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PREFACE

The CURVES computer program described in this report is an out-

growth of Rand ’s military cost analysis research activity. The program

provides a user—oriented tool for estimating by least—squares procedures

the parameters and statistical characteristics of several equations corn—

E~. monly used in the derivation of cost—estimating relationships.

A central feature of cost analysis research is the development of

predictive relationships by which, for example, the costs of new miii—

tary equipment or activities can be estimated from data on past equip-

ment and activities. Although several standard computer programs are

available for curve—fitting and statistical analysis of data , they often

are not well suited to the purposes of cost analysis. Most standard

statistical programs are designed to accommodate very large data sets

and to provide a wide range of appropriate statistical tests. The typi-

cal cost analysis application, however, involves few data points (usually

less than 100) and requires rather selective curve—fitting routines and

statistical tests , circumstances that make the standard programs both

cumbersome and fairly expensive to operate. Moreover , no single standard

statistical program is likely to include all of the functional forms

most useful to the cost analyst. Hence, a special—purpose program such

as CURVES Is both more convenient and more economical to operate than a

standard program.

The CURVES program described here is a substantial updating and ex-

tension of the program in an earlier~ Rand report: RN—5762—PR, CURVES:

A Five-Function Curve-Fitting Computer Progrcvn (December 1968), by one
of the present authors, H. E. Boren, Jr. The new CURVES program adds

three functions (logarithmic—linear and two semilogarithmic—linear forms)

and several new statistical and operational features.

The CURVES program was developed as a by—product of research on the

cost of advanced military aircraft and missiles. Its use is not re—

stricted to advanced hardware , however, or even to cost analysis appli—

cations. It should be useful to analysts throughout the Air Force and

elsewhere in the Defense Department who are concerned with describing

- ---
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causal relationships In functional form. This report was undertaken

as part of the Project RAND research task entitled “Cost Analysis

Methods for Air Force Systems.”

- 
- Every effort has been made to remove errors from the CURVES pro—

gram described in this report. However , no guarantee , expressed or

implied, is made as to either the numerical or the logical accuracy

of the program . Information concerning any errors or difficulties

found in the use of the program or documentation will be greatly

appreciated by the authors .

During the period when this report was prepared , Captain Gerald

W. Corwin was on duty at The Rand Corporation in the Management Sciences

Department. He is at present with the Cost Analysis Division , Direc—

torate of Management Analysis, Office of the Comptroller of the Air

Force, Headquarters United States Air Force.

This report; supersedes R—1753—PR , which was first distributed in

December 1975. It is being reissued In its present form to acquaint

\.isers with several recent major modifications to the CURVES program.

The modifications are discussed in Appendix C, and the updated program

listing is provided in Appendix D.

h
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SUMMARY

This report describes an extension of a FORTRA1’~—IV curve—fitting

(regression analysis) computer program (CURVES) developed in 1968 to

facilitate the derivation of cost—estimating relationships for advanced

military equipments . The program makes least—squares determinations of

the parameters of any of eight types of equations selected by the user,

given a set of observations on the dependent and independent variables

of interest. The types of equations that can be fitted using CURVES

are: linear, quadratic , power, asymptotic—power , exponential, log-

arithmic—linear , and two types of semilogarithmic—linear . Except for

the quadratic and asymptotic—powe r equations, up to seven independent

variables may be used.

Because of the importance of learning curve theory in cost analysis

work, CURVES has been expanded to include logarithmic—linear as well as

semilogarithmic—linear functions. Although the power form counterpart

- - 
I of the logarithmic—linear equation was included in the previous version,

estimates of the parameters obtained from the regressed logarithmic—

linear equation are often preferred to those obtained from the regressed

power equation.

Other new features have been added . A correlation matrix of the

Input data is provided for all fitted equations using more than one in-

dependent variable , as well as a variance—covariance matrix of the esti-

mated coefficients . Also included are standard errors and Student ’s

t—ratios of the parameters , significance levels, beta coefficients , and

the Durb in—Watson statistic. A plot routine is incorporated for provid—

ing various plots of the data. The plots available to the user are:

(a) residual Y versus fitted Y, (b) observed Y versus fi’ted Y , and

(c) observed Y versus any one of the independent variables. In the

case of a single independent variable , plot (c) can be used to provide

a plot of the regression equation . The program is fairly small (about

92,000 bytes of core), fast in execution time , and hence cheap to operate.

Section I describes the overall features of CURVES and the options

available to the user . Section II discusses the equations available for

regression in the program , including an examination of the nonlinear ones,
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which require special methods for solution. The section also contains

a brief suimnary of the statistics used in the program. Section III

presents specific details of the operation of the program, including

the options available to the user. Section IV describes the program

outputs. A sample output for four runs is shown, together with a card

listing of the deck setup required for the runs.

Appendices A and B treat the mathematical considerations relating

to nonlinear—least—squares solutions. Appendix C discusses recent

modifications that have been made to CURVES, and Appendix D presents

an updated listing of the CURVES computer program .

-J
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1. INTRODUCTION

One of the central tasks of cost analysis is the development of

cost—estimating relationships, predictive models that mathematically

describe the cause and effect connections affecting the resources

(costs) required to produce given outputs. In military cost analysis ,

one often needs to estimate approximate relationships that describe

the cost of advanced aircraft in terms of weight, speed , production

rate, and similar parameters. One of the several means by which esti—

mating relationships may be derived is through application of curve—

fitting and statistical analysis techniques to empirical (historical)

data. The CURVES computer program described in this report is specifi—

cally designed to provide the computational facility, mathematical

equations, and descriptive statistics most often needed in cost analysis.

The widespread use of similar techniques in many fields of research

has led to development of numerous standard curve—fitting and statistical

computer programs. Most of these standard programs , which provide many

‘ desirable features and options, often are not well suited to the needs

of cost analysts. The typical cost analysis problem involves small

amounts of data, often fewer than 100 data points. Most standard pro-

grams are intended to accommodate very large data sets. One consequence

is that they frequently are cumbersome and expensive to operate , involv-

ing large computer core storage needs and frequent disk operations , when

applied to small data sets. Moreover, suoh programs generally do not

treat the nonlinear equations encountered in cost analysis; and the

CURVES program is intended to provide a more economical, more convenient ,

• and better tailored tool for cost analysis. Although it was developed

in the context of research on the cost of advanced military aircraft and

missiles , it is applicable to a much wider range of situations in which

mathematically described causal relationships are needed .

The CURVES program was written originally for the purpose of making

ordinary least—squares determinations for the parameters of five types

of equations: linear, quadratic. asymptotic—power , and exponential .
1

E. Boren , Jr., CUR VES : .4 Five-Fu nction Curve-Fitting Computer
Program , The Rand Corporation, RN-5762—PR , December 1968.
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This report presents an updated version of CURVES that is much r~ore

powerful and flexible , yet cheaper to operate , than the previous ver-

sion. In addition to the original five equations , three logarithmic

equations have been added . They are: Ln Y vs Ln X (logarithmic—

-• linear), Ln Y vs X (semilogarIthmic—linear), and Y vs Ln X (semilog—

arithmic—linear)) Except for the quadratic and asymptotic—powe r

equations, all equations may now be fitted using up to seven independ—
-

• ent variables . In addition , values of the Y—intercept may be prespeci—

fied for all equations except the power and exponential. The program

has been rewritten to be as user—oriented as possible in terms of input

procedures. CURVES is a fairly small program (about 92,000 bytes
2 
of

core), is very fast in execution time , and is designed to minimize disk

input/output operations. It is currently in use on the Rand IBM 370/158

computer but is adaptable to any computer system that accepts FORTRAN

and has enough core capacity to handle the program.

A plot routine has been added to provide the following plots:

(a) residual ‘i’ versus fitted Y, (b) observed Y versus fitted Y, and

(c) observed Y versus any one of the independent variables. The routine

may also be used to plot the regression equation for a one—independent—

variable case. Plots use letter and numeral symbols so that each data

point may be easily identified .

The statistics calculated in CURVES include those relating to

“goodness—of—fit measures,” such as sum of squares of Y resicuals , total

• sum of squares , coefficient of determination (R
2), standard error of

• estimate of Y (SEY), coefficient of variation (ratio of SEY to sample

mean of Y), mean of absolute relative deviations of Y , and the F—

statistic. Also included are standard errors of the parameter estimates ,

Student ’s t—ratios , significance levels,
3 beta coefficients , and the

Durbin—Watson statistic. The printout of significance levels is very

1
In this report the abbreviation “Ln” is used to denote a natural

logarithm (to base e = 2 . 718 2 8 . . . ) .

2This includes about 25,000 bytes for two variable—dimensioned
arrays , whose sizes can be changed to suit the user ’s needs.

3Fonnulas for calculating significance levels were obtained from
a study at Rand by D. Tihansky and F. Timson in April 1972.
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useful because it obviates the need to obtain the values from a Student ’s

t—table . Means and standard deviations of the dependent and independent

variables are printed as well as a correlation matrix in the multivariate

case. The variance—covariance matrix of the estimated coefficients is

now printed.

CURVES can treat up to several hundred data points depending on the

type of equation being fitted , the number of independent variables being
• used , and whether plotting is done. A set of data needs to be entered

only once even if several regressions are to be run on it. A variable—

format procedure is provided the user so that data may be entered in any

order on the input cards. Data may also be entered from tape or disk

provided that the data are in the appropriate format . CURVES also pro—

vides for variable transformations as discussed in Appendix C.

The CURVES program is written in FORTRAN—IV (C/H level) except for

one assembler subroutine that permits reading the data from memory ; how-

ever, the subroutine is not required for normal program operation. If

the assembler subroutine cannot be made available, the user can use a

“scratch” disk for data storage and retrieval.

One major change in this edition of CURVES is that the Gauss—Jordan

method of solving simultaneous equations is used instead of Cramer ’s

Rule. All solutions are made in double—precision arithmetic either

through standard algebraic methods for the linear , quadratic , and log—

arithmic equations or through iterative methods for the other equations .

• — • • - -  —— ______________
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II. PROGRAJ4 CONSIDERATIONS

-

• 

EQUATION TYPES

• The equations available in CURVES were chosen principally on the
basis of their application to the derivation of cost analysis estimat—

ing relationships. The Y—intercept value A (or Ln A for the logarithmic—

linear equation) may be specified for all equations except the power and

exponential.’ The equations are :

1. Linear

Y A + B ~~~X l + C~~~X2+ .. . +H~~~X7 ,

2. Quadratic

V = A + B Xl + C Xl2,

3. Power

Y = A • x1B . x2 C . ... .
4. Asymptotic—Power

Y = A + B  .

5. Exponential

Y = e ~~~
+B X l + C X2 +

~~~~~~~~~~
X7)

~

6. Logarithmic—Linear——Ln Dependent vs Ln Independent

Ln Y = Ln A + B • Ln Xl + C • Ln X2 + ... + H • Ln X7,
7. Semilogarithmic—Linear——Ln Dependent vs Independen t

Lu Y = A + B • Xl + C X2 + ... + H • X7 ,

8. Semilogarithmic—Linear——Dependent vs Ln Independent

Y A + B Ln X l + C Ln X2 + ...+H ~~~Ln X7 ,

11n this report the dependent variable is represented by Y and
the independent variables by Xl , X2, ..,, X7. When only one Independ—
ent variable is considered , Xl Is used .

Li . ~~~~~~~~~~~~~ • •  - -
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where Y = dependent variable ,
• Xl , X2 , ..., X7 = independent variables,

A , B, C, •..,  H = parameters to be estimated by least—squares methods ,

Lu = natural logarithm , base e.

EQUATION CHARACTERISTICS

Examples of types of curves that can be fitted in the program are

shown in Fig. 1.

Linear (1)

The linear form is the simplest treated here. Its characteristics

are well known and , in our opinion, need no further elaboration. The

user has the option of specifying the Y—intercept A.

Quadratic (2)

Sometimes the quadratic equation is used to represent points that

lie along a parabola. However, one must be aware that a quadratic equa-

tion always has a maximum or minimum point (vertex). This means that

the effects of changes in the independent variable (Xl) on the dependent

variable (Y) are different in sign on either side of the vertex. The

coordinates of the vertex are printed in the output . Again , the user

has the option of specifying the Y—in tercept A.

• Power (3)

The power equation is one of the more common equations used in cost

analysis work. A plot of its logarithmic counterpart , the logarithmic—

• linear form, is known as the “learning curve” or “improvement cost curve .”

Conceptually, a regression of the power form does not result in the same

estimates of the parameters as a regression of its logarithmic—linear

counterpart. Appendix A discusses the differences between the power

and logarithmic—linear regressions. For positive exponent B, the graph

of the power equation always passes through the origin. Therefore , It

should never be used if a positive Y—intercept is desired or logically

required. For negative B, the equation is undefined at Xl 0, has a

negative slope, and approaches zero asymptotically as Xl becomes infinite.

Li: 
~~~~~~~~~~~~~~~ -- 

-
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Linear ( I )  Quadrat ic ( 2 )
Y = A + B . X l  Y = A + B . X I + C . X l 2

y y Vertex

~~~~~~~~~~~~~~~~~~~~~~~~ 
B>:  

= 

Vertex 

/

T
~~~~~~~~~~~~~~~~~~~~~

0 /

Power (3 )  Asym ptotic - power (4 )

Y = A • X l ’ Y A + B . X 1 C

• 

_ _ _ _ _ _ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _ _ _B < O  A - ~ ~~~~~~~~I B I ( A > O , A > I B j )

0 1 X i  0 1

• Logorjt hm ic—l j ne o r  (6)Ex ponential (5)
Ln Y In A + B • Ln X l

=
Y e

L n Y  
B O

B = 0 
Ln A

X !  

In Xl

• Semilogarit hmic-li near (8)Semi logor it hmic— linear (7 )
V = A  + B~ In XlIn V A + B • X l

m Y  

~~~~~~~~~~~~~~~~~~~~ 

B 0  B x O

A 
0 

A 
<0

0 X l  0 L n X I

Vig. 1—4zaapj... ef e~*rv. 119*4 in pr.gr am f.x a oas—iod.p.odsat—var iab l. e a .
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• Asymptotic-Power (4)

An examination of the graph of the asymptotic—power equation shows

that the curve has a horizontal asymptote of Y = A for negative C. That

is , as Xl becomes large , the second term (B . xlC) approaches zero, and
• hence the value of Y tends to A. Consequently , there is a leveling—off

effec t for negative C. This equation may thus be used to represent

• points that lie along a curve either increasing or decreasing to a hori—

zontal asymptote. Like th . powe r equation , this equation is undefined

at Xl = 0 for negative C. For positive C , the Y—intercept is equal to

A. As Xl becomes large , the second term (B . xl
C) ultimately becomes

large compared with A , and therefore the equation behaves like the power

function (B . xl
C ) in this region of Xl.

Exponential (s)

The exponential form is used to represent points that lie along a

curve having a positive Y—intercept (e~
’). As Xl increases , the graph

of the equation rises for B > 0 and falls for B < 0. Ia the latter

case, the Xl—axis is the asymptote of the curve . The logarithmic coun—

terpart of the exponential equation is the semilogarithmic equation in

which Lu Y is a linear function of Xl. However, for the same reasons

as stated for the power and logarithmic—linear cases, a least—squares

regression of the exponential form produces different estimates of the

parameters than a regression of its semilogarithmic—linear counterpart.

-• Logarithmic—Linear (6)

The logarithmic—linear equation , also known as the learning curve ,

is an equation in which the logarithm of the dependent variable is a

linear function of the logarithms of the independent variables. In the

program, it is fitted using the same technique as for the linear equa-

tion. The constant term may be specified in the form of Ln A.

The “learning” process is a phenomenon that prevails in many in-

dustries , and its existence has been verified by empirical data and

controlled tests. The basis of learning curve theory is that each time

the total quantity of items produced is increased by a constant percent—

age, the cost per item , or average cost of all items produced , is reduced

IPA~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• 

by some constant percentage . If the number of items produced is

doubled , then the percentage to which the cost is reduced is known

as the learning curve slope. For example , if the number of items is
increased from 120 to 240, and the cost reduces from $100 to $80, then
the learning curve slope is 80 percent . Equations of this type may be
applied either to the cost per Nth item produced (unit cost curve) or

to the average cost for the first N items produced (cumulative average

cost curve).

The learning curve slope (S) can be expressed as a function of the

exponent (B) as follows. From the above definition

s = 
A . ( 2N) B

or
¶ 

~~~~Lo~~ S
Log 2

where S = learning curve slope (decimal),
B = exponent of quantity,

N quantity,

Y = dependent variable (cost, manhours, people , etc.),
Log = logarithm to any base.

With the use of the power and logarithmic functions and the plot

routine provided In CURVES, the user now has the capability to examine

lea rning curve regressions ani select the equation most appropriate for

the set of data under s tudy.

—4
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Semilogarithmic (7, 8)
• The semilogarithmic equations exist in two forms. In one form ,

• 
the logarithm of the dependent variable is a linear function of the

independent variables. In the other, the dependent variable is a linear

function of the logarithms of the independent variables . The graphs

of the two equations produce straight lines on rectangular coordinate

paper or, in terms of X and Y, straight lines on logarithmic paper ,
- 

provided that the proper axis is scaled in logarithms . The constant A
• may be prespecified in fitting equations using these functional forms.

Note that for the logarithmic—linear equation (Eq.  (6)), the constant

term is specified as Ln A , whereas for the semilogarithmic cases, it

is specified as A.

• 
NONLINEAR-LEAST-SQUARES ESTIMATES

• Least—squares estimates of the parameters of an equation are always

• unique wi th a closed , algebraic solution provided the equation is linear

with respect to all of its para meters. Therefore, for this program ,

regressions of the linear , the quadra tic , and the three logarithmic 4
• 

equations produce such estimates of the parameters) However , the power ,
asymptotic—power , and exponential equations are not linear in terms of

all of their parameters . Thus, least—squares estimates of their param—

eters cannot usually be obtained by simple, algebraic methods and , as

shown later , may not represent absolute minimums of the sum of squares

• of Y residuals. They must be obtained in some other way , usually through

some type of iterative procedure . (The general principles of such pro-

cedures and other mathematical considerations relating to nonlinear—

least—squares regressions are presented in Appendix A.)

For the power and exponential equations, a modified Gauss—Newton

method is used , in which initial estimates of the parameters are obtained

from the logarithmic—linear regressions; and then corrections, guaranteed

to produce convergence to a solution , are applied to those Initial esti-

mates. For all IteratIve procedures , a solution is reached when the

1Under this definition , the quadratic fvnction is considered to be
a linear function because it is linear with respect to the parameters
that are to be estimated.

L. ~~~~~ ~~~~~~~~~~ •• •
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ratio of the value of each parameter to its value corresponding to

the previous iteration differs from unity by some predetermined value
— 7 . . .  1(�1O or as otherwise specified).

Least—squares estimates of the parameters of the asymptotic—power

equation are based on another type of iterative procedure because there

appears to be no easy way to obtain the initial guesses of the parameters

required for the modified Gauss—Newton method. This procedure is treated

in Appendix B. Because the modified Gauss—Newton method cannot be used

in this case, the equation is restricted to one independent variable.

STATISTICAL CONSIDERATIONS

Program statistics contain the standard measures relating to good-

ness of fit, such as sum of squares of residuals , sum of squares total,

coefficient of determination (R2), standard error of estimate of Y (SEY),

coefficient of variation (ratio of SEY to sample mean of Y), mean of

absolute relative deviations of Y, F statistic , and the Durbin—Watson

statistic. The relative deviation of Y at the ith point is the ratio

of the Y residual at that point to the observed value of Y. Also in-

cluded are standard errors of the parameters, t—ratios , significance

levels, and beta coefficients. Means, standard deviations, and corre-

lation coefficients are printed for the input data.

The standard errors of the parameters for the nonlinear cases (power,

asymptotic—power , and exponential) are calculated as follows. In obtain-

ing the least—squares estimate of the parameters for the power and ex-

ponen tial equations, a matrix of partial derivatives with respect to the

parameters is calculated and inverted during each iteration in order to

obtain correlations to the parameter values. As the iterations converge ,

• the square roots of the diagonal terms of the inverted matrix multiplied

by the standard error of estimate of Y converge to the standard errors

of the parameters obtained by the least—squares estimates. For the

procedure is described in detail in C. A. Graver and H. E.
Boren, Jr ., Multivariate Logarithmic and Exponential Regression Models ,
The Rand Corporation , RN—4879—PR , July 1967. The term “exponential”
there is equivalent to the term “power” in this report.
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asymptotic—power equation for which the Gauss-Newton method is not

used , the inverted matrix of partial derivatives is obtained only after
the estimates of the parameters are computed using another type of

iterative procedure discussed in Appendix B.

The Durbin—Watson statistic is used to test for serial correla—

tion.1 It is based on successive differences in the Y residuals.

Therefore, the statistic may not be useful unless the data are ordered

in some meaningful way .

The statistics that are printed out by CURVES are defined in

Table 1.

l~ Durbin and G. S. Watson, “Testing for Serial Correlation in
Least Squares Regression II,” Biometrika, Vol. 38, 1951.
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Table 1

STATISTICAL EQUATIONS USED IN PROGRAM

Statistic Equa tion

Degrees of freedom for error DF1 = N — M

where N = number of data points
M = number of parameters estimated

Degrees of freedom due to DF2 = number of independent variables
regression

Total degrees of freedom DFT DF1 + DF2

Sum of squares total N
(unspecified Y—intercept) SST = (y_

i=l
where

Y . = Y value for ith observation
1

Y = mean of observed Y values

Sum of squares total N
¶ (specified Y—intercept A)a SST = (Y .— A)

2
,

N
Sum of squares of residuals SSE = E ~~

j
~~ ci~

2
’

where
= fitted value for ith

C observa tion

Standard error of es t imate S =
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Table I —— (cont .)

Statistic Equation

Coefficient of variation CV S/Y

Coef f icient of determination
R = l - — ~~• SST

Relative deviation f or
ith residual 

D1 = “c~~ , ,~ 0

Mean of absolute relative y N
deviationsb Di

D M = 1l
N

St andard deviation of / N 
— 2input variables I ~ (V t

_V)

SDEV =
~~ ‘

where

V~ = value of input variable
under consideration

V = mean value of inpu t variable

F value DF1 I R2F \ 1—R~

Student ’s t—ratio of B
parameter estimates = 

SE
where

B = parameter estimate

SE standard error of estimated
parameter
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Table 1 —— (cont.)

Statistic Equation

Level of significance relat—
ing to t—ratio I DF1+l

2
SIGLEV = 1—

~ /1T ~ DFl .

~ / 2 \ (DF1+1)/2

• I (1+-L- )
J \ DF1 I—t

where F denotes the gamma function .

I I (Above formula approximated by series
expansion as used in a study by D.
Tihansky and F. Timson at Rand in
April 1972.)

s—coefficient of regression
coefficient on variable V 

= B ~/ ~ (V.—~)
2

L 
(Y
1~~ )

2

i=l

SDEV
= B .  v

• SDEV~

~~~
Durbin—Watson statistic DW

SSE

a
For the logarithmic—linear case, the Y—intercept is Ln A.

b1f any Y~ is zero, the corresponding Di• cannot be calculated .
In such a case the summation is reduced to fewer than N data points.
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III. INPUT PROCEDURES

• The flow of operations within the program is dep icted in Fig. 2.

• The program is structured so that many sets of data may be entered in

which each set constitutes a run.
1 Table 2 lists the maximum number

of data points that can be used for each equation . As was stated pre-

viously, the maximum number depends on the type of equation being re—
gressed , the number of independen t variables being used , and whether

plo ts are to be made. As soon as each set is read in, the program

operates on that set before proceeding to the next set of input data.

Each set of da ta may be entered on a separate deck of cards.2 However ,

several or all of the sets of da ta , if space on the cards permits , may
be en tered on one deck of cards , thus ef fec ting considerable savings

in the use of cards and in the e f fo r t of dup licating a deck of cards

containing data for several runs. A variable format procedure is used ,

allowing much flexibility in the format of the input data. Data may

also be entered from disk or tape provided all format requirements are

met.

Table 3 lists the types of cards used for a job consisting of one

or more runs (steps 6—10 may be repeated as often as desired).

TITLE CARD
The Title card must be entered for each run. It contains the title

for the current run (which is listed at the top of each output page) and

may consist of any valid characters ; all 80 columns may be used. An

example of a Title card is shown in Fig. 3 as it might appear in a card

arrangement for a CURVES run.

CONTROL CARD

The Control card is the second input card for each regression and

series of one or more runs is defined here as a job constituting
one session on the computer.

2
The use of the word card in this report , while usuall y mean ing the

norma l punch card , can in the case of data “card s” or blank “card ” mean
physical record (card , disk , or tape) .  
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Table 2

MAXIMIJM NUMBER OF DATA POINTS BY EQUATION, PLOT OPTION ,
AND NUMBER OF INDEPENDENT VARIABLES

- • Number of 
Without Plotting With PlcctirigIndependen t

Equation Variables Without ID
a 

With ID Without ID With ID

• Linear 1 551 441 381 306
3 367 314 254 218
7 220 200 152 138

Quadratic
b 

1 441 367 306 254
Exponential 3 314 215 218 190
SemIlogarithmic—linear 7 200 183 138 126
(Ln dependent variable)

• Power 1 367 314 254 218
Asymptotic powerb 3 220 200 152 138
Ln—linear 7 121 115 84 79
Semilogarithmic—linear
(Ln independent variable)

a
ID indicates data—point identifier.

b
For one independent variable only.

NOTE : This table is based on

C — p C
N

• max k
where

N = maximum number of data points
max
C~ = maximum number of cells of data storage = 2211

C = number of cells reserved for plotting = 676

p = plotting requirement (p = 0 for no p lotting ; p = 1 for plotting)

k = number of columns required for data; columns are required for:
(a) dependent variable Y (always)
(b) each independent variable (always)
(c) identifier (only if used ; see Control Card ,

columns 2 to 10)
(d) computed Y (always)
(e) residual Y (always)
( f )  Ln Y for  all equations except 1 and 2
(g) Ln X for  each independent variable for  equations

3 , 4 , 6 , 8

I
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Table 3

CARD TYPES FOR CURVES PROG RAM

— - Firs t Run

- 1. Title Required .

2. Control card Required .

- - 3. Specification cards Required ; used to supply special control
information such as format , labels , da ta
location , and initial guesses for iter—
ative solutions. A “Read” or “Read8”
specification card is always required .

4. Data cards Required .

5. Blank card Required ; used only at end of data cards.

Succeeding Runs

6. Title card Required.

7. Control card Required.

8. Specification card(s) “Read” or “Read8” card is always required.
9. Data cards Required only if inp ut was not saved from

previous run.

10. Blank card Required only at end of input data cards.

After Final Run

11. Done card Word DONE entered in Cols. 1—4 after last
run. Terminates job.

is required (even if it is blank). It contains the control data to

perform the desired regression. Table 4 summarizes all the information

on the Control card . An example of a control card is shown in Fig. 3.

Equa tion Des igna tor

Column 1 is used for  the equa tion designator. An integer from 1

through 8 is entered to designate which equation is to be used for the

regression in the run. (A zero indicates a plot—only option.) The

equa tion designa tors are :
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Table 4

SUMMARY OF INFORMATION ON CONTROL CARD

L~~a mr r s Use g aLe ‘_ o ’ l r o l  Descr iption

• L~~~~t 1  5 ’  Bla n k se pre vi ous equation lndex. a

0 ~ic regression ,~ onl y plot vs SM , where M I , 2, . . ., 7
1 Li n ear regression
2 J a l r a t j C  regressi on
3 • nt- eq e s s

t 8 ~s y~~ to t L — p s u e r  1 r e s s l o n
S [ x p o r ~e r t ~~i ‘e r re ss on
S Ln— l inear r e s t- sr

er- i 09- Cd L i  •ie~~e’ r i e rt  vs independent) regres sion
• 8 Ser n i log — i r e a r  •1e~ e r j e t ~s Ln independent) regression

• 
• 2-ID .a r ra b le order

I iri e rr t~~ ier • o L t ~~ ,r a i

— V [repe ndert var iab~e requ ired)
I Fr ’st independent v a ri able (requ red)

2— 7 Second t r o o J i  seventh independent y arrati es (optiona l
U t . ve va l oe may be in any order and indicate the order of tile data

t r & - l s  specif ied on the forma t card. va~ ves ‘sOt be packed , left—
ju st ifi ed; nine b lanks mean use previou s va ri atl e order .)

11 Plot V e sI d oul vs fitted S

• B~ a - on previous plot o c - t l o r r  •
a

• 0 Do not p lot.
I Plot.

12 Plot V observed vs f i t e d  V aBla r l •se previous p i t  ot on
• Do not plot .• I Plot

3 . 1 ’  V L~ e ved vs ill

6tar - a s)se previous p lot ~~~~ 
a

• 0 Do not p it t .
1-7 Plot .
8—9 For one~irr de p er -der t variable regress ions, plot V vs v l and

regression eqoat or , otherw ise plo t  V vs Xl onl y.
4 ~ero zerc p u t  option aBlank Use previous m dcv

o Plot  V vs SM dar.a with minimum rectangular grid.
1 Plot V vs iVI data . Jnc lu d r9 the additiona l point (O,O~IS Zero /negative data

acceptance opt ion
Blank Use previous indev . a

o Reject al l  non pos i t i te  data . c1 Accept ze ro-v al u~ data points , reject negative values .
2 Accept all data .

16 e rrrnd t for Table of Residu als
l3~unk Use previous ,ndex .a

O Print actual values rat’er than transforme d logarithms.
I Print Lit-transformed var iab les and ca lcu la ted values

for Ln .linear functions. (Equation indes 6.)
I? Order input da ta in ascending

depo ndent-va riab le order aBlank use previous order index .
o Do not order data
1 Order data .

18 Number of input cards
per data-point record

Blank Use previous value. Initial setting is 1 card/record
(i.e., each input card has one data point).

1.9 Value indicates the number of card images for each input
record (as described in the input forma t statement).

19-20 :terwt lon limit
Blank Use previous va l ue. Initia l setting is 20.
1-99 Maximu m number of i terat ions before aborting an i terat ive

solution of power ~nd exponential equations.
21-30 Specified Intercept

Blank Norma l , unconstrained regress ion
Real Specified intercept (invalid for power and esponential

equations)
31-40 IteratIon tolerance

Blank Use previous va l ue , In i t i al setting is 10
Real Solution-difference tolerance for iterative solutions

41-80 (d)

a lni t i a l setting is zero.
bsee descriptio n of Col . 13.
0zero and negative values cannot be used safely for any equation encept linear and quadratic because

regressions of all other equations require logarithms.
dSee Appendix C, p. 58.

-~~~ --
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Equation
Designator Equation

0 (Plot only)
1 Linear
2 Quadratic
3 Power
4 Asymptotic-power
5 Exponential
6 Logarithmic—linear
7 Semilogarithmic—l inear (Ln Y vs Xl , X2 , ... , X7)
8 Semilogarithmic—linear (Y vs Ln Xl , Ln X2 , ..., Ln X 7 )

One of the above integers should be entered in Col. 1 for the f i r s t  run
(defau lt is zero) . If Col. 1 is blank a f te r  the f i r s t  run , then the

value fo r the previous run is used . Thus , if the same type of equation
is to be used fo r a series of runs , its designator needs to be entered
only for the first run .1 If a zero is entered as an equation designator ,
no regression is run ; instead , the input data are p lotted as Y versus XM ,
where M is defined in Col. 13 as one of the independent variables being
used (if Col. 13 is lef t  blank , a plot against Xl is assumed). It is

impor tan t  to note that for this version of CURVES a distinction is made

on the Control card between a blank and a zero (0) . A blank field on

the Control card always causes the program to retain the previous value

of the associated indicator , except for the specified intercept (which
reverts to the condition of “no specified intercept ” ) .

• Order of Variables

Columns 2 through 10 indicate the order of the var iables on each

data card as described in the variable—format specification statement.
Depending on the number of independent variables being used and on

wh ether data—point identifiers are being used , Co ls. 4 to 10 may be

1This procedure has great advantages in simplifying the input oper—
ations for a job consisting of more than one run , but it also has it s
drawbacks. If , for examp le , data for a run are removed from a block of
data representing a series of regressions and then rerun , control in-
formation that should be passed on to future runs may be lost and sub-
sequent blanks will default back to the last run with a nonblank entry .

LL~i - - • • --~~-
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left blank. The symbols used to show the order must be left—justified

(with no imbedded blanks) and are as follows :

Symbol ~~~~~~~~~ ata

I Identifier (alphanumeric) (optional)
Y Dependent variable (required)

May be in any order
1 First independent variable (required) /

i from left to right.
2,3,4,5,6,7 Second thro ugh seventh ~.ndependent

var iables (optional)

I

• The independent variables are identified ordinarily and thus require that

no numerical symbol be skipped; i.e., use of 3 implies that 1 and 2 exist.

Suppose that a set of data is to be entered in which values for

three independent variables are located in Cols. 1—12 , 13—24, and 25—36 ,

and values for the independent variable are located in Cols . 37—48.

Suppose also that an identifier (a six—digit integer) is in Cols. 55—60.

Then 1, 2, 3, Y , and I (l23YI) would be entered in Cols. 2—6 to show the

above order for a format of “(4Fl2.0, bX , A 6 ) . ”

Note that if the format statement is written with tab formats (i.e.,

• “I”), the order app lies to the order of f ields as defined in the forma t

statement. Thus, for the above example , a format of “(T55, A6 , Tl , 4F12.0)”

would require an order of I123Y .

The data—point identifiers may be up to eight characters long , wi th

a corresponding format specification as large as A8.

Plot of Residuals vs Fitted Values

• Column 11 is used to indicate whether a plo t of the res iduals versus

the fitted values is desired . If a 1 (or any positive digit) is entered

in Col. 11, the plot is generated ; if a 0 (zero) is entered , the plot is

not generated . As with all indices on the control card , a blank causes

the previous value to be retained .

Plot of Observed Y vs Fitted Values

Column 12 is used similarly to Col. 11 to generate a plot of ob—

served values of Y versus their  f i t t e d  values.

Li - • •
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Plot of Observed Y vs Independent Variable or Plot
of Regression Equation

Col umn 13 is used to ind ica te the independen t variable to be

plotted with the observed Y. In this case , one of the d igits 1 through

M is entered , where M is the index of the independent variable to be

o plotted . In addition , for the case of a single independen t var iable ,
if Col. 13 contains an 8 or 9 instead of a 1, the resulting regression

eq uation is plo tted on the same grap h using dots as the plot symbols.

In all cases where the plotting index value is determined to be invalid ,
I

the plot is not generated .

For all plots except that of the regression equation (dots), 26

letters and nine numerals , or a total of 35, are used . The numeral

zero is excluded so as not to confl ic t  with the let ter “0” . For p lots

of data wi th  more than 35 points , the symbols are repeated in blocks to
• accoun t for  all data points . As an example , for 37 data points , the

points in order from 1 throug h 37 would be represented by A , A , B, B,

C , D , E , ..., Z, 1, 2 , 3, ..., 9. Each symbol used in a plot is also

listed beside the corresponding data poin t in the Tabl e of Re siduals

so that the data point can be readily identified.

Plot—size Opt ion

Column 14 is used as a designa tor for  a plot—size option for the V

versus X plot. Normal operation of all plotting is to determine the

minimum and maximum ordina te and abscissa , and then produce the minimum

size (largest scale) rectangular plot containing all the data. In the

case of the Y vs X p lot , especially fo r a positive Y—interce pt , the

point (0 ,0) can be added to the plot—points (to dep ict the f i rs t  quad—

rant )  by ente ring a 1 in Col. 14.

Data Value Accep tance

Column 15 is used as an indicator for data value acceptance . Nor-

mally, a negative value for a data point terminates the job because

negative values cannot be used in some cases for  the logarithmic equa—

tions and in all cases involving the power , asymptot ic  power , and ex—

ponential equations . A zero value causes the program to reject the data

- . - -~~~~- ~~~~~~~~~~~~~~~~~~~~~~~
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point (except the orig in , which has a special mean ing as desc r ibed

below) but to continue the processing (reading) . The latter condition

allows a data set to be p rocessed even though there are some missing

data. (A b lank is read as zero in a floating—point  format . )

In some cases , it is desirable to accept zero as a valid data

value (e.g., a linear regression with a zero/one dummy variable); to

do so, a 1 is entered in Col. 15. However, note that a regression of

any equation except the linear and quadratic requires logarithms of

some or all of the input variables. If the program attempts to take

the logarithm of a zero or negative value, the job terminates. If Col.

15 contains a 2 , all data va lues (positive , zero , and negative ) ar e

accepted except the origin , which is interpreted to signify that the

reading of data is complete.

Outpu t Status for Logari thmic Equations

Column 16 is used to indicate the output status for the logarithmic—

eq uations——equation desi gnators 6 , 7 , and 8. For each of these equa-

tions , the regression is performed on the logarithms of some or all of

the va riables . If the column is left blank, all logarithmic results

for the Table of Residuals are printed as nonlogarithmic (antilog) data

fo r better  readability and understandab il i ty.  That is , the or iginal

input data (before logarithmic transformation) are printed , the fitted Y

values are exponentiated if in Ln Y form (equation designator value of

6 or 7) ,  and the residuals and relative Y deviations are calculated

based on nonlogarithmic data. To use a logarithmic model with all ap-

propriate output in the Table of Residuals in logarithmic data, a 1 is

ente red in Col. 16. Regardless of the value entered in Col. 16, the

Summary Tab le always produces statistics for the regressed equation

whet her or not the equation is logarithmic .

Ordering of Input Data
Col umn 17 is used to designate whether the input data are to be

ordered from low to high values of Y. A value of 1 signifies that  the

data are to be ordered. For the f i rs t  run a blank (or zero) signifies

that the data are not to be ordered ; for subsequent runs a blank signi—

fies that the value of the order designator for the preceding run is to

__
_ _  IA
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be used . Again , this is done so that if all run s in a se r ies are to

be e i the r orde red or unordered , the order designator need c~nly to be

ente red for  the f i r s t  run . To reset the order indicator to zero (no
orde r ing) , simp ly enter a 0 (zero) .

Figure 3 also shows an example of a control card in which a linear

regression is to be made on the input data (1 in Col. 1). The data are

to be ordered with respect toY (1 in Col. 17).

• Number of Input Cards per Data—Point Record

Column 18 is used to indicate the number of input cards per data—

point record . If the input data are entered from the card reader , the

ent r y in Col. 18 is the number of physical (card) records per logical

record (data po in t ) ;  for  disk or tape input data , see Format Card in

the next subsection under SPECIFICATION CARD S. The initial setting is
one card per reco rd; if a value of ze r o is en tered , a value of 1 is

substituted . The maximum number of cards per record is nine. This

designator is used primarily to block the i nput data into individual

records when the READ MEMORY option is used ; a slash is not permitted
in the variable format statemen t when using memory because it repeats

the same record instead of advancing. This value has no use for the

READ ONCE or READ8 ONCE options. The initial setting is one card per

record . A blank value repeats the previous value .

Maximum Number of Iterations Allowed

Columns 19 and 20 are used to specify the maximum number of iter-

ations to be allowed before aborting the iterative solution of the

power and exponential equations . The default setting is 100 .

Y— I ntercept Specification

Columns 21 through 30 are used to specify the equation intercept

term (regression constant). This is the A value for all equations ex—

cept the Ln—linear , for which it is Ln A. The intercept for the power

and exponential equations may not be specified . The desired intercept 
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is entered in floating—point format anywhere within the field. The

implied decimal point location is at the right end of the field , after

Col. 30. If the field is blank , the unspecif ied regression equa tion

is assumed .

Itera tion Tolerance -

Columns 31 through 40 are used to specif y the itera tion tolerance

(DELTA). For regressions of the nonlinear equations , an interative

solution is achieved when the ratio of the value of each parameter to

its value for the previous iteration differs from unity by an amount

• equal to or less than DELTA . DELTA is initialized at lO~~. The user

may change th is by specif ying another constant in Cols. 31—40, prefer-

ably in decimal format , for example, 0.00000001. The implied decimal
—12

point is prior to Col. 31. Any value of DELTA less than 10 or

greater than lO~~ is reset to lO~~~. The authors recommend that DELTA

not be chan ged , eccept for very special reasons ; a DELTA of ~~~~ should

be sufficient to obtain all parameters within the accuracy printed .

SPECIFICATION CARDS

There are basically fo ur specification cards tha t provide con trol

infcrmation for the run similar to the control card but that requires

more space to express. They are: Format , Label, Guess , and Read. They

follow the control card and may be in any order excep t that the Read

card must be the last one . For any such card , the specification name

is entered beginning in Col. 1; the information following the name

should beg in in Col. 9.

Format Card

The Format card indicates where the data are located on the data

cards. This card must begin with the word FORMAT in Cols. 1—6 followed

by a left parenthesis. A matching right parenthesis closes the format

specification . Information within the parentheses must conform to the

rules for FORTRAN formats. In addition , except for the alphanumeric

identifiers , all input data must be in real—number (floating—point)

formats. One or two continuation cards may be used , each of which must

• • •
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likewise contain the word FORMAT in Cols. 1—6. After thc~ final right

parenthesis of the format , the user may make any comments desired

(e.g., identifying the variables the format refers to), because data

bey ond the last parenthesis are ignored by the program . if a Format

card is omitted after the first run , format specifications are carried

over from the previous run. The Format card shown in Fig. 3 could be

used for  the previous example , as discussed before .

Label Card

The Label card is used to identify the variable with an eight—

H character label. The labels are placed next to the regression parameter

or variable to which they refer in the output Summary Table; they also

appear as table headings in the Table of Residuals. If an alternate

form (LABELS) is used , the Summary Table also contains a printout of

the names of the regression variables immedia tely below the title .

(This alternative may allow the user to use the same title with several

runs , but to distinguish the runs by the variable list; it may also

red uce the req uireme nts of Tit le card preparation.)

If no Label (or Labels) card is used , the default (for each run)

is listed below . Labels do not carry over from one run to the next;

they must be entered each time. Table 5 shows the format of the Label

card.

Guess Card

The Guess card is used to provide initial guesses of the parameter

values for  the itera tive solutions in f itt ing the power and exponential

equations. The normal solution procedure in the program is first to

make a least—squares regression of the corresponding logari thmic—linear

(or semilogarithmic—linear) equation to obtain preliminary estimates of

the parameters (the values are printed out under the heading INITIAL

GUESS in the Summary Table) and then iterate. The user may make the

initial guesses by entering a Guess specification card in the format

shown in Table 6. The implied decimal point is at the right end of

each field . The authors recommend that 3 cxc’~j t ;~~r :~7~~ m~i
’ 1~ r ’zr~ ~P?-

s tances , the user shou ld not attempt initia l 5j uesses J ’c- r t ii5: L t ra t ’u ’~
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Table 5

FORMAT OF LABEL SPECIFICATION CARD

Card Columns Value Specification Descriptiona

1—6 LABEL$ Indicates the type of specification card
or

LABELSr 7—8 Not used

9—16 Alphanumeric Heading f or identif ier , if used (default
is LABELBB$); if no identifier , B$$$BBB$ .

• 17—24 Alphanumeric Heading for dependent variable (default
is $$BY$BB$).

r 25—32 Alphanumeric Heading for first independent variable
(default is $$$Xl$$$).

33—40 Alphanumeric Heading for second independent variable ,
if used (default is B$$X2$$$ for all func—
tions except quadratic and asymptotic;
quadratic default is B$Xl**2B; asymptotic
default is EXPONENT).

73—80 Alphanumeric Heading for seventh independent variable,
if used (default is $$BX7$$$).

a
A blank column is indicated by B. (See pp. 21—22 for definition

of variables.)

Table 6

FORMAT OF GUESS SPECIFICATION CARD

Card Columns Value Specif icat ion Descriptiona

1—6 GUESS$ Indicates the type of specification card

7—8 Not used

9—16 Real Initial guess for A

17—24 Real Initial guess for  B
25 — 32 Real Initial guess for C , if used

65—72 Real Initial guess for H , if used

asee p. 5 for description of A , B , C , ... H use.
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u~a~~c. It is quite likely that by using the Guess card , it will take

the program much longer to converge to the solution , if indeed it con-

verges at all.

Read Card

The final specification card is the Read card. This card (which

is a required input) signifies that the data are ready to be praeessed.

(An alternate reading file for the data cards is discussed below under

the READ8 option.) The format of the Read card is shown in Table 7.

Any thing other than ONCE , MEMO , or DISK in Cols. 9—12 is equiva—

lent to $B$B and will result in the data being reread from the save—data
file last used (disk or memory). If the last option was ONCE , a new

set of cards will be read (because no data were stored). The initial

setting is ONCE. Since rereading of saved data requires no more data

inpu t, data cards are not expected nor may they be present in the input

Table 7

FORMAT OF READ SPECIFICATION CARD

Card Columns Value Specification Description

1—6 READB$ Indicates the type of specification card; data
or are read in from card unit 5 (i.e., seq uen tially

READ8B from the normal card reader) or from user—defined
unit 8.

7—8 Not used

H 9—12 The save—data option parameter:

• ONCE Do not save the data , just process it for this
one run.

MEMO Save the card images in memory (� 100 cards) for
rap id access on later runs.

DISK Save the card images on scratch disk unit 4 (up
to the maximum number of regression data points)
for access on subsequent runs.

$$$B Use saved data

13—80 Not used

____ - - --——-~~~~~~
--- -----. -----———.-- ---- - - - •  • • -
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stream when this option is in effect. Figure 3 shows an example of

the READ ONCE option .

In the event that a data input str~iam other than the normal se—

• quential card input (i.e., unit 5) is desired , the user may substitute

READ8$ for READ$$ in Cols. 1—6 . This alternative sets up unit 8 for

the input of data cards only (includ ing the &.ANK card). The Title ,

Con trol , and Specifications cards always come from unit F~.

Any data saved must be in card images. When using memory, data

are stored in a record length (in bytes) of 80 times the number of

cards per record (maximum of 720 bytes——9 cards——in the program).

Theref ore , in reading back such stored data from memory , the same

• record length must be used in the format statement; e.g., FORMAT (T200 ,
1 . . . -3F8.O). A slash mark is not permitted in this case, because it repea ts

the same 80—byte record in--tead of advancing to a new record. For a

scratch disk , data are stored in 80—byte records and hence must be read

back the same way . Therefore , slash marks must be used in the f orma t
statement for multiple cards per record when using disk.

DATA CARDS

Each data point must contain at least a pair of values , one for

the dependent variable (Y) and one for the independent variable (Xl).

Each set of data constituting a run must contain at least as many data

points as the number of parame ters being estimated and may con tain up
to the maximum allowable as indicated in Table 1. If the maximum is

exceeded , an error message explains this fact. The location of the

data on the card must be in exact agreement with the information entered

on the Control and Format cards , or else the da ta will not be read

properly. The numerical data (dependent and independent variable values)

are read as real (floating—point) numbers and data—point identifiers (if

used) as alphanumeric data.

‘The largest repetitive skip that can be used in a FORTRAN format
statemen t is 255 (i.e., 255X or 1255). If a larger skip is required ,
simply break it up into two or more skips. For example , a skip of 300
columns may be entered in the format statement as 15OX , 1SOX ; or lOOX ,
200X; etc.

ii
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For any data card , if either the Y field or any of the X fields ,

but not all, is blank or con tains the value zero , that card is usually
1

skipped . However , if all X and Y fields are blank (zeros), and the

iden ti f ier  f ield , if used , is blank or con tains the word BLAN K , the
reading of input data for the run is terminated at that point (see

BLANK CARD below).

If the iden ti f ier f ield is nei ther blank nor con tains the word

BLANK and all the data are zero , the data point is merely rejected.
I’ Thus, the user may identif y places where da ta are needed in the da ta

set , but for which data are not yet available.

Figure 3 also shows a da ta card containing da ta in the specif ic

format.

BLANK CARD

Each set of data cards constituting a run must always end with a

blank card. This card is used to terminate the reading of the input

data for a given run. There must be as many blank cards as there are

cards per record (see description under CONTROL CARD, Column 18). As

an option , the user may , if saving data in memory or on disk , type the

word BLANK in Cols. 1—5 of a single blank card .

DONE CARD

After each set of data is read and processed , the machine cycles

back to read another set of data . To terminate a run or a series of

runs , the word DONE is entered in Cols. 1—4 on what would be the Title

card for the ncxt run. This causes the program to print a large DONE

• on a separate page and stop .

SUMMARY

Fi gure 4 b r i e f l y summar izes the information on the Title , Con trol ,

Specificat ion , Da ta , Blank , and Done cards. Note that the Read card

1
As was stated previously under Data Value Acceptance, an option

is provided to allow zero or negative values to be accepted by the pro—
gram. Nevertheless , the default condition is to skip zero fields and
to terminate the run on reading negative values.
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must always be the last Specification card - for any run . Figure 5 shows
the order of two data decks for a series of three runs. In the figure ,
the second deck also contains data for the third run. Hence, it is to

- - be saved for rereading during the third run.

Done cord
Third run

. Read card• V (Data for this run  are toV 

be read back from memory Format card
or off disk.) Control card

_______ 
Title card

Second run
Blank card(Data for this run

are to be read in
the same format Data deck
as the first run. 

Read cordIn addition , the
V cords are to be Control cord

written into memory Tit l e  cardV 

or onto disk since Blank card
they cont&n data

— for the third run .)
V Data deck

Read card
Format dard

Control card
First runTitle card

Fig. 5——Arrangement of two data card packs for three runs 

V 
VV ~~__ V_ V~~•~~~ — --—---- •-----
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H
IV. PROGRAM OUTPUT

Figure 6 is an example of program output for fitting linear ,
power , logarithmic—linear , and quadratic equations . The output also

includes examples of the plots available in the program. For compar—

ability and continuity, the input data for the first two runs are the

same as in the example in the previous CURVES report (RM—5762—PR) .

The par ticular da ta shown have no real meaning and are presen ted only

f or the purpose of displaying the output. Because the headings are

self—explanatory and the statistics have already been d iscussed , no
explanation of them is given here.

Figure 7 is a listing of the input data for the four runs whose

ou tpu t  is shown in Fig. 6. The data are in the same format on the

cards as shown in Fig. 3. As Fig. 7 shows , the input data for the

first run (linear regression) are read in a P—format in order to scale

the data. (The scale option in the previous version of CURVES has

been deleted because scaling can be accomplished wi th the use of the

P—format.) Note that for the third run, the word BLANK in Cols. 1—5

is used rather than a blank card to terminate reading of the data

cards. Either method is acceptable to CURVES for saved data.

Table 8 lists various central processing unit (CPU) execution

times for typical runs made on the Rand IBM 370/158 computer . (The

sample output shown in Fig. 6 required 2.5 seconds of execution time

and 92 ,000 by tes of core storage , based on an H—compiled program.)

*
• If data are stored on a scratch disk or tape , instead of in

memory, addi tional core storage may be required .

-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _
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TEST RUN 1 —- LINEAR WITH THREE INDEPEM~ENT VARIABLES Title Card
1123Y 1 I Control Card
FORMAT (1FF12.O , 0P3F12.O , 6X , AS) Xl SCALED BY 100*(.1) Format Card
RVA D ONCE Read Card

20.19283 10.34567 14.27653 27.944618 1001404 -

50.37289 101.0 20.0 80.09382 101313
105.35467 55.27618 12.16547 100.47238 102121
62.17862 18.88888 29.17654 89.92674 101717
35.25671 42.16543 27.17864 33.60992 100505
80.24561 35.25411 15.25672 83.40204 101414
12.15437 3.26751 31.26884 uO.713C4 10070 7
65.33821 16.27865 1.27553 84.84002 101515
89.26718 109.265147 44.2786 1 514.53670 101010

- 
- 

100.0 100.C 100.0 107.75168 102323
121.17625 175.26876 52.17625 40I97917 100808
2.37658 15.28765 30.98716 19.44080 100202

1D6.26789 81.27543 107.2678(4 137.0 102727
56.27182 19.26713 441.26517 88I26627 101616
15.26718 40.15672 63.17772 24.06789 100303
79.26182 12.25418 90.26713 147.55076 103030 ~ Data Cards
51.22268 86.12357 24.16273 14.39608 ~C010197.26173 84.23456 93.25671 111.352’47 102424
62.24518 10.27625 17.24561 92.51133 101919
32.21615 8. 18761 16.27615 51.71629 100909
38.27b15 27.37677 3.28716 40.40568 100606
49.28817 14.11167 54.28817 94.38172 102020

41 914.24689 4P .23L418 35.2886 1 10(4.27262 102222
40.198214 15.0 39.22218 71.09687 101212

F 117.33922 95.18293 100.0 131.24108 102626
15.123145 76.11111 88.99112 90.28862 101818
10.0 20.0 101.0 59.0 101111
74.28192 18.22184 97.22215 138 .4 6 147  102828
99.22186 12.16524 8.01187 122.69347 102525
64.16253 102.33728 1114.2 34417 143.72068 102929 /

Blank Card
TEST RUN 2 -- P O W E R  WITH THREE INDE PENDENT VARIABLES Title Card
3123 Y 1 Cont ro l  Card
F O R M A T (4F 12 .O , 6X , A 6) Forus at Card
REA D Read Card

35.18762 10.26781 16.25673 351.20949 200606
102.15672 54.28716 40.25617 1510.21359 202929
78.28719 66.26718 100.0 661.12500 201515
102.17628 112.27162 130.18719 880.20145 202020
70.27168 108.26152 132.17817 535.55565 201313
43.13425 59.17236 18.21926 800.0 201818
10.21822 65.27819 95.11118 60.25169 200101
67.22218 48.18273 92.23116 530.19078 2C-1111
100.0 100.0 100.0 980.76950 202222
t20.11234 77.19283 105.25172 1138.31~~97 202525 Data Cards

34.18273 26.18273 5.26174 972.57176 202121
29.12678 8.16279 75.25619 115.19201 200202
20.23L457 14.16289 4.25617 46C.16664 200909
57.19287 102.0 17.2615 3 1345.54035 202727
120.17865 90.24133 105.25o71 1158. 445163 202626

2 5 . 14 4 5 6 7  344.25671 9 0 . 0  143.04087 200303
17.26155 76.251I4 (4 10.15782 370.88634 2C07C7
. 5 .2 L41 3 8  110.278 16 21.25 5 17 11472 . 22 C~2 202828
2 8 . 1 2 R 1 6  9 . 1 8 8 2 6  3 .27715  7 7 9 . 6 2 8 C C  2C1717
41.15287 118. 26132 77.23518 425.47155 200808
i5 .12311 19 . 2 3 5 1 8  37.2b153 342 . 1 5 4 8 2  200505

Fig. 7——Deck sctup for sample runs shown in Fig. 6

_ _ _ _ _  
_ _  _ _
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121.~~7 1 57  55 .~~1 4 3 51 110 .23 1L~5 10CC.5E~~fl 2 C 2 3 2 3
23.15o7 1; 13e .28715 19 .L9175 1461.57847 ~01C 10

1l1.25e11 23.1 8726 7t- .162 3 814 .1790C 2C 1-,19
1 D 1 . 2 8 7 6 1  9 3 . 2 7 6 1 5  17b .~~9 9 7 7  112 ~~. ó 7 6 37 ~~-2 4 2 4

- I ~14.2 7651 8~~~. 4 1 bf l b 27.1827) 7 5 5 . 7 9 e 8 7  2 c l b l o  Data Cards
7 1 . 1 62 5 3  16 0 . 1 8 2 7 3  1Lo D .2 7 1 6 d  E 3 1 . 1~~L4 3 6 2 C 12 1 2  (C o n t i n u e d )

1 l 2 . 1 8 8 1 4~ 1.7 . 2 3 5 5 7  2 5 . 1 8 8 - ~2 . t 5 C . 0 1 C 7 6  2 C 3 C 3 0
-
~~~~ 3d . .~991d  2 7 . 1~~o2 7  75.~~7 1 - 4 4  24 7 . 9 6 0 3 7  2 0 0 4 0 4

114 . 615 5 . 2 7 7 1 L  45.~~3519 585.2 1;353 2C-1414
Blank Card

- - 
-~ T E S ’ I  R U N  3 —— L~4 L l t s F A E s  4.1111 S E V F N  I t ’D!~~E 6 L ’ F~~$ VA ~~I A B L i ~ U 4 A X I M U M )  T i t l e  Card

6 1 1 1 2 3 4567  4154 Con t ro l  Card
FOb M AT ( A 7 , 3K , SF 5 . 0 )  Format  Card
R E A D  ~-~ i :-:ORy I . E . ,  f - t A D  C.s P . D S , SAVE N MEF ChI Read Card
AI1W~ 1.0 2.1 1.1 6.ó .94 77 76 14
B E T A  2 . 0  14 .1 2 . 9  o , -~ .8 1 d6 12 92

3.1 9 . 0  3 .7  3.2 .6 1  ~8 51; 64
D E L T A  14 .0 8 .0  3.5 3 .7  .6 3  4 5  66 75
E P S l L ~~~ 7 . 0  1 3 .5  4 . 1  3. 9 . 2 2  71 64 91
Z E l A  5.0 9 . 9  3.8 7 .4  .9 9  81 4z 43
EI A 9 . 9  1 9 . 0  3.7 7 . 6  . 3~ ~~4 93 76 Data  Cards
T1I6TA 10.0 2 1 . 0  6 .9  ~ .6 . 1/C 59 29  80
10-T A 11.0 2 4 .0 ~ .5 1.5 .12 I- S 69 33
K A ? P A  12 .0  2 5 . 0  7 . 3  2 . 5  .05  4 1  34 4 37
L A M B D A  15.0 1 9 . 0  3.1/ 3.6 • 35 14 29  09
M U  17 .0 3 6 . 5  8. 4 5 .6  .18 02 73 83
Or-

~~
GA 2 0 .0  5 1 3 . 0  7 . 6  8. 7 . 1 / s  1/ 8 25  2 1

Blank Ca rd
TEST R U N  e —— Q U A C R A T I C  4 I T H  A L L  P L O T S , SA N E  Y AND x2 ( i . s ..W Xl) D A T A  AS R O N 3
2 1Y 1  11 91  Con t ro l  Card
F C b F A ~I ( A b , 2X , P 5 . 0 , 5~~, P 5 . 0 )  Format Card
L A B E L  H E A D I N G T C T L C C 3 T P O P U L A T N P O P * * 2  Label Card
L E A D  Read Card
DC
~
.E Done Card

F 

Fig .  7 (con t.) 
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Table 8

AYPROXIMATE CPU TIME S (SECONDS) FOR VARIOUS
CURVES RUNS ON IBM 370/158

Number of Data Points
Number

Equation Index of Variables 20 60 100

( 1 .3 .6 1.0
1,2 ,6 1 7 ,8a 3 .4 .8 1.3

7 .6 1.2 1.6

i .6 1.7 2.3
3b ) 3 1.6 5.5 7.0

7 4.6 12.7 17.3

1 1.9 4.8 7 .7

( 1 .5 1.0 1.3
5b 3 .7 1.4 2.2

7 1.3 2.5 3.4

aLinear quadratic , and logarithmic equations ,
each having an algebraic solution f or parameter
estimates.

bpower and exponential equations, each using inodi—
fied Gauss—Newton Iterative procedure to obtain
parameter estimates.

CAsymptotic_powe r equations using iterative,
incremental—stepping procedures to obtain parameter
estimates.

~~~~~~~~ —~~~~-—~~~~~~~~~-~~~~~~~~~~~~~~~
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Append ix A

NONLINEAR—LEAST—SQUARES CONS IDERATIONS

— LOGARITHMIC AND NONLOGARITHMIC EQUATIONS

F The usual procedure for deriving least—squares estimates of the
Al parameters of the power or exponential equation is first to convert

- . the equation into a logarithmic—linear (or semilogarithmic—linear)
equation. One then has an equation for which least—squares estimates
of the parameters can be obtained by simple algebraic means . However ,
note that these least—squares estimates are not the same as the least—
squares estimates of the parameters that specify the original equations.
This may be seen by considering, for example, the power equation and

its logarithmic form.

Let

I = A . xiB 
• x2 C . x3D 

• ... .

and

L n Y = L n A + B  • Ln X 1+ C  • Ln X 2 + D  • Ln X3 + ...  + H  L n X 7

For a least—squares solution , one is interested in minimizing the
sum of squares of the Y residuals (denoted by Q))  The refo re , for the
power equation ,

N 
2

~~ i~~~~ ci~ 
‘

1=1

and for the logarithmic equation

N 2Q ’ = 
~~ (Ln — Ln Y~~)i—i

1Throughout this discussion, Q is used to represent the sum of
squares of the Y residuals.
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or

= 

i~l 
Ln (~4_)

where N = number of data points ,

I. = observed value of dependent variable for ith data point ,
- 

- = fitted value of dependent variable for ith data point .

In the logari thmic case , the sum of squares of the actual differ-
F 

- 
ences (residuals) between the observed and fitted I values is not
being minimized , rather the sum of squares of the logarithms of the

ratios of those values is being minimized. Depending on the observa-

tions, the two procedures may produce substantially different estimates

of the parameters A , B, C, . . . ,  H.

I t may also be seen tha t  any s t a t i s t i c  based on the sum of squares

of Y r es idua ls, such as the coefficient of determination , may be mis—

leading if used to compare the logarithmic f orm with its nonlogari thmic

counterpart. For the logarithmic form, such statistics are based on
logar i thms and hence have d i f f e r e n t  meanings.

Regr ession theory states tha t if the error term on the dependen t

variable Y is an add itive , normally distributed random variable with
a mean of zero, then a least—squares fit will lead to maximum likeli-

hood stimates of the regression coefficients. Therefore, for the

power form , the follow ing is assumed :

Y = A . X 1 B .X2 C .X3 D . ... .X7 H + c

where the errors are independent , normally distributed random variables

with mean zero and a common variance . For the logarithmic form, one

has

L n Y = L n A + B L n X 1 + C L n X 2 + D L n X3 + ... + H L n X7 + Ln ô

or

_ _ _  -- -
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Y = A .X 1 B .X2 C .X3D . ..., Xl II .ô ,

where the error terms Ln 6 satisfy the conditions specified for the

er rors in the previous case. In this case, the error term is multi-

plicative.

The question as to whether the regressed power equation or its

regressed logarithmic form is more appropriate for a set of data depends

on many factors including the error term associated with the data and

what criterion is used for a “good f i t .” However , one of the best

tests for comparison is to examine the plot of Y residuals versus fitted

values (or residuals of Log I versus fitted Log Y for logarithmic case).

The “better” model (power versus log) will show a more random normal

distribution of the Y residuals around the zero line. This plot is

available in the program for such an examination.

NONLINEAR SOLUTIONS

It is a necessary condition that the first partial derivatives of

Q with respect to the parameters must -be zero in order that Q be min-
imized . This is not, unfortunately, a sufficient condition for a func-

tion that is not linear with respect to all of its parameters. The

reason for this is that if Q could be graphed (in multi—dimensional
space) for a nonlinear function, there might be other critical points——

such as saddle points or relative maxima or minima points——where the

f i r s t  part ial  derivatives would also be zero. A test that checks for

this possibility involves examining the matrix of second par tial deriva—

• t ives of Q, which is a generalization of the second—derivative test for
a one—purameter case. If this matrix is positive—definite for all param-

eters in a reg ion containing a solution , it can be shown that the solu—

tion represents an absolute minimum for Q in that region and is the only

solution in that  region .2 However , if the matr ix  is not posit ive—definite

‘For the interested reader , this question is treated in Graver and
Boren , RM—4879—PR .

0. Ha r t ley,  “The Modifi ed Gauss—Newton Method for the Fi t t ing
of Non—Linear Regression Functions by Least—S quares , ” Technornetrics ,
Vol. 3, No. 2 , May 1961, pp. 273—274.

-
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F

at all poi n ts in that reg ion , then there may be other “solutions” for

the same set of data.

For regressions of the powe r and exponential equation involving

very large (� 106) or very small (~ values of X or Y input data ,

the matrix of partial derivatives may not be inverted accurately enough

to give reasonable corrections to the parameters. Consequently , in

- 
I such cases there may be no convergence to a solution of the parameters.

This problem can usually be remedied by rescaling the input data (using

the P—format ) .  If input data are rescaled , only the estimate of the

parameter A is changed in the regression.

• In summary , one should be aware that for a nonlinear equation as

defined in this report , the “solution” ob tained may not rep resent an

absolute minimum for Q. The only sure way to know is to try all corn—
- 

- binations of the parameters for each data sample to determine all

“solutions” and to then determine which solution gives the lowest sum

of squares of Y residuals . For practical reasons this is very d i f f i —

cul t to do. However , one must remember that an attempt is being made

to find a solution to a function that adequately represents the data.

Whether or not there are solutions in other unknown regions may be

rather unimportant if the solution that is found is satisfactory to

the analyst——that is, if it satisfies the analyst ’s criterion for a

good fit)

1For further information on nonlinear least—squares solutions,
see N. R. Draper and H. Smith, App lied Regression Ana lysis , John Wiley
& Sons, Inc., New York , London, Sydney , Chap. 10, 1966 , pp. 263—304.
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Appendix B

- 

- 
LEAST—SQUARES ESTIMATION FOR ASYMPTOTIC—POWE R EQUATION

Y = A + B . X 1 C

REGRESSION EQUATIONS

To obtain least—squares estimates of the parameters A , B, and C
- I of the asymptotic—powe r equation , the following procedure is used .

First , let the residual corr esponding to Y . be defined by

= — = — (A + B Xl~ ) , (1)

where A , B, and C are least—squares estimates of the parameters .
The requirement for a least—squares f i t  for N data points is that

the sum of squares of the Y residuals (denoted by Q) shall be a min imum ;
here,

N 2
= 

~~ ~~~ — A — B • Xl~ ) . (2)
i=l

If Q is to be a minimum, the partial derivatives of Q with respect to

the parameters A , B, and C must be zero:

= = -2 • - A - B • xl~ ) = 0 ,

~ (Y~~— A — B  • Xl~) • Xl~~= 0

= —2 
~ 

(Y1 — A — B Xl~ ) B . Xl~ Ln X1
1 

= 0

Simplifying and rearranging terms gives :



-- 

~~~~~~~~ 
‘
~~~~~~~~~~~~ --~~~~~~~~~~~T ~~

-

~~

-—--

• N + B  ~~Xl~ , (3)

~ 
Xl~ = A ~ Xl~ + B ~ Xl~~ , (4)

~ Y . Xl~ Ln Xl . = A ~ Xl~ Lu Xl . + B ~ Xl~~ Ln Xl . . (5)

The problem then becomes one of solving Eqs. (3), (4), and (5) for

the parameters A, B, and C , given a se t of independen t observa tions of

Y and Xl. Except in very special cases, the equa tions cannot be solved
by ordinary algebraic methods but must be solved by iterative tech—

niques . First , A can be eliminated from Eqs. (3) and (4) by multiplying

Eq. (3) by ~ Xl~ and Eq. (6) by N and then subtracting the two equations .
Having done this, one can solve for B in terms of C. That is

B = i
~~~~~~~~~~~~~~~~~

1
~~~~~~~. (6)

(
~ 

Xli?) — N ~ Xl~~

Therefore, for a given set of observations of Y and Xl, if C is known,

B can be solved from Eq. (6), and A can then be solved from Eq. (3).

Y — B • ~ Xl~
A =  ~ N (7)

The solution of A , B, and C must also satisfy Eq. (5). Let C

rep resent the dif f er ence of the members in Eq. (5) as follows :

G = ~ Y~ Xl~ Ln X1
1 

— A ~ X1~ Ln X li 
— B 

~ 
Xl~~ Ln Xl~

(8)

G will be zero only when A , B , and C are a solution .

_ _ _  ~~~ - - ----~~~~- --~~~•-- ~~~~ ~~~~~~—- --~~~~~- - -~~~~-~~~~~~~
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PROGRAM SEQUENCE OF OPERATIONS

The sequence of operations in the computer program is as follows )

First , the various summations involved in Eqs. (6), (7), and (8) are

obtained using C = —8.001 (initially). Then B and A are determined

from Eqs. (6) and (7) 2 After these calculations are made, the value

of G is obtained from Eq. (8), and its algebraic sign is noted . Unless

A, B, and C are a solution, C will not be zero. The machine then steps
F the value of C by +0.1, repeats all of the summations and calculations,

and checks the algebraic sign of C again. This procedure is continued —

until the algebraic sign of G is reversed , signif ying tha t a solution

lies somewhere between the previous value of C and the value of C at

this cross—over point .

At this point , the program begins an iterative operation in which

at each cross—over point the incremental step is halved and the direc—

- - tion of advance is reversed. This iterative procedure is done as many

times as desired to give any degree of accuracy required for C. In

the program, this procedure is repeated until the ratio of the value

of each of the parameters A , B, and C from one iteration to the next

differs  from unity by an amount equal to, or less than, l0~~ (or as

othe rwise specified) .
The search for roots continues to C = —0.OOl.~ After this point

is reached , the program begins another search starting at C = +0.001

and proceeding by increments of +0.1 out to +8.001. If no solution

at all is found within these limits , a statement to this e f fec t is

pr inted , and the p rogram continues on to the next run. Any time a

- . - 
solution is found fo r A , B , and C , the sum of squares of I residuals

~~ is dete rmined and compared with the corresponding value for the

1Acknowledgment is made to James Johnston (formerly at Rand) for
his suggestions in the init ial  p rogramming aspects of this problem.

2If A is specified , then that value is used instead of calculating
A from Eq. (7). Also, the equations for B and G are changed . However ,
the procedure of solving for B and C is similar to the case in which A
is not specified .

3Because a zero value for C results in a degenerate case , the
search purposely avoids a region very close to zero for C.

_ _ _  _ _ _
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prev ious solution (if there was one). The solution that gives the

lowest sum of squares of Y residuals is stored temporarily for compar—
ison with any future solution so obtained . In this way , when the

search is completed and if there is a solution, that solution will
- - generally rep resen t the lowest sum of squares of I residuals in the

region searched.

Any “solution” found in the specified range f or C rep resents a

solution for which the partial derivatives of Q with respect to the

parameters are zero . The Q value for that solution is also compared
• with the Q values for the end points of C to make sure that Q is not

decreasing to some other minimum outside the range of C. As of now,

we have not been able to determine any requirements for Q to have a

unique minimum but have observed that for various sets of data, Q

seems to have a unique minimum in the region searched . Even if it

does not, the minimum of the relative minima will usually be found .

As stated before, there is apparently no proof that other minima can—

not exist outside the range searched , which cannot be determined by

the above method , even when a solution has been found in the pr escr ibed

range. However , this may be unimportant if the “solution” fo und satis-

fies the analyst ’s criterion for a good fit.

The above limits on C and the increments of 0.1 were chosen on

the basis of what is believed to be a reasonable search range for C,

of economic computer operating time, and of the extent to which the

search range should be covered in order to lessen the chances of miss—

ing a root. Although two roots could conceivably be missed in the in—

crement of 0.1, indicating that the C function goes f rom, say , a posi-~
tive to a negative to a positive value within an interval of C equal

to 0.1, this seems rather unlikely. Such a function would have to

behave very erratically, and test results indicate that this f unction

does not behave in this manner.

Perhaps it should be noted that a degenerate, or trivial, case

results if C = 0 or if all Y values are constant or if all Xl values

are constant . Any of these conditions results in:

Y = constant.
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Appendix C

MODIFICATIONS TO CURVES

INTRODUCT ION

The purpose of this appendix is to report on several modifications

that have been made to the CURVES Cost Analysis Curve—Fitting Program,
*

reported in an earlier Rand Report R—1753—PR. A new listing of the

modified CURVES computer program is presented in Appendix D.

VARIABLE TRANSFORMATIONS

A major modification has been incorporated in CURVES to allow for

variable transformations of the following kinds: (a) power, (b) log-

arithmic, and (c) binary. Each of these is discussed below.

Power

A power transformation may be made on any variable as follows:

V +  (V )~~

F where V = variable p,

p 0 through 7 (p = 0: Y variable, p = 1: Xl variable, p = 2:
X2 variable, ..., p = 7: X7 variable),

E = real—number exponent for variable p, with range —10.0 < E < 10.0,

-~~ = “transformed to.”

To fit, for example,

1 / Y = A + B • Xl

—1.0 is entered for E0. To fit

H E. Boren, Jr., and Capt. C. W. Corwin, CURVES: A Cost Analysis
Curve-Fitting Program , The Rand Corporation, R—l753-PR, December 1975.

- 

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
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-
~~ Y = A + B .X l + C • V 5~~~,

— 
0.5 is entered for E2. To fit

— .333 is entered for E
1
. To fit an equation of the form

Y = A + B X l + C / X 2 + D / V i~~ ,

data for I and the three X variables are entered as if a linear regres-

sion is to be run. Then a value of —1.0 is entered for E2 and —0.5

for E3. The values for each variable are then raised to the appropriate

exponent and stored in the same cells as the original values, thereby

replacing the original values. For CURVES , any time a variable is

transformed , the original values of the variable are lost for that run.

However , if the original values are initially stored in memory or on

disk , they can be recovered for subsequent runs. Any variable so trans—

formed is indicated as such in the Table of Residuals of the output by

the word MODIFIED over the name of the variable . All transformation

factors are also printed at the end of the Table of Residuals.

Values for E are entered on the Control card (see Table 4——p . 20)

in 5—column fields beginning in Col. 41. The fields are listed in Table

C.l below.

Table C.1

TR~ NSFORMATION FIELDS ON CONTROL CARD

Transformation Variable to be
Column s Factor Transformed

4 1—45 E0 Y
46—50 Xl
51—55 X2 ~

- 
—

56—60 E 3 X3

61—65 E4 
X4

66—70 E5 
X5

71—75 E6 X6

76—80 E7 
X7 

~~~- - - — -
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If a 0 (zero) or 1.0 is entered , or the field is left blank, no

transformation takes place for the variable corresponding to that field .

The implied decimal—point location is at the right end of each field ;

a punched decimal point overrides the implied location. Similar to most

of the other information on the Control card , any transformation factor

that has been entered is retained from run to run unless superseded by
- 

F a new value. Thus, if the same transformations are to be made fo r a

series of regressions , the t ransformation factors need only be ente red

for the first run.

Logarithmic

Any variable may now be transformed to its logarithm as follows:

V~~~~ Ln (V )

where V , p same as before ,

Ln natural logarithm.

Although the latest published version of CURVES treats logarithmic

equations, the program cannot treat logarithms of individual variables.

For example, it is now possible to fit an equation of the form

Y = A + B  • X 1+ C  • Ln (X2) +D X3

in which logarithms are taken only of the X2 variable. To designate a

logarithmic transformation, a value of 88.0 is entered in the transforma-

tion field corresponding to the variable to be transformed by logarithms.

Thus, f or the above equation, an 88.0 would be entered for E2 in Cols.

51—55 of the Control card (Table C.l). In that case, natural logarithms

would be taken of the values entered for the X2 variable .

Binary

The following kinds of binary operations may be made in CURVES:

1. V -I- V •V ,p p q

- ~~~~~~~~~~~~~~~ --
~~~~ 

-

_ _ _ _ _ _ _ _  ----4
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2. V -‘- V / vp p q

3. V ~~V + Vp p q

4. V - ’ - v - V  ,-
~~ 

p p q

where V, p = same as before,

q = subscript of second variable involved in operation

(0 through 7).

To effect any of the above binary operations, a two—digit number

ranging from 10.0 through 47.0 is entered in the E~ field corresponding
to the variable to be transformed. The left digit of the number indi-

cates which of the above binary operations is to take place. A 1

signifies multiplication, a 2 division, a 3 addition, and a 4 subtrac— 
F

tion. The second digit is the q subscript representing the second

variable involved in the operation. For example, suppose that the

following equation is to be fitted :

(Y / X l ) = A + B ~~~ xl

A 21.0 would be entered for E0 on the Control card in Cols. 41—45 cor-

responding to the Y field. The digit 2 in 21 signifies that divisions

are to be made on the I values, and the digit 1 in 21 signifies that

the divisors are to be the Xl values. In this case, after the Y and Xl

values are entered , each I value is replaced by the division of it by

the corresponding Xl value. The division thus becomes the new Y value.

Another example of a binary operation is

Y = A + B (Xl / X3) + C ~ (X2 + X4)

Here, I and the “four” independent variables Xl through X4 must be

entered through the usual input process for CURVES. Thus, on the Con—

trol card a linear regression with four independent variables would be

indicated. However, after the operations are performed in accordance 

- - - -~~~~~~~~~~~~~ - - - - ~~~~~ -~~~~~ - - -  - -~~~ --
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with the equation, only two independent variables are to be used in

the regression, namely, (Xl / X3) and (X2 + X4). This is accomplished
— - as follows:

In Cols. 46—50 of the Control card , corresponding to the Xl van —

able, the two—digit transformation factor 23 is entered for E
1. This

signifies to the program that each value of the original Xl variable

is to be replaced by the value of Xl / X3. In Cols. 51—55, com e—

sponding to the X2 variable, the two—digit number 34 is entered for E2 .
This signifies that each value of the original X2 variable is to be

replaced by adding to that value the corresponding value of X4. To

prevent X3 and X4 from being used as independent variables in the re-

gression , a 99.0 is entered for E
3 
in the next field on the Control

card, corresponding to the X3 variable, namely, Cols. 56—60. Any time

a 99.0 is used in a transformation field , the variables correspond ing

to that field and to any remaining transformation fields are not used
F in the regression. Therefore, if a 99.0 is used, it must be the last
F t ransformation factor entered on the Control card . Also, whenever a

99.0 is entered , the transformation factors for that field and for the

remaining fields are set to zero . This prevents unwanted carryovers

of transformation factors from previous runs. Obviously, a 99.0 can

never be entered on the Control card in the f ields corresponding to

the I or Xl variables because those two variables are always required

for a regression . If a 99.0 is to be entered on the Control card in
the transformation f ields , it must be entered for an E after Col. 50

q
and only after a transformation factor E has been entered with a value

in the range of 10.0 � E � 47.0 , where p < q.

In the above example in which Y is regressed against (Xl / x3) and
(X2 + X4) , the values of X3 and X4 are shown in the Table of Residuals

of the output with the words NOT USED over the (X3) and (X4) headings,

because they are not used as independent variables in the regression.

SAMPLE OUTPUTS
Examples of outputs resulting from regressions involving the trans—

formations discussed here are given in Figs. C.l through C.6. The first

regression involves an equation of the form:

I A + B / X l + C  Ln (X2) + D . ,&~~+ E  . ~~~ 

-~~~~~~~.•-~~~— - -------~~- -- -- - -~~~~~~- - - - - - - - 
—
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Data for the examples were taken from precalculated values and

therefore represent near—perfect fits. This was done in order to check

the results. Because Xl, X2 , X3, and X4 were all transformed , the word

- : MODIFIED appears over each of their headings In the Table of Residuals

shown in Fig. C.2. The transformation factors are shown at the bottom

of the figure. To obtain the original X values, one simply reverses

the transformation process. That is, to obtain the original X values

for the first run, the Xl values are raised to the —l power , the X2
values are exponentiated (using base e), the X3 values are squared, and

the X4 values are cubed . However, as was mentioned before, if the

original values are stored in memory or on disk, they can be reread

(recovered) for another run.

The third page of output (Fig. c.3) shows a regression involving

binary operations of the form:

Y = A + B (Xl / X3) + C (X2 X4)

In the Table of Residuals, the word MODIFIED appears over the Xl and X2

headings, because those values were transformed. The values of X3 and

X4 are listed but with the heading NOT USED over (X3) and (X4) to indi-

cate that they were not used as independent variables in the regression.

Because each original value of Xl was divided by each value of X3, the

original values of Xl can be calculated as follows:

Xl (new) = Xl (old) / X3
or Xl (old) = Xl (new) . X3

Therefore, if each Xl value shown in the Table of Residuals is multi-

plied by the corresponding value of the X3 variable, the original value

of Xl is obtained for each data point. A similar process can be used

to obtain the original values of X2. Figure C.4 shows another output

involving a regression of an equation of the form:

Y = A + B  (xl+x 3)+C . (x2 — X4) .
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Lastly, Figs. C.5 and C.6 show an extension of the results of Fig.

— 
C.4 in which X3 and X4 are allowed to remain in the regression. The

equation is then:

Y = A +  B (Xl + X 3) + C N (X2 - X4) + D  • X3 ÷ E X4

Because X3 and X4 are allowed to remain in the regression, the heading
NOT USED does not appear in the X3 and X4 headings in the Table of

Residuals. A listing of the input data for the four runs shown in

Figs. C.l through C.6 is shown in Fig. C.7. For convenience, card
- 

- column numbers are shown at the top of the figure.
A summary of the t ransfo rmation f actors is given in Table C.2. An

updated listing of the CURVES program including a new subroutine TRANS

is included in Appendix D.

- 
I 

VARIANCE-COVARIANCE MATRIX

Except for a one—parameter case, the CURVES program now prints (in

scientific notation) the variance—covariance matrix of the estimated

coefficients on the first page of the output. For a one—parameter case,

e.g.,

Y = B I Xl

the variance of B is simply the square of the standard error of B, al—

ready printed at the top of the page to the right of the value of B.

MISCELLANEOUS

For the power and exponential cases , the default value of the it-

eration limit has been changed from 20 to 100. It was found that a

limit of 20 is not always sufficient for such regressions. 

-
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10 20 30 40 50 60
l23456789~fl234567890123445b789O12345678901 23456789012345678901 ~ j4~ < — — — — C O L U M N S

I

I 
TE ST R U N  5 - —  Y — A + B/f l  4 C • LN (X2) + C * Sc~R T (X 3 )  • E * C U B E  ROOT (~~4 )

- I 1fl234 1 —1 88 .5.3333
FORMAT (SF10.0)
R k A D  O NCE
11.2691599 2.567 8.725 1.276 23.1768
11.1324268 12 .738 1.287 6 .692b 10.287
19.9600498 23.987 35 .276 17 .827 9.287
13 .2325164 15. 10. 1. 3.
13.0287067 25. 762 10. . 5 3 w  .92b
14 .2181985 30.127 .3872 13. 287 18 .293
13.9622199 1. 10. 20. 30 .
19.3950887 26.387 11 .25 1 19.555 7 . T 2~~5
12 .3779224 5.332 21.637 .3724 10 .278

TEST RUN 6 —— Y = A 4 B • ( X1 / X 3 )  + C * (X2*X 4 )
23 144 99

READ
7 . 2 1 0 34 6 0 3  2 . 3 6 7  . 37 2 b  8.~~71 1 . 34 5
14.6467017 10.991 5 .2881 .87165 12.382
13 .0 10628 7  . 8276 10 .276 5.237 ~ .297

• 190 .143445 15.765 20.764 q .,ii 1 1 .7 0 1
7.79735533 .987 .1654 10. 3 .
126.33447 .9436 10.567 8.351 14.54 3

TEST RUN 7 — —  Y = A 4 B • (X1 + X 3 )  + C * (X2-X 44 )
33 444 99

8 E A D  M E ~~O44 Y
14 .21534396 . 674 3  20. 2.567 9.554
2.5090353 1.785 25.784 4.b78 ~.224
1 .8302536 3.653 15. 922 1.287 1.
15.9004728 .332 20. 1. 3.
16.294881 .785 18. 431 .555 .888
7.8104 1. 17. 2. 3.
4.76103915 2.11 1 14.045 .882

TEST RUN B — —  I A 4 B * ( X 1 + 1 3 )  + C S ( X 2 — X I 4 ) + 0 * X3 4 E S X 4
33 444

N READ
DONE

Fig . C.7——Inpu t  card arrangement to generate outputs shown in
Figs. C.l through C.6
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Table C . 2

SUMMARY OF TRANSFORMATION FACTORS

Type of

- 
- Factor (E) Transformation

E
- - — l O . 0 < E  < 10.0 ( v ) ~~p p

E = 88.0 Ln (V )
p p

10.0 � E � 17.0 V • V
~ 

q

20.0 � E � 27.0 V / V
-

- p p q

30.0 � E � 37.0 v + vp p q
40.0 � E � 4 7 . 0  V — V

p p q

E = 99.0 Do not use V or any remain—p p
ing variables in regression .

E and remaining transforma-

tion factors (E +1, ... E~)
set to zero.

E = other values Error

NOTES: V = variable p.
p

V
q = variable q; q is designated by second digit

of E ;  first digit of E (1, 2, 3, or 4)
designates type of combination——multi p lica-
tion, division, addition, or subtraction,
respectively, when 10.0 � E~ � 47.0.

E = transformation factor ~or variable Vp p

p, q = 0 through 7 (0 = Y variable, 1 = Xl variable,

2 = X2 variable , .. ,  7 = X7 variable).

Ln natural logarithm .

-

~

-- --  ~~~ - — ----
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Appendix D

UPDATED LISTING OF CURVES PROGRAM

C CURVES: A COST ANALY SIS CUBYE ?ITTING COMPUTER PROG RAM , RA N D M AI NO O I O
C REPORT R— 17 53—l—PR , ET H.!. BOREN , JR. AND G .W. CORWI N, flAIN~ 020
C SEPTE M BER 1976 N AI NOO3O
C NA INOOZ *O

IMPLI CIT RIAL *8 (A-H ,O—Z) MAINC OS O
C THE FOLLOWING IS THE COMPLET E COEM ON MAIN C -0 60

COMM ON /C1/ N , NRA!, KOLUHN, NIl, NIV P1, lIAR , NP, LABEL , ID MA I N OO7O
COMM ON /C2/ IVAL (1O) , lID, IFY, IN, 18, JI (9), NPA GE MAINO O8O
COMMO N /C3/ ABORT , LI N EAR , IA , IGUE SS , NISET , NYCOL, NYC, NYDE V M AIN OO 9O
COMMON /Cl4/ S(8), SYX(8,8), COV(8,8), ?MT(30), HEAD (9), LWH(8) MAINO 100
COM MO N /C5J AN , P (8) , SE(8) • TB(8) , SI G L E Y  (8) , BETA (8). VMSQ(8) MAI NO 1 10
COMM ON /C6/ VMEA N (8) , T (8), H (8,8) , P1(8) , SDEV (8) , RN (8,8) MA INOl 20
COMMO N /C7/ YCEPT , DELTA, RD EV M , FA , UN, IV , Y V , SEYSQ MA1101 30
COMM ON /C8/ OFT, DEl , D?2 , CD, SEY , CV , YDE V SQ, EVALUE , SST MA IN ’11140
COMM ON /C9/ Y (2211) MA INC~15O
COMMON /CO/ DATA (10,101) NAINO1 6O
COMMO N /CI/ EIV (8), NEXT , NIT MAI N O1 7O
LOGICALSII ABORT , LINEAR , IA , IGUESS NA INC 18O
EQU IV ALENCE (lEO , IV A L ( l ) ) ,  ( NCAR DS , IVAL (9) ), (LIM, IVA L (1O )) MA INOI 9O
_._ L_ _

~~ 1J.s. - -

DO 10 I = 1, 8 MAINO200
EIV(I) • O.D0 NAINO2 1O
RM (I ,I) = 1.D0 MAIN O22 O

10 IVAL( I) = 0 M A I N O 2 3 O
NCARDS = 1 MA100 240
tIN = 100 NA110250
N PAGE • 1 NAINO26O
DELTA a 1.0—7 NAIWO 27 O
WRITE (6, 20) MA INO2 8O

20 FORMAT (111 1, 42!, ‘CORV E S REGRESSIO N ANALYSIS COMPUTER PROGRAN’ / MAINO 29O
1 59!, ‘(JULY 1976) ‘ ) M *1N0300

* C SET ABO IT—FOR—ER ROR INDICATOR TO FALSE NAIN O3 1O
30 ABORT • .?ALSE. NAINO 32O

CALL READ N AI NO3 3O
CALL INPUT (V) M4I10340

C CHECK ERRO R INDICAW B MA INO 3SO
IF (ABOR ~ ) GO TO 30 MA 110360
IF (IEQ .EQ. 0) GO TO 80 MA INO 37O
CALL PRINT M AI N O I 8O
CALL SUMS (V) MAINO 39O
GO TO (40, 40 , 50 , 60, 50, 140, 40, 40) , lEO MA INO400

40 CALL LIIE (V) NAI M O I IIO
GO TO 70 M A I N O 4 2 O

SO CALL EX POtY ) MA1104 30
GO TO 70 MA11 0440

60 CALL AS YM(V ) M11N04 50
70 IF (ABORT) GO TO 10 NA INOII 6O

CALL STAT(V ) MAINO4 7O
CALL T V A L ( V )  MAINO 48O
CALL OUT1 N11N049 0

MO CALL 00T2 (T) MAIN O SOO
~O TO 30 NA!10510
R I D  8*110520

~~~ . ~~~~~——
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SUBRO UTI NE READ PEA 0 001O
IMPLICIT REAL *8 (A—H ,O—Z) PEA0002O
COMMON /C1/ Ml , N M AX , KOIIOMN , NIV , N I V P 1 , N V A R , NP, LABEL , ID REA DOO 3 O

• CO M M ON /C 2/ I Y A L ( 1 0 )  , M2 ( 2 )  , I N , IS , 31(9) , N PA G E Z4E A DAO 4O
COMMON /C3/ ABORT , LINEAR , IA , I G U E S S . NXSET , N Y C O L , N Y C , NY DEV PEADPOSO
COM M ON /C4 / Z 1 (136) , F MT ( 3 0 )  , 4 1 F A D ( 9 )  READnO 6O

- 

- 
C O M M O N  /C6/ Z2 ( 8 0)  , P1 (8) REA 0007O
C O M M O N  /C7/ YCE PT , DELTA PE A D O O B O
C O M M O N  /CX/ ElY (8) REA00 09O
LOGICAL*4 ABORT , LINEA R , LA , IGUESS REA DO100
D I M E N S I O N  E X Y 1  (8 ) , EXV2 (8) , SVHEAD (9) , K X  (9) , K Y  ( 10 ) ,  JXSAVE (9) READ )1 10
DIMENSION ALPHA( 14) , I V A L 1  ( 1 0 ) , T.PH A(lO ) , A N A M E S ( 6 )  , ALIS? (1O) RE AD O1 2O
EQUIVALEN CE (LIST1 ,ALIST (2)), (IEQ, IVAL( 1 )) READ OiJO
DATA KV /’Y’,’ 1’,’2 ’ , ‘ 1’ , 1 4 4 1 , 1 5 1 , N~~~I , I1I , ~~~~~~~ 

,/  REA DO I4O
DATA LONCE /’ONCE’/, MFMO /’MEMO’/, LDISK/’DISK’/ READOI 5O
DATA PAR LB/ ’ X1**2’/, EXPGN /’FXPONENT’/ RRAD OI 6O
D A T A  £ BLAN K / /, BLANK /N ‘/ READO 17O
DATA SYHEA D /’LAREL ’,’ Y’ , 11’ ,’ 12’,’ 13’ , PEADO 1AO

— 1 ‘ XII ’,’ X5’,’ 16’,’ x7’/ NEADO19O
DATA ANAME S/’ REA D ’ ,’FOPMAT ’ ,’LAB i~L’ ,’LABEL5’ ,’GtJESs’ , R EADO2 00

- - 1 ‘READ8’/, JXSAVE /’ ‘,‘? ‘ ,‘O’,’F.’, D’ ,’E’ ,’R’ ,’?’,’ ‘/ REA D O 2 1 O
C RF AD O 22 O
C SUBROUTINE FOB BEADING TITLE , CONTR OL . AND SPECIFICATION CARDS READO23O
C REA DO2 I I O
C IVAL : (1) (2) (3) (4) (5) (6) (7) (8) (9 ) (10)  READO2SO
C IEQ NP1 NP2 NP) LZZYES KEEPZ LNOUT lORD NCA PDS LIM READO26O
C R EAD O 2 7O

CALL T ITLE R R EA D O 2 BO
READ (5, 10) IX , LPII A , AL [HA , IVA L1 , YCEPT , DELTA I , E X V 1 , EXV2 READO29O

10 FORMAT (1X, 9A 1 ,T 1 ,A1 ,9X ,SA 1 ,A 2 ,44A5,T l ,I1 ,9X ,811 ,12 ,F1O.O ,F1D .1O , READ O 300
1 SF5.0, 141 , 8A S ) R EAD O 3 1O

— 
* C CHECK EACH FIELD OF CONTROL CARD FROM COLUMN 1 THROUGH COLUMN 40. REA DO32O

C IF NOT BLANK , ~3ET APPROPRIATE CESIGNA TOR TO VALU E SO E N T E ! ? E D N  ? EA D033 0
C (VARIABLE TRANSFORMATION FACTORS A R E  ENTERED T N  C O L U M N S  41-80.) REA D O 3 4O

DO 20 .3 = 1 , 10 R EAD O 3 SO
IF (LPHA (.3) .M E .  I B L A N K )  IVAL (.3) = IVAL 1 (.3) READO36O

20 CONTINUE READO 37O
IA = •FALSE . READO3A O
IF (ALPHA(2) .NE. BLANK .OR . A LP HA( l ) .ME. BLANK) IA = I T R U E .  RRADOI 9O
I? (ALPHA(4) .~4K. BLANK .08. ALPHA (3 ) .‘4E. BLANK ) DELTA = DELTA1 REA DO IIOO
IF (UELTA .GT. 0.1 .08. DELTA .LT . 1.0-12) DELTA 1 .D—7 READO 41O
IFMT —10 READO II2O
LABEL = 0 READO43O
IN = 0 READOII’40
IS = S READO45O
IGUES S = I F A L S E .  READO 46O
DO 30 I = 1, 9 READO47O

30 HEAD(I) = SVHEAD (I) READOII8O
IF (IEQ .EQ. 2) HEAD(4) = PA PLB READOII9O

40 R E A D  ( 5 , 50) ANAME , AL IST R EA DOS O O
50 FORMAT (A6 , A2 , ~~ 8) R EADO 5I O

DO 60 J =1 , ~ READ OS 2 O
IF (ANAME .EQ. ANAM ES (J )) GO TO (160, 90, 110, 110 , 130 , 15~~) ,  .1 R E A DO S 3 O

60 CONTINUE READOS4O
70 WRITE (6, 80) A N A M E , A LIST REA DOS5O
SO FORMAT (‘OILL EGAL N A M E  ON SPECIFICATION CA RD. THIS JOB HAS ‘ , REA DO5 6O

1 ‘BEEN TERMIN ATE D . ’/ 13 , A6 , A2 , 9A8) REA DO S7O
STOP R!ADOS 8O

90 IFM T = I F M T  5 10 REA D O S 9O
IF (I FM T .EQ . 30) GO TO 70 READO6 00 

~~~~~~~~~~~~~~~ - ~~- - -~~~~~~~~~~~~~~~~~ -r
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DO 100 I = 1 , 10 REA C O 61O
100 FiT (I+IFMT) = ALLS ’1(I) READO62O

GO TO 40 REA DO63O
110 LAi3EL = .3 — 2 RE A1~0640DO 120 I 1, 9 R E A D O 6 S O
120 d E A D ( I )  A L I S T ( I + 1 )  R E A D O 6 6 O

G) TO 40 READO 67O
130 I G U E S S  = . T R U E .  READO6R0

C CONVERT ALPHANUMERIC 10 NUMERIC READO69O
CALL M EMN E (ALIST(2) • 6 14) R E A D O 7 0 0
READ (1 , 1140) P1 READO7 1O

1440 FORMAT (~~FS.0) REACG 72O
GO TO 40 REA DO 73O

150 IS = 8 RFACO7 II O
160 IF (LIST 1 .EQ. LaN CE) IN = 1 READO7 SC

IF (LIST1 .EQ . MEM O ) IN = 2 R E A D O 7 6 O
- 

-~ I~ (LIST1 .EQ. LDISK) IN = 3 READO77O
IF (IEQ .E~~. 14) HEAD (*4 ) = EXPON READO78O
IF (NPAGE .GI. 2 .OR. IFM’I .GE. 0) GC TO 180 READO79 O
WRITE (6, 170) READO SOO

- - 170 F O R M A T  (// ‘ OF I -  ST R U N  M U S T  H A V E  F O R M A T  C A R L .  T H I S  JOB H A S  ‘ , R E A C O P 1 O
1 ‘BEEN TERM INATEC. ’) READOR 2O
STOP READOB 3O

C USE PREVIOUS ORDER IF V A R X A O L E— C R D E R  INDEX A l L  BLANK READ OR I4 O
180 DO 190 I = 1, 9 READO85O

IF (KX(I) .NE. IBLANK) GO TO 200 BEADO86O
190 CONTINdE REA DOR7O

C ERROR IF FILSI RUN UCES MCI HAVE VA I I J * R L E— C R C E R  IN DEXES READO88O
IF (N~~A G E  .LI. 2) 00 TO 330 R E A D O 8 9 O
GO TO 290  R E A C O 9 0 0

C D E T E R M I N E  V A R I A B L E  O R D E R  R E A D O 9 1 O
200 JM AX = 2 R E A D O 9 2 O

N B L N K S  = 0 R E A D O 9 3 O
DO 250 K = 1 , 9 READO94O
DO 210 J = 1 , 10 READO 9SO
IF’ (KX(K) .EQ. KV(J) ) GO ‘10 2440 READO96O

210 CONTINUE READO97O
GO TO 340 READO98O

240 JXSAVE( K ) = .3 BEADO 99O
IF (J .EQ. 10) NBLNKS = 1 READ1000

C EHRCR FOR IMEEDD EC BLANKS IN VARIABLE— O RDE R INDEX READ 1O1O
IF (NBLNKS .01. 0 .AND . .3 .LI. 10) OC IC 340 REA D1O2O
I? (J .LE. 8 .AND. JMAX . IT. .3) JMAX = J READ 1O3O

250 CONTINUE READ1O4O
C ERROR FOR A REPEATED VA P IABLE IN DEX READ 1O5O

DO 260 I = 1. 9 READ 1O6O
14)1 = I • 1 R!A D1070
DO 260 .3 = IP1, 9 READ1O8O

— IF (JISAVE(I) .NE. JZSAVE(J) ) GO TO 260 READ 1O9O
IF (JXSAVE(I) .NE. 10) GO TO 3440 REA D1100

260 CONTINUE REAU1I1 O
C ERROR IF ALL APPROPRIATE VA R IA RLES NCT SPECIFIED REIDI12O

DO 280 .3 = 1 , JMA X REA D11 3O
DO 270 1 = 1 , 9 READI14O
IF (JXSAVE(I) .EQ. .3) GO TO 280 REA D115O

270 CONTINUE REAU116O
GO TO 3*40 READ117O

280 CONTINUE READ 118O
C NUMBER OF INDEPENDENT VARIABLES READ I19O

NIT = J MAX — 1 REA D12 00
IF (NIV •LE . 0) GO IC 340 READ 12 1O

_ _ __ _ __ _ _ _- - _ _ _ _ _ _ _ _ _ _ _ _
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NIVP1 = J M A X  RE A B1 22 O
NIVP2 = JMAX • 1 R E A t 1 2 ~~0

C TOTAL NUMBE R OF PARAM ET ERS (NP) READ 124O
290 NP = NIV F1 READ 12SO

IF (NIV .GT. 1 . A N D .  ( I E Q  .E Q .  2 .CR. i€ c .EQ. 4)) GO TO 3’IO RFAC 126O
IF (IEç~ .EQ. 2 .CR . IE~ .E Q .  4)  NP = 3 REA E12TC
D i 292 1 = 1 , NIVP 1 REA D128O
IF ( E X V 2 ( I )  .N E .  BLANK) EXV (I) EXV 1  (I) R E A D 1 2 9 O

292 CONTINUE REA C1 300
ID = 0 READ 131O
DO 300 I = 1, NIVP2 R EAD 132O
.31(I) JXSA YE (1) REA C133O
IF (JX(I) .ME. 9) aC TO 300 REAC 134O
JX(I) = NIVP 2 PEA D 13SO
10 = 1 R EAD1 36O

300 CONTINUE REA D 137O
iF (LABEL .EO. 2) WR ITE (6, 310) (HEAD (J+1), .3 = 1 , N I V P 1 )  R E A D 1 3 8 O

310 F ORMAT (1HO , 211 , AR . • W ITH 1~~ 7 (A8 ,2X)) R EA E1 3 9O
IF  ( I D  . EQ. 0)  H E A C ( l )  = B L A N K  R E A D 1 4 0 0
N V A R  = N I V P 1  + ID R EAC1 4 1O
N Y C  = N VA R  + I R E A D 1 4 2 O
IF (IEQ .EQ. 2) NYC NYC + 1 81A 01L430
NTDEV = N Y C  + 1
KOLUII N = NYDEV REA D14SO
If (IEç . G E .  3) K O L U I I N = K O L UR N  + N I V P 1  R E A D 1 1 4 6 O
IF (lEO .EQ. 5 .08. IE~ .RQ. 7) KOLUMN = KCLLJMN — N IV READ1 LI 7O
N M A X  = 2 2 1 1  R E A D 1 II8O

C REDUCE V—SIZE BY 676 IF PLOTTING. READ 1U 9O
IF (IVAL (2) + IVAL (3) + IVAL (4) .GT. 0) NM A X = 1535 REAC1500
N M A X  = N N A X  / K O L U I I N  R E A C 1 5 1 O
NX S ET = 0 R EADI 5 2O
If ( I E ~ .EQ. 3 . C R . I E c ~ . E Q.  6 .031 I E~ .Eç. 

~ ) N X S E T  = N Y D E V  R E A D 1 5 3 O
NECOL = 1 8EAD15 14 0
IF (IEc~ .EQ. 3 .011. (IEQ.GE.5 .AND. IFc.LE. 71) NYCOL = NTLEV + 1 READ15 5C
IF (.NOT.IA .08. (IEc .ME. 3 .ANC . IEL .NE. 5)) RETURN READ 156O
W R I T E  (6 , 320)  R E A D 1 S 7 O

320 FORMAT (‘OINIERCEPT MAY NCT BE SPECIFIID FOR THIS FUNCTION.’, RE A D 15 8 O
1 /111 , ‘THIS JOB HAS BEEN T E R M I N A T E D . ’)  R E A D 1 S 9 O
STOP REA D1600

330 WRITE (6, 350) .JXSAV E BEAD161O
STOP REA C1 62O

- - 
340 W R I T E  (6 , 3~~0) K !  R EAD I63 O
350 F O R M A T  (// ‘ U I H E R E  IS A N  E R R O R  I N  T H E  V A B I A B L E — C R D E R  I N D E X  (‘ , READ1 64O

1 ‘CONTROL C A R D )  •**‘ ,9 A 1 , ’***’/’ T H I S  J O B  H A S  B E E N  T E R M I N A T E D . ’) R E A E 1 6 S O
STOP EEAD 1B6O
END REAC1 67O
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SUBROUTIN E TIlLER TITLOO1O
COMMON /C2/ P 1 1 ( 2 3 ) , N P A G E  ~~~ _ u O2O
REAL *4 TITLE (20) , DA ’IE(2) TITLOO3O
DATA 111/ ’ 1/ ,  IH1/’1 ’/, DCNE / ’CON )~’/ TITLOO4O
R E A D  (5, 10) TITLE TITLOOSO

10 FORMAT (20A4) TIILOO6O
IF (TITLE(1) .EQ . D O N E )  GC TO 30 ‘FX ILOO7O
IF (NPAGE . E Q .  1) C A L L  D A T E R  (DATE) TITLOO8O
E N T R Y  T I T L E 2  T I T L O O 9 O
WRITE (6. 20) Iii , T I T L E , DATE , NPAGE TITL0100

20 FORMAT (Al/ill ,20A4 ,1OX ,’EATE: ‘,Z5,4X,’’IIME: ‘,Z4,LIX ,’PAGEI ’,13/)TITLO1IO
N P A G E  = N PAGE + 1 TITLO12O
Ill = JIl l 11110 130
RETURN TITLO14O

- - C PRINT TERM INA T ION STATEMEN T IF ALL DATA H A V E  BEEN PROCESSED. TITLO1 5O
30 W R I T E  (6 , 4 0 )  T I T L O 16 O

1 1  140 FORMAT (1 31 / 10(130 , ) , 11110170
1 *441, ‘*a *aa *  a a a a  a a a**~~~*~~~a a ’  / TI’ILO18O
2 44 1, ‘a a a * as * * ‘ / TITLO19O
3 414 1, ‘* * a * a 5 a a ‘ / T I T L O 2 0 0
II 4441 , ‘a  a a a * a a a a a *+ a  ‘ / T I T L O 2 1O
S 44 X , ‘a a * * . a a * N / T1TL02 20
6 44 1, ‘* * * * a * * a N / TI TL O23 O
7 ~~~~ ‘a  a a a a a* a ‘ / TITLO24O
8 441 , ‘*a*aa * aa *a a * a a a a a a a a ’  ) T I T L O 2 5 C

STOP T 11L0260
• END TITLO27O
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SUBR OUTINE INPUT (V) INPTOO1O
IMPLICIT REAL ’8 (A—H ,C—Z ) INP’I0020
D I M E N S I O N  Y ( N M A X ,K C L U Z I N )  I N P T O O 3 O
COMMON /C1/ N , N M A X , KOLUEN , Ml , N I V F 1 , N V A B , NP , P12, ID I N P T O O 4 O
C O M M O N  /C2/ M I ( S ) ,  KEEPZ . P1*4 , I C R D , NCA R C S , M5(3), IN , 18 , JX (9) 1NP10050

- - 
- C O M M O N  /C3/ A B O R T , P16, IA INP100 60

COMMON /C4/ 21(136), FMT (30) INPTOO7O
COMMON /C5/ AN INP’F0080
COMMON /08/ DPI, DEl , DF2 1NP10090
COMMON /CX/ EXV (8), N E X V , NYT INPTO 100

* COMMON /C0/ DA TA (1O ,1O1 ) INPTO11O
LOGICAL*4 ABORT , IL INPIO12O
DIMENSION VDATA (10) INPTO13O
DATA BLANK !’ N / ,  111/5/, A B L A N K ,’’BLANK ’ /, 1101/101/ INPIO14O

C INPTO 15 O
C SU bROUTINE FOR BEA D ING IN AN D SAVING DATA INPIO16O
C INPTO17O

- I IF (IN .EQ. 0-) GO TO 160 INPTO18O
IF (IN .EQ. 1) 00 10 150 INPTO19O

- K O U N T B  = 0 I N P I O 2 0 0
- 

- IF (IN .GE. 3) GO 10 80 INPTO21O
IDYTES = 80 a KCA RCS INPTO22O

C SET INPUT MEDIUM NUM BER FCR MEMCRY. INPTO23O
IN = 1 -- I N P T O 2 I I O

C S A V E  D A T A . LATER IT WILL BE R E A L  FRCM MEMORY USIN G ‘MEMRF’ . INPIO25O —

DO 40 1 = 1 , 1101 TNPTO26O
R E A D  (IS , 10) (DATA(K ,I) , K = 1, 10) I N P T O 2 7 O

10 FORMAT (b AR) 1NP10280
C CHECK FOR BLANK CARD (B) (MUST BE COMPLETELY FLANK ) OR ‘ B L A N K ’ . 1NP10290

IF ( D A T A ( l ,I) .EQ. AELAN K ) GO IC 60 INPTO300
DO 20 K = 1, 10 IN PI O3 1O
IF (0ATA (K ,I) .NE. B L A N K )  GO TC 30 INP ’1032C

20 CONTINUE INP TO3 3O
KOONTB = K O U N T B  a 1 I N P T O 3 I I O
IF (KOUNTB .EQ. N CARES) GO TO 160 INP 103 5 0
GO TO 40 IRPTO 3ftO

30 KOUNTB = 0 11PT0370
40 CONTINUE 1NP10380
50 NN A X  = 1101 / NCA L4L S — 1 1NP103 90

GO TO 260 I$1T0400
60 J C A R D S  = I + N C A R E S  — 1 I N P I O N I O

IF (JCARDS .GT . 1101) GO 10 50 INPTO42O
CO 7*) .3 I, J C A R D S  I N P T O * I 3 O
DO 70 K = 1 , 10 INPIO4IIO

70 D1TA (A ,J) = BLANK 114)10450
GO TO 160 114)10460

— C SET INPUT MEDIUM FOR DISK. 114)10470
80 IN = 4 114)10480

REWIND 4 114)10490
NRE C = N CARDS * N M A X  114)10500
00 110  I = 1 , NR F C 114)10510

-
‘ - C READ IN PUT DATA AS A L P H A N U M E R I C  DATA 1NP 10520

R E A D  (18, 10) V DA TA  INP IOS3O
IF (VDATA (1) .EQ. AR LA N K )  GO TO 120 114)10540

C W R I T E  I N P U T  D A T A  ONI C UTILITY DISK. INPTO 55O
WRITE (4, 10) YDATA 1114)10560
DO 90 K = 1, 10 11P10570
IF (YDATA (K) .NE. BLANK) GO 70 100 1NP10580

90 CONTINUE 114)10590 - :
KOUNTR = KOUNTO + 1 1114)10600

_ _ _ _  
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IF (KOUNIB .EQ. NCAI4DS ) GC IC 160 1114)10610
GO TO 110 IN?1062C

100 NOUNTB = 0 INPIOB3O
110 CONTINUE 1114)10640

GO TO 260 INP10650
120 DO 130 K = 1 , 10 111810666
130 V D A T A (K) = BLANK INPTOB7O

DO 1440 .3 1 , NCARD S INPTO6SO
140 WRITE (*4 , 10) VDATA INPTO69O

GO TO 160 1N 810700
C SET INPUt MEDIUM FCR CARD S. - 111810710

150 IM IN P I O 7 2 O
160 K R E C R D  = 1 — N C A R D S  IN 8 7 0 7 3 0

IF (IN .GE. 5) 111 = 18 I N P I O 7 I I C
IF (IN .EC. I I )  R EWIN D 4 1NP10750

C IF S U B R O U T I N E  ‘MENRE’ IS NOT ASSEM BLED , CO MCI USE ‘BEAD MEMORY’ INPTO76O
C OR ‘GUESS’ SPECIFICAT ION CPTIONS . F U R T H E R , THE DIMENSIONS ON IN PTO77 O
C COMMON /CO/ MAY BE REDUCED TO ‘DATA (l .l) ‘ IN MAIN AND INPUT. INPTO78O
C CREATE DUMMY FRUGRA FE FOR ‘M EMRE ’ A N D  ‘DATER’ . 1114)10790

MEG = 0 INPTO800
DO 200  I = 1, NMAX 11810810

170 K R E C R D  = KR EC R D + NCAR DS INPTO82O
IF (IM .EQ . 1) CALL MEMR E (DA ’1A (1,K R E C R D )  ,IBYTE S) 1114)10830

C R E A D  I N P U T  D A T A  P R O M  C A R D S , PI1CE MEMO R Y , OR IRCM UTILITY DISK 1118108110
READ (IM , FMT) (V(I , .31(J)), .3 = 1 , NVA 4*) 1NP10850
N Z  = 0 1114)10860
DO 180 K = 1, N I V F 1  1NP10 870
IF ( V ( I ,K) .EQ. O.CO ) NZ = N Z  + 1 INPTO88O
IF (V(I ,K) .L1. 0.CO .ANL . KEEPZ .ME . 2)  MEG = 1 INPTOB9O

180 C O N T I N U E  I N P I O 9 0 0
IF (NZ .LT. NIVP1) GC TO 190 INPIO91C
IF (.1401.10 .OR. V(1 ,NVAE) .EQ. BLAN K .08. 111810920

1 V ( I ,NVA R ) .Eç. A BLA N K) GC TO 210 1114)10930
190 IF (NZ .GT. 0 .AND . KEEPZ .EQ. C) GO 10 170 1NP109140
200 CONTINUE 1114)10950

GO TO 260 INPTO96O
C SET N EQUAL ‘10 NUMBER OF DATA PCINTS. INPTO97O

210 N = I — 1 INPIO98O
IF (MEG .EQ. 1) GO IC 300 INPTO99C
A N  = N I N P T  1000
N F X V  = 0 INP ’I1O1O
NYT = 0 1114)11020
DO 2 1 2  .3 = 1, NIVP I INP’11030
IF ( E X V ( J )  . N E .  0 . D C  . A N D .  E X V ( J )  . N E .  i . D O )  GO TO 21 14 I N P I 1 O I I O

212 CONTINUE 1114)71050
GO TO 216 1114)11060

214 N YT = 1 INP’11070
CALL T R A N S ( V )  111811080
IF  (ABORT) RETURN INP11090

C TOTAL D E G R E E S  OF F R E E D O M  I NP I 1 1 0 0
216 DFT = AN — 1.C0 a IA 1114)111 10

C D E G R E E S  OF F R E E D O M  FO B E R R O R  1114) 11120
D P i  = N — NP + I A  1114)111 30

C DEGREES OF FREEDOM D U E  TO REGRESSION 1114) 111110
DF2 = O F T  — DE l 1114)11150
IF (DEl .LT . 0.00) GO TO 280 1114) 11160
IF (lORD .EQ. 0) RE TURN 1114)11170

C ORDER THE DATA FROM LOW TO HIGH V A L U E S  OF Y. 1114)11180
NE = N — 1 1114)11190
DO 250 I = 1, N E 1114)11200
IP1 = I + 1 1114)11210 
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DC) 2*40 .3 = 181 , 11 1114)11220
- - IF  ( V ( I ,1) .LE . V( J ,b ) ) GO TO 2 *40 111811230

DO 230 K = 1 , NVAR 111811240
TEMP = V(J ,K) 1114)11250
L = j  INP T126O

220 V (L,K) = V( L— 1 ,K) INP1127C
L = C — 1 1114)11280
IF (C .01. I) GO ‘10 220 1114)11290

230 V ( I , K )  = T E M P  I N 4)1b300
240 CONTINUE INPT131O
250 CONTINUE INPT132O

RETURN INPT133O
C ERROR MESSAGES INPT134C

260 W R I T E  (6 , 2 7 0 )  N M A X  1114)11350
270 FORMAT (// ‘ONIJMBER OF INPUT DATA POINTS HAS EXCEEDED ‘ , 1114)11360

1 ‘MAXIMUM ALLCW A LL E (‘,Il ,’) . T i l lS  JOE HAS BEEN TERMINATED. ’) 1114)11370
STOP P44)11380

280 WRITE (6, 29C) N 1114)1 1390
2~~O F O R M A T  (/ / ‘O T H R .  NUMBER OF DATA ECINTS (‘,I l , ‘) IS LESS ‘, P4811400

• I ‘THAN THE N U M B E R  CF PA R A ~~E T E R S  TO BE S C L V E D .  T H I S  R U N  R A S  ‘, 111811410
2 ‘BEEN TERMINATED. ’ ) 1114)11*420
ABORT = .TRUE. 111911430
RETURN IN PT 1I44O

300 WRITE (6, 310) I 1114)11450
310 F - J R M A T  ( , / ‘ O A  N E G A T I V E  V A L U E  E X I S T S  I N  T H E  I N P U T  D A T A ’ , 1114) 1 1*160

1 ‘ fF 0 1 4  EXAMPLE , DATA CA RD N U M B E R  ‘ , 13 , ’ ) .  T H I S  R U N  H A S  B E E N  ‘ , 111811470
2 ‘TERMINATED. ’ ) 111PT1480
ABORT = . T H U E .  IN 811490
R E T U R N  111911500
E N D  I N P T 1 5 1 O

- - -~~ — — -
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SURROUTINE TBANS (V ) TRANOO1O
IMPLIC iT R E A L * R (A — H ,C— Z) TPAN O O2 O
DIMENSION V ( N M A X ,K CLU M N )  TRANOO 3 O
COMMON /C 1/ N , NMAX, K O L U M N , N I V , NIV P1 . M l , ~p TRANOO 4O
COMMON /C2/ IEQ TRAN OO5O
COMMON /C3/ ABORT TRANO O 6O
COMMON /CX/ EXV(8), NEX V , NVT TRAN OO7O
LOGICAL**4 AliONT TRANOO8O

10 DO 140  .3 = 1 , NIV P1 TRANOO9O
IF ( I I X V (.il) .EQ. 0.DO) GO 10 140 TRANO100
IF  ( E X V ( J )  .EC. 88.10) GO TO 30 TPANO1IO
IF (E~~V ( J )  .E ( , . 5~ .D0) GO TO 150 TRANO1 2O
IF (EXV(J) .LE. (—1O .LO) .OR. EXV(J ) .01. 47.D0) GO TO 160 TRAN O1 3G

— IF (E 1 V ( J )  .GE. 10.10) GO TO SC TRANO 14O
C E X P O N E N T I A L  T R A N S F C R M A I I O N S  T R A N O 1 S O

DO 20 I = 1 , N TRAN 016O¶ 20 Y (I.J) = v(I ,J)s*Exv (J)
GO TO 140 TRAN O1B O

C LOGARITHMIC ‘1RANS FCRMAT IONS TRANO1 9O
30 00 *40 I = 1 , N TRANO2 00
140 V ( I ,J)  = DLOG (V(I ,J)) TRA F4O21O

GO TO 140 1RA 11022 0
50 K E X Y  = EXV(J) TRANO23O

IF (FLOA T (KEXV) .M E .  E lY  (J )  ) GC TO 160 TRANO2II0
NEXV = 1 TRANO25O
KLV = KEXY / 10 TRANO26O
K M V  = K E X V  — 10 * KLV + 1 TRANO27O
IF (KM V .GT. 8) GO TO 160 TRANO28 O

C C O M B I N A T I O N S  CF V A R I A B L E S  T R A N O 2 9 O
GO 70 (60 , 86, 100 , 120), K L V  T R A N O 3 0 0

60 00 70 I = 1 , N T R A N O 3 1 O
70 V ( I ,J) = V(I.J) * V (I,KMV ) TRANO 32O

GO 10 140 TRANO 330
80 DO 90 I = 1 , N TRANO34O

— 90 V( 1 , J) = V ( I ,J) / W(I ,K M V )  TRAN O 35 O
GO TO 140 TRANO36O 

—

100 DO 110 1 = 1 , N T R A N O 3 7 O
* 110  Y ( I , J )  = V (I,J) + V ( I , K M V )  TRA N O 38O

GO TO 1*80 TRANO3 9O
120 DO 130 1 = 1, N TRANO400
130 V ( I , J )  = V (I,J) — V ( I ,KNV) TRANO4 1O
140 CONTINUE TRA NOW 2 O

N E X Y  = 0 1RA110430
RETURN TRANO4WO

150 IF (.3 . L E .  2 . O R .  N E X V  .E Q .  0) GC IC 160 T R A N O 4 5 O
N E X Y  = N I V P 1  + I — .3 TR AN O4 6 O
N I V  = 111W — N E X V  T R A N O 4 7 O
N I V P 1  = NIV + 1 111AN04 80
IF ( lEO • N E .  2 . A N D .  I EQ .N E .  *4) NP = NP — N E X V 1RA110 490
R E T U R N  TR&N 05 00

C WRITE ERROR MESSAGE. TRAN O5 IO
160 W R I T E  (6 , 170)  T R A 1 1 0 5 2 0
170 FOR M AT (/ / ‘OA T R A N S F O R M A T I O N  FACTOR HAS NOT B E E N  E N T E R E D  ‘, ?11AN0530

— 
1 ‘CORRECTLY. THIS BUN HAS BEEN TERMINATED. ’ ) T R A N O S 4 O
ABORT = .TRUE. TRANOSSO

‘ RE TURN TRA IOS6O
END TRANOS 7O
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SUBROUTINE PRINT 4)141110010
IMPLICIT RBAL * 8 (A—H ,C—Z ) P81110020
COMMON /Cl/ M 1( 3) , N IV 4)81110030
COMMON /C2/ IEQ PRNT OOAI O
DATA IE/’ / ,  1P/’a’/, IR/’) ‘/ P R N T O O 5 O

C 4)81110060
C SUBROUTINE FOB PRINTING S UB H E A C IN G S  4)81110070

PR N 100 80
- 

- 
GO TO ( 10 , 30 , 50, 7C , 90 , 110 , 130 , 150 , 170), IEQ PI*N10090

10 W R I T E  (6 , 20)  ( I B , I = 1 , NIV) PRNIO100
20 F O R M A T  ( ‘ O L I N E A R  R E G R E S S I O N  —— I = A ’ , A l , ’+  U * X 1 ’ ,A l , P14111 0110

1 ‘a C * 12’,A l ,’+ 0 * X3’ ,A l ,’s ! a X4’,A l ,’. F * 15’,A l , PRN ’I0120
2 ‘. G * 16’ ,A l ,’. H * X7’ ) PRNTO1 3O
RETURN P141110140

30 W R I T E  (6 , 40) PRNTO15O
‘40 FORMAT (‘OQUADRAT IC REGRESSION —— I = A + B * Xl + C * X1**2’) 4)141110160

RETURN PP1110170- 

1 50 WRITE (6, 60) fIB , I = 1, N I V )  P R N T O 1 8 O
60 FORMAT (‘OPOWER REGRESSION —— I = A’ ,A l ,’* X1**B’,A l ,’* x2**C’, 4)141110 190

I A1 ,’* X3**Dl ,A 1 ,’* X4+*E’,A l ,’* X5**F’ ,A l ,’* k6**G’,A1 ,’* 17**H’)PRN10200
RETURN PRN’10210

70 ~ R IT E (6 , 80)  4) 1 4 1 1 7 0 2 2 0
80 FORMAT (‘OA SYM PTCTIC—POWER REGRESSION —— V = ~I + B * X 1 * * C ’ )  4) 11111 0230

RETURN PBN10240
90 W R I T E  (6 , 100) (lB . 14), I = 1, 141V) , 114 PBIITO2SO
100 FORMAT (‘OEXPCNENTIAI REGRESSION —— I = EXP( A t ,2 A 1 ,~ B * X 1’ ,2A 1 , PR 170260

1 ‘ C * X 2 ’ , 2 A 1 , ’ P * X 3 ’ ,2 A l ,’ P * 14’,2 A 1 ,’ F * X 5 ’ ,2 A 1 , 4)141110270
2 ‘ G a X 6 ’ ,2 A 1 ,’ H * X7’,A l )  P 141110280
RETURN PRN’10290

110 WRITE (6. 120) (IB , I = 1, NIV ) P141170300
120 FORM A T  (‘CLOG—LINEAR REGR L SSION —— L N  I = EN A ’ ,Al ,’+ B * LN 11’ , P R N T O 3 1 O

I Al ,’. C * LN X2’,Al ,’+ c * CM X 3 ’ , A l , ’ +  E * EN 14’ , P R N ! 0 3 2 0
2 Al ,’. F * LN X5’,A l ,’ +  G * CM X 6 ’ , A l , ’+ H * LN X7’) PRN10330

R E T U R N  P 14N 10340
130 WRXTP (6, 140) (lB . I = 1, F l Y )  P 8N 1 03 50
140 FORMAT (‘OSEMI LOG REGRESSION —— IN  I A ’ , A l , ’+ B a X1’ ,A l , P141110360

1 ‘a C * X2’ ,A l ,’+ C * X3’ ,A l ,’+ E * X L 4 ’, A l , ’ + F * 15’ ,A l , 4)141110370
2 ‘a G * X6 ’,A l ,’-s H • 17’) PRNTO 38O

R E T U R N  P R N T O 3 9 O
150 WRITE (6 , 160) f IB , I = 1 , NIV) PRE4’10400
160 FORMAT (‘OSEM ILOG REGRESSION —— V = A ’ , A l , ’+ B * EN X l ’ , P141110 41 0• 1 A I ,’+ C * LN 12’,A l ,’+ D * LN X 3 ’ ,A l ,’+ E * LN P4 ’ , P B N T O I I 2 O

2 Al ,’. F * L W  X5 ’,A l ,’+ G * LN 16’,A l ,’+ H * EN 17’) PRNT0 43O
170 RETURN PRNTO 44O

END PR1110450
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S U B R O U T I N E  S U M S ( V )  S U M S O O 1 O
I M P L I C I T  R E A L * 8 ( A — h , C — Z )  S U M S O O 2 O
D I M E N S I O N  V ( N M A X , I~C L U M N )  S U M S O O 3 O
C O M M O N  i d ,  N , N~~A X , K O L U F N , H I V , N I V P 1 , N V A R , M 1 ( 2 )  , ID SUMSOO4O
C O M M O N  /C2/  I E Q  S U M S O O 5 O
C O M M O N  /C3, M2 , L I N E A R , IA , f~3 , N X S E T , NVCCL , M4 , NY Lt V SIJMSOO6O
COMMON /C4/ 5(8) , SI X  ( 8 ,8)  S U M S O O 7 O
COMMON /C5/ AN , RE(L4C) , VMSQ (8) SUMSOO8O
CUNMON /C6/ VMEA N(8 ) , 1( 8 ) ,  H ( 8 ,R ) , Z i  ( 8) , SDPV(8) SUMSOO9C
COMMON /c7j YCEPT SUM SO100
COMMON /C8/ LF’I, z2(7) , SST S U N S O 1 1 O
LOGICAL *L4 LINEAH , IA SUM SO12O

C SUMSO1 3O
C SUBROUTINE FCR CCNPUI IN G VA R IGUE ~J U M S , M E A N S , AND S T A N U A R L  SUM SO 14O

- I C DEV IATICNS CF THE INPUT DAT A 501150150

4 C SUMSO16O
LINEAR = IEC .LE. 1 .014. IEQ .GE. ~ S (JMS017C

-

~ 1 IF  (lEO .NE. 2) GC ‘IC 20 S U M S O  180
C MODIFI CATIONS FOR c~UAE 14ATIC CAS E SOMSO1 9O

N I V  = 2 S U M S O 2 0 0
N I V P 1  = 3 S O M S O 2 1C
N V A R  = 3 + It  S U M S O 2 2 O
DO 10 I = 1, N SUNSO23O
IF  ( IL  .GT.  0) V (1,4 )  = V (1 , 3) 5 U 1 1 5 0 2 4 0

10 V (1,3) = V (1 , 2) * V (1 ,2) SU M S O 2 5 O
C INITIALIZE SUMS. SUMSC26C

20 DO 3 0  .3 = 1 , NIV P1 SUM50270
S(J) = 0.00 SUMSO28O
DO 30 K = .3, NIV P1 SUM 50290

30 SYX(J ,K) = 0.00 SUMSO300
IF ( I E *~ .LE. 2) GO TO 50 SUMSO31U
J1 = 1 SUMSO32O
32 = N I V P 1  SUMSO 33O
IF ( l E O  .E Q .  S . CR .  IE ç  .E Q .  7~ .32 = I SU M S O 3 4 O
IF  ( I E Q  . EQ .  4 . C R .  IE~ . EQ .  8) J l  = 2 SUMSO3SO
DC 40 .3 = 31 , J2 SUIISO36O
DO 40 I = 1, N S U M S O 3 7 C

*40 V (I,J+NYDEV) = DLCG (V (I,J)) SUMSO38O

* 
50 DO 80 I = 1 , N S U M S O 3 9 O

VI = V(I,NYCOL ) SUMSO400
s i t )  = 5 ( 1 )  + II SUMSOL41O
511 ( 1,1) = S Y X ( 1 , 1) a I I  * Y~~ SUPISO42O

* DO 70 .3 = 2, NIVP I SUMSO43O
X I J  = V ( I .J+NXSE ’1) SUMSO44O

* S (J) = Sf3) * 113 SUMSO4SO
511( 1 ,3) = S I X ( 1 ,J )  + II * 11.3 SU M S O 4 6 O
DO 60 K = 3,  N I i P 1  SU M S O 4 7 O
SIX (J , K )  = S I X ( J ,K )  * X I J  * V ( I , K + N X S E T )  S U M S O 4 8 O

60 CONTINUE SUMSO49O
70 C O N T I N U E  SU M SO 5 0 0
80 C O N T I N U E  S U M S O S 1 O

C T O T A L  S U M  OF SQUARES SUM SO52O
SST = 5 1 1 ( 1 , 1) — S ( l )  * 5 ( 1 )  / A N  SUM SO S3 O

C M E A N S  A N D  S T A N D A R D  D E V I A T I O N S  OF T H E  I N P U T  D A T A  S0 1 1S0 5 4 0
~o 90 .3 = 1 , N IVP 1 SUM SO 5SO
V M E A N ( J )  S (J )  / A N  SU M S O S 6 O
V M S Q ( J )  = S I X ( J ..J ) — S f 3 )  * S f 3 )  / AN $01150570

90 SD E V ( J )  = D S Q R T ( Y M S Q (J )  / ( A N  — 1 . D O ) )  SU M S O 5 8 O
IF ( L E O  .E Q .  4) R E T U R N  S011 S0590
I F  ( I A )  GO IC 120 SU N S O 6 0 0

- -

- _ _ _  _ _ _  _ _
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DO 110 3 = 2, NIV P 1 SUMSO61O
T ( 3 — 1 )  = SIX (1 ,3) — 5 ( 1 )  ~ 5 ( 3 )  / A N  S U N S O 6 2 O
DO 100 K = 3 , NIVP1 SUMSO63O

100 H (J—1 ,K — 1 )  = sIx (,J , ic) — 5( 3 )  * S (i~) / AN SUMSO64O
110 CONTINUE SUMSO6SC

R E T U R N  S U M S O 6 6 O
120 DO 140 .3 = 2 , MI V P 1  SUM SO6 7C

‘1 (3—1) = 511(1 ,3) — Y C E P T  * 5 ( 3 )  SUMSC68C
DO 130 K = .3 , N I V P I  S U M S O G 9 O

130 H (3—1 ,K — l )  = SYX (J,K) SIJMSO700
- * 140 CONTINUE $01150710

R E T U R N  SU M S O 7 2 C
E N D  SU 1150730

H -

- -
- 1
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SUBROUTINE LINE (V ) LINEOO 1O
I M P L I C I T  R E A L * 8 ( A — H , C — Z )  L I N E O O 2 O
D I M E N S I O N  V ( N M A X , K C L U M N )  L I N E O O 3 O
C O M M O N  /C 1 /  N , N M A X , K O L U M P I , N I V , N I V R 1 , 111 , NP LINEOO4O

— C O M M O N  /C2/ l E O .  1 1 2 ( 9 ) , 1110 L I N E O O S O
- -. C O M M O N  /C3/  A B O R T , 1 1 3 , IA , 114 , N X S E T , 115 , N Y C  L I N E O O 6 O

C O M M O N  /C5/ Z i , P ( 8) L I N E O O 7 O
C O M M O N  /C6/ V N E A N ( 8 )  , T ( 8 )  L I N E O O 8 O
C O M M O N  /C7/ Y C E P T , Z 2 ( 4 ) , X V , I V L I N E O O 9 O
LO GICAL * 4  A B O R T , IA L.INEO100
D A T A  I N D 1 / ’ L I ! ~E ’/  L I N E O 1 1 O

— C L I N E O 1 2 O
C SUBROUTINE FCB DETERMINING LEAST-SQUARES SOLUTIONS OF PARAMETERS LINEO I 3O
C FOR LINEAR IUNCTICNS CF FORM LINEO 14O
C LINEO15O
C I A a B*Xl + C*12 + C+X3 a ~*P4 + F*X5 + G*X6 + 11*17 LINEO16O
C L Z N P O 1 7 O
C WHERE A MA! BE SFECI}IED LINEC1 8O
C L I N E O 1 9 O

IND = 111111 LINEO200
C SOLVE FOR PARAMETE RS (4)). LIN!0210

CALL SOLVE (NIV ) LINEO22O
IF (ABORT) RETURN LINEO23O
P ( 1 )  = VM EAN (1) LINEO24O
DO 10 3 = 2,  NP L I N E O 2 5 O

* P ( J )  = 1 (3—1) L111E02 60
- - 10 P ( l )  = P ( 1 )  — P(J) a V M E A E 1 (J)  L I N E O 2 7 O

IF ( I A )  P ( 1)  = YCEPT LINEO28O
C 1—COMPUTED AND I-RESIDUAL VALUES L111E0290

DO 30 I 1, N LINEO300
V (I, NYC)  = P ( 1 )  L I N E O 3 1 O

- 
- DO 20 3 = 2 , N I V P 1  L I N E O 3 2 O

20 V ( I , NYC)  = V (I,N Y C )  a p ( J )  * V ( I , J + N X S E T )  L 1 1 1 E 0 3 3 0
30 C O N T I N U E  L I N !O 3 * 4 O

IF ( I E Q  • N E .  2) R E T U R N  L I N E O 3 5 O
X V  = —P (2 )  / ( 2 . 0 0  * P ( 3 )  ) L I N E O 3 6 O
IV = P ( 1 )  + P ( 2 )  * X V  4 P ( 3 )  * XV * X V L I N E C 3 7 O
111W = 1 L 1N E 0 3 8 0
N I V P 1  = 2 L I N ! 0 3 9 0
R E T U R N  L I N E O 4 0 0
END L I N E O 4 1 C
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S U B R O U T I N E  E X P O ( V )  €19 00010
I M P L I CIT R E A L a B ( A — N , C — Z )  E X P 0 0 0 2 O
D I M E N S I O N V ( N M A X , K C L U M N )  E X P 0 0 0 3 O
C U M P I O N  /C 1/  M l . N M A X , K O L U P I N , N I V , 112 (2) , NP E X P 0 0 0 ’ 4 O
COMM ON /C2/ IEQ, 113( 9), 1110 EXP0005O
C O M M O N  /C3/ A R ORT , 114 (2), IGUE SS EXP 0006O
COMMON /06/ V M E A N  (8) , 1 (B), 21 (64) , R I  ( 8)  EXP0007C
LOGICAL *4 A BORT , IGUESS EX900080
LA TA 111D2 /’EXEO’ / EXP 0009O

C EX POO 100
C SUBROUT iNE FCR DETERMINING LEAS ’I—SCUARS 3 SOLUTIONS OF PARAMETE W S EXPOO11O
C FOR POWER FUNCTICNS CF FORM E X P O O 1 2 O
C 81900130
C I = A * X1* *B * 12**C * X 3 **D * X 4**E a X5** F + X6**G * 17**H E X P O C 1 U C

— 
C E X P O O 1 S O
C OR FO B E X P O N E N t I A L  F U N C T I O N S  OF F O R M  E X P O O 1 6 O
C E X P O C 1 7 C
C I = E X R ( A  • 14*11 + C *X2 + t * X 3  4 E * X * 4  + F * X 5  a G * X 6  + H * X 7 )  E X P O O I 8 O
C P 1 4 ) 0 0 1 9 0
C SET S U B R O U T I N E  I N D I C A T O R  £1900200

I N D  = 111t2  E X ? 0 0 2 1C
IF ( I G U E S S )  GC TC 20 E X P C O 2 2 O

C F I R S T , D E T E R M I N E  L E A S T — S Q U A R E S  S O L U T I C K S  CF P A R A M T E R S  4) 1 (3)  F X P O O 2 3 O
C f lB L O G — L I N E A R  F O R M  ( R O W E R )  E X R O O 2 4 O
C ~.N(Y) = L N ( A l )  + 21  + L N ( X i )  + C l  * L N ( X 2 )  + . . . + H l  * L N ( 1 7 ) E 1 9 0 0 2 5 0
C OR S E M I L G G — L 1 N E A R  P C R M  ( E X P O N E N T I A L )  E X P C 0 2 6 0
C 1 .11(1)  A l  • B 1  * X l  + C l * X2  + . . . + H i  * X7 E X P O O 2 7 O

C A L L  S O L V E  ( N I V )  E X 9 0 0 2 8 0
IF ( A B O R T )  R E T U R N  EX100290
P 1 ( 1 )  = V M E A N ( 1 )  EXP OO3 00
00 10 3 = 2 , NP EXP O O 3 1O
P 1 ( J )  ‘ 1 ( 3 — 1 )  E X P O O 3 2 O

10 P 1 ( l )  = 4 ) 1 ( 1 )  — P 1 ( J ) a VMEAN (J ) EXPOO33C
1? ( I E ~ .E Q .  3) P 1 ( l )  = D P I ?  ( P 1 ( l ) ) E 1 9 0 03 4 0

C DETERMINE L E A S T— S Q U A R E S  SCLU ’IIC NS CF P A R A M E T E R S  P ( 3 )  E X P C O 3 S O
20 CALL ITER(V) £1900360

RETURN EXP OC3 7O
END P14)00380

I 
H

_ _ _ _ _ _ _  -•
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SUBROUTINE A S YM (V) A S Y M C C 1 O
IMPLICIT REAL * 8 (A -H ,c— z) A SYMOO 2G
D I E E N S I O N  N ( N N A X ,V C L U N N )  A SYM COJ C
COMMON ,‘Cl/ N , NM AX , K C L U ~~N , M 1 ( 2 )  , W V A i ~ A S Y M O O L S C
COMMON ,c3, ABORI , M~~, IA , M 3 ( i ) ,  N Y C  A S Y M O O 5 C
COMMON / C 14/ S(8) • S y x i l  A SYM OO 6O
COMM ON /C5/ AN , A , B , C AS YM CO7 C
COMMCN /C6/ VMEAN(8 ) , T(8), H ( 9 ,8) A SYMCO8I
COMMON ,C7, YCEPI , CILIA ASYM OO 9O
C O M M O N  ,‘CB/ Zi (6), YCEV S~~, Z2, SST A S Y M O 1 0 0
DIMENSION SUM (9) , SAV SUM(4 ) A S Y M O I 1 O
L OG ICA L *14 A L~0kT, I P , SOLVED AS YMO1 2O

C ASY MO13 O
C SUBROUT INE FOR DETEF~~ININ G LEAS SQUAi ~ES ~CLUIIONS OF PARAMETERS AS YMO14 O
C FO~ A~~YMPI O IIC—PCWER FUNC T ION S CF FCFF AS YM C1 SO

4 C A S Y M O 1 6O
C Y A + B * X**C AS YNO1 7O
C ASY tIC18 O
C W H E R E  A M A Y  B E  SP E C I F I E D  A S Y M O 1 9 O
C ASYMO200

A YCEPT A SYMO 2 1O
S O L V E D  = .FALSE . AS YMO22O

C SET INITIAL V A L U E  CF Cl A SYP~J2~~C
Cl = — 8.10100 A SYM~~214O

C SET FIRS T— T T FRAT ICN LE~~I~~NA TCK 10 1. A SYMO 25O
T I E R S  = 1 A S~~M O 2 6 0

C SET C INCREME N T INIT IALLY TO 0.1. A SY~~~27O
CC = 0. 1CO AS YMO2 8O
DO 2 0 0  K = 1 , 162 A SYMO29O

C STEP INI’IIAL C VALUE BY DC 1t4C~~I~~ENr. A SY MO 3OC
CI = Cl + DC ASYM O3 1O
IF (K .NE. A2) GC TO 10 A SYMO J2O
ITERS 1 A SYMO3 3O
Cl = O.OC100 AS YM C34O

10 C Cl AS YMO 35O
20 DO 30 I = 1 , 7 A S Y M O 3 6 O
30 SUM (I) = O.DO ASYMO37O

DO 140 I = 1 , N ASYM C3 BO
XP = V (I  ,2) **C A S Y M O 3 9 O
XPSQ = IP  * X P  A S Y M O 4 0 0

C V ( I ,N V A R + 4 )  IS L N ( X l ) .  A S Y M O 4 1 O
X P 1  = XP * V ( I ,N V A F + 4 )  A S Y M O 4 2 O
SUM (1) SUM(1 ) + XP A SYMO I43O
SUM(2) = SUM(2) + xpsc A SYMO L 4 I4O
SUM (3) = S U I I ( 3 )  + X F1 ASYMO45O
SUM (14 ) = SUM (4) + X P S Q  * V (I ,NVA F +4) ASYMO46C
SUM(S) = SUM (5) + X P 1  * V (1, 1) A SYMO4 7O
SUM ( 6 ) = SUM(t ~) + NP * (V (I ,1) — V M E A N ( 1 ) )  &SYMO48O
IF ( IA) S U M ( 7 )  = S U M ( 7 )  I N P * V ( I ,1) A STMOU 9O

~40 CONTINUE ASTMO500
IF (.NOT.IA) GO TO 5C A SYNO S1O
B = (SUM(7) — A * S U P ( 1 ) )  / SUM(2) ASYMOS2O
G SUM (4) *SUM (7)—SUM (2) *SUM (5) —A~ (SUM (1)*SUM (4) —SUM (2) *SUM(3)) &SYMOS3O
T D EV S 1  = S Y N 1 1  — 2 . L C * A * S ( 1 )  + A N * A * A — B * B * S I J M ( 2 )  A S Y M O 5 4 O
GO TO 60 ASYMOS 5O

50 B = SUM ( 6 ) /  ( S O M ( 2 )  — ( S U M  (1) * SUM ( 1 ) / A N ) )  A S T M O S 6 O
A ( S ( 1 )  — (B  • S U M ( 1 ) f l / A N  A S Y M O S 7 O
G = SU M ( S) — (B * SU M ( 14 ) ) - (A * S U M ( 3 ) )  A S Y M O S B O
Y D E V S 1  = SST — B * S U M ( 6 )  A S Y M C S 9 O

60 IF  (K .EQ.  1) Q S A V E 1  = T D E V S 1  A S Y M O 6 0 0
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IF (~ . E Q .  162) ç S A V I 3  YD EVS 1 A SY ?lO 610
IF (ITEII S .Eç. 2) CC TC 100 A s Y N 0 6 2 0
IF (

~~
) 7C ,16C ,80 A SYMD6 3O

70 ~ -1 ASY !~064C
GO TO 90 ASY MO 65O

BC M = 1 A S YMJ 6 6C
90 ITERS = 2 A syM06 70

GO TO 190 A SYMC6BO
100 IF (M .GT. 0) GO TO 110 ASY~~069O

[F (C) 7 3 0 ,76 C ,? 4 0  AS YI~07CC
110 I? (C) 120,16 ,130 A S Y M O 7  1 0

• 120 C C — (DC * 0 . 5 C C )  A s Y M O 7 2 O
GO TO 144 0 AS YMO73O

130 lë (DC .GT. C.J7LO) CC TO 190 ASYt’.0714 0
C = C + (D C * 0 . 5 0 0 )  A S y~~0750

1’40 IF (IA) GO TC 114 2 A5YM0760
ODA DABS (A/ASTO RE 1.00) ASYNO77C
I F  (OCA .GE. CELTA ) 0.0 TO 150 A5YM0780

114 2 LL~ D A B S ( 0 ,’USTCBE — 1 .00) ASYMO 79C
I F  (OLE .GE. CELIA ) CO TO 150 ASY1~O8O0
CCC DA~~S( C ~~CST Oi~E — 1.00) A SYM O~~1C
IF  ( D C C  .GE. CELIA) CO TO 150 ASY~~O 82 O
GO TO 160 A S Y M O 83O

150 A SEOE4E A A SYM C R44 C
8STORE = b A51M0850
CSTOKE C ASTMO86C
CC [C * O•5~ O ASYMOS7O
CL) TO 20 A SYMC88C

C USE NEh VA R 14EL~~S ICE’ TEM [ORAFU SOLUILCN . ASYMO 89O
160 Y D E V~~Q = Y D~~V S 1  A S Y M O 9 0 0

IF (.NOT. SCLVEO .CR. YDEVSQ .LF. ~SAVF 2 ) GO 10 170 A SYMO91O
A = A S A V E  A 5 Y M 0 9 2 0

= ESA V E A SYM O 93O
C = CSA V F ASYNO9 I4 O
5011(1) = SAVSUM( 1 ) ASYNO95C

- 
- 

SUM(2) SAVS UM( 2 ) A SYMO 96O
SUM (L4) 5PiVS UM(~~) A S Y M O 9 7 O
YDEV Sç = QSAV E 2
GO TO 180 ASTMC 99C

F: I C STORE PA RA M E TEN V A LU E S AN t SU~ CF ~ cuAREs CF Y E4 i~SLDUALS. ASY~~1OO0
170 A SAVE A ASY M1 O 1O

FSAVE A SYM1 O2 O
CSAVE C AS YM1O 3C
SAVSUM(1) = SUM(1) ASYMIO4O
SAVS UN( 2) = 5011(2) A SYM1O5O
SAVS (JN(4) = SOM(4) ASYM1O6O
QSAV E2 = YDEVIQ A SYA1O 7C

C SET FIRST—ITERATION CESIGNATCR TO 1. ASY 11080
180 TIERS 1 A SYM1O9 O

C SET SOLUTION LESIG 74ATCR TO TRUE A SYN1100
SOLVED .1801. A SYM111O
DC = 0.100 AS1N1120
Cl Cl — DC A SYM11 3O
GO 10 200 A SYA11 4O

190 ASTORE = A A SYM11 5O
BSTORE = B A SYN 116Q
CSTORE = C A STM11 70

200 CONTINUE AS711118C
c IF A UN1I~UE SOLUTION FOB C DOES NOT EXIST IN THE SPECIFIED RANGE , A STM11 9O

F C PRINT A MES SAGE RELATI N G TO THAT FACT. ASYN1200
IF  (sOLvED.ANc.ycEvsc.LT .~~sAvE1.AND. yDEv sQ .LT.Q sA vE3) GO TO 220 AS TN121O
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WRITE (6, 210) AST111220
210 FORMAT (//‘UNO SCLUIICN HAS PEEE ’ FCUI4 C ECR THIS P7FCbLE~ IN ‘ , A SYMI 23O

1 ‘THE RANGE CI — 8 10 .8 ICR C.’) ASEN124C
ABORT = .1801. ASYN125O
RETURN AS !M1260

C RESTORE VARIA FL ES IC CR IGTNAL S . ASYN127O
220 A = A SA V E A STM1 2BC

P = BSAV E A SYM1 2 9O
C = CSAV E ASYM1300
SUM (1) = SAV SUM(1 ) ASYII1 31O
5011(2) = SAV SUN (2) A5Y111 320
SUM(4) = SAVSUM(4I ) A5Y111330
SUM (8) 0.00 AST M1 3WO
SUN(9) = O .DO A SY111 350
1(1) O.DO AS YMJ 36C
1(2) = 0.DO AS !111370
1(3) = 0.00 ASTM1 38O

• DO 230 1 = 1 , N AS Y N1 39O
XP = V ( I ,2)**C ASYM1I400
V ( I , N Y C )  A + B * X L  ASY M141 O
i L L  = V ( i , N V A R e 4 )  * XL A SY 1 1 1 1 4 2 0
50 1 1 ( 8)  = 5 0 1 1 ( 8)  + X L I  A S Y F 1 4 3 C
5 0 1 1 (9 )  = 50 11 (9) + X F L  * I LL  A S Y M 1 4 I 4 O

230 CONTINUE A STNI IISO
IF (IA) GO TC 240 ASYM1’460
8( 1 ,1) = AN A 5111114 7C
8 ( 1 ,2) = 51311(1) A S Y N 1 48O
11(1 ,3) = B * SUM (8) A SYM1I.490
GO TO 25C ASY IIISOC

• 240 8(1,1) = 1.00 AS Y1115l O
• 

8(1 ,2) = O .DC ASTM1S2O
F 8( 1 ,3) 0.00 ASTN1S3O

250 H( 2 ,2) = 3011(2) £STM1SWO
8(2,3) = B * SUM (4) ASYM 155O
8 ( 3 ,3) = 9 * B * 5011 (9) ASTPI1S6O
CALL. SOLVE(J) A SYII1S7O
RETURN A SYM 1SOO
IND A S Y M  1590
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SUBROUTINE SCLVE (NSI2E ) soIVOOlO
• F IMPLICIT I1EAL*8 (A-H ,C— Z) SOLVOO2O
• COMMON /02/ 111(10), It4D sOLVOO3O

COMMON /C3/ A BOR I SOLVOORC
COMMON /C6/ 21(8), T(8), 8(8 ,8) SOLVOO5O
LOGICAL*4 ABORT SOLVOO6O
LIMENSION IPIVCT ( 8 ),  INCEX (8 ,2)  SOLVOO7O

C SOLYCORC
• C SUBROUTINE FCR SCLVI NG SIMULTAN EOUS EQUATIONS s0LVOO9O

C H BECOMES INVE R TED H; I BECOMES SOLU IICN VECTOR. SOLVO100
C SOLVO1IO

IF (NSIZE .01. 1) CC 10 10 SOLVO12O
I F  ( 8 ( 1 ,1) .E~~. C.[C) GO TO 150 SOLVO1 3O
8(1 ,1) 1.00 / H (1 ,l) SOLVO 1UO
1(1 )  8 ( 1 ,1) * 1(1) SOLVO1SO
RETURN SOIVO16O

C FILL OUT LOhER TRIANG LE CF II M ATRIX. SOLVO17O
10 CO 20 .3 2, NSIZE SOLVC1BC

.3111 = .3 — 1 SOLVOI 9O
DO 20 K = 1 , .3111 SOLVO200

20 H(J ,K) = H(K ,J) SOLVO21O
C INITIALIZATICN SOLYO22O

4 DC 30 J = 1 , NSIZE S01V0230
30 IPIVOT(J ) = C SOLVO2I4O

C PARTIAL MATRIX INVER SICN ROUTINE SOLVO2SO
DO 120 I = 1 , NSIZE SCLVO26C

C SEA RCH FCR PIVOT ELEM EN T 501V0270
HMA X = O.DO S0LV0280
DO 60 .3 = 1 , 45111 SOLVO29O
IF (IPIVCT (J) .E Q. 1) GC 10 60 SOLVO300

• DO 50 K = 1 , NSIZE SOLVO 31O
IF ( IP IVOT (~~) — 1) ‘4C , 50 , 150 SOLVO32O

40 IF (CADS (HMAX ) .GE . LABS(H(J ,K))) GC IC 50 SOLVO3JC
IRON = .3 SOLVO3IE O
ICOL = K SQL P0350
HMAX H (J ,K) SO LVO3 6 O

50 CONTINUE S OLVO3 7O
60 CONTINUE SOLVO38O

I? (HMAX .EQ . 0.00) CC TO 150 50LV0390
IPIVOT(ICOL) = IPIVCI(ICOL ) 4 1 501.70400

C INTERCHANGE ROWS TO LOT PIVOT ELEMENT CN DIAGONAL SOLVO41C
IF (IRON .EQ. ICCL) CC TO 80 SOLVO42O
DO 70 L 1, $SIZE SOLVO43O
TEMP U(114O1 ,L) SOLVO4I4O
H(IROW ,L) = H (ICCL ,L) SOLVOIESC’

70 H(ICOL ,L) = TEMP SOLVOI46O
TEMP = T (IRON) SOLVOI47O
T(IROW) = I(ICOL) SOLVO48O
T (ICOL) = TIME SOLYOII9O

80 PIVOT = H (ICCL ,ICOL) SOLV O500
INDEX (I,1) = IRON SOLVOS1O
INDEX (I,2) = ICOL SOLVOS2O

• C DIVIDE PIVOT BOW EX FIVO l ELEM EN T SOLVOS3O
H(ICOL,ICOL) = 1.00 SOLVOSI4O
DO 90 1. = 1, NSIZE S0LVO55O

90 II(ICOL ,L) = H (ICOL,L)/PIVCT SOLVOS6O
T (ZC.3L) T(ICOL)/EIVOT SOLYOS7O

• C REDUCE NCN— PIYOT RCWS SOLYO58O
Do 110 Li = 1 , HSIZE SOLVO59O
IF (Li .FQ. ICOL) 00 10 110 SOLVO600

- 
~~~~~~~~~~
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TEMP = H (L1 ,ICOL) SOLVO 61O
H ( L 1 ,ICOL) = C . D 0  SOLVO 62C

• DO 100 1. = 1 , NSIZE SOLVO63O
100 H(L1 ,L) = Fl( L 1 ,L)  — H ( 1 C O L ,L) * I~~P4F SOLVO6 (40

t(L1) = [(Li) — T(ICCL) * TEMP 50LV0650

• 110 CONTINUE SOLVC~~6O
120 CONTINUE SOLVO67O

C INTERCHANGE CCLUMNS. SOLVO 6 $O
DO 1L IC I = 1 , NSIZE ZOLVO69C

• I = 145111 + 1 - I SO LVO700
IF ( I N D EX ( L ,l) .EQ .  INDEX (L,2)) GO IC 140 SOLVO71C

• IRON = £NDEX(L ,1) SOLVC72O
ICOL = LNDEX( L ,2) ,oLVO730
DO 13C K = 1, N S1ZE SOLVO7II O
TEMP = li( K , I B C W )  SOLVO7SG
H ( K ,I B O W )  = H ( K ,ICC L~ SOLVC76O

S b ( K .I C O L )  = T E M P  S O L V O 7 7 O
130 CONTINIJ E
114 0 CONTINUE S O LV O ~~9O

R ETURN S O L V O 8 O C
C E R R O R  M E S S A G E  S0L V 0 8 1 0

150 WRITE (6, i~~~) IND SOLVC82O
160 FORMAT (‘OZERO D~~T I E 4 M [ N ANI IN S UEHCU I INP S ( L V E .  TH IS  RO N ‘, SOLVO R 3O

I ‘HAS BEEN IERMINA ’lEL.’~ 1110 , ‘SCLVE W~~S LA S i CA LL EC FROM ‘, ALl) SOLVO 8L4 O
AB CRT = .180k . SOLV fl8SC
RE T URN S O L V O B6O

• END S O L V O 8 7 C
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S UBROUI I N F II E R ( V )  I T E RO O 1 O
IMPLIC IT R E A L ’ H ( A — i E ,C — Z )  IT E NO O 2 C
DIMENSION V ( E~M AX ,r~CL U11N) ITE R OO 30
COMM ON /01/ 14 , N M A X , X C LIJ1N , Eli , N 1V L 1  1TE R OO’~V
COMMON 1C2/ lEc ,  M 2 ( 8 ) ,  1111, iNC 11180 050
CuKNOt ~ / C3/  A HOE T , M 3 (3) • N X S E T , N Y C C L , NYL ITER O C 6 C
CO MMON /C4/  S ( s) , s~~x ~~,l3) I 1E8007 0

• C~~M M U N ,‘CSj A N , P(F) IT E R ~~O80
• C C M M O N  /06 / V M L A N ( 8 )  • T ( 8 ) , 11(8,8) , 11(11) , S D E V ( 8 )  11180090

CuilMil jC7, 21 , L Et IA , 22 , KA ITERO1 00
CO.MM CN /08/ CII, Z i ( ? ) ,  351  I E R 0 h 1 0
LOGICAL* 4 AE3 CRT , SCLVEC , 1E~~3 ITELO 12(’

• DIME’~~LON FE ~~ , L~~EMr (3 ,B) • ç(() , D I F F ( B )  ITE~~0 1 3 C
C~iTA INC3/’ITEF’/ 11180140

C T T E R C 1 5 O
C SUBROUTINE FOR 3ET ERF INING LEA Si—SQ UARES SOLUI I CNS CF PA RAMETER S 11180160
C FOR NC N — L I N I A R  FUNCTIC NS ~HEHE AN I T E R A T IV E  P R O C E D U R E  IS IT E R O 17 O
C R E Q U I R E D  ( V I Z ,  POW ER ( IEC=3 )  A N C  E X E C K E N T I A L  ( I Ec =5 )  FIJNCI IONS) 1T 180180
C 1TE80190
C SET SUB ROI J IINE IND ICAT OR ITEFO200

IND = 11103 ITERO21O
IEQ3 = IlL .E~~. 3 11180220

C SET INiTIAL GUESSES I1E8023C
DO 10 J = 1 , NIVP1 ITERO214O

10 PC)) = P1 (J) 1T 1R0250
C RE C A L C U L A T E  SUM , SUMS ç , M E A N  A N t  S I C  DIV FOR ACTUAL (NONLCG) DATA .ITERO26O

DO 20 .3 = 1 , NIV P 1 1T1B0270
• S ( J )  = 0 .00 IT E R O 2 B C

DO 20 K = .3, NIV I I  IT E E C 2 9O
20 S Y X ( J ,K) = O . C 0  11180300

00 30 I = 1, N I T E R O 3 I O
DO 3 0 .3 = 1, NIV P1 1T 1R0320
S( J )  = 5( J )  + V ( I ,J) 11180330

• DO 30 K = .3, NIVEI ITERO34O
• 

• 30 SIX (J ,K) = SI X  ~J ,K) + V ( I ,J) * V (I ,K) 11180350
DO 4C J = 1 , NIV P1 11180360
V?IEAN(J) = S(J) / AN ITFBO370

40 SDEV (.3) = C S Q 8 1 (  (S IX  (.3,0) — 5(3) * S (3)  / AN) / OFT )  IT E R C 3 8 C
SS T = S IX ( 1 ,i) — 5 (1 )  * S( 1)  / AN 11180390

$ C SET SOLUTION IND ICA IC R 10 FALSE 111801400
SOLVEL = .FALSE . 1T1140470

50 DO 31C 1. = 1 , LIM 111R0420
F 1 

C COMPUTED I VALUES AN t FAR T IAL CF I W ITH RESPECT 10 P A R A M E T E R  A .  IT E R O 4 3 O
I? ( 11Q3) CC IC 80 ITE RO4 ’4 O
DO 70 I = 1 , N IT ERO44SO
TEMP = P(1) 11180460
DO 60 .3 = 2, N IVP1 1T1R0470

60 TEMP = T EM P + P ( J )  * V ( I ,J) 11180480
• 70 V ( 1, NYC ) = D E X P ( T E M F )  1TE 140490

GO 10 110 ITEROSOO
80 DO 100 I = 1 , N ITEROS1O

• TEMP = P(1)  11180520
DO 90 J = 2 , NIVP 1 ITEROS3O

90 T E M P  = TEMP * V ( I ,J)* * P(J )  11180540
100 V ( I , NYC) = lIMP ITEROSSO

C IF  A SOLUTION HAS B E E N  O B I A L N E C  ( 3 O L V E C =  T RUE )  , GO TO ENDING. ITEROSoC
110 IF (SCLVED ) GC TO 330 ITEROS7O

C CLEAR H AND I MATRICES. 11180580
DO 130 I = 1 , NIV PJ  ITERO S9O
1(I) = O.D0 11180600

i

H
ii
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DO 120 .3 = I, NIVP 1 ITERO61C• 120 l1 (I,J) = O.DO 1TE80620
130 CONTINUE 11180630

• DO 170 1 = 1 , N ITER )640
• C PARTIAL OF I FUNCTION WITH RESPECT IC PARAMETERS ITERO65O

FP(1) = V ( I ,N YC) ITER O66O
IF (11Q3) FP( 1) = V ( I , N Y C )  / P( i )  IT !R0670
DO 140 J 2, NIVP 1 11ER0680

• 140 FP (J) = V ( I,NYC) S V ( I ,J*NXSET) ITERO69O
C DIFFERENCE BETWEEN OBSERVED I AND C A L C U L A T E D  Y (1 RESIDUAL) IT ERO700

101FF = V ( I,1) — V ( I ,N YC) ITERO71O
• C CALCULATE H AND I MATRICES. ITERO72C

DO 160 II = 1, P1IVP1 ITERO73O
DO 150 JJ = II , NIVP 1 ITERO74O

150 H(II ,JJ) = H ( T I ,JJ)  + (FP(II) * FP (.JJ)) 11180750
T(II) = 1(11) * YDIFF * FP(II) ITERO76O

160 CONTINUE ITE RO77O
170 CONTINUE ITERO78O

C SOLVE FOR CORRECTION S TO PREVIOUS SOLUTIONS. ITERO79O
CALL SOLYE (NIVP1) TTEROBOO
IF (ABORT) RETUR N 11180810

C FIND WHICH FRACTIONAL PART OF CORRECTION TERMS , WHEN ADDED TO ITEROB2 O
C PARAMETER VALUES , GIVES LOWEST SUM OF SQUARES OF I RESIDUALS. ITERU83O

TEMP = 1.ODO ITERORIIO
180 TEMP = O.5D0 * TEMP 11180850

DO 250 .3 = 1 , 3 11ER0860
Ft = TEMP * (.3 — 1) ITERG87O
DO 190 K = 1, NIVP1 ITEROSRO

190 PTENP (J ,E) P ( K )  + 1(K) * Fl rT!R0890
0(J) = 0 .00  I T E R O 9 0~
DO 240 I = 1 , N ITERO9 1O

• Y1’EMP = PTEMP (J ,1 ) ITE RO92O
IF (IEQ3) GO TO 210 11180930
DO 2~~O K = 2, NIVP 1 ITE RO9NO

200 !TENP = YTEMP + PTEMP(J ,K) * V ( I ,K) ITERO95O• YTE MP = DEIP (YTEM P) 11180960
• GO TO 230 11180970

210 DO 220 K = 2, NIVP I ITERO9BO
220 YTEMP = YTEMP * V (I,K)S*PTENP (J ,K) ITERO99O
230 101FF = V(I,1) — YTE M P ITER1000

Q(J) = Q (.1) • (1 DI?? * 101FF) 111810 10
240 CONTINUE 11181020
250 CONTINU E ITERIO3O

1 ITER1O IIO
00 260 J = 2, 3 ITER1O5O

• 

• 

IF (Q(LM) .LT. Q(J)) GO TO 260 11181060
LM = J ITERIO7O

260 CONTINUE ITER1O8O
• IF (LM .GT. 1) GO TO 280 ITER1O9O

• DO 270 I 1, NIPP1 11181100
IF (DABS (T (1) * 2.00 * TEMP) .GT. DELTA) GO TO 180 ITER1I1C

270 CONTINUE ITER112O
280 DO 290 I = 1, NIVPI ITER113O

DI?F(I) = DABS (PTENP (LN,I)/P(I) — 1.00) ITER1I4O
• • P ( X ) = PTENP (LN,I) 11181150

290 CONTI NUE ITER116O
DO 300 I = 1, RIV P 1 ITER117O

C SOLVED WREN RELATIVE DIFFERENCE 1.5 LESS THAN DELTA . IYNR118O
IF (DIfl(I) .GE. DELTA) GO TO 310 11181190

300 CONTINUE 11181200
SOLVED .TRUE. ITERI2IO
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C GO BACK AND COMPUTE NEW IC AND YDEV FOR FINAL CORRECTIONS 1TEP1220
310 CONTI NUE 11181230

IF (SOLVED) GO TO 5~ ITERI2 IIO
• C ERROR MESSAGE ITER12SO

WRITE (6, 320) LIN , (.3, P1(J) • 3, P(J) , DI?F(J) , J = 1 , NIVP1) ITER’260
320 FORMAT (//‘OllO SOLUTION HAS BEEN OBTAINED FOR THIS RUN ‘, 11181270

I ‘&F’ER ‘, 13, • ITERATIONS . THIS RUN HAS BEEN TERMINA TED . ’/ ITER12RO
2 luD, 71, ‘INITIAL GUESSES’, 20Y, ‘SOLUTION AT TERMINATION’, 1T1P1290
5 201, ‘RELATIVE DIFFERENCE’ / (/‘ P1 (’, Ii , ‘) =‘ , 015.5, ITEPI300
4 201, •P(’, II , ‘) =‘ , D17.5, 040.5) ) 11181310

4 ABORT = .TRUE. 11ER1320
• RETURN ITER I 33 O

330 NYCOL = I IT!R1340
RISE? = 0 11E8135’)
IF (.NOT.IEQ 3) IA = OEXP (P(1)) 1T181360
RETURN 11181370
END 11ER1380

4
.

I
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SUDR O UT INE S T A T ( V )  STA T OO1O
IMPL ICIT R E A L ~~8 ( A — H ,C — Z )  S TA 1 0 02 0
DIME NSIO N V ( N r I A X ,KC L U M N )  ST A I O O 3 C
COMMON /01/ 14, NI~A X , K O L U F N , N IV , N J V P 1  S TA r O OWO

• COMMON / (2 / M 1 ( 1 1 )  , 1EV ST AIOO 5C
COM~~CN / C 3/  F2 ( 2 ) ,  IA , M 3 ( 2 ) , NYCO L , N Y C , N Y D E V  S T A T O O 6 G
CO MM ON /C4/  5 ( 8 ) , S Y X ( d ,8) 51*10070
COMMON /05/ A N , A ST A 1 0 08 0
CO MMO N /C6/ V M E A N ( P )  , 21 (l~O) , S L E V  ( R )  NM (8 ,8) S T A T O O 9 C
C O M M O N  /C7/ Z2(2) , R L E V ~~, Rh (IL ) , SEYSc. STATO100
COIthOI. /CH/ OFT , (11 , 0F4 , CC , ~EI , Cl~, YDEV Sç , F V A L U L , 550 STA TO11C

• LCGI CAL * L4  IA S T A 1 0 1 2 0
C STATC1 3C
C SUBROUTIN E FOR C A L C U L A T I N G  STATISTICS 51*10140
C STATO1SC

• R DEV M = (.00 51*10160
YZERO = v.00 SIATC17C
YDEVSO = 0.00 STA101 8C
Co 2C I = 1 , N S T A 1 0 1 9 0
V~~1,NY I F E V )  = V(I .N Y C C L ) — V ( I ,NY C) STATO200

C SU~l 01 SQUA DES CF I FEsIDUALS STATC 21C
YDEV Sc = YDEVS C • V( I ,N Y C E V )  * V ( I , N Y L E V )  SIAI0220
IF (V (I ,1LYCOL ) .NE . (.00) Ct) IC 10 STA10230
YZERO = YZERC + 1.00 51*10240
CC TO 20 STATO25O

10 RDEV M = iL DEV N + DA BS(V (I ,NY DEV ) / V(I ,N Y C C L ) ) ST A 1 02 6 0
20 CONTINUE ST*1027C

RC EVM = R DEVM / (AN — 12180) STATO28O
SEYSQ = C .D 0  STA10 29 0
IF (Dli .GT. O.DC) S E Y S Q = yC Evsç / E F 1 STATO300

• C STAN DA R D ERROR 01 THE ESTiMA TE CF I STA TC3 1C
SEY = CScNT(SEYSc) 51*10320

C COEFFICIENT CF VA R I A T I O N  (DECIMAL) SIA10330
CV = S ET / V M E A N  (1) S T A T O 3 4 C
IF ( IA)  SST = S Y X ( 1 ,1) — 2 .DO*A5S (1) + A *A *AN STATO 35O
RATIO = (.00 S 1A 70360

• IF (SS T .GT. O .D0 )  RAT IO  = Y C E V S C  / SSI STAT O37 O
C CU~~F?ZCIENT CF DEIFBNINA TTON STATCJ8C

CD 1.00 — RAT IO  S T A T O 3 9 O
1EV = 0 STA1O1400
DENON = EF2 * RAT IC STATOLI1O
IF (DENOM .GI. 0.DC) GO 10 30 5TA10420
1EV = 2 STA TOIL3C
GO TO 40 STATO44O

C F VALUE STATO45O
30 FYALUE = DF1 * c~ / tENON STATOLL6O

IF (FVALUE .GI .  1.00+08) 1EV = 1 STAIOU7O
40 00 50 .3 = 1, NIV S T A T O 4 8 C

0 1 = 0 4 1 STA10490
DO 50 K = 31 , N IV P 1  S TA T O 5 0 0
R M ( J,K) 0 .C0  51*10510
DENOM = S D E V ( J )  * S D E V ( K )  * OFT STA’10 520
IF ( DENO ? . NE. 0 .00)  BM (J, K) = (SIX (J ,K) — S ( J )  * S ( K ) /A N) /D E NOM S1A 10530

SO R M ( K ,J) = R M (J ,K) STA IO54 O
RETURN STAT C S 5 O
END ST A T O5 6 O

-
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SUDROUTINE TVA L (V ) TVALO O1O
IMPL iCIT 81A 148 (A—H ,C—Z) TVA0002C
DIMENSION V (NMA X ,KCL UM N ) TVALOO 3O
COMMON /C1/ N , N M A ~~, KOL U FN , NI’s , Ml (2), NP T V A L O O U O
COMMCN /C3/ P2 , LI N E A R , IA , M3(Li) , NYC E V  TVA0005O
COMMON /C4/ VV (72) , CO Y (8 ,8) TVALO O 6O
COMMON /C5/ A N , 8 ( d )  , SE ( 8 )  , 08 (8) , SIc- L EV (8) • LETA (8) , VMSQ (P)  TVAL OO 7O
COMMON /CN/ ‘s~’ E A N  ( 8 )  , Zi  (8)  , H (e ,8) , 2 2 ( 8 )  , 50EV (8) TVA LOOH O
COMMON /C7/ 73 (14), Cl. , WW(2 ) , S I Y S~ T V A L O O 9 C
COMMON /C8/ 2 14, I F 1 , Z5(2), Sh Y , ZN , YCEV Sc TVA LO iOO
LIJG ICAL *t I  L I N E A R  TVA LO 11O
DATA PI/3 .141c 9 2€~~35 ~~ 7<fl, TVA L~~120C T V A L O 1 3 O

C SUBROUTINE FCR CP .LCULA T ING T- ) h A l E D STATISTICS TVA LO1 4O
T Y A L O 1 5 O

NSTART = 1 + I~ TVA LO 1LO
I F  ~~~~~~~~ L I N E A R )  00 TO 40 TVA L O1 7O
0 )  10 J = 2 , NP TVAL O1 8O
R t T A ( J )  = 0.00 TVA LC 1 9O
[F (SLLV (1) .NE. O.Lo) BET A (3) = P (3) * SCEV (J) / SDEV (1) TVAL O 2OC

10 CO~.TIN UE T V A L C 2 1 O
C CALCULATE V A R I A N C E — C C V A F 1~~NCE M AT F - IX  FCP L I N F A D  CASE . TVALO22O

L U 12 1 = 2 , N~ T V A L O 2 3 O
COV ( 1 ,I) = 0.00 TVALC2 4O
IF ( V M S L  (1) .01. 0 .0 0)  C O Y ( 1  ,I) = —SFYS ~. * V~~E A N  ( I )  / V M E C ( I )  T V A L O2 SO
C O V ( 1 ,l) = CCV(1 ,I) TVA LO 2NO
DC 12 J = 2 . NP T V A L C 2 7 C

12 CO V ( I ,J) = SEYS ( * H(I— 1 ,J— 1) TVALO 2 SO
IF  ( I A  . EQ .  1) CC IC NC T V A L O 2 9O

C CALCULA IF THE STA N CA R L  FIs DON OF 8(1) IF P (i) IS NOT SPECIFIED. TVALO 300
SUM = (.00 TVA LO 31O

¶ DO 33 1 = 1, NIV TVA L O 32O
SUMI = 0.00 TVA LO 33O
DO 20 3 = 1, NIV TVA LO3 4O

20 5UM1 = SU(11 + V M E A ’ ~ (J + 1 )  * U ( J ,I) TVALO3 5O
SUN1 = SUM 1 * V M EA N ( I + 1 )  T V A L O 3 6 O
S U M  = S U M  + S U R 1  T V A L O 3 7 C

30 CONTINUE TVA LO 380
C O V ( 1 ,1) = SEYSQ * (1.00 / AN + SUN ) TVAL O39O
CO TO 60 TVALO400

C CALCULAT E VA R I A N C E — C C V A B I A N C E MAT R IX PC? NONLINEAR CASE. TVALO (41C
140 DO 50 I = NSTART , NP TVAL O L42O

DO 50 .3 = NS IART , NP TVAL OLL3C
50 COV (I,J) = SEYSQ * HU,J) TVALO4I4 O
60 IDF1 = Dpi TVA LO IL5O

C CALCULATE STANCA N C ER RORS , 1—RATIOS , AND SIGNIFICAN CE LEVELS. TVALO46O
DO 170 L = NSTART , NE T V A L O 4 7 O
SE (L) = 0.00 TVALO LL8O
IF (CCV (L,L) .61. 0.00) SE (L) C S Q E I T ( C O V ( L , L) ) TVALO49O
18(L) = 1.D5C TVALO500
IF (51(L) .GI. 0.00) 18(L) = P (1) / SE (L) TVALO51C
AA = DATAN2( 1B(L ), ESLRT(EFi )) TVALO52O
1? (IDFI - 2) 70 , RC , 90 TVALOS3O

70 SIGLEV(L) = 2.00 * A A / P1 TVALOS4O

• GO TO 160 TVALO5SO
80 SIGLEV(L ) = tSIN ( A I ~) TVALOS 6O

GO TO 160 TYALO57O
90 IF (LDF1 .61. 3) GO TO 100 TV*LOS8O

SIGLEY (L) = 2. 00 * (U • ES IN ( A A ) * E C O S ( A A )  ) / P1 TV A LO S 9 O
GO TO 160 TVALO600 

~~ • • •~~~~~• 4
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100 Z = DCOS (AA ) ‘IVALO 61C
ZN = 2 S Z T VAL O62O

• 1 IF (IDE 1/2*2 .EQ. IDEi ) GO IC 130 TVA LO 63C
11 = (IDE1 — 3) / 2 TVALO6 4O
SUM 2 TVALO6SC
PROD = SUM T V A L O 6 6 O
DO lb  I = 1, Xl TVALO67O
ha = 2 * I - 2 T V AL O6 8O
PROD = PROD * (AJ  + .00) * ZN / (AJ • 3.00) TVALO 69O
IF (DABS(PROC ) .LT. i .E—b ) CO ‘10 120 TVALO700
SUN = SUM + PROD TVALO7 1O

110 CONTINUE T V A L O 7 2 C
120 SIGLEV(L) = 2.00 * (AA + L S I N ( A A )  • SUM ) / 81 TVALO73O

GO TO 160 TVALO74O
130 Ii = IDF1/2 — 1 TVALO7SO

SUM = 1.00 TVALO76O
‘1 PROD = SUM TVALO77O

LO 140 1 = 1 , Ii TVALO78C
A .) = 2 * I — 2 TVALO79O
PROD = PROD * (~~J + 1.00) * ZM / (hO + 2 . 0 0)  TVALC800

• 
. IF (0*85(8 800) .11. i.C—b 0) CC ‘I~; 150 TVALO8 1O

SUM = SUM + EIIOD TVALO82O
140 CONTINUE TVA LCR 3C
150 SIGLEY (L) = ESIN(AA ) * SUM TVALOS4O
160 SXGLEV (L) = DABS (1.DC — CABS (SIGLEV (L))) TVALO8 5O
170 CONTINUE TVALO86O

C CALCULATE THE DU R BXN —W AIECN STATISTIC. TVALOR 7O
OW 0.00 TVALO R8O
IF (YDEVSQ .Eç .  0 .0 0 )  RETURN TVA LO89O
DO 180 I = 2 , N TVAL O900
DI?? = V(1 ,NYLEV) — ‘s (I— l ,N Y D E V )  T V A L O 9 1 C

180 OW = OW + 0 1 F F  * CIII T V A L O 9 2 O
Did = Did / TOE VSQ TVALO 93O
RETURN T V A L O 9 4 O
END TVALO95O
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SUBROUTINE OUT1 00110010
IMPLICI T R E A L * 8 ( A — H ,C — Z )  01)110020

• COMMON /Cl/ N , M1(2) , NIV , N I V P 1, M 2 , N P , LABEL OU’I1003O
COMMON /C2/ IEQ, 11 3 ( 1 C )  , 1EV OUT 10040
C O M M O N  /C3/ A B O R T , L I N EA R ,  IA , IGUESS , N X S E T ,  NICOL OU110050
C O M M O N  /C4/ Z l ( 7 2 )  , C O V ( 8 ,8) , Z 2 ( 3 0 )  , HEAD (9), LNH (8) OUT1006C
C O M M O N  /05/ Z3 , 51*15(8,5) 00110070
COMMON /Cb/ VNEAN( 8) , 24(72) • 5 1 ( 8 ) , SCEV (8) , DM (8 ,8) OUI1008O
COMMON /C7/ 25(2), R C E V M , 5k , 04, X V , IV OUT1CO 9C
C O M N C N  /08/ O F T . 01 1 , 012 , Ct , SET , CV , YDEVSç, FYALUE , SST OUT1O 100
LOGICAL*4 ABCR ’I , L INEAR , IA , I G U E S S , NIV 1 , 141V2314, NIVS67 00110110
LOGICAL*L4 SMALL , I1c35 00110120

• j DIMENSION Y~~L A D L ( 8 ) ,  BIABEL (8), P ( 8 )  , 1 BC D ( 8 ) , LIX 18), IDG(4) OU’I1O13C
DIMER SICN FV (2 ) OUTIO1L4O

• EQUIVALENCE (8(1), S’IATS(l ,l)) , (YXLA EL( 1 ) , HEAD (2)) OUT1O1SO
DATA L Y X / ’ Y ’ , ’ X l ’ , ’ X 2 ’ , ’ Y3 ’ , ’ X 4 ’ , ’ X 5 ’ , ’ X 6 ’ , ’X 7 ’ /  0U 1 10 160
DATA LN/’LN’/, CON ,STANT / ’ (CCN ’ ,’STANT ) ‘/ ,  L E L A N K i ’ ‘/ 01J110170
DATA IBCD/ ’’s ’,’B’ ,’C’ ,’C ’ ,’E ’ ,’F’ ,’G’,’H’/, CLANK ,’’! 00110180
CATA SPE ,CIFIFC/ ’ SPE’ ,’CIFIEE ’ /, LA/ ’A’/, DVP/O .1DO / OUT1C 19C
DATA LNLP SV /’ (LN) ‘/ , FV /’ ) 1C’’R’,’INF INITE’ / 00110200

C OU T1O 2 1O
C SUBROUTINE FCEL PRINTING SUMMARY TABLE 00110220
c 0071023C

WRITE (6, 10) OUT1O24I O
10 FORMAT (1HO , 1491 , ‘SUMMARY TAB LE ’) OUT 10250

1k (IEQ .GE. 6) WR ITE (6, 20) 00110260
20 F O R M A T  (1 80 , 34 X , ‘NCTE —— STATISTICS ARE  EAS E C ON LOGARITHMS’) OUT1O27O

1EQ 35 = IEQ .E~~. 3 .CR. IEQ .FC. 5 00110280
DO 30 J = 1, NIV E1  00110290
BLA8EL (J) = BLAN K OUT1O300

• LNH(J) = LI3LA NK 01)110310
IF (LABEL .NE. 0) EIA I3EL(J) = Y N L A R L  (.J ) 00110320

30 C O N T I N U E  00110330
IF (NYCOL .G1. 1) LNH (1 ) = LN 00110340
IF (NXSET .E(j,. 0) CC 10 50 00110350
DO 40 .3 = 2, N P  001 10360

40 L N H ( J )  = L N  001 10370
50 IF (LINEAR) GC TO 80 00110380

WRITE (6, 60) ouTlO390
60 FORMAT (1(10 , 52X , ‘STANDA RD’ , 231, ‘SIGNIF ’ / 1(1 , ‘PARAME TE R ’ , 00110400

1 141, ‘VALUE’ , 2 5X , ‘ERROR’ , i d , ‘1-RATI O’ , 91 , ‘LEVEL’) OUT1O41O
IF (IEQ3S) WRITE (6, 70) OU’110420

70 FORMAT (1(1+ , 34X , ‘INITIAL GUESS’) 00110430
MAX = 4 00110440
GO TO 100 00110450

80 WRITE (6 , 90)  00110460
90 FORMAT (1HO , 521, ‘STANDARD’ , 23 1, ‘510(41?’ , 91, ‘BETA’ / 00710470

1 18 , ‘PARAMETER’ , 141, ‘VALUE’ , 2 5X , ‘ERROR’ , 101, ‘I—RATIO ’, 00110480
2 91, ‘LEVEL’ , 9K , ‘CCEFF’) OUT1OV9O

MAX = 5 00110500
100 WRITE (6, 110) OU’110510
110 FORMAT (iH ) 00110520

LI = LBLAN K 00110530
IF (lEG .1G. 6) LL = LN 00110540
IF (.NOT , IA ) GO TC 1140 00110550

120 WRITE  (6 , 130) LL , LA , SPE,CIFIEC , 8 ( 1)  OU110560
130 FORMAT (1H , *3, *2, *5, *6, 114.5, 151 , 3F15.5) 00110570

GO TO 190 00110580
140 IF (lEG .NE. 6) GO IC 160 OU110590

D EXPA = C E X P ( 8 ( 1 ) )  00110600
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U (A LL - 01.10* .L1 • U s E  .08.  D El IA  .0’! . 1. 01’ 0U110610
iF ( S MA L L  ) .48111 (6 , 150)  [L A N K , LA , ( I L A N K , (LAN K , LEXP A 00710620
11 (.NCT. SMALL) 48111 (6, 130) P L A N K , LA,  PL A N K , RL A %~~, EEX P * OUTIO61C

thO FO RM A l  (18 , A.), A~~, *5 , *6, C1R .5 , lix , ~ l 1~~. )  ( j 1J T1~~f (IC
IF (IA) GO ‘IC i~~(i 0011(3650

• 160 S MA L L  u A b S ( p ( 1 ) )  .1’! . O R ?  .08 .  1 )AbS lc(1)) .07. 1.0’ cjU71~~66C
iF (.NOT. ALL) ~bIb} (6 , 1 3 0 )  LL ,LA ,CCN ,S T A N T ,(STA15( 1 ,R ) , K ’ 1 ,14)OUTlUI 7C
IF ( S M A L L  ) w R I T E  (6 , 15 0) LL ,L~~,CoN ,s T A N T ,( S T A T s ( 1 ,K ) , K — 1 ,4 ) 0 U T l C68 ~
IF (.NO1.1E 35) GO IC 190 0U11C 6~~C
S M A L L  = D A B S ( P 1 ( 1 ) )  .LT . LV P  .C R.  C A L ’ Z ( P l ( i ) )  .01. 1.Dh O UT i~~70O
IF ( . N O T . S M A L L )  W R I T I  (6 , 170) 8 1 ( 1 )  00110710
IF ( SMA LL ) W R ITE (6, 18C) 11(1) OU’110720

170 EO R M A T  (1(1+ , 1 3 2 ,  F1 c .5) 00710710
180 FO RMAT (1 8+ , 132 , E 1C .5) 001107140
190 00 220 .3 = 2, NP OU’110750

SMALL = LABS (P(J)) .Ll. LV P .08. DAEE (P (.1)) .01. 1.06 0U11076C
IF ( SMALL ) 8111 (6, 2 00)  L B C D ( J )  , Y X L A P L ( J )  , OU110770

l (~~TA E U (J, K )  , 1< = 1 , M A X ) Clii l(3 78C
IF ( . NO T .  S M A L L )  .48111 (6 , 2 1 2 )  L O C C ( J )  , Y X L A F L ( J )  , OUI1 C7 9 O

1 ( S T A I S ( J ,K) , K = 1, M A X )  O UT 1 O B O O
200 F C R M A T  ( ‘4 1, A 4 , 48, 018 .5, 11 1, 14 F 15 .5( 00110810
2 10 FO UMA (l4 X , Ali , 88 , 115.5 , 151 , & e F l S . 5) 00110820

IF ( . N OT . 1 E0 3 5 )  GC IC 220 00 110830
S~I AL L  = £ A B S ( P l ( J f l  .L t .  UV P  .C? .  U A L - S ( P 1 ( J ) ) .01. 1.06 OUI1 C R 1 4 C
IF ( .NU’1 .~~t~A L L )  W R I T E  ( 6 , i7 C) El (0 )  0~J T 1 r S~5C
IF S MA L L  ) W R i T E  (6 , 18 0) 11 (3)  001 10860

220 CON TIRUE OUT 1C87C
l.,)ITE (6 , 2 (C) OUT 10880

230 F~. P M A 1  (180) 00110q90
N I V 1  = N IV  .F c .  1 00110900

• NIV 2 (‘4 = N I V  .LF. (4 .A~4 D. .N C T .  NI~ 1 OUI1G9IO
~.IV5 b7 = N IV  .GL. 5 00 110920
IF ( NI V 1 ) 4.8115 (6, 2L40) 00110930

2440 fc(~~AT (180 , 37X , ‘STANDARD’ /iE , ‘ V AR I A B L E ’ , 151, ‘MEAN’ , 9K , CU 1 1 0 9 4 C
• 1 ‘DEVIATI (N ’) 00710950

IF ( N I V 2 3 4 )  W R I T E  (6 , 2 5 5)  (LNH(J) , J = 1 , NIVP 1) OUT 10960
IF (N1V234) W RIT E (N, 260) (YXLAB L (3), .3 = 1 , NIVP 1) OUT 1C970

250 F o R MA T  (1( 1 , 62 K , ‘C CR RELAT ICN MATRIX’ /18 , 37X , ‘STANDARD’ , 1OX ,OU’110980
1 5 (A2 ,1JK) ) 00110990

260 FORMAT (in • ‘ V A R I A B L E ’ , 15K , ‘ M E A N ’ , 91, ‘ D E V I A T I O N ’ , 00111000
1 5 ( 7 X ,A P ) )  007 11010
IF (NIVSB7) WRITE (6, 270) (LNH(J) , 3 = 1, NIVP1 ) 00111020
IF (51V567) W R I T E (6 , 2 80)  ( Y X I A B L ( J ) ,  3 = 1, NIVP 1) 00111030

270 FORMAT (1H , 73 K , ‘CCRRELAT ION MAT R IX’ ,1H , 37X , ‘STANDAR D’ , 21, 001 11040
1 8 ( 8 1,A2 )) 00711050

280 FORMA T (18 • ‘ V A R I A B L E’ ’, 151, ‘M E A N ’ , 9K , ‘ D E V I A T I O N ’ , 00111060
1 51, 8 ( 2 X ,A8)) 00111070

W R ITE (6 , 110) OU 1I1O8O
DO 320  J = 1, N 1 V P 1  001 11090
WRITE (6, 290) LNH(J), L T X ( J )  , E L A B E L ( J )  , V M E A N ( J ) , 501.1 (J) ou iiioo
IF (NIV23 (4) ‘*111Th (6, 3 0 0 )  ( R M (J ,R) , II = 1, NIV P1 ) OUT 1111 G
IF (N 1V567) WRITE (6, 310) (RM (J ,K), K = 1, NIVP 1) 00711120

290 FORMAT (111 , *3, A 4 , A8 , 2F15.5) 00111130
300 FORMAT (1(1+, 1451 , SF15.5) 00111140
310 F O R M A T  (18 + , 501, 8110.5) 0(1711150
320 CONTINUE 00111160

LNLB = LBLA NI(  OUT1117O
IF (0(48(1) .EQ. EN) LNLR = LNL RSV 00111180
WRITE (6 , 210) 011711190
WRI TE (6,  3 3 C )  CD , LNL B , RDEVM 00111200

330 FORMAT (lx, ‘COEFFICIENT C? DEIERMINA IICN (UNADJ), 8 SQ’, P13.5, 00111210



-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~• -

—99—

1 51, ‘MEAN CF ADSO LU I E  R E L A T I V E  C FV IA TI C NS ‘, A( 4 , F14 .’ )  OUT1122O
W R I T E  (6 , 31IC ) SET, CV , LN L R , Y t E v S c ,  LNIR , sS t  00111230

340 F O R M A T  ( 1 K , ‘STANCA 6L ERRCP Ok ESTIMAT E ’ , 129.5, OUT1124O
1 51, ‘001FF VA R IATION (571 FRR 151 / EIEA N I I tS ) ’, 1 13.5 / 0U111250
2 1K, ‘..iUM OF Sç,U A R E E  CF R E S I C U A I S  ‘ , A’8, F23.~~, CU111260
3 5K , ‘SUM OF S c U A RE S T O T A L  ‘ , *14, FIC.5) 0(3111270
11 (IFV .EQ. 0) W RITE (6, 350)  A V A L U E  0U’11128C
IF (1114 .GT . 0) W R I T E  (6 , 3 6 0 )  P V ( I F ’~) 00111290

350 FOR MA l  ( l x , ‘ F  V A L U E ’ , 3(41 , 11 14.5 )  0(1111300
360 F O R M A T  ( l x , ‘F  V A L U E ’ , ‘4 01, A P )  OU T11 3 1C

W R I T E (6 , 370)  DV 00111320
• 370 FORMAT (111+ , 60K , ‘DU R B I N — W A ~~SON S1 A T I~~1IC ’ , 132.5) 00111330

IF (lEG .EQ. 5) W R ITE (6, 380) 1* 0 (11113140
380 FORMAT (lx , ‘I I N T E R L E P T ’ , F(8 14 .E) OUT 113 S C

IF ( lE O .55. 2 ) W R I T E  (6 , 390)  X V , X V  OU I1136 C
390 FORMAT (lx , ‘K CC OR E INAT E OF VE R T E X ’ , F 3 .1.5, 00111370

1 51, ‘I ICO REINATE CF VERTEX’ , 131 .5) clJT1l38O
IDG ( l )  DPi 00 111390

- 
‘ 

I D G( 2 )  = 012 007 11(4 00
100(3) DII 007111410
L DG( 14 ) N 00111420
~iRITE (6 , (4 0 C )  IDG 001111430

400 FORMAT (11, ‘EE GREES OF FR E EO O M 1014 1814Cr,’, 127, 00111(4(40
1 51, ‘LE GHEES CF FR I F O O M  OIlS TO PSGRESSIC ’4 ’, 119 / 0U1111450
2 lx , ‘ T O T A L  r E G R E S S  CF IR FEOCII ’ , 131 , 001111460
3 5X , ‘N U M E - E E  CF OATA PCINTS’ , 134) rnJT1147C

IF ( NP .E,.?. 1) R E T U R N  001111480
C OUT l i (490

• C PR INT V A F I A N C E — C C V A R I A N C E  M A T R I X  OUT 11SO O
C O UT1151 C

• NS T A R T  = 1 00711520
I F  ( I A )  N S T A R I  = 2 0011 1530
IF ((4114567)  41(111 (6 , 410)  001 115140

‘4 10 F O R M A T  ( lHO j  ‘1142, ‘ V A R I A N C E — C C V A R I A N C E  M A T R IX’  / ) 00111550
IF ( .NO T .  NL’4 567) W R I T E  (6 , (420)  00111560

1420 FOOMPI T  (180, ‘112, ‘V A I 4 IA N C E — C C V A I I I A N C E  M A T R I X ’  / ) 0(3111570
IF ( lE G .50. 6) GO IC 460 00111580
WR ITE (6 , 4 30)  ( LEC D ( J ) ,  3 = E1 SIART , NP) 00711590

430 FORMAT (‘13, 8 ( 1 3 K , Al )  ) 00111600
DO 45 0 I = N S T A R T , NE 00111610
WRI TE (6 , 44 C) L E C C ( I ) ,  ( C O V ( I ,J), .3 = NS IA RT , 14?) 00T11620

1818 0 FORMAT (16 , A l , tX, 1(2 1 , 012.5) ) 00111630
145Q CONTINUE 00711640

RE T URN 00111650

‘460 IF (IA) WRITE (6, l4 3C)  (LBCD (J) , 3 = 2, N P )  001 11660
• IF ( .NOT.  IA) W R I T E  (6 , 470) (1500 (3), 3 = 2, NP) 0(3111670

470 F O R M A T  (113, ‘ LW A ’ , 7 ( 1 3K , A l )  ) 00111680
00 490 1 = NS1A RI, NI 00711690
IF (I .EQ.  1) WRITE  (6 , 4 80)  ( C C V ( I ,J) , .3 = 1, NP) OU’111700

480 FORMA T (13, ‘LW A’ , 2X , 8 (2 K , 012.5) ) 0U111710
IF (1 .01. 1) WRITE (6, 4440) LECD(I), (CCV(I ,J), 3 = NST ART , NP) 00111720

490 CONTINUE 0U111730
RETURN O UT1I74O
END 0U111750

El
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100

• SUBRO UTI NE O U ’ 1 2 ( V )  00120010
IMPLICIT R E A L * A ( A — N ,C — Z )  00120020
DIMENSION V ( N r I A X ,A C L U M N )  00120030
COMMON /01/ (4, N M A X , KO LUMN , NIl, FIIVP1 , N V A R , NP , LABEL , ID 00120040
COM MON /C 2/ IEQ, NE1 , NP2 , NP.) , LZZ !ES , 11, L(4 CUT , M2 (16), NPAGE 01J120050
COMMON /C 3/ A EC RI , L I N E A R , IA , F3 , NXS EI, NYCCL , NYC, NYDEV 00120060

• COMMO N /C4/  2 1 ( 1 6 6 ) ,  READ (9) , IIIH(8) 0UT20070
CCMMON /C5/ A N OU’120080
COMMON /C7/ 22(2), REEVE 00120090

• C O M M O N  / CX,’ EXV(8) , NEIl , NVI OU I2O 1OC
DIMENSION A LT ER (2), HFACS(8) , T R A N ( P )  • V P D ( 6 )  , LETR (35) , LNX(8) 00120110
LOGICAL* I8 ABORT , NIl , NF2 , LNCUT , RId S, ID, SKIP 00120120

• E QUIVALENCE (YLN , LNF(1) ), ( Y P , HEAO(2 )) 00120130

• OATA IELANK / ’ ‘/, FLANK , ’ ‘/ OU’!20140
DATA CBSERV ,’CBSERVED ’,’, COMI/ ’CCPRUTEE ’/, BBC/’ E’/, 00120150

1 RFSIL/’B}SIDUAL’ /, REL /’}lFLA IIVE ’/, BD/’ D’/, crJl2Ol6G
2 E V I A T N / ’ EV IA I I O N / OU’120 17C
CATA LETR/IA I , B ,~~CI ,‘C’ •~~E • , F~~, ‘C’ , ‘H ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ L~~~, IMI , I W I  ,0(J 120180

1 C~~, ‘P’ , ‘Ci’, ‘8~ ,‘S ‘ , ‘1’, II J
I
. ‘ 1 4 ’ , 1 4 1  ,~ x~ , Y ’ , ‘2’, ‘1~~, ‘2’ ,00120190

2 • 3’ , ‘‘4 ’,’ 5’, ‘6’ , ‘7’,’ 8 ’ , ‘9’~ O012 02 0C
DATA IRAN , ’ I: ‘ , ‘Xl: ‘ , ‘12: ‘ , ‘Xi: ‘ , ‘x 4: ‘ , ‘IS: ‘ , 00120210

1 ‘It: , ‘17: ‘/ 0072 0220
DATA A LTER,  ‘MCD I FIED’ , ‘(401 USE D’ , 00126230
DA TA 180/ ‘ (12) ’, ‘ (13) ’, ‘ (KU) ’, ‘ (KS) ’, 00120240

1 ‘ (K b )  ‘ , ‘ (17) ‘ , 00120250
C 00120260
C SUBROUTINE FCR PR INTING INPUT EA TA , COMPUTED I VALUES , 00120270
C F RESIDUALS , AND P ER C E NT 1 DEVlATI C F4S 00120280
C 00120290

N I V P S  = NIVP1 OIJ ’120360
IF ( N E X V  .1(3. 0) GC IC 5 00120310
NIV = (4114 + lillY 00120320
(4114?? = NIl? 1 + 1 00120330
(4114?) NIV + 1 0(3120340

• 5 111(42 = NP + IA 00120350
IF (N P .EQ. 1) ITEPIP = 0 0U12O360
LINES = NP • NIV I1 • N + 14/5 + L I N E A R  + IA + IA + ITEM? 00120370
IF (N PAGE .EC .  2 )  LINES = LINES • 2 00120380
IF (IEQ .GT. 6) L INES = LINES + 2 00120390
IF (110 .EQ. 6) LINES = LINES • 3 00120400

• IF (lEG .EQ. 2) LINES = LINES + 1 0U120410
IF (LABEL .E~~. 2) LINES = LINES + 2 00120420
PLOTS = 1421 .08. 1412 .08. NP3 .GT. 0 00120430
SKI P = NYCOL .10. 1 .08. 1(4001 00120440
D E V M A X  = — 1 . 0 1 0  0(3120450
0114(41(4 l.E1t) 0U120460
RD E V M  = 0.D0 00120470
118142$ = ( N— 1) / 3 5  + 1 OU’r20480
NYPLOT = NYCCL 00120490
NXPLO’I = FIISET OU’120500
NP3PL = 1123 00120510
NP3EQ = 0 00120520
IF (110 .EQ. 0) GO IC 260 00120530
DO 10 I = 1, (41111 00120540
HEA DS( I )  = F L A N K  00120550

10 LNX( 1) = LNH(I) O0’12056C
HEADS(1)  = 0858814 00120570
I! (MISET +NYCO L .Eç. 1 .08. 111CC’!) GC IC 30 00120580
DO 20 I = 1, NIVI1 00120590

20 LNX(I )  LOLA NK 00120600 
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NYCCL = 1 OU’1206 1C
141311 = C 00120620

30 IF ( (4141  .E~,. C) CC IC ib 0012063C
• 00 32 I 1, NIV E1 00120640

I! (E X V ( I )  .111. (3 .00)  H EA L S ( I )  = A L I E P ( l )  0UT2 0650
— 32 CONTINUE 0(3120660

IF (NEIV .EQ . 0) CC IC 35 0U12067C
DO 34  1 = NIV I P, NIlE 1 00120680

• 5114(1) = 0.DC 00120690
I 4 E A D ( I . l )  = 1 4 5 0 ( 1 — 2 )  00720700

• HEA D S (I) = ALTER (2) OU’12071C
LNX (I) = IELA NK 011120720

34 CONTINUE 00120730
4’ 36 II (LINES .LE. 41) CC IC 40 00120740

C PRINT TITLE CA 84E V PAGE 00120756
CALL I ITLE2 00120760

40 WKITE (6, So) 00120770
50 F O R M A T  (, 1HO , ‘49K , ‘TA IILE OF RES IDUA LS’) 0U12C786

LIVES = 0 00120790
— NTIME S = 1 00120300

60 II (NIl .6!. 4) GC IC 90 O UI2 O 81 C
WRITE (6, 70) (HEALS (3) , .3 = 1 , (4114? 1) • COPI P,  81510, REt . 0(1120820
W R I TE (6 ,  80) HEA D ( 1 ) ,  ( L NX ( J )  , HE A t  ( 3 + 1 ) ,  J=1,N IV P 1) ,  00120830r 

1 LNX(l ) . F?, LNX (l), Y E , 550 , EVIA IN 0U120840
70 FORMA l  ( 1HO , lOX , 8( 7 1, AR) ) 0(3120850

• 80 FORMAl (18 , 21, At , 8(4X ,A 3 ,A 8 )  ) 0072 0860
GO TO 120 00120870

90 WRITE (6, 100) (HEA DS (J) , U = 1 , NIlE )), C C M E , FESID , 851 00120880
W RITE (6 , 1 10 ) H EA E ( l )  , (LNX(J ) , HEA ((J+l ) , .J=l ,N IVP 1 ) , 00720890

• • 1 LNI(1) , F?, 1111 (1), Xl , ED , EV IA I K  00120900
100 FORMAT (180, lOX , 11 (3K , AR ) ) 00120910
110 FORMAT (18 , 2K , 18, 1 l ( 1 X ,A2 ,AE) ) 0U720920
120 WRITE (6, 20C) 00120930

IF (NTIPIES .15. 2 )  CC 10 1180 00120940
Y Z E R O  = c . D 0  011120950
DO 210 1 1 , N 00120960
IF (LINES .11. 40) CC 10 140 0UT20970
CALL TITLE? 00120980
LINES = C 00120990

• WRITE ( 6 , 1 30 )  00121000
• 130 FORMAT (~~1HO, ‘441 , ‘TABLE OF RESIDUALS (CONT INUED) ‘) 00121010

NTIMES = 2 0(1121020
GO TO 60 0UT21030

140 LE T  = ID LANI (  00121040
IF (PLOTS) LET = L E T F ( ( L — 1 ) / N R E E S  + 1) 00121050
VID = BLANK 011121060
IF (ID) VID = V (I,NVA N ) 00121070
IC • Y(I,NYC) 00121080
YDEY = Y(I,N !CEV) 00121090
IF (SKIP) GO tO 150 011721100
YC = DEl!’ (V (I,NYC)) 00121110
IDlY = 1(1,1) - IC 013121120

150 1? (V(I, NYCOL) .111. C.DO) GO IC 1 0  011121130
YZERO = Y Z E R C  • 1 .C O 00721140

L 8011 = 0.00 00121150
GO TO 170 OUI2116C

160 8 0 E V  = Y C E V  / V ( I ,NYC OL)  011121170
170 BDEVM = RDEYI( • DADS (DCIV) 00121180

IF (DEVMAX .L T .  8011) DEYPIAX = RDEV 00121190
I? (01111114 .G1. RDEV ) DEVI1IN = 180EV 00121200
IF (NIT .LE. 48) WRITE (6, 180) LET , lID, Y(I.WYCOL), 00121210
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1 ( V( I , J + NX S : T ) ,  3 , UIV I1 ) , XC , yEsV , RDEV 00121220
If ( ( 4 1 1 4  .GI. ‘4) V R I Ih  (6 , 19 C ) lET , Y In , V (I,NYCCL)  , 0UT21230

1 (V (I,J +NX .SE’l) , U 2 , N IV P 1)  , IC , YCEV , 80EV 00121240
180 F O R M A l  ( 18 , *2, At , er15.5) 00121250
190 F O R M A T  ( 1 8 , *2, AR , 11F1l .3 ) 00121260

LINE5  = LINES + 1 00121270
IF (I,5*5 .sç. I) h~~IIE (1 , 200) 0U121280

200 FORMAT (18 ) 00721290
210 CONTINUE 00721300

RD EV M RUEV ~ / ( A N  - Y Z E F O )  00721310
14R IT E (6 , 2 2 0 )  O E V M I N ,  RESIN , C E V ? ~A X  0 U72 132 0

220 ?ORMAT (‘OMIN IMUM R E l A T I V E  UEVIA T IC N = 1 , F1C.5 , ‘ , ‘ , 0012 1330
• 1 ‘MEAN A BSCLI JTE RELATIV E DEVIATIO N = ‘, Fq .~~, ‘ , ‘ , 00121340
• 2 ‘MAXIMUM R E L A T I V E  D E V IA I IC N  = ‘ , F10.5) 00121350

IF (NVT .E~~. 0) CC TO 226 ct’12136C
IF (NIVE ’S .LE. 6) ~RITE (1, 222) (TRAN(I ) ,EXV(I) ,1=1 ,NIVPS) 0012137C

• IF (NIVPS .GE. 7) W RIT E ( € , 2 2 4 )  ( I R A N  (I) ,EXV (I) ,1 1 ,NIVE S ) 00121380
222 FORMAT (/‘ T RA N S F C R P A T I C N  FA CTORS —— ‘ , 6 (A4 , F1O .~~, 21) ) 00721390
224  FORMAT (,‘‘ I RA N Z F O R E A ’ I I C N  F A C T C R S  —— ‘ , 6 ( A U, F1O .5 , 2 X )  / 128 , 007214 00

1 2(A4 , I1C.5 , 2X) ) 0U721410
226 IF (.VOT.~~LClS) ESE (JRN OU12142 (~

• IF (.NO1.NP1) GC IC ~4O 00721430
CALL TITLE2 00721490
WRITE (6, 23C) RES IC, YLN , YP , C C M F , Yl l., YE’ 00121450

230 FORMA T (1HO , ‘43K , AR , 11, *3, A t ,’ VEFSU S ‘ , A~4, 1K , A3 , A8/)OUT21U6O
CALL ELCTYX ( N , V ( l ,NY C E V) , V ( 1 ,N Y C )  , C , 0 ) 0072144 7 0

24 0 IF ( . N CT . N P2 )  GO IC 250 0(3121480
CALL IITLE2 OUT2 14490
4RITE (6, 23C) Ofl SE R’~, YLN , YE’, CU PIL , Y L N , Y E ’  OUT2 I500
CA LL E L O T Y X  ( N , V ( 1 ,NYPIO T ) ,  V ( 1 ,N X C )  , C , 0 ) 00721510

250 IF (NP3PL .Ec .  0)  R E T U R N  OU !12 1520
IF (NP3PL .LE. NIV) CC 10 310 00121530
I F  (N~~3PL .LT. 8) RE TURN 00721540
I 4 P 3 P L  1 00721550
IF ((4114 .ES. 1) N13E0 = 1 0U72156C
GO TO 3 7 0  00121570

C FOLLOWING SECTION ECE PLOT—O N LY CPIICN 0U721580
260 IF (NP3 .E5. 0 .CiR. NP3 .GE. 8) NR3PL = 1 00121590

IF (NP3PL .G1. NIl) RETURN 0 (3721600
LINES 0 00721610
W RITE (6 , 27C )  H E A B ( 1 )  , HEAD(2) , F1 EAL (NE 3 FL +2 ) 011121620

270 FORMAT (180 , 17K , ‘ C E S E RV E D ’ / 18 , 21, A R , 7K , A B , 71, *8 / ) 0U12 163C
1(48 ( 1413 11+1)  = IELA NK OU7216’40
LNH (1) IBLAN K 011721650
00 300 I = 1 , N 00121660
IF (LINES .LI. 40)  CC 10 280 011121670
CALL TITLE2 011121680
W R IT E  (6, 27C)  8110(1),  H EA D  (2) , H E A E ( (4 1 3 1 ’ L + 2 )  011121690
LINES = C 011121700

280 LET = L E T R ( ( 1 — 1 ) , N I I E L S  • 1) 00 121710
1410 = BLAN K 00721720
IF (IC) lID = V (I,NV AI 8) 011721730
WRITE (6, 290) LET , 1410 , V (1,1) , V (I,14131L+l ) 011721740

290 FORMAT (18 • *2, A R , 2 P15.5)  00121750
LINES = LINES + 1 011121760
IF (1/5’S .EC. I) 14R111 (6, 200) 011121770

300 CONTINUE 00721780
310 CALL 117152 011121790

WRITE (6, 230) OBSEL (l,LNH (1) ,YP , OSSERV ,LNl1(NI’3PL+1),HEAD(NP3PL.2)O0121800
F LZERO = 12211$ 00721810

CALL ELOTYX ( N, V ( 1 ,NYPLOT ) , V(1 ,N23PL41 +NXPLCT), NP3EQ, LZERO) 00121820

_ _ _ _ _ _ _ _ _ _ _ _--_ _ _ _ _  -~~~
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- • SUBROUTINE PLC 1~YX ( N, F, X , ~Eç, LZERC ) PLOTO O 1O
IMPLICIT I 4 E A I * 8 ( A — H ,c — Z )  PLC10020
EIMENS ION 1(84), 1(N) PLCTOO3O

• COMMON /C2/ IEC PLOIOOII O
C O M M O N  /C3/ M l , LI N EA R  PLCIOO50
COMMON /CS/ 21 , A , B , o PLCICO6C
COMMON /09/ IUMMY (1535) , CUTPUT(15 ,45), Li , LX(3) PLCTOO7O
LOGICAL’4 11(45*11, 12180 PLCTOO8O
LOGICAL’) CCLRCW (120 ,45), Li , LX , NUMBER . ISYMBL , LETR (35) PLCTOO9C
EQUIVALEN CE (COLROV (1), OUTPIJT (1)), (Li , 14) PLO1O1OC
DATA ILJNE/ ’—’ /, ISYFBL,’.’/ P1010110
DATA NUNE EB /’I’/, IELA P4K/ ’ ‘/, E L A N K ,’’ U

,, ZFROL/ ’ ‘/ PLOIO12C
CATA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I ‘C , ‘? ‘ , •Q~~, •R~ ,‘S’ , ‘1’, ~~~~ ,14 , ‘ W ’  , ‘K’ , i~~ ‘ , ‘Z • , ‘1 ~ •2~ ,PLCTO14C
2 ‘3’ , ‘4’,’ 5’, ‘6’,’ 7’, ‘ E ’ , ‘9 ’ , PLOIO1 50

NREP S = ( N — i )  / 35 • 1 PLCTO16C
IPIAX = 1(1) P1.010170
YMIN = Y ( 1 )  PLCTO1 8C
KNAX = X ( 1 )  PLCTO1 9O
XMI N = 1(1) PLCTO2OC
DC 10 I = 2, (4 P1.070210
I? (X(I) .LT .  IMIN) AMI N = X li) P1010220
IF (F (I) .LI. YMIN) YMIN = F (I) PLOTO23C
IF (X ( I) .01. X M A X )  I MA X  = 1(I) PLOTO2I4O

8 IF (1(1) .01. 181*1) YMA X = 1(1) P1070250
• 10 CONTINUE PL070260

C PLOT FROM ORiGIN IF SE LECTED P1.070270
IF (LZERC) XMIN = 0.L0
IF (LZ ERC)  Y N IN  0.10 P1.010290

C FIND SCALE FACTORS ICR ‘45 LINES AND 120 S P A C E S  PLCTO 300
ISC A L = (XMAX — 1811 (4) / 120.DO PLCTO31O
Y S C A L = (YPIAX — h u N )  / 45.00 PLC10320
WRITE (6, 20) YMA X PL010330

• 20 FORMAT (‘ON?.l VL’R’1 ’,F1’4.5/) PL010314C
WRITE (6, 30) P1.010350

30 FORMAT (1H.,1OX ,1H ,12(’ . ‘)) PL070360
C FIND RECIPROCAL CF SCALE FOR MULIIPLICA ’IION PLCTO37C

I8XSCAL = i.DC / X SCA I P1.070380
RYSCAL = 1.DC / YS CA L PL010390

C ELANK OUT PLCT PA G E VITH EQUIV A LEN T t— EYTE BLCCKS PLOTO400
DO 40 K = 1 , 15 PL010410
DO 40 1. = 1 , ‘45 PL010420

• 40 OUTPUI (K ,L) BLAN K PL010430
14 = IBLANIc P1.0104480

C DETERMINE WHERE ZERO LINE IS, IF ANY PLCTO45O
NZERO = 0 P1.010460
IF (181114 ‘ YPIAX .Ll. C) N 2 E R O  = 181*1 * RYSCAL + 1 PL070470
IP (NZERO .E~~. 0) CC IC 6C PLOIC48O
DO 50 K = 1 , 15 PLOTOI49O

50 OUIPUT(K ,NZEI4O) = ZFRCL P1010500
60 DO 70 1 = 1, N PLOIOS1O

C DETERMiNE HCDIZONTAL AND VERTICA L CHA RAC T ER ECSITION PLC’10520
K = (X(I)—XMIN) * I4XSCAL • 1 P1.010530
1. = 45 — ( 1 ( I ) — T h I N )  • RYSCAL P1.010540

• C ACCEPT RIGHT—HAN D ELCI BOUNDRY AS WITHIN LAST CHARACTER P1.070550
C POSITiON AND UFPER ECUN CRY AS WITHIN FIRST LINE P1.070560

IF (K .G1. 120)  K 120 P1.010570
IF (L  .17. 1) L = 1 P1.070580

C MOVE PLOT CHARACTER IC BEGINNING OF IWTEGE18 TEST WORD PLCIOS9O
Li COLL’OW (18 ,L) PLOTO600

L
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C FOR OVERLAPPING FC INTS , PLOT * P1.010610
11 (14 .NE . IELAN K .AND. 14 .NE . ILINE ) COLROI(K ,L) = NUMEEP P1.01C620

• C PLOT SINGLE ELCT POINT AS A L P H A N U M E R I C  PLC10630
• 11 (14 .EQ. IBLA NK .08. 144 .10. 11.1(45) CCLRCR (K,L) = LETR ((I—i)/ P1.010640

1 NREP S • 1) PLCTO65O
70 CONTINUE PLCTO66C

IF ( N EQ .NE. 1) GO IC 100 PLCT O6 7O
• X X  = X MI N  — C . 50 0  * X S C A L  P1.070680

DO 90 K = 1 , 120 PLO1069C
XX = XX • XSCA L
11 = A + B • X X PLCIO7 1O
IF ( L I N E A R )  CC TC 80 P1.010720
IF (IEQ .EQ. 2) 11 = FT + C * XI • X X  PLCTO 73C
iF ( IE(  . EC.  3) FY  = A * XX **11 P1.010740
IF (Ih~ .EQ. II) 11 = A • E + X X * * C  PLCIO75O
IF (IEQ .FQ. 5) Y Y  = DEX P )YY) RLC I~.76C

‘8 80 1. = 95 — (11 — 1811 (4) * (8YSCAL PLC70770 - •

IF (L .Ll. 1 .08. 1 .GI. 45) CC 10 90 PL01C780
Li = COLBOW(I (,L) PLCIO79O
IF (14 •EQ. IRLA NK .Ck. 1’4 .10. lU RE ) CCL ROR (K ,L) = ISYMEL PLCIOROO

• 90 CCNTIN 0E P1.0108 10
100 WRITE (6, 11C) OUTPUT PLCIOP2O
110 FORMAT (18 • 131, ‘ ) ‘ , 15*8 , ‘ I ’)  P L CT O 8 I C

• WRITE (6, 30) PLCTO84O
WRITE (6, 12C) YPIIN , 1811(4, X N A X , Y S C A L , XSCA I P1.010850

120 FORMAT (‘OMIN V FRT= ’,F114.5/’ 811 84 1I0RZ= ’,F1L4 .5 ,8~~X ,’NA X HORZ= ’ PLC1OB6O
I F14.5/’CVERI INC R E h FNT ’,F12.5/ ’ HCL.Z IN C R E N F N T r ’ ,F12.5) PLC10670
RETURN PLOTC88C
END PLC10890
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A S S 5 81 8 L 5 8 8 C U I I N E **~~* * * * * * * * * * * * *  ~ENRO 01O
R EADNE M O  START 0 MEh8002C

-• ENT RY 8 1 E M R E  81 E818 00 30
E N T R Y  DA T E R  8158180 0140
5X 184 N IUCC M$ ME IIB O OS O
E X T ~4 N F I O C S*  M E M R 0 C 6 O

• * ~ EN80C7C
* F iRST E N T R Y  P O I NT .  TH IS  }4 C U~~INF f - I C R S  UP C P E R A N L S  ONE * 8 1 E 8 180080
* AND TWO AND SICRES T R E E  Ni T HE IWC FULL ~C P L i A T E U F L OC~ ~1EMR 0090

* * 81EMl~O1OC
USING S ,15 8118180110

- 1 MENI1 E B ‘#12 ERA N C H AR OU N C N A M E  8118190120
DC XL’4’C74J 0c- COC ’ RCUT IRE NA M E  EC R CALL  T R A C E  8158180130
DC CL’4’CGRE ’ HC0TINE 84*815 FOR CALL TRACE NEMR01 l4~
S L~ 14,3,12 (73) SAVE REGISTERS 8118190150
L 1  2,3 ,0(1) FE TCH C E E R A R L  A E C R E S S IS  81 E8180160
L 4 ,0 4 3 )  F E T C H  O P E R A N t  ~ ( L E N G T H )  NENR O 17 •0

- , S~~~ 2 ,3,E U F A C R  S T ORE E U F F E E  ICC A R C  LENGT H 815818 018 0
LA 1 ,CCRE2 ki=A (sE CONU E N T R Y  POINT)  81 E8180 190
LA 3 ,C LG AIJ SIT BAS E RECISTE ~ F C F  C L O A C  t~ENRO 2C0
B A I R  2 ,3 LINK TC 8 1 U E I F Y  IIC~~M A C CO N 81181802 ’C
LM 114 ,3 ,12 ( 1 3 )  R E S T C R E  R E G I S t E R S  81F8180220
SR 15, 15 S U P P R E S S  V A R I A B L E  RETURN 8118180230
BR 1 4 R E T U R N  81181802140

• ONCE ’  15 M E M R O 2 S O
* SE C C N D  E~4TF Y POINT. IICCM ENT ERS AT CC PE2 TH IMEI N G IT * 81E8180 26 0
* WENT TO FIC C S .  THIS ROUTINE SIMULATES FIOCS BY POINTING’ 81 E818 027 0
* TO EU FFtR A r ,ERESS AN D  LENG TH STORED IF FIRST ROUTINE. * 8 1E 8 1 8 0 2 8 0

• * IBCCN IS R E S T O R E L  TC N C P ?~A L , F CLLOWLC BY RETURN 10 * 8118180290

* IBCCM . A WRITE LU F FE R 1i INI ’IALIZE D TC BLAN K S BEFORE * N E M R O 3 0 0
* IBCC M F ILLS II IC ALLO R T IC HFAT 10 WO RK CORRECTLY. * MEMR O3 1O• 
* * 8158180320

USING ‘.1 8118180330
4 COBE 2 ST ‘4 ,5*114 S A V E  84 .  815818034 0

L R  4 ,1 R ’ 4 = A ( C C R E 2 )  M E M P O 3 5 C
USING C O R E 2 , 4 8118180360
D R O P  1 h 1 M R 0 3 7 0
1? 1 ,0 R i PCLNI S IC FIOCS CALL PARAMETERS ME IIRC3RC
TM 111), X ’ O S ’  TEST ICR OUTPUT , FIRST TIME NEhR O390
RU O U T P UT  E R A N C H  IC FIR ST O U T P U T  KCUT INE M1M80400
1. 1,V F IOCS B 1 = A ( F I C C S )  ¶0 RESTORE IRCOM 8118180410
LA 3,CLOAD SET BA BE REGISTER ICR CLOA IJ 81E81804120
BALR 2 , 1 LINK TC M O D I F Y  IRCON ACCON 8118180430
1.81 2,3,00FAD II LOAD A R R A Y  AC t? AND LENGTH 8158180440
B R E T U R N  BRAN CH TO RE T U R N 10 IBCOM 8118180450

CUTPUT LII 2, 3 ,B UFA D R LCAD A R R A Y  A IR A N D  LENGTH MEN RO ’4 6 0
M V !  0 (2 )  ,X ’ 4 0 ’  B LAN K FIRST BUFF ER LCCATION MEMRO47O
B C T R  3 ,0 — 1  U — i  C H A R  TO FE E L A N K E C  P IEMR O48O
BCTR 3,0 -i LENGTH CCDE ICR NCV E=LENGTH-1 8118180490
EX 3,EMGV F EXECUTE tUMMY NCV E TO CLEAR BUFFER MEMROSOO
LA 3,2(3) 83=83+2 BES E C RE CB1GINAL LENGTH 8118180510

RE TURN 1. 4 ,S &V EI4 RESTORE 8’4 MEM ROS 2O
1.8 1,0 R 1=A 4 I ECC h A R G U M E N T S )  M58180530

• DRCP 4 M5818054 0
B 6(1) RETURN IC LECCN 8158180550

ONOVE NYC 1(O,2),0(2) EXEC0TEC . CLEARS UP TO 257 BITE lOITER (458180560

* 81= AN AC tR E SS T hIS CALL ER WANTS 510850 AT VFIOC$ IN * ME818057 0

* 1115 MUST 11 A (I800M) IC SA TISFY BAS E RFG REQMNTS IN * MENRCS 8 O
* IBCOM . CA L L E R  LOADS R3=A (CLCAC) FOR ME • 8158180590

* * NEMRO 600

nr~pv P ( I ~~’~’’  T~ ‘~~~~~
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USING * ,3 M E MR O6 1O
CLOA D St 15 ,S A V E  SA V E 8 15 8158180620

L 15 ,VIEC c M 8 1 5 = A ( I E C O M )  ICR IECCII BASE PEG M E M R O 6 3 C
MYI 7 4 ( 1 5 ) ,X ’ SO ’  M A K E  L O A D  A ST C RE INSTRUCTION N!MR0.64 C
IX 0,7 4 ( 1 5 )  STORES 141 A l V E I C C S  IN 180081 815818 065 0
IIV I 7 4 ( 15) ,X ’ 5 8 ’  RESTORE 1.0*1 INSIRUCTION TO STORE 8118180660
1. 15 ,SAVE RESICRE 1415 8158180670
BR 2 RETURN NEMRC 68O

EUFACR DS 21 STORAGE FOR A (EUFFER) AND ITS LENGTH MEMRO6 QO
SAVE DS F STORAGE FOR 1415 81581807CC
S A Y E 4  DS F S T O R A G E  FOR RU 8118180710
V1BCOM DC A (IRCOM*) * 41. 1 , V IUCOM INSIN It IECOM—74) 8158180720
IFIOCS DC A ( F I C C S $ )  A D D R E S S  CF 11005 ROUTINE  N E N R O 7 3 C
S * M EMRO 7 ’4C

* DATER ENTRY POINT . THIS NC U T J N E  L C A L S  T H E  D A T E  A N D * MEMRO 7SO
* TIME INEC T’~C RBAL *4 V A R I A B L E S , N~~E R E  F O R T R A N  C A L L  IS * 81E 81R 0 7 6 0

* CAL L DAIER (DAIE ) * 8118180770
* AND CAT S IS DIMENSIONED LiT TWO. * 8118180780
* D A T E  AND T IME A R E  IN ‘2 ’  F C R M A I  CE FCK M 0 O Y Y O 0 D F  AND * M 1 M R 0 7 9 0
* HH MMSST H , R E S P E C T IV E L Y , A F T E R  ‘T I M E  DEC ’ CALL  * 8118180 800
* * M EMR O 81O
DATER STM 114 ,3,12( 13) SAVE I4ECISIER S 8111180820

BALk 12 ,C SET UP EASE REGISTERS 81181140830
U S I N G  *,12 MEII RO8 4O
ST 13 ,SAVEAREA.4 LINK SAVE A R E A S  8118180850
LA 13 ,S A V E A R E A  M E 8 1 8 0 8 6 0
I. 83,O(,H1) GET AC CN OF DAI S AND TIME FR OM C A L L  PGM ME8180870
11811 DEC GET DA T E A N C 11815 iN PAC KED DECIMAL 1118180880
SRI 1,4(0) SF111 RI. IC F C R81  0 0 0 Y Y 0 0 0  8158190890
SElL 0,16 (C) SHIFT RI. IC FCRr! 000011 118181 MENRO 900
ST 8 1,0 4 , 8 3) STORE D A T E  IN F I RST REAL ’~4 W ORD 81 E818 0 910
ST R 0 ,4 ( , R 3) S T O R E  T I M E  IN SECOND R EA L * 4  WO R D NEM RO9 2O
L 13 ,SAVEAP EA. 14 GET C A L L I N G  P 081 SAVE AREA 81E8180930
LII 14,3,12 (13) RESTORE CALLING RE GISTERS 81E81R0940

¶ BR 14 R E T U R N  M E N R C 9 S C
S A V E A R E A  CS 1HF R E G I S T E R  S A V E  A R E A  FOR TIME MEMRO9 6O
80 EQU 0 8118180970

• 81 EQU 1 MEIIHO98O
83 EQU 3 MEMR C9 9C

E N D  8111181000
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Describes a FORTRAN-IV curve-fitting computer

program (CURVES) that makes least-squares de-
terminat ions of the parameters of any of eight
types of equations selec ted by the user , given
a set of observations on the dependent and in-
dependent variables of ‘interest. The types
of equat ions that can be fitted are : l inear ,
quadratic , power, asymptotic-power, exponential ,
logarithmic-linear , and two types of semiloga-
rithmic-linear. Except for the quadratic and
asymptotic-power equations , up to seven m dc-
pendent variables may be used. V—intercepts
may be specified for all equations except the
power and exponential. ç~~rious types of
variable transformations a~~ a-1lowed. A
correlation matrix of the input data is pro—
vided for all fitted equations using more than
one independent variable. Also included are
standard errors and Student’s t-ratios of the
parameters , s ignifi cance levels , beta coeff icien ts ,
the Durbin-Watson statictic , and the vari ance-
covariance matrix of the parameters. A plot
routine is also incorporated. The program is
fairly small (about 92,000 bytes of core when H
compiled), fas t in execu tion time , and hence cheap
to operate. (Author)
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