYLFL19, 5;5101H1-F19.5tF13.3|
FURMAT (IRds 4K NO4y 24Xy 21H1NUEPENDENT VARIABLESs 33x, IMYs 10X»
L¥HFREDICTEY,y SX¢ 9WMDEVIATION)

FORAAT (MO L1l (iHm) )y

FORMAT (LR 4118 (1H=yy

FURmMAT (1181 VAN QYNFy Ge M, 1905 REGRESS = A MULTIPLE REGRESSION A
AINO CURRELATION PROGRAM WITH GRAPHIC OUTPUT FOR MODEL EVALUATION/s®
2 ORNL T™ J288#)

FURMAT (150 CONTROL DATA =y [6, 9I4y THeaessnet TAB)

FOrRmMAT (40 2)

FORMAT (2uh TRANSGENERATIUNS = s6claolﬂ-oIZcIH--!ZlIH-oIZvSXl/
LiZOXeo (129)1Hme 120 Hu o I29 Hmy J245X)))

FORMAT (BF 10,0}

FURMAT¢13HOCON5¥ANTq E 9 S(FLl7:%, 3Xl/{l3lt S(Fi7+59 3X)} 1)

FORMAT (HALD)

FURMAT (1 y#0ATA WERE READ FROM CARDS AND uERt WRITTEN ON TAPE 4¥)
FOR4AL (1N 4 #DATA weRE READ FROM CARDS#)

FORMAT (1M o *0ATA wpRE READ FROM TAPE &%)

FURMAT (1M1 18X+89HORS NBE NAF wGT PLT ORG NAM FMT TRN CON 1DE
INTIFICATION

FORMAT (LIAOEND OF muN)

FORMAT (194 TNPUT FORMAT WAS =, 8Al0)

L)
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INVERT

FurRTHaN EXTENDED VERSION 2,0

SQURADUTINE INVERTI{A (N}

MATRIX [NVERSION By GAUSS=ORDAN ELIMINATION

0371470

*00,39,34,

Tl SUBRUUTINE TAKES MATRIX A UF N BY N DIMENSIONy INVERTS IT, STORES IN A

le

1

12

I 5

15

la

1}4
lu

2i

1 U

[+l ]

Tha
iy,
cin

DIMENSION A(B0«B0) 4R (60)sC(OUIILZI60)

Y 1y
AN
wo <u
e

Yeal]
L=l~l
LPzi+

J=1N
xJ
LI

1 L)

1

IF (el Plés]1)ol}

e 13
w2A(]
IF (AR
LE N
Yewu

CunTl

JElLP N
vJ)
S (w)=ABs (Y))13,13,412

NiIE

i 1S JUmleN
CtdlshtJdek)

AlJeK
Alde]

lzalJe])
le=CtJ) /Yy

AlIsdizAllyd)ry

gi{Jul=
Alfsl
JaEL2(
LZ(1y
L7 ()

A(leJd)
Izlal/Y
I

a2 (k)
=)

v L9 gzlem

iF (l=R)10s19y16

LO lg g=lw
IFtImd) 1 ToiANLT
AlFasJlza(Kel)t=R(J) e (K)

CorTl
[GIVIEN BN
L 1T
Do €490
IF (L=
n=l+]l
b oy

ik

AITE]

nuk

0 JalsN
LZII))10uy2004100

0 J=Kepn

LF (1=1£ (J))500,600,800

IE TRV
LZ¢L)
LZiJ)
vy 7n
CiLi=
A{lsL
Aldal
cOuT |
LunTl
RE T UK
ENg)

1)
L)
2.

v LelyM
arlel)
Y=A (L)
1=C (L)
2013

vy pF

14
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NE

COoCoO0O0n

THe-SF H»

FORTRAN EXTERDED VERSION 2,0

SUHROUT INE TRNSFHM(MT.NI|NJ:NK!CQK'II

03/14/,70 *00.,39,3

GTVEN & UWE=DIMENSIONAL ARRAY X AND ARRAYS OF TRANSGENERATION CODES (NTs NI
AND Wh) AND & LIST OF CUNSTANIS C AND AN INDEX I THIS SUBROUTINE wItL

Ny
PerEUem A VARIETY OF TRANSGENEHRATIONS

N]

N2
']

NG

= ImE TYPE OF TRANSGENERATION

(YRANSFORMATIONS + GENERATION)

2 Tie [NDEX (SUBSCRIFPT) OF ThE VARIABLE [N ARRAY X AFTER TRANSGENERATION
= Jovpex OF THE VARJABLE HREFOWE TRANSGENERATION

® Trp INUEX OF & SEcOD VAKIABLE OR OF A CONSTANT USED IN TRANSGENERATTO
UIﬁtﬂbIONNTIQQIoNIIQQ)uNJ(99)oNKt99)|XlélllCt99)

NlanT ()
N2wiI (1)
namug )
NamNK{|)

LOTU(LaCs3eas5:697sAs 99100110120 13,18,415,16,417, 19)NI

Kin2)aiiN3) $ 60 Tn 99
Xin2i®sz (N3 X {ne) $SGNTOI9
XK(42)sLINI) /X (NG)$SGATO99
AiriZ)zx (N3) +X (NI SGNTLIY
AlNe)Ex (N3) =X (NG IGNTO99
KiM2)®1a0/2(N3)SGOTAYY
Aln2) =L (NY) oC (NG ) SGATUYS
X(ne)aa{n3d)/C(N®)SGNTUYI
Alog) X0 (k) A (N3 BENTOGY
Kimg)mg{N3)#C (NG)SGATO99
X(nE)=K(H3) #UC (N4) §/0TO99
IF 1x(N3) e 0)]189%p
X(r2)=ne % GOT0O99

Alhdlmal UG (X(N3)) ¢ GUTL99

AlaZ )y mal UG (X (NI))# 4342917 3 @30T0O99
IF(AINS) aEua0) 18,41

AirZ)mExF (X(N3))Y & GOTOgY

TEvMPeX (43)%,0174533

X(a€)y=5IN (TEMP) & GO TO 99
X{ne)=ATAN (X(Nd)) & GO TO 99

FF A3 oLV ,C(NG)YI2na2]

CAINI)E (NI 3B0

TE raA (N3) =l (NG}
TE-M=IEMP /ST 298 TH
Ane)=85IN (TEMR) ) 0

GO TO 99

IF (X (N3 sBE A (NG) ) 22923
A{NC) &y (NS)

B 1u 9y

Alrdgysz (N&)

KETUHH‘

END

21



s0nT FORTRAN EXTENDED VERSION 2.0 03/714/70 *00,39,34.

SURRUUTINE SUORT (X,kEYaNG}
C ACCEPT AN ARRAY OF N (NO) VALUES (X} aAND SORT THEM INTO ASCENDING ORDER,
C STURE THEIR ORIGINAL SUBSCRIPTS IN ARRAY KEY.

VIMENSTON KEY (/L)X (6l

DO L I=leNo SORT 3
) sEY (1)=] SORT 4
MU zinvD SORT 5
? LF (m0=19) 21421,23 SORY 6
?1 1F(MU™L) 999922 SORTY 7
22 MUzee(40/4) o] SORY 8
0 10 24 SORT 9
23 MUz2#(MU/H) 4] SORT 10
24 AROzg=m0 - SORT 11
Ju=1l . SORT 12
5 I=ju _ SORT 13
26 LF(A(ly=X(L+MD}) 2R,28,27 SORT 14
27 FEmPreX (1) - SORT 15
ATV K(IheX(1+MO) SORT 16
2702 X(T+MU)e TEMP : SORT 7
2703 KErraKEY(I) SORT 18
2704 KEY{L)sKEY{TeM0) . SORT i9
PTG KEY({1em)) sKEMP SORT 20
=]ty SORT 21
IF(l=1) 2o426428 o SORT 22
28 YU=J0v] SORT 23
IF(JO=KU) 25925492 SORT 24
[ HETURN - SORYT 25
LRTY SORT 26

22



Nt URaw FurTHAN EXTENDFD VERSION 2,0 03714,70 ‘ *00,39,34

SUBRDJTINE ORAwW (X}
UIMENSTUN X (16}
C DUMMY
WRITE(nel00)
Lde FORMAT (#0 N0 RPLOTS NTIL SUBROUTINES ARE SUPPLIED®)
RE TR
£l

23



NE CUwRECY FoRTwan EXTENDFD VERSIUN 2,0 03714770 ®“00,39,3%4,

SURRDUT INE CORRECT (¥}
DIMENS [Oiv k(L 3y
C Luramy
&E TUR
END

24



INPUT DECK FOR SAMPLE RUN 0OF REGRESI

0 1% 4 30 00 2 1 & 1SAMPLE QUTPUT OF REGRESL - SNOW COURSES VS. STREAMF
CPAM BSA POUDRE

lF#-loZ(F5.ll|ngF3.0)

10020201040101020102030001030400

2.0

20.8 22.1 0.4 147 CPA,CPM,BSA,POUDRE 53
2%.1 17.6 1.6 106 CPA,CPM,BSA, POUDRE 54
19.3 17.3 0.2 133 CPA,CPMBSA,POUDRE 55
30,5 38,9 2.3 202 CPA,CPMyBSA,POUDRE 56
29.7 36,1 5.0 378 CPACPM,B5A, POUDRE 57
29.4 32,9 4,0 256 CPA,CPM,BSA,POUDRE 58
30.9 29,7 5.0 228 CPA,(PM.BSA,POUDRE 59
29.2 26.0 2.8 199 CPA,CPM,BSA,POUDRE &0
22.3 27.5 2.8 317 CPA,CPM,BSA,POUDRE 61
38.9 36.5 2.1 274 CPA,CPMyBSA,POUDRE 62
20.1 19.8 2.4 l4b CPA,CPM,sBSA,POUDRE 63
3544 32.2 1.9 176 CPA,CPMyBSA,POUDRE &4
2T7.7 34.3 4.1 325 CPA4+CPM,BSA,POUDRE 65
2le1 21.9 0.0 110 CPA,CPM,BSA,POUDRE 66
27.6 33.9 0.5 242 CPA,CPM,BSA,POUDRE 67
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AUTOREG
INTRODUCT | ON

Many economic and biological phenomena involve a process of gradual
adjustment to change. Because of this process, the current value of one
variable depends on present and past values of other variables. Models
whlich describe this process are known as dlstrlbutedblég functions. It Is
also possible that, if the observations of the dependent variable are taken
In a time sequence, consistent measurement errors will be made. |If either
of these conditions exist, the application of a least squares method to
the data will result in a lack of fit caused from autocorrelation In the
error term. A

AUTOREG is a flexible regression system which allows for distributed
lag functions and autoregressive errors. lt'ls capable of estimating the
parameters of models which are either linear or nonlinear in the parameter
space under the statistical assumption of either independent errors or first
order autoregressive errors. Conditional regressions may also be run using
any of seven combinations of models and error assumptions.

AUTOREG was written in 1965 by Jack E. Martin for use on the IBM 7040
and 7090194 computer systems. It has been converted for use on the NCAR
and SCOPE systems of the CDC 6400 computer.

The most general form of the equations analyzed is as follows:l!

1/ The derivation of equation 1 is presented in The use of distributed lag

modele containing two lag parameters in the estimation of elasticities
of demand, J. Farm Econ. 45:1474-1481, December 1963.
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Y, = ao(l -
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+
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J
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ao(l-l)
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SECTION A

A A
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A=) - s rf-l aX;, - (u+8) z a Xy
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: aX,, .+ £ bZ ~-(+8) I bZ _

o ez e jep dJEd
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El bjzjt-z + (v u+p)y

[Ov+ ) 8+ ) Y, + AuBY, g

the current and lagged values of the dependent variable
(m = 01]’2»3)

the current and lagged values of the exogenous variables
associated with the lag parameter A (m = 0,1,2)

the current and lagged values of the exogenous varlables
associated with the lag parameter » {m = 0,1,2)

the current exogenous and/or dummy variables which are
not associated with a lag

the errors in the equation
(1-u) (1-8) = the pure constant term

the parameters of the set of exogenous varlables, xit’
(1 =1,...,A)
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2. bj = the parameters of the set of exogenous variables, th,
(j = I:---;B)
» = the lag parameter associated with the set of exogenous variables,
X
it
u = the lag parameter assoclated with the set of exogenous variables,
z
jt
B = the first order autocorrelation coefficient

dk = the parameters associated with the set of exogenous variables,

Dyt

The estimation procedure used is presented in more detail by Fuller and
Martingf and includes a modification to Insure convergence.éj

This is known as a two lag model with autoregressive errors {model 7).
The othef six models may be considered by restricting the values of the
parameters as follows:

1. A two lag model with independent errors is obtained by setting
thé parameter B equal to zero.

2. A Nerlove model with autoregressive errors may be derived by either
setting y equal to zero and omitting the Z terms or X equal to zero
and omitting the X terms.

3. A static model with autoregressive errors results when A =y = 0
and either the X terms or the Z terms are omitted from the general

equation.

2/ Wayne A. Fuller and James E. Martin, The effeets of autocorrelated errors
on the statistical estimation of distributed lag models, J. Farm Econ. 43:
71-82, February 1961.

3/ Wayne A, Fuller and James E. Martin, A Note on The effects of auto-

correlated errors on the statistical estimation of distributed lag models,
J. Farm Econ. 44:407-410, May 1962,

30



L,

5.

6.

A Nerlove mode! with independent errors by restricting 8 = 0 In
addition to the restrictions In model 2.

A first difference model with independent errors results from setting
g =1 in addition to the restrictions specified by model 3.

A static model with independent errors has no X or Z terms and

,\-YIB-O_

METHOD OF OPERATION

The method used !s described In detall In the program document by James

E. Martinﬁj and will be om’tted here.

INPUT REQUIREMENTS

The concept used in this program is. that of a 'Problem' which may consist

of one or more '"Jobs'' or regressions. Thus, a ''"Problem Card' causes the program

to read a set of data and indicates the total number of regressions or Jobs

which are to be run using these data. Two ''Control Cards' and an appropriate

number of ''Start Vector Cards'' are associated with each Job.

A given Problem must consist of the following cards in the order specified:

b.

Problem Card (one card)

Data Deck {the number of cards may vary)
Control Card 1 {one card)

Control Card 2 (one card)}

Start Vector Card(s) (the number of cards depends on the number of
parameters in the Job)

Addltional Jobs may be run using the same Data Deck by repeating items c, d, and

e above for each additional Job.

Ly

—' James E. Martin, Computer algorithms for estimating the parameters of
selected classes of nonlinear, single equation models. May 1968.
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INPUT FORMATS
Problem Card
This card controls the parameters which specify the number of variables,
the number of observations per variable and the number of Jobs which are

assoclated with a given Data Deck. The format of the Problem Card is as follows:

Cols. -5 ... the Problem Number
Cols. 6-10 ... the Number of variables in the Data Deck
Cols. 11-20° ... the Number of observations per variable in
I5 the Data Deck
Cols. 16-20 ... the Number of Jobs to be run using this
Data Deck
Cols. 21-80 ... Blank or any identifying information the

user wishes to use.
All values which are punched Into columns 1-20 of the Problem Card must
be right Justifled integer values. Columns 21-80 may contain any alphanumeric

information.

Data Deck

The Data Deck Is punched in row order starting with the first observation
on each variable. Seven observations are punched per card using FORTRAN
FORMAT (7F10.4).

In order for the Data Deck to conform with the MRHS-1 and MRHS-2
programs, the variables in the Data Deck must appear as column vectors
in the following order: |
3 [XII’XZI""’XAI’z]l’zzt""’zal’DII’DZI""’DCI’YII’YZI""'Yyl]
where the subscripts A and B denote the total number of current exogenous
variables associated with lag parameters ) and u, respectively. The

variables Dit(I =1,...,C) represent the exogenous variables which are not



associated with the lag parameters A and u. The subscript C is the total
number of Dlt variables. Note: The y dependent variables, YIt(i =1,...,y)
must always appear on the right hand side of the exogenous variables In the

Data Deck.

Control Card 1

Thls card defines most of the major parameters which control the type
of estimation which is to be employed for the Job, the size of the Job, etc.
The card format is as follows:

Cols. 1- 5 ... Job Number

Cols. 6- 7 ... The total number of exogenous variables
associated with lag parameter x (A > 0)

Cols. 8- 9 ... The total number of exogenous variables
assoclated with lag parameter u (B > 0)

Cols. 10-11 ... The total number of exogenous variables and/or
dummy variables which are not assoclated with
a lag parameter (C > 0}

Cols. 12-13 ... The column number of the variable in the Data
Deck which Is to be used as the dependent
variabte for this Job,

Cols. 14-15 ... The total number of parameters or rows to be
controlled or skipped, NSKIP (NSKIP > 0)

Cols. 16-17 ... "01" for least squares estimation, otherwise, the
maximum number of iterations to be performed in a
nonlinear estimation Job (25" is suggested for
nonlinear Jobs)

Col. 18 ve. MY If the calculation of the pure constant
term Is desired, otherwise, '0"' when regressions
through the origin are desired

Col. 19 «v. "I if the calculation of the predicted values,
residuals and Durbin-Watson ''d" statistic Is
desired, otherwise, ''0"



Col. 20 ... "M" if a listing of the correlation matrix is
desired, otherwise, '0". MNote: This option is
available only when Col. 31 of Control Card }
contains "0

Cols, 21-30 ... The ''test criterion' to be used to halt the
i'terative process in nonlinear Jobs. The
value of the ''test criterion' is punched using

FORTRAN FORMAT (F10.4). ("0.001" is recommended
for most nonlinear Jobs -

Col. 31 ... Y0" [f the Job to be run is: (1) the first Job
in a Problem (2) involves a different dependent
variable from the preceding Job or (3) involves
a different computation on the pure constant term
from the preceding Job, otherwise, "'1'

Cols. 32-80 ... Blank or any identifying information the user
wishes to punch Into this card.

Control Card 2

This card specifies the actual row numbérs (or parameter numbers) of
those parameters which are to be controlled or skipped. The order or numbering
of the parameters in any given Job is always assumed to be: ai(i = 1,...,A)
provided A > 0; bj(j =1,...,8) provided B > 0; A; u; 8; and dk(k =1,...,C)
provided C > 0. Thus, the programs are written such that the first r parameters,
r=A+B >0, are the total number of rows for the parameters of the current

exogenous variables, Xi and th, row r + | is assumed to be the parameter A,

t
row r + 2 is assumed to be the parameter u, row r + 3 [s assumed to be the
parameter B, and row r + 3 + Kk, (k 3_0) 1s assumed to be the parameter of the
kth current exogenous or dummy varlable, Dkt’ if such a variable is included in
the Job being run.

The format for Control Card 2 is FORTRAN FORMAT (15(i2,2X)). Thus,

the card is punched in the following manner:
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Cols. 1- 2 ... The actual row number of the first parameter to
be controlled or skipped.

Cols. 3- 4 ... Blank

Cols. 5~ 6 ... The actual row number of the second parameter
to be controlled or skipped

Cols. 7- 8 ... Blank

etc. -

Cols. 61-80 ... Blank

Note: The number of parameters which are punched into Control Card 2 and
which are to be controlled or skipped must agree with the number punched

into columns 14-15 of Control Card 1.

Start Vector Card(s)

The total number of Start Vector Card{s), NSVC, required for a given
Job depends upon the number of parameters involved and may differ from Job
to Job. The number of Start Vector Card(s) required for each Job Is

determined by rounding NSVC to the largest integer value where:

A+B+C + 3

L, NSVC = 5

The Start Vector Card(s) contain(s) all initial parameter estimates.
Therefore, the order of the initlal parameter estimates must be identical
to the actual row numbers described under Control Card 2 for each parameter.
The format used for punching the initial parameter estimates in the Start
Vector Card(s) is FORTRAN FORMAT (8F10.5). A1l columns of the last Start
Vector Card which are not required for initial parameter estimates may be

left blank. Note: |In all least squares estimation Jobs, the appropriate
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number of blank card(s) may be used as Start Vector Card(s). 1In all non-
linear estimation Jobs, the user's best estimate of each parameter value
should be punched into the appropriate locations of the Start Vector Card(s).
The nearer the user's initial estimates are to the final parameter estimates,

the shorter will be the computing time for the Job.

OUTPUT
At the conclusion of the run, the printed output will consist of:
1. For each Problem: Problem Card
2. A listing of the input data
3. For each Job: Control Card 1

k. The Correlation Matrix if 1" appears in column 20 of Control Card 1
printed in lower triangular form

5. For each trial: k, IDF, TS5, SSE, MSE, S$5R, R Square
6. For each trial: values of parameter estimates
Stand Er

7. For the last lteration: i, ei’ Aei’ Test,, Variance

» 3 >
Student ti f i i

8. For each Job:
a. The dimensions of the inverse matrix
b. The inverse matrix at the last iteration

c. The pure constant term Zf '"I'' appears in column 18 of Control
Card 1

d. The a_ term
o

e. The error routine and Durbin-Watson '‘d'' if ''I'' appears in
column 19 of Control Card 1.

f. The means of the variables at times t, t-1, t-2, and t-3

where
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k

IDF
TSS
SSE
MSE
SSR

R square = R

&

ABI

the denominator in the geometric series 1, 1/2, 1/4,...
the degrees of freedom

the total sum of squares

the sum of squares for error

the mean square error

the sum of squares for regression

2

the parameter row number

the estimate of the ith parameter

the change in the ith parameter

Test, = (Aei)2/Var(e|)

V'alrlancei = the variance of the [th parameter

Stand ErI = the standard error of the ith parameter estimate

Student t! = the student ''t" test of the ith parameter estimate against

zero, All printed output will possess column headings above the numerical

data and/or estimate.

ERROR COND{TIONS

The following 1ist of error conditions are checked by the programs:

Error 107 = columns 6-7 of Control Card 1 contain a negative punch.

Error 135 =

Error 191 =

Error 453 =

Error 524 =

Error 727 =

columns B8-9 of Control Card ! contain a negative punch.
columns 10-1] of Control Card 1 contain a negatlve punch.
columns 14-15 of Control Card 1 contain a negative punch.
singular matrix, matrix cannot be inverted.

the test value in columns 21~30 of Control Card 1 is negative.

Should an error condition occur, all subsequent Jobs and Problems

contained in the same run in which the error occurs will be terminated.
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LISTING AND EXAMPLE PROBLEM
The example problem shown is a two-lag mode] with autoregressive errors --
equation 1. There are 27 observations for each of seven variables, which
include two variables associated with the lag i, two variables associated with

the lag y, two non-lagged variables, and the dependent variable, Y.
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AUTO REGRESSION PROGRAM WITH TWO LAG DISTRIBUTION PAGE

PROGRAM AUTDREG(INPUT,0UTPUT.TAPE5=1NPUT.TAPE6=UUTPUT)

DIMENSTION KZ(15), T{35)s VBI35), E{4T), C135,35), B(35,47)y ALL2),
L X{&Ts4The XM{4T), TSQR(35), FTSQR(35), STUDT{35), Y{375,8), XS147
2)y IDENT{35}, KDENT{(4)

DIMENSTON VALUES(9,100)

COMMON A, T,IN1,IN2,IN3

Cmr——

C—=——- SSE32$SE1= A MAGIC NUMBER WHICH 1S ATTEMPYED UPPER LIMIT OF $S ERR
DATA SSE3/37767777777777771711778/

o —

Come—— TESTL IS AN ARBITRARILY SMALL NUMBER USED IN CHECKING MATRIX INVER

1 TEST1=0.00000000001
NN=0

Lo READ AND PRINT DATA AND CONTROL CARDS.

READ (54143) IPROB,NVAR,NOBS,NJOBS
IF (IPROB.EQ.-0) GO TO 138
WRITE {64144} IPROB,NVAR,NOBSNJOBS
WRITE (6,174) NVAR NOBS
C----=Y{1,J) IS THE ARRAY 0OF ORIGINAL VARIABLES.
Do 2 [=1,NOBS
READ (541451 (Y{IsJ)eJ=1,NVAR]
2 WRITE (6,173) {Y{1,J),J=1,NVAR)
3 " SSE2=SSED
READ {54147) JOBNU,IA,IB,ID.lRHS.NSKngISSl.ISSZ.IERR,ICORR.TEST,N
LAMEL, (KDENT(1)s1=1,4)
WRITE (65146}
WRITE (6,148) JUBNO.IA;IB.!O,lRHSpNSKIPolSSl.lSSZolERRolCDRR;TESTv
iINAMEL, (KDENT(I) 12144}

bbbhbhbbbbhbbbbbpbpbbDbbbbbbbhbPbbbbn-bbbPP?DPDPDbDPPPD’D

Cmm——-
Cmw—e—= SET UP INDICES
Cmm==- 1A= NUMBER OF X VARIABLES ASSOCIATED WITH A LAG PARAMETER
Crmm=mm I6 = NUMBER OF I VARIABLES ASSOCTATED WITH A LAG PARAMETER
Cr=—— 10 = NUMBER OF UNLAGGED D VARIABLES
Lermm—m— IL = NUMBER OF LAGGED VAR ILABLES
Cmmm=—- IX = TOTAL NUMBER 0OF VARIABLES INCLUDING GERATED ONES
IL=1A+IB
IX=3%1L+1D+4
INFM1=IL+ID+3
INL=IL+]
IN2=TL+2
IN3=T1L+3
INF=INFML+1
IML=3%1L+1
IM2=1M]1+1
IMI=IM2+1
0BS=NOBS-3
[ )
IF (NAMEl.EQ.1l} GO TO 15
D0 & I=1,1IX
DD & J=1,IX
X{1,43¥=0.0
X5(11=0.0
4 XML 13=0,0
Cmme—m
Cmmm=—= GENERATE NEEDED LAGGED INDEPENDENT AND/OR DEPENDENT VARIABLES.
Cmmrm=— STORE APPROPRIATE SQUARES AND CROSS PRODUCTS IN XS(IX)
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AUTO REGRESSION PROGRAM WITH TWD LAG DISTRIBUTION

Lmmmm FEINALLY PUT THE SUM OF SQUARES AND CROSS PRODUCTS INTO X(IXyIX).

DO 10 I=4,NOBS

[F {IL.EQ.O} GO TO 6
Do 5 “=1'[L
E(3#K-2)=Y{1+K)
E(3%K=-1)=¥(]1=-14K)
EL3%K )a¥Y{[-24K)

5 CONTINUE
6 E(IML)=Y({I-1,IRHS)
E(IM2)=Y(1-2, IRHS)
E(IM3)=Y(1-3, IRHS)
IF (1D.EQ.0) GO TO 8
PO 7 L=1,10
M=IL+L
N=IM3+L
7 E(N)=Y(1,M)
8 ECIX) =Y (s IRHS)
DO 9 M=1,1X
XS{M)=XS{M)+E(M)
DO 9 N=1,IX
9 X{MyN)=X(MoN) +E(M) *E(N)
10 CONTINUE
[e=——
IF {ISS2.NE.1) GO TO 12
C —————
C—--——GET X = SUM OF SQUARES + CROSS PRODUCTS CORRECTED
00 11 I=1,1X
DO 11 J=1,1IX
11 XU1,00=XTE4d1=(XS(I)#XS{J})/0BS
c _____
Cr—mm- CALCULATE AND PRINT CORRELATION MATRIX IF REQUESTED.
R CORRELATION MATRIX IS CUIX.IX)
12 [F {ICORR.NE.L) GO TO 16

DO 13 I=1,.10X
DO 13 Jd=1,1IX
i3 Clled¥=X{Isd)/700XT o %Xy d) )%%0.5)
WRITE (&,150)
WRITE (65149 (I,I=1,IX)
DD 14 I=1,1IX%

14 WRITE (6,5151) [,(CITIsd) =141}
o p——
15 IOF=NORS—IL-ID-6+NSKIP-[552
Cormmemm—
-=m— START WITH ITERATION = |
C-=m=- READ CONTROL CARDS 3 AND 4, COEF. EST. = T{INFM1)
16 1Y=1
DF=10F

READ {5,152) (KZUI),1=1,NSKIP)}
READ {5,153) (T{I),I=1,INFMY)
00 17 I=1,INFML

17 VALUES(I,1)=T(I)

C _____

C-—--- CALCULATE MEANS OF ALL VARIABLES.
| DO 18 I=1,1X

18 XM{I)=XS[I)/DBS

DO 19 I=1,IX

Lo

PAGE
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AUTO REGRESSION PRUGRAM WITH TWO LAG DISTRIBUTION

19

€

24
25
26

27

28
29

30

31

32

E{11=0.0

CALL ACOM

WRITE
WRITE
WRITE
WRITE

B=AXX
Do 21
oag 21
Bti,d)

HEADER FOR ITERAVIVE PROCEDURES
{64176)
(6,155)
{64154}

I=1, INF
JElyIX
=0 .

IF (1A) 22425,2%

K=107
GO TO
o 24
DO 24

Bilsd)1zBlIpd)eX(3%(-2,0}4A(2)2X(3%],))-A(1)*X{3%]~]1,J)

BUINZ, ) =BUINZ2 J)4THT)*#(A[4)*X{3*] ,J)-X{3%][-1,J))

BUIN3, JI=BUINIpJI+TLT)* (AL )XX{3%],J)=X13%]=1,J))

BOINF J)=BUINF,JI4+TUIIR (AL IRX{3%I~14J)~X{3%]=2,0)-A12)%X(3%],)))
CIF TIB) 26429427

K=135
GO TO
bn 28
Do 28
M=({3x%]
K=TA+}

BIK» 3)=B Ky J)eX (MpJd+A(6)FN(Me2,J)-A(S)EX(M+1,4)
BIINLyJi=BLINL I +T(KIR[A[G)I2X{M+2,))=-X{M+1,J})

BUIN3 I )I=B{IN3,JI+TIKI®{A(T}eX{M+2,0)=X{M+],J})

BUINF 3 I=BUINF,JI+TIRKI*(ALS)EX (ML) =X M J=A{6}2R{ME2,))

on 30

BUINL» I =B0ENL G +XEIML, J I+ AL2)€XLIM3, S)-A{LI2X1IM2,))
BUIN2,J)=BUINZ 3+ XTIMY,J) v ALGYRXTIM3, J)-AL1SEX{IM24J)

BUIN DV =BUIN3, 1) exXUIML, JI+A110 X (IM3,J)-A(9).X{1IM2,J)

BUINF JI=PL{INF U +ACLIIRX{TIM2,J)-A1B X{IML)-A{12)%X{IM3,J)

139
f=1,1A
J=l.IX

139

I=1,18
Jxl,yIX
Al+(3%]-2}

J=le1X

IF {ID) 31434432

K=19}
6O TO
DD 33
Lo 33

139
I=1, 1D
Jrly IX

M=1M3+]
K=1IN3+]

BUINF,
B{K+Jd)
[y R A
Bt1iNE

C=8A

L0 36
nn 36
Cil,Jd)

JY=RUINF ) ~T{KI2X{M,J)
=X{M,J}

I=1,1X
JiI=BlINFeJ 1+ X([Xe d)

IglyiNF
J=1, INF
20.

IF (IA) 37,40,38

K=303

41

bbbbbb>bbbbbbbbbb>PbbbbbhbbbbﬁbbhbbbDPDDPPDPDDII-DDDDD’PPP
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GO TO 139 A 169
38 DO 39 J=l.1A A 170
Do 39 I=1,INF AlTL
CII,J}=C!I.J)+Bt1,3*J~21+AtZl*B(l,3*J)—A(ll*B(l.S*J-ll A 172
ClI,IN2!=C!I.IN2)+T(JI*|A14)*B(!.3*Jl-B(l.3#J—1i1 A 173
C(I,IN3)=C(I.lN3)+TtJl*(A(3)*B!I.3*J)~BII.3*J—1)) A 174
39 C(I.INF}=C([.INF)+TtJl*1A{1}*Bil.3*J-ll-A(2}*B(l.B*J)—B!I.S*J—le A LTS5
40 IF (IB) 41,844,462 A 176
41 K=337 A LT17
GO 7O 139 AlLlB
42 DO 43 J=1,18 A 179
DO &3 I=1,INF A 180
K=l1A+J A 181
M=(3%TAY+({3*i=-2]) A 182
CtI.K}=CtI,K)+B(I.M}+A£61*B(I.M+2l-A(5!*B(I.M+1) A 183
ctI.INll=CIi.INl)+TlKl*|A(4)*B!!.H+2)-Bll.n+11) A lR4
C(I.IN31=C(I,lN3)+T(KI*IA(7)*BII.H+21«Bll.M+1ll A 185
43 CII.INFI=C(I.1NF)+T(K)*(A15)*B(I.M+1}-B(!.Hl—Alb)*Ftt.M+Zl) A 186
44 DO 45 I=1.INF A 1B7
C(I'1N1)=C|I.INL‘+B!I;IH1)+A(2)*B(X.IM3)-A|11#B(I.[M2) A 188
C!I.lNZ)sC(I'IN2)+RII.IH11+A{61*B(l.IMB)—A(ﬁ)*B([.IHZ) A 189
ClI.IN3)=CII,IN3l+BtI.!M1i+A(10)*B(I,IH3l-A(9)*B(I.IﬁZ) A 190
45 C(I,INF!=C(I;INF)+A!11)#B(I.IHZ)-A{B}*B(I.lﬁl)-A(lZl*Btl.!M3! A 191
IF [ID) 46449447 - A 192
46 K=3197 A 193
GO TG 139 A 194
&7 D) 48 I=1,INF A 195
DO 48 J=1,1D A 196
M=IM3+). A 197
N=IN3+S A 198
Cl{TsNI=BLI M) A 199
48 C{I,INFI=CH{I,INF}-FIN)*B{i,M) A 200
49 DO 50 I=l,INF A 201
50 ClIsINFI=CU{I,INFI#BI{TI,IX) A 202
Cm—m=- : A 203
C———== SET TO SKIP OR FIX THETAS A 204
IF {NSKIP} 51454,52 A 205
51 K=453 A 206
GO TO 139 A 201
52 DO 53 I=1,NSKIP A 208
J=KZ({1) A 209
DO 53 K=1,INF A 210
ClJy,K)=0. A 211
53 CiKyd)=0. A 212
L= A 213
L= INVERT MATRIX A 214
54 DO 62 J=1,INFML A 215
DN 55 [=1,NSKIP A 216
IF (J=KZ(1)) 55,62+55 A 217
55 CONT INUE A 218
SAVE=C(Jsd} A 219
IF {SAVE-TEST1} 56,58,58 A 220
56 IF {SAVE+TESTL) 5B,58,57 a 221
57 K=524% A 222
GO TO 139 A 223
58 PIVOT=1.0/5AVE A 224
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Cldyd)=-1.0

D0 59 1=1,INFM]
E(I)==Cl{1.,J)%PIVOT
ClJSyJI=SAVE

N0 60 K=1, INF
TEMP=C (J4K)
c'J,K"O.

DO 60 I=1,INFM]
ClLeK)=CUIK)+E(T)%TEMP
DO 61 I=1,INFM]
Cll,N=E{])

CONT INUE

Iv=1

ADJUST PARAMETER ESTIMATES.
DO 63 I=1,INFM]
TCHYI=TUI+L{ T4 INF)
SSE1=S55E2

CALL ACOM

COMPUTE SSE

DO TE J=l.1X

66
67
68
69
70
71
12
73
T4
15
16
T7
78
79
80
Bl

82

E{JI=X(IX 5V 4ACLLRX(IM2,0)-A({BI*X{IML,J)-A(L12)%X{IM3,])
IF (TA) 65,568,656 )

K=607

GO TO 139

D0 &7 I=1,1A

M=3%][-2
EIJI=ELJII+TLII*R{ALLIYEX (MEL s JI=X{MeJ)—A(2)EX{M+2,10})
I# {IB) 69,72,70

K=617

GO TOo 139

DO 71 I=1,18

M=(3%TA)+(3%]-2)

K=1A+]

CECYELIY AT (K IE{A{S) XM+l J)~XIMyJ)-A{B)EX{M+2,4))

IF (ID) 73+76,74

K=562T

GO TO 139

pPo 75 1=1,10D

M=TM3+]

N=IN3+]

E(J)=E(J)-TIN)*X(M,J}

CONT INUE
SSEZ2=FE(IX)1+A{L1I%E(IM2)-A(B)RE(IML)-A(]12)*E(IM3I])
IF ([A} T7,80,78

K=641

GOy TGO 139

DO 79 I=1,1A

M=3%]-2
SSE2=SSE2+T{ I 1 *(A{LISE(M+1)}—-E(M)-A(2)1%E(M+2))
IF {IB) B1484,82

K=653

G0 10 139

DO 83 I=1,18

PAGE 5

22¢
22¢
22
221
22¢
2 3(
23]
23
23
234
23
234
237
23t
2 3¢
24
24
24:
24
241
24
241
24
24t
24¢
25
25]
25
25:
254
25¢
25¢
25°
258
25¢
26¢
261
26:
26
26¢
26¢
26
267
26
26¢
271
27]
27:
271
2T
27¢
27¢
277
27¢
27¢
28¢(
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M={3%TA}+([3%[-2)

K=TA+I
83 SSEZ2=SSE2+T{K}*{A{S}*E(M+L}-EIMI-A(6}2E(M+2))
B4 IF (D) 85,88,.,86
8% K=665
GO 1O 139
86 bnD 87 I=1,1D
M=IM3+]
N=IN3+]
ar SSE2=SSEZ2-T(N)*E{M)
88 DFE=]DF

ESSM=SSE2/DF
TMESS=X{IX,IX)-55€E2
RSQR=TMESS/X(IX,1X)

Cmmm——

C————- Iy = ITERATION ON TEST FOR COEFFICIEMT CHANGES.

C——-——1IV = ITERATION ON TEST FOR SS ERROR CHANGES

Cm=—-- IDE = DEGREES OF FREEDOM,

C—=——- X = SUM OF SQUARES MATRIS

C----- SSE2 = SUM OF SQUARES FDR ERRDR.

pp—

C——-—- CHECK FOR REDULTION IN SS ERROR

Coomm- IFf SS ERROR IS SMALL EMOUGH THEN GO ON,

C——--- OTHERWISE HALVE THE [INCREMENT IN PARAMETER CHANGES AND ITERATE.
IF {SSEL1-SSEZ) 89,089,922 .

89 [v=2%1v
IF {IV-9999] 90,90,92

90 DO 91 I=1,INFM]

L= ADD 1/2 OF THETA CHANGF EACH ITERATION UNTIL SS ERROR 15 REDUCED FE
ClI,INF)}=CUlI,INF)/2,

91 TII¥=T(I)-C{I,INF}
GO TQ 64

C _____

g2 CONTINUE

C-—===

C————- T{l) = THETA

Camome C{I,INF) = DTHETA

C-————- E{I} = TEST

C—===- VB{I) = VARIANCE

L FTSQR(I) = 5TD. ERRDR

{--———- STUDTHI)Y = STURENT T
SMS=1vx]y

D1 95 =1, INFM]
IF (CtI4I)) 93,944,913

33 VBIT)=ClI, I} *ESSM
TSQR{II=T{1)%T(1]}
E(I)=({C(T,INFIXC{T,INF})®SMSY/VRI(I}
FTISQRUII=TSQR{IY/VBII)
STUDTUI)=SQRTIFTSQR(I))
FTISQR{TI)=SORT(vB(I}}
GO TOD 95

94 VetI)=0.
C{IyINF)}=0.
E11)=0.
FTSOQR{1)=0.
STUDT(I)=0.0

)
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299
300
301
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314
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95 CONT [NUE

[TEST=0
DO 97 I=1, INFMI
IF (E(1)=-TEST) 97,97,96

96 1TEST=1
97 CONT [NUE
(emmm-
IF (1S51-1Y) 98,101,98 .
98 1Y=1Y+1
DO 99 1=1, INFM]
79 VALUESUT41Y)=T(I)
WRITE (641561 1Yo IV4IDF,X{TX.IX)ySSE2,ESSMy TMESS,RSQR
C_.,___
e IF ITEST IS TOO LARGE GN THROUGH ANOTHER ITERATION
Cmmmmm THAT IS, 1F ANY PARAMETER CHANGE IS LARGER THAN ALLOWABLE MINIMUM

IF (ITEST) 100,101.20
100 K=727

GOy TD 139
Commm e
C-————- PRINT PARAMETER ESTIMATES
101 WRITE (6,175)
C————= IDENTILI) IS THE LIST OF PARAMETER INDENTIFIERS.

TADD=100000G00000000R
IDENTLL)=6HX 1
00 102 11=2,1A

102 TOENTI(TII)=IDENTL{TII~1)+]1ADD
INENTUTIA+L)}=6H7 1
LL=1A+2
Lo 103 II=LL,IL

103 IDENTUTII)=TODENT(TII-1}+1ADD
IDENTOIL+1)=6HLAMBRDA
INENTLIL+2)=6HMY
INDENT(IL+3)=6HBETA
INENTIUIL+4)=6HD 1
LL=IL+5
DO 104 T1I=LL,INFMIL

104 IDENTUII}=IDENT(IT-1)+1ADN

G p—
C———~—PRINT VALUES FOR EACH ITERATION
PRINT 140
PRINT 141, L(IDENTIL1),I=1,INFM])
0O 105 J=1,1Y¥
K=J-1
105 PRINT 142y Key{VALUES(T,J)yi=1,INFM]1}
PRINT 175

WRITE (6,176)
WRITE (64157)
00 106 T=14INFM]L
106 WRITE (64158) I2IDENTUT)T{E)4CCIsINFILECLI}VRBII)FTSQRIIISTUDTI(I
1)
WRITE [6,159) INFM1,INFM1

—— PRINT THE INVERSE MATRIX

B0 107 I=1,INFM]
107 WRITE {(64160) (CUIsJ)yd=l,1)

hs

g gl g B O I P b R R i A i - N N TRC R S T DN S TS U - A - AR -

33°
338
331
34(
34
34
347
344
4!
34
34
341
34¢
35(
35
35,
35°
35¢
35°
35¢
357
357
359
36¢(
36]
36,
36
364
36!
364
367
36¢
36¢
37¢
371
37:
377
37!
37°¢
37¢
371
37¢
37¢
38¢
38]
38¢
38:
3B
38¢
38¢
381
386
3854
39¢
391
392
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122
123

124
125

1
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CALCULATE THE CONSTANT TERM
CONST=0.

IF {ISS2-1) 121,108,121
CONST=XM[ X}

IF (IA) 109,1124110

K=738

0 TO 139

DO 111 I=1.1A
CONST=CONSTH+T{I}*{A{ 1V XM(IK[-])}—-XM{3¥[-21-A{2)&XM{3%])}
IF (IB) 113,1164114

K=T43

GO TO 139

PO 115 I=1,18

M={32TA)+(3%]-2)

K=]A+]
CONST=CONSTH+TIKYIELA(SIEXMIM+LI-XM(M)-A(L)EXM{M+2))
CONST=CONST+ALLI1ISXMIIM2}-A(B)IFEXMIIMI)-A(12)&XM(]IM3)
IF {ID} 117,120,118 -
K=T60

GO TG 139

DO 119 [=1,1ID

M=1M3+]

N=TN3+1
CONST=CONST-T(N)&XM(M)
WRITE (64+161) CONST

CALCULATE AQ=CONST/(1~-LAMBDAI{1-MU)(}-RETA}
DENDM={1-T{IL+1 )% {1-T{IL42})%(1-T(IL+3)})
AQ=CONST/DENOM

WRITE {(64+162) AD

IF (IERR.NE.1) GO TO 131

CALCULATE PREDICTED VALUES OF Y

DD 128 I=4,NGBS

YOIy NVARHL}=CONST

IF {IA.EQ.0) GO TO 123

DU 122 J=1,1A

Y{LoNVARE L)Y (T o NVARALIFT I I* (YT AL )RV {I=14J)+A(2)%Y(]I=-2,4))
IF (IR.EQ.O0) GO TO 125

DN 124 J=1,18

M=TA+J

YODaNVARALI=Y{ L NVARALI+TIMIX{Y ([ MI-A(S)3Y (11 M) +A(S}EY([=-2,M})
IF {ID.EQ.OY GO TO 127

LD 126 J=1,1D

M=TL+J

N=IN3+J

YIT o NVAR+L)I=Y (I, NVAR+I)+T(N)I&Y{],M)

YIIsNVAR+1)I=Y (T, NVAR4L)+A(BI*Y (-1, IRHS)I-A(LLI*Y([-2,IRHS)+A(12})%Y
(1-3, [RHS)

CONTINUE

46
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394
395
396
297
398
199
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
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420
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422
423
424
425
426
427
428
429
430
431
432
413
434
435
4136
437
438
4139
440
441
442
443
444
445
446
447
448
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132
133

134
135

SS5DIF=0.0

-PRINT ORSERVATIONS, PREDICTED VALUES AND DEVIATIONS.

WRITE (64176)

WRITE (64163}

SDEV1=0.0

0O 130 I=4,NOBS

DEVI=Y{I[,IRHS)-YI],NVAR+])
SDEVL=SDEV]I+DEV1*DZzV) -
N=1-3

WRITE (6,164) NyY(L,IRHS},Y{I,NVAR+]1),DEV]
IF ([.EQe4) GO TO 129
SSDIF=SSDIF+{DEV2-DEVLI*{DEV2-DEV1}
DEV2=DEV]

CONTINUE .

DUBWA=SSDIF/SDEVI1
WRITE (6,165) DUBWA

-=PRINT MEANS OF VARIAHBLES

WRITE (64+166)
IF (TA.EQ.CY GO TO 133

DO 132 I=1,1A

LL=3%(1-1)+1

LU=3%] ‘
WRITE (64167 12(XM{TI)IT=LL.LW)
IF IR.EQ.O0) GO TO 1735

D0 134 1=1,18

LL=3#TA+3%{I-1}+1]

LU=3%x{[A+])

WRITE (64168) T,(XM(I1),1T1=LL,LU)
LL=3%]L+]

LU=LL+2

WRITE (6,170) XMUIIX),{XM{IT},Il=LL,LL)
IfF (ID.EQ.0) GO TN 137

GO0 136 I=1,1D

[I=3%{JL+1])+]

WRITE (65169) I4XM(I1)

WRITE (6,171) J0BND

NN=NN+1]

IF {NN-NJOBS) 3,1,138

CALL EXIT

-~TERMINATE DUF TO AN ERROR.

WRITE (6+172) K

-=INPUT-DUTPUT FORMATS.

FORMAT (1HO,*VALUES NF PARAMETER ESTIMATES AT EACH ITERATION®)

FORMAT (1HO,5%X49(A6,8X)//)
FORMAT (1H oI13,9(1X,E13.6))
FORMAT (515)

FORMAT (48HLPROBLEM NUMBER - NO. VAR. - NO. 0835, — NO.

17X, [5,6Xe1546X,15)
FORMAT (7F10.4%)
FORMAT (A6HEJOBND,2X,1HAL3H B8 ,3H C ,SH RHS ,7H NSKIP

47

+« 7TH NITER

PAGE

JOBS/5X4 15,

+&H
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147
143
149
150
151
152
153
154

155
156
157

158
159
160
161
162
163
164
165
166

167
168
163
170
171
172
173
174

17%
176
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1 CONS 54 ERR ,6H CORR 412H TEST v BH NWSSCP 4 /)

FORMAT {154612,311,F10.4,11,4A10)

FORMAT {1XpI15303s12+03414,164 1741641641544 %X4F10.8,16410X+4AL0+//)
FORMAT {1HO,3X,2116/)

FORMAT (204 CORRELATION MATRIX)

FORMAT (1H I3,3%s21F6.73%)

FORMAT (15{12.,2X})}

FORMAT (8FL0.5)

FORMAT (% ITER STEP IDF%y5X ,*kTES%, 14X, %55E%, 14X, ¥MSE*, 14X,%55R*,
1 12X,*R SQUARE*//)

FORMAT (#-[TERATIVE CALCULATIONS FNR COEFFICIENT DETERMINATION®//)
FORMAT (1X,3I5,E15.8,4(2X,E15.8))

FORMAT {21Xs5HTHETALLX,7HD THETAL2X44HTESTLLIX,BHVARIANCEGX ,8HSTAND
1 ERBX,IHSTUDENT T//)

FORMAT (1X,15:3X,A6,6{2X4E15.8))

FORMAT (23H-SI7E OF INVERSE MATRIXI10,110/15H INVERSE MATRIX//)
FORMAT (10(2X,Ell.4))

FORMAT {//7/1CH CONSTANT=ELl%.8//)

FORMAY (*0*,6X,*A0=%,E15.8)

FORMAT (10X, LOHOBSERVED Y+ 7X,L1HPREDICTED Y, 7X,BHRESIOUAL)

FORMAT (1X4E433X,EL5.842X¢EL5.B8B42X,E15.8)

FORMAT (23H- DURB [N-WATSON D +F10.8)

FORMAT [#-VARTABLE MFANS AT%, 15X %T*, 15X ¥ T—1%, 14X, ¥T=2%,14X*¥T-3*
1)

FORMAT (*0 VARIABLE NO. X#,11,4X,3{2X,E15.81}
FORMAT ({*0 VARTABLFE NQO. 7#,11,4Xy3(2XEL15.8))
FORMATY (%0 VARTARLE NN. D¥*,1146X,ELD.H)}

FORMAT (%0 DEPENDENT VARTABLE*,1X,4{2X,E15.8}}

FORMAT (131 END OF JOBNOIT7/1H1)

FNRMAT (6H ERRNRI4)

FORMAT (lH ,10F10.4)

FORMAT (1HO, #DRIGINAL DATA HAVE#,15,* VARIABLES FOR*,15,*% OBVERSAT
LIONS « ¥}

FORMAT (1HO)

FORMAT (1H1)

EMD

SUBROUTINE ACOM

~ACOM CALCULATES CORFFICIENTS FROM THE PARAMETER ESTIMATES.
DIMENSION A(12}y TY(35)
COMMON AsToINLsINZ,IN3
A{1)Y=T(INZ2}+T{IN3])
ALZ2Y=TUINZI*T{IN3)
AL3I=TLIN2)
Al41=T(IN3)
A{5I=TILINL)+T{INI)
A(HI=TUINLI*T{IN3)
A(T)=TLINL}
ALBY=ACLY+A(T)
ALS)=T{INLY+T{INZ)

48
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505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
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526
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538
539
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ALLO)=TLINL)*T(IN2)
ALLL)=AL19)*At&4)+AL10)
Al12)=A(10)1%A(4)
RETURN

END

@ ew®

49



SAMPLE DATA DECK FOR AUTDREG

0l 7
52.625
55.375
50.166

50.0000

50.0000

54.0000

55.0000

55.0000

47.0000

49,0000

61.0000

64.0000

60.0000

55.0000

61.0000

56.0000

59.0000

54.0000

54,0000

53.0000

53.0000

54,0000

55. 0000
56.0000
54.0000
53.0000
66.0000
1 22

2.2T48
T.1704

27 1
59.250
61.833
56.583

62.0000

62,0000

57.0000

60.0000

28.0000

51.0000

62.0000

62.0000

62 .0000

59.0000

61.0000

65.0000

64.0000

60.0000

61.0000

67.0000

63.0000
3.0000

62.0000

66,0000

65.0000

69.0000

64,0000

66,0000

2 7 099111

2.9439

THIS IS THE GENERATED TEST

«2BR8
«2888
+«2BBB
23.0000
23.0000
27.0000
54.0000
45.0000
27.0000
54,0000
45,0000
47.0000
48,0000
6.0000
24,0000
45.0000
58.0000
23.0000
34.0000
26.0000
26,0000
37.0000
5646000
34,0000
37.0000
26.0000
47.0000

45,567

35.567

35,5674
45.0000
54,0000
56.0000
37.0000
37.0000
56.0000
2%.0000
38.0000
35.0000
57.0000
54.0000
35.0000
37.0000
67,0000
45.0000
56.0000
35.0000
45,0000
48.0000
45,0000
67.0000
56.0000
75.0000
70.0000

46.2357
45.2354
45,234

24.0000
19.0000
30.0000
35,6000
34.0000
14.Q000

- B8.0000 -

12.0000
31.0000
30.0000
40.0000
32.0000
31.0000
24.0000
30.0000
20.0000
12.0000
14.0000
22.0000
32.0000
36.0000
43.0000
33.0000
34.0000

DECK FOR
31.333

31.333
24,0000
16.0000
36.0000
42.0000
42.0000
38.0000
39,0000
27.0000
36.0000
33.0000
45.0000
30.0000
26,0000
19,0000
26.0000
33.0000
38.0000
2B8.0000
42.0000
40.0000
36.0000
20.0000
22.000Q0
14.0000

MRHS~1
2701.12

2560.81
933.2568
1578.2488
2250.1733
2953.6896
3425.0970
3840.4712
3954.8383
3979.7188
4062.9793
4302.4975
4645,.2611
4444 .0656
4449.2607
4490.5426
4221.8082
4214.8520
4007.9200
3702.0653
3955.2186
4225.5609
4525.6412
4538.4640
4652.2580
4632.4896

PAGE 12

PROBCARI

0.00010TWO LAG MODEL WITH AUTOREGRESSIVE ERRORS

4,1488

5.4830

0.1549

50

0.6837

0.4563

&

CONCARDZ
5.4936



PROBLEM NUMBER - NO. VAR. - NO. DBS. - NO. JOBS

1

ORIGINAL DATA HAVE

52.6250
55.3750
50.1660
50.0000
50.0000
54.0000
55.0000
55.0000
47.0000
49.0000
61.0000
64.0000
60.0000
55,0000
61.0000
56.0000
59.0000
54&.0000
54.0000
53.0000
53.0000
54.0000
55,0000
56,0000
54.0000
59,0000
66.0000

59.2500
61.8330
5645830
62.0000
62.0000
57.0000
60.0000
268.0000
51.0000
62.0000
62.0000
62.0000
59.0000
61.0000
65.0000
64.0000
60.0000
61.0000
62.0000
63.0000

3.0000
62.0000
66.0000
69.0000
69.0000
64.0000
66.0000

T

27

T VARIABLES FOR

«2088
2888

«2888

23.0000
23.0000
27.0000
54,0000
45,0000
27.0000
54.0000
45.0000
4£7.0000
"48.0000

6.0000
24.0000
45,0000
58.0000
23,0000
34 .0000
26.0000
26.0000
37.0000
56.0000
34.0000
37.0000
26.0000
4T.0000

45.5670

35.5670

35.5674%
45,0000
54.0000
56.0000
37.0000
37.0000
56.0000
25.0000
38.0000
35.0000
57.0000
54,0000
35.0000
37.0000
61.0000
45.0000
56,0000
35.0000
45.0000
48.0000
45.0000
67.0000
56.0000
15,0000
T0.0000

51

1

27 OBVERSATIONS.

46,2357
45.2354
45.2340
24,0000
19.0000
30,0000
35.0000
34.0000
14.0000

8.0000
12.0000

31.0000 -

30.0000
40.0000
32.0000
31.0000
24.0000
30.0000
20.0000
12.0000
14.0000
22.0000
32.0000
36.0000
43.0000
33.0000
34.0000

31.3330
-0. 0000
31.3330
24.0000
16.0000
36.0000
42.0000
42.0000
38.0000
39,0000
27.0000
36.0000
33.0000
45.0000
30.0000
26,0000
19.0000
26.0000
33.0000
38. 0000
28.0000
42.0000
40,0000
36.0000
20.0000
22.0000
14.0000

2701.1200
-0.,0000
2550.8100
933.2568
1578.2488
2250.1733
2953.56896
3425.0970
3840.4T12
3954,8383
3979.7188
4062.9793
4302.4975
4445,2611
46444,0656
4449.2607
4430.5426
4221.8082
4214.8520
4007.9200
3702.0653
3955.2186
4225.5609
4525.6412
4538.4640
45652.2580
4632.4896
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Program NL INEAR
INTRODUCT ICN

NLINEAR is a generalized program for least-squares computation of
nonlinear regressions, originally written by M. P, Lietzke {ORNL-3259,
Aprit 4, 1962) for an IBM 7090 computer. It is presented here in a
modified form usable on the NCAR and SCOPE systems of a CDC 6400 computer.

The program is set up as a main program and a package of subroutines.
The main program controls only input and output, so that the subroutines
may be used separately in other FORTRAN programs to provide the complete
nonlinear least squares analysis. A user—supplied,‘problem-specific
subroutine must be included to define the functional form of the model
to be fit and to define its partial derivatives with respect to the
coefficients.

NLINEAR will provide a least squares fit to any function, linear
or nonlinear, with up to eight coefficients and up to five independent
variabtes. Weighting factors may either be defined or computed. The
user must furnish a subroutine to define the function to be fitted and
the partial derivatives with respect to the coefficients. Thg standard
output of the calling program includes the values of the coefficients,
the standard error in each coefficient, the variance of fit, and a point by
point solution of the equation for each data point. The variance in the
dependent variable is also computed for each data point. In addition,
the inverse matrix may be printed out ét the option of the user, as may the
values of the parameters at each iteration.

PROGRAM OPERATION
The caliing program reads the data as outlined in Table 1, calls

subroutine NLLS to compute the regression, prints appropriate error messages
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if any are detected, prints the output, and checks to see if there is another
set of data to be processed.
A listing of the complete program and associated subroutines Is gliven

below, as Is a set of sample Input and output.

Table i. Input Data

Card No. Field Variable: ~ Type
l 1-72 Title ALPHA Up to 72 alphameric characters
‘which wil) appear on each page o
output.
2 1-4 NDP INT . Number of data points
1 < NDP < 250,

5-6 NP INT Number of coefficlents
1 < NP < 8,

7-8. NX INT Number of Independent variables

‘ ' 1 < NX < 5,
9-12 ~NIT INT ~ Number of iterations allowed on
‘ given case.

13-22 EPS ' REAL Epsilon, the maximum allowed
fractional difference between
successive values of the coef-
ficients at convergence.

23 ITP INT = 0, do not list parameters at e

Iteration
= ], list parameters at each ite
24 NENV INT = 0, do not list inverse matrix;

1, list inverse matrix.
The above variables are read with an (12A6/14,212,14,F10.0,211) for

3 1-10 FACT REAL Step size of lterations
Read with an (E 10.3) format.

L 1-80 FMT Alpha Varlable format for the data

. (cards 6 - on below)
Read with an (10 A 8) format.
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Card No. Field Variable Type
5 1-10 GP1(1) REAL Guess on first coefficlent
11-20 GP1(2) REAL Guess on second coefficient.
21-30 GP1(3) REAL Guess on third coefficient
61-70 GP1(6) REAL Guess én sixth coefficient
5 1-10 GP1(7) REAL Guess on seventh coefficient

(omitted if NP < 7)
Read with an (6 E 10.0) format

6 - NDP + 5 ... X REAL independent variables = NX
Y REAL dependent variable
W REAL weighting factor (blank if none)

Read according to (FMT) above.
The above sequence may be repeated for as many data sets as desired.
Two trailer cards must follow the last data set, the first containing ENDIT

in columns 1-5, the second blank or any numeric characters.

Subroutine NLLS

The generalized least squares subroutine NLLS requires no common storage.
To use the subroutine with any FORTRAN program it is necessary to include
the following statements:
DIMENSION W(250), X(250,5), Y{250), GP1(8), STDE(8), YCALC(250), VARY{(250),
A(8,8), B(8), xTx(8,8), TB(8), CONV(8), DERIV(8), c(B,8), VMAT(8,8).
CALL NLLS (N,X,Y,GPI,STDE,YCALC,VARY,NERR,EPS,NIT,NP,NDP,ITP,VARF,VARFI,C,
COREL ,N) .

The statement following the call of the subroutine NLLS should test the
error indlcator (NERR) and appropriate action should be taken if an error
has occurred.

Note that the value of the independent variable is doubly subscripted.
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The first index refers to the number of the data point and the second
to the specified independent variable. For examble, X(J,1} would refer
to the jth data polnt of the first independent variable and X(J,5) to the
jth data point of the fifth independent variable.

Subroutine NLLS calls a subroutine SUBRT which must be sﬁpplled
by the user. This subroutine must evajuate the_functloﬁ to be fitted,
the partial derivatives of the dependent variable with respect to the
coefficlents, the difference between the observed and calculated value of
the dependent variable, and a statement on the weight to be assigned to
each data point. |

Subroutine NLLS does not have built-in scaling. Scaling must be
done by the user, I[f necessary, on the data.

The following deflhltlons apply:

W Weighting factor (input, may be zero)
X independent varlables

Y Depend#nt variable

GP1 Initiai guesses on the coefficients
STDE Standard error in each coefficient

YCALC Calculated value of Y for each data point using the converged
values of the coefficients

VARY Varlance in Y

NERR Error iﬁdicator

1 = no error

[ ]
]

singular matrix

non-convergence within the specified number of iterations

W
L] L]

singular Inverse matrix
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EPS Maximum allowed percentage difference between successive values

of the coefficients at convergence

NIT Number of iterations to be allowed
NP Number of coefficients (1 < NP < 8)
NDP Number of data points

VARF Varlance of flit

VARF1  VARF/Z Ni
i

C inverse matrix

Subrout ine SUBRT

SUBRT must evaluate the model being fit at the point called for, compute
the difference between the calculated and the measured values, evaluate the first
derivatives of the modej with respect to each parameter, and compute or specify
the weighting factor to be used.

An example of this user supplied subroutine for a simple exponential

modet follows, where
X
Y= () (@)

so that 3

2
3A

= ()%
1 2

3 X-1
gfh = (A) () (&)

and assuming that all weights are unity.

SUBROUTINE SUBRT (J,W,X,U,GP1,DERIV,YC,F1,W1)
DIMENSION W(250),X(250,5),Y(250) ,GP1 (8) ,DERIV(8)
YC=GP1(1)*GP1(2) #*X{J,1)

Gi=Y (J}-YC

DERIV(1)=GP1(2)**X({J,1)

DERIV(2) =GP 1*X(J, 1) *GP1(2) =+ (X (J,1}-1.)

Wi=1, '

RETURN

END
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The following definitions apply:

J index on data point

W Weighting factor {input, may be zero)

X Independent variable

Y Dependent variable (observed value)

GP1 " Guess on value of éoefflclent; Thus GPI(I)-a0 and

GPI(Z)-a; in the example above.
DERIV  Partial derivative of dependent variable with respect
to coefficient.
YC Value of dependent variable computed using the current
guesses on the coefficients.
Fi Difference between the observed and calculated vatue of
the dependent variable.
Wl Weight assigned to data point.
In case specific weights are read in for each data point then the
statement
Wi = W(J)
would be made in the subroutine. In the event weights are to be computed,
then the appropriate statement would be Included In SUBRT. |If all weights
are unity then Wl = 1.0,
Any subroutine SUBRT written would have the same arguments and

dimension statement as in the example,

SAMPLE RUN OF PROGRAM
A listing of program NLINEAR follows along with a sample input and the

resultant output,
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nnnnnnnnnnnnn

a2

31
33
34

3%
s

C

NLTNEAR FOHTRAN EXTENDED VERSTON 2,0 03714/ €01,07,99,

PROGRAM NLINEAR
I (INPUT UUTPUT.TAPES=INPUT, TAPES*OUTRUT)
PRAGFAM MUDIFIED FROM LIETZKe oM M 1962 A GENERALIZED LEAST SQUARES PROGRAM
NONL INEAK LEAST SQUANES
FOp [HE I8d 7090 COMPUTER. ORNL=3259
HIMENSION W(250) 9 X (25055 oY (250) +GP(8) 1OP1 (8) ¢ TITLEC12)
ISTUh(B]oYCALC(HHO),ulkY(’50)gCOREL(8,8|.C(B,Q,
INTEGER FMT(10)
COMMON FACT
ITYPE INTEGER YESy Mn

NDEFINITIONS

EPs mAx ALLDWED PERCENTAGE DIFFERENCE BETHEEN succ:ssxva VALVEE OF THE

COFFICIENTS AT CONVERGENCE (EX¢ o002 =4005) -

NIT NO, OF ITERATIONS Tn BE ALLOWED(EX. S¢)

NP NUs UF COFFICIENTS(lahPmB)

NUMBER UF X § TO BE REam IN (5 FUR THIS Pnoeahni

NDP HUMKER OF DATA POINTS

ITPp uv = DU NOT LLIST PARAMETERS AT EacChH ITER&TION
I & LIST PARAMETERS AT EACH ITERATION ;

NIy 0 = pO NOT LIST INVERSE OF VARIANce-COVnRIANcE ﬂATRIx
1 = LIST 4aTRIX

FArl CONTRULS STEP SIZ2E (EsGe 0,%)

FMT VARLABLE FURMAY

~(zHNO
YES=HNYES

REAU TITLE CARD AND CONTROLS AND READ DATA FORMAT

2: REAU Lo TITLEWNDPenpyNXsNIToEPS ITPININY
IF (TITLE (1) «EQSHENDIT) STOP
Keaw 34 FACT
HEALD 99, FwT

ReFAD INITIAL ESTIVATES OF PAHAMETERS
REBD 2y (GR(I)+TulenP)

~EaD WELGHTS o¥e X VaLUESs

LD 18 I=l.NOP
1= WEauw FMTv(xtxgdi;J-,-NxJOY(l)-ulli
FRIWT gﬂ% » PRINT pn?uTlTLE $ PRINT 203/NDP § PRINT 204sNP
PRINT 209, NX ¢ PRINT 2084NIT § PRINT 207 EPS
LF(LTP EM,)1)32,31
FRINT 2089 YES
GO TO 33 _
FPRINT 2089 NO
[F{NTHY JEW]) 34,35
FRINT 209%,YES
GO TO 36
FRINT 20% MO
COMTINUE
FRINT 2103 FACT § PRINT Z110FMT

SET ASIDE INITIAL ESTIMATES

DO 21 Jwlenp ' 2312020%
2) GPLUL)aGP (i) 23120207
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AM NLINEAR FDRTRAN EXTENDED VERSION a0 i 0318770 ®01+0743

CALL u;LStw.x,v.apg.srn!.vcauctynny& '
Lnsnn.!bsouxr¢npoubp.lTp¢VAnFovlkF1- »CortL an)

¢ CHECK IF aN ERROR HAS NCCURED

IF (NERM JLE. &) 5oi.sqi
501 Go_go (3091004101 0102) g
807 WERRmNERR~4 § PRINT 2] A 540 TO 20

C #RITE QUTPUT TIYLE: CosFF@CIhNtS. BT, naaons.

39 WRITE (6+7) ITLE f?
0o 130 xax,u K

231308
135 WRITE (He8)

dpltxa-srn£€1a
: , "
¢ WeiTE APPROPRIATE COLUMN HEADINGS

GO TO (5051258 ¢53,%6})NX
5n WRITE(8+ 9) ¥ARFeVanfFl
G0 Yo 5°
51 WRITE(ps10)} !APF;VAﬂfi
GO 1O &% E
57 WRITE(@sl)) VARFeVARFL
G0 TO B85
63 WRITElgs1Z2) YARFoeVARF] .
60 TO %5 _
54 #RITE(6913) VARFsVARFL -

c uan;-OESeRVED 9&0 PRENICTED VALUES AND: NO. DF IT!RATIONS

56 DO 56 I=lyNDP :
56 WRITE (541%) yqr):vrAuﬂlla.VARv{:).tlt!cawaJ-IoNXD
WRITE (641530 N - .

€ GIVE INVERSE MATRIX IF REQUESTED

16p 1F (NINV) 50320v60
60 wRITE (6+15) . :
v 61 IlllNP
&1 WRITE (6.18) tC(I'J1aJJI-NP)

c WRlTE coﬁaELariOH MATRT X

wRITE (69200% .
0o iel 1'1:Ne .

167 wRITE (64167 JCOREL(I-J)-J-IvN?i i
o TQ 20 e 2311

C ERKUR MESSAGE FOR SINGHLAR MATRIX

106 WRITE (hel9) TITLE
wRITE (629150}
=0 To €0
ERRUR MESSAGE FOR NON rONV(HGENCE
101 WRITE {6+19) TITLE -
WRITE (Bs151) NIT -
G0 TO 20

O

¢ ERRUR MESSAGE FOR SINGULAR INVERSE
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AM NLTNEAR FORTHAN -EXTENDFD VERSION 2,0°. L03/14/74 01,07, 3¢

105 WRITE (As19) TITLE .
NRITE (67152} '
-0 fo €0

€ FNHMATS

| FOPMAT (13A6/F4,212,14+F10,0+211)

2 FORMAT(&Eld 01
3 FORMAT (E} 0, :
’ FOHMAT(1H112A6132HO PARAMETER STD ERROR)
i FORMAT (3HD A¢11¢1PF14059E15,5) 231209
o FORMAT (THO VARF1PF15.,5110H VARF14E1545/ -
19210 Y (ORS) Y (CALC) VAR (Y) X(1)
in FORMAT (7HO  VARF,1PF15,5.10MH VARF1,E18.5/ -
152H0 Y{0BS) Y(CALC) VAR(Y) Xty
elby A :
11 FORMAT (TH0 vapr-lpr15 S5yl0nH VARF1l,g1%,5/
152m0 Y (uBS) Y(CALC) VAR(Y) X(1)
27on X2y X(3))
1» FORMATITHO VARFIIPF15,5010H VARF1+£15.57
152m0 Y (ORS) Y (CALC) VAR(Y) Xt{1)
242y, A(2) X(3) X(&4))
1% FORMAT(THD VARFylprlS,Se10M VARFl,E15,5/
152M0 Y (URS) Y (CALC) VAR (Y) X(1)
2564 xt2) X{3) X(a) X(8))
14 vORMAT (1RVU1pBE 14,5,
ln FORMAT (#72UKD IMVERSE MATRIX)
1A FORMAT (1H0,10F5,3) .

19 FORMAY (11} 12A6)

99  FORMAT (1048)

155 FOPMAT (16MOSINGULAR MATRIX)

157 rURMAT (20M0DID NOY CONVERGE INIas

111n ITERATIONS)

157 FORMAT (24n0SINGULAR INVERSE MATRIX)

184 FORMAT (13HOCONVERGFN INI4911H ITERATIONS)

200 P URMAT (//726HD CNRRELATION MATRIX)
201 FORMAT (1M1 s #CONTRO VARIABLES®)
202 FORMAT (LHQ+#TITLE® DX e12A8)
2n3 FORPMAT ( LHO o WNDP NUMBER OF DATA POINTS®s15X414)
20k FORMAT [1HD o #NP NIMBER OF PARAMETERS#,16X,12)
205 FoamaT t1mge#NX NIMHER OF X S®923Xe12)
206  FORMAT(1HO#NIT  NiMBER OF ITERATIONS ALLOWED®+8X,14)
207 FPORMAT (1HO +#EPS A LOWABLE UIFFERENCE IN ESTIMATES #8134
208  FORMAT(1HO»#I TP  PRINT CUNTROUL ITERATIONS®y]13X0A8)
209 FORMAT (1HOv#NINY  PRINT INVERSE#sZ24X¢AB)
210 FORMAT ¢ 1MO y#FACT  ANJUSTHMENT CORRECTION FACTOR#,9X,F5,3)
211 FORMAT (1HU s #FMT VARIABLE FURMAT®,22X+%5AB/5AB)

212 FORMAT{1IHO#DERIVATIVE WRT PARAM NO *#]5e IS 2ERQO FOR ALL DATA PTSH)

BNy
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Ci

FORTRAN EXTENDED YERSION 2,0

SUBROUTINE NLLS{WyX4YoGP1oSTDEsYCALC o WARY
LHERRSEPSyNITINP sNDP o, ITP s VARF s VARF 1 vC o COREL #N)

UIMENSTON W(250) sX(250+5)+Y(c50)90PL(B)y

LSTOE (8) 9 YCALC (250) s VARY (250} s COREL (89 8) 4
2A(H9B) JB(B) o ATX(ByB)»TB(A) 4CONV8) QERIV (B} +C(B48),
VLT (B48) ¢R(B) '
COMMON FACT

SeT NERR AS ERROR MESSAGE CONTROL

NERR® ]
ZERO QUT VARI&RLES

U3 118 Nm),NIT
vo L10 Lal,np
W{L}=al,0

i 110 M=l NP

11 A(LsM)=040

SEE IF ESTIMATES OF COFFFICIENTS TO BE UR!TTEN AT EACH ITERATION

[F (1TP121421420
21 ¥RITE (Ke2) Ny (GPL(T)eIR1NP)

CaLL USERS SUBROUTINE TO DEFINE FUNCTION AND PARTIAL DERIVATIVES
27 UL 111 JmlWNUP

CALL SUBRT(JawsXsYoORLsDERIVYCoF1oWI)
ML IFY THE COEFFICLENTS

S0 L0 111 L=leNP
b(L)sb(L)+UER1V(L)*F19w1

SeT UP MATRIX OF SS ANn CP AND SET IT ASIDE TO BE INVERTED

B0 111 MEL NP
111 A(LsMIsAliLoM)«DERLY (L) #DERIV (M) #w]
W 112 M=2 NP
=]
L0 412 Imleg
112 Alme Ll wA{lem})
Ly 212 LalyNP
(0 g12 M®] NP
217 XTX{LeM)BA(L oM}

CALL LNVERT (KTXyNP, 1+ 0E=30,NERORDELTA)
SEt IF MATRIX WAS SINGHLAR
IF (NERQR) 11341149117

113 wEnRed
w0 TO 200

€ ALTER ESTIMATES OF COFFFICIENTS AND CHECK FOR CONVERSENCE

66
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#01,07,39.

14800604

23120213
23120219
2312np2}
23120223
23120229

14800303

23120305
23120307

2312p309
23120311
23120013 -
231203195
23120317
23120019
23120321
23120323
23124325

14805%06



JTINE

NLLS FuRTRan EXTENDED VERSION 2,0

1l
23,
b

21

21a

11la

117
11R

G

1en
12y

1¢>

127

Lew

124

13
13~

200

LU 230 Teionp

LY 230 J=m)eNpP

COIsg) axTA{ g

w0 215 [=1 NP

Killeh,u

v €19 Jal NP
RIT)®sR{I)*#xTX(1eJ)8R(D)
O ¢1e =l NP
cETasFaCT%epl ()

COPESLGN (AMINY (AHS (R(1)})4ABS (HETA) )R (1))

Te(l)apRl{L)eCpR

Lo 116 1el,yp

Conuv (TrmABS (GrI(T)/Tu(l)=]l,0u)
IF(CONV (1)-EPSy)116,1164117
COMTIHUE :

0 Ty 10

b 118 la]lenNP

GP1I(D) =781

MEPR=3

L) To 200

eaCr Ty USERS SUBROUTINE THEN CALCULATE $T. DEVesYARANCEs E,T.Cs

U 12} I=]l4NP
GPI(T)sTB(])

TSthaws(,

VARFEU 1}
O 142 Jal ¢HNDp

CALLSUSHT.(UpWe X s Y oG] sDERTVeYCoFlowl)

VARFEVARF ¢n YRF 1492

SUMusSdwen ]

VARFaVaAHF / (FLOAY (mpPr=FLOAT (nP))
VaprF 1= JARF /SUMN :

Ll 123 IslyNp

LD p28 Jm] NP
CurRcLUI* W) 20 (Te )/ gnRT (CLTo[)%C(ded))
VMAT (Ll =0 (1. )Y oVaDF

LY 129 I=1enP

STOE (1) =5SukT (vMAT(T14el))

B0 136 =] NDP

Lol SUBRT (JewaXeYesPLaDERIVeYC4Fl,NI)

VYU

YCALC())=Yg

Lo 3% falenp

o 139 K=mlMP

VYVYSLERIV (LISDERTV(K)#VMAT ([4K)
VERY (J)yevY

RETURN

FORMAT (10HUITERATIONIS»5X9 1 0HPARAMETERS/ (1HOLPTELS, 7))

END

0371470

*01.07,3%9

231208)!

2312081
2312n5)

2312052
2312n52!

2312052!

1480060

2312060
2312050
2312061:

2312061
2312081

14800611

2312p62)
2312062¢
2312nR0"
23120R0°F

23120807
2312080¢

148009]
14800918
23120017
14800920

23120921
23]12n09213

14801003

14800007



in

I

1»
5

I=

190
8on

600

700
ROn

FORTRAN EXTENDFD VERSION 2,0 ° 03/14/70

SURAROUTENE INVERT (A NoEPSINERQH DELTA)
MATRIX [NWVERSIuN BY GAUSS~JORDAN ELIMINATION
LIMENS[ON a{Byr)y8(r)sCI8)L2(8)

UELTam] i

NERURRY

ug 10 gmlaew

LZidr =g

vl 20 [=leiv

K=l

Y=Alle])

L=l=1

Lhalel

1F (el P lRgllsl]

YA 13 sLPaN

wzh({lsd}

IF (ADS (w)=2BS (¥))13413,412
ra,)

Y=

CoN T INUE

vEL. TaspELTAaRY

VO 1D Js=laew
(ANIETEPEILY
ANILAETINIA Y
AlJel)m=C (U} /Y
A{TeJ)mA(Lsd) Y

Gl ileA{TeJ)
AlTelinlal/Y

NEIWAN S

LZ(EymLZtK}

LZ(K}=)

VO 19 kslen

IF (I=K)16919¢l6

L0 1R Um) el
iF(lmJ) 1T 1B217?

Al el zA LK ) =R {J)or (K)
COrFINUE

CunTINgE

COUNTINIE

[F(ABS (DELTA)=FEPSIn0980+81
NERURS

G0 TO w2

1o 200 1slan
IF(I=tz(1))100+200,100
Kalel
IFt1=NyBUGe2009200

LD Bt JeKen .
1F(l=l.2(J))500,600,600
e 2]}

LZ(I)y=Lztiy

LZ(J)aM

UEILTARUDELTA

po 700 L elyn
ClLisA(IsL)
AlTelL)mAlJeL)
AtgeLdaC(L)

LcUn T INUE

68
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JTINE  InyewT FORTRAN EXTENOFD VERSION 2,0 03s1les70 01,07,
200 COnT INgE

8y FpTuRy
£ N

69



JTINE SURRT FORTRAN EXTENDFD VERSION 2.0 03/14/70 #01.,07.39,

SUHKOUTINE SUHKT (JyWeXoYeGPIyUERIVIYCoFLeWl}
BIMENSTON w(2%0) 93{?50051 2Y (250) 4GP (B) yDERIV(B)
YCe6P1l(1)#GPL(2)eex ¢Jsl)

Fley{Jd)=vC ‘

UEp;v(l):uPl!?)**l(Jvli
VERIV(Z)SGplili®x(,1)%G6pl (2)%e(X{ vl)lwle)

“III-

HETURN

END
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INPUT DECK FOR SAMPLE RUN OF NLINEAR

EXAMPLE - EXPONENTIAL FIT OF DUCK WEED GROWTH
14 2 1 30 « 00500

0.5
(3F5.0)
79, lo4
¢ 100
1 1217
2 171
3 233 N
4 323 :
5 452
& 654
T 918
8 14086
9 2150
10 2800
11 4140
12 5760
13 8250
ENDIT
c00o00



CONTROL VARIABLES

TITLE

NOP

NP
NX

NIT
EPS
iTe
NINY
FACYT

FMT

EXAMPLE = EXPONENTIAL FIY OF DUCK wEED GROWTH

NUMBER OF OATA POINTS

NUMRER OF PARAMETFRS
NUMBER OF X &

NUMBER OF TTERATIONS ALLOWED
ALLOWABLE NIFFERENCE IN ESTIMATES
PRINT CONTROL TTERATIONS

PRINT INVERSE

ADJUSTHMENT CORRECTION FACTOR

VARIABLE FORMAT

72

14

30
+S000E-D2
g
NN
«500

tafFd .



EAAMPLE = EXPONENTIAL FIY

OF DUCK WEED GRrowlH

PARAMETENR STV ERROW
Al 8,3R94BE+0) Je59BYLE I
A2 1,4232%en0 Gen4hBAE =l
VarF 3.23H43E%073 VakF § 7a313) IEeny
Y (ORS) Y{CALC), vhr (Y) xil}
1.00000E+0¢ BeIAVARE0 ] LeZ9%248F¢01] 0
1.27000E402  1419407E407  #,¢1086Ee01  1,00000F¢00
1+ 71000Ew02 le099bab e 07 FaTLé4A3E0] 2.00006E+00
2+33000k4+02 2.418BuL 02 n,12440F40] 3,0000GE+Q0
Je23000E+0¢ 3ebb2lute? WeBBTABE+ 0] 44 UONUVGE+QU

#,52000E+02
HH4N00EsV2
qolﬂﬂ"ﬂﬁ#Ud
1e@0A00EsUI
2+15000E403
2e80000E+G3
4.14000E 03
5. 76H000E+03

A,25000F4+03

CONVERGFD 1IN

4.90007E 402

e GTHEPL+0?
Q9,92634Ek+42
1eé1281L+03
2.01083L+03
2+86200E+0]
s} T346E+03
De 7911 1E403

8,25183L+03

4 ITERATTUNS

].b#bQStoO?
2. 33233E402
3.35133E 402
+eD33N2E402
H-bUQQBE;OZ
telBOIZELN2
helbesTEsna
M Ud301E+D2

B.“b1555.+u3

Lo QD00QE G
G, 00000E-00
7.00600E000
BauOUOUE+QD
9,00000E+00
}+@80000E+0]
1-10000E+01
1,20000E+01

lo30000Fe01



Furnival's SCREEN

INTRODUCT ION

This program was developed as a partial solution for the problem of

selecting from a large group of independent variables a small number to be

used as predictors in a regression equation. This program enables the user

to compute all possible regressions within given constraints. Obviously it

is not feasible to compute all possible regressions when the number of

independent variables is large, but it is perfectly feasible to compute more

than the one regression produced by a step~wise program. This program allows

the user to restrict regression computation to combinations of independent

variables which meet one or more of four optional constraints.

1.

A number of Independent variables may be fixed or forced to appear

in every regression. This Is designéd for use when the investigator
is sure that one or more variables must appear in the final regression
equation.

The maximum number of independent variables appearing in any regression
may be limited to less than the total number of independent variables.
Independent variables may be placed in sets such that if one variable
in @ set is present in a regression, all variables in that set will be
present. This constraint effectively reduces the dimensions of a
screening probiem because a set of variables is treated essentially

as a single variable by the program., R-squares are computed only for
those regressions which either include every variable of a set or will
fit every variable of a set.

Variables may be placed in groups such that if one member of a group
is present in a regression no other member of a group will be present,

The members of a group may be either individual variabies or sets of
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variables. This constraint is especially useful when one wishes to
screen a number of possible transforms of each of several basic
variables with the intentlon of retaining no more than one transform
of each variable in the final prediction equation.

The description of the constralnts above give ample evidence as to the
value and the utility of this program in reducing ‘a large number of measured
variables to a smaller workable group. The output does not give the regression
coefficient, any measure of the correlation between independent variables, i.e.,
partial r-squares, or other statistics about the data which would be necessary
in a final analysis, Thus this program should be viewed as but one step in
obtaining a prediction equation from a raw set of Independent variables. One
other.utility of this program is the fact that it allows the user to compute
regressions against up to four dependent variables.

The primary limltation of the program is that the numher of regressions to
be computed must be less than the guantity

15,000
NY + 1

where NY is the number of independent variables. Therefore, when none of the
four optional constraints glven above is employed, the maximum number of
independent variables is limited to 12 for one or two, 11 for three through
six, and 10 for seven or eight dependent variables. With the inclusion of
one or more constraints decreasing the number of regressions below the
allowable maximum, then the total number of dependent and independent variables
may be as large as 50.

The program is written in FORTRAN and operates on the CDC 6400 computer

utillizing the NCAR or SCOPE compilers.
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Input Control Cards With Options for Constraints

Card

1

Card preparation.

Column

1-72

39-40
49-50

59-60

61-62

Description
Job title, alphanumeric.
Label card (b = = labels furnished by program,
| = labels on card 5).

Set card (b = all sets have one variable,
] = set sizes on card 7).

Group card (b = all groups have one set,
| = group sizes on card 8).

Intercept flag (b = Intercepts, | = no intercept).

Format card (b = no second format card,
1 = more formats on card &4).

Number of observations,

Number (of sets) of independent variables not fixed.
Number of dependent variables (b =1).

Number (of sets) of fixed Independent variables (b = 0).

Large number (of sets) of independent variakles not fixed
to be included in any regression (b = no restriction).

Total number of variables before transformations
(b = same as after transformations).

Number of transformations per observation (b = none).

Left parenthesis.
Format of data (only E or F type formats are permitted).

Followed by right parenthesis.

Continuation of data format (omit card & if column § of
card 2 1s blank).



Card Column DescriEtiqn

5 1- 4 Alphanumeric tabel for the first set of independent variables.

5- 8 Same for second set. Continue for labels of all independent
variable(s); omit if column | of card 2 is blank.

6 1-72 Continuation of labels if needed.
7 1- 2 Number of variables in first set of independent variables.
3- b Same for second set. Continue for all variables in

remaining sets using two columns for each set. (Omit
card 7 if column 2 of card 2 is blank.)

8 1- 2 Number of groups of independent variables.
3- 4 Number of sets of independent variables in first group.
5- 6 Number of sets of independent variables in second group.

Continue for all groups of variables using two columns
for each group. {Omit card 8 if column 3 of card 2 is
blank.)

9 Transformation control cards. (Omit these cards if
columns 61-62 of card 2 is blank or zero.)

For each transformation there must be one transformation
control card. At the end of the transformation procedure,
the dependent variables must follow all the independent
variables. A list of transformations is included below.

-2 Number of the transformation from the tist (below).

3- 4 Number of the resultant (transformed) variable.

5- 6 Number of the first variable in the transformation (on the
right of the "='" sign).

7- 8 Number of the second variable (if two variables are

involved in the transformation).

7-14 Constant term (c) punched with decimal point.
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Card Column Qescrigtion

10 Your observatioual data deck.
1R - &4 Punch DONE or QUIT. Punch QUIT if this is the last or
only data set to be processed. |f another data set and

set of control cards follow, punch DONE.

A few points on the above controi cards may need further clarification.
For example, on the second control card, the number of variables referred to
in columns 39-40 refer to the total number of variables, both dependent and
independent. In connection with the labels, the labeling of independent
variables is by sets, and one set receéfves one label‘regardless of the number
of varialbes in the set. A label must be supplied for each dependent variable
also. Card 7 also needs some additional explanation. The rules that must be
followed are as folloﬁs:
1. Each independent variable whether fixed or unfixed must be assigned
to a set.
2. Fixed variables and varlables that are not fixed cannot be assigned
to the same set,.
3. The number of variables in each set must be punched on card 7 even
though a particular set may cuntain only one variable.
L, The number of vartfables are punched in the order in which the sets

occur in the observation vector.

The group constraint card, control card 8, is similar to that described
for the set constraint. The najor difference is that fixed variables are
ignored in the group constraint; yroup assighment begins with the first variable
not fixed., Basic ruies to follow are listed as foliows, the parenthesized

material s meaningful only when the set constraint is also used:

78



1. Each (set of) independent variable that is not fixed must be assigned
to a group.

2. The number (of sets) of variables in each group must be punched on
card 8 even though some groups may contain only one {set of variables).

3. The number-(of sets) of variables are punched in the order in which

groups occur in the observation vector.

The following transformations may be called by the numbers given on the
left (enter this number in columns 1-2 of card 9).
t = resultant variable (columns 3-4 of card 9).
u = first variable in the transformation (columns 5-6 of card 9).

second variable in the transformation, if used {columns 7-8

v=
of card 9).
¢ = constant, punched with decimal point (columns 7-14 of card 9).

01 t=u

02 t=c*u
03 t=c+u
o4 t=u+v
05 t=u®v
06 t = u/v
07 t=1/u
08 t = u©
09 t = Ine U
10 t = e

11 t = log10 u
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12 t = original value of u regardless of previous
transformations on u

13 t = sin (u)

14 t = cos {u)

15 t = u/c

16 t = |ul -

17 call user written subroutine TROBS

SAMPLE RUN OF PROGRAM
Following is a listing of SCREEN, a sample input deck and the output

generated.
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PROGRAM

05

10

15

20

25

30

35

40

45

S50

55

60

SCREEN = FURTRAN EXTENDED VERSION 2,0
PROGRA~ SCREEN -

03714770 Y

1 (INPUT»OUTRPUTTAPE®INPUT I TAPES=OTPUT ¢ TAPEL)

CMAIn SCREEN PRUGRAM B/12/64

DIMENSTON WR{30) Ny (30)92(50917) snD(S51)eA(14000) onS(31) enDA(I))
I5S(10) 4R (90,9),X(50) 4T (30 oFMT (24) 4ISF (30) yRA(10) 21T (17)4NW(50),
¢NRX (30) #SC(B1) eTY(1n) oMSCI31) o0 (3] oNG(30) oNDBI18)sTT(12) sNAD(3])
IKNT(I0) oK (1T) «RN(3n) 96N (30) oNO (LT ) 9C120) oNT (20)

COMMON /BARNK /NR yNV o IT yND s AgNSoNDAsSSeRe Xy ToFMT o 2o ISFaRAJNRX ,SColAy
113-1N’anhCoLM.PZoNFoNFA!KNTnNsNP.NYoKHTvNSEfONOBiNEPQHSClNGliDF!

0

EDsTYINRS o NGINVRO ISy TESNYT e TToNADeNNGIND9CoNTINIF + 2E

INYY NS, LA, NN, L MA
COMMON/L ] /DONE
INTEGER DONE

1 CALL FomnT
CTESY FOR CONTWOL CARD ERROR
IF (RPZ2) Aedy2
T 60 TO )
& CALL IwiTy

CSKIp MEAW FNR ZERD INTERFEPT

IF(NIF) 61546
CSUMg OF SQUAWES AROLIND mFAN

5 1S=1
lEml
CALL MEan
6 DO 37 1=HYT WP
IT=XADF (1ol eNAD (1))
KeTeNYT+]
37 SS(K}=atily
T IF¢(~NF) ‘io‘-““)
c
CFIXFU YarIARLES
(o
g IS=2
O L0 =l enF
IEeny (1S)
J'NF-M’].
CALL MEAN
ISelE+)
CCOMRUTE R S,UARES FNR FlvED SETS
V0 %3 [snYTaNP
11sXADF (Lol aNaD (1))
K=T=NYTs]}
43 ROJoK+ 1) 2], 0ma(1])/§S(K)
R{)s1)alF
In NW(ty=p
¢ .
CFIRST X AFTER FIXED.SKIP COUNTER
C
la U())aDF
M=}
INZO
KCm=lM
LEBENSET

81

XADF (14 JoNN)BNMe ( (NOefol ) # (NPal)) /2= (NPeJ)
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PROGRAM

45

T0

758

1)

RS

90

95

100

105

110

115

120

SCPEEN  FORTRaN EXTENDED VERSION 2,0 03/14/70

c

LAsLE
NV {L)®]
g0 To 6l

CCOUNTER LOOP

C
3a
3q
4
4p
42
CTEST
2n
csTEP
2\
c
CTESTY

c
193

194

197
c

C
-3

JE]

U0 #U IaJekrRT

IF{KNT{1)) #0,61,%p

KNT(I)ml

GO Tu 2

KNT (1) =D

G0 o 80U

lN.NlSHI' "

KCaNV (W) =L

ng Liﬁll AND DLD JLLEGAL GROUP CUMBINATION
IF(KC) 20sZ1e20 :
IF (ISF (In}) 21,193,501

COUNTER

J=1

GO fu 33

FOR ANL wHITE FULL alOCK

IMziNe)

MV IMY sV (IN) «]

IF (LE®1~20) 197,197,196

#RITE(1) LD : .
WRITELD) Livw (L) s (R(L M) gMaLgNYY) sL®1eLB)
LB=u

LBuLBel

LA=zLk

cMaJnR REUUCTLUN LOQP

VO 12T LadeIMynxs
[A=]1AB

N=Nh‘1n)

IdzlA+)

ISF{IA)av

CCHECK FOR HEw [LLEGAL GrRALP COMBINATION

66

127

MOT=LIA=]IM

JF (MOT«4SCIIM)) 66,4668
IsF(ld) =l

LBaLRw)

LAsLB

0 T 127

CALL WMILOUP

SLOCKSSTEP LOADING INDEX sy aND COUNY REGRESSIONS

NW (LAYenNV (1A}
vl Agl)s(]8)
LAal b=

KenV (1A}
NOIK)YSNO (K] +]
NV (LB ey (T A}
GO fO 38

c "
CWRITE ParTlal BLOCK AT Fnb OF COMPUTATIONS

82
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PROGRAM SCREtN  FOWTRaN £XTENDED VERSION 2,0 0371624 0]

C :
600 WRITE{IILY :
WRETEAL) (Nw (L) s (REL oM) oMmlgNYY) oL u1 9 8)
C .
125 COVERALL R SQUARES
¢ ;
IF (NXSelM) 0192014401
601 (SenFA+2
IEmNP=nY
130 CALL MEAN _ '
: 00 1})p I=mNYToNP
. ’ 118XANF(1eIsNAD(]))
KwleNYTel
116 RAIR)Y®) ,0=A(I]I) /S8 (x)
135 c
Cralny FRINT | QUP

2071 NYANSY
WRITE(l)NVa
140 REwIND 1
CAl.L. MPRINY
C =~a CHECK FUR GUIT CARpD SIGNIFYING END OF RUN
IF (DONE JEQ4NQUIT) <TOP
G0 0 1
145 , END

83



FuRrTRAN EXTENCFD VERSION 2,0 03/14/70 *01

%IuFTC BATII JELK
SUKKOUT IME CTEST(Iy.13RoL)
DIMENS) v NRE30) 9NV (30) 12 (50417) oD (51) oA (14000) oNS(31) oNDA(31)
135(10;.Rtsu.9;,A(5n1.Tt30).FM*(eﬁr.ISngq;.RAtlo:-zfctvt.nucso;.
05 ZNRX(30)+SC(51)eTY () eMSC{RL oD (31)eNG(I0)sNDB(18)eTT(12) oNAD (I}
IANT (30) 9K (171 oRN (0D o GN {301 sn0(1T)9C 202 aNT (30)
COMMU Fratk NR o NV o TTonND o AeNSoNDA9SSyRy Xy ToFMToZ o 1SFoRAINRX,SCe 1A
Lioe LNy 1MeKU oL MgPZoME s NFAIKNT sNeNPINY s KQTyNSEToNOB oNCP ¢ MSCONGX oDF o
e TYsNXSINGINYR s IS TEsNYToTToNADsNDGIND yCoNToNIF o ZERO RN ONoNK
10 SNYY v aLAsNA gL MA :

v UATA ALK/ LH®/
IF(Len) ey
» 1F(Jml) 545844
15 a Clidmban
PZ:1
« HETURN
LN

84



05

10

. FORTRAN EXTENDED VERSION 2,0

$IBFYC BATle  DECK o
SURROUTINE MATOUT (A sNVSeNYIToTY,TT)
DIMENSTON A(19000) .7 (30) o TY (101977 (12)
Aflipatl)

NVSENVS
NYsNY
Til)eT (1)
TY(herv(l)
TT(lymrr(l)
RETURW

END

85

93714770

0]



1}

10

15

20

25

30

35

40

48

50

55

60

FoRT=AN ‘EXTENDED VERSION 240 03/1447¢ »01

$1BFTC BAT1Y  DECK

SUAROVUTINE INITL '

DIMENSTON NR{3G) oMV (30) 9Z{S09)T7) -NotslioAfl#GOO)-NSla%)vﬂultall-
lssxlo}.ﬁl50.9loX(5n\o1l30).FMTt2*!.ISFI3OI-Rl(10)|;Tll YsNW (50}
gnnxqaq).50151,,Tvg1n).Msctalr.D(SI;.Nﬁasol.NBG:IS).TTtletvNADIJI)o
3KNTt3é;.NA{17).Rmtan)'GN(3d1-N0¢171'CIao)oNTtSOI

COMNUN/HANK/NR’NV!]YOND'A'NS!NDAISS!RO‘OT.FMTOZ'ISF'R"NRxQSCUIAO
IIB,IN.lMoﬁC.LM.pZ.NF.NFAoKNT.N.NpiNYprfuNSETQN080N3P|“5C'NGX|DFp
'DoncNASINGoNVRoIS.TEONYTOTT'NAD|N059N0|CIN73NIF!ZERO.RNQGN.NK.

NYYaNVSoLAsNWe MA

xAnF(x,J.NNp-NN-((NP-I.l;*:NP-I);la-tNP-J)

1 REWIND 1 ”
DF.L.U

c
CCOMPUTE wWUMLEKR OF FIXED xS
o
wFasp
IF (NF) 991149
g DO L0 y=lsNF
lo NFasNFasnRR(])

C
CINDEX OF FIRST v
C .

11 NYTENP=tiYe]
c .

¢ ) .
CMOVE SET S1/E5> UP+ZERD CAUNTRsCOMPUTE ORDERS AND LAST ADORESSES OF SUBw
CnATRICES
¢ .
KRTSNAS~]
NNm (NPo1) #NP
HAD (L) =/ g
NS (L)muVS=NFA
U0 33 T=1lenXS
KNT(I)en
AiNFaTenF
NR (L) =9RA LTINF)
NS{I+1)stS{I)=NR(])
NNg (NS ([)=]1)®NS(])
33 NAD (T +1)mNAD(T) eNN/D

¢
COOMPUTE VETERMINANT OIVINERS
c
LUQ 35 is)lenvP
IimXarF{LelonAD()))
35 SC(ly=atlly
c :

CCOMRUTE wUMHER SETS REMAINING IN GROUP AND INDEX OF FIRST X IN NEXT
CGROYP
c

Mz

N2eiNFA+?

MSC{l) o=l

L=0

DO 20 (=Ll yNGA
JEENGIT)
U0 &1 uulsJE
L=+l :
ASCIL*Ll)mNG (I md

86



SUBROQUTINE

65

70

75

80

&5

%0

95

INIYLS

2]

2n
c

CCOMPUTE INVEX OF LAST X [N SET

c

2p
FX|
CZERD

24
c

CTERMINAL INGICES FoR IDENTIFICATION

NZanNZenR (L)
1o 8¢ pglygf
MEpe]
NOa (M) N2

L=
Nz:l: ) ‘ )
DO 22 palyNSET
NZeNEryRX(D)

JEsNRX (1)

DO 22 J=l+JE
L=+l

ND (L)y=nZ

U0 23 ISNYT NP
ND(L)=nP

REGRESSIOn COUNTS

00 26 Islalm
NOC(])=O

FORTRAN EXTENDED VEHSION 2.0

03/14/%q

CSET DIGITS FUR F[XED TARE WRITE,COMPUTE NUMHBER OF FIXED XS

28
2¢

ITtl)anxSel

LManiMul

NYYSNYe )

Lo 28 I=lyiMA
NGYBNGEYw]+]
IT(LedyalT(1)=NG(NGY)
DU 26 [=LMe17
ITil+lymi

RETURMN

END
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05

19

15

20

25

FORTRAN EXTENDED VERSION 240 03/14/70 *g1

sIAFTC BaTl& DECK

SUBHQUTINE ME Ry, .

Ny DIMENS{uN NR{30) 4NV (30)91Z(50417) yND(51) oA(14000) N3 {31),NDA(I1)
L 1SS(L0) yR(5N D) X (50} 3T (30) oFMT (241 41SF (301 +RALL0D2IT(17) oNW(50)
4 ZNHxlap),SC€51)-1¥ﬁln)gMSC(Sli.D(3linNG{JB)aNDGllaloTT(IZ)unhniSIJo

BRNT (30} N5 (17) JRN{30 ) 9GN(30) oNO(17)9C (201 oNT (30)

COMMON /¢ NK/NR.NV’{T|ND|AtNSINDAOSSleI|T.FMTIZ|ISF'RL.NRI.SCOIni
IIB.lﬂgvnohC.LM.ﬂlyMFvNFAoKNeroNPvNYrKRTlNSETGNOBiNcPoHSCiNGXvDF9
_ZUgTY"fKSlNB,NVR’IS. TE'NYTQTT'NADQNDG'NO'C'NT’N!FIZERO.RN'G~.NK'
INYYsNVSeLAeNWLMA :

RADF (IyJdoaNN) BNNe { (ND=1sl) ® (NPu]))/2=(NP=J)

(g N ]

7 DO 50 I=l1SyIE
JSxlel
D0 41 JaJdS,NP
LumxAGF (I9JdeNAD (1))
I1T1sXADF (EeleNAD(L))
Bua(IJ)/s7a(L1)
U0 41 KaJsnp
JEEXALF (JeKoNAD (1))
IKsXADF (IsKsNAD (1))
4] A(JK)ma(JK)=BwA(TK)
CCOMPUTE LVDETERMINANTS
Sn DFsOFeaA(l)/5C(I)
" RETJURN
END
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05

10

15

29

25

30

as

40

45

50

60

FridTRa EXTENCED VERSION &,90

$IBFYC dBaTle LECK
SUBRQUYINE 4IL00OP

03/14,70 0}

DIMENSTON WR(30) 4NV (30) 42150417 yND(51)9A(14000) sNS(31) \NDA (3]
1550101 9R{S099) 4 X151 90T (30) 1 FMT (261 o ISF(30) sRA(10} 93T (17) sNW(S0) »
zNRx(3ﬁ)-SC(blw.Tvtlnzsnsctal)ou|31)oNG¢301-NDG(18)-TT(12a.NAD(31)|
IKNT(30) 4R (LT JKN(30) 9ON(30) yNU(1T)4C(20) NT (30)

CDMMON/uamKINRgNVoIToND-AQNS;NDAOSS'R'XOT!FMToZ'ISFtRAoNRKgSCoIAt
1IB-IN!1MvﬂCoLMgPZvNFONF‘OKNT!NONPONY!KH?vNSETINOBINCP|MSCONGXDDFO
Uy TYINXSsNG o NVR IS, TEoNYTy TTyNADSNDGyNOCoNT oNTIF o ZERO RN . GN N

ANYYeNVSsLAYNW L MA

C
Cc
B8n lSanNPens]

JEBND{1S)
1E=Jg
JT=NPDA([w)
DUysysD(IM)
IF(RC+2) 40,644,229

c

c

CNOT LAST SET

C

45 DO 285 I=1S5.1E
JEnIel
IF(IS«IE) 11si0sli
CFIRST OF Onp
lg L=1M
GO To 1
1y IF(imlg)} [34s13413
CFIRST OF MOME TrAN ONE

12 L=l
Gu TQ 186
13 IF(Ll=]E) 13414415
CLAST
14 LelR
LD 10 &
CMIONLE
ls L=}]h
60 TO 1A
C
c

CROWs N SET

la LO 1T U=JSHIE
IJL=XANF (T oJeNAD (L))
TILeXAnF (TeleNAD(L))
Bua (TJL)/Z7A0TIIL)
CCOLIMNS IN SET
DO 23 KaJdaJE
JEXBRXANF (JOKINAU(IR)Y )
JKL=EXANF (JeKeNAD (L))
IKLeXAnF {l+XsnAD (L))
23 A{JRB) A (JKL) =P#A(TKL)
CCOLIMNS NOT 1w SET
DO 17 K=JT NP
JEKB=XanF (JyKeNAU(IB))
JELEXANF { JeK e NAD (L))
IKLmXAnF (ToKeNAD (L))
17 A{JKB) aA (URL) wR#A [Tkl )

89

1 XAnF(I.JoNNllNN—(IND-IOIl'(NP-I)l{E'(NPle



SUBROUTINE MI_OOPR FORTRUN EXTENDED VERSION 2,0

c
CROWS NOT IN SET
c
1a U0 22 JUmJT.nP
65 TJL=XANF (TodeNAL (L))
IILaXanF (el oeNAD(LY)
Biﬂ(IJL)/nlIlLi
IF(KC+2) 26,24,76
CNOT NEXT TO LAST SET 200 ALL COLUMNS

70 26 KSeJd
GO0 To 21 _
CNEXT TO LAST SET.PREPARE TQ SKIP TO YS
26 KS=NYTY
C
75 CTEST FOR MORE X%
KEmND (1)

IF(KEwnP) 19428,19
CCOLUMNS IN nMEXT SET
l9 VO 20 KmJsKE
80 JKBEXANF (JeK s NAD (IB))
' JEKLEXADF (JoK o NAD (L))
_ IKL=XARF {[oR s NAD (L))
20 A{JURB)3A (JKL)=R*A(TKl)
CCOLUMNS UF ¥YS QOF ALL COLUMNS
8% 21 LO 22 pakSNP
JKBRXANF (JoKeNAD(LIR))
JKLWXANF (JeKaNAD (L))
IKLaXanF (ToKoNAD (L)}
22 ALURA)sAJKL)=R*A(TIXL)

90 CCOMPUTE UETERMINANTS
29 DIIb)=sn{IB)*A(TIL) /eC(])
GO 10 55
c
_ c
95 CLAST SEY
c

29 L0 »g I=3ls.1¢
CTEST FUR LASTY X oF SET
IF(IwlEy 30+33,430

100 C
CROws GOF AS
C
31 JS=]le+])
V0 3¢ yzJuS,1E
109 . [IJMBXANF { Lo JoaNAD(IM)}

IIMaXanF (IsoNAD (IM))
BeA(TJ) /AT Ti4)
CCOLI'MNS UF X5
00 31 k=JdelE
110 JKMEXANF (J'KeNAD (IM))
IKMaXAnRF (T e aeNAD (IM))
31 A(UKMImA (JKM) =BWA [ IKM)
CCOLIIMNS OF v¥S
DO 42 waNYT NP
115 JKMEXAnF {JeKeNAD (IM) )
IKMaXANF (T oK pNAD (IM} )
3z A(Jﬁﬂluﬂ(JKM)-B*A(TKM)

CROHQ AND COLUMNS OF vS
120

03/14,70

*01



SUBHOUTINE MILOOP  FORTRAN EXTENDED VERSION 240

125

130

135

1640

145

33 V0 37 JsNYT NP

1IMEXANF {TeleNAD(1M))
BeA(IJMIZA(TLIM)
IF(TmlS) 35,364,135
CFIRST X YS aBUVE

34 LaIm
G0 To 36
CNOQT FIRST X9YS HELOW
3% L=tp

36 DO 37 kwJenP
JKBuXANF (JeKeNAD(IB))
JRLEXADF (JsKoNAD (L))
IKMuXARF (D oKaNAD(IM))
37 A(JAR) wA (JKL) =B#A (IKM)
CCOMPUTE ULETERMINANT
c S0 UrldyaD(lo)eA(1IM) SC(I)
c
CR SoUKRES
c
5 [0 60 LENYT.NP
LLesXADR (Lel.eNAD(IB))
KeEl_=NYT el
69 RILAsKs]) ™), 0=a(LL)s85(K)
RETYRN
END

91

TaM=sXAnF ([9JYNAD (1M) )

03/14/70
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[r}=]

10

15

20

25

30

as

40

45

S0

55

60

'FORTRAN EXTENDED VERSION 2,0 03/14/70 Ty

S18FTC BATYS  DECK

SUBRQUTINE MPRINT

OIMENBION MR(30) NV (30)+Z(50917) oND(51)+A(14000)9sNS{31)NDA(3]))
1sszxot,ntsn,9:.xtsn\-Ttsoz.rnrcas».Isrtsoioﬁ“lobnt’txvl-Nucsoa.
ENRX (30 9SCOL)oTY(1n) oMSC(A1) 931y NG (30)eNDG(18) - T(12) +NAD(31) s
IKNT(30) oNK (1T ,RN(3n) 9 GN{30)4NO(17)4C(20) sNT (30)

COMMON/ZRANK /NRyHVI TTINDYAINSINDA+SSoR e X o ToFMT e 29 ISFIRAINRNySCrIAY
LIByINS JMaRL oL MePZeNFoaNFAIKNTININPoNY ) KRToNSET e NOBoNCPaMSCoNSX o DF »
20, TYNXS, NG ,NVR, IS, 1E,NYT, TT,NAo,NnG NO,CoNT,NIF, 26RO RN 6N, NK,
INYYINVSILA YNNI MA

DATA BLANK/LIH /

c
CPRINT TITLE A%L COLUMN HeADINGS

WRITELRe2) ITT{I)elmyol2)

FORMAT (1HL12A6)

WRITE(6eBUL) (TY{JT) ,,dTmlyNY)

FORMAT (25HGREGRESSToN SCREEN OUTPUT/66H CUEFFICIENTS OF COLINEARIT
1y anp uETtRwINATION/IEBK-EBH IDENTIFICATION OF VARIABLES+20.is8NC O
2F Co2X o 8A85)

TERMINAL INDICES

IT1sIT (1}
IT2a1T¢2)

C1T3=1T¢3)

ITea]Y (4}
[ToxlT(9)
ItestT (&)
IT7alT (7}
ITealT (#)
IT9=]T¢(9)
ITi0=ET(20)
ITilaIT(ID)
ITiZ2al71(12)
1T13eliv(ld)
ITiemIT(14)
IT198iT1(1%)
ITlemIT(16)
[T1l7el7(17)

CCOMPUTE STORAGE ALDRESSES

NDG (1) aNF #NY YwNY
DO 3 I=leLm
NOG(I+]1)=mNUG (L) +NO(T)aNYY

CRELNAD TAPE

c
1
2
50)
c
CSET
c
c
C
3
C
C
¥
&
5
6

READ(})LD

IF (LBwS9) 44840
k&AD(I}{Mw(Il|(P(LcM)OM'IINYY)'LIIvLB’
VO & Lelsln

Jenw i)+l
KeNDG(J)

DO 5 MmigNYY
A(k)mR(LyM)

KaK+]
NDG(J) aNDG {J) mNYY
GO TO 7

92



SUBROUUTINE

65

T0

75

80

a5

']y

95

100

1095

110

120

MPRINT  FORTRAN EXTENDED VERSION 2,0
c .
CINITIALIZE FOR RLOCK PRINT
[
o KA=
Kbu
KDel
Lsl
IFINF) 99la,5
c
CLABEL FIXED SeTS
C
g KDmQ
U0 12 y1alynr
MujTe]
DO 10 ym)lem
lo Z{lsJteBLANK
DO 11 umlsl
Kams

11 Z(IyximT( )
c
PO 12 JgmlaenyY
nAmKA®)
12 R(Tod)mA(KA)

c
CREIMDEX LABELS
la W{1)mBLANK
Do 13 1=1ly1uxS
JET NP
13 D1+ =T ()

C

CIVENTIFICATION LOUR

C
DO «0 I17=1+1T717
IS1emI)17e¢MSC(TI17)+)
00 41 I19=1S16,1T1%
IS1oel16+4MSC{11A)+)
DO 42 115=i51R,ITls
IS1498] 15%+M5C(]115) +1
D0 43 [142]51a,1T14
IS13mI14erSC(T14) 41
L0 &8 113=2§813,1713
IS]2ml13+M5C(T13)+1
WO 46 112=21512,1T12
ISHim]12+M5C(112) e}
DO 47 Til=sislivIT1)
IS10wIllemMscigll)+]
DO 48 1l0amjsin,ITin
I1SS9=T0em3C(Iln)el
DO 49 ) 9m[S9,1Ty
1SAaII4MSC(T19) ¢
U0 S0 I8mISH,ITH
IST=[84MSC(18) &}
DO ) 1T=lSTeIT?
IStaIT msC (1741
DO 92 16=(S64]IT6
IS5aI6+MSCITIO) 4]
L0 53 I9=1S5,175
I1S4mISeMSCIIS) a1
LD B4 14sIS4,IT4
1S3814.m5C(14)4)

33

03/14%/70



SURROUTINE

125

130

135

140

150

155

160

165

170

175

180

MPRINT  FOKTRAN EXTENDED VERSION 2,0 03/14s70

35
N

ls

WO 8BS [4=IS3eIT3

I1S2u]3+4MSC(T3) ¢!
00 56 1¢=lS2,]T2
IS1ml2+M5C(12) )
00 2l plarslyprl
IF{ilel} 1h,30,16
IF(NF) 31,2143)
LeNF

G0 1o 290

LeLe)

K8wK@el

C
CLABELS
c

ZiLslimid(ILT)
2Z{L12)mD(1])6)
Z{L+3)a0(I115)
ZiLs&)mul])a)
FAIRLIP IR O N
ZiLo)mO(I12)
ZiLsD)wid(I11)
2(Ly8lenlil0)
Z(Le9}aDI(ID)
2L )=D{IR)

CZLel =0T

€ .
CLOAD
C

23

Z{Le22)ml(In)
ZiLel)mb(Is)
ZiLel4)301{14)
ZiLv]1B)=D(]IY)
ZiL+16)aD ()1 2)
ZiLslTymu(I1)

PRINT BLOCK
00 23 [=laNYY

KAuhAe]
R{LeI)mA(KA)

c
CPRINT FuLl, sLUCK
c

ez
24

25
20
61
62
&3
64
65
66
67

éa

IF (KB=NO(KD)) Pée26,24

IFtL=80) 21420,21

KBu

GO TO (6196296316445 160467T968) gNY

WRITECO 71} (KD o (Z(KaM) oM@l o170 fRIKOMA} sMARLONYY) oK@ 1,y )
60 TO &9 _

WRITE(oeT2) tKDy (ZAK M} yMRL417) 9 (RIKoMA) sMAR] oNYY ) pK®],L )
GO 10 &9

WRITE(B973) (KDs (ZIKoM)oMBL 9171 0 (RIKIMA) sMAM]L sNYY) sKB] 4L )
GO TO 69
*RITE§6v7“)(KDitZ(Kq"}lMl1017)v(R(KOMAlt"‘lloNYYl'K'IpL)
GO TD &9

WRITEL675) (KDy (Z(KyM) oMRLy17) 0 (RIKIMA) sMARLINYY ) oKBY L)
GO TO 69 .
WRIFETA2TO) (KDp{Z(KoM)9MBLg1T) s (R(IKeMA) oMAR] 4 NYY ) sk 4L)
G0 TO 69

WRITE{6r77) (KDs (Z(K M) MBLlgl7) s (RIKeMA) gMAS] yNYY) oK®],L )
60 TO &%

WRITE(GyTH) (KDy (Z{KoM) oMmlygLlT)y (R{KoIMA) yMARL JNYY )} sK®] L)
80 TO 69

9k

*0]}



SURROUTINE MPRINT 'FQRTRQN ExTENngD_VERSfON 240

185

190

198

200

205

-10

215

h

12
73

T4
Tg
Ta
17

L]
69

2s

-39
21
Se
5%
="
Sa

FORMAT

FORMAT
FORMAT
FORMAT
FOrMAT
FORMAT
FORMAT
FORMAT
L=0

(139174442%F%9.2 Fe,3)

(I3+178692XP92102F603)
(13,175¢,21F_9.213F6.3)
(134174092XF942+4F6,.3)
(L3901 TAG2XF9e2¢5F6,.3)
(13,1784,2xE9.240F6,3)
(13417069 2XE9¢20TF6,3)
{1391 T0492XE9208F60e3)

IF(KB) 2l+2842]

KDsXDe*]

WRITE (8439)
FORMAT (1n)

CONT INUE
CONTEMYE
CONT INnyE
CONTINUE
CONTENUE

- CONTINUE

CONTINUE
CONTINUE
CONT INUE
CONTINUE
CONTINGE
CONTINUGE
CONT INUE
CONTINUE
COnTINUE

- CONT INGE

CONTINUE

CPRINT OVERALL R SQUARES
c

415 FORMAT (1HD

41A

IF (NXS=lM) 416sa18,410
414 NIanySeiY

NRITE(bl4lb)NIoDFOCQA(I)'IIIGNY|
220X¢4H ALL+13e22H INDEPENDENT VQRIA8L£S¢23XQE9n2gBF6.3}

RETURN
END

95

03/14/79

*0]



D&

10

15

20

25

30

35

40

45

50

58

60

SIBFT

c
CREAND
c

Al

205
206

i1
1
200
57
ta
1

c
CSeT
C

27

213
203
24
2s
216

2164

27
201

c
CSET
c
24
29
3p

31
202
¢
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FORTRAN EXTENDED VERSION 2,0 03714770 91

C BATls  uUECK

SUBRQUTINE RDMNT

DIMENSTON NR(30) oNV (30)9Z(50917) -ND¢51).A(14000).NSi311.Nb&g!;:-
ISS{LO)YsR(50+9) o XSO o T(I0) +FMT(26) o ISF (30} osRA{10)sIT(LT) oNW(BD) »
ENRXGSO)99C(51)qTY(ln)UMSCK3IDaDt31)oNG{3UIoNUthO!,TT{I!I.NAD(3]I|
IKNT (30) oNK (LTI »RN(3IN) »GN(I0IaNO(17)eC (20 9NT (30)

DIMENS[ON GT(30)+TQ¢8)

COMMDN/BANKINR.NVoIT!ND|A|NStNDAvSSlﬂ-i.TvFMT|ZolSFcRAgNRKoSClIAe
1IBaINs IMIKCoLMePZINFaNFAsKNT¢NgNPINY o KRToNSET ¢NOBsNCP g MSCoNGX ¢ DF ¢
ZDaTYpNUASoNGoNVRe IS TEsNYT s TTyNADoNDG NN oCoINT4NIF o ZERO RN 9 BN ¢ NK ,
INYYoNVS LA NN L MA

VDATA BLANK/1H /

DATAQT /4n LadH 2r4H LY 4 4H LT Y Sy bH Ts4H 8,4H
1 9edH  lOsaH 11lesw 12e8%H 13,4H JosaH 1S¢aH 184K 17,64 18
2e4H  19y4r 20.4H 21e0H 2244 2398H 28,6H 2894H  26,4H 27 ,4H
3 28Be%M 2994W 30/

DATATR/4H Ylo4H YDabH 73o4H Yo, 0H YSe8H vé,4H YT,4M Y8,

XAUF(I,JvNNIBNN-((NP-I#I!*(NP-I))Ia-(NP—Jl

TITLE»CONSTANTS

PZel

READ (5+20S){TT(I)eyr8Lle12}

FORMAT (l2a6)

WRTITE(6920R) {TT(E}s1=ml,yl2)

FORMAT (1H1s1246)

DATAZERO/1n #

DO 11 t=l.20

CLI)aB AN

REAU (59200)NYF oNRF (NGF oNIF ¢ NFF yNUB y NXS g NY o NF o LMo NVR y NTRAN
FORMAT (511915+5110,12)

IF(nNY] 1991Ry19
NYsl
NSETENF «[NXS

UR READ SET LAHELS

READIB U3 (FMTIL)aTE]412)
IF(NFF) 23,424,923
REAV(Dy203) (FmT (I)y1ml3r2s)
FORMAT (12A6)

IF(NTF) 27:20,27

D0 216y I=),.30

T{1)wdT (I}

PO 21lp]l [=l.8

TY(l)eTO ()

Go Ty 28

READ (592011 (T(T) o Luy1 oNSET) o (TY(I)0oImlenY)
FORMAT (1BAG4 /1 BAG)

OR READ SET SIZES

IF(NRF)Y 314+729.3)
DO 30 I=1eNSET
NRX (L)nl

60 TO 32

READ(E.EOE!(“RX(I)-!!I NSET)
FORMAT (3612

UR READ GROUP SIZES
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SUBROUTINE ROMNT

65

10

75

Ad

85

90

95

100

105

110

115

120

c
32
T4

75

T4

207
54

6
¢

IF(NGF) 76,744,716

NGXSNXS

GO I8 IxlongX

nGily=)

GO Ip S%

READ (5,20 7)NGK, (NG (1) 9 1u1oNXS)
FORMAY (3612)

IF (LM) 8lek,81

LM=nGEX

CSUM SETSs BY GRuUP anp Xs BY SET

81

7

“T

C
CCOMPUTE NUMgER UF REGRESSIONS,LO0GICAL PRODUCTS OR BINOMIAL COEFF

To
v
T

c

MXY=(Q

DO 7T 1=1l.nGX
MXYIMAXYenG (1)
NVS=NY

DO 47 I1=isnMSET
MVSINVSeNHX(])
NPeNVS+ )

IF (NVHY Tle70e71

NVRENVS
REGKS0e (s

RGTINGA~]
IF(NGF) 72.90,72

CSUM LUGICAL PRUDICTS FUR GROUPS
C

FoRTRAN EXTENNED VERSION 2,0

- 03/14470

CINITLALIZE aNOD COMPUTE MIMHER OF REGRESSIONS WITM SINGLE X

72

T3]

DO 5N I=zlenGX
GN{I)=nuGi(1)
RN(1)®mgN(I)
ROGK=RGK eRN ([ )
NT({I)s]
ANT{I) =V

CCOUNTER LOOP

3
30

41

191

J=

DO &9 t=JeniaT
TF(RNT (1)) 404l 440
KNT(l)m]

G0 10 42

KNT(T)an

GO To 9n

INBNGK=]

IM=IN*Y

FOrR LImIT

KCeNT (M) =L
LF(RC) 1934214193
COUNTER

Je1

GO To 39

DO 9] IalmMynGx
RN{I)BRNIINY®GN(]T)
RGK=RGK+RN (1)
NT(IYSNT(IN) ¢}

GO o 38

97
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SUBRUUTINE ROmMNT FORTRaN ExTENDED VERSION 2,0 03714278 .0l

CsUM SINNMEar COFEFF FOR SFITS
C
90 WO 95 IslslM™
E=nkSs
125 Fale¢
Gml.0
DO w& g=l,1
GuGYE/F
Ewmi=~l.0
130 94 FaFelan
95 ROGKARGK+G

c
CTEST CONTROL CUNSTANTS

135 IR XPmilY+}]
XPP=14000,/XP
DATA 4QRQQ/lrey
1F (NGKXFP) 95,96997
97 C{13)=0Q00uQ
140 PZel
9e CALL CTYEST(NTF0s1.1)
CALL CTEST(NRF+09le2)
CALL CTEST(NGF40sl,3)
CALL CTESTINIFsQOs10le)
145 CALL CTEST(NOB,64,9999%,15)
CALL CTEST(NXS5,293n,4)
CALL CTEST(NFFs0Osles)
CALL CTESTI(NYsleBae)
CALL CTEST(NFyUelTeT)
150 CALL CYEST(NSET+223nel6])
CALL CTEST(LMy2917,.8)
CALL CTEST (NGR,LMsN¥Sy10)
CALL CTESTI(NVRs04Sn,11)
CapL CTESTINVS,0950,.9)

155 CALL CTEST (MXYJNXSyNXS5y12)
C
COPRINT CONTROL INFORMATION
o

WRITE(oslul)C (1) eNTF
160 101 FORMAT (»oHUCONSTANTS READ OR COMPUTED FROM CONTROL CARDS//1H 2AlI
19saeH=3nTE (LABEL CaoD FLAG,MUST HE ZERn QR ONE))
wRITE(~s102)C(2) oNPF
102 FURMAT (1 »AlsI9+40HRNRF (SET CARD FLAG.MUST BE ZERO QR ONE))
WRITE(6s12D1C(3) sNGF
165 12 FOPMAT (1t sAls19¢42HeNGF (GROUFP CARD FLAGIMUST BE ZERD OR ONE})
WRITE(®s124)C14)sMIF
124 FORMAT(1H WAl,19s4]M=NIF (INTERCEPT FLAGyMUST BE ZERO OR ONE))
WRITEIHs109)C(S) «NFF
108 FORMAT(1H 3A1,T19+43W=NFF (FORMAT CARD FLAG.MUST BE ZERO OR ONE))
170 WRITE (62 1031C(15) s NnB
103 FORMAT (LR +4l,19y564eN0B (NUMBER OF OBSERVATIONS+MUSY BE GREATER T
lMAN THREE))
WRITE (62104)1C(4)ynXS
104 FORMAT(IH +A1lsI9+98H8NXS (NUMBER OF SETS OF INDEPENDENT VARIABLES
179 INUT FIXEU,MUST BE GREATER THAN ONE AND LESS THAN 31))
WRITEtoslUB}ICLH) ¢NY
1Up FORMAT (1N A6lpI9+89HeNY (NUMBER UF DEPENDENT VARIABLESsMUST BE LE
155 TmAN NINED)
WRITE(69127)C(7) sNF
180 107 FORMAT (1M Aly19y TIHENF  (NUMBER OF SETS OF FIXED INDEPENDENT VARI



SURROUTINE ROMNWY FORTRaN EXTENDED VERSION 2,0 03/14/70 e

188

1990

195

200

205

210

215

22%

230

735

C

1ABLESoMIIST BE LESS THAN 18))
WRITE(Res150)C(16)engET

150 FORMAT (X sAls199101H=NSET(TOTAL NUMBER OF SETS OF INDEPENDENT VAR

1IARLES (NF +WXSyMUST abt GREATER THAN ONE aAND LESS THAN 31))
HRITE (6910B)1C{B) slLM ,

108 FORMAT (1N AleI9s1l4mmiM  (LAHGEST NUMBER OF SEYS NOT FIXEQ TO Qf 1
INCLUDED 1w aNy REGRFSSION,MUST Be GREATER THAN ONE ANp LESS THAN 1
28))

WRITE (0s116)3C(10) ongX

114 FORMAT (1H A1419o89nsNGX. (NUMBER OF GRNUPSMUST BE EQUAL To OR ORE

1ATER THAN | M AND LESS THAN OR EQUAL TO NXS))
WRITE{6eL110)C(11) oNVR

11p FORMAY (iM Al1919,76HuNVR (TOTAL NUMBER OF VARIABLES BEFORE TRANSFOR

IMATIONS¢MUST Be LESS THAN 51)) .
. WRITE(6+10%)C(9)eNve

109 FORMAT (1M AlsI19+75HaNVS (TQTAL NUMBRER OF VARIABLES AFTER TRANSFORM

1ATTONS ,mUST BE LESS THAN %1))
WRITE (69 le2) RBK
122 FORMAT (IR y1XeF9.0,49H=REK (NUMBER OF REGRESSIONSsMUST BE LESS THA
IN 194000 DIVIDED BY NYel}))
WRITElaslle)

114 FORMAT(13H0OINPUY FORMAT)
WRITE (/ellS) (FMT(I),Ix]412)

11s FORMAT (1M 12As)
WRITE(os 123 (TY(I)oTmleNY)

123 FORMAT (2£M0DEPENDENT VARIABLE (S)/1H »844)
WRITE (591111

11y FORMAT (43H0SET LARFLS AND NUMBER oOF VARIABLES PER SET)
WRITE(6s112V(T (L) sTalsNSET)

112 FORMAT (1M 30A4)
SRITE(69113) (NRX(]) Im)1aNSET)

113 FORMAT(IH 3nla)

’ WRITE(eaell9)Cr12 e (NG(I}elmloNGX)

llg FORMAT (SOHMNNUMBER nF SETS PER GROUP,SUM MUST BE EQUAL TO NXS/1H A
1191342910}

IF(PLY BOetleaD

CPRINT CUNTROL CaND FRROpR

&n WHITE(Re11T7)
117 FORMAT (S5HOCONTROL CAKD ERROR.CHECK PREVIOUS QUTPUT FOR ASTERISKS)
GO T w4 i

C
C7ERN MATRIX

c

6] R=g
DO 292 1alenp
O 62 jalsnpP
Kak+]

&» "“(K”OQU

CoAaTA INPUTARND OUTPUT OF MATRIX

64 CALL DATALIN (AysXsFMTINQOBINVRINVS)PZANTRAN)
IF(PZ) 4byab445

46 CALL MATUUT (A NVS NYsTsTY,TT)

45 RETURN
END
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FORTRaq EXTENDFD VERSION 2,0 0371470

FIHFTC BAT]Y LHECK
SURROUTINE TROUS (X}
DIMENSTON A(TS)
WHITE (bel)
1 FORMAT LigHppuMMY SUHRRQUTINE TROBS HAS HEEN CALLED.)
RE TURN
END

100

*91



FORIRAn EXTENDFU VERSION 2,0 0371%/70 oL

$IHFTC BaTlY UECK
SURKQUTINE DATAIN  (AsXeFMTaNOBoNVRINVS PZoNTRAN)
DIMENSTUN 28(14000) 4% (90) oFMT (2%}
COMAUN /BANK /DUMMY y Ny
0% CDF‘E.‘ION/LI/UONE
DIMENSTH YTOT(8) ,YSOTOT (8) +DUMMY (15THRG)
INTEGEK UVUNE ,whaR
FHOBaNDR
1F {PZ] 20!501,20
10 501 IF (NTwAM) 502.20+8n2
20 WRITE(R,])
1 FORMAT (36rMnLISTING OF FIRST THREE "SETS OF DATA)

NPzVSel
JUENVR=nY
15 D 101 1al,8
YSUQTOT (L) =N,
101 YTGT{[1=i,.0
UO 9 Lalenun
C
20 CREAN DATA
C
READ (G FMT) (X(T)elmy eNyR)
00 107 JJdJ=1any
JKzJde JdJ
25 , YSATUY (UJJ) sYSQATOT (JUd) + X (JK) #X (JK)
102 YTOT(JJ) aYTLT () + X {JK)

CSKRIP MATRIX Aniz TRANSFORMATION AFTER CUNTRO|L CAKD ERROR
[F (PZ) See45
? IF(L=3)bylralé
10 CPRILT dEapInG Fuw LLAST ST OF waTA
12 wRITE(nyL )
I3 FOWMAT (2BHULISTING nF LAST SET OF DATA/100H IF MISSINGyPROGRAM HAS
1 READ pAST DATA CARNS=CHECK NUMBER OF NHSERVAT[ONS,FORMAT CARD AND
2 Dala (ARDS)
35 VATA wMAH/4RDONE /
Ja LF(L=NR)} 746,47
CPRINE FIRST Treer aNp LasT SETS OF VATA
A PRITE(~9y)
a FORMAT (1M )
40 WRTITE(#9b) (X(])elzl,NVS)
A FORWAT {In LBE1R,T7)
C
CCOMPUTE MOMENTS
C
s T AlY)=A(Y)}+) 0
DO Ko 4P
1 A(R) =B (K) + X (Kau])
L%
DO & [e7oN¢
& vl 4 JxeTenNP
K=Kl
4 P{RIBA(K)SX(Im)) WX =]}
& COUnMTINDE
GU 10 5oy
55 502 CALL THNSX(XsNVRINVEIFMTyNTRANSNOBoA2YTOTeYSQTNAT)
0w U0 490 I=ly:5Y
490 YSOTaT(I)=YSETOT (1) =YTOT(L)#YTOT (1) ZFNOB
WRITE (593001 (1,YSQTINT (1) ylmleNT)
. 3ug FORMAT (1R] «5X 4 24HENRRECTED SUM OF SQUARES/(/10X+1HY 1] 91 HesELS,T)
m !
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SURKOUTINE DATAIN FGRIaN EXTENDFD VERSIUN 2,0 03/14,70 *01

c :
C === (HECK FUR LONE OUR onlT CARD
c
in REAUV(S+204)N0ONE
65 204 FORMAT (A%)
IF {UONF ER WMAR,OR  nUNEJE@ , 4HGUIT) 6O To 44
43 IF(PZ) lUellell
11 wWRITE(bell#)
115 PORMAT (10L~0DONE CARD NOT FOUND A1 END OF DATA,CHECK NUMBER OF 0BS
70 JERVATIONSsFORMAT CacDsDATA CARDSAND DNNE CARD)
PZs=-]
6o Ta 10
44 HETURN
£ Ni)
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ns

10

15

20

25

39

35

40

45

59

55

&40

FORTRAN EXTENDFD VEKSION 2,0 03714770 '

SIBFTC BAT1Y VECK

101
[A]

I

1,

lqg

lg

L7
la
13
-
21
e»
23
24
25
26

27

SURPRDUT INE TRNSX (K gNVRINVS o FMT aNTHANSNOB A, YTOT»YSQTOT)
COMMODN /BANK /DUMMY g NY

DIMENSTION A(14000)e¥(50) oFMT (24)
UIMENSTON TFORMIS0) 4TA(50)4IB(50) vCONS (50} 90 (50)
DIVENSION YTOT (6) o vSUTOT (H) yDUMMY (15768)

0 & La]snTRAN

REAL (5’4)IF0RMIID-tAlIlclB(I}nCONSlI)
FORMAT (3124F8,.8)

MIx}

NPanVSe ]

JJENYSaNY

YSHTOT (1) =.0,0

YTOT(I)ymita0)

LU 105 LIxleNOR

READ (SeFHT) (X(I)elml eNVR)

UQ 9 Jalynvi

LEJ)=X ()}

LO 30 T=2lsnNTRAN

LTRAN®IFORM (I ;

META(L

L=18(])

K=CUNS (I '
Goclu :1i,12.13.14.15.16.17.18.19.20.21.22.23'2~.25-26.27.281'Irm
iN

A‘M].X(LJ

60 TO 30

Xivm)mConSIiT)®x (L)

GO0 TO 30

AlMleX(L)+CUNS(T)

GU TO 30

Xiv)mX (L)+X (K)

GO TGO Ju

Alri)mX (L) #X (K}

Gu TO 39

) mX L)Y /X(K)

GO 10 30

X{«)ml, /Z8(L)

LD 1Y 30

K(m)ImX(L)®*RCONS{])

GnD TO 30

A{MImALOG (X (L))

Lo TO 30

i) eExP (X (L))

G TO 30

X{MIaALOG(X (L)Y *, 47429468

GO To 30

Ai(m)aDL)

GO TO 39

K(M)mBIn (x{L))

6N TO af

K(1=Cus (X (L))

Go 10 30

X)X (L) /CONS ()

O To 3¢

XiM)mAwS (X (L))

GO T 30

CALL TrOBS(xX)

L0 TO 30

103



SUBROUTINE

65

70

75

ag

BS

99

35

TRuSX  FORTRAN EXTENDED VERSION 2.0 0371470 *0)

28 X(M)wK (L) ~X (K}
30 CONTEINUE

60 TO" (319114} 4MI
31 WRITEALG32) (D(T)9In)sNVR) _
32 FORMAT (32RoFIRST UNTRANSFORMED OBSERVATION/ (1X,9E14,7))
WRITE{6e33) (X{1)sluw]rNVS}
33_FORMAT {30HOFIRST TRANSFORMED OBSERVATION/(1X+9E14,.T))
CPRINTHEAUING FOR LAST SET OF DATA
WRITE (69113}

113 FORMAT (2BHOLISTING OF LAST SET OF DATA/100H IF MISSINGsPROGRAM HA
15 PEAD PAST DATA CARDS=CHECK NUMBER OF 0D8SERVATIONS,FORMAT CARD AN
2D DATA CARUS) :

nied
1ls IF{QI-N03’107,105'107
CPRINTLAST SET UF DATA
106 WRITE(H2LOSY(D(I)+In]lyNVR) -
109 FORMAT (144 UNTRANSFORMED/ (1X49€14,7))
WRITELAW108) (X(1)sTal sNVS)
10a FORMAT (]12H TRANSFORMED/{1Xs9E]14.7))
c .
CCOMPUTE MOMENTS
c

107 DO Je2 JJJ=ieNY

JKz Jde gdy

) YSu?DT(JJJ):YSOTOT(JJJ}#K(JKI&X(JK)

107 YTOT(JITI =Y TOT (JJJ) + X (UK}

A{llgA(l)+]1,0

L0 103 Klz2,NP
103 AfRIImA(KI}aX(KIw])

KI=npP ’

Ul 1gé IIm2.NP

DO 104 UIsI[ong

KlanIe]
104 A(KII®A{KL)+X(TI=1)aX(Jlm])
105 CONTINUE

RETURN

END
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INPUT DECK FOR SAMPLE RUN OF SCREEN

TEST RUN OF SCREEN

1 15 2
(F4.1,2(F5.1)41X4F3.0)
CPAMBSA POUD

0202022.0
03010102

010203

010304

20.8 22.1 0.4 147
25.1 17.6 1.6 106
19.3 17.3 0.2 133
30.5 38.9 2.3 202
29.7 36.1 5.0 378
29.4 32.9 4.0 256
30.9 29.7 5.0 228
29.2 26.0 2.8 199
22.3 27.5 2.8 317
38.9 36.5 2.1 274
20.1 19.8 2.4 146
35.4 32.2 1.9 176
27.7 34.3 4.1 325
21.1 21.9 0.0 110
27.6 33.9 0.5 242
QuIT
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MATEXP

INTRODUCT I ON

MATEXP is a general purpose program for the solution of systems of
ordinary differentlal equations by the matrix exponential method. It
was written in 1967 by S. J. Ball and R. K. Adams for the IBM 7090 and has
been converted for use on both the NCAR and SCOPE systems of the CDC 6400
computer,

MATEXP has several advantages over standard numerical integration
routines. It gives virtually exact solutions to constant-coefficient
homogeneous equations and to non-homogeneous equations for which the forcing
functions are constant during the computation‘interval. The method
has also been extended to nonlinear equations and equations with time
varying coefficients. This use makes it particularily effective for systems
analysls in both the engineering and ecological areas. (it has also been very
effective when used to calculate the sensitivities of the time response of a

system to changes in parameter values.

METHOD OF OPERATION
A detalled explanation of the program operation is described in
ORNL-TM-1933 entitled MATEXP, a gemeral purpose digital computer program for
solving ordinary differential equations by the Matriz Expomential Method by
5. J. Ball and R. K. Adams. With reference to this article, only the types
of systems which the program is capable of solving will be mentioned here.
The most basic type of system is the linear, homogeneous system of the

type:
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where X is the column vector of state variables and A represents the matrix

of coefficients. |If the system is non~homogeneous but linear, it is expressed

as

dX
'a-t-SAX'I';,

where Z is the disturbance, or forcing function, vector. The methods of
operation are very similar for these two systems. However, if either the
coefficient matrix or the disturbance vector becomes nonlinear, the method
of solution is changed somewhat and a user supplied subroutine is required
which will recalculate the necessary coefficients, or forcing functions, at
each time interval. This subroutine is entitled DSTRB in the ORNL report.
An example of the nonlinear problem is shown in the program listing.
INPUT REQUIREMENTS

The MATEXP program consists of the main program and two subroutines
OUTPUT and DISTRB, plus any other subroutines called by DISTRB. Even if
DISTRB is not used, a dummy must be inciuded.

For each case run on MATEXP, the data will include (if appropriate):

1. MATEXP Control Card

2. Coefficient matrix (A)

3. Initial Condition Vector (XIC)

L. Any data read In by subroutine DISTRB

5. Flxed forcing function vector (z).
Input Data Formats - MATEXP Main Program

1. Control Card

Column -2 6-7 11-20 21-30 31-40 41-50 51-60
Format 12 3X 12 X Fi10.0 F10.0 F10.0 F10.0 F10.0
Input NE LL P TZERO T TMAX PLTINC

61-62
12

MATYES
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Controi Card - (continued)

Column  63-64 65-66 67-69 70 71-72 73-74 75-80

Format (2 12 13 " 12 12 F6.0
Input 1CSS JFLAG  ITMAX LASTCC N1z 1CONTR VAR
NE number of equations
LL coefficient matrix tag number
p precision of C and HP (recommend 10-6 or less).
TZERO zero time |
T computation time interval
TMAX maximum time

PLTINC printing time interval

HATYES coefficient matrix (A) control flag:
| = use previous A and T |
2 = read new coefficients to alter A

= read entire new A (nonzero values)

DISTRB to calculate entire new A

v -+ w
[}

= read some, DISTRB to calculate others
6 = IDSTRB to alter some A elements
IcsS initial condition vector (XIC) flag:
| = read in all new nonzero values
2 = read new values to alter previous vector
3 = use previous vector
4 = vector = 0
5 = use last value of X vector from previous run
JFLAG forcing function (Z) flag: .
! thru 4 = same as for I1CSS for constant Z

5 = call DISTRB at each time step for variable 2
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I TMAX maximum number of terms in series approximation of exp (AT)
LASTCC nonzero for last case (blank otherwise).

1z row of Z If only one nonzero, otherwise = 0

ICONTR for internal control options:

0 = read new control card for next case
1 = go tc 212 call DISTRB for new A or T
-1 = go to 215 cail DISTRB for new initial conditions
VAR maximum allowable value of largest coefficient matrix element

*T (Recommend VAR = 1.0)

2. Coefficient Matrix A Format 4(213, E12.3) - Include if MATYES = 2, 3, or 5.

Column  1-3 b4-¢ © 7-18
Format i3 13 E12.3 - Repeat
Input Row No. Col. No. COEFFICIENT 4 per card
Notes: 1. All row and column number entries on a card must

be nonzero.

2. Insert blank card after all coefficient matrix
data Is read in.

3. Data can be entered in floating point (F) format
with decimal point.

3. Initial Condition Vector XiC Format (12, 5(13, £12.3)) - Include §f

ICSS =} or 2

Column - 1-2 - 3-% 6-17

Format 12 13 E12.3 Repeat Cols. 3-17,
Input MM Row No. I.C. Value 5 per card

Notes: 1. All row number'entries on a card must be nonzero.
2, Insert blank card after all XiC data is read in.

3. Data can be entered in F format.
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4, Disturbance Vector Z Format (12, 5(i3, E12.3)) - Include if JFLAG = | or 2

Column 1-2 3-5 6-17
Format 12 13 E12.3 Repeat Cols. 3-17,
Input KK Row No. Z Value - 5 per card

Note: See notes under 3.
To ald in understanding the MATEXP program, Fig, 1 summarizes the data

arrangement.

SAMPLE LISTING AND OUTPUT
The listing shown is the solution for a sample ecology problem with
nonl!near.coefficients_designed by B. C. Patten. A detailed description of

this model is also included with the ORNL report.
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MATRIX EXPONENTIAL PROGRAM FOR SYSTEMS OF DIF. E€QS.

PROGRAM MATEXP

C~----PROGRAM MATEXP FOR THE 7090 - FORTRAN 4
C _____
L THIS PROGRAM CALCULATES THE SOLUTION OF A MATRIX OF FIRST
L DRDERy SIMULTANEOUS DIFFERENTIAL EQUATIONS W/ CONSTANT COEFFICIENT
C—-——~ Of THE FORM DX/DT = AX + Z.
S ,
C—m=— THE METHOD IS PAYNTER-S MATRIX EXPONENTIAL METHOD
C _____
C————- THE SOLUTION IS GIVEN FOR INCREMENTS OF THE INDEPENDENT
Co—m— VARTIABLE (T} FROM TZERD THRQUGH TMAX .
C _____
o COMPUTES MATRICES € = EXP(A*T) AND
Commmm HP = {C—1}%A INVERSE
=== SOLUTION X(N%T)} = C#X((N-1)*T)+HP®*Z((N-1)%T)
C———== SERIES CALCULATION OF C AND HP MONITORED TO
pp—— ASSURE SPECIFIED SIGNIFICANCE.
" Ce———- IF T IS REDUCED FOR C AND HP CALCS.,
Cem—mr= ORIGINAL ARGUEMENTS ARE RESTORED BY -
Lo Cl2*TI=C(T)*C(T}
Lmmmee HP{2%T)=HP(TI+C{TI*HP(T)
Cm—-m ,
o NUTPUT FROM THE PROGRAM IS PRINTED AT INTERVALS PLTINC.
C--——- THE PROGRAM USES SUBROUTINES DISTRB AND OUTPUT
A .
{——m—- INPUT FOR THE PRUOGRAM CONSISTS OF
p— ONE CONTR{L CARD
(=== THE COEFFICIENT MATRIX A {UP TO &0 X 60)
Cmmmem THE INITILAL CONDITION VECTOR X
S A FIXED DISTURBANCE VECTOR 7
C _____
L—mmmm A VARYING 7 CAM BE GENERATED BY DISTRB
Cm—=-- VARIABLE COEFFICIEMT EOQUATINNS MAY BE SOLVED RY APPROPRIATE
C—~-— FUDGING OF THE DISTURBANCE FUNCTION SUBRUUTINE.
C _____
C-——mm CONTRDL CARD INPUT INFORMATINN
Cmmmmm NE=NO. OF FQUATIONS (12)
[P LL=COEFF. MATRIX TAG NO., {I2)
pppp— P=PRECISION NF C AND HP (F10.0) - RECOMMEND 1.0F-6 OR LESS
Cmemm—— TZERD=ZERN TIME (F10.0) .
Cmmwee T=COMPUTATION TIMF INTERVAL (F10.0)
oR—— TMAX=MAXIMUM TIME (F10.0)
(=== PLTINC=PRINTING TIME INTERVAL (F10.0)
P MATYES=COEFF. MATRIX {A) CONTROL FLAG (12)
Com—mm 1=USE PREVIGUS A AND ¥
R 2=READ NEW CNEFF.S TO ALTER A
C——--- 3=READ ENTIRE NFW A (NON-ZERO VALIES)
[oT— 4=DISTRR T0 CALC. ENTIRE NEW A
C~v=== 5=READ SOME, DISTRR T CALC. DTHERS
Crmm—= 6=0ISTRB 70O ALTER SOME A ELEMENTS
C-——=- ICSS=INITIAL CONDITION VECTOR (XIC) FLAG (12)
L= 1=READ IN ALL NEW NON-ZERO VALUES
 pT— 2=READ NEW VALUFS TD ALTER PREVIDUS VECTOR
C-—mm= 3=USE PREVIOQUS VECTOR
o 4=VECTOR=0
L= 5=USE LAST VALUE OF X VECTOR FROM PREVINUS RUN
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MATRIX EXPONENTIAL PROGRAM FOR SYSTEMS OF DIF. EQS. PAGE

Cmmmmm JFLAG=FORCING FUMCTION (2) FLAG (12)
C-——— 1 THRU 4=SAME AS FDOR ICSS FOR CONSTANT 2

[T 5=zCALL DISTRB AT EACH TIME STEP FOR VARIABLE 7
C——-—- ITMAX = MAX. ND. OF TCRMS IN SERIES APPRPX.

C-=—v- OF EXP(AT)., (I3)

Commmmm LASTCC = NON-ZFRO FOR 1 AST CASE (I1)

C-———- IlZ = ROW ND. OF 7 IF NNLY ONE NDN-ZERR,

[ — OTHERWISE =0 (12}

e ICONTR — FOR INTERNAL CONTROL OPTIDNS (12) -

Cmm——= O=READ NEW CONTROL CARD FDR NEXT CASE

 o— 1=60 TO 212 CALL DISTRB FOR NEW A DR T

C-—m=- -1=G0 TO 215 CALL DISTRB FOR NEW 1.(C.-S

C-v=——VAR = MAX. ALLOWABLE VALUE OF LARGEST COEFF, MATRIX ELEMENT #* T
c-—--- (RECOMMEND VAR=1.0) (F6.0)

C _____

DIMENSICON Al60,60)y C{60460), HP({60,60), OPT{60,60}, X(60), Yis0),
1 ZI(60), XIC(6U), TQP{&O)

c_——-...-

COMMON CoHPy A4 OPT Xy Zy Yy ITMAX JKK oL L oMMy JJFLAGXIC NI, TIME, TMAX,TZE

IROyNE, TOQP, T, 112, ICONTR,PLTINC {MATYES, 1CSS,JFLAG,PLT
c.............._
Cmmmom K=CASE NUMBER
[— NI=0 ON 1-ST PASS. SET TC 1 ON t-ST CALL NF DUTPUT.

K=1 :

NI=0
C...__...-
1 READ (5,94} NE,LLsP,TZFRO,T,TMAX,PLTINC,MATYES, ICSS,JFLAG, I TMAX, LA

1STCC, 112, 1CONTR, VAR

IF(NE.EQ.0) STOP
C _____
C——mmm COEFFICLENT MATRIX INPUT

GO TO (7944242,2,7), MATYES
2 DD 3 I=1,NE

DN 3 J=1,NE
3 Al{l,4)=0,0

IF (MATYES=-4) 4,7,4
4 DO 6 I=1,1379
== MATRIX ELEMENTS S{RUW, COLUMN, VALUE)
- ALL I AND J ENTRIES ON CARD MUST BE NON-ZERD.
— A BLANK CARD IS REOQUIRED AFTER ALL ELEMENTS ARE READ [N.

READ (5,95) Il;Jl.Dl.I?,JZ,D?.[3,J3.03.14,J4,D4
IF {I1) 74745

5 A(Il,J11=D1

AlT2442)=D2

a013,J3)=D3

————— ALL ROW (1) ENTRIES MUST BE NON-ZERO

————— A BLANK CARD IS REQUIRED AFTER ALL ELEMENTS ARE READ IN.
READ (5,96) HM.III.DIl.IlZ.DlZ'll3le3,Il~’ﬂDl4.IlS.DlS
IF LEL1) 15415411

6 AlL4,J04)=D4

C _____

Cmmm—m INITIAL CONDITION VECTOR XIC INPUT
7 GO TO (8,10415,13,15), ICSS

8 DO 9 1=1,NE

9 XIC(1)=0.0

10 D0 12 =1,15

C

c
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MATRIX EXPONENTIAL PROGRAM FOR SYSTEMS OF DIF. EQS. PAGE 3

11 XIC(I11ly=D11 4 111
XICiI12)=D12 A 1l2
XIC(I13)=D13 A 113
XIC{I[14)=D14 A lls

12 XIC({I15)=0D15 A 115

C——= A lLS

13 MM=0 A 117
DO 14 I=1,NE 4 118

14 XIC{I)=0,0 - A 119

15 IF (ICSS5-%5) 16,4,18,16 A 120

16 DO 1T I=14NE . A 121

17 X{I)=xXiC(1l) A 122

18 IF (MATYES-3) 20,20,19 A 123

19 CALL DISTRB A 124

20 JUFLAG=0 A 125

C—=-—- QPTMP = MAX. PERMISSIRLE ELEMENT OF QPT FDR & DECIMAL COMPUTER A 126

Cmer—— MATRIX CALC. LOSES SIGMIFICANCE IF LARGEST A 127

Cem==- ELEMENT [N SERIFS AFPROX. MATRIX GPT I% A 128

{=~——= GREATER THAN P%1.0F8 A 129
QPTMP=px:] _ 0OE8 A 130

C———— A 131
WRITE (6,97) K'NE'D|T'pLTI“C'MATYES'ICSS.JFLAG'[CnNTRQITMAX'!IZ'VA A 132
1R, QPTMP A 133

C—=-—--~ A 134

C————- A 135
PLTINC=PLTINC%*0,9999 A 136

 pp—— A 137
JFK =0 A 138
IF (MATYES-1) 66,646,221 A 119

C——-~- SCAN MATRIX FOR MAX, AND MIN, MON-Z2ER0 ELEMEITS, A 140

21 IMAX=1 A 1ol
JMAX=T A 142
AMAX=ABS{A(CL,1}) A 143
ne 23 I1=1,NE A 144
DO 23 J=1,NE A 145
IF {AMAX-ABStALL,J))) 722,23,23 A tagn

22 AMAX=ABS(A(L,J}) A ta7
IMAX=1 A 148
JMAX=) A 149

23 COMTINUE A 150
IMIN=TMAX A 151
JMIN=JMAX A 152
AMIN=AMAX A 153
DO 26 I=1,NE A 1b4
DO 26 J=1,NE A 1585
IF (AlT1,J)) 24,268,724 A 156

24 IF (ABS({AlI.J))=-AMIN) 25426426 A 157

25 AMIN=ABSIA(TI,J)) A 158
IMIN=T] A 159
JMIN=Y A 160

26 COMT INUE A 161
RATIO=AMAX/AMIN A 162

Comr— AMIN = MINIMUM NNN-ZERD ELEMENT A 1463
ISTOR=0 A 164
ADT=AMAX*®T A 165
on 28 I=]1,11 A 166
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MATRIX EXPONENTIAL PROGRAM FMNR SYSTEMS OF DIF. EQS. PAGE

[F (VAR-ADT) 27,29,29

27 ISTOR=ISTNR+|
28 ADT=ADT*0.5
29 T=ADT/AMAX
Cemuem COMPUTATION INTERVAL T [S HALVED [STOR
D TIMES (10=MAX.) SO MAX. ELEMENT IN A#T
Lomm—= IS LESS THAN VAR,

WRITE t6,98) IMAX.JMAX.A([MAX.JMA!I.ADT'T.[MIV,JHIN,A([Mlq,Jn[N),R

1ATIO
C.____...

IF (ISTOR-10} 31,30,30
30 WRITE [6499)

GO TO 91
C—mm—- CALCULATION OF MATRIX EXPONENTIALS C AND HP
3t DD 32 I=1,NE

DO 32 J=1,NE
32 ClI.J)=0.
Ce—mr———

b0 33 I=1,NE
33 Cil,IY=1].
Crr=——
L——-— SKiP HP CALCS. FOR HOMDGENEQUS EQUATIONS

IF {JFLAG-4) 34,17,34
34 DO 35 I=1,NE

DO 35 Jg=i,NE
35 HP{I,J)=0.

DY 36 I=14NE
36 HP{I,I)=7

C .....
37 PE=0.0
C _____
DO 38 I=14NE
DO 38 Jd=14+NE
38 APTLI,dY=CLI, D)
c _____
C--—= NOW FORM THE MATRIX EXPONENTIALS C=EXP{A%T) AND HP={{C-])*A INVERS
C——-——-—
AL=1.0
c _____
DO 50 KL=1,]TMAX
C _____
KLM=KL
ALL=T/AL
AL=AL +] «0
TALLL=T/AL
C__...-_
D0 40 1I=]1,NE
[ f .
C=—=—=
0O 39 J=1,NE
TQP(J)=0.0
b0 39 KX=1,NE
39 TAP(J)=TQP(J)+QPT {1 KXI®A[KX,d)
C _____

D0 40 4=1,NE
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MATRIX FXPONENTIAL PROGRAM FAR SYSTEMS OF OIF. EQS. PAGE 5

40 QPT{I,J)=TQP(J)*ALL A 223
Cmmmmm A 224
o OPT=MATRIX TERM IN SERIES APPROX. ={{AXT)#%K)/K FACTORIAL A 225
C—-~- A 226
DO 41 I=1,NE A 227
00 41 J=1,NE A 228
41 ClIsJd1=ClI4d)+QPT(T,J) A 229
Cmmem A 230
IF (JFLAG-4) 42,4542 A 231
o A 232
47 IF (ITMAX-KL) 45,45,43 A 233
43 DO 44 I=1,NE A 234
DO 44 J=1,NE A 235
44 HP (Lo J)=HP (L, J)I+QPT (I, ) %TALLL A 236
R A 237
C~———-~ A 238
R FIND MAX ABS ELEMFENT IN QPT AND CALL IT PMK A 239
T LARGEST QPT ELEMEMT USUALLY IN ROW IMAX, COLUMN JMAX A 240
45 PMK=ABS (CPT(IMAX, JMAX)) A 241
IF {QPTMP-PMK) 53,53,46 A 242
46 IF (PMK=P) 47,47,50 : A 243
C——-—- SCAN OTHER QPT ELEMENTS ONLY WHEN QPT{IMAX, JMAX) IS LESS THAN P A 2644
47 DO 48 1=1,NE A 245
DN 48 J=1,NE A 246
48 PMK=AMAX1{PMK , ABS1QPTI(1,J))) A 247
IFf (PMK=-P) 49,49,50 A 248
R A 249
R PRESENT MAX. QPT ELEMENT SHOULD BE LESS THAN A 250
R HALF PREVIOUS MAX. TO INSURE CONVERGENCE A 251
49 IF (PE-2.%PMK) 50,51,51 A 252
50 PE=PMK A 253
C-m—mm A 254
51 WRITE {6,100) KLM A 255
C——mmn A 256
R A 257
[F (ITMAX-1) 66,66452 A 258
52 [F (KLM=ITMAX) 56,53,53 A 259
Commmm A 260
53 T=T%0.5 A 261
JFK=JFK+1 4 262
IF (JFK-7) 55,54,54 A 263
54 WRITE (65101} PMK A 264
5P TO 91 A 265
55 WRITE {6,102) KL™yPH"K,T A 266
60 Ta 31 A 267
56 ISTOR=1STOR+JFK A 268
C-—-—- URTGINAL ARGUMENTS OF C AND HP MATRICES RESTORED IF ISTOR GREATER A 269
[F (ISTOR) 66,66,57 A 270
57 WRITE (64103) ISTOR A 271
PN 65 KR=1,1STNR A 212
If (JFLAG-4) 58,61,58 A 273
O SKIP HP CALCS. FOR HIMNGENEDUS EQUATIONS A 274
58 DN 60 I=1,%E A 275
DO 59 J=1,NE A 276
TaP(J1=0.0 A 277
DO 59 KX=1,NE A 278

117



MATRIX EXPONENTEIAL PROGRAM FMR SYSTEMS OF DIF. EQS.

59 TQPUUY=TRPIJI+HP LT 4KX) %L (KX yd)
N0 60 J=1,NE

60 HPLT 3 JI=TQPUJI+HP (] 4J)

61 N0 &2 I=1,NE
DO 62 J=1,NE

62 APT(14+J)=0.0

DO 63 I=1,NE
B0 63 J=1,NE
D0 63 KX=1,NE
63 QPTHI 4 J)=QPTUT, D+L T4 KX)¥C(KX,yJ)
DA 64 I=1,NE
DO 64 J=1,NE

o4 Cilod)1=0PTL{I, )
&5 T=2.,0%T
f i
C=~ewm ClIyJ) IS YHF MATRIX EXPONENTIAL C=EXP{A%T)
(=== AND HP{I,J) IS THE {{C-T)%A INVERSE)} MATRIX
C——m— NOW WE READ (OR CALL SUBROUYINE FOR) DISTURBANCE VECTOR
[
66 TIME=TZERD
PLT=0.
GO TO (69471+75,74,67), JFLAG
&7 1F {MATYES-3) 68,688,786
&H CALL DISTRB
Itz=112
GO 10 76
([ r———
69 DN 70 I=1,NE
T0 2{1)=0.,0
71 nmn 13 I1=1,1%
C---—= ALL ROW (I} ENTRIES “UST BE MNON-ZERD
Lm———— A BLANK CARD 1S REQUIRED AFTER ALL ELEMENTS ARE READ IN.

READ (5,96) KK 121,N214122,0D22,123,023,124,024,125,D25
IF (12Y) 76,76,72

12 I(1211=021
I(122)=022
2e123)=D23
1(124)=D24
3 241251=D25
(‘ —————
4 KK=0
00 75 1=1,NE
75 1{1}=0,
C-—m== ON 1-ST CALL OF OUTPUT NI SET TQ 1
76 CALL NUTPUT
C _____
L-===- NfIW COMES THE EQUATION SOLUTION BASED ON
Ceme—- XENT ) =MEXINT~1}+{(M-T)a INV.}®Z(NT-1)
Cmmm——
77 IF (JFLAG-4) 82,78,80
78 DO 79 I=1,NE

YAI)=ClT,1)%*X(1)
0 73 J=2,NE
9 YOO =Y (D1 +C( T4 d %X )
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MATRIX EXPONENTIAL PROGRAM FOR SYSTEMS OF DIF. ENQS.

83
S0

91
92

98

39

100
101
102

103

IF {I112) 87,87,83

IF {JJFLAGY 81,82,81
CALL DISTRB

IF (112) B85,85,78

~ONLY ONE 7-TERM CALC. IF {12 IS GREATER THAN 7FRO

DO 84 I=1,.NE

YII)=YU{J)+HP(I,012)%7(1112)

Gn 10 a7

no 86 I=1,NE b
YOD)=CL L 1) eXUL)#HPI{ T, 1) %21 1)

N0 B6 J=2.NE
YOIY=YLID+CU T J)EX{J)eHP {3 b 02 L))

DO 88 I=1,NE Co

X{1y=vY({I}

--ONE TIME INCREMENT OF THE SOLUTION HAS JUST BEEN FOUND
-=NOW PLOT AND PRINT If PLTINC INTERVAL HAS ELAPSED

JJFLAG=1

TIME=TIME+T

PLT=PLT+T

IF (PLY-PLTINC) 90,89,89
CALL DUTPUT

PLT=0,

IF (TIME=-TMAX) 77,91,91
IF (LASTCC) 93,92,913
K=K+1

NI=0

PLT=0,0

IF {ICONTR) 6841419
STP

FORMAT (2(1243X)45F10.0,312,13,114212,F6.01

FORMAT {4{213,£12.%))

FORMAT (I12,51(13,E12.%))

FORMAT {12HIMATEXP CASEWI3/17H NO. OF EQUATIONS,13/20H SPECIFIED P
IRECISIOM,F12.8/6H TIME ,BHINTERVAL,F18.8/15H PLAOT INCREMENT,FL17.8/
2/16H CONTROL FLAGS =/1H 5%, 6HMATYES 14/1H 45X, 4HICSS,[6/1H 15X, 5H
3JFLAG» 15/1H 35X, 6HICANTR, 14/34HOMAX. TERMS IN FXPONENTIAL APPROX, ,
415/713H SINGLE Z ROW,[4/20H MAX. ALLOWABLE A®DT,F9.3/27H MAX. ALLOW
S5ARLE QPT ELEMENT,FLl.3}

FORMAT (31HOMAX.CDEFF. MATRIX ELEMENT = A(y[241Hys1243H) =,E15.4/1
13H MAX. A*DT = 4F12.892Xs14HWITH CELTA T =,F15.8/30HOMINIMUM NON-7
2ERO ELEMEMT = A(,12,1Hy,12,3H) =,E15.4/18H RATIO AMAX/AMIN =,E15.4
3)

FORMAT (34HOA%DT STILL GREATER THAN ALLOWABLE,L9H AFTER 10 HALVING
15.)

FORMAT (44HONO, OF TERMS IN SERIES APPRNX. OF MATEXP = ,{2)

FORMAT (32H07 TRIES AT HALVING T N.G., PMK=,F12.6)

FORMAT (21HOMAX. ELEMEMT IN TERM.I3,8HOF QPT =,E11.3/35H TRY HALVE
ID TIME INTERVAL DELTA T =,F15.8)

FORMAT (26HOTOTAL NO. OF T HALVINGS =,13%)

END
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MATRIX EXPONENTIAL PROGRAM FNR SYSTEMS OF DIF. £QS. PAGE

SUBROUTINE VARCO (XTR,TX)

T FOR USE WITH DISTRB AND MATEXP FOR
C-mmmn VARIABLE 2-S. GIVES 1-ST DRDER EXTRAP.
Coummmm FOR AVG. X AND TIMF, PLUS RESTART

R ON 1-ST INTERVAL. DISTRB FORM =

C—--—- CALC. MATRIX CNEFF.-$, ETC. IF NI=0
Commmmm CALL VARCO{XTR,TX) :

o CALC. Z-S USING XTR{I)-5 AND TX (TIME).
C-__—_

DIMENSION A(60,60), C{60,60), HP(60,60), QPT(60,60), X(60), Y(60),
I I(60)y XIL{60), TQR{K0) .

COMMDN C,HP,A.QPT.X,Z.Y.ITHAX,KK,LL,MM.JJFLAG.XIC'NI.TlME.TMAX,TlE
lRO-NEvTﬂpnTnllZo[CUNTR-PLTINC'HATYES'lCSS;JFLAG.PLT

DIMENSTION XTR{60), XL(60)

C —————
IF INI) 1,1,3
Csm- FIRST ENTRY
1 Nv=1
TX=TZERD+0,5%T
DO 2 I=14NE
2 XTRALY=XIC(I)
GO TO A8
3 IF (NV) 64644
C——-—- SECOND FNTRY
4 NV=0
TIME=YIFRD
PLT=0.0
DN 5 I=1,NE
XL{T)=xIC{1)
XTRULI=0.5%(XL{1)+X(]})
5 X{Iy=xIC(1I}
GO TO 8
C———— ENTRIES AFTER SECOND
6 TX=TEME+0,.5%T
DO T [=1.NE
XTREID)=X{I)}+0.5%«(X{1)-XL(I})
7 XL{ii=xtn
g . RETURN
END
SUBROUTINF DFG (XD,2D)
Comm——m
L——=—= EQUIVALENT TD 8 DFG-S WITH UP TD 32
C-——== POINTS EACH. CALLED BY DISTRB.
Cmmmm—
Lmmm—= INPUTS ARE
[ NOFGS NO. OF DFG-S USED
C——mmm NPTS ND. OF POINTS IN EACH DFG
C-——=- XP  INDEPENDENT VARIABLE DFG POINTS
Cw—=== IP DEPENDENT VARLABLE DFG POINTS
G
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MATR[X EXPONENTIAL PROGRAM FOR SYSTEMS OF DIF. €QS. PAGE

C----- XD IS THE INPUT VARIABLE AND ZID THE QUTPUT

NIMENSION A(60,60)y CI60,60), HP(60,60), OPT(60,60), X160}, Y(60),
1 Z(60), XIC{60)y TOP(A0)

COMMON CoHP oA, QPToXoZy Yo ITMAX KK yLL oMM, JIFLAGXICoNI,FTME,TMAX,T2E
LROSNESTQPy Ty ILZ, ICONTR,PLTINC,MATYES, ICSS,JFLAG,PLT

PIMENSION XP(32,8), IP(32,8), SLU32,8), NPTS{5), JP(8B), ZD{B}, XDI

18)
C===--- -
Cmmmmm—
IF (NI} 64516
(e FIRST CALL COMP,
L —————
1 READ (5,18) NDFGSNPTS
N0 2 I=1,NDFGS
NP=NPTSI(I])
RFAD (5,19) (XP{Js1)42P(J2s])edalyNP)
? WRITE (6420) I,(XPUJy1)42PlUs1)d=14NP)
DO 3 1=1,NDFGS
M=NPTS{I)-1
oo o3 J=11M
3 SL(J.Il={ZP|J+l|Il-lp(J|I3]/(XPIJ4101|-XP{JtI||
(mmmae
DO 5 I=14NDFGS
DN 4 J=2,32
IF (XDIIY-XP(J,yI)) 5,5,4
4 CONT INUE
5 JPUL)=J
Cmmene
C————- CALCS. MADE EACH TIMF
b DO 17 1=1,NDFGS
J=JPIi1)
! TE (XO{1)-XP{Js1)) B,414,12
4 IF (XD(T)-XPlJ=-1,1)} 9,11,16&
9 J=J-1
IF (J-1) 10,10,8
10 J=2
GO 10O 15
11 IN(I)=IPLId=141)
6O TO LY
12 J=J+1
IF INPTSI(IY-Jd) 13,7,7
13 J=NPTS{I)
GO TN 15
14 IN(II=2PiJ,1)
G T 17
15 WRITE (6421) 1
Cmmmm
16 INIY=ZPLd=1y [)4SLEJ~L4 II*{XD{I)=XP({J=1,F1)
C—-=—=JP(1) STORES VALUE DOF XD LDCATION
=== TO USE AS FIRST TRY MEXT TIME.
17 JP{I)=J
P
RETURN
(=—m—
18 FORMATY (12,8X,813)
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MATRIX EXPONENTIAL PROGRAM FOR SYSTEMS OF DIF. EQS. PAGE
19 FORMAT (BELO.3} C
20 FORMAT (4HODFG,13,17H XP AND 2P IMPUTS/(LHO,4(2EL12.4,4X) )} C
21 FORMAT (4HODFG, 13, 16H RANGE EXCEEDED.) C
END c
SUBROUTINE TRLG (XT,WoZT}) D
Cmmmm-= . D
Cmmm=n VARIABLE TRANSPORT LAG GENERATOR - FORTRAN [V D
Cmmmam D
Cmmmmnm USES UP TO 300 POINT APPROXIMATION FOR 0
C——m= UP TO 6 VARIABLES. USES INVENTORY CALC. D
Cmmmmm D
Cmmeem INPUTS FOR EACH LAG (TGTAL = NLAGS) D
— 1. INPUT FUNCTION XT(1) D
C—mmmm 2. MASS FLOWRATE W{I) D
[R— 3.- INITIAL VALUF OF LAG TIME TI(I} D
L—mm- 4. MINIMUM FXPECTED VALUE OF MASS FLOW WMIN(I) D
(=—mm= D
o NUTPUTS ARE LAGGED FUNCTIONS 2T(1} D
o — : . )
DIMENSION XT(6), WI6), TI(6)y WMINIG), ZT(6), XS(300+61, PS(300,6) D

Ly KT(6)y JT{6)y XIYP(6), JMP(6), NJIMP (6} 0
Cmmmme : D
COMMON NI, T 0
R NI = 1=ST CALL FLAG (= 0 ON 1-ST CALL) D
[ — T = COMPUTATION TIML IMTERVAL D
Cmmmmm . D
IF (NI) 5,1,5 D
— FIRST CALL COMP. D
1 READ (5,27) NLAGS,TI,WMIN D
WRITE (6428} TI,WMIN D

DO & I=1,NLAGS D
XJMP{1)=1.0 D
XSULy1)=XTE]) D

PSULy I =WIT)#TI(1) D
XNSP=PSILsI)/LWMINIL)%T) D

DO 2 M=1,10 D
PL=XJUMP ([ ) *XNSP 0

IF 1300.0-P1) 2,3,3 D

2 XJMP LIV =XJMP([)+1,0 D
Cmmeem D
3 JMPLTI=IFIX(XJMP (1)) D
KT{1})=2 D
JTin=1 )

4 NJMP (T )=1 D
NVy=-1 D
C==——= D
Cmmmmm CALCS. MADE EACH TIME D
5 NV=NV+1 D
R - ** NUTE ~ [F A RESTART FEATURE IS USED (WHERE THE INITIAL TIME D
C 0

————— STEP CALCULATION IS REPEATED), THE FLAG NV AND STATEMENT 33 WILL

10
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MATRIX EXPONENTIAL PROGRAM FOR SYSTEMS OF DIF. E£QS.

C—=——- OMIT THE TRLG CALC. THIS 1-ST CALL OMISSION MAY BE DELETED BY
C———— REMIVING STATEMENT 33,
IF (NV) 6426,6
6 DT 25 I=1,NLAGS
[F INJMPLIN=-JUMP{]1])) 7,R,8
7 NIMP{T)=NJMP([)+1
0 TD 25
8 NJMP(T)=1
K=KT{(IL)}
J=J4T(1)

XS{K [)=XT{]I)
PS{KeIN=XJMP(T)®W(T)%T

Le>==-- J=ND, OF ELEMENT AT EXIT. K=ND. AT ENTRANCE
IF (PSUJy1)=-PSIK,11) 12,9,21

9 ITEII=XS(Je 1)
IF {J-300) 11,10,10

10 JT(I1=1

: GO TO 22

L JT(IY=J+1
a0 10 22

C _____

12 COLLT=XS{J,1)

COLLP=PSI(J,})
DO 16 M=1,7300
IF (J=-300) 14413,113

13 J=0

14 J=J+1
PR=COLLP+PS{U, 1)

C _____

IF (PO-PS(KyI}) 15,17,20

15 COLLT=(COLLT*COLLP+XS{J,1)%PS(J,1))/PQ

C _____

16 COMLP=COLLP+PS{Jd,yI)

C _____

17 ITIUY={COLLTH*COLLP+YS{J,I)2PS(J,1)}/7PQ

L-____

[F {J-300}) 19,18,18

18 JT{I})=]

GO TO 22

19 JT{1)=0+1
GO TO 22

c _____

20 PS{Je I )=PR-PS{K,s 1)
IT(I)={COLLT#COLLP4XSTI,I)%PS[J,I1))/(COLLP+PS{J,I))
JTLTD)Y=)

GO TQ 22

C _____

21 ITII)=XS(J,1)
PSUJsT1)=PS{Jy11-PSI{K, 1}

C _____

22 IF (K-300) 24,23,23

23 KTil)=1
GO T4 25

24 KT{IY=K+1

25 CONTINUE

C _____
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MATRIX EXPONENTIAL PROGRAM FOR SYSTEMS OF DIF. EQS. PAGE

26 RETURN

L _____

27 FORMAT [[2/16E10.3))

28 FORMAT (26HOTRLG INPUTS - TI AND WMIN/(1HO,6E18.5))
END

SURRDUTINE FTLAG (XTV,ZT,NLAGS,T1)
(=== FIXED TRANSPORT LA SURROUTINE
DIMENSION A(60,60), C{60,60), HP{60+60}, OPT(60,60), X{60), Yi60),
L 2600y XICI60), TQPt&O)
CﬂMMON ClHPlAtQDTl x' Zlvl [TMAX'KKILLQMM1JJFLAG,XICgNl 'TIHE'THAXQTZE
lRﬂ.NE:TQP.T.llZ.ICDNTR.PLTINC.HATYESs[CSS.JFLAG,PLT
NDIMENSTION XTIL15), 2T7T{15}, XS1015,200), TI{15)s KT(15), XFR{15), OMX
1L15), NSP(15) :
IF (NI.NE.OY GO TO 3
C-—-== FIRST CALL CALCS.
DR 2 I=14NLAGS
KT(I)=3
XSAMP=TI{[)/7
MSAMP=IFIX{XSAMP)
XSAMI=FLOAT{NSAMP)
XFRUT}=XSAMP-XSAV]
AMXII)=1.0-XFR(T)
NSPL[)=NSAMP 4]
IF (NSP(I).CT.200) WRITE {6y11) I4NSPLT)
(=== SET ALL INITIAL VALUES TO ZERD
NPTS=NSP(])
DO 1 J=1,NPTS
X5{I,4)=0.0

=

V4 CONT INUE
4 N 10 [=1,NLAGS
: K=kT{1I)
NS=NSP({I)
[F (NS-K) &644,4
4 ZT{I)=XSII,K-11#DM¥¢I)+x5{I.K—2)*XFR(I)
5 XS{IK=2)=XT{I)
K=K+}]
GN TO 10
[ IF (NS-K+2) 9,8,7
7 ZT(l)=XS{I.NS)#OMX{II+XSI[.NS~1I*KFRII)
GO TO S
8 ZT(!)=XS(I'11*GHX(I)+KS(IvNSl*XFR(I)
GN TQ 5
3 K=13
6N TO 4
10 KTtI)=K
RETURN
C _____
11 FORMAT (4HOLAG,13,6H NEEDS,I5,9H SAMPLES.)
END
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MATRIX

1

EXPONENTIAL PROGRAM FOR SYSTEMS OF DIF,

SUBROUTINE DISTRB
DISTRB SURBROUTINE FOR BERNIE-S NOMLINEAR

DIMENSION A{60,60})y C(60,60)y HP{60,60]},
7160}y XICL60)y TOP(6O)

EQS.

WORMS

QPT{60,601),

PAGE

X(60)s Y601},

COMMON CoHP A3 QP Ty Xe 23 Yo ITMAX yKKoLLy MM, JUFLAG XICoNI,TIME, TMAX,T2E
LROWNE TQP s T [1Z s ICONTRPLTINC  MATYES s ECSSsJFLAG,PLT

XIC DATA READ IN NORMALLY

IF {NI.EQ.O.AND.ICONTR.EQ.O} GO TO 2
IF (NI.NE.O} GO YD 4

A MATRIX T0O BE RECALCULATED

NI=1

ICONTR=0

TMAX=TMAXS

2{1)=21S§

1{2)=125

Z2{3)1=0.0

I(4)=0.0

TAU21=T21P*X(2)

TAU32=T32P*X(3)

TAU43=T43P%*X{4)

DO 1 I=2,4

XICT{1¥=x{1}

GO Tu 3

INTTIAL CALCS. - MATRIX ELEMENTS

READ IN PARAMETERS RHOD,TAU,GMU, AND GLAM.

READ 15,8) RHOOL,RH002,RHO03,RHO04,RHNO0S
READ (5,8) TAUZ21,TAU32,TAU42

READ (5,8) GMUS],GMUS2,6MUS3,GMUS4
READ (5,8) GLAMO!L

READ (5,8) Z[11,2(2)

CALC. FIXED MATRIX ELEMENTS
Al4,4)==-(RHO04+GMUS4)

AlS5,1)=GMU5]

Al5,21=GMU52

A(543)=GMU53

A{S,4)=GMUS4

Al5,9)=-RHO05

X{2)+ 34 AND & AND 71,2 AND TMAX SAVED
X25=X1Ct2)

X35=XI1C{3)

X45=X1C(4)

I15=721(1)

125=2(2)

TMAXS=TMAX

RECALC VARIABLE A-S
A{lyi)t=~(RHOQL1+TAUZ1+GMUSL+GLAMOL}
Al{2,11=TAU21
A(242)1=-(RHOO02+TAU3Z+GMUS2)
A(3,2)Y=TAU32
Al3,3)=-(RHDO3+TAU43+GMUSY)
Al443)=TAU4S

CALC. TAU-PRIMES

T21P=TAU21/XIC12)

125

ALSO 2
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MATRIX EXPONENTIAL PROGRAM FOR SYSTEMS 0OF DIF. EQS.

C==~===RECALC. MATEXP WHEN ABS{X/X0).GT.XLIM

O DO~y

W N

T32P=TAU32/XIC{3)
T43P=TAU43/XIC14)
Gn To 7

-—-CALC. FUDGED ZI-5

Z{13=Z15—-{T21P*X(2}~TAU21)%*X (1)

2(2)=2254(T21P*X(2}~A(2,1) )X (L)-(TI2P*X{3)1-TAU32)&X(2)
Z(3)1=(T32P*X(3)-A(3,2) )X (2)-(T43P*X(4)-TAULI)*X{3)

Z(4)={TAa3P*X{4)-Al4,3))%X(3)

XLIM=1.1

oo s l=2|4
XMAT=ABS(X{I)/XIC{T})=XLIM
IF {XMAT.GE.O0.0) GDN TO 6
CONTINUE

50 70 7

-=RESTART W/ NEW MATEXP-S [IF X OUT DOF LINEAR RANGE

ICONTR=1

WRITE (6,9) I,XMAT
TMAX=TIME
TZERO=TIME+T
RETURN

FORMAT (8F10.0)
FORMAT (2HOX, 12, *0UTNFLINEARRANGE-XMAT=%,F6.5)
END .

SUBROUTINE QUTPUT

DIMENSTION Al604601, C(60,60), HP{60,60), QPTL60,601, X160}, Y(60),

1 Z(60)y XIC(60}s TOP{HO)

COoMMON C,HP.A.QPT.X'Z,Y.ITMAX,KK,LL.HM.JJFLAG.XIC.N!.TIHE’THAX'YZE
1R0|NE'TQPvT'IlluICﬂNTR.PLTINC,MATYES.ICSS.JFLAG,PLT

[F {(NI-1} 1,7,8

NC=10

DO 2 NCM=1,51,10

WRITE (6412) LLy{{ACT d) s J=NCM NC) , I=1,NE}
IF (NE-NC) 3,3,2

NC=NC+10

NC=10

no 4 NCM=1'51'10

WRITE (69131 ((CU{IsJ) s J=NCMyNC) o1=1,NE)
IF (NE-NC) 5,+5,4

NC=NC+10

NC=10

DO 6 NCM=1,51,10

WRITE (6+14) ((HPLII,J)4J=NCM,NC),I=1,NE)
IF [NE=NC) T47:6

NC=NC+10

WRITE (6,15}

NI[=2

WRITE (6416) TIME

NF=1
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MATRIX EXPONENTIAL PROGRAM FOR SYSTEMS NOF DIF. EQS. PAGE 1

9 ML=MINO(NF+4,NE)
WRITE (6,17} {XUI}yI=NF,NL)
IF {JFLAGJ.NE.S5) GO TO 10 |
WRITE {6,18) (Z(11,1=NF,NL) .

10 [F (NL.EQ.NE) GD TO 11
NF=NF+5
WRITE (6,19)
GO TO 9
11 RETURN
Co———= :
12 FORMAT (2HOA,I12/11H ,10El1.3)) :
13 FORMAT (2HOC/(1H ,10E11.3)} E
14 FORMAT (3HOHP/{1H 410F11.3)} :
15 FORMAT !1H—,*T!ME*.6X.*O*.23X.*SOLUTlﬂNVECTUR*,ElX.*0*,22X.*DISTUR :
1BANCEVECTOR®/) 4
16 FORMAT (1H 4E10.3,%0%) ‘
17 FORMAT (1H+,15X,5E11.3,%0%) 4
18 FORMAT [LH+,75X,5E11.3) ‘
19 FORMAT {12X,%0%) 4
EMND 4
SAMPLE DATA DECK FOR MATEXP PAGE 16
05 -« 000001 0.0 0.01 3.0 0.01 4 15 32000 1
1 3421.26 2 213.44 3 62.06 4 R.BT7 5 24.38
2.23 8.86 5.10 l.466 188.6
0.84 1.79 0.339
1.0! 5.13 O.74 0.676
2.0
20810, 486,
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BMD-05V-General Linear Hypothesis
'NTRODUCT ION

BMD-05V Is written in FORTRAN and operates on the CDC 6400 computer with
the NCAR compiler. This program performs the calculations required for the
general linear hypothesis model. The independent variables are of two general
types:

1. Variables used to specify the analysis of variance classifications.

2. Variables used as covariates.

By use of these variables, the program can be used for balanced or unbalanced
analysis of variance or covariance designs and missing value problems. The
program is described in detail in the BMD manual.

This program is extremely powerful for several reasons.

1. It can handle missing data and unbaianced designs, both in the analysis

of variance and the analysis of covariance.

2. The estimates of the coefficients of the linear model (Model I in

this case) are given for any specified hypothesis, along with the
residual sums of squares under those hypotheses. Thus, for example,
the standard non-descript format for an analysis of covariance (assume
the siopes are equal between cells and test for coincidental lines)
need not be followed. The analysis may be run under any hypothesis
and alternative desired.

Let HQ be the null hypothesis and Hw be the alternative. Suppose
that

N - k = degrees of freedom of the residual sums of squares under
HQ (i.e., k coefficients of the linear model estimated under HR) .

N - § = degrees of freedom of the residual sum of squares under
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Ho {(i.e. s (<k) coefficients of the linear mode! estimated under Huw).
RQ = residual sum of squares under Q
Rw = residual sum of squares under w

Then we reject HQ at level of significance o ij.

(Rw - RR)/(k - s)
RQ/ (N-k)

> Fl-a (k-s, N-k) .

3. Since the sums of squares and degrees of freedom are the same for

both a Model | and a MOdel Il analysis of variance design, the analysis
of varlance can be performed for either Mode! | or Model I}.
SAMPLE RUN

The following example Is a one way analysis of covariance with unequal numbers

of observations in each cell. Three groups are compared:

A B ' c

Y x b4 X Y x
5.9 0.8 5.2 1.6 7.8 0.6
10,7 3.1 13.4 5.8 12.4 3.4
1.4 L. 4 10.0 3.6 10.9 1.5
9.6 1.6 7.5 2.0 9.9 Q.7
12.6 4.6 10.1 4.3 16.8 4.5
8.0 2.6 1.9 5.8 13.9 4.1
12.8 5.5 10.7 4.8 11.4 2.3
7.5 1.1 6.8 3.3 8.9 1.3
12.5 3.9 9.0 2.6 13.7 3.1
14,2 4.9 16.0 4.6
8.4 1.4

The tests can be divided into two categories:
L]

}. The rate of change of y with respect to x (slope) is the same for

each cell. Hence we test the following models.



Model 1: Yij = p-l-t::i +BXU + Eij
2
eijm N(o’c }
3
z a, = 0
=

Model 2: YIJ =uta o+ Bixi

In order to test the hypothesis that the slope is the same
for each cell we let:

RQ = residual sum of squares under Model |

28.96339 with 26 df.

Rw = residual sum of squares under Model 2
= 27.11248 with 24 df.
Then
F(2,24) = 28.96 - 27.11)72

27.11/724

Hence we accept the hypothesis that the slopes are
equal for the three cells,
The intercepts are the same for the three cells, and thus the
regreésion lines are coincidental for the three cells. Thus,
under Model 1 we test

H: a; =0, = %y = 0

If we accept H the final llnear model is

Vig ey
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If we reject H the final llnear model is

Yij =u+a.‘ + Bxij

where (u + a!) Is the intercept of the line for each cell.
All that we have to do is, under Model I, find the residual sum

of squares under H: @ = a, = = 0. Call that RH. Then

2 7 %
RH = 121.60408 with 29 df.

We test that in the usual manner against RR, glving us

F(2,24) = £121.60 -2§?525;£(29 ~26)  _ 458

Hence we reject the hypothesis for o = .01, Thus the regression
lines are parallel but not coincidental. The final linear model

is (1). The coefficients are:

u = 5,645
a, = -0.199
oy, = -2.193

a3 = T a, = 2.392
B = 1,584

Thus we have the following three regression lines:

Group A: y = 5,446 + 1,584 x
Group B: y = 3.452 + |,584 x
Group C: y = 8,037 + 1,584 «x.

The output of the two runs is given on the following two pages .
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INPUT DECK FOR SAMPLE RUN OF BHDOSV‘(GENERAL L INEAR HYPOTHESIS)
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INPUT DECK FOR SAMPLE RUN OF BMDOSY (GENERAL LINEAR HYPOTHESIS)

0519?30 oToO DO TOMO
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MATRIX MANIPULATION ROUTINES

INTRODUCT {ON

The matrix manipulation routines consist of several simple and easy

to use subroutines, each of which performs a specific matrix operation.

Although the subroutines are very short and the coding is simple for most

of them, the routines should be used, in preference to performing the

operations in the main program, as they will increase the simplicity and

clarity of the user's program. The operations performed by the subroutines

are as follows:

1. TRNSPO
2. ADDSUB
3. SCAMPY
L. MATMPY
5. MATPWR
6. INVERT

calculates the transpose of a matrix and returns the
results In another matrix. The transpose is obtained
by interchanging the rows and columns of the matrix.
accepts two arrays and returns with two additional
arrays which contain the sum and difference of the
original matrices.

accepts a matrix and a scalar, multiplies each element
in the matrix by the scalar and returns the result

in the original matrix.

calculates the product of two matrices and returns
the result in a third matrix.

accepts a square matrix as input, raises it to the
requested power and returns with the result in a new
matrix.

accepts a square matrix as input and uses the
Gauss-Jordan Elimination method to replace that

matrix with an approximation of its inverse.
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7. INVERT2 Is the same as invert except that it also returns the
value of the determinant of the matrix. (Since the
Gauss-Jordan routine is an approximation, its accuracy
decreases [f the value of the determinant is close to
zero) Consequently, the accuracy of the Inversion can

be easily checked.

INPUT REQUIREMENTS
All of the subroutines, excluding INVERT and INVERT2 use variable
dimensioning. This requires that the dimensions for the arrays being sent are
the same as the size specified in the parameter lists. For example, if the
size of the matrix being sent to TRANSPO is 3 x 4, the dimension statement in
the calling program must also specify the array as being 3 x 4.
The inversion routines both require that the array being sent is dimensioned
60 x 60 in the calling program. This, however, may be changed if desired by
changing only the dimension stateménts in the subroutine to agree with those in
the calling program.
Variables which must be passed to the subroutines are as follows:
1. TRNSPO (A, B, M, N)
A is the M by N matrix being sent
B is an N by M array which will contain the value of the
transpose of A.
2. ADDSUB (A, B, C, M, N, Y)
A & B are the matrices to be passed
C Is to contain the result of A + B
Y is to contain the result of A - B
M is the number of rows for all four matrices

N is the number of columns for all four matrices



3. SCAMPY (A, X, M, N)
A is the matrix being sent and will contain the
the result of the scalar product
X Is the scalar to be used
M Is the number of rows in A
N is the number of columns in A
L. MATMPY (A, B, C, M, N, L)
Als an M x N matrix being sent
B is an N by L matrix being sent
€ Is an M by L matrix to contain the result of A*B
M,N,&L are the dimensions of the matrices as
specified above.
5. MATPWR (A, B, DUM, N, ) |
A is the N x N matrix being sent
B is the N X N matrix to contain the result of A
to the Ith power,
DUM is an N x N dummy matrix and must also be
dimensioned in the maln program
N is the dimension and order for all three matrices
| is the power that the matrix is to be raised to
6. INVERT (A, N)
A is the 60 x 60 array which contains the matrix
to be inverted and is to contain the result
N is the order of the matrix to be inverted 1 < N < 60
7. INVERT2 (A, N, D)
A is the 60 x 60 array which contains the matrix to

be inverted. Upon completion of the routine, this
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matrix will be replaced by its inverse
N is the number of rows and columns of A that are
to be inverted (order) 1 < N < 60,

D Is to contain the value of the determinant of A.

Sample listing and output:

-

A brief, self-explanatory program Is included which uses all the routines

and displays the results.
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MATRIX MANIPULATION ROUTINES PAGE

PROGRAM MATRIX

c —————
(=== REREEEFEEFER R AR R Rk ko k kK k kR kS ko kR kg kK
C _____
Cmmmmnm THIS PROGRAM DISPLAYS AN FXAMPLE OF THE USE OF THE MATRIX
C--~-- MANIPULATION ROUTINES. IN THE PROGRAM THE FOLLOWING CALCULATIONS
(=== ARE DISPLAYEDO TRANSPOSE, ADDITION, SUBTRACTIONs MULTIPLICATION,
C-=-—- BOTH RY A SCALAR AND ANDTHER MATRIX, THE INVERSE AND DETERMINANT,
Come—— AND THE CALCULATIDN OF A MATRIX RAJISED T3 A GIVEN POWER,
c —————
ek kR kb Nk ke Rk kb kR kA E Rk k kb kk b ko ke ko kK Rk kk ok k%
C —————
DIMENSION Al4y3), R{3,4), CU4943y D(3,4)y El3,4) Fl344), G(60,60)
1y Hl&, 4}y Pl4,4)
C _____
READ (544) ‘(A(I'J"J=1g3)y[=l|4'
T=10HA
: WRITE {6,6) Tol (ALl odYedz=le3)elml,é)
c -----
C————- CALCULATE THE TRANSPOSE OF THE 4X3 MATRIX A
C====- AND STORE T IN THE 3X4 MATREIX, B
c -----
CALL TRNSPO {A,R;4,13)
T=10HA{TRANS.}
WRITE (647 Toi(8L1,J)sd=1ya)yI=1;3)
C —————
READ (5,5) ((BUI,J),yJ=144),1=1,43)
T=10HAR
WRITE (647) To({BII,J),J=)y4),1=1,3)
C -----
READ (545) ({D{T4J)ed=144),1=1,3)
T=10HD
WRITE (6497) To((DUIsd)sd=lea)ei=l,y3)
C —————
Cew—=- CALCULATE B+D AND B-0 AND STORE THE RESULTS IN
C~——-~E AND F RESPECTIVELY. ALL MATRICES ARE DIMENSIONED 13X4,
c .....
CALL ADDSUSB {(ByDiEr3,4,4F)
T=10HE=B+D
WRITE (647) THol{ElIeJ)ad=L1b)eI=1,3)
T=10HF=B-D
WRITE (6,7} T4 l{F{l+d)sd=1ls4)sl=1,3)
C_———.—
C———-=MULTIPLY THE 3X4 MATRIX, E, BY THE SCALAR 10.0
C —————
CALL SCAMPY (E+10.043,4%)
T=10HE=10.,0%E
WRITE (647) Tol{E(I J)yd=1y4),y1=1,3)
C _____
C-—--- CALCULATE THE PRODUCT, A*B, AND STORFE THE RESULTY IN C.
Cmmme= A IS DIMENSIONED 4¥3, 8 IS DIMENSIONED 3aX4 AND C IS
C-——- DIMENSIONED 4X4.
C —————

CALL MATMPY (A B,C,%4,3,4)}
T=10HC=A%*B
WRITE (6+7) T!((C(IvJ,|J=l'4)'[31|4,
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4ATRIX MANIPULATION ROMTINES

(" —————
P READ IN AND PRINT A NEW € MATRIX
_C _____
T=10HC (NEW)
READ (5+9) (LCTT s dbed=14)s[=14%)
WRITE (6.8} TQ((C([:J'|J=11’*"I=1Q‘!'
C=mm——
=== THE INVERT SUBROUTINE REQUIRES THAT THE MATRIX SENT IS
C~--=-=A 60X60 ARRAY. THEREFORE, THE ARRAY, C, MUST BE STORED
Cmmmm== IN THE ARRAY, G, BEFORE ITS INVERSE CAN BE CALCULATED.
Le==w=— .
po 1 I=l"i
DO 1 J=1.4
1 Gil,J¥=C{1i,J1
C —————
Lr=m—— CALCULATE THE INVERSE DF THE FIRST FOUR ROWS AND FOUR COLUMNS
L=m==- OF THE MATRIX Ga
===
CALL INVERT {(G,4)
T=10HC ! INVERSE)
WRITE (6,8} TLlIGL4JVgd=1ea)y1=144)
Cem———
=== STORE THE INVERSE 0OF C INTO THE ARRAY H
C _____
DO 2 I=l.4
DO 2 J=1y4
2 HIT¢J)=Gl1,J)
(; _____
(== CALCULATE THE PRODUCT NF C TIMES THE INVERSE OF C
Cme-—= {THIS SHOULD GIVE THE IDENTITY MATRIX}
Commm——
CALL MATMPY (CyHsPrhebyad
T=10HIDENTITY
WRITE (6,7 ToliPII,d)yd=zlséa),yI=lea)
C _____
L==-— CALCULATE THE INVERSE AND DETERMINANT OF € USING INVERT2
O [T ALSD REQUIRES THAT THE MATRIX 1S5 DIMENSIDNFD 60X60.
C _____
DO 3 [=1.4
00 3 J=1l.%
3 Glled)=CiTed)
CALL INVERT2 (Gy4:DET)
T=10HC( INVERSE}
WRITE (648) T4l{GlI,JYsd=1lyd)yl2144)
WRITE {6.,9) DET
C _____
Ceem=—- RAISE C T THE THIRD POWER AND STORE THE RESULT IN H.
L——==- P S TO RE USED AS A DUMMY MATRIX BY THE SURROUTINE.
(mm=—= ALL THREE MATRICES ARE DIMENSIONED %4X4.
C _____
CALL MATPWR (CyHyPr&s3)
T=10HC**3
WRITE (648) TollHII ) ed=ts ) eI=144)
STOP
c _____
4 FORMAT [(3F5.0}
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MATR1X
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MANIPULATION ROUTINES

FORMAT {4F5.0)

FORMAT (1HO#A104,4(3F10.3,/411X))
FORMAT {1HO.AL1N,4(4F10.3,/,11X)}
FORMAT [1HO3A10,414F15.T7+/411X))
FNORMAT (*ODETERMINANT = *,FE15,7)
END

SUBRDUTINE MATMPY (A+R,.C oM N,L)

SURROUTINE MATMPY MULTIPLIES TWO MATRICES (A*B) TUOGETHER
AND STORES THE RESULT IN C. THE DIMENSION STATEMENT IN THE
MAIN PROGRAM MUST HAVE A OIMENSIONED AS AN M BY N MATRIX. -
L MUST BE DIMENSIONED N BY L AND C MUST BE DIMENSIONED M BY L.

DIMENSION A(M,N), B{N,L), C{M,L)
DN 2 I=l,M

DO 2 J=l.L

5=0.

0N 1 K=14N

S5=SH+ALI4K)I*B{K,J)

ClIyJd)=5

RETURN

END

SURROUT INE TRNSPO (AR M,N}

THIS SUBROUTINE CALCULATES THE TRANSPOSE OF THE MXN MATRIX A
AND STORES THE RESULT [N B, A MUST BF DIMENSTONED MXM IN THE
MAIN PROGRAM AND 8 MUST BE NXM,

DIMENSION A(M,N), B(NM)
DO 1 I=14M

DN 1 J=14N

BlJ,I)=A(T,d)

RETURN

END

SUBROUTINE SCAMPY (A, XsMuN)

THIS SUBROUTINE REPLACES THE MATRIX A BY THE PRODUCT OF A
AND THE SCALAR, X. A MUST BE DIMENSIONED MXN IN THE MAIN PROGRAM
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MATRIX

MANIPULATION ROUTINES

DIMENSION A[MyN}
MM=M%N

0O 1 I=1,MM
A(Ty=X®A(]}
RETURN

END

SUBROUTINE ADDSUB (AR, CyMeNsY)

SUBROUTINE ADDSUB STORES THE RESULT OF A+R IN C AND THE
QESULT NF A~B IN Y. A, B, Cy AND Y MUST ALL BE DIMENSIONED AS

MXN MATRICES IN THE CALLING PROGRAM,

DIMENSION A(MyM), BIMyN), C{M,N}, YIM,N)
D0 & I=1.M

DO L J=1+N

Clld)=AtTJ)¢B1,d)

YTy J1=A0T,4)=-B(T+J)

RETURN

CND

SUBROUTINE INVERT (A.N)
DIMENSION Al60,60), B{e0), CU60}, LZL6D}
N1 J=1,.N

LZitdr=J

0 L1 I=s1,N

K=t

Y=A(IL,1}

L=1-1

LP=[+1]

IF (N-LP)} 54242

DO & J=LP4N

W=A{1,4)

IF (ABS(W)I-ARSCY)}) 4,4,3
K=J

Y=

CONTINUE

00 &6 J=1i N

Cltd)=ALJ,K}
AldsK)=zA{Jel)

Al I)==CLI)/Y

A{T Jdi=A{Id)/7Y
BlJI=A(Iyd)
AlL+11=1.0/Y

J=L2(1)
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MATRIX MANIPULATION ROUTIMES

13

14
15
16

L2LI}=LZ 1K)

LZIK)=J

DO 10 K=1,N

[F tI-K)} 741047

DO 9 J=1,.N

IF (1-J) B,9.8
A{KyJ)=A{K,J)}=B8(J)}*CI(K)
CONTINUE

CONTINUE

CONTINUE

DD 16 I=1,N

IF (I-LZ(1)} 12:16,12
K=I+1

PO 15 J=K.N

IF (I-LZUJ)) 15,13,15
M=LZ({])

LZ{IY=LZ(Jd)

LZ21J)=M

DO L4 L=1,N
ClLY=A[I,L)
AfT,L)=A(J,L)
AlJ,L)=C(L])

CONT INUE

CONTINUE

RETURN

EMD

SUBROUTINE INVERTZ {CDOVA,N,D)

- SUBROUTINE INVERT USES THE GAUSS-JORDAN ELIMINATION METHOD
--T0O REPLACE THE MATRIX, A, WITH ITS INVERSE. THE DIMENSION
—--STATEMENT IN THE MAIN PROGRAM MUST HAVE A LISTED AS A 60X60
-~-MATRIX. HOWEVER, THE ACTUAL NUMBER NF ROWS AND COLUMNS OF A
--THAT ARE TO BE INVERTED IS SPECIFIED BY N (N MUST BE RETWEEN
--0 AND 61)

DIMENSION COVAL604+601y ALED+60)y L1660}, (60}
DOUBLE PRECISION A,D.BIGA,HOLD

—=CONVERT TO DOUBLE PRECISION

DO 1 I=1.N
DO 1 J=1N
All,Jy=COVALI.J)

~~SEARCH FOR LARGEST ELEMENT

D=1,0

NO 17 K=1,N
LIK)=K

MIK) =K
BIGA=A(K,K)
DO 3 I=K4N
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MATRIX MANIPULATION RNDUTINES

DO 3 J=zK,N
IF (ARSF(RIGA)I-ARSFIA(T,J))) 2+3,3
2 BIGA=A(],4J)
LiK)=1
Mi{K)=J
3 CONTINUE
Cm—==e INTERCHANGF ROWS
J=L(K)
IF (LEIK)=K) b464%
4 DO S I=14N
C HOLD=-A{K,1)
A(K,[)=A0J,11)
5 AlJ.1)=HOLD
Lo e INTERCHANGE COLUMNS
& [=M(K)
IF (M{K)~K)} 9,9,7
7 DN B8 J=zlsN
© HOLD=-A{J,K)}
AldKI=ALJ, 1)
8 A(J,y [1=HOLD
Cr=we— NDIVIDE CULUMN BY MINUS PIVOT
9 DO 11 I=1,.N .
IF {(I-K) 10411,10
10 A{L+K)I=A LI K}/{-A{KyK))
11 CONTINUE
Cmmmm- REDUCE MATRIX
D0 14 I=]l,N
DO 14 JslyN
IF {I-K) §2,14,12
12 IF tJ-K) 13,14,13
13 A{I4+J1=Al],K)#A(K,J)+0(],J0)
14 CONTINUE
C-==—- DIVIDE ROw BY PIVOT
BN 16 J=z]l,N
IF (J=-K} 15,16,15
15 AlKyJI=AIKs2)YALKK)
L6 CONTINUR C .
(=== CONTINUED PRODUCT (F PIVOTS
D=DRA{K,K)
C—~=-==REPLACE PIVDT BY RECIPRNCAL
AlKyK)=1.0/AK,K}
17 CONTINUE
f———— FINAL ROW AND COLUMM INTERCHANGE
K=N
18 K=lK~-1)
IF (K) 25,25.19
19 I=L{K}
IF (J=-K)} 22,22,20
20 DO 21 J=1.N
HOLD=A(J,K)
AldyK)==A0d,y 1)
21 AlJ,y[)=HOLD
22 JeM{K}
If (J-K) iBsy18422
23 DN 24 I=1,N

HOLD=A{K+ 1)
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MATRIX MANIPULATION ROUTINES

A{KIV==ALJ, 1)

24 A3, 1)=HOLD
G 70 18
C-m==—- CNONVERT RACK TD SINGLF PRECISION

25 DO 26 I=1.N
DO 26 J=]14N

26 COVALL»J)=A(I,+d)
RETURN
END

SUBRNOUTINE MATPWR (AsByDUM¢N, I}

L==~== THE N BY N MATRIX A IS RAISED TO THE POWER I AND PUT BACK IN B.

C-———- DUM 1S A DUMMY CALCULATION MATRIX.
DIMENSION AIN N}y BIN,N), DUMIN,N)
M=T-1
DO 1 J=1,N
DO 1 K=1l,N
1 DUMGJ 4 K)=A(J,K)}
01 5 LL=14M
DO 3 11=1,N
DO 3 JdJ=1+N
$=0,
DO 2 KK=1,N
S=S+AL1T,KK)IXDUM(KK 4 Jd}
B{llsJ4)=5
D0 4 J=1,M
DO & K=1,4N
4 DUM(JKY=R{J,K)
5 CONTINUE
RETURN
END

w Mg
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SAMPLE DATA DECK FOR MATRIX HANIQULATIGN ROUTINES

-5 8 3
6 8 -2
-3 -8 2
9 5 5
-3 =2 5 4
-3 9 5 6
2 4 1 -0
6 5 3 8
B -6 -3 2
-6 T -5 2
L 0 2 0
0 4 0 1
2 0 3 2
0 1 2 i
A -5,000 8.000 3,000
6.000 8.000 -2.000
-3.000 ~6.,000 2.000
9.000 5,000 5.000
A[TRANS. ) -5.000 6.000 -3,000 9.000
8.000 8.000 -6,000 " 5,000
3,000 -2.000 2.000 5.000
8 - -3,000 -2.,000 5.000 4.000
~3.000 9,000 5.000 6.000
2.000 4,000 1.000 -0.
D 6.000 5.000 3.000 8.000
8.000 -6,000 -3,000 2.000
-6.000 7.000 -5,000 2.000
E=B+D 3,000 3,000 8,000 12.000
5.000 3,000 2.000 8.000
-4,000 11.000 -4,000 2.000
E=B~D -9,000 =7.000 2.000 -4,000
~11,000 15.000 8.000 4,000
8.000 -3.000 6.000 -2.000
E210.0%E 30.000 30.000 80.000 120.000

50.000 30.000 20.000 80.000
-40,000 110.000 -40.000 20.000

C=A*B -3.000 94.000 18,000 28,000
~45.000 52.000 68,000 72.000

31,000 -40,000 -43,000 -48.000

-32.000 47.000 75,000 646.000



C (NEW) 1.0000000€+00
0.
2.0000000E+CO

0.

CUINVERSE) 3.6842105E-01
2.1052632E-01
3.1578947€E-01

~8.4210526E-01

0.
4,0000000E+00
0.
1.0000000E+00

2.1052632E-01
2.6315789E-01
-1.0526316E~01
-5.2631579E~-02

1.000

IDENTITY 0. Q.
0. 1.000 0.
"'0000 .000 1.000
-.000 -.000 O
CIINVERSE) 3.6B42105E-0]1 2.1052632E-01

2.1052632E-01
3.1578947E-01
~B.4210526E-01

2.6315789E-01
-1.0526316E-01
-5,2631579€-02

DETERMINANT = -1.9000000£E+01

Ch%x3 2.1000000E+01 4.0000000E+00
4.0000000E+00 7.3000000E+01
%.2000000E+01 1.6000000E+01
2.0000000E+01 2.6000000E+0]

2.0000000€E+00
0.

3.0000000E+00
2.0000000E+00

3.1578947E-01
-1.0526316E-0C1
~1.5789474E~-01
4.2105263E-01

3.1578947€-01
-1.0526316E-01
~1.5789474E-01
4.2105263E-01

4.2000000E+01
1.6000000E +01
8.3000000E+01
4.4000000E+01

O.

1.0000000E+00
2.0000000E+00
1.0000000E+00

-8.4210526E-01
~5.2631579E-02
4.2105263E-01
2.1052632E-01

-8.4210526E~01
-5,2631579E-02
4,2105263E~01
2.1052632E~01

2.0000000E+01
2.6000000E+01
4. 4000000E+01
2.7000000E+01



Program BMDO2R
INTRODUCT | ON

This program is the step-wise multiple regression of the Biomedical
Computer Program series of the School of Medicine, University of California,
Los Angeles. It uses a forward step-wise procedure in that is starts with one
independent variabie and adds another independent vatiable to the equation at
each step.

The step-wise procedure can be valuable in screening large numbers of
independent variables for their relationship with the dependent variables.
Because the program operator can force individual independent variables into
the equation--or conversely, delete them from consideration--the relationéhips
and interactions among independent variables, or groups of independent variabies,
can be studied. Users of this program should bear in mind that the step-wise
procedure does not necessarily produce the best possible regression as it does
not consider all possible combinations of Independent variables. It is also
quite possible with this program to develop regression equations containing
more independent variables than are justified by the number of observations.
Considerable care should be exercised in interpreting the resuits. The program
is written in FORTRAN and operates on the CDC 6400 computer with the NCAR

compiler.

HOW TO USE THE PROGRAM
The Systems Cards are not described here except to point out that tapes
2 and 3 should be identified as scratch tapes. The sequence of input is as

follows: (Cards enclosed in parentheses are optional. All other cards must

be included in the order shown.)
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a. System Cards

b. Problem Card

(¢c.} Transgeneration Card{s)

(d.) Labels Card(s)

e. F-type Variable Format Cards

(f.) DATA INPUT Cards (Place data Input deck here if data input Is from
cards.)

g. Sub-problem Card(s)
{(h.) Control-Delete Card(s)
(1.) Index-Plot Card(s)

Je Finish Card

Note: g. through (i.) may be repeated as many as 99 times in each problem;

b. through (i.) may be repeated as often as desired.
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The cards are prepared as follows:

Problem

Card

Card preparation.

Columns
Columns
Columns
Columns
Columns
Columns

Columns

Columns

Columns
Columns
Columns
Columns
Columns

Columns

Columns

1- 6
10-15
17-20
24,25
29,30
34,35
39,40

bk 45
48,49

51-53

55-57

59-61

63-65

68,69

71,72

PROBLEM (Mandatory)

Alphanumeric problem name

Sample size (1 s n < 4000)

Number of original variables (2 s p < 50)

Number of Transgeneration Cards (0 s m < 99)

Number of varlables added by transgeneration (-9 < q < 48)

Tape number if data is on tape (¥ logical 2); otherwise,
leave blank.

Number of Sub-problem Cards (1 < s 5 99)

Number of variables labeled on Labels Cards. Leave blank
if Labels Cards are not used.

YES If means and standard deviations are to be printed;
otherwise, leave blank.

YES |f covariance matrix is to be printed; otherwise,
teave blank.

YES |If correlation matrix is to be printed; otherwise,
leave blank.

YES |If zero regression intercept is desired; otherwise,
leave blank.

NO If tape specified in Columns 39,40 is not to be rewound
before this problem; leave blank if Columns 39,40 are
blank, or if tape rewind is desired.

Number of F-type Variable Format Cards (1 < k < 10)

Transgeneration Card(s)

The term transgeneration is used to include transformations of input

variables and creation of new variables prior to the normal computation per-

formed by the various programs.
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The transformations described below are performed on the values of the
variables in each case. in these examples, the symbol xi will denote the ith

variable as well as its value,

Examples:
logloxh > Xh '°9loxh replaces xh
)(5c -+ xl Xsc replaces Xl
XZ + X3 - X2 X2 + X3 repl aces X2

The transgenerations available are listed below.
Notation to be used In the following transgeneration list:
i, j, k are variabie indices (need not be different)
c is a constant
3]s 85, 83, . . . are constants

n is the number of cases, or sémple size

The mean X, = — [ X.,
i n oL gl
J=1
n
The standard deviation s, = | ! T (x., - 7:)2]]/2
i n-1 . ji i
j=1
Code Transgeneraticon Restriction
0l in -+ xk Xi 20
02 1/xl+-ﬁi+l+xk X;ao
03 logmxi -+ Xk Xi >0
X
o4 e - Xk -
05 arcsin -VX‘ - Xk 0 < XI < i
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Code Transgensration : Restriction

06 arcsin /Xi7ln+li + arcsin /!X'+i7(n+|i ~ X, 0 s (X;/n) < )

07 I/XI - Xk X’ ¥ 0

08 X, +c~ Xy | -

09 Xie > X, . Ce -

10 Mc*ﬁ N - X; 2 0

1 X; + xj > X, . | | -

¥2 .x' -\Xj<* Xk -

13 XXy > % o B --

14 X /%) > X, X, # 0

15 1£X 2¢, 1+X; --

otherwise 0 -+ xk |
16 If X, 2 X b X .-
otherwise 0~ Xk

17 logexi +‘Xk | _ X' >_0

18 X, = X~ X, ‘. ) -

19 Xgfsp > % o | -

20 sin XI + Xk o -

21 cos Xi - Xk -

22 arctan x' + Xk -

23 X3 x X, >0
1 k i

165



Code Transgeneration Restriction

X,
24 c '+ Xk c>0
25 Xi + Xk _—
26 ¢+ X (Leave code 1 blank)

>

27-39 Not defined

LT4] If X, = a or a, or a

I 3ro o s a7, then ¢ —+ Xk;

2
otherwise Xk remains unchanged.
4y If X, s blank, then ¢ = X} (X‘ ¥ -0)%

otherwise Xk remains unchanged.

%Note that in reading numeric fields, a blank
field and -0 are equivalent,

L2 | f Xi =a; ora, Oraj ... azs then )(_i + xk;
otherwise Xk remalns unchanged.
43 I f X4 is blank, then Xj > X (Xi ¥ -0)

otherwise Xk remains unchanged.

When a violation of a restriction in the right-hand column occurs during
transgeneration, the program will print a diagnostic messagé. Most programs
will proceed to the next problem, if any. Some programs will delete the case
where the violation occurred and continue the computation. Other programs will

screen all the input data for additional restriction violations before proceeding

to the next problem, if any.



Card preparation.

Columns 1~ 6 TRNGEN (Mandatory)
Columns 7- 9 Variable index k
Columns 10,11 Code from transgeneration list (restricted by availability
in particular program)
Columns 12-14 Variable index i -
Columns 15-20 Variable index j or constant ¢
Columns 21-25 Blank
Column 26 Number of ai's for transformation 40 or 42
Columns 27-32 a value
Columns 33-38 a, value
Columns 63-68 a7 value
The constants c, 31s + . ., @y are punched with a decimal point if used

with variables which have an F-type format and without a decimal point if used

with variables which have an I~type format.

Labels Card(s)

Labels Cards allow the user to substitute alphanumeric names for the

usual numeric indices (variable numbers or category designations) which appear

on the printed output.

Card preparation.

Columns

Columns

Columns

1- 6

7-10

11-16

LABELS (Mandatory)

The number of the variable {or category, or index) to be
named. This number must be right-justified.

The corresponding alphanumeric name
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Columns 17-20 The number of ancther variable

Columns 21-26 The corresponding alphanumeric name
Coiumns 67-70 The number of another variable
Columns 71-76 The corresponding alphanumeric name of that variable (up

to 7 per card)

There may be from one to seven palrs of variable numbers and labels on
each Labels Card. |If desired, only one pair may be specified on each card.
However, the total number of labels appearing on all tﬁe Labels Cards must
equal the number of laﬁels specified on the Problem or Sub-problem Card.

It is not necessary to label all the variables. Those labeled may be
tisted in any order.

Example:

Suppose the number of variables to be labeled as specified on the Problem

Card is 9. Then the Labels Cards might be punched as:

LABELS TOHEIGHT O7WE!IGHT 105AGE 003 X1 0051VAR59 0073 X+Y

LABELS 99SEX OQJ00ANYNAM

LABELS 05STATUS

Variable Format Cards

These cards prescribe the format in which the data will be read. Column
one contains a left parenthesis followed by the desired format and a right
parenthesis, |f the entire format specification will not fit into 80 columns,
it should be continued on a second card if necessary, starting in Column one.

As many as 10 cards may be used for the format.
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Sup-problem Card(s)

Card preparation.

Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns

Columns

1- 6
9,10
13-15
20-25
30-35
40-45
49,50
53-55
58-60
63-65

SUBPRO  (Mandatory)
Number of the dependent variable
Maxlmum number of steps. This will be 2{p+tq) if left blank.

F-level for Inclusion. This will be 0.01 if left blank.

H

F-level for deletion. This will be 0.005 If left blank.
Tolerance level. This will be 0.001 if left blank.
Number of variablesxén the index-Plot Card (0 s | < 30)
YES |If ControlfDelete Cards are included,

YES If list of residuals is to be printed.

YES If summa}y table s to be printed.

Control-Delete Card(s)

Card.preparation._

Columns
" Column

Column

Column

1- 6

7
8

72

CONDEL (Mandatory)
Control value* for first variable

Control value* for second variable

Control value* for 66th variable

The variable numbers above refer to variables after transgeneration.

*CONTROL VALUES

1

2

Delete variable (or dependent variable)
Free variable

Low~-level forced variable

Fi
High-level forced variable
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tf no Control-Delete Cards are included, or if a fleld is left blank on
the Control-Delete Cards included in the deck, the value 2 will be assigned
If the variable is not the dependent variable and the value 1| assigned If it

is the.dependent variable,

Index-Plot Card(s) . .
Variables specifléd on this card are piotted against the residuals.
Card preparation. ‘

Columns 1~ 6 IDXPLT (Haﬁdatory)

Columns 7, 8 First variable to be plotted
Columns 9,10 Second variable to be plotted
Columns 65,66 30th variable to be plotted

No more than 30 variables may be plotted per sub-problem.

Var!ablés specified refer to the original data after transgeneration.

PROGRAM OPERATION

This program computes a sequence of multiple 1inear regression equations
in a step-wise 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. Equivalently it is the variable which has highest
partial correlation with the depéndent variable ﬁartia!ed on the variables
which have already been added; and equivalently it is the variable which, if
it were added, would have the highest F value. In addition, variables can be
forced Into the regression equation. Non-forced variables are automatically
removed when their F values become too tow. Regression equations with or

without the regression intercept may be selected.
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Output from this program includes:.
I. At each step:
A. Multiple R
B. Standard error of estimate
C. Anailysis~of-variance table
D. For variables in the equation:
I. Regression coefficient
2. Standard error
3. F to remove
E. For variables not in the equation:
1. Tolerance
2. Partial correlation coefficlent
3. F to enfer
I1. Optional output prior to performing regression:
A. Means and standard deviations
B. Covariance matrix
C. Correlation matrix
III. Optional output after performing regression:
A. List of residuals
B. Plots of residuals vs. input variables
C. Summary table
IV. Limitations per problem:
A. p, ‘number of original variables (2 < p s 50)
8. g, number of variables added by transgeneration (-9 5 q s_h8)

C. ptq, total number of variables (2 < p+tq s 50)

A



D. s, number
E. k, number
F. |, number
G. n, number

H. m, number

of Sub-problem Cards (i s s

of Varilable Format Cards (|

A

A

of variables to be plotted (0

of cases (1 s n < 4000)

of Transgeneration Cards (0 ¢

SAMPLE RUN

99)
k s 10)

i s 30)

1A

ms 99)

A sample run of the program was made. Three independent variabies

(water equivalent readings on snow courses) and the dependent variable

streamflow were used. No transgenerations were made. Following are the

program control cards and data cards used and the resulting output.



SMDUZR - srtﬁhlstzngoagssxo~ - VERSION OF JUNE 2. 1966
KEALTH SCIENCES’ COMRUTING FACILIIY® UCLA

PROBLEM CODE ) SAMPLE
NUMBER OF CASES is .
NUMBER OF ORIGIMAL VaRTAGLES "
NUMBER. OF VARIABLES AULLED ]
TOTAL NUMBER OF VARIABLES -
NUMBER OF SUB=PROBLEMS 1

VARIASLE negan STANVARD OEViIaYION
CPA 3 TeR0000 8, 7844
cPu 2 8,640607 7. 2067y
uEA 3 2434000 1.00091
POUURE & £19.,93333 B, 80877

INPUT DECK FOR SARPLE RUN OF BADQIR (STEPMISE REGRESSION)

PROBLM SAMPLE 13 & o© o 1 & YES VES VES
LABELS  1CPA Pl | 4POUDRE
(Fe.1,20F5.1),1%,£3.0)

20.8 22.1 0.4 347 -

25.1 17.6 1.8 106

19.3 17.3 0.2 133

30.5 38.9 2.3 202

29.7 36.1 5.0 378

29.4 32.9 4.0 256

30.9 29,7 5.0 228

29.2 26.0 2,8 199

22,3 27.5 2.8 317

38.9 36.5 2.1 274

20.1 19.8 2.4 146

35.4 32,2 1.9 176

27.7 34.3 4.1 325

21.1 21.9 0.0 110

27.6 33.9 0.3 242

SUBPRD 4 VES VYES
_FINISH_

COVARIANCE MATRIX

VARIABLE 1 2 3 &
NUMBER
1 33,116 324193 4,08] 203+5%0
2 BZ2eTT? §+0%6 s4]eTTy
3 20748 96+63)
L) ) 8802924
CORRELATION MATYRIX
VARIABLE 1 . 2 ¥ &
NUMagR
1 1.“0 » 770 0‘3. ob27
2 i=qgo00 +9n3 *T3s
J 12000 704
& 1000
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Program NONLIN
INTRODUCT ION

NONLIN is a nonlinear programming program available for use on the
FORTRAN Extended compiler of the CDC 6400 SCOPE System.

Many optimization probiems cannot be dealt with using linear programming
techniques because either the objective function or the restraint equations
are not linear functions. Whenever the ﬁost of a resource depends on the
amount of resource used, the objective furiction becomes nonlinear. This is
a very common occurrence in all types of problems. Programming problems
_élso become nonlinear when risk and uncertainty are considered. For many
broblems the risks involved in giving up other decisions must ;Iso be
considered in the objective function.

The solution of nonlinear problems does not Involve one clear-cut method
as does linear programming. There are several different methods of solution,
and not all methods are equally well suited to a given problem. The task of
the user Is to discover the.logical foundations of a given problem, and to
find suitable formulations for the objective functions and the constraint
equations. |If these formulations can then be expressed as described below,

this method should be used.

PROGRAM OPERATION

The program is designed to solve the nonlinear programming problem when

stated in the following form:
(A} minimize the function f(x) where x is the nx] vector:
X = (xl, Xgr + 0 s xn)'
subject to the x obeying the following m (nonlinear) constraining

inequalities:
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Rj(x) 20 for j=1,2, ., .,m
The method used depends upon formulation of the problem as one of uncon-
stralned minimization in the following way:
(8) solution of the probiem stated in (A) will be the same as the
limiting solution to the problem: .
for e > o, ry>rp>. .. r# » 0

find the minimum with respect to x and i of the function

m
P(x,r) = F(x) + rk-Jfllnj(x)l",

if the followlng conditions on the functions Involved hold:

cl There exists at least one X such that the jnequalities stated
in (A) are true (i.e., at least one feasible solution),

€2 f(x) and -Rj(x) are convex functions and have continuously
differentiable flrst and‘second derivatives,

C3 For every finite k, the set of x such that f(x) s k is
bounded, provided also that each x is a feasible solution,

C4  For every r > 0, P(x,r) is convex.

Since the function to be minimized in (B) is without constraints, the
minimization can be performed by the steepest descent method starting at Ehe
known feaslble solution. The method consists of starting with some arbitrary
positive r, and using the steepest descent method (or a variation) to find a
vector Xq which makes P(Xof]) a minimum. Then select an ry, say 1/2 of Fle
also positive, and again minimize P(x,rz). In this way a series of feasible
solutions, Xpr Xps o - will be generated. It Is possible to show (prove
mathematically) that under the conditions stated this sequence of feasible
solutions will converge to the optimal feasible solution. (Also, under the

conditions stated a single unique optimal feasible solution exists.)
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The utility of the program is extended greatly by the fact that, although
it finds the optimal solution when the rather stringent conditions above are
met, it has also been shown empirically to provide either an optimal sclution
or a solution which is a great improvement over some initial feasible solution
when the conditions are not met. Thus, the program is a nonlinear programming
algorithm when the conditions in {B) are met and a nontinear programming
heuristic In other cases.

The program user must provide four FORTRAN coded subroutines as the
manner of stating his problem. One program reads in coefficlents and other
necessary data; a second provides the value of the pbjective function and
the constraining functions f(yx) and Rj(x); a third provides tﬁe derivatives
of these same functions; and a fourth provides any of m+l nxn matrices of
second derivatives of the functions. iIn addition, a number of parameters,
such as initial x vector, inittal r value, d;crement for r, etc. must be

specified. The exact form for these subroutines and parameter cards follows.

INPUT REQUIREMENTS
User-supplied Information Cards
The user must supply a parameter card which precedes the data deck, an
tnitial starting point or x vector following the parameter card, and an
option card which follows the data deck. These cards give instructions to

the computer program and are necessary for execution of the program.



1. Parameter Card

Column - Format Name Use
01-12 E12.0 EPSI (&) Tolerance used to decide If an uncon-

strained minimum has been achieved
(normally set at 10-5) (see option 9)

13-24 E12.0 RHOIN (rl) Possible inftial value of r (see
option 1) o
25-36  El12.0 THETAO (éo) Tolerance used to decide |f the

solution to problem (A) has been
approximated (see option 5)

37-48 EI2.0 RATiIO (c) Parameter (> 1) used to compute con-
secutive values of r; r'/-l = ri/c

49-60 E12.0 THMMAX Maximum amount of time for solving
problem (in seconds):

61-64 14 M Number (integer) of non-trivial
constraints (see option 2); if OPTION 2 = I,
(M.+ N} s 200: if OPTION 2 = 2, M < 200

65-68 14 N Number (integer) of variables, N 5 100

2. Inlttal starting poiht or x Qector, (xo}

The cards designating the initia) starting point immediately follow the
parameter card,

There are six components per card, requiring (N/6) cards for the vector,
Each card format is 6E12.0.
3. Option Card

In general the ith optlo; is desiénated by a single Integer in the
(Ix7)th column. In the general situation it is recommended that all options

be equal to 1. The Fortran variable name is NT| for Option 1, NT2 for

Option 2, etc.
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Option 1

Option 2

Option 3

Option 4

Option §

Option 6

Option 7

Option 8

Value

Meaning
r is given by formula 25, reference 1, p. 47
Fl is given by formula 23, reference 1, p. 47
ry = RHOIN (see parameter card)
The requirements (trivial constraints) that x. » 0

for 1 =1, . . ., n are to be automatically 1hcluded
in the problem '

Only constraints on the problem are those Inputed
by the user

Standard printout (This includes a call to QUTPUT

at the solution of every subproblem, the estimates
of the ''Lagrange multipliers' and first- and second-
order solution estimates.)

For additional printout (includes standard printout,
every intermediate point, gradient and mapped
gradient vectors)

Not used

Final convergence criterion (see parameter card)
FIx(r )]

n
quit when r I ]/Rj[x(rk)] < 8

j=1 o
first-order estimate of v
quit when o . 1 <8
G[x(rk),U(rk)I 0
Not used

First move after a minimum is achieved
No extrapolation
Extrapolate through last two minima

Extrapolate through last three minima

Hatrix of second partials computed every time
(Recommended)

Repeated use is made of matrix of second partials
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Value Meaning

Option 9 Subproblem convergence criterion, or when to stop
minimizing P-function for fixed value of r (see
parameter card)

= | quit when

2P

ax

T /0 3 ) 41 i
| v, P (x'r) Bx; 170, Plxur)] <e

i
-2 quit when

2 i-1
T , 1 37P(x,r) -1 j P ) - P
I vx P (X .r)[__sg.gif__q vx P(Xl,f)| < X -

) 5
= 3 quit when | Vx P(xi,r)l < e
Option 10 = ] At least one nonlinear constraint -
= 2 Linear constraints
= 3 Linear constraints and linear objective function (i.e.,

a linear programming problem)

Note when Option 10 = 3 MATRIX - the user subroutine sdpplying the second partial
derivatives will not be called, when Option 10 = 2 it wil] be called only to get
the second partials of f(y).

User-Supplied Subroutines
The first card in each user-supplied subroutine is necessary and conriects
the essential common region [called the share common region] of the main program
with the user routines (see example). Of course, all the common regions may be -
made accessible to the user by duplication of the common and dimension cards.
Blank common is left for the user's use in transferring data between his
“subroutines. FORTRAN II modifications require one master common card - easily
made up from the separate FORTRAN IV regions.
I+ Subroutine RESTNT (I,VALU)
When I = 0, this routine must set VAL = fx).
When I ¥ 0, routine must set VAL = Ri(x).

x Is found in COMMON.:
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II.

I1I.

IvV.

Subroutine GRADI(I)

When I = 0, GRAD] must place fo(x) in DEL

When I # 0, GRADI must place VxRi(X) in DEL
Xs DEL In common. DEL does not have zeros upon entry to GRAD!.
Subroutine MATRIX (J)

This subroutine must supply the upper triangle and diagonal
portions of the matrix of second partials of f or any Rj on request.
The lower triangle (the computer variable name& array is A( , ))
must not be disturbed. Note that the upper triangle and diagonal

elements of A are all zero upan entry to MATRIX.

5
When J = 0, MATRIX must place —%;iéil—- in A{k,i} for k=1, .. ., N
| Sl T .
. i=k, .. ., H
| %R, (x) |
When J # O, MATRIX must place in Alk,i) for k=1, , . ., N
. ' 3Xk3xi

i=k, . . ., N
Subroutine READIN
READIN s the first of the user's subroutines to be called and is
called only once for each problem. Essentially, the purpose of this rou;ine
is to have the user read in the data necessary to evaluate the objective

function and constraints and all their first and second partial derivatives.

PROGRAM LISTING AND SAMPLE OUTPUT

The following example was used by G. M. Van Dyne to predict the relationship

between botanical and chemical Components in fistual forage samples:

Let Ci be the chemical content by weight of a given constituent in

the ith mixed sample expressed as a proportion; let Pj be the chemical

182



content of the jth species in the mixed sample expressed as a percent;
and let wij be the percent weight of the jth species in the ith sample.

Also let M be the number of species and N be the number of samples.

ci-szwU. (o:,c,si)
J
zu”-loo (OswljleO)
and 0 < Pj < 100 for i =1,2, ..., Nand j=1,2, .. ., H

The problem is to solve for the Pj-values, given the corresponding values

of C1 and wij for N samples, such that the foliowing function, Q, is minimized:

N( M 2
Q= £ (C, - 1P,
=1 P ey 471

The user-supplied subroutlnes.for.this were coded as follows:
I. RESTNT (IN,VAL) evaluates the constraints according to IN.
When IN = 0, VAL will be returned with the present value of the
objective function d.
When IN # 0, VAL is set equal to the value specified by RHOIN on
the option card.
II. GRADI(IN) computes the gradients according to IN.
When IN = d, the gradients stored in DEL(I) are calculated by
fo(x). For this problem the formula is expressed as

M
v f = -2 IW c. - P
0 e

W, .
j=1 I

J

When IN # 0, the gradient DEL(IN) is set equal to one, and all

others are set equal! to zero.
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III.

Iv.

MATRIX (IN) calculates the second partials.

| 2 M
When IN = 0, the 2L 1o o icilated by A,.o= I W, W.
_ axiaxj ij k=1 ik jk
for i =1,2, .. .,N and j =1, i+1, . . ., N.

2
When IN # 0, the ngéx) are returned with zero values.
177

READIN reads in all necessary data that is specified by the objective

)

J
i=1,2, ..., N and i=1,2, ..., M and Cj, i=12,.. ., M

function., For this problem READIN éupplied the values for M, N, w;

An identifying header card is also read and printed by READIN.

The output from this problem bégins with a printout of the parameter

card, and option card F is then listed as the initial value of the objective

function. The Initlal conditions for the P variables are listed as both the

current value of y and the constraint values.

For each feasible solution generated, the values of the problem variabies

and functions are then printed as follows:

POINT is the number of iterations necessary for convergence.

DOTT is the value of the convergence criterion for each subproblem (a
subproblem consists of the calculation of a feasible solution).

RHO is the current value for r at that solution.

MAGNITUDE gives the determinant of the gradient matrix supplied by GRADI].
| v Plx(r}]]

F Is the current value of the objective function flx(r)].

P is the convergence criterion used to determine if the feasible solution
is also an optimal solution.

flx(r)] + RSIGMA



G is the convergence criterion for optimality of the dual solution.
flx(r)] - RSIGMA

RSIGMA is the amount of deviation allowed for optimality.
M

L r/R [x(r)]

=1

CURRENT VALUE OF x is x(r) or the values of Pj expressed as a percent.

CONSTRAINT VALUES are R [x(r)], . . ., Ry [x(r)].

For this problem, these are also the resulting values of Pj'

For each feasible solution, these values are printed and the generation

of feasible solutions is continued unti) the solutions converge to optimality.
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NONL INEAR PROGRAMMING PROGRAM

PROGRAM NONLINCINPUT,OQUTPUTTAPFS5=INPUT, TAPES)

Crmm— MAIN RAC NON-LINEAR PROGRAMMING ROUTINE
COMMON /SHARE/ X{(100),DELIL100) A[100,100) NyMyMN,NP],NM]
COMMON /OPTNS/ NTL4NTF2,NT3,NT4,NTS NTE,NT7,NTB,NTI ,NTLO4NTLL,NT12
COMMON /VALUE/ F,G,PO,RSIGMA,RJ{200) 4RHN
COMMON /CRST/ DELX(100) DELXO{100) sRHOINJRATIGEPSI THETAOLNTCTR,N
TUMINE» X1{100)4X21100)4X3(100),XR20100}+XR1{100)4PR1,PR2,PLyFlRJLI
2200),007TT,PGRAD(100)4DIAG(100)sRI3(200)PREVI,F3,ADELX,RSIGL,G1l,53
I+RSIG3 s NVI¢NPHASE JNSATIS,LRJ(200) 4+ NSOL e
REAL LRJ
C===—- PARAMETER CARD
=== INITIAL X VERCTOR CARD FORMAT
L= OPTION CARD FDORMAT
REWIND 6
NSOL=0 '
1 READ (5,5) EPSI RHOIN,YTHETAO,RATIO, TMMAX ,M,N
IFIN.EQ.0) GO TO 11
CALL 51T (TMMAX)
READ (546) {XtI}sel=14N)
NTCTR=0 :
NPL=N+1
NM1=N-1
C=—n—mr SURROUTINE READIN [S UNDER PROGRAMMER CONTROL
CALL READIN '
C—m—=- OPTION CARD FOLLOWS PRDGRAMMERS DATA
READ {5,7) NTL,NT2,NT3,NT4,NT5,NT64NT7,NT8,NT9,NT10
WRITE (6,8)
WRITE (6,9} NoMy TMMAX ,RHOIN,RATIDEPSI ,THETAD
L [F NON-NEGS INCLUDED BY LETTING NT2=1 THEN ADD M+N TO GET NO. REST
MN=M
GO TO (243), NT2
2 MN=MN+N
3 CONTINUE
WRITE (6,10)
WRITE (647} NT14NT2,NT3,NT4,NTS,NT6,NTT,NTBsNTO,NTI10
CALL TIMEC
NPHASE=2
CALL EVALU
PD=0.0
6=0.0
RSIGMA=0.0
CALL OUTPUT (2)
CALL STORE
CALL FEAS
C+—-=-=NPHASE=5 IS USED TD INDICATE NO FEASIBLE POINT EXIST
GO TO {44454494411,s NPHASE
4 NPHASE=2
NTCTR=0
CALL BODDY
GO 1O 1
11 CONT INUE
ENDFILE &
sTop
Cmmemm
5 FORMAT {5E12.0,2714)
6 FORMAT (6E12.0)
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NONLINEAR PROGRAMMING PROGRAM

7

8
9

1

@~

1E14,7,4X, 6HRATIO=E10.3,6X,8HEPSILON=E]D., 3

0

FORMAT (1l01T)

PAGE

FORMAT (37H1 NONLINEAR PROGRAMMING ROUTINE-RAC )
FORMAT {IHO»5X s 2HN=13,6X s 2HM=13//8X, 1 0HMAX. TIME=1PELO.3,4X,2HR=1P

FORMAT (18HO OPTIONS SELECTED)
END

SUBROUTINE READIN ;

14X+ 6HTHETA=E10.3)

COMMON /SHARE/ XIIOO)'DELIIDOJ’A{100-100)nN.HoMN.NPl,NMl
COMMON C,P,NN

" DIMENSION C(150), PI{150,20%, ID(14}

DATA INCASE=0)

VAN OYNE PROBLEM - NONNEGATIVE LEAST SQUARES ONE RHS

e

- e -

NCASE=NCASE+}

READ (5+3) (IDUI)eI=1l,14)

WRITE (694) (ID(K)yK=1,14)

READ {5,5) NR¢NC

N=NC '

M=N

NN=NR

WRITE (6,8) NR,NC,NCASE

00 2 I=]14NR i

READ (5,6) lP[I|J}|J=1|NC}|C([’
WRITE 16,7} [+ {PUL,0)3d=14NCY,CL])
CONTINUE

RETURN

FORMAT (13A6,1A2)

FORMAT {1H1,13A6,1A2)

FORMAT 12113)

FORMAT (10F8.3)

FORMAT (1H 415413F8.3,F15.3)
FORMAT (1H ,21645X,BHFILE NO.,I3)
END

SUBROUTINE RESTNT {IN,VAL}

COMMON /SHARE/ X{1001,DEL(100),A(100,100)

COMMON C,P,NN

DIMENSION C(150), P(150,20}
CONSTRAINT EVALUATION VAN DYNE
IF (IN) 1,144

SUM1=0.0

00 3 I=1,NN

SUM2=0.0

DD 2 J=},N

SUM=SUM2+X{J)1%P(1,.J)
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NONL INEAR PROGRAMMING PROGRAM

2 CONTINUE
SUML=SUMLI+{C{I}-SUM2)%=*2
3 CONTINUE ‘
VAL=SUM]
GO TO 5
4 VAL=X{IN)
5 RETURN
END

SUBROUTINE GRADL (IN)
COMMDN /SHARE/ XflOO'QDELlIDOJvl(IOOtIOO’prHoHN'NPlgNNI
COMMON C,P,NN
DIMENSION C(150), P(150,20)

C——==- GRADIENT COMPUTATION VAN DYNE
IF {(IN} 1,1,5

1 DO 4 I=1,N
SUM1=0.0
DO 3 J=1,NN
SUM2=0.0
DO 2 K=1l,N
SUM2=SUMZ+XIK)}*P{J,K)

2 CONTINUE
PROD=C(JI-SUM2
SUML=SUML+P{J,])*PROD

3 CONTINUE
DELI{II==2.0%SUM1

& CONTINUE
GO TOo 7

5 DO 6 I=14N
DEL[[)’G-O

& CONTINUE
DELUIN)=1.0

7 RETURN )
END

SUBROUTINE MATRIX (IN)

COMMON /SHARE/ X(IOO‘vDELi100"A(IOOOIOO}!NlHtHNfNPl|Nﬂl

COMMON C,P,NN

DIMENSION Ct150), PL150,20)
Cmmm=— MATRIX OF SECOND PARTIALS
O VAN DYNE PROBLEM

IF {IN) 15144
i DO 3 I=l,N

DO 3 J=]4N

SUH=0.0

DO 2 K=14NN
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NONLINEAR PROGRAMMING PROGRAM

SUM=SUM+P{K, I} #P{K,J}

2 CONTINUE
AllyJ)=2.0%5UM
3 CONTINUE
4 RETURN
END

SUBROUTINE BODY

COMMON /SHARE/ X{100),DEL({100),A{100,100)
COMMON /OPTNS/ NTl,NTZ'NT3.NT4,NT5.NTb,NT7,NTB.NT9;NTlO'NTl1
COMMON /VALUE/ F1GoPOLRSIGMA,RJE200) RHO

COMMON /CRST/ DELX(100),DELXO{100),RHOIN,RATIO
IUMINIrXIIlOD).XZIlOOJsX3I100).XR2(1001:
2200)|DOTT9PGRAD(lOOl'DIAGilOO);RJ3(200]cPREV3'F3'

3+RSIG34NVI,NPHASE,NSATIS,LRJ(200)}

REAL LRY
NUMINI=0
Cr——m== OPTION OF GETTING INITIAL RHO
CALL RHOCOM '
1 CALL PEVALU
2 IREP=D
ISME=]
CALL GRAD (1)
CALL SECORD (1)
GO 70 8
i IF {NT8B.EQ.1) 6,4

L=—mmm IF NTB IS GREATER THAN ONE THEN REPEATED USE IS MADE OF THE A MATR

4 IREP=]REP+]
IF {IREP.LT.NTB) 7,5
IREP=0
ISME=1
CALL SECORD {2)
GO TD 8
ISME=2
DO 9 I=L4N
DELX(I}=DELXO(I)
CALL TIME IXI)
CALL INVERS (ISME)
CALL TIME (¥S)
CALL STORE
CALL TIME (z0)
CALL OrT
CALL TIME (WM)
CALL MAG
GO TO (11,10}, NT3
10 WRITE (6432) XI1,VYS5,20,WM
CALL TIMEC
CALL OUTPUT (1)
i1 GO YO 127,12,12)4 NPHASE
12 CALL CONVRG {N1)
GO TO 113,3), N1

oo

O oy
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NONL INEAR PROGRAMMING PRNGRAM

C——mm= MINIMUM ACHIEVED
13 GO TO (14.15), NT3
14 CALL TIMEC
CALL CUTPUT (1)
L5 NUMINT=NUMINT+]
GO TO {31,16+16), NPHASE
16 CALL ESTIM
G0 TO {28,244+17)y NPHASE

17 CALE FINAL (N2} .-
GO TO t18,19), N2

L8 RETURN

19 RHO=RHO/RATIO

C===== A VECTOR IS LEFT IN-DELX(I)} B8Y ESTiM

IF (NUMINI-2) 2,20,20
20 GO TO (24214210 NT?
21 CALL GRAD {2}

CALL OPT

CALL PEVALU

GO TO {23,220y NT3
22 WRITE (6,33)

CALL OUTPUT {1}
23 GO TO 5
24 GO TO (25,17), NTLO
25 CONT INVE

C--m—- THISIS UNCODED AT PRESENT
GO YO 17
C--—--AFTER OPTIMUM MOVE GOES HERE IF IN FEASIBILETY PHASE

26 RETURN
GO TO (30,12+26), NSATIS

Cemm- TEST FOR NOM DUAL FEASIBILITY
21 IF (RJINVI)) lels26
28 GO 1O {29,1T»17)s NSATIS

29 CALL STORE
IF (RJINVI)} 1,126

30 CALL STDRE
GO TO 1
C—==r- FORTUITOUSLY SATISFIED CONSTRAINTS ACCEPTED
31 IF {G) 16,16+26
foppup—
32 FORMAT{2HO 39HTHE TIME BEFORE THE CALL TO INVERSE WAS

PAGE

F

1194 SECONDS, AFTER WAS F9.3, BH SECONDS / 2Xy 35HTHE TIME BEFF

20RE THE CALL TO OPT WAS F9.3, 19H SECONDSs AFTER WAS

3 BH SECONDS )
33 FORMAT (6X,30HMOVED ON EXTRAPOLATION VECTOR }
END

SUBROUTINE CONVRG (N1}

COMMON /SHARE/ X[100),DELL1001,AL1005100} ) NsMyMNsNPL,NML
COMMON /OPTNS/ NT14NT2,NT3,NT& NTS5,NT6,NTT7,NTBsNTI4NTL1ONTLL,NTL2

COMMON /VALUE/ F,G,PO,RSIGMA,RJIE200]}4RHO

COMMON /CRST/ DELX(100),DELX0{100) ,RHOIN,RATIO,EPSI,THETAO, NTCTR N

Tan

F
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NONL INEAR PRDGRAMMING PROGRAM

PAGE

lUHlNI.Kl(lDOng?flOOinBIIOO),XhZ(IOO).XRl(lOO)|PR1'PR2'P1'FI.RJII

REAL LRJ
COMMON /TSW/ NSWW

C-—---=LEAVES A 1 IF MIN HAS BEEN FOUND,

LY - QRN YV N2

e

N1=2

NSWW=1

GO TO (1+2+3)s NT9

IF (ABSIDOTT)I-EPSI) 4,4,5
IF (ABSI(DDTT)={P1-PO1/5.)1 444,5
IF {(ADELX.GTL.EPSI} 5,4
Nl=1

GO TO (647)e NSWW

RETURN

CALL EXTIT

END

SUBROUTINE ESTIM

2200},DOTT,PGRADLL00),DTAG(100),RI3{200),PREV3,F3,ADELX,RSIG]1,G1,6G3
3,RSIG34NVINPHASENSATIS,LRJ(200)

2 IF NOY
---0D0T PRODUCY OF GRAD.AND INVERSE PRODUCT LEFT (DURING OPT) AT DOT

COMMON /SHARE/ X{100)4+PEL(100)4A(100,100) ,NoMyMN,NP1,NML
COMMON /OPTNS/ NTL1aNT2,NT3,NT4,NTS NT6,NT7,NTB8;NT9,NT10,NTL1L,NTL2

COMMON /VALUE/ F+G+PORSIGMA,RI(200),RHO

COMMON /CRST/ DELX{100),DELXO(100) 4RHOIN,RATIDLEPSI,THETAO,NTCTR,N
LUMINI, X1(100),X2(100)4X3{100) 4XR2{100)XR1{100),4PRL+PR2,PL,FL,RJILL
2200)4D0TT,PGRADI1001,DIAG(100),RI3{200)PREV3,F3,ADELX,RSIGL,51,63

39)RSIG3IsNVIsNPHASEWNSATIS,LRJI{200)
REAL LRJ

CALL STORE
Z9=SQRT{RATID)
I1={1./29+1./RATID)
212=11+1./19%%3
23=1./7219%%3
Z24=RATIO+29
IS5=73%%3
Zb=1o,(‘RATIO*I.)*{Zq-lo”
2t=1./19
182101‘29_1.’

IF {(NUMINI-2) 5,3,1

————— 30 WRITE{&,+102)

CONTINUE

PO={PR2-24%PR1+7Z5%P1) %16
G={RATIO*G1-GR1)1/{RATIO~1.)

DD 2 l=14N
X{D)=tXRZ2{IV1-Z24*XRI( 1} +Z5%X1(]))*26
CALL EVALU

----- CALL ourtepuT(2)

CALL SPECFE
GO TO (15,3,3), NSATIS

191

SIX CARDS HAVE BEEM MADE COMMENTS TO ELIMINATE 1ST AND 2ND ORDER
ESTIMATES AND LAGRANGE MULTIPLIER OUTPUT.
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NONL INEAR PROGRAMMING PROGRAM

C———+= 20 WRITE{6,1011
3 CONT INUE
PO=129%P1-PR1)*28
G=(RATIO®*G1-GR1)/{RATIN-1.]}
DO & I=1,.N
X(1)=(Z9&X1(I)~XR1{I})*Z8
CALL EVALU
----- CALL QuUTPUT{Z2)
CALL SPECFE
GO TO {15:545)s NSATIS
----- 105 WRIRE{6,103})
CONTINUE
DO &6 J=14+MN
RJ{JISRILLI)*%2
GO TO (7491, NT2
DO 3 l”lgN
XK{I1)Y=RJ(I}
—-—<——46 CALL OUTPUT (2)
CONT INUE
CALL REJECT
CAaLL PEVALU
CALL GRAD {2)
1F (NUMINI-2)} 13,16+10
10 60 TO (13,17,11), NTT

F

=] Wi O (0]

VO~

C--—==-SECOND ORDER MOVE FOR NEXT MINIMUM
11 DO 12 1=1.N
12 DELX{I)=Z1%X1{11~Z2%XR1([}+Z3%XR2(1)
13 PRZ2=PR1

GR2=GR1 -

PRLI=P1

GR1=G1

DO 14 [=1,N
XR2{1)Y=XRL(I)

14 XRI(I)=X1(1])

15 RETURN

16 GO TO {13,17,17)y NT7

17 DO 18 I=1eN

18 DELX(IY=(X1EI}-XRYICI})*1I7
GO TO 13

[ —
END

SUBROUTINE EVALU

COMMON /SHARE/ X(100),DEL{100),A1100,100) NyM;MNsNP]1,NM]

COMMON /VALUE/ F,G4+PO,RSIGMA,RI{200) 4RHD

COMMON /OPTNS/ NT14NT2,NT3,NT4,NTS,NT6,NT7yNT8,NTI,NT10,NT11,NTL2

COMMON /CRSTY/ DELX(100),DELX0O(100)RHOIN,RATIO,EPSI.THETAQsNTCTR,N
TUMINI, X1{100)4X2(100),X3{100),XR2{100),XR1(100),PR1,PR2ZyPLyF1lsRJILI
EZOO)rDDTT,PGRADIlOOI.DIAG(lOOl'RJ3(200l.PREV3'F3,ADELX.RSIGl.Gl.GB

3,RS1G3 NV 4 NPHASE«NSATIS,LRJ(200)
REAL LRJ

1aG72

PAGE

et e e bt et e e et ety

IIIIII‘IIIIII:CIIIIIIIIIIIIIIIIIIIIIIIIIIII

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

- 56

57

59
60
61
62
63
64
65
66
&7
68
69
70
71
72

Nl - BEN I LT RS Ve N



NONL INEAR PROGRAMMING PROGRAM

-—-DIFFERENT FOR PHASE?R

GO TO (1¢1459)¢ NPHASE
GO TO (2,41 NT2

DO 3 I=]1.N

RJUI)=X{I)

IPN=N

GO TO &

1PN=D

DO & I=1,M

J=IPN+]

CALL RESTNTY (1,.,RJlJ}}
CONTINUE

GO TOQ (T.8)y NPHASE
F=-RJINVI)

G0 YO 9

CALL RESTNT (Q.F}
RETURN

END

SUBROUTINE FEAS

COMMON /SHARE/ X(IOO).DELIIOOI;A(IOO.IOO)gN,M.ﬁN,NPl-NMl

COMMDN /VALUE/ FyG,PO+RSIGMA,RJI{200)+RHO

COMMON /0OPTNS/ NT1yNT2,NTI NT4,NTS NTE,NTT)NTA,NTF,NTL10,NTL1L,NTL2

COMMON /CRST/ DELX1100),DELX0(100) +RHOIN+RATIOLEPST, THETAO,NTCTR,N
TUMINI X11{100},X2(100),X3(100)+XR2{100),XR11100),PR]1,PR2,P1l,FLl,RJ1I
2200),D0TT,PGRAD{100)+DIAG{100}4sRII(200)4PREVIFIADELXRSIGLYH1+63

3sRSIGI 4 NVI 4NPHASEZNSATIS,LRJ(200)

REAL LRJ
NPHASE=1

NSHW=]

GO TD {1,5)y NT2
NFIX=1

DO 3 I=1,N

IF (X{I}) 242,3
NFIX=2
X{1)=1.E-05
CONTINUE

GO TO (5,4), NFIX
NPHASE=2

CALL EVALU
NPHASE=1

WRITE {6,11)
CALL OUTPUT {2)
D0 6 I=14MN

IF (RJI{1))Y 9,:9,06
CONTINUE

GO TO (8,7)1y NSW
CALL TIMEC

WRITE (6,12)
6=0.0

PO=0.0
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12

CALL QUTPUT (2)
RETURN

NvI=1
F=~RJ(NVL)

CALL BODY

NSW=2

NVI=0

IF {F) 545,10
WRITE (6413}

NPHASE=5
60 10 8

TO INDICATE TD MAIN TO START ON NEXT PROBLEM.

PAGE

FORMAT (1HO,2X,48HMADE VIOLATED NON-NEGATIVITIES SLIGHTLY POSITIVE

1}

FORMAT (SL1HO®*%xxTHE FEASIBLE STARTING POINT TO BE USED IS
- FORMAT {(3X,89HTHIS PROBLEM POSSESSES NO FEASIBLE STARTING POINT,
1ILL LOOK FOR DATA FOR NEXY PRDBLEM. )

END

SUBROUTINE FINAL (N2)

COMMON /SHARE/ X(100),DELI100),A(100,100),N,M,MN,NP1,NMI

COMMON JOPTNS/ NT14NT2,NT3 NT4 NTS,NTE(NT7,NTR,NTS,NTLIOyNT1L,NTL2
COMMOCN /VALUE/? F,G4,PO,RSIGMA,RJ{200) 4RHD

COMMON /CRST/ DELX(100),DELXD(100) 4RHOIN,RATIOLEPST,THETADNTCTR,N

l..)

LUMINE»X11100),X2(100),X3(100)yXR2{100),XRL(100),PRL,PR2,PLyFL,RJI1I
2200),DDTT,PGRADI100),0TAG({100),RI3(200),PREVIZFIADELX,RSIGL+G1,G3

3,RSIG3INVINPHASE,NSATIS,LRJ(200)
REAL LRJ

-=FINAL CONVERGENCE CRITERION
-—1 LEFT IF CONVERGENCE MET 2 IF NOT

GO TO (1424334 NTS
EPSIL=ABSI{F/G-1.)

[F (EPSIL-THETAO) 54546
I[F {RSIGMA~THETAQ) 545,86
IF (NUMINI=1) Sy4,:4
PEST=PR1I-{PRI-PO)/11.-1./SQRT{RATID))
EPSIL=ABS(PEST/G-1.)

IF (EPSIL-THETAQ) 5,5.:6
N2=1

GO 10O 7

N2=2

RETURN

END

SUBROUTINE GRAD {15}

194
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W

YW N

12

13
14
15
16

17
18
19
20

21
22
23

24
25

COMMON /SHARE/ X{100),DEL(100),A{100,100) ,N,M,MN,NP1,NML

COMMON /OPTNS/ NTL4NT2,NT3yNT4 NT5NTH,NT7,NTE,NTINT1O,NT11,NT12

COMMON /VALUE/ FyG+PORSIGMALRII200)4RHO

COMMON /CRST/ DELX(100),DELXO0{100),RHOIN,RATIOLEPSI,THETAONTCTR,N
LUMINT X1 (100),X20100)4X3(100)4XR2(100)4XR1{100),PR1,PR2,P1,Fl,RJLI
2200} ,D0TT,PGRAD{100),01AG(100),RJI{200)4PREV3,F3,ADELX4RSIG1,G1l.63
3+sRSIG3+NVI NPHASE,NSATIS,LRJ{200)

REAL LRJ

==IF (15=1) ACCUM. MATRIX OF 2ND PARTIALS I[F(15=2) DONT

GO YO (1,3}, 1IS
DO 2 I=1 N

DO 2 J=1,1
All.J)=0.

DO 4 I'—'1|N
DELXO({1)=0.

—=THIS SECTION WORKS CORRECTLY IN FEASIBILITY PHASE AS WELL AS NORMA

IPN=0
GO TO (549}, NT2
D0 8 I=1,N

IF (X1{1I)) 8.8B,6
DELXOUI)==RHD/X{}%%2
GO TO (7,8B), IS

Al 1)=-2.%DELXOLTI)/X(1)
CONT INUE '

IPN=N

DO 16 J=1.M

K=IPN+J

IF {RJ1IIK)) 16,416,410
CALL GRADL (J)
TT=RHO/RJ(K ) *%x2

00 15 I=1,N

IF (DEL(]1)) 11,15,11

--1F DEL({I)=0 SKIP ALL THE FOLLOWING COMPUTATION INVOLVING * BY DEL{

T=TT*DEL(1]}
DELXOUI)=DELXOII)-T

GO TO (12,15}, 15§
T=2.%T/RJ(K}

DO 14 JJy=1,1

IF (DEL{JJ}) 13,14,13
AlTsdI)=A(T,JJY+T*DEL(J D)
CONTINUE

CONTINUE

CONTINUE

GO TO {17,419}, IS

D0 18 [=1,N
DIAGITY=A{I, I}

GD TO (20,27,29), NPHASE
NJ=NVI

GO TO (21,25), NT2

IF (NVI.GT.N) 24,22

DO 23 I=1|N
DELXO(I[)}=-DELXO( 1)
DELXO(NVII=DELXO(NVII+1.0
GO TO 29

NJ=NVI-N

CALL GRAD1 (NJ)

195
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DO 26 I=14N

26 DELXOIII=-DELK01I)+DEL!II
GO TO 29

27 CALL GRAD1 (0)
DO 28 1=1.N

28 DELXO{1)=-DELXO(I)-DEL{I)

L= LEAVES THE NEG. GRAD OF P IN DELXO
29 RETURN
END

SUBROUTINE INVERS {[NSME)

COMMON /SHARE/ X{1001,DEL(100),A(100,100) N,M;MN,NPLyNM]

COMMON /OPTNS/Z NTL MNT2yNT3 NT&,NTS.NTE,NTT?,NTB,NTI,NT10,NT11,NTL2

COMMON /CRST/ DELX(100),DELX0{100)RHOIN,RATIO,EPSL,THETAO,NTCTR,sN
LUMINI ¢ X11100) 4X2{100),X3{100),XR2{100},XR1{100)4PR1,PR2,P1yFl,RJ1I
2200),DOTT,PGRAD{ 1001 ,01AG(100)+RJIL200),PREVI,FI, ADELX'RS!GI GlsG3
DS RSIG3'NVI.NPHASE NSATIS,LRJ{200)

REAL LRJ

EQUIVALENCE (B,DELX)

DIMENSION B8(100)

Ca===- GETTING THE PRDDUCT INVERSE USING THE CROUT METHOO AND TAKING ADVA
Crmm—— AGE OF THE SYMMETRY OF THE A MATRIX
Cmemmm= 1f A DIVISOR GF 2ERD IS GENERAYED, THEN DELX [S SET EQUAL TO DELXO
(oo IF NSME=1 HAVE NEW A MATRIX IF NSMEs=2 COMPUTE INVERSE PRODUCT US
C——— A AS LEFT FROM LAST TIME.

GO TO (2:1)y NSME
1 GO TO (12+19)4 KSW
2 KSW=1

IF (A(1s1)) 23423,3
3 Ati,l)=1./Al1l,11}

0D 4 1=2,N
4 All,yI)h=A11,1)%A(1s1)

D0 11 J=24N

JMl=4-1

T=0.

DO 6 I=1,JM1
IF (A{lsJ)) 54645
5 T=T+A(J, 1)1 *%A(1,J)
6 CONTINUE
ATJyJ)=ALS4)-T
IF (A{JyJ1 )} 26,24,7
7 AlJydi=l./A0d,,0)
IF {JJEQ.N} GO TO 12
JPl=J+l .
D0 10 L=JPLlsN
T=0.
DD 9 I=1lsJdM1
IF {A{LyJ)) BsTs8
8 - T=T+al{L, 11 *ALT )
9 CONTINUE
AlLyJ)=A(Led1~T

el ol ol ool o
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10

12

13
14

15

16
17
18
19
20

A(JsL)=A(LJI*AJ,d)
CONTINUE ‘

CONTINUE
BU1)=B{1l)I*A{1l.1)

DO 15 J=2,N

T=0.

JMl=J-1

DO 14 I=}1,JM]

IF (A(Je])) 13,114,413
T=T+A(Jy1)*BI]}
CONTINUE

BlJ)=(B(J}~ Tl*l‘JrJ'
CONT INUE

DO 16 1=1,MNM]

NMK=N~-1

00 17 J4=1,1

L=NPi~)

IF (A{NMK,L)) 16+17,16
B[NHKI=B(NHK,*A(NHK'L,*B(Ll
CONTINUE

CONTINUE

GO TO (224,20}, NT3
WRITE (6427)

WRITE (6,26) {DELXOU1)yI=1gN}
GO TO (21,22)+ KSW
WRITE (6+28)

WRITE (6+26) (DELX{I)sI=14N)
RETURN .

J=1

WRITE (6929) JyAldyd)
KSW=2

DO 25 I=1,N
DELX{2)=DELXOL(])}

GO 76 19

FORMAT (TE17.8)
FORMAT (1HO.6X412HDEL P VECTOR)
FORMAT (1HO,6X,24HSECOND ORDER MOVE VECTOR)

FORMAT(2NHO SLIHTHIS MIGHTY NOT B8E A CONVEX PROGRAMMING PROBLEM, THE

1 3y 16HTH DISCRIMINANTs - LE15.7 )
END

SUBROUTINE MAG

COMMON /SHARE/ X{100),DEL{LO0}+A{1005100}¢N,sM"N,NP1,NM]

COMMON /CRST/ DELX(100)4DELXO{100)+RHOINSRATIO,EPST,THETAO,NTCTRyN
TUMINI o X1(100)yX2{100) ¢4X3{100}+XR2{100)4XR1{100),PR1,PR2,P1,F1,RJ1I(
2200),007TT,PGRAD{100),DIAG{100) RJ!(ZOO),PREV3’F3.ADELX RSIG1,G1lyG3

3:RSIG31NV!:NPHASE’NSAYISvLRJ(ZOOl
REAL LRJ

ADELX=0.

0O 1 I=14N

197
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NONL INEAR PROGRAMMING PROGRAM ' PAGE
1 ADELX=ADELX+DELXO( 1) *%2 N
ADELX=SQRT(ADELX} N
RETURN N
END N
SUBROUTINE OPT SUM
COMMON /SHARE/ X(100)¢DEL{100),A(100,100) )N,M¢MNsNPL,NM1 SUM
COMMON /0OPTNS/ NTl,NTZ,NT3,NT4'N15pNTb,NTT.NTB.NTQ.NTIO'NTI1.NT12 SUM
COMMON /VALUE/ F4G,POsRSIGMA,RJ(200),RHO SUM

—

E VR,

COMMON /CRST/ DELXI100’.DELXO(IOO!,RHUIN.RAT[O.EPSI.THETAO.NTCTR.NSUM
IUMINI'XI(IOD)'X2(1001.X3(100).XR2!1001.XRllIOOFcPRI'PRZ.Pl.FlcRJI(SUM
2200)'DDTT.PGRAD(lOO},DIAG(lOO).RJ!(?OO].PREVB'F3.ADELX'RSIGI'GIrGBSUM

3,RSIG3,NVI,NPHASE,NSATIS,LRJI(200} SUM
REAL LRJ ‘ SUM
KSW=1 SUM
DOTT=0. SUM
DO 1 J=1l.N SUM
DOTT=DOTT+DELX{J)*DELXD(J) © UM .
1F (DOTT) 25244 ' : SUM
DO 3 1=1,N SUM
DELX{1)=DELXOLI) SUM
CONTINUE SUM
NTCTR=NTCTR+1 SUM
Do S I=1,N SUM
X2{1)=x(1)} SUM
PX1=P0 SUM
N&01=0 SUM
N&D1=N40l+1 ' SUM
DO 7 I=1,N SUM
X{[12X2{ 1Y +DELXI(T) SUM
CALL EVALU , SUM
CALL SPECFE SUM
—=1 MEANS SATIS.OF CONSTRAINT NT.PREV. 2MEANS NOCHANGE 3MEANS VIOLATSUM
——1F POINT IS NOT FEASIBLE GIVE IT AN ARBRITRARILY HIGH VALUE SUM
GO TO (4649,8), NSATIS SUM
PX2=10.E35 SUM
PO=10.E35 SUM
GO TO 10 SUM
CALL PEVALU SUM
PX2=P0 SUM
IF (PX1-PX2) 10410415 SUM
IF (N4D1-2) 13,11,11 SUM
DO 12 [=1,N SUM
XL(I)=X(1) SUM
Pl=PX2 SUM
GO TO 37 SUM
- SUM
--ONLY ONE POINT SO FAR COMPUTED ' SUM
DO 14 I=1sN SUM
X3Iy=x2{11 SUM
PREV3I=PX1 SUM
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G0 TO 18
15 DO 16 I=1,N
X3t=x2111

xX2(1¥=xtl)
16 DELX(1)=1.61803399%DELX(I)
PREV3=PX1
PXL=PX2
GO TO 6 .
C————- FIBDNACCI METHOD ©ot
C-----B VECTDR GODES TO X1{(1)
i7 PO=1.F36
18 DO 19 I=1,N
19 X1tIy=x(1)
P1=PO

D0 20 I=1,N

X{I)=.38196601%{X1{1)=-X3(1))+X3{1)
20 X211¥=x(1)

CALL EVALY

CALL SPECFE

GO TO 146421417}y NSATIS

21 CALL PEVALUY
PX1=P0
DO 22 I=1.N

22 X{I1=0.38196601*(X1{T}-X2{I}1+X2(1)
CALL EVALU '

CALL SPECFE
GO TO (66423,17), NSATIS
23 CALL PEVALU .
PX2=P0
N4D1=1
24 N4O1=N401+1
IF (N4OL-25) 2B,25,25
25 KSW=2 ‘
IF (N4OL-40) 26,40,40
26 DD 27 1=1,N
IF {ABS(X2{1)/X{1)-1.0).GE.1.E-7) 28,27
27 CONTINUE

GO TO 40
28 IF (ABSIPX1/PX2-14).LE.1.E-T7) 40,29
29 IF {PX1-PX2) 30,40,35
C————- FROM LEFTORIGHT X3(I)(PREVIIXZ2{II(PXLIX{TIIPX2 X1(I)P1
30 DO 31 I=1,N
31 XL(I)=x(I)
Ceem— THROW AWAY RIGHT PART

PL=PX2

DO 32 I=1,N
(m=mm POINTXPl BECOMES XP2
32 X(I1=.38196601*(XL{I=X3LT1)D)+X3(])
C-=——- TEMPORARILY IN X STDRAGE

CALL EVALUY

CALL SPECFE
GO TO (464334171 NSATIS

33 CALL PEVALY
PX2=PX1

C-~--- SWITCH VECTORS TQ PROPER POSITION
PX1=PQ
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NONL INEAR PROGRAMMING PROGRAM PAGE
DO 34 [=1eN SuM
Xx=X211) SUM
Xx2¢(1¥=X(1} SUM

34 X{1)=xX SUM
GO TO 24 SUM

C---—-LEFT SIDE TOSSED AWAY SUM

35 DO 36 I=1+N SUM
X301)1=x211) SUM

E]-) X2t 13=X11) SUM
PREV3I=PXL SUM
PX1l=pPX2 SUM

37 00 38 I=1l4N SUM

38 X11)=20,38196601* (X1 (1Y-Xx2{[1)1+X2(1) SUM
CALL EVALU ' SUM
CALL SPECFE SUM
GD TO (46,39417)y NSATIS SUM

39 CONTINUE SUM
CALL PEVALU SUM
PA2=P0O SUM
GO TO 24 SuUM

C-----FIBONNACCI POINYS HAVE EQUAL VALUE NOW COMPUTE MIDPOINT SUM

40 D0 41 I=1.N SUM
DELXO{I}=X(I) SuM

41 XUI)=(DELXOLI)+X2{1)1*0.5 " SUM.
pPP1I=PX2 SUM
CALL EVALU SuUM
CALL PEVALU SUM
GO TO (42,43), KSW : SUM

42 IF {ABS(PO/PX1-14).GTolaE-T) 44,43 SUM

C-——=—= NOTE POSSIBLE ACCUM SECOND PARTIALS HERE ALSO SUM

43 CALL GRAD (2) S5UM
RETURN SUM

44 D0 45 I=1.N SUM

45 X(Iy=DELXO(]} SUM
GO TO 30 SUM

46 RETURN SUM

Co—rme— NOT YET CODED FOR PHASE=3 SUM
END SUM
SUBROUTINE QUTPUT (K]} SUM
COMMON /SHARE/ X{100),DEL{100)4A{100,100] +NsMyMN,NP1,NM] SUM

COMMON JOPTNS/ NYL NT2NT3,NT44NTS4NTENTT NTByNTO,NTLOWNTLL4NT12 SUM

COMMON /VALUE/ F,G,PO,RSIGMA,RJ(200),RHO

SUM

COMMON /CRST/ DELX(100),DELX0{100)sRHOIN,RATINLEPSI,THETAO,NTCTR,NSUM
TUMINI o X14100}+X2(100)4X3(100),XR2(100)+XR1(100)yPRLIPR24PLsFLyRJL{SUM
2200) +DOTT4PGRAD(100),DIAG(100}4RJI3L200),PREVILF3,ADELXsRSIGL+GL,G35UM

3,RSIGISNVIyNPHASE,NSATIS,LRJ(200)+NSOL

REAL LRdJ
GO TO (1,5)« K
1 WRITE {6+49)

WRITE 1&6,10) NTCTR.DDTT,RHO,ADELK;NPHASE

SUM
SUM
SUM
SUM
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107
108
109
110
111
112
113
Il4
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
13t
132
133
134
135
136
137
138
139
140
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[F {NPHASE.NE.1) 5,2 SUM 1
2 NVI{=NVI SUM L
GO TD (3,43, NT2 SUM 1
3 NVII=NVI-N SUM 1
4 WRITE (6,14) NVII SUM L
5 WRITE {(6s11) F,POsGoRSIGMA SUM 1
WRITE (6,12} (X{I},I=1,N) SUM 1
WRITE (6415} SUM  2(
GO TO (6,7} NT2 ' SUM 2
6 WRITE (64516) SUM 2,
WRITE (6,13) (RJIID,I=NP1,MN) . SUM 2
GO TD B SUM 2.
7 WRITE (6,13) (RSLIV,I=1,MN) SuM 2!
8 NSOL=NSOL+1 :
IF(NSOL.LT.5) RETURN
NSOL=Q
WRITE(6,1T)
RETURN
Comammm _ SUM 27
L*) FORMAT (S0HO%* .2 xkrk gk krbd kbbb akshkgh ki kg kgkkg } SUM 21
10 FORMAT (10X,6HPOINT=14,6X96H DOTT=1PFL1S5.7+6X;4HRHO=E15,7,6X, lOHMAGSUM  2¢
INITUDE=EL1S.T¢6X+6HPHASE=12) SUM 3¢
11 FORMAT { 10Xy 2HF=LPELIS.T 16Xy 2HP=ELS.T+b6XN,2HG=EL1S.T7,6X, THRSIGMA=ELS.SUM 3]
17) ' : CSUM 3
12 FORMAT (6X42SHTHE CURRENT VALUE OF X IS/(1P&F20.T)) SUM  3°
13 FORMAT {1P6E20.7} SUM 3
14 FORMAT {LlH o117X,6X,4HNVI=]13) SUM 3¢
15 FORMAT {6X421HTHE CONSTRAINT VALUES) SUM 3
16 FORMAT {1H »27Xs34HNOT INCLUDING THE NON-NEGATIVITIES) SUM 37
17 FORMATI{®INONL INEAR PROGRAMMING ROUTINE-RAC®///)
END SUM 3¢
SUBROUTINE PEVALU SUM 1
COMMON /SHARE/ X€100),DELILOC)sA(100,100) NsM;MNNP],NM] SUM . 2
COMMON /OPTNS/ NTL NT2yNT3;NT4yNTS,NTOsNT7 ¢ NTBeNTO,NTIO,NTLL,NT12 SUM 3
COMMON /VALUE/ F,G,P0,RSIGMA,RJ(200) ,RHU SUM 4
COMMON /CRST/ DELX{100),DELXO0(100) 4RHOIN,RATIOLEPSI,THETAQ NTCTR,,NSUM 5
LUMINI +X1(100)4X2{100) 4X3{1003},XR2{100) XR1(100)4PR1L,PR2,PLsF1,RJII{SUM :
2200),D0TT,PGRAD{100),DIAGI100)+sRI3{200) PREV3F3,ADELXsRSIGL+G1l,GISUM 7
3+RSIGIyNVINPHASENSATIS,LRJ(200) SUM 8
REAL LRJ SUM g
GO TO (5,1543, NPHASE SUM 10
1 RSIGMA=0, SUM 11
DO 2 I=1,MN SUM 12
2 RSIGMA=RSIGMA+RHO/RI(]) SUM 13
3 PO=RS IGMA+F SUM 14
G=F-RSIGMA SUM 15
4 RETURN ‘ SUM 16
5 RSIGMA=0. SUM 17
DO 7 I=1:MN ] SUM 18
IF ARJILEDYY T47¢6 SUM 19

201



NONL INEAR PROGRAMMING PROGRAM PAGE 17

6 RSIGMA=RSIGMA+RHO/RI( T}
7 CONTINUE

GO 70 3

END

SUBROUTINE REJECT
COMMON /SHARE/ X(100)4DEL{100)4A{1004100)+N,M,MN,NPL,NN1L
COMMON /OPTNS/ NTLyNT2NT3,NT4,NT5,NT6,NTT,NTBNTO,NT10,NT11,NT12
COMMON /VALUE/ F,G,P0,RSIGMA,RJ{200)4RHD
COMMON /CRST/ DELX{100),DELXC(100} 4RHOIN,RATIO,EPST, THETAOsNTCTRWN
LUMINI X1¢100}1,X2{100),X3(100),XR2{100) XRLI100}+PR1,PR2,PL4FLloRJLI
2200} ,00TT,PGRAD( 100} DIAG(100),RJI3{200),PREV3,F3,ADELX¢RSEGL,G1sG3
3,RS1G3,NVI4NPHASE,NSATIS,LRJ{200)
REAL LRJ
1 DO 2 I=1,N
2 X(Ly=X141)
DO 3 J=1,MN
3 RI(II=RIL{J}
PO=P1
RSIGMA=RSIGI
G=G1
F=Fl
RETURN
END

SUBROUTINE REJCT1
COMMON /SHARE/ X{100):DELIL100):ALL00,100) N.MyMN,NP] ,NML
COMMON /OPTNS/ NTLsNTZ2sNT3I,NT4 NTS NTONTT NTEB,NT9,NTLO,NTL11,NT12
COMMON /VALUE/ FG4POWRSIGMA,RITZ00) ,RHD
COMMON ZCRST/ DELX{100) ,DELXO(IO0)YyRHOIN,RATIOWEPST ,THETAO: NTCYRyN
IUMINI.XItIOOD.XZI100}.x3(100).xh2!100)-xR1(100).PR!.PRE.Pl,Fl.RJlI
2200) ,DOTT4PGRAD(100},DIAGL100},RJ3(200),PREVI,F3I,ADELX+RSIG1+G1,G3
3.RSIGISNVIJNPHASEJNSATISHLRIL200])
REAL LRJ
NO 1 I=1,N
1 Xtly=X3(1)
DO 2 J=1,MN
2 RJMJI=RJZ(D)
POG=PREV3
G=G3
RSIGMA=RSIG3
F=F3
RETURN
END

202
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E ROV I I

(%]

[an = RN T SRR UV LV I

SUBROUTINE SPECFE

COMMON /SHARE/ X{100),DEL(100),A(100,100) N,M;MN,NPL,NM]

COMMON /VALUE/ Fy64PORSIGMA,RI{200),RHD

PAGE 18

SUM
SUM
SUM

COMMON /CRST/ DELX(100),DELXO{100)RHOIN,RATIOLEPSI THETAONTCTR,NSUM
TUMINI »X1(100)4X2{100)4X30100),XR2(100),XR1{100)4PRY+PR2+PL4F1,RI1(SUM
2200),007T,PGRAD(100),DIAG(100)4RI3(200)yPREVIsF34ADELX,RSIGLsGLleG3ISUM

I,RSIGINVINPHASE,NSATIS,LRJ{200)
REAL LRJ

--3 IF NOT SFEAS' . 2 IF NO CHANGE IN VIOLS+SATIS.

NSATIS=2

DO 4 J=14MN

IF (RJ1(J)) 24241
IF (RJUJ)) 5,544
IF (RJ(JIY) 44443
NSAT1S=1
CONTINUE

RETURN

NSATIS=3

RETURN

END

SURROUT INE RHOCOM

CNMMON /SHARE/ X{100},DEL({100)yA(100,100) yNyMsMN,NPLI,NM1L
COMMON /OPTNS/ NTL14NT2)NT3,NT4yNT5,NTESNTT7NTBsNTI,NT10,NT114NT12

COMMON /VALUE/ F,G,PORSIGMA,RJ(200) RHO

SUM
SUM

TORMSUM

SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM

SUM
Sum
SUM
SuUM

COMMON /CRST/ DELX{100),DELXO(100)+RHOIN,RATID,EPSI,THETAQ,NTCTR,NSUM
TUMINIXL(100)+X20100)¢X30100),XR2(100) +XR1{100)4+PR1,PR2,PE+FL4,RII{SUM
2200),D0TT4PGRADILI00)}+DIAG(100),RII{200)PREVIFI,ADELX,RSIG1,G1,GISUM

34RSIGISNVIyNPHASEWNSATIS,LRJI200)
REAL LRJ

~---SUBROUTINE 70 COMPUTE INITI[AL RHO VALUE
=== CONTROLLED BY COL. 7 ON DOTION CARD

CALL STORE

GO TO (1145914193, NT1
RHN=RHOIN

IF (RHO} 3,3,44

RHO=1.

RETURN

NPARL=1

RHO=1.

-==2 MEANS RHD WHICH MINIMIZES GRADIENT MAG.

CAaLL GRAD (2)
CALL GRAD1 (0O)

--=TQ GET -DEL F

0D 7 I=1yN
PGRAD(IL}=~DELIY)

DO 8 [=14N
DELXO(1)=DELXO(I)-PGRAD(I)}

-==-THIS LEAVES DEL SIGMA IN DELXQ

CONTINUE
GO TO (9,13}, NPAR1
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NONL INEAR PROGRAMMING PROGRAM

9 NaT1=0,
0072=0.
DO 10 I=1,N
DOT1=DOTL+DELXO(I}*PGRAD( I}
10 DOT2=DNT2+DELXOt [ ) **2

RHO=ABS({DNT1/00T2)
60 YO 2
C=--—-3 MEANS COMPUTE RHO SO AS TO MINIMIZE DEL P(/0DP/1.)0EL P
11 NPAR2=1 .
12 NPARL=2
e USE DF AND DR SUBROUTINE
GO TO &

13 RHO=1. : _
C——=—=ASSUME SIGMA TERM [S CONSID. GRTER THAN
CALL SECORD (2)
DO 14 I=1,N
14 DELX(I)}=PGRAD(I)
' CALL INVERS ({1}
D0 15 I=},N
X3II)=DELX(I)}
15 DELX{I)=DELXOLT)
CALL INVERS (2)
DO 16 [=1,N
16 XR2{I)=DELX{I)
GO TO (17,200, NPAR2
17 0D0T1=0. :
00T2=0.
0O 18 I=1+N
DOT1=DOT1+PGRAD(I}*X3(1)
18 DOT2=DOT2+DELXO(E)*XR2{ 1)
RHDO=SQRT{ABS(DOTY/D0T2))
GO TO 2
19 NPAR2=2
Cr=mm=- RHO MINIMIZES 2ZND ORDER MQVE
GO TO 12

L= USES INTERNAL SuBd. TO COM  /DDP/-1 DF AND

20 poT1=0.
poT2=0
DO 21 I=1,N
DOT1=X3{1)*%2+D0T1

21 DOT2=X3{[)*XR2(1)+DDT2
RHO=ABSI{DOT1/D0T2)
Ge To 2
END

SUBROUTINE SECORD {IS)

COMMON /SHARE/ X(100),DEL(100),A{100,200) s N¢MyMNyNP]1,NML
COMMON /OPTNS/ NTL NT2,NTI,NT4 NTS,NT6,NTT,NTB,NT9, NTlOvNTllnNTlZ

COMMON /VALUE/ FyG,PO,RSIGMA,RJI{200):RHO

F TERM

/DDP/- DR

PAGE

SUM
SUM
SUM

SUM
SUM
SUM
S5UM
SUM
SUM
S5UM
SUM
SuM
SUM
SUM
SUM
SUMm
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SuUM
SUM
SUM
SUM
SUM
SuM
SUM
SUM
SUM
SUM
SUM

- SUM

SUM
SUM
SUM
SUM
SUM
SUMm
SUM
SUM

SUM
SUM
SUmM
SUM

COMMDN ZCRST/ DELX(IOOl DELXO{100),RHOIN,RATIO,EPSI, THETAO'NTCTR.NSUM
IUMINI,X1(100)¢X2(100),X3{100)4XR2{100)+XR1{100}4PR1,PR2,PL,FL,RJLISUM

204
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PAGE

2200) DDTT'PBRADilbOl'DIAGllOOI'RJB(ZOOI.PREVB;FB.ADELXoRSIGI'GI.GBSUH

B,RSIGB,NVI'HPHASE.NSITIS.LRleﬂol

o W + N -

-

-0 o

11

22

23

24

REAL LRJ
1PN=0 :
GO TO (142}, NT2
IPN=N

GO TO (3,50, IS
DO 4 1=1,N

00 4 J=I,N

" Atl,J)=0.

GO YO 18
DO 6 E=14N
DO 6 J=1l,N
A‘l‘\":o.

GRAD. TERM NOT PREV.

GO Y0 (7,10)s NT2
DO 9 I=]1,N
IF (X1{1)) 9.+9,8

A{1,1)=2,%RHO/RI(T)#%3

CONTINUE
DO 16 KK=1,M
K= I PN+KK

IF (RJ1IK)) 16416511

CALL GRAD] (KK}
00 15 I=]1.N

IF (DELUIY) 312,15,12
T=(2.*RHO/RI{KI*%3)#DEL (T}

DO 14 J=],1

IF (DEL{J)}Y 13,14,13
AlLy)=A{1+J)+THRDELSJ)

CONTINUE
CONTINUE
CONTINUE

DO 17 I=1.N
DIAGU1)=A(l,1])
All,11=0.

READY NOW FOR MATRIX OF 2ND PARTIALS OF RESTRAINTS

GO TD (23,19,20}),

BY PASS COMPUTING SECOND PARITIALS WHEN THEY ARE KNOWN TO BE ZEROD
GO TO (20,38438), NPHASE

DO 21 1=2,N
IML=]~1

DO 21 J=l,IM}
AtJyI)=Al144)
DO 22 I=1+N
A(I,1)=DIAGI(])
G0 TO 44

DD 28 KK=1l,M
K=IPN+KK

CALL MATRIX {KK)
T2=RHO/RI(K}%$2
DO 25 I=2,N
IMi=]-1

Do 25 J-ldlli

IF IA(J.:IJ 24925024
f¢qattfllJ.Iﬂ”i

ALTyJ)=A

COMPUTED

——

=1

e

[

SUM
SUM
SUM
SUM
SUM
SUM
SUNM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SuUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM

SuM .

SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM

SUM

SUM
SuM
SUM
SUM
SuM
SuM
SUM
SUM
SUM
SUM
SUM
SUM
SuUM
SUM
SuUm
SUM
SUM
SUM
SuM
SUM
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25

33
34

39
40

41
42

43
Aty

AlJyI11=0.

CONT INUE

DO 27 1=1,4N

iF FALTTs1Y) 286227076
Al{T,1}=0.
DIAGITY=DTAGII}+T*A(],1)
CONTINUE

CONT INUE

GO TO (29,38,38), NPHASE

==FOR NPHASE=3 ADDITIONS WILL BE ADDED LATER

NJ=NV¥]

GO YO (30,32), NT2
IF {NYI=-N} 44,44,31]
NJ=NVI-N

CALL MATRIX N2}

DO 34 I=2.N

IMl=i-1

DO 34 j=1,1M1

IF LA T Js1Y) 32,344,723
Al ,Ji=AlTqJi=fid,T}
A{de D=8 {Tsd)

DO 37 1=1.M

IF TATT 1)) 35:36,435
A{TI1'=DIAGIT ~A(T, 1}
GhO TO 37
Atl,I"=0IAaG(T}
CONTIHNUE

60O TO 44

CALL MATRIX {0)

DN 40 I=2,N

IME=1-1

D0 40 J4=1,1IM1

IE TALS,T)Y 39,40,79
AL, Y=Aall,J)+A00,1)
Aldelt=A{1,4¢

DO 62 I=1,.N

IF (ATI+13) 41,442,461
AlL.11=DIAGLI1+A], 1)
GO TG 43

ATT.T '=DIAGL])
CONTINUE

RETUR?

END

SUBROUTINE STORE

cnoMmar /SHARE/ X{100),DEL{100),A(100,100)+NsM)MNyNPL,N¥]

COMMON /VALUE/ F,G,PO,RSIGMA,RJI{200}+RHD

GET MATRIX 0OF 2ND PARTIALS OF OBJECTIVE FUNCTION

PAGE

SuM™
SUm
SUM
SuUM
SuUM
SUM
SUM
suv
SUM
SUM
SUM
SuM
sSum
SUM
CLEM
YiiM
UM
S
LM
T
AL
SUM
SUM
SUM
SumM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SuM
5UM
SHiM
SUM
SuM
SUM
SLiM

SuyM
SuM
SUM

COMMD: /CRST/ DELX(100),DELXO{100),RHOIN,RATID,EPS],THETAQ,NTLCTR, ISUM
LUMINI ¢ X11100),%210100),X3(100),XR2{100) ,XR1(100),PR1,PR:,PL,FLl RJL " SUM
22003, UOTT,PGRALE I0) ,DIAG(LOD)+RIB(200) +PREVILFILADELX -RSTGLIGLloGISUM
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PAGE 22

3sRSIGIZNVI4NPHASENSATIS,LRJIL200) SUM 7

REAL LRJ SUM 8

1 DO 2 I=1.N SUM 9
2 X1(11=X(1) SUM 10
DG 3 J=1,MN S5UuM 11

3 RIVCJII=RILS) SUm 12
Pi1=pP0 SUM 13

Fl=F SUM 14

G1=6 SUM 15
RS1G1=RSIGMA SUM  1s
RETURN SUM 17

END SuM 18
SUBROUTINE STOREL . SUM 1
COMMON /SHARE/ X(100),DEL(100)¢A{100,100)NsM,MN,NP]1,NM] SUM 2
COMMON /VALUE/ FysGyPO+RSIGMA,RJI(200)4RHOD SUM 3
COMMON /CRST/ DELX{100)4DELXO(100),RHOIN,RATIO,EPST,THETAD,NTCTR,NSUM 4
LUMINL,X1(100),X2{100)+X3{100)XR2{100)3XR1{100),4PR1,PR2,PL,F1,RJIL{SUM 5
2200),D0TT,PGRADI100)DIAG(100),RJU3{200),PREVI,FI,ADELX4RSIGL,G1,GISUM 6
34RSIG3NVI,NPHASE 4NSATIS,LRJ(200) SUM 7

REAL LRJ SUM 8

DO 1 I=1,N SUM ?

1 X3t =Xx(1) SuM 10
DO 2 J=1,MN SuM 11

2 RJ3(JY=RJI(S) SumMm 12
PREV3I=PO SUM 13

F3=F SUM 14
RSIG3I=RSIGMA SUM 15

G3=6 SUM 16
RETURN SUM 17

END SUM 18
SUBROUTINE TIMEC 1
(-==~=CALLS SUBROUTINE TIME AND WRITES OUT ELAPSED TIME IN SECONDS. 2
RETURN 3

END 4
SUBROQUTINE TIME {X) : 1
e THE ELAPSED TIME SINCE CALLING SET IS CONVERTED TO THE NUMBER 2
Crmm—= OF SECONDS IN FLOATING POINT FORM AND STORED IN LOCATION X. 3
C===-=TERMINATES PRESENY PROBLEM WHEN TMAX 1S EXCEEDED. 4
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and careful thought of each application of the program is necessary if correct
results are to be obtained. For an In depth discussion of this program, its
development and methods of computation, refer to Evaluation of a digital
computer method for analysis of compartmental models of ecological systems,

L. J. Bledsoe and G. M. Van Dyne, Oak Rldge National Laboratory, Oak Ridge,
Tennessee, ORNL-TM-2414, February 1969. This abs;ract describes a sample

problem and illustrates its solution along with a description of the control

cards required and the input format of the data.
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Prog-am COMSYS2

A FORTRAN program developed at Colorado State University using a CDC 6400
computer using the SCOPE version 2.0 FORTRAN extended compiler.

This program was developed to find the coefficients of a set of linear
homogenecus differential equations. The compartment model, characterized
by these differential equations, is one of the more general mathematical
models available to the systems biologist attempting to explain muitivariable
data taken from a complex system. A compartment model for a biological system
consists of an abstraction in which the system is viewed as a series of discrete
compartments between which flow energy or material. Flow between compartments
is characterized by first-order differential equations. The net flow associated
with each compartment is given as a function of time and as a function of the
contents of the other compartments. At least as a first approximation, it is
useful to think of these differential equations as being linear and homogeneous.

This linear differential equation system is,

where n is the number of coﬁpartments in the system,
v Is a function of time and represents the contents of compartment i,
vj‘ is the derivative of the contents of the jth compartment,
fij is the ith row and jth column entry in a matrix f, representing
the constant of proportionality associated with the flow from
compartment i to compartment j.
It is the purpose of this program, given some observed values for v through
time to determine the fij' The program will handle up to five comparfments and

as many data points tirough time as desired. The use of the program is complex
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INTRODUCT ION
Program LINDIEF is a FORTRAN program developed at Colorado State University
using a CDC 6400 computer with the SCOPE version 2.0 FORTRAN extended compilier.
The program is also operational using the NCAR compiler on the CDC 6400.

Program LINDIFF solves a set of linear differential equations with constant

coefficients of the form:

Yo koA

The solution of the above set of equations amounts to determining yi(i=l""’n)
for an interval of interest along the independent variable. The integration
scheme is of the Runge-Kutta type and requires initial values of the dependent
variable to start the solution. The matrix‘{a‘j] Is read in and are the .constants
in the equations. Although the program is designed for solution of the above
type equations, the Runge-Kutté integration routine_is somewhat more general
and may be easily adapted to other problems. By changing subroﬁtine EQUA which
evaluates the derivatives and changing the input scheme appropriately all
equations of the form,
y* = fix,y)

may be soived. Also since each ordinary differential equation of the second
or higher order is equivalent to a system of first order equations, these also
admit to solution by Runge-Kutta methods.

The program will solve up to 20 equations in 20 unknowns atthough this
is easily modified to handle longer systems by changing the appropriate

dimensions and is subject only to computer memory requirements.



PROGRAYM OPERAT fON

The main program reads in the control cards, and the data, and produces the
output. It also sets up and increments the independent variable (usua}ly
time) by the amounts to be outputed. For each increment subroutine KUTTA is
called which integrates aiong the ind2pendent variable to the new increment
point. Subroutine KUTTA in turn zalls subroutine EQl which evaluates the
derivatives for current values of the Independent variable ny means of matrix
multiplication. The coefficients of the differential equations are passed to
EQ) in common, and EQ. is externa in the main program and called by the name
EQUA in subroutine KUTTA. In the absence of round-off errors, truncation errors
due to a stepwise approximation o' continuous integration can become
significant., The Runge-Kutta routine will alter the increment size read into
the program such that the accuracy which is also input to the program is
maintained. Since the Runge-Kutto method employed is of the kth order, the
local truncation errors are of the order of the incremert sjze {within
KUTTA) raised to the Uth power. A rough measure of loca! truncation errors
(variable E(1) in KUTTA) is used to adjust if necessary the step sjze.
Also, the starting solution should be computed more accurately than the
required solution by at least a factor of ten., Since the program ouputs the
integrated values of the dependent variables over a range of the independent
variable at fixed intervals some care should be taken to insurz that the
desired irformation is output but that the interval size is no- so small
that the program takes an excessively long time. A specified .iccuracy of
more than one part in 10 to the i12th is futile (unless convers on to double
precision is made) due to round off errors in the intermediate calculations,

and especially in excessively long intervals when ¢rror propaa~tion become ;

significant.
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Input-Control Card Requirements

Columns Format

I. First Control Card

1-5 15
6-10 15
11-20 F10.3
21-30 F10.3
31-40 Al

1. Second Control Card

1-10 F10.3
11-20 F10.3

21-25 15

111, 1/0 Format Card

1-80 8Al10

IV. Data Cards

Variable

TDEL

NSTOP

ACC

DEL

ITER

FMT

v{l)

F(1,d)

No. of equationé

No. of independent variable points.

initial indirect variable
value

Indirect variable step value for
output

Flag for halting problem (if

"STOP" - no more problems to
follow)

Desired accuracy of solution

. Estimate of time step required

for integration

MaxImum no. of iterations to be
allowed in integration

Format statement by which the
initial conditions and matrix
of coefficient values are read
in and outputed.

Vector of initial conditions
(NCOM in number)

Matrix of coefficient values
(NCOM x NCOM in number)

As many sets of control cards with data may be input to the program

In sequence, i.e., | through 1V may be repeated as many times as desired as

long as a card with the letters STOP in columns 31-34 follows the last set



of data. Since V(1) and F(1,J) are read with the sane format, allowances
must be made such that both variakles ara read properly. V{'. ard F{1,J} are

read by two different read statements using the samz veriable fcrmat.
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AM LINDIFF  FORTHAN EXTENDFD VERSION 2.0 03718770 ®00,4) .14,

FROURAM LINDIFF _
« { [NPUT JOUTPUT « TAPESw INPUT # TAPEARQUTRUTY
SOLVES A SET OF LINEAR UIFFERENTIlL EQUATIONS

C

c NCOM NU OF FQUATTONS

¢ wNT MU OF TIME pOINTS

c 11 INTTEAL TImrF ValLUE

c 1DEL TIME STEP FNR PRINTOUT

C aCe VESTRERM ACCURACY IN SOLUTION

C LVEL ESTIMATE OF TIME STEP TO BE USED FOR INTEGRATION

c ITEW NO OF ITERATIONSy MaAXIMUM» TO RE ALLOWED IN INTEGRATION
c FMT FORMAT STATFMENT To BE USED TQ READ INITIAL CONDITIONS
C AND MATRIX oF COEFFICIENT VALUES .

c v VECTOR OF INITIAL CONDITION VALUES

C r MATRIX OF COEFFICIENT VALVES

u1ma~sxo~ FMT{&&.V(;O)
COMA0NZLLZF (20420} onCOUM
EXTERNaL EWY

C HEaU AJD PRINT INPUY UATA

1 REAU (D100} NCOMINT,T1oTUELINSTOPsACCoDELSITER

IF (NSTOPLEW,4MSTOPy GQ Tu 29
WRITE (69200) T1eTOFL oNToNCUMACCDRL,ITER
REAU LS+ IL0IFNMT
HEAL L9eFMTY (V{I)eTmleNCOM)
REAU LS FMT) ((F({LleJ)eJulyNCUM) o InlNCOM)
WRITE(GsEmMT) (V(I)arelgNCUM)
wRITE (0800
WRITE (6oFMTY ((F{I4J)+ JIInNCOH)-I'loNCO"I

¢ SET UP UUTPUT FORMAT
NENCOMe L
ENCUDE (1549400 ,FMT) N

40 FORMAT (#(F20,4,2]R24F12,4)®)

wRITE (59900)

C ITeRATE THROUGH TIMg AND FINU EQUATION SOLUTION
TeTl=TuEL
Lo LG lilgNT
T=y+TUEL
TZ2=TeTLIEL
WRITE(6eFMT) Ty (VI sJdulaNCOM)
Call KUuTTA(TsTEsVanCOMDEL JACCITEREQL)

Lo ConTinUE
L Tu
2., STop

100 FORMAL (21992F 10e30A4/72FlUe30i5)

200 FupmAl (#1LINEAR DIFFERENTIAL EWUATION SOLUTION®//% TIME STARTS AT
L4F lua3%y INCKEMENTS BY #Fl0o,3%y FOR #16® I[TERATIONS#/ /8 »
cin® CUrPARTMENT SYSTEM®//% ACCURACY OF SOLUTION®E]se4/% TIME STEP
3517ERELSa0/% MAXIMUM ITERATIUNS/STEP#I6//% INITIAL VALUES AND MATR
LIG L' FFS

300 FURMAT {RALy)

Bung FORmMAT (#10//% T14Es COMPARTMENT VALUESs IN ORDER®*//)

60n Fgwmnfc/li

Ny
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UTInE

(@)

(9N el

£y

ln

FORTRaN EXTENDEL VERSLIN 2,0 0371ar70

SUBKOUTINE EQl(XeZe7F)
FInuS DERLVATIVES FAR & SET UF LINEAR DIFF. EWS.

X o= CURNENT TIMEs 7 == CURRENT pEP VaR VALUEs ZP == CURRENT

DERIVATIVE VALUES Tn BE FOuND dy MATRIX MULTIPLICATION
COMMON L L/ AMBRA (22,201 0y

REAL ILAMBUA

LUIMENSTON Z{]1)s2P143;

vp Lo j=lynN

LP(Iy=0.

O lg Jmlen

LPIIVmzPLIY+LAMBLA: 191)*Z (J)

RETURN N

eND
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UTINE KUTTA FORTRAN EXTENDFD VERSION 2,0

SUKROUTINE KUTTA (XL ,XUsYeNE vDEL yACCURC , IMAX 9 EQUA)
C PROGRAM AUTHOR F.D,HAMMERLINGs CENTRAL DATA PROCESSING, ORGOP.

DIMENSION Y(1)oYI(25) 9YN{28) kL (291 9K2(25)4x3

K& ({25) oX5 (25) oF (25) 4E(29)+F1(25)
HEAL KLPR2IKIIKAPKS :
LOGICAL GUIT
ITTRER®{
NENE
AN®XL
HSNEL
WUTTWaFALSE.,
PO 1 i=mlen
YN{L[}mY (]}
IF (AN*H.LT.XU)GO TO 3
DEL=H
HEXUw AN
WUITETRUE.
CALL EQUA(XNSYNsF1)
DO 9 JzleN
Kl(l)mner L (I} /3.

YLV =myn(LIYeRY (D!

CALL EgUA(XN®H/I sy TeF)

U0 6 Jaelsn

K2([)au®F (1173,
YIcDayN(D skl (1) /72, +K2(§) /2,
CALL EQUATANSN/3.eYTeF)

VO 7 Izlen
KI(L)mu® (1)/3,
YI(I)mYN(I) 3, *K1(1178,9.,%K3(])7/8,

CALL EQUAIXN+M/2,9YT1sF)

Do 8 f[alyn .

K& (I)moF (1) /3, _

YT(L)SYN(I) ¢33, #K1(11/72,=9,eK3(1)/2,46,0K4(])
CALL EWUa(XNeH Y1 eF)

TEST=0,0

WO 9 IsleN

KS(I)smeF (1173, ‘

E(I)mikl(]) a9, 0K3 ()72, ¢%,aK4(1)ymKS(1)/2,)/5,
TEST=amAX L (TESTABS(E(D) )

CONT INUE

IF (TEST«LT4ACCURCIGO TO 10

LTTERSITTER )

IF(ETTER«GE o IMAXIGD TO 13

HEN/ L,

QU Ta,.FALSE,

Go o &

BU L1 Iwmjen
YNIIYSYNII)I+ () (I)ebo®x®([)enB(])) /2,

KN ANy

IFITESToLTLACCURC/3p s I HZ2,.7H

IF{«NUTWUITIGO TO 2

Lo 12 [wlyw

Y(I)mYM(I)

IMaxmU,

GO 10 1@

vELEH § ImMaX=]lTTER

RE TURN

END
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INPUT DECK FIR SAMPLE RUN OF LINCIFF

4 201 4J. . |
« 00001} «025 50
(4F10.4)
T.0568 4.3436 T.6290 80.972
-.1 «.0333333  ,0333333 .033333)3
0. i ¢ -Q05 .05
005 0. "-l -05
0. 0. r"- ('.

stTop




LINEAR DIFFERENTIAL EQUATION SULUTION
TIME STARTS AT 40,000y INCREMENYS BY +100, FOR
& COMPARTMENT SYSTEM

ACCURACY OF SOLUTION +100CE=PS
TIME STEP SI1E C8500ga0]
MAXIMUM ITERATIONS/STEP su

INITIAL VALUES AND MATRIA

7+.0568 4,3436 7.6290 80,9720

=e1000 20333 «0333 iﬂ%ga
0.0000 -.1000 .0500 o W o
+0500 g.,0000 we h0DD +«0800

0.,0000 00,0000 0,000v V,0000

223
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TIMEy COMPARTHENI

40.000u
40,1000
4y 2000
40,3000
&U 400U
40,5000
U, k000
40,7000
40,8000
4U,9000
4L,0000
41,1000
al,2000
41,3000
4l,4000
4l 5000
#1l,68000
4l,7000
@i, 8000
&i,9000
&g,0000
42,1090
42,200
42,300V
42,4000
42,5000
42,6000
42,7000
42,8000
42,9090
43,0004
44 1auv
43,2000
43,300u
43 400U
43,5000
43,6000
43,7000
43 ,R040
43,9000
46,0000
44,1000
44,2000
4443000
84,4010
44,500
4446010
444 7Q 00
44,800
44,90 'u
45,000 u
45,1910
45,2010
45,300 0
45,4000
45,5060
45,6000
45,7000
45,5030
4%,9000

aTULTE*D]
e TUCHE «0 L
ahIVZE sl
sb90l0Eeul
W 5ILBE U]
s hOITE U]
«6865F+ ]
«bB834pell
alBU3pFeU]
al78F+01
enTalpeil
abTilgevl
ah0BNE UL
eBBRYE ¢ UL
sthblyg el
965695001
«ehD59E UL
oS- Y-L TR
L LTSN
+R4TOE+N]
abS4lEgen]
oH®L1F 401
eh3IB2F 40
e 306+ U]
e FI2DF 40
Y ST YN
eCOHE 40
ehEIYE + 01
.hdllFtUi
Blé3drs0l
«AL95F+ 01
o P LTl
e bUBE Ul
BT 2Esul
V4SS sl
orULEFsU]
ah991f #ul
25Y¥EGE UL
aS9ITHE+UI
.RvLOEbUl
e REH&F s
58570l
.ﬁﬂ31&¢01
«580%5«01
WSTT9F -0
05{53}001
W& 12TE+ul
oRTULF~1}
enhTHE - UL
«60B0F+UL
o 5beSF+0 1
«5OUDE- U]
#5875, 01
W Buolp.- 01
Y- T3 - TINTRY
eBSUOF- ul
«S4TEF. UL
phidBlp . ul
«RUCTE - Ul
o590 LU

VALJESY

Iy OQNER

s JHHE 0
e#324c,01
4304401
42865401
H2657+01
22657401
s 422A 401
042U6E001
."l&?*#ol
eblonTe+ll
dl4g9ra01
.QIJUEAOl
+4lllre0l
+4092F+01
U iGFe0l
»u005F«01
«403/F 01
e#01nFe0]
«000F 0]
+398F+01
«3G63E+0)
e I04RT4 0]
«3927Tr«01
I ]-TITVIEN L |
e3P a0l
«AHTAFG0]
e 33965 401
o3H38F 40
+ 3929 401
e 380 3¢ 0
e 3THnt «0]
.37&8Fb0i
« 372k Ul
a 37345401
237171401
«3T70DEeGL
2« 36837 «01
« 36665 +01
e 36LQ9E 40
LN TRV |
oJRLlKE 40]
-3600[001
-3583E‘ul
03567F*01
«3551F +01
2 3534401
-JSIH“D‘
«3507+ «01]
Y. LY
e 37up +01
s« 34545401
034397 401
e 3423F 01
L3407 L0l
.3392F.01
«33T6F 401
+ 3361401
»3344ap .01
«33305 .01
03315E¢°1

e TH29E +(0]
-?SQBftul
e TOHTELV]
<75306g4+01
e TOUBESUL
« T&T5F 0]
o T445F 401
eThlare(]
o?aﬂ‘EqUI
.7354;0“}
.732“{&31
.rQQQEOUI
a T2H4E 4 U]
e 7236 401
o 72U&GE U]
o TLTSF U
.71455001
e TLIBEwUL
+ TOHTED]
» TOSHBE~V])
«TOZ9F+0]
o 7000F « 0
oB9T1: 0]
.69“25‘01

wBFlIE0]
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s 6BHSBE U]
+BHI6F $U]
oOHZHFE L0
LU -FYE
o TTEzat]
ahTasp 401
RS ETFYT
abbEHE U]
6560 .01}
a6832Fe 01
o B6USEWD L
+65TTEeO]
.65505#01
«H523F 0]
o 6438E D]
+048IE D]
eb&42F 4]
06415E0°1
s6368Fs0U1]
.b3ﬁlE‘01
.b335§001
+H3IVBESD]
«B2B2F+01
- 6250F « 1]
+5230F 0]
eBCNGE WG]
+61785401
‘bISZEQOI
«6126r401
+6l00F,02
60 T8E 401
+6049E 401
a0
.3999€ful
C39T2E D]

sBOITE+QR2
+R106£402
.Hll‘e‘oa
.PIZEEQOZ
«RL3DELOZ
«RllAgeéu2
oﬂlk7t0°a
.H155E+02
-BlﬁaEQOE
eBlTlgenz2
Hl79g.12
+BlB7gau¢d
.8195F002
+AE03IF-02
.RZIOE¢02
vRE218F-02
P2206F 02
R&34g .22
24 2fF ~02
«H2495 402
sREST+ e0R
+BR2687 402
.HZTEEGO?
.P$50F002
«SEBTE+OR2
nR24SE e 0E
.H302F¢02
«A310 402
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Program SNGOP
INTRGDUCTION

Program SNGOP allows examinatiorn of interaciions by 2xtending two-
dimensional (2D) graphing procedures to three-dimensional (3D) plotting. A
variable hereafter referred to as 2 plottirg character {PC) denotes the third
dimension. The PC can assume values from 0 to é ;nd is designated by the
content of a selected card co'umn in the obtservation data. The numeric
characters that appear on the comp’eted graph are the actual PC values that
appear on the cards (a blank results in a P. vaiue of 0).

For example, if volume, diamet2r, and height 2re measured on a group of
felled trees, the 20 relationsnip :f volume and disameter can be plotted on the
same graph and up to 10 values (or classes}! of the piotting character (height)
can be disringuished. Examination of the‘graph m3y then result in selections
of appropr'ate transformations, interact’on terms, and/or weights to be
applied in regression analysis. This prccedure is not necessary for so simple
a problem as postulated here, Lut extension of the possible uses of 3D plotting
shouid be obvious. However, because of Its simplicity. a volume-estimation
problem is used as an example later.

Two-cimensional plotting is aisoc availabie te the user of SNOOP. In this
case the numeric characters that appear on the completed graph are frequencies
of occurrerce. The resulting character at any s:t cf coordinates may then be
blank (no cccurrence), 1 to 9, or € 0 or more,.

If overplots are zttempted, messages (-on-a’ -7 the coordinates and, in
the case of 3D plotting, the PC values) wre nr .o after the appropriate graph.
An attempted overplet would occur when 2 or more ob:crvations have idertical

coordirates for 30 plot:ing, or 1l or mcre cbservarizas for 2D -~lorting.




When several dependent {Y) and independent (X) variables are included
in one job, a set of fully labeled graphs is made, including each Y-X com-
bination. And, for 3D, a separate set of graphs is made for each PC specified.
The program automatically scales the graphs for each variable used. Other
flexibility available to the user, barring certain properties gliven in the
section Program Limitations, can be summarized as fol lows :

2D and 3D jobs can be included in the same run In any order.

As many- jobs as desired may be included in a single run. Observation

values can be negative, zerc, and positive, Order of the variables

on the observation cards is completely flexible.

PC's can be located anywhere on the observation cards. Multiple
cards per observation can be used.

The major use of prdgram SNOOP is in the modei-building stage of an
estimation problem. A segment of data can be plotted in various ways, and
the graphs-can be examined for logical trends in dépendent-variable values
as responses to changes in the values of independent variables. Models Ean
then be formed for regression analyses with the remaining data.

(onsequently the value of the program is easily recognized when the
researcher is attempting to explain previously unfamiliar functional rela-
tionships between many variables. With only a few variables, many observations
and expectations that limit the possibilities of functional-relationship
alternatives, the researcher can go directly to the use of one of the canned
regression routines--for example, Furnival--available at any large computer
center,

Program SNOOP was thoroughly tested and is operational on the CDC 6400
computer. The program is written in FORTRAN IV and shoﬁld run with little or

no modification on other computers that accept FORTRAN IV, have a 32K core,
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and have three tape drives or equivalent input/output devices. The logical

tape assignments are:

Unit Use

5 Control-deck input

6 Program output

9 Intermediate operations (scratch tape)

A special subroutine was necessary for backspacing logical unit 5 at the
computer installation where this program was developed. A simple BACKSPACE 5
zommand or its equivalent is all that is necessary at other installations. The
two places in the program where th!s must be done are marked with comments.

At CSU, the program has been checked out on the NCAR compiler only.

HOW TO USE THE PROGRAM
The program Is activated by a control deck suppiied by the user. The
control deck consists of-cards containing the observations and information
designating a specific manner in which the observations are to be handled by
the program. The following instructions describe the complete control-deck
setup (all underlined characters must be punched exactly as they appear in
the instructions):

Card Number Card

Group of Cards Title Columns Content
1 1 Job - 2 2D--For two-dimensiona!
description plotting.
3D--For three-dimensional
plotting.
3- & Number of Y's (NYS$), right
adjusted.
5- 6 Number of X's (NXS), r ght

adjusted (c»es not inc ude
PC variabtes).



Card Number
Group of Cards

1 {Continued)

2 i

3 0 or 1

4 "~ NYS +
NXS

Card

Title Columns

7- 8
9-11
12
13-72

Format 1
2
3-72

Format 1-72

;ontinuation

Variable |

labels

231

Content

Number of plotting characters
(NPC), right adjusted. Use
00 (or blanks) for 2D.

¢ Number of observations

(NOBS), right adjusted.

Number of cards per observa-
tion (NCARDS). The use of
0 (or blank) will be
interpreted as 1.

Aiphameric job title to be
printed above each graph.

I1--There is no format
continuation card.

2--The format specification
is continued on the
format continuation card.

{--Left parenthesis.

Up to 70 alphameric characters,
ending with a right paren-
thesis, and containing a
FORTRAN BCD format (F-speci-
fications), which describes
the format of the Y's and

X's on the observation cards.
The right parenthesis is put
on the format continuation
card if column | of the format
card = 2,

Continuation of the format

specification described for
columns 3-72 of the format

card,

Y--1f the variable is a
dependent variable.
X--If the variable is an

Independent variable.



Card Number
Group of Cards

4 (Continued)

5 0 if 2D,
NPC if 3D

6 NOBS
XNCARDS

7 !

Title

3D plotting
characters

Observations

Job
control

232-

Card
Columns

3-52

1-18

19

20

21-22

23
24-3)

Content

Blank.

Alphameric label (identifying
information) associated with
the variable,

This group of cards must be
arranged in the order that
the variables appear on the
observation cards.

PLOTTING CHARACTER

Blank.

Number of the card (of the
observation set) on which
the PC value is found. The
use of 0 (or blank) will be
interpreted as 1.

Column number (right adjusted)
in which the PC value is
found.

dlank.

Alphameric label! (identifying
information) associated with
the PC.

One or more cards for each
observation as designated by
the format cards.

CONTINUE--tf more than one
job is included in the run.
Card groups 1-7 are repeated
after the job control card.
DONE (left adjusted)--Desig-
nates the end of the last
job in the run.



PROGRAM LIMITATIONS
Job restrictions applying both to 2D and 3D plotting are:
NYS + NXS < 50
NYS 2 1
NXS = 1
2 < NOBS g 500
1 s NCARDS ¢ 9
Job restrictions pertaining to 3D plotting only are:
(NYS + NXS + NPC) x NOBS < 10,000
1 < NPC 5 10
A job restriction pertaining to 2D plotting only is:

(NYS + NXS) x NOBS < 10,000

SAMPLE RUN OF PROGRAM

For -the researcher who Is developing a regression model, the graphs
produced by the program can be a valuable aid in selecting transformations,
interaction terms, and variance-stabilizing weights, and in ordering of
variables.

As an example, let use examine the sample contrql deck and the output
which is attached.

The first page of output consists of summary information pertaining to
the entire job. Card groups | to 5 of the control deck are printed as well
as the values of all the variables in the first observation (the Y's precede
the X's in the printout). Because the first job in this example specifies
3D plotting, the values of the plotting characters for the first observatlon

are also included in the summary information,
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Now, assume for the moment that expectations of functional relationships
involving cubic-foot volume, diameter, and height are vague. The trees
plotted in this example could be an initial sample of trees to be measured in
the construction of a standard volume table; that is, we want to express cubic
volume as a function of both diameter and height, if possible. Consequently,
the control deck has been set up to plot a 3D grapg.of cubic-foot volume as a
function of diameter, using 10-ft height class as a plotting character.

The resultant graph shows that volume increases with an increase in
diameter, and there is an increase in the slope of the relationship as diameter
increases.

The second job is simply a demonstration of 2D graphing., The same cbserva-
tions were used as in the first job. Two graphs were specified by designating

volume as a dependent variable.
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SNOUP FOURTRAN EXTENIFD VERSION 2,0 03/14/70 #00.,55,10,

PROGRAM SNunp _ SNOoP
FUINPUT yOUTPUT s TAPEL = INPUT 9 TAPEGROUTPUT s TAPE L 9 TAPER s TAPES) SNOOP

L IMENS [ O FMT(30)oLABELtbO.SODvILAHEL(50'50)oCONLAB(IOoZ):TITkElls SNQnP

LYo TYAR(50) JCHECK (5) 4 IPC (10} 4 AMAT (10120)+PC(10) 4V (50) 9VV(50) 4kPC (72 SNOAP

ell e (20 2 LuRAPHM IS0 100) 2 RABS(6) 416(12) SNOOP

: N8
C REAU THE CounTRul DECK armpe CHECR FOR ERRORS SNGoP
c SNOoe
(o SNOOP
UATA THREEL /2MAD/ . SNOop

VATA TwOL/ZEWEDy . SNQoP

VATA YYZIHY/ SNOOP

LATA XX/IHA/ ’ SNOgP

DATA TieT1&,TIaT4yTH/CnPL e *HOTTI o HNG Co *HHARA ) ANCTER/ SNOOP

DATA 16710 +1r1elHp IH391He s S HO e IHT A8y HIs1HOs 1M,/ SNONP

UATA EESCC/GHDONE v aHCUNT Y/ SNOo®
PEWIND ) SNQoP
REwInU 3 SNOoP

S80n REAU (D.8%¢) (R(T)elxzy920) SNOOP
WRITE(1+892) (R{])e1als20) SNOOP
wRITE(3,892) (R(I)elxlr2®) SNOP
LF(R{1)«NELEEIGD T SHQO ‘ SNOOP

Enn FILe L SNOOP

Enp FILE 4 SNOoP
REwInw 1 SNOpP
REWLIND 3 SNOOP

C HE4w TRE JD3 DESCRIPTION CaRL ) SNOoP
lJopmy : SNOQP

799 fJng=]gubiel SNQoP
RELU (L, 7TUU)NEMsNYS yn RS o NPC oNOBS yNCARDS y (TITLE(]) vlmly15) SNOQP

Tou FORMAT (424312,13,11,15a4) SNOOP
NCSNCa=)S SNooR

AP (NCARDS o Qe iy bNCE) SNOoP

LF (uCaRpS kil Oy NCARNSED SNOoP

wRITE (M I9Y1 )1 o8 SNOpP
WRITEAOSTI L) (TITLF (I)al=z)41%) SNOOP

WRITE (54T52)DEM : SNOne

HR)ITE (6s I53INYS SNOoP

WRITE (By 9% ) yXg SNOOP
nRITE(h,rgg)NOBS SNOQP

WRITE LAY LuyLING SNOoP

10001 FyrmaT (341 NUMRER nF CARUS PER QHBSERVATION ally SNONP
WRITF (e 790)NPC SNOoP
WRITE (hy 75T SNOnpP

7301 FORMal (11h) U0 nUMRER] ) SNOoP
7511 FORMATI (1M JOB TITLF =]SA4) SNOpP
752 FoxMAaT(lm a249n PLOTTING) SNOonp
753 FORMAT (3bngnUmBER OF OEPENDENT (v) VAR[ABLES =l2) SnOopP
754 FOrMAT (37TH nUMKER 0F INDEPENDENT(X) VARIABLES =12) SNOoP
755 »ORMAT (251 NUMEER nF OBSERVATIONS =]3) SNQOP
756  FORMAT (3¢n NUMHER oF PLUTTING CHARACTERS =[2) SNOnP
757 FUPMAl (43nGTHE CONTRUL LECK FOR THIS JOR ISeeveee ) SNOQP
LF {UEM e o THREED ¢ ANN o UEMGNE o TWOD GO TO 999 : SNOpP

L (NYS,LE«u ORNYS,rECSC)GD T B8990 SNQQP

IF (XD LB QR NS, GEL50) 60 TO ggl SNOoP
IF(NOBSWLT,2.0R4i'URS46GT+5003G0 TO 810 ' SNOQOP
1F(uE~,E6 THREED Gn TO TV SNONP

TF (WP NEu) GO TO R,2 SNOOP

IF (C(NYS+nXS) eNOPS) L 100U0) 70347030860 SNONP
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702 IFINPCLEsUORNPC,aT.1016y TO 803 SNOQP
IF (CINYS*NXSeNPC) *nnBST=10000)7037703v661 SNOoP

703 wazte(s.704)Danomvs.uxs.upcunoesoncnnos.tTITLﬁtrlnx-l.IS: SNOOP
Tud ronnAtflnunzpasz.xa.zl.lslﬁ) SNOOP
¢ REav Tue #pRmAT CaARDS SNoqe
READ(19780) IFORMy (FMT (1) e1mlv18) SNOgP

T80 FORMAT (Jla)lTAK AT SNOOP
READ (3412321 ) T$PACE SnOoP

12321 FORMAT (A)) _ SNQoP
LF(IFORMLT o1, 0RIFNRM,GTH2)60 TO 999 SNOOP
WRITE(6sTBL)IFORMy (PMT (1) 91xl,18) : SNOoP

781 FORMAT (1M [1417A84a7) SnOnP
IF (iFQRM,EQ,1)B0 TO 706 SNOoP
READ(1,705) (FMT () ,1ul59,36) SNOpP

705 FOrmAT(1HA4) ‘ SNODP
FEaU(3,12321) ISPACE SNOoP
WRITE(50782) (FMT (1) ,1m19536) ' SNoop

782 FOWMAT(1h 1844, SNOgP
C READ THE VARIAGLE LABELS SNOnP
706 NVARRNYS+NKS SNOoP
I1Xx=V SNOoP

lvvy=0 SNOOP

0O 790 1=l),s0 SNOQOP

790 IVAN(1}=0 SNOQP
DO 707 =] .NVaR SNOop
READILs708) VAR (LAREL ([ oK) oK=] 150) SNOnp

TU8 FORMAT (Alylxy50al) SNOnp
READ(3,1232])IsPACE - - SNOOP

IF (VAR NE oYY ANDWVAPJNE«XX)GU TO 999 SNOap

IF (VAR ,EW.XX)BO TO 709 SNOoP
1Yy=lvysl V SNOoP
IVaR(1)m1YY _ SnooP

00 To 710 SNOgP

T09 IXXaJAxe] SNOOP
Ivar({l)i=Ixxenys SNQOoP

T10  WRITE (59 79))Vary (LABEL (I+K) srm] 450) SNOOP
c URpER THWe VARIABLE LABELS SNOop
KEKEIVAR(]) : SNOonp

o TLl K=l ,Sp SNOnP

711  LLABEL (KKKsK)mLABE| (IyK) SNOOP
707 COmMTINGE SNOOP
C REaU THE PLOTTING CHARACTERS LagELS SNOop
IF (VEM ,Ew. TWODIGU Tn 78] SNOnP

LU 7S¢ [=1,nNPC SNOnp
HEAUI1.7121(CHECK(iJ}GIJllo5I-ICARD'IPC(Ilo(CONLAB(InKinkilval SNOnP

T17 PORMAT (A29aAds )Xy 11,1241X02A%) SNQoP
REAV(3,12321) 1§PACE SNOnp
LF{CHECK (11 EQ,YYs0RsCHECK (1) 4EQ.XX}GO TO 830 SNOnP
IrccnecK:11.NE.Tx.on.CHEcxrz:.NE.Tz.oR.CHEcnca).NE.Ta.oR.CHECK¢¢). SNOOP
INE,T4eORJCHECK (5) NFLTS)IG0 TU 999 SNQop
IF(1PC(1) eLEaO,0OR4IPC(]1)48T.80130 TO 999 SNOoP
wRIT&(boT92)(CHECK(IJ)-IdlloslvICARD'IPC{I)’(CONL‘B(I.K’oK:lgz) SNOQP

T79¢ FORMAT (1H A2,4444272,1K92A4) SNOoP
ICaICARD SNOAP
IF(IC.EQe0) ICm) SNOnP
IPC({I}a((1C=l)#80) 1P C(]) SNOOP

TSy COnTINUE ‘ SNOnp
791 CONTINUE SNOQP
NEAD(3412321) ISPACE SNGoe

c , SNOOP

237



aM

SNOUP FORTRAN EXTENDFD VERSION 2,0 03714,70 ©00,55,10,

c SNOnP

C THE UBSERVATIUNS ARE NOw PLACED IN A VECTOR CALLED XMaT SNOOP

c SNOOP

c SNOOP

WHITE e 79/) SNOOP

79T FORMAT [45Ri1,44,0BSERVATION CARDS ARE LOCATED MERE. s SNOOP

U0 lou Kml,50 SNOOP

VIK)IsU,.0 SNOOP

100 vwv(K)=Q,0 SNOOP

DO 110 Kwl,10120 SNOQP

110 AMAT(K)®m(.0 SNOOP

ICOUNTmY SNOOP

C PEAV THE viRIABLES SNOoP

103 READ(LWFMTI (V(K)sKm1+NVAR) SNOoOP

1CounTaICuuNT+] SNOOP

¢ REav THE FLOTTING CHARAETERS SNOOP

KSTART=) SNOgo®

KENDZE Y SNQOop

u0 Yhe2 [JxLalynNC SNOnp

READ (Z4112) (KBCIK) yu=KSTART yKEND) SNOOP

An3TakTzkSTART 40 SNOoop

8692 KEND=KINU+5( SNOoP

1F(LEM,NE-THREED) GO T 13 SNODP

112 fFpRmal(8UAl) SNOOP

Lo 113 ral,wnpc SNQOP

KKPC=I®C(I) SNOOP

IRKPC2KPC IKKPC) SNOoop

DU 960 Liml,yll SNOOP

IF (IRKPCWNELIG(LL) )0 TO 949 SNOGP

PClrI=LL= SNOOP

IF(LLew. L1YPC(1 1m0, SNQOP

6D T0 314 sSNOooP

980 CONIINUE SNOoFP

GO TO w35 SNQOP

113 COMIINyE SNOoP

w0 T0 13 SNOGP

10003 WRITE(me9I0) SNOQP

Q70 FORMAT (%110 THE PLOTYING CHARACTERS FOR THIS OBSERVATION ARE,q0e ) SNOOP

L0 vr72 [=a1.NPC SNOoOP

L=PC () SNQoP

978 wRITe(ve9 Tl SNOop

W7l PQRMAT (%M RC(T292R)=]l) SNOOP

o To 195 SNOOP

C ORNER Trk VARIAKLES SNOooP

14 L0 €UL [SKIPm] oaAlVAK SNOOP

IP=IVAR{ISKIP) SNQOP

200 WV (1P) =V (ISKIP, SNOoP

IF {ICOUNT «E L L)GIY TN 795 SNOOP

WHITE (ne TY99] SNOoP

7999 FORMAT (48ROTHE VARYTABLES INM THE FIRST OBSERVATION ARE, ., ) SNOOP

Ul 650 IslaNYs SNOGP

690 wHITE(2eBB1)T,uwV L) SNOnP

651 FORMAT (3H Y(lzy2M)in,El4eB) SNOQP

LG 857 Ts)enXS SNOoP

IX§=1+nYS SNQOP

652 WRITE (59053)1,VV{I[XS) SNOnP

853 FORMAT (3 X(I1242H)2.E£1448) SNOQP

IF (UEMEGTHREEDIGH TO 10013 SNOoP

C STORE ThRE VAMLABLES SNOQP
795 KKk=u

SNOOP
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SNpUP FORTRAN EXTENDED VERSION 240

U0 41U KalenNVAR

RSUB=( (Kwl) ®NOBS) +KX ¢+ 1CUUNT
KMINEKSUBeNOBSm ICOUNT+]
KMALA=KyIN®]

AMAT (K5Ut) =V (K)

KKeKK+F

C $TnHe THE MAXIMUM AND MTINIMUM VALUES

120
104

107

108

4ld

IF {1COUNT 4ER,L1YG0U 1n 107
AMAXMXMAT (KMAX}

AMTvEAMAT (KMIN)Y

LF { {AMAX=VY (K} } # (VY (K)mAMIN) 110651065410
1F (VW {K) ~A1IAX) 108s10T 0107
AMBAZVY {K)

XMA T (KMAA) mAMAX

1F (ICUUNT NELLl) GO Tn 41U
AmMINsVy (K)

XMAT (rnMltv)sAMIN

CONT INYE

€ STURE THE RLOTTING CHARACTERS

e X s EsRals N ¢

401
300

THE

101n
191

1u07

10Us

lUEn

105n
A00

aol

1F (UEM NELTHREED)Go TO 500

Lo «pt mleNPC

KSLOT= (NOBSe2)# (NVARSL=1) + JCUUNT
AMAT(RSLUT)wPL (L)

1F (1COUNT.NELNORS)An TO 103

VALUES [N XMAT ARE rHANGED TU ROW AND QOLUHN NUMBERS FOR THE

O1TRPUT MATRIX (TGRAPH)

Kam]

bu 10SH K=l,NVAR
NLE(K=~1 ) ®NGESeX

MLx {NOHS*K) +KXw]

KAK A+

DO 1490 LkanNL eMiL
IF(KsGT«NYS)GU TO 1nl0
Diveha,

G0 To 1011

piveila,
KINCI(XMHT(ML+2)-thT(MLcl)}/D[v

AF (RINCab o 00 ) XINCeY 40

ReXmAT (ML +1)

RAMATE()

IF (AT AMAT(LK) IGO0 TO 1006
Aspe X1 C .
RXMAT=RXMaTel,

G0 (0 1007

EMAT (LK) BRAMAT

IF (ReLToMYS)B0O TO 1920

LF (XMAT (LK) oLE 4504)a0 TO 1050
AMAT (L ) ®5y,

en 10 10%0

LF (XMAT (LK) (LEL100,)G0 TO 1050
AMAT(LK)®1U0.

COMT InNUE

Q0 To 3145

WHITE {61990)NYS

60 TQ ibOv

wRITE (89991 )NKS
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SNOnP
SNOoP
ENONP
SNOOP
SNOQP
SNOoPR
SNOnP
SNOnR
SNQoP
SNQOP
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SNOOP
SNQoP
SNOoP
SNOOP
SnOoP
SNOOP
SNODP
SNONP
SNOoP
SNQoP
SNOOP
SNOOP
SNOOP
sNOnpP
SNOoP
SNOogpP
SNOoP
SNOOP
SNOpP
SNOoP
. SNOOP
SNOnR
SNPCO
SNPcO
SNONP
SNOOP
SNooP



AM SNQUP FORTRAN EXTENDED VERSION 2,0 , 03/14/70 ®00.55,10,

0 10 1000 SNONP

BO2 WRITE{6+992)INPC SNOOP
6o To 1000 SNONP

803 WRITE (&4SY3)NPC SNOOP
GO T0 (00D SNOOP

A10 WwRITE {se994) NORS : SNOOP
G0 Tu 1000 SNOOP

H30 WRITE (ne994) SNnonP
GO TO j0UU SNONP

R35 WRITE(8+996) ICOUNT,Y SNOOR
G0 g p23ee SNOOP

860 NOVERZ( (NYSeNXS}wnNpRS) SNOOP
wR1TE (6999 TINOVER SNODP

G0 TO 1000 : : SNOOP

861 NOVEH®{ (NYSeNASenNPC)#nN0BS) : SNOnP
WRTITE (69993)NOVER SNOOP

G0 TO Luub SNOOP

999 HEAU(S+892) (R(T)eI=1920) SNOOP
WRITE (nyeB31) SNOoP
WRITE (heB93) {R{I}rT=1920) SNOOP

60 lo j2se2 SNOOP

990 FORMAT(SHUNYS®IZy/4ah NYS MUST BE GREATER THAN (0 ANU LESS THAN 80} SNOOP
991 FORMAT (SHynXSu]2y/44H NXS MUST BE GREATER THAN 0 AND LESS THAN S50) SNOOP
492 FORMAT (BRUAPCaT2s/744H NPC MUST BE BLANK OR 0 } SNOoOP
293 FORWAT(SHONPCEI29/44H NPC MUST BE QREATER THAN 0 AND LESS THAN 11) SNOOP
994 FORMAT (SHOWQBSEI3e/sabH NUBS MUST BE GREATER THAN 1 AND LESS THAN 5 SNOoP

ol SNOOP

995 FORMAT(A3IMUTHERE Is A VARIABLE LABEL wiTH THE 3D PLOTYTING CHARACTE SNOoP

lh arOUR) SNOOP

996  FNRMAAT (AYHMUTHERE IS 8 NUN-NUMERIC CHARACTER IN OBSERVATION I3s24M SNOOP

IFUR PLOTTING CHMARACTER 12) SNOOP

99?7 FORMAT (18HO {NYSenNXSy X NOUS=l6s/424 THIS MUST gE EQUAL TO OR LESS SNOOP

LTHAN 1ysvu0) SNOnP

Y8  FURMAT(2Z2RU{NYS+NAXS+NPC) X nNUBSeI6, /420 THIS MYST BE EQUAL TO OR L SNOoP

1ESS Tran 1us000) SNONP

A91 FrORMAT (0UMQOTHE FOLLNWING CONTROL CARD 1S MISPUNCHED OR OUT OF ORDE SNOOP

IRe o) ' SNOOP

H9d FUKMAT (2044) : SNOop

893 FowmATl(in Z2UAe, SNOQP

1000 REAU(3,1242]) 1SPACE SNOOP

12427 wWRITE (sy4001) SNOoP

1007 FUSMAT (Z7THLUNABLE Tn PHUCESS THIS JOB/5SH THE PROGRAM IS NOW SEARC SNOoP

Inlne FoR TrE NEXT unb(IF ANY) ) " SNOoOP

1002 wEAU(l,lu03yTAL SNOnP

READ(3,12321) 1gpAaCE SNOOR

1904 FORMAT aa) SNONP

IF(TAL.EQ«FE)}GO TO 2000 SNOoe

IF (TAL EN,CCHGO TO 799 SNOnP

GO To 1002 _ SNOoP

L ' SNOQP

t. SNOOP

C CUASTRULT THE WLRAPHS (1RRAFPM) SNOOP

C SNOoP

¢ ' SNOoP
3145 IF(UE>Etie TWODINPCE) SNPcoOl

VO fuln JalyNPC ‘ SNOOP

Lo 20l X®mL4NYS SNOoP

KXz (2% (K=l))#+] SNOOP

KYz(2%,¥YS5)+] SNOopp

LNYSEN"Se] SNOOP
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AM SNoLF FORTRAN EXTENDFD VERSION 2,0

2094

3000
791
300,

2015

v
3063

201

DU 2ull LSLNYSINVAR

RExIND ¢

VO 203n I=]1,%0

DO 2ndn M=lelon
LGRAPH[TIv#)mlD0
MTm(Kw) ) #NORS e N

Nem(lLw]) *NOBSexY

MKENK* jOBS=1

RYmRY+2

ICNT=U

I1Dm?

U0 €0)) LKSNK MK
I1YmAMAT (MT) ¢,001
IXaXMAT (LK) 4,001

IF (LEM EU.THREED) GO TO 20156
lFtleAPHCLYvIXI.Eo.llolao TO 3000
IGRAPR (1Y e X1 n]GRAPH(LIYeIX) el
60 TO 2011

WRITE (2e3002)1YelX

FORMAF (1N alelXe504a1)

FORMAT (213)

D=0+

60 To 2011

1CNTmiCnT+]

KSLUTE (NUESe2)# {NVARSJ=1]) ¢ ICNT
KRLUT=AmMAT (KSLOT)*, 001

IF (4uRaPA (LYo IX) &NEL100160 TO 3001
JARAPR (1Y ] X)sKPLOY

GO Tu zoil
*RIF&I=|3003)IYoIX.KPLOT
FORAAT (3] 3)

1relued -

MTemTe]

ENL FILE 2

REwWLND 2

C PHINT & GHaFH

30%)

3046

ENL A

304

A% 4

3051

3091

wWRITE (8930u)) ] 08

FORMAT (1H115X,4111J0R NUMHEK }3) -
WRITE(6sIUad)(TITLE (D) alm] 415
FOPMAT (1M L8X,]15A%)

IF (uEm ERTHREED)Y GO TO 3iag
wRITE(693043)

FORMAT (1M 15Xs23HTwnwD IMENSIONAL GRAPH

GO TO 304é

anTh(u'JO~5)Jo(CGNLAB(JvJCI'JCIIOZ)
3u4s FORMAT (1M 1SXe2THTHREE=UIMENSIONAL GRAPHoPC(I2,16M)

12A4)

CUNTIN JE

00 duoag lrel1s80

0O J0%0 Ix=lelo0
IF(IGRAPHIIYeIX) oNF, 10060 TO 3051
IGRAPH (IYs1X)wIG(])

GO 1 3udv

1F (1GRAPHILYy]IX)4GT,100) IGRAPH{IYeIX)SIQGRAPH(IYsIX)=100

U0 3053 [=jvlo0

IF(IGRAPHIIYSIX) oNF,1)GO TO 3053
IGRAPH(IYsIX)mIG(Ie)

Go T 3050

CONTINYE

[GRAFF([YeIX)mIB(L1])Y

24
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SNOnP
SNOoP
SNOoP
SNOoP
SNOoP
SNOnP
SNOOP
SNOoP
SNOQP
SNOoP
SNOOP
SNOpP
SNOOP
SNOnP
SNOQP
SNOOP
SNOoP
SNOOP
SNOOP
SNOQe
SNOnP
SNOOP
SNOOP
SNOOP
SNQoP
SNQoP
SNOnP
SNOOP
SNOnP
SNOOP
SNOO®R
SNOnP
SNOoP
SNQnP
SNOOP
SNOnpP
SNQOoP
SNOOP
SNOpP
SNOOP
SNOoP
SNONnpP
SNOoP
SNOpP
SNOoP

IS DEFINED AS SNOoOP

SNOpP
SNOnP
SNOpe
SNOoP
SNOOP
SNOOP
SNOOR
. SNOgp
SNOOP
SNOnp
SNOop
SNOogP
SNOnP
SNOoP



M

SNOUk FORTRAN EXTENDFD VERSTUN Z40

3050

CONTINUE
YINCEAMAT (MTe] ) =XMAT{MT}
YINCaYINC/S0,
BEGIN=XMAT (MT 4y )= ,g0YINC)
LO 3055 lJn=] 8D

1850=] K¢l

03/14/70

‘00‘55.10.

SNOoOP
SNOoP

SNOnP
sNQopP

SNOQP
SNQOP

JF(1aEUaB0,0R 1 ,EF,40,0R,I,EW,30,0R.1,60,20,0R,1,EQ.,10)60 YO 3960 SNOOP

hRITE(bo3061)ILABEL{RoIJK);lIGRAPH{loII)nlIIloloﬂi SNOnP

306) FURMAT (1M Aly)léxsLlrH, 10041 SNOQoOP
60 To 3085 SNooP

3060 ﬂRITE(&;SUbJJILABEL¢K|IJK).BEGIN'llﬁRAPH(Ioll)-Ililuloo) SNOnP
3063 FORMAL (1h Ale2X9EL1L,5+2He2100A)) SNOOP
3054 BEGINSIEGInN=YINC SNOQP
307 lerE(ao3070)8EGIN SNOnp
JoTa FORMAL (%R £11., .lodho...i.o..l'-i......lio!.ll.o'l.olo.c.o!..u. SNOOP
10.--o-n-lo-oo...uu..!ootnlot..!.l!nilio.l!ocoto'OO'QO...... , SNOﬂP
WHITE (R e30LQ) SNOop

AWEY FORAAT (1 15X e lHelOx o lHo l9XolHel X ol Mol 9XelH 19Xyl o) SNOOP
KINCm (XMAT (MKe2) =XmaT (MKe1)) /100, SNOoP
ABEGINSXMAT (MKel)=( S#*XINC) SNOOP

LO 60Ty 11JK:20.100.20 SNGOP
ITEJR=L1JUR /20 SNOoP
Alx=] ]l oK SNOop

&070 RAS{LIIUK)mXBEGENe (XIK*XENG) SNOnp
WRITE(oend 7] ) XBEGIN, (XABS(I)sIn]s5) SNOOP

S0T1T FORAAT (1B L0K4EL1145,5(9KsE1Le5)) SNOoOP
WRITE (Ae3081) (JLABFL(LeI[)elin]l 50 SNOoP

1081 FURMAT (1ML 1ISKe50A1) SNOpp
WRITE (Red0k2)ID SNOooP

3udp FORMAT (31N ~UMBER pF ATTEMPTED OVERPLOTSsI3) SNOoP
FF{losE49)30 TO 2030 SNQOP
WRITE (ho3UB3) SNOoP

308% FORAAT (3T COORDINATES OF ATTEHPTtD OVERPLOTS ) SNONP
C PRIwT Tht GVERPLOTS SNOOP
UU Jubs lal.lD SNOoR

LF (VB EQ, THREED)G(.. TO Juvy SNOoP
REAU{Z44040) IYoIX SNOoP

N4y FORMAT (214) SNOoP
YI={(Y SNOOP
YIzlueRENe (YI#YINC) ) SNOnp
Alm]la SNOaP

Alz (XEEGIN+ (XI#XINCY) SNOQP
WRITE(ne3u9]) YIoXI SNQop

3091 PURMAT (3R YeE]L]1,593x92HXREL].5) SNOoP
GO To anés SNOoP

309 REAu(2+4U04 ) IV [XekplOT SNOQP
40%) FORMAY (313 SNOQp
tim]ly SNONnP
fle{nEsInN+{YLI®YING)) SNOoP
XI=1Xx SNOnP
Ala(XoZGlne (XIRXINC)) SNOQP
WRITE (593092)Y] X1 ,xPLOT SNOge

Jude FORMAT (3m Y3E]11,593%92HXRE]],5¢3Xs3HPCHIZ) SNOoP
ndg CONT N JE SNOOP
201n CONTINYUE SNOoP
REAU (L+302U0)TAILsTAT™ SNOopP
IF{TALL 4NELEEJAND.TAIL . NELLCCIGO TO 999 SNOnP
ReEautd. 12431;159Acr SNOnP

2020 FORMAT (2A4) SNQnP
WRITE(Le3021)TATLsTALN SNCOP

242



SNOUK FURTRAN EXTENDED VERSION 2,0 ' 03/1s,70 *00,55,.10

3021 FORMAT (1H]1Z2Aw) SNQoP
IF(TAlL e, ,CC)}GR0 Tn 799 SNOOP
2000 CONTINUE SNOoP
$TOP SNQOP
END SNOogP

243



INPUYT DECK FOR SAMPLE RUN OF SNOOP

3DO101010951RED PINE VOLUME TABLE CONSTRUCTION
1{5X4F3.1,5XyF4.1)

X
Y

DIAMETER AT BREAST HEIGHTY

CUBIC-FDOT VOLUME

PLOTTING CHARACTER 111 HT CLASS

143
145
148
150
152
153
154
i56
157
159
160
163
165
168
170
173
175
177
178
179
180
181
183
184
186
188
131
132
134
136

62
72
B8O
46
45
40
52
68
56
75
60
73
85
80
50
60
56
58
64
72
58
&9
62
T4
76
64
44
56
48
47
53
56
59
20
22
26
28
24
36
30
33
24
26
36
40
39
42
42
45
46
45

432
513
597
351
356
317
418
561
470
640
521
657
780
170
480
609
570
617
694
790
630
T66
704
840
900
788
250
335
292
290
338
369
390
17
19
25
23
26
42
36
43
33
38
52
66
69
79
82
9%
100
102

(PRELIMINARY PLOTTING)



INPUT DECK FOR SAMPLE RUN OF SNOOP

86 50 123
0 30 84
92 35 101
94 36 111
97 44 140
111 58 242
100 St 175

101 40 138
103 52 187
104 48 174
106 55 209
189 84 1030
193 T0 880
198 90 1222
109 58 234
110 39 160
199 86 1141
200 60 B8Ol
99 38 123
119 45 216
219 82 1330
220 95 1502
221 98 1634
223 T4 1263
225 86 1530
119 &5 315
120 54 260
126 70 3717
230 60 103s
233 95 1750
130 40 235
130 42 241
240 97 1894
261 60 1360
263 100 2371
266 BT 2104
268 101 2453
280 102 2763
113 40 170
155 64 283
202 T2 1002
210 74 983
218 75 1223
116 43 199
CONTINUE
2DC102000951RED PINE DATA ~ EXAMPLES OF TWO-DIMENSIONAL PLOTTING)
1(5! F3.1,1X,F3.0+1XsF4.1)
DIAMETER AY BREAST HEIGHT
X TOTAL HEIGHT
Y CUBIC-FOOT VOLUME
143 62 432
145 72 513
148 B0 597
150 46 35]
152 45 35
153 40 317

245



INPUT DECK FOR SAMPLE RUN OF 5SNOOP

154
156
157
159
160
163
165
168
170
173
175
1717
178
179
180
181
183
184
186
188
131
132
134
136
137
139

52
68
56
75
60
73
85
80
50
60
56
58
64
72
58
69
62
T4
76
64
44
56
48
47
53
56
59
20
22
26
28
24
36
30
33
24
26
36
40
39
42
42
45
46
45
50
30
15
36
44
58
51
40
52
48
55

418
561
470
640
521
657
780
770
480
609
S70
617
£94
790
630
166
T04
840
900
788
250
335
292
290
338
369
390

i7

19

25

23

42
36
43
33
38
52
66
69
19
82
94
100
102
123

101
111
140
242
175
138
187
174
209
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INPUT DECK FOR SAMPLE RUN OF SNOOP

DONE

189
193
198
109
110
199
200

99
119
219
220
221
223
225
119

‘120

126
230
233
130
130
240
261
263
266
268
280
113

155

202
210
218
116

84
70
90
58
39
86
60
38
43
a2
9%
98
T4
86
65
54
70
60
95
40
%2
97
60
1a0
87
101
102
40
&4
12
T4
75
43

1030
880
1222
234
160
114}
801
123
216
1339
1502
1634
1263
1530
a1s
260
377
103%
1750
235
24)
1894
1360
2371
2104
2453
2763
170
283
1002
983
1223
199
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JOB NUMRER 1
Joa TITLE WRED PINE WOLUME 1ABLC CUNSTRUCTION (PRELIMINARY PLOTTING)

3D PLOTTING

NUMBER OF DEPENODENTIY) vARIadLES = ]
NUMBER OF INODEPENDENT(X) VaFlABLES = )
NUMBER OF OBSERVATIONS = 9b

NUMBER 0oF CARUS PER OBSERVATION =1
NUMBER OF PLOTTING CHARACTERS ® |}

THE CONTROL DECK FOR THIS UOH lSeseses

30 1 1 1 951RED PINE vOL UMt TAULE CONSTRUCTINN (PHELIMINARY PLOTTING)
LiSKeF3, 1e8XeFa, 1)

X UVIAMETER AT BrEAST HE]GHT

Y CUBICFORT vy umE

PLOTTING CHARACTER 111 WV CLASS

eee o OBSERVATION CARDS At LQUATEU mERE L,

THE VARTABLES InN THE FIxsl OBSERVATION ARE.,,
Y{ 1)® .43200000E%62
X({ 1)a _14300000E«02

THE PLOTTING CHARACTERS FUR THIS UASERVATION AREsees
PCt 1)mg

COORDINATES OF ATTEMRTE UVERPLUTS

Y L44460E+01 A& oSLlis0b+n} PCs
Y ,44450F 401 xx ,Bllgugeal PC=
Y 444450401 Xm L6266V 401 PCx
Ya ,%4460F,01 A= ,b49nup 4l PC=
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JOB NUMRER 2 _
JOB TITLE =REL RPINE DATi = EAatirhtS OF TwGe) tMENSEUnAL FLUTTING)

2p PLOTTING

NUMHER OF DEPENOENTIY) vaklanies = )
NUMHER OF [NUEPENDENT (X Varilab, > = 2
NUMBER 0OF O4SERVATIUNS = vs

NUMBER nF CanusS PER QBSFRVATION =i
NUMBER OF PLOTT NG CHARACTERS = o

THE CONTROL DECK FOUR Trra Juss [Sessswe

2D 1 2 0 951REL PINE UATA = tha-Pled OF TwO-nlnr~s1u~aL PLUTTING)
L(SxefF3,lelxsF3,nebxyFe, 1y

X DIAMETER nl BRLAST MEIGHT
X TOTAL rmELGNT
Y CUBIC=FUUT Vu Mg

se e o JHSERVATION CARDS Aot LoUAafen MERE . 4 s

THE VARTIABLES In TRE FIRS| OHSEWVATION ARE ..,

Y{ 1= .432000005402
k{ 2)= 520000005,02
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L INPROG
INTRODUCT 10N

LINPROG is a linear programming program originally written by R. J.
Cilassen and converted for use on the FORTRAN Extended compiler of the CDC
6400 SCOPE system.

Linear programming deals with the problem of éllocatlng 1imited
resources among competing activities in an optimal manner. This problem
of allocation can arise whenever one must select the level of certain activities
which must compete for certain scarce resources necessary to perform those
activities. The applications.of linear programming extend to a wide variety
of situations. For the ecologlist the applications extend from the determination
of the maximum profit In resource management to the achievement of the greatest
cost-effectiveness of one's research procedures. For the systems ecologist, the
applicatlon of optimization techmiques such as 1inear programming reduces the
likelihood of suboptimization. Suboptimization can result from too much
concentration on one of the subsystems at the expense of a more important subsystem.
Whatever the application, all linear programming problems involve the planning
of activities in order to obtain the result; among all the feasible alternatives,
which reaches the specified goal best.

PROGRAM OPERATION
The mathematical statement of a general form of the linear programming

problem is the following. Find zy, z,"" 2z which maximizes the linear objective

function,

subject to the r constraints
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n
Ji] Aij zj = Bl for 1 =1,2,...r

and z_i > 0 for all j.

Where the Alj’ BI’ and (:_i are given constants and the zj are the unknown decision
variables, -
The method used by the program is a variation of the explicit Inverse
form of the simplex method. All computations are fn single precision arithmetic.
The limitations of the program allow up to 100 decision variables and as many as
82 constraints. The simplex aTgorithm used by the program is a subroutine written
by R. J. Classen in September, 1961. The subroutine is very versatile and complex
and allows for the solution of many different types of llinear programming problems.
LINPROG was written to make this subroutine easy to use for the basic type of
problem. It can easily be altered If a special case is to be solved.
INPUT REQUIREMENTS
Input to the problem is as follows:
Card 1 (Problem identification)
Col. 1-78 X{D--alphanumeric title for problem
79-80 NTYPE--< zero to stop program
= zero to read in a new problem
> zero to read in a new resource constraint

for the right hand side and rework the last

problem.
Card 2 (if NTYPE > 0)
Cs1. 1-5 row number of the new constraint
6-15 value of the new constraint

(this is the /nly card required if NTYPE » 0)
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Card 2 (If NTYPE = 0)
Col. 1-5 NR--number of constraint equations
6-10 NC--number of variables including artificial
and slack variabtles
11-15 INVOFF # 0 to print inverse matrix
= 0 to skip printing
Card 3 (variable format card of the type ''FORMAT | NN(...)")
Col. 1-6 “FORMATQ
8-10 I--"'ROW'" If the A matrix is to be read in by rows
"'COL" if it is to be read by columns
12-13 NN--number of coefficients per card
15-80 (...)--format specification, this specification
| must allow for t@o leading index numbers on each
card which indicate the matrix position of the
first coefficlent on thé card
Card 4 - number required (constraint métrix)
The "A" mafrix is input as specified by variable format card
or card 3 and is followed by a blank card.
"B' card - (right hand sides of constraint equations)
the B, are Tnput in an 8EI0.0 format
ID card to start a new problem or else stop the program as explained above.
To allow for inequalities and free varaibles the A" matrix should be
set up as follows:
1. inequalities - to change equation I1 from an equality to

%, add a column, J1, in which all entries are zero except that



A(11,01) = 1., Variablé J} Is then a positive slack variable. To
change the equation to a >, do the same as above except A{11,J1) = -],
2, free variables - to remove the restriction on variable J1, that
B(J1) > 0 add a column-JZ In which all entries A(1,J2) = -A(1,41).
LISTING AND SAMPLE OUTPUT '
The output shown is the solution of the following problem:

Minimize hzl + 722 + 8z, + 62“

3

while satisfying

15021 + lhOz2 +:I?Oz3 + 16024 = 150

0.?2l + 0.122 + 0.323 + O’BZk £ 0.2

2,3

2z] + hzi +-Sz3 +.3z“

anle;O, 22;9. 23_3_0, 2, 20

The first output g}ouplng shows thg initial tableau or the "'A"
matrix as it was read in. Row | shows the CJ coefficients of the objective
function and the remaining rows are the_aij coefficients of the constraint
equations. This page also shows tﬁe value of the objective function at each
iteration,

The second ouput grouping shows the characteristics of the problem,
The seven output constants are:

KOUT (1) = K, output condition:

- feasible and optimal

3
b - no feaslble solution

wn
[

no pivot,_§nf1nite solution
6 - iteration limlt exceeded

7 - illegal input guantity

4
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KOUT(2) = ITER, number of iterations taken.

KOUT(3) = INVC, number of iterations since last inversion (ignoring
final inversions, if done).

KOUT(4) = NUMVR, number of inversions done {including final and
initial inversions). )

KOUT(5) = NUMPV, number of plvots done

KOUT{(6) = INFS, infeasibility flag, | = infeasible, 0 = feasible

KOUT(7) = JT, final pivot column selected. (Conditions 5 and 6 only.)
The eight quantities in ERROR are:
ERR(1) Sum of the feasibility errors (AZ-B).
ERR(2) Maximum feaslbility error.
ERR(3) Sum of the reduced costs In basis.
ERR(4) Maximum reduced cost (in absolute value) in basis.
In a final inversion is performed, the above errors will be the
errors before inversion and ERR (5, 6, 7,8) will be the corresponding
errors after inversion. |
The eight quantities in INFIX are as follows:
INFIX (1) = INFLAG, the Input condition, usually '4'; other values
are explained below.

INFIX (2)

]

N, the number of columns in "A" matrix.

INFIX (3) = ME, the length of one column in "A" matrix, i.e., the

first dimension of "A" matrix.

INFIX (4) = M, the row number of the final constraint in the “A"
matrix; MF < ME.

INFIX (5) = MF, the row number of the first constraint in the "'A"

matrix; MF < M,

,.‘}
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INFIX (6) = MC, the row number of the objective form {costs) in the
VA" matrix; MF < MC < 0,

INFIX (7) = NCUT, the maximum number of iterations that will be
allowed to solve the problem,

INFIX (8) = NVER, the reinversion frequency; NQFR = 0 means don't
refnvert.

The four tolerances are:

TOL (1) = TPIV, pivot tolerance

TOL (2) = TZERO, tolerance for setting "X to zero.

ToL (3) = TCOST < 0, reduced cost Is consldered to be negative

only If it Is below this quantity.

TOL (4) = TECOL, quantities in the pivot row of the inverse are
assumed zero if magnitude below this quantity (used only
In inversion 2 of the subroutine).

The third output grouping shows the solution of the problem. The
column JJH shows the decision variables which are in the solution at the point
of optimality. z(0) is the objective function. BBAR shows the final! value
of the obJective function for z(0) and the final values for the other 2z
variables in solution. Pl shows the negatives of the solution of the dual
problem. YTEMP(1) shows the negative value of the objective function and the
remaining values show the truncation error when the z values are substituted
into the constraint equations.

The fourth output grouping shows the inverse matrix if it is requested.

The fifth grouping shows, for each zj, the amount that the cost ¢, would

J

have to be reduced in order to include that variable in the solution. This

amount is zero for the variables that are already in the optimal solution.

e
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LINEAR PROGRAMMING PROGRAM

PROGRAM L INPROG

c _____
Cr=——— Bk e ol ok o ol o ol *#**t#*#i*#********#tt*ttt#***t*t****t*#*##**tl*tt#tlt**
C _____
Cmmmmm LINEAR PROGRAMMING SETUP ROUTINE
Comm—m CARD 1
Cmmmmm COL. 1-78 ALPHANUMERIC PROBLEM IDENTIFICATION
C—mwmm COL. 79-80 LESS THAN ZERD YO STOP PROGRAN
[ F— EQUAL TO ZERO TO READ IN A NEW PROBLEM
o GREATER THAN ZERD TO READ IN A NEW RESOURCE
o— CONSTRAINT FOR THE RIGHT HAND SIDE AND REWORK
— THE LAST PROBLEM.
Cmmwmm CARD 2
R COL 1~ 5 NUMBER OF CONSTRAINT EQUATIONS
o——— 6-10 NUMBER DF VARIABLES INCLUDING ARTIFICIAL AND
Cmmmm SLACK VARIABLES
of— 11-15 NOT EQUAL TN ZERO TO PRINT INVERSE MATRIX.
p— CARD 3
oL . COL  1- 6 FORMAT
Cmmmmm 8-10 ROW IF CONSTRAINT MATRIX [S TO BE INPUT BY ROWS
Cmmwmm COL IF IT IS INPUT BY COLUMNS.
R 12-13 NUMBER OF COEFFICIENTS PER CARD.
Cmmmnm 15-80 VARIABLE FORMAT TO TO READ IN TWD INDEX NUMBERS,
=== INDICATING THE MATRIX POSITION NF THE FIRST COEF~
 — FICIENT DN THAT CARD, AND THE NUMBER OF COEFEICIENT
Cmmmm= SPECIFIED IN COLUMNS 12 AND 13
Cmmmm- CARDS 4 THROUGH N
[ THE CONSTRAINT MATRIX IS INPUT AS SPECIFIED BY THE
Cmmmmm VARIARLE FORMAT I[N CARD 3
Cmmmm CARD N+1
o THE RIGHT HAND SIDE DF THE TABLEAU IS INPUT IN AN BF10.0 FORMAT
p—— CARD N+2
(op——— THE SAME AS CARD 1
C _____
Cm=—— t#**tt**#*t#*t*##*t#***#*****#t*‘*******l*t*#t*t**#***tt*tt*#*#t**
c _____
DIMENSION TAB(82,100), E(82,82), RHS(B2), JJHIB2), BBAR(82), PI(B2
1}, YTEMP(82), KB(100)y RC(100), KOUT{8), ERR(8), INFIX(B), TOL{8),
2 XID{14)
NRT=82
REWIND 6
1 READ (5,9) I{XID(I),1=1,13),NTYPE
WRITE (6,10) (XID(I),1=1,13)}
IF {NTYPE) 8,2,3
2 READ (5,11) NR,NC, INVOFF
Cmmmmm PLACE CONSTRAINTS IN TABLEAU
TMAX=NR+1
JMAX=NC

CALL MATIN {TAB,NRT,IMAX,NC)
C~=~-—WRITE TABLEAU

WRITE {6.+14)

CALL FPRINT {TAByNRT, IMAX, UJMAX¢3,1,1)
L-wm== SET UP RIGHT HAND SIDE

RH5(11=0,0

READ (5,12)

INFIX(1)=0

(RHS({I),1=2,1MAX)
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LINEAR PROGRAMMING PROGRAM

INFIX12I=JMAX
INFIXIT3)}=NRT

INFIX{4)=1MAX

INFIX(5)=2

INFIX(6)=1

INFIX{T}=200

INFIXtB)=2%IMAX

TOL{1)=1.0E-D6

TOL{2)=1.0E-05

TOL({3)=-}.0E-03

TOLt&)=1.0€E~10

TOL(5)=0.0

TOL(6):0.0

TOL{T)=0.0

TOL(8)=0.0

KnuT(8)=0

PRM=0,0

GO TO 4

INFIX(1)=5

READ (5,13) I,RHSUI)

CALL STIMPLX IINFIXvTAB:RHS.TUL.PRM.KOUT.ERR'JJH|RBAR.PI.YTEMP.KB.F
1)

WRITE (6,10) (XID(IV,1=1,13}

WRITE (6,15)

WRITE (6,16) {I'KGUT(IloERRIIi'[NFIXlIl-TULII).[=1:8!
WRITE (6,10) (XIDI(1),41=1,13)

WRITE {6,17)

WRITE (6,18) (l,JJH{l).BBARIIivPIIII’RHS(II,YTEHPII)'I=1rIHAXI
IF {INVOFF) 5,6,5

WRITE (6,10} (XID{1),1=1,13)

WRITE (6,19)

CALL FFRINT {E,IMAX, IMAX,IMAX,3,1,1)

DOT J=1,JMAX

CALL DEL (JsRCUJISINFIX{4),TAB,P1,INFIX(3))
CONTINUE

WRITE (6,10} (XID{I},1=1,13)

WRITE (6,20}

HRITE (6421} [I4KFI1),RC{I),I=1, MAX)

GO TO 1

CONTINUE

ENDFILE 6

5TNP

FORMAT {13A&6,12)

FMRMAT {1H-,8X,13A6)

FORMAT (515)

FORMAT (8F10.4)

FORMAT (15,F10.4)

FORMAT (1HO,4X, THTARLEAU)

FORMATY (lHO.I4X.4HKDUT.TX.SHERRDR;QX,5HINFIX,7X.3HTDLI

FORMAT LIHOy 15, 112,5X4El&uTo1745%X,E12.5) :
FORMAT lIHO.l4X,3HJJH,9x.4HBEAR.IZK.ZHP[.lﬁX.BHRHS.13X|5HYTEMPl
FORMAT ([ 1HO, IBy4X, 2HX(,13,3H) =e4FE6.T)

FORMAT {1HO4X,14HINVERSE MATRIX)

FORMAT {1HO,13X,2H (B, 7Xy 10HREQUCED C.)

FORMAT (1H ,18,17,2X4E16.7}

260

PAGE

DPbbbbbbbbbbbbbbbbbbbbbbbbbbbbhbbbbbbbb

> »

DD DD

96
27

99
100
1014
102
103
104
105
106
107
108
109



LINEAR PROGRAMMING PROGRAM

END

SUBROUTINE FPRINT (AsMRyNRyNC,KoLoN)

Cr—>—u OUTPUT ROUTINE FOR ) DR 2 DIMENSIOGNAL ARRAYS
Cmmmme

Lo MR = FIRST DIMENSION NUMBER OF THE A ARRAY
C-=m== NR = NO. NF ROWS IN THE ARRAY TO BE PRINTFD
C--=-= NC = ND. OF COLUMNS IN THE ARRAY T0 RE PRINTED
C-==—- K AND L ARE NOT PRESENTLY UTILIZED

C~=-—=FOR RETURN WITHOUT ACTION, SET N = 0O

DIMENSION A(MR,888)
IF (N} 1,111

1 NFULLB=NC/ 10
NCLEFT=NC-10%NFULL®Y
IF (NCLEFT) 243,2

2 NFULLB=NFULLB+1

3 NSKIP=MAXO{1,60/INR+4))
DN 10 M=1,NFULLS '
NC1=10%M-9
IF {M=NFULLB) S,4,4

4 NC2=NC
GO TO &

5 NC2=10%M
& WRITE (6,12)

WRITE (6,13) {(J,sJ=NC1,NC2)

WRITE (&6,12)

DO T I=14NR

WRITE (6414) 1,0ACI,d)yJ=NCLyNC2)

1 CONT INVE
IF {NC2-NC) B8,11,11
8 IF (M=NSKIP*{M/NSKIP}) 10,9,10
9 WRITE (6415)
10 CONTIMUE
1t RETURN
Cmmmm—m
Cmm———
12 FORMAT (1X)
13 FORMAT (1H +1X,10110)
14 FORMAT (1H ,1542X,10E)11.3)
15 FORMAT {1HL1}
END

SUBROUTINE MATIN (A,MR,NR,NC)
Cmwmv—= THIS PRNOGRAM READS DATA INTO AN ARRAY,
C-—==-~A FORMAT CARD MUST PRECEDE THE DATA,
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LINEAR PROGRAMMING PROGRAM PAGE
C ----- IQE-'FDRHAT l NN t.oo)
Cemm—=- WITH *'FORMAT? IN COL. 1-6,
Ce=——=- [ = 'ROW®' FDR ROW FORMAT, I = 'COL* FOR CNRLUMN FORMAT
C-~——- NN = NO, DATA WORDS PER CARD,
=== ‘uoc, = FORMAT SPECIFICATIGNO
=== EACH DATA CARD MUST HAVE TWO INDEX NUMBERS
C—===- INDICATING THE MATRIX POSITION OF THE FIRST DATA WORD.
L= THE READING OF CARDS 1S COMPLETED BY ONE BLANK CARD,
C-——— THIS ROUTINE HAS A PROVISION FOR CHANGING FORMATS IN MIDSTREAM,
C-==—- A CARD WITH BOTH INDICES NEGATIVE IMPLIES THAT A FORMAT CARD FOLLD
Commm—m .
OIMENSION AUMR,NC), FMT(17), XLISTEL7B)
CALL EQUIV (CHECKI],4HFCRM)
CALL EQUIV [CHECKZ2,4HAT )
CALL EQUIV (ROW,3HROW)
DO 1 I=1,MR
DO i J=1,NC
1 All+J)=0.0
Cm=— READ FDRMAT CARD
2 READ {5,28) WORD1,WORD2,ROC,NNy (FMT(1),1=1,17)
IF {WORD1-CHECK1) 4,3,4
3 IF {WORD2-CHECKZ) 4,5,4
4 WRITE (6432)
GO TO 27
Commmm READ DATA CARD
5 READ (S5+FMT) 1,J, (XLIST{K)sK=1,NN)
C——=— CHECK FOR NEW FORMAT CARD
IF (1) 6,7,7
6 IF (J) 2,19,10
L-———- CHECK FOR BLANK CARD TO END LIST
7 IF (1+J) 8427,8
8 IF [ROC-RDW) 18+9,18
Cormme RDOW FORMAT #%xx
9 IF (I-NR) 11411410
10 WRITE (6429) I,J,MR,NR,NC
G0 70 5
11 DO 17 JJ=1,NN
NNNDNENNES
TF (XLIST{JJY) 12,17,12
12 IF (J4J=-NC) 14,14,13
13 WRITE (6430} T4JddyMR,NR,NC
GO T 5
14 IF {AUI4JJd)) 15,16,15
15 WRITE (&6531) I4JJJsMR4NR,NC
GO TOo 17
L6 AlLyJJI)=XLISTI(JJ)
17 CONT INUE
Go fo s
e COLUMN FORMAT %%%
18 IF {J=NC) 20,20419
19 WRITE (6,30) I,J,MR,NR,NC
G0 TO 5
20 DO 26 II=1,4NN
11I=1+11-1
IF (XLISTIIIY) 21,226,421
21 IF (111-NR) 23,23,22
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LINEAR PROGRAMMING PROGRAM PAGE

22 WRITE (6429) IT11,J,HR4MR,NC
GO TO 5

23 IF (ACITT+J)) 24,25,24

24 WRITE (6,31) 111,J,MR,NR,NC
GO TO 26

25 A{TITE,J)=XLIST(I])
26 CONT INUE

GO YO 5
27 RETURN
[
28 FORMAT (1A441A2,1X4183,1X,12,1%X,16A4,1A2) .
29 FORMAT (22HOILLEGAL 1ST INDEX, [=¢1342X92HJ=313,42X,3HMR=,13,2X, 3HN

1R=,I3’2XQ3HNC'-"[3)
i0 FORMAT (2ZHOTILLEGAL 2MD INDEX, F=91342Xe2HI=413,2%,3HMR=,]13,2%,3HN
1R=, [302X.3HNC'=|I-‘3)

31 FORMAT {22HODUPLICATION ERROR, I=91342Xe2HJ=4[3,2X43HMR=,13,2X,3HN
1R='I3tZXo 3HNC-‘-1!3,

32 FORMAT (1HO,S51H*%% PROGRAM EXPECTS FORMAT CARD AT THIS POINT *»x%
1)
END

SUBROUTINE EQUIV LAB)
A=8 .

RETURM

END

SUBROUTINE SIMPLX (INF[X.A,B,TDL,PRM,KUUT.ERS.JHiX.P.Y.KB.El
L= BOSS MASTER SUBROUTINE DF RS MSUB, VERSION 2.

OIMENSION INFIX(A), A(l), B(L), TOL(&), KOUTIT)y ERSI8)y JHIL1), Xt
L1}y PULl)e YU1)y KB(L1)y E(L)y ZZ{4}, IDFIXt16), TERR(R)

C-mmm= DIMENSION INFIX(B!vA(lI.Bll);TDL!4)¢KOUT(7)nERSIB)pJH(llnXIl):
C=mme- L POLYsY{1)yKBEY)F(1},2214}, IOFIX(16) , TERR(B)
Lmmmm——

FQUIVALENCE (INFLAG,IOFIX(1)), (N,IDFIX(2)), (ME, IOFIX(3}}, (M,[0F
LIXC4)), {MF,IOFIX(51)y (MC,IOFIX(6)), (NCUT, [OFIXtT) )y (NVER,IOFIX
2(8))y (KyIOFIX(9))y (ITER,IODFIX(10)), {INVC,IOFIX(1L)), (NUMVR,IOF
3IX{12)), (NUMPV,IOFIX{13}), LINFS, IOFIX{14))y (JT,IOFIX(15)), (LA,
SIOFIX(16)), (ZZ(1),TPIV), (ZZ(2),TZERD), {Z213),TCOST), {ZZt4),TEC

501 )
Cmm e
op—— MOVE INPUTS ... ZERO NUTPUTS
po 1 I=1,8
TERR{I1)=0.0
IOFIX{I+8)=¢
1 IOFTX{I)=INFIX{I}
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LINEAR PROGRAMMING PROGRAM

-~ 0w (]

ol "R~

DO 2 I=1+4
Z2Z{Ty=TOLLL)
PMTIX=PRM
TCOST=-ABS{TCOST)
M?z=M%x%2

INFS=]

LA=0

- CHECK FNR ILLEGAL INPUT

IF (N} 7,7,3

IF (M=MF) 7:7+4%

IF {MF=-MC) T7,7,5

IF (ML) 747,456

IF {ME-M) 7,8,8

K=7

GO TU 28

I {MODIUINFLAG,4)-1) 9,10,11

CALL NEW (MyN,JHIL),KBIL),A(1),B{L)yMF,ME)

CALL VER [AUL)+BU1)JHIL) o X{1)4ECL) ,KBUL) Y (1) 4NyME, M, MF, INVC ,NUMVY
LRy NUMPV, [NFS4sLAyTPIV,TCCOL,M2) )

—_— PERFORM ONE ITERATION

CALL XCK (MyMF,JH{1)X(1),TZFRO,JIN)

- CHECK CHANGE OF PHASE.. GO BACK TQO INVERT [F GNNE INFEAS.

IF (INFS—JIN} 10,14,12

- BECOME FEASIBLE

INFS=0

PMIX=0.0 )

CALL GET (MyMCyMF,JHIT o X{1)4P{LY14ECL) s INFS,PMIX)
CALL -MIN (JToNaeMyALL)oPL{L1) KBILY ¢yMELTCOST):

JM=3T

J=JM

IF (JM) 15,15,16

-- ALL COSTS NON-NEGATIVE... K = 3 0OR &4

K=3+INFS
GO TO 18

—_— NDRMAL CYCLE

CALL JMY (JeALL)4ELL) oM,YI1),ME)
CALL ROW [TR¢MyMFaJH{ L) o X (1) YCl1)oTPIV)

—_ TEST PIvVCOY

I[F ¢IR}Y 17,17,19

- N PIVDTY

K=5%
IF (PMIX) 13,24,13

- ITERATION LIMIT FOR CUT OFF

IF (ITER-NCUT) 20,23,23

- PIVOT FOUND

CALL PIV (TR, Y(1)sMyF(L),X{1),NUMPY,TECOL)}
JOLD=JH (IR}

IF (JOLD) 22,22,21

KB8LJOLD)=0

KR{JM)=IR

JHUTR) =JM

LA=0

ITER=ITER+1

WRITE {5,31) ITER.X(1) :
INVC=INYC+1 3
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LINEAR PROGRAMMING PRNOGRAM

C-oemm INVERSIDN FREQUENCY

IF {INVC-NVER) 11,10,11
C===-=- CUT OFF ... TOOQ MANY ITERATIONS
23 K=6

24 CALL ERR (MyAU1)4B{1),TERRIL) JH{T) X (1} 4PIL) Y (1), ME,LA)
IF (LA) 26,25,26

25  LA=4
IF (INFLAG-4) 10,26,26 ‘

26 1F (K-5) 28,27,28

27 CALL JMY (JoAUL)4E(1},M,Y(1),ME)

Lo SET EXIT VALUES

28 DO 29 I=1,8

29 ERSTIV=TERR{ I}
DO 30 I=1,7

30 KOUT({Ty=TOFIXI[+8)
RETURN

Cm—m——

C==————

31 FORMAT (21H ,6HITER =,16,8H X[1) =,E15.5)
END

SUBROUTINE DEL (JM,DT4yM,A,P,ME)

J—— DELS DELTA-JAY. PRECES BUT ONE MATRIX COLUMN
DIMENSION A{1), P(1)
C-=--~DIMENSION A{1), P{1)
C _____
H DT=0.0
KDEL={ JM=1 ) *ME
C _____
DO 4 IDEL=1,M
KDEL=KDEL+1
IF (A(KDEL)) 2,4,?2
2 IF (PLIDEL)} 3,4,3
3 DT=DT+P{IDEL)*A{KDEL)
4 CONT INUE -
C _____
RETURN
END
C——mem ERRS ERROR CHELK. COMPARES AX WITH By PA WITH ZERD
SUBROUTINE ERR (H’A;B.TERR;JH.X:P.Y,HE.LA) ‘
DIMENSION JH(1), A{1), B(1), X{1)y PULl)y Y(1), TERRI(H)
C——=== DIMENSION JH{1}, A(1l), B(1), Xt1)}s P{1), Y(1l), TERR(8)
C-=r=- STORE AX-8 AT Y
bn 1 lzl'M
1 Y{i)=-R(1}
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LINEAR PROGRAMMING PROGRAM

pn S [=1|M
JA=JH( ]}
IF [JA)Y 2,5,2

2 TA=ME*{ JA-1}
DO 4 [T=1,M
[A=TA+1
IF (A{LA)}) 3,4,3

3 YUIT)=Y(IT)+X(I)*A(1A)
4 CONT INUE
5 CONT INUE
C——--- FIND SUM AND MAXIMUM OF ERRORS
D0 9 I=1l.M '
Yi=Y(I)
IF (JHUT)) T7.6,7
6 YI=YI+X(1)
7 TERR(LA+}II=TERR(LA+)}+ABS[Y])
IF LABS{TERR{LA+2})-ARSI(YI)) B,9,9
8 TERRILA+2)=Y]
9 CONT INUE
C-o—— STODRE P TIMES BASIS AT DT
CO 12 I=1,.M
JM=JH{ 1)
IF (JM) 10,12,10
10 CALL DEL (JM,DTsM,ALL),P(1),ME)
TERRILA+3I}=TERR{LA+3)+ARS(DT)
1F (ABSITERR{LA+4))-4BSI{DT)) 11,122,112
11 TERR{LA+4)=DT
12 CONT INUE
RETURN
END
SUBROUTINE GET (MyMCyMF, JH X, PEL INFS,PMIX)
Cem—— LABEL
C-=--- GETS GET PRICES
DIMENSION JH{1)y Xx(1}y P{1}, EI1)
Cmee—m DIMENSION JH{L)y Xt1)y P{1), E£(1)
Cm—ma=
1 MMM=MC
C—=m-- PRIMAL PRICES
DO 2 Jd=14.M
PlJY=E{MMM)
2 MMM =MMM+M
IF CINFS) 3,11,3
C——=-- COMPOSITE PRICES
3 Dl 4 J=1,M
4 PLII=PLIY*PMIX
DO 10 I=MF,M
MMM = |
IF (XEIY) G477
5 D0 & J=1,M

PLJ) =PI +E(MMM)
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L INEAR

PROGRAMMING PROGRAM

MMM = MMM+ M

GO TO 10

IF {JHUL)) 1048,10
DO 9 J=]1,M
PLJY=P(J)=-E(MMM)
MMM=MMM +M

CONTINUE

RETURN <
END

JMYS J MULTIPLY. BASIS INVERSE # COLUMN J
SUBROUTINE UMY (JUT,A,E,M,Y,ME)

DIMENSION A{1), E(1), Y{I)

DIMENSION A(L)y E(1), Y(1)

DO 2 I=1,M
Y{11=0.0
LP=JT*ME~ME

LL=0

DO 6 I=1,M
LP=LP+1

IF (AILP)) 3,5,3
DD &4 J=1,M
LL=LL+]
YUdI=YUJI+A(LP)RE(LL)
GO TO 6

LL=LbL+M

CONT INUE

RETURN

END

MINS MIN D=J. SELECTS CNLUMN TO ENTER BASIS
SUBRDUT INE MIN (JT4NyM, A4 Py KR ,ME, TCOST)

DIMENSION A{1}, P(1), KB(1)

DIMENSION A(Ll), P{1}, KB(1}

JT=0
DA=TCOST

DO & JUM=1,N
SKIP COLUMNS IN BASIS
IF (KBIJMY) 4,2,4
CALL DEL (IMyDT oM A{1),P (1) ,ME)
IF (DT-DA) 3,4,4
DA=DT
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LINEAR

PROGRAMMING PROGRAM

JT=JM
CONTINUE
RETURN
END

MEWS STARTS PHASE ONE
SUBROUTINE NEW {(M,N, JH,KByA,B8,MF,ME)
DIMENSION JHI1), KRU1), ALl), B}
DIMENSEON JH(1), KBI1},y A(1), BE1}
INITIATE
0O 2 I=1.M
JHIT)Y=0
INSTALL SINGLETONS
KT=0
DN 8 d=14N
KB{J)=0
KTA=KT +MF
KTB=KT+M
TALLY ENTRIES I[N CONSTRAINTS
KQ=0
DD & L=KTA,KT8B
IF [A(L)) 3,4,3
KQ=KQ+1
LQ=tL
CONT INUE
CHECK WHETHER J IS CANDIDATE
IF [KQ-1) 8,5,8
IQ=LQ-KT
[F (JHEICQ)) B4+6,8
IF [ACLQY*B(IQ)) B, 7,7
J IS CANDIDATE. INSTALL
JHIIQY=J
KB(J)=1D
KT=KT+ME
RETURN
END

Plvs PIVOT. PIVOTS DN GIVEN ROW
SURROUYINE PIV {IR,YyM,E,X,NUMPV,TECOL)
DIMENSION Y(1), C(1)y X{1)}
OIMENSION Y(l)y, E(1), X({1)
LEAVE TRANSFORMED COLUMN It Y{I)

NUMPV =NUMPY+1

T2==Y({I[R)
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LINEAR PROGRAMMING PROGRAM PAGE 1

Y{IRI==-1,0
LL=0
e TRANSFORM INVERSE
DD 5 UP=],M
L=LL+IR
IF (ABSIE(L))-TECOL) 21243
2 LL=iiL+M
GO T0 s .
3 TA=E(L}/T2 ’
E{(L}=0.0
DO 4 I=1,M
LL=LL+1
4 E(LL)=E(LL)+T3%Y({])
5 CONT INUE
L= TRANSFORM X
T3=X{IR)/T2
X{IR)=0.0
DO 6 I=]1,4M
6 X{1)=X{1)+T3%xY(1)
Co—m—= RESTORE Y({IR)
Y{IR)=-T2
c —————
RETURN
END
C=m=—- ROWS ROW SELECTION--COMPODSITE
SUBROUTINE ROW {IR,M,MF,JH, X, Yy TPIV)
DIMENSION JHtL1), X{1)}, ¥{1)
Commm- DIMENSION JH(Ll}, %X(1), Y{1)
C —————
Cm=—= AMONG EQS. WITH X=0, FIND MAX ABS{Y) AMONG ARTIFICIALS, OR, IF NON
Cmomee GET MAX POSITIVE Y(l) AMONG REALS.
1 IR=0
AA=0.0
1A=0

DO 10 I=MF,M
IF {X{I)) 10,2,10
2 YI=ABS(Y(I))
I[F {YI-TPIV) 10,10,3

3 IF (JHUI)) 4,644
4 IF {1A) 10,5,10
5 IF (Y{})) 10410,7
& IF (IA) 7:8,7
7 IF (YI-AA) 10,10,9
8 A=}
9 AA=Y]
IR=]

10 CONTINUE
IF (IR) 21,11,21
11 AA=1.0E+20
C——=—- FIND MIN. PIVOT AMONG POS[TIVE EQUATIDNS

\‘
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LINEAR PROGRAMMING PROGRAM PAGE 12

BO 13 J=1,N

DO 16 IT=MF M M 27

IF (YUIT)-TPIV) 16,116,412 M 28

12 IF (XUIT)) 16,416,113 M 29
13 XY=X{IT)/Y(IT) M 30
IF (XY=AA) 15,014,16 Mo 31

14 IF (JHCITY) 16415416 Mo32
15 AA=XY M 33
IR=IT M 34

16 . CONTINUE - Mo 35
Cremm— FIND PIVOT AMONG NEGATIVE FQUATIONS. IN WHICH X/Y IS LESS THAN THE M 35
Cr=mr= MINIMUM X/Y IN THE POSITIVE EQUATIONS, THAT HAS THE LARGEST ABSF(Y M 37
BR=-TPIV M 38

RO 20 1=MF .M M 39

IF tXII)) 17,20,20 M 40

17 IF {Y{I)-BB) 18,20,20 M 4]
18 IF (Y(IY*AA=X(I)}) 19,419,20 M 42
19 8B=y{(1) M 43
IR=] M 44

20 CONT INUE M 45
21 RETURN M 486
£EMND M 47
C———— VERS FORMS INVERSE FROM KB _ N 1
SUBROUTINE VER {AsByJHyXeEs KBy YyNyME ;Mo MMF , INVC s NUMVR ,NUMPV , INFS,L N 2

LAy TPIV,TECOL , M2} N 3
DIMENSION A(Ll)y Bil)y JH{L1), XUL)y E(L}y KB{Ll}, Y{1) N &
C-——-—- DIMENSION A{1), B1{1)y JH{L}y X{1l)y €11}y KB(1)y YI(1) N 5
MF=MMF N 6

O INITIATE N 7
IF (LAY L4l1,2 N 8

1 INVC =0 N 9
2 NUMVR =NUMVR+1] N 10
DO 3 [=1,M2 N 11

3 Et1})=0.0 N 12
MM=1 N 13

DO &4 I=1,M N 14
E(MM}=1,0 N 15
X{I)=B(1) N 1s

4 MM=MM+M+] N 17
DD 6 [=MF,M N 18

IF [JHII)Y) 5,645 N 19

5 JH{I)=12345 N 20
6 CONT INUE N 21
[NFS=1 N 22
C-—— FORM INVERSE N 23

N

IF (KBUJY) T413,7 N 25

7 CALL JMY (JsALL)4ELL) MY (1} ,4ME) N 26
C—-—~ CHORSE PIVOT NoO27
TY=0.0 N 28

N

DO 10 1=MF,M
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LINEAR PROGRAMMING PRNOGRAM

o

MW

IF {JH{1}1-12345) 10,8,10
IF LABS(Y(I))-TY) 10,10,9
IR=1
TY=ABS{Y{1))
CONTINUE
TEST PIVDTY
IF (TY=TPIV) 11,12,12
BAD PIVOT, ROW IR, COLUMN J
KatJi=0
G0 TO 13
PIVOT
JH{IR}=J
KB{J}=IR
CALL PIV (IRyY{L) )MyE(L)¢X{1)4NUMPV,TECOL)
CONTINUE
RESEY ARTIFICIALS
00 15 I=1,M
IF {(JH{I)=-12345) 15414,15
JH{1)=0
CONT INUE
RETURN
END

XCKS X CHECKER
SUBROUTINF XCK (M, MF;JH, X, TZERD, JIN)
DIMENSION JH(1), X(1)
DIMENSTION JHI1), X(1)

RESET X AND CHECK FOR INFEASIBILITIES
JIN=0
DN 6 I=MF,M
IF {ABSIX(I))-TZERD) 2+3,3
X(1)=0,0
GD TU &
IF {X{I}) 5,6,4
IF {JH{I)) 6,+5,6
JIN=1
CONTINUE
RETURN
END

27

PAGE 13

ZZZZZZZZZZZZZZZZZZZZZZ

OCOoRDOoOCOLUOCIOCDDOD

—
SOV @V W -

e et gt g
~NOW P WN -



SAMPLE DATA DECK FOR LINPRDG

PROGRAM LINPROGO

3 6
FORMAT ROW
1

o N -
P s

150

1
6 (2I5,6F10.0)
4
150
0.1
2

0.2

TEST PROBLEM FROM WRITE-UP

O-= DO

- 5000

PAGE L4
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Subroutine KUTTA
GENERAL PURPOSE
To numerically solve a set of Ordinary Differential Equations (ODE) of
the form
\}, =, (6, Y, (), ¢, (8),.c (1)), i =1,...,n
Where ;i is the 7th dependent variable
Y is a vector whose n components are the Qi‘s
t Is time
C.{t), J =1, "'mis a set of extrinsic functions of time, some of which

J
might be constants.

METHOD OF OPERATION

KUTTA has arguments (XL, XU, Y, NE, DEL, ACC, IMAX, EQUA}. Y is
dimensioned 25, other variables are scalars. When KUTTA is called by a main
program, Y should contain the NE values (NE = n) which represent the state of
the system at time XL. KUTTA will provide an estimate of Y at time XU. The
estimating method is a 5th order Runge-Kutta technique with an error estimation
procedure designed to ensure that the error in the estimation of the components
of Y will be less than ACC*Y(1) for the Ith component. DEL is a number, less
than or equal to (XU - XL), which is the users' estimate of the proper time
step to use for obtaining the desired accuracy (as set by ACC) with a 5th order
R-K procedure.

KUTTA will use a time step either greater or smaller than DEL, depending
upon its error estimation procedure. The step size will start as DEL and
be successively halved (or doubled) until the necessary accuracy is reached. |If
more than IMAX halvings (or doublings) are required for the requested accuracy,
KUTTA will return to the main program with the values of Y unmodified. On our
return to the main progrem IMAX will be set to the number of iterations
(halvings or doublings of DEL) which were required. An error check in the main

program can be made by ccwparing the actual number of iterations with the initial
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2
value of IMAX. |If these are the same, it is likely that the numerical method
has failed. This is most likely due to discontinuous functions for the
derivatives, or functions which change very erratically between XL and XU
(assuming that all difficulties due strictly to coding have been solved).

The independent variable, of course, need not be time. KUTTA can be used
to solve partial differential equations and integro-differential equations by
reformulating these equations as ODE's. )

EQUA is the name of a subroutine which must be declared EXTERNAL in the
main program. EQUA has arguments (T, Y, YP) where YP and Y is dimensioned 25.
EQUA must use T, Y, and the Cj(t) functions, transmitted either through COMMON or
as additional subprograms, to evaluate Qi’ i =1, NE in array YP.

The device whereby a subroutine name is transmitted through an argument
list and declared EXTERNAL in the main program is little used in FORTRAN 1V
but very convenient in this application, The sampie program outline below
illustrates the technique whereby the name of the subroutine used by KUTTA to
evaluate-the derivatives is declared to be EQ) when KUTTA is caltled:

PROGRAM 0DE

COMMON/L1/NT, NE, LAMBDA (25, 25)

EXTERNAL EQI

T=0
O 10 | =1, NT
T=T+0T

CALL KUTTA (T - DT, T, ¥, NE, DT=.1, .01, 50, EQI)

----------------------

----------------------
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END

SUBROUTINE KUTTA (XL, XU, Y, NE, DEL, ACC, 1MAX, EQUA)

----------------------

----------------------

SUBROUTINE EQI (T, Y, YP)

COMMON/LI/NT, NE, LAMBDA (25, 25)

----------------------

DO 10 J = 1, NE

to yr(1)

i
-<
o
a—
=z
+
-
—
e
o
s

' r
Y
x
W
o
b
T
[
g

RETURN

END

----------------------

Though KUTTA calls EQUA, transfer is actually made to EQ}.

The accompanying FORTRAN |V program (ODE) illustrates the use of KUTTA
to soive a set of Iinear, homogeneous,rordinary differential equations. KUTTA
can be used to solve other (nonlinear) ODE's by replacing EQ[ with an appropriate
routine. We have tested KUTTA with a variety of nonlinear equations, both
partial and ordinary, and with integro-differential equations of the Volterra
and Fredholm types and found it to be reliably accurate and rapid. its speed is
dependent upon the complexity of the equation to be solved and thus avoids much
of the need for multiple integration techniques. The only restriction is that
the derivatives must be continuous functions of time, though the routine works

in some cases when this restriction is violated.
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KUTTA was written by F. D. Hammerling, ORGDP, Oak Ridge National

Laboratory.



PROGRAM LIVDIFF

- C SOLVES & SET OF LIWEAR DIFFFRFNTI L EQUATIONS T i
c NEOM A0 DF EQUATIUNS o
C NT WO O0F TIMF POINTS
¢ T [vrTIAl TTMF valLuE
¢ INEL TT4F STERP FOR PRIGTOUT i
C aAccC UFSIRED aCCURACY [N SOLUTINN
¢ DFL ESTIMATE NF TImE STER TO AE USED FaR INTEGRATION
c ITER NO OF ITTERATIONSs MAXIMUMe TO RE ALLOWED IN INTEGRATION

¢ FmT FO4MAT STATEMFNT TA AE USEN TO READ INITIAL CONDNITIONS
c aNNn MATRIX OF COLFFICIENT VALUFS
C v VECTOR OF INITIAL CONDITION vaLUES
C F AaTRIX OF COEFFICIENT vaLUES

NIMENSTION FMT (R} ey (20)
COMMON/L L /F (20420 o NCOIM
EXTERMAL Fn)
c RFAD A%h PRINT INPUT 1ATA
1l RFAD T00GrCOMMT o TLa TNEL e ACCeDELSITER
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APPENDIX |

OTHER USEFUL PROGRAMS

'. STATO03C - Factorial Analysis of Covariance
This program computes a full factorial analysis of covariance,
Output includes:
1. The total covariance matrix and a breakdown Into its full
factorial design components.

2. The components in 1 adjusted by residuals.

3. Inverses of the covariate parts of the adjusted components .
L. Regression coefficlents
5. t-values, an F-statistic, and the residual mean square.

6. An analysis-of-variance table for the factorial components of the
design,

Limitations in the program are:

1. v, number of AQV classifications (1 v <6)

2. p, number of covariates (I <p<8

3. r, number of replicates (r < 999)

4, Li' number of categories or levels of any one classification

(L, < 999) and (L) x Ly x Ly xo..xL, < 1200)

5. 9, number of covariates generated. (-7 i q < 7) and [0 < (p+q) < 8]

'i. BMDO7D Description of Strata with Histograms
This program groups the data fntoc a specified number of groups based
on the order of entry of the data or into groups whose values for a base
variable are w/in intervals established by specified cut points. For these
groups, histograms are printed for each variable. The nuhber of classes

or categories of the histograms may be specified or they may be computed
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by the program. Means, standard deviations and correlation coefficients are
computed for each group; means and standard deviations are computed also
for the combined groups of a variable. Special values may be specified for
all variabies, except the base variable, to exclude certain values to codes
from computations.
Output includes:
1. Input data after transgeneration
2. Input data after ordering from high to low on the specified bace
variable
3. Histograms for each variable showing the frequencies of distribution
of C classes over the g groups.
4. Correlation matrices for each group
5. Means and standard deviations
6. Tabulations of special values.

Limitations in the program are:

1. p, number of variabtes (i < p < 100)

2. n, number of observations (1 < n < 9999)
3. g, number of groups (0 <g<10)

b, ¢, number of classes (5 < ¢ < 30)

5. M, number of special values for variabie i (0 =m o< 5)
6. q, number of variables added In transgeneration (0 <q < 99)
7. T, number of group cut points () <T <9)

8. nlp+q), [nlp+q) < 19,000]

I1i. BMDIOD Data Patterns for Dichotomies

This program finds frequencies and patterns of any one particular specified

code in the input data. Frequent use will be for a code representing missirg
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values. The program prints 0's to designate the specified code, or missing values,
and 1's to designate and other values. A data matrix of 0's and 1's is printed,
Frequencies of the specified code, or missing values are computed; and the cases
having the specified code are identlfied by item numbers which correspond to
the order in which the cards appear in the data input deck. If desired, patterns
of data may be obtained also after eliminating each variable in turn. Thus,
patterns are available for the p + | différent choices of p variables.
Output includes,
l; Patterns of data (0's for the specified code or missing values;
I's for all other values). Tabulated by numbers of missing
values, and item numbers to identify cases.
2. Data matrix of 0's and i's
Limitations in the brogram are:
1. p, number of variable (1 < p < 30)
2. n, number of cases or ftems (1 < n < 700)
V. STAT31S Chi Square Analysis
This program computes the Chi Square test for independence in two way
contingency tables. tn addition, tests for goodness of fit are calculated for
one way classificatlons,
Output.includes:
]. Listing of original table with observed and theoretical frequency as
well as the contributions to the test statistic.
2. Calculated x2 value and degrees of freedom
3. Tabled values of xz for comparison
4. Marginal tests of row and column totals.

The limitation in the program is that it is for two way tables no larger

than 10 x 10.
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V. STATO2V ANOVA for Balanced Factorial Design

This program computes an analysis of variance for a balanced factorial

design.

OQutput includes:

1. Analysis of variance tatle and the grand mean.

2. A breakdown of the sums of squares lnto'orthogonal polynomial
components for as many as four main effects and all of their first
order interactions.

3. Main effects and first order Interactions for the variables specified
in 2,

4. Cell means and variances, main effect means and plots.

5. Two factor and three factor interaction means if there are mcre than
two factors. .

Limitations in the program are:

I. F, number of factore (indapendent variables) or waye (€ < 8)
2. D, number of observations per cell (R < 993)
3. t;» Number of categories or levels of any one factor (Li < 999)

and (L] x L, x L3 Xooux Lp < 4000).

VI. STAT3IV ANOVA for Unequal Subctass Frequencies

This program performs an analysis of variance for data from an unbalanced
(unequal subclass frequencies) three (or two) way classification. The metrod used
is one in lopies in Intermediate Statictical Methods by T. A. Bancroft (1938) .
The analysis consists of two steps, the preliminary ANOVA and the final AN)VA.

If interactions are known not to exist in the population or at least one
subclass i< empty, the method of fitting constants is used to test main

effects in the final ANOVA.
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If interactions are known to be present in the population, the method
of welghted square of means is used to Investigate main effects in the final
ANOVA.

If it Is not kmown whether interactions are present or not, a test for
it is included in the preliminary ANOVA. The method of fitting constants or
;he method of weighted square of means Is used on tﬁe outcome of the test of
whether interactions are absent or present. In this situation, the tests on main
effects will not exactly be at o level because the test for interaction is a
preliminary test which precedes the test for main effects. Test for significance
of interaction should, in general, be made at .25 significance level to insure th
main effect subsequent tests to be made at the .05 level.

Output includes the preliminary and.final ANOVA. Subclass means and
variances and marginal totals are optional,

Limitations in the Program are that a problem may have a maximum of:

1. three factors

2. 20 levels for each factor

3. 100 observations in each'subclass.
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