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MICROCOMPUTERS IN ORTHODONTICS

Abstract
by
RICHARD J. GRIFFITH

Computer systems in the form of microcomputers have made
electronic information processing an economic feasibility for small
organizations. Two organizations which can derive benefits from
the microcomputer are a dental office and a department within a
dental schoeol.

Microcomputers may be used for business functions. They
cal also be used in clinical application or for research purposes.
Unfortunately, there are few dentists who have the background to
evaluate their needs for a computer system and to then proceed
with with procurement and implementation of an appropriate system.

The purposes of this study are as follows:

1. Design a microcomputer hardware configuration for the

Orthodontic Department of the Case Western Reserve

University Dental School.

2. Select the specific types of hardware and their
manufacturers.

3. Select a qualified and competent distributor.
4. Determine applications and their priority for the Department

of Orthodontics at the Case Western Reserve University
Dental School.
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5. Design, write, and implement programs for the selected
microcomputer system that could be used for clinical or
research purposes.

6. Provide an operations manual that would enable a student,
dentist, or auxillary to use the sysfem.

7. Evaluate the entire process and provide pertinent comments
and recommendations for others who might be interested in
microcomputer systems.

A six component system was configured for the Orthodontic
Department. Using this system, nine programs were developed.
Seven of those were created for research purposes and two
primarily for clinical application. An operations manual was written
to facilitate the use of the programs.

In addition, suggested recommendations for dentists

interested in microcomputer systems have been set forth.
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INTRODUCTION

Two forces are responsible for bringing electronic
information processing directly to the dentist and dental
researchers. One is the demand on each of these individuals to
have large quantities of relative information readily available. The
other is the technological progress that has been made in the field
of electronics to cause a significant decrease in the costs associated
with procuring and operating a computer system. Together, these
factors make microcomputer systems a powerful adjunct for a dental
practice and for dental research.

The purposes of this study are as follows:

1. Design a microcomputer hardware configuration for the
Orthodontic Department of the Case Western Reserve
University Dental School.

2. Select the specific types of hardware and their
manufacturers.,

3. Select a qualified and competent distributor.

4. Determine applications and their priority for the Department
of Orthodontics at the Case Western Reserve University
Dental School.

5. Design, write, and implement programs for the selected
microcomputer system that could be used for clinical or
research purposes.

6. Provide an operations manual that would enable a student,
dentist, or auxillary to use the system.

7. Evaluate the entire process and provide pertinent comments
and recommendations for others who might be interested in
microcomputer systems.



LITERATURE REVIEW
Definition
A computer is a mechanism that can accept information;
store information; retrieve it either immediately or at some future
time; perform operations on information; and present information in

a usable format.

Historical

Computers, as they are known today, were not conceived
suddenly following World War II. Their history reaches back many
hundreds, if not several thousand years. A most effective and
popular computational device of early civilization was the abacus.
Early navigational instruments may be regarded as simple
computers.

As the civilized world moved into the era of the industrial
revolution the need for more sophisticated data processing devices
increased. The slide rule became an important tool for increasing
the speed by which calculations can be performed. In the early
1800's an Englishman, Charles Babbage proposed the "Analytical
Engine" (Reid-Green, 1978). He was never able to produce his
engine, but the ideas were harbingers of many things to come.
Babbage suggested that data be stored as digits represented by

holes punched in heavy paper.



In the mid to late 1800's, an American, Herman Hollerith,
used his knowledge of data processing and the availability of
electrical power to develop a data processing machine (Reid-Green,
1978). This device utilized a punched card system. In 1890, the
United States Census Bureau used Hollerith's system for that year's
census. The card system was successful in handling the increased
volume of material and was capable of performing all necessary

functions in about one third of the previously required time.

First Generation Computers

The first half of the Twentieth Century produced many
variations of mechanical processing systems. With the development
of the vacuum tube, the capability to transmit and store electrical
pulses became available. Eventually, this led to the first truly
electronic computers of the 1940's. These computers were known as
first generation computers.

In 1944, the University of Pennsylvania developed ENIAC,
the prototype first generation computer. It was a vacuum tube and
wiring board modality computer. Primitive by today's standards,
ENIAC was, however, the first real breakthrough from mechanical
data processing into electronic data processing.

First generation computers were the products of extensive
research and development. They held out to science and industry
the possibility for very large processing increases in information
volume. These first computers, amazing as they were, were not

without some very significant problems.



The space requirements for early computer systems was a
function of the vacuum tube. The vacuum tube is a relatively large
piece of electronic equipment, and thousands were required to make
up a computer. These tubes generate considerably high
temperatures. High temperatures necessitate a distance requirement
between the tubes, else they would inhibit air circulation and
quickly burn each other out. Early computers grew in bulk even
more when required cooling equipment was added. Some computer
systems even had electronic water cooling systems.

Reliability was one term which could not be applied to first
generation computers. The many parts, the new technology, and
the high temperatures were causes of frequent breakdowns. Repair
of these computers was a complicated process for which few
technicians were suitably trained. Consequently, the users of
these early machines had a great amount of time and expense
invested in maintenance.

Costs and problems in implementation, operations, and main-
tenance often outweighed the benefits of the early computers. Few
institutions could economically justify the expenditures required for

a computer.

Second Generation Computers
In 1949, three men were responsible for a landmark scienti-
fic discovery. Bardeen, Brattain and Schockley (Orear, 1967)

transformed the theory of semiconductors into what was to become



known as the transistor. This was the technological breakthrough
necessary to make computers practical and economical.

The transistor had an unprecedented impact on the
computer industry as well as society as a whole. Data processing
or information processing began to develop into a science. The
cost-productivity relationship of electronic data processing dropped
into a range that made it practical for many large companies,
governmental agencies, and  universities to operate second
generation computer systems. Reliability, less stringent economical
requirements, greater ease of implementation, simpler programming
procedures and more sophisticated information storage capabilities
made the second generation, transitorized computer very desirable
for high volume data processing. Now information could be
processed economically and in mere fractions of previously required

time.

Third Generation Computers

The transistor represents one of the greatest advances in
modern electronics. It became the basis for a multitude of products
that led from transistor to integrated circuit. The integrated
circuit combined many semiconductor functions and their
interconnections into a silicon chip. Electronic circuitry was
reduced to a microscopic scale. What had once reguired many
wiring boards and tubes could now be performed on a chip tiny

enough to be held between one's fingers. With this, the computer



industry entered the third generation, the generation of the
integrated circuit.

Today the computer industry is still within the third
generation concept. Integrated circuits are profoundly more
sophisticated than they originally were but the basic idea is the
same. These small components are responsible for the decrease in
size of computers. They have resulted in increased reliability and
capability of computer equipment. The cost of production of
integrated circuits has also plummeted, making computers less
expensive than they have ever been before.

The computer industry has spawned many specialty
interests. Among these are the minicomputer and the microcomputer
industries. Minicomputers are the next step down from major
computer systems. Their spectrum of capabilities is not quite up to
the level of the large systems. However, specialized minicomputer
systems may be more appropriate for specific functions, and at a
cost well below the large general systems.

The microcomputer industry is the newest development in
the data processing field. It has evolved from two directions: from
the specialized minicomputer, which still requires a relatively large
investment for both purchase and operation; and from the hand
calculator, which is incapable of advanced-level information
collection, storage, and processing.

The microcomputer is a reduced size and capacity general

computer. It has been designed primarily for use by small



businesses and laboratories; by hobbyists; and for personal
computing needs. It is less sophisticated in its capabilities than
the minicomputer but costs are usually below $20,000. The majority
of microcomputer systems available today range from between $1,000

to $10,000 in purchase price.

Memory

Internal Memory

Two categories of memory exist, internal memory and
external memory. Internal memory is often referred to as the core
of the computer. This memory may be read only memory (ROM) or
programmable memory (PROM). The ROM memory is hard-wired into
the computer and can not be changed by the user. PROM is
available for use by soft-ware systems.

The basic unit of memory is the byte. It, in turn is
comprised of eight elements which are termed bits. The position of
the bits and their condition is important in determining what the
byte is expressing. The entire byte may be considered a binary
representation of some character. The bits may be either on,
hence their value is one, or they are off with a value of zero.
Only these two possibilities exist. With eight bits there may be 256
possible combinations of ones and zeros. From these combinations it
is possible to express numerical values, letters and characters.

Memory is often referred to in thousands of bytes. The
letter K is used to designate thousands. Microcomputers usually

have between 8K and 64K.



External Memory

External memory comes in many forms. This type of
memory is often referred to as storage memory. Punched cards
were one of the first forms of storage memory. On each card are
twelve rows and eighty columns. The position of a single punch on
a row and column represents a particular number, letter or
character. Punched tape is another means of data storage similar
to punched cards.

Magnetic forms of data storage are efficient and easy to
use. Magnetic tape is one means of storing large quantities of
data. On magnetic tape, data is stored serially, i.e., each record
is physically stored in the sequence in which it was written. The
major limitation is that the tape must be sequentially read to find a
specific record.

Magnetic drums and discs are by far the most popular
means of storing information. Discs are now capable of storing
many millions of bytes of information and still maintain a random
access capability. Random access refers to the ability to access a
record directly from a file without having to search an entire file to
find that record. This capability is an absolute necessity for those
systems that require immediate access to specific records. For
microcomputer systems, floppy disc storage or hard disc storage is
available. The hard discs generally have a greater storage capacity

and shorter data access time.



Another type of storage is becoming available. It is
referred to as "bubble memory". The memory actually stores
information by producing bubbles with magnetic fields. This type
of storage exists in an integrated circuit making it faster than
other forms of magnetic storage. It is also non-volatile, which
means it is not lost when the power is removed, as is the case with

internal programmable memory.

Hardware
Hardware is the term used to describe the physical elements
of the computer system. Hardware ranges from microcircuits to the
nuts and bolts that hold the frames together. Sometimes the phrase
peripheral hardware may be used. This implies that a piece of
hardware is not part of the central processing unit. Examples of
peripheral hardware would be disc drives, printers, plotters, tape
drives, and cathode-ray tube terminals.
A further discussion of the hardware used for the
development of this project may be found in the Materials and

Methods section of this paper.

Software
Software is the least understood aspect of computer systems
for individuals who have had little or no experience with computers.
The software is everything that is left over after the hardware and

energy are removed. It is the logic that controls the hardware for
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some meaningful purpose.

Operating System
The systems software can be divided into two categories.
The operating system is the major controlling software of the
computer system. It provides the system with a means of using
memory, peripheral devices, communicating with the operator, and

for using application programs.

Utility Software
The utility software is the other aspect of the systems
software. The utility programs provide the user with many
capabilities that would otherwise have to be specially written by a
programmer. This type of software is very beneficial in the
development of user programs. The utilities used in this project

are discussed in the Methods and Materials section.

Programming Languages

The software is the logic, but the logic is produced via
program languages. When one speaks of low level languages and
higher level languages the reference is to how closely the language
resembles or approximates machine language. Usually, the more
complicated a language the closer it is related to machine language.
The higher level languages are more easily understood, require less
knowledge of what is actually happening with the computer system,

and may be more readily implemented.
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Machine language is a binary duplication of the status of
the bits in memory. Writing programs in this language gives
maximum flexibility and conserves on the memory requirement.
Conversely, it is extremely difficult and time consuming to use.
This type of programming should be left to the experts.

Assembler language is at the next language level. It is
more easily used than machine language but still requires
considerable expertise in its usage. Assembler is the language that
is used by system software developers where it is necessary to
maximize programming efficiency.

The most popular languages are the high level languages.
These languages more readily resemble words, phrases and termin-
ology that human beings are accustomed to dealing with. They are
relatively easily learned and can be used without intimate knowledge
of computer intricasies. COBOL, BASIC, FORTRAN, and PASCAL
are examples of high level, structured languages. It is in these
languages that most application programs are written. Of course,
versatility and efficiency are sacrificed with complexity. This
makes it necessary to have several different languages that have

been developed for specific types of functions.

Application Software Development

The neophyte attempting to expand into electronic data
processing usually looks at only the hardware and pays little

attention to software. The great misconception is that all that need
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be done is to purchase the hardware, plug it in and information
processing begins. Actually, selecting the right equipment
probably accounts for only a relatively small part of the work
required to get a system running. The remaining effort can be
very time consuming and costly. The purchaser may wish to
develop his own programs. If he has limited previous experience
and cannot work exclusively on the project, much time will be
required to learn how to use the equipment, the operating system
and the programming languages. Once this has been accomplished
it will be necessary to critically analyze the functions of the
proposed applications. Then the system must be written, debugged
and tested. Many hundreds of man-hours may then be required to
implement even a simple system. Several years may be necessary to
get more complicated systems into operation.

The cost of development is directly related to the time
required for implementation. For the individual doing his own
development there are two cost factors. One is the materials and
training necessary to get started. The other is the cost of the
time the individual spends learning and developing the software.

If the decision is made to hire a systems analyst to design
and implement application programs, the time required will be less.
However, cost will be significant. An analyst, depending on
background and experience, can cost in the range of $10.00 to
$25.00 per hour. The cash outlay for the system can easily
double.
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Expectations

Almost limitless potential exists in the area of electronics.
Every indication suggests that the contemporary era of electronics
has really just begun. Discoveries and innovations are occurring
almost on a daily basis. There is hardly time to put these new
ideas into production before something else comes along to make
them obsolete. The electronic industry is essentially involved in a
technological chain reaction.

The effects on the computer industry are profound.
Integrated circuitry is becoming more sophisticated and powerful.
The cost of producing electronic elements has decreased.
Consequently, the computer industry is an economically strong
industry. This alone will stimulate even more research and
development. It should require no more than three to five years to
make the microcomputers of today seem like tube radios by
comparison.

Presently, the microcomputer industry appears to be
directing energy in two directions. One is in the development of
reliable, cost-effective mega-byte storage (mega refers to million).
Hard discs should be the more immediately available mode for
storage. Bubble memory is just beginning to be available and its
potential is literally open to imagination.

The other direction for development will be the one area
that has lagged behind the technological development. This is in

the area of software. Good software is very difficult to procure.
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That which operates the microcomputer systems is substantially
incomplete, especially in comparison to minicomputer systems. Once
high quality software packages become available, the cost and

difficulty of implementing a system will decrease considerably.



METHODS AND MATERIALS

A computer system may be classified into two major
divisions. The one most familiar is the hardware division. The
term hardware, as previously mentioned, refers to the physical
units or components of the system. Examples are the disc drives,
tape drives, printers, and control consoles. The hardwiring, or
physical logic in the components, may also be considered part of
the hardware.

The second division is the software division. The software
is not something that is tangible. It is the logic that controls the
complex operation and interactions of the system for useful
purposes. This division may be subdivided into twc general

categories, operating system software and user software.

Hardware System

The computer system hardware used in this project is
composed of six elements. The central processing unit has been
designed by the Alpha Micro Corporation of Irvin, California. This
16 bit memory processor is responsible for controlling the operation
of the system. Floppy disc controllers, device driver, and 48
thousand bytes of main memory are integral parts of the processor.
The operating system software and user software become
electromagnetically recorded into the internal memory of the central

processor when the system is operational.

15
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The primary data storage device is in a dual floppy disc
drive designed by the Byte Shop of Ohio in Rocky River, Ohio.
This unit has two drives, each capable of using an 8% inch disc
that can store approximately 200,000 bytes of information. The
operating system, user programs, and data files are stored on these
disecs. Because disc drives are used, as opposed to tape storage
drives, the system can access information more quickly and can do
so in a serial or random access mode.

For hard copy, printed output a Texas Instruments 810
printer designed by Texas Instruments Inc. of Houston, Texas, has
been used. The 810 printer is a receive-only printer, i.e., there
is no keyboard for communication with the processor. It isa9x?7
dot matrix printer with 10 characters per inch and 132 characters
maximum per line. The paper that can be handled ranges from 7.6
to 38.1 cm. in width and can have up to one original and five
copies.

The console terminal used for controlling and communicating
with the operating system and program is a Soroc video terminal,
from Soroc Technology Corporation of Anaheim, California. This
terminal has a keyboard similar to most typewriter keyboards but
with a few additions to facilitate usage.

A Summographics Bit Pack One digitizing board from the
Summographics Corporation of Fairfield, Connecticut, was used in
the development of programs that store cephalometric points. The

digitizer has the capability of resolving two hundred points per
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inch. Selection of points is performed with a pen type stylus.
The digitizer does not have the continuous line feed option but
works in the single point transmission mode. Points selected are
transferred inte coordinate values and transmitted to a memory
buffer in the processor that is accessible by user programs.

The system also has a Tektronix 4006-1 graphics display
terminal from Tektronix Inc. of Beamerton, Oregon. This terminal
can function in both graphics and alpha modes. Graphics
capabilities allow for excellent resolution with 798,720 displayable

points out of a total of 1,048,576 addressable points.

Software System

In addition to the aforementioned hardware, the Alpha Micro
Operating System (AMOS) provides the software logic for operation
of the processor and its peripherals. Within the logic are
instruction sequences to transmit, print and read commands. The
system provides memory logic for storing and manipulating
information in the memory core.

Several adjunct software utilities were used in developing
the programs for this project. Most important is the Alphabasic
program. All programs that were developed were written in
Alphabasic which is an extension of the Basic language. A unique
variable description command, called a MAP command, was utilized
to design the file records and record fields. Alphabasic also
supports triganometric commands which were extensively used in

program development.
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There was also significant usage of other utilities in the
development process. The Copy utility reproduced programs and
files. Vue, the text editor software was the utility used for
building all of the program source files. The Alphabasic compiler
then compiled the source files into machine language object files.
The Load program made it possible to link to assembler subroutines
in memory. Log provided for operator movement into different
sectors. Run loaded programs into memory and then commenced the
execution of the program. Sysact initialized discs and established
the sectors that were to be used on a disc. Dir displayed the files
stored in a sector. {(These utilities may be found in the Alphamicro
Operating Systems Manual.)

Software support can be found in other programs and
program systems that are available from the Alphamicro Corporation.
Pascal and Assembler are other available programming languages.
Business application systems such as inventory, payroll, accounts
payable, accounts receivable, and general ledger may also be

obtained.

Methods
A determination was made to develop a program or series of
programs that could build a file of cephalometric data points and
perform angle and distance calculations among these points. First
it was necessary to learn the capabilities of the system software and
hardware. This was accomplished through the use of manuals and

by writing test programs.
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The second step was to design the system of programs that
could accomplish the desired goals. The logic was flowcharted from
beginning input through file creation and data manipulation.

After the programs were flowcharted, the logic was coded
using the Alphabasic language. The coding is first done on paper;
then it is transferred to a Basic source file on a disc. Once all of
the coding has been transferred to the disc, the program is
compiled. Compilations perform several services. It edits the
program instructions to determine what syntax errors have been
made. These errors are then displayed on the video console. Its
other function is to transform the source coding into object coding
and to store this in an executable format.

Once all of the errors had been corrected in the coding, it
was necessary to test the logic. To do this, dummy files were
created. The programs were then run against these files until it
was determined that all possible conditions could be accounted for.

After testing was completed, discs were prepared by a
support program and then loaded with the operable program.
These discs are now available for individuals wishing to do research

or clinical analysis.



RESULTS

This manual is prepared to assist users in the operation of
the Department of Orthodontics microcomputer system. The manual
is divided into two major sections. The first section deals with
starting up the system and interactions between the operator and
the operating system. The second section gives a description of
programs presently available and instructions in their use.

Several precautions should be mentioned before continuing
with a discussion of the computer system. When operating the
equipment the room temperature should be between the extremes of
65 and 75 degrees farenheit. Beyond these extremes, the
probability of system malfunction increases.

Ideally, there should be no smoking in the area of the
computer. Smoke or ashes can permanently destroy the sensitive
electromagnetic components. This is especially true of the dises
upon which programs and data are stored. Deposition of smoke on
the disc surface will make them unreadable; consequently all
information in the affected file will be lost. Any fluids spilled onto
the equipment or the disc will render the device or disc unusable.

When handling the discs, only the paper covered portion
should be touched by the operators hands. Touching the delicate

20
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recording surface will leave oil deposits on the surface or will
scratch the surface. Either can damage a part of the disc beyond
use, thus effectively destroying the entire disc. Always store the
disc in a cool, dry area. They should be in individual sheaths at
all times except when being used in the disc drive. Do not store
the discs in a manner that can result in the abrasion of recording

surfaces.

Starting the Equipment

The microcomputer system is composed of six major
components and floppy discs upon which the operating system,
system utility programs, user programs and user data files are
stored.

The central processing unit is the primary controlling
device in the entire system. It contains the hardware logic for
memory functions and for communication with the other devices.
There are two switches on the face of the unit, an on-off switch
and a reset switch. Turn the on-off switch to the on position.
The reset switch will be used to "boot" the system, which will be
explained later. The central processing unit should be the first to
be turned on.

There is no particular order that the remaining devices
should be turned on. However, it is important to have all devices
that are going to be used turned on prior to the booting of the
system.

The disc drive unit is a dual floppy disc drive. It has two



22

slots for mounting the floppy discs. The slot on the left is
designated DSK@ and the one on the right is DSK1. DSK@ is the
system drive and will contain the system disc. DSK1 is the users
drive and holds the users disc which contains the programs and the
storage area for data files. There is an on-off switch on the front
panel and two spring buttons one next to each disc driver. The
spring buttons are used to disengage a disc from the driver. Push
the on-off button to the on position. The disc unit should always
be turned on after the processor is started. Never insert the discs
prior to starting the unit because damage to the recording surface
could occur.

The Soroc operator's terminal is the display console through
which the operator and the operating system communicate. It is
also the device used for interaction with programs. The on-off
switch is located on the rear panel. Turn it on at this time. Use
of the keyboard will be explained later.

The Texas Instruments printer has an on-off toggle switch
on the rear panel. Turn it on. The front control panel has
several buttons. The one labeled "on line" should be pressed so
that the red indicator light comes on. The "top of form" button
will run the paper through a complete cycle. The form alignment
buttons can be used to move the forms one print line in either
direction. For instructions on how to load and align the paper,

refer to the Texas Instruments manual for the model 810 printer.
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These four devices, the dual disc drive, the processor, the
operator's terminal, and the primter, must be on and operable for
the computer system to be used. The other two devices, the
digitizer and the graphics terminal are optional for normal
operating. Since there are no programs that presently utilize the
graphics terminal, its operation will not be discussed in this
procedures manual.

The digitizer is activated by a toggle switch on a control
box that is attached to the digitizing board via a cable. If there is
any intention to use the digitizing board to build data files, then
this unit must be turned on prior to the "booting" process.

A thin cable attaches a stylus to the digitizing board. It is
by pressing the tip of this stylus upon the board that coordinate
values are transmitted to a memory area in the control processing
unit. Only press this stylus upon the active area of the board
when it is desired toc record a point, else erroneous values will be
stored in a memory buffer and will then be entered as if they were
legitimate data.

Once the equipment has been activated, the discs may be
inserted into the disc drive slots. The discs need to be inserted
with the slot of the exposed recording surface entered first. The
label on the disc should face left relative to the front panel.
Insert the disc labeled "System Disc" into DSK@, the left drive slot,
and the disc labeled as the users disc into DSK1, the right drive
slot. These discs should be loaded carefully. They must be
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inserted all of the way into the drive slot. Remember, only touch
the protected part of the disc.

It may be necessary to remove one of the discs. To do so,
the disc drive unit must be operating. Pressing the eject button
next to the driver will cause the disc to be partially ejected. It
may then be removed by hand.

At this time, both dises should be mounted in their
respective disc drive slots. The system may now be "booted".
Booting refers to the retrieval of the operating system from the
systems disc and loading it into memory. To "boot" the system
press the "reset" button on the central processing unit. An
audible click will indicate that the booting process has started.
Verify that the process is taking place by observing the display on
the Soroc video terminal. In addition to the video display there
should be a small printout (refer to Appendix X). When an

electronically created bell sound occurs the system is ready.

Communicating with the Operating System

All communications with the operating system will be
performed via the Soroc video terminal. As the system is "booted",
information related to the process is displayed on the video screen.
As the screen is filled with information, a scrolling process occurs,
the first information displayed appears to roll out through the top
of the screen. Space is made, then, for an additional line at the
base of the screen. When the booting process is complete the

system will display a prompt sign and position the cursor for input.
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At this time the system is prepared for interaction with the
operator.

The prompt sign for the Alpha Micro operating system is a
period. When the system is ready to receive input, a period is
displayed at the beginning of a print line.

Next to the prompt indicator is the cursor. The cursor is
a square white display covering the space of the screen allocated
for a character, letter or number. At the position of the cursor a
character will appear when a key is depressed.

The Soroc keyboard works similarly to a typewriter
keyboard. There are, however, additional keys that are important
in the operation of the system. The button marked ALPHA should
be in the depressed position. This ensures the transmission of
upper case characters. The button labelled RUB is the erase key.
By pressing this key the cursor will move to the left one character.
It will cause the character it overlaps to be erased. When the
operator has completed the entry on the video screen, transmission
back to the operating system or to the program in process is
accomplished by pressing the RETURN button. All responses that
were typed into the console are then transmitted to the processor.

Holding a key depressed will cause multiple printing of the
character. The erase function also operates in this manner.
Unfortunately, the process of multiple operation occurs if the
RETURN key is held down. This can be insignificant if no

operations are in progress, however, if a program is running it
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may cause the program to operate incorrectly.

System Utility Functions

A system utility, as the name implies, is something that is
useful to the operator and can make programming and operations
less complicated and more effective. It will be necessary to perform
some of the utilities in order for the user to operate the system.
In the following explanation the correct entrys for different utility
functions will be in bold characters. Because syntax, i.e.,
commas, colons, letters, etc., is extremely important all console
responses will be preceded and followed in this manual by brackets.
When entering the clause into the terminal, type in absolutely and
only what is between the brackets in this manual. Do not include

the brackets.

MOUNT Utility

Sometimes it is necessary to remove a disc from one of the
drives, and to replace it with a different disc. After the new disc
has been inserted check the video screen. The system prompt, the
period, should be to the left side of the screen and the cursor next
to it. If this is not so, press the RETURN key and wait for the
prompt and cursor to position themselves. When the operator
wishes to mount a new disc on the systems drive, the correct entry
is [MOUNT DSK@:]. The correct entry for the user drive would be
[MOUNT DSK1:]. The colon is absolutely necessary.

The MOUNT command must also be used if the system is

booted without a disc in the user drive and the operator wishes to
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mount a disc in that drive.

Press RETURN after the entry is made.

LOG Utility

When the system is booted it is automatically operating from
the system disc, DSK@, and from a specific area, called a partition,
in that disc. The partition is given a numerical name, 1,4. The
partition 1,4 contains most of the system utilities.

The operator will usually not run programs from partition
1,4 on the system disc but will operate from partition 1,4 on the
user disc, DSK1. The user discs are presently set up so that all
user programs and data space is on 1,4 of a user disc. To get
from 1,4 on DSK§ to 1,4 on DSKI1, type in [LOG DSK1:]. To
transfer in the opposite direction type in [LOG DSK@:].

Press RETURN after the entry is made.

The system will display which disc drive and which

partition the operator is running on.

DIR Utility
The DIR utility provides directory information to the user.
It enables the operator to look at a list of all of the programs that
exist in the sector in which the operator is working. Type in

[DIR/W].
Press RETURN after the entry is made.
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A list of all of the programs and data files will be

displayed.

LOAD Utility

This utility allows the operator to bring into memory from a
disc a program or subroutine. What is unique with this utility is
that the program which is loaded is not executed as it would be if
the RUN utility were used. Once the program file is in memory it
may then be linked to and used by other programs that are
running. The "PLOT" subroutine is an example of a program that
will be loaded into memory when a digitized file is being created.
Type in [LOAD PLOT.SBR].

Press RETURN after the entry is made.

The system will respond with the system prompt and cursor
positioned on the next line. There is no verification that the

subroutine has been loaded.

DEL Utility
To clear a program or subroutine from memory the DEL
function should be used. This utility is used under present
circumstances to delete the "PLOT" subroutine subsequent to
building digitized files. The correct entry is [DEL PLOT.SBR].
Press RETURN after the entry is made.

ERASE Utility
This enables the user to erase programs and files from a

disc. It essentially makes available space previously allocated to a
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file and eliminates that file name from the directory of the disc
involved.

The operator will be primarily interested in erasing data
files that are no longer needed. There may, however, be some
circumstances where it is necessary to erase a program file.

Be sure that the system is logged onto the user disc drive,
DSK1.

All of the disc files listed in the directory posess a suffix
that identifies the type of file. For data files it is DAT; for
program files the suffix may be RUN or BAS. Subroutines have
SBR as their suffix.

These suffixes must be included when using the ERASE
function. The file name and suffix are separated by a period.
Three examples of ERASE commands follow: [ERASE CEFILE.DAT];
[ERASE PLTOD.RUN]; [ERASE PLOT.SBR]. Of course, data file
names are arbitrary and named at the discretion of the individual
who has created the file.

Press RETURN after the entry is made.

The system will respond by displaying that the file has
been deleted and will calculate the amount of new space available

for the user.

SYSACT Utility
When using this utility the operator must be extremely
careful. Unknowingly, one could completely destroy all the

information on the systems disc or the users disc. This utility



30

erases all files.

This utility is used to initialize a disc. Initialize refers to
the software preparation of a disc so that data files and program
files may be stored on it. All new discs are initialized before they
can be used. Sometimes the directory on a disc will be destroyed.
When this happens it is not possible for the system to find
programs or data files. To make the disc usable again it should be
initialized.

The SYSACT utility also provides for the establishment of
partitions on the dise. It was previously mentioned that all user
functions will be performed under partition 1,4 so to create any
other partitions under the present system will not be necessary.

Do not set pass words for the sectors at this time.

In the example that follows, it will be assumed that the
systems disc is mounted.

If not already logged onto DSK@, do so at this time:

[LOG DSK#]:
then press RETURN.,

Next, the operator will log into a partition other than 1,4.
This partition is 1,2. Type in:

[LOG 1,2]
then press RETURN.

The operator will now indicate the utility name to be run on
the device on which the disc is to be initialized. Type in:

[SYSACT DSK1]:
and press RETURN.
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The utility will return with its own prompt sign, an
asterisk (*¥). Type in an [I]. Then press RETURN. The operator
will be asked to confirm that the disc is to be initialized. Answer
[Y]
and press RETURN. The asterisks should return. Now type in [A
1,4] and press RETURN. The operator will be asked if a password
is desired. Since none is, no answer is to be supplied. Simply
press the RETURN key. The asterisk will return.

At this time, the operator can still get out of the utility if
there is any doubt about initializing the particular disc. This may
be accomplished by holding down the key labeled CONTROL and
depressing the C character key at the same time. The system will
return with the system prompt. The operator will still be logged
into partition 1,2. To get back to 1,4 type in [LOG 1,4] and press
RETURN.

If everything is in order with the SYSACT utility the
operator can type in an [E] next to the asterisk. Press RETURN
and exit from the utility having initialized the disc and established
the partition 1,4.

Now type in [LOG 1,4]. Press RETURN.

A new disc is available now on which files may be built.

COPY Utility
This utility is used to reproduce files and to transfer files
to a new disc.

To copy the entire systems disc, first log into partition 1,2
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of the system disc. Then type in [COPY DSKI1:[] = DSK@:[1].
Press RETURN. The system will copy all of the sectors and all of
the files in each partition from the old system disc on DSKJ to the
new system disc on DSKi. Each time a file is copied it will be
listed on the video screen. Copying an entire disec requires five to
ten minutes.

With this command, do not include the outside brackets but
do include the bracket pairs following DSK1 and DSK@.

After the copying process is completed, log back into 1,4.
The disc on DSK1 will be an exact copy of the systems disc.

Should it become necessary to recreate a users disc, the
process is slightly more complicated. The system disc has very
little free space for the transfer of files, consequently the process
of copying all the user program files from a back-up disc to a new

disc requires several series of COPY, ERASE, and MOUNT

functions. The list of necessary instructions follows. Of course,
after each entry, the RETURN key is to be pressed.

Mount the disc marked as the program back-up disc on
DSKI1.

[MOUNT DSK1:]

[COPY DSK@:=DSK1:PLOT.SBR]

[COPY DSK@:=DSK1:PLTLOD.BAS]

[COPY DSK@:=DSK1:SIMDIS.BAS]
Remove the back-up disc and mount on DSK1 the new users disc

that has already been initialized.
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[MOUNT DSK1:}
[COPY DSK1:=DSK@:PLOT.SBR]
[COPY DSK1:=DSK@:PLTLOD.BAS]
[COPY DSK1:=DSK{:SIMDIS.BAS]
[ERASE PLOT.SBR]
[ERASE PLTLOD.BAS]
[ERASE SIMDIS.BAS]
Remove the new disc and remount the back-up disc on DSKI1.
[MOUNT DSK1:]
[COPY DSK@:=DSK1:ANGL3.BAS]
[COPY DSK@:=DSK1:ANGL4A.BAS]
{COPY DSK@:=DSK1:PLTEN.BAS]
Remove the back-up disc and mount on DSK1 the new users disc.
[MOUNT DSK1:]
[COPY DSK1:=DSK@:ANGL3.BAS]
[COPY DSK1:=DSK@:ANGL4.BAS]
[COPY DSK1:=DSK@:PILIN.BAS]
[ERASE ANGL3.BAS]
[ERASE ANGL4.BAS]
[ERASE PILIN.BAS]
Remove the new disc and remount the back-up disc on DSKI1.
[MOUNT DSK1:]
[COPY DSK@:=DSK1:ADDIST.BAS]
[COPY DSK@:=DSK1:MULDST.BAS]

Remove the back-up disc and mount on DSK1 the new users disc.
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[MOUNT DSK1:]
[COPY DSK1:=DSK@:ADDIST.BAS]
[COPY DSK1:=DSK@:MULDST.BAS]
[ERASE ADDIST.BAS]
[ERASE MULDST.BAS]
Remove the new disc and remount the back-up disc on DSKI.
[MOUNT DSK1:]
[COPY DSK@:=DSK1:CANLOD.BAS]
Remove the back-up disc and mount on DSK1 the new users disc.
[MOUNT DSKI1:]
[COPY DSK1:=DSK@:CANLOD.BAS]
[ERASE CANLOD.BAS]
Remove the new disc and remount the back-up disc on DSKI.
[MOUNT DSK1:]
[COPY DSK@:=DSK1:CANNAL.BAS]
Remove the back-up disc and mount on DSK1 the new users disc.
[MOUNT DSK1:]
[COPY DSK1:=DSK@:CANNAL.BAS]
[ERASE CANNAL.BAS]
At this point a users disc has been built. The programs, are
however, in what is called source format. The computer is only
capable of using object code. The manner of producing this code

will be explained in the next section on compiling programs.

COMPIL Utility

Use this utility after creating a new user disc. It must be
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run on each of the programs copied with the exception of
"PLOT.SBR". Essentially compile all programs with the suffix BAS.
The operator must log onto DSK1 and should be in partition 1,4.
While each compilation is being done the system will print out
information related to the compilation. Start each compilation only
when the system prompt has been displayed in the screen. Press
RETURN after each entry.

Below is listed the necessary instructions for compilation of
all of the source programs.

[LOG DSK1:]

[COMPIL PLTLOD.BAS]

[COMPIL SIMDIS.BAS]

[COMPIL ANGL3.BAS]

[COMPIL ANGL4.BAS]

[COMPIL PTLIN.BAS]

[COMPIL ADDIST.BAS]

[COMPIL MULDST.BAS]

[COMPIL CANLOD.BAS]

[COMPIL CANNAL.BAS]

If a DIR/W is performed on DSKI1 the operator will see that
for each program compiled there will be a duplicate program, except
it will have the suffix RUN. These programs are now ready to be

used.

RUN Utility

When the RUN command is initiated it loads a specified
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program into memory and prepares it for execution. A program
must have the RUN suffix before it can be executed by the run
command. The correct format is [run program name]. Program
name is a variable that contains the name found on the disc. The
suffix RUN is dropped when using this utility. Following are some
examples of how this utility is used.

[RUN PLTLOD]
Press RETURN.

[RUN CANNAL]
Press RETURN.

User Program Operation

There are presently nine programs that may be used by the
Case Western Reserve University Department of Orthodontics
computer. For research purposes, there is a digitizing program to
build a file using X and Y coordinate values taken from
cephalometric tracings, and six programs which can be used for
cephalometric calculations. Clinical cephalometric calculations are
available through the use of two other programs, one to build the
disc file and one to perform the predetermined calculations.

In this section of the procedures manual, each program will
be discussed thoroughly, and complete instructions will be given on
how to run the programs. The operator is instructed to press
RETURN after each entry for transmission back to the preogram or

operating system.
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Once the operator is running a program, there can be no
communication with the operating system. Consequently, the
operator should make sure that all discs are inserted, that
programs are loaded, and that there is sufficient paper in the
printer. An interruption will cause incomplete termination of the
program. The problem will then have to be corrected and the
program restarted.

Prior to using one of the digitizing programs the operator
must be completely organized with respect to the cephalometric
material. Tracings should be complete with all points identified that
are to be entered from the digitizer. Each cephalogram or tracing
must be designated by a six digit identifying number. A list of the
points and their sequence of entry should be prepared. Each
cephalogram will have recorded the same number of points in the
same sequence. If a point cannot be located, either an arbitrary
dummy point must be entered or the cephalogram eliminated as an
input record.

The list identifying points recorded and their sequence
numbers should be used when running the calculation programs.
For the calculations, points are identified by sequence number, not

by names.

PLTLOD
The "PLTLOD" program is primarily a research tool. It is

a program that will give coordinate values to cephalometric points
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and store these on a disc file. A maximum of one hundred points
may be entered and at least two points must be entered. There is
no particular order in which the points are to be entered, but the
points have to be entered in the same sequence for each
cephalogram digitized, and there must be the same number of points
for each cephalogram. A maximum of 90 cephalograms may be
loaded on a disc that has no other data files on it. It is the
responsibility of the operator to know which points were entered
and in what sequence. This is very important when the file is
used as an input file for the calculation programs. Records or
cephalograms are identified by a six digit identification number.
Following will be the instructions and responses necessary
to run this program. Make sure that the system has been booted
with the digitizer turned on.
[MOUNT DSKI1:]
[LOG DSKI1:]
[LOAD PLOT.SBR]
[RUN PLTLOD]
Video display sequence of program prompts:
1. The first video display is a brief program explanation.
2. The second display is an instruction on how to enter the
name of a disc file. Another example would be:
DSK1:TESTI.DAT
3. Next enter the number that is on the label of the disc. This

is so the disc may be identified for future use.
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4. For the next response, enter the number of points that are
to be digitized on each cephalogram.

5. Place the cephalogram on the digitizer and enter a six digit
identification number.

6. This display explains the function of the recording surface
on the digitizer. Points can only be recorded from within
the inner boundaries. Press the stylus all the way down
then release it. Do not try to enter the points too quickly.
The program will keep track of how many points have been
entered.

The program possesses error recovery options at this point.
If the wrong point has been entered or the operator forgets which
point is being entered, press the stylus to the right of the
cephalogram within the right side boundary lines. The last entry
will be erased, and displayed upon the screen will be the sequence
number of the next point to be entered.

Above the cephalogram, within the upper boundary region
is an area for exiting from the program and for error recovery.
By pressing the stylus in this region several options will become
available.

The first option is to exit from the program. By answering
yes, [Y] all files will be closed and the operator will exit from the
program.

If the answer is no, [N], the next question will ask if the

operator wishes to reset the program. If the answer is yes, [Y],
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the operator must restart the program at the point of entering the
points to be recorded per cephalogram. All previously recorded
records are lost.

If the answer to the reset question is no, [N], the next
question will ask if the operator wishes to restart the cephalogram
that is wanted. If the answer is yes, [Y], all previously entered
points for that record are erased and the operator must restart the
cephalogram.

Once a cephalogram has been digitized and recorded on the
disc file, it cannot be erased from the file.

7. After the cephalogram has been recorded, the program will
ask if the operator wishes to enter another cephalogram. If
the answer is no, [N], the files will be closed and the
program will provide a print out with the file name, disc
number, and the number of cephalograms transferred. If
the answer is yes, [Y], the program will ask the operator to
mount the next cephalogram and continue with the program
as previously done.

To delete the "PLOT" subroutine from memory, type in:

[DEL PLOT.SBR].

SIMDIS
This program calculates the distance between any two points
from a digitized cephalogram. Up to fifty two-point distance

calculations may be performed per cephalogram. In addition to
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calculating the distance between two points, this program alsc
provides for the addition of any two calculated distances. Ten of
these additions are permissable.

The operator must know the seguence in which points were
entered because the program identifies the points by their sequence
numbers. With this identification the program can select the
correct coordinate values for the distance calculations. For
instance five points may be entered in the following sequence:
sella, nasion, A-point, B-point, and pogonion. Therefore to find
the distance between nasion and pogonion the operator must
instruct the program to calculate the distance between point two
and point five.

Not only do the points have sequence numbers that may go
from one to one hundred, but the actual calculations have sequence
numbers that go from one to a maximum of fifty. This is important
for the addition of two distances option. Two calculation sequence
numbers must be given for each addition of two distances. A
maximum of ten such calculations are possible. For example, fifteen
two point distance calculations could be made and the operator
might wish to know the sum of the third distance calculation and
the eleventh distance calculation. These calculations sequence
numbers would be entered into the program at the appropriate time.

Following are instructions on operating and communicating

with the "SIMDIS" program:
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[MOUNT DSK1:]
[LOG DSK1:]
[RUN SIMDIS]

display sequence of program prompts:

. The first display is a brief description and an inquiry.

Respond appropriately.
The second is an explanation of file name entry. The data
file name is the same as used in the "PLTLOD" program.

Refer to the printout of that program for the exact name.

. Next the operator will be questioned concerning the add

distance option. If this option is taken, the program will
need to know how many such summations will be made.
Here, it is important to know beforehand what distance
calculations will be made and in what sequence. The

program will ask for calculation sequence number (A) and

'calculation sequence number (B) until it has satisfied the

number of pairs to be added.

. Whether or not the add distance option is selected, the

operator will be asked how many two point distance

calculations are going to be performed.

. An instruction display follows. After it there is a display of

which calculation is being performed. Then the program will
ask for the point sequence numbers; two for each
calculation. These are referred to as point (A) and point

(B) for each calculation. Once all points are entered, the
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program will perform the desired calculations on all records
in the file.

6. The program will finally print out the calculated two point
distances and the add distance values. Records are
identified by a six digit number. There will be a final
display to inform the operator that the program has run to

completion.

ANGL3

This program will calculate an angle given three points.
The input data file is the same as created by the "PLTLOD"
program. A maximum of fifty three-point angle calculations may bhe
made per record. As with all of the calculation programs it is
important to know the sequence of the points which are on the
input record file. It is with these point sequence numbers that
this program references the correct coordinate values and then uses
these values to determine the size of the desired angle. The
calculations will be performed on all records of the input file.

Following are instructions on operating and communicating
with the "ANGL3" program:

[MOUNT DSK1:]

[LOG DSK1:]

[RUN ANGL3]
Video display sequence of program prompts:

1. The first display is a brief program description.
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2. Next is an explanation of the file name entry. Use the same
file name as that created in the PLTLOD program.

3. Then enter the number of three point angle calculations to
be made for each record.

4. The next interaction with the program is to designate the
point sequence values. There are three responses per
calculation. They are referred to as point (A), point (B),
and point (C). When entering these values, it is important
to do so in the appropriate order. Point (B) is the point at
which the angle is calculated; that is the angle created
between the lines defined by point(A) - point(B) and point
(C) -point(B) is calculated (refer to the example in Figure
1).

5. The prescribed calculations are made on each record and the
values printed out, with identification by record number.
The program will display a message indicating completion of

calculations.
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Figure 1. To calculate the angle at nasion, angle X, the
sequence values of sella, nasion, and pogonion must be entered in
the following order:

point (A) - sella sequence number

point (B) - nasion sequence number

point {c) - pogonion sequence number

To calculate the angle Z, the following order is required:
point (A) - nasion sequence number
point (B) - pogonion sequence numer
point (C) - sella sequence number

To calculate the angle Y, the following order is required:
point (A) - nasion sequence number
point (B) - sella sequence number
point (C) - pogonion sequence number.
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ANGL4

"ANGL4" is similar to the "ANGL3" program. It uses an
input file, the file created by the "PLTLOD" program. Up to fifty
four point angle calculations may be made in each record of the
file. Again, the sequence in which the points were originally
entered with the digitizer is important for point designation in this
program.

Following are instructions for operating and communicating
with the "ANGL4" program:

[MOUNT DSK1:]

[LOG DSK1:]

[RUN ANGILA4]

Video display sequence of program prompts:

1. A short program explanation is first displayed.

2. Second, an explanation on how to enter the file name is
displayed. Use exactly the same file name as that created
with the "PLTLOD" program.

3. The operator should now enter the number of four point
calculations that will be performed on each record.

4. Next four points will be asked for point (A), point (B),
point (C), point (D). The responses to these points are the
sequence values of the points that were entered in the
"PLTLOD" program.

This program essentially measures an angle created by
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the intersection of two lines. These two lines are defined
by the four points requested by the program. Since two
angles are created by the intersection of two lines, it is
important that the operator enter the two points in the order
which will calculate the angle desired.

One line will be defined by point (A) - point (B) and
the other by point (C) - point (D). Points (A) and (C) are
the points that will define which angle will be calculated.
Regardless of where the two lines are on the cephalogram,
the program will make the necessary computations such that
the lines always intersect at point (A). The lines will still
maintain their same directional relationships, however. If
points (A) and (B) were reversed the complementary angle
would be calculated. This is also true if points (C) and (D)
were reversed (refer to the example in Figure 2).

An example of how to enter the sequence numbers in
the correct points to achieve the desired calculation would be
for the calculation of the Frankfort mandibular angle. Point
(A) would be the sequence number for porion. Point (B)
would be the sequence number for orbitale. Point (C) would
be the sequence number for gonion. Point (D) would be the
sequence number for menton. To change any one point
would produce the calculation of the complementary obtuse
angle. Remember, point (B) and point (D) are always at

the ends of the two lines defining the angle to be calculated.



49

Figure 2. When the line formed by orbitale and porion;
and the line formed by menton and gonion intersect, two angles are
formed, angle X and the complementary angle Y. The sequence in
which the points are entered will determine which angle is
calculated.

To calculate angle X, the following order is required:

point (A) - porion sequence number

point {(B) - orbitale sequence number

point (C) - gonion sequence number

point (D) - menton sequence number

To calculate angle Y, the following order is required:
point (A) - orbitale sequence number
point (B) - porion sequence number
point (C) - gonion sequence number
point (D) - menton sequence number
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5. The calculations will be performed and the values printed
out. The individual records are identified by a six digit
number. The program will display a message indicating

completion of calculations.

PTLIN
The "PTLIN" program calculates a perpendicular distance
from a point to a line. It uses as an input file, the file created by
the "PLTLOD" program. Fifty calculations may be performed on
each record. The sequence number of the points digitized in the
"PLTLOD" program are used to reference the correct coordinate
values for calculations in this program. Calculations are performed
on all records of the file.
Following are instructions for operating and communicating
with the "PTLIN" program:
[MOUNT DSK1:]
[LOG DSKI1:]
[RUN PTLIN]
Video display sequence of program prompts:
1. The first display is a brief program description.
2. Next is an explanation of the file name entry. Use the same
file name as that created in the "PLTLOD" program.
3. Enter the number of calculations that will be performed on

each record.
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4. The program will now ask for three points: point (A), point
(B), and point (C). The point sequence numbers for point
(A) and point (B) will define the line. The point sequence
number for point (C) will define the point from which a
perpendicular distance is to be measured to the line.

5. The calculations will be performed and the values printed
out, with identification by record number. A message will

be displayed indicating completion of the program.

MULDST
The "MULDST" program calculates a two point distance and
then multiplies that distance by a factor determined by the
operator. The input file is the same as created by the "PLTLOD"
program. For point designation, the sequence values of the points
are used. Fifty calculations may be performed on each record.
Calculations are performed on all records of the file.
Following are instructions for operating and communicating
with the "MULDST" program:
[MOUNT DSK1:]
[LOG DSK1:]
[RUN MULDST]
Video display sequence of program prompts:
1. The first display is a brief program description.
2. Next is an explanation of the file name entry. Use the same

file name as that created in the "PLTLOD" program.
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3. Enter the number of calculations that will be performed on
each record.

4. A value (X) is asked for at this time. This value may be
any whole or fractional decimal value. When the value is
entered, it must be entered in decimal format.

5. Two points, point (A) and point (B) are to be entered.
They define a two point distance and are identified by their
sequence values.

6. The calculations will be performed and the values printed
out; identified by record number. A message will be

displayed indicating completion of the program.

ADDIST

With this program consecutive distances may be added
together. A minimum of three points which define two distances
and a maximum of five points that define four distances can be
used. The input file is the same as created by the "PLTLOD"
program. The points are identified by their original sequence
numbers. Up to fifty calculations can be performed on each
record. All records of the file will be acted upon for computations.

Following are instructions for operating and communicating
with the "ADDIST" program:

[MOUNT DSKI1:]

[LOG DSK1:]

[RUN ADDIST]
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Video display sequence of program prompts:

1.
2.

The first display is a brief program description.
The second display is an explanation of file name entry.
Use the same name as that created in the "PLTLOD"

program.

. Enter the number of calculations to be performed on each

record.

There is now an inquiry as to the number of points for
calculation. This question is asked for each calculation.
This allows for variability of the number of points used in
distance calculations within the record. For example if six
calculations were to be made on each record, the first two
might involve four points each, the next three, five points,

and the last calculation, three points.

. When the number of points for calculations has been entered,

the program will react accordingly and ask for points (A),
(B), and (C). Depending on the value of points for calcula-
tion points (D) and (E) may be asked for. The response to
all point inquiries will be the sequence values of the points

to be used in the distance calculations.

. Calculations will be performed and values printed out with

identification by record number. A message will be

displayed indicating completion of the program.

Program Information

All of the previously discussed programs have been
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designed with similarity in mind. If for any reason the operator
wishes to terminate a program, the value zero should be entered
when point (A) is requested. The same result may be accomplished
at any place within the operation of the program by holding down
the CONTROL key and at the same time pressing the C character
key.

If any problem occurs when the points are being entered,
there is a displayed inquiry to ask if all point values are correct.
By answering no, [N], to this question, the program will not
complete the acceptance of the present series of points but will go
back and start at point (A) again. By answering yes, [Y], the

program will continue and ask for the next series of points.

CANLOD

"CANLOD" is a program that is similar to "PLTLOD". The
main difference is that this program was designed more with clinical
application in mind than research application. There is
considerably less variability allowed in this program and the
analysis program which uses the output file.

For each record, a six digit identification number, a last
name and a first name are required. A total of sixteen points will
be entered for each cephalogram. The points to be entered are as
follows and must be entered in the order specified by the number
preceeding them:

1. Sella

2. Nasion
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3. Orbitale

4. A-point

5. B-point

6. Pogonion

7. Gnathion

8. Menton

9. Apical of upper 1 - the apex point of the representative
maxillary central incisor

10. Incisal of wupper 1 - the incisal point of the
representative maxillary central incisor

11. Incisal of lower 1 - the incisal point of the
representative mandibular central incisor

12. Apical of lower 1 - the apex point of the representative
mandibular central incisor

13. Incisor difference point - that point which divides the
amount of incisor overbite or open bite by one half

14. Molar point - mesial buccal cusp of maxillary first molar

15. Gonion

16. Porion

Approximately three hundred records may be loaded onto a
disc that has no other data files already on it.

Following are instructions on operating and communicating
with the "CANLOD" program:

[MOUNT DSKI1:]

{LOG DSK1:]
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[RUN CANLOD]
display sequence of program prompts:

The first display is a brief program description.

. Next there will be a print out indicating which points must

be entered and in what order they should be entered.
Simultaneously, instructions concerning the output file name

are displayed on the video screen.

. This is a request for the disc number that may be found on

the disc label.

. A six digit identification, last name, and first name will be

entered at this time.

. Instructions concerning error are displayed and the operator

is instructed to enter the points from the digitizer. To
erase a point, press the stylus in the right hand boundary
area. To exit from the program, reset the program, or
restart point entry for a cephalogram press the stylus in the
upper boundary area.

After the stylus has been depressed in the right hand
boundary area, the next entry point will be displayed. If
the stylus is pressed in the upper boundary area, the first
question asked is if the operator wishes to exit from the
program. If the answer is no, [N], the program will ask
about resetting the program. If this option is accepted the
program is essentially begun again and all records previously

recorded are lost. If the reset option is not selected, the
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operator has the option, then, of restarting the digitizing of
the cephalograms.

6. After each cephalogram has been digitized the program will
ask the operator if there is another one to be entered.
Answer [Y] for yes or [N] for no.

7. The program, upon completion, will print out the file name,

the disc number, and the number of cephalograms digitized.

CANNAL

"CANNAL" is the most complex program in the present
system. However, from the operator's point of view, it is the
easiest to use. As its name implies, the program performs a
"canned" analysis on all of the records of the file created by the
"CANLOD" program. The program will perform any combination of
the following analyses: Tweed, Downs, Begg and Reidel.

Following are instructions on operating and communicating
with the "CANNAL" program:

[MOUNT DSKI1:]

[LOG DSK1:)

[RUN CANNAL]
Video display sequence of program prompts:

1. A series of four gquestions occur at this point in the
program. The program will ask if the operator wants the
Tweed analysis performed, the Downs analysis performed,

the Begg analysis performed, or the Reidel analysis
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performed. The operator has only to answer yes, [Y], to
the ones desired and no, [N], to those not required.

. Next is a request to enter the input file name. Enter
exactly what was used for the file name when the file was
built with the "CANLOD" program.

. The program will print out the desired results and indicate

when processing has been completed.



DISCUSSION

The objectives of this project, as previously mentioned were
to design a microcomputer configuration; select hardware; select a
distributor; determine applications; provide programs; write an
operator's manual; and make recommendations for others interested
in microcomputer systems.

In the present case, the present investigator has had
programming and systems design experience with the RCA Spectra
70/45 and 70/60 computer systems. Programming experience was
with assembler language and COBOL. There was no previous
experience with microcomputer systems or with the BASIC language.

The ensuing discussion will be divided into two sections.
The first will contain a proposed approach for the selection through
implementation process. The recommendations are based upon
information obtained during the project. The second will evaluate

the project as a whole and problems encountered.

Proposed Approach

Currently, articles dealing with microcomputer systems and
their potential applications in dental offices have appeared
frequently in the dental literature. Dental product displays at
conventions usually have several companies representing the

microcomputer industry. Dentists are becoming progressively more
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interested in microcomputers, and it is important that they critically
evaluate the legitimate literature and marketing literature of
microcomputer companies.

Before the dentist considers any possibility of installing a
computer system in his office, he should have a very thorough
understanding of his certain relevant operations and needs involved
in practice. This includes not only what is done by the dentist but
also the personnel who are in his employ. The dentist should know
what business functions are done in the office and what the
procedures are for doing them.

If these criteria have been fulfilled the dentist is in a
better position to judge how well his practice is organized. If
relatively poorly organized, there is no need to consider a
microcomputer. A computer can only be effective in a highly
organized environment.

At least an elementary knowledge of what a computer is,
how it functions, and precisely what it can do is necessary. There
are a number of books available that can introduce the reader to
computer ferminclogy and concepts. Two such hooks are

Minicomputers by Donald P. Kennedy and Basic Basic by James J.

Coan. With this information and an understanding of office records
and business functions, the dentist can start to evaluate the
practice in terms of computer applications.

Not just any computer system will work in a practice. Nor

will any one computer system fulfill all contingencies in all



62

practices. There are some practice-related considerations to be
cognizant of when evaluating different systems. Size of practice,
in terms of patients, doctors, and adjunct personnel, is important.
Type of practice, i.e., group, multispecialty, solo, incorporated,
partnership, is an important consideration. The dentist should
have an idea of which business functions would be appropriate for
computer implementation. These functions should also have
priorities as to desirability of implementation. If records related to
patient treatment and medical-dental history are to be kept on the
computer, the record sizes and formats should be considered.

Once the above preliminary work has been accomplished, it
is time to evaluate different computer systems. The first
consideration is the hardware. The hardware should be analyzed in
terms of capability relative to previously established objectives.
The hardware should provide the necessary functions and still be
versatile enough that it could be upgraded for future system
growth. It is best to start slowly but leave open avenues for
future development. Extreme austerity or extravagance will likely
result in a poor cost-effectiveness ratio.

The software is equally as important a consideration as the
hardware. It should be able to support all of the hardware
necessary to perform the desired jobs. Operating system software
should provide for the desired language options. Utility software
can be very helpful in maintaining a system and should be
available. If prewritten application software exists it should be

checked for its ability to fulfill processing needs.
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Documentation, written information specific for hardware
and software is often the weak link in computer systems. Without
good documentation it will be impossible to ever achieve maximum
system potential. Documentation should be available for study prior
to any purchase agreement.

Costs are always a relevant factor. Hardware costs are
related to the sophistication of the hardware and to the number of
pieces of equipment. Some software costs are included in the price
of the equipment; however, developmental costs must be applied to
individualized program systems. Training is a cost to be
considered. Conversion costs will be incurred when changing to an
automated information processing system. Maintenance and upkeep
are factors that increase the overall cost of a system. Operating
costs must certainly be added.

There is a time factor involved in selecting a computer
system. From the time of inception of the idea of microcomputer
processing to the first production runs may require several months
to several years. The time requirement would of course be less if
the aid of professional systems personnel were employed.

Time must also be allocated on a daily basis for systems
operation. This involves an initial learning time for the operator.
After this phase is accomplished, production time is then the
primary factor.

Back-up systems become a mnecessity at the time that

production begins. When a potential user is evaluating systems the
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subject of back-up procedures has to be carefully considered. File
back-up procedures must be incorporated into program operations.
Equipment back-up should be arranged with the supplier. This is
especially important once an office becomes dependent upon a
computer system.  Alternative methods should be in back-up
procedures in the event of a serious problem with the
microcomputer that shuts down production for any period of time.

Selecting and implementing a computer system is obviously
not a simple task. It requires much thought, study, time and hard
work to become efficiently operational. It would be difficult for a
dentist untrained in computer science to develop this proficiency
within an economical or realistic time frame. Therefore, it is
advisable to secure the assistance of an independent systems
consultant. This would of course be an additional cost, but in the
long run the savings could be significant.

In a well organized office a functional microcomputer system
can be a very worthwhile adjunct that provides many wvaluable
assets. There is a decrease in the amount of space needed to store
records or files. Current business account information may be
available for immediate inspection. Retrieval time for scheduling
information patient file processing, and business account processing
can be diminished. Insurance form processing is more easily done
by computer than manually. Word processing is a very efficient
method for written communication. Business analyses can be more

completely done by computer than by individuals and at
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considerably lower cost. In large practices, it may be possible to
reduce the number of man-hours necessary to operate the office.
The microcomputer can also reduce the amount of mundane and
repetitive type of procedures, thus making an office a more

enjoyable place in which to work.

Project

This project originally started as an investigation into the
feasibility of obtaining and utilizing some data processing equipment
for the Orthodontic Department. Some equipment of a stand-alone
form was initially evaluated, and it was determined that the
department would be better served with a microcomputer system.

A few suppliers were visited and the capabilities of some of
their systems were discussed. Standard advertising brochures and
portfolios were obtained and studied. The availability of installation
and set-up of assistance as well as maintenance was discussed with
the suppliers.

During this period, there were numerous ideas and
proposals related to the types and operation of microcomputer
systems. As plans grew, so did a realization for the need of
various equipment pieces to facillitate future planned projects.
Additional equipment in terms of peripherals was proposed and some
was purchased.

The equipment was installed and a familiarization stage was

begun. This involved learning how to operate the equipment and
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how to use the operating system and programming manuals. To
assist in this phase, an employee of the supplier was hired to
provide some initial training.

The decision was made at a later date to concentrate on the
development of a digitizing system. This system was to enable an
operator to digitize cephalometric points. From such coordinate
values, programs were developed to calculate two point distances,
three point angles, four point angles, multiple distances, distances
multiplied by factors, and perpendicular distances from a point
given to a line.

The programs to provide the above mentioned capabilities
were designed, written and tested. These particular programs were
designed with research application in mind.

A need was seen for an analysis program that could be
used as a clinical tool in diagnosis and treatment planning. Two
appropriate programs were designed, one to digitize cephalograms,
and one to perform the analyses. The analysis program enables a
user to perform any one, or combination, of all of the following
analyses: Tweed, Downs, Begg, and Reidel.

The selection of processing hardware and software was
based on the precepts that the processor must have very fast
instruction execution time; have multi-user capability; and that the
software be of high sophistication.

The graphics display terminal was chosen because it was

thought that it would be desirable to be able to display a
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cephalogram from disc storage onto a high resolution video terminal.
The possibility of growth prediction and growth projection was
considered. The graphics terminal was at first also to be used as a
control console.

The printer that was selected was on the recommendation of
the supplier. It was advised by the supplier that this particular
printer was adequate to provide the necessary capabilities.

A digitizing board was also placed on early order. It was
recommended by the supplier, although there was only a small
amount of printed information at the time describing the board.

The comments below are a result of a retrospective
evaluation of our own steps of progression looking at different
computer systems and then the purchase of a system. These
comments are offered to provide the reader with insight as to
pitfalls when considering such a purchase.

It is the opinion here that there was too much impulse from
the inception of the idea to implement a computer system to the
purchase of the hardware. Although a greater amount of time and
effort would have been required, the first step should more
properly have been a more thorough analysis of departmental
functions and a determination of specific applications for
microcomputer implementation. An application priority list might
also have been compiled at this time.

The next level of involvement should have involved more

thorough investigation and research into general microcomputer
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capabilities. This would have established a stronger basis for
evaluation of the different available systems.

At this point, two activities should have occurred. An
independent systems analyst with microcomputer experience should
have been consulted with reference to a hardware configuration and
manufacturer recommendation. Supplier recommendation might have
been obtained also. Detailed and complete documentation of the
potential hardware and software should have been obtained for
thorough evaluation.

By consulting a systems analyst, a more realistic approach
and timetable could have been established. The pros and cons of
self development versus outside development could also have been
better evaluated.

Difficulties were encountered almost immediately after taking
delivery of the system. Approximately one month of orientation
time was lost because an incomplete operating system disc was
supplied by a local distributor.

In addition to an incomplete operating system, two other
early problems were encountered. Both have proven to be factors
that detrimentally affected the development of user systems. One is
the complete inadequacy of documentation. When a user is
developing a system, documentation as to how to use the operating
software is of utmost importance. Learning the systems capabilities
was reduced to uninformed trial and error tactics.

The second major problem has been that of malfunctioning
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equipment. Problems, a number of them serious and which delayed
progress for several months, were experienced with the central
processing unit and the disc drive. Later, after the acquisition of
a different console terminal, physical difficulties also occurred with
this replacement unit.

The operating systems, with all of its professed
capabilities, is somewhat bulky. It was mentioned that some of the
advertised capabilities exist on paper but not in reality, or are at
least shrouded beyond recognition. Two software inadequacies have
made using the system difficult. One is the almost total lack of
error recovery. The other is the inability to use memory overlays.

With most computer systems, revisions which update and
enhance the system are published on a regular basis. There have
been none available since our particular system was obtained. This
problem could lie with either the system manufacturer or the
supplier, or both.

The development of application programs and systems is a
demanding process. However, once the programs have been written
and tested, the dentist can process large quantities of information
with relative ease. Information processing can be more accurate
and can be done at a fraction of the time required within a manual
system.

The programs designed for the Case Western Reserve
University Orthodontic Department are very useful for research or
clinical application. Very little time is required to learn how to use

the computer equipment or the programs. The ease of use of the
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system and the speed at which information may be accurately
processed has been especially helpful to graduate students doing
research involving the use of cephalograms. In most cases, several
weeks worth of work were reduced to four or five hours of work.

With the low cost of microcomputer systems, the potential
for use in dental offices and dental school departments certainly
exist. In a busy practice or department microcomputers can open
new avenues of information processing for business, diagnosis and
treatment planning, and research.

Complexities and problems can be great, but are not
insurmountable Good organization and planning are absolutely
necessary to reduce the complexities and circumvent possible major
problems. Based upon the experiences obtained from the present
project, it is the judgement of this investigator that the process of
selection, design, and implementation of a microcomputer system is
beyond the scope of most dental practitioners, given reasonable but
not unlimited effort. The time factor alone makes it unrealistic for
all but the hobbyist. This does not mean that the dentist should
not be involved. Quite the contrary, he should make every effort
to become knowledgeable, but should not expect to become a

systems analyst.



SUMMARY AND CONCLUSIONS

Computer systems in the form of microcomputers have made
electronic information processing an economic feasibility for small
organizations. Two organizations which can derive benefits from
the microcomputer are a dental office and a department within a
dental school.

Microcomputers may be used for business functions. They
cal also be used in clinical application or for research purposes.
Unfortunately, there are few dentists who have the background to
evaluate their needs for a computer system and to then proceed
with with procurement and implementation of an appropriate system.

The purposes of this study are as follows:

1. Design a microcomputer hardware configuration for the

Orthodontic Department of the Case Western Reserve

University Dental School.

2. Select the specific types of hardware and their
manufacturers.

3. Select a qualified and competent distributor.

4. Determine applications and their priority for the Department
of Orthodontics at the Case Western Reserve University
Dental School.

5. Design, write, and implement programs for the selected
microcomputer system that could be used for clinical or
research purposes.

6. Provide an operations manual that would enable a student,
dentist, or auxillary to use the system.

71
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7. Evaluate the entire process and provide pertinent comments
and recommendations for others who might be interested in
microcomputer systems.

A six component system was configured for the Orthodontic
Department. Using this system, nine programs were developed.
Seven of those were created for research purposes and two
primarily for clinical application. An operations manual was written
to facilitate the use of the programs.

In addition, suggested recommendations for dentists

interested in microcomputer systems have been set forth.
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APPENDIX 1
PLTLOD.BAS -~ Program and Flowchart
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File OSF1SFLTLODLEBASIL.4] Pranted on O/70/0
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PRINT "RIGHT OF THE. RIOGHT-HAND BCUNDARY, "$TAB(=,3} e e
FRINT “THIZ WILL CAUSE THE FREVIOUS ENTRY T BE"STAE{10.3)
FRINT “ERASED. T REZET THE PRRAM. RESTART A"STAE(1L.,T)
FEINT “TRACING, OR EXIT.FROM THE FROGRAM FPRESL“ITAR(1CZ,T)
FRINT "THE £TYLUS ABOVE THE UPFER BOIINDARY. POINTS"ITABE(13.3)
FRINT "MAaYy NOW BE ENTERED."

INFUT #3. £, ¥.FLAG

IF X [ = 2000 GOTO REETI

IF v I= 1g00 OOTO REETZ

LET XOUT(znBRL) = X

LET vOUTI(SURL1) = ¥

IF :UEL = NMBR GOTO WTFTE

LRI = LR O+ §

BOTS: RIFTE

ROFTES

REETI @ LET :LURI = FURI - 1
IF 2LE! T 1 LET <UB1 = 1
FRINT TAR{I=.SrsTAR(=1,%)3TABL14.5)3
FRINT “vlil ARE NoOw ENTERING FPLOINT # tV3ZlIRL
WNTo FODFT S

FIETZ @ i.ET =HEL = 1
FRINT TaB(=1,)3TAR IO, D)
INFUT “L0O ¢oU WISH TO EXIT FROM THE PROGRAM (Y OR NJ :",AN1s
IF ~AMi1s = "y" GOTO ENDRT
FRINT TAR—1. s TAR(I0,S)
INFUT "D0 YOU WIZH TO REZET THE PROGRAM (Y OR N) :".ANLlé
IF ANi1$ = "N" 33T REZEF
CLOZE #:
CLIZE #%
CEFNM = O ¢ NMER = O 2 FTNM = ©
abT0 RETRT
FECEF : FRINT TAR(=1.0)3TARLIO,T)
INFLIT "D sCul WISH TO RESTART THE TRACING (Y OR NY :".aANiS
IF AM1% = "N* HOTD RSETL
CLOSE #C
aOTO WX
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File DIV 1:FLTLODLEASLL.4] Printed on Q070

WTPTS = FRINT #5.LFFT,FTNM
AUEL = 1
FOrR 1 =1 To 190 .-
FRINT 8, LOUT(SUBL 3 YOIT 5B
LET =Bl = ZURL + 1
MNEXT I -
Fok I =1 T 20
FRINT #5.FL%
NEXT 1
LET CEFNM = CEFNM + 1
LET 3Bl = 1
IF CEFNM %0 GOTo ENDRT
RTRY FRINT TAR{=1.sTAB V. T)
INPLIT "0 vyl WIZH TO ENTER ANCTHER CEFH (Y TR NI {"-AN:%
IF ANZS& = "N® GO3TO ENDRT
IF ANZe sy GIOTO RTRY
CLOZE #°
GIOTD NAYL
1
ENIRT = CLOSE #=
CLOSE #%
“MEEN #7."TRM:FRINT", OUTFUT
FRINT #7,CHR(12}
FRINT #7,TAH(A0I3"THE NAME OF YOUR FILE 13 :"i1INFLS
FRIMT #7.TAB(40)s "YOUIR D130 NUMBER I3“sDISONM
PEINT #7,TAR(40) S "YOIL HAVE TRANSFERED" $ CEFNM: "CEFHE TQ THE DIsC™
CLOZE 7
END
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RSETI

SUBTRACT |
FROM SUBSCRIPT

POINT
ENTRY
INSTRUCTION

READ
DIGITIZER

SUSSCRIPT

SUBSCRIPT |

DISPLAY
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BUILD QUTPUT
MATRIX

ADDITIONAL
POINTS
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0 S
N

CLOSE FILES RESET
RESET VARIABLES SUBSCRIPFTS

CLOSE INPUT
FILE CLOSE INPUT
FILE




82

CLOSE
FILES

OPEN
PRINT FILE

PRINT INFLS
DISCNM CEFNM

CLOSE
PRINT FILE

END
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APPENDIX II
SIMDIS.BAS - Program and Flowchart
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File DSR1:SIMNIZ,BASLL1.4] eranted on VARG

T AT AT RPN IR E AT AR TT R

SIMDI5.BAS - THIZ PROGRAM WILL CALCULATE
£ DISTANCE BETWEEN TWO POINTS AND ADD TWO
DTSTANCES TIRETHER.

k0 k4
* 2% kR

LI L L 2 8 2 2k i*i**4****‘-4***-I"\P***.**ﬁ********ﬂ'**’b#****

STREIZ 20
MAF1 FNEBR - - - e — -
MAaFZ FNBE.F..
MAF1 XY3ITR{LOO)
MAFZ AZTR.B.Z
MAFZ YETR.E» 2
MALF 1 AR(SO)
MAFL AF - - - -
MAFD BL.F
MAF L LINVZOD
MAFZ IM:F.& - . - . _
MAPS CEFPT
MAPDT CFFT.F.é&
marl FILR - R [, o
MARD FILL.2,S
M&FL CALZACLOY
MAFZ DALCILF
MAFPD CALT 3. F
MAF1 ADDITTTO1O)
MAF 2 A0D1.F - . - —— —
FLG = O

t

1

2TART § FRINT TAR(-1.,0)
ERINT "THIZ PROGRAM I3 FOR THE CALCULATION OF A LISTANCE BETWEEN®
ERINT “TW( POINTS. THE LESIRED CALCULATIONS WILL BE PERFORMED"
EEINT “0ON Ai_L RECORNE OF THE FILE. A MAXIMUIM OF (50) CALCUMLATIONE"
ERINT "MAY BE EXECUTED PER RECORD. THIS FROGRAM ALsD PERMIT: THE™
EGINT "ANDITION OF ANY Tt DIZTANCET. TEN OF THEIE CALCULATICNE"
ESINT "MAY BE MADE PER RECOIROL"
FRINT » *
INEUT “DO YO0 WISH 70 UZE THIS OFTION (Y OR NY $".ANLS
1= AnlE = *nN© MITO EN
IF Ailtd = »y" QOTO CONTL
MOTS S THRT

ronTi ¢ FRINT THR ~1. 01t TABS. S,
ERINT “FNTER THE NAMF OF THE DATA FILE THAT I: TO BE WEEDL"ITARA-. T
FRINT “"THE FILE WAME MUST BE FRECEDED BY ODEh13."1TAE(7.5)
ERTHT “ThE NA&I'E MUEST EE IMMEDIATELY FOLLOWED WITH"$TAB(L, S
FRIMT "& FERIND ~ND THE THREE LETTER: DAT. FOR EXAMFLE"s TAER( ™. )
FEIWT "IF THE FILE NAME 1: CEFH ONE ZHOULL ENTER"; TRE(10,T)
ERINT "DSb [:EFH.DAT FOR THE FILE WAME. yrumw FILE®:TAB(11.7)
ERTWT "N&ME WILL BE THE SAME &5 CREATELD RY THE"3 TARL1IE)
FRINT “FLTLOGD PADGRAM."$TAB(1Z,S)
INFIIT “FNTER THE FILE WAME @ ", INFL#

OFEIl #S, INFL&, IUFLIT

QFEM #7."TRMSFRINT®, OUTFUT

FRINT B7.LHR(1L?}

ERINT #7,.TAB(30)3 " Twl FOINT DISTRUCE CALCIILATIONE "
ATIOF ¢ FRINT TAR«=!. % i TAR1%. T,
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File DOSH1:ZIMOIZ.RAZ01.4] pranted an NI rAY)

INEDT “Tu ol wT-H T 11EE Tk AND OT2T/mir S DETIAH Oy HR Dre "3
IF ANZe = "L o070 EnTRL

IF Adis 72 "y aaTd DIEUF

FL> = i}

FAIR ¢ FRINT TAB(-1,0tTRELIZ. S .
INFUT "ENTER THE WIMBER OF FATRI T FE ADLDED VMAax = 1wrs YL FRE
IF FRZ ~ 1u nnTH PAlR
IF FRFI . 1 3T FAIR
FOR ZUUEL = 1 To FR:Z
ERINT TAE(-1.0 3 TAB(1S. 5
INFUT "EMTER CALCULATION ZECOUENCE HMEER oA $UsLALCA
FRINT " "tTakitl=,Sl
IHELT "ENTER CALCHLATION ZEMIENCE HNEMEFR (E) &' ALCE
CALIZZCINEL) = CAL T+
CALCIVELEY) = CALTER
NEXT 3LIB]

t

ENTE1 3 FPINT TAR(-L, ) tTAE(15.5:
INELT "ELTER THE MIMEEF OF CALCULATICNE (MAX=TO) e LM
1F CALNM - S0 40T7 ENTRI

FRINT TAER.-1.0)

ERINT "TWd FOINTE WILL BE A3HED FOR ENCH OF THE CALCULATICNEZ,”
FRINT "THESE WILL BE REFERED TO A3 FOINT (A AND FIOINT (B:. ™
FRINT "THE :IECLUENCE NUMBERT OF EACH FOINT zHOULD EE THE"

FRINT “"REZFONZE, IF IT I: DE:ZIRED T8 EXIT FROM THE FROGRAM!
FRIMNT "EWNTER A (0 FOR FOINT (A).Y

PRINT " "

INFUT YFRESZEZ RETURM TO CONTINLE". ANIS

LET LRl = 1
LET CLTOT = 1
TLLF 1 FRINT TAB«=1, )3 TAR(IS, S
FRINT "THIS 13 CALCLILATION NUMBER 2 WeTLTOTTTARCI7,.5)
INPUT "ENTER FOINT (A) & " FPTA
1F FTa 0 jou mOTH Sl F
IF FTS = o ATl FNDRT
IF FTA [ O OOTOD CALF
FRINT " "i1T4Rt 1.5
tHEUT "ENTEF FAINT WFs ¢ ".FTR
1F FTE ° 1wl 0OTO CALF
1IF FTR ©~ 4 ~ATO FAlF
FETNT "™ "= TaR(I0.%
MIFEUT "AFE THE (A) m=ND WBE) WALUEZ CCFRECT o CR Myt "LITRE
IF CoRs = "N" SOTN CALF
LET &3kl FTA
LET R{ZLIEL) FTE
PET OCLTOT = rLTOT + f
LET LRl = =Rl + 1
I CLTOT = CallM GOTO CALE

qon

NaRCTI LET =uR1 = 1§
#NTRD IMFT #35,IFFT.FNB
YeFD * THFUT #5,s:7R: S0E1 . 1 ETROZUFL
LET =LIE1 = “1IBL + |
IF zURL . 1ol GOTO XYRD
LET =UBl = 1
FILRD ¢ INFUT #5.FILL
LET SURL = FUBL +
IF Bl © 2% GOTH FILRD
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Fi1le DSF1:ZIMMNISLBAEC1,4] Printed an O/070

IF EXFvS = 1 0To EUDRT
LET ZUEL = |
DALl ¢ LET =UB&S = AacIUE1)
LET ILEE = R(ZLEL)
LET xAasv = XSTRL3UBA) — - — —
LET YA&sv = Y2TR(2LEA)
LET XPR:J/ = XZTR{ZILEE)
LET YHIv = vITR{ZUEE)

LET DIFSV = Z0ORU(XAIV = XBSVIss] + (YAIV - YEIVI#el)
LET L = DIF3Y 200
LET L =L = 5.3 -
LET INMuZIIRL» = L

IF ZiiEY = CALWM GOTO FRTRT
LET 2ilki — zEL +1
GoTo Cmlll

1
mn
-
m
“

ERINT®#7.FIR
LET ZLERL =1
FRTL @ FRIHTﬂT;TAE(lO;:"FDINT"%AiSUEl):"TD”:B(EUEI)%“EGUALE“;INuEUEl):“ mm, "
IF SLUR1 = CALNM GOT2 JHFLG
LET SUBL = ZURD + 1
OTD FRTZ - L e o
CHFL: ¢ IF FLG = 0 GOTO NXFCD
FOR LBl = 1 Tt PRz
CALCX = CALCIZ(IUELY 3 CALDY = CALIZ(ZUELD)
AD01 (BT = INWCALCX) + IN(CALCY)
NEXT =zUp1
FRINT #7," " P I
FOR 31IEL = } TO FRE
FRINT #7.TAR(1O) 1 "CALCLILATION Mt ALCS(IUELISY + "SCACCILEUBL
FRINT #7."ECQUALS "$ALDL(SUBLYY " mm.”
WEXT ZULB1
137 T NXRECD
r
ENDRT @ "LIIE #%
[ S A
2EIHT TAR —1.0) s TAR(LT,.S)
FREINT “THE TWo PRINT NIZTANCE FROGRAM 1% COMFLETE" s TARILE S,
{NFUT "FREIS> RETHURN FOR NEXT FROGRAM!".ANZE
Eml

EM
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©

SET SUBSCR(|PTS
AND VARIABLES
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INSTRUCTIONS

SET
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SET
SUBSCRIPTY
READ
PATIENT NOQ

ENTER
SEQUENCE
(&) & (B}

READ
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ENDRT

CLOSE
FILES

DISPLAY
COMPLETION

END
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APPENDIX III

ANGL3.BAS - Program and Flowchart
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File DS 11ANOLZ.BASL1,4] erinted on G070

WA X QQf'#’ﬁ‘?'?'f‘?**?**""?‘l"?‘f"‘*f""?‘r-t‘*f**‘?*‘?”‘}'?ﬂ“‘l"ﬁﬂ'ﬂ““?‘?

* *
* ANOLI.EAL =~ THIS FROGRAM CALCLLATES A *
* THREE FQINT ANGLE FROM COORDINATE VALLUEE -*
* STORED IM A& DIZC FILE. . _o*
2 *

e I TS L SR T L LS R L L S s PR ST PR RS LR L b

]
3
1
'
L)
1
r
'
STRIIZ 20
Mol CEFFT

MmFZ CFFT.F.2
M&F 1 FRHEBR

MLED FNB.F. o
MAF1 XY EITR(10W)

MAFD XEZTR,F,Q

MAFL YETRLELZ
MEF1 ARSI

MAFZ A.F

MAFZ B.F

MEFZ C.F
MaF1 TEGRE S

MaFL DES.F
ARl FILR
MAFL FILL, =S

TART ¢ FRINT TAB(-1.0) o )
FRINT “THIT FROGRAM I5 FOR THF CALCULATION OF COF AN ANGLE®
ERINT “DEFINEL BY THREE FOINT:, THE DE:LIRED CTALCULATIONE"
FRINT "wilLL EE FERFURMED 0N ALL PECORDE OF THE FILF, A"
FRINT "MAXIMUM OF (S9) CALCULATIONS May BE E(ECUTED®
FRINT "FER RECORD.™
FRINT ¢ i
THENT 00 ¢l WISH To USE THIZ OFTIOM (Y QR N) 37.AN13
IF ANle = "“N" GOTid EN
IF AN1s = "¥" SOTo CONTH
ST ITART

1

CONTL ! FRINT TABW=1.03TAR(S.S)
FRINT "ENMTER THE NAME OF THE DWWTA FILE THAT 13 TO BE":ToBE(:.9)
FeIMT "1';ELD, THE FILE HAME MIIZT BE FRECETEDN EY IR IR ) - R
ERINT “T~E NAME MUIT FE TMMEDIATELY FOLLOWED UITH A“:TARE(: T)
ERINT "FERILD AND THE THFEE LETTERZ LAT. FOR EXYAMFLE IFTi1TAR(. T
EFTNT "THE FILE NAME IZ CEFH THFN ENTER D2k 1:CEFH,LAT "3iTARIIO, D)
FEINT “FoOR THE FILE MNAME, YOLR FILE MAME WILL BE THE "“1TAEBE(11.5
ERIMNT “"ZAME A: CRESTED BY THFE FLTLOD FROSGRAM.“3TAE{(1Z,S)
IMFUT "EMTEFR THE FILE NAME @ “.INFL$

OFEN #%, THNFLS$. INFUT
LEEN #7. "TRMIFRINT®, OUTRUT
FRIMT #7.7TRFv12%
ERINT #7,T&E(40) 3 "THREE FOINT ANGLE FALCLATIONT
EnNTR1 2 FRINT TAE(=1.M{TAR(1IS. D)
IMFUT "ENTER TRE SMUMEER OF CaLTLULATIONZT {(MAX=S0, ", CALNM
IF CALMM [ 1 GT2 ENTRL
IF CALIM T Sw 070 ENTRI
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File TSR 1:ANGLILEBAT(L1,4] printed an O/0/0

FRINT TABuv=1.1."

FRINT “THREE FOINTE willl PE ACHED FOR EnCH OF THE CALCUL ATICHZLM
FRINT "THE:ZE WILL BE REFERED T3 Az PUINT (A, PIINT (B). AND®
FARINT “POINT (C),. THE SEQJUENCE NLIMERERT OF EALH FOINT tHOULLD™
FRINT "BE THE REZPUNZIE._ FOINT (E; WILL BE CUNSIDEAED AS THE®
FRINT “FOINT OF THE CALCULATED ANGLE. IF IT I DE:ZIRED T EXIT™
FRINT "FROIM THE FFROGRAM ENTER A& (0O FOR FOTHT c&s0"

INFUT “FRED: RETLRN TO CONTINUE 9, ANZS

LET ZUB1 = 1

WET CLTOT = L .- . .
CALFR s FRINT TAR(=1.M$THEWIS, )

FRINT "THIZ I3 CALCULATION NUMEEFR ¢ . TOT:sTARR«¢1I7.S)

INFIIT "EMTER FPOINT (A ¢, FTA

IF FTA 7 00 LOTO CALF

IF FTA = & T ENDRT

IF FTA I O SOTO CALP

FREINT " “3TAB(L1Z.5,

THELIT “FNTER FOINT (B ", FTH

IF FTE I luuw QOTO CALF

IF PTE - 1 SOTO CALP

FRINT " "sTAE(17%.%)

TUFUT "ENTER FOINT (C) :".FTC -

IF PTC 2 1w AOTO CALE

TF FTZ 11 QnT0 CALF

FRINT ™ ":TAB(Z1l.,9)

IMPUT "ARE THE VAILLLE: FOR (AY, (BY, AND (C) CORRECT (¥ TR Ny = ', CORS

IF CORs = "N GOTO CALF

LET A(SUELY = FTA o

LET B(2LE1) = FTH

i.FT C{ZIBYY = PTLC

LET CLTOT = CLTOT + o

LFT =Bl = ZUR1 + 1

IF CLTOT <= CALNM ST CALF

NYF: [ ¢ LF™ TLIFL = |

FINTRLD @ INFUT #5,CFFT.FMNE

WETD : TNFIIT #S, y=TROZLBRIY W YETR S B
LET =Bl = :lIB]l + |

IF *LE1 D 101 GOTO XYRD
LeET Bl =

FILRD = IWFUT #5.57LL
LET ZURL = =LA +
TF SRl T TU LOTOD FILRT
1F EMFLSY = 1 T ENGRT

LET &itFl = 3

rAaltoa LET GIIBA = A(TURL}
ILFT TiRE = RySHEDD
LET :ZURZ = C(3UBEL:s
I FT FAzV = s=TRLZLIRA,
LET Az = YETR(W=1IRA)
LET #BiV = XETR{ZLIER.
PET «REV = =Tkt =IFR)
15T %72y = g=TFzilRIM
LET Y22/ = vZTRAZLB
| FT TIF=vy IR RASY = ARSVIRe] + (YATY — VERIVIasl

LET DIFIV. = SOR(OXBIV = XT3 awl + (YRIV - YOIV %2l
LET LIFZVE = ZO0RLACEY — AAIV)I+#D + (¥YCZW YAIV Iiwal)
LET « = NIF=Y1
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File DSF1IANGLI,RASCL.3) prantzd on O.0/0

LET r = LiiFzvl

LET Z = DIF3wZ -
LET RADI = ACZ (2w =ty mY i  X#L) pr=(0Y®"LD))

DERCILIRL) = (RAD1A13T0}/2,1417

IF ZLEl = CALNM oLOTO FRTRT

LET SLIEL = 2UBEL + |

SOTD TACL

FRTRT FRINT #7.FNE

LET ZuUBl = 1 - B - -
FRINT #7.TA&K IO, $“&NALE OF FOINT "sROZIBL)S" = "eOEMCILIRY 4 DED 2
IF Bl = CabLdM T NaRLD

LET :=uUR1 = ZLEL + 1

S0TO FRTZ

FRTZ

ENTIRT ¢ CLOTE #%5
CILTEE #7
FEINT TAR =103 TAR(LIS. D)
FRINT "THE THREE FIOINT ANGLE FROGRAM I3 COMFLETE, "$TRbulc.
IMPIIT "EREIE RETLIFN FOR NE(T FROGRAM. Y, ANDS
[ END



YARIABLE
SPECIFICATION

START

PROGRAM
CHARSTC

OPEN
INPUT B QUTPUT
FILES

PRINT
TOP OF FORM
AND HEADER

Gro—

NUMBER OF
CALCULATIONS
CALNM

95

SET
VARIABLES
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APPENDIX 1V
ANGL4.BAS - Program and Flowchart
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Eile DEF 1AM 4. Baz01.47 pranted un G070

AR I RE AR TR ANR TAR T AT TR TETREAN R R P TR TR
+ ANGLA. BAT - THI: FROGRAM CALCULATEZ AM ANCLE

» DEFINED Ry FOLR FOINT: FROM CCOORDINATE VALLES

* ZTOFED IN A DIaC_FILE.. - - _ -
+

*

* &k » ¥ &

PR EEL L LT L L L L rprpeprarargearamearer SURTR R F 31 2 BT S 2 kbl b b b

TREIZ 20
MaFEL CEFPT — - - -
MAFI CFRT.F.a
MAF 1 FMER
MAF. FHE F -
MRFPL £y TR 10t
MAFEZ L3TR.R.
MAFZ Y3TR.B, T [ - _ -
MAF 1 ARSI
MaFZ A F
MeFZL EBLF
{IGF> TWF
MAFZ T F
MAF 1 DESRE (340 - - R . R
MEFL DER.F
varFl FILR
MAFZ FILL.3.5S

r

ITRRT @ FRINT TAB~1,97 R R -
ERINT "THIZ PRCOORAM IZ FOR THE CwhLCLLATION OF AN ANGLE"
ERINT "DEFINED BY FOUIR FOINTE, THE LESTFED CALCHILAT DINE™
FEI!IT "WILL BE FERFCRMED ON ALL RECZCORLDZz OF THE FILE. A "
PRINT "HaACIMUM F (SO FAL JULATIONZ MAY BE EXECUTED ™
FFIWT "FER RECOMRIL, ™
FRINT " _
THEUT “Fn f080 WISH T 128 THIT aFTION ¥ OR Ny 2", ANDS
IF ANid = “N' CTh Eil
IF &Mla = "™ OOT0 CONTE
NOTS STHAT

COMTL ¢ FRINT TRBv—=1.0)3TABLWS. 5D
ERINT YENTER THE NAMF F THE T2TA FILE THMAT 13 T4 EFR"1TuR(z."
ERINT “iI1ZED. THE FILE MNAME ML'=T BE FRECEDED BY DA L. TAECT S,
EEINT “THE WAME MUZT EE IMMEDIWTEL' FOLLOWED WITH AT TARE(Z. S
FRINT "EERTIO AHLD THE THREE LETTER: DAT. FOR E(AMPLE IF s TARO =, 5,
FRINT “ThE FILE NAME J& [EFY THEN ENTER Dt 130 ESHL DRT s TAR LT 5
FPRINT "FOR THE FILE NAME. YUUR FILE NAME WILL EE THE s TRE(L1L+S)
ERINT "IaAMF &% CREATED Ry THE ELTLOL FROGRAM. "3 TAR 10,57
INPLXT "ENTER THE FILE MNABE 3 . INFlL=»

FMEEN RS, THFL &, THNFUIT
VPERN #T, CTRMIFRINT . OUTRUT
FRINT #7.LHR LD
ERINT #7,. TRE 40 s "FaoliR FOINT alGLE CalLCL=TIINE
ENTR1 ¢ FRINT TaABv-1.,wiTAE1IS. T
INFIIT “ENTER THF WIIMFEF IWF TRl CHLATTONE (Msa=Sery §0 0 ALTIM
IF SalddM D 1 7O 2HTR1
IF CcabiNM - S0 0TS ENTRL
FRINT Tami=1l o0y
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File Dt 13ANGLIBAIT1.4] pranted anm O, 000

FRIMNT "Frila FOINTI WILL BRE A<HED FOR FSiA oF THE CALTIY -TLNE, "
FRINT "THEZE WILL EBE REFERED TQ A3 FOLINT vAs. FOINT (B), FOINT®
FRIMT "(C:, AND FOINT D). THE TEMIENIE NUMBERZI OF EACH FOINTY
FRINT “SHOLLD BE THE REZFONSE. FOINT (A} AND () WILL DEFIHE THE"
FFINT "THE CALCULATED ANGLE. IF 1T 13 DEZIRED Td EAIT FRamM THE"
FRINT “FROGRAM ENTER A (0} FOR FOINT (A"

TNFUT "FREZZ RETURM TO CCNTINLE $",ANZS

LET FUR1 = ) ¢ |ET "L TOT = 1
rmlP o2 FRINT TaAR:=1.0)sTARCIT. S}
FRINT "THTZ I rALCULATION MUMEBEFR ¢ "3CLTOTSTAROLITZ.T)
INFLIT "ENTER FPLOINT AY 19, FTA
IF FTa ° 100 GOT0 CALF
IF FTA = & GOTO ENDRT
IF FTA O inTo CALF
FRINT » “s$TABR(LS. 5]
TINFUT “"ENTER FOINT (B} :",PTH .
i FT=® Lone GOTD CALF
IF FTR 7 1 GOTO CALF
FRINT * “3TAE(L,S)
THEIT “FENTER FOINT (2, :“,FTLC
IF PTIZ I 100 HOTD CALP
IF FTC -0 1 20TQ CALP- _ . _
FRINT " "i1TAB.Z0.S)
THRIIT "ENTER FOINT (T 3", FTD
IF FTL T 10 OTD CALF
IF FTD . 1 GOTO LALF
FRINT " "i1TAR(ZZ.S)
INFUT "ARE ALL VALLUES CORRECT (Y OR W) & ",C0RS -
IF COR$ = "N" 0TI CALF

LET A :IIRL) = FTA
LET BtIUEL) = PTE
LET Ct(2UBRL) = FTC
LET DRl = FTO

LET CLTOT = CLTOT + 1 -
LET =iUBL = ZlRL + |
IF CLTAT "= CALLNM 0T CALF

t

HYRCD ¢ LET -hﬁl = |

FMTRLD 3 IUFLT #Z,CFFT.PNE

XeFD ¢ 1FUT %? L=TRUZUPL ), ¥YTTR{ZLIRL}
LET k1 = ZUREL - |

IF ZLEL I 101 QOTD AYFD
LET CLUEL = L

FILFL : ITMFOT #S.FILL
LET SUBL = 2UBEL1 + 1
IF k) 21 @0To FUIRD
IF EMF(7™, = | Q0T ENDRT

LET EZUE1 = |

¥

Tal v 1ET SURA = A(ZD'B1, @ LFT =IIPER =R(ZLIEBL)
LET ZURC = CtzJBLy t LET ZupD =0 IUEL.
LET Xm=" = 2=TR(Z1IRGY ¢ 1 CT 4250 = vITRC-LED
LET B3V = (ITR(IiFR: ¢ LLFT &IV = YITR(2IBF.
LET riifv = /3TROSUR, ¢ LFT y7 3y = «STFR (51RO
LET alhmy = lETR'EHEﬂr ST ET SfTIFY = ITRLSIIRTY
LET TAIV = XXV = X&S
ET TS o= il ~ 'H:J
LET O LTIV = DIV - Tz
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File D2k LtANSLA BAZL1,4] pranted on G000

LET vDIw = YO:iy = Trzv

LET AL2V = LAV . o - . _ I
LET 73V = rYAIV

LET LIFIVI = RO (XCAV=XHEIWVI#*Z+( YCEV-YHEIV)#»])

LET DIFEVI = S0RVIABEV-RDESV w24 (BEV=YDIV 42,

LET DIFSVE = S0R A RDEIV=al sV ##+ (rDIV-YCZV)w%])

LET Y = DIF:zV]
LET r = DIFZVI
LET 7 = DIFaV:
LET RALDIl = ACS{{{YaY)—(XxX)—(Z#I) ), ={(2%I=X))}

DES AUBL) = (RALDL#L1I0)/2.1417 o -
TF ZLBL = CALhM SOTO FRETRT

SR = CEL O+ |

GOTO LAkl .- -

FRTRT ¢ FRINT ®7.FNE e —_ . — o _
SRl = |

FET. @ FRINT #7.TABR(10) 1 "ANGLE VALLE YIDEG(ILEL )" DES T
IF ZUBL = CALNM GOTO NXRED. .
SUEL = SUBRT O+ L
SOTO FRTZ

it

ERDRT CLORE #5

CLOZE #7 _ _

FRINT TAR(=1,0)3TABLIS,: %)

FRINT "THE FOUR POINT ANGLE FROGRAM IS COMFLETE. "3TAE(L4.%)
INFUT “FREZ3 RETURN FOR MWEXT FROGRAM.,".ANZE — R
[ EMD
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VARIABLE
SPECIFICATION

PROGRAM
CHARSTC

FRINT

ENTRY
INSTRUCTION

CONT!

SET
VARIABLES

CALCULATION
NUMBER

OPFEN

INPUT & QUTPUT
FILES

PRINT
TOP OF FORM
AND HEADER

NUMBER OF
CALCULATIONS
CALNM




BUILD MATRIX
SET SUBSCRIPFT

103

SET
SUBSCRIFT

READ
CFPT,PNB

READ POINTS
INTO MATRIX
FILRD [

READ FILL

o
Z
-
n
L=




SET
SUBSCRIPTS
AND
VARIABLES

PERFQRM
CALCULATIONS

BUILD
MATRIX

PRTRT

SUBSCRIPT
TO CALNM

104

ENORT

CLOSE
FILES

PROGRAMN
COMPLETED

END
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APPENDIX V

PTLIN.BAS - Program and Flowchart
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File D20 JAFTLIN.EBASLL.4] rranted o 17040

BERTRART I BT I I THRTRFIT LR NG T WP PR R T TR TR TN

1

1 & * _
J * FTLIN.EBAZ — THIZ FROGRAM CALCLLATES A *

! 3 FERFENDIC!II. R DNIZTANCE FROM A POINT TO A L)

i * LINE. - I .

' - »

]

RATERRET I AT RTTHEARERT AR A TR E TR ST E ARG TER LT RRETE TR

ITRIIZ 0
MAEL CEFFT _ - .
MAFZ CFFT.Fae
MELE L FMER
MAFZ ENE.F.&
MAP1 XYSTROLH
MAFZ KZTF.R. 2
MAFZ YATR.B.Z
HMAF L ABGSOD
FEFL AF
MEFZ EGF
MAEZ L F
MAF1 FILR
MEFZ FILL, 2.5 _ . . _ .. - -
MEFL LINVTOY,
MAPZ TN F vo

1

t

ITART ¢ FRINT TAR(-1.0)
FRINT "THIS FROGGRAM I3 FOR THE CALCOLATION OF A FERFENDICZULA
FRINT "DISTAMCE FROM A FOINT TO A LINE, THE TETIREDY
FRINT "CALTLLATIONE WILL BE FERFORMELD 0N ALL RECORDE OF THE™
FRINT "FILE. A MAAIMUM OF (Su) CALCULATIONS MAvy BE"
FRINT "FAEILTED FER RECORL, ™

FRINWT ™

INFUT "L ¢0ID) NI IH TO USE THIZ FROGRAM ¥ SR W) ".,AN1S
IF AN1S = "n© t En

TF ANIE = " D T: LOINT L

SOTO ZTART

CONTL ¢ FRINT TAB(=1,O0)$TAP(T,. 5,

FRINT “ENTER THE N&ME OF THE DATA FILE THAT 12 TO BE LSED."3TemBE(:0 3

ERINT “THE FILE NAME =T BE FRESEDELD Ry L&k L, ":Tap(7,5
FRIWT 'THE NAME MUIT EE IMMEDIATELY FUOLLOWED WITHUSTAE(Z. D

&)

FEINT "N FERIJD AND THE THREE LETTERS LemT. FOn SCGAMPLE"STABLT,

EE*NT "1F THE FILE NAME 12 (E=H ONE IHOULD ENTER "3 TwE(10.5)
ERINT "Dt LICEFH.DAT FR THE FLILE MNANE, fTU'A F[LF“'Tqull Ll
FRINT "NAME WILL BE THE irME A% CREATED BY THE"I1TAB(1Z.S}
FRIMT YFLTLOD FROGRAM, "$TmiE f 2,70

INFILT “ENTEF THF FILE HwME @ ®, INFL 3

OFEIN #5, TIIFLS, INFIIT
GFEN #7. " TRASFRINTY . OUTFLIT
FRINT #7,0HRvL2)
FRINT #7,TAR 30 s "PERFENDISLLAR DIETRICE CALCULATIOHEY
!
ENTRI 3 FRINT TREv=1.03TePCI0.3T)
T EUT "ENTER THE NIIMEEFR NE CALCOLATIONS (Mar = Sur 17 al M
TE OCALHP T L T ETRL
IF CnltlM 2 So QOTO EHUTRIL
FRIMT T ehe=1an1y



File

JALF

1
]
tarC D
FHTARD
R
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L2 1¢FTLINMLBASL1,.4] erinted o0 s/

FRINT
FRINT
FhINT
FRINT
FRINT
FRINT
FRINT
FRINT
ERINT
INFUT

TURY =
LTET

FRINT
FRINT
INFUT
IF FTa
IF FTA
IF EFTA
FRINT
TVFLIT
IF FTB
IF FTER
FRINT
IHEUT
IF PTE
IF FTC
PRINT
INPUT
IF Ci2R
AyvTLUEL
B =IBIL
C(TLIR]
TLTaT
HRY =
1F LT

SR =
INFIT

THIRNT

RS
IF :-LipP
LBl =
TRELIT

SLIgL =
IF ZUR
iF EJOF
SLEY
ZLIBA
SLEER
LRI
Xmiy
YAV

ORI S (| O I T O (R VR 1}

PTHREE FOIMTT WILL FE mIt Eud FUR FulH OF THE CALIULATIONE, Y
"THE:E WILL EBE REFERED T2 AT FOINT Ay, FOINT (Eow ANDU. __
SEOINT (C,. THE SeoLENCE NIMEBERE OF EACH FOINT SHILLD®

"BE THE FESFONZE, FOINTS (A)., AND (E) WILL DEFINE THE "
“LINE ANL WILL BE A=t ED FOR FIRZIT. FOINT WC) WILL BE"
“CONETDERED THE FQINT FFROM WHICH THE FERFENDICLILART

12 T BE CALCLLATED. IF IT 13 DEZIRED T EWIT FROM THE™
"ERCDGRAM ENTER A wu) FOF FOINT (Ay. "

YFREZS RETURN T CONTINLE :".ANCS
. -
=1

TAK —1, L) TARHI1IS,S)
"THIZ 13 CALCLLATION NUMEER : "3CLTOT3TRARL17,.T9
YENTER POINT (A4 s".FTA
1o AT CALT

= ) 2T ENDRT

S0 MOTO CALF
"orsTARCL LT
"ENTER FOJINT (B) $“.FTH

D190 F0TO LALF I - - -

D1 0TO CALF
v M TARB{L1Y, %)
"ENTER FOINT (L) #*,FTC

100 GOTO CALF

21 BOTD LALF
"M TAB(ZL. D) _ - _ o
"HRE ALL YALLE:Z TORRECT @ “,CORS
$ = "N SOTD JALP
FT&
) FTE
) FTE
= CLTOT + 1

SR O+l
DT .= CALNM nDTd CalF

)

anan

1
#=,CFFT.FPMNE
B CETRVLUEL ) v ZTROZUEL
SLEL O+ |

1 101 QTS wyRD
1
¥SLFTLL

Ll +1
1 ¢ 21 GnTw FILFD
(S = | MUTL ENIFT
1

ACSUBL

BySLIRLD

C{ELIEL)

yLTRSLET
m FOFY JASV-XEIV e+ YAIV—rBIV R3]
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File DZR1tFTLIN.BAZL1.4] pranted on O/0/70

DIFSV. = ZORG{ABIJ= (L IV ) wal+(yBEJ-r 0202l
DIF:IV: = ZOR(AWACIV—RKAIV)## 1+ {YLIV-YAZIVI#=l) — .-
£ = DIFiv1

Yy = DIIF:VE

Z = DIFZVE - . [, - .
RADL = ACZ(f(ay)—(Z#Z)—(X#A))/~(2nI®L))

H o= ZrIIMAFADLY

L = HAZ1'0 -

L. = L # 5.

IN{ZLEL) = L

IF LR = CALNM QGOTO. FRTRT.

ZURL = ILEL + 1
o7 CALt

FRTRT : FRINT #7.FNER
Bl = 1

FRTZ ¢ FRINT #7,TAB(10)$"DIZT. "1 2(BUBLL"TO LINE"$A(ZLUBLIIB(IUBLY; "EQUALZ"S
ERINT #7, IN(ILEL)S" mm."
IF :UR1 = CALNM QnTo NXRCD
BL = IURL + L -
SOTO FRTZ

1

ENDRT @ CLOZE =%
CLOSE #7
FRIMT TABR(=1, M 3TAEB(IS, %) _
FRINT “THE FERPENDICULAR LIZTANCE PROGRAM IZ COMFLETE. "sTAR(1&,3)
INPLIT "FREZ3 RETURN FOR NEXT PRIOGRAM, *y AN

EN @ END . - - e e e e I
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VARIABLE
SPECIFICATION

PROGRAM
CHARETC

POINT ENTRY
INSTRUCTION

CONTI

SET
VARIABLES
CALCULATION
NUMBER
CPEN
INPUT B OUTPUT
FILES POINT A
PTA
FRINT TOP
OF FORM ) “ +® (oD
AND HEADER CALP P RT
NUMBER OF POINT B
CALCULATIONS GPTB
CALNM
Yigd
PTB CALP
p



READ POINTS
INTO MWATRIX

PILRD

VALUES

CORRECT F 1
EOF

BUILD MATRiIX
SET SUBSCRIPT

SET SUBSCRIPTS
AND VARIABLES

|
“oad
CALNM PERFORM
m CALCULATIONS

SET
SUBSCRIPT

READ
CFPT, PND

BuILD
MATRIX

PNTRD

SUBSCRIPT
TO CALNM



PRINT
DISTANCE

VALUES

SUBSCRIPT
TO CALNM

CLOSE
FILES

PROGRAM
COMPLETED

END

111



112

APPENDIX VI

MULDST.BAS - Program and Flowchart
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File DSF1ISMULDET.BAE01.4) pranted on Os000

AR TETAER F T T FTD T TR T A AT LSRR DR TR T T

MULD=T.BAS — THIZ PROGARAM WILL CALLDULATE
A DIZTANCE BETWEEN TWO POINTS AND MULTIFLY
TeIT LIZTANCE By A VALLE,

* a2k 4 ¥
PR

! POPErIrprarRrarar e Y Y e L ST T LR S S A SRS DA RS R L bt b b

*TRZIZ v
MAF1 FNBR
MEAEFZ FNE.F. o
MAF L LY ETRULON)
MAFZ RTTR.F. O
MAPZ YSTR.RB. 2
MA&F 1 ABLCS0)
MAEL AsF -
M&FZ R.F
MAFL LIN.TO)
MAFD INGFL &
MAF1 LEFFT
MAFZ CFFT.F..l
MAFL FILR
MARL FILL.E.S

wo- -
—
o)
n
-
.

FRINT TAER(-1,01}

FRINT “"THIZ PROGRAM I35 FOR THE LCALCULATION OF A OIS3TANCE BETWEFN®
EEINT “TWo POINTZ. THE COALCULATIONS ARE THEM MULTIFLIED Br A VALLE"
FRINT “SUFFLIED BY THE OFERATOR. A MAXIMUM OF (S0r CALCULATIONS®
FRINT “MAY BE EXECLITED FER RECORL. ™

FRINT "

INEUT "D ¥l WIZH To USE THIE OPTION (Y OR N} $".ANls

IF AM1& = "N" 0T EN

IF AN1S$ = "Y' GOTO CONTL
T s TART

SohTl 2 FRINT TAR(=1. 3 TRE7.%)
FEINT "ENTER ThE 1imtME OF THE DRTA FILE THAT IS To BE USED, "3TARL=2.T)
FRINT "THE FILE NAME MUST BE FRECEDED BY TZk13."3TAB(T.T)
FEINT 'THE NAME MUZT RE IMMELIATELry FOLLOWED WITH"3TAE(Z,Z)
ERINT “& FERIQD ANMD THE THREE LETTEFR: DAT. FOR EtAMFLE": TAE(T,. T,
FRINT "IF THE FILF HAME J: CEFH UNE :FHOLLD ENTER"STAR(lw.%)
FRINT "Lk 1iCEFH.DAT FOR THE FILE MAME. YOUUR FILE"$TAR(1L.%5.
EREINT "HNAME WILL EE THE :AME &3 CREATED EBY THEY:TAE(1Z.5)
FRINT “FLTLOD PROGRAM."§ TABL1:. )
INFUT 'ENTER THE FILE NAME : ", INFL# .. -
COFEN #5, INFL%, IHNFUT
COFEN #7."TRM:FRINT".OUTFLT
FRINT #7.CHR(12)
FRINT #7.TAR(4' $"VALUE TIME:Z LIZTANCE CALCILATIONT®

ENTRI ¢ FRINT ThE{=1.0)3TABL{IT.S
INFLUT "ENTER THE NUMBER OF CALCULATIONZT (MAX=S0) @7, CALNM
IF CALNM ° S0 G071 ENTRI

FRINT TAER(-1,0)
ERINT "~ FOLNTI WILL EKE AZFED FIF EACH OF THE CaCULATIONET, ™
FRINT “THEIE WILL BE REFERED To AD FOINT 3 AmMD FOINT WBYL T
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File DSk1:MILDET.RBAZLL1.4] eprinted on O/G/0

FRINT “THE SEQUENCE WUMBER: TF ERCH FOINT SHOLLD BE THE™
FRINT "REZFONZIE.. IF IT lz DESIRED TCO EXIT FROM THE FROGRAM®
FRINT "ENTER A (0} FOR POINT (&), VALUE (X) WILL BE THE "
FRINT "VALUE THAT EACH DISTANCE 1= MULTIPLIEDR BY.™

FRINT ™ * .
INFUT "FREZZ RETURN TO CONTINUE® . ANZS
FRINT TAR(=-1.)3$TAKL15.5)

INFUIT "ENTER YALLUE (Xs 5 "LVALX - - - -

LET ZHEL = §

LET CLTOT = L . . _ __ & e .. il L L mmme e e
FRINT TAB(-{, IS TAR(LIS,. S}

ERINT “THI: 12 CALCILILATION MNUMEBER @ "3sCLTOT:TAE(LT.S)

INFUT "ENTER FOINT A 5 ",FTA - . -

IF ETa 5+ 100 BOTO CALR

IF PTA = O GOTa ENDRT

IF PTA 2 @ QOTO CALF . - . R, ..
FRINT " "tTAB(1:,S

INFUT "ENTER POINT (B @ ", PTH

1€ FTE [ 100 QOTO CALF
IF FTE - 1 GOTO CALF
ERINT " "3 TAR(Z0.5)
INFUT "ARE ALL YALUEZ CORRECT_% "“SCOR® . . . ..
IF COR$ = YN SQTD CALF

LET ACIUED) FTa

LET B(ZLIBLl) FTB _ . - - . PR

LET LLTOT = CLTOT + 1

LET €LB1l = ZUBI + |

el

n o

IF CLTOT ‘= CALNM GOTO CALFE . L . e . e —

1
NYFIZD LET =Bl = 1
FNTRD INFLIT #%.CFFT.PNE . .
LvRO 2 INPUT #5.XSTR(EUEL) . YSTR{ZUEL)
LET ZiuB1 = ZuBL + 1
IF ZuPl 0 1ol QTS XyRDC O _
LET zUEl =1
FILRD ¢ INFUT #5.FILL
LET Ukl = IuUBl + 1
IF ZuRt 1 21 QOTa FILRD
IF BEOF S, = | S3OTD EMLDRT

LET ZUERI = 1 - - - - - -
Call o= LET TUBA = A(ILEL:

LET :LER = BizUR1)

LET XAIV = L:TR(:ZLEA)

LET rAZY = YITR(ZLIRA)

LET £E:IV = LZTRZUIBR)

LET vB2V = YTTR{ZLIEBE,

LET DIFIV = INR{VLALY « XBIVIasxD + (TRA3V — YRIVI#*s1)
LET L = DIFzv/Z00

LET L. =L + 5.4

LET INWZLEL)Y = L * YALX

IF zURY = CALNM ~OTO FRTRT

LET ZUEBEL = ZUEL +1

SOTO CALY

FFETRT ¢ FFINT &7.FNE
LET aUR1 = 1

FRTZ2 1 FRINT #7,TAB(1G): "FOINTY$A(SLEL) s "TO3 B IUBL Y s "MULTIFLIED By "5
FRINT #7.Vat &8 “Erlimll s "$INCEUBL 3" mm, ™
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File DIFLsMILLET.BAZLL. 4] Prianted an G/0/0

IF B! = CALT ST MpCD
LET Bl = 2LEL + 1 - - .. e e
070 FRTZ

ENDRT 1 CLCOZE 45 - _ - _— -
CLOZE #7
FRINT TAR(=1,013TAR 15,5}
FRINT “THE DISTARCE MULTIFLICATION PROGRAM IX COMFLETE."ITAE(1:.%)
INFUT “FREZ: RETURN FOR NEXT FROGEAM".ANZS
EiN 3 END
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VARIABLE
SPECIFICATION

S5TART

PROGRAM
CHARSTC

INSTRUCTION
MULTPLN
VALUE

SET
VARIABLES

CALCN
NUMBER

QPEN
INFUT & OUTPUT
FiLES

PRINT TOP
OF FORM
AND HEADER

NUMBER
OF CALCNS
CALNM

POINT B
PTR
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»oQ

0

BUILD NATRIX
SET SUBSCRIPT SET SUBSCRIPFTS
AND VARIABLES

CLTOT
CALNM PERFORM
CALCULATIONS

1

SET BUILD
SUBSCRIPT MATRIX

SUBSCRIPT
TO CALNM

READ POINTS
INTO MATRIX
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BPRTRT

!

PRINT
PN B

‘ PRT2 }

PRINT

CALCULATED
YALUES

SUBSCRIPT
TO CALNM

ENDRT

CLOSE
FILES

PROGRAM
COMPLETED

END
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APPENDIX VII
ADDIST.BAS - Program and Flowchart



File DSFLtADDTIIT.BAZITL,4] pranted np T/Qs0

' ERAAAERAARRFTRBET T TIAA RN ARAALET TAEDTRE LRI TTTR T T TR

. o -
AODIST.BAS - THIZ PROGRAM WILL CALCULATE THE =
DIZTANCE BETWEEN FOIMTE AND ANLD THE VALLUES FOR A& *
MINIMUM OF THREE POINTS AND A MALIMUM OF_FIVE. ]

»

* a h kA

#QQ#Q*‘?**Q**-(4**’*\1‘&***4*’*4#4#***i********i*iifﬁ*#*#*ﬁ.'l-Q-r

FTREIZ 20
MAF 1 FPNEBR .
MAaFZ ENB.F . £
FARL Xy 3TR 100
MLFZ XKETRLELZ
FAFZ YRTR. B Z
MAF1 ABSU)
MAFZ AWF
MAFZ EarF
MAF L L. F
MAFD [ F
MREL EWF
MaF1 LINCSO)
MAFL IN,F. 4
MAF1 LCEFFT
MAFZ CFFT.F.&
MAF1 FILR R
MAFD FILL. 3.5
MAFP1 CALFTR{SCO)
MAFZ CALFT.F - — —— I

FLG =

t

ITA&RT ¢ FRINT TARE(=-1.0) _.
FRINT "THIZ FROGRAM WILL DALCULATE MIZTANCES RETWREN FOINTE
FRINT "AND WILL THEN ADOD THE YALUVES TINETHES T RIVe A®
FRINT “TGTAL VALUE. A MINIMUM QF THREE FOINTE I RETHIRED™
FRINT "AND A MAXIMUM DF FIVE FIINTS MAy BE HIEED. A MAN T
ERINT “0OF (S0 CALCULATICNE May PE EXECUTED FER RECORLL ™

FRINT ™ " . --
INFUT "0 vl WIskh T USE THI: FROGRAM (Y DR N) YL ANLS
1F AMls = “N* WOT EN

IF ANt = ¥ S0Tor TONT

ST 2THRT

1

CONT 2 FEINT TAER(—-1,03TRAR(T,T

FEINT "ENTER THE N&ME ~F THE NATA FILE THAT IE Ti BE UZEL.“:™aF.~.

FRINT "THE FILE NAME MUST BE FRECEDED EBY DIF 1. :1TABL7. )
FRINT "THE NAME MUST EBE TMMEDIATELY FOLLOWRD WITH":TAE: -, 71
ERINT "A FERIOD AND THE THREE LETTER® DAT. FOR EXAMFLE":;TRBtL ™%
FRINT "IF THE FILF N&ME 13 CEFH ONE THOULD ENTER"3TAR(IQ,D)
FRINT "NZk 1¢CEFH,DAT FOR THE FILE NAME. YOLR FILE"sTAR(I1.5)
ERINT "NoME WILL RE THE ZaMF Af CREATED BY THE':1TRE:1Z.T)
FRINT “FLTLOD RROGRAM,"sTABCL D)

INFIUT "ENTER THE FILE NAME @ . INFLS

CFEN #5, TNFL &, TRFUIT
OFEN #7,U"TRMsFRINT Y 2ITFLT
FRINT #7,iHF <11y
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File D3t 1:2ADNIZT.RAZCL.4T pranted n O/0/0

ERIMT #7,TAB AL s "ATDITION TF DIZTANCE CALTULATIAMNTY
IUED = | _-

ENTRL 3 FRINT TAR(=-1,0)13TABR(1S, 5
INFLUT “ENTER THE NUMEER OF CALCLLATIGONS (MAX = SQ) £, CALNM
1€ CALNM S0 GOTO ENTRI
ETNTR & GOEUE ZROUT
FRINT TAE =10t TAEWLS, D) .
INFIUT "ENTEFR THE NUMBER OF POINTS FOR CALCULATION tLCALFTIZURI)
IF CALFTUSURIY 1 9 QDT FTNTRS
IF CALFT(IUBDY <~ & QT2 PTNTR_ . [ —
IF FLG = { DOTO CALF
FRINT TAHBv=1,3)
FEINT “THE FOINTZ WILL BF REQLEZTED IN TERMI "F THE LETTE=:"
ERINT “(A) THROLGH (E), DEPENDING LIFON THE MUMBER OF FSIMTZ"
FRINT "LEZIIRED PER CALCILATION, THE CEQUENCE NLIMRER OF EACHY
FRINT "SHOULD BE THE REZPOMSE. IF IT 15 DE3IREL T EXIT."
ERINT "FFROM ThE FROGRAM ENTER A«0) FOR FOINT vAY.L
FRINT " "
IMFUT "FREZI FETURM T3 CONTINUEL ™, ANIZS
sdB1 =
CLTRT = 1
FL3 = 1 - .
TALF ¢ EEINT TAEB(-1,NtTARC1IS, S}
FRINT "THIZ 1: £ALZIHATION NLUMBER SMSCLTOT s TABLET S
IHFELT "ENTER FOINT «A)Y @ ", FTA
IF PTA ™ 100 AOTO CALFP
IF FTa = 0 GOTO ENDFT
IF FTA - & GOTD CALF . _ e — - e e e
FRINT ™ "3$TAR{1:,T5)
INFLIT “ENTER FOINT (B) = “,FTB
IF FTE . L1000 GOTO CALF
IF FTE [ I SOTD CALFT
FRINT " ":iTAE(17.T)
INFUT "ENTER FOINT w21 & “»FTC -
iF FTIL 10w SD0TD LALF
1F FTo . 1 DT LALF
IF CALET/INEZLY [ 4 DOTO 2TMRX
FRINT ™ "sTRE(U,5)
1tFLT “ENTER FPOINT (D)t ", FTD
1€ FTD © 10w DOTO CALF -
IF FTO ° 4 LOTCT ZALF
IF ChLETVILEZY 5 TN =THR s
FRINT ™ "1ToEAVIL1.5)
1HNFLT "EMTER FOINT (B) ¢ " FTE
IF FTE I 100 OTd CALF
IF FTE - 1 OCT2 CALF
STMRX 3 FRINT " “sTABWZI.S)
INFUT “ORE ALL SYALUES CORRECT = "WilrR$
IF COR$ = "N SOTOD CALF
AUZIDBLY = FTA
BoIGRl) = FTE ¢ C(ZlEIY = FTC
D(sumL)Y = FTO ¢ E(zUEL. = PTE
CLTOT = CLTOT +
Ipl = Rt - 1
IUEDI = SUEBRI O+ 4
IF CLTET 1= CALAM SOTIn FTNTR

MNAFTD 2 EIES B
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Fi1le CZr1:ADDIZT.BAI[1.4] Pranted ot O, 0/0

ENTRD TNFIIT #5,LFFT.FNF
AYED 3 INFIOT #5, XZTRWVIUEL) »YETR(ZUEL} R ,
SHEL = ZHED + &
IF R I 101l QOTD LYRD
TLEL = 1 _
FILRD : INFUT #5.FILL
SURY = ZUUBL + 1
1F SRl ~ 21 SOTO FILED
IF EQF(S) = 1| ROTD ENDRT

IR = 1

IUBRZ = 1 -
1
ALl ¢ IURA = A(FLBLD

BB = BOIUBRL)

LB = L(2LB1D

IF CALFT IUBXY - 4 S0TO LALZ - - _ _
TOUED = D(SUERD
IF CALETOZURDY [ S GOTO CALD

SLUBF = E(TURL)
cAalLol @ XAtV = YX3TR(ZLIBA.
YAzl = YITRURUERD
BRIV = XEZTROZUER) .. = - -
fBIV = YEITR{ZLIEERD
KDV = XETROSLIBC)

fCINV = YITRUILIBDD B .

IF CALPT(=LEZY J 3 50T3 CALL

A0y = X:TROZLUED

YDEV = YSTR(3UBLD) o - - _ -
IF CALFT ZLIRZY 1S GOTO CALS

XEiv = X3TR{ZLEE)

YEIV = YETR({ZUEE) _ ,

DIFZVL = IPR(({XASV=YEIV)I#el+YAIV-YESVI*21}

CAaLZ ¢
DIFIVL = ZNRI(XBEV=XCIV)#el+(YRIV-YCIV)®esl)
ADZY = DOIFzVY + DIFIVZ _ . - -
TF CALFT«TLERIY 7 4 G070 CALS
CIFIV: = T2R{(XEIV—aDIV aale iyl iVv—yIIV %22,
Az = ADTV + DIIFIVI
IF CRLFT(ILERIY [ S QoT™o JALS
NIFIVY = SORIIXOEV=FFIV e+ YLIV-YESV)In+l]
D2y = ADZY + DIFSVA

CAP A -1 A AV Ry
L = L % 1S.4

TMVILE]L L

IF ZUIERY = CALMM SATS FRTRT
gl = 3B + )

IUEL = LRI + 1

DATO LAl

FRTRT : FRINT ®&7,FNHEH
SUEl = 1

EETZ "t FRINT #7.TAR(1G)S"TOTAL DISTANCE MF FOINTE $*5A(SREIIS ", "
FRINT #7,. 8 I0BEL 8", "3 C (SR, "M LA 3 "1E(ILUBL » 2 "EFLALS
FRIMNT #7 . IN(ZLRB1ISY mm.”
IF SURL = TALNM S0TO MXRID
SLRL = ZURL O+ ]
GOTO0 FRTZ
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File D 1tADDIZT.EBASLL,481 eranted on 0O/0/0

ENORT 7 LDLOZE #5
CLIOZE &7
FRINT TAR(=1.0):TABRVIS.S
ERINT "THE aDD DIZTANCE FROGRAM [T COMFLETE."sTAB{14.7)
INFiUT "FPRE3: RETURN FOR NEXT FROGRAM", ANZS _
OTO EN

“fOUT ¢ FTA =0 ¢ FTR =0 ¢ FTZ = 0 5 FTL = 0 ¢t FTE = 0O
FETURN

EN ¢ END
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VYARIABLE
SPECIFICATIQON

START

PROGRAM
CHARSTC

PTNTR

PQOINTS FOR
CALCULATION

OPEN
INPUT & QUTPUT
FILES

PRINT
TOP OF FORM
AND HEADER

NUMBER OF
CALCULATIONS
CALNM

POINT
ENTRY

INSTRUCTION

SET
VARIABLES
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CALCULATIGN
NUMBER

POINT B
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VALUES
CORRECT

SET
SUBSCMIPTS

SET
SUBSCRIPTS
SET
SUBSCRIPTS SET
SUBSCRIFTS

PNTRD

E .
Corme >——

READ POINTS
INTO MATRIX

READ
CFPT, PNB

XYRD SET
SUBSCRIPT




SET
SUBSCRIPT

-

SET
SUBSCRIPTS

SET
SUBSCRIPT

SET
SUBSCRIPT

127

CAL3

PERFORM
CALCULATIONS

PERFORM
CALCULATIONS

2

PERFORM
CALCULATIONS

1

PERFORM
CALCULATIONS
SET
MATRIX




{ PRTRT ’

PRINT
PNE

C PRT2 )__

PRINT
DISTANCE
VALUES

SUBSCRIPT

CLOSE
FILES

PROGRAM
COMPLETED

128

IROUT

ZERO OuT
POINTS

«»

END
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APPENDIX VIII

CANLOD.BAS - Program and Flowchart
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Fi1le D3t J80ANLUTTLERZIL.4] Pranted un 700

P IRCERTT IR TE TR ATER N T T T TN T FH R R T T
b4 - - - - - -
*  CANLOD.EAS= THIS PROGRAM TRANIFERS CIOORDINATE
* FROM THE DIGITIZIFR T A RIEC FILE. THE QUTEUT
# FROM THIE FROOGRAM I5 THE INFUT FUOR THE. CARNNAL
* FROLRAM,

-

-

ERENE I A B

GRERRERERETRERPAREREBESERRAERLARLEFRRERER LRSSt

TTR=12 =1
mfF L PHER
MAFI FNB.F
MAF L Flas
MEAFZ FTHMLL 5,16
MaFL PTNMI, 2. e
WMAFL XYOLT 16 ) -
MAED XT. By D
MAFZ yQDUIT B2
[RISTS R
MaFI GE. D
M&FL Y. E.C
AR FLAD. 2.0 .-

TYARS = "TTTT"

ITE =N A
Fl% =" A
CEFN =

ACALL FLOT, "TRME" - - - _
FRINT TAB(=1.0)5TABE(S, S
ERINT "THIS FROGRAM WILL TRANSFER CEFHAILCHMETRIC FOINTEZ":TARWe.S)
FRINT "FRCOM THE DIGITIZER Tt A DIIC FILE., THE SFERATOR 'sTaBEW7,3)
FRINT "WILL ENTER THE NAME CF THE FILE TO BE GENERATEMN™tTAR.E,S)
FRINT "UFTN REMLEIT, THE OPFERATOR WILL THEM ENTER THE "jiTaEw®, Ty
ERINT "PATIENT NUMEER AND PATIENT NAME FOR EACH CEFH.":;TAE(10.T)
FRINT "UHEN THE FEFH I3 MIUNTER, SIXTEEN FOINTZ WILL "iTaE(11.7)
FRINT "EE ENTERET IM THE ORLER ZFECIFIED ON THE FRINT=-CULT.™
FRIMT " "sTARCLIZ.S,
TNFLIT "PEEZ: RETHREM T CONTINUE, ", AN
TFED A7 "TRMIPRINT Y OLITEUT
FEINT #7."1. FLLA {1 2. NAZION % 3. JREITALF 3 3. A-FOINTY
FRINT W™, "S. B=FOINT 3 «, FOGINTION 5 7. SNeaTHIw 50 2.0 SMETINS
SARTNT #7."%, SPTICAL Dt fo, INCTZAL 1ot 11, INMCIZAL LDt
ERINT E7.120 =FPTCAL L
SREINT #7."17, INCISOR DIFFERANNE EGINT 3 14, MiiaR FOINT ¢ "1
FRIAT H™."1%5., GONION TAMGENCY ¢ 16, PORTON®
CLOZE 47 —
EFINT TAR=1,0) s TAROS, %)
FFINT “ENTER THE NAME OF TWE D&TA FILF THAT 12 TO PE":iTARL=, Ty
FRINT “CRFATED., THE MAFE CAN RE ANY ALFHA=MDMERTL "3 T&R:7.T)
ERINT "COMBINATION, BT MUST AZTART WITH & LETTER."ITABRLZ.S,
ERTNT “THE FILE NAME MULT ARE PRECFDED EBY BIF i, 3TAF 2. T)
FRINT "THE NAME MULT BE IMMEDIATELY FUOLLOWFD WITH"1TmEL105.50
FRIMT " FERIND AND THE THREE LETTER: LAT. FOR “sTaBOli.5
FRINT "EXAMFLY T WAME & FILE CEFH ONE ZHOLL OD"sTAREVIZ, ™)
FE ST "ENTER DI 1:0EFH.TAT FAOR THE FILFE NAME, "$TaECLZ. S0
TMEOT "ENTER THE FILE WNeME = ".TNFL$
FRIMT " “sTAR(1S, T
JIFOT 'ENTER THE DISC NWMEEF 3 " DIZn™

OFFL 2 RS R, THF LS, CIUTFUT



File DIF 1SCANLCOLEASLIL 4] pranted an /070

DENFLL @ PEE. #, "TRASBITRAD", TNFLIT
FRINT Tak(-1,0)$TAB(S, S _ . - - .
FRINT "MOLUNT CEPH TRACING., LINE UP THE EDGES WITH";TAE(L.D)
FRINT "THE MARI S ON THE DIGITIZER.™
FRINT * "i1ThHE(, %) _ . _ . _
EET:T “TO EXIT FROM THE PROGRAM ENTER O FOR FATIENT NLUMEBER,
FRINT * "sTAER(11.%)
INEUT "EMTER A £-DIGIT FATIENT NUMEER : ",FNE
IF FNE = O DOTGQ ENDRT
FRINT " "sTaAB(1Z, )
INFUT YENTER LAST MAME (MAX = 1& LETTERZ} i ".PTNMZ
FRINT " "sTAB(1ISS)
ITNELT “ENTER FIRET MAME (MAX = 10 ILETTERZ)Y t ", FTHM]
FRINT TAEI-L, 213 TAB(S, S
FRIMT “FOINTE ™AY ONLY BE ENTERED FROM WITHIN"$TmBE(s.%)
FRINT "THE EOUNDARIES OF THE MA&RE = ON THE DIGITIZER."3TAB.7.T)
FRINT "IF A MIZTARE I: MALDE, FREZZ THE ZTYLUZ IN THE":i1TABuic,
ERINT "RIGHT-HAND BOUNDARY AREA, THIZ WILL CALZE TAE":TABL>,
ERIMT "FREVIOUE ENTRY TO HBE FRAZED. T REZEYT THE MITAE 105
FRINT "ERM3RAM, REZTART A TRALING,OR EAIT FRCM THE"$TRBL11,5)
ERINT “FRIOGRAM FREZ: THE =TyLUZ AROVE THE IFFER"; TAR{1Z,5)
FRINT "EOUNDARY. FOINTS MAy WOW EE ENTERED."
Bl = 1 .. - - - R .-
IMFLIT #%54, X ¢ FLAG
I€ X ~= 000 LT RIET!
IF ¥ = 1400 £OTQ RoETZ
AQLITLZUERLY = X
YOIT(SLBRL) = ¥
IF SUBL = 1& LHOTOD WIFTES - - [,
ILE1 = ZUERL + 1
nOTo ROFTE
LBl = sUBl - 1
IF SR) 7 1 SUBEL = |
FRINT TAR(12,%13TAB(—1.3):iTAB 1,503
FRINT "¥0ul ARE NOW ENTERING FOINT # ¢35 ILEL
S TO RUDFTE
FTETI SR =1
ERTMT ThRR(=1,1)sTARL1O,T)
INFUT "D ¢0ll WISH TO EXIT FROM THE FROGR&M v R Ny L ATAS
IF ANA&E = "Y" AOTO ENURT S
FRINT TAB(=-1.0)3TAB{1G.5)
THFVIT *O0 yOll WISH T0 REZET THE FROGRAM o LR W) 7.~ 158
IF ANE4 = "N" MITD FECEF
CLOZE #:
CLTEE RS
~aTm NFNFL
RECEF 3 FRINT TAR(-1.001TABLLD D)
TREDT Y0 vy WIEH TO REZTART THE TRACIMNG (¢ OF 1) 1" hNCE
1F ANCS = "N GNTO RIETS
Ci.0LE #Z
e T OFMFLL
WTET: 3 FRINT #%,.FNE
FRINT #S,UJ3IHG 14,7 THNrL
FRINT &5, 108 TG 228, FTHNMI
FOF ZLBEL = L T i4
FRINT #5. A0LT 2URL v OUT ALY,
NEAT cidml
FIR SLET = 1 TO &
PRINT #T, T.FAR3
NEAT GHIFT

ROPT:

RIET1
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Fiie DSH1SCANLOD.BASLL.4] Pranted on Q7070
s o= TERHD O» L
RETRf @ FRINT TAEBL=L.0)sTAB(IV G - —
INFUT “[u3 YOIl WIZH Ti) ENTER AMOTHER CTEFH 3", ANES
IF ANE$ = "N" S0TO ENDRT
IF ANES . "Y' SOTO RETRY.
S5TRL : CLOZE #2
ST OTENFL L
EMORT ¢ CLOIE #2
LLIOZE #%
NMFEN #7.“TRM:FRINT”,OLTRPLT
FRINT #7.CHR L)
FRINT #7.TAB 403 "THE NAME COF YOUIR FILE I "5 INFLS
FRINT #7.TAB1d0) s "YUUR DIl WNINEER I3 5 "3SDIZNM
ERINT #7.TAK(40} 3" YOL RHAVE TRANIFERFD "tCEFN3"CEFHS TO DIzl
CLIDSE #7
FMNTI



VARIABLE
SPECIFICATION
| &0 FILES

SET PRINT
MASKS

INTERFACE
WITH PLOT
SUBROUTINE

PROGRAM
CHARACTERISTIC

PRINT POINT
ENTRY
SEQUENCE

ENTER FILE
NAME AND
DISC NO.

133

OPNFL

OPEN
ouUTPUT
FILE

OPNFLI 1

CPEN
INPUT
FILE

PATIENT
NUMBER
PTNM

PCINT
ENTRY
INSTRUCTION




{ RDPTS ’

READ
DIGITIZER

BuILD
QUTPAUT
MATRIX

134

SUBTRACT |
FROM
SUBSCRIPT

SUBSCRIPT

SUBSCRIPT »)

OISPLAY
POINT
NUMBER




13%

RSET2

wTPTS

CLOSE
FILES

CLOSE
INPUT
FILE




ANOTHER
CEPH

CLOSE
INPUT
FILE

CLOSE INPUT
AND QUTPUT
FILES

OPEN PRINT
FILE

PRIRT DISC
FILE DATA

136

CLOSE
PRINT
FILE

END
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APPENDIX IX
CANNAL.BAS - Program and Flowchart
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Cole D 1ERANNALLBAIIN. 4] pranted an OO0/

1
1
i
1
1
1
1
T
1

t

TWFTS
TIWNS ¢

LyRTE

3

*'*"I'*‘?"Q‘*9'?'@'?*?**?*""&""1***** FEREFTHRALTRTR G DR TR TR T o TR

BEGG. AND RELIDEL- ANALYZEZ. .

L N A

CANMAL, BAS — THIS FROGRAM ENARLEZ THE (OPERATOR
Th PERFORM ANY COMPINATION OF TWEED, DMOWNG,

LR

*ti#‘l’****’*-‘l"l'#**********4***'*******4***********4‘?**#*1'*

STREIZ 32
MAF1 FMER
WMAF L PNE.F. £
MaF 1 XY 3ITROL&)
MAFL AETRLESZ
MAFZ ¥Y3TR.E. 2
M1 FNAM
MAFZ PTNML,
MARZ PTNMI,
MR FTLL
MARZ TVAR. 5.4
MAFL TWhi{ =}
MAP D RILTWD.F
MAF L DWN{13) -
MAPZ RELDWN,F
MAP1 RHEG(]a)
MEPD RELBEG,F
MAF1 RETIL{S)
MAF > RSLRLL.F

LT

» 10 — -
w1

DETA 16,3015, 5, 8, 1S 12,11
DATA = BTt ey Ay b

DATH 2:6:+4,5:,14,5.15:8

TATA 14,3147 14,3, 13,13
LT FO. %, 31.12,4%.14.11.32
DATA & 181211300100

[ATR 1,218, 508 1%, 1011
FIATA 1:2:18, 132,332

TATA I 1é& D a1y T 10

TaTé 1,241, 2,5

TR 3.4, 11

TATAR Ix-
NATA 1.0.48.1

Flma a9

FRINT TOR(=1.-9)3TARLIN,.S)

THRUIT "FERFUFM TWEED ANALYIIS ™ 7, TUD$
FRINT * "3TAR(12,5}

{HENT "BEFRFOAM TICWNE ANALYZTZ ™ ", DWNS
FRINT * ":tTAR(11.%)

INFUT "FERFORM BEGD ANALYEZIS T ".EBEL#
ERINT " "*TaR(1~.%

THEUT "PEREMSM RFITE! AMALYSIIF - *.RITE

FRIMT T&Ev-1.0 s TAR(LO,S)

IUFUT "ENTFR yOHIE INFUT FILE MGMF &8 "W IHFLA

CIEEN B7L " TRMIFRINT Y, ML TRUT
MFE] T TRFLS, TMFLT
FRIMNT ®#7.7HRWI T

SRl = o
TIFIIT RS . FNR.ETHMI&,FTHMI &
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File Tfb Y3 ANMAL . EFART1,41 pranted an 0:0/0

AvRD

TWDL

DG

TNt

BF21

-

TR JT #5, «27= LBy ¢ 2TRVS0B]L
el = ZUEL + 1

IF SUBL 17 QT3 X RO

FOR TFL = 1 T &

INFIUT #%, TVAR

MEA4T TFL

IF BOFLT) = | LOTO ENDRT

IF TwDd = "Y" o0To (wll

FR ZUBT = 1 TO &

READ A-EH:-D

NEXT FLET

ST DN

FOR ZURT = 1 Ty [

READ A.F.. T

SIRA = A 1 LLER = B

SR = 2 7 UBD = D
SOEUR ANGLA

FL.TWD. fLiRTs = LEG
UEXT IURT

RILTWhe3, = 150 = RELTWOLy + FELTWINI)

ol T NN

1F DWtis = "y" GOTO TWNL
FR ZURW = | T2 %

REAT A B.C.T
MEST ZUPW

READ A B

GUTO BEGSG

FiR SIREW = | TO
READ A.B.C.D
SIBA = A FIUEH = E

IR w £ o2 LJRD = 0

GUrE IR ANGLY

ON SURW GOGELUE CRT LTRSS L0F S 0K
RELNWM(ELIRW) = DEG

UEAT ZLIEW
FEAN (o BT
IR = A T THRR = R ! OZUVRC = F

i
I

v e

IF LM = O GOTD DWrg”
QOISR CE 1D

F2l OWNC=LFW, = LM

aoT FEGD

IF PEG3 = "¢ ' T RENIL
FoF SLEs = | T <

FRASO AVFLCWD

SF AT SRS

LELT A

o0 RETITEL

FoOR ZLRN = 1 Tn
READ A-R.C.D
cLRA = & ¢ CUEHR
IR = 5 8 SLIED
PO R ANGL 4
MNOSURG DOSUR CRT L Ce ]l L L0k d
AESLBFA(AIIBG: = [ED

WFXT =1FRG

FrR SH|ghy = © Th =

FEAT AVPE.LE

SLEA = AT SRR = R O3 OGURLD =

SIS ANINL T

g

R
L

[s ]

+0H1

S

[

T

Wb L

10D

RIS |
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File DS 12 ANNAL ,FAZTE, 4T eranted nn Qe

RILEFIVILRI = TR
HEAT 2ol . e .- R I
FELEFO(ZURG) = RILBES(T) = RILBEGE)
RN = TIRD + |
RERD A.B.L . _
IUBS = A& ! ILRE = B o ILBL = O
SR FTLIN
IF LM = O GOTO BEGL
GUELER CF L2
HFEGZ RELEEM(ZILURDY = LM
SOTY REIDEL e

IF RID® = "Y' QNTO FETDLY
FOR zUBL = § T 2

RESD ALEBLC.D

MEAT ZHIEL

F\El‘qu aF

GOT2 PRTRT -
FOR &NPRlL = 1 T 2

REAMN AVB. L. Tt

tUPL = & ¢ ZUEBE = B

SR = 7 ¢ SRR o= I
GRS ANGL 4

EFISEL

FEIOLS

RILRDOLLZURL) = DEG - e e O e
NELT =SLRL

FrR SURL = 3 TO 4

FFATl &, &, 10 - -

SlURA = A 3 SHRR = B ! SUBD = ©

MOSHR ANGL E "

R RDL(SHIRL)Y = DEG - . - - - .
NEXT ZLIEL

RELFDOL{=LEL)Y = RELROLOZY = KRELROL (4D

ROTO PRTRT

[ O RETHIRH

rv4 @ IF Y TR(SURAS) JXETRVSIRSY AND XETR{SURTY JASTR(SLBD) DEG=[E *(-1}
IF SSTR\SUBAIZASTR{SUBL) AND XATRUSUBD). XZTR{SUBL) DEG=LES*.-13
IF 3 STROZURAI=XETRUFLED) AND XETROZLED. ASTROSLEC ) DEG=DEGe (=1
SETIIRM

rT o IF IEGS = O RETURN
TS = Ay ITRAVIIPAI=YITROIUERY Y/ (XETRLEURR)=UZTR (ZLEE))
CPER o= (YITROAIRC)I=YETROILBDD Y /7 (XETROSURC)=xSTRZUIED Y
TFOASTRRLEA, I O AITROZUBE) QOTI £ SRVAR
IF "FT4 0 TR OAND DFSE T 0 TES = DEG 3 (-1
FE" Y

T ERVE R TE " SA T CESR AN PSR 0 RDTT CF TR
TEY = NES & =1

e STRM 8 RFETIRN

CPE o IF TEGT = ¢ RETURN

T1IA = (FEITRACLUERI~YITROZIEA,Y /7 (ATTRLZVBRI-LITRIZUF 0}
FEER o= (¢ETRVILED = STRASHBC) Y /7 (XITROZIBDYI=X3IRCFUBTS)
IF YEZTR(ZUER) I YSTR.ZUBA, SOTO CHEFVR
IF CF=A I DPER AN CRSE L 0 NES = DEG # (—17
FETORN

T ERVR OB IF CFZA 1 CPEE AND CHEE 2 O GOTO CHETRNS
NES = DFS = =1

CPETEN 3 RETIIET)

LH1O7s DES = 20 = TER
RFT'IFN

Trid s TiFS o NEN = 50
RETILRN

[ S O P12 = TR TIPS =«STROSUREF) 0 » (XS TRASHIES LS TR: SHIRE D
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File DSk LECAMNAL.BAILL. 3] Arantod on S0 0

CPIZE = (YSTROILEC ) =YSTR{ZUER)Y ) / (MITR{ZUBD)-XZTRIZUERY)
IF XETRLSUEBA: I XATRWAUBE) 0LTO ChIZRVA

IF XETR(3IRA) = XETR{OFUBRE) GOTO ZTLN

IF CHIZA ° CHIZEB AMD ChIZB L O GSOTO CF 1ZTRN

LM =LM #* (-1) oo - N

RETLRM

FTLM O 1P XETROSUEC) | X:TROZLUBA&: QDTO CHLIZTRR
LM = LM % (=1

CPIZTRN 3 RETURHM

CHIZRVR ¢ IF ChiZA [ CHIZE AND CRIZE 2 O GOTO NEGCHG
RETURN

MEACHD 8 LM = LM #& (-1}
RFTIRN

ANl T2 LAY = YETRILIBAY § O YASW = YESTROIUEA)
LBV = xSTROEUBR) @ YBIV = Y3TR{ZLEER,
AT SV = LSTRISLRL) ¢ YOSV = YETROAURC)
DTFEV] = SOR((XASV=XBEV #» +(YAIV-YESV) %]
DIF =YD = IOR{{XRIN=X{ VI #& L+ L YBEV-YIEV Jew )
DIFZVS = S0ORGCACIV-XAIVI#4l+(YLAV=Y A3V % 1)
¢ = NIFzvl
¥ = DIF3VC
- = DIFsV.
REDL = ACS( (A 2#T 1=t YRY = (XRX2 I/ = (2RY%X)) .
DEG = {RANI = (=03 /2.1417
RETLIRN

AMGLE 3 XASY = XETROIUBA) ¢ YATV = YETRIURA)
xBEV = XSTROSIRR) $ yREV = YSTR{SLEB?
XCEY = X3TRAGUBLY ¢ YOIV = YSTROELRC)
XDy = XSTR(ZUBD) ¢ YDIV = YSTR(SUIBD) . -
TAEY = XU IY=XAIV
TraV = YiiSWV=rATY
XDEV = XQEV=TasV - .
=Y = yDRV=-TY SV
XCEY = XASY
YiI3' o= YARY . L _
DIFEV] = FIRAVIXTEV=XEIV ) w4 YISV=YREVI##*D)
NIFIVI = Z0RUXRIV=XDAVI s 4 rBSV=YREIV)I #4])
DIFEUI = ZOR CANEV=XT SV Y w4+ (YIEV=y [ IV ) %]
X = NIFIV
¥ = LIF:vl
2= LIFivs . - -
RANE = A T(({smyr= X )= T2}V /r={Zw72L))
NES = (RALE =+ L+, 5, 1417
EFTLIRN

FTLIN @ AW = XETROGSLIRAY ¢ vAIV = YITR{ZLFA)
XEIY a LSTR(SIEE, § YR = YSTR{ZLIEER?
LTS = LTTROILEID) @ YOEV = YETROEUELD)
DIF:V] = SOR((AAEV={BREVI*4 4+ (7AIV=YEIV) 4D,
TITREIVY = BORV{ABEY=XCIVI#ale{ rRIV=YTIV %]
OTF=Y" = SNRC{ADSV=XASV ) ## +( yL2V~7YAZIV 42 T)
£ = DIF=YY
¥ = NIF*V2
T = DIFIVE
RaMl = A ST E TN E FRLIN SR FEIRE i 2 8B
H = I = alil«FADY)
L= H, 240
M = (s 257 # 1O
FFTLURN

FRTRT @ FRINT #7," "

ERTUT %7 . TARWI W IFNESTARCIS *FTUMIe s TABI 721 TARUZ4)TFTHNMI S
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File D3P LiCAmMaL BAIDLvd] Prantzd an s

TWLFRT 32 IF TWhe 22 "vy*® GOTO NWNFRT
FRINT #7," * } - - B
FRINT #7.TAR(S)3$"TWEED ~ANALYSIS ¢
PRINT #7," *
FRINT #7,TAB(10,1"FMA. “tRELTWDCI)S TABCIO) S "IMPA, "SRELTWD(Z) S
FAINT #7,TAB(Sw) s "FMla, “TRzLTHLRID)
DWHFRT 3 IF DN I UY" GOTO BEGFRT
FRINT #7." *
FRINT #7,TAB(T)s "DOWNE ANALYEIZ 1*
FARINT &7,"
ERINT #7.TAB(I0)1"FFL. "SRELOWN{L}3TAB(ZO) S "CONVEL "IRELDWN{2I;
FRINT #7.TAB DO "AL -8, "RILTWMNIZISTABIT7O) S "MFL, "SRELDOWN St
FRINT #7.TAR( %) $"Y,.=AX, "i1SFLDWN(S)
FRINT #7," " .. - -
FRINT #7.TAR(1M $"OFL, "3IRELOWNWA)STABCION S "IN, INC, "tRILOWNIT):
FRINT #7.TAR(SI) 3L, =000, "SRELOWN{ZIITARBZOIS"LL.—MF, "3
FRINT #7,RILIWN(Z 3 TARC )3 "UL, —AP., YSRELDWN{L1G)
BESFRT ¢ IF BEo$ ° "v¢" fGOTO RNLFRT
FRINT #7." "
FRINT #7,TAE(S,; "EEGD AMALYZIE " _ .-
SRINT #7," ©
FRINT #7,TABRVIOYI "N, MP, “SRELEBEG(L1)tTARCZOIS"LL.-MF. "3
PRINT #7.RELBEG(Z)ITAB(SO It "SHN.—-CPL. MIRSLBEGIZIITARB(ZONS. .
FEINT #7."C0ONVX., “tRILEEG(4)STAR(M) 3 "FFL., "tRELBEG(S)
FRINT #7," ™
ERINT #7, TABL1M) UL, ~3N. "3RILBEG(&ISTAR(IOII"ENA. "1
FRINT #7.RSLBEG(7)$TAR(SO0I1 "SNE, "I1RELEEMS)STAB(T7O)S
FRINT #7,"ANE. "S$RELEBEG(=)ITARSOI$S"LL,=AF, "tRSLEBEG(1D)
RTLFRT "¢ IF RIDS > “¥" ~QTO CrRDC e e — - e e e e
FRINT #7." *
FRINT #7,.TAR(S)$"REIDEL ANALYSIS t*
FRINT W7." " .
FRINT #7,TAER(10Y3"L1.-FH, *3RELRDL(1)STAER(IMNS "FH.-NA, "1
FRINT #7.R%LROL (23 TAR(TO) s " 3NA. "tRALRDL(Z) I TABITO
FRINT #7,"SNE. "3RTILRDOL(4):TAR{>0)3 "ANE. "$RILROL(SG - -
DT "y RO

CHRD & FE:TORE
SOTD L(FDE
EMPRT @ CLTSE #5

CLOEE #7
FEINT TAB(—=§,0}$TAR{10, 1003 "CANNAL HAS COMPLETED THE RUN."
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YARIABLE

SPECIFICATION

TWEDS

I

|

|

() (%)
)

RDELS

?

TWEED

VALUES

SUBSCRIPT

DOWNS
SUBSCRIPT
YALUES

BEGG
SUBSCRIPT
YALUEY

REIDEL
SUBSCRIPT
VALUES

@)

k3

‘ CNSTRT ’

TWEED
ANALYSIS

P

DOWNS
ANALYSIS

(1) (%)
G

BEGG
ANALYSIS

REIDEL
ANALYSIS

OPEN
FILES

PRINT TOP
CF FORM




READ
PNB PTNMIS
PTNM2E

-

READ
POINT VALUES

TWEED

POSITION DATA
ADDRESS TO
DOWNS VALUES

)
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READ DATA

BOINTS AND
SET SUBSCRIPTS

BUILD TWEED
OUTPUT MATRIX

POSITION DATA
ADDRESS TO
BEGG VALUES

READ DATA
POINTS AND
SET SUBSCRIPTS




gosum
ANGLS

CKl Cx4 CK3
CKI CKI CK8
CKl CXI0o CK1

Ca—]
- . @

BUILD DOWNS
QUTPUT MATA!X

G—

READ DATA
POINTS AND
SET SUBSCRIPTS
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&

BUILD DOWNS
QUTPUT MATRIX

POSITION DATA
ADDRESS TO
REIDEL VALUES

READ DATA
POINTS AND

SET SUBSCRIPTS

ON
sUBG
Gosun

CKki CK| CKi
cCK4 CKI CKI




BUILD BEGG
OUTPUT MATRIX

READ DATA
POINTS AND
SET SUBSCRIPTS

8uUILD BEGE
OUTPUT MATRIX

READ DATA
FOINTS AND
SET SUBSCRIPTS
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BUILD BEGQ
OUTPUT MATRIX

RIDS

()

POSITION DATA
ADDRESS AT
END OF DATA
MATRIX

READ DATA
PCINTS AND
SET SUBSCRIPTS

BUILD REIDEL
QUTPUT MATRIX

O



Q

READ DATA
POINTS AND
SET SUBSCR{PTS

GOSUB
ANGL3

AUILD REIDEL
OQUTPUT MATRIX

(XS8TRI(C}

<2

(XSTR(D)

MULTIPLY VYALUE
ay (=1}

©

®_.
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) XSTRI(C)

IXSTR(C)

MULTIPLY VALUE
a8y (=1}

XSTR(A}

s XSTR (L)

IXSTR(C)

MULTIPLY VALUE
BY {=1)

RET
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SET VARIABLES

MULTIPLY VALUE
By {=1)

‘ CK3TRN ;-

RET

()

MULTIPLY VALUE
BY {-1)

®_

RET

SEY VARIABLES




MULTI®LY VALUE
8y (-1}
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MULTIALY VALUE
BY (=1)

‘ CKBTRN }

a :
m
-

8¢ - VALUE

) @

VALUE - 9¢

Oz
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<D
XSTR(
SET VARIABLES @

MULTIPLY VALUE
8y {-1)

{CK128

<d

MULTIPLY VALUE @
BY {=1}




g

NMULTIPLY VALUE
BY (=1}
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ANGL 3

] o

PERFORM
PERPENDICULAR
DISTANCE
CALCULATIONS

PERFORM THREE
POINT ANGLE
CALCULATIONS

ANGLA

e

FERFORM FOUR
POINT ANGLE
CALCULATIONS

FRINT TWEED
VALUES




BEGPRT

PRINT BEGG
VALUES

‘ ROLPRT :

PRINT REIDEL
YALUES

‘ CKRD ";

RESTORE INITIAL
ADDRESS FOR
DATA POINTS

XY
RDB
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‘ ENDRT ’

CLOSE
FILES

END
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APPENDIX X
SYSTEM BOOT PRINTOUT
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