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NLREG performs statistical regression analysis to estimate the values of
parameters for linear, multivariate, polynomial, logistic, exponential, and general
nonlinear functions. The regression analysis determines the values of the
parameters that cause the function to best fit the observed data that you provide.
This process is also called Acurve fitting. O

NLREG allows you to specify the function whose parameters are being estimated
using ordinary algebraic notation. In addition to determining the parameter
estimates, NLREG can be directed to generate an output file with predicted
values and residuals. It can also plot the data observations and the computed
function. Although designed for regression analysis, NLREG can also be used to
find the root (zero point) or minimum absolute value of a nonlinear expression.
NLREG is in use at hundreds of engineering and research centers around the
world.
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Introduction

Introduction to Regression Analysis

The goal of regressi analysis is to determine the values of parameters for a function that cause
the function to best fit a set of data observations that you providdinelar regression, the
function is a linear (straigHine) equation. For example, if we assume théueveof an
automobile decreases by a constant amount each year after its purchase, and for each mile it is
driven, the following linear function would predict its value (the dependent variable on the left
side of the equal sign) as a function of the twepehdent variables which are age and miles:

value = price + depage*age + depmiles*miles

wherevalue the dependent variable, is the value of theamejs the age of the car, amdlesis
the number of miles that the car has been driven. The regressdysis performed by NLREG
will determine the best values of the three paramepeice, the estimated value when age is O
(i.e., when the car was newjepage the depreciation that takes place each yeardapthiles
the depreciation for each milaiden. The values oflepageand depmileswill be negative
because the car loses value as age and miles increase.

For an analysis such as this car depreciation example, you must provide a data file containing the
values of the dependent and independenaklites for a set of observations. In this example each
observation data record would contain three numbers: value, age, and miles, collected from used
car ads for the same model car. The more observations you provide, the more accurate will be the
estimate of the parameters. The NLREG statements to perform this regression are shown below:

Variables value,age,miles;

Parameters price,depage,depmiles;

Function value = price + depage*age + depmiles*miles;
Data;

{ data values go here }

Once the values of thearameters are determined by NLREG, you can use the formula to predict
the value of a car based on its age and miles driven. For example, if NLREG computed a value of
16000 forprice, -1000 fordepage and-0.15 fordepmiles then the function

value=1 6000 i 1000*age 1 0.15*miles
could be used to estimate the value of a car with a known age and number of miles.

If a perfect fit existed between the function and the actual data, the adumlofaach car in

your data file would exactly equal the predicted value. Typically, however, this is not the case,
and the difference between the actual value of the dependent variable and its predicted value for a
particular observation is the errortbke estimate which is known as thaeViatiord  eesidudb .

The goal of regression analysis is to determine the values of the parameters that minimize the sum
of the squared residual values for the set of observations. This is known as a "least @quare
regression fit.



Introduction to NLREG

NLREG is a very powerful regression analysis program. Using it you can perform multivariate,
linear, polynomial, exponential, logistic, and general nonlinear regression. What this means is
that you specify the fon of the function to be fitted to the data, and the function may include
nonlinear terms such as variables raised to powers and library functions such as log, exponential,
sine, etc. For complex analyses, NLREG allows you to specify function modelsasitional
statements (IF, ELSE), looping (FOR, DO, WHILE), work variables, and arrays. NLREG uses a
stateof-the-art regression algorithm that works as well, or better, than any you are likely to find

in any other commercial statistical packages.

As anexample of nonlinear regression, consider another depreciation problem. The value of a
used airplane decreases for each year of its age. Assuming the value of a plane falls by the same
amount each year, a linear function relating value to age is:

value =p0 + pl*Age
Wherep0 andpl are the parameters whose values are to be determined.

However, it is a welknown fact that planes (and automobiles) lose more value the first year than
the second, and more the second than the third, etc. This mearss limedr (straightine)
function cannot accurately model this situation. A better, nonlinear, function is:

value = p0 + pl*exp( - p2*Age)

Where the 'exp' function is the valueeof2.7182818...) raised to a power. This tydéumction

is known as "negative exponentialo and is appr
decrease is proportional to the difference between the value and some base value. The
F33YEAR.NLR example program file fits a linear function to the valfiesed airplanes. The

F33EXP.NLR example fits a negative exponential function to the same data. Run both examples

and compare the fitted functions. See F33.NLR for an example of multiple regression using three
independent variables. Here is a plotdueed by the f33exp.nlr function which shows a

negative exponential function fitted to a set of data values:



‘. /F33exp.nlr - HLREG -- Honlinear Regression Analysis
File _E_l:llt Show Bun Miew Help Documentation  Order

D= 5] S

Much of the convenience of NLREG comes from the fact that you can enter complicated
functions using ordinary algebraic notation. Examplesuottions that can be handled with
NLREG include:

Linear: Y = p0 + p1*X

Quadratic: Y = p0 + pl*X + p2*X~"2

Multivariate: Y = p0 + p1*X + p2*Z + p3*X*Z

Exponential: Y = p0 + pl*exp(X)

Periodic: Y = p0 + pl*sin(p2*X)

Misc: Y = pO + p1*Y + p2*exp(Y) + p3*sin(Z)

In other words, the function is a general expression involving one dependent variable (on the left
of the equal sign), one or more independent variables, and one or more parameters whose values
are to be estimated.

Because of its generality, NLREG can perform all of the regressions handled by ordinary linear or
multivariate regression programs as well as nonlinear regression.

Note: Some other regression programs clairpdrform nonlinear regression but actually do it by
transforming the values of the variables such that the function is converted to linear form. They
then perform a linear regression on the transformed function. This technique has a major flaw: it



detemines the values of the parameters that minimize the squared residuals for the transformed,
linearized function rather than the original function. This is different than minimizing the squared
residuals for the actual function and the estimated valu#segiarameters may not produce the
best fit of the original function to the data. NLREG uses a true nonlinear regression technique that
minimizes the squared residuals for the actual function. Also, NLREG can handle functions that
cannot be transformed &olinear form.

Versionsof NLREG

There are four versions of NLREG: Stand#&tll, AdvancedGUI, DLL library and COM
object. The features and limitations of each version are described in the following table.

Standard Advanced DLL Library COM Object
Maximum variables 5 2000 2000 2000
Maximum parameters | 5 2000 2000 2000
Maximum data records | 500 (unlimited)" (unlimited)" (unlimited)"
Line function plots Yes Yes No No
Line residual plots Yes Yes No No
Normal prob plots Yes Yes No No
3D surface plots No Yes No No
3D residual plots No Yes No No
Surface contour plots | No Yes No No
Call from C++ No No Yes Possiblé
Call from Visual Basic | No No Possibé Yes
Call from ASP No No No Yes
Notes:
! The maximum data records depend on available memory space.
* The COM object version of NLREG can be called from Visual C++ programs, but yq
responsible for moving data to and from Variant objects. The DLL library version is ead
use because natural C data types can be passed and received.
® Viisual Basicis designed to call COM objects, so the COM object version is recomm
over the DLL library for this type of application.

Thedemonstration versionof NLREG may be used for up to 30 days to evaluate the product. If
you continugo use NLREG beyond the evaluation period, or if you wish to use it for commercial
applications, you must order the commercial version of NLREG. The demonstration version of
NLREG has the following restrictions that are not present in the commerciarversi

A maximum of 50 data observations may be processed.
A maximum of 5 variables may be used.

A maximum of 5 parameters may be fitted.

It will operate for only 30 days.



Installing NLREG

NLREG is distributed as a sediktracting exeutable file namedlirsetup.exe To install NLREG,
execute nirsetup.exe, and the setup program that will guide you through the installation.

The installation will create a directory with the executable program (NLREG.EXE) and a set of
example analysislfies (they have the extension " . NLRO).
desktop a shortcut to the NLREG.EXE prograffull manual for NLREG in Microsoft Word

format is also installed; it is nametteg.doc.






Using NLREG

Running NLREG

Once NLREG has been installed, you can start it in either of two ways:

Double click the icon representing the executable program (NLREG.EXE).

Double <click a NLREG analysis file whi

c h

has

NLREG.EXE program, it willbbegin with an empty workspace. You can then either enter a new

If you start
NLREG by double clicking a program file, the program file will be loaded in the workspace when
NLREG begins executing. The sections that follow describe the statements that you can use in a

analysis program or click the open toolbar item to open an existing program file.

program file.

“./Boil.nlr - NLREG -- Nonlinear Regression Analysis
“Eile  Bdit Show Bun “iew Help Documentation  Ordes

O|2|E| %|3=|@| &| 2|

Parameter a = 1700;

Parameter b = -3200;

Function Temp = b ! log[Pressurefa) - 459.7; }f Clapeyron's equation
Plot xlabel="Pressure [P51)".ylabel="Temperature [degrees F.J';
Confidence 90; {! Print 9025 confidence intervals

Data;

38 71.6

4.4 86.0

h.8 95.0

k= -
* Determine the boiling point of water as a function of the pressure.

*

Title "Boiling point of water as a function of pressure';

Variable Pressure:; {! Pressure in vessel in pounds per square inch

Variable Temp; }f Temperature in degrees Fahrenheit

e o

FReady l_l_l_ A

Performing an Analysis

Once an analysis has been specified either by typing it into thespaari& or by opening an

existing program file, you can execut e

11
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Viewing the Results and Plots

When the analysis completes, thee sul t s of the analysis wildl be
button wil!/ be grayed out and the "Viewd menu bt
select which view you wish to display. If the analysis program specified one or more plots, you

candi spl ay them by selecting the "Ploto option fr
the View list to display and edit the current program file. Anytime the program file is edited, the

"Runodo menu bentabhewdi laindb ¢ hilwien” Vi ewd button w

At this point, | suggest you pause in your reading and try running a NLREG example to get a feel

for how it wor ks. Several example files with
distribution. LINEAR.NLR is a good one to start with folled by AIDS.NLR and
TREND.NLR.

Evaluating the Function at Specific Points

Once NLREG has fitted a function to a set of da:
the menu bar to computhe value of the fitted function at a specified data point whose values
you provide.

“_/LINEAR.NLR - NLREG -- Nonlinrar Regression Analysis =101 x|
File Edlt Show Run Yiewl Evaluate gSave-plot Colors Help

Di|d| B &|5=@ 32|

Title "'Linear equation: y = p0 + p1*x'" -~

Variables x,y; {{ Two variables: x and y

Parameters p0,p1; {f Two parameters to be estimated: p0 and p1

Function y = p0 + p1*x; {f Model of the function

Plot residual,grid; {1 Plot the function and the data values

Confidence 90;

Data;

1 6.3574

1.14286 7.23763
1.42857 7.85714
1.57143 7.6038
1.71429 8.80617
1.85714 8.67594
2 8.7444
2.14286 10.1437

" o

Ready 1 |

12



When you c¢lick AEvaluateo a menu wil/|l appear wh
variables for which you want the function evaluated. Enter the values Gdnd n c |l i ck A Eval
Functiono. The computed value of the function

Evaluate the function for a set of variables |

T o evaluate the fitked function with a et of input vanable valuess,
enter the values and click the "Evaluate Funchion buttan.

— Input variable walues to use for function esvaluation
| |25

Ealuate function

Computed value of function

10,1049

Cloze |

13



Statement Syntax

The syntax for NLREG statements follows the style of the C programming languzaeh
statement must end with a semicolon character, you may place more than one statement on a line,
and text strings and file names are enclosed in quote marks. NLREG has the same arithmetic and
logical operators as C, and brace characters ({' ana§'ysed to group statements.

The following keywords are reserved by NLREG and may not be used as the names of variables
or parameters: angletypleasecontouhreak, confidence, connect, connect2, constant, constrain,
continue contourplot correlate, covarianceplot, data, datacount, dataskip, do, domain, double,
else, expresidual, filldensity, for, function, grid, if, iteration, iterationsjegend, model,
nobasecontounoechonofun, nofunctionnogrid, nolegendnopause, notitle, noxlabel, noylabel,
nozlabel,nplot, output, parameter, parameters, plot, poutput, presolution, print, register, residual,
rplot, splot, stop, sweep, title, to, tolerance, values, var, variable, varigigiepjtch, viewroll,
viewyaw, while, width, xlabel, xvar, xvar3;domain,ylabel, yvar, yvar2zlabel, zvar

Variables and Parameters

NLREG allows you to use four types of variablegput, computed, system, and constant.

Input variables are variable whose values are set by observations read from your data file.
Input variables are declared using the VARIABLES statement. For each step of the
analysis, NLREG cycles through each data observation and executes the statements in
your NLREG program file. Each execution begins by setting the input variables to the
values for a specific observation. If you want to transform input variables you should
assign the transformed values to computed variables rather than modifying the values of
input variables.

Computed variables are variables whose values are computed and assigned in the NLREG
program file. They are declared using the DOUBLE statement. You can use computed
variables to hold intermediate results of calculations orald kransformed values of
input variables. Computed variables may hold single values (scalars), lists of items
(vectors), or arrays of values. You may assign initial values to computed variables when
they are declared with the DOUBLE statement and yoymadify the values during the
course of execution.

System variableshold values calculated by NLREG during the execution of your program.
There are three system variables:

PREDICTED-- the value ofthe dependent variable computed by executing your function
using the current parameter and input variable values.

RESIDUAL -- the difference between predicted and actual value of the dependent variable
of the function.

OBS-- the number of the observation record from your data file that is currently being
executed, the first record is number 1. The PREDICTED and RESIDUAL
variables only have defined values after the FUNCTION statement has been
exeated. They are primarily useful in SPLOT and OUTPUT statements.

14



Symbolic constantsare declared using the CONSTANT statement and assigned values with their
declaration. The values mayptbe altered aéir the declaration. Symbolic constants may
not appear on the left side of an equal sign; otherwise, they may be used wherever
variables or constants may be used.

There are two other designations forvaa bl es t hat should be mention
variable is a variable that appears in the FUNCTION statement on the right side of the equal sign.

You may have many i ndependent variabl es. T h e
FUNCTION statement otthe left side of the equal sign. There will be only one dependent

variable. If you use multiple FUNCTION statements, the same dependent variable must be used

in each one. Input and computed variables may be used as independent and dependent variables.

In addition to variables, you will use the PARAMETERS statement to declare parameters whose
values are to be calculated by NLREG. Parameters are used like variables but there values are
neither read from the input file nor computed by statements in yogram, rather their value is
determined by NLREG so as to cause the function to best fit your data observations.

Plots

The standard version 6fLREG allows you to generate four types of plots as part of the analysis.
The Advanced version inafles three additional 3D plot typesny combination of these plot

types may be requested and you can generate multiple scatter plots by including more than one
SPLOT statement. With the registered version of NLREG you can cause hard copy images of the
plots to be printed.

The Advanced version of NLREG can produce 3D surface and contour plots of functions with
two independent variables of the form:

z =f(xy)

The plane formed by the X and Y axes is the base of the displayed function. The Z value

determines the height above this plane. When you request a surface plot, NLREG computes the
value of the function (Z) over the X and Y domains using small X and Y steps, and plots the

corresponding 3D surface. NLREG performs hiddeimt elimination so yowsee the visible

(front) side of the surface. Color bands are used to denote ranges of the Z variable values.

The Advanced version of NLREG also can generate contour plots for functions with two
independent variables. A contour plot shows the planecdiny the X and Y axes. The values
of the Z variable are represented by color bands on this plane.

The plots are requested using the following statements:

PLOT -- Generate a plot showing the computed value of the function supedthposa scatter
plot of the input data values. NLREG evaluates the function using the computed values
of the parameters at many data points over the domain and plots it as a smooth curve.
Because NLREG must evaluate the function at points between thvatisns the PLOT
statement can only be used if your function has a single independent variable which is an
input variable (not a computed variable). You may use symbolic constants in the
function. Here is an example of a function plot:

15
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If you havethe Advanced version of NLREG, you can use the PLOT statement to
generate 3D surface plots for functions with two independent variables. Here is an
example of &NLREG program that produces a surface plot and the plot it generated:

Title "3D Parabola Fitted to Data";

Variables X,Y,Z;

Parameters a,b;

Function Z = a*X"2 + b*Y"2;

Plot xlabel="X Axis", ylabel="Y Axis", zlabel="Z Axis",
viewpitch=80,viewroll=0,viewyaw=45,FillDensity=0.7,
Xdomain=-8,8,Ydomain=-8,8;

Data;
3D Parabola Fitted to Data
300 300
G 200 \ ‘ / 200 s
= n =
<X <X
™ o0 e, g g ™

16



SPLOT-- Generate a scatter plot with marks at (X,Y) coordinates of data points. You may plot
two sets of points on the same graph for comparison purposes. Unlike the PLOT
statement, you may use any type of variable with the SPLOT statement: input, computed,
system, and constant. Options are available to cause the plots to be connected by straight
line segments but unlike the PLOT statement NLREG will not compute curved segments
between the points. You can use multiple SPLOT statements in your program to cause
multiple scatter plots to be generatédere is an example of a scatter plot:

Piecewise linear function

RPLOT-- Generate a plot showing the residual values of the function on the vertical (Y) axis. A
"residual 6 value (or eerbetween ad ecual adlue ofrthe |
dependent variable of the function for an observation and the predicted value based on
the function fitted by the regression analysis. A residual plot is useful for determining
where, and by how much, the fitted functiails to predict the actual observatiortdere
is an example of a residual line plot:

Plot of Residuals

Residual

17
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If you have the Advanced version of NLREG, you can use the RPLOT statement to

generate 3D plots of residuals for functions with two independent variaHie® is an
example of a 3D residual plot:

Plot of Residuals

20

ZAXis

(=Rt

40

20

ZAXis

NPLOT -- Display a normal probability plot of the residual values. In this plot, the actual value
of each residual is plotted on the veat (Y) axis and the expected value of the residual,
assuming the residuals are normally distributed, is plotted on the horizontal (X) axis. If
the residuals are normally distributed, the resulting plot will be a straight line passing
through the origirwith a slope of 1. A normal probability plot is useful for determining
whether the residuals are normally distributed. If they are not normally distributed then
the form of the function being fitted may be inappropriate for the d&tare is an
example 6a normal probability plot:

2

Normal probability plot of residuals (r=0.984)

Actual residuals
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|||||

Expected residuals
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CONTOURPLOT-- (Available only in the Advanced version) Display a contour plot showing the
outline of the values of t Hereisamp@ampttefrat (A Z0)
contour plot:

Contour Plot .‘C‘QT
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Overview of Computation Process

Before getting into the details of how you present an analysis to NLREG, it is a good idea to
review the basic computation process. You prepare a program file containing NLREG statements
to declare variables, perform cpatations, and compute the value of a function that you wish to
have fitted to your data observations. The function will have a dependent variable on the left side
of the equal sign and one or more independent variables and parameters on the righhside of
equal sign. Either input or computed variables may be used as dependent and independent
variables.

For each observation record in your data file, NLREG executes your statements antbsdahgou

value of the function. The computed value of the function is assigned to the PREDICTED system
variable. The predicted value is then subtracted from the actual value of the dependent variable
and this difference is assigned to the RESIDUAL systanmble. This process is repeated for

each observation in the data file and the squared residual values are added together. After all of
the observations have been processed NLREG adjusts the values of the parameters whose values
are to be determined @mepeats the process attempting to minimize the sum of the squared
residuals.

It is important to understand what happens when NLREG executes a FUNCTION statement such
as

Function y = a + b*x;

Unlike an assignment statemethis FUNCTION statement doest assign a new value to the y
variable. Rather, it computes the value of the expression on the right side of the equal sign using
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the current values of thee andb parameters and assigns this value to the PREDICTED system
variable. It then subtracts this from the current value of tveriable to determine the residual.

Function Specification

Much of the power of NLREG comes from its ability to estimate the value of parameters that are
part of complicated functions thgbu enter in ordinary algebraic form. NLREG provides you

with great power in defining the function. Not only can you use a complicated expression to
specify the function, you can also use multiple statements complete with intermediate work
variables, coditional control (IF, ELSE), and looping. The only requirement is that a
FUNCTION statement must be executed to define the estimated value of the dependent variable.
The following section explains the arithmetic operators and-ioufiinctions that areised to

specify a function.

Arithmetic Operators
The following arithmetic operators may be used in expressions:

++ add 1 to a variable

- subtract 1 from a variable
+ addition

- subtraction or unary minus
* multiplication

/ division

% modulo

** or A exponentiation

The™++0 anAd Operators may Ielybefore erdifteraivariable name.mme di at
they are used before the name, the increment or decrement is performed before the value of the
variable is used in the expression. If they are used after the name, the value of the variable before
being modified isused in the expression and then the increment or decrement takes place. For
example, the sequence:

O+ ww

< X TOoD
T o+
x e

assigns the value 4 foand 3 toy. At the end of the sequence, batandb have the value 4.

The following assignment operators can be used in expressions:

variable = expression ; // Assign expression to variable
variable ~ += expression ; // Add expression to variable
variable - = expression ; // Subtract expressn from variable

variable ~ *= expression ; // Multiply variable by expression
variable /= expression ; // Divide variable by expression
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The following operators compare twalues and produce a value of 1 if the comparison is true,
or O if the comparison is false:

== Equal

I= Not equal

<= Less than or equal
>=  Greater than or equal
< Less than

> Greater than

The following logical operators may be used:

! Logical NOT (negates true and false)
&% AND
Il OR

The conditional operator has the form:
operandl1? operand2 operand3

The value obperandlis evaluated. If it is true (not zero) then the valuepdrand2s the result
of the expression. If the value operandlis false (zero) themperand3is the result of the
expression.

There are two other special operators..]0 (square brackets) which en
arrays (see the description of the DOUBLE statement for information about arrays),dand "

(comma) which is used to specify kdtright, sequential evaluation of a list of expressions and is

most commonly used in FOR statements.

Operator precedence, in decreasing order, is as follows: subscript, unary minus, logicakNOT,
and -- , exponentiation, multiplication, division and modulo, addition and subtraction, relational
(comparison), logical AND, logical OR, conditional, assignment, comma. Parentheses may be
used to group terms.

Numeric Constants

Numeric constants may be written in their natural form (1, 0, 1.5, .0003, etc.) or in exponential

form, n.nnreEppp, wheren.nnnis the base value amppis the power of ten by which the base is

multiplied. For example, the number 145K equivalent to 15000. All numbers are treated as
"floating pointodo valwues (actually, doubl e preci
specified or not.

Symbolic Constants

You can use the OISTANT statement to associate symbolic names with constant numeric
values. When you use the symbolic nhame in the function the numeric value is substituted for the
symbolic name. The PIECE.NLR example contains a symbolic constant.
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Built-in Constant

The symbolic nameP! 0 (written without quotes) is equivalent to the valuerp8.14159... You
may writePI using either upper or lower case letters.

Built-in Functions
The following functions are built into NLREG and may be used in expressions. Most of the trig

functions have forms that take angles in units of radians and another form (same name ending

with &é6D6) that take angl es i nfungtioristasm beoubedte gr ee s .

convert between degrees and radians.

ABS(X) -- Absolute value ok.

ACOSK) -- Arc cosine ofk. The returned value is the angle in radians.

ACOSD) -- Arc cosine ofx. The returned value is the angle in degrees.

ACOSH() -- Arc hyperbolic cosine af.

ASIN(X) -- Arc sine ofx. The angle must be specified in radians.

ASIND(X) -- Arc sine ofx. The angle must be specified in degrees.

ASINH(X) -- Arc hyperbolic she ofx.

ATAN(X) -- Arc tangent ok. The returned angle is in units of radians.

ATAND(X) -- Arc tangent oik. The returned angle is in units of degrees.

ATANH(X) -- Arc hyperbolic tangent of.

BETAI(x,a,b -- Incomplete beta function: Ia(bh). The incomplete beta function can be used to
compue a variety of statistical functions. For example, the probability of Student's t with
df degrees of freedom can be computed with BEA#df+t2),.5*df,.5). The probability
of the F statistic withdfl and df2 degrees of freedom can be computed with
2*BETAI(df2/(df2+df1*f),.5*df2,.5*df1).

CEIL(x) -- Ceiling of x (an equivalent name for this function is INT). Returns the smallest
integer that is at least as largexad-or example, CEIL(1.5)=2; CEIL(4)=4; CEHX6)=
2.

COSk) -- Cosine ofx. The angle must be specified in radians.

COSDK) -- Cosine ofx. The angle must be specified in degrees.

COSH) -- Hyperbolic cosine ok

COT(X) -- Cotangent of x. (COK) = 1/TAN(X)). The angle must be specified in radians.
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COTD(X) -- Cotangent of x. (COTD{ = 1/TAND(X)). The angle must be specified in degrees.
CSCK) -- Cosecant of x. (CS&) = 1/SINK)). The angle must be specified in radians.
CSCDK) -- Cosecant of x. (CSCR) = 1/SIND)). The angle must be specified in degrees.

CTOP@nglg -- Convert an angle in the compass coordinate system to a polar coordinate angle.
The polar coordinate system has the origin of an angle along the positive X axis and the
angle increases in a countdockwise direction. Té compass coordinate system has the
positive Y axis as the origin (i.e., north) and the angle increases in a clockwise direction.
The PTOC function performs the reverse transformation. The angle is in units of radians.

CTOPDg@nNglg -- Same as ctop() except the angle is in units of degrees.

DEG() -- Converts an angle, measured in radians to the equivalent number of degrees. Note,
the builtin trig fundions provided in NLREG have both radian and degree forms. The
degree versions have the | etter ADO0O append:
sin(radiang and sinddegrees

Ell(alpha,ph) -- Elliptic integral of the first kind. Computes the integral from (ko (degrees
or radians) of the function ghi/sqrt(:k**2*sin( phi)**2), where k = sin@lpha). alpha
andphi must be in the range 0 to 90 degrees/@rradians. The angle must be specified
in radians.

El1D(alpha,ph) -- Same as eil() except the angle is specified in degrees.

El2(alpha,ph) -- Elliptic integral of the second kind. Computes the integral frompghtoadans
of the function sqrt(&**2*sin( phi)**2)*d. phi, wherek = sin(@lpha). alphaandphi must
be in the range 0 to/2 radians.

El2D(alpha,ph) -- Same as ei2() except tladpha and phi angles must be specified in degrees
between Gnd 90.

EIC1(alphd -- Complete elliptic integral of the first kind. Computes the integral from ©/20
radians of the function phi/sgrt(:k**2*sin( phi)**2), where k = sin@lpha). alpha must
be pecified in radians and must be in the range©2aadians.

EIC1D(alpha) -- Same as eicl() except the angle must be specified in degrees and must be in the
range 0 to 90.

EIC2(alpha -- Complete elliptic integral of the second kind. Computes the integral from 0 to or
n/2 radians of the function sqrtt*2*sin( phi)**2)*d. phi, wherek = sinf@lpha). alpha
must be specified in radians and miostin the range 0 to/2.

EIC2D(@lpha -- Same as eic2() exceplphamust be specified in degrees and must be in the
range 0O to 90.

ERF{) -- Standhrd error function ok.

EXP() -- e (base of natural logarithms) raised toxipower.
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FAC(x) -- x factorial {&!). Note, the FAC function is computed using the GAMMA function
(FAC(X)=GAMMA(x+1)) so norinteger argument values may be computed.

FLOOR) -- Floor ofx. Returns the largest integer that is less than or equal Eor example,
FLOOR(2.5)=2; FLOOR(4)=4; FLOORR.6)=4.

GAMMA(X) -- Gamma function. Note, GAMMA{+1) =x! (i.e., x factorial).
GAMMAI( X) -- Reciprocal of GAMMA function (GAMMAIK) = 1/GAMMA(X)).
GAMMALN( x) -- Log (base e) of the GAMMA function.

GAMMP(a,x) -- Incomplete Gamma function.

l —tya-1
ammpa, X) = —— | e't*dt
gamm(a, ) r(a)f

HAV(X) -- Haversine ok. (HAV(X) = (1-COSK))/2). The angle must be specified in radians.

HAVD(x) -- Haversine ofx. (HAVD(x) = (1-COSD))/2). The angle must be specified in
degrees.

INCOMPLETEGAMMA(a,x)1 Incomplete Gamma.

INT(X) -- Ceiling of x (an equivalent name for this function is CEIL). Returns the smallest
integer that is at least as largexafor example, INT(1.5)=2; INT(4)=4; INTZ.6)=2.

INTEGRAL (variable, LowLimit, HighLimit, expressiofj tolerancg) i Compute the integral of
an expression. The INTEGRAL function computes the definite integral of an expression
over a specified rangeR 0 mb e r g 6 ef numericahiotegration is used by NLREG to
computethe integral.

i ariableHighLimit .
The Integral function computeg expressiol

ariableLowLimit

Variable is the name of a work variable that has been declared earlier in the program
using a DOUBLE statement. The expression is integrated over this vark#liable

must consisbnly of a single variable nanie not an expression or constdantand the
variable must be a work variable, not a parameter or the dependent or independent
variable.

LowLimitis the lower limit of the integration range, aH@ghLimit is the upper limit of

the integration rangeFull expressions may be used to specify the low and high limits.
These expressions may include operators, functions, parameters whose values are being
calculated and dependent variables.

Expressions the expression or function wbe integral is to be computed. It may contain

parameters and dependent variables. Usually it will contain the variable declared by the
first argumentyariable).
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Toleranceis an optional argument that may be omitted; it specifies the accuracy to which
the integral will be computed. If you omit tt@eranceparameter, a default value of-1E

8 is used. If you specify theleranceparameter, its value must be in the range31b
1E-14. As you decrease the tolerance value (i.e., approadid)LEhe acuracy of the
integral increases, and the computation time also increases.

Please see the section beginning on g&jer additional information about the Integral
function.

JOK) -- Bessel function oftte first kind, order zero.

J1() -- Bessel function of the first kind, order one.

JN(n,X) -- Bessel function of the first kind, order

LOG(X) -- Natural logarithm (base e) &f

LOG10() -- Base 10 logarithm of.

LOG2(x) -- Base 2 logarithm aof.

MAX(x1,x9 -- Maximum value o1 or x2.

MIN(x1,x2 -- Minimum value ofx1or x2.

NORMAL(X) -- Normal probability distribution ok. Xis in units of standard deviations from the
mean. See also the NPD function. NORMAL£ NPD,0,1);

NPD(x,mean,stjl -- Normal probability distribution ofx with specified mean and standard
deviation. X is in units of standard deviations from the mean.

PAREA(X) -- Area under the normal probability distribution curve frorvo to x. That is,
f normal(x)

PRINTF('formab valuel,value?..) -- Format and print a series of values. The NLREG printf
function has the same syntax and function as the printf function in the C language. It
causes a string to beritten to your terminal and also the listing file for the analysis.
Printf is primarily useful as a diagnostic tool to give you a way to observe what is
happening during an analysis. Note: since your statements are executed for each data
observation and e iteration, the printf may generate a great deal of output.

The first argument to printffgrmaf is a quoted string that contains characters to be printed,
control codes, and (if values are to be printed) formatting specifications. If you are
familiar with the C programming language, the NLREG formatting string has the same
form and control codes.

Ordinary characters and numbers in the format string are printed just as they appear. Use the

control code\'n' to cause a carriageturn, linefeed sequereto be printed to terminate
a line. For example, the following statement prints a line of text:
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printf("Beginning of analysis \ n");

If you wish to insert formatted values in the string, specify one or more expressions after
the format string. Place inehformat string at the location where you want to insert the
formatted value the sequenédf ' (percent sign, lower case L, f) if you want the number
formatted in the stylennnn.nnnor; use %IE' if you want exponential notation
(nnn.nnrennn). Optionally, you may specify the width of the formatted value and the
number of decimal places between '%' and 'I'' For example, the following sequence
produces a formatted value with 8 total characters and 4 decimal places: %8.4If. Here are
several examples:

printf(  "Processing observation %lf \ n",obs);
printf("X = %lf, Y = %lf \ n",x,y);
printf("Predicted = %14.61E \ n",predicted);

PTOCg@angle -- Convert an angle in the polar coordinate system to a compass coordinate angle.
The polar coordinate system has the origin of an angle along the positive X axis and the
angle increases in a countdockwise direction. The compass coordinate system has the
positive Y axis as the origin (i.e., north) and the angle increases in a decttinéction.

The CTOP function performs the reverse transformation. The angle is in units of radians.

PTOCDg@ngle -- Same as ptoc() except the angle is in units of degrees.

PTORX(@ngle,distance -- Convert a position in polar coordinates to the corresponding
rectangular coordinate. This function returns the X coordinate of the position; use
PTORY to obtain the Y coordinate. Note: polar coordinates are spewittethe positive
X axis being the origin for the angle and with the angle increasing in the counter
clockwise direction. The angle must be specified in units of radians.

PTORXDf@ngle,distance -- Same asptorx() except the angle must be specified in units of
degrees.

PTORY(@ngle,distance -- Convert a position in polar coordinates to the corresponding
rectangular coordinate. This function returns the Y coordinate of the position; use
PTORX to obtain the X coordinate. Note: polar coordinates are specified with the
positive X axis being the origin for the angle and with the angle increasing in the eounter
clockwise direction. The angle must be specified in units of radians.

PTORYD(@ngle,distancg -- Same as ptory() except the angle must be specified in units of
degrees.

PULSE@,x,h -- Pulse function. If the value ofis less thara or greater thab, the value of the
function is 0. Ifx is greater than or equal toand less than or equal bothe value of the
function is 1. In other words, it is 1 for the domadn{ and zero elsewhere. If you need
a function that is zero in the domain,l) and 1 elsewhere, use the expression (1
PULSE@,x,b).

RAD(x) -- Converts an angle measured in degrees to the equivalent number of radians. Note, the
built-in trig functions provided in NLREG have both radian and degree forms. The

26



degree versions have tHeet t er ADO0O appended to the
sin(radiang and sinddegrees

RANDOM() -- Returns a random value uniformly distributed in the range 0 to 1.

ROUND(¥) -- Roundsx to the nearest integef-or example, ROUND(1.1)=1; ROUND(1.8)=2;
ROUND(-2.8)=3;

RTOPAK,y) -- Convert a rectangular coordinate,\§ to the corresponding polar coordinate
(angle,distance This function returns the angle (in rads), use RTOPD to get the
distance coordinate. Note: polar coordinates are specified with the positive X axis being
the origin for the angle and with the angle increasing in the coedloigkwise direction.

RTPOPADK,Y) i Same aRTOPA() except the angle is in degrees.

RTOPD,y) -- Convert a rectangular coordinate to the corresponding polar coordinate. This
function returns the distance from the origin, use RTOPA to get the angle. Note: polar
coordinates & specified with the positive X axis being the origin for the angle and with
the angle increasing in the countéockwise direction.

SECK) -- Secant ok. (SEC§) = 1/COSK)). The angle must be specified in iath.

SECDE) -- Secant ok. (SECDK) = 1/COSDK)). The angle must be specified in degrees.

SEL@1,a2,v1,v2-- If alis less thama2 then the value of the functionvd. If alis greater thn
or equal taa2, then the value of the functionug.

SIN(X) -- Sine ofx. The angle must be specified in radians. See TREND.NLR for an example of
a function with a sin term.

SIND(X) -- Sine ofx. The angle mst be specified in degrees.

SINH(X) -- Hyperbolic sine ok.

SQRTK) -- Square root ox.

STEP&,X) -- Step function. I is less than a, the value of the fuantis 0. Ifxis greater than or
equal toa, the value of the function is 1. If you need a function which is 1 up to a certain
value and then 0 beyond that value, use the expression §3EP(

T(n,X -- Chebyslev polynomial of orden.

TAN(X) -- Tangent ofk. The angle must be in units of radians.

TAND(X) -- Tangent oik. The angle must be in units of degrees.

TANH(X) -- Hyperbolic tangent of.

VARMAX(X) Computes thenaximumvalue of an input variable. The single argumentnust

be the name of an input specified on fivariable® command. The argument cannot be
an expression, parameter name, or computed variable.
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VARMEAN(x) Computes the mean value of an input variable. The single argumemist be
the name of an input specified on fiariable® command. The argument cannot be an
expression, parameter name, or computed variable.

VARMIN(X) Computes theninimumvalue of an input variable. The single argum&ninust be
the name of an input specified on fiéariable® command. The argument cannot be an
expression, parameter name, or computed variable.

VARSTDDEW(X) Computes thatandard deviatiomf an input variable. The single argument,
must be the name of an input specified on fiklariable® command. The argument
cannot be an expression, parameter name, or computed variable.

YO(x) -- Bessel function of the second kind, order zero.
Y1(xX) -- Bessel function of the second kind, order one.

YN(n,X) -- Bessel function of the second kind, order
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NLREG Program Files

The statements described in this section are placed in a program file. A program file can be
created using the editor built into NLREG or usamny other editor of your choice. However, the

file must a simple text file (with carriageturn and lindeed characters separating lines). It may

not be a formatted worgrocessor file. NLREG program files should be given the extension
“. NLRO.

To exeute a program file, either double click the name of the file, or start NLREG and then open
the program file.

Comments

The beginning of a comment is denoted with & (two consecutive sl as|
Everything from the// 6 s e q a thenene of the line is treated as a comment. Comments

may be on lines by themselves or on the ends of other statements. You can also specify a
comment by beginning the comment withtled char act er sequence. Al l
this are treateds comments up to the matching® sequence. The foll owin
both types of comments:

/I Function to be fitted
y =a + b*x; // Simple linear equation
/*
* This is a comment.
*/
z=y/5; /* This is a comment too */

Required Statements

Every program file must contain the following statements: VARIABLES, PARAMETERS,
FUNCTION, and DATA. The DATA statement introduces the data for the analysis and must be
the last statement in the file (data records may follow it). eQthptional, statements may be
interspersed in the program file. The following is an example of a complete program file:

title "Depreciation Example";
variables value,age,miles;
parameters base,depage,depmiles;

function value = base + depage*age + depm iles*miles;
data;
( data records follow )
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NLREG Program Statements

The following is a list of the valid NLREG statements that can be placed in a NLREG program
file. NLREG statements are not case sensitive. Rememberdiceash statement with a
semicolon.

TITLE

TITLE "stringo ; ( o p-tSpeocifiesad tijle line that is printed with the results of the analysis.
Note: the title string must be enclosed in quote signs.

VARIABLES

VARIABLES varl,var2...; (required)- Specifies the names of the input variables whose values

will be read from your data file. The order of the variable names must match the order of the data

values on each observation record. You may define wamiables than you actually use in the

function specification. A maximum of 200 variables may be specified. The lengtla efariable

name is limited to @ characters. Capitalize the variable names as you want them displayed in the
results. The keyword VARI ABLEO may be used instead of " VARI

You may specify all of the variables on a single statement or you may use multiple VARIABLES
statements. If you use multiple statements, the order in which they appear in the program file
must match the oset of the variable values on each observation record. The VARIABLES
statement must precede the FUNCTION statement. See F33.NLR for an example of multiple
regression using three independent variabltéere are examples of the VARIABLES statement:

Variab les x,y;
Variable z;

You can also use the DOUBLE statement to declare variables (see below). The difference is that
the VARIABLES statement declares variables that are read from the input file, whereas the
DOUBLE statement declares variables whose validisbe computed by statements in your
program file.

PARAMETERS

PARAMETERSparamI=initiall],paramZ=initial2],...; (required)-- Specifies the names of the

parameters whose values are to be determined by NLREG. GlliREapale of handling up to

2000 parameters. Thmarameter names may not exce@dcBaracters in length. Do not specify

any parameters that are not used in the analysis. The PARAMETERS statement must precede the
FUNCTI ON statement . The k ebewwosedd instta® AQRRAMETERO
"PARAMETERSO.
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Optionally, an initial estimate of the parameter value may be specified by following the parameter
name with an equal sign and the value. If no value is specified, 1 is used by default. Specifying
an initial value thats near the actual value usually speeds up the operation of NLREG and may
enable it to successfully converge to a solution. If NLREG is unable to converge to a solution, try
specifying different starting values for the parameters. Try to specify athauat least has the
correct sign as the expected final valliere are examples of the PARAMETERS statement:

Parameters p0,p1;
Parameter Temperature=22;
Parameter Mass=1E - 5;

The CONSTRAIN statement can be used to limit the range of values for paramd@ike
SWEEP statement can be used to perform the regression analysis with a range of parameter initial
values.

DOUBLE

DOUBLE varl|=valug,var2[=valug,...; (optional)-- Specifies the names of computed variables
that you may useubsequently to hold calculated values. REG allows you to define up to
1000 computed variables. All variables hold double precision (64 bit) floating point values.
Optionally, the name of a variable may be followed by an equal sign and a value totkéhic
variable is initialized. If you do not specify an initial value, the variable is initialized to 0. The
following are examples of DOUBLE statements:

double t1,t2;
double roomtemp=73;

It is convenient to use computed variables for intermediatallatiins such as transformed
values of input variables.

NLREG allows you to declare arrays with ¢oheo or threedimensions. To do this, follow the

name of the variable with number of array elements enclosed in square brackets. lfythasarra

two dimensions specify the number of rows, then the number of columns separated by a comma.
(Note: this is different than the C language syntax for declaring alitwensional array).You

can use the ARRAYSIZE() function in a NLREG program to dweiee the size of an array
dimension. The following statements declare a one dimensional array (i.e., a vector) with 20
elementsa two dimensional array with 5 rows and 10 colurand a three dimensional array

with 10, 20 and 30 elements

double xvec[20]
double ya[5,10];
double spaceval[10,20,30]

You may assign initial values to arrays by following the variable declaration with an equal sign
and a list of values enclosed in curly braces. In the casenoitaimensional arraythe right

most index varies the fastest.The following are examples of array declarations with
initializations:

double xvec[5] = {2,5,7,1,0};
double xa[2,3] ={2.3,7.5,1.2,4.4,2.6,7.3};
double calibrate[2,2,2] = {1,2,3,4,5,6,7,8}
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When used in expressions the subscript values are 0 based. That is, the first element of the array
is referenced using a subscript value of 0 and the last element is referenced using a subscript
value equal to one leshan the number of elements in the array. For example, the following
statements would declare an array with 100 elements and initialize it:

double xsq[100],i;

for (i=0; i<100; i++) {
xsqi] = i;

The ARRAYSIZE() function can be used within NLRE@g@rams to determine the size of an
array dimension.The form of the function is:
A RRAY S laZagnameodimindex)

Wherearrayname is the name of the array variable enclosed in quote markdigirttex is O,
1 or 2 to specify whic dimension you want the size of. Here is an example:

double calibrate[3,4], i, j;

for (i =0; i <ArraySize(fAcalibrateo, 0) {
for (j=0; j<ArraySize(ficalibrateo, 1) {
calibratel[i,j] = 0.0;
}
}
CONSTANT

CONSTANT variable=value (optional) -- Specifies the name of a symbolic constant and
associates a numeric value. You can then use the symbolic name where you would use a number
and the corresponding constant numeric value will be substituted. This is wkefulyou are

trying out different models and want to easily be able to change a constant value for each run.

The following is an example of a symbolic const

to be substituted in the function:

Variable Time; /I Cooling time in seconds
Variable Temp; /I Temperature of object

Constant Roomtemp = 73; /I Ambient temperature

Parameter InitTemp; /I Initial temperature

Parameter Coolrate; /I Cooling rate fact or
Function Temp = Roomtemp + InitTemp * exp( - Coolrate * Time);
CONSTRAIN

CONSTRAIN parameterlowvalue,highvalug(optional)-- Specifies a lower and upper limit on

the range of a parameter value. During the solution processE@LRay allow a parameter's

value to temporarily move in a direction away from its final value. With some functions it may

be necessary to constrain the parameter's value so that it does not go negative (e.g., if the function
takes the square root of therpmeter), or zero (if the parameter is in a denominator).

| f a parameter is tightly constrained, NLREG

unable to converge to an optimum value of the parameter; however, the estimated values of other
paramegrs may be useful.
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If you use a CONSTRAIN statemerttstatistics ancconfidence intervals for parameter values
will notbe computedThe reason for this is that it is not possible to compute confidence intervals
for a parameter whose values maybekmidt s o t hat they dondt reach t he

Only a single parameter and its associated limits may be specified on each CONSTRAIN
statement, but you may use multiple CONSTRAIN statements. The PARAMETERS statement
must precede the CONSTRAIN statathe Use the CONSTANT statement if you wish to define

a parameter with a fixed value.

The parameter value is allowed to range filomvalueto highvalue If you want to prevent a
parameter value from going to zero, you must specify a value greateretizaioizthe low value
(specifying zero would allow it to reach, but not go below, zero). For example, the following
statement constrains the valueagkto be greater than zero and less than or equal to 100:

constrain age = .0001,100;

The BADSTEP stataent (see below) also can be used to constrain the range of parameter values.
Unlike the CONSTRAIN statement which is a declarative statement, the BADSTEP statement is
an executable statement that can be controlled by an IF statement, so it can heslthggen
constant constraints or complex expressioifsa solution can be found using the BADSTEP
statement, parameter confidence values are computiedvever, the CONSTRAIN statement
operates at a deeper level than BADSTEP and generally performs bgde CONSTRAIN

rather than BADSTEP when possible.

Here is an example of a CONSTRAIN statement and the corresponding statement using the
BADSTEP statement:

CONSTRAIN angle =0, 1.57;
if (angle <0 || angle > 1.57) badstep;

See the COOLINGNLR, F33EXRLR, and POWER.NLR files for examples of the
CONSTRAIN statement.

SWEEP

SWEEP parameterlowvalue,highvalue,stepsize (optional) -- Specifies that the regression
analysis is to be performed repeatedly with a set of starting valuéisef@arameter. The first
analysis is performed with the parameter havingdiwalue the value oktepsizas then added

to the parameter's initial value and the analysis is performed again. The process is repeated until
the value of the parameter ob@shighvalue

Each time the analysis is performed the value of the residual sum of squares is compared with the
best previous result. The estimated values of the parameters for the best starting value are saved
and used for the final analysis and repor

Only one parameter may be specified on each SWEEP statement, but you may have as many

SWEEP statements as there are parameters. The number of regression analyses performed will be
equal to the product of the number of parameter values for each S\WAEEResnt.
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The SWEEP statement is useful when you are trying to fit a complicated function that may have
"l ocal mi ni mumd values other than the "global m
especially troublesome.

Here is an example of a SWEERtementhat tries starting values for the Temperature parameter
from 10 to 40 in steps of 0.01Also, e the SINE.NLRprogram file for an example of the
SWEEP statement.

Parameter Temperature;
Sweep Temperature=10,40, 0.01;

FUNCTION

FUNCTION depvar = function (required) -- Specifies the form of the function whose
parameters are to be determined. The dependent variable must be the only thing to the left of the
equal sign. The expression to the rigfitttee equal sign may contain variables, parameters,
constants, operators, and library functions such as sqrt, sin, exp, etc. The VARIABLES and
PARAMETERS statements must appear in the program file before the FUNCTION statement.
The function may be speifl using parameters, input variables, computed variables (declared
using the DOUBLE statement), constants, and library functions. You may use more than one
FUNCTION statement if you use IF or other conditional statements to select which one will be
execuied. However, during each execution of your program file one, and only one, FUNCTION
statement must be executed. Some example FUNCTION statements are show below:

Function y = p0 + p1*x;
Function distance = .5 * accel * time”2;
Function value = pric e + yrdep*age + miledep*miles;

Function populatn = base * growrate * exp(time);

CORRELATE

CORRELATE parl,var2...]; (optional)-- Causes NLREG to compute and print a correlation
matrix. If you do not specify a list of variakl¢he correlation matrix includes all input variables.

If you wish to control exactly which variables are included in the matrix, or if you wish to include
computed variables (declared with a DOUBLE statement), you may specify a list of variables.
The F3B.NLR example includes a CORRELATE statement. The following are examples of the
CORRELATE statement:

correlate;
correlate x1,x2,x3,y;

COVARIANCE

COVARIANCE; (optional)-- Causes the varian@mvariance matrix for the parameters to be
printed.

CONFIDENCE

CONFIDENCE percent; (optional) -- Specifies that a confidence interval is to be printed for
each estimated parameter. The purpose of reigreanalysis is to determine the best estimate of
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parameter values. However, as with most statistical calculations, the values determined are
estimates of the true values. The CONFIDENCE statement causes NLREG to print a table
showing the range of pos# values for each parameter given a specified confidence value. The
percentparameter specifies the probability that that the actual value of the parameter is within the
confidence interval to be computed. For example, the statement

Confidence 95;

specifies that the confidence interval(s) are to be computed such that there is a 95 percent
probability that the actual values of the parameters are within the intervals (or that there is a 5

percent chance that the parameters are outside the intervats)pefcendb par amet er may r ¢
from 50 to 99.999. If the CONFIDENCE statement is used without specifying a percent value,

90 is used by default.

Note: If you use the CONSTRAIN statement to limit the possible range of parameter values,
confidence interals will not be computed and displayed. The reason for this is that it is not
possible to compute confidence intervals for a parameter whose values may be limited so that
they dondét reach the true optimal wvalue.

TOLERANCE

TOLERANCE value (optional, default=1H0) -- Specifies the tolerance factor that is used to
determine when the algorithm has converged to a solution. Reducing the tolerance value may
produce a slightly more accurate result but will increase the number oibitsrand the running

time. The tolerance value must be in the rangd3. o 1E1.

ITERATIONS

ITERATIONS value (optional, default=50}- Specifies the maximum number of iterations that
should be attempted by the algorithm.thi solution does not converge to the limit specified by

the TOLERANCE statement (or to the default tolerance) before the maximum number of
iterations is reached, the process is stopped and the results are printed. Failure to converge before
the specifiechumber of iterations could be caused by one of three things:

1. The maximum allowed number of iterations might be too small. Try using an ITERATIONS
statement with a larger value.

2. The tolerance factor may be too small. Evenaperly converging solution will eventually
"l evel of fd or osci lzér@a sue ofasquaresrvalue.a Tryqusimgdhe b u't n
TOLERANCE statement to increase the tolerance value.

3. The function may not be converging. Try specifying better (or &t Idifferent) starting
values for the parameters on the PARAMETERS statement. Consider using the SWEEP
statement to specify a range of parameter starting values.

OUTPUT

OUTPUT [TO 'iled arl,var2...; (optional)-- Specifies thatfter the analysis is completed,

data values are to be written to a file. One record is written for each data observation in the input
file. flecb pbet hd® of the statement is specified
file. If this pation of the statement is omitted, the output values are written to the listing file
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along with the results of the analysi s. | f
used by default.

The list of variable names determines which varsldee written to the file and the order in
which the values appear in each output record. Any variable previously declared with a
VARIABLES or DOUBLE statement may be specified. In addition, the following system
variable names may appear in the outysit li

OBS -- The observation record number, starting at 1 and increasing by 1.

PREDICTED -- The predicted value for the dependent variable for the observation, given the
independent variable valuaad the parameters as calculated by the analysis.

RESIDUAL -- The difference between the actual value of the dependent variable and its
predicted value.

EXPRESIDUAL 1 The expected residual value. This is the same as the expected residual used
for X axis values on the NPLOT normal probability plot.

Examples of OUTPUT statements are shown below:

output age,miles,value,predicted,residual;

output to "growth.dat" obs,time,populatn,predicted;
POUTPUT
POUTPUT fileod ; ( o-pThd ROWEPUT statement specifies that NLREG is to write the

final estimated values of the parameters to a file. Each parameter value is written to a separate
line of the file. This statement is useful to create a file of estimated parameter values to be fed
into another analysis program. This statement can also be used to determine the parameter
estimates to more significant digits than displayed in the prirgéiddi because the format used

by the POUTPUT statement writes the values with 18 significant digits. The following is an
example of a POUTPUT statement:

poutput "params.dat”;

PLOT

PLOT [optiong; (optional)-- Display a plot of thealculated function and the data observations.
Each data point is displayed with a blue 'X'; the function that NLREG fits to the data is
superimposed as a yellow curve.

The PLOT statement can display either line plots of variables with one independeableyar,
if you have the Advanced version of NLREG, the PLOT statement can display a 3D surface plot
of functions with two independent variables.

In the Standard version of NLREG)et PLOT statement can be usamdly if the FUNCTION
declaration meets éhfollowing requirements: (1) there is must only a single independent variable
(i.e., variable on the right side of the equal sidg) the independent variable must be an input
variable (i.e., declared with a VARIABLES statement n@@UBLE statement).You mayuse
symbolic constants declared with the CONSTANT statenmetite function If the function does
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not meet these requirements you ganduce different types of plots using the SPLOT, RPLOT
and NPLOT statements.

If you have the Advanced versiaf NLREG, you can have two independent variables in the
function. In this case, NLREG produces either 3D surface plots or contour plots.

The following options may be specified on the PLOT statemdhimore than one option is
specifial, separate them with commas. For example, to produce a plot with X and Y axis
labels use a statement with the following form:

PLOT XLABEL="Time",YLABEL="Blood concentration";

PLOT statement options:
NOGRID-- suppress the griihes that are normally displayed with the plot.

NOMARK- Suppress the display of the X' symbfs circles in the case of 3D surface pldtst
normally mark the data points. This causes only the function to be drawnomithta
points.

NOFUNCTION- Suppress the display of the fitted function. Only the input data points will be
plotted.

TITLE=" stringd -- specify a title to be displayed with the pldf. no title is pecified the title
defined by the TITLE statement is used.

NOTITLE -- suppresses the title for the plot that, by default, is the title specified with the TITLE
statement.

XVAR=variable -- specify the varible to be used for the horizontal (X) dimension of the plot. If
you do not specify this option and there is only a single independent variable in the
function, it is used by defaultThis option is primarily used for 3D surface plots where
you need to ddgnate which of two variables goes on the X axis.

YVAR=variable -- specify the variable to be used for the vertical (Y) dimension. If you do not
specify this option and there is only a single independent variable, then the d#pende
variable of the function (i.e., the one on the left of the equal sign) is used by default. For
3D surface or contour plots, use the YVAR option to specify which of the independent
variables is to be used for the Y agx@nd use the XVAR option to desme the
independent variable to go on the X axis.

ZVAR=variable-- specify the variable to be used for the (Z) dimension of a 3D susfazmtour
plot. If you do not specify this option, then the dependent variable of thediurce.,
the one on the left of the equal sign) is used by default.

XLABEL="stringd -- specify a label to be printed along the X axis. If you do not use this
gualifier, the name of variable whose values determine the X cotediiraused as the
default label.

NOXLABEL-- suppress printing any label along the X axis.
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YLABEL="string0 -- specify a label to be printed along the Y axis. If you do not use this qualifier,
the nameof variable whose values determine the Y coordinates is used as the default
label.

NOYLABEL-- suppress printing any label along the Y axis.

ZLABEL="string0 -- specify a label to be printed along thexds for 3D surface plots (Advanced
version of NLREG only). If you do not use this qualifier, the name of variable whose
values determine the Z coordinates is used as the default label.

NOZLABEL-- suppress printing any labebalg the Z axis.

DOMAIN4owvalue,hivalue- specifies the domaiof the independent variabterer which the plot
is to be generatedif no domain is specified, NLREG uses the range of the independent
variable for the domainNote, for 3D surface and contour plots, use the XDOMAIN and
YDOMAIN options rather than DOMAIN.

XDOMAIN+owvalue,hivaluei equivalent to the DOMAIN qualifiefor functions with a single
independent variable. For surface and conmats, XDOMAIN specifies the domain
for the X dimension. If no domain is specified, NLREG uses the range of the
independent variable for the domain. Use the YDOMAIN qualifier to specify the domain
of the other independent variable.

YDOMAIN+owvalue,hivaluei for 3D surface plots (Advanced version), YLABEL specifies the
domain of the second independent variable over which the plot is to be gendiraied.
domain is specified, NLREG uses the range of the independent variathe fdomain.
Use the XDOMAIN qualifier to specify the domain of the other independent variable.

RESIDUAL -- draw vertical lines from each observed data point to the corresponding point on the
calculated function line. Thesenles r epr esent the "residual o
attempting to minimize.

SURFACEPLOT Display the surface plot of the function when generating a 3D fgtdefault,
this option is orand does not need to be specified.

NOSURFACEPLOF Suppress the display of the function surface when generating a 3D surface
plot. By suppressing the plot of the surface, you can clearly see the actual data points on
the 3D grid.

VIEWPITCH=angle i when generating a 3D surface plot (Advanced version), VIEWPITCH
specifies how many degrees the view is to be rotdtedhwardaround the X axis. A
value of 0 (zero) would view the plane formed by the X drakes(i.e., the view would
be from directly above the surfageg value of 90 would give a direct view of the plane
formed by the X and axes. The default value is 69 degrees.
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Here is an example of a plot with a ViewPitch angle of 40 degrees:

ViewPitch Angle = 40 degrees

Here is the same function plet with a ViewPitch angle of 88egrees:

ViewPitch Angle = 85 degrees

Z Axis
Z Axis

VIEWYAWanglei when generating a 3D surface plot (Advanced version), VIEWYAW specifies
how many degrees the view is to be rotatednterclockwise (leftwardaround the Z
axis. Avalue oD (zero) would view the plane formed by the X and Z axes; a value of 90
would give a direct view of the plane formed by the Y and Y axes. The default value is

46 degrees.

39



VIEWROLL=angle i When generating a 3D surface plot (Adead version), VIEWROLL
specifies how many degrees the view is to be rotated clockwise around the Y axis. The

default value is 0 degrees.

FILLDENSITY=valuei When generating a 3D surface plot (Advanced version), FILLDENSITY
specifies how many lines are to be computed for the surface of the plot. If you see
discontinuities or holes in the surface, try increasing the value of FILLDENSITY. The
default value is 1.0. If you see any holes in the surface, try increasing FILLDENGI

1.2; this will slow down the generation of the plot.

BASECONTOURWhen generating a 3D surface plot (Advanced version), BASECONTOUR tells
NLREG to display a contour plot on the plane formed by the X and Y axes bedow th
surface plot. See also the description of the CONTOURPLOT statement which generates

just a contour plot without the 3D surface plot aboveHtere is an example of a 3D
surface plot with BASECONTOUR turned on:

3D Parabola With BaseContour
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CONTOURPLOT

CONTOURPLOT pptiong; (optional, available only in the Advanced version)Display a
contour plot of the calculated function. A contour plot uses colored regions to display the Z value
on the XY plane. Here is an example af contour plat

Contour Plot m

240-16
-6 S
<o 0
0L 3
20 16
15D 24
240 32
o W
0 wo 8
B e
Bl st
B sip 72
B o
@b 3

[

INEN A

0
n

L
o
L)
-

X Vale

The CONTOURPLOT statement can only be used if the FUNCTION declaratias two
independent variables (i.e., variables on the right of the equal sign).

The following options may be specified on B®NTOURPLOT statement:
NOGRID-- suppress the grid lines that are normally displayed with the plot.

TITLE=" stringd -- specify a title to be displayed with the plot. If no title is specified the title
defined by the TTLE statement is used.

NOTITLE -- suppresses the title for the plot that, by default, is the title specified with the TITLE
statement.

XVAR=variable -- specify the variable to be used for the horizontgl d¥nension of the plot. If

you do not specify this option and there is only a single independent variable in the
function, it is used by default.

YVAR=ariable -- specify the variable to be used for the vertical (Y) dimensiornyouf do not
specify this option and there is only a single independent variable, then the dependent
variable of the function (i.e., the one on the left of the equal sign) is used by default. For
3D surface or contour plots, use the YVAR option to spewetfijch of the independent
variables is to be used for the Y axis.
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ZVAR=variable-- specify the variable to be used for the (Z) dimension of a 3D surface or contour
plot. If you do not specify this option, then the dependent var@flee function (i.e.,
the one on the left of the equal sign) is used by default.

XLABEL="stringo -- specify a label to be printed along the X axis. If you do not use this
qualifier, the name of variable whose values deternfieext coordinates is used as the
default label.

NOXLABEL-- suppress printing any label along the X axis.

YLABEL="string0 -- specify a label to be printed along the Y axis. If you do not use this eualifi
the name of variable whose values determine the Y coordinates is used as the default
label.

NOYLABEL-- suppress printing any label along the Y axis.

XDOMAIN4owvalue,hivalue- specifies the domaifor the X variableover which the plot is to be
generated. If no domain is specified, NLREG uses the range dirshendependent
variable for the domain.

YDOMAIN+owvalue,hivalug specifies the domain of the secof) independent variable over
which the plot is to be generated. If no domain is specified, NLREG uses the range of the
secondndependent variable for the domain.

FILLDENSITY= valuei specifies how many lines are to be computedHerdurface of the plot.
If you see discontinuities or holes in the surface, try increasing the value of
FILLDENSITY. The default value is 1.0. If you see any holes in the surface, try
increasing FILLDENSITY to 1.2; this will slow down the generatiomhef plot.

NOLEGEND tells NLREG not to display the legend box that is usually displayed to the right of
the contour plot.

SPLOT

SPLOT pptiong; (optional)-- Display a scatteline plot of (X,Y) data points. Using the XVAR

and YVAR options (see below) you can specify which variable is used for the vertical (Y)
dimension and which is used for the horizontal (X) dimensiény type of variable may be
specified incldling input variables, computed variables (declared with the DOUBLE statement),
the dependent variable of the function, and the system variables PREDICTED, RESIDUAL, and
OBS.

You may display two ster plots on the same imagéistis useful for comparingomputed
values with input values. To do this, use XvR2andYVAR2options to specify the variables for

the X and Y dimensions for the second plot. Each data point for the primary plot (specified by
XVARand YVAR is marked with a blue 'X'. The dapmints for the second plot (specified by
XVAR2andYVAR2Y are marked with yellow triangles. You can use G@\NECEBNd CONNECT2
options to draw straighine segments through the points. TH@eMARIKNANOMARK®ptions can

be used to suppress the datanpaiarkers.
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The following options may be specified on the SPLOT statement:

XVAR=ariable -- specify the variable to be used for the horizontal (X) dimension of the first set
of plotted points. This cabe any type of variable, input or computed. If you do not
specify this option and there is only a single independent variable in the function, it is
used by default.

YVAR=variable -- specify the variable to be used for the vert{agl dimension. This can be any
type of variable, input or computed. If you do not specify this option then the dependent
variable of the function (i.e., the one on the left of the equal sign) is used by default.

XVAR2=variable -- specify the variable to be used for the horizontal (X) dimension of the second
set of plotted points. This can be any type of variable. If you sp®sifR2 but not
XVAR2 the default is the same variable as specified\byR

YVAR2=variable-- specify the variable to be used for the vertical (Y) dimension of the second set
of plotted points. This can be any type of variable. If you speaifyR2but notYVAR2
the default is the same variable as specified\WR

CONNECT- Connect the first set of poinfXVAR and YVAR) by straightline segments. The
points are displayed and connected in the same order that they appear in the data file.

CONNECT2- Connect the second setpdints(XVAR2 and YVAR2)by straightline segments.

NOMARK- Suppress the display of the 'X' symbols that normally mark the first set of data points.
This can be used with CONNECT to cause only the line to be drawn.

NOMARK2- Suppress the display of the triangle symbols that normally mark the second set of
data points.

NOGRID-- suppress the grid lines that are normally displayed with the plot.

TITLE= "string0 -- specify a title to be displayed with the plot. If no title is specified the title
defined by the TITLE statement is used.

NOTITLE -- suppresses the title for the plot that, by default, is the title specified witHTh&
statement.

XLABEL="string0 -- specify a label to be printed along the X axis. If you do not use this qualifier,
the name of variable whose values determine the X coordinates is used as the default
label.

NOXLABEL-- suppress printing any label along the X axis.

YLABEL="string0 -- specify a label to be printed along the Y axis. If you do not use this qualifier,
the name of variable whose values determine the Y coordimatesed as the default
label.

NOYLABEL-- suppress printing any label along the Y axis.
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DOMAIN4owvalue,hivalue-- specifies the domain over which the plot is to be generated. If no
domain is specifié, NLREG uses the range of the horizontal variable(s) for the domain.

If there is more than one option, separate them with commas. The following is an example
SPLOT statement:

splot xvar=time,yvar=sodium,yvar2=potassium,connect,connect2,
title="BI ood concentration over time",
xlabel="Time (hours)",ylabel="Sodium & Potassium";

RPLOT

RPLOT [optiong; (optional)--Di spl ay a pl ot of the residual val
deviation) is thedifference between an actual value of the dependent variable for an observation

and the predicted value based on the function fitted by the regression analysis. If the calculated

function exactly predicted the actual observation values, all of the absiaues would be zero.

However, this is usually not the case and the residual values show where, and by how much, the

fitted function fails to predict the actual observations.

The RPLOT statement causes NLREG to display a plot showing the residue$ \@iuthe
vertical (Y) axis. The variable plotted along the horizontal (X) axis may be specified using the
XVARoOption (see below). You may specify any variable including the dependent variable and
computed variables declared with the DOUBLE stateméngou do not specify a variable and
there is a single independent variable in the function it is used. FExésXabel indicates which
variable was used.

A residual plot is very useful for determining if the form of the function being fitted is ajxtepr

for the data values. If the residual values are randomly distributed in positive and negative
directions then the form (shape) of the fitted function is probably appropriate for the data and the
deviations are due to random measurement errors.oWfever, the residuals show a systematic
pattern such as a periodic cycle, then the function may not be appropriate for the data values. See
the discussion of the DurbMatson statistidor additional information about autmrrelated

residual values. The PLOT, RPLOT, SPLOT, and NPLOT statements may be used in the same
program file.
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Here is an example of a residual plot (rplot) of a function with one independent variable:

Plot of Residuals
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Here is an example of a residual plot for a funttidth two independent variables (Advanced
version only):

Plot of Residuals

ZAXis
Z Axis

The following options may be specified on the RPLOT statement:

XVAR=ariable -- specify which variable is to be used for the horizontal (X) dimensfotie
plot. You may specify any variable including independent input variables, the dependent
variable of the function (i.e., the one on the left of the equal sign), and computed or
transformed variables declared with the DOUBLE statement. If theralysaosingle
independent variable NLREG will use it by default. The label along tagiXindicates
which variable was used.
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YVAR=ariable -- specify the variable to be used for the vertical (Y) dimension. If you do not
specify tis option and there is only a single independent variable, then the dependent
variable of the function (i.e., the one on the left of the equal sign) is used by default. For
3D surface or contour plots, use the YVAR option to specify which of the independ
variables is to be used for the Y axis.

ZVAR=variable-- specify the variable to be used for the (Z) dimension of a 3D surface or contour
plot. If you do not specify this option, then the dependent variable of the functign (i.e
the one on the left of the equal sign) is used by default.

NOGRID-- suppress the grid lines that are normally displayed with the plot.

TITLE= "stringod -- specify a title to be displayed with the pldf.this option is not specified, the
default title is "Plot of residual so.

NOTITLE--suppresses the title for the plot which,

XLABEL="string0 -- specify a label to bprinted along the X axis. If you do not use this qualifier,
the name of variable whose values determine the X coordinates is used as the default
label.

NOXLABEL-- suppress printing any label along the X axis.

YLABEL="string0 -- specify a label to be printed along the Y axis. If you do not use this qualifier,
the default | abel is "Residual 0.

NOYLABEL-- suppress printing any label along the Y axis.

DOMAIN4owvalue,hivalue-- specifies the domain over which the plot is to be generated. If no
domain is specified, NLREG uses the range of the X dimension variable.

VIEWPITCH=angle i when generating a 3D residual plot (Advancestsion), VIEWPITCH
specifies how many degrees the view is to be rotated downward around the X axis. A
value of 0 (zero) would view the plane formed by the X and Y axes (i.e., the view would
be from directly above the surface); a value of 90 would gigigext view of the plane
formed by the X and Z axes. The default value is 69 degrees.

VIEWYAWanglei when generating a 3D residual plot (Advanced version), VIEWYAW specifies
how many degrees the view is to be rotated coumtekalise (leftward) around the Z
axis. A value of O (zero) would view the plane formed by the X and Z axes; a value of 90
would give a direct view of the plane formed by the Y and Y axes. The default value is
46 degrees.

VIEWRQ@L=angle i When generating a 3D residual plot (Advanced version), VIEWROLL
specifies how many degrees the view is to be rotated clockwise around the Y axis. The
default value is O degrees.

If more than one option is specified, separate them with commas.
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NPLOT

NPLOT [optiong (optional)-- Display a normal probability plot of the residual values. In this
plot, the actual value of each residual is plotted on the vertical (Y) axis and the expectedd value
the residual, assuming the residuals are normally distributed, is plotted on the horizontal (X) axis.
If the residuals are normally distributed, the resulting plot will be a straight line passing through
the origin with a slope of 1 (i.e., the actualue of each residual should equal the expected value
from the normal distribution). If the residuals are not normally distributed, the plot will deviate
from a straight line. NLREG displays a red line along which the X marks should be displayed if
the residuals are normally distributetilere is an example of a normal probability plot:

Normal probability plot of residuals (r=0.984)

Actual residuals
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When a normal probability plot is requested, NLR&E&0 computes the correlation between the
actual residual values and their expected vahumeisdisplays the correlation coefficient in the title

line "(r=n.nnrj) 0 .

| f

t he

resi dual v al

ues are nor mal

to 1.000. A correlation value less than 0.940 suggests that the residuals are not normally

distributed.

The PLOT, RPLOT, SPLOT, and NPLOT statements may be used in the same program file.

The following options may be specified on the NPLOT statement:

GRID -- display grid lines to make it easier toiesite values.

TITLE= "stringo -- specify a title to be displayed with the plot. If no title is specified the default

title is

"Nor mal

NOTITLE -- suppresses the title for the plot.

probability

pl ot o.

XLABEL="string0 -- specify a label to be printed along the X axis. If you do not use this qualifier,

def aul t

abel

is "Expected

NOXLABEL-- suppress printing any label along the X axis.
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YLABEL="string0 -- specify a label to be printed along the Y axis. If you do not use this qualifier,
the default | abel is "Actual residual so.

NOYLABEL-- suppress printing any label along the Y axis.

If more than one option is specified, separate them with commas.

Assignment Statement

The assignment statement is an executable statement that evaluates an expression and assigns its
value to a variable. The syntax for an assignmerdragit is:

variable = expression ; // Assign expression to variable
variable  += expression ; // Add expression to variable
variable - = expression ; // Subtract expression from variable

variable  *= expression ; // Multiply variable by expression
variable /= expression ; // Divide variable by expression

where Variabled i s a variable that was previously decl
variable may be subscripted if it is an arrayexpressiod i s a valid arithmet.
expression following He rules explained earlier. If the expression involves a relational
comparison operator (e.g, >, >=, etc.) or a logical operatiog4, || ,!), the value 1 is used for

true and O for false. The expression may contain any type of variable (input, tedmpu
constant) along with parameters and library functions.

IF Statement

The form of the IF statement is:
IF ( expression statementl[ELSE statementP

If the expression is true (not zerstatementls executed, if the expressionfase (0) and the

ELSE clause is specifiegtatement2s executed. The ELSE clause and the second set of
controlled statements are optional. You may control groups of statements by enclosing them in
braces. The following are examples of valid IF stegets:

if (x > bigx) bigx = Xx;

if (x < Pivot) {

Function Y = BO+B1*(X - Pivot);
}else {
Function Y = BO+B2*(X - Pivot);

}

The PIECE.NLR program file contains an example of an IF statement.
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WHILE Statement

The WHILE statementolops until the controlling expression becomes false (0) or a BREAK
statement is executed within the loop. The form of the WHILE statement is:

WHILE ( expressioy{
<< controlled statements>

}

Each timearound the loop the expression is evaluated. If it is true-Zaom) the controlled
statements are executed and then the process repeats until the expression becomes false. If a
BREAK statement is executed within the loop, execution of the loop tetesimand control is
transferred to the first statement beyond the end of the loop. If a CONTINUE statement is
executed in the loop, control is transferred to the conditional test at the top of the loop. The
following is an example of a WHILE statement:

while (x < 5) {
X = X + Xmove;
y =Yy +ymove;

}
DO Statement

The DO statement is very similar to the WHILE statement except the control expression is
evaluated at the end of the loop rather than the beginning. This causes tladwiappto be
executed at least once. The form of the DO statement is:

DO {
<< controlled statements>
}WHILE ( expressiopn

For each iteration of the loop the controlled statements are executedeantheéhconditional
expression is evaluated. If it is true (Foaro) control transfers to the first controlled statement at
the top of the loop. A BREAK statement may be used to terminate the loop before the conditional
expression is evaluated. A CONTUR statement can be used to cause control to be transferred
from within the loop to the point where the conditional expression is evaluated. The following is
an example of a DO statement:

do {
X += xstep;
y += ystep;
} while (x < limit);

The BULLETNLR program contains an example of the DO statement.
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FOR Statement

The FOR statement is a looping control statement similar to the WHILE statement; however, the
FOR statement also allows you to specify initialization expressions thaixacuted once at the
beginning of the loop, and loegnd expressions that are executed at the end of each loop cycle.
The form of the FOR statement is:

FOR (expressionl expression?2 expressiong statement

Execution of a FOR statement proceeds devd:

1.

5.

Evaluateexpressionl Typically this expression will include assignment operatcr8 ('
to set initial values for loop variables. If you need more than one initial expression,
specify them as a list separated by commas.

Evaluateexpression2 If its value is false (0) terminate the FOR statement and transfer
control to the statement that follows the controlled statemenexgdfessionds true,
proceed to the next step.

Execute the controlled statement. If more than one statement is to l@lednénclose
them with brace character{ (' }d') .

Evaluateexpression3 This expression will typically contain operators such asd",
"+=f ,-- 0", - o ¢to Modify the value of a loop variable.

Transfer control to step 2, whesgpression2s once gain evaluated.

The following is an example of a FOR statement:

for (time=starttime; time<endtime; time+=timestep) {
<< controlled statements >>

}

BREAK Statement

The BREAK statement can be used in FOR, WHILE, and DO loopgrnuoniate the loop and
cause control to transfer to the statement beyond the end of the loop. The following is an
example of a BREAK statement:

time = 0;

x=0;

while (time < endtime) {
x += delta * xspeed;
if (x > 10) break;
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CONTINUE Statement

The CONTINUE statement can be used in FOR, WHILE, and DO loops to terminate the current
iteration and begin the next one. When CONTINUE is executed in a WHILE or DO statement,
control is transferred to the point in the loop whdre bop control expression is evaluated.
When CONTINUE is executed in a FOR statement, control is transferred to the bottom of the
loop where expression3 is evaluated (which normally augments the values of the loop variables
for the next iteration). Thimrm of the CONTINUE statement is:

continue;

STOP Statement

The STOP statement terminates the calculations for the current iteration. The last value of the
independent variable (as specified with a FUNCTION statement) is used eadhlated value

of the function. An implicit stop occurs if
form of the STOP statement is:

stop;

BADSTEP Statement

The BADSTEP statement terminates the calculations forutrernt iteration and signals that the
function could not be computed. The minimization procedure will then back step and try a
different apprach toward a solution. The BATEP statement is usually used under the control
of an IF statement to signal ifpmtential convergence step is moving into an invalid region.

The BADSTEP statement can be used to put constraints on the possible values of parameters in a
similar fashion to the CONSTRAIN statement. The CONSTRAIN statement operates at a deeper
level tran BADSTEP and usually performs better. However, the CONSTRAIN statement only

allows constant values to be specified for the constraints whereas the BADSTEP statement can be
controlled by an IF statement with a complex expression.

Parameter confidence formation such as-walues are not computed when a CONSTRAIN
statement is used, but they are calculated when BADSTEP is UsedC”ONSTRAIN rather than
BADSTEP when possible. Warning: the use of BADSTEP (or CONSTRAIN) may result in
NLREG being unable toonverge to a solution.

The form of the BADSTEP statement is:

badstep;

Here is an example of a BADSTEP statement being controlled by an IF statement:

if (Angle > 90 || Distance < 1) badstep;

DATACOUNT statement

DATACOUNT court; (optional)i Specifies the approximate number of data records that are in
the dataset. It is not necessary to use this statement, but if you have a large number of data
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observations (i.e., more than 50,000) specifying the approximate count can spleedniglysis.

NLREG uses the specified count to allocate the initial data array area. This avoids having the
area enlarged and reallocated as the data records are read into memory. Note: if you specify a
value, it is better that it be slightly too larthan slightly too small. The form of the statement is:

datacount count

wherecountis an integer value that indicates how many lines are in the data file.

DATASKIP statement

DATASKIP count (optional)-- Specifies how manyries at the front of the data file should be
skipped when reading the data records. Normally, NLREG assumes the first record of your data
file contains the first data observation for the analysis. However, some data files produced by
other programs may b with one or more other types of lines (titles, comments, etc.) before the
first actual data observation. The form of the statement is:

dataskip  count

wherecountis an integer value that indicates how many lines at the front of the data filebare to
skipped. For example, the following statement causes 1 line to be skipped:

dataskip 1;

DATA

DATA [filed ] ; ( r e §pedifiesetde) name of the file containing the data records, or

introduces the data records which follow g8tatement. If a file name is specified on the DATA

statement, the file is opened, its data records are read, and the regression analysis is performed. If

a file name is specified without an extensiabAT0 i s used by default. Not
a file name it must be enclosed in quote marks.

If no file name is specified on the DATA statement, the data records must immediately follow the
DATA statement in the program file.

If you have a large number of data records, yostnuse the form of the DATA statement that
specifies a file name and place your data records in a separate file. This is necessary because the
editor built into NLREG can handle only up to 65,000 characters.

For large files with more than 50,000 dataorels, you can speed up processing by using the
DATACOUNT statement to specify the number of records that NLREG should initially allocate
space for.

Each data record must contain at least as many data values as the number of variables specified
on the VARABLES statement(s). The order of the variables as specified on the VARIABLES
statement must match the order of the values in each observation. Any data values beyond those
required for the specified variables are ignored. Each observation must begiewriine.

Each set of data values (i.e., a record) is specified as a series of numeric ASCII values terminated

by a carriageeturn/linefeed. Alternatively, you can use a semicolon to terminate a data record
rather than carriageeturn/linefeed. Thedata values within a record must be separated by one or
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more spaces and/or a comma. You may place a comment on the end of a data record by

beginning the comment with "// 0. Data values
in exponential notadn (i.e.,n.nNNIrEppp).

The DATA statement must be the last statement in the program file. If no file name is specified
on the DATA statement, the data records must immediately follow the DATA statement in the
program file. The following is an example @atomplete program file including data records:

Variables age,miles,value;

Parameters base,depage,depmiles;

Function value = base + depage*age + depmiles*miles;
Data;

2 10000 13000

4 42000 9000

1 7000 17000

6 52000 6000

5 48000 8000

If the data records had been placed in a separate file named CAR.DAT, the statements would be
as follows:

Variables age,miles,value;

Parameters base,depage,depmiles;

Function value = base + depage*age + depmiles*miles;
Data "car.dat";
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Setting Colors and SavindPlots

Selecting Colors for Plots

NLREG allows you to select the colors used for items in generated plots. NLREG saves three set

of color values, one for plots ditssaptteratgywad on t he
printer (APrinted plotod) and one for pl ots wri-t
pl oto). To select color values, click the #ACol ¢
you want to set from the dragpwn menu. Acolor selection panel will then be displayed:

Type in a numeric value between 0 and 255 for the Red, Green and Blue color components for

each item. You can also click the fASelecto but
palette. To sethe standard color values, click the radio buttons indicating whether you want a

color or monochrome plot and chose a black or white background, then click the button labeled

AfSet standard col orso.
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