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Abstract

:,-» LI_\,. This research created a learning environment, known as the Pearce
Projection Modeling Environment (PPME) which is used as a tool by a
teacher and student. The PPME was developed in an effort to create a new
approach to the study of the General Linear Model through a constructive
and projective, geometric approach. While the geometric approach to the
GLM was developed over the past century, it has not been used extensively
because of the inherent complexities associated with visualizing vector
spaces. With the PPME, visualization is accomplished effortlessly. The
PPME is a computer program that allows the student to enter response
vectors and other vectors and data associated with the GLM and observe the
relationships of those vectors interactively and in three-dimensions. The
PPME encourages learning through constructive development by allowing
the student to modify the vectors and observe the results of his actions.

To validate the PPME as a leamiﬁg tool, several data sets were
generated and -used to study three scenarios: The Sample Mean and
Variance, A General Linear Test of the Population Mean, and An Ordinary

Least Squares Simple Linear Regression, /4 —-——
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AN APPLICATION OF INTERACTIVE COMPUTER
GRAPHICS TO THE STUDY OF INFERENTIAL

STATISTICS AND THE GENERAL LINEAR MODEL

I. Introduction

General Issue

The mathematics education level of students in the United States has
declined to crisis levels in recent years. According to Newsweek, "one
international study after another places U.S._ school kids near the bottom of
thé heap in mathematical achievement" and suggests "average Japanese 12th
graders have a better command of mathematics than the top 5 percent of
their American counterparts.” Clearly something must be done to upgrade
our competency in teaching the mathematical sciences. (2:52)

This research will show how the technology of computers can be
blended with techniqués developed over the past century- in statistics
education to increase students’ mathematical competency in graduate level
statistical courses. One of the primary areas of statistical study at the Air

Force Institute of Technology (AFIT) is the General Linear Mode! (GLM),




which is the main focus of two courses in Statistics. The GLM is also at the
heart of this research.

Traditionally, the GLM is taught from an algebraic standpoint. This
approach limits one’s ability to conceptualize the true essence of the GLM.
Students are encouraged to view modeling as a purely computational
exercise resulting in rote memorization of the critical concepts associated
with the GLM. As a consequence, students are inclined to work problems
without any true understanding of what they are doing.

David Herr’s research has shown how mathematicians employ the
Geometric (Projective) Approach to facilitate a meaningful explanation of the
GLM. Herr characterizes such.an approach to the study of the GLM as
"beautifully elegant [if you see it]." (6:45) Peter Bryant describes how
geometric images can provide a natural way to look at the basic conceptual
entities of statistics such as the mean and sample variance, and then lays a
foundation for a pedagogy that uses geometry to motivate the higher and
more inclusive concepts of the GLM. (1:43-46)

Wh‘ile Herr reviews historical efforts to justify a projective approach
toward the study of the GLM and Bryant lays the mathematical comerstones.
for an appropriate pedagogy, it took the thesis work of Captain Stone
Hansard (AFIT-GSM-90S) to create and implement a computer-based

methodology that provided a sufficient basis for the graphically-intensive




pedagogy developed by this thesis effort. Hansard demonstrated that
computers could be used to help reverse the dominant transfer-leaning
protocol to one that encourages students to experiment with the theory before
they construct a concept base that captures the essence of the theory.

Emst von Glaserfeld proposes that the teacher’s job is not to transfer
knowledge to the student. Rather, he suggests it is best to create an
environment in which the student employs his intuition, and experiences
success in the problem solving arena, BEFORE he is formally introduced to
mathematical theory. Glaserfeld, commenting on the evolution of such a
pedagogy, says,

A conceptual model of the formation of the structures and the

operations that constitute mathematical competence is essential

because it, alone, could indicate the direction in which the student is
to be guided. The kind of analysis, however, that would yield a step
by step path for the construction of mathematical concepts has barely
been begun. It is in this area that, in my view, research could make

advances that would immediately benefit education practice. (4:16)

It is just such a constructive leaming approach that this research
attempts to implement via a system of interactive graphic computer programs
designed to assist the student in learning the General Linear Model through
heuristic exploration of underlying principles of the GLM from a geometric
point of view. It is believed such active and visual involvement with the

GLM will foster a clear visualization of its mathematical elegance and lead

to a rigorous mastery of the theory of the GLM.




Specific Problem

To help close the gap between theory and competent practice of
general linear modeling, a systematic process for experimenting with
applications of the GLM needs to be developed. This system should portray
both the elegance and mathematical rigor of the GLM in a manner any
serious student can comprehend.

The student is introduced graphically to the General Linear Model in
three steps. First he can study the geometric structure of the sample mean
and sample variance. Next he is encouraged to conduct a hypothesis test of
the population mean visually. Finally he is encouraged to experiment with

“the geometric structures representing a simplé linear regression. Details
concerning the program flow and element; used to create a graphic
environment -for experimenting with the GLM follow in Chapter 3.

Programs, alone, cannot satisfy the requirements for facilitating a
constructive learning process.” In order for the student to gain understanding
of the GLM, competent guidance must be available to him. The instructor
and learning protocols provide guidance for governing any educational event
which uses the computer as 4 tool in the exploration of the General Linear

Model.




Research Hypotheses
Three research hypotheses provided a framework for the development
and evaluation of this computer assisted learning system.
1. The learning protocol developed by Hansard known as the VVAM
(Visualization, Verbalization, Algorithmization and Mathematization)
can be used to orchestrate an experiment-based environment for

constructively learning and applying the concepts of the General
Linear Model.

2. The projective approach toward the study of the Sample Mean,"
Sample Variance, and inferences using the General Linear Model can
be represented and implemented graphically on an IBM compatible
computer. l

3. Through the use of the VVAM protocol and relevant heuristics of
. constructive learning, students will be able to gain an understanding

and experiential appreciation of the concepts associated with general

linear modeling. : !
Justification of Research

The basic premise of constructive or discovery learning is that the
student learns primarily through experimentation. Glaserfeld supports this
assumption when he says "although one can point the way with words and
symbols, it is the student who has to do the conceptualizing and the
operatingz." Although learning is ultimately the student’s responsibility, the
teacher’s duty is "to help and guide the student in the conceptual

organization of certain areas of experience." (4:16) The thrust of the




research and the research hypotheses proposed for this thesis respond directly
to this requirement for a meaningful and experiential learning of
mathematics.

Joseph Scandura reiterates the argument for discovery learning after
reviewing the results of several experiments comparing it to "regular
learning" when he says:

The discovery group not only performed better than the expository

group on tests designed to measure the transfer of heuristics but they

better retained the material that had been originally taught. (11:119)

While discussing the geometric approach to statistics, D. J. Saville and
G. R. Wood also agree that

In fact, there appears to be a real need for a teaching method that

bridges the gap between the two extremes: a method that conveys an

understanding of the underlying mathematical principles at an

elementary level. (10:205)

Clearly, constructive learning has a place in the study of mathematics.

Scope of Research

This research focuses on the development of computer programs to
implement a constructive approach to learning the General Linear Model and
the evaluation of the system’s éapacity to facilitate a student’s ability to
experiment geometrically with various mathematical concepts and properties

of the GLM.




11. Background

The development of the geometric approach to the General Linear
Model is not a new idea. According to David Herr, one of the earliest
published accounts of the model was written in 1915 by Ronald A. Fisher.
Fisher’s use of geometry to discuss the distribution of correlation coefficients
was elegant, but it was difficult to discern from his written papers. (6:44-45)

In 1933-34, M. S. Bartlett combined the use of algebra and geometry
in his description of sample sizes as being vectors of dimension n. This
allowed the reader to follow Bartlett’s progressions using as much, or as
little, geometry as the reader could competently engage. This meant tl-ne
reader could fall back on the-algebra, as required, and led"to increased
insight to the geometric aplproach. (6:45)

J. Durbin and M. G. Kendall studied the geometric ap[;roach to
estimation in 1961. Their findings were similar to Fisher’s in that they
involved little or no algebra. While this type of approach is sbmetimes more
elegant, it can leave the reader lost if he does not "see" the developments.
(6:45) .

William Kruskal used the geometric approach in the development of

the Gauss-Markov estimation methods. He thought the geometric approach




provided for a more elegant and general approach. Since the geometric
approach was understood by many statisticians,
Kruskal hoped his paper would encourage more statisticians to adopt
this approach to linear models. It does not appear that this hope was
realized during the next 10 years or so. (6:45)
As Kruskal says, the geometric approach is available but the mechanisms
needed in order to make it an effective teaching tool just do not exist. (6:46)
In 1967 G. S. Watson combined the algebraic aqd geometric
approaches in order to motivate a clearer understanding of the underlying
principles of least squares regression. Like Bartlett’s paper, this allowed
readers to revert to the common ground of algebra if needed. (6:46)
Kruskal uses the ‘geoinetric appfoach again and uses the coordinate-
free developmer;t of the linear model in a comp;lrisén of earlier works
completed by Watson and Zyskind. Heir says, "the simplicity and beauty of
the coordinate-free approach is clearly demonstrated by such a comparison"
(6:46).
| After analyzing the developments in this field, Herr describes several
theories that explain why the geometric development of the General Linear
Model is not used more widely. One theory is that .while‘ "the pure
geometric approach convinced two generations of statisticians that geometry

might be all right for a gifted few, it would never do for the masses" (6:46).

Another theory proposes




To fully appieciate the analytic geometric approach and to be able to

use it effectively in research, teaching, and consulting requires that the

statistician have an affinity for and talent in abstract thought. (6:46)
The common thread between the two theories is that understanding the
geometric approach requires considerable additional effort for the ordinary
student. While Herr discusses the historical development of the geometric
approach to the General Linear Model, Peter Bryant provides a more
teachable approach to the subject. (6:46)

Bryant discusses the geometry common to Statistics and Probability
and how a geometric approach can lead to a more unified understanding of
the concepts in each of these fields. (1:38)

"Perhaps one reason for this lack of unity is that the relevant material
has nét been published in the appropriate elementary-level liter;nure," (1:38)
he states. Bryant believes that if the student can understand the basic
concepfs that are developed through the geometric approach, then there are
only "variations on a common theme," (1:38) any one of which can then be
understood relatively easily. (1:38) |

Bryant considers least squares regression an ideal arena in which a
geometric approach can be employed. Througfl geometry the students can

obtain a visual confirmation of exactly how the best estimate of regression

parameters is obtained. Confirmation secured in two or three dimensions can



easily be extended to a subspace of n dimensions once the basic concepts are
mastered in two or three dimensions. (1:40)

Bryant then discusses the orthogonal projections of a given vector
onto a plane and demonstrates how the angle between the vector and plane
can also be calculated through the use of inner products. The concept of the
inner product can then be épplied to the least squares regression where the
angle can be used to determine if a good fit exists. Thus the mean of the
data can be obtained geometrically. Geometrically, the error, which must be
examined in order to determine how good the fit is, is the difference between
the data and the mean vector. Using the Pythagorean theorem, the
magnitﬁde of the error can be calculated. Statistically this is referred to as
the sum of squares of error or SSE. Sample varia;lce is calculated by
dividing SSE by its degrees of freedom. (1:41-42)

Graphically, the degrees of freedom represent the number of
dimensions along which a vector is aHowed to vary. Since the error vector
must be orthogonal to the original vector of data, its degrees of freedom are
based on the number of samples of data less one. The error vector must be
orthogonal because it represents the shortest distance between the mean of
the vector and the vector of data. (1:45)

The geometric approach is used with the General Linear Model in

order to see how one set of data correlates with anether. Graphically we can

10




observe this by comparing the difference between the vector of data and the
projection of the mean along the model space. The inner product created by
the different vectors of two or more sets of data allows us 0 assess the
relation of the data. (1:45-46)

Bryant’s developments allow the student to understand more of
mathematics by allowing him to visualize what is happening. An algebraic
approach often can result in a cookbook approach to statistics. Application
of Bryant’s methods are discussed in more detail in the analysis section of
this research found in Chapter 4.

Saville and Wood alsq discuss how they used the geometric approach
‘to the General Linear Model to teach two‘ courses in statistics in which

the aim was to introduce students to the theory and methods of

analysis of variance and regression of a rigorous but elementary

geometric setting, at the same time highlighting the unity of the area.

(10:205)

First they pré-sent a basic overview comparing algebraic co_ncgepts such as the
vector and skhow the geometric analogy. They continue to show how vectors
are added, and how vectors are projected onto subspaces. After laying a
basic geometric foundation, they demonstrate an example and explaih its
significance geometrically. The example is based on the reduced General

Linear Model with y,=pn+ ¢, , where ¢, =y,-y . Theny is projected

onto the Model and this "best fit" is i. By observing the vectors graphically,

I




the student can clearly visualize the orthogonality of the model space
projection and the error vector which, when summed, form the observation
vector. Other examples of the GLM are also described by the authors.
(10:205-213)

In 1979 Marvin Margolis presented an article in which "the emphasis
is on geometric thinking as a means of visualizing and thereby improving an
understanding of methods of data analysis" (8:131). He develops a
projection transformation P=X(X"X)'X" (where X is the model space)
which is used to obtain the projection of the observation matrix onto the
estimation space. Using this projection transformation he develops the mean
of the observation matrix. ﬁe then uses the perpendicular projection
transformation (I-P) to calculate the error vector and by dividing the
magnitude of the error vector by the degrees of freedom less one, the sample
-standard deviation can be found. (8:132-133)

This research is largely based on applications developed by Saville,
Wood, and Margolis who have, as university instructors, used the geometric
approach to the General Linear Model in classrooms with much éuccess.
This curriculum is but one of four commonplaces of education addressed by
Gowin and Novak. In order for a student to learn effectively, we must

consider the other three commonplaces: the teacher, the learner and the

12




governance (9:6). The commonplaces which are most accessible to
improvement are the teacher, learner, and curriculum (5:9).

To facilitate the interaction between all of these commonplaces,
Hansard developed a protocol that encourages a dialogue between the student
and instructor concerning the key elements of curriculum through a series of
learning heuristics known as the VVAM. This protocol was specifically
developed with the computer in mind as the preferred tool to enhance the _
student/teacher interaction throughout the learning process. The first step
was for the student to visualize the mathematical activity operationally. At
this point the computer guided the student through an example step by step
based-on inputs from the student. The student .was allowéd to repeat these
mathematical operations varying ;he: inputs uﬁtil he felt he could ve;bally

.express the logic of the mathematical actions under study. (5:23-24)

The next step was for the student to verbalize the steps of the process
to the instructor. This verified to the> instructor that the student understood
what the steps of ihe process were. (5:25)

After the instructor felt that the student understood the process, the
student was asked to algorithmize the mathematical operations. The .
algorithmization was different from the verbalization in that the student
would write down the steps of the process in a sort of pseudo code. In order

to assure an accurate pseudo code, Hansard suggests,

13




An excellent way to verify the accuracy of the algorithm is by

stepping through the algorithm and the program at the same time to

see if both yield the same results at every step. (5:26)

The final step in the protocol requires the student to mathematize the
process. At this point the student should review his algorithms and convert
them to mathematical form using the appropriate mathematical notation.
(5:26)

Together these four steps constitute the VVAM protoco!. This
protocol is particularly applicable whenever a student and teacher are using
computers to facilitate the learning process. As a result of Hansard’s
verification of the VVAM protocol’s efficacy, it was selected as the learning
heuristic of choice for this thesis. |

According to I;Ie;'r, one of the major problems with the geometric
approach to the GLM lies in dealing with the abstraction. This can be
difficult if the student doesn’t quite understand the steps. By using the
VVAM, the computer bécomes a tool with which the student can manipul_ate
the sﬁbspace and gain greater insight into the General Linear Model.

The goal of this research is to combine the previous developments in
the projective geometry of the General Linear Model with ;he VVAM
learning protocol. The details explaining how this will be accomplished are

included in the next chapter.




III. Methodology

Overview

Chapter 2 clearly demonstrates that geometric methods have been used
by leading statisticians throughout the past century to rigorously develop the
General Linear Model. Previous researchers seem to agfee that a major
challenge, involved in sharing this geometric development with more than a
few gifted students, is the visualization of key concepts of the GLM.
Although several scholars have developed different pedagogies to teach the
geometric approach to the GLM, they all agree on one thing: there is a need
for an interactive learning environment in which teachers and students
learning the GLM would be assisted by a competent (and ideally
computer-facilitated) visualization of GLM concepts. This research effort
developed such an environment.

Employing the VVAM leaming protocol developed by Captain Stone
Hansard to govern the educating event, the system created by this thesis
guides the teacher and student in their mutual discovery and mastery of a
projective approach to the study of the GLM.

This chapter addresses the methodology that was used to confirm the

three research hypotheses proposed in Chapter 1.




Why Use the VVAM?

Before an educational tool can be used effectively, its impact on each
of the four commonplaces of educating (Governance, Curriculum, Teacher,
Student) must be considered and addressed. As outlined in Chapter 2, such
an environment should directly address the needs and interplay of three of
the commonplaces of any educating event: the teacher, the student, and the
subject matter. Since the fourth commonplace, governance, controls the
manner in which the teacher and student discuss the subject under study, it is
important that governance be given full and competent recognition during
any educating event. Employment of the VVAM ensures this takes place in
the environment created by the PPME.

According to Glaserfeld, one traditional approach to teaching
mathematiés is based on the assumption that instructors shouid teach any
subject by pburing knowledge into the student. Unfortunately, complex
mathematical concepts such as those involved with the GLM cannot simply
be transferred. In fact, when the "transfer paradigm' is implemented.
students usually end up regurgitating course material in order to pass exams.
Little or no meaningful learning can take place. (4:16)

The VVAM reverses this traditional role of the teacher by allowing
the student to work through problems actively befo;'e the teacher presents the

theory motivating the problem-solving techniques. One of the reasons the

16




VVAM protocol was chosen as the leaﬁling protocol in this thesis was
because it specifically emphasizes visualization during the study of
mathematics. Since the most common barrier to implementing a geometric
approach to the GLM is a lack of ability to orchestrate competent
visualization, it seemed logical to employ a learning protocol that

"

emphasized such "seeing." The use of the computer to facilitate
visualization enlivens the curriculum. Through visualization, the teacher and
student can experiment with the concepts of the GLM and receive
extraordinary encouragement to discuss their mutual levels of understanding.

This exchange, or verbalization of mutual understanding between the
student and teacher, is the second requirement of.the four step VVAM
protocol. It is the experience of this researcher that, until a student can
clearly aﬁiculate his understanding of a concept, his mastery of the subject
matte% should not be presumed by the teacher, or himself.

There is unanimous agreement that once a student understands a
concept of the GLM, he needs to demonstrate his ability to apply it. Hence,
the importance of the third step of the VVAM: algorithmization, is clear.
The ability of a student to construct an algorithm in pseudocode as a means
of demonstrating his understanding of a concept facilitates discussions

between the student and teacher concerning the steps involved in solving a

mathematical problem. Once the student has verified that his pseudocode

17




works, the teacher can be assured that the student understands both the
concept and its application. (5:25-26)

The final step of the VVAM is mathematization. This step requires
the student to translate his algorithm into the formal language of
mathematics using appropriate mathematical notation and operators.
Competent employment of matrix algebra is particularly important at this
stage. The MathCAD' software package provides a convenient medium for
assisting the student in meeting this final requirement of the VVAM. (5:26)

Because the VVAM approach emphasizes interaction between teacher
and student within the context provided by a competent visualization of
relevant mathematical concepts, it is‘an ideal protocol to govern the learning

system effort known as the PPME.

Development of the PPME

’I:he Pearce Projective Modeling Environment (PPME) was developed
to faciiitate the visualization of general linear mode»ling concepts on an IBM
compatible computer. The backbone of the environment is a computer .

program that is used by students and instructors to demonstrate graphically a

'MathCAD version 2.5. MathSoft Inc., Cambridge MA, 1989 is a form free

electronic spreadsheet that performs a wide variety of mathematical functions.

13




projection approach to the General Linear Model. Figure 1 contains a

flowchart that outlines the basic flow of the program.

I

(Sample Mean and Variance ) Popuhﬂm (Simple Linear Regression)
s
a
% -D-
P | Display Projections |
ful

Figure 1. PPME General Flow Diagra_m

Once the program is run, the student can choose to experiment with
the Sample Mean and Variance, the General Linear Test of the Population
Mean, or Simple Linear Regression.

If the student chooses the Sample Mean and Variance option, he is
asked for the response vector, Y, and the design matrix, X. From this data

the computer calculates the projection of Y onto X and the error vector

19




associated with that projection. Several other pieces of explanatory
information are also provided and are discussed later in this chapter.

Alternatively, the student can opt to conduct a General Linear Test of
the Population Mean. The selected module then requests specific
information from the user relating to that chosen area. Next, inputs are
processed and displayed. At this point the user can observe the data
graphically by rotating the plotting axes to a preferred vantage point or by
turning selected vectors on and off. By modifying the input data
interactively, the student can see how changes to the input data affect the
displayed geometric structures of the GLM. More details on the program
follow later in this chapter and are accessible, during execution of the
PPME, as on-line help screens. |

Our next task will be to present the mathematical framework that
serves as.the formal foundation for a projective approach to the study of the
GLM. Details concerning how the mathematical framework was transformed
into a working interactive environment (known as the PPME) follow this
discussion. The chapter concludes with an overview of the three specific
scenarios that served as a test bed for evaluating the ability of the PPME to
generate a meaningful learning environment. Finally, the four criterion

which were used to make the evaluation are defined.

20




Chapter 4 presents six data sefs, defined later in this chapter, to
confirm the research hypotheses specified in Chapter 1. The PPME’s ability
to handle each data set is evaluated in terms of its constructiveness,
meaningfulness, livingness, and relatedness. The constructiveness criterion
will receive special attention in Chapter 4 since it is the criterion that is used
to evaluate how well the PPME system facilitates student construction of
new knowledge (at least from the student’s perspective) about the GLM.
The meaningfulness criterioﬁ is employed to assess the assimilatability of
GLM concepts when the PPME is exercised. Assessing the PPME’s
capability to stimulate interest in the subject matter is the task assigned to
the criterion of livingness. The_ PPME’s ability to relate concepts of the
GLM to some real world situation ié evaluated by applying the criterion of
relatedness. |

Overall Mathematical F rar.ne\rvork for the GLM. The concepts of the
theory of the GLM can be develpped from a gedmetric standboint. In order
to visualize this, consider the response vector, Y, and the Estimation Space,

X, shown as:

Y=1: X = | n=2or3

21




The response vector Y resides in the sample space of the GLM. This
research deals only with sample spaces of two or three dimensions.
However, once the student understands the basic concepts involved in
exercising the GLM, concepts displayed in two or three dimensions can be
extended quite naturally to sample spaces with any number of dimensions.
The design matrix, X, is a column of ones with the same length as Y.

The first concept to be demonstrated will be the estimation of the

mean of Y. The basic equation for least squares estimation of the mean is

Y=pX +¢ (1)

The estimate of the mean of Y, known as Y, is actually a projection of Y
onto the Estimation Space, X, which is represeﬂted by a column métrix of
ones with the samé number of rows as Y. Since Y is a projection onto X, it
must lie on X; therefore, the Estimation Space must have a dimension of
one. The remaining two dimensions contain the error vector that resides in
what as known as the Error Space. The equations below show how to
calculate the projection matrix, M; the estimate of the mean of Y, _)f, and the
erTor vector, €.

M=X[XTX]"'XT

A

Y =My

I~

e=Y -
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The dimensions of thé space are obvious to the student who views
them graphically. The dimension of the sample space is equal to the sample
size. Hence, the ¥ vector will be plotted in two or three dimensions. The
dimensions of the Estimation Space for the Least Squares of the Sample
Mean is one since the Design Matrix, X has only one column. The error
space must consist of the remaining dimensions (n-1=2) because the
estimation and error space dimensions always sum to equal the dimension of
the sample space (1 +(n-1)=n) .

The second concept to be examined is the estimation of the parameter

vector 8 which is known as the ﬁ vector, calculated as follows.

- B=X"X1"X"Y = fp .(a scaler)

The B vector, in this case, will be the scaler estimate of p, or {i
General Linear Test about the Population Mean of a Normally
Distributed Random Variable. In the case of the General Linear Test for the

Population Mean, we have as the Full Model,

Y=, + BX +¢& i=1,n - (2)

and the Reduced Model,

Y=8, + ¢, i=1,-,n 3)




Since this is a test, a null hypothesis and alternate hypothesis must be

stated. These are, in general,
Hy; p=p, versus H_:@ pzp,

To actually conduct this test a value for p, and a value for Type I error, a,
must be specified.

Once these structures and entities to the PPME have been defined, the
projection matrix M can be calculated. The projection matrix is then used to
calculate ¥ . In order to complete the test, the next step is to calculate the

estimated error (residual vector) e for the Full Model,

=_Y_—

I~

e
-F

and the Reduced Model,

Hence, E(Y) is simply the p, multiplied by the Design Matrix, X.

EQ =pyl

The next step is to compare the squared lengths of the two estimated
error vectors. These quantitics are known as Error Sum of Squares of the

Full Model, SSEg, and Error Sum of Squares of the Reduced Model, SSE,.
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To determine if the null hypothesis should be rejected or not, a critical
value, Fyr is. computed based on the F distribution and specified a.. This is
compared to F’', where

SSER-SSEF SSE,
F* = ~ =+
de—dfF dfr

and df; and df;, are the degrees of freedom for the Full and Reduced Models,
respectively. If F' is greater than F g, the null hypothesis is rejected and
the alternate hypothesis is accepted; otherwise, the null hypothesis cannot be
rejected. The estimates of B for both Full and Reduced Models are

calculated as shown:

B - x"XIX™Y

Linear Simple Regression' to Estimate E(Y [X). In this
application of the GLM, the PPME tests whether the slope parameter 8,=8,,,
assuming ﬁl is normally distributed.

Since -this is also a test, a level of Type I error, o, must be given. As
with the previous two cases the design matrix, X, and response vector, Y,
must then be input. In this case the design matrix, X, has two columns.
While the sample space still contains three dimensions, the Estimation Space,
which is based on the number of columns in X, has dimension two. As a

result, the error space must lie in a subspace of dimension one.
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Y, 1 X
Y= X = n=3
Y, 1 X
In this test, we also have the Full Model,
Y=B, + BX, + e i=1mn (4)
and the Reduced Model,
Y=B, * ¢, i=1,n (3)

We must next establish our null hypothesis, H,, and alternate

hypothesis, H,:

H; B,=B,, versus H: B #B,

To do this, a valpe for Type I error, @, needs to be selected.

Once these structures and entities of the PPME have been defined, the
projection matrix M can be calculated. The projection matrix is then used to
calculate ¥ . In order to complete the test, the next step is to calculate the

estimated error (residual vector) e for the Full Model,

A~

=Z—

%

€
-F

and the Reduced Model,
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e, =Y - EQY)

Hence, E(Y) is simply the p, multiplied by the Design Matrix, X.

EQ =yl

The next step is to compare the squared lengths of the two estimated
error vectors. These quantities are known as Error Sum of Squares of the
Full Model, SSEg, and Error Sum of Squares of the Reduced Model, SSER.

To determine if the null hypothesis should be rejected, a critical value,
Farr, must be computed based on the F distribution and specified o.. This is

compared to F’, where

F

e _ SSE,~SSE,  SSE

df,-df, ~ df,

and df;; and df;; are the degrees of freedom for the Full and Reduced Models,
respectively. If F' is greater than Fy, the null hypothesis is rejected and
the alternate hypothesis is accepted; otherwise, the null hypothesis cannot be
rejected; The estimates of § for both Full and Reduced Models are

calculated as shown:

B=X"X1"X"Y
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Computer Program Development. The mathematics involved in the
geometric approach to the GLM have been around for many years. The
revolutionary part of this research is the creation of the PPME which uses an
interactive three-dimensional graphics display to portray the vector spaces
associated with the GLM and computer. With the PPME the user can
visually study the vector spaces and subspaces associated with the GLM
from any viewpoint.

In order to facilitate the design of the prograrﬁ, the .computer program
was broken down into three logical modules with one for the Sample Mean
and Variance, another for the General Linear Test of the Population Mean,
and a third for the Simple Linear Regression. Borland Company’s Turbo
Pascal v6.0 was chosen as the érog@mming language because of the
modular design capabilities of the.Pascal language.” A commercial set of
subroutines, AcroMolé, by AcroSpin, Inc was used to incorporate a
capability for interactive graphics into the program.,

In order to keep the programming to a minimum, most of the code
was written so that each of the three modules could reuse the same code.
Because of the extensive reuse of code, most of the commands within each
module are very similar. For example, in each of the modules "F1" hccesses

help and Alt-Y modifies the Y matrix. It is believed that by reducing the




time required to learn each module, the student is given a better opportunity
to work with the mathématics.

In support of this philosophy the output of each of the modules was
designed to be as similar as possible. Specifically, the coding for the
response vector and design matrix reside at the same location in each
module. More importantly, the color of the Y vector and other vectors does
not change from scenario to scenario. By allowing the student to concentrate
on the mathematics, his understanding of the concepts of the GLM is
enhanced.

While the PPME is simple to use, it is not designed as a tutorial.
Therefore, no conceptual information is provided through its auspices. The
-student needs to be guided by (.1) the governance provAided by the VVAM, |
(2) the learning heuristics developed during this research and by (3) a GLM
competent instructor. The PPME was designed to be used this way because
it is believed that the required conceptual information is best assimilated
through a VVAM driven interaction of student and teacher.

Once executed, the program allows the user to choose any one of the
‘three major topics listed in Figure 2. If execution of the Sample Mean and
Variance or the General Linear Test of the Population Mean routine is
requested, the user is then asked to enter the size of the sample: n=2 or n=3.
The third module, which assists in Simple Linear Regression, assumes the
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HWHhich Program would you like?

Ordinary Least Squares Regression for the Sample Mean and Variance
General Linear Test for the Population Mean
Ordinary Linear Simple Regression with One Predictor Variable
' Exit

What is Your Choice?

Figure 2. Main Menu Screen

sample size is n=3.
Sample Mean and Variance. If the user chooses the Sample

Mean and Variance option, he is asked to input the observed values for the
response vector, Y, and the design matrix, X. Siﬁce the design matrix
should be a column of ones, it is set to ones by default: The input format
for the matrices is based on MathCAD’s matrix input format because the
students who will use the PPME at the Air Force Institute of Technology
(AFIT) are familiar with MathCAD. Numbers are limited to a size of four
digits (including the decimal point) because, for educational purposes, this
level of precision should be sufficient. Once the matrix inputs are entered.
the user must press the 'F10’ key to indicate that he is finished.

After the user enters these initial inputs, the program calculates several

different entities. The projection matrix is calculated and displayed along

with the ﬁ vector and Y vector. The computer then plots the response
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vector, Y, the Design Matrix vector, X, the projection of Y onto the
Estimation Space, and the Error vector, ¢, in the lower left hand portion of
the screen. The dimensions of the Sample, Estimation, and Error Space are
also displayed. So that the student can visualize the explanatory power of
his selected response vector and design matrix, the Regression Sum of
Squares (SSR) and Error Sum of Squares (SSE) are also displayed as a
percentage of the Total Sum of Squares (SSTO) which is the total
unexplained variation in Y. These are plotted as an area to facilitate the
visualization of the explanatory power Qf the response vector when the
student compares the SSR to the SSE. In addition to the plot, the actual
values of SSR, SSE, and SSTO are also provided. Figure 3 gives the reader .
an idea of how the daté is displayed. Unfortunately, the static figures
printed in this thesis cannot portray the extraordinziry dynamics the actual
program is able to facilitate. Additionally, on the actual computer display,
each of the vectors are easily distinguished by color and by selective
deletion.

General Linear Test for the Population Mean. If the user
chooses the second option, then he will see the screen displayeci in Figure 4.
He is asked to enter both the response vector, Y, and the Design Matrix, X.

Since this is a test, the user is then prompted for a p, and a level of Type I
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Ordinary Least Squares Regression for the Sanple Mean and UVariance
REK"KI "I R Pt el

SSE_ .2
’ oo™ Y} =
Y-[ ] x-[ ] "-[ ] 'at ] "
Dimnensions ny=xg CI-MOIV=Y-$
Sanple Space = n =1 ~
Estimation Space = ' = 3 Y= Error=
Error Space n-p= ]

Proiection of VY onto
tJh E‘ rror Space

SSE

vI2 = 1912 + |Errori?
$STO = SSR «+ SSE

Press F1 for Help

Figure 3. Sample Mean and Variance Screen

Thae Ganeral Linear Taest for thae Population Hean
wex k1" Ik xRy 1xey

S I R

LA e 1T )

Sanple Space n =
Estimnation Space = [+] =
Error Space =n - p =
____________________________________________ e mmem e e m e e o]
1 SSR SSR/df
. ; NHun SSR -
e H 0.27 Afhun =
)
l
1 SSE SSEg/df
g F FIUDen ssep =
0.73 df =
—____;ﬁ><: Den =
|
i SSTO Fstar =
' P value =
1
: 1,00 Forit =
; for ¢« =
1
|

Press F1 for Help

Figure 4. General Linear Test for Population Mean Screen

error, o. A default of 0.05 is provided for o and a column of ones is the

default for the design matrix.
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After the user completes these inputs the program begins to calculate
the projected vectors. The projection matrix is first calculated and displayed,
as are § and Y. The computer then plots the response vector, Y, the Design
Matrix, X, the projection of Y onto the Estimation Space, X, and both the
Reduced (e;) and Full (e;) Error vectors, in the lower left hand portion of the
screen. The dimensions of the Sample, Estimation, and Error Space are also
displayed. So that both the error and the explanatory power of the Full
Model can be seen, the Regression Sum of Squares (SSR) and Error Sum of
Squares (SSE;) are displayed as a percentage of the Total Sum of Squares
(SSTO) which is the total unexplained variation in Y. The SSR and SSE;

are then divided by their respective degrees of freedom and then plotted

‘again. SSE; and SSR are computed as shown below:

SSE. =Y -Y

SSR = |P|?

P values are also generated to help the student decide whether to accept the
alternate hypotﬁes'is H,, or reject the null hypothesis H,,.

The dimensions of thé sample space, and each subspace, will become
more obvious as the student views them graphically. The dimension of the
sample space is based on sample size and is either two or three dimensions.

Relevant vectors are plotted in two or three dimensions.

33



Simple Linear Regression. When the student chooses the third
option, Simple Linear Regression with One Predictor Variable, he will be
asked to enter the response vector, Y, and design matrix, X. Because the
sample size was defined to be 3, the design matrix now has two columns.
The first column is all ones. Since this is a test, the user is then prompted
for the value of B8,, and level of Type I error, a. A default of 0.05 is
provided for o. bnce the data is input several calculations must be made
before it can be displayed as shown in Figure 5.

The program first calculates the projection matrix and then displays it
along with ﬁ and _13 . The computer then plots the response vector, Y, the
Design Matrix vector, X, the projection of Y onto the Estimation Space, z
and bbth the Reduced (eg) and Full (gF). Err.or vectors, in the lower left ha.nd
portion of the screen. The dimensions. of .the Sample, Estimation, and Error
Space are also displayed. As was done in the previous test, both the error
and the explanatory power of the Full Model can be seen as the SSR and
SSE; are displayed as a percentage of the SSTO. The SSR and SSE; are

then divided by their respective degrees of freedom and plotted again. SSE;

and SSR are computed as shown below:

SSE=Y -Y

SSR = |Y)?
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P values are also generated to help the student decide whether to accept the

alternate hypothesis H,, or reject the null hypothesis H,.

Ordinary Linear Sinple Regraession with Ona Pradictor U.rxabl.
(TS pL PV RV

T S o
E ][] “"’” vﬂ-«[ ] =[]

— Sanple Space n
«= Estination Space = P
Error Space n -

W SSR SSRsdfy,,.

SSEg  SSEpsdfp..,

SSEg =
dfpen =
SST0 Fatar =
P valua =
[1.00] Ferit =
for o =

Press F1 for Help

Figure 5. Simple Linear Regression Screen

Specific Scenariq§

The purpose of the PPME learning environment is to encourage the
student to explore the various aspects of the General Linear Model. In
sﬁpport of this goal, six data sets were selected to help demonstrate the
ability of the PPME, employed under the guidance of the VVAM, to
facilitate a meaningful learning enviroﬁment for studying the GLM.

The six data sets have different ranges of variability. One relative
measure of variability, the Coefficient of Variation, represents the ratio of

the standard deviation to the mean, and is calculated as follows:




. .. o
Coefficient of Variation = —
B

By using such diverse data sets it was possible to demonstrate how the
PPME can be employed to facilitate meaningful interaction between the
student and instructor, who as co-creators participating in a meaningful
learning process are required to construct concept maps of their personal
knowledge about the General Linear Model. (7:130-132)

~ The six data vectors and their specific elements and coefficients of

variation are listed in Table 1.

Table 1. Data Sets

~ Set No g General é Specific g Mean g Standard § “Coeff of
i Case i Case 1 1 Deviation ; -~ Var

0 I [000 ! 00O | 0 ! 0 ! o

I fee 2028 L 0 F 2 1w

2 1 el 1 oR2AT 1 2 1 0 i 0

3 L [c.c+a,c+20)" 1 [2,4,6]" I 4 i 2 : 50%

4 1 [ecracellal’ 1 24247 1 10 1 122 | 122%

S 1 [Bec2el” | 624 | 0 § 529 | e

By allowing the student to observe the effect these different data sets

have on the visible geometry of a particular linear model, a better
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understanding of the relationships of concepts and entities forming the
structures of the GLM can be obtained.
~Three scenarios were proposed to provide a context in which students

and teachers could use the PPME to explore the concepts of the GLM under
governance by the VVAM protocol.

Scenario One. The first scenario suggests the General Linear Model
be used to carry out an Ordinary Least Squares Estimation of the Sample
‘Mean and Variance. Data sets 1 through 5 were employed as the PPME’s
efficacy and ability to facilitate meaningful learning under this scenario was
evaluated.

The model required in this case is a subset of the GLM in which the

Estimation Space is a column of ones as shown below,

Y=pl+¢

The first assumption this model makes is that the error vector ie independent
and normally distributed with an expected value of 0. In this first scenario,
the inputs are the response vector, Y and the Estimation Space, X. From
these inputs the following calculations are made: M, the projection

matrix; B_the estimate of the regression coefficients; X, the estimate of the

a2 . . .
mean; &y , the estimate of the variance of Y; e, the estimated error vector;
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SSTO, the total sum of squares; SSR, the regression sum of squares; and
SSE, the error sum of squares.

After calculation, several vectors, X, Y, _lz, and e are displayed
graphically for the teacher and student to discuss. The Estimation Space,
defined by X, is one-dimensional in this scenario.

Scenario Two. To conduct a General Linear Test about the population
mea;l of a normally distributed random variable both Fullvand Reduced
Models must be specified. In evaluating the PPME’s capacity to orchestrate
meaningful learning under this second scenario, data set 3 was employed.

The Reduced Model associated with the null hypothesis, H,, can be

represented as shown:

Y =pl+¢

(o]

and the error vector for the Reduced Model is computed € = ¥ - 1,1

Since E(Y) = p,1 , the estimated error vector is caiculated a3

e, = Y - E¥)

The alternate Hypothesis, H,, is identified with the Full Model and is

represented as shown:

Y =pnl +¢
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so that when p is estimated by {i, the error vector for the Full Model is

computed as shown:

In this scenario, the inputs are p,, the response vector, Y, the level of Type I
error, 0, and the Estimation Space, X, which is a column of ones. From
these inputs, M, B, fi, &}, and error reduced, eg; error full, e;; SSR, SSE,
and SSTO can be computed. |

From these calculations several vectors, Y, X’, and ¢, as well as E(Y),
X, €y, and g are graphically displayed for the teacher and student to discuss.
Through the geometry of the GLM we know that the length of thc. error
.vector for the Reduced Model sqﬁared is equal to the length of X squared
plus the length of the error vector for thev Full Model squared, which is

written as:

2 _ V]2 2
e, 17 = 217 + e, |

hence the regression sum of squares is equal to the length of Y squared or
the length of the reduced error vector squared minus the full error vector

squared as shown below:

SSR = |Y|?

SSR = |e,|* - leg|?
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Scenario Three. When the General Linear Model is used to conduct a
Simple Linear Regression to estimate E(Y | X) or make a test about the slope
parameter B,, we assume that its estimator, ﬁl, is normally distributed. As in
the previous scenario, the concepts motivated by this General Linear Test
require an understanding of hypothesis testing and the Full and Reduced

-Models. Data set 3 used along with the Design Matrix X,. Employment of
Design Matrix X, is left to a future researcher. These two design matrices
were chosen to represent Estimation Spaces with an evenly distributed, and

positively skewed, independent variable.

12 ' 1 2
X =1 4 X,=[1 3
16 1 10

The Reduced Model associated with the null hypothesis, H,, is

represented as shown:

Y=1[B] +e

where 8, is unknown. The error for the Reduced Model is given as the

difference between the Y, and the Y, and is written as shown:

>

R Y Red Red
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where Y, =Y - X(.',:)'Blo and Y, = XB = 1B, .
The Full Model is associated with the alternate hypothesis, H,, and is

-a?

represented as shown:

Y=XB +¢

If we estimate B with ﬁ, the error for the Full Model is given as the

difference between the Yg,; and the YM', and is written as shown:

A

e, =Y

R Fat = Y pai

Evaluation Criteria

Once details for each of the scenarios were determined, four criterion
for evaluating the efficacy of tl;e PPME’s ability to orchestrate meaningful
learning experiences Wit_h.the concepts of the GLM within‘ the context
provided by the three scenarios were formulated. These four criteria were
invoked to evaluate this efﬂcaéy and were labeled: Constructiveness,
Meaningfulness, Livingness, and Relatedness. It is this researcher’s belief
that all four criteria must be considered to adequately assess the pedagogical
value 6f any educating event. The analysis iﬁ Chapter 4 will give primary
emphasis to the constructiveness criterion because, in conjunction with the

other criteria, it is both necessary and sufficient to the attainment of a
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meaningful learning experience. Each criterion was measured on a scale that
can be treated as ordinal in any future formal evaluation exercise.

The Constructiveness criterion evaluates the PPME’s ability to
orchestrate the construction of new knowledge as the student and teacher
interact with the geometric display and the student attempts to assimilate key
concepts of the GLM with the teacher’s assistance. It also is used to
measure the extent to which the student is able to manage his own learning.
Its scale represents a continuum of constructiveness with designated extreme
values of dormant, indicating no constructive ability, through constructive,
indicating all new knowledge is generated by the student.

The scale of Meaningfulness attempts to assign a méasure that
documents the PPME’s capacity to encouragg s;udents to link and subsume
new concepts to concepts previously assimilated during prior iearning
sessions. It’s scale measures a continuum of meaningfulness with designated
extreme values of rote, implying mindless memofization of concepts, through
meaningful, suggesting complete assimilation and subsumption of all new
concepts introduced during the evaluated session.

Livingness, the third criterion, is a proposed measurement of the
ability of the PPME, during any encounter with the GLM, to make concepts
come alive for the student through dynamic visualizations of the subject
matter. This scale measures a continuum of livingness with designated
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extreme values of non-living, indicating a moribund encounter with the
subject matter, through living, indicating an evolving and deepening
relationship with the concepts of the GLM.

Finally, the criterion of Relatedness is used to evaluate the PPME’s
ability to facilitate a concrete awareness of the applicability of the GLM to
real world problems. Students tend to be more inspired when they can see
links to the field while studying theory in the classroom. This measure is
used to record the PPME’s ability to facilitate, under the VVAM governance
and the teacher’s watchful eye, such linkage in the mind of the student.

These four measures clearly impact one another and represent a
system of criteria. Figure 6 considers their mutual relationships and their tie
to the real world vvia' three of the four commonplaces .of 'any educating event
“(Teacher, Student, Governance, and Cun'iculum). ar{d the real world. It
should be noted that the individual continuums of each criterion relate
specifically to one of several possible two-way interactions diagrammed by
Figure 6.

The onus is on the teacher to make the curriculum interesting for the
student. However, responsibility for learning is entirely on the shoulders of
the student and may or may not prove constructive depending on the
relationship between the student and the curriculum. A meaningful

educating event, while not exclusively the result of the student and teacher
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Constructive

~ TN
[Student [Curriculum
KD_/ )
( ormant
Meaningful Living
Rote x / Non-LiZi\ng
N | Teacher |~

Relatedness

[Real World]

Figure 6. Relationship Between Evaluation Criteria and Commonplaces

interaction, typically occurs only when the student and teacher serve each
other as co-operating coequals during the process of constructing new
knowledge that always characterizes any meaningful. learning activity.
Perhaps the most fundamental postulate suggested by Figure 6 is that while
the rich dynamics between the three commonplaces are necessary for
meaningful learning to take place, each of the three commonplaces, under
the governance of the VVAM protocol, must possess a credible and
continuous relationship to the real world if they are to serve as a sufficient

basis for the manifestation of a constructive and meaningful educating event.
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In Chapter 4 the VVAM, the PPME and the six data sets presented in
this chapter are employed within the context of the three scenarios
previously described to allow dynamic visualization of GLM concepts
associated with each scenario. The four criterion are used to evaluate the
PPME’s efficacy for creating a meaningful learning environment in
anticipation of future research efforts that would conduct a complete and
formal evaluation of the PPME’s use within a much broader domain of
topics associated with the GLM and across a larger student population taking

course work in the GLM.
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IV. Analysis and Results

To assess the efficacy of the Pearce Projective Modeling
Environment’s (PPME) ability to orchestrate meaningful and self-managed
learning activities, each scenario introduced in Chapter 3 was evaluated by
exercising the PPME under VVAM governance using one or more of the
data sets (response vectors) which were presented in Chapter 3.

The evaluation consisted of executing the PPME with each scenario
using specific data sets determined from the generaliied data sets presented
in Table 1 of Chapter 3 The specific data sets were obtained using c=2 ,
and a=2 .

The first scenario uses data sets one through five since a response
vector of all zeros merely suggests the possibility of sampling a system’s
response to settings c:)f a particular variable. This is continued for each of
three scenarios. The last two sc;narios test null hypotheses Hj: p,=2 and
Hy:8,=0 , using data sets one aﬁd three. This resulted in five analyses for
scenario one, two analyses for scenario two and one analysis for scenario
three.

Once the PPME was executed for a particular scenario, the analysis
involved graphically displaying the GLM structures produced by the PPME

and making observations to compare and contrast differences and similarities
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of the GLM'’s output generated in response to the entering of various data
sets.

Results of the analyses were evaluated with respect to the four
evaluation criteria introduced in Chapter 3, Constructiveness,
Meaningfulness, Livingness, and Relatedness, with special emphasis being

placed on the level of constructiveness attained under each scenario.

Sample Mean and Variance
Scenario 1 involved using the General Linear Model and Ordinary
Least Squares to estimate the Sample Mean and Sample Variance. As stated

previously, the model for this scenario is:

Y=pl~+eg

In this équation, both p and € are theoretical yalues and therefore are not
displayed. They are estimated by the 2 vector and the Error vector in the
PPME. The 1’s vector is entered as the Design Matrix X and the Y vector
as produced representing a particular data set.

The output of the PPME is displayed in Figure 7. It consists of the
response vector Y and Design Matrix X which are both input by the user.

The projection matrix M, which is also displayed, is used to calculate Y, the

projection of Y onto the Estimation Space, X, and the Error vector, the
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projection of Y onto the Error Space. The PPME displays the entered and
computed values in an interactive three-dimensional plot. The SSR and SSE
are computed and displayed as a percentage of SSTO above their
non-normalized values. The calculated estimates of 8 and variance are also
displayed.

The first data set evaluated has the general form of [-¢,0,c] and the

specific form of [-2,0,2] and is shown in Figure 7.

Ordinary Laast Squares Regreasion for the Samnple Mean and Variance

XX X1~ ix o3 ixey
2 SSE_2cv» = 1.0
-2.0 1.0 0.2 0.3 0.3 l“[o.o] n-p -
Y=1 6.0 X={ 10 M=f 03 03 0.3
2.0 1.0 0.3 6:3 0.3
. . ny=xs CI-MOVYaY-7
Dimensions
Sample Space = n = {3) S, a.0 -2.0
Estimation Space = p = (1] ¥={ g.a Error=]1 §0
Error Space =n - p = [2] 0.0 2.0
P i tion of ¥ _onto Projectioh of V¥ ont
t;:’%‘ét}"ag ion Space d’m Error Space °

BN \
X

Y

w12 = 1912 « [Errori®

SSTO = SSR + SSE
2.0 0.0 2.0

Press #1 for Help

The first thing to observe is the relationship between the projection of Y
onto the Estimation Space, L and the estimated error vector, ¢. When the
angle between the vector Y and Y is small, it is an indication that the

estimator )f has high explanatory value. However, data sets | [-2,0,2] and 5
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[-6,2,4], shown in Figure 7 and Figure 8, both have a mean of 0 and a
coefficient of variation of infinity. Since the zero vector is orthogonal to
every other vector in a vector space and since ¥=0 , the correlation of Y

to Y is zero. This lack of correlation indicates a lack of explanatory power,

Ordinary Least Squaras Rngrusion for the Sanple Maan and Variance

®ex1"1x- %% 1%y ssE
~ SSE_ ~2
-8 .32 0.2 0.3 ’*Eo.o] A~ o0 = 3.0
Y- 3 0.3 0.3
. 0.3 0.3
nY=xp CI-MOVY=Y-T
Dlnensxons
Samnple Space n - [32 D -6.0
stimation Space = » = [1] g Error=
Error Space n-~-p = (2} o 38
Proj Ect;on of ¥ _onto Proflect ion of ¥ onto
Z the Estination Space he Error Space
SSR
Y

w2 = 1992 + 1Errori?
SSTO = SSR + SSE
6.0 0.0 6.0

Press F1 for Help

Flgure 8. Data Set 5

and as expected, the PPME shows an SSR of 0 and the SSE of 1. While the
estimate is perfectly correct, virtually none of the variation in the original
data is explained by the estimating process. The error vector ¢ is the
difference between Y and z and since f= Q , the error vector was equal to

Y. As shown in Figure 7 and Figure 8, the Error Sum of Squares, SSE, is 1

49




which means it equals the Total Sum of Squares. Thus the data from these
two sets yields only error and is of no explanatory value.

Data set 2 [2,2,2], shown in Figure 9, was similar to 1 and 5 except

Ordinary Laeast Squares Regression for the Sanple Mean and Variance

HEX®I 1x- X3 txey SSE  nn
o= == F<qv)} = 0.0
0. 0.3 0.3 "[2.0] n-p
b M=f 93 0.3 0.3
0. 0.3 0.3
HY=XE CX-MOVY=V-¥
Dimensions
Sanple Space = n = (31 S 2.0 0.0
Estination Space = P = €11 y={ 2.4 Error=]l g0
Error Space =n - p = [2] 2.0 0.0
P ) ti fyY t P ti fv t
thalectinn 9in"s00s2 "%he Error Spaca © ]
) SSR SSE
Y.©

w12 = $12 + IError1?

S$STO = SSR + SSE
2.0 2.0 0.0

Precs F1 for Help

Figure 9. Data Set 2

the error vector, ¢, is equal to zero and Y= _)Z . Because of this perfect
collinearity, the value of r* (the Coefficient of Determination) is 1 which.
means SSR equals the Total Sum of Squares.

A student can verify that Y and Z are equal by looking at the values
in their vectors in Figure 9 but this can also be verified graphically through
the PPME plot of the vector space. When the student presses the "F2" key,
a box like Figure 10 appears and indicates to the student what key to press

to turn individual vectors on and off. By pressirg Alt-Y, the Y vector
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Turning Uectors On/0ff

Alt A Toggle Axis
Alt C Toggle Cuba
Alt E Toggle Error
Alt H Toggle ¥
Alt X Toggle ¥
Alt Y Togole Y

Press F2 to Remove this Screen

Figure 10. Vector Toggle Help

disappears and the ¥ vector is visible. This capability is used during the
analyses of scenario 2 and scenario 3.

Data sets 3 [2,4,6] and 4 [2,4,24] provide more conventional
observations because neither their mean nor variance equals zero as indicated
by their coefﬁcieﬁ;s of variation of 50% and 122%. The vectors gene@ted
by these data sets are displayed in Figure 11 and Figure 12. Since most
investigations in which regression is used to study variability, these two sets
have practical value. Independence is visually demonstrated in Figure 11
and Figure 12. The orthogonality between the error vector, ¢, is apparent
since they are at right angles. The figures also show that the milgnitude of
the error vector df data set 3 is greater than that of data set 4. This is
verified by noting the difference in their proportions of unexplained error
(0.44 vs 0.33). Since data set 3 has a smaller Coefficient of Variation than

set 4, it might be expected to have more explanatory power.
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Ordinary Least Squares Regrassion for the Samnple Maan and Variance
-1 -1
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i ivi2 = %12 + [Errori®
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: 6.0 4.0 2.0
i
'

Figure 11. Data Set 3

Ordinary Lesst Squares Reagression for the Sanple Mean and VUariance

xew oxa~1xe X X3 1x oy
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______________________ Y mem e et e e ]
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Error ~
Y 0.56 0.44
Y
X

Ivi2 = 1912 + lErrort?

SSTO = SSR + SSE
18.0 10.0 8.0

;
Figure 12. Data Set 4

The ability to enter and modify any data set and to observe the angle

between the Y vector and the Y vector and its relationship to the magnitude
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of SSR and SSE to the angles magnitude is a solid .conﬁnnation of the
constructive value of the pedagogy facilitated by the PPME.
General Linear Test about the Population Mean of a Normally Distributed
Random Variable

The object of this scenario is to compare the error vectors from the
Reduced Model which is associated with the null hypothesis, H,, and

represented as shown:

Y=p1+c¢

and the Full Model which is associated with the alternate hypothesis, H,, and

represented as shown:
Y =pl +¢

In this scénario, tests will be conducted on two data sets. Data set 1 [-2,0,2]
has a mean of zero and a standard deviation of two which drives the
Coefficient of Variation to infinity. Data set 2 [2;4,6] is the second response
vector and has a mean of four, a standard deviation of two and a Coefficient
of Variation of 50%.

The ﬁrst test consisted of establishing the nu!l hypothesis,
H,: Cp =y, , in which p,; equals 2. The images provided by the PPME for

Py

this data set are shown in Figure 13. The projection of Y onto X for set 1, Y
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The General Linear Test for the Populatxon Mean
Ho: Cp = po TS P X k3" iKY

L2 <bod  o[339 3] 2o e]

A 0B8] +f] i

Sample Space n
Estination Space = P
Error Space n -

SSEg  SSEg/dfpen ssep = 8.0

0.490 dfpen = 2
S$STO Fstar = 3.00
P value = D.79
1 .00]

Ferit = 18.48
for « = 0.05

Figure 13. Data Set 1, p;=2

is the zero vector. The Full Model error vector (gg). is the difference
between Y and _l[ , therefore ¢ =Y . The Reduced Model error vector (€g)
is the difference between Y and E(Y). The significance of these two error

vectors is that their lengths form the basis for the F statistic below:

As stated earlier, the PPME allows the user to toggle vectors on and off. By
turning off all of the vectors except e and e,, Figure 14 illustrates how ¢,

forms the hypotenuse and e, forms a leg of a right triangle.
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The missing?® leg is the vector _l_f; i E(Y) and it is this right triangle that

elucidates the orthogonality which implies the independence of the Chi

eF .7

7 SE -E(Y)

-~
-
-,
Pl

- Figure 14. Data Set 1

Square statistics involving their squared lengths. Such independence allows
the F statis‘tic to be construéted. The orthogonal relationship of these two
vectors, graphicgily demonstrated, éohstitutes a rigorous proof of |
independence which. is infinitely more comprehensible to the matherﬁatically
naive student than a calculus-based proof. The ratio between the length of
the missing triangle leg of Figure 14, |Y-E(Y) |* and the length of |e;|? is
the core relationship involved in the construction of the F statistic which is
computed and displayed by the ?PME.

The dimension of the Estimation Spacé is readily evident through this

visualization process. With a Sample Space of n=3 the estimate of the

2 The dotted line is not produced by the PPME. It is included here to

emphasize the conceptual presence of the vector ZM - EQ)
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E(Y) vector always lies on the [1,1,1] vector or on the [1,1] vector when
n=2. By visualizing this, the student easily transitions into hyper-dimensions
where E(Y) falls on the [1,1,...,1 ] vector. Algebraically, the P value is
computed in order to assess the statistical significance of the model fit but is
geometrically self evident. By observing the length of |Y -E(Y) |* versus the
length of |e.|? the statistical significance, or justification for rejecting the
null hypothesis can be visually verified. This is exactly what should be
facilitated by a constructive learning environment.

The ratio SSR/SSTO, which is displayed by the PPME as SSR,
provides a numerical equivalent of what was just demonstrated visually and
can be used by the student to see whether or not the Reduced Model can be
rejected in favor of thé Full Model. |

Data set 3 [2,4,6] is the second data set under analyéis and it is quite-
similar to data set 1. The predominant difference is in the value of their
means. The graphic depiction of this data set is shown in Figure 15. -
Compared to the previous data set, the primary difference appears to be the
existence of E(Y) aﬁd' _13 as non-zero vectors. Graphically, the orthogonality
between ¢ and Y EY) is eveﬁ more evident than with the previous data
set.

The PPME verifies the dimensionality of the Estimation Space

because Y is collinear with the Estimation Space, [1,1,1]. By comparing the
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Tha Genaral Linear Test for the Population Maan
Ho: Cp = Rex k1" e ixn1"ixey
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Figure 15. Data Set 3, p,=2
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E(Y) vector to the _)f vector the user gains a visceral feeling for the fit of the
data. As the angle between E(Y) and decreases, their correlation
increases. This is illustrated by the PPME through the plots of the
SSR/SSTO and SSE/SSTO; that is, as the explanatory power of the data
increases, so does the value of the ratio SSR/SSTO.

This scenario typifies a censtructive learning process in which a
student can observe and experiment actively with the GLM. Such dynamic
experimentation, along with competent guidance, encourages a student to
build on previous mathematical foundations, and hence, truly understand the

significance of the GLM.
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Linear Simple Regression to Estimate E(Y | X)

When the General Linear Model is used to conduct a Simple Linear
Regression to estimate E(Y | X) and test about the slope parameter B, we
assume that its estimator, ﬁl, is normally distributed. As in the previous
scenario, the concepts motivated by this General Linear Test require an
understanding of hypothesis testing and the Full and Reduced Models. This

scenario uses data set 3 the Design Matrix X,:

12
X,=|1 3
1 10

The Reduced Model is associated with the null hypothesis, Hy, and is

represented as shown:

Y= 1B, +

where B, is unknown. The error for the Reduced Model is given as the

difference between the Yy, and the ¥ req and is written as:

Red " Red

where Y, =Y = X, B, and Ve = XB = 1B,
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The Full Model is associated with the alternate hypothesis, H,, and is

represented as shown:

Y=XB +¢

If we estimate B with ﬁ, the error for the Full Model is given as the

difference between the Y, and the ¥, , and is written as:

A

4

€ Full — YFuIl

R

The third scenario uses the PPME to test the slope parameter where
B, = B,, . For this test, data set 3 [2,4,6] is used in a single hypothesis test

of B, = 0 using the values of X, as specified in Chapter 3 and as shown:

12
X,=|1 3
1 10

By looking at Figure 16 the student can see the error vectors and by
comparing the magnitudes of the error vectors for the Full Model, ¢ and the
Reduced Model, g,, he can decide whether or not to reject the null
hypothesis.

The orthogonality between the e and Y was shown in the previous
scenario also applies in this scenario and is exemplified in Figure 17.
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Ordinary Linear Sinple Regression with One Predictor Uarl.bl.
1S 23T PRIV v -9
.0 .0 p 1 -0.7
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Figure 16. Data Set 3, ,=0

Figure 17. Data Set 3

Figure 16 shows the results of the test of B,=0 . It also shows the
orthogonality between ¢,. and Y 0 Y . - From the Pythagorean Theorem

the relationship between the vectors in Figure 16 can be defined as shown:
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where |e, Ié - le, |* is a Chi Square statistic with degrees of freedom
df, - df.. |eq|? is also a Chi Square statistic with df; degrees of freedom.
The Estimation Space for the second scenario was one-dimensional,
which resulted in the estimator l_? being restricted to one-dimension along the
[1,1,1].vector. The ’Estimation Space for this scenario is the plane defined
by the two column vectors of X,. Thus, the estimators, I_?Redmd and ZM

must always lie on that plane as shown in Figure 18.

Notice how easily the PPME illustrates this concept. The PPME encourages

X1
Front View Side View
Figure 18. Data Set 3, 8,,=0

the student to link his current learning experiences to previously mastered
concepts and, hence, to understand the GLM as a whole instead of in a
shattered and piecemeal fashion. It does this by relating the current General

Linear Test to the previous one. Notice how YR lies on X<1>*. In

~~Reduced

3 X<i> refers to the ith column of the matrix X.
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scenario two the Design Matrix was X<1> and the visualization implies that
for higher dimensions, the dimension of the Estimation Space will always be
the number of columns of the Design Matrix X.

The vectors of key interest for determining the explanatory power of
the model are e. and e;. The F Statistic, which is calculated by squaring
these vectors and dividing them by their degrees of freedom, is used to
evaluate the data to determine whether 01" not the Reduced Model should be
rejected.

The PPME graphically demonstrates how different subsets of the GLM
relate to the whole. Through the VVAM governance, and the PPME, the
student is able to truly construct new personal knowledge. The real-time
interaction .between the PPME, student and teacher makes the silbje;:t come
alive for the stﬁdent. |

All three scenarios confirm that the PPME, when used under the
guidance of a competent instructor and governance of the VVAM, can
encourage students to seek and understand more about the General Linear
quél than ever could occﬁr in a passive learning environment and via rote
memorization. As a result, the three résearch hypotheses proposed in
Chapter 1 are accepted. Chapter 5 presents the final conclusions of this

thesis and recommendations for further research.
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V. Conclusions and Recommendations

Final Conclusions
The research of this thesis relied heavily on the VVAM protocol
developed by Captain Stone Hansard. Its purpose was to determine if the
VVAM could be used to govern a computer-based graphically-supported
projective approaéh to teaching and learning the theory of the General Linear
“ Model. The central hypotheses this research effort sought to validate were
I) such a system could be built
and 2) such a system, once built, would facilitate a constructive,
meaningful, lively and real world focused mode of
learning of the GLM.
Chaptér 3 proposed three scenarios that were analyzed in Chapter 4,
scenarios that were spe;:iﬁcally designed to. assess the validity of the three |,
research hypothesis presented in Chapter 1.

Once the Pearce Projective Modeling Environment (PPME) had been
develope_:d, several data sets were employed to test the PPME’s efficacy
under the three estimation/testing scenarios. The first scenar.io required the
least squares estimation of the Sample Mean and Variance. Five data sets
were employed, and the PPME’s response to each of them was compared
and contrasted. The second scenario, in which a General Linear Test of the

Population Mean was made, exercised the PPME using two data sets. The

final scenario evaluated the PPME using one data set and a specially selected
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Deign Matrix to conduct a Simple Linear Regression Analysis and test of the
Slope Coefficient.

‘In the final analysis, each scenario lead to a firm confirmation of the
PPME’s ability, under VVAM governance, to foster a constructive mode of
learning. Given four criteria, Constructiveness, Meaningfulness, Livingness,
and Relatedness to evaluate the results of each experiment, actual evaluation
exercises focused on measuring Constructiveness, leaving full scale
evaluation of the other three criteria to some future research effort carefully
designed to conduct a more formal statistical assessment of the PPME’s

ability to orchestrate constructive leamning activities.

Recommendations for Future Resea_rch

Six data sets were use_d. in the evaluation of the PPME. lWhile these
data sets are fairly representative of real world system responses, and quite
varied, a future research effort could study a broader set of responses and
assess their impact on the PPME. Exploration could be made within a
hyper-dimensional vector space with the support of MathCAD.

While further evaluation of the PPME, as it stands, would be in order,
the PPME programming system, itself, could be modified, and extended, to

handle full scale Analysis of Variance (ANOVA). In fact, such research
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probably should explore the two main approaches. to ANOVA (i.e., means
and effect modeling).

Chapter 4 demonstrated how the General Linear Test of a Population
Mean can be conceived as a subset of Simple Linear Regression. Future
research could explore the ability of the PPME to visually portray subsets of
Multiple Linear Regression, and within MLR itself, to portray Step-Wise and
All Ways regression analyses. The possibilities are limitless.

In conclusion, this thesis effort was able to demonstrate a graphical
system (the PPME) that could be built and supporting experimental evidence
obtained to show employment of the PPME does orchestrate a constructive
learning environment, under VVAM governance.

As Chapter 2 clearly documents, support for a pfojective approach to
the teaching and -learning of the General Linear Model has existed for a very
long time. With the availability of cheap and fast persoflal computers and
software to facilitate graphicél displays, opportunities to operationalize an
even more sophisticated computer-based graphically-supported projective
approach to teaching and learning of the General Linear Model are abundant,

and most likely will grow exponentially in future years.
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Appendix A
Source Code Listing for the PPME

Source Code for the Pearce Projection Modelling Environment was written
in Borland’s Turbo Pascal V6.0. The Acromol@& graphic subroutines were
developed by Acrospin, Inc.

program PPME;

uses
Crt,Dos,MathMat,GraphMat, TGlobals, Support, Support2, Support3,Mole,Graph;
{

}

{If your are interested in continuing this research, contact Capt Steve
Pearce or Professor Dan Reynolds (at the Air Force Institute of
Technology) for a copy of this source code on disk.}

Copyright 1991 by Stephen D. Pearce

var
i,j: . Integer;
Choice: Char;

Output: Text;

GraphDriver: Integer;

GraphMode: Integer;

ErrorCode: Integer;

msg: String;

char H,char W:Integer; {Heigth & Width of char in pixels}
0Oldstyle: TextSettingsType;

{ Main Program }

{Sample Mean Section}

begin

Assign(Output, ’prn’); -
Rewrite(Output); ’
GraphDriver := 3; {Set Flag to EGA}
GraphMode := 1; {Set EGA High Mode}

InitGraph(GraphDriver, GraphMode, ’C:lLanguage\TP\Drivers’);
ErrorCode := GraphResult;
if ErrorCode <> grQOK then
begin
writeln(’Graphics error: ‘, GraphErrorMsg(ErrorCode)});
Writeln(’Program Aborted...’);
Halt(1l);
end;

MoleInit;
MoleVideoInit(BackgroundKolor);
MoleClip(Xlo,Ylo,Xhi,Yhi);

char_H:=TextHeight(’H’);
char W:=TextWidth('H’);
SetBkColor(BackgroundKolor); {Background Blue}

SetTextJustify(1,1);

SetColor(15); OutTextXY (GetMaxX div 2,char H,’Welcome to the Pearce
Projective Modeling Environment’);

OutTextXY (GetMaxX div 2,4*char_ H, 'Which Program would you
like?’);

OutTextXY (GetMaxX div 2, 7*char_H,’Ordinary Least Squares
Regression for the Sample ean and Variance’);
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SetColor(12); OutTextXY (GetMaxX div 2, 7*char_H,’
M OF

SetColor(15); OutTextXY (GetMaxX div 2, 9*char_H,’General inear Test
for the Population Mean’);
SetColor(12); OutTextXY (GetMaxX div 2, 9*char_H,’ L

4

)i
SetColor(15); OutTextXY (GetMaxX div 2,1ll*char_H,’Ordinary Linear Simple
egression with One Predictor Variable’);
SetColor(12); OutTextXY (GetMaxX div 2,1l*char H,’
R y;
SetColor(15); OutTextXY (GetMaxX div 2, 13*char H,’E it’);
SetColor(12); OQutTextXY (GetMaxX div 2, 13*char H,’ x ');

SetColor(15); OutTextXY (GetMaxX div 2, lé*char_ H,’What is Your
Choice?’);

repeat
Choice:= Readkey;
Choice:=UpCase(Choice);

OutTextXY (GetMaxX div 2 + l4*char W, lé*char H,Choice);
case Choice of
'™/ : ProgramName := ’Mean’;
'L’ : ProgramName := ’'Ltest’;
'R’ : ProgramName := ’Bivariate’;
'’ : ExitRoutine; . .
else OutTextXY (GetMaxX div 2, 1l8#*char_ H,’Please Choose M, L,
R, or X.’)y;
end;
until (Choice = 'M’) or (Choice = ’L’) or(Choice = 'R’) or{Choice =
le); .
ClearDevice;
Repeat
Repeat

SetVisualPage(0); SetActivePage(0);
If ProgramName = ’‘Mean’ Then MeanRoutine

else If ProgramName = ’‘Ltest’ Then LtestRoutine
else If ProgramName = ’Bivariate’ Then BivariateRoutine;
KeyAction; .

If GetXFlag or GetYFlag or GetBetalFlag or GetAlphaFlag or GetMuFlag
Then .
While Length(ScreenStack)>0 do Screen(0);

Until (CheckBreakVar.ReturnCode<>AMOkay) Or (* CTRL BREAK or CTRL
C. *)
( (GetKeyboardStatusvar.Down[0] And 2)<>0) Or (* ESC key held down.
*)
{ (GetKeyboardstatusVar.Missed{0] And 2)<>0); (* ESC key tapped.
.*)
LeaveProgram;

Until False

end.
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Unit TGlobals;

interface
uses MathMat;

(* ----------------------------------------------------------------------
______ *) -
(* Include object code and Pascal definitons for AcroMole.

*
S TS
______ *) -
{$L MOLE9} (* Include object code for AcroMcole subroutines.

*)

{ Note: Most of this subroutine is provided a part of the AcroMole
package}
{AcroMole Variable Definitions}

(* Return codes.
*)

Const AMOkay = 0; AMQueueWaiting = 11;
AMInvalidVersion =1; AMSecondsOverflow = 12;
AMInvalidRevision = 2; AMBreak = 13;
AMInvalidAcrcMoleSize = 3; AMPrintScreen = 14;
AMNoVideoModeSet = 4; AMPrintScreenError = 15;
AMInvalidCameraPosition = 5; AMInvalidClippingBits = 16;
AMUnsupportedVideoMode = 6; AMInvalidBuffer = 17;
AMUndetectedvideoMode = 7; AMVerticalRetrace = 18;
AMClippedOutOfWindow = 8; AMInvalidScaleFactor = '19;
AMQueueFull = 9; AMInvalidDOSVersion = 20;
AMQueueEmpty =10; AMInvalidResetFlag = 21;

(*#-----~---- semmse- Peme e e m el et emmeeme e cemeacerecee—nea

(* pivisors for musical notes.
Const CO =18243; Cl1 =9121; C2 =4561; C3 =2280; C4 =1140; (5

COs =17219; C(Cls =8609; CZS_=43OS; C3s =2152; C4s =1076; CS5s

T3 b =17219; Dlb =8609; D2b =4305; D3b-=2152; D4b =1076; DSb

3% o -16252; D1 -8126; D2 ~-4063; D3 =2032; D4 =1016; DS

mo08s DOs =15340; DIls =7670; D2s =3835; D3s =1918; D4s = 959; DSs

=479; EOb =15340; Elb =7670; E2b =3835; E3b =1918; E4b = 959; ESb

m4re EO =14479; E1 =7240; E2 =3620; E3 =1810; E4 = 905; ES

42 -13666; F1 =6833; F2 =3417; F3 =1708; F4 = 854; FS

ma2T FOs =12899; Fls =6450; F2s =3225; F3s =1612; Fd4s = 806; FSs

0% ob 12899, Glb -6450; G2b ~3225; G3b =1612; Géb = 806; GSb -
Y =12175; Gl =6088; G2 =3044; G3 =1522; G4 = 761; GS5
897 cos -11202; a1s =5746; G2s =2873; G3s =1437; G4s = 718; GSs -
AN =11492; Alb =5746; A2b =2873; A3b =1437; Aadb = 718; ASb

=jjz; A0 =10847; Al =5424; A2 =2712; A3 =1356; A4 = 678; A5

68




AO0s =10238; Als =5119; .A2s =2560; A3s =1280; A4s = 640; ASs

=320;

BOb =10238; Blb =5119; B2b =2560; B3b =1280; B4b = 640; BSb
=320;

BO = 9664; Bl =4832; B2 =2416; B3 =1208; B4 = 604; BS
=302; '
(* ----------------------------------------------------------------------

(* Data Blocks types for all of the subroutines except for
BeginAcroMole.
Type CalculatescaleFactorsRecord=Record ReturnCode,Reserved:Word;
ScaleFactorX,ScaleFactorY:Integer;
ResolutionX, Resolutiony,
SizeX,SizeY,
ScaleFactorlo,ScaleFactorHi:Word; End;
CheckBackgroundSoundRecord=Record ReturnCode:Word; End;
CheckBreakRecord=Record ReturnCode:Word; End;
CheckForegroundSoundRecord=Record ReturnCode:Word; End;
CheckPrintScreenRecord=Record ReturnCode:Word; End;
CheckVerticalRetraceRecord=Record ReturnCode:Word; End;
ClearBackgroundSoundRecord=Record ReturnCode:Word; End;
ClearForegroundSoundRecord=Record ReturnCode:Word; End;
ClearKeyboardBufferRecord=Record ReturnCode:Word; End;
Clip2DLineRecord=Record ReturnCode:Word;
ScreenXl,Screen¥Yl, ScreenX2,Screen¥2:Integer;
ClippingBitsl,ClippingBits2:Byte; End;
Clip3DLineRecord=Record ReturnCode:Word;
ScreenXl,Screen¥Yl,ScreenX2,ScreenY2: Integer;
ClippingBitsl,ClippingBits2:Byte;
CameraXl,Camera¥l,Camerazl,
CameraX2,CameraY2,CameraZ2:Integer; End;
ConvertSecondsToT1cksRecord=Record ReturnCode, Ignored:Word;
SecondsLo,SecondsHi:Word;
‘TicksLo,TicksHi:Word; End;
ConvertTicksToSecondsRecord=Record ReturnCode, Ignored:Word;
TicksLo,TicksHi:Word; ’
Secondslo,SecondsHi:Word; End;
DetectVideoModeRecord=Record
ReturnCode, VideoMode,MaximumBuffer:Word; End;
DrawLineRecord=Recorad
ReturnCode:Word;
ScreenXl,Screen¥Yl,ScreenX2,Screen¥2:Integer;
Color:Word; End;
DrawPointRecord=Record ]
ReturnCode:Word;
ScreenX,ScreenY: Integer;
Color:Word; End;
DrawRectangleRecord=Record
ReturnCode:Word;
ScreenXl,ScreenYl,ScreenX2,ScreenY2: Integer;
Color:Word; End;
EndAcroMoleRecord=Record ReturnCode:Word; End;
GetExecutionTimeRecord=Record
ReturnCode, Ignored, SecondsLo,SecondsHi:Word;

End;
GetKeyboardStatusRecord=Record

ReturnCode:Word;

Down,Missed:Array(0..7] Of Word; End;
GetMaximumVideoModeRecord=Record ReturnCode,VideoMode:Word; End;
GetSuggestedvVideoModeRecord=Record ReturnCode,VideoMode:Word; End;
GetTimeOfDayRecord=Record

ReturnCode, Ignored, SecondsLo, SecondsHi:Word;
End;

GetVideoModeInfoRecord=Record
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ReturnCode, VideoMode,BIOSMode:Word;
MinimumScreenX,MinimumScreenY,
MaximumScreenX,MaximumScreenY:Integer;
MaximumColor,MaximumBuffer:Word; End;
PrintScreenRecord=Record ReturnCode:Word; End;
QueueBackgroundSoundRecord=Record ReturnCode,Divisor,Ticks:Word;
End; -
QueueForegroundSoundRecord=Record ReturnCode,Divisor,Ticks:Word;
Endg;
RestoreOriginalvideoModeRecord=Record ReturnCode:Word; End;
Set3DCameraRecord=Record
ReturnCode:Word;
WorldX,WorldY,Worldz,
DirectionX,DirectionY,DirectionZ,
UpX,UpY¥,Up2Z,
ScaleFactorX,ScaleFactorY,Perspective:Integer;
End;
SetDlsplayedBufferRecord—Record ReturnCode,Buffer:Word; End;
SetDrawingBufferRecord=Record ReturnCode,Buffer:Word; End;
SetvVideoModeRecord=Record
ReturnCode:Word;
VideoMode:Word;
Reset:Word; End;
SetWindowRecord=Record
ReturnCode:Word;

MinimumfFilmX,MinimumPFilmY, MaximumFilmX, MaximumFilmY:Integer;
MinimumScreenX,MinimumScreenY:Integer;
End;
StartImmediateSoundRecord=Record ReturnCode,Divisor:Word; End;
StopImmediateSoundRecord=Record ReturnCode: Word End;
Transform3DEndpointRecord=Record
ReturnCode:Word;
ScreenX, Screeny,
WorldX,WorldyY,Worldz,
CameraX,CameraY¥Y,CameraZ:Integer;
ClippingBits:Byte; End;
Transform3DPointRecord=Record
ReturnCode:Word;
ScreenX,Sc¢reeny,
WorldX,WorldY,WorldZ:Integer; End;

(* AcroMole Address Block type.
*)
AcroMoleAddressBlockRecord=Record

CalculateScaleFactors :Procedure(vVar
Data:CalculateScaleFactorsRecord);
CheckBackgroundSound :Procedure(vVar
Data:CheckBackgroundSoundRecord);
CheckBreak :Procedure(Var Data:CheckBreakRecord);
CheckForegroundSound :Procedure(Var
Data:CheckForegroundSoundRecordy);
CheckPrintScreen :Procedure(Var Data:CheckPrintScreenRecord);
CheckVerticalRetrace :Procedure(Var -
Data:CheckVerticalRetraceRecord);
ClearBackgroundSound :Procedure(Var
Data:ClearBackgroundSoundRecord);
ClearForegroundSound :Procedure(Var -
Data:ClearForegroundSoundRecord);
ClearKeyboardBuffer :Procedure(vVar
Data:ClearKeyboardBufferRecord);
Clip2DLine :Procedure(Var Data:Clip2DLineRecord);
Clip3DLine :Procedure(Var Data:Clip3DLineRecord};
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ConvertSecondsToTicks :Procedure(Var
Data:ConvertSecondsToTicksRecord);

ConvertTicksToSeconds :Procedure(Var
Data:ConvertTicksToSecondsRecord);

DetectVideoMode :Procedure(vVar Data:DetectVideoModeRecord);

DrawLine :Procedure(Var Data:DrawLineRecord);

DrawPoint :Procedure(Var Data:DrawPointRecord);

DrawRectangle :Procedure(Var Data:DrawRectangleRecord);

EndAcroMole :Procedure(Var Data:EndAcroMoleRecord);

GetExecutionTime :Procedure(Var Data:GetExecutionTimeRecord);

GetKeyboardStatus :Procedure(VvVar
Data:GetKeyboardStatusRecord);

GetMaximumVideoMode :Procedure(Var
Data:GetMaximumVideoModeRecord);

GetSuggestedVideomode :Procedure(Var
Data:GetSuggestedVideoModeRecord) ;

GetTimeOfDay :Procedure(Var Data:GetTimeOfDayRecord);

GetvideoModelInfo :Procedure(vVar Data:GetVideoModeInfoRecord);

PrintScreen :Procedure(Var Data:PrintScreenRecord);

QueueBackgroundSound :Procedure(VvVar
Data:QueueBackgroundSoundRecord);

QueueForegroundSound :Procedure(var

Data:QueueForegroundSoundRecord);
RestoreOriginalVideoMode:Procedure(Var
Data:RestoreOriginalvideoModeRecord);

Set3DCamera :Procedure(Var Data:Set3DCameraRecord);

SetDisplayedBuffer :Procedure(Var
Data:SetDisplayedBufferRecord);

SetDrawingBuffer :Procedure(Var Data:SetDrawingBufferRecord);

SetVideoMode :Procedure(Var Data:SetVideoModeRecord);

SetWindow :Procedure(Var Data:SetWindowRecord);

StartImmediateSound :Procedure(Var
Data;:StartImmediateSoundRecord);

StopImmediateSound :Procedure(Var
Data:StopImmediateSoundRecord);

Transform3DEndpoint :Procedure(Var
Data:Transform3DEndpointRecord); .

Transform3DPoint :Procedure{vVar Data:Transform3DPointRecord);

______ *)
(* Data Block type for BeginAcroMole.
*)

BeginAcroMoleRecord=Record
ReturnCode:Word;
Revision:Word;
Version:Word;
AcroMoleSize:Word;
AcroMolePointer:"AcroMoleAddressBlockRecord; End;

______ *)

(*- Procedure definition for BeginAcroMole.
*

{$F+} Procedure BeginAcroMole(Var Data:BeginAcroMoleRecord): ($F-}

______ *)
(* Constants.
*)
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Xlo:Real=0.0;
Xhi:Real=0.55;
Ylo:Real=0.0;
Yhi:Real=0.55;
Increment=0.05;

NE=80;

NL=60;
FirstPoint:Integer=30;
FirstLine:Integer=29;

BackgroundKolor:Word=1;

MuColor:Woxrd=15;
AlphaColor:Word=15;
ObservationColor:Word=4;
Observation2Color:Word=12;

ModelSpaceColor:Word=14;
ModelSpace2Color:Word=6;

ErrorColor:Word=13;
ErrReducedColor:Word=9;
YhatColor:Word=3;
MatForeground:Word=7;
SSTOColor:Word=2;
MuVColor:Word=12;
eRColor:Word=9;
YhatRedColor:Word=10;
YhatFullColor:Word=11;

LabelColor:Word=7;

(* Window Boundry *)

(* Window Boundry *)

(* Window Boundry *)

{* Window Boundry *)
{Angle Change}

{Blue}

{Red}
{Light Red}

{Yellow}
{Brown}

{Light Magenta}
{Light Bluel
{Cyan}

{Light Gray}
{Green}

(* These override colors produce a black & white version of the

program *)

ScaleSize:Real=3000;
ToggleDelay:Real=0.75;
on/off}

VideoModeFlag:Boolean=True;

*
)
ScreenSize:LongInt=16383;
of 4:3.%*)
DeltavVideoMode:Integer=0;
mode. *)

{Scale used to size arrOWS}
{Time to wait before toggling the Cube

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

(* Always start by setting video mode .
(* Always start with screen size ratio

(* Always start with suggested video

RotMat:Array[0..2,0..2] of Real=
((24945, -6782, -20124),
( 712, 31294, -9664). {Rotation Matrix, Initial Camera
Position}
(21224, 6921, 23976));

LayerScreen:Word=65535;

{0 = All Off})
{1 = Cube On}
{2 = Axis On}
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{3 = Cube and Axis On}
{4 = Vectors On}
{7 = aAll On}
CubeFlipTime:Real=0; {Time the cube was last toggled}
AxisFlipTime:Real=0;
XFlipTime:Real=0; YFlipTime:Real=0; EFlipTime:Real=0;
FFlipTime:Real=0;
RFlipTime:Real=0; HFlipTime:Real=0; JFlipTime:Real=0;
ZFlipTime:Real=0;
UFlipTime:Real=0;
GetXFlag:Boolean=False; GétYFlag:Boolean=False;
GetBetalFlag:3colean=False;
GetMuFlag:Boolean=False; GetAlphaFlag:Bool.iean=False;

HelpScreenOn:Boolean=False;
ToggleKeyScreenOn:Boolean=False;
RegressionScreenOn:Boolean=False;
MScreenOn:Boolean=False;
FirstRunFlag:Boolean=True;

ScreenStack:String=’";

vVar (* These are the data blocks for the AcroMole subroutines

used. *) .
AcroMole :AcroMoleAddressBlockRecord;
BeginAcroMoleVar :BeginAcroMoleRecord;
CalculateScaleFactorsvVar “:CalculateScaleFactorsRecord;
CheckBreakVar :CheckBreakRecord;
CheckVerticalRetracevar :CheckVerticalRetraceRecord;
ClearKeyboardBuffervar :ClearKeyboardBufferRecord;
Clip3DLineVar :Clip3DLineRecord; .
DetectVideoModevar :DetectVideocModeRecord;
DrawRectangleVar :DrawRectangleRecord;
EndAcroMoleVar :EndAcroMoleRecord; .
GetExecutionTimeVar :GetExecutionvrimeRecord;
GetKeyboardStatusvar :GetKeyboardStatusRecord;
GetMaximumVideoModevar :GetMaximumVideoModeRecord;
GetSuggestedVideoModevVar :GetSuggestedVideoModeRecord;
GetVideoModelInfoVar :GetVideoModeInfoRecord;
RestoreOriginalvVideoModeVar:RestoreOriginalvVideoModeRecord;
Set3rCameraVar :Set3DCameraRecord;
SetDisplayedBuffervar :SetDisplayedBufferRecord;
SetDrawing3uffervar :SetDrawingBufferRecord;
SetVideoModeVar :SetVideoModeRecord;

SetWindowVar :SetWindowRecord;

(* ----------------------------------------------------------------------

---%)

(* These arrays are for the points and lines actually drawn on the
screel.. *)

___*)

Screenline:Array{0..2,0..NL {(NumberOfLines-1)}] Of Record
DrawlLineVar:DrawlLineRecord; End;




.._-*)
(* These arrays describe the object in the world coordinate system.

WorldEndpoint:Array (0. .NE{(NumberOfEndpoints-1)}] Of Record
Transform3DEndpointVar:Transform3DEndpointRecord; End;
WorldLine:Array{0..NL {(NumberOfLines-1)}]
Of Record Endpointl,Endpoint2,LineColor:Word;Layer:Word; End;

__-*)
(* Miscellaneous uninitialized variables.

*)

(* ----------------------------------------------------------------------
_._-*)
ToDraw, ToErase:Word; (* Which points and lines to draw or
erase. *)
PreviousTime,DeltaTime:Word; (* Previous time and change in time.
*)
Radius:Real; (* Distance from center of object.
*) . ' .
MinimumColor:Word; (* Minimum color to use for lines.
*)

Points,Lines:Array(0..2] Of Vicrd; (* How many points to draw or
erase. *)
SinAngle,SinPosAngle,CosAngle: Real;
ScreenWidth,ScreenHeight: Integer;
NumberOfEndpoints:Integer; (* Number of endpoints,
*) °
NumberOfLines:Integer; (* Number of lines,
*)
X,Y¥,BetaHat,M,Mred, Yhat,Error,Error2,Mu,Mul,Alpha,eF,eR,eRplusyY:
matx; .

Betal,Yred, Xred,BhatFull,BhatRed,YhatFull,YhatRed,YhatFulleF, YhatRedeR:

matx; .
Scale: real; {Used to set scale for vectors}
Xmax,Y¥max,2Zmax:Real; (Max size of object; Used to set scale}

SSEF,SSER: Real; {SSE Full & Reduced}

SSR,SSTO: Real;

SSRF,SSRR: Real;

dfR, dfF, dfSSR: Integer; {degrees of Freedom}

Fstar, Fcrit, Pvalue: Real;

LastPoint,LastlLine: Integer;
MPointer,RegressionPointer,HelpPointer,ToggleKeyPointer: Pointer;
ProgramName:String;

Implementation

(* Procedure definition for BeginAcroMole.
*)

{$SF+} Procedure BeginAcroMole(Var Data:BeginAcroMoleRecord); External:
{SF-}
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begin

*)

*)

NumberOfEndpoints:=22;

NumberOfLines:=17;

(* Number of endpoints,

(* Number of lines,

SinPosAngle:=Sin(Increment);

CosAngle:=Cos(Increment);

(* These override colors produce a black & white version

*)
{

End.

BackgroundKolor:=0;

MuColor:=15;
AlphaColor:=15;
ObservationColor:=15;

Observation2Color:=15;

ModelSpaceColor:=15;
ModelSpace2Color:=15;

ErrorColor:=15;
ErrReducedColor:=15;
YhatColor:=15;
MatForeground:=15;
SSTOColor:=15;
MuVColor:=15;
eRColor:=15;
YhatRedColor:=15;
YhatFullColor:=15;
LabelColor:=15; }

of the

program




Unit Suppert;

Interface
uses TGlobals,Graph,Crt,MathMat,GraphMat,Dos,Mole,Support2;

function FPercentPoint(p: real; kl,k2: integer): real;

function FProb(f: real; kl,k2: integer): real;

Procedure Help;

Procedure ScreenOff;

Procedure ToggleKeyScreen;

Procedure Colors;

Procedure ChangeColors(var Color: Word);

Procedure Listcdlors;

Procedure MathRoutines;

Procedure RegressionMath;

Procedure BivariateMath;

Procedure RegressionScreen;

Procedure MScreen;

procedure chart(xl,yhi: Integer; {Upper Left Location}
x2,¥2: Integer; {Lower Right Location} .

Percent: Real; {between 0 and 1}

Color: Word; {Color of chart}
Title: String); {Title of chart}

function TimeInSeconds: Real;

procedure BarGraphs;

Procedure Screen(ScreenNumber: Integer);

procedure KeyAction;

Implementation

function FPercentPoint(p: real;

integer): real;

(* Calculates the inverse F distribution function based on

(* k1l and k2 degrees of freedom.

(* This function was obtained from the book

Pascal by D Cooke, A H Craven and G M Clarke,

Published by Edward Arnold, London: 1985
book obtained at Wright State University

*)

*)

*)

’Statistical Computing in
pages 82-89.

var hl,h2: real; (half degrees of freedom kl,k2}

LnBeta: real; {Log of complete beta function with parameters hl and
h2}

Ratio: real; (Beta ratio}

X: real; {Inverse Beta ratio}




function LnGamma(w: real): real;

(* Calculates the logarithm of the gamma function; *)
(* w must be such that 2*w is an integer > 0 *)

var
a,sum: real;

begin
a:= Ln(sqrt(Pi));
Sum:=0;
w:= w-1;
while w>0.0 do
begin
sum:= sum + ln(w);
wi=w-1;
end;
if w<0.0 then LnGamma:=sum+a
else LnGamma:=sum;
end; {Function LnGamma}

.

function BetaRatio(x,a,b,LnBeta: real): real;

(* Calculates the incomplete beta function ratio with *)
(* parameters a and b. LnBeta is the logarithm of the *)
(* complete beta function with parameters a and b. *)

const
error=1.0E-7;

var :
c: real; {c=a+b}
Factorl,Factor2,Factor3: .real; (factors multiplying terms in series}
i,j: integer; {counters} ’
sum: real; {current sum of series}
Temp: real;
Term: real;
xLow: boolean; {status. of x which determines the end from which series
is evaluated}
y: real; {adjusted argument}

begin
if (x=0) or (x=1) then sum := x
else begin
c:= a+b;
if a<c*x then begin
xLow:=true;
yY:=X;
X:=1-x%;
Temp:=a;
a:=b;
b:=Temp; end
else begin
XLow:=false;
y:=1-x; end;
Term:=1:
j:=0;
Sum:=1;
i:=trunc(b+c*y)+1;
Factorl:=x/y;
repeat
Ji=3+1;
i:=1-1;
if i>=0 then begin
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Factor2:=b-j;
if i=0 then PFactor2:=x;
end;
Term:=Term*Factor2*Factorl/(a+j);
Sum:=Sum+Term;
until (abs(Term) <=Sum) and (abs(Term) <= error*sum);
FPactor3:=exp(a*ln(x)+(b-1)*1ln{y)-LnBeta);
Sum:=Sum*factor3/a;
If xLow then Sum:=1-Sum;
end;
BetaRatio:=Sum;
end; {function BetaRatio}

function InverseBetaRatio(Ratio,a,b,LnBeta: real): real;

(* Calculates the inverse of the incomplete beta function ratio
(* with parameters a and b. LnBeta is the logarithm of the
(* complete beta function with parameters a and b.

const
error=1.0E-7;

var
c: real; {c=a+b}
LargeRatio: boolean;
templ, temp2, temp3, temp4: real;
x,x1l: real; {successive estimates of inverse ratio}
y: real; {adjustment during Newton iteration}

begin
if (ratio=0) or (ratio=1l) then x:=Ratio
else begin
LargeRatio:=false;
if Ratio>0.5 then begin
LargeRatio:=true;
Ratio:=1-Ratio;
templ:=a;
b:=a; '
a:=templ; end;
c:=a+b;
(* claculates initial estimate for x *)
if Ratic<=0 then begin
writeln(output,’ Ratio = ’,Ratio);

writeln(output,’ This is too small or negative.’); Halt; end;

templ:= sqrt(-ln(Ratio*Ratio));
temp2:= 1.0+templ*(0.99229 + 0.04481l*templ);
temp2:= templ-(2.30753 + 0.27061*templ)/temp2;
if (a>l) and (b>1l) then begin
templ:= (temp2*temp2-3.0)/6.0;
temp3:= 1.0/(a+a-1.0);
temp4:= 1.0/(b+b-1.0);
Xl:= 2.0/(temp3+tempd);
X:= templ+5.0/6.0-2.0/(3.0*x1);
X:= temp2*sqgrt(xl+templ)/xl-x*(tempd-temp3);
x:= a/(atb*exp(x+x)); end
else begin
templ:= b+b;
temp3:=1.0/(9.0*b);
temp3:=1.0-temp3+temp2*sqrt(templ);
temp3d:= templ*temp3*temp3*temp3;
if temp3>0 then begin
templd:=(4.0*a+templ-2.0)/temp3;
if temp3>1 then x:=1.0-2.0/(l+temp3)
else x:= exp((ln(Ratio*a)+LnBeta)/a); end
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else x:=1.0-exp((ln{(l-Ratio)*b)+LnBeta)/b);
end;

(* Newton Iteration *)
repeat
y:=BetaRatio(x,a,b,LnBeta);
y:= (y-Ratio)*exp((l-a)*Ln(x)+(1l-b)*Ln(1l-x)+LnBeta);
tempé4:= y;
X1l:= x-y;
while (x1 <= 0) or (x1 >=1) do begin
temp4 :=temp4/2;
xl:= x-temp4; end;
x:= x1;
until abs(y) < error;
if LargeRatio then x:=1-x;
end;
InverseBetaRatio:=x;
end; {Function InverseBetaRatio}

begin (FPercentPoint}
hl:= 0.5%k2;
h2:= 0.5#%k1;
Ratio:= 1-p;
LnBeta:=LnGamma(hl) + LnGamma(h2) - LnGamma(hl+h2);
x:= InverseBetaRatio(Ratio,hl, h2,LnBeta);
FPercentPoint:= k2*(1-x)/(k1l*x);

end; {Function FPercentPoint}

function FProb(f: real; k1l,k2: integer): real;

* The distribution function of the F distribution based on k1l and k2

) .

* degrees of freedom;

) .

(* .This function was obtained from the book ’Statistical Computing in
Pascal by D Cooke, A H Craven and G M Clarke, pages 82-89.

Published by Edward Arnold, London: 1985
book obtained at Wright State University

*)

var .
hl,h2: real; ({modified degrees of freedom}
LnBeta: real; (Log of complete beta function with parmaters hl & h2}
x: real; f{argument of incomplete beta function}

function LnGamma(w: real): real;

(* Calculates the logarithm of the gamma function; *)
(* w must be such that 2*w is an integer > O *)

var
a,Sum: real;

beg.in
a:= Ln(sqrt(Pi));
Sum:=0;
w:= w-1;
while w>0.0 do
begin
sum:*= sum + ln(w);
w:=w-1,;
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end;
if w<0.0 then LnGamma:=sum+a
else LnGamma:=sum;
end; {Function LnGamma}

function BetaRatio(x,a,b,LnBeta: real): real;

(* Calculates the incomplete beta function ratio with *)
(* parameters a and b. LnBeta is the logarithm of the *)
(* complete beta function with parameters a and b. *)

const
error=1.0E-7;

var

c: real; {c=a+b}

Factorl,Factor2,Factor3: real; {factors multiplying terms in series}

i,j: integer; {counters}

sum: real; {current sum of series}

Temp: real;

Term: real;

XLow: boolean; {status of x which determines the end from which series
is evaluated}

y: real; {adjusted argument}

begin
if (x=0) or (x=1) then sum := x
else begin
. c:= a+b;
if a<c*x then begin
xLow:=true;
y:i=X;
X:=1-x;
Temp:=a;
a:=b;
b:=Temp; end
else begin
xLow:=false;
y:=1-Xx; end;
Term:=1;
j:=0;
Sum:=1;
i:=trunc(b+c*y)+1;
Factorl:=x/y;
repeat
je=j+1;
i:=1-1;
if i>=0 then begin
Factor2:=b-j;
if i=0 then Factor2:=x;
end; .
Term:=Term*Factor2*Factorl/(a+j);
Sum:=Sum+Term;
until (abs(Term) <=Sum) and (abs(Term) <= error*sum);
Factor3:=exp(a*ln(x)+(b-1)*1n(y)-LnBeta);
Sum:=Sum*factor3/a;
If xLow then Sum:=1-Sum;
end;
BetaRatio:=Sum;
end; (function BetaRatio}

begin {(main function}

hl:= 0.5*kl;
h2:= 0.5%*k2;
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x:= h2/(h2+hl*f);
LnBeta:= LnGamma(hl)+LnGamma(h2)-LnGamma(hl+h2);
FProb:= l-BetaRatio(x,h2,hl,LnBeta);

end; {Function FProb}

Procedure Help;

const
X1l:Integer=360;
Y1l:Integer=158;
X2:Integer=639;
Y2:Integer=349;
col:Integer=25;

var
i: Integer;
Size: Word;
ViewPort: ViewPortType;
0ldstyle: TextSettingsType;

begin
If Not HelpScreenOn Then begin {If the Help Screen is not}
GetTextSettings(0ldStyle); {Displayed then Display it}
SetVisualPage(0);
SetActivePage(l);

Size := ImageSize(X1l,Y1l,X2,Y2);
If Size>MemAvail Then writeln(output,’Size=’',Size,’
MemAvail=’,6 MemAvail);

Mark(HelpPointer);

GetMem(HelpPointer, Size);

GetImage(X1l,Y1l,X2,¥2,HelpPointer?);

For i:= 1 to 2 do begin
SetViewPort(X1l,Y1,X2,Y2,True);
GetViewSettings(ViewPort);

SetFillStyle(1,15);

Bar(0,0,X2-X1,Y2-Y1); {Clear ViewPort}

SetFillStyle(1,7);

Bar(5,4,X2-X1-5,Y2-Y1-4);

SetColor(0);

SetTextJustify(l,1);

OutTextXY((X2-X1) div 2,10, ’Help’);

SetTextJustify(0,1);

MoveTo(col,GetY+20);

QutText(’F1 Toggle the Help Screen’); MoveTo(col,GetY+10);

OutText(’F2 Vector Toggling Info’); MoveTo(col,Get¥Y+10);

If (ProgramName = ’Ltest’) or (ProgramName = ’‘Bivariate’) Then Begin
QutText(’'F3 Toggle Regression Info’); MoveTo(col,GetY+10);

end;

If ProgramName = ‘Ltest’ Then Begin .
QutText(’FS Modify ’#230’0’); MoveTo(col,GetY+10); end;

If ProgramName = ’Bivariate’ Then Begin
QutText(’F4 Toggle Projection Matrix’); MoveTo(col,Get¥+10);
QutText(’F5 ‘Modify ’#225’1’); MoveTo(col,GetY+10); end;

If (ProgramName = ’Ltest’) or (ProgramName = ’Bivariate’) Then Begin
QutText(’F6 Modify ’#224); MoveTo(col,GetY+10); end;

OutText (’F7 Modify Y Matrix’); MoveTo(col,GetY+10);

QutText('F8 Modify X Matrix’); MoveTo(col,GetY+10);

{ OutText(’/Fo* Print Vector Array’); MoveTo(col,Get¥+10); }

{ OutText (/F10* Print New Colors’); MoveTo(col,GetY+10); }
OutText(’F10 Complete Matrix Entry’); MoveTo(col,GetY+15);
OutText (’Home Return to Initial View’); MoveTo(col,GetY+10);
QOutText (’ESCape Exit Program’); MoveTo(col,GetY+10);

SetTextJustify(1l,2); MoveTo((X2-X1) div 2,GetY+10);
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OutText(’Press F1 to Remove Help’); MoveTo( (X2-X1) div 2,GetY¥Y+15);
{ OutText(’* Development Version Only’); }
MoveTo((X2-X1) div 2,Y2-Y1-15); OutText(’Written by Steve Pearce’);

SetColor(15);
SetVisualPage(1l);
SetActivePage(0);
end;
HelpScreenOn:=True;
end :
else begin
SetVisualbPage(0);
SetActivePage(l);
for i:= 1 to 2 do begin

{If the Help Screen is }
{Displayed then Erase it}

SetViewPort(0,0,GetMaxX,GetMaxY,True);

PutImage(X1l,Y1l,HelpPointer?,0);
SetvisualPage(1l);
SetActivePage(0);
end;
Release(HelpPointer);
HelpScreenOn:=False;
end;
end; {Procedure Help}

Procedure ToggleKeyScreen;

const
X1l:Integer=360;
Y1l:Integer=120;
X2:Integer=639;
Y2:Integer=349;
col:Integer=25;

var
i: Integer;
Size: Word;
ViewPort: ViewPortType;
0ldstyle: TextSettingsType;

begin
If ProgramName = ’‘Ltest’ Then Y1:=200;
If ProgramName = ’'Mean’ Then Y1:=200;
If Not ToggleKeyScreenOn Then begin
GetTextSettings (0ldStyle);

{0=Copy}

{If the Help Screen is not}
{Displayed then Display it}

SetViewPort (0, 0,GetMaxX,GetMax¥Y, True); ’

SetVisualPage(0);
SetActivePage(l);
Size := ImageSize(X1l,Y1l,X2,Y2);

If Size>MemAvail Then writeln(output,’Size=’,Size,’

MemAvail=’',MemAvail);
Mark(ToggleKeyPointer); .
GetMem(ToggleKeyPointer, Size);

GetImage(X1l,Y1l,X2,Y2,ToggleKeyPointer?);

For i:= 1 to 2 do begin
SetvViewPort(X1l,Y1l,X2,Y2,True);
GetViewSettings(ViewPort);
SetFillstyle(1,15);
Bar(0,0,X2-X1,Y2-Y1);
SetFillStyle(1,7);
Bar(5,4,X2-X1-5,Y2-Y1-4);
SetColor(0);
SetTextJustify(1,1);

{Clear ViewPort}

OutTextXY((X2-X1) div 2,10, ’Turning Vectors On/Off’);

SetTextJustify(0,1);
MoveTo(col,GetY+30);
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OutText(’Alt A Toggle Axis’); MoveTo(col,Get¥+10);
OutText(’Alt C Toggle Cube’); MoveTo(col,Get¥Y+15);
If ProgramName = ’'Mean’ Then Begin

OutText(’Alt E Toggle Error’); MoveTo(col,Get¥Y+10); end;
If ProgramName = ’‘Ltest’ Then Begin

OutText(’Alt E Toggle E(Y) ’); MoveTo(col,Get¥+10); end;
If (ProgramName = ’'Ltest’) or (ProgramName = ’Bivariate’) Then

begin

OutText(’/Alt F Toggle e '); MoveTo(col+l,Get¥+5);
OutText (’ F’); MoveTo(col,GetY+10); end;
OutText (’ A ’); MoveTo(col,GetY+5);
QutText(’Alt H Toggle Y "y
If ProgramName = ’‘Bivariate’ Then Begin
MoveTo(col,GetY+5);
QutText(’ Reduced’); MoveTo(col,GetY+10);
OQutText (’ A ’y; MoveTo(col,GetY+5);
QutText(’/Alt J Toggle Y ’):; MoveTo(col,GetY+5);
QutText ('’ Full’); end;

MoveTo(col,GetY+10);

If (ProgramName = ’'Ltest’) or (ProgramName = ’Bivariate’) Then
begin

OutText (’Alt R Toggle e ’); MoveTo(col,GetY+5);
OutText (’ R’); MoveTo(col,GetY+10); end;
If ProgramName = ’Bivariate’ Then Begin
OutText(’Alt U Toggle Y ’y; MoveTo(col,GetY+5);
OutText ('’ Reduced’); MoveTo(col,GetY+10);
" QutText(’Alt X Toggle Column 1 of X’); MoveTo(col,GetY+15);
end;
If (ProgramName = ‘Mean’) or (ProgramName = ’‘Ltest’) Then Begin
OutText(’/Alt X Toggle X "y; MoveTo(col,GetY+10); end;
OutText(’Alt Y Toggle Y ’y;. MoveTo(col,Get¥+5);
If ProgramName = ’'Bivariate’ Then Begin-
QutText(’ full’); MoveTo(col,Get¥Y+10);
OutText(’Alt 2 Toggle Column 2 of X’); MoveTo(col,GetY¥Y+1l0);
end;

SetTextJustify(1l,2); MoveTo((X2-X1) div 2,Get¥+10);
OQutText(’'Press F2 to Remove this Screen’); MoveTo((X2-X1) div
2,GetY¥+15);
SetColor(15);
SetVisualPage(1l);
SetActivePage(0);
end;
ToggleKeyScreenOn:=True;
end .
else begin {If the Help Screen is }
SetVisualPage(0); {Displayed then Erase it}
SetActivePage(1l}; :
for i:= 1 to 2 do begin
SetViewPort(0,0,GetMaxX,GetMaxY¥Y, True);
PutImage(X1l,Yl,ToggleKeyPointer?,0); {0=Copy}
SetVisualPage(l);
SetActivePage(0);
end;
Release(ToggleKeyPointer);
ToggleKeyScreenOn:=False;
end;
end;

Procedure ScreenOff;
begin
( If BivariateScreenOn then BivariateScreen; }

If ToggleKeyScreenOn then ToggleKeyScreen;
If HelpScreenOn then Help;
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end;
Procedure Colors;

const
X1l:Integer=360;
Y1l:Integer=250;
X2:Integer=639;
Y2:Integer=349;
col:Integer=25;

var
i: integer;
P: Pointer;
Size: Word;
ViewPort: ViewPortType;
0Oldstyle: TextSettingsType;

begin

GetTextSettings(0ldStyle);

SetVisualPage(0);

SetActivePage(1l):;

SetvViewPort(0,0,GetMaxX,GetMax¥Y, True);

Size := ImageSize(X1,Y1,X2,Y2);

If Size>MemAvail Then writeln({output,’Size=',Size,’
MemAvail=',MemAvail);

Mark(P);

GetMem (P, Size):

GetImage(X1l,Y1,X2,Y2,P");

SetViewPort(X1l,Y1,X2,Y2,True);

GetvViewSettings(ViewPort);

SetFillStyle(1,15); ) A

Bar{0,0,X2-X1,Y2-Y1l); {Clzar ViewPort} :

SetFillStyle(1,1); -

Bar(5,4,X2-X1-5,Y2-Y1-4);

SetColor(15);

OQutTextXY((X2-X1) div 2,10,’Colors’);

SetTextJustify(0,1); )

MoveTo(col,GetY+20);

OQutText ('’ 111 ’); MoveTo(col,Get¥+10);
OQutText ('’ « 02468024 ’y; MoveTo(col,GetY¥+30);
OQutText ('’ 13579111 ’y; MoveTo(col,GetY+10);
OutText(’ 135 "y;

SetTextJustify(l,2); MoveTo( (X2-X1) div 2,GetY+10);
OutText(’Hit Return to Continue’); MoveTo((X2-X1) div 2,Get¥+10);

for i := 0 to 15 do begin
SetFillStyle(1,1i);
case odd(i) of

True: Bar(68+8*i,40,68+8*(i+1)-8,53); {Draw Bar}
False: Bar(68+8+%*i,35,68+8*(1i+1)-8,48); {Draw Bar}
end; end;

SetColor(15); -
SetVisualPage(1l);
repeat
until KeyPressed;
SetVisualPage(0);
SetViewPort(0,0,GetMaxX,GetMaxY, True);
PutImage(X1,Y1,P%,0); {0=Copy}
Release(P);
end;
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Procedure ChangeColors(var Color: Word);

const
X1l:Integer=360;
Yl:Integer=249;
X2:Integer=639;
Y2:Integer=349;
col:Integer=25;

var
Key: char;
Number: String;
Ok: Boolean;
i,code: integer;
P: Pointer;
msg: String;
Size,Kolor: Word;
ViewPort: ViewPortType;
0ldStyle: TextSettingsType;

begin
GetTextSettings(0ldStyle);
SetVisualPage(0);
SetActivePage(l);
SetViewPort(0,0,GetMaxX,GetMaxY, True);
Size := ImageSize(X1l,Y1,X2,Y2);:
If Size>MemAvail Then writeln(output,’Size=’,Size,’
MemAvail=',MemAvail);
Mark(P);
GetMem(P, Size);
GetImage(X1l,Y1l,X2,Y2,PA);
SetViewPort(X1l,Y1,X2,Y2,True);
GetViewSettings(ViewPort); :
SetFillStyle(1,15);
Bar(0,0,X2-X1,Y2-Y1); {Clear ViewPort}
SetFillStyle(1,1); '
Bar(5,4,X2-X1-5,Y2-Y1-4);
SetColor(15);

SetTextJustify(1l,1);
Str(Color:2,msqg);

msg:='Current Color Number is ’+msg;
OutTextXY((X2-X1) div 2,10,msqg);
SetTextJustify(0,1); )

MoveTo(col,GetY+20);

OutText (’ 111 ’y; MoveTo(col,GetY+10);
OutText(’ 0246 8024 ’y; MoveTo(col,GetY+30);
OutText(’ 13579111 ’y; MoveTo(col,GetY+10);
OQutText (’ 135 "y ’

SetTextJustify(0,1); MoveTo(col,Get¥Y+10);
OutText(’Which Color # do you want?’);

for i := 0 to 15 do begin
SetFillStyle(l,i);
case odd(i) of
True: Bar(64+8+%i,40,78+8*1-8,53); {Draw Bar}
False: Bar(64+8+*i,35,78+8*i-8,48); {Draw Bar}
end; end;

SetColor(15);
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SetVisualPage(l);
Ok := False;
msg:='"’;
repeat
Key := ReadKey;
If (Orxrd(Key)>47) and (Ord(Key)<58) and (length(msg) <2) then begin

msg:=msg+key; .
OutText (key):
end
else if Ord(Key)=13 then begin
val (msg,Kolor,code); .

If (code = 0) and (Kolor>=0) and (Kolor<=15) then Color:=Kolor
else OutTextXY(col,Get¥+10, ’Color NOT Changed’); Delay(750);
Qk:=True;

end;

until Ok;
SetVisualPage(0);.
SetViewPort(0,0,GetMaxX,GetMax¥Y, True);
PlitImage(X1,Y1,PA,0); {0=Copy}
Release(P);

end; {Procedure ChangeColors}

Procedure ListColors;

var
i: integer;
Color: String;

procedure PrintColor(i:integer);

begin
Case i of

. Writeln(output,’Black’); .
Writeln(output, 'Blue’);
Writeln(output, ’Green’);
Writeln(output,’Cyan’);
Writeln(output,’Red’);
Writeln(output,’Magenta’);
¥riteln(output,’/Brown’);
Writeln(output, ‘White’);
Writeln(output,’/Dark Gray’);
Writeln(output,’Light Blue’);
10: Writeln(output,’Light Green’);
11: Writeln(output,’/Light Cyan’);
12: Writeln(output, “"Light Red’);

13: Writeln(output,’Light Magenta’);
14: Writeln(output, ‘Yellow’);
15: | Writeln(output,’Intense White’);

end; .

end; {(Procedure PrintColor}

WO~V WN O

begin

Write(output, 'Alt-X X[1,1] ’ ,ModelSpaceColor:2,"’':’); .
PrintColor(ModelSpaceColor);

Write(output, 'Alt-2 X(2,1] ’ ,ModelSpace2Color:2,’:’);
PrintColor{ModelSpace2Color);

Write(output, 'Alt-Y Y full / ,ObservationColor:2,’:"); )
PrintColor(ObservationColor);

Write(output, ’Alt-U Y red ’ ,Observation2Color:2,’:’);
PrintColor(Observation2Color);

Write(output,’Alt-F eFr " ,ErrorColor:2,":’);

PrintColor(ErrorColor);
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Write(output,’/Alt-R eR ’ ,BErrReducedColor:2,’:’);
PrintColor(ErrReducedColor);

Write(output,’/Alt-H YhatRed ’ ,YhatRedColor:2,’:");
PrintColor(YhatRedColor});

Write(output,’Alt-J YhatFull ’,YhatFullColor:2,’:");

PrintColer(YhatFullColor);

end;

Procedure MathRoutines;

var
XP,XPX,XPXI,T1,T2,XI,One,Xtemp,ExrrorT: matx;

begin
Mat Transpose(X,XP);
MatMult (XP,X,XPX);
MatInvert (XPX,XPXI);
MatMult (XPXI,XP,T1);
MatMult(T1l,Y,BetaHat); {BetaHat=[(X’X)*-11X’Y}
MatMult (X, T1,M); {M=X{(X'X)M-1]X"}
MatMult(M,Y,Yhat);
MatSub(Y,Yhat,Error); {Error Vector = Y - Yhat}
MatAdd(Error,Yhat,Error2); {Error Vector added to Yhat}
end; {Procedure MathRoutines}

- Procedure RegressionMath;

var ’
SEF,SER,eFT, eRT: matx;
n,p: Integer;

begin

MatSub(Y, Yhat,eF);

MatSub(Y,Mu,eR);
{ writeln(output,’¥Y= ’,Y.data[l,1]:4,’ ',Y.data(2,11:4,"’
', Y.data[(3,1]:4);

writeln(output,’Yhat= ’,Yhat.data(l,1]:4,’ ' ,Yhat .data(2,1]:4,"’
’,Yhat.data[3,1]:4); .

writeln(output, 'Mu= ’,Mu.datafl,11:4,’ ',Mu.dataf2,1]}:4,'
/,Mu.data(3,1]:4);

writeln(output,’eR= ’,eR.dataf{l,1l1:4,’ ’,eR.data[2,1]1:4,’
",eR.data[3,1):4); }

Mat_ Transpose(eF,eFT); Mat_Transpose(eR,eRT);
MatMult(eFT,eF,SEF); SSEF:=SEF.data(l,1]; .
MatMult (eRT,eR,SER); SSER:=SER.data(l,1];
SSR:=SSER-SSEF; :

SSTO:=SSER;

Error := eF;

MatAdd({Error,Yhat,Error2); {eF + Yhat}
MatAdd(eR,Mu,eRplusY); feR + E(Y) [Mu=E(Y)]}

{ writeln(output.’eR+Mu=’,eRplusY.data(l,1]:4,’
’ ,eRplusY.datal(2,1]1:4,’ ' ,eRplusY.datal3,1]}:4); }

n := X.rows;
p := X.cols;

dfR :=n - (p-1);
n - p; (df.denominator}

[oR

"

)
B
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dfSSR := dfR-d4fF; (df.numerator}

{Writeln(output,’dfr=',d4fr:2,’ dff=/,dff:2,’ dfssr=’,dfssr:2);}
If (dfSSR=0) or (SSEF=0) or (dfF=0) Then
writeln(output,’'dfSSR=’,dfSSR,’ SSEF=’,SSEF,’ dfF=’,dfF)
else Fstar := (SSR/AfSSR) / (SSEF/4fF);
Fcrit:=FPercentPoint((l-Alpha.data(1l,1]),dfSSR,dfF);
Pvalue:= FProb(Fstar,dfSSR,d4fF);

end; {Procedure RegressionMath}
Procedure BivariateMath;

var
i,n,p: Integer;
X2,X2k,
eFt,eRt,SEF,SER: matx;

Procedure Bhat(X,Y: matx;
var Z: matx);
var
AT, XTX, XTXI,XTXIXT: matx;

begin
Mat Transpose(X,XT);
MatMult (XT, X, XTX);
MatInvert (XTX,XTXI);
MatMult (XTXI,XT,XTXIXT);
MatMult (XTXIXT,Y,2);
end;

Procedure Mprojection(X: matx;
var M: matx);
var
XT,XTX, XTXI,XXTXI: matx;

begin
Mat_Transpose(X,XT});
MatMult (XT, X, XTX);
MatInvert (XTX,XTXI);
MatMult (X, XTXI,XXTXI);
MatMult (XXTXI,XT,M);

end;
begin
for i:= 1 to X.rows do begin
Xred.datafi,1l}] := 1; {Calculate X reduced}
X2.data(i,1l] := X.datal[i,2]; end;
X2.rows:=X.rows; X2.cols:=1; {X2 is second Column of X}

Mat_k Mult(X2,X2k,Betal.data(l,1]);

MatSub(Y,X2k,Yred); {Calculate Y reduced}
Bhat (X,Y,BhatFull); {Calculate BhatFull}
Bhat (Xred,Yred,BhatRed); {Calculate BhatReduced}
MatMult(X,BhatFull,YhatFull); {Calculate YhatFull}
MatMult(Xred,BhatRed,YhatRed); {Calculate YhatRed}
MatSub(Y,YhatFull,eF); {Calculate eF}
MatSub(Yred, YhatRed, eR); {Calculate eR}
Mprojection(X,M); {Calculate M}
Mprojection(Xred,Mred): {Calculate Mreduced}
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Mat_Transpose(eF,eFT); Mat_ Transpose(eR,eRT);
MatMult(eFT,eF,SEF); SSEF:=SEF.data(l,1];
MatMult (eRT,eR,SER); SSER:=SER.datall,1]:
SSR:=SSER-SSEF;

SSTO:=SSER;

n := X.rows;
p := X.cols;

dfR :=n - (p-1);
dfF := n - p; {df .denominator}
dfSSR := 4fR-d4fF; {df .numerator}

MatAdd(YhatFull,eF,YhatFulleF);
MatAdd(YhatRed,eR,YhatRedeR);

If (dfSSR=0) or (SSEF=0) or (dfF=0) Then Fstar:=999
else Fstar := (SSR/AfSSR) / (SSEF/AfF);

Fcrit:=FPexrcentPoint((l-Alpha.data[l,1]),dfSSR,dfF);
Pvalue:= FProb(Fstar,dfSSR,dfF);
- end;

Procedure RegressionScreen;

const .
X1l:Integer=360;
Y1l:Integer=14; {Location of Window on Screen}
X2:Integer=639; . :
Y2:Integer=349;
col:Integer=25;

var
i: integer;
Size: Word;
ViewPort: ViewPortType;
0OldStyle: TextSettingsType;
msg: string:;

begin .
SetVisualPage(0);
SetActivePage(0);
GetTextSettings(0kdStyle);
SetTextJustify(1,1);

SetFillStyle(1l,7);
Bar(430,335,580,345); SetColor(0);

OutTextXY (505,340, Working "y;
SetColor(15);
If Not RegressionScreenOn Then begin {If the Hélp Screen 1is
not} .
SetActivePage(l); ({Displayed then Display
it}

SetViewPort(0,0,GetMaxX,GetMaxY, True);

Size := ImageSize(X1l,Y1l,X2,Y2);

If Size>MemAvail then writeln(output,’/Size=’,Size,’
MemAvail=’,6 MemAvail);

Mark(RegressionPointer);

GetMem(RegressionPointer, Size);

GetImage(X1l,Y1l,X2,Y2,RegressionPointer?);

For i:= 1 to 2 do begin
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SetViewPort(X1,Y1,X2,Y2,True);
GetViewSettings(ViewPort);

SetFillStyle(1,15); .

Bar(0,0,X2-X1,Y2-Y1); {Clear ViewPort}
SetFillStyle(1,7);

Bar(5,4,X2-X1-5,Y2-Y1-4);

SetColor(0);

SetTextJustify(l,1);

OutTextXY((X2-X1) div 2,10, 'Regression Calculations’);

SetTextJustify(0,1):

If ProgramName = ‘Bivariate’ Then begin
MoveTo(col+129,GetY+31); OQutText(’"’);
MoveTo(col-15,GetY+5);

OutText(/(I-M)Y = e =Y - Y =’); MoveTo(col-14,GetY+5);
QutText(’ F Full 7);
end;

If ProgramName = ’‘Ltest’ Then Begin

MoveTo(col,GetY+31);
QutText (' A 7y; MoveTo(col,GetY+5);
OutText(’(I-M)Y = e =Y - Y ='); MoveTo(col,Get¥+5);
QutText(’/ F "y;

end;

I1f eF.rows = 3 then
GMatWrite(eF,4,1,’’,X1+c0ol+177,Y1+GetY~25,ExrrorColor,7,0)

else
GMatWrite(eF,4,1,’’,X1+col+177,Y1+GetY~20,ExrorColor,7,0);
MoveTo(col,GetY+60);
OutText(’/SSE = e = /y;
Str(SSEF:4:2,msg); OutText(msg);
MoveTo(col+l,Get¥+5); OQutText(’ F F’');

SetLineStyle(0;0,1);
Line(col+60,GetY-9, col+60,GetY+2);
Line(col+83,GetY-9, col+83,Get¥Y+2);
QutTextXY(col+87,GetY-8,’2");

If ProgramName = ’Bivariate’ Then begin
MoveTo(col+25GetY¥+25);

OutText(’ A ’y; MoveTo(col+25,GetY+5);
QutText(’e =Y - Y =/); MoveTo(col+26,GetY+5);
OutText(’ R Red ’); )

end; i -

If ProgramName = ’‘Ltest’ Then Begin
MoveTo(col+25,Get¥+30);
OutText(’e = Y - E(Y) ='); MoveTo(col+34,Get¥+5);
QutText(’R’);

end;

If eR.rows = 3 then .
GMatWrite(eR,4,1,’’ ,X1+col+147,Y1+GetY-25,ErrReducedColor,7,0)
else
GMatWrite(eR,4,1,’’,X1+col+147,Y1+GetY-20, ErrReducedColor,7,0);
MoveTo(col,GetY+125);

OutText(’'SSE = e = 7y;
Str(SSER:4:2,msg); OutText(msqg);
MoveTo(col+l,Get¥+5); QutText(’ R R"Y;

SetLineStyle(0,0,1);
Line(col+60,GetY¥-9, col+60,GetY+2);
Line(col+83,GetY-9, col+B3, GetY+2);
QutTextXY(col+87,GetY-8,’2");
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MoveTo(col,GetY+15);
OutText (/SSR = SSE - SSE’); MoveTo(col+l,GetY+5);
OutText (' R F');

MoveTo(col,GetY+16);
If ProgramName = ’‘Bivariate’ Then begin

OutText(’ = Y - Y - e ’)y; MoveTo(col,GetY-5);
OutText(’ A 2 27); MoveTo(col+l,Get¥+10);
OutText(’ Red F 7))

end;

If ProgramName = ’'Ltest’ Then Begin

OutText(’ = Y - E(Y) - e ’y; MoveTo(col,GetY-5);
QutText(’ A 2 2’); MoveTo(col+l,GetY+10);
OutText(’ F 7);

end;

Line(col+52,GetY¥-11, col+52,GetY);
Line(col+125,GetY-11, col+125,GetY);

Line(col+164,GetY-9, col+l64,Get¥Y+2);
Line(col+188,GetY-9, col+188,GetY+2);

MoveTo(col,GetY+14);

OutText(’ = e - e = "y;
Str(SSR:5:2,msg); OutText(msg);
MoveTo(col+l,GetY¥+5);

OutText (' R F’')Y;

SetLineStyle(0,0,1)};
Line(cnl+52,GetY-9, col+52,Get¥+2);
Line(col+75,GetY-9, col+75,GetY¥+2);

Line(col+108,GetY-9, col+108,GetY+2);
Line(col+131,GetY¥-9, col+131,GetY+2);
OQutTextXY(col+78,GetY-8,'2");
OutTextXY(col+134,GetY-8,72");

MoveTo(col+25, Get¥Y+20); e
OutText(’df =n - (p-l) = ");
Str(dfR:2,msg); OutText(msg);
MoveTo(col+1+25,GetY+5);
QutText(’ R’);

MoveTo(col+25, GetY+10);

OutText(’df = n - p = 1);
Str(dfF:2,msg); OutText(msg});
MoveTo(col+1+25,GetY+5);

OutText(’ F’); MoveTo(col+25,GetY+10});

OutText(’df = df - df = 7);
Str(dfSSR:2,msg); OutText(msg):
MoveTo(col+1+25,GetY+5);
OutText(’ SSR R F’y;

col:=7; MoveTo(col,GetY¥+18});

‘QutText(’Fstar = (SSR/df )y / (SSE /df )'); MoveTo(col+l,
GetY+5);

OutText(’ SSR - F F’); MoveTo(col, GetY+ld);

OutText(’'Fcrit = (1-'#224’; df df )’); MoveTo(col+l, GetY¥Y+5);
QutText{’ SSR, F'); col:=25;
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SetTextJustify(1,2);
MoveTo((X2-X1) div 2,Y¥2-Y1-15); OutText(’F3 Toggles this Screen
Qff’);
SetColor(15);
SetVisualPage(1l);
SetActivePage(0);
end;
RegressionScreenOn:=True;
end
else begin {If the Help Screen is }
SetVisualPage(0); {Displayed then Erase it}
SetActivePage(l);
for i:= 1 to 2 do begin

SetViewPort(0,0,GetMaxX,GetMaxyY, True);
PutImage(X1l,Y1l,RegressionPointer?,0); {0=Copy}

SetActivePage(0);
SetVisualPage(l);
end;

RegressionScreenOn := False;
SetColor(15); _
SetTextJustify(0OldStyle.Horiz, OldStyle.Vert);

Release(RegressionPointer);
end;
end; {procedure RegressionScreen}

Procedure MScreen;

const
" Xl:Integer=360;
Yl:Integer=14; {Location of Window on Screen}
X2:Integer=639;
Y¥2:Integer=150;
col:Integer=70;

var .
i: integer;

Size: Word;

. ViewPort: ViewPortType;
0ldStyle: TextSettingsType;
msg: string; )

begin
SetVisualPage(0);
SetActivePage(l);

GetTextSettings (0ldStyle);
SetTextJustify(1l,1);

If Not MScreenOn Then begin {If the Help Screen is not}

SetViewPort(0,0,GetMaxX,GetMax¥Y, True); {Displayed then Display
it}

Size := ImageSize(X1l,Y1,X2,Y2);

If Size>MemAvail then writeln(output,’Size=’,Size,’
MemAvail=',6MemAvail);

Mark(MPointer);

GetMem(MPointer, Size);

GetImage(X1l,Y1l,X2,Y2,MPointer?);

For i:= 1 to 2 do begin
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SetViewPort (X1,Y1l,X2,Y2,True);
GetViewSettings(ViewPort);

SetFillStyle(1,15);

Bar(0,0,X2-X1,¥2-Y1); {Clear ViewPort}
SetFillStyle(1,7);

Bar(5,4,%X2-X1-5,Y2-Y1-4);

SetColoxr(0);

SetTextJustify(1l,1);

OutTextXY((X2-X1) div 2,10,’M Projection Matrix’);

SetTextJustify(0,1);

MoveTo(col,GetY+31); SetColor(2);

GMatWrite(M,4,1,’/M.Full’ ,X1+col,Y1+GetY,15,7,0);
MoveTo(col,GetY+85);

GMatWrite(Mred,4,1,’M.Red ’,Xl+col,¥1+GetY,15,7,0);

SetVisualPage(l);
SetActivePage(0);
end;
MScreenOn:=True;
end
else begin {If the Help Screen 1is }
for i:= 1 to 2 do begin

SetViewPort (0, 0,GetMaxX,GetMaxY, True);
PutImage(X1l,Y1l,MPointer”?,0); {0=Copy}

SetActivePage(0);
SetVisualPage(1l):
end;

MScreenOn := False;
SetColor(15); X
SetTextJustify(0ldStyle.Horiz, OldStyle.Vert);

Release(MPointer); - 1
end;
end; {procedure MScreen} -

procedure chart(xl,yhi: Integer; {Upper Left Location}
X2,y2: Integer; {Lower Right Location}
Percent: Real; {between 0 and 1}
Color: Word:; {Color of chart}
Title: String); {Title of chart}
const
AxisColor=15; {White}
MaxSize=0.80; (At MaxSize, the bar will go up to this proporticn }

{of the length of the Axis}

var
0ldsStyle: TextSettingsType;
Oldview: ViewPortType;
OldFill: FillSettingsType:
msg: string;
XWidth, Yheight, yl: Integer;
i: Integer;
UpperTitle, LowerTitle: String;
WritePercent,Upper: Boolean;

begin
If abs(Percent) > 1 then writeln(output,’Graph Percent should ',
'be between 0 and 1. Percent = ’,Percent);
If Percent > 0 then WritePercent := True
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else begin WritePercent :=~ False; Percent :=
abs(Percent); end;

GetTextSettings (0ldStyle);
GetViewSettings (OldView);
GetFillSettings (OldFill);

SetFillStyle(l, GetBkColor);

Bar(xl,yhi, x2,y2); {Erase the o0ld Graph}
y1l:=yhi+10;

SetColor(AxisColor);

SetLineStyle(0,0,1);

Line(x1l,y1l,x1,y2); {Draw Y Axis}
Line{(xl,y2,x2,v¥2); {Draw X Axis}

SetTextJustify(1,2); (Center Horizontally & to the top Vertically}

{The routine below looks for a decimal point and assumes that
characters

following the decimal point will be placed as a subscript.

Only 1 level of subscripting is supported.}

Upper:=True; {Title starts in normal Text}
UpperTitle:='’; LowerTitle:='';

for i:=1 to Length(Title) do
If Copy(Title,i,1) = ’.’ then Upper:=Not Upper
else Case Upper of
True : begin UpperTitle:=UpperTitle+Copy(Title,i,1);
. LowerTitle:=LowerTitle+’ ’; end;
False : begin LawerTitle:=LowerTitle+Copy(Title,i,1);
UpperTitle:=UpperTitle+’ ’'; end;

end;
i

{ writeln(output,’.’,Title,’.’);
writeln(output,’.’ ,UpperTitle,’.");
writeln(output,’.’,LowerTitle,’.’);
writeln{output,’ ’); }

OutTextXY(x1l+(x2-x1) div 2, Yhi, UpperTitle);
OutTextXY(x1l+(x2-x1) div 2+1, Yhi+4, LowerTitle);

XWidth:=Round((x2-x1)*MaxSize*Percent);
YHeight:=Round((y2-yl)*MaxSize*Percent);

SetFillStyle(1l,Color); {Color of Bar Graph}
Bar(xl+1l,y2-1,x1+XWidth, {Graph the chart}
y2-YHeight); )

Str(Percent:4:2,msqg);

SetTextJustify(1l,1); {Center Vertically & Horizontally}

If WritePercent then begin
{ If Percent>0.75 then begin
{ SetFillStyle(1l,GetBkColor); {Erase
a portion so that we can}
{ Bar{x1l+XWidth div 2 - Length(msg)*4, y2-YHeight div 2 - 6, {Write
out the percentage}

{ x1+XWidth div 2 + Length(msg)*4+1, y2-YHeight div 2 + 4);
OutTextXY(x1+XWidth div 2, y2-YHeight div 2, msg); end
else
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OutTextXY(Round(x1l+Round((x2-x1)*0.65)), Round(y2-(y2-yl)*0.65),
msg);}

SetFillStyle(l,BackgroundKolor);
{Erase a portion so that we can}
Bar(xl+(x2-x1) div 2 - Length(msg)*4, yl + (y2-yl) div 2 - 6,
{Write out the percentage}
x1+(x2-x1) div 2 + Length(msg)*4+1, yl + (y2-yl) div 2 + 4);
OutTextXY(x1+(x2-x1) div 2, y1 + (y2-yl) div 2, msg); end;

{ setcolor(15);
setLineStyle(0,0,1);
rectangle(xl,yhi,x2,y2); }

SetTextJustify(0OldStyle.Horiz, 0OldStyle.Vert);
SetFillStyle(QldFill.Pattern, OldFill.Color);
With Oldview do SetViewPort(xl,yl,x2,y2,Clip):

end;

function TimelnSeconds: Real;
var
hr,min,sec,secl00: Word;

begin
GetTime(hr,min,sec,secl00);
TimeInSeconds:=hr*3600+min*60+sec+secl00/100;
end;

procedure BarGraphs;

const :
RowHeight=80; (Height of graphs}
X_Frame=0.05; {Distance from Quadrant to dotted box}
"Y Frame=0.05; ‘
X2 Frame=0.25; {Keeps the quadrants seperate}

Y2 _Frame=0.25;

Type
Location = Record X,Y: Integer; end;

var
row3,Xoffset: Integer;
UpperLeft,UpperRight, LowerLeft, LowerRight: Location;
0ldStyle: TextSettingsType;
SSRS,dfSSRS,SSEFS,dfFS,msg: String;

begin
UpperLeft .X:=Round((1l+X Frame)*Xhi*GetMaxX+2);

UpperLeft.Y:=Round((l+Y Frame)*(l-Yhi)*GetMaxY-1);
UpperRight.X:=Round((1l-X_Frame)*GetMaxX); UpperRight.Y:=UpperLeft.Y;
LowerLeft .X:=UpperLeft.X; LowerLeft.Y:=Round((1l-Y Frame)*GetMaxY);
LowerRight.X:=Round((1-X_Frame)*GetMaxX);

LowerRight.Y:=Round((1-Y_ Frame)*GetMaxY);

(Writeln(output, 'UpperLeft=',6Upperleft.X,’, ’,UpperLeft.Y);
Writeln(output, ‘UpperRight=’,UppexrRight.X,’, ’,UpperRight.Y});

Writeln(output,’LowerLeft=’',LowerLeft.X,’, ’',LowerLeft.Y);
Writeln(output, 'LowerRight=',LowerRight.X,’, ’,LowerRight.Y});
Writeln(output,’ '); }
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{1,1}

chart(UpperLeft.X,UpperLeft.Y,Round((1-X2_Frame)*(UpperRight.X-UpperLeft
.X)) div 3 + Upperleft.X,

Round((1-Y2_Frame)*(LowerLeft.Y-Upperleft.¥Y)) div 3 +
Upperleft.Y¥, SSR/SSER, YhatColor, ’SSR’);

(2,1}
chart(UpperLeft.X,UpperLeft.Y + (LowerLeft.Y-UpperLeft.Y) div 3,
Round((1-X2_Frame)*(UpperRight.X-UpperLeft.X)) div 3 +
Upperleft.X,
LowerLeft.Y-Round((1+Y2_Frame)*(LowerLeft.Y¥-UpperLeft.Y)) div 3,
SSEF/SSER, ErrorColor, ’SSE.F’');

{3,1}
chart(UpperLeft.X, Lowerleft.Y-(LowerLeft.Y-UpperLeft.¥) div 3,
Round({(1-X2_Frame)*(UpperRight.X-UpperLeft.X)) div 3 +
UpperLeft.X,
LowerLeft.Y-Round(Y¥2 Frame*(LowerLeft.Y-UpperLeft.Y)) div 3,
SSTO/SSER, SSTOColor, ’SSTO’);

{1,2}
chart(UpperLeft.X + (UpperRight.X-UpperlLeft.X) div 3, UpperlLeft.Y,
) UpperRight.X - Round((1+X2 Frame)*(UpperRight.X-UpperLeft.X))
div 3,
Round((1-Y2 Frame)*(LowerLeft.Y-UpperLeft.Y)) div 3 +
UpperLeft.Y, -(SSR/SSER)/dfSSR, YhatColor, ’SSR/df.Num’);

{2,2}
chart(UpperLeft.X + (UpperRight.X-UpperlLeft.X) div 3,
UpperLeft.Y + (LowerLeft.Y-UpperLeft.Y) div 3,
UpperRight.X - Round((1+X2 Frame)*({UpperRight.X-Upperleft.X})
div 3, . . .
LowerLeft.Y-Round((1+Y2 Frame)*(LowerLeft.Y-UpperLeft.Y)) div 3,
- (SSEF/SSER)/dfF, ErrxorColor, ’SSE.FP./df.Den’);
GetTextSettings(0OldStyle); .
SetTextJustify(0,1):

Str(SSR:4:1,SSRS);
Str(dfSSR:1,d3£SSRS);
Str(SSEF:4:1,SSEFS);
Str(dfF:1,d£frs);

OQutTextXY(UpperRight.X - (UpperRight.X-Upperleft.X) div 3,
UpperLeft.¥ + (Round((1-Y2 Frame)*(Lowerleft.Y-UpperLeft.Y))
div 3) div 3,
’SSR ='y;

OutTextXY(UpperRight.X - (UpperRight.X-UpperLeft.X) div 3 + 64,
UpperLeft.Y + (Round((l1-Y2 Frame)*{LowerLeft.Y-Upperleft.Y))
div 3) div 3,
SSRS);

OutTextXY(UpperRight.X - (UpperRight.X-UpperLeft.X) div 3,
UpperLeft.Y +
2*(Round((1-Y2 Frame)*(LowerLeft.Y-UpperLeft.Y)) div 3) div 3,
rdf ='y;

OutTextXY(UpperRight.X - (UpperRight.X-UpperLeft.X) div 3 + 80,

UpperlLeft.Y +
2*(Round{ (1-Y2_Frame)*{LowerLeft.Y-UpperLeft.Y)) div 3) div 3,
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dfSSRS);

OutTextXY(UpperRight.X - (UpperRight.X-UpperLeft.X) div 3 + 1,
Upperleft.Y +
2*(Round((1-Y2 Frame)*(LowerLeft.Y-UpperLeft.Y)) div 3) div 3 + 4,
’ Num’);

OutTextXY(UpperRight.X - (UpperRight.X-Upperleft.X) div 3,

UpperLeft.Y + (LowerLeft.Y-UpperLeft.Y) div 3 +

(Round((1-Y2_ Frame)*(LowerLeft.Y-UpperLeft.Y)) div 3) div 3,
'SSE =/);

QutTextXY(UpperRight.X - (UpperRight.X-Upperleft.X) div 3

UpperLeft.Y + (LowerLeft.Y-UpperLeft.Y) div 3 +

(Round((1-Y2 Frame)*(LowerLeft.Y-UpperLeft.Y)) div 3) div 3
! EV I)A’.

+ 1,

+ 4,

OQutTextXY(UpperRight.X - (UpperRight.X-Upperleft.X) div 3 + &4,
UpperLeft.Y + (LowerLeft.Y-UpperLeft.Y) div 3 +
(Round((1-Y2_ Frame) *(LowerLeft.Y-UpperLeft.¥)) div 3) div 3,
SSEFS);

OutTextXY(UpperRight.X - (UpperRight.X-UpperLeft.X) div 3,
UpperLeft.Y + (LowerLeft.Y-UrperLeft.Y) div 3 +
2*(Round((1l-Y2 Frame)*(LowerLeft.Y-Upperleft.Y)) div 3) div 3,
’df =7y; ’

OutTextXY(UpperRight.X - (UpperRight.X-Upperleft.X) div 3 + 1,
UpperLeft.Y + (LowerLeft.Y-UpperLeft.¥Y) div 3 + .
2*(Round((1-Y2 Frame)*(LowerLeft.Y-UpperLeft.Y)) div 3) div 3 + i,
Y Den’);

CutTextX¥(UpperRight.X - (UpperRight.X-UpperLeft.X) div 3 + 30,
Upperleft.Y + (LowerLeft.Y-UpperLeft.Y) div 3 +
2*(Round((1l-Y2 Frame)*(LowerLeft.Y-UpperLeft.Y)) div 3) div 3,
dfrs); -

Xoffset:=25;

If Fstar<>999 then Str(Fstar:4:2,msqg)
else msg:=#236;
msg:='Fstar = ’'+msgqg;
OutTextXY(UpperLeft. X
LowerlLeft.Y

+

(UpperRight.X-UpperlLeft.X) div 3 + Xoffset,
(Lowerleft.Y-UpperLeft.Y) div 3+5, msqg);

Str(Pvalue:4:2,msqg);

msg:='P value = ’+msg;

OutTextXY(UpperLeft.X
Lowerleft.Y

+

{(UpperRight.X-Upperleft.X) div 3 + Xoffset,
(Lowerleft.Y-UpperlLeft.¥Y) div 3+17, msg);

Str{Fcrit:4:2,msqg);

msg:='Fcrit = ’+msgqg;

OutTextXY(Upperleft.X
LowerLeft.Y

+

(UpperRight .X-UpperLeft.X) div 3 + Xoftfset,
(Lowerleft.Y-UpperLeft.Y) div 3+17+17, msg);

Str(aAlpha.data{l,1]1:4:2,msg);
msg:='for ’'#224’ = ’/+msg;
QutTextXY.(UpperlLeft.X + (UpperRight.X-UpperLeft.X) div 3 + Xoffset,
Lowerleft.Y - (LowerLeft.Y-Upperleft.Y) div 3+17+17+12,
msqg);

SetTextJustify(OldStyle.Horiz, OldStyle.Vert);
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end; {Procedure BarGraphs}

Procedure Screen(ScreenNumber: Integer);
Procedure ScreenCall(ScreenChar:String);
begin

If ScreenChar
I1f ScreenChar

/1’ Then Help;

’2’ Then ToggleKeyScreen;
Ir ScreenChar 3’ Then RegressionScreen;
If ScreenChar 4’ Then MScreen;

end; (Procedure ScreenCall}

var
ScreenOn: Boolean;
ScreenChar: String;
i, Position, ScreenStackLength: Integer;

begin

Str(ScreenNumber:1,Scr2enChar);

Position:=Pos(ScreenChar,ScreenStack);

ScreenStackLength:=Length(ScreenStack);

If ScreenChar = ‘0’ Th-n Begin {ESCape was pressed}
ScreenCall (Copy(ScreenStack,Length(ScreenStack),1));
ScreenStack:=Copv . ScreenStack,l,Length(ScreenStack)-1); end
else :
If Position > 0 Then ' {Screen is being displayed}

While Pos{ScreenChar,ScreenStack) > 0 do begin

ScreenCall (Copy(ScreenStack,Length(ScreenStack),1));
ScreenStack:=Copy(ScreenStack,1l,Length(ScreenStack)-1);
end :

else Begin {Screen is not being Displayed}

ScreenCall (ScreenCharx);

ScreenStack := ScreenStack + ScreenChar;

end;
end;

procedure F3Procedure; ’

var
i: Integer;

begin
Writeln(Output,’/Line # From To Color’y;
FPor I:=Firstline to lLastline do
With WorldLine(I] do
Writeln(Qutput, 7 /,I:2,’ ' ,Endpointl:5,’ ’,Endpoint2:5,’
",LineColor);
Writeln(OQutput,’ ’);
Writeln(Output,’ 7);
Writeln(Output, 'Point # X Y Z'Y;
For I:=FirstPoint to LastPoint do
With WorldEndpoint[I].Transform3DEndpointvar do
Writeln(Qutput, * /,I:2,’ ' ,WorldX:6,’ ’,Worldz:6,’
’ ,WorldY:6);
end;

procedure KeyAction;

begin
Repeat
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MolePlot(BackgroundKolor);

(* ----------------------------------------------------------------------

- - k)

(* Get the keyboard status, check che status of the CTRL and BREAK (or
*)

(* CTRL and C) keys, and clear the keyboard buffer.

_--*)
AcroMole.GetKeyboardStatus (GetKeyboardStatusVar);
AcroMole.CheckBreak(CheckBreakVary;
AcroMole.ClearKeyboardBuffer(ClearKeyboardBuffervar);

If (GetKeyboardStatusVar.Down([4] And 16384+1024)<>0 {Plus/Minus
key held down}
Then MolePlusMinus;

If (GetKeyboardStatusVar.Down (4] And (2048+8192))<>0 Then ({Left/Right
Arrows}

MoleLeftRight;
If (GetKeyboardStatusVar.Down({4] And 256<>0) or {Up/Down
Arrows}
(GetKeyboardStatusvVar.Down{5] And 1 <> 0) Then
MoleUpDown;
If (GetKeyboardStatusVar.Down[4] And 128<>0) Then begin {Home Xey}
Radius:=0.62; {Initial Position}
LayerScreen:=65535; {Bring Everything Back}

RotMat(0,0]:= 24945;
RotMat([0,1]:= -6782;
RotMat(0,2]:=-20124;
RotMat{l,0]:= 712;

RotMat[1l,1]:= 31294; {Rotation Matrix, Initial Camera Position}
RotMat[1l,2}:= -9664;
RotMat(2,0]:= 21224;
RotMat(2,1}:= 6921;
RotMat(2,2]:= 23976;

end;

If (GetKeyboardStatusVar.Down[0] And 2<>0) and (Length(ScreenStack) >
0) {ESCape Pressed}
Ther Begin Screen(0); GetKeyboardStatusVar.Down[0]:=0;
GetKeyboardStatusVar.Missed[0] :=0; end;

If (GetKeyboardStatusVar.Down([3] And 2048<>0) Then Screen(l);
{F1 Pressed, Help} .

If (GetKeyboardStatusvVar.Down({3] And 4096<>0) Then Screen(2);
{F2 Pressed, ToggleKeyScreen}

If GetKeyboardStatusVar.Down(4] And 2<>0 Then GetYFlag:=True;
{F7 Pressed}

If GetKeyboardStatusVar.Down{4] And 4<>0 Then GetXFlag:=True;
(F8 Pressed}

{ If (GetKeyboardStatusVar.Down(4] And 8<>0) Then F9Procedure;
{F9 Pressed}

{ If GetKeyboardStatusVar.Down[4] And 16<>0 Then ListColors; (F1l0
Pressed)
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{Print out Current Colors}

If (GetKeybocardStatusVar.Down[3] And 256<>0) and
(GetKeyboardStatusVar.Down[l] And 16384<>0) Then (Alt a
Pressed}
If TimeInSeconds> (AxisFlipTime+ToggleDelay) then begin
If LayerScreen And 2 <> 0 then LayerScreen:=LayerScreen And
(65535-2)
else LayerScreen:=LzyerScreen Or 2;
AxisFliptime:=TimeInSeconds;
end;

If (GetKeyboardStatusVar.Down{3] And 256<>0) and
(GetKeyboardStatusVar.Down([2] And 16384<>0) Then {alt C
Pressed}
If TimeInSeconds> (CubeFlipTime+ToggleDelay) then begin
If LayerScreen And 1 <> 0 then LayerScreen:=LayerScreen And
(65535-1)
else LayerScreen:=LayerScreen Or 1;
CubeFliptime:=TimelInSeconds;
end;

If (GetKeyboardStatusVar.Down{3] And 256<>0) and
(GetKeyboardStatusVar.Down (2] And 8<>0) Then {Alt H
Pressed} ’
If TimeInSeconds>(HFlipTime+ToggleDelay) then begin
If LayerScreen And 256 <> 0 then LayerScreen:=LayerScreen And
(65535-256)
else begin
{ChangeColors(YhatRedColor); GenerateBivariatePoints;}
LayerScreen:=LayerScreen Or 256; end;
HFliptime:=TimeInSeconds;
end;

If (GetKeyboardStatusVar.Down([3] And 256<>0) and
(GetKeyboardStatusVar.Down (2] And 8192<>0) Then [Alt X
Pressed} .
If TimeInSeconds>(XFlipTime+ToggleDelay) then begin
If LayerScreen And 8 <> 0 then LayerScreen:=LayerScreen And
(65535-8)
else begin
{ChangeColors{ModelSpaceColor); GenerateBivariatePoints;}
LayerScreen:=LayerScreen Or 8; end;
XFliptime:=TimelnSeconds;
end;

If (GetKeyboardStatusvVar.Down{3]) And 256<>0) and
(GetKeyboardStatusvVar.Down[l] And 32<>0) Then - {Alt Y
Pressed}
If TimeInSeconds>(YFlipTime+ToggleDelay) then begin
If LayerScreen And 16 <> 0 then LayerScreen:=LayerScreen And
(65535-16)
else begin
{ChangeColors(ObservationColor); GenerateBivariatePoints;}
LayerScreen:=LayerScreen Or 16; end;
YPliptime:=TimeInSeconds;
end;

If (GetKeyboardStatusvVar.Down[3] And 256<>0) and
(GetKeyboardStatusVar.Down[0] And 4<>0) Then begin {Alt
1 Pressed}
SetVisualPage(0); readln; end;




If ProgramName = ’‘Mean’ Then {This version of
Alt-E applies}

If (GetKeyboardStatusVar.Down[3] And 256<>0) and {Only to the Mean
Program 1
(GetKeyboardStatusVar.Down([1l] And 4<>0) Then {alt E
Pressed}

If TimeInSeconds> (EFlipTime+ToggleDelay) then begin
If LayerScreen And 32 <> 0 then LayerScreen:=LayerScreen And
(65535-32)
else begin
{ChangeColors(MuColor); GenerateDataPoints;}
LayerScreen:=LayerScreen Or 32; end;
EFliptime:=TimeInSeconds;

end;
I1f ProgramName = ’'Ltest’ Then Begin {This version of
Alt-E applies}
If (GetKeyboardStatusVar.Down[3] And 256<>0) and {Only to the
Ltest Program }
(GetKeyboardStatusVar.Down[l] And 4<>0) Then {alt E
Pressed]}

If TimeInSeconds> (EFlipTime+ToggleDelay) then begin
If LayerScreen And 4096 <> 0 then LayerScreen:=LayerScreen And
(65535-4096)
else begin
{ChangeColors(MuColor); GenerateDataPoints;}
LayerScreen:=LayerScreen Or 4096; end;
EFliptime:=TimeInSeconds;
end;
If GetKeyboardStatusVar.Down[3] And 32768<>0 Then GetMuFlag:=True;
{FS Pressed}
end;

If ProgramName = ’'Bivariate’ Then begin 1These Routines
Apply only to }
{the Bivariate
Program 1 .
If GetKeyboardStatusVar.Down[3] And 16384<>0 Then Screen(4);
(F4 Pressed, MScreen}

{Display Projection Matrix}
If GetKeyboardStatusVar.Down (3] And 32768<>0 Then
GetBetalFlag:=True; {F5 Pressed}

If (GetKeyboardStatusVar.Down{3] And 256<>0) and
(GetKeyboardStatusVar.Down[2] And 16<>0) Then {Alt J
Pressed}
If TimeInSeconds> (JFlipTime+ToggleDelay) then begin
If LayerScreen And 512 <> 0 then LayerScreen:=LayerScreen And
(65535-512)
else begin
{ChangeColors(YhatFullColor); GeneratesivariatePoints;}
LayerScreen:=LayerScreen Or 512; end;
JFliptime:=TimeInSeconds;
end;

If (GetKeyboardStatusVar.Down{3] And 256<>0) and
(GetKeyboardStatusvar.Down(l] And 64<>0) Then {Alt U
Pressed}
If TimeInSeconds> (UFlipTime+ToggleDelay) then begin
If LayerScreen And 2048 <> 0 then LayerScreen:=LayerScreen And
(65535-2048)
else begin
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{ChangeColors(Observation2Color); GenerateBivariatePoints;}
LayerScreen:=LayerScreen Or 2048; end;
UFliptime:=TimeInSeconds;
end;

If (GetKeyboardStatusVar.Down([3] And 256<>0) and
(GetKeyboardStatusVar.Down{2] And 4096<>0) Then {Alt 2
Pressed}
If TimeInSeconds>(ZFlipTime+ToggleDelay) then begin
If LayerScreen And 1024 <> 0 then LayerScreen:=LayerScreen And
(65535-1024)
else begin
{ChangeColors(ModelSpace2Color); GenerateBivariatePoints;}
LayerScreen:=LayerScreen Or 1024; end;
ZFliptime:=TimeInSeconds;
end;
end;

If (ProgramName = ’‘Bivariate’) or (ProgramName = ’'Ltest’) Then begin
{These Routines Apply only to
{the Ltest &
Bivariate Programs}

If GetKeyboardStatusVar.Down{[3] And 8192<>0 Then Screen(3);
(F3 Pressed, Regression Info}

{Display all Possible Colors}

If GetKeyboardStaﬁusVar.Down[4] And 1<>0 Then GetAlphaFlag:=True;
{F6 Pressed}

If (GetKeyboardStatusVar.Down[3] And 256<>0) and
(GetKeybocardStatusVar.Down[2] And 2<>0) Then {alt F
Pressed}
If TimelnSeconds>(FFlipTime+ToggleDelay) then begin
If LayerScreen And 32 <> 0 then LayerScreen:=LayerScreen And
(65535-32)
else begin
{ChangeColors(ErrorColor); GenerateBivariatePoints;}
LayerScreen:=LayerScreen Or 32; end;
FFliptime:=TimeInSeconds;
end;

If (GetKeyboardStatusVar.Down{3] And 256<>0) and
(GetKeyboardStatusVar.Down[l] And 8<>0) Then {Alt R
Pressed}
If TimeInSeconds>(RFlipTime+ToggleDelay) then begin
If LayerScreen And 64 <> 0 then LayerScreen:=LayerScreen And
(65535-64)
else begin
{ChangeColors (ErrReducedColor); GenerateBivariatePoints;}
LayerScreen:=LayerScreen Or 64; end;
RFliptime:=TimelInSeconds;
end;
end;

{ If (GetKeyboardStatusVar.Down{[l] And 8192<>0) and [Control
Key and}

{ (GetKeyboardStatusVar.Down{4] And (2048+8192)<>0) Then

{Left/Right Arrows}

( MoleTranslateHorizontal; }
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...... *)
(* Keep looping till the user presses CTRL and BREAK, CTRL and C, or
ESC. *)

Until (CheckBreakVar.ReturnCode<>AMOkay) Or - (* CTRL BREAK or

CTRL C. *)
( (GetKeyboardStatusvVar.Down([0Q] And 2)<>0) Or (* ESC key held
*

down.
((GetKeyboardStatusvar.Missed[0] And 2)<>0) Or (* ESC key tapped.
* ) -
GetXFlag Or GetYFlag Or (* X or Y matrix
needs updating¥)
GetBetalFlag Or GetAlphaFlag Or GetMuFlag;

{Writeln(output, /CheckBreak=’,CheckBreakVar.ReturnCode<>aAMOkay,
' Escape Down=', (GetKeyboardStatusVar.Down[0] And 2)<>0,
" Escape Missed=’, (GetKeyboardStatusVar.Missed[0] And

2)<>0);

Writeln(output,’XFlag=',GetXFlag,’ YFlag='’,6 GetYFlag,’
BetaFlag=’,GetBetalFlagqg);}
end; {Procedure KeyAction}

end. {Unit Support}
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Unit Support2;

Interface
uses TGlobals,Graph,Crt,MathMat,GraphMat;

function VectorlLength(X,Y,Z:Real): Real;
Procedure GenerateArrowhead (AlLine: Integer;
var X1,Y1,21,
X2,Y2,22:Integer);
Procedure GenerateAxis;
Procedure GenerateCube(X,Y,Z: Integer):;

Procedure GenerateDataPoints;

Procedure GenerateBivariatePoints;

Implementation
function VectorlLength;

begin VectorLength:=Sqrt(Sqr(X)+Sqr(Y)+Sqr(2));

Procedure GenerateCube(X,Y,Z2: Integer):;

var

I,J,K,L: Integer; {Misc Dummy Variables}
Begin :
L:=22; {lst Point allocated to the Cube}

For I:=0. to 1 Do : . :
For J:= 0 to 1 Do
For K:= 0 to 1 Do
With WorldEndpoint([L] do begin

Transform3DEndpointVar.WorldX:=(K*X*2)-X;

relative}

Transform3DEndpointVar.WorldY:=(J*Y*2)-Y;

{Line Needing Arrow}
{1st Arrow Segment}
{2nd Arrow Segment}

end;

Transform3DEndpointvVar. WorldZ:=(I*2#*2)-2;
{ Writeln(output,’X=’,Transform3DEndpointvar.WorldXx, "’

Y=',Transform3DEndpointVar.Worldy,
! Z=’,Transform3DEndpoithar.Worle); 1

Inc(L);
End; (With}

------ *).
For L:=17 To 28 Do
With WorldLine(L] Do begin
Case L-17 Of

NoOU e WNDEO
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: begin Endpointl:=22+0; Endpoint2:=22+
: begin Endpointl:=22+1; Endpoint2:=22+
begin Endpointl:=22+3; Endpoint2:=22+
begin Endpointl:=22+2; Endpoint2:=22+
begin Endpointl:=22+4; Endpoint2:=22+
begin Endpointl:=22+5; Endpoint2:=22+
begin Endpointl:=22+7; Endpoint2:=22+
begin Endpointl:=22+6; Endpoint2:=22+

B AN UNONWE
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{X,¥, & Z are the

{Sizes of the object}

end;
end;
end;
end;
end;
end;
end;
end;




=22+

8 : begin Endpointl:=22+2; '‘Endpoint2: 6; end;
9 begin Endpointl:=22+0; Endpoint2:=22+ 4; end;
10 begin Endpointl:=22+1; Endpoint2:=22+ 5; end;
11 begin Endpointl:=22+3; Endpoint2:=22+ 7; end;
end; {Case}
LineColor:=LabelColor; Layer:=1; end; {(With}

end; {Procedure GenerateCube}

Procedure GenerateArrowhead;

{base coordinate along arrow line}
{Endpoint Number of head and tail}

{Head Coordinates}

const
base=0.10; {base of arrow}
awidth=10; {half width of arrow}
var .
dx,dy,dz: real; {direction vector}
bx,by,bz: real;
vhead,vtail: integer;
vheadx,vheady,vheadz: real;
vtailx,vtaily,vtailz: real;

CosAngle: real;

orthox,orthoy,orthoz,oclength:

{Tail Coordinates}

{Cosine of angle between vectors (In Radians)}

real; {Orthogonal Coordinates}

dlength: real; {length of vector}
Point:Boolean; {Not a vector but a point}
begin

vhead:=WorldLine[ALine] .Endpointl;
vtail:=WorldLine[ALine] .Endpoint2;

vheadx:=WorldEndpoint[vhead]

vheady:=WorldEndpoint{vhead]
{Coordinates of Head}

vheadz:=WorldEndpoint{vhead]

vtailx:=WorldEndpoint{vtail]

vtaily:=WorldEndpoint[vtail)
{Coordinates of Tail}

vtailz:=WorldEndpoint([vtail]

.Transform3DEndpointvar.WorldX;
.Transform3DEndpointVar.Worldy;

.Transform3DEndpointVar.Worldz;

.Transform3DEndpointVar.WorldX;
.Transform3DEndpointvVar.Worldy;

.Transform3DEndpointVar.WorldzZ;

{Vector Head Endpoint Number}
{Vector Tail Endpoint Number}

If (vheadx=vtailx) and (vheady=vtaily) and (vheadz=vtailz) then
Point:=True
else
Point:=False;

dx:=vheadx - vtailx;
dy:=vheady - vtaily: {Direction Vector}
dz:=vheadz - vtailz;

{Now we must see if either the head or tail
If it is, we can shift if over.}

If not Point then begin
If (vheadx=0) and (vheady=0) and (vheadz=0)
If (vtailx=0) and (vtaily=0) and (vtailz=0)

is at the origin.
then vheadx:=1;
then vtailx:=1;
{Now let’s see if the angle between the two

vectors is very small.}

Repeat
CosAngle:=(vheadx*vtailx+vheady*vtaily+vheadz*vtailz)/

(VectorLength(vheadx,vheady,vheadz)*VectorLength(vtailx,vtaily,vtailz));
If (abs(CosAngle) < 0.005) or (abs(CosAngle) > 0.995) then begin

vtaily:=vtaily-1; {This are just arbitrary used to}

vtailz:=vtailz+l; end {make the angle non parallel}
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else If (abs(CosAngle)}>0.990) or (abs(CosAngle)<=0.010) then begin

vtailx:=vtailx - dx; {If the angle isn’t large enough, widen
it.}
vtaily:=vtaily - dy; {But keep it in the same plane.}
vtailz:=vtailz - dz; end;
Until (abs(CosAngle) > 0.010) and (abs(CosAngle) <0.990); {Angle

must be atleast 0.010 radians}
{For the Cross Product Routine}

orthox:=vheady*vtailz-vheadz*vtaily:;

orthoy:=vheadz*vtailx-vheadx*vtailz; {vector orthogonal to original}

orthoz:=vheadx*vtaily-vheady*vtailx; {two vectors}.

olength:=VectorLength(orthox,orthoy,orthoz); (Orthogonal Vector
Length}

dlength:=VectorLength(Dx,Dy,Dz); {Vector Length}

if dlength>0 then dlength:=Ln{dlength); {’/Nomalize’ it}

bx:=vheadx - base*dx;

by:=vheady - basex*dy; {’height’ of triangle formed
by arrowhead}

bz:=vheadz - base*dz;

X1l:=Round(bx+orthox*awidth*dlength/olength);

Y1l:=Round(by+orthoy*awidth*dlength/olength); {Base of one of the
arrow lines}

Z1l:=Round(bz+orthoz*awidth*dlength/olength);

X2:=Round(bx-orthox*awidth*dlength/clength);
Y2:=Round({by-orthoy*awidth*dlength/olength); {Base of one of the
arrow lines} :
Z2:=Round(bz-orthoz*awidth*dlength/olength);
end .
else begin
X1l:=round(vheadx); X2:=X1;
Y1l:=round(vheady); Y2:=Y1;
Z21l:=round(vheadz); 22:=2Z1; end;
end; {Procedure GenerateArrowhead}

Procedure GenerateAxis;

Const
Size:Real=0.05; {Size of X,Y,2 relative to Axis}
DistX:Real=1.13; (Distance from arrowhead to center of ’X’}

DistY¥:Real=1.2; {Distance from arrowhead to center of ‘Y’}
DistZ:Real=1.09; (Distance from arrowhead to center of ’2’]}.

Magnify:Real=1.7; {Indicates relative length of Axes to object}
var

I,J: Inteyger; {Looping Variables}

DX,DY,DZ: Integer; {(Dummy Variables}

MX,MY,MZ: Real;

Center: Real; {Center of Label}

Leg: Real; {Label variable}
Begin

MX := Xmax; MY := Ymax; MZ := Zmax;

If Xmax<((MY+MZ)/3) then Xmax:=(MY+MZ)/3;
If Ymax<((MX+M2)/3) then Ymax:=(MX+M2)/3;
If Zmax<((MX+MY)/3) then Zmax:=(MX+MY)/3;
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{Now generate the right sized cube}
GenerateCube (Round(Xmax),Round(¥max),Round(Zmax));

Xmax:= Magnify*Xmax;
Ymax:= Magnify*Ymax; {We want the Axes to go past the object}
Zmax:= Magnify*Zmax;

For I:= 0 to 16 do {Note: If # of Axis Lines change, Update the
'16’)
With WorldLine[I] do begin {Endpointl = Head}
Case I Of {Endpoint2 = Tail}
0 : begin Endpointl:=1; Endpoint2:=0; end; (X-Axis}
1 begin Endpointl:=2; Endpoint2:=0; end; {Y-Axis}
2 begin Endpointl:=3; Endpoint2:=0; end; ({Z-Axis}
3 begin Endpointl:=1; Endpoint2:=4; end; {X-Arrowhead}
4 begin Endpointl:=1; Endpoint2:=5; end; {X-Arrowhead}
5 begin Endpointl:=2; Endpoint2:=6; end; {(Y-Arrowhead}
6 begin Endpointl:=2; Endpoint2:=7; end; {Y-Arrowhead}
7 begin Endpointl:=3; Endpoint2:=8; end; {Z-Arrowhead}
8 begin Endpointl:=3; Endpoint2:=9; end; (Z-Arrowhead}
9 begin Endpointl:=12; Endpoint2:=13; end; (’X’'}

10 : begin Endpointl:=10
11 : begin Endpointl:=16

Endpoint2:=11; end;
Endpoint2:=14; end;

; {’x"}

; {(’z"}
12 : begin Endpointl:=14; Endpoint2:=15; wend; {’Z2'}
13 : begin Endpointl:=15; Endpoint2:=17; end; ('Z2’}
14 : begin Endpointl:=18; Endpoint2:=19; wend; {’Y’}
15 : begin Endpointl:=19; Endpoint2:=20; end; (‘Y’}
16 begin Endpointl:=19; Endpoint2:=21; end; ('Y’}

end; {Case}
LineColor:=15; Layer:=2; end; {Color & Layer of Axis}

For I:= 1 to 9 do
With WorldEndpoint{I].Transform3DEndpointVar. do

Case I Of _ . .
1 : begin WorldX:=Round(Xmax); WorldY:=0; WorldZ:=0; end;
{X-axis} .
2 : begin WorldX:=0; WorldY:=0; WorldZ2:=Round(Zmax); end;
{Y-Axis}
3 : begin WorldX:=0; WorldY:=Round(¥Ymax); WorldZ:=0; end;
{Z-Axis}
{X-Axis Arrowhead}
4 : begin GenerateArrowHead(0,WorldX,WorldyY,WorldZz,DX,DY,DZ);
end;
5 : begin GenerateArrowHead(0,DX,DY,DZ,WorldX,WorldyY,Worldz):
end; :
{Y-Axis Arrowhead} '
6 : begin GenerateArrowHead(l,WorldX,WorldY,WorldZz,DX,DY,DZ2);
end; ) o
7 : begin GenerateArrowHead(1l,DX,DY,DZ,WorldX,WorldY,WorldZ);
end; -
{Z-Axis Arrowhead}
8 : begin GenerateArrowHead(2,WorldX,WorldY,WorldZ,DX,DY,DZ);
end;
9 : begin GenerateArrowHead(2,DX,DY,DZ,WorldX,WorldY,World2);
end;

end; (Case}
Leg:=1.2*Size*Xmax; Center:=DistX*Xmax;

For I:= 10 to 13 do
With WorldEndpoint([I].Transform3DEndpointVar do begin
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Case I of

10 : begin WorldX:=Round(Center+Leqg);

WorldZ:=0; end;

11 : begin WorldX:=Round(Center-Leg);

WorldZ:=0; end; {’/X’ Label}

12 : begin WorldX:=Round(Center+Leg);

WorldZ:=0; end;

13 : begin WorldX:=Round(Center-Leg);

WorldZ:=0; end;
end; {Case} end; {With}

Leg:=1.2*Size*Zmax; Center:=Dist¥*Y¥Ymax;

For I:= 14 to 17 do

WorldY:=Round(-Leg);
WorldY:=Round(Leg); -
WorldY:=Round(Leqg);

WorldY:=Round(-Leg);

.With WorldEndpoint(I].Transform3DEndpointVar do begin

World2:=0;
Case I of
14 : begin WorldX:=Round(+Leg):;
15 : begin WorldX:=Round(-Leg);
{’Y’ Label}
15 : begin WorldX:=Round(-Leg);
17 : begin WorldX:=Round(+Leg);
end; {Case} end; {With}

Leg:=Size*Ymax; Center:=DistZ#*Zmax;

For I:= 18 to 21 do

WorldyY:
WorldyY:

WorldyY:
Worldy:

=Round(Centexr+Leq);
=Round(Centexr-Leg);

=Round(Center+Leg);
=Round(Center-Leqg);

With WorldEndpoint({I].Transform3DEndpointVar do begin

WorldX:=0;
Case I of
18 : begin WorldY:=Round(+Leg); WorldZ:=Round(Center+leg);
19 : begin WorldY¥:=0; WorldZ:=Round(Center); end;
{(’Z’ Label}
20 : begin WorldY:=Round(+Leg); WorldZ:=Round(Center-leg);
21 : begin WorldY:=Round(-Leg}); WorldZ:=Round(Center); end;

end; {Case} end; (With}

end; {Procedure GenerateAxis}

Procedure GenerateDataPoints;

var
I: Integer; {Dummy Variable}
Point,Endpointl,Endpoint2: Integer;
DX,DY,DZ: Integer; T

Function GetMaxValue(i,j: Real): Real;

var
k: real;

begin
If i>=j then k:=1i
else k:=3;
GetMaxValue: =k;
end; {Function GetMaxValue}

begin

(First, Generate the points for the actual vectors that will be plotted.

Note: The first (0-16] lines are the Axes and labels
The first [0-21) points are for the Axes and labels
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end;
end;

end;
end;

end;

end;




The next [17-28] lines are for the Cube
The next [22-29] points are for the Cube

Therefore, the actual data points start at Line FirstLine and point
FirstPoint}

With WorldEndpoint([0].Transform3DEndpointVar do begin

WorldX:=0; WorldY:=0; WorldZ:=0; end; {Origin}

For 1I:= FirstlLine to LastLine do
With WorldLine[I] do {Endpointl = Head}
Case I-FirstLine Of {Endpoint2 = Tail}

0 : begin Layer:=8; Point:=FirstPoint; Endpointl:=Point;
Endpoint2:=0; LineColor:=ModelSpaceColor; end; {Model Space, X}

1 : begin Layer:=8; Endpointl:=Point; Endpoint2:=Point+l;
LineColor:=ModelSpaceColor; end; {Arrowhead}

2 : begin Layer:=8; Endpointl:=Point; Endpoint2:=Point+2;

LineColor:=ModelSpaceColor; end; {Arrowhead}

3 : begin Layer:=16; Point:=FirstPoint+3; Endpointl:=Point;
Endpoint2:=0;
LineColor:=ObservationColor; end; {Observed Value, Y}

4 : begin Layer:=16; Endpointl:=Point; Endpoint2:=Point+l;
LineColor:=QObservationColor; end; {Arrowhead}
S : begin Layer:=16; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=0ObservationColor; end; {Arrowhead}
6 : begin Layer:=32; Point:=FirstPoint+6; Endpointl:=Point;
Endpoint2:=0; LineColor:=ErrorColor; end; {Error Space,el}
7 : begin Layer:=32; Endpointl:=Point; Endpoint2:=Point+l;
LineColor:=ErrorColor; end; {Arrowhead}
8 : begin Layer:=32; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=ErrorColor; end; {Arrowhead}
9 : begin Layer:=256; Point:=FirstPoint+9; Endpointl:=Point;
- Endpoint2:=0; LineColor:=YhatColor; end; {Yhat}
10 : begin Layer:=256; Endpointl:=Point; Endpoint2:=Point+1l;
LineColor:=YhatColor; end; (Arrowhead}
11 : begin Layer:=256; Endpointl:=Point; Endpoint2:=Point+2;

LineColor:=YhatColor; end; {Arrowhead}

12 : begin Layer:=32; Point:=FirstPoint+12; Endpointl:=Point;’
Endpoint2:=FPirstPoint+9; LineColor:=ErrorCoclor; end;
{Yhat + Error Space(eF)}

13 : begin Layer:=32; Endpointl:=Point; Endpoint2:=Point+1;
LineColor:=ErrorColor; end; {Arrowhead}

14 : begin Layer:=32; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=ErrorColor; end; [Arrowhead}

15 : begin Layer:=4096; Point:=FirstPoint+1S5; Endpointl:=Point:;
Endpoint2:=0; LineColor:=MuColor; end; {Mu,E(Y)}

16 : begin Layer:=4096; Endpointl:=Point; Endpoint2:=Point+l;
LineColor:=MuColor; end; {Arrowhead}
17 : begin Layer:=4096; Endpointl:=Point; Endpoint2:=Point+2;

LineColor:=MuColor; end; {Arrowhead}

18 : begin Layer:=64; Point:=FirstPoint+15+3; Endpointl:=Point;
Endpoint2:=0;
LineColor:=eRColor; end; {eR}

19 : begin Layer:=64; Endpointl:=Point; Endpoint2:=Point+l;
LineColor:=ERColor; end; {Arrowhead}
20 : begin Layer:=64; Endpointl:=Point; Endpoint2:=Point+2;

LineColor:=ERColor; end; {Arrowhead}
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21 : begin Layer:=64; Point:=FirstPoint+15+6; Endpointl:=Point;
Endpoint2:=45; LineColor:=ERColor; end; {eR + E(Y)}

22 : begin Layer:=64; Endpointl:=Point; Endpoint2:=Point+l;
LineColor:=ERColor; end; {Arrowhead}

23 : begin Layer:=64; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=ERColor; end; {Arrowhead}

end; {Case}

{Calculate Max Size}

Xmax:=0; Ymax:=0; Zmax:=0;

for i:=1 to X.cols do Xmax:=GetMaxValue(Xmax,Abs(X.data[l,i]));

for i:=1 to Y.cols do Xmax:=GetMaxValue(Xmax,Abs(Y.datall,i])):;

for i:=1 to Error.cols do Xmax:=GetMaxValue(Xmax,Abs(Error.datal[l,i}l));
for i:=1 to Yhat.cols do Xmax:=GetMaxValue(Xmax,Abs(Yhat.data{l,i])):
for i:=1 to Error2.cols do
Xmax:=GetMaxValue({Xmax,Abs(Exrror2.datal,1])):

for i:=1 to X.cols do Ymax:=GetMaxValue(¥Ymax,Abs(X.data[2,1]));

for i:=1 to Y.cols do Ymax:=GetMaxValue(Ymax,Abs(Y¥.data[2,il));

for i:=1 to Error.cols do ¥Ymax:=GetMaxValue(¥Ymax,Abs(Error.data({2,i])):
for i:=1 to Yhat.cols do Ymax:=GetMaxValue(Ymax,Abs(Yhat.data{2,1i])):
for i:=1 to Error2.cols do

Ymax:=GetMaxValue(¥Ymax,Abs(Exror2.data{2,1i]));

If X.Rows>2 then begin

for i:=1 to X.cols do Zmax:=GetMaxValue(Zmax,Abs({X.data({3,1]));

for i:=1 to Y.cols do Zmax:=GetMaxValue(Zmax,Abs(Y.data(3,1i]));

for i:=1 to Error.cols do Zmax:=GetMaxValue(Zmax,Abs(Error.datal3,i])):
for i:=1 to Yhat.cols do Zmax:=GetMaxValue(Zmax,Abs(Yhat.data{3,1]));
for i:=1 to Error2.cols do
Zmax:=GetMaxValue(Zmax,Abs(Error2.data(3,1i])):; end;

If (Xmax>=Ymax) and (Xmax>=Zmax) Then Scale:=ScaleSize/Xmax;

If (Ymax>=Xmax) and (Y¥max>=Zmax) Then Scale:=ScaleSize/¥Ymax;

If (Zmax>=Ymax) and (Zmax>=Xmax) Then Scale:=ScaleSize/Zmax;
{Writeln(output,’Scale=’,scale,’ Xmax=',6Xmax,’ Y¥Ymax=',6Ymax,’
Zmax=',Zmax);

1

Xmax:=Xmax*Scale; Ymax:=Ymax*Scale; Zmax:=Zmax*Scale; {These track to
plotting maximums}

For I:= FirstPoint to LastPoint do
With WorldEndpoint[I].Transform3DEndpointvar do
Case I-FirstPocint Of
0 : begin WorldX:=Round(Scale*X.dataf{l,1]); {Locate Point for}
WorldZ:=Round(Scale*X.datal[2,1]); [X, the Model Space}
If X.rows=2 then WorldY:=0 else
WorldY:=Round(Scale*X.data[3,1]); end;
1l : begin GenerateArrowHead(29,WorldX,WorldY,Worldz, DX,DY DZ); end;
2': begin GenerateArrowHead(29,DX,DY,DZ,WorldX,WorldY,WorldZ); end;

3 : begin WorldX:=Round{(Scale*Y.data[l,1]); {Locate Point for}
WorldZ:=Round(Scale*Y.data(2,1]); {Y, the observed

If Y.rows=2 then WorldY:=0 else
WorldY:=Round(Scale*Y.data(3,11); end;
4 : begin GenerateArrowHead(32,WorldX,WorldY,WorldZ,DX,DY,DZ);: end;
.5 : begin GenerateArrowHead(32,DX,DY,DZ,WorldX,WorldY,WorldzZ); end;
6 : begin WorldX:=Round(Scale*Error.datall,1l]): {Locate Point

WorldZ:=Round(Scale*Error.dataf{2,1})); [Error Space}
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I1f Error.rows=2 then WorldY:=0 else
WorldY:=Round(Scale*Error.datal(3,1]); end;

7 begin GenerateArrowHead(35,WorldX,WorldY,WorldZ,DX,DY,D2); end;
8 begin GenerateArrowHead(35,DX,DY,DZ,WorldX,WorldY,WorldZ); end;
9 : begin WorldX:=Round(Scale*Yhat.data([l,1]); {Locate Point for}

WorldZ:=Round(Scale*Yhat.data[2,1]); {Yhat}
If Yhat.rows=2 then JorldY¥:=0 else
WorldY:=Round(Scale*Yhat.data(3,1]); end;
10 : begin GenerateArrowHead(38,WorldX,WorldY,WorldZ,DX,DY,DZ); end;
11 : begin GenerateArrowHead(38,DX,DY,DZ,WorldX,WorldY,WorldZ); end;

12 : begin WorldX:=Rcund(Scale*Error2.datall,1]); {Locate Point
for}
WorldZ:=Round(Scale*Error2.datal[2,1]); {Error2}
If Error2.rows=2 then WorldY¥:=0 else
WorldY:=Round(Scale*Error2.data{3,1]); end;
13 : begin GenerateArrowHead(4l,WorldX,WorldY,WorldZ,DX,DY,DZ2); end;
14 : begin GenerateArrowHead(41l,DX,DY,DZ,WorldX,WorldY,WorldZ); end;

15 : begin WorldX:=Round(Scale*Mu.data[l,1]): {Locate Point for}
WorldZ:=Round(Scale*Mu.data(2,1}); {Mu, the Model

Space} .
If Mu.rows=2 then WorldY:=0 else

WorldyY:=Round(Scale*Mu.data[3,1]); end:;

16 : begin
~.-nerateArrowHead(FirstLine+15,WorldX,WorldY,WorldZ,DX,DY,D2); end:

+7 : begin
GenerateArrowHead(FirstLine+15,DX,DY,DZ,WorldX,WorldY,WorldZ); end;

18 : begin WorldX:=Round(Scale*eR.datall,1]); {Locate Point for;
WorldZ:=Round(Scale*eR.data(2,1]): {eR, the observed
value}
If eR.rows=2 then WorldY:=0 else .
WorldY:=Round(Scale*eR.data[3,1]); end;
19 : begin
GenerateArrowHead(FirstLine+15+3,WorldX,WorldyY,WorldZ,DX,DY,DZ); end;
20 : begin
GenerateArrowHead(FirstLine+15+3,DX,DY,DZ,WorldX,WorldY,WorldzZ); end;
21 : begin WorldX:=Round(Scale*eRplusY.data{l,1]19; {Locate Point
for}
WorldZ:=Round(Scale*eRplusY.data(2,1]); {eR + Yhat}

If eRplusY.rows=2 then WorldY¥:=0 else
WorldY:=Round(Scale*eRplusY.data[3,1]); end;

22 : begin
GenerateArrowHead(FirstLine+15+6,WorldX,WorldyY,World2,DX,DY,DZ); end;
23 : begin

GenerateArrowHead(PirstLine+15+6,DX,DY,DZ,WorldX,WorldY,WorldZ); end;
end; {Case/With/For)}

GenerateAxis;
NumberOfEndpoints:=LastPoint+l;
NumberOfLines:=LastLine+1;

end; (Procedure GenerateDataPoints}

Procedure GenerateBivariatePoints;
var
I: Integer; {Dummy Variable}

Point,Endpointl,Endpoint2: Integer;
DX,DY,DZ: Integer;
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Function GetMaxValue(i,j: Real): Real;

var
k: real;

begin
If i>=j then k:=i
else k:=j;
GetMaxValue: =k;
end; {Function GetMaxValue}

begin

{First, Generate the points for the actual vectors that will be plotted.

Note: The first ([(0-16] lines are the Axes and labels
The first {0-21) points are for the Axes and labels

The next [17-28] lines are for the Cube
The next {22-29] points are for the Cube

Therefore, the actual data points start at Line FirstLine and point
FirstPoint}

With WorldEndpoint{0].Transform3DEndpointVar do begin
WorldX:=0; WorldY:=0; WorldZ:=0; end; {Origin}

For I:= FirstLine to LastlLine do
With WorldLine[I] do {Endpointl = Head}
Case I-FirstLine Of {Endpoint2 = Tail}
0 : begin Layer:=8; Point:=FirstPoint; Endpdintl:=Point;
Endpoint2:=0; LineColor:=ModelSpaceColor; end;
{Model Space, X[1,1i]}

1 : begin Layer:=8; Endpointl:=Point; Endpoint2:=Poiit+l;
LineColor:=ModelSpaceColor; end; {Arrowhead}

2 : begin Layer:=8; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=ModelSpaceColor; end; {Arrowhead} )

3 : begin Layer:=1024; Point:=FirstPoint+3; Endpointl:=Point;
Endpoint2:=0; .

LineColor:=ModelSpaceColor; end; {X[2,i]}

4 : begin Layer:=1024; Endpointl:=Point; Endpoint2:=Point+l;
LineColor:=ModelSpaceColor; end; {Arrowhead}

5 : begin Layer:=1024; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=ModelSpaceColor; end; {Arrowhead}

6 : begin Layer:=16; Point:=FirstPoint+6; Endpointl:=Point;
Endpoint2:=0; LineColor:=ObservationColor; end; {Yfull}

7 : begin Layer:=16; Endpointl:=Point; Endpoint2:=Point+l;
LineColor:=ObservationColor; end; {(Arrowhead}

8 : begin Layer:=16; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=0ObservationColor; end; {Arrowhead}

9 : begin Layer:=2048; Point:=FirstPoint+9; Endpointl:=Point;
Endpoint2:=0; LineColor:=QObservation2Color; end; {Yreduced}

10 : begin Layer:=2048; Endpointl:=Point; Endpoint2:=Point+1;
LineColor:=Observation2Color; end; {Arrowhead}

11 : begin Layer:=2048; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=0Observation2Color; end; {Arrowhead}

12 : begin Layer:=32; Point:=FirstPoint+1l2; Endpointl:=Point;
Endpoint2:=0; LineColor:=ErrorColor; end; {eF)
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13 : begin Layer:=32; Endpointl:=Point: Endpoint2:=Point+l;
LineColor:=ErrorColor; end; {(Arrowhead}

14 : begin Layer:=32; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=ErrorColor; end; {.rrowhead}

15 : begin Layer:=64; Point:=FirstPoint+l5; Endpointl:=Point;
Endpoint2:=0; LineColor:=ErrReducedColor; end; {eR}

16 : begin Layer:=64; Endpointl:=Point; Endpoint2:=Point+l;
LineColor:=ErrReducedColor; end; {Arrowhead}

17 : begin Layer:=64; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=ErrReducedColor; end; {Arrowhead}

18 t begin Layer:=256; Point:=FirstPoint+18; Endpointl:=Point;
Endpoint2:=0; LineColor:=YhatRedColor; end; {YhatRed}

19 : begin Layer:=256; Endpointl:=Point; Endpoint2:=Point+l;
LineColor:=YhatRedColor; end; {Arrowhead}

20 : begin Layer:=256; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=YhatRedColor; end; (Arrowhead} ’

21 : begin Layer:=512; Point:=FirstPoint+21; Endpointl:=Point;
Endpoint2:=0; LineColor:=YhatFullColor; end; {YhatFull}

22 : begin Layer:=512; Endpointl:=Point; Endpoint2:=Point+l;
LineColor:=YhatFullColor; end; {Arrowhead}

23 : begin Layer:=512; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=YhatFullColor; end; {Arrowhead}

24 : begin Layer:=64; Point:=FirstPoint+24; Endpointl:=Point;
Endpoint2:=48; LineColor:=ErrReducedColor; end; ({YhatRed+eR}

25 : begin Layer:=64; Endpointl:=Point; Endpoint2:=Point+1l;
LineColor:=ErrReducedColor; end; {Arrowhead}

26 : begin Layer:=64; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=ErrReducedColor; end; {Arrowhead}

27 : begin Layer:=32; Point:=FirstPoint+27; Endpointl:=Point;
Endpoint2:=51; LineColor:=ErrorColor; end; {YhatFull+eF}

28 : begin Layer:=32; 'Endpointl:=Point; Endpoint2:=Point+l;
LineColor:=ErrorColor; end; {Arrowhead}

29 : begin Layer:=32; Endpointl:=Point; Endpoint2:=Point+2;
LineColor:=ErrorColor; end; {Arrowhead}

end; {Case}
{Calculate Max Size}

Xmax:=0; Ymax:=0; Zmax:=0;
for i:=1 to X.cols do Xmax:=GetMaxValue(Xmax,Abs(X.data[l,i]));

for i:=1 to Y.cols do Xmax:=GetMaxValue(Xmax,Abs(Y.data(l,1]));

for i:=1 to Yred.cols do Xmax:=GetMaxValue(Xmax,Abs(Yred.data(l,1i])):
for i:=1 to eF.cols do Xmax:=GetMaxValue(Xmax,Abs(eF.data(l,i}));:

for i:=1 to eR.cols do Xmax:=GetMaxValue(Xmax,Abs(eR.data[l,1i]));

for i:=1 to X.cols_ do Ymax:=GetMaxValue(Ymax,Abs(X.data(2,1]));

for i:=1 to Y.cols do Ymax:=GetMaxValue(Ymax,Abs(Y.data[2,1i]));

for i:=1 to Yred.cols do Ymax:=GetMaxValue(Ymax,Abs(Yred.data(2,i]));
for i:=1 to eF.cols do ¥Ymax:=GetMaxValue{Ymax,Abs(eF.data(2,1]));

for i:=1 to eR.cols do Ymax:=GetMaxValue(¥Ymax,Abs(eR.data(2,i]l)):

If X.Rows>2 then begin

for i:=1 to X.cols do Zmax:=GetMaxValue(Zmax,Abs(X.data(3,1i])):

for i:=1 to Y.cols do Zmax:=GetMaxValue(Zmax,Abs(Y.data([3,1i]));

for i:=1 to Yred.cols do Zmax:=GetMaxValue(Zmax,Abs(Yred.data([3,1i])):
for i:=1 to eF.cols do Zmax:=GetMaxValue(Zmax,Abs(eF.data[3,i})):

for i:=1 to eR.cols do Zmax:=GetMaxValue(Zmax,Abs(eR.data[3,1i])); end;

If (Xmax>=Ymax) and (Xmax>=2Zmax) Then Scale:=ScaleSize/Xmax;
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If (Ymax>=Xmax) and (Ymax>=2Zmax) Then Scale:=ScaleSize/Ymax;

If (Zmax>=Ymax) and (Zmax>=Xmax) Then Scale:=ScaleSize/Zmax;
{Writeln(output,’Scale=’,scale,’ Xmax=',Xmax,’ Ymax=',6 Ymax,’
Zmax=',Zmax);

1

Xmax:=Xmax*Scale; ¥Ymax:=Ymax*Scale; Zmax:=Zmax*Scale; (These track to
plotting maximums}

For I:= FirstPoint to LastPoint do
With WorldEndpoint([I].Transform3DEndpointVar do
Case I-FirstPoint Of

0 : begin WorldX:=Round(Scale*X.data[l,1]); {Locate Point for}
WorldZ:=Round(Scale*X.data(2,1]); {X{1,i], the Reduced
Space}
WorldY:=Round(Scale*X.datal[3,1]); end;
1 : begin
GenerateArrowHead(FirstLine+0,WorldX,WorldY,WorldZ,DX,DY,D2); end;
2 : begin .
GenerateArrowHead(FirstLine+0,DX,DY,D2,WorldX,WorldY,WorldZ); end;
3 : begin WorldX:=Round(Scale*X.datall,2]):; {Locate Point for}
WorldZ:=Round(Scale*X.datal[2,2]); {X12,i], the ’Full’
Space} )
WorldY:=Round(Scale*X.datal(3,2)); end;
4 : begin
GenerateArrowHead(FirstLine+3,WorldX,WorldY¥,WorldZ,DX,DY,DZ); end;
5 : begin
GenerateArrowHead(FirstLine+3,DX,DY,DZ,WorldX,WorldY,World2); end;

6 : begin WorldX:=Round(Scale#*Y.data{l,1]): {Locate Point for}
WorldZ:=Round(Scale*Y.datal2,1]); {Yfull}
WorldY¥:=Round(Scale*Y.data[3,1]); end;

7 : begin ) T

GenerateArrowHead(FirstLine+6,WorldX,WorldY,WorldZ,DX,DY,DZ); end; "

8 : begin

GenerateArrowHead(FirstLine+6,DX,DY,DZ,WorldX,WorldY,WorldZ); end;
9 : begin WorldX:=Round{Scale*Yred.data{l,1]): {Locate Point
for}
WorldZ:=Round(Scale*Yred.data{2,1]); {Yreduced}
WorldY:=Round(Scale*Yred.data[3,1]); end;
10 : begin
GenerateArrowHead(FirstLine+9,WorldX,WorldY,WorldZ,DX,DY,D2); end;
11 : begin -
GenerateArrowHead(FirstLine+9,DX,DY,DZ,WorldX,WorldY,WorldZ); end;

12 : begin WorldX:=Round(Scale*eF.data(l,1}]); {Locate Point for}
WorldZ:=Round(Scale*efF.data{2,1]); {Error Space, Full}
WorldY:=Round(Scale*eF.data(3,1)); end;

13 : begin .

GenerateArrowHead(FirstLine+12,WorldX,WorldY,Worldz,DX,DY,DZ); end;

14 : begin

GenerateArrowHead(FirstLine+12,DX,DY,DZ,WorldX,WorldY,WorldzZ); end;
15 : begin WorldX:=Round(Scale*eR.datafl,1}); {Locate Point for}
WorldZ:=Round(Scale*eR.dataf2,1]); {Error Space,
Reduced}
WorldY:=Round(Scale*eR.data(3,1]); end;
16 : begin
GenerateArrowHead(FirstLine+15,WorldX,WorldY,WorldZ,DX,DY,DZ); end;
17 : begin

GenerateArrowHead(FirstLihe+15,DX,DY,D2,WorldX . WorldY,WorldZ); end;
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18 : begin WorldX:=Round{Scale*YhatRed.data(l,1]): {Locate Point
for}
WorldZ:=Round(Scale*YhatRed.data[2,1]); {YhatReduced}
WorldY:=Round{Scale*YhatRed.data[3,1}); end;
19 : begin
GenerateArrowHead(FirstLine+18,WorldX,WorldY, WorldZ,DX,DY,D2); end;
20 : begin
GenerateArrowHead(FirstLine+18,DX,DY,DZ,WorldX,WorldyY,WorldZ); end;

21 : begin WorldX:=Round(Scale*YhatFull.data(l,1]); {Locate Point
for}
WorldZ:=Round(Scale*YhatFull.datal(2,1]): {YhatFull}
WorldY:=Round(Scale*YhatFull.data(3,1]); end;
22 : begin
GenerateArrowHead(FirstLine+21,WorldX,WorldY,WorldZ,DX,DY,DZ); end;
23 : begin
GenerateArrowHead(FirstLine+21,DX,DY,DZ,WorldX,WorldY,WorldZ); end;
24 : begin WorldX:=Round(Scale*YhatRedeR.data(l,1]); {Locate Point
for}
WorldZ:=Round(Scale*YhatRedeR.data(2,1]); {YhatReduced
+ eR}

Worldy:=Round(Scale*YhatRedeR.data(3,1]); end;
25 : begin
GenerateArrowHead(FirstLine+24 ,WorldX,WorldY,WorldZ,DX,DY,DZ); end;
26 : begin
GenerateArrowHead(FirstLine+24,DX,DY,DZ,WorldX,WorldY,WorldZ); end;

27 : begin WorldX:=Round(Scale*YhatFulleF.data([l,1]); {Locate
Point for}
WorldZ:=Round(Scale*YhatFulleF.data(2,1]); {YhatFull +
eF} )
WorldY:=Round(Scale*YhatFulleF.data([3,1]); end;
28 : begin : ) . )
GenerateArrowHead(FirstLine+27 ,WorldX,WorldY,WorldZ,DX,DY,DZ2); end;
29 : begin .
GenerateArrowHead(FirstLine+27,DX,DY,DZ,WorldX,WorldY,WorldZ); end;

end; {Case/With/For}

GenerateAxis;
NumberOfEndpoints:=LastPoint+l;
NumberOfLines:=LastLine+1l;

end; {Procedure GenerateBivariatePoints}

énd. -
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unit Support3;

interface

uses Crt,Dos,MathMat,GraphMat,TGlobals, Support,Support2,Mole,Graph;
Procedure MeanRoutihe;

Procedure LtestRoutine;

Procedure BivariateRoutine;

Procedure ExitRoutine;

Procedure LeaveProgram;

implementation

Procedure MeanRoutine;

var
i,j: Integer;
SampNum: Char;

msg: String;

char H,char W:Integer; {Heigth & Width of char in pixels}

0ldstyle: TextSettingsType;

BetaX, rowl,row2,row3, rowd,row5S: Integer; {1st row on which the
data is displayed}

SSE,SSR,S8STO,Sigma: Real;

‘SSES,SSRS,SSTOS: String;

SSEP,SSRP: Integer;

ErrorT,SSEM,SSRM, YhatT: matx;

{ Main Program }

{Sample Mean Section} - ‘
begin
char_H:=TextHeight('H’);
char_ W:=TextWidth(’'H’);
rowl:=4*char_H;
If FirstRunFlag Then Begin
SetBkColor(BackgroundKolor);
SetTextJustify(1l,1);
OutTextXY (GetMaxX div 2,char_H,’Ordinary Least Squares Regression
for the Sample Mean and Variance’);
repeat
LastLine:=43; LastPoint:=44; {These show which vectors will be
displayed} .
Msg:='Do you want the sample size to be 2 or 3?’;
OutTextXY (GetMaxX div 2,Round(5*1.2*char_ H),Msg);
SampNum:= Readkey;
OutTextXY
(Round(1.05* (GetMaxX+TextWidth(Msg))/2),Round(5*1.2*char_H),SampNum);
OutTextXY (GetMaxX div 2,Round(6*1.2*char H),’
I);
case SampNum of

r2’ : begin Y.rows:=2; Y.cols:=1; X.rows:=2; X.cols:=1; end;
13 : begin Y.rows:=3; Y.cols:=1; X.rows:=3; X.cols:=1; end;
else OutTextXY (GetMaxX div 2,Round(é*1l.2*char_ H),’Sorry,
only a sample size of 2 or 3 are demonstrated.’);
end;
until (SampNum = ’2’) or (SampNum = ’37);
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SetFillStyle(1l,BackgroundKolor); {Solid,BackgroundKkolor}
Bar(0,Round(4.l*char H),GetMaxX,GetMaxY); {Clear the Screen}
Mat_Zero(Y); Mat_Zero(X);
For i := 1 to X.rows do X.data[i,1l] := 1;
GetXFlag:=True; GetYFlag:=True;
FirstRunFlag := False;

end;

(***************** Input Routines *********t*******)

If GetY¥Flag then

Repeat

GMatInput(Y¥,4,1,’Y¥’,15,rowl,ObservationColor,Backgroundkolor,MatForegrou
nd); [(**%%% Ger Y **%xx*}

GetYFlag:=False;
Until (abs(Y.data[l,1]) + abs(Y.data[2,1]) + abs(Y.data[Y.rows,1l]))
>O;

If GetXFlag then begin

GMatInput(X,4,1,’X’,100,rcwl,ModelSpaceColor,BackgroundKolor,MatForegrou
nd); {(*%*kx*x Get X **xxx}

GetXFlag:=False; end;
(**xxkxktkkxknkrrxxxx Input ROUtines *rrrkdskxktrxrdnhthr)

MathRoutines;

{Now that all the calculations are done, we must generate a list
of points and lines to send to AcroMole for plotting.}

GenerateDataPoints;

SetActivePage(l);

SetViewPort(0,0,GetMaxX,GetMaxY, True);

SetTextJustify(l,1); )

SetColor(15); {Whitel p

QutTextXY (GetMaxX div 2,char_ H,'Ordinary Least Squares Regression
for the Sample Mean and Variance’);

GMatWrite(Y¥,4,1,’Y’,15,rowl,ObservationColor,Backgroundkolor,MatForegrou
nd);

GMatWrite(X,4,1,’X’,100,rowl,ModelSpaceColor,BackgroundkKolor,MatForegrou
nd); .

For i:= 1 downto 0 do begin {Write to Both Buffers}
SetActivePage(i);
GMatWrite(M,4,1,'M’,205,rowl,15,Backgroundkolor,MatForeground);
If M.rows=3 then begin

OutTextXY (282, rowl-7,/X[X"'X] X’''’)y;
OutTextXY(297,rowl-12,’-1’); end
else begin )
OutTextXY (257, rowl-7, 'X[X’''X] - X’’');
OutTextXY(272,rowl-12,'-1’); end;

BetaX:=380;

GMatWrite(Betahat,4,1,#225,BetaX,rowl,15,BackgroundKolor,MatForeground);
SetColor(15); OutTextXY(BetaX-4,rowl+5,’7A’);

SetColor(LabelColor); OutTextXY(BetaX+25,rowl-7,’[X'’'/X] X''Y’');
OQutTextXY(BetaX+31l,rowl-12,’-1");

row2:=11l*char H;

OutTextXY(120,row2, 'Dimensions’);
SetTextJustify(0,1);
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OutTextXY(1l,round(row2+l.S5*char_H),’Sample Space - n - [
17y '
Str(X.rows,msg); OutTextXY(225,round(row2+l.5*char H),msg);

OutTextXY(1l,round(row2+2.7*char_H),'Estimation Space = p = [
17); '
Str(X.cols,msg); OutTextX¥(225,round(row2+2.7*char_H),msqg);

OutTextXY(1l,round(row2+3.9*char_H),’Error Space =n -p = (

Str(X.rows-X.cols,msg); OutTextX¥(225,round(row2+3.9*char_H),msg);
SetTextJustify(1l,1);

GMatWrite(Yhat,4,1,’Y’,300,row2,YhatColor,BackgroundkKolor,MatForeground)
; SetColor(l15);

If Y.rows=3 then begin
OutTextXY (297, row2+12,’A’); SetColor(LabelColor);
QutTextXY (337, row2-7,  MY=X’#225);
QutTextXY(353,row2-12,'A’); end
else begin .
OutTextXY(296,row2+8,’A’); SetColor(LabelColor);
OutTextXY(338,row2-8, "MY=X"#225);
QutTextXY(354,row2-13,’A’); end;

SetColor(LabelColor);
OutTextXY(335,row2+48, 'Projection of Y onto’);
OutTextXY(335,row2+56, 'the Estimation Space’);

GMatWrite(Error,4,1,’Error’,510,row2,ErrorColor,BackgroundkKolor, MatForeg
round);
SetColor(LabelColor);
OutTextXY (557, row2~-7,’ (I-M)Y=Y-¥’); OutTextXY(593,row2-12,'A");
" OutTextXY(540,row2+48, 'Projection of Y onto’);
QutTextXY(540,row2+56,’the Error Space’);

Mat Transpose(Error,ErrorT);
MatMult(Error,ErrorT, SSEM);
SSE:=Sgrt(SSEM.Datafl,1]});
Mat_Transpose(Yhat,YhatT);
MatMult(Yhat,YhatT,SSRM); .
SSR:=Sqrt(SSRM.Data(l,1});

SSTO:=SSR+SSE;

SSEP:=Round(100*SSE/SSTO); {Percent SSE}
SSRP:=Round(100*SSR/SSTO) ; {Percent SSR}
Sigma:=SSE/(X.rows-X.cols);

SetFillStyle(1l,GetBkColor); Bar(584,rowl+l,639,rowl+ll); (Erase
0ld Variance}

Str(Sigma:4:1,msg); If Sigma>99 Then Str(Sigma:4:0,msg);

OutTextXY (605, rowl+7,msqg);

OutTextXY(500,rowl, 'SSE’);

SetLineStyle(0,0,1);

Line(487,rowl+6,513,rowl+6});
OutTextXY (500, rowl+ll, ’'n-p’);

OutTextXY (550, rowl+7,’'= ’#229’ (Y} =');
OutTextXY(542,rowl+3,’2");

QutTextXY (534, rowl+3,’A%);

row3:=31*char H;

chart(510,row3-80,630,row3, SSEP/100, ErrorColor, ’SSE’);
chart(370,row3-80,500,row3, SSRP/100, YhatColor, ’'SSR’);

rowé4 :=35*char_h;
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OQutTextXY(505,rowd, 'Y Y Error’);
OutTextXY(493,row4-5,’A"); :
OutTextXY(518,row4-5,’2 2 27Y);

OQutTextXY (466, rowd, ' =’); OutTextXY(520,rowd,’+’);

Line(487,row4+3,487,row4-5); {Yhat} [*rhhhhdhkhrss)

Line (500, row4+3,500,row4-5);

Line(444,row4+3,444,rowd-5); {Y} {Absolute Value
Signs} .

Line(431,row4+3,431,row4-5);

Line(580,row4+3,580,rowd4-5); {Error} ISAAAAA RS AL
Line(535,row4+3,535,rowd-5);

Str(SSR:4:1,SSRS); Str(SSE:4:1,SSES); Str(SST0:4:1,SSTOS);
If SSR>%9 Then Str(SSR:4:0,SSRS);

If SSE>99 Then Str(SSR:4:0,SSES);

If SSTO>99 Then Str(SSR:4:0,8ST0S);

OutTextXY (495, rowd+16,’SSTO SSR SSE’);
~ OutTextXY(466,row4+16,'="); OutTextXY(520,rowd+16,’+");

SetFillStyle(1l,GetBkColor); Bar(415,row4+23,575,rowd+33); {Erase
old Stats} .

OQutTextXY (438, row4+25,58570S);

OutTextXY (485, rowd+29,SSRS); {Display values for these
statistics}

OutTextXY (550, rowd4+29,SSES);

SetFillStyle(1l,LabelColor);
Bar(430,335,580,345); SetColor(0);
OutTextX¥Y (505,340, 'Press Fl for Help’);
SetColor(15);

SetLineStyle(2,0,1); {Block around spin area}
MoveTo(round(Xlo*GetMaxX),round((1l-Yhi)*GetMaxY¥)-1); '
LineTo(round(Xhi*GetMaxX)+2,round((1l-Yhi)*GetMaxY)-1y);
LineTo(round(Xhi*GetMaxX)+2,round((1-Ylo)*GetMaxY¥)):

Line(round(Xhi*GetMaxX)+2,round((1-Yhi)*GetMaxY)-1,GetMaxX, round({1l-Yhi)
*GetMaxY)-1);

end;
end; {Procedure MeanRoutine}

Procedure LtestRoutine;

var .

i,j: Integer:;

SampNum: Char; '

Qutput: Text;

msg: String;

char_H,char_W:Integer; {Heigth & Width of char in pixels}

OldStyle: TextSettingsType;

BetaX,rowla,rowlb, rowlc,row2a,row2b, row3,row3h,rowd ,rowS: Integer;
{1st row on which the data is displayed}

SSE,SSR,Sigma: Real; .

SSES,SSRS,SSTOS: String;

SSEP,SSRP: Integer;

ErrorT,SSEM,SSRM,YhatT: matx;

{ Main Program }
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begin

char_ H:=TextHeight (’H’);

char W:=TextWidth(’H’);

rowla:=round(8.5*char_H);

rowlb:=4*char_ H;

rowlc:=4#*char_H;

SetTextJustify(1,1);

OutTextXY (GetMaxX div 2,char H,’The General Linear Test for the
Population Mean’);

If PirstRunFlag Then Begin
repeat
Msg:='Do you want the sample size to be 2 or 3?/;
OutTextXY (GetMaxX div 2,Round(5*1.2*char_H),Msqg);
SampNum:= Readkey;
OutTextXY
(Round(1l.05*(GetMaxX+TextWidth(Msg))/2),Round(5#*1.2*char H),h SampNum);
OutTextXY (GetMaxX div 2,Round(6*1.2*char H),’
I)’.
Case SampNum of
rar : begin Y.rows:=2; Y.cols:=1; X.rows:=2; X.cols:=1;
Mu.rows:=2;
LastLine:=52; LastPoint:=54; end; :
r37 : begin Y.rows:=3; Y.cols:=1; X.rows:=3; X.cols:=1;
Mu.rows:=3;
LastLine:=52; LastPoint:=54; end;
else QutTextXY (GetMaxX div 2,Round(6*1l.2*char H),’'Sorry,
only a sample size of 2 or 3 are demonstrated.’);
end;
Alpha.rows:=1; Alpha.cols:=1; Mu.cols:=1; MuO.rows:=1; MuO.cols:=1
until (SampNum = 72’) or (SampNum = ’37);

SetFillStyle(l,BackgroundKolor);  {Solid,Blue Background}

Bar(0,Round(4.1l*char_ H),GetMaxX,GetMaxY); - {Clear the Screen}

Mat _Zero(Y); Mat Zero(X); Mat_ Zero(Mu); Mat_Zero(Mul);
Alpha.data(l,1]:=0.05; )

For i := 1 to X.rows do X.data([i,1l] := 1; :

GetXFlag:=True; GetYFlag:=True; GetMuFlag:=True; GetAlphaFlag:=True;

QutTextXY(50, rowlc-10,’Ho: C/#230’ = ’'§230'0");
FirstRunFlag:= False; .
end;

(*x*xxxkxkxrxxtrkt*x Input Routines ***xrktxkdsxrkrrxd)
If GetMuFlag then begin

GMatInput(Mu0,4,1,#230’0’,15, rowlc,MuColor,BackgroundkKolor, MMatForeground
Yy ; {**xx* Get MuQ ****xx}

GetMuFlag:=False;

For I:=1 to Mu.rows do Mu.data(i,1l]:=MulO.data{l,1]; end;

If GetAlphaFlag then begin
GMatInput(Alpha,4,2,#224,100,rowlc,AlphaColor,BackgroundkKolor,MatForegro
und); [***** Get Alpha *****}

GetAlphaFlag:=False; end;

If GetYFlag then
Repeat :

GMatInput(Y,4,1,’Y’,15,rowla,ObservationColor,BackgroundkKolor,MatForegro

und); [(***%% Got Y ***#k}
GetYFlag:=False;
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Until (abs(Y.data{l,1]) + abs(Y.data[2,1])) + abs(Y.data[Y.rows,1]))
>O;

If GetXFlag then begin

GMatInput(X,4,1,’X’,100,rowla,ModelSpaceColor,BackgroundkKolor,MatForegro
und); {*%xx%t Get X *rx*x*}
GetXFlag:=False; end;
(*herkxkkexkrktrxktrx End of Input Routines ***dkdrdkrrsrddrrid)
MathRoutines;
RegressionMath; {More Calculations}

{Now that all the calculations are done, we must generate a list
of points and lines to send to AcroMole for plotting.}

GenerateDataPoints;

SetActivePage(1l);

SetViewPort(0,0,GetMaxX,GetMaxY¥, True);

SetTextJustify(1l,1);

SetColor(15); {White}

OutTextXY (GetMaxX div 2,char H,'The General Linear Test for the
Population Mean'’);

OutTextXY (50, rowlc-10,’Ho: C’#230' = ’$#230’'0’);

CMatWrite(Mu0,4,1,#230’0’,15,rowlc,MuColor,Backgroundkolor,MatForeground
Yi

GMatWrite(Alpha,4,2,#224,100,rowlc,AlphaColor,BackgroundkKolor,MMatForegro
und);

GMatWrite(Y,4,l,’Y’,15,rowla,ObservationColor,BackgroundKolor,MatFofegro
und) ; ’

GMatWrite(X,4,1,’X’,100,rowla,ModelSpaceColor,BackgroundkKolor,MatForegro
und) ;

For i:= 1 downto 0 do begin {Write to Both Buffers}
SetActivePage(i);
GMatWrite(M,4,1,’M’,205,rowlb,15,Backgroundkolor,MatForeground);
If M.rows=3 then begin

OQutTextXY (282, rowlb-7,’/X[X/’'X] X''');
OutTextXY (297, rowlb-12,/-1’); end -
else begin
OutTextXY (257, rowlb-7,/X([X"’/X] X’’7");
OutTextXY (272, rowlb-12,’-1"); end;

BetaX:=380;

GMatWrite(Betahat,4,1,#225,BetaX,rowlb,15,Backgroundkolor,MatForeground)
; SetColor(15); OutTextXY(BetaX-4,rowlb+5,’4%);

SetColor(LabelColor); OutTextXY(BetaX+25,rowlb-7,’/[X'’X] X''Y’);
QutTextXY(BetaX+31l,rowlb-12,’-1");

row2a:=round(l4.5*char H);

OutTextXY(120,row2a, 'Dimensions’);

SetTextJustify(0,1);

OutTextXY(l,round(row2a+l.5*char_H),’Sample Space = n = [
17):

Str(X.rows,msg); OutTextXY(225,round(row2a+l.5*char_H),msqg);

OutTextXY(1l, round(row2a+2.7*char_H),’'Estimation Space = P = [
173

Str(X.cols,msg); OutTextXY(225,round(row2a+2.7*char H),msg);
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OutTextXY(1l,round(row2a+3.9*%char_H), 'Error Space =n -p =
17

Str(X.rows-X.cols,msg); OutTextXY(225,round(row2a+3.9*char_H),msg);

SetTextJustify(1,1):

row2b:=11l*char_ H;

GMatWrite(Mu,4,1,’E(Y)’/,225,row2b,MuColor,BackgroundkKolor, MatForeground)

1

GMatWrite(eR,4,1,’e.R’, 325, row2b,eRColor,BackgroundKolor, MatForeground);
SetColor(LabelColor);
OutTextXY (367 ,xow2b-7,'Y-E(Y)');

GMatWrite(Yhat,4,1,’Y’,425,row2b,YhatColor,Backgroundkolor,MatForeground
)i

SetColor(LabelColor);

QutTextXY(462,row2b-7, ' MY=X'$225);

OutTextXY (478, row2b-12,’A"y;

SetColoxr(15);

If Y.rows=3 then OutTextXY(422,row2b+12,’7’)

else OutTextXY(422,row2b+8,’"’);

GMatWrite(eF,4,1,'e.F’,525,row2b,ErrorColor,BackgroundKolor,MMatForegroun
d);

SetColor(LabelColor);

OQutTextXY(569,row2b-7,’Y-Y’);

OutTextXY(569,row2b-13,’ A’y;

{***** Bar Graphs *.*****}
row3:=31l*char_H;
row3h:=80; . '
SetFillsStyle(l,GetBkColor);
Bar(round(Xlo*GetMaxX)+1l,round((1-Yhi)*GetMaxY),GetMaxX,GetMax¥);
BarGraphs;

SetFillStyle(l,LabelColor);
Bar(430,335,580,345); SetColor(0); _
OutTextXY (505,340, 'Press F1 for Help’);
SetColor(15); -

Set:LineStyle(2,0,1); {Block around spin area}
MoveTo(round(Xlo*GetMaxX),round{(1-Yhi)*GetMaxY)-1);
LineTo(round(Xhi*GetMaxX)+2,round((1l-Yhi)*GetMaxY)-1);
LineTo(round(Xhi*GetMaxX)+2,round(({1l-Ylo)*GetMax¥));

Line(round(Xhi*GetMaxX)+2,round((1-Yhi)*GetMaxY)-l,GetMaxX,round((l-Yhi)
*GetMaxY)-1);

end;
end; {Procdure LtestRoutine}

Procedure BivariateRoutine;

var
i,j: Integer;
msg: String;
char H,char W:Integer; {Heigth & Width of char in pixels}
BetaX,rowl, row2,row2a,row2b, row3, row3h, row4,row5: Integer;
SSE,SSR: Real;
SSES,SSRS,S8S8T0OS: String;
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SSEP,SSRP: Integer;
ErrorT,SSEM,SSRM, YhatT: matx;

begin
char H:=TextHeight(’H’);
char_W:=TextWidth('H’);
rowl:=round(4.5*char_ H);
row2:=rowl + 44;

Y.rows:=3; Y.cols:=1;
Yred.rows:=3; Yred.cols:=1;
X.rows:=3; X.cols:=2;
Xred.rows:=3; Xred.cols:=1;
Betal.rows:=1; Betal.cols:=]1;
Alpha.rows:=1; Alpha.cols:=1;

LastLine:=58; LastPoint:=59;

If FirstRunFlag Then Begin

Mat Zero{(Y); Mat Zero(X); Mat Zero(Yred); Mat Zero(Xred);
Mat_Zero(Betal); Alpha.datall,1]:=0.05;,

For i := 1 to X.rows do begin X.dataf{i,1] := 1; Xred.data([i,1l] := 1;
end; .
GetXFlag:=True; GetY¥YFlag:=True; GetBetalFlag:=True;
GetAlphaFlag:=True;

SetTextJustify(1l,1);

OutTextXY (GetMaxX div 2,char H,’Ordinary Linear Simple Regression
with One Predictor Variable’);

OutTextXY(12,rowl+97,'Ho:’);

FirstRunFlag := False;

end;

(***************** Input Routines *****************)
If GetBetalFlag then begin

GMatInput(Betal,4,1,#225710 A
’,44,rowl+88,15,BackgroundkKolor,MatForeground); [***** Get Betal
*****}

GetBetalFlag:=Fulse; end;
If GetAlphaFlag then begin

GMatInput(Alpha,4,2,#224,150,rowl+88,15,BackgroundkKolor,MatForeground);
[***** Get Betal *****}
GetAlphaFlag:=False; end;

If GetYFlag then
Repeat

GMatInput(Y,4,1,’Y.Full’,33,rowl,ObservationColor,BackgroundKolor,MatFor
eground); {**%t%x GCot Y ***kk)
GetYFlag:=False;
Until (abs(Y.data[l,1]) + abs(Y.data(2,1]) + abs(Y.datalY.rows,1]))
> 0;

If GetXFlag then begin
-If X.cols = 1 Then

GMatInput(X,4,1,’X.Full’,150,rowl,ModelSpaceColor,Backgroundkolor,MatFor
eground) (**%xk*x Got X ***ix}
else
Repeat

GMatInput(X,4,1,’X.Full’,150,rowl,ModelSpaceColor,BackgroundKolor,MatFor
eground) (*#%*2x Get X **xxx}
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Until (abs(X.data[l,2)) + abs(X.data[2,2]) + abs(X.data({3,2])) >
0;
GetXFlag:=False; end;

(*kxkdkrkkrxkrkdxkkrrs End of Input Routines **kdxdirkdthddhads)
BivariateMath; {Calculations}

{Now that all the calculations are done, we must generate a list
of points and lines to send to AcroMole for plotting.}

GenerateBivariatePoints;

SetActivePage(l):

SetViewPort (0, 0,GetMaxX,GetMaxY, True);

SetTextJustify(1,1);

SetColor(15); {White}

OutTextXY (GetMaxX div 2,char_ H,’Ordinary Linear Simple Regression
with One Predictor Variable’};

OutTextXY(1l2,rowl+97,’Ho:");
. GMatWrite(Betal,4,1,#225’]10

’,44,rowl+88,15,BackgroundKolor,MatForeground); {(=***x*x* Get Betal
*****}

GMatWrite(Alpha,4,2,4224,150,rowl+88,15,Backgroundkolor,MatForeground);
{***** Get Betal **+%%)

GMatWrite(Y,4,1,’Y.Full’,33,rowl,ObservationColor,BackgroundKolor,MatFor
eground) ;

GMatWrite(X,4,1,’X.Full’,150,rowl,ModelSpaceColor,BackgroundKolor,MatFor
eground);

For i:= 1 downto 0 do begin . {Write to Both Buffers} -
SetActivePage(i):;

GMatWrite(Yred,4,1,’Y.Red i
’,33,row2,0bservation2Color,Backgroundkolor,MatForeground);
GMatWrite(Xred,4,1,'X.Red
/7,150, row2,ModelSpaceColor,Backgroundkolor,MatForeground);

BetaX:=315;

GMatWrite(BhatFull,4,1,#225’ .Full’,6BetaX,rowl,15,Backgroundkolor,MatFore
ground);
SetColor(1l5); OutTextXY(BetaX-21,rowl+9,’7A’)y; .
SetColor(LabelColor); OutTextXY(BetaX+29,rowl-10,’[X'’'X] X''Y');
OutTextXY(BetaX+35,rowl-15,’-17);

BetaX:=440;

GMatWrite(YhatFull,4,1,’Y.Full’,BetaX, rowl,YhatFullColor,BackgroundKolor
,MatForeground);
SetColor(15); OutTextXY(BetaX-20,rowl+1l2,’A’y;
SetColor(LabelColor); OutTextXY(BetaX+60,rowl-10,/X’#225);
OutTextXY(BetaX+60,rowl-14," A');

GMatWrite(eF,4,1,’e.F’,560,rowl,ErrorColor,BackgroundkKolor,MMatForeground
yi
SetColor(LabelColor); OutTextXY(604,rowl-10,'Y - Y’);
OutTextXY(604,rowl-15, "' Ay,
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{*rxrrixx Noxt Row ***+kxran)

BetaX:=315;
GMatWrite(BhatRed,4,1,#225’ .Red

’ ,BetaX,row2,15,BackgroundKolor,MatForeground);
SetColor(15); OutTextXY(BetaX-21,row2+5,’7’);

BetaX:=440;
GMatWrite(YhatRed,4,1,’Y.Red

’ ,BetaX,row2,YhatRedColor,BackgroundKolor,MatForeground);
SetColor(15); OutTextXY(BetaX-20,row2+12,’A’);

GMatWrite(eR,4,1,’e.R’,560, row2, ErrReducedColor,BackgroundkKolor, MatForeg
round);

row2a:=round(14.5*char_H);

OutTextXY (355, row2a, 'Dimensions’);

SetTextJustify(0,1);

OutTextXY (235, round(row2a+l.5*char_H),‘/Sample Space = n =
17):

Str(X.rows,msg); OutTextXY(460,round(row2a+l.5*char H),msg);

OutTextXY¥ (235, round(row2a+2.7*char H), 'Estimation Space = p = [
17):

Str(X.cols,msg); OutTextXY(460,round(row2a+2.7*char H),msg);

OutTextXY (235, round(row2a+3.9*char H),’Error Space =n-p=["
17):

Str(X.rows-X.cols,msg); OutTextXY (460, round(row2a+3.9*char_H),msg);

SetTextJustify(1l,1);

{***** Bar Graphs ******}
row3:=31l*char_H;
row3h:=80;
SetFillStyle(1l,GetBkColor); -
Bar(round(Xlo*GetMaxX)+1 round((l-Yhi)*GetMaxY¥Y), GetMaxX, GetMaxY),
BarGraphs;

.SetFillStyle(1,LabelColor);
Bar(430,335,580,345); Set’nlor(0);
OutTextXY (505,340, 'Press k. for Help’);
SetColor(15);

SetLineStyle(2,0,1); {Block around spin area}
MoveTo(round(Xlo*GetMaxX),round((1- th)*GetMaxY) 1);
LineTo(round(Xhi*GetMaxX)+2,round((1l-Yhi)*GetMax¥)-1);
LineTo(round(Xhi*GetMaxX)+2,round((1l-Ylo)*GetMaxY));

Line(round(Xhi*GetMaxX)+2,round((1-Yhi)*GetMaxY¥)-1,GetMaxX, round((1-Yhi)
*GetMax¥)-1);

end;
end; {Procedure BivariateRoutine}

Procedure ExitRoutine;
begin
MoleExit;
CloseGraph;
Halt;
end; {Procedure ExitRoutine}
Procedure LeaveProgram;

const
Xl:Integer=159;
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Yl:Integer=135;
X2:Integer=479;
Y2:Integer=190;
col:Integer=25;

var
i: integer;
P: Pointer;
Size: Worgd;
ViewPort: ViewPortType;
0ldsStyle: TextSettingsType;
Answer: Char;

begin
GetTextSettings(0ldsStyle);
SetVisualPage(0);
SetActivePage(l);
SetViewPort (0,0, GetMaxX, GetMaxy, True),
Size := ImageSize(X1,Y1,X2,Y2);
If Size>MemAvail Then writeln(output,’Size=’,Size,’
MemAvail=’, MemAvail);
Mark(P):;
GetMem(P, Size);
GetImage(X1l,Y1,%X2,Y2,PA);
SetViewPort(%X1l,Y1,X2,Y2,True);
GetViewSettings({ViewPort);
SetFillStyle(1,15);
Bar(0,0,X2-X1,¥2-Y1); {Clear ViewPort}
SetFillStyle(l,BackgroundKolor);
Bar(5,4,X2-X1-5,Y2-Y1-4);
SetColor(15);
SetTextJustify(l,1);
QutTextXY((X2-X1) d1v 2,(Y¥2-Y1l) div 2, 'Ready to Quit?’);
SetColor(15);
SetVlsualPage(l),
repeat
Answer:=UpCase(ReadKey);
until (Answer = ’‘Y’) or (Answer = ’‘N’);
If Answer = ‘Y’ Then ExitRoutine;
SetVisualPage(0);
SetViewPort (0, 0,GetMaxX,GetMaxyY, True);
PutImage(X1,Y1,PA,0); {0=Copy}
Release(P);
end;

end.
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unit GraphMat;

interface

uses Crt,Dos,Graph,MathMat, TGlobals;
Procedure GMatInput(var matrx: matx;

cell length: Integer;
dec_places: Integer;

mat: String; {Input Matrix Name}
X,Y: Integer; {Location}
MatColor: Word; {Color of Matrix)
MatBackground: Word; {Color of Matrix Backgrocund}
MatForeground: Word): {Color of Characters}

Procedure GMatWrite(var matrx: matx;
cell length: Integer;
dec _places: Integer;

mat: String; {Input Matrix Name}
X,Y: Integer; {Location}
MatColor: Word; {Color of Matrix}
MatBackground: Word; {Color of Matrix Background}
MatForeground: Word); {Color of Characters}
implementation
var

i,j: integer;

TLX,TLY,BLX,BLY, TRX,TRY,BRX,BRY: integer;
ViewPort: ViewPortType;

P:Pointer;

(********************‘k****************************t******************)

(*** The following routines are used in GMatInput and GMatWrite =***)
(*****************i**************************************************)

function MaxOf(a,b:integer): integer;
begin

if a>b then MaxOf:= a
else MaxOQOf:= b;

end;
procedure cursor_to cell(i,j: integer; {Move Cursor to Current Cell}
- X,¥: integer: {Location of Entire Matrix}
W,H: integer; {Width s Height of Char Set}
mat: string; {Name of Matrix}
cell length:integer); {# of digits per cell}
begin
case j of
0 : SetViewPort(X+(W-4)*length(mat),Y+H*1,
: X+W*{cell length+length(mat)),Y+H*(1l+1i)-1,False);
1 : SetViewPort(Round(X+(W-4)*Length(mat)+15),Y+H*1i,

Round(x+(w 4)*Length(mat)+15+cell length*W),Y+H*(1+i)-1,False);
SetViewPort (Round(X+(W-4)*Length({mat)+10+40),Y+H*1i,
Round(X+(W-4)*Length(mat)+10+40+cell length#*W),
Y+H*(1+1i)-1,False);
3 : SetViewPort(Round(X+(W-4)*Length(mat}+10+80),Y+H*1,
Round (X+(W-4)*Length(mat)+10+80+cell length*W),
Y+H*(1+1)-1,False);
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else Writeln(output, 'Look at else in Cursor_Cell in GraphMat’);
end; {case j}

GetViewSettings(ViewPort);
{ With ViewPort Do begin
Write(Output,’i=’,i,’ 3j=',j,’ X1=’/,X1,’ Y1i=’,Y1,
7 X2=',X2,7 Y2=',Y2);
if graphresult = -11 then Write(output,’ error’)
else Write(output,’ ViewPort Set’);
writeln;
SetLineStyle(0,0,1);
Rectangle(0,0,X2-X1,Y2-Y1l);end;
Delay(500);1}

end; {cursor_to_cell}

procedure brackets(x,y: integer; {Location of Entire Matrix}
W,H: integer: {Wwidth & Height of Char Set}
mat: string; {Name of Matrix}
matrx: matx; {Matrix containing data}
cell length: integer; {# of digits per cell}
F10: Boolean; {Press F10 or Not}
BracketColor: Word; {Color of Bracket}
MatBackground: Word); {Color of Background}
var

i,j: integer;
UpperTitle,LowerTitle,mat2: string;
Upper: Boolean;

0ldColor: Word;

0ldStyle: TextSettingsType;

Size: Word;

begin
mat2:="";
GetTextSettings(0ldStyle); {So we can set them back}
0ldColor-=GetColor;
SetTextJustify(1l,1); {Center Horizontally & Vertically}

SetColor(15);

{The routine below looks for a decimal point and assumes that
characters )
following the decimal point will be placed as a subscript.
Only 1 level of subscripting is supported.}

Upper:=True; {Title starts in normal Text}
UpperTitle:='’; LowerTitle:='"';

for i:=1 to Length(mat) do
If Copy(mat,i,1) = /.’ then Upper:=Not Upper
else Case Upper of
~True : begin UpperTitle:=UpperTitle+Copy(mat,i,l);
LowerTitle:=LowerTitle+’ ’; end;
False : begin LowerTitle:=LowerTitle+Copy(mat,i,1l);
UpperTitle:=UpperTitle+’ ’; end;
end;

If length(mat)>0 then begin mat2:=UpperTitle+’=’;
LowerTitle:=LowerTitle+’ ’; end;

TLX := Round(X+(W-4)*(Length(mat)+2)); TLY := Y;

TRX := TLX+W*(matrx.cols*Cell Length+2+ord(matrx.cols>2)*1); TRY:=Y;

BLX := TLX; BLY:= Y+round(H*(matrx.rows+1.5));

BRX := TRX; BRY:= BLY;
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QutTextXY (X,y+Round(0.5*H*(matrx.rows+l.5)),mat2);
OutTextXY (x,y+Round(0.5*H*(matrx.rows+1l.5))+4,LowerTitle);
SetLineStyle(0,0,3); {Solid, No Pattern, Thick}
SetColor(BracketColor);
MoveTo (TLX+W,TLY); LineTo(TLX,TLY); LineTo(BLX,BLY);
LineTo(BLX+W,BLY);
MoveTo(TRX-W,TRY); LineTo(TRX,TRY); LineTo(BRX,BRY);
LineTo{BRX-W,BRY);
SetColorxr(15);
If F10 then begin
SetViewPort (0, 0,GetMaxX,GetMaxY, True);
Size := ImageSize((BLX+BRX) div 2-W*7, Round(BLY+2.5%*H), (BLX+BRX)
div 2+W*7, Round(BLY+3.5%*H));
If Size>MemAvail Then wrlteln(output ’Size=’,Size,’
MemAvail=',MemAvail);
Mark(P);
GetMem (P, Size);
GetImage (MaxOf ( (BLX+BRX) div 2-W*8,0), Round(BLY+3),(BLX+BRX) div
2+W*8, Round(BLY+5*H),PA);
SetFillStyle(1l,MatBackground);
Bar((BLX+BRX) div 2-W*#8, Round(BLY+3), (BLX+BRX) div 2+W+8,
Round (BLY+5*H) ) ;
OutTextXY ((BLX+BRX) div 2, BLY+3*H, ’F10 to finish’); end
else begin
SetFillStyle(1l,MatBackground);
Bar(TLX+2,TLY+2,BRX-2,BRY-2); end;

SetTextJustify(0OldStyle.Horiz, OldStyle.Vert);

SetColor{0OldColor);
end; {brackets}

procedure SetUp(x y:integer;

"W,H: integer; ’ {Width & Height of Char Set}
mat: string; {Name of Matrix}
matrx: matx; {Matrix containing data}
cell length:integer; {# of digits per cell}
F10: Boolean); . .{Press F10 or Not} .

begin
SetViewPort(0,0,GetMaxX,GetMaxY, True);
If (y+(2+matrx.rows*H))>GetMax? then begin
Writeln(output, 'Sorry, cursor position is to near the bottom of the
screen.’);
Writeln(output, ’'X=’,X,’ (W-4)=',W-4,’
length(mat)=’,length(mat),’ cell length=’,
cell length,’ matrx.cols=’,matrx.cols);
Wiriteln(output,’/Hit <Enter> to Continue’});
readln;
closegraph, Halt;
end
else
If Round(X+(W-4)*(Length(mat)+2))+W*(matrx.cols*Cell Length+2+
ord(matrx.cols>2)*2)>GetMaxX then begin
Writeln(output, ’Sorry, cursor position is to near the right edge
of the screen.’);
Writeln(output, ’'X=',X,’ (W-4)=',W-4,’
length{mat)=’,length(mat),’ cell length='/,

cell length,’ matrx.cols-',Eatrx.cols);
Writeln(output, ‘Hit <Enter> to Continue’);
readln;
closegraph; halt;
end;
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end; ({Setup}

procedure cell write(number:string;
dec_places:integer;
cell length:integer);

var
k,errorcode,dplaces: integer;
s: string;
X: real;
OldStyle: TextSettingsType;

begin
GetTextSettings(QldStyle); {So we can set them back}
SetTextJustify(0,2); {Center Horizontally & Vertically}

dplaces:=dec_places;
val (number,x, errorcode);
repeat

str(x:cell _length:dplaces,s);

if length(s)>cell _length then Dec(dplaces),
until ((length(s)<=cell _length) or (dplaces<0));
QutTextX¥(0,1,s);
SetTextJustify(0OldStyle. Horlz, OldStyle.Vert);

end; {cell write}

function strg(x:real;
cell length:integer;
dec places:integer) : string;

var
st string;

begin
str(x:cell length:dec_places,s);
strg := s;

end; {strg}

Procedure GMatInput(var matrx: matx;
cell length: Integer;
dec_places: Integer;

mat: String: {Input Matrix Name}
X,y: Integer; {Location}
MatColor: Word; {Color of Matrix}
MatBackground: Word; {Color of Matrix Background}
MatForeground: Word); {Coloxr of Characters}
var
H: Integer; {Height in Pixels of 1 character}
W: Integer; {Width in Pixels of 1 character}
CM: Integer; {Center of Matrix (X-wise)}

ViewPort2: ViewPortType;

0ldStyle2: TextSettingsType;
procedure Cursor_Cell(i,j: integer);
begin

cursor_to cell(i,j.,x,y,W,H,mat,cell length);
end; {procedure Cursor_Cell}
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procedure Cell Rite(number:string);
begin

Cell Write(number,dec places,cell length);
end; {Procedure Cell Rite}

procedure cell text; {Set Colors to Highlight Current Cell}
begin

With ViewPort do begin
SetFillStyle(l, {Solid Pattern}
7); {Light Gray is Highlighted Cell Background}
Bar(0,0,X2-X1,Y2-Y1l); end;
SetColor(15); {White is the Highlighted Cells’ Foreground}
end; {cell text}

procedure normal_text(Cell Color:Word); {Reset Colors}

begin
SetColor(Cell Color); {Normal Cell Foreground}
With ViewPort do begin
SetFillStyle(l, ({Solid Pattern}
MatBackground); ({Blue is the cell background}
Bar(0,0,X2-X1,Y¥2-Y1); end;
end; {normal_text}

procedure input_humber(var matrx: matx); {input matrix}
const .
left_arrow = 75; {0 is returned first for arrow keys!}

right_arrow = 77;
up_arrow = 72;
down_arrow = 80;
backspace = 8;
return = 13;
escape = 27;

plus = 43;
minus = 45;
F10 = 68;
decimal = 46;
var .
key,key2 : char;
k,decimals,exit_cell,exit procedure,errorcode : Integer;
number : string; {input string}

procedure exec_return (var number string: string;
var value: Real;

. var exit _cell: integer);
var '
k: integer;
begin
val (number,value,exrroxrcode);
exit cell := 1; {input is complete}

If errorcode <> 0 then writeln(output,’error in exec_return
procedure’); -

Cursor_Cell(i,j);

normal text(LabelColor);

Cell Rite(number);
end; {exec_return}
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procedure too_long;

var
ViewOld: ViewPortType;
By,Rx,Lx: Integer;
msg,cs: String;
0Oldstyle: TextSettingsType:;

begin
GetTextSettings(OldStyle); {So we can set them back}
GetvViewSettings(ViewOld);
SetViewPort (0, 0,GetMaxX,GetMaxyY, True);
By:= Y+round(H*(matrx.rows+1.5));
Lx := Round(X+(W-4)*(Length{mat)+2));
Rx := Round(Lx+W*(matrx.cols*Cell Length+5));

SetFillStyle(1, {Solid Pattern}
MatBackground);

Bar(Round((Lx+Rx)/2-12*W),Trunc(By+3.5*H),Round( (Lx+Rx)/2+12*W) ,Round(By
+2.5%H)); :

SetTextJustify(1,1);

Str(Cell_Length,cs);

msg:='to ’‘+cs+’ digits’;

OutTextXY ((Lx+Rx) div 2,By+H,’Input Limited’);

QutTextXY ((Lx+Rx) div 2,By+2*H,msg);

OutTextXY ((Lx+Rx) div 2, By+3*H,’ (Press RETURN)’);

readln;

SetFillStyle(1, {Solid Pattern}
MatBackground);

Bar(Round((Lx+Rx)/2-7*W),Trunc(By+0.5*H),Roﬁnd((Lx+Rx)/2+7*W},Round(By+3
.5*H));
OutTextXY ((LX+RX) div 2, BY+3*H, ’'F1l0 to finish’);
SetTextJustify(0ldStyle.Horiz, OldStyle.Vert);

With ViewOld do SetViewPort(X1l,Yl,X2,Y2,False);
end; ({too_long}

procedure char_ok(key:char;
var number: string);
var
X,Y,1: integer;
0OldStyle: TextSettingsType;

begin
GetTextSettings(0ldStyle); {So we can set them back}
SetTextJustify(0,2); {Center Horizontally & Vertically}
number := number + key:;
If length(number) = 1 then {Blank out old number}
With ViewPort do begin
SetFillStyle(1, {Solid Pattern}
MatBackground); (Highlighted Cell Background}

Bar(0,0,X2-X1,Y2-Y1l); end;

OutTextXY(GetX,1l,key); MoveRel(W,0);
With 0ldStyle do {Reset TextSettings}
begin
SetTextJustify(Horiz, Vert);
SetTextStyle(Font, Direction, CharSize);
end;
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end; ({char_ok}
function strg(x:real) : string;

var
s: string;

begin
str(x:cell length:dec_places,s);
strg := s;

end; {strg}

procedure WrapAround;

begin
if i > matrx.rows then i := 1;
if i < 1 then i := matrx.rows ;
if j > matrx.cols then j := 1;
if j < 1 then j := matrx.cols ;

end; {WrapAround}

procedure ReWrit(i,j: Integer;
number: string);

begin
Cursor Cell(i,j):
normal_ text(LabelColor);
If length(number) = 0 then Cell Rite(strg(matrx.data(i,j]}))
else Cell Rite(number);
end; ({ReWrit}

procedure initialize;
var
i,j: integer;
number: string;

begin
numpber := ’/;
for i := 1 to matrx.rows do begin
for j := 1 to matrx.cols do rewrit(i,j,number);
end; {for i begin}
end; ({Initialize}

(***************************************)

(**** Main Procedure Input Number *#***)
(***************************************)

begin
Assign(output,’prn’);
Rewrite(output);
Initialize;
i := 1;
j° := matrx.cols;
exit_procedure := 0;
repeat i
number := ’/;
exit cell := 0;
decimals := 0;
Cursor_Cell(i,]):
cell text;
Cell Rite(strg(matrx.datali,jl)):
Cursor_Cell(i,j);
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repeat

key := readkey;

if Ord(key) = O then key2
Writeln(output,’key 1=’ ,key,’

{
case Ord(key) of
48..57 :
char_ok(key,number)
{ Numbers }

return

:= readkey; {Read Extended Key Code}
key2=',key2); }

If length(number) < Cell Length then
else too_long;

If length(number) > 0 then begin

exec_return(number,matrx.data[i,j],exit_cell);

If i = matrx.rows then begin
i = 1; {was on bottom row}
j o= J+1;
end ({if i begin}

else 1 := i+1;

end {if length begin}

else begin

decimal

exec_return(numbexr,matrx

exec_return{number,matrx

exec_return(number,matrx

exec_return(number,matrx

’ exec return(number,matrx

rewrit(i,j,number);

i = i+1;
exit cell := 1;
end; {else begin}

If decimals = 0 then

If length(number) < Cell_ Length then begin
char_ok(Xxey,number);
decimals := 1;
end {begin}

else too_long;

begin

case Ord(key2) of
left_arrow begin

If lgngth(number)>0 then

.data{i,j] ,exit_cell)
else rewrit(i,Jj,number);
jor=3-1;
end;
right_arrow begin
‘ If length(number)>0 then
.datali,j],exit_cell)
else rewrit(i,j,number);
] j+1;
end;
begin
If length(number)>0 then

up_arrow

.datali,j],exit_cell)
else rewrit(i,j,number);
i = 1i-1;

end;

begin
If length(number)>0 then

down_arrow

.datal[i,j]},exit_cell)
else rewrit(i,j,number);
1 = i+1;
end;
begin
If length{number) > 0 then

F10

.datal(i,j],exit_cell)
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else rewrit(i,j,number);
exit procedure := 1;
end;
end; ({case Ord(key2)}
exit cell := 1;
end; {begln}
backspace : If length{(number)>0 then begin
If number{length(number))=’.’ then decimals:=0;
number := Copy (number,l,(length(number)-1));

SetFillStyle(1, {Solid Pattern} .
. 7); {Light Gray is Highlighted Cell
Background}
Bar(GetX-W,GetY+H-1,GetX,GetY);
MoveRel(-W, 0),
end;
escape : begin

number := ’/;
With VlewPort do begin
SetFillStyle(1l, {Solid prPattern}
7); {Light Gray is Highlighted
Cell Background}
Bar(0,0,X2-X1,Y2-Y1); end;
Cursor_Cell(i,J); '

end;
plus : If length(number) = 0 then char_ok(key,number);
minus : If length(number) = 0 then char_ck(key,number);
else ; {Do Nothing if other keys are pressed}

end; ({case Ord(key)}
WrapAround;
until exit _cell = 1;
until exit procedure =1;
SetViewPort(0,0,GetMaxX,GetMaxY, True);
PutImage{MaxOf { (BLX+BRX) div 2-W*8,0), Round(BLY+3),P",0); {0=Copy}
Release(P);
end; {input_number}

begin.
H:= TextHelght(’H )i
W:= TextWidth('W’);
CM:= X+(W*(Length(mat)+3)+W*(matrx cols*Cell Length+l) div 2);
GetTextSettings(0ldStyle2);
GetViewSettings(ViewPort2);

SetUp(x,y,W,H,mat,matrx,cell length,True);
brackets(x,y,W,H,mat, matrx,cell _length, True,MatColor,MatBackground)
input_number (matrx);
With ViewPort2 do SetViewPort(X1l,Y¥l,X2,Y2,Clip);
With 0ldstyle2 do
begin
SetTextJustify(Horiz, Vert);
SetTextStyle(Font, Direction, CharSize);
end;

end; {M _Input}
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Procedure GMatWrite(var matrx: matx;
cell length: Integer;
dec_places: Integer;

mat: String; {Input Matrix Name}
X,y: Integer; {Location}
MatColor: Word; {Color of Matrixj}
MatBackground: Word; {Color of Matrix Background}
MatForeground: Word); {Color of Characters}
var
H: Integer; {Height in Pixels of 1 character}
W: Integer:; {Width in Pixels of 1 character}

ViewPort: ViewPortType;
OldStyle: TextSettingsType;

begin
GetTextSettings (OldStyle);
GetViewSettings(ViewPort);
W:=TextWidth('W’);
H:=TextHeight(/H’);
SetUp(x,y,W,H,mat,matrx,cell length,False);
brackets(x,y,W,H,mat,matrx,cell length,False,MatColor,MatBackground);
SetColor(MatForeGround);
for i:=1 to matrx.rows do for j:=1 to matrx.cols do begin
cursor_to_cell(i,j,x,y.W,H,mat,cell length);
Cell Write (strg(matrx.data(i,j],cell_length,dec_places),
dec_places,cell_length);
end;
With ViewPort do SetViewPort(X1l,Y¥Y1,X2,Y2,Clip);
. With 01ldStyle do
begin
SetTextJustify(Horiz, Vert); )
SetTextStyle(Font, Direction, CharSize);
end;

end; {procedure GMatWrite}

end. {unit}




unit MathMat;

interface
uses Crt,Dos,Graph;

Const
np=5;. {Matrix can be up to S x 5, modify np for larger matrics}

Type
RealArrayNPbyNP = ARRAY[l..np,1l..np] of real;
matx = Record Data: RealArrayNPbyNP;
Rows,Cols: Integer; end;

Procedure MatInvert (var b,y: matx); {y=invert of matrix b}
Procedure MatMult (var a,b,c: matx); {C=A*B}
Procedure Matadd (var a,b,c: matx); {C=A+B}
Procedure MatSub (var a,b,c: matx); {C=A-B}
Procedure Mat_k_Muit (var a,c: matx; {C=k*A}
k: Real); {k is a scalar}

Procedure Mat_ Zero (var a: matx);
Procedure Mat_Transpose (var a,b: matx); {b is transpose of a}
Procedure MatWrite (var a: matx); {Writes an rowxcol matrix}

Procedure MatInput(var matrx: matx;

cell length: Integer; {Width of each cell}
dec_places: Integer; {Number of Decimal Places per
Cell} : - :
mat: String; {Input Matrix Name}
X,y: Integer); {Location}

Procedure MatAugment(wvar augmat,matl,mat2: matx):;
implementation
Type
RealArrayNP = ARRAY [1..np] of real;
IntegerArrayNP = ARRAY [1l..np] of integer;

var
i,j: integer;

Procedure ludcmp (var a: RealArrayNPbyNP;
n: integer;
var indx: IntegerArrayNP;
var d: real);

{Inversion Routine primarily based on routines from the book:
Numerical Recipes in Pascal by William H. Press and others,
Published by the Press Syndicate of the University of Cambridge,
New York, 1989.

Pages 42-46}

Const
tiny = 1.0e-20;

Var
k,j,imax,i: integer;
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sum,dum,big: real;
vv: ARealArrayNP;

Begin
new(vv);
d:=1.0;
For i:=1 to n do begin
big := 0.0;

for j := 1 ton do
if abs(a{i,jl)>big then big :=abs(afi,jl);

if big = 0.0 then begin
writeln (’pause in LUDCMP - singular matrix’);
readln

end; .

vwA[i] := 1.0/big

end;
for j := 1 to n do begin

for i := 1 to j-1 do begin
sum :=a[i,j];
for k := 1 to i-1 do

sum := sum-a(i,k]l*al(k,jl;

afi,j] := sum

end;

big := 0.0;

for i := j to n do begin
sum := af{i,jl:;
for k := 1 to j-1 do

sum := sum-af{i,k}*alk,j}:;

afi,j] := sum;
dum := vvA[i]*abs(sum);
if dum >= big then begin

big := dum;
imax :=i

" end

end;

if j <> imax then begin
for k :=1 to n do begin
dum := afimax,k];
afimax, k] := alj,ki;
alj, k]l := dum

end;

d := -4;

vvA{imax] := dum
end;

-indx({j] := imax;
if alj,j] = 0.0 then a(j,j] := tiny;
if j<> n then begin
dum := 1.0/al[j,3]);
for 1 := j+1 to n do
ali,j1:= af{i,jl*dum .
end
end;
dispose(vv)
end; ’

Procedure lubksb (var a: RealArrayNPbyNP;
n: integer;
var indx: IntegerArrayNP;
var b: RealArrayNP);

{Inversion Routine primarily based on routines from the book:
Numerical Recipes in Pascal by William H. Press and others,
Published by the Press Syndicate of the University of Cambridge,
New York, 1989.
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Pages 42-46}

var
j,ip,ii,i: integer;
sum: real;

begin
ii:=0;

for i :=1 to n do begin
ip := indx[i];
sum := b(ip];
blip] := b{i]};
if ii <> 0 then
for j := ii to i-1 do
sum :~ sum-ali,j]l*b[j]
else if sum <> 0.0 then

ii = 1i;
b(i] := sum;
end;
for i := n downto 1 do begin

sum := b(i];
for j:= i+l to n do
-sum := sum-afi,jl*blj);
b(i] := sum/al(i,i];
end;
end;

Procedure MatlInvert (var b,y: matx);

{Inversion Routine primarily based on routines from the book:
Numerical Recipes in Pascal by William H. Press and others,
Published by the Press Syndicate of the University of Cambridge,

"New York, 1989.
Pages 42-46}

var
a: RealArrayNPbyNP;
i,j: .integer;
col: RealArrayNP;
indx: IntegerArrayNP;
d: Real;

begin

a :~ b.data;
ludcmp(a,b.rows,indx,d);
for j:= 1 to b.rows do begin
for i:= 1 to b.rows do col[i] :=0.0;
col(j] := 1.0;
lubksb(a,b.rows, indx,col);
for i := 1 to b.rows do y.data[i,]j]
end;
Y.rows:=b.rows; y.cols:=b.cols;
end; :

Procedure MatMult (var a,b,c: matx);

var )
row,col,i: Integer;
sum: Real;

begin
if a.cols
for col

= b.rows then begin
:= 1 to b.cols do begin
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for row := 1 to a.rows do begin
sum := 0;
for i := 1 to b.rows do
sum := sum + a.data[row,i]}*b.data{i,coll];
c.datalrow,col] := sum;
end;
end;
C.IOWS := a.YOWSs;
c.cols := b.cols;
end
else begin
writeln (’/The number of columns of the first matrix must equal
the’);
writeln (’number of rows of the second matrix in order to
multiply’);
writeln (’matrices.’)
end;
end;

Procedure MatWrite (var a: matx);

var
i,j: Integer;

begin
writeln;
for i := 1 to a.rows do begin
for j := 1 to a.cols do
write (a.datali,j):5,’ ');
writeln (' ’);
end;
end;

Procedure MatAdd (var a,b,c: matx); {C=A+B}

var
i,j: Integer;

begin
for i := 1 to a.rows do begin
for j := 1 to a.cols do
c.data(i,j] := a.data(i,j} + b.datali,3jl;

end;

C.YOWS := a.IOWS;

c.cols := a.cols;
end;
Procedure MatSub (var a,b,c: matx); ({C=A-B)
var

i1,j: Integer;

begin
' for 1 := 1 to a.rows do begin
for j := 1 to a.cols do
c.data[i,]j] := a.data(i,j] - b.datali,j}:
end;
C.TOWS := a.Iows;
c.cols := a.cols;
end;
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Procedure Mat k_Mult (var a,c: matx; {C=k*a}
k: Real); {k is a scalar}

var
i,j: Integer;

begin
for i := 1 to a.rows do begin
for j := 1 to a.cols do
c.data{i,j] := k*a.datali,j];
end;
C.IOWS := a.Iows;
c.cols := a.cols;
end;

Procedure Mat Zero (var a: matx);

var
m,n: Integer;

begin
form := 1 to a.rows do
for n := 1 to a.cols do
a.data(m,n] := 0;
end;

Procedure Mat_Transpose (var a,b: matx);

var
i,j: Integer;

begin .
for i := 1 to a.rows do begin
for j := 1 to a.cols do
b.data(j,1i] := a.datali,j]:;
end; {for 1 begin}
b.rows := a.cols;
b.cols := a.rows;
end; (Mat Transpose}

Procedure MatInput(var matrx: matx;
cell -length: Integer;
dec_places: Integer;

mat: String; {Input Matrix Name}
X,y: Integer); {Location}
procedure cursor_to_cell(i,j: integer); (Move Cursor to Current Cell}
begin
case j of
(] : GotoXY(length(mat)+3,i+l);
1 : GotoXY(length(mat)+5,i+1});
e’ se GotoXY(length(mat)+j*cell length,i+l)
end; {case j}
end; (cursor_to_cell}
procedure brackets;
const

open _top bracket = chr(218); (ASCII Codes}
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open_bottom_bracket = chr(192);
vertical_bar = chr(179);
close _top bracket = chr(181);
close bottom_bracket = chr(217);

var
i,j: integer;

begin

GotoXY(1l,trunc((matrx.rows+3)/2));

Write (mat,’=');

for i := 0 to matrx.rows+l do begin
j = 0;
cursor_to cell(l,]),
If i = 0 then write(open _top_| bracket)
else If i = matrx.rows+l then write(open_bottom_bracket)

else write(vertical_bar);

j := matrx.cols+l;

cursor_to cell(i,j);

If i = 0 then write(close_top_bracket)

else If i = matrx.rows+l then write(close_bottom_bracket)
else write(vertical bar); .

end; (loop i}

GotoXY(2,matrx.rows +4);

Write(’Press F10 when finished’);
end; {brackets}

procedure SetUp(X,y:integer); {Location of window}

var : ‘
width: integer;

begin
If (y+matrx.rows +2)>24 then begin
writeln (’Sorry, cursor position is to near the bottom of the
screen.’);
writeln (’/x=',%,’ y=’/,y);
writeln (’Hit ‘<Enter> to Continue’);
readln;
) end
else
If (xtcell length*(matrx.cols+l)+3+length(mat))>80 then begin
writeln (’Sorry, cursor position is to near the right edge of the
" screen.’); .
writeln (’x=',x,’ y=',Y):
writeln (’Hit <Enter> to Continue’);
readln; ’
end; .
Width := cell length*(matrx.cols+l)+length(mat)+3;
If Width < 28 then Width := 28;
Window({x,y,x+Width,y+matrx.rows +3);
TextBackground(Blue);
Clrscr;
brackets;
end; [Setup}

procedure cell text; {Set Colors to Hiéhlight Current Cell)}
begin
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TextBackground(LightGray);
TextColor(Black);
end; {cell text}

procedure normal_text; {Reset Colors}

begin
TextBackground(Blue);
TextColor(LightGray);
end; {normal_ text}

procedure input_ number(var matrx: matx); {input matrix}
const
left _arrow = 75; {0 is returned first for arrow keys!}

right_arrow = 77;
up_arrow = 72;
down arrow = 80;
backspace = 8;
return = 13;
escape = 27;

plus = 43;
minus = 45;
F10 = 68;
decimal = 46;
var
key,key2 : char;
k,dec,exit_cell,exit_procedure, errorcode : Integer;
number : strlng, {input string}

procedure cell write(number:string);

var
k,errorcode: integer;
s: string;
X: real;

begin
val (number, x,errorcode);
str(x:cell length:dec_places,s); .
write(s):;

end; {cell write}

procedure exec_return (var number_string: string;
var value: Real;
var exit_cell: integer);

var
k: integer;
begin
val (number,value,errorcode);
exit cell := 1; {input is complete}

If errorcode <> 0 then writeln (’error in exec return procedure’);

Cursor_to_Cell(i,j);

normal_text;

cell write(number);
end; (exec_return}




r---.l..-l-lllll-llllllllllllllllllllllIlllllIllllllIIlIllIIlllllllllllqllI-l----——-

procedure too_long;

var
h,m,s,s100,s_delay,s_count: Word;

begin
GotoXY(2,matrx.rows +3);
Write(’Input Limited to ’,Cell_Length,’ digits’);
GetTime(h,m,s,s100);
s_delay := s+3;
GotoXY(2,matrx.rows +3);
repeat
GetTime(h,m,s,s100);
until s >= s_delay;
TextBackground(Blue);
Write(’ ’y;
end; {too_long}

procedure char,_ok(key:char;
var number: string);
var
X,Y,1i: integer;

begin
write(key):
number := number + key;

If length(number) = 1 then begin
X := WhereX;
'y := WhereY; .
For i := 2 to Cell_Length do write(’ ’);
GotoXY(x,y): :
end; {if} -
-end; {char_ok}

function strg(x:real) : string;

_var
s: string;

begin
str(x:cell length:dec_places,s);
strg := s;

end; {strg}

procedure WrapAround; .

begin
if i > matrx.rows then i := 1;
if i < 1 then i := matrx.rows ;
if § > matrx.cols then j := 1;
if j < 1 then j := matrx.cols ;
end; {WrapAround}

procedure ReWrit(i,j: Integer);

begin
Cursor_to_Cell(i,j):
normal_text;
If length(number) = 0 then cell write(strg(matrx.datali,j]))
else cell write(number);
end; {ReWrit}

procedure initialize;
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var
i,j: 1integer;
number: string;
begin
number := ’/;
for i := 1 to matrx.rows do begin
for j := 1 to matrx.cols do ReWrit(i,j);
end; {for i begin}
end; {Initialize}

(***************************************)

(*x** Main Procedure Input_ Number ***+*)
khkhkhkkhkdkhhkhkhkhkhhhhhhhhdhhhhdhhbrrhhrhhhhsd
( _ )

begin
Initialize;
i :=1;
j o= 1;
exit_procedure
repeat
number
exit_cell
dec := 0;
cursor to_cell(i,j);
cell text;
cell write(strg(matrx.datali,jl));
cursor_to_cell(i,j);
repeat
key := readkey;
if Ord(key) = 0 then key2
case Ord(key) of

0;

17’ .

’

0;

:= readkey; {Read Extended Key Code}

48..57
char_ok(key,number)
{ Numbers }

return

decimal

If length(number) < Cell Length then
else too_long;

If length(number) > 0 then begin
exec_return(number,matrx.datali,j],exit_cell);
If ‘i = matrx.rows then begin
i :=1; {was on bottom row}
j o= j+1; .
end {if i begin}

else i := i+1;

end {if length begin}

else begin

ReWrit(i,j):

i = 1i+1;

exit _cell := 1;
end; (else begin}

If dec 0 then
If length(number) < Cell Length then begin
char_ok(key,number);
dec := 1;
end {begin}
else too_long;

begin
case Ord(key2) of
left_arrow begin

If length(number)>0 then

exec_return(number,matrx.data(i,j],exit_cell)

else ReWrit(i,j):;

145




j o= 3-1;
end;
right_arrow : Dbegin
If length{(number)>0 then

exec_return(number matrx.data(i,j],exit_cell)

exec_return(number,matrx.data(i,j],exit_cell)

else ReWrit(i,j):
J o= J3+1;
end;
up_arrow : begin
If length{number)>0 then

else ReWrit(i,j):
i o= 1i-1;
end;
down_arrow : Dbegin
If length(number}>0 then

exec_return(number,matrx.datali,j},exit cell)

exec_return(number,matrx.data(i,jl,exit_cell)

backspace

escape

plus

minus

else

H

else ReWrit(i,j):
i = 1+1;
end;
F10 " : Dbegin
If length(number) > 0 then

else ReWrit(i,3j);

exit_procedure := 1;
GotoXY(2,matrx.rows +4);
Write(’
end;
end; {case Ord(key2)}
exit_cell := 1;
end; {begin}
begin

number := Copy (number,l,(length{(number)-1));

GotoXY(WhereX-1,WhereY);

write (/7 ');

GotoXY(WhereX-1,WhereY); N
end;

begin
number := '';
Cursor_to_Cell(i,j);
for k := 1 to Cell Length do write (’ ’);
Cursor to _Cell{(i,j);
end;

If length(number) = 0 then- char_ok(key,number);

If length(number) = 0 then char_ok(key,number);

{Do Nothing if other keys are pressed}

end; ({case Ord(key)}

WrapAround;

until exit_cell = 1;

normal text;

until exit_ procedure =1;
end; {input number}




begin
Setup(x,y):
input_number(matrx);
Window(1l,1,80,25);
end; (M_Input}

Procedure MatAugment({var augmat,matl,mat2: matx);

var
i,j: Integer;

begin
for i := 1 to matl.rows do begin
for j := 1 to (matl.cols+mat2.cols) do
if j <= matl.cols then augmat.data(i,j] := matl.data(i,j]
else augmat.datali,j] := mat2.data([i,j-matl.cols};
end; (for i}
augmat.rows := matl.rows; i
augmat.cols := matl.cols+mat2.cols;
end; {MatAugment}

end. {unit}
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Unit mole;

interface
uses TGlobals,Graph,Dos;

Procedure Molelnit;

Procedure MoleVideoInit(Background: Integer);
Procedure MoleClip(Xlo,Y¥lo,Xhi,Yhi: Real);
Procedure MolePlot(Background: Integer);
Procedure MolePlusMinus;

Procedure MolelLeftRight;

Procedure MoleUpDown;

Procedure MoleExit;

Procedure MoleTranslateHorizontal;

implementation

Procedure MolelInit;

(* Call BeginAcroMole to initialize AcroMole, and to ensure that
AcroMole can *)
(* run on this system.

BeginAcroMoleVar.Version:=1; BeginAcroMoleVar.Revision:=0;
BeginAcroMoleVar.AcroMoleSize:=SizeQf (AcroMole);
BeginAcroMoleVar.AcroMolePointer:=addr(AcroMole);
BeginAcroMole(BeginAcroMoleVar);
If BeginAcroMocleVar.ReturnCode<>AMOkay Then
‘If BeginAcroMoleVar.ReturnCode=AMInvalidDOSVersion Then Begln

Writeln(’/AcroMol’#130’ requires DOS 2.0 or greater.’); Halt(l);
End .
Else Begin Writeln(’Internal error.’); Halt(2); End;

...... *). -

(* Get AcroMole’s suggested video mode, and ensure that this system
supports *)

(* at least one video mode.

...... *)

DetectVideoModeVar.VideoMode:=6;
DetectVideoModeVar.MaximumBuffer:=1;
AcroMole.DetectVideoMode (DetectVideoModeVar);

If DetectVideoModeVar.ReturnCode<>AMOkay Then Begin
Writeln(’/This program requires a 256K EGA video adapter’);
AcroMole. EndAcroMole(EndAcroMoleVar), Halt(3); End;

...... *)

(* Initialize various fields in the data blocks for the AcroMole
subroutines. *)

______ *)

GetVideoModeInfoVar.VideoMode:=6; .
CalculateScaleFactorsVar.SizeX:=65535; (* Initialize the screen
size to *)

CalculateScaleFactorsVar.SizeY:=49152; (* the standard 4:3 ratio.

*)
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CalculateScaleFactorsVar.ScaleFactorLo:=0; (* Magnify the picture by
a *)
CalculateScaleFactorsVar.ScaleFactorHi:=120; (* factor of 120.

*)

*)
(* ----------------------------------------------------------------------
______ *)
" Radius:=0.62; {Initial Position}
Set3DCameravVar.Perspective:=1000; (* Enable perspective for camera.
*)

Procedure MoleVideoInit(Background: Integer);

var
I,J: Integer;
begin
Assign(Output, ’‘prn’):;
Rewrite(Qutput);
AcroMole.GetVideoModeInfo(GetVideoModelInfoVvar);

(* Calculate the scale factors for Set3DCamera so that the object
*) ; _ .

(* will be the same size independent of the video mode’s
resolution. *)

CalculateScaleFactorsvVar.ResolutionX:=

. GetVideoModeInfoVar.MaximumScreenX-GetVideoModeInfovVar.MinimumScreenX+1;
CalculateScaleFactorsVar.ResolutionY:=

GetVideoModeInfoVar.MaximumScréenY-GetVideoModeInfoVar.MinimumScreenY+l;
AcroMole.CalculateScaleFactors(CalculateScaleFactorsvar);

Set3DCameraVar.ScaleFactorX:=CalculateScaleFactorsVar.ScaleFactorX;

Set3DCameraVarfScaleFactorY:=CalculateScaleFactorsVar.Scale?actorY;

*)

SetVideoModeVar .VideoMode: =GetVideoModeInfoVar.VideoMode;
SetVideoModeVar .Reset:=0; {1 resets hardware, 0 doesn’t}
AcroMole.SetVideoMode(SetVideoModeVar);
Acromole.GetVideoModeInfo(GetVideoModelInfoVvar);
ScreenWidth: =Round(GetVideoModeInfoVar.MaximumScreenX -
GetVideoModelInfoVar.MinimumScreenX);
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ScreenHelight:=Round(GetVideoModeInfoVar.MaximumScreenY -
GetVideoModeInfoVar.MinimumScreen?Y);

SetWindowVar . MinimumFilmX:=~-Round(ScreenWidth/2); .

SetWindowVar.MinimumFilmY:=~Round(ScreenHeight/2);

SetWindowVar.MaximumFilmX:=Round{ScreenWidth/2);

SetWindowVar.MaximumFilmY:=Round(ScreenHeight/2};

SetWindowVar.MinimumScreenX:=GetVideoModeInfovVar.MinimumScreenX;

SetWindowVar.MinimumScreenY:=GetVideoModelnfovar.MinimumScreenY;
AcroMole.SetWindow(SetWindowVar) ;

(* Clear the screen. If the video mode supports two or more
buffers, *)
(* so that we can double buffer, clear the first two buffers.

DrawRectangleVar.ScreenXl:=GetVideoModeInfoVar.MinimumScreenX;
DrawRectangleVar.Screen¥l:=GetVideoModelInfoVar.MinimumScreenY;
DrawRectangleVar.ScreenX2:=GetVideoModeInfovar.MaximumScreenX;
DrawRectangleVar.ScreenY2:=GetVideoModelInfovVar.MaximumScreenY;

DrawRectangleVar.Color:=Background; ToErase:=0;

If GetvideoModeInfoVar.MaximumBuffer=0 Then ToDraw:=1

Else Begin ToDraw:=2;
AcroMole.DrawRectangle(DrawRectangleVar);
SetDrawingBuffervVar.Buffer:=1;
SetDisplayedBuffervar.Buffer:=0;
AcroMole.SetDrawingBuffer(SetDrawingBuffervar);
End;

AcroMole.DrawRectangle(DrawRectanglevVar);

For I:=0 To 2 Do Begin Points[I]:=0; Lines(I):=0; End;
end; {Procedure MoleVideoInit}

Procedure MoleClip(Xlo,Ylo,Xhi,Yhi: Real); .

var
ScreenWidth,ScreenHeight: Integer;

begin
ScreenWidth:=Round(GetVideoModeInfoVar.MaximumScreenX -
GetVideoModeInfoVar.MinimumScreenX);
ScreenHeight :=Round(GetVideoModeInfovVar.MaximumScreenY -
GetVideoModelInfoVar MinimumScreenY) ;
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SetWindowVar.MinimumFilmX:
SetWindowVar .MinimumfFilmY:
SetWindowVar . MaximumFilmX:
SetWindowVar . .MaximumFilmY:

SetWindowVar.MinimumScreenX:
inimumScreenX) ;

SetWindowVar .MinimumScreenY:
MinimumScreenY);

=-Round((Xhi-Xlo)*ScreenWidth/2);
=-Round((Yhi-Ylo)*ScreenHeight/2);
=Round( (Xhi-Xlo)*ScreenWidth/2);

=Round{ (Yhi-Ylo)*ScreenHeight/2);

=Round(Xlo*ScreenWidth+GetVideoModeInfoVvar.M

=Round(Ylo*ScreenHeight+GetVideoModeInfoVar.

AcroMole.SetWindow(SetWindowVar);

end; {Procedure MoleClip}

Procedure MolePlot(Background: Integer);

var
I,J: Integer;

Begin

*

(* Set the camera position. . The camera rotates around the object,

(* which makes the paddlewheel look like it is spinning.

With Set3DCameravar Do
Begin

WorldX:=-Round(Radius#*RotMat([0,2]);
WorldY:=-Round(Radius*RotMat[1,2]);
WorldZ:=-Round{Radius*RotMat[2,2]):;
DirectionX:=Round(RotMat[0,2]));
Direction¥Y:=Round(RotMat[1l,2]);
DirectionZ:=Round(RotMat([2,2]);
UpX:=Round(RotMat([0,1]);
UpY:=Round(RotMat(1l,1]);
UpZ:=Round(RotMat([2,1]);

end; .

AcroMole.Set3DCamera(Set3DCameravar);

_-..*)
For I:=1 To NumberOfEndpoints Do

AcyroMole.Transform3DEndpoint (WorldEndpoint[I-1].Transform3DEndpointVar);
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___*)

(* Clip any lines that we cannot immediately accept or reject. If
the *) ’

(* OR of the clipping bits is zero, then we can immediately accept
the *)

(* line, and if the AND is non-zero, then we can immediately reject
the *)

Lines[ToDraw] :=0;
For I:=1 To NumberQfLines Do
With WorldLine({[I-1], Screenline[ToDraw,Lines[ToDraw]] Do

If Layer and LayerScreen <> 0 then

. If : . ’ ‘
‘(WorldEndpoint [Endpointl].Transform3DEndpointVar.ClippingBits Or

WorldEndpoint[Endpoint2].Transform3DEndpointVar.ClippingBits)=0
Then Begin
With WorldEndpoint (Endpointl] Do Begin
DrawLineVar.ScreenXl:=Transfcrm3DEndpointVar.ScreenX;
- DrawLineVar ..ScreenYl:=Transform3DEndpointVar.ScreenY;
End;

With WorldEndpoint[Endpoint2] Do Begin
DrawLineVar.ScreenX2:=Transform3DEndpointVar.ScreenX;
DrawLineVar.ScreenY2:=Transform3DEndpointvar.ScreenY;

End; . .
DrawlLineVar.Color:=LineColor; Inc(Lines[ToDraw]); End
Else If
(WorldEndpoint[Endpointl] .Transform3DEndpointvVar.ClippingBits
And
- WorldEndpoint [Endpoint2].Transform3DEndpointVar.ClippingBits)=0
Then Begin

With WorldEndpoint[Endpointl] Do Begin

Clip3DLineVar.ClippingBitsl:=Transform3DEndpointVar.ClippingBits;
Clip3DLineVar.ScreenXl:=Transform3DEndpointVar.ScreenX;
Clip3DLineVar.ScreenYl:=Transform3DEndpointVar.ScreenY;
Clip3DLineVar.CameraXl:=Transform3DEndpointVar.CameraX;
Clip3DLineVar.Camera¥Yl:=Transform3DEndpointVar.CameraY;
Clip3DLineVar.CameraZl:=Transform3DEndpointVar.CameraZ;

- End;

With WorldEndpoint[Endpoint2] Do Begin

Clip3DLineVar.ClippingBits2:=Transform3DEndpointVar.ClippingBits;

Clip3DLineVar.ScreenX2:=Transform3DEndpointVar.ScreenX;
Clip3DLineVar.ScreenY2:=Transform3DEndpointVar.Screen¥Y;
Clip3DLineVar.CameraX2:=Transform3DEndpointVar.CameraX;
Clip3DLineVar.Camera¥Y2:=Transform3DEndpointVar.CamerayY;
. Clip3DLinevar.CameraZ2:=Transform3DEndpointVar.CameraZz;
End;

AcroMole.Clip3DLine(Clip3DLineVar);

If Clip3DLineVar.ReturnCode=AMCkay Then Begin
DrawLineVar.ScreenXl:=Clip3DLineVar.ScreenXl;
DrawLineVar.ScreenYl:=Clip3DLineVar.ScreenYl;
DrawLineVar.ScreenX2:=Clip3DLineVar.ScreenX2;
DrawLineVar.ScreenY2:=Clip3DLineVar.Screen¥2;
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DrawLineVar.Color:=LineColor; Inc{Lines[ToDraw]); End;

- -k

(* If we are double buffering, first erase all of the old points
and *)
(* lines in the non-visible buffer, then draw all of the new
points and *)
(* lines, and then switch buffers.
* ) .

For I:=1 To Lines[ToErase] Do Begin (* Erase old
lines. *)
With ScreenlLine[ToErase,I-1] Do Begin
DrawLineVar.Color:=Background;
AcroMole.DrawLine(DrawLinevVar}; End; Eng;
ror I:=1 To Lines[ToDraw] Do (* Draw new
lines. *)°
AcroMole.DrawlLine(ScreenLine[ToDraw,I-1].DrawLineVar);
SetDrawingBufferVar.Buffer:=(SetDrawingBuffervar.Buffer+l) Mod 2;
AcroMole.SetDrawingBuffer(SetDrawingBuffervar); (* Switch
drawing. *) : . : . ’
SetDisplayedBufferVar.Buffer:=(SetDisplayedBufferVar.Buffer+l) Mod
2; .
AcroMole.SetDisplayedBuffer(SetDisplayedBuffervar); (* Switch
displayed. *) .
ToErase:=(ToErase+l) Mod 3; ToDraw:=(ToDraw+l) Mod 3;
Repeat AcroMole.CheckVerticalRetrace(CheckVerticalRetracevVar);
Until CheckVerticalRetraceVar.ReturnCode=AMOkay; End

(* If we are single buffering, erase and redraw one point and one
line =)
(* at a time, so that the screen is never entirely blank.
*)

Else Begin J:=Points(ToErase]; If J>Points(ToDraw] Then
J:=Points[ToDraw]; .
J:=Lines[TcoErase); If J>Lines[ToDraw) Then J:=Lines|[ToDrawj;
For I:=J+1 To Lines{[ToErase] Do
With ScreenLine[ToErase,I-1] Do Begin
DrawlineVar.Color:=Background;
AcroMole.DrawlLine(DrawLinevar); End;
For I:=J+1 To Lines{ToDraw] Do .
AcroMole.Drawline(Screenline[ToDraw,I-1].DrawLinevar);
ToErase:=(ToErase+l) Mod 2; ToDraw:={ToDraw+l) Mod 2; End;




(* Synchronize with vertical retrace.

---%)

Repeat AcroMole.CheckVerticalRetrace(CheckVerticalRetraceVar);
Until CheckVerticalRetraceVar.ReturnCode=AMVerticalRetrace;

__-*)
(* Get the keyboard status, check the status of the CTRL and BREAK
{or *)
{(* CTRL and C) keys, and clear the keyboard buffer.

--_*)
AcroMole.GetKeyboardStatus(GetKeyboardStatusVar);
AcroMole.CheckBreak(CheckBreakVar);
AcroMole.ClearKeyboardBuffer (ClearKeyboardBufferVar);

end; {Procedure MolePlot}

Procedure MolePlusMinus;
var
i,j: integer;

R R e e e -

---*)

(* The pius and minus arrow keys move you in and out from the box.
*)

(* Don’t move any closer than 0, nor any further than 32767.

*) :

Begin

If (GetKeyboardStatusVar.Down[4] And 16384)<>0 (* Plus key held 4cdwn.
*)
Then Radius:=Radius-0.005; (* Move toward Box. *)
If (GetKeyboardStatusVar.Down[4] And 1024)<>0 (* Mirus key held down.
t) -
Then Radius:=Radius+0.005; (* Move away from Box. *)
If Radius<0.0000001 Then Radius:=0.0000001; If Radius>1.0 Then
Radius:=1.0;
end; {Procedure MolePlusMinus}

P.ocedure MoleLeftRight;

(#--mmmmnnee- R AREEEEEEEEEEEEEREEE Sl
_—-f)

(* The left and right arrow keys change the angle along the X and Z
axis. * )
(* Save the new scale factors for Set3DCamera.

var
TempReal: Real;

Begin
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If (GetKeyboardStatusVar.Down(4] And 8192)<>0 ({Right arrow held
down}
Then SinAngle:=SinPosAngle
else SinAngle:=-SinPosAngle; (Left Arrow}
TempReal:=RotMat(0,0];
RotMat([0,0] :=CosAngle*RotMat[0,0] -SinAngle*RotMat(0,2];
RotMat [0, 2] :=SinAngle*TempReal+CosAngle*RotMat (0,2];
TempReal :=RotMat[1,0];
RotMat[1l,0]:=CosAngle*RotMat([1l,0]-SinAngle*RotMat(1,2];
RotMat[1l, 2] :=SinAngle*TempReal+CosAngle*RotMat[1,2];
Te pReal:=RotMat[(2,0]; .
RotMat[2,0] :=CosAngle*RotMat[2,0] -SinAngle*RotMat([2,2];
RotMat[2,2] :=SinAngle*TempReal+CosAngle*RotMat{2,2];
end; {Procedure MoleLeftRight;}

Procedure MoleUpDown;

var
TempReal: Real;

Begin
If (GetKeyboardStatusVar.Down[4] And 256)<>0 {Up arrow held down}
Then SinAngle:=SinPosAngle
else SinAngle:=-SinPosAngle; {Down Arrow}
TempReal:=RotMat([0,1];
RotMat(0,1] :=CosAngle*RotMat[0,1]-SinAngle*RotMat[0,2];
RotMat({0,2]:=SinAngle*TempReal+CosAngle*RotMat [0, 2];
TempReal:=RotMat[1l,1];
RotMat[l,1]:=CosAngle*RotMat(1l,1]-SinAngle*RotMat{l,2];
RotMat(l,2]:=SinAngle*TempReal+CosAngle*RotMat(1l,2];
TempReal:=RotMat(2,1];
RotMat([2,1]:=CosAngle*RotMat[2,1]-SinAngle*RotMat([2,2];
RotMat[2,2]:=SinAngle*TempReal+CosAngle*RotMat(2,2];

End; {Procedure MoleUpDown}

Procedure MoleExit;

______ *)

(* Restore the original video mode, clear extraneous keystrokes from the
%*

(* keyboard buffer, end AcroMole, and return to DOS.

Begin
AcroMole.RestoreOriginalVideoMode(RestoreQriginalvideoModeVar);
AcroMole.ClearKeyboardBuffer (ClearKeyboardBuffervar);
AcroMole.EndAcroMole (EndAcroMoleVvar);

End;

End.
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